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ˆ¸¸²¥¤µ¢ ´  ¨´¤Ê±Í¨Ö HPRT-³ÊÉ Í¨° ¨ ¢Ò¦¨¢ ¥³µ¸ÉÓ ±²¥Éµ± ±¨É °¸±µ£µ Ìµ³ÖÎ±  ¶·¨ µ¡-
²ÊÎ¥´¨¨ Ê¸±µ·¥´´Ò³¨ ¨µ´ ³¨ 4�¥ ¨ 12‘ (‹�� 20Ä360 ±Ô‚/³±³) ¨ γ-±¢ ´É ³¨. ‚ÒÖ¢²¥´  ¸É¥-
¶¥´´ Ö § ¢¨¸¨³µ¸ÉÓ Î ¸ÉµÉÒ ¢µ§´¨±´µ¢¥´¨Ö ³ÊÉ Í¨° µÉ ¤µ§Ò ¨§²ÊÎ¥´¨° ¸ ‹�� ¤µ 50 ±Ô‚/³±³,
±µÉµ· Ö ³µ¤¨Ë¨Í¨·Ê¥É¸Ö ¢ ²¨´¥°´ÊÕ ¶·¨ ¡µ²¥¥ ¢Ò¸µ±¨Ì ‹��. ��� ÉÖ¦¥²ÒÌ § ·Ö¦¥´´ÒÌ Î ¸É¨Í
Ê¢¥²¨Î¨¢ ¥É¸Ö ¸ ·µ¸Éµ³ ‹�� ¨µ´µ¢ ¨ ¤µ¸É¨£ ¥É ³ ±¸¨³ ²Ó´ÒÌ §´ Î¥´¨° ¶·¨ 80Ä100 ±Ô‚/³±³.
ŠµÔËË¨Í¨¥´ÉÒ ��� ¶µ ¨´¤Ê±Í¨¨ ³ÊÉ Í¨° ¨ Ì·µ³µ¸µ³´ÒÌ  ¡¥·· Í¨° ¸µ¸É ¢²ÖÕÉ 4,8Ä5,0 ¨ ¤¢Ê-
±· É´µ ¶·¥¢ÒÏ ÕÉ §´ Î¥´¨Ö ¶µ ±·¨É¥·¨Õ ¢Ò¦¨¢ ¥³µ¸É¨ ±²¥Éµ± (2,3Ä2,9). �É³¥Î¥´  ¢Ò¸µ± Ö
£¥É¥·µ£¥´´µ¸ÉÓ ¨ Ì·µ³µ¸µ³´ Ö ´¥¸É ¡¨²Ó´µ¸ÉÓ ¶µ  ´¥Ê¶²µ¨¤¨¨ ¨ Ê·µ¢´Ö³ Ì·µ³µ¸µ³´ÒÌ  ¡¥·-
· Í¨° Ê ¸¶µ´É ´´ÒÌ ³ÊÉ ´Éµ¢ ¨ ¨´¤ÊÍ¨·µ¢ ´´ÒÌ ¶·µÉµ´ ³¨ (‹�� ∼ 0,218 ±Ô‚/³±³), ¨µ´ ³¨
14N (‹�� ∼ 77 ±Ô‚/³±³) ¨ γ-±¢ ´É ³¨. •·µ³µ¸µ³´ Ö ´¥¸É ¡¨²Ó´µ¸ÉÓ ¡Ò²  ´ ¨¡µ²ÓÏ¥° Ê ¸¶µ´-
É ´´ÒÌ ³ÊÉ ´Éµ¢ ¨ Ê³¥´ÓÏ ² ¸Ó ¸ Ê¢¥²¨Î¥´¨¥³ ‹�� ¨§²ÊÎ¥´¨°. �¡¸Ê¦¤ ¥É¸Ö ®³¥É ¡µ²¨Î¥¸± Ö
£¨¶µÉ¥§ ¯ Ì·µ³µ¸µ³´µ° ´¥¸É ¡¨²Ó´µ¸É¨. ˆ§ÊÎ¥´Ò § ±µ´µ³¥·´µ¸É¨ µ¡· §µ¢ ´¨Ö ´¥¸É ¡¨²Ó´ÒÌ
Ì·µ³µ¸µ³´ÒÌ  ¡¥·· Í¨° ¢ ²¨³ËµÍ¨É Ì ±·µ¢¨ Î¥²µ¢¥±  ¶µ¸²¥ µ¡²ÊÎ¥´¨Ö ¶·µÉµ´ ³¨, ¨µ´ ³¨
12‘, 24Mg ¨ 14N (‹�� ∼ 0,218; ∼ 12; 42,7 ¨ ∼ 77 ±ÔB/³±³ ¸µµÉ¢¥É¸É¢¥´´µ) ¨ γ-±¢ ´É ³¨.
— ¸ÉµÉ   ¡¥·· Í¨° ¢µ§· ¸É ²  ¸ Ê¢¥²¨Î¥´¨¥³ ¤µ§Ò ¨ ‹�� ¨§²ÊÎ¥´¨°. ŠµÔËË¨Í¨¥´ÉÒ ��� ÉÖ-
¦¥²ÒÌ § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¸µ¸É ¢¨²¨ 1,0; 1,2Ä1,3; 1,4Ä1,7 ¨ 2,0Ä2,2 ¸µµÉ¢¥É¸É¢¥´´µ. FISH- ´ ²¨§
¸É ¡¨²Ó´ÒÌ  ¡¥·· Í¨° Ì·µ³µ¸µ³ (É· ´¸²µ± Í¨°) ¢ÒÖ¢¨² ¢Ò¸µ±ÊÕ ÔËË¥±É¨¢´µ¸ÉÓ ¨µ´µ¢ 14N
(��� ∼ 3,0). �µ ¢¸¥³ Í¨Éµ£¥´¥É¨Î¥¸±¨³ É¥¸É ³ ´¥ µÉ³¥Î¥´µ ¸ÊÐ¥¸É¢¥´´ÒÌ µÉ²¨Î¨° ¶µ ÔË-
Ë¥±É¨¢´µ¸É¨ ³¥¦¤Ê ¶·µÉµ´ ³¨ ¨ γ-±¢ ´É ³¨. ˆ§ÊÎ¥´  § ¢¨¸¨³µ¸ÉÓ Î ¸ÉµÉÒ µ¡· §µ¢ ´¨Ö ±²¥Éµ±
¸ Ì·µ³µ¸µ³´Ò³¨  ¡¥·· Í¨Ö³¨ µÉ ¤µ§Ò γ-µ¡²ÊÎ¥´¨Ö ²¨³ËµÍ¨Éµ¢ Î¥²µ¢¥± , ±²¥Éµ± ±¨É °¸±µ£µ
Ìµ³ÖÎ±  ¨ ³¥² ´µ³Ò Î¥²µ¢¥±  ¨ ¨Ì ¸¶µ¸µ¡´µ¸ÉÓ ±  ¤ ¶É¨¢´µ³Ê µÉ¢¥ÉÊ ¢ ¤¨ ¶ §µ´¥ ¤µ§ 0,01Ä1 ƒ·.
„²Ö ¢¸¥Ì É¨¶µ¢ ±²¥Éµ± ¢ÒÖ¢²¥´ ´¥²¨´¥°´Ò° Ì · ±É¥· § ¢¨¸¨³µ¸É¨ Î ¸ÉµÉÒ µ¡· §µ¢ ´¨Ö ±²¥Éµ±
¸ Ì·µ³µ¸µ³´Ò³¨  ¡¥·· Í¨Ö³¨ µÉ ¤µ§Ò µ¡²ÊÎ¥´¨Ö, Ì · ±É¥·¨§ÊÕÐ¨°¸Ö £¨¶¥·ÎÊ¢¸É¢¨É¥²Ó´µ¸ÉÓÕ
±²¥Éµ± ¶·¨ ¤µ§ Ì 0,01Ä0,2 ƒ· ¨ ¨´¤ÊÍ¨·µ¢ ´´µ° · ¤¨µ·¥§¨¸É¥´É´µ¸ÉÓÕ ¶·¨ ¤µ§ Ì ¢ÒÏ¥ 0,5 ƒ·.
�¡¸Ê¦¤ ÕÉ¸Ö ¢µ§³µ¦´Ò¥ ³¥Ì ´¨§³Ò Ö¢²¥´¨°.

The induction of HPRT-mutations and the survival of Chinese hamster cells were studied after
exposure to accelerated 4He and 12C ions with various LET (20Ä360 keV/µm) and to γ rays.
The linear-quadratic doseÄeffect curves were observed after exposure to radiation with LET up to
∼ 50 keV/µm. They were modiˇed to linear relationship with growing of LET. The RBE (LET)
dependences have a local maximum at 80Ä100 keV/µm. The RBE values for the induction of
mutations and chromosome aberrations were 4.8Ä5.0. These values are ∼ 2 times larger than for
the cell survival (2.3Ä2.9). The high heterogeneity and the chromosome instability in aneuploidy
and chromosome aberration levels were observed in both spontaneous HPRT-mutants and induced
ones by protons (LET ∼ 0.218 keV/µm), 14N ions (LET ∼ 77 keV/µm) and γ rays. The
chromosomal instability was highest among spontaneous mutants and decreased with increasing of
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LET. The ®metabolic hypothesis¯ for chromosome instability is discussed. The regularities of unstable
chromosome aberration formation in human lymphocytes were studied after exposure to γ rays, protons
and 12C, 24Mg, and 14N ions (LET ∼ 0.218; ∼ 12; 42.7 and ∼ 77 keV/µm, respectively). The
frequency of chromosome aberrations increases with growing of the doses and radiation LET. The
RBE values were 1.0 for protons; 1.2Ä1.3 for 12C; 1.4Ä1.7 for 24Mg, and 2.0Ä2.2 for 14N ions. The
doseÄeffect dependences for chromosome aberrations and adaptive response have been investigated in
human lymphocytes, Chinese hamster cells and human melanome cells after γ irradiation at the doses
of 0.01Ä1 Gy. Nonlinear doseÄeffect dependence for cells with aberrations was revealed for all types
of cells. The hypersensitivity at the doses of 0.01Ä0.2 Gy and inducible radioresistance at the doses
above 0.5 Gy were observed. The possible mechanisms that were involved in this phenomenon are
discussed.

‚‚…„…�ˆ…

�µ·³¨·µ¢ ´¨¥ ¨´¤¨¢¨¤Ê ²Ó´µ£µ µ¡²ÊÎ¥´¨Ö ¶¥·¸µ´ ² , · ¡µÉ ÕÐ¥£µ ¢
¸³¥Ï ´´ÒÌ ¶µ²ÖÌ ¨µ´¨§¨·ÊÕÐ¨Ì ¨§²ÊÎ¥´¨°, µ¡¥¸¶¥Î¥´¨¥ · ¤¨ Í¨µ´´µ°
¡¥§µ¶ ¸´µ¸É¨ ¤²¨É¥²Ó´ÒÌ ±µ¸³¨Î¥¸±¨Ì ¶µ²¥Éµ¢, ·¥Ï¥´¨¥ ³´µ£¨Ì ¤·Ê£¨Ì ¶· ±-
É¨Î¥¸±¨Ì ¢µ¶·µ¸µ¢ ¢ §´ Î¨É¥²Ó´µ° ³¥·¥ ¸¢Ö§ ´µ ¸ ¶·µ¡²¥³µ° ¸ÉµÌ ¸É¨Î¥¸±¨Ì
· ¤¨ Í¨µ´´µ-¨´¤ÊÍ¨·µ¢ ´´ÒÌ ÔËË¥±Éµ¢ ¢ µ·£ ´¨§³¥, ¢ Éµ³ Î¨¸²¥ µ¡Ê¸²µ-
¢²¥´´ÒÌ ¨§³¥´¥´¨Ö³¨ £¥´¥É¨Î¥¸±¨Ì ¸É·Ê±ÉÊ·. Š ´¨³ ¶·¥¦¤¥ ¢¸¥£µ µÉ´µ¸ÖÉ
£¥´´Ò¥ ¨ Ì·µ³µ¸µ³´Ò¥ ³ÊÉ Í¨¨, ¨ ¢ ÔÉµ° ¸¢Ö§¨ ¨¸¸²¥¤µ¢ ´¨¥ § ±µ´µ³¥·´µ-
¸É¥° ¨ ³¥Ì ´¨§³µ¢ · ¤¨ Í¨µ´´µ-¨´¤ÊÍ¨·µ¢ ´´ÒÌ ³ÊÉ Í¨° Ö¢²Ö¥É¸Ö ±· °´¥
¢ ¦´µ° § ¤ Î¥°, ¶µ¸±µ²Ó±Ê ´¥±µÉµ·Ò¥ ¨§ ´¨Ì ¨´¨Í¨¨·ÊÕÉ §²µ± Î¥¸É¢¥´´ÊÕ
É· ´¸Ëµ·³ Í¨Õ ±²¥Éµ± ¨ ¢¥¤ÊÉ ± · §¢¨É¨Õ µ¶ÊÌµ²¥¢ÒÌ § ¡µ²¥¢ ´¨°.

Ÿ¤¥·´µ-Ë¨§¨Î¥¸±¨¥ Ê¸É ´µ¢±¨, £¥´¥·¨·ÊÕÐ¨¥ ¨§²ÊÎ¥´¨Ö ¸ · §´µ° ²¨´¥°-
´µ° ¶¥·¥¤ Î¥° Ô´¥·£¨¨ (‹��), ¶·¥¤¸É ¢²ÖÕÉ ¸µ¡µ° ¢¥¸Ó³  Ê¤µ¡´Ò° ¨´¸É·Ê-
³¥´É ¤²Ö ·¥Ï¥´¨Ö ¢µ¶·µ¸µ¢ ¨´¤ÊÍ¨·µ¢ ´´µ£µ ³ÊÉ £¥´¥§  ¨, ¢ µ¡Ð¥³ ¢¨¤¥,
¶·µ¡²¥³Ò ¸ÉµÌ ¸É¨Î¥¸±¨Ì · ¤¨ Í¨µ´´µ-¨´¤ÊÍ¨·µ¢ ´´ÒÌ ÔËË¥±Éµ¢. ŒÊÉ £¥´-
´µ¥ ¤¥°¸É¢¨¥ ¶²µÉ´µ¨µ´¨§¨·ÊÕÐ¨Ì ¨§²ÊÎ¥´¨°, ¢ µ¸µ¡¥´´µ¸É¨ · §´ÒÌ ¢¨¤µ¢
Ê¸±µ·¥´´ÒÌ ÉÖ¦¥²ÒÌ ¨µ´µ¢, µ¸É ¥É¸Ö ´ ¨³¥´¥¥ ¨§ÊÎ¥´´Ò³. �·¥¦¤¥ ¢¸¥£µ ÔÉµ
± ¸ ¥É¸Ö ³¥Ì ´¨§³µ¢ ¢µ§´¨±´µ¢¥´¨Ö ³ÊÉ Í¨° ¢ ±²¥É± Ì ³²¥±µ¶¨É ÕÐ¨Ì ¨
Î¥²µ¢¥± . �·µ¢¥¤¥´¨¥ É ±µ£µ ·µ¤  ¨¸¸²¥¤µ¢ ´¨° É·¥¡Ê¥É ¸µµÉ¢¥É¸É¢ÊÕÐ¥°
Ê¸±µ·¨É¥²Ó´µ° É¥Ì´¨±¨ ¤²Ö ¶µ²ÊÎ¥´¨Ö ³µ´µÔ´¥·£¥É¨Î¥¸±¨Ì ¶ÊÎ±µ¢ ÉÖ¦¥²ÒÌ
§ ·Ö¦¥´´ÒÌ Î ¸É¨Í. Ÿ¤¥·´µ-Ë¨§¨Î¥¸±¨¥ Ê¸É ´µ¢±¨ �¡Ñ¥¤¨´¥´´µ£µ ¨´¸É¨ÉÊÉ 
Ö¤¥·´ÒÌ ¨¸¸²¥¤µ¢ ´¨° ¶·¥¤µ¸É ¢²ÖÕÉ Ï¨·µ±¨¥ ¢µ§³µ¦´µ¸É¨ ¤²Ö ¨§ÊÎ¥´¨Ö £¥-
´¥É¨Î¥¸±µ£µ ¤¥°¸É¢¨Ö ¨§²ÊÎ¥´¨° ¸ · §´Ò³¨ Ë¨§¨Î¥¸±¨³¨ Ì · ±É¥·¨¸É¨± ³¨.
‚ ¶·¥¤¸É ¢²¥´´µ° · ¡µÉ¥ ¨§²µ¦¥´Ò ·¥§Ê²ÓÉ ÉÒ, ¶µ²ÊÎ¥´´Ò¥ ¢ ¶µ¸²¥¤´¨¥ £µ¤Ò
´  · §²¨Î´ÒÌ Ê¸±µ·¨É¥²ÖÌ ÉÖ¦¥²ÒÌ ¨µ´µ¢ �ˆŸˆ.

–¥´É· ²Ó´µ° ¸·¥¤¨ ÔÉ¨Ì § ¤ Î µ¸É ¥É¸Ö ¶·µ¡²¥³  £¥´¥É¨Î¥¸±µ£µ ¤¥°¸É¢¨Ö
³ ²ÒÌ ¤µ§ µ¡²ÊÎ¥´¨Ö. �·µ¢¥¤¥´¨¥ µÍ¥´µ± ¢µ§¤¥°¸É¢¨Ö ¨§²ÊÎ¥´¨° · §´µ£µ
± Î¥¸É¢  ´  ±²¥É±¨ ¦¨¢ÒÌ µ·£ ´¨§³µ¢ Ö¢²Ö¥É¸Ö Î·¥§¢ÒÎ °´µ ¢ ¦´Ò³ ¤²Ö
¶·µ£´µ§¨·µ¢ ´¨Ö ± ´Í¥·µ£¥´´µ£µ ·¨¸±  µ¡²ÊÎ¥´¨Ö. ’ ±µ£µ ·µ¤  ¶·µ£´µ§¨-
·µ¢ ´¨¥, µ¸ÊÐ¥¸É¢²Ö¥³µ¥ ¢ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö ¶ÊÉ¥³ Ô±¸É· ¶µ²ÖÍ¨¨ ÔËË¥±-
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Éµ¢, ¨´¤ÊÍ¨·Ê¥³ÒÌ ¢Ò¸µ±¨³¨ ¤µ§ ³¨, ¢ µ¡² ¸ÉÓ ´¨§±¨Ì ¤µ§, ± ± ¨§¢¥¸É´µ,
§ ¢¨¸¨É µÉ ³µ¤¥²¨, ¢ · ³± Ì ±µÉµ·µ° ¶·µ¢µ¤¨É¸Ö Ô±¸É· ¶µ²ÖÍ¨Ö. �µ²ÊÎ¥´-
´Ò¥ ¢ ¶µ¸²¥¤´¨¥ £µ¤Ò Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ¢¸ÉÊ¶ ÕÉ ¢ ¶·µÉ¨¢µ·¥Î¨¥
¸ µ¡Ð¥¶·¨´ÖÉµ° ²¨´¥°´µ° ±µ´Í¥¶Í¨¥°. �·¥¤¸É ¢²¥´´Ò¥ ¢ ´ ¸ÉµÖÐ¥° · ¡µÉ¥
·¥§Ê²ÓÉ ÉÒ ¨¸¸²¥¤µ¢ ´¨° Í¨Éµ£¥´¥É¨Î¥¸±¨Ì ÔËË¥±Éµ¢ ³ ²ÒÌ ¤µ§ µ¡²ÊÎ¥´¨Ö
¢ ±²¥É± Ì ³²¥±µ¶¨É ÕÐ¨Ì ¨ Î¥²µ¢¥± , ¨´¤ÊÍ¨·µ¢ ´´ÒÌ γ-±¢ ´É ³¨, É ±¦¥
¸¢¨¤¥É¥²Ó¸É¢ÊÕÉ µ ´¥²¨´¥°´µ³ Ì · ±É¥·¥ § ¢¨¸¨³µ¸É¨ ¤µ§ ÄÔËË¥±É. ‚ ¦´ÊÕ
¨´Ëµ·³ Í¨Õ µ ³¥Ì ´¨§³ Ì, µ¡Ê¸²µ¢²¨¢ ÕÐ¨Ì ÔÉµ µ¡¸ÉµÖÉ¥²Ó¸É¢µ, ³µ£ÊÉ ¤ ÉÓ
Ô±¸¶¥·¨³¥´ÉÒ ¸ Ê¸±µ·¥´´Ò³¨ ÉÖ¦¥²Ò³¨ ¨µ´ ³¨ ¢ Ï¨·µ±µ³ ¤¨ ¶ §µ´¥ §´ Î¥-
´¨° ‹��. ’ ±ÊÕ ¢µ§³µ¦´µ¸ÉÓ ¶·¥¤µ¸É ¢²Ö¥É ´Ê±²µÉ·µ´ �ˆŸˆ, ´  ±µÉµ·µ³
¨ ¶² ´¨·ÊÕÉ¸Ö ¢ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö Ô±¸¶¥·¨³¥´ÉÒ, ´ Í¥²¥´´Ò¥ ´  ¢ÒÖ¸´¥´¨¥
³¥Ì ´¨§³µ¢ ¡¨µ²µ£¨Î¥¸±µ£µ ¤¥°¸É¢¨Ö ³ ²ÒÌ ¤µ§ µ¡²ÊÎ¥´¨Ö.
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ŒÊÉ £¥´´µ¥ ¤¥°¸É¢¨¥ ¨µ´¨§¨·ÊÕÐ¨Ì ¨§²ÊÎ¥´¨° ´  ±²¥É±¨ ³²¥±µ¶¨É Õ-
Ð¨Ì ¨ Î¥²µ¢¥±  ¶·¥¤¸É ¢²Ö¥É ¸µ¡µ° µ¤´Ê ¨§ ¢ ¦´¥°Ï¨Ì, ´µ ¢¸¥ ¥Ð¥ ¸² ¡µ
¨§ÊÎ¥´´ÒÌ ¶·µ¡²¥³ · ¤¨µ¡¨µ²µ£¨¨ ¨ · ¤¨ Í¨µ´´µ° £¥´¥É¨±¨. �·¥¦¤¥ ¢¸¥£µ
ÔÉµ µÉ´µ¸¨É¸Ö ± ¢µ§¤¥°¸É¢¨Õ ¨§²ÊÎ¥´¨° · §´µ£µ ± Î¥¸É¢ , ¨ ¢ µ¸µ¡¥´´µ¸É¨
ÉÖ¦¥²ÒÌ ¨µ´µ¢. ‡ ¤ Î  ¨§ÊÎ¥´¨Ö ³ÊÉ £¥´´µ£µ ¤¥°¸É¢¨Ö ¨µ´¨§¨·ÊÕÐ¨Ì ¨§²Ê-
Î¥´¨° ´  ±²¥É±¨ ³²¥±µ¶¨É ÕÐ¨Ì ¨ Î¥²µ¢¥±  ¢¥¸Ó³  ¸²µ¦´  ¨ É·¥¡Ê¥É ¸µ-
§¤ ´¨Ö ´µ¢ÒÌ ³¥Éµ¤µ¢ ¨ ¨¸¶µ²Ó§µ¢ ´¨Ö · §²¨Î´ÒÌ ¶µ¤Ìµ¤µ¢ ¤²Ö ¥¥ ·¥Ï¥´¨Ö.
‚ ¶µ¸²¥¤´¨¥ ¤¥¸ÖÉ¨²¥É¨Ö · §· ¡µÉ ´ ·Ö¤ ³¥Éµ¤µ¢ (�–�, ¡²µÉ- ´ ²¨§, FISH)
¨ É¥¸É-¸¨¸É¥³ ¤²Ö µÍ¥´±¨ ³ÊÉ £¥´´ÒÌ ÔËË¥±Éµ¢ ¨§²ÊÎ¥´¨° ¨ „�Š-É·µ¶´ÒÌ
Ì¨³¨Î¥¸±¨Ì  £¥´Éµ¢.

”¨§¨Î¥¸±¨¥ Ì · ±É¥·¨¸É¨±¨ ¨¸¶µ²Ó§µ¢ ´´ÒÌ ¢ ¨¸¸²¥¤µ¢ ´¨¨ ¢¨¤µ¢ ¨§²Ê-
Î¥´¨Ö ¶·¨¢¥¤¥´Ò ¢ É ¡². 1. Š ± ¢¨¤´µ, ¢¥²¨Î¨´Ò ‹�� ¨§²ÊÎ¥´¨° µÌ¢ ÉÒ¢ ÕÉ
´¥¸±µ²Ó±µ ¶µ·Ö¤±µ¢.

