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�¡Ñ¥¤¨´e´´Ò° ¨´¸É¨ÉÊÉ Ö¤¥·´ÒÌ ¨¸¸²¥¤µ¢ ´¨°, „Ê¡´ 

�É¤¥²¥´¨¥ · ¤¨ Í¨µ´´ÒÌ ¨ · ¤¨µ¡¨µ²µ£¨Î¥¸±¨Ì ¨¸¸²¥¤µ¢ ´¨°

ˆ§ÊÎ¥´Ò § ±µ´µ³¥·´µ¸É¨ µ¡· §µ¢ ´¨Ö ¸É ¡¨²Ó´ÒÌ ¨ ´¥¸É ¡¨²Ó´ÒÌ Ì·µ³µ¸µ³´ÒÌ  ¡¥·· Í¨°
¢ ²¨³ËµÍ¨É Ì ±·µ¢¨ Î¥²µ¢¥±  ¶µ¸²¥ µ¡²ÊÎ¥´¨Ö γ-²ÊÎ ³¨, ·¥²ÖÉ¨¢¨¸É¸±¨³¨ ¶·µÉµ´ ³¨ ¸ Ô´¥·-
£¨¥° 1 ƒÔ‚ (‹�� ∼ 0, 218 ±Ô‚/³±³) ¨ ¶²µÉ´µ¨µ´¨§¨·ÊÕÐ¨³¨ ¨µ´ ³¨  §µÉ  14N ¸ Ô´¥·£¨¥°
50 ŒÔ‚/´Ê±²µ´ (‹�� ∼ 77 ±Ô‚/³±³). ‘ ¨¸¶µ²Ó§µ¢ ´¨¥³ ¸É ´¤ ·É´µ£µ ¨ FISH-³¥Éµ¤µ¢ ¶µ²ÊÎ¥´Ò
²¨´¥°´Ò¥ § ¢¨¸¨³µ¸É¨ Î ¸ÉµÉ ±²¥Éµ± ¸  ¡¥·· Í¨Ö³¨ ¨ Ë· £³¥´Éµ¢ ¨ ²¨´¥°´µ-±¢ ¤· É¨Î´Ò¥ § -
¢¨¸¨³µ¸É¨ µ¡Ð¥£µ Î¨¸²   ¡¥·· Í¨° ¨ Î ¸ÉµÉ ¤¨Í¥´É·¨±µ¢ ¨ É· ´¸²µ± Í¨° µÉ ¤µ§Ò γ-²ÊÎ¥° ¨
¶·µÉµ´µ¢. �µ²ÊÎ¥´Ò ²¨´¥°´Ò¥ ¤µ§µ¢Ò¥ § ¢¨¸¨³µ¸É¨ ¶µ¸²¥ µ¡²ÊÎ¥´¨Ö ¨µ´ ³¨ 14N ¤²Ö ¢¸¥Ì ¨¸-
¶µ²Ó§µ¢ ´´ÒÌ Í¨Éµ£¥´¥É¨Î¥¸±¨Ì ¶µ± § É¥²¥°, ´µ ¶µ¸²¥ ¤µ§ > 2 ƒ· ´ ¡²Õ¤ ²µ¸Ó µÉ±²µ´¥´¨¥ µÉ
²¨´¥°´µ¸É¨ ¸ ´¥¡µ²ÓÏ¨³ Ê³¥´ÓÏ¥´¨¥³ Î ¸ÉµÉ ¤¨Í¥´É·¨±µ¢ ¨ ±²¥Éµ± ¸  ¡¥·· Í¨Ö³¨. �µ± § ´ 
¢Ò¸µ± Ö Î ¸ÉµÉ  ¤¥²¥Í¨° Ì·µ³µ¸µ³Ò-1 (¸ µ¡· §µ¢ ´¨¥³ Ë· £³¥´Éµ¢) ¶µ¸²¥ µ¡²ÊÎ¥´¨Ö ¨µ´ ³¨ 14N
(¤µ 40Ä50 % µÉ µ¡Ð¥£µ Î¨¸²   ¡¥·· Í¨°), Éµ£¤  ± ± ¶µ¸²¥ γ-µ¡²ÊÎ¥´¨Ö ¶·¥¢ ²¨·µ¢ ²¨ É· ´¸²µ-
± Í¨¨ Ì·µ³µ¸µ³Ò-1 (¤µ 50%). I¨µ²µ£¨Î¥¸± Ö ÔËË¥±É¨¢´µ¸ÉÓ ¶·µÉµ´µ¢ ¸ Ô´¥·£¨¥° 1 ƒÔ‚ ¡Ò² 
 ´ ²µ£¨Î´  ¡¨µ²µ£¨Î¥¸±µ° ÔËË¥±É¨¢´µ¸É¨ γ-²ÊÎ¥°. ‚Ò¸µ± Ö �I� ¡Ò²  ¶µ²ÊÎ¥´  ¤²Ö ¨µ´µ¢ 14N
¸ ‹�� ∼ 77 ±Ô‚/³±³ (≥ 3). FISH- ´ ²¨§ ¢ÒÖ¢¨², ÎÉµ Ì·µ³µ¸µ³Ò-1 ¨ -2 ¡Ò²¨ ¸Ìµ¦¨ ¶µ ±µ²¨Î¥-
¸É¢¥´´Ò³ ¶µ± § É¥²Ö³ Î ¸ÉµÉ  ¡¥·· Í¨° ¶·¨ ¢¸¥Ì ¤µ§ Ì ¨§²ÊÎ¥´¨° ¢ Ï¨·µ±o³ ¤¨ ¶ §µ´e ‹��.
�µ²ÊÎ¥´´Ò¥ ¤ ´´Ò¥ ¸¢¨¤¥É¥²Ó¸É¢ÊÕÉ µ ¶µ¢ÒÏ¥´´µ° · ¤¨µÎÊ¢¸É¢¨É¥²Ó´µ¸É¨ Ì·µ³µ¸µ³-1 ¨ -2 ¶µ
¸· ¢´¥´¨Õ ¸ µ¸É ²Ó´Ò³¨ Ì·µ³µ¸µ³ ³¨ £¥´µ³  Î¥²µ¢¥± .

The regularities of stable and unstable chromosome aberrations' formation were studied in the
human lymphocytes after irradiation by γ rays, relativistic 1 GeV protons (LET ∼ 0.218 keV/µm)
and densely ionizing 14N ions with energy of 50 MeV/nucleon (LET ∼ 77 keV/µm). Using con-
ventional and FISH-methods the linear dependencies on γ and proton doses were revealed for the
frequencies of aberrant cells and fragments and linear-quadratic ones for total number of aberrations
and the frequencies of dicentrics and translocations. After irradiation by 14N ions linear dose-
dependencies were shown for all investigated cytogenetical tests, but after doses > 2 Gy a delection
from linearity was observed to some decrease of aberrant cell and dicentric frequencies. High fre-
quency of chromosome-1 deletions with fragments' formation was shown after 14N irradiation (up to
40Ä50 % from total number of aberrations), while after γ irradiation chromosome-1 translocations
were predominated (up to 50%). The biological efˇciency of 1 GeV protons was analogous to γ rays.
High RBE was obtained for 14N ions with LET ∼ 77 keV/µm (≥ 3). FISH-analysis showed that
chromosomes-1 and 2 were quantitatively identical on the frequencies of aberrations at all doses of
radiation with a wide LET range. The obtained data testify higher radiosensitivity of chromosomes-1
and 2 than that of the other chromosomes in human genome.
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�·µ¡²¥³  ¡¨µ²µ£¨Î¥¸±µ£µ ¤¥°¸É¢¨Ö ¨µ´¨§¨·ÊÕÐ¨Ì ¨§²ÊÎ¥´¨° ¸ · §´Ò³¨
Ë¨§¨Î¥¸±¨³¨ Ì · ±É¥·¨¸É¨± ³¨ Ö¢²Ö¥É¸Ö ¢¥¸Ó³   ±ÉÊ ²Ó´µ° ¢ · ¤¨µ¡¨µ²µ-
£¨¨. �µ³¨³µ ËÊ´¤ ³¥´É ²Ó´µ£µ §´ Î¥´¨Ö É ±¨¥ ¨¸¸²¥¤µ¢ ´¨Ö ¢ ¦´Ò ¨ ¤²Ö
·¥Ï¥´¨Ö ·Ö¤  ¶·¨±² ¤´ÒÌ § ¤ Î: · ¤¨µÔ±µ²µ£¨Î¥¸±¨Ì ¶·µ¡²¥³, ¢µ¶·µ¸µ¢
´µ·³¨·µ¢ ´¨Ö ²ÊÎ¥¢ÒÌ ´ £·Ê§µ± ¤²Ö · ¡µÉ´¨±µ¢  Éµ³´µ° Ô´¥·£¥É¨±¨ ¨ ¶·µ-
³ÒÏ²¥´´µ¸É¨, ¶·µ¡²¥³ · ¤¨ Í¨µ´´µ° ¡¥§µ¶ ¸´µ¸É¨ ¤²¨É¥²Ó´ÒÌ ±µ¸³¨Î¥¸±¨Ì
¶µ²¥Éµ¢ Î¥²µ¢¥± , ¨¸¶µ²Ó§µ¢ ´¨Ö · §²¨Î´ÒÌ ¨¸ÉµÎ´¨±µ¢ ¨µ´¨§¨·ÊÕÐ¨Ì ¨§-
²ÊÎ¥´¨° ¤²Ö ²ÊÎ¥¢µ° É¥· ¶¨¨ µ´±µ²µ£¨Î¥¸±¨Ì § ¡µ²¥¢ ´¨° ¨ ¤·.


 ¨³¥´¥¥ ¨§ÊÎ¥´´Ò³ Ö¢²Ö¥É¸Ö ³ÊÉ £¥´´µ¥ ¤¥°¸É¢¨¥ ¶²µÉ´µ¨µ´¨§¨·ÊÕÐ¨Ì
¨§²ÊÎ¥´¨°, ¢ Î ¸É´µ¸É¨ · §´ÒÌ ¢¨¤µ¢ Ê¸±µ·¥´´ÒÌ ÉÖ¦¥²ÒÌ ¨µ´µ¢. �·¥¦¤¥
¢¸¥£µ ÔÉµ ± ¸ ¥É¸Ö ¨¸¸²¥¤µ¢ ´¨Ö § ±µ´µ³¥·´µ¸É¥° ¨ ³¥Ì ´¨§³µ¢ ¨´¤Ê±Í¨¨
³ÊÉ Í¨° Ê ±²¥Éµ± ¢Ò¸Ï¨Ì ÔÊ± ·¨µÉ (³²¥±µ¶¨É ÕÐ¨Ì ¨ Î¥²µ¢¥± ). �· ±É¨Î¥-
¸±¨ ´¥ ¨§ÊÎ¥´Ò § ±µ´µ³¥·´µ¸É¨ µ¡· §µ¢ ´¨Ö ¸É ¡¨²Ó´ÒÌ Ì·µ³µ¸µ³´ÒÌ ³Ê-
É Í¨° ¶·¨ ¤¥°¸É¢¨¨ ¨§²ÊÎ¥´¨° · §´µ£µ ± Î¥¸É¢ . ˆ¸¸²¥¤µ¢ ´¨¥ § ±µ´µ³¥·-
´µ¸É¥° ¨ ³¥Ì ´¨§³µ¢ µ¡· §µ¢ ´¨Ö É ±µ£µ É¨¶  ¶µ¢·¥¦¤¥´¨° £¥´¥É¨Î¥¸±¨Ì
¸É·Ê±ÉÊ· ¶·¥¤¸É ¢²Ö¥É¸Ö ¢¥¸Ó³  ¢ ¦´Ò³, ¶µ¸±µ²Ó±Ê ¸É ¡¨²Ó´Ò¥  ¡¥·· Í¨¨
¸¶µ¸µ¡´Ò ¤²¨É¥²Ó´µ ¸µÌ· ´ÖÉÓ¸Ö ¢ ¶µ¶Ê²ÖÍ¨ÖÌ µ¡²ÊÎ¥´´ÒÌ ±²¥Éµ±, ¶·¨Î¥³
¸ ´¨³¨ ¸¢Ö§Ò¢ ¥É¸Ö ¨´¨Í¨ Í¨Ö ·Ö¤  µ´±µ²µ£¨Î¥¸±¨Ì § ¡µ²¥¢ ´¨°. ’ ±, ¢ ´ -
¸ÉµÖÐ¥¥ ¢·¥³Ö Ê¸É ´µ¢²¥´  ±µ··¥²ÖÍ¨Ö ³¥¦¤Ê ¢µ§´¨±´µ¢¥´¨¥³ Ì·µ´¨Î¥¸±µ°
¨ µ¸É·µ° ³¨¥²µ¨¤´µ° ²¥°±¥³¨¨, ¶·µ³¨¥²µÉ¨Î¥¸±µ° ²¥°±¥³¨¨, ²¨³Ëµ³Ò I¥·-
±¨ÉÉ  ¨ ´ ²¨Î¨¥³ É· ´¸²µ± Í¨° ³¥¦¤Ê · §²¨Î´Ò³¨ Ì·µ³µ¸µ³ ³¨: t(9; 22),
t(21; 8), t(17; 15), t(8; 14) ¸µµÉ¢¥É¸É¢¥´´µ.

�¥ ²¨§ Í¨Ö ¶·µ£· ³³ ¤²¨É¥²Ó´ÒÌ ±µ¸³¨Î¥¸±¨Ì ¶µ²¥Éµ¢ Î¥²µ¢¥±  ¸É ¢¨É
§ ¤ ÎÊ ¤¥É ²Ó´µ£µ ¨§ÊÎ¥´¨Ö ¡¨µ²µ£¨Î¥¸±µ£µ ¤¥°¸É¢¨Ö ¶·µÉµ´µ¢ ·¥²ÖÉ¨¢¨¸É-
¸±¨Ì Ô´¥·£¨°, ¸µ¸É ¢²ÖÕÐ¨Ì µ¸´µ¢´ÊÕ Î ¸ÉÓ ¸¶¥±É·  ±µ¸³¨Î¥¸±¨Ì ¨§²ÊÎ¥´¨°.
‚ ÔÉµ° ¸¢Ö§¨ ±· °´¥ ¢ ¦´µ µÍ¥´¨ÉÓ ¡¨µ²µ£¨Î¥¸±ÊÕ ÔËË¥±É¨¢´µ¸ÉÓ É ±¨Ì
¨§²ÊÎ¥´¨° ´  µ¸´µ¢¥ · §²¨Î´ÒÌ ¶µ± § É¥²¥° ¨, ¶·¥¦¤¥ ¢¸¥£µ, ÊÎ¥É  ¨´¤Ê±-
Í¨¨ Ì·µ³µ¸µ³´ÒÌ ´ ·ÊÏ¥´¨° ¢ ±²¥É± Ì. Š·µ³¥ Éµ£µ, ±µ²¨Î¥¸É¢¥´´Ò° ÊÎ¥É
¸É ¡¨²Ó´ÒÌ Ì·µ³µ¸µ³´ÒÌ  ¡¥·· Í¨° ³µ¦¥É · ¸¸³ É·¨¢ ÉÓ¸Ö ¨ ± ± µ¤¨´ ¨§
´ ¤¥¦´ÒÌ ¸¶µ¸µ¡µ¢ ¤²Ö · §· ¡µÉ±¨ ¨ ¶·¨³¥´¥´¨Ö ³¥Éµ¤µ¢ ¡¨µ²µ£¨Î¥¸±µ°
¤µ§¨³¥É·¨¨, µ¸µ¡¥´´µ ¢ µÉ¤ ²¥´´Ò¥ ¸·µ±¨ ¶µ¸²¥ ²ÊÎ¥¢µ£µ ¢µ§¤¥°¸É¢¨Ö ¶·¨
¸²ÊÎ °´ÒÌ ´¥±µ´É·µ²¨·Ê¥³ÒÌ µ¡²ÊÎ¥´¨ÖÌ Î¥²µ¢¥± .

˜¨·µ±µ ¨§¢¥¸É´Ò° ±² ¸¸¨Î¥¸±¨° Í¨Éµ£¥´¥É¨Î¥¸±¨° ³¥Éµ¤ [1, 2] ¤²Ö ¨¸-
¸²¥¤µ¢ ´¨Ö Ì·µ³µ¸µ³´ÒÌ ´ ·ÊÏ¥´¨° ¢ ²¨³ËµÍ¨É Ì Î¥²µ¢¥±  ¶µ§¢µ²Ö¥É ¢Ò-
Ö¢²ÖÉÓ É ±¨¥  ¡¥·· Í¨¨, ± ± ¤¨Í¥´É·¨±¨ ¨ ±µ²ÓÍ . �´¨ ¡Ò²¨ ¨¸¶µ²Ó§µ¢ ´Ò ¢
·Ö¤¥ ¸²ÊÎ ¥¢ ¤²Ö µ¶·¥¤¥²¥´¨Ö ¶µ£²µÐ¥´´µ° ¤µ§Ò [3Ä5], ¨ ¢ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö
¨Ì µÍ¥´±  Ö¢²Ö¥É¸Ö µ¡Ð¥¶·¨§´ ´´Ò³ ³¥Éµ¤µ³ ¢ ¡¨µ²µ£¨Î¥¸±µ° ¤µ§¨³¥É·¨¨
[6]. 
µ ¢µ§³µ¦´µ¸ÉÓ µÍ¥´±¨ ¶µ£²µÐ¥´´µ° ¤µ§Ò ¶·¨ ÔÉµ³ µ£· ´¨Î¨¢ ¥É¸Ö
µ¸É·Ò³ ¶¥·¨µ¤µ³ ¶µ¸²¥ ²ÊÎ¥¢µ£µ ¢µ§¤¥°¸É¢¨Ö, ¶µ¸±µ²Ó±Ê É ±¨¥ Ì·µ³µ¸µ³´Ò¥
 ¡¥·· Í¨¨ Ö¢²ÖÕÉ¸Ö ´¥¸É ¡¨²Ó´Ò³¨ ¨ ¡Ò¸É·µ Ô²¨³¨´¨·ÊÕÉ ¨§ ¶µ¶Ê²ÖÍ¨¨ µ¡-
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²ÊÎ¥´´ÒÌ ±²¥Éµ±. ‚ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö ÔÉµÉ, ¸É ¢Ï¨° ¸É ´¤ ·É´Ò³, ³¥É Ë §´Ò°
³¥Éµ¤  ´ ²¨§  Ì·µ³µ¸µ³´ÒÌ  ¡¥·· Í¨° Ï¨·µ±µ ¨¸¶µ²Ó§Ê¥É¸Ö ¢ · ¤¨µ¡¨µ²µ-
£¨Î¥¸±¨Ì ¨¸¸²¥¤µ¢ ´¨ÖÌ. ‚¸¥³¨·´µ° µ·£ ´¨§ Í¨¥° §¤· ¢µµÌ· ´¥´¨Ö ±Ê²ÓÉÊ· 
²¨³ËµÍ¨Éµ¢ Î¥²µ¢¥±  ·¥±µ³¥´¤µ¢ ´  ¢ ± Î¥¸É¢¥ É¥¸É-¸¨¸É¥³Ò ¶·¨ µÍ¥´±¥
¢²¨Ö´¨Ö ³ÊÉ £¥´´ÒÌ Ë ±Éµ·µ¢ µ±·Ê¦ ÕÐ¥° ¸·¥¤Ò ´  ´ ¸²¥¤¸É¢¥´´µ¸ÉÓ. ˆ¸-
¶µ²Ó§µ¢ ´¨¥ ²¨³ËµÍ¨Éµ¢ ±·µ¢¨ Î¥²µ¢¥±  ± ± µ¡Ñ¥±É  · ¤¨µ¡¨µ²µ£¨Î¥¸±¨Ì
¨¸¸²¥¤µ¢ ´¨° ¶µ§¢µ²Ö¥É ¨§¡¥£ ÉÓ ¢Ò´Ê¦¤¥´´ÒÌ Ô±¸É· ¶µ²ÖÍ¨° ¨ µ£µ¢µ·µ±,
´¥¨§¡¥¦´µ ¢µ§´¨± ÕÐ¨Ì ¶·¨ ¨´É¥·¶·¥É Í¨¨ ·¥§Ê²ÓÉ Éµ¢, ¶µ²ÊÎ ¥³ÒÌ ¶·¨
¨¸¶µ²Ó§µ¢ ´¨¨ ¤·Ê£¨Ì ¢¨¤µ¢ µ¡Ñ¥±Éµ¢. Iµ²¥¥ Éµ£µ, ± ± ¡Ò²µ ¶µ± § ´µ ·Ö¤µ³
¨¸¸²¥¤µ¢ É¥²¥° [7Ä10], ¢ÒÌµ¤ Ì·µ³µ¸µ³´ÒÌ  ¡¥·· Í¨° ¢ ²¨³ËµÍ¨É Ì ±·µ¢¨
Î¥²µ¢¥± , ¨´¤ÊÍ¨·µ¢ ´´ÒÌ ¢µ§¤¥°¸É¢¨¥³ ¨µ´¨§¨·ÊÕÐ¨Ì ¨§²ÊÎ¥´¨° ®in vitro¯,
¸µ¢¶ ¤ ¥É ¸ ¢ÒÌµ¤µ³  ¡¥·· Í¨° ¶µ¸²¥ µ¡²ÊÎ¥´¨Ö ®in vivo¯.

