
�¨¸Ó³  ¢ �—�Ÿ. 2006. ’. 3, º 6(135). ‘. 58Ä73

“„Š 575.113 : 004.94 : 004.925.8+57:539.12.08; 615.8490

3D-Œ�„…‹ˆ��‚��ˆ… Œ�Š����•ˆ’…Š’“�›
ƒ…��Œ� �� �‘��‚… …ƒ� ‘’�“Š’“��›•

ˆ‡Œ…�…�ˆ‰ ��‘‹… „…‰‘’‚ˆŸ ��„ˆ�–ˆˆ

ˆ.„. �²¥±¸ ´¤·μ¢a, ¡, Œ. ‚. �²¥±¸ ´¤·μ¢ a, ¡, �. ‘. ‡ ¨±¨´a,
‚. ‚. Šμ·¥´Ó±μ¢a, �. ‚. �¥·¢ÊÏμ¢ a, ‚. �. ‘É¥¶ ´¥´±μa, 1
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‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö, ¶μ¸²¥ 120 ²¥É É¥μ·¥É¨Î¥¸±¨Ì ¨ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¨¸¸²¥¤μ¢ ´¨°, ¢μ¶·μ¸
μ ³ ±·μ ·Ì¨É¥±ÉÊ·¥ £¥´μ³ , É. ¥. ´ ¨¡μ²¥¥ ¢Ò¸μ±μ³ Ê·μ¢´¥ μ·£ ´¨§ Í¨¨ ¨´É¥·Ë §´ÒÌ Ì·μ³μ¸μ³ ¢
Ö¤·¥ ¸μ³ É¨Î¥¸±¨Ì ±²¥Éμ±, ¢¸¥ ¥Ð¥ μ¸É ¥É¸Ö ´¥·¥Ï¥´´Ò³. �·μ¡²¥³  ¦¥ ¶·μ¸É· ´¸É¢¥´´μ° Ê±² ¤±¨
¨´É¥·Ë §´ÒÌ Ì·μ³μ¸μ³ ¢ £ ¶²μ¨¤´μ³ Ö¤·¥ § ·μ¤ÒÏ¥¢ÒÌ ±²¥Éμ± ´¨±μ£¤  ¤ ¦¥ ´¥ ¨§ÊÎ ² ¸Ó. �·μ-
¢¥¤¥´μ 3D-³μ¤¥²¨·μ¢ ´¨¥ Ê±² ¤±¨ ¢ ¶·μ¸É· ´¸É¢¥ Î ¸É¨ £ ¶²μ¨¤´μ£μ £¥´μ³  (¢Éμ· Ö Ì·μ³μ¸μ³ )
¢ §·¥²ÒÌ ¸¶¥·³¨ÖÌ Drosophila melanogaster ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ³ É¥³ É¨Î¥¸±¨Ì ³¥Éμ¤μ¢ ¨ ³¥Éμ¤μ¢
¢¨§Ê ²¨§ Í¨¨ ³ ±·μ³μ²¥±Ê²Ö·´ÒÌ ¡¨μ¸É·Ê±ÉÊ·. ‚ ± Î¥¸É¢¥ £¥´¥É¨Î¥¸±¨Ì ³ ·±¥·μ¢ ¤²Ö ³μ¤¥²¨·μ¢ -
´¨Ö ¨¸¶μ²Ó§μ¢ ²¨ Î ¸ÉμÉÊ ¨ ²μ± ²¨§ Í¨Õ ´  ÔÉμ° Ì·μ³μ¸μ³¥ ¸ °Éμ¢ ¨´¢¥·¸¨μ´´ÒÌ · §·Ò¢μ¢ ¤²Ö 72
¸É·Ê±ÉÊ·´ÒÌ ³ÊÉ ´Éμ¢ vg, ¶·¥¤¶μ² £ Ö, ÎÉμ μ¡  ±μ´Í  ± ¦¤μ° ¨´¢¥·¸¨¨ ¸¡²¨¦¥´Ò ¨ μ¡· §ÊÕÉ ¶¥É²¨
¸μμÉ¢¥É¸É¢ÊÕÐ¥£μ · §³¥· . „²Ö ÊÎ¥É  ¸É¥¶¥´¨ ¶·μ¸É· ´¸É¢¥´´μ° ¡²¨§μ¸É¨ ¨ ¢¨§Ê ²¨§ Í¨¨ ¶¥É²¥-
¢ÒÌ ¸É·Ê±ÉÊ· Ì·μ³μ¸μ³Ò ¨¸¶μ²Ó§μ¢ ²¨¸Ó ¸μ¢·¥³¥´´Ò¥ ³¥Éμ¤Ò 3D-³μ¤¥²¨·μ¢ ´¨Ö ¸ ¶·¨³¥´¥´¨¥³
¸¶² °´μ¢, ¡¨¡²¨μÉ¥±¨ Open GL, Ö§Ò±  Delphi, ¶·μ£· ³³Ò Gmax. ‘μ£² ¸´μ · §· ¡μÉ ´´μ° ³μ¤¥²¨
¢¸Ö ¢Éμ· Ö Ì·μ³μ¸μ³  ¢ Ö¤·¥ §·¥²ÒÌ ¸¶¥·³¨¥¢ Ê¶ ±μ¢ ´ , ¶μ-¢¨¤¨³μ³Ê, ¢ ¢¨¤¥ ³¥£ ·μ§¥ÉμÎ´μ-
¶¥É²¥¢μ° ¸É·Ê±ÉÊ·Ò, ±μÉμ· Ö, ³μ¦´μ ¶μ² £ ÉÓ, Ö¢²Ö¥É¸Ö ¶·¨´Í¨¶¨ ²Ó´μ° ¨ Ê¶μ·Ö¤μÎ¥´´μ° Ëμ·³μ°
³ ±·μμ·£ ´¨§ Í¨¨ £¥´μ³  £ ¶²μ¨¤´ÒÌ § ·μ¤ÒÏ¥¢ÒÌ ±²¥Éμ± Ê ¢Ò¸Ï¨Ì μ·£ ´¨§³μ¢.

At present, after 120 years of the theoretical and experimental works, the issue of the genome
macroarchitecture as the highest level of interphase chromosome organization in somatic cell nuclei
remains still unresolved. The problem of the spatial arrangement of interphase chromosomes in haploid
germ cells has never even been studied. A 3D simulation of packaging of the entire second chromosome
in Drosophila mature sperms has been performed by using mathematical approaches and visualization
methods to present macromolecular structure data. As genetic markers for simulation, frequency and
location of the second inversion breakpoints for 72 structural vg mutants induced by ionizing radiation
were used supposing that both ends of each inversion are topologically brought together forming loop
of appropriate size. For the account of a degree of spatial afˇnity and visualization of chromosomal
loops modern 3D-modeling methods with application of splines, libraries OpenGL, language Delphi,
program Gmax were used. According to the model proposed, the entire second chromosome within
mature sperm nuclei seems to be packaged in the form of a megarosette-loop structure which may be a
basic principle of organization of the genome macro-architecture in animal haploid germ cells.
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�μ´ÖÉ¨¥ ®£¥´μ³¯, ¢¢¥¤¥´´μ¥ ±² ¸¸¨Î¥¸±μ° £¥´¥É¨±μ° ¤²Ö μ¶·¥¤¥²¥´¨Ö £ ¶²μ¨¤´μ£μ
´ ¡μ·  Ì·μ³μ¸μ³ ¸ ²μ± ²¨§μ¢ ´´Ò³¨ ¢ ´¥³ £¥´ ³¨ Ê ³´μ£μ±²¥ÉμÎ´ÒÌ μ·£ ´¨§³μ¢ [1], ¢
¸μ¢·¥³¥´´μ° ¡¨μ²μ£¨¨ ¨ £¥´¥É¨±¥ · ¸¶·μ¸É· ´¥´μ ´  £¥´¥É¨Î¥¸±¨° ³ É¥·¨ ² ²Õ¡μ£μ μ·-
£ ´¨§³ , ´ ¶μ²´¥´μ ´μ¢Ò³, ³μ²¥±Ê²Ö·´Ò³ ¸μ¤¥·¦ ´¨¥³ ¨ μ¡μ§´ Î ¥É ¢¸Õ ¸μ¢μ±Ê¶´μ¸ÉÓ
±μ¤¨·ÊÕÐ¥° (£¥´Ò) ¨ ´¥±μ¤¨·ÊÕÐ¥° (®³μ²Î Ð Ö¯ ¨²¨ ®¨§¡ÒÉμÎ´ Ö¯) Ö¤¥·´μ° „�Š [2],
¸É ¢Ï¥° £² ¢´Ò³ ¶·¥¤³¥Éμ³ ¨§ÊÎ¥´¨Ö ´μ¢μ£μ ´ ÊÎ´μ£μ ´ ¶· ¢²¥´¨Ö Å £¥´μ³¨±¨. ‘·¥¤¨
£² ¢´ÒÌ § ¤ Î £¥´μ³¨±¨ ´ ·Ö¤Ê ¸ ¨§ÊÎ¥´¨¥³ ¸É·Ê±ÉÊ·Ò ¨ ËÊ´±Í¨¨ ±μ¤¨·ÊÕÐ¥° ¨ ´¥±μ¤¨-
·ÊÕÐ¥° „�Š ¢ ¨Ì ¢§ ¨³μ¸¢Ö§¨ ¢ ¸¨¸É¥³¥ £¥´μ³  ¤ ´´μ£μ μ·£ ´¨§³  Å ¢ÒÖ¸´¥´¨¥ μ¡Ð¨Ì
¶·¨´Í¨¶μ¢ ±μ³¶ ±É¨§ Í¨¨ „�Š ¢ ¨´É¥·Ë §´ÒÌ Ì·μ³μ¸μ³ Ì (³¨±·μ ·Ì¨É¥±ÉÊ·  £¥´μ³ )
¨ Ê±² ¤±¨ ¸ ³¨Ì Ì·μ³μ¸μ³ ¢ μ£· ´¨Î¥´´μ³ ¶·μ¸É· ´¸É¢¥ ±²¥ÉμÎ´μ£μ Ö¤·  (³ ±·μ ·Ì¨-
É¥±ÉÊ·  £¥´μ³ ).

Œ ¸ÏÉ ¡´Ò¥ ¨¸¸²¥¤μ¢ ´¨Ö ¶μ¸²¥¤´¨Ì É·¥Ì ¤¥¸ÖÉ¨²¥É¨° ¶μ ³¨±·μ ·Ì¨É¥±ÉÊ·¥ £¥´μ³ 
· §´ÒÌ ³´μ£μ±²¥ÉμÎ´ÒÌ μ·£ ´¨§³μ¢ § ¢¥·Ï¨²¨¸Ó ± ´ ¸ÉμÖÐ¥³Ê ¢·¥³¥´¨ ¨¤¥´É¨Ë¨± -
Í¨¥° ¶ÖÉ¨ μ¸´μ¢´ÒÌ ¨ μ¡Ð¨Ì ¤²Ö ¢¸¥Ì ÔÊ± ·¨μÉ ¨¥· ·Ì¨Î¥¸±¨Ì Ê·μ¢´¥° ±μ³¶ ±É¨§ Í¨¨
„�Š ¸ μ¡· §μ¢ ´¨¥³ ¨´É¥·Ë §´ÒÌ Ì·μ³μ¸μ³ (´¨É¨ Ì·μ³ É¨´ ) Å ÔÉμ ´Ê±²¥μ¸μ³´Ò°,
´Ê±²¥μ³¥·´Ò°, ¸μ²¥´μ¨¤´Ò°, ³¨±·μ¶¥É²¥¢μ° ¨ Ì·μ³μ³¥·´Ò° Ê·μ¢´¨ [3, 4].