1.1. ‹¥É ²Ó´µ¥ ¨ ³ÊÉ £¥´´µ¥ ¤¥°¸É¢¨¥ ¨§²ÊÎ¥´¨° ¸ · §´µ° ¢¥²¨Î¨´µ°
‹��. –¥²ÓÕ ´ ¸ÉµÖÐ¨Ì ¨¸¸²¥¤µ¢ ´¨° Ö¢²Ö²µ¸Ó ¨§ÊÎ¥´¨¥ § ±µ´µ³¥·´µ¸É¥°
¨´¤Ê±Í¨¨ ³ÊÉ Í¨° ¢ HPRT-£¥´¥ ±²¥Éµ± ³²¥±µ¶¨É ÕÐ¨Ì ¶·¨ ¤¥°¸É¢¨¨ ¨§²Ê-
Î¥´¨° Ï¨·µ±µ£µ ¤¨ ¶ §µ´  §´ Î¥´¨° ‹�� ¨ Í¨Éµ£¥´¥É¨Î¥¸±¨Ì Ì · ±É¥·¨¸É¨±
HPRT-³ÊÉ ´É´ÒÌ ¸Ê¡±²µ´µ¢, ¢Ò· Ð¥´´ÒÌ ¨§ µ¤¨´µÎ´ÒÌ ±²¥Éµ±, ¸µÌ· ´ÖÕ-
Ð¨Ì ¢µ§´¨±Ï¨¥ ¢ ´¨Ì HPRT-³ÊÉ Í¨¨ ¢ ¶µ¸²¥¤ÊÕÐ¨Ì ¶µ±µ²¥´¨ÖÌ. ‚ · ¡µÉ¥
¨¸¶µ²Ó§µ¢ ´Ò ±Ê²ÓÉÊ·Ò ±²¥Éµ± ±¨É °¸±µ£µ Ìµ³ÖÎ±  ²¨´¨° V-79 ¨ FAF28
(±²µ´ 431). Š²¥É±¨ ±Ê²ÓÉ¨¢¨·µ¢ ²¨ ¶·¨ É¥³¶¥· ÉÊ·¥ 37 ◦‘ ¢ ¸É ´¤ ·É´µ°
¸·¥¤¥ (¸·¥¤  ˆ£²  ¨²¨ ¸³¥¸Ó ¸·¥¤ 199 ¨ ˆ£²  (1:1)) ¸ ¤µ¡ ¢²¥´¨¥³ Ë¥É ²Ó´µ°
¸Ò¢µ·µÉ±¨ É¥²¥´±  (10 %), £²ÕÉ ³¨´  (1 %) ¨  ´É¨¡¨µÉ¨±µ¢ ¶¥´¨Í¨²²¨´  ¨
¸É·¥¶Éµ³¨Í¨´ . �µ¸²¥ µ¡²ÊÎ¥´¨Ö ±²¥É±¨ ¢Ò¸¥¢ ²¨ ´  ¸É ´¤ ·É´ÊÕ ¶¨É É¥²Ó-
´ÊÕ ¸·¥¤Ê ´  ®¶¥·¨µ¤ Ô±¸¶·¥¸¸¨¨¯ ³ÊÉ Í¨° (4 ¸ÊÉ), § É¥³ ¶¥·¥¸¥¢ ²¨ ´  ¸¥-
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’ ¡²¨Í  1. ”¨§¨Î¥¸±¨¥ Ì · ±É¥·¨¸É¨±¨ ¨§²ÊÎ¥´¨°

‚¨¤ ¨§²ÊÎ¥´¨Ö ˆ¸ÉµÎ´¨± ¨§²ÊÎ¥´¨Ö �´¥·£¨Ö Î ¸É¨Í ‹��, ±Ô‚/³±³ „µ§ , ƒ·

γ-±¢ ´ÉÒ 60Co “¸É ´µ¢±  ®�µ±Ê¸¯ 1,1Ä1,3 ŒÔ‚ ∼ 0,3 1Ä10
�·µÉµ´Ò ‘¨´Ì·µË §µÉ·µ´ 1 ƒÔ‚ 0,218 1Ä3,6

4He “¸±µ·¨É¥²Ó “-200 8,35 ŒÔ‚/´Ê±²µ´ 20 1Ä4
4He ¯ 2,8 ¯ 50 1Ä4
4He ¯ 1,58 ¯ 78 1Ä4
12C ¯ 7,0 ¯ 214 1Ä4
12C ¯ 3,3 ¯ 367 1Ä4
14N “¸±µ·¨É¥²Ó “-400Œ 50 ¯ ∼ 77 1Ä3
12C �Ê±²µÉ·µ´ 473 ¯ ∼ 12 1,35Ä5,3

24Mg ¯ 500 ¯ 42,7 0,36Ä3,6

²¥±É¨¢´ÊÕ ¸·¥¤Ê ¸ 6-É¨µ£Ê ´¨´µ³ (6-’ƒ, 1 ³±£/³²). ‚ÒÖ¢²¥´¨¥ ±²¥Éµ± ¸ ³ÊÉ -
Í¨¥° £¥´  HPRT (£¨¶µ±¸ ´É¨´-£Ê ´¨´-Ëµ¸Ëµ·¨¡µ§¨²É· ´¸Ë¥· §Ò) ¶µ§¢µ²Ö¥É
µ¸ÊÐ¥¸É¢²ÖÉÓ É¥¸É-¸¨¸É¥³ , µ¸´µ¢ ´´ Ö ´  ·¥§¨¸É¥´É´µ¸É¨ ³ÊÉ ´É´ÒÌ
±²¥Éµ± ± Éµ±¸¨Î´µ³Ê ¤²Ö ´µ·³ ²Ó´ÒÌ ±²¥Éµ± ¶Ê·¨´µ¢µ³Ê  ´ ²µ£Ê
6-’ƒ [1]. ƒ¥´ HPRT · ¸¶µ²µ¦¥´ ¢ •-Ì·µ³µ¸µ³¥, ¸µ¸É ¢²Ö¥É 35Ä45 kb £¥-
´µ³´µ° „�Š ¢ ±²¥É± Ì ³²¥±µ¶¨É ÕÐ¨Ì ¨ ¸µ¤¥·¦¨É 9 Ô±§µ´µ¢. ‚ ±²¥É± Ì ±¨-
É °¸±µ£µ Ìµ³ÖÎ±  ´  ¨Ì ¤µ²Õ ¶·¨Ìµ¤¨É¸Ö µ±µ²µ 2,5 kb £¥´µ³´µ° „�Š [2Ä5].
ƒ¥´ ±µ¤¨·Ê¥É Ë¥·³¥´É £¨¶µ±¸ ´É¨´-£Ê ´¨´-Ëµ¸Ëµ·¨¡µ§¨²É· ´¸Ë¥· §Ê (hprt),
±µÉµ·Ò° ± É ²¨§¨·Ê¥É ±µ´¤¥´¸ Í¨Õ 5′-Ëµ¸Ëµ·¨¡µ§¨²-1-¶¨·µËµ¸Ë É  ¨ ¶Ê·¨-
´µ¢ÒÌ µ¸´µ¢ ´¨° £¨¶µ±¸ ´É¨´  ¨ £Ê ´¨´  ¸ µ¡· §µ¢ ´¨¥³ ¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì
³µ´µ´Ê±²¥µÉ¨¤µ¢, ÊÉ¨²¨§¨·Ê¥³ÒÌ ±²¥É± ³¨ ¶·¨ ¸¨´É¥§¥ „�Š. ‚ ¸¥²¥±É¨¢´µ°
¸·¥¤¥ ¸ 6-’ƒ ¢Ò¦¨¢ ÕÉ ¨ µ¡· §ÊÕÉ ±µ²µ´¨¨ Éµ²Ó±µ ±²¥É±¨ ¸ ³ÊÉ Í¨Ö³¨ ÔÉµ£µ
£¥´ , ¶·¨¢µ¤ÖÐ¨³¨ ± ´ ·ÊÏ¥´¨Õ ¥£µ  ±É¨¢´µ¸É¨ ¨²¨ ¶µ²´µ³Ê ¨´£¨¡¨·µ¢ ´¨Õ
¨, ¸µµÉ¢¥É¸É¢¥´´µ, ± ´ ·ÊÏ¥´¨Õ ¸¨´É¥§  Ë¥·³¥´É . Š²¥É±¨ ¶·¥±· Ð ÕÉ ÊÉ¨-
²¨§¨·µ¢ ÉÓ 6-’ƒ, ¢Ò¦¨¢ ÕÉ ¨ µ¡· §ÊÕÉ ±µ²µ´¨¨, ÎÉµ ¶µ§¢µ²Ö¥É µ¶·¥¤¥²¨ÉÓ
Î ¸ÉµÉÊ ³ÊÉ Í¨°. Š·µ³¥ Éµ£µ, ¶µ¸²¥ ¢Ò¤¥²¥´¨Ö µ¤¨´µÎ´ÒÌ ±µ²µ´¨° ¨ · §-
³´µ¦¥´¨Ö ¨Ì ±²¥Éµ± ¡Ò²¨ ¶µ²ÊÎ¥´Ò ¸Ê¡±²µ´µ¢Ò¥ ±Ê²ÓÉÊ·Ò ¨ ¶·¨£µÉµ¢²¥´Ò
¶·¥¶ · ÉÒ ¨Ì ±²¥Éµ±, ÎÉµ ¶µ§¢µ²¨²µ ¶·µ¢¥¸É¨ Í¨Éµ£¥´¥É¨Î¥¸±¨°  ´ ²¨§ ³Ê-
É ´É´ÒÌ ¸Ê¡±²µ´µ¢ ³¥É Ë §´Ò³ ³¥Éµ¤µ³ ¶µ µ¡Ð¥¶·¨´ÖÉµ° ³¥Éµ¤¨±¥.

�¡²ÊÎ¥´¨¥ ±²¥Éµ± ÉÖ¦¥²Ò³¨ ¨µ´ ³¨ ¨ γ-±¢ ´É ³¨ ¢ÒÖ¢¨²µ ¢Ò¸µ±µ¥ ³Ê-
É £¥´´µ¥ ¤¥°¸É¢¨¥ ÔÉ¨Ì ¢¨¤µ¢ ¨§²ÊÎ¥´¨Ö ´  ±²¥É±¨ ³²¥±µ¶¨É ÕÐ¨Ì. �µ²Ê-
Î¥´´Ò¥ ¤ ´´Ò¥ ¶µ ¢Ò¦¨¢ ¥³µ¸É¨ ±²¥Éµ± ±¨É °¸±µ£µ Ìµ³ÖÎ±  ²¨´¨¨ FAF28
(±²µ´ 431) ¨ Î ¸ÉµÉ¥ ³ÊÉ Í¨°, ¨´¤ÊÍ¨·µ¢ ´´ÒÌ γ-±¢ ´É ³¨ ¨ Ê¸±µ·¥´´Ò³¨
¨µ´ ³¨ 4He ¨ 12C ¸ · §´µ° ¢¥²¨Î¨´µ° ‹��, ¸¢¨¤¥É¥²Ó¸É¢ÊÕÉ µ ´¥µ¤´µ§´ Î-
´µ³ Ì · ±É¥·¥ § ¢¨¸¨³µ¸É¥° ¨´¤Ê±Í¨¨ ³ÊÉ Í¨° µÉ ¤µ§Ò ¨ ‹�� ¨§²ÊÎ¥´¨°
(·¨¸. 1). Š ± ¢¨¤´µ, ¶·¨ γ-µ¡²ÊÎ¥´¨¨ ±·¨¢ Ö ¤µ§ ÄÔËË¥±É ¶µ ±·¨É¥·¨Õ ¨´-
¤Ê±Í¨¨ ³ÊÉ Í¨° ¨³¥¥É Ö·±µ ¢Ò· ¦¥´´Ò° ´¥²¨´¥°´Ò° (¸É¥¶¥´´µ°) Ì · ±É¥·.
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�¨¸. 1. ‡ ¢¨¸¨³µ¸ÉÓ ¢Ò¦¨¢ ¥³µ¸É¨ ( ) ¨ Î ¸ÉµÉÒ µ¡· §µ¢ ´¨Ö ³ÊÉ Í¨° (¡) µÉ ¤µ§Ò
µ¡²ÊÎ¥´¨Ö ±²¥Éµ± ±¨É °¸±µ£µ Ìµ³ÖÎ±  γ-±¢ ´É ³¨ 60‘µ ¨ Ê¸±µ·¥´´Ò³¨ ¨µ´ ³¨ 4�¥
¨ 12‘ ¸ · §´µ° ¢¥²¨Î¨´µ° ‹��

�¥²¨´¥°´µ¸ÉÓ ±·¨¢ÒÌ ´ ¡²Õ¤ ¥É¸Ö É ±¦¥ ¶·¨ ¢µ§¤¥°¸É¢¨¨ ÉÖ¦¥²ÒÌ ¨µ´µ¢ ¸
‹�� 20 ¨ 50 ±Ô‚/³±³. �·¨ ¡µ²¥¥ ¢Ò¸µ±¨Ì §´ Î¥´¨ÖÌ ‹�� ¨§²ÊÎ¥´¨° ±·¨¢Ò¥
¨´¤Ê±Í¨¨ ³ÊÉ Í¨° ¢ § ¢¨¸¨³µ¸É¨ µÉ ¤µ§Ò ³µ¤¨Ë¨Í¨·ÊÕÉ¸Ö ¢ ²¨´¥°´Ò¥. ‘µµÉ-
¢¥É¸É¢¥´´µ, ±·¨¢Ò¥ ¢Ò¦¨¢ ¥³µ¸É¨ Ö¢²ÖÕÉ¸Ö ¸¨£³µ¨¤´Ò³¨ ¨ ³µ¤¨Ë¨Í¨·ÊÕÉ¸Ö
¢ Ô±¸¶µ´¥´Í¨ ²Ó´Ò¥.

�É¸Õ¤  ¸²¥¤Ê¥É, ÎÉµ ¢¥²¨Î¨´  µÉ´µ¸¨É¥²Ó´µ° ¡¨µ²µ£¨Î¥¸±µ° ÔËË¥±É¨¢-
´µ¸É¨ (���) ¤²Ö ¨¸¸²¥¤µ¢ ´´ÒÌ ÉÖ¦¥²ÒÌ ¨µ´µ¢ ¶µ µÉ´µÏ¥´¨Õ ± γ-±¢ ´É ³
¶µ ÔÉ¨³ É¥¸É ³ § ¢¨¸¨É µÉ ¤µ§Ò. �·¨ ¨¸¶µ²Ó§µ¢ ´¨¨ µ¡Ð¥¶·¨´ÖÉµ£µ ¸¶µ¸µ¡ 
µÍ¥´±¨ ��� ¨§²ÊÎ¥´¨° ¶µ ¨´¤Ê±Í¨¨ ³ÊÉ Í¨° ´  Ê·µ¢´¥ ´ Î ²Ó´µ£µ ´ ±²µ´ 
±·¨¢µ° ¤µ§ ÄÔËË¥±É (5−10 · 10−5),   ¶µ ¢Ò¦¨¢ ¥³µ¸É¨ ¶µ ¢¥²¨Î¨´¥ D0 ¨²¨
¶µ ¸µµÉ´µÏ¥´¨Õ ¤µ§, ¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì 10%-³Ê Ê·µ¢´Õ ¢Ò¦¨¢ ¥³µ¸É¨ ±²¥-
Éµ±, ¶µ²ÊÎ¥´´Ò¥ § ¢¨¸¨³µ¸É¨ ��� µÉ ‹�� ¶µ ÔÉ¨³ É¥¸É ³ µ¶¨¸Ò¢ ÕÉ¸Ö ±·¨-
¢Ò³¨ ¸ ³ ±¸¨³Ê³µ³ ¶·¨ ∼ 80−100 ±Ô‚/³±³ (¸³. ·¨¸. 2). ’ ³ ¦¥ ¶·¨¢¥¤¥´ 
¶µ²ÊÎ¥´´ Ö · ´¥¥ ±·¨¢ Ö § ¢¨¸¨³µ¸É¨ ��� µÉ ‹�� ¶µ ¨´¤Ê±Í¨¨ µ¡Ð¥£µ Î¨-
¸²  Ì·µ³µ¸µ³´ÒÌ  ¡¥·· Í¨° [6]. Š ± ¢¨¤´µ, ¢¥²¨Î¨´Ò ��� ¶µ ¨´¤Ê±Í¨¨
³ÊÉ Í¨° ¨ Ì·µ³µ¸µ³´ÒÌ  ¡¥·· Í¨° ¶·¨³¥·´µ ¢ 2 · §  ¢ÒÏ¥, Î¥³ ¶µ ¢Ò¦¨-
¢ ¥³µ¸É¨ ±²¥Éµ±. �É¨ ¤ ´´Ò¥ ±µ··¥²¨·ÊÕÉ ¸ ·¥§Ê²ÓÉ É ³¨ ¤·Ê£¨Ì  ¢Éµ·µ¢,
¶·µ¢µ¤¨¢Ï¨Ì ¨¸¸²¥¤µ¢ ´¨Ö ¢ ¡²¨§±µ³ ¤¨ ¶ §µ´¥ §´ Î¥´¨° ‹�� ¨§²ÊÎ¥´¨°
(¨µ´Ò £¥²¨Ö, ¡µ·  ¨  §µÉ ) ´  ±²¥É± Ì ±¨É °¸±µ£µ Ìµ³ÖÎ±  [7] ¨ Ë¨¡·µ¡² -
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¸É Ì Î¥²µ¢¥±  [8]. ˆÌ µÍ¥´±¨ ��� ÉÖ¦¥²ÒÌ ¨µ´µ¢ ¶µ ³ÊÉ £¥´´µ³Ê ÔËË¥±ÉÊ
É ±¦¥ ¡µ²¥¥ Î¥³ ¢ 2 · §  ¶·¥¢ÒÏ ÕÉ ��� ¶µ ¢Ò¦¨¢ ¥³µ¸É¨ ±²¥Éµ±.

�¨¸. 2. ‡ ¢¨¸¨³µ¸ÉÓ ��� ÉÖ¦¥²ÒÌ ¨µ´µ¢ µÉ
‹�� ¶µ ¢Ò¦¨¢ ¥³µ¸É¨ ±²¥Éµ± ±¨É °¸±µ£µ Ìµ-
³ÖÎ±  (1 Å ¶µ D0; 2 Å ¶µ 10%-³Ê Ê·µ¢´Õ
¢Ò¦¨¢ ¥³µ¸É¨); ¶µ ¨´¤Ê±Í¨¨ ³ÊÉ Í¨° (3 Å
¶µ Î ¸ÉµÉ¥ ³ÊÉ Í¨° 5 · 10−5; 4 Å ¶µ Î ¸ÉµÉ¥
³ÊÉ Í¨° 10 ·10−5); ¶µ ¨´¤Ê±Í¨¨ Ì·µ³µ¸µ³´ÒÌ
 ¡¥·· Í¨° [6] (5)

�¤´ ±µ ¢ µ¡² ¸É¨ ‹�� ¨§²Ê-
Î¥´¨° µ±µ²µ 20 ±Ô‚/³±³ ´ ¡²Õ-
¤ ¥É¸Ö ´¥±µÉµ·Ò° ¸¤¢¨£ ±·¨¢µ°
¶µ ¢ÒÌµ¤Ê ³ÊÉ Í¨° ± ´¥¸±µ²Ó±µ
¶µ¢ÒÏ¥´´Ò³ §´ Î¥´¨Ö³ ��� ¶µ
¸· ¢´¥´¨Õ ¸ É¥¸É ³¨ ¨´ ±É¨¢ -
Í¨¨ ±²¥Éµ± ¨ µ¡· §µ¢ ´¨Ö Ì·µ³µ-
¸µ³´ÒÌ  ¡¥·· Í¨°. Š ± ¡Ò²µ ¶µ-
± § ´µ · ´¥¥ ¢ ¨¸¸²¥¤µ¢ ´¨ÖÌ ´ 
¡ ±É¥·¨ÖÌ [9, 10], ³ ±¸¨³Ê³ § -
¢¨¸¨³µ¸É¨ ��� µÉ ‹�� ¨§²ÊÎ¥-
´¨° ¶µ ³ÊÉ £¥´´µ³Ê ÔËË¥±ÉÊ ¡Ò²
¸ÊÐ¥¸É¢¥´´µ ¸¤¢¨´ÊÉ ¢ µ¡² ¸ÉÓ
³¥´ÓÏ¨Ì §´ Î¥´¨° ‹�� ¨ ¸µµÉ-
¢¥É¸É¢µ¢ ² ∼ 20 ±Ô‚/³±³, ¢ Éµ
¢·¥³Ö ± ± ³ ±¸¨³ ²Ó´Ò¥ §´ Î¥-
´¨Ö ��� ÉÖ¦¥²ÒÌ ¨µ´µ¢ ¶µ ²¥-
É ²Ó´µ³Ê ¤¥°¸É¢¨Õ ´ ¡²Õ¤ ²¨¸Ó
¶·¨ 80Ä90 ±Ô‚/³±³. �Éµ µ¶·¥¤¥-
²Ö²µ¸Ó · §´Ò³ Ì · ±É¥·µ³ ³µ²¥-
±Ê²Ö·´ÒÌ ¶µ¢·¥¦¤¥´¨°, ²¥¦ Ð¨Ì
¢ µ¸´µ¢¥ ¨´¤ÊÍ¨·Ê¥³ÒÌ ³ÊÉ Í¨°

¨ ²¥É ²¥°: ³ÊÉ Í¨¨ Ê ¡ ±É¥·¨° Ö¢²ÖÕÉ¸Ö ¢ ¶µ¤ ¢²ÖÕÐ¥³ ¡µ²ÓÏ¨´¸É¢¥ ÉµÎ±µ-
¢Ò³¨ ¨ ¸¢Ö§ ´Ò £² ¢´Ò³ µ¡· §µ³ ¸ ¶µ¢·¥¦¤¥´¨Ö³¨ µ¸´µ¢ ´¨° [11], ²¥É ²Ó´Ò°
¦¥ ÔËË¥±É µ¶·¥¤¥²Ö¥É¸Ö ¨´¤Ê±Í¨¥° ¤¢ÊÌ´¨É¥¢ÒÌ · §·Ò¢µ¢ („�) „�Š [12].
�µ²ÊÎ¥´´Ò° ¢ ´ Ï¥³ ¨¸¸²¥¤µ¢ ´¨¨  ´ ²µ£¨Î´Ò° Ì · ±É¥· § ¢¨¸¨³µ¸É¥° ���
µÉ ‹�� ¨§²ÊÎ¥´¨° ¶µ É¥¸É ³ ¨´¤Ê±Í¨¨ ³ÊÉ Í¨°, Ì·µ³µ¸µ³´ÒÌ  ¡¥·· Í¨° ¨
¨´ ±É¨¢ Í¨¨ ±²¥Éµ± ³µ¦¥É Ê± §Ò¢ ÉÓ ´  Éµ, ÎÉµ ¢ µ¸´µ¢¥ ¶µ¢·¥¦¤¥´¨°, ¶·¨-
¢µ¤ÖÐ¨Ì ± É ±¨³ ÔËË¥±É ³ ¢ ±²¥É± Ì ³²¥±µ¶¨É ÕÐ¨Ì, ²¥¦ É µ¤´¨ ¨ É¥ ¦¥
¸µ¡ÒÉ¨Ö Å „� „�Š. ŒÒ ³µ¦¥³ ¶·¥¤¶µ² £ ÉÓ, ÎÉµ µÉ³¥Î ¥³Ò° ´ ³¨ ´¥±µ-
Éµ·Ò° ¸¤¢¨£ ±·¨¢µ° § ¢¨¸¨³µ¸É¨ ��� µÉ ‹�� ¨§²ÊÎ¥´¨° ¢ µ¡² ¸É¨ §´ Î¥´¨°
‹�� ∼ 20 ±Ô‚/³±³ ¶µ ¨´¤Ê±Í¨¨ ³ÊÉ Í¨° ¢ ±²¥É± Ì ³²¥±µ¶¨É ÕÐ¨Ì ¶µ ¸· ¢-
´¥´¨Õ ¸ ²¥É ²Ó´Ò³ ÔËË¥±Éµ³ µ¶·¥¤¥²Ö¥É¸Ö ¶µ¢ÒÏ¥´¨¥³ ¢±² ¤  ÉµÎ±µ¢ÒÌ
³ÊÉ Í¨°,   ¶·¨ ¡µ²¥¥ ¢Ò¸µ±¨Ì ‹�� ¨§²ÊÎ¥´¨° ¶·¥¢ ²¨·ÊÕÉ ³ÊÉ Í¨¨ £¥´µ¢,
¸¢Ö§ ´´Ò¥ ¸ ¢µ§´¨±´µ¢¥´¨¥³ · §´ÒÌ É¨¶µ¢ ¤¥²¥Í¨°. �´ ²µ£¨Î´Ò° Ì · ±É¥·
±·¨¢ÒÌ § ¢¨¸¨³µ¸É¥° ��� µÉ ‹�� ¶µ ÔÉ¨³ É·¥³ É¥¸É ³ ³µ¦¥É ¸²Ê¦¨ÉÓ ¸¢¨¤¥-
É¥²Ó¸É¢µ³ Éµ£µ, ÎÉµ ¢ µ¸´µ¢¥ ÔÉ¨Ì ÔËË¥±Éµ¢ ¢ ±²¥É± Ì ³²¥±µ¶¨É ÕÐ¨Ì ²¥¦ É
µ¤´¨ ¨ É¥ ¦¥ ¶µ¢·¥¦¤¥´¨Ö,   ¨³¥´´µ „� „�Š. ˆ³¨ µ¡Ê¸²µ¢²¨¢ ¥É¸Ö ¢µ§´¨±-
´µ¢¥´¨¥ ¢ ±²¥É± Ì Ì·µ³µ¸µ³´ÒÌ  ¡¥·· Í¨° ¨ É ±¨Ì ³ÊÉ Í¨°, ± ± ³ ±·µ- ¨
³¨±·µ¤¥²¥Í¨¨ £¥´µ¢.
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� ·µ²¨ ¸É·Ê±ÉÊ·´ÒÌ ¶µ¢·¥¦¤¥´¨° „�Š ¢ ¨´¤Ê±Í¨¨ ³ÊÉ Í¨° £¥´µ¢ ¢ ±²¥É-
± Ì ³²¥±µ¶¨É ÕÐ¨Ì ¨ Î¥²µ¢¥±  ¸¢¨¤¥É¥²Ó¸É¢ÊÕÉ ´ ± ¶²¨¢ ÕÐ¨¥¸Ö ¢ ²¨É¥· -
ÉÊ·¥ ¤ ´´Ò¥. �Ò²µ ¶µ± § ´µ [13Ä19], ÎÉµ ´ ²¨Î¨¥ ¶·¨§´ ±  ·¥§¨¸É¥´É´µ¸É¨ ±
6-’ƒ ³µ¦¥É µ¡Ê¸²µ¢²¨¢ ÉÓ¸Ö · §´Ò³¨ É¨¶ ³¨ ³ÊÉ Í¨°, ¢ Éµ³ Î¨¸²¥ ¸É·Ê±ÉÊ·-
´Ò³¨, ¢¶²µÉÓ ¤µ ¶µ²´µ° ¤¥²¥Í¨¨ £¥´ . �·¨ ¨§ÊÎ¥´¨¨ ³µ²¥±Ê²Ö·´µ° ¶·¨·µ¤Ò
¨§³¥´¥´¨° £¥´  HPRT ¶·¨ ¤¥°¸É¢¨¨ ·¥¤±µ¨µ´¨§¨·ÊÕÐ¨Ì ¨§²ÊÎ¥´¨° ¡Ò²µ ¶µ-
± § ´µ, ÎÉµ ¡µ²ÓÏ Ö Î ¸ÉÓ ³ÊÉ ´Éµ¢ ¨³¥¥É ±·Ê¶´Ò¥ ¤¥²¥Í¨¨ ¢ ÔÉµ³ ²µ±Ê¸¥:
70Ä90 % ³ÊÉ ´Éµ¢ ±²¥Éµ± ±¨É °¸±µ£µ Ìµ³ÖÎ±  [20], 50Ä85 % ³ÊÉ ´Éµ¢ ²¨³-
Ëµ¨¤´ÒÌ ±²¥Éµ± ’Š6 Î¥²µ¢¥±  [21], 50Ä75 % ³ÊÉ ´Éµ¢ ’-²¨³ËµÍ¨Éµ¢ Î¥²µ-
¢¥±  [22, 23]. �·¨ ¨¸¸²¥¤µ¢ ´¨¨ · ¸¶µ²µ¦¥´¨Ö ¢ Ì·µ³µ¸µ³¥ £¥´´ÒÌ ²µ±Ê¸µ¢,
¢ ±µÉµ·ÒÌ ¡Ò²¨ ¨§ÊÎ¥´Ò · ¤¨ Í¨µ´´µ-¨´¤ÊÍ¨·µ¢ ´´Ò¥ ¤¥²¥Í¨¨, ¶µ± § ´µ,
ÎÉµ µ´¨ Ö¢²ÖÕÉ¸Ö ¨´É¥·¸É¨Í¨ ²Ó´Ò³¨ ¨, ¸²¥¤µ¢ É¥²Ó´µ, ¨´¤ÊÍ¨·ÊÕÉ¸Ö ¶·¨
¢µ§´¨±´µ¢¥´¨¨ ¶µ ±· °´¥° ³¥·¥ ¤¢ÊÌ „� „�Š. �É³¥Î¥´µ É ±¦¥ ¶µÖ¢²¥´¨¥
Ì·µ³µ¸µ³´ÒÌ  ¡¥·· Í¨° ¢ ±²¥É± Ì ³ÊÉ ´É´ÒÌ ¸Ê¡±²µ´µ¢ [8, 24].