Iµ²ÓÏ¨³ ¤µ¸É¨¦¥´¨¥³ Ö¢¨² ¸Ó ¢ ¶µ¸²¥¤´¨¥ £µ¤Ò · §· ¡µÉ±  FISH-É¥Ì´¨-
±¨ Å Ë²Êµ·¥¸Í¥´É´µ° £¨¡·¨¤¨§ Í¨¨ ®in situ¯ (luorescence in situ hybridiza-
tion) ¤²Ö ¨§ÊÎ¥´¨Ö § ±µ´µ³¥·´µ¸É¥° µ¡· §µ¢ ´¨Ö ¸É ¡¨²Ó´ÒÌ Ì·µ³µ¸µ³´ÒÌ
 ¡¥·· Í¨° [11Ä14]. �´  ¶µ§¢µ²Ö¥É ¢ÒÖ¢²ÖÉÓ µÉ¤¥²Ó´Ò¥ Ì·µ³µ¸µ³Ò Î¥²µ¢¥± 
¶µ¸·¥¤¸É¢µ³ ¨Ì ®µ±· Ï¨¢ ´¨Ö¯ ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ ¸¶¥Í¨Ë¨Î´ÒÌ ¶·µ¡ ¸ Ê´¨-
± ²Ó´Ò³¨ ´Ê±²¥µÉ¨¤´Ò³¨ ¶µ¸²¥¤µ¢ É¥²Ó´µ¸ÉÖ³¨ „
Š ÔÉ¨Ì Ì·µ³µ¸µ³ [15Ä
17]. ‘ ¨¸¶µ²Ó§µ¢ ´¨¥³ ÔÉµ£µ ³¥Éµ¤  ·Ö¤µ³  ¢Éµ·µ¢ [18Ä21] ¶µ± § ´µ, ÎÉµ
¸É ¡¨²Ó´Ò¥  ¡¥·· Í¨¨ ¢ ±²¥É± Ì Î¥²µ¢¥±  ¸µÌ· ´ÖÕÉ¸Ö ¤ ¦¥ ¸¶Ê¸ÉÖ ´¥¸±µ²Ó±µ
¤¥¸ÖÉ±µ¢ ²¥É ¶µ¸²¥ µ¡²ÊÎ¥´¨Ö. �Éµ ¶·¨¢²¥±²µ ± ´¨³ ¢´¨³ ´¨¥, É ± ± ± ¶µ-
Ö¢¨² ¸Ó ¢µ§³µ¦´µ¸ÉÓ ·¥É·µ¸¶¥±É¨¢´µ° µÍ¥´±¨ ¤µ§Ò ²ÊÎ¥¢µ£µ ¢µ§¤¥°¸É¢¨Ö ´ 
Î¥²µ¢¥± .

‚ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö ¢µ ³´µ£¨Ì ´ ÊÎ´ÒÌ ² ¡µ· Éµ·¨ÖÌ ¶·µ¢µ¤ÖÉ¸Ö ¨¸¸²¥-
¤µ¢ ´¨Ö ¸É ¡¨²Ó´ÒÌ ¨ ´¥¸É ¡¨²Ó´ÒÌ  ¡¥·· Í¨° Ì·µ³µ¸µ³ ¢ ±²¥É± Ì Î¥²µ¢¥± 
¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ ÔÉµ£µ ³¥Éµ¤  ¶·¨ ¤¥°¸É¢¨¨ ·¥¤±µ¨µ´¨§¨·ÊÕÐ¨Ì ¨§²ÊÎ¥´¨°
(X- ¨ γ-²ÊÎ¨). ‚ ¶µ¸²¥¤´¨¥ £µ¤Ò ¶µÖ¢¨²¨¸Ó ¥¤¨´¨Î´Ò¥ · ¡µÉÒ ¶µ ¨§ÊÎ¥´¨Õ
¸É ¡¨²Ó´ÒÌ  ¡¥·· Í¨° ¶·¨ ¤¥°¸É¢¨¨ ¶²µÉ´µ¨µ´¨§¨·ÊÕÐ¨Ì α-Î ¸É¨Í [22] ¨
ÉÖ¦¥²ÒÌ ¨µ´µ¢ [23Ä27].

‚¸¥ ¢ÒÏ¥¸± § ´´µ¥ µ¶·¥¤¥²Ö¥É ¡µ²ÓÏµ° ¨´É¥·¥¸ ± É ±µ£µ ·µ¤  ¨¸¸²¥¤µ-
¢ ´¨Ö³. ˆÌ ¶·µ¢¥¤¥´¨¥ É·¥¡Ê¥É ¸µµÉ¢¥É¸É¢ÊÕÐ¥° Ê¸±µ·¨É¥²Ó´µ° É¥Ì´¨±¨ ¤²Ö
¶µ²ÊÎ¥´¨Ö · §´ÒÌ ¢¨¤µ¢ § ·Ö¦¥´´ÒÌ Î ¸É¨Í. “´¨± ²Ó´Ò¥ Ê¸±µ·¨É¥²¨ ¨ Ê¸É -
´µ¢±¨ �¡Ñ¥¤¨´¥´´µ£µ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤µ¢ ´¨° ¶µ§¢µ²ÖÕÉ ¶·µ¢µ¤¨ÉÓ
· ¤¨µ¡¨µ²µ£¨Î¥¸±¨¥ ¨ · ¤¨ Í¨µ´´µ-£¥´¥É¨Î¥¸±¨¥ Ô±¸¶¥·¨³¥´ÉÒ ¸ ¨¸¶µ²Ó§µ-
¢ ´¨¥³ Ê¸±µ·¥´´ÒÌ ÉÖ¦¥²ÒÌ ¨µ´µ¢ ¢ Ï¨·µ±µ³ ¤¨ ¶ §µ´¥ ‹��. ‚ ¶·¥¤¸É ¢-
²¥´´µ° · ¡µÉ¥ ¨§²µ¦¥´Ò ·¥§Ê²ÓÉ ÉÒ ¨¸¸²¥¤µ¢ ´¨Ö ¸É ¡¨²Ó´ÒÌ ¨ ´¥¸É ¡¨²Ó-
´ÒÌ  ¡¥·· Í¨° Ì·µ³µ¸µ³ ¢ ²¨³ËµÍ¨É Ì Î¥²µ¢¥±  ¶·¨ ¤¥°¸É¢¨¨ ¢Ò¸µ±µÔ´¥·-
£¥É¨Î´ÒÌ § ·Ö¦¥´´ÒÌ Î ¸É¨Í, £¥´¥·¨·Ê¥³ÒÌ ´  ¡ §µ¢ÒÌ Ê¸É ´µ¢± Ì �ˆŸˆ:
¶·µÉµ´µ¢ ·¥²ÖÉ¨¢¨¸É¸±¨Ì Ô´¥·£¨° Å ´  ¸¨´Ì·µË §µÉ·µ´¥ ‹ ¡µ· Éµ·¨¨ ¢Ò-
¸µ±¨Ì Ô´¥·£¨°, Ê¸±µ·¥´´ÒÌ ÉÖ¦¥²ÒÌ ¨µ´µ¢ 14N Å ´  “-400Œ ‹ ¡µ· Éµ·¨¨
Ö¤¥·´ÒÌ ·¥ ±Í¨° ¨³. ƒ. 
.”²¥·µ¢ .
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ˆµ´¨§¨·ÊÕÐ¨¥ ¨§²ÊÎ¥´¨Ö ¨´¤ÊÍ¨·ÊÕÉ Ï¨·µ±¨° ¸¶¥±É· ¶µ¢·¥¦¤¥´¨°
Ì·µ³µ¸µ³ ¢ ±²¥É± Ì ³²¥±µ¶¨É ÕÐ¨Ì ¨ Î¥²µ¢¥± . Š ± ¨§¢¥¸É´µ, Ì·µ³µ¸µ³-
´Ò¥ ¶µ¢·¥¦¤¥´¨Ö Ö¢²ÖÕÉ¸Ö µ¶·¥¤¥²ÖÕÐ¨³ Ë ±Éµ·µ³ ¢ ²ÊÎ¥¢µ° £¨¡¥²¨ ±²¥-
Éµ±. 
µ ´ ·Ö¤Ê ¸ ÔÉ¨³ ¸ ´¨³¨ ¸¢Ö§Ò¢ ¥É¸Ö ¨´¨Í¨ Í¨Ö ³ÊÉ £¥´´ÒÌ ¶·µÍ¥¸¸µ¢
¨ ¨´¤Ê±Í¨Ö ³ ²¨£´¨§ Í¨¨ ±²¥Éµ±, ÎÉµ ¶·¨¢µ¤¨É ± · §¢¨É¨Õ µ´±µ²µ£¨Î¥¸±¨Ì
§ ¡µ²¥¢ ´¨°.

� §· ¡µÉ ´´Ò° ¢ ±µ´Í¥ 50-Ì ££. ¨ ¸É ¢Ï¨° ±² ¸¸¨Î¥¸±¨³ ³¥É Ë §´Ò°
³¥Éµ¤  ´ ²¨§  Ì·µ³µ¸µ³ ¢ ²¨³ËµÍ¨É Ì ±·µ¢¨ Î¥²µ¢¥±  [1] ¶µ§¢µ²Ö¥É µ¡-
´ ·Ê¦¨¢ ÉÓ Ì·µ³µ¸µ³´Ò¥  ¡¥·· Í¨¨ ¶·¨ ¢µ§¤¥°¸É¢¨¨ · §´ÒÌ Ë¨§¨Î¥¸±¨Ì ¨
Ì¨³¨Î¥¸±¨Ì  £¥´Éµ¢, ¢ Éµ³ Î¨¸²¥ ¨µ´¨§¨·ÊÕÐ¨Ì ¨§²ÊÎ¥´¨°. ‘ ¥£µ ¶µ³µÐÓÕ
¡Ò²¨ ¢ÒÖ¢²¥´Ò · §´Ò¥ É¨¶Ò Ì·µ³ É¨¤´ÒÌ ¨ Ì·µ³µ¸µ³´ÒÌ ¤¥²¥Í¨° ¨ µ¡³¥-
´µ¢ ³¥¦¤Ê ¶µ¢·¥¦¤¥´´Ò³¨ Ì·µ³µ¸µ³ ³¨. IÒ²¨ Ê¸É ´µ¢²¥´Ò § ±µ´µ³¥·´µ¸É¨
¨Ì ¢ÒÌµ¤  µÉ ¤µ§Ò µ¡²ÊÎ¥´¨Ö, ¢·¥³¥´¨ ¶µ¸²¥ ¢µ§¤¥°¸É¢¨Ö, ‹�� ¨§²ÊÎ¥´¨°,
Ë¨§¨µ²µ£¨Î¥¸±µ£µ ¸µ¸ÉµÖ´¨Ö ±²¥Éµ± ¨ É. ¶. ‚³¥¸É¥ ¸ É¥³ ¸É ´¤ ·É´Ò° ³¥É -
Ë §´Ò° ³¥Éµ¤ ´¥ ¶µ§¢µ²Ö² ¶·µ ´ ²¨§¨·µ¢ ÉÓ ¶µ²´Ò° ¸¶¥±É· ¢µ§´¨± ÕÐ¨Ì
¢ ±²¥É± Ì Ì·µ³µ¸µ³´ÒÌ ´ ·ÊÏ¥´¨°, µ£· ´¨Î¨¢ Ö  ´ ²¨§ Éµ²Ó±µ ± É¥£µ·¨¥°
É ± ´ §Ò¢ ¥³ÒÌ ´¥¸É ¡¨²Ó´ÒÌ  ¡¥·· Í¨° Ì·µ³µ¸µ³, ± ±µÉµ·Ò³ µÉ´µ¸ÖÉ¸Ö
· §´Ò¥ ¢¨¤Ò Ë· £³¥´Éµ¢ ¨ ´¥¸¨³³¥É·¨Î´ÒÌ µ¡³¥´µ¢. Š ± ¨§¢¥¸É´µ, ¢µ§´¨±-
´µ¢¥´¨¥ É ±¨Ì  ¡¥·· Í¨° ¶·¨¢µ¤¨É ± ´ ·ÊÏ¥´¨Õ ¶·µÍ¥¸¸µ¢ ¤¥²¥´¨Ö ±²¥Éµ±,
ÎÉµ § ¢¥·Ï ¥É¸Ö ¨Ì £¨¡¥²ÓÕ ¢ Ìµ¤¥ ¶¥·¢ÒÌ Í¨±²µ¢ ¤¥²¥´¨Ö. ‚´¥ ¶µ²Ö §·¥´¨Ö
µ¸É ¢ ²¨¸Ó É ± ´ §Ò¢ ¥³Ò¥ ¸É ¡¨²Ó´Ò¥  ¡¥·· Í¨¨, ¸¢Ö§ ´´Ò¥ ¸ Ëµ·³¨·µ¢ -
´¨¥³ É· ´¸²µ± Í¨° (¸¨³³¥É·¨Î´ÒÌ Ì·µ³µ¸µ³´ÒÌ µ¡³¥´µ¢) ¨ ¨´¸¥·Í¨° Ì·µ-
³µ¸µ³. �·¨ µ¡· §µ¢ ´¨¨ É· ´¸²µ± Í¨° ¶·µ¨¸Ìµ¤¨É µ¡³¥´ ÊÎ ¸É± ³¨ ³¥¦¤Ê
Ì·µ³µ¸µ³ ³¨. ‚ ¶µ¸²¥¤ÊÕÐ¨Ì ±²¥ÉµÎ´ÒÌ ¤¥²¥´¨ÖÌ É ±¨¥  ¡¥·· ´É´Ò¥ Ì·µ-
³µ¸µ³Ò ¢¥¤ÊÉ ¸¥¡Ö ± ± ´µ·³ ²Ó´Ò¥, ´¥ ´ ·ÊÏ Ö ¶·µÍ¥¸¸µ¢ ¤¥²¥´¨Ö ±²¥Éµ±,
ÎÉµ ¸¶µ¸µ¡¸É¢Ê¥É ¨Ì ¤²¨É¥²Ó´µ³Ê ¸µÌ· ´¥´¨Õ ¢ ¶µ¶Ê²ÖÍ¨¨. 
µ ¸µ ¢·¥³¥´¥³
µ´¨ ¶·¨¢µ¤ÖÉ ± · §¢¨É¨Õ ³ÊÉ Í¨µ´´ÒÌ ¶·µÍ¥¸¸µ¢ ¢ µ·£ ´¨§³¥ ¨ ¶µÉ¥´Í¨-
 ²Ó´µ Ö¢²ÖÕÉ¸Ö ¶·¥¤Ï¥¸É¢ÊÕÐ¨³¨ ¶µ¢·¥¦¤¥´¨Ö³¨ ¤²Ö ¨´¤Ê±Í¨¨ µ¶ÊÌµ²¥° ¨
± ´Í¥·µ£¥´¥§ . �·¨Î¥³ ·Ö¤  ¢Éµ·µ¢ ¶µ² £ ¥É [28], ÎÉµ Ê·µ¢¥´Ó ¸É ¡¨²Ó´ÒÌ
 ¡¥·· Í¨° ³µ¦¥É ¡ÒÉÓ ¨¸¶µ²Ó§µ¢ ´ ± ± ¶µ± § É¥²Ó ÉÖ¦¥¸É¨ · ¤¨ Í¨µ´´µ£µ
¶µ· ¦¥´¨Ö ¤²Ö ¨´¤Ê±Í¨¨ ³ ²¨£´¨§ Í¨¨ ±²¥Éµ±.

‚ É¥Î¥´¨¥ ¤²¨É¥²Ó´µ£µ ¢·¥³¥´¨ ¶µ¸ÉµÖ´´µ ¸µÌ· ´Ö²¸Ö ¨´É¥·¥¸ ± · §· -
¡µÉ±¥ ¤µ¸É ÉµÎ´µ ¶·µ¸Éµ£µ ¨ ÔËË¥±É¨¢´µ£µ ³¥Éµ¤  ¢ÒÖ¢²¥´¨Ö ¸É ¡¨²Ó´ÒÌ
Ì·µ³µ¸µ³´ÒÌ  ¡¥·· Í¨°, ¨´¤ÊÍ¨·µ¢ ´´ÒÌ ¨µ´¨§¨·ÊÕÐ¨³¨ ¨§²ÊÎ¥´¨Ö³¨. ‚
¶µ¸²¥¤´¥¥ ¤¥¸ÖÉ¨²¥É¨¥ ¡Ò²  · §· ¡µÉ ´  ¨ ¶·µ¤µ²¦ ¥É ¸µ¢¥·Ï¥´¸É¢µ¢ ÉÓ¸Ö
FISH-É¥Ì´¨± , ±µÉµ· Ö ¶µ§¢µ²Ö¥É ¢ÒÖ¢²ÖÉÓ µÉ¤¥²Ó´Ò¥ Ì·µ³µ¸µ³Ò ¶·¨ ¨¸-
¶µ²Ó§µ¢ ´¨¨ Ì·µ³µ¸µ³-¸¶¥Í¨Ë¨Î´ÒÌ „
Š-¶·µ¡, ³¥Î¥´´ÒÌ Ë²Êµ·¥¸Í¥´É´Ò³¨
±· ¸¨É¥²Ö³¨. ‚ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö ¤²Ö ¨¸¸²¥¤µ¢ É¥²¥° ¸É ²¨ ¤µ¸ÉÊ¶´Ò ¶µ²Ê-
Î¥´´Ò¥ ¸ ¶µ³µÐÓÕ ³¥Éµ¤  ¶·µÉµÎ´µ° Í¨ÉµË²Êµ·¨³¥É·¨¨ Ë £µ¢Ò¥ ¨ ¶² §-
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³¨¤´Ò¥ ¡¨¡²¨µÉ¥±¨, ¸µ¤¥·¦ Ð¨¥ Ê´¨± ²Ó´Ò¥ ¶µ¸²¥¤µ¢ É¥²Ó´µ¸É¨ „
Š Î¥²µ-
¢¥±  [15, 17]. ‘ ¨Ì ¶µ³µÐÓÕ ³µ¦´µ µÉ²¨Î¨ÉÓ µ¤´Ê Ì·µ³µ¸µ³Ê µÉ ¤·Ê£µ° ¨
Î¥É±µ ¤¥É¥±É¨·µ¢ ÉÓ ¸É·Ê±ÉÊ·´Ò¥ ¶¥·¥¸É·µ°±¨ ¶µ³¥Î¥´´ÒÌ Ë²Êµ·¥¸Í¥´É´Ò³
±· ¸¨É¥²¥³ Ì·µ³µ¸µ³. FISH-³¥Éµ¤ ¶·¥¤¸É ¢²Ö¥É ¸µ¡µ° ³µÐ´Ò° ¨´¸É·Ê³¥´É
¤²Ö ¢ÒÖ¢²¥´¨Ö Ì·µ³µ¸µ³´ÒÌ  ¡¥·· Í¨° ¶µ¸²¥ ¢µ§¤¥°¸É¢¨Ö ¨µ´¨§¨·ÊÕÐ¨³¨
¨§²ÊÎ¥´¨Ö³¨, ¢ Éµ³ Î¨¸²¥ É ±¨Ì ¸É ¡¨²Ó´ÒÌ ¶¥·¥¸É·µ¥± ¨¸¸²¥¤Ê¥³ÒÌ Ì·µ-
³µ¸µ³, ± ± É· ´¸²µ± Í¨¨ ¨ ¨´¸¥·Í¨¨ [12, 28Ä35]. �ÉµÉ ³¥Éµ¤, µ¤´ ±µ, ¨³¥¥É
µ¶·¥¤¥²¥´´Ò¥ µ£· ´¨Î¥´¨Ö, ¸¢Ö§ ´´Ò¥, £² ¢´Ò¥ µ¡· §µ³, ¸ ´¥¡µ²ÓÏ¨³ Î¨¸²µ³
Ì·µ³µ¸µ³, ±µÉµ·Òe ³µ£ÊÉ ¡ÒÉÓ Ê´¨± ²Ó´µ ¶µ³¥Î¥´Ò · §´µÍ¢¥É´Ò³¨ ±· ¸¨É¥-
²Ö³¨ µ¤´µ¢·¥³¥´´µ. ’ ±, ¶·¨ ¨¸¶µ²Ó§µ¢ ´¨¨ ¤¢ÊÌ ¶·µ¡, µ±· Ï¥´´ÒÌ · §²¨Î -
ÕÐ¨³¨¸Ö ¶µ Í¢¥ÉÊ ±· ¸¨É¥²Ö³¨, Î¨¸²µ  ´ ²¨§¨·Ê¥³ÒÌ Ì·µ³µ¸µ³ µ£· ´¨Î¥´µ
¤¢Ê³Ö ¶ · ³¨. ‚³¥¸É¥ ¸ É¥³ ÔÉµÉ ³¥Éµ¤ ¶µ§¢µ²Ö¥É ¤¥É¥±É¨·µ¢ ÉÓ ¢¸¥ µ¡³¥´´Ò¥
 ¡¥·· Í¨¨ ³¥¦¤Ê ÔÉ¨³¨ µ±· Ï¥´´Ò³¨ ¨ ´¥µ±· Ï¥´´Ò³¨ Ì·µ³µ¸µ³ ³¨ ¤ ¦¥
¶·¨ ¨Ì ´¨§±µ° Î ¸ÉµÉ¥, Éµ ¥¸ÉÓ ¶·¨ É¥Ì Ê·µ¢´ÖÌ, ± ±¨¥ µ¡ÒÎ´µ µ¡´ ·Ê¦¨¢ -
ÕÉ¸Ö Ê ²Õ¤¥°, ¶µ¸É· ¤ ¢Ï¨Ì µÉ ¤¥°¸É¢¨Ö ¨µ´¨§¨·ÊÕÐ¨Ì ¨§²ÊÎ¥´¨°. Š·µ³¥
Éµ£µ, µ´ µ± §Ò¢ ¥É¸Ö Ê¸¶¥Ï´Ò³ ¨ Î¥·¥§ ¤²¨É¥²Ó´Ò° ¨´É¥·¢ ² ¢·¥³¥´¨ ¶µ¸²¥
µ¡²ÊÎ¥´¨Ö [12, 30], ÎÉµ ¶·¥¤µ¸É ¢²Ö¥É ¢µ§³µ¦´µ¸ÉÓ ·¥É·µ¸¶¥±É¨¢´µ° µÍ¥´±¨
¢µ§¤¥°¸É¢¨Ö · ¤¨ Í¨¨.