�·¥¤¸É ¢²¥´¨Ö μ ³ ±·μμ·£ ´¨§ Í¨¨ ¨²¨ ³ ±·μ ·Ì¨É¥±ÉÊ·¥ £¥´μ³  ´  ¡μ²¥¥ ¢Ò¸μ-
±¨Ì, Î¥³ Ì·μ³μ³¥·´Ò°, Ê·μ¢´ÖÌ ¤μ ¸¨Ì ¶μ· μ¸É ÕÉ¸Ö ¢¥¸Ó³  ´¥μ¶·¥¤¥²¥´´Ò³¨,   ¸ÊÐ¥-
¸É¢ÊÕÐ¨¥ £¨¶μÉ¥§Ò, ± ¸ ÕÐ¨¥¸Ö ¨¸±²ÕÎ¨É¥²Ó´μ £¥´μ³  ¸μ³ É¨Î¥¸±¨Ì ±²¥Éμ±, ¶·μÉ¨¢μ-
·¥Î¨¢Ò³¨.
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�¥·¢ Ö ¶μ¶ÒÉ±  ·¥±μ´¸É·Ê±Í¨¨ ¶μ²μ¦¥´¨Ö ¨´É¥·Ë §´ÒÌ Ì·μ³μ¸μ³ ¢ ¶·μ¸É· ´¸É¢¥
±²¥ÉμÎ´μ£μ Ö¤·  μÉ´μ¸¨É¸Ö ± 1885 £., ±μ£¤  Š. � ¡², ¨¸¸²¥¤ÊÖ ¶μ²μ¦¥´¨¥ Ì·μ³μ¸μ³ ¢
³¨Éμ§¥ · ¸É¨É¥²Ó´ÒÌ ±²¥Éμ±, ¶·¥¤²μ¦¨² ³μ¤¥²Ó ¶μ²Ö·´μ° μ·¨¥´É Í¨¨ Ì·μ³μ¸μ³ [5].
‘μ£² ¸´μ ³μ¤¥²¨ Í¥´É·μ³¥·Ò (¨ ¶·¨Í¥´É·μ³¥·´Ò° £¥É¥·μÌ·μ³ É¨´) Ì·μ³μ¸μ³ £·Ê¶¶¨·Ê-
ÕÉ¸Ö ¢ μ¤´μ° §μ´¥ Ö¤· , ¨Ì ¶²¥Î¨ ²¥¦ É ¶ · ²²¥²Ó´μ ¤·Ê£ ¤·Ê£Ê,   ¸¢μ¡μ¤´Ò¥ (É¥²μ³¥·-
´Ò¥) ±μ´ÍÒ ¸Í¥¶²¥´Ò ³¥¦¤Ê ¸μ¡μ° ¢ ¶·μÉ¨¢μ¶μ²μ¦´μ° §μ´¥ Ö¤· . �É  É ± ´ §Ò¢ ¥³ Ö
Rabl-μ·¨¥´É Í¨Ö ¨´É¥·Ë §´ÒÌ Ì·μ³μ¸μ³ ¢ ¶μ¸²¥¤ÊÕÐ¨¥ £μ¤Ò ¢¶²μÉÓ ¤μ ´ ¸ÉμÖÐ¥£μ ¢·¥-
³¥´¨ ´ Ìμ¤¨²  ¸¢μ¥ ¶μ¤É¢¥·¦¤¥´¨¥ ¢ · ¡μÉ Ì Í¥²μ£μ ·Ö¤  ¨¸¸²¥¤μ¢ É¥²¥°, ¨³¥¢Ï¨Ì ¤¥²μ
¸ ¡Ò¸É·μ ¤¥²ÖÐ¨³¨¸Ö ¸μ³ É¨Î¥¸±¨³¨ ±²¥É± ³¨ ¦¨¢μÉ´ÒÌ ¨²¨ · ¸É¥´¨°, Éμ£¤  ± ± ´ 
±²¥É± Ì ¤·Ê£μ£μ É¨¶  ¶μ²ÊÎ¥´Ò ¶·Ö³μ ¶·μÉ¨¢μ¶μ²μ¦´Ò¥ ·¥§Ê²ÓÉ ÉÒ [5]. Š ± ¸¶· ¢¥¤-
²¨¢μ μÉ³¥Î ¥É ƒ. ‘ Ê³¢¥¡¥· ¢ § ±²ÕÎ¥´¨¥ ¸¢μ¥£μ μ¡§μ· , ®. . .´¥μ¶·¥¤¥²¥´´μ¸ÉÓ ´ Ï¨Ì
§´ ´¨°, ± ¸ ÕÐ¨Ì¸Ö · ¸¶μ²μ¦¥´¨Ö Ì·μ³μ¸μ³ ¢ ¶·μ¸É· ´¸É¢¥ ¨´É¥·Ë §´μ£μ Ö¤· , ¢ ´ -
¸ÉμÖÐ¥¥ ¢·¥³Ö, ¢ μ¸´μ¢´μ³, μ¡Ê¸²μ¢²¥´  μÉ¸ÊÉ¸É¢¨¥³ ¶μ¤Ìμ¤ÖÐ¨Ì ³¥Éμ¤μ¢ ¤²Ö ¤¥É ²Ó´μ£μ
´ ¡²Õ¤¥´¨Ö ¨  ´ ²¨§  ¡¥§ · §·ÊÏ¥´¨Ö ¸ÊÐ¥¸É¢ÊÕÐ¥° μ·£ ´¨§ Í¨¨¯. ˆ¸É¥±Ï¨¥ ¸μ ¢·¥-
³¥´¨ ÔÉμ£μ ÊÉ¢¥·¦¤¥´¨Ö ¶μÎÉ¨ 20 ²¥É ³ ²μ ÎÉμ ¨§³¥´¨²¨ ¢ ´ Ï¨Ì ¶·¥¤¸É ¢²¥´¨ÖÌ μ
¶·μ¸É· ´¸É¢¥´´μ° μ·£ ´¨§ Í¨¨ ¨´É¥·Ë §´μ° Ì·μ³μ¸μ³Ò, μ Î¥³ ¸¢¨¤¥É¥²Ó¸É¢Ê¥É μ¡¨²¨¥
£¨¶μÉ¥§ ÔÉμ° μ·£ ´¨§ Í¨¨, £² ¢´Ò³ μ¡· §μ³, ¢ ¸μ³ É¨Î¥¸±¨Ì ±²¥É± Ì. ‚ Î ¸É´μ¸É¨, μ¶¨-
¸Ò¢ ÕÉ ¥¥ ¢ ¢¨¤¥ Ì μÉ¨Î´μ ¸²μ¦¥´´ÒÌ ²¨¡μ ³¥²±¨Ì (∼ 100 ÉÒ¸. ¶ · μ¸´μ¢ ´¨° „�Š)
¶¥É¥²Ó [6, 7], ²¨¡μ ¡μ²¥¥ ±·Ê¶´ÒÌ · ¤¨ ²Ó´ÒÌ ¶¥É¥²Ó, ¶¥·¥³¥¦ ¥³ÒÌ ¸¶¨· ²¥¢¨¤´Ò³¨
¸É·Ê±ÉÊ· ³¨ [8], ¨²¨ £¨£ ´É¸±¨Ì (¨§ ´¥¸±μ²Ó±¨Ì ³²´ ¶ · μ¸´μ¢ ´¨° „�Š) ¶¥É¥²Ó [9].
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‚μ¶·μ¸ μ ³ ±·μ ·Ì¨É¥±ÉÊ·¥ £¥´μ³  ¢ £ ¶²μ¨¤´μ³ Ö¤·¥ § ·μ¤ÒÏ¥¢ÒÌ ±²¥Éμ± Ê ¢Ò¸Ï¨Ì
μ·£ ´¨§³μ¢ ¤μ ¸¨Ì ¶μ· μ¸É ¥É¸Ö ³ ²μ¨§ÊÎ¥´´Ò³, £² ¢´Ò³ μ¡· §μ³, ¨§-§  μÉ¸ÊÉ¸É¢¨Ö ´ ¤-
²¥¦ Ð¨Ì ³¥Éμ¤¨Î¥¸±¨Ì ¶μ¤Ìμ¤μ¢, ±μÉμ·Ò¥ ¶μ§¢μ²¨²¨ ¡Ò ¢¥¸É¨  ´ ²¨§, ´¥ ´ ·ÊÏ Ö Ì -
· ±É¥·´ÊÕ ¤²Ö ÔÉμ£μ £¥´μ³  μ·£ ´¨§ Í¨Õ (¡μ²¥¥ ¶²μÉ´ Ö Ê¶ ±μ¢±  ´¨É¥° Ì·μ³ É¨´  ¶μ
¸· ¢´¥´¨Õ ¸ É ±μ¢μ° ¢ ¸μ³ É¨Î¥¸±¨Ì ±²¥É± Ì). Œ¥¦¤Ê É¥³ ¶μ´¨³ ´¨¥ ³ ±·μ ·Ì¨É¥±ÉÊ·Ò
£ ¶²μ¨¤´μ£μ £¥´μ³  ¶·¥¤¸É ¢²Ö¥É ´¥ Éμ²Ó±μ ¸ ³μ¸ÉμÖÉ¥²Ó´Ò° ¨´É¥·¥¸ ¢¢¨¤Ê ¢ ¦´¥°Ï¥°
¥£μ ËÊ´±Í¨¨ (¶¥·¥¤ Î  £¥´¥É¨Î¥¸±μ° ¨´Ëμ·³ Í¨¨ ¢ Î·¥¤¥ ¶μ±μ²¥´¨°, μ¡¥¸¶¥Î¨¢ ÕÐ Ö
¸ÊÐ¥¸É¢μ¢ ´¨¥ ¨ Ô¢μ²ÕÍ¨Õ ¢¨¤ ), ´μ ¨³¥¥É, ¢¥·μÖÉ´μ, ¨ ¡μ²¥¥ μ¡Ð¥¥ §´ Î¥´¨¥, ¥¸²¨
¨³¥ÉÓ ¢ ¢¨¤Ê ÊÉ¢¥·¦¤¥´¨¥ Œ.	¥´´¥ÉÉ , ÎÉμ ®. . .¶·μ¸Éμ° £ ¶²μ¨¤´Ò° £¥´μ³ Ö¢²Ö¥É¸Ö ¡ §μ-
¢μ° ¸É·Ê±ÉÊ·´μ° ¥¤¨´¨Í¥° ¢ Ö¤¥·´μ°  ·Ì¨É¥±ÉÊ·¥. �μ ± ±μ¢ ¶μ·Ö¤μ± μ·£ ´¨§ Í¨¨ ¢´ÊÉ·¨
ÔÉμ° ¸É·Ê±ÉÊ·´μ° ¥¤¨´¨ÍÒ?¯ [10].

‚ ÔÉμ° ¸¢Ö§¨ § ³¥É´Ò° ¨´É¥·¥¸ (± ± μ¶·¥¤¥²¥´´Ò° ¶·μ£·¥¸¸ ¢ ¨§ÊÎ¥´¨¨ μ¡¸Ê¦¤ ¥³μ£μ
¢μ¶·μ¸ ) ¶·¥¤¸É ¢²Ö¥É ³¥£ ¸μ²¥´μ¨¤μ-·μ§¥ÉμÎ´ Ö ³μ¤¥²Ó ´ ¤Ì·μ³μ³¥·´μ° μ·£ ´¨§ Í¨¨
¨´É¥·Ë §´μ£μ Ì·μ³ É¨´  ¢ §·¥²ÒÌ £ ³¥É Ì (¸¶¥·³¨ÖÌ) ¸ ³Íμ¢ D.melanogaster [11], μ¸´μ-
¢ ´´ Ö ´  Í¨Éμ£¥´¥É¨Î¥¸±¨Ì § ±μ´μ³¥·´μ¸ÉÖÌ μ¡· §μ¢ ´¨Ö · ¤¨ Í¨μ´´μ-¨´¤ÊÍ¨·μ¢ ´´ÒÌ
³Ê²ÓÉ¨²μ±Ê¸´ÒÌ ¤¥²¥Í¨° (²μ± ²Ó´Ò¥ ¶μÉ¥·¨ ¸³¥¦´ÒÌ ¤¨¸±μ¢-Ì·μ³μ³¥·μ¢ ¢¥²¨Î¨´μ°
0,1Ä1,5 ³²´ ¶ · μ¸´μ¢ ´¨° „�Š) ¢ μ¡² ¸É¨ Ê´¨± ²Ó´ÒÌ £¥´μ¢ ¨§ É·¥Ì · §´ÒÌ · °μ-
´μ¢ £¥´μ³  ÔÉμ£μ ³´μ£μ±²¥ÉμÎ´μ£μ μ·£ ´¨§³ . …¸²¨ ¶μ² £ ÉÓ, ÎÉμ ¶μ¸ÉÊ²¨·Ê¥³ Ö ³μ¤¥²Ó
¶· ¢¨²Ó´μ μ¶¨¸Ò¢ ¥É ´ ¤Ì·μ³μ³¥·´Ò° Ê·μ¢¥´Ó μ·£ ´¨§ Í¨¨ ®¶·μ¸Éμ£μ¯ £ ¶²μ¨¤´μ£μ £¥-
´μ³ , ¶μ-¶·¥¦´¥³Ê μ¸É ¥É¸Ö ´¥Ö¸´Ò³, ± ±¨³ μ¡· §μ³ Ê²μ¦¥´  ¢¸Ö ³¥£ ¸μ²¥´μ¨¤´ Ö ´¨ÉÓ
¨´É¥·Ë §´μ° Ì·μ³μ¸μ³Ò ¢ μ£· ´¨Î¥´´μ³ ¶·μ¸É· ´¸É¢¥ Ö¤·  § ·μ¤ÒÏ¥¢μ° ±²¥É±¨.
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�¥·¸¶¥±É¨¢´Ò³ ¤²Ö ¨§ÊÎ¥´¨Ö ÔÉμ£μ ¢μ¶·μ¸  ³μ£ ¡Ò ¸É ÉÓ, ¶μ ´ Ï¥³Ê ³´¥´¨Õ,  ´ -
²¨§ § ±μ´μ³¥·´μ¸É¥° μ¡· §μ¢ ´¨Ö ¡μ²¥¥ ±·Ê¶´ÒÌ, Î¥³ ³Ê²ÓÉ¨²μ±Ê¸´Ò¥ ¤¥²¥Í¨¨, ¢´ÊÉ·¨-
Ì·μ³μ¸μ³´ÒÌ ¶¥·¥¸É·μ¥± É¨¶  ¨´¢¥·¸¨° (¶¥·¥¢¥·ÉÒ¢ ´¨¥ ¢´ÊÉ·¨Ì·μ³μ¸μ³´ÒÌ ¸¥£³¥´Éμ¢
· §´μ° ¢¥²¨Î¨´Ò ´  180◦), Ëμ·³¨·μ¢ ´¨¥ ±μÉμ·ÒÌ, ± ± ¨§¢¥¸É´μ, É·¥¡Ê¥É ¶·μ¸É· ´¸É¢¥´-
´μ° ¡²¨§μ¸É¨ ¤¢ÊÌ ¤¢Ê´¨É¥¢ÒÌ · §·Ò¢μ¢ „�Š ´  μ¡μ¨Ì ±μ´Í Ì ¤ ´´μ° ¨´¢¥·¸¨¨. ˆ¸¶μ²Ó-
§μ¢ ´¨¥ ¨μ´¨§¨·ÊÕÐ¥£μ ¨§²ÊÎ¥´¨Ö ¤²Ö ÔÉ¨Ì Í¥²¥° ¶·¥¤¸É ¢²Ö¥É¸Ö ´ ¨¡μ²¥¥ ¶¥·¸¶¥±É¨¢-
´Ò³ ¶¥·¥¤ ¤·Ê£¨³¨ £¥´μÉμ±¸¨± ´É ³¨ Ë¨§¨Î¥¸±μ° ¨²¨ Ì¨³¨Î¥¸±μ° ¶·¨·μ¤Ò ¢¸²¥¤¸É¢¨¥
¶·Ö³μ£μ ¨ ²μ± ²Ó´μ£μ ¤¥°¸É¢¨Ö · ¤¨ Í¨¨ ´  ®ÎÊ¢¸É¢¨É¥²Ó´ÊÕ¯ ³¨Ï¥´Ó (μ¸´μ¢ ´¨¥ Ì·μ-
³μ¸μ³´μ° ¶¥É²¨, É· ´¸Ëμ·³¨·Ê¥³μ° ¨§²ÊÎ¥´¨¥³ ¢ ¨´¢¥·¸¨Õ) ¡¥§ ´ ·ÊÏ¥´¨Ö ¢¸¥° μ¸É ²Ó-
´μ° ³μ²¥±Ê²Ö·´μ° ¸É·Ê±ÉÊ·Ò £¥´μ³ . �¤´μ¢·¥³¥´´μ ¤·Ê£¨³ ¢ ¦´Ò³ ¨ ´μ¢Ò³ ¶μ¤Ìμ¤μ³
± ¨§ÊÎ¥´¨Õ · ¸¸³ É·¨¢ ¥³μ£μ ¢μ¶·μ¸  Ö¢²Ö¥É¸Ö  ´ ²¨§ ¨´¢¥·¸¨°, ±μÉμ·Ò¥ ¨³¥ÕÉ μ¤¨´ ¨
ÉμÉ ¦¥ ¶μ ²μ± ²¨§ Í¨¨ ´  Ì·μ³μ¸μ³¥ (± ± ¡Ò Ë¨±¸¨·μ¢ ´´Ò°) ¤¢Ê´¨É¥¢μ° · §·Ò¢. �É¡μ·
É ±¨Ì ¨´¢¥·¸¨° ¢μ§³μ¦¥´, ¥¸²¨ ´ §¢ ´´Ò° · §·Ò¢ ´ Ìμ¤¨É¸Ö ¢ μ¡² ¸É¨ £¥´ -·¥¶μ·É¥· 
¨ μ´ ¸μ¶·μ¢μ¦¤ ¥É¸Ö ³ÊÉ Í¨μ´´Ò³ ¨§³¥´¥´¨¥³ ÔÉμ£μ £¥´ , ±μÉμ·μ¥ ¨¤¥´É¨Ë¨Í¨·Ê¥É¸Ö
É· ¤¨Í¨μ´´Ò³ £¥´¥É¨Î¥¸±¨³  ´ ²¨§μ³.

‘ ÊÎ¥Éμ³ ¸± § ´´μ£μ ¢ ¸¥·¨¨ · ¤¨ Í¨μ´´μ-£¥´¥É¨Î¥¸±¨Ì Ô±¸¶¥·¨³¥´Éμ¢ ¶μ μ¡²ÊÎ¥´¨Õ
¸¶¥·³¨¥¢ ¸ ³Íμ¢ γ-±¢ ´É ³¨ 60‘μ ¨²¨ ´¥°É·μ´ ³¨ ¤¥²¥´¨Ö (E¸· = 0,85 ŒÔ‚) ¢ ¤μ§ Ì
5Ä40 ƒ· ´ ³¨ ¢¶¥·¢Ò¥ ¡Ò²  ¶μ²ÊÎ¥´  ¤²Ö ¢Éμ·μ° Ì·μ³μ¸μ³Ò £¥´μ³  D.melanogaster
¤μ¸É ÉμÎ´μ ·¥¶·¥§¥´É É¨¢´ Ö ¢Ò¡μ·±  (72) ¨´¢¥·¸¨° · §´μ° ¢¥²¨Î¨´Ò, μÉ²¨Î¨É¥²Ó´μ°
μ¸μ¡¥´´μ¸ÉÓÕ ±μÉμ·ÒÌ Ö¢²Ö¥É¸Ö ²μ± ²¨§ Í¨Ö μ¤´μ£μ ¨§ ¨´¢¥·¸¨μ´´ÒÌ · §·Ò¢μ¢ ¢¸¥£¤  ¢
μ¡² ¸É¨ £¥´  vestigial (vg, ¸¥±Í¨Ö 49, 2R),   ¨Ì ¢Éμ·Ò¥ · §·Ò¢Ò μ¶·¥¤¥²¥´´Ò³ ´¥¸²ÊÎ °-
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´Ò³ μ¡· §μ³ · ¸¶·¥¤¥²¥´Ò ¶μ ¤²¨´¥ ¢¸¥° Ì·μ³μ¸μ³Ò [12] (·¨¸. 1). �Éμ ¶μ¤É¢¥·¦¤ ÕÉ
·¥§Ê²ÓÉ ÉÒ ¸É É¨¸É¨Î¥¸±μ£μ  ´ ²¨§  ¤ ´´ÒÌ, ¶μ¤Î¨´ÖÕÐ¨Ì¸Ö · ¸¶·¥¤¥²¥´¨Õ �Ê ¸¸μ´ 
(Î ¸ÉμÉ  ¢μ§´¨±´μ¢¥´¨Ö É ±¨Ì ¨´¢¥·¸¨° ¸μ¸É ¢²Ö¥É ∼ 2·10−3 ¶·¨ ¤μ§¥ γ-¨§²ÊÎ¥´¨Ö 10 ƒ·).
‘· ¢´¥´¨¥ ´ ¡²Õ¤ ¥³ÒÌ Î ¸ÉμÉ · §·Ò¢μ¢ ¸ É¥μ·¥É¨Î¥¸±¨ μ¦¨¤ ¥³Ò³¨ ¤²Ö · ¸¶·¥¤¥²¥´¨Ö
�Ê ¸¸μ´  ¤ ¥É §´ Î¥´¨¥ χ2 ∼ 50, p = 0,0026 ¶·¨ n = 4 ¸É¥¶¥´ÖÌ ¸¢μ¡μ¤Ò [13, 14].