„ ´´Ò¥  ´ ²¨§  ´¥¡µ²ÓÏµ£µ Î¨¸²  HPRT-³ÊÉ ´É´ÒÌ ±²µ´µ¢ ±²¥Éµ± ±¨-
É °¸±µ£µ Ìµ³ÖÎ±  ²¨´¨¨ V-79, ¶µ²ÊÎ¥´´Ò¥ ·Ö¤µ³  ¢Éµ·µ¢ ¶·¨ ¤¥°¸É¢¨¨ · ¤¨-
 Í¨¨ · §´µ£µ ± Î¥¸É¢  [25, 26], ¸¢¨¤¥É¥²Ó¸É¢ÊÕÉ µ Éµ³, ÎÉµ ¶·µ¶µ·Í¨Ö ±·Ê¶-
´ÒÌ ¤¥²¥Í¨° ¢ ²µ±Ê¸¥ HPRT Ê¢¥²¨Î¨¢ ¥É¸Ö ¶·¨ ¢Ò¸µ±¨Ì ‹�� ¨§²ÊÎ¥´¨°
(160Ä1600 ±Ô‚/³±³). �·¨ ¡µ²¥¥ ´¨§±¨Ì ‹�� (10Ä50 ±Ô‚/³±³) ¢µ§´¨±´µ¢¥´¨¥
³ÊÉ Í¨° µ¡Ê¸²µ¢²¥´µ ¢ µ¸´µ¢´µ³ ¨§³¥´¥´¨¥³ µ¸´µ¢ ´¨° ¨²¨ ³¥²±¨³¨ ¤¥²¥-
Í¨Ö³¨. �µ²ÊÎ¥´´Ò° ´ ³¨  ´ ²µ£¨Î´Ò° Ì · ±É¥· § ¢¨¸¨³µ¸É¥° ��� µÉ ‹��
¶µ ¨´¤Ê±Í¨¨ ³ÊÉ Í¨° ¨ Ì·µ³µ¸µ³´ÒÌ  ¡¥·· Í¨° ¸ ³ ±¸¨³Ê³µ³ ÔËË¥±É  ¶·¨
‹�� µ±µ²µ 80 ±Ô‚/³±³ ³µ¦¥É ¸¢¨¤¥É¥²Ó¸É¢µ¢ ÉÓ µ Éµ³, ÎÉµ ¶·¨ ¤¥°¸É¢¨¨
¨§²ÊÎ¥´¨° ¸ ¢Ò¸µ±µ° ‹�� ¡o²ÓÏ Ö Î ¸ÉÓ · ¤¨ Í¨µ´´µ-¨´¤ÊÍ¨·µ¢ ´´ÒÌ ³Ê-
É Í¨° µ¡Ê¸²µ¢²¥´  ¢µ§´¨±´µ¢¥´¨¥³ ¸É·Ê±ÉÊ·´ÒÌ ´ ·ÊÏ¥´¨° ¢ ÔÉµ³ ²µ±Ê¸¥.

1.2. –¨Éµ£¥´¥É¨Î¥¸±¨¥ Ì · ±É¥·¨¸É¨±¨ ¸¶µ´É ´´ÒÌ ¨ · ¤¨ Í¨µ´´µ-
¨´¤ÊÍ¨·µ¢ ´´ÒÌ HPRT-³ÊÉ ´É´ÒÌ ¸Ê¡±²µ´µ¢. �µ² £ Ö, ÎÉµ ³ÊÉ Í¨µ´´Ò°
¶·µÍ¥¸¸ ¢ ±²¥É± Ì ³²¥±µ¶¨É ÕÐ¨Ì ³µ¦¥É ¸µ¶·µ¢µ¦¤ ÉÓ¸Ö ´ ·ÊÏ¥´¨¥³ ¸É·Ê±-
ÉÊ·´µ° Í¥²µ¸É´µ¸É¨ Ì·µ³µ¸µ³´µ£µ  ¶¶ · É  ¨ ¶·µÖ¢²ÖÉÓ¸Ö ¢ Ì·µ³µ¸µ³´µ° ´¥-
¸É ¡¨²Ó´µ¸É¨ ±²¥Éµ±, ³Ò ¢Ò¤¥²¨²¨ µ¤¨´µÎ´Ò¥ ³ÊÉ ´É´Ò¥ ±µ²µ´¨¨, ¢Ò· ¸É¨²¨
¸Ê¡±²µ´Ò ¨ ¶·µ¢¥²¨ ¨Ì Í¨Éµ£¥´¥É¨Î¥¸±¨°  ´ ²¨§. �·µ ´ ²¨§¨·µ¢ ´Ò ³ÊÉ ´É-
´Ò¥ ¸Ê¡±²µ´Ò ±²¥Éµ± ±¨É °¸±µ£µ Ìµ³ÖÎ±  ²¨´¨¨ V-79, ¨´¤ÊÍ¨·µ¢ ´´Ò¥ · §-
´Ò³¨ ¤µ§ ³¨ γ-±¢ ´Éµ¢, ¶·µÉµ´µ¢ ¸ Ô´¥·£¨¥° 1 ƒÔ‚ (‹�� ∼ 0,218 ±Ô‚/³±³)
¨ ¨µ´µ¢ 14N ¸ Ô´¥·£¨¥° 50 ŒÔ‚/´Ê±²µ´ (‹�� ∼ 77 ±Ô‚/³±³). �·µ¢¥¤¥´
É ±¦¥  ´ ²¨§ ¸¶µ´É ´´ÒÌ ³ÊÉ ´Éµ¢ ±²¥Éµ± ²¨´¨° V-79 ¨ FAF28 (±²µ´ 431).
‚ ± Î¥¸É¢¥ ±µ´É·µ²Ö ¸²Ê¦¨²¨ µ¡· §ÍÒ ¨§ ¨´É ±É´ÒÌ ³µ´µ¸²µ°´ÒÌ ±Ê²ÓÉÊ·
¨ ¨´É ±É´ÒÌ ¸Ê¡±²µ´µ¢, ¢Ò· Ð¥´´Ò¥ ¨§ µ¤¨´µÎ´ÒÌ ±µ²µ´¨°. �¥ ¢ÒÖ¢²¥´µ
µÉ²¨Î¨° ³¥¦¤Ê ´¨³¨, ¨ ¶µ²ÊÎ¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¨¸¶µ²Ó§µ¢ ´Ò ¢ ± Î¥¸É¢¥
µ¡Ñ¥¤¨´¥´´µ£µ ±µ´É·µ²Ö. �·¨ Í¨Éµ£¥´¥É¨Î¥¸±µ³  ´ ²¨§¥ ´ ¡²Õ¤ ² ¸Ó £¥-
É¥·µ£¥´´µ¸ÉÓ ¸¶µ´É ´´ÒÌ ¨ · ¤¨ Í¨µ´´µ-¨´¤ÊÍ¨·µ¢ ´´ÒÌ HPRT-³ÊÉ ´É´ÒÌ
¸Ê¡±²µ´µ¢ ¶µ ¨¸¸²¥¤µ¢ ´´Ò³ Í¨Éµ£¥´¥É¨Î¥¸±¨³ ¶µ± § É¥²Ö³ (³¨ÉµÉ¨Î¥¸±µ°
 ±É¨¢´µ¸É¨,  ´¥Ê¶²µ¨¤¨¨, Ê·µ¢´Õ Ì·µ³µ¸µ³´ÒÌ  ¡¥·· Í¨°). Š ± ¶µ± § ²¨
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´ Ï¨ ¨¸¸²¥¤µ¢ ´¨Ö, ¶µ¸²¥¤¸É¢¨Ö ³ÊÉ Í¨µ´´ÒÌ ¸µ¡ÒÉ¨° ¶·µÖ¢¨²¨¸Ó ¢ ¢µ§´¨±-
´µ¢¥´¨¨ £¥´µ³´µ° (¶µ Î¨¸²Ê Ì·µ³µ¸µ³ ¢ ±²¥É± Ì) ¨ Ì·µ³µ¸µ³´µ° (¶µ Ê·µ¢-
´Õ  ¡¥·· Í¨° Ì·µ³µ¸µ³) ´¥¸É ¡¨²Ó´µ¸É¨ ¢ ¶µ¶Ê²ÖÍ¨ÖÌ ¶µÉµ³±µ¢ ³ÊÉ ´É´ÒÌ
±²¥Éµ±.

1.2.1. ‡ ³¥¤²¥´¨¥ ·µ¸É  ³ÊÉ ´É´ÒÌ ¸Ê¡±²µ´µ¢. �·¨ ¢ÒÖ¢²¥´¨¨ ¨ ¸¥²¥±-
Í¨¨ ³ÊÉ ´É´ÒÌ ¸Ê¡±²µ´µ¢ ¡Ò²µ µÉ³¥Î¥´µ ¶µÖ¢²¥´¨¥ ³ÊÉ ´Éµ¢ ¸ § ³¥¤²¥´´Ò³
·µ¸Éµ³ ¶µ ¸· ¢´¥´¨Õ ¸ ¨´É ±É´Ò³ ±µ´É·µ²¥³ (¸³. É ¡². 2). �·¨ ¸¶µ´É ´´µ³
³ÊÉ £¥´¥§¥ ¨Ì ¤µ²Ö ¤µÌµ¤¨²  ¤µ 60 %. �´  Ê¢¥²¨Î¨¢ ² ¸Ó ¤µ 80Ä100 % ¶·¨
¢Ò¸µ±¨Ì ¨´¤ÊÍ¨·ÊÕÐ¨Ì ¤µ§ Ì γ-²ÊÎ¥° (5Ä7 ƒ·) ¨ ¢ ¤¨ ¶ §µ´¥ ¨¸¶µ²Ó§µ¢ ´-
´ÒÌ ¤µ§ ¨µ´µ¢ 14N (1Ä3 ƒ·). ˆ´¤¨¢¨¤Ê ²Ó´Ò¥ ±µ²µ´¨¨ É ±¨Ì ³ÊÉ ´Éµ¢ ³µ¦´µ
¡Ò²µ ¢Ò¤¥²¨ÉÓ Î¥·¥§ 15Ä27 ¤´¥° ±Ê²ÓÉ¨¢¨·µ¢ ´¨Ö,   µ¡· §ÍÒ ±²¥Éµ± ¤²Ö Í¨Éµ-
£¥´¥É¨Î¥¸±µ£µ  ´ ²¨§  ¶·¨£µÉµ¢¨ÉÓ ´¥·¥¤±µ Éµ²Ó±µ Î¥·¥§ 1Ä1,5 ³¥¸ÖÍ . Ÿ¢´µ°
±µ··¥²ÖÍ¨¨ ¸ ¤·Ê£¨³¨ Í¨Éµ£¥´¥É¨Î¥¸±¨³¨ ¶µ± § É¥²Ö³¨ ´¥ ¢ÒÖ¢²¥´µ, ´µ 15Ä
30 % É ±¨Ì ³ÊÉ ´Éµ¢ ¨³¥²¨ ¸´¨¦¥´´ÊÕ ³¨ÉµÉ¨Î¥¸±ÊÕ  ±É¨¢´µ¸ÉÓ (³¨ÉµÉ¨Î¥-
¸±¨° ¨´¤¥±¸ µÉ 0,5 ¤µ 3 %). ‡ ³¥¤²¥´¨¥ ·µ¸É  ³´µ£¨Ì ³ÊÉ ´É´ÒÌ ¸Ê¡±²µ´µ¢
¢ ¸·¥¤¥ ¸ 6-’ƒ (¢ 1,5Ä2 · §  ¶µ ¸· ¢´¥´¨Õ ¸ ±µ´É·µ²¥³) ³µ£²µ µ¶·¥¤¥²ÖÉÓ¸Ö
¢µ§´¨±´µ¢¥´¨¥³ ³ÊÉ Í¨° £¥´ , ¶·¨¢µ¤ÖÐ¨Ì ± ¸´¨¦¥´¨Õ  ±É¨¢´µ¸É¨ Ë¥·³¥´É 
¨²¨ ¸¨´É¥§Ê ³¥´ÓÏ¥£µ ±µ²¨Î¥¸É¢  ´ É¨¢´µ£µ Ë¥·³¥´É . ‚ ÔÉ¨Ì ¸²ÊÎ ÖÌ ¦¨§´¥-
¸¶µ¸µ¡´µ¸ÉÓ ³ÊÉ ´É´µ° ¶µ¶Ê²ÖÍ¨¨ ³µ£²  µ¡¥¸¶¥Î¨¢ ÉÓ¸Ö Éµ²Ó±µ §  ¸Î¥É ±²¥-
Éµ±, ´¥ Ê¸¶¥¢ ÕÐ¨Ì ¢ É¥Î¥´¨¥ ±²¥ÉµÎ´µ£µ Í¨±²  ÊÉ¨²¨§¨·µ¢ ÉÓ ¶Ê·¨´µ¢Ò°
 ´ ²µ£. „·Ê£¨¥  ¢Éµ·Ò É ±¦¥ µÉ³¥Î ²¨ ¶µÖ¢²¥´¨¥ ³ÊÉ ´Éµ¢ ¸ § ³¥¤²¥´´Ò³
·µ¸Éµ³: ± ± ¸¶µ´É ´´ÒÌ, ¢Ò¤¥²¥´´ÒÌ ¨§ ±Ê²ÓÉÊ·Ò ²¨³Ëµ¨¤´ÒÌ ±²¥Éµ± Î¥²µ-
¢¥±  ²¨´¨¨ ’Š6 [27], É ± ¨ · ¤¨ Í¨µ´´µ-¨´¤ÊÍ¨·µ¢ ´´ÒÌ ³ÊÉ ´Éµ¢ (•-²ÊÎ¨),
¢Ò¤¥²¥´´ÒÌ ¨§ ±Ê²ÓÉÊ·Ò ±²¥Éµ± ±¨É °¸±µ£µ Ìµ³ÖÎ±  ²¨´¨¨ CHO [28].

1.2.2. ƒ¥´µ³´ Ö ´¥¸É ¡¨²Ó´µ¸ÉÓ ³ÊÉ ´É´ÒÌ ¸Ê¡±²µ´µ¢. Š·¨É¥·¨Ö³¨
µÍ¥´±¨ ³ÊÉ ´É´ÒÌ ¸Ê¡±²µ´µ¢ ¶µ Î¨¸²Ê Ì·µ³µ¸µ³ ¢ ±²¥É± Ì Ö¢²Ö²¨¸Ó ³µ¤ ²Ó-
´µ¥ Î¨¸²µ Ì·µ³µ¸µ³ ¨ ¶·µÍ¥´É´µ¥ ¸µ¤¥·¦ ´¨¥ ±²¥Éµ± ¸ É ±µ° ³µ¤µ°. �´ ²¨§
¸¶¥±É·µ¢ Ì·µ³µ¸µ³ ¢ÒÖ¢¨² ¢Ò· ¦¥´´ÊÕ  ´¥Ê¶²µ¨¤¨Õ ¢¶²µÉÓ ¤µ ¶µ²´µ° ¶²µ-
¨¤¨¨ (É ¡². 3). ‘·¥¤¨ ¸Ê¡±²µ´µ¢ ¶·¥µ¡² ¤ ²¨ µ¡· §ÍÒ ¸ ³µ¤ ²Ó´Ò³ Î¨¸²µ³,
· ¢´Ò³ 21 ¨²¨ 22 Ì·µ³µ¸µ³ ³. „µ²Ö ¤¨¶²µ¨¤´ÒÌ ³ÊÉ ´Éµ¢ ¸ ³µ¤ ²Ó´Ò³ Î¨-
¸²µ³ Ì·µ³µ¸µ³ ¸µ¸É ¢²Ö² , ± ± ¶· ¢¨²µ, 70 % ¨ ¡µ²¥¥, ¤µÌµ¤Ö ¤µ 100 %. „µ²Ö
±²¥Éµ± ¸ É ±µ° ³µ¤µ° ¢ µ¡· §Í Ì ¸ÊÐ¥¸É¢¥´´µ ¢ ·Ó¨·µ¢ ² . „²Ö ¸¶µ´É ´´ÒÌ
³ÊÉ ´Éµ¢ µ´  ´ Ìµ¤¨² ¸Ó ¢ ¶·¥¤¥² Ì 50Ä80 % ¨ ¶· ±É¨Î¥¸±¨ ´¥ µÉ²¨Î ² ¸Ó µÉ
±µ´É·µ²Ö. � ¤¨ Í¨µ´´µ-¨´¤ÊÍ¨·µ¢ ´´Ò¥ ³ÊÉ ´ÉÒ ¡Ò²¨ µ¸µ¡¥´´µ £¥É¥·µ£¥´-
´Ò³¨ ¶µ ¸¶¥±É· ³ Ì·µ³µ¸µ³. ‘·¥¤¨ ´¨Ì ¢¸É·¥Î ²¨¸Ó ¸Ê¡±²µ´Ò ¸ Ê§±¨³¨ ¸¶¥±-
É· ³¨ Ì·µ³µ¸µ³, ±µ£¤  ¤µ²Ö ±²¥Éµ± ³µ¤ ²Ó´µ£µ ±² ¸¸  ¸µ¸É ¢²Ö²  70Ä85 %.
“ ¡µ²ÓÏ¨´¸É¢  ¡Ò²  ¸ÊÐ¥¸É¢¥´´µ ¢Ò· ¦¥´   ´¥Ê¶²µ¨¤¨Ö ¢ µ±µ²µ¤¨¶²µ¨¤´µ°
µ¡² ¸É¨. “ ³´µ£¨Ì ¤µ²Ö ±²¥Éµ± ³µ¤ ²Ó´µ£µ ±² ¸¸  µ± §Ò¢ ² ¸Ó ¸´¨¦¥´´µ°
¨ ¸µ¸É ¢²Ö²  ¢ ·Ö¤¥ ¸²ÊÎ ¥¢ 25Ä30 %. ‚¸¥ É¨¶Ò ¤¨¶²µ¨¤´ÒÌ ³ÊÉ ´Éµ¢ ¸µ-
¤¥·¦ ²¨ ´¥±µÉµ·µ¥ Î¨¸²µ ¶µ²¨¶²µ¨¤´ÒÌ ±²¥Éµ±, ¢ µ¸´µ¢´µ³ É¥É· ¶²µ¨¤´ÒÌ.
‘·¥¤¨ ¶µ²ÊÎ¥´´ÒÌ ³ÊÉ ´É´ÒÌ ¸Ê¡±²µ´µ¢ ¢ÒÖ¢²¥´µ µÉ 8 ¤µ 20 % ¶µ²¨¶²µ¨¤-
´ÒÌ ³ÊÉ ´Éµ¢ ¸ ³µ¤ ²Ó´Ò³ Î¨¸²µ³ Ì·µ³µ¸µ³ µÉ 39 ¤µ 44. ‚¸¥ µ´¨ Ì · ±-
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’ ¡²¨Í  3. � ¸¶·¥¤¥²¥´¨¥ ¨´É ±É´ÒÌ ¨ HPRT-³ÊÉ ´É´ÒÌ ¸Ê¡±²µ´µ¢ ¶µ Î¨¸²Ê Ì·µ-
³µ¸µ³ ¢ ±²¥É± Ì

’¨¶ „µ§ , —¨¸²µ Œµ¤ ²Ó´µ¥ „µ²Ö ¸Ê¡±²µ´µ¢ „µ²Ö ±²¥Éµ±
¸Ê¡±²µ´µ¢ ƒ· ¸Ê¡±²µ´µ¢ Î¨¸²µ Ì·µ³µ¸µ³ ¸ ¤ ´´µ° ³µ¤µ°, % ¸ ¤ ´´µ° ³µ¤µ°, %

Šµ´É·µ²Ó
¨´É ±É´Ò°

Å

13 21 72 40Ä80
1 22 5 60
3 40 18 15Ä33
1 42 5 11

‘¶µ´É ´´Ò¥
³ÊÉ ´ÉÒ

Å

11 21 52 50Ä80
7 22 33 50Ä60
1 39 5 11
1 42 5 24
1 �¥ ¢Ò· ¦¥´µ 5 Œ ±¸¨³Ê³ 6Ä8

ŒÊÉ ´ÉÒ,
¨´¤ÊÍ¨·µ¢ ´´Ò¥

γ-±¢ ´É ³¨

2
6 21 86 30Ä75
1 40 14 40

16 21 70 30Ä70
2 22 9 30Ä75

3 3 40 13 20Ä30
1 41 4 27
1 �¥ ¢Ò· ¦¥´µ 4 Œ ±¸¨³Ê³ 6Ä7

5 13 21 100 25Ä85

1 20 8 39
7 10 21 84 40Ä85

1 39 ¨ 40 8 ¶µ 36

ŒÊÉ ´ÉÒ,
¨´¤ÊÍ¨·µ¢ ´´Ò¥

¶·µÉµ´ ³¨

1 1 21 25 62
3 22 75 53Ä78

2 8 22 100 32Ä54

ŒÊÉ ´ÉÒ,
¨´¤ÊÍ¨·µ¢ ´´Ò¥

¨µ´ ³¨ 14N

1 3 22 100 69Ä85

2
1 21 7 67
13 22 86 32Ä80
1 22 ¨ 44 7 47 ¨ 26

3

4 21 50 47Ä72
2 22 26 51Ä60
1 21 ¨ 42 12 30 ¨ 29
1 42 ¨ 44 12 20 ¨ 21

É¥·¨§µ¢ ²¨¸Ó Ï¨·µ±¨³¨ ¸¶¥±É· ³¨ Ì·µ³µ¸µ³ ¢ µ±µ²µÉ¥É· ¶²µ¨¤´µ° µ¡² ¸É¨
¨ ¸´¨¦¥´´µ° ¤µ²¥° ±²¥Éµ± ³µ¤ ²Ó´µ£µ ±² ¸¸  (¤µ 20Ä30 %,   ¢ ·Ö¤¥ ¸²ÊÎ ¥¢
¤µ 10 %). Š·µ³¥ Éµ£µ, ¢ÒÖ¢²¥´Ò ¥¤¨´¨Î´Ò¥ µ¡· §ÍÒ, Ê ±µÉµ·ÒÌ ³µ¤ ²Ó´Ò°
±² ¸¸ Ì·µ³µ¸µ³ ¢µµ¡Ð¥ ´¥ ¢Ò· ¦¥´. �´¨ ¨³¥²¨ Ï¨·µ±¨¥ ¸¶¥±É·Ò Ì·µ³µ¸µ³
µÉ ¤¨¶²µ¨¤´µ° ¤µ É¥É· ¶²µ¨¤´µ° µ¡² ¸É¨,   ¤µ²Ö ±²¥Éµ± ¸ ± ±¨³-²¨¡µ Î¨¸²µ³
Ì·µ³µ¸µ³ ´¥ ¶·¥¢ÒÏ ²  6Ä8 % ¢ ³ ±¸¨³Ê³¥.

ƒ¥´µÉ¨¶¨Î¥¸± Ö ´¥¸É ¡¨²Ó´µ¸ÉÓ ³ÊÉ ´Éµ¢ ¡Ò²  µ¡Ê¸²µ¢²¥´  ¢ µ¸´µ¢´µ³
 ´¥Ê¶²µ¨¤¨¥° ¨ Î ¸É¨Î´µ ¶µ²¨¶²µ¨¤¨¥° ±²¥Éµ±. ‚ µ¡§µ·¥ [29] ¶µ± § ´µ, ÎÉµ
²Õ¡Ò¥ µÉ±²µ´¥´¨Ö Ê¸²µ¢¨° ¸ÊÐ¥¸É¢µ¢ ´¨Ö ±²¥Éµ± µÉ µ¶É¨³Ê³  ¶·¨¢µ¤ÖÉ ±
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¶µ¢ÒÏ¥´¨Õ Ê·µ¢´Ö É ±µ£µ É¨¶  ¨§³¥´Î¨¢µ¸É¨. �µ¸±µ²Ó±Ê ¢ ·¥§Ê²ÓÉ É¥ ¢µ§-
´¨±´µ¢¥´¨Ö · §´ÒÌ É¨¶µ¢ ³ÊÉ Í¨° ¢ ±²¥É± Ì ´ ·ÊÏ ¥É¸Ö £¥´´Ò° ¡ ² ´¸ ¨
Ê¶µ·Ö¤µÎ¥´´µ¸ÉÓ ¢´ÊÉ·¨±²¥ÉµÎ´ÒÌ ¶·µÍ¥¸¸µ¢, Éµ ¶· ¢µ³µÎ´µ ¶·¥¤¶µ²µ¦¨ÉÓ,
ÎÉµ ³ÊÉ ´É´Ò¥ ±²¥É±¨ É ±¦¥ ¡Ê¤ÊÉ µ¡² ¤ ÉÓ ¶µ¢ÒÏ¥´´µ° £¥´µÉ¨¶¨Î¥¸±µ°
¨§³¥´Î¨¢µ¸ÉÓÕ. Š ± ¨§¢¥¸É´µ, ¢µ§´¨±´µ¢¥´¨¥  ´¥Ê¶²µ¨¤´ÒÌ ±²¥Éµ± µ¶·¥¤¥-
²Ö¥É¸Ö ´¥· ¢´µ³¥·´Ò³ · ¸Ìµ¦¤¥´¨¥³ Ê¤¢µ¨¢Ï¨Ì¸Ö Ì·µ³µ¸µ³ ¨ µÉ¸É ¢ ´¨¥³
Ì·µ³µ¸µ³ ¢  ´ Ë §¥. ƒ¨¶¥·¤¨¶²µ¨¤´Ò¥ ±²¥É±¨ ³µ£ÊÉ ¢µ§´¨± ÉÓ É ±¦¥ ¢¸²¥¤-
¸É¢¨¥ ¸¥²¥±É¨¢´µ° ·¥¤Ê¶²¨± Í¨¨ Ì·µ³µ¸µ³, Ô±¸É· ±µ¶¨·µ¢ ´¨Ö µÉ¤¥²Ó´ÒÌ
Ì·µ³µ¸µ³ ¢ S-Ë §¥ Í¨±²  [30, 31]. Œ¥Ì ´¨§³Ò, ¶·¨¢µ¤ÖÐ¨¥ ±  ´¥Ê¶²µ¨¤¨¨,
¶µ-¢¨¤¨³µ³Ê, µ¤¨´ ±µ¢Ò ¤²Ö ³ÊÉ ´É´ÒÌ ¨ ¨´É ±É´ÒÌ ±²¥Éµ±, ÎÉµ ´ Ìµ¤¨É
µÉ· ¦¥´¨¥ ¢ µÉ¸ÊÉ¸É¢¨¨ ¸ÊÐ¥¸É¢¥´´ÒÌ µÉ²¨Î¨° ³¥¦¤Ê ´¨³¨ ¶µ ÔÉµ³Ê ¶µ-
± § É¥²Õ. ‚ ´ Ï¥³ ¨¸¸²¥¤µ¢ ´¨¨ µ¡· Ð ¥É ´  ¸¥¡Ö ¢´¨³ ´¨¥ ²¨ÏÓ ¡µ²¥¥
¢Ò· ¦¥´´ Ö  ´¥Ê¶²µ¨¤¨Ö ¸ ±µ²¥¡ ´¨¥³ Î¨¸²  Ì·µ³µ¸µ³ ¢ µ±µ²µ¤¨¶²µ¨¤´µ°
µ¡² ¸É¨ Ê · ¤¨ Í¨µ´´ÒÌ ³ÊÉ ´Éµ¢. ‚ · ¡µÉ Ì [32, 33] · ¸¸³ É·¨¢ ¥É¸Ö ¢µ§-
³µ¦´µ¸ÉÓ ¨´µ£µ ³¥Ì ´¨§³  § Ð¨ÉÒ ±²¥ÉµÎ´ÒÌ ¶µ¶Ê²ÖÍ¨° µÉ ¸¨²Ó´ÒÌ ¶µ¢·¥-
¦¤ ÕÐ¨Ì ¢µ§¤¥°¸É¢¨°, ¢ µ¸´µ¢¥ ±µÉµ·µ£µ ²¥¦¨É ¶·µÍ¥¸¸ ±²¥ÉµÎ´µ° ±µµ¶¥-
· Í¨¨ ¨ ¶µ²¨¶²µ¨¤¨§ Í¨¨ §  ¸Î¥É ¸²¨Ö´¨Ö ±²¥Éµ± ¨ ´ ·ÊÏ¥´¨Ö ´µ·³ ²Ó´µ£µ
¤¥²¥´¨Ö. �·¥¤¶µ² £ ¥É¸Ö ¤ ¦¥, ÎÉµ ¢ ¶µ¶Ê²ÖÍ¨ÖÌ ¢¸¥£¤  ¸ÊÐ¥¸É¢Ê¥É ´¥¡µ²Ó-
Ï Ö ¤µ²Ö ±²¥Éµ± (¤µ 15Ä20 %), ¸¶µ¸µ¡´ÒÌ ¢ Ô±¸É·¥³ ²Ó´ÒÌ Ê¸²µ¢¨ÖÌ ¡Ò¸É·µ
¶¥·¥±²ÕÎ ÉÓ¸Ö ¸ µ¤´µ£µ ³¥Ì ´¨§³  · §³´µ¦¥´¨Ö (³¨Éµ§) ´  ¶ÊÉÓ ´¥³¨Éµ-
É¨Î¥¸±µ£µ ¤¥²¥´¨Ö ¤²Ö ¡µ²¥¥ ¡Ò¸É·µ£µ ¢µ¸¸É ´µ¢²¥´¨Ö Î¨¸²¥´´µ¸É¨ ±²¥Éµ±.
�´ µ¸ÊÐ¥¸É¢²Ö¥É¸Ö Î¥·¥§ ±µµ¶¥· Í¨Õ, ¶µ²¨¶²µ¨¤¨§ Í¨Õ ¨ ¸²¨Ö´¨¥,  ³¨Éµ§,
Ë· £³¥´É Í¨Õ Ö¤¥· ¨ ¤·. ‚µ§³µ¦´µ, É ±µ£µ ·µ¤  ¶·µÍ¥¸¸Ò ³µ£²¨ µ¶·¥¤¥²¨ÉÓ
¶µÖ¢²¥´¨¥ ¢ ´ Ï¨Ì µ¶ÒÉ Ì ¥¤¨´¨Î´ÒÌ ³ÊÉ ´Éµ¢, Ê ±µÉµ·ÒÌ ´¥ ¢Ò· ¦¥´ ³µ-
¤ ²Ó´Ò° ±² ¸¸ Ì·µ³µ¸µ³. �·¨ ¶µ²¨¶²µ¨¤¨¨, ± ± ¨§¢¥¸É´µ, ¶µ¢ÒÏ ¥É¸Ö ¢¥·µ-
ÖÉ´µ¸ÉÓ ´¥· ¢´µ³¥·´µ£µ · ¸Ìµ¦¤¥´¨Ö £¥´¥É¨Î¥¸±µ£µ ³ É¥·¨ ²  ¶·¨ ¤¥²¥´¨¨
±²¥Éµ± (¢¶²µÉÓ ¤µ ®Ì µÉ¨Î´µ£µ¯) ¨ ¶µÖ¢²¥´¨Ö ´¥¶µ²´µÍ¥´´ÒÌ ±²¥Éµ±.