ˆ´¤Ê±Í¨Ö É· ´¸²µ± Í¨° ¢ ²¨³ËµÍ¨É Ì ±·µ¢¨ Î¥²µ¢¥± , µ¡²ÊÎ¥´´ÒÌ · §-
´Ò³¨ ¤µ§ ³¨ ·¥´É£¥´µ¢¸±¨Ì ¨ γ-²ÊÎ¥°, ¡Ò²  ¶µ± § ´  ³´µ£¨³¨ ¨¸¸²¥¤µ¢ -
É¥²Ö³¨ [20, 30, 35Ä37]. ‚³¥¸É¥ ¸ É¥³ ¢¸É·¥Î ÕÉ¸Ö Éµ²Ó±µ ¥¤¨´¨Î´Ò¥ ¤ ´´Ò¥
¶µ ¨Ì Î ¸ÉµÉ ³ ¢ ²¨³ËµÍ¨É Ì, µ¡²ÊÎ¥´´ÒÌ ¶²µÉ´µ¨µ´¨§¨·ÊÕÐ¨³¨ Ê¸±µ·¥´-
´Ò³¨ Î ¸É¨Í ³¨ [23Ä25]. •µÉÖ  ´ ²¨§ É· ´¸²µ± Í¨° ¶·µ¢µ¤¨É¸Ö ¢ µ£· ´¨-
Î¥´´µ³ Î¨¸²¥ Ì·µ³µ¸µ³, ¨Ì ¤¥É¥±É¨·µ¢ ´¨¥ ¸ ¶µ³µÐÓÕ FISH-É¥Ì´¨±¨ ¸¢¨-
¤¥É¥²Ó¸É¢Ê¥É µ ¢Ò¸µ±µ° ÎÊ¢¸É¢¨É¥²Ó´µ¸É¨ ÔÉµ£µ ³¥Éµ¤  ¨ ¤²Ö É ±¨Ì ¢¨¤µ¢
¨§²ÊÎ¥´¨°.

‘É ´¤ ·É´Ò° ³¥É Ë §´Ò° ³¥Éµ¤ Ï¨·µ±µ ¨¸¶µ²Ó§µ¢ ²¸Ö ¤²Ö ÊÎ¥É  Ì·µ³µ-
¸µ³´ÒÌ  ¡¥·· Í¨°, ¢µ§´¨± ÕÐ¨Ì ¢ £¥´µ³¥ · §²¨Î´ÒÌ ¡¨µµ¡Ñ¥±Éµ¢ ¶·¨ ¢µ§-
¤¥°¸É¢¨¨ ³´µ£¨Ì Ë¨§¨Î¥¸±¨Ì ¨ Ì¨³¨Î¥¸±¨Ì  £¥´Éµ¢. ‚³¥¸É¥ ¸ É¥³ µ´ ¶µ§¢µ-
²Ö¥É ÊÎ¨ÉÒ¢ ÉÓ Éµ²Ó±µ ´¥¸É ¡¨²Ó´Ò¥  ¡¥·· Í¨¨ Ì·µ³µ¸µ³ ¢ £¥´µ³¥ ¢ Í¥²µ³,
  ¸É ¡¨²Ó´Ò¥  ¡¥·· Í¨¨ ´¥ ¶µ¤¤ ÕÉ¸Ö µÍ¥´±¥ ÔÉ¨³ ³¥Éµ¤µ³. 
µ ´¥¸É ¡¨²Ó-
´Ò¥ Ì·µ³µ¸µ³´Ò¥  ¡¥·· Í¨¨ ¡Ò¸É·µ Ô²¨³¨´¨·ÊÕÉ ¨§ ¶µ¶Ê²ÖÍ¨¨ µ¡²ÊÎ¥´´ÒÌ
±²¥Éµ± ¢ É¥Î¥´¨¥ ¶¥·¢ÒÌ Í¨±²µ¢ ¤¥²¥´¨Ö [38, 39]. ’ ±, ¢ ·Ö¤¥ ¨¸¸²¥¤µ¢ ´¨°
[38, 40] ®in vivo¯ ¶µ± § ´µ, ÎÉµ ¶µ¸²¥ ²ÊÎ¥¢µ° É¥· ¶¨¨ ¡µ²Ó´ÒÌ  ´±¨²¨·ÊÕ-
Ð¨³ ¸¶µ´¤¨²¨Éµ³ ¤¨Í¥´É·¨Î¥¸±¨¥ Ì·µ³µ¸µ³Ò, Ö¢²ÖÕÐ¨¥¸Ö ´¥¸É ¡¨²Ó´Ò³¨
 ¡¥·· Í¨Ö³¨, ¸µ ¢·¥³¥´¥³ ¨¸Î¥§ ÕÉ ¨§ ¶µ¶Ê²ÖÍ¨¨ ²¨³ËµÍ¨Éµ¢, ¢ Éµ ¢·¥³Ö
± ± Î ¸ÉµÉ  µ¡· §µ¢ ´¨Ö É ±¨Ì ¨´¤ÊÍ¨·µ¢ ´´ÒÌ ¸É ¡¨²Ó´ÒÌ  ¡¥·· Í¨°, ± ±
É· ´¸²µ± Í¨¨, µ¸É ¥É¸Ö ¶· ±É¨Î¥¸±¨ ´  Éµ³ ¦¥ Ê·µ¢´¥, ÎÉµ ¨ ´¥¶µ¸·¥¤¸É¢¥´´µ
¶µ¸²¥ µ¡²ÊÎ¥´¨Ö.

�É²¨Î¨É¥²Ó´µ° Î¥·Éµ° FISH-É¥Ì´¨±¨ Ö¢²Ö¥É¸Ö Éµ, ÎÉµ µ´  ¶µ§¢µ²Ö¥É ¶·µ-
¢µ¤¨ÉÓ Ë²Êµ·¥¸Í¥´É´ÊÕ £¨¡·¨¤¨§ Í¨Õ ¸ µÉ¤¥²Ó´Ò³¨ Ì·µ³µ¸µ³ ³¨. �É  µ¸µ-
¡¥´´µ¸ÉÓ Ö¢²Ö¥É¸Ö ± ± ¡µ²ÓÏ¨³ ¶·¥¨³ÊÐ¥¸É¢µ³, ¶µ¸±µ²Ó±Ê ¶µ§¢µ²Ö¥É ¸· ¢´¨-
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É¥²Ó´µ ²¥£±µ ¤¥É¥±É¨·µ¢ ÉÓ ¸É ¡¨²Ó´Ò¥ Ì·µ³µ¸µ³´Ò¥  ¡¥·· Í¨¨, É ± ¨ ´¥¤µ-
¸É É±µ³ ¤ ´´µ£µ ¶µ¤Ìµ¤ , É ± ± ± ¶·¨ ÔÉµ³ ¤¥É¥±É¨·ÊÕÉ¸Ö Éµ²Ó±µ  ¡¥·· Í¨¨
µÉ¤¥²Ó´ÒÌ ¨¸¸²¥¤Ê¥³ÒÌ Ì·µ³µ¸µ³ [41]. �¤´ ±µ ÔÉµÉ ³¥Éµ¤ ¶µ§¢µ²Ö¥É ¨¸¸²¥-
¤µ¢ É¥²Õ ¤²Ö ·¥Ï¥´¨Ö Éµ° ¨²¨ ¨´µ° § ¤ Î¨ ¢Ò¡¨· ÉÓ µ¶·¥¤¥²¥´´ÊÕ Î ¸ÉÓ
£¥´µ³  ¤²Ö £¨¡·¨¤¨§ Í¨¨ ¨ ¤¥É¥±É¨·µ¢ ÉÓ Ì·µ³µ¸µ³´Ò¥  ¡¥·· Í¨¨ ³¥¦¤Ê ¢Ò-
¡· ´´µ° ®µ±· Ï¥´´µ°¯ ¨ ®´¥µ±· Ï¥´´µ°¯ Î ¸ÉÖ³¨ £¥´µ³ .

�·¨ ¨¸¶µ²Ó§µ¢ ´¨¨ FISH-³¥Éµ¤  ¨ ¸· ¢´¥´¨¨ ¤ ´´ÒÌ, ¶µ²ÊÎ ¥³ÒÌ ¶·¨
µ±· Ï¨¢ ´¨¨ · §´ÒÌ Ì·µ³µ¸µ³, ¸ ¤ ´´Ò³¨ ¸É ´¤ ·É´µ£µ ³¥É Ë §´µ£µ ³¥Éµ¤ 
µ¡ÒÎ´µ ¨¸Ìµ¤ÖÉ ¨§ Éµ£µ, ÎÉµ ¢ ¶¥·¢µ³ ¶·¨¡²¨¦¥´¨¨ ®· ¤¨µÎÊ¢¸É¢¨É¥²Ó´µ¸ÉÓ¯
Ì·µ³µ¸µ³ ¶·µ¶µ·Í¨µ´ ²Ó´  ¸µ¤¥·¦ ´¨Õ ¢ ´¨Ì „
Š. ‚ · ¡µÉ¥ [42] ¡Ò²µ µÉ-
³¥Î¥´µ, ÎÉµ ¢¸¥ Ì·µ³µ¸µ³Ò ÊÎ ¸É¢ÊÕÉ ¢ · ¤¨ Í¨µ´´µ-¨´¤ÊÍ¨·µ¢ ´´ÒÌ  ¡¥·-
· Í¨ÖÌ ¢ ¸µµÉ¢¥É¸É¢¨¨ ¸ ·¥¶·¥§¥´É É¨¢´µ¸ÉÓÕ ¨Ì „
Š ¢ £¥´µ³¥. �¤´ ±µ ±
´ ¸ÉµÖÐ¥³Ê ¢·¥³¥´¨ ¶µÖ¢¨²¨¸Ó ¤ ´´Ò¥, ±µÉµ·Ò¥ Ê± §Ò¢ ÕÉ ´  ¡~o²ÓÏÊÕ ¨²¨
³¥´ÓÏÊÕ · ¤¨µÎÊ¢¸É¢¨É¥²Ó´µ¸ÉÓ · §´ÒÌ Ì·µ³µ¸µ³. ’ ±, ¢ ·Ö¤¥ · ¡µÉ ¸µµ¡Ð -
²µ¸Ó µ Éµ³, ÎÉµ Ì·µ³µ¸µ³ -1 ¶·µÖ¢²Ö¥É ¡~o²ÓÏÊÕ · ¤¨µÎÊ¢¸É¢¨É¥²Ó´µ¸ÉÓ, Î¥³
µ¦¨¤ ²µ¸Ó, ¨¸Ìµ¤Ö ¨§ ¸µ¤¥·¦ ´¨Ö „
Š ¢ ÔÉµ° Ì·µ³µ¸µ³¥ [43, 44]. „·Ê£¨³¨
 ¢Éµ· ³¨ µÉ³¥Î¥´µ, ÎÉµ Î ¸ÉµÉ  µ¡· §µ¢ ´¨Ö  ¡¥·· Í¨° Ì·µ³µ¸µ³Ò-2 [45, 46]
´¨¦¥ µ¦¨¤ ¥³µ°.

‘ ³µ³¥´É  · §· ¡µÉ±¨ FISH-É¥Ì´¨±  ¶·¨¢²¥± ²  ¢´¨³ ´¨¥ ¨¸¸²¥¤µ¢ É¥-
²¥° ¸ ÉµÎ±¨ §·¥´¨Ö ¥¥ ¨¸¶µ²Ó§µ¢ ´¨Ö ¤²Ö Í¥²¥° ¡¨µ²µ£¨Î¥¸±µ° ¤µ§¨³¥É·¨¨.
�´  ¡Ò²  Ê¸¶¥Ï´µ  ¶·µ¡¨·µ¢ ´  ¶·¨ µ¶·¥¤¥²¥´¨¨ ¶µ£²µÐ¥´´µ° ¤µ§Ò ¢ ¸²Ê-
Î ÖÌ ´¥±µ´É·µ²¨·Ê¥³µ£µ µ¡²ÊÎ¥´¨Ö ²Õ¤¥° ¢ ·¥§Ê²ÓÉ É¥ —¥·´µ¡Ò²Ó¸±µ°  ¢ -
·¨¨ [47Ä50],  Éµ³´µ° ¡µ³¡ ·¤¨·µ¢±¨ ¢ •¨·µ¸¨³¥ [20, 51],   É ±¦¥ ¶·¨ ¤·Ê£¨Ì
¸²ÊÎ °´ÒÌ µ¡²ÊÎ¥´¨ÖÌ [52, 53]. ‚ · ¡µÉ Ì ÔÉ¨Ì  ¢Éµ·µ¢ ¡Ò²  ¶·µ¤¥³µ´¸É·¨-
·µ¢ ´  ¢µ§³µ¦´µ¸ÉÓ Ê¸¶¥Ï´µ£µ ¨¸¶µ²Ó§µ¢ ´¨Ö ³¥Éµ¤  ÊÎ¥É  ¸É ¡¨²Ó´ÒÌ  ¡¥·-
· Í¨° Ì·µ³µ¸µ³ ¢ µÉ¤ ²¥´´Ò¥ ¸·µ±¨ ¶µ¸²¥ µ¡²ÊÎ¥´¨Ö,   É ±¦¥ ¶µ± § ´µ, ÎÉµ
¨Ì Ê·µ¢¥´Ó ¸ÊÐ¥¸É¢¥´´µ ´¥ ³¥´Ö²¸Ö ´  ¶·µÉÖ¦¥´¨¨ ¤²¨É¥²Ó´µ£µ ¶¥·¨µ¤  ¢·¥-
³¥´¨. ’ ±, Ê ¶µ¸É· ¤ ¢Ï¨Ì µÉ  Éµ³´µ° ¡µ³¡ ·¤¨·µ¢±¨ ¢ •¨·µ¸¨³¥ ¡Ò²µ µ¡-
´ ·Ê¦¥´µ ¸µÌ· ´¥´¨¥ Ê·µ¢´Ö ¸É ¡¨²Ó´ÒÌ Ì·µ³µ¸µ³´ÒÌ  ¡¥·· Í¨° ¢ É¥Î¥´¨¥
¤²¨É¥²Ó´µ£µ ¢·¥³¥´¨ ¶µ¸²¥ µ¡²ÊÎ¥´¨Ö [20, 33]. ‚ · ¡µÉ¥ [51] ¡Ò²µ ¶µ± § ´µ,
ÎÉµ Î ¸ÉµÉÒ µ¡· §µ¢ ´¨Ö É· ´¸²µ± Í¨°, ¢ÒÖ¢²¥´´Ò¥ Î¥·¥§ µ¤¨´ £µ¤ Ê ¶µ¸É· -
¤ ¢Ï¨Ì ¢ ·¥§Ê²ÓÉ É¥  ¢ ·¨¨ ¢ I· §¨²¨¨ (Goania), ¡Ò²¨ ´¨¦¥ Î ¸ÉµÉ µ¡· -
§µ¢ ´¨Ö ¤¨Í¥´É·¨±µ¢, ¤¥É¥±É¨·µ¢ ´´ÒÌ ´¥¶µ¸·¥¤¸É¢¥´´µ ¶µ¸²¥  ¢ ·¨¨, ÎÉµ
 ¢Éµ·Ò ¸¢Ö§Ò¢ ÕÉ ¸ £¨¡¥²ÓÕ ±²¥Éµ±, ¸µ¤¥·¦ Ð¨Ì µ¤´µ¢·¥³¥´´µ ´¥¸É ¡¨²Ó-
´Ò¥  ¡¥·· Í¨¨ ¨ É· ´¸²µ± Í¨¨. ‚ ¨¸¸²¥¤µ¢ ´¨ÖÌ, ¶·µ¢¥¤¥´´ÒÌ ¸ ¨¸¶µ²Ó§µ¢ -
´¨¥³ FISH-É¥Ì´¨±¨ ®in vitro¯ ¤²Ö  ´ ²¨§  ²¨³ËµÍ¨Éµ¢ ±·µ¢¨ Î¥²µ¢¥±  ¶µ¸²¥
¢µ§¤¥°¸É¢¨Ö ·¥´É£¥´µ¢¸±¨³¨ ²ÊÎ ³¨, ¢ÒÖ¢²¥´µ Ê³¥´ÓÏ¥´¨¥ ¤µ²¨ ±²¥Éµ± ¸
 ¡¥·· Í¨Ö³¨ ¢ ¶µ¸²¥¤ÊÕÐ¨Ì ¶µ±µ²¥´¨ÖÌ [54Ä56]. IÒ²µ µ¡´ ·Ê¦¥´µ, ÎÉµ ´ 
Ëµ´¥ §´ Î¨É¥²Ó´µ£µ ¸´¨¦¥´¨Ö Ê·µ¢´Ö ´¥¸É ¡¨²Ó´ÒÌ Ì·µ³µ¸µ³´ÒÌ  ¡¥·· Í¨°
(50Ä60% ´  ¶µ±µ²¥´¨¥) Î ¸ÉµÉ  ¸É ¡¨²Ó´ÒÌ  ¡¥·· Í¨° µ¸É ¥É¸Ö µÉ´µ¸¨É¥²Ó´µ
´¥¨§³¥´´µ°.
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‘ ¢¢¥¤¥´¨¥³ ¢ ¶· ±É¨±Ê Í¨Éµ£¥´¥É¨Î¥¸±¨Ì ² ¡µ· Éµ·¨° FISH-É¥Ì´¨±¨
µ±· Ï¨¢ ´¨Ö µÉ¤¥²Ó´ÒÌ Ì·µ³µ¸µ³ ¶µÖ¢¨²µ¸Ó ¡µ²ÓÏµ¥ ±µ²¨Î¥¸É¢µ · ¡µÉ ¶µ
¨§ÊÎ¥´¨Õ ¸É ¡¨²Ó´ÒÌ Ì·µ³µ¸µ³´ÒÌ  ¡¥·· Í¨°, ¨´¤ÊÍ¨·Ê¥³ÒÌ ·¥¤±µ¨µ´¨§¨-
·ÊÕÐ¨³¨ X- ¨ γ-¨§²ÊÎ¥´¨Ö³¨. �¤´ ±µ ¤µ ´¥¤ ¢´¥£µ ¢·¥³¥´¨ µÉ¸ÊÉ¸É¢µ¢ ²¨
¸¢¥¤¥´¨Ö µ¡ ¨´¤Ê±Í¨¨ ¸É ¡¨²Ó´ÒÌ Ì·µ³µ¸µ³´ÒÌ  ¡¥·· Í¨° ¶µ¸²¥ ¢µ§¤¥°-
¸É¢¨Ö ¶²µÉ´µ¨µ´¨§¨·ÊÕÐ¨³¨ § ·Ö¦¥´´Ò³¨ Î ¸É¨Í ³¨. Š ´ ¸ÉµÖÐ¥³Ê ¢·¥-
³¥´¨ ¶µÖ¢¨²¨¸Ó ¥¤¨´¨Î´Ò¥ · ¡µÉÒ, ¢ ±µÉµ·ÒÌ ¶·µ¢¥¤¥´  ´ ²¨§ ¸É ¡¨²Ó´ÒÌ
¨ ´¥¸É ¡¨²Ó´ÒÌ  ¡¥·· Í¨° ¢ ²¨³ËµÍ¨É Ì ±·µ¢¨ Î¥²µ¢¥±  ¶µ¸²¥ ¢µ§¤¥°¸É¢¨Ö
ÉÖ¦¥²Ò³¨ ¨µ´ ³¨ [23Ä27]. ’ ±, ¸ ¶µ³µÐÓÕ FISH-³¥Éµ¤  ¡Ò²µ ¶µ± § ´µ,
ÎÉµ Ê¸±µ·¥´´Ò¥ ¨µ´Ò ±¨¸²µ·µ¤  ¢Ò§Ò¢ ÕÉ §´ Î¨É¥²Ó´ÊÕ § ¤¥·¦±Ê ¤¥²¥´¨Ö
¨ ³´µ¦¥¸É¢¥´´Ò¥ Ì·µ³µ¸µ³´Ò¥ ¶µ¢·¥¦¤¥´¨Ö ¢ ²¨³ËµÍ¨É Ì ±·µ¢¨ Î¥²µ¢¥± 
[27], ¶·¨Î¥³ µÉ³¥Î¥´µ, ÎÉµ Ì·µ³µ¸µ³ -1 Ì · ±É¥·¨§Ê¥É¸Ö ¢Ò¸µ±µ° Î ¸ÉµÉµ°
¶µ¢·¥¦¤¥´¨° ¨ ±µ³¶²¥±¸´Ò³¨ ¶¥·¥¸É·µ°± ³¨. ‚ · ¡µÉ¥ [27] ¶·¨ ¨¸¸²¥¤µ¢ -
´¨¨ Ì·µ³µ¸µ³Ò-4 ¡Ò²µ ¶µ± § ´µ, ÎÉµ ¶·µÉµ´Ò ¸ Ô´¥·£¨¥° 250 ŒÔ‚, ¨µ´Ò
Ê£²¥·µ¤  ¸ Ô´¥·£¨¥° 290 ŒÔ‚/´Ê±²µ´, ¨µ´Ò ¦¥²¥§  ¸ Ô´¥·£¨¥° 1 ƒÔ‚/´Ê±²µ´
¢Ò§Ò¢ ÕÉ ¢ ²¨³ËµÍ¨É Ì ±·µ¢¨ ¨ Ë¨¡·µ¡² ¸É Ì Î¥²µ¢¥±   ´ ²µ£¨Î´Ò¥ Í¨Éµ-
£¥´¥É¨Î¥¸±¨¥ ÔËË¥±ÉÒ.