�¨¸. 1. �μ¸¥±Í¨μ´´μ¥ · ¸¶·¥¤¥²¥´¨¥ ¢Éμ·μ£μ ¨´¢¥·¸¨μ´´μ£μ · §·Ò¢  ´  ± ·É¥ ¶μ²¨É¥´´μ° Ì·μ³μ-

¸μ³Ò 2 £¥´μ³  D.melanogaster ¤²Ö 72 ´¥§ ¢¨¸¨³μ ¶μ²ÊÎ¥´´ÒÌ ¢ §·¥²ÒÌ ¸¶¥·³¨ÖÌ ¨ ´ ¸²¥¤Ê¥³ÒÌ
· ¤¨ Í¨μ´´μ-¨´¤ÊÍ¨·μ¢ ´´ÒÌ ¨´¢¥·¸¨° ¸ ¶¥·¢Ò³ · §·Ò¢μ³ ¢ μ¡² ¸É¨ £¥´  vg (¸¥±Í¨Ö 49, 2R)

Š ± ¸²¥¤Ê¥É ¨§ ·¨¸Ê´± , ´ ¨¡μ²¥¥ Î ¸Éμ (20 ¸²ÊÎ ¥¢ ¨§ 72 ¨²¨ ∼ 27,7%) ¢ £ ¶²μ¨¤´μ³
£¥´μ³¥ § ·μ¤ÒÏ¥¢ÒÌ ±²¥Éμ± ¸ ³Íμ¢ D.melanogaster ¶·μ¸É· ´¸É¢¥´´μ ¸¡²¨¦¥´Ò ³ ·±¨·μ-
¢ ´´Ò° ± ± vg (· °μ´ Ì·μ³μ¸μ³Ò 2R, ¸¥±Í¨Ö 49) ¨ μ¡² ¸ÉÓ £¥É¥·μÌ·μ³ É¨´  (¸¥±Í¨Ö 41)
ÔÉμ° ¦¥ Ì·μ³μ¸μ³Ò, ÎÉμ μ¶·¥¤¥²Ö¥É ¶¥É²¥¢ÊÕ ¸É·Ê±ÉÊ·Ê §´ Î¨É¥²Ó´μ° ¢¥²¨Î¨´Ò (¤¥¢ÖÉÓ
¸¥±Í¨° ¨²¨ ¶μÎÉ¨ 8 ³²´ ¶ · μ¸´μ¢ ´¨° „�Š, 8 Mb). �¥É²¨ ¥Ð¥ ¡μ²¥¥ ±·Ê¶´μ£μ · §³¥· 
¸²¥¤Ê¥É μ¦¨¤ ÉÓ, ¥¸²¨ · ¸¸³ É·¨¢ ÉÓ ¨´¢¥·¸¨¨ ¸ · §·Ò¢ ³¨ ¢ ¤¨¸É ²Ó´ÒÌ ±μ´Í Ì 2L (¸¥±-
Í¨¨ 22Ä25) ¨ 2R (¸¥±Í¨¨ 59Ä60) ¶²¥Î Ì·μ³μ¸μ³Ò 2 (·¨¸. 1). � §³¥· ¨´¢¥·¸¨° ¢ ¶¥·¢μ³
¸²ÊÎ ¥ (¸¥±Í¨¨ 24Ä27) ¸μ¸É ¢²Ö¥É μ±μ²μ 31 Mb,   ¢μ ¢Éμ·μ³ ¸²ÊÎ ¥ (¸¥±Í¨° 10Ä11) μ±μ²μ
12 Mb, ¥¸²¨ ¨³¥ÉÓ ¢ ¢¨¤Ê, ÎÉμ Ë¨§¨Î¥¸± Ö ¤²¨´  „�Š ÔÊÌ·μ³ É¨´  2L-¶²¥Î  Ì·μ³μ¸μ³Ò
¸μ¸É ¢²Ö¥É 23 Mb,   2R-¶²¥Î  Å 21,4 Mb ¨ ± ¦¤ Ö ¸¥±Í¨Ö ¸μ¤¥·¦¨É μ±μ²μ 1,2 Mb ¢
¸·¥¤´¥³ [15]. ‘²¥¤μ¢ É¥²Ó´μ, ¨ ÔÉ¨ μ¡² ¸É¨ Ì·μ³μ¸μ³Ò ¶·μ¸É· ´¸É¢¥´´μ μÉ´μ¸¨É¥²Ó´μ
¡²¨§±¨ (´μ ´ Ìμ¤ÖÉ¸Ö ¤ ²ÓÏ¥, Î¥³ £¥É¥·μÌ·μ³ É¨´) ± · °μ´Ê £¥´  vg. ‚ Éμ ¦¥ ¢·¥³Ö
¢ £¥´μ³¥ ¤·Ê£¨Ì ¸¶¥·³¨¥¢ ·¥£Ê²Ö·´μ ¢μ§´¨± ÕÉ ¨ ¡μ²¥¥ ³¥²±¨¥ ¨´¢¥·¸¨¨ (· §·Ò¢Ò ¢
¸¥±Í¨ÖÌ 48 ¨ 50), ¸¢¨¤¥É¥²Ó¸É¢ÊÕÐ¨¥ μ ´ ²¨Î¨¨ ³¨±·μ¶¥É¥²Ó · §³¥·μ³ 0,5Ä1,5 Mb ¨,
¸²¥¤μ¢ É¥²Ó´μ, μ ¢μ§³μ¦´μ¸É¨ ¨´¤ÊÍ¨·μ¢ ´´μ£μ ±μ´É ±É  ¨ ÔÉ¨Ì · °μ´μ¢ ¸ £¥´μ³ vg.

’ ±¨³ μ¡· §μ³, ·¥§Ê²ÓÉ ÉÒ  ´ ²¨§  ²μ± ²¨§ Í¨¨ ¨ Î ¸ÉμÉÒ ¸μ¡ÒÉ¨° · §·Ò¢μ¢ ¸μ¥¤¨-
´¥´¨° ¤²Ö ¨´¤ÊÍ¨·μ¢ ´´μ£μ · ¤¨ Í¨¥° ´ ¡μ·  ¨´¢¥·¸¨° ¶μ§¢μ²ÖÕÉ ¶μ² £ ÉÓ, ÎÉμ ´ ¨¡μ-
²¥¥ Î ¸Éμ ¢ £ ¶²μ¨¤´μ³ Ö¤·¥ ¸¶¥·³¨¥¢ D.melanogaster ¶·μ¸É· ´¸É¢¥´´μ ¸¡²¨¦¥´Ò ¸¥±Í¨Ö
49 ¸ £¥´μ³ vg (¸·¥¤´ÖÖ Î ¸ÉÓ ¶²¥Î  2R) ¨ £¥É¥·μÌ·μ³ É¨´ (´ Î ²μ ¶²¥Î  2R). �μ¸±μ²Ó±Ê
¶μ¸²¥¤´¨° ¢ ¡²μ±¥ ¸ £¥É¥·μÌ·μ³ É¨´μ³ ¤·Ê£¨Ì Ì·μ³μ¸μ³ ²μ± ²¨§Ê¥É¸Ö ´  Ö¤¥·´μ° μ¡μ-
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²μÎ±¥ [16], ¥£μ ³μ¦´μ · ¸¸³ É·¨¢ ÉÓ ± ± ¸¢μ¥£μ ·μ¤  ®Ö±μ·Ó¯ (¨²¨ ®ÉμÎ±Ê μ¶μ·Ò¯) ¤²Ö
¢¸¥° Ì·μ³μ¸μ³Ò, ¢ μ¡² ¸É¨ ±μÉμ·μ£μ £·Ê¶¶¨·ÊÕÉ¸Ö μ¸´μ¢ ´¨Ö ¶¥É¥²Ó, É· ´¸Ëμ·³¨·Ê¥³ÒÌ
· ¤¨ Í¨¥° ¢ ¨´¢¥·¸¨¨. �ÉÊ μ¡² ¸ÉÓ ³μ¦´μ μ¶·¥¤¥²¨ÉÓ ± ± ®ÎÊ¢¸É¢¨É¥²Ó´Ò° ³¨±·μμ¡Ñ-
¥³¯, ¢ ¶·¥¤¥² Ì ±μÉμ·μ£μ · °μ´ Ì·μ³μ¸μ³Ò ¸ £¥´μ³ vg ¸ · §´μ° ¸É¥¶¥´ÓÕ ¸¢μ¡μ¤Ò
¢¸ÉÊ¶ ¥É ¢ ¨´¤ÊÍ¨·μ¢ ´´Ò° · ¤¨ Í¨¥° ±μ´É ±É ¸ μ¸É ²Ó´Ò³¨, ´ Ìμ¤ÖÐ¨³¨¸Ö ¢ ¶·¥¤¥² Ì
ÔÉμ£μ ³¨±·μμ¡Ñ¥³ , ¢´ÊÉ·¥´´¨³¨ ÊÎ ¸É± ³¨ Ì·μ³μ¸μ³Ò, ¢±²ÕÎ Ö £¥É¥·μÌ·μ³ É¨´. �·¨
ÔÉμ³ Î ¸ÉμÉ  ¤ ´´μ° ¨´¢¥·¸¨¨ ¤μ²¦´ , μÎ¥¢¨¤´μ, μÉ· ¦ ÉÓ ¸É¥¶¥´Ó ¶·μ¸É· ´¸É¢¥´´μ°
¡²¨§μ¸É¨ ¥¥ ¤¢ÊÌ ±μ´Íμ¢,   É¨¶ ® ²ÓÉ¥·´ É¨¢´μ£μ¯ ¶ ·É´¥·  (£¥É¥·μÌ·μ³ É¨´ ¨²¨ ¸¥±-
Í¨Ö Ì·μ³μ¸μ³Ò), ¸ ±μÉμ·Ò³ ¢§ ¨³μ¤¥°¸É¢Ê¥É · °μ´ £¥´  vg, Ê± §Ò¢ ¥É ´  ·¥ ²¨§μ¢ ´´ÊÕ
¢¥·μÖÉ´μ¸ÉÓ ±μ´É ±É  ¸ ÔÉ¨³ ¶ ·É´¥·μ³ ¢ ¤ ´´μ° ±²¥É±¥.

‘μ¡· ´´Ò¥ ¢μ¥¤¨´μ ¢¸¥ ´ ¡²Õ¤ ¥³Ò¥ ¨´¢¥·¸¨¨ ¶μ§¢μ²ÖÕÉ ¶μ²ÊÎ¨ÉÓ μ¡μ¡Ð¥´´ÊÕ ¤¢Ê-
³¥·´ÊÕ ± ·É¨´Ê ³ ±·μ ·Ì¨É¥±ÉÊ·Ò ¢Éμ·μ° Ì·μ³μ¸μ³Ò ¢ £ ¶²μ¨¤´μ³ £¥´μ³¥ § ·μ¤ÒÏ¥-
¢μ° ±²¥É±¨ (¸¶¥·³¨°) D. melanogaster ¢ ¢¨¤¥ μ¤´μ° ³¥£ ·μ§¥ÉμÎ´μ-¶¥É²¥¢μ° ¸É·Ê±ÉÊ·Ò,
¸¥·¤Í¥¢¨´μ° (±μ·μ³) ±μÉμ·μ° Ö¢²Ö¥É¸Ö ®ÎÊ¢¸É¢¨É¥²Ó´Ò° ³¨±·μμ¡Ñ¥³¯ ¸ ´ Ìμ¤ÖÐ¨³¨¸Ö
¢ ´¥³ £¥É¥·μÌ·μ³ É¨´μ³ ¨ · °μ´ ³¨ Ì·μ³μ¸μ³Ò Å μ¸´μ¢ ´¨Ö³¨ ¶¥É¥²Ó, É· ´¸Ëμ·³¨-
·Ê¥³ÒÌ · ¤¨ Í¨¥° ¢ ¨´¢¥·¸¨¨. ‘²¥¤μ¢ É¥²Ó´μ, ³μ¦´μ ¶μ² £ ÉÓ, ÎÉμ ¤²Ö £ ¶²μ¨¤´μ£μ £¥-
´μ³  §·¥²ÒÌ ¸¶¥·³¨¥¢ ¦¨¢μÉ´ÒÌ ´¥¸¢μ°¸É¢¥´´  ¶μ²Ö·´ Ö Rabl-μ·¨¥´É Í¨Ö ¨´É¥·Ë §´ÒÌ
Ì·μ³μ¸μ³, μ¶¨¸ ´´ Ö ¤²Ö ´¥±μÉμ·ÒÌ É¨¶μ¢ ¡Ò¸É·μ¤¥²ÖÐ¨Ì¸Ö ¸μ³ É¨Î¥¸±¨Ì ±²¥Éμ± ¦¨-
¢μÉ´ÒÌ ¨ · ¸É¥´¨°,   Ì · ±É¥·´ , ¶μ-¢¨¤¨³μ³Ê, ¸¶¥Í¨Ë¨Î¥¸± Ö, μ¶·¥¤¥²Ö¥³ Ö ËÊ´±Í¨¥°
£ ³¥É, ³ ±·μμ·£ ´¨§ Í¨Ö ¢ ¢¨¤¥ ¶μ¸ÉÊ²¨·Ê¥³μ° ´ ³¨ ³¥£ ·μ§¥ÉμÎ´μ-¶¥É²¥¢μ° ¸É·Ê±ÉÊ·Ò.
„²Ö ¶μ¸É·μ¥´¨Ö 3D-³μ¤¥²¨ ÔÉμ° ¶μ¸ÉÊ²¨·Ê¥³μ° ¸É·Ê±ÉÊ·Ò ¨ ¥¥ ¢¨§Ê ²¨§ Í¨¨ ¶·μ¢¥¤¥´μ
±μ³¶ÓÕÉ¥·´μ¥ ³μ¤¥²¨·μ¢ ´¨¥ ¶μ²μ¦¥´¨Ö ¢ ¶·μ¸É· ´¸É¢¥ ¢¸¥Ì ¨´¢¥·¸¨μ´´ÒÌ ¶¥É¥²Ó, μ¡-
´ ·Ê¦¥´´ÒÌ ¢ · ¤¨ Í¨μ´´μ-£¥´¥É¨Î¥¸±μ³ Ô±¸¶¥·¨³¥´É¥ ¨ μ¶¨¸ ´´ÒÌ ¢ÒÏ¥.