1.2.3. •·µ³µ¸µ³´ Ö ´¥¸É ¡¨²Ó´µ¸ÉÓ ³ÊÉ ´É´ÒÌ ¸Ê¡±²µ´µ¢. �·¨ Í¨Éµ£¥-
´¥É¨Î¥¸±µ³  ´ ²¨§¥ ¡Ò²¨ ¢ÒÖ¢²¥´Ò ³ÊÉ ´ÉÒ ¸ ¶µ¢ÒÏ¥´´Ò³ Ê·µ¢´¥³ Ì·µ³µ-
¸µ³´ÒÌ  ¡¥·· Í¨° ¶µ ¸· ¢´¥´¨Õ ¸ ¨´É ±É´Ò³ ±µ´É·µ²¥³ (·¨¸. 3). ˆÌ ¤µ²Ö

�¨¸. 3. — ¸ÉµÉ  µ¡· §µ¢ ´¨Ö HPRT-
³ÊÉ ´Éµ¢ ¸ ¶µ¢ÒÏ¥´´Ò³ ¶µ ¸· ¢´¥-
´¨Õ ¸ ±µ´É·µ²¥³ Ê·µ¢´¥³ Ì·µ³µ¸µ³-
´ÒÌ  ¡¥·· Í¨°: ¸¶µ´É ´´ÒÌ (‘Œ); ¨´-
¤ÊÍ¨·µ¢ ´´ÒÌ γ-±¢ ´É ³¨ (γ), ¶·µÉµ-
´ ³¨ (p) ¨ ¨µ´ ³¨  §µÉ  (14N)
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¸µ¸É ¢¨²  ¸·¥¤¨ ¸¶µ´É ´´ÒÌ ¨ γ-¨´¤ÊÍ¨·µ¢ ´´ÒÌ ³ÊÉ ´Éµ¢ 81 ¨ 44 %,   ¸·¥¤¨
¨´¤ÊÍ¨·µ¢ ´´ÒÌ ¶·µÉµ´ ³¨ ¨ ¨µ´ ³¨ 14N 36 ¨ 19 % ¸µµÉ¢¥É¸É¢¥´´µ. •·µ³µ-
¸µ³´ Ö ´¥¸É ¡¨²Ó´µ¸ÉÓ µ± § ² ¸Ó ´ ¨¡µ²¥¥ ¢Ò¸µ±µ° Ê ¸¶µ´É ´´ÒÌ ³ÊÉ ´Éµ¢.
�´  ¸´¨¦ ² ¸Ó ¸ Ê¢¥²¨Î¥´¨¥³ ‹�� ¨§²ÊÎ¥´¨°.

� ³¨ ´¥ µÉ³¥Î¥´µ ¶µÖ¢²¥´¨Ö ± ±µ£µ-²¨¡µ µ¶·¥¤¥²¥´´µ£µ É¨¶  Ì·µ³µ¸µ³-
´ÒÌ  ¡¥·· Í¨° ¶·¨ ¢µ§´¨±´µ¢¥´¨¨ ³ÊÉ Í¨° ¢ ²µ±Ê¸¥ HPRT. �¤´ ±µ Ê 2 ¨§ 12
¶·µ ´ ²¨§¨·µ¢ ´´ÒÌ ³ÊÉ ´Éµ¢, ¨´¤ÊÍ¨·µ¢ ´´ÒÌ γ-±¢ ´É ³¨ ¢ ¤µ§¥ 7 ƒ·, ¶µ-
ÎÉ¨ ¢ 90 % ±²¥Éµ± µ¡´ ·Ê¦¥´  µ¡ÒÎ´µ ·¥¤±µ ¢ÒÖ¢²Ö¥³ Ö ¶·¨ ¸É ´¤ ·É´µ³ ³¥-
É Ë §´µ³  ´ ²¨§¥ ¸É ¡¨²Ó´ Ö Ì·µ³µ¸µ³´ Ö ¶¥·¥¸É·µ°±  É¨¶  ³¥¦Ì·µ³µ¸µ³-
´µ£µ ¸¨³³¥É·¨Î´µ£µ µ¡³¥´ .

�¨¸. 4. ‘¶µ´É ´´Ò¥ ¨ ¨´¤ÊÍ¨·µ¢ ´´Ò¥ γ-±¢ ´É ³¨, ¶·µÉµ´ ³¨ ¨ ¨µ´ ³¨  §µÉ  HPRT-
³ÊÉ ´É´Ò¥ ¸Ê¡±²µ´Ò ¸ · §´µ° Î ¸ÉµÉµ°  ¡¥·· Í¨° Ì·µ³µ¸µ³

„²Ö µÍ¥´±¨ Ì·µ³µ¸µ³´µ° ´¥¸É ¡¨²Ó´µ¸É¨ ¢ ± Î¥¸É¢¥ µ¸´µ¢´µ£µ ±·¨É¥·¨Ö
´ ³¨ ¨¸¶µ²Ó§µ¢ ´  Î ¸ÉµÉ  Ì·µ³µ¸µ³´ÒÌ  ¡¥·· Í¨°. �µ Ê·µ¢´Ö³ Ì·µ³µ¸µ-
³´ÒÌ  ¡¥·· Í¨° ³ÊÉ ´ÉÒ ¡Ò²¨ Ê¸²µ¢´µ ¶µ¤· §¤¥²¥´Ò ´  ´¥¸±µ²Ó±µ £·Ê¶¶
(·¨¸. 4). ƒ·Ê¶¶  I ³ÊÉ ´Éµ¢ ¸ÊÐ¥¸É¢¥´´µ ´¥ µÉ²¨Î ² ¸Ó µÉ ±µ´É·µ²Ö. �µ
¸· ¢´¥´¨Õ ¸µ ¸¶µ´É ´´Ò³¨ ³ÊÉ ´É ³¨ ´ ¡²Õ¤ ²µ¸Ó Ê¢¥²¨Î¥´¨¥ ¨Ì ¤µ²¨ ¶·¨
¨´¤Ê±Í¨¨ ¨¸¸²¥¤Ê¥³Ò³¨ ¢¨¤ ³¨ ¨§²ÊÎ¥´¨°, µ¸µ¡¥´´µ ¢Ò· ¦¥´´µ¥ ¶·¨ ¨´-
¤Ê±Í¨¨ ¨µ´ ³¨ 14N. ƒ·Ê¶¶  II ³ÊÉ ´Éµ¢ µ¡² ¤ ²  ¶µ¢ÒÏ¥´´Ò³ ¢ 1,5Ä3 · § 
Ê·µ¢´¥³ Ì·µ³µ¸µ³´ÒÌ  ¡¥·· Í¨° ¶µ ¸· ¢´¥´¨Õ ¸ ±µ´É·µ²¥³. ˆÌ ¤µ²Ö Ê³¥´Ó-
Ï ² ¸Ó ¸ Ê¢¥²¨Î¥´¨¥³ ‹�� ¨§²ÊÎ¥´¨°. ƒ·Ê¶¶  III ³ÊÉ ´Éµ¢ µÉ²¨Î ² ¸Ó Ô±¸-
É·¥³ ²Ó´µ ¢Ò¸µ±¨³ ¸µ¤¥·¦ ´¨¥³ Ì·µ³µ¸µ³´ÒÌ ´ ·ÊÏ¥´¨° ¢ ±²¥É± Ì (¤µ 30 %
¨ ¡µ²¥¥  ¡¥·· ´É´ÒÌ ±²¥Éµ±). ’ ±¨¥ ³ÊÉ ´ÉÒ ¡Ò²¨ µ¡´ ·Ê¦¥´Ò Éµ²Ó±µ ¶·¨
¸¶µ´É ´´µ³ ³ÊÉ £¥´¥§¥. �É¤¥²Ó´ÊÕ £·Ê¶¶Ê ¸µ¸É ¢¨²¨ É¥É· ¶²µ¨¤´Ò¥ ³ÊÉ ´ÉÒ
(µ±µ²µ 10Ä15 % ¸·¥¤¨ · §´ÒÌ É¨¶µ¢ ³ÊÉ ´Éµ¢). Š·µ³¥ Éµ£µ, ¶·¨ · ¤¨ Í¨µ´´µ-
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¨´¤ÊÍ¨·µ¢ ´´µ³ ³ÊÉ £¥´¥§¥ ¢ÒÖ¢²¥´Ò ³ÊÉ ´ÉÒ ¸µ ¸´¨¦¥´´Ò³ ¢ 2Ä4 · §  Ê·µ¢-
´¥³ Ì·µ³µ¸µ³´ÒÌ  ¡¥·· Í¨° ¶µ ¸· ¢´¥´¨Õ ¸ ¨´É ±É´Ò³ ±µ´É·µ²¥³ (¶µ¤-
£·Ê¶¶  I ). ˆÌ ¤µ²Ö Ê¢¥²¨Î¨¢ ² ¸Ó ¸ ·µ¸Éµ³ ‹�� ¨§²ÊÎ¥´¨° ¨ ¸µ¸É ¢¨² 
¸·¥¤¨ ³ÊÉ ´Éµ¢, ¨´¤ÊÍ¨·µ¢ ´´ÒÌ ¶·µÉµ´ ³¨, 8 %, γ-±¢ ´É ³¨ Å 16 %, ¨µ-
´ ³¨  §µÉ  Å 48 %. �µ¸²¥¤´¥¥ ³µ¦¥É ¸¢¨¤¥É¥²Ó¸É¢µ¢ ÉÓ µ Éµ³, ÎÉµ ¶·¨ ¢Ò-
¸µ±¨Ì ‹�� ¨§²ÊÎ¥´¨° Ê¢¥²¨Î¨¢ ¥É¸Ö Î¨¸²µ £¥´¥É¨Î¥¸±¨ Ê¸Éµ°Î¨¢ÒÌ ³ÊÉ ´Éµ¢.
ˆÌ ¶·µÍ¥´É´µ¥ ¸µ¤¥·¦ ´¨¥ ¸·¥¤¨ · ¤¨ Í¨µ´´µ-¨´¤ÊÍ¨·µ¢ ´´ÒÌ ³ÊÉ ´Éµ¢ § -
¢¨¸¥²µ µÉ ± Î¥¸É¢  ¨§²ÊÎ¥´¨Ö, ÎÉµ ±µ¸¢¥´´µ Ê± §Ò¢ ¥É ´  · §´Ò° Ì · ±É¥·
¨´¨Í¨¨·ÊÕÐ¨Ì ¶µ¢·¥¦¤¥´¨° ¶·¨ ¢µ§¤¥°¸É¢¨¨ ¨§²ÊÎ¥´¨° ¸ · §´Ò³¨ ‹��.

•·µ³µ¸µ³´ Ö ´¥¸É ¡¨²Ó´µ¸ÉÓ ³ÊÉ ´Éµ¢, ¨´¤ÊÍ¨·µ¢ ´´ÒÌ · §´Ò³¨ ¤µ§ ³¨
·¥¤±µ¨µ´¨§¨·ÊÕÐ¨Ì ¨§²ÊÎ¥´¨° (γ-±¢ ´ÉÒ ¨ ¶·µÉµ´Ò), µ± § ² ¸Ó ´¥µ¤´µ§´ Î-
´µ° (·¨¸. 5). „µ²Ö ³ÊÉ ´Éµ¢ ¸ ¶µ¢ÒÏ¥´´Ò³ Ê·µ¢´¥³ Ì·µ³µ¸µ³´ÒÌ  ¡¥·· Í¨°,
¨´¤ÊÍ¨·µ¢ ´´ÒÌ ¶·µÉµ´ ³¨ ¢ ¤µ§¥ 1 ƒ·, ¶· ±É¨Î¥¸±¨ ´¥ µÉ²¨Î ² ¸Ó µÉ ¸µµÉ-
¢¥É¸É¢ÊÕÐ¥£µ ¶µ± § É¥²Ö ¶·¨ ¸¶µ´É ´´µ³ ³ÊÉ £¥´¥§¥. ‘ Ê¢¥²¨Î¥´¨¥³ ¨´¤ÊÍ¨-
·ÊÕÐ¨Ì ¤µ§ γ-±¢ ´Éµ¢ ¨ ¶·µÉµ´µ¢ ¤µ 3 ƒ· ¢ÒÖ¢²¥´µ ¸´¨¦¥´¨¥ Ì·µ³µ¸µ³´µ°
´¥¸É ¡¨²Ó´µ¸É¨ ³ÊÉ ´Éµ¢. „µ²Ö É ±¨Ì ³ÊÉ ´Éµ¢ Ê³¥´ÓÏ ² ¸Ó ¢ ´¥¸±µ²Ó±µ · §.
�·¨ ¡µ²¥¥ ¢Ò¸µ±¨Ì ¤µ§ Ì γ-±¢ ´Éµ¢ Ì·µ³µ¸µ³´ Ö ´¥¸É ¡¨²Ó´µ¸ÉÓ ³ÊÉ ´Éµ¢
¢´µ¢Ó Ê¢¥²¨Î¨¢ ² ¸Ó, ¶·¨¡²¨¦ Ö¸Ó ± Ê·µ¢´Õ ¸¶µ´É ´´µ£µ ³ÊÉ £¥´¥§ . ‘µµÉ-
¢¥É¸É¢¥´´µ, ´¥µ¤´µ§´ Î´µ° µ± § ² ¸Ó ¨ £·Ê¶¶  I ³ÊÉ ´Éµ¢, ´¥ µÉ²¨Î ÕÐ¨Ì¸Ö
µÉ ¨´É ±É´µ£µ ±µ´É·µ²Ö ¶µ Ê·µ¢´Õ Ì·µ³µ¸µ³´ÒÌ  ¡¥·· Í¨° (·¨¸. 5,  ). �·¨
¨´¤Ê±Í¨¨ · §´Ò³¨ ¤µ§ ³¨ γ-±¢ ´Éµ¢ ¨ ¶·µÉµ´µ¢ ¤µ²Ö É ±¨Ì ³ÊÉ ´Éµ¢ ¢ ·Ó¨-
·µ¢ ²  É ±¨³ µ¡· §µ³, ÎÉµ ¸Ê³³ ·´µ ³ÊÉ ´ÉÒ £·Ê¶¶ I, II ¨ III ¸µ¸É ¢²Ö²¨
80 % ¨ ¡µ²¥¥. Œµ¦´µ ¶·¥¤¶µ² £ ÉÓ, ÎÉµ ¸ÊÐ¥¸É¢Ê¥É µ¶·¥¤¥²¥´´Ò° ¤¨ ¶ §µ´
¤µ§, ¶·¨ ±µÉµ·ÒÌ Ê¢¥²¨Î¨¢ ¥É¸Ö Î¨¸²µ £¥´¥É¨Î¥¸±¨ Ê¸Éµ°Î¨¢ÒÌ ³ÊÉ ´Éµ¢.

�¨¸. 5. ‡ ¢¨¸¨³µ¸ÉÓ Î ¸ÉµÉÒ ¤¨¶²µ¨¤´ÒÌ HPRT-³ÊÉ ´É´ÒÌ ¸Ê¡±²µ´µ¢ µÉ ¤µ§Ò ·¥¤-
±µ¨µ´¨§¨·ÊÕÐ¨Ì ¨§²ÊÎ¥´¨°:  ) ³ÊÉ ´ÉÒ, ´¥ µÉ²¨Î ÕÐ¨¥¸Ö µÉ ±µ´É·µ²Ö ¶µ Ê·µ¢´Õ
Ì·µ³µ¸µ³´ÒÌ  ¡¥·· Í¨°; ¡) ³ÊÉ ´ÉÒ ¸ ¶µ¢ÒÏ¥´´Ò³ Ê·µ¢´¥³  ¡¥·· Í¨° Ì·µ³µ¸µ³,
¨´¤ÊÍ¨·µ¢ ´´Ò¥ ¶·µÉµ´ ³¨ (◦), γ-±¢ ´É ³¨ (•). Š Å ±µ´É·µ²Ó; ‘Œ Å ¸¶µ´É ´´Ò¥
³ÊÉ ´ÉÒ

� ¡²Õ¤ ¥³ Ö £¥É¥·µ£¥´´µ¸ÉÓ ³ÊÉ ´Éµ¢, ¢ ·¨ ¡¥²Ó´µ¸ÉÓ Í¨Éµ£¥´¥É¨Î¥¸±¨Ì
¶µ± § É¥²¥°, ¶µ-¢¨¤¨³µ³Ê, µ¶·¥¤¥²Ö¥É¸Ö É¨¶µ³ ¢µ§´¨±Ï¨Ì ³ÊÉ Í¨°. ˆÌ ¶µ-
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¸²¥¤¸É¢¨Ö ³µ£ÊÉ ¶·µÖ¢²ÖÉÓ¸Ö ¢ ·Ö¤Ê ±²¥ÉµÎ´ÒÌ ¶µ±µ²¥´¨° ± ± Î¥·¥§ ¨§³¥´¥-
´¨¥ ¨ ´ ·ÊÏ¥´¨¥  ±É¨¢´µ¸É¨ £¥´ , É ± ¨ Î¥·¥§ ´ ·ÊÏ¥´¨¥  ±É¨¢´µ¸É¨ ¸µµÉ¢¥É-
¸É¢ÊÕÐ¥£µ Ë¥·³¥´É . �´¨ ³µ£ÊÉ ¡ÒÉÓ ¸¢Ö§ ´Ò ´¥ Éµ²Ó±µ ¸ ÉµÎ±µ¢Ò³¨ ³ÊÉ Í¨-
Ö³¨, ´µ ¨ ¸µ ¸É·Ê±ÉÊ·´Ò³¨ ¨§³¥´¥´¨Ö³¨ £¥´ : ³¨±·µ¤¥²¥Í¨Ö³¨, ¨´¢¥·¸¨Ö³¨,
¢¸É ¢± ³¨,   É ±¦¥ Î ¸É¨Î´µ° ¨²¨ ¶µ²´µ° ¶µÉ¥·¥° £¥´  ¢ ¸²ÊÎ ¥ ¸É·Ê±ÉÊ·-
´µ° ¤¥²¥Í¨¨ X-Ì·µ³µ¸µ³Ò, ¢ ±µÉµ·µ° µ´ ´ Ìµ¤¨É¸Ö. ‹¨É¥· ÉÊ·´Ò¥ ¤ ´´Ò¥
¶µ ³µ²¥±Ê²Ö·´µ³Ê  ´ ²¨§Ê ³ÊÉ ´Éµ¢ (¡²µÉ- ´ ²¨§, �–�) ¸¢¨¤¥É¥²Ó¸É¢ÊÕÉ µ¡
Ê¢¥²¨Î¥´¨¨ ¤µ²¨ ³ÊÉ ´Éµ¢ ´¥ Éµ²Ó±µ ¸ Î ¸É¨Î´µ°, ´µ ¨ ¸ ¶µ²´µ° ¤¥²¥Í¨¥°
HPRT-£¥´  Ê¦¥ ¶·¨ ¢µ§¤¥°¸É¢¨¨ ·¥¤±µ¨µ´¨§¨·ÊÕÐ¨Ì ¨§²ÊÎ¥´¨°. �·¨ ¨´¤Ê±-
Í¨¨ ¶²µÉ´µ¨µ´¨§¨·ÊÕÐ¨³¨ ¨µ´ ³¨ ´ Î¨´ ÕÉ ¶·¥µ¡² ¤ ÉÓ ³ÊÉ ´ÉÒ ¸ ¶µ²´µ°
¤¥²¥Í¨¥° £¥´ . �µ²ÊÎ¥´´Ò¥ ´ ³¨ ¤ ´´Ò¥ ¶µ± §Ò¢ ÕÉ, ÎÉµ ¢ÒÌµ¤ ³ÊÉ ´Éµ¢, ´¥
µÉ²¨Î ÕÐ¨Ì¸Ö µÉ ±µ´É·µ²Ö ¶µ Ê·µ¢´Õ Ì·µ³µ¸µ³´ÒÌ  ¡¥·· Í¨° (£·Ê¶¶  I), ¨
µ¸µ¡¥´´µ ³ÊÉ ´Éµ¢ ¸µ ¸´¨¦¥´´Ò³ ¨Ì Ê·µ¢´¥³ (¶µ¤£·Ê¶¶  Ia) ¢ µ¶·¥¤¥²¥´´µ°
³¥·¥ ±µ··¥²¨·Ê¥É ¸ ÔÉ¨³¨ ¤ ´´Ò³¨. �Éµ ¶·¨¢µ¤¨É ± ¶·¥¤¶µ²µ¦¥´¨Õ, ÎÉµ µ´¨
Ö¢²ÖÕÉ¸Ö ³ÊÉ ´É ³¨ ¸ ¶µ²´µ° (¨²¨ ±·Ê¶´µ°) ¤¥²¥Í¨¥° £¥´  ¨ ¡²µ±¨·µ¢ ´´Ò³
¸¨´É¥§µ³ hprt-Ë¥·³¥´É .

