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Œ®¤¥«ì ¬¥â�¤�−−ëå ¤«ï á¥¬�−â¨ç¥áª®£® ¯®¨áª� à¥�«¨§�æ¨© ¯®â®ª®¢ à�¡®â

¬®¤¥«¨ ¨ £¨¯®â¥§ë. �®«ìè�ï ç�áâì íâ¨å ¬¥â®¤®¢ ¤®áâ�â®ç−® ¯®áâ®ï−−� ¤«ï
®¯à¥¤¥«¥−−®© ¯à¥¤¬¥â−®© ®¡«�áâ¨. ‘ëàë¥ ¤�−−ë¥ ¯®¤¢¥à£�îâáï �¢â®¬�â¨ç¥áª®©
®¡à�¡®âª¥ −¥ª®â®àë¬ −�¡®à®¬ ¬¥â®¤®¢, � §�â¥¬ à¥§ã«ìâ�âë ¨å ¯à¨¬¥−¥−¨ï ¨á-
¯®«ì§ãîâáï ¤«ï á¯¥æ¨�«¨§¨à®¢�−−ëå ¨áá«¥¤®¢�−¨©, â�ª¦¥ ¨á¯®«ì§ãîé¨å á¢®¨
−�¡®àë ¬¥â®¤®¢. ÷�§à�¡�âë¢�âì ¢á¥ ¯à¨¬¥−ï¥¬ë¥ ¬¥â®¤ë ª�¦¤ë© à�§ ¯à¨ à¥è¥-
−¨¨ −®¢®© −�ãç−®© §�¤�ç¨ −¥â á¬ëá«�, ¥á«¨ ¢ íªá¯¥àâ−®¬ á®®¡é¥áâ¢¥ ¯à¥¤¬¥â−®©
®¡«�áâ¨ ¯à¨áãâáâ¢ãîâ ¤®áâã¯−ë¥ ¨ ¯®¤å®¤ïé¨¥ à¥�«¨§�æ¨¨ −¥®¡å®¤¨¬ëå ¬¥â®-
¤®¢. �®íâ®¬ã ®¡à�¡®âª� ¡®«ìè¨å ®¡ê¥¬®¢ ¤�−−ëå ¨ à�áè¨à¥−¨¥ −�¯à�¢«¥−¨©
¨å ®¡à�¡®âª¨ ¯à¨ −�ãç−ëå ¨áá«¥¤®¢�−¨ïå §�áâ�¢«ï¥â ¯®¤å®¤¨âì ª ¬−®¦¥áâ¢ã
áà¥¤áâ¢ ®¡à�¡®âª¨ ¤�−−ëå ª�ª ª ª®««¥ªæ¨ï¬ −�ãç−ëå ¬¥â®¤®¢.

„«ï ®à£�−¨§�æ¨¨ ®¡à�¡®âª¨ ¤�−−ëå æ¥«¥á®®¡à�§−® à�§à�¡�âë¢�âì ¯®â®ª¨
à�¡®â, ª®â®àë¥ ¯à¥¤áâ�¢«ïîâ á®¡®© á¯¥æ¨ä¨ª�æ¨¨ ¯®àï¤ª� ®¡à�¡®âª¨ ¤�−−ëå
¨ ¨á¯®«ì§ãîâ áãé¥áâ¢ãîé¨¥ à¥áãàáë, á¥à¢¨áë, ¤àã£¨¥ ¯®â®ª¨ à�¡®â ¨«¨ ¨å
äà�£¬¥−âë. ‘¯¥æ¨ä¨ª�æ¨¨ ¯®â®ª®¢ à�¡®â ®¯à¥¤¥«ïîâ, ª�ª¨¥ ¢å®¤−ë¥ ¤�−−ë¥
−¥®¡å®¤¨¬ë ¤«ï à�¡®âë ¬¥â®¤®¢, çâ® ¨ ¯® ª�ª¨¬ �«£®à¨â¬�¬ ®−¨ ¢ëç¨á«ïîâ,
¢ ª�ª®© ¯®á«¥¤®¢�â¥«ì−®áâ¨ ¯à¨¬¥−ïîâáï ¨ ª�ª¨¥ à¥§ã«ìâ�âë ¢ë¤�îâ. �®¤å®¤
ª ®¡à�¡®âª¥ ¤�−−ëå ¨ à¥è¥−¨î §�¤�ç −�¤ ¤�−−ë¬¨ á ª®−áâàã¨à®¢�−¨¥¬ ¯®â®ª®¢
à�¡®â ã¤®¡¥− ª�ª ¤«ï á®áâ�¢«¥−¨ï −�¡®à®¢ ¬¥â®¤®¢ ¤«ï �¢â®¬�â¨ç¥áª®© ®¡à�¡®âª¨
¤�−−ëå, â�ª ¨ ¨å ¯à¨¬¥−¥−¨ï ¤«ï à¥è¥−¨ï §�¤�ç −�¤ ¤�−−ë¬¨.

‚ ¤�−−®© áâ�âì¥, ï¢«ïîé¥©áï à�áè¨à¥−¨¥¬ ¨ ¤®¯®«−¥−¨¥¬ ¨áá«¥¤®¢�−¨ï [1],
¤«ï á¯¥æ¨ä¨ª�æ¨¨ ¯®â®ª®¢ à�¡®â ¨á¯®«ì§ãîâáï ï§ëª¨ ¨ â¥å−®«®£¨¨, ¯à¨¬¥-
−ï¥¬ë¥ ¢ à�¬ª�å ‘¥¬�−â¨ç¥áª®£® ¢¥¡�. �á−®¢−ë¬ áà¥¤áâ¢®¬ á¯¥æ¨ä¨ª�æ¨¨
¯®â®ª®¢ à�¡®â ï¢«ïîâáï ¤¨�«¥ªâë ï§ëª� ¯à�¢¨« RIF [2]. Š®−æ¥¯âã�«ì−ë¥ áå¥¬ë
¯à¥¤¬¥â−ëå ®¡«�áâ¥©, −�¤ ª®â®àë¬¨ à�§à�¡�âë¢�îâáï á¯¥æ¨ä¨ª�æ¨¨ ¤¥ïâ¥«ì−®-
áâ¥©, ®¯¨áë¢�îâáï áà¥¤áâ¢�¬¨ ï§ëª� ®−â®«®£¨© OWL 2.0 [3] ¨ ¨¬¯®àâ¨àãîâáï
¢ á¯¥æ¨ä¨ª�æ¨¨ ¯®â®ª®¢ à�¡®â [4].

�®¨áª à¥�«¨§�æ¨© ¯®â®ª®¢ à�¡®â, á®®â¢¥âáâ¢ãîé¨å á¯¥æ¨ä¨ª�æ¨ï¬, ¯à®¨§-
¢®¤¨âáï áà¥¤¨ ®¯¨á�−¨© ¯®â®ª®¢ à�¡®â ¨ ¨å äà�£¬¥−â®¢ ¢ ¤®áâã¯−ëå ª®««¥ªæ¨ïå
−�ãç−ëå ¬¥â®¤®¢. „«ï ¢®§¬®¦−®áâ¨ á¥¬�−â¨ç¥áª®£® ¯®¨áª� ¢ â�ª¨å ª®««¥ªæ¨ïå
à¥�«¨§�æ¨¨ ¯®â®ª®¢ à�¡®â ¯®¬¨¬® á¯¥æ¨ä¨ª�æ¨¨ ¨å áâàãªâãàë á®¯à®¢®¦¤�îâáï
®¯à¥¤¥«¥−−ë¬ −�¡®à®¬ ¬¥â�¤�−−ëå, −¥áãé¨å ¨−ä®à¬�æ¨î ® á¢ï§¨ ¯®â®ª®¢ à�¡®â
á ¯®−ïâ¨ï¬¨ ¯à¥¤¬¥â−®© ®¡«�áâ¨, ® ª�ç¥áâ¢¥ ¨ ¯à®¨áå®¦¤¥−¨¨ ¨á¯®«ì§ã¥¬ëå
¤�−−ëå ¨ ¬¥â®¤®¢ [5]. �â� ¨−ä®à¬�æ¨ï ®¡¥á¯¥ç¨¢�¥â −¥ â®«ìª® ¢®§¬®¦−®áâì
®æ¥−ª¨ ¯®â®ª®¢ à�¡®â ¨ ¨å äà�£¬¥−â®¢ á â®çª¨ §à¥−¨ï áâàãªâãàë, −® ¨ ãç¥â
á¥¬�−â¨ª¨ ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¨ âà¥¡®¢�−¨© ª ª�ç¥áâ¢ã ¨ −�¤¥¦−®áâ¨ à�¡®âë
−�ãç−ëå ¬¥â®¤®¢.

�à¨−æ¨¯ë á¥¬�−â¨ç¥áª®£® ¯®¨áª� ¯®¤å®¤ïé¨å à¥�«¨§�æ¨© ¯®â®ª®¢ à�¡®â
¨ ¨å äà�£¬¥−â®¢ −� ®á−®¢¥ ¬¥â�¤�−−ëå, � â�ª¦¥ ¬®¤¥«ì −¥®¡å®¤¨¬ëå ¬¥â�¤�−-
−ëå ï¢«ïîâáï ¯à¥¤¬¥â®¬ ¨áá«¥¤®¢�−¨ï ¤�−−®© áâ�âì¨. ‚ á«¥¤ãîé¥¬ à�§¤¥«¥
¯à¨¢¥¤¥− ®¡§®à ¯à®¥ªâ®¢, à�§à�¡�âë¢�îé¨å áà¥¤áâ¢� −�ª®¯«¥−¨ï ¯®â®ª®¢ à�¡®â
¨ ¬¥â®¤ë ¨å ¯®¨áª� ¢ ª®««¥ªæ¨ïå. ‡�â¥¬ ¢ à�§¤. 3 ®¯à¥¤¥«ïîâáï âà¥¡®¢�−¨ï ª á¯¥-
æ¨ä¨ª�æ¨ï¬ ¯®â®ª®¢ à�¡®â ¤«ï ¢®§¬®¦−®áâ¨ ¯®¨áª� ¨ ¯®¢â®à−®£® ¨á¯®«ì§®¢�−¨ï
�¤¥ª¢�â−ëå à¥�«¨§�æ¨© ¯à¨ à¥è¥−¨¨ §�¤�ç ¨ ®¯¨áë¢�¥âáï ¬®¤¥«ì ¯®â®ª®¢ à�¡®â
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�. �. ‘ª¢®àæ®¢, �. …. ‚®¢ç¥−ª®, ‹. �. Š�«¨−¨ç¥−ª® ¨ ¤à.

−� ¯à�¢¨«�å ¨ ¯à¨−æ¨¯ë á¢ï§ë¢�−¨ï ¬¥â�¤�−−ëå á® á¯¥æ¨ä¨ª�æ¨ï¬¨ ¯®â®ª®¢
à�¡®â. ‚ à�§¤. 4 ¯à¥¤áâ�¢«¥−� ¬®¤¥«ì ¬¥â�¤�−−ëå, ¨á¯®«ì§ã¥¬�ï ¢ ¨áá«¥¤®¢�−¨¨.
�¯¨á�−¨¥ ¯®¤å®¤� ª ¯®¨áªã ¯®â®ª®¢ à�¡®â ¯® ¬¥â�¤�−−ë¬ ¯à¨¢¥¤¥−® ¢ à�§¤. 5.
‚ à�§¤. 6 à�áá¬�âà¨¢�¥âáï ¯à¨¬¥à áæ¥−�à¨ï á¥¬�−â¨ç¥áª®£® ¯®¨áª� à¥«¥¢�−â−ëå
¯®â®ª®¢ à�¡®â ¯® ¬¥â�¤�−−ë¬.

2 Родственные работы

Š®««¥ªæ¨¨ −�ãç−ëå ¬¥â®¤®¢ ¨ ¯®â®ª¨ à�¡®â à�§à�¡�âë¢�îâáï ¨ §�−¨¬�îâ
á¢®¥ ¬¥áâ® ¢ ¨−áâàã¬¥−â�à¨¨ −�ãç−®£® á®®¡é¥áâ¢� ¢ ¯¥à¢ãî ®ç¥à¥¤ì ¢ −�ãª�å
á ¨−â¥−á¨¢−ë¬ ¨á¯®«ì§®¢�−¨¥¬ ¤�−−ëå.

’�ª, ¢ �áâà®−®¬¨¨ à�¡®â�îâ ¯à®£à�¬¬−ë¥ á¥à¢¨áë, ¢ ª®â®àëå ¥áâì ¢®§¬®¦-
−®áâì à¥�«¨§®¢ë¢�âì ¯®â®ª¨ à�¡®â, á®åà�−ïâì ¨å ¢ ¢¨¤¥ áªà¨¯â®¢ −� ¢−ãâà¥−−¨å
ï§ëª�å á¨áâ¥¬. �® â�ª®¬ã ¯à¨−æ¨¯ã ®à£�−¨§®¢�− ®−«�©−-á¥à¢¨á Aladin [6],
¯à¥¤®áâ�¢«ïîé¨© áà¥¤áâ¢� ¢¨§ã�«¨§�æ¨¨ ¤�−−ëå ‘âà�á¡ãà£áª®£® æ¥−âà� ¤�−-
−ëå, � â�ª¦¥ á¢®¡®¤−® à�á¯à®áâà�−ï¥¬ë© ¯à®¤ãªâ Topcat [7], ¯à¥¤−�§−�ç¥−−ë©
¤«ï à�¡®âë á â�¡«¨æ�¬¨ ¨ ¢ª«îç�îé¨© áà¥¤áâ¢� ®¡à�¡®âª¨ â�¡«¨æ, á®§¤�−¨ï
¯®¤¬−®¦¥áâ¢ ¤�−−ëå, ¢¥¤¥−¨ï áâ�â¨áâ¨ª¨, ¢¨§ã�«¨§�æ¨¨ ¨ ¯à®ç¨¥. ‘¥âì Astro-
Grid [8] ¯à¥¤áâ�¢«ï¥â á®¡®© ¨−äà�áâàãªâãàã ¤«ï à¥è¥−¨ï §�¤�ç −� ¬−®¦¥áâ¢¥
ã§«®¢, ¯à¥¤®áâ�¢«ïîé¨å ¢á¥¢®§¬®¦−ë¥ á¥à¢¨áë ¨ à¥áãàáë, ª®â®àë¥ ¬®¦−® −�©-
â¨ −� ®á−®¢¥ ¬¥â�¤�−−ëå ç¥à¥§ ®¡é¨© à¥¥áâà. ˆ¬¥îâáï áà¥¤áâ¢� à�§à�¡®âª¨
¯à¨«®¦¥−¨© −�¤ ¤®áâã¯−ë¬¨ á¥à¢¨á�¬¨. �� á¥£®¤−ï à�¡®âë ¯® à�§¢¨â¨î ¯à®¥ª-
â� §�ªàëâë ¢ ¯¥à¢ãî ®ç¥à¥¤ì ¯® ¯à¨ç¨−¥ ¬¥¤«¥−−®£® à�§¢¨â¨ï á¥â¨, ®à£�−¨§�æ¨ï
ã§«®¢ á¥â¨ ®ª�§ë¢�¥âáï á«®¦−� ¤«ï è¨à®ª®£® à�á¯à®áâà�−¥−¨ï ¢ �áâà®−®¬¨ç¥-
áª®¬ á®®¡é¥áâ¢¥. �¯¨á�−−ë¥ ¨−áâàã¬¥−âë −¥ ¨¬¥îâ áà¥¤áâ¢ ¯®¨áª� ¯®â®ª®¢
à�¡®â. ‚ Astrogrid à�§à�¡®â�−−ë¥ ¯à¨«®¦¥−¨ï ¬®£ãâ ¡ëâì ®¯¨á�−ë ¬¥â�¤�−−ë¬¨
¨ ®¯ã¡«¨ª®¢�−ë ¢ à¥¥áâà¥ ¢ ª�ç¥áâ¢¥ á¥à¢¨á®¢.

÷�á¯à®áâà�−¥−−ë¬ áà¥¤áâ¢®¬ à�§à�¡®âª¨ ¯®â®ª®¢ à�¡®â áâ�« ¨−áâàã¬¥−â
Taverna [9], à�§à�¡®â�−−ë© £àã¯¯®© myGrid ¢ ¯¥à¢ãî ®ç¥à¥¤ì ¤«ï á®®¡é¥áâ¢�
¨áá«¥¤®¢�â¥«¥© ¢ ®¡«�áâ¨ ¡¨®¨−ä®à¬�â¨ª¨, −® ¨á¯®«ì§ã¥¬ëå ¨ ¤àã£¨¬¨ á®®¡é¥-
áâ¢�¬¨ ¨áá«¥¤®¢�â¥«¥©. �®â®ª¨ à�¡®â §¤¥áì ª®−áâàã¨àãîâáï ¢ ¯à®áâ®© ¬®¤¥«¨
á ¨á¯®«ì§®¢�−¨¥¬ ¡«®ª®¢ ¨§ ¡¨¡«¨®â¥ª á¥à¢¨á®¢.

�®¬¨¬® ®¡é¥ã¯®âà¥¡¨¬ëå á¥à¢¨á®¢ à�§à�¡�âë¢�îâáï á¯¥æ¨�«¨§¨à®¢�−−ë¥
¡¨¡«¨®â¥ª¨ ¤«ï ®¯à¥¤¥«¥−−ëå −�ãç−ëå ®¡«�áâ¥©. ‚ ç�áâ−®áâ¨, −�ª�¯«¨¢�îâ-
áï ¡¨¡«¨®â¥ª¨ á¥à¢¨á®¢ ¢ ¡¨®¨−ä®à¬�â¨ª¥, �áâà®−®¬¨¨, ¬ã«ìâ¨¬¥¤¨� ¨ ¤àã£¨å
®¡«�áâïå. Š®««¥ªæ¨ï −�ãç−ëå ¯®â®ª®¢ à�¡®â MyExperiment [10], áà¥¤� ¯®¤¤¥à¦-
ª¨ ª®â®à®© â�ª¦¥ à�§à�¡®â�−� £àã¯¯®© myGrid, ®¡ê¥¤¨−ï¥â âëáïç¨ ¯®«ì§®¢�â¥«¥©
¨ ¯®â®ª®¢ à�¡®â, � â�ª¦¥ ¤¥áïâª¨ ¯à®¥ªâ®¢, ¯à¥¤®áâ�¢«ïîé¨å ¨ ¨á¯®«ì§ãîé¨å
−�ª®¯«¥−−ë¥ ¯®â®ª¨ à�¡®â, ¢ ®á−®¢−®¬ à�§à�¡®â�−−ë¥ ¢ Taverna. ‘à¥¤� My-
Experiment ®à£�−¨§®¢�−� ª�ª á®æ¨�«ì−�ï á¥âì, ¯®§¢®«ïîé�ï à¥£¨áâà¨à®¢�âì
¨áá«¥¤®¢�â¥«¥©, ¢ª«îç�âì ¨å ¢ à�§«¨ç−ë¥ â¥¬�â¨ç¥áª¨¥ £àã¯¯ë, ¯ã¡«¨ª®¢�âì
¯®â®ª¨ à�¡®â, à¥�«¨§®¢�−−ë¥ ¢ à�§«¨ç−ëå áâ®à®−−¨å á¨áâ¥¬�å, ®¯¨áë¢�âì íªá¯¥-
à¨¬¥−âë, á¢ï§�−−ë¥ á ¢ë§®¢®¬ ¯®â®ª®¢ à�¡®â, á®áâ�¢«ïâì ®¡ê¥ªâë ¨áá«¥¤®¢�−¨ï,

6 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 24 −®¬¥à 4 2014



Œ®¤¥«ì ¬¥â�¤�−−ëå ¤«ï á¥¬�−â¨ç¥áª®£® ¯®¨áª� à¥�«¨§�æ¨© ¯®â®ª®¢ à�¡®â

á®áâ®ïé¨¥ ¨§ ¯®â®ª®¢ à�¡®â, ¤®ªã¬¥−â®¢, ä�©«®¢ ¤�−−ëå. ‘à¥¤� MyExperiment
®¡¥á¯¥ç¨¢�¥â ¯®¨áª ¯®â®ª®¢ à�¡®â ¯® ¬¥â�¤�−−ë¬, ¯à¥¤®áâ�¢«ï¥â ¨å ®¯¨á�−¨¥,
¯®§¢®«ï¥â ¨å §�¯ãáª�âì. �¤−�ª® ã ¤�−−®© áà¥¤ë ¥áâì àï¤ −¥¤®áâ�âª®¢, ¯à¥¯ïâ-
áâ¢ãîé¨å ¯®¢â®à−®¬ã ¨á¯®«ì§®¢�−¨î ¯®â®ª®¢ à�¡®â. ‚®-¯¥à¢ëå, ¯®â®ª¨ à�¡®â
¬®£ãâ á¯¥æ¨ä¨æ¨à®¢�âìáï ¢ à�§«¨ç−ëå ¢−¥è−¨å à¥¤�ªâ®à�å ¨ ä®à¬�â�å. �¥â
®¡é¥£® ï§ëª� á¯¥æ¨ä¨ª�æ¨© ¯®â®ª®¢ à�¡®â, à¥�«¨§ã¥¬ëå ¢ à�§−ëå á¨áâ¥¬�å,
¢−ãâà¥−−ïï áâàãªâãà� ¯®â®ª®¢ à�¡®â −¥ ¨¬¥¥â ¨−â¥àä¥©á� ¤®áâã¯�. ‚®-¢â®àëå,
¬−®£¨¥ ¯®â®ª¨ à�¡®â ¢ MyExperiment ®¡à�é�îâáï ª ª®−ªà¥â−ë¬ ¨áâ®ç−¨ª�¬
¤�−−ëå ¨ −¥ ¨¬¥îâ ¢®§¬®¦−®áâ¨ ¯®¤¬¥−ë ¨áâ®ç−¨ª®¢. ‚ ª®««¥ªæ¨¨ ¥áâì à�§à�-
¡®âª¨, ª®â®àë¥ ¯® á¢®¥© áãâ¨ ï¢«ïîâáï −¥ à¥�«¨§�æ¨ï¬¨ ¬¥â®¤®¢, � á¥à¢¨á�¬¨,
¯à¥¤®áâ�¢«ïîé¨¬¨ ¤�−−ë¥ ¨§ á¯¥æ¨ä¨ç¥áª¨å ¨áâ®ç−¨ª®¢ ¤�−−ëå ¯® −¥ª®â®àë¬
¢å®¤−ë¬ ¯�à�¬¥âà�¬. ‚-âà¥âì¨å, ¤«ï ®¡¥á¯¥ç¥−¨ï ¯®¨áª� ¯®â®ª®¢ à�¡®â ¢ áà¥¤¥
¯®¤¤¥à¦¨¢�îâáï â®«ìª® ¢¥à¡�«ì−ë¥ ¯®ïá−¥−¨ï ª ¯®â®ª�¬ à�¡®â ¢ æ¥«®¬ ¨ â¥£¨.

‚ Taverna ¯®¤¤¥à¦¨¢�îâáï á¯¥æ¨ä¨ª�æ¨¨ ¯à®¨áå®¦¤¥−¨ï ¤�−−ëå. �¤−�ª®
¯à¥¤−�§−�ç¥−ë ¬¥â�¤�−−ë¥ ® ¯à®¨áå®¦¤¥−¨¨ â®«ìª® ¤«ï §�¯¨á¨ ¯ãâ¨ ¯à®å®¦¤¥-
−¨ï ¤�−−ëå ¢−ãâà¨ ¨á¯®«−¥−−®£® ¯®â®ª� à�¡®â. „®áâ®¢¥à−®áâì ¤�−−ëå ¨áâ®ç−¨ª�
¤�−−ëå ¨ à¥�«¨§�æ¨© ¬¥â®¤®¢ ¤«ï ¨á¯®«ì§®¢�−¨ï ¢ à¥è¥−¨¨ §�¤�ç −¥¢®§¬®¦−®
®âá«¥¤¨âì ¡¥§ ¨áâ®à¨¨ ¨å ¯®«ãç¥−¨ï ¨ ¯à¥®¡à�§®¢�−¨ï ®â ¬®¬¥−â� á®§¤�−¨ï.
ª â®¬ã ¦¥ −¥â ¤®áâã¯� ç¥à¥§ ¨−â¥àä¥©áë MyExperiment ª ¨−ä®à¬�æ¨¨ ® ¯ãâ¨
¯à®å®¦¤¥−¨ï ¤�−−ëå ¢ ¯®â®ª¥ à�¡®â.

‘ á¨áâ¥¬�¬¨ Taverna ¨ MyExperiment á¢ï§�−ë ¯à®¥ªâë, ¯à¥¤−�§−�ç¥−−ë¥
¤«ï ¯®¤¤¥à¦ª¨ ¦¨§−¥−−®£® æ¨ª«� ¯®â®ª®¢ à�¡®â ¨ ¤®¯®«−ïîé¨¥ ¨å äã−ªæ¨®-
−�«ì−®áâì. �à®¥ªâ wf4ever [11] ¯à¥¤®áâ�¢«ï¥â −�¡®à áà¥¤áâ¢ ¤«ï á¯¥æ¨ä¨ª�æ¨¨
¯à®¨áå®¦¤¥−¨ï ¤�−−ëå, ¢−ãâà¥−−¥© áâàãªâãàë ¯®â®ª®¢ à�¡®â, ¯®¤¤¥à¦ª¨ ¨å
¤®«£®¢à¥¬¥−−®£® åà�−¥−¨ï, à�§¢¨â¨ï, ¬−®£®¢¥àá¨®−−®áâ¨, ¯à®¢¥àª¨ −� ¤®áâã¯-
−®áâì ¨ á®¢¬¥áâ¨¬®áâì ¨áâ®ç−¨ª®¢ ¤�−−ëå. „«ï íâ®£® ¯à¥¤®áâ�¢«ïîâáï −¥®¡å®-
¤¨¬ë¥ áâàãªâãàë ¤�−−ëå ¨ ¨−â¥àä¥©áë ¯®«ì§®¢�â¥«ï. ‘¯¥æ¨ä¨ª�æ¨¨ ¯à¥¤¬¥â®¢
¨áá«¥¤®¢�−¨ï ¨ ¯®â®ª®¢ à�¡®â ¬®¦−® ¨¬¯®àâ¨à®¢�âì ¨§ MyExperiment, ¤®¯®«−ïâì
á¯¥æ¨ä¨ª�æ¨ï¬¨, ¯à¥¤®áâ�¢«ï¥¬ë¬¨ ¯à®¥ªâ®¬, ¨ ¨á¯®«ì§®¢�âì −�¡®à á¥à¢¨á®¢
¤«ï ¯®¤¤¥à¦ª¨ ¦¨§−¥−−®£® æ¨ª«� ¯®â®ª®¢ à�¡®â. �à®¥ªâ −¥ ¯à¥¤¯®«�£�¥â ¯à®-
¤¢¨¦¥−¨ï ¢ áâ®à®−ã á¥¬�−â¨ç¥áª¨å ¯®¤å®¤®¢ ª ®¡¥á¯¥ç¥−¨î ¤®áâã¯� ª ¯®â®ª�¬
à�¡®â, � −�¯à�¢«¥− ¡®«ìè¥ −� à�§à�¡®âªã á¥à¢¨á®¢ �−�«¨§� á�¬¨å ¯®â®ª®¢.

�¯¥à�æ¨¨ ¦¨§−¥−−®£® æ¨ª«� á¥à¢¨á®¢ ¨ ¯®â®ª®¢ à�¡®â, à�§à�¡®â�−−ë¥ £àã¯-
¯®© myGrid, ¢ª«îç�îâ à¥�«¨§�æ¨î ¨ ¨¤¥−â¨ä¨ª�æ¨î ¯®¢â®à−® ¨á¯®«ì§ã¥¬ëå
á¥à¢¨á®¢ ¨ ¯®â®ª®¢ à�¡®â, à¥£¨áâà�æ¨î ¤®áâã¯−ëå á¥à¢¨á®¢ ¨ ¯®â®ª®¢ à�¡®â ¤«ï
¨á¯®«ì§®¢�−¨ï ¢ á®®¡é¥áâ¢�å, �−−®â¨à®¢�−¨¥ §�à¥£¨áâà¨à®¢�−−ëå á¯¥æ¨ä¨ª�-
æ¨©, ¯®¨áª áà¥¤¨ ¤®áâã¯−ëå á¥à¢¨á®¢ ¨ ¯®â®ª®¢ à�¡®â ¯®âà¥¡¨â¥«ï¬¨, ¯®¢â®à−®¥
¨á¯®«ì§®¢�−¨¥ ®¡−�àã¦¥−−ëå á¥à¢¨á®¢ ¨ ¯®â®ª®¢ à�¡®â, ¢¥¤¥−¨¥ ¨áâ®à¨¨ ¨å
¯®¢â®à−®£® ¨á¯®«ì§®¢�−¨ï [12].

�¤−®© ¨§ ª«îç¥¢ëå äã−ªæ¨®−�«ì−ëå ¢®§¬®¦−®áâ¥© áà¥¤ ¯®¤¤¥à¦ª¨ −�ãç−ëå
¨áá«¥¤®¢�−¨©, −�ª�¯«¨¢�îé¨å á¥à¢¨áë ¨ ¯®â®ª¨ à�¡®â, ï¢«ï¥âáï ¨å ¯®¨áª.
�®¤å®¤ë ª ¯®¨áªã ¯®â®ª®¢ à�¡®â ¤¥«ïâáï, ¯® áãé¥áâ¢ã, −� ¤¢� ®á−®¢−ëå −�¯à�¢-
«¥−¨ï:
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�. �. ‘ª¢®àæ®¢, �. …. ‚®¢ç¥−ª®, ‹. �. Š�«¨−¨ç¥−ª® ¨ ¤à.

(1) ¯®¨áª ¯® ¬¥â�¤�−−ë¬, �−−®â¨àãîé¨¬ ¯®â®ª¨ à�¡®â;
(2) ®æ¥−ª� ¡«¨§®áâ¨ áâàãªâãà ¯®â®ª®¢ à�¡®â.

‚ æ¥«®¬, ¢ ¡®«ìè¨−áâ¢¥ ¯à®¥ªâ®¢, ¯®á¢ïé¥−−ëå ¯®¨áªã ¯®â®ª®¢ à�¡®â ¨ ¯à¨-
−�¤«¥¦�é¨å ¯¥à¢®¬ã −�¯à�¢«¥−¨î, á®áâ�¢ ¬¥â�¤�−−ëå ®£à�−¨ç¨¢�¥âáï −�¡®à®¬
¯à¥¤®¯à¥¤¥«¥−−ëå á¢®©áâ¢ ¤«ï à�¡®âë á ¯à®áâë¬¨ á®¯à®¢®¤¨â¥«ì−ë¬¨ ¤�−−ë-
¬¨: ¨¬¥−�¬¨, ¢¥à¡�«ì−ë¬¨ ®¯à¥¤¥«¥−¨ï¬¨, ¨−ä®à¬�æ¨¥© ®¡ �¢â®à�å, ¢¥àá¨ïå,
¯à�¢�å, ¤�â¥ á®§¤�−¨ï ¨ ¤àã£¨¬¨ ¤®áâ�â®ç−® ®£à�−¨ç¥−−ë¬¨ ®¯¨á�−¨ï¬¨ [13].
’�ª¨¥ ¯®¤å®¤ë ª á¯¥æ¨ä¨ª�æ¨¨ ¬¥â�¤�−−ëå ¯à¥¤áâ�¢«ïîâáï −¥¤®áâ�â®ç−ë¬¨
¤«ï ¢ëà�§¨â¥«ì−®£® á¥¬�−â¨ç¥áª®£® ®¯¨á�−¨ï ¨ ¯®¨áª� ¯®â®ª®¢ à�¡®â.

Š ¯¥à¢®¬ã −�¯à�¢«¥−¨î â�ª¦¥ ®â−®áïâáï ¨áá«¥¤®¢�−¨ï ¯®¨áª� ¯®â®ª®¢ à�¡®â
¢ à�§à�¡®âª�å myGrid [12]. �à¨ à¥£¨áâà�æ¨¨ ¢ à¥¯®§¨â®à¨¨ myGrid ¯®â®ª¨ à�¡®â
�−−®â¨àãîâáï ®¯¨á�−¨ï¬¨ ç¥âëà¥å ãà®¢−¥©:

(1) ¢¥à¡�«ì−ë¬ ®¯¨á�−¨¥¬;
(2) ®¯¨á�−¨¥¬ ¨−â¥àä¥©á� ¯®â®ª� à�¡®â ª�ª á¥à¢¨á� ¢ â¥à¬¨−�å ª®−âà®«¨àã-

¥¬®£® á«®¢�àï;
(3) ®¯¨á�−¨¥¬ ª®¬¯®−¥−â®¢ ¯®â®ª� à�¡®â ¢ â¥à¬¨−�å ª®−âà®«¨àã¥¬®£® á«®¢�àï;
(4) ®¯¨á�−¨¥¬ ®¯¥à�æ¨©, ¯à®¨§¢®¤¨¬ëå ª®¬¯®−¥−â�¬¨.

�â¨ ®¯¨á�−¨ï ¯®§¢®«ïîâ ¯à®¨§¢®¤¨âì ¯®íâ�¯−ë© ¯®¨áª ¯®â®ª®¢ à�¡®â | ®â
®æ¥−ª¨ à¥«¥¢�−â−®áâ¨ ¯® ¢¥à¡�«ì−®¬ã ®¯¨á�−¨î ¤® ¯à®¢¥àª¨ äã−ªæ¨®−�«ì−®áâ¨
í«¥¬¥−â®¢ −�©¤¥−−ëå ¯®â®ª®¢ à�¡®â.

�à®¥ªâë, ¯®á¢ïé¥−−ë¥ ®æ¥−ª¥ ¡«¨§®áâ¨ ¯®â®ª®¢ à�¡®â ¯® ¨å £à�ä®¢®© áâàãª-
âãà¥, ç�áâ® ¨á¯®«ì§ãîâ í¢à¨áâ¨ç¥áª¨¥ ¬¥â®¤ë. –¥«ë© ª«�áá ¯à®¥ªâ®¢ ®á−®¢�−
−� à�§−®¢¨¤−®áâïå ¯®¤å®¤®¢ CBR (Case-Based Reasoning) [14], ®á−®¢�−−ëå −�
¯®−ïâ¨ïå ¡«¨§®áâ¨ ¨ à�ááâ®ï−¨ï ¬¥¦¤ã −�¡®à�¬¨ §−�ç¥−¨© á¢®©áâ¢ ®¡ê¥ªâ®¢,
¨á¯®«ì§ã¥¬ëå á®®â¢¥âáâ¢¥−−® ¤«ï ®æ¥−ª¨ ¡«¨§®áâ¨ ®¡ê¥ªâ®¢ ¨ ¨å �¤�¯â�æ¨¨
ª §�¯à®áã. ‚ ¯à®áâëå á«ãç�ïå ®−¨ −¥ ãç¨âë¢�îâ £à�ä®¢ãî áâàãªâãàã ¯®â®ª®¢
à�¡®â [15]. ‚ ¡®«ìè¨−áâ¢¥ à�¡®â ¯à¨ ®¯à¥¤¥«¥−−®© ¬®¤¥«¨ £à�ä®¢ëå áâàãªâãà
¯®â®ª®¢ à�¡®â áà�¢−¨¢�îâáï â®«ìª® â¥ªáâ®¢ë¥ ¬¥âª¨ [16]. ‚ [17] ¯®â®ª¨ à�¡®â
¯à¥¤áâ�¢«¥−ë ¢ ¢¨¤¥ �−−®â¨à®¢�−−ëå £à�ä®¢ ¨ à�§à�¡®â�−� ¬®¤¥«ì ¢ëç¨á«¥−¨ï
¬¥àë ¡«¨§®áâ¨, ãç¨âë¢�îé�ï ª�ª áâàãªâãàã ¯®â®ª®¢ à�¡®â, â�ª ¨ á¢ï§�−−ë¥ á −¥©
â¥ªáâ®¢ë¥ ®¯¨á�−¨ï.

…é¥ ®¤−® à�á¯à®áâà�−¥−−®¥ −�¯à�¢«¥−¨¥ | process mining [18] | á¯¥æ¨-
�«¨§¨àã¥âáï −� �−�«¨§¥ «®£-ä�©«®¢. ‚ ¨áá«¥¤®¢�−¨ïå ¨á¯®«ì§ãîâáï ¬®¤¥«¨
¯à®æ¥áá®¢, ï¢«ïîé¨¥áï á¯¥æ¨ä¨ª�æ¨ï¬¨ áâàãªâãàë ¯®â®ª®¢ à�¡®â. ‡�¯¨á¨ «®-
£®¢ ¨á¯®«−ï¥¬ëå ¤¥ïâ¥«ì−®áâ¥© ¨«¨ ¯à®¨áå®¤ïé¨å á®¡ëâ¨© á®¯®áâ�¢«ïîâáï á®
á¯¥æ¨ä¨ª�æ¨ï¬¨ ¬®¤¥«¥© ¯à®æ¥áá®¢. �� ®á−®¢¥ «®£-ä�©«®¢ à¥è�îâáï á«¥¤ãîé¨¥
¢¨¤ë §�¤�ç:

{ §�¤�ç� ®¡−�àã¦¥−¨ï (discovery) ¯®â®ª®¢ à�¡®â | ¢®ááâ�−®¢«¥−¨¥ ä�ªâ¨ç¥áª®©
áâàãªâãàë ¯®â®ª� à�¡®â ¯® «®£-ä�©«�¬ à�¡®âë ¥£® íª§¥¬¯«ïà�. ’�ª¨¬
®¡à�§®¬ ¬®£ãâ ¡ëâì ®¡−�àã¦¥−ë ¯®â®ª¨ à�¡®â, −¥ ¨¬¥îé¨¥ ä®à¬�«ì−ëå
á¯¥æ¨ä¨ª�æ¨© ¬®¤¥«¨ ¯à®æ¥áá�;
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Œ®¤¥«ì ¬¥â�¤�−−ëå ¤«ï á¥¬�−â¨ç¥áª®£® ¯®¨áª� à¥�«¨§�æ¨© ¯®â®ª®¢ à�¡®â

{ §�¤�ç� ãáâ�−®¢«¥−¨ï ª®−ä®à¬−®áâ¨ (conformance) ¯®â®ª� à�¡®â §�ª«îç�¥âáï
¢ ¯à®¢¥àª¥ á®®â¢¥âáâ¢¨ï ¬®¤¥«¨ ¯®â®ª� à�¡®â ¤�−−ë¬, ¯®«ãç�¥¬ë¬ ¨§ «®£-
ä�©«®¢ ® à�¡®â¥ ¥£® à¥�«¨§�æ¨¨;

{ §�¤�ç� ãá®¢¥àè¥−áâ¢®¢�−¨ï (enhancement) ¬®¤¥«¨ ¯®â®ª� à�¡®â ®â«¨ç�¥âáï
®â §�¤�ç¨ ãáâ�−®¢«¥−¨ï ª®−ä®à¬−®áâ¨ â¥¬, çâ® ¬®¤¥«ì −¥ â®«ìª® ®æ¥−¨¢�-
¥âáï −� á®®â¢¥âáâ¢¨¥ à¥�«ì−ë¬ á®¡ëâ¨ï¬, −® ¨ ¬¥−ï¥âáï ¤«ï ¡®«¥¥ â®ç−®£®
á®®â¢¥âáâ¢¨ï.

�¥à¥ç¨á«¥−−ë¥ ¯®¤å®¤ë ¯®«¥§−ë ¤«ï ¯®¨áª� ¯®â®ª®¢ à�¡®â ¯® á¯¥æ¨ä¨ª�æ¨¨
¨å áâàãªâãàë, ¤«ï ®¯¨á�−¨ï ¨ ¤�«ì−¥©è¥£® ¯®¢â®à−®£® ¨á¯®«ì§®¢�−¨ï ¤®áâã¯-
−ëå ¯®â®ª®¢ à�¡®â, −¥ ¨¬¥îé¨å ä®à¬�«ì−ëå á¯¥æ¨ä¨ª�æ¨©, −® £¥−¥à¨àãîé¨å
«®£-ä�©«ë ¢® ¢à¥¬ï á¢®¥© à�¡®âë, ¤«ï ª®−âà®«ï á®®â¢¥âáâ¢¨ï à¥�«¨§®¢�−−ëå
¨ −�©¤¥−−ëå ¯®â®ª®¢ à�¡®â á¯¥æ¨ä¨ª�æ¨ï¬.

3 Требования к спецификациям потоков работ и используемая модель
спецификаций

„«ï á®§¤�−¨ï ¨−äà�áâàãªâãà ¯®¤¤¥à¦ª¨ −�ãç−ëå ¨áá«¥¤®¢�−¨© −� ®á−®¢¥
¤®áâã¯−ëå á¥à¢¨á®¢ ¨ ¯®â®ª®¢ à�¡®â ¨−ä®à¬�æ¨®−−ë¥ à¥áãàáë ¨ à¥�«¨§�æ¨¨
−�ãç−ëå ¬¥â®¤®¢ ¤®«¦−ë ¨§−�ç�«ì−® à�§à�¡�âë¢�âìáï á ãç¥â®¬ â�ª®© ¢®§¬®¦-
−®áâ¨, á¨áâ¥¬�â¨§¨à®¢�âìáï ¨ ®¯¨áë¢�âìáï á¥¬�−â¨ç¥áª¨ ¢ â¥à¬¨−�å ¯à¥¤¬¥â−®©
®¡«�áâ¨. �â® ¯®§¢®«ï¥â ã¯à®áâ¨âì ¨−â¥£à�æ¨î ¨−ä®à¬�æ¨®−−ëå ¨ ¬¥â®¤¨ç¥-
áª¨å à¥áãàá®¢. ÷¥�«¨§�æ¨¨ −�ãç−ëå ¬¥â®¤®¢ −¥®¡å®¤¨¬® à�§à�¡�âë¢�âì â�ª¨¬
®¡à�§®¬, çâ®¡ë ã¯à®áâ¨âì ¨«¨ ¤�¦¥ �¢â®¬�â¨§¨à®¢�âì ¨å á¥¬�−â¨ç¥áª¨© ¯®¨áª
¨ ¨á¯®«ì§®¢�−¨¥ ¢ á®®â¢¥âáâ¢¨¨ á® á¯¥æ¨ä¨ª�æ¨ï¬¨ ¯à¥¤¬¥â−®© ®¡«�áâ¨, à�§¢¨-
¢�âì ¨−äà�áâàãªâãàë ¯à¥¤¬¥â−ëå ®¡«�áâ¥© ¨ á®¡¨à�âì ¢ −¨å ª®««¥ªæ¨¨ −�ãç−ëå
¤�−−ëå ¨ ¬¥â®¤®¢. ‚ íâ®© á¢ï§¨ ¢ ®á−®¢¥ à�§à�¡®âª¨ à¥áãàá®¢ −�ãç−ëå ¤�−−ëå,
¬¥â®¤®¢ ¨ ¯®â®ª®¢ à�¡®â ¤®«¦−ë «¥¦�âì ®¯à¥¤¥«¥−−ë¥ ¯à¨−æ¨¯ë.

„«ï à�§¢¨â¨ï á¥¬�−â¨ç¥áª¨å ¯®¤å®¤®¢ ª à¥è¥−¨î −�ãç−ëå §�¤�ç ¤�−−ë¥,
¨−ä®à¬�æ¨®−−ë¥ à¥áãàáë ¨ à¥�«¨§�æ¨¨ −�ãç−ëå ¬¥â®¤®¢ −¥®¡å®¤¨¬® á¢ï§ë-
¢�âì á® á¯¥æ¨ä¨ª�æ¨ï¬¨ ¯à¥¤¬¥â−®© ®¡«�áâ¨. �®¤ á¯¥æ¨ä¨ª�æ¨¥© ¯à¥¤¬¥â−®©
®¡«�áâ¨, ¤®áâã¯−®© ¨ ¯à¨−¨¬�¥¬®© á®®¡é¥áâ¢®¬ ¨áá«¥¤®¢�â¥«¥©, ¬®¦−® ¯®−¨-
¬�âì −�¡®à á¢ï§�−−ëå ä®à¬�«ì−ëå ®−â®«®£¨© ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¨áá«¥¤®¢�−¨ï
¨ á¬¥¦−ëå á −¥© ®¡«�áâ¥©. ‚ ®®â¢¥âáâ¢¨¨ á ®−â®«®£¨ï¬¨ ¬®£ãâ á®§¤�¢�âìáï
ª®−æ¥¯âã�«ì−ë¥ áå¥¬ë ¯à¥¤¬¥â−®© ®¡«�áâ¨, −¥®¡å®¤¨¬ë¥ ¤«ï ®à£�−¨§�æ¨¨ ¨−-
ä®à¬�æ¨®−−ëå áâàãªâãà ¨ á¯¥æ¨ä¨ª�æ¨¨ ¬¥â®¤®¢, ¨á¯®«ì§ã¥¬ëå ¢ ®¡à�¡®âª¥
¤�−−ëå. ‘¯¥æ¨ä¨ª�æ¨¨ ¬¥â®¤®¢ ¨ ¯®â®ª®¢ à�¡®â ¤®«¦−ë ¡ëâì ¤¥ª«�à�â¨¢−®
®¯à¥¤¥«¥−ë ¢ ¯à¥¤¬¥â−®© ®¡«�áâ¨. �¯¨á�−¨¥ áâàãªâãàë á¥à¢¨á®¢ ¨ ¯®â®ª®¢
à�¡®â ¤®«¦−® á®¤¥à¦�âì ¯®¤à®¡−ë¥ á¯¥æ¨ä¨ª�æ¨¨ ¯à¥¤- ¨ ¯®áâãá«®¢¨© ¨å ¢ë-
¯®«−¥−¨ï. �£¥−â�¬¨ −�ãç−®£® á®®¡é¥áâ¢� ¬®£ãâ ¢ëáâã¯�âì ª�ª ¨áá«¥¤®¢�â¥«¨,
â�ª ¨ ¨−ä®à¬�æ¨®−−ë¥ á¨áâ¥¬ë. �®íâ®¬ã á¯¥æ¨ä¨ª�æ¨¨, ®¯¨áë¢�îé¨¥ ¬¥â®¤ë
¨ ¤�−−ë¥, ¤®«¦−ë ®¡¥á¯¥ç¨¢�âì ¯®−¨¬�−¨¥ ç¥«®¢¥ª®¬ ¨ ¢®§¬®¦−®áâì ¬�è¨−−®©
®¡à�¡®âª¨.
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��ãç−ë¥ ¬¥â®¤ë ¨ ¤�−−ë¥ ¤®«¦−ë ¡ëâì ¤®áâã¯−ë ¤«ï ¨á¯®«ì§®¢�−¨ï −�-
ãç−ë¬ á®®¡é¥áâ¢®¬, à�¡®â�îé¨¬ ¨ à¥è�îé¨¬ §�¤�ç¨ ¢ ¤�−−®© ¯à¥¤¬¥â−®©
®¡«�áâ¨. „«ï íâ®£® ®−¨ ¤®«¦−ë ¡ëâì −�¤«¥¦�é¨¬ ®¡à�§®¬ á¯¥æ¨ä¨æ¨à®¢�-
−ë ¨ ®¯ã¡«¨ª®¢�−ë ¢ ®¡é¥¤®áâã¯−ëå ª®««¥ªæ¨ïå. Š®««¥ªæ¨¨ ®¡¥á¯¥ç¨¢�îâáï
áà¥¤áâ¢�¬¨ á¥¬�−â¨ç¥áª®£® ¯®¨áª�.

‚�¦−ë¬¨ ¯à¨−æ¨¯�¬¨ á®áâ�¢«¥−¨ï á¯¥æ¨ä¨ª�æ¨© −�ãç−ëå ¬¥â®¤®¢ ¨ ¯®â®ª®¢
à�¡®â ï¢«ïîâáï ¨å �¡áâà�ªâ−®áâì ¯® ®â−®è¥−¨î ª à¥�«¨§�æ¨ï¬ ¨ −¥§�¢¨á¨¬®áâì
®â ª®−ªà¥â−ëå ¨áâ®ç−¨ª®¢ ¤�−−ëå. �®¤¬¥−� ¨áâ®ç−¨ª®¢ ¤�−−ëå ¤àã£¨¬¨ à¥«¥-
¢�−â−ë¬¨ ¨áâ®ç−¨ª�¬¨ −�¤«¥¦�é¥£® ª�ç¥áâ¢� ¤®«¦−� ¡ëâì ¯à®áâ� ¨ −¥ ¤®«¦−�
áª�§ë¢�âìáï −� à�¡®â®á¯®á®¡−®áâ¨ ¬¥â®¤®¢.

�à¨ ¯®¢â®à−®¬ ¨á¯®«ì§®¢�−¨¨ à¥�«¨§�æ¨© ¬¥â®¤®¢ ¨ ¯®â®ª®¢ à�¡®â −¥®¡å®-
¤¨¬® ¡ëâì ã¢¥à¥−−ë¬¨ ¢ −�¤¥¦−®áâ¨ ¨å à�¡®âë ¨ ¤®áâ®¢¥à−®áâ¨ ¨á¯®«ì§ã¥¬ëå
¤�−−ëå. „«ï íâ®£® ¨ ¤�−−ë¥, ¨ ¬¥â®¤ë −¥®¡å®¤¨¬® á®¯à®¢®¦¤�âì ¨−ä®à¬�æ¨-
¥© ®¡ ¨å ¯à®¨áå®¦¤¥−¨¨. �−� ¢ª«îç�¥â �ãâ¥−â¨ä¨ª�æ¨î, ¨áâ®ç−¨ª¨, ¢¥àá¨¨,
âà�−áä®à¬�æ¨¨ ®â á®§¤�−¨ï ¤® ¬®¬¥−â� ¨á¯®«ì§®¢�−¨ï. ‘ ¤àã£®© áâ®à®−ë, à¥�-
«¨§�æ¨¨ ¬¥â®¤®¢ «¨¡® á¨áâ¥¬ë, ¢ ª®â®àëå ®−¨ à¥�«¨§ãîâáï, ¤®«¦−ë á®åà�−ïâì
¨−ä®à¬�æ¨î ® ¯à®¨áå®¦¤¥−¨¨ ®¡à�¡�âë¢�¥¬ëå ¤�−−ëå ¨ ®¡¥á¯¥ç¨¢�âì ¤®¯®«-
−¥−¨¥ íâ®© ¨−ä®à¬�æ¨¨ ¢ á®®â¢¥âáâ¢¨¨ á ¬�−¨¯ã«ïæ¨ï¬¨, ¯à®¨§¢®¤¨¬ë¬¨ ¨¬¨
−�¤ ¤�−−ë¬¨. „®áâ®¢¥à−®áâì ¤�−−ëå ¨ −�¤¥¦−®áâì ¬¥â®¤®¢ â�ª¦¥ ®¯à¥¤¥«ïîâ-
áï ¨å ª�ç¥áâ¢®¬: â®ç−®áâìî, ¯®«−®â®©, �ªâã�«ì−®áâìî ®âªàëâëå ¨á¯®«ì§ã¥¬ëå
¤�−−ëå ¨ ¯®«ãç�¥¬ëå à¥§ã«ìâ�â®¢, ®¡¥á¯¥ç¨¢�¥¬ëå −�ãç−ë¬¨ ¬¥â®¤�¬¨.

„«ï ®¡¥á¯¥ç¥−¨ï ¯®¢â®à−®£® ¨á¯®«ì§®¢�−¨ï ¬¥â®¤®¢ ¨ ¯®â®ª®¢ à�¡®â á¯¥-
æ¨ä¨ª�æ¨¨ ¬®£ãâ ¢ª«îç�âì âà¥¡®¢�−¨ï ª áà¥¤�¬ à¥�«¨§�æ¨¨ á¯¥æ¨ä¨ª�æ¨©
á ãª�§�−¨¥¬ ¯®¤¤¥à¦¨¢�¥¬ëå áâ�−¤�àâ®¢, ¯à®â®ª®«®¢, ¬®¤¥«¥© ¤�−−ëå. „«ï
¯à®¢¥àª¨ ¯à�¢¨«ì−®áâ¨ à¥�«¨§�æ¨¨ äã−ªæ¨®−¨à®¢�−¨¥ á¥à¢¨á®¢ ¨ ¯®â®ª®¢ à�¡®â
¬®¦¥â ¯à®¢¥àïâìáï −�¡®à�¬¨ â¥áâ®¢, á®¯à®¢®¦¤�îé¨¬¨ á¯¥æ¨ä¨ª�æ¨¨ ¨ ãç¨âë-
¢�îé¨¬¨ ¬�ªá¨¬�«ì−®¥ ª®«¨ç¥áâ¢® ®á®¡ëå á«ãç�¥¢.

�à¥¤êï¢«¥−−ë¥ âà¥¡®¢�−¨ï ª á¯¥æ¨ä¨ª�æ¨ï¬ ¢ë¯®«−ïîâáï á ¨á¯®«ì§®¢�−¨¥¬
¬®¤¥«¨, ¨á¯®«ì§ã¥¬®© ¤«ï á¯¥æ¨ä¨ª�æ¨¨ ¯®â®ª®¢ à�¡®â ¢ ¤�−−®© áâ�âì¥. Œ®¤¥«ì
¯®â®ª®¢ à�¡®â −� ¯à�¢¨«�å ¢ ¤¨�«¥ªâ�å ï§ëª� RIF ®¡¥á¯¥ç¨¢�¥â á®®â¢¥âáâ¢¨¥ âà¥-
¡®¢�−¨ï¬ ¤¥ª«�à�â¨¢−®áâ¨ ¨ £«ã¡¨−ë ä®à¬�«ì−®© á¯¥æ¨ä¨ª�æ¨¨, �¡áâà�ªâ−®áâ¨
á¯¥æ¨ä¨ª�æ¨©, âà¥¡®¢�−¨ï¬ −¥§�¢¨á¨¬®áâ¨ ®â ª®−ªà¥â−ëå ¨−ä®à¬�æ¨®−−ëå ¨á-
â®ç−¨ª®¢. ˆá¯®«ì§®¢�−¨¥ áà¥¤áâ¢ ‘¥¬�−â¨ç¥áª®£® ¢¥¡� ®¡¥á¯¥ç¨¢�¥â ¯®−¨¬�−¨¥
ç¥«®¢¥ª®¬ ¨ �¢â®¬�â¨ç¥áªãî ®¡à�¡®âªã á¯¥æ¨ä¨ª�æ¨©.

‘å¥¬� ¤�−−ëå ®¯à¥¤¥«ï¥âáï ¢ ¬®¤¥«¨ ï§ëª� OWL 2.0. Ÿ§ëª ¯à�¢¨« ¨á-
¯®«ì§ã¥âáï ¤«ï á¯¥æ¨ä¨ª�æ¨¨ ¤¥©áâ¢¨©, ¯à®¨§¢®¤¨¬ëå −�¤ áå¥¬®© ¤�−−ëå ¯à¨
à¥è¥−¨¨ §�¤�ç, ¨ ¤«ï ®àª¥áâà®¢ª¨ ¯®â®ª®¢ à�¡®â, ®¯à¥¤¥«ïîé¥© ãá«®¢¨ï ¨ ¯®-
á«¥¤®¢�â¥«ì−®áâì ¢ë¯®«−ï¥¬ëå ¤¥©áâ¢¨©.

�®â®ª¨ à�¡®â á¯¥æ¨ä¨æ¨àãîâáï ¢ ¬ã«ìâ¨¤¨�«¥ªâ−®© áà¥¤¥ [4]. �¯à¥¤¥«¥−−ë¥
¢ ª®−æ¥¯âã�«ì−ëå áå¥¬�å áãé−®áâ¨ ¬®£ãâ ¨á¯®«ì§®¢�âìáï ¢ ª�ç¥áâ¢¥ ¯à¥¤¨ª�â®¢
¢ ¯à�¢¨«�å. ‘¯¥æ¨ä¨ª�æ¨¨ à�§−ëå ¤¥ïâ¥«ì−®áâ¥© ¢ á®áâ�¢¥ ¯®â®ª®¢ à�¡®â ¬®£ãâ
ä®à¬ã«¨à®¢�âìáï ¢ à�§−ëå ¤¨�«¥ªâ�å ¯à�¢¨«. �àª¥áâà®¢ª� ¯®â®ª� à�¡®â ¢ëà�-
¦�¥âáï ¯®áà¥¤áâ¢®¬ ¯à®¤ãªæ¨®−−ëå ¯à�¢¨« (¢ ¤¨�«¥ªâ¥ RIF PRD (Production
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Œ®¤¥«ì ¬¥â�¤�−−ëå ¤«ï á¥¬�−â¨ç¥áª®£® ¯®¨áª� à¥�«¨§�æ¨© ¯®â®ª®¢ à�¡®â

Rule Dialect)). ‚ ¯à®¤ãªæ¨®−−ëå ¯à�¢¨«�å ¬®£ãâ ¨á¯®«ì§®¢�âìáï ¯à¥¤¨ª�âë,
®¯à¥¤¥«¥−−ë¥ ¢ ¤àã£¨å ¤¨�«¥ªâ�å ¯à¨ á¯¥æ¨ä¨ª�æ¨¨ ¤¥ïâ¥«ì−®áâ¥©. „«ï á¯¥æ¨-
ä¨ª�æ¨¨ ã¯à�¢«ïîé¨å ª®−áâàãªæ¨© ¯®â®ª®¢ à�¡®â ®¯à¥¤¥«ï¥âáï ¯à®áâà�−áâ¢®
¨¬¥− á® á¯¥æ¨�«ì−ë¬¨ ¯à¥¤¨ª�â�¬¨:

{ variable-de¦nition ¨ variable-value ¤«ï ®à£�−¨§�æ¨¨ ¯®â®ª®¢ ¤�−−ëå −� ®á−®¢¥
¯¥à¥¬¥−−ëå ¨ ¨å §−�ç¥−¨©;

{ parameter-de¦nition ¨ parameter-value ¤«ï ®à£�−¨§�æ¨¨ ¢å®¤−ëå ¨ ¢ëå®¤−ëå
¯�à�¬¥âà®¢ ¯®â®ª®¢ à�¡®â ¨ §−�ç¥−¨© ¯�à�¬¥âà®¢;

{ end-of-task| ¨−¤¨ª�â®à §�¢¥àè¥−¨ï à�¡®âë ¤¥ïâ¥«ì−®áâ¨.

‘¯¥æ¨ä¨ª�æ¨¨ ¯®â®ª®¢ à�¡®â ¢ ¯®¤�¢«ïîé¥¬ ¡®«ìè¨−áâ¢¥ á«ãç�¥¢ ¯à¥¤áâ�¢«ï-
îâ á®¡®© ª®¬¯®§¨æ¨î ®¡à�§æ®¢ ã¯à�¢«¥−¨ï [19] (¯®á«¥¤®¢�â¥«ì−®áâ¨, ãá«®¢¨©,
à�§¡¨¥−¨ï, á®¥¤¨−¥−¨ï ¨ ¤à.), ®¤−�ª® á¯¥æ¨ä¨ª�æ¨¨ ã¯à�¢«ïîé¨å ¯®â®ª®¢
¬®£ãâ ¡ëâì ¨ ¯à®¨§¢®«ì−ë¬¨. ˆá¯®«ì§®¢�−¨¥ ®¡à�§æ®¢ ¯®§¢®«ï¥â ã¯à®áâ¨âì
¨−â¥£à�æ¨î §� áç¥â â¨¯¨ç−ëå ç�áâ¥© á¯¥æ¨ä¨ª�æ¨¨. ’�ª, á«¥¤ãîé�ï á¯¥æ¨-
ä¨ª�æ¨ï ®¯à¥¤¥«ï¥â ®¡à�§¥æ à�§¡¨¥−¨ï ¯®â®ª�, ¢ ª®â®à®¬ ¤¥ïâ¥«ì−®áâ¨ B ¨ C
¢ë¯®«−ïîâáï ®¤−®¢à¥¬¥−−® ¯®á«¥ ¢ë¯®«−¥−¨ï ¤¥ïâ¥«ì−®áâ¨ A [4] (¨á¯®«ì§ã¥âáï
¯à¥§¥−â�æ¨®−−ë© á¨−â�ªá¨á RIF [20]):

Group (
If Not(External(wkfl:end-of-task(A)))
Then Do (Act(A)
Assert(External(wkfl:end-of-task(A))))

If And(Not(External(wkfl:end-of-task(B)))
External(wkfl:end-of-task(A)))

Then Do (Act(B)
Assert(External(wkfl:end-of-task(B))))

If And(Not(External(wkfl:end-of-task(C)))
External(wkfl:end-of-task(A)))

Then Do (Act(C)
Assert(External(wkfl:end-of-task(C))))

)

÷¥�«¨§�æ¨¨ ¯®â®ª®¢ à�¡®â ¬®£ãâ «¨¡® à�§à�¡�âë¢�âìáï ¯à¨ ¯®¬®é¨ âà�−á-
«ïæ¨¨ á¯¥æ¨ä¨ª�æ¨© ¯à�¢¨« ¢ ï§ëª¨ ª®−ªà¥â−ëå á¨áâ¥¬, à�¡®â�îé¨å á ®¯à¥-
¤¥«¥−−ë¬¨ ¤¨�«¥ªâ�¬¨ ¯à�¢¨«, «¨¡® ¢ë¡¨à�âìáï ¨§ áãé¥áâ¢ãîé¨å à¥«¥¢�−â−ëå
¯®â®ª®¢ à�¡®â, ¨å äà�£¬¥−â®¢, ®â¤¥«ì−ëå ¤¥ïâ¥«ì−®áâ¥© ¨ á¥à¢¨á®¢.

‡�¬¥â¨¬, çâ® −¥ ¢á¥ ®¯¨á�−−ë¥ ¢ëè¥ ¯à¨−æ¨¯ë ãç¨âë¢�îâáï â®«ìª® ¨á-
¯®«ì§®¢�−¨¥¬ á¯¥æ¨ä¨ª�æ¨© −� ¯à�¢¨«�å. „«ï á¢ï§ë¢�−¨ï á® á¯¥æ¨ä¨ª�æ¨ï¬¨
¤®¯®«−¨â¥«ì−®© ¨−ä®à¬�æ¨¨, â�ª®© ª�ª ®¯¨á�−¨ï Dublin Core ¨«¨ �−−®â�æ¨®−-
−ë¥ á¢®©áâ¢� OWL [21], ¢ ï§ëª¥ ¯à¥¤ãá¬®âà¥− ¬¥å�−¨§¬ �−−®â¨à®¢�−¨ï.

�−−®â�æ¨¨ ¬®£ãâ á®¯à®¢®¦¤�âì «î¡®© ª«�áá ª®−áâàãªæ¨© RIF ¢ á¯¥æ¨ä¨ª�-
æ¨ïå ¯à�¢¨«. �−−®â�æ¨¨ | íâ® äà¥©¬ë á® á¢®©áâ¢�¬¨, ª®â®àë¥ ¤®«¦−ë ¡ëâì
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á®åà�−¥−ë ¯à¨ «î¡ëå ¬�−¨¯ã«ïæ¨ïå á¯¥æ¨ä¨ª�æ¨ï¬¨, −® −¥ ¤®¡�¢«ïîâ á¥¬�−-
â¨ª¨ á â®çª¨ §à¥−¨ï ¯à�¢¨«. ’�ª, £àã¯¯� ¯à�¢¨«, ¯à¨¢¥¤¥−−�ï ¢ëè¥, ¬®¦¥â ¡ëâì
�−−®â¨à®¢�−� ¨¤¥−â¨ä¨ª�â®à®¬ Split1 ¢ â¥ªãé¥¬ ¯à®áâà�−áâ¢¥ ¨¬¥− ¨ äà¥©-
¬®¬, ®¯à¥¤¥«ïîé¨¬ ¤®¯®«−¨â¥«ì−ãî ¨−ä®à¬�æ¨î ¢ á«®â¥ type á® §−�ç¥−¨¥¬
ParallelSplit:

(* Split1 Split1 [ rdf:type -> wf:ParallelSplit ] *)
( Group ... )

�à¨ à¥�«¨§�æ¨¨ ¯à�¢¨« ¢ ª®−ªà¥â−®© á¨áâ¥¬¥ ¢ë¢®¤� á¯¥æ¨ä¨ª�æ¨¨ ¬¥â�¤�−-
−ëå ¨£−®à¨àãîâáï. ’¥¬ −¥ ¬¥−¥¥ ®−¨ ¬®£ãâ ®¡«�¤�âì á¥¬�−â¨ª®©, −¥ §�¢¨á¨¬®©
®â ¯à�¢¨«. �¡ëç−® �−−®â�æ¨¨ ¢ RIF ®¯à¥¤¥«ïîâáï ¢ â¥à¬¨−�å á¯¥æ¨�«¨§¨à®-
¢�−−®£® á«®¢�àï, á¯¥æ¨ä¨æ¨àãîé¥£® −�¡®à ¯à¥¤®¯à¥¤¥«¥−−ëå á¢®©áâ¢. ‘®áâ�¢
¬¥â�¤�−−ëå ¢ −�áâ®ïé¥¬ ¨áá«¥¤®¢�−¨¨ −¥ ®£à�−¨ç¨¢�¥âáï −�¡®à®¬ ®¯à¥¤¥«¥−−ëå
á¢®©áâ¢, � ¢ª«îç�¥â ¢ á¥¡ï ¡®«¥¥ à�§¢¨âë¥ ®¯¨á�−¨ï. �¥®¡å®¤¨¬ë¥ ¬¥â�¤�−-
−ë¥ ®¯à¥¤¥«ïîâáï ¢ â¥à¬¨−�å ®−â®«®£¨©, ª®â®àë¥ ¬®£ãâ ®â«¨ç�âìáï ¤«ï à�§−ëå
¯à¥¤¬¥â−ëå ®¡«�áâ¥©.

‚ á«¥¤ãîé¥¬ à�§¤¥«¥ ®¯¨áë¢�¥âáï á®áâ�¢ ¬¥â�¤�−−ëå ¯®â®ª®¢ à�¡®â, −¥®¡-
å®¤¨¬ëå ¤«ï ®à£�−¨§�æ¨¨ á¥¬�−â¨ç¥áª®£® ¯®¨áª� ¯®â®ª®¢ à�¡®â ¯® ¬¥â�¤�−−ë¬.
‘¯¥æ¨ä¨ª�æ¨¨ á¢ï§¨ ¤�−−ëå ¨ à¥�«¨§ã¥¬ëå ¬¥â®¤®¢ á ¯®−ïâ¨ï¬¨ ¯à¥¤¬¥â−®©
®¡«�áâ¨, âà¥¡®¢�−¨© ª ª�ç¥áâ¢ã âà¥¡ãîâ ®¯à¥¤¥«¥−¨ï á®®â¢¥âáâ¢ãîé¨å ®−â®«®-
£¨©.

4 Модель метаданных, ориентированная на семантический поиск
реализаций потоков работ

‚ ª�ç¥áâ¢¥ á«®¢�à¥© ¬¥â�¤�−−ëå ¢ á¯¥æ¨ä¨ª�æ¨ïå ¨á¯®«ì§ãîâáï ®−â®«®£¨¨
¯à¥¤¬¥â−ëå ®¡«�áâ¥©, � â�ª¦¥ ®−â®«®£¨¨, ®¯à¥¤¥«ïîé¨¥ á¢®©áâ¢� í«¥¬¥−â®¢
¯®â®ª®¢ à�¡®â ¢ à�§«¨ç−ëå à�ªãàá�å à�áá¬®âà¥−¨ï, â�ª¨å ª�ª ª�ç¥áâ¢® ¨ ¯à®¨á-
å®¦¤¥−¨¥ ¤�−−ëå ¨ ¬¥â®¤®¢.

�−−®â�æ¨¨, ª®â®àë¥ ®¯à¥¤¥«ïîâ ¬¥â�¤�−−ë¥, æ¥«¥á®®¡à�§−® á¢ï§ë¢�âì á®
á«¥¤ãîé¨¬¨ í«¥¬¥−â�¬¨ ¯®â®ª®¢ à�¡®â, ¢ëà�¦¥−−ëå ¯à�¢¨«�¬¨:

{ ¯®â®ª¨ à�¡®â ¢ æ¥«®¬;

{ ¢å®¤−ë¥ ¨ ¢ëå®¤−ë¥ ¯�à�¬¥âàë ¯®â®ª®¢ à�¡®â;

{ ¤¥ïâ¥«ì−®áâ¨ ¢−ãâà¨ ¯®â®ª®¢ à�¡®â;

{ ¢å®¤−ë¥ ¨ ¢ëå®¤−ë¥ ¯�à�¬¥âàë ¤¥ïâ¥«ì−®áâ¥©;

{ ¯¥à¥¬¥−−ë¥, ®¯à¥¤¥«ïîé¨¥ ¯®â®ª¨ ¤�−−ëå;

{ ®â¤¥«ì−ë¥ ¯à�¢¨«� ¨«¨ £àã¯¯ë ¯à�¢¨«, ®¯à¥¤¥«ïîé¨¥ äà�£¬¥−âë ¯®â®ª�
à�¡®â;

{ £àã¯¯ë ¯à�¢¨«, ®¯à¥¤¥«ïîé¨¥ ®¡à�§æë ¯®â®ª®¢ à�¡®â [19] (ª�ª íâ® á¤¥«�−®
−� ¯à¨¬¥à¥ ¢ à�§¤. 2).
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Œ®¤¥«ì ¬¥â�¤�−−ëå ¤«ï á¥¬�−â¨ç¥áª®£® ¯®¨áª� à¥�«¨§�æ¨© ¯®â®ª®¢ à�¡®â

„«ï à¥�«¨§�æ¨¨ á¥¬�−â¨ç¥áª¨å ¯®¤å®¤®¢ ª ¯®¨áªã ¯®â®ª®¢ à�¡®â, à¥«¥¢�−â-
−ëå à¥è�¥¬®© §�¤�ç¥, ¢ ¯¥à¢ãî ®ç¥à¥¤ì −¥®¡å®¤¨¬® à�§¢¨¢�âì á¯¥æ¨ä¨ª�æ¨¨
¯à¥¤¬¥â−®© ®¡«�áâ¨, ¢ ª®â®à®© á®¡¨à�¥âáï ª®««¥ªæ¨ï ¬¥â®¤®¢. �®¨áª ¯®â®-
ª®¢ à�¡®â ¨ á¥à¢¨á®¢, ®â¢¥ç�îé¨å âà¥¡®¢�−¨ï¬ §�¤�ç¨, −¥®¡å®¤¨¬® á¢ï§ë¢�âì
á ®−â®«®£¨¥© ¯à¥¤¬¥â−®© ®¡«�áâ¨, ª®â®à®© ¯à¨−�¤«¥¦¨â ª®««¥ªæ¨ï ¨ ¢ ª®â®à®©
à¥è�¥âáï §�¤�ç�. „«ï íâ®£® í«¥¬¥−âë á¯¥æ¨ä¨ª�æ¨©, ®¯¨áë¢�îé¨¥ ¯®â®ª¨ à�-
¡®â, ®¡êï¢«ïîâáï íª§¥¬¯«ïà�¬¨ ª«�áá®¢ ¯®−ïâ¨© ®−â®«®£¨¨ ¯à¥¤¬¥â−®© ®¡«�áâ¨.
�â−¥á¥−¨¥ ¬¥â�®¡ê¥ªâ� á¯¥æ¨ä¨ª�æ¨¨ ª ª«�ááã ¯®−ïâ¨ï ¢ â¥à¬¨−�å ®−â®«®£¨©
OWL à¥�«¨§ã¥âáï ¯®áà¥¤áâ¢®¬ ®â−®è¥−¨ï rdf:type ¢ RDF-£à�ä¥. „«ï ¡®«¥¥
á«®¦−ëå ®¯¨á�−¨© ¢ â¥à¬¨−�å ®−â®«®£¨¨ ¬¥â�®¡ê¥ªâë ¬®£ãâ áâ�−®¢¨âìáï íª§¥¬-
¯«ïà�¬¨ −¥¨¬¥−®¢�−−ëå ª«�áá®¢ RDF, ®¯à¥¤¥«¥−−ëå ª�ª ¯®¤¯®−ïâ¨ï ¯®−ïâ¨©
®−â®«®£¨¨, −® ¡¥§ ¢¢¥¤¥−¨ï −®¢ëå ¯®−ïâ¨© ¨ á¢®©áâ¢ ¢ ®−â®«®£¨î.

‘¢ï§ë¢�−¨¥ ¬¥â�¤�−−ëå á ¯®â®ª�¬¨ à�¡®â ¨ ¯®¨áª à¥«¥¢�−â−ëå í«¥¬¥−â®¢
¯®â®ª®¢ à�¡®â ¤�«¥¥ à�áá¬®âà¨¬ −� ¯à¨¬¥à¥. ‚ à�¡®â¥ [4] ®¯¨áë¢�¥âáï §�¤�-
ç� á®áâ�¢«¥−¨ï ¯®àâä¥«¥© æ¥−−ëå ¡ã¬�£, ¢à¥¬¥−−‚ë¥ àï¤ë ª®â¨à®¢®ª ª®â®àëå
á«�¡® ª®àà¥«¨àãîâ ¤àã£ á ¤àã£®¬, ¨ ¢ë¡®à� «ãçè¥£® ¨§ −¨å ¯® ®¯à¥¤¥«¥−−ë¬
ªà¨â¥à¨ï¬.

„«ï à¥è¥−¨ï ¤�−−®© §�¤�ç¨ à�§à�¡�âë¢�îâáï á¯¥æ¨ä¨ª�æ¨¨ ¯®â®ª� à�¡®â,
¢ª«îç�îé¥£® á«¥¤ãîé¨¥ ¯®¤§�¤�ç¨:

{ ¯®¨áª ¬�ªá¨¬�«ì−ëå ¯®àâä¥«¥©-ª�−¤¨¤�â®¢ á® á«�¡® §�¢¨á¨¬ë¬¨ ¤àã£ ®â
¤àã£� ¢à¥¬¥−−‚ë¬¨ àï¤�¬¨ ª®â¨à®¢®ª ¡ã¬�£;

{ ®æ¥−ª� ¡ã¬�£, ¢å®¤ïé¨å ¢ ¯®àâä¥«¨, á â®çª¨ §à¥−¨ï à�§−ëå ªà¨â¥à¨¥¢,
¢ ç�áâ−®áâ¨ ä¨−�−á®¢®-íª®−®¬¨ç¥áª®£®;

{ ®æ¥−ª� ¯®àâä¥«¥© ¯® á®®â¢¥âáâ¢ãîé¨¬ ªà¨â¥à¨ï¬ ª�ª ®¡®¡é¥−¨¥ ®æ¥−®ª
¡ã¬�£, ¢å®¤ïé¨å ¢ −¨å;

{ ®¡®¡é¥−¨¥ −¥áª®«ìª¨å ªà¨â¥à¨¥¢ ®æ¥−ª¨ ¯®àâä¥«¥© ¢ ®¡éãî ®æ¥−ªã ¨ ¢ë¡®à
«ãçè¥£® ¯®àâä¥«ï.

„«ï à¥�«¨§�æ¨¨ ¯®â®ª� à�¡®â ¨á¯®«ì§ãîâáï ¤�−−ë¥ ®¡ ¨áâ®à¨¨ æ¥− −� ¡ã¬�-
£¨, ¯à¨−�¤«¥¦−®áâì ª®¬¯�−¨© ¨−¤¥ªáã S&P 500 (¨−¤¥ªá ®æ¥−¨¢�¥âáï −� ®á−®¢¥
¤�−−ëå ® ª�¯¨â�«¨§�æ¨¨ ¯ïâ¨á®â ªàã¯−ëå �¬¥à¨ª�−áª¨å ª®¬¯�−¨©), ®æ¥−ª� á®®â-
−®è¥−¨ï ¤®å®¤−®áâ¨ ¨ à¨áª�, ¬®−¨â®à¨−£ â®−�«ì−®áâ¨ ¢ëáª�§ë¢�−¨© ¨−¢¥áâ®à®¢
®¡ ®¯à¥¤¥«¥−−ëå ¡ã¬�£�å. �æ¥−ª� ¯® à�§−ë¬ ªà¨â¥à¨ï¬ ¢ë¯®«−ï¥âáï ¢ ¯®â®ª¥
à�¡®â ¯�à�««¥«ì−ë¬¨ ¢¥â¢ï¬¨.

�à¨ à�§à�¡®âª¥ á¯¥æ¨ä¨ª�æ¨¨ ¯®â®ª� à�¡®â, à¥è�îé¥£® ¤�−−ãî §�¤�çã,
¯à�¢¨«� −¥®¡å®¤¨¬® á¢ï§ë¢�âì á® á¯¥æ¨ä¨ª�æ¨ï¬¨ ¯à¥¤¬¥â−®© ®¡«�áâ¨. �à¥¤-
¬¥â−�ï ®¡«�áâì ¤�−−®© §�¤�ç¨ ¨á¯®«ì§ã¥â ¯®−ïâ¨ï ä®−¤®¢ëå àë−ª®¢. „«ï
®¯¨á�−¨ï ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¨á¯®«ì§ã¥¬ ®−â®«®£¨î −� ï§ëª¥ OWL:

Class(Portfolio)
ObjectProperty(includesSecurity)

ObjectPropertyDomain(includesSecurity Portfolio)
ObjectPropertyRange(includesSecurity Security)
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ObjectProperty(hasMetric)
ObjectPropertyDomain(hasMetric Portfolio)

Class(Security)
ObjectProperty(hasIdentifier)

FunctionalObjectProperty(hasIdentifier)
ObjectPropertyDomain(hasIdentifier Security)
ObjectPropertyRange(hasIdentifier Ticker)

ObjectProperty(listedIn)
ObjectPropertyDomain(listedIn Security)
ObjectPropertyRange(listedIn StockMarketIndex)

ObjectProperty(hasRate)
ObjectPropertyDomain(hasRate Security)
ObjectPropertyRange(hasRate StockMarketRate)

ObjectProperty(hasMetric)
ObjectPropertyDomain(hasMetric Security)
ObjectPropertyRange(hasMetric Metric)

ObjectProperty(correlatesWith)
ObjectPropertyDomain(correlatesWith Security)
ObjectPropertyRange(correlatesWith Security)

Class(StockMarketRate)
ObjectProperty(onDate)

FunctionalObjectProperty(onDate)
ObjectPropertyDomain(onDate StockMarketRate)
ObjectPropertyRange(onDate Date)

Class(Metric)
ObjectProperty(isMetricOfSecurity)
Class(Correlation)
SubClassOf(Correlation Metric)
SubClassOf(Correlation
ObjectAllValuesFrom(isMetricOfSecurity Security))

Class(FinancialMetric)
SubClassOf(FinancialMetric Metric)

Class(SocialMetric)
SubClassOf(SocialMetric Metric)

�−â®«®£¨ï1 ä®−¤®¢ëå àë−ª®¢, ªà®¬¥ ¯à®ç¥£®, ®¯à¥¤¥«ï¥â á«¥¤ãîé¨¥ −¥®¡-
å®¤¨¬ë¥ ¢ ¤�−−®© §�¤�ç¥ ¯®−ïâ¨ï:

{ Portfolio | ¯®àâä¥«ì, á®áâ�¢«¥−−ë© ¨§ æ¥−−ëå ¡ã¬�£ ®¯à¥¤¥«¥−−®£® á¯¨áª�
ª®¬¯�−¨©; á −¨¬ â�ª¦¥ ¬®£ãâ ¡ëâì á¢ï§�−ë ¬¥âà¨ª¨ ®æ¥−ª¨ ¯®àâä¥«ï;

1http://ontology.ipi.ac.ru/ontologies/stockmarket.owl.
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Œ®¤¥«ì ¬¥â�¤�−−ëå ¤«ï á¥¬�−â¨ç¥áª®£® ¯®¨áª� à¥�«¨§�æ¨© ¯®â®ª®¢ à�¡®â

{ Security| æ¥−−ë¥ ¡ã¬�£¨ ª®¬¯�−¨¨, ãç�áâ¢ãîé¨¥ ¢ ä®−¤®¢®¬ àë−ª¥; ã −¨å
¥áâì ¨¤¥−â¨ä¨ª�â®àë, ®−¨ ¬®£ãâ ¯à¨−�¤«¥¦�âì á¯¨áªã ä®−¤®¢®£® ¨−¤¥ª-
á�; ¡ã¬�£¨ ®æ¥−¨¢�îâáï ª®â¨à®¢ª�¬¨, ¬¥âà¨ª�¬¨ −�¤¥¦−®áâ¨, ¬®£ãâ ¨¬¥âì
§�¢¨á¨¬®áâì ®â ¤àã£¨å ¡ã¬�£;

{ StockMarketRate| ª®â¨à®¢ª� ¡ã¬�£¨, §�¢¨áïé�ï ®â ¢à¥¬¥−¨;

{ Metric| ¬¥âà¨ª� ¤«ï ®æ¥−ª¨ −�¤¥¦−®áâ¨ æ¥−−®© ¡ã¬�£¨ ¨«¨ ¯®àâä¥«ï; ®¤−®©
¨§ ¬¥âà¨ª ®æ¥−ª¨ −�¤¥¦−®áâ¨ ¡ã¬�£¨ ï¢«ï¥âáï ª®àà¥«ïæ¨ï ¥¥ ª®â¨à®¢ª¨
á ¤àã£¨¬¨ ¡ã¬�£�¬¨.

�á®¡® ®â¬¥â¨¬, çâ® ¯à¥¤áâ�¢«¥−−�ï ®−â®«®£¨ï ®¯à¥¤¥«ï¥â ¯®−ïâ¨ï ¨ á¢ï§¨
¯à¥¤¬¥â−®© ®¡«�áâ¨, ¢ ®â«¨ç¨¥ ®â á¯¥æ¨ä¨ª�æ¨¨ ª®−æ¥¯âã�«ì−®© áå¥¬ë [22],
®¯à¥¤¥«ïîé¥© ¯à¥¤áâ�¢«¥−¨¥ ¤�−−ëå ¯à¨ à¥è¥−¨¨ §�¤�ç¨ ¢ ¯®â®ª¥ à�¡®â −�
¯à�¢¨«�å, å®âï ¨ ®−â®«®£¨ï, ¨ ª®−æ¥¯âã�«ì−�ï áå¥¬� ¨á¯®«ì§ãîâ ¢ëà�§¨â¥«ì-
−ë¥ áà¥¤áâ¢� ï§ëª� OWL. �¯¨á�−¨ï ª®−æ¥¯âã�«ì−®© áå¥¬ë −¥¤®áâ�â®ç−ë ¤«ï
¨á¯®«ì§®¢�−¨ï ¢ ¬¥â�¤�−−ëå ® ¯à¥¤¬¥â−®© ®¡«�áâ¨, â�ª ª�ª ¬−®£¨¥ ¯®−ïâ¨ï
¨ ®â−®è¥−¨ï ¯à¥¤¬¥â−®© ®¡«�áâ¨ á¢¥¤¥−ë ¢ −¥© ª ¯à¨¬¨â¨¢−ë¬ â¨¯�¬ ¤�−−ëå
(ç¨á«®¢®¬ã, áâà®ª®¢®¬ã). ”�ªâ¨ç¥áª¨ ¯à¨ íâ®¬ ¯®−ïâ¨ï ¯®¤à�§ã¬¥¢�îâáï, −®
ï¢−® −¥ ®¯¨á�−ë. �®¤à®¡−¥¥ à�§«¨ç¨ï ¨ á¢ï§¨ ®−â®«®£¨© ¨ ª®−æ¥¯âã�«ì−ëå áå¥¬
¯à¥¤¬¥â−ëå ®¡«�áâ¥© ®¡áã¦¤�îâáï ¢ [23].

�¤−®¢à¥¬¥−−® á ®−â®«®£¨¥© ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¤«ï ®¯à¥¤¥«¥−¨ï ¬¥â�¤�−-
−ëå ¯®â®ª®¢ à�¡®â ¨á¯®«ì§ãîâáï ¤àã£¨¥ ®−â®«®£¨¨, ¯®§¢®«ïîé¨¥ ¢ëà�¦�âì
¢ ¬¥â�¤�−−ëå à�§«¨ç−ë¥ �á¯¥ªâë ®¯¨áë¢�¥¬ëå í«¥¬¥−â®¢ ¯®â®ª®¢ à�¡®â.

‘¯¥æ¨ä¨ª�æ¨¨ ¯à�¢¨« RIF ç¥âª® −¥ à�§¤¥«ïîâ ®¯à¥¤¥«¥−−ë© ¨¬¨ ¯®â®ª
à�¡®â −� í«¥¬¥−âë, ¯à¨−�¤«¥¦�é¨¥ ¥£® £à�ä®¢®© áâàãªâãà¥. „«ï á¯¥æ¨ä¨ª�æ¨¨
®¤−®© ¤¥ïâ¥«ì−®áâ¨ ¨«¨ ¯®â®ª� ¤�−−ëå ¬®¦¥â ¨á¯®«ì§®¢�âìáï −�¡®à ¯à�¢¨«,
¨ ¯® á�¬¨¬ á¯¥æ¨ä¨ª�æ¨ï¬ −¥ ¢á¥£¤� ¢®§¬®¦−® ®¯à¥¤¥«¨âì, ª�ª®© £à�ä®¢®©
áâàãªâãà¥ ¯à¨−�¤«¥¦¨â â® ¨«¨ ¨−®¥ ¯à�¢¨«®. „«ï á¢ï§ë¢�−¨ï ¯à�¢¨« á ¢¨¤�¬¨
í«¥¬¥−â®¢ ¯®â®ª®¢ à�¡®â ¨á¯®«ì§ã¥âáï ®−â®«®£¨ï áâàãªâãàë ¯®â®ª®¢ à�¡®â1,
äà�£¬¥−â ª®â®à®© ¯à¨¢¥¤¥− −¨¦¥:

Class(Workflow)
ObjectProperty(hasTask)
ObjectPropertyDomain(hasTask Workflow)
ObjectPropertyRange(hasTask Task)

Class(Task)
ObjectProperty(hasParameter)
ObjectPropertyDomain(hasParameter Task)
ObjectPropertyRange(hasParameter TaskParameter)
InverseObjectProperties(isParameterOf hasParameter)
ObjectProperty(hasInputParameter)
SubObjectPropertyOf(hasInputParameter hasParameter)

1http://ontology.ipi.ac.ru/ontologies/wf.owl.
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ObjectPropertyDomain(hasInputParameter Task)
ObjectPropertyRange(hasInputParameter InputParameter)
InverseObjectProperties(isInputParameterOf hasInputParameter)
ObjectProperty(hasOutputParameter)
SubObjectPropertyOf(hasOutputParameter hasParameter)
ObjectPropertyDomain(hasOutputParameter Task)
ObjectPropertyRange(hasOutputParameter OutputParameter)
InverseObjectProperties(isOutputParameterOf hasOutputParameter)

Class(TaskParameter)
Class(InputParameter)
SubClassOf(InputParameter TaskParameter)
Class(OutputParameter)
SubClassOf(OutputParameter TaskParameter)

Class(ControlFlowPattern)
SubClassOf(ControlFlowPattern Task)
Class(ExclusiveChoice)
SubClassOf(ExclusiveChoice ControlFlowPattern)
Class(ParallelSplit)
SubClassOf(ParallelSplit ControlFlowPattern)
SubClassOf(ParallelSplit ObjectExactCardinality
(1 hasInputParameter InputParameter))

SubClassOf(ParallelSplit ObjectMinCardinality
(2 hasOutputParameter OutputParameter))

Class(Synchronization)
SubClassOf(Synchronization ControlFlowPattern)
SubClassOf(Synchronization ObjectMinCardinality
(2 hasInputParameter InputParameter))

SubClassOf(Synchronization ObjectExactCardinality
(1 hasOutputParameter OutputParameter))

Class(SimpleMerge)
SubClassOf(SimpleMerge ControlFlowPattern)

‚ ¯à¨¢¥¤¥−−®¬ äà�£¬¥−â¥ ®−â®«®£¨¨ áâàãªâãàë ¯®â®ª� à�¡®â ®¯à¥¤¥«¥−ë
¯®−ïâ¨ï:

{ Work§ow| ¯®â®ª¨ à�¡®â ¢ æ¥«®¬, á®áâ®ïé¨¥ ¨§ −�¡®à®¢ ¤¥ïâ¥«ì−®áâ¥©;

{ Task| ¤¥ïâ¥«ì−®áâ¨, ª®â®àë¥ ¬®£ãâ ¨¬¥âì ¢å®¤−ë¥ ¨ ¢ëå®¤−ë¥ ¯�à�¬¥âàë;

{ TaskParameter| ¯�à�¬¥âàë ¤¥ïâ¥«ì−®áâ¨;

{ ControlFlowPattern | ®¡à�§æë ã¯à�¢«ïîé¨å ª®−áâàãªæ¨© ¯®â®ª®¢ à�¡®â
¨, ¢ ç�áâ−®áâ¨, à�§¡¨¥−¨¥ (ParallelSplit) ¨ ®¡ê¥¤¨−¥−¨¥ (Synchronization) ¯®-
â®ª®¢.
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Œ®¤¥«ì ¬¥â�¤�−−ëå ¤«ï á¥¬�−â¨ç¥áª®£® ¯®¨áª� à¥�«¨§�æ¨© ¯®â®ª®¢ à�¡®â

�®¬¨¬® íâ®£®, ®−â®«®£¨ï ®¯à¥¤¥«ï¥â à�§−®¢¨¤−®áâ¨ ¤¥ïâ¥«ì−®áâ¥©, â�ª¨¥ ª�ª
−�ç�«® ¨ §�¢¥àè¥−¨¥ ¯®â®ª�, ¯®−ïâ¨¥ ¯®¤¯®â®ª�, ¤àã£¨¥ ®¡à�§æë ã¯à�¢«ïîé¨å
¯®â®ª®¢ ¨ ¯®−ïâ¨ï áâàãªâãà−ëå í«¥¬¥−â®¢ ¯®â®ª®¢ à�¡®â.

„«ï ®¡¥á¯¥ç¥−¨ï −�¤¥¦−®áâ¨ ¤�−−ëå ¨ ¬¥â®¤®¢ −�àï¤ã á ¬®¤ã«ï¬¨ ®−â®«®-
£¨¨ ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¨ áâàãªâãà−ëå í«¥¬¥−â®¢ ¯®â®ª®¢ à�¡®â á¯¥æ¨ä¨ª�æ¨¨
¬¥â�¤�−−ëå −¥®¡å®¤¨¬® ¯®¯®«−ïâì â�ª¦¥ ¨−ä®à¬�æ¨¥© ¢ â¥à¬¨−�å á¯¥æ¨�«¨§¨-
à®¢�−−ëå ®−â®«®£¨©, ®¯¨áë¢�îé¨å âà¥¡®¢�−¨ï ª ¯à®¨áå®¦¤¥−¨î ¤�−−ëå ¨ ¨å
ª�ç¥áâ¢ã.

‚ ª�ç¥áâ¢¥ ®−â®«®£¨¨ ¯à®¨áå®¦¤¥−¨ï ¤�−−ëå ¢ á®®â¢¥âáâ¢¨¨ á à¥ª®¬¥−¤�æ¨-
¥© W3C (World Wide Web Consortium) ¨á¯®«ì§ã¥âáï ®−â®«®£¨ï PROV-O [24].
‚ ¥¥ ®á−®¢¥ «¥¦�â ¯®−ïâ¨ï �£¥−â� (Agent), ¤¥ïâ¥«ì−®áâ¨ (Activity) ¨ áãé−®áâ¨
(Entity). �£¥−â�¬¨ ¬®£ãâ ¡ëâì ç¥«®¢¥ª (Person), ®à£�−¨§�æ¨ï (Organization) ¨«¨
¯à®£à�¬¬� (SoftwareAgent). ‚�à¨�æ¨¨ ®â−®è¥−¨© ¨å íª§¥¬¯«ïà®¢ ¤àã£ á ¤àã£®¬
®¯¨áë¢�îâ à�§«¨ç−ë¥ á®¡ëâ¨ï ¨ á¨âã�æ¨¨, ª®â®àë¥ −¥®¡å®¤¨¬® ä¨ªá¨à®¢�âì
¯à¨ ¯à¥®¡à�§®¢�−¨¨, ¯¥à¥¬¥é¥−¨¨, ¨§¬¥−¥−¨¨ áâ�âãá� ¤�−−ëå. ��¯à¨¬¥à,
¬¥â�¤�−−ë¥ ®¡ ¨áå®¤−ëå ¤�−−ëå, ª®â®àë¥ ¨á¯®«ì§®¢�«¨áì ¯à®æ¥áá®¬, ¢ëà�¦�-
îâáï ®â−®è¥−¨¥¬ used, á¢ï§ë¢�îé¨¬ �£¥−â� ¨ ¤¥ïâ¥«ì−®áâì; ¨−ä®à¬�æ¨ï ®¡
¨−áâàã¬¥−â¥, ª®â®àë© ¡ë« ¨á¯®«ì§®¢�− ¤«ï £¥−¥à�æ¨¨ à¥§ã«ìâ�â�, ¢ëà�¦�¥â-
áï ®â−®è¥−¨¥¬ wasAttributedTo, á¢ï§ë¢�îé¨¬ áãé−®áâì ¨ ¯à®£à�¬¬ã, ¨ â. ¤.
�®áà¥¤áâ¢®¬ â�ª®© ®−â®«®£¨¨ ¬®¦−® §�¤�¢�âì ¬¥â�¤�−−ë¥ ®¡ �¢â®àáâ¢¥ ¨ ¯à¨-
−�¤«¥¦−®áâ¨ ¤�−−ëå ¨ ¬¥â®¤®¢, ¯à®á«¥¦¨¢�âì ¨áâ®à¨î ¯à¥®¡à�§®¢�−¨ï ¤�−−ëå
®â ¯¥à¢®−�ç�«ì−®£® ¨áâ®ç−¨ª� ¤® â¥ªãé¥£® á®áâ®ï−¨ï, á®¯à®¢®¦¤�âì à¥�«ì−ë¥
¤�−−ë¥ ¨ ¬¥â®¤ë ¤àã£®© ¯®¤®¡−®© ¨−ä®à¬�æ¨¥©. ’�ª¦¥ ¢ â¥à¬¨−�å ®−â®«®£¨¨
¯à®¨áå®¦¤¥−¨ï ¢ëà�§¨¬ë âà¥¡®¢�−¨ï ª áà¥¤�¬ ¢®á¯à®¨§¢¥¤¥−¨ï, −¥®¡å®¤¨¬ë¬
¤«ï à¥�«¨§�æ¨¨ á¯¥æ¨ä¨ª�æ¨©.

„«ï ®¯à¥¤¥«¥−¨ï âà¥¡®¢�−¨© ª â®ç−®áâ¨, ¯®«−®â¥ ¨ ¤àã£¨¬ �á¯¥ªâ�¬ ª�-
ç¥áâ¢� ¤�−−ëå, � â�ª¦¥ ¢å®¤−ëå ¤�−−ëå ¨ ®¦¨¤�¥¬ëå à¥§ã«ìâ�â®¢ à�¡®âë
¬¥â®¤®¢ ¬®¦−® ¨á¯®«ì§®¢�âì ®−â®«®£¨î ª�ç¥áâ¢� ¤�−−ëå DQ (Data Quality) [25].
�−� á®¤¥à¦¨â −�¡®à ä�ªâ®à®¢ ª�ç¥áâ¢� ¤�−−ëå, ®¯à¥¤¥«ï¥¬ëå ¨§¬¥à¥−¨ï¬¨
¢ ¬−®£®¬¥à−®¬ ¯à®áâà�−áâ¢¥ §−�ç¥−¨©, ¨ ¬¥âà¨ª�¬¨ ª�ç¥áâ¢� ¢ íâ¨å ¨§¬¥à¥−¨-
ïå. ‘ ®¤−¨¬ ®¡ê¥ªâ®¬ ¬®¦¥â ®¤−®¢à¥¬¥−−® ¡ëâì á¢ï§�−® −¥áª®«ìª® §−�ç¥−¨©
ª�ç¥áâ¢� ¢ à�§−ëå ¨§¬¥à¥−¨ïå. �à¨¬¥à�¬¨ ¨§¬¥à¥−¨© ª�ç¥áâ¢� ï¢«ïîâáï âà¥¡®-
¢�−¨ï ¯®«−®âë ¤�−−ëå (Completeness), ®¡ê¥¬� ¤�−−ëå (Data Volume), ¢®§à�áâ�
¤�−−ëå (Timeliness), â®ç−®áâ¨ (Accuracy), æ¥«®áâ−®áâ¨ (Consistency), ¬¥àë ¤®-
¢¥à¨ï (Confidence). �¤−�ª® á®áâ�¢ ¨§¬¥à¥−¨© ¨ ¬¥âà¨ª¨, ¨á¯®«ì§ã¥¬ë¥ ¤«ï
¨å à¥�«¨§�æ¨¨, ¬®£ãâ á¨«ì−® §�¢¨á¥âì ®â ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¨áá«¥¤®¢�−¨ï.
�−¨ á®£«�áãîâáï ¨ á¯¥æ¨ä¨æ¨àãîâáï á®®¡é¥áâ¢®¬, à�¡®â�îé¨¬ ¢ ¯à¥¤¬¥â−®©
®¡«�áâ¨.

‚ â¥à¬¨−�å ®−â®«®£¨© ¯à¨¢¥¤¥¬ ¬¥â�¤�−−ë¥, á¢ï§�−−ë¥ á® á«¥¤ãîé¥© á¯¥-
æ¨ä¨ª�æ¨¥© ¢ëå®¤−®£® ¯�à�¬¥âà� ps ¤¥ïâ¥«ì−®áâ¨ getPortfolios [4]:

( If Not(wkfl:end-of-task(getPortfolios))
Then Do(Modify(external(wkfl:variable-value(ps
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svc:getPortfolios()))
Assert(wkfl:end-of-task(getPortfolios)) ) )

)

Œ¥â�¤�−−ë¥ ®¯à¥¤¥«ïîâáï ¯¥à¥¤ á®®â¢¥âáâ¢ãîé¨¬ í«¥¬¥−â®¬ á¯¥æ¨ä¨ª�æ¨©:

(* getPortfolios_ps
getPortfolios_ps[rdf:type -> wf:OutputParameter,

wf:isOutputParameterOf -> getPortfolios,
rdf:type -> pont:Portfolio,
prov:wasGeneratedBy -> getPortfolios,
prov:wasAttributedTo -> fsv:FinanceServices]

*) ps

„�−−�ï á¯¥æ¨ä¨ª�æ¨ï ¬¥â�¤�−−ëå ®¯à¥¤¥«¥−� ¤«ï ¯�à�¬¥âà� ps ¢ ¯à�¢¨«¥,
á®®â¢¥âáâ¢ãîé¥¬ ¤¥ïâ¥«ì−®áâ¨ ¯®â®ª� à�¡®â. ‚ ¯¥à¢ãî ®ç¥à¥¤ì ®−� ®¯à¥¤¥«ï¥â
¢ â¥ªãé¥¬ ¯à®áâà�−áâ¢¥ ¨¬¥− ã−¨ª�«ì−ë© ¨¤¥−â¨ä¨ª�â®à getPortfolios_ps
¤�−−®£® í«¥¬¥−â� ¯à�¢¨«� RIF. ‘ íâ¨¬ ¨¤¥−â¨ä¨ª�â®à®¬ á¢ï§ë¢�îâáï ¬¥â�-
¤�−−ë¥ ¢ â¥à¬¨−�å ®¯à¥¤¥«¥−−ëå ¢ëè¥ ®−â®«®£¨© (¯à®áâà�−áâ¢® ¨¬¥− pont
á®®â¢¥âáâ¢ã¥â ®−â®«®£¨¨ ¯à¥¤¬¥â−®© ®¡«�áâ¨, wf | ®−â®«®£¨¨ áâàãªâãàë ¯®-
â®ª®¢ à�¡®â, prov | ®−â®«®£¨¨ ¯à®¨áå®¦¤¥−¨ï ¤�−−ëå; fsv | ¯à®áâà�−áâ¢®
á¯¥æ¨ä¨ª�æ¨© ¯à®£à�¬¬ë, ¨á¯®«ì§ã¥¬®© ¤«ï £¥−¥à�æ¨¨ ¯®àâä¥«¥©). �®áà¥¤-
áâ¢®¬ RDF-®â−®è¥−¨ï type ®¯à¥¤¥«ï¥âáï, çâ® í«¥¬¥−â á ¤�−−ë¬ ¨¤¥−â¨ä¨-
ª�â®à®¬ ï¢«ï¥âáï ¢ëå®¤−ë¬ ¯�à�¬¥âà®¬ ¤¥ïâ¥«ì−®áâ¨, á¢ï§ì á ¤¥ïâ¥«ì−®áâìî
®¯à¥¤¥«ï¥âáï ®â−®è¥−¨¥¬ isOutputParameterOf ª ¬¥â�®¡ê¥ªâã á ¨¤¥−â¨ä¨ª�-
â®à®¬ getPortfolios. �− ®¯¨áë¢�¥â ®¡ê¥ªâë ª«�áá� Portfolio, £¥−¥à¨àã¥¬ë¥
¯à®£à�¬¬®© FinanceServices, â. ¥. ¢®§¢à�é�¥¬ë¥ ¤¥ïâ¥«ì−®áâìî ¤�−−ë¥ ¯à¥¤-
áâ�¢«ïîâ á®¡®© ¯®àâä¥«¨ æ¥−−ëå ¡ã¬�£, á£¥−¥à¨à®¢�−−ë¥ ®¯à¥¤¥«¥−−®© ¯à®-
£à�¬¬®©. ˆ¤¥−â¨ä¨ª�â®àë getPortfolios ¨ FinanceServices ¤®«¦−ë ¡ëâì
®¯à¥¤¥«¥−ë ¯®¤®¡−ë¬ ®¡à�§®¬ ¢ ¬¥â�¤�−−ëå, á¢ï§�−−ëå á®®â¢¥âáâ¢ãîé¨¬¨ á¯¥-
æ¨ä¨ª�æ¨ï¬¨ ¯à�¢¨«.

’�ª¨¬ ®¡à�§®¬, ¬¥â�®¯¨á�−¨¥ ¯®§¢®«ï¥â ¨¤¥−â¨ä¨æ¨à®¢�âì í«¥¬¥−âë á¯¥æ¨-
ä¨ª�æ¨¨ ¢ £«®¡�«ì−®¬ ¨−ä®à¬�æ¨®−−®¬ ¯à®áâà�−áâ¢¥, á¢ï§ë¢�âì á¯¥æ¨ä¨ª�æ¨¨
¯à�¢¨« á ¯à¥¤¬¥â−®© ®¡«�áâìî, ¢ ª®â®à®© à¥è�¥âáï §�¤�ç�, ®¯à¥¤¥«ïâì ç�áâ¨
¯à�¢¨«, ª®â®àë¥ á®®â¢¥âáâ¢ãîâ í«¥¬¥−â�¬ áâàãªâãàë ¯®â®ª®¢ à�¡®â, � â�ª¦¥ á¥-
¬�−â¨ç¥áª¨ á¢ï§ë¢�âì í«¥¬¥−âë ¤àã£ á ¤àã£®¬ á ¯®¬®éìî ¢ëà�¦¥−¨© ¢ â¥à¬¨−�å
®−â®«®£¨©.

5 Поиск по метаданным

‘¯¥æ¨ä¨ª�æ¨¨ ¯à�¢¨«, ¢ëà�¦�îé¨¥ á¥¬�−â¨ªã ¯®¢¥¤¥−¨ï ®¡ê¥ªâ®¢ ¢ ¯®-
â®ª�å à�¡®â, ®àâ®£®−�«ì−ë á®¯à®¢®¦¤�îé¨¬ ¨å ¬¥â�¤�−−ë¬, ¯®íâ®¬ã ¯à�¢¨«�
¨ ¬¥â�¤�−−ë¥ ¬®£ãâ ®¡à�¡�âë¢�âìáï −¥§�¢¨á¨¬ë¬¨ ¨−áâàã¬¥−â�¬¨. ‘¯¥æ¨ä¨ª�-
æ¨¨ ¯à�¢¨« ¨á¯®«ì§ãîâáï ¤«ï à¥�«¨§�æ¨¨ ¯®â®ª®¢ à�¡®â ¢ ®¯à¥¤¥«¥−−ëå á¨áâ¥¬�å

18 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 24 −®¬¥à 4 2014



Œ®¤¥«ì ¬¥â�¤�−−ëå ¤«ï á¥¬�−â¨ç¥áª®£® ¯®¨áª� à¥�«¨§�æ¨© ¯®â®ª®¢ à�¡®â

÷¨á. 1 �àå¨â¥ªâãà� ¯®¤á¨áâ¥¬ë ¯®¨áª� á¯¥æ¨ä¨ª�æ¨©

¢ á®®â¢¥âáâ¢¨¨ á á¥¬�−â¨ª®© ¨á¯®«ì§ã¥¬ëå ¤¨�«¥ªâ®¢ ¨«¨ ¤«ï á¢ï§ë¢�−¨ï á® á¯¥-
æ¨ä¨ª�æ¨ï¬¨ áãé¥áâ¢ãîé¨å à¥�«¨§�æ¨©. Œ¥â�¤�−−ë¥ ¨á¯®«ì§ãîâáï ¤«ï ¯®¨áª�
¨ ¯à¥¤¢�à¨â¥«ì−®£® á¢ï§ë¢�−¨ï á®®â¢¥âáâ¢ãîé¨å í«¥¬¥−â®¢ á¯¥æ¨ä¨ª�æ¨©.

�� à¨á. 1 ¯®ª�§�−� �àå¨â¥ªâãà� áà¥¤áâ¢ ¯®¨áª� ¯®â®ª®¢ à�¡®â ¯® ¬¥â�-
¤�−−ë¬. ‘¯¥æ¨ä¨ª�æ¨¨ RIF áãé¥áâ¢ãîé¨å ¯®â®ª®¢ à�¡®â, �−−®â¨à®¢�−−ë¥
¨¤¥−â¨ä¨ª�â®à�¬¨ ¨ ¬¥â�¤�−−ë¬¨ ¢ â¥à¬¨−�å ®−â®«®£¨©, ®¡à�¡�âë¢�îâáï áà¥¤-
áâ¢�¬¨ ¡¨¡«¨®â¥ª¨ RIFLE [26] ¤«ï ¢ë¤¥«¥−¨ï ¢ −¨å �−−®â�æ¨©. ‘¯¥æ¨ä¨ª�æ¨¨
äà¥©¬®¢, á®¤¥à¦�é¨¥ §−�ç¥−¨ï ¬¥â�¤�−−ëå, ¯à¥®¡à�§ãîâáï ¢ âà¨¯«¥âë RDF
¢ á®®â¢¥âáâ¢¨¨ á à¥ª®¬¥−¤�æ¨ï¬¨ W3C [27]. ”à¥©¬ á −�¡®à®¬ §−�ç¥−¨© �âà¨¡ã-
â®¢ s[p1 → o1 p2 → o2 · · · pn → on] á®®â¢¥âáâ¢ã¥â âà¨¯«¥â�¬, á¢ï§�−−ë¬ á ®¤−¨¬
à¥áãàá®¬ {s p1 o1; p2 o2; · · · ; pn on}. Œ¥â�¤�−−ë¥ âà�−áä®à¬¨àãîâáï ¢ âà¨¯«¥âë
¨ ç¥à¥§ â®çªã ¤®áâã¯� SPARQL [28] á®åà�−ïîâáï ¢ ¡�§¥ âà¨¯«¥â®¢ á ¨á¯®«ì§®¢�-
−¨¥¬ ¡¨¡«¨®â¥ª¨ JENA [29]. ��§� âà¨¯«¥â®¢ á®¡¨à�¥â ¢ ¢¨¤¥ ¥¤¨−®£® RDF-£à�ä�
−�¡®à ¬¥â�¤�−−ëå ¨ ¨¤¥−â¨ä¨ª�â®à®¢, ¯® ª®â®àë¬ ¬®¦−® ãáâ�−®¢¨âì, á ª�ª¨¬¨
¨¬¥−−® í«¥¬¥−â�¬¨ á¯¥æ¨ä¨ª�æ¨© ¯®â®ª®¢ à�¡®â −� ¯à�¢¨«�å á¢ï§�−ë ®¯à¥¤¥-
«¥−−ë¥ ¬¥â�¤�−−ë¥. ‚ ª�ç¥áâ¢¥ RDF-á«®¢�à¥© ¨á¯®«ì§ã¥âáï ¯à¥¤áâ�¢«¥−−ë©
¢ëè¥ −�¡®à ®−â®«®£¨©, ¢® ¬−®£®¬ §�¢¨áïé¨© ®â ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¨ ®¯à¥¤¥«ï-
îé¨© á®áâ�¢ ¬¥â�¤�−−ëå. �®¨áª �¤¥ª¢�â−ëå §�¤�ç¥ á¯¥æ¨ä¨ª�æ¨© ¯®â®ª®¢ à�¡®â
¨ ¨å äà�£¬¥−â®¢ ¯à®¨§¢®¤¨âáï −�¤ ¡�§®© âà¨¯«¥â®¢, á®¤¥à¦�é¥© ¬¥â�¤�−−ë¥.
„«ï ¯®¨áª� á¯¥æ¨ä¨ª�æ¨© ¢ â¥à¬¨−�å ®−â®«®£¨©, ¨á¯®«ì§ã¥¬ëå ¢ ¬¥â�¤�−−ëå,
ä®à¬¨àãîâáï §�¯à®áë SPARQL ª ¤�−−®© â®çª¥ ¤®áâã¯�, ¨¬¥îé¨¥ æ¥«ìî −�©â¨
¨¤¥−â¨ä¨ª�â®àë á¯¥æ¨ä¨ª�æ¨© ¯®¤å®¤ïé¨å í«¥¬¥−â®¢ ¯®â®ª®¢ à�¡®â. �® URI
(Uniform Resource Identifier), á®®â¢¥âáâ¢ãîé¨¬ ¨¤¥−â¨ä¨ª�â®à�¬, ¢ë¤¥«ïîâáï
á¯¥æ¨ä¨ª�æ¨¨ RIF, à¥«¥¢�−â−ë¥ §�¤�ç¥.

‘«¥¤ã¥â §�¬¥â¨âì, çâ® ¢ �−−®â�æ¨ïå RIF −¥«ì§ï ¨á¯®«ì§®¢�âì ¯¥à¥¬¥−−ë¥,
¯®íâ®¬ã −¥¢®§¬®¦−® ¢ëà�§¨âì −¥¨¬¥−®¢�−−ë¥ ã§«ë ¢ RDF ¨ á URI, á®®â¢¥â-
áâ¢ãîé¨¬¨ ¨¤¥−â¨ä¨ª�â®à�¬ ¢ �−−®â�æ¨ïå RIF, á¢ï§ë¢�îâáï −�¯àï¬ãî â®«ìª®
§−�ç¥−¨ï á¢®©áâ¢ ®¯à¥¤¥«¥−−®£® â¨¯� ¤�−−ëå ¨«¨ ¤àã£¨¥ URI.
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„«ï ¯à¨¬¥à� á® á¯¥æ¨ä¨ª�æ¨¥© ¬¥â®¤� ®æ¥−ª¨ æ¥−−®© ¡ã¬�£¨ ¯® ä¨−�−á®¢®-
íª®−®¬¨ç¥áª¨¬ ªà¨â¥à¨ï¬ ¢ ¡�§¥ âà¨¯«¥â®¢ á¢ï§�−ë á«¥¤ãîé¨¥ ¬¥â�¤�−−ë¥:

res1:getSecurityFinancialMetrics
rdf:type wf:Task;
wf:hasInputParameter res1:finMetricPar;
wf:hasOutputParameter res1:securityPar.

res1:securityPar
rdf:type pont:Security;
rdf:type wf:InputParameter;
pont:hasMetric res1:finMetric.

res1:finMetric
rdf:type pont:FinancialMetric;
rdf:type wf:OutputParameter;

�−¨ ®¯¨áë¢�îâ ¤¥ïâ¥«ì−®áâì getSecurityFinancialMetrics −¥ª®â®à®£®
¯®â®ª� à�¡®â, ¨¬¥îéãî ¢å®¤−®© ¯�à�¬¥âà securityPar, ï¢«ïîé¨©áï ®¯¨á�−¨¥¬
æ¥−−®© ¡ã¬�£¨, ¨ ¢ëå®¤−®© ¯�à�¬¥âà finMetric, ï¢«ïîé¨©áï ä¨−�−á®¢®©
®æ¥−ª®© ¤�−−®© ¡ã¬�£¨.

‡�¯à®áë −� ï§ëª¥ SPARQL ä®à¬ã«¨àãîâáï ¢ á®®â¢¥âáâ¢¨¨ á âà¥¡®¢�−¨ï¬¨
§�¤�ç¨, ª®â®à�ï ¤®«¦−� ¡ëâì à¥è¥−� ¢ ¯à¥¤¬¥â−®© ®¡«�áâ¨, «¨¡® á âà¥¡®¢�−¨-
ï¬¨ á¯¥æ¨ä¨ª�æ¨¨ ¯®â®ª� à�¡®â, ª®â®àë© −¥®¡å®¤¨¬® à¥�«¨§®¢�âì ¯®áà¥¤áâ¢®¬
¯®¢â®à−®£® ¨á¯®«ì§®¢�−¨ï áãé¥áâ¢ãîé¨å ¯®â®ª®¢ à�¡®â, ¨å äà�£¬¥−â®¢ ¨ ¤®-
áâã¯−ëå á¥à¢¨á®¢.

’à¥¡®¢�−¨ï ª ¨áª®¬ë¬ ¯®â®ª�¬ à�¡®â ¢ ª®««¥ªæ¨¨ −�ãç−ëå ¬¥â®¤®¢ ¬®£ãâ
§�âà�£¨¢�âì ª�ª á¥¬�−â¨ªã ¯®â®ª� à�¡®â ¢ æ¥«®¬ ¨«¨ áâàãªâãàã ¨ á¥¬�−â¨ªã
í«¥¬¥−â®¢, ¢ëà�¦¥−−ë¥ ¢ â¥à¬¨−�å ®−â®«®£¨©, â�ª ¨ −�¤¥¦−®áâì ¯à¨¬¥−ï¥¬ëå
¬¥â®¤®¢, ¤®áâ®¢¥à−®áâì ¨á¯®«ì§ã¥¬ëå ¤�−−ëå ¨ ¯®«ãç�¥¬ëå à¥§ã«ìâ�â®¢. �«�-
£®¤�àï ¨á¯®«ì§®¢�−¨î à�§à�¡®â�−−®© ¬®¤¥«¨ ¬¥â�¤�−−ëå ¢ §�¯à®á¥ ¬®£ãâ ¡ëâì
ãçâ¥−ë ¬¥â®¤ë, ¯à®æ¥ááë, ¯à¨¬¥−ïîé¨¥áï ¢ ¤�−−®© ¯à¥¤¬¥â−®© ®¡«�áâ¨, á¥¬�−-
â¨ª� ¢å®¤−ëå/¢ëå®¤−ëå ¯�à�¬¥âà®¢ ¯®â®ª®¢ à�¡®â ¨ ¯®â®ª®¢ −� à�§−ëå íâ�¯�å
à¥è¥−¨ï §�¤�ç, âà¥¡ã¥¬�ï â®ç−®áâì, ª®−âà®«ì âà¥¡®¢�−¨© ª à¥�«ì−ë¬ ¨áâ®ç−¨ª�¬
¤�−−ëå ¨ ¤àã£¨¥ �á¯¥ªâë.

÷¥è¥−¨¥ −�ãç−ëå §�¤�ç ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¬®¦¥â ª®−áâàã¨à®¢�âìáï ¨§ ®â-
¤¥«ì−ëå äà�£¬¥−â®¢ ¯®â®ª®¢ à�¡®â ¨ ¨§ áãé¥áâ¢ãîé¨å á¥à¢¨á®¢. ”à�£¬¥−â
®¡à�¡®âª¨ ¤�−−ëå ¬®¦¥â ®ª�§�âìáï ç�áâìî à¥�«¨§�æ¨¨ ¯®â®ª� à�¡®â, à¥è�îé¥£®
¢ æ¥«®¬ ®â«¨ç−ãî §�¤�çã. „«ï íâ®£® âà¥¡®¢�−¨ï ¢ §�¯à®á�å ä®à¬ã«¨àãîâáï ª�ª
ª ¯®â®ª�¬ à�¡®â ¢ æ¥«®¬, â�ª ¨ ª ¯�à�¬¥âà�¬ ¤¥ïâ¥«ì−®áâ¥© ¢ á®áâ�¢¥ ¯®â®ª®¢
à�¡®â.

„«ï à¥è¥−¨ï ®¯¨á�−−®© ¢ëè¥ §�¤�ç¨ ®æ¥−ª¨ ¯®àâä¥«¥© æ¥−−ëå ¡ã¬�£ −¥-
®¡å®¤¨¬® ¢ë¡à�âì ª®¬¯®−¥−âë, à¥�«¨§ãîé¨¥ ®æ¥−ª¨ ¯® ª�ª¨¬-«¨¡® ¯�à�¬¥âà�¬
ã¦¥ áä®à¬¨à®¢�−−ëå ¯®àâä¥«¥©. �à¨ íâ®¬ ®æ¥−¨¢�âìáï ¤®«¦−� ª�¦¤�ï ¡ã-
¬�£� ¢ ¯®àâä¥«¥ ¢ ®â¤¥«ì−®áâ¨ ¨ ¯à¨¬¥−ï¥âáï ®¡®¡é�îé�ï ®æ¥−ª� ¤«ï ¢á¥£®
¯®àâä¥«ï. ‡�¤�¤¨¬ §�¯à®á SPARQL ¤«ï ¯®¨áª� ª®¬¯®−¥−â®¢ ¯®â®ª®¢ à�¡®â,
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à¥�«¨§ãîé¨å ®æ¥−ª¨ ¯® ª�ª¨¬-«¨¡® ¯�à�¬¥âà�¬ ¢ë¡à�−−ëå à�−¥¥ ¯®àâä¥«¥©
æ¥−−ëå ¡ã¬�£.
select distinct ?task1 ?task2 where {
?in1 wf:isInputParameterOf ?task1.
?in1 rdf:type pont:Security.
?in1 pont:hasMetric ?out1.
?out1 wf:isOutputParameterOf ?task1.
?out1 rdf:type pont:Metric.

?in2 pont:includesSecurity ?in1.

?in2 wf:isInputParameterOf ?task2.
?in2 rdf:type pont:Portfolio.
?in2 pont:hasMetric ?out2.
?out2 wf:isOutputParameterOf ?task2.
?out2 rdf:type pont:Metric.

}

�® ãá«®¢¨î §�¯à®á� −¥®¡å®¤¨¬® −�©â¨ á¢ï§�−−ë¥ ¤¥ïâ¥«ì−®áâ¨, ®¤−� ¨§ ª®-
â®àëå ¯à¨−¨¬�¥â −� ¢å®¤ ®¡ê¥ªâë æ¥−−ëå ¡ã¬�£, ¢ëç¨á«ï¥â ¤«ï −¨å −¥ª®â®àãî
®æ¥−ªã, � ¢â®à�ï ¤¥ïâ¥«ì−®áâì ¯à¨−¨¬�¥â −� ¢å®¤ ¯®àâä¥«ì, ª®â®à®¬ã ¯à¨−�¤-
«¥¦�â ¤�−−ë¥ ¡ã¬�£¨, ¨ ¢ëç¨á«ï¥â ®¡®¡é�îéãî ®æ¥−ªã ¯®àâä¥«ï ¢ æ¥«®¬.
‚ à¥§ã«ìâ�â¥ ®¡à�é¥−¨ï ª ¡�§¥ âà¨¯«¥â®¢ á¨áâ¥¬� ¢®§¢à�é�¥â URI í«¥¬¥−â®¢
¯®â®ª®¢ à�¡®â, ã¤®¢«¥â¢®àïîé¨å ¯à¥¤áâ�¢«¥−−®¬ã §�¯à®áã:
<sparql xmlns=http://www.w3.org/2005/sparql-results#>
<head>
<variable name="task1"/>
<variable name="task2"/>
</head>

<results>
<result>
<binding name="task1"><uri>&res1#getPositiveTweetRatio</uri>
</binding>
<binding name="task2"><uri>
&res1#computePortfolioTwitterMetrics</uri>
</binding>
</result>
<result>
<binding name="task1"><uri>
&res2#getSecurityFinancialMetrics</uri>
</binding>
<binding name="task2"><uri>
&res2#computePortfolioFinancialMetrics</uri>
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</binding>
</result>
</results>
</sparql>

�® ¢®§¢à�é¥−−ë¬ ¨¤¥−â¨ä¨ª�â®à�¬ ª®¬¯®−¥−â®¢ áãé¥áâ¢ãîé¨å ¯®â®ª®¢
à�¡®â ¯®«ãç�¥¬ ¤®áâã¯ ª ¨å á¯¥æ¨ä¨ª�æ¨ï¬ ¨ ¯®«−ë¬ ®¯¨á�−¨ï¬ ¤¥ïâ¥«ì−®áâ¥©,
¢ª«îç�ï ¨å ¬¥â�¤�−−ë¥:

{ getPositiveTweetRatio| ¢ëç¨á«ï¥â â®−�«ì−®áâì á®®¡é¥−¨© ® æ¥−−®© ¡ã-
¬�£¥ ¢ Twitter;

{ computePortfolioTwitterMetrics | −� ®á−®¢¥ â®−�«ì−®áâ¨ á®®¡é¥−¨©
® æ¥−−ëå ¡ã¬�£�å ¢ëç¨á«ï¥â â®−�«ì−®áâì ®â−®è¥−¨ï ª á®¤¥à¦�é¥¬ã ¨å ¯®àâ-
ä¥«î;

{ getSecurityFinancialMetrics| ¢ëç¨á«ï¥â ¬¥âà¨ªã −�¤¥¦−®áâ¨ æ¥−−®©
¡ã¬�£¨, ãç¨âë¢�îéãî ¢ë£®¤ã ¨ à¨áª¨ −� ®á−®¢¥ ¨áâ®à¨¨ ª®â¨à®¢®ª;

{ computePortfolioFinancialMetrics| ¤«ï ¯®àâä¥«ï ¢ æ¥«®¬, á®¤¥à¦�-
é¥£® æ¥−−ë¥ ¡ã¬�£¨, ¢ëç¨á«ï¥â ®¡®¡é¥−−ãî ä¨−�−á®¢ãî ¬¥âà¨ªã.

’�ª¨¬ ®¡à�§®¬, −�©¤¥−ë á¯¥æ¨ä¨ª�æ¨¨ ¤¥ïâ¥«ì−®áâ¥©, ª®â®àë¥ ¬®¦−® ¨á-
¯®«ì§®¢�âì ¯®¢â®à−® ¤«ï à¥�«¨§�æ¨¨ ®æ¥−ª¨ æ¥−−ëå ¡ã¬�£ ¨ ¯®àâä¥«¥© ¯à¨
à¥è¥−¨¨ §�¤�ç¨ ¢ë¡®à� −�¨«ãçè¥£® ¯®àâä¥«ï. „«ï �¤�¯â�æ¨¨ á¯¥æ¨ä¨ª�æ¨©
¯®â®ª� à�¡®â ª −�©¤¥−−ë¬ ª®¬¯®−¥−â�¬ −¥®¡å®¤¨¬® ¨á¯®«ì§®¢�âì ã¯à�¢«ïîéãî
ª®−áâàãªæ¨î à�§¡¨¥−¨ï ¯®â®ª� ¤«ï ®¤−®¢à¥¬¥−−®£® ¢ëç¨á«¥−¨ï ®¡¥¨å ®æ¥−®ª
¯®àâä¥«¥©, � §�â¥¬ á«¨ï−¨ï ¯®â®ª®¢ ¨ ¢ëç¨á«¥−¨ï ®¡®¡é�îé¥© ®æ¥−ª¨ ¯®àâä¥-
«¥©. ‘âàãªâãà� ¯®â®ª� à�¡®â, ¨á¯®«ì§ãîé¥£® −�©¤¥−−ë¥ á¯¥æ¨ä¨ª�æ¨¨, ¡ã¤¥â
â�ª®©, ª�ª ¯à¥¤áâ�¢«¥−® −� à¨á. 2 [4].

�®¬¨¬® ¯®¨áª� −�«¨ç¨¥ ¬¥â�¤�−−ëå ® £à�ä®¢®© áâàãªâãà¥ ¯®â®ª®¢ à�¡®â,
á®¯à®¢®¦¤�îé¨å á¯¥æ¨ä¨ª�æ¨¨ ¯à�¢¨«, ¯®§¢®«ï¥â ¯à¨¬¥−ïâì í¢à¨áâ¨ç¥áª¨¥
¬¥â®¤ë ®æ¥−ª¨ ¡«¨§®áâ¨ á¯¥æ¨ä¨ª�æ¨© ¯®â®ª®¢ à�¡®â ¨ ¬¥â®¤ë ¯à®¢¥àª¨ ª®−-
ä®à¬−®áâ¨ á¯¥æ¨ä¨ª�æ¨© ¨ ¨å à¥�«¨§�æ¨©.

�à¥¤áâ�¢«¥−−ãî ¬®¤¥«ì ¬¥â�¤�−−ëå æ¥«¥á®®¡à�§−® ¨á¯®«ì§®¢�âì ¤«ï ¯à®¢¥à-
ª¨ á®¢¬¥áâ¨¬®áâ¨ á¥¬�−â¨ª¨ ¤�−−ëå ¨ ¨−â¥à®¯¥à�¡¥«ì−®áâ¨ äà�£¬¥−â®¢ ¯à¨ ¨å
®¡ê¥¤¨−¥−¨¨. „«ï íâ®£® −¥®¡å®¤¨¬® ¯à®¢¥àïâì ª®àà¥ªâ−®áâì ¢ª«îç¥−¨ï ¯®¤¯à®-
æ¥áá®¢ ¯® ¯®−ïâ¨ï¬ ¨ áä®à¬ã«¨à®¢�−−ë¬ ¢ ¬¥â�¤�−−ëå âà¥¡®¢�−¨ï¬ ª ¢å®¤−ë¬

÷¨á. 2 �®â®ª à�¡®â ¤«ï à¥è¥−¨ï §�¤�ç¨ ¢ë¡®à� «ãçè¥£® ¯®àâä¥«ï æ¥−−ëå ¡ã¬�£
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Œ®¤¥«ì ¬¥â�¤�−−ëå ¤«ï á¥¬�−â¨ç¥áª®£® ¯®¨áª� à¥�«¨§�æ¨© ¯®â®ª®¢ à�¡®â

¨ ¢ëå®¤−ë¬ ¯�à�¬¥âà�¬, á®®â¢¥âáâ¢¨¥ á¥¬�−â¨ª¨ ¤�−−ëå ¨ ¢å®¤−ëå/¢ëå®¤−ëå
¯�à�¬¥âà®¢. �£à�−¨ç¥−¨¥ ¯®â®ª� ¤�−−ëå ¨«¨ ¯®áâãá«®¢¨¥ ¢ëå®¤� ¯à¥¤ë¤ãé¥£®
ª®¬¯®−¥−â� ¤®«¦−® ¡ëâì áâà®¦¥ ¯à¥¤ãá«®¢¨ï ¢å®¤� ¯®á«¥¤ãîé¥£® ª®¬¯®−¥−â�.

6 Заключение

‚ ¤�−−®¬ ¨áá«¥¤®¢�−¨¨ ¡ë« à�§à�¡®â�− ¯®¤å®¤ ª á®¯à®¢®¦¤¥−¨î á¯¥æ¨-
ä¨ª�æ¨© ¯®â®ª®¢ à�¡®â −� ¯à�¢¨«�å RIF ¬¥â�¤�−−ë¬¨ ¢ â¥à¬¨−�å ®−â®«®£¨©
OWL. �¯¨á�−� ¬®¤¥«ì ¬¥â�¤�−−ëå, ¢ª«îç�îé�ï á¥¬�−â¨ç¥áª¨¥ ®¯¨á�−¨ï ª®¬-
¯®−¥−â®¢ ¯®â®ª®¢ à�¡®â ¯®−ïâ¨ï¬¨ ¯à¥¤¬¥â−®© ®¡«�áâ¨, âà¥¡®¢�−¨ï ª ª�ç¥áâ¢ã
¤�−−ëå ¨ á¯¥æ¨ä¨ª�æ¨¨ ª�ç¥áâ¢� à¥§ã«ìâ�â®¢ à�¡®âë ¤¥ïâ¥«ì−®áâ¥© ¨ ¯®â®ª®¢
à�¡®âë ¢ æ¥«®¬, ¨−ä®à¬�æ¨î ® ¯à®¨áå®¦¤¥−¨¨ ¤�−−ëå ¨ ¬¥â®¤®¢ ¢ á®®â¢¥âáâ¢¨¨
á à¥ª®¬¥−¤�æ¨ï¬¨ W3C. �®¤å®¤ ª ¯®¨áªã ¯®â®ª®¢ à�¡®â ¨ ¨å äà�£¬¥−â®¢ ¯® ¬¥-
â�¤�−−ë¬ ¯à®¨««îáâà¨à®¢�− −� ¯à¨¬¥à¥. �à¨ íâ®¬ §�¯à®áë ¬®£ãâ ¢ª«îç�âì âà¥-
¡®¢�−¨ï ª® ¢á¥¬ �á¯¥ªâ�¬, §�âà�£¨¢�¥¬ë¬ ¢ à�§à�¡®â�−−®© ¬®¤¥«¨ ¬¥â�¤�−−ëå.
ˆá¯®«ì§®¢�−¨¥ ï§ëª®¢ ¯à�¢¨« ¤«ï á¯¥æ¨ä¨ª�æ¨¨ ¯®â®ª®¢ à�¡®â ¤�¥â ¡®£�âë¥
¢®§¬®¦−®áâ¨ ¤«ï ¯®¢ëè¥−¨ï ¢ëà�§¨â¥«ì−®áâ¨ á¯¥æ¨ä¨ª�æ¨© ¨ ¨å ¯®¢â®à−®£®
¨á¯®«ì§®¢�−¨ï. ‚ áâ�âì¥ ¯à¥¤áâ�¢«¥−ë âà¥¡®¢�−¨ï, ª®â®àë¥ ¯à¥¤êï¢«ïîâáï
ª á¯¥æ¨ä¨ª�æ¨ï¬ ¯®â®ª®¢ à�¡®â ¤«ï ¨å ¯®¨áª� ¨ ¯®¢â®à−®£® ¨á¯®«ì§®¢�−¨ï
¨ ¯®ªàë¢�îâáï ¬®¤¥«ìî ¯®â®ª®¢ à�¡®â −� ¯à�¢¨«�å ¢ á®¢®ªã¯−®áâ¨ á ¬®¤¥«ìî
¬¥â�¤�−−ëå.
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A METADATA MODEL FOR SEMANTIC SEARCH
OF RULE-BASED WORKFLOW IMPLEMENTATIONS
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Abstract: Development of workflows and accumulation of open methods by
scientific communities assumes their specification in open environment and their
search to use them for problem solving. In this work, the Rule Interchange
Format (RIF) dialects are used for workflow specification. Workflow elements
are annotated with metadata to make their search in a subject domain possible.
The metadata model required for semantic search includes description of workflow
skeleton structure, binding of workflow elements with concepts of the domain,
quality and provenance requirements to data and methods. Metadata are defined
in terms of corresponding ontologies. Search for workflow implementations in
a collection of methods for construction of a workflow on the basis of existing
relevant components is demonstrated by an example.
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С. А. Ступников1, А. Е. Вовченко2

�−−®â�æ¨ï: ÷�áá¬®âà¥−ë ¢®¯à®áë ¯à¥®¡à�§®¢�−¨ï ª®««¥ªæ¨©, ¯à¥¤áâ�¢«¥−-
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1 Введение

÷�áâãé¥¥ à�§−®®¡à�§¨¥ ¬®¤¥«¥© ¤�−−ëå ¢ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨ïå,
−�¡«î¤�¥¬®¥ ¢ −�áâ®ïé¥¥ ¢à¥¬ï, âà¥¡ã¥â á®§¤�−¨ï ¯®¤å®¤®¢ ª ¨−â¥£à�æ¨¨ ¬®-
¤¥«¥© ¨ ª®««¥ªæ¨© ¤�−−ëå, ¯à¥¤áâ�¢«¥−−ëå ¢ íâ¨å ¬®¤¥«ïå. Œ¥â®¤ë á®§¤�−¨ï
ã−¨ä¨æ¨à®¢�−−®£® ¯à¥¤áâ�¢«¥−¨ï à�§«¨ç−ëå ¢¨¤®¢ −¥âà�¤¨æ¨®−−ëå ¬®¤¥«¥©
¢ ª�−®−¨ç¥áª®© ¨−ä®à¬�æ¨®−−®© ¬®¤¥«¨ (®¡é¥¬ ï§ëª¥, ã−¨ä¨æ¨àãîé¥¬ ï§ëª¨
à�§−®®¡à�§−ëå ¬®¤¥«¥© ¤�−−ëå) ¢ ¯®á«¥¤−¥¥ ¢à¥¬ï �ªâ¨¢−® ¨áá«¥¤®¢�«¨áì ¢ ˆ�ˆ
÷��. �ë«¨ à�áá¬®âà¥−ë ¯®¤å®¤ë ª ã−¨ä¨ª�æ¨¨ ¬®¤¥«¥© ¤�−−ëå à�§«¨ç−ëå
ª«�áá®¢: á¥¬�−â¨ç¥áª¨å (OWL (Web Ontology Language), RDF (Resource De-
scription Framework) [1]), £à�ä®¢ëå [2], ¬−®£®¬¥à−ëå ¬�áá¨¢®¢, NoSQL (Not
only SQL | structured query language) ¬®¤¥«¥© [3]. �ë«� ¯à¥¤«®¦¥−� â�ª¦¥ �à-
å¨â¥ªâãà� ª®¬¡¨−¨à®¢�−−®© ¢¨àâã�«ì−®-¬�â¥à¨�«¨§®¢�−−®© �àå¨â¥ªâãàë áà¥¤ë

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ¯®¤¤¥à¦ª¥ ÷””ˆ (£à�−âë 13-07-00579 ¨ 14-07-00548), �à¥§¨¤¨ã¬�
÷�� (¯à®£à�¬¬� äã−¤�¬¥−â�«ì−ëå ¨áá«¥¤®¢�−¨© �à¥§¨¤¨ã¬� ÷�� ü 16 ú”ã−¤�¬¥−â�«ì−ë¥
¯à®¡«¥¬ë á¨áâ¥¬−®£® ¯à®£à�¬¬¨à®¢�−¨ïû), ˆ�ˆ ÷�� (â¥¬� 38.25 ú‘¯¥æ¨ä¨ª�æ¨ï ¨ à¥è¥−¨¥
§�¤�ç �−�«¨§� ¤�−−ëå ¢ ª®−æ¥¯âã�«ì−ëå â¥à¬¨−�å ¯à¥¤¬¥â−ëå ®¡«�áâ¥© á ¨−â¥−á¨¢−ë¬ ¨á¯®«ì§®-
¢�−¨¥¬ ¤�−−ëåû £®áã¤�àáâ¢¥−−®£® §�¤�−¨ï ˆ�ˆ ÷��).

1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, ssa@ipi.ac.ru
2ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, alexey.vovchenko@gmail.com
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÷¨á. 1 �àå¨â¥ªâãà� áà¥¤ë ¢¨àâã�«ì−®-¬�â¥à¨�«¨§®¢�−−®© ¨−â¥£à�æ¨¨

¨−â¥£à�æ¨¨ −¥®¤−®à®¤−ëå ª®««¥ªæ¨© ¤�−−ëå à�§«¨ç−®£® ¢¨¤� (áâàãªâãà¨à®¢�−-
−ëå, á«�¡®áâàãªâãà¨à®¢�−−ëå ¨ −¥áâàãªâãà¨à®¢�−−ëå) [4]. �á−®¢−ë¥ ç¥àâë
�àå¨â¥ªâãàë à�áá¬®âà¥−ë −� à¨á. 1. ‘à¥¤� ¯®¤¤¥à¦¨¢�¥â ª�ª ¢¨àâã�«ì−ãî,
â�ª ¨ ¬�â¥à¨�«¨§®¢�−−ãî ¨−â¥£à�æ¨î ª®««¥ªæ¨© ¤�−−ëå, ¯à¥¤áâ�¢«¥−−ëå ª�ª
¢ âà�¤¨æ¨®−−ëå (à¥«ïæ¨®−−ëå), â�ª ¨ ¢ −¥âà�¤¨æ¨®−−ëå ¬®¤¥«ïå ¤�−−ëå.

‚¨àâã�«ì−�ï ¨−â¥£à�æ¨ï ®áãé¥áâ¢«ï¥âáï á ¨á¯®«ì§®¢�−¨¥¬ â¥å−®«®£¨¨ ¯à¥¤-
¬¥â−ëå ¯®áà¥¤−¨ª®¢ [5], ®¡à�§ãîé¨å ¯à®¬¥¦ãâ®ç−ë© á«®© ¬¥¦¤ã ¯®«ì§®¢�â¥«¥¬
(¯à¨«®¦¥−¨¥¬) ¨ −¥®¤−®à®¤−ë¬¨ ¨−ä®à¬�æ¨®−−ë¬¨ à¥áãàá�¬¨. �à¨ íâ®¬ ¤�−-
−ë¥ ¨§ à¥áãàá®¢ −¥ ¬�â¥à¨�«¨§ãîâáï ¢ ¯®áà¥¤−¨ª¥. �à¨ ¬�â¥à¨�«¨§®¢�−−®©
¨−â¥£à�æ¨¨ ¯à¥¤¯®«�£�¥âáï á®§¤�−¨¥ åà�−¨«¨é� ¤�−−ëå (warehouse), ¢ ª®â®à®¥
§�£àã¦�îâáï ª®««¥ªæ¨¨ ¤�−−ëå, ¯®¤«¥¦�é¨¥ ¨−â¥£à�æ¨¨. ‚ ¯à®æ¥áá¥ §�£àã§-
ª¨ ¯à®¨áå®¤¨â ¯à¥®¡à�§®¢�−¨¥ ¤�−−ëå ¨§ áå¥¬ë ª®««¥ªæ¨¨ ¢ ®¡éãî áå¥¬ã
åà�−¨«¨é�. Œ�â¥à¨�«¨§®¢�−−ãî ¨−â¥£à�æ¨î ¯à¥¤«�£�¥âáï à¥�«¨§®¢ë¢�âì á ¨á-
¯®«ì§®¢�−¨¥¬ á¢®¡®¤−® à�á¯à®áâà�−ï¥¬®© ¯«�âä®à¬ë à�á¯à¥¤¥«¥−−®£® åà�−¥−¨ï
¨ ®¡à�¡®âª¨ ¤�−−ëå Hadoop [6]; � â�ª¦¥ á¨áâ¥¬ë ®à£�−¨§�æ¨¨ à¥«ïæ¨®−−ëå åà�-
−¨«¨é ¤�−−ëå −�¤ Hadoop (WR-Hadoop ¤«ï ªà�âª®áâ¨), ¢ ª�ç¥áâ¢¥ ª®â®à®©
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Œ¥â®¤ë ¯®áâà®¥−¨ï ®â®¡à�¦¥−¨© ª®««¥ªæ¨© ¢ ¨−â¥£à¨à®¢�−−®¥ ¯à¥¤áâ�¢«¥−¨¥

¬®£ãâ ¨á¯®«ì§®¢�âìáï, −�¯à¨¬¥à, ¯«�âä®à¬ë Big SQL [7] ¨«¨ Hive [8] (c¨áâ¥¬�
Hive ï¢«ï¥âáï á¢®¡®¤−® à�á¯à®áâà�−ï¥¬ë¬ à¥è¥−¨¥¬, � Big SQL | ¯à®¯à¨-
¥â�à−ë¬, à�á¯à®áâà�−ï¥¬ë¬ ¢ á®áâ�¢¥ ¯à®¤ãªâ� IBM InfoSphere BigInsights [9]).
�á−®¢−ë¥ ¯à¨−æ¨¯ë ¯®áâà®¥−¨ï áà¥¤ë ¨−â¥£à�æ¨¨ −¥®¤−®à®¤−ëå ª®««¥ªæ¨©
¤�−−ëå ¨ ¯®¤å®¤ë ª ¥¥ à¥�«¨§�æ¨¨ à�áá¬®âà¥−ë ¢ à�¡®â¥ [4]. „�−−�ï ¦¥ à�¡®â�
á®áà¥¤®â®ç¥−� −� ¡®«¥¥ ã§ª®¬ ¢®¯à®á¥ ¯à¥®¡à�§®¢�−¨ï ª®««¥ªæ¨©, ¯à¥¤áâ�¢«¥−-
−ëå ¢ −¥âà�¤¨æ¨®−−ëå ¬®¤¥«ïå ¤�−−ëå, ¢ ¨å ¨−â¥£à¨à®¢�−−®¥ ¯à¥¤áâ�¢«¥−¨¥
¢ à¥«ïæ¨®−−®© ¬®¤¥«¨ ¤�−−ëå á¨áâ¥¬ë WR-Hadoop. �â®â ¢®¯à®á ï¢«ï¥âáï
�ªâã�«ì−ë¬, ¯®áª®«ìªã ¨§¢¥áâ−ë¥ á¨áâ¥¬ë ®à£�−¨§�æ¨¨ à¥«ïæ¨®−−ëå åà�−¨«¨é
−�¤ Hadoop, â�ª¨¥ ª�ª Hive ¨ Big SQL, −¥ ¢ ¯®«−®© ¬¥à¥ à¥�«¨§ãîâ äã−ªæ¨¨
åà�−¨«¨é ¤�−−ëå. ‚ ç�áâ−®áâ¨, −�¯àï¬ãî −¥ ¯®¤¤¥à¦¨¢�¥âáï ¯à®æ¥áá ¨§¢«¥ç¥-
−¨ï{¯à¥®¡à�§®¢�−¨ï{§�£àã§ª¨ (ETL | extract{transform{load). „«ï à¥�«¨§�æ¨¨
−¥¤®áâ�îé¨å äã−ªæ¨© ¢ áà¥¤¥ ¨−â¥£à�æ¨¨ [4] ¯à¥¤«�£�¥âáï ¨á¯®«ì§®¢�−¨¥ ¤¥ª«�-
à�â¨¢−®-¨¬¯¥à�â¨¢−ëå ï§ëª®¢ ¢ëá®ª®£® ãà®¢−ï −�¤ Hadoop.