3. ��‘’���‚Š� ‡�„�—ˆ Œ�„…‹ˆ��‚��ˆŸ

ƒ² ¢´μ° § ¤ Î¥° ³μ¤¥²¨·μ¢ ´¨Ö ¢ ¤ ´´μ³ ¸²ÊÎ ¥ Ö¢²Ö¥É¸Ö ¸μ§¤ ´¨¥ £¥μ³¥É·¨Î¥¸±μ°
³μ¤¥²¨ ¶·μ¸É· ´¸É¢¥´´μ° μ·£ ´¨§ Í¨¨ Ì·μ³μ¸μ³´μ° ´¨É¨ ± ± Î ¸É¨ ±²¥É±¨ ¦¨¢μ£μ μ·-
£ ´¨§³ . „²Ö ÔÉμ£μ ´¥μ¡Ìμ¤¨³μ ¡Ò²μ ¶μ¤μ¡· ÉÓ ¡ §μ¢Ò¥ Ô²¥³¥´ÉÒ, ¸μ¡²Õ¤ Ö ³ ¸ÏÉ ¡
¸É·Ê±ÉÊ·´ÒÌ Ô²¥³¥´Éμ¢ § ·μ¤ÒÏ¥¢μ° ±²¥É±¨. �¡² ¸ÉÓ Ö¤· , £¤¥ ¢μ§³μ¦´Ò ±μ´É ±ÉÒ £¥´ 
vg ¸ ¤·Ê£¨³¨ ÊÎ ¸É± ³¨ ÔÉμ° Ì·μ³μ¸μ³Ò, ¡Ò²  μ¶·¥¤¥²¥´  ± ± ®ÎÊ¢¸É¢¨É¥²Ó´Ò° μ¡Ñ¥³¯ ¸
³ ±¸¨³ ²Ó´Ò³ · ¤¨Ê¸μ³ R = 180 ´³. �·¨ ÔÉμ³ ³¨´¨³ ²Ó´μ¥ · ¸¸ÉμÖ´¨¥ ¢§ ¨³μ¤¥°¸É¢¨Ö
¶·¨ ´ ¨¡μ²¥¥ Î ¸ÉÒÌ ¨´¢¥·¸¨ÖÌ £¥´  vg c £¥É¥·μÌ·μ³ É¨´μ³ r ¡Ò²μ ¶·¨´ÖÉμ · ¢´Ò³
20 ´³ ¶·¨ Éμ²Ð¨´¥ ´¨É¨ Ì·μ³μ¸μ³Ò ∼ 60 ´³ ¨ ¤²¨´¥ μ¤´μ° ¸¥±Í¨¨ ∼ 1,5 ³±³. „²Ö
´ £²Ö¤´μ£μ ¶·¥¤¸É ¢²¥´¨Ö ¡²¨§μ¸É¨ μ¡Ñ¥±Éμ¢ ¨¸¶μ²Ó§Ê¥É¸Ö ·¥¦¨³ ¶μ²Ê¶·μ§· Î´μ¸É¨ ¤²Ö
¸Ë¥·Ò ¸ Í¥´É·μ³ ¢ · °μ´¥ · ¸¶μ²μ¦¥´¨Ö £¥´  vg. Œμ¤¥²¨·Ê¥³ Ö ´¨ÉÓ Ì·μ³μ¸μ³Ò ¶·¥¤-
¸É ¢²Ö¥É¸Ö ¢ ¢¨¤¥ 40 Í¨²¨´¤·¨Î¥¸±¨Ì ´¥¶¥·¥¸¥± ÕÐ¨Ì¸Ö ¸¥±Í¨° ¶·¨¡²¨§¨É¥²Ó´μ · ¢´μ°
¤²¨´Ò ¸ ¢μ§³μ¦´μ¸ÉÓÕ ¨Ì ¨¤¥´É¨Ë¨± Í¨¨ ¶μ ³¥É± ³ ¨²¨ Í¢¥ÉÊ (¤²Ö ± ¦¤μ£μ ¶²¥Î  ¸¢μÖ
Í¢¥Éμ¢ Ö £ ³³ ). � ¸¸ÉμÖ´¨¥ μÉ μÎ¥·¥¤´μ° ¸¥±Í¨¨ ¤μ ¸¥±Í¨¨ ¸ £¥´μ³ vg ¤μ²¦´μ ¡Ò²μ
¡ÒÉÓ μ¡· É´μ ¶·μ¶μ·Í¨μ´ ²Ó´μ Î ¸ÉμÉ¥ ´ ¡²Õ¤ ¥³ÒÌ · §·Ò¢μ¢ ´¨É¨.

‘ Í¥²ÓÕ μ¡¥¸¶¥Î¥´¨Ö ´ £²Ö¤´μ¸É¨ ¶·¨ · ¡μÉ¥ ¸ ¶·μ¸É· ´¸É¢¥´´μ° ³μ¤¥²ÓÕ É·¥¡μ-
¢ ²μ¸Ó ¨³¥ÉÓ ¢μ§³μ¦´μ¸ÉÓ ¶μ¸²¥¤ÊÕÐ¥£μ ·¥¤ ±É¨·μ¢ ´¨Ö, ¢· Ð¥´¨Ö, ³ ¸ÏÉ ¡¨·μ¢ ´¨Ö,
¶¥·¥³¥Ð¥´¨Ö ¢ ¶·μ¸É· ´¸É¢¥ ± ± ¢¸¥° ´¨É¨, É ± ¨ ²Õ¡μ£μ ¢Ò¡· ´´μ£μ μ¡Ñ¥±É  ´  ´¥°,
¢±²ÕÎ¥´¨Ö/μÉ±²ÕÎ¥´¨Ö ¢¨§Ê ²¨§ Í¨¨ ¢Ò¡· ´´μ£μ ¶μ¤³´μ¦¥¸É¢  μ¡Ñ¥±Éμ¢ ³μ¤¥²¨, ·¥£Ê-
²¨·μ¢±  ¤μ¶μ²´¨É¥²Ó´μ° ¶μ¤¸¢¥É±¨ ¸Í¥´Ò.
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� §· ¡μÉ±  ³¥Éμ¤¨±¨ ¨ ¶μ¸É·μ¥´¨¥ 3D-³μ¤¥²¨ (³ ±·μμ·£ ´¨§ Í¨¨) ¢Éμ·μ° Ì·μ³μ-
¸μ³Ò ¢ £ ¶²μ¨¤´μ³ £¥´μ³¥ ³Ê¦¸±¨Ì § ·μ¤ÒÏ¥¢ÒÌ ±²¥Éμ± D.melanogaster ¶·μ¢μ¤¨² ¸Ó
´  ¶¥·¸μ´ ²Ó´μ³ ±μ³¶ÓÕÉ¥·¥ ¸²¥¤ÊÕÐ¥° ±μ´Ë¨£Ê· Í¨¨: ¶·μÍ¥¸¸μ· �4-1,6 ƒƒÍ, ¶ ³ÖÉÓ
512 Œ¡ °É, £· Ë¨Î¥¸± Ö ¶² É  nVIDIA GeForce2-MX400 (64 Œ¡ °É).

4. ��‘’��…�ˆ… Œ�„…‹ˆ

�¥·¢μ´ Î ²Ó´Ò³ ÔÉ ¶μ³ ¶μ¸É·μ¥´¨Ö 3D-³μ¤¥²¨ Ì·μ³μ¸μ³´μ° ´¨É¨ ¸É ²μ ¨¸¸²¥¤μ-
¢ ´¨¥ ¢μ§³μ¦´μ¸É¨ ¸·¥¤Ò ¶·μ£· ³³¨·μ¢ ´¨Ö Delphi ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ £· Ë¨Î¥¸±μ° ¡¨-
¡²¨μÉ¥±¨ OpenGL [17]. 	 §μ¢μ° ¥¤¨´¨Í¥° ¨´Ëμ·³ Í¨¨ Ö¢²Ö¥É¸Ö ¢¥·Ï¨´ , ¨§ ´¨Ì ¸μ¸ÉμÖÉ
¡μ²¥¥ ¸²μ¦´Ò¥ μ¡Ñ¥±ÉÒ. �·μ£· ³³¨¸É ¸μ§¤ ¥É ¢¥·Ï¨´Ò, Ê± §Ò¢ ¥É, ± ± ¨Ì ¸μ¥¤¨´ÖÉÓ
(²¨´¨Ö³¨ ¨²¨ ³´μ£μÊ£μ²Ó´¨± ³¨), Ê¸É ´ ¢²¨¢ ¥É ±μμ·¤¨´ ÉÒ ¨ ¶ · ³¥É·Ò · ¸±· ¸±¨.

�·μ£· ³³  GenModViewN ¡Ò²  ´ ³¨ · §· ¡μÉ ´ , μ´  ¶·¥¤´ §´ Î¥´  ¤²Ö ·¥ ²¨§ Í¨¨
É·¥Ì³¥·´μ£μ ¶μ¸É·μ¥´¨Ö ³μ¤¥²¨ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ËÊ´±Í¨μ´ ²Ó´μ£μ § ¤ ´¨Ö ÉμÎ¥± ±·¨-
¢μ° ¢ ¶·μ¸É· ´¸É¢¥. �¨ÉÓ ¶·¥¤¸É ¢²Ö²  ¸μ¡μ° ¶μ¸²¥¤μ¢ É¥²Ó´μ¥ ¸μ¥¤¨´¥´¨¥ Í¨²¨´¤· ³¨
¸Ë¥· ¸ Í¥´É· ³¨ ¢ § ¤ ´´ÒÌ ÉμÎ± Ì ¶·μ¸É· ´¸É¢  (·¨¸. 2).

‚ ¶·μ£· ³³¥ ´¨ÉÓ ³μ¤¥²¨·Ê¥É¸Ö £ ·³μ´¨Î¥¸±μ° ËÊ´±Í¨¥° ¢ ¶μ²Ö·´μ° ¸¨¸É¥³¥ ±μμ·-
¤¨´ É:
\procedure L.MakeMol;
const ss:GLfloat=0.781;
const aa:GLfloat=1.150;
vari : Integer;
begin
mol := glGenLists(\ref{eq1});
glNewList(mol,GL{\_}COMPILE);
glCallList(sphere1);
glPushMatrix;
glRotatef(33.0,1.0,0.0,0.0);
glPushMatrix;
glRotatef(31.0,1.0,0.0,0.0);
For i := 0 to 19 do
begin
glCallList(cyl);
glTranslatef(0.0,0.0,L);
glRotatef(33,(aa*cos(i*ss)+aa*ss*i+sin(i*ss)),
(aa*sin(i*ss)-aa*ss*i+cos(i*ss)),aa*(Sqr(cos(i*ss))));
glCallList(sphere);
glCallList(cyl);
glTranslatef(0.0,0.0,L);
glRotatef(33,(aa*cos(i*ss)+aa*ss*i+sin(i*ss)),
(aa*sin(i*ss)-aa*ss*i+cos(i*ss)),aa*(Sqr(cos(i*ss))));
glCallList(sphere1);
end;
glPopMatrix;
glPopMatrix;
glEndList;end;
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	Ò²  ¶μ²ÊÎ¥´  § ¢¨¸¨³μ¸ÉÓ ¸¦ É¨Ö Ì·μ³μ¸μ³´μ° ´¨É¨ μÉ μ¤´μ£μ ¶ · ³¥É·  ss (Ê£μ²
¨§³¥´¥´¨Ö ±·¨¢¨§´Ò ´¨É¨), ±μÉμ·Ò° ³μ¦´μ ¨´É¥·¶·¥É¨·μ¢ ÉÓ ± ± ¢²¨Ö´¨¥ ¨§³¥´¥´¨Ö
¢´ÊÉ·¥´´¥° ¸·¥¤Ò ¢ ±²¥É±¥. �¤´ ±μ ¶·¨ É ±μ° ·¥ ²¨§ Í¨¨ É·Ê¤´μ ¡Ò²μ ·¥Ï ÉÓ ¢μ¶·μ¸Ò
´¥§ ¢¨¸¨³μ£μ ´ ²μ¦¥´¨Ö ¨ ¢· Ð¥´¨Ö ¨§μ¡· ¦¥´¨° ´¥¸±μ²Ó±¨Ì Ì·μ³μ¸μ³´ÒÌ ´¨É¥°, · §-
³¥Ð¥´¨Ö ¸¶¥Í¨ ²Ó´ÒÌ ³¥Éμ± ¢ ¶·μ¸É· ´¸É¢¥.

�¨¸. 2. �·¨³¥·  ´ ²¨É¨Î¥¸±μ£μ ³μ¤¥²¨·μ¢ ´¨Ö ¢ Delphi (Î¥ÉÒ·¥ ¶·μ¥±Í¨¨)

‚¢¨¤Ê ¸± § ´´μ£μ ¢ÒÏ¥ ¡Ò²¨ ¨¸¸²¥¤μ¢ ´Ò ¢μ§³μ¦´μ¸É¨ ¶·¨³¥´¥´¨Ö ¤¥³μ´¸É· Í¨μ´-
´μ° ¢¥·¸¨¨ ¶·μ£· ³³Ò ¶·μ¥±É¨·μ¢ ´¨Ö Rhinoceros [18] ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ·¥¦¨³  ¨´-
É¥·¶μ²ÖÍ¨¨ ±·¨¢μ° B-¸¶² °´μ³ ¶μ § ¤ ´´Ò³ ÉμÎ± ³ ¢ ¶·μ¸É· ´¸É¢¥ ¸ ¶μ¸²¥¤ÊÕÐ¨³
¸³¥Ð¥´¨¥³ ²¨´¨¨ (EXTRUDE). �μ ÔÉμÉ ¶μ¤Ìμ¤ ¡Ò² ¸¢Ö§ ´ ¸ ¤μ·μ£¨³ ²¨Í¥´§¨μ´´Ò³ ¶ -
±¥Éμ³ ¨ ¤ ¢ ² ¶²μ¸±μ¥ ¨§μ¡· ¦¥´¨¥ Ì·μ³μ¸μ³´μ° ´¨É¨. Š·μ³¥ ÔÉμ£μ, É·¥¡μ¢ ²μ¸Ó ± ±-Éμ
¤μ¶μ²´¨É¥²Ó´μ · ¸±· Ï¨¢ ÉÓ ¸¥£³¥´ÉÒ ¶·¨¡²¨§¨É¥²Ó´μ · ¢´μ° ¤²¨´Ò.

‚ 2003 £. ¶μÖ¢¨²¸Ö ¡¥¸¶² É´Ò° ¶·μ£· ³³´Ò° ¶·μ¤Ê±É Ë¨·³Ò Discreet ¶μ¤ ´ §¢ ´¨¥³
Gmax v.1.2, ±μÉμ·Ò° Ö¢²Ö¥É¸Ö Ê¶·μÐ¥´´μ° ¢¥·¸¨¥° ¨§¢¥¸É´μ£μ ¶ ±¥É  3DSMAX [19, 20]
¨ ¨¸¶μ²Ó§Ê¥É¸Ö ¤²Ö ¸μ§¤ ´¨Ö ¸Í¥´ ¢ ¨£· Ì. ‚ ÔÉ¨Ì ¶·μ£· ³³´ÒÌ ¶ ±¥É Ì ¥¸ÉÓ Ê¤μ¡´Ò° ¤²Ö
·¥Ï¥´¨Ö ¶μ¸É ¢²¥´´μ° § ¤ Î¨ ·¥¦¨³ ¶μ¸É·μ¥´¨Ö ¸±¥²¥É  Ë¨£Ê·Ò ¨§ ¸¶² °´μ¢. „ ´´μ¥
¸¢μ°¸É¢μ ¶μ§¢μ²Ö¥É · ¸±· Ï¨¢ ÉÓ, ¤¥Ëμ·³¨·μ¢ ÉÓ, ¢· Ð ÉÓ, ¶¥·¥³¥Ð ÉÓ, ¸±·Ò¢ ÉÓ ¨²¨
Ë¨±¸¨·μ¢ ÉÓ ¢Ò¡· ´´Ò° μ¡Ñ¥±É ¸ ³¥É±μ°. �Éμ ¸ÊÐ¥¸É¢¥´´μ Ê¶·μ¸É¨²μ ¶·μÍ¥¸¸ ³μ¤¥²¨-
·μ¢ ´¨Ö Ì·μ³μ¸μ³´μ° ´¨É¨ [21].