ˆ³¥ÕÐ¨¥¸Ö ²¨É¥· ÉÊ·´Ò¥ ¤ ´´Ò¥ ¸¢¨¤¥É¥²Ó¸É¢ÊÕÉ µ¡ µÉ¸ÊÉ¸É¢¨¨ ¸¨¸É¥-
³ É¨Î¥¸±¨Ì ¨¸¸²¥¤µ¢ ´¨°, ± ¸ ÕÐ¨Ì¸Ö Ëµ·³¨·µ¢ ´¨Ö ¸É ¡¨²Ó´ÒÌ  ¡¥·· Í¨°
Ì·µ³µ¸µ³ ¢ ±²¥É± Ì Î¥²µ¢¥±  ¨ ³²¥±µ¶¨É ÕÐ¨Ì ¶·¨ ¢µ§¤¥°¸É¢¨¨ ¨µ´¨§¨·Ê-
ÕÐ¨³¨ ¨§²ÊÎ¥´¨Ö³¨. ˆ³¥ÕÉ¸Ö ²¨ÏÓ ¢¥¸Ó³  ´¥³´µ£µÎ¨¸²¥´´Ò¥ ¸¢¥¤¥´¨Ö µ
¤¥°¸É¢¨¨ ¨§²ÊÎ¥´¨° ¸ · §´Ò³¨ Ë¨§¨Î¥¸±¨³¨ Ì · ±É¥·¨¸É¨± ³¨, µ¸µ¡¥´´µ ÉÖ-
¦¥²ÒÌ § ·Ö¦¥´´ÒÌ Î ¸É¨Í. ‚ ¸¢Ö§¨ ¸ ÔÉ¨³ ´ ³¨ ¶·¥¤¶·¨´ÖÉµ ¸· ¢´¨É¥²Ó´µ¥
¨¸¸²¥¤µ¢ ´¨¥ ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ FISH-É¥Ì´¨±¨ ¨ ¸É ´¤ ·É´µ£µ ³¥É Ë §´µ£µ
³¥Éµ¤  ±µ²¨Î¥¸É¢¥´´ÒÌ ¨ ± Î¥¸É¢¥´´ÒÌ § ±µ´µ³¥·´µ¸É¥° µ¡· §µ¢ ´¨Ö ¸É -
¡¨²Ó´ÒÌ ¨ ´¥¸É ¡¨²Ó´ÒÌ  ¡¥·· Í¨° Ì·µ³µ¸µ³ ¢ ²¨³ËµÍ¨É Ì ±·µ¢¨ Î¥²µ¢¥± 
¶·¨ ¤¥°¸É¢¨¨ ·¥¤±µ¨µ´¨§¨·ÊÕÐ¨Ì γ-²ÊÎ¥° ¨ ¶·µÉµ´µ¢ ¸ Ô´¥·£¨¥° 1 ƒÔ‚ ¨
¶²µÉ´µ¨µ´¨§¨·ÊÕÐ¨Ì ÉÖ¦¥²ÒÌ ¨µ´µ¢ 14N (‹�� ∼ 77 ±Ô‚/³±³).

2. ‡�Š���Œ…��‘’ˆ ���‡�‚��ˆŸ ‘’��ˆ‹œ�›•
•�Œ�‘�Œ�›• ��…�–ˆ‰ ‚ ‹ˆŒ”�–ˆ’�• —…‹�‚…Š�

�ˆ „…‰‘’‚ˆˆ ˆ‡‹“—…�ˆ‰ ‘ �‡�›Œˆ ‹� 

�·¨ µ¡²ÊÎ¥´¨¨ ¨¸¶µ²Ó§µ¢ ´  ¶² §³  ±·µ¢¨ Î¥²µ¢¥±  ¸ ²¨³ËµÍ¨É ³¨, ¢Ò-
¤¥²¥´´ Ö ¨§ ¸¢¥¦¥¢§ÖÉµ° ±·µ¢¨ §¤µ·µ¢ÒÌ ¤µ´µ·µ¢ (23Ä40 ²¥É). ŠÊ²ÓÉ¨¢¨·µ¢ -
´¨¥ ²¨³ËµÍ¨Éµ¢ ¨ ¶·¨£µÉµ¢²¥´¨¥ ¶·¥¶ · Éµ¢ ¤²Ö Í¨Éµ£¥´¥É¨Î¥¸±µ£µ  ´ ²¨§ 
¶·µ¢µ¤¨²¨ ¶µ µ¡Ð¥¶·¨´ÖÉµ° ³¥Éµ¤¨±¥. ”¨§¨Î¥¸±¨¥ Ì · ±É¥·¨¸É¨±¨ ¨¸¶µ²Ó-
§µ¢ ´´ÒÌ ¢ ¨¸¸²¥¤µ¢ ´¨¨ ¨§²ÊÎ¥´¨° ¶·¨¢¥¤¥´Ò ¢ É ¡². 1. „²Ö ¶µ¸²¥¤ÊÕÐ¥£µ
FISH- ´ ²¨§  µ¡²ÊÎ¥´¨¥ ²¨³ËµÍ¨Éµ¢ ¶·µ¢µ¤¨²¨ γ-²ÊÎ ³¨ 137Cs, ¤²Ö  ´ ²¨§ 
¸É ´¤ ·É´Ò³ ³¥É Ë §´Ò³ ³¥Éµ¤µ³ Å γ-²ÊÎ ³¨ 60Co. �¡²ÊÎ¥´¨¥ ²¨³ËµÍ¨Éµ¢
¨µ´ ³¨  §µÉ  14N ¶·µ¢µ¤¨²¨ ¸ ¶µ³µÐÓÕ Ë¨§¨±µ-¤µ§¨³¥É·¨Î¥¸±µ° Ê¸É ´µ¢±¨
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’ ¡²¨Í  1. ”¨§¨Î¥¸±¨¥ Ì · ±É¥·¨¸É¨±¨ ¨§²ÊÎ¥´¨°

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

γ-²ÊÎ¨ 60Co “¸É ´µ¢±  ®�µ±Ê¸¯ 1,1Ä1,3 ŒÔ‚ 0,3 0, 5 ÷ 5, 0

γ-²ÊÎ¨ 137Cs “¸É ´µ¢±  ®‘¢¥É¯ 0,66 ŒÔ‚ 0,3 1, 0 ÷ 7, 0

�·µÉµ´Ò ‘¨´Ì·µË §µÉ·µ´ 1 ƒÔ‚ 0,218 0, 15 ÷ 3, 6

ˆµ´Ò 14N “¸±µ·¨É¥²Ó “-400Œ 50 ŒÔ‚/´Ê±²µ´ ∼ 77 0, 5 ÷ 3, 0

®ƒ¥´µ³¯ [57], µ¡¥¸¶¥Î¨¢ ÕÐ¥° Ëµ·³¨·µ¢ ´¨¥ ¶ÊÎ± , µ¶·¥¤¥²¥´¨¥ ‹�� Î -
¸É¨Í ¨ ¤µ§Ò µ¡²ÊÎ¥´¨Ö ¢ ¡¨µµ¡Ñ¥±É¥ ¨  ¢Éµ³ É¨Î¥¸±ÊÕ ¸³¥´Ê µ¡· §Íµ¢ ¶µ ¶µ-
²ÊÎ¥´¨¨ § ¤ ´´µ° ¤µ§Ò. �¡²ÊÎ¥´¨¥ ²¨³ËµÍ¨Éµ¢ ¶·µÉµ´ ³¨ ¸ Ô´¥·£¨¥° 1 ƒÔ‚
¶·µ¢µ¤¨²¨ ´  ¸¨´Ì·µË §µÉ·µ´¥, ¶µÉµ± ¶·µÉµ´µ¢ ¶·¨ ¶µ£²µÐ¥´´µ° ¤µ§¥ 1 ƒ·
¸µ¸É ¢¨² 2, 71 · 109 Î ¸É./¸³2 [58]. ‹�� ¶·µÉµ´µ¢ ¨ ¨µ´µ¢  §µÉ  · §²¨Î ²¨¸Ó
¡µ²¥¥ Î¥³ ´  ¤¢  ¶µ·Ö¤± .

�·¥¶ · ÉÒ ¤²Ö  ´ ²¨§  ¸É ´¤ ·É´Ò³ ³¥É Ë §´Ò³ ³¥Éµ¤µ³ ¶µ¤¢¥·£ ²¨
£¨¤·µ²¨§Ê 5N HCl (10 ³¨´ ¶·¨ ∼ 20 ◦‘), µ±· Ï¨¢ ²¨ 15 ³¨´ 3% · ¸É¢µ·µ³
ƒ¨³§  ´  Ëµ¸Ë É´µ³ ¡ÊË¥·¥ (pH 6,8). „²Ö ÊÎ¥É  Ì·µ³µ¸µ³´ÒÌ  ¡¥·· Í¨° ¨¸-
¶µ²Ó§µ¢ ²¨ ¸¢¥Éµ¢Ò¥ ³¨±·µ¸±µ¶Ò. „²Ö £¨¡·¨¤¨§ Í¨¨ ®in situ¯ Ì·µ³µ¸µ³Ò-1
¨¸¶µ²Ó§µ¢ ²¨ ¡¨µÉ¨´¨²¨·µ¢ ´´Ò¥ ¶·µ¡Ò „
Š (®Cambio¯, ‚¥²¨±µ¡·¨É ´¨Ö),
¤²Ö Ì·µ³µ¸µ³Ò-2 Å ¤¨£µ±¸¨£¥´¨·µ¢ ´´Ò¥ ¶·µ¡Ò „
Š (®Oncor¯, ‚¥²¨±µ-
¡·¨É ´¨Ö), ¤²Ö ¢ÒÖ¢²¥´¨Ö Í¥´É·µ³¥· Å Ë²Êµ·¥¸Í¥¨´µ¢Ò¥ ¶ ´Í¥´É·µ³¥·´Ò¥
¶·µ¡Ò „
Š (®Cambio¯). �·µÍ¥¤Ê·Ò ¶·µ¢µ¤¨²¨ ¸µ£² ¸´µ ¨´¸É·Ê±Í¨Ö³ Ë¨·³.
„²Ö FISH- ´ ²¨§  ²¨³ËµÍ¨Éµ¢ ¨¸¶µ²Ó§µ¢ ²¨ ±µ³¶ÓÕÉ¥·¨§¨·µ¢ ´´Ò¥ Ë²Êµ-
·¥¸Í¥´É´Ò¥ ³¨±·µ¸±µ¶Ò (®Zeiss¯ ¨ ®Leica¯, ƒ¥·³ ´¨Ö; ®Hamamatsu¯, Ÿ¶µ-
´¨Ö). •·µ³µ¸µ³´Ò¥  ¡¥·· Í¨¨ ±² ¸¸¨Ë¨Í¨·µ¢ ²¨ ¢ ¸µµÉ¢¥É¸É¢¨¨ ¸ µ¡Ð¥-
¶·¨´ÖÉµ° ´µ³¥´±² ÉÊ·µ° ¨ ³µ¤¨Ë¨Í¨·µ¢ ´´Ò³ ¢ ·¨ ´Éµ³ PAINT-¸¨¸É¥³Ò.
‘ ¨¸¶µ²Ó§µ¢ ´¨¥³ FISH-É¥Ì´¨±¨ ´ ³¨ ¨¸¸²¥¤µ¢ ´Ò ´ ·ÊÏ¥´¨Ö Ì·µ³µ¸µ³-1
¨ -2 ²¨³ËµÍ¨Éµ¢ Î¥²µ¢¥± . �´¨ Ö¢²ÖÕÉ¸Ö ¸ ³Ò³¨ ±·Ê¶´Ò³¨ Ì·µ³µ¸µ³ ³¨
£¥´µ³  Î¥²µ¢¥±  ¨ ¶·¥¤¸É ¢²ÖÕÉ ¸µ¡µ° ´ ¨¡µ²ÓÏ¨¥ ³¨Ï¥´¨ ¤²Ö ¢µ§¤¥°¸É¢Ê-
ÕÐ¨Ì ¨§²ÊÎ¥´¨°. �Éµ ¶µ¢ÒÏ ¥É ¢¥·µÖÉ´µ¸ÉÓ µ¡´ ·Ê¦¥´¨Ö Ì·µ³µ¸µ³´ÒÌ ¶µ-
¢·¥¦¤¥´¨°.

FISH- ´ ²¨§ ¢ÒÖ¢¨² ¢Ò¸µ±ÊÕ Î ¸ÉµÉÊ µ¡· §µ¢ ´¨Ö ¸É ¡¨²Ó´ÒÌ  ¡¥·· Í¨°
ÔÉ¨Ì Ì·µ³µ¸µ³. ‘ÊÐ¥¸É¢¥´´ÒÌ · §²¨Î¨° ¶µ Ê·µ¢´Õ  ¡¥·· Í¨°, ¢µ§´¨± ÕÐ¨Ì
¢ Ì·µ³µ¸µ³ Ì-1 ¨ -2, ´¥ ¡Ò²µ µÉ³¥Î¥´µ. �¸´µ¢´ÊÕ Î ¸ÉÓ  ¡¥·· Í¨° ¸µ¸É ¢¨²¨
É· ´¸²µ± Í¨¨. ˆ´¸¥·Í¨¨ ¡Ò²¨ ¥¤¨´¨Î´Ò³¨ ¨ ¸µ¸É ¢²Ö²¨ µÉ ¤µ²¥° ¶·µÍ¥´É 
¤µ ³ ±¸¨³ ²Ó´µ 2Ä4% ¶·¨ ´ ¨¡µ²ÓÏ¨Ì ¨¸¸²¥¤µ¢ ´´ÒÌ ¤µ§ Ì µ¡²ÊÎ¥´¨Ö. ‡ -
¢¨¸¨³µ¸ÉÓ Î ¸ÉµÉÒ µ¡· §µ¢ ´¨Ö É· ´¸²µ± Í¨° µÉ ¤µ§Ò µ¡²ÊÎ¥´¨Ö ¶·µÉµ´ ³¨ ¨
γ-²ÊÎ ³¨ µ¶¨¸Ò¢ ¥É¸Ö ²¨´¥°´µ-±¢ ¤· É¨Î´µ° ËÊ´±Í¨¥° (·¨¸. 1, a). �µ ¸¢µ¥°
ÔËË¥±É¨¢´µ¸É¨ ¶·µÉµ´Ò ¸ Ô´¥·£¨¥° 1 ƒÔ‚  ´ ²µ£¨Î´Ò ¤¥°¸É¢¨Õ γ-¨§²ÊÎ¥´¨Ö.
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�¨¸. 1. „µ§µ¢Ò¥ § ¢¨¸¨³µ¸É¨ Î ¸ÉµÉÒ µ¡· §µ¢ ´¨Ö É· ´¸²µ± Í¨° (a) ¨ µ¡Ð¥£µ Î¨¸² 
 ¡¥·· Í¨° (¡) Ì·µ³µ¸µ³Ò-1 ¶µ¸²¥ µ¡²ÊÎ¥´¨Ö ²¨³ËµÍ¨Éµ¢ ±·µ¢¨ Î¥²µ¢¥±  γ-²ÊÎ ³¨
(•), ¶·µÉµ´ ³¨ (�) ¨ ¨µ´ ³¨ 14N (�) (FISH)

‚Ò¸µ±¨° Ê·µ¢¥´Ó É· ´¸²µ± Í¨° Ì·µ³µ¸µ³ ´ ¡²Õ¤ ¥É¸Ö ¶·¨ ¤¥°¸É¢¨¨ ¶²µÉ´µ-
¨µ´¨§¨·ÊÕÐ¨Ì ¨µ´µ¢ 14N. ‡ ¢¨¸¨³µ¸ÉÓ ÔËË¥±É  µÉ ¤µ§Ò ¨³¥¥É ²¨´¥°´Ò°
Ì · ±É¥·.

FISH-³¥Éµ¤µ³ ¢ÒÖ¢²ÖÕÉ¸Ö É ±¦¥ ¨ ¤·Ê£¨¥ ¢¨¤Ò  ¡¥·· Í¨° ¶µ³¥Î¥´´ÒÌ
Ì·µ³µ¸µ³ (Ê¦¥ ´¥¸É ¡¨²Ó´Ò¥). �Í¥´±  ¶µ± § ² , ÎÉµ ¤µ²Ö É· ´¸²µ± Í¨° µÉ
µ¡Ð¥£µ Î¨¸²   ¡¥·· Í¨° Ì·µ³µ¸µ³-1 ¨ -2 ¸µ¸É ¢¨²  40Ä45% ¶µ¸²¥ µ¡²ÊÎ¥´¨Ö
¶·µÉµ´ ³¨ ¨ γ-²ÊÎ ³¨ ¢ ¤µ§ Ì 1 ƒ· ¨ ¢ÒÏ¥. �·¨ ³¥´ÓÏ¨Ì ¤µ§ Ì µ¡²ÊÎ¥´¨Ö
¶·µÉµ´ ³¨ ´ ¡²Õ¤ ²¨ Éµ²Ó±µ É· ´¸²µ± Í¨¨, ¤·Ê£¨¥ ¢¨¤Ò  ¡¥·· Í¨° µ¡³¥´-
´µ£µ É¨¶  ´¥ ¡Ò²¨ µ¡´ ·Ê¦¥´Ò. 
µ ¶·¨ µ¡²ÊÎ¥´¨¨ ¨µ´ ³¨ 14N ¤µ²Ö É· ´¸-
²µ± Í¨° ¸µ¸É ¢¨²  ∼ 25%. �µ¸²¥¤´¥¥ µ¶·¥¤¥²Ö²µ¸Ó ¢Ò· ¦¥´´Ò³ Ë· £³¥´-
Éµ§µ³ Ì·µ³µ¸µ³, Ì · ±É¥·´Ò³ ¤²Ö µ¡²ÊÎ¥´¨Ö ÉÖ¦¥²Ò³¨ ¨µ´ ³¨. ‚ ·¥§Ê²ÓÉ É¥
´ ¡²Õ¤ ²µ¸Ó µÉ´µ¸¨É¥²Ó´µ¥ ¸´¨¦¥´¨¥ ¤µ²¨ ¸É ¡¨²Ó´ÒÌ Ì·µ³µ¸µ³´ÒÌ  ¡¥·-
· Í¨°.