Œ�â¥à¨�«¨§�æ¨ï ¢ áà¥¤¥ ®áãé¥áâ¢«ï¥âáï ¯ãâ¥¬ ¯®¬¥é¥−¨ï ¢ Hadoop-ª«�áâ¥à
ä�©«®¢, íªá¯®àâ¨à®¢�−−ëå ¨§ ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢. ”�©«ë ¬®£ãâ ¡ëâì
íªá¯®àâ¨à®¢�−ë ¢ à�§«¨ç−ëå ®âªàëâëå ä®à¬�â�å: JSON (JavaScript Object
Notation), XML (eXtensible Markup Language), CSV (Comma Separated Values),
¢ ¢¨¤¥ â¥ªáâ®¢ëå ä�©«®¢ ¨ â. ¤. „«ï ®¯à¥¤¥«¥−−®áâ¨ ¢ ¤�−−®© áâ�âì¥ ¢ ª�ç¥áâ¢¥
®á−®¢−®£® ä®à¬�â� à�áá¬�âà¨¢�¥âáï JSON [10]. �à¥®¡à�§®¢�−¨¥ ¤�−−ëå ª à¥«ï-
æ¨®−−®¬ã ¢¨¤ã ¤«ï ¯®á«¥¤ãîé¥© ¨−â¥£à�æ¨¨ ¯à®¨§¢®¤¨âáï ¯à¨ ¯®¬®é¨ ¯à®£à�¬¬
−� ï§ëª¥ Jaql [11] (ï§ëª §�¯à®á®¢ ¨ áæ¥−�à¨¥¢, à�§à�¡®â�−−ë© IBM ¨ ¨á¯®«ì§ã-
îé¨© ä®à¬�â JSON; ¯®áâ�¢«ï¥âáï ¢ á®áâ�¢¥ IBM InfoSphere BigInsights [9] |
¯à®£à�¬¬−®© ¯«�âä®à¬ë ®¡à�¡®âª¨ ¡®«ìè¨å ¤�−−ëå, ®á−®¢�−−®© −� Hadoop).
Š®−áâàã¨à®¢�−¨¥ ¯à¥®¡à�§®¢�−¨© ª®««¥ªæ¨© ¢ −�áâ®ïé¨© ¬®¬¥−â ¯à®¨§¢®¤¨âáï
¢àãç−ãî, −� ä®à¬�«ì−®© ¡�§¥ ã−¨ä¨ª�æ¨¨ −¥âà�¤¨æ¨®−−ëå ¬®¤¥«¥© [1{3]. �à¨
ã−¨ä¨ª�æ¨¨ ®áãé¥áâ¢«ï¥âáï ª®−áâàã¨à®¢�−¨¥ á®åà�−ïîé¨å á¥¬�−â¨ªã ®â®¡à�-
¦¥−¨© áå¥¬ ¨áå®¤−ëå ¬®¤¥«¥© ¢ ª�−®−¨ç¥áªãî ¬®¤¥«ì, � â�ª¦¥ ®â®¡à�¦¥−¨©
®¯¥à�æ¨© ¬�−¨¯ã«¨à®¢�−¨ï ¤�−−ë¬¨. �� ®á−®¢�−¨¨ íâ¨å ®â®¡à�¦¥−¨© ¨ ¯à®-
¨áå®¤¨â ª®−áâàã¨à®¢�−¨¥ ¯à¥®¡à�§®¢�−¨© ª®««¥ªæ¨©. �¢â®¬�â¨§�æ¨ï £¥−¥à�æ¨¨
¯à¥®¡à�§®¢�−¨© ï¢«ï¥âáï ¯à¥¤¬¥â®¬ ¤�«ì−¥©è¥© à�¡®âë.

‚ ¤�−−®© áâ�âì¥ à�áá¬�âà¨¢�îâáï ¨ ¨««îáâà¨àãîâáï −� ¯à¨¬¥à�å ¯®¤å®¤ë
ª ¯à¥®¡à�§®¢�−¨î ¢ à¥«ïæ¨®−−®¥ ¯à¥¤áâ�¢«¥−¨¥ ª®««¥ªæ¨© ¤�−−ëå âà¥å −¥âà�¤¨-
æ¨®−−ëå ¬®¤¥«¥©: £à�ä®¢®© ¬®¤¥«¨ Neo4J [12] (à�§¤. 2), á¥¬�−â¨ç¥áª®© ¬®¤¥«¨
RDF [13] (à�§¤. 3) ¨ NoSQL-¬®¤¥«¨ á¨áâ¥¬ë ã¯à�¢«¥−¨ï ¡�§�¬¨ ¤�−−ëå (‘“�„)
HBase [14] (à�§¤. 4).

2 Преобразование коллекций данных графовых моделей

÷�áá¬®âà¨¬ ¯à¨¬¥à ª®««¥ªæ¨¨ ¤�−−ëå, ¯à¥¤áâ�¢«¥−−®© ¢ ¬®¤¥«¨ ¤�−−ëå
£à�ä®¢®© ‘“�„ Neo4j [12]. �¥¡®«ìè®© ¯®¤£à�ä ¡�§ë ¤�−−ëå (�„) ® ä¨«ì¬¥
úŒ�âà¨æ�û, ¢ª«îç�îé¨© ®á−®¢−ë¥ ¢¨¤ë ¢¥àè¨−, à¥¡¥à ¨ �âà¨¡ãâ®¢, ¨§®¡à�¦¥−
−� à¨á. 2.
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÷¨á. 2 �à¨¬¥à £à�ä� ¢ ¬®¤¥«¨ ¤�−−ëå Neo4j

‚¥àè¨−ë £à�ä� á®®â¢¥âáâ¢ãîâ «î¤ï¬ (PERSON) ¨ ¯à®£à�¬¬�¬ (PRO-
GRAM), à¥¡à� £à�ä� á®®â¢¥âáâ¢ãîâ §−�ª®¬áâ¢ã «î¤¥© ¨ ¯à®£à�¬¬ ¤àã£ á ¤àã£®¬
(KNOWS) ¨ á®§¤�−¨î ¯à®£à�¬¬ë ç¥«®¢¥ª®¬ (CODED BY). ‹î¤¨ å�à�ªâ¥à¨-
§ãîâáï ¨¬¥−¥¬ (name), ä�¬¨«¨¥© (lastName), ¢®§à�áâ®¬ (age), à®¤®¬ §�−ïâ¨©
(occupation), §¢�−¨¥¬ (rank); ¯à®£à�¬¬ë | −�§¢�−¨¥¬ (name), ï§ëª®¬ ¯à®£à�¬-
¬¨à®¢�−¨ï (language), ¢¥àá¨¥© (version); §−�ª®¬áâ¢® «î¤¥© ¨ ¯à®£à�¬¬ | ¤«¨-
â¥«ì−®áâìî (age), áâ¥¯¥−ìî ¯ã¡«¨ç−®áâ¨ (disclosure). ‚¥àè¨−ë ¨ à¥¡à� £à�ä�
®¡«�¤�îâ ã−¨ª�«ì−ë¬¨ ¨¤¥−â¨ä¨ª�â®à�¬¨.

ƒà�ä®¢�ï �„ á¨áâ¥¬ë Neo4j ¬®¦¥â ¡ëâì á¥à¨�«¨§®¢�−� ¢ ä®à¬�â¥ JSON.
�à¥¤áâ�¢«¥−¨¥ ¤«ï ¢ëè¥¯à¨¢¥¤¥−−®£® £à�ä� ¢ JSON ¢ë£«ï¤¨â á«¥¤ãîé¨¬
®¡à�§®¬:

[{ "id": 1, "type": "node", "labels": ["PERSON"],
"properties": {"name": "Thomas", "lastName": "Anderson",

"age": 29} },
{ "id": 2, "type": "node", "labels": ["PERSON"],
"properties": {"name": "Trinity"} },
{ "id": 3, "type": "node", "labels": ["PERSON"],
"properties": {"name": "Morpheus", "occupation": "Total badass",
"rank": "Captain"} },
{ "id": 4, "type": "node", "labels": ["PERSON"],
"properties": {"name": "Cypher", "lastName": "Reagan"} },
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Œ¥â®¤ë ¯®áâà®¥−¨ï ®â®¡à�¦¥−¨© ª®««¥ªæ¨© ¢ ¨−â¥£à¨à®¢�−−®¥ ¯à¥¤áâ�¢«¥−¨¥

{ "id": 5, "type": "node", "labels": ["PERSON"],
"properties": {"name": "The Architect"} },
{ "id": 6, "type": "node", "labels": ["PROGRAM"],
"properties": {"name": "Agent Smith", "language": "C++",

"version": "1.0b"} },
{ "id": 7, "type": "relationship", "relationship_type": "KNOWS",
"start_node": 1, "end_node": 2,
"properties": {"age": "3 days"} },
{ "id": 8, "type": "relationship", "relationship_type": "KNOWS",
"start_node": 1, "end_node": 3 },
{ "id": 9, "type": "relationship", "relationship_type": "KNOWS",
"start_node": 3, "end_node": 2,
"properties": {"age": "12 years"} },
{ "id": 10, "type": "relationship",
"relationship_type": "KNOWS",
"start_node": 3, "end_node": 4,
"properties": {"disclosure": "public"} },
{ "id": 10, "type": "relationship",
"relationship_type": "KNOWS",
"start_node": 4, "end_node": 6,
"properties": {"age": "6 months", "disclosure": "secret"} },
{ "id": 10, "type": "relationship",
"relationship_type": "CODED_BY"
"start_node": 6, "end_node": 5
}]

‡¤¥áì start_node ¨ end_node ®¡®§−�ç�îâ ¨áå®¤ïéãî ¨ ¢å®¤ïéãî ¢¥àè¨−ë à¥-
¡à� á®®â¢¥âáâ¢¥−−®; labels ®¡®§−�ç�¥â ¬−®¦¥áâ¢® ¬¥â®ª, ¯à¨á¢®¥−−ëå ¢¥àè¨−¥;
properties ®§−�ç�¥â �âà¨¡ãâë (á¢®©áâ¢�) ¢¥àè¨− ¨ à¥¡¥à.

÷¥«ïæ¨®−−®¥ ¯à¥¤áâ�¢«¥−¨¥ ¤�−−®© £à�ä®¢®© �„ ¬®¦¥â ¢ë£«ï¤¥âì á«¥¤ã-
îé¨¬ ®¡à�§®¬. ‘å¥¬� à¥«ïæ¨®−−®© �„ á®áâ®¨â ¨§ ¤¢ãå ®â−®è¥−¨©, ®¤−®
¨§ ª®â®àëå á®®â¢¥âáâ¢ã¥â ¢¥àè¨−�¬ £à�ä� (Nodes, â�¡«. 1), ¤àã£®¥ | à¥¡à�¬
(Relationships, â�¡«. 2).

�à¥®¡à�§®¢�−¨¥ £à�ä®¢®© �„ ¢ à¥«ïæ¨®−−®¥ ¯à¥¤áâ�¢«¥−¨¥ ¬®¦¥â ¡ëâì
®áãé¥áâ¢«¥−® ¯à¨ ¯®¬®é¨ á«¥¤ãîé¨å ¤¢ãå äã−ªæ¨©, ®¯à¥¤¥«¥−−ëå −� ï§ëª¥
Jaql:

createNodesRelation = fn(matrix_graph_db)(
matrix_graph_db->filter $.type == "node"->

transform { id: $.id, labels: $.labels,
age: $.properties.age,
name: $.properties.name,
lastName: $.properties.lastName,
rank: $.properties.rank,
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’�¡«¨æ� 1 �â−®è¥−¨¥ Nodes

id labels age name lastName occupation rank language version
1 [\PERSON"] 29 \Thomas" \Anderson" null null null null
2 [\PERSON"] null \Trinity" null null null null null
3 [\PERSON"] null \Morpheus" null \Total badass" \Captain" null null
4 [\PERSON"] null \Cypher" \Reagan" null null null null
5 [\PERSON"] null \The Architect" null null null null null
6 [\PROGRAM"] null \Agent Smith" null null null \C++" \1.0b"

’�¡«¨æ� 2 �â−®è¥−¨¥ Relationships

id start node end node relationship type age disclosure
7 1 2 \KNOWS" \3 days" null
8 1 3 \KNOWS" null null
9 3 2 \KNOWS" \12 years" null

10 3 4 \KNOWS" null \public"
11 4 6 \KNOWS" \6 months" \secret"
12 6 5 \CODED BY" null null

occupation: $.properties.occupation,
version: $.properties.version,
language: $.properties.language } );

createRelationshipRelation = fn(matrix_graph_db)(
matrix_graph_db->filter $.type == "relationship"->

transform { id: $.id,
start_node: $.start_node, end_node: $.end_node,
relationship_type: $.relationship_type,
age: $.properties.age,
disclosure: $.properties.disclosure, } );

”ã−ªæ¨¨ ¯à¨−¨¬�îâ −� ¢å®¤ ¯à¥¤áâ�¢«¥−¨¥ £à�ä®¢®© �„ ¢ ä®à¬�â¥ JSON.
�¥à¢�ï ¨§ äã−ªæ¨© ¢®§¢à�é�¥â ®â−®è¥−¨¥ Nodes ¢ ä®à¬�â¥ JSON, ¯à¨£®¤−®¥
¤«ï §�£àã§ª¨ ¢ á®®â¢¥âáâ¢ãîéãî à¥«ïæ¨®−−ãî â�¡«¨æã, ¢â®à�ï | ®â−®è¥−¨¥
Relationships. �à¨ ®¯à¥¤¥«¥−¨¨ äã−ªæ¨© ¨á¯®«ì§ãîâáï ¢ëà�¦¥−¨ï ä¨«ìâà�æ¨¨
¬�áá¨¢®¢ (filter) ¨ ¯à¥®¡à�§®¢�−¨ï í«¥¬¥−â®¢ ¬�áá¨¢®¢ (transform), á¢ï§�−−ë¥
®¯¥à�â®à®¬ ®à£�−¨§�æ¨¨ ¯®â®ª®¢ ¤�−−ëå (->).

3 Преобразование коллекций данных модели RDF

‚ ª�ç¥áâ¢¥ ¯à¨¬¥à� ª®««¥ªæ¨¨ ¤�−−ëå ¬®¤¥«¨ RDF [13] à�áá¬®âà¨¬ ¡�§ã
§−�−¨© DBpedia (http://dbpedia.org). Š®««¥ªæ¨ï á®¤¥à¦¨â áâàãªâãà¨à®¢�−−ãî
¨−ä®à¬�æ¨î, ¨§¢«¥ç¥−−ãî ¨§ á¢®¡®¤−®© í−æ¨ª«®¯¥¤¨¨ ‚¨ª¨¯¥¤¨ï. ‚ ª�ç¥-
áâ¢¥ ¯à¨¬¥à®¢ ¤�−−ëå à�áá¬®âà¨¬ RDF-á¯¥æ¨ä¨ª�æ¨¨ £®à®¤� Š¥¬¡à¨¤¦ (‚¥-
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«¨ª®¡à¨â�−¨ï) ¨ ¥£® ¯à¥¤áâ�¢¨â¥«¥© ¢ ��à«�¬¥−â¥ �−¤àî ‹í−á«¨ (®â ¯�àâ¨¨
ª®−á¥à¢�â®à®¢) ¨ „¦ã«¨�−� •�¯¯¥àâ� (®â ¯�àâ¨¨ «¨¡¥à�«®¢). ‘¯¥æ¨ä¨ª�æ¨¨
¯à¥¤áâ�¢«¥−ë ¢ ä®à¬�â¥ JSON:

{ "http://dbpedia.org/resource/Cambridge": {
"http://dbpedia.org/property/officialName": [ {
"type": "literal", "lang" : "en",
"value" : "City of Cambridge" } ],

"http://dbpedia.org/ontology/areaTotal": [ {
"type": "literal", "value": 115650000,
"datatype": "http://www.w3.org/XMLSchema#double"}],

"http://dbpedia.org/ontology/isPartOf": [
{ "type": "uri",
"value": "http://dbpedia.org/resource/East_of_England" },
{ "type": "uri",
"value": "http://dbpedia.org/resource/Cambridgeshire" } ],
"http://dbpedia.org/ontology/leaderName": [
{ "type" : "uri",
"value" : "http://dbpedia.org/resource/Julian_Huppert" } ,
{ "type": "uri",
"value": "http://dbpedia.org/resource/Andrew_Lansley"}, ]
} }

{ "http://dbpedia.org/resource/Andrew_Lansley": {
"http://dbpedia.org/property/name": [ {
"type" : "literal", "lang" : "en",
"value" : "Andrew Lansley" } ],

"http://dbpedia.org/ontology/birthDate": [ {
"type": "literal", "value": "1956-12-10+02:00",
"datatype": http://www.w3.org/XMLSchema#date } ],

"http://dbpedia.org/ontology/party": [ {
"type": "uri",
"value": "http://dbpedia.org/resource/Conservative_
Party_(UK)" } ] ,

"http://dbpedia.org/ontology/electionMajority": [ {
"type": "literal", "value": 7838,
"datatype" : "http://www.w3.org/XMLSchema#integer"}]
} }

‘¢®©áâ¢� Š¥¬¡à¨¤¦� ª�ª ®¡ê¥ªâ� ¢ª«îç�îâ, ¢ ç�áâ−®áâ¨, −�§¢�−¨¥
(officialName), ¯«®é�¤ì (areaTotal), ¢ëè¥áâ®ïé¨¥ â¥àà¨â®à¨�«ì−ë¥ ®¡à�§®¢�-
−¨ï (isPartOf ), «¨¤¥à� (leaderName). ‘¢®©áâ¢� ¯�à«�¬¥−â�à¨¥¢ ª�ª ®¡ê¥ªâ®¢
¢ª«îç�îâ ¨¬ï (name), ¤�âã à®¦¤¥−¨ï (birthDate), ¯�àâ¨î (party), ª®«¨ç¥áâ¢®
£®«®á®¢ −� ¢ë¡®à�å (electionMajority).
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’�¡«¨æ� 3 �â−®è¥−¨¥ Cities

subject officialName areaTotal isPartOf leaderName

\http://
dbpedia.org/
resource/
Cambridge"

[\City of
Cambridge"] [115650000]

[\http://
dbpedia.org/
resource/
East of England",
\http://dbpedia.org/
resource/
Cambridgeshire"]

[\http://
dbpedia.org/
resource/
Julian Huppert",
\http://
dbpedia.org/
resource/
Andrew Lansley"]

’�¡«¨æ� 4 �â−®è¥−¨¥ Persons

subject name birthdate party electionMajority

\http://
dbpedia.org/
resource/
Andrew Lansley"

[\Andrew Lansley"] [\1956-12-10+02:00"]

[\http://
dbpedia.org/
resource/
Conservative
Party (UK)"]

[7838]

\http://
dbpedia.org/
resource/
Julian Huppert"

[\Huppert, Julian",
\Dr Julian Huppert"] [\1978-07-21+02:00"]

\http://
dbpedia.org/
resource/Liberal
Democrats"

[6792]

÷¥«ïæ¨®−−®¥ ¯à¥¤áâ�¢«¥−¨¥ ®¡ê¥ªâ®¢ â�ª®£® à®¤� ¬®¦¥â ¢ë£«ï¤¥âì á«¥¤ã-
îé¨¬ ®¡à�§®¬. ‘å¥¬� à¥«ïæ¨®−−®© �„ á®áâ®¨â ¨§ ¤¢ãå ®â−®è¥−¨©, ®¤−® ¨§
ª®â®àëå á®®â¢¥âáâ¢ã¥â £®à®¤�¬ (Cities, â�¡«. 3), ¤àã£®¥ | ¯¥àá®−�¬ (Persons,
â�¡«. 4). �âà¨¡ãâ�¬ ®â−®è¥−¨© á®®â¢¥âáâ¢ãîâ á¢®©áâ¢� ®¡ê¥ªâ®¢. ‚ RDF-åà�-
−¨«¨é�å ¯®¤®¡−ë¥ ®â−®è¥−¨ï, £àã¯¯¨àãîé¨¥ á¢®©áâ¢� ®¤−®à®¤−ëå ®¡ê¥ªâ®¢,
−�§ë¢�îâáï â�¡«¨æ�¬¨ á¢®©áâ¢ (property tables) [15].

�à¥®¡à�§®¢�−¨¥ RDF-®¡ê¥ªâ®¢ ¯¥àá®− ¢ ª®àâ¥¦¨ ®â−®è¥−¨ï Cities ¬®¦¥â
¡ëâì ®áãé¥áâ¢«¥−® ¯à¨ ¯®¬®é¨ äã−ªæ¨¨ createCityTuple, ®¯à¥¤¥«¥−−®© −� ï§ëª¥
Jaql:

createCityTuple = fn(city_rdf) (
pa = ["http://dbpedia.org/property/officialName",

"http://dbpedia.org/ontology/areaTotal",
"http://dbpedia.org/ontology/isPartOf",
"http://dbpedia.org/ontology/leaderName"],

properties_record = index(values(city_rdf), 0),
if( not containedIn( "false",
for($pa in pa)
if(containedIn($pa, names(record(values(city_rdf)))))
["true"]
else ["false"]) )

36 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 24 −®¬¥à 4 2014



Œ¥â®¤ë ¯®áâà®¥−¨ï ®â®¡à�¦¥−¨© ª®««¥ªæ¨© ¢ ¨−â¥£à¨à®¢�−−®¥ ¯à¥¤áâ�¢«¥−¨¥

if( arity(city_rdf) == 1 )
{ subject: index(names(city_rdf), 0),
officialName: for( $name in
proper-

ties_record."http://dbpedia.org/property/officialName")
[$name.value],
areaTotal: for( $area in
properties_record."http://dbpedia.org/ontology/areaTotal")
[$area.value],
isPartOf: for( $partOf in
properties_record."http://dbpedia.org/ontology/isPartOf")
[$partOf.value],
leaderName: for( $leader in
properties_record."http://dbpedia.org/ontology/leaderName")
[$leader.value]

}
);

”ã−ªæ¨ï ¯à¨−¨¬�¥â −� ¢å®¤ RDF-á¯¥æ¨ä¨ª�æ¨î £®à®¤� ¢ ä®à¬�â¥ JSON
¨ ¢®§¢à�é�¥â ª®àâ¥¦, ¯à¨£®¤−ë© ¤«ï §�£àã§ª¨ ¢ á®®â¢¥âáâ¢ãîéãî à¥«ïæ¨®−-
−ãî â�¡«¨æã. �à¨ ®¯à¥¤¥«¥−¨¨ äã−ªæ¨¨ ¨á¯®«ì§ãîâáï ãá«®¢−®¥ ¢ëà�¦¥−¨¥
if, ¢ëà�¦¥−¨¥ æ¨ª«� for, ¢áâà®¥−−ë¥ äã−ªæ¨¨ ¬�−¨¯ã«¨à®¢�−¨ï ¬�áá¨¢�-
¬¨ ¨ §�¯¨áï¬¨ names, values, record, index [9] ¨ ¢á¯®¬®£�â¥«ì−�ï äã−ªæ¨ï
containedIn(elm, arr), ¢®§¢à�é�îé�ï §−�ç¥−¨¥ true, ¥á«¨ §−�ç¥−¨¥ elm ï¢«ï¥âáï
í«¥¬¥−â®¬ ¬�áá¨¢� arr:

containedIn = fn(elm, arr)(
exists(for( $iter in arr ) if($iter == elm) [true]) );

�à¥®¡à�§®¢�−¨¥ RDF-®¡ê¥ªâ®¢ ¯¥àá®− ¢ ª®àâ¥¦¨ ®â−®è¥−¨ï Persons ¬®¦¥â
¡ëâì ®áãé¥áâ¢«¥−® ¯à¨ ¯®¬®é¨ äã−ªæ¨¨ createPersonTuple, ®¯à¥¤¥«¥−−®© −�
ï§ëª¥ Jaql:

createPersonTuple = fn(person_rdf) (
pa = ["http://dbpedia.org/property/name",

"http://dbpedia.org/ontology/birthDate",
"http://dbpedia.org/ontology/party",
"http://dbpedia.org/ontology/electionMajority"],

properties_record = index(values(person_rdf), 0),
if( not containedIn( "false",

for($pa in pa)
if(containedIn($pa, names(record(values(person_rdf)))))
["true"]
else ["false"]) )

if( arity(person_rdf) == 1 )
{ subject: index(names(person_rdf), 0),
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name: for( $name in
properties_record."http://dbpedia.org/property/name")
[$name.value],
birthday: for( $birthday in
properties_record."http://dbpedia.org/ontology/birthDate")
[$birthday.value],
party: for( $party in
properties_record."http://dbpedia.org/ontology/party")
[$party.value],
electionMajority: for( $em in
properties_record."http://dbpedia.org/ontology/
electionMajority")

[$em.value]
}

);

4 Преобразование коллекций данных модели HBase

‚ ª�ç¥áâ¢¥ ¯à¨¬¥à� ª®««¥ªæ¨¨ ¤�−−ëå ¬®¤¥«¨ úª«îç{§−�ç¥−¨¥û à�áá¬®âà¨¬
äà�£¬¥−â �„ ® ª−¨£�å ¯® ¨−ä®à¬�æ¨®−−ë¬ â¥å−®«®£¨ï¬ ¢ ‘“�„ HBase [14].

��§� ¤�−−ëå HBase ¢ ®¡é¥¬ ¢¨¤¥ ¯à¥¤áâ�¢«ï¥â á®¡®© ¬−®¦¥áâ¢® ¯�à
ª«îç → §−�ç¥−¨¥, £¤¥ ª«îç | íâ® ç¥â¢¥àª� (ª«îç áâà®ª¨, á¥¬¥©áâ¢® áâ®«¡-
æ�, ¨¤¥−â¨ä¨ª�â®à áâ®«¡æ�, ¢à¥¬¥−−‚�ï ¬¥âª�), � §−�ç¥−¨¥ | ®¡ëç−®¥ §−�ç¥−¨¥
−¥ª®â®à®£® ¢áâà®¥−−®£® â¨¯� (boolean, int, float ¨ â. ¤.). ”à�£¬¥−â �„ ® ª−¨£�å
¢ ®¡é¥¬ ¢¨¤¥ ¢ë£«ï¤¨â á«¥¤ãîé¨¬ ®¡à�§®¬:

(01, language, natural, t1) -> "English"
(01, language, programming, t1) -> "Java"
(01, description, edition, t1) -> "second"
(01, description, edition, t2) -> "third"
(01, description, author, t1) -> "Herbert Schildt"
(07, language, natural, t1) -> "Russian"
(07, language, programming, t1) -> "C++"
(07, description, edition, t1) -> "second"
(07, description, author, t1) -> "E.Balagurusamy"

‡¤¥áì t1, t2 | ¢à¥¬¥−−‚ë¥ ¬¥âª¨. ‚ ä®à¬�â¥ JSON íâ¨ ¤�−−ë¥ ¬®£ãâ ¡ëâì
¯à¥¤áâ�¢«¥−ë á«¥¤ãîé¨¬ ®¡à�§®¬:

[ { "key":"01",
"language": { "natural": {t1:"English"},

"programming": {t1:"Java"} },
"description": { "edition": [{t1:"second"}, {t2:"third"}],
"author": {t1:"Herbert Schildt"}} },
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’�¡«¨æ� 5 �â−®è¥−¨¥ HBaseData

key column family column qualifier timestamp value
01 language natural t1 \English"
01 language programming t1 \Java"
01 description edition t1 \second"
01 description edition t2 \third"
01 description author t1 \Herbert"
07 language natural t1 \Russian"
07 language programming t1 \C++"
07 description edition t1 \second"
07 description author t1 \E.Balagurusamy"

{"key":"07",
"language": { "natural": {t1:"Russian"},

"programming": {t1:"C++"} },
"description": { "edition": {t1:"second"},
"author": {t1:"E.Balagurusamy"}} }

]

‚®§¬®¦−ë à�§«¨ç−ë¥ á¯®á®¡ë ¯à¥¤áâ�¢«¥−¨ï ¤�−−ëå ¬®¤¥«¨ HBase ¢ à¥«ï-
æ¨®−−®¬ ¢¨¤¥. ‚ ¤�−−®¬ à�§¤¥«¥ ¡ã¤ãâ à�áá¬®âà¥−ë ¤¢� ¨§ −¨å.

�à¨ ¯¥à¢®¬ á¯®á®¡¥ ¨á¯®«ì§ã¥âáï ä¨ªá¨à®¢�−−�ï à¥«ïæ¨®−−�ï áå¥¬� (¤«ï
¯à®¨§¢®«ì−®© �„), á®áâ®ïé�ï ¨§ ®¤−®£® ®â−®è¥−¨ï HBaseData(String key,
String column family, String column qualifier, String timestamp, String value).
�¥à¢¨ç−ë¬ ª«îç®¬ ®â−®è¥−¨ï HBaseData ï¢«ï¥âáï á®¢®ªã¯−®áâì �âà¨¡ãâ®¢
〈key, column family, column qualifier, timestamp〉. Š®«¨ç¥áâ¢® ª®àâ¥¦¥© ¢ ®â−®-
è¥−¨¨ á®®â¢¥âáâ¢ã¥â ª®«¨ç¥áâ¢ã ¯�à ª«îç{§−�ç¥−¨¥ ¢ �„ HBase. ÷¥«ïæ¨®−−®¥
¯à¥¤áâ�¢«¥−¨¥ à�áá¬®âà¥−−®£® ¢ëè¥ äà�£¬¥−â� �„ ® ª−¨£�å ¯à¨ íâ®¬ á¯®á®¡¥
¯à¨¢¥¤¥−® ¢ â�¡«. 5.

�à¥®¡à�§®¢�−¨¥ ¨áå®¤−ëå ¤�−−ëå ¢ à¥«ïæ¨®−−®¥ ¯à¥¤áâ�¢«¥−¨¥ ¬®¦¥â ¡ëâì
®áãé¥áâ¢«¥−® ¯à¨ ¯®¬®é¨ äã−ªæ¨¨ createNativeRelation −� ï§ëª¥ Jaql:
createNativeRelation(hbasedata) (
for ($obj in hbasedata) (
for ($f in names($obj)) (
if ($f != £key£) (
for ($q in names($obj.($f))) (
for ($t in names($obj.($f).($q))) (
[{ key: $obj.key, column_family: $f,
column_qualifier: $q, timestamp: $t,
value: $obj.($f).($q).($t) }]

))))) );

‚â®à®© á¯®á®¡ ¯à¥¤¯®«�£�¥â ¨á¯®«ì§®¢�−¨¥ à¥«ïæ¨®−−®© áå¥¬ë, §�¢¨áïé¥©
®â �„ HBase. �à¨ íâ®¬ ¤«ï ª�¦¤®© £àã¯¯ë ®¤−®à®¤−ëå ®¡ê¥ªâ®¢ (¨¬¥îé¨å
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’�¡«¨æ� 6 �â−®è¥−¨¥ Books

key language natural language programming description edition description author
01 t1:\English" t1:\Java" t1:\second";t2:\third" t1:\Herbert Schildt"
07 t1:\Russian" t1:\C++" t1:\second" t1:\E.Balagurusamy"

§−�ç¥−¨ï ¤«ï ®¤−®£® −�¡®à ª®«®−®ª) á®§¤�¥âáï á¢®¥ ®â−®è¥−¨¥ ¢ à¥«ïæ¨®−−®©
áå¥¬¥. ’�ª, ¢ à�áá¬�âà¨¢�¥¬®¬ ¯à¨¬¥à¥ ¯à¨áãâáâ¢ã¥â ®¤−� £àã¯¯� ®¤−®à®¤−ëå
®¡ê¥ªâ®¢ | ª−¨£¨, ¨¬¥îé¨å §−�ç¥−¨ï ¤«ï −�¡®à� ª®«®−®ª (natural, programming,
edition, author). ˆ¤¥ï ¯®¤å®¤� ¢ â®¬, çâ®¡ë á®¡à�âì ¢á¥ ¤�−−ë¥ ®¡ ®¤−®¬
®¡ê¥ªâ¥ (¨§ ¯�à ª«îç → §−�ç¥−¨¥ á ®¤−¨¬ §−�ç¥−¨¥¬ ª«îç�) ¢ ®¤−®¬ ª®àâ¥¦¥.
÷¥«ïæ¨®−−®¥ ¯à¥¤áâ�¢«¥−¨¥ äà�£¬¥−â� �„ ® ª−¨£�å ¯à¨ íâ®¬ á¯®á®¡¥ ¯à¨¢¥¤¥−®
¢ â�¡«. 6.

�à¥®¡à�§®¢�−¨¥ ¨áå®¤−ëå ¤�−−ëå ¢ à¥«ïæ¨®−−®¥ ¯à¥¤áâ�¢«¥−¨¥ ¬®¦¥â ¡ëâì
®áãé¥áâ¢«¥−® ¯à¨ ¯®¬®é¨ äã−ªæ¨¨ createBooksRelation −� ï§ëª¥ Jaql:

createBooksRelation(hbasedata) (
hbasedata -> transform {
"key": $.key,
"language_natural": $.language.natural,
"language_programming": $.language.programming,
"description_edition": $.description.edition,
"description_author": $.description.author }

);

5 Заключение

‚ áâ�âì¥ à�áá¬®âà¥−ë ¢®¯à®áë ¯à¥®¡à�§®¢�−¨ï ª®««¥ªæ¨©, ¯à¥¤áâ�¢«¥−−ëå
¢ −¥âà�¤¨æ¨®−−ëå ¬®¤¥«ïå ¤�−−ëå, â�ª¨å ª�ª £à�ä®¢ë¥, âà¨¯«¥â−ë¥, ¬®¤¥«¨
úª«îç{§−�ç¥−¨¥û, ¢ ¨å ¨−â¥£à¨à®¢�−−®¥ ¯à¥¤áâ�¢«¥−¨¥ ¢ à¥«ïæ¨®−−®© ¬®¤¥«¨
¤�−−ëå. �¡é¨¬ ª®−â¥ªáâ®¬, ¢ ª®â®à®¬ −�å®¤¨âáï à�¡®â�, ï¢«ï¥âáï á®§¤�−¨¥
ª®¬¡¨−¨à®¢�−−®© ¢¨àâã�«ì−®-¬�â¥à¨�«¨§®¢�−−®© �àå¨â¥ªâãàë áà¥¤ë ¨−â¥£à�-
æ¨¨ −¥®¤−®à®¤−ëå ª®««¥ªæ¨© ¤�−−ëå à�§«¨ç−®£® ¢¨¤� (áâàãªâãà¨à®¢�−−ëå,
á«�¡®áâàãªâãà¨à®¢�−−ëå ¨ −¥áâàãªâãà¨à®¢�−−ëå). ÷�áá¬®âà¥−−ë¥ ¯®¤å®¤ë
ª ¯à¥®¡à�§®¢�−¨î ª®««¥ªæ¨© á«ã¦�â ®á−®¢®© ¤«ï ¬�â¥à¨�«¨§®¢�−−®© ¨−â¥£à�-
æ¨¨ ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢ ¢ à¥«ïæ¨®−−ëå åà�−¨«¨é�å ¤�−−ëå −�¤ Hadoop.
–¥«ìî ¤�«ì−¥©è¥© à�¡®âë ï¢«ï¥âáï á®§¤�−¨¥ ¬¥â®¤®¢ �¢â®¬�â¨ç¥áª®© £¥−¥à�æ¨¨
äã−ªæ¨© ¯à¥®¡à�§®¢�−¨ï ª®««¥ªæ¨© ¨ ¨å ¯à¨¬¥−¥−¨¥ ¯à¨ à¥è¥−¨¨ ª®−ªà¥â−ëå
§�¤�ç ¨−â¥£à�æ¨¨ ª®««¥ªæ¨©.
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ПОСТРОЕНИЕ ИМИТАЦИОННОЙ МОДЕЛИ ДЛЯ РЕШЕНИЯ
ЗАДАЧ ПЛАНИРОВАНИЯ ВЫЧИСЛИТЕЛЬНЫХ РЕСУРСОВ∗

М. Г. Коновалов1

�−−®â�æ¨ï: �®¤ ¯«�−¨à®¢�−¨¥¬ ¢ëç¨á«¨â¥«ì−ëå à¥áãàá®¢ ¯®−¨¬�¥âáï á®-
¢®ªã¯−®áâì ã¯à�¢«¥−ç¥áª¨å ¤¥©áâ¢¨© ¯® ¯à¨¥¬ã ¨ à�á¯à¥¤¥«¥−¨î §�¤�−¨©,
¯®áâã¯�îé¨å ¢ ¢ëç¨á«¨â¥«ì−ë© ª®¬¯«¥ªá ¨«¨ á¨áâ¥¬ã. ‚®§−¨ª�îé¨¥ ®¯â¨-
¬¨§�æ¨®−−ë¥ §�¤�ç¨ ®â«¨ç�îâáï ¡®«ìè¨¬ à�§−®®¡à�§¨¥¬ ¯®áâ�−®¢®ª ¨ ç�áâ®
âàã¤−®áâìî à¥è¥−¨ï. ‚® ¬−®£¨å á«ãç�ïå áãé¥áâ¢¥−−ãî ¯®¬®éì ®ª�§ë¢�¥â
¨¬¨â�æ¨®−−�ï ¬®¤¥«ì, à¥�«¨§ãîé�ï ª®−ªà¥â−ãî áå¥¬ã à�§¬¥é¥−¨ï §�¤�−¨©
−� à¥áãàá�å ¨ á®§¤�¢�¥¬�ï, ª�ª ¯à�¢¨«®, §�−®¢® ¤«ï ª®−ªà¥â−®© §�¤�ç¨.
‚ áâ�âì¥ ¯à¥¤«�£�¥âáï ¯®¤å®¤ ª ¯®áâà®¥−¨î â�ª¨å ¨¬¨â�æ¨®−−ëå ¬®¤¥«¥©,
®¯¨à�îé¨©áï −� à�§¢¨â¨¥ −¥ª®â®àëå ¨¤¥© â¥®à¨¨ ¢§�¨¬®¤¥©áâ¢ãîé¨å ¯à®-
æ¥áá®¢. �à¨¢¥¤¥− äà�£¬¥−â ¨¬¨â�æ¨®−−®© ¬®¤¥«¨, ª®â®à�ï ®å¢�âë¢�¥â ¬−®£¨¥
®¡é¨¥ ç¥àâë ¯«�−¨à®¢�−¨ï ¢ëç¨á«¨â¥«ì−ëå à¥áãàá®¢. Œ®¤¥«ì ¯à¥¤−�§−�ç¥-
−� ¤«ï á®§¤�−¨ï ¯à®£à�¬¬−®© á¨áâ¥¬ë, ¯®§¢®«ïîé¥© à¥è�âì à�§−®®¡à�§−ë¥
§�¤�ç¨ íää¥ªâ¨¢−®£® à�á¯à¥¤¥«¥−¨ï §�¤�−¨© ¢ á¨áâ¥¬�å ¢ëç¨á«¨â¥«ì−ëå
à¥áãàá®¢ ¬¥â®¤�¬¨ �¤�¯â¨¢−®© ®¯â¨¬¨§�æ¨¨.

Š«îç¥¢ë¥ á«®¢�: ¨¬¨â�æ¨®−−�ï ¬®¤¥«ì; ¯«�−¨à®¢�−¨¥ ¢ëç¨á«¨â¥«ì−ëå
à¥áãàá®¢; ¯®â®ª¨ §�¤�−¨©
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1 Введение

‘®¤¥à¦�−¨¥ áâ�âì¨ ®â−®á¨âáï ª ¯à®¡«¥¬¥ íää¥ªâ¨¢−®£® ¨á¯®«ì§®¢�−¨ï ¢ë-
ç¨á«¨â¥«ì−ëå à¥áãàá®¢. �â� �ªâã�«ì−�ï ¯à®¡«¥¬� ¯®à®¦¤¥−� ¯®âà¥¡−®áâï¬¨
®à£�−¨§�æ¨¨ ¢ëç¨á«¨â¥«ì−ëå ª®¬¯«¥ªá®¢ à�§«¨ç−®£® ¬�áèâ�¡� ¨ −�§−�ç¥−¨ï.
�á−®¢−ë¬ á¯®á®¡®¬ ¥¥ à¥è¥−¨ï ï¢«ï¥âáï íää¥ªâ¨¢−®¥ à�á¯à¥¤¥«¥−¨¥ §�¤�−¨©
¬¥¦¤ã ¨¬¥îé¨¬¨áï ¢ëç¨á«¨â¥«ì−ë¬¨ ¬®é−®áâï¬¨ (ªà�âª® | ¯«�−¨à®¢�−¨¥
à¥áãàá®¢). ˆ¬¥¥âáï ¬−®£® à�¡®â, ¢ ª®â®àëå ¨§ãç�îâáï ®â¤¥«ì−ë¥ ®¯â¨¬¨§�æ¨-
®−−ë¥ §�¤�ç¨ ¯«�−¨à®¢�−¨ï à¥áãàá®¢ (á¬., −�¯à¨¬¥à, [1]) ¨ ª®â®àë¥ ®â«¨ç�îâáï
¬−®£®®¡à�§¨¥¬ ¯®áâ�−®¢®ª §�¤�ç, ¢ë§¢�−−ë¬ ®á®¡¥−−®áâï¬¨ ª®−ªà¥â−ëå á¨áâ¥¬
¨ á¨âã�æ¨©. ‘®®â¢¥âáâ¢¥−−®, ¤«ï à¥è¥−¨ï §�¤�ç ¯à¨¢«¥ª�¥âáï à�§−®®¡à�§−ë©
¬�â¥¬�â¨ç¥áª¨© �¯¯�à�â. ‚ §�¢¨á¨¬®áâ¨ ®â à�§¬¥à−®áâ¨ á¨áâ¥¬ë, ¬�áèâ�¡�
¢à¥¬¥−¨, â¥å−®«®£¨ç¥áª¨å ®á®¡¥−−®áâ¥© ¨á¯®«ì§ãîâáï ¬¥â®¤ë â¥®à¨¨ ¬�áá®¢®£®

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ç�áâ¨ç−®© ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâ ü 13-07-00665).
1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, mkonovalov@ipiran.ru
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Œ. ƒ. Š®−®¢�«®¢

®¡á«ã¦¨¢�−¨ï, â¥®à¨¨ à�á¯¨á�−¨©, ¯®â®ª®¢®¥ ¯à®£à�¬¬¨à®¢�−¨¥ −�àï¤ã á ®¡é¨-
¬¨ à�§¤¥«�¬¨ â¥®à¨¨ ¢¥à®ïâ−®áâ¥© ¨ ¬¥â®¤�¬¨ ®¯â¨¬¨§�æ¨¨. ‘«¥¤ã¥â ®â¬¥â¨âì
¤¢� ¬®¬¥−â�. ‚®-¯¥à¢ëå, â®ç−ë¥ ¬�â¥¬�â¨ç¥áª¨¥ à¥è¥−¨ï ¯®«ãç�îâáï «¨èì ¤«ï
§�¤�ç, áä®à¬ã«¨à®¢�−−ëå ¯à¨ ã¯à®é�îé¨å ¯à¥¤¯®«®¦¥−¨ïå, ¢á«¥¤áâ¢¨¥ ç¥£®
�ªâ¨¢−® à�§à�¡�âë¢�îâáï í¢à¨áâ¨ç¥áª¨¥ �«£®à¨â¬ë. ‚®-¢â®àëå, à¥è¥−¨¥, ¯®-
«ãç¥−−®¥ ¤«ï ®¤−®© ª®−ªà¥â−®© §�¤�ç¨, ª�ª ¯à�¢¨«®, −¥ ¯¥à¥−®á¨âáï −� ¤àã£¨¥,
¤�¦¥ ¡«¨§ª¨¥ ¯® ¯®áâ�−®¢ª¥ §�¤�ç¨.

‘ãé¥áâ¢ã¥â ¬¥â®¤¨ª�, ¨á¯®«ì§ãîé�ï ¥¤¨−®®¡à�§−ë© ¯®¤å®¤ ª à¥è¥−¨î ¤®-
áâ�â®ç−® ®¡è¨à−®£® ªàã£� §�¤�ç ®¯â¨¬�«ì−®£® à�§¬¥é¥−¨ï ¨ ¢ë¯®«−¥−¨ï §�¤�−¨©
−� ¢ëç¨á«¨â¥«ì−ëå à¥áãàá�å [2{4]. �−� å�à�ªâ¥à¨§ã¥âáï ¯à¨¢«¥ç¥−¨¥¬ ¨¬¨â�æ¨-
®−−®© ¬®¤¥«¨ ¤«ï ¢®á¯à®¨§¢¥¤¥−¨ï ¯à®æ¥áá� ®¡á«ã¦¨¢�−¨ï §�¤�−¨© ¢ ¢ëç¨á«¨-
â¥«ì−ëå á¨áâ¥¬�å á ¯®á«¥¤ãîé¨¬ ¨á¯®«ì§®¢�−¨¥¬ �¤�¯â¨¢−ëå ®¯â¨¬¨§�æ¨®−−ëå
�«£®à¨â¬®¢ −� ¨¬¨â¨àã¥¬ëå âà�¥ªâ®à¨ïå. �â®â ¯®¤å®¤ ¯®ª�§�« −¥¯«®å¨¥ à¥-
§ã«ìâ�âë ¤«ï àï¤� §�¤�ç ¯«�−¨à®¢�−¨ï à¥áãàá®¢, � â�ª¦¥ ¤«ï áå®¤−ëå §�¤�ç,
á¢ï§�−−ëå á á¥â¥¢®© ¬�àèàãâ¨§�æ¨¥©. �á®¡¥−−®áâì ¬¥â®¤¨ª¨ ¢ â®¬, çâ® �¤�¯-
â¨¢−ë¥ �«£®à¨â¬ë ¯® ®¯à¥¤¥«¥−¨î ¯à¨¬¥−¨¬ë ª è¨à®ª®¬ã ª«�ááã §�¤�ç ¨ −¥
âà¥¡ãîâ âàã¤®¥¬ª¨å ¤¥©áâ¢¨© ¤«ï −�áâà®©ª¨ ¯®¤ ª®−ªà¥â−ë© ®¡ê¥ªâ. ‚ â® ¦¥
¢à¥¬ï ¤àã£�ï á®áâ�¢«ïîé�ï | ¨¬¨â�æ¨®−−�ï ¬®¤¥«ì | ¤® á¨å ¯®à á®§¤�¢�«�áì
§�−®¢® ¤«ï ª�¦¤®© −®¢®© §�¤�ç¨. �à�¢®¬®ç−® áâ�¢¨âì ¢®¯à®á ®¡ �¢â®¬�â¨§�æ¨¨
íâ®£® ¯à®æ¥áá�. ‚ ª�ç¥áâ¢¥ è�£� ¢ íâ®¬ −�¯à�¢«¥−¨¨ ¯à¥¤«�£�¥âáï ¬®¤¥«ì ¯«�−¨-
à®¢�−¨ï à¥áãàá®¢ (Œ�÷), ª®â®à�ï ®âà�¦�¥â −¥ª®â®àë¥ ®¡é¨¥ ç¥àâë ¯®áâ�−®¢ª¨
§�¤�ç ¨ ¯à¨ íâ®¬ ¤®¯ãáª�¥â −�áâà®©ªã ç�áâ−ëå ¤¥â�«¥©. ‘«¥¤ã¥â ¯®¤ç¥àª−ãâì, çâ®
à¥çì −¥ ¨¤¥â ® ¢®áá®§¤�−¨¨ ¢ ¬®¤¥«¨ â¥å−¨ç¥áª¨å ¯®¤à®¡−®áâ¥©, á¢ï§�−−ëå á â®©
¨«¨ ¨−®© ª®−ªà¥â−®© á¨áâ¥¬®©. Œ®¤¥«¨àã¥âáï «¨èì ®¡é�ï áå¥¬�, ª®â®à�ï «¥¦¨â
¢ ®á−®¢¥ ¯à®æ¥áá� à�á¯à¥¤¥«¥−¨ï à¥áãàá®¢. ’�ª�ï áå¥¬� ¯®«ãç�¥âáï ¢ à¥§ã«ìâ�â¥
¯®áâ�−®¢ª¨ ¬�â¥¬�â¨ç¥áª®© §�¤�ç¨ á ¯à¨áãé¨¬ ¥© ¢ë¤¥«¥−¨¥¬ £«�¢−ëå «®£¨ç¥-
áª¨å ¤¥â�«¥© ¨ ¯®çâ¨ −¥¨§¡¥¦−® ã¯à®é¥−−ë¬ ®¯¨á�−¨¥¬ ®¡ê¥ªâ�. ‚ ª®−¥ç−®¬
¨â®£¥ ¯à¥á«¥¤ã¥âáï æ¥«ì à¥�«¨§®¢�âì ¥¤¨−ë© ¯®¤å®¤ ª à¥è¥−¨î ¬�â¥¬�â¨ç¥-
áª¨å §�¤�ç, ¢®§−¨ª�îé¨å ¯à¨ ¯®¯ëâª¥ ®¯â¨¬�«ì−® ã¯à�¢«ïâì ¯®â®ª�¬¨ §�¤�−¨©
¢ ¢ëç¨á«¨â¥«ì−ëå ª®¬¯«¥ªá�å.

‚ à�§¤. 2 ¯à¨¢¥¤¥−® −¥áª®«ìª® ¯à¨¬¥à®¢, á â¥¬ çâ®¡ë ¤�âì ¯à¥¤áâ�¢«¥−¨¥
® å�à�ªâ¥à¥ §�¤�ç, −� à¥è¥−¨¥ ª®â®àëå −�¯à�¢«¥−� ¯à¥¤«�£�¥¬�ï ¬¥â®¤¨ª�.
÷�§¤¥« 3 á®¤¥à¦¨â ®¡é¥¥ ®¯¨á�−¨¥ Œ�÷, ®å¢�âë¢�îé¥© á¨âã�æ¨¨, ¯®¤®¡−ë¥
¯à¨¢¥¤¥−−ë¬ ¢ à�§¤. 2. ÷�§¤¥« 4 ¯®á¢ïé¥− ªà�âª®¬ã ®¯¨á�−¨î ®¡é¥© â¥å−®«®£¨¨
¯®áâà®¥−¨ï ¨¬¨â�æ¨®−−ëå ¬®¤¥«¥©. ‚ à�§¤. 5 ¨««îáâà¨àã¥âáï ¯à¨¬¥−¥−¨¥
íâ®© â¥å−®«®£¨¨ −� ¯à¨¬¥à¥ æ¥−âà�«ì−®£® äà�£¬¥−â� Œ�÷. �¥ª®â®àë¥ ¨â®£¨
¯®¤¢¥¤¥−ë ¢ §�ª«îç¥−¨¨.

2 Примеры задач планирования ресурсов

1. ˆ¬¥¥âáï á¥à¢¥à, á®¤¥à¦�é¨© ª®−¥ç−®¥ ç¨á«® ¯à®æ¥áá®à®¢, −� ª®â®àëå ¯à®-
¨áå®¤¨â ¢ë¯®«−¥−¨¥ §�¤�−¨©, ¯®áâã¯�îé¨å ¨§¢−¥ á«ãç�©−ë¬ ®¡à�§®¬ [5].
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�®áâà®¥−¨¥ ¨¬¨â�æ¨®−−®© ¬®¤¥«¨ ¤«ï à¥è¥−¨ï §�¤�ç ¯«�−¨à®¢�−¨ï à¥áãàá®¢

‚ ª�¦¤ë© ¬®¬¥−â ¯®ï¢«¥−¨ï ®ç¥à¥¤−®© §�ï¢ª¨ ¤®«¦−® ¡ëâì ¯à¨−ïâ® ®¤−® ¨§
¤¢ãå ¢®§¬®¦−ëå à¥è¥−¨©: §�¤�−¨¥ ¬®¦¥â ¡ëâì «¨¡® ®áâ�¢«¥−® ¢ á¨áâ¥¬¥ ¤«ï
¯®á«¥¤ãîé¥© ®¡à�¡®âª¨, «¨¡® ®â¢¥à£−ãâ®. �à¨−ïâ®¥ −� ®¡á«ã¦¨¢�−¨¥ §�¤�-
−¨¥ áà�§ã ¯®¬¥é�¥âáï −� á¢®¡®¤−ë© ¯à®æ¥áá®à, ¥á«¨ â�ª®¢®© ¨¬¥¥âáï, «¨¡®
áâ�¢¨âáï ¢ ®ç¥à¥¤ì, ª®â®à�ï ¯à¥¤¯®«�£�¥âáï ¯®â¥−æ¨�«ì−® −¥®£à�−¨ç¥−−®©.
�à®¤¢¨¦¥−¨¥ ¢ ®ç¥à¥¤¨ ®áãé¥áâ¢«ï¥âáï ¯® ¯à¨−æ¨¯ã ú¯¥à¢ë© ¯à¨è¥« |
¯¥à¢ë© ®¡á«ã¦¨¢�¥âáïû. ‚à¥¬ï ¢ë¯®«−¥−¨ï §�¤�−¨ï −� ¯à®æ¥áá®à¥ ï¢«ï¥âáï
á«ãç�©−ë¬. ‘ãé¥áâ¢¥−−®¥ §−�ç¥−¨¥ ¨¬¥¥â ®¡é¥¥ ¢à¥¬ï ¯à¥¡ë¢�−¨ï §�¤�-
−¨ï ¢ á¨áâ¥¬¥, áª«�¤ë¢�îé¥¥áï ¨§ ¢à¥¬¥−¨ ®¦¨¤�−¨ï ¢ ®ç¥à¥¤¨ ¨ ¢à¥¬¥−¨
−¥¯®áà¥¤áâ¢¥−−®£® ¢ë¯®«−¥−¨ï, ¯®áª®«ìªã ¤«ï ª�¦¤®£® §�¤�−¨ï áãé¥áâ¢ã¥â
¯à¥¤¥«ì−ë© áà®ª, ¤® ¨áâ¥ç¥−¨ï ª®â®à®£® ®−® ¤®«¦−® ¡ëâì ¢ë¯®«−¥−® (â�ª
−�§ë¢�¥¬ë© ¤¥¤«�©−). „«ï ®æ¥−ª¨ ª�ç¥áâ¢� à�¡®âë á¨áâ¥¬ë ¢¢®¤ïâáï ç¨á«®-
¢ë¥ ®æ¥−ª¨. ’�ª, ª�¦¤®¥ ¯à¨−ïâ®¥ −� ®¡á«ã¦¨¢�−¨¥ §�¤�−¨¥ á®¯à®¢®¦¤�¥âáï
ú¤®å®¤®¬û, ¢ëà�¦¥−−ë¬ −¥ª®â®àë¬ ç¨á«®¬. ’®ç−® â�ª ¦¥ «î¡®¥ ¯à¨−ïâ®¥,
−® −¥ ¢ë¯®«−¥−−®¥ ¢ áà®ª §�¤�−¨¥ ¢«¥ç¥â úèâà�äû, ®¯à¥¤¥«¥−−ë© −¥ª®â®à®©
ç¨á«®¢®© ¢¥«¨ç¨−®©. ‚ ¨â®£¥ áâ�¢¨âáï §�¤�ç� ® ¢ë¡®à¥ â�ª®© áâà�â¥£¨¨
ã¯à�¢«¥−¨ï ¤®áâã¯®¬ §�¤�−¨© ¢ á¨áâ¥¬ã, ¯à¨ ª®â®à®© ¯à¥¤¥«ì−ë© áà¥¤−¨©
¤®å®¤ ¡ã¤¥â ¬�ªá¨¬�«ì−ë¬.

2. ‚ à�á¯à¥¤¥«¥−−ãî á¨áâ¥¬ã, ¢ ª®â®à®© ¨¬¥¥âáï −¥áª®«ìª® ¢ëç¨á«¨â¥«ì−ëå
úã§«®¢û á ¨§¢¥áâ−®© ¯à®¨§¢®¤¨â¥«ì−®áâìî, � â�ª¦¥ −¥áª®«ìª® úã§«®¢û ¤«ï
åà�−¥−¨ï ¤�−−ëå, ¯®áâã¯�¥â á«ãç�©−ë© ¯®â®ª −¥§�¢¨á¨¬ëå §�¤�−¨©, ª�¦¤®¥
¨§ ª®â®àëå á®áâ®¨â ¨§ ®¯à¥¤¥«¥−−®£® ç¨á«� −¥§�¢¨á¨¬ëå §�¤�ç [6]. ‘ §�¤�-
−¨¥¬ á¢ï§�− −�¡®à ä�©«®¢ á ¤�−−ë¬¨, −¥®¡å®¤¨¬ë¬¨ ¤«ï ¥£® ¢ë¯®«−¥−¨ï.
„«ï ª�¦¤®£® â�ª®£® ä�©«� ¨§¢¥áâ¥− −�¡®à úã§«®¢û, ¢ ª®â®àëå åà�−ïâáï ¥£®
ª®¯¨¨ ¨ á ª®â®àëå ¤�−−ë© ä�©« ¬®¦−® §�¯à®á¨âì, §�âà�â¨¢ ®¯à¥¤¥«¥−−®¥
¢à¥¬ï −� ¯¥à¥áë«ªã ¤�−−ëå. Š�¦¤®¥ §�¤�−¨¥ ¨¬¥¥â ¤¥¤«�©−. �â−®á¨â¥«ì−®
«î¡®© §�¤�ç¨ ¨§¢¥áâ−� á®§¤�¢�¥¬�ï ¥î ¢ëç¨á«¨â¥«ì−�ï −�£àã§ª�, � â�ª¦¥
−�¡®à ¤�−−ëå, −¥®¡å®¤¨¬ëå ¤«ï ¥¥ à¥è¥−¨ï. „«ï à¥è¥−¨ï §�¤�ç¨ ¢ ¢ëç¨á-
«¨â¥«ì−®¬ ã§«¥ −ã¦−®, çâ®¡ë ¢¥áì á¢ï§�−−ë© á §�¤�ç¥© −�¡®à ¤�−−ëå ¡ë«
¯¥à¥¤�− ¢ íâ®â ã§¥«. �¥®¡å®¤¨¬® ®¯à¥¤¥«¨âì �«£®à¨â¬ à�á¯à¥¤¥«¥−¨ï §�¤�ç
¯® ¢ëç¨á«¨â¥«ì−ë¬ ã§«�¬ ¨ ¯¥à¥¤�ç¨ ä�©«®¢ á ¤�−−ë¬¨, ¬¨−¨¬¨§¨àãîé¨©
áà¥¤−¥¥ ¢à¥¬ï ¢ë¯®«−¥−¨ï §�¤�−¨©.

3. ‚ëç¨á«¨â¥«ì−ë© ª®¬¯«¥ªá á®áâ®¨â ¨§ à�á¯à¥¤¥«¥−−ëå ¢ëç¨á«¨â¥«ì−ëå
ãáâà®©áâ¢, ª®â®àë¥ −¥ ï¢«ïîâáï �¡á®«îâ−® −�¤¥¦−ë¬¨ ¨ ¬®£ãâ ç�áâ¨ç−®
¨«¨ ¯®«−®áâìî ¢ëå®¤¨âì ¨§ áâà®ï, ¨ ¯à¥¤−�§−�ç¥− ¤«ï ®¡à�¡®âª¨ ¯®â®ª�
®¤−®â¨¯−ëå §�¤�−¨© [4]. ‚ë¯®«−¥−¨¥ §�¤�−¨ï §�ª«îç�¥âáï ¢ à¥è¥−¨¨ ¡®«ì-
è®£® (¯®àï¤ª� âëáïç) ç¨á«� ª®à®âª¨å −¥§�¢¨á¨¬ëå §�¤�ç. ‚ −¥ª®â®àëå
á«ãç�ïå −¥®¡å®¤¨¬® à¥è¨âì ¢á¥ §�¤�ç¨ ¨§ §�¤�−¨ï. �® ¬®¦¥â ®ª�§�âìáï,
çâ® ¢ §�¤�−¨¨ áãé¥áâ¢ã¥â ®¤−� ¨«¨ −¥áª®«ìª® §�¤�ç, ª®â®àë¥ ¯à¥¤áâ�¢«ï-
îâ ®á®¡ë© ¨−â¥à¥á ¨ −�§ë¢�îâáï ª«îç¥¢ë¬¨ §�¤�ç�¬¨. �®¨áª ¨ à¥è¥−¨¥
ª«îç¥¢ëå §�¤�ç ¯à¥¤áâ�¢«ï¥â á®¡®© ®á−®¢−ãî æ¥«ì ¢ë¯®«−¥−¨ï §�¤�−¨ï.
Š�ª¨¥ ¨§ §�¤�ç ï¢«ïîâáï ª«îç¥¢ë¬¨ ¨ áãé¥áâ¢ãîâ «¨ ¢®®¡é¥ ª«îç¥¢ë¥
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§�¤�ç¨ ¢ ¤�−−®¬ §�¤�−¨¨, §�à�−¥¥ −¥ ¨§¢¥áâ−®. �à®æ¥áá ¢ë¯®«−¥−¨ï §�¤�−¨©
®à£�−¨§®¢�− ¢ ¢¨¤¥ ¯¥à¨®¤¨ç¥áª®© ¯®áë«ª¨ ¯�ª¥â®¢ §�¤�ç −� ®¯à¥¤¥«¥−−ë¥
¢ëç¨á«¨â¥«ì−ë¥ ãáâà®©áâ¢�, §�ªà¥¯«¥−−ë¥ §� ¤�−−ë¬ §�¤�−¨¥¬. �à®¬¥-
¦ãâ®ª ¢à¥¬¥−¨ ¬¥¦¤ã ®â¯à�¢«¥−¨¥¬ ¯®áë«ª¨ ¨ ¯à¨¥¬®¬ ¥¥ à¥§ã«ìâ�â®¢
−�§ë¢�¥âáï ª®−âà®«ì−ë¬ ¨−â¥à¢�«®¬ ¨ ãáâ�−�¢«¨¢�¥âáï ¢ −�ç�«¥ ª�¦¤®£®
§�¯ãáª� §�¤�−¨ï. �à®æ¥áá ¢ë¯®«−¥−¨ï §�¤�−¨ï §�ª�−ç¨¢�¥âáï, ª®£¤� ®¡−�-
àã¦¥−� ¨ à¥è¥−� ª«îç¥¢�ï §�¤�ç�, «¨¡® ª®£¤� à¥è¥−ë ¢á¥ §�¤�ç¨, «¨¡® ª®£¤�
−�áâã¯¨« ¤¥¤«�©− §�¤�−¨ï. ‘â�¢¨âáï æ¥«ì ®¡−�àã¦¨âì ª�ª ¬®¦−® ¡®«ìè¥
ª«îç¥¢ëå §�¤�ç. „«ï ¥¥ ¤®áâ¨¦¥−¨ï −¥®¡å®¤¨¬® −�©â¨ áâà�â¥£¨î, á®£«�á−®
ª®â®à®©: (�) §�¤�−¨ï ¢ë¡¨à�îâáï ¨§ ®¡é¥© ®ç¥à¥¤¨; (¡) §� ¢ë¡à�−−ë¬ §�¤�-
−¨¥¬ §�ªà¥¯«ïîâáï ¢ëç¨á«¨â¥«ì−ë¥ ãáâà®©áâ¢�; (¢) ®¯à¥¤¥«ï¥âáï ª®«¨ç¥áâ¢®
§�¤�ç ¢ ¯�ª¥â�å; (£) ®¯à¥¤¥«ï¥âáï ª®−âà®«ì−ë© ¨−â¥à¢�«.

4. ‚ á¨áâ¥¬ã ¢ëç¨á«¨â¥«ì−ëå à¥áãàá®¢ á«ãç�©−ë¬ ®¡à�§®¬ ¯®áâã¯�îâ §�¤�-
−¨ï. ÷�á¯¨á�−¨¥ à�¡®âë à¥áãàá®¢ ¤®áâ�â®ç−® á«®¦−®¥: ¯¥à¨®¤ë, ª®£¤�
à¥áãàá ¬®¦¥â ¢ë¯®«−ïâì §�¤�−¨ï, ç¥à¥¤ãîâáï á ¯¥à¨®¤�¬¨ ¯®«−®© −¥¤®áâã¯-
−®áâ¨. ‡�¤�−¨ï à�§«¨ç�îâáï ¯® â¨¯ã ¨ ¯à¨®à¨â¥âã, â�ª çâ® ®¯à¥¤¥«¥−−ë¥
§�¤�−¨ï ¬®£ãâ ¡ëâì ¢ë¯®«−¥−ë â®«ìª® −� ®¯à¥¤¥«¥−−ëå à¥áãàá�å, � ¯à¨®-
à¨â¥â ãç¨âë¢�¥âáï ¯à¨ á®áâ�¢«¥−¨¨ ®ç¥à¥¤−®áâ¨ §�¤�−¨©. Š�¦¤®¥ §�¤�−¨¥
¤®«¦−® ¡ëâì ¢ë¯®«−¥−® ¢ «î¡®¬ á«ãç�¥, ®¤−�ª® ¯à¨ ¯à¥¢ëè¥−¨¨ ¤¥¤«�©−�
−�§−�ç�¥âáï èâà�ä. ‚ë¯®«−¥−¨¥ ª�¦¤®£® §�¤�−¨ï ¯à®¨áå®¤¨â ¯®íâ�¯−® á®
á«ãç�©−ë¬ ç¨á«®¬ íâ�¯®¢ −¥ ¨§¢¥áâ−®© §�à�−¥¥ âàã¤®¥¬ª®áâ¨. Œ¥¦¤ã ®â-
¤¥«ì−ë¬¨ íâ�¯�¬¨ ¨¬¥îâáï ¢ë−ã¦¤¥−−ë¥ ¯à®¬¥¦ãâª¨ ¢à¥¬¥−¨ á«ãç�©−®©
¤«¨−ë. ’à¥¡ã¥âáï −�©â¨ áâà�â¥£¨î à�á¯à¥¤¥«¥−¨ï §�¤�−¨© ¯® à¥áãàá�¬,
¬¨−¨¬¨§¨àãîéãî ç¨á«® ¯à®áà®ç¥−−ëå §�¤�−¨© ¨ ®¡¥á¯¥ç¨¢�îéãî à�¢−®-
¬¥à−ãî §�£àã§ªã à¥áãàá®¢.

3 Общее описание модели планирования ресурсов

÷�§¡¨à�ï ¯à¨¬¥àë ¯®áâ�−®¢ª¨ §�¤�ç ¯«�−¨à®¢�−¨ï à¥áãàá®¢, ¬®¦−® ª®−áâ�-
â¨à®¢�âì ®¡ï§�â¥«ì−®¥ −�«¨ç¨¥ ¢ −¨å âà¥å ®á−®¢−ëå á®áâ�¢«ïîé¨å:

(1) §�¤�−¨ï, ª®â®àë¥ ¯®áâã¯�îâ ¢ ¢ëç¨á«¨â¥«ì−ãî á¨áâ¥¬ã;

(2) ¢ëç¨á«¨â¥«ì−ë¥ à¥áãàáë, −� ª®â®àëå §�¤�−¨ï ¬®£ãâ ¡ëâì ¢ë¯®«−¥−ë;

(3) �«£®à¨â¬, á®£«�á−® ª®â®à®¬ã ¯à®¨áå®¤¨â à�á¯à¥¤¥«¥−¨¥ §�¤�−¨© ¬¥¦¤ã
à¥áãàá�¬¨.

‘®®â¢¥âáâ¢¥−−® ¡ã¤¥¬ £®¢®à¨âì ® âà¥å ®á−®¢−ëå ª®¬¯®−¥−â�å ¬®¤¥«¨, ª®â®àë¥
−�§®¢¥¬ úà¥áãàáëû, ú¯®â®ª¨ (§�¤�−¨©)û ¨ ú�£¥−âëû. „�¤¨¬ ¨å ªà�âª®¥ −�£«ï¤−®¥
®¯¨á�−¨¥, ®áâ�¢«ïï ¡®«¥¥ â®ç−®¥ ¨ à�§¢¥à−ãâ®¥ ¨§«®¦¥−¨¥ ¤® á«¥¤ãîé¨å à�§¤¥«®¢
áâ�âì¨.

÷¥áãàá | íâ® â¥à¬¨− ¤«ï ®¡®§−�ç¥−¨ï â®£® â¥å−¨ç¥áª®£® ãáâà®©áâ¢�, −�
ª®â®à®¬ ¯à®¨áå®¤¨â à¥è¥−¨¥ §�¤�ç ¨§ §�¤�−¨©. ÷¥áãàá å�à�ªâ¥à¨§ã¥âáï ¥¬ª®áâìî
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�®áâà®¥−¨¥ ¨¬¨â�æ¨®−−®© ¬®¤¥«¨ ¤«ï à¥è¥−¨ï §�¤�ç ¯«�−¨à®¢�−¨ï à¥áãàá®¢

¯�¬ïâ¨, ¯à®¨§¢®¤¨â¥«ì−®áâìî, � â�ª¦¥ ¯à®æ¥áá®¬, ®¯¨áë¢�îé¨¬ á®áâ®ï−¨¥ ¥£®
à�¡®â®á¯®á®¡−®áâ¨.

ˆáâ®ç−¨ª®¬ ¯®â®ª� §�¤�−¨© ï¢«ï¥âáï ¯®âà¥¡¨â¥«ì ¢ëç¨á«¨â¥«ì−ëå à¥áãà-
á®¢, ª®â®àë© ï¢−® −¥ ¯à¨áãâáâ¢ã¥â ¢ ¬®¤¥«¨. •�à�ªâ¥à¨áâ¨ª¨ ¯®â®ª� §�¤�−¨©
ï¢«ïîâáï ®¡¥§«¨ç¥−−ë¬¨ ¨ áª«�¤ë¢�îâáï ¨§ ¤¢ãå á®áâ�¢«ïîé¨å. �â®

(1) á«ãç�©−ë© ¯à®æ¥áá, §�¤�îé¨© ¬®¬¥−âë ¯®áâã¯«¥−¨ï §�¤�−¨©;

(2) â¨¯ ¯®áâã¯�îé¨å §�¤�−¨©.

’�ª¨¬ ®¡à�§®¬, ¯®â®ª ¯à¥¤áâ�¢«ï¥â á®¡®© á«ãç�©−ãî ¯®á«¥¤®¢�â¥«ì−®áâì
®¤−®â¨¯−ëå §�¤�−¨©, � ¯à¨áãâáâ¢¨¥ ¢ á¨áâ¥¬¥ §�¤�−¨© à�§−ëå â¨¯®¢ ¬®¤¥«¨àã¥âáï
−�«¨ç¨¥¬ à�§«¨ç−ëå ¯®â®ª®¢.

‡�¤�−¨¥ | íâ® −�§¢�−¨¥ ¤«ï ¥¤¨−¨ç−®© −�£àã§ª¨, ª®â®à�ï ¯®áâã¯�¥â −�
¢ëç¨á«¨â¥«ì−ë¥ à¥áãàáë. ‡�¤�−¨¥ å�à�ªâ¥à¨§ã¥âáï, ¯à¥¦¤¥ ¢á¥£®, ª®−âà®«ì−ë¬
¢à¥¬¥−¥¬, ¢ â¥ç¥−¨¥ ª®â®à®£® ®−® ¤®«¦−® ¡ëâì ¢ë¯®«−¥−® ¨ ª®â®à®¥ −�§ë¢�¥âáï
¤¥¤«�©−®¬.

‚® ¬−®£¨å á«ãç�ïå −¥®¡å®¤¨¬® ¯à¨−¨¬�âì ¢® ¢−¨¬�−¨¥, çâ® §�¤�−¨¥ ¨¬¥¥â
¢−ãâà¥−−¥¥ áâà®¥−¨¥, ª®â®à®¥ ®¯à¥¤¥«ï¥â å�à�ªâ¥à ¥£® ¢ë¯®«−¥−¨ï. ‘ íâ®© æ¥«ìî
¯®«�£�¥¬, çâ® §�¤�−¨¥ á®áâ®¨â ¨§ ®¤−®© ¨«¨ ¡®«¥¥ §�¤�ç, ª®â®àë¥ −ã¦−® à¥è¨âì,
çâ®¡ë ¥£® ¢ë¯®«−¨âì. ’�ª¨¬ ®¡à�§®¬, §�¤�−¨¥ ¯®¬¨¬® ¤¥¤«�©−� å�à�ªâ¥à¨§ã¥âáï
ª®«¨ç¥áâ¢®¬ ¨ â¨¯®¬ §�¤�ç, � â�ª¦¥ áâàãªâãà®©, â. ¥. ¢§�¨¬®§�¢¨á¨¬®áâìî §�¤�ç
¨ ¯®á«¥¤®¢�â¥«ì−®áâìî ¨å ¢ë¯®«−¥−¨ï.

‚ à�áá¬�âà¨¢�¥¬®© ¬®¤¥«¨ §�¤�ç� | íâ® ¬¨−¨¬�«ì−�ï ¥¤¨−¨æ� −�£àã§ª¨ −�
¥¤¨−¨ç−ë© ¢ëç¨á«¨â¥«ì−ë© à¥áãàá, ª®â®à�ï ¨á¯®«ì§ã¥âáï ¤«ï ®¯¨á�−¨ï áâàãª-
âãà−® ¨ ®à£�−¨§�æ¨®−−® á«®¦−ëå §�¤�−¨©. ‚ë¯®«−¥−¨¥, ¨«¨ à¥è¥−¨¥, §�¤�ç¨
®§−�ç�¥â, çâ® ª�ª�ï-â® ç�áâì ¬®é−®áâ¨ ®¯à¥¤¥«¥−−®£® à¥áãàá� ¡ã¤¥â §�−ïâ� ¢ â¥-
ç¥−¨¥ −¥ª®â®à®£® ¢à¥¬¥−¨ ¨, á«¥¤®¢�â¥«ì−®, ¡ã¤¥â −¥¤®áâã¯−� ¤«ï ¤àã£¨å §�¤�ç.
‚ë¯®«−¥−¨¥ §�¤�ç¨ á®¯àï¦¥−® á §�âà�â�¬¨ (¯à®æ¥áá®à−®£® ¢à¥¬¥−¨, ä¨§¨ç¥áª®©
¯�¬ïâ¨, á¥â¥¢ëå à¥áãàá®¢, ¤¥−¥£ ¨«¨ ¨−ëå áà¥¤áâ¢). �â¨ §�âà�âë §�¢¨áïâ ®â
à�§¬¥à� §�¤�ç¨, ª®â®àë© å�à�ªâ¥à¨§ã¥âáï:

{ ®¡ê¥¬®¬ ¤�−−ëå, −¥®¡å®¤¨¬ë¬ ¤«ï −�ç�«� à¥è¥−¨ï §�¤�ç¨ −� ¢ëç¨á«¨â¥«ì-
−®¬ à¥áãàá¥;

{ âàã¤®¥¬ª®áâìî, ª®â®àãî ¬®¦−® ®¯à¥¤¥«¨âì ª�ª ¢à¥¬ï à¥è¥−¨ï §�¤�ç¨ −�
áâ�−¤�àâ−®¬ ¯à®æ¥áá®à¥;

{ ®¡ê¥¬®¬ ¤�−−ëå, ¯®«ãç¥−−ëå ¢ à¥§ã«ìâ�â¥ à¥è¥−¨ï.

‚ à�áá¬�âà¨¢�¥¬®© ¬®¤¥«¨ §�¤�ç� ª�ª ¥¤¨−¨æ� −�£àã§ª¨ −¥ ¬®¦¥â ¡ëâì
à�§¡¨â� −� ç�áâ¨ ¯® ¢à¥¬¥−¨ ¨«¨ ¯® ¬¥áâã ¢ë¯®«−¥−¨ï. ˆ−ë¬¨ á«®¢�¬¨, §�¤�ç�
−¥ ¬®¦¥â à¥è�âìáï ¯® ç�áâï¬, � ¤®«¦−� ¡ëâì ¢ë¯®«−¥−� â®«ìª® ¥¤¨−®¢à¥¬¥−−®
¨ â®«ìª® −� ¥¤¨−áâ¢¥−−®¬ à¥áãàá¥. (’�ª¨¬ ®¡à�§®¬, ¢�¦−®¥ ¤«ï ¯à¨«®¦¥−¨©
¯®−ïâ¨¥ ú¤¥«¨¬®áâ¨ −�£àã§ª¨û ¬®¦¥â ¡ëâì ãçâ¥−® ¢ ¬®¤¥«¨ â®«ìª® −� ãà®¢−¥
§�¤�−¨©.)

�¥à¥ç¨á«¥−−ë¥ ª®¬¯®−¥−âë ¬®¤¥«¨ ®âà�¦�îâ á�¬ë¥ ®¡é¨¥ úä¨§¨ç¥áª¨¥û
ç¥àâë, ª®â®àë¥ á −¥®¡å®¤¨¬®áâìî ¯à¨áãâáâ¢ãîâ ¢ «î¡®© ¯®áâ�−®¢ª¥ §�¤�ç¨,
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á¢ï§�−−®© á à�á¯à¥¤¥«¥−¨¥¬ ¢ëç¨á«¨â¥«ì−ëå à¥áãàá®¢. ÷�§«¨ç¨ï, ®¡ãá«®¢«¥−-
−ë¥ â¥å−¨ç¥áª¨¬ á®áâ�¢®¬ ¢ëç¨á«¨â¥«ì−®£® ¯�àª� ¨ å�à�ªâ¥à®¬ ¯®áâã¯�îé¨å
§�¤�−¨©, ¬®£ãâ ¡ëâì ãçâ¥−ë ¢ ¬®¤¥«¨ ¯ãâ¥¬ §�¤�−¨ï ª®«¨ç¥áâ¢� ¯¥à¥ç¨á«¥−−ëå
®¡ê¥ªâ®¢ ¨ −�áâà®©ª¨ ¨å ¯�à�¬¥âà®¢.

…é¥ ®¤−� à�§−®¢¨¤−®áâì ª®¬¯®−¥−â®¢ ¬®¤¥«¨ | �£¥−âë. ’�ª®© ª®¬¯®−¥−â −¥-
®¡å®¤¨¬ ¤«ï ®âà�¦¥−¨ï ¡®«¥¥ á«®¦−ëå, ú¢¨àâã�«ì−ëåû ®á®¡¥−−®áâ¥© á¨áâ¥¬ë,
á¢ï§�−−ëå á ®à£�−¨§�æ¨¥© ã¯à�¢«¥−¨ï ¯à®æ¥áá®¬ à�á¯à¥¤¥«¥−¨ï §�¤�−¨©. �â¨
®á®¡¥−−®áâ¨ ¬®£ãâ ¬−®£®£à�−−ë¬¨ ¨ à�§−®®¡à�§−ë¬¨ á¯®á®¡�¬¨ ¯à®ï¢«ïâìáï
¢ ¯®áâ�−®¢ª�å §�¤�ç, ¯®íâ®¬ã ¡®«¥¥ ¨«¨ ¬¥−¥¥ ã−¨¢¥àá�«ì−®¥ ®¯¨á�−¨¥ �£¥−â�
¯à¥¤áâ�¢«ï¥â −�¨¡®«ìèãî á«®¦−®áâì. �£à�−¨ç¨¬áï §�¬¥ç�−¨¥¬, çâ® ¢ å�à�ªâ¥-
à¨áâ¨ªã �£¥−â� ¢å®¤ïâ ¬−®¦¥áâ¢� ¯®â®ª®¢ ¨ à¥áãàá®¢, ª®â®àë¥ ¨¬ ®¡á«ã¦¨¢�îâáï,
¨ çâ® −�§−�ç¥−¨¥ �£¥−â� §�ª«îç�¥âáï ¢ â®¬, çâ®¡ë à¥£ã«¨à®¢�âì ®â−®áïé¨¥áï ª ¥£®
¢¥¤¥−¨î ¯®â®ª¨ §�¤�−¨©, � â�ª¦¥ ª®−âà®«¨à®¢�âì ¨á¯®«ì§®¢�−¨¥ ¯à¨−�¤«¥¦�é¨å
¥¬ã à¥áãàá®¢. ”�ªâ¨ç¥áª¨ â¥à¬¨− ú�£¥−âû á«ã¦¨â ¤«ï ®¡®§−�ç¥−¨ï ®â¤¥«ì−ëå
ª®¬¯®−¥−â áâà�â¥£¨¨ à�á¯à¥¤¥«¥−¨ï §�¤�−¨© ¯® à¥áãàá�¬. �®−ïâ¨¥ �£¥−â� ¬®-
¤¥«¨àã¥â â�ª¦¥, å®âï ¨ ª®á¢¥−−®, ¯®âà¥¡¨â¥«¥© ¨ ¢«�¤¥«ìæ¥¢ à¥áãàá®¢. �ãâ¥¬
§�¤�−¨ï ª®«¨ç¥áâ¢� �£¥−â®¢, ¨å áâàãªâãà−®© ¢§�¨¬®§�¢¨á¨¬®áâ¨, �«£®à¨â¬®¢
äã−ªæ¨®−¨à®¢�−¨ï ¯à¥¤¯®«�£�¥âáï ¬®¤¥«¨à®¢�âì à�§«¨ç−ë¥ áâà�â¥£¨¨ æ¥−âà�-
«¨§®¢�−−®£® ¨ ¤¥æ¥−âà�«¨§®¢�−−®£® ¯«�−¨à®¢�−¨ï à¥áãàá®¢ | ª�ª áâ�â¨ç¥áª¨¥,
â�ª ¨ ¤¨−�¬¨ç¥áª¨¥.

4 Формальное определение имитационной модели

‚ íâ®¬ à�§¤¥«¥ ¯à¨¢¥¤¥−ë ®¯à¥¤¥«¥−¨ï, ª®â®àë¥ ¬®£ãâ ¡ëâì ¯®«®¦¥−ë ¢ ®á−®-
¢ã «î¡®© ¨¬¨â�æ¨®−−®© ¬®¤¥«¨ ¨ ª®â®àë¥ ¨á¯®«ì§®¢�−ë, ¢ ç�áâ−®áâ¨, ¯à¨ ¯®-
áâà®¥−¨¨ Œ�÷. ˆáå®¤−ë¬¨ ï¢«ïîâáï −¥ª®â®àë¥ ª®−áâàãªæ¨¨ ¨§ ä®à¬�«¨§¬�
¢§�¨¬®¤¥©áâ¢ãîé¨å ¯à®æ¥áá®¢ •®�à� [7].

�¯à¥¤¥«¥−¨¥ �1. h-¯à®æ¥áá®¬ −�§ë¢�¥âáï ¯�à� á¨¬¢®«®¢ š = (A,A), £¤¥ A |
−¥ ¡®«¥¥ ç¥¬ áç¥â−®¥ ¬−®¦¥áâ¢®, −�§ë¢�¥¬®¥ �«ä�¢¨â®¬, � A | ¯®¤¬−®¦¥áâ¢®
¬−®¦¥áâ¢� ¢á¥å ª®−¥ç−ëå ¨ ¡¥áª®−¥ç−ëå ¯®á«¥¤®¢�â¥«ì−®áâ¥© ¨§ A. �«¥¬¥−âë
�«ä�¢¨â� −�§ë¢�îâáï á®¡ëâ¨ï¬¨, � í«¥¬¥−âë ¬−®¦¥áâ¢� A | ¯à®â®ª®«�¬¨.

’¥à¬¨− h-¯à®æ¥áá ¯à¥¤−�§−�ç¥− ¤«ï ®¯¨á�−¨ï ¤¨−�¬¨ª¨ ®¡ê¥ªâ�, ª®â®àë©
¢ å®¤¥ í¢®«îæ¨¨ ¬®¦¥â ¯à¨−¨¬�âì ãç�áâ¨¥ ¢ á®¡ëâ¨ïå ¨§ á¢®¥£® �«ä�¢¨â� ¨ â®«ì-
ª® ¢ íâ¨å á®¡ëâ¨ïå. —¥à¥¤®¢�−¨¥ á®¡ëâ¨© ®¡ï§�−® ¢ â®ç−®áâ¨ á®®â¢¥âáâ¢®¢�âì
ª�ª®¬ã-−¨¡ã¤ì ¯à®â®ª®«ã. ‚ íâ®¬ ®â−®è¥−¨¨ h-¯à®æ¥áá, á®®â¢¥âáâ¢ãîé¨© −¥ª®-
â®à®¬ã ®¡ê¥ªâã, §�¤�¥â ¢®§¬®¦−®áâ¨ à�§¢¨â¨ï íâ®£® ®¡ê¥ªâ�.

‡�¤�−¨¥ ¯à®â®ª®«®¢ ¯ãâ¥¬ ¯¥à¥ç¨á«¥−¨ï −¥ª®−áâàãªâ¨¢−®, ¯®íâ®¬ã ¤«ï íâ®©
æ¥«¨ ¨á¯®«ì§ãîâáï á¯¥æ¨�«ì−ë¥ ¯à¨¥¬ë, � ¨¬¥−−®: à¥ªãàá¨ï, ª®¬¯®§¨æ¨ï
h-¯à®æ¥áá®¢ ¢ ¢¨¤¥ ú¢ë¡®à�û, ¯�à�««¥«ì−®¥ ®¡ê¥¤¨−¥−¨¥, ¯¥à¥¨¬¥−®¢�−¨¥ ¨ ¤à.
�¯à¥¤¥«¥−¨ï íâ¨å ®¯¥à�æ¨© ¯à¨¢¥¤¥−ë ¢ ¯à¨«®¦¥−¨¨.

‚¢¥¤¥−−®¥ ¯®−ïâ¨¥ h-¯à®æ¥áá� ¯®§¢®«ï¥â §�¤�¢�âì á®¢®ªã¯−®áâì æ¥¯®ç¥ª á®-
¡ëâ¨©, ¢ ª®â®àëå ¬®¦¥â ¯à¨−¨¬�âì ãç�áâ¨¥ ®¡ê¥ªâ. �â® ¯®−ïâ¨¥, ª�ª ¡ã¤¥â ¢¨¤−®
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�®áâà®¥−¨¥ ¨¬¨â�æ¨®−−®© ¬®¤¥«¨ ¤«ï à¥è¥−¨ï §�¤�ç ¯«�−¨à®¢�−¨ï à¥áãàá®¢

¨§ ¤�«ì−¥©è¥£®, ã¯à®áâ¨â ®¯¨á�−¨¥ ¤¨−�¬¨ª¨ á¨áâ¥¬ë, á®áâ®ïé¥© ¨§ ¡®«ìè®£®
ç¨á«� ®¤¨−�ª®¢ë¬ ®¡à�§®¬ ãáâà®¥−−ëå ª®¬¯®−¥−â, ¢§�¨¬®¤¥©áâ¢ãîé¨å ¬¥¦¤ã
á®¡®©. �¤−�ª® á�¬® ¯® á¥¡¥ ¯®−ïâ¨¥ h-¯à®æ¥áá� −¥¤®áâ�â®ç−® ¤«ï ¯®«−®£® ®¯¨á�-
−¨ï í¢®«îæ¨¨ ®¡ê¥ªâ�, ¯®áª®«ìªã ¯®¬¨¬® ãª�§�−¨ï −� ¢®§¬®¦−®áâì ¥£® ãç�áâ¨ï
¢ â¥å ¨«¨ ¨−ëå á®¡ëâ¨ïå −¥®¡å®¤¨¬® ®¯à¥¤¥«ïâì, çâ® ¯à®¨áå®¤¨â á −¨¬ ¢ à¥§ã«ì-
â�â¥ íâ¨å á®¡ëâ¨©. …á«¨ ¦¥ £®¢®à¨âì ®¡ ¨¬¨â�æ¨¨ ¤¨−�¬¨ª¨ ®¡ê¥ªâ®¢, â® ¤«ï
â®£® çâ®¡ë ¨á¯®«ì§®¢�âì ¢ëè¥¯à¨¢¥¤¥−−®¥ ¯®−ïâ¨¥ h-¯à®æ¥áá�, −�¤® ãª�§�âì, ª�ª
¨§ ¬−®¦¥áâ¢� ¢®§¬®¦−ëå ¯à®â®ª®«®¢ ¢ë¡¨à�¥âáï ®¤¨−-¥¤¨−áâ¢¥−−ë©, ª®â®à®¬ã
á«¥¤ã¥â ®¡ê¥ªâ ¢ ª®−ªà¥â−®© à¥�«¨§�æ¨¨. C ãç¥â®¬ íâ¨å á®®¡à�¦¥−¨© ¢¢®¤¨âáï
á«¥¤ãîé¥¥ ®¯à¥¤¥«¥−¨¥.

�¯à¥¤¥«¥−¨¥ �2. ˆ¬¨â�æ¨®−−®© ¬®¤¥«ìî −¥ª®â®à®£® ®¡ê¥ªâ� −�§®¢¥¬ âà®©ªã
á¨¬¢®«®¢

m = (š,™,H) ,

£¤¥ š| h-¯à®æ¥áá; ™| ¬−®¦¥áâ¢® ¯�à�¬¥âà®¢ ¬®¤¥«¨ (®¡ê¥ªâ�); H = {Ha, a ∈
∈ αš} | á®¢®ªã¯−®áâì â�ª −�§ë¢�¥¬ëå ®¡à�¡®âç¨ª®¢ á®¡ëâ¨©.

�¡à�¡®âç¨ª á®¡ëâ¨ï a ¬®¦¥â ¡ëâì ¯à¥¤áâ�¢«¥− ¢ ¢¨¤¥ −�¡®à� ¨§ ¤¢ãå ª®¬-
¯®−¥−â Ha = {Ua, Va}, £¤¥ Ua ®â¢¥ç�¥â §� ¨§¬¥−¥−¨ï ¯�à�¬¥âà®¢ ¢ á¢ï§¨ á −�-
áâã¯«¥−¨¥¬ íâ®£® á®¡ëâ¨ï, � Va ãáâ�−�¢«¨¢�¥â −®¢ë¥ á®¡ëâ¨ï, ª®â®àë¥ ¤®«¦−ë
¯à®¨§®©â¨ ¯®á«¥ −�áâã¯«¥−¨ï á®¡ëâ¨ï a. ÷�áá¬®âà¨¬ ®¡¥ ª®¬¯®−¥−âë ¯®¤à®¡−¥¥.
Š®¬¯®−¥−â� Ua = {Ua,ξ ; ξ ∈ ™} ¯à¥¤áâ�¢«ï¥â á®¡®© á®¢®ªã¯−®áâì ®¯¥à�â®à®¢
Ua,ξ, ¤¥©áâ¢ãîé¨å ¨§ ¬−®¦¥áâ¢� §−�ç¥−¨© ¯�à�¬¥âà� ξ ¢ â® ¦¥ ¬−®¦¥áâ¢®. �â®
á®®â¢¥âáâ¢ã¥â ¯à¥¤áâ�¢«¥−¨î ® äã−ªæ¨®−¨à®¢�−¨¨ ¨¬¨â�æ¨®−−®© ¬®¤¥«¨ ª�ª
® ç¥à¥¤®¢�−¨¨ á®¡ëâ¨©, −�áâã¯«¥−¨¥ ª®â®àëå ¢«¥ç¥â ®¯à¥¤¥«¥−−ë¥ ¨§¬¥−¥−¨ï
¯�à�¬¥âà®¢. �à¨ −�áâã¯«¥−¨¨ á®¡ëâ¨ï a ∈ αš â¥ªãé¥¥ §−�ç¥−¨¥ x ª�¦¤®£®
¯�à�¬¥âà� ξ ∈ ™ §�¬¥−ï¥âáï −� (¢®®¡é¥ £®¢®àï, ¤àã£®¥) §−�ç¥−¨¥ x′ = Ua,ξ(x).
…á«¨ âà�ªâ®¢�âì á®¢®ªã¯−®áâì ¯�à�¬¥âà®¢ ®¡ê¥ªâ� ª�ª ¥£® úá®áâ®ï−¨¥û, â® ¬®¦−®
áª�§�âì, çâ® ª®¬¯®−¥−â� Ua ®¡à�¡®âç¨ª� á®¡ëâ¨© ®¯à¥¤¥«ï¥â ¨§¬¥−¥−¨¥ á®áâ®ï-
−¨ï ®¡ê¥ªâ� ¯à¨ −�áâã¯«¥−¨¨ â®£® ¨«¨ ¨−®£® á®¡ëâ¨ï. (‘«¥¤ã¥â §�¬¥â¨âì, çâ®
¢ ¬−®¦¥áâ¢¥ ™ ®¡ëç−® ¥áâì ¨ áâ�â¨ç¥áª¨¥ ¯�à�¬¥âàë, ª®â®àë¥ −¥ ¨§¬¥−ïîâáï
¢ ¯à®æ¥áá¥ äã−ªæ¨®−¨à®¢�−¨ï.)

Š®¬¯®−¥−â� Va ¯®§¢®«ï¥â à¥�«¨§®¢�âì ¨§ ¬−®¦¥áâ¢� ¢®§¬®¦−ëå ¯à®â®ª®«®¢
¥¤¨−áâ¢¥−−ë© ¯à®â®ª®«, ¯® ª®â®à®¬ã à�§¢¨¢�¥âáï ¨¬¨â�æ¨®−−ë© íªá¯¥à¨¬¥−â.
�¡®§−�ç¨¬ íâ®â ¯à®â®ª®« ç¥à¥§ π = (a0, a1, . . .) ∈ πš, an ∈ αš. ‘ç¨â�¥¬,
çâ® ¨¬¨â�æ¨®−−�ï âà�¥ªâ®à¨ï à�§¢®à�ç¨¢�¥âáï ¢ −¥¯à¥àë¢−®¬ ¢à¥¬¥−¨ t ≥ 0.
‘ ª�¦¤ë¬ á®¡ëâ¨¥¬ an ¨§ ¯à®â®ª®«� π á¢ï¦¥¬ ®¡®§−�ç¥−¨¥ ⊤(an), ãª�§ë¢�îé¥¥
¬®¬¥−â ¢à¥¬¥−¨, ¢ ª®â®àë© ®−® ¤®«¦−® ¯à®¨§®©â¨. ‘®¯®áâ�¢¨¬ ª�¦¤®¬ã n
¬−®¦¥áâ¢® ú¡«¨¦�©è¨åû á®¡ëâ¨© An+1 ⊂ αš, ª®â®àë¥ ¤®«¦−ë ¯à®¨§®©â¨
−¥¯®áà¥¤áâ¢¥−−® ¢á«¥¤ §� á®¡ëâ¨¥¬ an. Š�¦¤ë© í«¥¬¥−â a ¬−®¦¥áâ¢� An+1

®¡«�¤�¥â å�à�ªâ¥à¨áâ¨ª®© ⊤(a), ¯à¨ç¥¬ ®¡ï§�â¥«ì−® ⊤(a) > ⊤(an). �à¨ íâ®¬
¯¥à¢®¥ §� ¬®¬¥−â®¬ ⊤(an) á®¡ëâ¨¥ an+1 ®¯à¥¤¥«ï¥âáï ª�ª í«¥¬¥−â an+1 =
= a ∈ An+1 á ¬¨−¨¬�«ì−ë¬ §−�ç¥−¨¥¬ ⊤(a). Œ−®¦¥áâ¢® An+1 ®¡à�§ã¥âáï ¨§
¬−®¦¥áâ¢� An á«¥¤ãîé¨¬ ®¡à�§®¬: An+1 = (An\{an}) ∪ Bn. ‘®áâ�¢ ¬−®¦¥áâ¢�
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¤®¡�¢«ï¥¬ëå á®¡ëâ¨© Bn, � â�ª¦¥ §−�ç¥−¨ï äã−ªæ¨¨ ⊤ ¤«ï á®¡ëâ¨© ¨§ íâ®£®
¬−®¦¥áâ¢� ®¯à¥¤¥«ïîâáï á®¡ëâ¨¥¬ an ¨ ®¯¥à�â®à®¬ Van

.
�ã¤¥¬ −�§ë¢�âì ¢ ¤�«ì−¥©è¥¬ ª®¬¯®−¥−âë U = {Ua, a ∈ αš} ¨ V =

= {Va, a ∈ αš} ®¡à�¡®âç¨ª� á®¡ëâ¨© H = (U, V ) á®®â¢¥âáâ¢¥−−® ®¯¥à�â®à®¬
á®áâ®ï−¨ï ¨ ®¯¥à�â®à®¬ à¥�«¨§�æ¨¨.

�à¥¦¤¥ ç¥¬ ¯à¨áâã¯¨âì −¥¯®áà¥¤áâ¢¥−−® ª ¬®¤¥«¨à®¢�−¨î á¨áâ¥¬ë à�á-
¯à¥¤¥«¥−¨ï ¢ëç¨á«¨â¥«ì−ëå à¥áãàá®¢, à�áá¬®âà¨¬ ¢á¯®¬®£�â¥«ì−ë© ®¡ê¥ªâ |
¬�àª®¢áª¨ ¬®¤ã«¨àã¥¬ë© ¯à®æ¥áá (ŒŒ�). �� íâ®¬ ¯à®áâ®¬ ¯à¨¬¥à¥ ¬®¦−®
¯à®¤¥¬®−áâà¨à®¢�âì, ª�ª á ¯®¬®éìî ®¯¨á�−−®© â¥å−¨ª¨ ®áãé¥áâ¢«ï¥âáï ¬®¤¥-
«¨à®¢�−¨¥. ‚ ¤�«ì−¥©è¥¬ ¬®¤¥«ì ŒŒ� ¡ã¤¥â ¨á¯®«ì§®¢�−� ¯à¨ ¯®áâà®¥−¨¨
¬®¤¥«¨ ¢å®¤−ëå ¯®â®ª®¢ §�¤�−¨©.

�®¤ ŒŒ� ¯®−¨¬�¥âáï á«ãç�©−ë© ¯à®æ¥áá á −¥¯à¥àë¢−ë¬ ¢à¥¬¥−¥¬, ª®â®-
àë© ®¯¨áë¢�¥â ¯®â®ª á«ãç�©−ëå ¬®¬¥−â®¢ ¢à¥¬¥−¨. Œ�àª®¢áª¨ ¬®¤ã«¨àã¥¬ë©
¯à®æ¥áá ¯à¥¤áâ�¢«ï¥â á®¡®© ä�ªâ¨ç¥áª¨ ¯à®æ¥áá ¢®ááâ�−®¢«¥−¨ï á ¯¥à¥¬¥−−®©
äã−ªæ¨¥© à�á¯à¥¤¥«¥−¨ï ¨−â¥à¢�«®¢ ¬¥¦¤ã ¬®¬¥−â�¬¨ ¢®ááâ�−®¢«¥−¨ï, §�¢¨áï-
é¥© ®â á®áâ®ï−¨ï ¢«®¦¥−−®© ¬�àª®¢áª®© æ¥¯¨.

…áâ¥áâ¢¥−−® ¯à¥¤áâ�¢«ïâì ŒŒ� ª�ª áã¯¥à¯®§¨æ¨î ¤¢ãå ¯à®æ¥áá®¢: ¯à®æ¥áá�
¢®ááâ�−®¢«¥−¨ï (�‚) ¨ ¬�àª®¢áª®© æ¥¯¨ (Œ–). �¡� ¯à®æ¥áá�, ¥á«¨ à�áá¬�âà¨-
¢�âì ¨å ¯® ®â¤¥«ì−®áâ¨, ¯®áâ®ï−−® ãç�áâ¢ãîâ ¢ ¥¤¨−áâ¢¥−−®¬ ¤«ï ª�¦¤®£® ¨§ −¨å
á®¡ëâ¨¨. „«ï �‚ íâ® á®¡ëâ¨¥ §�ª«îç�¥âáï ¢ −�áâã¯«¥−¨¨ ®ç¥à¥¤−®£® ¬®¬¥−â�
¢®ááâ�−®¢«¥−¨ï. �¡®§−�ç¨¬ ¥£® call (¨¬¥ï ¢ ¢¨¤ã ¤�«ì−¥©èãî ¨−â¥à¯à¥â�æ¨î
ãª�§�−−ëå á«ãç�©−ëå ¬®¬¥−â®¢ ª�ª ¬®¬¥−â®¢ ¯®áâã¯«¥−¨ï §�¤�−¨©). ‚ á®®â¢¥â-
áâ¢¨¨ á ®¯à¥¤¥«¥−¨¥¬ O4 ¨§ ¯à¨«®¦¥−¨ï ¬®¦−® §�¯¨á�âì à¥ªãàá¨¢−®¥ ãà�¢−¥−¨¥

REN = call→ REN ,

ª®â®à®¥ ®¯à¥¤¥«ï¥â h-¯à®æ¥áá REN á ¥¤¨−áâ¢¥−−ë¬ ¯à®â®ª®«®¬ π =
= (call, call, . . .). ‘«¥¤ãï ®¯à¥¤¥«¥−¨î O2, ®¯à¥¤¥«¨¬ ¬®¤¥«ì �‚ ª�ª

ren = (REN, {Dia}, (∅, V ren)) ,

£¤¥ Dia | äã−ªæ¨ï à�á¯à¥¤¥«¥−¨ï ¢à¥¬¥−¨ ¬¥¦¤ã ¬®¬¥−â�¬¨ ¢®ááâ�−®¢«¥−¨ï
(¥¤¨−áâ¢¥−−ë© ¨ ¯à¨â®¬ −¥¨§¬¥−ï¥¬ë© ¯�à�¬¥âà ®¡ê¥ªâ�), á¨¬¢®« ∅ ®§−�ç�¥â,
çâ® ®¯¥à�â®à á®áâ®ï−¨ï ®âáãâáâ¢ã¥â (¨«¨, ¥á«¨ â�ª ã¤®¡−¥¥ £®¢®à¨âì, ï¢«ï¥âáï
â®¦¤¥áâ¢¥−−ë¬ ®¯¥à�â®à®¬, â. ¥. −¥ ¨§¬¥−ï¥â ¯�à�¬¥âàë).

�¯¥à�â®à à¥�«¨§�æ¨¨ V ren ¤¥©áâ¢ã¥â á«¥¤ãîé¨¬ ®¡à�§®¬. �ãáâì an | n-¥
¯® áç¥âã á®¡ëâ¨¥ ¨§ ¯à®â®ª®«� π, � ⊤(an)| ¬®¬¥−â ¥£® −�áâã¯«¥−¨ï. Œ−®¦¥áâ¢®
¡«¨¦�©è¨å á®¡ëâ¨© ¨¬¥¥â ¢¨¤ An+1 = Bn = {an1 = call}, ¯à¨ç¥¬ ⊤(an+1) =
= ⊤(an) + τ , £¤¥ τ | à¥�«¨§�æ¨ï á«ãç�©−®© ¢¥«¨ç¨−ë á à�á¯à¥¤¥«¥−¨¥¬ Dia.

…¤¨−áâ¢¥−−®¥ á®¡ëâ¨¥, ¢ ª®â®à®¬ ãç�áâ¢ã¥â Œ–, ®¡®§−�ç¨¬ new state ¨ ®¯à¥-
¤¥«¨¬ h-¯à®æ¥áá

CH = new state→ CH
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�®áâà®¥−¨¥ ¨¬¨â�æ¨®−−®© ¬®¤¥«¨ ¤«ï à¥è¥−¨ï §�¤�ç ¯«�−¨à®¢�−¨ï à¥áãàá®¢

á ¥¤¨−áâ¢¥−−ë¬ ¯à®â®ª®«®¬ π = (new state,new state, . . .), � §�â¥¬ ¨ ¬®-
¤¥«ì Œ–,

ch =
(

CH, {P,Dst, sn},
(

U ch, V ch
))

.

‚ ç¨á«® ¯�à�¬¥âà®¢ ¬®¤¥«¨ ¯®¬¨¬® −¥¨§¬¥−−ëå ¯¥à¥å®¤−®© ¬�âà¨æë P ¨ −�¡®à�
äã−ªæ¨© à�á¯à¥¤¥«¥−¨ï ¢à¥¬¥− ¯à¥¡ë¢�−¨ï ¢ á®áâ®ï−¨ïå Dst ¢å®¤¨â ¯¥à¥¬¥−-
−ë© ¯�à�¬¥âà sn, ®¡®§−�ç�îé¨© á®áâ®ï−¨¥ æ¥¯¨ ¢ ¬®¬¥−â n-© á¬¥−ë á®áâ®ï−¨ï.
”ã−ªæ¨ï ®¯¥à�â®à� á®áâ®ï−¨ï U ch §�ª«îç�¥âáï ¢ â®¬, çâ® ¯à¨ n-¬ −�áâã¯«¥−¨¨
á®¡ëâ¨ï new state ¢ë¡¨à�¥âáï −®¢®¥ á®áâ®ï−¨¥ sn+1. �−® ®¯à¥¤¥«ï¥âáï ª�ª à¥�-
«¨§�æ¨ï á«ãç�©−®© ¢¥«¨ç¨−ë á à�á¯à¥¤¥«¥−¨¥¬, §�¤�−−ë¬ áâà®ª®© ¬�âà¨æë P ,
á®®â¢¥âáâ¢ãîé¥© á®áâ®ï−¨î sn. �¯¥à�â®à à¥�«¨§�æ¨¨ V ch | íâ® ®¡®§−�ç¥−¨¥
¤«ï á«¥¤ãîé¨å ¤¥©áâ¢¨©. �ãáâì ⊤(an) | ¬®¬¥−â −�áâã¯«¥−¨ï á®¡ëâ¨ï an ¨§
¯à®â®ª®«� π. �¯à¥¤¥«ï¥âáï ¬−®¦¥áâ¢® ¡«¨¦�©è¨å ª an á®¡ëâ¨©. �−® ¨¬¥¥â
¢¨¤ An+1 = B = {an+1 = new state}, ¯à¨ç¥¬ ⊤(an+1) = ⊤(an) + τ , £¤¥ τ |
à¥�«¨§�æ¨ï á«ãç�©−®© ¢¥«¨ç¨−ë á à�á¯à¥¤¥«¥−¨¥¬, ®â¢¥ç�îé¨¬ á®áâ®ï−¨î sn+1

¢ −�¡®à¥Dst.
�¡ê¥ªâë ren ¨ ch ï¢«ïîâáï ¢¯®«−¥ −¥§�¢¨á¨¬ë¬¨ ¬®¤¥«ï¬¨ ¨ ¬®£ãâ ¨á¯®«ì§®-

¢�âìáï �¢â®−®¬−® ¤«ï ¨¬¨â�æ¨¨ á®®â¢¥âáâ¢¥−−® �‚ ¨ Œ–. �¤−�ª® ¥á«¨ ¯ëâ�âìáï
®¡ê¥¤¨−¨âì ¨å, çâ®¡ë ¯®«ãç¨âì ¬®¤¥«ì ŒŒ�, â® −�¤® ãç¥áâì ¢§�¨¬®á¢ï§ì ¬¥¦¤ã
−¨¬¨, ¢ëà�¦�îéãîáï ¢ â®¬, çâ® ¢ ¬®¬¥−â á¬¥−ë á®áâ®ï−¨ï Œ– ¨§¬¥−ï¥âáï
äã−ªæ¨ï à�á¯à¥¤¥«¥−¨ï ¢à¥¬¥−¨ ¬¥¦¤ã ¬®¬¥−â�¬¨ ¢®ááâ�−®¢«¥−¨ï. �â® ¬®¦−®
á¤¥«�âì á«¥¤ãîé¨¬ ®¡à�§®¬. �¯à¥¤¥«¨¬ h-¯à®æ¥áá

MP = REN ‖ CH ,

¯à®â®ª®«�¬¨ ª®â®à®£® ï¢«ïîâáï ¯à®¨§¢®«ì−ë¥ ¯®á«¥¤®¢�â¥«ì−®áâ¨, á®áâ�¢«¥−-
−ë¥ ¨§ á®¡ëâ¨© call ¨ new state, ¨ à�áá¬®âà¨¬ ¬®¤¥«ì

mp =
(

MP, {Dia, P,Dst, sn,Dia}, (Ump, V mp)
)

.

‘à¥¤¨ ¯�à�¬¥âà®¢ íâ®£® ®¡ê¥ªâ� ¯®¬¨¬® Dia, P ,Dst ¨ sn, ¨¬¥îé¨å ¯à¥¦−¨©
á¬ëá«, ¯à¨áãâáâ¢ã¥â −�¡®à Dia, ¢ ª®â®àë© ¢å®¤ïâ äã−ªæ¨¨ à�á¯à¥¤¥«¥−¨ï ¨−-
â¥à¢�«®¢ ¬¥¦¤ã ¯®á«¥¤®¢�â¥«ì−ë¬¨ ¬®¬¥−â�¬¨ ¢®ááâ�−®¢«¥−¨ï ¤«ï à�§«¨ç−ëå
á®áâ®ï−¨© æ¥¯¨ P . �¯¥à�â®à á®áâ®ï−¨ï Ump ¢ë¯®«−ï¥â äã−ªæ¨î �−�«®£¨ç−®£®
®¯¥à�â®à� U ch ¤«ï ¬®¤¥«¨ Œ–: ¯à¨ ¢áïª®© á¬¥−¥ á®áâ®ï−¨ï æ¥¯¨ ®¯à¥¤¥«ï¥âáï
¥¥ −®¢®¥ á®áâ®ï−¨¥. �¤−�ª® ®¯¥à�â®à Ump ¯®«ãç�¥â â�ª¦¥ ¨ ¤®¯®«−¨â¥«ì−ãî
äã−ªæ¨î: ¯à¨ ª�¦¤®¬ á®¡ëâ¨¨ new state ¨§¬¥−ï¥âáï §−�ç¥−¨¥ äã−ªæ¨¨ à�á-
¯à¥¤¥«¥−¨ï ¢à¥¬¥−¨ ¬¥¦¤ã ¬®¬¥−â�¬¨ ¢®ááâ�−®¢«¥−¨ï (¬¥¦¤ã á®¡ëâ¨ï¬¨ call).
ˆ−ë¬¨ á«®¢�¬¨, ¥á«¨ á®áâ®ï−¨¥ sn ¨§¬¥−¨«®áì −� á®áâ®ï−¨¥ sn+1, â® ¯�à�-
¬¥âà Dia ¯à¨−¨¬�¥â −®¢®¥ §−�ç¥−¨¥ Diasn+1

, ª®â®à®¥ ¢ë¡¨à�¥âáï ¨§ −�¡®à� Dia

¨ á®®â¢¥âáâ¢ã¥â −®¢®¬ã á®áâ®ï−¨î æ¥¯¨. �¯¥à�â®à V mp ¢ë¯®«−ï¥â ¢ â®ç−®áâ¨
â�ª¨¥ ¦¥ äã−ªæ¨¨, çâ® ¨ ®¡� ®¯¥à�â®à� V ren ¨ V ch.
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Œ. ƒ. Š®−®¢�«®¢

�−�«¨§¨àãï ¯®áâà®¥−¨¥ ¬®¤¥«¨ ŒŒ� −� ®á−®¢¥ ¬®¤¥«¥© �‚ ¨ Œ–, ¯à¨å®¤¨¬
ª á«¥¤ãîé¥¬ã ®¯à¥¤¥«¥−¨î.

�¯à¥¤¥«¥−¨¥ �3. �ãáâì mi = (ši,™i,Hi), i = 1, 2, | ¤¢¥ ¬®¤¥«¨ ¢ á¬ëá«¥
®¯à¥¤¥«¥−¨ï O2. ��à�««¥«ì−ë¬ ®¡ê¥¤¨−¥−¨¥¬ m1 ¨ m2 −�§®¢¥¬ ¬®¤¥«ì

m = m1 ‖ m2 = (š1 ‖ š2,™,H) ,

£¤¥ ™ ⊇ ™1 ∪ ™2, � ®¡à�¡®âç¨ª á®¡ëâ¨© H −�á«¥¤ã¥â ¢á¥ äã−ªæ¨¨, ¢ë¯®«−ï¥¬ë¥
H1 ¨ H2, ¨, ¢®§¬®¦−®, ¨¬¥¥â ¤®¯®«−¨â¥«ì−ë¥ (−®¢ë¥) äã−ªæ¨¨.

�¯à¥¤¥«¥−¨¥ �3 ¤�¥â ¢®§¬®¦−®áâì áâà®¨âì ¬®¤¥«ì ¯®íâ�¯−®, ®á−®¢ë¢�ïáì −�
¡®«¥¥ ¬¥«ª¨å ¬®¤¥«ïå á®áâ�¢−ëå í«¥¬¥−â®¢ á¨áâ¥¬ë. ��¯à¨¬¥à, ¨á¯®«ì§ãï O3,
¬®¦−® §�¯¨á�âìmp = ren ‖ ch.

5 Фрагмент модели планирования ресурсов

‚ íâ®¬ à�§¤¥«¥ ¨§«�£�¥âáï ã¯à®é¥−−�ï ¬®¤¥«ì à�á¯à¥¤¥«¥−¨ï ¢ëç¨á«¨â¥«ì-
−ëå à¥áãàá®¢, ¯®áâà®¥−−�ï −� ®á−®¢¥ ä®à¬�«ì−ëå ®¯à¥¤¥«¥−¨© ¨§ à�§¤. 4 ¨ ¯à¨-
«®¦¥−¨ï. ‚−�ç�«¥ áâà®ïâáï ¬®¤¥«¨ ª®¬¯®−¥−â®¢, ã¯®¬ï−ãâëå ¢ à�§¤. 3, � §�â¥¬
®áãé¥áâ¢«ï¥âáï á¡®àª� −� ¨å ®á−®¢¥ ®¡é¥© ¬®¤¥«¨ á ¯®¬®éìî ®¯à¥¤¥«¥−¨ï O3.
�¯¨á�−¨¥ ¬®¤¥«¥© á«¥¤ã¥â ®¯à¥¤¥«¥−¨î O2. �à¨ íâ®¬ h-¯à®æ¥ááë ç¥à¥¤®¢�-
−¨ï á®¡ëâ¨© ä®à¬ã«¨àãîâáï ¤®áâ�â®ç−® ¯®«−®. �®«¥¥ £à®¬®§¤ª¨¥ ¤«ï ¯®«−®£®
¨§«®¦¥−¨ï ¬−®¦¥áâ¢� ¯�à�¬¥âà®¢ ¨ ®¡à�¡®âç¨ª¨ á®¡ëâ¨© ®¯¨á�−ë −¥ä®à¬�«ì-
−®. ‘à¥¤¨ ¯�à�¬¥âà®¢ ï¢−® ã¯®¬¨−�îâáï â®«ìª® áâ�â¨ç¥áª¨¥ å�à�ªâ¥à¨áâ¨ª¨,
� ®¡à�¡®âç¨ª¨ á®¡ëâ¨© ®¯¨á�−ë ªà�âª® ¨ ¡¥§ ¢â®à®áâ¥¯¥−−ëå ¤¥â�«¥© (â�ª¨å,
−�¯à¨¬¥à, ª�ª ¨§¬¥−¥−¨¥ áç¥âç¨ª®¢ ¨«¨ ¯¥à¥¬¥−−ëå, §�¤�îé¨å â¥ªãé¨© áâ�âãá
®¡ê¥ªâ�).

5.1 Модель ресурса r

‘®áâ®ï−¨¥ à�¡®â®á¯®á®¡−®áâ¨ à¥áãàá� ¬®¤¥«¨àã¥âáï ¯®«ã¬�àª®¢áª¨¬ ¯à®-
æ¥áá®¬ á âà¥¬ï á®áâ®ï−¨ï¬¨: 0 | ¨á¯à�¢−®¥ á®áâ®ï−¨¥; 1 | á®áâ®ï−¨¥ á¡®ï ¨«¨
¢à¥¬¥−−®© ¯®â¥à¨ à�¡®â®á¯®á®¡−®áâ¨; 2 | ¯®«−ë© ®âª�§. ˆ§ á®áâ®ï−¨ï 0 à¥áãàá
¬®¦¥â á�¬®¯à®¨§¢®«ì−® ¨ á«ãç�©−® ¯¥à¥©â¨ ¢ á®áâ®ï−¨¥ 1 ¨«¨ ¢ á®áâ®ï−¨¥ 2, ¨§
á®áâ®ï−¨ï 1 | ¢ á®áâ®ï−¨¥ 0 ¨«¨ ¢ á®áâ®ï−¨¥ 2. ‘®áâ®ï−¨¥ 2 ï¢«ï¥âáï ¯®£«®é�-
îé¨¬ | ¯®¯�¤�−¨¥ ¢ −¥£® ®§−�ç�¥â, çâ® à¥áãàá ®ª®−ç�â¥«ì−® ¢ëå®¤¨â ¨§ áâà®ï.
�¥à¥å®¤ë ¬¥¦¤ã á®áâ®ï−¨ï¬¨ à�¡®â®á¯®á®¡−®áâ¨ à¥£ã«¨àãîâáï ¬�âà¨æ¥©

Q =

(

0 p 1− p
1− q 0 q
0 0 1

)

,

£¤¥ 0 ≤ p, q ≤ 1. ‘«ãç�©−®¥ ¢à¥¬ï ¯à¥¡ë¢�−¨ï ¢ á®áâ®ï−¨¨ i ®¯à¥¤¥«ï¥âáï
äã−ªæ¨ï¬¨ à�á¯à¥¤¥«¥−¨ï Di, i = 0 ∨ 1.
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�®áâà®¥−¨¥ ¨¬¨â�æ¨®−−®© ¬®¤¥«¨ ¤«ï à¥è¥−¨ï §�¤�ç ¯«�−¨à®¢�−¨ï à¥áãàá®¢

‘®®â¢¥âáâ¢ãîé¨© h-¯à®æ¥áá ¤«ï ¬®¤¥«¨ r ¨¬¥¥â ¢¨¤:

r : RESOURCE =

= (fail→ (renewal→ RESOURCE)|breakdown→ ⊡) | (breakdown→ ⊡) .

‡¤¥áì ¨á¯®«ì§®¢�−ë ®¡®§−�ç¥−¨ï ¤«ï á«¥¤ãîé¨å á®¡ëâ¨©: r.fail | ¢à¥¬¥−−®¥
¯à¥àë¢�−¨¥ à�¡®â®á¯®á®¡−®áâ¨ à¥áãàá�; r.renewal | ¢®ááâ�−®¢«¥−¨¥ à�¡®â®á¯®-
á®¡−®áâ¨ à¥áãàá�; r.breakdown | á®¡ëâ¨¥, ª®â®à®¥ ®§−�ç�¥â, çâ® à¥áãàá t.r
®ª®−ç�â¥«ì−® ¢ëå®¤¨â ¨§ áâà®ï.

�á−®¢−ë¥ ¯�à�¬¥âàë ¬®¤¥«¨ r ¯à¥¤áâ�¢«ïîâ á®¡®© −�¡®à {C,R, p, q,D0,D1},
£¤¥ C > 0| ¥¬ª®áâì à¥áãàá�, R > 0| ¯à®¨§¢®¤¨â¥«ì−®áâì à¥áãàá�.

�¡à�¡®âç¨ª á®¡ëâ¨ï r.fail ä¨ªá¨àã¥â â® ®¡áâ®ïâ¥«ìáâ¢®, çâ® ®¡á«ã¦¨¢�−¨¥
¢á¥å §�¤�ç −� à¥áãàá¥ r ¯à¥àë¢�¥âáï. ”®à¬¨àã¥âáï −®¢®¥ á®¡ëâ¨¥: r.renewal
¨«¨ r.breakdown, ¯à¨ç¥¬ â®, ª�ª®¥ ¨¬¥−−® ¨§ íâ¨å ¤¢ãå á®¡ëâ¨© ¯à®¨§®©¤¥â,
®¯à¥¤¥«ï¥âáï á ¯®¬®éìî ¢â®à®© áâà®ª¨ ¬�âà¨æë Q. ‚à¥¬ï ¤® −�áâã¯«¥−¨ï −®¢®£®
á®¡ëâ¨ï ãáâ�−�¢«¨¢�¥âáï á ¯®¬®éìî äã−ªæ¨¨ à�á¯à¥¤¥«¥−¨ï D1.

�¡à�¡®âç¨ª á®¡ëâ¨ï r.renewal ãáâ�−�¢«¨¢�¥â à¥áãàá ¢ á®áâ®ï−¨¥, ¤®áâã¯−®¥
¤«ï à¥è¥−¨ï §�¤�ç. ”®à¬¨àã¥âáï −®¢®¥ á®¡ëâ¨¥: r.fail ¨«¨ r.breakdown, ¯à¨ç¥¬
¢ë¡®à ¯à®¨§¢®¤¨âáï á ¯®¬®éìî ¯¥à¢®© áâà®ª¨ ¬�âà¨æë Q. ‚à¥¬ï ¤® −�áâã¯«¥−¨ï
−®¢®£® á®¡ëâ¨ï ãáâ�−�¢«¨¢�¥âáï á ¯®¬®éìî äã−ªæ¨¨ à�á¯à¥¤¥«¥−¨ï D0.

�¡à�¡®âç¨ª á®¡ëâ¨ï r.breakdown ¯à¥àë¢�¥â ®¡á«ã¦¨¢�−¨¥ ¢á¥å §�¤�ç −�
à¥áãàá¥ r. ÷¥áãàá ¯¥à¥áâ�¥â áãé¥áâ¢®¢�âì.

5.2 Модель задачи t

h-¯à®æ¥áá ¤«ï íâ®© ¬®¤¥«¨ ¨¬¥¥â ¢¨¤:

t : TASK = begin→ (r.fail ∨ r.breakage→ TASK) |(end→ ⊡) .

‡¤¥áì t.begin | á®¡ëâ¨¥, ®§−�ç�îé¥¥ −�ç�«® à¥è¥−¨ï §�¤�ç¨ t ¨«¨ ¢®§®¡−®¢«¥−¨¥
à¥è¥−¨ï, ª®â®à®¥ ¡ë«® ¯à¥à¢�−® à�−¥¥; t.end | ®ª®−ç�−¨¥ à¥è¥−¨ï §�¤�ç¨ t;
t.r | à¥áãàá, −� ª®â®à®¬ ¢ë¯®«−ï¥âáï §�¤�ç� t. (‘¬ëá« ¯®¬¥âª¨ t : à�áªàë¢�¥âáï
®¯à¥¤¥«¥−¨¥¬ O8 ¨§ ¯à¨«®¦¥−¨ï.)

�á−®¢−ë¥ áâ�â¨ç¥áª¨¥ ¯�à�¬¥âàë: ®¡ê¥¬ ¤�−−ëå, −¥®¡å®¤¨¬ëå ¤«ï (−�ç�«�)
à¥è¥−¨ï §�¤�ç¨; ®¡ê¥¬ ¢ëç¨á«¥−¨©, á¢ï§�−−ëå á à¥è¥−¨¥¬ §�¤�ç¨; ®¡ê¥¬
¤�−−ëå, ¯®«ãç¥−−ëå ¢ à¥§ã«ìâ�â¥ à¥è¥−¨ï §�¤�ç¨. �â¨ ¯�à�¬¥âàë á®áâ�¢«ïîâ
â�ª −�§ë¢�¥¬ë© â¨¯ §�¤�ç¨ ¨ ¨á¯®«ì§ãîâáï ¯à¨ ®¯à¥¤¥«¥−¨¨ ¢à¥¬¥−¨ à¥è¥−¨ï
§�¤�ç¨.

�¡à�¡®âç¨ª á®¡ëâ¨ï t.begin. „¥©áâ¢¨ï ®¯¥à�â®à� á®áâ®ï−¨ï á¢ï§�−ë á ¨§-
¬¥−¥−¨¥¬ áâ�âãá� §�¤�ç¨ t ¢ á¢ï§¨ á −�ç�«®¬ à¥è¥−¨ï. �¯¥à�â®à à¥�«¨§�æ¨¨
¯®à®¦¤�¥â −®¢®¥ á®¡ëâ¨¥ t.end.

�¡à�¡®âç¨ª¨ á®¡ëâ¨© t.r.fail ¨ t.r.breakdown ¨§¬¥−ïîâ áâ�âãá §�¤�ç¨ t
¢ á¢ï§¨ á ¯à¥àë¢�−¨¥¬ à¥è¥−¨ï.

�¡à�¡®âç¨ª á®¡ëâ¨ï t.end á®¢¥àè�¥â ¤¥©áâ¢¨ï, á¢ï§�−−ë¥ á §�¢¥àè¥−¨¥¬
¯à®æ¥áá� TASK ¨ §�¢¥àè¥−¨¥¬ äã−ªæ¨®−¨à®¢�−¨ï ¬®¤¥«¨ t.
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5.3 Модель задания j

�âã ¬®¤¥«ì ®¯¨è¥¬ â®«ìª® ¤«ï á«ãç�ï, ª®£¤� §�¤�−¨¥ á®áâ®¨â ¨§ ¨§¢¥áâ−®£®
ª®«¨ç¥áâ¢� ®¤−®â¨¯−ëå §�¤�ç, à¥è¥−¨¥ ª®â®àëå ¬®¦¥â ®áãé¥áâ¢«ïâìáï −¥§�¢¨-
á¨¬® ¤àã£ ®â ¤àã£� ¨ ¢ «î¡®© ¯®á«¥¤®¢�â¥«ì−®áâ¨. Š�¦¤�ï §�¤�ç� ¬®¦¥â ¡ëâì
¯à¥¤áâ�¢«¥−� ¢ ¢¨¤¥ â®«ìª® çâ® ®¯¨á�−−®© ¬®¤¥«¨ t. �ãáâì j.T ®¡®§−�ç�¥â
¬−®¦¥áâ¢® ¢á¥å §�¤�ç, á®áâ�¢«ïîé¨å §�¤�−¨¥ j. ’®£¤� á®£«�á−® ®¯à¥¤¥«¥−¨î �3
¬®¤¥«ì §�¤�−¨ï ¯à¥¤áâ�¢¨¬� ¢ ¢¨¤¥

j =‖t∈T t ,

h-¯à®æ¥áá:
j : JOB =‖t∈T t.TASK .

�á−®¢−ë¥ ¯�à�¬¥âàë §�¤�−¨ï | íâ® ¥£® ¤¥¤«�©−, � â�ª¦¥ ª®«¨ç¥áâ¢® ¨ ¯�à�-
¬¥âàë §�¤�ç, ¢å®¤ïé¨å ¢ ¬−®¦¥áâ¢® j.T .

�¡à�¡®âç¨ª á®¡ëâ¨© ¬®¤¥«¨ j á®áâ®¨â ¨§ ®¯¥à�â®à®¢ ®¡à�¡®âª¨ á®¡ëâ¨©, ª®-
â®àë¥ ¨¬¥îâáï ¢ ¬®¤¥«ïå t ∈ j.T . Šà®¬¥ â®£®, ¤®¯®«−¨â¥«ì−® ¯à¨ −�áâã¯«¥−¨¨
á®¡ëâ¨© â¨¯� t.end ¯à®¢¥àï¥âáï, ®áâ�«¨áì «¨ ¥é¥ −¥¢ë¯®«−¥−−ë¥ §�¤�ç¨. Œ®-
¬¥−â, ª®£¤� à¥è¥−� ¯®á«¥¤−ïï §�¤�ç�, ï¢«ï¥âáï ¬®¬¥−â®¬ ®ª®−ç�−¨ï h-¯à®æ¥áá�
j.JOB ¨, á®®â¢¥âáâ¢¥−−®, ¬®¬¥−â®¬ ®ª®−ç�−¨ï äã−ªæ¨®−¨à®¢�−¨ï ¬®¤¥«¨ j.

5.4 Модель потока заданий f

�â� ¬®¤¥«ì ª®−áâàã¨àã¥âáï ¨§ ¬®¤¥«¨ mp á«ãç�©−®£® ¯à®æ¥áá� â¨¯� ŒŒ�
(á¬. à�§¤. 4), ¨ ¤®¯®«−¨â¥«ì−®© ¬®¤¥«¨ ¯®áâã¯«¥−¨ï §�¤�−¨© ja á ¯®¬®éìî
®¯à¥¤¥«¥−¨ï O3:

f = mp ‖ ja .
‘¨¬¢®«¨ç¥áª�ï §�¯¨áì ¬®¤¥«¨ ja ¢ë£«ï¤¨â â�ª:

ja = call→ ja ‖ (➲ → j|⊗ → ⊡) .

‘®®â¢¥âáâ¢ãîé¨© h-¯à®æ¥áá ¨¬¥¥â ¢¨¤

f : JOBS = call→ JOBS ‖ (➲ → j.JOB|⊗ → ⊡) .

‡¤¥áì ®¡®§−�ç¥−ë á®¡ëâ¨ï: f .call | ¯®áâã¯«¥−¨¥ §�ï¢ª¨ ¨§ ¯®â®ª� f ; j.

➲

|
§�¤�−¨¥ j ¯à¨−ïâ®; j.⊗ | §�ï¢ª� −� ¢ë¯®«−¥−¨¥ §�¤�−¨ï j ®âª«®−¥−�. —¥-
à¥§ j ®¡®§−�ç¥−® §�¤�−¨¥, á®®â¢¥âáâ¢ãîé¥¥ ¯®áâã¯¨¢è¥© §�ï¢ª¥. ‘®¤¥à¦�â¥«ì−®
¯®á«¥¤−¥¥ à�¢¥−áâ¢® ®§−�ç�¥â á«¥¤ãîé¥¥. ‘®¡ëâ¨ï â¨¯� call (®−¨ £¥−¥à¨àãîâáï
ŒŒ�) á¢ï§�−ë á ¯®ï¢«¥−¨¥¬ §�ï¢ª¨ −� ¢ë¯®«−¥−¨¥ §�¤�−¨ï. …á«¨ §�ï¢ª� ¯à¨-
−ïâ�, â® ¢®§−¨ª�¥â ¯à®æ¥áá â¨¯� JOB, ¬®¤¥«¨àãîé¨© ¦¨§−¥−−ë© æ¨ª« −®¢®£®
§�¤�−¨ï. �â®â ¯à®æ¥áá áãé¥áâ¢ã¥â ¯�à�««¥«ì−® á ¯à®¤®«¦�îé¨¬áï ¯®áâã¯«¥−¨¥¬
−®¢ëå §�ï¢®ª.
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�®áâà®¥−¨¥ ¨¬¨â�æ¨®−−®© ¬®¤¥«¨ ¤«ï à¥è¥−¨ï §�¤�ç ¯«�−¨à®¢�−¨ï à¥áãàá®¢

�á−®¢−ë¬ ¯�à�¬¥âà®¬ ¬®¤¥«¨ ja ï¢«ï¥âáï â¨¯ ¯®áâã¯�îé¨å §�¤�−¨© J,
ª®â®àë© ®¯à¥¤¥«ï¥âáï ª�ª −�¡®à äã−ªæ¨© à�á¯à¥¤¥«¥−¨ï, §�¤�îé¨å §−�ç¥−¨¥
¤¥¤«�©−�, � â�ª¦¥ ª®«¨ç¥áâ¢® §�¤�ç ¨ ¨å ¯�à�¬¥âàë.

�¡à�¡®âç¨ª á®¡ëâ¨© £¥−¥à¨àã¥â ¢ á«ãç�¥ ¯à¨−ïâ¨ï §�ï¢ª¨ −®¢ãî ¬®¤¥«ì j,
á®®â¢¥âáâ¢ãîéãî −®¢®¬ã §�¤�−¨î. ��à�¬¥âàë §�¤�−¨ï ®¯à¥¤¥«ïîâáï á ¯®¬®éìî
äã−ªæ¨© à�á¯à¥¤¥«¥−¨ï, á®áâ�¢«ïîé¨å â¨¯ §�¤�−¨© J.

5.5 Модель агента a

��§−�ç¥−¨¥ íâ®© ¬®¤¥«¨ | ®âà�¦�âì à¥è¥−¨ï, ¯à¨−¨¬�¥¬ë¥ ¢ á¨áâ¥¬¥ ®â−®-
á¨â¥«ì−® ¯®áâã¯�îé¨å §�ï¢®ª ¨ à�á¯à¥¤¥«¥−¨ï à¥áãàá®¢, � â�ª¦¥ ®áãé¥áâ¢«ïâì
¨§¬¥−¥−¨¥ á¢ï§�−−ëå á íâ¨¬¨ ¯à®æ¥¤ãà�¬¨ ¯�à�¬¥âà®¢. Œ®¬¥−âë ¯à¨−ïâ¨ï à¥-
è¥−¨© ¬®£ãâ ¢ë¡¨à�âìáï ¯®-à�§−®¬ã. ��¯à¨¬¥à, ¤®¯ãáª §�¤�−¨ï ¢ á¨áâ¥¬ã ¬®¦¥â
¡ëâì à�§à¥è¥− ¨«¨ §�¯à¥é¥− ¢ â®ç−®áâ¨ ¢ ¬®¬¥−â ¯®áâã¯«¥−¨ï §�ï¢ª¨. ˆ«¨,
áª�¦¥¬, §�¯ãáª ®ç¥à¥¤−®© §�¤�ç¨ ¬®¦¥â á®¢¯�¤�âì á ¬®¬¥−â®¬ ®á¢®¡®¦¤¥−¨ï
à¥áãàá� ®â à¥è¥−¨ï ¯à¥¤ë¤ãé¥© §�¤�ç¨ ¨ â. ¯. ‚ ¤�−−®¬ á«ãç�¥ ¢ë¡¥à¥¬ ¡®«¥¥
¯à®áâãî ¤«ï ®¯¨á�−¨ï áå¥¬ã, ¢ ª®â®à®© ¢á¥ à¥è¥−¨ï ¯à¨−¨¬�îâáï áâà®£® ¢ ®â-
¢¥¤¥−−ë¥ ¬®¬¥−âë, á¢ï§�−−ë¥ á −�áâã¯«¥−¨¥¬ á®¡ëâ¨©, ®¡®§−�ç�¥¬ëå control.
’®£¤� h-¯à®æ¥áá �£¥−â� ¡ã¤¥â ¨¬¥âì âà¨¢¨�«ì−ë© ¢¨¤: AGENT = control →
→ AGENT. �® ¤�¦¥ ¨ ¢ íâ®¬ á«ãç�¥ ¨ ¯�à�¬¥âàë ¬®¤¥«¨, ¨ ¢ ®á®¡¥−−®áâ¨
®¡à�¡®âç¨ª¨ á®¡ëâ¨© ¬®£ãâ ¡ëâì ¢¥áì¬� à�§−®®¡à�§−ë¬¨ ¨ ãáâà®¥−−ë¬¨ ¤®áâ�-
â®ç−® á«®¦−®.

��à�¬¥âà�¬¨ �£¥−â� a ï¢«ïîâáï ¬−®¦¥áâ¢� a.R ¨ a.F, ª®â®àë¥ ãª�§ë¢�îâ
á®®â¢¥âáâ¢¥−−® −� á®¢®ªã¯−®áâ¨ à¥áãàá®¢ ¨ ¯®â®ª®¢ §�¤�−¨©, ¢å®¤ïé¨å ¢ úáä¥àã
®â¢¥âáâ¢¥−−®áâ¨û íâ®£® �£¥−â�. ��¯à¨¬¥à, ¥á«¨ a.R = {r}, a.F = ∅, â® �£¥−â a
¬®¦¥â ¡ëâì ¨−â¥à¯à¥â¨à®¢�− ª�ª ¢«�¤¥«¥æ à¥áãàá� r á ¢®§«�£�¥¬ë¬¨ −� −¥£®
äã−ªæ¨ï¬¨ íªá¯«ã�â�æ¨¨ íâ®£® à¥áãàá�, â�ª¨¬¨ ª�ª ¢ë¡®à à¥è�¥¬ëå §�¤�ç ¨«¨
−�§−�ç¥−¨¥ �à¥−¤−®© ¯«�âë. ��®¡®à®â, �£¥−â, ¤«ï ª®â®à®£® a.R = ∅, a.F 6= 0,
�áá®æ¨¨àã¥âáï á ¯®«ì§®¢�â¥«¥¬, à¥�«¨§ãîé¨¬ áâà�â¥£¨î ¢ë¡®à� à¥áãàá®¢ ¤«ï
¢ë¯®«−¥−¨ï á¢®¨å §�¤�−¨©.

�®¬¨¬® ã¯®¬ï−ãâëå ¬−®¦¥áâ¢ ¯�à�¬¥âà®¬, å�à�ªâ¥à¨§ãîé¨¬ �£¥−â�, ï¢«ï-
¥âáï ¥£® áâà�â¥£¨ï σ. �á−®¢−ë¥ äã−ªæ¨¨, ª®â®àë¥ ®áãé¥áâ¢«ï¥â áâà�â¥£¨ï, |
íâ® ®£à�−¨ç¥−¨¥ ¤®áâã¯� ¨ à�á¯à¥¤¥«¥−¨¥ §�¤�−¨© ¯® à¥áãàá�¬. Š�¦¤®© ¯®áâã-
¯¨¢è¥© §�ï¢ª¥ ¤®«¦−® ¡ëâì á®¯®áâ�¢«¥−® ®¤−® ¨§ ¤¢ãå à¥è¥−¨©: ú¯à¨−ïâìû ¨«¨
ú®âª«®−¨âìû. �−�«®£¨ç−® ª�¦¤®© −¥à¥è¥−−®© §�¤�ç¥ ¨§ ç¨á«� −�å®¤ïé¨åáï ¯®¤
ª®−âà®«¥¬ �£¥−â� ¤®«¦−® ¡ëâì ãª�§�−® ¬¥áâ® ¨ ¢à¥¬ï −�ç�«� à¥è¥−¨ï. ‚®§-
¬®¦−ë ¨ ¤àã£¨¥ äã−ªæ¨®−�«ì−ë¥ −�§−�ç¥−¨ï áâà�â¥£¨¨ σ. ��¯à¨¬¥à, ã¯à�¢«¥-
−¨¥ ¬®¬¥−â�¬¨ −�áâã¯«¥−¨ï á®¡ëâ¨© control, à¥£ã«¨à®¢�−¨¥ æ¥−®¢ëå ä�ªâ®à®¢,
ã¯à�¢«ïîé¨¥ ¢®§¤¥©áâ¢¨ï ®¤−¨å �£¥−â®¢ −� ¤àã£¨å ¨ ¯à. Ÿá−®, çâ® ¢ â�ª®©
®¡é¥© âà�ªâ®¢ª¥ σ ï¢«ï¥âáï «¨èì á¨¬¢®«®¬ ¤«ï ®¡®§−�ç¥−¨ï £àã¯¯ë ®¡ê¥ªâ®¢
á�¬®© à�§«¨ç−®© ¯à¨à®¤ë, ¯�à�¬¥âà¨§¨àãîé¨å á�¬ã áâà�â¥£¨î. ’�ª¨¬¨ ®¡ê¥ª-
â�¬¨ ¬®£ãâ ¡ëâì, −�¯à¨¬¥à, ¨−ä®à¬�æ¨ï, ãç¨âë¢�¥¬�ï ¯à¨ ¯à¨−ïâ¨¨ à¥è¥−¨©,
æ¥«¥¢�ï äã−ªæ¨ï, áâàãªâãà� ¨ ¯�à�¬¥âàë ãà�¢−¥−¨©, ¨§ ª®â®àëå ®¯à¥¤¥«ï¥âáï
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®¯â¨¬�«ì−®¥ à¥è¥−¨¥, ¨ ¬−®£®¥ ¤àã£®¥. „®¡�¢¨¬ ¥é¥, çâ® ®¡à�¡®âª� á®¡ëâ¨ï
control á¢®¤¨âáï ª ¯à¨¬¥−¥−¨î ¯à�¢¨« áâà�â¥£¨¨ σ.

5.6 Общая модель m

�¡é�ï ¬®¤¥«ì ¯®«ãç�¥âáï á ¯®¬®éìî ¯�à�««¥«ì−®£® ®¡ê¥¤¨−¥−¨ï ¬®¤¥«¥©
®â¤¥«ì−ëå ª®¬¯®−¥−â −� ®á−®¢¥ ®¯à¥¤¥«¥−¨ï O3:

m =‖r∈R r ‖f∈F‖a∈A a .

‡¤¥áì R, F ¨ A | á®®â¢¥âáâ¢¥−−® ¬−®¦¥áâ¢� à¥áãàá®¢, ¯®â®ª®¢ ¨ �£¥−â®¢,
ª®â®àë¥ ¯à¨áãâáâ¢ãîâ ¢ ¬®¤¥«¨ ¨ ï¢«ïîâáï ¯�à�¬¥âà�¬¨ ¬®¤¥«¨. ‚ ç¨á«®
¯�à�¬¥âà®¢ ¬®¤¥«¨ ¬®£ãâ ¡ëâì ¢ª«îç¥−ë:

{ §�¤¥à¦ª¨ ¯à¨ ¯¥à¥¤�ç¥ ¨−ä®à¬�æ¨¨ ¢−ãâà¨ ¢ëç¨á«¨â¥«ì−®© á¨áâ¥¬ë;

{ ¬�âà¨æ� á®®â¢¥âáâ¢¨ï, í«¥¬¥−âë ª®â®à®© ãª�§ë¢�îâ ¢®§¬®¦−®áâì ¢ë¯®«−¥−¨ï
−� ®â¤¥«ì−ëå à¥áãàá�å ®â¤¥«ì−ëå â¨¯®¢ §�¤�ç;

{ áâàãªâãà� ¬−®¦¥áâ¢� �£¥−â®¢ A, ãç¨âë¢�îé�ï ¢®§¬®¦−®áâì ¯®¤ç¨−¥−¨ï ®¤-
−¨å �£¥−â®¢ ¤àã£¨¬, � â�ª¦¥ ¤àã£¨¥ å�à�ªâ¥à¨áâ¨ª¨. �â¨ ¯�à�¬¥âàë ¨á-
¯®«ì§ãîâáï ¤«ï ¤®¯®«−¨â¥«ì−®© ®¡à�¡®âª¨ á®¡ëâ¨© −�àï¤ã á ®¡à�¡®âç¨ª�¬¨
á®¡ëâ¨©, ¢å®¤ïé¨¬¨ ¢ ¬®¤¥«¨-ª®¬¯®−¥−âë.

6 Заключение

‘â�âìï ¯®á¢ïé¥−� ¨¬¨â�æ¨®−−®¬ã ¬®¤¥«¨à®¢�−¨î ¯à®æ¥áá®¢, á¢ï§�−−ëå
á ®à£�−¨§�æ¨¥© ¢ë¯®«−¥−¨ï §�¤�−¨© ¢ ¢ëç¨á«¨â¥«ì−ëå á¨áâ¥¬�å. �à¥¤«�£�¥âáï
¯®¤å®¤ ª á®§¤�−¨î ¨¬¨â�æ¨®−−ëå ¬®¤¥«¥©, ¢ª«îç�îé¨© à�§¢¨â¨¥ −¥ª®â®àëå
¨¤¥© ¨§ â¥®à¨¨ ¢§�¨¬®¤¥©áâ¢ãîé¨å ¯à®æ¥áá®¢ •®�à�. ’¥à¬¨− úh-¯à®æ¥ááû
¯®−¨¬�¥âáï ª�ª ¯®â¥−æ¨�«ì−�ï á®¢®ªã¯−®áâì ¤®¯ãáâ¨¬ëå ¯®á«¥¤®¢�â¥«ì−®áâ¥©
á®¡ëâ¨©. „«ï ®¯¨á�−¨ï h-¯à®æ¥áá®¢ ¨á¯®«ì§ãîâáï, ¢ ç�áâ−®áâ¨, ª®−áâàãªæ¨¨
¯�à�««¥«ì−®£® ¨ ¯®á«¥¤®¢�â¥«ì−®£® ®¡ê¥¤¨−¥−¨ï, � â�ª¦¥ à¥ªãàá¨ï. ”®à¬�«ì−�ï
¨¬¨â�æ¨®−−�ï ¬®¤¥«ì âà�ªâã¥âáï ª�ª ®¡ê¥ªâ, á®áâ®ïé¨© ¨§ h-¯à®æ¥áá� ¨ ®¯¥à�-
â®à� ®¡à�¡®âª¨ á®¡ëâ¨©. �à¨ íâ®¬ ®¡à�¡®âª� á®¡ëâ¨ï ¯®¤à�§ã¬¥¢�¥â á¢ï§�−−ë©
á íâ¨¬ á®¡ëâ¨¥¬ ¯¥à¥áç¥â ¯�à�¬¥âà®¢ á¨áâ¥¬ë, � â�ª¦¥ ®¯à¥¤¥«¥−¨¥ ¯®á«¥¤ãîé¨å
á®¡ëâ¨©. �à¥¨¬ãé¥áâ¢� ¢ë¡à�−−®£® ¯®¤å®¤� ¢¨¤ïâáï ¤¢®ïª®. ‚®-¯¥à¢ëå, ®−
¤�¥â ¢®§¬®¦−®áâì ¨á¯®«ì§®¢�âì ¤¥ª®¬¯®§¨æ¨î á«®¦−®© á¨áâ¥¬ë ¨ áà�¢−¨â¥«ì−®
«¥£ª® ¯¥à¥å®¤¨âì ®â �¢â®−®¬−®£® ®¯¨á�−¨ï ¬®¤¥«¥© ¯®¤á¨áâ¥¬ ª á®§¤�−¨î ®¡é¥©
¬®¤¥«¨. ‚®-¢â®àëå, ¯à¥¤«�£�¥¬ë¥ áà¥¤áâ¢� ®¯¨á�−¨ï ®¡«�¤�îâ ¨ −�£«ï¤−®áâìî,
¨ �«£®à¨â¬¨ç¥áª®© â®ç−®áâìî, çâ® ¤¥«�¥â ¨å ã¤®¡−ë¬¨ ¤«ï ¯¥à¥¢®¤� ä®à¬�«ì−®©
¬®¤¥«¨ ¢ ¯à®£à�¬¬−ë© ª®¤.