…¸²¨ ÔÉµ ¶·¥¤¶µ²µ¦¥´¨¥ ¸¶· ¢¥¤²¨¢µ, Éµ ³µ¦¥É ¨³¥ÉÓ ¶· ¢µ ´  ¸ÊÐ¥-
¸É¢µ¢ ´¨¥ ®³¥É ¡µ²¨Î¥¸± Ö £¨¶µÉ¥§ ¯ Ì·µ³µ¸µ³´µ° ´¥¸É ¡¨²Ó´µ¸É¨. Š ± ¨§-
¢¥¸É´µ, Ê ±²¥É±¨ ¥¸ÉÓ ¤¢  ¶ÊÉ¨ ¸¨´É¥§  ¶Ê·¨´µ¢ÒÌ ´Ê±²¥µÉ¨¤µ¢: ¸¨´É¥§ de
novo (¸É·µ¨É¸Ö ¶µÔÉ ¶´µ ´  ·¨¡µ§µ-5′-Ëµ¸Ë É¥) ¨ ¸¨´É¥§ ¨§ £µÉµ¢ÒÌ ¶·µ¤Ê±-
Éµ¢. ‚Éµ·µ° ¶ÊÉÓ ¤²Ö ±²¥É±¨ Ô´¥·£¥É¨Î¥¸±¨ ¡µ²¥¥ ¢Ò£µ¤¥´. �´ µ¸ÊÐ¥¸É¢²Ö¥É¸Ö
¶·¨ ¸¨´É¥§¥ ´ É¨¢´µ£µ hprt-Ë¥·³¥´É . �·¨ ³ÊÉ Í¨ÖÌ ¢ HPRT-²µ±Ê¸¥, ¸µ¶·µ-
¢µ¦¤ ÕÐ¨Ì¸Ö ¶·¥±· Ð¥´¨¥³ ¸¨´É¥§  Ë¥·³¥´É , µ¡· §µ¢ ´¨¥ ¶Ê·¨´µ¢ÒÌ ´Ê-
±²¥µÉ¨¤µ¢ ¤µ²¦´µ ¨¤É¨ ¶µ ¶ÊÉ¨ de novo. ‚ ¸²ÊÎ ¥ ¸¨´É¥§  Ë¥·³¥´É  ¸µ
¸´¨¦¥´´µ°  ±É¨¢´µ¸ÉÓÕ ¨²¨ ¶·¨ ¸¨´É¥§¥ ´¥¤µ¸É ÉµÎ´µ£µ ±µ²¨Î¥¸É¢  ´ É¨¢-
´µ£µ Ë¥·³¥´É  ¢ ±²¥É±¥ ¶µÖ¢²ÖÕÉ¸Ö Ê¸²µ¢¨Ö ¤²Ö ±µ´±Ê·¥´Í¨¨ µ¡µ¨Ì ¶ÊÉ¥°.
‚µ§´¨± ¥É ¸¨ÉÊ Í¨Ö, ¶·¨¢µ¤ÖÐ Ö ± ´ ·ÊÏ¥´¨Õ · ¢´µ¢¥¸¨Ö ¢ ³¥É ¡µ²¨§³¥
±²¥É±¨, ±µ£¤  ±²¥É±  ¢±²ÕÎ ¥É ´¥µ¡Ìµ¤¨³ÊÕ ³ Ï¨´¥·¨Õ ¤²Ö ¸¨´É¥§  „�Š
¸ ÊÎ ¸É¨¥³ hprt-Ë¥·³¥´É , ´µ µ´ ´¥¤µ¸É ÉµÎ´µ ËÊ´±Í¨µ´ ²¥´ ¨ ´¥ Ê¸¶¥¢ ¥É
¶µ¸É ¢²ÖÉÓ ´¥µ¡Ìµ¤¨³Ò¥ ´Ê±²¥µÉ¨¤Ò. �Éµ ¶·¨¢µ¤¨É ± ³¥É ¡µ²¨Î¥¸±µ³Ê ¤¨¸-
¡ ² ´¸Ê, ÎÉµ ¸²Ê¦¨É ¸¨£´ ²µ³ ¤²Ö ¢±²ÕÎ¥´¨Ö ³¥Ì ´¨§³µ¢ ¶µ¨¸±  · ¢´µ¢¥¸¨Ö,
¨ ¢ ·¥§Ê²ÓÉ É¥ ´¥Ì¢ É±¨ ¶Ê·¨´µ¢ÒÌ µ¸´µ¢ ´¨° ¶·¨ § ¸É·µ°±¥ Í¥¶¥° „�Š
¢±²ÕÎ ¥É¸Ö ¶ÊÉÓ ¸¨´É¥§  de novo. ‚¥·µÖÉ´µ, É ±µ¥ ´¥Ê¸Éµ°Î¨¢µ¥ ¸µ¸ÉµÖ´¨¥
³µ¦¥É ¸µ¶·µ¢µ¦¤ ÉÓ¸Ö Ì·µ³µ¸µ³´µ° ´¥¸É ¡¨²Ó´µ¸ÉÓÕ ± ± ÔÉ ¶µ³ ¢ ¶µ¨¸±¥
· ¢´µ¢¥¸¨Ö ¨  ¤ ¶É Í¨¨ ± ¨§³¥´¨¢Ï¨³¸Ö Ê¸²µ¢¨Ö³ ¸ÊÐ¥¸É¢µ¢ ´¨Ö. ‚ ¨Éµ£¥
¡Ê¤ÊÉ Ëµ·³¨·µ¢ ÉÓ¸Ö ³ÊÉ ´É´Ò¥ ¸Ê¡±²µ´Ò ¸ ¶µ¢ÒÏ¥´´Ò³ ¶µ ¸· ¢´¥´¨Õ ¸
±µ´É·µ²¥³ ¢ÒÌµ¤µ³ Ì·µ³µ¸µ³´ÒÌ  ¡¥·· Í¨°. ˆ§ ÔÉµ£µ ¸²¥¤Ê¥É, ÎÉµ ¤²Ö ¢Ò-
¦¨¢ ´¨Ö ³ÊÉ ´É´ÒÌ ±²¥Éµ± ¡µ²¥¥ ¡² £µ¶·¨ÖÉ´Ò³ ¡Ê¤¥É ¶µ²´µ¥ ¶·¥±· Ð¥´¨¥
¸¨´É¥§  Ë¥·³¥´É  (¢ ¸²ÊÎ ¥ ¶µ²´µ° ¨²¨ ±·Ê¶´µ° ¤¥²¥Í¨¨ £¥´ ), Î¥³ ¸¨´É¥§
Ë¥·³¥´É  ¸µ ¸´¨¦¥´´µ°  ±É¨¢´µ¸ÉÓÕ. ‚ Éµ ¦¥ ¢·¥³Ö ¶µÖ¢²¥´¨¥ ¨ ¸µÌ· ´¥´¨¥
³ÊÉ ´É´ÒÌ ±²¥Éµ± ¢ µ·£ ´¨§³¥ ¶·¨¢µ¤¨É ± · §¢¨É¨Õ ¶ Éµ²µ£¨Î¥¸±¨Ì ¶·µÍ¥¸-
¸µ¢. ‚ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö ¸É·Ê±ÉÊ·´Ò¥ Ì·µ³µ¸µ³´Ò¥  ´µ³ ²¨¨, § É· £¨¢ ÕÐ¨¥
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µ¶·¥¤¥²¥´´Ò¥ £¥´Ò, ¶·¨¢²¥± ÕÉ ¶µ¢ÒÏ¥´´µ¥ ¢´¨³ ´¨¥ ¨¸¸²¥¤µ¢ É¥²¥°, ¶µ-
¸±µ²Ó±Ê ¸É ´µ¢¨É¸Ö ¢¸¥ ¡µ²¥¥ µÎ¥¢¨¤´µ° ¨Ì ·µ²Ó ¢ ¶ Éµ£¥´¥§¥ ·Ö¤  µ¶ÊÌµ²¥¢ÒÌ
§ ¡µ²¥¢ ´¨° Ê Î¥²µ¢¥± , ¢ Î ¸É´µ¸É¨ ¢ · §¢¨É¨¨ ²¥°±¥³¨° [34Ä37].

‘ ÉµÎ±¨ §·¥´¨Ö ³¥É ¡µ²¨Î¥¸±µ° £¨¶µÉ¥§Ò ¸É ´µ¢¨É¸Ö ¶µ´ÖÉ´Ò³ ³¥Ì ´¨§³
´¥¸É ¡¨²Ó´µ¸É¨ Ì·µ³µ¸µ³ Ê ¶µÉµ³±µ¢ ³ÊÉ ´É´ÒÌ ±²¥Éµ±. ŒÊÉ Í¨¨ ¶¥·¥¤ -
ÕÉ¸Ö ¨§ ¶µ±µ²¥´¨Ö ¢ ¶µ±µ²¥´¨¥, ¨ É¥³ ¸ ³Ò³ ¸´¨³ ¥É¸Ö ¢µ¶·µ¸ µ ±µ´¸¥·¢ -
Í¨¨ ¨´¨Í¨¨·ÊÕÐ¥£µ ¸µ¡ÒÉ¨Ö ¢ ¶µ¸²¥¤ÊÕÐ¨Ì ¶µ±µ²¥´¨ÖÌ ³ÊÉ ´É´ÒÌ ±²¥Éµ±.
�µ²ÊÎ¥´´Ò¥ ¤ ´´Ò¥ ¶µ Ì·µ³µ¸µ³´µ° ´¥¸É ¡¨²Ó´µ¸É¨ ³ÊÉ ´É´ÒÌ ¸Ê¡±²µ´µ¢
³µ£ÊÉ ¢ ± ±µ°-Éµ ³¥·¥ µ¡ÑÖ¸´¨ÉÓ µÉ³¥Î ¥³µ¥ ·Ö¤µ³  ¢Éµ·µ¢ ¶µ¢ÒÏ¥´¨¥ Ì·µ-
³µ¸µ³´µ° ´¥¸É ¡¨²Ó´µ¸É¨ ¢ ¶µ¶Ê²ÖÍ¨ÖÌ µ¡²ÊÎ¥´´ÒÌ ±²¥Éµ± ¢ µÉ¤ ²¥´´Ò¥
¸·µ±¨ (Î¥·¥§ 20Ä40 ¶µ±µ²¥´¨°) ¶µ¸²¥ ¢µ§¤¥°¸É¢¨Ö [38]. Œµ¦´µ ¶µ² £ ÉÓ, ÎÉµ
¢µ§´¨±´µ¢¥´¨¥ ³ÊÉ Í¨° ¢ ±²¥É± Ì, ¶·¨¢µ¤ÖÐ¨Ì ± Ì·µ³µ¸µ³´µ° ´¥¸É ¡¨²Ó´µ-
¸É¨ Ê ¨Ì ¶µÉµ³±µ¢, µ¡Ê¸²µ¢²¨¢ ¥É ¶µ¢ÒÏ¥´¨¥ Ê·µ¢´Ö Ì·µ³µ¸µ³´ÒÌ  ¡¥·· Í¨°
¢ ¶µ¶Ê²ÖÍ¨ÖÌ µ¡²ÊÎ¥´´ÒÌ ±²¥Éµ± ¢ µÉ¤ ²¥´´µ³ ¶¥·¨µ¤¥ ¶µ¸²¥ ²ÊÎ¥¢µ£µ ¢µ§-
¤¥°¸É¢¨Ö. �Î¥¢¨¤´µ, ¢ ÔÉµÉ ¶¥·¨µ¤ ¸É ´µ¢¨É¸Ö ¢µ§³µ¦´Ò³ ¢ÒÖ¢²¥´¨¥ ÔÉµ£µ
Ë¥´µ³¥´  ¢¸²¥¤¸É¢¨¥ Ê¢¥²¨Î¥´¨Ö Î¨¸²  · §³´µ¦¨¢Ï¨Ì¸Ö ¢Ò¦¨¢Ï¨Ì ±²¥Éµ± ¸
³ÊÉ Í¨Ö³¨ · §´ÒÌ £¥´µ¢.

’ ±¨³ µ¡· §µ³, ¢ ¶·µ¢¥¤¥´´µ³ ´ ³¨ ¨¸¸²¥¤µ¢ ´¨¨ ¢ÒÖ¢²¥´  £¥´µ³´ Ö
¨ Ì·µ³µ¸µ³´ Ö ´¥¸É ¡¨²Ó´µ¸ÉÓ HPRT-³ÊÉ ´Éµ¢, ¢Ò¤¥²¥´´ÒÌ ¨§ ±²¥Éµ± ³²¥-
±µ¶¨É ÕÐ¨Ì. �·¨ ÔÉµ³ ·¥ÎÓ ³µ¦¥É ¨¤É¨ µ ¢µ¸¶·µ¨§¢µ¤¨³µ° ´¥¸É ¡¨²Ó-
´µ¸É¨ Ì·µ³µ¸µ³ ¢ ¤²¨´´µ³ ·Ö¤Ê ¶µ±µ²¥´¨° ³ÊÉ ´É´µ° ±²¥É±¨. ‘É ´µ¢¨É¸Ö
É ±¦¥ µÎ¥¢¨¤´µ° ¸ÊÐ¥¸É¢¥´´ Ö ·µ²Ó ¸É·Ê±ÉÊ·´ÒÌ ¶µ¢·¥¦¤¥´¨° Ì·µ³µ¸µ³ (¨,
¸µµÉ¢¥É¸É¢¥´´µ, £¥´µ¢) ¢ ·¥ ²¨§ Í¨¨ ÔÉ¨Ì ¶·µÍ¥¸¸µ¢. �µÖ¢²¥´¨¥ ¶µ¢ÒÏ¥´-
´µ£µ ±µ²¨Î¥¸É¢  Ì·µ³µ¸µ³´ÒÌ  ¡¥·· Í¨° ¢ ±²¥É± Ì ³´µ£¨Ì ¸¶µ´É ´´ÒÌ ¨
· ¤¨ Í¨µ´´µ-¨´¤ÊÍ¨·µ¢ ´´ÒÌ ³ÊÉ ´Éµ¢ ³µ¦¥É ¸¢¨¤¥É¥²Ó¸É¢µ¢ ÉÓ µ Éµ³, ÎÉµ
¶·¨ ³ÊÉ £¥´¥§¥ ¢ ±²¥É± Ì ³²¥±µ¶¨É ÕÐ¨Ì ¸ ´¥¨§¡¥¦´µ¸ÉÓÕ ¶µ¢ÒÏ ¥É¸Ö ¢¥-
·µÖÉ´µ¸ÉÓ ´ ·ÊÏ¥´¨Ö Í¥²µ¸É´µ¸É¨ Ì·µ³µ¸µ³, ÎÉµ ³µ¦´µ · ¸¸³ É·¨¢ ÉÓ ± ±
ÔÉ ¶ ¸µµÉ¢¥É¸É¢ÊÕÐ¥° ¶¥·¥¸É·µ°±¨ £¥´µ³ ,  ¤¥±¢ É´µ° ¨§³¥´¨¢Ï¨³¸Ö Ê¸²µ-
¢¨Ö³ ¸ÊÐ¥¸É¢µ¢ ´¨Ö. „²¨É¥²Ó´µ¥ ¸µÌ· ´¥´¨¥ ´¥¸É ¡¨²Ó´µ¸É¨ Ì·µ³µ¸µ³ Ê
³ÊÉ ´É´ÒÌ ¸Ê¡±²µ´µ¢, µÎ¥¢¨¤´µ, ³µ¦¥É · ¸¸³ É·¨¢ ÉÓ¸Ö ± ± Ê´¨¢¥·¸ ²Ó´µ¥
Ö¢²¥´¨¥ ¤²Ö ¢¸¥Ì ¤¨¶²µ¨¤´ÒÌ ¨ ¶µ²¨¶²µ¨¤´ÒÌ ±²¥Éµ± ÔÊ± ·¨µÉµ¢. �µ¤É¢¥·-
¦¤¥´¨¥³ ÔÉµ£µ ³µ£ÊÉ É ±¦¥ ¸²Ê¦¨ÉÓ ³´µ£µ²¥É´¨¥ ¨¸¸²¥¤µ¢ ´¨Ö ´  ¤·µ¦¦¥¢ÒÌ
±²¥É± Ì [39Ä41] ¨ ¤ ´´Ò¥, ¶µ²ÊÎ¥´´Ò¥ ´  ·Ö¤¥ ¤·Ê£¨Ì µ¡Ñ¥±Éµ¢ [29].

2. •��Œ�‘�Œ�›… ���“˜…�ˆŸ ‚ ‹ˆŒ”�–ˆ’�• —…‹�‚…Š�
��ˆ „…‰‘’‚ˆˆ “‘Š��…��›• ‡��Ÿ†…��›• —�‘’ˆ–

Œ´µ£µ²¥É´¨¥ Í¨Éµ£¥´¥É¨Î¥¸±¨¥ ¨¸¸²¥¤µ¢ ´¨Ö ´  ²¨³ËµÍ¨É Ì Î¥²µ¢¥± ,
¶·µ¢¥¤¥´´Ò¥ ´ ³¨, ¸¢¨¤¥É¥²Ó¸É¢ÊÕÉ µ Éµ³, ÎÉµ ¢¸¥ ¢¨¤Ò ¨§²ÊÎ¥´¨° ¢Ò§Ò¢ ÕÉ
µ¡· §µ¢ ´¨¥ ¸É·Ê±ÉÊ·´ÒÌ ³ÊÉ Í¨° Ì·µ³µ¸µ³ · §´ÒÌ ¢¨¤µ¢. Š ± ¨§¢¥¸É´µ,
¢µ§´¨± ÕÉ ³ÊÉ Í¨¨ ¤¢ÊÌ É¨¶µ¢: ´¥¸É ¡¨²Ó´Ò¥ ¨ ¸É ¡¨²Ó´Ò¥ Ì·µ³µ¸µ³´Ò¥
 ¡¥·· Í¨¨.
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2.1. �¥¸É ¡¨²Ó´Ò¥ Ì·µ³µ¸µ³´Ò¥  ¡¥·· Í¨¨. Š ´¨³ µÉ´µ¸ÖÉ¸Ö · §´µ£µ
¢¨¤  Ì·µ³ É¨¤´Ò¥ ¨ Ì·µ³µ¸µ³´Ò¥ µ¡³¥´Ò, ¶·¨¢µ¤ÖÐ¨¥ ± ¶µÖ¢²¥´¨Õ ´¥¸¢µ°-
¸É¢¥´´ÒÌ ¤²Ö ±²¥ÉµÎ´µ° ¶µ¶Ê²ÖÍ¨¨ ¨§³¥´¥´´ÒÌ Ì·µ³µ¸µ³, É ±¨Ì ± ± ¤¨Í¥´-
É·¨±¨, ¶µ²¨Í¥´É·¨±¨, ±µ²ÓÍ ,   É ±¦¥ · §´µ£µ ·µ¤  Ë· £³¥´ÉÒ Ì·µ³µ¸µ³. ˆÌ
¶µÖ¢²¥´¨¥ ¸µ¶·µ¢µ¦¤ ¥É¸Ö ´ ·ÊÏ¥´¨¥³ ¶·µÍ¥¸¸µ¢ ¤¥²¥´¨Ö ±²¥Éµ± ¨, ± ± ¶· -
¢¨²µ, ¨Ì ¡Ò¸É·µ° £¨¡¥²ÓÕ. �¥¸É ¡¨²Ó´Ò¥ Ì·µ³µ¸µ³´Ò¥  ¡¥·· Í¨¨  ´ ²¨§¨-
·ÊÕÉ ¸ ¶µ³µÐÓÕ µ¡Ð¥¶·¨´ÖÉµ£µ ¸É ´¤ ·É´µ£µ ³¥É Ë §´µ£µ ³¥Éµ¤ , ¶µ§¢µ²ÖÕ-
Ð¥£µ ¢ÒÖ¢²ÖÉÓ ¨Ì ¢µ ¢¸¥³ £¥´µ³¥ ±²¥Éµ± ¶·¨ ³¨±·µ¸±µ¶¨·µ¢ ´¨¨ ²¨³ËµÍ¨Éµ¢
¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ µ¡ÒÎ´ÒÌ ¸¢¥Éµ¢ÒÌ ³¨±·µ¸±µ¶µ¢. Š ± ¢¨¤´µ ´  ·¨¸. 6,  , ¶·¨
¢µ§¤¥°¸É¢¨¨ ¢¸¥³¨ ¨¸¸²¥¤µ¢ ´´Ò³¨ ¢¨¤ ³¨ ¨§²ÊÎ¥´¨° ¨³¥¥É ³¥¸Éµ ²¨´¥°´ Ö
§ ¢¨¸¨³µ¸ÉÓ Î ¸ÉµÉÒ µ¡· §µ¢ ´¨Ö ±²¥Éµ± ¸ Ì·µ³µ¸µ³´Ò³¨  ¡¥·· Í¨Ö³¨ µÉ
¤µ§Ò µ¡²ÊÎ¥´¨Ö. „²Ö µ¡Ð¥£µ Î¨¸²  Ì·µ³µ¸µ³´ÒÌ  ¡¥·· Í¨° (·¨¸. 6, ¡) ¢Ò-
Ö¢²¥´  ¸É¥¶¥´´ Ö § ¢¨¸¨³µ¸ÉÓ ÔËË¥±É  µÉ ¤µ§Ò ·¥¤±µ¨µ´¨§¨·ÊÕÐ¨Ì ¨§²ÊÎ¥-
´¨° (¶·µÉµ´Ò ¨ γ-±¢ ´ÉÒ). �´  ³µ¤¨Ë¨Í¨·Ê¥É¸Ö ¢ ²¨´¥°´ÊÕ ¶·¨ ¢µ§¤¥°¸É¢¨¨
ÉÖ¦¥²ÒÌ ¨µ´µ¢ ¸ ¢Ò¸µ±µ° ¶²µÉ´µ¸ÉÓÕ ¨µ´¨§ Í¨¨: 12‘ (E = 473 ŒÔ‚/´Ê±²µ´,
‹�� ∼ 12 ±Ô‚/³±³), 14N (E = 50 ŒÔ‚/´Ê±²µ´, ‹�� ∼ 77 ±Ô‚/³±³ ) ¨ 24Mg
(E = 500 ŒÔ‚/´Ê±²µ´, ‹�� ∼ 39,8 ±Ô‚/³±³). �¤´ ±µ ´ ¡²Õ¤ ¥É¸Ö ¸´¨¦¥-
´¨¥ ÔËË¥±Éµ¢ ¶·¨ ¢µ§¤¥°¸É¢¨¨ ¢Ò¸µ±¨Ì ¤µ§ É ±¨Ì ¨§²ÊÎ¥´¨°, ÎÉµ Ö¢²Ö¥É¸Ö
¸²¥¤¸É¢¨¥³ ¸ÊÐ¥¸É¢¥´´µ° § ¤¥·¦±¨ ³¨Éµ§µ¢, µ¸µ¡¥´´µ ÉÖ¦¥²µ ¶µ¢·¥¦¤¥´-
´ÒÌ ±²¥Éµ± ¸µ ³´µ¦¥¸É¢¥´´Ò³¨  ¡¥·· Í¨Ö³¨ Ì·µ³µ¸µ³, ± ± ÔÉµ ¶µ± § ´µ
¢ [6, 42Ä44]. �µ²ÊÎ¥´´Ò¥ ¤ ´´Ò¥ ¸¢¨¤¥É¥²Ó¸É¢ÊÕÉ µ Éµ³, ÎÉµ ¶·µÉµ´Ò ·¥-
²ÖÉ¨¢¨¸É¸±¨Ì Ô´¥·£¨° (E = 1 ƒÔ‚) ¸ÊÐ¥¸É¢¥´´µ ´¥ µÉ²¨Î ÕÉ¸Ö ¶µ ÔËË¥±-
É¨¢´µ¸É¨ µÉ ¢µ§¤¥°¸É¢¨Ö γ-¨§²ÊÎ¥´¨Ö. ŠµÔËË¨Í¨¥´ÉÒ ¨Ì ��� ¡²¨§±¨ ± 1.

�¨¸. 6. ‡ ¢¨¸¨³µ¸ÉÓ Î ¸ÉµÉÒ µ¡· §µ¢ ´¨Ö ±²¥Éµ± ¸ Ì·µ³µ¸µ³´Ò³¨  ¡¥·· Í¨Ö³¨ ( ) ¨
µ¡Ð¥£µ Î¨¸²   ¡¥·· Í¨° Ì·µ³µ¸µ³ (¡) µÉ ¤µ§Ò µ¡²ÊÎ¥´¨Ö ²¨³ËµÍ¨Éµ¢ ±·µ¢¨ Î¥²µ-
¢¥±  γ-±¢ ´É ³¨ 60Co (�), Ê¸±µ·¥´´Ò³¨ ¶·µÉµ´ ³¨ (�), ¨µ´ ³¨ 12C (◦), 14N (�) ¨
24Mg (•)
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’Ö¦¥²Ò¥ ¨µ´Ò Ì · ±É¥·¨§ÊÕÉ¸Ö ¡µ²¥¥ ¢Ò¸µ±µ° ÔËË¥±É¨¢´µ¸ÉÓÕ. ‡´ Î¥´¨Ö
±µÔËË¨Í¨¥´Éµ¢ ��� ¨µ´µ¢ 12‘, 24Mg ¨ 14N ¶µ · §´Ò³ Í¨Éµ£¥´¥É¨Î¥¸±¨³
É¥¸É ³ ¸µ¸É ¢¨²¨ 1,2Ä1,3, 1,4Ä1,7 ¨ 2,0Ä2,2 ¸µµÉ¢¥É¸É¢¥´´µ. �µ²¥¥ ¶µ¤·µ¡´µ
¤ ´´Ò¥ Í¨Éµ£¥´¥É¨Î¥¸±µ£µ ¨¸¸²¥¤µ¢ ´¨Ö ¤¥°¸É¢¨Ö ¶·µÉµ´µ¢ ¸ Ô´¥·£¨¥° 1 ƒÔ‚
¨ ¨µ´µ¢ 14N ´  ²¨³ËµÍ¨ÉÒ ±·µ¢¨ Î¥²µ¢¥±  ¨§²µ¦¥´Ò ¢ [45].

‚³¥¸É¥ ¸ É¥³ ¶·µ¢¥¤¥´´Ò°  ´ ²¨§ Ì·µ³µ¸µ³´ÒÌ ´ ·ÊÏ¥´¨° ¢ ²¨³Ëµ-
Í¨É Ì ¶¥·¨Ë¥·¨Î¥¸±µ° ±·µ¢¨ Î¥²µ¢¥±  ¶µ¸²¥ µ¡²ÊÎ¥´¨Ö ¶·µÉµ´ ³¨ ·¥²ÖÉ¨-
¢¨¸É¸±¨Ì Ô´¥·£¨° ¢ ¤µ§ Ì µÉ 0,05 ¤µ 5,0 ƒ· ¶µ± § ², ÎÉµ ±·¨¢Ò¥ ¤µ§µ¢µ°
§ ¢¨¸¨³µ¸É¨ ÔËË¥±Éµ¢ ¢ ¤¨ ¶ §µ´¥ ³ ²ÒÌ ¤µ§ µ¡²ÊÎ¥´¨Ö (¤µ ∼ 1,0 ƒ·) µÉ²¨-
Î ÕÉ¸Ö µÉ ¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì ±·¨¢ÒÌ, ¶µ²ÊÎ ¥³ÒÌ ¶·¨ Ô±¸É· ¶µ²ÖÍ¨¨ ¸ ¡µ²¥¥
¢Ò¸µ±¨Ì ¤µ§ (·¨¸. 7). �·¨Î¥³ ´ ¡²Õ¤ ¥É¸Ö ¸²µ¦´Ò° ´¥²¨´¥°´Ò° Ì · ±É¥·
§ ¢¨¸¨³µ¸É¨ Î ¸ÉµÉÒ µ¡· §µ¢ ´¨Ö Ì·µ³µ¸µ³´ÒÌ  ¡¥·· Í¨° µÉ ¤µ§Ò µ¡²ÊÎ¥-
´¨Ö. — ¸ÉµÉ  µ¡· §µ¢ ´¨Ö ±²¥Éµ± ¸ Ì·µ³µ¸µ³´Ò³¨  ¡¥·· Í¨Ö³¨ ¨ µ¡Ð¥¥
Î¨¸²µ  ¡¥·· Í¨° µ± § ²¨¸Ó ¢ ´¥¸±µ²Ó±µ · § (∼ 4−5) ¡µ²ÓÏ¨³¨ ¶µ ¸· ¢´¥-
´¨Õ ¸ Ê·µ¢´Ö³¨ ÔËË¥±Éµ¢, ¸µµÉ¢¥É¸É¢ÊÕÐ¨³¨ Ô±¸É· ¶µ²ÖÍ¨µ´´Ò³ ±·¨¢Ò³.
‚ ¤¨ ¶ §µ´¥ ³ ²ÒÌ ¤µ§ µ¡²ÊÎ¥´¨Ö ¶·µÉµ´ ³¨ ¢ÒÖ¢²Ö¥É¸Ö µ¡² ¸ÉÓ ®£¨¶¥·ÎÊ¢-
¸É¢¨É¥²Ó´µ¸É¨¯ ²¨³ËµÍ¨Éµ¢ ¶·¨ ¸¢¥·Ì³ ²ÒÌ ¤µ§ Ì (0,05Ä0,1 ƒ·). � ¡²Õ¤ ¥-
³Ò¥ ÔËË¥±ÉÒ ¸¢Ö§ ´Ò ¸ Ë· £³¥´Éµ§µ³ Ì·µ³µ¸µ³ ¨ ¢µ§´¨±´µ¢¥´¨¥³ £² ¢´Ò³
µ¡· §µ³ Ì·µ³ É¨¤´ÒÌ ¨ ¶ ·´ÒÌ Ì·µ³µ¸µ³´ÒÌ Ë· £³¥´Éµ¢. ‘·¥¤¨ ´¨Ì ¶·¥-
µ¡² ¤ ÕÉ Ì·µ³ É¨¤´Ò¥ Ë· £³¥´ÉÒ, ¤µ²Ö ±µÉµ·ÒÌ ¸µ¸É ¢²Ö²  ¤µ 70Ä80 % µÉ
µ¡Ð¥£µ Î¨¸²  Ë· £³¥´Éµ¢ Ì·µ³µ¸µ³. �·¨ ¤µ§ Ì ¢ µ¡² ¸É¨ ∼ 0,2 ƒ· ´ ¡²Õ¤ -
¥³Ò¥ ÔËË¥±ÉÒ ¸´¨¦ ²¨¸Ó ¨ ¸µµÉ¢¥É¸É¢µ¢ ²¨ §´ Î¥´¨Ö³ Ô±¸É· ¶µ²ÖÍ¨µ´´µ°
±·¨¢µ°. �·¨ ¶µ¸²¥¤ÊÕÐ¥³ Ê¢¥²¨Î¥´¨¨ ¤µ§ µ´¨ ¢´µ¢Ó ¶µ¢ÒÏ ²¨¸Ó ¤µ Ê·µ¢´Ö
ÔËË¥±Éµ¢ ¶·¨ ¤µ§¥ 1 ƒ·.