�¡Ð¥¥ Î¨¸²µ  ¡¥·· Í¨° Ì·µ³µ¸µ³-1 ¨ -2 µÉ ¤µ§Ò µ¡²ÊÎ¥´¨Ö µ¶¨¸Ò¢ ¥É¸Ö
²¨´¥°´µ-±¢ ¤· É¨Î´µ° ËÊ´±Í¨¥° ¶·¨ ¤¥°¸É¢¨¨ ¶·µÉµ´µ¢ ¨ γ-²ÊÎ¥° (·¨¸. 1, ¡).
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�¨¸. 2. „µ§µ¢Ò¥ § ¢¨¸¨³µ¸É¨ µ¡Ð¥£µ Î¨¸²  Ì·µ³µ¸µ³´ÒÌ  ¡¥·· Í¨° ¢ ²¨³ËµÍ¨É Ì
±·µ¢¨ Î¥²µ¢¥±  ¶µ¸²¥ µ¡²ÊÎ¥´¨Ö γ-²ÊÎ ³¨ (•), ¶·µÉµ´ ³¨ (�) ¨ ¨µ´ ³¨ 14N (�)
(¸É ´¤ ·É´Ò° ³¥É Ë §´Ò° ³¥Éµ¤)

’ ±¦¥ ´¥ µÉ³¥Î ÕÉ¸Ö · §²¨Î¨Ö ¶µ Ê·µ¢´Ö³ ÔËË¥±É  ¶·¨ ¨Ì ¢µ§¤¥°¸É¢¨¨. 
 -
¡²Õ¤ ¥É¸Ö ¢Ò¸µ± Ö ÔËË¥±É¨¢´µ¸ÉÓ ¨µ´µ¢  §µÉ , ¶·¨ ÔÉµ³ § ¢¨¸¨³µ¸ÉÓ ÔË-
Ë¥±É  µÉ ¤µ§Ò ¶·¨¡²¨¦ ¥É¸Ö ± ²¨´¥°´µ°. �´ ²µ£¨Î´Ò° Ì · ±É¥· ¨³¥ÕÉ ¤µ-
§µ¢Ò¥ § ¢¨¸¨³µ¸É¨ µ¡Ð¥£µ Î¨¸²  Ì·µ³µ¸µ³´ÒÌ  ¡¥·· Í¨° ¶·¨ ¤¥°¸É¢¨¨ ÔÉ¨Ì
¢¨¤µ¢ ¨§²ÊÎ¥´¨Ö ¶·¨  ´ ²¨§¥ ¸É ´¤ ·É´Ò³ ³¥É Ë §´Ò³ ³¥Éµ¤µ³ £¥´µ³  ¢ Í¥-
²µ³ (·¨¸. 2).

„ ´´Ò¥ ¶µ Î ¸ÉµÉ ³ µ¡· §µ¢ ´¨Ö ±²¥Éµ± ¸  ¡¥·· Í¨Ö³¨ Ì·µ³µ¸µ³-1 ¨ -2
¸¢¨¤¥É¥²Ó¸É¢ÊÕÉ, ¸ µ¤´µ° ¸Éµ·µ´Ò, µ ¢Ò¸µ±µ° Î ¸ÉµÉ¥ ¶µ¢·¥¦¤¥´¨Ö ÔÉ¨Ì Ì·µ-
³µ¸µ³ (·¨¸. 3), ¸ ¤·Ê£µ° Å µ¡ µÉ¸ÊÉ¸É¢¨¨ ¸ÊÐ¥¸É¢¥´´ÒÌ · §²¨Î¨° ¶µ Ê·µ¢´Ö³
±²¥Éµ± ¸  ¡¥·· Í¨Ö³¨ ¢ ÔÉ¨Ì Ì·µ³µ¸µ³ Ì. �µ± § ´ ²¨´¥°´Ò° Ì · ±É¥· ¤µ-

�¨¸. 3. „µ§µ¢Ò¥ § ¢¨¸¨³µ¸É¨ Î ¸ÉµÉÒ µ¡· §µ¢ ´¨Ö ±²¥Éµ± ¸  ¡¥·· Í¨Ö³¨ Ì·µ³µ¸µ³Ò-1
(É¥³´Ò¥ §´ Î±¨) ¨ Ì·µ³µ¸µ³Ò-2 (¸¢¥É²Ò¥ §´ Î±¨) ¶µ¸²¥ µ¡²ÊÎ¥´¨Ö ²¨³ËµÍ¨Éµ¢ ±·µ¢¨
Î¥²µ¢¥±  γ-²ÊÎ ³¨ (•), ¶·µÉµ´ ³¨ (�, �) ¨ ¨µ´ ³¨ 14N (�, �) (FISH-³¥Éµ¤)
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�¨¸. 4. „µ§µ¢Ò¥ § ¢¨¸¨³µ¸É¨ Î ¸ÉµÉÒ µ¡· §µ¢ ´¨Ö ±²¥Éµ± ¸ Ì·µ³µ¸µ³´Ò³¨  ¡¥·· -
Í¨Ö³¨ ¶µ¸²¥ µ¡²ÊÎ¥´¨Ö ²¨³ËµÍ¨Éµ¢ ±·µ¢¨ Î¥²µ¢¥±  γ-²ÊÎ ³¨ (•), ¶·µÉµ´ ³¨ (�) ¨
¨µ´ ³¨ 14N (�) (¸É ´¤ ·É´Ò° ³¥É Ë §´Ò° ³¥Éµ¤)

§µ¢ÒÌ § ¢¨¸¨³µ¸É¥° ÔËË¥±É  ¶·¨ ¤¥°¸É¢¨¨ ¶·µÉµ´ ³¨ ¨ γ-²ÊÎ ³¨. ‚Ò¸µ±µ-
ÔËË¥±É¨¢´Ò ¨µ´Ò  §µÉ , ¶·¨Î¥³ Î ¸ÉµÉÒ µ¡· §µ¢ ´¨Ö ±²¥Éµ± ¸  ¡¥·· Í¨Ö³¨
Ì·µ³µ¸µ³-1 ¨ -2 ·¥§±µ Ê¢¥²¨Î¨¢ ÕÉ¸Ö (¤µ 45%) Ê¦¥ ¶·¨ ¤µ§ Ì ¤µ 0,75 ƒ·,
  ¶·¨ ¤ ²Ó´¥°Ï¥³ Ê¢¥²¨Î¥´¨¨ ¤µ§ µ¡²ÊÎ¥´¨Ö ÔËË¥±ÉÒ ²¨´¥°´µ ¢µ§· ¸É ÕÉ
¤µ 65%. �·¨  ´ ²¨§¥ ¸É ´¤ ·É´Ò³ ³¥É Ë §´Ò³ ³¥Éµ¤µ³ Î ¸ÉµÉ  µ¡· §µ¢ -
´¨Ö ±²¥Éµ± ¸  ¡¥·· Í¨Ö³¨ ¢µ§· ¸É ¥É ²¨´¥°´µ ¶·¨ ¢µ§¤¥°¸É¢¨¨ ¢¸¥³¨ ¢¨¤ ³¨
¨§²ÊÎ¥´¨° (·¨¸. 4). 
µ ¶·¨ ¢Ò¸µ±¨Ì Ê·µ¢´ÖÌ ¤µ§ µÉ³¥Î ÕÉ¸Ö µÉ±²µ´¥´¨Ö
µÉ ²¨´¥°´µ¸É¨ ¸µ ¸´¨¦¥´¨¥³ Ê·µ¢´Ö ÔËË¥±É , ÎÉµ µ¶·¥¤¥²Ö¥É¸Ö § ¤¥·¦±µ°
¢¸ÉÊ¶²¥´¨Ö ¢ ³¨Éµ§ ±²¥Éµ± ¸ ³´µ¦¥¸É¢¥´´Ò³¨  ¡¥·· Í¨Ö³¨ Ì·µ³µ¸µ³.

�·¨ ¤¥°¸É¢¨¨ ·¥¤±µ¨µ´¨§¨·ÊÕÐ¨Ì ¶·µÉµ´µ¢ ¨ γ-²ÊÎ¥° ¢ ¡µ²ÓÏ¨´¸É¢¥
±²¥Éµ± ´ ¡²Õ¤ ²µ¸Ó ¶µ¢·¥¦¤¥´¨¥ Éµ²Ó±µ µ¤´µ° ¨§ £µ³µ²µ£¨Î´ÒÌ Ì·µ³µ¸µ³.
Š²¥É±¨ ¸ µ¡µ¨³¨ ¶µ¢·¥¦¤¥´´Ò³¨ £µ³µ²µ£ ³¨ ¸µ¸É ¢²Ö²¨ Éµ²Ó±µ 1Ä2%. —¨-
¸²µ É ±¨Ì ±²¥Éµ± ¶µ¢ÒÏ ²µ¸Ó ¶·¨ ¤¥°¸É¢¨¨ ¨µ´µ¢  §µÉ : µÉ 5÷11% ¶·¨ ¤µ§ Ì
¤µ 1,5 ƒ· ¤µ 20 ÷ 30% ¸ Ê¢¥²¨Î¥´¨¥³ ¤µ§Ò ¤µ 3 ƒ·. �µ± § É¥²¥³ ¢Ò¸µ±µ°
¶µ¢·¥¦¤ ÕÐ¥° ¸¶µ¸µ¡´µ¸É¨ ¨µ´µ¢  §µÉ  É ±¦¥ ¸²Ê¦ É ¤ ´´Ò¥ µ ²¨³ËµÍ¨É Ì,
Ê ±µÉµ·ÒÌ ¶µ¢·¥¦¤¥´Ò Ì·µ³µ¸µ³Ò-1 ¨ -2 µ¤´µ¢·¥³¥´´µ. ˆÌ Î¨¸²µ ¢µ§· ¸É ²µ
¸ Ê¢¥²¨Î¥´¨¥³ ¤µ§Ò µÉ 0,5 ¤µ 3 ƒ· µÉ 20 ¤µ ¶µÎÉ¨ 50% ¶·µ ´ ²¨§¨·µ¢ ´´ÒÌ
±²¥Éµ±. �·¨ ¤¥°¸É¢¨¨ ¶·µÉµ´µ¢ Î¨¸²µ É ±¨Ì ±²¥Éµ± ¸µ¸É ¢¨²µ Éµ²Ó±µ 1Ä3%.
ˆ´É¥·¥¸´Ò³ ¶·¥¤¸É ¢²Ö¥É¸Ö Ë ±É ¢Ò¸µ±µ° ¶µ¢·¥¦¤ ¥³µ¸É¨ Ì·µ³µ¸µ³-1 ¨ -2
¨¸¸²¥¤Ê¥³Ò³¨ ¢¨¤ ³¨ ¨§²ÊÎ¥´¨°. •µÉÖ µ´¨ ¸µ¸É ¢²ÖÕÉ Éµ²Ó±µ 16,2% £¥´µ³ ,
¸Ê³³ ·´µ µ¡Ð¥¥ Î¨¸²µ ¨Ì  ¡¥·· Í¨° µ± § ²µ¸Ó ¸µ¶µ¸É ¢¨³Ò³ ¸ Î¨¸²µ³ ´¥-
¸É ¡¨²Ó´ÒÌ  ¡¥·· Í¨° £¥´µ³  ¢ Í¥²µ³.

‚ É ¡². 2 ¶·¨¢¥¤¥´Ò ¤ ´´Ò¥ ¶µ �I� ¶·µÉµ´µ¢ ¨ ¨µ´µ¢  §µÉ , µÍ¥´± 
±µÉµ·ÒÌ ¶·µ¢¥¤¥´  ¶µ · §´Ò³ Í¨Éµ£¥´¥É¨Î¥¸±¨³ ¶µ± § É¥²Ö³ ¶·¨  ´ ²¨§¥
FISH- ¨ ¸É ´¤ ·É´Ò³ ³¥É Ë §´Ò³ ³¥Éµ¤ ³¨. ‚¨¤´µ, ÎÉµ ¶µ ¸¢µ¥° ÔËË¥±É¨¢-
´µ¸É¨ ¶·µÉµ´Ò ´¥ µÉ²¨Î ÕÉ¸Ö µÉ γ-¨§²ÊÎ¥´¨Ö. ŠµÔËË¨Í¨¥´ÉÒ �I� ¡²¨§±¨ ±
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’ ¡²¨Í  2. ŠµÔËË¨Í¨¥´ÉÒ �� ¶·µÉµ´µ¢ ¸ Ô´¥·£¨¥° 1 ƒÔ‚ ¨ Ê¸±µ·¥´´ÒÌ ¨µ´µ¢
14N (¶µ Í¨Éµ£¥´¥É¨Î¥¸±¨³ É¥¸É ³)

’¥¸É �·µÉµ´Ò, 1 ƒÔ‚ ˆµ´Ò 14N

‘É ´¤ ·É´Ò° ‘É ´¤ ·É´Ò°
FISH-³¥Éµ¤ ³¥É Ë §´Ò° FISH-³¥Éµ¤ ³¥É Ë §´Ò°

³¥Éµ¤ ³¥Éµ¤

Š²¥É±¨
¸ Ì·µ³µ¸µ³´Ò³¨ 0,9 1,0 3,4 2,0
 ¡¥·· Í¨Ö³¨

�¡Ð¥¥ Î¨¸²µ
 ¡¥·· Í¨° 1,4 0,9 6,0 2,6
Ì·µ³µ¸µ³

’· ´¸²µ± Í¨¨ 1,1 Å 3,1 Å

„¨Í¥´É·¨±¨ 1,7 0,9 5,2 2,3

ˆ´É¥·¸É¨Í¨ ²Ó-
´Ò¥ ¤¥²¥Í¨¨ Å 1,0 Å 2,5

”· £³¥´ÉÒ 0,7 1,0 5,7 2,0

¥¤¨´¨Í¥. ‚ ´¥¸±µ²Ó±µ · § ÔËË¥±É¨¢´¥¥ ¨µ´Ò  §µÉ . Iµ²¥¥ ¢Ò¸µ±¨¥ ±µÔËË¨-
Í¨¥´ÉÒ �I� ¶µ²ÊÎ¥´Ò ¶µ ¤ ´´Ò³ FISH- ´ ²¨§ : 3 ¨ ¢ÒÏ¥. �·¨ ¸É ´¤ ·É´µ³
³¥É Ë §´µ³ ³¥Éµ¤¥  ´ ²¨§  µ´¨ ´ Ìµ¤ÖÉ¸Ö ¢ ¶·¥¤¥² Ì 2, 0 ÷ 2, 6.


 ³¨ ¡Ò²  ¶·¥¤¶·¨´ÖÉ  ¶µ¶ÒÉ±  ¸µ¶µ¸É ¢¨ÉÓ ¤ ´´Ò¥, ¶µ²ÊÎ¥´´Ò¥ FISH-
¨ ¸É ´¤ ·É´Ò³ ³¥É Ë §´Ò³ ³¥Éµ¤ ³¨. ‚Ò¢¥¤¥´Ò Ëµ·³Ê²Ò ¤²Ö ¶¥·¥¸Î¥É  Î -
¸ÉµÉ µ¡· §µ¢ ´¨Ö É· ´¸²µ± Í¨°, ¤¨Í¥´É·¨±µ¢ ¨ Ë· £³¥´Éµ¢, ¸Ê³³ ·´µ ¢Ò-
Ö¢²Ö¥³ÒÌ ¢ Ì·µ³µ¸µ³ Ì-1 ¨ -2, ´  £¥´µ³´Ò¥ Î ¸ÉµÉÒ µ¡· §µ¢ ´¨Ö É ±¨Ì
 ¡¥·· Í¨°. �µ¸±µ²Ó±Ê ¤²Ö Ë²Êµ·¥¸Í¥´É´µ° £¨¡·¨¤¨§ Í¨¨ ³µ¦´µ ¨¸¶µ²Ó§µ-
¢ ÉÓ ¶·µ¡Ò ´  · §´Ò¥ Ì·µ³µ¸µ³Ò,   É ±¦¥ ¨Ì ±µ³¡¨´ Í¨¨, Éµ ¢µ§´¨± ¥É
¢µ¶·µ¸ µ ¢µ§³µ¦´µ¸É¨ ´µ·³¨·µ¢ ´¨Ö ¤¥É¥±É¨·Ê¥³ÒÌ FISH-³¥Éµ¤µ³  ¡¥·· -
Í¨° µÉ¤¥²Ó´ÒÌ Ì·µ³µ¸µ³. ’ ±, ³µ¦´µ ¶¥·¥¸Î¨É ÉÓ Î ¸ÉµÉÒ µ¡· §µ¢ ´¨Ö ¨Ì
 ¡¥·· Í¨° ´  ¶µ²´Ò° £¥´µ³, ¨¸Ìµ¤Ö ¨§ ±µ²¨Î¥¸É¢¥´´µ£µ ¸µµÉ´µÏ¥´¨Ö Î ¸É¨
£¥´µ³ , ¶µ±·Ò¢ ¥³µ° ¶·µ¡ ³¨, ¨ µ¸É ²Ó´µ° ¥£µ Î ¸É¨. 
 ³¨ ¶µ²ÊÎ¥´Ò Ëµ·-
³Ê²Ò, ¶µ§¢µ²ÖÕÐ¨¥ · ¸¸Î¨É ÉÓ £¥´µ³´Ò¥ Î ¸ÉµÉÒ µ¡· §µ¢ ´¨Ö É· ´¸²µ± Í¨°
FT , ¤¨Í¥´É·¨±µ¢ FD ¨ Ë· £³¥´Éµ¢ FA ¶ÊÉ¥³ ¶¥·¥¸Î¥É  ´  ¶µ²´Ò° £¥´µ³
¨Ì Î ¸ÉµÉ Ft, Fd ¨ Fa, ¤¥É¥±É¨·Ê¥³ÒÌ ¶·¨ µ±· Ï¨¢ ´¨¨ µ¤´µ¢·¥³¥´´µ n
Ì·µ³µ¸µ³ ¢ · §´Ò¥ Í¢¥É :

FT = Ft

1 −
N∑

i=1

C2
i

2
n∑

i=1

Ci −
n∑

i=1

C2
i −

(
n∑

i=1

Ci

)2 , (1)
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FD = Fd

1 − 1
2

N∑
i=1

C2
i

2
n∑

i=1

Ci −
1
2

n∑
i=1

C2
i −

(
n∑

i=1

Ci

)2 , (2)

FA =
Fa

n∑
i=1

Ci

, (3)

£¤¥ Ci Å ¤µ²Ö i-° Ì·µ³µ¸µ³Ò ¢ £¥´µ³¥; N Å µ¡Ð¥¥ Î¨¸²µ Ì·µ³µ¸µ³ ¢ £¥´µ³¥.
�µ ÔÉ¨³ Ëµ·³Ê² ³ ¡Ò² ¶·µ¢¥¤¥´ ¶¥·¥¸Î¥É ´  ¶µ²´Ò° £¥´µ³ Î ¸ÉµÉ µ¡· §µ-
¢ ´¨Ö  ¡¥·· Í¨° Ì·µ³µ¸µ³-1 ¨ -2, ¨¸Ìµ¤Ö ¨§ ¨Ì ¤µ²¨ ¢ £¥´µ³¥ (¸µ£² ¸´µ
[59] C1 = 0, 082 ¨ C2 = 0, 080). …¸²¨ ¨¸Ìµ¤¨ÉÓ ¨§ Éµ£µ, ÎÉµ É¥µ·¥É¨Î¥¸±¨
´¥É ¶·¥¤¶µ¸Ò²µ± ¤²Ö ¶·¥¨³ÊÐ¥¸É¢¥´´µ£µ µ¡· §µ¢ ´¨Ö ¸¨³³¥É·¨Î´ÒÌ µ¡³¥-
´µ¢ Ì·µ³µ¸µ³ ¶µ ¸· ¢´¥´¨Õ ¸  ¸¨³³¥É·¨Î´Ò³¨, Éµ ¶¥·¥¸Î¨É ´´Ò¥ ´  ¶µ²-
´Ò° £¥´µ³ Î ¸ÉµÉÒ µ¡· §µ¢ ´¨Ö É· ´¸²µ± Í¨°, ¢ÒÖ¢²Ö¥³ÒÌ FISH-³¥Éµ¤µ³ ¢
Ì·µ³µ¸µ³ Ì-1 ¨ -2, ³µ£ÊÉ ¡ÒÉÓ ¸µ¶µ¸É ¢²¥´Ò ¸ Î ¸ÉµÉ ³¨ µ¡· §µ¢ ´¨Ö ¤¨Í¥´-
É·¨±µ¢, ¤¥É¥±É¨·µ¢ ´´ÒÌ ¢ £¥´µ³¥ ¢ Í¥²µ³ ¸É ´¤ ·É´Ò³ ³¥É Ë §´Ò³ ³¥Éµ¤µ³.
„ ´´Ò¥ ¶·¨¢¥¤¥´Ò ¢ É ¡². 3.