�à¥¤«®¦¥−−�ï ¬¥â®¤¨ª� ¨á¯®«ì§®¢�−� ¤«ï á®§¤�−¨ï ¨¬¨â�æ¨®−−®© ¬®¤¥«¨,
ª®â®à�ï à¥�«¨§ã¥â «®£¨ç¥áªãî áå¥¬ã à�§¬¥é¥−¨ï ¨ ¢ë¯®«−¥−¨ï §�¤�−¨© −�
¢ëç¨á«¨â¥«ì−ëå à¥áãàá�å. –¥−âà�«ì−ë© äà�£¬¥−â ¬®¤¥«¨ ®¯¨á�− ¢ áâ�âì¥.
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�®áâà®¥−¨¥ ¨¬¨â�æ¨®−−®© ¬®¤¥«¨ ¤«ï à¥è¥−¨ï §�¤�ç ¯«�−¨à®¢�−¨ï à¥áãàá®¢

�¥á¬®âàï −� áà�¢−¨â¥«ì−ãî ¯à®áâ®âã, íâ� áå¥¬� ï¢«ï¥âáï ®¡é¥© ¤«ï ¬−®£¨å
§�¤�ç, á¢ï§�−−ëå á ¯«�−¨à®¢�−¨¥¬ à�¡®âë ¢ëç¨á«¨â¥«ì−ëå à¥áãàá®¢. �à¨¬¥àë
â�ª¨å §�¤�ç â�ª¦¥ ¯à¨¢¥¤¥−ë.

÷�§à�¡�âë¢�¥¬�ï ¬®¤¥«ì ï¢«ï¥âáï áãé¥áâ¢¥−−®© ç�áâìî ú¨¬¨â�æ¨®−−®-�¤�¯-
â¨¢−®©û â¥å−®«®£¨¨ ¤«ï à¥è¥−¨ï §�¤�ç ¯«�−¨à®¢�−¨ï à¥áãàá®¢. ‘ãâì íâ®©
â¥å−®«®£¨¨ | ¢ ¨á¯®«ì§®¢�−¨¨ �«£®à¨â¬®¢ �¤�¯â¨¢−®© ®¯â¨¬¨§�æ¨¨, ª®â®àë¥
®áãé¥áâ¢«ïîâ ª®àà¥ªæ¨î ã¯à�¢«¥−¨ï ¯®â®ª�¬¨ §�¤�−¨© ¢ á®®â¢¥âáâ¢¨¨ á ¯®áâ�¢-
«¥−−®© æ¥«ìî ¨ −� ®á−®¢�−¨¨ −�¡«î¤¥−¨© §� âà�¥ªâ®à¨¥© ¨¬¨â�æ¨®−−®© ¬®¤¥«¨.
‚−¥¤à¥−¨¥ �¤�¯â¨¢−ëå áâà�â¥£¨© ¢ ¨¬¨â�æ¨®−−ãî ¬®¤¥«ì ¨ à¥§ã«ìâ�âë à¥è¥−¨ï
§�¤�ç ®¯â¨¬�«ì−®£® à�§¬¥é¥−¨ï §�¤�−¨© á®áâ�¢ïâ á®¤¥à¦�−¨¥ ¯®á«¥¤ãîé¨å
¯ã¡«¨ª�æ¨©.

Приложение

‚¥§¤¥ ¢ ¯à¨«®¦¥−¨¨ â¥à¬¨− ú¯à®æ¥ááû ®§−�ç�¥â h-¯à®æ¥áá.
�ã¤¥¬ ®¡®§−�ç�âì �«ä�¢¨â ¯à®æ¥áá� š ª�ª αš, � ¬−®¦¥áâ¢® ¯à®â®ª®«®¢ | ª�ª πš.

�¯à¥¤¥«¥−¨¥ �4. �ãáâì š = (A,A) | −¥ª®â®àë© ¯à®æ¥áá ¨ ¯ãáâì a | á®¡ëâ¨¥, −¥
®¡ï§�â¥«ì−® á®¤¥à¦�é¥¥áï ¢ �«ä�¢¨â¥ ¯à®æ¥áá� š. �®¢ë© ¯à®æ¥áá, ®¡®§−�ç�¥¬ë©

š1 = a → š

(ç¨â�¥âáï úš á«¥¤ã¥â §� aû), ®¯à¥¤¥«ï¥âáï ª�ª š1 = (A1,A1), £¤¥ A1 = A ∪ {a}, � A1
¯®«ãç�¥âáï ¨§ ¬−®¦¥áâ¢� A ¤®¡�¢«¥−¨¥¬ ¢ −�ç�«® ª�¦¤®£® ¯à®â®ª®«� í«¥¬¥−â� a.

ˆ−â¥à¯à¥â�æ¨ï ¯à®æ¥áá� š1 â�ª®¢�: úíâ®â ¯à®æ¥áá ¢−�ç�«¥ ãç�áâ¢ã¥â ¢ á®¡ëâ¨¨ a,
� §�â¥¬ ¢¥¤¥â á¥¡ï ¢ â®ç−®áâ¨ ª�ª ¯à®æ¥áá šû.

�¯à¥¤¥«¥−¨¥ �4 ¬®¦−® ®¡®¡é¨âì, −�¯à¨¬¥à, ¯à¥¤«�£�ï ¤«ï ¯à®æ¥áá� š1 ¢ ª�ç¥áâ¢¥
¯¥à¢®£® á®¡ëâ¨ï ¢ë¡®à ¨§ −¥ª®â®à®£® ¬−®¦¥áâ¢�. ��¯à¨¬¥à, ¥á«¨ b | ¥é¥ ®¤−®
á®¡ëâ¨¥, â® ¯à®â®ª®«ë ¯à®æ¥áá� š2 = a ∨ b → š| íâ® ¢á¥ ¯à®â®ª®«ë ¨§ A1 ¯«îá ¢á¥
¯à®â®ª®«ë, ª®â®àë¥ ¯®«ãç�îâáï ¤®¡�¢«¥−¨¥¬ í«¥¬¥−â� b ¢ −�ç�«® ª�¦¤®£® ¯à®â®ª®«� ¨§
¬−®¦¥áâ¢� A.

�â¬¥â¨¬ ¢�¦−®¥ ®¡áâ®ïâ¥«ìáâ¢®: ¢ ¯à�¢®© ç�áâ¨ ãà�¢−¥−¨ï ¬®¦¥â ä¨£ãà¨à®¢�âì â®â
¦¥ á�¬ë© ¯à®æ¥áá, ª®â®àë© ®¯à¥¤¥«ï¥âáï ¢ «¥¢®© ç�áâ¨, −�¯à¨¬¥à š = a → š. ‚ íâ®¬
á«ãç�¥ á¨¬¢®« š ã¦¥ −¥ ®¡®§−�ç�¥â §�à�−¥¥ §�¤�−−ë© ¯à®æ¥áá, � á«ã¦¨â ¤«ï −�§¢�-
−¨ï ¢−®¢ì ®¯à¥¤¥«ï¥¬®£® ¯à®æ¥áá�, ª®â®àë©, ®ç¥¢¨¤−®, ¨¬¥¥â ¥¤¨−áâ¢¥−−ë© ¯à®â®ª®«
(a, a, . . .). �â® ¯à¨¬¥à â�ª −�§ë¢�¥¬®£® à¥ªãàá¨¢−®£® §�¤�−¨ï ¯à®æ¥áá�. �à¨−æ¨¯¨�«ì−®,
çâ® à¥ªãàá¨ï ¬®¦¥â ¨á¯®«ì§®¢�âìáï ¨ ¢® ¢á¥å ¯®á«¥¤ãîé¨å ª®−áâàãªæ¨ïå.

�¯à¥¤¥«¥−¨¥ �5. �ãáâì š1 ¨ š2 | −¥ª®â®àë¥ ¯à®æ¥ááë, â�ª¨¥ çâ® ã «î¡®© ¯�àë
¯à®â®ª®«®¢ π1 ∈ πš1 ¨ π2 ∈ πš2 −�ç�«ì−ë¥ í«¥¬¥−âë à�§«¨ç−ë. �®¢ë© ¯à®æ¥áá,
®¡®§−�ç�¥¬ë©

š = š1|š2
(ç¨â�¥âáï úš ¥áâì ¢ë¡®à ¬¥¦¤ã š1 ¨ š2û), ®¯à¥¤¥«ï¥âáï ª�ª ¯à®æ¥áá á �«ä�¢¨â®¬
αš = αš1 ∪ αš2 ¨ ¬−®¦¥áâ¢®¬ ¯à®â®ª®«®¢ πš = πš1 ∪ πš2.

�à®æ¥áá š ú¢¥¤¥â á¥¡ï «¨¡® ª�ª ¯à®æ¥áá š1, «¨¡® ª�ª ¯à®æ¥áá š2, ¯à¨ç¥¬ ¢ë¡®à
§�¢¨á¨â ®â −�ç�«ì−®£® á®¡ëâ¨ï, ª®â®à®¥ ®¯à¥¤¥«ï¥âáï ú®ªàã¦¥−¨¥¬û ¯à®æ¥áá� š, â. ¥.
¤àã£¨¬¨ ¯à®æ¥áá�¬¨, á ª®â®àë¬¨ ®− ¢§�¨¬®¤¥©áâ¢ã¥âû.
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�¯à¥¤¥«¥−¨¥ �6. �ãáâìš1 ¨š2| −¥ª®â®àë¥ ¯à®æ¥ááë. �®¢ë© ¯à®æ¥áá, ®¡®§−�ç�¥¬ë©

š = š1 ‖ š2
(ç¨â�¥âáï úš ¥áâì ¯�à�««¥«ì−�ï ª®¬¯®§¨æ¨ï š1 ¨ š2û), ®¯à¥¤¥«ï¥âáï á«¥¤ãîé¨¬ ®¡à�-
§®¬. …£® �«ä�¢¨â ¨¬¥¥â ¢¨¤ αš = αš1 ∪ αš2. Œ−®¦¥áâ¢® ¯à®â®ª®«®¢ πš á®áâ®¨â
¨§ ¢á¥å ã¯®àï¤®ç¥−−ëå −�¡®à®¢ á®¡ëâ¨© ¨§ ¬−®¦¥áâ¢ αš1 ¨ αš2, ª®â®àë¥ ®¡«�¤�îâ
á«¥¤ãîé¨¬ á¢®©áâ¢®¬. �®á«¥ ã¤�«¥−¨ï ¨§ â�ª®£® −�¡®à� ¢á¥å á¨¬¢®«®¢, −¥ ¯à¨−�¤-
«¥¦�é¨å �«ä�¢¨âã αš1 (αš2), ¯®«ãç�¥âáï ¯à®â®ª®«, ¯à¨−�¤«¥¦�é¨© ¬−®¦¥áâ¢ã πš1
(á®®â¢¥âáâ¢¥−−® πš2).

��à�««¥«ì−ë¥ ¯à®æ¥ááë ú®¡ï§�−ë ¯à¨−¨¬�âì á®¢¬¥áâ−®¥ ãç�áâ¨¥ ¢® ¢á¥å á®¡ëâ¨ïå,
¯à¨−�¤«¥¦�é¨å ¯¥à¥á¥ç¥−¨î ¨å �«ä�¢¨â®¢û. ‚ ®áâ�«ì−ëå á«ãç�ïå ª�¦¤ë© ¯à®æ¥áá
ú¢¥¤¥â á¥¡ï â�ª, ª�ª ¡ã¤â® ¤àã£®£® −¥ áãé¥áâ¢ã¥âû.

�®«¥§−ë¬ ¯à¨¥¬®¬, á ¯®¬®éìî ª®â®à®£® ¬®¦−® §�¤�¢�âì −®¢ë¥ ¯à®æ¥ááë, ï¢«ï¥âáï
¯¥à¥¨¬¥−®¢�−¨¥. �ãáâì f | ¢§�¨¬−® ®¤−®§−�ç−�ï äã−ªæ¨ï, ®â®¡à�¦�îé�ï �«ä�¢¨â A
¯à®æ¥áá� ¢® ¬−®¦¥áâ¢® á¨¬¢®«®¢ f(A).

�¯à¥¤¥«¥−¨¥ �7. �¥à¥¨¬¥−®¢�−¨¥¬ ¯à®æ¥áá� (A,A) á ¯®¬®éìî äã−ªæ¨¨ f −�§ë-
¢�¥âáï ¯à®æ¥áá (Af ,Af ), £¤¥ Af = f(A), � ¬−®¦¥áâ¢® Af ®¡à�§®¢�−® ¨§ ¯à®â®ª®«®¢
¬−®¦¥áâ¢� A ¯ãâ¥¬ §�¬¥−ë ¢á¥å á®¡ëâ¨© −� ¨å f-®¡à�§ë.

‡�¤�−−®¥ ¯®á«¥¤−¨¬ ®¯à¥¤¥«¥−¨¥¬ ¯¥à¥¨¬¥−®¢�−¨¥ ®á®¡¥−−® ¯®«¥§−® ¯à¨ á®§¤�−¨¨
£àã¯¯ áå®¤−ëå ¯à®æ¥áá®¢, ª®â®àë¥ äã−ªæ¨®−¨àãîâ ¨¤¥−â¨ç−ë¬ ®¡à�§®¬, −¨ª�ª −¥
¢§�¨¬®¤¥©áâ¢ãï ¤àã£ á ¤àã£®¬. �â® ®§−�ç�¥â, çâ® ¢á¥ ®−¨ ¤®«¦−ë ¨¬¥âì à�§«¨ç−ë¥
¨ ¢§�¨¬−® −¥ ¯¥à¥á¥ª�îé¨¥áï �«ä�¢¨âë. ‘ íâ®© æ¥«ìî ª�¦¤ë© ¯à®æ¥áá á−�¡¦�¥âáï
¬¥âª®©, ª®â®à�ï ¤®¡�¢«ï¥âáï ª ®¡é¥¬ã ¤«ï ¢á¥å ¯à®æ¥áá®¢ ¨¬¥−¨. �à®æ¥áá á ¨¬¥−¥¬ š
¨ á ¬¥âª®© l ®¡®§−�ç�¥âáï l : š. Š�¦¤®¥ á®¡ëâ¨¥ ¯®¬¥ç¥−−®£® ¯à®æ¥áá� ¨¬¥¥â âã ¦¥ ¬¥âªã
¨ ¢ë£«ï¤¨â ª�ª l.a, £¤¥ a | −�§¢�−¨¥ á®¡ëâ¨ï, � l | ¬¥âª�.

�¯à¥¤¥«¥−¨¥ �8. �ãáâì š| ¯à®æ¥áá, � l | ¬¥âª�. �®¬¥ç¥−−ë© ¯à®æ¥áá l : š §�¤�¥âáï
äã−ªæ¨¥© fl(a) = l.a ¤«ï ¢á¥å a ¨§ �«ä�¢¨â� ¯à®æ¥áá� š ¨ ¯®¬¥âª®© l : š = fl(š).

�à¨¢¥¤¥−−ë¥ ®¯à¥¤¥«¥−¨ï ¬®¦−® ®¡®¡é�âì, à�áè¨àïï ¢ëà�§¨â¥«ì−ë¥ á¢®©áâ¢�
¤�−−®£® ï§ëª�. ��¯à¨¬¥à, ¥á«¨ L | ¬−®¦¥áâ¢® ¬¥â®ª, â® ¯à®æ¥áá L : š ú¢¥¤¥â á¥¡ï
ª�ª ¯à®æ¥áá l : š ª�¦¤ë© à�§, ª®£¤� ®ªàã¦¥−¨¥ ¯à®æ¥áá� ¢ë¡à�«® ¬¥âªã lû. „àã£®©
¯à¨¬¥à | íâ® ¯à®æ¥áá ‖l∈L l.š, ª®â®àë© ¯à¥¤áâ�¢«ï¥â á®¡®© ¯�à�««¥«ì−ãî ª®¬¯®§¨æ¨î
¯à®æ¥áá®¢ ¨§ á®¢®ªã¯−®áâ¨ {l.š; l ∈ L}.

�¯à¥¤¥«¥−¨¥ �9. ‘¨¬¢®«®¬ ⊡ ¡ã¤¥¬ ®¡®§−�ç�âì ¯à®æ¥áá, ª®â®àë© £®â®¢ ¯à¨−ïâì
ãç�áâ¨¥ ¢ «î¡®¬ á®¡ëâ¨¨, ®¤−�ª® −¥¯®áà¥¤áâ¢¥−−® ¢á«¥¤ §� íâ¨¬ §�ª�−ç¨¢�¥âáï.

‚¢¥¤¥−¨¥ ¯à®æ¥áá� ⊡ ¯®§¢®«ï¥â à�áá¬�âà¨¢�âì ¯à®æ¥ááë á ¯à®â®ª®«�¬¨ ª®−¥ç−®©
¤«¨−ë.

‘ä®à¬ã«¨à®¢�−−ë¥ ¢ ®¯à¥¤¥«¥−¨ïå �2, �4{�9 ®¯¥à�æ¨¨ −�¤ ¯à®æ¥áá�¬¨ ¬®¦−®
¯à¨¬¥−ïâì ¬−®£®ªà�â−®, ¯®«ãç�ï ãà�¢−¥−¨ï, ã ª®â®àëå ¢ «¥¢®© ç�áâ¨ áâ®¨â ¢−®¢ì
®¯à¥¤¥«ï¥¬ë© ¯à®æ¥áá, � ¢ ¯à�¢®© | áã¯¥à¯®§¨æ¨ï ¤àã£¨å ¯à®æ¥áá®¢.
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BUILDING A SIMULATION MODEL FOR SOLVING SCHEDULING
PROBLEMS OF COMPUTING RESOURCES
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Abstract: Scheduling of computing resources is a set of management actions on
reception and distribution of applications coming into the computer processing
system. Emerging challenges lie in optimization problems that are of a great
variety of productions and often difficult decisions. In many cases, significant
support is provided by a simulation model that implements a specific layout jobs
on resources and created, as a rule, again for specific application. The article
proposes an approach to building such simulation models, based on development
of some ideas of the theory of communicating processes. The paper provides
a fragment of a simulation model that covers many common features of scheduling
of computing resources. The model is designed to create a software system that
solves a variety of scheduling problems arising in computing systems.
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О РАБОТАХ В ОБЛАСТИ МОДЕЛИРОВАНИЯ
ИНФОРМАЦИОННЫХ ПОТОКОВ В СОВРЕМЕННЫХ

ВЫСОКОЧАСТОТНЫХ ФИНАНСОВЫХ ПРИЛОЖЕНИЯХ∗

В. Ю. Королев1, А. Ю. Корчагин2, И. А. Соколов3, А. В. Черток4

�−−®â�æ¨ï: �¡áã¦¤�îâáï −¥ª®â®àë¥ à¥§ã«ìâ�âë ¨áá«¥¤®¢�−¨© ¢ ®¡«�áâ¨
¬®¤¥«¨à®¢�−¨ï ¨−ä®à¬�æ¨®−−ëå ¯®â®ª®¢ ¢ á®¢à¥¬¥−−ëå ¢ëá®ª®ç�áâ®â−ëå
ä¨−�−á®¢ëå á¨áâ¥¬�å ¨ ¯à¨«®¦¥−¨ïå. ‚ ç�áâ−®áâ¨, ®¡áã¦¤�¥âáï ¬¨ªà®¬�á-
èâ�¡−�ï ¬®¤¥«ì, ¯à¥¤«®¦¥−−�ï �¢â®à�¬¨. ‚ à�¬ª�å íâ®© ¬®¤¥«¨ ¯®â®ª¨ §�ï¢®ª
®¯¨áë¢�îâáï ¤¢�¦¤ë áâ®å�áâ¨ç¥áª¨¬¨ ¯ã�áá®−®¢áª¨¬¨ ¯à®æ¥áá�¬¨ (â�ª¦¥
−�§ë¢�¥¬ë¬¨ ¯à®æ¥áá�¬¨ Š®ªá�), ª®â®àë¥ ãç¨âë¢�îâ á«ãç�©−ë© å�à�ªâ¥à
¨−â¥−á¨¢−®áâ¥© ¯®â®ª®¢. ‘ æ¥«ìî ¨§ãç¥−¨ï í¢®«îæ¨¨ ª−¨£¨ §�ï¢®ª (â¥ªãé¥£®
á¯¨áª� ¢á¥å �ªâã�«ì−ëå §�ï¢®ª −� ¯®ªã¯ªã ¨ ¯à®¤�¦ã) ¯à¥¤«®¦¥−ë ¬®¤¥«¨
¤«ï ¯à®æ¥áá®¢ ¤¨á¡�«�−á� ª®«¨ç¥áâ¢� §�ï¢®ª (NOI | Number of Orders
Imbalance) ¨ ¤¨á¡�«�−á� ¯®â®ª®¢ §�ï¢®ª (OFI | Order Flows Imbalance),
¨¬¥îé¨¥ ¢¨¤ ¤¢ãáâ®à®−−¨å ¯à®æ¥áá®¢ à¨áª� | á¯¥æ¨�«ì−ëå ®¡®¡é¥−−ëå
(compound) ¤¢�¦¤ë áâ®å�áâ¨ç¥áª¨å ¯ã�áá®−®¢áª¨å ¯à®æ¥áá®¢. �â¨ ¯à®æ¥ááë
ï¢«ïîâáï çã¢áâ¢¨â¥«ì−ë¬¨ ¨−¤¨ª�â®à�¬¨ â¥ªãé¥£® á®áâ®ï−¨ï ª−¨£¨ §�ï¢®ª
¨ ¯®§¢®«ïîâ ¨−â¥à¯®«¨à®¢�âì ¤¨−�¬¨ªã àë−ª� ¬¥¦¤ã ¨§¬¥−¥−¨ï¬¨ æ¥−ë,
−�¯à¨¬¥à á æ¥«ìî ®âá«¥¦¨¢�−¨ï â®ªá¨ç−®áâ¨ ¯®â®ª®¢ §�ï¢®ª. �à¨¢¥¤¥− ®¡§®à
®á−®¢−ëå à¥§ã«ìâ�â®¢, ¯®«ãç¥−−ëå á ¯®¬®éìî ãª�§�−−ëå ¬®¤¥«¥©.

Š«îç¥¢ë¥ á«®¢�: ä¨−�−á®¢ë¥ àë−ª¨; ¢ëá®ª®ç�áâ®â−ë¥ ä¨−�−á®¢ë¥ á¨áâ¥-
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1 Введение

‚ëá®ª®ç�áâ®â−�ï â®à£®¢«ï á ¯®¬®éìî í«¥ªâà®−−ëå á¨áâ¥¬ á®áâ�¢«ï¥â áãé¥-
áâ¢¥−−ãî ¤®«î −� àë−ª�å �ªæ¨© ¨ ¤àã£¨å æ¥−−ëå ¡ã¬�£. Š®¬¯�−¨¨, §�−¨¬�îé¨-
¥áï �¢â®¬�â¨§¨à®¢�−−ë¬ ¢ëá®ª®ç�áâ®â−ë¬ âà¥©¤¨−£®¬, ä®à¬¨àãîâ ¤® 70%{80%
¤−¥¢−®£® ®¡®à®â� −� ¢¥¤ãé¨å ¬¨à®¢ëå ¯«®é�¤ª�å. ‚ëá®ª®ç�áâ®â−®¥ (â. ¥. à�á-
á¬�âà¨¢�¥¬®¥ −� ®ç¥−ì ¬�«ëå ¬�áèâ�¡�å ¢à¥¬¥−¨) ¯®¢¥¤¥−¨¥ â�ª −�§ë¢�¥¬®©
ª−¨£¨ §�ï¢®ª (limit order book) | â¥ªãé¥£® á¯¨áª� ¢á¥å �ªâã�«ì−ëå §�ï¢®ª −�
â®à£®¢«î (¢ àãááª®¬ á¯¥æ¨�«ì−®¬ ä¨−�−á®¢®¬ ¦�à£®−¥ −�§ë¢�¥¬®£® áâ�ª�−®¬) |
¢ −�áâ®ïé¥¥ ¢à¥¬ï ï¢«ï¥âáï ¯®¯ã«ïà−ë¬ ®¡ê¥ªâ®¬ áâ®å�áâ¨ç¥áª®£® ¬®¤¥«¨à®¢�-
−¨ï (á¬., −�¯à¨¬¥à, [1{5]). ‚ à�¡®â¥ [6] ¤«ï ®¯¨á�−¨ï ¤¨−�¬¨ª¨ ª−¨£¨ §�ï¢®ª
¯à¥¤«®¦¥−� ¬�àª®¢áª�ï ¬®¤¥«ì á −¥¯à¥àë¢−ë¬ ¢à¥¬¥−¥¬, á®£«�á−® ª®â®à®© ª−¨£�
§�ï¢®ª à�áá¬�âà¨¢�¥âáï ª�ª á¯¥æ¨�«ì−�ï á¨áâ¥¬� ®¡á«ã¦¨¢�−¨ï, ¢ ª®â®à®© ¯®â®-
ª¨ ¢å®¤ïé¨å §�ï¢®ª ¥¤¨−¨ç−®£® ®¡ê¥¬� à�§−ëå â¨¯®¢ ï¢«ïîâáï −¥§�¢¨á¨¬ë¬¨
¯ã�áá®−®¢áª¨¬¨ ¯à®æ¥áá�¬¨. �®¤®¡−ë¥ á¨áâ¥¬ë ¬®£ãâ ¡ëâì ®¯¨á�−ë ¢ â¥à¬¨−�å
¯à®æ¥áá®¢ à®¦¤¥−¨ï ¨ £¨¡¥«¨, ¢ ª®â®àëå á®áâ®ï−¨ï á®®â¢¥âáâ¢ãîâ ç¨á«¥−−®áâ¨
§�ï¢®ª à�§−ëå â¨¯®¢ −� §�¤�−−ëå æ¥−®¢ëå ãà®¢−ïå, � ¯¥à¥å®¤ë á®¢¥àè�îâáï
¯à¨ à®¦¤¥−¨¨ (¯®ï¢«¥−¨¨ −®¢®© §�ï¢ª¨) ¨«¨ £¨¡¥«¨ (¨áç¥§−®¢¥−¨¨ §�ï¢ª¨ «¨¡®
¢á«¥¤áâ¢¨¥ ¥¥ ®â¬¥−ë, «¨¡® ¢á«¥¤áâ¢¨¥ á®¢¥àè¥−¨ï á¤¥«ª¨). �à®æ¥ááë à®¦¤¥−¨ï
¨ £¨¡¥«¨ | íâ® å®à®è® ¨§ãç¥−−ë¥ ¬�â¥¬�â¨ç¥áª¨¥ ¬®¤¥«¨, ª®â®àë¥ ¬®¦−® âà�ª-
â®¢�âì ª�ª á¯¥æ¨�«ì−ë¥ ¤¢ãáâ®à®−−¨¥ ¯à®æ¥ááë à¨áª� | áâ®å�áâ¨ç¥áª¨¥ ¬®¤¥«¨,
¨§¢¥áâ−ë¥ ¢ áâà�å®¢®© ¬�â¥¬�â¨ª¥ ª�ª ¯à®æ¥ááë à¨áª� á® á«ãç�©−ë¬¨ ¯à¥¬¨ï¬¨.

Œ�â¥¬�â¨ç¥áª�ï ¬®¤¥«ì ª−¨£¨ §�ï¢®ª â¨¯� á¨áâ¥¬ë ¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï,
¯à¥¤«®¦¥−−�ï ¢ à�¡®â¥ [6], ®¡ãá«®¢«¥−� ¤®¢®«ì−® áâà®£¨¬¨ ¨ ä®à¬�«ì−ë¬¨ ¨§-
−�ç�«ì−ë¬¨ ¯à¥¤¯®«®¦¥−¨ï¬¨. ‘ ®¤−®© áâ®à®−ë, íâ¨ ãá«®¢¨ï −¥®¡å®¤¨¬ë ¤«ï
â®£®, çâ®¡ë ¯à¥¤«®¦¥−−ãî ¢ [6] ¬®¤¥«ì ¬®¦−® ¡ë«® ¨á¯®«ì§®¢�âì ¤«ï ¢ëç¨á«¥−¨ï
¯�à�¬¥âà®¢, å�à�ªâ¥à¨§ãîé¨å ¤¨−�¬¨ªã ª−¨£¨ §�ï¢®ª. �¤−�ª®, á ¤àã£®© áâ®à®-
−ë, íâ¨ ãá«®¢¨ï ®ª�§ë¢�îâáï á«¨èª®¬ ®£à�−¨ç¨â¥«ì−ë¬¨ ¨ ¢¥áì¬� ¤�«¥ª¨¬¨ ®â
à¥�«ì−®áâ¨. �®íâ®¬ã ªà�©−¥ −¥®¡å®¤¨¬® ¨¬¥âì −¥ª®â®àãî áà�¢−¨â¥«ì−® «¥£ª®
¢ëç¨á«ï¥¬ãî ¨−â¥£à�«ì−ãî å�à�ªâ¥à¨áâ¨ªã â¥ªãé¥£® á®áâ®ï−¨ï ª−¨£¨ §�ï¢®ª,
ª®â®àãî ¬®¦−® ¨§ãç�âì ¢−¥ à�¬®ª ¬®¤¥«¥© â¨¯� á¨áâ¥¬ ®¡á«ã¦¨¢�−¨ï.

’�ª�ï å�à�ªâ¥à¨áâ¨ª� | ¯à®æ¥áá ¤¨á¡�«�−á� ¯®â®ª®¢ §�ï¢®ª (OFI) | ¡ë«�
¯à¥¤«®¦¥−� ¢ 2011 £. ¢ à�¡®â¥ [7], ä¨−�«ì−�ï ¢¥àá¨ï ª®â®à®© [8] ®¯ã¡«¨ª®¢�−�
¢ 2014 £. ’®ç−® â�ª®© ¦¥ ¯à®æ¥áá ¡ë« −¥§�¢¨á¨¬® ¯à¥¤«®¦¥− ¨ ¨§ãç¥− ¢ à�-
¡®â�å [9{11] ¯®¤ −�§¢�−¨¥¬ ¯à®æ¥áá ®¡®¡é¥−−®© æ¥−ë (generalized price process).
�à®æ¥áá OFI, â�ª ¦¥ ª�ª ¨ ¯à®æ¥áá ¤¨á¡�«�−á� ç¨á«� §�ï¢®ª (NOI), ¢¢¥¤¥−−ë©
¢ à�¡®â¥ [11], ®ª�§ë¢�¥âáï áãé¥áâ¢¥−−® ¡®«¥¥ çã¢áâ¢¨â¥«ì−ë¬ ª ¨−ä®à¬�æ¨¨,
¯®áâã¯�îé¥© −� àë−®ª, ç¥¬ á�¬ ¯à®æ¥áá æ¥−ë, ¯®áª®«ìªã ¯à®¬¥¦ãâª¨ ¢à¥¬¥−¨
¬¥¦¤ã á®¡ëâ¨ï¬¨ ¢ ª−¨£¥ §�ï¢®ª (¯®áâã¯«¥−¨¥ ¨«¨ ®â¬¥−� §�ï¢®ª, §�ª«îç¥−¨¥
á¤¥«®ª ¨ â. ¯.) ®¡ëç−® −�áâ®«ìª® ¬�«ë, çâ® ¯® ®â−®è¥−¨î ª −¨¬ ¨§¬¥−¥−¨ï æ¥−ë
¯à¥¤áâ�¢«ïîâ á®¡®© à¥¤ª¨¥ á®¡ëâ¨ï. �®íâ®¬ã í¢®«îæ¨ï æ¥−ë ¤�¥â ¢¥áì¬� £àã¡®¥
¨ ¯à¨¡«¨§¨â¥«ì−®¥ ¯à¥¤áâ�¢«¥−¨¥ ® ¤¨−�¬¨ª¥ àë−ª� −� ¢à¥¬¥−−‚ëå ¬¨ªà®¬�áèâ�-
¡�å. �à®æ¥ááë ¤¨á¡�«�−á� ç¨á«� §�ï¢®ª ¨ ¤¨á¡�«�−á� ¯®â®ª� §�ï¢®ª ®âá«¥¦¨¢�îâ
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� à�¡®â�å ¢ ®¡«�áâ¨ ¬®¤¥«¨à®¢�−¨ï ¨−ä®à¬�æ¨®−−ëå ¯®â®ª®¢

á®áâ®ï−¨¥ ®ç¥à¥¤¥© §�ï¢®ª −� −�¨«ãçè¨¥ æ¥−ë ¯®ªã¯ª¨ ¨ ¯à®¤�¦¨ ¨ ¨§¬¥−ïîâáï
−�¬−®£® ¡ëáâà¥¥, −¥¦¥«¨ æ¥−ë. �â¨ ¯à®æ¥ááë ¬®£ãâ ¡ëâì ¨á¯®«ì§®¢�−ë ¤«ï
¨−â¥à¯®«ïæ¨¨ ¤¨−�¬¨ª¨ àë−ª� ¬¥¦¤ã ¨§¬¥−¥−¨ï¬¨ æ¥−ë, −�¯à¨¬¥à á æ¥«ìî
®âá«¥¦¨¢�−¨ï â®ªá¨ç−®áâ¨ ¯®â®ª®¢ §�ï¢®ª.

‚ ¤�−−®© áâ�âì¥ ¡ã¤¥â ¤�−® ªà�âª®¥ ®¯¨á�−¨¥ ¨á¯®«ì§ã¥¬ëå ¬�â¥¬�â¨ç¥áª¨å
¬®¤¥«¥© ¨ à¥§ã«ìâ�â®¢, á¢ï§�−−ëå á ¯®¢¥¤¥−¨¥¬ ¯à®æ¥áá®¢ ¤¨á¡�«�−á� ¯®â®ª®¢
§�ï¢®ª ¨ ç¨á«� §�ï¢®ª, ª®â®àë¥ ã¤�¥âáï ¯®«ãç¨âì á ¯®¬®éìî ãª�§�−−ëå ¬®¤¥«¥©.

2 Описание базовой модели

�� í«¥ªâà®−−ëå àë−ª�å ¡¨à¦¥¢�ï æ¥−� ä¨−�−á®¢®£® ¨−áâàã¬¥−â� ¢ ¥¥ ª«�á-
á¨ç¥áª®¬ ¯®−¨¬�−¨¨ ï¢«ï¥âáï à¥§ã«ìâ¨àãîé¥©, ¨−â¥£à�«ì−®© å�à�ªâ¥à¨áâ¨ª®©
á¨áâ¥¬ë â®à£®¢, ª®â®à�ï ®¯¨áë¢�¥âáï ¤¨−�¬¨ª®© ª−¨£¨ §�ï¢®ª, ¯à¥¤áâ�¢«ïîé¥©
á®¡®© ¨−ä®à¬�æ¨î ® ¢á¥å �ªâã�«ì−ëå −� ¤�−−ë© ¬®¬¥−â ¯à¥¤«®¦¥−¨ïå ® ¯®-
ªã¯ª¥ ¨ ¯à®¤�¦¥ ¨−áâàã¬¥−â� ¯® à�§«¨ç−ë¬ æ¥−�¬. „¨−�¬¨ª� ª−¨£¨ §�ï¢®ª
®¯à¥¤¥«ï¥âáï âà¥¬ï â¨¯�¬¨ §�ï¢®ª, ª®â®àë¥ ãç�áâ−¨ª¨ àë−ª� ¬®£ãâ ®â¯à�¢¨âì −�
àë−®ª:

(1) «¨¬¨â−�ï §�ï¢ª� ®¡®§−�ç�¥â ¦¥«�−¨¥ ªã¯¨âì (¯à®¤�âì) §�¤�−−®¥ ª®«¨ç¥áâ¢®
�ªæ¨© ¯® æ¥−¥ −¥ ¢ëè¥ (−¥ −¨¦¥) §�¤�−−®©, ¯à¨ íâ®¬ â�ª�ï §�ï¢ª� −¥¬¥¤«¥−−®
¤®¡�¢«ï¥âáï ¢ ª−¨£ã §�ï¢®ª;

(2) àë−®ç−�ï §�ï¢ª� ®¡®§−�ç�¥â ¦¥«�−¨¥ ªã¯¨âì ¨«¨ ¯à®¤�âì §�¤�−−®¥ ª®«¨-
ç¥áâ¢® �ªæ¨© ¯® «ãçè¥© æ¥−¥, ¯à¥¤áâ�¢«¥−−®© ¢ ª−¨£¥ §�ï¢®ª, ¯®á«¥ ç¥£®
−¥¬¥¤«¥−−® ¯à®¨áå®¤¨â á¤¥«ª�;

(3) §�ï¢ª� −� ®â¬¥−ã ®¡®§−�ç�¥â −�¬¥à¥−¨¥ ®â¬¥−¨âì áãé¥áâ¢ãîéãî «¨¬¨â−ãî
§�ï¢ªã, ¯®á«¥ ç¥£® ®−� ã¤�«ï¥âáï ¨§ ª−¨£¨ §�ï¢®ª.

�à¨ ä¨ªá¨à®¢�−−®¬ ¢−¥è−¥¬ ¨−ä®à¬�æ¨®−−®¬ ¯®«¥, â. ¥. ¯à¨ ®âáãâáâ¢¨¨ â¥å
¨«¨ ¨−ëå −®¢®áâ¥©, ®ª�§ë¢�îé¨å ¢«¨ï−¨¥ −� ä¨−�−á®¢ë© àë−®ª, −�¨«ãçè¨¬¨
¨ ¥áâ¥áâ¢¥−−ë¬¨ ¬®¤¥«ï¬¨ ¯®â®ª®¢ §�ï¢®ª ï¢«ïîâáï ¯ã�áá®−®¢áª¨¥ ¯à®æ¥ááë.

Š�ª ¨§¢¥áâ−® (á¬., −�¯à¨¬¥à, [12]), ¯ã�áá®−®¢áª¨¥ ¯à®æ¥ááë ¯à¥¤áâ�¢«ïîâ
á®¡®© −�¨«ãçè¨¥ ¬®¤¥«¨ ®¤−®à®¤−ëå ¢® ¢à¥¬¥−¨ áâ®å�áâ¨ç¥áª¨å å�®â¨ç¥áª¨å ¯®-
â®ª®¢ á®¡ëâ¨©. �ã�áá®−®¢áª¨© ¯à®æ¥áá å�à�ªâ¥à¨§ã¥âáï â¥¬ ®¡áâ®ïâ¥«ìáâ¢®¬, çâ®
¨−â¥à¢�«ë ¢à¥¬¥−¨ ¬¥¦¤ã á®¡ëâ¨ï¬¨ ¯®â®ª� áâ®å�áâ¨ç¥áª¨ −¥§�¢¨á¨¬ë ¨ ¨¬¥îâ
®¤¨−�ª®¢®¥ ¯®ª�§�â¥«ì−®¥ à�á¯à¥¤¥«¥−¨¥. �à¨¢«¥ª�â¥«ì−®áâì ¯ã�áá®−®¢áª®£®
¯à®æ¥áá� ¢ ª�ç¥áâ¢¥ ¬®¤¥«¨ ®¤−®à®¤−®£® ¤¨áªà¥â−®£® å�®á� ®¡ãá«®¢«¥−� ª�ª
¬¨−¨¬ã¬ ¤¢ã¬ï ¯à¨ç¨−�¬¨. ‚®-¯¥à¢ëå, ¯®ª�§�â¥«ì−®¥ à�á¯à¥¤¥«¥−¨¥ ®¡«�¤�¥â
¬�ªá¨¬�«ì−®© ¤¨ää¥à¥−æ¨�«ì−®© í−âà®¯¨¥© áà¥¤¨ ¢á¥å �¡á®«îâ−® −¥¯à¥àë¢−ëå
à�á¯à¥¤¥«¥−¨© ¢¥à®ïâ−®áâ¥©, á®áà¥¤®â®ç¥−−ëå −� ¢á¥© ¯®«®¦¨â¥«ì−®© ¯®«ã®á¨
¨ ¨¬¥îé¨å ª®−¥ç−®¥ ¬�â¥¬�â¨ç¥áª®¥ ®¦¨¤�−¨¥, � í−âà®¯¨ï, ª�ª ¨§¢¥áâ−®, ï¢«ï-
¥âáï ®ç¥−ì ã¤®¡−®© ç¨á«¥−−®© å�à�ªâ¥à¨áâ¨ª®© −¥®¯à¥¤¥«¥−−®áâ¨. ‚®-¢â®àëå,
â®çª¨ (á®¡ëâ¨ï) ¯ã�áá®−®¢áª®£® ¯®â®ª� à�¢−®¬¥à−® à�á¯à¥¤¥«¥−ë −� ®á¨ ¢à¥¬¥−¨
¢ â®¬ á¬ëá«¥, çâ® ¤«ï «î¡®£® ª®−¥ç−®£® ¨−â¥à¢�«� ¢à¥¬¥−¨ [t1, t2] ãá«®¢−®¥
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á®¢¬¥áâ−®¥ à�á¯à¥¤¥«¥−¨¥ â®ç¥ª ¯ã�áá®−®¢áª®£® ¯®â®ª�, ¯®¯�¢è¨å ¢ ¨−â¥à¢�«
[t1, t2], ¯à¨ ãá«®¢¨¨, çâ® ¢ íâ®â ¨−â¥à¢�« ¯®¯�«® ä¨ªá¨à®¢�−−®¥ ç¨á«®, áª�-
¦¥¬, n â®ç¥ª, á®¢¯�¤�¥â á á®¢¬¥áâ−ë¬ à�á¯à¥¤¥«¥−¨¥¬ ¢�à¨�æ¨®−−®£® àï¤�,
¯®áâà®¥−−®£® ¯® −¥§�¢¨á¨¬®© ®¤−®à®¤−®© ¢ë¡®àª¥ ®¡ê¥¬� n ¨§ à�¢−®¬¥à−®£® −�
[t1, t2] à�á¯à¥¤¥«¥−¨ï. ÷�¢−®¬¥à−®¥ ¦¥ à�á¯à¥¤¥«¥−¨¥ ®¡«�¤�¥â ¬�ªá¨¬�«ì−®©
¤¨ää¥à¥−æ¨�«ì−®© í−âà®¯¨¥© áà¥¤¨ ¢á¥å �¡á®«îâ−® −¥¯à¥àë¢−ëå à�á¯à¥¤¥«¥-
−¨© ¢¥à®ïâ−®áâ¥©, á®áà¥¤®â®ç¥−−ëå −� ª®−¥ç−ëå ¨−â¥à¢�«�å, ¨ ®ç¥−ì å®à®-
è® á®®â¢¥âáâ¢ã¥â ®¡é¥¯à¨−ïâ®¬ã ¯à¥¤áâ�¢«¥−¨î ®¡ �¡á®«îâ−® −¥¯à¥¤áª�§ã¥¬®©
®£à�−¨ç¥−−®© á«ãç�©−®© ¢¥«¨ç¨−¥.

’�ª¨¬ ®¡à�§®¬, ¯à¨ ãá«®¢¨¨ ¯®áâ®ï−áâ¢� ¨−ä®à¬�æ¨®−−®£® ä®−� ¯®â®ª¨
§�ï¢®ª ¬®¤¥«¨àãîâáï á ¨á¯®«ì§®¢�−¨¥¬ −¥§�¢¨á¨¬ëå ¯ã�áá®−®¢áª¨å ¯à®æ¥áá®¢:

1. «¨¬¨â−ë¥ §�ï¢ª¨ −� ¯®ªã¯ªã (¯à®¤�¦ã) ¯à¨å®¤ïâ −� æ¥−®¢®© ãà®¢¥−ì, à�á-
¯®«®¦¥−−ë© −� à�ááâ®ï−¨¨ i ®â «ãçè¥© ª®â¨à®¢ª¨ ¯à®â¨¢®¯®«®¦−®£® â¨¯�,
¢ −¥§�¢¨á¨¬ë¥ ¬®¬¥−âë ¢à¥¬¥−¨, ¨¬¥îé¨¥ íªá¯®−¥−æ¨�«ì−®¥ à�á¯à¥¤¥«¥−¨¥
á ¯�à�¬¥âà®¬ λ+i (λ

−
i );

2. àë−®ç−ë¥ §�ï¢ª¨ −� ¯®ªã¯ªã (¯à®¤�¦ã) ¯à¨å®¤ïâ ¢ −¥§�¢¨á¨¬ë¥ ¬®¬¥−âë
¢à¥¬¥−¨, ¨¬¥îé¨¥ íªá¯®−¥−æ¨�«ì−®¥ à�á¯à¥¤¥«¥−¨¥ á ¯�à�¬¥âà®¬ µ+(µ−);

3. §�ï¢ª¨ −� ®â¬¥−ã «¨¬¨â−®£® ®à¤¥à� −� ¯®ªã¯ªã (¯à®¤�¦ã), −�å®¤ïé¥£®áï −�
¤¨áâ�−æ¨¨ i ®â «ãçè¥© ª®â¨à®¢ª¨ â®£® ¦¥ â¨¯�, ¯à¨å®¤ïâ á ç�áâ®â®© θ+i (θ

−
i ).

3 Процесс дисбаланса числа заявок

÷�áá¬®âà¨¬ ¤¢� ¯ã�áá®−®¢áª¨å ¯à®æ¥áá� N+(t) ¨ N−(t) á ¨−â¥−á¨¢−®áâï¬¨
á®®â¢¥âáâ¢¥−−®

λ+ = µ+ +
∑

i

λ+i +
∑

i

θ−i ; λ− = µ− +
∑

i

λ−
i +

∑

i

θ+i

�® á¢®¥© áãâ¨ ¯à®æ¥ááë N+(t) ¨ N−(t) ®¯¨áë¢�îâ ç¨á«® §�ï¢®ª ®â ¯®ªã¯�â¥«¥©
¨ ¯à®¤�¢æ®¢ á®®â¢¥âáâ¢¥−−®, ¯à¨è¥¤è¨å ª ¬®¬¥−âã ¢à¥¬¥−¨ t.

‚ áâ�âì¥ [11] ¢¢¥¤¥− ¯à®æ¥áá

NOI (t) = N+(t)− N−(t) ,

−�§¢�−−ë© (ãá«®¢−ë¬) ¯à®æ¥áá®¬ ¤¨á¡�«�−á� ç¨á«� §�ï¢®ª. �â® ®¯à¥¤¥«¥−¨¥ â�ª-
¦¥ ¤®¯ãáª�¥â �«ìâ¥à−�â¨¢−ãî ä®à¬ã«¨à®¢ªã, ª®â®à�ï ¯®«¥§−� ¤«ï ¤�«ì−¥©è¥£®
®¡®¡é¥−¨ï −� §�ï¢ª¨ ¯à®¨§¢®«ì−ëå ®¡ê¥¬®¢, à�áá¬�âà¨¢�¥¬®£® −¨¦¥, � ¨¬¥−-
−®: ¯®¤ (ãá«®¢−ë¬) ¯à®æ¥áá®¬ ¤¨á¡�«�−á� ç¨á«� §�ï¢®ª NOI (t) â�ª¦¥ ¬®¦−®
¯®¤à�§ã¬¥¢�âì ¯à®æ¥áá, ¯à¨à�é¥−¨¥ ª®â®à®£® −� ¨−â¥à¢�«¥ [0, t] ¨¬¥¥â ¢¨¤

NOI (t)−NOI (0) =
N(t)
∑

j=1

Xj , (1)
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� à�¡®â�å ¢ ®¡«�áâ¨ ¬®¤¥«¨à®¢�−¨ï ¨−ä®à¬�æ¨®−−ëå ¯®â®ª®¢

£¤¥ N(t) | ¯ã�áá®−®¢áª¨© ¯à®æ¥áá á ¯�à�¬¥âà®¬ λ = λ+ + λ−, X1,X2, . . . |
−¥§�¢¨á¨¬ë¥ ®¤¨−�ª®¢® à�á¯à¥¤¥«¥−−ë¥ á«ãç�©−ë¥ ¢¥«¨ç¨−ë â�ª¨¥, çâ®

Xj =















+1 á ¢¥à®ïâ−®áâìî
λ+

λ+ + λ−
;

−1 á ¢¥à®ïâ−®áâìî
λ−

λ+ + λ−
,

j = 1, 2, . . .

�®«¥¥ â®£®, á«ãç�©−ë¥ ¢¥«¨ç¨−ë X1,X2, . . . áâ®å�áâ¨ç¥áª¨ −¥§�¢¨á¨¬ë ®â ¯à®-
æ¥áá� N(t), ¢ ç¥¬ ¬®¦−® ã¡¥¤¨âìáï, ¢ë¯¨á�¢ å�à�ªâ¥à¨áâ¨ç¥áªãî äã−ªæ¨î
á«ãç�©−®© ¢¥«¨ç¨−ë NOI (t)−NOI (0).

4 Однородный процесс дисбаланса потока заявок

(“á«®¢−ë©) ¯à®æ¥áá ¤¨á¡�«�−á� ç¨á«� §�ï¢®ª ï¢«ï¥âáï ç�áâ−ë¬ á«ãç�¥¬
¯à®æ¥áá� ¤¨á¡�«�−á� ¯®â®ª� §�ï¢®ª, ®¯à¥¤¥«ï¥¬ë© á«¥¤ãîé¨¬ ®¡à�§®¬.

�ã¤¥¬ áç¨â�âì, çâ® ®¡ê¥¬ë §�ï¢®ª ®â ¯®ªã¯�â¥«¥© X+i , i ≥ 1, ¨ ¯à®¤�¢-
æ®¢ X−

j , j ≥ 1, á®®â¢¥âáâ¢¥−−® ¯à¥¤áâ�¢«ïîâ á®¡®© −¥§�¢¨á¨¬ë¥ −¥®âà¨æ�â¥«ì-

−ë¥ á«ãç�©−ë¥ ¢¥«¨ç¨−ë X+i ¨ X−
i á äã−ªæ¨ï¬¨ à�á¯à¥¤¥«¥−¨ï F+(x) ¨ F−(x),

®¤¨−�ª®¢ë¬¨ ¤«ï ¢á¥å i ¨ j, ¯à¨ç¥¬ íâ¨ á«ãç�©−ë¥ ¢¥«¨ç¨−ë −¥§�¢¨á¨¬ë ®â
¯à®æ¥áá®¢ N+(t) ¨ N−(t).

‚ à�¡®â�å [10, 11] ¢ ª�ç¥áâ¢¥ ¬�â¥¬�â¨ç¥áª®© ¬®¤¥«¨ í¢®«îæ¨¨ ¯à®æ¥áá�
¤¨á¡�«�−á� ¯®â®ª� §�ï¢®ª ¡ë«® ¯à¥¤«®¦¥−® ¨á¯®«ì§®¢�âì ¤¢ãáâ®à®−−¨© ¯à®æ¥áá
à¨áª� | á¯¥æ¨�«ì−ë© ®¡®¡é¥−−ë© (compound) ¯ã�áá®−®¢áª¨© ¯à®æ¥áá. ‘«¥¤ãï
íâ®¬ã ¯®¤å®¤ã, §�ä¨ªá¨àã¥¬ ¬�«ë© ¨−â¥à¢�« ¢à¥¬¥−¨ [0, T ], ¢ â¥ç¥−¨¥ ª®â®-
à®£® ¯�à�¬¥âàë à�á¯à¥¤¥«¥−¨©, ®¯¨áë¢�îé¨å ®¡ê¥¬ë §�ï¢®ª, ¨ ¨−â¥−á¨¢−®áâ¨
¯®â®ª®¢ §�ï¢®ª ®¤−®£® â¨¯� ®áâ�îâáï ¯®áâ®ï−−ë¬¨ ¨ ¨§¢¥áâ−ë¬¨.

‘«¥¤ãï à�¡®â¥ [10], à�áá¬®âà¨¬ á«¥¤ãîéãî ¬®¤¥«ì ãá«®¢−®£® ®¤−®à®¤−®-
£® ¯à®æ¥áá� ¤¨á¡�«�−á� ¯®â®ª®¢ §�ï¢®ª. ‚ ¤®¯®«−¥−¨¥ ª ¯®á«¥¤®¢�â¥«ì−®-
áâï¬ X+1 ,X+2 , . . . ¨ X−

1 ,X−
2 , . . . ¯ãáâì N−

1 (t) ¨ N+1 (t) | ¤¢� áâ�−¤�àâ−ëå
¯ã�áá®−®¢áª¨å ¯à®æ¥áá� (®¤−®à®¤−ëå ¯ã�áá®−®¢áª¨å ¯à®æ¥áá� á ¥¤¨−¨ç−®©
¨−â¥−á¨¢−®áâìî). �à¥¤¯®«®¦¨¬, çâ® ¯à¨ ª�¦¤®¬ t á«ãç�©−ë¥ ¢¥«¨ç¨−ë
X+1 ,X+2 , . . ., X−

1 ,X−
2 , . . ., N−

1 (t) ¨ N+1 (t) −¥§�¢¨á¨¬ë. �¥á«®¦−® ¢¨¤¥âì,

çâ® N+(t)
d
= N+1 (λ

+t), N−(t)
d
= N−

1 (λ
+t).

�®«®¦¨¬

“Q+(t) =

N+1 (λ
+t)

∑

j=1

X+j ;
“Q−(t) =

N−

1 (λ
−t)

∑

j=1

X−
j

¨ ®¯à¥¤¥«¨¬ ãá«®¢−ë© ®¤−®à®¤−ë© ¯à®æ¥áá ¤¨á¡�«�−á� ¯®â®ª� §�ï¢®ª OFI(CH)(t)
ª�ª

OFI(CH)(t) = “Q+(t)− “Q−(t) . (2)
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�â®â ¯à®æ¥áá ¯à¥¤áâ�¢«ï¥â á®¡®© ¨−â¥£à�«ì−ãî å�à�ªâ¥à¨áâ¨ªã ¬£−®¢¥−−®£®
á®áâ®ï−¨ï ª−¨£¨ §�ï¢®ª ¯à¨ ¨¤¥�«¨§¨à®¢�−−®¬ ãá«®¢¨¨ −¥¨§¬¥−−®áâ¨ ¨−ä®à¬�-
æ¨®−−®£® ä®−�, â. ¥. ¯à¨ ®âáãâáâ¢¨¨ −®¢®áâ¥©, ¢á«¥¤áâ¢¨¥ ç¥£® ¨−â¥−á¨¢−®áâ¨
¯®â®ª®¢ §�ï¢®ª −¥ ¨§¬¥−ïîâáï.

‘ ä®à¬�«ì−®© â®çª¨ §à¥−¨ï ¯à®æ¥áá OFI(CH)(t), ¢¢¥¤¥−−ë© ¢ëè¥, ï¢«ï¥âáï
−¥ ç¥¬ ¨−ë¬ ª�ª å®à®è® ¨§¢¥áâ−ë¬ ¢ áâà�å®¢®© ¬�â¥¬�â¨ª¥ ¯à®æ¥áá®¬ à¨á-
ª� á® á«ãç�©−ë¬¨ ¯à¥¬¨ï¬¨, ¯®«®¦¨â¥«ì−�ï ç�áâì ª®â®à®£® ®¯¨áë¢�¥â ¯à®æ¥áá
−�ª®¯«¥−−ëå áâà�å®¢ëå ¯à¥¬¨©, � ®âà¨æ�â¥«ì−�ï ç�áâì ®¯¨áë¢�¥â ¯à®æ¥áá −�-
ª®¯«¥−−ëå áâà�å®¢ëå ¢ë¯«�â (á¬., ª ¯à¨¬¥àã, [13]). �¤−�ª®, ª�ª ®á®¡® ®â¬¥ç¥−®
¢ ª−¨£¥ [13], ¢ áâà�å®¢�−¨¨ ¯®¤®¡−ë¥ ¬®¤¥«¨ ¥¤¢� «¨ ¬®¦−® áç¨â�âì �¤¥ª¢�â-
−ë¬¨, ¯®áª®«ìªã ¤¢¥ ª®¬¯®−¥−âë ¯à®æ¥áá� OFI(CH)(t) −¥§�¢¨á¨¬ë, â®£¤� ª�ª
¢ à¥�«ì−®© áâà�å®¢®© ¯à�ªâ¨ª¥ áç¨â�îé¨© ¯à®æ¥áá N−

1 (λ
−t) ï¢«ï¥âáï ¯à®à¥-

¦¥−−ë¬ ¯à®æ¥áá®¬ N+1 (λ
+t) ¨ ¯®â®¬ã ª®¬¯®−¥−âë ¯à®æ¥áá� OFI(CH)(t) −¥«ì§ï

áç¨â�âì −¥§�¢¨á¨¬ë¬¨ ¡¥§ áãé¥áâ¢¥−−®© ¯®â¥à¨ á¬ëá«�. ’¥¬ −¥ ¬¥−¥¥, ª�ª â�ª¦¥
®â¬¥ç¥−® ¢ [13], ¬®¤¥«¨ (1) ¨ (2) ¬®£ãâ ¡ëâì ãá¯¥è−® ¨á¯®«ì§®¢�−ë ¤«ï ®¯¨á�−¨ï
¯à®æ¥áá®¢ á¯¥ªã«ïâ¨¢−®© ä¨−�−á®¢®© ¤¥ïâ¥«ì−®áâ¨. ‚ ä¨−�−á®¢ëå ¯à¨«®¦¥−¨-
ïå ¯à®æ¥ááë ¢¨¤� (1) ¨ (2) ®¯¨áë¢�îâ ¡�«�−á á¨« ¯®ªã¯�â¥«¥© ¨ ¯à®¤�¢æ®¢ ¨, ª�ª
á«¥¤áâ¢¨¥, á®®â¢¥âáâ¢ãîé¨¥ à¨áª¨. �®íâ®¬ã ¤�«¥¥ ¯à®æ¥ááë ¢¨¤� (1) ¨ (2) ¡ã¤ãâ
−�§ë¢�âìáï ¤¢ãáâ®à®−−¨¬¨ ¯à®æ¥áá�¬¨ à¨áª�. ‚ à�¡®â¥ [14] ¤®ª�§�−® á«¥¤ãîé¥¥
ãâ¢¥à¦¤¥−¨¥.

‹¥¬¬� 1. ‚ ãª�§�−−ëå ¢ëè¥ ¯à¥¤¯®«®¦¥−¨ïå OFI(CH)(t) ï¢«ï¥âáï ®¡®¡é¥−−ë¬
¯ã�áá®−®¢áª¨¬ ¯à®æ¥áá®¬, � ¨¬¥−−®: ¥á«¨ N1(t) | áâ�−¤�àâ−ë© ¯ã�áá®−®¢áª¨©
¯à®æ¥áá, â® ¤«ï «î¡®£® t ≥ 0

OFI(CH)(t)
d
=

N1((λ++λ−) t)
∑

j=1

Xj ,

£¤¥ X1,X2, . . . | ®¤¨−�ª®¢® à�á¯à¥¤¥«¥−−ë¥ á«ãç�©−ë¥ ¢¥«¨ç¨−ë á ®¡é¥©
å�à�ªâ¥à¨áâ¨ç¥áª®© äã−ªæ¨¥©

f(s) ≡ EeisX1 =
λ+f+(s)

λ+ + λ−
+

λ−f−(−s)

λ+ + λ−
, s ∈ R ,

£¤¥ f+(s) ¨ f−(s) | å�à�ªâ¥à¨áâ¨ç¥áª¨¥ äã−ªæ¨¨ á«ãç�©−ëå ¢¥«¨ç¨− X+1
¨ X−

1 á®®â¢¥âáâ¢¥−−®. �à¨ íâ®¬ ¤«ï «î¡®£® t ≥ 0 á«ãç�©−ë¥ ¢¥«¨ç¨−ë
N1 ((λ

+ + λ−) t), X1,X2, . . . −¥§�¢¨á¨¬ë.

�¥á«®¦−® ¢¨¤¥âì, çâ® á«ãç�©−�ï ¢¥«¨ç¨−� X1 ¯à¥¤áâ�¢«ï¥â á®¡®© à�−¤®¬¨-
§�æ¨î:

X1 =















X+1 á ¢¥à®ïâ−®áâìî
λ+

λ+ + λ−
;

−X−
1 á ¢¥à®ïâ−®áâìî

λ−

λ+ + λ−
,
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� à�¡®â�å ¢ ®¡«�áâ¨ ¬®¤¥«¨à®¢�−¨ï ¨−ä®à¬�æ¨®−−ëå ¯®â®ª®¢

â�ª çâ®

EX1 =
λ+EX+1
λ+ + λ−

− λ−EX−
1

λ+ + λ−
;

DX1 =

(

λ+

λ+ + λ−

)2

DX+1 +

(

λ−

λ+ + λ−

)2

DX−
1 − λ+λ−

(λ+ + λ−)2
E
(

X+1 − X−
1

)2
.

�¥§ ®£à�−¨ç¥−¨ï ®¡é−®áâ¨ ¯à¥¤¯®«®¦¨¬, çâ® OFI(CH)(0) = 0. „«ï ã¤®¡-
áâ¢� ¯à¥¤¯®«®¦¨¬, çâ® t = 1, ¨ à�áá¬®âà¨¬ ¯®¢¥¤¥−¨¥ ¢¥«¨ç¨−ë OFI(CH)(1),
â. ¥. ¯à¨à�é¥−¨ï ãá«®¢−®£® ®¤−®à®¤−®£® ¯à®æ¥áá� ¤¨á¡�«�−á� ¯®â®ª®¢ §�ï¢®ª −�
¥¤¨−¨ç−®¬ ¨−â¥à¢�«¥.

Š�ª ¯®ª�§�−® ¢ [10], ¥á«¨ λ = λ+ + λ− ®ç¥−ì ¢¥«¨ª®, â. ¥. ¢ ¥¤¨−¨æã ¢à¥¬¥−¨
¯à®¨áå®¤¨â ®ç¥−ì ¬−®£® ¨−ä®à¬�â¨¢−ëå á®¡ëâ¨©, â® ¯® æ¥−âà�«ì−®© ¯à¥¤¥«ì−®©
â¥®à¥¬¥ ¤«ï ¯ã�áá®−®¢áª¨å á«ãç�©−ëå áã¬¬ á¯à�¢¥¤«¨¢® ¯à¨¡«¨¦¥−−®¥ á®®â−®-
è¥−¨¥:

P
(

OFI(CH)(1) < x
)

≈ �





x − λ+EX+1 + λ−EX−
1

√

λ+E(X+1 )
2 + λ−E(X−

1 )
2



 , x ∈ R , (3)

£¤¥ �(x) | áâ�−¤�àâ−�ï −®à¬�«ì−�ï äã−ªæ¨ï à�á¯à¥¤¥«¥−¨ï. �à¨ íâ®¬, ¨á-
¯®«ì§ãï à¥§ã«ìâ�âë à�¡®âë [15], ¬®¦−® ¢ë¯¨á�âì ¤®¢®«ì−® �ªªãà�â−ë¥ ®æ¥−ª¨
â®ç−®áâ¨ ¯à¨¡«¨¦¥−¨ï (3):

sup
x∈R

∣

∣

∣

∣

∣

∣

P
(

OFI(CH)(1) < x
)

− �





x − λ+EX+1 + λ−EX−
1

√

λ+E(X+1 )
2 + λ−E(X−

1 )
2





∣

∣

∣

∣

∣

∣

≤

≤ 0,3031 λ+E(X+1 )
3 + λ−E(X−

1 )
3

(

λ+E(X+1 )
2 + λ−E(X−

1 )
2
)3/2

.

‚ ç�áâ−®áâ¨, ª®£¤� X+j = X−
j = 1, j ≥ 1, ¯®«ãç�¥âáï −¥à�¢¥−áâ¢®:

sup
x∈R

∣

∣

∣

∣

∣

P (NOI (1) < x)− �
(

x − λ+ + λ−

√

λ+ + λ−

)∣

∣

∣

∣

∣

≤ 0,3031
√

λ+ + λ−
.

‚ à�¡®â�å [6, 16] ¢ à�¬ª�å ¬®¤¥«¨ −¥§�¢¨á¨¬ëå ¯ã�áá®−®¢áª¨å ¯®â®ª®¢
§�ï¢®ª ¯®«ãç¥−ë ¨−â¥à¥á−ë¥ à¥§ã«ìâ�âë ¯® ¤¨−�¬¨ª¥ ª−¨£¨ §�ï¢®ª ¢ ãª�§�−−ëå
¨¤¥�«ì−ëå ¯à¥¤¯®«®¦¥−¨ïå ® ¯®áâ®ï−áâ¢¥ ¢−¥è−¥£® ¨−ä®à¬�æ¨®−−®£® ä®−�.
�¤−�ª® −� ¯à�ªâ¨ª¥ íâ¨ ¯à¥¤¯®«®¦¥−¨ï −¥ ¢ë¯®«−ïîâáï, â�ª çâ® ãª�§�−−ë¥
à¥§ã«ìâ�âë ¯à¥¤áâ�¢«ïîâ á®¡®© ç¨áâ® ú�ª�¤¥¬¨ç¥áª¨©û ¨−â¥à¥á.
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5 Неоднородный процесс дисбаланса потока заявок

‘ æ¥«ìî �¤�¯â�æ¨¨ ¯®áâà®¥−−®© ¢ëè¥ ¨¤¥�«ì−®© ¬®¤¥«¨ ª à¥�«ì−ë¬ ãá«®-
¢¨ï¬ à�áá¬®âà¨¬ ¥¥ ®¡®¡é¥−¨¥ −� á«ãç�© −¥¯®áâ®ï−−ëå ¯�à�¬¥âà®¢ λ+ ¨ λ−,
®¯¨áë¢�îé¨å á®®â¢¥âáâ¢¥−−® à¥�ªæ¨î ¯®ªã¯�â¥«¥© ¨ ¯à®¤�¢æ®¢ −� â¥ ¨«¨ ¨−ë¥
−®¢®áâ¨.

�� ¯à�ªâ¨ª¥ ¨−â¥−á¨¢−®áâ¨ ¯®â®ª®¢ §�ï¢®ª áãé¥áâ¢¥−−® −¥¯®áâ®ï−−ë ¢á«¥¤-
áâ¢¨¥ §�¬¥â−®© −¥®¤−®à®¤−®áâ¨ ¯®â®ª� ¢−¥è−¨å −®¢®áâ¥©, ®¯à¥¤¥«ïîé¨å â�ªâ¨-
ªã ¨ áâà�â¥£¨î âà¥©¤¥à®¢. ‚ íâ®¬ á«ãç�¥ ¨−â¥−á¨¢−®áâ¨ ¯®â®ª®¢ §�ï¢®ª à�§−ëå
â¨¯®¢, ¢®-¯¥à¢ëå, ¬®£ãâ ¡ëâì §�¢¨á¨¬ë¬¨ ¬¥¦¤ã á®¡®© ¨, ¢®-¢â®àëå, ¬®£ãâ
§�¢¨á¥âì ®â ¯à®æ¥áá�, ®¯à¥¤¥«ïîé¥£® −®¢®áâ−®© ä®−. —â®¡ë ä®à¬�«¨§®¢�âì
íâ¨ ¯à¥¤áâ�¢«¥−¨ï, á«¥¤ãï à�¡®â�¬ [11, 14], ¯à¥¤¯®«®¦¨¬, çâ® ¨−â¥−á¨¢−®áâ¨
¯à®æ¥áá®¢, ¢¢¥¤¥−−ëå ¢ëè¥, ¨§¬¥−ïîâáï ¢® ¢à¥¬¥−¨:

µ+ = µ+(t) ; λ+i = λ+i (t) ; θ+i = θ+i (t) ;

µ− = µ−(t) ; λ−
i = λ−

i (t) ; θ−i = θ−i (t) ,

i = 1, . . . ,M . „«ï t ≥ 0 ¢¢¥¤¥¬ ¯®«®¦¨â¥«ì−ë¥ äã−ªæ¨¨

λ+(t) = µ+(t) +
M
∑

i=1

λ+i (t) +
M
∑

i=1

θ+i (t) ;

λ−(t) = µ−(t) +
M
∑

i=1

λ−
i (t) +

M
∑

i=1

θ−i (t)

¨ ¯®«®¦¨¬

˜+(t) =

t
∫

0

λ+(τ) dτ ; ˜−(t) =

t
∫

0

λ−(τ) dτ , t ≥ 0 .

�ãáâì, ª�ª ¨ à�−¥¥, N+1 (t) ¨ N−
1 (t)| ¤¢� ¯ã�áá®−®¢áª¨å ¯à®æ¥áá� á ¥¤¨−¨ç−®©

¨−â¥−á¨¢−®áâìî ª�¦¤ë©. �®«®¦¨¬

N+(t) = N+1
(

˜+(t)
)

; N−(t) = N−
1

(

˜−(t)
)

.

�à®æ¥ááë N+1 (t) ¨ N−
1 (t)| íâ® −¥®¤−®à®¤−ë¥ ¯ã�áá®−®¢áª¨¥ ¯à®æ¥ááë á ¬£−®-

¢¥−−ë¬¨ ¨−â¥−á¨¢−®áâï¬¨ λ+(t) ¨ λ−(t) á®®â¢¥âáâ¢¥−−®. �à®æ¥áá

OFI(CN)(t) =

N+(t)
∑

j=1

X+j −
N−(t)
∑

j=1

X−
j
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−�§ë¢�¥âáï ãá«®¢−ë¬ −¥®¤−®à®¤−ë¬ ¯à®æ¥áá®¬ ¤¨á¡�«�−á� ¯®â®ª®¢ §�ï¢®ª [14].
�â®â ¯à®æ¥áá ï¢«ï¥âáï ¬£−®¢¥−−®© ¨−â¥£à�«ì−®© å�à�ªâ¥à¨áâ¨ª®© á®áâ®ï−¨ï
ª−¨£¨ §�ï¢®ª ¯à¨ ãá«®¢¨¨, çâ® ¨−â¥−á¨¢−®áâ¨ ¯®â®ª®¢ §�ï¢®ª ¨§¬¥−ïîâáï ¢®
¢à¥¬¥−¨ −¥á«ãç�©−ë¬ ®¡à�§®¬ ¯®¤ ¢«¨ï−¨¥¬ ¢−¥è−¨å −®¢®áâ¥©.

6 Предположение мультипликативной зависимости интенсивностей
от ажиотажа. Общий процесс дисбаланса потоков заявок

�−�«¨§ à¥�«ì−ëå ¤�−−ëå [10, 11, 14] ¤�¥â ã¡¥¤¨â¥«ì−ë¥ ®á−®¢�−¨ï áç¨â�âì,
çâ® −� á�¬®¬ ¤¥«¥ ®¡� ¯à®æ¥áá� ˜+(t) ¨ ˜−(t) §�¢¨áïâ ®â ®¤−®£® ¨ â®£® ¦¥
¯à®æ¥áá� ˜∗(t), á®®â¢¥âáâ¢ãîé¥£® ®¡é¥© ¢®§¡ã¦¤¥−−®áâ¨ àë−ª� (�¦¨®â�¦�) ª�ª
¥£® à¥�ªæ¨¨ −� ¢−¥è−îî ¨−ä®à¬�æ¨î. ’�ª¨¬ ®¡à�§®¬, ¢ ¤�«ì−¥©è¥¬ ¡ã¤¥¬
¯à¥¤¯®«�£�âì, çâ®

˜+(t) = α+(t)˜∗(t) ; ˜−(t) = α−(t)˜∗(t) ,

£¤¥ α+(t) ¨ α−(t)| −¥ª®â®àë¥ −¥á«ãç�©−ë¥ äã−ªæ¨¨.
�®«¥¥ â®£®, ª�ª ãª�§�−® ¢ à�¡®â¥ [10], ¢ëè¥ãª�§�−−ë¥ ¬ã«ìâ¨¯«¨ª�â¨¢−ë¥

¯à¥¤áâ�¢«¥−¨ï −�ª®¯«¥−−ëå ¨−â¥−á¨¢−®áâ¥© ˜+(t) ¨ ˜−(t) á ¯®¬®éìî á¯¥æ¨-
�«ì−ëå ¯à¥¤¥«ì−ëå â¥®à¥¬ (�−�«®£®¢ æ¥−âà�«ì−®© ¯à¥¤¥«ì−®© â¥®à¥¬ë) −¥¯®-
áà¥¤áâ¢¥−−® ¯à¨¢®¤ïâ ª â®¬ã, çâ® �á¨¬¯â®â¨ç¥áª¨¥ �¯¯à®ªá¨¬�æ¨¨ (¢ ãá«®¢¨ïå
ú¢ëá®ª®© §�£àã§ª¨û) ¤«ï áâ�â¨áâ¨ç¥áª¨å §�ª®−®¬¥à−®áâ¥© ¯®¢¥¤¥−¨ï ¯à®æ¥áá�
OFI −¥¨§¡¥¦−® ¤®«¦−ë ¨¬¥âì ¢¨¤ ¤¨á¯¥àá¨®−−®-á¤¢¨£®¢ëå á¬¥á¥© −®à¬�«ì-
−ëå §�ª®−®¢. ’�ª¨¬ ®¡à�§®¬, ¨áª«îç¨â¥«ì−® ¢ëá®ª�ï �¤¥ª¢�â−®áâì ¯®¤®¡−ëå
à�á¯à¥¤¥«¥−¨©, ¢ ç�áâ−®áâ¨ ®¡®¡é¥−−ëå £¨¯¥à¡®«¨ç¥áª¨å §�ª®−®¢, ¢ ª�ç¥áâ¢¥
¬®¤¥«¥© áâ�â¨áâ¨ç¥áª¨å §�ª®−®¬¥à−®áâ¥© ¯®¢¥¤¥−¨ï å�à�ªâ¥à¨áâ¨ª ä¨−�−á®¢ëå
àë−ª®¢, ®â¬¥ç¥−−�ï, −�¯à¨¬¥à, ¢ ª�−®−¨ç¥áª¨å à�¡®â�å [17{24], ¬®¦¥â á«ã¦¨âì
â¥®à¥â¨ç¥áª¨¬ á¢¨¤¥â¥«ìáâ¢®¬ ¢ ¯®«ì§ã ¬ã«ìâ¨¯«¨ª�â¨¢−ëå ¯à¥¤áâ�¢«¥−¨© ¤«ï
¨−â¥−á¨¢−®áâ¥© ¯®â®ª®¢ ¨−ä®à¬�â¨¢−ëå á®¡ëâ¨© −� ä¨−�−á®¢ëå àë−ª�å.

„«ï ¯à®áâ®âë ¤�«¥¥ ¡ã¤¥¬ áç¨â�âì, çâ® α+(t) ¨ α−(t) ¯®áâ®ï−−ë, â�ª çâ®

α+(t) ≡ α+ > 0 ; α−(t) ≡ α− > 0 .

‚ á®®â¢¥âáâ¢¨¨ á [10] ¯à®æ¥áá ˜∗(t) ¬®¦−® áç¨â�âì úãá¨«¨¢�îé¨¬û ä�ªâ®à®¬
¨−â¥−á¨¢−®áâ¥© ¯®â®ª®¢ á®¡ëâ¨© ¢ ª−¨£¥ §�ï¢®ª, ®¡ãá«®¢«¥−−ë¬ ¯«®å® ¯®¤¤�-
îé¨¬áï ¯à®£−®§¨à®¢�−¨î ¯®â®ª®¬ −®¢®áâ¥©, ¯®íâ®¬ã ¢ ®â−®è¥−¨¨ äã−ªæ¨¨˜∗(t)
á¤¥«�¥¬ ¡®«¥¥ ®¡é¥¥ ¯à¥¤¯®«®¦¥−¨¥, � ¨¬¥−−®: ¢ ¤�«ì−¥©è¥¬ ¡ã¤¥¬ áç¨â�âì,
çâ® ˜∗(t) | á«ãç�©−�ï ¬¥à�, â. ¥. á«ãç�©−ë© ¯à®æ¥áá, §�¤�−−ë© ¯à¨ t ≥ 0
¨ ®¡«�¤�îé¨© á«¥¤ãîé¨¬¨ á¢®©áâ¢�¬¨: ˜∗(0) = 0, P(˜∗(t) < ∞) = 1 ¤«ï
«î¡®£® t > 0, âà�¥ªâ®à¨¨ ˜∗(t) −¥ ã¡ë¢�îâ ¨ −¥¯à¥àë¢−ë á¯à�¢�. �®«¥¥
â®£®, ¯à¥¤¯®«®¦¨¬, çâ® ¯à®æ¥áá ˜∗(t) −¥§�¢¨á¨¬ ®â áâ�−¤�àâ−ëå ¯ã�áá®−®¢áª¨å
¯à®æ¥áá®¢ N+(t) ¨ N−(t). �à®æ¥áá
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OFI (t) =

N+(α+˜∗(t))
∑

j=1

X+j −
N−(α−˜∗(t))

∑

j=1

X−
j

−�§ë¢�¥âáï (®¡é¨¬) ¯à®æ¥áá®¬ ¤¨á¡�«�−á� ¯®â®ª®¢ §�ï¢®ª.
�à¨ ãª�§�−−ëå ãá«®¢¨ïå ¢ á®®â¢¥âáâ¢¨¨ á «¥¬¬®© 1 ¨¬¥¥¬

P (OFI (t) < x) =

=

∞
∫

0

P





N+(α+λ)
∑

j=1

X+j −
N−(α−λ)
∑

j=1

X−
j < x



 dP (˜∗(t) < λ) =

=

∞
∫

0

P





N1((α++α−)λ)
∑

j=1

Xj < x



 dP (˜∗(t) < λ) =

= P





N1((α++α−)˜∗(t))
∑

j=1

Xj < x



 , (4)

£¤¥ X1,X2, . . . | ®¤¨−�ª®¢® à�á¯à¥¤¥«¥−−ë¥ á«ãç�©−ë¥ ¢¥«¨ç¨−ë á ®¡é¥© å�-
à�ªâ¥à¨áâ¨ç¥áª®© äã−ªæ¨¥©

f(s) ≡ EeisX1 =
α+f+(s)

α+ + α−
+

α−f−(−s)

α+ + α−
, s ∈ R , (5)

� N1(t)| áâ�−¤�àâ−ë© ¯ã�áá®−®¢áª¨© ¯à®æ¥áá. �®«¥¥ â®£®, ¢ ¯à¥¤áâ�¢«¥−¨¨ (4)
¢á¥ á«ãç�©−ë¥ ¢¥«¨ç¨−ë ¨ ¯à®æ¥ááë −¥§�¢¨á¨¬ë.

�¡®§−�ç¨¬ ˜(t) = (α+ + α−)˜∗(t). �ç¥¢¨¤−®, çâ® ¯à®æ¥áá ˜(t) ï¢«ï¥âáï
á«ãç�©−®© ¬¥à®©, −¥§�¢¨á¨¬®© ®â á«ãç�©−®£® ¯à®æ¥áá� N1(t). �®«®¦¨¬ N(t) =
= N1 (˜(t)). �à®æ¥áá N(t) ï¢«ï¥âáï ¤¢�¦¤ë áâ®å�áâ¨ç¥áª¨¬ ¯ã�áá®−®¢áª¨¬
¯à®æ¥áá®¬ (¯à®æ¥áá®¬ Š®ªá�). �á−®¢ë¢�ïáì −� á®®â−®è¥−¨¨ (4), ¢ ¤�«ì−¥©è¥¬
¯®¤ ¯à®æ¥áá®¬ ¤¨á¡�«�−á� ¯®â®ª®¢ §�ï¢®ª ¡ã¤¥¬ ¯®¤à�§ã¬¥¢�âì ®¡®¡é¥−−ë©
¯à®æ¥áá Š®ªá� ¢¨¤�:

OFI (t) =

N1(˜(t))
∑

j=1

Xj ,

£¤¥ á«ãç�©−ë¥ ¢¥«¨ç¨−ë X1,X2, . . . ¨¬¥îâ ®¡éãî å�à�ªâ¥à¨áâ¨ç¥áªãî äã−ª-
æ¨î (5), ¯à¨ç¥¬ ¢á¥ á«ãç�©−ë¥ ¢¥«¨ç¨−ë ¨ ¯à®æ¥ááë −¥§�¢¨á¨¬ë. ’�ª ®¯à¥¤¥-
«¥−−ë© ¯à®æ¥áá OFI (t) ï¢«ï¥âáï á¯¥æ¨�«ì−ë¬ ¤¢ãáâ®à®−−¨¬ ¯à®æ¥áá®¬ à¨áª�,
¢ ª®â®à®¬ ¯®«®¦¨â¥«ì−�ï ¨ ®âà¨æ�â¥«ì−�ï ª®¬¯®−¥−âë −¥ ï¢«ïîâáï −¥§�¢¨á¨-
¬ë¬¨, â�ª ª�ª ®−¨ á¢ï§�−ë §�¢¨á¨¬®áâìî ®â ®¤−®£® ¨ â®£® ¦¥ ¯à®æ¥áá�, ®¯¨-
áë¢�îé¥£® −�ª®¯«¥−−ãî ¨−â¥−á¨¢−®áâì ¯®â®ª®¢ ú¯®§¨â¨¢−ëåû ¨ ú−¥£�â¨¢−ëåû
á®¡ëâ¨© ¢ ª−¨£¥ §�ï¢®ª.
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Š�ª ã¦¥ ®â¬¥ç�«®áì, íâ®â ¯à®æ¥áá ï¢«ï¥âáï −�¬−®£® ¡®«¥¥ çã¢áâ¢¨â¥«ì−ë¬
¨−¤¨ª�â®à®¬ (¯®ª�§�â¥«¥¬) â¥ªãé¥£® á®áâ®ï−¨ï ª−¨£¨ §�ï¢®ª, ¯®áª®«ìªã ¥£®
ª®−áâàãªæ¨ï ãç¨âë¢�¥â −¥ â®«ìª® â¥ªãé¨¥ §−�ç¥−¨ï −�¨«ãçè¨å æ¥− ¯®ªã¯ª¨
¨ ¯à®¤�¦¨, −® ¨ ¢«¨ï−¨¥ á®¡ëâ¨© ú¢ £«ã¡¨−¥û ª−¨£¨ §�ï¢®ª ¨ ¯®â®¬ã ¬¥−ï¥â-
áï áãé¥áâ¢¥−−® ¡ëáâà¥¥ ¨ ¯®§¢®«ï¥â ¨−â¥à¯®«¨à®¢�âì ¤¨−�¬¨ªã àë−ª� ¬¥¦¤ã
¨§¬¥−¥−¨ï¬¨ æ¥−ë.

7 Асимптотическое поведение процесса дисбаланса потоков заявок

�¯¨á�−−ë¥ ¢ëè¥ ¯à¥¤¯®«®¦¥−¨ï ¯®§¢®«ïîâ ¨á¯®«ì§®¢�âì å®à®è® à�§¢¨-
âë© �−�«¨â¨ç¥áª¨© �¯¯�à�â ®¡®¡é¥−−ëå ¯à®æ¥áá®¢ Š®ªá� ¤«ï ¨áá«¥¤®¢�−¨ï
�á¨¬¯â®â¨ç¥áª®£® ¯®¢¥¤¥−¨ï ¯à®æ¥áá®¢ ¤¨á¡�«�−á� ¯®â®ª®¢ §�ï¢®ª ¯à¨ ãá«®¢¨¨
¡®«ìè¨å ¨−â¥−á¨¢−®áâ¥© ¯®â®ª®¢ ¨−ä®à¬�â¨¢−ëå §�ï¢®ª, ¢¯®«−¥ ¥áâ¥áâ¢¥−−ëå
¤«ï ¢ëá®ª®ç�áâ®â−®© â®à£®¢«¨. �®áâà®¥−¨î â�ª¨å �¯¯à®ªá¨¬�æ¨© ¯®á¢ïé¥−ë
à�¡®âë [11, 14], −¥ª®â®àë¥ à¥§ã«ìâ�âë ª®â®àëå ®¯¨á�−ë −¨¦¥.

�¥§ §�¬¥â−®© ¯®â¥à¨ â®ç−®áâ¨ à�áá¬®âà¨¬ ¯à®æ¥ááë, ®¯à¥¤¥«¥−−ë¥ ¯à¨ 0 ≤
≤ t ≤ 1. �â® ®§−�ç�¥â, çâ® ¯®¢¥¤¥−¨¥ ¯à®æ¥áá� ¤¨á¡�«�−á� ¯®â®ª®¢ §�ï¢®ª
à�áá¬�âà¨¢�¥âáï −� ª®−¥ç−ëå ¢à¥¬¥−−‚ëå £®à¨§®−â�å. ÷�¢¥−áâ¢® ¯à�¢®© £à�−¨æë
¢à¥¬¥−−‚®£® ¯à®¬¥¦ãâª� ¥¤¨−¨æ¥ «¥£ª® ¤®áâ¨£�¥âáï á®®â¢¥âáâ¢ãîé¨¬ ¢ë¡®à®¬
¥¤¨−¨æë ¨§¬¥à¥−¨ï. ÷�áá¬®âà¨¬ ¯®¢¥¤¥−¨¥ ¨§ãç�¥¬ëå ¯à®æ¥áá®¢ ¢ ¯à®áâà�−áâ¢¥
‘ª®à®å®¤� D = D[0, 1].

—â®¡ë ¢¢¥áâ¨ à�§ã¬−ãî �á¨¬¯â®â¨ªã, ä®à¬�«¨§ãîéãî ãá«®¢¨ï ú¢ëá®ª®©
§�£àã§ª¨û, §�ä¨ªá¨àã¥¬ ¬®¬¥−â ¢à¥¬¥−¨ t ¨ ¢¢¥¤¥¬ ¢á¯®¬®£�â¥«ì−ë© ú¡¥áª®-
−¥ç−® ¡®«ìè®©û ¯�à�¬¥âà n. ‚áî¤ã ¤�«¥¥ áå®¤¨¬®áâì ¡ã¤¥â ¯®¤à�§ã¬¥¢�âìáï
¯à¨ n → ∞, ¥á«¨ −¥ ®£®¢®à¥−® ¨−®¥. ˆâ�ª, à�áá¬®âà¨¬ ¯®á«¥¤®¢�â¥«ì−®áâì
®¡®¡é¥−−ëå ¯à®æ¥áá®¢ Š®ªá�

OFIn(t) =

N
(n)
1 (˜n(t))
∑

i=1

Xn,i , t ≥ 0 , (6)

£¤¥ {N (n)1 (t), t ≥ 0}n≥1 | ¯®á«¥¤®¢�â¥«ì−®áâì áâ�−¤�àâ−ëå ¯ã�áá®−®¢áª¨å ¯à®-
æ¥áá®¢; ¯à¨ ª�¦¤®¬ n = 1, 2, . . . á«ãç�©−ë¥ ¢¥«¨ç¨−ë Xn,1,Xn,2, . . . ®¤¨−�ª®¢®
à�á¯à¥¤¥«¥−ë; ¤«ï «î¡®£® n ≥ 1 á«ãç�©−ë¥ ¢¥«¨ç¨−ë Xn,1,Xn,2, . . . ¨ ¯à®æ¥áá

N
(n)
1 (t), t ≥ 0, −¥§�¢¨á¨¬ë; ¯à¨ ª�¦¤®¬ n = 1, 2, . . . ¯à®æ¥áá ˜n(t), t ≥ 0,

ï¢«ï¥âáï áã¡®à¤¨−�â®à®¬, â. ¥. −¥ã¡ë¢�îé¨¬ ¯®«®¦¨â¥«ì−ë¬ ¯à®æ¥áá®¬ ‹¥¢¨,
−¥§�¢¨á¨¬ë¬ ®â ¯à®æ¥áá�

Zn(t) =

N
(n)
1 (t)
∑

i=1

Xn,i , t ≥ 0 , (7)
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¨ â�ª¨¬, çâ® ˜n(0) = 0. �à¥¤¯®«®¦¨¬, çâ® áãé¥áâ¢ãîâ δ ∈ (0, 1], δ1 ∈
∈ (0, 1] ¨ ç¨á«� Cn ∈ (0,∞), ®¡¥á¯¥ç¨¢�îé¨¥ ¯à¨ ¢á¥å t ∈ (0, 1] á¯à�¢¥¤«¨¢®áâì
−¥à�¢¥−áâ¢�

E˜δ
n(t) ≤ (Cnt)δ1 . (8)

„«ï ®¯à¥¤¥«¥−−®áâ¨ ¯à¥¤¯®«�£�¥¬, çâ®
0
∑

i=1
= 0. ‚ â¥à¬¨−�å, ¢¢¥¤¥−−ëå ¢ëè¥,

¯à®æ¥áá Zn(t) ï¢«ï¥âáï ãá«®¢−ë¬ ®¤−®à®¤−ë¬ ¯à®æ¥áá®¬ ¤¨á¡�«�−á� ¯®â®ª®¢
§�ï¢®ª. ˆ§ (6) ¨ (7) «¥£ª® ¢¨¤¥âì, çâ® OFIn(t) = Zn(˜n(t)).

�¡®§−�ç¨¬ an = EXn,1 ¨ ¯à¥¤¯®«®¦¨¬, çâ®

0 < mβ
n ≡ E|Xn,1|β < ∞ (9)

¤«ï −¥ª®â®à®£® β ∈ [1, 2].
…á«¨ á−�¡¤¨âì ®¡ê¥¬ë §�ï¢®ª ¤®¯®«−¨â¥«ì−ë¬ ¨−¤¥ªá®¬ n, â® −¥á«®¦−®

ã¡¥¤¨âìáï, çâ® ãá«®¢¨¥ (9) ¢ëâ¥ª�¥â ¨§ ãá«®¢¨©

0 < E|X+n,1|β < ∞ , 0 < E|X−
n,1|β < ∞ .

�ãáâì t = 1. �¡®§−�ç¨¬ Nn = N
(n)
1 (˜n(1)). �à¥¤¯®«®¦¨¬, çâ® ¤«ï

−¥ª®â®àëå kn ∈ N, kn → ∞, ¨¬¥¥â ¬¥áâ® áå®¤¨¬®áâì

P(Xn,1 + · · ·+Xn,kn
< x)

d−→ H(x) , (10)

£¤¥ H(x)| −¥ª®â®à�ï ¡¥§£à�−¨ç−® ¤¥«¨¬�ï äã−ªæ¨ï à�á¯à¥¤¥«¥−¨ï.
’�ª¦¥ ¯à¥¤¯®«®¦¨¬, çâ®

P (˜n(1) < knx)
d−→ P(U < x) , (11)

£¤¥ U | −¥®âà¨æ�â¥«ì−�ï á«ãç�©−�ï ¢¥«¨ç¨−�, à�á¯à¥¤¥«¥−¨¥ ª®â®à®© −¥ á®áà¥-
¤®â®ç¥−® ¢ −ã«¥. ‡�¬¥â¨¬, çâ® â�ª ª�ª ˜n(t) | ¯à®æ¥áá ‹¥¢¨, â® á«ãç�©−�ï
¢¥«¨ç¨−� U ¡¥§£à�−¨ç−® ¤¥«¨¬� ª�ª á«�¡ë© ¯à¥¤¥« ¡¥§£à�−¨ç−® ¤¥«¨¬ëå á«ã-
ç�©−ëå ¢¥«¨ç¨−.
’¥®à¥¬� 1 [14]. �ãáâì ¯à®æ¥ááë ¤¨á¡�«�−á� ¯®â®ª®¢ §�ï¢®ª OFIn(t) (á¬. (6))
ã¯à�¢«ïîâáï −¥ã¡ë¢�îé¨¬¨ ¯®«®¦¨â¥«ì−ë¬¨ ¯à®æ¥áá�¬¨ ‹¥¢¨ ˜n(t), ã¤®¢«¥-
â¢®àïîé¨¬¨ ãá«®¢¨ï¬ (8) ¨ (11) á −¥ª®â®àë¬¨ δ, δ1 ∈ (0, 1] ¨ kn ∈ N. �à¥¤-
¯®«®¦¨¬, çâ® á«ãç�©−ë¥ ¢¥«¨ç¨−ë {Xn,j}j≥1, n = 1, 2, . . . (à�−¤®¬¨§¨à®¢�−−ë¥
®¡ê¥¬ë §�ï¢®ª), ã¤®¢«¥â¢®àïîâ ãá«®¢¨ï¬ (10) á â¥¬¨ ¦¥ á�¬ë¬¨ kn ¨ (9)
á −¥ª®â®àë¬ β ∈ [1, 2]. ’�ª¦¥ ¯à¥¤¯®«®¦¨¬, çâ® ¢ë¯®«−¥−® ãá«®¢¨¥

K ≡ sup
n

Cδ1/δ
n mβ

n < ∞ . (12)
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’®£¤� ¯à®æ¥ááë ¤¨á¡�«�−á� ¯®â®ª®¢ §�ï¢®ª OFIn(t) á«�¡® áå®¤ïâáï ¢ ¯à®áâà�−-
áâ¢¥ ‘ª®à®å®¤� D ª ¯à®æ¥ááã ‹¥¢¨ Q(t) â�ª®¬ã, çâ®

E exp{isQ(1)} =
∞
∫

0

(h(s))u dP(U < u) , s ∈ R ,

£¤¥ h(s) | å�à�ªâ¥à¨áâ¨ç¥áª�ï äã−ªæ¨ï, á®®â¢¥âáâ¢ãîé�ï äã−ªæ¨¨ à�á¯à¥-
¤¥«¥−¨ï H(x) ¢ (10).

‘«¥¤ã¥â ®â¬¥â¨âì, çâ® ä�ªâ¨ç¥áª¨ ¢ â¥®à¥¬¥ 1 à¥çì ¨¤¥â ® å®à®è® ¨§ãç¥−−®©
áå®¤¨¬®áâ¨ á¥¬¨¬�àâ¨−£�«®¢ á® áâ�æ¨®−�à−ë¬¨ ¯à¨à�é¥−¨ï¬¨ (á¬., −�¯à¨-
¬¥à, [25]). �¤−�ª® áâàãªâãà� à�áá¬�âà¨¢�¥¬ëå ¢ â¥®à¥¬¥ 1 ¯à®æ¥áá®¢ ¯®§¢®«ï¥â
−¥áª®«ìª® ®á«�¡¨âì ãá«®¢¨ï, âà¥¡ã¥¬ë¥ ¤«ï ãª�§�−−®© áå®¤¨¬®áâ¨ ¢ ®¡é¥¬ á«ã-
ç�¥ (á¬., −�¯à¨¬¥à, á«¥¤áâ¢¨¥ VII.3.6 ¢ [25], £¤¥ ¯à¥¤¯®«�£�¥âáï, çâ® δ = δ1 = 1).

�¡®§−�ç¨¬ σ2n = DXn,1. �ãáâì, ª�ª ¨ à�−¥¥,�(x)| áâ�−¤�àâ−�ï −®à¬�«ì−�ï
äã−ªæ¨ï à�á¯à¥¤¥«¥−¨ï. ˆ§ ª«�áá¨ç¥áª®© â¥®à¨¨ ¯à¥¤¥«ì−ëå â¥®à¥¬ å®à®è®
¨§¢¥áâ−®, çâ® ¥á«¨ ãá«®¢¨ï

knan −→ a ; knσ2n −→ σ2 ; knE(Xn,1 − an)
2
I (|Xn,1 − an| ≥ ǫ) −→ 0 (13)

¢ë¯®«−¥−ë ¯à¨ −¥ª®â®àëå a ∈ R, 0 < σ2 < ∞ ¨ «î¡®£® ǫ > 0, â® ¢ ãá«®¢¨¨ (10)
H(x) ≡ �

(

σ−1(x − a)
)

. ‚ â�ª®¬ á«ãç�¥ äã−ªæ¨ï à�á¯à¥¤¥«¥−¨ï F (x) ¯à¥-
¤¥«ì−®© á«ãç�©−®© ¢¥«¨ç¨−ë Q(1) ¢ â¥®à¥¬¥ 1 ï¢«ï¥âáï ¤¨á¯¥àá¨®−−®-á¤¢¨£®¢®©
á¬¥áìî −®à¬�«ì−ëå §�ª®−®¢. �¥¤�¢−® ¡ë«® ¯®ª�§�−®, çâ® ¤¨á¯¥àá¨®−−®-á¤¢¨-
£®¢ë¥ á¬¥á¨ −®à¬�«ì−ëå §�ª®−®¢ ¢ëáâã¯�îâ ¢ ª�ç¥áâ¢¥ ¯à¥¤¥«ì−ëå ¢ ¯à®áâëå
¯à¥¤¥«ì−ëå â¥®à¥¬�å ¤«ï á«ãç�©−ëå áã¬¬ ¨ ï¢«ïîâáï ¨¤¥−â¨ä¨æ¨àã¥¬ë¬¨, çâ®
¯®§¢®«¨«® áä®à¬ã«¨à®¢�âì −¥®¡å®¤¨¬ë¥ ¨ ¤®áâ�â®ç−ë¥ ãá«®¢¨ï áå®¤¨¬®áâ¨
à�á¯à¥¤¥«¥−¨© á«ãç�©−ëå áã¬¬ ª ¤¨á¯¥àá¨®−−®-á¤¢¨£®¢ë¬ á¬¥áï¬ −®à¬�«ì−ëå
§�ª®−®¢ [26{29]. ‚ á¢®î ®ç¥à¥¤ì, íâ¨ à¥§ã«ìâ�âë ¢ªã¯¥ á â¥®à¥¬®© 1 ¯®§¢®«ïîâ
¤®ª�§�âì á«¥¤ãîé¨© à¥§ã«ìâ�â.
’¥®à¥¬� 2 [14]. �ãáâì ¯à®æ¥ááë ¤¨á¡�«�−á� ¯®â®ª®¢ §�ï¢®ª OFIn(t) (á¬. (6))
ã¯à�¢«ïîâáï −¥ã¡ë¢�îé¨¬¨ ¯®«®¦¨â¥«ì−ë¬¨ ¯à®æ¥áá�¬¨ ‹¥¢¨ ˜n(t), ã¤®¢«¥-
â¢®àïîé¨¬¨ ãá«®¢¨ï¬ (8) á −¥ª®â®àë¬¨ δ, δ1 ∈ (0, 1]. �à¥¤¯®«®¦¨¬, çâ® á«ã-
ç�©−ë¥ ¢¥«¨ç¨−ë {Xn,j}j≥1, n = 1, 2, . . . (à�−¤®¬¨§¨à®¢�−−ë¥ ®¡ê¥¬ë §�ï¢®ª),
ã¤®¢«¥â¢®àïîâ ãá«®¢¨ï¬ (13) á −¥ª®â®àë¬¨ kn ∈ N. ’�ª¦¥ ¯à¥¤¯®«®¦¨¬, çâ®
¢ë¯®«−¥−® ãá«®¢¨¥ (12) á β = 2. ’®£¤� ¯à®æ¥ááë ¤¨á¡�«�−á� ¯®â®ª®¢ §�ï¢®ª
OFIn(t) á«�¡® áå®¤ïâáï ¢ ¯à®áâà�−áâ¢¥ ‘ª®à®å®¤� D ª ¯à®æ¥ááã ‹¥¢¨ Q(t)
¢ â®¬ ¨ â®«ìª® â®¬ á«ãç�¥, ª®£¤� áãé¥áâ¢ã¥â −¥®âà¨æ�â¥«ì−�ï á«ãç�©−�ï
¢¥«¨ç¨−� U â�ª�ï, çâ®

P (Q(1) < x) =

∞
∫

0

�

(

x − au

σ
√

u

)

dP(U < u) , x ∈ R ,

¨ ¢ë¯®«−¥−® ãá«®¢¨¥ (11) á â¥¬¨ ¦¥ á�¬ë¬¨ kn.
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„¨á¯¥àá¨®−−®-á¤¢¨£®¢ë¥ á¬¥á¨ −®à¬�«ì−ëå §�ª®−®¢ ¡ë«¨ ¢¢¥¤¥−ë ¢ 1977{
1978 ££. �. ��à−¤®àää-�¨«ìá¥−®¬ [30, 31]. �â¨ á¬¥á¨ ¨−â¥à¥á−ë â¥¬, çâ® å®âï
ä®à¬�«ì−® ¢ −¨å á¬¥è¨¢�−¨¥ ¯à®¨áå®¤¨â ¯® ®¡®¨¬ ¯�à�¬¥âà�¬ −®à¬�«ì−ëå §�-
ª®−®¢ | á¤¢¨£ã ¨ ¤¨á¯¥àá¨¨, −® íâ¨ ¯�à�¬¥âàë á¢ï§�−ë ¦¥áâª®© ¯à®¯®àæ¨®−�«ì-
−®© §�¢¨á¨¬®áâìî, â�ª çâ® ä�ªâ¨ç¥áª¨ á¬¥è¨¢�îé¥¥ à�á¯à¥¤¥«¥−¨¥ ®¤−®¬¥à−®.
‚ ãª�§�−−ëå à�¡®â�å ®á®¡®¥ ¢−¨¬�−¨¥ ¡ë«® ã¤¥«¥−® ¨§ãç¥−¨î á¢®©áâ¢ ®¡®¡-
é¥−−ëå £¨¯¥à¡®«¨ç¥áª¨å §�ª®−®¢, ¤¥¬®−áâà¨àãîé¨å ¢ëá®ç�©èãî �¤¥ª¢�â−®áâì
¯à¨ ¨å ¨á¯®«ì§®¢�−¨¨ ¢ ª�ç¥áâ¢¥ ¬®¤¥«¨ à¥�«ì−® −�¡«î¤�¥¬ëå áâ�â¨áâ¨ç¥áª¨å
§�ª®−®¬¥à−®áâ¥©. „«ï ®¡®¡é¥−−ëå £¨¯¥à¡®«¨ç¥áª¨å §�ª®−®¢ á¬¥è¨¢�îé¨¬
ï¢«ï¥âáï ®¡®¡é¥−−®¥ ®¡à�â−®¥ £�ãáá®¢áª®¥ à�á¯à¥¤¥«¥−¨¥. ‚ à�¡®â�å [26, 28]
¡ë« ¯à¥¤«®¦¥− ¥é¥ ®¤¨− ª«�áá á¯¥æ¨�«ì−ëå ¤¨á¯¥àá¨®−−®-á¤¢¨£®¢ëå á¬¥á¥©
−®à¬�«ì−ëå §�ª®−®¢ | ª«�áá ®¡®¡é¥−−ëå ¤¨á¯¥àá¨®−−ëå £�¬¬�-à�á¯à¥¤¥«¥−¨©
(generalized variance-gamma distributions), ª®â®àë©, ¢ ®â«¨ç¨¥ ®â ®¡®¡é¥−−ëå
£¨¯¥à¡®«¨ç¥áª¨å §�ª®−®¢, á®¤¥à¦¨â à�á¯à¥¤¥«¥−¨ï, å¢®áâë ª®â®àëå ã¡ë¢�îâ
íªá¯®−¥−æ¨�«ì−®-áâ¥¯¥−−ë¬ (¢¥©¡ã««®¢áª¨¬) ®¡à�§®¬. ‚ −¥ª®â®àëå á«ãç�ïå
â�ª¨¥ à�á¯à¥¤¥«¥−¨ï ®ª�§ë¢�îâáï ¡®«¥¥ �¤¥ª¢�â−ë¬¨ ¬®¤¥«ï¬¨ à¥�«ì−® −�¡«î-
¤�¥¬ëå §�ª®−®¬¥à−®áâ¥©, −¥¦¥«¨ ®¡®¡é¥−−ë¥ £¨¯¥à¡®«¨ç¥áª¨¥ §�ª®−ë [32, 33].
‚ à�¡®â¥ [14] ¤®ª�§�− ªà¨â¥à¨© á«�¡®© áå®¤¨¬®áâ¨ ¯à®æ¥áá®¢ ¤¨á¡�«�−á� ¯®â®ª®¢
§�ï¢®ª ¢ ¯à®áâà�−áâ¢¥ ‘ª®à®å®¤� ª ®¡®¡é¥−−ë¬ £¨¯¥à¡®«¨ç¥áª¨¬ ¯à®æ¥áá�¬
‹¥¢¨. ˆ§ â¥®à¥¬ë 2 ¢¨¤−®, çâ® â¨¯ ¯à¥¤¥«ì−®£® ¯à®æ¥áá� ¯®«−®áâìî ®¯à¥¤¥«ï-
¥âáï â¨¯®¬ á¬¥è¨¢�îé¥£® à�á¯à¥¤¥«¥−¨ï, ª®â®àë©, ¢ á¢®î ®ç¥à¥¤ì, ¯®«−®áâìî
®¯à¥¤¥«ï¥âáï â¨¯®¬ ¯à¥¤¥«ì−®£® à�á¯à¥¤¥«¥−¨ï ¤«ï −�ª®¯«¥−−®© ¨−â¥−á¨¢−®áâ¨
¯®â®ª� ¨−ä®à¬�â¨¢−ëå á®¡ëâ¨©. �®íâ®¬ã ªà¨â¥à¨© á«�¡®© áå®¤¨¬®áâ¨ ¯à®-
æ¥áá®¢ ¤¨á¡�«�−á� ¯®â®ª®¢ §�ï¢®ª ¢ ¯à®áâà�−áâ¢¥ ‘ª®à®å®¤� ª ®¡®¡é¥−−ë¬
¤¨á¯¥àá¨®−−ë¬ £�¬¬�-¯à®æ¥áá�¬ ‹¥¢¨ ¡ã¤¥â ¨¬¥âì ¢¨¤, �−�«®£¨ç−ë© ¯à¨¢¥-
¤¥−−®¬ã ¢ [14], á §�¬¥−®© ®¡®¡é¥−−®£® ®¡à�â−®£® £�ãáá®¢áª®£® á¬¥è¨¢�îé¥£®
à�á¯à¥¤¥«¥−¨ï −� ®¡®¡é¥−−®¥ £�¬¬�-à�á¯à¥¤¥«¥−¨¥.

8 Формализация понятия токсичности потоков заявок

‚ëá®ª®ç�áâ®â−ë¥ â®à£®¢ë¥ á¨áâ¥¬ë, ª�ª ¯à�¢¨«®, ï¢«ïîâáï ¬�àª¥â-¬¥©ª¥-
à�¬¨ | ¯®áâ�¢é¨ª�¬¨ «¨ª¢¨¤−®áâ¨ ¯®áà¥¤áâ¢®¬ à�§¬¥é¥−¨ï ¯�áá¨¢−ëå («¨-
¬¨â−ëå) §�ï¢®ª −� à�§«¨ç−ëå ãà®¢−ïå í«¥ªâà®−−®© ª−¨£¨ §�ï¢®ª. �®áâ�¢é¨ª
«¨ª¢¨¤−®áâ¨, ¢ëáâ�¢¨¢è¨© ¯�áá¨¢−ãî §�ï¢ªã, −¥ ¨¬¥¥â ¢®§¬®¦−®áâ¨ ¢«¨ïâì −�
¢à¥¬ï ¥¥ ¨á¯®«−¥−¨ï (à�§ã¬¥¥âáï, ªà®¬¥ â®£®, çâ®¡ë á−ïâì §�ï¢ªã). Œ�àª¥â-¬¥©-
ª¥àë §�ç�áâãî −¥ ¯à®£−®§¨àãîâ ¢ ï¢−®¬ ¢¨¤¥ ¤¨−�¬¨ªã àë−ª�, � ¨á¯®«ì§ãîâ
èã¬®¢ãî á®áâ�¢«ïîéãî àë−®ç−ëå ¤¢¨¦¥−¨©. ‘â¥¯¥−ì íää¥ªâ¨¢−®áâ¨ ¤¥ï-
â¥«ì−®áâ¨ ¬�àª¥â-¬¥©ª¥à®¢ á¢ï§�−� á ª®−âà®«¥¬ à¨áª� ®ª�§�âìáï á ¡®«ìè¨¬
ª®«¨ç¥áâ¢®¬ ªã¯«¥−−ëå ¨«¨ ¯à®¤�−−ëå ª®−âà�ªâ®¢, çâ® −�¯àï¬ãî §�¢¨á¨â ®â ¨å
á¯®á®¡−®áâ¨ ª®−âà®«¨à®¢�âì íää¥ªâ −¥¡«�£®¯à¨ïâ−®£® ®â¡®à� (adverse selection)
¢ ®â−®è¥−¨¨ ¯�áá¨¢−ëå §�ï¢®ª.

�à�ªâ¨ª¨, ª�ª ¯à�¢¨«®, ®¯¨áë¢�îâ ¯à¨−æ¨¯ −¥¡«�£®¯à¨ïâ−®£® ®â¡®à� ª�ª
ú¥áâ¥áâ¢¥−−ãî â¥−¤¥−æ¨î á«¨èª®¬ ¡ëáâà®£® ¨á¯®«−¥−¨ï ¯�áá¨¢−ëå §�ï¢®ª ¢ â¥å
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� à�¡®â�å ¢ ®¡«�áâ¨ ¬®¤¥«¨à®¢�−¨ï ¨−ä®à¬�æ¨®−−ëå ¯®â®ª®¢

á¨âã�æ¨ïå, ª®£¤� ®−¨ ¤®«¦−ë ¨á¯®«−ïâìáï ¬¥¤«¥−−®, ¨ −�®¡®à®â: ¨á¯®«−ïâìáï
á«¨èª®¬ ¬¥¤«¥−−® ¢ â¥å á¨âã�æ¨ïå, ª®£¤� ®−¨ ¤®«¦−ë ¨á¯®«−¨âìáï ¡ëáâà®û [34].
�â� ¨−âã¨â¨¢−�ï ä®à¬ã«¨à®¢ª� á®£«�áã¥âáï á à�−−¨¬¨ ¬¨ªà®áâàãªâãà−ë¬¨ ¬®-
¤¥«ï¬¨ àë−ª� [35{37], ¢ ª®â®àëå ¨−ä®à¬¨à®¢�−−ë¥ âà¥©¤¥àë ¯®«ãç�îâ ¯à¥¨¬ã-
é¥áâ¢® −�¤ −¥¨−ä®à¬¨à®¢�−−ë¬¨ ãç�áâ−¨ª�¬¨ àë−ª�. �®â®ª §�ï¢®ª áç¨â�¥âáï
â®ªá¨ç−ë¬, ª®£¤� ¯à®¨áå®¤¨â íää¥ªâ −¥¡«�£®¯à¨ïâ−®£® ®â¡®à� ¬�àª¥â-¬¥©ª¥à®¢,
¯®áâ�¢«ïîé¨å «¨ª¢¨¤−®áâì.

‚ à�¡®â¥ [38] ¨áá«¥¤®¢�−® ¯®−ïâ¨¥ â®ªá¨ç−®áâ¨ ¯®â®ª� §�ï¢®ª −� ä¨−�−-
á®¢ëå àë−ª�å. ‚ ãª�§�−−®© à�¡®â¥ íâ® ¯®−ïâ¨¥ ä®à¬�«¨§®¢�−® á ¯®¬®éìî
¢¥à®ïâ−®áâ¥© ¯¥à¥á¥ç¥−¨ï ¯à®æ¥áá®¬ ¤¨á¡�«�−á� ¯®â®ª®¢ §�ï¢®ª ä¨ªá¨à®¢�−−ëå
ãà®¢−¥©. ÷�áá¬®âà¥−−�ï ¢ëè¥ ¬®¤¥«ì ¯à®æ¥áá� ¤¨á¡�«�−á� ¯®â®ª®¢ §�ï¢®ª ª�ª
á¯¥æ¨�«ì−®£® ¤¢ãáâ®à®−−¥£® ¯à®æ¥áá� à¨áª� ¯®§¢®«ï¥â ¨á¯®«ì§®¢�âì −¥ª®â®àë¥
à¥§ã«ìâ�âë, á¢ï§�−−ë¥ á ®æ¥−ª�¬¨ ¢¥à®ïâ−®áâ¨ à�§®à¥−¨ï ¤«ï ¯à®æ¥áá®¢ à¨áª�
á® á«ãç�©−ë¬¨ ¯à¥¬¨ï¬¨, ¨ ¢¢¥áâ¨ ¯®−ïâ¨ï ¬£−®¢¥−−®£® ¯à®ä¨«ï â®ªá¨ç−®áâ¨
¨ ¡�©¥á®¢áª®£® ¨ ª¢�−â¨«ì−®£® ¯®ª�§�â¥«¥© â®ªá¨ç−®áâ¨. ‚ à�¡®â¥ [38] íâ¨ ¯®ª�§�-
â¥«¨ ¢ëç¨á«¥−ë ¤«ï ¤¢ãå ¬®¤¥«ì−ëå â¨¯®¢ ¯®â®ª®¢ §�ï¢®ª, ¢ ¯¥à¢®¬ ¨§ ª®â®àëå
§�ï¢ª¨ ¨¬¥îâ ¥¤¨−¨ç−ë© ®¡ê¥¬ (â. ¥. ¤®áâã¯−� ¨−ä®à¬�æ¨ï â®«ìª® ® ¤¨−�¬¨ª¥
¯à®æ¥áá� ¤¨á¡�«�−á� ç¨á«� §�ï¢®ªNOI (t)), � ¢® ¢â®à®¬ | ®¡ê¥¬ §�ï¢®ª ï¢«ï¥âáï
á«ãç�©−ë¬ ¨ ¨¬¥îé¨¬ ¯®ª�§�â¥«ì−®¥ à�á¯à¥¤¥«¥−¨¥.

9 Методы статистического анализа моделей распределений
дисбаланса потоков заявок

�à¨ ¯à�ªâ¨ç¥áª®¬ à¥è¥−¨¨ §�¤�ç¨ ¬®¤¥«¨à®¢�−¨ï ¨ ¨áá«¥¤®¢�−¨ï ¢®-
«�â¨«ì−®áâ¨ (¨§¬¥−ç¨¢®áâ¨) å�®â¨ç¥áª¨å áâ®å�áâ¨ç¥áª¨å ¯à®æ¥áá®¢ ª«îç¥¢ë¬
íâ�¯®¬ ï¢«ï¥âáï áâ�â¨áâ¨ç¥áª®¥ à�§¤¥«¥−¨¥ á¬¥á¥© ¢¥à®ïâ−®áâ−ëå à�á¯à¥¤¥«¥-
−¨©. ‡�¤�ç� à�§¤¥«¥−¨ï á¬¥á¥© | áâ�â¨áâ¨ç¥áª®£® ®æ¥−¨¢�−¨ï ¯�à�¬¥âà®¢
á¬¥á¥© ¢¥à®ïâ−®áâ−ëå à�á¯à¥¤¥«¥−¨© | ¢ ¤¥â�«ïå à�§®¡à�−�, −�¯à¨¬¥à, ¢ ª−¨-
£¥ [39].

„«ï à¥è¥−¨ï §�¤�ç¨ à�§¤¥«¥−¨ï á¬¥á¥© ¢¥à®ïâ−®áâ−ëå à�á¯à¥¤¥«¥−¨©
âà�¤¨æ¨®−−® ¨á¯®«ì§ãîâáï ¨â¥à�æ¨®−−ë¥ ¯à®æ¥¤ãàë â¨¯� …Œ-�«£®à¨â¬�
(expectation{maximization algorithm). Š á®¦�«¥−¨î, ª«�áá¨ç¥áª¨© …Œ-�«£®à¨â¬
®¡«�¤�¥â àï¤®¬ á¥àì¥§−ëå −¥¤®áâ�âª®¢ ¯à¨ ¥£® ¯à¨¬¥−¥−¨¨ ª á¬¥áï¬ −®à¬�«ì−ëå
§�ª®−®¢: ®− ¤¥¬®−áâà¨àã¥â ªà�©−îî −¥ãáâ®©ç¨¢®áâì ¯® ®â−®è¥−¨î ª ¨áå®¤−ë¬
¤�−−ë¬ ¨ −�ç�«ì−ë¬ ¯à¨¡«¨¦¥−¨ï¬. „«ï ¯à¥®¤®«¥−¨ï íâ¨å −¥¤®áâ�âª®¢ ¯à¥¤-
«®¦¥−® ¬−®£® ¬®¤¨ä¨ª�æ¨© …Œ-�«£®à¨â¬� (á¬., −�¯à¨¬¥à, [39]). ‚¬¥áâ¥ á â¥¬
¢ ãª�§�−−®© ª−¨£¥ ¯à¥¤«®¦¥− ¨ ¨áá«¥¤®¢�− ¯à¨−æ¨¯¨�«ì−® −®¢ë© úá¥â®ç−ë©û
¬¥â®¤ ¯à¨¡«¨¦¥−−®£® à¥è¥−¨ï §�¤�ç¨ à�§¤¥«¥−¨ï á¬¥á¥©. ‚ à�¡®â¥ [40] ¯®¤à®¡−®
¨áá«¥¤®¢�−ë ¢®¯à®áë áå®¤¨¬®áâ¨ á¥â®ç−ëå ¬¥â®¤®¢ à�§¤¥«¥−¨ï á¬¥á¥©.

‚ á®®â¢¥âáâ¢¨¨ á ¯®¤å®¤®¬ ª áâ�â¨áâ¨ç¥áª®¬ã �−�«¨§ã å�®â¨ç¥áª¨å áâ®å�-
áâ¨ç¥áª¨å ¯à®æ¥áá®¢, ¢ ç�áâ−®áâ¨ ª à¥è¥−¨î §�¤�ç¨ ¤¥ª®¬¯®§¨æ¨¨ ¢®«�â¨«ì-
−®áâ¨ â�ª¨å ¯à®æ¥áá®¢, à�§¢¨â®¬ ¢ ª−¨£¥ [39], ¢ ®¡é¥¬ á«ãç�¥ −� ¯à�ªâ¨ª¥
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¯à¨å®¤¨âáï à¥è�âì §�¤�çã à�§¤¥«¥−¨ï ª®−¥ç−ëå á¬¥á¥© −®à¬�«ì−ëå §�ª®−®¢
á ¯à®¨§¢®«ì−® ¡®«ìè¨¬ ç¨á«®¬ −¥¨§¢¥áâ−ëå ¯�à�¬¥âà®¢ (¯�à�¬¥âà®¢ ª®¬¯®-
−¥−â ¨ ¨å ¢¥á®¢). ˆ å®âï ¢ ¡®«ìè¨−áâ¢¥ ¯à¨«®¦¥−¨© ¢®§−¨ª�îâ á¬¥á¨ −¥
¡®«¥¥ ç¥¬ á ¯ïâìî{á¥¬ìî ª®¬¯®−¥−â�¬¨, ¤�¦¥ ¯à¨ ¨á¯®«ì§®¢�−¨¨ â�ª¨å á¬¥á¥©,
áª�¦¥¬, ¢ §�¤�ç�å �−�«¨§� ¨ ¯à®£−®§¨à®¢�−¨ï ä¨−�−á®¢ëå à¨áª®¢ ¯à¨å®¤¨âáï
¬®¤¥«¨à®¢�âì âà�¥ªâ®à¨î ¤¢¨¦¥−¨ï â®çª¨ ¢ ¯à®áâà�−áâ¢�å, à�§¬¥à−®áâì ª®â®-
àëå á®®â¢¥âáâ¢¥−−® «¥¦¨â ¢ ¯à¥¤¥«�å ®â 14 (¤«ï ¯ïâ¨ª®¬¯®−¥−â−ëå á¬¥á¥©)
¤® 20 (¤«ï á¥¬¨ª®¬¯®−¥−â−ëå á¬¥á¥©), çâ® áãé¥áâ¢¥−−® ã¢¥«¨ç¨¢�¥â ¢ëç¨á-
«¨â¥«ì−ë¥ ¨ ¢à¥¬¥−−‚ë¥ à¥áãàáë, −¥®¡å®¤¨¬ë¥ ¤«ï ¯à�ªâ¨ç¥áª®£® à¥è¥−¨ï
ãª�§�−−ëå §�¤�ç. �®áª®«ìªã ¢® ¬−®£¨å á¨âã�æ¨ïå (−�¯à¨¬¥à, ¯à¨ ¯à®£−®-
§¨à®¢�−¨¨ −� ®á−®¢¥ ¢ëá®ª®ç�áâ®â−ëå ¤�−−ëå) íâ¨ §�¤�ç¨ −¥®¡å®¤¨¬® à¥è�âì
¢ à¥¦¨¬¥, ¡«¨§ª®¬ ª à¥�«ì−®¬ã ¢à¥¬¥−¨, ¤«ï á®§¤�−¨ï íää¥ªâ¨¢−ëå ¬¥â®¤®¢
áâ�â¨áâ¨ç¥áª®£® �−�«¨§� −� ®á−®¢¥ á¬¥è�−−ëå ¬®¤¥«¥© −� ¯¥à¢ë© ¯«�− ¢ëå®-
¤¨â ¯à®¡«¥¬� á−¨¦¥−¨ï à�§¬¥à−®áâ¨ à¥è�¥¬®© §�¤�ç¨, â. ¥. ¯�à�¬¥âà¨ç¥áª®£®
¯à®áâà�−áâ¢�.

�¤−¨¬ ¨§ ¢®§¬®¦−ëå ¯®¤å®¤®¢ ª á−¨¦¥−¨î à�§¬¥à−®áâ¨ ï¢«ï¥âáï �¯à¨-
®à−®¥ áã¦¥−¨¥ ª«�áá®¢ ¤®¯ãáâ¨¬ëå á¬¥á¥©. Š ¯à¨¬¥àã, ¬®¦−® ®£à�−¨ç¨âìáï
ª®−ªà¥â−ë¬ ª«�áá®¬ ¤¨á¯¥àá¨®−−®-á¤¢¨£®¢ëå á¬¥á¥© | ®¡®¡é¥−−ë¬¨ £¨¯¥à¡®-
«¨ç¥áª¨¬¨ ¨«¨ ®¡®¡é¥−−ë¬¨ ¤¨á¯¥àá¨®−−ë¬¨ £�¬¬�-à�á¯à¥¤¥«¥−¨ï¬¨. ‚ íâ¨å
á¥¬¥©áâ¢�å á¬¥á¥© ç¨á«® −¥¨§¢¥áâ−ëå ¯�à�¬¥âà®¢ à�¢−® ¯ïâ¨ ¨«¨ è¥áâ¨ (¥á«¨
ãç¨âë¢�âì −¥á«ãç�©−ë© á¤¢¨£). ‚¬¥áâ¥ á â¥¬, ª�ª ã¦¥ £®¢®à¨«®áì, ã ¯®¤®¡−ëå
¬®¤¥«¥© ¨¬¥îâáï ¤®¢®«ì−® á¥àì¥§−ë¥ â¥®à¥â¨ç¥áª¨¥ ®¡®á−®¢�−¨ï. �â¨ ¢ë¢®¤ë
¯®¤â¢¥à¦¤¥−ë áâ�â¨áâ¨ç¥áª¨¬ �−�«¨§®¬ ¢ëá®ª®ç�áâ®â−ëå ä¨−�−á®¢ëå ¤�−−ëå,
¢ à¥§ã«ìâ�â¥ ª®â®à®£® ¢ëï¢«¥− á¨−åà®−¨§¨à®¢�−−ë© å�à�ªâ¥à ¨§¬¥−¥−¨ï ¨−-
â¥−á¨¢−®áâ¥© ¯®â®ª®¢ §�ï¢®ª ¢ á¨áâ¥¬�å í«¥ªâà®−−ëå â®à£®¢, çâ® ¥áâ¥áâ¢¥−−®
¯à¨¢®¤¨â ª á¨−åà®−¨§¨à®¢�−−®¬ã ¯®¢¥¤¥−¨î ¯�à�¬¥âà®¢ á¤¢¨£� ¨ ¤¨ääã§¨¨
¢ á®®â¢¥âáâ¢ãîé¨å ¬®¤¥«ïå ¢¨¤� á¬¥á¥© −®à¬�«ì−ëå §�ª®−®¢.

‚ à�¡®â¥ [41] ®¯¨á�− ¬®¤¨ä¨æ¨à®¢�−−ë© ¤¢ãåíâ�¯−ë© á¥â®ç−ë© ¬¥â®¤ à�§-
¤¥«¥−¨ï ¤¨á¯¥àá¨®−−®-á¤¢¨£®¢ëå á¬¥á¥© −®à¬�«ì−ëå §�ª®−®¢, ¯à¥¤áâ�¢«ïîé¨©
á®¡®© �«ìâ¥à−�â¨¢ã ç¨áâ®£® …Œ-�«£®à¨â¬�. �� ¯¥à¢®¬ íâ�¯¥ íâ®£® �«£®à¨â-
¬� áâà®¨âáï ¤¨áªà¥â−�ï �¯¯à®ªá¨¬�æ¨ï ¤«ï á¬¥è¨¢�îé¥£® à�á¯à¥¤¥«¥−¨ï, −�
¢â®à®¬ íâ�¯¥ ¨§ §�à�−¥¥ §�¤�−−®£® á¥¬¥©áâ¢� �¡á®«îâ−® −¥¯à¥àë¢−ëå à�á¯à¥¤¥-
«¥−¨©, −�¯à¨¬¥à ®¡®¡é¥−−ëå ®¡à�â−ëå £�ãáá®¢áª¨å §�ª®−®¢, ¢ë¡¨à�¥âáï ¡«¨-
¦�©è¥¥ ª ¯®«ãç¥−−®¬ã ¤¨áªà¥â−®¬ã à�á¯à¥¤¥«¥−¨î. �¡áã¦¤�îâáï ¢®¯à®áë
áå®¤¨¬®áâ¨ íâ®£® ¤¢ãåíâ�¯−®£® �«£®à¨â¬�. ‚ ãª�§�−−®© à�¡®â¥ ¤®ª�§�−� ¬®-
−®â®−−®áâì á¥â®ç−®£® ¨â¥à�æ¨®−−®£® ¬¥â®¤�, ¨á¯®«ì§ã¥¬®£® −� ¯¥à¢®¬ íâ�¯¥.
�®¤à®¡−® ®¡áã¦¤�¥âáï ¢®¯à®á ®¯â¨¬�«ì−®£® ¢ë¡®à� ¯�à�¬¥âà®¢ ¬¥â®¤�, ¯à¥¦¤¥
¢á¥£® á¥âª¨, −�ª¨¤ë¢�¥¬®© −� −®á¨â¥«ì á¬¥è¨¢�îé¥£® à�á¯à¥¤¥«¥−¨ï. C íâ®©
æ¥«ìî ¯à¥¤«®¦¥−ë áâ�â¨áâ¨ç¥áª¨¥ ®æ¥−ª¨ ª¢�−â¨«¥© á¬¥è¨¢�îé¥£® à�á¯à¥¤¥«¥-
−¨ï. �ää¥ªâ¨¢−®áâì ¬¥â®¤� ¨««îáâà¨àã¥âáï ¯à¨¬¥à�¬¨ ª®−ªà¥â−ëå ¢ëç¨á«¥−¨©
®æ¥−®ª ¯�à�¬¥âà®¢ ®¡®¡é¥−−ëå £¨¯¥à¡®«¨ç¥áª¨å à�á¯à¥¤¥«¥−¨©. �¥§ ª�ª®© ¡ë
â® −¨ ¡ë«® áãé¥áâ¢¥−−®© ª®àà¥ªâ¨à®¢ª¨ íâ®â ¦¥ ¬¥â®¤ ¯à¨¬¥−�̈¬ ¨ ª ®¡®¡é¥−−ë¬
¤¨á¯¥àá¨®−−ë¬ £�¬¬�-à�á¯à¥¤¥«¥−¨ï¬.
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RECENT WORKS IN THE FIELD OF MODELING INFORMATION
FLOWS IN CONTEMPORARY HIGH-FREQUENCY FINANCIAL

APPLICATIONS
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Abstract: Some results of recent studies in the field of modeling information
flows in contemporary high-frequency financial systems and applications are
discussed. In particular, the microscale model proposed by the authors is
considered. Within the framework of this model, the order flows are described
by doubly stochastic Poisson processes (also called Cox processes) which take
account of the random character of intensities. To study the evolution of the
limit order book (the current list of all active buy and sell orders), the models
are proposed for the processes of number of orders imbalance and order flows
imbalance having the form of two-sided risk processes, special compound Cox
processes. These processes are sensitive indicators of the current state of the limit
order book and provide the possibility to interpolate dynamics of the market
between price changes, say, to trace toxicity of the order flow. The paper presents
a review of main results obtained by application of these models.
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СВОЙСТВА ПРИРАЩЕНИЙ ОКОННОЙ ДИСПЕРСИИ
МИОГРАММЫ КАК СЛУЧАЙНОГО ПРОЦЕССА

М. Ш. Хазиахметов1, Т. В. Захарова2, О. В. Шестаков3

�−−®â�æ¨ï: ˆáá«¥¤®¢�−¨¥ �ªâ¨¢−®áâ¨ £®«®¢−®£® ¬®§£� | ®¤−® ¨§ −�¨¡®«¥¥
�ªâ¨¢−® à�§¢¨¢�îé¨åáï −�¯à�¢«¥−¨© ¢ á®¢à¥¬¥−−®© ¬¥¤¨æ¨−¥. ‘ãé¥áâ¢ã-
¥â ¬−®¦¥áâ¢® ¬¥â®¤¨ª ¯à®¢¥¤¥−¨ï íªá¯¥à¨¬¥−â®¢ ¢ íâ®© ®¡«�áâ¨. �¤¨− ¨§
¯®¤å®¤®¢ | â�ª −�§ë¢�¥¬ë© ¬¥â®¤ ¢ë§¢�−−ëå ¯®â¥−æ¨�«®¢: ¨á¯ëâã¥¬ë©
¬−®£®ªà�â−® ¯®¢â®àï¥â −¥ª®â®àë¥ ¤¥©áâ¢¨ï, � ¥£® ¬®§£®¢�ï �ªâ¨¢−®áâì ¨ −¥-
ª®â®àë¥ ¢á¯®¬®£�â¥«ì−ë¥ á¨£−�«ë §�¯¨áë¢�îâáï ¤«ï ¤�«ì−¥©è¥£® �−�«¨§�.
‚ àï¤¥ à�¡®â �¢â®à®¢, ¢ë¯®«−¥−−ëå á®¢¬¥áâ−® á ª®««¥£�¬¨, à�áá¬�âà¨¢�îâáï
�«£®à¨â¬ë «®ª�«¨§�æ¨¨ ®¯®à−ëå â®ç¥ª ¢ ¬¨®£à�¬¬¥ (¨ −¥ª®â®àëå ¤àã£¨å
á¨£−�«�å), á®®â¢¥âáâ¢ãîé¨å −�ç�«�¬ ¤¢¨¦¥−¨ï ¢ íªá¯¥à¨¬¥−â¥ á ¤¢¨¦¥−¨¥¬
¯�«ìæ� àãª¨. ’®ç−®áâì ®¯à¥¤¥«¥−¨ï íâ¨å â®ç¥ª ªà¨â¨ç−� ¤«ï ¤�«ì−¥©-
è¥© ®¡à�¡®âª¨ ¬�£−¨â®í−æ¥ä�«®£à�¬¬ë (Œ�ƒ, Œ�ƒ-á¨£−�«�) | ¢®ªàã£ −¨å
¯à®¨§¢®¤¨âáï ãáà¥¤−¥−¨¥ á¨£−�«� á æ¥«ìî ¢ë¤¥«¨âì ¤�âç¨ª á −�¨«ãçè¨¬ ®â-
ª«¨ª®¬, â. ¥. −�å®¤ïé¨©áï ¡«¨¦¥ ¢á¥£® ª ¨áâ®ç−¨ªã �ªâ¨¢−®áâ¨. ‚ ¤�−−®©
áâ�âì¥ à�áá¬�âà¨¢�îâáï −¥ª®â®àë¥ â¥®à¥â¨ç¥áª¨¥ �á¯¥ªâë ¤�−−ëå �«£®à¨â-
¬®¢, � ¨¬¥−−®: ¬¨®£à�¬¬� ¨ ¯à¨à�é¥−¨ï ¥¥ ®ª®−−®© ¤¨á¯¥àá¨¨ (�„Œ) ª�ª
á«ãç�©−ë¥ ¯à®æ¥ááë.

Š«îç¥¢ë¥ á«®¢�: ¢ë¡®à®ç−�ï ®ª®−−�ï ¤¨á¯¥àá¨ï; ¯à¨à�é¥−¨ï ¢ë¡®à®ç−®©
®ª®−−®© ¤¨á¯¥àá¨¨; ¬¨®£à�¬¬�; ¬�£−¨â®í−æ¥ä�«®£à�¬¬�

DOI: 10.14357/08696527140405

1 Введение

�à¨¢¥¤¥¬ áå¥¬ã íªá¯¥à¨¬¥−â�, ¯®àï¤®ª à�¡®âë á ¯®«ãç¥−−ë¬¨ ¢ ¥£® å®¤¥
¤�−−ë¬¨, � â�ª¦¥ ªà�âª®¥ ®¯¨á�−¨¥ à�áá¬�âà¨¢�¥¬ëå �«£®à¨â¬®¢ −�å®¦¤¥−¨ï
®¯®à−ëå â®ç¥ª.

ˆá¯ëâã¥¬ë© ª«�¤¥â «�¤®−ì −� áâ®« ¨ ¢ â¥ç¥−¨¥ −¥áª®«ìª¨å ¬¨−ãâ ã¤�àï¥â
ãª�§�â¥«ì−ë¬ ¯�«ìæ¥¬ ¯® ¥£® ¯®¢¥àå−®áâ¨. �à¨ íâ®¬ ®¡ï§�â¥«ì−® §�¯¨áë¢�îâáï
¥£® Œ�ƒ-á¨£−�« ¨ ¬¨®£à�¬¬�. „®¯®«−¨â¥«ì−® ¬®£ãâ ¡ëâì á−ïâë â�ª¨¥ á¨£−�«ë,
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‘¢®©áâ¢� ¯à¨à�é¥−¨© ®ª®−−®© ¤¨á¯¥àá¨¨ ¬¨®£à�¬¬ë ª�ª á«ãç�©−®£® ¯à®æ¥áá�

ª�ª ãáª®à¥−¨¥ ¯�«ìæ� (á¨£−�« �ªá¥«¥à®¬¥âà�) ¨ ¯¥à¨®¤ë ª�á�−¨ï áâ®«� (á¨£−�«
á ª−®¯ª¨ −� ®á−®¢¥ ä®â®í«¥¬¥−â�). ‚á¥ á¨£−�«ë á−¨¬�îâáï á¨−åà®−−® ¨ á® áâà®£®
ä¨ªá¨à®¢�−−®© ç�áâ®â®© ¤¨áªà¥â¨§�æ¨¨. Œ�£−¨â®í−æ¥ä�«®£à�¬¬� ¯à¥¤áâ�¢«ï¥â
á®¡®© −�¡®à ¢à¥¬¥−−‚ëå àï¤®¢ á ¤�âç¨ª®¢, à�§¬¥é�¥¬ëå −� £®«®¢¥ ç¥«®¢¥ª�,
ª�¦¤ë© â�ª®© àï¤ −�§ë¢�îâ ª�−�«®¬. ‚á¥ ¯à®ç¨¥ á¨£−�«ë ¯à¥¤áâ�¢«ïîâ á®¡®©
¨−¤¨¢¨¤ã�«ì−ë¥ ¢à¥¬¥−−‚ë¥ àï¤ë.

–¥«ì ¨áá«¥¤®¢�−¨ï | ¢ë¤¥«¨âì ãç�áâ®ª ª®àë £®«®¢−®£® ¬®§£�, ¨−¨æ¨¨àã-
îé¨© ¤¢¨¦¥−¨¥. �â® ç�áâ−ë© á«ãç�© â�ª −�§ë¢�¥¬®© ®¡à�â−®© §�¤�ç¨ | ¯®¨áª�
¨áâ®ç−¨ª� á¨£−�«� ¯® −�¡«î¤�¥¬ë¬ −� à�ááâ®ï−¨¨ å�à�ªâ¥à¨áâ¨ª�¬ ¯®«ï, £¥−¥-
à¨àã¥¬®£® ¨¬. �¤−® ¨§ −�¨¡®«¥¥ ¯à®áâëå à¥è¥−¨© §�ª«îç�¥âáï ¢ ¯®¨áª¥ ª�−�«�
Œ�ƒ á −�¨«ãçè¨¬ ú®âª«¨ª®¬û. „«ï íâ®£® ¬®¦−®, −�¯à¨¬¥à, ãáà¥¤−¨âì ®âà¥§ª¨
Œ�ƒ ¢®ªàã£ ¬®¬¥−â®¢ −�ç�«� ¤¢¨¦¥−¨ï (¬®¬¥−â®¢, ª®£¤� ¬®§£ ®â¤�¥â ª®¬�−¤ã
−� ¤¢¨¦¥−¨¥ ¯�«ìæ¥¬) −�«®¦¥−¨¥¬ ¤àã£ −� ¤àã£� ®â¤¥«ì−® −� ª�¦¤®¬ ª�−�«¥
¨ −�©â¨ áà¥¤¨ ¯®«ãç¥−−ëå ªà¨¢ëå ªà¨¢ãî, ¨¬¥îéãî ä®à¬ã, ¬�ªá¨¬�«ì−® ®â-
«¨ç−ãî ®â ª®−áâ�−âë | ¤®áâ�â®ç−® ®ç¥¢¨¤−ë© á¯®á®¡ ã«ãçè¥−¨ï ®â−®è¥−¨ï
á¨£−�«{èã¬. �¤−�ª® ¬®¬¥−âë −�ç�«� ¤¢¨¦¥−¨ï ¯® Œ�ƒ-á¨£−�«ã ®¯à¥¤¥«¨âì
−¥¢®§¬®¦−®, ¤�¦¥ ¥á«¨ §−�âì, ª�ª®© ª�−�« ï¢«ï¥âáï ¨áª®¬ë¬, â�ª ª�ª ¤®«ï èã¬�
−� −¥¬ á®áâ�¢«ï¥â ¯à¨¬¥à−® 95% (−� ¤àã£¨å ª�−�«�å §�èã¬«¥−¨¥ ¥é¥ á¨«ì−¥¥).
Œ¨®£à�¬¬�, ¯®ª�§�−¨ï �ªá¥«¥à®¬¥âà� ¨ ª−®¯ª¨ á®®â¢¥âáâ¢ãîâ ¢ë§¢�−−®© �ªâ¨¢-
−®áâ¨, ª®â®à�ï ¯à®¨§¢®¤¨âáï á −¥ª®â®à®© §�¤¥à¦ª®© ®â−®á¨â¥«ì−® à�¡®âë ¬®§£�.
�® −¨¬ ¬®¦−® ®¯à¥¤¥«¨âì â®«ìª® â�ª −�§ë¢�¥¬ë¥ ®¯®à−ë¥ â®çª¨ | ¬®¬¥−âë
−�ç�«� ¢ë§¢�−−®© �ªâ¨¢−®áâ¨, −® íâ®£® ®ª�§ë¢�¥âáï ¢¯®«−¥ ¤®áâ�â®ç−® ¤«ï ¯à®-
¢¥¤¥−¨ï ãáà¥¤−¥−¨ï Œ�ƒ. „¥«® ¢ â®¬, çâ® á¬¥é¥−¨¥ ¯® ¢à¥¬¥−¨, ¢®§−¨ª�îé¥¥
¢ ¬¨®£à�¬¬¥ ®â−®á¨â¥«ì−® Œ�ƒ, ¬®¦−® áç¨â�âì ¯®áâ®ï−−ë¬ (®−® §�¢¨á¨â â®«ìª®
®â ¢à¥¬¥−¨ ¯¥à¥¤�ç¨ ¨¬¯ã«ìá� ®â ¬®§£� ª ¬ëèæ¥). �®ª�§�−¨ï �ªá¥«¥à®¬¥âà�
¨ ª−®¯ª¨ ¨¬¥îâ ¥é¥ ¡‚®«ìè¨¥ á¤¢¨£¨ ¯® ¢à¥¬¥−¨, â�ª ª�ª ä¨ªá¨àãîâ ¯®ª�§�â¥«¨
¤¢¨¦¥−¨ï ª�ª à¥§ã«ìâ�â à�¡®âë ¬ëèæë; ªà®¬¥ â®£®, áç¨â�âì ¨å ¯®áâ®ï−−ë¬¨
ã¦¥ −¥«ì§ï. ’�ª¨¬ ®¡à�§®¬, −�¨¡®«¥¥ æ¥−−ë¬ ¨áâ®ç−¨ª®¬ ¨−ä®à¬�æ¨¨ ® −�ç�-
«¥ ¤¢¨¦¥−¨ï áç¨â�¥âáï ¬¨®£à�¬¬�: ®−� ¯®§¢®«ï¥â «®ª�«¨§®¢�âì ®¯®à−ë¥ â®çª¨
á ¬�ªá¨¬�«ì−®© â®ç−®áâìî. ‚¬¥áâ¥ á â¥¬ ¤àã£¨¥ á¨£−�«ë â�ª¦¥ ¨¬¥îâ §−�ç¥−¨¥.
��¯à¨¬¥à, ¯®ª�§�−¨ï ª−®¯ª¨ | ¯à®áâ®© ¨ íää¥ªâ¨¢−ë© á¯®á®¡ ®¯à¥¤¥«¨âì
−�«¨ç¨¥ ¤¢¨¦¥−¨ï ¢ ®ªà¥áâ−®áâ¨ §�¤�−−®© â®çª¨.

…áâì ¨ ¤àã£¨¥ ¯®¤å®¤ë ª à¥è¥−¨î ®¡à�â−®© §�¤�ç¨ ¬�£−¨â®í−æ¥ä�«®£à�ä¨¨
(á¬., −�¯à¨¬¥à, [1, 2]).

”¨ªá�æ¨ï ®¯®à−ëå â®ç¥ª ¯® ¯®ª�§�−¨ï¬ ª−®¯ª¨ ¯à®áâ�, â�ª ª�ª á¨£−�«
á −¥¥ ¯à¥¤áâ�¢«ï¥â á®¡®© ªãá®ç−®-¯®áâ®ï−−ãî äã−ªæ¨î á ¤¢ã¬ï §−�ç¥−¨ï¬¨
−�¯àï¦¥−¨ï: 0 ¨ 5 ‚. Š�ª ã¦¥ £®¢®à¨«®áì, íâ®â á¨£−�« §�¯¨áë¢�«áï −¥ ¢á¥£¤�
¨ ¨¬¥« −�¨¡®«ìèãî ¤¨á¯¥àá¨î á¤¢¨£� ®â−®á¨â¥«ì−® ¬®¬¥−â� −�ç�«� ¤¢¨¦¥−¨ï.
Œ¨®£à�¬¬� ¨ ¯®ª�§�−¨ï �ªá¥«¥à®¬¥âà� | ¢¥áì¬� áå®¦¨¥ ¯® ¯à¨à®¤¥ á¨£−�«ë,
¤«ï ¯®¨áª� ®¯®à−ëå â®ç¥ª −� −¨å ¨á¯®«ì§®¢�«¨áì ®¤−¨ ¨ â¥ ¦¥ ¯®¤å®¤ë, ¯®íâ®¬ã
¢ ¤�«ì−¥©è¥¬ ¡ã¤¥¬ £®¢®à¨âì â®«ìª® ® ¬¨®£à�¬¬¥, ª®â®à�ï §�¯¨áë¢�«�áì ¢á¥£¤�.

‚ ª�ç¥áâ¢¥ ¡�§®¢®£® �«£®à¨â¬� «®ª�«¨§�æ¨¨ ®¯®à−ëå â®ç¥ª ¡ë« ¢§ïâ ¬¥â®¤,
¯®¤à®¡−® ®¯¨á�−−ë© ¢ [3, 4]. „«ï ¬¨®£à�¬¬ë ¢ëç¨á«ïîâáï �„Œ ¨ í¬¯¨à¨ç¥áª�ï
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Œ. ˜. •�§¨�å¬¥â®¢, ’. ‚. ‡�å�à®¢�, �. ‚. ˜¥áâ�ª®¢

äã−ªæ¨ï à�á¯à¥¤¥«¥−¨ï (�”÷). �¯®à−ë¬¨ â®çª�¬¨ áç¨â�îâáï æ¥«ë¥ ç�áâ¨
�¡áæ¨áá â®ç¥ª ¯¥à¥á¥ç¥−¨ï ®âà¥§ª®¢ à®áâ� �„Œ á §�¤�−−®© ª¢�−â¨«ìî �”÷,
¯à®è¥¤è¨¥ ¤®¯®«−¨â¥«ì−ãî ä¨«ìâà�æ¨î (ãç¨âë¢�«®áì, çâ® ç�áâ®â� ¤¢¨¦¥−¨©
ç¥«®¢¥ª� ®£à�−¨ç¥−�, ¯®íâ®¬ã −¥ ¬®¦¥â ¡ëâì ¤¢ãå ¬®¬¥−â®¢ −�ç�«� ¤¢¨¦¥−¨ï
á à�§−¨æ¥© ¯® ¢à¥¬¥−¨ ¬¥−ìè¥ §�¤�−−®©).