�¨¸. 7. ˆ§³¥´¥´¨¥ Î ¸ÉµÉÒ µ¡· §µ¢ ´¨Ö ±²¥Éµ± ¸ Ì·µ³µ¸µ³´Ò³¨  ¡¥·· Í¨Ö³¨ ( ) ¨
µ¡Ð¥£µ Î¨¸²   ¡¥·· Í¨° Ì·µ³µ¸µ³ (¡) ²¨³ËµÍ¨Éµ¢ ±·µ¢¨ Î¥²µ¢¥±  ¶µ¸²¥ µ¡²ÊÎ¥´¨Ö
¶·µÉµ´ ³¨ (�) ¢ ³ ²ÒÌ ¤µ§ Ì (¸¶²µÏ´Ò¥ ±·¨¢Ò¥); ÏÉ·¨Ìµ¢Ò¥ ¨ ÏÉ·¨Ì¶Ê´±É¨·´Ò¥
±·¨¢Ò¥ Å Ô±¸É· ¶µ²ÖÍ¨µ´´Ò¥ ±·¨¢Ò¥ ¤²Ö γ-±¢ ´Éµ¢ (�) ¨ ¶·µÉµ´µ¢ ¸µµÉ¢¥É¸É¢¥´´µ
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’ ±¨³ µ¡· §µ³, ¤ ´´Ò¥, ¶µ²ÊÎ¥´´Ò¥ ¶·¨ µ¡²ÊÎ¥´¨¨ ²¨³ËµÍ¨Éµ¢ Î¥²µ¢¥± 
³ ²Ò³¨ ¤µ§ ³¨ ¶·µÉµ´µ¢, Ê± §Ò¢ ÕÉ ´  ´¥¶· ¢µ³µÎ´µ¸ÉÓ µÍ¥´±¨ ¤¥°¸É¢¨Ö
³ ²ÒÌ ¤µ§ ·¥¤±µ¨µ´¨§¨·ÊÕÐ¨Ì ¨§²ÊÎ¥´¨° ¶µ Ô±¸É· ¶µ²ÖÍ¨µ´´Ò³ §´ Î¥´¨Ö³
ÔËË¥±Éµ¢ ¸µ ¸·¥¤´¨Ì ¨ ¢Ò¸µ±¨Ì ¤µ§ µ¡²ÊÎ¥´¨Ö ±²¥Éµ± Î¥²µ¢¥± .

2.2. ‘É ¡¨²Ó´Ò¥ Ì·µ³µ¸µ³´Ò¥  ¡¥·· Í¨¨. �´¨ µ¡· §ÊÕÉ¸Ö ¢ ·¥§Ê²ÓÉ É¥
¸¨³³¥É·¨Î´µ£µ µ¡³¥´  ÊÎ ¸É± ³¨ ³¥¦¤Ê ¤¢Ê³Ö ¶µ¢·¥¦¤¥´´Ò³¨ Ì·µ³µ¸µ³ ³¨,
ÎÉµ ´¥ ¶·¨¢µ¤¨É ± ´ ·ÊÏ¥´¨Õ ¶µ¢¥¤¥´¨Ö Ì·µ³µ¸µ³ ¢ ¶·µÍ¥¸¸¥ ±²¥ÉµÎ´µ£µ ¤¥-
²¥´¨Ö. �·¨ ¶µ¸²¥¤ÊÕÐ¨Ì ¤¥²¥´¨ÖÌ ±²¥Éµ± É ±¨¥ Ì·µ³µ¸µ³Ò ¢¥¤ÊÉ ¸¥¡Ö ± ±
´µ·³ ²Ó´Ò¥ ¨ ¶¥·¥¤ ÕÉ¸Ö ¶µ¸²¥¤ÊÕÐ¨³ ¶µ±µ²¥´¨Ö³ ±²¥Éµ±, ´¥¸Ö ¨¸± ¦¥´-
´ÊÕ £¥´¥É¨Î¥¸±ÊÕ ¨´Ëµ·³ Í¨Õ. ’ ±¨¥ ¸É ¡¨²Ó´Ò¥ Ì·µ³µ¸µ³´Ò¥  ¡¥·· Í¨¨,
± ± É· ´¸²µ± Í¨¨ ¨ ¨´¸¥·Í¨¨ (¢¸É ¢±¨ ¢ Ì·µ³µ¸µ³Ê ÊÎ ¸É±  ¤·Ê£µ° Ì·µ³µ-
¸µ³Ò), ¤²¨É¥²Ó´µ ¸µÌ· ´ÖÕÉ¸Ö ¢ ±²¥É± Ì ¢ ¶µ¸²¥¤ÊÕÐ¨Ì ¶µ±µ²¥´¨ÖÌ. �¡Ð¥-
¶·¨§´ ´µ, ÎÉµ É ±¨¥ Ì·µ³µ¸µ³´Ò¥ ¶¥·¥¸É·µ°±¨ ¸µ ¢·¥³¥´¥³ ³µ£ÊÉ ¶·¨¢µ¤¨ÉÓ
± · §¢¨É¨Õ ¢ µ·£ ´¨§³¥ Î¥²µ¢¥±  ³ÊÉ £¥´´ÒÌ ¶·µÍ¥¸¸µ¢ ¨ ± ´Í¥·µ£¥´¥§Ê.
‚µ§³µ¦´µ¸ÉÓ ¢ÒÖ¢²¥´¨Ö ¸É ¡¨²Ó´ÒÌ Ì·µ³µ¸µ³´ÒÌ  ¡¥·· Í¨° ¶µÖ¢¨² ¸Ó ¸
· §· ¡µÉ±µ° ¢ ¶µ¸²¥¤´¥¥ ¤¥¸ÖÉ¨²¥É¨¥ É ± ´ §Ò¢ ¥³µ° FISH-É¥Ì´¨±¨ Å Ë²Ê-
µ·¥¸Í¥´É´µ° £¨¡·¨¤¨§ Í¨¨ in situ. �·¨ ÔÉµ³ ¸ ¶µ³µÐÓÕ ²Õ³¨´¥¸Í¥´É´ÒÌ
³¨±·µ¸±µ¶µ¢ ¢ £¥´µ³¥ ±²¥Éµ± µ¡´ ·Ê¦¨¢ ÕÉ¸Ö ¸É ¡¨²Ó´Ò¥  ¡¥·· Í¨¨ µÉ¤¥²Ó-
´ÒÌ Ì·µ³µ¸µ³, ¶µ³¥Î¥´´ÒÌ Ë²Êµ·¥¸Í¥´É´Ò³¨ ±· ¸¨É¥²Ö³¨ ¶·¨ ¨¸¶µ²Ó§µ¢ -
´¨¨ ¸¶¥Í¨Ë¨Î´ÒÌ ¤²Ö ´¨Ì ¶·µ¡, ¸µ¤¥·¦ Ð¨Ì Ê´¨± ²Ó´Ò¥ ¶µ¸²¥¤µ¢ É¥²Ó´µ-
¸É¨ „�Š.

�¨¸. 8. „µ§µ¢Ò¥ § ¢¨¸¨³µ¸É¨ Î ¸ÉµÉÒ µ¡· -
§µ¢ ´¨Ö É· ´¸²µ± Í¨° Ì·µ³µ¸µ³Ò 1 ²¨³-
ËµÍ¨Éµ¢ Î¥²µ¢¥±  ¶µ¸²¥ µ¡²ÊÎ¥´¨Ö ¶·µÉµ-
´ ³¨ (�), ¨µ´ ³¨ 14N (�) ¨ γ-²ÊÎ ³¨ (•)

‚ ´ Ï¥³ ¨¸¸²¥¤µ¢ ´¨¨ ¡Ò²¨
¨¸¶µ²Ó§µ¢ ´Ò „�Š-¶·µ¡Ò, ¸¶¥Í¨-
Ë¨Î´Ò¥ ¤²Ö Ì·µ³µ¸µ³ 1 ¨ 2 £¥´µ³ 
Î¥²µ¢¥± . �É¨ Ì·µ³µ¸µ³Ò Ö¢²ÖÕÉ¸Ö
´ ¨¡µ²¥¥ ±·Ê¶´Ò³¨ ¢ £¥´µ³¥ Î¥-
²µ¢¥± , ¨ ¨Ì ¶µ¢·¥¦¤¥´¨Ö ³µ£ÊÉ
¶·µ¨¸Ìµ¤¨ÉÓ ¸ ¡µ²ÓÏ¥° ¢¥·µÖÉ´µ-
¸ÉÓÕ ¶·¨ ¢µ§¤¥°¸É¢¨¨ ´¥¡² £µ¶·¨-
ÖÉ´ÒÌ Ë ±Éµ·µ¢, ´ ¶·¨³¥· ¨µ´¨-
§¨·ÊÕÐ¨Ì ¨§²ÊÎ¥´¨°. ‘ ¶µ³µÐÓÕ
FISH- ´ ²¨§  ´ ³¨ ¢ÒÖ¢²¥´  ¢Ò¸µ-
± Ö Î ¸ÉµÉ  µ¡· §µ¢ ´¨Ö É ±¨Ì ¸É -
¡¨²Ó´ÒÌ  ¡¥·· Í¨° ÔÉ¨Ì Ì·µ³µ¸µ³,
± ± É· ´¸²µ± Í¨¨ (·¨¸. 8). Š ±
³µ¦´µ ¢¨¤¥ÉÓ, ¶µ ¸¢µ¥° ÔËË¥±É¨¢-
´µ¸É¨ ¤¥°¸É¢¨¥ ¶·µÉµ´µ¢ ¸ Ô´¥·-

£¨¥° 1 ƒÔ‚  ´ ²µ£¨Î´µ ¤¥°¸É¢¨Õ γ-¨§²ÊÎ¥´¨Ö. �·¨ ¤¥°¸É¢¨¨ ¶²µÉ´µ¨µ´¨-
§¨·ÊÕÐ¨Ì ¨µ´µ¢ 14N µÉ³¥Î ¥É¸Ö ¢Ò¸µ±¨° Ê·µ¢¥´Ó É· ´¸²µ± Í¨° Ì·µ³µ¸µ³,
¶·¨Î¥³ § ¢¨¸¨³µ¸ÉÓ ÔËË¥±É  µÉ ¤µ§Ò ¶·¨µ¡·¥É ¥É ²¨´¥°´Ò° Ì · ±É¥·. Šµ-
ÔËË¨Í¨¥´ÉÒ ��� ¨µ´µ¢ 14N µ± §Ò¢ ÕÉ¸Ö ¶µ¢ÒÏ¥´´Ò³¨ ¤µ ∼ 3. �µ¤·µ¡´µ
·¥§Ê²ÓÉ ÉÒ É ±µ£µ ¨¸¸²¥¤µ¢ ´¨Ö ¨§²µ¦¥´Ò ¢ [45].
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Š ± ¨§¢¥¸É´µ, µÍ¥´±  ¡¨µ²µ£¨Î¥¸±µ£µ ¤¥°¸É¢¨Ö ³ ²ÒÌ ¤µ§ ¨µ´¨§¨·ÊÕ-
Ð¥£µ ¨§²ÊÎ¥´¨Ö Ö¢²Ö¥É¸Ö ´¥µ¡Ìµ¤¨³Ò³ Ê¸²µ¢¨¥³ ¤²Ö ¶·µ£´µ§¨·µ¢ ´¨Ö £¥´¥-
É¨Î¥¸±µ£µ ¨ ± ´Í¥·µ£¥´´µ£µ ·¨¸±  µ¡²ÊÎ¥´¨Ö. ’·Ê¤´µ¸É¨ µÍ¥´±¨ ÔËË¥±Éµ¢
¨ Ê¸É ´µ¢²¥´¨¥ Ëµ·³Ò ±·¨¢µ° ¤µ§ ÄÔËË¥±É ¢ µ¡² ¸É¨ ³ ²ÒÌ ¤µ§ ¸¢Ö§ ´Ò ¸µ
¸²µ¦´µ¸ÉÓÕ ¶µ²ÊÎ¥´¨Ö ¸É É¨¸É¨Î¥¸±¨ ¤µ¸Éµ¢¥·´ÒÌ ¤ ´´ÒÌ ¶·¨ ´¨§±¨Ì Ê·µ¢-
´ÖÌ ¶µ¢·¥¦¤¥´¨°, ¢Ò§Ò¢ ¥³ÒÌ ÔÉ¨³¨ ¤µ§ ³¨. ‚¸²¥¤¸É¢¨¥ ÔÉµ£µ µÍ¥´±  ·¨¸± 
¶·¨ ¤¥°¸É¢¨¨ ³ ²ÒÌ ¤µ§ µ¸ÊÐ¥¸É¢²Ö¥É¸Ö ´  µ¸´µ¢¥ Ô±¸É· ¶µ²ÖÍ¨¨ ÔËË¥±Éµ¢
¢Ò¸µ±¨Ì ¤µ§ ´  µ¡² ¸ÉÓ ´¨§±¨Ì ¤µ§, ¨ ·¥§Ê²ÓÉ ÉÒ µÍ¥´±¨ § ¢¨¸ÖÉ µÉ ³µ¤¥²¨,
¶µ²µ¦¥´´µ° ¢ µ¸´µ¢Ê Ô±¸É· ¶µ²ÖÍ¨¨. • · ±É¥·´Ò³ ¶·¨³¥·µ³ ¶·µÉ¨¢µ·¥Î¨°,
¢µ§´¨± ÕÐ¨Ì ¶µ ÔÉµ° ¶·¨Î¨´¥, Ö¢²Ö¥É¸Ö ¶·µ£´µ§¨·µ¢ ´¨¥ ¶µ¸²¥¤¸É¢¨° µ¡²Ê-
Î¥´¨Ö ¡µ²ÓÏµ° ¶µ¶Ê²ÖÍ¨¨ ²Õ¤¥° ¢ ·¥§Ê²ÓÉ É¥ —¥·´µ¡Ò²Ó¸±µ°  ¢ ·¨¨. ’ ±,
„. ƒµË³ ´ [46] ¶·¥¤¸± §Ò¢ ¥É 300 ÉÒ¸ÖÎ ²¥É ²Ó´ÒÌ ¨¸Ìµ¤µ¢ µÉ §²µ± Î¥¸É¢¥´-
´ÒÌ µ¶ÊÌµ²¥°,   T. D. Lukey [47] Å ¸´¨¦¥´¨¥ ¸³¥·É´µ¸É¨ µÉ ¸¶µ´É ´´ÒÌ
· ±µ¢ ¤µ 20 ÉÒ¸ÖÎ ¸²ÊÎ ¥¢.

�¥¸¶µ·µ£µ¢ Ö ²¨´¥°´ Ö ±µ´Í¥¶Í¨Ö, ± ± ´ ¨¡µ²¥¥ ®µ¸Éµ·µ¦´ Ö¯, ¶·¥¤¶µ-
² £ ÕÐ Ö µ¶ ¸´µ¸ÉÓ ²Õ¡µ£µ, ¤ ¦¥ ¸ ³µ£µ ³ ²µ£µ, ¶·¥¢ÒÏ¥´¨Ö ¥¸É¥¸É¢¥´´µ£µ
· ¤¨ Í¨µ´´µ£µ Ëµ´ , Ö¢²Ö¥É¸Ö µË¨Í¨ ²Ó´µ ¶·¨§´ ´´µ° ¨ ¶µ²µ¦¥´  ¢ µ¸´µ¢Ê
·¥±µ³¥´¤ Í¨° ŒŠ�‡ [48, 49]. �¤´ ±µ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥, ¶µ²ÊÎ¥´-
´Ò¥ ¢ ¶µ¸²¥¤´¨¥ £µ¤Ò, ¢¸ÉÊ¶ ÕÉ ¢ Ö¢´µ¥ ¶·µÉ¨¢µ·¥Î¨¥ ¸ ÔÉµ° ±µ´Í¥¶Í¨¥°
¨ ¸¢¨¤¥É¥²Ó¸É¢ÊÕÉ µ ´¥¶· ¢µ³µÎ´µ¸É¨ ²¨´¥°´µ° Ô±¸É· ¶µ²ÖÍ¨¨ ÔËË¥±Éµ¢ ¸
¢Ò¸µ±¨Ì ¤µ§ ´  ´¨§±¨¥.

3.1. �ËË¥±ÉÒ ³ ²ÒÌ ¤µ§ µ¡²ÊÎ¥´¨Ö. �·¨ µÍ¥´±¥ ÔËË¥±Éµ¢ ¡¨µ²µ£¨Î¥-
¸±µ£µ ¤¥°¸É¢¨Ö ³ ²ÒÌ ¤µ§ ¨§²ÊÎ¥´¨°, ± ± ¶· ¢¨²µ, ·¥£¨¸É·¨·Ê¥É¸Ö Î ¸ÉµÉ 
Í¨Éµ£¥´¥É¨Î¥¸±¨Ì ¶µ¢·¥¦¤¥´¨°,   ¨³¥´´µ ¨´¤Ê±Í¨Ö Ì·µ³µ¸µ³´ÒÌ  ¡¥·· Í¨°
(•�) ¨ ³¨±·µÖ¤¥· (ŒŸ) ¢ ±²¥É± Ì · §´µ£µ É¨¶ , Ì · ±É¥·¨§ÊÕÐ Ö¸Ö Î¥É±µ°
±µ²¨Î¥¸É¢¥´´µ° § ¢¨¸¨³µ¸ÉÓÕ ¢ Ï¨·µ±µ³ ¤¨ ¶ §µ´¥ ¤µ§. “´¨¢¥·¸ ²Ó´µ° µ¸µ-
¡¥´´µ¸ÉÓÕ ¤µ§µ¢ÒÌ ±·¨¢ÒÌ, Ìµ·µÏµ ¢µ¸¶·µ¨§¢µ¤¨³µ° ´  · §´ÒÌ µ¡Ñ¥±É Ì,
Ö¢²Ö¥É¸Ö ´ ²¨Î¨¥ ¤µ§µ´¥§ ¢¨¸¨³µ£µ ÊÎ ¸É±  ¢ ¤¨ ¶ §µ´¥ 0,1Ä0,5 ƒ· [50Ä55].

ˆ¸¶µ²Ó§µ¢ ´¨¥ ¶·¥Í¨§¨µ´´ÒÌ ³¥Éµ¤µ¢ ¤¨´ ³¨Î¥¸±µ£µ ±µ³¶ÓÕÉ¥·´µ£µ ³¨-
±·µ¸±µ¶¨Î¥¸±µ£µ ¸± ´¨·µ¢ ´¨Ö [56] ¢ ¶µ¸²¥¤´¥¥ ¤¥¸ÖÉ¨²¥É¨¥ ¶µ§¢µ²¨²µ ÉµÎ´µ
µÍ¥´¨ÉÓ ¢Ò¦¨¢ ¥³µ¸ÉÓ ±²¥Éµ± ³²¥±µ¶¨É ÕÐ¨Ì ¶·¨ µ¡²ÊÎ¥´¨¨ ¤µ§ ³¨ ¢ ¤¨ -
¶ §µ´¥ 0Ä1 ƒ· [57, 58], ÎÉµ ¡Ò²µ ´¥¢µ§³µ¦´µ ¶·¨ ¶·¨³¥´¥´¨¨ ±² ¸¸¨Î¥¸±µ£µ
³¥Éµ¤  T. T. Puck ¨ P. J. Marcus [59]. �µ± § ´  ¸²µ¦´ Ö ´¥²¨´¥°´ Ö § ¢¨¸¨-
³µ¸ÉÓ ¤µ§ ÄÔËË¥±É ¢ µ¡² ¸É¨ ³ ²ÒÌ ¤µ§, Ì · ±É¥·¨§ÊÕÐ Ö¸Ö ´ ²¨Î¨¥³ ¤µ§µ-
´¥§ ¢¨¸¨³µ£µ ÊÎ ¸É±  ¨²¨ µ¡· É´µ° § ¢¨¸¨³µ¸ÉÓÕ ÔËË¥±É  µÉ ¤µ§Ò ¢ ¤¨ ¶ -
§µ´¥ 0Ä1 ƒ·. �·¨ ÔÉµ³, ± ± ¶· ¢¨²µ, µÉ³¥Î ¥É¸Ö ¡µ²¥¥ ¢Ò¸µ± Ö ÔËË¥±É¨¢-
´µ¸ÉÓ ¢µ§¤¥°¸É¢¨Ö ´  ¥¤¨´¨ÍÊ ¤µ§Ò ¶·¨ ³ ²ÒÌ ¤µ§ Ì (∼ ¤µ 0,3 ƒ·), Î¥³ ¶·¨
µ¡²ÊÎ¥´¨¨ ¢Ò¸µ±¨³¨ ¤µ§ ³¨. ƒ¨¶¥·ÎÊ¢¸É¢¨É¥²Ó´µ¸ÉÓ (ƒ—), ´ ¡²Õ¤ ¥³ Ö ¶·¨
³ ²ÒÌ ¤µ§ Ì ¨ ¶µ± § ´´ Ö ¶µ ±·¨É¥·¨Õ ¢Ò¦¨¢ ¥³µ¸É¨ ¤²Ö ¡µ²ÓÏµ£µ Î¨¸²  ¢
µ¸´µ¢´µ³ µ¶ÊÌµ²¥¢ÒÌ ²¨´¨° ±²¥Éµ± Î¥²µ¢¥±  [58Ä61], ´¥ ³µ¦¥É ¡ÒÉÓ ¶·¥¤-
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¸± § ´  µ¡· É´µ° Ô±¸É· ¶µ²ÖÍ¨¥° ¸ ±·¨¢µ° ¢Ò¦¨¢ ¥³µ¸É¨ ¢ ¤¨ ¶ §µ´¥ ¤µ§
1Ä10 ƒ· (É ± ´ §Ò¢ ¥³Ò° ¤¨ ¶ §µ´ ¨´¤ÊÍ¨·µ¢ ´´µ° ·¥§¨¸É¥´É´µ¸É¨ (ˆ�)).
’ ±¨³ µ¡· §µ³, ²¨´¥°´µ-±¢ ¤· É¨Î´ Ö ³µ¤¥²Ó, ¨¸¶µ²Ó§Ê¥³ Ö ¤²Ö µ¶¨¸ ´¨Ö
Ëµ·³Ò ±·¨¢µ° ¢Ò¦¨¢ ¥³µ¸É¨ ±²¥Éµ±, ®´¥¤µµÍ¥´¨¢ ¥É¯ ÔËË¥±É µ¡²ÊÎ¥´¨Ö ¢
¤µ§ Ì ´¨¦¥ 1 ƒ·.

�¥¸³µÉ·Ö ´  ¡µ²ÓÏµ¥ Î¨¸²µ · ¡µÉ ¶µ ¤µ§µ¢µ° § ¢¨¸¨³µ¸É¨ Í¨Éµ£¥´¥É¨-
Î¥¸±¨Ì ÔËË¥±Éµ¢ µ¡²ÊÎ¥´¨Ö, ¤µ ´ ¸ÉµÖÐ¥£µ ¢·¥³¥´¨ ¢ ²¨É¥· ÉÊ·¥ ´¥É µ¤-
´µ§´ Î´ÒÌ ¤ ´´ÒÌ, ¸¢¨¤¥É¥²Ó¸É¢ÊÕÐ¨Ì µ ¶·µÖ¢²¥´¨¨ Ë¥´µ³¥´  ƒ—/ˆ� ¶µ
³ÊÉ £¥´´µ³Ê ÔËË¥±ÉÊ ¢ ±²¥É± Ì ³²¥±µ¶¨É ÕÐ¨Ì, ¢ Éµ³ Î¨¸²¥ ¨ ¢ ²¨³Ëµ-
Í¨É Ì Î¥²µ¢¥± . ƒ— ³µ¦¥É ¡ÒÉÓ ¸¢Ö§ ´  ¸ ´ ²¨Î¨¥³ £¥´¥É¨Î¥¸±¨ ¨²¨ Ë¥-
´µÉ¨¶¨Î¥¸±¨ µ¡Ê¸²µ¢²¥´´µ° ¶µ¶Ê²ÖÍ¨¨ · ¤¨µÎÊ¢¸É¢¨É¥²Ó´ÒÌ ±²¥Éµ±. �¥·¢µ¥
¶·¥¤¶µ²µ¦¥´¨¥ ¡Ò²µ µ¶·µ¢¥·£´ÊÉµ ¶·Ö³Ò³¨ Ô±¸¶¥·¨³¥´É ³¨ ¸ ¤¢Ê±· É´Ò³
µ¡²ÊÎ¥´¨¥³ ±²¥Éµ± [57]. � ²¨Î¨¥ Ë¥´µÉ¨¶¨Î¥¸±¨ µ¡Ê¸²µ¢²¥´´µ° · ¤¨µÎÊ¢-
¸É¢¨É¥²Ó´µ° Ë· ±Í¨¨ ±²¥Éµ± ³µ¦¥É ¡ÒÉÓ ¸¢Ö§ ´µ ¸ · ¸¶·¥¤¥²¥´¨¥³ ±²¥Éµ±
 ¸¨´Ì·µ´´µ° ¶µ¶Ê²ÖÍ¨¨ ¶µ Ë § ³ ±²¥ÉµÎ´µ£µ Í¨±² , ¨, É ±¨³ µ¡· §µ³, ƒ—
³µ¦¥É ¡ÒÉÓ ¸²¥¤¸É¢¨¥³ £¨¡¥²¨ ±²¥Éµ±, ´ Ìµ¤ÖÐ¨Ì¸Ö ¢ · ¤¨µÎÊ¢¸É¢¨É¥²Ó´µ°
Ë §¥ Í¨±² , ¶·¨ ³ ²ÒÌ ¤µ§ Ì. �¤´ ±µ ¸µ£² ¸´µ ³ É¥³ É¨Î¥¸±µ° ³µ¤¥²¨ [58]
¢ ÔÉµ³ ¸²ÊÎ ¥ · ¤¨µÎÊ¢¸É¢¨É¥²Ó´ Ö Ë· ±Í¨Ö ¤µ²¦´  ¸µ¸É ¢²ÖÉÓ ∼ 4 % µÉ ¢¸¥°
¶µ¶Ê²ÖÍ¨¨ ¨ µ¡² ¤ ÉÓ ¢ 60 · § ¡µ²¥¥ ¢Ò¸µ±µ° · ¤¨µÎÊ¢¸É¢¨É¥²Ó´µ¸ÉÓÕ, Î¥³
¢¸¥ µ¸É ²Ó´Ò¥ ±²¥É±¨. �Éµ ³ ²µ¢¥·µÖÉ´µ, É ± ± ± ³ ±¸¨³ ²Ó´µ¥ · §²¨Î¨¥ ¢
· ¤¨µÎÊ¢¸É¢¨É¥²Ó´µ¸É¨ Ë § ±²¥ÉµÎ´µ£µ Í¨±²  Ê ±²¥Éµ± ³²¥±µ¶¨É ÕÐ¨Ì in
vitro ´¥ ¶·¥¢ÒÏ ¥É 10 [62]. ’¥³ ´¥ ³¥´¥¥, ± ± µÉ³¥Î ¥É¸Ö ´¥±µÉµ·Ò³¨  ¢Éµ-
· ³¨ [61, 63], ¶·¨¢¥¤¥´´Ò¥  ·£Ê³¥´ÉÒ ´¥ ¨¸±²ÕÎ ÕÉ a priori Éµ£µ, ÎÉµ ƒ— ¶·¨
³ ²ÒÌ ¤µ§ Ì Ö¢²Ö¥É¸Ö ¸²¥¤¸É¢¨¥³ ¶·¥¨³ÊÐ¥¸É¢¥´´µ° £¨¡¥²¨ ±²¥Éµ± ¢ · ¤¨µ-
ÎÊ¢¸É¢¨É¥²Ó´µ° Ë §¥ Í¨±² . �µ²ÓÏ¨´¸É¢µ ¨¸¸²¥¤µ¢ É¥²¥°, µ¤´ ±µ, ¤ ÕÉ ¤·Ê-
£µ¥ µ¡ÑÖ¸´¥´¨¥ ¸²µ¦´µ° Ëµ·³Ò ±·¨¢µ° ¤µ§ ÄÔËË¥±É: ƒ— µÉ· ¦ ¥É ¢Ò¸µ±ÊÕ
· ¤¨µÎÊ¢¸É¢¨É¥²Ó´µ¸ÉÓ ¢¸¥Ì ±²¥Éµ± ´  Ëµ´¥ ¶µ¸ÉµÖ´´µ ËÊ´±Í¨µ´¨·ÊÕÐ¥°
±µ´¸É¨ÉÊÉ¨¢´µ° ·¥¶ · Í¨¨. �µ¢ÒÏ¥´¨¥ ¦¥ · ¤¨µ·¥§¨¸É¥´É´µ¸É¨ ¶µ¶Ê²ÖÍ¨¨
¢ Í¥²µ³ ¶·µ¨¸Ìµ¤¨É ¢ ·¥§Ê²ÓÉ É¥ ¢±²ÕÎ¥´¨Ö ˆ� ¶·¨ µ¶·¥¤¥²¥´´µ³ Ê·µ¢´¥
¶µ¢·¥¦¤¥´¨Ö ±²¥Éµ± [58Ä65], ÎÉµ µ§´ Î ¥É ¨§³¥´¥´¨¥ ¡¨µ²µ£¨Î¥¸±µ£µ µÉ¢¥É 
¸ ¨§³¥´¥´¨¥³ ¤µ§Ò µ¡²ÊÎ¥´¨Ö.