‚ ÔÉ¨Ì ¶·μ£· ³³ Ì ¶μ¤ £¥μ³¥É·¨Î¥¸±μ° ³μ¤¥²ÓÕ ¶μ´¨³ ÕÉ μ¡Ñ¥±É, ¸μ¸ÉμÖÐ¨° ¨§
¸μ¢μ±Ê¶´μ¸É¨ ¡μ²¥¥ ³¥²±¨Ì ¶μ¤μ¡Ñ¥±Éμ¢. Œ ´¨¶Ê²¨·ÊÖ £¥μ³¥É·¨Î¥¸±¨³¨ ³μ¤¥²Ö³¨ ´ 
Ê·μ¢´¥ μ¡Ñ¥±Éμ¢ ¨ ¶μ¤μ¡Ñ¥±Éμ¢, ³μ¦´μ ¸μ§¤ ¢ ÉÓ ±μ´¸É·Ê±Í¨¨ ²Õ¡μ° É·¥¡Ê¥³μ° Ëμ·³Ò.
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ˆ´¸É·Ê³¥´ÉÒ É·¥Ì³¥·´μ£μ ³μ¤¥²¨·μ¢ ´¨Ö ¶μ¤¤¥·¦¨¢ ÕÉ ¸²¥¤ÊÕÐ¨¥ ³¥Éμ¤Ò:
Å ³μ¤¥²¨·μ¢ ´¨¥ ²¨´¥°´ÒÌ μ¡Ñ¥±Éμ¢ ´  μ¸´μ¢¥ ¸¶² °´μ¢;
Å ³μ¤¥²¨·μ¢ ´¨¥ ¶μ¢¥·Ì´μ¸É¥° ´  μ¸´μ¢¥ ¸¥Éμ± ¨²¨ ³´μ£μÊ£μ²Ó´¨±μ¢;
Å ¶ · ³¥É·¨Î¥¸±μ¥ ³μ¤¥²¨·μ¢ ´¨¥.
‘¶² °´ (Spline) Å ²¨´¨Ö, μ¡ÒÎ´μ ±·¨¢ Ö, Ëμ·³  ±μÉμ·μ° ±μ´É·μ²¨·Ê¥É¸Ö ¶·¨ ¶μ-

³μÐ¨ Ê¶· ¢²ÖÕÐ¨Ì ¢¥±Éμ·μ¢, · ¸¶μ²μ¦¥´´ÒÌ ¶·¨ ¢¥·Ï¨´¥ ¸¶² °´  [19, 20]. ‚¶¥·¢Ò¥
¨Ì μ¶¨¸ ² ˜μ¥´¡¥·£ [22]. ‚ ¤ ²Ó´¥°Ï¥³ μ´¨ ´ Ï²¨ Ï¨·μ±μ¥ ¶·¨³¥´¥´¨¥ ¢ ³ É¥³ É¨±¥
¨ ¶·μ¥±É¨·μ¢ ´¨¨ [23, 24Ä26]. �¡Ñ¥±É-¸¶² °´ ¸μ¸Éμ¨É ¨§ ¢¥·Ï¨´ ¨ ¸¥£³¥´Éμ¢. “ ± ¦¤μ£μ
¸¶² °´  ¥¸ÉÓ μ¤´  ¸¶¥Í¨ ²Ó´ Ö ¢¥·Ï¨´ , ´ §Ò¢ ¥³ Ö ¶¥·¢μ°. Š ¦¤ Ö ¢¥·Ï¨´  ¸¶² °´ 
¨³¥¥É ± ¸ É¥²Ó´Ò¥ ¢¥±Éμ·Ò (tangents), c´ ¡¦¥´´Ò¥ ´  ±μ´Í Ì Ê¶· ¢²ÖÕÐ¨³¨ ÉμÎ± ³¨,
¨²¨ ³ ·±¥· ³¨ (handles). B-¸¶² °´μ³ k-£μ ¶μ·Ö¤±  ´ §Ò¢ ¥É¸Ö ËÊ´±Í¨Ö Mi,k(x), · ¢´ Ö
´Ê²Õ ´  ¤ ´´μ³ ³´μ¦¥¸É¢¥ Ê§²μ¢, §  ¨¸±²ÕÎ¥´¨¥³ k ¶μ¸²¥¤μ¢ É¥²Ó´ÒÌ μÉ·¥§±μ¢.

�¶¶·μ±¸¨³ Í¨Ö ±·¨¢μ° ¸ ¶μ³μÐÓÕ B-¸¶² °´μ¢ ¶μ§¢μ²Ö¥É ¸£² ¤¨ÉÓ ´¥¤μ¸É É±¨ ³¥-
Éμ¤  	¥§Ó¥, ¢ ±μÉμ·μ³ Ëμ·³  ¨ ¸É¥¶¥´Ó ±·¨¢μ° § ¢¨¸ÖÉ μÉ ±μ²¨Î¥¸É¢  μ¶μ·´ÒÌ ÉμÎ¥±. �É¨
´¥¤μ¸É É±¨ ³μ¦´μ ¶μ²´μ¸ÉÓÕ Ê¸É· ´¨ÉÓ, ¥¸²¨ ¶·¨ ±μ´¸É·Ê¨·μ¢ ´¨¨ ±·¨¢ÒÌ ¨¸¶μ²Ó§μ-
¢ ÉÓ ³μ¤¨Ë¨Í¨·μ¢ ´´Ò¥ ´μ·³ ²¨§μ¢ ´´Ò¥ B-¸¶² °´Ò [23]. �μ·³ ²¨§μ¢ ´´ Ö B-¸¶² °´
ËÊ´±Í¨Ö μ¶·¥¤¥²Ö¥É¸Ö ¢Ò· ¦¥´¨¥³

Ni,k(u) =
u − i

k − 1
Ni,k−1(u) +

i + k − u

k − 1
Ni+1,k−1(u) (1)

¨ μ¡² ¤ ¥É ¸²¥¤ÊÕÐ¨³¨ ¸¢μ°¸É¢ ³¨:

k∑
i=0

Ni,k(u) = 1 (¢Ò¶Ê±² Ö μ¡μ²μÎ± ); (2)

´  ± ¦¤μ³ μÉ·¥§±¥ Ni,k(u) Å ³´μ£μÎ²¥´ ¸É¥¶¥´¨ (k − 1); ´  ¨´É¥·¢ ²¥ (0, n) Ni,k(u)
Ö¢²Ö¥É¸Ö (k − 2) ¤¨ËË¥·¥´Í¨·Ê¥³μ° ËÊ´±Í¨¥°:

Ni,k(u) = 0 ¤²Ö u < i;
Ni,k(u) = 0 ¤²Ö u � i + k.

(3)

‘¢μ°¸É¢  ±·¨¢μ°, ¶μ¸É·μ¥´´μ° ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ B-¸¶² °´μ¢:
Å ±·¨¢ Ö μ¶·¥¤¥²Ö¥É¸Ö ²¨´¥°´μ° ±μ³¡¨´ Í¨¥° ¸¶² °´-ËÊ´±Í¨°, ±μÔËË¨Í¨¥´É ³¨

±μÉμ·μ° Ö¢²ÖÕÉ¸Ö ±μμ·¤¨´ ÉÒ μ¶μ·´ÒÌ ÉμÎ¥± Pi = (Px, Py, Pz);
Å ±·¨¢ Ö Ö¢²Ö¥É¸Ö ±Ê¸μÎ´μ-¶μ²¨´μ³¨ ²Ó´μ°;
Å ²μ± ²Ó´μ¥ ¨§³¥´¥´¨¥ μ¶μ·´ÒÌ ÉμÎ¥± ´¥ ¶·¨¢μ¤¨É ± ³μ¤¨Ë¨± Í¨¨ ¢¸¥° Ëμ·³Ò

±·¨¢μ°;
Å ±·¨¢ Ö ´ Ìμ¤¨É¸Ö ¢´ÊÉ·¨ ¢Ò¶Ê±²μ° μ¡μ²μÎ±¨;
Å ±·¨¢ Ö ³μ¦¥É ¸μ¤¥·¦ ÉÓ ¶·Ö³μ²¨´¥°´Ò¥ μÉ·¥§±¨;
Å ¢μ§³μ¦´μ § ¤ ´¨¥ ±μμ·¤¨´ É ¢¥·Ï¨´ Ì · ±É¥·¨¸É¨Î¥¸±μ° ²μ³ ´μ°;
Å ¢μ§³μ¦´μ · ¸¶μ§´ ¢ ´¨¥ ´¥¦¥² É¥²Ó´ÒÌ Ô±¸É·¥³Ê³μ¢ ¨ ¶¥É¥²Ó ±·¨¢μ° ¶μ ¢¨¤Ê

Ì · ±É¥·¨¸É¨Î¥¸±μ° ²μ³ ´μ°.
„μ¸Éμ¨´¸É¢  B-¸¶² °´ : ³¥¦¤Ê ÉμÎ± ³¨ ±μÔËË¨Í¨¥´ÉÒ ¶μ¸ÉμÖ´´Ò; ²μ± ²Ó´μ¥ ¨§-

³¥´¥´¨¥ ´¥ ¢²¥Î¥É §  ¸μ¡μ° ¢ÒÎ¨¸²¥´¨¥ § ´μ¢μ ¢¸¥£μ ¸¶² °´ . ’ ± ± ± Ì·μ³μ¸μ³´ Ö
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�¨¸. 3. �·¨³¥· ¶μ¸É·μ¥´¨Ö ¸¶² °´  ¢ ¶·μ£· ³³¥ Gmax

´¨ÉÓ Å £² ¤± Ö ±·¨¢ Ö ¡¥§ · §·Ò¢μ¢, ¤²Ö ·¥ ²¨§ Í¨¨ ¶μ¸É·μ¥´¨Ö ¥¥ É·¥Ì³¥·´μ° ³μ-
¤¥²¨ ³¥Éμ¤ B-¸¶² °´μ¢ ¶·¨§´ ´ ´ ¨¡μ²¥¥ ¶·¨¥³²¥³Ò³. ‚ ¸μ¢·¥³¥´´ÒÌ ¶·μ£· ³³ Ì 3D-
³μ¤¥²¨·μ¢ ´¨Ö μ¡ÒÎ´μ ¨³¥ÕÉ¸Ö ³¥Éμ¤Ò ¢Ò¤¥²¥´¨Ö, ·¥¤ ±É¨·μ¢ ´¨Ö ¨ ¢¨§Ê ²¨§ Í¨¨ ¶μ¤-
μ¡Ñ¥±Éμ¢ ¸¶² °´ , ± ± ÔÉμ ¢¨¤´μ ´  ·¨¸. 3.

4.1. „¢Ê³¥·´ Ö ³μ¤¥²Ó Ì·μ³μ¸μ³´μ° ´¨É¨. �  ¶·¥¤¢ ·¨É¥²Ó´μ³ ÔÉ ¶¥ ¶μ¸É·μ¥´¨Ö
É·¥Ì³¥·´μ° ³μ¤¥²¨ ³ ±·μμ·£ ´¨§ Í¨¨ · ¸¸³ É·¨¢ ¥³μ° Ì·μ³μ¸μ³´μ° ´¨É¨ ¢ ³¥Éμ¤¨Î¥-
¸±¨Ì Í¥²ÖÌ ¡Ò²  ·¥ ²¨§μ¢ ´  ³μ¤¥²Ó ¢¨§Ê ²¨§ Í¨¨ ´¨É¨ ¢ ¢¨¤¥ ¤¢Ê³¥·´μ£μ μ¡· § .

�ÉμÉ ÔÉ ¶ ¢±²ÕÎ ² ¢ ¸¥¡Ö Ê¸²μ¢´μ¥ · §¡¨¥´¨¥ ´¨É¨ ´  40 · ¢´ÒÌ ¸¥±Í¨°, ¸μ£² ¸´μ
±² ¸¸¨Î¥¸±μ° Í¨Éμ²μ£¨¨. �·¨ ÔÉμ³ ¸ÉμÖ² ¢μ¶·μ¸ ¢¨§Ê ²¨§ Í¨¨ ¢¸¥Ì ´μ³¥·μ¢ ¸¥£³¥´Éμ¢
¨²¨ ¢Ò¤¥²¥´¨Ö ¨Ì £· ¤ Í¨Ö³¨ ¤¢ÊÌ Í¢¥Éμ¢, ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì ¶²¥Î ³ 2L ¨ 2R ¨¸¸²¥¤Ê¥³μ°
Ì·μ³μ¸μ³Ò. �·¥¤¶μÎÉ¥´¨¥ ¡Ò²μ μÉ¤ ´μ ¢Éμ·μ³Ê ¶·¥¤¸É ¢²¥´¨Õ.

�·¨ ¶μ¸É·μ¥´¨¨ ³μ¤¥²¨ É·¥¡Ê¥É¸Ö ÊÎ¥¸ÉÓ ´¥ Éμ²Ó±μ ³ ¸ÏÉ ¡Ò ¨ ¶·μ¶μ·Í¨¨ ¨¸Ìμ¤´ÒÌ
¤ ´´ÒÌ, ´μ ¨ Î ¸ÉμÉÒ, ¸ ±μÉμ·Ò³¨ ´ ¡²Õ¤ ÕÉ¸Ö É¥ ¨²¨ ¨´Ò¥ ¨´¢¥·¸¨¨. Š ± ¢¨¤´μ ¨§
¸Ì¥³Ò · ¸¶·¥¤¥²¥´¨Ö ÉμÎ¥± · §·Ò¢μ¢ ¨´¢¥·¸¨° (·¨¸. 1), μÉ¤¥²Ó´Ò¥ ¨´¢¥·¸¨¨ ¢μ§´¨± ÕÉ
¸ μÉ´μ¸¨É¥²Ó´μ ¢Ò¸μ±μ° Î ¸ÉμÉμ°,   ¤·Ê£¨¥ Å ¸ ´¨§±μ°. �Éμ ¶·¥¤¶μ² £ ¥É ¨ · §´ÊÕ
¶·μ¸É· ´¸É¢¥´´ÊÕ ¡²¨§μ¸ÉÓ (· ¤¨Ê¸ ¢§ ¨³μ¤¥°¸É¢¨Ö). —¥³ ¡μ²ÓÏ¥ ¸μ¡ÒÉ¨° ´ ¡²Õ¤ ¥É¸Ö
¢ · °μ´¥ μÉ¤¥²Ó´μ° ¸¥±Í¨¨, É¥³ ¡μ²ÓÏ¥ ÉμÎ±  Ô±¸É·¥³Ê³  ¶¥É²¨ ¸É·¥³¨É¸Ö ± Í¥´É·Ê,
± £¥´Ê vg. „²Ö ´ £²Ö¤´μ¸É¨ ¡²μ± £¥É¥·μÌ·μ³ É¨´  (¸¥±Í¨¨ 40Ä41) ¢Ò¤¥²¥´ ´  ·¨¸. 4 ¨
¶μ¸²¥¤ÊÕÐ¨Ì ·¨¸Ê´± Ì Î¥·´Ò³ Í¢¥Éμ³.