��¨¡®«¥¥ á«�¡�ï áâ®à®−� ãª�§�−−®£® ¯®¤å®¤� | ¢ë¡®à £«®¡�«ì−®© ª¢�−â¨«¨.
�â® −¥ ãç¨âë¢�¥â á¯¥æ¨ä¨ªã íªá¯¥à¨¬¥−â�: −¥á¬®âàï −� ãª�§�−¨¥ á®¢¥àè�âì ª�ª
¬®¦−® ¡®«¥¥ ®¤−®à®¤−ë¥ ¤¢¨¦¥−¨ï, ¨á¯ëâã¥¬ë© ª�ª ¬¨−¨¬ã¬ ¯®áâ¥¯¥−−® ãáâ�¥â.
’�ª¨¬ ®¡à�§®¬, ª�¦¤ë© ª®−ªà¥â−ë© íªá¯¥à¨¬¥−â âà¥¡ã¥â ¯®¤¡®à� ª¢�−â¨«¨ ¤�¦¥
¤«ï ®¤−®£® ¨ â®£® ¦¥ ç¥«®¢¥ª�. ‡�ç�áâãî ¯®¤®¡à�âì ¥¥ ¢®®¡é¥ −¥ ã¤�¥âáï, â�ª
ª�ª ®¤−� ¨ â� ¦¥ ª¢�−â¨«ì −� ®¤−¨å ãç�áâª�å á¨£−�«� ¤�¥â §−�ç¨â¥«ì−ãî ¯®â¥àî
®¯®à−ëå â®ç¥ª, � −� ¤àã£¨å, −�®¡®à®â, ¢ëá®ª¨© ¯à®æ¥−â «®¦−ëå áà�¡�âë¢�−¨©.
�à®¡«¥¬� −¥®¤−®à®¤−®áâ¨ ¬¨®£à�¬¬ë à�áá¬�âà¨¢�¥âáï ¢ [5].

Œ®¤¨ä¨æ¨à®¢�−−�ï ¢¥àá¨ï �«£®à¨â¬� ¯à¨§¢�−� ãáâà�−¨âì ¢ëï¢«¥−−ë¥ −¥¤®-
áâ�âª¨ (á¬. ¯®¤à®¡−®¥ ®¯¨á�−¨¥ ¬¥â®¤� ¢ [6]). ˆâ®£®¢ë© �«£®à¨â¬ ®¡à�¡�âë¢�¥â
á¨£−�« ¢ −¥áª®«ìª® ¯à®å®¤®¢. �¥à¢�ï ¨â¥à�æ¨ï ¡�§®¢®£® �«£®à¨â¬� ¢ë¯®«−ï¥âáï
á ¢ëá®ª®© ª¢�−â¨«ìî | ¥¥ æ¥«ì ®¯à¥¤¥«¨âì ¬®¬¥−âë ¢à¥¬¥−¨, ª®£¤� ¤¢¨¦¥−¨¥
â®ç−® ¡ë«® (¨ −¥ ¢�¦−®, çâ® §−�ç¨â¥«ì−®¥ ç¨á«® ¤¢¨¦¥−¨© ¯à¨ íâ®¬ ¬®¦¥â ¡ëâì
¯®â¥àï−®). �® íâ¨¬ â®çª�¬ ¯à®¨§¢®¤¨âáï à�§¡¨¥−¨¥ �„Œ −� ®âà¥§ª¨, £à�−¨æë
ª®â®àëå −� ¤¢¨¦¥−¨ï −¥ ¯®¯�¤�îâ. „�«¥¥ ¡�§®¢ë© �«£®à¨â¬ §�¯ãáª�¥âáï ã¦¥
®â¤¥«ì−® −� ª�¦¤®¬ ®âà¥§ª¥ á ¯¥à¥áç¨â�−−®© ¤«ï −¥£® �”÷. ‚ ¨â®£¥ ¯®«ãç�¥âáï
−�¡®à â�ª −�§ë¢�¥¬ëå ¯à¥¤¢�à¨â¥«ì−ëå ®¯®à−ëå â®ç¥ª. ˆå §−�ç¥−¨ï ãâ®ç−ï-
îâáï á«¥¤ãîé¨¬ ®¡à�§®¬: ¤«ï ª�¦¤®© â®çª¨ ®¯à¥¤¥«ï¥âáï ¯à¥¤è¥áâ¢ãîé¨© ¥©
¯¥à¨®¤ ¯®ª®ï, ¤«ï −¥£® áâà®¨âáï �”÷ ¨ ®¯à¥¤¥«ï¥âáï ¢ëá®ª�ï ª¢�−â¨«ì, ®¯®à-
−®© â®çª®© áç¨â�¥âáï ¯®á«¥¤−¨© ¬®¬¥−â ¢à¥¬¥−¨ ¤® ¯à¥¤¢�à¨â¥«ì−®£® §−�ç¥−¨ï,
ª®£¤� �„Œ ¬¥−ìè¥ íâ®© ª¢�−â¨«¨. ’�ª¨¬ ®¡à�§®¬, ¢®-¯¥à¢ëå, ¬®¤¨ä¨æ¨à®¢�−-
−ë© �«£®à¨â¬ §� áç¥â à�§¡¨¥−¨ï �−�«¨§¨àã¥¬®£® ¢à¥¬¥−−‚®£® àï¤� �¤�¯â¨àã¥âáï
¯®¤ å�à�ªâ¥à �„Œ −� ª®−ªà¥â−®¬ ¢à¥¬¥−−‚®¬ ¯à®¬¥¦ãâª¥, çâ® ¯®«®¦¨â¥«ì−®
áª�§ë¢�¥âáï −� ª�ç¥áâ¢¥ ®¯à¥¤¥«¥−¨ï á®¡áâ¢¥−−® −�«¨ç¨ï/®âáãâáâ¢¨ï ¤¢¨¦¥−¨ï.
‚®-¢â®àëå, §� áç¥â á¤¢¨£� ¯® ãà®¢−î èã¬� (¢−®¢ì �¤�¯â¨¢−®£®) §−�ç¨â¥«ì−®
ã¢¥«¨ç¨¢�¥âáï â®ç−®áâì «®ª�«¨§�æ¨¨ ®¯®à−®© â®çª¨ −� ª�¦¤®© ª®−ªà¥â−®© í¯®å¥
(¯®á«¥¤®¢�â¥«ì−®© ¯�à¥ ®âà¥§ª®¢ ¯®ª®ï ¨ ¤¢¨¦¥−¨ï). Š�ª ¯®ª�§�−® ¢ [7], ¡�§®¢ë©
�«£®à¨â¬, ¢ ®â«¨ç¨¥ ®â ¬®¤¨ä¨æ¨à®¢�−−®£®, ¯®¬¥é�¥â ®¯®à−ãî â®çªã ¢ ¯à�ªâ¨-
ç¥áª¨ ¯à®¨§¢®«ì−ãî ¯®§¨æ¨î −� ®âà¥§ª¥ à®áâ� �„Œ ª�ª ¯® ¢à¥¬¥−¨, â�ª ¨ ¯®
§−�ç¥−¨î.

2 Миограмма и приращения ее оконной дисперсии как случайные
процессы

Œ¨®£à�¬¬� ¢ ®æ¨äà®¢�−−®¬ ¢�à¨�−â¥ ¯à¥¤áâ�¢«ï¥â á®¡®© ¢à¥¬¥−−‚®© àï¤ Mt,
£¤¥ t ∈ {0, 1, . . . , T − 1}. “á«®¢−® ¥¥ ¬®¦−® à�§¤¥«¨âì −� ç¥à¥¤ãîé¨¥áï ¬¥¦¤ã
á®¡®© ®âà¥§ª¨, á®®â¢¥âáâ¢ãîé¨¥ −¥¯®¤¢¨¦−®¬ã á®áâ®ï−¨î ¯�«ìæ� ¨á¯ëâã¥¬®£®
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¨ ¤¢¨¦¥−¨î. �¥à¨®¤ ¢à¥¬¥−¨, ¯à¥¤áâ�¢«ïîé¨© á®¡®© ¯®á«¥¤®¢�â¥«ì−ãî ¯�àã
®âà¥§ª®¢ ¯®ª®ï ¨ ¤¢¨¦¥−¨ï, ¡ã¤¥¬ −�§ë¢�âì í¯®å®©. ƒà�−¨æë í¯®å ¯à¥¤áâ�¢«ïîâ
á®¡®© ¬−®¦¥áâ¢® â®ç¥ª ¢¨¤�

{τ0, τ1, . . . , τk} ⊂ N: 0 = τ0 < τ1 < · · · < τk = T .

’®£¤� {τj−1, τj−1 + 1, . . . , τj − 1} | â®çª¨ j-© í¯®å¨ (j = 1, k).
„«ï ª�¦¤®© í¯®å¨ ¯à¥¤áâ�¢¨¬ −�¡«î¤�¥¬®¥ §−�ç¥−¨¥ ¬¨®£à�¬¬ë Mt ª�ª

áã¬¬ã ¨áâ¨−−®£® −¥á«ãç�©−®£® §−�ç¥−¨ï mt ¨ èã¬� ξt, ¨¬¥îé¥£® −®à¬�«ì−®¥
à�á¯à¥¤¥«¥−¨¥ á −ã«¥¢ë¬ ¬�â¥¬�â¨ç¥áª¨¬ ®¦¨¤�−¨¥¬ ¨ ¤¨á¯¥àá¨¥© σ2j , ¯à¨ç¥¬
{ξτj−1 , ξτj−1+1, . . . , ξτj−1} | á®¢®ªã¯−®áâì −¥§�¢¨á¨¬ëå ®¤¨−�ª®¢® à�á¯à¥¤¥-
«¥−−ëå á«ãç�©−ëå ¢¥«¨ç¨− (−.®.à.á.¢.), � {ξ0, ξ1, . . . , ξT−1} | á®¢®ªã¯−®áâì
−¥§�¢¨á¨¬ëå á«ãç�©−ëå ¢¥«¨ç¨− (−.á.¢.):

∀j = 1, k











∀t ∈ {τj−1, τj−1 + 1, . . . , τj − 1}
{

Mt = mt + ξt ;

ξt ∼ N
(

0, σ2j

)

;

{ξτj−1 , ξτj−1+1, . . . , ξτj−1} | −.®.à.á.¢.;
{ξ0, ξ1, . . . , ξT−1} | −.á.¢.



















(1)

‡�¬¥â¨¬, çâ® ¢ à¥�«ì−®© ¬¨®£à�¬¬¥ −¥â ¦¥áâª®© £à�−¨æë ¬¥¦¤ã í¯®å�¬¨ |
¢ ¯à¨−æ¨¯¥, £à�−¨ç−ãî â®çªã ¬®¦−® ¯®áâ�¢¨âì ¢ «î¡®¬ ¬¥áâ¥ −� ¯¥à¨®¤¥ ¯®ª®ï.
‚¬¥áâ¥ á â¥¬, ãç¨âë¢�ï ®á®¡¥−−®áâ¨ à�¡®âë ¬®¤¨ä¨æ¨à®¢�−−®© ¢¥àá¨¨ �«£®-
à¨â¬�, £à�−¨ç−ë¥ â®çª¨ ¡¥àãâáï ¯® ¢®§¬®¦−®áâ¨ ¬¥−ìè¨¬¨, çâ®¡ë ®¡¥á¯¥ç¨âì
¤®áâ�â®ç−ë© ¨−â¥à¢�« §−�ç¥−¨© �„Œ ¤«ï ¢ëç¨á«¥−¨ï ª¢�−â¨«¨ èã¬�. Šà®¬¥
â®£®, −¥â ¨ à¥§ª¨å ¯¥à¥å®¤®¢ ®â ®¤−®£® §−�ç¥−¨ï ¤¨á¯¥àá¨¨ èã¬� ¬¨®£à�¬¬ë
ª ¤àã£®¬ã. �«�£®¤�àï íâ®¬ã ®âà¥§ª¨ ¬¨®£à�¬¬ë −� áâëª¥ í¯®å ¬®¦−® áç¨-
â�âì áâ�â¨áâ¨ç¥áª¨ á®®â¢¥âáâ¢ãîé¨¬¨ á â®çª¨ §à¥−¨ï à�á¯à¥¤¥«¥−¨ï èã¬� ®¡¥¨¬
í¯®å�¬, ¯®íâ®¬ã, ¥á«¨ ¢ ¤�«ì−¥©è¥¬ ¯à¨ à�áç¥â¥ å�à�ªâ¥à¨áâ¨ª ®¤−®© í¯®å¨
¨á¯®«ì§ãîâáï ¯¥à¢ë¥ −¥áª®«ìª® â®ç¥ª ¨§ á«¥¤ãîé¥©, −¨ª�ª −¥ ãç¨âë¢�¥âáï â®â
ä�ªâ, çâ® ä®à¬�«ì−®, á â®çª¨ §à¥−¨ï ¯à¥¤«®¦¥−−®© ¢ (1) ¬®¤¥«¨, ®−¨ ¨¬¥îâ
¤àã£®¥ à�á¯à¥¤¥«¥−¨¥. ‘ä®à¬ã«¨àã¥¬ íâ® ¢ á«¥¤ãîé¥¬ ¢¨¤¥:
„®¯ãé¥−¨¥. …á«¨ n | è¨à¨−� ®ª−� ¯à¨ à�áç¥â¥ áª®«ì§ïé¥£® áà¥¤−¥£® ¨ �„Œ,
â®£¤� ¡ã¤¥¬ áç¨â�âì, çâ® ¤«ï ª�¦¤®© í¯®å¨, −�ç¨−�ï á® ¢â®à®©, ¯¥à¢ë¥
n â®ç¥ª ¬®¦−® ¨á¯®«ì§®¢�âì ¯à¨ ¢ëç¨á«¥−¨¨ §−�ç¥−¨© áª®«ì§ïé¥£® áà¥¤−¥£®
¨ �„Œ ¯à¥¤ë¤ãé¥© í¯®å¨ á ¥¥ ¯�à�¬¥âà�¬¨ à�á¯à¥¤¥«¥−¨ï èã¬�.

�ãáâì n | è¨à¨−� ®ª−� ¯à¨ à�áç¥â¥ �„Œ, â®£¤� −� ª�¦¤®© í¯®å¥ ¤«ï
á®®â¢¥âáâ¢ãîé¥£® áª®«ì§ïé¥£® áà¥¤−¥£® Mn,t −�¡«î¤�¥¬®£® á¨£−�«� ¡ã¤¥¬ ¨¬¥âì
¯à¥¤áâ�¢«¥−¨¥ ¢ â¥à¬¨−�å áª®«ì§ïé¨å áà¥¤−¨å ¨áâ¨−−®£® á¨£−�«� mn,t ¨ èã-
¬� ξn,t:

Mn,t =
1

n

n−1
∑

i=0

Mt+i =
1

n

n−1
∑

i=0

mt+i +
1

n

n−1
∑

i=0

ξt+i = mn,t + ξn,t . (2)
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�ª®−−�ï ¤¨á¯¥àá¨ï ¬¨®£à�¬¬ë ¯® ®¯à¥¤¥«¥−¨î ¨¬¥¥â ¢¨¤:

Wn,t =
1

n

n−1
∑

i=0

(

Mt+i − Mn,t

)2
.

‹¥¬¬� 1. „«ï ¯à¨à�é¥−¨© �„Œ, á®®â¢¥âáâ¢ãîé¥© ¬®¤¥«¨ (1) á® á¤¥«�−−ë¬
¢ëè¥ ¤®¯ãé¥−¨¥¬, á¯à�¢¥¤«¨¢® à�§«®¦¥−¨¥:

Wn,t+1 − Wn,t =
n − 1
n2

(

m2t+n − m2t
)

− 2

n2
(mt+n − mt)

n−1
∑

i=1

mt+i +

+
n − 1
n2

(

ξ2t+n − ξ2t
)

− 2
n2
(ξt+n − ξt)

n−1
∑

i=1

ξt+i +

+ ξt+n

(

2 (n − 1)
n2

mt+n − 2
n2

n−1
∑

i=1

mt+i

)

−

− ξt

(

2 (n − 1)
n2

mt −
2

n2

n−1
∑

i=1

mt+i

)

− 2

n2
(mt+n − mt)

n−1
∑

i=1

ξt+i . (3)

„ ® ª � § � â ¥ « ì á â ¢ ® . ÷�áá¬®âà¨¬ ¯à¨à�é¥−¨ï �„Œ. �® ®¯à¥¤¥«¥−¨î ¬®¦¥¬
§�¯¨á�âì:

Wn,t+1 − Wn,t =
1

n

n
∑

i=1

(

Mt+i − Mn,t+1

)2 − 1
n

n−1
∑

i=0

(

Mt+i − Mn,t

)2
.

‚®§¢¥¤¥¬ ª®¬¯®−¥−âë áã¬¬ ¢ ª¢�¤à�â, à�áªà®¥¬ áª®¡ª¨ ¨ ¯¥à¥£àã¯¯¨àã¥¬
á«�£�¥¬ë¥:

Wn,t+1 − Wn,t =
1

n

(

n
∑

i=1

M2
t+i +

n
∑

i=1

Mn,t+1
2 − 2

n
∑

i=1

Mt+iMn,t+1

)

−

− 1
n

(

n−1
∑

i=0

M2
t+i +

n−1
∑

i=0

Mn,t
2 − 2

n−1
∑

i=0

Mt+iMn,t

)

=

=
1

n

(

M2
t+n − M2

t

)

+
(

Mn,t+1
2 − Mn,t

2
)

−

− 2
n

(

n
∑

i=1

(

Mt+iMn,t+1

)

−
n−1
∑

i=0

(

Mt+iMn,t

)

)

=
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=
1

n

(

M2
t+n − M2

t

)

+
(

Mn,t+1 − Mn,t

) (

Mn,t+1 +Mn,t

)

−

− 2
n

(

Mt+nMn,t+1 − MtMn,t +
n−1
∑

i=1

Mt+i

(

Mn,t+1 − Mn,t

)

)

.

‚®á¯®«ì§®¢�¢è¨áì (2), ¯®«ãç�¥¬:

Wn,t+1 − Wn,t =
1

n

(

M2
t+n − M2

t

)

+
1

n
(Mt+n − Mt)

(

Mn,t+1 +Mn,t

)

−

− 2
n

(

Mt+nMn,t+1 − MtMn,t +
n−1
∑

i=1

Mt+i
1

n
(Mt+n − Mt)

)

=

=
1

n
(Mt+n − Mt) (Mt+n +Mt) +

+
1

n
(Mt+n − Mt)

(

1

n
(Mt+n +Mt) +

2

n

n−1
∑

i=1

Mt+i

)

−

− 2
n

(

Mt+nMn,t+1 − MtMn,t

)

− 2
n2
(Mt+n − Mt)

n−1
∑

i=1

Mt+i =

=
n+ 1

n2
(Mt+n − Mt) (Mt+n +Mt)−

2

n

(

Mt+nMn,t+1 − MtMn,t

)

=

=
n+ 1

n2
(

M2
t+n − M2

t

)

− 2
n2
(

M2
t+n − M2

t

)

− 2
n2
(Mt+n − Mt)

n−1
∑

i=1

Mt+i =

=
n − 1
n2

(

M2
t+n − M2

t

)

− 2
n2
(Mt+n − Mt)

n−1
∑

i=1

Mt+i .

�áãé¥áâ¢¨¬ ¯®¤áâ�−®¢ªã Mt = mt + ξt ¨§ (1):

Wn,t+1 − Wn,t =
n − 1
n2

(

(mt+n + ξt+n)
2 − (mt + ξt)

2
)

−

− 2

n2
(mt+n + ξt+n − mt − ξt)

n−1
∑

i=1

(mt+i + ξt+i) =

=
n − 1
n2

(

m2t+n − m2t
)

− 2

n2
(mt+n − mt)

n−1
∑

i=1

mt+i +

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 24 −®¬¥à 4 2014 91



Œ. ˜. •�§¨�å¬¥â®¢, ’. ‚. ‡�å�à®¢�, �. ‚. ˜¥áâ�ª®¢

+
n − 1
n2

(

ξ2t+n − ξ2t
)

− 2
n2
(ξt+n − ξt)

n−1
∑

i=1

ξt+i+
2 (n − 1)

n2
(mt+nξt+n − mtξt)−

− 2
n2
(mt+n − mt)

n−1
∑

i=1

ξt+i −
2

n2
(ξt+n − ξt)

n−1
∑

i=1

mt+i .

�®«ãç¨«¨, çâ® ¯à¨à�é¥−¨¥ �„Œ à�á¯�¤�¥âáï −� âà¨ ª®¬¯®−¥−â�:

(1) An,t = ((n − 1)n2)
(

m2t+n − m2t
)

− (2/n2) (mt+n − mt)
n−1
∑

i=1
mt+i | ®¯¨áë-

¢�¥â −¥á«ãç�©−ãî ç�áâì ¯à¨à�é¥−¨ï;

(2) Bn,t = ((n − 1)/n2)
(

ξ2t+n − ξ2t
)

− (2/n2) (ξt+n − ξt)
n−1
∑

i=1
ξt+i | ®¯¨áë¢�¥â

ª®¬¯®−¥−â ¯à¨à�é¥−¨ï �„Œ, ¢®§−¨ª�îé¨© ¨áª«îç¨â¥«ì−® ¢á«¥¤áâ¢¨¥
−�«¨ç¨ï èã¬�;

(3) Cn,t = ((2 (n − 1))/n2) (mt+nξt+n − mtξt)− (2/n2)(mt+n −mt)
n−1
∑

i=1
ξt+i −

− (2/n2)(ξt+n − ξt)
n−1
∑

i=1
mt+i | ®¯¨áë¢�¥â ª®¬¯®−¥−â ¯à¨à�é¥−¨¥ �„Œ,

¢®§−¨ª�îé¨© ª�ª áã¯¥à¯®§¨æ¨ï ¨áâ¨−−®£® á¨£−�«� ¨ èã¬�.
�¥à¥£àã¯¯¨à®¢�¢ á«�£�¥¬ë¥ ¢ 3-¬ ª®¬¯®−¥−â¥, ¯®«ãç�¥¬:

Cn,t = ξt+n

(

2 (n − 1)
n2

mt+n − 2
n2

n−1
∑

i=1

mt+i

)

−

− ξt

(

2 (n − 1)
n2

mt −
2

n2

n−1
∑

i=1

mt+i

)

− 2

n2
(mt+n − mt)

n−1
∑

i=1

ξt+i . (4)

�¡ê¥¤¨−¨¢ ¯®«ãç¥−−ë¥ ¯à¥¤áâ�¢«¥−¨ï ¤«ï An,t, Bn,t ¨ Cn,t, ¯®«ãç�¥¬ (3). �

‹¥¬¬� 2. Š®¬¯®−¥−â Bn,t ¯à¨à�é¥−¨ï �„Œ, á®®â¢¥âáâ¢ãîé¥© ¬®¤¥«¨ (1) á®
á¤¥«�−−ë¬ ¢ëè¥ ¤®¯ãé¥−¨¥¬, ¯à¥¤áâ�¢¨¬ ¢ ¢¨¤¥ ¯à®¨§¢¥¤¥−¨ï ¤¢ãå −¥§�¢¨á¨¬ëå

á«ãç�©−ëå ¢¥«¨ç¨− á à�á¯à¥¤¥«¥−¨ï¬¨ N
(

0, 2σ2j
(

n2 − 1
)

)

¨ N
(

0, 2σ2j /n4
)

.

„ ® ª � § � â ¥ « ì á â ¢ ® . ‘¤¥«�¥¬ §�¬¥−ã á«¥¤ãîé¥£® ¢¨¤�:

u = ξt+n + ξt ; v = ξt+n − ξt . (5)

‡�¬¥â¨¬, çâ® u, v ∼ N
(

0, 2σ2j

)

. Šà®¬¥ â®£®, ¨å ª®¢�à¨�æ¨ï à�¢−� −ã«î:

cov (u, v) = E (u − Eu) (v − Ev) = Euv = E (ξt+n + ξt) (ξt+n − ξt) =

= E
(

ξ2t+n − ξ2t
)

= Eξ2t+n − Eξ2t = 0 .
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‘«ãç�©−ë¥ ¢¥«¨ç¨−ë u ¨ v ¨¬¥îâ −®à¬�«ì−®¥ à�á¯à¥¤¥«¥−¨¥ ¨ −¥ ª®àà¥«¨à®¢�−ë;
á«¥¤®¢�â¥«ì−®, ®−¨ −¥§�¢¨á¨¬ë. ’®£¤� ¬®¦¥¬ §�¯¨á�âì ¯à¥¤áâ�¢«¥−¨¥ ¤«ï Bn,t,
¯®«ãç¥−−®¥ ¢ «¥¬¬¥ 1, ¢ á«¥¤ãîé¥¬ ¢¨¤¥:

Bn,t =
n − 1
n2

(

ξ2t+n − ξ2t
)

− 2
n2
(ξt+n − ξt)

n−1
∑

i=1

ξt+i =

=
n − 1
n2

uv − 2
n2

v

n−1
∑

i=1

ξt+i =
1

n2
v

(

(n − 1) u − 2
n−1
∑

i=1

ξt+i

)

.

„�«¥¥ ¯®«ãç�¥¬:

B1,n,t =
v

n2
∼ N

(

0,
2σ2j
n4

)

;

B2,n,t = (n − 1) u − 2
n−1
∑

i=1

ξt+i ∼ N
(

0, 2σ2j (n − 1)2 + 4σ2j (n − 1)
)

=

= N
(

0, 2σ2j
(

n2 − 1
))

.

‡�¬¥â¨¬ â�ª¦¥, çâ® ¢ á¨«ã (1) ¨ (5) B1,n,t ¨ B2,n,t −¥§�¢¨á¨¬ë. �

‹¥¬¬� 3. Š®¬¯®−¥−â Cn,t ¯à¨à�é¥−¨ï �„Œ, á®®â¢¥âáâ¢ãîé¥© ¬®¤¥«¨ (1)
á® á¤¥«�−−ë¬ ¢ëè¥ ¤®¯ãé¥−¨¥¬, ¨¬¥¥â −®à¬�«ì−®¥ à�á¯à¥¤¥«¥−¨¥ á −ã«¥¢ë¬
¬�â¥¬�â¨ç¥áª¨¬ ®¦¨¤�−¨¥¬ ¨ ¤¨á¯¥àá¨¥©

4σ2j

n2

(

(mt+n − mn,t+1)
2 + (mt − mn,t)

2 +
n − 1
n2
(mt+n − mt)

2

)

(6)

(¯à¨ ãá«®¢¨¨, çâ® å®âï ¡ë ®¤−® ¨§ âà¥å á«�£�¥¬ëå ¢ áª®¡ª�å ®â«¨ç−® ®â
−ã«ï).
„ ® ª � § � â ¥ « ì á â ¢ ® . ‚®á¯®«ì§ã¥¬áï ¯à¥¤áâ�¢«¥−¨¥¬ (4) ¤«ï Cn,t ¨ (1) ¨ à�á-
á¬®âà¨¬ ª�¦¤®¥ ¨§ á«�£�¥¬ëå:

ξt+n

(

2 (n − 1)
n2

mt+n − 2
n2

n−1
∑

i=1

mt+i

)

=

=
2

n2
ξt+n

(

(n − 1)mt+n −
n−1
∑

i=1

mt+i

)

∼

∼ N



0,
4σ2j

n4

(

(n − 1)mt+n −
n−1
∑

i=1

mt+i

)2


 ;
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ξt

(

2 (n − 1)
n2

mt −
2

n2

n−1
∑

i=1

mt+i

)

=
2

n2
ξt

(

(n − 1)mt −
n−1
∑

i=1

mt+i

)

∼

∼ N



0,
4σ2j

n4

(

(n − 1)mt −
n−1
∑

i=1

mt+i

)2


 ;

2

n2
(mt+n − mt)

n−1
∑

i=1

ξt+i ∼ N

(

0,
4σ2j

n4
(n − 1) (mt+n − mt)

2

)

.

�®áª®«ìªã ¢á¥ ª®¬¯®−¥−âë −¥§�¢¨á¨¬ë, â® ¨§-§� ãá¨«¥−−®© ¢®á¯à®¨§¢®¤¨-
¬®áâ¨ à�á¯à¥¤¥«¥−¨¥ ¨å áã¬¬ë ®áâ�−¥âáï −®à¬�«ì−ë¬ á −ã«¥¢ë¬ ¬�â¥¬�â¨ç¥áª¨¬
®¦¨¤�−¨¥¬, � ¤«ï ¯®«ãç¥−¨ï ¤¨á¯¥àá¨¨ Cn,t −¥®¡å®¤¨¬® á«®¦¨âì ¤¨á¯¥àá¨¨
á«�£�¥¬ëå:

DCn,t =

=
4σ2j

n4

(

(n − 1)mt+n −
n−1
∑

i=1

mt+i

)2

+
4σ2j

n4

(

(n − 1)mt −
n−1
∑

i=1

mt+i

)2

+

+
4σ2j

n4
(n − 1) (mt+n − mt)

2 =

=
4σ2j

n4

(

nmt+n −
n
∑

i=1

mt+i

)2

+
4σ2j

n4

(

nmt −
n−1
∑

i=0

mt+i

)2

+

+
4σ2j

n4
(n − 1) (mt+n − mt)

2 =

=
4σ2j

n2

(

(mt+n − mn,t+1)
2 + (mt − mn,t)

2 +
n − 1
n2
(mt+n − mt)

2

)

.

‡�¬¥â¨¬, çâ® ¥á«¨ ª�¦¤®¥ ¨§ á«�£�¥¬ëå ¢ áª®¡ª�å à�¢−® 0, â® ª®¬¯®−¥−â Cn,t

¢ à�§«®¦¥−¨¨ ®âáãâáâ¢ã¥â. �

’¥®à¥¬�. ‚ â®çª¥ t, ¯à¨−�¤«¥¦�é¥© j-© í¯®å¥ (j = 1, k), èã¬®¢�ï á®áâ�¢«ï-
îé�ï ¯à¨à�é¥−¨ï �„Œ, á®®â¢¥âáâ¢ãîé¥© ¬®¤¥«¨ (1) á® á¤¥«�−−ë¬ ¢ëè¥
¤®¯ãé¥−¨¥¬, ¯à¥¤áâ�¢«ï¥â á®¡®© «¨¡® á«ãç�©−ãî ¢¥«¨ç¨−ã á ¯«®â−®áâìî à�á-
¯à¥¤¥«¥−¨ï ¢¨¤�

p(x) =
n2

2πσ2j
√

n2 − 1
K0

(

n2

2σ2j
√

n2 − 1
|x|
)

, (7)
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‘¢®©áâ¢� ¯à¨à�é¥−¨© ®ª®−−®© ¤¨á¯¥àá¨¨ ¬¨®£à�¬¬ë ª�ª á«ãç�©−®£® ¯à®æ¥áá�

£¤¥ K0 | ¬®¤¨ä¨æ¨à®¢�−−�ï äã−ªæ¨ï �¥áá¥«ï ¢â®à®£® à®¤� −ã«¥¢®£® ¯®àï¤ª�,
«¨¡® áã¬¬ã á«ãç�©−ëå ¢¥«¨ç¨−, ¯¥à¢�ï ¨§ ª®â®àëå ¨¬¥¥â ¯«®â−®áâì à�á-
¯à¥¤¥«¥−¨ï (7), � ¢â®à�ï à�á¯à¥¤¥«¥−� −®à¬�«ì−® á −ã«¥¢ë¬ ¬�â¥¬�â¨ç¥áª¨¬
®¦¨¤�−¨¥¬ ¨ ¤¨á¯¥àá¨¥© (6).
„ ® ª � § � â ¥ « ì á â ¢ ® . ‘®£«�á−® «¥¬¬¥ 1 ¯à¨à�é¥−¨¥ �„Œ ¯à¥¤áâ�¢¨¬® ¢ ¢¨¤¥
áã¬¬ë âà¥å ª®¬¯®−¥−â®¢, ¤¢� ¨§ ª®â®àëå ï¢«ïîâáï èã¬®¢ë¬¨. ‚ á¨«ã «¥¬¬ë 2
¤«ï ª®¬¯®−¥−â� Bn,t ¨¬¥¥¬ ¯à¥¤áâ�¢«¥−¨¥ ¢ ¢¨¤¥ ¯à®¨§¢¥¤¥−¨ï ¤¢ãå −¥§�¢¨á¨¬ëå
−®à¬�«ì−® à�á¯à¥¤¥«¥−−ëå á«ãç�©−ëå ¢¥«¨ç¨− B1,n,t ¨ B2,n,t.

‚ ®¡é¥¬ á«ãç�¥ ¤«ï ¤¢ãå −¥§�¢¨á¨¬ëå −®à¬�«ì−® à�á¯à¥¤¥«¥−−ëå á«ãç�©−ëå
¢¥«¨ç¨− ξx ¨ ξy á −ã«¥¢ë¬¨ ¬�â¥¬�â¨ç¥áª¨¬¨ ®¦¨¤�−¨ï¬¨ ¨ ¤¨á¯¥àá¨ï¬¨ σ2x ¨ σ2y
¨¬¥¥¬ á«¥¤ãîé¨© ¢¨¤ ¯«®â−®áâ¨ ¨å ¯à®¨§¢¥¤¥−¨ï:

p(z) =
1

2πσxσy

+∞
∫

−∞

+∞
∫

−∞

exp

(

− x2

2σ2x

)

exp

(

− y2

2σ2y

)

δ(z − xy) dxdy =

=
1

2πσxσy

+∞
∫

−∞

exp

(

− z2

2σ2xy
2

)

exp

(

− y2

2σ2y

)

dy

y
=

=
1

πσxσy

+∞
∫

0

exp

(

− z2

2σ2xy2

)

exp

(

− y2

2σ2y

)

dy

y
=

1

πσxσy
K0

( |z|
σxσy

)

.

�à¨¬¥−¨¢ ¯®«ãç¥−−ë© à¥§ã«ìâ�â ª B1,n,t ¨ B2,n,t ¨ ¢®á¯®«ì§®¢�¢è¨áì â¥¬, çâ®

+∞
∫

0

exp

(

− a

y2
− by2

)

dy

y
= K0

(

2
√

ab
)

¯à¨ a, b > 0,

£¤¥ K0 | ¬®¤¨ä¨æ¨à®¢�−−�ï äã−ªæ¨ï �¥áá¥«ï ¢â®à®£® à®¤� −ã«¥¢®£® ¯®àï¤ª�,
¯®«ãç�¥¬ (7). ˆáå®¤ï ¨§ íâ®£® ¨ «¥¬¬ë 3, ¯®«ãç�¥¬ âà¥¡ã¥¬®¥. �

3 Заключение

�®«ãç¥−−ë¥ à¥§ã«ìâ�âë ¯®§¢®«ïîâ ®¡êïá−¨âì, ª�ª ¨ ¯®ç¥¬ã à�¡®â�îâ ¡�§®-
¢ë© ¨ ¬®¤¨ä¨æ¨à®¢�−−ë© �«£®à¨â¬ë. �® áãâ¨, ¢®§¬®¦−®áâì ¢ëï¢¨âì ®¯®à−ãî
â®çªã, ¨á¯®«ì§ãï ¨å, ®¡ãá«®¢«¥−� ¤¢ã¬ï ä�ªâ�¬¨. ‚®-¯¥à¢ëå, −¥§�èã¬«¥−−�ï
�„Œ ¢ ¬�«®© ®ªà¥áâ−®áâ¨ ®¯®à−®© â®çª¨ ¯à¥¤áâ�¢«ï¥â á®¡®© ¤®áâ�â®ç−® ¡ëáâà®
¢®§à�áâ�îéãî äã−ªæ¨î, ¢ â® ¢à¥¬ï ª�ª ¤® íâ®© ®ªà¥áâ−®áâ¨ ®−� ¯à�ªâ¨ç¥áª¨
−ã«¥¢�ï. ‚®-¢â®àëå, èã¬®¢ë¥ á®áâ�¢«ïîé¨¥ ¯à¨à�é¥−¨© �„Œ à�á¯à¥¤¥«¥−ë
â�ª, çâ® á«�¡® ¨áª�¦�îâ à®áâ �„Œ ¢ ®ªà¥áâ−®áâ¨ ®¯®à−®© â®çª¨.
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Œ. ˜. •�§¨�å¬¥â®¢, ’. ‚. ‡�å�à®¢�, �. ‚. ˜¥áâ�ª®¢

�¥à¢®¥ ãâ¢¥à¦¤¥−¨¥ á¢ï§�−® á ¯à¨à®¤®© ¬¨®£à�¬¬ë: ¥áâì ú¨áâ¨−−�ïû
ç�áâì | −¨§ª®ç�áâ®â−�ï äã−ªæ¨ï á ¢ë¡à®á�¬¨ (¢ëá®ª®ç�áâ®â−ë¬¨ ¢ª«îç¥−¨-
ï¬¨), «®ª�«¨§®¢�−−ë¬¨ ¢ ®ªà¥áâ−®áâ¨ ®¯®à−ëå â®ç¥ª, ¨ èã¬®¢�ï | ¢ëá®ª®ç�á-
â®â−�ï. ‚á¥ íâ® §�«®¦¥−® ¢ ¬®¤¥«¨ (1). Ÿ¢−® −¥ ãª�§�−ë «¨èì á®®â−®è¥−¨ï
¬¥¦¤ã �¬¯«¨âã¤®© èã¬� ¨ ¢ë¡à®á®¢. �� ®á−®¢¥ ¨¬¥îé¨åáï ¬¨®£à�¬¬ ¬®¦−®
ãâ¢¥à¦¤�âì ® à�§«¨ç¨¨ ¢ 2{10 à�§ | §®−ë ¤¢¨¦¥−¨© ¢ ¡®«ìè¨−áâ¢¥ á«ãç�¥¢
à�§«¨ç¨¬ë ¯à®áâ® ¢¨§ã�«ì−® ¡¥§ ª�ª®©-«¨¡® ¤®¯®«−¨â¥«ì−®© ®¡à�¡®âª¨.

÷�áá¬®âà¨¬ ¢â®à®¥ ãâ¢¥à¦¤¥−¨¥. �®áª®«ìªã ¤¨á¯¥àá¨ï ¯à®¨§¢¥¤¥−¨ï −¥-
§�¢¨á¨¬ëå á«ãç�©−ëå ¢¥«¨ç¨− á −ã«¥¢ë¬ ¬�â¥¬�â¨ç¥áª¨¬ ®¦¨¤�−¨¥¬ à�¢−�
¯à®¨§¢¥¤¥−¨î ¨å ¤¨á¯¥àá¨©, ¢ á¨«ã «¥¬¬ë 2 ¯®«ãç�¥¬, çâ® ¤¨á¯¥àá¨ï Bn,t à�¢−�

DBn,t =
4σ4j

(

n2 − 1
)

n4
≈
4σ4j

n2
. (8)

�® «¥¬¬¥ 3 ¤¨á¯¥àá¨ï Cn,t ¨¬¥¥â ¢¨¤ (6). ’�ª¨¬ ®¡à�§®¬, áà¥¤−¨¥ ª¢�¤à�â¨ç−ë¥
®âª«®−¥−¨ï ®¡®¨å ª®¬¯®−¥−â®¢, ª�ª ¨ á«¥¤®¢�«® ®¦¨¤�âì, ®¡à�â−® ¯à®¯®àæ¨®-
−�«ì−ë n. ‚ ¢ëà�¦¥−¨¥ ¤«ï Cn,t ¢å®¤ïâ â�ª¦¥ ¢¥«¨ç¨−ë, §�¢¨áïé¨¥ ®â ¨áâ¨−-
−ëå §−�ç¥−¨© ¬¨®£à�¬¬ë. �®íâ®¬ã ¢§�¨¬−ë© íää¥ªâ ®â èã¬®¢ëå ª®¬¯®−¥−â®¢
®¯à¥¤¥«ï¥âáï â¥¬, ª�ª á®®â−®áïâáï σ2j ¨ (mt+n − mn,t+1)

2 + (mt − mn,t)
2 +

+ ((n − 1)/n2) (mt+n − mt)
2. ‡�¬¥â¨¬, çâ® ¯à¨à�é¥−¨ï, ª�ª ¨ à�§−®áâ¨ á®

áà¥¤−¨¬, ¢ −�ç�«¥ ¤¢¨¦¥−¨ï ¯à¥¢ëè�îâ áà¥¤−¨© ãà®¢¥−ì èã¬�, ¯®íâ®¬ã ¨¬¥¥â
¬¥áâ® ¯à¥®¡«�¤�−¨¥ ª®¬¯®−¥−â� Cn,t. Šà®¬¥ â®£®, ¨−â¥à¥á¥− ¢®¯à®á á®®â−®è¥−¨ï
¬¥¦¤ã An,t ¨ áã¬¬®© èã¬®¢ëå ª®¬¯®−¥−â, â�ª ª�ª â®ç−®áâì ®¯à¥¤¥«¥−¨ï ®¯®à−®©
â®çª¨ −�¯àï¬ãî á¢ï§�−� á â¥¬, −�áª®«ìª® à¥§ª® ¢®§à�áâ�¥â �„Œ ¢ ¥¥ ®ªà¥áâ-
−®áâ¨ | ¥á«¨ èã¬ á ¢ëá®ª®© ¢¥à®ïâ−®áâìî á¯®á®¡¥− ¯®¤�¢«ïâì à®áâ ®ª®−−®©
¤¨á¯¥àá¨¨ ¨áâ¨−−®£® á¨£−�«�, â® â®ç−®áâì ¡ã¤¥â −¨§ª®©.

‡�¬¥â¨¬, çâ® An,t ¨§ «¥¬¬ë 1 ¬®¦−® §�¯¨á�âì â�ª¦¥ ¢ ¢¨¤¥:

An,t =
mt+n − mt

n2

(

nmt+n −
n
∑

i=1

mt+i + nmt −
n−1
∑

i=0

mt+i

)

=

=
mt+n − mt

n
((mt+n − mn,t+1) + (mt − mn,t)) .

‚®§¢¥¤ï íâ® ¢ëà�¦¥−¨¥ ¢ ª¢�¤à�â ¨ á®®â−¥áï á (6) ¨ (8), ¯®«ãç�¥¬, çâ® ¢«¨-
ï−¨¥ èã¬� −� ¨â®£®¢®¥ ¯à¨à�é¥−¨¥ �„Œ ¢−®¢ì ®¯à¥¤¥«ï¥âáï á®®â−®è¥−¨¥¬
¯à¨à�é¥−¨© ¢ ú¨áâ¨−−®©û ¬¨®£à�¬¬¥ ¨ ¤¨á¯¥àá¨¥© èã¬�.
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PROPERTIES OF WINDOW DISPERSION INCREMENTS
OF A MYOGRAM AS A STOCHASTIC PROCESS

M. Sh. Khaziakhmetov1, T. V. Zakharova1, and O. V. Shestakov1,2

1Faculty of Computational Mathematics and Cybernetics, M. V. Lomonosov
Moscow State University, 1-52 Leninskiye Gory, GSP-1, Moscow 119991,
Russian Federation
2Institute of Informatics Problems, Russian Academy of Sciences, 44-2 Vavilov
Str., Moscow 119333, Russian Federation

Abstract: One of the most rapidly progressing directions in the modern
medicine is brain activity research. There is a set of techniques of carrying
out experiments in this area. One of the approaches is the so-called method
of caused potentials: a testee repeats some actions and his brain activity and
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some auxiliary signals are registered for further analysis. The authors of this
paper and their colleagues published several papers about algorithms of reference
points localization by a myogram (and some other signals) for the experiment with
finger movements. Accuracy of detection of these points is critical for processing
a magnetoencephalogram | signal average by multiple epochs centered by them
is computed to find a sensor with the best response (it should be closer to the
source of activity than other). In this paper, some theoretical aspects of these
algorithms such as a myogram and increment of its window dispersion as random
processes are discussed.

Keywords: window dispersion; window dispersion increments; myogram; mag-
netoencephalogram

DOI: 10.14357/08696527140405
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МЕТОД РАСПРОСТРАНЕНИЯ С ПОМОЩЬЮ АТАКИ
«ЧЕЛОВЕК ПОСЕРЕДИНЕ» В ПРОТОКОЛЕ DHCP

М. В. Левыкин1, М. И. Троненко2, И. В. Шидловский-Москвин3

�−−®â�æ¨ï: �à®¢¥¤¥−−ë¥ ¨áá«¥¤®¢�−¨ï á®¢à¥¬¥−−ëå ¢à¥¤®−®á−ëå ¯à®£à�¬¬
¯®§¢®«¨«¨ ¢ëï¢¨âì, çâ® ®¤−¨¬ ¨§ £«�¢−ëå ¬¥â®¤®¢ ¨å à�á¯à®áâà�−¥−¨ï ï¢«ï-
¥âáï �â�ª� −� ¯à®â®ª®« ¤¨−�¬¨ç¥áª®© ª®−ä¨£ãà�æ¨¨ á¥â¥¢®£® ã§«� (DHCP |
Dynamic Host Configuration Protocol) á æ¥«ìî ®à£�−¨§�æ¨¨ áå¥¬ë úç¥«®¢¥ª
¯®á¥à¥¤¨−¥û. �¤−�ª® à¥§ã«ìâ�â â�ª®© �â�ª¨ −®á¨â ¢¥à®ïâ−®áâ−ë© å�à�ªâ¥à
¨ §�¢¨á¨â ®â à�§−¨æë ¬¥¦¤ã áª®à®áâìî ¯®«ãç¥−¨ï ®â¢¥â� ®â ¢à�¦¤¥¡−®£®
á¥à¢¥à� DHCP ¨ «¥£�«ì−®£®. ‚ à�¡®â¥ ®¯¨áë¢�¥âáï ª®−æ¥¯æ¨ï à�á¯à®-
áâà�−¥−¨ï á ¯®¬®éìî �â�ª¨ úç¥«®¢¥ª ¯®á¥à¥¤¨−¥û ¢ ¯à®â®ª®«¥ DHCP ¨ ¥¥
®£à�−¨ç¥−¨ï, −�ª«�¤ë¢�¥¬ë¥ ¯à®â®ª®«®¬ ¤¨−�¬¨ç¥áª®© ª®−ä¨£ãà�æ¨¨ á¥â¥-
¢®£® ã§«�. ˆáá«¥¤®¢�−¨ï ¯à®â®ª®«� DHCP ¨ ®£à�−¨ç¥−¨© −� ª®−æ¥¯æ¨î
à�á¯à®áâà�−¥−¨ï ¢ −¥¬ ¯à¨¢¥«¨ ª á®§¤�−¨î −®¢®£® ¬¥â®¤�, à¥�«¨§ãîé¥£®
�â�ªã â¨¯� úç¥«®¢¥ª ¯®áà¥¤¨−¥û. �®¢ë© ¬¥â®¤ £�à�−â¨à®¢�−−®© �â�ª¨ −�
DHCP-¯à®â®ª®« ¨áª«îç�¥â ¢¥à®ïâ−®áâ−ãî á®áâ�¢«ïîéãî ¨ ï¢«ï¥âáï ®á−®¢-
−ë¬ à¥§ã«ìâ�â®¬ à�¡®âë.

Š«îç¥¢ë¥ á«®¢�: ¯à®â®ª®« DHCP; ç¥«®¢¥ª ¯®á¥à¥¤¨−¥; «®ª�«ì−�ï ¢ëç¨á«¨-
â¥«ì−�ï á¥âì (‹‚‘); ¬¥â®¤ £�à�−â¨à®¢�−−®£® à�á¯à®áâà�−¥−¨ï; ¢à¥¤®−®á−ë©
ª®¤
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1 Введение

–¥«ìî ¤�−−®© à�¡®âë ï¢«ï¥âáï à�§à�¡®âª� −®¢®£® ¬¥â®¤� £�à�−â¨à®¢�−−®£®
à�á¯à®áâà�−¥−¨ï ¢à¥¤®−®á−®£® ª®¤� [1, 2] á ¯®¬®éìî �â�ª¨ úç¥«®¢¥ª ¯®á¥à¥¤¨-
−¥û ¢ ¯à®â®ª®«¥ DHCP [3]. �à¨ íâ®¬ ¯®¤ £�à�−â¨à®¢�−−ë¬ à�á¯à®áâà�−¥−¨¥¬
¢ à�¬ª�å ¤�−−®© à�¡®âë ¯®−¨¬�¥âáï ®âáãâáâ¢¨¥ á«ãç�©−®£® à¥§ã«ìâ�â� â�ª®£®
à�á¯à®áâà�−¥−¨ï. „«ï ¤®áâ¨¦¥−¨ï ¯®áâ�¢«¥−−®© æ¥«¨ à¥è�îâáï á«¥¤ãîé¨¥
§�¤�ç¨: ®¯¨áë¢�¥âáï ®¡é�ï ¨¤¥ï (ª®−æ¥¯æ¨ï) à�á¯à®áâà�−¥−¨ï [4] á ¯®¬®éìî �â�-
ª¨ úç¥«®¢¥ª ¯®á¥à¥¤¨−¥û ¢ ¯à®â®ª®«¥ DHCP; ä®à¬¨àã¥âáï ®á−®¢−�ï ¯à®¡«¥¬�
¨áá«¥¤®¢�−¨ï ¢ ¢¨¤¥ ®£à�−¨ç¥−¨ï à�á¯à®áâà�−¥−¨ï, −�ª«�¤ë¢�¥¬®£® ¯à®â®ª®-
«®¬ DHCP; ¯à¨¢®¤¨âáï ®¯¨á�−¨¥ à�§à�¡®â�−−®£® ¬¥â®¤�, à¥è�îé¥£® ¯à®¡«¥¬ã
®£à�−¨ç¥−¨ï à�á¯à®áâà�−¥−¨ï ¢ ¯à®â®ª®«¥ DHCP.
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Œ¥â®¤ à�á¯à®áâà�−¥−¨ï á ¯®¬®éìî �â�ª¨ úç¥«®¢¥ª ¯®á¥à¥¤¨−¥û ¢ ¯à®â®ª®«¥ DHCP

2 Концепция распространения с помощью атаки «человек
посередине» в протоколе DHCP

�à®â®ª®« DHCP ¡ë« à�§à�¡®â�− ¢ 1990-å ££. −� ¡�§¥ ¯à®â®ª®«� BOOTP
(bootstrap protocol) ¤«ï à¥è¥−¨ï §�¤�ç¨ ¤¨−�¬¨ç¥áª®£® à�á¯à¥¤¥«¥−¨ï �¤à¥á®¢
¢ «®ª�«ì−ëå ¢ëç¨á«¨â¥«ì−ëå á¥âïå. ‚ −�áâ®ïé¥¥ ¢à¥¬ï íâ®â ¯à®â®ª®« �ªâ¨¢−®
¨á¯®«ì§ã¥âáï ¯à�ªâ¨ç¥áª¨ ¢® ¢á¥å ª®¬¯ìîâ¥à−ëå á¥âïå ¬¨à�. „«ï ®¯¨á�−¨ï
ª®−æ¥¯æ¨¨ à�á¯à®áâà�−¥−¨ï á ¯®¬®éìî â�ª®£® ¯à®â®ª®«� à�áá¬®âà¨¬ ¡®«¥¥ ¯®-
¤à®¡−® ¯à®æ¥áá ¤¨−�¬¨ç¥áª®© −�áâà®©ª¨ (ª®−ä¨£ãà�æ¨¨) ã§«� á¥â¨. �à®â®ª®«
DHCP à�¡®â�¥â ¯® ¬®¤¥«¨ úª«¨¥−â{á¥à¢¥àû. „«ï �¢â®¬�â¨ç¥áª®© ª®−ä¨£ãà�æ¨¨
ª«¨¥−â −� íâ�¯¥ ª®−ä¨£ãà�æ¨¨ á¥â¥¢®£® ãáâà®©áâ¢� ®¡à�é�¥âáï ª á¥à¢¥àã ¨ ¯®«ã-
ç�¥â ®â −¥£® −ã¦−ë¥ ¯�à�¬¥âàë, � ¨¬¥−−®: �¤à¥á DHCP-á¥à¢¥à�, á¢®© á¥â¥¢®©
�¤à¥á, ¬�áªã á¥â¨, �¤à¥á DNS-á¥à¢¥à�, �¤à¥á WINS-á¥à¢¥à�, �¤à¥á è«î§�, �¤à¥á
PROXY-á¥à¢¥à�, áà®ª �à¥−¤ë á¢®¥£® �¤à¥á� ¨ â. ¤. �¥à¥¤�ç� ¤�−−ëå ¯à®¨§-
¢®¤¨âáï á ¯®¬®éìî ¯à®â®ª®«� UDP (User Datagram Protocol), ¯à¨ íâ®¬ á¥à¢¥à
¯à¨−¨¬�¥â á®®¡é¥−¨ï ®â ª«¨¥−â®¢ −� ¯®àâ 67 ¨ ®â¯à�¢«ï¥â á®®¡é¥−¨ï ª«¨¥−â�¬
−� ¯®àâ 68.

�¥®¡å®¤¨¬® ®â¬¥â¨âì, çâ® ª«¨¥−â ¤«ï ª®−ä¨£ãà�æ¨¨ á¥â¥¢®£® ãáâà®©áâ¢� à�á-
áë«�¥â è¨à®ª®¢¥é�â¥«ì−ë© §�¯à®á −� ¯®«ãç¥−¨¥ −¥®¡å®¤¨¬ëå ¥¬ã ¯�à�¬¥âà®¢.
‘¥à¢¥à ®â¢¥ç�¥â −� íâ®â §�¯à®á ¨ ®â¯à�¢«ï¥â ª«¨¥−âã âà¥¡ã¥¬ë¥ ¯�à�¬¥âàë.
�à¨ íâ®¬ äã−ªæ¨ï �¢â®à¨§�æ¨¨ ®âáãâáâ¢ã¥â ¢ ¯à®â®ª®«¥ DHCP, â. ¥. −¨ ª«¨¥−â,
−¨ á¥à¢¥à −¥ ¨¬¥îâ ¢®§¬®¦−®áâ¨ ¯®¤â¢¥à¤¨âì «¥£�«ì−®áâì á¢®¥£® ¯à¨áãâáâ¢¨ï
¢ á¥â¥¢®¬ ¢§�¨¬®¤¥©áâ¢¨¨. ˆ¬¥−−® íâ� ®á®¡¥−−®áâì ¯à®â®ª®«� DHCP ¯®§¢®«ï¥â
à¥�«¨§®¢ë¢�âì á ¥£® ¯®¬®éìî à�§«¨ç−ë¥ áå¥¬ë à�á¯à®áâà�−¥−¨ï. ‚ ®á−®¢ã â�ª¨å
áå¥¬ ¯®«®¦¥− ¬¥â®¤ úç¥«®¢¥ª� ¯®á¥à¥¤¨−¥û [5].

÷�áá¬®âà¨¬ ª®−æ¥¯æ¨î à�á¯à®áâà�−¥−¨ï á ¯®¬®éìî ¯à®â®ª®«� DHCP.
‚ á¨«ã ®âáãâáâ¢¨ï ¢ ¯à®â®ª®«¥ DHCP ¢®§¬®¦−®áâ¨ �¢â®à¨§�æ¨¨ «î¡®© ã§¥«

á¥â¨ ¬®¦¥â ¢ëáâã¯¨âì ¢ à®«¨ á¥à¢¥à�. �à¨ íâ®¬ ª�¦¤ë© −®¢ë© ã§¥«, ¢ëáâã-
¯�îé¨© ¢ à®«¨ ª«¨¥−â� DHCP, ¬®¦¥â ¯®«ãç�âì ®â á¥à¢¥à� §«®ã¬ëè«¥−−¨ª�
«®¦−ë¥ −�áâà®©ª¨ á¥â¥¢®£® ã§«�. ��¯à¨¬¥à, �¤à¥á� «®¦−ëå á¥à¢¥à®¢ DNS,
PROXY, WINS; �¤à¥á «®¦−®£® è«î§� ¨ â. ¤. �®«ãç¨¢ «®¦−ë¥ −�áâà®©ª¨, ª«¨-
¥−â ¤«ï ®áãé¥áâ¢«¥−¨ï á¥â¥¢®£® ¢§�¨¬®¤¥©áâ¢¨ï ¡ã¤¥â ®¡à�é�âìáï −¥ ª «¥£�«ì−ë¬
á¥â¥¢ë¬ à¥áãàá�¬, � ª «®¦−ë¬, ª®â®àë¥, ¢ á¢®î ®ç¥à¥¤ì, ¬®£ãâ ¬®¤¨ä¨æ¨à®¢�âì
á¥â¥¢®© âà�ä¨ª ¨ ¯¥à¥−�¯à�¢«ïâì ¥£® «¥£�«ì−ë¬ à¥áãàá�¬ ¨ ®¡à�â−®. ‘ ¯®¬®éìî
¬®¤¨ä¨ª�æ¨¨ âà�ä¨ª� ¢®§¬®¦−ë à�§«¨ç−ë¥ áå¥¬ë à�á¯à®áâà�−¥−¨ï. ��¯à¨¬¥à,
á ¯®¬®éìî ¢−¥¤à¥−¨ï ¨á¯®«−ï¥¬®£® ª®¤� ¢ ¢¥¡-âà�ä¨ª, ¨áå®¤ïé¨© ®â «®¦−®£®
PROXY-á¥à¢¥à� [5]. ’�ª¨¬ ®¡à�§®¬ ¬®¦¥â ¡ëâì à¥�«¨§®¢�−� áå¥¬� úç¥«®¢¥ª
¯®á¥à¥¤¨−¥û ¤«ï à�á¯à®áâà�−¥−¨ï ¢à¥¤®−®á−ëå ¯à®£à�¬¬ [6].

Š�ª á«¥¤ã¥â ¨§ ¨§«®¦¥−−®£® ¢ëè¥, ¢ ®á−®¢¥ à�á¯à®áâà�−¥−¨ï á ¯®¬®éìî
¯à®â®ª®«� DHCP «¥¦�â ¤¢¥ ¢®§¬®¦−®áâ¨: á®§¤�−¨¥ «®¦−®£® DHCP-á¥à¢¥à�
¨ ú−�¢ï§ë¢�−¨¥û ¥£® ª«¨¥−â�¬ «®¦−ëå á¥à¢¥à®¢, −� ª®â®àëå à¥�«¨§ãîâáï �â�ª¨
â¨¯� úç¥«®¢¥ª ¯®á¥à¥¤¨−¥û.
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3 Ограничения протокола DHCP, накладываемые на концепцию
распространения

�á−®¢−®© ¯à®¡«¥¬®© ¢ ¤�−−®© ª®−æ¥¯æ¨¨ à�á¯à®áâà�−¥−¨ï ï¢«ï¥âáï −�«¨ç¨¥
á«ãç�©−®© á®áâ�¢«ïîé¥©, ª®â®à�ï, ¢ á¢®î ®ç¥à¥¤ì, §�¢¨á¨â ®â áª®à®áâ¨ ¯®«ã-
ç¥−¨ï ®â¢¥â� ª«¨¥−â®¬ ®â DHCP-á¥à¢¥à�. „«ï «ãçè¥£® ¯®−¨¬�−¨ï ¤�−−®£®
ä�ªâ� −¥®¡å®¤¨¬® à�áá¬®âà¥âì ¢§�¨¬®¤¥©áâ¢¨¥ ¤¢ãå DHCP-á¥à¢¥à®¢ ¨ −®¢®£®
DHCP-ª«¨¥−â� ¢ ®¤−®© «®ª�«ì−®© á¥â¨, ¯®ª�§�−−®¥ −� à¨á. 1 ¨ á®£«�áãîé¥¥áï
á ®ä¨æ¨�«ì−®© á¯¥æ¨ä¨ª�æ¨¥© ¯à®â®ª®«� DHCP, ®¯¨á�−−®© ¢ RFC (Request For
Comments).

‹î¡®© −®¢ë© DHCP-ª«¨¥−â, ¯à¥¤áâ�¢«ïîé¨© á®¡®© á¥â¥¢®¥ ãáâà®©áâ¢®, ¤«ï
¯®«ãç¥−¨ï ¤¨−�¬¨ç¥áª®© ª®−ä¨£ãà�æ¨¨ ¯®áë«�¥â è¨à®ª®¢¥é�â¥«ì−ë© §�¯à®á ¯®
¯à®â®ª®«ã UDP −� ¯®àâ 67. ’�ª®© §�¯à®á −�§ë¢�¥âáï DHCPDISCOVER. �¡�

÷¨á. 1 „¨�£à�¬¬� á®áâ®ï−¨© ¢§�¨¬®¤¥©áâ¢¨ï DHCP-ª«¨¥−â� ¨ ¤¢ãå DHCP-á¥à¢¥à®¢
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Œ¥â®¤ à�á¯à®áâà�−¥−¨ï á ¯®¬®éìî �â�ª¨ úç¥«®¢¥ª ¯®á¥à¥¤¨−¥û ¢ ¯à®â®ª®«¥ DHCP

á¥à¢¥à� ¯®«ãç�îâ ¤�−−ë© §�¯à®á ¨ ®â¢¥ç�îâ −� −¥£® ª�¦¤ë© ®¤−¨¬ ¯�ª¥â®¬,
−�§ë¢�¥¬ë¬ DHCPOFFER, −� ¯®àâ 68. „�−−ë© ®â¢¥â á®¤¥à¦¨â ¯à¥¤«�£�¥¬ë¥
á¥à¢¥à®¬ ª«¨¥−âã ¯�à�¬¥âàë ª®−ä¨£ãà�æ¨¨ á¥â¥¢®£® ãáâà®©áâ¢�. ‘â®¨â ®â¬¥â¨âì,
çâ® ª«¨¥−â ¯à¨ ®â¯à�¢ª¥ §�¯à®á� DHCPDISCOVER ¢á¥£¤� §�¯à�è¨¢�¥â á¢®©
¯à¥¤ë¤ãé¨© á¥â¥¢®© �¤à¥á. ‡�â¥¬ ª«¨¥−â ¯®áë«�¥â DHCPREQUEST-¯�ª¥-
âë DHCP-á¥à¢¥à�¬, ¢ ª®â®àëå ãª�§�−ë §�¯à�è¨¢�¥¬ë¥ ¨¬ −�áâà®©ª¨. ‡�â¥¬
á¥à¢¥àë ®â¢¥ç�îâ ¯�ª¥â�¬¨ DHCPACK. �â¨ ¯�ª¥âë ¯®¤â¢¥à¦¤�îâ ¯®«ãç¥−¨¥
ª«¨¥−â®¬ §�¯à�è¨¢�¥¬ëå ¤�−−ëå. ’�ª¨¬ ®¡à�§®¬, ¢®§¬®¦−� á¨âã�æ¨ï, ª®£¤� ®¡�
á¥à¢¥à� ¯à¨è«îâ ª«¨¥−âã §�¯à�è¨¢�¥¬ãî ¨¬ ª®−ä¨£ãà�æ¨î. �¤−�ª® DHCP-
á¥à¢¥à, ª®â®àë© ¯à¨è«¥â ®â¢¥â ª«¨¥−âã ¯¥à¢ë¬, ¯®«ãç¨â ¯à¨®à¨â¥â á® áâ®à®−ë
ª«¨¥−â� −�¤ DHCP-á¥à¢¥à®¬, ª®â®àë© ®â¢¥â¨â ¯®§¦¥.

‘«¥¤ã¥â ®â¬¥â¨âì, çâ® ª«¨¥−â ¢ë¡¨à�¥â ª®−ä¨£ãà�æ¨î á®£«�á−® ¤¢ã¬ ªà¨-
â¥à¨ï¬: ¯à¥¤«�£�¥¬®¬ã á¥à¢¥à®¬ á¥â¥¢®¬ã �¤à¥áã ¨ ¢à¥¬¥−¨ ¤®áâ�¢ª¨ ®â¢¥â� ®â
á¥à¢¥à�. „¥-ä�ªâ® ª�¦¤ë© ª«¨¥−â §�¯à�è¨¢�¥â ¯à¨ ¯®¤ª«îç¥−¨¨ ã á¥à¢¥à�
ª®−ä¨£ãà�æ¨î, ª®â®à�ï ¡ë«� ã −¥£® ¯®á«¥¤−¥©, ¨ ¯à¥¤«�£�¥¬�ï ª®−ä¨£ãà�æ¨ï
¢ ¢¨¤¥ áâ�à®£® á¥â¥¢®£® �¤à¥á� ¨¬¥¥â ¡®«ìè¨© ¯à¨®à¨â¥â, ç¥¬ ¢à¥¬ï ¯®«ãç¥−¨ï
®â¢¥â�. �¤−�ª® ¢ á«ãç�¥ ¯®«ãç¥−¨ï ®¤¨−�ª®¢®© ¯à¥¤«�£�¥¬®© ª®−ä¨£ãà�æ¨¨
á¥â¥¢ëå �¤à¥á®¢ à¥è�îéãî à®«ì ¨£à�¥â ¢à¥¬ï ¯®«ãç¥−¨ï ®−®©, çâ® ¯®ª�§�−® −�
à¨á. 1.

�� ¯à�ªâ¨ª¥ §«®ã¬ëè«¥−−¨ªã −¥ á®áâ�¢«ï¥â âàã¤� ¯®«ãç¨âì ª®−ä¨£ãà�æ¨î
DHCP-ã§«®¢, â�ª ª�ª á ¡®«ìè®© ¤®«¥© ¢¥à®ïâ−®áâ¨ ª®−ä¨£ãà�æ¨ï ®¤−®à®¤−�
¤«ï ¢á¥å ã§«®¢ á¥â¨, §� ¨áª«îç¥−¨¥¬ à�§«¨ç¨© ¢ á¥â¥¢ëå �¤à¥á�å. ‘®§¤�−¨¥
«®¦−ëå DHCP-á¥à¢¥à®¢ ¢ «®ª�«ì−®© ¢ëç¨á«¨â¥«ì−®© á¥â¨ (‹‚‘) â�ª¦¥ −¥
¯à¥¤áâ�¢«ï¥â á«®¦−®áâ¨, â�ª ª�ª âà¥¡ã¥â à�§à¥è¥−¨ï ¤«ï à�¡®âë ¯® ¯à®â®ª®«ã
UDP −� ¯®àâ�å 67 ¨ 68. ’�ª®¥ à�§à¥è¥−¨¥ ¢ ¡®«ìè¨−áâ¢¥ á«ãç�¥¢ ¯à¨áãâáâ¢ã¥â
¢ ª®¬¯ìîâ¥à−ëå á¥âïå ¢ á¨«ã −¥®¡å®¤¨¬®áâ¨ ®áãé¥áâ¢«¥−¨ï à�¡®âë «¥£�«ì−®£®
DHCP-á¥à¢¥à�. �¤−�ª® £«�¢−®© ¯à®¡«¥¬®© ï¢«ï¥âáï áª®à®áâì ¤®áâ�¢ª¨ ®â¢¥â®¢
®â «®¦−®£® DHCP-á¥à¢¥à� ª ª«¨¥−âã. „¥«® ¢ â®¬, çâ® á¥â¥¢®¥ ®¡®àã¤®¢�−¨¥
(á¥â¥¢ë¥ ª�àâë, ¬�àèàãâ¨§�â®àë, ª®¬¬ãâ�â®àë ¨ â. ¯.) ¨«¨ á¥â¥¢ë¥ á¥à¢¥àë
¨¬¥îâ ¢ à�§ë ¡®«ìèãî ¢ëç¨á«¨â¥«ì−ãî ¬®é−®áâì ¨ ¯à¨®à¨â¥â ®¡à�¡®âª¨, ç¥¬
à�¡®ç¨¥ áâ�−æ¨¨, á ª®â®àëå ¬®¦¥â ®áãé¥áâ¢«ïâìáï à�á¯à®áâà�−¥−¨¥. Š�ª á«¥¤-
áâ¢¨¥, ¯�ª¥âë «®¦−ëå DHCP-á¥à¢¥à®¢ ¯à¨å®¤ïâ ¢ ¯®¤�¢«ïîé¥¬ ¡®«ìè¨−áâ¢¥
¬¥¤«¥−−¥¥, ç¥¬ ¯�ª¥âë «¥£�«ì−ëå DHCP-á¥à¢¥à®¢, ¯à¨ç¥¬ ®â«¨ç¨¥ ¢ áª®à®áâ¨,
á®£«�á−® à¥§ã«ìâ�â�¬ ¯à�ªâ¨ç¥áª¨å ¨á¯ëâ�−¨©1, ¯à®¢¥¤¥−−ëå ¢ å®¤¥ à�¡®âë,
á®áâ�¢«ï¥â −¥ ¬¥−¥¥ ¤¢ãå ¯®àï¤ª®¢.

’�ª¨¬ ®¡à�§®¬, á ¯à�ªâ¨ç¥áª®© â®çª¨ §à¥−¨ï ¨á¯®«ì§®¢�−¨¥ �â�ª¨ â¨¯�
úç¥«®¢¥ª ¯®á¥à¥¤¨−¥û á ¯®¬®éìî ¢®§¤¥©áâ¢¨ï −� ¯à®â®ª®« DHCP −®á¨â −¥ ¯à®á-
â® á«ãç�©−ë© å�à�ªâ¥à, −® ï¢«ï¥âáï ¬�«®¢¥à®ïâ−ë¬ á®¡ëâ¨¥¬. ÷¥è¥−¨¥ ¤�−−®©
¯à®¡«¥¬ë ¨ á®§¤�−¨¥ £�à�−â¨à®¢�−−®£® ¬¥â®¤� à�á¯à®áâà�−¥−¨ï, ¨áª«îç�îé¥£®
¢¥à®ïâ−®áâ−ãî á®áâ�¢«ïîéãî, «¥£«® ¢ ®á−®¢ã â¥ªãé¥£® ¨áá«¥¤®¢�−¨ï.

1ˆá¯ëâ�−¨ï ¯à®¢®¤¨«¨áì −� ¯à®ä¥áá¨®−�«ì−®¬ á¥â¥¢®¬ ®¡®àã¤®¢�−¨¨ Cisco/3Com ¨ à�¡®ç¨å
áâ�−æ¨ïå ãà®¢−ï áà¥¤−¥£® ¯à¥¤¯à¨ïâ¨ï (®â 700 ¤® 1000 ã§«®¢ á¥â¨).
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4 Метод распространения с помощью атаки «человек посередине»
в протоколе DHCP

‚ ®á−®¢ã ¤�−−®£® ¬¥â®¤� «¥£«¨ −¥ â®«ìª® à�áá¬®âà¥−−ë¥ á¢®©áâ¢� ¯à®â®ª®-
«� DHCP, −® ¨ −®¢ë¥ á¢®©áâ¢�. �¤−¨¬ ¨§ â�ª¨å á¢®©áâ¢ ¯à®â®ª®«� DHCP
ï¢«ï¥âáï ®â¬¥−� �à¥−¤ë á¥â¥¢®£® �¤à¥á�. ��ª¥â ®â¬¥−ë ¯®áë«�¥âáï ®â ª«¨¥−â�
ª á¥à¢¥àã ¨ −�§ë¢�¥âáï DHCPRELEASE. ‘ ¯®¬®éìî ¤�−−®£® ¯�ª¥â� ª«¨¥−â
¢ «î¡®© ¬®¬¥−â ¢à¥¬¥−¨ ¬®¦¥â ãª�§�âì á¥à¢¥àã, çâ® ®á¢®¡®¦¤�¥â á¥â¥¢®© �¤à¥á.
�¡ëç−® â�ª¨¥ ¯�ª¥âë ¯®áë«�îâáï ¯à¨ ¢ëª«îç¥−¨¨ á¥â¥¢ëå ãáâà®©áâ¢ ¨«¨ ¨å
¯¥à¥−�áâà®©ª¥. ‚ ¯®«¥ YIADDR ¯�ª¥â� DHCPRELEASE ãª�§ë¢�¥âáï á¥â¥¢®©
�¤à¥á, ®â �à¥−¤ë ª®â®à®£® ®âª�§ë¢�¥âáï ª«¨¥−â. �¥®¡å®¤¨¬® ®â¬¥â¨âì, çâ® ¯à®-
â®ª®« DHCP | íâ® ¯à®â®ª®« ¯à¨ª«�¤−®£® ãà®¢−ï, ª®â®àë© ¡�§¨àã¥âáï −� áâ¥ª¥
UDP/IP. Š�ª á«¥¤áâ¢¨¥, «î¡®© ¯à¨ª«�¤−®© ¯à®æ¥áá á ¯®¬®éìî ¨−â¥àä¥©á�
á¥â¥¢ëå á®ª¥â®¢ ¬®¦¥â ®áãé¥áâ¢¨âì ¢§�¨¬®¤¥©áâ¢¨¥ ¯® ¤�−−®¬ã ¯à®â®ª®«ã, â. ¥.
®â¯à�¢ªã ¨ ¯®«ãç¥−¨¥ DHCP-¯�ª¥â®¢, ¢ª«îç�ï DHCPRELEASE. ‡«®ã¬ëè-
«¥−−¨ª ¬®¦¥â á®§¤�âì ¯�ª¥â á ®â¬¥−®© �à¥−¤ë á¥â¥¢®£® �¤à¥á� «î¡®£® ã§«� á¥â¨,
çâ® á¢ï§�−® á ®âáãâáâ¢¨¥¬ ¢®§¬®¦−®áâ¨ �¢â®à¨§�æ¨¨ ¢ ¯à®â®ª®«¥ DHCP. ÷¥-
è¥−¨¥¬ ¤�−−®© ¯à®¡«¥¬ë ¬®£«® ¡ë áâ�âì á®¯®áâ�¢«¥−¨¥ ¤�−−ëå, ¯®áâã¯�îé¨å
á à�§«¨ç−ëå ãà®¢−¥© á¥â¥¢®£® áâ¥ª�, −�¯à¨¬¥à á®¯®áâ�¢«¥−¨¥¬ ¯®«ï ¨áâ®ç−¨-
ª� á¥â¥¢®£® �¤à¥á� ¢ ¯à®â®ª®«¥ IP (Internet Protocol) á ¯®«¥¬ ®á¢®¡®¦¤�¥¬®£®
á¥â¥¢®£® �¤à¥á� ¢ ¯à®â®ª®«¥ DHCP. �¤−�ª® â�ª®¥ á®¯®áâ�¢«¥−¨¥ ¨ ¯®å®¦¨©
äã−ªæ¨®−�« ¯à®â¨¢®à¥ç�â ®á−®¢−ë¬ ¯à¨−æ¨¯�¬ ¯®áâà®¥−¨ï á¥â¥¢ëå ¬®¤¥«¥©
TCP/IP ¨ OSI (Open Systems Interconnection).

ˆ§«®¦¥−−ëå ¢ëè¥ á¢®©áâ¢ ¯à®â®ª®«� DHCP ¤®áâ�â®ç−® ¤«ï ¨á¯®«ì§®¢�−¨ï
¬¥â®¤� £�à�−â¨à®¢�−−®£® à�á¯à®áâà�−¥−¨ï á ¯®¬®éìî �â�ª¨ úç¥«®¢¥ª ¯®á¥à¥¤¨-
−¥û ¢ ¯à®â®ª®«¥ DHCP (¤�«¥¥ | ¬¥â®¤ £�à�−â¨à®¢�−−®£® §�å¢�â� DHCP-ª«¨-
¥−â�).

„�−−ë© ¬¥â®¤ ¯à¥¤¯®«�£�¥â âà¨ íâ�¯�:

1. �¥à¢ë© íâ�¯ ¯®á¢ïé¥− ®á¢®¡®¦¤¥−¨î �¤à¥á� æ¥«¥¢®£® ã§«� −� «¥£�«ì−®¬
á¥à¢¥à¥ DHCP ¢ ª®¬¯ìîâ¥à−®© á¥â¨. �®¤ æ¥«¥¢ë¬ ã§«®¬ ¯®−¨¬�¥âáï �â�ªã-
¥¬ë© ã§¥« á¥â¨. �®¤ �¤à¥á®¬ æ¥«¥¢®£® ã§«� ¯®−¨¬�¥âáï á¥â¥¢®© �¤à¥á ª«¨¥−â�
DHCP, −� ª®â®à®£® −�¯à�¢«¥− ¢¥ªâ®à �â�ª¨. ‚ à¥§ã«ìâ�â¥ «î¡®© ã§¥« á¥â¨
¬®¦¥â §�−ïâì ®á¢®¡®¤¨¢è¨©áï �¤à¥á, ¢ª«îç�ï ã§¥« §«®ã¬ëè«¥−−¨ª�.

2. ‚â®à®© íâ�¯ á®áâ®¨â ¢ §�å¢�â¥ (�à¥−¤¥) á¥â¥¢®£® �¤à¥á� æ¥«¥¢®£® ã§«� −�
«¥£�«ì−®¬ á¥à¢¥à¥ DHCP, â. ¥. �à¥−¤� «®¦−® ®á¢®¡®¤¨¢è¥£®áï �¤à¥á�. ‚ à¥-
§ã«ìâ�â¥ «¥£�«ì−ë© DHCP-á¥à¢¥à ¡®«¥¥ −¥ ¬®¦¥â ¯à¥¤«®¦¨âì «¥£�«ì−®¬ã
ª«¨¥−âã ¯à¨ ¯®¤ª«îç¥−¨¨ ¥£® áâ�àë© �¤à¥á, â�ª ª�ª ®− §�−ïâ.

3. ’à¥â¨© íâ�¯ ®áãé¥áâ¢«ï¥â á®§¤�−¨¥ «®¦−®£® DHCP-á¥à¢¥à� ¨ ®â¯à�¢ªã
«®¦−®© ª®−ä¨£ãà�æ¨¨ æ¥«¥¢®¬ã ã§«ã. �à¨ íâ®¬ ¢ «®¦−®© ª®−ä¨£ãà�æ¨¨
á®¤¥à¦¨âáï áâ�àë© �¤à¥á æ¥«¥¢®£® ã§«�, çâ® áâ�¢¨â ¯à¥¤«®¦¥−¨ï ®â «®¦-
−®£® DHCP-á¥à¢¥à� ¢ ¯à¨®à¨â¥â ¯® áà�¢−¥−¨î á ¯à¥¤«®¦¥−¨¥¬ «¥£�«ì−®£®
á¥à¢¥à�, â�ª ª�ª íâ® á®£«�áã¥âáï á ®¯¨á�−¨¥¬ ¯à®â®ª®«� DHCP, ¯à¨¢¥¤¥−-
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÷¨á. 2 ƒà�ä¨ç¥áª®¥ ¯à¥¤áâ�¢«¥−¨¥ ¯¥à¢®£® íâ�¯�

−ë¬ ¢ à�§¤. 2. �® áãâ¨, âà¥â¨© íâ�¯ ¯®¢â®àï¥â ª®−æ¥¯æ¨î à�á¯à®áâà�−¥−¨ï
á ¯®¬®éìî �â�ª¨ úç¥«®¢¥ª ¯®á¥à¥¤¨−¥û ¢ ¯à®â®ª®«¥ DHCP, §� ¨áª«îç¥−¨¥¬
á«ãç�©−®© á®áâ�¢«ïîé¥©.

ƒà�ä¨ç¥áª®¥ ¯à¥¤áâ�¢«¥−¨¥ íâ�¯®¢ à�¡®âë ¬¥â®¤� £�à�−â¨à®¢�−−®£® §�å¢�â�
DHCP-ª«¨¥−â� ¯®ª�§�−® −� à¨á. 2{4.

4.1 Первый этап

�� à¨á. 2 ¯®ª�§�− ¯¥à¢ë© íâ�¯ ¬¥â®¤� £�à�−â¨à®¢�−−®£® §�å¢�â� DHCP-ª«¨-
¥−â�, á®áâ®ïé¨© ¨§ ®á¢®¡®¦¤¥−¨ï �¤à¥á� æ¥«¥¢®£® ã§«� −� áâ®à®−¥ «¥£�«ì−®£®
á¥à¢¥à� DHCP.

Š�ª ¯®ª�§�−® −� à¨á. 2, «¥£�«ì−ë© á¥à¢¥à DHCP ¨¬¥¥â â�¡«¨æã á®®â¢¥âáâ¢¨ï
¬¥¦¤ã ã§«�¬¨ ¨ ¨å á¥â¥¢ë¬¨ �¤à¥á�¬¨. �®á«¥ ®â¯à�¢ª¨ ¯�ª¥â� ®á¢®¡®¦¤¥−¨ï
�à¥−¤ë DHCPRELEASE ¤�−−ë© á¥â¥¢®© �¤à¥á áâ�−®¢¨âáï á¢®¡®¤−ë¬ á â®çª¨
§à¥−¨ï á¥à¢¥à�, çâ® ¢ë¤¥«¥−® −� à¨á. 2 á¥àë¬ æ¢¥â®¬. �¤−�ª® æ¥«¥¢®© ã§¥«
¯®-¯à¥¦−¥¬ã áç¨â�¥â, çâ® ®− ®¡«�¤�¥â á¢®¨¬ á¥â¥¢ë¬ �¤à¥á®¬.

4.2 Второй этап

�� à¨á. 3 ¯®ª�§�− ¢â®à®© íâ�¯ ¬¥â®¤� £�à�−â¨à®¢�−−®£® §�å¢�â� DHCP-ª«¨-
¥−â�, á®áâ®ïé¨© ¨§ �à¥−¤ë �¤à¥á� æ¥«¥¢®£® ã§«� −� áâ®à®−¥ «¥£�«ì−®£® á¥à¢¥à�
DHCP.
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÷¨á. 3 ƒà�ä¨ç¥áª®¥ ¯à¥¤áâ�¢«¥−¨¥ ¢â®à®£® íâ�¯�

Š�ª ¯®ª�§�−® −� à¨á. 3, «¥£�«ì−ë© á¥à¢¥à DHCP ¨¬¥¥â ¢ −�ç�«¥ ¯®¤ª«îç¥−¨ï
á¢®¡®¤−ãî §�¯¨áì ¤«ï ã§«� YIADDR 1 ¢ â�¡«¨æ¥ á®®â¢¥âáâ¢¨ï ¬¥¦¤ã ã§«�¬¨ ¨ ¨å
á¥â¥¢ë¬¨ �¤à¥á�¬¨. ‡�â¥¬ ã§¥« §«®ã¬ëè«¥−−¨ª� ®áãé¥áâ¢«ï¥â ¯®¤ª«îç¥−¨¥
ª «¥£�«ì−®¬ã DHCP-á¥à¢¥àã ¨ �à¥−¤ã¥â á¢®¡®¤−ë© �¤à¥á ã§«� YIADDR 1.
ˆ§¬¥−ï¥âáï §−�ç¥−¨¥ ¢ â�¡«¨æ¥ «¥£�«ì−®£® DHCP á¥à¢¥à�, çâ® ¢ë¤¥«¥−® −�
à¨á. 3 á¥àë¬ æ¢¥â®¬. �¤−�ª® æ¥«¥¢®© ã§¥« ¯®-¯à¥¦−¥¬ã áç¨â�¥â, çâ® ®− ®¡«�¤�¥â
á¢®¨¬ á¥â¥¢ë¬ �¤à¥á®¬.

4.3 Третий этап

�� à¨á. 4 ¯®ª�§�− âà¥â¨© íâ�¯ ¬¥â®¤� £�à�−â¨à®¢�−−®£® §�å¢�â� DHCP-ª«¨-
¥−â�, á®áâ®ïé¨© ¨§ �à¥−¤ë �¤à¥á� æ¥«¥¢®£® ã§«� −� áâ®à®−¥ «¥£�«ì−®£® á¥à¢¥à�
DHCP.
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Œ¥â®¤ à�á¯à®áâà�−¥−¨ï á ¯®¬®éìî �â�ª¨ úç¥«®¢¥ª ¯®á¥à¥¤¨−¥û ¢ ¯à®â®ª®«¥ DHCP

÷¨á. 4 ƒà�ä¨ç¥áª®¥ ¯à¥¤áâ�¢«¥−¨¥ âà¥âì¥£® íâ�¯�

Š�ª ¯®ª�§�−® −� à¨á. 4 á¥àë¬ æ¢¥â®¬, DHCP-ª«¨¥−â §«®ã¬ëè«¥−−¨ª� ¢ë-
áâã¯�¥â â¥¯¥àì ¢ à®«¨ á¥à¢¥à�. ‹¥£�«ì−ë© DHCP-á¥à¢¥à ®â¢¥ç�¥â ¯à¨ ¯®¯ëâª¥
¯®¤ª«îç¥−¨ï æ¥«¥¢®£® ã§«� ¯�ª¥â®¬ DHCPNAK, ª®â®àë© ãª�§ë¢�¥â ª«¨¥−âã,
çâ® ¤�−−ë© �¤à¥á ã¦¥ §�−ïâ, ¯®áª®«ìªã ¢ à¥§ã«ìâ�â¥ ¢â®à®£® íâ�¯� ¡ë« �à¥−¤®¢�−
�¤à¥á æ¥«¥¢®£® ã§«� §«®ã¬ëè«¥−−¨ª®¬, ª�ª ¯®ª�§�−® −� à¨á. 4 á¥àë¬ æ¢¥â®¬.
�à¨ íâ®¬ DHCP-á¥à¢¥à §«®ã¬ëè«¥−−¨ª� ¯à¥¤«�£�¥â æ¥«¥¢®¬ã ã§«ã ¥£® áâ�àë©
�¤à¥á, çâ® ï¢«ï¥âáï ¯à¨®à¨â¥â®¬ ¢ ¢ë¡®à¥ á¥à¢¥à�. –¥«¥¢®© ã§¥« ¢ë¡¨à�¥â
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¢ ª�ç¥áâ¢¥ á¥à¢¥à� DHCP-ã§¥« §«®ã¬ëè«¥−−¨ª�, ¨ â®â, ¢ á¢®î ®ç¥à¥¤ì, ¯à¥¤®-
áâ�¢«ï¥â «®¦−ë¥ −�áâà®©ª¨ á¥â¥¢®© ª®−ä¨£ãà�æ¨¨. ��¯à¨¬¥à, ¯à¥¤®áâ�¢«ïîâáï
�¤à¥á� «®¦−ëå á¥à¢¥à®¢ DNS, PROXY, WINS, çâ® ¯®ª�§�−® −� à¨á. 4 á¥àë¬
æ¢¥â®¬. ’¥¬ á�¬ë¬ ®à£�−¨§ã¥âáï ¢®§¬®¦−®áâì à¥�«¨§�æ¨¨ �â�ª¨ â¨¯� úç¥«®¢¥ª
¯®á¥à¥¤¨−¥û −� «î¡®¬ ¨§ ¯à¥¤«®¦¥−−ëå �¤à¥á®¢. ‘«¥¤ã¥â ®â¬¥â¨âì, çâ® ¯à¨
â�ª®¬ ¯®¤å®¤¥ ª §�å¢�âã DHCP-ª«¨¥−â®¢ ®âáãâáâ¢ã¥â á«ãç�©−�ï á®áâ�¢«ïîé�ï,
â�ª ª�ª −¥â á¨âã�æ¨¨ á®¯¥à−¨ç¥áâ¢� §� ª«¨¥−â� ¬¥¦¤ã «¥£�«ì−ë¬ ¨ −¥«¥£�«ì−ë¬
DHCP-á¥à¢¥à�¬¨.

5 Заключение

‚ ¤�−−®© à�¡®â¥ −� ®á−®¢�−¨¨ ¨áá«¥¤®¢�−¨ï ¯à®â®ª®«� DHCP ¡ë« à�§à�-
¡®â�− −®¢ë© ¬¥â®¤ à�á¯à®áâà�−¥−¨ï á ¯®¬®éìî �â�ª¨ úç¥«®¢¥ª ¯®á¥à¥¤¨−¥û.
�â®â ¬¥â®¤ ¯®§¢®«ï¥â ®áãé¥áâ¢¨âì ¨§¬¥−¥−¨¥ (¤�«¥¥ ú§�å¢�âû) ª®−ä¨£ãà�æ¨¨
æ¥«¥¢®£® ã§«�. ’�ª®¥ ¨§¬¥−¥−¨¥, ¢ á¢®î ®ç¥à¥¤ì, ¯®§¢®«ï¥â ®à£�−¨§®¢�âì à�§-
«¨ç−ë¥ �â�ª¨ â¨¯� úç¥«®¢¥ª ¯®á¥à¥¤¨−¥û −� á«¥¤ãîé¨¥ á¥à¢¨áë: DNS, WINS,
PROXY, ROUTE ¨ â. ¤. �à¨−æ¨¯¨�«ì−®¥ ®â«¨ç¨¥ à�§à�¡®â�−−®£® ¬¥â®¤� ®â
áãé¥áâ¢ãîé¨å §�ª«îç�¥âáï ¢ ®âáãâáâ¢¨¨ ¢¥à®ïâ−®áâ−®£® å�à�ªâ¥à� à�¡®âë, çâ®
á¢ï§�−® á −®¢ë¬ ¯®¤å®¤®¬ ª ¥£® ®à£�−¨§�æ¨¨. �â®â ¯®å®¤ −¥ ¡�§¨àã¥âáï −�
á®áâ®ï−¨¨ á®¯¥à−¨ç¥áâ¢� ¬¥¦¤ã «¥£�«ì−ë¬ ¨ ¢à�¦¤¥¡−ë¬ DHCP-á¥à¢¥à�¬¨,
� ®á−®¢�− −� ¬−®£®íâ�¯−®¬ §�å¢�â¥ æ¥«¥¢®£® ã§«�. �à¨ â�ª®¬ §�å¢�â¥ á®§¤�îâáï
ãá«®¢¨ï, ¯à¨ ª®â®àëå «¥£�«ì−ë© DHCP-á¥à¢¥à −¥ á®¯¥à−¨ç�¥â á ¢à�¦¤¥¡−ë¬ §�
ª®−ä¨£ãà�æ¨î æ¥«¥¢®£® ã§«�.

‚ à¥§ã«ìâ�â¥ ¯à®¢¥¤¥−−ëå ¨áá«¥¤®¢�−¨© ¬®¦−® á¤¥«�âì á«¥¤ãîé¨¥ ¢ë¢®-
¤ë: ®âáãâáâ¢¨¥ äã−ªæ¨© �¢â®à¨§�æ¨¨ ¢ ¯à®â®ª®«¥ DHCP ¤�¥â ¢®§¬®¦−®áâì
¤®¢®«ì−® íää¥ªâ¨¢−® à¥�«¨§®¢ë¢�âì à�§«¨ç−ë¥ áå¥¬ë à�á¯à®áâà�−¥−¨ï ¢à¥¤®-
−®á−ëå ¯à®£à�¬¬ ¢ ª®¬¯ìîâ¥à−ëå á¥âïå. ‘®¯®áâ�¢«¥−¨¥ ¤�−−ëå, ¯®«ãç�¥¬ëå
¯® ¯à®â®ª®«ã DHCP, á ¤�−−ë¬¨, ¯®«ãç�¥¬ë¬¨ ¯® ¯à®â®ª®«ã IP, ¯®§¢®«ï¥â ¨á-
ª«îç¨âì ®¯¨á�−−ë¥ ¢ −�áâ®ïé¨© ¬®¬¥−â ¢ «¨â¥à�âãà¥ �â�ª¨ −� ¯à®â®ª®« DHCP
¨ á¯®á®¡ë à�á¯à®áâà�−¥−¨ï, à¥�«¨§ã¥¬ë¥ á ¯®¬®éìî â�ª¨å �â�ª. �¤−�ª® â�ª®¥
á®¯®áâ�¢«¥−¨¥ ¯à®â¨¢®à¥ç¨â ®á−®¢−ë¬ á¥â¥¢ë¬ ¬®¤¥«ï¬ OSI ¨ TCP/IP.
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Abstract: The research of the up-to-date malicious software conducted by
the authors detected that one of the main methods of their expansion is the
attack to the Dynamic Host Configuration Protocol (DHCP) made in order to
organize the \man-in-the-middle" scheme. However, the result of such attack
is of probabilistic nature and it depends on the difference between the speeds of
response of antagonistic and legal (licensed) DHCP servers. The present paper
describes the concept of expansion by means of the \man-in-the-middle" attack
in the DHCP protocol and its limitations, imposed by the DHCP protocol.
Examination of the DHCP protocol and limitations imposed on the expansion
concept in it leads to creation of the new method which executes the attack of
the \man-in-the-middle" type. This new method of unavoidable attack on the
DHCP protocol excludes the probability of its failure and is the main result of
the present research.

Keywords: DHCP protocol; man-in-the-middle; local area net (LAN); guaran-
teed method of propagation; malicious code
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ВЛИЯНИЕ ХАРАКТЕРИСТИК ВНЕШНЕЙ ПАМЯТИ
СУПЕРКОМПЬЮТЕРНЫХ КОМПЛЕКСОВ НА ВЫПОЛНЕНИЕ

ПАРАЛЛЕЛЬНЫХ ПРОГРАММ∗

О. С. Аладышев1, Е. А. Киселёв2, Г. И. Савин3, П. Н. Телегин4, Б. М. Шабанов5

�−−®â�æ¨ï: ÷�áá¬®âà¥−® ¨á¯®«ì§®¢�−¨¥ ¢−¥è−¥© ¯�¬ïâ¨ áã¯¥àª®¬¯ìîâ¥à-
−ëå ª®¬¯«¥ªá®¢ (‘Š). �¯¨á�−ë ¬¥â®¤ë �−�«¨§� ¢§�¨¬®¤¥©áâ¢¨ï ¯à®£à�¬¬ë
á ¨¥à�àå¨¥© ¯�¬ïâ¨. �à¨¢¥¤¥−� ¬¥â®¤¨ª� ¨áá«¥¤®¢�−¨ï ¯à®ä¨«¥© ¢§�¨¬®-
¤¥©áâ¢¨ï ¯�à�««¥«ì−ëå ¯à®£à�¬¬ á ¢−¥è−¥© ¯�¬ïâìî áã¯¥àª®¬¯ìîâ¥à�. Œ¥-
â®¤¨ª� ®á−®¢�−� −� ¨á¯®«ì§®¢�−¨¨ ®âªàëâ®£® ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï ¤«ï
¬®−¨â®à¨−£� à¥áãàá®¢ Ganglia ¨ ¯à®â®ª®«®¢ ¢ë¯®«−¥−¨ï á¨áâ¥¬ë ã¯à�¢«¥−¨ï
¯à®å®¦¤¥−¨¥¬ ¯�à�««¥«ì−ëå §�¤�−¨© (‘“��‡). ‘ ¯®¬®éìî à�§à�¡®â�−−®©
¬¥â®¤¨ª¨ ¡ë«¨ á®¡à�−ë ¨ ¯à®�−�«¨§¨à®¢�−ë ¯à®ä¨«¨ §�¤�ç ¯®«ì§®¢�â¥«¥©
Œ¥¦¢¥¤®¬áâ¢¥−−®£® áã¯¥àª®¬¯ìîâ¥à−®£® æ¥−âà� (Œ‘–) ÷��. �à¨¢®¤¨¬ë¥
¯à¨«®¦¥−¨ï ¢ë¡¨à�«¨áì â�ª¨¬ ®¡à�§®¬, çâ®¡ë ¯®ª�§�âì ¢á¥ à�§−®®¡à�§¨¥ áå¥¬
¢¢®¤�{¢ë¢®¤� ¢ §�¤�−¨ïå ¯®«ì§®¢�â¥«ï. �à¨¢¥¤¥−ë à¥§ã«ìâ�âë ¨áá«¥¤®¢�-
−¨© ¯à®ä¨«¥© ¯à®£à�¬¬ ¯®«ì§®¢�â¥«¥©, ¢ë¯®«−ï¢è¨åáï −� ‘Š Œ‚‘-100Š,
ãáâ�−®¢«¥−−®¬ ¢ Œ‘– ÷��. ÷�áá¬®âà¥−� ª«�áá¨ä¨ª�æ¨ï ¯à®£à�¬¬ ¯® å�-
à�ªâ¥àã ¢§�¨¬®¤¥©áâ¢¨ï á ¢−¥è−¥© ¯�¬ïâìî, ¯à¨¢¥¤¥−� áâ�â¨áâ¨ª�. �¯¨á�−ë
®á−®¢−ë¥ ¯à®¡«¥¬ë ¨á¯®«ì§®¢�−¨ï ¢−¥è−¥© ¯�¬ïâ¨ ‘Š.

Š«îç¥¢ë¥ á«®¢�: áã¯¥àª®¬¯ìîâ¥àë; ¯à®ä¨«¨à®¢�−¨¥ ¯�à�««¥«ì−ëå ¯à®-
£à�¬¬; ¢−¥è−ïï ¯�¬ïâì; ®¯¥à�æ¨¨ ¢¢®¤�{¢ë¢®¤�
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1 Введение

÷�§¢¨â¨¥ á®¢à¥¬¥−−ëå ‘Š å�à�ªâ¥à¨§ã¥âáï ¢ëá®ª¨¬ â¥¬¯®¬ à®áâ� ¯à®¨§¢®-
¤¨â¥«ì−®áâ¨, ª®â®à�ï ¯®¢ëè�¥âáï ¤¢ãªà�â−® §� 18 ¬¥á., ¨ íâ®â â¥¬¯ −¥ á−¨¦�¥âáï
−� ¯à®âï¦¥−¨¨ ¬−®£¨å «¥â. ‚ á®¢à¥¬¥−−ëå ª«�áâ¥à−ëå ¢ëç¨á«¨â¥«ì−ëå á¨áâ¥-
¬�å (Š‚‘) ª®«¨ç¥áâ¢® ¢ëç¨á«¨â¥«ì−ëå ã§«®¢ (‚“) ¤®å®¤¨â ¤® ¤¥áïâª®¢ ¨ á®â¥−
âëáïç, � ç¨á«® ¯à®æ¥áá®à−ëå ï¤¥à ®¤−®£® ã§«� | ¤® âëáïç¨.

‘¯¥ªâà ¢ë¯®«−ïîé¨åáï −� ‘Š ¯�à�««¥«ì−ëå ¯à®£à�¬¬ ¤®¢®«ì−® è¨à®ª:
®â ç¨áâ® ¢ëç¨á«¨â¥«ì−ëå, £¤¥ ®¡ê¥¬ ¢å®¤−ëå ¨ ¢ëå®¤−ëå ¤�−−ëå ¯à¥−¥¡à¥¦¨-

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ä¨−�−á®¢®© ¯®¤¤¥à¦ª¥ Œ¨−¨áâ¥àáâ¢� ®¡à�§®¢�−¨ï ¨ −�ãª¨ ÷®áá¨©áª®©
”¥¤¥à�æ¨¨, £®áã¤�àáâ¢¥−−ë© ª®−âà�ªâ ü 14.514.11.4102.

1Œ¥¦¢¥¤®¬áâ¢¥−−ë© áã¯¥àª®¬¯ìîâ¥à−ë© æ¥−âà ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, Aladyshev@jscc.ru
2Œ¥¦¢¥¤®¬áâ¢¥−−ë© áã¯¥àª®¬¯ìîâ¥à−ë© æ¥−âà ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, Kiselev@jscc.ru
3Œ¥¦¢¥¤®¬áâ¢¥−−ë© áã¯¥àª®¬¯ìîâ¥à−ë© æ¥−âà ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, Savin@jscc.ru
4Œ¥¦¢¥¤®¬áâ¢¥−−ë© áã¯¥àª®¬¯ìîâ¥à−ë© æ¥−âà ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, Telegin@jscc.ru
5Œ¥¦¢¥¤®¬áâ¢¥−−ë© áã¯¥àª®¬¯ìîâ¥à−ë© æ¥−âà ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, Shabanov@jscc.ru
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¬® ¬�« ¨ ¢ëç¨á«¥−¨ï −¥ ¢ëå®¤ïâ §� à�¬ª¨ ®¯¥à�â¨¢−®© ¯�¬ïâ¨ ‚“, ¤® §�¤�ç
¯�à�««¥«ì−®© ®¡à�¡®âª¨ ¡®«ìè¨å ¬�áá¨¢®¢ ¤�−−ëå [1]. �� ¢à¥¬ï ¢ë¯®«−¥-
−¨ï ¯�à�««¥«ì−ëå ¯à®£à�¬¬ áãé¥áâ¢¥−−®¥ ¢«¨ï−¨¥ ®ª�§ë¢�¥â ¬¥¤«¥−−�ï à�¡®â�
¢−¥è−¥© ¯�¬ïâ¨ áã¯¥àª®¬¯ìîâ¥à� [2], ¯®íâ®¬ã ¯à¨ ¯à®¥ªâ¨à®¢�−¨¨ á®¢à¥¬¥−-
−ëå á¨áâ¥¬ åà�−¥−¨ï (‘•) ¤�−−ëå ¢�¦−® ãç¨âë¢�âì ¯à®ä¨«¨ ¢§�¨¬®¤¥©áâ¢¨ï
¯à®£à�¬¬ á ¢−¥è−¥© ¯�¬ïâìî.

2 Методы определения профилей взаимодействия программ
с внешней памятью в суперкомпьютерных комплексах

‚ −�áâ®ïé¥¥ ¢à¥¬ï ¨§¢¥áâ−® −¥áª®«ìª® ¬¥â®¤®¢ �−�«¨§� ¢§�¨¬®¤¥©áâ¢¨ï
¯à®£à�¬¬ë á ¨¥à�àå¨¥© ¯�¬ïâ¨:

(1) −� ®á−®¢¥ ¤�−−ëå ® à�¡®â¥ ¯à®£à�¬¬ë, ¯®«ãç¥−−ëå ®â ¯®«ì§®¢�â¥«ï.
�à¨ ¨á¯®«ì§®¢�−¨¨ ¤�−−®£® ¬¥â®¤� ¯®«ì§®¢�â¥«ì ¯à¥¤®áâ�¢«ï¥â ¯à®ä¨«ì
¢§�¨¬®¤¥©áâ¢¨ï ¯à®£à�¬¬ë á ¯�¬ïâìî ¢ ¢¨¤¥ ®¡®¡é¥−−®© ¡«®ª-áå¥¬ë ¨«¨
�«£®à¨â¬�, ®âà�¦�îé¨å ®á−®¢−ë¥ íâ�¯ë ¢ë¯®«−¥−¨ï ¯�à�««¥«ì−®© ¯à®-
£à�¬¬ë;

(2) −� ®á−®¢¥ à¥§ã«ìâ�â®¢ ¯à®ä¨«¨à®¢�−¨ï ¨ âà�áá¨à®¢ª¨. �à®ä¨«ì ¯�à�«-
«¥«ì−®© ¯à®£à�¬¬ë áâà®¨âáï −� ®á−®¢¥ ¤�−−ëå, ¯®¤£®â®¢«¥−−ëå ¯à®£à�¬-
¬−ë¬¨ áà¥¤áâ¢�¬¨ ¯à®ä¨«¨à®¢�−¨ï ¨ âà�áá¨à®¢ª¨;

(3) −� ®á−®¢¥ ¤�−−ëå ¬®−¨â®à¨−£� ª®¬¬ã−¨ª�æ¨®−−ëå ¨ ¢ëç¨á«¨â¥«ì−ëå à¥-
áãàá®¢ ¢ëç¨á«¨â¥«ì−®© á¨áâ¥¬ë (‚‘). �à®ä¨«ì ¢§�¨¬®¤¥©áâ¢¨ï ¯�à�«-
«¥«ì−®© ¯à®£à�¬¬ë á ¯�¬ïâìî áâà®¨âáï −� ®á−®¢¥ ¤�−−ëå, ¯®«ãç¥−−ëå
®â á¯¥æ¨�«¨§¨à®¢�−−ëå áà¥¤áâ¢ ¬®−¨â®à¨−£� á®áâ®ï−¨ï ¢ëç¨á«¨â¥«ì−ëå
¨ ª®¬¬ã−¨ª�æ¨®−−ëå à¥áãàá®¢ áã¯¥àª®¬¯ìîâ¥à�.

�¥à¢ë© ¬¥â®¤ ï¢«ï¥âáï ¤®áâ�â®ç−® âàã¤®¥¬ª¨¬, ¯®áª®«ìªã âà¥¡ã¥â −¥¯®-
áà¥¤áâ¢¥−−®£® ãç�áâ¨ï ¯®«ì§®¢�â¥«ï ¯à¨ �−�«¨§¥ ¨áå®¤−ëå â¥ªáâ®¢ ¯à®£à�¬¬ë,
� â�ª¦¥ ¬¥−¥¥ â®ç−ë¬, â�ª ª�ª ¯®«ì§®¢�â¥«ì ¬®¦¥â ¤®¯ãáª�âì ®è¨¡ª¨ ¯à¨ ¯®-
áâà®¥−¨¨ ¯à®ä¨«ï ¢§�¨¬®¤¥©áâ¢¨ï ¯à®£à�¬¬ë á ¯�¬ïâìî.

�à¨ ¨á¯®«ì§®¢�−¨¨ ¢â®à®£® ¬¥â®¤� ¤«ï �−�«¨§� ¯à®ä¨«ï ¢§�¨¬®¤¥©áâ¢¨ï
¯à®£à�¬¬ë á ¯�¬ïâìî ¬®£ãâ ¯à¨¬¥−ïâìáï à�§«¨ç−ë¥ áà¥¤áâ¢� ¯à®ä¨«¨à®¢�−¨ï
¨ âà�áá¨à®¢ª¨, ª®â®àë¥ ¢å®¤ïâ ª�ª ¢ á®áâ�¢ á¨áâ¥¬ à�§à�¡®âª¨ ¯à®£à�¬¬ (Intel
Trace Analyzer and Collector, GNU Gprof Profiler, IBM X-Windows Performance
Profiler), â�ª ¨ à�á¯à®áâà�−ïîâáï ®â¤¥«ì−® (VampirTrace, TAU Performance
System, MPI Parallel Environment). ÷¥§ã«ìâ�âë ¯à®ä¨«¨à®¢�−¨ï ¨ âà�áá¨à®¢-
ª¨ ¯�à�««¥«ì−ëå ¯à®£à�¬¬ ¬®£ãâ ®¡à�¡�âë¢�âìáï ¯®«ì§®¢�â¥«¥¬ ¢àãç−ãî ¨«¨
á ¨á¯®«ì§®¢�−¨¥¬ áà¥¤áâ¢ ¢¨§ã�«¨§�æ¨¨, â�ª¨å ª�ª Upshot, Jumpshot, Paraprof
3D Profiler, Vampir. �®¤®¡−ë¥ áà¥¤áâ¢� ¬®£ãâ ¡ëâì ¨á¯®«ì§®¢�−ë ¤«ï ¯®áâà®-
¥−¨ï ¯à®ä¨«ï ¯�à�««¥«ì−®© ¯à®£à�¬¬ë −� ®á−®¢¥ �−�«¨§� ¢à¥¬¥−−‚ëå ¤¨�£à�¬¬,
£à�ä®¢ ¬¥¦¯à®æ¥áá®à−ëå ®¡¬¥−®¢ ¨ ¢ë§®¢®¢ äã−ªæ¨©. �à¨ â�ª®¬ ¯®¤å®¤¥ âà¥-
¡ã¥âáï ãç�áâ¨¥ ¯®«ì§®¢�â¥«ï, ®¤−�ª® å�à�ªâ¥à¨áâ¨ª¨ ¨−ä®à¬�æ¨®−−®£® £à�ä�
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‚«¨ï−¨¥ å�à�ªâ¥à¨áâ¨ª ¢−¥è−¥© ¯�¬ïâ¨ ‘Š −� ¢ë¯®«−¥−¨¥ ¯�à�««¥«ì−ëå ¯à®£à�¬¬

ï¢«ïîâáï ¡®«¥¥ â®ç−ë¬¨. ‚ à�¡®â¥ [3] −� ®á−®¢¥ ¤�−−ëå ¯à®ä¨«¨à®¢�−¨ï ¨ âà�á-
á¨à®¢ª¨ ¯à®¢®¤¨«�áì ®æ¥−ª� ¨á¯®«ì§®¢�−¨ï ª®¬¬ã−¨ª�æ¨®−−ëå ®¯¥à�æ¨© ¢ MPI
(message passing interface) ¯à¨«®¦¥−¨ïå. —�áâ® à¥§ã«ìâ�âë âà�áá¨à®¢ª¨ ¨á¯®«ì-
§ãîâáï ¨ ¤«ï �−�«¨§� �«£®à¨â¬®¢ à�¡®âë ¬−®£®¯®â®ç−ëå ¯à¨«®¦¥−¨©. „�−−ë©
¬¥â®¤ ¯à¨¬¥−ï¥âáï ¤«ï �−�«¨§� ¯�à�««¥«ì−ëå ¯à®£à�¬¬, ¢ë¯®«−ïîé¨åáï −�
−¥¡®«ìè®¬ ª®«¨ç¥áâ¢¥ ¯à®æ¥áá®à®¢ (ª�ª ¯à�¢¨«®, −¥ ¯à¥¢ëè�îé¨å −¥áª®«ìª¨å
¤¥áïâª®¢). „«ï ¯à®£à�¬¬ á ¡®«ìè¨¬ ç¨á«®¬ ¯à®æ¥áá®à®¢ ¯à¨¬¥−¥−¨¥ ¤�−−®£®
¬¥â®¤� áâ�−®¢¨âáï ¢¥áì¬� âàã¤®¥¬ª¨¬ ¯à®æ¥áá®¬.

’à¥â¨© ¬¥â®¤, ª�ª ¨ ¢â®à®©, ¯®§¢®«ï¥â �¢â®¬�â¨§¨à®¢�âì ¯à®æ¥áá á¡®à� ¨−-
ä®à¬�æ¨¨, −¥®¡å®¤¨¬®© ¤«ï ¯®áâà®¥−¨ï ¯à®ä¨«ï ¢§�¨¬®¤¥©áâ¢¨ï ¯à®£à�¬¬ë
á ¯�¬ïâìî. ‚ â® ¦¥ ¢à¥¬ï âà¥¡ã¥âáï −�«¨ç¨¥ á¯¥æ¨�«¨§¨à®¢�−−ëå �¯¯�à�â−®-
¯à®£à�¬¬−ëå áà¥¤áâ¢ ¤«ï ¢ëç¨á«¨â¥«ì−®£® ª®¬¯«¥ªá�. �®¤®¡−ë¥ áà¥¤áâ¢� à�§-
à�¡�âë¢�îâáï áâà®£® ¤«ï ®¯à¥¤¥«¥−−®£® ª®¬¬ã−¨ª�æ¨®−−®£® ¨ ¢ëç¨á«¨â¥«ì−®£®
®¡®àã¤®¢�−¨ï ¨ §�ç�áâãî −¥¤®áâã¯−ë ª®−¥ç−®¬ã ¯®«ì§®¢�â¥«î, ¢ë¯®«−ïîé¥¬ã
¢ëç¨á«¥−¨ï −� à¥áãàá�å ¬−®£®¯à®æ¥áá®à−®© ¢ëç¨á«¨â¥«ì−®© á¨áâ¥¬ë (Œ‚‘).
‚ ª�ç¥áâ¢¥ ¯à¨¬¥à� ¬®¦−® ¯à¨¢¥áâ¨ áà¥¤áâ¢� ¬®−¨â®à¨−£� á¥â¥© InfiniBand ¢ à¥-
¦¨¬¥ à¥�«ì−®£® ¢à¥¬¥−¨ InfiniScope Cluster Analysis Tool ª®¬¯�−¨¨ Microway ¨
Ibdump ª®¬¯�−¨¨ Mellanox. ‘à¥¤¨ ®â¥ç¥áâ¢¥−−ëå ¯à®¤ãªâ®¢ ¬®¦−® ¢ë¤¥«¨âì
¯à®£à�¬¬−ë© ª®¬¯«¥ªá á¡®à� áâ�â¨áâ¨ç¥áª¨å ¤�−−ëå LAPTA, à�§à�¡®â�−−ë©
«�¡®à�â®à¨¥© ¯�à�««¥«ì−ëå ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© ��ãç−®-¨áá«¥¤®¢�-
â¥«ìáª®£® ¢ëç¨á«¨â¥«ì−®£® æ¥−âà� Œ®áª®¢áª®£® £®áã¤�àáâ¢¥−−®£® ã−¨¢¥àá¨â¥â�
¨¬¥−¨ Œ. ‚. ‹®¬®−®á®¢�. �à®£à�¬¬−ë© ª®¬¯«¥ªá ¯®§¢®«ï¥â ¨áá«¥¤®¢�âì ¢§�¨¬®-
¤¥©áâ¢¨¥ ¯à®£à�¬¬ë á ¯�¬ïâìî áã¯¥àª®¬¯ìîâ¥à�, ®¤−�ª® âà¥¡ã¥â ¡®«ìè®£® ç¨á«�
¯à¥¤ãáâ�−®¢«¥−−ëå ¯à®£à�¬¬−ëå ¯�ª¥â®¢ áâ®à®−−¨å à�§à�¡®âç¨ª®¢ ¨ ¢ −�áâ®ï-
é¥¥ ¢à¥¬ï ®à¨¥−â¨à®¢�− ¨áª«îç¨â¥«ì−® −� á¨áâ¥¬ë ã¯à�¢«¥−¨ï ¯à®å®¦¤¥−¨¥¬
§�¤�−¨© CLEO ¨«¨ Slurm.

Š ç¨á«ã ¤®áâã¯−ëå ¯à®£à�¬¬−ëå áà¥¤áâ¢, à�á¯à®áâà�−ï¥¬ëå ¢ ®âªàëâëå
¨áå®¤−ëå â¥ªáâ�å ¨ ®¡«�¤�îé¨å ¬¥−¥¥ ¦¥áâª¨¬¨ âà¥¡®¢�−¨ï¬¨, ¬®¦−® ®â−¥á-
â¨ áà¥¤áâ¢® ¬®−¨â®à¨−£� ª®¬¬ã−¨ª�æ¨®−−®© áà¥¤ë ¨ ¢ëç¨á«¨â¥«ì−ëå à¥áãàá®¢
Ganglia. Ganglia | ¬�áèâ�¡¨àã¥¬�ï à�á¯à¥¤¥«¥−−�ï á¨áâ¥¬� ¬®−¨â®à¨−£�,
¯à¥¤−�§−�ç¥−−�ï ¤«ï ‚‘ á ¢ëá®ª®© ¯à®¨§¢®¤¨â¥«ì−®áâìî, â�ª¨å ª�ª ª«�áâ¥àë
¨ á¨áâ¥¬ë à�á¯à¥¤¥«¥−−ëå ¢ëç¨á«¥−¨© [4]. �−� ®á−®¢�−� −� ¨¥à�àå¨ç¥áª®©
�àå¨â¥ªâãà¥, à�ááç¨â�−−®© −� ¨−â¥£à�æ¨î ª«�áâ¥à®¢. ‚ Ganglia ¯à¨¬¥−ïîâáï
è¨à®ª® ¨á¯®«ì§ã¥¬ë¥ â¥å−®«®£¨¨, â�ª¨¥ ª�ª XML (eXtensible Markup Lan-
guage, à�áè¨àï¥¬ë© ï§ëª à�§¬¥âª¨) ¤«ï ¯à¥¤áâ�¢«¥−¨ï ¤�−−ëå, XDR (External
Data Representation, ¢−¥è−¥¥ ¯à¥¤áâ�¢«¥−¨¥ ¤�−−ëå) ¤«ï ª®¬¯�ªâ−®© ¬®¡¨«ì−®©
¯¥à¥¤�ç¨ ¤�−−ëå ¨ RRDtool (−�¡®à ãâ¨«¨â ¤«ï à�¡®âë á RRD | Round-Robin
Database, æ¨ª«¨ç¥áª®© ¡�§®© ¤�−−ëå) ¤«ï åà�−¥−¨ï ¨ ¢¨§ã�«¨§�æ¨¨ ¤�−−ëå.
‚ á¨áâ¥¬¥ ¬®−¨â®à¨−£� á¢¥¤¥−� ª ¬¨−¨¬ã¬ã −�£àã§ª� −� ‚“ áà¥¤áâ¢ á¡®à� áâ�-
â¨áâ¨ª¨ ¨ ®¡¥á¯¥ç¥−� ¢ëá®ª�ï áâ¥¯¥−ì ¯�à�««¥«¨§¬�. ÷¥�«¨§�æ¨ï ®â«¨ç�¥âáï
¢ëá®ª®© ãáâ®©ç¨¢®áâìî, �¤�¯â¨à®¢�−� ª® ¬−®£¨¬ à�§«¨ç−ë¬ ®¯¥à�æ¨®−−ë¬ á¨á-
â¥¬�¬ (�‘) ¨ ¯à®æ¥áá®à−ë¬ �àå¨â¥ªâãà�¬. ‚ −�áâ®ïé¥¥ ¢à¥¬ï Ganglia ã¦¥
à�¡®â�¥â ¢ âëáïç�å ª«�áâ¥à®¢ ¢® ¢á¥¬ ¬¨à¥.
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Š −¥¤®áâ�âª�¬ ¤�−−®£® ¯à®£à�¬¬−®£® ¯à®¤ãªâ� ¬®¦−® ®â−¥áâ¨ á«¥¤ãîé¥¥:
Ganglia −¥ ¯à¥¤®áâ�¢«ï¥â á¢¥¤¥−¨© ® â®¬, ª�ª¨¥ ¯à®£à�¬¬ë ¨ ¢ â¥ç¥−¨¥ ª�ª®£®
¢à¥¬¥−¨ ¢ë¯®«−ï«¨áì −� ‚“ áã¯¥àª®¬¯ìîâ¥à�.

‘¢¥¤¥−¨ï ® â®¬, ª�ª¨¥ ¯�à�««¥«ì−ë¥ ¯à®£à�¬¬ë ¢ë¯®«−ï«¨áì, −� ª�ª¨å ‚“
¨ ¢ â¥ç¥−¨¥ ª�ª®£® ¢à¥¬¥−¨, ¬®£ãâ ¡ëâì ¯®«ãç¥−ë áà¥¤áâ¢�¬¨ á¨áâ¥¬ë ã¯à�¢«¥−¨ï
¯à®å®¦¤¥−¨¥¬ §�¤�−¨©.

3 Методика определения профилей взаимодействия программ
с иерархией памяти в суперкомпьютерных комплексах

‘ ¯®¬®éìî ®âªàëâ®£® ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï Ganglia ¬®¦−® á®¡¨à�âì
à�§«¨ç−ãî áâ�â¨áâ¨ªã ® à�¡®â¥ Š‚‘. �� à¨á. 1 ¯®ª�§�−� ¤¨−�¬¨ª� ¨á¯®«ì§®¢�−¨ï
®¯¥à�â¨¢−®© ¯�¬ïâ¨ ‚“. Œ®¦−® §�¬¥â¨âì, −�¯à¨¬¥à, çâ® §�¤�ç�, ®¡á«ã¦¨¢�¢-
è�ïáï ¯à¨¬¥à−® ¢ 3 ç�á� ¤−ï, ¨á¯®«ì§®¢�«� ¡®«ìè¥ ¯�¬ïâ¨, ç¥¬ ¤®áâã¯−® −� ‚“,
¨ á¨áâ¥¬� ¯¥à¥−¥á«� ç�áâì ¯�¬ïâ¨ −� «®ª�«ì−ë© ¤¨áª, çâ® áãé¥áâ¢¥−−® §�¬¥¤«¨«®
¢ë¯®«−¥−¨¥ ¯à®£à�¬¬ë, ¥á«¨ −¥ ¯à¨¢¥«® ª ®âª�§ã. �® ¢ ¤�−−®© à�¡®â¥ £®à�§¤®

÷¨á. 1 ˆá¯®«ì§®¢�−¨¥ ®¯¥à�â¨¢−®© ¯�¬ïâ¨ ‚“ ü 1141 §� ¯®á«¥¤−¨¥ áãâª¨
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‚«¨ï−¨¥ å�à�ªâ¥à¨áâ¨ª ¢−¥è−¥© ¯�¬ïâ¨ ‘Š −� ¢ë¯®«−¥−¨¥ ¯�à�««¥«ì−ëå ¯à®£à�¬¬

÷¨á. 2 ˆá¯®«ì§®¢�−¨¥ á¥â¥¢ëå ¨−â¥àä¥©á®¢ âà�−á¯®àâ−®© (ä�©«®¢®©) á¥â¨ ¢® ¢á¥¬
Š‚‘ §� ¯®á«¥¤−¨© ç�á

¡®«ìè¨© ¨−â¥à¥á ¯à¥¤áâ�¢«ï¥â ¨á¯®«ì§®¢�−¨¥ ¢−¥è−¨å á¨áâ¥¬ åà�−¥−¨ï ¤�−−ëå
(‚‘•„), � ¤«ï íâ®£® −¥®¡å®¤¨¬® á®¡¨à�âì áâ�â¨áâ¨ªã ¨ −� á¥â¥¢®¬ ¨−â¥àä¥©-
á¥, ¯® ª®â®à®¬ã ¯®¤ª«îç¥−� ‚‘•„, ¨áª«îç�ï ¤àã£®©, −¥ ®â−®áïé¨©áï ª ¤¥«ã
âà�ä¨ª.

�� à¨á. 2 ¯®ª�§�−� áâ�â¨áâ¨ª� ¨á¯®«ì§®¢�−¨ï ¨−â¥àä¥©á®¢ âà�−á¯®àâ−®©
á¥â¨ ¢á¥© Š‚‘. Œ®¦−® §�¬¥â¨âì, çâ® ¢ ¯¥à¨®¤ 22:06{22:08 ¡ë«® �ªâ¨¢−®¥
çâ¥−¨¥ á ‚‘•„. �¥®¡å®¤¨¬® ¨§ ¢á¥å ‚“ ¢ë¤¥«¨áì â¥ ã§«ë, ª®â®àë¥ á®§¤�¢�«¨
íâã �ªâ¨¢−®áâì. „�«¥¥ ¯® ¦ãà−�«ã ®ç¥à¥¤¨ §�¤�ç ®¯à¥¤¥«¨âì §�¤�çã, ª®â®à�ï
¢ë¯®«−ï«�áì −� íâ¨å ã§«�å ¢ íâ® ¢à¥¬ï, ¨ ¢ë¤¥«¨âì ¯à®ä¨«¨ ¨á¯®«ì§®¢�−¨ï
á¥â¥¢ëå ¨−â¥àä¥©á®¢ âà�−á¯®àâ−®© á¥â¨ ãª�§�−−ëå ‚“ ¢ ãª�§�−−®¬ ¢ ¯à®â®ª®«¥
¯à®¬¥¦ãâª¥ ¢à¥¬¥−¨.

Œ¥â®¤¨ª� ®¯à¥¤¥«¥−¨ï ¯à®ä¨«ï ¢§�¨¬®¤¥©áâ¢¨ï ¯à®£à�¬¬ë á ¯�¬ïâìî á®-
áâ®¨â ¢ ¯®á«¥¤®¢�â¥«ì−®¬ ¢ë¯®«−¥−¨¨ 5 íâ�¯®¢.

�â�¯ 1. ‚ë¡à�âì ¢ë¯®«−ïîéãîáï −� ‚‘ ¯�à�««¥«ì−ãî ¯à®£à�¬¬ã, ¨á¯®«ì§ã-
îéãî ‚‘•„.
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�â�¯ 2. ‡�ä¨ªá¨à®¢�âì ¯�á¯®àâ−ë¥ å�à�ªâ¥à¨áâ¨ª¨ ¢ë¯®«−ïîé¥©áï ¯à®£à�¬-
¬ë, � ¨¬¥−−®: ¨¬ï ¯à®£à�¬¬ë, ¢à¥¬ï ¥¥ à�¡®âë, ç¨á«® ¯�à�««¥«ì−ëå
¯à®æ¥áá®¢, ª®«¨ç¥áâ¢® ¨á¯®«ì§®¢�−−ëå ‚“, −®¬¥à� ‚“. ‚ë¤¥«¨âì ‚“, −�
ª®â®à®¬ ¢ë¯®«−ï¥âáï ¯�à�««¥«ì−�ï ¢¥âª� á −®¬¥à®¬ 0. „«ï ¢ëç¨á«¨â¥«ì−ëå
ª®¬¯«¥ªá®¢ Œ‘– ÷�� å�à�ªâ¥à¨áâ¨ª¨ ¬®£ãâ ä¨ªá¨à®¢�âìáï ‘“��‡ [5],
«¨¡® ®ç¥à¥¤ìî §�¤�−¨©, «¨¡® ç¥à¥§ ¦ãà−�«ë qserv.log, «¨¡® ç¥à¥§ ¢¥¡-¨−â¥à-
ä¥©á −�¡«î¤¥−¨ï §� á®áâ®ï−¨¥¬ ®ç¥à¥¤¨, «¨¡® ç¥à¥§ â¥à¬¨−�«ì−ãî ª®−á®«ì
ª®¬�−¤®© ‘“��‡ mqinfo.

�â�¯ 3. �¯à¥¤¥«¨âì ‚‘•„, á ª®â®à®© ¢§�¨¬®¤¥©áâ¢®¢�«� ¢ë¡à�−−�ï ¯à®£à�¬¬�
ç¥à¥§ á¥âì áã¯¥àª®¬¯ìîâ¥à�. „«ï ª�¦¤®£® ¯®«ì§®¢�â¥«ìáª®£® ¯à®¥ªâ� ¢ Œ‘–
÷�� §�¤�¥âáï ¯à¨¢ï§ª� ª áâà®£® ®¯à¥¤¥«¥−−®© ‘• ¨ ¤�¦¥ ¤¨à¥ªâ®à¨¨,
çâ® ¯®§¢®«ï¥â ®¯à¥¤¥«¨âì ‘•, á ª®â®à®© ¢§�¨¬®¤¥©áâ¢®¢�«� ¯à®£à�¬¬�.
�®«¥¥ â®ç−® ®¯à¥¤¥«¨âì ‘• ¯®§¢®«ïîâ áà¥¤áâ¢� ¬®−¨â®à¨−£� á�¬¨å ‘•.
‚ Œ‘– ÷�� íâ® áà¥¤áâ¢� �‘ NetApp OnTap, ãáâ�−®¢«¥−−®© −� ã§«�å
¢¢®¤�{¢ë¢®¤�, áà¥¤áâ¢� ¯�à�««¥«ì−®© ä�©«®¢®© á¨áâ¥¬ë GPFS (General
Parallel File System). ‡�ç�áâãî §�¤�−¨¥ ¨á¯®«ì§ã¥â âà�−á¯®àâ−ãî á¥âì,
¯à¥¤−�§−�ç¥−−ãî â®«ìª® ¤«ï ¢¢®¤�{¢ë¢®¤� á ‚‘•„, ¤«ï ®¡¬¥−� ¤�−−ë¬¨
¬¥¦¤ã ¯à®æ¥áá�¬¨ §�¤�ç¨. ’�ª®© âà�ä¨ª «¥£ª® ®â¤¥«¨âì −� íâ®¬ íâ�¯¥, â�ª ª�ª
®¡ëç−® ¤®áâã¯ ª ‚‘•„ ¯à®¢®¤¨âáï ¯® áâ�−¤�àâ−ë¬ ¯à®£à�¬¬−ë¬ á¥â¥¢ë¬
¯®àâ�¬. Š ¯à¨¬¥àã, NFS (Network File System) | íâ® ¯®àâ ü 2049.

�â�¯ 4. �� ®á−®¢¥ ¯�á¯®àâ−ëå å�à�ªâ¥à¨áâ¨ª ¢ë¯®«−¥−−®© ¯à®£à�¬¬ë, � ¨¬¥−-
−®: ¢à¥¬¥−¨ −�ç�«� ¨ ª®−æ� ¨á¯®«−¥−¨ï, á¯¨áª� ‚“ ¨ à�á¯à¥¤¥«¥−¨ï ¯�-
à�««¥«ì−ëå ¯à®æ¥áá®¢ ¯® ‚“, | ¢ë¤¥«¨âì ¨§ ¡�§ë áâ�â¨áâ¨ç¥áª¨å ¤�−−ëå,
á®¡¨à�¥¬ëå á¨áâ¥¬®© Ganglia, ¯à®ä¨«ì ¨á¯®«ì§®¢�−¨ï á¥â¥¢®£® ¨−â¥àä¥©á�,
¯® ª®â®à®¬ã ¯à®¨§¢®¤¨âáï ¤®áâã¯ ª ‚‘•„. “¡¥¤¨âìáï ¢ â®¬, çâ® ¤�−−ë©
¨−â¥àä¥©á ¨á¯®«ì§ã¥âáï â®«ìª® ¤«ï ®¡¬¥−� ¤�−−ë¬¨ á ‘•, ¬®¦−® á ¯®¬®éìî
áà¥¤áâ¢ á�¬¨å ‘• ¨«¨ ¯® ¯à®ä¨«î ¤«ï ¢á¥© Š‚‘. …á«¨ £à�ä¨ª¨ úinû
¨ úoutû, ª�ª −� à¨á. 3, £¤¥ −� «¥¢®¬ £à�ä¨ª¥ ¯®ª�§�−® ª®«¨ç¥áâ¢® ¯¥à¥¤�-
¢�¥¬®© ¨ ¯®«ãç�¥¬®© ¨−ä®à¬�æ¨¨, � −� ¯à�¢®¬ | ç�áâ®â� á¥â¥¢ëå ¯¥à¥¤�ç
¯�ª¥â®¢, ¡«¨§ª¨ ¤àã£ ª ¤àã£ã, â® á¥âì ¨á¯®«ì§®¢�«�áì ¢ ª�ç¥áâ¢¥ ª®¬¬ã−¨ª�-
æ¨®−−®© á¥â¨, â. ¥. ¤«ï ®¡¬¥−� ¤�−−ë¬¨ ¬¥¦¤ã ¯�à�««¥«ì−ë¬¨ ¯à®æ¥áá�¬¨.
„«ï ¡®«¥¥ ¤¥â�«ì−®£® �−�«¨§� ¬®¦−® â�ª¦¥ ¢ë¤¥«¨âì ¯à®ä¨«ì ¨á¯®«ì§®¢�-

÷¨á. 3 �à®ä¨«ì ¨á¯®«ì§®¢�−¨© ¨−â¥àä¥©á� âà�−á¯®àâ−®© á¥â¨
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−¨ï ®¯¥à�â¨¢−®© ¯�¬ïâ¨ ‚“, ¯à®æ¥áá®à−ëå í«¥¬¥−â®¢, ª®¬¬ã−¨ª�æ¨®−−®©
á¥â¨ ®¡¬¥−� ¤�−−ë¬¨ ¬¥¦¤ã ¯�à�««¥«ì−ë¬¨ ¯à®æ¥áá�¬¨. �® á�¬ë© −�¤¥¦-
−ë© á¯®á®¡ ®âá¥ïâì −¥−ã¦−ë© âà�ä¨ª | á¤¥«�âì íâ® −� ¯à¥¤ë¤ãé¥¬ íâ�¯¥,
á®¡¨à�ï áâ�â¨áâ¨ªã â®«ìª® ¯® ®¯à¥¤¥«¥−−®¬ã ¯à®£à�¬¬−®¬ã ¯®àâã.

�â�¯ 5. �® ¢ë¤¥«¥−−ë¬ ¯à®ä¨«ï¬ ®¯à¥¤¥«¨âì â¨¯ ¨ ¤«¨â¥«ì−®áâì ®¯¥à�æ¨©
¢¢®¤�{¢ë¢®¤�, áâ�¤¨¨ ¢ë¯®«−¥−¨ï ®¯¥à�æ¨©, ¨å ¢§�¨¬®á¢ï§ì ¬¥¦¤ã á®¡®©,
¢§�¨¬®á¢ï§ì ®¡ê¥¬� ¯à®¨§¢®¤¨¬ëå ®¯¥à�æ¨© á ®¡ê¥¬®¬ §�−¨¬�¥¬®© ®¯¥à�-
â¨¢−®© ¯�¬ïâ¨ ¨ ®¡ê¥¬�¬¨ ¯¥à¥¤�¢�¥¬ëå ¤�−−ëå ¬¥¦¤ã ¯�à�««¥«ì−ë¬¨
¯à®æ¥áá�¬¨ ¯à®£à�¬¬ë.

4 Сбор и анализ профилей взаимодействия параллельных программ
с памятью суперкомпьютера

‘ ¯®¬®éìî à�§à�¡®â�−−®© ¬¥â®¤¨ª¨ ¡ë«¨ á®¡à�−ë ¯à®ä¨«¨ §�¤�ç ¯®«ì§®¢�-
â¥«¥© Œ‘– ÷��. �à¨¢®¤¨¬ë¥ ¯à¨«®¦¥−¨ï ¢ë¡¨à�«¨áì â�ª¨¬ ®¡à�§®¬, çâ®¡ë
¯®ª�§�âì ¢á¥ à�§−®®¡à�§¨¥ áå¥¬ ¢¢®¤�{¢ë¢®¤� ¢ §�¤�−¨ïå ¯®«ì§®¢�â¥«ï.

�® ®â−®è¥−¨î ª å�à�ªâ¥àã ¢§�¨¬®¤¥©áâ¢¨ï á ¢−¥è−¥© ¯�¬ïâìî ¢á¥ ¯à¨«®¦¥-
−¨ï ¬®¦−® ¯®¤¥«¨âì −� −¥áª®«ìª® £àã¯¯.

�¥à¢�ï ¨ á�¬�ï ¡®«ìè�ï £àã¯¯� | íâ® â¥ ¯à¨«®¦¥−¨ï, £¤¥ ¢ë¤¥«¥− ®¤¨−
¯à®æ¥áá ¨«¨ ®¤¨− ‚“ ¤«ï ®à£�−¨§�æ¨¨ ¢¢®¤�{¢ë¢®¤�. �®¤å®¤ ãå®¤¨â á¢®¨¬¨
ª®à−ï¬¨ £«ã¡®ª® ¢ ¨áâ®à¨î, ª®£¤� áã¯¥àª®¬¯ìîâ¥àë ¨¬¥«¨ â®«ìª® ®¡éãî ¯�-
¬ïâì. �à®¡«¥¬ë ¢¢®¤�{¢ë¢®¤� ®¤−®£® ã§«� å®à®è® ¨§ãç¥−ë, ®á−®¢−�ï ¨§ −¨å |
íâ® ¯à®¡«¥¬� ¬�áèâ�¡¨àã¥¬®áâ¨: ¯à¥¤¥«®¬ ¤«ï ¯à®¨§¢®¤¨â¥«ì−®áâ¨ ¢¢®¤�{¢ë¢®-
¤� ¢ ª«�áâ¥à−ëå ‘Š ï¢«ï¥âáï ¯à®¯ãáª−�ï á¯®á®¡−®áâì á¥â¥¢®£® ¨−â¥àä¥©á� ‚“,
¯à®¨§¢®¤¨â¥«ì−®áâì ¦¥ ‘• ª«�áâ¥à−®£® ‘Š ®¡ëç−® ¢ à�§ë ¡®«ìè¥. „«ï ¤�−−®©
à�¡®âë ¯¥à¢�ï £àã¯¯� −¥ ¯à¥¤áâ�¢«ï¥â ¡®«ìè®£® ¨−â¥à¥á�, ¥á«¨ ¤«ï §�é¨âë
®â á¡®¥¢ −¥ âà¥¡ã¥âáï §�¯¨áë¢�âì ª®−âà®«ì−ë¥ â®çª¨, −® â®£¤� íâ¨ ¯à¨«®¦¥-
−¨ï áª®à¥¥ ¡ã¤ãâ ¯à¨ç¨á«¥−ë ª ¤àã£¨¬ £àã¯¯�¬. •®âï ¢ ‘Š ª®««¥ªâ¨¢−®£®
¯®«ì§®¢�−¨ï ¬®¦¥â ®¤−®¢à¥¬¥−−® ¢ë¯®«−ïâìáï −¥áª®«ìª® â�ª¨å ¯à¨«®¦¥−¨©, ¯®
áâ�â¨áâ¨ª¥ ®−¨ à¥¤ª® ¯¥à¥á¥ª�îâáï ¯® ¢à¥¬¥−¨ ¢ ®¯¥à�æ¨ïå ¢¢®¤�{¢ë¢®¤�. ��-
áª®«ìª® à¥¤ª®? —â®¡ë ®â¢¥â¨âì â®ç−®, −¥®¡å®¤¨¬® à�§à�¡®â�âì ‘• á í«¥¬¥−â�¬¨
¬®−¨â®à¨−£� ¨ áâ�â¨áâ¨ª¨ ®¯¥à�æ¨© ¢¢®¤�{¢ë¢®¤� ¢ ‘Š ¯® à¥§ã«ìâ�â®¬ ¤�−−®©
à�¡®âë. �à¨¬¥à ¯à®ä¨«ï ¯�à�««¥«ì−®© ¯à®£à�¬¬ë ¨§ ¯¥à¢®© £àã¯¯ë ¯à¨¢¥¤¥−
−� à¨á. 4.

�à¨ ¢ë¯®«−¥−¨¨ ¯à®£à�¬¬ë ã¯à�¢«ïîé¨© ¯à®æ¥áá ¯à¨«®¦¥−¨ï −� ã§«¥
node791 ®áãé¥áâ¢«ï¥â ®¤−®ªà�â−®¥ ®¡à�é¥−¨¥ ª ¢−¥è−¥© ¯�¬ïâ¨ á ®¯¥à�æ¨¥©
§�¯¨á¨ (out) (à¨á. 4, �). ‡¤¥áì ¨ ¤�«¥¥ −®¬¥à� ‚“ ®¯à¥¤¥«ï«¨áì ç¥à¥§ ¤®áâã¯−ãî
¯®«ì§®¢�â¥«î ¨−ä®à¬�æ¨î −� ¢¥¡-áâà�−¨æ¥ (http://head.mvs50k.jscc.ru). �à¨
¢ë¯®«−¥−¨¨ ®¯¥à�æ¨© §�¯¨á¨ ¤�−−ëå ¢® ¢−¥è−îî ¯�¬ïâì §−�ç¨â¥«ì−®£® á−¨¦¥-
−¨ï ¢ëç¨á«¨â¥«ì−®© −�£àã§ª¨ −� æ¥−âà�«ì−ë© ¯à®æ¥áá®à ã§«� −¥ −�¡«î¤�¥âáï.
�à®æ¥ááë, à�§¬¥é¥−−ë¥ −� ã§«¥ node792, á ¢−¥è−¥© ¯�¬ïâìî −¥ ¢§�¨¬®¤¥©-
áâ¢ãîâ ¨ −¥ ®ª�§ë¢�îâ −¨ª�ª®© ¢ëç¨á«¨â¥«ì−®© −�£àã§ª¨ −� ¯à®æ¥áá®àë ã§«�

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 24 −®¬¥à 4 2014 117



�. ‘. �«�¤ëè¥¢, …. �. Š¨á¥«ñ¢, ƒ. ˆ. ‘�¢¨− ¨ ¤à.

÷¨á. 4 �à®ä¨«ì ¢§�¨¬®¤¥©áâ¢¨ï ¯à¨«®¦¥−¨ï ¯¥à¢®£® â¨¯� á ¢−¥è−¥© ¯�¬ïâìî

(à¨á. 4, ¡), çâ® £®¢®à¨â ® â®¬, çâ® §�¯ãáª §�¤�−¨ï ¯à®¨§¢¥¤¥− ¡¥§ ¯à¥¤¢�à¨â¥«ì−®©
®¯â¨¬¨§�æ¨¨ à�á¯à¥¤¥«¥−¨ï ¯® à¥áãàá�¬.

‚® ¢â®àãî £àã¯¯ã ¢ë¤¥«¨¬ ¯à¨«®¦¥−¨ï, ¢ ª®â®àëå ®¯¥à�æ¨¨ ¢¢®¤�{¢ë¢®¤�
¯à®¨§¢®¤ïâ ¢á¥ ¯�à�««¥«ì−ë¥ ¯à®æ¥ááë. „®¬¨−¨àãîé�ï ç�áâì íâ®© £àã¯¯ë â�,
¢ ª®â®à®© ¢¢®¤{¢ë¢®¤ á¨−åà®−¨§¨à®¢�− ¬¥¦¤ã á®¡®©, â. ¥. ®¤−®â¨¯−ë¥ ®¯¥à�-
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‚«¨ï−¨¥ å�à�ªâ¥à¨áâ¨ª ¢−¥è−¥© ¯�¬ïâ¨ ‘Š −� ¢ë¯®«−¥−¨¥ ¯�à�««¥«ì−ëå ¯à®£à�¬¬

æ¨¨ ¯à®¢®¤ïâáï ®¤−®¢à¥¬¥−−®. Š íâ®© ¦¥ £àã¯¯¥ ¯à¨ç¨á«ïîâáï ¨ ¯à¨«®¦¥−¨ï,
¤«ï ª®â®àëå −¥®¡å®¤¨¬® ¤¥«�âì ª®−âà®«ì−ãî â®çªã, â. ¥. §�¯¨áë¢�âì ¢à¥¬¥−-
−ë¥ à¥§ã«ìâ�âë ¨«¨ ¯à®¬¥¦ãâ®ç−®¥ á®áâ®ï−¨¥ ¯�¬ïâ¨ ¯à®æ¥áá®¢ á −¥ª®â®à®©
¯¥à¨®¤¨ç−®áâìî. �¥à¨®¤ ®¡ëç−® ®¯à¥¤¥«ï¥âáï ¨áå®¤ï ¨§ ¯à®ä¨«ï ¯à¨«®¦¥-
−¨ï, ¢ë¯®«−ïîé¥£®áï −� ®¯à¥¤¥«¥−−®¬ ¢ëç¨á«¨â¥«ì−®¬ ª®¬¯«¥ªá¥. �à¨ íâ®¬
ãç¨âë¢�¥âáï ¢¥à®ïâ−®áâì á¡®ï ®¤−®£® ¬®¤ã«ï ¢ á¨áâ¥¬¥, ¢à¥¬ï ¢ë¯®«−¥−¨ï ª®−-
âà®«ì−®© â®çª¨, ¢à¥¬ï ¢ë¯®«−¥−¨ï ¢á¥© ¯à®£à�¬¬ë. Œ®¦−® á ã¢¥à¥−−®áâìî
áª�§�âì, çâ® å�à�ªâ¥à ¢¢®¤�{¢ë¢®¤� ¢ ¯à¨«®¦¥−¨ïå íâ®© £àã¯¯ë ïàª® ¢ëà�-
¦¥−−ë© ¨ ¥£® ¬®¦−® ¨¬¨â¨à®¢�âì ¯à®£à�¬¬®©-â¥áâ®¬. �â¤¥«ì−® −¥®¡å®¤¨¬®
¨¬¨â¨à®¢�âì ¯à®¡«¥¬ã ª®−âà®«ì−®© â®çª¨, â�ª ª�ª ¨¬¥−−® ãáâ�−®¢ª� ª®−âà®«ì-
−®© â®çª¨ ¢ ¯à®£à�¬¬¥ ¨ ¥áâì ®á−®¢−�ï ¯à®¡«¥¬� ¢¢®¤�{¢ë¢®¤� ¢ á®¢à¥¬¥−−ëå
¨ ¯¥àá¯¥ªâ¨¢−ëå áã¯¥àª®¬¯ìîâ¥à�å. �à®ä¨«ì ¯à¨«®¦¥−¨ï ¢â®à®£® â¨¯� ¯à¨¢¥-
¤¥− −� à¨á. 5.

�� à¨á. 5 ¤¥¬®−áâà¨àã¥âáï ¤¢� ‚“ (node1130 ¨ node1131) ¨§ 56, ®¯à¥¤¥«¥−-
−ëå á¨áâ¥¬®© ã¯à�¢«¥−¨ï §�¤�−¨ï¬¨ ¯à¨«®¦¥−¨î. �� ®áâ�«ì−ëå ã§«�å ¯à®ä¨«¨
¨¬¥îâ áå®¦¨© å�à�ªâ¥à.