„·Ê£¨³  ¸¶¥±Éµ³ ¤¥°¸É¢¨Ö ³ ²ÒÌ ¤µ§ µ¡²ÊÎ¥´¨Ö, ¢ µ¸´µ¢¥ ±µÉµ·µ£µ É ±¦¥,
¶µ-¢¨¤¨³µ³Ê, ²¥¦ É ¸É·¥¸¸µ¢Ò¥ µÉ¢¥ÉÒ ±²¥Éµ±, § ¶Ê¸± ¨´¤ÊÍ¨¡¥²Ó´ÒÌ ¶·µ-
Í¥¸¸µ¢ ·¥¶ · Í¨¨ ¨²¨ ¤·Ê£¨Ì · ¤¨µ§ Ð¨É´ÒÌ ³¥Ì ´¨§³µ¢, Ö¢²Ö¥É¸Ö  ¤ ¶É¨¢-
´Ò° µÉ¢¥É (��). ‹¨³ËµÍ¨ÉÒ Î¥²µ¢¥± , ¶·¥¤¢ ·¨É¥²Ó´µ µ¡²ÊÎ¥´´Ò¥ ¢ ³ -
²ÒÌ ¤µ§ Ì ¨§²ÊÎ¥´¨¥³ ¨´±µ·¶µ·¨·µ¢ ´´µ£µ É·¨É¨¥¢µ£µ É¨³¨¤¨´  [66Ä68] ¨²¨
·¥´É£¥´µ¢¸±¨³¨ ²ÊÎ ³¨ [69, 70], ¸É ´µ¢ÖÉ¸Ö ³¥´¥¥ ÎÊ¢¸É¢¨É¥²Ó´Ò³¨ ± ¶µ¸²¥-
¤ÊÕÐ¥³Ê ¢µ§¤¥°¸É¢¨Õ ¢Ò¸µ±µ° ¤µ§µ°. �� ¡Ò² ¶µ± § ´ ¨ ´  ¤·Ê£¨Ì É¨¶ Ì
±²¥Éµ± [71Ä74]. Œ¥Ì ´¨§³Ò ¨´¨Í¨ Í¨¨ �� ¨§ÊÎ¥´Ò ¶µ±  ´¥¤µ¸É ÉµÎ´µ [75].
�� ¸²µ¦´Ò³ µ¡· §µ³ § ¢¨¸¨É µÉ ³µÐ´µ¸É¨ ¤µ§Ò ¶·¥¤¢ ·¨É¥²Ó´µ£µ µ¡²Ê-
Î¥´¨Ö [70],   É ±¦¥ ¨´¤ÊÍ¨·Ê¥É¸Ö ¤·Ê£¨³¨ „�Š-¶µ¢·¥¦¤ ÕÐ¨³¨  £¥´É ³¨,
É ±¨³¨ ± ±  ²±¨²¨·ÊÕÐ¨¥ ¸µ¥¤¨´¥´¨Ö ¨ ¶¥·¥±¨¸Ó ¢µ¤µ·µ¤  [76, 77]. ‚¸¥ ÔÉµ
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¸µ§¤ ¥É ¸²µ¦´µ¸É¨ ¶·¨ ¸µ¶µ¸É ¢²¥´¨¨ ·¥§Ê²ÓÉ Éµ¢ ¨ µ¡ÑÖ¸´Ö¥É ¶·µÉ¨¢µ·¥Î¨Ö
¢ ¤ ´´ÒÌ · §´ÒÌ  ¢Éµ·µ¢.

‚ ± Î¥¸É¢¥ ±·¨É¥·¨Ö ¤²Ö µÍ¥´±¨ ¢¥²¨Î¨´Ò ��, ± ± ¨ ¶·¨  ´ ²¨§¥ § -
¢¨¸¨³µ¸É¨ ¤µ§ ÄÔËË¥±É, µ¡ÒÎ´µ ¨¸¶µ²Ó§ÊÕÉ¸Ö Í¨Éµ£¥´¥É¨Î¥¸±¨¥ ¶µ¢·¥¦¤¥-
´¨Ö. �¤´ ±µ ¶· ±É¨Î¥¸±¨ ¢µ ¢¸¥Ì Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ · ¡µÉ Ì ¤¢  Ê± § ´´ÒÌ
 ¸¶¥±É  ¤¥°¸É¢¨Ö ³ ²ÒÌ ¤µ§ · ¸¸³ É·¨¢ ÕÉ¸Ö µÉ¤¥²Ó´µ ¤·Ê£ µÉ ¤·Ê£ .

‡ ¤ Î¥° ´ ¸ÉµÖÐ¨Ì ¨¸¸²¥¤µ¢ ´¨° Ö¢²Ö²µ¸Ó ¨§ÊÎ¥´¨¥ ¤µ§µ¢µ° § ¢¨¸¨³µ¸É¨
Í¨Éµ£¥´¥É¨Î¥¸±¨Ì ¶µ¢·¥¦¤¥´¨° ±²¥Éµ± ³²¥±µ¶¨É ÕÐ¨Ì · §´µ£µ É¨¶ ,  ´ ²¨§
§ ±µ´µ³¥·´µ¸É¥°, µ¡Ê¸²µ¢²¨¢ ÕÐ¨Ì ¶·µÖ¢²¥´¨¥ Ë¥´µ³¥´  ƒ—/ˆ�, ¨ ¸µ¶µ¸É -
¢²¥´¨¥ § ¢¨¸¨³µ¸É¨ ¤µ§ ÄÔËË¥±É ¸µ ¸¶µ¸µ¡´µ¸ÉÓÕ ± Ëµ·³¨·µ¢ ´¨Õ �� ¸
Í¥²ÓÕ ¨¤¥´É¨Ë¨± Í¨¨ µ¡Ð¨Ì ³¥Ì ´¨§³µ¢, ²¥¦ Ð¨Ì ¢ ¨Ì µ¸´µ¢¥.

3.2. ˆ¸¸²¥¤µ¢ ´¨¥ Ë¥´µ³¥´  ƒ—/ˆ� ¨  ¤ ¶É¨¢´µ£µ µÉ¢¥É  ´  ±²¥É± Ì
³²¥±µ¶¨É ÕÐ¨Ì. �±¸¶¥·¨³¥´ÉÒ ¡Ò²¨ ¢Ò¶µ²´¥´Ò ´  ²¨³ËµÍ¨É Ì ¶¥·¨Ë¥-
·¨Î¥¸±µ° ±·µ¢¨ Î¥²µ¢¥± , ´   ¸¨´Ì·µ´´µ° ¨ ¸¨´Ì·µ´¨§¨·µ¢ ´´µ° ¶µ¶Ê²Ö-
Í¨¨ ±²¥Éµ± ±¨É °¸±µ£µ Ìµ³ÖÎ±  ²¨´¨¨ V-79 ¨ ±²¥É± Ì ³¥² ´µ³Ò Î¥²µ¢¥± 
²¨´¨¨ BRO. „²Ö µ¡²ÊÎ¥´¨Ö ¨¸¶µ²Ó§µ¢ ²¨ γ-²ÊÎ¨ 60‘µ ¸ ³µÐ´µ¸ÉÓÕ ¤µ§Ò
0,18 ƒ·/³¨´ (Ê¸É ´µ¢±  ®�µ±Ê¸¯). �¨¸. 9 ¨ 10 µÉ· ¦ ÕÉ ±µ²¨Î¥¸É¢µ ±²¥Éµ± ¸
•�, ¢ÒÖ¢²Ö¥³ÒÌ ³¥É Ë §´Ò³ ¨  ´ Ë §´Ò³ ³¥Éµ¤ ³¨, ¢ § ¢¨¸¨³µ¸É¨ µÉ ¤µ§Ò
µ¡²ÊÎ¥´¨Ö. �  ·¨¸Ê´± Ì ¶·¨¢¥¤¥´Ò ¤ ´´Ò¥ µÉ¤¥²Ó´ÒÌ É¨¶¨Î´ÒÌ Ô±¸¶¥·¨³¥´-
Éµ¢ ¨§ µ¤¨´´ ¤Í É¨, ¶·µ¢¥¤¥´´ÒÌ ´  ±²¥É± Ì ±¨É °¸±µ£µ Ìµ³ÖÎ± , ¢µ¸Ó³¨ Å
´  ±²¥É± Ì ³¥² ´µ³Ò ¨ Î¥ÉÒ·¥Ì Å ´  ²¨³ËµÍ¨É Ì Î¥²µ¢¥± . �±¸¶¥·¨³¥´ÉÒ
¶·µ¢µ¤¨²¨¸Ó ¢ É¥Î¥´¨¥ ´¥¸±µ²Ó±¨Ì ²¥É, ¶·¨ ÔÉµ³ ´ ¡²Õ¤ ² ¸Ó ´¥±µÉµ· Ö ¢ -
·¨ ¡¥²Ó´µ¸ÉÓ ¶µ²µ¦¥´¨Ö ¨  ³¶²¨ÉÊ¤Ò ¶¨±  ƒ— ¨ ¤µ§µ´¥§ ¢¨¸¨³µ£µ ÊÎ ¸É± 
¢ § ¢¨¸¨³µ¸É¨ µÉ ¸¥§µ´ , ¸µ¸ÉµÖ´¨Ö ±Ê²ÓÉÊ·Ò ±²¥Éµ±,   É ±¦¥ µÉ ¤µ´µ· . �µ
ÔÉµ° ¶·¨Î¨´¥ Ê¸·¥¤´¥´¨¥ ¤ ´´ÒÌ ´¥ ¨³¥²µ ¸³Ò¸² .

�¨¸. 9. Šµ²¨Î¥¸É¢µ ±²¥Éµ± ¸ Ì·µ³µ¸µ³´Ò³¨  ¡¥·· Í¨Ö³¨, ¢ÒÖ¢²Ö¥³ÒÌ ³¥É Ë §´Ò³ (1)
¨  ´ Ë §´Ò³ (2) ³¥Éµ¤ ³¨, ¶µ¸²¥ γ-µ¡²ÊÎ¥´¨Ö ²¨³ËµÍ¨Éµ¢ Î¥²µ¢¥± 

�¨¸. 10. ‡ ¢¨¸¨³µ¸ÉÓ ¢ÒÌµ¤  ±²¥Éµ± ¸ Ì·µ³µ¸µ³´Ò³¨  ¡¥·· Í¨Ö³¨ µÉ ¤µ§Ò µ¡²ÊÎ¥´¨Ö,
¢ÒÖ¢²Ö¥³ Ö  ´ Ë §´Ò³ ³¥Éµ¤µ³ ¶·¨ γ-µ¡²ÊÎ¥´¨¨  ¸¨´Ì·µ´´µ° ¶µ¶Ê²ÖÍ¨¨ ±²¥Éµ± ³¥-
² ´µ³Ò Î¥²µ¢¥±  (1, Ë¨±¸ Í¨Ö Î¥·¥§ 11 Î ¶µ¸²¥ µ¡²ÊÎ¥´¨Ö) ¨ ±¨É °¸±µ£µ Ìµ³ÖÎ±  (2,
Ë¨±¸ Í¨Ö Î¥·¥§ 8 Î ¶µ¸²¥ µ¡²ÊÎ¥´¨Ö)
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Š·¨¢Ò¥ ¤µ§ ÄÔËË¥±É ¤²Ö ²¨³ËµÍ¨Éµ¢ Î¥²µ¢¥± , ±²¥Éµ± ±¨É °¸±µ£µ Ìµ-
³ÖÎ±  ¨ ³¥² ´µ³Ò Î¥²µ¢¥±  ¨³¥ÕÉ ¸Ìµ¤´Ò° Ö·±µ ¢Ò· ¦¥´´Ò° ´¥²¨´¥°´Ò°
Ì · ±É¥·. �·¨ µ¡²ÊÎ¥´¨¨ ¢ ¤¨ ¶ §µ´¥ ¤µ§ 0Ä0,05 ƒ· (²¨³ËµÍ¨ÉÒ), 0Ä0,1 ƒ·
(±²¥É±¨ ³¥² ´µ³Ò) ¨ 0Ä0,2 ƒ· (±²¥É±¨ ±¨É °¸±µ£µ Ìµ³ÖÎ± ) ±µ²¨Î¥¸É¢µ Ì·µ-
³µ¸µ³´ÒÌ ¶µ¢·¥¦¤¥´¨° ·¥§±µ ¢µ§· ¸É ¥É ¶µ ¸· ¢´¥´¨Õ ¸ ±µ´É·µ²Ó´Ò³ Ê·µ¢-
´¥³ (¤¨ ¶ §µ´ ƒ—), § É¥³ §´ Î¨É¥²Ó´µ ¸´¨¦ ¥É¸Ö, µ¡· §ÊÖ ¤µ§µ´¥§ ¢¨¸¨³Ò°
ÊÎ ¸Éµ± ±·¨¢µ°. �·¨ ¤µ§ Ì ¢ÒÏ¥ 0,5 ƒ· ·¥§¨¸É¥´É´µ¸ÉÓ ±²¥Éµ± ¶µ¢ÒÏ ¥É¸Ö
(ˆ�) ¨ ¤µ§µ¢ Ö § ¢¨¸¨³µ¸ÉÓ ¶·¨µ¡·¥É ¥É ²¨´¥°´Ò° Ì · ±É¥·. � ±²µ´ ±·¨-
¢ÒÌ ¶·¨ ¶¥·¥Ìµ¤¥ µÉ ƒ— ± ˆ� ¸´¨¦ ¥É¸Ö ¢ 2Ä3 · §  ¤²Ö ±²¥Éµ± ±¨É °¸±µ£µ
Ìµ³ÖÎ±  ¨ ³¥² ´µ³Ò ¨ ¢ 5Ä10 · § ¤²Ö ²¨³ËµÍ¨Éµ¢ Î¥²µ¢¥±  ¢ § ¢¨¸¨³µ¸É¨
µÉ ¨¸¶µ²Ó§Ê¥³µ£µ ³¥Éµ¤   ´ ²¨§ . �´ ²µ£¨Î´Ò¥ ±·¨¢Ò¥ ¤µ§ ÄÔËË¥±É ¶µ²Ê-
Î¥´Ò ¶·¨ µ¡²ÊÎ¥´¨¨ ²¨³ËµÍ¨Éµ¢ µÉ ¤·Ê£¨Ì ¤µ´µ·µ¢ ·¥´É£¥´µ¢¸±¨³¨ ²ÊÎ ³¨
(¤ ´´Ò¥ ´¥ ¶·¨¢µ¤ÖÉ¸Ö).

„²Ö  ´ ²¨§  ¨´¤Ê±Í¨¨ Í¨Éµ£¥´¥É¨Î¥¸±¨Ì ´ ·ÊÏ¥´¨° ¢ ²¨³ËµÍ¨É Ì Î¥-
²µ¢¥±  ³ ²Ò³¨ ¤µ§ ³¨ ´ ³¨ ¡Ò²¨ ¨¸¶µ²Ó§µ¢ ´Ò · §²¨Î´Ò¥ ³¥Éµ¤Ò, É ± ± ±
± ¦¤Ò° ¨§ ´¨Ì ¨³¥¥É ¸¢µ¨ ¤µ¸Éµ¨´¸É¢  ¨ ´¥¤µ¸É É±¨ [78Ä84]. Š ± ¢¨¤´µ
´  ·¨¸. 9, Ëµ·³  ±·¨¢ÒÌ, ¶µ²ÊÎ¥´´ÒÌ ¤¢Ê³Ö ³¥Éµ¤ ³¨  ´ ²¨§  •�, Ìµ·µÏµ
¢µ¸¶·µ¨§¢µ¤¨É¸Ö. �¤´ ±µ ±·¨¢ Ö, ¶µ²ÊÎ¥´´ Ö  ´ Ë §´Ò³ ³¥Éµ¤µ³, ²¥¦¨É
¢ÒÏ¥ ±·¨¢µ°, ¶µ²ÊÎ¥´´µ° ¶·¨  ´ ²¨§¥ ³¥É Ë §, ÎÉµ ¸¢Ö§ ´µ ¸ ¡µ²¥¥ ¢Ò¸µ±¨³
Ê·µ¢´¥³ ¸¶µ´É ´´ÒÌ •�, µ¡´ ·Ê¦¨¢ ¥³ÒÌ  ´ Ë §´Ò³ ³¥Éµ¤µ³, ¶·¨ ±µÉµ-
·µ³ ¢ÒÖ¢²ÖÕÉ¸Ö ´ ·ÊÏ¥´¨Ö ¶·µÍ¥¸¸  ¤¥²¥´¨Ö ±²¥É±¨ ´  ¸É ¤¨¨ · ¸Ìµ¦¤¥´¨Ö
Ì·µ³µ¸µ³ [82Ä84].

�¨¸. 11. Šµ²¨Î¥¸É¢µ ±²¥Éµ± ¸ ³¨±·µ-
Ö¤· ³¨ ¸·¥¤¨ ¤¢ÊÖ¤¥·´ÒÌ Í¨ÉµÌ ² §¨´-
¡²µ±¨·µ¢ ´´ÒÌ ²¨³ËµÍ¨Éµ¢ Î¥²µ¢¥± 
¶µ¸²¥ γ-µ¡²ÊÎ¥´¨Ö (Í¨ÉµÌ ² §¨´ ¢¢µ-
¤¨²¨ Î¥·¥§ 24 Î, Ë¨±¸¨·µ¢ ²¨ Î¥·¥§
58 Î ¶µ¸²¥ µ¡²ÊÎ¥´¨Ö)

�¨¸. 12. Šµ²¨Î¥¸É¢µ ±²¥Éµ± ¸ ³¨±·µ-
Ö¤· ³¨, ¢ÒÖ¢²Ö¥³ÒÌ ¸·¥¤¨ µ¤´µÖ¤¥·-
´ÒÌ ²¨³ËµÍ¨Éµ¢ Î¥²µ¢¥±  ¡¥§ Í¨Éµ-
Ì ² §¨´  ¶µ¸²¥ γ-µ¡²ÊÎ¥´¨Ö (Ë¨±¸ Í¨Ö
Î¥·¥§ 48 Î ¶µ¸²¥ µ¡²ÊÎ¥´¨Ö)

�  ·¨¸. 11 ¨ 12 ¶µ± § ´  ¤µ§µ¢ Ö § ¢¨¸¨³µ¸ÉÓ ¨´¤Ê±Í¨¨ ŒŸ, Ö¢²ÖÕÐ¨Ì¸Ö
¶·¨¡²¨§¨É¥²Ó´Ò³ ¶µ± § É¥²¥³ Ì·µ³µ¸µ³´ÒÌ ¶µ¢·¥¦¤¥´¨° [78], ¢ ¨´É¥·Ë §-
´ÒÌ ¤¢ÊÖ¤¥·´ÒÌ ±²¥É± Ì, ¡²µ±¨·µ¢ ´´ÒÌ Í¨ÉµÌ ² §¨´µ³, ¨ ¢ µ¤´µÖ¤¥·´ÒÌ Å
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¡¥§ Í¨ÉµÌ ² §¨´ . �¡  ³¥Éµ¤  ·¥£¨¸É· Í¨¨ ²¨³ËµÍ¨Éµ¢ ¸ ŒŸ Î¥É±µ ¢ÒÖ¢²ÖÕÉ
ƒ— ¶·¨ ¤µ§ Ì ´¨¦¥ 0,05 ƒ·, ¸³¥´ÖÕÐÊÕ¸Ö ¤µ§µ´¥§ ¢¨¸¨³Ò³ ¤¨ ¶ §µ´µ³,  
´ Î¨´ Ö ¸ 0,5 ƒ· ´ ¡²Õ¤ ¥É¸Ö ²¨´¥°´ Ö § ¢¨¸¨³µ¸ÉÓ ÔËË¥±É  µÉ ¤µ§Ò (ˆ�),
Ì · ±É¥·¨§ÊÕÐ Ö¸Ö ¢ 6Ä7 · § ³¥´ÓÏ¨³ ´ ±²µ´µ³, Î¥³ ´  ÊÎ ¸É±¥ ƒ—, ÎÉµ
Ìµ·µÏµ ±µ··¥²¨·Ê¥É ¸ ¤ ´´Ò³¨, ¶µ²ÊÎ¥´´Ò³¨ ¶µ •�.

ˆ¸¸²¥¤µ¢ ´¨¥ Î ¸ÉµÉÒ · §²¨Î´ÒÌ É¨¶µ¢  ¡¥·· Í¨° ¢ ²¨³ËµÍ¨É Ì Î¥²µ-
¢¥±  ¶µ¸²¥ γ-µ¡²ÊÎ¥´¨Ö (·¨¸. 13) ¸¢¨¤¥É¥²Ó¸É¢Ê¥É µ Éµ³, ÎÉµ ƒ— µ¡Ê¸²µ¢²¥´ 
¢ µ¸´µ¢´µ³ Ê¢¥²¨Î¥´¨¥³ Î¨¸²   ¡¥·· Í¨° Ì·µ³ É¨¤´µ£µ É¨¶ , ±µÉµ·Ò¥ ¶·¥-
¢ ²¨·ÊÕÉ ¶·¨ ¤µ§ Ì ´¨¦¥ 0,5 ƒ·. ‘µ£² ¸´µ ±² ¸¸¨Î¥¸±µ° É¥µ·¨¨ Ëµ·³¨·µ-
¢ ´¨Ö •� ¢ ²¨³ËµÍ¨É Ì, µ¡²ÊÎ¥´´ÒÌ ¢ G0-Ë §¥ ±²¥ÉµÎ´µ£µ Í¨±² , ¤µ²¦´Ò
¢µ§´¨± ÉÓ ¶·¥¨³ÊÐ¥¸É¢¥´´µ  ¡¥·· Í¨¨ Ì·µ³µ¸µ³´µ£µ É¨¶ . �¤´ ±µ Éµ²Ó±µ
¶·¨ ÊÎ¥É¥ ¢¸¥Ì É¨¶µ¢  ¡¥·· Í¨°, Ì·µ³ É¨¤´ÒÌ ¨ Ì·µ³µ¸µ³´ÒÌ, ´  ±·¨¢µ°
¤µ§ ÄÔËË¥±É ¢ÒÖ¢²Ö¥É¸Ö ƒ—, ·¥£¨¸É·¨·Ê¥³ Ö ¶·¨ ¨¸¶µ²Ó§µ¢ ´¨¨ ŒŸ-É¥¸É ,
 ´ Ë §´µ£µ ³¥Éµ¤  ¨ ¶µ ¢Ò¦¨¢ ¥³µ¸É¨ ±²¥Éµ± [57, 58]. �Éµ ¤ ¥É µ¸´µ¢ ´¨¥
¶·¥¤¶µ² £ ÉÓ, ÎÉµ ³¥Ì ´¨§³Ò, ²¥¦ Ð¨¥ ¢ µ¸´µ¢¥ ƒ— ¶·¨ ³ ²ÒÌ ¤µ§ Ì µ¡²Ê-
Î¥´¨Ö, µÉ²¨Î ÕÉ¸Ö µÉ ±² ¸¸¨Î¥¸±µ° ³µ¤¥²¨ Ëµ·³¨·µ¢ ´¨Ö •�.