�·¨ ¶μ¸É·μ¥´¨¨ ³μ¤¥²¨ ÊÎ ¸Éμ± £¥´  vg · ¸¶μ² £ ²¨ ´ ¨¡μ²¥¥ ¡²¨§±μ ± £¥É¥·μÌ·μ-
³ É¨´Ê ¢ ¶·¥¤¥² Ì ®ÎÊ¢¸É¢¨É¥²Ó´μ£μ ³¨±·μμ¡Ñ¥³ ¯, £¤¥ ¨ ¢μ§³μ¦´Ò ¢§ ¨³μ¤¥°¸É¢¨Ö ¶μ-
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�¨¸. 4. 2D-³μ¤¥²Ó ³μ¤¥²¨·μ¢ ´¨Ö ¡²¨§μ¸É¨ £¥É¥·μÌ·μ³ É¨´  ¸ · °μ´μ³ £¥´  vg (¸¥±Í¨Ö 49)

¢·¥¦¤¥´´ÒÌ ¸¥±Í¨° Ì·μ³μ¸μ³Ò ¸ μ¡· §μ¢ ´¨¥³ ¨´¢¥·¸¨°. ‚ μ¸´μ¢Ê ±·¨É¥·¨Ö ¢Ò¡μ· 
· ¤¨Ê¸  R ¸ ³μ° ¡μ²ÓÏμ° ¸Ë¥·Ò ¶μ²μ¦¥´Ò ¸²ÊÎ ¨ ¥¤¨´¨Î´ÒÌ ¨´¢¥·¸¨° R1. ‡ É¥³ ¶·μ-
¨§¢μ¤¨²¸Ö · ¸Î¥É · ¤¨Ê¸μ¢ ¶μ¢¥·Ì´μ¸É¥° ¢²μ¦¥´´ÒÌ ¸Ë¥· ¤²Ö ± ¦¤μ£μ É¨¶  ¨´¢¥·¸¨°
¨¸Ìμ¤Ö ¨§ Î ¸ÉμÉÒ ¨Ì ¢μ§´¨±´μ¢¥´¨Ö. ˆ§ ·¥§Ê²ÓÉ Éμ¢ ¶·μ¢¥¤¥´´ÒÌ Ô±¸¶¥·¨³¥´Éμ¢ [21]
¸²¥¤Ê¥É, ÎÉμ Î¥³ ¡μ²ÓÏ¥ ´¥§ ¢¨¸¨³ÒÌ ¸μ¡ÒÉ¨° · §·Ò¢μ¢-¸μ¥¤¨´¥´¨°, ¤¥É¥·³¨´¨·ÊÕÐ¨Ì
μ¡· §μ¢ ´¨¥ ¤ ´´μ° ¨´¢¥·¸¨¨, É¥³ ³¥´ÓÏ¥ · ¸¸Î¨ÉÒ¢ ¥³Ò° · ¤¨Ê¸ ¢²μ¦¥´´μ° ¸Ë¥·Ò.

’ ¡²¨Í  1. � ¤¨Ê¸Ò · ¸¸ÉμÖ´¨° ¸¥±Í¨° ¤μ ¸¥±Í¨¨ ¸ £¥´μ³ vg

� ¤¨Ê¸
�μ³¥·  ¸¥±Í¨°

Šμ²-¢μ ¸μ¡ÒÉ¨°
μ±·Ê¦´μ¸É¨, ´³ · §·Ò¢-¸μ¥¤¨´¥´¨¥

R1 = 170 21, 37, 43, 52, 54, 55 1
R2 = 120 22, 24, 25, 34, 39, 44, 51 2
R3 = 98 56 ¨ 60 3
R4 = 85 36 ¨ 59 4
R4 = 76 50 5
R5 = 51 47 ¨ 48 11
R11 = 37 40 ¨ 41 21

	²¨§μ¸ÉÓ ´¥§ ¢¨¸¨³ÒÌ ¸μ¡ÒÉ¨° · §·Ò¢μ¢-¸μ¥¤¨´¥´¨°, ¶·¥¤¸É ¢²¥´´ÒÌ ¢ É ¡². 1, · ¸-
¸Î¨ÉÒ¢ ²¨ ¶μ Ëμ·³Ê²¥

Rk =
√

Nmax

NK
20 ´³, (4)

£¤¥ Nmax Å μ¡Ð¥¥ ±μ²¨Î¥¸É¢μ ¸μ¡ÒÉ¨° · §·Ò¢μ¢ ¸μ¥¤¨´¥´¨°; NK Ä ±μ²¨Î¥¸É¢μ ¸μ¡ÒÉ¨°
· §·Ò¢μ¢ ¸μ¥¤¨´¥´¨° ¢ μ¶·¥¤¥²¥´´μ° ¸¥±Í¨¨.

�μ¸²¥ ÔÉμ£μ ¢·ÊÎ´ÊÕ ¸É·μ¨É¸Ö ¶²μ¸± Ö ¶·μ¥±Í¨Ö ¸ Í¥´É· ³¨ ±μ´Í¥´É·¨Î¥¸±¨Ì μ±·Ê¦-
´μ¸É¥° ¢ · °μ´¥ £¥É¥·μÌ·μ³ É¨´  ¨ £¥´  vg,   μ¶μ·´Ò¥ ÉμÎ±¨ ¸¶² °´  ¤²Ö Ì·μ³μ¸μ³´μ°
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´¨É¨ · ¸¶μ² £ ÕÉ¸Ö ¤²Ö ¶· ¢μ£μ ¨ ²¥¢μ£μ ¶²¥Î  ¶μ · §´Ò¥ ¸Éμ·μ´Ò ¸ ÊÎ¥Éμ³ Î ¸ÉμÉÒ
¨´¢¥·¸¨°-¢§ ¨³μ¤¥°¸É¢¨° ¸¥±Í¨°. Œ ¸ÏÉ ¡ ¨§μ¡· ¦¥´¨Ö ¢Ò¡¨· ²¨ É ±¨³ μ¡· §μ³, ÎÉμ¡Ò
¸ ´¨ÉÓÕ Ê¤μ¡´μ ¡Ò²μ · ¡μÉ ÉÓ ¨ μ´  ¡Ò²  · §¢¥·´ÊÉ  ¢ · ¤¨ ²Ó´μ° ¸¨¸É¥³¥ ±μμ·¤¨´ É
´  ∼ 345◦. „²Ö ±μ´É·μ²Ö ¤¥°¸É¢¨° ¨¸¶μ²Ó§μ¢ ²¸Ö ¤μ¢μ²Ó´μ Ê¤μ¡´Ò° ³¥Ì ´¨§³ ¢¨§Ê ²¨§ -
Í¨¨ ¨ ·¥¤ ±É¨·μ¢ ´¨Ö μ¶μ·´ÒÌ ÉμÎ¥± ¸¶² °´ , ¨³¥² ¸Ó ¢μ§³μ¦´μ¸ÉÓ ¨§³¥´¥´¨Ö Éμ²Ð¨´Ò
¶μ¸É·μ¥´´μ° ´¨É¨. �¥±μÉμ·μ¥ ´¥Ê¤μ¡¸É¢μ ¸μ¸Éμ¨É ¢ Éμ³, ÎÉμ 21-° ¸¥±Í¨¨ Ì·μ³μ¸μ³´μ°
´¨É¨ ¶·¨ ÔÉμ³ ¸μμÉ¢¥É¸É¢Ê¥É 1-Ö ÉμÎ±  ¸¶² °´  ¨ É. ¤. �·¨Ìμ¤¨É¸Ö ¶μ É ¡²¨Í¥ Ê¸É ´ ¢²¨-
¢ ÉÓ ¸μμÉ¢¥É¸É¢¨¥ ÉμÎ¥± ¨ ¸¥£³¥´Éμ¢ ¸¶² °´ , ´μ ÔÉμ ´¥ ¶·¨´Í¨¶¨ ²Ó´μ. „ ²ÓÏ¥ ¸É·μÖÉ¸Ö
±μ´Í¥´É·¨Î¥¸±¨¥ μ±·Ê¦´μ¸É¨ ¢ Í¥´É·¥ ¶²μ¸±μ° ¶·μ¥±Í¨¨ ¨ ¸ ¶μ³μÐÓÕ ³ÒÏ±¨ μ¶μ·´Ò¥
ÉμÎ±¨ ¸¶² °´  ¶μ¸²¥¤μ¢ É¥²Ó´μ ·¥¤ ±É¨·ÊÕÉ¸Ö ¢ ¸μμÉ¢¥É¸É¢¨¨ ¸ É ¡²¨Í¥° Î ¸ÉμÉ ¨´-
¢¥·¸¨° É ±¨³ μ¡· §μ³, ÎÉμ¡Ò · ¸¸ÉμÖ´¨¥ ³¥¦¤Ê ¸μ¸¥¤´¨³¨ ÉμÎ± ³¨ ¸¶² °´  μ¸É ¢ ²μ¸Ó
¶μ¸ÉμÖ´´Ò³. „²Ö ÔÉμ° Í¥²¨ Ê¤μ¡´μ ´  § ±²ÕÎ¨É¥²Ó´μ³ ÔÉ ¶¥ ·¥¤ ±É¨·μ¢ ´¨Ö μ¶μ·´ÒÌ
ÉμÎ¥± ¶·μ¨§¢¥¸É¨ ¶·μÍ¥¤Ê·Ê ´μ·³ ²¨§ Í¨¨ ¸¶² °´ . ‘²¥¤Ê¥É μ¸μ¡μ μÉ³¥É¨ÉÓ, ÎÉμ ¶μ± 
ÎÉμ ¢¢¨¤Ê μÉ¸ÊÉ¸É¢¨Ö ¤ ´´ÒÌ ´¥±μÉμ·Ò¥ ¸¥±Í¨¨ ³μ¤¥²¨·ÊÕÉ¸Ö ¢ ·¥² ±¸¨·μ¢ ´´μ³ ¸μ-
¸ÉμÖ´¨¨, É. ¥. ¶² ¢´μ° ¶¥É²¥° ¸¶² °´ . �¥É²¨ ¢ ³μ¤¥²¨ Ì·μ³μ¸μ³´μ° ´¨É¨ ¸É·μ¨²¨¸Ó
¶μ¸²¥¤μ¢ É¥²Ó´μ: ¸´ Î ²  ± Í¥´É·Ê, Éμ ¥¸ÉÓ ± £¥É¥·μÌ·μ³ É¨´Ê, ®¶μ¤ÉÖ´Ê²¨¯ · °μ´ ´ Ìμ-
¦¤¥´¨Ö £¥´  vg, ¤ ²ÓÏ¥ · ¸¶μ²μ¦¨²¨ ±μ´¥Í ¶²¥Î  2L,   ¶μÉμ³ ¨ μ¸´μ¢ ´¨Ö μ¸É ²Ó´ÒÌ
¶¥É¥²Ó. �  ¸²¥¤ÊÕÐ¥³ ÔÉ ¶¥ É·¥¡Ê¥É¸Ö · ¸±· ¸¨ÉÓ ¸¥±Í¨¨ Ì·μ³μ¸μ³´μ° ´¨É¨. „²Ö ÔÉμ£μ
Ê¤μ¡´μ ¨¸¶μ²Ó§μ¢ ÉÓ ¤¢  ¶μ¤Ìμ¤  ¸ ¶·¨³¥´¥´¨¥³ ³μÐ´μ£μ ³¥Ì ´¨§³  ´ ´¨§Ò¢ ´¨Ö ¤μ-
¶μ²´¨É¥²Ó´ÒÌ 3D-μ¡Ó¥±Éμ¢ ´  ¶μ¸É·μ¥´´Ò° ¸¶² °´ ¸ ±μ´É·μ²¥³ ±μ²¨Î¥¸É¢ , ´ Î ²Ó´μ£μ
· ¸¶μ²μ¦¥´¨Ö ¨²¨ · ¸¸ÉμÖ´¨Ö ³¥¦¤Ê ´¨³¨ ¶μ¤ ´ §¢ ´¨¥³ Spacing Tools. ‚ ¶·μ¸É¥°-
Ï¥³ ¸²ÊÎ ¥ ¢ ± Î¥¸É¢¥ ¢¸¶μ³μ£ É¥²Ó´μ£μ 3D-μ¡Ó¥±É  § ¤ ¥É¸Ö Í¨²¨´¤· ¸ ¶ · ³¥É· ³¨
¥¤¨´¨Î´μ° ¸¥±Í¨¨ Ì·μ³μ¸μ³´μ° ´¨É¨. –¢¥É Í¨²¨´¤·μ¢ ¶μ¸²¥ ´ ²μ¦¥´¨Ö ¨Ì ´  ¸¶² °´
¢·ÊÎ´ÊÕ ¨§³¥´Ö¥É¸Ö ¨ ·¥¤ ±É¨·Ê¥É¸Ö ¨Ì ¶μ²μ¦¥´¨¥ ´  ¶²μ¸±¨Ì ¶·μ¥±Í¨ÖÌ ¤²Ö ¡μ²¥¥
ÉμÎ´μ£μ ¸μ¢¶ ¤¥´¨Ö Éμ·Íμ¢ (·¨¸. 4).

4.2. Œ¥Éμ¤¨±  ¶μ¸É·μ¥´¨Ö 3D-³μ¤¥²¨ Ì·μ³μ¸μ³´μ° ´¨É¨. ‚ ¸²ÊÎ ¥ ¶μ¸É·μ¥´¨Ö ¶·μ-
¸É· ´¸É¢¥´´μ° ³μ¤¥²¨ ¢ ¶·μ£· ³³¥ Gmax Ô±· ´ ¤¨¸¶²¥Ö ¤¥²¨É¸Ö ´  Î¥ÉÒ·¥ · ¢´ÒÌ μ±´ 
¶·μ¥±Í¨° É ±¨³ μ¡· §μ³, ÎÉμ ¢´¨§Ê ¸¶· ¢  · ¸¶μ² £ ¥É¸Ö ¨§μ³¥É·¨Î¥¸± Ö ¶¥·¸¶¥±É¨¢´ Ö
¶·μ¥±Í¨Ö ¸Í¥´Ò,   ·Ö¤μ³ ¸²¥¢  ¶²μ¸± Ö ¶·μ¥±Í¨Ö (¢¨¤ ¸¶· ¢ ). �²μ¸±ÊÕ Ë·μ´É ²Ó´ÊÕ
¶·μ¥±Í¨Õ ´¨É¨ Ê¤μ¡´μ · ¸¶μ² £ ÉÓ ´ ¤ ¶¥·¸¶¥±É¨¢´μ° ¶·μ¥±Í¨¥°. ‹¥¢¥¥ ¢¢¥·ÌÊ Ô±· ´ 
· ¸¶μ² £ ²¨ ¶·μ¥±Í¨Õ ¸¢¥·ÌÊ. „²Ö ´ £²Ö¤´μ¸É¨ É·¥Ì³¥·´μ° ³μ¤¥²¨ Ì·μ³μ¸μ³´μ° ´¨É¨
ÊÎ ¸É±¨ · §·Ò¢μ¢-¸μ¥¤¨´¥´¨° μ¡Ñ¥¤¨´ÖÕÉ¸Ö ¢ ¡μ²¥¥ ±·Ê¶´Ò¥ ±² ¸É¥·Ò: 21Ä25, 30, 34Ä
39, 40Ä41, 43Ä44, 48Ä49, 50Ä52, 54Ä56, 59Ä60 (¸μ¡ÒÉ¨Ö · §·Ò¢μ¢-¸μ¥¤¨´¥´¨° ´  ¤ ´´ÒÌ
ÊÎ ¸É± Ì ¸±² ¤Ò¢ ÕÉ¸Ö). � ¤¨Ê¸ ¢²μ¦¥´´μ° ¸Ë¥·Ò, ¢Ò¸Î¨¸²Ö¥³Ò° ¶μ Ëμ·³Ê²¥ (4), ¸É -
´¥É ³¥´ÓÏ¥, ¨ μ¸´μ¢ ´¨Ö ¡μ²ÓÏ¨´¸É¢  ¶¥É¥²Ó ®¶μ¤ÉÖ´ÊÉ¸Ö¯ ± £¥´Ê vg. „²Ö ± ¦¤μ£μ
¢Ò¤¥²¥´´μ£μ ±² ¸É¥·  ¶·μ¨§¢μ¤¨²¸Ö · ¸Î¥É · ¤¨Ê¸μ¢ ¢²μ¦¥´´ÒÌ ¸Ë¥· (É ¡². 2).