�à¨ ¢ë¯®«−¥−¨¨ §�¤�−¨ï ¯à®æ¥ááë −� ¢á¥å ¢ë¤¥«¥−−ëå ‚“ á §�¤�−−®©
¯¥à¨®¤¨ç−®áâìî ®¡à�é�îâáï ª ¢−¥è−¥© ¯�¬ïâ¨ ¤«ï §�¯¨á¨ ¤�−−ëå. �à¨ áà¥¤−¥©
−�£àã§ª¥ á¥â¨ ¢ ¯¥à¨®¤ ¢¢®¤�{¢ë¢®¤� ¢ 1,2 Œ�/á ç�áâ®â� ¯�ª¥â®¢ á®áâ�¢«ï¥â
∼ 140 ¯�ª¥â/á, â. ¥. à�§¬¥à á¥â¥¢®£® ¯�ª¥â� ¬�ªá¨¬�«ì−ë© (MTU (maximum
transmission unit) á¥â¨ 9000). �â® ¯®§¢®«ï¥â á¤¥«�âì ¢ë¢®¤, çâ® à�§¬¥à ®¯¥à�æ¨¨
¢¢®¤�{¢ë¢®¤� ¤®áâ�â®ç−® ¡®«ìè®©.

‚® ¢à¥¬ï à�¡®âë á ‚‘•„ −�¡«î¤�¥âáï §−�ç¨â¥«ì−®¥ á−¨¦¥−¨¥ ¢ëç¨á«¨-
â¥«ì−®© −�£àã§ª¨ −� ¯à®æ¥áá®àë ¢á¥å ã§«®¢. �â® §−�ç¨â, çâ® ¯à®£à�¬¬¨áâ −¥
¢®á¯®«ì§®¢�«áï ¬¥å�−¨§¬®¬ ú®â«®¦¥−−�ï §�¯¨áìû, � ¦¤¥â §�¢¥àè¥−¨ï ®¯¥à�æ¨©
¢ë¢®¤� ¨ â¥àï¥â −� íâ®¬ ®ª®«® ¤¢ãå ¬¨−ãâ ¨§ ¤¥áïâ¨ (20% íää¥ªâ¨¢−®áâ¨).

�®¤®¡−®áâì ¯à®ä¨«¥© ¢á¥å ‚“ ¯®§¢®«ï¥â á¤¥«�âì ¢ë¢®¤ ® â®¬, çâ® ª®−-
ä«¨ªâ®¢ ®¯¥à�æ¨© §�¯¨á¨ ¬¥¦¤ã ¯à®æ¥áá�¬¨ −¥â, â. ¥. ¯à®£à�¬¬¨áâ ¯®§�¡®â¨«áï
® −¥§�¢¨á¨¬®áâ¨ ¤�−−ëå ¨ ®¡ ®âáãâáâ¢¨¨ −�ª«�¤−ëå à�áå®¤®¢ á®¢¬¥áâ−®£® ¤®áâã¯�
ª ¤�−−ë¬.

�� ®á−®¢¥ à�§à�¡®â�−−®© ¬¥â®¤¨ª¨ ¡ë«¨ ®¯à¥¤¥«¥−ë ¡�§®¢ë¥ ¯à®ä¨«¨ ¢§�¨-
¬®¤¥©áâ¢¨ï áã¯¥àª®¬¯ìîâ¥à−ëå ¯à¨«®¦¥−¨© á ¨¥à�àå¨¥© ¯�¬ïâ¨, ¯®ª�§ë¢�îé¨¥
à¥�«ì−ãî ª�àâ¨−ã ¨á¯®«ì§®¢�−¨ï ¯�¬ïâ¨ ¢ áã¯¥àª®¬¯ìîâ¥à�å. �â® ¯®§¢®«¨«®
ª«�áá¨ä¨æ¨à®¢�âì ¯�à�««¥«ì−ë¥ ¯à¨«®¦¥−¨ï ¯® ®â−®è¥−¨î ª ¢¢®¤ã{¢ë¢®¤ã
¨ à�§à�¡®â�âì ¯à®£à�¬¬ë-¨¬¨â�â®àë à�¡®ç¥© −�£àã§ª¨.

‘�¬ã ¬¥â®¤¨ªã ¬®¦−® �¢â®¬�â¨§¨à®¢�âì, á®§¤�¢ á®®â¢¥âáâ¢ãîéãî ¯à®£à�¬-
¬−ãî á¨áâ¥¬ã á¡®à� áâ�â¨áâ¨ç¥áª¨å ¤�−−ëå. �® â�ª�ï áâ�â¨áâ¨ª� ¬�«® çâ® ¤�¥â:
−¥¯®−ïâ−®, ª�ª ¨á¯®«ì§®¢�âì ãáà¥¤−¥−−ë¥ §−�ç¥−¨ï ¤«ï �−�«¨§� ¯à®¡«¥¬ ¨ ã§ª¨å
¬¥áâ ¯à®£à�¬¬ë ¤«ï à�áá¬�âà¨¢�¥¬®£® ¢ëç¨á«¨â¥«ì−®£® ª®¬¯«¥ªá�. ‚ ¯à¥¤áâ�¢-
«¥−−®¬ ¢¨¤¥ ¬¥â®¤¨ª� ¯®§¢®«ï¥â à�§¡¨à�âì ¯à®ä¨«ì ¯à¨«®¦¥−¨ï −� «¥âã, â. ¥. ¢®
¢à¥¬ï ¢ë¯®«−¥−¨ï, ¨ á�¬®¬ã ¯®«ì§®¢�â¥«î, çâ® ã¢¥«¨ç¨¢�¥â ¥¥ æ¥−−®áâì.

‚à¥¬ï ¢ë¯®«−¥−¨ï §�¤�−¨ï ¯®«ì§®¢�â¥«ï −� ‘Š ª«�áâ¥à−®£® â¨¯� −�¯àï¬ãî
§�¢¨á¨â ®â å�à�ªâ¥à¨áâ¨ª ¢−¥è−¥© ¯�¬ïâ¨ ¤«ï ¢á¥å ª«�áá®¢ §�¤�ç. ‡�¤�−¨¥
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�. ‘. �«�¤ëè¥¢, …. �. Š¨á¥«ñ¢, ƒ. ˆ. ‘�¢¨− ¨ ¤à.

÷¨á. 5 �à®ä¨«ì ¢§�¨¬®¤¥©áâ¢¨ï ¯à¨«®¦¥−¨ï ¢â®à®£® â¨¯� á ¢−¥è−¥© ¯�¬ïâìî

¯®«ì§®¢�â¥«ï | íâ® áª®¬¯¨«¨à®¢�−−�ï ¯�à�««¥«ì−�ï ¯à®£à�¬¬� ®¤−®£® ¨§ âà¥å
ª«�áá®¢: ç¨áâ® ¢ëç¨á«¨â¥«ì−ë¥ §�¤�ç¨ | íâ® §�¤�ç¨, £¤¥ ¢¢®¤{¢ë¢®¤ ®£à�−¨ç¨¢�-
¥âáï −¥áª®«ìª¨¬¨ ¬¥£�¡�©â�¬¨ ¤�−−ëå (§�¤�ç� ¯®¤¡®à� ª«îç�); ¢ëç¨á«¨â¥«ì−ë¥
§�¤�ç¨, ¨á¯®«ì§ãîé¨¥ ¢−¥è−îî ¯�¬ïâì ¤«ï ¢¢®¤� −�ç�«ì−ëå ¤�−−ëå ¨«¨ §�¯¨á¨
ª®−¥ç−ëå ¨«¨ ¯à®¬¥¦ãâ®ç−ëå à¥§ã«ìâ�â®¢ à�¡®âë áãé¥áâ¢¥−−ëå ®¡ê¥¬®¢, ¨§¬¥-
àï¥¬ëå ¢ á®â−ïå ¬¥£�¡�©â ¨ ¡®«¥¥ (ª −¨¬ ®â−®áïâáï §�¤�ç¨ «¨−¥©−®© �«£¥¡àë);
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‚«¨ï−¨¥ å�à�ªâ¥à¨áâ¨ª ¢−¥è−¥© ¯�¬ïâ¨ ‘Š −� ¢ë¯®«−¥−¨¥ ¯�à�««¥«ì−ëå ¯à®£à�¬¬

§�¤�ç¨ ®¡à�¡®âª¨ ¡®«ìè¨å ¬�áá¨¢®¢ ¤�−−ëå. �¥ª®â®àë¥, ª�ª, −�¯à¨¬¥à, ç¨áâ®
¢ëç¨á«¨â¥«ì−ë¥ §�¤�ç¨, á«�¡® §�¢¨áïâ ®â ¯à®¨§¢®¤¨â¥«ì−®áâ¨ ‘•, � −¥ª®â®àë¥,
â�ª¨¥ ª�ª §�¤�ç¨ ®¡à�¡®âª¨ ¡®«ìè¨å ¬�áá¨¢®¢ ¤�−−ëå, | á¨«ì−®.

�® áâ�â¨áâ¨ª¥, á�¬®¥ ¬−®£®ç¨á«¥−−®¥ ¯à¥¤áâ�¢¨â¥«ìáâ¢® à¥è�¥¬ëå §�¤�ç |
ç¨áâ® ¢ëç¨á«¨â¥«ì−ë¥ §�¤�ç¨ (¡®«¥¥ 55%). ‚ ¨áá«¥¤ã¥¬ëå ‘Š −¥ ¯à�ªâ¨ªã¥âáï
á¨áâ¥¬−�ï ª®−âà®«ì−�ï â®çª�, ¯®«ì§®¢�â¥«ì á�¬ à¥è�¥â, á®åà�−ïâì ¯à®¬¥¦ãâ®ç-
−ë¥ à¥§ã«ìâ�âë ¨«¨ −¥â. ˆ−�ç¥ å�à�ªâ¥à¨áâ¨ª¨ ¯à®¨§¢®¤¨â¥«ì−®áâ¨ ‚‘•„, −�
ª®â®àãî ¯à®¨áå®¤¨â §�¯¨áì á¨áâ¥¬−®© ª®−âà®«ì−®© â®çª¨, á¨«ì−® ¢«¨ï«¨ ¡ë −�
¢à¥¬ï ¢ë¯®«−¥−¨ï §�¤�−¨©. �â® ¢«¨ï−¨¥ ¡ë«® ¡ë áà�¢−¨¬® á ¢«¨ï−¨¥¬ −� 2-©
ª«�áá §�¤�ç | ¢ëç¨á«¨â¥«ì−ëå (¡®«¥¥ 40% §�¤�ç).

5 Заключение

�ªâã�«ì−®© §�¤�ç¥© ï¢«ï¥âáï à�§à�¡®âª� ¯à¨−æ¨¯®¢ ®à£�−¨§�æ¨¨ ¢−¥è−¥©
¯�¬ïâ¨ ¤«ï Š‚‘ ®¡é¥£® ¯®«ì§®¢�−¨ï, ¯à¨¬¥−ï¥¬ëå ¤«ï à¥è¥−¨ï à�§«¨ç−ëå
§�¤�ç á®¢à¥¬¥−−®© −�ãª¨.

�à®¡«¥¬ã á®§¤�−¨ï ª®−âà®«ì−®© â®çª¨ ¬®¦−® −�§¢�âì ®á−®¢−®© ¤«ï ¢−¥è−¥©
¯�¬ïâ¨ ª«�áâ¥à−®£® ‘Š. �ªâã�«ì−®áâì ¯®¨áª� íää¥ªâ¨¢−®£® à¥è¥−¨ï ¯à®¡«¥¬ë
¯®¢ëè�¥âáï ¯® ¬¥à¥ à�§¢¨â¨ï áã¯¥àª®¬¯ìîâ¥à−ëå â¥å−®«®£¨©, â�ª ª�ª ¬−®£®-
ªà�â−® ã¢¥«¨ç¨¢�¥âáï ç¨á«® ã§«®¢ ¢ ª®¬¯«¥ªá¥ ¨ ¯�¤�¥â −�¤¥¦−®áâì ¢ëç¨á«¥−¨©.
“áª®à¥−¨¥ á®åà�−¥−¨ï ª®−âà®«ì−ëå â®ç¥ª ¬®¦¥â ®ª�§�âì §−�ç¨â¥«ì−ë© íää¥ªâ
−� ¢à¥¬ï ¢ë¯®«−¥−¨ï ¯�à�««¥«ì−ëå ¯à®£à�¬¬.

„àã£�ï §−�ç¨¬�ï ¯à®¡«¥¬� | ¬�áá®¢ë© ¯�à�««¥«ì−ë© ¢¢®¤ ¤�−−ëå, å®âï
¢à¥¬ï, §�âà�ç¨¢�¥¬®¥ −� íâ®â ¯à®æ¥áá, ¢ ¤¥áïâª¨ à�§ ¬¥−ìè¥, ç¥¬ −� á®§¤�−¨¥
ª®−âà®«ì−®© â®çª¨.

�à¨ á®§¤�−¨¨ ¢−¥è−¥© ¯�¬ïâ¨ ª«�áâ¥à−®£® ‘Š −¥ áâ®¨â §�¡ë¢�âì ¨ ® ¯à®¡-
«¥¬�å ¯�à�««¥«ì−ëå ¯à®£à�¬¬, ª®â®àë¥ ¨á¯®«ì§ãîâ «¨èì ®¤¨− ¯�à�««¥«ì−ë©
¯à®æ¥áá ¤«ï ¢¢®¤�{¢ë¢®¤�. „«ï â�ª¨å ¯à®£à�¬¬ ¯à¥¤¥« áª®à®áâ¨ ®¡¬¥−� ¤�−-
−ë¬¨ á ¢−¥è−¥© ¯�¬ïâìî à�¢¥− ¬¨−¨¬ã¬ã ¨§ ¬�ªá¨¬�«ì−®© ¯à®¨§¢®¤¨â¥«ì−®áâ¨
á¥â¥¢®£® ª�−�«� ‚“, −� ª®â®à®¬ à�¡®â�¥â ¯à®æ¥áá ¢¢®¤�{¢ë¢®¤�, ¨ ¯à®¨§¢®¤¨-
â¥«ì−®áâ¨ ‘•.

‘ ¨á¯®«ì§®¢�−¨¥¬ à�§à�¡®â�−−®© ¬¥â®¤¨ª¨ ¡ë«¨ ¯®áâà®¥−ë ¤«ï ¯�à�««¥«ì-
−ëå ¯à®£à�¬¬ ¯®«ì§®¢�â¥«¥© Œ‘– ÷�� ¯à®ä¨«¨ ¢§�¨¬®¤¥©áâ¢¨ï á ¯�¬ïâìî
‘Š Œ‚‘-100Š.

�®«ãç¥−−ë¥ ¤�−−ë¥ ¯®§¢®«ïîâ áâà®¨âì ª«�áá¨ä¨ª�æ¨î ¯�à�««¥«ì−ëå ¯à®-
£à�¬¬ ‘Š, ®¯à¥¤¥«ïâì áå¥¬ë ¢§�¨¬®¤¥©áâ¢¨ï ¯�à�««¥«ì−ëå ¯à®£à�¬¬ á ¢−¥è−¥©
¯�¬ïâìî, çâ® �ªâã�«ì−® ¯à¨ á®§¤�−¨¨ −®¢ëå ‘•„.
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INFLUENCE OF EXTERNAL MEMORY FEATURES
OF SUPERCOMPUTERS ON PARALLEL PROGRAMS EXECUTION

O. S. Aladyshev, E. A. Kiselev, G. I. Savin, P. N. Telegin, and B. M. Shabanov

Joint Supercomputer Center (JSCC), Russian Academy of Sciences, 32a Leninsky
Prosp., Moscow 119991, Russian Federation

Abstract: The article considers usage of external memory in supercomputers.
Methods of analysis of program interaction with memory hierarchy are described.
The article provides a technique to study the profiles of parallel programs with
external memory supercomputer interaction. The technique is based on the use
of the Ganglia open source resource monitoring software and logs of the SUPPZ
batch system. The developed technique was used for collection and analysis
of JSCC users' jobs profiles. The applications were chosen to illustrate the
variety of input{output patterns in the user's job. The article presents the
results of studying users' programs profiles, which were collected on the MVS-
100K supercomputer installed in JSCC RAS. Program classification based on
the patterns of interaction with external memory is considered, statistics are
presented. The key problems of using the external memory supercomputer system
are described.

Keywords: supercomputers; profiling of parallel programs; external memory;
I/O operations
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НАСТРАИВАЕМАЯ СХЕМА КОДИРОВАНИЯ СИМВОЛОВ
ПЕРЕМЕННЫМ ЧИСЛОМ ОКТЕТОВ — ACE

И. М. Адамович1, Д. В. Земсков2

�−−®â�æ¨ï: �¯¨áë¢�¥âáï ¯à¥¤«®¦¥−−�ï �¢â®à�¬¨ −�áâà�¨¢�¥¬�ï áå¥¬� ª®¤¨-
à®¢�−¨ï á¨¬¢®«®¢ ¯¥à¥¬¥−−ë¬ ç¨á«®¬ ®ªâ¥â®¢ (Adjustable Character Encod-
ing, ACE), ¯®¤¤¥à¦¨¢�îé�ï ª®¤¨à®¢ªã ¯®«−®£® ¤¨�¯�§®−� ª®¤®¢ëå ¯ã−ªâ®¢
UCS (Universal Coded Character Set, ISO/IEC 10646) ¢ ¢¨¤¥ ¯®á«¥¤®¢�-
â¥«ì−®áâ¥© ®â ®¤−®£® ¤® ç¥âëà¥å ®ªâ¥â®¢ (8-¡¨â−ëå ª®¤¨àãîé¨å í«¥¬¥−â®¢).
�á−®¢−®© æ¥«ìî à�§à�¡®âª¨ íâ®© ª®¤¨à®¢ª¨ ï¢«ï«®áì ã¢¥«¨ç¥−¨¥, ¯® áà�¢−¥-
−¨î á UTF-8 (Unicode Transformation Format, 8-bit), ¤®¯ãáâ¨¬®£® ª®«¨ç¥áâ¢�
ª®¤®¢ëå ¯ã−ªâ®¢, ª®¤¨àã¥¬ëå ®¤−®®ªâ¥â−®© ¯®á«¥¤®¢�â¥«ì−®áâìî, çâ® ¤�¥â
¢®§¬®¦−®áâì ¡®«¥¥ ª®¬¯�ªâ−®£® ¯à¥¤áâ�¢«¥−¨ï â¥ªáâ®¢, −�¯¨á�−−ëå á ¨á¯®«ì-
§®¢�−¨¥¬ á¨¬¢®«®¢ ¨§¡à�−−®£® −�æ¨®−�«ì−®£® �«ä�¢¨â�, � â�ª¦¥ ¢®§¬®¦−®áâì
á®åà�−¥−¨ï ¯à¨ ª®¤¨à®¢�−¨¨ ¡¨−�à−®£® ¯à¥¤áâ�¢«¥−¨ï á¨¬¢®«®¢ â�ª®£® �«-
ä�¢¨â�, á®¢¯�¤�îé¨¬ á ¨å ç¨á«®¢ë¬¨ §−�ç¥−¨ï¬¨ ¢ ®¤−®¡�©â−®© â�¡«¨æ¥
á¨¬¢®«®¢. „�−−�ï ª®¤¨à®¢ª� á®åà�−ï¥â â�ª¨¥ á¢®©áâ¢� ª®¤¨à®¢ª¨ UTF-8,
ª�ª ®âáãâáâ¢¨¥ á®áâ®ï−¨ï (ª®¤¨à®¢�−−®¥ ¯à¥¤áâ�¢«¥−¨¥ á¨¬¢®«� −¥ §�¢¨á¨â ®â
§−�ç¥−¨© ¯à¥¤ë¤ãé¨å á¨¬¢®«®¢), á�¬®á¨−åà®−¨§�æ¨ï (−¨ ®¤−� ¨§ ¤®¯ãáâ¨¬ëå
ª®¤¨à®¢�−−ëå ¯®á«¥¤®¢�â¥«ì−®áâ¥© −¥ ¬®¦¥â ¯à¨áãâáâ¢®¢�âì ¢−ãâà¨ ¤àã£®©,
� â�ª¦¥ ¢−ãâà¨ «î¡ëå −¥áª®«ìª¨å á¬¥¦−ëå ¯®á«¥¤®¢�â¥«ì−®áâ¥©, ¯¥à¥á¥ª�ï
£à�−¨æã ¯®á«¥¤®¢�â¥«ì−®áâ¥©) ¨ ¢®§¬®¦−®áâì −�å®¦¤¥−¨ï −�ç�«� ¨«¨ ª®−-
æ� ¯®á«¥¤®¢�â¥«ì−®áâ¨, ª®¤¨àãîé¥© á¨¬¢®«, ¢ «î¡®¬ ¬¥áâ¥ ª®¤¨à®¢�−−®£®
â¥ªáâ�.

Keywords: ¨−ä®à¬�â¨ª�; áå¥¬� á¨¬¢®«ì−®£® ª®¤¨à®¢�−¨ï; UCS; «®ª�«¨§�-
æ¨ï ¯à®£à�¬¬; UTF-8

DOI: 10.14357/08696527140408

1 Термины и определения

��©â (byte) | ¥¤¨−¨æ� åà�−¥−¨ï ¨ ®¡à�¡®âª¨ æ¨äà®¢®© ¨−ä®à¬�æ¨¨ −�
ª®¬¯ìîâ¥à¥. ˆ¬¥¥â ç¨á«®¢®¥ §−�ç¥−¨¥ ®â 0 ¤® −¥ª®â®à®£® ®¯à¥¤¥«¥−−®£® �àå¨-
â¥ªâãà®© ª®¬¯ìîâ¥à� §−�ç¥−¨ï.

�ªâ¥â (octet) | ¡�©â, ¨¬¥îé¨© ¤¨�¯�§®− §−�ç¥−¨© ®â 0 ¤® 255.
‘¨¬¢®« (character) | ®¤¨− ¨§ ¬−®¦¥áâ¢� í«¥¬¥−â®¢, ¨á¯®«ì§ãîé¨åáï ¤«ï

®à£�−¨§�æ¨¨, ã¯à�¢«¥−¨ï ¨«¨ ¯à¥¤áâ�¢«¥−¨ï â¥ªáâ®¢ëå ¤�−−ëå.

1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, adam@amsd.com
2ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, dima@amsd.com
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��áâà�¨¢�¥¬�ï áå¥¬� ª®¤¨à®¢�−¨ï á¨¬¢®«®¢ ¯¥à¥¬¥−−ë¬ ç¨á«®¬ ®ªâ¥â®¢ | ACE

Š®¤®¢ë© ¯ã−ªâ | §−�ç¥−¨¥, ¯à¨á¢®¥−−®¥ á¨¬¢®«ã ¢ ª®¤®¢®¬ ¯à®áâà�−áâ¢¥
UCS.

Š®¤®¢ë© í«¥¬¥−â ACE (code unit, ¤�«¥¥ | í«¥¬¥−â) | ®ªâ¥â, ¨á¯®«ì§ã-
îé¨©áï ¢ áå¥¬¥ ª®¤¨à®¢�−¨ï á¨¬¢®«®¢ ACE.

ƒàã¯¯� í«¥¬¥−â®¢ L, M , N ¨«¨ T | ®¤−® ¨§ −¥¯¥à¥á¥ª�îé¨åáï ¯®¤¬−®¦¥áâ¢
¬−®¦¥áâ¢� ¢á¥å í«¥¬¥−â®¢.

ˆ−¤¥ªá í«¥¬¥−â� £àã¯¯ë L, M , N ¨«¨ T | æ¥«®ç¨á«¥−−®¥ §−�ç¥−¨¥ ¢ ¤¨�-
¯�§®−¥ ®â 0 ¤® ç¨á«� í«¥¬¥−â®¢ £àã¯¯ë ¬¨−ãá 1, ¯à¨á¢®¥−−®¥ ª�¦¤®¬ã í«¥¬¥−âã
á®®â¢¥âáâ¢ãîé¥© £àã¯¯ë â�ª¨¬ ®¡à�§®¬, çâ® í«¥¬¥−â�¬ á ¬¥−ìè¨¬¨ ¡¨−�à−ë¬¨
§−�ç¥−¨ï¬¨ á®®â¢¥âáâ¢ãîâ ¬¥−ìè¨¥ ¨−¤¥ªáë.

ˆ−¢�à¨�−â−ë© ª á¨áâ¥¬¥ ª®¤¨à®¢�−¨ï í«¥¬¥−â | í«¥¬¥−â, ï¢«ïîé¨©áï
ª®¤®¢ë¬ á«®¢®¬ ¤«¨−ë 1, ª®¤¨àãîé¨¬ á¨¬¢®«, ª®â®àë©, ¡ã¤ãç¨ ¯à¥¤áâ�¢«¥−
¢ íâ®© (®¤−®¡�©â−®©) á¨áâ¥¬¥ ª®¤¨à®¢�−¨ï, ¨¬¥¥â ç¨á«®¢®¥ §−�ç¥−¨¥, á®¢¯�¤�-
îé¥¥ á ç¨á«®¢ë¬ §−�ç¥−¨¥¬ ¤�−−®£® í«¥¬¥−â�.

‡�à¥§¥à¢¨à®¢�−−ë© í«¥¬¥−â | ¨−¢�à¨�−â−ë© ª á¨áâ¥¬¥ ª®¤¨à®¢�−¨ï ASCII
í«¥¬¥−â.

Š®¤®¢®¥ á«®¢® ACE (code unit sequence, ¤�«¥¥ | ª®¤®¢®¥ á«®¢®) | ¯®á«¥¤®-
¢�â¥«ì−®áâì ®â 1 ¤® 4 í«¥¬¥−â®¢, ®¯à¥¤¥«ïîé�ï ª®¤®¢ë© ¯ã−ªâ.

‹¥ªá¨ª®£à�ä¨ç¥áª®¥ áâ�àè¨−áâ¢® ®¤−®£® ¨§ ¤¢ãå ª®¤®¢ëå á«®¢ −�¤ ¤àã£¨¬
®¯à¥¤¥«ï¥âáï −�å®¦¤¥−¨¥¬ ¯¥à¢®© ¯�àë −¥®¤¨−�ª®¢ëå í«¥¬¥−â®¢ ¨§ ª�¦¤®£®
á«®¢�, −�å®¤ïé¨åáï −� ¬¨−¨¬�«ì−®¬ ®¤¨−�ª®¢®¬ à�ááâ®ï−¨¨ ®â −�ç�«� á®¤¥à¦�-
é¥£® ¨å á«®¢�; ¯à¨ −�«¨ç¨¨ â�ª®© ¯�àë «¥ªá¨ª®£à�ä¨ç¥áª®¥ áâ�àè¨−áâ¢® ¨¬¥¥â
ª®¤®¢®¥ á«®¢®, ª®â®à®¬ã ¯à¨−�¤«¥¦¨â í«¥¬¥−â á ¬¥−ìè¨¬ ¡¨−�à−ë¬ §−�ç¥−¨-
¥¬. �à¨ ®âáãâáâ¢¨¨ â�ª®© ¯�àë «¥ªá¨ª®£à�ä¨ç¥áª¨ ¡®«¥¥ áâ�àè¨¬ áç¨â�¥âáï
á«®¢®, á®¤¥à¦�é¥¥ ¬¥−ìè¥¥ ª®«¨ç¥áâ¢® í«¥¬¥−â®¢. …á«¨ ª®«¨ç¥áâ¢® í«¥¬¥−â®¢
®¤¨−�ª®¢®, «¥ªá¨ª®£à�ä¨ç¥áª®¥ áâ�àè¨−áâ¢® −¥ ®¯à¥¤¥«¥−®.

‹¥ªá¨ª®£à�ä¨ç¥áª¨© ¯®àï¤®ª ª®¤®¢ëå á«®¢ | ¢§�¨¬−®¥ à�á¯®«®¦¥−¨¥ á«®¢,
¤«ï ª®â®àëå ®¯à¥¤¥«¥−® «¥ªá¨ª®£à�ä¨ç¥áª®¥ áâ�àè¨−áâ¢®, â�ª¨¬ ®¡à�§®¬, çâ®
«î¡®¥ «¥ªá¨ª®£à�ä¨ç¥áª¨ ¡®«¥¥ áâ�àè¥¥ á«®¢® ¯à¥¤è¥áâ¢ã¥â ¬¥−¥¥ áâ�àè¥¬ã.

ˆ−¤¥ªá ª®¤®¢®£® á«®¢� ¤«¨−ë 1, 2, 3 ¨«¨ 4 | æ¥«®ç¨á«¥−−®¥ §−�ç¥−¨¥ ¢ ¤¨�-
¯�§®−¥ ®â 0 ¤® ç¨á«� ª®¤®¢ëå á«®¢ á®®â¢¥âáâ¢ãîé¥© ¤«¨−ë ¬¨−ãá 1, ¯à¨á¢®¥−−®¥
ª�¦¤®¬ã ª®¤®¢®¬ã á«®¢ã ¤�−−®© ¤«¨−ë â�ª¨¬ ®¡à�§®¬, çâ® «¥ªá¨ª®£à�ä¨ç¥áª¨
¡®«¥¥ áâ�àè¨¬ á«®¢�¬ á®®â¢¥âáâ¢ãîâ ¬¥−ìè¨¥ ¨−¤¥ªáë.

Š®¤¨à®¢�−¨¥ | ¯à¥®¡à�§®¢�−¨¥ ª®¤®¢®£® ¯ã−ªâ� ¢ ª®¤®¢®¥ á«®¢®.
„¥ª®¤¨à®¢�−¨¥ | ¯à¥®¡à�§®¢�−¨¥ ª®¤®¢®£® á«®¢� ¢ ª®¤®¢ë© ¯ã−ªâ.
Œ−®¦¥áâ¢® ª®¤®¢ëå ¯ã−ªâ®¢, ª®¤¨àã¥¬ëå ª®¤®¢ë¬ á«®¢®¬ ¤«¨−ë 1, |

ã¯®àï¤®ç¥−−ë© ¯® ¢®§à�áâ�−¨î §−�ç¥−¨© −�¡®à ã−¨ª�«ì−ëå ª®¤®¢ëå ¯ã−ªâ®¢,
ª®¤¨àã¥¬ëå ®¤−®í«¥¬¥−â−®© ¯®á«¥¤®¢�â¥«ì−®áâìî.

Œ−®¦¥áâ¢® ª®¤®¢ëå ¯ã−ªâ®¢, ª®¤¨àã¥¬ëå ª®¤®¢ë¬ á«®¢®¬ ¤«¨−ë 2, |
ã¯®àï¤®ç¥−−ë© ¯® ¢®§à�áâ�−¨î §−�ç¥−¨© −�¡®à ã−¨ª�«ì−ëå ª®¤®¢ëå ¯ã−ªâ®¢,
ª®¤¨àã¥¬ëå ¤¢ãåí«¥¬¥−â−®© ¯®á«¥¤®¢�â¥«ì−®áâìî.
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ˆ. Œ. �¤�¬®¢¨ç, „. ‚. ‡¥¬áª®¢

2 Введение

�«ä�¢¨âë ¡®«ìè¨−áâ¢� ï§ëª®¢ ¬¨à�, ¢ª«îç�ï àãááª¨©, ¢ ª®â®àëå −�¡®à
á¨¬¢®«®¢ −¥ ï¢«ï¥âáï ¯®¤¬−®¦¥áâ¢®¬ «�â¨−áª¨å á¨¬¢®«®¢, ¨¬¥îâ ¢®áì¬¨¡¨â−ãî
ª®¤¨à®¢ªã, ¢ ª®â®à®© ®â«¨ç−ë¥ ®â «�â¨−áª¨å á¨¬¢®«ë à�á¯®«®¦¥−ë ¢ ¢¥àå−¥©
ç�áâ¨ ª®¤®¢®© â�¡«¨æë (ª®¤ë 80hex{FFhex). �à¨ −¥®¡å®¤¨¬®áâ¨ ¨á¯®«ì§®¢�-
−¨ï −�àï¤ã á á¨¬¢®«�¬¨, ®¯à¥¤¥«¥−−ë¬¨ ¢ â�ª®© ª®¤¨à®¢ª¥, ®âáãâáâ¢ãîé¨å
¢ −¥© á¨¬¢®«®¢ ¥¤¨−áâ¢¥−−ë¬ áâ�−¤�àâ¨§¨à®¢�−−ë¬ á¯®á®¡®¬ ï¢«ï¥âáï ¯à¥¤-
áâ�¢«¥−¨¥ á¨¬¢®«®¢ ¢ UCS [1], £¤¥ ª�¦¤®¬ã á¨¬¢®«ã á®®â¢¥âáâ¢ã¥â 16-¡¨â−®¥
æ¥«®ç¨á«¥−−®¥ §−�ç¥−¨¥, çâ® âà¥¡ã¥â ¢ 2 à�§� ¡®«ìè¥ ¬¥áâ�, ç¥¬ ¢®áì¬¨¡¨â−�ï
ª®¤¨à®¢ª�. ˆá¯®«ì§®¢�−¨¥ ª®¤¨à®¢�−¨ï UTF-8 [2] ¤«ï â�ª¨å �«ä�¢¨â®¢ −¥ ¯à¨-
¢®¤¨â ª ã¬¥−ìè¥−¨î à�§¬¥à� ª®¤¨à®¢�−−ëå á¨¬¢®«®¢ −�æ¨®−�«ì−ëå �«ä�¢¨â®¢,
¯®áª®«ìªã ¢ UTF-8 â®«ìª® á¨¬¢®«ë á ª®¤�¬¨ 0hex{7Fhex ª®¤¨àãîâáï ®¤−¨¬
®ªâ¥â®¬. �¤−�ª® ¨á¯®«ì§®¢�−¨¥ UTF-8 ç�áâ® −¥®¡å®¤¨¬® ¯® ¤àã£¨¬ ¯à¨ç¨−�¬,
â�ª¨¬ ª�ª á®¢¬¥áâ¨¬®áâì á áãé¥áâ¢ãîé¨¬¨ ¯à®£à�¬¬−ë¬¨ ¨−â¥àä¥©á�¬¨ (API |
application programming interface), à�¡®â�îé¨¬¨ á ¢®áì¬¨¡¨â−ë¬¨ ª®¤¨à®¢ª�¬¨.

�á−®¢−®© æ¥«ìî á®§¤�−¨ï ª®¤¨à®¢ª¨ ACE ï¢«ï«®áì ã¢¥«¨ç¥−¨¥, ¯® áà�¢−¥-
−¨î á UTF-8, ª®«¨ç¥áâ¢� ®¤−®®ªâ¥â−ëå ª®¤¨à®¢�−−ëå á¨¬¢®«®¢ á á®åà�−¥−¨¥¬
¡®«ìè¨−áâ¢� á¢®©áâ¢, ¯à¨áãé¨å UTF-8:

1. ‚ UTF-8 ®ªâ¥âë á ç¨á«®¢ë¬ §−�ç¥−¨¥¬ ¢ ¤¨�¯�§®−¥ 0{127 ª®¤¨àãîâ á¨¬¢®-
«ë UCS, ¨¬¥îé¨¥ ¢ ASCII (American Standard Code for Information Inter-
change) â® ¦¥ ç¨á«®¢®¥ §−�ç¥−¨¥. ’�ª¨¥ ®ªâ¥âë ¡®«ìè¥ −¥ ¯à¨áãâáâ¢ãîâ −¨
¢ ®¤−®© ª®¤¨à®¢�−−®© ¯®á«¥¤®¢�â¥«ì−®áâ¨ [3] ¤«ï ¤àã£¨å á¨¬¢®«®¢. ‚ ACE
®ªâ¥âë, ¨§ ª®â®àëå ¡ã¤ãâ á®áâ®ïâì ®¤−®í«¥¬¥−â−ë¥ ª®¤®¢ë¥ ¯®á«¥¤®¢�â¥«ì-
−®áâ¨, ¨ ª®¤¨àã¥¬ë¥ ¨¬¨ á¨¬¢®«ë UCS §�¤�îâáï ¯à¨ −�áâà®©ª¥ ª®¤¨à®¢ª¨,
çâ® ¯®§¢®«ï¥â, ª ¯à¨¬¥àã, á¤¥«�âì −¥ª®â®àë¥ á¨¬¢®«ë ¨§¡à�−−®© â�¡«¨æë
¢®áì¬¨¡¨â−®© ª®¤¨à®¢ª¨ −¥ ¨§¬¥−ïîé¨¬¨áï ¯à¨ ª®¤¨à®¢�−¨¨. ‚ ACE â�ª¨¥
®ªâ¥âë, â�ª ¦¥ ª�ª ¨ ¢ UTF-8, ¢ ª®¤¨à®¢�−−®© ¯®á«¥¤®¢�â¥«ì−®áâ¨ ¤«ï
¤àã£¨å á¨¬¢®«®¢ −¥ ¨á¯®«ì§ãîâáï.

2. Š®¤¨à®¢ª� UTF-8 ï¢«ï¥âáï á�¬®á¨−åà®−¨§¨àãîé¥©áï: −¨ ®¤−� ¨§ ¤®¯ãá-
â¨¬ëå ª®¤¨à®¢�−−ëå ¯®á«¥¤®¢�â¥«ì−®áâ¥© −¥ ¬®¦¥â ¯à¨áãâáâ¢®¢�âì ¢−ãâà¨
¤àã£®©, � â�ª¦¥ ¢−ãâà¨ «î¡ëå −¥áª®«ìª¨å á¬¥¦−ëå ¯®á«¥¤®¢�â¥«ì−®áâ¥©
(¯¥à¥á¥ª�ï â�ª¨¬ ®¡à�§®¬ £à�−¨æã ¯®á«¥¤®¢�â¥«ì−®áâ¥©). �«�£®¤�àï íâ®¬ã
áãé¥áâ¢ã¥â ¢®§¬®¦−®áâì ¨á¯®«ì§®¢�−¨ï ¡�©â-®à¨¥−â¨à®¢�−−ëå �«£®à¨â¬®¢
¯®¨áª� áâà®ª. ‚ëè¥áª�§�−−®¥ á¯à�¢¥¤«¨¢® ¨ ¤«ï ª®¤¨à®¢ª¨ ACE.

3. ‚ UTF-8 £à�−¨æë ª®¤¨à®¢�−−ëå á¨¬¢®«®¢ ¬®£ãâ ¡ëâì «¥£ª® à�á¯®§−�−ë
¯®¨áª®¬ ç¥âª® ®¯à¥¤¥«¥−−ëå ¡¨â®¢ëå ¬�á®ª ¢ «î¡®¬ −�¯à�¢«¥−¨¨. �à¨ ¯®-
â¥à¥ ¨«¨ ¯®àç¥ ¡�©â®¢ ¬®¦−® ®¯à¥¤¥«¨âì −�ç�«® á«¥¤ãîé¥£® à�§à¥è¥−−®£®
ª®¤¨à®¢�−−®£® á¨¬¢®«� ¨ ¯à®¤®«¦¨âì ®¡à�¡®âªã â¥ªáâ�. ‚ ACE �«£®à¨â¬
¯®¨áª� £à�−¨æë ª®¤¨à®¢�−−ëå á¨¬¢®«®¢ ¢ª«îç�¥â ¢ á¥¡ï ¢®§¬®¦−ãî −¥®¡å®-
¤¨¬®áâì �−�«¨§� −¥áª®«ìª¨å á®á¥¤−¨å ®ªâ¥â®¢, −® â�ª¦¥ ï¢«ï¥âáï ¤®áâ�â®ç−®
âà¨¢¨�«ì−ë¬.
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��áâà�¨¢�¥¬�ï áå¥¬� ª®¤¨à®¢�−¨ï á¨¬¢®«®¢ ¯¥à¥¬¥−−ë¬ ç¨á«®¬ ®ªâ¥â®¢ | ACE

‚ ¤�−−®© áâ�âì¥ ¤�¥âáï á¯¥æ¨ä¨ª�æ¨ï (−�¡®à ¯à�¢¨«) ¯à¥®¡à�§®¢�−¨ï «î¡®£®
æ¥«®£® ç¨á«� ¢ ¤¨�¯�§®−¥ ®â 0 ¤® 1 114 111 ¢ ¯®á«¥¤®¢�â¥«ì−®áâì ç¨á¥« ¢ ¤¨�¯�§®−¥
®â 0 ¤® 255 ¤«¨−®© ®â 1 ¤® 4 ¨ ®¡à�â−®£® ¯à¥®¡à�§®¢�−¨ï.

ƒ«�¢−®© æ¥«ìî à�§à�¡®âª¨ ¤�−−®© á¯¥æ¨ä¨ª�æ¨¨ ï¢«ï¥âáï ¢®§¬®¦−®áâì ¥¥
¯à¨¬¥−¥−¨ï ¤«ï ª®¤¨à®¢�−¨ï/¤¥ª®¤¨à®¢�−¨ï «î¡®£® á¨¬¢®«� UCS ¯® ¯à¨-
á¢®¥−−®¬ã ¥¬ã áâ�−¤�àâ®¬ ç¨á«®¢®¬ã §−�ç¥−¨î ¢ ¯®á«¥¤®¢�â¥«ì−®áâì ¡�©â®¢
¯¥à¥¬¥−−®© ¤«¨−ë �−�«®£¨ç−® UTF-8, −® ¤®¯ãáª�îé¥©, ¢ ®â«¨ç¨¥ ®â UTF-8,
ª®¤¨à®¢�−¨¥ ¡®«ìè¥£® ª®«¨ç¥áâ¢� á¨¬¢®«®¢ ®¤−¨¬ ¡�©â®¬, çâ® ¨¬¥¥â §−�ç¥-
−¨¥ ¯à¨ ¨á¯®«ì§®¢�−¨¨ á¨¬¢®«®¢, ®âáãâáâ¢ãîé¨å ¢ ª®¤¨à®¢ª¥ ASCII (á¨¬¢®«®¢
−�æ¨®−�«ì−ëå �«ä�¢¨â®¢).

3 Формы символьного кодирования

‘¨¬¢®«ì−�ï áâà®ª� | ¯®á«¥¤®¢�â¥«ì−®áâì ¡�©â®¢, ª®¤¨àãîé�ï ¯®á«¥¤®¢�-
â¥«ì−®áâì á¨¬¢®«®¢, ª�¦¤ë© ¨§ ª®â®àëå ¯à¥¤áâ�¢«¥− ®¤−¨¬ ¨«¨ −¥áª®«ìª¨¬¨
á¬¥¦−ë¬¨ ¡�©â�¬¨, §−�ç¥−¨ï ª®â®àëå ®¯à¥¤¥«ïîâáï á¨áâ¥¬®© ª®¤¨à®¢�−¨ï á¨¬-
¢®«®¢. ��¨¡®«¥¥ à�á¯à®áâà�−¥−−®© á¨áâ¥¬®© ª®¤¨à®¢�−¨ï á¨¬¢®«®¢ ï¢«ï¥âáï
ASCII, ª®â®à�ï ®¯à¥¤¥«ï¥â á®®â¢¥âáâ¢ãîé¨© ª�¦¤®¬ã ¡�©âã á ç¨á«®¢ë¬ §−�ç¥-
−¨¥¬ ®â 0 ¤® 127 á¨¬¢®«.

�®áª®«ìªã ¢ ¡®«ìè¨−áâ¢¥ á®¢à¥¬¥−−ëå ª®¬¯ìîâ¥à®¢ ç¨á«®¢®¥ §−�ç¥−¨¥ ¡�©â�
−�å®¤¨âáï ¢ ¤¨�¯�§®−¥ ®â 0 ¤® 255, ¡�©âë á ç¨á«®¢ë¬¨ §−�ç¥−¨ï¬¨ ®â 128 ¤® 255
ï¢«ïîâáï −¥ ®¯à¥¤¥«¥−−ë¬¨ áâ�−¤�àâ®¬ ASCII. „«ï ®¯à¥¤¥«¥−¨ï á¨¬¢®«®¢ ¢®
¢á¥¬ ¤¨�¯�§®−¥ §−�ç¥−¨© ¡�©â®¢ ®â 0 ¤® 255 ¡ë«¨ ®¯à¥¤¥«¥−ë â�ª −�§ë¢�¥¬ë¥
úª®¤®¢ë¥ áâà�−¨æëû, ¯¥à¢ë¥ 128 ç¨á«®¢ëå §−�ç¥−¨© ¡�©â®¢ ¢ ª®â®àëå, ª�ª
¯à�¢¨«®, á®®â¢¥âáâ¢ãîâ á¨¬¢®«�¬ ¢ ª®¤¨à®¢ª¥ ASCII, � ®áâ�¢è¨¬áï ®¡ëç−®
¯à¨á¢�¨¢�îâáï á¨¬¢®«ë, ¨á¯®«ì§ãîé¨¥áï ¢ ®¤−®¬ ¨«¨ −¥áª®«ìª¨å à®¤áâ¢¥−−ëå
¯¨áì¬¥−−ëå ï§ëª�å.

‚ á¢ï§¨ á à�áâãé¥© ¯®âà¥¡−®áâìî ¢ «®ª�«¨§�æ¨¨ áãé¥áâ¢ãîé¨å ¯à®£à�¬¬,
â. ¥. ¯®¤¤¥à¦ª¨ á¨¬¢®«®¢ �«ä�¢¨â®¢ ¬¨à®¢ëå ï§ëª®¢, ¢á¥ ¡®«ìè¥ ¯à®ï¢«ï¥âáï
−¥¤®áâ�â®ª â�ª¨å á¨áâ¥¬ ª®¤¨à®¢�−¨ï, ¢ëà�¦�îé¨©áï ¢ â®¬, çâ®, ¯®áª®«ìªã
ª�¦¤ë© á¨¬¢®« ¯à¥¤áâ�¢«ï¥âáï ®¤−¨¬ ¡�©â®¬, ª®«¨ç¥áâ¢® à�§−ëå ª®¤¨àã¥¬ëå
á¨¬¢®«®¢ −¥ ¬®¦¥â ¯à¥¢ëè�âì 256.

„«ï ¯à¥®¤®«¥−¨ï íâ®£® ®£à�−¨ç¥−¨ï ¬®¦−® ¨á¯®«ì§®¢�âì â�ª −�§ë¢�¥¬ë¥
ú¤¢ãå¡�©â®¢ë¥ ª®¤¨à®¢ª¨û, −�¯à¨¬¥à UCS-2, £¤¥ ª�¦¤ë© á¨¬¢®« ª®¤¨àã¥â-
áï ¤¢ã¬ï ¯®á«¥¤®¢�â¥«ì−ë¬¨ ¡�©â�¬¨ ¨ ª®«¨ç¥áâ¢® ¯à¥¤áâ�¢«¥−−ëå á¨¬¢®«®¢
ã¢¥«¨ç¨¢�¥âáï ¤® 65 536.

ƒ«�¢−®© ¯à®¡«¥¬®©, ¢®§−¨ª�îé¥© ¯à¨ ¨á¯®«ì§®¢�−¨¨ ¤¢ãå¡�©â®¢ëå ª®¤¨-
à®¢®ª, ï¢«ï¥âáï −¥ ã¢¥«¨ç¥−¨¥ ¯®âà¥¡«ï¥¬®© ¯�¬ïâ¨, å®âï ¢ −¥ª®â®àëå á«ãç�ïå
(¨á¯®«ì§®¢�−¨¥ −� ¬®¡¨«ì−ëå ãáâà®©áâ¢�å, ¢ á¨áâ¥¬�å åà�−¥−¨ï ¤�−−ëå) íâ®
ªà¨â¨ç−®, � áãé¥áâ¢®¢�−¨¥ ®£à®¬−®£® ª®«¨ç¥áâ¢� ¯à®£à�¬¬, ¨á¯®«ì§ãîé¨å ®¤-
−®¡�©â−ãî ª®¤¨à®¢ªã. ’�ª¨¥ ¯à®£à�¬¬ë §�ç�áâãî á®áâ®ïâ ¨§ âëáïç ¨ ¤�¦¥
¬¨««¨®−®¢ áâà®ª ¯à®£à�¬¬−®£® ª®¤�, ª®â®àë© âàã¤−®, � ¨−®£¤� (−�¯à¨¬¥à, ¯à¨
¨á¯®«ì§®¢�−¨¨ ¢ ¯à®£à�¬¬¥ ¡¨¡«¨®â¥ª ®¡ê¥ªâ−®£® ª®¤� ¡¥§ ¨áå®¤−ëå â¥ªáâ®¢)
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¨ ¯à®áâ® −¥¢®§¬®¦−® ¯¥à¥¯¨á�âì á ¨á¯®«ì§®¢�−¨¥¬ ¤¢ãå¡�©â®¢®© á¨áâ¥¬ë á¨¬-
¢®«ì−®£® ª®¤¨à®¢�−¨ï.

„«ï à¥è¥−¨ï íâ®© §�¤�ç¨ ¡ë«¨ à�§à�¡®â�−ë á¨áâ¥¬ë á¨¬¢®«ì−®£® ª®¤¨à®¢�-
−¨ï ¯¥à¥¬¥−−®© ¤«¨−ë, ¢ â�ª¨å á¨áâ¥¬�å ª�¦¤ë© ª®¤¨àã¥¬ë© á¨¬¢®« ¯à¥¤áâ�¢-
«ï¥âáï ¯¥à¥¬¥−−ë¬ ç¨á«®¬ ¯®á«¥¤®¢�â¥«ì−ëå ¡�©â®¢.

‘�¬®© è¨à®ª® ¨á¯®«ì§ã¥¬®© ¨§ â�ª¨å á¨áâ¥¬ ï¢«ï¥âáï UTF-8. �ã¤ãç¨ áâ�−-
¤�àâ¨§¨à®¢�−−®©, UTF-8 è¨à®ª® ¯à¨¬¥−ï¥âáï ¢ ˆ−â¥à−¥â¥ ¨ ¢ ®¯¥à�æ¨®−−ëå
á¨áâ¥¬�å, ¯à®¨§¢®¤−ëå ®â �‘ UNIX.

‚ á¨áâ¥¬¥ ª®¤¨à®¢�−¨ï UTF-8 ¡�©âë á® §−�ç¥−¨ï¬¨ ®â 0 ¤® 127 ª®¤¨àãîâ
â¥ ¦¥ á¨¬¢®«ë, çâ® ¨ ¢ ASCII, ¨ ¢ ª®¤¨à®¢�−−®¬ ¯à¥¤áâ�¢«¥−¨¨ ¤àã£¨å á¨¬-
¢®«®¢ ®âáãâáâ¢ãîâ, â�ª¦¥ −¨ ®¤−� ¨§ ª®¤®¢ëå ¯®á«¥¤®¢�â¥«ì−®áâ¥© UTF-8 −¥
¬®¦¥â ï¢«ïâìáï ç�áâìî ®¤−®© ¨«¨ −¥áª®«ìª¨å â�ª¨å á¬¥¦−ëå ¯®á«¥¤®¢�â¥«ì-
−®áâ¥© (á�¬®á¨−åà®−¨§�æ¨ï), çâ® ¯®§¢®«ï¥â ¢ ¡®«ìè¨−áâ¢¥ á«ãç�¥¢ á¨¬¢®«ì−ë¬
áâà®ª�¬, §�ª®¤¨à®¢�−−ë¬ ¢ UTF-8, §�¬¥−¨âì áâà®ª¨ ¢ ®¤−®¡�©â−®© ª®¤¨à®¢ª¥
¢ ¯à®£à�¬¬�å ¡¥§ ¨§¬¥−¥−¨ï â�ª¨å ¯à®£à�¬¬ ¢ ç�áâ¨ ª®¯¨à®¢�−¨ï, ª®−ª�â¥−�æ¨¨,
á®àâ¨à®¢ª¨ áâà®ª, ¯®¨áª� ¯®¤áâà®ª.

4 Общие принципы кодирования ACE

Š�¦¤®¥ ª®¤®¢®¥ á«®¢® ¯à¥¤áâ�¢«¥−® ®¤−®© ¨§ ¯®á«¥¤®¢�â¥«ì−®áâ¥© í«¥¬¥−â®¢
¢¨¤� L, MN, MT, NTN ¨«¨ TTNN (¡ãª¢�¬¨ ®¡®§−�ç¥−ë í«¥¬¥−âë á®®â¢¥âáâ¢ã-
îé¨å £àã¯¯). ’�ª®¥ ª®¤¨à®¢�−¨¥ ®¡«�¤�¥â á¢®©áâ¢®¬ á�¬®á¨−åà®−¨§�æ¨¨, çâ®
®§−�ç�¥â, çâ® −¨ ®¤−® ¨§ ª®¤®¢ëå á«®¢ −¥ ¬®¦¥â ï¢«ïâìáï ç�áâìî ¤àã£®£® ª®¤®¢®£®
á«®¢� ¨«¨ −¥áª®«ìª¨å ¨¤ãé¨å ¯®¤àï¤ ª®¤®¢ëå á«®¢. ��ç�«® ª�¦¤®£® ¨§ â�ª¨å
ª®¤®¢ëå á«®¢ ®¤−®§−�ç−® ®¯à¥¤¥«ï¥âáï ¯®á«¥¤®¢�â¥«ì−®áâï¬¨ í«¥¬¥−â®¢ L, M,
NTN ¨ TTN, � ª®−¥æ | ¯®á«¥¤®¢�â¥«ì−®áâï¬¨ L, MN, MT, NTN ¨ TTNN.
�à¨¬¥ç�−¨¥. ‚®§¬®¦−® ¨á¯®«ì§®¢�−¨¥ â�ª¦¥ ª®¤®¢ëå á«®¢ ¢¨¤� NTTT, çâ® ¯®§¢®-
«ï¥â §�ª®¤¨à®¢�âì ¤®¯®«−¨â¥«ì−® 262 144 ª®¤®¢ëå ¯ã−ªâ�, ®¤−�ª® ¢ ¤�−−®© áâ�âì¥
¨á¯®«ì§®¢�−¨¥ â�ª¨å ª®¤®¢ëå á«®¢ −¥ à�áá¬�âà¨¢�¥âáï, ¯®áª®«ìªã ¢ëè¥ã¯®¬ï−ãâëå
¯®á«¥¤®¢�â¥«ì−®áâ¥© ¤®áâ�â®ç−® ¤«ï ª®¤¨à®¢�−¨ï ¢á¥å ª®¤®¢ëå ¯ã−ªâ®¢ UCS.

5 Кодирование

�«£®à¨â¬ ä®à¬¨à®¢�−¨ï ª®¤®¢®£® á«®¢� ¨§ ª®¤®¢®£® ¯ã−ªâ� ¯à¥¤áâ�¢«¥−
¢ â�¡«. 1 (¯¥à¢ë© áâ®«¡¥æ ®¯à¥¤¥«ï¥â ¯à¨−�¤«¥¦−®áâì ª®¤®¢®£® ¯ã−ªâ� ª ¬−®-
¦¥áâ¢ã ¨«¨ ¤¨�¯�§®−ã §−�ç¥−¨©, á«¥¤ã¥â ¨á¯®«ì§®¢�âì ¯¥à¢ãî á¢¥àåã áâà®ªã,
¢ ª®â®à®© ãá«®¢¨¥ ¢ë¯®«−ï¥âáï).

�¡®§−�ç¥−¨ï, ¨á¯®«ì§ãîé¨¥áï ¢ â�¡«. 1:
CP | ª®¤®¢ë© ¯ã−ªâ.
CS1 | ¬−®¦¥áâ¢® ª®¤®¢ëå ¯ã−ªâ®¢, ª®¤¨àã¥¬ëå ª®¤®¢ë¬ á«®¢®¬ ¤«¨−ë 1.
CS2 | ¬−®¦¥áâ¢® ª®¤®¢ëå ¯ã−ªâ®¢, ª®¤¨àã¥¬ëå ª®¤®¢ë¬ á«®¢®¬ ¤«¨−ë 2.
I | ¨−¤¥ªá ä®à¬¨àã¥¬®£® ª®¤®¢®£® á«®¢�.

128 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 24 −®¬¥à 4 2014



��áâà�¨¢�¥¬�ï áå¥¬� ª®¤¨à®¢�−¨ï á¨¬¢®«®¢ ¯¥à¥¬¥−−ë¬ ç¨á«®¬ ®ªâ¥â®¢ | ACE

’�¡«¨æ� 1 ”®à¬¨à®¢�−¨¥ ª®¤®¢®£® á«®¢� ¨§ ª®¤®¢®£® ¯ã−ªâ�

CP I 1-© í«¥¬¥−â 2-© í«¥¬¥−â 3-© í«¥¬¥−â 4-© í«¥¬¥−â
∈ CS1 CSI1(CP) L(I)

∈ CS2 CSI2(CP) M(I/80)

¥á«¨ (I % 80) < 64,
â® N(I % 80)
¥á«¨ (I % 80) ≥ 64,
â® T((I % 80) − 64)

≤ 65 535 CP N( I ≫ 10) T((I ≫ 6) & 15) N(I & 63)
≤ 1 114 111 CP− 65536 T( I ≫ 16) T((I ≫ 12) & 15) N((I ≫ 6) & 63) N(I & 63)
�à¨¬¥ç�−¨ï.

1. �®â�æ¨¥© ∈ ®¡®§−�ç¥−� ¯à¨−�¤«¥¦−®áâì ª ¬−®¦¥áâ¢ã.
2. �®â�æ¨¥© % ®¡®§−�ç¥− ®áâ�â®ª ®â ¤¥«¥−¨ï.
3. �®â�æ¨¥© & ®¡®§−�ç¥−� ®¯¥à�æ¨ï ¯®¡¨â®¢ë© AND.
4. �®â�æ¨¥© û ®¡®§−�ç¥− ¯®¡¨â®¢ë© á¤¢¨£ ¢¯à�¢®.

CSI1( ) | äã−ªæ¨ï, ¢®§¢à�é�îé�ï ¨−¤¥ªá ª®¤®¢®£® ¯ã−ªâ� ¢ ¬−®¦¥áâ¢¥
ª®¤®¢ëå ¯ã−ªâ®¢, ª®¤¨àã¥¬ëå ª®¤®¢ë¬ á«®¢®¬ ¤«¨−ë 1.

CSI2( ) | äã−ªæ¨ï, ¢®§¢à�é�îé�ï ¨−¤¥ªá ª®¤®¢®£® ¯ã−ªâ� ¢ ¬−®¦¥áâ¢¥
ª®¤®¢ëå ¯ã−ªâ®¢, ª®¤¨àã¥¬ëå ª®¤®¢ë¬ á«®¢®¬ ¤«¨−ë 2.

L( ), M( ), N( ), T( ) | äã−ªæ¨¨, ¢®§¢à�é�îé¨¥ §−�ç¥−¨¥ í«¥¬¥−â� ¯® ¨−¤¥ªáã
í«¥¬¥−â� £àã¯¯ë L, M, N ¨«¨ T á®®â¢¥âáâ¢¥−−®.

6 Декодирование

�«£®à¨â¬ ¢ëç¨á«¥−¨ï §−�ç¥−¨ï ª®¤®¢®£® ¯ã−ªâ� ¨§ ª®¤®¢®£® á«®¢� ¯à¥¤-
áâ�¢«¥− ¢ â�¡«. 2 (¢ ¯¥à¢®¬ áâ®«¡æ¥ ãª�§�−ë £àã¯¯ë í«¥¬¥−â®¢, á®áâ�¢«ïîé¨å
ª®¤®¢®¥ á«®¢®).

�¡®§−�ç¥−¨ï, ¨á¯®«ì§ãîé¨¥áï ¢ â�¡«. 2:
I( ) | äã−ªæ¨ï, ¢®§¢à�é�îé�ï §−�ç¥−¨¥ ¨−¤¥ªá� í«¥¬¥−â� £àã¯¯ë L, M, N

¨«¨ T ¯® §−�ç¥−¨î í«¥¬¥−â�.

’�¡«¨æ� 2 ‚ëç¨á«¥−¨¥ §−�ç¥−¨ï ª®¤®¢®£® ¯ã−ªâ� ¨§ ª®¤®¢®£® á«®¢�

ƒàã¯¯�
‡−�ç¥−¨ï á«�£�¥¬ëå ¨−¤¥ªá� ª®¤®¢®£® á«®¢� ‡−�ç¥−¨¥ ª®¤®¢®£®

I1 I2 I3 I4 ¯ã−ªâ�
L I(L) CP1(I1)
MN I(M) * 80 I(N)

CP2(I1 + I2)
MT I(M) * 80 64 + I(T)
NTN I(N) ≪ 10 I(T) ≪ 6 I(N) I1 | I2 | I3
TTNN I(T) ≪ 16 I(T) ≪ 12 I(N) ≪ 6 I(N) 65536 + (I1|I2|I3|I4)
�à¨¬¥ç�−¨ï.

1. �®â�æ¨¥© ≪ ®¡®§−�ç¥− ¯®¡¨â®¢ë© á¤¢¨£ ¢«¥¢®.
2. �®â�æ¨¥© | ®¡®§−�ç¥−® ¯®¡¨â®¢®¥ OR.
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CP1( ) | äã−ªæ¨ï, ¢®§¢à�é�îé�ï §−�ç¥−¨¥ ª®¤®¢®£® ¯ã−ªâ� ¨§ ¬−®¦¥áâ¢�
ª®¤®¢ëå ¯ã−ªâ®¢, ª®¤¨àã¥¬ëå ª®¤®¢ë¬ á«®¢®¬ ¤«¨−ë 1, ¯® ¨−¤¥ªáã ª®¤®¢®£®
á«®¢�.

CP2( ) | äã−ªæ¨ï, ¢®§¢à�é�îé�ï §−�ç¥−¨¥ ª®¤®¢®£® ¯ã−ªâ� ¨§ ¬−®¦¥áâ¢�
ª®¤®¢ëå ¯ã−ªâ®¢, ª®¤¨àã¥¬ëå ª®¤®¢ë¬ á«®¢®¬ ¤«¨−ë 2, ¯® ¨−¤¥ªáã ª®¤®¢®£®
á«®¢�.

7 Настройка

�à¥¤áâ�¢«¥−−�ï ª®¤¨à®¢ª� ï¢«ï¥âáï −�áâà�¨¢�¥¬®©. ��áâà®©ª� §�ª«îç�¥âáï
¢ §�¤�−¨¨ á«¥¤ãîé¨å ¯�à�¬¥âà®¢:

1. Œ−®¦¥áâ¢® ª®¤®¢ëå í«¥¬¥−â®¢, ª�¦¤®¬ã ¨§ ª®â®àëå ¯®áâ�¢«¥− ¢ á®®â¢¥â-
áâ¢¨¥ ã−¨ª�«ì−ë© ª®¤®¢ë© ¯ã−ªâ; íâ¨ ª®¤®¢ë¥ ¯ã−ªâë ¯à¨ ª®¤¨à®¢�−¨¨
¡ã¤ãâ ¯à¥¤áâ�¢«¥−ë ª®¤®¢ë¬¨ á«®¢�¬¨ ¤«¨−ë 1, á®áâ®ïé¨¬¨ ¨§ á®®â¢¥âáâ¢ã-
îé¥£® ¨¬ í«¥¬¥−â�. �â¨ í«¥¬¥−âë ¡ã¤ãâ á®áâ�¢«ïâì £àã¯¯ã L. �¥ª®â®àë¥
¨«¨ ¢á¥ â�ª¨¥ í«¥¬¥−âë ¬®£ãâ ¡ëâì (a) ¨−¢�à¨�−â−ë¬¨ ª ¨§¡à�−−®© ®¤−®-
¡�©â−®© áå¥¬¥ ª®¤¨à®¢�−¨ï (ª®¤®¢®© áâà�−¨æ¥), çâ® ¤¥«�¥â ¨å ç¨â�¥¬ë¬¨
¢ íâ®© ª®¤®¢®© áâà�−¨æ¥; (¡) §�à¥§¥à¢¨à®¢�−−ë¬¨, çâ® ¤¥«�¥â ¨å ç¨â�¥¬ë¬¨
¢ «î¡®© ASCII-á®¢¬¥áâ¨¬®© ®¤−®¡�©â−®© ª®¤¨à®¢ª¥.

2. Œ−®¦¥áâ¢® ª®¤®¢ëå ¯ã−ªâ®¢, ª®â®àë¥ ¡ã¤ãâ ª®¤¨à®¢�âìáï ª®¤®¢ë¬ á«®¢®¬,
á®áâ®ïé¨¬ ¨§ ¤¢ãå í«¥¬¥−â®¢.

Œ�ªá¨¬�«ì−®¥ ª®«¨ç¥áâ¢® ®¤−®- (®¡®§−�ç¥−® ª�ª CW1) ¨ ¤¢ãåí«¥¬¥−â−ëå
(®¡®§−�ç¥−® ª�ª CW2) ª®¤®¢ëå á«®¢ ¢§�¨¬®á¢ï§�−® ¨ ®¯à¥¤¥«ï¥âáï ãà�¢−¥−¨¥¬

CW2 = (176 − CW1) · 80 .

�®áª®«ìªã ª�¦¤ë© í«¥¬¥−â £àã¯¯ë L ¨á¯®«ì§ã¥âáï ¤«ï ®¤−®®ªâ¥â−®£® ª®¤¨-
à®¢�−¨ï ª®¤®¢®£® ¯ã−ªâ�, ç¨á«® â�ª¨å í«¥¬¥−â®¢ ¤®«¦−® ¡ëâì ¤®áâ�â®ç−ë¬ ¤«ï
¯à¥¤áâ�¢«¥−¨ï:

{ á«ã¦¥¡−ëå á¨¬¢®«®¢ −¨¦−¥© ç�áâ¨ â�¡«¨æë ASCII (á¨¬¢®«ë á ª®¤�¬¨ 00hex
(NUL), 09hex (HT), 0Ahex (LF), 0Dhex (CR). ‘¨¬¢®«ë á ª®¤�¬¨ 0Bhex
(VT) ¨ 0Chex (FF) ¢ â¥ªáâ�å ¨á¯®«ì§ãîâáï à¥¦¥, ¨ ¨¬ ç�áâ® ¬®¦−® −¥
¢ë¤¥«ïâì ®â¤¥«ì−ë© í«¥¬¥−â. ’® ¦¥ ®â−®á¨âáï ¨ ª á¨¬¢®«ã 1Ahex (SUB).
�à�ªâ¨ç¥áª¨ −¥ ¨á¯®«ì§ãîâáï ¢ â¥ªáâ�å ®áâ�¢è¨¥áï á¨¬¢®«ë á ª®¤�¬¨ ¬¥−ìè¥
20hex ¨ á¨¬¢®« 7Fhex (DEL), ¨ ¨å ¬®¦−® ¡¥§®¯�á−® ¨á¯®«ì§®¢�âì ¢ ª�ç¥áâ¢¥
í«¥¬¥−â®¢ ¤àã£¨å £àã¯¯ (M, N, T);

{ ¢¨¤¨¬ëå á¨¬¢®«®¢ −¨¦−¥© ç�áâ¨ â�¡«¨æë ASCII. Š −¨¬ ®â−®áïâáï á¨¬¢®«ë
á ª®¤�¬¨ ®â 20hex (SP) ¤® 7Ehex (∼);

{ á¨¬¢®«®¢ −�æ¨®−�«ì−®£® �«ä�¢¨â� ¢ ¨§¡à�−−®© ®¤−®¡�©â−®© ª®¤¨à®¢ª¥.

�®á«¥ â®£® ª�ª ¢ëè¥ã¯®¬ï−ãâë¥ −�áâà�¨¢�¥¬ë¥ ¯�à�¬¥âàë ®¯à¥¤¥«¥−ë,
¯à®£à�¬¬−�ï à¥�«¨§�æ¨ï �«£®à¨â¬� ä®à¬¨àã¥â −� ¨å ®á−®¢¥ á«¥¤ãîé¨¥ ¤�−−ë¥:
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(1) ä®à¬¨àã¥â £àã¯¯ã í«¥¬¥−â®¢ M ¢ ª®«¨ç¥áâ¢¥ (176 − CW1) ¨§ í«¥¬¥−â®¢
á −�¨¬¥−ìè¨¬¨ ç¨á«®¢ë¬¨ §−�ç¥−¨ï¬¨, −¥ ¢ª«îç¥−−ëå ¢ £àã¯¯ã L ¯à¨
−�áâà®©ª¥;

(2) ä®à¬¨àã¥â £àã¯¯ã í«¥¬¥−â®¢ N ¢ ª®«¨ç¥áâ¢¥ 64 ¨§ í«¥¬¥−â®¢ á −�¨¬¥−ìè¨¬¨
ç¨á«®¢ë¬¨ §−�ç¥−¨ï¬¨, −¥ ¢ª«îç¥−−ëå ¢ £àã¯¯ë L ¨ M;

(3) ä®à¬¨àã¥â £àã¯¯ã í«¥¬¥−â®¢ T ¢ ª®«¨ç¥áâ¢¥ 16 ¨§ í«¥¬¥−â®¢ á −�¨¬¥−ìè¨¬¨
ç¨á«®¢ë¬¨ §−�ç¥−¨ï¬¨, −¥ ¢ª«îç¥−−ëå ¢ £àã¯¯ë L, M ¨ N;

(4) ¢ ª�¦¤®© ¨§ ç¥âëà¥å £àã¯¯ ¯à¨á¢�¨¢�¥â í«¥¬¥−â�¬ æ¥«®ç¨á«¥−−ë¥ ¨−¤¥ªáë
−�ç¨−�ï á 0 â�ª¨¬ ®¡à�§®¬, çâ® í«¥¬¥−â�¬ á ¬¥−ìè¨¬¨ ç¨á«®¢ë¬¨ §−�ç¥−¨-
ï¬¨ á®®â¢¥âáâ¢ãîâ ¬¥−ìè¨¥ ¨−¤¥ªáë;

(5) ¯®¤£®â�¢«¨¢�¥â áâàãªâãàë ¤�−−ëå, −¥®¡å®¤¨¬ë¥ ¤«ï ®¯à¥¤¥«¥−¨ï í«¥¬¥−â�
§�¤�−−®© £àã¯¯ë ¯® ¨−¤¥ªáã ¢ íâ®© £àã¯¯¥;

(6) ª�¦¤®¬ã ¨§ ª®¤®¢ëå ¯ã−ªâ®¢, §�¤�−−ëå ¯à¨ −�áâà®©ª¥ ª�ª ª®¤¨àã¥¬ë¥
¤¢ãåí«¥¬¥−â−ë¬ ª®¤®¢ë¬ á«®¢®¬, ¯à¨á¢�¨¢�¥â æ¥«®ç¨á«¥−−ë¥ ¨−¤¥ªáë −�-
ç¨−�ï á 0 â�ª¨¬ ®¡à�§®¬, çâ® ª®¤®¢ë¬ ¯ã−ªâ�¬ á ¬¥−ìè¨¬¨ §−�ç¥−¨ï¬¨
á®®â¢¥âáâ¢ãîâ ¬¥−ìè¨¥ ¨−¤¥ªáë;

(7) ¯®¤£®â�¢«¨¢�¥â áâàãªâãàë ¤�−−ëå, −¥®¡å®¤¨¬ë¥ ¤«ï ®¯à¥¤¥«¥−¨ï ª®¤®¢®£®
¯ã−ªâ�, §�¤�−−®£® ¯à¨ −�áâà®©ª¥ ª�ª ª®¤¨àã¥¬®£® ¤¢ãåí«¥¬¥−â−ë¬ ª®¤®¢ë¬
á«®¢®¬, ¯® ¥£® ¨−¤¥ªáã, � â�ª¦¥ ®¯à¥¤¥«¥−¨ï ¨−¤¥ªá� ¯® â�ª®¬ã ª®¤®¢®¬ã
¯ã−ªâã.

8 Сравнение с UTF-8

�®áª®«ìªã, ¢ ®â«¨ç¨¥ ®â UTF-8, ACE ®¡«�¤�¥â ¢®§¬®¦−®áâìî £¨¡ª®£® à�á-
¯à¥¤¥«¥−¨ï ª®¤¨àã¥¬ëå á¨¬¢®«®¢ UCS ¬¥¦¤ã ®¤−®- ¨ ¤¢ãåí«¥¬¥−â−ë¬¨ ª®¤®¢ë-
¬¨ á«®¢�¬¨, ¢ â�¡«. 3 ¯à¨¢¥¤¥−ë áâà®ª¨, ¯®ª�§ë¢�îé¨¥ ç¨á«® ®¤−®í«¥¬¥−â−ëå
ª®¤®¢ëå á«®¢ ACE ¨ á®®â¢¥âáâ¢ãîé¨¥ ¨¬ §−�ç¥−¨ï ¬�ªá¨¬�«ì−®£® ª®«¨ç¥áâ¢�
¤¢ãåí«¥¬¥−â−ëå á«®¢ ACE ¤«ï −¥ª®â®àëå ¢�à¨�−â®¢ −�áâà®©ª¨:

’�¡«¨æ� 3 Œ�ªá¨¬�«ì−®¥ ª®«¨ç¥áâ¢® ª®¤®¢ëå ¯ã−ªâ®¢ (á¨¬¢®«®¢) UCS, ª®¤¨àã¥¬ëå
á«®¢®¬ ¨§ 1, 2, 3 ¨«¨ 4 í«¥¬¥−â®¢

‘å¥¬� „«¨−� ª®¤®¢®£® á«®¢�
ª®¤¨à®¢�−¨ï 1 í«¥¬¥−â 2 í«¥¬¥−â� 3 í«¥¬¥−â� 4 í«¥¬¥−â�

UTF-8
128

(0. . .127)
1920

(128. . .2047)

61 440
(2048. . .55 295,
57 344. . .65 536)

1 048 576
(65 536. . .1 114 111)

ACE

0
128
152
171
176

14 080
3840
1920
400

0

65 536
(0. . .65 535,
¨áª«îç�ï

ª®¤®¢ë¥ ¯ã−ªâë
¨§ áâ®«¡æ®¢ 1 ¨ 2)

1 048 576
(65 536. . .1 114 111,

¨áª«îç�ï
ª®¤®¢ë¥ ¯ã−ªâë

¨§ áâ®«¡æ®¢ 1 ¨ 2)
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{ ¯à¨ §�¤�−¨¨ ¯à¥¤¥«ì−ëå §−�ç¥−¨© ç¨á«� ®¤−®í«¥¬¥−â−ëå á«®¢ ACE (0, 176);

{ ¯à¨ §�¤�−¨¨ ç¨á«� ®¤−®í«¥¬¥−â−ëå á«®¢ ACE, à�¢−®£® ª®«¨ç¥áâ¢ã ®¤−®í«¥-
¬¥−â−ëå ¯à¥¤áâ�¢«¥−¨© á¨¬¢®«®¢ ¢ UTF-8 (128);

{ ¯à¨ §�¤�−¨¨ ç¨á«� ¤¢ãåí«¥¬¥−â−ëå á«®¢ ACE, à�¢−®£® ª®«¨ç¥áâ¢ã ¤¢ãåí«¥-
¬¥−â−ëå ¯à¥¤áâ�¢«¥−¨© á¨¬¢®«®¢ ¢ UTF-8 (1920);

{ ¯à¨ §�¤�−¨¨ ç¨á«� ®¤−®í«¥¬¥−â−ëå á«®¢ ACE, ¨á¯®«ì§®¢�¢è¥£®áï ¢ −�-
áâà®©ª¥ â�¡«¨æë ª®¤¨à®¢ª¨ ¤«ï íªá¯¥à¨¬¥−â�«ì−®© ¯à®¢¥àª¨ íää¥ªâ¨¢−®áâ¨
ACE (171).

Š�ª ¢¨¤−® ¨§ â�¡«. 3, ¯à¨ ç¨á«¥ ®¤−®- ¨«¨ ¤¢ãåí«¥¬¥−â−ëå á«®¢ ACE −�
ãà®¢−¥ UTF-8 ¢ ®¡®¨å á«ãç�ïå ¯®«ãç�¥âáï §−�ç¥−¨¥ á®¯àï¦¥−−®£® ¯®ª�§�â¥«ï
ACE, ¯à¥¢ëè�îé¥¥ á®®â¢¥âáâ¢ãîé¥¥ §−�ç¥−¨¥ ¢ UTF-8. ’�ª, ¤«ï à�¢−®£® ç¨á«�
®¤−®í«¥¬¥−â−ëå á«®¢ ¯®«ãç�¥âáï ª®«¨ç¥áâ¢® ¤¢ãåí«¥¬¥−â−ëå á«®¢ ACE, ¢¤¢®¥
¯à¥¢ëè�îé¥¥ íâ® §−�ç¥−¨¥ ¢ UTF-8. �à¨ à�¢−®¬ ç¨á«¥ ¤¢ãåí«¥¬¥−â−ëå á«®¢
ª®«¨ç¥áâ¢® ®¤−®í«¥¬¥−â−ëå á«®¢ ¢ ACE ¯à¥¢ëè�¥â íâ®â ¯®ª�§�â¥«ì ¢ UTF-8 −�
24 ª®¤®¢ëå á«®¢�.

9 Заключение

�à¥¤«�£�¥¬�ï áå¥¬� ª®¤¨à®¢�−¨ï ACE ¡ë«� ®¯à®¡®¢�−� ¢ ¯à®¥ªâ¥ úˆáâ®-
à¨ç¥áª�ï ä�ªâ®£à�ä¨ª�û ¨ ¢ ¯à¨¬¥à�å ª®¤¨à®¢�−¨ï à¥�«ì−ëå ¤®ªã¬¥−â®¢, ¯à¨
íâ®¬ −�áâà®©ª� ¨¬¥«� á«¥¤ãîé¨¥ ¯�à�¬¥âàë:

{ ¢á¥ ASCII-á¨¬¢®«ë, §� ¨áª«îç¥−¨¥¬ á¨¬¢®«®¢ ¢ ¤¨�¯�§®−�å 01hex{08hex
¨ 0Ehex{1Bhex ¨ á¨¬¢®«� á ª®¤®¬ 7Fhex, ª®¤¨à®¢�«¨áì ®¤−®í«¥¬¥−â−ë¬¨
ª®¤®¢ë¬¨ á«®¢�¬¨. ‚á¥ ª®¤¨àãîé¨¥ í«¥¬¥−âë ¡ë«¨ §�à¥§¥à¢¨à®¢�−−ë¬¨
(á®åà�−ï«¨ ç¨á«¥−−®¥ §−�ç¥−¨¥ ª®¤¨àã¥¬®£® á¨¬¢®«�);

{ ¢á¥ á¨¬¢®«ë àãááª®£® �«ä�¢¨â� ª®¤¨à®¢�«¨áì ®¤−®í«¥¬¥−â−ë¬¨ ª®¤®¢ë¬¨
á«®¢�¬¨. ‚á¥ ª®¤¨àãîé¨¥ í«¥¬¥−âë ¡ë«¨ ¨−¢�à¨�−â−ë¬¨ ª ª®¤®¢®© áâà�−¨æ¥
Windows-1251 (Cyrillic);

{ ¢á¥ á¨¬¢®«ë, ¯à¨áãâáâ¢ãîé¨¥ ¢ ª®¤¨à®¢ª�å Windows-1250 (Central and
East European Latin), Windows-1251 (Cyrillic), Windows-1252 (West Euro-
pean Latin), Windows-1253 (Greek), Windows-1254 (Turkish), Windows-1255
(Hebrew) ¨ Windows-1257 (Baltic), §� ¨áª«îç¥−¨¥¬ ¢ëè¥ã¯®¬ï−ãâëå, ª®¤¨-
à®¢�«¨áì ¤¢ã¬ï í«¥¬¥−â�¬¨ (¢á¥£® ®ª®«® 400 á¨¬¢®«®¢).

�à¨ â�ª®© −�áâà®©ª¥ ¢á¥ ®áâ�«ì−ë¥ á¨¬¢®«ë UCS ª®¤¨à®¢�«¨áì âà¥¬ï ¨«¨
ç¥âëàì¬ï í«¥¬¥−â�¬¨.

ACE ¯®ª�§�«� ¯à¥¨¬ãé¥áâ¢® ¢ ¯«®â−®áâ¨ ª®¤¨à®¢�−¨ï àãááª®ï§ëç−ëå ¤®ªã-
¬¥−â®¢ ¯® áà�¢−¥−¨î á Unicode ¨ UTF-8. ‚ â�¡«. 4 ¯à¨¢®¤¨âáï ¯à¨¬¥à ª®¤¨à®¢ª¨
¤¢ãå ¤®ªã¬¥−â®¢: 4-£® ¢ë¯ãáª� ¦ãà−�«� úˆ−ä®à¬�â¨ª� ¨ ¥ñ ¯à¨¬¥−¥−¨ïû §�
2012 £®¤ (â¥ªáâ ¢§ïâ á á�©â� ˆ�ˆ ÷��) ¨ ¯®í¬ë �. ‚. ƒ®£®«ï úŒ¥àâ¢ë¥ ¤ãè¨û
(â¥ªáâ ¢§ïâ ¨§ í«¥ªâà®−−®© ¡¨¡«¨®â¥ª¨ ú÷ãááª�ï ª«�áá¨ª�û).
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’�¡«¨æ� 4 �à¨¬¥à ª®¤¨à®¢ª¨ ¤¢ãå ¤®ªã¬¥−â®¢

��à�¬¥âà
úˆ−ä®à¬�â¨ª�

¨ ¥ñ ¯à¨¬¥−¥−¨ïû úŒ¥àâ¢ë¥ ¤ãè¨û

Š®«¨ç¥áâ¢® á¨¬¢®«®¢ 405 605 498 279
�¡ê¥¬ ¢ ª®¤¨à®¢ª¥ Unicode, ¡�©â 811 210 996 558
�¡ê¥¬ ¢ ª®¤¨à®¢ª¥ UTF-8, ¡�©â 589 240 896 900
�¡ê¥¬ ¢ ª®¤¨à®¢ª¥ ACE, ¡�©â 416 585 503 313
‘®®â−®è¥−¨¥ ®¡ê¥¬®¢ ACE/UTF-8 0,70 0,56
‘®®â−®è¥−¨¥ ®¡ê¥¬®¢ ACE/Unicode 0,51 0,50

Š�ª ¢¨¤−® ¨§ ¯à¨¬¥à�, ACE ¤�¥â ¢ë¨£àëè ¢ ®¡ê¥¬¥, §�−¨¬�¥¬®¬ â¥ªáâ®¬, ¯®
áà�¢−¥−¨î á UTF-8, ¡®«¥¥ ç¥¬ 25% ¤«ï úá¬¥è�−−®£®û â¥ªáâ� −�ãç−®£® ¦ãà−�«�
¨ ¡®«¥¥ ç¥¬ 40% ¤«ï «¨â¥à�âãà−®£® àãááª®ï§ëç−®£® â¥ªáâ�.

10 Пример реализации кодирования ACE на языке
программирования C

ˆáå®¤−ë¥ â¥ªáâë ¯à¨¬¥à� ¤®áâã¯−ë ¢ ˆ−â¥à−¥â¥ ¯® �¤à¥á�¬ https://drive.
google.com/folderview?id=0B2sgNvDbNq-qeDRJY0JiYkNxalE&usp=sharing ¨ http://
goo.gl/ZPGVrL.

Литература

1. ISO/IEC 10646 | Information technology | Universal Coded Character Set
(UCS). http://standards.iso.org/ittf/PubliclyAvailableStandards/c056921 ISO IEC
10646 2012.zip.

2. RFC 3629 | UTF-8, a transformation format of ISO 10646. https://tools.ietf.org/
html/3629.

3. Unicode Technical Report #17 | Unicode Character Encoding Model. http://www.
unicode.org/reports/tr17.

�®áâã¯¨«� ¢ à¥¤�ªæ¨î 05.05.14

ADJUSTABLE VARIABLE-LENGTH CHARACTER ENCODING
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Abstract: The article describes ACE (Adjustable Character Encoding) |
a variable-length character encoding scheme, which is capable of encoding the
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full range of UCS (Universal Coded Character Set, ISO/IEC 10646) code
points as sequences of one to four octets (8-bit code units). The main reason
of creating this encoding was to increase, in comparison with UTF-8 (Unicode
Transformation Format, 8-bit), the number of code points encoded as one-octet
code unit sequence, thus allowing more compact representation of texts containing
characters of a chosen national alphabet, and also to increase the capability to
preserve binary representation of encoded characters of such alphabet to match
their binary values in a single-byte code table. This encoding retains such
properties of the UTF-8 encoding as statelessness (the representation of an
encoded character does not depend on the values of previous characters), self-
synchronization (none of the valid code sequences can occur inside the other one,
nor inside any adjacent sequences across their boundaries), and the possibility to
locate the beginning or the end of a code sequence at any place of encoded text.

Keywords: character encoding scheme; UCS; program localization; UTF-8

DOI: 10.14357/08696527140408

References

1. ISO/IEC 10646 | Information technology | Universal Coded Character
Set (UCS). Available at: http://standards.iso.org/ittf/PubliclyAvailableStandards/
c056921 ISO IEC 10646 2012.zip (accessed September 9, 2014).

2. RFC 3629 | UTF-8, a transformation format of ISO 10646. Available at: https://
tools.ietf.org/html/3629 (accessed September 9, 2014).

3. Unicode Technical Report #17 | Unicode Character Encoding Model. Available at:
http://www.unicode.org/reports/tr17/ (accessed September 9, 2014).

Received May 5, 2014

Contributors

Adamovich Igor M. (b. 1934) | Candidate of Science (PhD) in informatics, Head
of Department, Institute of Informatics Problems, Russian Academy of Sciences,
44-2 Vavilov Str., Moscow 119333, Russian Federation; adam@amsd.com
Zemskov Dmitry V. (b. 1969) | leading programmer, Institute of Informatics
Problems, Russian Academy of Sciences, 44-2 Vavilov Str., Moscow 119333,
Russian Federation; dima@amsd.com

134 Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2014 vol 24 no 4



‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ, 2014. ’. 24. ü 4. ‘. 135{156

МЕТОДЫ ОПТИМИЗАЦИИ СИСТЕМ ПОДДЕРЖАНИЯ
КОГЕРЕНТНОСТИ НА ОСНОВЕ НАБЛЮДЕНИЯ

Б. З. Шмейлин1

�−−®â�æ¨ï: �à¨ à�§à�¡®âª¥ ¬−®£®¯à®æ¥áá®à−ëå á¨áâ¥¬ (Œ‘) ¢�¦−®© §�¤�-
ç¥© ï¢«ï¥âáï ¯®¤¤¥à¦�−¨¥ á®£«�á®¢�−−®áâ¨ (ª®£¥à¥−â−®áâ¨) ¤�−−ëå «®ª�«ì-
−ëå ªíè¥© ¯à®æ¥áá®à®¢. „«ï ®¡¥á¯¥ç¥−¨ï á®£«�á®¢�−−®áâ¨ ¤�−−ëå ª�¦¤ë©
¯à®æ¥áá®à ¢ á¨áâ¥¬¥ ¯à®¢¥àï¥â ¤àã£¨¥ ¯à®æ¥áá®àë −� −�«¨ç¨¥ ¢ ¨å ªíè�å à�§-
¤¥«¥−−ëå ¤�−−ëå, ¯®áë«�ï §�¯à®áë ¯® á¥â¨ ¯à®æ¥áá®à®¢. �¤−�ª® §−�ç¨â¥«ì-
−�ï ç�áâì â�ª¨å §�¯à®á®¢ ï¢«ï¥âáï ¨§¡ëâ®ç−®©, çâ® ¯®¢ëè�¥â á¥â¥¢®© âà�ä¨ª
¨ ã¢¥«¨ç¨¢�¥â ¯®âà¥¡«¥−¨¥ í−¥à£¨¨ ¯à¨ ¯à®¢¥àª¥ �¤à¥á−ëå â¥£®¢. ‚ áâ�âì¥
¯à¨¢®¤¨âáï ®¡§®à à�§«¨ç−ëå ¬¥â®¤®¢ ¨áª«îç¥−¨ï ¨§¡ëâ®ç−ëå §�¯à®á®¢ ¢ á¨á-
â¥¬�å ¯®¤¤¥à¦�−¨ï ª®£¥à¥−â−®áâ¨ −� ®á−®¢¥ −�¡«î¤¥−¨ï. ‚ §�ª«îç¨â¥«ì−®©
ç�áâ¨ áâ�âì¨ ¯à¨¢®¤ïâáï áà�¢−¨â¥«ì−ë¥ å�à�ªâ¥à¨áâ¨ª¨ íâ¨å ¬¥â®¤®¢ ¨ à¥ª®-
¬¥−¤ãîâáï ®¡«�áâ¨ íää¥ªâ¨¢−®£® ¯à¨¬¥−¥−¨ï ª�¦¤®£® ¨§ ¬¥â®¤®¢.

Š«îç¥¢ë¥ á«®¢�: ¬−®£®¯à®æ¥áá®à−ë¥ á¨áâ¥¬ë; á¨áâ¥¬ë ¯®¤¤¥à¦�−¨ï ª®-
£¥à¥−â−®áâ¨ ªíè −� ®á−®¢¥ −�¡«î¤¥−¨ï; ä¨«ìâà�æ¨ï §�¯à®á®¢ ®¡¥á¯¥ç¥−¨ï
ª®£¥à¥−â−®áâ¨

DOI: 10.14357/08696527140409

1 Введение

‚ Œ‘ á ®¡é¥© ¯�¬ïâìî ¨ à�á¯à¥¤¥«¥−−®© ªíè-¯�¬ïâìî (ç�áâ−ë¬¨ ªíè�¬¨)
¢®§−¨ª�¥â §�¤�ç� ®¡¥á¯¥ç¥−¨ï á®£«�á®¢�−−®áâ¨ á®¤¥à¦¨¬®£® ¢ ç�áâ−ëå ªíè�å,
¨§¢¥áâ−�ï ª�ª §�¤�ç� ¯®¤¤¥à¦�−¨ï ª®£¥à¥−â−®áâ¨. Š®£¥à¥−â−®áâì ®¯à¥¤¥«ï¥â
¯®àï¤®ª ¢ë¯®«−¥−¨ï çâ¥−¨© ¨ §�¯¨á¥© ¢ ®¤−® ¨ â® ¦¥ ¬¥áâ® ¯�¬ïâ¨. „«ï
¯®¤¤¥à¦�−¨ï ª®£¥à¥−â−®áâ¨ −¥®¡å®¤¨¬® ¢ë¯®«−¨âì á«¥¤ãîé¨¥ ãá«®¢¨ï:

{ ¥á«¨ ¯à®æ¥áá®à P §�¯¨áë¢�¥â ¨−ä®à¬�æ¨î ¢ ¡«®ª ¯�¬ïâ¨ X, â® ¯à¨ ¯®á«¥-
¤ãîé¥¬ áç¨âë¢�−¨¨ íâ®© ¨−ä®à¬�æ¨¨ ®− ¤®«¦¥− ¯®«ãç¨âì à�−¥¥ §�¯¨á�−−®¥
§−�ç¥−¨¥, ¥á«¨ ¯®á«¥ §�¯¨á¨ ¯à®æ¥áá®à®¬ P ¤àã£¨¥ ¯à®æ¥áá®àë −¥ §�¯¨áë¢�«¨
¨−ä®à¬�æ¨î ¢ íâ®â ¡«®ª ¯�¬ïâ¨;

{ ¥á«¨ ¯à®æ¥áá®à P1 ç¨â�¥â ¨−ä®à¬�æ¨î ¨§ ¡«®ª� ¯�¬ïâ¨ X ¯®á«¥ §�¯¨á¨
¯à®æ¥áá®à®¬ P2 ¨−ä®à¬�æ¨¨ ¢ íâ®â ¡«®ª ¯�¬ïâ¨, â® ¯à®æ¥áá®à P1 ¤®«¦¥−
¯®«ãç¨âì §�¯¨á�−−ãî ¯à®æ¥áá®à®¬ P2 ¨−ä®à¬�æ¨î, ¥á«¨ ¬¥¦¤ã íâ¨¬¨ ®¯¥à�-
æ¨ï¬¨ §�¯¨á¨ ¨ çâ¥−¨ï −¥ ¡ë«® §�¯¨á¥© ¨−ä®à¬�æ¨¨ ¤àã£¨¬¨ ¯à®æ¥áá®à�¬¨
¢ ¡«®ª ¯�¬ïâ¨ •;

1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, shmeilin@mail.ru
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{ ¥á«¨ ¤¢� ¯à®æ¥áá®à� ¯®á«¥¤®¢�â¥«ì−® §�¯¨áë¢�îâ ¢ ¡«®ª ¯�¬ïâ¨ X §−�ç¥-
−¨¥ A, � §�â¥¬ §−�ç¥−¨¥ B, â® ¯à¨ áç¨âë¢�−¨¨ ª�ª¨¬-«¨¡® ¯à®æ¥áá®à®¬
¨−ä®à¬�æ¨¨ ¨§ ¡«®ª� ¯�¬ïâ¨ X, ®− ¤®«¦¥− ¯®«ãç¨âì §−�ç¥−¨¥ B.

‘ãé¥áâ¢ãîâ à�§«¨ç−ë¥ á¨áâ¥¬ë ¯®¤¤¥à¦�−¨ï ª®£¥à¥−â−®áâ¨. ‚ ¤�−−®© à�¡®-
â¥ à�áá¬�âà¨¢�îâáï á¨áâ¥¬ë −� ®á−®¢¥ −�¡«î¤¥−¨ï. ÷�¡®â� á¨áâ¥¬ë ¯®¤¤¥à¦�−¨ï
ª®£¥à¥−â−®áâ¨ −� ®á−®¢¥ −�¡«î¤¥−¨ï §�ª«îç�¥âáï ¢ â®¬, çâ® ª®−âà®««¥àë ªíè�
á«¥¤ïâ (−�¡«î¤�îâ) §� á®¡ëâ¨ï¬¨, ¯à®¨áå®¤ïé¨¬¨ −� è¨−�å ¯�¬ïâ¨. Š â�-
ª¨¬ á®¡ëâ¨ï¬ ®â−®áïâáï §�¯à®áë ®â ¯à®æ¥áá®à®¢ á¨áâ¥¬ë −� çâ¥−¨¥ ¨«¨ §�¯¨áì
¨−ä®à¬�æ¨¨ ¢ ç�áâ−ë© ªíè.

„«ï à¥�«¨§�æ¨¨ ¯à®æ¥áá� −�¡«î¤¥−¨ï ª®−âà®««¥à ª�¦¤®© «®ª�«ì−®© ªíè-¯�-
¬ïâ¨ á®¤¥à¦¨â ¡«®ª á«¥¦¥−¨ï §� è¨−®©, ª®â®àë© á«¥¤¨â §� ¢á¥¬¨ âà�−§�ªæ¨ï¬¨
−� ®¡é¥© è¨−¥ ¨, ¢ ç�áâ−®áâ¨, ª®−âà®«¨àã¥â ¢á¥ ®¯¥à�æ¨¨ §�¯¨á¨. �à®æ¥áá®-
àë ¤®«¦−ë è¨à®ª®¢¥é�â¥«ì−® ¯¥à¥¤�¢�âì −� è¨−ã «î¡ë¥ §�¯à®áë −� ¤®áâã¯
ª ¯�¬ïâ¨, ¯®â¥−æ¨�«ì−® á¯®á®¡−ë¥ ¨§¬¥−¨âì á®áâ®ï−¨¥ ª®£¥à¥−â−®áâ¨ á®¢¬¥áâ-
−® ¨á¯®«ì§ã¥¬ëå ¡«®ª®¢ ¤�−−ëå. Š®−âà®««¥à ª�¦¤®© «®ª�«ì−®© ªíè-¯�¬ïâ¨
¯à®æ¥áá®à� §�â¥¬ ®¯à¥¤¥«ï¥â, ¯à¨áãâáâ¢ã¥â «¨ ¢ ¥£® ªíè-¯�¬ïâ¨ ª®¯¨ï ¬®¤¨ä¨-
æ¨àã¥¬®£® ¡«®ª�, ¨ ¥á«¨ íâ® â�ª, â® â�ª®© ¡«®ª �−−ã«¨àã¥âáï ¨«¨ ®¡−®¢«ï¥âáï.
�à®â®ª®«ë −�¡«î¤¥−¨ï å�à�ªâ¥à−ë ¤«ï ¬ã«ìâ¨¯à®æ¥áá®à−ëå á¨áâ¥¬ −� ¡�§¥
è¨−ë, ¯®áª®«ìªã ®¡é�ï è¨−� ¤®áâ�â®ç−® ¯à®áâ® ®¡¥á¯¥ç¨¢�¥â ª�ª −�¡«î¤¥−¨¥,
â�ª ¨ è¨à®ª®¢¥é�â¥«ì−ãî ¯¥à¥¤�çã á®®¡é¥−¨©.

Š®£¤� −�¡«î¤�¥âáï ®¯¥à�æ¨ï §�¯¨á¨ ¤àã£¨¬ ¯à®æ¥áá®à®¬ ¢ áâà®ªã, ª®â®à�ï
à�§¬¥é¥−� ¢ ªíè¥ ¤�−−®£® ¯à®æ¥áá®à�, ª®−âà®««¥à ªíè� ¨−¢�«¨¤¨àã¥â á®¡áâ¢¥−-
−ãî ª®¯¨î ¡«®ª�, â. ¥. á®£«�á−® ¯à®â®ª®«ã ª®£¥à¥−â−®áâ¨ MOESI ¯¥à¥¢®¤¨â
áâà®ªã ªíè� ¢ á®áâ®ï−¨¥ I | −¥¢�«¨¤−®¥, ¤¥«�ï ¥¥ −¥¤®áâã¯−®© ¤«ï íâ®£® ¯à®-
æ¥áá®à�. �à¨ §�¯à®á�å −� §�¯¨áì ¢ ®¤−ã ¨ âã ¦¥ áâà®ªã −¥áª®«ìª¨å ¯à®æ¥áá®à®¢
¢ ãáâà®©áâ¢¥ �à¡¨âà�¦� ®à£�−¨§ã¥âáï ®ç¥à¥¤ì −� §�¯¨áì.

�¤¨− ¨§ ¯à®æ¥áá®à®¢ ¯®«ãç�¥â ¯à�¢® −� §�¯¨áì, ®áâ�«ì−ë¥ ª®¯¨¨ áâà®ª¨
¢ ¤àã£¨å ªíè�å ¨−¢�«¨¤¨àãîâáï.

�à¨ §�¯à®á¥ −� çâ¥−¨¥ ¨ −�«¨ç¨¨ ¢�«¨¤−®© áâà®ª¨ ¢ ªíè¥ ¯à®¨áå®¤¨â çâ¥−¨¥
¤�−−ëå. …á«¨ â�ª®¢�ï áâà®ª� ®âáãâáâ¢ã¥â ¢ ªíè-¯�¬ïâ¨, §�¯à®á ç¥à¥§ ª®−âà®«-
«¥à ªíè-¯�¬ïâ¨ ¯¥à¥¤�¥âáï −� è¨−ã. ‡�â¥¬ ¤�−−ë¥ ¯¥à¥¤�îâáï ¨§ ªíè-¯�¬ïâ¨,
®¡«�¤�îé¥© ¨¬¨. …á«¨ â�ª�ï ªíè-¯�¬ïâì −¥ −�å®¤¨âáï, â® ¤�−−ë¥ ¯¥à¥¤�îâ-
áï ¨§ £«�¢−®© ¯�¬ïâ¨. �à¨ §�¯à®á¥ ¯à®æ¥áá®à� −� §�¯¨áì ã¯à�¢«¥−¨¥ ¤®«¦−®
¢ë¤�âì à�§à¥è¥−¨¥ −� §�¯¨áì, â. ¥. à�§à¥è¨âì ª®−ä«¨ªâ ¬¥¦¤ã −¥áª®«ìª¨¬¨
¯à®æ¥áá®à�¬¨, ¢ëáâ�¢¨¢è¨¬¨ §�¯à®áë −� §�¯¨áì. �®á«¥ ¯®«ãç¥−¨ï à�§à¥è¥-
−¨ï ¯à®æ¥áá®à ¯¨è¥â ¢ ¢�«¨¤−ãî áâà®ªã, ¨¬¥îéãîáï −� ¤�−−ë© ¬®¬¥−â ¢ ¥£®
ªíè-¯�¬ïâ¨, ¨ ¯®¬¥ç�¥â íâã áâà®ªã ª�ª ¬®¤¨ä¨æ¨à®¢�−−ãî. …á«¨ â�ª®¢®©
áâà®ª¨ −¥ −�å®¤¨âáï, â® §�¯à®á ¯¥à¥¤�¥âáï −� è¨−ã £«�¢−®© ¯�¬ïâ¨, â�ª ¦¥
ª�ª ¨ ¯à¨ çâ¥−¨¨. �à¨ ¯®«ãç¥−¨¨ §�¯à�è¨¢�¥¬®© áâà®ª¨ ¯à®æ¥áá®à á−�ç�-
«� ¯®áë«�¥â §�¯à®á ¯® è¨−¥ −� ¨−¢�«¨¤�æ¨î íâ®© áâà®ª¨ ¢ ªíè-¯�¬ïâ¨ ¢á¥å
¤àã£¨å ¯à®æ¥áá®à®¢ ¨ ¢ £«�¢−®© ¯�¬ïâ¨, � §�â¥¬ §�¯¨áë¢�¥â ¢ áâà®ªã ¨−ä®à¬�-
æ¨î.
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Œ¥â®¤ë ®¯â¨¬¨§�æ¨¨ á¨áâ¥¬ ¯®¤¤¥à¦�−¨ï ª®£¥à¥−â−®áâ¨ −� ®á−®¢¥ −�¡«î¤¥−¨ï

’�ª¨¬ ®¡à�§®¬, ¤«ï ¯®¤¤¥à¦�−¨ï ª®£¥à¥−â−®áâ¨ ®â ª�¦¤®£® ¨§ ¯à®æ¥áá®à®¢
ª®−âà®««¥à®¬ ªíè� ¯® á¥â¨ à�á¯à®áâà�−ïîâáï §�¯à®áë, ª®â®àë¥ ¢ ¤�«ì−¥©è¥¬
¡ã¤¥¬ −�§ë¢�âì §�¯à®á�¬¨ −�¡«î¤¥−¨ï. �à¥¤ë¤ãé¨¬¨ ¨áá«¥¤®¢�−¨ï¬¨ ¡ë«®
ãáâ�−®¢«¥−®, çâ® áãé¥áâ¢¥−−�ï ç�áâì §�¯à®á®¢ −�¡«î¤¥−¨ï ¨§¡ëâ®ç−�, â. ¥. −¥
−ã¦−� ¤«ï à¥�«¨§�æ¨¨ ¯à®â®ª®«� ª®£¥à¥−â−®áâ¨. ‚ à�¡®â¥ [1] ¯®ª�§�−®, çâ®
¢ áà¥¤−¥¬ ¯® 10 ¯à¨«®¦¥−¨ï¬ ¤®«ï ¨§¡ëâ®ç−ëå §�¯à®á®¢ −� çâ¥−¨¥ ¨ §�¯¨áì
á®áâ�¢«ï¥â ¯à¨¬¥à−® 60%.

�®ïá−¨¬ ¯à¨ç¨−ã ¢®§−¨ª−®¢¥−¨ï ¨§¡ëâ®ç−ëå §�¯à®á®¢ −�¡«î¤¥−¨ï −� ¯à¨-
¬¥à¥ à�¡®âë Œ‘, á®áâ®ïé¥© ¨§ âà¥å ¯à®æ¥áá®à®¢ á «®ª�«ì−ë¬¨ ªíè�¬¨ L2. …á«¨
¯à¨ ®¡à�é¥−¨¨ ¯à®æ¥áá®à� P1 ¢ á¢®© ªíè L2 ¯®«ãç¨«áï ¯à®¬�å, â® £¥−¥à¨àã¥âáï
§�¯à®á −�¡«î¤¥−¨ï, ª®â®àë© ¯®áâã¯�¥â ¢ ¯à®æ¥áá®àë P2 ¨ P3. �ãáâì §�¯à�-
è¨¢�¥¬ë© ¡«®ª á®¤¥à¦¨âáï ¢ ªíè¥ L2 ¯à®æ¥áá®à� P2 ¨ ®âáãâáâ¢ã¥â ¢ ªíè¥ L2
¯à®æ¥áá®à� P3. ’®£¤� ¯à®æ¥áá®à P1 ¯®«ãç�¥â ª®¯¨î ¡«®ª� ¨§ ªíè� L2 ¯à®æ¥á-
á®à� P2. �à®æ¥áá®à P3 −¥ ¯®áâ�¢«ï¥â ª®¯¨î íâ®£® ¡«®ª�. �¤−�ª® ¢á¥ à�¢−®
§�¯à�è¨¢�¥¬ë© �¤à¥á ¡«®ª� áà�¢−¨¢�¥âáï á �¤à¥á−ë¬¨ â¥£�¬¨ ªíè� L2 ¯à®æ¥á-
á®à� P3, çâ® ¯à¨¢®¤¨â ª −¥−ã¦−®¬ã ¨ ¤®¢®«ì−® §−�ç¨â¥«ì−®¬ã ¯®âà¥¡«¥−¨î
í−¥à£¨¨ ¨ ¢à¥¬¥−¨.

‚ ¤�−−®© à�¡®â¥ �−�«¨§¨àãîâáï à�§«¨ç−ë¥ ¬¥â®¤ë ãáâà�−¥−¨ï ¨§¡ëâ®ç−ëå
§�¯à®á®¢ −�¡«î¤¥−¨ï, çâ® ¯®§¢®«ï¥â á−¨§¨âì ¨−â¥−á¨¢−®áâì à�á¯à®áâà�−ï¥¬ëå
¯® á¥â¨ §�¯à®á®¢, ã¬¥−ìè¨âì ¯®âà¥¡«¥−¨¥ í−¥à£¨¨ ¯à¨ ¯à®á¬®âà¥ �¤à¥á−ëå â¥£®¢
¨ ¢ −¥ª®â®àëå á«ãç�ïå ¯®¢ëá¨âì ¯à®¨§¢®¤¨â¥«ì−®áâì Œ‘ ¢ æ¥«®¬. ‚® ¢á¥å
à�áá¬�âà¨¢�¥¬ëå ¬¥â®¤�å ¤«ï ¨å à¥�«¨§�æ¨¨ ¨á¯®«ì§ãîâáï ¤®¯®«−¨â¥«ì−ë¥ �¯-
¯�à�â−®-¯à®£à�¬¬−ë¥ áà¥¤áâ¢�, ¯®§¢®«ïîé¨¥ ®¯à¥¤¥«¨âì, ï¢«ï¥âáï «¨ §�¯à®á
−�¡«î¤¥−¨ï ¨§¡ëâ®ç−ë¬.

‚ à�§¤. 2 ®¯¨áë¢�¥âáï á¨áâ¥¬�, ¢ ª®â®à®© ä¨«ìâàãîâáï (®âá¥¨¢�îâáï) ¨§¡ë-
â®ç−ë¥ §�¯à®áë −�¡«î¤¥−¨ï á ¯®¬®éìî ¤®¯®«−¨â¥«ì−®© �¯¯�à�â−®-¯à®£à�¬¬−®©
áâàãªâãàë | ä¨«ìâà�. ‚ à�§¤. 3 ¯à¨¢¥¤¥−® ®¯¨á�−¨¥ á¨áâ¥¬, ¢ ª®â®àëå á®£«�-
á®¢�−−®áâì ¤�−−ëå ®¯à¥¤¥«ï¥âáï −¥ ¤«ï ®â¤¥«ì−®£® ¡«®ª� (áâà®ª¨ ªíè�), � ¤«ï
®¡«�áâ¨ ¯�¬ïâ¨ (à¥£¨®−�), çâ® ¯®§¢®«ï¥â áãé¥áâ¢¥−−® á−¨§¨âì ª®«¨ç¥áâ¢® ¨§¡ë-
â®ç−ëå §�¯à®á®¢ −�¡«î¤¥−¨ï. ‚ à�§¤. 4 ®¯¨á�−� á¨áâ¥¬�, ¢ ª®â®à®© ¤«ï ª�¦¤®£®
à¥£¨®−� ¯�¬ïâ¨ ®¯à¥¤¥«ï¥âáï ¯®¤¬−®¦¥áâ¢® ¯à®æ¥áá®à®¢, −¥ ®¡à�é�îé¨åáï á §�-
¯à®á�¬¨ −�¡«î¤¥−¨ï ª íâ®¬ã à¥£¨®−ã. ’�ª¨¥ §�¯à®áë −¥ ¢ëà�¡�âë¢�îâáï ¨ −¥
¯®áë«�îâáï ¯® á¥â¨. ‚ à�§¤. 5 ¯à¨¢®¤ïâáï ®¡®¡é¥−−ë¥ ¤�−−ë¥ ¯® íää¥ªâ¨¢-
−®áâ¨ ª�¦¤®£® ¨§ ®¯¨á�−−ëå ¬¥â®¤®¢. �ää¥ªâ¨¢−®áâì ®¯à¥¤¥«ï¥âáï á−¨¦¥−¨¥¬
¨−â¥−á¨¢−®áâ¨ §�¯à®á®¢ −�¡«î¤¥−¨ï, ã¬¥−ìè¥−¨¥¬ ¯®âà¥¡«¥−¨ï í−¥à£¨¨ ¨ ¯®-
¢ëè¥−¨¥¬ ¯à®¨§¢®¤¨â¥«ì−®áâ¨, � â�ª¦¥ ®¡ê¥¬®¬ ¤®¯®«−¨â¥«ì−ëå à¥áãàá®¢,
−¥®¡å®¤¨¬ëå ¤«ï à¥�«¨§�æ¨¨ ª�¦¤®£® ¨§ ¬¥â®¤®¢. �� ®á−®¢�−¨¨ â�ª¨å ¤�−−ëå
¢ëà�¡®â�−ë à¥ª®¬¥−¤�æ¨¨ ¯® ¯à¨¬¥−¥−¨î ª�¦¤®£® ¨§ ¬¥â®¤®¢.

2 Фильтрация запросов наблюдения

‚® ¬−®£¨å à�¡®â�å ¯à¥¤«�£�¥âáï ®âá¥¨¢�âì (ä¨«ìâà®¢�âì) ¨§¡ëâ®ç−ë¥ §�-
¯à®áë −�¡«î¤¥−¨ï. ’�ª, ¢ à�¡®â¥ [2] á æ¥«ìî á−¨¦¥−¨ï ¯®âà¥¡«¥−¨ï í−¥à£¨¨
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�. ‡. ˜¬¥©«¨−

¢ë¯®«−ï¥âáï ä¨«ìâà�æ¨ï §�¯à®á®¢ −�¡«î¤¥−¨ï. „«ï íâ®£® ¨á¯®«ì§ã¥âáï á¯¥-
æ¨�«ì−ë© ä¨«ìâà, à�§¬¥é¥−−ë© ¬¥¦¤ã ªíè¥¬ L2 ª�¦¤®£® ¯à®æ¥áá®à� ¨ è¨−®©
¯�¬ïâ¨. �â®â ä¨«ìâà ¯®«ãç�¥â §�¯à®áë −�¡«î¤¥−¨ï ¨ ¯® ¨¬¥îé¥©áï ã −¥£®
¨−ä®à¬�æ¨¨ ®¯à¥¤¥«ï¥â, −ã¦−® «¨ ¯¥à¥¤�¢�âì §�¯à®á ¤�−−®¬ã ¯à®æ¥áá®àã.

‚ à�¡®â¥ [2] ¯à¥¤«�£�îâáï ä¨«ìâàë âà¥å â¨¯®¢:

(1) ¨áª«îç�îé¨©, á®¤¥à¦�é¨© á¯¨á®ª ¡«®ª®¢, ®âáãâáâ¢ãîé¨å ¢ ªíè¥ L2 ¤�−-
−®£® ¯à®æ¥áá®à�;

(2) ¢ª«îç�îé¨©, á®¤¥à¦�é¨© á¯¨á®ª ¡«®ª®¢, ¯à¨áãâáâ¢ãîé¨å ¢ ªíè¥ L2
¤�−−®£® ¯à®æ¥áá®à�;

(3) £¨¡à¨¤−ë©, á®¤¥à¦�é¨© ª®¬¡¨−¨à®¢�−−ãî ¨−ä®à¬�æ¨î.

�à¨−æ¨¯ ä¨«ìâà�æ¨¨ §�ª«îç�¥âáï ¢ á«¥¤ãîé¥¬. ˆáª«îç�îé¨© ä¨«ìâà
á®åà�−ï¥â �¤à¥á� ¡«®ª®¢, á®¤¥à¦�é¨åáï ¢ ¯®á«¥¤−¨å §�¯à®á�å −�¡«î¤¥−¨ï ¨§
¤àã£¨å ¯à®æ¥áá®à®¢ ¨ ®âáãâáâ¢ãîé¨å ¢ ªíè¥ ¤�−−®£® ¯à®æ¥áá®à�. ‘âà®ª� ¬�áá¨¢�
ä¨«ìâà� á®¤¥à¦¨â �¤à¥á−ë© â¥£ ¨ ¡¨â −�«¨ç¨ï | p. ‘®¢¯�¤¥−¨¥ �¤à¥á� ¢ §�¯à®á¥
−�¡«î¤¥−¨ï ¨§ ¤àã£¨å ¯à®æ¥áá®à®¢ á ®¤−®© ¨§ áâà®ª ¨áª«îç�îé¥£® ä¨«ìâà�
¤�−−®£® ¯à®æ¥áá®à� £�à�−â¨àã¥â, çâ® ¢ ªíè¥ íâ®£® ¯à®æ¥áá®à� ®âáãâáâ¢ã¥â §�¯à�-
è¨¢�¥¬ë© ¡«®ª. �à¨ ¯®á«¥¤ãîé¨å §�¯à®á�å −�¡«î¤¥−¨ï á â¥¬¨ ¦¥ �¤à¥á�¬¨
¡«®ª®¢ â�ª¨¥ §�¯à®áë ¡ã¤ãâ ®âä¨«ìâà®¢�−ë ¡¥§ ¯à®¢¥àª¨ ¢á¥å �¤à¥á−ëå â¥£®¢
ªíè� ¤�−−®£® ¯à®æ¥áá®à�.

�®¢�ï áâà®ª� ¢ ¨áª«îç�îé¥¬ ä¨«ìâà¥ ¯®ï¢«ï¥âáï ¢ â®¬ á«ãç�¥, ª®£¤� ¯®ï¢«ï-
¥âáï §�¯à®á −�¡«î¤¥−¨ï á −®¢ë¬ �¤à¥á®¬ ¨§ ¤àã£®£® ¯à®æ¥áá®à� ¨ §�¯à�è¨¢�¥¬ë©
¡«®ª ®âáãâáâ¢ã¥â ¢ ªíè¥ ¤�−−®£® ¯à®æ¥áá®à�. ‘âà®ª� ä¨«ìâà� ã¤�«ï¥âáï, ¥á«¨
¯à¨ ®¡à�é¥−¨¨ ¯à®æ¥áá®à� ¢ á¢®© ªíè L2 ¯à®¨áå®¤¨â ¯à®¬�å ¨ �¤à¥á íâ®£®
®¡à�é¥−¨ï á®¤¥à¦¨âáï ¢ ä¨«ìâà¥. �à¨ ®¡à�¡®âª¥ ¯à®¬�å� ¢ ªíè¥ ¯®ï¢«ï¥âáï
áâà®ª�, á®¢¯�¤�îé�ï á ®¤−®© ¨§ áâà®ª ä¨«ìâà�, � â�ª®© áâà®ª¨ ¢ ¨áª«îç�îé¥¬
ä¨«ìâà¥ ¡ëâì −¥ ¤®«¦−®.

�ª®−®¬¨ï à�áå®¤� í−¥à£¨¨ −� ¯à®á¬®âà �¤à¥á−ëå â¥£®¢ ®¡êïá−ï¥âáï â¥¬, çâ®
ç¨á«® �¤à¥á−ëå â¥£®¢ «®ª�«ì−®£® ªíè� ¢® ¬−®£® à�§ ¯à¥¢ëè�¥â ç¨á«® áâà®ª
ä¨«ìâà�.

‚ª«îç�îé¨© ä¨«ìâà. —¨á«® à�§«¨ç−ëå �¤à¥á®¢ ¢ §�¯à®á�å −�¡«î¤¥−¨ï
¬®¦¥â ¢®§à�áâ¨ −�áâ®«ìª®, çâ® ¬�áá¨¢ áâà®ª ¨áª«îç�îé¥£® ä¨«ìâà� áâ�−¥â
−¥¤®¯ãáâ¨¬® ¡®«ìè¨¬. Š�ª �«ìâ¥à−�â¨¢� ¨áª«îç�îé¥¬ã ä¨«ìâàã ¯à¥¤«�£�¥âáï
¢ª«îç�îé¨© ä¨«ìâà. ’�ª®© ä¨«ìâà á®åà�−ï¥â �¤à¥á� ¡«®ª®¢, á®¤¥à¦�é¨åáï
¢ ¯®á«¥¤−¨å §�¯à®á�å −�¡«î¤¥−¨ï ¨§ ¤àã£¨å ¯à®æ¥áá®à®¢ ¨ ¯à¨áãâáâ¢ãîé¨å
¢ ªíè¥ ¤�−−®£® ¯à®æ¥áá®à�.

�¥á®¢¯�¤¥−¨¥ �¤à¥á� ¢ §�¯à®á¥ −�¡«î¤¥−¨ï ¨§ ¤àã£¨å ¯à®æ¥áá®à®¢ −¨ á ®¤−®©
¨§ áâà®ª ¢ª«îç�îé¥£® ä¨«ìâà� ¤�−−®£® ¯à®æ¥áá®à� £�à�−â¨àã¥â, çâ® ¢ ªíè¥ íâ®£®
¯à®æ¥áá®à� ®âáãâáâ¢ã¥â §�¯à�è¨¢�¥¬ë© ¡«®ª. ‘âàãªâãà� ¢ª«îç�îé¥£® ä¨«ìâà�
â�ª�ï ¦¥, ª�ª ã ¨áª«îç�îé¥£®. �®¢�ï áâà®ª� ¢® ¢ª«îç�îé¥¬ ä¨«ìâà¥ ¯®ï¢«ï¥âáï
¢ â®¬ á«ãç�¥, ª®£¤� ¯®ï¢«ï¥âáï §�¯à®á −�¡«î¤¥−¨ï á −®¢ë¬ �¤à¥á®¬ ¨§ ¤àã£®£®
¯à®æ¥áá®à� ¨ §�¯à�è¨¢�¥¬ë© ¡«®ª ¯à¨áãâáâ¢ã¥â ¢ ªíè¥ ¤�−−®£® ¯à®æ¥áá®à�.
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Œ¥â®¤ë ®¯â¨¬¨§�æ¨¨ á¨áâ¥¬ ¯®¤¤¥à¦�−¨ï ª®£¥à¥−â−®áâ¨ −� ®á−®¢¥ −�¡«î¤¥−¨ï

’�¡«¨æ� 1 ÷�á¯à¥¤¥«¥−¨¥ ª®¯¨© ¡«®ª� ¢ ªíè�å ¯à®æ¥áá®à®¢

�à¨«®¦¥−¨¥
„®«ï ®¡−�àã¦¥−−ëå ª®¯¨©
§�¯à�è¨¢�¥¬®£® ¡«®ª�, %

„®«ï −¥á®¢¯�¤¥−¨© �¤à¥á®¢
¢ §�¯à®á¥ −�¡«î¤¥−¨ï

0 1 2 3 á �¤à¥á−ë¬¨ â¥£�¬¨, %
Barnes 47 28 15 10 71
Cholesky 92 5 3 0 95
Em3d 80 17 2 1 92
Fft 93 7 0 0 98
Fmm 82 15 2 1 93
Lu 73 26 1 0 91
Ocean 97 3 0 0 99
Radix 82 15 2 1 94
Raytrace 100 0 0 0 100
Unstructured 33 55 4 8 71
‘à¥¤−¥¥ §−�ç¥−¨¥ 79,6 15,6 2,6 1 91

“¤�«¥−¨¥ áâà®ª¨ ¨§ ä¨«ìâà� ¯à®¨áå®¤¨â ¢ á«ãç�¥ ¢ëâ¥á−¥−¨ï áâà®ª¨ ¨§ ªíè�
¤�−−®£® ¯à®æ¥áá®à�.

‚ à�§−ëå á«ãç�ïå ¯à¨¬¥−¥−¨¥ íâ¨å ¤¢ãå â¨¯®¢ ä¨«ìâà®¢ ¬®¦¥â ¤�âì à�§−ë©
íää¥ªâ. …á«¨ ¡«®ª á �¤à¥á®¬ ¢ §�¯à®á¥ −�¡«î¤¥−¨ï ¯à¨áãâáâ¢ã¥â ¢® ¢á¥å ªíè�å
¯à®æ¥áá®à®¢ (−�¨åã¤è¨© á«ãç�©), â® ¨á¯®«ì§®¢�−¨¥ ä¨«ìâà®¢ ¬®¦¥â ¤�¦¥ ã¢¥«¨-
ç¨âì ¯®âà¥¡«¥−¨¥ í−¥à£¨¨. ƒ¨¡à¨¤−ë© â¨¯ ä¨«ìâà� á®¢¬¥é�¥â ¤¢� ¯à¥¤ë¤ãé¨å,
¯à¨ç¥¬ à�¡®â�îâ ®¡� â¨¯� ä¨«ìâà®¢ ¯�à�««¥«ì−®. ˆáª«îç�îé¨© ä¨«ìâà ï¢«ï-
¥âáï à¥§¥à¢−®© ª®¯¨¥© ¢ª«îç�îé¥£®. ‘âà®ª� ¢ ¬�áá¨¢ ¨áª«îç�îé¥£® ä¨«ìâà�
¯®¬¥é�¥âáï â®«ìª® â®£¤�, ª®£¤� ®−� ®âáãâáâ¢ã¥â ¢® ¢ª«îç�îé¥¬ ä¨«ìâà¥. �ªá-
¯¥à¨¬¥−âë ¯®ª�§�«¨, çâ® £¨¡à¨¤−ë© â¨¯ ä¨«ìâà� ãáâà�−ï¥â −¥¤®áâ�âª¨ ¯¥à¢ëå
¤¢ãå â¨¯®¢ ¨ ¯®§¢®«ï¥â ¤®áâ¨çì −�¨¬¥−ìè¥£® ¯®âà¥¡«¥−¨ï í−¥à£¨¨.

‚ à�¡®â¥ ¯à¨¢®¤ïâáï à¥§ã«ìâ�âë íªá¯¥à¨¬¥−â®¢ á à�§«¨ç−ë¬¨ ¯à¨«®¦¥−¨ï¬¨.
‚ â�¡«. 1 ¯à¨¢¥¤¥−ë ¤�−−ë¥ ¯® à�á¯à¥¤¥«¥−¨î ª®«¨ç¥áâ¢� ª®¯¨© ¡«®ª� ¢ §�-

¯à®á¥ −�¡«î¤¥−¨ï, ®¡−�àã¦¥−−ëå ¢® ¢á¥å ªíè�å ¯à®æ¥áá®à®¢ [2]. ‚ ª®«®−ª¥ i
(0, 1, 2, 3) ¯®ª�§�−� ¤®«ï ¢á¥å §�¯à®á®¢ −�¡«î¤¥−¨ï, ¯à¨ ¢ë¯®«−¥−¨¨ ª®â®àëå
®¡−�àã¦¥−® i ª®¯¨© §�¯à�è¨¢�¥¬®£® ¡«®ª� ¢ ªíè�å ¤àã£¨å ¯à®æ¥áá®à®¢. ��¯à¨-
¬¥à, ¢ ª®«®−ª¥ 0 ¯®ª�§�−� ¤®«ï §�¯à®á®¢ −�¡«î¤¥−¨ï, ª®£¤� §�¯à�è¨¢�¥¬ë© ¡«®ª
−¥ á®¤¥à¦¨âáï −¨ ¢ ®¤−®¬ ¨§ «®ª�«ì−ëå ªíè¥© ¯à®æ¥áá®à®¢, � â®«ìª® ¢ £«�¢−®©
¯�¬ïâ¨. ‚ ª®«®−ª¥ 1 ¯®ª�§�−� ¤®«ï ®â ¢á¥å §�¯à®á®¢ −�¡«î¤¥−¨ï, ¯à¨ ª®â®àëå
ª®¯¨ï §�¯à�è¨¢�¥¬®£® ¡«®ª� ¨¬¥¥âáï â®«ìª® ¢ ®¤−®¬ ªíè¥ ¯à®æ¥áá®à�, ¨ â. ¤.

‚ ¯®á«¥¤−¥© ª®«®−ª¥ â�¡«. 1 ¯à¥¤áâ�¢«¥−� ¤®«ï −¥á®¢¯�¤¥−¨© �¤à¥á®¢ ¢ §�¯à®-
á¥ −�¡«î¤¥−¨ï á �¤à¥á−ë¬¨ â¥£�¬¨ ¯® ®â−®è¥−¨î ª® ¢á¥¬ §�¯à®á�¬ −�¡«î¤¥−¨ï.
‚ æ¥«®¬ ¤�−−ë¥ ¢ íâ®© ª®«®−ª¥ ª®àà¥«¨àãîâ á ¤�−−ë¬¨ ¢ ª®«®−ª¥ 0 ¤«ï ¤®«¨ §�-
¯à®á®¢ −�¡«î¤¥−¨ï, ¯à¨ ª®â®àëå −¥ ®¡−�àã¦¥−® −¨ ®¤−®© ª®¯¨¨ §�¯à�è¨¢�¥¬®£®
¡«®ª�.
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�à¨¬¥−¥−¨¥ ¯à¥¤«�£�¥¬ëå ä¨«ìâà®¢ íää¥ªâ¨¢−® ¤«ï ¢á¥å ¯à¨«®¦¥−¨©, §�
¨áª«îç¥−¨¥¬ barnes, â�ª ª�ª ¯à¨ ¥£® à�¡®â¥ ¢¥«¨ª� ¢¥à®ïâ−®áâì â®£® −�¨åã¤è¥£®
á«ãç�ï, ª®£¤� ª®¯¨¨ §�¯à�è¨¢�¥¬®£® ¡«®ª� ¨¬¥îâáï ¢ ªíè�å L2 ¢á¥å ¯à®æ¥áá®à®¢.
ˆ§ ¯à¥¤áâ�¢«¥−−ëå ¢ â�¡«. 1 ¤�−−ëå ¢¨¤−®, çâ® ¢ ¯à¨«®¦¥−¨¨ raytrace ¢®®¡é¥
−¥â à�§¤¥«¥−−ëå ¤�−−ëå ¨, á«¥¤®¢�â¥«ì−®, ¬®¦−® ®¦¨¤�âì ¤«ï íâ¨å ¯à¨«®¦¥−¨©
−�¨«ãçè¨å ¯®ª�§�â¥«¥© ¯® á−¨¦¥−¨î ¯®âà¥¡«ï¥¬®© í−¥à£¨¨.

‚ áâ�âì¥ [2] ¨áá«¥¤ã¥âáï ¢®¯à®á íää¥ªâ¨¢−®áâ¨ ¯à¥¤«�£�¥¬ëå ä¨«ìâà®¢.
„«ï â�ª®© ®æ¥−ª¨ ¨á¯®«ì§ã¥âáï â�ª®© ¯®ª�§�â¥«ì, ª�ª ¤®«ï ä¨«ìâà�æ¨¨ ¡«®ª®¢,
®âáãâáâ¢ãîé¨å ¢ ªíè¥ ¯à®æ¥áá®à� ¯à¨ ¯®áâã¯«¥−¨¨ §�¯à®á� −�¡«î¤¥−¨ï ®â
¤àã£¨å ¯à®æ¥áá®à®¢. �¥¯®«−®â� ¯®ªàëâ¨ï â�ª¨å ¡«®ª®¢ ä¨«ìâà�¬¨ ®¡êïá−ï¥âáï
¨å ®£à�−¨ç¥−−ë¬¨ ®¡ê¥¬�¬¨.

‚ à�¡®â¥ [2] ¯à¨¢®¤ïâáï ¤�−−ë¥ ¯® ¢á¥¬ ¯à¨«®¦¥−¨ï¬ ¤«ï ä¨«ìâà®¢ à�§«¨ç-
−®£® â¨¯�. ‚ áà¥¤−¥¬ ¯® ¢á¥¬ ¯à¨«®¦¥−¨ï¬ á ¯®¬®éìî ä¨«ìâà� ¨áª«îç�îé¥£®
â¨¯� ä¨«ìâàã¥âáï 40% §�¯à®á®¢ −�¡«î¤¥−¨ï, á ¯®¬®éìî ä¨«ìâà� ¢ª«îç�îé¥£®
â¨¯� | 46% §�¯à®á®¢ −�¡«î¤¥−¨ï, á ¯®¬®éìî ä¨«ìâà� £¨¡à¨¤−®£® â¨¯� | 70%
§�¯à®á®¢ −�¡«î¤¥−¨ï.

„àã£¨¬ ¯®ª�§�â¥«¥¬ íää¥ªâ¨¢−®áâ¨ ¯à¥¤«�£�¥¬®£® ¬¥â®¤� ï¢«ï¥âáï á−¨¦¥−¨¥
¯®âà¥¡«¥−¨ï í−¥à£¨¨. ‚ ¯à¥¤áâ�¢«¥−−®¬ −� à¨á. 1 £à�ä¨ª¥ ¯®ª�§�−®, −�áª®«ì-
ª® á−¨¦�¥âáï ¯®âà¥¡«¥−¨¥ í−¥à£¨¨ ¯à¨ ¨á¯®«ì§®¢�−¨¨ ä¨«ìâà� £¨¡à¨¤−®£® â¨¯�
®â−®á¨â¥«ì−® ¯®âà¥¡«¥−¨ï í−¥à£¨¨ ¯à¨ ¢ë¯®«−¥−¨¨ §�¯à®á®¢ −�¡«î¤¥−¨ï ¢ ®¡ëç-

÷¨á. 1 ‘−¨¦¥−¨¥ ¯®âà¥¡«¥−¨ï í−¥à£¨¨ ¯à¨ ¨á¯®«ì§®¢�−¨¨ ä¨«ìâà� £¨¡à¨¤−®£® â¨¯�
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Œ¥â®¤ë ®¯â¨¬¨§�æ¨¨ á¨áâ¥¬ ¯®¤¤¥à¦�−¨ï ª®£¥à¥−â−®áâ¨ −� ®á−®¢¥ −�¡«î¤¥−¨ï

−®© á¨áâ¥¬¥. Š�ª ¨ á«¥¤®¢�«® ®¦¨¤�âì, á−¨¦¥−¨¥ ¯®âà¥¡«¥−¨ï í−¥à£¨¨ −�¨¡®«¥¥
§�¬¥â−® ¤«ï ¯à¨«®¦¥−¨© cholesky, fft, ocean ¨ raytrace. Š�ª ¢¨¤−® ¨§ â�¡«. 1,
¯à¨ à�¡®â¥ íâ¨å ¯à¨«®¦¥−¨© ¯®¤�¢«ïîé¥¥ ¡®«ìè¨−áâ¢® ª®¯¨© §�¯à�è¨¢�¥¬ëå
¡«®ª®¢ á®¤¥à¦¨âáï â®«ìª® ¢ £«�¢−®© ¯�¬ïâ¨, çâ® ¤¥«�¥â ¢ ¡®«ìè¨−áâ¢¥ á«ãç�¥¢
§�¯à®áë −�¡«î¤¥−¨ï ¨§«¨è−¨¬¨.

‚ à�¡®â�å [3{5] ¯à¥¤«�£�¥âáï ã¬¥−ìè¥−¨¥ à�§¬¥à� ä¨«ìâà� ¢ª«îç�îé¥£®
â¨¯�. „«ï íâ®£® ¢ ä¨«ìâà¥ ¨á¯®«ì§ã¥âáï á¯«®è−®© ¤¨�¯�§®− �¤à¥á®¢, à�§¬¥à
ª®â®à®£® ®¯à¥¤¥«ï¥âáï à�§−®áâìî ¢ �¤à¥á�å ¤¢ãå ¯®á«¥¤®¢�â¥«ì−ëå §�¯à®á®¢
−�¡«î¤¥−¨ï. ‡¤¥áì ¨á¯®«ì§ã¥âáï á¢®©áâ¢® «®ª�«ì−®áâ¨ ¤�−−ëå. ’�ª®© ä¨«ìâà
¬¥−¥¥ â®ç¥−, ç¥¬ ®¡ëç−ë© ¢ª«îç�îé¨© ä¨«ìâà, â�ª ª�ª ¢ ¢ë¤¥«¥−−®¬ ¤¨�¯�§®−¥
�¤à¥á®¢ ¬®£ãâ ¨ −¥ á®¤¥à¦�âìáï ª®¯¨¨ ¡«®ª®¢ á �¤à¥á�¬¨, á®¤¥à¦�é¨¬¨áï ¢ §�-
¯à®á�å −�¡«î¤¥−¨ï. �à¨ §�¯à®á¥ −�¡«î¤¥−¨ï, á®¤¥à¦�é¥¬ �¤à¥á, ¯®¯�¤�îé¨©
¢ ¢ë¤¥«¥−−ë© ¤¨�¯�§®− �¤à¥á®¢, ¡ã¤¥â ¢ë¯®«−ïâìáï ¥£® ®¡à�¡®âª�, å®âï ªíè
¤�−−®£® ¯à®æ¥áá®à� ¬®¦¥â ¨ −¥ á®¤¥à¦�âì §�¯à�è¨¢�¥¬®© ª®¯¨¨.

3 Использование укрупненных областей памяти (регионов)
для исключения избыточных запросов

Œ−®£¨¥ ¨§ ¯à¥¤«�£�¥¬ëå ¬¥â®¤®¢ ®¯â¨¬¨§�æ¨¨ ®¯à¥¤¥«ïîâ ª®£¥à¥−â−®áâì,
â. ¥. á®£«�á®¢�−−®áâì ¤�−−ëå −¥ ¤«ï ®â¤¥«ì−®£® ¡«®ª� (áâà®ª¨ ªíè�), � ¤«ï ®¡«�áâ¨
¯�¬ïâ¨, à�§¬¥à ª®â®à®© áãé¥áâ¢¥−−® ¡®«ìè¥ áâà®ª¨ ªíè�. ‡¤¥áì à�áá¬�âà¨¢�-
îâáï ¤¢� ¬¥â®¤� | ¬¥â®¤ �−�«¨§� à¥£¨®−®¢ −�¡«î¤¥−¨ï ¨ ¬¥â®¤ ®¯à¥¤¥«¥−¨ï
¬�áá¨¢� à¥£¨®−®¢ ª®£¥à¥−â−®áâ¨.

3.1 Анализ регионов наблюдения

‚ à�¡®â¥ [6] ¢¢®¤¨âáï ¯®−ïâ¨¥ �−�«¨§� à¥£¨®−®¢ −�¡«î¤¥−¨ï, ¨á¯®«ì§®¢�−¨¥
ª®â®àëå ¯®§¢®«ï¥â ã¬¥−ìè¨âì ç¨á«® ¨§¡ëâ®ç−ëå §�¯à®á®¢ −�¡«î¤¥−¨ï ¨ á−¨§¨âì
¢à¥¬ï ¯à®á¬®âà� �¤à¥á−ëå â¥£®¢. �à¨¬¥−¥−¨¥ �−�«¨§� à¥£¨®−®¢ −�¡«î¤¥−¨ï
¯®§¢®«ï¥â ¤®áâ¨çì å®à®è¨å à¥§ã«ìâ�â®¢ ¯à¨ −¥¡®«ìè¨å ¤®¯®«−¨â¥«ì−ëå ®¡ê¥¬�å
¯�¬ïâ¨ ¨ ã¬¥à¥−−®© á«®¦−®áâ¨ �«£®à¨â¬�.

�®¤ à¥£¨®−®¬ −�¡«î¤¥−¨ï ¯®−¨¬�¥âáï ¢ëà�¢−¥−−ë© á¥£¬¥−â ¯�¬ïâ¨, ®¡ê¥¬
ª®â®à®£® à�¢¥− ¤«¨−¥ áâà®ª¨ ªíè�, ã¬−®¦¥−−®© −� 2n. ‡�¯à®á ¡«®ª� B ¢ ªíè C
¯à¨¢®¤¨â ª ¯à®¬�åã ¢ à¥£¨®−¥ R, ¥á«¨ ªíè C −¥ á®¤¥à¦¨â −¨ ®¤−®£® ¡«®ª�
¢ à¥£¨®−¥ R.

‚ ¯à¥¤ë¤ãé¨å ¨áá«¥¤®¢�−¨ïå ¡ë«® ãáâ�−®¢«¥−®, çâ® ç�áâ® §�¯à®áë ¢ ªíè¨
¢á¥å ¯à®æ¥áá®à®¢ á¨áâ¥¬ë ¯à¨¢®¤ïâ ª ¯à®¬�å�¬ ¢ à¥£¨®−¥ R. ’�ª¨¥ ¯à®¬�-
å¨ −�§ë¢�îâáï £«®¡�«ì−ë¬¨ ¯à®¬�å�¬¨ ¢ à¥£¨®−¥ R | global region misses
(GRM). „®«ï GRM áà¥¤¨ ¢á¥å §�¯à®á®¢ −�¡«î¤¥−¨ï ®¡®§−�ç�¥âáï ª�ª GRM
ratio (GRMR). ‚ à�¡®â¥ [6] ¯à¨¢¥¤¥−ë ¤�−−ë¥ ¯® áà¥¤−¥¬ã §−�ç¥−¨î GRMR ¤«ï
à�§«¨ç−ëå ¯à¨«®¦¥−¨©. ‡−�ç¥−¨ï GRMR ¯à¨¢¥¤¥−ë ¤«ï à�§«¨ç−ëå à�§¬¥à®¢
à¥£¨®−®¢, à�§−®£® ç¨á«� ¯à®æ¥áá®à®¢ ¢ á¨áâ¥¬¥ ¨ à�§−ëå ª®−ä¨£ãà�æ¨© á¨áâ¥-
¬ë (á à�§¤¥«¥−−ë¬ ªíè¥¬ ¢â®à®£® ãà®¢−ï ¨«¨ á à�§¤¥«¥−−®© ®¡é¥© ¯�¬ïâìî).
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’�¡«¨æ� 2 ‡−�ç¥−¨ï GRMR ¤«ï à�§«¨ç−ëå à�§¬¥à®¢ à¥£¨®−� −�¡«î¤¥−¨ï
¨ à�§−®£® ç¨á«� ¯à®æ¥áá®à®¢

÷�§¬¥à à¥£¨®−� GRMR, %
−�¡«î¤¥−¨ï, Š� 4 ¯à®æ¥áá®à� 8 ¯à®æ¥áá®à®¢ 16 ¯à®æ¥áá®à®¢

1 67 58 36
2 60 50 35
4 56 47 35
8 54 45 33

„«ï ¢á¥å ¯à¨«®¦¥−¨© §−�ç¥−¨¥ GRMR ®¡à�â−® ¯à®¯®àæ¨®−�«ì−® ª®«¨ç¥áâ¢ã
¯à®æ¥áá®à®¢ ¢ á¨áâ¥¬¥ ¨ à�§¬¥àã à¥£¨®−�.

�¡êïá−¨âì â�ª®¥ ï¢«¥−¨¥ ¤®¢®«ì−® ¯à®áâ®: ¯à¨ ã¢¥«¨ç¥−¨¨ à�§¬¥à� à¥£¨®−�
¢¥à®ïâ−®áâì áãé¥áâ¢®¢�−¨ï à¥£¨®−�, ¢ ª®â®à®¬ ®âáãâáâ¢ãîâ ¡«®ª¨, ªíè¨à®¢�−−ë¥
¢® ¢á¥å ¯à®æ¥áá®à�å á¨áâ¥¬ë, ã¬¥−ìè�¥âáï. �−�«®£¨ç−®¥ §�ª«îç¥−¨¥ ¬®¦−®
á¤¥«�âì ¨ ¯à¨ ã¢¥«¨ç¥−¨¨ ç¨á«� ¯à®æ¥áá®à®¢ ¢ á¨áâ¥¬¥. ‚ â�¡«. 2 ¯à¨¢¥¤¥−ë
§−�ç¥−¨ï GRMR ¤«ï à�§«¨ç−ëå à�§¬¥à®¢ à¥£¨®−� −�¡«î¤¥−¨ï ¨ à�§−®£® ç¨á«�
¯à®æ¥áá®à®¢.

�à¨ ¢ë¯®«−¥−¨¨ §�¯à®á� ª ¯�¬ïâ¨ ª�ª¨¬-«¨¡® ¯à®æ¥áá®à®¬ N ®− ®¯à�è¨¢�¥â
â�ª¦¥ ¢á¥ ¤àã£¨¥ ¯à®æ¥áá®àë, ¨¬¥¥âáï «¨ å®âï ¡ë ®¤¨− ¡«®ª ¢ ¨å ªíè�å,
à�§¬¥é¥−−ë© ¢ §�¯à�è¨¢�¥¬®¬ à¥£¨®−¥. …á«¨ −¥â −¨ ®¤−®£® â�ª®£® ¡«®ª�, â®
à¥£¨®− §�¯¨áë¢�¥âáï ¢ ¯à®æ¥áá®à¥ N ª�ª −¥à�§¤¥«¥−−ë©. ‚ á«¥¤ãîé¨© à�§ ¯à¨
§�¯à®á¥ ¡«®ª� ¨§ íâ®£® à¥£¨®−� ¯à®æ¥áá®à, ã¦¥ −¥ ®¯à�è¨¢�ï ¤àã£¨¥ ¯à®æ¥áá®àë,
−¥¯®áà¥¤áâ¢¥−−® ®¡à�é�¥âáï ª ¯�¬ïâ¨. Š®£¥à¥−â−®áâì ¢ «î¡®© ¬®¬¥−â ¢à¥¬¥−¨
®¡¥á¯¥ç¨¢�¥âáï â¥¬, çâ® ª®£¤� ¤àã£®© ¯à®æ¥áá®à §�¯à�è¨¢�¥â ¡«®ª, à�§¬¥é¥−−ë©
¢ ¤�−−®¬ à¥£¨®−¥, ®− ¯®áë«�¥â ¢á¥¬ ¯à®æ¥áá®à�¬ ¢ á¥â¨ §�¯à®á −� ®â¬¥−ã §�¯¨á¨
à¥£¨®−� ª�ª −¥à�§¤¥«¥−−®£®.

Œ¥â®¤ à¥�«¨§ã¥âáï á ¯®¬®éìî ¤¢ãå áâàãªâãà, ¤®¯®«−ïîé¨å ã¯à�¢«¥−¨¥
ªíè¥¬ ª�¦¤®£® ¯à®æ¥áá®à�:

(1) â�¡«¨æë −¥à�§¤¥«¥−−ëå à¥£¨®−®¢ | not shared region table (NSRT);

(2) â�¡«¨æë ªíè¨à®¢�−−ëå à¥£¨®−®¢ | cached region table (CRT). �®¤ ªíè¨-
à®¢�−−ë¬ à¥£¨®−®¬ ¯®−¨¬�¥âáï à¥£¨®−, á®¤¥à¦�é¨© å®âï ¡ë ®¤¨− ¡«®ª,
à�§¬¥é¥−−ë© −� ¤�−−ë© ¬®¬¥−â ¢ «®ª�«ì−®¬ ªíè¥ ¤�−−®£® ¯à®æ¥áá®à�.

’�¡«¨æ� NSRT | íâ® â�¡«¨æ�, ª�¦¤�ï áâà®ª� ª®â®à®© á®®â¢¥âáâ¢ã¥â ®¯à¥-
¤¥«¥−−®¬ã à¥£¨®−ã. ‚ ª�¦¤®© áâà®ª¥ íâ®© â�¡«¨æë á®¤¥à¦¨âáï ¡¨â ¢�«¨¤−®áâ¨
¨ �¤à¥á−ë© â¥£ à¥£¨®−�. ‘âà®ª� NSRT ã¤�«ï¥âáï «¨¡® ¯à¨ ¯à¥¢ëè¥−¨¨ ¢ë¤¥«¥−-
−®£® ¯®¤ íâã â�¡«¨æã ®¡ê¥¬� ¯�¬ïâ¨, «¨¡® ª®£¤� ¤àã£®© ¯à®æ¥áá®à §�¯à�è¨¢�¥â
¡«®ª ¢ ¤�−−®¬ à¥£¨®−¥.