�¨¸. 13. Šµ²¨Î¥¸É¢µ  ¡¥·· Í¨° · §´µ£µ É¨¶  ¢ ²¨³ËµÍ¨É Ì Î¥²µ¢¥±  ¶µ¸²¥ γ-µ¡-
²ÊÎ¥´¨Ö:  ) ¤µ´µ· 1; ¡) ¤µ´µ· 2. 1 Å ¸Ê³³   ¡¥·· Í¨°; 2 Å Ì·µ³µ¸µ³´Ò¥  ¡¥·· Í¨¨;
3 Å Ì·µ³ É¨¤´Ò¥  ¡¥·· Í¨¨

�´ ²¨§ ¶·¨·µ¤Ò Ë¥´µ³¥´  ƒ—/ˆ� ¶·µ¢µ¤¨²¸Ö ´  ±²¥É± Ì ±¨É °¸±µ£µ Ìµ-
³ÖÎ±  ¨ ³¥² ´µ³Ò Î¥²µ¢¥± . “¸É ´µ¢²¥´µ, ÎÉµ Ëµ·³  ±·¨¢µ° ¤µ§ ÄÔËË¥±É,
¶µ± § ´´ Ö ´   ¸¨´Ì·µ´´µ° ¶µ¶Ê²ÖÍ¨¨ ±²¥Éµ± ±¨É °¸±µ£µ Ìµ³ÖÎ±  ¶µ ¨´¤Ê±-
Í¨¨ •� (·¨¸. 10), Ìµ·µÏµ ¢µ¸¶·µ¨§¢µ¤¨É¸Ö ´  ¸¨´Ì·µ´¨§¨·µ¢ ´´ÒÌ ±²¥É± Ì,
µ¡²ÊÎ¥´´ÒÌ ¢ Ë §¥ G1 ±²¥ÉµÎ´µ£µ Í¨±²  (·¨¸. 14). �Éµ ¸¢¨¤¥É¥²Ó¸É¢Ê¥É µ Éµ³,
ÎÉµ ƒ— µ¡Ê¸²µ¢²¥´  ¢Ò¸µ±µ° · ¤¨µÎÊ¢¸É¢¨É¥²Ó´µ¸ÉÓÕ ¶µ¶Ê²ÖÍ¨¨ ¢ Í¥²µ³ ¨
´¥ ¸¢Ö§ ´  ¸ £¨¡¥²ÓÕ Ë· ±Í¨¨ ±²¥Éµ±, ´ Ìµ¤ÖÐ¨Ì¸Ö ¢ ³µ³¥´É µ¡²ÊÎ¥´¨Ö ¢
´ ¨¡µ²¥¥ · ¤¨µÎÊ¢¸É¢¨É¥²Ó´µ° Ë §¥ ±²¥ÉµÎ´µ£µ Í¨±² . ‘ Ê¢¥²¨Î¥´¨¥³ ¤µ§Ò
µ¡²ÊÎ¥´¨Ö ¢¸¥ ±²¥É±¨ ¸É ´µ¢ÖÉ¸Ö ¡µ²¥¥ · ¤¨µ·¥§¨¸É¥´É´Ò³¨, ± ± ³µ¦´µ ¶·¥¤-
¶µ² £ ÉÓ, ¢¸²¥¤¸É¢¨¥ ¨´¤Ê±Í¨¨ ¶·µÍ¥¸¸µ¢ ·¥¶ · Í¨¨ [57, 58, 60Ä65].
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�¨¸. 14. „µ§µ¢ Ö § ¢¨¸¨³µ¸ÉÓ Î ¸ÉµÉÒ µ¡· -
§µ¢ ´¨Ö ±²¥Éµ± ¸ Ì·µ³µ¸µ³´Ò³¨  ¡¥·· Í¨-
Ö³¨ (1) ¨ µ¡Ð¥£µ Î¨¸²   ¡¥·· Í¨° Ì·µ³µ-
¸µ³ (2) ´  100 ±²¥Éµ±, ¢ÒÖ¢²Ö¥³ÒÌ ³¥É -
Ë §´Ò³ ³¥Éµ¤µ³ ¶µ¸²¥ γ-µ¡²ÊÎ¥´¨Ö ¸¨´-
Ì·µ´¨§¨·µ¢ ´´ÒÌ ±²¥Éµ± ±¨É °¸±µ£µ Ìµ-
³ÖÎ±  (±²¥É±¨ µ¡²ÊÎ ²¨ ¢ G1-Ë §¥ ±²¥ÉµÎ-
´µ£µ Í¨±² , Ë¨±¸¨·µ¢ ²¨ Î¥·¥§ 14 Î ¶µ¸²¥
µ¡²ÊÎ¥´¨Ö)

’ ±¨³ µ¡· §µ³, ´ ¨¡µ²¥¥ ¢¥·µÖÉ´µ¥ µ¡ÑÖ¸´¥´¨¥ ´¥²¨´¥°´µ¸É¨ ±·¨¢µ°
¤µ§ ÄÔËË¥±É ¨ ¶¥·¥Ìµ¤  µÉ ƒ— ± ˆ� ¸µ¸Éµ¨É ¢ Éµ³, ÎÉµ ¶·¨ µ¶·¥¤¥²¥´´µ³
Ê·µ¢´¥ ¶µ¢·¥¦¤¥´¨Ö ±²¥Éµ± § ¶Ê¸± ÕÉ¸Ö ¨´¤ÊÍ¨¡¥²Ó´Ò¥ ·¥¶ · Í¨µ´´Ò¥ ¸¨-
¸É¥³Ò. ‘²¥¤¸É¢¨¥³ ÔÉµ£µ Ö¢²Ö¥É¸Ö Ê³¥´ÓÏ¥´¨¥ · ¤¨µÎÊ¢¸É¢¨É¥²Ó´µ¸É¨ ±²¥Éµ±
¨, ¸µµÉ¢¥É¸É¢¥´´µ, ´ ±²µ´  ±·¨¢ÒÌ. ‘µ¶µ¸É ¢²¥´¨¥ ¤µ§µ¢ÒÌ § ¢¨¸¨³µ¸É¥° ¨´-
¤Ê±Í¨¨ •� Ê ±²¥Éµ± ±¨É °¸±µ£µ Ìµ³ÖÎ±  ¨ ³¥² ´µ³Ò Î¥²µ¢¥±  (·¨¸. 10) ¤ ¥É
µ¸´µ¢ ´¨¥ ¶µ² £ ÉÓ, ÎÉµ ¨´¤ÊÍ¨¡¥²Ó´Ò¥ ¸¨¸É¥³Ò ·¥¶ · Í¨¨ ±²¥Éµ± ³¥² ´µ³Ò
¢±²ÕÎ ÕÉ¸Ö ¶·¨ ³¥´ÓÏ¨Ì ¤µ§ Ì ¨ · ¡µÉ ÕÉ ¡µ²¥¥ ÔËË¥±É¨¢´µ, Î¥³ Ê ±²¥Éµ±
±¨É °¸±µ£µ Ìµ³ÖÎ± .

‚¥¸Ó³  ¢¥·µÖÉ´µ, ÎÉµ Ë¥´µ³¥´ ƒ—/ˆ� ¶·¨ µ¤´µ±· É´µ³ µ¡²ÊÎ¥´¨¨  ´ -
²µ£¨Î¥´ ¶µ ¸¢µ¥° ¶·¨·µ¤¥ ��, ´ ¡²Õ¤ ¥³µ³Ê ¶·¨ ¤¢Ê±· É´µ³ µ¡²ÊÎ¥´¨¨,
¶·µÖ¢²¥´¨¥ ±µÉµ·µ£µ É ±¦¥ ¸¢Ö§Ò¢ ÕÉ ¸ ¨´¤ÊÍ¨¡¥²Ó´Ò³¨ ¸¨¸É¥³ ³¨ ·¥¶ -
· Í¨¨ [66Ä70]. ‚ ¸¢Ö§¨ ¸ ÔÉ¨³ ¶·¥¤¸É ¢²Ö²µ¸Ó ¨´É¥·¥¸´Ò³ ¨¸¸²¥¤µ¢ ´¨¥
¸¶µ¸µ¡´µ¸É¨ Ê± § ´´ÒÌ ¤¢ÊÌ ²¨´¨° ±²¥Éµ± ± ¨´¤Ê±Í¨¨ ��. ˆ§ÊÎ ²µ¸Ó ¢²¨Ö-
´¨¥ ¢¥²¨Î¨´Ò  ¤ ¶É¨·ÊÕÐ¥° ¨ É¥¸É¨·Ê¥³µ° ¤µ§ ´  ¸É¥¶¥´Ó ¢Ò· ¦¥´´µ¸É¨ ��
¶µ ±·¨É¥·¨Õ ¨´¤Ê±Í¨¨ •�. Š ± ¢¨¤´µ ¨§ ¤ ´´ÒÌ, ¶·¥¤¸É ¢²¥´´ÒÌ ¢ É ¡². 4,
´  ±²¥É± Ì ±¨É °¸±µ£µ Ìµ³ÖÎ±  �� ´ ¨¡µ²¥¥ ¢Ò· ¦¥´ ¶·¨ ¶·¥¤¢ ·¨É¥²Ó´µ³
µ¡²ÊÎ¥´¨¨ ¢ ¤µ§¥ 0,2 ƒ· ¨ ÔËË¥±É¨¢´µ¸ÉÓ �� ¶· ±É¨Î¥¸±¨ ´¥ § ¢¨¸¨É µÉ ¢¥-
²¨Î¨´Ò ¶µ¢·¥¦¤ ÕÐ¥° ¤µ§Ò ¢ ¤¨ ¶ §µ´¥ 0,5Ä1,5 ƒ·. �  ±²¥É± Ì ³¥² ´µ³Ò
Î¥²µ¢¥±  ³ ±¸¨³ ²Ó´ Ö ¢¥²¨Î¨´  �� ¨³¥¥É ³¥¸Éµ ¶·¨  ¤ ¶É¨·ÊÕÐ¥° ¤µ§¥
0,01 ƒ· ¨ É¥¸É¨·Ê¥³µ° ¤µ§¥ 0,5Ä1 ƒ·. �·¥¤¢ ·¨É¥²Ó´µ¥ µ¡²ÊÎ¥´¨¥ ¢ ¤µ§¥
0,3 ƒ· Ê¸¨²¨¢ ¥É ÔËË¥±É¨¢´µ¸ÉÓ ¶µ¸²¥¤ÊÕÐ¥£µ µ¡²ÊÎ¥´¨Ö.

�¥§Ê²ÓÉ ÉÒ ¸¢¨¤¥É¥²Ó¸É¢ÊÕÉ µ Éµ³, ÎÉµ �� ¶·µÖ¢²Ö¥É¸Ö ¢ ´¥¡µ²ÓÏµ³ ¤¨ -
¶ §µ´¥  ¤ ¶É¨·ÊÕÐ¨Ì ¤µ§ ¸ Ô±¸É·¥³Ê³µ³ ¢ µÎ¥´Ó Ê§±µ° µ¡² ¸É¨, · §²¨Î Õ-
Ð¨³¸Ö ¤²Ö · §´ÒÌ É¨¶µ¢ ±²¥Éµ±. Š·µ³¥ Éµ£µ, ¶µ²ÊÎ¥´µ ¶µ¤É¢¥·¦¤¥´¨¥ ¶·¥¤-
¶µ²µ¦¥´¨Ö, ¸¤¥² ´´µ£µ ´  µ¸´µ¢ ´¨¨ ¸µ¶µ¸É ¢²¥´¨Ö ¤µ§µ¢ÒÌ § ¢¨¸¨³µ¸É¥°
¢ÒÌµ¤  •�, µ ¡µ²ÓÏ¥° ÔËË¥±É¨¢´µ¸É¨ ¨´¤ÊÍ¨¡¥²Ó´ÒÌ ¶·µÍ¥¸¸µ¢ ·¥¶ · Í¨¨
Ê ±²¥Éµ± ³¥² ´µ³Ò Î¥²µ¢¥±  ¶µ ¸· ¢´¥´¨Õ ¸ ±²¥É± ³¨ ±¨É °¸±µ£µ Ìµ³ÖÎ± :
³ ±¸¨³ ²Ó´Ò° �� ¨´¤ÊÍ¨·Ê¥É¸Ö ¢ ±²¥É± Ì ³¥² ´µ³Ò ¶·¨ ¡µ²¥¥ ´¨§±µ° ¤µ§¥.
‚¸¥ ÔÉµ ¤ ¥É µ¸´µ¢ ´¨¥ ¶µ² £ ÉÓ, ÎÉµ ¶¥·¥Ìµ¤ µÉ ƒ— ± ˆ�, ¶µ± § ´´Ò° ¶·¨
¨§ÊÎ¥´¨¨ § ¢¨¸¨³µ¸É¨ ¤µ§ ÄÔËË¥±É ¶µ ¢ÒÌµ¤Ê Í¨Éµ£¥´¥É¨Î¥¸±¨Ì ¶µ¢·¥¦¤¥-
´¨°, µ¡Ê¸²µ¢²¥´ ¢±²ÕÎ¥´¨¥³ ¶·µÍ¥¸¸µ¢ ¨´¤ÊÍ¨¡¥²Ó´µ° ·¥¶ · Í¨¨ ¶·¨ µ¶·¥-
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’ ¡²¨Í  4. ‡ ¢¨¸¨³µ¸ÉÓ Š��∗ ¤²Ö ±²¥Éµ± ±¨É °¸±µ£µ Ìµ³ÖÎ±  ¨ ³¥² ´µ³Ò µÉ ¢¥-
²¨Î¨´Ò  ¤ ¶É¨·ÊÕÐ¥° ¨ É¥¸É¨·Ê¥³µ° ¤µ§

’¨¶
±²¥Éµ±

’¥¸É¨·Ê¥³ Ö
¤µ§ , ƒ·

�¤ ¶É¨·ÊÕÐ Ö ¤µ§ , ƒ·

0,01 0,05 0,1 0,2 0,3

Š²¥É±¨ 0,5 Å Å Å 0,48± 0,01 Å
±¨É °¸±µ£µ 1,0 0,82± 0,2 0,82± 0,07 Å 0,56± 0,08 Å
Ìµ³ÖÎ±  1,5 Å Å Å 0,54± 0,02 Å

Œ¥² ´µ³  0,5 0,52± 0,06 Å 0,85± 0,03 0,7± 0,04 1,12± 0,01
Î¥²µ¢¥±  1,0 0,45± 0,09 Å 0,77± 0,16 0,71± 0,04 1,23± 0,05

2,0 0,78± 0,02 Å 0,88± 0,09 0,78± 0,1 0,99± 0,07
ÅÅÅÅÅÅÅÅÄ∗�·¨ ¨§ÊÎ¥´¨¨ �� ¨´É¥·¢ ² ³¥¦¤Ê µ¡²ÊÎ¥´¨¥³  ¤ ¶É¨·ÊÕÐ¥° ¨ É¥¸É¨·Ê¥³µ° ¤µ§ ³¨
¸µ¸É ¢²Ö² 5 Î. ŠµÔËË¨Í¨¥´É �� (Š��) · ¸¸Î¨ÉÒ¢ ²¨ ¶µ Ëµ·³Ê²¥

Š�� = (•�  + É − •�±)/((•�  − •�±) + (•�É − •�±)),

£¤¥ •�a + É Å ¶·µÍ¥´É ±²¥Éµ± ¸ •� ¶µ¸²¥ µ¡²ÊÎ¥´¨Ö  ¤ ¶É¨·ÊÕÐ¥° ¨ É¥¸É¨·Ê¥³µ°
¤µ§ ³¨; •�  Å ¶·µÍ¥´É ±²¥Éµ± ¸ •� ¶µ¸²¥ µ¡²ÊÎ¥´¨Ö Éµ²Ó±µ  ¤ ¶É¨·ÊÕÐ¥° ¤µ§µ°; •�É Å
¶·µÍ¥´É ±²¥Éµ± ¸ •� ¶µ¸²¥ µ¡²ÊÎ¥´¨Ö Éµ²Ó±µ É¥¸É¨·Ê¥³µ° ¤µ§µ°; •�± Å ¶·µÍ¥´É ±²¥Éµ±
¸ •� ¢ ±µ´É·µ²¥. �·¨ Š�� = 1 �� ´¥ µ¡´ ·Ê¦¥´; ¶·¨ Š�� < 1 ±²¥É±¨ ¶·µÖ¢²ÖÕÉ
��; ¶·¨ Š�� > 1 ¶·¥¤¢ ·¨É¥²Ó´µ¥ µ¡²ÊÎ¥´¨¥ ¢ ³ ²µ° ¤µ§¥ ¶µ¢ÒÏ ¥É ÔËË¥±É¨¢´µ¸ÉÓ
¶µ¸²¥¤ÊÕÐ¥£µ É¥¸É¨·Ê¥³µ£µ µ¡²ÊÎ¥´¨Ö.

¤¥²¥´´µ³ Ê·µ¢´¥ ¶µ¢·¥¦¤¥´¨Ö ¨ ¶µ ¸¢µ¨³ ³¥Ì ´¨§³ ³ ¨ ¶·µÖ¢²¥´¨Õ (¢ Éµ³
Î¨¸²¥ ¨ ¢ ±µ²¨Î¥¸É¢¥´´µ³ µÉ´µÏ¥´¨¨)  ´ ²µ£¨Î¥´ ��.

…¸²¨ ÔÉ  £¨¶µÉ¥§  ¸¶· ¢¥¤²¨¢ , Éµ ´  Ëµ´¥ ¨´¤ÊÍ¨·µ¢ ´´ÒÌ ¶·¥¤µ¡²Ê-
Î¥´¨¥³ ·¥¶ · Í¨µ´´ÒÌ ¶·µÍ¥¸¸µ¢ ¤µ²¦¥´ ³¥´ÖÉÓ¸Ö Ì · ±É¥· ±·¨¢µ° ¤µ§ Ä
ÔËË¥±É: ÊÎ ¸Éµ± ƒ— ´¥ ¡Ê¤¥É ¢ÒÖ¢²ÖÉÓ¸Ö. „²Ö ¶·µ¢¥·±¨ ÔÉµ£µ ¶·¥¤¶µ²µ¦¥´¨Ö
±²¥É±¨ ³¥² ´µ³Ò Î¥²µ¢¥±  µ¡²ÊÎ ²¨ ¤µ§µ°, µ¶É¨³ ²Ó´µ° ¤²Ö ¨´¤Ê±Í¨¨ ��
(0,01 ƒ·),   Î¥·¥§ 5 Î Å ¤µ§µ° 0,01Ä1 ƒ·. �  ·¨¸. 15 ¶µ± § ´  § ¢¨¸¨³µ¸ÉÓ
Î¨¸²  ¨´¤ÊÍ¨·µ¢ ´´ÒÌ ¢Éµ·Ò³ µ¡²ÊÎ¥´¨¥³ ±²¥Éµ± ¸ •�. ‚ ± Î¥¸É¢¥ ´Ê²¥-
¢µ£µ Ê·µ¢´Ö ¶·¨´¨³ ²¨ ±µ²¨Î¥¸É¢µ  ¡¥·· ´É´ÒÌ ±²¥Éµ± ¢ ±µ´É·µ²¥. „µ§µ¢ Ö
§ ¢¨¸¨³µ¸ÉÓ ¨´¤Ê±Í¨¨ ±²¥Éµ± ¸  ¡¥·· Í¨Ö³¨ ´  Ëµ´¥ ¶·¥¤µ¡²ÊÎ¥´¨Ö Ì · ±-
É¥·¨§Ê¥É¸Ö ´¥ Éµ²Ó±µ µÉ¸ÊÉ¸É¢¨¥³ ƒ—, ´µ ¨ ¸´¨¦¥´¨¥³ ¶·µÍ¥´É   ¡¥·· ´É´ÒÌ

�¨¸. 15. „µ§µ¢ Ö § ¢¨¸¨³µ¸ÉÓ ¨´¤Ê±Í¨¨
±²¥Éµ± ¸ Ì·µ³µ¸µ³´Ò³¨  ¡¥·· Í¨Ö³¨, ¢Ò-
Ö¢²Ö¥³Ò³¨  ´ Ë §´Ò³ ³¥Éµ¤µ³, ¢  ¸¨´-
Ì·µ´´µ° ¶µ¶Ê²ÖÍ¨¨ ±²¥Éµ± ³¥² ´µ³Ò Î¥-
²µ¢¥±  ¶·¨ µ¤´µ±· É´µ³ γ-µ¡²ÊÎ¥´¨¨ (1)
¨ ¶·¥¤µ¡²ÊÎ¥´´ÒÌ  ¤ ¶É¨·ÊÕÐ¥° ¤µ§µ°
0,01 ƒ· (2) (¨´É¥·¢ ² ³¥¦¤Ê ¤µ§ ³¨ 5 Î,
Ë¨±¸ Í¨Ö Î¥·¥§ 11 Î ¶µ¸²¥ ¢Éµ·µ£µ µ¡²Ê-
Î¥´¨Ö)
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±²¥Éµ± ´¨¦¥ ´Ê²¥¢µ£µ Ê·µ¢´Ö, É. ¥. ¢µ¸¸É ´µ¢²¥´¨¥³ ´¥±µÉµ·µ° Î ¸É¨ ¶·¥¤-
¸ÊÐ¥¸É¢ÊÕÐ¨Ì Ì·µ³µ¸µ³´ÒÌ ¶¥·¥¸É·µ¥± (¸¶µ´É ´´ÒÌ ¨²¨ ¨´¤ÊÍ¨·µ¢ ´´ÒÌ
¶¥·¢Ò³ µ¡²ÊÎ¥´¨¥³). ˆ� ¶·¨ µ¤´µ±· É´µ³ µ¡²ÊÎ¥´¨¨ ¶·µÖ¢²Ö¥É¸Ö ´ Î¨´ Ö ¸
¤µ§Ò 0,5 ƒ·; ¶µ¸²¥ ¶·¥¤µ¡²ÊÎ¥´¨Ö ²¨´¥°´ Ö § ¢¨¸¨³µ¸ÉÓ µÉ ¤µ§Ò ´  Ëµ´¥ ˆ�
´ ¡²Õ¤ ¥É¸Ö ´ Î¨´ Ö ¸ ¤µ§Ò 0,1 ƒ·. �´ ²µ£¨Î´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¶µ²ÊÎ¥´Ò ´ 
±²¥É± Ì ±¨É °¸±µ£µ Ìµ³ÖÎ±  (¤ ´´Ò¥ ´¥ ¶·¨¢µ¤ÖÉ¸Ö).

�·¥¤¸É ¢²¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¢ Í¥²µ³ µ¤´µ§´ Î´µ ¸¢¨¤¥É¥²Ó¸É¢ÊÕÉ µ Éµ³,
ÎÉµ, ´¥¸³µÉ·Ö ´  ±µ²¨Î¥¸É¢¥´´Ò¥ · §²¨Î¨Ö Í¨Éµ£¥´¥É¨Î¥¸±¨Ì ¶µ± § É¥²¥°,
¶µ²ÊÎ¥´´ÒÌ · §²¨Î´Ò³¨ ³¥Éµ¤ ³¨ ´  · §´ÒÌ É¨¶ Ì ±²¥Éµ±, ¢¸¥ µ´¨ µÉ· -
¦ ÕÉ ¸²µ¦´ÊÕ § ¢¨¸¨³µ¸ÉÓ ¤µ§ ÄÔËË¥±É, Ì · ±É¥·¨§ÊÕÐÊÕ¸Ö ƒ—, ¤µ§µ´¥§ -
¢¨¸¨³Ò³ ÊÎ ¸É±µ³ ¨ ²¨´¥°´µ° § ¢¨¸¨³µ¸ÉÓÕ ´  Ëµ´¥ ¶µ¢ÒÏ¥´´µ° · ¤¨µ·¥§¨-
¸É¥´É´µ¸É¨ (ˆ�) ¶·¨ ¤µ§ Ì ¢ÒÏ¥ ∼ 0,5 ƒ·. �µÔÉµ³Ê µÍ¥´±  ·¨¸±  ³ ²ÒÌ ¤µ§
µ¡²ÊÎ¥´¨Ö ¶ÊÉ¥³ ²¨´¥°´µ° Ô±¸É· ¶µ²ÖÍ¨¨ ÔËË¥±Éµ¢ ¢Ò¸µ±¨Ì ¤µ§ ´¥¶· ¢µ-
³µÎ´ , ¶µ¸±µ²Ó±Ê ¡¨µ²µ£¨Î¥¸±¨° µÉ¢¥É ´  ¤¥°¸É¢¨¥ ¨µ´¨§¨·ÊÕÐ¥° · ¤¨ Í¨¨
³¥´Ö¥É¸Ö ¸ ¨§³¥´¥´¨¥³ ¤µ§Ò. Œµ¦´µ ¶·¥¤¶µ² £ ÉÓ, ÎÉµ ÔÉµ Ö¢²Ö¥É¸Ö ¸²¥¤-
¸É¢¨¥³ ¨´¤Ê±Í¨¨ ¶·µÍ¥¸¸µ¢ ·¥¶ · Í¨¨, ®§ ¶Ê¸±¯ ±µÉµ·ÒÌ ¶·µ¨¸Ìµ¤¨É ¶µ¸²¥
´¥±µÉµ·µ£µ ¶µ·µ£  ¶µ¢·¥¦¤¥´¨Ö ±²¥Éµ±. �·¨ ´ ¸ÉµÖÐ¥³ Ê·µ¢´¥ ¶µ´¨³ ´¨Ö
Ë¥´µ³¥´  ƒ—/ˆ� µÍ¥´±  ·¨¸±  ¶·¨ ¤µ§ Ì µ¡²ÊÎ¥´¨Ö ´¨¦¥ 0,5 ƒ· ´¥ ¶·¥¤¸É -
¢²Ö¥É¸Ö ¢µ§³µ¦´µ°, ¨ £¥´¥É¨Î¥¸±¨° ·¨¸±, ¶µ ¢¸¥° ¢¨¤¨³µ¸É¨, ¢ §´ Î¨É¥²Ó´µ°
¸É¥¶¥´¨ § ¢¨¸¨É µÉ ³¥É ¡µ²¨Î¥¸±µ£µ ¨ Ë¨§¨µ²µ£¨Î¥¸±µ£µ ¸µ¸ÉµÖ´¨Ö ±²¥Éµ±
µ·£ ´¨§³ , µ¶·¥¤¥²ÖÕÐ¥£µ ¨Ì ¸¶µ¸µ¡´µ¸ÉÓ ± ¨´¤Ê±Í¨¨ ¶·µÍ¥¸¸µ¢ ·¥¶ · Í¨¨.

”¥´µ³¥´ ƒ—/ˆ� ¨³¥¥É µÉ´µÏ¥´¨¥ É ±¦¥ ± ¶·µ¡²¥³¥ ¡¨µ²µ£¨Î¥¸±µ° ¤µ-
§¨³¥É·¨¨. ˆ¸Ìµ¤Ö ¨§  ´ ²¨§  ´ Ï¨Ì ¤ ´´ÒÌ ¡¨µ¤µ§¨³¥É·¨Ö ¢ µ¡² ¸É¨ ³ ²ÒÌ
¤µ§ ¢ ¶·¨´Í¨¶¥ ´¥¢µ§³µ¦´ , ¶µ¸±µ²Ó±Ê ¤¨ ¶ §µ´ ¤µ§µ´¥§ ¢¨¸¨³µ¸É¨,   É ±¦¥
¶µ²µ¦¥´¨¥ (¨/¨²¨ ´ ²¨Î¨¥) ¨  ³¶²¨ÉÊ¤  ¶¨±  ƒ— ¢ ·Ó¨·ÊÕÉ ¢ § ¢¨¸¨³µ¸É¨ µÉ
¢Ò¡· ´´µ£µ É¥¸É , ¢¨¤  ±²¥Éµ±, ¤µ´µ· , Ê·µ¢´Ö ¤µ§ ¨ ³´µ£¨Ì ¤·Ê£¨Ì ´¥±µ´É·µ-
²¨·Ê¥³ÒÌ Ë ±Éµ·µ¢. �ÉµÉ ¢Ò¢µ¤ ¶µ¤É¢¥·¦¤ ¥É¸Ö É¥³ Ë ±Éµ³, ÎÉµ Ê¸¶¥Ï´ Ö
µÍ¥´±  ¨´¤¨¢¨¤Ê ²Ó´ÒÌ ¤µ§ ´  µ¸´µ¢¥  ´ ²¨§  •� Ê ²¨Í, ¶µ¤¢¥·£Ï¨Ì¸Ö µ¡²Ê-
Î¥´¨Õ ¢ ·¥§Ê²ÓÉ É¥ —¥·´µ¡Ò²Ó¸±µ°  ¢ ·¨¨, ¢µ§³µ¦´  ²¨ÏÓ ¶·¨ ¤µ§ Ì ¢ÒÏ¥
0,5 ƒ· [85].

	² £µ¤ ·´µ¸É¨. �¢Éµ·Ò ¢Ò· ¦ ÕÉ £²Ê¡µ±ÊÕ ¶·¨§´ É¥²Ó´µ¸ÉÓ ¤¨·¥±Í¨¨
‹ ¡µ· Éµ·¨¨ ¢Ò¸µ±¨Ì Ô´¥·£¨° ¨³. ‚. ˆ. ‚¥±¸²¥·  ¨ �. Œ. � ²¤¨´  ¢ ²¨Í¥
�. ˆ. Œ ² Ìµ¢  ¨ �. „. Šµ¢ ²¥´±µ §  ¶·¥¤µ¸É ¢²¥´´ÊÕ ¢µ§³µ¦´µ¸ÉÓ ¶µ¸É -
´µ¢±¨ · ¤¨µ¡¨µ²µ£¨Î¥¸±¨Ì Ô±¸¶¥·¨³¥´Éµ¢ ´  ¸¨´Ì·µË §µÉ·µ´¥ ¨ ´Ê±²µÉ·µ´¥,
¡² £µ¤ ·ÖÉ ¸µÉ·Ê¤´¨±µ¢ ���ˆ ƒ. �. ’¨³µÏ¥´±µ ¨ �. �. —¥·¥¢ É¥´±µ §  µ¡¥¸-
¶¥Î¥´¨¥ ¶µ¸É ´µ¢±¨ Ô±¸¶¥·¨³¥´Éµ¢, �. �. �Ê² Ì , �. �. ŠµÏ² ´Ó, ‹. �. Œ¥²Ó-
´¨±µ¢Ê ¨ ’. �. ” ¤¥¥¢Ê §  ¶µ³µÐÓ ¢ · ¡µÉ¥.
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