‘· ¢´¥´¨¥ £¥´µ³´ÒÌ Î ¸ÉµÉ µ¡· §µ¢ ´¨Ö ¤¨Í¥´É·¨±µ¢, µ¶·¥¤¥²¥´´ÒÌ
¸É ´¤ ·É´Ò³ ³¥É Ë §´Ò³ ¨ FISH-³¥Éµ¤ ³¨, ¶µ± §Ò¢ ¥É  ´ ²µ£¨Î´Ò° Ì · ±-
É¥· ¨Ì § ¢¨¸¨³µ¸É¥° µÉ ¤µ§Ò µ¡²ÊÎ¥´¨Ö ¶·¨ ¢µ§¤¥°¸É¢¨¨ ¸µµÉ¢¥É¸É¢ÊÕÐ¨³¨
¢¨¤ ³¨ ¨§²ÊÎ¥´¨°. �¤´ ±µ ¶·¨ µ¡²ÊÎ¥´¨¨ ²¨³ËµÍ¨Éµ¢ Î¥²µ¢¥±  · §´Ò³¨ ¤µ-
§ ³¨ γ-²ÊÎ¥° µÉ³¥Î¥´µ ¶·¥¢ÒÏ¥´¨¥ ¢ 2, 5 ÷ 5 · § Î ¸ÉµÉÒ µ¡· §µ¢ ´¨Ö ¤¨-
Í¥´É·¨±µ¢, µ¶·¥¤¥²¥´´ÒÌ ¸É ´¤ ·É´Ò³ ³¥É Ë §´Ò³ ³¥Éµ¤µ³, ´ ¤ Î ¸ÉµÉµ°
µ¡· §µ¢ ´¨Ö ¤¨Í¥´É·¨±µ¢, ¶¥·¥¸Î¨É ´´ÒÌ ´  ¶µ²´Ò° £¥´µ³ ¶µ ¤ ´´Ò³, ¶µ-
²ÊÎ¥´´Ò³ ¤²Ö Ì·µ³µ¸µ³-1 ¨ -2. �·¨ ¸· ¢´¥´¨¨ Î ¸ÉµÉ µ¡· §µ¢ ´¨Ö É· ´¸-
²µ± Í¨° Ì·µ³µ¸µ³-1 ¨ -2, ¶¥·¥¸Î¨É ´´ÒÌ ´  ¶µ²´Ò° £¥´µ³, ¨ Î ¸ÉµÉ µ¡· -
§µ¢ ´¨Ö ¤¨Í¥´É·¨±µ¢, µ¶·¥¤¥²¥´´ÒÌ ¸É ´¤ ·É´Ò³ ³¥É Ë §´Ò³ ³¥Éµ¤µ³, ¢Ò-
Ö¢²¥´  ´ ²µ£¨Î´Ò° Ì · ±É¥· ¨Ì ¤µ§µ¢ÒÌ § ¢¨¸¨³µ¸É¥° ¶·¨ ¢µ§¤¥°¸É¢¨¨ ¸µ-
µÉ¢¥É¸É¢ÊÕÐ¨³¨ ¢¨¤ ³¨ ¨§²ÊÎ¥´¨°. �¤´ ±µ ¶µ± § ´µ ¶·¥¢ÒÏ¥´¨¥ £¥´µ³´ÒÌ
Î ¸ÉµÉ µ¡· §µ¢ ´¨Ö É· ´¸²µ± Í¨° ´ ¤ Ê·µ¢´¥³ ¤¨Í¥´É·¨±µ¢. —Éµ ± ¸ ¥É¸Ö
Ë· £³¥´Éµ¢, Éµ ¶µ²ÊÎ¥´´Ò¥ ¤ ´´Ò¥ ¸¢¨¤¥É¥²Ó¸É¢ÊÕÉ µ ¶·¥¢ÒÏ¥´¨¨ ¶¥·¥¸Î¨-
É ´´ÒÌ ´  ¶µ²´Ò° £¥´µ³ Î ¸ÉµÉ µ¡· §µ¢ ´¨Ö Ë· £³¥´Éµ¢, ¤¥É¥±É¨·µ¢ ´´ÒÌ
FISH-³¥Éµ¤µ³ ¢ Ì·µ³µ¸µ³ Ì-1 ¨ -2, ´ ¤ ¨Ì Î ¸ÉµÉ ³¨, ¢ÒÖ¢²¥´´Ò³¨ ¸É ´-
¤ ·É´Ò³ ³¥É Ë §´Ò³ ³¥Éµ¤µ³: ¶µ¸²¥ γ-µ¡²ÊÎ¥´¨Ö ¢ ¨¸¸²¥¤µ¢ ´´ÒÌ ¤µ§ Ì Å
¢ 3, 9÷6, 3 · § , ¶µ¸²¥ ¢µ§¤¥°¸É¢¨Ö ¶·µÉµ´ ³¨ Å ¢ 2, 2÷4, 8 ¨ ¨µ´ ³¨  §µÉ  Å
¢ 21 ÷ 25 · §.

„¥É¥±É¨·µ¢ ´´ Ö ¢ ´ Ï¨Ì µ¶ÒÉ Ì FISH-³¥Éµ¤µ³ Î ¸ÉµÉ  · §´ÒÌ É¨¶µ¢
 ¡¥·· Í¨° ¢ § ¢¨¸¨³µ¸É¨ µÉ ¤µ§Ò γ-µ¡²ÊÎ¥´¨Ö ´ Ìµ¤¨É¸Ö ¢ Ìµ·µÏ¥³ ¸µµÉ¢¥É-
¸É¢¨¨ ¸ ¤ ´´Ò³¨, ¶µ²ÊÎ¥´´Ò³¨ ¢ · ¡µÉ¥ [30] ¤²Ö Ì·µ³µ¸µ³Ò-1 ¢ ²¨³ËµÍ¨É Ì,
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’ ¡²¨Í  3. — ¸ÉµÉÒ  ¡¥·· Í¨°, ¢ÒÖ¢²¥´´ÒÌ FISH-³¥Éµ¤µ³ ¢ Ì·µ³µ¸µ³ Ì-1 ¨ -2,
¶¥·¥¸Î¨É ´´Ò¥ ´  ¶µ²´Ò° £¥´µ³ ¨ ¤¥É¥±É¨·µ¢ ´´Ò¥ ¸É ´¤ ·É´Ò³ ³¥É Ë §´Ò³ ³¥-
Éµ¤µ³ ¢ £¥´µ³¥ ¢ Í¥²µ³

‚¨¤Ò „µ§ , ‚¨¤Ò  ¡¥·· Í¨°, ´  100 ±²¥Éµ±

¨§²ÊÎ¥´¨° ƒ· ’· ´¸²µ± Í¨¨ „¨Í¥´É·¨±¨ ”· £³¥´ÉÒ

’(¶) „(¶) „(³) ”(¶) ”(³)

1,0 15,1 3,2 12,0 23,2 6,0
2,0 Å Å 31,5 Å 13,5

γ-²ÊÎ¨ 3,0 63,3 12,1 68,0 53,7 8,5
5,0 126,6 44,3 101,0 176,9 51,5
7,0 241,2 63,3 Å 329,4 Å

0,15 1,0 0 1,7 3,7 0
0,27 4,0 0,7 0,5 1,2 0

�·µÉµ´Ò 0,55 4,0 0 5,0 5,6 1,5
‹�� 0,218 ±Ô‚/³±³ 1,05 8,0 10,1 7,0 18,5 5,0

1,6 32,3 20,2 11,0 26,5 12,5
2,7 60,9 38,8 42,5 67,3 18,0
3,6 111,9 90,3 54,5 119,1 25,5

0,5 60,0 8,2 14,0 351,9 10,5
0,75 93,2 32,6 28,0 265,3 12,0

ˆµ´Ò 14N 1,0 Å Å 42,0 Å 15,0
‹�� ∼ 77 ±Ô‚/³±³ 1,5 94,9 68,1 56,5 434,4 20,3

2,0 149,9 52,2 104,0 376,4 34,5
3,0 212,8 26,4 64,5 939,1 37,5

"·¨³¥Î ´¨¥. ’(¶), „(¶), ”(¶) Å ¶¥·¥¸Î¨É ´´Ò¥ ´  ¶µ²´Ò° £¥´µ³ Î ¸ÉµÉÒ  ¡¥·· Í¨°, ¢Ò-
Ö¢²¥´´ÒÌ FISH-³¥Éµ¤µ³ ¢ Ì·µ³µ¸µ³ Ì-1 ¨ -2. „(³), ”(³) Å Î ¸ÉµÉÒ  ¡¥·· Í¨° £¥´µ³  ¢
Í¥²µ³, ¤¥É¥±É¨·µ¢ ´´Ò¥ ¸É ´¤ ·É´Ò³ ³¥É Ë §´Ò³ ³¥Éµ¤µ³.

µ¡²ÊÎ¥´´ÒÌ γ-²ÊÎ ³¨ 60Co. Iµ²¥¥ ¢Ò¸µ±¨¥ Î ¸ÉµÉÒ µ¡· §µ¢ ´¨Ö É· ´¸²µ-
± Í¨° ¨ ¤¨Í¥´É·¨±µ¢ ¤¥É¥±É¨·µ¢ ´Ò ¶·¨  ´ ²¨§¥ µ¤´µ¢·¥³¥´´µ µ±· Ï¥´-
´ÒÌ É·¥Ì ¶ · Ì·µ³µ¸µ³ [31]. ‚µ§³µ¦´µ, ÔÉµ µÉ²¨Î¨¥ µ¶·¥¤¥²Ö¥É¸Ö ÊÎ¥Éµ³
¡o²ÓÏ¥£µ Î¨¸²  É ±¨Ì  ¡¥·· Í¨° ¶·¨  ´ ²¨§¥ ´¥¸±µ²Ó±¨Ì ¶ · µ¤´µ¢·¥³¥´´µ
®µ±· Ï¥´´ÒÌ¯ Ì·µ³µ¸µ³. �¤´ ±µ ´¥ µÉ³¥Î ¥É¸Ö ¸ÊÐ¥¸É¢¥´´ÒÌ · §²¨Î¨° ³¥¦-
¤Ê ¤ ´´Ò³¨, ¶µ²ÊÎ¥´´Ò³¨ ´ ³¨ ¨ ¢ · ¡µÉ¥ [35], ¢ ±µÉµ·µ° ¡Ò²  ¨¸¶µ²Ó§µ¢ ´ 
¤·Ê£ Ö ±µ³¡¨´ Í¨Ö ¨§ É·¥Ì ¶ · ®µ±· Ï¥´´ÒÌ¯ Ì·µ³µ¸µ³.

— ¸ÉµÉ  µ¡· §µ¢ ´¨Ö É· ´¸²µ± Í¨°, ¢ÒÖ¢²¥´´ Ö ¢ ´ Ï¥³ µ¶ÒÉ¥ ¶·¨
γ-µ¡²ÊÎ¥´¨¨, ¢ 3 ÷ 5 · § ¢ÒÏ¥ (¢ ¸·¥¤´¥³ ¢ 4,3 · § ) Î ¸ÉµÉÒ µ¡· §µ¢ ´¨Ö
¤¨Í¥´É·¨±µ¢, ¤¥É¥±É¨·µ¢ ´´ÒÌ FISH-³¥Éµ¤µ³ ¢ Ì·µ³µ¸µ³¥-1. �É¨ ¤ ´´Ò¥
´ Ìµ¤ÖÉ¸Ö ¢ ¸µµÉ¢¥É¸É¢¨¨ ¸ · ´´¨³¨ ¤ ´´Ò³¨ ‹Ê± ¸  ¨ ¤·. [60], µÉ³¥Î ¢Ï¨Ì
¶·¨ · §´ÒÌ ¤µ§ Ì É ±¨¥ ¶·¥¢ÒÏ¥´¨Ö ¢ 1, 2 ÷ 9 · §, Š·¥³¥·  ¨ ¤·. [30] Å
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¢ 1 ÷ 12 · §, 
 É · °Ö´  ¨ ¤·. [31] Å ¢ 1, 5 ÷ 9 · §. �¤´ ±µ  ¢Éµ·Ò ¶·¥¤-
¶µ² £ ÕÉ, ÎÉµ ÔÉµ ¸¢Ö§ ´µ, ¢¥·µÖÉ´¥¥ ¢¸¥£µ, ¸ § É·Ê¤´¥´´Ò³ ¢ÒÖ¢²¥´¨¥³ Í¥´-
É·µ³¥· (¨, ¸µµÉ¢¥É¸É¢¥´´µ, ¤¨Í¥´É·¨±µ¢) ¶·¨  ´ ²¨§¥ ¡¥§ ¤µ¶µ²´¨É¥²Ó´µ£µ
¶ ´Í¥´É·µ³¥·´µ£µ ®µ±· Ï¨¢ ´¨Ö¯ Ì·µ³µ¸µ³. �·¨ ÔÉµ³ ³µ£²¨ ´ ¡²Õ¤ ÉÓ¸Ö
¸¤¢¨£¨ ¢ ¸µµÉ´µÏ¥´¨¨ ³¥¦¤Ê ÔÉ¨³¨  ¡¥·· Í¨Ö³¨ ¢ ¸²ÊÎ ¥, ¥¸²¨ ¤¨Í¥´É·¨±
µÍ¥´¨¢ ²¸Ö ± ± ´¥·¥Í¨¶·µ±´ Ö É· ´¸²µ± Í¨Ö. �¸´µ¢ ´¨¥³ ¤²Ö É ±µ£µ ¸Ê¦¤¥-
´¨Ö ³µ£ÊÉ ¸²Ê¦¨ÉÓ ¨ ¶µ²ÊÎ¥´´Ò¥ ´ ³¨ ¤ ´´Ò¥ ¶·¨ µ¡²ÊÎ¥´¨¨ ²¨³ËµÍ¨Éµ¢
¶·µÉµ´ ³¨, ±µÉµ·Ò¥ É ± ¦¥, ± ± ¨ γ-²ÊÎ¨, Ö¢²ÖÕÉ¸Ö ·¥¤±µ¨µ´¨§¨·ÊÕÐ¨³ ¨§-
²ÊÎ¥´¨¥³ ¨ ¶µ ¸¢µ¥° ÔËË¥±É¨¢´µ¸É¨  ´ ²µ£¨Î´Ò ¨Ì ¢µ§¤¥°¸É¢¨Õ. ‚ ÔÉµ³
¸²ÊÎ ¥ FISH- ´ ²¨§ ¡Ò² ¶·µ¢¥¤¥´ ¸ ¤µ¶µ²´¨É¥²Ó´Ò³ ¤µ±· Ï¨¢ ´¨¥³ Ë²Êµ-
·¥¸Í¥´É´Ò³ ±· ¸¨É¥²¥³ Í¥´É·µ³¥·´ÒÌ ·¥£¨µ´µ¢ Ì·µ³µ¸µ³ ¶·¨ ¨¸¶µ²Ó§µ¢ -
´¨¨ ¶ ´Í¥´É·µ³¥·´ÒÌ ¶·µ¡. �¤´ ±µ ¢¥²¨Î¨´Ò ¸µµÉ´µÏ¥´¨° ³¥¦¤Ê É· ´¸²µ-
± Í¨Ö³¨ ¨ ¤¨Í¥´É·¨± ³¨ ¤²Ö Ì·µ³µ¸µ³Ò-1 ¶µ¸²¥ µ¡²ÊÎ¥´¨Ö ¢ ¤µ§ Ì ¸¢ÒÏ¥
1 ƒ· µ± §Ò¢ ÕÉ¸Ö ¸´¨¦¥´´Ò³¨ ¶µ ¸· ¢´¥´¨Õ ¸ γ-¨§²ÊÎ¥´¨¥³, É¥³ ´¥ ³¥´¥¥
¢ÒÌµ¤ É· ´¸²µ± Í¨° µ¸É ¥É¸Ö ¶·¨³¥·´µ ¢ 1,4 · §  ¡µ²¥¥ ¢Ò¸µ±¨³, Î¥³ ¤¨-
Í¥´É·¨±µ¢. � ¶·¨ µ¡²ÊÎ¥´¨¨ ¶·µÉµ´ ³¨ ¢ ¤µ§ Ì ³¥´¥¥ 1 ƒ· ¢ Ì·µ³µ¸µ³¥-1
´ ³¨ ¡Ò²¨ µ¡´ ·Ê¦¥´Ò Éµ²Ó±µ É· ´¸²µ± Í¨¨. —Éµ ± ¸ ¥É¸Ö ¢µ§¤¥°¸É¢¨Ö Ê¸±µ-
·¥´´Ò³¨ ¨µ´ ³¨  §µÉ  14N, Éµ, ± ± ¨ ¶·¨ γ-µ¡²ÊÎ¥´¨¨, ¸µµÉ´µÏ¥´¨¥ ³¥¦¤Ê
É· ´¸²µ± Í¨Ö³¨ ¨ ¤¨Í¥´É·¨± ³¨ ¸µ¸É ¢¨²µ ¢ ¸·¥¤´¥³ ∼ 3, 5. �·¥¢ÒÏ¥´¨¥
Ê·µ¢´Ö É· ´¸²µ± Í¨° ´ ¤ ¤¨Í¥´É·¨± ³¨ ¡Ò²µ µÉ³¥Î¥´µ É ±¦¥ ¢ · ¡µÉ¥ [24]
¶·¨ FISH- ´ ²¨§¥ Ì·µ³µ¸µ³-4 ¨ -8 ¢ Ë¨¡·µ¡² ¸É Ì Î¥²µ¢¥± , µ¡²ÊÎ¥´´ÒÌ
¨µ´ ³¨ 12C (‹�� ∼ 16, 2 ±Ô‚/³±³) ¨ ·¥´É£¥´µ¢¸±¨³¨ ²ÊÎ ³¨: ¢ 1,7 ¨ 2,4 · § 
¸µµÉ¢¥É¸É¢¥´´µ.

‘µ¶µ¸É ¢²¥´¨¥ ¶µ²ÊÎ¥´´ÒÌ ´ ³¨ ¤ ´´ÒÌ ¶µ FISH- ´ ²¨§Ê ¸ ·¥§Ê²ÓÉ É ³¨
¸É ´¤ ·É´µ£µ ³¥É Ë §´µ£µ  ´ ²¨§  ¶µ± § ²µ, ÎÉµ ¶¥·¥¸Î¨É ´´Ò¥ ´  ¶µ²´Ò°
£¥´µ³ Î ¸ÉµÉÒ µ¡· §µ¢ ´¨Ö É· ´¸²µ± Í¨° ¢ Ì·µ³µ¸µ³ Ì-1 ¨ -2 ¶·¨³¥·´µ ¢ ¤¢ 
· §  ¢ÒÏ¥, Î¥³ Î ¸ÉµÉÒ µ¡· §µ¢ ´¨Ö ¤¨Í¥´É·¨±µ¢, ¢ÒÖ¢²¥´´ÒÌ ¢ ²¨³ËµÍ¨-
É Ì ¸É ´¤ ·É´Ò³ ³¥É Ë §´Ò³ ³¥Éµ¤µ³, ¶·¨ ¤¥°¸É¢¨¨ ¢¸¥³¨ ¨¸¸²¥¤µ¢ ´´Ò³¨
¢¨¤ ³¨ ¨§²ÊÎ¥´¨° ¢ ¤µ§ Ì ¡µ²¥¥ 1 ƒ·.