’�¡«¨æ� CR’ | íâ® â�¡«¨æ�, ª�¦¤�ï áâà®ª� ª®â®à®© á®®â¢¥âáâ¢ã¥â ®¯à¥-
¤¥«¥−−®¬ã à¥£¨®−ã. ‚ «î¡®© áâà®ª¥ íâ®© â�¡«¨æë á®¤¥à¦¨âáï ¯®«¥ áç¥âç¨ª�
¨ ¡¨â −�«¨ç¨ï. ‘ç¥âç¨ª á®¤¥à¦¨â ç¨á«® ¡«®ª®¢ ¢ à¥£¨®−¥, á®¤¥à¦�é¨åáï ¢ ªíè¥
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¤�−−®£® ¯à®æ¥áá®à�. �à¥®¡à�§®¢�−¨¥ CR’ ¢ë¯®«−ï¥âáï «¨¡® ¯à¨ à�§¬¥é¥−¨¨
−®¢®£® ¡«®ª� ¢ ªíè¥ ¤�−−®£® ¯à®æ¥áá®à�, «¨¡® ¯à¨ ¢ëâ¥á−¥−¨¨ ¨§ ªíè� ª�ª®£®-â®
¡«®ª�. �¨â −�«¨ç¨ï ¬¥−ï¥â á¢®¥ §−�ç¥−¨¥ «¨¡® ¯à¨ ®¡−ã«¥−¨¨ áç¥âç¨ª�, «¨¡®
¯à¨ ¨§¬¥−¥−¨¨ ¥£® á 0 −� 1.

�â¨ áâàãªâãàë à�¡®â�îâ á«¥¤ãîé¨¬ ®¡à�§®¬. ‚−�ç�«¥ ¢á¥ CRT ¨ ¢á¥ NSRT
®¡−ã«¥−ë, â. ¥. ®¡−ã«¥−ë ¢á¥ áâà®ª¨ ®¡¥¨å â�¡«¨æ. �à¨ §�¯à®á¥ ª ¯�¬ïâ¨ ª�ª®-
£®-«¨¡® ¯à®æ¥áá®à� á¨áâ¥¬� ¯®¤¤¥à¦�−¨ï ª®£¥à¥−â−®áâ¨ −� ®á−®¢¥ −�¡«î¤¥−¨ï
à�¡®â�¥â ª�ª ®¡ëç−®, −® ªà®¬¥ â®£® ¢á¥ ¤àã£¨¥ ¯à®æ¥áá®àë −� §�¯à®á −�¡«î¤¥−¨ï
á®®¡é�îâ á¨áâ¥¬¥ á ¯®¬®éìî á¢®¥£® CRT ® ªíè¨à®¢�−¨¨ ª�ª®£®-«¨¡® ¡«®ª�
¢ à¥£¨®−¥, ¢ ª®â®à®¬ á®¤¥à¦¨âáï §�¯à�è¨¢�¥¬ë© ¡«®ª. …á«¨ á®®â¢¥âáâ¢ãîé�ï
§�¯¨áì ¢ CRT ®âáãâáâ¢ã¥â ¢® ¢á¥å ¯à®æ¥áá®à�å, â® à¥£¨®− ï¢«ï¥âáï −¥à�§¤¥«¥−-
−ë¬. �à¨ íâ®¬ ¢á¥ ¯à®æ¥áá®àë §�¯¨áë¢�îâ íâ®â à¥£¨®− ¢ á¢®¨ â�¡«¨æë NSRT.
‚ á«¥¤ãîé¨© à�§ «î¡®© ¯à®æ¥áá®à ¯à¨ §�¯à®á¥ ª ¯�¬ïâ¨ á−�ç�«� ¯à®¢¥àï¥â á¢®î
â�¡«¨æã NSRT. …á«¨ á®®â¢¥âáâ¢ãîé�ï §�¯¨áì ®¡−�àã¦¥−�, â® ¯à®æ¥áá®à §−�¥â,
çâ® ¤àã£¨¥ ¯à®æ¥áá®àë −¥ ¨¬¥îâ ªíè¨à®¢�−−ëå ¡«®ª®¢ ¢ íâ®¬ à¥£¨®−¥ ¨ §�¯à®á
−�¡«î¤¥−¨ï −¥ −ã¦¥−.

„«ï ®¡¥á¯¥ç¥−¨ï ª®£¥à¥−â−®áâ¨ ¯à¨ §�¯à®á¥ ¯à®æ¥áá®à®¬ ¡«®ª� ¯�¬ïâ¨,
¨¬¥îé¥£®áï ¢ ®¤−®¬ ¨§ −¥à�§¤¥«¥−−ëå à¥£¨®−®¢, íâ®â à¥£¨®− �−−ã«¨àã¥âáï
(®¡−ã«ï¥âáï ¡¨â ¢�«¨¤−®áâ¨) ¢ á®®â¢¥âáâ¢ãîé¥© áâà®ª¥ NSRT ¢á¥å ¯à®æ¥áá®à®¢.

Š®£¤� ¯à®æ¥áá®à ¯®¬¥é�¥â −®¢ãî áâà®ªã (¡«®ª) ¢ á¢®© ªíè, â® ¯® �¤à¥áã
®¡à�é¥−¨ï ®¯à¥¤¥«ï¥âáï á®®â¢¥âáâ¢ãîé¨© à¥£¨®− ¨ áâà®ª� CRT, ®â−®áïé�ïáï
ª íâ®¬ã à¥£¨®−ã, ¨−ªà¥¬¥−â¨àã¥âáï, � ¯à¨ ã¤�«¥−¨¨ ¡«®ª� ¨§ ªíè� áâà®ª�
CRT ¤¥ªà¥¬¥−â¨àã¥âáï. …á«¨ ã ¯à®æ¥áá®à� N ¢ áâà®ª¥ CRT, á®®â¢¥âáâ¢ãîé¥©
à¥£¨®−ã R, áç¥âç¨ª à�¢¥− −ã«î, íâ® §−�ç¨â, çâ® ¢ à¥£¨®−¥ R −¥â ¡«®ª®¢,
à�§¬¥é¥−−ëå ¢ ªíè¥ ¯à®æ¥áá®à� N .

‘¨áâ¥¬� �−�«¨§� à¥£¨®−®¢ à�§à�¡®â�−� ¤®¯®«−¨â¥«ì−® ª ®á−®¢−ë¬ áà¥¤áâ¢�¬
®¡ëç−®© á¨áâ¥¬ë −�¡«î¤¥−¨ï, â. ¥. íâ® á¨áâ¥¬� ¡¥§ ¤®¯®«−¨â¥«ì−ëå áà¥¤áâ¢
ãáâà�−¥−¨ï ¨§¡ëâ®ç−ëå §�¯à®á®¢ −�¡«î¤¥−¨ï. �â� á¨áâ¥¬� −¥ ¢−®á¨â −¨ª�ª¨å
¨§¬¥−¥−¨© ¢ ®¡ëç−ãî á¨áâ¥¬ã −�¡«î¤¥−¨ï ¨ à�¡®â�¥â ¯�à�««¥«ì−® á −¥©. ‘¨áâ¥¬�
�−�«¨§� à¥£¨®−®¢ á®¡¨à�¥â ¨−ä®à¬�æ¨î ¤¨−�¬¨ç¥áª¨ ¨ �¤�¯â¨àã¥âáï ª ¨§¬¥−¥-
−¨ï¬ á®áâ®ï−¨© à¥£¨®−®¢, â�ª ª�ª ª�¦¤ë© à¥£¨®− ¬®¦¥â ¡ëâì à�§¤¥«¥−−ë¬
â®«ìª® ¢à¥¬¥−−®. ’�ª ª�ª ¯¥à¥¤ ¢ë¯®«−¥−¨¥¬ §�¯à®á� −�¡«î¤¥−¨ï ¯à®æ¥áá®à®¬
¯à®¢¥àï¥âáï ¥£® NSRT, â® ¯®ï¢«ï¥âáï ¤®¯®«−¨â¥«ì−�ï §�¤¥à¦ª� ¯à¨ ®¡à�¡®âª¥
§�¯à®á�. �¤−�ª® ¨áá«¥¤®¢�−¨ï ¯®ª�§�«¨, çâ® ¤«ï NSRT, á®¤¥à¦�é¥© ¢¯«®âì ¤®
64 áâà®ª, íâ� §�¤¥à¦ª� ®â−®á¨â¥«ì−® −¥¢¥«¨ª�. �� à¨á. 2 ¯à¥¤áâ�¢«¥−� áå¥¬�
à�¡®âë ¯à¥¤«�£�¥¬®© á¨áâ¥¬ë �−�«¨§� à¥£¨®−®¢. ‡¤¥áì ¯®ª�§�−®, ª�ª 42-¡¨â-
−ë© �¤à¥á ¨á¯®«ì§ã¥âáï ¤«ï ¨−¤¥ªá�æ¨¨ NSRT ¨ CRT. Š�¦¤�ï áâà®ª� NSRT
á®¤¥à¦¨â â¥£ à¥£¨®−� (áâ�àè¨¥ ¡¨âë �¤à¥á�) ¨ ¡¨â ¢�«¨¤−®áâ¨. ��«¨ç¨¥ §�¯¨á¨
¢ áâà®ª¥ NSRT ®§−�ç�¥â, çâ® ¤�−−ë© à¥£¨®− −¥ ï¢«ï¥âáï à�§¤¥«¥−−ë¬ à¥áãàá®¬.
‘âà®ª� NSRT ¨§ â�¡«¨æë ã¤�«ï¥âáï «¨¡® ¯à¨ ¯à¥¢ëè¥−¨¨ à�§¬¥à� â�¡«¨æë,
«¨¡® ¯à¨ à�§¬¥é¥−¨¨ ª�ª¨¬-â® ¤àã£¨¬ ¯à®æ¥áá®à®¬ ¡«®ª� ¢ ¤�−−®¬ à¥£¨®−¥.

‘âà®ª� CRT á®¤¥à¦¨â áç¥âç¨ª ç¨á«� ¡«®ª®¢, ªíè¨à®¢�−−ëå ¢ ¤�−−®¬ à¥£¨®-
−¥, ¨ ¡¨â −�«¨ç¨ï | p. ‚ åã¤è¥¬ á«ãç�¥ ¢á¥ ¡«®ª¨ ¡ã¤ãâ à�§¬¥é�âìáï ¢ ®¤−®¬
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à¥£¨®−¥. �®íâ®¬ã ¯®«¥ áç¥âç¨ª� ¢ áâà®-

÷¨á. 2 ‘å¥¬� à�¡®âë á¨áâ¥¬ë �−�«¨§�
à¥£¨®−�

ª¥ CRT ¤®«¦−® ¡ëâì à�¢−® log (à�§-
¬¥à ªíè�/à�§¬¥à ¡«®ª�). �¨â p 6= 0
ãª�§ë¢�¥â −� −�«¨ç¨¥ ¡«®ª®¢ ¢ áâà®-
ª¥. ��«¨ç¨¥ ¡¨â� p ãáª®àï¥â ¯à®á¬®âà
áâà®ª CRT, çâ® á−¨¦�¥â ¯®âà¥¡«¥−¨¥
í−¥à£¨¨. ‘âà®ª¨ CRT ¯à¥®¡à�§ãîâ-
áï ¯à¨ à�§¬¥é¥−¨¨ ¡«®ª®¢ ¢ ªíè¥ ¨«¨
ã¤�«¥−¨¨ ¨å. �¨â p ®¡−ã«ï¥âáï ¯à¨ ®¡-
−ã«¥−¨¨ á®®â¢¥âáâ¢ãîé¥© áâà®ª¨ CRT.

�à¥¤«�£�¥¬ë¥ áâàãªâãàë âà¥¡ãîâ
¤®¯®«−¨â¥«ì−®© ¯�¬ïâ¨ ¢ á«¥¤ãîé¨å
®¡ê¥¬�å. ‘âàãªâãà� CRT ¤«ï ªíè�
®¡ê¥¬®¬ 1 Œ� á 64 ¡¨â�¬¨ ¢ ¡«®ª¥
á®áâ®¨â ¨§ 256 áâà®ª ¨ ¯®âà¥¡ã¥â ¯à¨-
¬¥à−® 4 Š�; 64 áâà®ª¨ NSRT §�−¨¬�îâ
1 Š�.

‚ ¯à®¢¥¤¥−−ëå íªá¯¥à¨¬¥−â�å [6]
−�¡«î¤�«®áì, ª�ª ¢«¨ï¥â à�§¬¥à à¥£¨-
®−� −� GRMR. �® íâ®¬ã ¯®ª�§�â¥«î
¯à®£à�¬¬ë à�§¤¥«¨«¨áì −� âà¨ £àã¯¯ë:

(1) ¯à®£à�¬¬ë, ¯à¨ ¢ë¯®«−¥−¨¨ ª®â®àëå GRMR −¥ §�¢¨á¨â ®â à�§¬¥à� à¥-
£¨®−�, íâ® ¯à®£à�¬¬ë áholesky, fft ¨ ocean. �à¨ íâ®¬ §−�ç¥−¨ï GRMR
®â−®á¨â¥«ì−® ¢ëá®ª¨;

(2) ¯à®£à�¬¬ë, ¯à¨ ¢ë¯®«−¥−¨¨ ª®â®àëå §−�ç¥−¨¥ GRMR ¯®çâ¨ «¨−¥©−®
ã¬¥−ìè�¥âáï ¯à¨ ã¢¥«¨ç¥−¨¨ à�§¬¥à� à¥£¨®−�. �â® ¯à®£à�¬¬ë barnes, fmm
¨ raytrace;

(3) ¯à¨ ¢ë¯®«−¥−¨¨ ¯à®£à�¬¬ radix, raytrace ¨ lu §−�ç¥−¨¥ GRMR à¥§ª®
á−¨¦�¥âáï ¯à¨ ¤®áâ¨¦¥−¨¨ à�§¬¥à� à¥£¨®−� 4 Š�, � −¨¦¥ íâ®£® ãà®¢−ï
§−�ç¥−¨¥ GRMR ¯®çâ¨ −¥ ¬¥−ï¥âáï.

‚ à�¡®â¥ [6] ¯à¥¤áâ�¢«¥−ë ¤�−−ë¥ ¯® á−¨¦¥−¨î âà�ä¨ª� −� è¨−�å ¯�¬ïâ¨
¯à¨ à�¡®â¥ ¯à¥¤«�£�¥¬®© á¨áâ¥¬ë ¢ áà�¢−¥−¨¨ á à�¡®â®© ®¡ëç−®© á¨áâ¥¬ë. �â¨
¤�−−ë¥ ¯à¨¢¥¤¥−ë ¤«ï á¨áâ¥¬ á à�§«¨ç−ë¬ ç¨á«®¬ ¯à®æ¥áá®à®¢. ‚ á¨áâ¥¬¥
á 8 ¯à®æ¥áá®à�¬¨ ¨ à�§¬¥à®¬ à¥£¨®−� 4 Š� âà�ä¨ª á®áâ�¢«ï¥â 73% ®â âà�ä¨ª�
¢ ®¡ëç−®© á¨áâ¥¬¥ á «®ª�«ì−ë¬ ªíè¥¬ L2 ¨ 63% | á à�§¤¥«¥−−ë¬ ªíè¥¬ L2.

�â−®á¨â¥«ì−®¥ á−¨¦¥−¨¥ ¯®âà¥¡«ï¥¬®© í−¥à£¨¨ EnergyRatio ¢ëç¨á«ï¥âáï ¯®
á«¥¤ãîé¥© ä®à¬ã«¥:

EnergyRatio =
TagEnergyWithRegionScout + RegionScoutEnergy

TagEnergyWithoutRegionScout
,

£¤¥ TagEnergyWithRegionScout | ¯®âà¥¡«ï¥¬�ï í−¥à£¨ï ¯à¨ ¯à®á¬®âà¥ �¤à¥á-
−ëå â¥£®¢ ¯à¨ ¨á¯®«ì§®¢�−¨¨ ¬¥â®¤� �−�«¨§� à¥£¨®−®¢; RegionScoutEnergy |
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Œ¥â®¤ë ®¯â¨¬¨§�æ¨¨ á¨áâ¥¬ ¯®¤¤¥à¦�−¨ï ª®£¥à¥−â−®áâ¨ −� ®á−®¢¥ −�¡«î¤¥−¨ï

í−¥à£¨ï, ¯®âà¥¡«ï¥¬�ï ¤®¯®«−¨â¥«ì−ë¬¨ à¥áãàá�¬¨ ¯à¨ ¨á¯®«ì§®¢�−¨¨ ¬¥â®¤�
�−�«¨§� à¥£¨®−®¢; TagEnergyWithoutRegionScout | ¯®âà¥¡«ï¥¬�ï í−¥à£¨ï ¯à¨
¯à®á¬®âà¥ �¤à¥á−ëå â¥£®¢ ¢ ®¡ëç−®© á¨áâ¥¬¥ ¯®¤¤¥à¦�−¨ï ª®£¥à¥−â−®áâ¨ −�
®á−®¢¥ −�¡«î¤¥−¨ï.

‘ãé¥áâ¢¥−−®¥ á−¨¦¥−¨¥ ¯®âà¥¡«ï¥¬®© í−¥à£¨¨ −�¡«î¤�¥âáï ¢ á¨áâ¥¬�å á 4
¨ 8 ¯à®æ¥áá®à�¬¨ −� ¯à¨«®¦¥−¨ïå radix ¨ raytrace. �� ¯à¨«®¦¥−¨¨ radix
¯®âà¥¡«¥−¨¥ í−¥à£¨¨ ¯à¨ ¯à®á¬®âà¥ �¤à¥á−ëå â¥£®¢ á®áâ�¢«ï¥â 70% ¢ á¨áâ¥¬¥
á 4 ¯à®æ¥áá®à�¬¨ ¨ 58% ¢ á¨áâ¥¬¥ á 8 ¯à®æ¥áá®à�¬¨ ¯® áà�¢−¥−¨î á à�¡®â®©
¢ ®¡ëç−®© á¨áâ¥¬¥. �� ¯à¨«®¦¥−¨¨ raytrace íâ¨ ¤�−−ë¥ à�¢−ë 80% ¨ 69%
á®®â¢¥âáâ¢¥−−®. �à¨ à�¡®â¥ ¤àã£¨å ¯à¨«®¦¥−¨© ¢ áà¥¤−¥¬ íâ¨ ¯®ª�§�â¥«¨
á®áâ�¢«ïîâ 97% ¢ á¨áâ¥¬¥ á 4 ¯à®æ¥áá®à�¬¨ ¨ 87% ¢ á¨áâ¥¬¥ á 8 ¯à®æ¥áá®à�¬¨.
�â¨ ¤�−−ë¥ ¯®§¢®«ïîâ ®æ¥−¨âì, ¤«ï ª�ª¨å ¯à¨«®¦¥−¨© ¯à¥¤«�£�¥¬ë© ¬¥â®¤ ¤�¥â
§�¬¥â−ë© íää¥ªâ (−�¯à¨¬¥à, −� ¯à¨«®¦¥−¨¨ radix ¨ raytrace).

‘«¥¤ã¥â ®â¬¥â¨âì, çâ® à�¡®â� á�¬®© á¨áâ¥¬ë �−�«¨§� à¥£¨®−®¢ âà¥¡ã¥â −¥-
§−�ç¨â¥«ì−®£® ¤®¯®«−¨â¥«ì−®£® à�áå®¤� í−¥à£¨¨: á�¬®¥ ¡®«ìè®¥ §−�ç¥−¨¥ | 5%
¯à¨ à�¡®â¥ ¯à¨«®¦¥−¨ï raytrace.

3.2 Использование массива регионов когерентности

�â®â ¬¥â®¤ ¨á¯®«ì§ã¥â á¯¥æ¨�«ì−ãî áâàãªâãàã | ¬�áá¨¢ à¥£¨®−®¢ ª®£¥à¥−â-
−®áâ¨ | region coherence array (RCA) [1]. Š�¦¤�ï áâà®ª� RCA á®®â¢¥âáâ¢ã¥â
−¥ª®â®à®¬ã à¥£¨®−ã ¨ á®¤¥à¦¨â ¨−ä®à¬�æ¨î ® ª®£¥à¥−â−®¬ á®áâ®ï−¨¨ ª�¦¤®£®
¯à®æ¥áá®à� ¯® ®â−®è¥−¨î ª íâ®¬ã à¥£¨®−ã. ‚á¥ ª®£¥à¥−â−ë¥ á®áâ®ï−¨ï ®¯¨á�−ë
¢ ¯¥à¢®© ª®«®−ª¥ â�¡«. 3. ÷�§¬¥à à¥£¨®−� ¬®¦¥â ¡ëâì à�§«¨ç−ë¬, −® à�¢−ë¬
à�§¬¥àã áâà®ª¨ ªíè�, ã¬−®¦¥−−®¬ã −� 2n.

�à¨ ¯®«ãç¥−¨¨ §�¯à®á� −�¡«î¤¥−¨ï ®â §�¯à�è¨¢�îé¥£® ¯à®æ¥áá®à� ª�¦¤ë©
¯à®æ¥áá®à á¢®© ®â¢¥â á®¯à®¢®¦¤�¥â á®¡áâ¢¥−−ë¬ RCA. ‡�¯à�è¨¢�îé¨© ¯à®-
æ¥áá®à «®£¨ç¥áª¨ áã¬¬¨àã¥â ¢á¥ ¯®«ãç¥−−ë¥ ®â¢¥âë ®â ¯à®æ¥áá®à®¢ á¨áâ¥¬ë
¨ á®åà�−ï¥â à¥§ã«ìâ�â ¢ á¢®¥¬ RCA. ’�ª�ï ¨−ä®à¬�æ¨ï ¯®§¢®«ï¥â ¢ ¤�«ì−¥©è¥¬
íâ®¬ã ¯à®æ¥áá®àã ®¯à¥¤¥«¨âì, ª�ª®¬ã ¨§ ®áâ�«ì−ëå ¯à®æ¥áá®à®¢ −ã¦−® ¯®áë«�âì
§�¯à®á −�¡«î¤¥−¨ï.

‚ ®á−®¢¥ ¬¥â®¤� «¥¦¨â ¯à®â®ª®« à¥£¨®−�. ‚ íâ®¬ ¯à®â®ª®«¥ à�áá¬�âà¨¢�¥âáï
á¥¬ì ª®£¥à¥−â−ëå á®áâ®ï−¨© à¥£¨®−�. �¯¨á�−¨¥ íâ¨å á®áâ®ï−¨© ¯à¨¢¥¤¥−®
¢ â�¡«. 3.

’�ª¨¬ ®¡à�§®¬, ã «®ª�«ì−®£® ¯à®æ¥áá®à� ¨¬¥îâáï ¤«ï ª�¦¤®£® à¥£¨®−�
á«¥¤ãîé¨¥ ª®£¥à¥−â−ë¥ á®áâ®ï−¨ï: I, CI, CC, CD, DI, DC, DD. �¥à¢�ï ¡ãª¢�
¢ −�§¢�−¨¨ ª®£¥à¥−â−®£® á®áâ®ï−¨ï ¯®ª�§ë¢�¥â, çâ® áà¥¤¨ áâà®ª, à�§¬¥é¥−−ëå
¢ ¤�−−®¬ à¥£¨®−¥, ¢ ªíè¥ ¤�−−®£® ¯à®æ¥áá®à�:

{ −¥â −¨ ®¤−®© áâà®ª¨ (á®áâ®ï−¨¥ I);
{ ¨¬¥îâáï â®«ìª® −¥¬®¤¨ä¨æ¨à®¢�−−ë¥ áâà®ª¨ (á®áâ®ï−¨¥ ‘);
{ ¨¬¥¥âáï å®âï ¡ë ®¤−� ¬®¤¨ä¨æ¨à®¢�−−�ï áâà®ª� (á®áâ®ï−¨¥ D).

‚â®à�ï ¡ãª¢� ¢ −�§¢�−¨¨ ª®£¥à¥−â−®£® á®áâ®ï−¨ï ¯®ª�§ë¢�¥â, çâ® áà¥¤¨ áâà®ª,
à�§¬¥é¥−−ëå ¢ ¤�−−®¬ à¥£¨®−¥, ¢ ªíè�å ¢á¥å ¤àã£¨å ¯à®æ¥áá®à®¢:
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’�¡«¨æ� 3 �¯¨á�−¨¥ á®áâ®ï−¨© à¥£¨®−�

Š®£¥à¥−â−®¥
á®áâ®ï−¨¥ à¥£¨®−�

„�−−ë©
¯à®æ¥áá®à

„àã£¨¥
¯à®æ¥áá®àë

�¥®¡å®¤¨¬®áâì
§�¯à®á�

−�¡«î¤¥−¨ï

�¥¢�«¨¤−®¥ (I)
�¥â

ªíè¨à®¢�−−ëå
ª®¯¨©

�¥§à�§«¨ç−® „�

ú—¨áâ®¥û{
−¥¢�«¨¤−®¥
(Clean{Invalid, CI)

’®«ìª®
−¥¬®¤¨ä¨æ¨à®¢�−-

−ë¥ ª®¯¨¨

�¥â
ªíè¨à®¢�−−ëå

ª®¯¨©
�¥â

ú—¨áâ®¥û{
úç¨áâ®¥û
(Clean{Clean, CC)

’®«ìª®
−¥¬®¤¨ä¨æ¨à®¢�−-

−ë¥ ª®¯¨¨

’®«ìª®
−¥¬®¤¨ä¨æ¨à®¢�−-

−ë¥ ª®¯¨¨
�¥â

ú—¨áâ®¥û{
¬®¤¨ä¨æ¨à®¢�−−®¥
(Clean{Dirty, CD)

’®«ìª®
−¥¬®¤¨ä¨æ¨à®¢�−-

−ë¥ ª®¯¨¨

Œ®£ãâ ¡ëâì
¬®¤¨ä¨æ¨à®¢�−−ë¥

ª®¯¨¨
„�

Œ®¤¨ä¨æ¨à®¢�−-
−®¥{−¥¢�«¨¤−®¥
(Dirty{Invalid, DI)

Œ®£ãâ ¡ëâì
¬®¤¨ä¨æ¨à®¢�−−ë¥

ª®¯¨¨

�¥â
ªíè¨à®¢�−−ëå

ª®¯¨©
�¥â

Œ®¤¨ä¨æ¨à®¢�−-
−®¥{úç¨áâ®¥û
(Dirty {Clean, DC)

Œ®£ãâ ¡ëâì
¬®¤¨ä¨æ¨à®¢�−−ë¥

ª®¯¨¨

’®«ìª®
−¥¬®¤¨ä¨æ¨à®¢�−-

−ë¥ ª®¯¨¨

„«ï
¬®¤¨ä¨æ¨à®¢�−−ëå

ª®¯¨©
Œ®¤¨ä¨æ¨à®¢�−-
−®¥{¬®¤¨ä¨æ¨à®-
¢�−−®¥
(Dirty {Dirty, DD)

Œ®£ãâ ¡ëâì
¬®¤¨ä¨æ¨à®¢�−−ë¥

ª®¯¨¨

Œ®£ãâ ¡ëâì
¬®¤¨ä¨æ¨à®¢�−−ë¥

ª®¯¨¨
„�

{ −¥â −¨ ®¤−®© áâà®ª¨ (á®áâ®ï−¨¥ I);

{ ¨¬¥îâáï â®«ìª® −¥¬®¤¨ä¨æ¨à®¢�−−ë¥ áâà®ª¨ (á®áâ®ï−¨¥ ‘);

{ ¨¬¥¥âáï å®âï ¡ë ®¤−� ¬®¤¨ä¨æ¨à®¢�−−�ï áâà®ª� (á®áâ®ï−¨¥ D).

…á«¨ ¯® ®â−®è¥−¨î ª −¥ª®â®à®¬ã à¥£¨®−ã ªíè ¤�−−®£® ¯à®æ¥áá®à� −�å®¤¨âáï
¢ á®áâ®ï−¨¨ I, â® á®áâ®ï−¨¥ ªíè¥© ¤àã£¨å ¯à®æ¥áá®à®¢ −¥ ®¯à¥¤¥«ï¥âáï.

Š�¦¤®¬ã ¯à®æ¥áá®àã ¢ áâà®ª¥ RCA ®â¢¥¤¥−® 2 ¡¨â� ¢ áâà®£® ®¯à¥¤¥«¥−−®©
¯®§¨æ¨¨ ¤«ï ª�¦¤®£® ¯à®æ¥áá®à�. ‘®ç¥â�−¨¥ 00 ¢ íâ¨å ¡¨â�å ®§−�ç�¥â á®áâ®ï−¨¥ I
¤�−−®£® ¯à®æ¥áá®à� ¤«ï ¤�−−®£® à¥£¨®−�, á®ç¥â�−¨¥ 10 | á®áâ®ï−¨¥ úç¨áâ®¥û
(‘), á®ç¥â�−¨¥ 01 | á®áâ®ï−¨¥ ¬®¤¨ä¨æ¨à®¢�−−®¥ (D).

‡�¯à�è¨¢�îé¨© ¯à®æ¥áá®à ¯®«ãç�¥â ®â ¢á¥å ¤àã£¨å ¯à®æ¥áá®à®¢ áâà®ª¨ RCA
¤«ï ¤�−−®£® à¥£¨®−� ¨, «®£¨ç¥áª¨ áã¬¬¨àãï ¨å ¨ §−�ï á¢®¥ á®¡áâ¢¥−−®¥ á®áâ®ï−¨¥
(I, C ¨«¨ D), ®¤−®§−�ç−® ®¯à¥¤¥«ï¥â ®¤−® ¨§ á¥¬¨ á®áâ®ï−¨© à¥£¨®−�.

‘®áâ®ï−¨ï CI ¨ DI | íªáª«î§¨¢−ë¥, â�ª ª�ª −¨ ®¤¨− ¨§ ¯à®æ¥áá®à®¢,
ªà®¬¥ ¤�−−®£®, −¥ ¨¬¥¥â ª®¯¨© ¡«®ª� ¢ íâ®¬ à¥£¨®−�. ‘®áâ®ï−¨ï CC ¨ DC |
¢−¥è−¥ úç¨áâë¥û, â�ª ª�ª −¥ª®â®àë¥ ¤àã£¨¥ ¯à®æ¥áá®àë ®¡à�é�«¨áì ª áâà®ª�¬
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¢ íâ®¬ à¥£¨®−¥ â®«ìª® ¯® çâ¥−¨î. ‚ íâ¨å á®áâ®ï−¨ïå ¯à®æ¥áá®à ¯à¨ ¯à®¬�å¥ ¢ ªíè
¬®¦¥â −¥ à�ááë«�âì ¯® á¥â¨ §�¯à®áë −�¡«î¤¥−¨ï. ‘®áâ®ï−¨ï CD ¨ DD | ¢−¥è−¥
¬®¤¨ä¨æ¨à®¢�−−ë¥, â. ¥. ¨¬¥îâáï ¯à®æ¥áá®àë, ¢ë¯®«−¨¢è¨¥ §�¯¨á¨ ¢ áâà®ª¨ ¨§
íâ®£® à¥£¨®−�. ‚ íâ¨å á®áâ®ï−¨ïå ¯à®æ¥áá®à ¤®«¦¥− à�§®á«�âì ¯® á¥â¨ §�¯à®áë
−�¡«î¤¥−¨ï, ª�ª ¢ ®¡ëç−®© á¨áâ¥¬¥ ¯®¤¤¥à¦�−¨ï ª®£¥à¥−â−®áâ¨ ¡¥§ áà¥¤áâ¢
ãáâà�−¥−¨ï ¨§¡ëâ®ç−ëå §�¯à®á®¢ −�¡«î¤¥−¨ï.

„«ï ¯à®¢¥¤¥−¨ï íªá¯¥à¨¬¥−â� ¯® ¯à®¢¥àª¥ íää¥ªâ¨¢−®áâ¨ ¯à¥¤«�£�¥¬®£®
¬¥â®¤� ¨á¯®«ì§®¢�«�áì á¨áâ¥¬� ¬®¤¥«¨à®¢�−¨ï PowerPC ISA. �à¨ ¬®¤¥«¨à®¢�-
−¨¨ ãç¨âë¢�«¨áì á¨áâ¥¬−ë¥ ¨ ¯®«ì§®¢�â¥«ìáª¨¥ ª®¤ë ¯à®£à�¬¬. �ªá¯¥à¨¬¥−âë
¯à®¢®¤¨«¨áì ¤«ï à¥£¨®−®¢ âà¥å à�§«¨ç−ëå à�§¬¥à®¢ | 256 �, 512 � ¨ 1 Š�
¢ á¨áâ¥¬¥ ¨§ 4-å ¯à®æ¥áá®à®¢.

Œ®¤¥«¨à®¢�−¨¥ ¢ë¯®«−ï«®áì −� 9 ¯à¨«®¦¥−¨ïå | ª�ª ª®¬¬¥àç¥áª¨å, â�ª
¨ ¯à¥¤−�§−�ç¥−−ëå ¤«ï −�ãç−ëå ¨áá«¥¤®¢�−¨©.

÷¨á. 3 ‘−¨¦¥−¨¥ ª®«¨ç¥áâ¢� ¨§¡ëâ®ç−ëå §�¯à®á®¢ −�¡«î¤¥−¨ï: 1 | §�¯¨áì; 2 |
çâ¥−¨¥
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‘−�ç�«� ¨áá«¥¤®¢�«®áì, −�áª®«ìª® á−¨¦�¥âáï ª®«¨ç¥áâ¢® §�¯à®á®¢ −�¡«î¤¥-
−¨ï, ¤«ï ª®â®àëå −¥ −ã¦−® à�á¯à®áâà�−¥−¨¥ ¯® á¥â¨. „«ï à�§−ëå ¯à¨«®¦¥−¨©
¯®«ãç¨«¨áì à�§«¨ç−ë¥ à¥§ã«ìâ�âë. ‘«¥¤ã¥â ®â¬¥â¨âì, çâ® ¯® ¢á¥¬ ¯à¨«®¦¥−¨ï¬
à�§¬¥à à¥£¨®−� −¥§−�ç¨â¥«ì−® ¢«¨ï« −� ª®«¨ç¥áâ¢® â�ª¨å §�¯à®á®¢.

�� à¨á. 3 ¯à¨¢¥¤¥−ë ¤�−−ë¥ ¯® á−¨¦¥−¨î ª®«¨ç¥áâ¢� §�¯à®á®¢ −�¡«î¤¥−¨ï
¯à¨ ¨á¯®«ì§®¢�−¨¨ ¯à¥¤«�£�¥¬®£® ¬¥â®¤� (à�§¬¥à à¥£¨®−� | 512 �).

�� £à�ä¨ª¥ ¤«ï ª�¦¤®£® ¯à¨«®¦¥−¨ï ®â¢¥¤¥−ë ¤¢¥ ª®«®−ª¨. �à�¢�ï ª®«®−ª�
á®®â¢¥âáâ¢ã¥â ¤®«¥ ¨§¡ëâ®ç−ëå §�¯à®á®¢ −�¡«î¤¥−¨ï ¢ ®¡ëç−®© á¨áâ¥¬¥ ¯®¤¤¥à-
¦�−¨ï ª®£¥à¥−â−®áâ¨, � «¥¢�ï ª®«®−ª� ¯®ª�§ë¢�¥â ¤®«î §�¯à®á®¢ −�¡«î¤¥−¨ï
¯à¨ ¨á¯®«ì§®¢�−¨¨ ¤�−−®£® ¬¥â®¤�. ˆ§ ¯à¨¢¥¤¥−−ëå §¤¥áì ¤�−−ëå ¢¨¤−®, çâ®
¯® áà�¢−¥−¨î á ®¡ëç−®© á¨áâ¥¬®© ª®«¨ç¥áâ¢® §�¯à®á®¢ −�¡«î¤¥−¨ï á−¨§¨«®áì
¢ áà¥¤−¥¬ −� 22%.

�� à¨á. 4 ¯®ª�§�−®, −�áª®«ìª® á−¨¦�¥âáï ¢à¥¬ï ¢ë¯®«−¥−¨ï ¯à®£à�¬¬ ¯à¨
¨á¯®«ì§®¢�−¨¨ ¯à¥¤«�£�¥¬®£® ¬¥â®¤�. �à¨¢¥¤¥−ë ¤�−−ë¥ ¤«ï à¥£¨®−®¢ à�§¬¥à�-
¬¨ 256 �, 512 � ¨ 1 Š�. �à¥®¡à�§®¢�−¨¥ à�á¯à®áâà�−ï¥¬ëå ¯® á¥â¨ §�¯à®á®¢
−�¡«î¤¥−¨ï ¢ −¥¯®áà¥¤áâ¢¥−−ë¥ §�¯à®áë ª ¯�¬ïâ¨ áãé¥áâ¢¥−−® á−¨¦�¥â áà¥¤−îî
§�¤¥à¦ªã −� ®¡à�¡®âªã §�¯à®á�, ®á®¡¥−−® ¤«ï à¥£¨®−� à�§¬¥à®¬ ¢ 512 �. ��
ª®¬¬¥àç¥áª¨å ¯à®£à�¬¬�å ¢à¥¬ï ¨å ¢ë¯®«−¥−¨ï á−¨¦�¥âáï ¢ áà¥¤−¥¬ −� 10,4%,
� −� ¢á¥¬ −�¡®à¥ ¡¥−ç¬�àª®¢ | −� 8,8%. ��¨«ãçè¨å à¥§ã«ìâ�â®¢ | 21,7% |
ã¤�«®áì ¤®áâ¨çì −� ¯à¨«®¦¥−¨¨ TCP-W.

÷¨á. 4 ‘−¨¦¥−¨¥ ¢à¥¬¥−¨ ¢ë¯®«−¥−¨ï ¯à®£à�¬¬ ¤«ï à¥£¨®−®¢ à�§«¨ç−ëå à�§¬¥à®¢:
1 | 256 �; 2 | 512 �; 3 | 1 Š�
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4 Использование области наблюдения

‚ à�¡®â¥ [7] ¯à¥¤«�£�¥âáï ¬¥â®¤ ä¨«ìâà�æ¨¨ §�¯à®á®¢ −�¡«î¤¥−¨ï, ª®â®àë©
−�§ë¢�¥âáï ¬¥â®¤®¬ ®¯à¥¤¥«¥−¨ï ®¡«�áâ¨ −�¡«î¤¥−¨ï. �®¤ ®¡«�áâìî −�¡«î¤¥-
−¨ï (Space Snooping | SS) à¥£¨®−� R ¯®−¨¬�¥âáï ¯®¤¬−®¦¥áâ¢® ¯à®æ¥áá®à®¢,
§�¯à®áë −�¡«î¤¥−¨ï ª®â®àëå á®¤¥à¦�â �¤à¥á� ¡«®ª®¢, à�§¬¥é¥−−ëå ¢ à¥£¨®-
−¥ R. Œ¥â®¤ ®¯¨à�¥âáï −� ¯®¤¤¥à¦ªã ®¯¥à�æ¨®−−®© á¨áâ¥¬ë (�‘) ¨ ¨á¯®«ì§ã¥â
â�¡«¨æã áâà�−¨æ (page table | PT) ¨ ¡ãä¥àë âà�−á«ïæ¨¨ �¤à¥á®¢ ®¡à�é¥−¨ï
ª ¯�¬ïâ¨ (translation lookaside buffer | TLB).

�®¤¬−®¦¥áâ¢® ¯à®æ¥áá®à®¢, á®áâ�¢«ïîé¨å ®¡«�áâì −�¡«î¤¥−¨ï, §�¯¨áë¢�¥â-
áï ¢ PT ¨ ¢ TLB ¯à®æ¥áá®à®¢. „«ï á®ªà�é¥−¨ï ª®«¨ç¥áâ¢� §�¯à®á®¢ −�¡«î¤¥−¨ï
¯®á«¥¤−¨¥ ¯¥à¥¤�îâáï â®«ìª® ¢ ¯à®æ¥áá®àë, á®áâ�¢«ïîé¨¥ ®¡«�áâì −�¡«î¤¥−¨ï.

�® áà�¢−¥−¨î á ¤àã£¨¬¨ ¬¥â®¤�¬¨ á−¨¦¥−¨ï ª®«¨ç¥áâ¢� §�¯à®á®¢ −�¡«î¤¥−¨ï
¤�−−ë© ¬¥â®¤ å�à�ªâ¥à¨§ã¥âáï ¬¥−ìè¨¬ ®¡ê¥¬®¬ ¤®¯®«−¨â¥«ì−ëå áà¥¤áâ¢, â�ª
ª�ª ¢ −¥¬ â®«ìª® à�áè¨àïîâáï PT ¨ TLB.

‚ ®â«¨ç¨¥ ®â ¬¥â®¤®¢, ¢ ª®â®àëå §�¯à®áë −�¡«î¤¥−¨ï ä¨«ìâàãîâáï ¨áå®¤ï
¨§ â®£®, ï¢«ï¥âáï à¥£¨®− ç�áâ−ë¬ ¨«¨ à�§¤¥«¥−−ë¬, ¤�−−ë© ¬¥â®¤ ¡�§¨àã¥âáï
−� â®¬ ä�ªâ¥, çâ® áãé¥áâ¢¥−−�ï ç�áâì áâà�−¨æ ¯�¬ïâ¨ ®â−®á¨âáï ª «¨èì ç�áâ¨ç-
−® à�§¤¥«¥−−ë¬. �®¤ ç�áâ¨ç−® à�§¤¥«¥−−®© áâà�−¨æ¥© ¯®−¨¬�¥âáï áâà�−¨æ�,
à�§¤¥«¥−−�ï ¬¥¦¤ã −¥áª®«ìª¨¬¨, −® −¥ ¢á¥¬¨ ¯à®æ¥áá®à�¬¨, â. ¥. ª áâà�−¨æ¥
®¡à�é�¥âáï â®«ìª® ç�áâì ¯à®æ¥áá®à®¢ á¨áâ¥¬ë.

�¢â®à�¬¨ [7] ¡ë«¨ ¯à®�−�«¨§¨à®¢�−ë à¥§ã«ìâ�âë ¬®¤¥«¨à®¢�−¨ï à�¡®âë à�§-
«¨ç−ëå ¯à¨«®¦¥−¨© ¢ Œ‘ (16 ¯à®æ¥áá®à®¢). �â®â �−�«¨§ ¯®ª�§�«, çâ® ¨¬¥¥âáï
¯® ªà�©−¥© ¬¥à¥ âà¨ ¢¨¤� ¯à¨«®¦¥−¨©, ¯à¨ à�¡®â¥ ª®â®àëå ¢ á¨áâ¥¬�å −�¡«î-
¤¥−¨ï ®¡à�é¥−¨¥ ¯à®æ¥áá®à®¢ ª áâà�−¨æ¥ ¢ë¯®«−ï¥âáï ¯®-à�§−®¬ã. �à¨ à�¡®â¥
¯¥à¢®£® ¢¨¤� ¯à¨«®¦¥−¨© ª ®¤−®© áâà�−¨æ¥ ®¡à�é�îâáï ¢á¥ 16 ¯à®æ¥áá®à®¢.
‚â®à®© ¢¨¤ ¯à¨«®¦¥−¨© à�¡®â�¥â â�ª, çâ® §−�ç¨â¥«ì−�ï ç�áâì áâà�−¨æë ï¢«ï¥âáï
ç�áâ−®©, â. ¥. ª −¥© ®¡à�é�¥âáï â®«ìª® ®¤¨− ¯à®æ¥áá®à. �à¨ à�¡®â¥ âà¥âì¥£®
¢¨¤� ¯à¨«®¦¥−¨© ª áâà�−¨æ¥ ®¡à�é�îâáï ®â 2 ¤® 15 ¯à®æ¥áá®à®¢. ‚ áà¥¤−¥¬ ¯®
¢á¥¬ ¯à¨«®¦¥−¨ï¬ áâà�−¨æë, ª ª®â®àë¬ ®¡à�é�îâáï ®â 2 ¤® 15 ¯à®æ¥áá®à®¢,
á®áâ�¢«ïîâ 42% ®â ¢á¥å áâà�−¨æ. ÷�¡®â� [7] −�æ¥«¥−� −� ãáâà�−¥−¨¥ ¨§¡ëâ®ç−ëå
§�¯à®á®¢ ª íâ¨¬ áâà�−¨æ�¬. �à¨ç¥¬ ¤«¨â¥«ì−®¥ ¢ë¯®«−¥−¨¥ ¯à¨«®¦¥−¨© −¥
¬¥−ï¥â áãé¥áâ¢¥−−® å�à�ªâ¥à� ¨å ®¡à�é¥−¨© ª áâà�−¨æ�¬ ¯�¬ïâ¨. „�−−�ï à�¡®â�
−�æ¥«¥−� −� á−¨¦¥−¨¥ ª®«¨ç¥áâ¢� §�¯à®á®¢ −�¡«î¤¥−¨ï ¯à¨ à�¡®â¥ âà¥âì¥£® ¢¨¤�
¯à¨«®¦¥−¨©.

�¢â®à�¬¨ ¡ë«¨ ¯à®¢¥¤¥−ë íªá¯¥à¨¬¥−âë á 15 ¯à¨«®¦¥−¨ï¬¨ ¢ Œ‘ (16 ¯à®-
æ¥áá®à®¢) á æ¥«ìî ®¯à¥¤¥«¥−¨ï, −�áª®«ìª® ç�áâ® §�¯à®áë −�¡«î¤¥−¨ï ®¡à�é�îâáï
ª áâà�−¨æ�¬ á à�§«¨ç−ë¬¨ §−�ç¥−¨ï¬¨ ®¡«�áâ¨ −�¡«î¤¥−¨ï. ‚ â�¡«. 4 ¯à¥¤-
áâ�¢«¥−®, ª�ª�ï ¤®«ï §�¯à®á®¢ −�¡«î¤¥−¨ï á®®â¢¥âáâ¢ã¥â áâà�−¨æ�¬ á à�§«¨ç−ë¬
§−�ç¥−¨¥¬ ®¡«�áâ¨ −�¡«î¤¥−¨ï (à�§¬¥à áâà�−¨æë 8 Š�).

„«ï à¥�«¨§�æ¨¨ ¯à¥¤«�£�¥¬®£® ¬¥â®¤� ¢ á®®â¢¥âáâ¢ãîéãî áâà®ªã PT §�¯¨-
áë¢�îâáï −®¬¥à� ¯à®æ¥áá®à®¢, ®¡à�â¨¢è¨åáï ª ¤�−−®© áâà�−¨æ¥. �â¨ −®¬¥à�
§�¯¨áë¢�îâáï ¨ ¢ á®®â¢¥âáâ¢ãîé¨¥ áâà®ª¨ ¡ãä¥à®¢ âà�−á«ïæ¨¨ áâà�−¨æ (TLB)
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’�¡«¨æ� 4 ‘®®â¢¥âáâ¢¨¥ §�¯à®á®¢ −�-
¡«î¤¥−¨ï §−�ç¥−¨ï¬ ®¡«�áâ¥© −�¡«î-
¤¥−¨ï

‡−�ç¥−¨¥
®¡«�áâ¨

−�¡«î¤¥−¨ï

„®«ï
§�¯à®á®¢

−�¡«î¤¥−¨ï, %
1 5,7

2{3 7,0
4{7 17,8
8{15 17,3
16 52,2

VPN PPN ‚¥ªâ®à à�§¤¥«¥−¨ï
0xd100 0x100 0000000100000010

÷¨á. 5 ‚¥ªâ®à à�§¤¥«¥−¨ï: VPN | ¢¨à-
âã�«ì−ë© �¤à¥á áâà�−¨æë; PPN | ä¨§¨ç¥-
áª¨© �¤à¥á áâà�−¨æë

¢á¥å ¯à®æ¥áá®à®¢. ‡�¯à®áë ¢ á¨áâ¥¬¥ −�¡«î¤¥−¨ï ¡ã¤ãâ ¯¥à¥¤�¢�âìáï â®«ìª®
íâ¨¬ ¯à®æ¥áá®à�¬. Š�¦¤®¬ã ¯à®æ¥áá®àã ¢ áâà®ª�å PT ¨ TLB ®â¢®¤¨âáï 1 ¡¨â.
‚á¥ ¤®¯®«−¨â¥«ì−ë¥ ¡¨âë ®¡à�§ãîâ ¢¥ªâ®à à�§¤¥«¥−¨ï. �� à¨á. 5 ¯à¨¢¥¤¥−
¯à¨¬¥à §�¯¨á¨ ¢¥ªâ®à� à�§¤¥«¥−¨ï ¢ áâà®ªã TLB.

‚ ¤�−−®¬ ¯à¨¬¥à¥ ¢¥ªâ®à à�§¤¥«¥−¨ï á®¤¥à¦¨â −®¬¥à� ¢â®à®£® ¨ ¤¥¢ïâ®-
£® ¯à®æ¥áá®à�. �â¨ ¤¢� ¯à®æ¥áá®à� á®áâ�¢«ïîâ ®¡«�áâì −�¡«î¤¥−¨ï áâà�−¨æë
á ä¨§¨ç¥áª¨¬ �¤à¥á®¬ 0x100. �à¨ ¤®¡�¢«¥−¨¨ −®¢®£® ¯à®æ¥áá®à� ¢ ®¡«�áâì
−�¡«î¤¥−¨ï ¢¥ªâ®àë à�§¤¥«¥−¨ï ¢ PT á¨áâ¥¬ë ¨ TLB ¢á¥å ¯à®æ¥áá®à®¢ ¤®«¦-
−ë ¯à¥®¡à�§®¢ë¢�âìáï. „«ï ¯à¥¤®â¢à�é¥−¨ï á®áâï§�−¨© ¯à¥®¡à�§®¢�−¨¥ áâà®ª
PT ¨ TLB ¤®«¦−® §�¢¥àè¨âìáï ¤® â®£®, ª�ª ¯à®æ¥áá®àã ¡ã¤¥â ¯à¥¤®áâ�¢«¥−�
¢®§¬®¦−®áâì ®¡à�é¥−¨ï ª áâà�−¨æ¥.

‚ ®¯¨á�−−®¬ §¤¥áì ¬¥â®¤¥ −®¬¥à� ¯à®æ¥áá®à®¢ ¤®¡�¢«ïîâáï ¢ ¢¥ªâ®à à�§¤¥-
«¥−¨ï, −® −¨ª®£¤� −¥ ã¤�«ïîâáï ¨§ −¥£®. �¤−�ª® ¢ å®¤¥ ¢ë¯®«−¥−¨ï ¯à¨«®¦¥−¨ï
¢¥ªâ®à à�§¤¥«¥−¨ï ¬®¦¥â á®¤¥à¦�âì ¨ â�ª −�§ë¢�¥¬ë¥ úãáâ�à¥¢è¨¥ ¡¨âëû, â. ¥.
¡¨âë, á®®â¢¥âáâ¢ãîé¨¥ −®¬¥àã ¯à®æ¥áá®à�, ¯à¥ªà�â¨¢è¥£® ®¡à�é�âìáï ª ¤�−−®©
áâà�−¨æ¥. —â®¡ë ãç¥áâì â�ªãî á¨âã�æ¨î, ¨á¯®«ì§ã¥âáï ¯à®æ¥áá á®ªà�é¥−¨ï ¢¥ª-
â®à� à�§¤¥«¥−¨ï (¨ ®¡«�áâ¨ −�¡«î¤¥−¨ï). ‚ å®¤¥ â�ª®£® ¯à®æ¥áá� ®âá«¥¦¨¢�îâáï
ã¤�«¥−¨ï áâà�−¨æë ¨§ TLB ¯à®æ¥áá®à�. �® §�¢¥àè¥−¨¨ ã¤�«¥−¨ï áâà�−¨æë ¨§
¢¥ªâ®à� à�§¤¥«¥−¨ï ã¤�«ï¥âáï á®®â¢¥âáâ¢ãîé¨© ¡¨â (ª�ª ¢ áâà®ª¥ TLB ¯à®æ¥á-
á®à�, â�ª ¨ ¢ PT). „«ï á®ªà�é¥−¨ï ®¡«�áâ¨ −�¡«î¤¥−¨ï ¯à®æ¥áá®à, ¯ëâ�îé¨©áï
ã¤�«¨âì á¥¡ï ¨§ íâ®© ®¡«�áâ¨, ¯à¥®¡à�§ã¥â ¢¥ªâ®à à�§¤¥«¥−¨ï ¢ á®®â¢¥âáâ¢ãîé¥©
áâà®ª¥ ÷’, � §�â¥¬ ¯®áë«�¥â §�¯à®áë −� á®ªà�é¥−¨¥ ¢¥ªâ®à®¢ à�§¤¥«¥−¨ï ¢ TLB
¯à®æ¥áá®à®¢, ¯à¨−�¤«¥¦�é¨å ¤�−−®© ®¡«�áâ¨ −�¡«î¤¥−¨ï.

�à®æ¥áá á®ªà�é¥−¨ï ¯®¤®¡«�áâ¨ −�¡«î¤¥−¨ï §�¯ãáª�¥âáï ¢ â®â ¬®¬¥−â, ª®£¤�
¨§ ç�áâ−®£® ªíè� ¯à®æ¥áá®à� ¢ëâ¥á−ï¥âáï −¥ª®â®àë© ¡«®ª. �à¨ íâ®¬ á®®â-
¢¥âáâ¢ãîé�ï íâ®© áâà�−¨æ¥ áâà®ª� TLB ¤®«¦−� ¡ëâì �−−ã«¨à®¢�−�. —â®¡ë −¥
¢«¨ïâì −� ¯à®¨§¢®¤¨â¥«ì−®áâì á¨áâ¥¬ë, ¯à®æ¥áá á®ªà�é¥−¨ï ®¡«�áâ¨ −�¡«î¤¥−¨ï
¢ë¯®«−ï¥âáï ª�ª ä®−®¢ë©.

�à¨ à�¡®â¥ Œ‘ ¢ «î¡®© ¬®¬¥−â ¢à¥¬¥−¨ ¤®«¦−® ¡ëâì ®¡¥á¯¥ç¥−® á®®â¢¥â-
áâ¢¨¥ áâà®ª ÷’ ¨ TLB ¯à®æ¥áá®à®¢. ‚ ®¡ëç−®© á¨áâ¥¬¥ áâà®ª� ÷’ ¯à¥®¡à�§ã¥âáï
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¯à¨ ¨§¬¥−¥−¨¨ ¢¨àâã�«ì−®© áâà�−¨æë ®¡à�é¥−¨ï ª ¯�¬ïâ¨ ¨«¨ ¨§¬¥−¥−¨¨ ¯à�¢
¤®áâã¯� ª áâà�−¨æ¥. ‚ ¯à¥¤«�£�¥¬®© á¨áâ¥¬¥ áâà®ª� ÷’ ¤®«¦−� ¯à¥®¡à�§®¢�âìáï
¯à¨ ¨§¬¥−¥−¨¨ ®¡«�áâ¨ −�¡«î¤¥−¨ï. ‚®§¬®¦−ë ¤¢� á¯®á®¡� ¯®¤¤¥à¦�−¨ï á®®â-
¢¥âáâ¢¨ï áâà®ª ÷’ ¨ TLB. �¥à¢ë© á¯®á®¡ §�ª«îç�¥âáï ¢ ¢ëà�¡®âª¥ á¯¥æ¨�«ì−®£®
¬¥¦¯à®æ¥áá®à−®£® ¯à¥àë¢�−¨ï, ª®â®à®¥ ãª�§ë¢�¥â ¯à®æ¥áá®àã −� −¥®¡å®¤¨¬®áâì
�−−ã«¨à®¢�−¨ï áâà®ª¨ ¢ á¢®¥¬ TLB. �¤−�ª® ¯à®é¥ ¢ë¯®«−¨âì íâã §�¤�çã, ¯®-
á«�¢ á®®¡é¥−¨ï ¢á¥¬ ¯à®æ¥áá®à�¬ ¢ á¥â¨ ® −¥®¡å®¤¨¬®áâ¨ �−−ã«¨à®¢�−¨ï áâà®ª¨
¢ á¢®¨å TLB. �®á«¥ ¢ë¯®«−¥−¨ï �−−ã«¨à®¢�−¨ï ¯à®æ¥áá®àë ¯®áë«�îâ á®®¡é¥-
−¨ï ® ¥£® §�¢¥àè¥−¨¨.

�à¨ ¯à®¬�å¥ ¢ TLB ®¤−®£® ¨§ ¯à®æ¥áá®à®¢ ¢ íâ®¬ TLB ªíè¨àã¥âáï −®¢�ï
áâà®ª�, ¯®á«¥ ç¥£® ¢ë¯®«−ï¥âáï �â®¬�à−�ï (â. ¥. −¥¤¥«¨¬�ï) ®¯¥à�æ¨ï çâ¥−¨ï{¬®-
¤¨ä¨ª�æ¨¨{§�¯¨á¨ ¢ −®¢®© áâà®ª¥ TLB ¢ ç�áâ¨ ¢¥ªâ®à� à�§¤¥«¥−¨ï. �à®æ¥áá®à
¨§¬¥−ï¥â â®«ìª® ¡¨â, á®®â¢¥âáâ¢ãîé¨© á¢®¥¬ã −®¬¥àã, −¥ ¨áª�¦�ï ¤àã£¨å ¡¨-
â®¢ ¢ ¢¥ªâ®à¥ à�§¤¥«¥−¨ï. �â®¬�à−®áâì ®¯¥à�æ¨¨ çâ¥−¨ï{¬®¤¨ä¨ª�æ¨¨{§�¯¨á¨
¨áª«îç�¥â ¢®§¬®¦−®áâì á®áâï§�−¨© ¢ á¨áâ¥¬¥. �®á«¥ íâ®© ®¯¥à�æ¨¨ ¬®¤¨ä¨æ¨-
àã¥âáï á®®â¢¥âáâ¢ãîé�ï áâà®ª� ¢ ÷’. ‡�¯à®á ¯à®æ¥áá®à� ª ¯�¬ïâ¨ ¢ë¯®«−ï¥âáï
â®«ìª® ¯®á«¥ â®£®, ª�ª íâ®â ¯à®æ¥áá®à ¯®«ãç¨â á®®¡é¥−¨ï ®â ¤àã£¨å ¯à®æ¥áá®à®¢,
¯à¨−�¤«¥¦�é¨å ¤�−−®© ®¡«�áâ¨ −�¡«î¤¥−¨ï, ® §�¢¥àè¥−¨¨ ¨¬¨ ¬®¤¨ä¨ª�æ¨¨
áâà®ª ¢ á¢®¨å TLB.

�® áà�¢−¥−¨î á ®¡ëç−®© á¨áâ¥¬®© ¯®¤¤¥à¦�−¨ï ª®£¥à¥−â−®áâ¨ ¢ ¯à¥¤«�-
£�¥¬®© á¨áâ¥¬¥ ¨¬¥îâáï ¤¢¥ ¤®¯®«−¨â¥«ì−ë¥ ®¯¥à�æ¨¨. �¥à¢�ï ¨§ −¨å |
�â®¬�à−�ï ®¯¥à�æ¨ï çâ¥−¨ï{¬®¤¨ä¨ª�æ¨¨{§�¯¨á¨. ‚â®à�ï | à�ááë«ª� ãª�§�−¨©
® ¬®¤¨ä¨ª�æ¨¨ áâà®ª TLB ¯à®æ¥áá®à�¬, ¯à¨−�¤«¥¦�é¨¬ ¤�−−®© ¯®¤®¡«�áâ¨
−�¡«î¤¥−¨ï, ¨ ®¦¨¤�−¨¥ ®â −¨å ®â¢¥â� á ¯®¤â¢¥à¦¤¥−¨¥¬. �¥à¢�ï ®¯¥à�æ¨ï
¢ë¯®«−ï¥âáï á¨áâ¥¬®© ¯®¤¤¥à¦�−¨ï ª®£¥à¥−â−®áâ¨, � ¢â®à�ï | �‘.

‚ á¢ï§¨ á íâ¨¬ ¢�¦−® ®¯à¥¤¥«¨âì, −¥ á−¨¦�¥â «¨ ¯à¥¤«�£�¥¬ë© ¬¥â®¤ ®¡éãî
¯à®¨§¢®¤¨â¥«ì−®áâì á¨áâ¥¬ë. ‚ à�¡®â¥ [7] ¯à¨¢®¤ïâáï ¤�−−ë¥ ¯® à�¡®â¥ 15 ¯à¨-
«®¦¥−¨© | −�ãç−ëå, ª®¬¬¥àç¥áª¨å ¨ á¥à¢¥à−ëå ¯à®£à�¬¬ | ® ¤®«¥ ®¯¥à�æ¨©
¯à¥®¡à�§®¢�−¨ï ¯®¤®¡«�áâ¨ −�¡«î¤¥−¨ï áà¥¤¨ ¢á¥å ¨−áâàãªæ¨© ¯à¨«®¦¥−¨©.
�â¨ ¤�−−ë¥ ¯®ª�§ë¢�îâ, çâ® â�ª¨¥ ®¯¥à�æ¨¨ ¢¥áì¬� à¥¤ª¨. ’�ª, −� 1000 ¨−-
áâàãªæ¨© ¢ ¯à¨«®¦¥−¨¨ Apache ¢ë¯®«−ï¥âáï 0,103 ¯à¥®¡à�§®¢�−¨ï ¯®¤®¡«�áâ¨
−�¡«î¤¥−¨ï | íâ® á�¬�ï ¡®«ìè�ï ¤®«ï. „«ï ®áâ�«ì−ëå ¯à¨«®¦¥−¨© íâ� ¤®«ï
á®áâ�¢«ï¥â ®â 0,001 ¤® 0,053 ¯à¥®¡à�§®¢�−¨ï ¯®¤®¡«�áâ¨ −�¡«î¤¥−¨ï −� 1000
¨−áâàãªæ¨©.

Результаты экспериментов. ‘ æ¥«ìî ¯à®¢¥àª¨ íää¥ªâ¨¢−®áâ¨ ¯à¥¤«®¦¥−-
−®£® ¬¥â®¤� ¡ë«¨ ¯à®¢¥¤¥−ë íªá¯¥à¨¬¥−âë á 15 ¯à¨ª«�¤−ë¬¨ ¯à®£à�¬¬�¬¨.
Œ®¤¥«¨àã¥¬�ï á¨áâ¥¬� á®áâ®ï«� ¨§ 16 ¯à®æ¥áá®à®¢. ‘¨áâ¥¬� á®¤¥à¦�«� ªíè ¢â®-
à®£® ãà®¢−ï ®¡ê¥¬®¬ 512 Š�, ç¨á«® ª�−�«®¢ | 8, à�§¬¥à áâà®ª¨ | 64 �. „�−−ë¥
¯® á−¨¦¥−¨î ª®«¨ç¥áâ¢� §�¯à®á®¢ −�¡«î¤¥−¨ï ¯à¨¢¥¤¥−ë ®â−®á¨â¥«ì−® á−¨¦¥-
−¨ï §�¯à®á®¢ ¯à¨ ¨á¯®«ì§®¢�−¨¨ ¨¤¥�«ì−®£® ¯à®â®ª®«�, â. ¥. â�ª®£® ¯à®â®ª®«�,
¯à¨ ª®â®à®¬ ª�¦¤ë© ¯à®æ¥áá®à ®¡«�¤�¥â ¨−ä®à¬�æ¨¥© ® −¥®¡å®¤¨¬®áâ¨ ¯®áë«ª¨
§�¯à®á� ª®£¥à¥−â−®áâ¨. ’�ª¨¥ ¤�−−ë¥ −¥ ¯à¥¤áâ�¢«ïîâ ®á®¡®£® ¨−â¥à¥á�.
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‘«¥¤ã¥â â®«ìª® ®â¬¥â¨âì, çâ® á®ªà�é¥−¨¥ ®¡«�áâ¨ −�¡«î¤¥−¨ï ¤�¥â −¥¡®«ì-
è®¥ á−¨¦¥−¨¥ ª®«¨ç¥áâ¢� §�¯à®á®¢ −�¡«î¤¥−¨ï | ¢ áà¥¤−¥¬ ¯® ¢á¥¬ ¯à¨«®-
¦¥−¨ï¬ 4%. ‚ à�¡®â¥ ¤¥«�¥âáï ¯à¥¤¯®«®¦¥−¨¥, çâ® −¥¡®«ìè®© íää¥ªâ ®â
á®ªà�é¥−¨ï ®¡«�áâ¨ −�¡«î¤¥−¨ï ®¡êïá−ï¥âáï ®â−®á¨â¥«ì−® −¥¡®«ìè¨¬ ¢à¥¬¥-
−¥¬ à�¡®âë ¯à¨«®¦¥−¨© ¨ çâ® ¯à¨ ã¢¥«¨ç¥−¨¨ íâ®£® ¢à¥¬¥−¨ íää¥ªâ ¡ã¤¥â
áâ�−®¢¨âìáï §�¬¥â−¥¥.

Сетевой трафик. ‘¥â¥¢®© âà�ä¨ª ¢ á¨áâ¥¬�å ¯®¤¤¥à¦�−¨ï ª®£¥à¥−â−®áâ¨
−� ®á−®¢¥ −�¡«î¤¥−¨ï á®áâ�¢«ïîâ §�¯à®áë −�¡«î¤¥−¨ï ¨ ¯¥à¥¤�ç� ¤�−−ëå.
Œ¥â®¤ ¢ë¤¥«¥−¨ï ¯®¤®¡«�áâ¥© −�¡«î¤¥−¨ï ¯®§¢®«ï¥â ã¬¥−ìè¨âì ª®«¨ç¥áâ¢®
ª®£¥à¥−â−ëå §�¯à®á®¢ ¢ áà¥¤−¥¬ −� 23%. � −� ®â¤¥«ì−ëå ¯à¨«®¦¥−¨ïå á−¨¦¥−¨¥
á¥â¥¢®£® âà�ä¨ª� áãé¥áâ¢¥−−® §�¬¥â−¥¥. ’�ª, −� ¯à¨«®¦¥−¨¨ áholesky âà�ä¨ª
á−¨¦�¥âáï −� 40%, −� ¯à¨«®¦¥−¨¨ fft | −� 52%, −� ¯à¨«®¦¥−¨¨ lu | −� 48%,
−� ¯à¨«®¦¥−¨¨ ocean | −� 50%.

Повышение производительности. ‚ â�¡«. 5 ¯à¨¢¥¤¥−ë ¤�−−ë¥ ¯® á−¨¦¥−¨î
¢à¥¬¥−¨ ¢ë¯®«−¥−¨ï ¯à®£à�¬¬ ¤«ï ¯ïâ¨ ¯à¨«®¦¥−¨©. „�−−ë¥ à�§¡¨âë −� ¤¢¥
£àã¯¯ë | ¤«ï á¨áâ¥¬ë á á®ªà�é¥−¨¥¬ ®¡«�áâ¨ −�¡«î¤¥−¨ï ¨ ¡¥§ á®ªà�é¥−¨ï.
�à¨ à�¡®â¥ ®áâ�«ì−ëå ¯à¨«®¦¥−¨© ¢à¥¬ï ¢ë¯®«−¥−¨ï «¨¡® ¢®®¡é¥ −¥ ¬¥−ï¥âáï,
«¨¡® ã¬¥−ìè�¥âáï −¥§−�ç¨â¥«ì−®.

’�¡«¨æ� 5 “¬¥−ìè¥−¨¥ ¢à¥¬¥−¨ ¢ë¯®«−¥−¨ï ¯à®£à�¬¬

“¬¥−ìè¥−¨¥ ¢à¥¬¥−¨ ¢ë¯®«−¥−¨ï ¯à®£à�¬¬, %
�à¨«®¦¥−¨¥ �¥§ á®ªà�é¥−¨ï

®¡«�áâ¨ −�¡«î¤¥−¨ï
‘ á®ªà�é¥−¨¥¬

®¡«�áâ¨ −�¡«î¤¥−¨ï
Cholesky 4 4
Fft 4 4
Fmm 7 8
Lu 2 2
Ocean 3 3
‘à¥¤−¥¥ §−�ç¥−¨¥ 4 4,2

ˆ§ ¯à¨¢¥¤¥−−ëå §¤¥áì ¤�−−ëå ¢¨¤−®, çâ® §�¬¥â−®¥ ¯®¢ëè¥−¨¥ ¯à®¨§¢®¤¨-
â¥«ì−®áâ¨ ¤®áâ¨£�¥âáï â®«ìª® −� ¯à¨«®¦¥−¨¨ fmm.

5 Выводы

‚ áâ�âì¥ ¯à¥¤áâ�¢«¥−ë à�§«¨ç−ë¥ ¬¥â®¤ë ®¯â¨¬¨§�æ¨¨ á¨áâ¥¬ ¯®¤¤¥à¦�−¨ï
ª®£¥à¥−â−®áâ¨ −� ®á−®¢¥ −�¡«î¤¥−¨ï. ‚ íâ®¬ à�§¤¥«¥ ¯à¨¢¥¤¥−ë ªà�âª®¥ ®¯¨-
á�−¨¥ ª�¦¤®£® ¨å ¬¥â®¤®¢, ¤�−−ë¥ ¯® íää¥ªâ¨¢−®áâ¨ ¬¥â®¤®¢ ¨ ¨§¡ëâ®ç−®áâì,
−¥®¡å®¤¨¬�ï ¤«ï à¥�«¨§�æ¨¨ ª�¦¤®£® ¨§ íâ¨å ¬¥â®¤®¢ (â�¡«. 6{8).
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Œ¥â®¤ë ®¯â¨¬¨§�æ¨¨ á¨áâ¥¬ ¯®¤¤¥à¦�−¨ï ª®£¥à¥−â−®áâ¨ −� ®á−®¢¥ −�¡«î¤¥−¨ï

’�¡«¨æ� 6 �¯¨á�−¨¥ ¬¥â®¤®¢ ®¯â¨¬¨§�æ¨¨ á¨áâ¥¬ ¯®¤¤¥à¦�−¨ï ª®£¥à¥−â−®áâ¨

Œ¥â®¤ Šà�âª®¥ ®¯¨á�−¨¥
”¨«ìâà�æ¨ï
§�¯à®á®¢
−�¡«î¤¥−¨ï

”¨«ìâà�æ¨ï §�¯à®á®¢ −�¡«î¤¥−¨ï, �¤à¥á� ª®â®àëå −¥ á®¤¥à-
¦�âáï ¢ «®ª�«ì−®¬ ªíè¥ ¯à®æ¥áá®à� ¨ ¤«ï ª®â®àëå −¥ −ã¦−®
¯à®¢¥àïâì �¤à¥á−ë¥ â¥£¨ áâà®ª «®ª�«ì−®£® ªíè�

�−�«¨§
à¥£¨®−®¢
−�¡«î¤¥−¨ï

‚ë¤¥«¥−¨¥ ¤«ï ª�¦¤®£® ¯à®æ¥áá®à� ®¡«�áâ¥© (à¥£¨®−®¢) ®¡-
é¥© ¯�¬ïâ¨, −¥ á®¤¥à¦�é¨å −¨ ®¤−®© ¨§ áâà®ª, à�§¬¥é¥−−ëå
¢ «®ª�«ì−®¬ ªíè¥ íâ®£® ¯à®æ¥áá®à�

ˆá¯®«ì§®¢�−¨¥
¬�áá¨¢®¢ à¥£¨®−®¢
−�¡«î¤¥−¨ï

ˆá¯®«ì§®¢�−¨¥ ¨−ä®à¬�æ¨¨ ® ª®£¥à¥−â−®¬ á®áâ®ï−¨¨ ª�¦¤®-
£® ¯à®æ¥áá®à� ¯® ®â−®è¥−¨î ª ª�ª®©-«¨¡® ®¡«�áâ¨ (à¥£¨®−ã)
®¡é¥© ¯�¬ïâ¨. �à¨ íâ®¬ ãç¨âë¢�îâáï â�ª¨¥ ¦¥ á®áâ®ï−¨ï
¤àã£¨å ¯à®æ¥áá®à®¢ á¨áâ¥¬ë. �®¤ ª®£¥à¥−â−ë¬ á®áâ®ï−¨-
¥¬ ¯®−¨¬�îâáï â�ª¨¥ á®áâ®ï−¨ï, ª�ª −¥¢�«¨¤−®¥, úç¨áâ®¥û,
¬®¤¨ä¨æ¨à®¢�−−®¥

ˆá¯®«ì§®¢�−¨¥
®¡«�áâ¨
−�¡«î¤¥−¨ï

‚ë¤¥«¥−¨¥ ®¡«�áâ¨ −�¡«î¤¥−¨ï ¤«ï ª�¦¤®© áâà�−¨æë ®¡-
é¥© ¯�¬ïâ¨. ’�ª�ï ®¡«�áâì ®¯à¥¤¥«ï¥âáï ¯®¤¬−®¦¥áâ¢®¬
¯à®æ¥áá®à®¢, §�¯à®áë −�¡«î¤¥−¨ï ª®â®àëå á®¤¥à¦�â �¤à¥á�
¡«®ª®¢, ¨¬¥îé¨åáï ¢ ¤�−−®¬ à¥£¨®−¥

’�¡«¨æ� 7 �®ª�§�â¥«¨ íää¥ªâ¨¢−®áâ¨ ¬¥â®¤®¢ ®¯â¨¬¨§�æ¨¨ á¨áâ¥¬ ¯®¤¤¥à¦�−¨ï
ª®£¥à¥−â−®áâ¨

�®ª�§�â¥«¨ íää¥ªâ¨¢−®áâ¨

Œ¥â®¤
‘−¨¦¥−¨¥

¨−â¥−á¨¢−®áâ¨
§�¯à®á®¢

−�¡«î¤¥−¨ï

‘−¨¦¥−¨¥
¯®âà¥¡«¥−¨ï

í−¥à£¨¨

�®¢ëè¥−¨¥
¯à®¨§¢®¤¨-
â¥«ì−®áâ¨

”¨«ìâà�æ¨ï §�¯à®á®¢
−�¡«î¤¥−¨ï

70% (ä¨«ìâà
£¨¡à¨¤−®£® â¨¯�)

55% (ä¨«ìâà
£¨¡à¨¤−®£® â¨¯�) �¥â ¤�−−ëå

�−�«¨§ à¥£¨®−®¢
−�¡«î¤¥−¨ï

27% («®ª�«ì−ë©
ªíè L2)
37% (à�§¤¥«¥−−ë©
ªíè L2)

3% (á¨áâ¥¬� ¨§
4 ¯à®æ¥áá®à®¢)
13% (á¨áâ¥¬�
¨§ 8 ¯à®æ¥áá®à®¢)

�¥â ¤�−−ëå

ˆá¯®«ì§®¢�−¨¥ ¬�áá¨¢®¢
à¥£¨®−®¢ −�¡«î¤¥−¨ï 7% �¥â ¤�−−ëå 0,86%

ˆá¯®«ì§®¢�−¨¥
®¡«�áâ¨ −�¡«î¤¥−¨ï 23% �¥â ¤�−−ëå 2,9%

6 Заключение

Œ¥â®¤ ¨á¯®«ì§®¢�−¨ï ®¡«�áâ¨ −�¡«î¤¥−¨ï ¡®«¥¥ íää¥ªâ¨¢¥− ¢ á¨áâ¥¬�å
á ¡®«ìè¨¬ ç¨á«®¬ ¯à®æ¥áá®à®¢. �â®â ¬¥â®¤ âà¥¡ã¥â ¬¥−ìè¥ ¤®¯®«−¨â¥«ì−ëå
áà¥¤áâ¢, â�ª ª�ª ¨á¯®«ì§ãîâáï ¨¬¥îé¨¥áï ¢ á¨áâ¥¬¥ à¥áãàáë, � ¨¬¥−−® TLB.
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’�¡«¨æ� 8 „®¯®«−¨â¥«ì−ë¥ áà¥¤áâ¢�, ¨á¯®«ì§ã¥¬ë¥ ¢ ¬¥â®¤�å ®¯â¨¬¨§�æ¨¨ á¨áâ¥¬
¯®¤¤¥à¦�−¨ï ª®£¥à¥−â−®áâ¨

Œ¥â®¤ ˆá¯®«ì§ã¥¬ë¥ ¤®¯®«−¨â¥«ì−ë¥ áà¥¤áâ¢�
”¨«ìâà�æ¨ï
§�¯à®á®¢
−�¡«î¤¥−¨ï

”¨«ìâàë (¨áª«îç�îé¨¥, ¢ª«îç�îé¨¥ ¨ £¨¡à¨¤−ë¥).
‚ ¬®¤¨ä¨æ¨à®¢�−−ëå ¬¥â®¤�å ä¨«ìâà�æ¨¨ | ¯®â®ª®¢ë¥
à¥£¨áâàë, áç¥âç¨ª¨ §�¯à®á®¢ −�¡«î¤¥−¨ï

�−�«¨§ à¥£¨®−®¢
−�¡«î¤¥−¨ï

’�¡«¨æ� −¥à�§¤¥«¥−−ëå à¥£¨®−®¢. ’�¡«¨æ� ªíè¨à®¢�−−ëå
à¥£¨®−®¢

ˆá¯®«ì§®¢�−¨¥
¬�áá¨¢®¢
à¥£¨®−®¢ −�¡«î¤¥−¨ï

Œ�áá¨¢ à¥£¨®−®¢ ª®£¥à¥−â−®áâ¨, ª�¦¤�ï áâà®ª� ª®â®à®£®
á®¤¥à¦¨â ¨−ä®à¬�æ¨î ® á®áâ®ï−¨¨ ¯à®æ¥áá®à� ¯® ®â−®è¥-
−¨î ª ¤�−−®¬ã à¥£¨®−ã

ˆá¯®«ì§®¢�−¨¥
®¡«�áâ¨
−�¡«î¤¥−¨ï

�®¤¤¥à¦ª� �‘, ¨á¯®«ì§ãîâáï ÷’ ¨ TLB. ‚ íâ¨å áâàãª-
âãà�å ¢¢¥¤¥−� ¤®¯®«−¨â¥«ì−�ï ¨−ä®à¬�æ¨ï ® ¯à®æ¥áá®à�å,
á®¢¬¥áâ−® ¨á¯®«ì§ãîé¨å ¤�−−ãî áâà�−¨æã

�ää¥ªâ¨¢−®áâì ¬¥â®¤� ä¨«ìâà�æ¨¨ áãé¥áâ¢¥−−® §�¢¨á¨â ®â å�à�ªâ¥à� ¯à¨-
«®¦¥−¨ï, â. ¥. ®â áâ¥¯¥−¨ à�§¤¥«¥−¨ï ¤�−−ëå ¯® à¥£¨®−�¬ ¯�¬ïâ¨.

�à¨ áà�¢−¥−¨¨ ¬¥â®¤®¢ �−�«¨§� à¥£¨®−®¢ −�¡«î¤¥−¨ï ¨ ¨á¯®«ì§®¢�−¨ï ¬�á-
á¨¢®¢ à¥£¨®−®¢ −�¡«î¤¥−¨ï á«¥¤ã¥â ®â¤�âì ¯à¥¤¯®çâ¥−¨¥ ¯®á«¥¤−¥¬ã ª�ª ¡®«¥¥
â®−ª®¬ã ¬¥â®¤ã, ¢ ª®â®à®¬ ãç¨âë¢�¥âáï −¥ â®«ìª® −�«¨ç¨¥ à�§¤¥«¥−−ëå ¤�−−ëå,
−® ¨ ¨å ª®£¥à¥−â−®¥ á®áâ®ï−¨¥, â. ¥. á®¤¥à¦¨â à¥£¨®− ¡«®ª ¬®¤¨ä¨æ¨à®¢�−−ëå
¤�−−ëå ¨«¨ −¥â. „«ï à¥�«¨§�æ¨¨ ª�¦¤®£® ¨§ íâ¨å ¤¢ãå ¬¥â®¤®¢ âà¥¡ã¥âáï
¯à¨¬¥à−® ®¤¨−�ª®¢ë© ®¡ê¥¬ áà¥¤áâ¢.
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О НОВОЙ КОНЦЕПЦИИ ИНФОРМАТИЗАЦИИ
ОБРАЗОВАНИЯ

В. В. Вихрев1, А. С. Христочевская2, С. А. Христочевский3

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�îâáï ¢®¯à®áë ¨−ä®à¬�â¨§�æ¨¨ ®¡à�§®¢�−¨ï. �à®-
�−�«¨§¨à®¢�−ë à¥§ã«ìâ�âë ¢ë¯®«−¥−¨ï ¯à®£−®§¨à®¢�¢è¨åáï âà¥å íâ�¯®¢,
−�¬¥ç¥−−ëå ¢ ¯¥à¢ëå ª®−æ¥¯æ¨ïå ¨−ä®à¬�â¨§�æ¨¨ ®¡à�§®¢�−¨ï (Šˆ�). �â-
¬¥ç¥−®, çâ® à�¤¨ª�«ì−®£® ¨§¬¥−¥−¨ï á¨áâ¥¬ë ®¡à�§®¢�−¨ï â�ª ¨ −¥ ¯à®¨§®è«®,
−¥á¬®âàï −� ãá¯¥å¨ ¨−ä®à¬�â¨§�æ¨¨ ®¡é¥áâ¢� ¢ æ¥«®¬. �¢â®àë ¢ë¤¥«ïîâ
ç¥âëà¥ íâ�¯�, ª®â®àë¥ à¥�«ì−® ¡ë«¨ ®áãé¥áâ¢«¥−ë: ª®¬¯ìîâ¥à¨§�æ¨ï, ¬ã«ì-
â¨¬¥¤¨�§�æ¨ï; ¨−â¥à−¥â¨§�æ¨ï ¨ í«¥ªâà®−¨§�æ¨ï. ‚ á¢ï§¨ á ¯¥à¥å®¤®¬ ª −®¢®©
ä®à¬¥ £®áã¤�àáâ¢¥−−®áâ¨ ¢ ÷®áá¨¨, áâ�¡¨«¨§�æ¨¨ íª®−®¬¨ç¥áª¨å ¨ á®æ¨�«ì-
−ëå ¯à®æ¥áá®¢, ¯à¨−ïâ¨¥¬ −®¢®£® §�ª®−� ®¡ ®¡à�§®¢�−¨¨ ®¡®á−®¢ë¢�¥âáï
−¥®¡å®¤¨¬®áâì à�§à�¡®âª¨ −®¢®© Šˆ�, ¢ ª®â®à®© −¥®¡å®¤¨¬® ¯à®¢¥áâ¨ á¨á-
â¥¬−ë© �−�«¨§ à¥§ã«ìâ�â®¢ ¢ë¯®«−¥−¨ï ¯à¥¤ë¤ãé¨å ª®−æ¥¯æ¨© (¯®á«¥¤−ïï
¡ë«� ¯®¤£®â®¢«¥−� ¥é¥ ¢ 1998 £.), ãç¥áâì ®á®¡¥−−®áâ¨ â¥ªãé¥£® íâ�¯� í«¥ª-
âà®−¨§�æ¨¨, ¢ ª®â®à®¬ −� á¬¥−ã íªáâ¥−á¨¢−ë¬ ä�ªâ®à�¬ à�§¢¨â¨ï ¤®«¦−ë
¯à¨©â¨ ¨−â¥−á¨¢−ë¥ ¯à¨ ¢§àë¢−®¬ å�à�ªâ¥à¥ â�ª −�§ë¢�¥¬®© ú¬®¡¨«ì−®©
¨−â¥à−¥â-à¥¢®«îæ¨¨û, ãç¥áâì ¯®âà¥¡−®áâ¨ ¨−ä®à¬�â¨§�æ¨¨ ®¡à�§®¢�−¨ï ¤«ï
«î¤¥© á® á¯¥æ¨�«ì−ë¬¨ ¯®âà¥¡−®áâï¬¨ ¢ ®¡à�§®¢�−¨¨. ’�ª¦¥ ¤®«¦−ë ¡ëâì
à�§à�¡®â�−ë ªà¨â¥à¨¨ íää¥ªâ¨¢−®áâ¨ ¨á¯®«ì§®¢�−¨ï ¨−ä®à¬�æ¨®−−®-ª®¬-
¬ãâ�æ¨®−−ëå â¥å−®«®£¨© (ˆŠ’) ¢ ®¡à�§®¢�−¨¨. �à¥¤«�£�¥âáï ¯à®¢¥¤¥−¨¥
è¨à®ª®£® ®¡áã¦¤¥−¨ï −®¢®© ª®−æ¥¯æ¨¨.

Š«îç¥¢ë¥ á«®¢�: ¨−ä®à¬�â¨§�æ¨ï ®¡à�§®¢�−¨ï; ª®−æ¥¯æ¨ï ¨−ä®à¬�â¨§�æ¨¨
®¡à�§®¢�−¨ï; ¡¥§®¯�á−®áâì ˆ−â¥à−¥â�; ¬®¡¨«ì−�ï à¥¢®«îæ¨ï

DOI: 10.14357/08696527140410

�à®æ¥áá ¨−ä®à¬�â¨§�æ¨¨ áà¥¤−¥£® ®¡à�§®¢�−¨ï4 ¢ ÷®áá¨¨ ¯à®¤®«¦�¥âáï
¯®çâ¨ 30 «¥â. Œ®¦−® ãâ¢¥à¦¤�âì, çâ® ¨−¨æ¨¨à®¢�− ®− ¡ë« �ª�¤¥¬¨¥© −�ãª
‘‘‘÷: ¯¥à¢�ï Šˆ� ¡ë«� ¯®¤£®â®¢«¥−� à�¡®ç¥© £àã¯¯®© ¯®¤ àãª®¢®¤áâ¢®¬
�ª�¤¥¬¨ª� �. �. …àè®¢� ¢ 1988 £. [1]. ‚ ¤�−−®© ª®−æ¥¯æ¨¨ áâ�¢¨«¨áì, ¢ ç�áâ−®áâ¨,
á«¥¤ãîé¨¥ §�¤�ç¨:

{ ä®à¬¨à®¢�−¨¥ ª®¬¯ìîâ¥à−®© £à�¬®â−®áâ¨ ª�ª í«¥¬¥−â� ®¡é¥®¡à�§®¢�â¥«ì−®©
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‚. ‚. ‚¨åà¥¢, �. ‘. •à¨áâ®ç¥¢áª�ï, ‘. �. •à¨áâ®ç¥¢áª¨©

{ à�§¢¨â¨¥ á®¤¥à¦�−¨ï ¨ ¬¥â®¤®¢ ®¡ãç¥−¨ï −� ®á−®¢¥ �ˆ’;

{ ¨á¯®«ì§®¢�−¨¥ �ˆ’ ¢ ª�ç¥áâ¢¥ ®àã¤¨© âàã¤�;

{ ¤®áã£®¢®¥ ¯à¨¬¥−¥−¨¥ í«¥ªâà®−−ëå ¢ëç¨á«¨â¥«ì−ëå ¬�è¨− (�‚Œ);

{ ¨á¯®«ì§®¢�−¨¥ �‚Œ ¢ ã¯à�¢«¥−¨¨ ®¡à�§®¢�−¨¥¬.

�à¥¤¯®«�£�«®áì, çâ® ¢¯®á«¥¤áâ¢¨¨ ¤®«¦¥− ¯à®¨§®©â¨ ¬�áá®¢ë© ¯¥à¥å®¤
ª ¨§ãç¥−¨î ®¡é¥®¡à�§®¢�â¥«ì−ëå ¤¨áæ¨¯«¨− á ¨á¯®«ì§®¢�−¨¥¬ �‚Œ −� ¢á¥å
áâã¯¥−ïå ®¡à�§®¢�−¨ï, � â�ª¦¥ ¢¢®¤ ¢ ¤¥©áâ¢¨¥ ®¡é¥¤®áâã¯−ëå ¡�§ ¤�−−ëå ¤«ï
¢á¥å ¢¨¤®¢ ®¡ãç¥−¨ï ¨ ã¯à�¢«¥−¨ï ®¡à�§®¢�−¨¥¬.

“¦¥ ç¥à¥§ £®¤, â. ¥. ¢ 1989 £., −� ‚â®à®¬ ¯«¥−ã¬¥ �¡é¥áâ¢¥−−®£® −�ãç−®-¬¥â®-
¤¨ç¥áª®£® á®¢¥â� ¨−ä®à¬�â¨§�æ¨¨ ®¡à�§®¢�−¨ï −� ®á−®¢¥ íâ®© ¯¥à¢®© ª®−æ¥¯æ¨¨
�. �. …àè®¢� ¡ë«� ¯à¨−ïâ� á«¥¤ãîé�ï, ¡®«¥¥ ªà�âª�ï ¢¥àá¨ï ª®−æ¥¯æ¨¨ [2], ¢ ª®-
â®à®© á¦�â® ¡ë«¨ ¨§«®¦¥−ë ¯®«®¦¥−¨ï ¯¥à¢®© ª®−æ¥¯æ¨¨. ƒ«�¢¥−áâ¢ãîé¨¬ ¤«ï
®¡¥¨å ª®−æ¥¯æ¨© ¡ë«® á«¥¤ãîé¥¥ ¯®«®¦¥−¨¥: úˆ−ä®à¬�â¨§�æ¨ï ®¡à�§®¢�−¨ï |
¯à®æ¥áá ¯®¤£®â®¢ª¨ ç¥«®¢¥ª� ª ¯®«−®æ¥−−®© ¦¨§−¨ ¢ ãá«®¢¨ïå ¨−ä®à¬�æ¨®−−®£®
®¡é¥áâ¢�û. �¤−®¢à¥¬¥−−® ¡ë«¨ ¯®áâ�¢«¥−ë ¨ æ¥«¨, á¢ï§�−−ë¥ á à�¤¨ª�«ì−ë¬
¨§¬¥−¥−¨¥¬ á�¬®© á¨áâ¥¬ë ®¡à�§®¢�−¨ï [2]:

ú�à®−¨ª−®¢¥−¨¥ �ˆ’ ¢ áä¥àã ®¡à�§®¢�−¨ï ¯®§¢®«¨â ¯¥¤�£®£�¬ ª�ç¥áâ¢¥−−®
¨§¬¥−¨âì á®¤¥à¦�−¨¥, ¬¥â®¤ë ¨ ®à£�−¨§�æ¨®−−ë¥ ä®à¬ë ®¡ãç¥−¨ï. ˆ−ä®à¬�-
â¨§�æ¨ï ®¡à�§®¢�−¨ï ï¢«ï¥âáï −¥ â®«ìª® á«¥¤áâ¢¨¥¬, −® ¨ áâ¨¬ã«®¬ à�§¢¨â¨ï
�ˆ’, á¯®á®¡áâ¢ã¥â ãáª®à¥−−®¬ã á®æ¨�«ì−®-íª®−®¬¨ç¥áª®¬ã à�§¢¨â¨î ®¡é¥áâ¢�
¢ æ¥«®¬. �®¢ë¥ ¨−ä®à¬�æ¨®−−ë¥ â¥å−®«®£¨¨ ¢ ®¡à�§®¢�−¨¨ á¯®á®¡áâ¢ãîâ:

{ à�áªàëâ¨î, á®åà�−¥−¨î ¨ à�§¢¨â¨î ¨−¤¨¢¨¤ã�«ì−ëå á¯®á®¡−®áâ¥© ®¡ãç�-
¥¬ëå, ¯à¨áãé¥£® ª�¦¤®¬ã ç¥«®¢¥ªã ã−¨ª�«ì−®£® á®ç¥â�−¨ï «¨ç−®áâ−ëå ª�-
ç¥áâ¢;

{ ä®à¬¨à®¢�−¨î ã ãç�é¨åáï ¯®§−�¢�â¥«ì−ëå á¯®á®¡−®áâ¥©, áâà¥¬«¥−¨ï ª á�-
¬®á®¢¥àè¥−áâ¢®¢�−¨î;

{ ®¡¥á¯¥ç¥−¨î ª®¬¯«¥ªá−®áâ¨ ¨§ãç¥−¨ï ï¢«¥−¨© ¤¥©áâ¢¨â¥«ì−®áâ¨, −¥à�§àë¢-
−®áâ¨ ¢§�¨¬®á¢ï§¨ ¬¥¦¤ã ¥áâ¥áâ¢®§−�−¨¥¬, â¥å−¨ª®©, £ã¬�−¨â�à−ë¬¨ −�ãª�-
¬¨ ¨ ¨áªãááâ¢®¬;

{ ¯®áâ®ï−−®¬ã ¤¨−�¬¨ç−®¬ã ®¡−®¢«¥−¨î á®¤¥à¦�−¨ï, ä®à¬ ¨ ¬¥â®¤®¢ ¯à®æ¥á-
á®¢ ®¡ãç¥−¨ï ¨ ¢®á¯¨â�−¨ïû.

‚ Š®−æ¥¯æ¨¨ [2] ¯à®£−®§¨à®¢�«®áì ®áãé¥áâ¢«¥−¨¥ âà¥å íâ�¯®¢. ‘¥£®¤−ï
−¥ ¢ë§ë¢�¥â á®¬−¥−¨© ä�ªâ, çâ® §�¤�ç¨ ¯¥à¢®£® íâ�¯�, á¢ï§�−−ë¥ á ®á¢®¥−¨¥¬
¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©, à�§¢®à�ç¨¢�−¨¥¬ ¨áá«¥¤®¢�â¥«ìáª®© à�¡®âë, ¯®-
¨áª®¬ −®¢ëå ¬¥â®¤®¢ ¨ ä®à¬, −¥¯à¨¬¥−¨¬ëå ¯à¨ ¨á¯®«ì§®¢�−¨¨ âà�¤¨æ¨®−−®©
â¥å−®«®£¨¨, ¢ ®á−®¢−®¬ ¡ë«¨ ¢ë¯®«−¥−ë.

‡�¤�ç¨ ¢â®à®£® íâ�¯� á®¤¥à¦�«¨, ¢ ç�áâ−®áâ¨, á«¥¤ãîé¨¥ æ¥«¨:

{ ú�ªâ¨¢−®¥ ®á¢®¥−¨¥ ¨ äà�£¬¥−â�à−®¥ ¢−¥¤à¥−¨¥ áà¥¤áâ¢ �ˆ’ ¢ âà�¤¨æ¨®−−ë¥
ãç¥¡−ë¥ ¤¨áæ¨¯«¨−ë ¨ −� íâ®© ®á−®¢¥ | ¬�áá®¢®¥ ®á¢®¥−¨¥ ¯¥¤�£®£�¬¨ −®¢ëå
¬¥â®¤®¢ ¨ ®à£�−¨§�æ¨®−−ëå ä®à¬ ãç¥¡−®© à�¡®âë;
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� −®¢®© ª®−æ¥¯æ¨¨ ¨−ä®à¬�â¨§�æ¨¨ ®¡à�§®¢�−¨ï

{ ¯à�ªâ¨ç¥áª�ï ¯®áâ�−®¢ª� ¢®¯à®á� ® à�¤¨ª�«ì−®¬ ¯¥à¥á¬®âà¥ á®¤¥à¦�−¨ï
®¡à�§®¢�−¨ï, âà�¤¨æ¨®−−ëå ä®à¬ ¨ ¬¥â®¤®¢ ãç¥¡−®-¢®á¯¨â�â¥«ì−®© à�-
¡®âë;

{ à�§à�¡®âª� ¨ −�ç�«® ®á¢®¥−¨ï á¨áâ¥¬ ãç¥¡−®-¬¥â®¤¨ç¥áª®£® ®¡¥á¯¥ç¥-
−¨ï (ú¯à®£à�¬¬−®-¬¥â®¤¨ç¥áª¨å ª®¬¯«¥ªá®¢û, úª®¬¯ìîâ¥à−ëå ªãàá®¢û),
¢ª«îç�îé¨å ¯à®£à�¬¬−ë¥ áà¥¤áâ¢� ¤«ï �‚Œ, à�§«¨ç−ë¥ ¢¨¤¥®- ¨ �ã¤¨®¬�-
â¥à¨�«ë, â¥ªáâë ¤«ï ãç�é¨åáï ¨ ¬¥â®¤¨ç¥áª¨¥ ¬�â¥à¨�«ë ¤«ï ¯¥¤�£®£®¢. �à¨
¨§ãç¥−¨¨ úª®¬¯ìîâ¥à−ëå ªãàá®¢û âà�¤¨æ¨®−−ë¥ ®à£�−¨§�æ¨®−−ë¥ ä®à¬ë
¨ ¬¥â®¤ë ®¡ãç¥−¨ï á¢®¡®¤−® á®ç¥â�îâáï á ¨−¤¨¢¨¤ã�«ì−ë¬¨, £àã¯¯®¢ë¬¨
¨ «¥ªæ¨®−−ë¬¨ ä®à¬�¬¨ à�¡®âë, á §�−ïâ¨ï¬¨ ¢ ª®¬¯ìîâ¥à−ëå, ä¨§¨ç¥áª¨å
¨ ¤àã£¨å «�¡®à�â®à¨ïåû.

�à¥¤¯®«�£�«®áì, çâ® −� âà¥âì¥¬ íâ�¯¥ ¤®«¦−� ¯à®¨§®©â¨ à�¤¨ª�«ì−�ï ¯¥-
à¥áâà®©ª� á®¤¥à¦�−¨ï ¢á¥å áâã¯¥−¥© −¥¯à¥àë¢−®£® ®¡à�§®¢�−¨ï, ®¡ãá«®¢«¥−−�ï
¯à®æ¥áá®¬ ¨−ä®à¬�â¨§�æ¨¨ ®¡é¥áâ¢�, á¬¥−� ¬¥â®¤¨ç¥áª®© ®á−®¢ë ®¡ãç¥−¨ï,
®á¢®¥−¨¥ ª�¦¤ë¬ ¯¥¤�£®£®¬ è¨à®ª®£® á¯¥ªâà� ª®−ªãà¨àãîé¨å ¨ ¢§�¨¬®¤®¯®«-
−ïîé¨å ¬¥â®¤®¢ ¨ ®à£�−¨§�æ¨®−−ëå ä®à¬ ®¡ãç¥−¨ï, ¯®¤¤¥à¦¨¢�¥¬ëå á®®â¢¥â-
áâ¢ãîé¨¬¨ áà¥¤áâ¢�¬¨ �ˆ’.

Œ®¦−® ª®−áâ�â¨à®¢�âì, çâ® §�¤�ç¨ ¢â®à®£® íâ�¯� −� á¥£®¤−ï à¥è¥−ë ¤�«¥ª®
−¥ ¯®«−®áâìî, � ª à�¤¨ª�«ì−®© ¯¥à¥áâà®©ª¥ á®¤¥à¦�−¨ï á¨áâ¥¬ë ®¡à�§®¢�−¨ï
¢ æ¥«®¬ ¬ë ¥é¥ ¤�¦¥ −¥ ¯à¨áâã¯�«¨ (å®âï, ¡¥§ãá«®¢−®, −¥«ì§ï ®âà¨æ�âì −�«¨ç¨¥
−®¢ëå í«¥¬¥−â®¢, ¢−¥¤àï¥¬ëå ¯¥¤�£®£�¬¨-í−âã§¨�áâ�¬¨ ¨ ®ª�§ë¢�îé¨å ¯®«®-
¦¨â¥«ì−®¥ ¢«¨ï−¨¥ −� ¤®áâ�â®ç−® ¨−¥àâ−ãî ®¡à�§®¢�â¥«ì−ãî á¨áâ¥¬ã). ’�ª®¥
¯®«®¦¥−¨¥ ®¡êïá−ï¥âáï â¥¬, çâ® ¢ â®â ¯¥à¨®¤ áâ�¢¨«¨áì §�¢ëè¥−−ë¥, ¨¤¥�«¨-
§¨à®¢�−−ë¥ æ¥«¨ ¨ §�¤�ç¨, ¤¥«�«áï ã¯®à ¢ ¯¥à¢ãî ®ç¥à¥¤ì −� ¯®¢á¥¬¥áâ−®¥
¢−¥¤à¥−¨¥ ¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨ ª�ª ¡�§®¢®© ®á−®¢ë ¤«ï ¨−ä®à¬�â¨§�æ¨¨
®¡é¥áâ¢�, ¨ íâ® ®¡ê¥ªâ¨¢−® ¡ë«® −¥®¡å®¤¨¬® ¤«ï ¯à¨¢«¥ç¥−¨ï ®¡é¥áâ¢¥−−®£®
¢−¨¬�−¨ï ª ¯à®¡«¥¬¥ ¨−ä®à¬�â¨§�æ¨¨ ®¡à�§®¢�−¨ï ¨ ®¡¥á¯¥ç¥−¨ï á®®â¢¥âáâ¢ã-
îé¥£® ä¨−�−á¨à®¢�−¨ï. �¤−�ª® á¥£®¤−ï ã¦¥ ¯à¥¤áâ�¢«ï¥âáï ®è¨¡®ç−ë¬ áâ�¢¨âì
¯à®¢¥¤¥−¨¥ à�¤¨ª�«ì−®© à¥ä®à¬ë ®¡à�§®¢�−¨ï ¢ ¯àï¬ãî §�¢¨á¨¬®áâì ®â áâ¥¯¥−¨
¨−ä®à¬�â¨§�æ¨¨, ª®â®à�ï ª â®¬ã ¦¥ −� ¯à�ªâ¨ª¥ ®¡ëç−® ¯®−¨¬�¥âáï £®à�§¤®
¡®«¥¥ ã§ª® | ª�ª ª®¬¯ìîâ¥à¨§�æ¨ï, â. ¥. ¯à®áâ® â¥å−¨ç¥áª®¥ ®á−�é¥−¨¥ ãç¥¡-
−ëå §�¢¥¤¥−¨© (çâ®, ¢ á¢®î ®ç¥à¥¤ì, â®¦¥ ®¡ê¥ªâ¨¢−® ®¯à�¢¤�−−®: â¥å−¨ç¥áª®¥
®á−�é¥−¨¥ ¯®¤¤�¥âáï ª®«¨ç¥áâ¢¥−−®¬ã ãç¥âã, á«¥¤®¢�â¥«ì−®, ¤®áâ¨¦¥−¨ï ¢ íâ®©
®¡«�áâ¨ £®à�§¤® ¯à®é¥ ¯à¥¤áâ�¢¨âì ¢ à�§«¨ç−®£® à®¤� ®âç¥â−ëå ä®à¬�å, ç¥¬
ª�ç¥áâ¢¥−−ë¥ ¯®ª�§�â¥«¨ à¥ä®à¬ë ®¡à�§®¢�−¨ï). �® ®¯ëâ ¯à®è¥¤è¨å âà¥å ¤¥áï-
â¨«¥â¨© ã¡¥¤¨â¥«ì−® ¯®ª�§ë¢�¥â, çâ® ¢−¥¤à¥−¨¥ ˆŠ’ ï¢«ï¥âáï −¥®¡å®¤¨¬ë¬, −®
−¥ ¤®áâ�â®ç−ë¬ ä�ªâ®à®¬, ¨ −¥ á¯®á®¡−® ¢ ®âàë¢¥ ®â ª�ç¥áâ¢¥−−®© á®áâ�¢«ïîé¥©
à¥è¨â¥«ì−® ¯®¢«¨ïâì −� ¯¥à¥áâà®©ªã ®¡à�§®¢�−¨ï.

�® ¬−¥−¨î �¢â®à®¢, ¯à¨ à�áá¬®âà¥−¨¨ ¯à®æ¥áá� ¨−ä®à¬�â¨§�æ¨¨ ®¡à�§®-
¢�−¨ï ¢ ª®−â¥ªáâ¥ à�§¢¨â¨ï áà¥¤áâ¢ ˆŠ’ ¨ ¨−ä®à¬�â¨§�æ¨¨ ®¡é¥áâ¢� ¢ æ¥«®¬
¬®¦−® ¢ë¤¥«¨âì ®¯à¥¤¥«¥−−ë¥ íâ�¯ë, ç¥à¥§ ª®â®àë¥ à¥�«ì−® ¯à®è«® −�è¥ ®¡-
é¥áâ¢® ¨ ª®â®àë¥ −¥ ¢¯®«−¥ á®¢¯�¤�îâ á â¥¬, çâ® §�ª«�¤ë¢�«®áì ¢ ¯¥à¢ëå
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ª®−æ¥¯æ¨ïå (å®âï ®¡é�ï −�¯à�¢«¥−−®áâì ¤¢¨¦¥−¨ï ®ç¥¢¨¤−� ¨ −¥ ¯à®â¨¢®à¥ç¨â
¯¥à¢®−�ç�«ì−®¬ã ¯«�−ã):

{ ª®¬¯ìîâ¥à¨§�æ¨ï, â. ¥. ®á−�é¥−¨¥ èª®« ¬¨−¨¬�«ì−® −¥®¡å®¤¨¬ë¬ ª®«¨ç¥-
áâ¢®¬ ¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨ ¨ ¬¨−¨¬�«ì−ë¬ ¯¥¤�£®£¨ç¥áª¨¬ ¯à®£à�¬¬−ë¬
®¡¥á¯¥ç¥−¨¥¬;

{ ¬ã«ìâ¨¬¥¤¨�§�æ¨ï | §�¬¥−� ¯¥à¢ëå ¯®ª®«¥−¨© ¯¥àá®−�«ì−ëå ª®¬¯ìîâ¥à®¢
¬ã«ìâ¨¬¥¤¨©−ë¬¨ ¨ ¯®á«¥¤ãîé¥¥ è¨à®ª®¥ ¨á¯®«ì§®¢�−¨¥ ¬¥¤¨©−ëå áà¥¤áâ¢
¢ ¨««îáâà�â¨¢−ëå ¨ ¯à®ç¨å æ¥«ïå, á®§¤�−¨¥ «®ª�«ì−ëå ¡�§ í«¥ªâà®−−ëå
®¡à�§®¢�â¥«ì−ëå à¥áãàá®¢ (��÷);

{ ¨−â¥à−¥â¨§�æ¨ï | ¯®¤ª«îç¥−¨¥ èª®« ª á¥â¨ ˆ−â¥à−¥â, á®§¤�−¨¥ ä¥¤¥à�«ì-
−ëå åà�−¨«¨é ��÷, −�ç�«® ä®à¬¨à®¢�−¨ï ¥¤¨−®£® ¨−ä®à¬�æ¨®−−®-®¡à�-
§®¢�â¥«ì−®£® ¯à®áâà�−áâ¢�.

�à¨ íâ®¬ ¯®ª� ¥é¥ à�−® £®¢®à¨âì ® −�«¨ç¨¨ áä®à¬¨à®¢�¢è¥©áï ªã«ìâãàë ¨á-
¯®«ì§®¢�−¨ï ¢®§¬®¦−®áâ¥©, ¯®ï¢¨¢è¨åáï ã ®¡à�§®¢�â¥«ì−ëå ãçà¥¦¤¥−¨© ¢ á¢ï§¨
á ¯®¤ª«îç¥−¨¥¬ ª á¥â¨ ˆ−â¥à−¥â, ¨ ® ¤®áâ�â®ç−®© áâ¥¯¥−¨ ®à¨¥−â¨à®¢�−−®áâ¨
¯®«ì§®¢�â¥«¥© ¢ ®âªàë¢è¥¬áï ¥¤¨−®¬ ¨−ä®à¬�æ¨®−−®¬ ¯à®áâà�−áâ¢¥.

Š�¦¤ë© ¨§ ¯¥à¥ç¨á«¥−−ëå íâ�¯®¢ å�à�ªâ¥à¨§ã¥âáï á®¢®ªã¯−®áâìî ¯à®¡«¥¬
¨ §�¤�ç, ¢ ¢ëï¢«¥−¨¨, ®¡®§−�ç¥−¨¨ ¨ ¯®¯ëâª�å à¥è¥−¨ï ª®â®àëå, á®¡áâ¢¥−-
−®, ¨ á®áâ®ï« ¤® −�áâ®ïé¥£® ¢à¥¬¥−¨ ¯à®æ¥áá ¨−ä®à¬�â¨§�æ¨¨ ®¡à�§®¢�−¨ï.
�â¬¥â¨¬, çâ® à�§«¨ç−ë¥ à¥£¨®−ë áâà�−ë ¯à®å®¤¨«¨ íâ¨ íâ�¯ë ¢ á®¢¥àè¥−−®
à�§«¨ç−ë¥ áà®ª¨ (â�ª, ¢ ®¤−¨å à¥£¨®−�å ä�ªâ¨ç¥áª¨ ã¦¥ §�ª�−ç¨¢�«áï âà¥â¨©
íâ�¯, � ¢ ¤àã£¨å â®«ìª® −�ç¨−�«¨ ¯®ï¢«ïâìáï ¯¥à¢ë¥ ª®¬¯ìîâ¥àë ¢ èª®«�å, ¯à¨-
ç¥¬ ¯®ï¢«¥−¨¥ ª®¬¯ìîâ¥à� ¢ èª®«¥ ¤�«¥ª® −¥ ¢á¥£¤� ï¢«ï«®áì £�à�−â¨¥© −�ç�«�
¥£® −¥§�¬¥¤«¨â¥«ì−®£® ¨á¯®«ì§®¢�−¨ï ¢ ®¡à�§®¢�â¥«ì−®¬ ¯à®æ¥áá¥). Š ª«îç¥¢ë¬
¯à®¡«¥¬�¬ ¢á¥å à¥£¨®−®¢, ¢®§−¨ªè¨¬ á ¯¥à¢ëå ¦¥ è�£®¢ ¨−ä®à¬�â¨§�æ¨¨, ¬®¦−®
®â−¥áâ¨ −¥¤®áâ�â®ç−ãî −�¤¥¦−®áâì â¥å−¨ç¥áª¨å áà¥¤áâ¢, âàã¤−®áâ¨ ¢ ®¡á«ã¦¨¢�-
−¨¨ ¯¥à¢ëå ãç¥¡−ëå ª®¬¯ìîâ¥à®¢, ®âáãâáâ¢¨¥ ç¥âª¨å ¬¥â®¤¨ç¥áª¨å à¥ª®¬¥−¤�-
æ¨© ¯à¨ à�§à�¡®âª¥ ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï ¤«ï ¯®¤¤¥à¦ª¨ ®¡à�§®¢�â¥«ì−®£®
¯à®æ¥áá�, −¥®¡å®¤¨¬®áâì ¯¥à¥áâà®©ª¨ á¨áâ¥¬ë ¯®¤£®â®¢ª¨ ¨ ¯¥à¥¯®¤£®â®¢ª¨ ¯à¥-
¯®¤�¢�â¥«¥©, � â�ª¦¥ ¯à®áâ® −¥®¡å®¤¨¬®áâì ¯®¢ëè¥−¨ï ãà®¢−ï ª®¬¯ìîâ¥à−®©
£à�¬®â−®áâ¨. ‚ à¥§ã«ìâ�â¥ ª −�áâ®ïé¥¬ã ¬®¬¥−âã ¢ ¬�áèâ�¡�å áâà�−ë ¢á¥ ¦¥
á«®¦¨«�áì ®¯à¥¤¥«¥−−�ï ¨−äà�áâàãªâãà� ¨−ä®à¬�â¨§�æ¨¨ ®¡à�§®¢�−¨ï.

‘«¥¤ã¥â ®â¬¥â¨âì, çâ® −� ¯à®âï¦¥−¨¨ ¤®¢®«ì−® ¤«¨â¥«ì−®£® ¢à¥¬¥−¨ à�§-
à�¡®âª¥ ãç¥¡−®-¬¥â®¤¨ç¥áª®£® ®¡¥á¯¥ç¥−¨ï ã¤¥«ï«®áì −¥¤®áâ�â®ç−®¥ ¢−¨¬�−¨¥
ª�ª à�§à�¡®âç¨ª�¬¨ ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï, â�ª ¨ −¥¯®áà¥¤áâ¢¥−−® à�¡®â-
−¨ª�¬¨ áä¥àë ®¡à�§®¢�−¨ï, ¢ â®¬ ç¨á«¥ ¯®ï¢¨«�áì âàã¤−® à¥è�¥¬�ï ¯à®¡«¥¬�
−¥á®¢¯�¤¥−¨ï ¨−â¥à¥á®¢ à�§à�¡®âç¨ª®¢ á à¥�«ì−ë¬¨ ¯®âà¥¡−®áâï¬¨ ¨ §�¯à®á�-
¬¨ á¨áâ¥¬ë ®¡à�§®¢�−¨ï (−¥®¡å®¤¨¬®áâì ¡ëáâà®£® ¢ë¯ãáª� ¬�áá®¢®£® ¯à®¤ãªâ�,
¯à¨−®áïé¥£® ª®¬¬¥àç¥áª¨© ãá¯¥å, á ®¤−®© áâ®à®−ë, ¨ ãáâ®ï¢è¨¥áï âà�¤¨æ¨¨
¨ áâ¥à¥®â¨¯ë ®¡ãç¥−¨ï, á ¤àã£®©). ’¥¬ −¥ ¬¥−¥¥ ã¦¥ ¢ ¯¥à¢®¬ ¤¥áïâ¨«¥â¨¨
XXI ¢. ¡ë«¨ à�§à�¡®â�−ë ¨ ¢¢¥¤¥−ë ¢ íªá¯«ã�â�æ¨î −¥áª®«ìª® £®áã¤�àáâ¢¥−−ëå
åà�−¨«¨é ��÷ (¢ ª®−â¥ªáâ¥ ¤�−−®© à�¡®âë í«¥ªâà®−−ë¥ ¨ æ¨äà®¢ë¥ à¥áãàáë
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� −®¢®© ª®−æ¥¯æ¨¨ ¨−ä®à¬�â¨§�æ¨¨ ®¡à�§®¢�−¨ï

à�áá¬�âà¨¢�îâáï ª�ª á¨−®−¨¬ë). ��¨¡®«¥¥ ¯®á¥é�¥¬®¥ ¨§ −¨å | íâ® …¤¨−�ï
ª®««¥ªæ¨ï æ¨äà®¢ëå ®¡à�§®¢�â¥«ì−ëå à¥áãàá®¢: ª ª®−æã á¥−âï¡àï 2014 £. ¥¥
à¥áãàá�¬¨ ¢®á¯®«ì§®¢�«®áì ¡®«¥¥ 30 ¬«− ç¥«®¢¥ª, ª�¦¤ë© ¨§ ª®â®àëå ¢ áà¥¤−¥¬
¯à®á¬®âà¥« ª�ª ¬¨−¨¬ã¬ ç¥âëà¥ à¥áãàá� [3]. ‚á¥£® §� íâ® ¢à¥¬ï ¯®«ì§®¢�â¥«¨
¯à®á¬®âà¥«¨ ¢ …¤¨−®© ª®««¥ªæ¨¨ ¡®«¥¥ 125 ¬«− à¥áãàá®¢. Š á®¦�«¥−¨î, ®¯¥-
à¨à®¢�âì §¤¥áì ¬®¦−® â®«ìª® ª®«¨ç¥áâ¢¥−−ë¬¨ ¤�−−ë¬¨, −® −¥ ª�ç¥áâ¢¥−−ë¬¨,
−� ®á−®¢¥ ª®â®àëå ¬®¦−® ¡ë«® ¡ë áã¤¨âì ® áâ¥¯¥−¨ ãá¯¥è−®áâ¨ ¯à¨¬¥−¥−¨ï
¯à®á¬®âà¥−−ëå à¥áãàá®¢ ¢ ãç¥¡−®¬ ¯à®æ¥áá¥, ¨ íâ® ¥é¥ à�§ ¯®¤â¢¥à¦¤�¥â ¢ë-
áª�§�−−®¥ �¢â®à�¬¨ áâ�âì¨ ¬−¥−¨¥, çâ® −�¨¡®«¥¥ §�¬¥â−ë© ¤«ï ®¡é¥áâ¢¥−−®áâ¨
¯¥à¨®¤ ¨−ä®à¬�â¨§�æ¨¨ ¯à¨å®¤¨âáï −� ¥¥ −�ç�«ì−ë¥ íâ�¯ë, â. ¥. â¥ ¯¥à¨®¤ë,
ª®£¤� ª�ç¥áâ¢¥−−ë¥ á¤¢¨£¨ ¬®¦−® ¡ë«® ¤¥©áâ¢¨â¥«ì−® ¢ëà�§¨âì ¢ ª®«¨ç¥áâ¢¥−-
−ëå ¯®ª�§�â¥«ïå | ãáâ�−®¢«¥−−�ï â¥å−¨ª�, ç�áë ¯à¥¯®¤�¢�−¨ï ¨−ä®à¬�â¨ª¨
¢ èª®«¥ ¨ â. ¯., ¢ −�áâ®ïé¥¥ ¦¥ ¢à¥¬ï, −¥á¬®âàï −� ¤®áâ�â®ç−® ¡ãà−®¥ à�§¢¨â¨¥
áà¥¤áâ¢ ˆŠ’ ¨ −¥¨§¡¥¦−®¥ ¢−¥¤à¥−¨¥ ¨å ¢ ®¡à�§®¢�â¥«ì−ë© ¯à®æ¥áá, ¢ ®¡é¥áâ¢¥
−�à�áâ�¥â á®áâ®ï−¨¥ −¥ã¤®¢«¥â¢®à¥−−®áâ¨, ¢ë§ë¢�¥¬®¥ ¢¨¤¨¬ë¬ §�¬¥¤«¥−¨¥¬
¯à®¨áå®¤ïé¨å ¢ áä¥à¥ ®¡à�§®¢�−¨ï ¯à®æ¥áá®¢.

�®¢â®à¨¬, çâ®, −¥á¬®âàï −� ãá¯¥è−®¥ ¢ë¯®«−¥−¨¥ àï¤� §�¤�ç ¯® ¨−ä®à¬�â¨-
§�æ¨¨ ®¡à�§®¢�−¨ï, ¯®ª� −¥ ¯à®¨§®è«® ¯à¥¤áª�§�−−®£® ª®−æ¥¯æ¨ï¬¨ à�¤¨ª�«ì-
−®£® ¨§¬¥−¥−¨ï á¨áâ¥¬ë ®¡à�§®¢�−¨ï1 ¨ ¢àï¤ «¨ −¥®¡å®¤¨¬® á¢ï§ë¢�âì ¥£® â®«ìª®
á ¯à®æ¥áá®¬ ¨−ä®à¬�â¨§�æ¨¨. Š −¥¤®áâ�âª�¬ ¯¥à¢ëå ª®−æ¥¯æ¨© ¬®¦−® ®â−¥áâ¨
â�ª¦¥ ¨ â®, çâ® ¢ −¨å ¢¥áì¬� à�á¯«ë¢ç�â® ¡ë«� ¤�−� ®æ¥−ª� ¢«¨ï−¨ï ¨−ä®à-
¬�â¨§�æ¨¨ −� íää¥ªâ¨¢−®áâì ª�ª á�¬®£® ®¡à�§®¢�â¥«ì−®£® ¯à®æ¥áá�, â�ª ¨ ¨á-
¯®«ì§®¢�−¨ï ¯à¨¬¥−ï¥¬ëå áà¥¤áâ¢ ˆŠ’. ‚®¯à®áë ¯®¢ëè¥−¨ï íää¥ªâ¨¢−®áâ¨
�ªâã�«ì−ë ¨ á¥©ç�á (á¬., −�¯à¨¬¥à, [4]: ú—â® áç¨â�âì ªà¨â¥à¨¥¬ íää¥ªâ¨¢−®áâ¨
¢ª«îç¥−−®áâ¨ ¨−ä®à¬�æ¨®−−®-ª®¬¬ã−¨ª�æ¨®−−ëå â¥å−®«®£¨© ¢ æ¥«®¬ ¨ ª�¦-
¤®£® ®â¤¥«ì−®£® í«¥¬¥−â� ˆŠ’ ¢ ®â¤¥«ì−®áâ¨ ¢ ®¡à�§®¢�â¥«ì−ë© ¯à®æ¥áá?û).
Œ®¦−® ®¡à�â¨âì ¢−¨¬�−¨¥ ¨ −� â®â ä�ªâ, çâ® á®¢¥àè¥−−® −¥®¦¨¤�−−® ¢ áà¥¤¥
¯¥¤�£®£®¢ ¨ ¬¥â®¤¨áâ®¢ áä®à¬¨à®¢�«®áì ã¡¥¦¤¥−¨¥, çâ® ¨¬¥−−® ãç¨â¥«ì ¤®«¦¥−
áâ�âì à�§à�¡®âç¨ª®¬ à¥áãàá®¢, ¯®áª®«ìªã ¨¬¥−−® ®− «ãçè¥ ¢á¥å ¯à¥¤áâ�¢«ï¥â
á¥¡¥ ¯®âà¥¡−®áâ¨ á¢®¨å ãç¥−¨ª®¢. ’�ª®¥ ¬−¥−¨¥, ¡¥§ãá«®¢−®, ¨¬¥¥â ¯à�¢® −�
áãé¥áâ¢®¢�−¨¥, ®¤−�ª® è¨à®ª®¥ ¢−¥¤à¥−¨¥ íâ®£® ¯à¨−æ¨¯� (� â¥−¤¥−æ¨¨ ª íâ®¬ã
®âç¥â«¨¢® ¯à®á«¥¦¨¢�îâáï, ¢ ç�áâ−®áâ¨, ¢ å®¤¥ ¯à®¢¥¤¥−¨ï ¥¦¥£®¤−ëå ª®−ªãàá®¢
¯¥¤�£®£¨ç¥áª®£® ¬�áâ¥àáâ¢� ¯® ¯à¨¬¥−¥−¨î ��÷ ¢ ®¡à�§®¢�â¥«ì−®¬ ¯à®æ¥áá¥)
£®¢®à¨â áª®à¥¥ ® −�à�áâ�−¨¨ −¥¯®−¨¬�−¨ï ¬¥¦¤ã ¬¥â®¤¨áâ�¬¨-à�§à�¡®âç¨ª�¬¨
¨ ¯¥¤�£®£�¬¨-¯à�ªâ¨ª�¬¨, ®¡ ¨áª�¦¥−¨¨ à®«¨ ¯¥¤�£®£�, ® −¥¤®áâ�â®ç−®¬ ã¬¥−¨¨
¯à¥¦¤¥ ¢á¥£® á�¬®£® ¯¥¤�£®£� á¢®¡®¤−® ®à¨¥−â¨à®¢�âìáï ¢ ¨−ä®à¬�æ¨®−−®¬ ¯®â®-
ª¥, �−�«¨§¨à®¢�âì ¨−ä®à¬�æ¨î ¨ �¤�¯â¨à®¢�âì ¥¥ ¤«ï −ã¦¤ ª®−ªà¥â−®£® ãà®ª�.
‚¬¥áâ¥ á â¥¬ íâ® £®¢®à¨â ¨ ® −¥¤®áâ�â®ç−®¬ ã¬¥−¨¨ à�§à�¡®âç¨ª®¢ á®§¤�¢�âì
à¥áãàáë, á−�¡¦�ï ¨å ç¥âª¨¬ ¯®¨áª®¢ë¬ �¯¯�à�â®¬, áâàãªâãà¨àãï ¨−ä®à¬�æ¨î,

1‚¢¥¤¥−¨¥ …¤¨−®£® £®áã¤�àáâ¢¥−−®£® íª§�¬¥−� (…ƒ�) ¥¤¢� «¨ ¬®¦−® áç¨â�âì à�¤¨ª�«ì−®©
à¥ä®à¬®© ®¡à�§®¢�−¨ï, ¯®áª®«ìªã ¥£® á £®à�§¤® ¡®«ìè¨¬ ®á−®¢�−¨¥¬ ¬®¦−® ®â−¥áâ¨ ª ¯®ª�§�â¥«ï¬
ª®«¨ç¥áâ¢¥−−ë¬, −¥¦¥«¨ ª�ç¥áâ¢¥−−ë¬.
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á â¥¬ çâ®¡ë ®¡«¥£ç¨âì à�¡®âã ¯¥¤�£®£ã ¯à¨ ¯®¤¡®à¥ ¬�â¥à¨�«®¢. ‚á¥ íâ® ¥é¥
à�§ ¨««îáâà¨àã¥â −¥¤®áâ�â®ç−ë© ãà®¢¥−ì ¨−ä®à¬�æ¨®−−®© ªã«ìâãàë ®¡é¥áâ¢�
¢ æ¥«®¬ ¨ ®¡à�§®¢�−¨ï ¢ ç�áâ−®áâ¨, ¨ íâ® ï¢«ï¥âáï ®¤−®© ¨§ �ªâã�«ì−ëå §�¤�ç, −�
à¥è¥−¨¥ ª®â®à®© ¤®«¦−� ¡ëâì −�¯à�¢«¥−� −®¢�ï ª®−æ¥¯æ¨ï ¨−ä®à¬�â¨§�æ¨¨.

‚ −�áâ®ïé¥¥ ¢à¥¬ï ¯à®æ¥áá ¨−ä®à¬�â¨§�æ¨¨ ®¡à�§®¢�−¨ï ¢áâã¯�¥â ¢ −®-
¢ë© íâ�¯, ª®â®àë© ¬®¦¥â ¡ëâì −�§¢�− íâ�¯®¬ í«¥ªâà®−¨§�æ¨¨. �− á¢ï§�−
á ¯®¢á¥¬¥áâ−ë¬ (¬®¦−® ¤�¦¥ áª�§�âì úà¥¢®«îæ¨®−−ë¬û) à�á¯à®áâà�−¥−¨¥¬ ¬®-
¡¨«ì−ëå í«¥ªâà®−−ëå ãáâà®©áâ¢ à�§«¨ç−®£® â¨¯� ¨ −�§−�ç¥−¨ï, çâ® ¯®§¢®«ï¥â
ã¦¥ ¢¥áâ¨ à¥çì ® â�ª®¬ ï¢«¥−¨¨, ª�ª −�áâã¯«¥−¨¥ í¯®å¨ ¬®¡¨«ì−®£® ˆ−â¥à-
−¥â�. ‘«¥¤ã¥â ®â¬¥â¨âì, çâ® ¬®¡¨«ì−�ï à¥¢®«îæ¨ï à¥�«¨§ã¥âáï −� ¡�§¥ ¯à¥¤-
è¥áâ¢ãîé¨å â¥å−¨ç¥áª¨å à¥¢®«îæ¨©: ¬ã«ìâ¨¬¥¤¨©−®© ¨ á¥â¥¢®©. ƒ«�¢−�ï
®á®¡¥−−®áâì íâ®£® íâ�¯� | ¯¥à¥å®¤ ª −®¢®¬ã â¨¯ã ª®¬¯ìîâ¥à�, ®§−�ç�îé¨©
−®¢ãî áâ�¤¨î ¢ à�§¢¨â¨¨ ¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨. ‚ á¢®¥ ¢à¥¬ï í¯®å�«ì−ë¬
®ª�§�«áï ¯¥à¥å®¤ ®â ¡®«ìè¨å ¨ ¬�«ëå �‚Œ ª ¬¨ªà®�‚Œ, ª ¯¥àá®−�«ì−®¬ã
ª®¬¯ìîâ¥àã, ¨ íâ® ®§−�ç�«® ¡®«ìè®© ª�ç¥áâ¢¥−−ë© á¤¢¨£ ¢ à�§¢¨â¨¨ ˆŠ’.
�−�«®£¨ç−ë¥ í¯®å�«ì−ë¥ á¤¢¨£¨ ¬ë −�¡«î¤�¥¬ ¨ á¥£®¤−ï: ¯¥à¥å®¤ ®â ¯¥à-
á®−�«ì−®£® ª®¬¯ìîâ¥à� ª ¬®¡¨«ì−®¬ã ãáâà®©áâ¢ã ®§−�ç�¥â £«®¡�«ì−ãî á¬¥−ã
ª®¬¯«¥ªá� ¯�à�¤¨£¬, á¢ï§�−−ëå á ¯®−¨¬�−¨¥¬ ¬¥áâ�, à®«¨ ¨ §�¤�ç ¢ëç¨á«¨-
â¥«ì−®© â¥å−¨ª¨, á¯®á®¡®¢ ¥¥ ¨á¯®«ì§®¢�−¨ï. Œ®¦−® ®â¬¥â¨âì, çâ® Œ¨−¨-
áâ¥àáâ¢® ®¡à�§®¢�−¨ï ¨ −�ãª¨ ÷” ¨−¨æ¨¨à®¢�«® ¯à®¥ªâ, á¢ï§�−−ë© á à�§à�-
¡®âª®© ¨ −�ç�«ì−®© �¯à®¡�æ¨¥© ¨−â¥à�ªâ¨¢−ëå ¬ã«ìâ¨¬¥¤¨©−ëå í«¥ªâà®−−ëå
ãç¥¡−¨ª®¢, ª�ª ç�áâì ¯à®¥ªâ� ú÷�§¢¨â¨¥ ®¡à�§®¢�â¥«ì−ëå ¨−â¥à−¥â-à¥áãàá®¢
−®¢®£® ¯®ª®«¥−¨ïû (http://www.openclass.ru/node/234344) ¢ 2011{2012 ££.,
®¤−�ª® ¯®á«¥ ¯¥à¢®© �¯à®¡�æ¨¨ àãª®¢®¤áâ¢® Œ¨−¨áâ¥àáâ¢� ¯®â¥àï«® ¨−â¥à¥á
ª ¯à®¤®«¦¥−¨î −�ãç−®-¨áá«¥¤®¢�â¥«ìáª¨å ¨ ¯¨«®â−ëå à�¡®â ¢ íâ®¬ −�¯à�¢«¥-
−¨¨.

�â¬¥â¨¬ â�ª¦¥, çâ® ¨á¯®«ì§ã¥¬ë¥ ª®««¥ªæ¨¨ ��÷ ¤®áâ�â®ç−® ¡ëáâà® ãáâ�-
à¥¢�îâ | ª�ª ¢ á¢ï§¨ á ¯à®£à¥áá®¬ ¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨, â�ª ¨ ¢ á¢ï§¨
á â¥¬¨ ¡ëáâà® ¬¥−ïîé¨¬¨áï âà¥¡®¢�−¨ï¬¨, ª®â®à®¥ ¢ë¤¢¨£�¥â á®¢à¥¬¥−−®¥
¨−ä®à¬�æ¨®−−®¥ ®¡é¥áâ¢®. ‘¥£®¤−ï ¯®−ïâ¨î ¦¨§−¥−−®£® æ¨ª«� ¤«ï ª®««¥ª-
æ¨© ��÷ −¥ â®«ìª® −¥ ã¤¥«ï¥âáï ¤®«¦−®£® ¢−¨¬�−¨ï | ®−® ¤�¦¥ −¥ ®¡-
áã¦¤�¥âáï, ä�ªâ¨ç¥áª¨ ¬ë ¢¨¤¨¬ â¥å−®«®£¨î úà�§à�¡®â�«{à�§¬¥áâ¨«{§�¡ë«û,
® ¯®¤¤¥à¦ª¥ à¥ç¨ −¥ ¢¥¤¥âáï. �âáãâáâ¢ã¥â ¯®−¨¬�−¨¥ â®£®, çâ® ä¥¤¥à�«ì-
−ë¥ åà�−¨«¨é� ®¡à�§®¢�â¥«ì−ëå à¥áãàá®¢, −�áç¨âë¢�îé¨¥ ¢ −�áâ®ïé¥¥ ¢à¥¬ï
á¢ëè¥ 150 âëá. í«¥ªâà®−−ëå à¥áãàá®¢, ¤®«¦−ë à¥£ã«ïà−® �ªâã�«¨§¨à®¢�âìáï
ª�ª á â®çª¨ §à¥−¨ï ãç¥¡−®-¬¥â®¤¨ç¥áª®£® á®¤¥à¦�−¨ï, â�ª ¨ ¢ á¢ï§¨ á ¯¥à¥å®-
¤®¬ −� á®¢à¥¬¥−−ë¥ ¯à®£à�¬¬−®-�¯¯�à�â−ë¥ ¯«�âä®à¬ë, � â�ª¦¥ ®¡−®¢«ïâì-
áï á ãç¥â®¬ à¥�«ì−®£® ®¯ëâ� ¨å ¨á¯®«ì§®¢�−¨ï ¢ ãç¥¡−®¬ ¯à®æ¥áá¥. �¤−�ª®
¬−¥−¨¥, çâ® ä¨à¬ë, ª®â®àë¥ à�§à�¡�âë¢�îâ ãç¥¡−®-¬¥â®¤¨ç¥áª®¥ ®¡¥á¯¥ç¥-
−¨¥ ¤«ï áà¥¤−¥£® ®¡à�§®¢�−¨ï, ¤®«¦−ë â¥¯¥àì à�§à�¡�âë¢�âì ¥£® á�¬®áâ®ï-
â¥«ì−®, � §�¤�ç� ¬¨−¨áâ¥àáâ¢� ¨«¨ íªá¯¥àâ®¢ | ¢ë¡à�âì ¨§ à�§à�¡®â�−−®£®
«ãçè¨¥ ®¡à�§æë, | íâ® ¬−¥−¨¥ ®¯à®¢¥à£�¥âáï ¦¨§−¥−−®© á¨âã�æ¨¥©. ÷�§à�-
¡®âª� ãç¥¡−®£® ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï âà¥¡ã¥â ®ç¥−ì ¡®«ìè¨å §�âà�â ¨, ª�ª
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¯à�¢¨«®, −¥ ®ªã¯�¥âáï ¢ ¤�«ì−¥©è¥¬, ¨ ä¨à¬ë-à�§à�¡®âç¨ª¨ −¥ ¬®£ãâ ¡ëâì
¢ â�ª¨å ãá«®¢¨ïå §�¨−â¥à¥á®¢�−ë ¥é¥ ¨ ¢ ¯®¤¤¥à¦ª¥ à�§à�¡®â�−−ëå à¥áãàá®¢
¢ â¥ç¥−¨¥ ¤�¦¥ ¢¥áì¬� −¥¯à®¤®«¦¨â¥«ì−®£® ¢à¥¬¥−¨. �®íâ®¬ã −ã¦−ë æ¥«¥-
¢ë¥ £®áã¤�àáâ¢¥−−ë¥ ¯à®£à�¬¬ë ¯®¤¤¥à¦ª¨ à�§à�¡®âç¨ª®¢ ®¡à�§®¢�â¥«ì−ëå
à¥áãàá®¢, ¯à¨ç¥¬ ¯à¨−æ¨¯ ®à£�−¨§�æ¨¨ â�ª¨å ¯à®£à�¬¬ ¤®«¦¥− ¡ëâì ¯¥à¥-
á¬®âà¥− ¢ áâ®à®−ã ¡®«¥¥ à�§ã¬−ëå áà®ª®¢ ¨á¯®«−¥−¨ï, ®â«�¤ª¨ ¨ â¥¬ ¡®«¥¥
¯®¤¤¥à¦ª¨ ¯à®¤ãªâ�. �âáãâáâ¢¨¥ â�ª¨å æ¥«¥¢ëå ¯à®£à�¬¬, ®¯ïâì ¦¥, ¯à¨-
¢¥¤¥â ª â®¬ã, çâ® ¯¥¤�£®£¨ ¡ã¤ãâ ¢ë−ã¦¤¥−ë á�¬®áâ®ïâ¥«ì−® ¯ëâ�âìáï à�§-
à�¡®â�âì à¥áãàáë, ¢¬¥áâ® â®£® çâ®¡ë ¯à¨¬¥−ïâì −� ¯à�ªâ¨ª¥ «ãçè¨¥ ¨§ ã¦¥
¨¬¥îé¨åáï.

�¥á¬®âàï −� ¯¥à¥ç¨á«¥−−ë¥ ¯à®¡«¥¬ë, âà¥¡ãîé¨¥ áª®à¥©è¥£® ¨ ¢−¨¬�-
â¥«ì−®£® à¥è¥−¨ï, ¢ ÷®áá¨©áª®© ”¥¤¥à�æ¨¨ ¢ æ¥«®¬ ¢®¯à®á�¬ ¨−ä®à¬�â¨§�æ¨¨
®¡à�§®¢�−¨ï ã¤¥«ï¥âáï ¢á¥ ¬¥−ìè¥ ¢−¨¬�−¨ï: −¥ â�ª ¤�¢−® ¡ë« «¨ª¢¨¤¨à®¢�−
„¥¯�àâ�¬¥−â Œ¨−®¡à−�ãª¨ ÷”, ª®â®àë© ªãà¨à®¢�« á®®â¢¥âáâ¢ãîé¨¥ −�¯à�¢-
«¥−¨ï, � £®áã¤�àáâ¢¥−−�ï ¯®¤¤¥à¦ª� ¯à®£à�¬¬ ¨−ä®à¬�â¨§�æ¨¨ ®¡à�§®¢�−¨ï
¯à®¤®«¦�¥â −¥ãª«®−−® á®ªà�é�âìáï. Š®−æ¥¯æ¨ï ¨−ä®à¬�â¨§�æ¨¨ ®¡à�§®¢�−¨ï
−¥ �ªâã�«¨§¨à®¢�«�áì −� ¯à®âï¦¥−¨¨ ¡®«¥¥ 10 «¥â, çâ® ¯à�ªâ¨ç¥áª¨ ¯à¨¢¥«®
ª ¢�ªãã¬ã ¢ áä¥à¥ ®¡à�§®¢�−¨ï, £¤¥ ª�à¤¨−�«ì−ë¥ ¨§¬¥−¥−¨ï ¢ ˆŠ’ ¯à®¨á-
å®¤ïâ ª�¦¤ë¥ 3{4 £®¤�. �®á«¥¤−ïï à¥¤�ªæ¨ï Šˆ� ¤«ï ¢ëáè¥© èª®«ë ¡ë«�
¯®¤£®â®¢«¥−� ¥é¥ ¢ 1998 £. ‘ â¥å ¯®à ¬ë ¯à¥¡ë¢�¥¬ ¢ á¨âã�æ¨¨, ª®£¤� á¨-
áâ¥¬� ®¡à�§®¢�−¨ï ¢ë−ã¦¤¥−� ¤¥«�âì â�ªâ¨ç¥áª¨¥ è�£¨ ¯à¨ ®âáãâáâ¢¨¨ ®¡é¥©
áâà�â¥£¨¨.

�¥§ãá«®¢−®, −¥«ì§ï −¥ ®â¬¥â¨âì ¨ ¤®áâ�â®ç−®¥ ª®«¨ç¥áâ¢® ¯®«®¦¨â¥«ì−ëå
á¤¢¨£®¢: á«®¦¨«¨áì ¨ ¯à®¤®«¦�îâ à�§¢¨¢�âìáï ª®¬�−¤ë à�§à�¡®âç¨ª®¢ ��÷, −�-
ª®¯«¥− −¥¬�«ë© ®¯ëâ à�§à�¡®âª¨ ¨ ¯à�ªâ¨ç¥áª®£® ¨á¯®«ì§®¢�−¨ï ��÷, á®§¤�−�
á¨áâ¥¬� ¡¥á¯«�â−®£® à�á¯à®áâà�−¥−¨ï à¥áãàá®¢, ¯à�ªâ¨ç¥áª¨ á«®¦¨«�áì á¨áâ¥¬�
®¡¬¥−� ®¯ëâ®¬ ¢ áä¥à¥ ¨−ä®à¬�â¨§�æ¨¨. �� ®á−®¢¥ á¥â¨ ˆ−â¥à−¥â áª«�¤ë¢�¥âáï
¥¤¨−®¥ ¨−ä®à¬�æ¨®−−®¥ ®¡à�§®¢�â¥«ì−®¥ ¯à®áâà�−áâ¢®, áâ�−®¢¨âáï ¤®áâã¯−ë¬
¤«ï �−�«¨§� ¨ ¯à¨¬¥−¥−¨ï §�àã¡¥¦−ë© ®¯ëâ ¯®áâ�−®¢ª¨ ¨ à¥è¥−¨ï ¯à®¡«¥¬
¨−ä®à¬�â¨§�æ¨¨ ®¡à�§®¢�−¨ï. �¤−�ª® ¢á¥ íâ¨ à�§à®§−¥−−ë¥ è�£¨ −¥®¡å®¤¨¬®
á¢ï§�âì ¢ ¥¤¨−®¥ æ¥«®¥, á â¥¬ çâ®¡ë ®¡¥á¯¥ç¨âì ¬�ªá¨¬�«ì−ãî íää¥ªâ¨¢−®áâì
ª�¦¤®£® ¨§ §¢¥−ì¥¢ ¢ æ¥¯®çª¥ ¨−ä®à¬�â¨§�æ¨¨.

��áâã¯¨« ¬®¬¥−â, ª®£¤� −� á¬¥−ã íªáâ¥−á¨¢−ë¬ ä�ªâ®à�¬ à�§¢¨â¨ï ¤®«¦−ë
¡ë«¨ ¡ë ¯à¨©â¨ ¨−â¥−á¨¢−ë¥, ¨, ª�§�«®áì ¡ë, −¨ç¥£® −¥à¥�«ì−®£® ¢ íâ®© §�¤�ç¥
¡ëâì −¥ ¤®«¦−®. �¤−�ª® á¨âã�æ¨ï ®á«®¦−ï¥âáï â¥¬, çâ® íâ®â ¬®¬¥−â á®¢¯�«
á −�ç�«®¬ â�ª −�§ë¢�¥¬®© ú¬®¡¨«ì−®© à¥¢®«îæ¨¨û. …¥ ¯à¨−æ¨¯¨�«ì−®¥ ®â«¨-
ç¨¥ ®â ¯à¥¤ë¤ãé¥© á¬¥−ë ¯®ª®«¥−¨© ¯¥àá®−�«ì−ëå ª®¬¯ìîâ¥à®¢ á®áâ®¨â ¢ â®¬,
çâ® â¥¯¥àì ª®¬¯ìîâ¥à ¯à¥¢à�é�¥âáï ¢ ç�áâì «¨ç−®© ¨−ä®à¬�æ¨®−−®© áà¥¤ë,
®ªàã¦�îé¥© ç¥«®¢¥ª� ¨ ¢«¨ïîé¥© −� å�à�ªâ¥à á�¬®£® áãé¥áâ¢®¢�−¨ï ç¥«®¢¥ª�.
�¤−®¢à¥¬¥−−® ä®à¬¨àã¥âáï ¨áªãááâ¢¥−−�ï ª®¬¯ìîâ¥à¨§¨à®¢�−−�ï ®ªàã¦�îé�ï
áà¥¤�. �à¨ íâ®¬ ª®¬¯ìîâ¥à ª�ª ¨−áâàã¬¥−â ç¥«®¢¥ç¥áª®© ¤¥ïâ¥«ì−®áâ¨ ®à¨¥−â¨-
à®¢�− ¯à¥¦¤¥ ¢á¥£® −� ¯®¤¤¥à¦ªã ª®£−¨â¨¢−®© á®áâ�¢«ïîé¥© íâ®© ¤¥ïâ¥«ì−®áâ¨.
‚ á�¬®¬ ®¡é¥¬ ¢¨¤¥ ¯à¨¬¥−¨â¥«ì−® ª ¨−ä®à¬�â¨§�æ¨¨ ®¡é¥áâ¢� á¨âã�æ¨ï ¬®-
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‚. ‚. ‚¨åà¥¢, �. ‘. •à¨áâ®ç¥¢áª�ï, ‘. �. •à¨áâ®ç¥¢áª¨©

¦¥â ¡ëâì ®å�à�ªâ¥à¨§®¢�−� ª�ª −¥®¡å®¤¨¬®áâì âà�−á«ïæ¨¨ ç¥«®¢¥ç¥áª®£® §−�−¨ï
¢ úª®¬¯ìîâ¥à−ãîû ä®à¬ã.