Šμ´Í¥´É·¨Î¥¸±¨¥ μ±·Ê¦´μ¸É¨ ¢ ¸μμÉ¢¥É¸É¢¨¨ ¸ É ¡²¨Í¥° ¶¥·¢μ´ Î ²Ó´μ ¨§μ¡· ¦ -
²¨¸Ó ¢ Í¥´É·¥ ¢¸¥Ì ¶²μ¸±¨Ì ¶·μ¥±Í¨°. „ ²ÓÏ¥ ´  Ë·μ´É ²Ó´μ° ¶·μ¥±Í¨¨ ¸É·μ¨É¸Ö ¸£² -
¦¥´´Ò°  ¤ ¶É¨¢´Ò° ¸¶² °´ ¶μ·Ö¤±  n = 6. ‚ μÉ²¨Î¨¥ μÉ ¸²ÊÎ Ö ¶μ¸É·μ¥´¨Ö 2D-³μ¤¥²¨
μ¶μ·´Ò¥ ÉμÎ±¨ ¶μ¸²¥¤μ¢ É¥²Ó´μ ·¥¤ ±É¨·μ¢ ²¨¸Ó ¶μ ³¥É± ³ ´  ¢¸¥Ì É·¥Ì ¶·μ¥±Í¨ÖÌ ¢´Ê-
É·¨ ¸ ³μ° ¡μ²ÓÏμ° ¸Ë¥·Ò ¸ · ¤¨Ê¸μ³ r0 = 180 ´³.

�·¨ ¶μ¸É·μ¥´¨¨ 3D-³μ¤¥²¨ É ±¦¥ ¨¸¶μ²Ó§μ¢ ²¨¸Ó Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ μ ´¥§ -
¢¨¸¨³ÒÌ ±μ´É ±É Ì, ±μÉμ·Ò¥ ¢¥¤ÊÉ ± ¤·Ê£¨³ É¨¶ ³ ¨´¢¥·¸¨° (´¥ ¸¢Ö§ ´´ÒÌ ¸ £¥´μ³ vg).
„¥°¸É¢¨É¥²Ó´μ, ¢ ÔÉ¨Ì ¦¥ · ¤¨ Í¨μ´´μ-£¥´¥É¨Î¥¸±¨Ì Ô±¸¶¥·¨³¥´É Ì ¸·¥¤¨ £ ³¥É ¸ ¨´¢¥·-
¸¨Ö³¨, ¢μ¢²¥± ÕÐ¨³¨ £¥´ vg, μ¡´ ·Ê¦¥´Ò ±²¥É±¨ ¸ ¨´¢¥·¸¨Ö³¨, ¸¢¨¤¥É¥²Ó¸É¢ÊÕÐ¨³¨ μ
¶·μ¸É· ´¸É¢¥´´μ° ¡²¨§μ¸É¨ ¸¥±Í¨¨ 42 ¶²¥Î  2R ¸ ¸¥±Í¨Ö³¨ 57 ¨ 59 Éμ£μ ¦¥ ¶²¥Î 
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’ ¡²¨Í  2. � ¤¨Ê¸Ò ¸Ë¥· · ¸¸ÉμÖ´¨° ±² ¸É¥·μ¢ ¸¥±Í¨° ¤μ ¸¥±Í¨¨ ¸ £¥´μ³ vg

� ¤¨Ê¸ �μ³¥·  ¸¥±Í¨° Šμ²-¢μ ¸μ¡ÒÉ¨°
μ±·Ê¦´μ¸É¨, ´³ ¢ ±² ¸É¥·¥ · §·Ò¢-¸μ¥¤¨´¥´¨¥

r1 = 170 30 1
r3 = 98 43Ä44 3
r5 = 76 54Ä56 5
r7 = 64 21Ä25 7

59Ä60
r8 = 60 50Ä52 8
r9 = 57 34Ä39 9
r11 = 51 48 ¨ 49 11
r21 = 37 40 ¨ 41 21

Ì·μ³μ¸μ³Ò,   É ±¦¥ ¸¥±Í¨¨ 30 ¶²¥Î  2L ¸ μ¡² ¸ÉÓÕ £¥É¥·μÌ·μ³ É¨´  ¶²¥Î  2R (¸¥±-
Í¨Ö 41). � ²¨Î¨¥ ÔÉ¨Ì ´¥§ ¢¨¸¨³ÒÌ ¨´¢¥·¸¨° ¸ Ê± § ´´Ò³¨ ÉμÎ± ³¨ · §·Ò¢-¸μ¥¤¨´¥´¨¥
¶·Ö³μ Ê± §Ò¢ ¥É ´  ±μ´É ±ÉÒ, ¤¥É¥·³¨´¨·μ¢ ´´Ò¥ ÔÉμ° ³μ¤¥²ÓÕ, ÌμÉÖ μ´¨ ¨ § ´¨³ ÕÉ
Î ¸É¨Î´μ ¤·Ê£ÊÕ ¢²μ¦¥´´ÊÕ ¸Ë¥·Ê ¶μ ¸· ¢´¥´¨Õ ¸ £¥´μ³ vg ¨ £¥É¥·μÌ·μ³ É¨´μ³ ¢ ¶·¥¤¥-
² Ì μ¤´μ£μ ¨ Éμ£μ ¦¥ ¶μ¸ÉÊ²¨·Ê¥³μ£μ ®ÎÊ¢¸É¢¨É¥²Ó´μ£μ ³¨±·μμ¡Ñ¥³ ¯. �  ¶¥·¥±·Ò¢ ´¨¥
¢²μ¦¥´´ÒÌ ¸Ë¥· ¶·Ö³μ Ê± §Ò¢ ¥É ¨´¢¥·¸¨Ö ¸ · §·Ò¢μ³-¸μ¥¤¨´¥´¨¥³ ¢ ¸¥±Í¨ÖÌ 30 ¨ 41, ¸
±μÉμ·Ò³¨, ± ± ¶μ± § ´μ ¢ÒÏ¥, ¨³¥ÕÉ ¶·μ¸É· ´¸É¢¥´´ÊÕ ¡²¨§μ¸ÉÓ ¸¥±Í¨Ö 49 ¸ £¥´μ³ vg
¨ £¥É¥·μÌ·μ³ É¨´. �É¸Õ¤  ¸²¥¤Ê¥É, ÎÉμ ¸¥·¥¤¨´  ¶²¥Î  2L É ±¦¥ ³μ¦¥É ¡ÒÉÓ ®¶μ¤ÉÖ-
´ÊÉ ¯ ± £¥É¥·μÌ·μ³ É¨´Ê. �μ ÔÉ¨³ ¤ ´´Ò³ ¡Ò²μ ¸±μ··¥±É¨·μ¢ ´μ ¶·μ¸É· ´¸É¢¥´´μ¥
· ¸¶μ²μ¦¥´¨¥ É·¥Ì³¥·´μ° ³μ¤¥²¨ 2-° Ì·μ³μ¸μ³´μ° ´¨É¨ (·¨¸. 5). „²Ö · ¸±· Ï¨¢ ´¨Ö
¸¥±Í¨° 3D-³μ¤¥²¨ ¡μ²ÓÏ¥° ´ £²Ö¤´μ¸ÉÓÕ μ¡² ¤ ¥É ³¥Éμ¤ ¶μ¸É·μ¥´¨Ö ¸¨²Ó´μ ¸¶¨· ²¨-
§μ¢ ´´μ£μ ±μ³¶ ±É´μ£μ ¤μ¶μ²´¨É¥²Ó´μ£μ 3D-μ¡Ó¥±É  ¢ ¢¨¤¥ Torus Knot. �É¨ ±²Ê¡±¨ ¢
¤μ¸É ÉμÎ´μ ¡μ²ÓÏμ³ ±μ²¨Î¥¸É¢¥ · ¸¶μ² £ ÕÉ¸Ö (± ± ¨ Í¨²¨´¤·Ò) ´  ¸¶² °´¥, ´μ ¡μ²¥¥

�¨¸. 5. �·¨³¥· ¶μ¸É·μ¥´¨Ö ¶·μ¸É· ´¸É¢¥´´μ° ³μ¤¥²¨ 2-° Ì·μ³μ¸μ³´μ° ´¨É¨ c ¨¸¶μ²Ó§μ¢ ´¨¥³

¤μ¶μ²´¨É¥²Ó´μ£μ μ¡Ñ¥±É  ¢ ¢¨¤¥ ¸¶¨· ²¥¢¨¤´μ£μ Ê§²  ¢¤μ²Ó ¸¶² °´  ¨ ¨¸ÉμÎ´¨±μ¢ ¸¢¥É  (¢´¨§Ê)
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¶² ¢´μ ¶μ¢Éμ·ÖÕÉ ¢¸¥ ¥£μ ¨§£¨¡Ò (´  ·¨¸. 5 ¢¸¶μ³μ£ É¥²Ó´Ò° 3D-μ¡Ñ¥±É ¢¨¤¥´ ¢ ¶· -
¢μ³ ¢¥·Ì´¥³ Ê£²Ê). �μ ÔÉμ° ¶·¨Î¨´¥ ¢ ¤ ²Ó´¥°Ï¥³ É·¥¡Ê¥É¸Ö Éμ²Ó±μ ¨§³¥´¨ÉÓ Í¢¥É
±²Ê¡μÎ±μ¢. �Éμ Ê¤μ¡´μ ¤¥² ÉÓ ¸ ¶μ³μÐÓÕ μ¶¥· Í¨¨ £·Ê¶¶μ¢μ£μ ¢Ò¡μ·  μ¡Ó¥±Éμ¢ ¶μ¤ ´ -
§¢ ´¨¥³ SelectbyNAME. ‚ ¤ ²Ó´¥°Ï¥³ μ¡ÒÎ´μ É·¥¡Ê¥É¸Ö ¶μ¤¶· ¢¨ÉÓ μ¸¢¥Ð¥´¨¥ ¸Í¥´Ò ¸
¶μ³μÐÓÕ · §²¨Î´ÒÌ ¸¢¥É¨²Ó´¨±μ¢, · §¢¥·´ÊÉÓ ´¨ÉÓ ¢ Ê¤μ¡´μ³ · ±Ê·¸¥ ¨ ¤μ¡ ¢¨ÉÓ ³¥É±¨
¸¥±Í¨° ¶·¨ ´¥μ¡Ìμ¤¨³μ¸É¨. �Î¥´Ó Ê¤μ¡´μ ¨¸¶μ²Ó§μ¢ ÉÓ ³¥Ì ´¨§³ ¢·¥³¥´´μ£μ Ê¤ ²¥´¨Ö
¨§ ¸Í¥´Ò ¢Ò¡· ´´ÒÌ μ¡Ñ¥±Éμ¢ (hide) ¤²Ö · §¤¥²Ó´μ° ¢¨§Ê ²¨§ Í¨¨ £¥É¥·μÌ·μ³ É¨´  ¨²¨
± ±μ£μ-²¨¡μ μ¤´μ£μ ¶²¥Î  Ì·μ³μ¸μ³´μ° ´¨É¨,   É ±¦¥ ·¥¦¨³ ¶·μ§· Î´μ¸É¨ ¤²Ö ¸Ë¥·Ò
ÎÊ¢¸É¢¨É¥²Ó´μ£μ μ¡Ñ¥³  (·¨¸. 6).

�¨¸. 6. �·¨³¥· ¶μ¸É·μ¥´¨Ö ¶·μ¸É· ´¸É¢¥´´μ° ³μ¤¥²¨ 2-° Ì·μ³μ¸μ³´μ° ´¨É¨ c ¨¸¶μ²Ó§μ¢ ´¨¥³

¤μ¶μ²´¨É¥²Ó´ÒÌ μ¶¥· Í¨°: loft, lattice, wave, twist Å ¢¤μ²Ó ¸¶² °´ 

�·¨ ³μ¤¥²¨·μ¢ ´¨¨ 3D-¸Í¥´ ´¥ ´ ¤μ ¶ÒÉ ÉÓ¸Ö § ¤ ¢ ÉÓ μÎ¥´Ó ¡μ²ÓÏμ¥ Î¨¸²μ ¤μ¶μ²-
´¨É¥²Ó´ÒÌ μ¡Ñ¥±Éμ¢ ¸ ¡μ²ÓÏμ° ¤¥É ²¨§ Í¨¥°, É. ±. ÔÉμ ³μ¦¥É ¸ÊÐ¥¸É¢¥´´μ Ê¢¥²¨Î¨ÉÓ ±μ-
²¨Î¥¸É¢μ Ô²¥³¥´É ·´ÒÌ ³´μ£μÊ£μ²Ó´¨±μ¢. � ¶·¨³¥·, ¤²Ö Ëμ·³¨·μ¢ ´¨Ö ¡μ±μ¢μ° ¶μ¢¥·Ì-
´μ¸É¨ Í¨²¨´¤·  ¤μ¸É ÉμÎ´μ ¨¸¶μ²Ó§μ¢ ÉÓ ¶· ¢¨²Ó´Ò° ³´μ£μÊ£μ²Ó´¨± ¸ Î¨¸²μ³ ¢¥·Ï¨´
5 < n < 10. ˆ´ Î¥ · ¡μÉ  ¶·μ£· ³³Ò ¤ ¦¥ ´  ¸· ¢´¨É¥²Ó´μ ³μÐ´μ³ ±μ³¶ÓÕÉ¥·¥ ³μ¦¥É
¸ÊÐ¥¸É¢¥´´μ § ³¥¤²¨ÉÓ¸Ö ¨§-§  ´¥μ¡Ìμ¤¨³μ¸É¨ ¶¥·¥¸Î¥É  ¡μ²ÓÏμ£μ Î¨¸²  ´μ·³ ²¥° ± Ô²¥-
³¥´É ·´Ò³ ¶μ¢¥·Ì´μ¸ÉÖ³, ±μÉμ·Ò¥ ¨¸¶μ²Ó§ÊÕÉ¸Ö ¢μ ¢¸¥Ì ¶·μ£· ³³ Ì 3D-³μ¤¥²¨·μ¢ ´¨Ö
¤²Ö μ¶·¥¤¥²¥´¨Ö μ¸¢¥Ð¥´´μ¸É¨ ¨ § É¥´¥´¨Ö μ¡Ñ¥±Éμ¢. �´ ²μ£¨Î´μ¥ § ³¥Î ´¨¥ μÉ´μ¸¨É¸Ö
¨ ± ¢Ò¡μ·Ê ¸É¥¶¥´¨ ³´μ£μÎ²¥´  ¤²Ö ¶μ¸É·μ¥´¨Ö ¸¶² °´ . –¥²¥¸μμ¡· §´μ ¨¸¶μ²Ó§μ¢ ÉÓ
·¥¦¨³  ¤ ¶É¨¢´μ£μ ¶μ¤¡μ·  ¸É¥¶¥´¨ ³´μ£μÎ²¥´ , Éμ£¤  ¶·μ£· ³³   ¢Éμ³ É¨Î¥¸±¨ ¶μ-
¢ÒÏ ¥É/¶μ´¨¦ ¥É ¸É¥¶¥´Ó ¨´É¥·¶μ²ÖÍ¨μ´´μ£μ ³´μ£μÎ²¥´  ¢ § ¢¨¸¨³μ¸É¨ μÉ ¨§³¥´¥´¨Ö
²μ± ²Ó´μ° ±·¨¢¨§´Ò ²¨´¨¨. �¥ ¸²¥¤Ê¥É ¸¨²Ó´μ ¨§³¥´ÖÉÓ ¶ · ³¥É· Ê¶·Ê£μ¸É¨ μ£¨¡ ÕÐ¥°
²¨´¨¨ ¢¡²¨§¨ μ¶μ·´ÒÌ ÉμÎ¥± ¸¶² °´ , É. ±. ÔÉμ ³μ¦¥É ¨¸¶μ·É¨ÉÓ ¢¨¤ ¶² ¢´μ° ±·¨¢μ°.