 ¡²Õ¤ ¥³Ò¥ · §²¨Î¨Ö ¢ £¥´µ³´ÒÌ Î ¸ÉµÉ Ì µ¡· §µ¢ ´¨Ö Ë· £³¥´Éµ¢, ¤¥-
É¥±É¨·Ê¥³ÒÌ · §´Ò³¨ ³¥Éµ¤ ³¨ (É ¡². 3), ¢µ§³µ¦´µ, µ¶·¥¤¥²ÖÕÉ¸Ö ³¥Éµ¤¨Î¥-
¸±¨³¨ µ¸µ¡¥´´µ¸ÉÖ³¨ FISH- ´ ²¨§  ³¥É Ë §´ÒÌ ±²¥Éµ±. �·¨ É ±µ³  ´ ²¨§¥
§ É·Ê¤´¥´  ¨¤¥´É¨Ë¨± Í¨Ö É ±¨Ì  ¡¥·· Í¨° Ì·µ³µ¸µ³, ± ± ¨´É¥·¸É¨Í¨ ²Ó-
´Ò¥ ¨ Ì·µ³ É¨¤´Ò¥ ¤¥²¥Í¨¨ ¨ ¨Ì ¤¨ËË¥·¥´Í¨·µ¢±  µÉ ¸¢µ¡µ¤´ÒÌ Ë· £³¥´Éµ¢
Ì·µ³µ¸µ³. �·¨ ÔÉµ³ ¶µÖ¢²Ö¥É¸Ö ¢¥·µÖÉ´µ¸ÉÓ µ¡Ñ¥¤¨´¥´¨Ö ¨Ì ¢ £·Ê¶¶Ê Ë· £-
³¥´Éµ¢. 
µ ¤ ¦¥ ¥¸²¨ ¸· ¢´¨¢ ÉÓ ¶¥·¥¸Î¨É ´´Ò¥ ´  ¶µ²´Ò° £¥´µ³ Î ¸ÉµÉÒ
µ¡· §µ¢ ´¨Ö Ë· £³¥´Éµ¢, ¢ÒÖ¢²¥´´ÒÌ FISH-³¥Éµ¤µ³ ¢ Ì·µ³µ¸µ³ Ì-1 ¨ -2, ¸
¸Ê³³µ° £¥´µ³´ÒÌ Î ¸ÉµÉ ¨´É¥·¸É¨Í¨ ²Ó´ÒÌ ¤¥²¥Í¨°, Ì·µ³µ¸µ³´ÒÌ ¨ Ì·µ³ -
É¨¤´ÒÌ Ë· £³¥´Éµ¢, ¤¥É¥±É¨·µ¢ ´´ÒÌ ¸É ´¤ ·É´Ò³ ³¥É Ë §´Ò³ ³¥Éµ¤µ³, ¶·¨
¢µ§¤¥°¸É¢¨¨ ¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì ¢¨¤µ¢ ¨§²ÊÎ¥´¨°, Éµ ¶·¥¢ÒÏ¥´¨Ö ¶¥·¢ÒÌ ´ ¤
¢Éµ·Ò³¨ ¸µÌ· ´ÖÕÉ¸Ö ¨ ¸µ¸É ¢²ÖÕÉ ¶·¨ µ¡²ÊÎ¥´¨¨ γ-²ÊÎ ³¨ ¨ ¶·µÉµ´ ³¨ ¢
¸·¥¤´¥³ 1, 2 ÷ 1, 4 · § ,   ¨µ´ ³¨  §µÉ  Å ¶·¨³¥·´µ ¢ 8 · §.
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�¥§Ê²ÓÉ ÉÒ ÔÉµ£µ · ¸¸³µÉ·¥´¨Ö ¶µ¤É¢¥·¦¤ ÕÉ ¶·¥¤¶µ²µ¦¥´¨¥ µ ¡µ²¥¥
¢Ò¸µ±µ° ¢¥·µÖÉ´µ¸É¨ ¶µ¢·¥¦¤¥´¨Ö Ì·µ³µ¸µ³-1 ¨ -2 ¶µ ¸· ¢´¥´¨Õ ¸ ¤·Ê-
£¨³¨ Ì·µ³µ¸µ³ ³¨ £¥´µ³  ¶·¨ ¢µ§¤¥°¸É¢¨¨ ¨µ´¨§¨·ÊÕÐ¨³¨ ¨§²ÊÎ¥´¨Ö³¨,
µ¸µ¡¥´´µ ¶²µÉ´µ¨µ´¨§¨·ÊÕÐ¨³¨. —Éµ ± ¸ ¥É¸Ö ¶µ¸²¥¤´¨Ì, Éµ ¢ ¨³¥ÕÐ¨Ì¸Ö
¥¤¨´¨Î´ÒÌ · ¡µÉ Ì [25] É ±¦¥ µÉ³¥Î¥´ ¢Ò¸µ±¨° Ê·µ¢¥´Ó Ë· £³¥´Éµ¢, ´¥ ¸¢Ö-
§ ´´ÒÌ ¸ µ¡³¥´ ³¨, ¶·¨ ¨§ÊÎ¥´¨¨ FISH-³¥Éµ¤µ³ Ì·µ³µ¸µ³´ÒÌ  ¡¥·· Í¨°
¢ Ë¨¡·µ¡² ¸Éµ¨¤´ÒÌ ±²¥É± Ì Î¥²µ¢¥±  ¶µ¸²¥ µ¡²ÊÎ¥´¨Ö α-Î ¸É¨Í ³¨. ‘µ-
£² ¸´µ É¥µ·¥É¨Î¥¸±¨³ ¶·¥¤¸É ¢²¥´¨Ö³, · ¤¨ Í¨µ´´µ-¨´¤ÊÍ¨·µ¢ ´´Ò¥
„
Š-¶µ¢·¥¦¤¥´¨Ö · ¸¶·¥¤¥²ÖÕÉ¸Ö ¸·¥¤¨ Ì·µ³µ¸µ³ ¸²ÊÎ °´µ. �¤´ ±µ ¸· ¢-
´¥´¨¥ µ¡Ð¥£µ Î¨¸²   ¡¥·· Í¨°, ¤¥É¥±É¨·µ¢ ´´ÒÌ ¸É ´¤ ·É´Ò³ ³¥É Ë §´Ò³
³¥Éµ¤µ³ ¢ £¥´µ³¥ ¢ Í¥²µ³, ¸ ¤ ´´Ò³¨, ¶µ²ÊÎ¥´´Ò³¨ ¶·¨ ¶¥·¥¸Î¥É¥ ´  ¶µ²-
´Ò° £¥´µ³ ¨Ì Î ¸ÉµÉ, ¤¥É¥±É¨·Ê¥³Òx FISH-³¥Éµ¤µ³, ¢ Ì·µ³µ¸µ³ Ì-1 ¨ -2
¶µ± §Ò¢ ¥É, ÎÉµ Î¨¸²µ  ¡¥·· Í¨° ´¥ ¶·µ¸Éµ ¶·µ¶µ·Í¨µ´ ²Ó´µ ¸µ¤¥·¦ ´¨Õ
„
Š ¢ Ì·µ³µ¸µ³ Ì. �·¥¤¸É ¢²Ö¥É¸Ö, ÎÉµ ¸ÊÐ¥¸É¢ÊÕÉ ¥Ð¥ ¤·Ê£¨¥ Ë ±Éµ·Ò,
¢²¨ÖÕÐ¨¥ ´  ¨´¤Ê±Í¨Õ  ¡¥·· Í¨° ¢ · §´ÒÌ Ì·µ³µ¸µ³ Ì.

Š ´ ¸ÉµÖÐ¥³Ê ¢·¥³¥´¨ ´ ± ¶²¨¢ ÕÉ¸Ö ¤ ´´Ò¥, ¶µ²ÊÎ¥´´Ò¥ FISH-³¥Éµ-
¤µ³, ±µÉµ·Ò¥ Ê± §Ò¢ ÕÉ ´  · §´ÊÕ · ¤¨µÎÊ¢¸É¢¨É¥²Ó´µ¸ÉÓ µÉ¤¥²Ó´ÒÌ Ì·µ-
³µ¸µ³ ¢ £¥´µ³¥ Î¥²µ¢¥±  ¶·¨ ¢µ§¤¥°¸É¢¨¨ ·¥¤±µ¨µ´¨§¨·ÊÕÐ¨³¨ ¨§²ÊÎ¥´¨Ö-
³¨ [20, 44, 46]. �·¨Î¥³ µ´  ´¥ ³µ¦¥É ¡ÒÉÓ µ¡ÑÖ¸´¥´  Éµ²Ó±µ ´  µ¸´µ¢¥
¶·¥¤¶µ²µ¦¥´¨Ö µ ¶·µ¶µ·Í¨µ´ ²Ó´µ¸É¨ · ¤¨µÎÊ¢¸É¢¨É¥²Ó´µ¸É¨ Ì·µ³µ¸µ³ ¨Ì
¤²¨´¥. �·¨ ¨¸¶µ²Ó§µ¢ ´¨¨ FISH-³¥Éµ¤  ´¥· ¢´µ³¥·´µ¸ÉÓ · ¸¶·¥¤¥²¥´¨Ö Éµ-
Î¥± · §·Ò¢  ¡Ò²  µ¡´ ·Ê¦¥´  ¢ Ì·µ³µ¸µ³ Ì-1, -2 ¨ -4 Î¥²µ¢¥±  Ê ¸²ÊÎ °´µ
µ¡²ÊÎ¥´´ÒÌ ²Õ¤¥° [61]. �¢Éµ·Ò [32] ¶µ± § ²¨, ÎÉµ ±µ´¤¥´¸¨·µ¢ ´´Ò° Ì·µ-
³ É¨´ ¢ Ô³¡·¨µ´ ²Ó´ÒÌ Ë¨¡·µ¡² ¸É Ì ±¨É °¸±µ£µ Ìµ³ÖÎ±  µ± §Ò¢ ¥É¸Ö ¡µ²¥¥
·¥§¨¸É¥´É´Ò³ ± · ¤¨ Í¨µ´´µ-¨´¤ÊÍ¨·µ¢ ´´Ò³ ¶µ¢·¥¦¤¥´¨Ö³ ¶µ ¸· ¢´¥´¨Õ
¸ ´¥±µ´¤¥´¸¨·µ¢ ´´Ò³. � ´¥¥ ÔÉµ ¡Ò²µ µÉ³¥Î¥´µ ¨ ¤²Ö ²¨³ËµÍ¨Éµ¢ Î¥²µ¢¥-
±  [62]. ’ ±¦¥ ¡Ò²µ ¢ÒÖ¢²¥´µ · §²¨Î¨¥ ¢ ±¨´¥É¨±¥ ·¥¶ · Í¨¨ Ì·µ³µ¸µ³, ¶µ-
± §Ò¢ ÕÐ¥¥, ÎÉµ ¶·µÍ¥¸¸Ò ·¥¶ · Í¨¨ ¶·µÌµ¤ÖÉ ¡µ²¥¥ ¡Ò¸É·µ ¢ ÔÊÌ·µ³ É¨´¥,
Î¥³ ¢ £¥É¥·µÌ·µ³ É¨´¥ [63]. ‚ ¸¢µ¥³ ¨¸¸²¥¤µ¢ ´¨¨ ³Ò É ±¦¥ ´ ¡²Õ¤ ²¨
¢Ò¸µ±ÊÕ ¨´¤Ê±Í¨Õ  ¡¥·· Í¨° ¢ Ì·µ³µ¸µ³¥-1 ¶µ ¸· ¢´¥´¨Õ ¸ Y-Ì·µ³µ¸µ-
³µ° ¶·¨ µ¡²ÊÎ¥´¨¨ ²¨³ËµÍ¨Éµ¢ ´¥°É·µ´ ³¨ ¨ γ-²ÊÎ ³¨ [64]. �µ¢·¥¦¤¥´¨Ö
Y-Ì·µ³µ¸µ³Ò ¡Ò²¨ ¢ÒÖ¢²¥´Ò Éµ²Ó±µ ¶µ¸²¥ ±· °´¥ ¢Ò¸µ±¨Ì ¤µ§ γ-²ÊÎ¥°
(30 ƒ·) ¨ ´¥°É·µ´µ¢ ¸µ ¸·¥¤´¥° Ô´¥·£¨¥° 7 ŒÔ‚ (15 ƒ·) ¨ ¸µ¸É ¢²Ö²¨ 25
¨ 4% ¸µµÉ¢¥É¸É¢¥´´µ, ¢ Éµ ¢·¥³Ö ± ±  ¡¥·· Í¨¨ Ì·µ³µ¸µ³Ò-1 ´ ¡²Õ¤ ²¨¸Ó
¶µÎÉ¨ ¢ 80% ±²¥Éµ± Ê¦¥ ¶µ¸²¥ ¤µ§Ò 7 ƒ· γ-²ÊÎ¥° ¨ 5 ƒ· ´¥°É·µ´µ¢. �Éµ
³µ¦¥É µ¶·¥¤¥²ÖÉÓ¸Ö ´¥ Éµ²Ó±µ ³¥´ÓÏ¨³ ¸µ¤¥·¦ ´¨¥³ „
Š ¢ Y-Ì·µ³µ¸µ³¥,
¤²¨´  ±µÉµ·µ°, ¸µ£² ¸´µ [59], ¸µ¸É ¢²Ö¥É 2,3% £¥´µ³  (Éµ ¥¸ÉÓ µ´  ¢ 4 · § 
±µ·µÎ¥ Ì·µ³µ¸µ³Ò-1), ´µ ¨ ¥¥ £¥É¥·µÌ·µ³ É¨´µ¢µ° ¸É·Ê±ÉÊ·µ°.

�·¨´¨³ Ö ¢µ ¢´¨³ ´¨¥ ÔÉ¨ ·¥§Ê²ÓÉ ÉÒ, ³Ò ³µ¦¥³ ¶·¥¤¶µ²µ¦¨ÉÓ, ÎÉµ
´ ¡²Õ¤ ¥³ Ö ¢ ´ Ï¨Ì Ô±¸¶¥·¨³¥´É Ì ¢Ò¸µ± Ö Î ¸ÉµÉ   ¡¥·· Í¨° ¢ Ì·µ³µ¸µ-
³ Ì-1 ¨ -2 ¶µ ¸· ¢´¥´¨Õ ¸ µ¸É ²Ó´Ò³ £¥´µ³µ³ ³µ¦¥É µ¶·¥¤¥²ÖÉÓ¸Ö ÔÊÌ·µ³ -
É¨´µ¢µ° ¸É·Ê±ÉÊ·µ° ÔÉ¨Ì Ì·µ³µ¸µ³.
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‘ÊÐ¥¸É¢Ê¥É É ±¦¥ ³´¥´¨¥ µ Éµ³, ÎÉµ ´  · ¤¨µÎÊ¢¸É¢¨É¥²Ó´µ¸ÉÓ Ì·µ³µ-
¸µ³ ¢²¨Ö¥É ¨Ì ¶·µ¸É· ´¸É¢¥´´ Ö µ·£ ´¨§ Í¨Ö ¢ ±²¥É±¥ [64, 65]. �µ²ÊÎ¥´´Ò¥
¢ ¶µ¸²¥¤´¥¥ ¢·¥³Ö ¤ ´´Ò¥ ¸ ¶·¨³¥´¥´¨¥³ FISH-É¥Ì´¨±¨ ®µ±· Ï¨¢ ´¨Ö¯ µÉ-
¤¥²Ó´ÒÌ Ì·µ³µ¸µ³ ´¥¶µ¸·¥¤¸É¢¥´´µ ¢ Ö¤· Ì ±²¥Éµ±, ´ Ìµ¤ÖÐ¨Ì¸Ö ¢ ¨´É¥·Ë §¥
±²¥ÉµÎ´µ£µ Í¨±² , ¶µ± §Ò¢ ÕÉ, ÎÉµ Ì·µ³µ¸µ³Ò ¢ ´¨Ì ¸¶¥Í¨Ë¨Î¥¸±¨ ¶²µÉ´µ
Ê¶ ±µ¢ ´Ò ¨ § ´¨³ ÕÉ ¸É·µ£µ µÉ£· ´¨Î¥´´ÊÕ É¥··¨Éµ·¨Õ [66]. �É¸Õ¤  ¸²¥-
¤Ê¥É ¶·¥¤¶µ²µ¦¥´¨¥, ÎÉµ ¢¥·µÖÉ´µ¸ÉÓ µ¡· §µ¢ ´¨Ö  ¡¥·· Í¨° ³¥¦¤Ê µ¶·¥-
¤¥²¥´´Ò³¨ Ì·µ³µ¸µ³ ³¨, £· ´¨Î Ð¨³¨ ¢ Ö¤·¥ ±²¥É±¨ ¤·Ê£ ¸ ¤·Ê£µ³, ¡Ê¤¥É
¢ÒÏ¥, Î¥³ ¢¥·µÖÉ´µ¸ÉÓ µ¡· §µ¢ ´¨Ö  ¡¥·· Í¨° ³¥¦¤Ê Ì·µ³µ¸µ³ ³¨, ¨³¥Õ-
Ð¨³¨ É¥ ¦¥ Ë¨§¨Î¥¸±¨¥ ¤²¨´Ò, ´µ ¶·µ¸É· ´¸É¢¥´´µ · §¤¥²¥´´Ò³¨ ¤·Ê£ c
¤·Ê£µ³.

’ ±¨³ µ¡· §µ³, ´ ±µ¶²¥´´Ò¥ ¢ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö ¤ ´´Ò¥ ¸¢¨¤¥É¥²Ó¸É¢ÊÕÉ
µ Éµ³, ÎÉµ · §´ Ö · ¤¨µÎÊ¢¸É¢¨É¥²Ó´µ¸ÉÓ µÉ¤¥²Ó´ÒÌ Ì·µ³µ¸µ³ ´¥ ³µ¦¥É ¡ÒÉÓ
µ¡ÑÖ¸´¥´  Éµ²Ó±µ ´  µ¸´µ¢¥ ¨Ì Ë¨§¨Î¥¸±µ° ¤²¨´Ò. Š·µ³¥ Éµ£µ, ¶µ¸±µ²Ó±Ê
 ¡¥·· Í¨¨ Ì·µ³µ¸µ³ ¤¥É¥±É¨·µ¢ ´Ò · §´Ò³¨ ³¥Éµ¤ ³¨ ¢ · §´ÒÌ Î ¸ÉÖÌ £¥-
´µ³ , ´¥ ¨¸±²ÕÎ ¥É¸Ö ¢¥·µÖÉ´µ¸ÉÓ ¶µ²ÊÎ¥´¨Ö · §²¨Î ÕÐ¨Ì¸Ö ·¥§Ê²ÓÉ Éµ¢.
�É¨ µ¡¸ÉµÖÉ¥²Ó¸É¢ , ´ ·Ö¤Ê ¸ ¤·Ê£¨³¨, ¸¢Ö§ ´´Ò³¨ ¸ µ¸µ¡¥´´µ¸ÉÖ³¨ ¨¸¶µ²Ó-
§Ê¥³ÒÌ ³¥Éµ¤µ¢, ³µ£²¨ ¸± § ÉÓ¸Ö ¨ ´  · §²¨Î¨ÖÌ ¢ ±µÔËË¨Í¨¥´É Ì �I� ¶·µ-
Éµ´µ¢ ¸ Ô´¥·£¨¥° 1 ƒÔ‚ ¨ Ê¸±µ·¥´´ÒÌ ¨µ´µ¢ 14N, µÍ¥´±  ±µÉµ·ÒÌ ¶·µ¢¥¤¥´ 
´ ³¨ ¶µ · §´Ò³ Í¨Éµ£¥´¥É¨Î¥¸±¨³ ¶µ± § É¥²Ö³ ¶·¨  ´ ²¨§¥ ¸É ´¤ ·É´Ò³ ³¥-
É Ë §´Ò³ ¨ FISH-³¥Éµ¤ ³¨ (É ¡². 2). ’ ± ± ± ¸É ´¤ ·É´Ò° ³¥É Ë §´Ò° ³¥Éµ¤
´¥ ¶µ§¢µ²Ö¥É ¤¥É¥±É¨·µ¢ ÉÓ ¸¨³³¥É·¨Î´Ò¥ µ¡³¥´´Ò¥  ¡¥·· Í¨¨ (É· ´¸²µ± -
Í¨¨) Ì·µ³µ¸µ³, Éµ µ¡Ð¥¥ Î¨¸²µ ¢ÒÖ¢²¥´´ÒÌ ÔÉ¨³ ³¥Éµ¤µ³ Ì·µ³µ¸µ³´ÒÌ  ¡¥·-
· Í¨° µ± §Ò¢ ¥É¸Ö ¸´¨¦¥´´Ò³ ¶µ ¸· ¢´¥´¨Õ ¸ ·¥ ²Ó´µ ¢µ§´¨± ÕÐ¨³¨ ¶·¨
¢µ§¤¥°¸É¢¨¨ ¨µ´¨§¨·ÊÕÐ¨³¨ ¨§²ÊÎ¥´¨Ö³¨. ‚ ¸¢µÕ µÎ¥·¥¤Ó, FISH-³¥Éµ¤µ³,
¶µ§¢µ²ÖÕÐ¨³ ¤¥É¥±É¨·µ¢ ÉÓ É· ´¸²µ± Í¨¨,  ´ ²¨§¨·ÊÕÉ¸Ö  ¡¥·· Í¨¨ Éµ²Ó±µ
¢ ´¥¡µ²ÓÏµ° Î ¸É¨ £¥´µ³  ±²¥Éµ±. �É¨ µ¡¸ÉµÖÉ¥²Ó¸É¢  ³µ£ÊÉ ¸± §Ò¢ ÉÓ¸Ö ´ 
¸µµÉ´µÏ¥´¨Öx · §´ÒÌ ¢¨¤µ¢ Ì·µ³µ¸µ³´ÒÌ  ¡¥·· Í¨° ¨ µ¡Ê¸²µ¢²¨¢ ÉÓ · §²¨-
Î¨Ö ¨Ì ¤µ²¥° µÉ µ¡Ð¥£µ Î¨¸²  ·¥£¨¸É·¨·Ê¥³ÒÌ ¶µ¢·¥¦¤¥´¨°.