‘«¥¤ã¥â ®¡à�â¨âì ¢−¨¬�−¨¥ ¨ −� â®, çâ® ¯à®¡«¥¬� ®à£�−¨§�æ¨¨ ®¡à�§®¢�â¥«ì-
−®£® ¯à®æ¥áá� ¢ áà¥¤¥ ¬®¡¨«ì−®£® ˆ−â¥à−¥â� §�ª«îç�¥âáï ¢ à¥§ª®¬ ¢®§à�áâ�−¨¨
à¨áª®¢ −¥¦¥«�â¥«ì−ëå ï¢«¥−¨©, á¢ï§�−−ëå á ¯à¥¡ë¢�−¨¥¬ èª®«ì−¨ª®¢ ¢ á¥â¨
ˆ−â¥à−¥â, ¢ ç�áâ−®áâ¨ ¯à¨ ®¡é¥−¨¨ á® á¢¥àáâ−¨ª�¬¨ ¢−¥ §�−ïâ¨©. ‘¥©ç�á ãç�-
é¨©áï ¬®¦¥â, ¨á¯®«ì§ãï á¢®© ¬®¡¨«ì−ë© â¥«¥ä®−, ¢ëå®¤¨âì ¢ á¥âì −¥ â®«ìª® ¨§
¤®¬� ¨«¨ ¨§ èª®«ë, −® ¨ ¨§ «î¡®© â®çª¨, ¢ ª®â®à®© ®¯¥à�â®à ¬®¡¨«ì−®© á¢ï§¨
®¡¥á¯¥ç¨¢�¥â ¤®áâã¯ ª ¬®¡¨«ì−®¬ã ˆ−â¥à−¥âã. �â® −¥ â®«ìª® ¯à¥¤®áâ�¢«ï¥â
¤®¯®«−¨â¥«ì−ë¥ ¢®§¬®¦−®áâ¨ ¤«ï à¥è¥−¨ï à�§«¨ç−ëå ®¡à�§®¢�â¥«ì−ëå §�¤�ç,
−® ¨ ¯à¥¦¤¥ ¢á¥£® ¯®§¢®«ï¥â èª®«ì−¨ª�¬ ¯à®¢®¤¨âì £®à�§¤® ¡®«ìè¥ ¢à¥¬¥−¨
¢ á®æ¨�«ì−ëå á¥âïå ¨ ˆ−â¥à−¥â¥ ¡¥§ ¨á¯®«ì§®¢�−¨ï ¤®¬�è−¥£® ¨«¨ èª®«ì−®£®
ª®¬¯ìîâ¥à�, ª®â®àë© ¬®¦¥â ª®−âà®«¨à®¢�âìáï ¢§à®á«ë¬¨. “áâ�−®¢«¥−¨¥ ¦¥
â®â�«ì−®£® §�¯à¥â� −� ¨á¯®«ì§®¢�−¨¥ èª®«ì−¨ª�¬¨ ¬®¡¨«ì−®£® ˆ−â¥à−¥â� ¯à¥¤-
áâ�¢«ï¥âáï ¬¥à®© �¡áãà¤−®©, ®¤−�ª®, −¥á®¬−¥−−®, âà¥¡ã¥âáï ¯à¨−ïâ¨¥ ¬¥à, §�-
é¨é�îé¨å −¥á®¢¥àè¥−−®«¥â−¨å ®â −¥¦¥«�â¥«ì−®£® ª®−â¥−â� ¨ ®¡¥á¯¥ç¨¢�îé¨å
¨¬ ¡¥§®¯�á−®¥ ¯à¥¡ë¢�−¨¥ ¢ á¥â¨ ˆ−â¥à−¥â, ¢ â®¬ ç¨á«¥ ¨ á ¨á¯®«ì§®¢�−¨¥¬ â®ç¥ª
¬®¡¨«ì−®£® ¤®áâã¯�. �â® ï¢«ï¥âáï ®¤−®© ¨§ ¯à®¡«¥¬, ª®â®à�ï â�ª¦¥ ¤®«¦−� à¥-
è�âìáï ¯à¨ ¯®¬®é¨ áâà�â¥£¨¨, áä®à¬ã«¨à®¢�−−®© ¢ −®¢®© Šˆ�, −¥®¡å®¤¨¬®áâì
¢ á®§¤�−¨¨ ª®â®à®© ¯à¥¤áâ�¢«ï¥âáï ®ç¥¢¨¤−®©.

‘ â®çª¨ §à¥−¨ï �¢â®à®¢, ¢ á®¢à¥¬¥−−ëå ãá«®¢¨ïå á®¢¥àè¥−−® −¥®¡å®¤¨¬®
¢¥áâ¨ à¥çì ® ª®¬¯«¥ªá−®© ®æ¥−ª¥ á«®¦¨¢è¥©áï á¨âã�æ¨¨ ¢ æ¥«®¬ ¨ ® −�ç�«¥
à�§à�¡®âª¨ −®¢®© Šˆ�. �®ç¥¬ã ¨¬¥−−® á¥©ç�á −�§à¥«� ®áâà�ï −¥®¡å®¤¨¬®áâì
¢ ¢ëà�¡®âª¥ −®¢®© Šˆ�?

��«¨æ® á®¥¤¨−¥−¨¥ àï¤� ¢�¦−ëå á®æ¨®â¥å−¨ç¥áª¨å ¬®¬¥−â®¢. ‡�¢¥àè¨«áï
¯¥à¥å®¤ ª −®¢®© ä®à¬¥ £®áã¤�àáâ¢¥−−®áâ¨ ¢ ÷®áá¨¨, ®â−®á¨â¥«ì−® áâ�¡¨«¨§¨-
à®¢�«¨áì íª®−®¬¨ç¥áª¨¥ ¨ á®æ¨�«ì−ë¥ ¯à®æ¥ááë. ‚ ®¡«�áâ¨ ®¡à�§®¢�−¨ï íâ®
¢ëà�§¨«®áì ¢ ä®à¬¨à®¢�−¨¨ −®¢ëå ¨−áâ¨âãæ¨©, ç�áâì ¨§ ª®â®àëå ¥é¥ ¤®«¦−�
¯à®©â¨ ¯à®¢¥àªã ¢à¥¬¥−¥¬ (ª�ª, −�¯à¨¬¥à, …ƒ�). �®¢ë© ‡�ª®− ®¡ ®¡à�§®¢�−¨¨
ä¨ªá¨àã¥â á«®¦¨¢èãîáï −®¢ãî á¨âã�æ¨î, ¯à®æ¥ááë âà�−áä®à¬�æ¨¨ ¢ ®¡à�§®-
¢�−¨¨ ¢ æ¥«®¬ −�¬¥â¨«¨áì. ‡�¢¥àè�¥âáï ¯¥à¥å®¤ ®â ¨−¤ãáâà¨�«ì−®£® ®¡é¥áâ¢�
ª ¯¥à¢®© áâã¯¥−¨ ®¡é¥áâ¢� ¨−ä®à¬�æ¨®−−®£®. ˆ−ä®à¬�â¨§�æ¨ï ®¡é¥áâ¢� áâ�«�
á¢¥àè¨¢è¨¬áï ä�ªâ®¬, ¨§¬¥−¨¢è¨¬ ¨ ¨§¬¥−ïîé¨¬ íª®−®¬¨ç¥áª¨©, á®æ¨�«ì−ë©
¨ ªã«ìâãà−ë© ¡�§¨áë à®áá¨©áª®© æ¨¢¨«¨§�æ¨¨. ��ª®−¥æ, á®¡áâ¢¥−−® ¢ áä¥à¥ ¢ë-
ç¨á«¨â¥«ì−®© â¥å−¨ª¨ ¯à®¨áå®¤¨â áâ�¤¨�«ì−ë© ¯¥à¥å®¤ ®â ¬¨ªà®ª®¬¯ìîâ¥à−®©,
¡�§¨àãîé¥©áï −� ¨á¯®«ì§®¢�−¨¨ ¯¥àá®−�«ì−ëå ª®¬¯ìîâ¥à®¢, ä�§ë à�§¢¨â¨ï
ˆŠ’ ª ¬®¡¨«ì−®© ä�§¥, á¯¥æ¨ä¨ª®© ª®â®à®© áâ�−®¢¨âáï ¯®¢á¥¬¥áâ−®¥ à�á¯à®-
áâà�−¥−¨¥ ¬®¡¨«ì−ëå ¨ ¢áâà®¥−−ëå ãáâà®©áâ¢.

‚ íâ¨å ãá«®¢¨ïå ¨−ä®à¬�â¨§�æ¨ï ®¡à�§®¢�−¨ï ã¦¥ ¯®¤å®¤¨â ª á¢®¥¬ã âà¨¤æ�-
â¨«¥â−¥¬ã àã¡¥¦ã. ��ª®¯«¥− −¥¬�«ë© ®¯ëâ, −�¬¥â¨«¨áì ®âç¥â«¨¢ë¥ â¥−¤¥−æ¨¨,
®¡®§−�ç¨«¨áì ¨ ¯à®¡«¥¬ë, ¢ â®¬ ç¨á«¥ −¥à¥è¥−−ë¥ ¨«¨ ¤�¦¥ ¢ ¯à¨−æ¨¯¥ −¥-
à¥è�¥¬ë¥. ‘«¥¤®¢�â¥«ì−®, −¥®¡å®¤¨¬ë¬ áâ�−®¢¨âáï á¨áâ¥¬−ë© �−�«¨§ ¢á¥£®,
çâ® ¤®áâ¨£−ãâ® ¢ íâ®© áä¥à¥, ¢ ª®−â¥ªáâ¥ á«®¦¨¢è¥©áï á¨âã�æ¨¨. �¥®¡å®¤¨¬ë
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â�ª¦¥ ®æ¥−®ç−ë¥ ¯à®£−®§ë ¢®§¬®¦−ëå ¯¥àá¯¥ªâ¨¢ ¨ ¯ãâ¥© à�§¢¨â¨ï. Œ®¦−®
á®£«�á¨âìáï á �à®ªã¤¨−ë¬ [5], çâ® ¨−ä®à¬�â¨§�æ¨ï ®¡à�§®¢�−¨ï ï¢«ï¥âáï ®á−®¢-
−ë¬ ä�ªâ®à®¬ à�§¢¨â¨ï ®â¥ç¥áâ¢¥−−®£® ®¡à�§®¢�−¨ï, ¯®íâ®¬ã à�§à�¡®âª� −®¢®©
ª®−æ¥¯æ¨¨ ®¡ê¥ªâ¨¢−® ï¢«ï¥âáï ¦¨§−¥−−® −¥®¡å®¤¨¬®©.

�¢â®àë ¯®«�£�îâ, çâ® ¢ −®¢®© ª®−æ¥¯æ¨¨ ¤®«¦−ë ¡ëâì §�âà®−ãâë ¢®¯à®-
áë, á¢ï§�−−ë¥ á −�áâã¯«¥−¨¥¬ íâ�¯� í«¥ªâà®−¨§�æ¨¨ (â. ¥. à�á¯à®áâà�−¥−¨ï
¬®¡¨«ì−ëå í«¥ªâà®−−ëå ãáâà®©áâ¢ à�§«¨ç−®£® â¨¯� ¨ −�§−�ç¥−¨ï), á ¨á¯®«ì-
§®¢�−¨¥¬ ¬®¡¨«ì−®£® ˆ−â¥à−¥â� ¨ ¥£® ¢®§¬®¦−®áâ¥© ¤«ï à¥�«¨§�æ¨¨ −¥¯à¥-
àë¢−®£® ®¡à�§®¢�−¨ï, ¢ â®¬ ç¨á«¥ ¤«ï «î¤¥© á® á¯¥æ¨�«ì−ë¬¨ ¯®âà¥¡−®áâï¬¨
¢ ®¡à�§®¢�−¨¨, −¥¯à¥¬¥−−® ¤®«¦−� ¡ëâì ¯à®à�¡®â�−� ¯à®¡«¥¬� ®¡¥á¯¥ç¥−¨ï
¡¥§®¯�á−®£® ¨á¯®«ì§®¢�−¨ï ˆ−â¥à−¥â� ¨ ¯à. „®«¦−ë ¡ëâì â�ª¦¥ à�§à�¡®-
â�−ë ªà¨â¥à¨¨ íää¥ªâ¨¢−®áâ¨ ¨á¯®«ì§®¢�−¨ï ˆŠ’ ¢ ®¡à�§®¢�−¨¨. ‚�¦−®©
ç�áâìî ª®−æ¥¯æ¨¨ ¤®«¦−� áâ�âì §�¤�ç� ä®à¬¨à®¢�−¨ï ¨−ä®à¬�æ¨®−−®© ªã«ì-
âãàë ®¡é¥áâ¢�, â�ª¦¥ ¤®«¦−® ¡ëâì ã¤¥«¥−® ¢−¨¬�−¨¥ ¯à®¡«¥¬�¬ à�§à�¡®â-
ª¨ ¯à®£à�¬¬−ëå áà¥¤áâ¢ ¨ í«¥ªâà®−−ëå à¥áãàá®¢ ¤«ï ®¡à�§®¢�â¥«ì−ëå æ¥«¥©
¨ ¬¥à�¬ £®áã¤�àáâ¢¥−−®© ¯®¤¤¥à¦ª¨ â�ª¨å à�§à�¡®â®ª. �à¨ íâ®¬ ª®−æ¥¯-
æ¨ï ¤®«¦−� ¯à®©â¨ íâ�¯ è¨à®ª®£® ®¡áã¦¤¥−¨ï, ¢ ª®â®à®¬ ¬®£«¨ ¡ë ¯à¨-
−ïâì ãç�áâ¨¥ ª�ª ãç¥−ë¥, â�ª ¨ à�¡®â−¨ª¨ áä¥àë ®¡à�§®¢�−¨ï ¢á¥å ãà®¢−¥©,
çâ® ¯®§¢®«¨â ãç¥áâì ¬�ªá¨¬�«ì−® ¯®«−® ¢á¥ −î�−áë áâà�â¥£¨¨ à�§¢¨â¨ï ¨−-
ä®à¬�â¨§�æ¨¨ ®¡à�§®¢�−¨ï −� ¡«¨¦�©è¨¥ £®¤ë. �® à¥§ã«ìâ�â�¬ è¨à®ª®£®
®¡áã¦¤¥−¨ï −®¢®© ª®−æ¥¯æ¨¨ ¯à¥¤áâ�¢«ï¥âáï −¥®¡å®¤¨¬ë¬ á−®¢� à�§¢¥à−ãâì
−�ãç−®-¨áá«¥¤®¢�â¥«ìáª¨¥ à�¡®âë ¢ ¨−áâ¨âãâ�å ÷®áá¨©áª®© �ª�¤¥¬¨¨ ®¡à�§®-
¢�−¨ï ¨ ¨−áâ¨âãâ�å ”¥¤¥à�«ì−®£® �£¥−âáâ¢� −�ãç−ëå ®à£�−¨§�æ¨©, ¯®áª®«ìªã
á®¢¥àè¥−−® ®ç¥¢¨¤−ë¬ ï¢«ï¥âáï â®, çâ® §�¤�ç¨, áâ®ïé¨¥ ¯¥à¥¤ á®¢à¥¬¥−−®©
á¨áâ¥¬®© ®¡à�§®¢�−¨ï ¢ ÷®áá¨¨, −¥ ¬®£ãâ ¡ëâì à¥è¥−ë ¡¥§ ¯à¨¬¥−¥−¨ï ª®¬-
¯«¥ªá−®£® −�ãç−®£® ¯®¤å®¤�, ãç¨âë¢�îé¥£® ¬�ªá¨¬�«ì−® ¢®§¬®¦−®¥ ª®«¨ç¥áâ¢®
ä�ªâ®à®¢. ‚á¥ íâ® ¯à¨¢¥¤¥â ª â®¬ã, çâ® −®¢�ï Šˆ� áâ�−¥â áâà�â¥£¨ç¥áª¨¬
¯«�−®¬ ¨ ¤�áâ ¬®é−ë© ¨¬¯ã«ìá ¤«ï á®§¤�−¨ï ª®−ªà¥â−ëå ¯«�−®¢ ¯® à¥�«¨§�-
æ¨¨ ¯®«®¦¥−¨© ª®−æ¥¯æ¨¨ ¢ à�§«¨ç−ëå à¥£¨®−�å ¨ ®¡à�§®¢�â¥«ì−ëå ãçà¥¦¤¥-
−¨ïå.
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Abstract: The authors consider problems of using the information-
communication technology in education (informatization of education). The
results of three phases prognosticated in the first concepts of informatization of
education are analyzed. It should be noted that there are no radical changes in the
education system yet, though there is progress in informatization of the society
as a whole. The authors consider four stages of informatization of education:
computerization, multimediazation, internetization, and electronization. Taking
into consideration a new form of state system in Russia, stabilization of economic
and social processes, and adoption of a new education law, the authors base
the necessity for developing and approving a new concept of informatization
of education. According to this concept, it is necessary to analyze the results
of fulfilling prior concepts (the latest one was presented in 1998), take into
consideration peculiarities of the current electronic stage, when extensive factors
are gradually substituted by intensive ones. Of course, the explosive character of
\mobile Internet revolution" should be taken into account. This concept should
also consider the role of informatization for people with special education needs.
Criteria of usage of information and communications technologies in education
should be developed as well. The paper provides wide discussion of the new
concept.
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О МЕХАНИЗМЕ РЕАЛИЗАЦИИ КОЭВОЛЮЦИОННОЙ
МОДЕЛИ ЖИЗНЕННОГО ЦИКЛА РАЗРАБОТКИ

КОМПЬЮТЕРНЫХ ПРОГРАММ ДЛЯ ОБУЧЕНИЯ

В. В. Вихрев1

�−−®â�æ¨ï: �� ®á−®¢¥ à�áá¬®âà¥−¨ï á¨âã�æ¨¨ ¢ ª«îç¥¢®© ®âà�á«¨ ¨−ä®à-
¬�â¨§�æ¨¨ ®¡à�§®¢�−¨ï | ®âà�á«¨ à�§à�¡®âª¨ ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï
(��) ¤«ï ®¡ãç¥−¨ï | ®¯à¥¤¥«ï¥âáï ªàã£ ¯à®¡«¥¬, áâ®ïé¨å ¯¥à¥¤ ®âà�á«ìî,
¨ ¯à¥¤«�£�¥âáï ¯®¤å®¤ ª à¥è¥−¨î −¥áª®«ìª¨å, á�¬ëå ®áâàëå ¨§ −¨å, ¯ãâ¥¬
¯à¨¬¥−¥−¨ï ¢®§¬®¦−®áâ¥© á¥à¢¨á®¢ ˆ−â¥à−¥â�. Š®¬¯ìîâ¥à−�ï ¯à®£à�¬¬� |
â®â í«¥¬¥−â, ª®â®àë© ¯à¥¢à�é�¥â ã−¨¢¥àá�«ì−®¥ ãáâà®©áâ¢® ¨−ä®à¬�æ¨®−−®-
ª®¬¬ã−¨ª�æ¨®−−ëå â¥å−®«®£¨© (ˆŠ’) ¢ áà¥¤áâ¢® ®¡ãç¥−¨ï. Š�ç¥áâ¢® ¯à®æ¥á-
á� ®¡ãç¥−¨ï, §�¢¨áïé¥¥ ®â ª�ç¥áâ¢� ¯à®£à�¬¬, ®¯à¥¤¥«ï¥âáï, ª�ª á«¥¤áâ¢¨¥,
á®áâ®ï−¨¥¬ ¤¥« ¢ ®âà�á«¨ à�§à�¡®âª¨ ��. Œ¥¦¤ã â¥¬ íâ� ®âà�á«ì ¨áá«¥¤®¢�-
−� á®¢¥àè¥−−® −¥¤®áâ�â®ç−®. �¥£«ë© �−�«¨§ í«¥¬¥−â®¢ ¤¨áªãàá� ãç�áâ−¨ª®¢
¯à®æ¥áá� ¨−ä®à¬�â¨§�æ¨¨ ®¡à�§®¢�−¨ï ¯®ª�§ë¢�¥â, çâ® ¢−¥è−ïï ª�àâ¨−� −¥
á®®â¢¥âáâ¢ã¥â à¥�«ì−ë¬ ®â−®è¥−¨ï¬ ¢−ãâà¨ ®âà�á«¨. �®«¥¥ £«ã¡®ª¨© �−�«¨§
¯à¨¢®¤¨â ª ¢ë¢®¤ã, çâ® −�ç¨−�ï á ¯¥à¢ëå è�£®¢ ¨−ä®à¬�â¨§�æ¨¨ ®âà�á«ì
¤¥à¦�«�áì ¢ §−�ç¨â¥«ì−®© áâ¥¯¥−¨ −� ¨−¨æ¨�â¨¢¥ ®¤¨−®ç¥ª ¨ −¥¡®«ìè¨å ª®-
¬�−¤ í−âã§¨�áâ®¢. ‚ ãá«®¢¨ïå åà®−¨ç¥áª®£® −¥¤®ä¨−�−á¨à®¢�−¨ï ®á−®¢−ë¬
à¥áãàá®¬ à�§¢¨â¨ï áâ�«� í−¥à£¨ï í−âã§¨�§¬�. � á ¬�áá®¢ë¬ ¢ª«îç¥−¨¥¬
ãç¨â¥«¥© ¢ ¯à®æ¥áá ¨−ä®à¬�â¨§�æ¨¨ èª®«ë á«®¦¨«�áì ¨áª�¦¥−−�ï ª�àâ¨−�
® ¬¥áâ¥ ãç¨â¥«ï ¢ ®âà�á«¨ à�§à�¡®âª¨ ��. �� ãç¨â¥«ï «¥£«� ®¡ï§�−−®áâì
à�§à�¡®âç¨ª�. Œ¥¦¤ã â¥¬ ¥£® ¤¥ïâ¥«ì−®áâì ¤®«¦−� «¨èì ¤®¯®«−ïâì à�¡®âã
¯à®£à�¬¬¨áâ�. �à�¢¨«ì−® à�á¯à¥¤¥«¨âì ®¡ï§�−−®áâ¨ ¢ ¯à®æ¥áá¥ à�§à�¡®âª¨
�� ¤«ï ®¡ãç¥−¨ï ¯®¬®¦¥â á¨áâ¥¬� ª®®¯¥à�æ¨¨ âàã¤� à�§à�¡®âç¨ª®¢ ¨ ãç¨â¥-
«¥©, ®á−®¢�−−�ï −� ¬®¤¥«¨ ª®í¢®«îæ¨¨, â. ¥. ¢§�¨¬®á¢ï§�−−®£® à�§¢¨â¨ï ��
¨ ¥£® ¯à¨¬¥−¥−¨ï ¢ ª®−ªà¥â−ëå ¯¥¤�£®£¨ç¥áª¨å â¥å−®«®£¨ïå. „«ï ãç¨â¥«ï
íâ� á¨áâ¥¬� ¯à¥¤®áâ�¢¨â ª®−áã«ìâ�â¨¢−ãî ¨−ä®à¬�æ¨î. „«ï à�§à�¡®âç¨ª�
á¨áâ¥¬� áâ�−¥â áà¥¤áâ¢®¬ ¤®¯®«−¨â¥«ì−®£® ¨áá«¥¤®¢�−¨ï ¯à¥¤¬¥â−®© ®¡«�áâ¨
¨ ¨−áâàã¬¥−â®¬ á®¯à®¢®¦¤¥−¨ï, â. ¥. ¯®¤¤¥à¦ª®© â¥å íâ�¯®¢ ¦¨§−¥−−®£® æ¨-
ª«� ¯à®£à�¬¬ë ¤«ï ®¡ãç¥−¨ï, ª®â®àë¥ ¢ −�¨¡®«ìè¥© áâ¥¯¥−¨ áâà�¤�îâ ®â
−¥¤®ä¨−�−á¨à®¢�−¨ï. ‘¨áâ¥¬� à¥�«¨§ã¥âáï −� ®á−®¢¥ á¥à¢¨á®¢ ˆ−â¥à−¥â�.

Š«îç¥¢ë¥ á«®¢�: ¨−ä®à¬�â¨§�æ¨ï ®¡à�§®¢�−¨ï; ®âà�á«ì à�§à�¡®âª¨ ¯à®-
£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï; ®¡à�§®¢�â¥«ì−ë© á¥£¬¥−â ®âà�á«¨ à�§à�¡®âª¨ ¯à®-
£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï; ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ ¤«ï ®¡ãç¥−¨ï; ª®í¢®«îæ¨ï;
ª®««¥ªâ¨¢−ë© à�§ã¬
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� ¬¥å�−¨§¬¥ à¥�«¨§�æ¨¨ ª®í¢®«îæ¨®−−®© ¬®¤¥«¨ ¦¨§−¥−−®£® æ¨ª«� à�§à�¡®âª¨

1 Введение

��áâ®ïé�ï áâ�âìï ¯¥à¥¢®¤¨â ¢ ¯à�ªâ¨ç¥áªãî ¯«®áª®áâì ¯à®¢¥¤¥−−ãî à�−¥¥
�−�«¨â¨ç¥áªãî à�¡®âã ¯® ¨áá«¥¤®¢�−¨î ¯à®æ¥áá®¢ ¢−¥¤à¥−¨ï ˆŠ’ ¢ èª®«ã
¨ ä®à¬¨à®¢�−¨ï −� ®á−®¢¥ −®¢ëå ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© í«¥¬¥−â®¢ á�¬®-
®à£�−¨§�æ¨¨ ¢ á¨áâ¥¬¥ áà¥¤−¥£® ®¡à�§®¢�−¨ï [1{8].

Š®¬¯ìîâ¥à−�ï ¯à®£à�¬¬� | ª«îç¥¢®¥ §¢¥−® ¨−ä®à¬�â¨§�æ¨¨ ®¡à�§®¢�−¨ï
¢ â®© ¥£® ç�áâ¨, çâ® á¢ï§�−� á ¯à¥¤¬¥â−ë¬ ¯à¥¯®¤�¢�−¨¥¬. ˆ¬¥−−® á¯¥æ¨�«¨-
§¨à®¢�−−�ï ª®¬¯ìîâ¥à−�ï ¯à®£à�¬¬� ¤«ï ®¡ãç¥−¨ï ¯à¥¢à�é�¥â ã−¨¢¥àá�«ì−ë¥
ãáâà®©áâ¢� ˆŠ’ ¢ ¨−áâàã¬¥−â ®¡à�§®¢�−¨ï. ‡� £®¤ë, ¯à®è¥¤è¨¥ á −�ç�«� ¨−ä®à-
¬�â¨§�æ¨¨ ®¡à�§®¢�−¨ï ¢ −�è¥© áâà�−¥ (‘‘‘÷, §�â¥¬ ÷®áá¨©áª�ï ”¥¤¥à�æ¨ï)
á«®¦¨«�áì ®âà�á«ì à�§à�¡®âª¨ �� ¤«ï ®¡à�§®¢�−¨ï. �−� á«®¦−� ¨ ¤®áâ�â®ç−®
á«�¡® ¨áá«¥¤®¢�−�. �®¤®¡−® â®¬ã, ª�ª ä¨−�−á¨à®¢�−¨¥ ®¡à�§®¢�−¨ï −¥ ï¢«ï¥âáï
¯à¨®à¨â¥â−®© áâ�âì¥© ¡î¤¦¥â®¢ à�§−ëå ãà®¢−¥©, íâ� ®âà�á«ì â�ª¦¥ −�å®¤¨âáï −�
¢â®à®¬ ¯«�−¥ ¢−ãâà¨ ä¨−�−á®¢®£® ¯à®áâà�−áâ¢� á¨áâ¥¬ë ®¡à�§®¢�−¨ï. ‚ áâ�âì¥
®¡®§−�ç�îâáï ¯à¨−æ¨¯¨�«ì−ë¥ ®á®¡¥−−®áâ¨ à�§à�¡®âª¨ �� ¤«ï ®¡ãç¥−¨ï, ä®à-
¬ã«¨àãîâáï £«�¢−ë¥ ¯à®¡«¥¬ë ®âà�á«¨ ¨ ¯à¥¤«�£�¥âáï ¢�à¨�−â à¥è¥−¨ï ç�áâ¨
−�§¢�−−ëå ¯à®¡«¥¬ ¢ á«®¦¨¢è¥©áï ¨−äà�áâàãªâãà¥ ¨−ä®à¬�æ¨®−−®£® ®¡à�§®-
¢�â¥«ì−®£® ¯à®áâà�−áâ¢�.

2 Отрасль разработки программного обеспечения для обучения
и ее проблемы

2.1 Что такое компьютерная программа и программное обеспечение
для обучения?

�à¥¦¤¥ ¢á¥£® ®â¢¥â¨¬ −� ¢®¯à®á: çâ® ®§−�ç�îâ â¥à¬¨−ë ¯à®£à�¬¬� ¨ ¯à®-
£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥? �â¢¥â ¯à®áâ ¤«ï «î¡®£®, ªâ® ¤®áâ�â®ç−® ¡«¨§®ª ª ¯à¥¤-
¬¥â−®© ®¡«�áâ¨ ú¨−ä®à¬�â¨ª� ¨ ¢ëç¨á«¨â¥«ì−�ï â¥å−¨ª�û. �− ¬®¦¥â §¢ãç�âì
â�ª: ¯à®£à�¬¬� | íâ® −�¡®à ª®¬�−¤, §�¯¨á�−−ëå −� ï§ëª¥ â®£® ¨«¨ ¨−®£® ãà®¢-
−ï, á®¢®ªã¯−®áâì ª®â®àëå (¯®á«¥ ¯¥à¥¢®¤� ¢ ä®à¬ã, ú¯®−ïâ−ãîû ª®¬¯ìîâ¥àã)
à¥�«¨§ã¥â ã¯à�¢«¥−¨¥ ª®¬¯ìîâ¥à®¬ ¤«ï ¤®áâ¨¦¥−¨ï ª�ª®©-«¨¡® æ¥«¨. ’®£¤�
¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ | íâ® á®¢®ªã¯−®áâì ¯à®£à�¬¬, ®¡¥á¯¥ç¨¢�îé�ï ¢®§-
¬®¦−®áâì ¯®«¥§−®£® ¨á¯®«ì§®¢�−¨ï ª®¬¯ìîâ¥à� ¯à¨ à¥è¥−¨¨ ª�ª¨å-«¨¡® §�¤�ç.
�â¨ §−�ç¥−¨ï ¢®§−¨ª«¨ −� §�à¥ ¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨ ¨ ¢àï¤ «¨ ¨§¬¥−ïâáï
¢ ®¡®§à¨¬®¬ ¡ã¤ãé¥¬.

Š®¬¯ìîâ¥à−�ï ¯à®£à�¬¬� ¤«ï ®¡ãç¥−¨ï | íâ® â�ª�ï ¯à®£à�¬¬�, ª®â®à�ï
ã¯à�¢«ï¥â ª®¬¯ìîâ¥à®¬ ¤«ï ¤®áâ¨¦¥−¨ï ª�ª®©-«¨¡® ¨§ æ¥«¥© ®¡ãç¥−¨ï. � ��
¤«ï ®¡ãç¥−¨ï | â�ª�ï á®¢®ªã¯−®áâì ¯à®£à�¬¬, ª®â®à�ï ¯®§¢®«ï¥â à¥è�âì á®-
¢®ªã¯−®áâì §�¤�ç ®¡ãç¥−¨ï. �®¤ ®¡ãç¥−¨¥¬ §¤¥áì ¨ ¤�«¥¥ ¯®−¨¬�¥âáï ®¡ãç¥−¨¥
¯à¥¤¬¥â−®¥, â. ¥. ¨§ãç¥−¨¥ ¬�â¥¬�â¨ª¨, ä¨§¨ª¨, ¨áâ®à¨¨, ï§ëª®¢ ¨ â. ¤.

‘ ®¯à¥¤¥«¥−−®£® ¬®¬¥−â�, ®¤−�ª®, â¥à¬¨−� ¯à®£à�¬¬� ®ª�§ë¢�¥âáï −¥¤®áâ�-
â®ç−® ¤«ï ®¡®§−�ç¥−¨ï �àâ¥ä�ªâ®¢ ��. �®ï¢«ïîâáï â¥à¬¨−ë ¯�ª¥â ¯à¨ª«�¤−ëå
¯à®£à�¬¬, ¯à®£à�¬¬−ë© ª®¬¯«¥ªá, ¯à®£à�¬¬−�ï á¨áâ¥¬�. �à¨ ¢§£«ï¤¥ −� íâ¨
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â¥à¬¨−ë, ¤�¦¥ −¥ ¯ëâ�ïáì ¢−¨ª−ãâì ¢ ¨å §−�ç¥−¨ï, ¤�«¥ª¨© ®â ¯à®£à�¬¬¨à®¢�-
−¨ï ç¥«®¢¥ª á¯®á®¡¥− á®®¡à�§¨âì, çâ® á�¬¨ ¯® á¥¡¥, −�¡®à®¬ ¢å®¤ïé¨å á«®¢, ®−¨
£®¢®àïâ ®¡ ®¯à¥¤¥«¥−−ëå âà�−áä®à¬�æ¨ïå ¢ ®¡«�áâ¨ à�§à�¡®âª¨ ¯à®£à�¬¬ | ®¡
ã¢¥«¨ç¥−¨¨ ¢ à�§¬¥à�å ¨ áâàãªâãà¨à®¢�−¨¨ â®£®, çâ® −�§ë¢�¥âáï ¯à®£à�¬¬®©,
−�¯à¨¬¥à.

� ç¥¬ £®¢®à¨â ¯®ï¢«¥−¨¥ â¥à¬¨−®¢ á¨áâ¥¬� ã¯à�¢«¥−¨¥¬ ¡�§®© ¤�−−ëå
¨ ¨−ä®à¬�æ¨®−−�ï á¨áâ¥¬� ¨«¨ â¥ªáâ®¢ë© ¯à®æ¥áá®à ¨ ¨§¤�â¥«ìáª�ï á¨áâ¥¬�,
§�¬¥−ïîé¨å ¢ ¤¨áªãàá¥ â¥à¬¨− ¯à®£à�¬¬�? �¥à¢ë¥ ¤¢� ¥áâì ¢§£«ï¤ á ¯®§¨æ¨©
¯à®£à�¬¬¨à®¢�−¨ï, ®−¨ ãª�§ë¢�îâ, çâ® ¯à®¨§®è«® ª�ç¥áâ¢¥−−®¥ ¯¥à¥®á¬ëá«¥-
−¨¥ −¥ª®¥£® ä�ªâ�, ¨§¢¥áâ−®£® ¯à®£à�¬¬¨áâ�¬ ¨ à�−¥¥. � ¨¬¥−−®: «î¡�ï
ª®¬�−¤� ¨§ −�¡®à�, ª®â®àë© ¢ëè¥ −�§¢�− ¯à®£à�¬¬®©, à�¡®â�¥â á −¥ª®â®àë¬¨
¤�−−ë¬¨, −¥áãé¨¬¨ ¨−ä®à¬�æ¨î. �® ¯®âà¥¡®¢�«®áì ¯à®−¨ª−®¢¥−¨¥ ¢ëç¨á«¨-
â¥«ì−®© â¥å−¨ª¨ ¢ −®¢ë¥ ®¡«�áâ¨ ¯à¨¬¥−¥−¨ï, ¢ áä¥àë íª®−®¬¨ª¨ ¨ ã¯à�¢«¥−¨ï
á®æ¨�«ì−ë¬¨ á¨áâ¥¬�¬¨, ¢ ç�áâ−®áâ¨, çâ®¡ë ª�ª ®âªà®¢¥−¨¥ ¨ «®§ã−£ ¯à®§¢ã-
ç�«®: ¯à®£à�¬¬� = áâàãªâãàë ¤�−−ëå + �«£®à¨â¬ë [9]. ‚â®àãî ¯�àã â¥à¬¨−®¢,
â¥ªáâ®¢ë© ¯à®æ¥áá®à ¨ ¨§¤�â¥«ìáª�ï á¨áâ¥¬�, ¬®¦−® ¨−â¥à¯à¥â¨à®¢�âì ª�ª
¢§£«ï¤ −� ¯à®£à�¬¬ã á® áâ®à®−ë ¯®«ì§®¢�â¥«ï, ª®£¤� á«®¢® ¯à®£à�¬¬� §�¬¥−ï¥âáï
¢ ®¡®§−�ç¥−¨¨ �� −�§¢�−¨¥¬ £«�¢−®© æ¥«¨ ¨«¨ £«�¢−®© §�¤�ç¨ ¥£® ¨á¯®«ì§®¢�−¨ï
(ï§ëª®¢ë© ¯à¨¥¬ ¬¥â®−¨¬¨¨).

’à�−áä®à¬�æ¨ï â¥à¬¨−®á¨áâ¥¬ë ¢® ¢à¥¬¥−¨ ï¢«ï¥âáï ¨−¤¨ª�â®à®¬ ¯à®¨áå®-
¤ïé¨å ¢ ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¯à®æ¥áá®¢ ¤�¦¥ ¤«ï ¤�«¥ª®£® ®â −¥¥ −�¡«î¤�â¥«ï.
‚§£«ï−¥¬ á íâ®© â®çª¨ §à¥−¨ï −� ¨§¬¥−¥−¨ï ¢ ¨á¯®«ì§®¢�−¨¨ â¥à¬¨−®¢ â¥à¬¨−®-
á¨áâ¥¬ë �� ¢ ®¡à�§®¢�â¥«ì−®¬ ¤¨áªãàá¥.

�¡à�â¨¬áï ª ¬�â¥à¨�«�¬ ª®−ä¥à¥−æ¨¨ ú�à¨¬¥−¥−¨¥ −®¢ëå â¥å−®«®£¨©
¢ ®¡à�§®¢�−¨¨û, ¥¦¥£®¤−® ¯à®¢®¤¨¬®© ¢ £. ’à®¨æª¥ á 1990 £. �®á¬®âà¨¬,
ª�ª¨¥ â¥à¬¨−ë ¨á¯®«ì§®¢�«¨ ¤®ª«�¤ç¨ª¨ ¤«ï ®¡®§−�ç¥−¨ï â®£®, çâ® ¯® á¢®¥©
áãâ¨ ¥áâì �� ¤«ï ®¡ãç¥−¨ï, −� âà¥å ª®−ä¥à¥−æ¨ïå, ®â−¥á¥−−ëå −� ¤¥áïâì «¥â
®¤−� ®â ¤àã£®© (¢ë¡®àª� á®áâ�¢«¥−� ¯® §�£®«®¢ª�¬ ¤®ª«�¤®¢):

1994: ª®¬¯ìîâ¥à−�ï ¯à®£à�¬¬�, ¨−áâàã¬¥−â�«ì−ë© ¯�ª¥â, ¨á¯®«−¨â¥«ì, ª®¬-
¯ìîâ¥à, ¯¥àá®−�«ì−ë© ª®¬¯ìîâ¥à, ¯à®£à�¬¬−®-¬¥â®¤¨ç¥áª�ï á¨áâ¥¬�,
¯à®£à�¬¬−®-¬¥â®¤¨ç¥áª¨© ª®¬¯«¥ªá, ®¡ãç�îé�ï ¯à®£à�¬¬�, ¯à®£à�¬¬−®-
¯¥¤�£®£¨ç¥áª®¥ áà¥¤áâ¢® (��‘), −®¢�ï ¨−ä®à¬�æ¨®−−�ï â¥å−®«®£¨ï, ª®¬¯ì-
îâ¥à−�ï ¯®¤¤¥à¦ª�, ¨−áâàã¬¥−â�«ì−®¥ áà¥¤áâ¢®, ¨−áâàã¬¥−â�«ì−�ï á¨áâ¥¬�,
®¡ãç�îé�ï áà¥¤�, áà¥¤� ®¡ãç¥−¨ï, ¯�ª¥â ¯à®£à�¬¬, ª®¬¯ìîâ¥à−®¥ ®¡¥á¯¥ç¥-
−¨¥, £à�ä¨ç¥áª¨© à¥¤�ªâ®à, ¯à®£à�¬¬−�ï áà¥¤�, ª®¬¯ìîâ¥à−�ï «�¡®à�â®à−�ï
à�¡®â�, ®¡ãç�îé�ï ª®−âà®«¨àãîé�ï ¯à®£à�¬¬�, ª®¬¯ìîâ¥à−ë© ãç¥¡−ë©
ªãàá, ¨£à®¢®© ª®¬¯ìîâ¥à−ë© ª®¬¯«¥ªá;

2004: í«¥ªâà®−−®¥ ãç¥¡−®¥ ¨§¤�−¨¥, ª®¬¯ìîâ¥à−�ï ¯à®£à�¬¬�, ¯à®£à�¬¬−®¥
®¡¥á¯¥ç¥−¨¥, −®¢�ï ¨−ä®à¬�æ¨®−−�ï â¥å−®«®£¨ï, ¨−â¥à�ªâ¨¢−ë© ªãàá, ®¡à�-
§®¢�â¥«ì−�ï áà¥¤� −� ®á−®¢¥ ¤¨−�¬¨ç¥áª¨å á«�©¤-«¥ªæ¨©, ¬ã«ìâ¨¬¥¤¨©-
−ë© ãà®ª-¨£à�, ª®¬¯®−¥−â ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©, ¨−ä®à¬�æ¨®−−�ï
á¨áâ¥¬� ¤®ªã¬¥−â®®¡®à®â�, ¨−ä®à¬�æ¨®−−�ï â¥å−®«®£¨ï, ¯à®£à�¬¬−®-¬¥â®-
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� ¬¥å�−¨§¬¥ à¥�«¨§�æ¨¨ ª®í¢®«îæ¨®−−®© ¬®¤¥«¨ ¦¨§−¥−−®£® æ¨ª«� à�§à�¡®âª¨

¤¨ç¥áª¨© ª®¬¯«¥ªá, ¨−ä®à¬�æ¨®−−�ï á¨áâ¥¬�, ª®¬¯ìîâ¥à−�ï â¥å−®«®£¨ï,
¨−â¥à�ªâ¨¢−�ï ¬ã«ìâ¨¬¥¤¨©−�ï ¯à®£à�¬¬�, ª®¬¯ìîâ¥à−ë© âà¥−�¦¥à−ë©
ª®¬¯«¥ªá, á¨áâ¥¬� �¢â®¬�â¨§¨à®¢�−−®£® ¯à®¥ªâ¨à®¢�−¨ï, ãà®ª-â¥«¥ª®−ä¥-
à¥−æ¨ï, ¯à¥§¥−â�æ¨®−−�ï â¥å−®«®£¨ï, ¬®¤¥«¨àãîé�ï «�¡®à�â®à−�ï à�¡®-
â�, ¯à®£à�¬¬−ë© ª®¬¯«¥ªá, �¢â®¬�â¨§¨à®¢�−−ë© ª®¬¯ìîâ¥à−ë© ª®¬¯«¥ªá,
e-learning á¨áâ¥¬�, èª®«ì−ë© ª®¬¯ìîâ¥à−ë© âà¥−�¦¥à, ®¡ãç�îé�ï á¨áâ¥¬�,
�¤�¯â¨¢−�ï ®¡ãç�îé�ï á¨áâ¥¬�, ¨−áâàã¬¥−â�«ì−®¥ ¨−â¥««¥ªâã�«ì−®¥ ¯à®-
£à�¬¬−®¥ áà¥¤áâ¢®, í«¥ªâà®−−�ï ¯à¥§¥−â�æ¨ï, ¢¨àâã�«ì−�ï ¨−ä®à¬�æ¨®−−�ï
áà¥¤�;

2014: æ¨äà®¢®© ®¡à�§®¢�â¥«ì−ë© à¥áãàá (–�÷), í«¥ªâà®−−ë© ®¡à�§®¢�â¥«ì−ë©
à¥áãàá (��÷), ¨−â¥à−¥â-à¥áãàá, à¥áãàá ®−«�©−-®¡ãç¥−¨ï, £¨¯¥àâ¥ªáâ®¢ë©
®¡à�§®¢�â¥«ì−ë© à¥áãàá, á�©â, í«¥ªâà®−−®¥ ¨§¤�−¨¥, í«¥ªâà®−−ë© ãç¥¡−¨ª,
í«¥ªâà®−−®¥ ¯®á®¡¨¥, í«¥ªâà®−−ë© ãç¥¡−®-¬¥â®¤¨ç¥áª¨© ª®¬¯«¥ªá, áà¥¤áâ¢®
í«¥ªâà®−−®£® ®¡ãç¥−¨ï, ®¡à�§®¢�â¥«ì−ë© ¯à®¤ãªâ, ¯à®£à�¬¬�, ª®¬¯ìîâ¥à-
−�ï á¨áâ¥¬�, ®¡ãç�îé�ï áà¥¤�, ®¡ãç�îé�ï ¢¨¤¥®¨£à�, ¢¨àâã�«ì−�ï ¨£à®¢�ï
¬®¤¥«ì, �¢â®àáª®¥ áà¥¤áâ¢®, ¬ã«ìâ¨¬¥¤¨©−�ï «¥ªæ¨ï, æ¨äà®¢�ï «�¡®à�â®-
à¨ï, £à�ä¨ç¥áª¨© à¥¤�ªâ®à, á¨áâ¥¬� ¤¨−�¬¨ç¥áª®© £¥®¬¥âà¨¨, ¢¨¤¥®ª¢¥áâ,
ª®−áâàãªâ®à â¥ªáâ®¢, ¨−ä®à¬�æ¨®−−ë© à®«¨ª, ª®¬¯ìîâ¥à−�ï ¬®¤¥«ì, ¨−-
ä®à¬�æ¨®−−�ï á¨áâ¥¬�, áà¥¤áâ¢� ˆŠ’, ˆŠ’, ¨−ä®à¬�æ¨®−−�ï â¥å−®«®£¨ï,
ª®¬¯ìîâ¥à−�ï â¥å−®«®£¨ï.

‘«®¦−®áâì â¥à¬¨−®á¨áâ¥¬ë ¬®¦¥â á¢¨¤¥â¥«ìáâ¢®¢�âì ª�ª ® á«®¦−®áâ¨ ¯à¥¤-
¬¥â−®© ®¡«�áâ¨, â�ª ¨ ® á«®¦−ëå ¨ à�§¬ëâëå ®â−®è¥−¨ïå ¬¥¦¤ã �ªâ®à�¬¨,
¤¥©áâ¢ãîé¨¬¨ áã¡ê¥ªâ�¬¨. ‘ ¯®§¨æ¨© à�§à�¡®âç¨ª� ¤®áâ�â®ç−® «¥£ª® ¯à®á«¥-
¦¨¢�¥âáï í¢®«îæ¨ï ¡�§®¢®£® â¥à¬¨−� ú¯à®£à�¬¬�û ¢á«¥¤ §� í¢®«îæ¨¥© ¢ëç¨á«¨-
â¥«ì−®© â¥å−¨ª¨:

1994: ¯à®£à�¬¬−®-¯¥¤�£®£¨ç¥áª¨© ª®¬¯«¥ªá (¯à®£à�¬¬−®-¯¥¤�£®£¨ç¥áª®¥ áà¥¤-
áâ¢®) | ¤®áâ�â®ç−® ¯à®áâë¥ ¯¥àá®−�«ì−ë¥ ª®¬¯ìîâ¥àë, ®¡ê¥¤¨−¥−−ë¥ «®-
ª�«ì−®© á¥âìî;

2004: í«¥ªâà®−−®¥ ãç¥¡−®¥ ¨§¤�−¨¥ (í«¥ªâà®−−ë© ãç¥¡−¨ª, ¬ã«ìâ¨¬¥¤¨©−ë©
ãç¥¡−¨ª) | à¥�«¨§�æ¨ï â¥å−®«®£¨© ¬ã«ìâ¨¬¥¤¨� ¨ ª®¬¯�ªâ-¤¨áª ª�ª áà¥¤áâ¢®
¤®áâ�¢ª¨;

2014: í«¥ªâà®−−ë© (æ¨äà®¢®©) ®¡à�§®¢�â¥«ì−ë© à¥áãàá | ¥¤¨−®¥ ¨−ä®à¬�æ¨-
®−−®¥ ¯à®áâà�−áâ¢® −� ®á−®¢¥ ˆ−â¥à−¥â�.

‘®¢á¥¬ ¤àã£®¥ ¤¥«® | ¯®«ì§®¢�â¥«¨ ��, ¢ ®á−®¢−®¬ ¯¥¤�£®£¨ ¢ëáè¥£®
¨ áà¥¤−¥£® ®¡à�§®¢�−¨ï. �á−®¢−�ï ¬�áá� ¯à¨¢¥¤¥−−ëå â¥à¬¨−®¢ ¯®à®¦¤¥−�
¢ ¨å ¤¨áªãàá¥. —�áâì ¨§ −¨å | á¢®¥£® à®¤� �¤�¯â�æ¨ï â¥à¬¨−®«®£¨¨ à�§à�-
¡®âç¨ª®¢, ç�áâì | ¯à®¤ãªâ á®¡áâ¢¥−−®£® ¯®−¨¬�−¨ï à¥�«¨© ¯à¥¤¬¥â−®£® ¯®«ï.
�à®á�¥âáï ¢ £«�§� ®¡¨«¨¥ â¥à¬¨−®¢, ®¡®§−�ç�îé¨å, ª�ª á«¥¤ã¥â ¨§ ¤®ª«�¤®¢,
�� ¨ ¯®áâà®¥−−ëå ¯® ¯à¨−æ¨¯ã á¨−¥ª¤®å¨, â. ¥. ¨¬ï æ¥«®£® ®¡®§−�ç�¥â ç�áâì.
��¯à¨¬¥à, â¥à¬¨− ¨−ä®à¬�æ¨®−−®-ª®¬¬ã−¨ª�æ¨®−−�ï â¥å−®«®£¨ï ¡ë« ã¯®âà¥¡-
«ï¥¬, ª�ª ¯à�¢¨«®, ¨¬¥−−® ¢ á«ãç�ïå, ª®£¤� ¨¬¥«®áì ¢ ¢¨¤ã ��. ‚®â äà�£¬¥−â
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¤®ª«�¤� ãç¨â¥«ï [10, á. 110]: ú�® áà�¢−¥−¨î á âà�¤¨æ¨®−−®© ä®à¬®© ¢¥¤¥−¨ï
ãà®ª� ¨á¯®«ì§®¢�−¨¥ ˆŠ’ ¢ëá¢®¡®¦¤�¥â ¡®«ìè®¥ ª®«¨ç¥áâ¢® ¢à¥¬¥−¨, ª®â®à®¥
¬®¦−® ã¯®âà¥¡¨âì ¤«ï ¤®¯®«−¨â¥«ì−®£® ®¡êïá−¥−¨ï ¬�â¥à¨�«�. �� á¢®¨å ãà®ª�å
¢ æ¥«ïå à�§¢¨â¨ï â¢®àç¥áª¨å á¯®á®¡−®áâ¥© ï ¨á¯®«ì§ãî á«¥¤ãîé¨¥ ¢¨¤ë ˆŠ’:

{ ¯à¥§¥−â�æ¨ï | íâ® −�¨¡®«¥¥ à�á¯à®áâà�−¥−−ë© ¢¨¤ ¯à¥¤áâ�¢«¥−¨ï ¤¥¬®−-
áâà�æ¨®−−ëå ¬�â¥à¨�«®¢;

{ ®¡ãç�îé¨¥ ¨£àë ¨ à�§¢¨¢�îé¨¥ ¯à®£à�¬¬ë ¤«ï ¬«�¤è¨å èª®«ì−¨ª®¢;

{ ¤¨¤�ªâ¨ç¥áª¨¥ ¬�â¥à¨�«ë (¯à¥¤áâ�¢«¥−−ë¥ ¢ í«¥ªâà®−−®¬ ¢¨¤¥);

{ ¯à®£à�¬¬ë-âà¥−�¦¥àë;

{ í«¥ªâà®−−ë¥ ãç¥¡−¨ª¨, í−æ¨ª«®¯¥¤¨¨û.

‚ ¨§¢¥áâ−®¬ á¬ëá«¥ ¯®ï¢«¥−¨¥ ¨ ãª®à¥−¥−¨¥ â¥à¬¨−� í«¥ªâà®−−ë© (æ¨äà®¢®©)
®¡à�§®¢�â¥«ì−ë© à¥áãàá ¬®¦−® à�áá¬�âà¨¢�âì ª�ª ¡¥áá¨«¨¥ ç¥«®¢¥ç¥áª®£® ã¬�
¢ ¯®¨áª�å ®â¢¥â� −� ¢®¯à®á: ú—â® â�ª®¥ ª®¬¯ìîâ¥à−�ï ¯à®£à�¬¬� ¨«¨ �� ¤«ï
®¡ãç¥−¨ï?û

2.2 Краткая характеристика ситуации в отрасли разработки программного
обеспечения для обучения

“¦¥ ¯¥à¢¨ç−ë© �−�«¨§ â¥à¬¨−®«®£¨¨ ¯®ª�§ë¢�¥â, çâ® ®â−®è¥−¨ï ¬¥¦¤ã
à�§à�¡®âç¨ª�¬¨ �� ¨ ãç¨â¥«ï¬¨, ¥£® ¯®âà¥¡¨â¥«ï¬¨, ®â«¨ç�îâáï ®â, â�ª áª�§�âì,
ª«�áá¨ç¥áª¨å ®â−®è¥−¨© ¯à®£à�¬¬¨áâ{¯®«ì§®¢�â¥«ì. �−¨ £®à�§¤® á«®¦−¥¥.
�à®£à�¬¬� ¤«ï ®¡ãç¥−¨ï ¤«ï èª®«ë | íâ® −¥ ¯à®áâ® â®¢�à, ª®â®àë© ¬®¦−®
¢ë«®¦¨âì −� ¯à¨«�¢®ª.

‘«®¦−�ï ®¯¯®§¨æ¨ï ¯à®£à�¬¬¨áâ{ãç¨â¥«ì ¡ë«� §�¬¥ç¥−� ã¦¥ −� §�à¥ ¨−ä®à-
¬�â¨§�æ¨¨. ‚®â, −�¯à¨¬¥à, ç¥âª�ï ¨ «�ª®−¨ç−�ï ä®à¬ã«¨à®¢ª� ¤�−−®© ¯à®¡«¥¬ë
¢ ª®−æ¥ 1980-å ££. [11, á. 6]: ú�à®£à�¬¬−ë¥ áà¥¤áâ¢� ãç¥¡−®£® −�§−�ç¥−¨ï ¬®£ãâ
á®§¤�¢�âìáï á«¥¤ãîé¨¬¨ á¯®á®¡�¬¨:

1. �à®£à�¬¬−®¥ áà¥¤áâ¢® á®§¤�¥âáï ¯à®£à�¬¬¨áâ®¬ | −¨§ª®¥ ª�ç¥áâ¢® á â®çª¨
§à¥−¨ï ¯¥¤�£®£¨ª¨.

2. �à®£à�¬¬−®¥ áà¥¤áâ¢® á®§¤�¥âáï ¯¥¤�£®£®¬ | −¨§ª®¥ ª�ç¥áâ¢® á â®çª¨ §à¥−¨ï
¯à®£à�¬¬¨áâ�.

3. �à®£à�¬¬−®¥ áà¥¤áâ¢® á®§¤�¥âáï ¯à¨ â¥á−®¬ ª®−â�ªâ¥ ¯¥¤�£®£� á ¯à®£à�¬¬¨-
áâ®¬ (áî¤� ¦¥ ®â−®á¨âáï á«ãç�© ¯¥¤�£®£�-¯à®£à�¬¬¨áâ�) | ª�ç¥áâ¢® ¢ëá®ª®¥,
−® −¥¤®áâ�â®ç−® ¡®«ìè®¥ ç¨á«® â�ª¨å ª®««¥ªâ¨¢®¢.

4. �à®£à�¬¬¨áâë á®§¤�îâ −¥ª®â®àë© ¯�ª¥â ¯à¨ª«�¤−ëå ¯à®£à�¬¬ (¢ −�è¥¬
¯®−¨¬�−¨¨ ¨−áâàã¬¥−â�«ì−®¥ áà¥¤áâ¢®), á ¯®¬®éìî ª®â®à®£® ¯¥¤�£®£-−¥-
¯à®£à�¬¬¨áâ ¢ á®áâ®ï−¨¨ áâà®¨âì âà¥¡ãîé¨¥áï ¯à®£à�¬¬−ë¥ áà¥¤áâ¢� |
¢®§¬®¦−®áâì ¬�áá®¢®© à�§à�¡®âª¨ ¯à®£à�¬¬−ëå áà¥¤áâ¢ ãç¥¡−®£® −�§−�ç¥-
−¨ï, −® §−�ç¨â¥«ì−ë¥, ¢ á¬ëá«¥ ¯à®£à�¬¬¨à®¢�−¨ï, á«®¦−®áâ¨ ¯® à�§à�¡®âª¥
á�¬¨å ¯à®£à�¬¬−ëå áà¥¤áâ¢û.
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„àã£¨¬¨ á«®¢�¬¨, à¥è¥−¨¥ ®¯¯®§¨æ¨¨ ¯à®£à�¬¬¨áâ{ãç¨â¥«ì ¯à¥¤¯®«�£�«®áì
®áãé¥áâ¢¨âì ¢ à�¬ª�å ¯�à�¤¨£¬ë ú�¢â®ä®à¬�«¨§�æ¨¨ §−�−¨©û ¨«¨ ú¯¥àá®−�«ì-
−ëå ¢ëç¨á«¥−¨©û ª�ª íâ�¯� à�§¢¨â¨ï ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©. ú�á−®¢−�ï
§�¤�ç� ¯¥àá®−�«ì−ëå ¢ëç¨á«¥−¨© | ä®à¬�«¨§�æ¨¨ ¯à®ä¥áá¨®−�«ì−ëå §−�−¨© |
¢ë¯®«−ï¥âáï, ª�ª ¯à�¢¨«®, ¯®«−®áâìî á�¬®áâ®ïâ¥«ì−® −¥¯à®£à�¬¬¨àãîé¨¬ ¯à®-
ä¥áá¨®−�«®¬ ¨«¨ ¯à¨ ¬¨−¨¬�«ì−®© â¥å−¨ç¥áª®© ¯®¤¤¥à¦ª¥ ¯à®£à�¬¬¨áâ�, ª®-
â®àë© ¢ íâ®¬ á«ãç�¥ ¨¬¥¥â ¢®§¬®¦−®áâì ¢ª«îç¨âìáï ¢ ¯à®æ¥áá ä®à¬�«¨§�æ¨¨
§−�−¨© â®«ìª® −� ¨−áâàã¬¥−â�«ì−®¬ ãà®¢−¥, ®áâ�¢«ïï −�¨¡®«¥¥ âàã¤−ãî ¤«ï
¥£® ¯®−¨¬�−¨ï á®¤¥à¦�â¥«ì−ãî ç�áâì §�¤�ç¨ á¯¥æ¨�«¨áâã ¢ ¤�−−®© ¯à¥¤¬¥â−®©
®¡«�áâ¨û [12, á. 99].

—â® ¦¥ ¬ë ¨¬¥¥¬ ¢ −�áâ®ïé¥¥ ¢à¥¬ï? �� ¯®¢¥àå−®áâ¨ ª�àâ¨−� ¢ë£«ï¤¨â á«¥-
¤ãîé¨¬ ®¡à�§®¬. ‘ ®¤−®© áâ®à®−ë, áãé¥áâ¢ã¥â àë−®ª �� ¤«ï ®¡ãç¥−¨ï, â®¢�à
−� −¥£® ¯®áâ�¢«ïîâ −¥áª®«ìª® á®äâ¢¥à−ëå ª®¬¯�−¨©, ª ª®â®àë¬ ¢ ¯®á«¥¤−¨¥ £®¤ë
¯à¨á®¥¤¨−ïîâáï ¨§¤�â¥«ìáâ¢� á í«¥ªâà®−−ë¬¨ ¯à¨«®¦¥−¨ï¬¨ ª â¥¬ ãç¥¡−¨ª�¬,
ª®â®àë¥ ®−¨ ¯¥ç�â�îâ. ‘ ¤àã£®© áâ®à®−ë, ˆ−â¥à−¥â ª�ª ¨−ä®à¬�æ¨®−−®¥ ®¡à�§®-
¢�â¥«ì−®¥ ¯à®áâà�−áâ¢® ¨¬¥¥â ¢ ¡¥á¯«�â−®¬ ¤®áâã¯¥ åà�−¨«¨é� ��÷ (¯® áãâ¨ |
�� ¤«ï ®¡ãç¥−¨ï), £¤¥ á®§¤�−−ë¥ ¯à®ä¥áá¨®−�«�¬¨ −� £®áã¤�àáâ¢¥−−ë¥ ¤¥−ì£¨
ª®««¥ªæ¨¨ á®á¥¤áâ¢ãîâ á ª®««¥ªæ¨ï¬¨ à¥áãàá®¢ á®æ¨�«ì−ëå á®®¡é¥áâ¢ ãç¨â¥«¥©,
¬�â¥à¨�«�¬¨ èª®«ì−ëå ¨ ãç¨â¥«ìáª¨å ¯¥àá®−�«ì−ëå á�©â®¢. �®«ãç�¥âáï, çâ®
¤¥ïâ¥«ì−®áâì ª®¬�−¤-à�§à�¡®âç¨ª®¢ £�à¬®−¨ç−® á®¥¤¨−ï¥âáï á �¢â®ä®à¬�«¨§ã-
îé¨¬¨ á¢®¨ §−�−¨ï ãç¨â¥«ï¬¨. �¤−�ª® ¯®¢¥àå−®áâ−ë© ¢§£«ï¤ −¥ ¯®§¢®«ï¥â
¢¥à−® ¯®−ïâì, −¨ ªâ® ¯®-−�áâ®ïé¥¬ã à�§à�¡�âë¢�¥â ¯à®£à�¬¬ë ¤«ï ®¡ãç¥−¨ï, −¨
¢ ª�ª®¬ á®áâ®ï−¨¨ −�å®¤¨âáï ®¯¯®§¨æ¨ï à�§à�¡®âç¨ª{ãç¨â¥«ì.

�à¨£«ï¤¨¬áï ª ¯à®£à�¬¬¨áâ�¬ à�§à�¡®âç¨ª�¬. Š�ª¨¥ â¨¯®¢ë¥ ª®¬�−¤ë
¯à¨−¨¬�«¨ ãç�áâ¨¥ ¢ à�§à�¡®âª¥ ¢ ¯à®æ¥áá¥ ¨−ä®à¬�â¨§�æ¨¨?

1988 (¯® ¤�−−ë¬ [13]):

1. ‘¯¥æ¨�«¨áâë á¯¥æ¨�«ì−ëå ®â¤¥«®¢ �ª�¤¥¬¨ç¥áª¨å ¨−áâ¨âãâ®¢, ®âà�á«¥¢ëå
¨−áâ¨âãâ®¢, −�ãç−®-¯à®¨§¢®¤áâ¢¥−−ëå ®¡ê¥¤¨−¥−¨©, ¢ëç¨á«¨â¥«ì−ëå æ¥−-
âà®¢.

2. Š®««¥ªâ¨¢ë ã−¨¢¥àá¨â¥â®¢, ¯¥¤�£®£¨ç¥áª¨å ¢ã§®¢, ®¡ê¥¤¨−ïîé¨¥ ¯¥¤�£®£®¢,
¨−¦¥−¥à®¢ ¨ áâã¤¥−â®¢.

3. Š®««¥ªâ¨¢ë ¨§ èª®«, ®¡ê¥¤¨−ïîé¨¥ ãç¨â¥«¥© ¨ èª®«ì−¨ª®¢.

4. �¥§�¢¨á¨¬ë¥ �¢â®àë, á�¬®áâ®ïâ¥«ì−® ¯à¥¤áâ�¢«ïîé¨¥ á¢®î à�¡®âã (¯®«ì-
§ãïáì ä®à¬ã«®© ˆ«ìä� ¨ �¥âà®¢� | úªãáâ�à¨-®¤¨−®çª¨ á ¬®â®à®¬û (á ª®¬-
¯ìîâ¥à®¬)).

2008 (¯® ¤�−−ë¬ ®¡ �¢â®à�å …¤¨−®© ª®««¥ªæ¨¨ ®¡à�§®¢�â¥«ì−ëå à¥áãàá®¢):

1. ‘¯¥æ¨�«¨áâë ®â¤¥«®¢ ¬¥¤¨�¨§¤�â¥«ìáâ¢ ¨ ª−¨¦−ëå ¨§¤�â¥«ìáâ¢.

2. �à®£à�¬¬¨áâë ª®¬¬¥àç¥áª¨å ä¨à¬.

3. Š®««¥ªâ¨¢ë ª�ä¥¤à ¢ã§®¢.
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4. ‘¯¥æ¨�«¨áâë −�ãç−®-¨áá«¥¤®¢�â¥«ìáª¨å ¨−áâ¨âãâ®¢.

5. �¥§�¢¨á¨¬ë¥ �¢â®àë.

�−�«¨§ ¢ëï¢¨« ¤�«ì−¥©èãî £à�¤�æ¨î ¤«ï ª�ä¥¤à ¢ã§®¢:

(1) úà®ááë¯ì â�«�−â®¢û: ¨−áâ¨âãâáª¨¥ ¯à¥¯®¤�¢�â¥«¨ á −�ãç−ë¬¨ ¨−â¥à¥á�¬¨
¢ â®© ¨«¨ ¨−®© ®¡«�áâ¨, ¯à¨®¡é¨¢è¨¥áï ª ª®¬¯ìîâ¥à−ë¬ â¥å−®«®£¨ï¬
¨ á¯®á®¡−ë¥ á�¬®áâ®ïâ¥«ì−® à¥�«¨§®¢�âì ¨¤¥¨ ¯® ¯à¨¬¥−¥−¨î ª®¬¯ìîâ¥à�
¢ ®¡ãç¥−¨¨. “áâ®©ç¨¢ë© ¨−â¥à¥á ª ª®¬¯ìîâ¥à−ë¬ â¥å−®«®£¨ï¬ ¢ ®¡ãç¥−¨¨
à¥�«¨§ã¥âáï ¢ ä®à¬¥ á¢®¥®¡à�§−®£® å®¡¡¨. �á−®¢−®© à¥§ã«ìâ�â ¤¥ïâ¥«ì−®áâ¨
¨¬¥¥â ä®à¬ã äà�£¬¥−â�à−ëå à�§à�¡®â®ª â¨¯� ãç¥¡−ëå ¬®¤ã«¥©, –�÷;

(2) úà®ááë¯ì â�«�−â®¢û ¨ ª�ä¥¤à� ˆŠ’: à�§à�¡®âç¨ª¨ ��÷ ¯® à®¤ã ¯à®ä¥á-
á¨®−�«ì−®© ¤¥ïâ¥«ì−®áâ¨ ®ª�§�«¨áì ¤�«¥ª¨ ®â ª®¬¯ìîâ¥à� ¢ á¬ëá«¥ «¨ç−®£®
¢«�¤¥−¨ï −�¢ëª�¬¨ à�¡®âë −� −¥¬. ‚ ¯®¬®éì ¯à¨¢«¥ª�îâáï á®âàã¤−¨ª¨ ¨«¨
«�¡®à�−âë á¯¥æ¨�«¨§¨à®¢�−−ëå ¯®¤à�§¤¥«¥−¨©, −�¯à¨¬¥à ª�ä¥¤àë ˆŠ’;

(3) �¢â®àë ãç¥¡−¨ª� ¨ à�§à�¡®âç¨ª¨ −�¡®à� –�÷ ª ãç¥¡−¨ªã ¢ ®¤−®¬ ¢ã§¥;

(4) �¢â®àë ãç¥¡−¨ª� ¢ ¢ã§¥, –�÷ ¤¥«�îâ áâ®à®−−¨¥ ®à£�−¨§�æ¨¨;

(5) ¬ã«ìâ¨¬¥¤¨�«�¡®à�â®à¨¨ ¢ ¢ã§¥: á¯¥æ¨�«¨§¨à®¢�−−ë¥ ¯®¤à�§¤¥«¥−¨ï ¢−ãâ-
à¨ ¢ã§�, £¤¥ ¯à¥¯®¤�¢�â¥«¨ à�¡®â�îâ ¯®¬¨¬® ®á−®¢−®© ¤¥ïâ¥«ì−®áâ¨ −�
ª�ä¥¤à¥;

(6) ¬ã«ìâ¨¬¥¤¨�-æ¥−âàë −� áâ®à®−¥. �à¥¯®¤�¢�â¥«¨ à¥�«¨§ãîâ á¢®© ¨−â¥à¥á
ª ª®¬¯ìîâ¥à�¬ −¥ ¢ à�¬ª�å ®à£�−¨§�æ¨®−−ëå áâàãªâãà ¢−ãâà¨ ¢ã§�, � −�
¡�§¥ −¥§�¢¨á¨¬ëå áâàãªâãà, ¢®§¬®¦−®, ¨¬¨ ¦¥ á®§¤�−−ëå;

(7) ¤¨áâ�−æ¨®−−ë¥ ¯à®ä¨«ì−ë¥ èª®«ë ¯à¨ ¢ã§�å.

Š ¯¥à¥ç−î 2008 £. −¥®¡å®¤¨¬® ¤®¡�¢¨âì ãç¨â¥«¥© ¨ èª®«ì−¨ª®¢, ¤¥ïâ¥«ì−®áâì
ª®â®àëå ®âç¥â«¨¢® ¯à®ï¢«ï¥âáï ¢ ¬�â¥à¨�«�å ª®−ä¥à¥−æ¨© ¯® ¢®¯à®á�¬ ¨−ä®à-
¬�â¨§�æ¨¨ ®¡à�§®¢�−¨ï. ’�ª¨¬ ®¡à�§®¬, áâàãªâãà� á®®¡é¥áâ¢� à�§à�¡®âç¨ª®¢
¤®¢®«ì−® á«®¦−� ¨, ª�ª ¯®ª�§ë¢�¥â áà�¢−¥−¨¥ 1988 ¨ 2008 ££., ¡ë«� â�ª®¢®© −�
¢á¥¬ ¯à®âï¦¥−¨¨ ¨−ä®à¬�â¨§�æ¨¨.

‘¨âã�æ¨ï ¢ ®âà�á«¨ à�§à�¡®âª¨ �� ¤«ï ®¡ãç¥−¨ï ¬®¦¥â ¡ëâì ¢ æ¥«®¬
®å�à�ªâ¥à¨§®¢�−� á«¥¤ãîé¨¬¨ ¯®«®¦¥−¨ï¬¨:

1. ‘¨áâ¥¬�â¨ç¥áª®¥, åà®−¨ç¥áª®¥ −¥¤®ä¨−�−á¨à®¢�−¨¥ ï¢«ï¥âáï ¤�¦¥ −¥ ¯à®¡-
«¥¬®©, � ª®−â¥ªáâ®¬ áãé¥áâ¢®¢�−¨ï (¦�à� ¢ ¯ãáâë−¥ ¨«¨ ¬®à®§ ¢ âã−¤à¥)
®âà�á«¨.

2. ÷ë−®ª, −� ª®â®àë© ¢ëå®¤ïâ à�§à�¡®âç¨ª¨, | íâ® −¥ ª«�áá¨ç¥áª¨© àë−®ª
§�ª®−ç¥−−ëå â®¢�à®¢ (â®¢�à + ¨−áâàãªæ¨ï −� ¯ïâ−�¤æ�â¨ ï§ëª�å), � áª®-
à¥¥ àë−®ª ¢ëá®ª®â¥å−®«®£¨ç−®£® ®¡®àã¤®¢�−¨ï. ‘�¬®®ªã¯�¥¬®áâì §¤¥áì,
¢¨¤¨¬®, −¥¢®§¬®¦−� ¡¥§ ¬®é−ëå ¯à®£à�¬¬ £®áã¤�àáâ¢¥−−®© ¯®¤¤¥à¦ª¨.

‚ â�ª¨å áãà®¢ëå ãá«®¢¨ïå ¢ë¦¨¢�îâ «¨èì í−âã§¨�áâë ¨ ã¢«¥ç¥−−ë¥ ¡¥á-
áà¥¡à¥−¨ª¨, çìï í−¥à£¨ï ¨ ï¢«ï¥âáï £«�¢−ë¬ à¥áãàá®¬ à�§¢¨â¨ï ®âà�á«¨ �� ¤«ï
®¡ãç¥−¨ï. �à¨å®¤ïâ £®¤ë âãç−ë¥, ¯®ï¢«ï¥âáï £®áã¤�àáâ¢¥−−ë© §�ª�§, ¨ ¢®ªàã£
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−¨å £àã¯¯¨àãîâáï ª®¬�−¤ë ¨§ í−âã§¨�áâ� (¨«¨ £àã¯¯ë í−âã§¨�áâ®¢) ¨ ¢à¥¬¥−−ëå
¯®¬®é−¨ª®¢. �à¨å®¤ïâ £®¤ë â®é¨¥, ¨ ®−¨ á−®¢� ¢ ®¤¨−®ç¥áâ¢¥ ¯à®¤®«¦�îâ
á¢®î â¢®àç¥áªãî à�¡®âã. —�áâ® ®−¨ ¤¥©áâ¢ãîâ á�¬¨ ¯® á¥¡¥, −®, ª�ª ¯à�¢¨«®, ¨å
¯à¨¢«¥ª�îâ ª à�¡®â¥ ä¨à¬ë ¨ ¨§¤�â¥«ìáâ¢�, ¢ë¯ãáª�ï ¢ á¢¥â ¨å âàã¤ ¯®¤ á¢®¨¬
â®à£®¢ë¬ §−�ª®¬.

—â®¡ë í−âã§¨�§¬ −¥ ¢ë£®à¥« ¤®â«�, ®− ¤®«¦¥− ¡ëâì ¯®¤¤¥à¦�−. � ¤«ï íâ®£®
−¥®¡å®¤¨¬® ¯®−ïâì, ª�ª®£® à®¤� ¯à®¡«¥¬ë −ã¦−® à¥è¨âì ¢ ®âà�á«¨ à�§à�¡®âª¨
�� ¤«ï ®¡ãç¥−¨ï.

2.3 Каноническая схема жизненного цикла программного обеспечения

—â®¡ë áä®à¬ã«¨à®¢�âì ¯à¥¤áâ�¢«¥−¨¥ ® ¯à®¡«¥¬�å, −¥®¡å®¤¨¬® ¢ë¡à�âì
â®çªã ®âáç¥â�. ‚ ª�ç¥áâ¢¥ â�ª®© â®çª¨ ®âáç¥â� ¨«¨ −®à¬ë, ª®â®à®© ¬®¦−® ¯®¢¥-
à¨âì á¨âã�æ¨î ¢ ®â¥ç¥áâ¢¥−−®© ®âà�á«¨ à�§à�¡®âª¨ �� ¤«ï ®¡ãç¥−¨ï, ¢®§ì¬¥¬
ª®−æ¥¯æ¨î ¦¨§−¥−−®£® æ¨ª«� ¯à®£à�¬¬ë.

‘ç¨â�¥âáï, çâ® ¤® −�ç�«� 1980-å ££. ¯à®£à�¬¬¨à®¢�−¨¥ ¡ë«® áª®à¥¥ à¥¬¥á-
«®¬ ¨ ¨áªãááâ¢®¬, ç¥¬ ¯à®¬ëè«¥−−®© ¯à®ä¥áá¨¥© [14]. �¤−�ª® £à®¬�¤−ë©
à®áâ ¯®âà¥¡−®áâ¨ ¢ ¯à®£à�¬¬�å ¨ ¯®¢ëè¥−¨¥ æ¥−ë ®è¨¡ª¨ ¯à®£à�¬¬¨áâ� ¯®
¬¥à¥ −�à�áâ�−¨ï ¨−â¥−á¨¢−®áâ¨ ¯à®æ¥áá� ¨−ä®à¬�â¨§�æ¨¨ á−�ç�«� ¯à®¬ëè«¥−-
−®áâ¨, íª®−®¬¨ª¨, � §�â¥¬ ¨ ¢á¥£® ®¡é¥áâ¢�, ¯®âà¥¡®¢�« ¯¥à¥á¬®âà� ¢§£«ï¤®¢ −�
®à£�−¨§�æ¨î âàã¤� ¯à®£à�¬¬¨áâ®¢. �®ï¢¨«¨áì ¨ −�ç�«¨ à¥£ã«ïà−® ®¡−®¢«ïâì-
áï ¨ ¯¥à¥¨§¤�¢�âìáï âàã¤ë ¯® −�ãç−®© ®à£�−¨§�æ¨¨ ¯à®æ¥áá� à�§à�¡®âª¨ ��.
�ä®à¬¨«®áì ¯à¥¤áâ�¢«¥−¨¥ ® ¦¨§−¥−−®¬ æ¨ª«¥ ¯à®£à�¬¬ë, ª®â®àë© ¢ª«îç�¥â
á«¥¤ãîé¨¥ íâ�¯ë:

(1) ¯®áâ�−®¢ª� §�¤�ç¨, ä®à¬ã«¨à®¢ª� âà¥¡®¢�−¨©;

(2) ¨áá«¥¤®¢�−¨¥ ¯à®¡«¥¬−®© ®¡«�áâ¨, à�§à�¡®âª� ¯à®¥ªâ�;

(3) ¯à®£à�¬¬¨à®¢�−¨¥, ®â«�¤ª�;

(4) â¥áâ¨à®¢�−¨¥, ¤®à�¡®âª� ¯® à¥§ã«ìâ�â�¬ â¥áâ¨à®¢�−¨ï;

(5) á®¯à®¢®¦¤¥−¨¥, ¤®à�¡®âª� ¢ ¯à®æ¥áá¥ íªá¯«ã�â�æ¨¨;

(6) ä®à¬¨à®¢�−¨¥ âà¥¡®¢�−¨© −� ¯¥à¥à�¡®âªã.

•®âï ¢−¨¬�−¨¥ ¡®«ìè¨−áâ¢� �¢â®à®¢ ¬®−®£à�ä¨© ¨ ãç¥¡−¨ª®¢ [15, 16], ¯®-
á¢ïé¥−−ëå à�§à�¡®âª¥ ��, á®áà¥¤®â®ç¥−® −� ¯¥à¢ëå íâ�¯�å ¦¨§−¥−−®£® æ¨ª«�,
áãé¥áâ¢ã¥â â�ª¦¥ ®¡è¨à−�ï «¨â¥à�âãà�, ®à¨¥−â¨à®¢�−−�ï −� ®á®¡¥−−®áâ¨ íâ�-
¯� á®¯à®¢®¦¤¥−¨ï [17]. �â®â íâ�¯ ¯à¨§−�¥âáï áâ®«ì ¢�¦−ë¬, çâ® ¯à¥¤«�£�¥âáï
¢ë¤¥«ïâì ¢ ª®¬�−¤¥ á¯¥æ¨�«¨áâ�, ®â¢¥âáâ¢¥−−®£® ¨áª«îç¨â¥«ì−® §� á®¯à®¢®¦¤¥-
−¨¥. ‚ ¯à®æ¥áá¥ á®¯à®¢®¦¤¥−¨ï ¢ ª�−®−¨ç¥áª®© áå¥¬¥ ¯à®¨áå®¤¨â −�ª®¯«¥−¨¥
âà¥¡®¢�−¨© ª ®¡−®¢«¥−¨î ¯à®£à�¬¬ë.

‘âà¥¬¨â¥«ì−®¥ à�§¢¨â¨¥ ¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨ ¢ í¯®åã ¯¥àá®−�«ì−ëå
ª®¬¯ìîâ¥à®¢ âà�−áä®à¬¨à®¢�«® ¨áå®¤−ãî áå¥¬ã ¦¨§−¥−−®£® æ¨ª«�. ’¥®à¨ï
í¢®«îæ¨¨ �� [18, 19], ¯à¥¦¤¥ ¯à¨¬¥−ï¢è�ïáï ª ¡®«ìè¨¬ ¯à®£à�¬¬−ë¬ á¨á-
â¥¬�¬, â¥¯¥àì ¬®¦¥â ¡ëâì à�á¯à®áâà�−¥−� ¯à�ªâ¨ç¥áª¨ −� ¢á¥ ��. �¢®«îæ¨ï,
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â. ¥. ¢ë¯ãáª ®¡−®¢«¥−−ëå ¢¥àá¨© áâ�à®© ¯à®£à�¬¬ë, ¯à®¨áå®¤¨â ¯® −¥áª®«ìª¨¬
ª«îç¥¢ë¬ ¯à¨ç¨−�¬. �¡−®¢¨¢è�ïáï â¥å−¨ç¥áª�ï ¡�§� áâ¨¬ã«¨àã¥â −¥¯à¥àë¢−®¥
ã£«ã¡«¥−¨¥ ¯à¥¤áâ�¢«¥−¨ï ® ¯à®¡«¥¬−®© ®¡«�áâ¨, ¤«ï ª®â®à®© ¯à¥¤−�§−�ç¥−�
¯à®£à�¬¬�, çâ® ¯à¨¢®¤¨â ª à¥�«¨§�æ¨¨ −®¢ëå äã−ªæ¨© ¢ ¯à®£à�¬¬¥. �à¨ −¥¨§-
¬¥−−ëå äã−ªæ¨ïå ¬®¦¥â á®¢¥àè¥−áâ¢®¢�âìáï ¨−â¥àä¥©á ¢§�¨¬®¤¥©áâ¢¨ï á ¯®«ì-
§®¢�â¥«¥¬. ��ª®−¥æ, ¯à¨ −¥¨§¬¥−−ëå äã−ªæ¨ïå ¨ −¥¬¥−ïîé¥¬áï ¨−â¥àä¥©á¥
¬®£ãâ ®¯â¨¬¨§¨à®¢�âìáï à¥áãàáë ¯à®£à�¬¬ë. ‚á¥ íâ® ®§−�ç�¥â, çâ® ¢ à�¡®-
âã ¯® á®¯à®¢®¦¤¥−¨î ¤®«¦¥− ¢ª«îç�âìáï ¨ ¯®«ì§®¢�â¥«ì ¯à®£à�¬¬ë, ª®â®à®¬ã
−¥®¡å®¤¨¬® ®âá«¥¦¨¢�âì ¯à®¨áå®¤ïé¨¥ ¨§¬¥−¥−¨ï ¨ ¯à®¥æ¨à®¢�âì ¨å −� á¢®î ¤¥-
ïâ¥«ì−®áâì. „àã£¨¬¨ á«®¢�¬¨, ¯® ¬¥à¥ áâ�−®¢«¥−¨ï ¨−ä®à¬�æ¨®−−®£® ®¡é¥áâ¢�
¨ à®áâ� ¨−ä®à¬�æ¨®−−®© ¨ â¥å−®ªã«ìâãàë í«¥¬¥−â®¬ íâ®© ªã«ìâãàë áâ�−®¢¨âáï
¨−â¥à¥á ª −®¢®áâï¬ ¢ â®© ®¡«�áâ¨ ��, −� ª®â®à®© áâà®¨âáï ¨−ä®à¬�æ¨®−−�ï
à�¡®â� ¯®«ì§®¢�â¥«ï.

�¥®¡å®¤¨¬® ®â¬¥â¨âì, çâ®, ¯®áª®«ìªã ª�−®−¨ç¥áª�ï áå¥¬� ¢ æ¥«®¬ ®à¨¥−â¨-
à®¢�−� −� ¯à®£à�¬¬ã ª�ª â®¢�à−ë© ¯à®¤ãªâ, ¢ −¥© −¥ ¯à¥¤ãá¬®âà¥−® ¯à®æ¥¤ãà
á¨áâ¥¬�â¨ç¥áª®£® ¢§�¨¬®¤¥©áâ¢¨ï ¯®«ì§®¢�â¥«¥© ¨ ¯à®£à�¬¬¨áâ®¢. ’�ª¨¥ ¢§�¨-
¬®¤¥©áâ¢¨ï å®âï ¨ ¯®¤à�§ã¬¥¢�îâáï, ®¤−�ª® ¨¬¥îâ å�à�ªâ¥à ®â¤¥«ì−ëå �ªæ¨©.

3 Формулировка проблем

Š�ª ¡ë«® ®â¬¥ç¥−®, ®âà�á«ì à�§à�¡®âª¨ �� ¤«ï ®¡ãç¥−¨ï äã−ªæ¨®−¨àã¥â
¢ ãá«®¢¨ïå åà®−¨ç¥áª®£® −¥¤®ä¨−�−á¨à®¢�−¨ï. �à¨ íâ®¬ ®¡ãç¥−¨¥ ï¢«ï¥â-
áï ®¤−¨¬ ¨§ á«®¦−¥©è¨å ¢¨¤®¢ ¤¥ïâ¥«ì−®áâ¨. �¥¤�£®£¨ç¥áª�ï −�ãª� ¯®ª� −¥
¨áá«¥¤®¢�«� ¥£® ¤® â�ª®© áâ¥¯¥−¨, çâ®¡ë ®â−®á¨â¥«ì−® ¯à®áâ® à�§«¨ç�âì á®¤¥à-
¦�â¥«ì−ãî ¨ ¤¨¤�ªâ¨ç¥áªãî áâ®à®−ã íâ®£® ¯à®æ¥áá�. ‚áïª¨© à�§ á®¥¤¨−¥−¨¥
ãç¥¡−®£® ¬�â¥à¨�«� á® á¯®á®¡®¬ ¥£® ¯®¤�ç¨ ï¢«ï¥âáï ¨áªãááâ¢®¬. ‚ íâ®¬ ª«îç¥-
¢�ï ¯à®¡«¥¬� á«®¦−®áâ¨ ¯à¥¤¬¥â−®© ®¡«�áâ¨. Šà®¬¥ â®£®, à�§−®®¡à�§¨¥ ãá«®¢¨©
®¡ãç¥−¨ï ¨ à�§«¨ç¨¥ ª�ç¥áâ¢� ãç�áâ−¨ª®¢ íâ®£® ¯à®æ¥áá� ¤¥«�¥â −¥à�§à¥è¨¬®©
§�¤�çã ®¤−®§−�ç−®£® ¬¥â®¤¨ç¥áª®£® ®¯¨á�−¨ï. Š�ª á«¥¤áâ¢¨¥ | á¯¥ªâà ¯à®¡«¥¬
à�§à�¡®âç¨ª� ¨ ¯®«ì§®¢�â¥«ï-ãç¨â¥«ï.

�à®¡«¥¬ë à�§à�¡®âç¨ª�:

1. ’®ç−®áâì ¯®áâ�−®¢ª¨ §�¤�ç¨.

2. ÷�§à�¡®âª� £à�¬®â−®£® ¬¥â®¤¨ç¥áª®£® ®¡¥á¯¥ç¥−¨ï.

3. �à¨¢ï§ª� á¨âã�æ¨¨ ª à�§−®®¡à�§−ë¬ á¨âã�æ¨ï¬ ¨ ãá«®¢¨ï¬ ¯à¨¬¥−¥−¨ï.

4. ‘®¯à®¢®¦¤¥−¨¥, −�«¨ç¨¥ á¨« ¨ ¢®§¬®¦−®áâ¥© ¤«ï £à�¬®â−®£® à¥è¥−¨ï §�-
¤�ç¨.

ƒ«�¢−�ï ¯à®¡«¥¬� à�§à�¡®âç¨ª� �� ¤«ï ®¡ãç¥−¨ï | ®− −¥ ®¡«�¤�¥â à¥áãàá�¬¨
¤«ï ¯®«−®æ¥−−®© à¥�«¨§�æ¨¨ ª�−®−¨ç¥áª®© áå¥¬ë ¦¨§−¥−−®£® æ¨ª«�.

�à®¡«¥¬ë ãç¨â¥«ï:

1. �¢«�¤¥−¨¥ ¢®§¬®¦−®áâï¬¨ �� ¯à¨ −¥¤®áâ�â®ç−®© ¯®¬®é¨ à�§à�¡®âç¨ª�
(ã ª®â®à®£® −� íâã ¯®¬®éì −¥â à¥áãàá®¢).
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2. �¤�¯â�æ¨ï ¢®§¬®¦−®áâ¥© �� ª ª®−ªà¥â−®© á¨âã�æ¨¨ ¢ á¨«ã −¥¤®áâ�â®ç−®©
á®¡áâ¢¥−−®© ª¢�«¨ä¨ª�æ¨¨ ¨«¨ ®á®¡®© á«®¦−®áâ¨ á¨âã�æ¨¨.

3. ÷�§à�¡®âª� ¯¥¤�£®£¨ç¥áª®© â¥å−®«®£¨¨ −� ®á−®¢�−¨¨ ¨á¯®«ì§®¢�−¨ï ¢®§¬®¦-
−®áâ¥© ¨¬¥îé¥©áï ¯à®£à�¬¬ë.

ƒ«�¢−�ï ¯à®¡«¥¬� ãç¨â¥«ï | ®− −¥ ®¡«�¤�¥â à¥áãàá�¬¨ ¤«ï ¤¥â�«ì−®£®
¨ ¤®áâ�â®ç−® á�¬®áâ®ïâ¥«ì−®£® ã£«ã¡«¥−¨ï ¢ ¯à®£à�¬¬ã ¨ ¥¥ ¢®§¬®¦−®áâ¨.

‡�¬¥â¨¬, çâ® ¯à¨ −¥å¢�âª¥ ¬�â¥à¨�«ì−ëå à¥áãàá®¢ á¨âã�æ¨ï ®âç�áâ¨ ¨á¯à�¢-
«ï¥âáï, � ¯à®¡«¥¬ë à¥è�îâáï §� áç¥â £«�¢−®£® ç¥«®¢¥ç¥áª®£® à¥áãàá� | ¢à¥¬¥−¨
¦¨§−¨.

ˆ, −�ª®−¥æ, ¢ ãá«®¢¨ïå ®£à�−¨ç¥−−®áâ¨ ¬�â¥à¨�«ì−ëå à¥áãàá®¢ −¥®¡å®¤¨¬®
ª®¬¯¥−á¨à®¢�âì à�¡®âã í−âã§¨�áâ� å®âï ¡ë â¥¬, çâ® ®− ¯®«ãç�¥â ã¤®¢«¥â¢®à¥−¨¥
®â ¢¨¤� à¥§ã«ìâ�â®¢ á¢®¥£® âàã¤� | ¯à®¡«¥¬� ú®¡à�â−®© á¢ï§¨û, ¢�¦−�ï −¥
â®«ìª® ¤«ï à�§à�¡®âç¨ª�, −® ¨ ¤«ï ¯®«ì§®¢�â¥«ï.

4 Коэволюционная схема жизненного цикла программного
обеспечения

4.1 Разрешение оппозиции программист–учитель

�à¥¤¯®«®¦¥−¨¥ ® â®¬, çâ® ãç¨â¥«ì ¤®«¦¥− (¨«¨ ¬®¦¥â) ¢ëáâã¯�âì ¢ à®«¨ ¯à®-
£à�¬¬¨áâ�-à�§à�¡®âç¨ª�, ª�ª ª�¦¥âáï, ¯®¤â¢¥à¦¤�¥âáï ¦¨§−¥−−®© ¯à�ªâ¨ª®©.
Š®«¨ç¥áâ¢® ��÷, ª®â®àë¥ ãç¨â¥«ï ¢ë«®¦¨«¨ ¢ ˆ−â¥à−¥â, ¥¤¢� «¨ ãáâã¯�¥â,
� ¢®§¬®¦−®, ¨ ¯à¥¢®áå®¤¨â ª®«¨ç¥áâ¢® à¥áãàá®¢, á®§¤�−−ëå ¯à®ä¥áá¨®−�«ì−ë¬¨
à�§à�¡®âç¨ª�¬¨. �¤−�ª® íâ®â ä�ªâ, −� ¢§£«ï¤ �¢â®à�, «¨èì §�â¥¬−ï¥â ¨áâ¨−−®¥
¯®«®¦¥−¨¥ ¢¥é¥©. �¥á®¬−¥−−®, áãé¥áâ¢ãîâ ãç¨â¥«ï, ¨ ¨å −¥¬�«®, ª®â®àë¥ −�
¢¯®«−¥ ¯à®ä¥áá¨®−�«ì−®¬ ãà®¢−¥ ®á¢®¨«¨ à¥¬¥á«® à�§à�¡®âç¨ª�. �−¨ ¬®£ãâ
á®§¤�¢�âì ¢¯®«−¥ ª®−ªãà¥−â®á¯®á®¡−ë¥ ¯à®£à�¬¬ë. �â® −¥ ¬¥−ï¥â áãâ¨ ¤¥«�,
ª®â®à�ï á®áâ®¨â ¢ â®¬, çâ® ãç¨â¥«ì, ¢ª«îç�ïáì ¢ ¯à®æ¥áá ¨−ä®à¬�â¨§�æ¨¨, ¢å®¤¨â
âã¤� á® á¢®¥© ®á®¡®© à®«ìî.

� ¯à�¢®¬¥à−®áâ¨ ¨á¯®«ì§®¢�−¨ï â¥à¬¨−� ¯¥¤�£®£¨ç¥áª�ï â¥å−®«®£¨ï ¤¨áªãá-
á¨ï ¢ ¯¥¤�£®£¨ç¥áª®¬ á®®¡é¥áâ¢¥ ¥é¥ ¯à®¤®«¦�¥âáï. “ −¥£® ¬−®£® ¯à®â¨¢−¨ª®¢.
‚ ¤�−−®¬ á«ãç�¥ ¢�¦−®, çâ® â¥å−®«®£¨ï | ã−¨¢¥àá�«ì−ë© á¯®á®¡ ®¯¨á�−¨ï á«®¦-
−®£® ¯à®æ¥áá� ¯® è�£�¬. ’®£¤� ¯¥¤�£®£¨ç¥áª�ï â¥å−®«®£¨ï | ®¯¨á�−¨¥ ¯¥¤�£®-
£¨ç¥áª®£® ¯à®æ¥áá� ¨«¨ ¯à®æ¥áá� ®¡ãç¥−¨ï. ‡�¤�ç� ãç¨â¥«ï á®áâ®¨â ¢ â®¬, çâ®¡ë
á¯à®¥ªâ¨à®¢�âì íâ®â ¯à®æ¥áá á ¢ª«îç¥−¨¥¬ ¢ −¥£® ˆŠ’. ”�ªâ¨ç¥áª¨ ¯¥¤�£®£¨-
ç¥áª¨© ¯à®æ¥áá á®¥¤¨−ï¥âáï á ¨−ä®à¬�æ¨®−−®-ª®¬¬ã−¨ª�æ¨®−−ë¬ ¯à®æ¥áá®¬,
¯®¤¤¥à¦�−−ë¬ â¥å−¨ç¥áª¨¬¨, ¯à®£à�¬¬−ë¬¨ ¨ ¨−ä®à¬�æ¨®−−ë¬¨ à¥áãàá�¬¨.

‚ ¨¤¥�«¥ ãç¨â¥«ì ¯à¨¢«¥ª�¥â −¥ª®â®à®¥ �� ¤«ï ®¡ãç¥−¨ï ¢ ª�ç¥áâ¢¥ ¨−ä®à¬�-
æ¨®−−®© á¨áâ¥¬ë, ®á−®¢ë ¯à®æ¥áá�. �® ¤�¦¥ â¥®à¥â¨ç¥áª¨ −¥ áãé¥áâ¢ã¥â â�ª®£®
��, ª®â®à®¥ ¨¤¥�«ì−® ¢¯¨á�«®áì ¡ë ¢ ú«�−¤è�äâû ãà®ª�. �¥®¡å®¤¨¬� ¯à¨¢ï§ª�
ª ¬¥áâ−®áâ¨. ’�ª�ï ¯à¨¢ï§ª� ¬®¦¥â ¡ëâì −�§¢�−� �¤�¯â�æ¨¥©. ‘ãé¥áâ¢ã¥â âà¨
â¨¯� �¤�¯â�æ¨¨:
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(1) ¯�à�¬¥âà¨ç¥áª�ï | ¯ãâ¥¬ −�áâà®©ª¨ ¯�à�¬¥âà®¢;

(2) ¬®¤ã«ì−�ï | ¯ãâ¥¬ ®â¡®à� ¨á¯®«ì§ã¥¬ëå ¡«®ª®¢;

(3) ª®−áâàãªâ¨¢−�ï | ¯ãâ¥¬ à�§à�¡®âª¨ −¥¤®áâ�îé¨å ¡«®ª®¢.

�à¨ ®£à®¬−®¬ ¤¥ä¨æ¨â¥ ª�ç¥áâ¢¥−−®£® �� ¤«ï ®¡ãç¥−¨ï ãç¨â¥«ì −¥¢®«ì−®
®ª�§ë¢�¥âáï ¢ á¨âã�æ¨¨, ª®£¤� ®− á�¬ ¢ë−ã¦¤¥− ª®−áâàã¨à®¢�âì, à�§à�¡�âë¢�âì
¯à®£à�¬¬ë. �®«ìè¨−áâ¢® á®§¤�−−ëå ãç¨â¥«ï¬¨ ��÷ ¢ë§¢�−® −¥®¡å®¤¨¬®áâìî
ª®−áâàãªâ¨¢−®© �¤�¯â�æ¨¨ áãé¥áâ¢ãîé¥£® ��.

„àã£�ï ç�áâì ��÷, ¢−¥á¥−−ëå ¢ ¨−ä®à¬�æ¨®−−®-®¡à�§®¢�â¥«ì−®¥ ¯à®áâà�−-
áâ¢® ãç¨â¥«ï¬¨, ¯à¨−�¤«¥¦¨â ª â¨¯ã úí«¥ªâà®−−�ï ¢¥àá¨ï ¬¥â®¤¨ª¨ ¯à®¢¥¤¥−¨ï
ãà®ª�û, â. ¥. â¥å−®«®£¨ç¥áª�ï ª�àâ� ¯¥¤�£®£¨ç¥áª®© â¥å−®«®£¨¨. ˆ¬¥−−® íâ¨
��÷ ¯à¥¤áâ�¢«ïîâ ®á®¡ãî æ¥−−®áâì. ‹î¡®¥ �� ¢ ¨−ä®à¬�æ¨®−−®-®¡à�§®¢�-
â¥«ì−®¬ ¯à®áâà�−áâ¢¥ ¬®¦−® ¯à¥¤áâ�¢¨âì ®ªàã¦¥−−ë¬ â�ª¨¬¨ ¯¥¤�£®£¨ç¥áª¨¬¨
í«¥ªâà®−−ë¬¨ ¬®¤ã«ï¬¨ (à¨á. 1).

÷¨á. 1 �âà�¦¥−¨¥ ¯à®£à�¬¬ë ¤«ï ®¡ãç¥−¨ï (¨−ä®à¬�æ¨®−−®© á¨áâ¥¬ë) ¢ ¨−ä®à¬�æ¨-
®−−®-®¡à�§®¢�â¥«ì−®¥ ¯à®áâà�−áâ¢®
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4.2 Анализ ситуации разработки программного обеспечения
сквозь призму концепции коллективного разума

�¯¨á�−−�ï á¨âã�æ¨ï ¨¤¥�«ì−® «®¦¨âáï −� ª®−æ¥¯æ¨î ª®««¥ªâ¨¢−®£® ¨−â¥«-
«¥ªâ� [20, 21].

÷�§à�¡®âç¨ª �� ¤«ï ®¡ãç¥−¨ï ¨ ãç¨â¥«ï, ¯à¨¬¥−ïîé¨¥ ¢ á¢®¥© ¯à�ªâ¨ª¥
¥£® à�§à�¡®âªã, ®¡à�§ãîâ á®æ¨�«ì−ãî £àã¯¯ã á ç¥âª¨¬ à�§¤¥«¥−¨¥¬ á®æ¨�«ì−ëå
à®«¥© ¨ å®à®è® ¯®−ïâ−ë¬¨ à®«¥¢ë¬¨ äã−ªæ¨ï¬¨. •®âï ª�¦¤ë© ¨§ ãç�áâ−¨ª®¢
¤¥©áâ¢ã¥â �¢â®−®¬−®, ã −¨å ¥áâì ¨−â¥à¥á ®¡ê¥¤¨−¨âìáï ¤«ï ¨−â¥««¥ªâã�«ì−®£®
¨áá«¥¤®¢�−¨ï á¨âã�æ¨¨.

�à¨ �¤¥ª¢�â−®¬ á¨âã�æ¨¨ ¯®¢¥¤¥−¨¨ ãç�áâ−¨ª®¢ ¨å ª®¬¬ã−¨ª�æ¨ï ¯®§¢®«¨â
¢ëï¢«ïâì ¯à®¡«¥¬ë ¨ −�å®¤¨âì ¯ãâ¨ ¨å à¥è¥−¨ï, â. ¥. à¥�«¨§®¢�âì ®á−®¢−ãî
äã−ªæ¨î ¨−â¥««¥ªâ�. ’�ª ¢®§−¨ª�¥â ª®««¥ªâ¨¢−ë© à�§ã¬.

4.3 Предпосылки для развития коммуникации

‚á¥ áâ®à®−ë, ãç�áâ¢ãîé¨¥ ¢ ª®¬¬ã−¨ª�æ¨¨, §�¨−â¥à¥á®¢�−ë ¢ à�§¢¨â¨¨ −�
®á−®¢¥ íâ®© ª®¬¬ã−¨ª�æ¨¨. ‚®§−¨ª�îâ ¯à¥¤¯®áë«ª¨ ¤«ï á®¢¬¥áâ−®© í¢®«îæ¨¨ |
ª®í¢®«îæ¨¨.

÷�§à�¡®âç¨ª, ¯® áãé¥áâ¢ã, à¥�«¨§ã¥â äã−ªæ¨î íâ�¯� á®¯à®¢®¦¤¥−¨ï, ®¤−®-
¢à¥¬¥−−® ¨áá«¥¤ãï ¯à®¡«¥¬−ãî ®¡«�áâì (ãâ®ç−¥−¨¥ ¯®áâ�−®¢ª¨ §�¤�ç¨ −� ��)
¨ ®âá«¥¦¨¢�ï ¯®âà¥¡−®áâ¨ ¢ ®¡−®¢«¥−¨¨ ¢¥àá¨¨ (í¢®«îæ¨ï ��).

„«ï ãç¨â¥«ï { ¯®«ì§®¢�â¥«ï �� áãé¥áâ¢ã¥â ®¡ê¥ªâ¨¢−�ï ¯®âà¥¡−®áâì ¢ ®¡-
¬¥−¥ ¬¥â®¤¨ç¥áª¨¬ ®¯ëâ®¬. ‚ à�¬ª�å èª®«ë ãç¨â¥«ï ®¡ëç−® ®¡à�§ãîâ ¬¥-
â®¤¨ç¥áª¨¥ ®¡ê¥¤¨−¥−¨ï, ª®â®àë¥ ç�áâ® ¢ëå®¤ïâ §� à�¬ª¨ èª®«ë. Œ�â¥à¨�-
«ë ª®−ä¥à¥−æ¨© ¯®ª�§ë¢�îâ, çâ® ã¦¥ −� à�−−¨å è�£�å ¨−ä®à¬�â¨§�æ¨¨ ®−�
à�áá¬�âà¨¢�«�áì ª�ª áà¥¤áâ¢® −�ª®¯«¥−¨ï ®¯ëâ� (¡�§ë ¬¥â®¤¨ç¥áª¨å ¤�−−ëå),
−�«�¦¨¢�−¨ï ª®−â�ªâ®¢ ¬¥¦¤ã §�¨−â¥à¥á®¢�−−ë¬¨ ¢ ¬¥â®¤¨ç¥áª®¬ ®¡é¥−¨¨. ÷�§-

÷¨á. 2 �¡é�ï áâàãªâãà� ¨−ä®à¬�æ¨®−−®© á¨áâ¥¬ë ¯®¤¤¥à¦ª¨ ª®í¢®«îæ¨®−−®© ¬®¤¥«¨
à�§à�¡®âª¨ �� (ˆ‘� ŠŒ÷ ��)
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¢¨â¨¥ ˆ−â¥à−¥â� ¨ ä®à¬¨à®¢�−¨¥ ¥¤¨−®£® ¨−ä®à¬�æ¨®−−®£® ®¡à�§®¢�â¥«ì−®£®
¯à®áâà�−áâ¢� á®¯à®¢®¦¤�«®áì ä®à¬¨à®¢�−¨¥¬ ¢ −¥¬ ¬¥â®¤¨ç¥áª®£® á¥£¬¥−â�.

�à¨ íâ®¬ ®á−®¢−®© ¯®â®ª ª®¬¬ã−¨ª�æ¨© ®áãé¥áâ¢«ï¥âáï ç¥à¥§ ¨−ä®à¬�-
æ¨®−−ãî á¨áâ¥¬ã ¯®¤¤¥à¦ª¨ ª®í¢®«îæ¨®−−®© ¬®¤¥«¨ à�§à�¡®âª¨ �� (á¢ï§¨,
®¡®§−�ç¥−−ë¥ ¡ãª¢®© � −� à¨á. 2), çâ® −¥ ¨áª«îç�¥â ¢®§¬®¦−®áâ¨ ª®−â�ªâ®¢ ¯®
¤àã£¨¬ ª�−�«�¬ (á¢ï§¨ �).

4.4 Реализация модели коэволюционного развития программного обеспечения
для обучения

�á−®¢®© á¨áâ¥¬ë ï¢«ï¥âáï á�©â à�§à�¡®âç¨ª� ��. …£® äã−ªæ¨®−�«ì−�ï
�àå¨â¥ªâãà� ¯à¥¤áâ�¢«¥−� −� à¨á. 3.

÷¨á. 3 ”ã−ªæ¨®−�«ì−�ï �àå¨â¥ªâãà� ˆ‘� ŠŒ÷ ��

�¡ï§�−−®áâ¨ ¬®¤¥à�â®à� «®¦�âáï −� à�§à�¡®âç¨ª� ª�ª −� í−âã§¨�áâ� ¯à®¤¢¨-
¦¥−¨ï á¢®¥£® ��. ‘â�−¤�àâ−ë© à¥¦¨¬ à�¡®âë:

{ ¯à¨¢«¥ç¥−¨¥ −®¢ëå ãç�áâ−¨ª®¢;
{ ®¡¬¥− ¬−¥−¨ï¬¨;
{ ¨−ä®à¬�æ¨®−−�ï à�ááë«ª�;
{ ¢ëª«�¤ë¢�−¨¥ ¬¥â®¤¨ª;
{ ¢ëª«�¤ë¢�−¨¥ −®¢ëå ¢¥àá¨© ��.

5 Заключение

ˆ−ä®à¬�â¨§�æ¨ï ®¡à�§®¢�−¨ï | −¥¯à¥àë¢−® à�§¢®à�ç¨¢�îé¨©áï ¯à®æ¥áá.
„«ï á¢¥àåá«®¦−®© á®æ¨®â¥å−¨ç¥áª®© á¨áâ¥¬ë, ª�ª®¢®© áâ�−®¢¨âáï á¨áâ¥¬� ®¡à�-
§®¢�−¨ï ¯® ¬¥à¥ ¨−ä®à¬�â¨§�æ¨¨, ã¯à�¢«ïîé¥¥ à¥£ã«¨à®¢�−¨¥ á¢¥àåã ¤®«¦−®
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� ¬¥å�−¨§¬¥ à¥�«¨§�æ¨¨ ª®í¢®«îæ¨®−−®© ¬®¤¥«¨ ¦¨§−¥−−®£® æ¨ª«� à�§à�¡®âª¨

á®ç¥â�âìáï á á�¬®à¥£ã«¨à®¢�−¨¥¬ ¨ á�¬®à£�−¨§�æ¨¥©. ‘�¬®®à£�−¨§�æ¨ï ¤¥à¦¨â-
áï −� ¤¥ïâ¥«ì−®áâ¨ ¬�«®© ç�áâ¨ á®æ¨�«ì−®£® á®®¡é¥áâ¢�, −� «î¤ïå, áª«®−−ëå
ª ¯®¢ëè¥−−®© �ªâ¨¢−®áâ¨, � â�ª¦¥ ª ®á®¡®© ä®à¬¥ ¯à®ï¢«¥−¨ï �ªâ¨¢−®áâ¨ |
ª ¨−−®¢�æ¨ï¬. „®«¦−ë á®§¤�¢�âìáï ¬¥å�−¨§¬ë, ïç¥©ª¨ ª®««¥ªâ¨¢−®£® à�§ã¬�,
á¯®á®¡−ë¥ ¯®¤¤¥à¦¨¢�âì à�§¢¨â¨¥ á¨áâ¥¬ë −� à¥áãàá¥ í−¥à£¨¨ ç¥«®¢¥ç¥áª®© ¨−¨-
æ¨�â¨¢ë. ‡�¤�ç� á¨áâ¥¬ë à¥£ã«¨à®¢�−¨ï | ¯®¤¯¨âë¢�âì â®çª¨ à®áâ� ¤àã£¨¬¨
¢¨¤�¬¨ à¥áãàá®¢. �à¥¤«®¦¥−−ë© ¢ áâ�âì¥ ¬¥å�−¨§¬ á�¬®®à£�−¨§�æ¨¨ ¢ à�¬ª�å
®âà�á«¨ à�§à�¡®âª¨ �� ¤«ï ®¡ãç¥−¨ï ¬®¦¥â ¡ëâì −�§¢�− â�ª®© â®çª®©.
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ON THE MECHANISM OF IMPLEMENTATION
OF COEVOLUTIONARY MODEL OF THE DEVELOPMENT
LIFE CYCLE OF COMPUTER PROGRAMS FOR LEARNING

V. V. Vikhrev

Institute of Informatics Problems, Russian Academy of Sciences, 44-2 Vavilov Str.,
Moscow 119333, Russian Federation

Abstract: The article considers the situation in the key sector of education
informatization (i. e., the field of education software development), determines
the range of problems faced by the main sector, and suggests an appropriate
approach to solving the most serious problem by using Internet services. A com-
puter program is an element that turns a universal device of information and
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communication technologies into an education tool. The quality of training
process depends on the quality of programs and, consequently, is defined by the
state of affairs in the field of software development. Meanwhile, this sector of
education informatization is studied poorly. A quick analysis of the discourse
elements of participants in the education informatization process demonstrates
that the external picture does not correspond to the real relations within the
sector. An astute analysis leads to the conclusion that from the very beginning
of informatization, the industry has kept largely on the initiative of individuals
and small teams of enthusiasts. Under the conditions of chronic underfunding,
the energy of enthusiasm has become a major resource for development. The
active inclusion of teachers into the process of school informatization has created
a distorted picture of teacher's place in the industry of software development.
The function of development engineer has been placed on teachers. But their
activities should only supplement the work of programmers. Therefore, the
cooperative system of development for engineers' and teachers' labour based
on the coevolutionary model (i. e., the interrelated software development and
its application in the specific pedagogical technologies) can help allocate duties
right in the process of education software development. For teachers, this system
can provide advisory data. For development engineers, the system can become
a means of a further research in the subject area and can become a support tool
of the stages of education software development life cycle that primarily suffer
from underfunding. The system is implemented on the basis of Internet services.

Keywords: informatization of education; software development; educational
software; coevolution; collective intelligence

DOI: 10.14357/08696527140411

References

1. Vikhrev, V. V. 2010. Smena paradigmy: Ot elektronnogo uchebnika k TsORu
[Paradigm shift: From an electronic textbook to a digital education resource]. Novye
Obrazovatel'nye Tekhnologii v Vuze: Sb. mat-lov VII Mezhdunar. Nauch.-Metodich.
Konf. [New Educational Technologies in Higher Education: 7th Scientific-Methodical
Conference (International) Proceedings]. Ekaterinburg. 2:20{24.

2. Vikhrev, V. V., and T. Yu. Shpakova. 2010. Komp'yuternoe tvorchestvo uchiteley
kak resurs informatizatsii obrazovaniya [Computer creativity of teachers as a resource
of informatization of education]. Novye Obrazovatel'nye Tekhnologii v Vuze: Sb.
mat-lov VII Mezhdunar. Nauch.-Metodich. Konf. [New Educational Technologies in
Higher Education: 7th Scientific-Methodical Conference (International) Proceedings].
Ekaterinburg. 2:24{28.

3. Vikhrev, V. V. 2010. O metodicheskoy podderzhke uchitelya, klyuchevoy figury
informatizatsii shkoly [On the methodological support of teachers, key of school
informatization]. Informatsionnye Tekhnologii dlya Novoy Shkoly: Mat-ly Konf.
[Information Technology for the New School: Conference Proceedings]. St. Petersburg.
92{95.

4. Vikhrev, V. V. 2011. Kontseptual'naya model' predstavleniya sistemy obrazovaniya kak
autopoeticheskoy sistemy [Conceptual model of representation of the education system
as an autopoietic system]. Vseross. Konf. \Informatsionnye Tekhnologii v Obrazovanii

Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2014 vol 24 no 4 183



V. V. Vikhrev

XXI Veka." Vseross. Molodezhnaya Nauch. Konf. \Informatsionnye Tekhnologii
v Obrazovatel'nom Protsesse Issledovatel'skogo Universiteta:" Sb. nauch. tr. [All-
Russian Conference \Information Technologies in Education of the XXI Century."
All-Russian Youth Scientific Conference \Information Technologies in the Educational
Process Research University: Collection of scientific works]. Moscow. 381{385.

5. Vikhrev, V. V. 2011. O nekotorykh aspektakh vliyaniya tekhnologicheskikh izmeneniy
na programmnoe obespechenie dlya obrazovaniya [On some aspects of the impact of
technological changes on software for education]. Primenenie EOR v Obrazovatel'nom
Protsesse (ITO-EOR-2011): Tezisy dokl. Vseross. Konf. [The Use of e-Learning
Resources in the Educational Process (ITO-RAR-2011): Abstracts of the All-Russian
Conference]. Obninsk. 50{51.

6. Vikhrev, V. V. 2011. O kontseptual'noy modeli informatizatsii sistemy obrazovaniya
(v poryadke postanovki zadachi) [Conceptual model of informatization of the education
system (in the order of statement of the problem)]. Sovremennye Informatsionnye
Tekhnologii i IT-Obrazovanie: Sb. izbrannykh dokl. VI Mezhdunar. Nauch.-Prak-
tich. Konf. [Modern Information Technology and IT-Education: A Collection of
Selected Papers of the 6th Scientific-Practical Conference (International). Moscow.
111{120.

7. Vikhrev, V. V. 2013. Elektronnyy obrazovatel'nyy resurs: Cherez fenomenologiyu
k tipologii [Electronic educational resource: Through phenomenology to typology].
Uchenye Zapiski ISGZ [Kazan ISGS \Scientific Notes"]. 1(11):72{79.

8. Vikhrev, V. V. 2013. In' i yan protsessa informatizatsii (k fenomenologii termina \elek-
tronnyy obrazovatel'nyy resurs") [Yin and Yang of the process of informatization (on
phenomenology of the term \electronic educational resource")]. Primenenie Innovatsion-
nykh Tekhnologiy v Obrazovanii (ITO-Troitsk-2013): Sb. dokl. XXIV Mezhdunar.
Konf. [New Computer Technology in Education: 24th Conference (International) Pro-
ceedings]. Moscow{Troitsk: Bytik. 163{166.

9. Wirth, N. 1976. Algorithms + data structures = programs. Englewood Cliffs, NJ:
Prentice-Hall, Inc. 366 p.

10. Babichek, I. A. 2014. Razvitie sposobnostey mladshikh shkol'nikov vo vneurochnoy
deyatel'nosti cherez ispol'zovanie informatsionno-kommunikatsionnykh tekhnologiy
[The development of the abilities of younger students in extracurricular activities
through the use of information and communication technologies]. Primenenie Novykh
Tekhnologiy v Obrazovanii: Mat-ly XXV Mezhdunar. Konf. [New Computer Tech-
nology in Education: 25th Conference (International) Proceedings]. Moscow{Troitsk:
Bytik. 109{111.

11. Fedoseev, A. A., and S. A. Khristochevskiy. 1988. Ob instrumental'nykh sredst-
vakh dlya razrabotki PPS [On tools for developing software and educational tools].
Razrabotka i Primenenie Programmnykh Sredstv PEVM v Uchebnom Protsesse: Mat-
ly IV Vsesoyuzn. Seminara. [Development and Application of Software PC Tools in
the Educational Process: 4th All-Union Seminar Proceedings]. Moscow. 6{8.

12. Gromov, G. R. 1985. Natsional'nye informatsionnye resursy: Problemy promyshlennoy
ekspluatatsii [National information resources: Problems of industrial exploitation].
Moscow: Nauka. 240 p.

13. Komp'yuterizatsiya obrazovaniya (sredstva, metody, peredovoy opyt): Tematicheskaya
vystavka [Computerization of education (means, methods, best practices): A thematic
exhibition]. 1988. Moscow: VDNKh. 109 p.

184 Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2014 vol 24 no 4



On the mechanism of implementation of coevolutionary model of the development life cycle

14. Boemh, B. U. 1981. Software engineering economics. Englewood Cliffs, NJ: Prentice
Hall, Inc. 767 p.

15. Braude, E. J. 2001. Software engineering: An object-oriented perspective. N.Y.: John
Wiley & Sons. 560 p.

16. Gagarina, L. G., E. V. Kokoreva, and B. D. Visnadul. 2008. Tekhnologiya razrabotki
programmnogo obespecheniya [The technology of software development]. Moscow:
Forum { INFRA-M. 400 p.

17. Glass, R. L., and R. A. Noiseux. 1981. Software maintenance guidebook. Englewood
Cliffs, NJ: Prentice Hall, Inc. 204 p.

18. Hongji, Y., and M. Ward. 2003. Successful evolution of software systems. Norwood:
Artech House. 282 p.

19. Mens, T., and S. Demeyer, eds. 2008. Software evolution. Berlin, Heidelberg:
Springer-Verlag. 347 p.

20. Surowiecki, J. 2004. The wisdom of crowds. Phillips & Nelson Media. 336 p.
21. Tovey, M., ed. 2008. Collective intelligence: Creating a prosperous world at peace.

Oakton: Earth Intelligence Network. 612 p.

Received September 18, 2014

Contributor

Vikhrev Vladimir V. (b. 1957) | senior scientist, Institute of Informatics Prob-
lems, Russian Academy of Sciences, 44-2 Vavilov Str., Moscow 119333, Russian
Federation; VVikhrev@ipiran.ru

Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2014 vol 24 no 4 185



‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ, 2014. ’. 24. ü 4. ‘. 186{205

СПЕЦИФИКА ПОКАЗАТЕЛЕЙ НАЦИОНАЛЬНОЙ
БЕЗОПАСНОСТИ В КОНТЕКСТЕ ЕЕ ИНФОРМАЦИОННОГО

МОНИТОРИНГА

Г. В. Лукьянов1, Д. А. Никишин2, Г. Ф. Веревкин3, В. В. Косарик4

�−−®â�æ¨ï: ‘â�âìï ¯®á¢ïé¥−� ¯à®¡«¥¬�¬ ¬¥â®¤®«®£¨¨ á®§¤�−¨ï á¨áâ¥¬ë
¬®−¨â®à¨−£� ¨ ¨−¤¨ª�â®à−®© ®æ¥−ª¨ −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨ ÷®áá¨©áª®©
”¥¤¥à�æ¨¨. �á−®¢−®¥ ¢−¨¬�−¨¥ ¢ áâ�âì¥ ã¤¥«¥−® à�§à�¡®âª¥ ¨ ®¡®á−®¢�−¨î
âà¥¡®¢�−¨© ª ¯®ª�§�â¥«ï¬, ª®â®àë¥ ¨á¯®«ì§ãîâáï ¤«ï ®æ¥−ª¨ −�æ¨®−�«ì−®©
¡¥§®¯�á−®áâ¨. –¥«ì ¤�−−®© à�¡®âë á®áâ®¨â ¢ ¢ëà�¡®âª¥ ¬¥â®¤®«®£¨ç¥áª®©
®á−®¢ë ¤«ï ¨§ãç¥−¨ï ¯®«−®âë ¨ �¤¥ª¢�â−®áâ¨ á¨áâ¥¬ë ¨á¯®«ì§ã¥¬ëå ¯®ª�§�-
â¥«¥© ¢ æ¥«ïå ä®à¬¨à®¢�−¨ï ®¡®¡é¥−−®© ®æ¥−ª¨ −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨
÷®áá¨©áª®© ”¥¤¥à�æ¨¨ ¢ áà¥¤−¥áà®ç−®© ¨ ¤®«£®áà®ç−®© ¯¥àá¯¥ªâ¨¢¥. �à¨-
¬¥−¥−¨¥ ¢ à�§à�¡�âë¢�¥¬®© ¬¥â®¤®«®£¨¨ ¢�¦−¥©è¨å á®áâ�¢«ïîé¨å ¯à®£à�¬-
¬−®-æ¥«¥¢®£® ¯®¤å®¤� ¤�¥â ¢®§¬®¦−®áâì ¨á¯®«ì§®¢�âì áà¥¤áâ¢� ¬®−¨â®à¨−£�
¤«ï ®æ¥−ª¨ á®®â¢¥âáâ¢¨ï à¥§ã«ìâ�â®¢ ¯à®¢®¤¨¬ëå ¬¥à®¯à¨ïâ¨© ¢ áä¥à¥ −�-
æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨, � â�ª¦¥ ¯à¨¢«¥ª�¥¬ëå ¤«ï íâ®£® à¥áãàá®¢ æ¥«ï¬
¨ §�¤�ç�¬ ®¡¥á¯¥ç¥−¨ï −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨.

Š«îç¥¢ë¥ á«®¢�: ¬®−¨â®à¨−£ −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨ ÷®áá¨©áª®© ”¥-
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1 Введение

��ç¨−�ï á 1990-å ££. −�¡«î¤�¥âáï −¥ãª«®−−ë© à®áâ ¨−â¥à¥á� ª á®ç¥â�−¨î
¬¥â®¤®¢ áã¡ê¥ªâ¨¢−®© íªá¯¥àâ−®© ¨ ®¡ê¥ªâ¨¢−®© ¨−¤¨ª�â®à−®© ®æ¥−ª¨ á®áâ®ï−¨ï,
¯®â¥−æ¨�«� ¨ ¯¥àá¯¥ªâ¨¢ à�§¢¨â¨ï á«®¦−ëå ¨ à¥áãàá®¥¬ª¨å áä¥à ¤¥ïâ¥«ì−®áâ¨
ä¥¤¥à�«ì−®£® (−�æ¨®−�«ì−®£®) ¨ ¬¥¦¤ã−�à®¤−®£® ¬�áèâ�¡�, � â�ª¦¥ ®¯à¥¤¥«¥−¨ï
íää¥ªâ¨¢−®áâ¨ ¨ à¥§ã«ìâ�â¨¢−®áâ¨ ¯à®£à�¬¬−®-æ¥«¥¢®© ¤¥ïâ¥«ì−®áâ¨ ¢ íâ¨å
áä¥à�å.

��ç�¢è¨áì ¨áâ®à¨ç¥áª¨ ¢ 1969 £. ¢ à�¬ª�å �£¥−âáâ¢� ¬¥¦¤ã−�à®¤−®£® à�§¢¨-
â¨ï ‘˜�5, ¯à®£à�¬¬−®-æ¥«¥¢®© ¯®¤å®¤ ª −�áâ®ïé¥¬ã ¢à¥¬¥−¨ à�á¯à®áâà�−¨«áï
¯à�ªâ¨ç¥áª¨ −� ¢á¥ áä¥àë ®¡é¥áâ¢¥−−® §−�ç¨¬®© ¤¥ïâ¥«ì−®áâ¨, çâ® á®¯à®¢®¦¤�-

1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, gena-mslu@mail.ru
2ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, dn@a170.ipi.ac.ru
3ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª,

gennadij.verevckin2012@yandex.ru
4ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, valery@a170.ipi.ac.ru
5United States Agency for International Development (USAID).
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‘¯¥æ¨ä¨ª� ¯®ª�§�â¥«¥© −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨ ¢ ª®−â¥ªáâ¥ ¥¥ ¬®−¨â®à¨−£�

«®áì, ª�ª ¯à�¢¨«®, à�§à�¡®âª®© ¬¥â®¤¨ç¥áª¨å ®á−®¢ á®§¤�−¨ï á¨áâ¥¬ ¬®−¨â®-
à¨−£� ¨ ¨−¤¨ª�â®à−®© ®æ¥−ª¨ á ãç¥â®¬ á¯¥æ¨ä¨ª¨ ª�¦¤®© ¨§ áä¥à, ¢ª«îç�ï
ä®à¬ã«¨à®¢ª¨ âà¥¡®¢�−¨© ª íâ¨¬ á¨áâ¥¬�¬.

’¥®à¥â¨ç¥áª¨¥ ®á−®¢ë íâ®£® ¯®¤å®¤� ¡ë«¨ á®§¤�−ë ¨ à�§¢¨¢�«¨áì ãç¥−ë¬¨
à�§−ëå áâà�− ¢® ¢â®à®© ¯®«®¢¨−¥ ¯à®è«®£® ¢¥ª�, ¢ â®¬ ç¨á«¥ ¢ ‘‘‘÷ �ª�-
¤¥¬¨ª®¬ ƒ. ‘. �®á¯¥«®¢ë¬ [1, 2]. �¤−®© ¨§ ®á®¡¥−−®áâ¥© íâ¨å â¥®à¥â¨ç¥áª¨å
¨áá«¥¤®¢�−¨© ï¢«ï¥âáï â®, çâ® áä¥àë ®¡é¥áâ¢¥−−®-§−�ç¨¬®© ¤¥ïâ¥«ì−®áâ¨ å�à�ª-
â¥à¨§ãîâáï ¢ëá®ª®© áâ¥¯¥−ìî −¥®¤−®§−�ç−®áâ¨ ®¯¨á�−¨ï ¯à®¨áå®¤ïé¨å ¢ −¨å
¯à®æ¥áá®¢, � §−�ç¨â, ¨å ¨−ä®à¬�æ¨®−−®£® ®âà�¦¥−¨ï ¢ á¨áâ¥¬�å ¬®−¨â®à¨−£�
¨ ¨−¤¨ª�â®à−®© ®æ¥−ª¨ [3, 4]. ’¥¬ −¥ ¬¥−¥¥, à�§à�¡®âª� â�ª¨å á¨áâ¥¬ á ãç¥â®¬ ®¡ê-
¥ªâ¨¢−ëå ®£à�−¨ç¥−¨© ¢ áâ¥¯¥−¨ íªá¯«¨ª�æ¨¨ ¯à®æ¥áá®¢ ¢®§¬®¦−®áâï¬ ¨ ¯®«−®â¥
¨å ®âà�¦¥−¨ï ¯®§¢®«ï¥â ¤¥«�âì ®¡®á−®¢�−−ë¥ ¢ë¢®¤ë ¨ ¯à®£−®§ë, −¥®¡å®¤¨¬ë¥
¤«ï ¯à¨−ïâ¨ï �¤¥ª¢�â−ëå ¨ á¢®¥¢à¥¬¥−−ëå ¬¥à ¢® ¬−®£¨å ®¡é¥áâ¢¥−−® §−�ç¨¬ëå
áä¥à�å ¤¥ïâ¥«ì−®áâ¨.

Š −�áâ®ïé¥¬ã ¢à¥¬¥−¨ ¯à®£à�¬¬−®-æ¥«¥¢®© ¯®¤å®¤ å®à®è® á¥¡ï §�à¥ª®-
¬¥−¤®¢�« ª�ª ®á−®¢� ¯«�−¨à®¢�−¨ï, ã¯à�¢«¥−¨ï, ¬®−¨â®à¨−£� ¨ ®æ¥−¨¢�−¨ï
¯à®£à�¬¬−®-æ¥«¥¢®© ¤¥ïâ¥«ì−®áâ¨ ¢ è¨à®ª®¬ á¯¥ªâà¥ áä¥à ¤¥ïâ¥«ì−®áâ¨. ‘ã-
é¥áâ¢ã¥â −¥áª®«ìª® ¢�à¨�−â®¢ à¥�«¨§�æ¨¨ ¯à®£à�¬¬−®-æ¥«¥¢®£® ¯®¤å®¤�, çâ®
−�è«® á¢®¥ ®âà�¦¥−¨¥ ¢ à�§−ëå ¥£® ®¯¨á�−¨ïå [5{7]. ‚ ç�áâ−®áâ¨, ¢ ‘˜� ®¤¨−
¨§ íâ¨å ¢�à¨�−â®¢ ¯®á«¥ àï¤� ¤®áâ�â®ç−® £«ã¡®ª¨å ¨áá«¥¤®¢�−¨© [8, 9] ¡ë« §�-
ªà¥¯«¥− −®à¬�â¨¢−® ¢ ‡�ª®−¥ ® à¥§ã«ìâ�â¨¢−®áâ¨ ¨ íää¥ªâ¨¢−®áâ¨ ¤¥ïâ¥«ì−®áâ¨
¯à�¢¨â¥«ìáâ¢� ‘˜� ®â 1993 £.1

•�à�ªâ¥à−®© ®á®¡¥−−®áâìî ¬®−¨â®à¨−£� ¨ ®æ¥−ª¨ −�æ¨®−�«ì−®© ¡¥§®¯�á-
−®áâ¨ ï¢«ï¥âáï −¥®¡å®¤¨¬®áâì ¬®¤¥«¨à®¢�−¨ï ¢¥áì¬� á«®¦−ëå ¯à®æ¥áá®¢ £®áã-
¤�àáâ¢¥−−®£® ã¯à�¢«¥−¨ï. �â� ¤¥ïâ¥«ì−®áâì ¢ à®áá¨©áª¨å ãá«®¢¨ïå ¬−®£®ªà�â−®
ãá«®¦−ï¥âáï ¢á«¥¤áâ¢¨¥ −¥¯à®áâ®£® �¤¬¨−¨áâà�â¨¢−®-â¥àà¨â®à¨�«ì−®£® ãáâà®©-
áâ¢� [10], ®£à®¬−ëå ¨ −¥à�¢−®¬¥à−® ®á¢®¥−−ëå â¥àà¨â®à¨© áâà�−ë [11]. ‚ á¢ï§¨
á íâ¨¬ −¥®¡å®¤¨¬® ¬¥â®¤®«®£¨ç¥áª®¥ ¨áá«¥¤®¢�−¨¥ ¢ ®¡«�áâ¨ ¬®−¨â®à¨−£� ¨ ®æ¥−-
ª¨ −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨ ª�ª ¢ â¥®à¥â¨ç¥áª®¬, â�ª ¨ ¢ ¯à¨ª«�¤−®¬ �á¯¥ªâ¥.

“ª�§�−−ë¥ £¥®¯®«¨â¨ç¥áª¨¥ ®á®¡¥−−®áâ¨ ÷®áá¨¨ ¯à¥¤¯®«�£�îâ ®¡à�¡®âªã
¡®«ìè¨å ®¡ê¥¬®¢ ¤�−−ëå ¨ ¢ëç¨á«¥−¨¥ ¯® à¥§ã«ìâ�â�¬ íâ®© ®¡à�¡®âª¨ ¤¥áïâª®¢
¨«¨ ¤�¦¥ á®â¥− à�§«¨ç−ëå ¯®ª�§�â¥«¥© ª�ª ®á−®¢ë ¤«ï ¢ë¢®¤� ®¡®¡é¥−−®© ®æ¥−ª¨
® á®áâ®ï−¨¨ −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨. �ç¥¢¨¤−®, çâ® ãá¯¥è−®¥ à¥è¥−¨¥ íâ®©
§�¤�ç¨ −¥¬ëá«¨¬® ¡¥§ ¢−¥¤à¥−¨ï á®¢à¥¬¥−−ëå ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©
¨ áà¥¤áâ¢ ¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨.

–¥«ìî ¤�−−®© à�¡®âë ï¢«ï¥âáï �−�«¨§ ¨¬¥îé¨åáï à¥�«¨§�æ¨© ¯à®£à�¬¬−®-
æ¥«¥¢®£® ¯®¤å®¤� ¨ ¨å ¯à¨¬¥−¥−¨ï ¢ ¯à®æ¥áá¥ á®§¤�−¨ï ¨ ¨á¯®«ì§®¢�−¨ï á¨áâ¥¬
¬®−¨â®à¨−£� ¨ ¨−¤¨ª�â®à−®© ®æ¥−ª¨ −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨ £®áã¤�àáâ¢�,
áâàãªâãà¨§�æ¨ï ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¨ ¢ë¤¥«¥−¨¥ ®á−®¢−ëå £àã¯¯ ¯®ª�§�â¥«¥©.

�¤−� ¨§ §�¤�ç ¨áá«¥¤®¢�−¨ï á®áâ®¨â ¢ ¢ëà�¡®âª¥ ¬¥â®¤®«®£¨ç¥áª®© ®á−®¢ë
¤«ï ®æ¥−¨¢�−¨ï ¯®«−®âë ¨ �¤¥ª¢�â−®áâ¨ á¨áâ¥¬ë ¨á¯®«ì§ã¥¬ëå ¯®ª�§�â¥«¥© ¢ æ¥-

1Government Performance and Results Act of 1993. �à¨−ïâ Š®−£à¥áá®¬ ‘˜� 05 ï−¢�àï 1993 £.
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ƒ. ‚. ‹ãªìï−®¢, „. �. �¨ª¨è¨−, ƒ. ”. ‚¥à¥¢ª¨−, ‚. ‚. Š®á�à¨ª

«ïå ä®à¬¨à®¢�−¨ï ®¡®¡é¥−−®© ®æ¥−ª¨ −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨ ÷®áá¨©áª®©
”¥¤¥à�æ¨¨ ¢ áà¥¤−¥áà®ç−®© ¨ ¤®«£®áà®ç−®© ¯¥àá¯¥ªâ¨¢¥. �à¨¬¥−¥−¨¥ ¯à®£à�¬-
¬−®-æ¥«¥¢®£® ¯®¤å®¤� ¤«ï ¢ëà�¡®âª¨ ¬¥â®¤®«®£¨ç¥áª®© ®á−®¢ë ¤�áâ ¢®§¬®¦−®áâì
¨á¯®«ì§®¢�âì á¨áâ¥¬ë ¬®−¨â®à¨−£� ¤«ï ®æ¥−ª¨ á®®â¢¥âáâ¢¨ï æ¥«¥© ¨ §�¤�ç à¥-
§ã«ìâ�â�¬ ¯à®¢®¤¨¬ëå ¬¥à®¯à¨ïâ¨© ¢ áä¥à¥ −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨, � â�ª¦¥
¯à¨¢«¥ª�¥¬ë¬ à¥áãàá�¬.

2 Основные понятия и определения

Š�ª ¯®ª�§ë¢�¥â ®¯ëâ à¥è¥−¨ï ªàã¯−ëå á®æ¨�«ì−®-íª®−®¬¨ç¥áª¨å ¨ −�ãç−®-
â¥å−¨ç¥áª¨å §�¤�ç ¢ ‘˜�, …‘ ¨ ÷®áá¨¨, ¯à¥¤¯®«�£�îé¨å ãç�áâ¨¥ ¢ −¨å ¬−®£¨å
¢¥¤®¬áâ¢, ãçà¥¦¤¥−¨© ¨ ®à£�−¨§�æ¨©, ®¤−� ¨§ −�¨¡®«¥¥ á¥àì¥§−ëå ¯à®¡«¥¬
¯à¨ à¥�«¨§�æ¨¨ ¯à®£à�¬¬−®-æ¥«¥¢®£® ¯®¤å®¤� §�ª«îç�¥âáï ¢ á«�¡®© ¯à®à�¡®âª¥
â¥à¬¨−®«®£¨ç¥áª®£® �¯¯�à�â� [3, 8, 9, 12, 13].

��¨¡®«¥¥ ®áâàë¥ ¯à®â¨¢®à¥ç¨ï ¢ íªá¯¥àâ−ëå ®æ¥−ª�å ¨ ¯à®æ¥¤ãà�å ¨á-
¯®«ì§®¢�−¨ï ¨−¤¨ª�â®à®¢ ¢®§−¨ª�îâ ¢ å®¤¥ ¬®−¨â®à¨−£� ¨ ®æ¥−ª¨ ªàã¯−ëå
¬¥¦¢¥¤®¬áâ¢¥−−ëå ¯à®£à�¬¬, â�ª ª�ª −� íâ®¬ íâ�¯¥ ®¯à¥¤¥«ï¥âáï íää¥ªâ¨¢−®áâì
¨á¯®«ì§®¢�−¨ï ¢ë¤¥«¥−−ëå ä¨−�−á®¢ëå, «î¤áª¨å ¨ ¨−ëå à¥áãàá®¢ ¨, ª®−¥ç−®,
à¥§ã«ìâ�â¨¢−®áâì ¤¥ïâ¥«ì−®áâ¨ ª�¦¤®£® ãç�áâ¢ãîé¥£® ¢ ¯«�−¨à®¢�−¨¨ ¨ à¥�«¨-
§�æ¨¨ ¯à®£à�¬¬ë ¢¥¤®¬áâ¢�. �¥¤®áâ�âª¨ â¥à¬¨−®«®£¨ç¥áª®£® �¯¯�à�â� ï¢«ïîâáï
â®© ¯à¨ç¨−®©, ª®â®à�ï ¯à¨¢®¤¨â ª à�§−ë¬ â®«ª®¢�−¨ï¬ ®¤−¨å ¨ â¥å ¦¥ ¯®−ïâ¨©
¨ ª áå®¦¥¬ã ¢®á¯à¨ïâ¨î ¯à¨−æ¨¯¨�«ì−® à�§−ëå ï¢«¥−¨© ¨ ¯à®æ¥áá®¢.

‚ ç�áâ−®áâ¨, íâ� ¯à®¡«¥¬� ¡ë«� áä®à¬ã«¨à®¢�−� ¢ ¬�â¥à¨�«�å á¥¬¨−�à�
¯® ¬¥â®¤¨ç¥áª¨¬ ¢®¯à®á�¬ ®æ¥−¨¢�−¨ï ä¥¤¥à�«ì−ëå −�ãç−®-¨áá«¥¤®¢�â¥«ìáª¨å
¯à®£à�¬¬ ‘˜�, ª®â®àë© á®áâ®ï«áï 4{5 ¤¥ª�¡àï 2003 £. ‚ íâ®¬ ¤®ªã¬¥−â¥
¨§«®¦¥−® ¡®«¥¥ ¤¢ãå ¤¥áïâª®¢ á«®¦−ëå ¢®¯à®á®¢ à¥�«¨§�æ¨¨ ¯à®£à�¬¬−®-æ¥-
«¥¢®£® ¯®¤å®¤�, à¥è¥−¨¥ ¡®«ìè¨−áâ¢� ª®â®àëå âà¥¡ã¥â ¯à®¢¥¤¥−¨ï ¤®áâ�â®ç−®
£«ã¡®ª¨å −�ãç−ëå ¨áá«¥¤®¢�−¨© [3]. ‚ ç�áâ−®áâ¨, áà¥¤¨ −¥à¥è¥−−ëå ¢®¯à®á®¢
¯à¨¬¥−¨â¥«ì−® ª ¬®−¨â®à¨−£ã ¨ ®æ¥−ª¥ ãª�§�−ë á«¥¤ãîé¨¥:

{ ®âáãâáâ¢ãîâ ¬®¤¥«¨ ¨ ¬¥â®¤ë ¬®−¨â®à¨−£�, �−�«¨§� ¨ ®æ¥−¨¢�−¨ï −�ãç−®-
¨áá«¥¤®¢�â¥«ìáª¨å ¯à®£à�¬¬, ®¡¥á¯¥ç¨¢�îé¨¥ ¯à®¢¥àªã â®ç−®áâ¨ ¤�−−ëå,
¨á¯®«ì§ã¥¬ëå ¤«ï ®æ¥−ª¨ à¥§ã«ìâ�â¨¢−®áâ¨ íâ¨å ¯à®£à�¬¬;

{ ®á−®¢ã ª®−ä«¨ªâ®¢ ¬¥¦¤ã àãª®¢®¤¨â¥«ï¬¨ ¨ á¯¥æ¨�«¨áâ�¬¨ �¤¬¨−¨áâ à�â¨¢-
−®-¡î¤¦¥â−®£® ã¯à�¢«¥−¨ï1 ¨ ¨−ëå ä¥¤¥à�«ì−ëå ¢¥¤®¬áâ¢ ‘˜� á®áâ�¢«ï¥â
−¥®¤−®§−�ç−®áâì ¯à¨¬¥−ï¥¬ëå â¥à¬¨−®¢ ¨ à�§«¨ç−®¥ â®«ª®¢�−¨¥ á¬ëá«�
¨−¤¨ª�â®à®¢ ¨ ¤àã£¨å ¯®ª�§�â¥«¥© à¥§ã«ìâ�â®¢, íää¥ªâ¨¢−®áâ¨ ¨ à¥§ã«ìâ�-
â¨¢−®áâ¨ ¯à®£à�¬¬;

1�¤¬¨−¨áâà�â¨¢−®-¡î¤¦¥â−®¥ ã¯à�¢«¥−¨¥ (Office of Management and Budget, OMB) ï¢«ï¥âáï
æ¥−âà�«ì−ë¬ ®à£�−®¬ ¢ á¨áâ¥¬¥ ¢ëáè¥© ¨á¯®«−¨â¥«ì−®© ¢«�áâ¨ ‘˜�, ª®â®à®¥ ®áãé¥áâ¢«ï-
¥â ¯à®£−®§¨à®¢�−¨¥, ã¯à�¢«¥−¨¥, ª®−âà®«ì ¨ ª®®à¤¨−�æ¨î ¯à�¢¨â¥«ìáâ¢¥−−ëå ¯à®£à�¬¬ ¨ ¨å
ä¨−�−á¨à®¢�−¨¥. ‘à¥¤¨ ä¨−�−á®¢ëå §�¤�ç íâ®£® ¢¥¤®¬áâ¢� ®á®¡¥−−® ¢ë¤¥«ï¥âáï à�§à�¡®âª� ä¥-
¤¥à�«ì−®£® ¡î¤¦¥â� ¨ ãâ¢¥à¦¤¥−¨¥ (ä¨−�−á®¢ëå) ¯à®£à�¬¬ ¢á¥å ¯à®ç¨å ä¥¤¥à�«ì−ëå ¢¥¤®¬áâ¢
¨ ãçà¥¦¤¥−¨©.
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‘¯¥æ¨ä¨ª� ¯®ª�§�â¥«¥© −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨ ¢ ª®−â¥ªáâ¥ ¥¥ ¬®−¨â®à¨−£�

{ ¢ ¨á¯®«ì§ã¥¬®© ¬¥â®¤¨ª¥ ¬®−¨â®à¨−£�, �−�«¨§� ¨ ®æ¥−¨¢�−¨ï ¯à®£à�¬¬
¯®¤à�§ã¬¥¢�¥âáï «¨−¥©−�ï §�¢¨á¨¬®áâì ¬¥¦¤ã à¥áãàá�¬¨ ¨ à¥§ã«ìâ�â�¬¨
¨áá«¥¤®¢�−¨©, çâ®, ¢ ®¡é¥¬ á«ãç�¥, −¥ ï¢«ï¥âáï ¢¥à−ë¬, � −¥«¨−¥©−®áâì
íâ®© §�¢¨á¨¬®áâ¨ −¥¨§¬¥−−® ¯à®ï¢«ï¥âáï ¢ ¯à®æ¥áá¥ ®æ¥−¨¢�−¨ï à¥§ã«ìâ�â®¢,
íää¥ªâ¨¢−®áâ¨ ¨ à¥§ã«ìâ�â¨¢−®áâ¨ −�ãç−®-¨áá«¥¤®¢�â¥«ìáª¨å ¯à®£à�¬¬.

’¥à¬¨−®«®£¨ç¥áª�ï ¯ãâ�−¨æ�, −¥á®¯®áâ�¢¨¬®áâì ¨ ¬−®£®§−�ç−®áâì ¯®−ïâ¨©
¬®¦¥â ¯à¨¢¥áâ¨ ª á¥àì¥§−ë¬ ¨áª�¦¥−¨ï¬ ¨ ¢ ®æ¥−ª¥ −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨.
‚ á¢ï§¨ á íâ¨¬ æ¥«¥á®®¡à�§−® ®¡®¡é¨âì ã¦¥ −�ª®¯«¥−−ë© ®¯ëâ ¨ ¢ë¤¥«¨âì
¨§ −¥£® ®¯à®¡®¢�−−ë¥ −� ¯à�ªâ¨ª¥ à¥è¥−¨ï. ‚ á®®â¢¥âáâ¢¨¨ á ¤¥©áâ¢ãîé¨¬¨
¢ ÷®áá¨¨ −®à¬�â¨¢−ë¬¨ �ªâ�¬¨ ª«îç¥¢ë¥ â¥à¬¨−ë −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨
®¯à¥¤¥«ïîâáï á«¥¤ãîé¨¬ ®¡à�§®¬ [14]:

��æ¨®−�«ì−�ï ¡¥§®¯�á−®áâì | á®áâ®ï−¨¥ §�é¨é¥−−®áâ¨ «¨ç−®áâ¨, ®¡é¥áâ¢�
¨ £®áã¤�àáâ¢� ®â ¢−ãâà¥−−¨å ¨ ¢−¥è−¨å ã£à®§, ª®â®à®¥ ¯®§¢®«ï¥â ®¡¥á¯¥-
ç¨âì ª®−áâ¨âãæ¨®−−ë¥ ¯à�¢�, á¢®¡®¤ë, ¤®áâ®©−®¥ ª�ç¥áâ¢® ¨ ãà®¢¥−ì ¦¨§−¨
£à�¦¤�−, áã¢¥à¥−¨â¥â, â¥àà¨â®à¨�«ì−ãî æ¥«®áâ−®áâì ¨ ãáâ®©ç¨¢®¥ à�§¢¨â¨¥
÷®áá¨©áª®© ”¥¤¥à�æ¨¨, ®¡®à®−ã ¨ ¡¥§®¯�á−®áâì £®áã¤�àáâ¢�.