�´ ²¨§ ÔÉμ° ³μ¤¥²¨ ¶μ± §Ò¢ ¥É, ÎÉμ μ´  ¤¥É¥·³¨´¨·Ê¥É ¶·μ¸É· ´¸É¢¥´´ÊÕ ¡²¨§μ¸ÉÓ
¨ ¤·Ê£¨Ì ¸¥±Í¨° Ì·μ³μ¸μ³Ò, ´¥ ¸¢Ö§ ´´ÒÌ ¸ ¸¥±Í¨¥°, ¸μ¤¥·¦ Ð¥° £¥´ vg, ¨, ¸²¥¤μ¢ -
É¥²Ó´μ, ¢μ§´¨±´μ¢¥´¨¥ ¨´¢¥·¸¨° ¸ · §·Ò¢ ³¨-¸μ¥¤¨´¥´¨Ö³¨ ¢ ¨´ÒÌ ¸¥±Í¨ÖÌ Ì·μ³μ¸μ³Ò
¶μ ¸· ¢´¥´¨Õ ¸ μ¡´ ·Ê¦¥´´Ò³¨ ¨ μ¶¨¸ ´´Ò³¨ ¢ÒÏ¥.
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‘²¥¤Ê¥É μÉ³¥É¨ÉÓ, ÎÉμ ²¨Í¥´§¨μ´´ Ö ¶·μ£· ³³  3DStudioMAX ¨³¥¥É ´¥¸· ¢´¥´´μ
¡μ²ÓÏ¥ ¢μ§³μ¦´μ¸É¥°, Î¥³ ¶·μ£· ³³  Gmax. ‚ Î ¸É´μ¸É¨, ¤²Ö ´ Ï¥£μ ¸²ÊÎ Ö ¶μ¤Ìμ¤¨É
loft-μ¶¥· Í¨Ö ¨ ¨§³¥·¨É¥²Ó´ Ö ·Ê²¥É±  [20]. �¶¥· Í¨Ö loft ¶μ§¢μ²Ö¥É ´ ¤¥ÉÓ μ¡μ²μÎ±Ê
§ ¤ ´´μ£μ ¶·μË¨²Ö ´  ¢¥¸Ó ¸¶² °´ (¨²¨ ¢Ò¤¥²Ó´Ò° ¸¥£³¥´É) ¨ ¶μ²ÊÎ¨ÉÓ ÔËË¥±É ¢¨Éμ°
´¨É¨ ¶μ¸²¥ ¶·¨³¥´¥´¨Ö μ¶¥· Í¨° twist, lattice, wave ¨²¨ ¨Ì ¶·μ¨§¢μ²Ó´μ° ±μ³¡¨´ Í¨¨
(¶μ¸²¥¤´¨¥ É·¨ μ¶¥· Í¨¨ ¥¸ÉÓ ¨ ¢ ¶·μ£· ³³¥ Gmax) (·¨¸. 6).

�·¨ ³μ¤¥²¨·μ¢ ´¨¨ 2-° Ì·μ³μ¸μ³´μ° ´¨É¨, ¶·¥¤¸É ¢²¥´´μ° ´  ·¨¸. 4Ä6, ¶¥·¥¸Î¥É
¶ · ³¥É·μ¢ ¸Í¥´Ò § ´¨³ ² 3Ä5 ¸. �¡ ¨¸±²ÕÎ¨É¥²Ó´μ° É·Ê¤μ¥³±μ¸É¨ ³μ¤¥²¨·μ¢ ´¨Ö ¡¨μ-
²μ£¨Î¥¸±¨Ì ¸É·Ê±ÉÊ· ¸¢¨¤¥É¥²Ó¸É¢Ê¥É Ë ±É ¶·¨³¥´¥´¨Ö ¤²Ö ÔÉ¨Ì Í¥²¥° ¸ ³ÒÌ ³μÐ´ÒÌ
³´μ£μ¶·μÍ¥¸¸μ·´ÒÌ ¸¨¸É¥³ ¢ ¢¥¤ÊÐ¨Ì ¨´¤Ê¸É·¨ ²Ó´μ · §¢¨ÉÒÌ ¸É· ´ Ì ³¨· . ‚ ¶μ¸²¥¤-
´¥¥ ¢·¥³Ö ´ ³¥É¨² ¸Ó É¥´¤¥´Í¨Ö ¨¸¶μ²Ó§μ¢ ÉÓ ¤²Ö ÔÉ¨Ì Í¥²¥° ¸¥ÉÓ ¶¥·¸μ´ ²Ó´ÒÌ ±μ³-
¶ÓÕÉ¥·μ¢ ¨§ Î¨¸²  ¤μ¡·μ¢μ²ÓÍ¥¢ ¢ · ³± Ì ˆ´É¥·´¥É. ’ ± Ö £·¨¤-É¥Ì´μ²μ£¨Ö ¶μ§¢μ²Ö¥É,
´ ¶·¨³¥·, ¨¸¸²¥¤μ¢ ÉÓ ¡¥²±μ¢Ò¥ ¸É·Ê±ÉÊ·Ò Î¥²μ¢¥Î¥¸±μ£μ μ·£ ´¨§³  ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³
PDB-¡ ´±  ¤ ´´ÒÌ [27]. �  �Š ¸ ¶·μÍ¥¸¸μ·μ³ �4-2ƒƒÍ §  10 Î ´¥¶·¥·Ò¢´μ° · ¡μÉÒ
μ¡· ¡ ÉÒ¢ ¥É¸Ö ¶μ·Í¨Ö ¤ ´´ÒÌ ∼ 1,5 Œ¡ °É. ‘Ê³³ ·´ Ö ³μÐ´μ¸ÉÓ ÔÉμ° £·¨¤-¸¥É¨ μÍ¥-
´¨¢ ¥É¸Ö ¢ 80000 ²¥É ¢ÒÎ¨¸²¥´¨° ´  μ¤´μ³ ¶¥·¸μ´ ²Ó´μ³ ±μ³¶ÓÕÉ¥·¥ [28]. � ¢ ¦´μ¸É¨
¨¸¸²¥¤μ¢ ´¨° ¸¢¨¤¥É¥²Ó¸É¢Ê¥É ¨ ÉμÉ Ë ±É, ÎÉμ ¢ ¦Ê·´ ²¥ ®Science¯ §  2005 £. ¢ ¸¶¨¸±¥
25 ´ ¨¡μ²¥¥ §´ Î¨³ÒÌ ´ ÊÎ´ÒÌ § £ ¤μ±, ¸ÉμÖÐ¨Ì ¶¥·¥¤ Î¥²μ¢¥Î¥¸É¢μ³, ¶μÎÉ¨ ¶μ²μ¢¨´ 
μÉ´μ¸¨É¸Ö ± ¡¨μ²μ£¨¨ ¨ £¥´¥É¨±¥.

‡�Š‹�—…�ˆ…

’ ±¨³ μ¡· §μ³, ¶μ¤¢μ¤Ö ¨Éμ£ ¶·μ¢¥¤¥´´μ° Ô±¸¶¥·¨³¥´É ²Ó´μ-É¥μ·¥É¨Î¥¸±μ° · ¡μÉÒ,
£² ¢´Ò¥ ·¥§Ê²ÓÉ ÉÒ ±μÉμ·μ° ¨§²μ¦¥´Ò ¢ÒÏ¥, ´¥μ¡Ìμ¤¨³μ μÉ³¥É¨ÉÓ ¸²¥¤ÊÕÐ¨¥ ¶·¨´Í¨-
¶¨ ²Ó´Ò¥ μ¸μ¡¥´´μ¸É¨ ¸ ³μμ·£ ´¨§ Í¨¨ (Ê±² ¤±¨) ¢Éμ·μ° Ì·μ³μ¸μ³Ò £ ¶²μ¨¤´μ£μ ´ -
¡μ·  ¢ ¶·μ¸É· ´¸É¢¥ Ö¤·  §·¥²ÒÌ § ·μ¤ÒÏ¥¢ÒÌ ±²¥Éμ± D. melanogaster:

1. — ¸Éμ ¶μ¢Éμ·ÖÕÐ Ö¸Ö ±μ´Ë¨£Ê· Í¨Ö ¸·¥¤¨ μ¡²ÊÎ¥´´ÒÌ £ ³¥É ¨ ¶·μ¸É· ´¸É¢¥´´ Ö
¡²¨§μ¸ÉÓ ¸¥·¥¤¨´Ò ¶²¥Î  2R (¸¥±Í¨Ö 49 ¸ £¥´μ³-³ ·±¥·μ³ vg) ¸μ ¸¢μ¨³ ¶·¨Í¥´É·μ-
³¥·´Ò³ £¥É¥·μÌ·μ³ É¨´μ³ (¸¥±Í¨Ö 41) ¢ ¶·¥¤¥² Ì ®ÎÊ¢¸É¢¨É¥²Ó´μ£μ μ¡Ñ¥³ ¯ ¸ ³ ²Ò³
· ¤¨Ê¸μ³, ¤¥É¥·³¨´¨·ÊÕÐ¨³ ´ ¡²Õ¤ ¥³ÊÕ ´ ¨¡μ²¥¥ ¢Ò¸μ±ÊÕ ¢¥·μÖÉ´μ¸ÉÓ ¨Ì ±μ´É ±É 
¨ ¢§ ¨³μ¤¥°¸É¢¨Ö ¸ μ¡· §μ¢ ´¨¥³ ±·Ê¶´μ° ¨´¢¥·¸¨μ´´μ° ¶¥É²¨ ¶μ¸²¥ ¤¥°¸É¢¨Ö · ¤¨ Í¨¨;

2. “¸²μ¦´¥´¨¥ ÔÉμ° ±μ´Ë¨£Ê· Í¨¨ §  ¸Î¥É Ëμ·³¨·μ¢ ´¨Ö ®¡Ê±¥É ¯ ¶¥É²¥¢ÒÌ ¸É·Ê±ÉÊ·
¢ ·Ó¨·ÊÕÐ¥£μ · §³¥·  ´  ¡ §¥ ¶·μ¸É· ´¸É¢¥´´μ° ¸¡²¨¦¥´´μ¸É¨ ¸·¥¤´¥° Î ¸É¨ ¶²¥Î  2R
(¸¥±Í¨Ö 49 ¸ £¥´μ³-³ ·±¥·μ³ vg) ¸μ ¸¢μ¡μ¤´Ò³¨ É¥²μ³¥·´Ò³¨ ±μ´Í ³¨ Ì·μ³μ¸μ³Ò (¸¥±-
Í¨¨ 21Ä25 ¨ 59Ä60) ¨ ¸³¥¦´Ò³¨ ¸ £¥´μ³ vg ¥¥ · °μ´ ³¨ (¸¥±Í¨¨ 48Ä51) ¢ ¶·¥¤¥² Ì
Éμ£μ ¦¥ ®ÎÊ¢¸É¢¨É¥²Ó´μ£μ ³¨±·μμ¡Ñ¥³ ¯, ´μ ¡μ²ÓÏ¥£μ · ¤¨Ê¸  ¨/¨²¨ ¸¡²¨¦¥´´μ¸ÉÓÕ ¢
¨´μ° ¶²μ¸±μ¸É¨ ¥£μ ¶·μ¸É· ´¸É¢ , £¤¥ ´ §¢ ´´Ò¥ ¸¥±Í¨¨-· °μ´Ò Ì·μ³μ¸μ³Ò (μ¸´μ¢ ´¨Ö
¶μÉ¥´Í¨ ²Ó´ÒÌ ¨´¢¥·¸¨μ´´ÒÌ ¶¥É¥²Ó) ¸ · §´μ° ¸É¥¶¥´ÓÕ ¸¢μ¡μ¤Ò, μ¶·¥¤¥²Ö¥³μ°, ¢¥·μ-
ÖÉ´μ, · ¤¨Ê¸μ³ ¨ ¶²μ¸±μ¸ÉÓÕ · ¸¶μ²μ¦¥´¨Ö μ¸´μ¢ ´¨Ö ¶¥É¥²Ó, ¢¸ÉÊ¶ ÕÉ ¢ ±μ´É ±É ¨
·¥±μ³¡¨´ Í¨Õ ¶μ¸²¥ ¤¥°¸É¢¨Ö · ¤¨ Í¨¨.

‚ μ¡μ¡Ð¥´´μ³ ¢¨¤¥ ¶·μ¸É· ´¸É¢¥´´ÊÕ μ·£ ´¨§ Í¨Õ ¢¸¥° ´¨É¨ Ì·μ³μ¸μ³Ò ³μ¦´μ
¶·¥¤¸É ¢¨ÉÓ ¢ ¢¨¤¥ ³¥£ ·μ§¥ÉμÎ´μ-¶¥É²¥¢μ° ¸É·Ê±ÉÊ·Ò, Ö¢²ÖÕÐ¥°¸Ö, ¶μ-¢¨¤¨³μ³Ê, ¶·¨´-
Í¨¶¨ ²Ó´μ° ¤²Ö ¢¸¥Ì ¨´É¥·Ë §´ÒÌ Ì·μ³μ¸μ³ ¢ £ ¶²μ¨¤´μ³ Ö¤·¥ § ·μ¤ÒÏ¥¢ÒÌ ±²¥Éμ± Ê
¢Ò¸Ï¨Ì μ·£ ´¨§³μ¢.

‚ÒÖ¸´¥´¨¥ ³μ²¥±Ê²Ö·´ÒÌ ³¥Ì ´¨§³μ¢ ¸ ³μμ·£ ´¨§ Í¨¨ ÔÉμ° ¸É·Ê±ÉÊ·Ò Å § ¤ Î 
¤ ²Ó´¥°Ï¨Ì ¨¸¸²¥¤μ¢ ´¨°.
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� §· ¡μÉ ´´ Ö ³¥Éμ¤¨±  ¶μ¸É·μ¥´¨Ö 3D-³μ¤¥²¨ ¨¸¶μ²Ó§Ê¥É ´ £²Ö¤´Ò° ³ É¥³ É¨Î¥-
¸±¨°  ¶¶ · É ¸¶² °´μ¢ ¤²Ö μ¶¨¸ ´¨Ö ¶·¥¤¸É ¢²¥´¨° ¶·μ¸É· ´¸É¢¥´´μ° Ê±² ¤±¨ ÔÉμ° ´¨É¨
¨ ¸μ¤¥·¦¨É ¶·μ¸ÉÊÕ ¸Ì¥³Ê ¢´¥¸¥´¨Ö ¨§³¥´¥´¨° ¢ ¶·μÍ¥¸¸¥ ³μ¤¥²¨·μ¢ ´¨Ö.

�·¥¤¸É ¢²¥´´ Ö ´ ³¨ 3D-³μ¤¥²Ó É·¥¡Ê¥É, ¥¸É¥¸É¢¥´´μ, ¸¢μ¥£μ ÊÉμÎ´¥´¨Ö ¨ ¶·μ¢¥·±¨.
‚ ÔÉμ³ μÉ´μÏ¥´¨¨ ¢¥¸Ó³  ¶¥·¸¶¥±É¨¢´Ò³ ¶·¥¤¸É ¢²Ö¥É¸Ö ¶μ¸É·μ¥´¨¥ 3D-³μ¤¥²¨ ÔÉμ° ¦¥
Ì·μ³μ¸μ³Ò ´  ¡ §¥ ¨³¥ÕÐ¨Ì¸Ö ¤ ´´ÒÌ ¶μ ¨´¢¥·¸¨Ö³ ¸ ¨´¢ ·¨ ´É´Ò³ · §·Ò¢μ³ ¢ · °μ´¥
£¥´  black (¸¥±Í¨Ö 34) ¢ 2L-¶²¥Î¥ Ì·μ³μ¸μ³Ò.
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