�·¨  ´ ²¨§¥ ³¥É Ë §´Ò³ ³¥Éµ¤µ³ Ì·µ³µ¸µ³ £¥´µ³  ¢ Í¥²µ³ ³Ò ´ ¡²Õ-
¤ ²¨, ÎÉµ ¡~o²ÓÏÊÕ Î ¸ÉÓ ¨Ì  ¡¥·· Í¨° ¢ µ¡²ÊÎ¥´´ÒÌ ²¨³ËµÍ¨É Ì ¸µ¸É ¢²Ö²¨
É ±¨¥ ´¥¸¨³³¥É·¨Î´Ò¥ µ¡³¥´´Ò¥  ¡¥·· Í¨¨, ± ± ¤¨Í¥´É·¨±¨ ¨ ±µ²ÓÍ , ´ 
¤µ²Õ ±µÉµ·ÒÌ ¶·¨Ìµ¤¨²µ¸Ó ¢ ¸·¥¤´¥³ 45÷50% µÉ µ¡Ð¥£µ Î¨¸²  ¢ÒÖ¢²¥´´ÒÌ
Ì·µ³µ¸µ³´ÒÌ ´ ·ÊÏ¥´¨°. „²Ö ¸Ê¦¤¥´¨Ö µ ¢µ§³µ¦´µ³ Ê·µ¢´¥ ¸¨³³¥É·¨Î´ÒÌ
µ¡³¥´´ÒÌ  ¡¥·· Í¨° ¢ ¶µ²´µ³ £¥´µ³¥ ³µ¦¥É ¡ÒÉÓ ¶µ²¥§´Ò³ Ê¸É ´µ¢²¥´¨¥
¸µµÉ´µÏ¥´¨Ö ³¥¦¤Ê Ë· ±Í¨¥° É· ´¸²µ± Í¨° ¨ Ë· ±Í¨¥° ¤¨Í¥´É·¨±µ¢ ¨ ±µ-
²¥Í, ¢ÒÖ¢²Ö¥³ÒÌ FISH-³¥Éµ¤µ³ ¢ Ì·µ³µ¸µ³ Ì-1 ¨ -2. ’ ±, ¶µ ¶µ²ÊÎ¥´´Ò³
´ ³¨ ¤ ´´Ò³ ´¥ µÉ³¥Î¥´µ ¸ÊÐ¥¸É¢¥´´ÒÌ ±µ²¨Î¥¸É¢¥´´ÒÌ · §²¨Î¨° ³¥¦¤Ê
´¨³¨ ¶·¨ FISH- ´ ²¨§¥ µ¡¥¨Ì Ì·µ³µ¸µ³ ¢ ²¨³ËµÍ¨É Ì, µ¡²ÊÎ¥´´ÒÌ, ¸µµÉ-
¢¥É¸É¢¥´´µ, ¶·µÉµ´ ³¨ ¨²¨ ¨µ´ ³¨  §µÉ  ¢ ¤µ§ Ì ¡µ²¥¥ 1 ƒ·. „µ²¨ ÔÉ¨Ì ¢¨¤µ¢
 ¡¥·· Í¨° µÉ µ¡Ð¥£µ Î¨¸²  ¸µ¸É ¢¨²¨ ¶·¨ µ¡²ÊÎ¥´¨¨ ¶·µÉµ´ ³¨ ¢ ¸·¥¤´¥³
∼ 35%,   ¨µ´ ³¨  §µÉ  ∼ 25%. ŒÒ ³µ¦¥³ ¶·¥¤¶µ²µ¦¨ÉÓ, ÎÉµ ¶µ¤µ¡´Ò¥ ¸µ-
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µÉ´µÏ¥´¨Ö ¸µÌ· ´ÖÉ¸Ö ¨ ¢ £¥´µ³¥ ¢ Í¥²µ³. „²Ö ¶·µ¢¥·±¨ ¡Ò²µ ¸Ê³³¨·µ¢ ´µ
±µ²¨Î¥¸É¢µ É· ´¸²µ± Í¨°, ¶¥·¥¸Î¨É ´´ÒÌ ´  ¶µ²´Ò° £¥´µ³, ¨¸Ìµ¤Ö ¨§ ¤ ´´ÒÌ
FISH- ´ ²¨§  ¤²Ö Ì·µ³µ¸µ³-1 ¨ -2, ¸ µ¡Ð¨³ Î¨¸²µ³  ¡¥·· Í¨°, ¤¥É¥±É¨·µ¢ ´-
´ÒÌ ¸É ´¤ ·É´Ò³ ³¥É Ë §´Ò³ ³¥Éµ¤µ³ ¢ £¥´µ³¥ ¢ Í¥²µ³, ¨ · ¸¸Î¨É ´Ò ¤µ²¨
É· ´¸²µ± Í¨° ¨ ¤µ²¨ ¤¨Í¥´É·¨±µ¢ ¨ ±µ²¥Í µÉ É ±µ£µ ¸Ê³³ ·´µ£µ Î¨¸²  Ì·µ³µ-
¸µ³´ÒÌ  ¡¥·· Í¨°. „¥°¸É¢¨É¥²Ó´µ, µ± § ²µ¸Ó, ÎÉµ ¶·¨ ¢µ§¤¥°¸É¢¨¨ ·¥¤±µ¨µ-
´¨§¨·ÊÕÐ¨³¨ ¨§²ÊÎ¥´¨Ö³¨ (γ-²ÊÎ¨ ¨ ¶·µÉµ´Ò) ¤µ²¨ ÔÉ¨Ì ¢¨¤µ¢  ¡¥·· Í¨° µÉ
µ¡µ¡Ð¥´´µ£µ Î¨¸²   ¡¥·· Í¨° ¸µ¸É ¢²Ö²¨ µ±µ²µ 30Ä35%. �·¨ ¢µ§¤¥°¸É¢¨¨
¨µ´ ³¨  §µÉ  ¤µ²Ö ¤¨Í¥´É·¨±µ¢ ¨ ±µ²¥Í É ±¦¥ ¨³¥²  ¡²¨§±¨¥ §´ Î¥´¨Ö (¢
¸·¥¤´¥³ 27%), ´µ ¤µ²Ö É· ´¸²µ± Í¨° µ± § ² ¸Ó ¸ÊÐ¥¸É¢¥´´µ ¡µ²¥¥ ¢Ò¸µ±µ°
¨ ¢ ¸·¥¤´¥³ ¸µ¸É ¢¨²  48%. ‚¨¤¨³µ, ´¥ ¨¸±²ÕÎ ¥É¸Ö ¢¥·µÖÉ´µ¸ÉÓ Éµ£µ, ÎÉµ
¢µ§¤¥°¸É¢¨¥ ¨§²ÊÎ¥´¨Ö³¨ ¸ ¢Ò¸µ±¨³¨ ¶²µÉ´µ¸ÉÖ³¨ ¨µ´¨§ Í¨¨ µ¡¥¸¶¥Î¨¢ ¥É
´¥±µÉµ·Ò¥ ¶·¥¨³ÊÐ¥¸É¢  ¤²Ö Ëµ·³¨·µ¢ ´¨Ö ¸¨³³¥É·¨Î´ÒÌ µ¡³¥´´ÒÌ  ¡¥·-
· Í¨° (É· ´¸²µ± Í¨°) ¶µ ¸· ¢´¥´¨Õ ¸ ´¥¸¨³³¥É·¨Î´Ò³¨ µ¡³¥´ ³¨. •µÉÖ ¢
ÔÉµ³ ¸²ÊÎ ¥ É ±¦¥ ³µ¦¥É ¨³¥ÉÓ ³¥¸Éµ ´¥¤µÊÎ¥É Î¨¸²  ¤¨Í¥´É·¨±µ¢ ¢ ¸µµÉ-
¢¥É¸É¢ÊÕÐ¨¥ ¸·µ±¨ Ë¨±¸ Í¨¨ ¢¸²¥¤¸É¢¨¥ ¡µ²¥¥ ¤²¨É¥²Ó´µ° § ¤¥·¦±¨ ¤¥²¥´¨Ö
±²¥Éµ± ¸ É ±¨³¨  ¡¥·· Í¨Ö³¨.

‡�Š‹�—…�ˆ…

‚ ¤ ´´µ° · ¡µÉ¥ ¨§²µ¦¥´Ò ·¥§Ê²ÓÉ ÉÒ ¨¸¸²¥¤µ¢ ´¨Ö ¸É ¡¨²Ó´ÒÌ ¨ ´¥-
¸É ¡¨²Ó´ÒÌ  ¡¥·· Í¨° Ì·µ³µ¸µ³ ¢ ²¨³ËµÍ¨É Ì Î¥²µ¢¥± , ¢Ò¶µ²´¥´´µ£µ ¢
�É¤¥²¥´¨¨ · ¤¨ Í¨µ´´ÒÌ ¨ · ¤¨µ¡¨µ²µ£¨Î¥¸±¨Ì ¨¸¸²¥¤µ¢ ´¨° �ˆŸˆ ¨ ¢ ² -
¡µ· Éµ·¨¨ ¢Ò¸µ±µÉµÎ´µ° Í¨Éµ³¥É·¨¨ ˆ´¸É¨ÉÊÉ  ¡¨µË¨§¨±¨ �
 —� (I·´µ,
—¥Ì¨Ö). �´µ ¸É ²µ ¢µ§³µ¦´Ò³ ¡² £µ¤ ·Ö ¨¸¶µ²Ó§µ¢ ´¨Õ ¶ÊÎ±µ¢ ¢Ò¸µ±µÔ´¥·-
£¥É¨Î´ÒÌ § ·Ö¦¥´´ÒÌ Î ¸É¨Í, £¥´¥·¨·Ê¥³ÒÌ ´  ¡ §µ¢ÒÌ Ê¸É ´µ¢± Ì �ˆŸˆ:
¶·µÉµ´µ¢ ·¥²ÖÉ¨¢¨¸É¸±¨Ì Ô´¥·£¨° (¸¨´Ì·µË §µÉ·µ´ ‹‚�), Ê¸±µ·¥´´ÒÌ ÉÖ¦¥-
²ÒÌ ¨µ´µ¢ 14N (“-400Œ ‹Ÿ�).

ˆ§ÊÎ ²¨¸Ó ±µ²¨Î¥¸É¢¥´´Ò¥ § ±µ´µ³¥·´µ¸É¨ µ¡· §µ¢ ´¨Ö ¸É ¡¨²Ó´ÒÌ
 ¡¥·· Í¨° Ì·µ³µ¸µ³ (É· ´¸²µ± Í¨¨ ¨ ¨´¸¥·Í¨¨) ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ É¥Ì´¨±¨
Ë²Êµ·¥¸Í¥´É´µ° £¨¡·¨¤¨§ Í¨¨ ®in situ¯ (FISH-³¥Éµ¤) ¶·¨ ¤¥°¸É¢¨¨ ¨§²ÊÎ¥´¨°
¢ Ï¨·µ±µ³ ¤¨ ¶ §µ´¥ ‹��. “¸É ´µ¢²¥´  ¢Ò¸µ± Ö Î ¸ÉµÉ  µ¡· §µ¢ ´¨Ö É ±¨Ì
 ¡¥·· Í¨° ¢ Ì·µ³µ¸µ³ Ì-1 ¨ -2 Î¥²µ¢¥±  ¶·¨ ¤¥°¸É¢¨¨ ¨§²ÊÎ¥´¨° · §´µ£µ
± Î¥¸É¢ . �¸´µ¢´ÊÕ ¨Ì Î ¸ÉÓ ¸µ¸É ¢¨²¨ É· ´¸²µ± Í¨¨. 
  ¨Ì ¤µ²Õ ¶·¨Ìµ-
¤¨² ¸Ó §´ Î¨É¥²Ó´ Ö Î ¸ÉÓ µÉ µ¡Ð¥£µ Î¨¸²  Ì·µ³µ¸µ³´ÒÌ  ¡¥·· Í¨°: ¶·¨
γ-µ¡²ÊÎ¥´¨¨ ¨ ¤¥°¸É¢¨¨ ¶·µÉµ´µ¢ ¨Ì ¢±² ¤ ¤µ¸É¨£ ¥É 40Ä45%, ¶·¨ µ¡²Ê-
Î¥´¨¨ ¨µ´ ³¨ 14N ∼ 25%. �·¨ ¤¥°¸É¢¨¨ ·¥¤±µ¨µ´¨§¨·ÊÕÐ¨Ì ¨§²ÊÎ¥´¨°
¢ÒÖ¢²¥´ ²¨´¥°´µ-±¢ ¤· É¨Î´Ò° Ì · ±É¥· ¤µ§µ¢ÒÌ § ¢¨¸¨³µ¸É¥° ¤²Ö µ¡Ð¥£µ
Î¨¸²  Ì·µ³µ¸µ³´ÒÌ  ¡¥·· Í¨°, Î ¸ÉµÉÒ µ¡· §µ¢ ´¨Ö ¤¨Í¥´É·¨±µ¢ ¨ É· ´¸-
²µ± Í¨° Ì·µ³µ¸µ³-1 ¨ -2 ¨ ²¨´¥°´Ò° Ì · ±É¥· ¤µ§µ¢ÒÌ § ¢¨¸¨³µ¸É¥° ¤²Ö
Î¨¸²  ±²¥Éµ± ¸  ¡¥·· Í¨Ö³¨ ¨ Î ¸ÉµÉÒ µ¡· §µ¢ ´¨Ö Ë· £³¥´Éµ¢. �´ ²µ£¨Î-
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´Ò° Ì · ±É¥· ¨³¥²¨ ¤µ§µ¢Ò¥ § ¢¨¸¨³µ¸É¨ ¶·¨  ´ ²¨§¥ Ì·µ³µ¸µ³´ÒÌ  ¡¥·· -
Í¨° ¸É ´¤ ·É´Ò³ ³¥É Ë §´Ò³ ³¥Éµ¤µ³. �¡²ÊÎ¥´¨¥ Ê¸±µ·¥´´Ò³¨ ¨µ´ ³¨ 14N
Ì · ±É¥·¨§µ¢ ²µ¸Ó ²¨´¥°´Ò³ Ì · ±É¥·µ³ ¤µ§µ¢ÒÌ § ¢¨¸¨³µ¸É¥° ¶µ · §´Ò³
Í¨Éµ£¥´¥É¨Î¥¸±¨³ ¶µ± § É¥²Ö³ ¶·¨ µÍ¥´±¥ ± ± ±² ¸¸¨Î¥¸±¨³ ³¥É Ë §´Ò³
³¥Éµ¤µ³, É ± ¨ FISH-³¥Éµ¤µ³.

�µ± § ´µ, ÎÉµ Ê·µ¢¥´Ó É· ´¸²µ± Í¨° ¶·¨ ¤¥°¸É¢¨¨ γ-²ÊÎ¥°, ¶·µÉµ´µ¢ ¨
¨µ´µ¢ 14N ¶·¥¢ÒÏ ² Î ¸ÉµÉÊ ¢µ§´¨±´µ¢¥´¨Ö ¤¨Í¥´É·¨±µ¢ ¢ 4,3; 1,4 ¨ 3,5 · §a
¸µµÉ¢¥É¸É¢¥´´µ. FISH-³¥Éµ¤µ³ ¢ÒÖ¢²¥´  ¢Ò¸µ± Ö Î ¸ÉµÉ  µ¡· §µ¢ ´¨Ö Ë· £-
³¥´Éµ¢ Ì·µ³µ¸µ³-1 ¨ -2 ¶·¨ µ¡²ÊÎ¥´¨¨ ±²¥Éµ± ¨µ´ ³¨ 14N Å ¤µ 50% µÉ
µ¡Ð¥£µ Î¨¸²  Ì·µ³µ¸µ³´ÒÌ  ¡¥·· Í¨°. �·¨ ¤¥°¸É¢¨¨ γ-²ÊÎ¥° ¨ ¶·µÉµ´µ¢ ´ 
¨Ì ¤µ²Õ ¶·¨Ìµ¤¨²µ¸Ó ∼ 25%.

�Í¥´±  �I� ¶·µÉµ´µ¢ ¸ Ô´¥·£¨¥° 1 ƒÔ‚ ¨ ¨µ´µ¢ 14N ¸ Ô´¥·£¨¥°
50 ŒÔ‚/´Ê±²µ´ ¶µ ¢ÒÌµ¤Ê ¸É ¡¨²Ó´ÒÌ Ì·µ³µ¸µ³´ÒÌ  ¡¥·· Í¨° ¢ ²¨³Ëµ-
Í¨É Ì Î¥²µ¢¥±  ¶µ± § ²  ¢Ò¸µ±ÊÕ ÔËË¥±É¨¢´µ¸ÉÓ ¨µ´µ¢ 14N. ŠµÔËË¨Í¨¥´ÉÒ
�I� ¶·µÉµ´µ¢ ¨ ¨µ´µ¢  §µÉ  ¶µ ¢ÒÌµ¤Ê É· ´¸²µ± Í¨° ¸µ¸É ¢¨²¨ 1,1 ¨ 3,1 ¸µ-
µÉ¢¥É¸É¢¥´´µ. �µ ¤·Ê£¨³ Í¨Éµ£¥´¥É¨Î¥¸±¨³ ¶µ± § É¥²Ö³ ±µÔËË¨Í¨¥´ÉÒ �I�
¶·µÉµ´µ¢ ¡²¨§±¨ ± ¥¤¨´¨Í¥,   ±µÔËË¨Í¨¥´ÉÒ �I� Ê¸±µ·¥´´ÒÌ ¨µ´µ¢  §µÉ 
´ Ìµ¤ÖÉ¸Ö ¢ ¶·¥¤¥² Ì 3, 1 ÷ 6, 0 ¶·¨  ´ ²¨§¥ Ì·µ³µ¸µ³´ÒÌ  ¡¥·· Í¨° FISH-
³¥Éµ¤µ³.

� §· ¡µÉ ´ ³ É¥³ É¨Î¥¸±¨° ³¥Éµ¤ ¶¥·¥¸Î¥É  ´  ¶µ²´Ò° £¥´µ³ Î ¸ÉµÉ
µ¡· §µ¢ ´¨Ö É· ´¸²µ± Í¨°, ¤¨Í¥´É·¨±µ¢ ¨ Ë· £³¥´Éµ¢, ¢ÒÖ¢²Ö¥³ÒÌ FISH-
³¥Éµ¤µ³, ¤²Ö ¸²ÊÎ ¥¢ ®µ±· Ï¨¢ ´¨Ö¯ · §´Ò³¨ Ë²Êµ·¥¸Í¥´É´Ò³¨ ±· ¸¨É¥²Ö³¨
µ¤´µ° ¨²¨ ´¥¸±µ²Ó±¨Ì ¶ · Ì·µ³µ¸µ³. �´ ²¨§ ·¥§Ê²ÓÉ Éµ¢ ¶¥·¥¸Î¥É  ¸¢¨¤¥-
É¥²Ó¸É¢Ê¥É µ ¡µ²¥¥ ¢Ò¸µ±µ° · ¤¨µÎÊ¢¸É¢¨É¥²Ó´µ¸É¨ Ì·µ³µ¸µ³-1 ¨ -2 ¸·¥¤¨
¤·Ê£¨Ì Ì·µ³µ¸µ³ £¥´µ³  Î¥²µ¢¥± .

�¢Éµ·Ò £²Ê¡µ±o ¡² £µ¤ ·´Ò  ± ¤¥³¨±Ê �.Œ. I ²¤¨´Ê , Î²¥´Ê-±µ··¥¸¶µ´-

¤¥´ÉÊ ��
 �.–.�£ ´¥¸Ö´Ê, ¶·µË¥¸¸µ·Ê �.ˆ.Œ ² Ìµ¢Ê §  ¢´¨³ ´¨¥ ± ¶·µ¢¥-
¤¥´´Ò³ · ¡µÉ ³, ¤µ±Éµ·Ê ‘.Šµ§Ê¡¥±Ê ¨ ¤µ±Éµ·Ê …. ‹Ê± Ï¥¢µ° §  ¶²µ¤µÉ¢µ·-
´Ò¥ ¤¨¸±Ê¸¸¨¨ ¨ ¶µ¤¤¥·¦±Ê ¢ · ¡µÉ¥.
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