“£à®§� −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨ | ¯àï¬�ï ¨«¨ ª®á¢¥−−�ï ¢®§¬®¦−®áâì −�-
−¥á¥−¨ï ãé¥à¡� ª®−áâ¨âãæ¨®−−ë¬ ¯à�¢�¬, á¢®¡®¤�¬, ¤®áâ®©−®¬ã ª�ç¥áâ¢ã
¨ ãà®¢−î ¦¨§−¨ £à�¦¤�−, áã¢¥à¥−¨â¥âã ¨ â¥àà¨â®à¨�«ì−®© æ¥«®áâ−®áâ¨,
ãáâ®©ç¨¢®¬ã à�§¢¨â¨î ÷®áá¨©áª®© ”¥¤¥à�æ¨¨, ®¡®à®−¥ ¨ ¡¥§®¯�á−®áâ¨ £®áã-
¤�àáâ¢�.

�à¨¢¥¤¥−−ë¥ ®¯à¥¤¥«¥−¨ï å®à®è® á®£«�áãîâáï á ®¯ëâ®¬ ®¡¥á¯¥ç¥−¨ï −�æ¨-
®−�«ì−®© ¡¥§®¯�á−®áâ¨ ¢ ‘˜� ¨ ‡�¯�¤−®© …¢à®¯¥ ¨ ¨å æ¥«¥á®®¡à�§−® ¯à¨−ïâì
¢ ª�ç¥áâ¢¥ −�ãç−® ®¡®á−®¢�−−ëå. ‘«¥¤ãîé¨¥ ®¯à¥¤¥«¥−¨ï ¢§ïâë ¨§ à�¡®â [12, 13],
á®¤¥à¦�é¨å à¥§ã«ìâ�âë �−�«¨§� ®¯ëâ� ¬®−¨â®à¨−£� ¨ ®æ¥−ª¨ ªàã¯−ëå á®æ¨�«ì-
−®-íª®−®¬¨ç¥áª¨å ¨ −�ãç−®-â¥å−¨ç¥áª¨å ¯à®£à�¬¬ ¢ ‘˜�, …¢à®¯¥©áª®¬ ‘®î§¥
¨ ¢ ÷®áá¨¨.

Œ®−¨â®à¨−£ | á¯¥æ¨�«ì−® ®à£�−¨§®¢�−−®¥ á¨áâ¥¬�â¨ç¥áª®¥ −�¡«î¤¥−¨¥ §�
®¡ê¥ªâ�¬¨, ï¢«¥−¨ï¬¨ ¨ ¯à®æ¥áá�¬¨ á æ¥«ìî ¨å �−�«¨§�, ®æ¥−ª¨, ¢ëï¢«¥−¨ï
â¥−¤¥−æ¨© ¨ ¯à®£−®§� à�§¢¨â¨ï.

�®ª�§�â¥«ì | ®¡®¡é¥−¨¥ á«¥¤ãîé¨å ç¥âëà¥å â¥à¬¨−®¢: ¨−¤¨ª�â®à, ªà¨â¥à¨©,
¯�à�¬¥âà, íªá¯¥àâ−�ï (ª�ç¥áâ¢¥−−�ï) ®æ¥−ª�.

ˆ−¤¨ª�â®à | ª®«¨ç¥áâ¢¥−−�ï ®æ¥−ª� á«¥¤ãîé¨å ®¡ê¥ªâ®¢ ¬®−¨â®à¨−£�, ¢ â®¬
ç¨á«¥ ¨ ¯à®£à�¬¬−®-æ¥«¥¢®© ¤¥ïâ¥«ì−®áâ¨: (�) æ¥«¥©; (¡) à¥áãàá®¢; (¢) à¥-
§ã«ìâ�â®¢; (£) à¥§ã«ìâ�â¨¢−®áâ¨; (¤) íää¥ªâ¨¢−®áâ¨; (¥) á®áâ®ïâ¥«ì−®áâ¨
¯à®£à�¬¬−®-æ¥«¥¢®© ¤¥ïâ¥«ì−®áâ¨.

Šà¨â¥à¨© | −¥ª®â®àë© ¯à¨§−�ª (−�¡®à ¯à¨§−�ª®¢), ª®â®àë© ¨á¯®«ì§ã¥âáï ¤«ï
ª«�áá¨ä¨ª�æ¨¨ ®¡ê¥ªâ®¢, ï¢«¥−¨© ¨ ¯à®æ¥áá®¢ ¬®−¨â®à¨−£�, ¢ â®¬ ç¨á«¥
¨ ¬®−¨â®à¨−£� ¯à®£à�¬¬−®-æ¥«¥¢®© ¤¥ïâ¥«ì−®áâ¨. Šà¨â¥à¨© −¥®¡å®¤¨¬ ¤«ï
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¢ë¤¥«¥−¨ï −¥ª®â®à®£® ®£à�−¨ç¥−−®£® ¬−®¦¥áâ¢� ®¡ê¥ªâ®¢, ï¢«¥−¨© ¨ ¯à®æ¥á-
á®¢ ¨§ ¨å §�¤�−−®£® ¬−®¦¥áâ¢�, çâ® ¯®§¢®«ï¥â ¯à¨−¨¬�âì �¤¥ª¢�â−ë¥ à¥è¥−¨ï
¯à¨ ã¯à�¢«¥−¨¨ ¯à®£à�¬¬−®-æ¥«¥¢®© ¤¥ïâ¥«ì−®áâìî.

��à�¬¥âà | å�à�ªâ¥à¨áâ¨ª� ¨áå®¤−ëå ¤�−−ëå, §�¤�¢�¥¬ëå ¤«ï ¯à®£à�¬¬−®-
æ¥«¥¢®© ¤¥ïâ¥«ì−®áâ¨ (¯à®£à�¬¬ë) ¨§ ¢−¥è−¥© áà¥¤ë, ª®â®à�ï ¨á¯®«ì§ã¥âáï
¢ ¯à®æ¥áá¥ ä®à¬¨à®¢�−¨ï ¯à®£à�¬¬ë ¨ −� ¤àã£¨å áâ�¤¨ïå ¥¥ æ¨ª«� ¦¨§−¨.

�ªá¯¥àâ−�ï ®æ¥−ª� | ª�ç¥áâ¢¥−−ë¥ ¨â®£¨ íªá¯¥àâ¨§ë æ¥«¥©, à¥§ã«ìâ�â®¢,
à¥áãàá®¢, íää¥ªâ¨¢−®áâ¨, à¥§ã«ìâ�â¨¢−®áâ¨ ¨ á®áâ®ïâ¥«ì−®áâ¨ ¯à®£à�¬¬−®-
æ¥«¥¢®© ¤¥ïâ¥«ì−®áâ¨.

�ää¥ªâ¨¢−®áâì 1 | á®®â−®è¥−¨¥ ¬¥¦¤ã à¥§ã«ìâ�â�¬¨ ¯à®£à�¬¬−®-æ¥«¥¢®©
¤¥ïâ¥«ì−®áâ¨ ¨ ¨á¯®«ì§ã¥¬ë¬¨ ¯à¨ ¨å ¯®«ãç¥−¨¨ à¥áãàá�¬¨ (−�¯à¨¬¥à, ª�¤-
à®¢ë¬¨, ä¨−�−á®¢ë¬¨ ¨ ¤àã£¨¬¨ à¥áãàá�¬¨, ®¡¥á¯¥ç¨¢�îé¨¬¨ à¥�«¨§�æ¨î
¯à®£à�¬¬ë).

÷¥§ã«ìâ�â¨¢−®áâì 2 | á®®â−®è¥−¨¥ ¬¥¦¤ã à¥§ã«ìâ�â�¬¨, æ¥«ï¬¨ ¨ §�¤�ç�¬¨
¯à®£à�¬¬−®-æ¥«¥¢®© ¤¥ïâ¥«ì−®áâ¨.

‘®áâ®ïâ¥«ì−®áâì 3 | å�à�ªâ¥à¨áâ¨ª� áâ¥¯¥−¨ á®£«�á®¢�−−®áâ¨ æ¥«¥©, §�¤�ç
¨ à¥áãàá®¢ ¯à®£à�¬¬−®-æ¥«¥¢®© ¤¥ïâ¥«ì−®áâ¨.

�á®¡®£® ¢−¨¬�−¨ï §�á«ã¦¨¢�îâ â¥à¬¨−ë ú¯®ª�§�â¥«ìû ¨ ú¨−¤¨ª�â®àû ¢¢¨-
¤ã à�§−®®¡à�§−ëå ¨ ¯à¨ íâ®¬ ¤®áâ�â®ç−® ¯à®â¨¢®à¥ç¨¢ëå ¨å â®«ª®¢�−¨© à�§−ë¬¨
¨áá«¥¤®¢�â¥«ï¬¨ ¨ á¯¥æ¨�«¨áâ�¬¨. ‚ á¢ï§¨ á íâ¨¬ ¢ à�¬ª�å æ¥«¥© ¨ §�¤�ç −�-
áâ®ïé¥£® ¨áá«¥¤®¢�−¨ï −¥®¡å®¤¨¬® ¢−¥áâ¨ −¥ª®â®àë¥ ¯®ïá−¥−¨ï ¢ ¯à¥¤«�£�¥¬ë¥
®¯à¥¤¥«¥−¨ï.

‚ ¯à¨¢¥¤¥−−ëå ¢ëè¥ ®¯à¥¤¥«¥−¨ïå ¨−¤¨ª�â®à ï¢«ï¥âáï ç�áâ−ë¬ á«ãç�¥¬
à®¤®¢®£® â¥à¬¨−� ú¯®ª�§�â¥«ìû, −® ¢ àï¤¥ ¯à®£à�¬¬ ®−¨ ¨á¯®«ì§ãîâáï ª�ª
á¨−®−¨¬ë, â. ¥. ª�ª ®¤¨−�ª®¢ë¥ (íª¢¨¢�«¥−â−ë¥) ¯® á¬ëá«®¢®¬ã á®¤¥à¦�−¨î
â¥à¬¨−ë.

3 Методические проблемы мониторинга и оценки национальной
безопасности

3.1 Общенаучные подходы к выбору показателей

�à¨−æ¨¯¨�«ì−ë¬ ¢®¯à®á®¬ ¯à¨ ¯«�−¨à®¢�−¨¨ ¨ ®à£�−¨§�æ¨¨ ¬®−¨â®à¨−£�
á«®¦−®© ¤¥ïâ¥«ì−®áâ¨ ï¢«ï¥âáï ¢ë¡®à ¯®ª�§�â¥«¥© íâ®© ¤¥ïâ¥«ì−®áâ¨, â�ª ª�ª
¨¬¥−−® ®â −¨å §�¢¨á¨â ª�ç¥áâ¢® (®¡ê¥ªâ¨¢−®áâì, â®ç−®áâì ¨ ¤®áâ®¢¥à−®áâì) ¥¥
¬®−¨â®à¨−£� ¨ ®æ¥−ª¨. ‚ ª®−¥ç−®¬ ¨â®£¥, á®£«�á−® à�¡®â¥ [15], ®¤−¨¬ ¨§ ªà¨â¥-
à¨¥¢ ¯®«−®âë ¨ à¥«¥¢�−â−®áâ¨ á¨áâ¥¬ë ¨−¤¨ª�â®à®¢ ¨ ¤àã£¨å ¢¨¤®¢ ¯®ª�§�â¥«¥©

1�−£«. efficiency.
2�−£«. effectiveness.
3�−£«. consistency.
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‘¯¥æ¨ä¨ª� ¯®ª�§�â¥«¥© −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨ ¢ ª®−â¥ªáâ¥ ¥¥ ¬®−¨â®à¨−£�

ï¢«ï¥âáï ¢®§¬®¦−®áâì ®æ¥−¨¢�âì æ¥«¨ ¨ §�¤�ç¨, à¥áãàáë, à¥§ã«ìâ�âë, à¥§ã«ìâ�-
â¨¢−®áâì, íää¥ªâ¨¢−®áâì ¨ á®áâ®ïâ¥«ì−®áâì ¯à®£à�¬¬−®-æ¥«¥¢®© ¤¥ïâ¥«ì−®áâ¨.

�á®¡ë¥ âà¥¡®¢�−¨ï ¯à¥¤êï¢«ïîâáï ª á¨áâ¥¬¥ ¨−¤¨ª�â®à®¢ ¨ ¤àã£¨å ¢¨¤®¢
¯®ª�§�â¥«¥© −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨, çâ® ®¡êïá−ï¥âáï á«¥¤ãîé¨¬¨ ¤¢ã¬ï
ª«îç¥¢ë¬¨ ä�ªâ®à�¬¨:
(1) ¬−®£®ãà®¢−¥¢ë¬ å�à�ªâ¥à®¬ ¨¥à�àå¨¨ á¨áâ¥¬ë −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨

á® á«®¦−ë¬¨ á¢ï§ï¬¨ ¬¥¦¤ã ãà®¢−ï¬¨ ¨ ¢ àï¤¥ á«ãç�¥¢ á ¢ëá®ª®© áâ¥¯¥−ìî
¨å −¥®¯à¥¤¥«¥−−®áâ¨;

(2) −¥¯à¥¤áª�§ã¥¬®áâìî à�§¢¨â¨ï á®¡ëâ¨© ¢ íâ®© áä¥à¥ ¨ âàã¤−®áâï¬¨ ¯à�ªâ¨-
ç¥áª®© ¯à®¢¥àª¨ ¯«�−¨àã¥¬ëå à¥§ã«ìâ�â®¢ ¯® ®¡¥á¯¥ç¥−¨î −�æ¨®−�«ì−®©
¡¥§®¯�á−®áâ¨.

‘®£«�á−® à�¡®â¥ [16], ª á¨áâ¥¬¥ ¨−¤¨ª�â®à®¢ ¨ ¤àã£¨å ¢¨¤®¢ ¯®ª�§�â¥«¥©
¯à®£à�¬¬−®-æ¥«¥¢®© ¤¥ïâ¥«ì−®áâ¨ ¯à¥¤êï¢«ïîâáï á«¥¤ãîé¨¥ âà¥¡®¢�−¨ï:

{ �¤¥ª¢�â−®áâì: ¯®ª�§�â¥«ì ¤®«¦¥− ®ç¥¢¨¤−ë¬ ®¡à�§®¬ å�à�ªâ¥à¨§®¢�âì ¢á¥
áãé¥áâ¢¥−−ë¥ �á¯¥ªâë ¤®áâ¨¦¥−¨ï æ¥«¨ ¨«¨ à¥è¥−¨ï §�¤�ç¨;

{ ®¡ê¥ªâ¨¢−®áâì: −¥ ¤®¯ãáª�¥âáï ¨á¯®«ì§®¢�−¨¥ ¯®ª�§�â¥«¥©, ã«ãçè¥−¨¥ §−�-
ç¥−¨© ª®â®àëå ¢®§¬®¦−® ¯à¨ ãåã¤è¥−¨¨ ä�ªâ¨ç¥áª®£® ¯®«®¦¥−¨ï ¤¥« ¢ á®-
®â¢¥âáâ¢ãîé¥© ¯à¥¤¬¥â−®© ®¡«�áâ¨;

{ ¤®áâ®¢¥à−®áâì: á¯®á®¡ á¡®à� ¨ ®¡à�¡®âª¨ ¨áå®¤−®© ¨−ä®à¬�æ¨¨ ¤®«¦¥−
¤®¯ãáª�âì ¢®§¬®¦−®áâì ¯à®¢¥àª¨ ¯®«ãç¥−−ëå ¤�−−ëå;

{ â®ç−®áâì: ¯®£à¥è−®áâ¨ ¨§¬¥à¥−¨ï −¥ ¤®«¦−ë ¯à¨¢®¤¨âì ª ¨áª�¦¥−−®¬ã
¯à¥¤áâ�¢«¥−¨î ®¡ ¨áá«¥¤ã¥¬ëå ®¡ê¥ªâ�å, ï¢«¥−¨ïå ¨ ¯à®æ¥áá�å ¯à®£à�¬¬−®-
æ¥«¥¢®© ¤¥ïâ¥«ì−®áâ¨;

{ ®¤−®§−�ç−®áâì: ®¯à¥¤¥«¥−¨¥ ¯®ª�§�â¥«ï ¤®«¦−® ®¡¥á¯¥ç¨¢�âì ®¤¨−�ª®¢®¥
¯®−¨¬�−¨¥ áãé¥áâ¢� ¨§¬¥àï¥¬®© å�à�ªâ¥à¨áâ¨ª¨ ¢á¥¬¨ ¯®âà¥¡¨â¥«ï¬¨ ¤�−-
−ëå ¬®−¨â®à¨−£� ¨ ®æ¥−ª¨;

{ íª®−®¬¨ç−®áâì: ¯®«ãç¥−¨¥ ¤�−−ëå ¬®−¨â®à¨−£� ¨ ®æ¥−ª¨ ¤®«¦−® ¯à®¨§-
¢®¤¨âìáï á ¬¨−¨¬�«ì−® ¢®§¬®¦−ë¬¨ §�âà�â�¬¨, � ¯à¨¬¥−ï¥¬ë¥ ¯®ª�§�â¥«¨
¤®«¦−ë ¢ ¬�ªá¨¬�«ì−®© áâ¥¯¥−¨ ®á−®¢ë¢�âìáï −� ã¦¥ áãé¥áâ¢ãîé¨å áà¥¤-
áâ¢�å ¨ ¬¥â®¤�å á¡®à�, åà�−¥−¨ï ¨ ®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨;

{ á®¯®áâ�¢¨¬®áâì: ¢ë¡®à ¯®ª�§�â¥«¥© á«¥¤ã¥â ®áãé¥áâ¢«ïâì ¨áå®¤ï ¨§ −¥®¡å®-
¤¨¬®áâ¨ −�ª®¯«¥−¨ï ¤�−−ëå ¨ ®¡¥á¯¥ç¥−¨ï ¨å á®¯®áâ�¢¨¬®áâ¨ §� ®â¤¥«ì−ë¥
¯¥à¨®¤ë ¢à¥¬¥−¨;

{ á¢®¥¢à¥¬¥−−®áâì ¨ à¥£ã«ïà−®áâì: ¤�−−ë¥ ¬®−¨â®à¨−£� ¨ ®æ¥−ª¨ ¤®«¦-
−ë ¯®áâã¯�âì á® áâà®£® ®¯à¥¤¥«¥−−®© ¯¥à¨®¤¨ç−®áâìî ¨ á −¥§−�ç¨â¥«ì−®©
¢à¥¬¥−−‚®© §�¤¥à¦ª®© ¤® ¬®¬¥−â� ¨å ®¡®¡é¥−¨ï ¨ ä®à¬¨à®¢�−¨ï ¨−â¥£à�«ì-
−®© (®¡®¡é¥−−®©) ®æ¥−ª¨;

{ ã−¨ª�«ì−®áâì: ¯à¨¬¥−ï¥¬ë¥ ¯®ª�§�â¥«¨ ¤®«¦−ë ®âà�¦�âì ®â¤¥«ì−ë¥, −¥§�-
¢¨á¨¬ë¥ å�à�ªâ¥à¨áâ¨ª¨ ¨áá«¥¤ã¥¬®£® ®¡ê¥ªâ�, ï¢«¥−¨ï ¨«¨ ¯à®æ¥áá�, â. ¥.
−¥ ¤®«¦−ë ¤ã¡«¨à®¢�âì ¤àã£ ¤àã£�.
Š�¦¤®¥ ¨§ ¯à¨¢¥¤¥−−ëå âà¥¡®¢�−¨© §�á«ã¦¨¢�¥â ®á®¡®£® ¨áá«¥¤®¢�−¨ï, −®

á â®çª¨ §à¥−¨ï ª�ç¥áâ¢� ¬®−¨â®à¨−£� ¨ ®æ¥−ª¨ −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨ ª«îç¥-
¢ë¬¨ ï¢«ïîâáï �¤¥ª¢�â−®áâì, ®¡ê¥ªâ¨¢−®áâì ¨ ®¤−®§−�ç−®áâì.
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3.2 Специфика показателей

‘«®¦−®áâì ¬¥â®¤®«®£¨¨ ¬®−¨â®à¨−£� ¨ ¨−¤¨ª�â®à−®£® ®æ¥−¨¢�−¨ï −�æ¨®-
−�«ì−®© ¡¥§®¯�á−®áâ¨, ¢ëâ¥ª�îé�ï ¨§ áãé−®áâ¨ íâ®© ¤¥ïâ¥«ì−®áâ¨, §�ª«îç�¥âáï
¢ â®¬, çâ® −¥®¡å®¤¨¬® ¯®«ãç¨âì ¨−ä®à¬�æ¨®−−®¥ ®¯¨á�−¨¥ á«®¦−ëå, ¨¥à�àå¨ç¥-
áª¨ ®à£�−¨§®¢�−−ëå ¨ ¬−®£®�á¯¥ªâ−ëå ®¡ê¥ªâ®¢ ¨ ¯à®æ¥áá®¢ ¯à®£à�¬¬−®-æ¥«¥-
¢®© ¤¥ïâ¥«ì−®áâ¨. �®íâ®¬ã −¥¯®áà¥¤áâ¢¥−−�ï ®¡®¡é¥−−�ï ®æ¥−ª� −�æ¨®−�«ì−®©
¡¥§®¯�á−®áâ¨ áãé¥áâ¢¥−−® §�âàã¤−¥−�. ‘−�ç�«� ®áãé¥áâ¢«ï¥âáï ¤¥ª®¬¯®§¨æ¨ï
¨¥à�àå¨ç¥áª¨ ®à£�−¨§®¢�−−ëå áä¥à ®æ¥−ª¨ −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨, çâ®¡ë
¯®«ãç¨âì á®¢®ªã¯−®áâì ¡®«¥¥ ¯à®áâëå, −�¡«î¤�¥¬ëå ¨ ¨−¤¨ª�â®à−® ®æ¥−¨¢�¥¬ëå
¯à®æ¥áá®¢ ¨ ®¡ê¥ªâ®¢ ¢ ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¬®−¨â®à¨−£�. �à¨ íâ®¬ ¨¥à�àå¨ç¥-
áª¨¥ á¢ï§¨ ¯® á¢®¥© ¯à¨à®¤¥ ¬®£ãâ ¡ëâì ª�ª ï¢−ë¬¨, â�ª ¨ ª®á¢¥−−ë¬¨.

÷�§à�¡®âª� ¬¥â®¤®«®£¨ç¥áª¨å ®á−®¢ á®§¤�−¨ï á¨áâ¥¬ë ¬®−¨â®à¨−£� ¨ ¨−-
¤¨ª�â®à−®© ®æ¥−ª¨ −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨ ÷®áá¨©áª®© ”¥¤¥à�æ¨¨ (¤�«¥¥
��÷”), ¯à¥¤¬¥â−�ï ®¡«�áâì ª®â®à®© ¢ª«îç�¥â ¨¥à�àå¨ç¥áª¨ ®à£�−¨§®¢�−−ë¥
®¡ê¥ªâë ¨ ¯à®æ¥ááë, ¯à¥¤¯®«�£�¥â à¥è¥−¨¥ àï¤� ¯à®¡«¥¬, ª®â®àë¥ ¬®¦−® ãá«®¢-
−® à�§¤¥«¨âì −� á«¥¤ãîé¨¥ âà¨ £àã¯¯ë:

�. �à®¡«¥¬ë, ®â−®áïé¨¥áï ª á�¬¨¬ ¯®ª�§�â¥«ï¬ (á¨áâ¥¬¥ ¯®ª�§�â¥«¥©), ¢ª«îç�ï
§�¤�ç¨ ¨å ä®à¬¨à®¢�−¨ï (¢ë¡®à�) ¨ ¯à¨¬¥−¥−¨ï ¢ á®®â¢¥âáâ¢¨¨ á æ¥«ï¬¨ ¯à®-
£à�¬¬−®-æ¥«¥¢®© ¤¥ïâ¥«ì−®áâ¨ [15, 17{20].

�. �à®¡«¥¬ë, ®â−®áïé¨¥áï ª ¬¥â®¤®«®£¨¨ ¢ëç¨á«¥−¨ï ¨ ¯à®¢¥àª¨ ¤®áâ®¢¥à−®áâ¨
(¢¥à¨ä¨ª�æ¨¨) §−�ç¥−¨© ¯®ª�§�â¥«¥© [11, 21].

‚. �à®¡«¥¬ë, á¢ï§�−−ë¥ á ¤�−−ë¬¨ (� â®ç−¥¥, á ¨áâ®ç−¨ª�¬¨ ¤�−−ëå), ¨á¯®«ì-
§ã¥¬ë¬¨ ¯à¨ ¢ëç¨á«¥−¨¨ ¯®ª�§�â¥«¥© [22, 23].

ƒàã¯¯� �

Š íâ®© £àã¯¯¥ ¬®¦−® ®â−¥áâ¨ ¯à®¡«¥¬ã (−¥)�¤¥ª¢�â−®áâ¨, ª®â®àãî ¬®¦−®
áä®à¬ã«¨à®¢�âì ª�ª −¥¯®«−®¥ á®®â¢¥âáâ¢¨¥ (¢®§¬®¦−®, ¤�¦¥ ¯®«−®¥ −¥á®®â¢¥â-
áâ¢¨¥) ¯®áâ�¢«¥−−ëå §�¤�ç æ¥«ï¬ ¯à®£à�¬¬−®-æ¥«¥¢®© ¤¥ïâ¥«ì−®áâ¨, çâ® á−¨¦�¥â
íää¥ªâ¨¢−®áâì ¨ à¥§ã«ìâ�â¨¢−®áâì ¢á¥© ¤¥ïâ¥«ì−®áâ¨ ¯® ã¯à�¢«¥−¨î â®© ¨«¨
¨−®© áä¥à®©. �®¤ ¯®áâ�−®¢ª®© §�¤�ç ¯®¤à�§ã¬¥¢�¥âáï ¤®áâ¨¦¥−¨¥ ®¯à¥¤¥«¥−-
−ëå §−�ç¥−¨© ¯®ª�§�â¥«¥©, å�à�ªâ¥à¨§ãîé¨å æ¥«¨. ‚ ¤�−−®© ¯à®¡«¥¬¥ ¬®¦−®
ãá«®¢−® ¢ë¤¥«¨âì ç¥âëà¥ �á¯¥ªâ�: á®¡áâ¢¥−−® −¥�¤¥ª¢�â−®áâì, −¥®¤−®§−�ç−®áâì,
−¥¯®«−®âã, à¥¤ãªæ¨î.

�¥�¤¥ª¢�â−®áâì §�¤�ç | íâ® −¥á®®â¢¥âáâ¢¨¥ áãé−®áâ¨ §�¤�ç æ¥«ï¬ ¯à®-
£à�¬¬−®-æ¥«¥¢®© ¤¥ïâ¥«ì−®áâ¨. �à¥¤¯®áë«ª®© ª â�ª®¬ã −¥£�â¨¢−®¬ã à¥§ã«ìâ�âã
ï¢«ï¥âáï −¥®ç¥¢¨¤−�ï, ¯«®å® ®áï§�¥¬�ï ¢§�¨¬®á¢ï§ì ¬¥¦¤ã ¯®ª�§�â¥«ï¬¨ ¨ å�-
à�ªâ¥à¨§ã¥¬ë¬¨ ¨¬¨ ¯à®æ¥áá�¬¨. ’�ª�ï á¨âã�æ¨ï ¬®¦¥â ¢®§−¨ª�âì, ¥á«¨ ¯®ª�-
§�â¥«ì ®¤−®£® ®¡ê¥ªâ�/¯à®æ¥áá� á«¥¯® ¯¥à¥−®á¨âáï −� ¤àã£®© ®¡ê¥ªâ/¯à®æ¥áá,
ä®à¬�«ì−® ¯®å®¦¨© −� ¯¥à¢ë©, −® äã−ªæ¨®−¨àãîé¨© ¯® ¤àã£¨¬ ¯à¨−æ¨¯�¬.

�¥®¤−®§−�ç−®áâì ®æ¥−ª¨ | ¬−®£®§−�ç−®áâì ¨§¬¥àï¥¬®© å�à�ªâ¥à¨áâ¨ª¨
®æ¥−¨¢�¥¬®£® ®¡ê¥ªâ�/¯à®æ¥áá�. Ÿàª¨¬ ¯à¨¬¥à®¬ ¬−®£®§−�ç−®áâ¨ á«ã¦¨â
ç¨á«¥−−®áâì á¥«ìáª®£® −�á¥«¥−¨ï, á®ªà�é¥−¨¥ ª®â®à®£® ¬®¦−® âà�ªâ®¢�âì ª�ª
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‘¯¥æ¨ä¨ª� ¯®ª�§�â¥«¥© −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨ ¢ ª®−â¥ªáâ¥ ¥¥ ¬®−¨â®à¨−£�

¯®ª�§�â¥«ì ¨−¤ãáâà¨�«¨§�æ¨¨, çâ® ¢ ®¡é¥¬ á«ãç�¥ áç¨â�¥âáï ¯®«®¦¨â¥«ì−®© â¥−-
¤¥−æ¨¥©. ‘ ¤àã£®© áâ®à®−ë, á®ªà�é¥−¨¥ ç¨á«¥−−®áâ¨ á¥«ìáª®£® −�á¥«¥−¨ï ¬®¦¥â
¡ëâì á«¥¤áâ¢¨¥¬ á¥àì¥§−®£® ãåã¤è¥−¨ï ãà®¢−ï ¦¨§−¨ −� á¥«¥.

�¥¯®«−®â� ®æ¥−ª¨, ¨«¨ ®¤−®áâ®à®−−ïï å�à�ªâ¥à¨áâ¨ª� ®¡ê¥ªâ�/¯à®æ¥áá�.
„�¦¥ ¥á«¨ ¨á¯®«ì§ãîâáï �¤¥ª¢�â−ë¥ ¨ ®¤−®§−�ç−ë¥ ¯®ª�§�â¥«¨, ¢®§−¨ª�¥â ¢®-
¯à®á: � ®å¢�âë¢�îâ «¨ ®−¨ ¢á¥ áãé¥áâ¢¥−−ë¥ �á¯¥ªâë ®æ¥−¨¢�¥¬®£® ®¡ê¥ª-
â�/̄ à®æ¥áá�, â. ¥. ä®à¬¨àãîâ «¨ ®−¨ ¯®«−ãî ª�àâ¨−ã ¯à®£à�¬¬−®-æ¥«¥¢®© ¤¥ï-
â¥«ì−®áâ¨? ��¯à¨¬¥à, −¥«ì§ï ®¤−®§−�ç−® ®¯à¥¤¥«¨âì ãà®¢¥−ì ¦¨§−¨ −�á¥«¥−¨ï
â®«ìª® ¯® à�§¬¥àã ‚‚� (¢�«®¢®£® ¢−ãâà¥−−¥£® ¯à®¤ãªâ�) −� ¤ãèã −�á¥«¥−¨ï
¡¥§ ãç¥â� áâ¥¯¥−¨ ¤¨ää¥à¥−æ¨�æ¨¨ ¢ à�á¯à¥¤¥«¥−¨¨ ¤®å®¤®¢ ¬¥¦¤ã á«®ï¬¨
−�á¥«¥−¨ï.

÷¥¤ãªæ¨ï ¨−â¥£à¨à®¢�−−ëå (ãáà¥¤−¥−−ëå ¨«¨ ¢§¢¥è¥−−ëå) ¯®ª�§�â¥«¥© |
¯®¤¬¥−� àï¤� ª®−ªà¥â−ëå ¯®ª�§�â¥«¥© ®¤−¨¬ ¨−â¥£à¨à®¢�−−ë¬ ¬®¦¥â ¯à¨¢¥áâ¨
ª â®¬ã, çâ® ¡ã¤¥â ¯®â¥àï− á¬ëá« â�ª®£® ®æ¥−¨¢�−¨ï. •�à�ªâ¥à−®© ¨««îáâà�æ¨¥©
á«ã¦¨â á«¥¤ãîé¨© ¯à¨¬¥à. ˆ§¢¥áâ−®, çâ® áà¥¤−ïï â¥¬¯¥à�âãà� â¥«� ç¥«®¢¥ª�
ï¢«ï¥âáï áãé¥áâ¢¥−−ë¬ ¯®ª�§�â¥«¥¬ á®áâ®ï−¨ï ¥£® §¤®à®¢ìï. �¤−�ª® ¥á«¨ ¢§ïâì,
−�¯à¨¬¥à, áà¥¤−îî â¥¬¯¥à�âãàã ¯® ¡®«ì−¨æ¥, â® ®−� ¢ ¯à¨−æ¨¯¥ −¥ á¯®á®¡−�
®å�à�ªâ¥à¨§®¢�âì ¯à®æ¥áá «¥ç¥−¨ï, ¯®áª®«ìªã ¢ ¡®«ì−¨æ¥ ®¤−®¢à¥¬¥−−® −�å®-
¤ïâáï ª�ª âï¦¥«ë¥, â�ª ¨ ¢ë§¤®à�¢«¨¢�îé¨¥ ¡®«ì−ë¥. �¤−�ª® íâ®â ¯®ª�§�â¥«ì
¬®¦¥â á¨£−�«¨§¨à®¢�âì ® áãé¥áâ¢®¢�−¨¨ í¯¨¤¥¬¨¨ ¢ëá®ª®â¥¬¯¥à�âãà−ëå §�¡®-
«¥¢�−¨© ¢ ¤�−−®© ¡®«ì−¨æ¥, −® ¯à¨ íâ®¬ á«¥¤ã¥â ¨¬¥âì ¢ ¢¨¤ã, çâ® â�ª�ï ®æ¥−ª�,
ª�ª ¯®ª�§�â¥«ì íää¥ªâ¨¢−®áâ¨ «¥ç¥¡−®£® ¯à®æ¥áá�, ¡ã¤¥â ª®àà¥ªâ−� â®«ìª® ¤«ï
«¥ç¥¡−ëå ãçà¥¦¤¥−¨© ®¯à¥¤¥«¥−−®£® ¯à®ä¨«ï.

�à®¡«¥¬ë £àã¯¯ë � ¬®£ãâ à¥è�âìáï íªá¯¥àâ−ë¬ á®®¡é¥áâ¢®¬ ¯ãâ¥¬ ãâ®ç-
−¥−¨ï, ¬®¤¨ä¨ª�æ¨¨ áãé¥áâ¢ãîé¨å ¨«¨ £¥−¥à�æ¨¥© −®¢ëå ¯®ª�§�â¥«¥©. �®
¯à¨ íâ®¬ −¥®¡å®¤¨¬® ãç¨âë¢�âì ¯à®¡«¥¬ã ®¤−®§−�ç−®áâ¨ ¯®−¨¬�−¨ï á¬ëá«�
¨−¤¨ª�â®à®¢ ¢á¥¬¨ íªá¯¥àâ�¬¨.

ƒàã¯¯� �

Š® ¢â®à®© £àã¯¯¥ | ¬¥â®¤®«®£¨¨ ¢ëç¨á«¥−¨ï ¨ ¯à®¢¥àª¨ ¤®áâ®¢¥à−®áâ¨ (¢¥-
à¨ä¨ª�æ¨¨) §−�ç¥−¨© ¯®ª�§�â¥«¥© | ¬®¦−® ®â−¥áâ¨:

{ ¯à®¡«¥¬ã á®£«�á®¢�−−®áâ¨ á¯®á®¡� ¢ëç¨á«¥−¨ï ¯®ª�§�â¥«ï. �®áª®«ìªã
âà�ªâ®¢ª� á¬ëá«� â®£® ¨«¨ ¨−®£® ¯®ª�§�â¥«ï ç�áâ® á¢ï§�−� á ®¯à¥¤¥«¥−−ë¬
à�§¡à®á®¬ ¬−¥−¨© íªá¯¥àâ®¢, â® ¢®§−¨ª�¥â á¨âã�æ¨ï, ª®£¤� à�§−ë¥ íªá¯¥àâë
¯®−¨¬�îâ ¯®¤ ®¤−¨¬ ¨ â¥¬ ¦¥ −�§¢�−¨¥¬ ¨−¤¨ª�â®à� ¤®áâ�â®ç−® à�§«¨ç�-
îé¨¥áï ®¯à¥¤¥«¥−¨ï ¨, á®®â¢¥âáâ¢¥−−®, ¯à¥¤«�£�îâ à�§«¨ç−ë¥ á¯®á®¡ë ¨ ¬¥-
â®¤¨ª¨ ¢ëç¨á«¥−¨ï ¨å §−�ç¥−¨©. �®íâ®¬ã à�§à�¡®âª� ¨−¤¨ª�â®à®¢ ¤®«¦−�
á®¯à®¢®¦¤�âìáï á®®â¢¥âáâ¢ãîé¨¬ â¥áâ¨à®¢�−¨¥¬ −� ¯à¥¤¬¥â ®¤−®§−�ç−®áâ¨
á¥¬�−â¨ç¥áª®© ¨−â¥à¯à¥â�æ¨¨ ¨ á¯®á®¡®¢ ¢ëç¨á«¥−¨ï;

{ ¯à®¡«¥¬ã ¤®áâ®¢¥à−®áâ¨ (¢¥à¨ä¨ª�æ¨¨) à¥§ã«ìâ�â®¢ ¢ëç¨á«¥−¨ï, ª®â®à�ï
§�ª«îç�¥âáï ¢ â®¬, çâ® −¥®¡å®¤¨¬® ãç¨âë¢�âì −¥áª®«ìª® �á¯¥ªâ®¢ ¯®−ï-
â¨ï ¢¥à¨ä¨æ¨àã¥¬®áâ¨ ¬®−¨â®à¨−£� ¨ ®æ¥−¨¢�−¨ï. Œ−®£®�á¯¥ªâ−®áâì íâ®£®
¯®−ïâ¨ï ¯à®¨««îáâà¨àãîâ ¤¢� ¥£® ®á−®¢−ëå �á¯¥ªâ� [11].
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ƒ. ‚. ‹ãªìï−®¢, „. �. �¨ª¨è¨−, ƒ. ”. ‚¥à¥¢ª¨−, ‚. ‚. Š®á�à¨ª

�¥à¢ë© �á¯¥ªâ ¯à¥¤áâ�¢«¥− ¯à¨−æ¨¯®¬ úá®åà�−¥−¨ï ¨áâ®à¨¨û ®¡à�¡®âª¨ â®©
¨áå®¤−®© ¨−ä®à¬�æ¨¨, ª®â®à�ï ¨á¯®«ì§®¢�«�áì ¯à¨ ¢ëç¨á«¥−¨¨ §−�ç¥−¨©
¨−¤¨ª�â®à®¢. ‘ãâì íâ®£® ¯à¨−æ¨¯� §�ª«îç�¥âáï ¢ â®¬, çâ® −� ª�¦¤®¬
®ç¥à¥¤−®¬ íâ�¯¥ ¯à®æ¥áá� ®¡à�¡®âª¨ ¨áå®¤−®© ¨−ä®à¬�æ¨¨, −� ª®â®à®¬
æ¥«ìî ï¢«ï¥âáï ¢ëç¨á«¥−¨¥ §−�ç¥−¨© −¥ª®â®à®£® ¨−¤¨ª�â®à�, ä¨ªá¨àãîâáï
¨ §�¯®¬¨−�îâáï:

• à¥§ã«ìâ�âë ®¡à�¡®âª¨ ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢, ¢ª«îç�ï ¢ëç¨á«¥−−ë¥
§−�ç¥−¨ï á�¬¨å ¨−¤¨ª�â®à®¢ ¨ ¯à®¬¥¦ãâ®ç−ë¥ ¤�−−ë¥ ¢ëç¨á«¥−¨©;

• ¢á¥ â¥ ¨áå®¤−ë¥ ¨−ä®à¬�æ¨®−−ë¥ à¥áãàáë, ª®â®àë¥ ¨á¯®«ì§®¢�«¨áì −�
íâ�¯�å ®¡à�¡®âª¨ á æ¥«ìî ¢ëç¨á«¥−¨ï §−�ç¥−¨© ¨−¤¨ª�â®à®¢;

• á¢ï§¨ ¯®«ãç¥−−ëå §−�ç¥−¨© ¨¬¥−−® á íâ¨¬¨ ¨−ä®à¬�æ¨®−−ë¬¨ à¥áãà-
á�¬¨;

• ¨á¯®«ì§ã¥¬ë¥ ¢¥àá¨¨ ¯à®£à�¬¬ ¢ëç¨á«¥−¨ï §−�ç¥−¨© ¨−¤¨ª�â®à®¢;

• á¢ï§¨ ¯®«ãç¥−−ëå §−�ç¥−¨© á íâ¨¬¨ ¯à®£à�¬¬�¬¨.

‚â®à®© �á¯¥ªâ ¯à¥¤áâ�¢«¥− ¯à¨−æ¨¯®¬ ú¢¥à¨ä¨ª�æ¨¨ ¯® ¤®¯®«−¨â¥«ì−ë¬
¨áâ®ç−¨ª�¬ ¨−ä®à¬�æ¨¨û. …£® áãâì §�ª«îç�¥âáï ¢ â®¬, çâ® −� áâ�¤¨¨
¯«�−¨à®¢�−¨ï ¯à®£à�¬¬−®-æ¥«¥¢®© ¤¥ïâ¥«ì−®áâ¨ ¢ëïá−ïîâáï ¢®§¬®¦−®áâ¨
¨á¯®«ì§®¢�−¨ï ¤®¯®«−¨â¥«ì−ëå ¨ −¥§�¢¨á¨¬ëå ¨áâ®ç−¨ª®¢ ¨−ä®à¬�æ¨¨, ª®-
â®àë¥ ¬®£ãâ ¡ëâì ¨á¯®«ì§®¢�−ë ¤«ï ¢¥à¨ä¨ª�æ¨¨ §−�ç¥−¨© ¨−¤¨ª�â®à®¢,
¢ëç¨á«¥−−ëå −� ®á−®¢¥ à¥§ã«ìâ�â®¢ ®¡à�¡®âª¨ ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢,
á®¡¨à�¥¬ëå ¨ ®¡à�¡�âë¢�¥¬ëå ¢ ¯à®æ¥áá¥ ¯à®£à�¬¬−®-æ¥«¥¢®© ¤¥ïâ¥«ì−®áâ¨.
‚ −�áâ®ïé¥¥ ¢à¥¬ï ¨á¯®«ì§®¢�−¨¥ ¤®¯®«−¨â¥«ì−ëå ¨ −¥§�¢¨á¨¬ëå ¨áâ®ç−¨-
ª®¢ ¨−ä®à¬�æ¨¨ ï¢«ï¥âáï −�¨¡®«¥¥ à�á¯à®áâà�−¥−−ë¬ ¯à¨−æ¨¯®¬ ¢¥à¨ä¨-
ª�æ¨¨. �¤−�ª® íâ®â ¯à¨−æ¨¯ à¥�«¨§ã¥¬ â®«ìª® ¢ â¥å á«ãç�ïå, ª®£¤� â�ª¨¥
¨áâ®ç−¨ª¨ ¨¬¥îâáï;

{ ¯à®¡«¥¬ã ®¯¥à�â¨¢−®áâ¨. ��¯à¨¬¥à, áãé¥áâ¢ãîé�ï á¨áâ¥¬� á¡®à� ¨áå®¤-
−ëå ¤�−−ëå ¤«ï ®æ¥−ª¨ ��÷” ¢ −�áâ®ïé¥¥ ¢à¥¬ï ®à¨¥−â¨à®¢�−� ¯à¥¨¬ã-
é¥áâ¢¥−−® −� ¡ã¬�¦−ë© ¤®ªã¬¥−â®®¡®à®â, ¯à¨ ª®â®à®¬ ¯à®¢¥àª� ¯®«−®âë
¨ ¤®áâ®¢¥à−®áâ¨ ¯®ª�§�â¥«¥© âà¥¡ã¥â §−�ç¨â¥«ì−ëå ¢à¥¬¥−−‚ëå §�âà�â. Š â®-
¬ã ¦¥ −¥à¥¤ª® ®â¢¥âë −� §�¯à®áë ¯®áâã¯�îâ á® §−�ç¨â¥«ì−ë¬ ®¯®§¤�−¨¥¬.
„¥©áâ¢ãîé¥¥ −®à¬�â¨¢−®¥ ®¡¥á¯¥ç¥−¨¥ á¨áâ¥¬ë á¡®à� ¨áå®¤−ëå ¤�−−ëå ¤«ï
®æ¥−ª¨ ��÷”, ¥¥ à¥£«�¬¥−â ¨ ¬¥â®¤®«®£¨ï ¯à®æ¥áá®¢ ®¡à�¡®âª¨ ¯®áâã¯�-
îé¥© ¨−ä®à¬�æ¨¨ §�âàã¤−ïîâ ¢−¥¤à¥−¨¥ ¬¥â®¤®¢ ¨−ä®à¬�â¨§�æ¨¨ ¢ áä¥à¥
��÷”. ’�ª�ï á¨âã�æ¨ï �¡á®«îâ−® −¥ ¤®¯ãáâ¨¬� ¢ á«®¦¨¢è¨åáï ãá«®¢¨ïå
¤¨−�¬¨ç¥áª¨ ¨§¬¥−ïîé¥©áï ¢®¥−−®-¯®«¨â¨ç¥áª®© ®¡áâ�−®¢ª¨ ¢ á®¢à¥¬¥−−®¬
¬¨à¥ ¨ à�§¢¨â¨ï à®áá¨©áª®£® ®¡é¥áâ¢�.

ƒàã¯¯� ‚

Š âà¥âì¥© £àã¯¯¥ (¯à®¡«¥¬� á®¡áâ¢¥−−® ¤�−−ëå) ¬®¦−® ®â−¥áâ¨ ¢®¯à®-
áë á®£«�á®¢�−¨ï ¨áâ®ç−¨ª®¢ ¤�−−ëå, â. ¥. ®¡¥á¯¥ç¥−¨¥ ¨å ¨−â¥à®¯¥à�¡¥«ì-
−®áâ¨ [24, 25], çâ® ®§−�ç�¥â ¯à¨¢¥¤¥−¨¥ ª ú®¡é¥¬ã §−�¬¥−�â¥«îû ¤�−−ëå ¨§

194 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 24 −®¬¥à 4 2014



‘¯¥æ¨ä¨ª� ¯®ª�§�â¥«¥© −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨ ¢ ª®−â¥ªáâ¥ ¥¥ ¬®−¨â®à¨−£�

à�§«¨ç−ëå ¨áâ®ç−¨ª®¢, � â�ª¦¥ ¯à®¢¥àªã ¨å ¤®áâ®¢¥à−®áâ¨ ¤® ¢ëç¨á«¥−¨ï ¨−-
¤¨ª�â®à®¢ ¨ ¤àã£¨å ¯®ª�§�â¥«¥©. ‚ ç�áâ−®áâ¨, −¥«ì§ï á¢®¤¨âì ¢ ¥¤¨−ë© (®¡®¡-
é¥−−ë©) ¯®ª�§�â¥«ì ¤�−−ë¥ ®ä¨æ¨�«ì−ëå ®à£�−®¢ áâ�â¨áâ¨ª¨ ¨ á¢¥¤¥−¨ï ãà®¢−ï
à¥ª«�¬−ëå ¯à®á¯¥ªâ®¢.

�à®æ¥¤ãà� ¢ë¡®à� ¨áâ®ç−¨ª®¢ ¤�−−ëå ¢ª«îç�¥â �−�«¨§ á«¥¤ãîé¨å ç¥âëà¥å
�á¯¥ªâ®¢: ¤®áâ®¢¥à−®áâì ¨áâ®ç−¨ª®¢ ¤�−−ëå, ¯®«−®â� ¤�−−ëå, ¯¥à¨®¤¨ç−®áâì
¨ ®¯¥à�â¨¢−®áâì ¨å ®¡−®¢«¥−¨ï.

„®áâ®¢¥à−®áâì ¨áâ®ç−¨ª®¢ ¤�−−ëå ®¯à¥¤¥«ï¥âáï ¬¥â®¤�¬¨ á¡®à� ¤�−−ëå,
¨á¯®«ì§ã¥¬ë¬¨ íâ¨¬¨ ¨áâ®ç−¨ª�¬¨, ¨ ¢ á«ãç�¥ −¥®¡å®¤¨¬®áâ¨ ®−¨ ¬®£ãâ ¡ëâì
¢¥à¨ä¨æ¨à®¢�−ë, −�¯à¨¬¥à, ¯® ¤®¯®«−¨â¥«ì−ë¬ ¨áâ®ç−¨ª�¬ ¨−ä®à¬�æ¨¨.

�¥¯®«−®â� ¤�−−ëå ï¢«ï¥âáï ¯®â¥−æ¨�«ì−ë¬ ä�ªâ®à®¬ á−¨¦¥−¨ï ¤®áâ®¢¥à-
−®áâ¨ à¥§ã«ìâ�â®¢ ¨−¤¨ª�â®à−®£® ®æ¥−¨¢�−¨ï, ª®â®àë© (ä�ªâ®à) å�à�ªâ¥à¨§ã¥âáï
®âáãâáâ¢¨¥¬ ¨«¨ ®¡®á−®¢�−−ë¬ ¯à¥−¥¡à¥¦¥−¨¥¬ ¤�−−ë¬¨ ¯® ®â¤¥«ì−ë¬ �á¯¥ª-
â�¬. ��¯à¨¬¥à, ¢ −¥ª®â®àëå á«ãç�ïå ¯à¨ −¥§−�ç¨â¥«ì−®¬ ¢ë¡à®á¥ ¢ �â¬®áä¥àã
¢à¥¤−ëå ¢¥é¥áâ¢ ¬®¦−® ®âª�§�âìáï ®â á¡®à� ¤�−−ëå. �¤−�ª® ®âáãâáâ¢¨¥ íâ®£®
¯®ª�§�â¥«ï ¢®¢á¥ −¥ ®§−�ç�¥â, çâ® §¤®à®¢ì¥ −�á¥«¥−¨ï ¢ −¥ª®â®àëå à¥£¨®−�å −¥
¯®¤¢¥à¦¥−® ¢«¨ï−¨î ¢à¥¤−ëå ¢ë¡à®á®¢.

�¥à¨®¤¨ç−®áâì ¯®áâã¯«¥−¨ï ¤�−−ëå ¢�¦−� ¯à¨ ¢ëç¨á«¥−¨¨ ¯®ª�§�â¥«¥©
¤¨−�¬¨ª¨ ª�ª®£®-«¨¡® ¯à®æ¥áá�. ��¯à¨¬¥à, âàã¤−® á¤¥«�âì ¢ë¢®¤ ® áà¥¤−¥-
£®¤®¢®© ¨−ä«ïæ¨¨ §� 10 «¥â −� ®á−®¢�−¨¨ ¤�−−ëå, ¯®«ãç¥−−ëå §� 2{3 ¬¥á. ¥¥
−�¡«î¤¥−¨©.

�¯¥à�â¨¢−®áâì ¯®áâã¯«¥−¨ï ¤�−−ëå §� ®¯à¥¤¥«¥−−ë© ¯¥à¨®¤.
‘ãé¥áâ¢ã¥â ¯à®¡«¥¬� −®à¬�«¨§�æ¨¨ ¤�−−ëå, â. ¥. ¯à¥¤áâ�¢«¥−¨ï ¤�−−ëå

¨§ à�§−ëå ¨áâ®ç−¨ª®¢ ¢ ¥¤¨−®© á¨áâ¥¬¥ ¥¤¨−¨æ, −�¯à¨¬¥à ¯¥à¥áç¥â ¬¨««¨®−®¢
ç¥«®¢¥ª ¢ âëáïç¨.

…é¥ ®¤−� ¬¥â®¤®«®£¨ç¥áª�ï ¯à®¡«¥¬�, ¢®§−¨ª�îé�ï ¯à¨ ä®à¬¨à®¢�−¨¨ (¢ë-
¡®à¥) á¨áâ¥¬ë ¨−¤¨ª�â®à®¢ ¨ ¤àã£¨å ¯®ª�§�â¥«¥©, ®¡ãá«®¢«¥−� â®© à®«ìî ¢ ¯à®-
æ¥áá¥ ¯à¨−ïâ¨ï à¥è¥−¨©, ª®â®àãî ¨£à�¥â â®â ¨«¨ ¨−®© ¯®ª�§�â¥«ì ¯à¨ ®æ¥−ª¥
à¥§ã«ìâ�â®¢ ¤¥ïâ¥«ì−®áâ¨ á â®çª¨ §à¥−¨ï ª®−¥ç−ëå ¯®âà¥¡¨â¥«¥© íâ¨å à¥§ã«ìâ�-
â®¢.

‚ à�¬ª�å ��÷” ª®−¥ç−ë¬¨ ¯®âà¥¡¨â¥«ï¬¨ ¥¥ à¥§ã«ìâ�â®¢ ï¢«ïîâáï ®¡é¥-
áâ¢® ¢ æ¥«®¬ ¨ £®áã¤�àáâ¢®. �® á¢®¥© à®«¨ ¢á¥ ¯®ª�§�â¥«¨ á¨áâ¥¬ë ¤¥«ïâáï
−� ¤¢¥ £àã¯¯ë, ®¤−� ¨§ ª®â®àëå å�à�ªâ¥à¨§ã¥â −¥¯®áà¥¤áâ¢¥−−ë¥, � ¢â®à�ï |
ª®−¥ç−ë¥ à¥§ã«ìâ�âë. �®ª�§�â¥«¨ −¥¯®áà¥¤áâ¢¥−−ëå à¥§ã«ìâ�â®¢ å�à�ªâ¥à¨§ãîâ
¯à®æ¥áá−ãî ¤¥ïâ¥«ì−®áâì, � ¯®ª�§�â¥«¨ ª®−¥ç−ëå à¥§ã«ìâ�â®¢ | ¥¥ §−�ç¨¬®áâì
¤«ï ®¡é¥áâ¢� ¨ £®áã¤�àáâ¢�.

��¯à¨¬¥à, ®¤−¨¬ ¨§ ¯®ª�§�â¥«¥© −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨, ®¯à¥¤¥«ïîé¨å
áâ¥¯¥−ì §�é¨é¥−−®áâ¨ ®â ¢−¥è−¥£® ¢®§¤¥©áâ¢¨ï, áç¨â�¥âáï ú¤®«ï ãç�áâª®¢ £®-
áã¤�àáâ¢¥−−®© £à�−¨æë á −¥à�§¢¨â®© ¯®£à�−¨ç−®© ¨−äà�áâàãªâãà®© ®â ®¡é¥©
¯à®âï¦¥−−®áâ¨ £®áã¤�àáâ¢¥−−®© £à�−¨æëû. �¥ ¢ë§ë¢�¥â á®¬−¥−¨©, çâ® íâ®â
¯®ª�§�â¥«ì á¢ï§�− á íää¥ªâ¨¢−®áâìî ¯®£à�−¨ç−®£® ª®−âà®«ï ¯® ¯à¥¤®â¢à�é¥−¨î
−¥§�ª®−−®£® ¯¥à¥á¥ç¥−¨ï £®áã¤�àáâ¢¥−−®© £à�−¨æë ¨ ¢¢®§� ¢ áâà�−ã §�¯à¥é¥−−ëå
â®¢�à®¢ ¨ £àã§®¢. �¥á®¬−¥−−®, çâ® ¢ ¤�−−®¬ á«ãç�¥ ¢�¦¥− −¥¯®áà¥¤áâ¢¥−−ë©
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¯®ª�§�â¥«ì â¥å−¨ç¥áª®£® ¨ ¨−¦¥−¥à−®£® ®¡®àã¤®¢�−¨ï £®áã¤�àáâ¢¥−−®© £à�−¨æë
¨ ª®−âà®«ì−®-¯à®¯ãáª−ëå ¯ã−ªâ®¢, ®¤−�ª® ®− ¯®§¢®«ï¥â ®æ¥−¨âì «¨èì à¥§ã«ì-
â�âë ¤¥ïâ¥«ì−®áâ¨ ¯® ®¡®àã¤®¢�−¨î £®áã¤�àáâ¢¥−−®© £à�−¨æë, −® −¥ ¡®«¥¥
â®£®.

ˆáå®¤ï ¦¥ ¨§ áãé¥áâ¢� ¢®¯à®á�, á�¬® ®¡®àã¤®¢�−¨¥ £®áã¤�àáâ¢¥−−®© £à�−¨-
æë −¥ ¬®¦¥â á«ã¦¨âì ¯®ª�§�â¥«¥¬ ¤®áâ¨¦¥−¨ï ª®−¥ç−®© æ¥«¨ | ®¡¥á¯¥ç¥−¨ï
íää¥ªâ¨¢−®£® ª®−âà®«ï ¥¥ ¯¥à¥á¥ç¥−¨ï. �â� §�¤�ç� à¥è�¥âáï ¯à®ä¥áá¨®−�«ì-
−ë¬ ¯à¨¬¥−¥−¨¥¬ ®¡®àã¤®¢�−¨ï ¨ â¥å−¨ç¥áª¨å áà¥¤áâ¢ ª®−âà®«ï àãª®¢®¤¨â¥«ï¬¨
¨ á¯¥æ¨�«¨áâ�¬¨, á®£«�á®¢�−−ë¬¨ ¤¥©áâ¢¨ï¬¨ ¯®¤à�§¤¥«¥−¨© ¯®£à�−¨ç−®©, â�-
¬®¦¥−−®©, á�−¨â�à−®© ¨ ¨−ëå á«ã¦¡.

‚ ª�ç¥áâ¢¥ ª®−¥ç−ëå ¨ §−�ç¨¬ëå ¤«ï −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨ à¥§ã«ìâ�â®¢
¢ íâ®¬ á«ãç�¥ ¬®£ãâ ¯à¨¬¥−ïâìáï â�ª¨¥ ¨−¤¨ª�â®àë, ª�ª ª®«¨ç¥áâ¢® ¯à¥á¥ç¥−¨©
¯®¯ëâ®ª −¥§�ª®−−®£® ¢ê¥§¤� −� â¥àà¨â®à¨î áâà�−ë, ç¨á«® §�¤¥à¦�−¨© ¯à¥¤¯à¨-
−¨¬�¢è¨å íâ¨ ¯®¯ëâª¨ «¨æ, � â�ª¦¥ ®¡ê¥¬ ª®−ä¨áª®¢�−−ëå (−¥ ¤®¯ãé¥−−ëå
ª ¢¢®§ã) §�¯à¥é¥−−ëå â®¢�à®¢ ¨ £àã§®¢ ¯® ®â−®è¥−¨î ª ®¡é¥¬ã ª®«¨ç¥áâ¢ã
á®®â¢¥âáâ¢ãîé¨å ¯à�¢®−�àãè¥−¨©.

�®¤®¡−ë¥ ¯®ª�§�â¥«¨ ¯à¨¬¥−ïîâáï ¢ „¥¯�àâ�¬¥−â¥ −�æ¨®−�«ì−®© ¡¥§®¯�á-
−®áâ¨ ‘˜�1 (¤�«¥¥ | „�� ‘˜�) ¤«ï ®æ¥−ª¨ á®áâ®ï−¨ï −�æ¨®−�«ì−®©
¡¥§®¯�á−®áâ¨ áâà�−ë. ��¯à¨¬¥à, ¢ ú‘âà�â¥£¨ç¥áª®¬ ¯«�−¥ „�� ‘˜� −�
2008{2013 ä¨−�−á®¢ë¥ £®¤ëû ®¯à¥¤¥«¥− ¯®ª�§�â¥«ì ¯à®âï¦¥−−®áâ¨ ãç�áâª®¢
£®áã¤�àáâ¢¥−−®© £à�−¨æë, −� ª®â®àëå ®¡¥á¯¥ç¨¢�¥âáï íää¥ªâ¨¢−ë© ª®−âà®«ì ¥¥
¯¥à¥á¥ç¥−¨ï. ’�ª®© ¯®¤å®¤ ®¡êïá−ï¥âáï, ¢®-¯¥à¢ëå, â¥¬, çâ® £«�¢−®¥ ¨ −�¨¡®«¥¥
áãé¥áâ¢¥−−®¥ §¤¥áì −¥ ¢ ®¡®àã¤®¢�−¨¨ £®áã¤�àáâ¢¥−−®© £à�−¨æë, � ¢ ¢®§¬®¦-
−®áâïå ª®−âà®«ï §� ¥¥ ¯¥à¥á¥ç¥−¨¥¬, çâ® ¨ ®âà�¦�¥â á�¬® áãé¥áâ¢® ¢®¯à®á�,
� ¢®-¢â®àëå, −¥ ¢á¥ ãç�áâª¨ £à�−¨æë −ã¦¤�îâáï ¢ á«®¦−®¬ ®¡®àã¤®¢�−¨¨ ¤«ï
®¡¥á¯¥ç¥−¨ï íää¥ªâ¨¢−®£® ª®−âà®«ï §� ¥¥ ¯¥à¥á¥ç¥−¨¥¬. ‚ ç�áâ−®áâ¨, ª â�-
ª¨¬ ãç�áâª�¬ á«¥¤ã¥â ®â−¥áâ¨ âàã¤−®¯à®å®¤¨¬ë¥ â¥àà¨â®à¨¨ (−�¯à¨¬¥à, £®à−ë¥
£àï¤ë ¨ ¡®«®â�).

‚ ª�ç¥áâ¢¥ ¤àã£¨å ¯®ª�§�â¥«¥© ãà®¢−ï ¯®£à�−¨ç−®£® ª®−âà®«ï ¢ „�� ‘˜�
¯à¨¬¥−ïîâáï:

{ ¤®«ï ¢®§¤ãè−ëå ¨ −�§¥¬−ëå ¯�áá�¦¨à®¢, §�¤¥à¦�−−ëå §� −�àãè¥−¨¥ ¯à�¢¨«
¯¥à¥á¥ç¥−¨ï £®áã¤�àáâ¢¥−−®© £à�−¨æë, ®â ®¡é¥£® ç¨á«� −�àãè¥−¨©, ®¯à¥¤¥-
«¥−−®£® −� ®á−®¢¥ áâ�â¨áâ¨ç¥áª®£® −�¡«î¤¥−¨ï;

{ ¯à®æ¥−â §�¤¥à¦�−−ëå ¬¨£à�−â®¢, ¯ëâ�¢è¨åáï ¯à®−¨ª−ãâì −� â¥àà¨â®à¨î
‘˜� ¯® ¬®àî, ®â ®¡é¥£® ª®«¨ç¥áâ¢� â�ª¨å ¯®¯ëâ®ª;

{ ¯à®âï¦¥−−®áâì ¢®§¤ãè−®£® ¯à®áâà�−áâ¢�, −�å®¤ïé¥£®áï ¯®¤ íää¥ªâ¨¢−ë¬
à�¤¨®«®ª�æ¨®−−ë¬ ª®−âà®«¥¬.

‚á¥ íâ¨ ¯®ª�§�â¥«¨ ª�ª ¥¤¨−ë© ª«�áâ¥à ¢ ª®−¥ç−®¬ ¨â®£¥ á¢®¤ïâáï ª �£à¥-
£¨à®¢�−−®¬ã ¯®ª�§�â¥«î úáâ¥¯¥−ì §�é¨âë −�á¥«¥−¨ï ‘˜� ®â ®¯�á−ëå «¨æû,
ª®â®àë© ¢ ‘âà�â¥£¨¨ −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨ ®¯à¥¤¥«¥− ª�ª áâà�â¥£¨ç¥áª¨©

1Department of Homeland Security.
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−�æ¨®−�«ì−ë© ¯à¨®à¨â¥â ú®¡é¥áâ¢¥−−�ï ¡¥§®¯�á−®áâìû1, � −¥ ª�ª ¯®ª�§�â¥«ì
úâ¥àà¨â®à¨�«ì−�ï æ¥«®áâ−®áâì ¨ áã¢¥à¥−¨â¥â ‘˜�û.

…é¥ ®¤−¨¬ ¯à¨¬¥à®¬, ¤¥¬®−áâà¨àãîé¨¬ ¯à¨−æ¨¯¨�«ì−ãî à�§−¨æã ¬¥¦-
¤ã ¯®ª�§�â¥«ï¬¨ ¤®áâ¨¦¥−¨ï −¥¯®áà¥¤áâ¢¥−−ëå ¨ ª®−¥ç−ëå à¥§ã«ìâ�â®¢, ¬®¦¥â
á«ã¦¨âì ç¨á«¥−−®áâì á¥«ìáª®£® −�á¥«¥−¨ï2. �â®â ¯®ª�§�â¥«ì, � â®ç−¥¥, ¤®«ï −�-
á¥«¥−¨ï, §�−ïâ®£® á¥«ìáª¨¬ å®§ï©áâ¢®¬, ®â ®¡é¥© ç¨á«¥−−®áâ¨ −�á¥«¥−¨ï ®¡ëç−®
à�áá¬�âà¨¢�¥âáï ª�ª ¯®â¥−æ¨�« áâà�−ë ¯® ¯à®¨§¢®¤áâ¢ã á¥«ìáª®å®§ï©áâ¢¥−−®©
¯à®¤ãªæ¨¨ ¨ ®¡¥á¯¥ç¥−¨î ¯à®¤®¢®«ìáâ¢¥−−®© ¡¥§®¯�á−®áâ¨.

Š�ª ¨§¢¥áâ−®, −¥ãª«®−−®¥ á®ªà�é¥−¨¥ á¥«ìáª®£® −�á¥«¥−¨ï ¢ ÷®áá¨¨ ¢ë§ë-
¢�¥â âà¥¢®£ã −� ¢á¥å ãà®¢−ïå, ¨ à®áá¨©áª®¥ £®áã¤�àáâ¢® ¯à¥¤¯à¨−¨¬�¥â ¬¥àë
¤«ï ¡®àì¡ë á íâ®© −¥£�â¨¢−®© â¥−¤¥−æ¨¥©, ¯®«�£�ï, çâ® ãªà¥¯«¥−¨¥ á¥«� ¤®«¦−®
®¡¥á¯¥ç¨âì −¥®¡å®¤¨¬ë© ãà®¢¥−ì ¯à®¨§¢®¤áâ¢� á¥«ìáª®å®§ï©áâ¢¥−−®© ¯à®¤ãª-
æ¨¨. �¤−�ª®, ¥á«¨ áà�¢−¨âì §−�ç¥−¨ï íâ®£® ¯®ª�§�â¥«ï, −�¯à¨¬¥à, ¤«ï �¨-
¤¥à«�−¤®¢ ¨ ÷®áá¨¨, â® ã �¨¤¥à«�−¤®¢ ®−, ª�ª ¬®¦¥â ¯®ª�§�âìáï, ¯à¨¬¥à−®
¢ ¤¥áïâì à�§ úåã¦¥û: â. ¥. ¢ �¨¤¥à«�−¤�å ¢ á¥«ìáª®å®§ï©áâ¢¥−−®¬ á¥ªâ®à¥ §�−ïâ®
¬¥−¥¥ ®¤−®£® ¯à®æ¥−â� −�á¥«¥−¨ï áâà�−ë, � ¢ ÷®áá¨¨ | ®ª®«® ¤¥áïâ¨. ’¥¬
−¥ ¬¥−¥¥ íâ� −¥¡®«ìè�ï áâà�−� −¥ â®«ìª® ®¡¥á¯¥ç¨¢�¥â á¥«ìáª®å®§ï©áâ¢¥−−®©
¯à®¤ãªæ¨¥© á¥¡ï, −® ¨ íªá¯®àâ¨àã¥â ¥¥ ¢® ¬−®£¨¥ áâà�−ë ¬¨à�, ¢ â®¬ ç¨á«¥
¨ ¢ ÷®áá¨î.

�−�«¨§ íâ®£® ä¥−®¬¥−� á¢¨¤¥â¥«ìáâ¢ã¥â ® â®¬, çâ® £«�¢−®¥ ¢ á¥«ìáª®å®§ï©-
áâ¢¥−−®¬ ¯à®¨§¢®¤áâ¢¥ | −¥ ç¨á«¥−−®áâì §�−ïâ®£® ¢ −¥¬ −�á¥«¥−¨ï, � ¯à�¢¨«ì−®¥
à¥£ã«¨à®¢�−¨¥ §¥¬¥«ì−ëå ®â−®è¥−¨©, çâ® ®¡¥á¯¥ç¨¢�¥âáï £¨¡ª®© á¨áâ¥¬®© ªà¥-
¤¨â®¢�−¨ï á¥«ìáª®å®§ï©áâ¢¥−−ëå ¯à®¨§¢®¤¨â¥«¥©, á®æ¨�«ì−ë¬ ®¡ãáâà®©áâ¢®¬
á¥«�, ®à£�−¨§�æ¨¥© §�ªã¯®ª á¥«ìáª®å®§ï©áâ¢¥−−®© ¯à®¤ãªæ¨¨ (−�¯à¨¬¥à, ç¥à¥§
¡¨à¦¨), ¢ë¯ãáª®¬ á¥«ìáª®å®§ï©áâ¢¥−−®© â¥å−¨ª¨ ¨ ¬¥à�¬¨ ¯®¤¤¥à¦ª¨ á® áâ®-
à®−ë £®áã¤�àáâ¢�. ‚á¥ íâ® ¢ ª®¬¯«¥ªá¥ (� −¥ ç¨á«¥−−®áâì á¥«ìáª®£® −�á¥«¥−¨ï)
®¡¥á¯¥ç¨¢�¥â ¢ëá®ªãî ¯à®¨§¢®¤¨â¥«ì−®áâì ¨ íää¥ªâ¨¢−®áâì âàã¤� ¢ á¥«ìáª®¬
å®§ï©áâ¢¥, ¡®«ìè¨¥ ®¡ê¥¬ë ¯à®¨§¢®¤áâ¢� ¨ ¢ëá®ª®¥ ª�ç¥áâ¢® ¯à®¨§¢¥¤¥−−®©
¯à®¤ãªæ¨¨.

‚ §�ª«îç¥−¨¥ íâ®£® à�§¤¥«� á«¥¤ã¥â ®â¬¥â¨âì, çâ® á â®çª¨ §à¥−¨ï á®§¤�−¨ï
á¨áâ¥¬ë ¬®−¨â®à¨−£� ¨ ¨−¤¨ª�â®à−®© ®æ¥−ª¨ ��÷” à¥è¥−¨¥ ¯¥à¥ç¨á«¥−−ëå
¯à®¡«¥¬ ï¢«ï¥âáï ®á−®¢−®© §�¤�ç¥© ®à¨¥−â¨à®¢�−−ëå −�ãç−ëå ¨áá«¥¤®¢�−¨©,
®¤−®© ¨§ æ¥«¥© ª®â®àëå ï¢«ï¥âáï à�§à�¡®âª� ¬¥â®¤®«®£¨ç¥áª®© ®á−®¢ë ¤«ï
®æ¥−¨¢�−¨ï ¯®«−®âë ¨ �¤¥ª¢�â−®áâ¨ á¨áâ¥¬ë ¨á¯®«ì§ã¥¬ëå ¨−¤¨ª�â®à®¢ ¨ ¤àã£¨å
¯®ª�§�â¥«¥© ¢ æ¥«ïå ä®à¬¨à®¢�−¨ï ®¡®¡é¥−−®© ®æ¥−ª¨ ��÷”.

1‚ëà�¦�¥âáï ¢ ãà®¢−¥ §�é¨é¥−−®áâ¨ «¨ç−®áâ¨, ®¡é¥áâ¢� ¨ £®áã¤�àáâ¢� ¯à¥¨¬ãé¥áâ¢¥−−® ®â
ã£à®§ ®¡é¥®¯�á−®£® å�à�ªâ¥à�. ‘®£«�á−® â¥®à¨¨ £®áã¤�àáâ¢� ¨ ¯à�¢�, ®¤−¨¬ ¨§ ªà¨â¥à¨¥¢ ®æ¥−ª¨
®¡é¥áâ¢¥−−®© ¡¥§®¯�á−®áâ¨ ªà®¬¥ ãà®¢−ï ¯à¥áâã¯−®áâ¨ ¨ ¯à�¢®−�àãè¥−¨© á«¥¤ã¥â áç¨â�âì ãà®¢¥−ì
§�é¨âë «¨ç−®áâ¨ ¨ ®¡é¥áâ¢� ®â ¯®á«¥¤áâ¢¨© áâ¨å¨©−ëå ¡¥¤áâ¢¨© ¨ â¥å−®£¥−−ëå ª�â�áâà®ä.

2�®«¥¥ ã¬¥áâ−® £®¢®à¨âì ® −�á¥«¥−¨¨, §�−ïâ®¬ ¢ á¥«ìáª®¬ å®§ï©áâ¢¥, â�ª ª�ª ¢ ‡�¯�¤−®© …¢à®¯¥
íâ® −¥ ®¤−® ¨ â® ¦¥. ‚ ÷®áá¨¨ ¯à¨−ïâ® áâ�¢¨âì §−�ª à�¢¥−áâ¢� ¬¥¦¤ã ®¡®¨¬¨ ¯®−ïâ¨ï¬¨, å®âï íâ®
−¥ á®¢á¥¬ ¢¥à−®.
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4 Основные положения методологии создания системы мониторинга
национальной безопасности

’¥®à¥â¨ç¥áª¨¥ ®á−®¢ë ¬¥â®¤®«®£¨¨ á®§¤�−¨ï á¨áâ¥¬ë ¬®−¨â®à¨−£� ¨ ¨−¤¨ª�-
â®à−®£® ®æ¥−¨¢�−¨ï (‘Œˆ�) ��÷” ¡�§¨àãîâáï −� âà¥å ¯®−ïâ¨ïå:

(1) ¯®ª�§�â¥«ì ª�ª à®¤®¢®¥ ¯®−ïâ¨¥ (£¨¯¥à®−¨¬);
(2) ¨−¤¨ª�â®à ª�ª ¥£® ç�áâ−ë© á«ãç�© (£¨¯®−¨¬);
(3) ¬¥å�−¨§¬ ¢ëç¨á«¥−¨ï (®¯à¥¤¥«¥−¨ï) ®¡®¡é¥−−®© ®æ¥−ª¨ ��÷”.

‚ à¥§ã«ìâ�â¥ ¨á¯®«ì§®¢�−¨ï ¨¥à�àå¨ç¥áª¨å ®â−®è¥−¨© ¬¥¦¤ã ¨−¤¨ª�â®à�¬¨
¨ ¤àã£¨¬¨ ¯®ª�§�â¥«ï¬¨ (á¬. à¨áã−®ª), � â�ª¦¥ ¬¥å�−¨§¬� ¢ëç¨á«¥−¨ï (®¯à¥¤¥-
«¥−¨ï) ä®à¬¨àã¥âáï ®¡®¡é¥−−�ï ®æ¥−ª�, å�à�ªâ¥à¨§ãîé�ï á®áâ®ï−¨¥ ��÷” §�
ª®−ªà¥â−ë© ¢à¥¬¥−−®© ¯¥à¨®¤, ¨ ¯à®£−®§¨àã¥¬ë¥ ¥¥ §−�ç¥−¨ï.

‚ á®§¤�¢�¥¬®© ¬¥â®¤®«®£¨¨ ¯à¥¤ãá¬�âà¨¢�îâáï âà¨ ãà®¢−ï ¬¥å�−¨§¬� ¢ë-
ç¨á«¥−¨ï (®¯à¥¤¥«¥−¨ï) ®¡®¡é¥−−®© ®æ¥−ª¨ ��÷”, ª�ª íâ® ¯à¥¤áâ�¢«¥−® −�
à¨áã−ª¥:

(1) −¨¦−¨© ãà®¢¥−ì ¡�§®¢ëå ¨−¤¨ª�â®à®¢;
(2) áà¥¤−¨© ãà®¢¥−ì ¨−â¥£à¨à®¢�−−ëå ¨−¤¨ª�â®à®¢ ¯® áä¥à�¬ ��÷”;
(3) ¢¥àå−¨© ãà®¢¥−ì ®¡®¡é¥−−®© ®æ¥−ª¨ ��÷”.

‘âàãªâãà� ¢ëç¨á«¥−¨© ¢ ‘Œˆ� ��÷”
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‚ ¬¥â®¤®«®£¨¨ ¯à¥¤¯®«�£�¥âáï ¨á¯®«ì§®¢�âì á«¥¤ãîé¨¥ ¯¥à¨®¤ë ®æ¥−ª¨:
1 £®¤, 5 «¥â, 10 «¥â (¢ á®®â¢¥âáâ¢¨¨ á ¨¬¥îé¨¬¨áï −� ¤�−−ë© ¬®¬¥−â à¥âà®á¯¥ª-
â¨¢−ë¬¨ ¤�−−ë¬¨). ‚®§¬®¦−ë ¨ ¤àã£¨¥ ¯¥à¨®¤ë ®æ¥−ª¨, −® ¤«ï ¨å à¥�«¨§�æ¨¨
¤®«¦−ë ¨¬¥âìáï ¨áå®¤−ë¥ ¤�−−ë¥ −� á®®â¢¥âáâ¢ãîé¨© ¢à¥¬¥−−®© ¯¥à¨®¤.

�à¥¤¯®«�£�¥âáï, çâ® ¤«ï ä®à¬¨à®¢�−¨ï −®¢ëå ¨−¤¨ª�â®à®¢ ¨ ¯®ª�§�â¥«¥© ¨á-
¯®«ì§ã¥âáï ¯à®¥ªâ¨¢−ë© á«®¢�àì, ª®â®àë© ¯® á¢®¥© áãâ¨ ï¢«ï¥âáï â¥¬¯®à�«ì−®©
¡�§®© §−�−¨© [15, 18, 19]. ’�ª¨¬ ®¡à�§®¬, á®£«�á−® ¯à¥¤«�£�¥¬®© ¬¥â®¤®«®£¨¨,
‘Œˆ� ��÷” ¡ã¤¥â −¥ â®«ìª® ¯à®¢®¤¨âì ¢ëç¨á«¥−¨¥ ¨−â¥£à¨à®¢�−−ëå ¨−¤¨-
ª�â®à®¢ ¯® áä¥à�¬ ¨ ®¯à¥¤¥«ïâì ®¡®¡é¥−−ãî ®æ¥−ªã ��÷”, −® ¨ ä®à¬¨à®¢�âì
−®¢ë¥ ¨−¤¨ª�â®àë ¨ ¯®ª�§�â¥«¨ ¢ á«ãç�¥ −¥®¡å®¤¨¬®áâ¨.

‘®£«�á−® ¤�−−®© ¬¥â®¤®«®£¨¨ ¦¨§−¥−−ë© æ¨ª« ¯®ª�§�â¥«ï ¢ª«îç�¥â:

{ á®§¤�−¨¥ ¯à®¥ªâ� ¯®ª�§�â¥«ï;

{ ä®à¬¨à®¢�−¨¥ ¯®ª�§�â¥«ï íªá¯¥àâ�¬¨ á ¨á¯®«ì§®¢�−¨¥¬ ¯à®¥ªâ¨¢−®£® á«®¢�-
àï, ¢ª«îç�ï ®¡áã¦¤¥−¨¥ ¨ á®£«�á®¢�−¨¥ «¨ç−®áâ−ëå íªá¯¥àâ−ëå ¯®§¨æ¨©;

{ ãâ¢¥à¦¤¥−¨¥ ¯®ª�§�â¥«ï;
{ �ªâ¨¢−ãî ä�§ã ¨á¯®«ì§®¢�−¨ï ¯®ª�§�â¥«ï: ¯¥à¨®¤¨ç¥áª®¥ ¢ëç¨á«¥−¨¥ §−�ç¥-

−¨© ¢ â¥ç¥−¨¥ ãâ¢¥à¦¤¥−−®£® áà®ª� ¥£® ¤¥©áâ¢¨ï;
{ ¯à®¤«¥−¨¥ áà®ª� ¤¥©áâ¢¨ï ¯®ª�§�â¥«ï ¨«¨ ®âª�§ ®â −¥£®.

‚ ¬¥â®¤®«®£¨¨ −¥ ¯à¥¤¯®«�£�¥âáï ã¤�«¥−¨¥ ¯®ª�§�â¥«¥©, ãáâ�à¥¢è¨å ¨«¨
¯¥à¥áâ�¢è¨å ¡ëâì −ã¦−ë¬¨. ‚á¥ ¯®ª�§�â¥«¨ ®áâ�îâáï ¢ á¨áâ¥¬¥ (á −¥�ªâ¨¢−ë¬
áâ�âãá®¬), íâ® ®¡¥á¯¥ç¨¢�¥â ¢®§¬®¦−®áâì ¢®ááâ�−®¢«¥−¨ï ¢á¥© ¨−ä®à¬�æ¨¨ ® áâ�-
âãá¥ â®£® ¨«¨ ¨−®£® ¨−¤¨ª�â®à�, áâàãªâãà¥ á¨áâ¥¬ë ®æ¥−ª¨ ¨ á�¬¨å ®æ¥−®ª −�
«î¡®© ¬®¬¥−â ¢à¥¬¥−¨, çâ® ®¡¥á¯¥ç¨¢�¥â ¢¥à¨ä¨æ¨àã¥¬®áâì à�¡®âë á¨áâ¥¬ë.

�¯¨á�−¨¥ ¯®ª�§�â¥«ï ¢ª«îç�¥â ¢ á¥¡ï �«£®à¨â¬ ¥£® ¢ëç¨á«¥−¨ï ¨ ¯à�¢¨«®
¢ë¡®àª¨ ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢, −¥®¡å®¤¨¬ëå ¤«ï ¢ë¯®«−¥−¨ï ¢ëç¨á«¥−¨ï,
−�¯à¨¬¥à ¢ ¢¨¤¥ áâà®ª¨ §�¯à®á� ª ¡�§¥ ¤�−−ëå. ˆ−�ç¥ £®¢®àï, íâ® ®¯¨á�-
−¨¥ ¢ª«îç�¥â ®¯à¥¤¥«¥−¨¥ ¯à®æ¥¤ãàë ®¡à�¡®âª¨ ¤�−−ëå (�«£®à¨â¬), ¨áâ®ç−¨ª
¨áå®¤−ëå ¤�−−ëå (¨¬ï ¡�§ë ¤�−−ëå) ¨ ¯à�¢¨«® ¢ë¡®àª¨.

‚ áâàãªâãà¨à®¢�−−ãî ç�áâì ®¯¨á�−¨ï ¯®ª�§�â¥«ï ¢å®¤¨â àï¤ ¯®«¥©, á®¤¥à-
¦�é¨å:

{ −�¨¬¥−®¢�−¨¥ ¯®ª�§�â¥«ï;
{ ááë«ªã −� ãà®¢¥−ì ¯®ª�§�â¥«ï (¡�§®¢ë© ¨«¨ ¨−â¥£à¨à®¢�−−ë©);
{ ááë«ªã −� ¯®ª�§�â¥«ì ¡®«¥¥ ¢ëá®ª®£® ãà®¢−ï (áä¥àã ®æ¥−ª¨ ¨«¨ ®¡®¡é¥−−ãî

®æ¥−ªã);
{ ááë«ª¨ −� ¯®ª�§�â¥«¨ ¡®«¥¥ −¨§ª®£® ãà®¢−ï (¡�§®¢®£® ãà®¢−ï ¨«¨ áä¥àë);
{ ¯¥à¨®¤¨ç−®áâì ®æ¥−¨¢�−¨ï;
{ ¤�âã ãâ¢¥à¦¤¥−¨ï;
{ ááë«ª¨ −� ®æ¥−ª¨, ¢ëç¨á«¥−−ë¥ §� ¢à¥¬ï ¤¥©áâ¢¨ï ¯®ª�§�â¥«ï;
{ ¤�âë ¢ëç¨á«¥−¨ï §−�ç¥−¨© (®æ¥−®ª);
{ àã¡à¨ªã(¨) ª«�áá¨ä¨ª�â®à� ¨−¤¨ª�â®à®¢ ¨ ¤àã£¨å ¯®ª�§�â¥«¥©;
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{ ááë«ª¨ −� ¤¥áªà¨¯â®àë ¯à®¥ªâ¨¢−®£® á«®¢�àï, ä¨ªá¨àãîé¨¥ ¨áâ®à¨î ä®à-
¬¨à®¢�−¨ï ¯®ª�§�â¥«ï (¢ª«îç�îâ ¢ á¥¡ï ¨−ä®à¬�æ¨î ®¡ íªá¯¥àâ�å-�¢â®à�å
¤�−−®£® ¯®ª�§�â¥«ï, ¤�âë á®§¤�−¨ï ¨ ¬®¤¨ä¨ª�æ¨¨, ááë«ª¨ −� ¯®ª�§�â¥«¨-
¯à®â®â¨¯ë ¨ ¯®ª�§�â¥«¨-¯®á«¥¤®¢�â¥«¨).

Œ¥â®¤®«®£¨ï ®¯à¥¤¥«ï¥â ®á−®¢−ë¥ £àã¯¯ë ¯®«ì§®¢�â¥«¥© ‘Œˆ� ��÷”,
¨å ¯à�¢� ¨ ®¡ï§�−−®áâ¨ ¯à¨ à�¡®â¥ ¢ á¨áâ¥¬¥. �¥¯®áà¥¤áâ¢¥−−® ®â−®áïé¨¬¨áï
ª à�¡®â¥ á¨áâ¥¬ë ï¢«ïîâáï á«¥¤ãîé¨¥ à®«¨ ¢ íâ¨å £àã¯¯�å:

{ ¯®«ì§®¢�â¥«ì á¨áâ¥¬ë â®«ìª® á ¯à�¢®¬ ¯à®á¬®âà�;
{ �¢â®à-íªá¯¥àâ ¡¥§ ¯à�¢ á®£«�á®¢�−¨ï ¯®ª�§�â¥«¥© (â. ¥. â®«ìª® ä®à¬¨à®¢�−¨¥

¯®ª�§�â¥«¥©);
{ �¢â®à-íªá¯¥àâ á ¯à�¢®¬ ä®à¬¨à®¢�−¨ï ¨ á®£«�á®¢�−¨ï ¯®ª�§�â¥«¥© à�§«¨ç-

−ëå ãà®¢−¥©;
{ «¨æ®, ¯à¨−¨¬�îé¥¥ à¥è¥−¨¥, á ¯à�¢®¬ ãâ¢¥à¦¤¥−¨ï ¯®ª�§�â¥«¥©;
{ �¤¬¨−¨áâà�â®àë á¨áâ¥¬ë á à�§«¨ç−ë¬¨ ãà®¢−ï¬¨ ¯®«−®¬®ç¨©.

Œ¥â®¤®«®£¨ï ¯à¥¤¯®«�£�¥â, çâ® á®£«�á−® âà¥¡®¢�−¨ï¬ ª áâàãªâãà¥ ¨ äã−ª-
æ¨®−¨à®¢�−¨î �¢â®¬�â¨§¨à®¢�−−®© á¨áâ¥¬ë [26] ‘Œˆ� ��÷” ¤¥«¨âáï −�
äã−ªæ¨®−�«ì−ë¥ ¯®¤á¨áâ¥¬ë ¨ ¢¨¤ë ®¡¥á¯¥ç¥−¨ï.

5 Заключение

�® à¥§ã«ìâ�â�¬ ¤�−−®£® ¨áá«¥¤®¢�−¨ï à¥è¥− àï¤ ®¡é¥−�ãç−ëå §�¤�ç ¯à¨-
¬¥−¨â¥«ì−® ª ¬®−¨â®à¨−£ã á«®¦−ëå ¯à®æ¥áá®¢, ¢ª«îç�ï ®¡¥á¯¥ç¥−¨¥ ��÷”.
‚ ç�áâ−®áâ¨, ãâ®ç−¥− â¥à¬¨−®«®£¨ç¥áª¨© �¯¯�à�â, á«ã¦�é¨© äã−¤�¬¥−â®¬ ¤«ï
à�§¢¨â¨ï ¨ á®¢¥àè¥−áâ¢®¢�−¨ï ¬¥â®¤®«®£¨¨ ¬®−¨â®à¨−£� ¨ ®æ¥−ª¨ ¨ ®¯à¥¤¥«¥−ë
ª«îç¥¢ë¥ âà¥¡®¢�−¨ï ª ¯à¨¬¥−ï¥¬ë¬ ¤«ï íâ®£® ¯®ª�§�â¥«ï¬.

Šà®¬¥ â®£®, ¢ëï¢«¥− á¯¥ªâà ¯à®¡«¥¬ ¨ ¢®¯à®á®¢, ª®â®àë¥ ç�áâ¨ç−® ã¦¥
−�è«¨ á¢®¥ ®âà�¦¥−¨¥ ¢ ¯à¥¤«�£�¥¬®© ¬¥â®¤®«®£¨¨, −® ¤«ï ¨§ãç¥−¨ï ª®â®àëå
âà¥¡ã¥âáï á«¥¤ãîé�ï ¤®¯®«−¨â¥«ì−�ï ¨−ä®à¬�æ¨ï [27]:

{ ¨á¯®«ì§ã¥¬�ï ¬¥â®¤¨ª� ®æ¥−ª¨ ¢®¥−−®-¯®«¨â¨ç¥áª®© á¨âã�æ¨¨ ¨ ¢−ãâà¥−−¨å
ãá«®¢¨©, ¢ ª®â®àëå −�å®¤¨âáï áâà�−� ¨ à¥è�îâáï §�¤�ç¨ ®¡¥á¯¥ç¥−¨ï ��÷”;

{ ¨á¯®«ì§ã¥¬�ï ¬¥â®¤¨ª� ä®à¬¨à®¢�−¨ï ®¡®¡é¥−−®© ®æ¥−ª¨ ��÷”.

�â� ¨−ä®à¬�æ¨ï ¤�áâ ¢®§¬®¦−®áâì ¯à®¤®«¦¨âì ¨áá«¥¤®¢�−¨¥ â¥å ¢®¯à®á®¢,
ª®â®àë¥ −¥ −�è«¨ ®âà�¦¥−¨ï ¢ ®¯¨á�−−®¬ ¢�à¨�−â¥ ¬¥â®¤®«®£¨¨.
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CHARACTERISTICS OF NATIONAL SECURITY INDICATORS
IN THE CONTEXT OF ITS INFORMATION MONITORING
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Abstract: The article is devoted to problems of methodology of creation of
the system of monitoring and indicator assessment of national security of the
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Characteristics of national security indicators in the context of its information monitoring

Russian Federation. The main attention is paid to development and justification
of the requirements for indicators which are used for national security assessment.
The purpose of this research is to develop a methodological basis for studying
completeness and adequacy of the metrics used in the system in order to form
a generalized assessment of national security of the Russian Federation in the
medium and long terms. Application of the major components of the program-
target approach using the developed methodology enables the use of monitoring
tools to assess compliance of the results of activities in the sphere of national
security, as well as attracted to this activities resource with the aims and objectives
of national security provision.

Keywords: monitoring of national security of the Russian Federation; informa-
tion monitoring; indicator assessment; output indicators; outcome indicators
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НЕКОТОРЫЕ ПОДХОДЫ К ФОРМИРОВАНИЮ
НОРМАТИВНО-ТЕХНИЧЕСКОЙ БАЗЫ ДЛЯ СОЗДАНИЯ

ЕДИНОГО ИНФОРМАЦИОННОГО ПРОСТРАНСТВА РОССИИ

А. А. Зацаринный1, Э. В. Киселев2

�−−®â�æ¨ï: �� ®á−®¢¥ áãé¥áâ¢ãîé¨å −®à¬�â¨¢−®-¯à�¢®¢ëå ¤®ªã¬¥−â®¢
ä¥¤¥à�«ì−®£® ãà®¢−ï áä®à¬ã«¨à®¢�−ë æ¥«¨ ä®à¬¨à®¢�−¨ï ¨ à�§¢¨â¨ï ¥¤¨-
−®£® ¨−ä®à¬�æ¨®−−®£® ¯à®áâà�−áâ¢� (…ˆ�) ÷®áá¨©áª®© ”¥¤¥à�æ¨¨ (…ˆ�
÷”). �¯à¥¤¥«¥− ®¡®¡é¥−−ë© á®áâ�¢ …ˆ� −� ®á−®¢¥ á®¢®ªã¯−®áâ¨ ¨−ä®à¬�-
æ¨®−−ëå à¥áãàá®¢ (ˆ÷) ¨ ¨−ä®à¬�æ¨®−−®© ¨−äà�áâàãªâãàë (ˆˆ) áâà�−ë.
‚¢¥¤¥−® ¯®−ïâ¨¥ ãç�áâ−¨ª®¢ íâ®£® ¯à®áâà�−áâ¢� ª�ª ®á−®¢−ëå ¨áâ®ç−¨ª®¢
¨ ¯®âà¥¡¨â¥«¥© ˆ÷. ‚ëï¢«¥−ë âà¨ ®á−®¢−ë¥ ¯à®¡«¥¬ë á®§¤�−¨ï ¨ ¨á¯®«ì-
§®¢�−¨ï …ˆ� á ãç¥â®¬ à¥�«ì−®£® á®áâ®ï−¨ï ¨−ä®à¬�â¨§�æ¨¨ áâà�−ë. ��
®á−®¢¥ á¨áâ¥¬−®£® ¯®¤å®¤� ®¯à¥¤¥«¥−ë ®á−®¢−ë¥ ¯à¨−æ¨¯¨�«ì−ë¥ ¯®«®¦¥−¨ï
¯® á®§¤�−¨î ¨ ¨á¯®«ì§®¢�−¨î …ˆ�. ‘ä®à¬ã«¨à®¢�− ¯®¤å®¤ ¨ ¤�−ë ¯à¥¤«®-
¦¥−¨ï ¯® ¤®ªã¬¥−â¨à®¢�−¨î …ˆ� ª�ª ¬¥£�á¨áâ¥¬ë, ¤«ï ª®â®à®© ¯à¥¤«®¦¥−®
á¥¬ì ª�ç¥áâ¢¥−−® −®¢ëå â¨¯®¢ ¤®ªã¬¥−â®¢. ÷¥§ã«ìâ�âë áâ�âì¨ ï¢«ïîâáï
¯®áâ�−®¢®ç−ë¬¨ ¤«ï ¤�«ì−¥©è¥£® à�áá¬®âà¥−¨ï ¢®¯à®á®¢, á¢ï§�−−ëå á ä®à-
¬¨à®¢�−¨¥¬ ¨ ¢§�¨¬®¤¥©áâ¢¨¥¬ ˆ÷ ¢ á®áâ�¢¥ …ˆ� ÷”.

Š«îç¥¢ë¥ á«®¢�: ¥¤¨−®¥ ¨−ä®à¬�æ¨®−−®¥ ¯à®áâà�−áâ¢® ÷®áá¨©áª®© ”¥¤¥-
à�æ¨¨; ¨−ä®à¬�æ¨®−−ë¥ à¥áãàáë; ¨−ä®à¬�æ¨®−−�ï ¨−äà�áâàãªâãà�; æ¥−âà�-
«¨§�æ¨ï; ¨−â¥£à�æ¨ï; ¨−ä®à¬�æ¨®−−�ï ¡¥§®¯�á−®áâì; â¥«¥ª®¬¬ã−¨ª�æ¨®−−®¥
®¡¥á¯¥ç¥−¨¥; á¨áâ¥¬−ë© ¯®¤å®¤; ¬¥£�á¨áâ¥¬�; −®à¬�â¨¢−®-â¥å−¨ç¥áª¨¥ ¤®ªã-
¬¥−âë

DOI: 10.14357/08696527140413

1 Вводные положения

‚¥áì ¬¨à, ¨ ¢ â®¬ ç¨á«¥ ÷®áá¨ï, −�å®¤¨âáï ¢ á®áâ®ï−¨¨ ¯¥à¥å®¤� ®â ú¨−-
¤ãáâà¨�«ì−®£® ®¡é¥áâ¢�û ª ú®¡é¥áâ¢ã ¨−ä®à¬�æ¨®−−®¬ãû. ˆ−ä®à¬�æ¨ï ¨ ˆ÷
áâ�−®¢ïâáï íª®−®¬¨ç¥áª¨¬¨ ª�â¥£®à¨ï¬¨, ®¤−¨¬ ¨§ ®á−®¢−ëå −�æ¨®−�«ì−ëå à¥-
áãàá®¢.

‚ −�è¥© áâà�−¥ �ªâã�«ì−®áâì, −¥®¡å®¤¨¬®áâì, æ¥«¨ ¨ ®á−®¢−ë¥ §�¤�ç¨ á®-
§¤�−¨ï …ˆ� ÷” ®¯à¥¤¥«¥−ë æ¥«ë¬ àï¤®¬ −®à¬�â¨¢−®-¯à�¢®¢ëå ¤®ªã¬¥−â®¢ −�
ä¥¤¥à�«ì−®¬ ãà®¢−¥ [1{7]. ’�ª, ¢ ª�ç¥áâ¢¥ ®á−®¢−ëå ¯à¥¤ãá¬®âà¥−ë á«¥¤ãîé¨¥
æ¥«¨ ä®à¬¨à®¢�−¨ï ¨ à�§¢¨â¨ï …ˆ� ÷” [1{4, 6]:

1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, azatsarinny@ipiran.ru
2ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, ekiselev@ipiran.ru
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�¥ª®â®àë¥ ¯®¤å®¤ë ª ä®à¬¨à®¢�−¨î −®à¬�â¨¢−®-â¥å−¨ç¥áª®© ¡�§ë ¤«ï á®§¤�−¨ï …ˆ�

{ ®¡¥á¯¥ç¥−¨¥ ¯à�¢ £à�¦¤�− −� ¨−ä®à¬�æ¨î, ¯à®¢®§£«�è¥−−ëå Š®−áâ¨âãæ¨¥©
÷®áá¨©áª®© ”¥¤¥à�æ¨¨;

{ á®§¤�−¨¥ ¨ ¯®¤¤¥à¦�−¨¥ ãà®¢−ï ¨−ä®à¬�æ¨®−−®£® ¯®â¥−æ¨�«�, −¥®¡å®¤¨¬®£®
¤«ï ãáâ®©ç¨¢®£® à�§¢¨â¨ï à®áá¨©áª®£® ®¡é¥áâ¢�;

{ ®¡¥á¯¥ç¥−¨¥ ¢§�¨¬®ã¢ï§�−−®áâ¨ ¨ á®£«�á®¢�−−®áâ¨ à¥è¥−¨©, ¯à¨−¨¬�¥¬ëå
ä¥¤¥à�«ì−ë¬¨ ®à£�−�¬¨ £®áã¤�àáâ¢¥−−®© ¢«�áâ¨, ®à£�−�¬¨ ¢«�áâ¨ áã¡ê¥ªâ®¢
÷” ¨ ®à£�−�¬¨ ¬¥áâ−®£® á�¬®ã¯à�¢«¥−¨ï (�ƒ‚);

{ ¯®¢ëè¥−¨¥ ãà®¢−ï ¯à�¢®á®§−�−¨ï £à�¦¤�− ¯ãâ¥¬ ¯à¥¤®áâ�¢«¥−¨ï ¨¬ á¢®-
¡®¤−®£® ¤®áâã¯� ª ¯à�¢®¢ë¬ ¨ −®à¬�â¨¢−ë¬ ¤®ªã¬¥−â�¬, ®¯à¥¤¥«ïîé¨¬ ¨å
¯à�¢�, ®¡ï§�−−®áâ¨ ¨ ¢®§¬®¦−®áâ¨;

{ ®¡¥á¯¥ç¥−¨¥ ª®−âà®«ï á® áâ®à®−ë £à�¦¤�− ¨ ®¡é¥áâ¢¥−−ëå ®à£�−¨§�æ¨© §�
¤¥ïâ¥«ì−®áâìî �ƒ‚;

{ ¯®¢ëè¥−¨¥ ¤¥«®¢®© ¨ ®¡é¥áâ¢¥−−®© �ªâ¨¢−®áâ¨ £à�¦¤�− ¯ãâ¥¬ ¯à¥¤®áâ�¢-
«¥−¨ï à�¢−®© á £®áã¤�àáâ¢¥−−ë¬¨ áâàãªâãà�¬¨ ¢®§¬®¦−®áâ¨ ¯®«ì§®¢�âìáï
®âªàëâ®© −�ãç−®-â¥å−¨ç¥áª®©, á®æ¨�«ì−®-íª®−®¬¨ç¥áª®©, ®¡é¥áâ¢¥−−®-¯®-
«¨â¨ç¥áª®© ¨−ä®à¬�æ¨¥©, � â�ª¦¥ ¨−ä®à¬�æ¨®−−ë¬¨ ä®−¤�¬¨ áä¥àë ®¡à�-
§®¢�−¨ï, ªã«ìâãàë ¨ â. ¤.;

{ ¨−â¥£à�æ¨î á ¥¢à®¯¥©áª¨¬ ¨ ¬¨à®¢ë¬ ¨−ä®à¬�æ¨®−−ë¬ ¯à®áâà�−áâ¢®¬.
„«ï ¤®áâ¨¦¥−¨ï ¯®áâ�¢«¥−−ëå æ¥«¥© ¢ [1] …ˆ� ÷” ¯à¥¤áâ�¢«ï¥âáï ª�ª

á®¢®ªã¯−®áâì ¡�§ ¨ ¡�−ª®¢ ¤�−−ëå, â¥å−®«®£¨© ¨å ¢¥¤¥−¨ï ¨ ¨á¯®«ì§®¢�−¨ï,
¨−ä®à¬�æ¨®−−®-â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå á¨áâ¥¬ (ˆ’Š‘) ¨ á¥â¥©, äã−ªæ¨®−¨àã-
îé¨å −� ®á−®¢¥ ¥¤¨−ëå ¯à¨−æ¨¯®¢ á®¢¬¥áâ¨¬®áâ¨ ¨ ¯® ®¡é¨¬ ¯à�¢¨«�¬, ®¡¥á-
¯¥ç¨¢�îé¨¬ ¨−ä®à¬�æ¨®−−®¥ ¢§�¨¬®¤¥©áâ¢¨¥ ®à£�−¨§�æ¨© ¨ £à�¦¤�−, � â�ª¦¥
ã¤®¢«¥â¢®à¥−¨¥ ¨å ¨−ä®à¬�æ¨®−−ëå ¯®âà¥¡−®áâ¥©.

�¡®¡é¥−−ë© á®áâ�¢ …ˆ� ÷” áª«�¤ë¢�¥âáï ¨§ ¤¢ãå ãªàã¯−¥−−ëå ª®¬¯®−¥−-
â®¢ [1]:

(1) ˆ÷, á®¤¥à¦�é¨å ¤�−−ë¥, á¢¥¤¥−¨ï ¨ §−�−¨ï, §�ä¨ªá¨à®¢�−−ë¥ −� á®®â¢¥â-
áâ¢ãîé¨å −®á¨â¥«ïå ¨−ä®à¬�æ¨¨. ‚ ˆ÷ ¢å®¤ïâ ¨−ä®à¬�æ¨ï, ¨−ä®à¬�-
æ¨®−−®¥ ®¡é¥áâ¢®, ¨−ä®à¬�æ¨®−−ë© ¯®â¥−æ¨�« ®¡é¥áâ¢�, ¨−ä®à¬�æ¨®−−�ï
ªã«ìâãà�;

(2) ˆˆ, ¢ª«îç�îé¥© ®à£�−¨§�æ¨®−−ë¥ áâàãªâãàë, ª®â®àë¥ ®¡¥á¯¥ç¨¢�îâ
äã−ªæ¨®−¨à®¢�−¨¥ ¨ à�§¢¨â¨¥ …ˆ� ÷”, � â�ª¦¥ �¯¯�à�â−®-¯à®£à�¬¬−ë¥
áà¥¤áâ¢�, ®¡¥á¯¥ç¨¢�îé¨¥ ¤®áâã¯ ®à£�−¨§�æ¨© ¨ £à�¦¤�− ª ˆ÷ −� ®á−®¢¥
á®®â¢¥âáâ¢ãîé¨å ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© (ˆ’).

÷�§«¨ç−ë¥ ®à£�−¨§�æ¨¨, áâàãªâãàë ¨ â. ¯. (¤�«¥¥ ®¡®¡é¥−−® | ®à£�−¨§�æ¨¨),
¨¬¥îé¨¥ á®¡áâ¢¥−−ë¥ ˆ÷ ¨ ®áãé¥áâ¢«ïîé¨¥ ¨−ä®à¬�æ¨®−−®¥ ¢§�¨¬®¤¥©áâ¢¨¥
¯®áà¥¤áâ¢®¬ ˆˆ á ¤àã£¨¬¨ ®à£�−¨§�æ¨ï¬¨ ¨ ä¨§¨ç¥áª¨¬¨ «¨æ�¬¨ ¢ ¯à¥¤¥«�å
…ˆ�, −¨¦¥ ®¯à¥¤¥«ïîâáï ª�ª “ç�áâ−¨ª¨ …ˆ� ÷”. Œ−®£®ç¨á«¥−−ë¥ “ç�áâ-
−¨ª¨ ï¢«ïîâáï ®á−®¢−ë¬¨ ¨áâ®ç−¨ª�¬¨ ¨ ¯®âà¥¡¨â¥«ï¬¨ ˆ÷ ¢ á®áâ�¢¥ …ˆ�
÷”. Œ¥¦¤ã “ç�áâ−¨ª�¬¨ ¢ à�¬ª�å …ˆ� ÷” ®áãé¥áâ¢«ï¥âáï ¨−ä®à¬�æ¨®−−®¥
¢§�¨¬®¤¥©áâ¢¨¥ ¯® ¯à�¢¨«�¬ …ˆ� ÷”.
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�. �. ‡�æ�à¨−−ë©, �. ‚. Š¨á¥«¥¢

2 Основные проблемы создания единого информационного
пространства России

”®à¬¨à®¢�−¨¥ …ˆ� ÷” ¨ á®®â¢¥âáâ¢ãîé¨å £®áã¤�àáâ¢¥−−ëå ˆ÷ ¯à¥¤-
áâ�¢«ï¥â á®¡®© £«®¡�«ì−ãî §�¤�çã | ®¡é¥£®áã¤�àáâ¢¥−−ãî, ¬¥¦®âà�á«¥¢ãî
¨ ¬¥¦à¥£¨®−�«ì−ãî. �−� âà¥¡ã¥â à¥è¥−¨ï á«®¦−ëå ®à£�−¨§�æ¨®−−ëå ¨ â¥å−¨-
ª®-â¥å−®«®£¨ç¥áª¨å ¢®¯à®á®¢, §−�ç¨â¥«ì−ëå §�âà�â ¨ −¥ ¬®¦¥â ¡ëâì à¥è¥−� ®¤-
−®¬®¬¥−â−®. �à¨ íâ®¬ −¥®¡å®¤¨¬ ª®¬¯«¥ªá−ë© ãç¥â á®æ¨�«ì−®-íª®−®¬¨ç¥áª¨å,
¯à�¢®¢ëå ¨ ¯®«¨â¨ç¥áª¨å �á¯¥ªâ®¢ ¨−ä®à¬�â¨§�æ¨¨ ®¡é¥áâ¢�, ¢á¥áâ®à®−−¥¥
¨á¯®«ì§®¢�−¨¥ ®à£�−¨§�æ¨®−−®£®, â¥å−®«®£¨ç¥áª®£®, â¥å−¨ç¥áª®£® ¨ −®à¬®â¢®à-
ç¥áª®£® ®¯ëâ� à�§¢¨â¨ï ¨−ä®à¬�æ¨®−−ëå ¯à®áâà�−áâ¢ ¢¥¤ãé¨å áâà�−.

ˆ§ ¢á¥£® ¬−®¦¥áâ¢� ¯à®¡«¥¬ á«¥¤ã¥â ¢ë¤¥«¨âì âà¨ ª«îç¥¢ëå.
�¥à¢�ï ¯à®¡«¥¬� | á®¢¥àè¥−áâ¢®¢�−¨¥ −®à¬�â¨¢−®© ¡�§ë, ®¡¥á¯¥ç¥−¨¥ ¥¤¨−-

áâ¢� −®à¬�â¨¢−®-¯à�¢®¢®©, −®à¬�â¨¢−®-â¥å−¨ç¥áª®© ¨ −®à¬�â¨¢−®-á¯à�¢®ç−®©
¨−ä®à¬�æ¨¨ ¨ æ¥−âà�«¨§®¢�−−®¥, ¢§�¨¬®ã¢ï§�−−®¥ ã¯à�¢«¥−¨¥ íâ¨¬¨ á®áâ�¢«ï-
îé¨¬¨ ¢ à�¬ª�å …ˆ� ÷”. ‚ â®¬ ç¨á«¥ −¥®¡å®¤¨¬® à�§à�¡®â�âì íª®−®¬¨ª®-¯à�-
¢®¢ë¥ ®á−®¢ë:

{ §�ª®−®¤�â¥«ì−ë¥ ¨ −®à¬�â¨¢−ë¥ �ªâë, ®¯à¥¤¥«ïîé¨¥ ¯à�¢� ¨ ®¡ï§�−−®áâ¨
îà¨¤¨ç¥áª¨å ¨ ä¨§¨ç¥áª¨å «¨æ ¯® ä®à¬¨à®¢�−¨î ¨ ¨á¯®«ì§®¢�−¨î ˆ÷,
áà¥¤áâ¢ ¨å ®¡à�¡®âª¨ ¨ ¤®áâ�¢ª¨;

{ íª®−®¬¨ç¥áª¨¥ à¥£ã«ïâ®àë, ®¡¥á¯¥ç¨¢�îé¨¥ áâ¨¬ã«¨à®¢�−¨¥ �ªâ¨¢−®£® ä®à-
¬¨à®¢�−¨ï ¨ ¨á¯®«ì§®¢�−¨ï ˆ÷.

‚â®à�ï ¯à®¡«¥¬� | æ¥−âà�«¨§®¢�−−®¥ ä®à¬¨à®¢�−¨¥ ˆ÷ ¨ ®¡¥á¯¥ç¥−¨¥
®¯¥à�â¨¢−®£® ¤®áâã¯� ª −¨¬ ¢ à�¬ª�å …ˆ� ÷”. �¥®¡å®¤¨¬® ¯à®¢¥áâ¨ ¢¥áì¬�
áãé¥áâ¢¥−−ë¥ à�¡®âë ¯® ¢ª«îç¥−¨î ˆ÷ ¢ …ˆ� ÷”, ¯à¥¤®áâ�¢«¥−¨¥ ¨å −� §�-
ª®−−®¬ ®á−®¢�−¨¨ ®à£�−�¬ ã¯à�¢«¥−¨ï £®áã¤�àáâ¢¥−−®© ¢«�áâ¨, å®§ï©áâ¢ãîé¨¬
áã¡ê¥ªâ�¬ ¨ £à�¦¤�−�¬.

’à¥âìï ¯à®¡«¥¬� | ®¡¥á¯¥ç¨âì á®¡«î¤¥−¨¥ ¯à¨−æ¨¯®¢ á¨áâ¥¬−®£® ¯®¤å®-
¤� ª ¨−ä®à¬�â¨§�æ¨¨ ¯à¨ ¯®áâà®¥−¨¨ …ˆ� ÷”. Š�ª ¯®ª�§ë¢�¥â �−�«¨§, â�ª®©
¯®¤å®¤ ¯à�ªâ¨ç¥áª¨ ¨£−®à¨àã¥âáï ¬−®£¨¬¨ ¯®â¥−æ¨�«ì−ë¬¨ “ç�áâ−¨ª�¬¨ ¢á«¥¤-
áâ¢¨¥ á«®¦¨¢è¥©áï ¯à�ªâ¨ª¨ â�ª −�§ë¢�¥¬®© ú«®áªãâ−®©û ¨−ä®à¬�â¨§�æ¨¨,
ª®£¤� ã “ç�áâ−¨ª� ¨¬¥¥âáï ¬−®¦¥áâ¢® á�¬®áâ®ïâ¥«ì−ëå, §�ç�áâãî ã−¨ª�«ì−ëå
¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬, −¥ á®¢¬¥áâ¨¬ëå ¬¥¦¤ã á®¡®©, −¥ ¯à¨á¯®á®¡«¥−−ëå
ª á®¢¥àè¥−áâ¢®¢�−¨î ¨ à�§¢¨â¨î, ¤®à®£®áâ®ïé¨å, âàã¤−ëå ¢ íªá¯«ã�â�æ¨¨.

3 Основные системотехнические положения по созданию
и использованию единого информационного пространства России

�� ®á−®¢¥ ã£«ã¡«¥−−®£® á¨áâ¥¬−®£® �−�«¨§� áãé¥áâ¢ãîé¥© −®à¬�â¨¢−®-¯à�-
¢®¢®© ¡�§ë, ¤àã£¨å ¤®ªã¬¥−â®¢ ¨ ¬�â¥à¨�«®¢ [1{21] áä®à¬ã«¨à®¢�−ë á«¥¤ãîé¨¥
á¨áâ¥¬®â¥å−¨ç¥áª¨¥ ¯®«®¦¥−¨ï ¯® á®§¤�−¨î ¨ ¨á¯®«ì§®¢�−¨î …ˆ� ÷”.
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�¥ª®â®àë¥ ¯®¤å®¤ë ª ä®à¬¨à®¢�−¨î −®à¬�â¨¢−®-â¥å−¨ç¥áª®© ¡�§ë ¤«ï á®§¤�−¨ï …ˆ�

1. …¤¨−®¥ ¨−ä®à¬�æ¨®−−®¥ ¯à®áâà�−áâ¢® ÷®áá¨¨ ¤®«¦−® á®§¤�¢�âìáï ª�ª
ª®−£«®¬¥à�æ¨ï ®¡é¥−�æ¨®−�«ì−®£® ¬�áèâ�¡�, á®¥¤¨−ïîé�ï ¢ ®¤−® æ¥«®¥
®â¤¥«ì−ë¥ à�§−®®¡à�§−ë¥ �¢â®¬�â¨§¨à®¢�−−ë¥ á¨áâ¥¬ë (�‘, �¢â®¬�â¨§¨à®-
¢�−−ë¥ ¨−ä®à¬�æ¨®−−ë¥ á¨áâ¥¬ë (�ˆ‘), ˆ’Š‘, ¨−ä®à¬�æ¨®−−®-ã¯à�¢-
«ïîé¨¥ á¨áâ¥¬ë ¨ ¤à.) ÷®áá¨¨ −� ®á−®¢¥ ¯�à¨â¥â−®áâ¨ | ¯à¨ á®åà�−¥−¨¨
íâ¨¬¨ á¨áâ¥¬�¬¨ á¢®¨å ç¥àâ, á¢®©áâ¢ ¨ ˆ÷. Š â®¬ã ¦¥ …ˆ� ÷” ¤®«¦−®
¢å®¤¨âì −� ®á−®¢¥ ¯�à¨â¥â−®áâ¨ ¢ ¬¨à®¢®¥ ¨−ä®à¬�æ¨®−−®¥ ¯à®áâà�−áâ¢®.
’�ª¨¬ ®¡à�§®¬, …ˆ� ÷” á ¯®«−ë¬ ®á−®¢�−¨¥¬ ¬®¦−® áç¨â�âì ú‘¨áâ¥-
¬®© á¨áâ¥¬û ¨ ¯®¤®¡−ãî á¨áâ¥¬ã à�áá¬�âà¨¢�âì ª�ª ¬¥£�¨−äà�áâàãªâãà−®¥
®¡à�§®¢�−¨¥ | ¬¥£�á¨áâ¥¬ã.
„�−−®© ¬¥£�á¨áâ¥¬¥ á¢®©áâ¢¥−−ë á«¥¤ãîé¨¥ ®á−®¢−ë¥ å�à�ªâ¥à−ë¥, á¯¥-
æ¨ä¨ç¥áª¨¥ ®á®¡¥−−®áâ¨: £«®¡�«ì−®áâì, ¬−®¦¥áâ¢¥−−®áâì “ç�áâ−¨ª®¢, ¯®-
áâ®ï−−ë¥ ¨§¬¥−¥−¨ï á®áâ�¢� …ˆ� ÷”, ¯¥à¬�−¥−â−®¥ ¢¨¤®¨§¬¥−¥−¨¥ á�¬¨å
ˆ÷, ¬−®£®ç¨á«¥−−ë¥ ¨§¬¥−¥−¨ï −®à¬�â¨¢−®-¯à�¢®¢®© ¡�§ë …ˆ� ÷”.

2. …¤¨−®¥ ¨−ä®à¬�æ¨®−−®¥ ¯à®áâà�−áâ¢® ÷®áá¨¨ á«¥¤ã¥â á®§¤�¢�âì −� ®á−®¢¥
¤¢ãå ®á−®¢®¯®«�£�îé¨å ¯à¨−æ¨¯®¢:

(�) �¤¥ª¢�â−®áâì ¯¥àá¯¥ªâ¨¢−®£® …ˆ� ÷” ¯®âà¥¡−®áâï¬ äã−ªæ¨®−�«ì−®©
¤¥ïâ¥«ì−®áâ¨ “ç�áâ−¨ª®¢ | ¢á¥å ®à£�−¨§�æ¨© ÷®áá¨¨, ¢å®¤ïé¨å ¢ íâ®
¯à®áâà�−áâ¢®, á ãç¥â®¬ à�áè¨à¥−¨ï …ˆ� ÷”. �â® ®§−�ç�¥â, çâ® …ˆ�
÷” æ¥«¥á®®¡à�§−® á®§¤�¢�âì á −¥ª®â®àë¬ ®¯¥à¥¦¥−¨¥¬ ¯®â¥−æ¨�«ì−ëå
äã−ªæ¨®−�«ì−ëå ¯®âà¥¡−®áâ¥© “ç�áâ−¨ª®¢ …ˆ� ÷”;

(¡) ®à£�−¨ç−®¥ ¢ª«îç¥−¨¥ “ç�áâ−¨ª®¢ | ª®−ªà¥â−ëå ®à£�−¨§�æ¨© ÷” |
¢ …ˆ� ÷”. ‚ §−�ç¨â¥«ì−®© ¬¥à¥ íâ®¬ã ¤®«¦−� á¯®á®¡áâ¢®¢�âì ã¦¥ ¤¥©-
áâ¢ãîé�ï £®áã¤�àáâ¢¥−−�ï ¯à®£à�¬¬� ÷®áá¨©áª®© ”¥¤¥à�æ¨¨ úˆ−ä®à-
¬�æ¨®−−®¥ ®¡é¥áâ¢® (2011{2020 £®¤ë)û [6], ®¯à¥¤¥«ïîé�ï ª®−ªà¥â−ë¥
®à£�−¨§�æ¨¨ ÷” (¢ ç�áâ¨ ¨å ª�á�îé¥©áï), ª®â®àë¥ ¤®«¦−ë ¢®©â¨ −�
¯à�¢�å “ç�áâ−¨ª®¢ ¢ á®§¤�¢�¥¬®¥ úˆ−ä®à¬�æ¨®−−®¥ ®¡é¥áâ¢®û ÷®áá¨¨.
‘®®â¢¥âáâ¢¥−−®, “ç�áâ−¨ª¨ ¤®«¦−ë ¡ëâì ¯®¤ª«îç¥−ë ª à¥�«¨§�æ¨¨
íâ®© ¯à®£à�¬¬ë, ¢ â®¬ ç¨á«¥ ¨ â¥, ª®â®àë¥ ®å¢�ç¥−ë ¯à®£à�¬¬®© í«¥ª-
âà®−−®£® ¯à�¢¨â¥«ìáâ¢� ÷” | ¢ ç�áâ¨, ª�á�îé¥©áï [5, 10, 11, 13{17].
Š�¦¤ë© “ç�áâ−¨ª ä®à¬¨àã¥â ˆ÷ ¨¬¥−−® ¤«ï …ˆ� ÷”, ¢®§¬®¦−®, íâ¨
ˆ÷ ï¢«ïîâáï ç�áâìî ¥£® ¢−ãâà¥−−¨å à¥áãàá®¢.

3. …¤¨−®¥ ¨−ä®à¬�æ¨®−−®¥ ¯à®áâà�−áâ¢® ÷®áá¨¨ á«¥¤ã¥â á®§¤�¢�âì −� ®á−®¢¥
®à£�−¨ç−®£® á®ç¥â�−¨ï æ¥−âà�«¨§�æ¨¨ ¨ ¨−â¥£à�æ¨¨, ¯à¥¦¤¥ ¢á¥£®, ¯à¨ â¥à-
à¨â®à¨�«ì−®© à�á¯à¥¤¥«¥−−®áâ¨ “ç�áâ−¨ª®¢ (−�¯à¨¬¥à, ¯® à¥£¨®−�¬ áâà�−ë,
¢®§¬®¦−® §�àã¡¥¦−ëå ®¡ê¥ªâ®¢ íâ¨å ®à£�−¨§�æ¨©).
–¥−âà�«¨§�æ¨ï ¢ á®áâ�¢¥ …ˆ� ÷” ¯à¥¤ãá¬�âà¨¢�¥â ¯¥à¥−¥á¥−¨¥ −� ¢ëáè¨©
ãà®¢¥−ì “ç�áâ−¨ª� (−� ä¥¤¥à�«ì−®¬ ¨«¨ à¥£¨®−�«ì−®¬ ãà®¢−¥) ¢ë¯®«−¥−¨ï
¢á¥å ®á−®¢−ëå ¨−ä®à¬�æ¨®−−ëå ¯à®æ¥áá®¢ (á¡®à�, −�ª®¯«¥−¨ï, ®¡à�¡®âª¨,
åà�−¥−¨ï, �àå¨¢¨à®¢�−¨ï, §�é¨âë ¨−ä®à¬�æ¨¨ ¨ ¤à.).

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 24 −®¬¥à 4 2014 209



�. �. ‡�æ�à¨−−ë©, �. ‚. Š¨á¥«¥¢

…áâ¥áâ¢¥−−®, æ¥−âà�«¨§�æ¨ï ¢ â�ª®¬ ¢¨¤¥ ª�á�¥âáï â®«ìª® â®© ç�áâ¨ ˆ÷
“ç�áâ−¨ª�, ª®â®àë¥ ¯®¤£®â�¢«¨¢�îâáï ¨¬ ¤«ï ¨á¯®«ì§®¢�−¨ï ¤àã£¨¬¨
“ç�áâ−¨ª�¬¨ ¢ á®áâ�¢¥ …ˆ� ÷”.
ˆ−â¥£à�æ¨ï ¢ á®áâ�¢¥ …ˆ� ÷” ®à¨¥−â¨àã¥â “ç�áâ−¨ª� −� ®à£�−¨ç−®¥
®¡ê¥¤¨−¥−¨¥ ã −¥£® áãé¥áâ¢ãîé¨å ¨ ¢−®¢ì à�§à�¡�âë¢�¥¬ëå �ˆ‘ ¢ ¥¤¨-
−ãî á¨áâ¥¬ã | …ˆ‘, á á®§¤�−¨¥¬ …ˆ� ¢ ¯à¥¤¥«�å “ç�áâ−¨ª�, ª®â®à®¥
¤®«¦−® ¡ëâì ®à£�−¨ç−® á®¢¬¥áâ¨¬ë¬ á …ˆ� ÷”. �à¨ íâ®¬ ®áãé¥áâ¢«ï-
¥âáï à�æ¨®−�«ì−®¥ áâàãªâãà¨à®¢�−¨¥ ª®¬¯®−¥−â®¢ …ˆ‘ ª�ª ¥¤¨−®© á¨áâ¥-
¬ë-¨−â¥£à�â®à� ¨ ¢§�¨¬®¤¥©áâ¢¨¥ ª®¬¯®−¥−â®¢ ¬¥¦¤ã á®¡®© ¨ á ¢−¥è−¨¬¨
á¨áâ¥¬�¬¨ ¢ à�¬ª�å …ˆ� ÷”. ÷�æ¨®−�«ì−®¥ áâàãªâãà¨à®¢�−¨¥ ¯à¨ ¨−â¥-
£à¨à®¢�−¨¨ ¢ë¯®«−ï¥âáï á ãç¥â®¬ −�«¨ç¨ï áãé¥áâ¢ãîé¥©, ã−�á«¥¤®¢�−−®©
ˆˆ. ”ã−ªæ¨®−�«ì−®áâì ã−�á«¥¤®¢�−−ëå �ˆ‘ ¢ á®áâ�¢¥ ¥¤¨−®© á¨áâ¥¬ë
“ç�áâ−¨ª� á®åà�−ï¥âáï, −® ¬®¦¥â ¢¨¤®¨§¬¥−ïâìáï ¥¥ à¥�«¨§�æ¨ï. �â® ®§−�-
ç�¥â, çâ® ¢¬¥áâ® ¨á¯®«ì§®¢�−¨ï á�¬®áâ®ïâ¥«ì−ëå áãé¥áâ¢ãîé¨å �ˆ‘ ¨å
äã−ªæ¨®−�«ì−®áâì ¢ë¯®«−ï¥âáï ¢ á®áâ�¢¥ ¥¤¨−®© á¨áâ¥¬ë-¨−â¥£à�â®à� ª�ª
§�¤�ç¨ ¨ (¨«¨) ª®¬¯«¥ªáë äã−ªæ¨®−�«ì−ëå §�¤�ç −� ¢ëáè¥¬ ãà®¢−¥ ¤�−−®©
®à£�−¨§�æ¨¨ | “ç�áâ−¨ª� …ˆ� ÷”.
÷¥§ã«ìâ�âë ®à£�−¨ç−®£® á®ç¥â�−¨ï æ¥−âà�«¨§�æ¨¨ ¨ ¨−â¥£à�æ¨¨ ¢ ¥¤¨−®©
á¨áâ¥¬¥-¨−â¥£à�â®à¥ ®à¨¥−â¨àãîâáï −� ®¡¥á¯¥ç¥−¨¥:

{ ¤®áâ�â®ç−®© £¨¡ª®áâ¨ áâàãªâãàë …ˆ‘ ¢ ¯à®æ¥áá¥ ¥¥ ¯®íâ�¯−®£® á®§¤�−¨ï,
à�§¢¨â¨ï ¨ ¬®¤¥à−¨§�æ¨¨;

{ ®â−®á¨â¥«ì−®© ¯à®áâ®âë ¯à®£à�¬¬−®-�¯¯�à�â−ëå ª®¬¯«¥ªá®¢, ¨á¯®«ì§ã-
¥¬ëå −� ®¡ê¥ªâ�å ¬�áá®¢®£® ¯à¨¬¥−¥−¨ï;

{ à�¡®âë …ˆ‘ ¢ à¥¦¨¬¥, ¡«¨§ª®¬ ª à¥¦¨¬ã à¥�«ì−®£® ¢à¥¬¥−¨;

{ ¢ëá®ª®© −�¤¥¦−®áâ¨ äã−ªæ¨®−¨à®¢�−¨ï …ˆ‘ ¢ æ¥«®¬;

{ ¬�ªá¨¬�«ì−® ¢®§¬®¦−®£® á®ªà�é¥−¨ï á®¢®ªã¯−®© áâ®¨¬®áâ¨ ¢«�¤¥−¨ï
¥¤¨−®© á¨áâ¥¬®©;

{ áà�¢−¨â¥«ì−® ¡ëáâà®£®, ¯®«−®£® ¨ ®â−®á¨â¥«ì−® ¡¥§¡®«¥§−¥−−®£® ¯¥à¥-
å®¤� ®â ¨¬¥îé¥£® ¬¥áâ® áãé¥áâ¢ãîé¥© ú«®áªãâ−®áâ¨û ¨−ä®à¬�â¨§�æ¨¨
¢ áâàãªâãà�å ÷” ¯à¨ ¬−®¦¥áâ¢¥−−®áâ¨ �ˆ‘ ª à�æ¨®−�«ì−® ®âáâàãªâã-
à¨à®¢�−−®© ¥¤¨−®© á¨áâ¥¬¥-¨−â¥£à�â®àã;

{ íää¥ªâ¨¢−®£® ¤®áâã¯� “ç�áâ−¨ª� ¢ …ˆ� ÷” ¯®áà¥¤áâ¢®¬ á¢®¥© …ˆ‘-
¨−â¥£à�â®à�.

4. ‚ …ˆ� ÷” ¤®«¦¥− ¯®áâ®ï−−® ®áãé¥áâ¢«ïâìáï �¢â®¬�â¨§¨à®¢�−−ë© äã−ª-
æ¨®−�«ì−ë© ¬®−¨â®à¨−£ ¨ ¢ë¯®«−¥−¨¥ á®®â¢¥âáâ¢ãîé¨å ãç¥â−®-�−�«¨â¨ç¥-
áª¨å à�¡®â, −¥®¡å®¤¨¬ëå ¤«ï ®¡¥á¯¥ç¥−¨ï ¯®«−®æ¥−−®© äã−ªæ¨®−�«ì−®©
¤¥ïâ¥«ì−®áâ¨ “ç�áâ−¨ª®¢ | ®à£�−¨§�æ¨© ÷” ¢ à�¬ª�å …ˆ�.
�â® ®§−�ç�¥â, çâ® á®®â¢¥âáâ¢ãîé¨¥ ¥¤¨−ë¥ á¨áâ¥¬ë-¨−â¥£à�â®àë ¤®«¦−ë
ãç�áâ¢®¢�âì ¢ �¢â®¬�â¨§¨à®¢�−−®¬ äã−ªæ¨®−�«ì−®¬ ¬®−¨â®à¨−£¥ ¢ á®áâ�¢¥
…ˆ� ÷” | ¢ ç�áâ¨ ¨å ª�á�îé¥©áï. �à¨ íâ®¬ á ¨á¯®«ì§®¢�−¨¥¬ …ˆ� ÷”
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�¥ª®â®àë¥ ¯®¤å®¤ë ª ä®à¬¨à®¢�−¨î −®à¬�â¨¢−®-â¥å−¨ç¥áª®© ¡�§ë ¤«ï á®§¤�−¨ï …ˆ�

áä¥à� ¢ë¯®«−¥−¨ï �−�«¨â¨ç¥áª¨å ¨ ãç¥â−ëå à�¡®â ¬®¦¥â ¡ëâì áãé¥áâ¢¥−−®
à�áè¨à¥−�.

5. ‚ á®áâ�¢¥ …ˆ� ÷” ¤®«¦¥− ¡ëâì ®¡¥á¯¥ç¥− íää¥ªâ¨¢−ë© ¨−ä®à¬�æ¨®−-
−ë© ®¡¬¥− | −� ª�ç¥áâ¢¥−−® −®¢®¬ ãà®¢−¥, á ¨á¯®«ì§®¢�−¨¥¬ −®¢¥©è¨å
â¥å−®«®£¨©.
ƒ«�¢−ãî à®«ì ¯à¨ à¥�«¨§�æ¨¨ ¨−ä®à¬�æ¨®−−®£® ®¡¬¥−� ¤®«¦−ë ¢ë¯®«−ïâì
¢ëá®ª®¯à®¨§¢®¤¨â¥«ì−ë¥, â¥àà¨â®à¨�«ì−® à�á¯à¥¤¥«¥−−ë¥ â¥«¥ª®¬¬ã−¨ª�-
æ¨®−−ë¥ áâàãªâãàë (á¥â¨, á¨áâ¥¬ë), ª®â®àë¥ ¤®å®¤ïâ ¤® ª�¦¤®£® ®¡ê¥ªâ�
¢á¥å “ç�áâ−¨ª®¢ …ˆ� ÷”.

6. ‚ á®áâ�¢¥ …ˆ� ÷” ¤®«¦−� ¡ëâì ®¡¥á¯¥ç¥−� îà¨¤¨ç¥áª�ï §−�ç¨¬®áâì í«¥ª-
âà®−−®© ¨−ä®à¬�æ¨¨.
„®áâ¨¦¥−¨¥ îà¨¤¨ç¥áª®© §−�ç¨¬®áâ¨ í«¥ªâà®−−®© ¨−ä®à¬�æ¨¨ ¢ª«îç�¥â
ª®¬¯«¥ªá ¬¥à ¨ à¥è¥−¨© á®¢à¥¬¥−−®£® ãà®¢−ï, à�ááç¨â�−−ëå −� ®¡¥á¯¥ç¥−¨¥
−¥®¡å®¤¨¬®© áâ¥¯¥−¨ §�é¨é¥−−®áâ¨ à�§−®®¡à�§−ëå ˆ÷ ¨ ¢§�¨¬®¤¥©áâ¢¨ï
“ç�áâ−¨ª®¢ ¢ á®áâ�¢¥ …ˆ� ÷”.

7. ‚ …ˆ� ÷” −¥®¡å®¤¨¬® ®¡¥á¯¥ç¨âì −¥¯à¥àë¢−ë© ª®−âà®«ì á®áâ®ï−¨ï
¨ ã¯à�¢«¥−¨¥ äã−ªæ¨®−¨à®¢�−¨¥¬ á¨áâ¥¬ë ¢ æ¥«®¬ ¨ ¥¥ ª®¬¯®−¥−â®¢,
¢ª«îç�ï æ¥−âà�«¨§®¢�−−®¥ ã¯à�¢«¥−¨¥ ª®−ä¨£ãà�æ¨¥©. �à¨ íâ®¬ ®å¢�âë-
¢�îâáï íªá¯«ã�â�æ¨®−−ë¥ ¯à®æ¥ááë, ®¯â¨¬¨§�æ¨®−−ë¥ ¯à®æ¥ááë, ¯à®æ¥ááë
à�§¢¥àâë¢�−¨ï ¨ ã¯à�¢«¥−¨ï ¨§¬¥−¥−¨ï¬¨, ¯à®æ¥ááë ¯®¤¤¥à¦ª¨ ¨ ã¯à�¢«¥-
−¨ï ®á®¡ë¬¨ á¨âã�æ¨ï¬¨.

8. ‚ …ˆ� ÷” ¤®«¦−® ®áãé¥áâ¢«ïâìáï ª®¬¯«¥ªá−®¥ ®¡¥á¯¥ç¥−¨¥ ¨−ä®à¬�æ¨®−-
−®© ¡¥§®¯�á−®áâ¨. �á®¡®¥ ¢−¨¬�−¨¥ á«¥¤ã¥â ¯®áâ®ï−−® ã¤¥«ïâì ª®¬¯«¥ªá−®©
§�é¨â¥ £®áã¤�àáâ¢¥−−ëå ¨ −¥£®áã¤�àáâ¢¥−−ëå ˆ÷, ¢å®¤ïé¨å ¢ …ˆ� ÷”.
”®à¬¨à®¢�−¨¥ …ˆ� ÷” ¨ ¢§�¨¬®¤¥©áâ¢¨¥ ¢ á®áâ�¢¥ …ˆ� ÷” ®áãé¥-
áâ¢«ï¥âáï −� ®á−®¢¥ ®¡ï§�â¥«ì−®£® ¯à¨−æ¨¯�, � ¨¬¥−−®: ¢á¥ ¡¥§ ¨áª«îç¥−¨ï
äã−ªæ¨®−�«ì−® ®à¨¥−â¨à®¢�−−ë¥ ˆ÷ §�é¨é¥−ë −�¤¥¦−® ¨ ¤®«¦−ë¬ ®¡à�-
§®¬. �â® ®§−�ç�¥â, çâ® …ˆ� ÷” ®¯¥à¨àã¥â ¨áª«îç¨â¥«ì−® §�é¨é¥−−ë¬¨
ˆ÷ (‡ˆ÷).
�¡¥á¯¥ç¥−¨¥ ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ¢ á®áâ�¢¥ …ˆ� ÷” ¯à¥¤ãá¬�â-
à¨¢�¥â ¨á¯®«ì§®¢�−¨¥ ª®¬¯«¥ªá� ¢§�¨¬®ã¢ï§�−−ëå ¬¥à ¨ à¥è¥−¨© á®¢à¥¬¥−-
−®£® ãà®¢−ï. ‚ â®¬ ç¨á«¥ ¬®£ãâ ¨á¯®«ì§®¢�âìáï ¤«ï −¥®¡å®¤¨¬ëå äã−ªæ¨®-
−�«ì−®-®à¨¥−â¨à®¢�−−ëå ‡ˆ÷ à�§«¨ç−ë¥ ª®−âãàë: ®âªàëâë© (�-ª®−âãà);
ª®−ä¨¤¥−æ¨�«ì−ë© (Š-ª®−âãà), á¥ªà¥â−ë© (‘-ª®−âãà).

9. ‚ …ˆ� ÷” ¤®«¦−® ®áãé¥áâ¢«ïâìáï −¥¯à¥àë¢−®¥ ª®¬¯«¥ªá−®¥ ®¡¥á¯¥ç¥−¨¥
íªá¯«ã�â�æ¨¨, ¬®¤¥à−¨§�æ¨¨ ¨ á®¯à®¢®¦¤¥−¨ï ¤�−−®© ¬¥£�á¨áâ¥¬ë ¢ æ¥«®¬
¨ ¥¥ ª®¬¯®−¥−â®¢ ¢ â¥ç¥−¨¥ ¦¨§−¥−−®£® æ¨ª«�.
Š®¬¯«¥ªá−®¥ ®¡¥á¯¥ç¥−¨¥ ®áãé¥áâ¢«ï¥âáï −� ®á−®¢¥ ¨á¯®«ì§®¢�−¨ï ¯à®-
ä¨«ì−ëå £®áã¤�àáâ¢¥−−ëå áâ�−¤�àâ®¢ ¨ «ãçè¨å ¯à�ªâ¨ª, ¢ â®¬ ç¨á«¥ á ¨á-
¯®«ì§®¢�−¨¥¬ á®®â¢¥âáâ¢ãîé¨å à�§à�¡®â�−−ëå ¨ ãâ¢¥à¦¤¥−−ëå à¥£«�¬¥−-
â®¢, ¨ −¥¯à¥àë¢−®¥ ®âá«¥¦¨¢�−¨¥ ¯à®æ¥áá®¢ íªá¯«ã�â�æ¨¨, ¬®¤¥à−¨§�æ¨¨
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¨ á®¯à®¢®¦¤¥−¨ï −� á®®â¢¥âáâ¢ãîé¨å áâ�¤¨ïå. �¥®¡å®¤¨¬® ¢¢¥áâ¨ ®¡é¥á¨á-
â¥¬−ë© ª®¬¯®−¥−â ¤«ï æ¥−âà�«¨§®¢�−−®£® ã¯à�¢«¥−¨ï ¨ ª®−âà®«ï ¯à®æ¥áá®¢
íªá¯«ã�â�æ¨¨, ¬®¤¥à−¨§�æ¨¨ ¨ á®¯à®¢®¦¤¥−¨ï ¢ á®áâ�¢¥ …ˆ� ÷”.

10. �� ¢á¥å áâ�¤¨ïå ¨ íâ�¯�å á®§¤�−¨ï …ˆ� ÷” ¨ ¥£® ª®¬¯®−¥−â®¢ (á®áâ�¢-
−ëå ç�áâ¥©) ¤®«¦−® ®áãé¥áâ¢«ïâìáï ¤®ªã¬¥−â¨à®¢�−¨¥ ¤�−−®© ¬¥£�á¨áâ¥¬ë.
�á®¡®¥ ¢−¨¬�−¨¥ á«¥¤ã¥â ã¤¥«ïâì âé�â¥«ì−®© ®âà�¡®âª¥ íªá¯«ã�â�æ¨®−−®©
¤®ªã¬¥−â�æ¨¨, ¯à¥¦¤¥ ¢á¥£® ¤®áâ�â®ç−®áâ¨ á®áâ�¢� ¨ á®¤¥à¦�−¨ï ¤®ªã¬¥−-
â®¢, ¨§«®¦¥−¨ï ¬�â¥à¨�«®¢ ¨ ª�ç¥áâ¢� ¤®ªã¬¥−â®¢, ã¤®¡áâ¢� ¨á¯®«ì§®¢�−¨ï
¨å ¯à¨ íªá¯«ã�â�æ¨¨.
ˆ§¢¥áâ−®, çâ® ¤¥â�«ì−®¥ ¤®ªã¬¥−â¨à®¢�−¨¥ ¬−®£¨å �‘, ª®â®àë¥ ¯®â¥−æ¨�«ì-
−® ¤®«¦−ë ¢®©â¨ ¢ …ˆ� ÷”, ¯à¨ ¨å á®§¤�−¨¨ ¨ íªá¯«ã�â�æ¨¨ ®áãé¥áâ¢«ï-
¥âáï ¢ á®®â¢¥âáâ¢¨¨ á âà¥¡®¢�−¨ï¬¨ ¨ ¬¥â®¤¨ç¥áª¨¬¨ ãª�§�−¨ï¬¨ áâ�−¤�àâ®¢,
−�¯à¨¬¥à ª®¬¯«¥ªá� áâ�−¤�àâ®¢ −� �¢â®¬�â¨§¨à®¢�−−ë¥ á¨áâ¥¬ë ƒ�‘’ á¥-
à¨¨ 34. ’�ª®© ¯®¤å®¤, ª á®¦�«¥−¨î, −¥ ¯à¨¬¥−¨¬ −¥¯®áà¥¤áâ¢¥−−® ª â�ª®¬ã
á¯¥æ¨ä¨ç¥áª®¬ã ¨−äà�áâàãªâãà−®¬ã ®¡à�§®¢�−¨î, ª�ª …ˆ� ÷”. “ç¨âë-
¢�ï ¢�¦−®áâì ¤®ªã¬¥−â¨à®¢�−¨ï, −¨¦¥ ¨§«�£�¥âáï ¯®¤å®¤ ¨ ¯à¥¤«®¦¥−¨ï ¯®
íâ®© ç�áâ¨.

11. �á®¡®¥ ¢−¨¬�−¨¥ ¢ …ˆ� ÷” ¤®«¦−® ¡ëâì ã¤¥«¥−® ®¡¥á¯¥ç¥−¨î ¥¤¨−áâ¢�
−®à¬�â¨¢−®© ¨−ä®à¬�æ¨¨ âà¥å ¢¨¤®¢ | ¯à�¢®¢®© (��ˆ), â¥å−¨ç¥áª®©
(�’ˆ), á¯à�¢®ç−®© (�‘ˆ) | ¨ æ¥−âà�«¨§®¢�−−®¥ ã¯à�¢«¥−¨¥ ¨¬¨ ¢ à�¬ª�å
…ˆ�.
�â® ®§−�ç�¥â, çâ® ¢ á®áâ�¢¥ …ˆ� ÷” ¤®«¦−� ¡ëâì á®§¤�−� ¨ ¯®áâ®ï−−® ¨á-
¯®«ì§®¢�âìáï æ¥−âà�«¨§®¢�−−�ï á¨áâ¥¬� −®à¬�â¨¢−®© ¨−ä®à¬�æ¨¨ ª�ª ®¤¨−
¨§ ¢�¦−¥©è¨å ®¡é¥á¨áâ¥¬−ëå ª®¬¯®−¥−â®¢ ¤�−−®© ¬¥£�á¨áâ¥¬ë. –¥−âà�«¨-
§®¢�−−�ï á¨áâ¥¬� −®à¬�â¨¢−®© ¨−ä®à¬�æ¨¨ ¤®«¦−� ¨¬¥âì ¢ á¢®¥¬ á®áâ�¢¥
á®®â¢¥âáâ¢¥−−® ¯®¤á¨áâ¥¬ë âà¥å ¢¨¤®¢ | ���ˆ, ��’ˆ, ��‘ˆ.

‡�¢¥àè�ï à�áá¬®âà¥−¨¥ ¯à¨−æ¨¯¨�«ì−ëå ¯®«®¦¥−¨© ¯® á®§¤�−¨î ¨ ¨á¯®«ì-
§®¢�−¨î …ˆ� ÷”, á«¥¤ã¥â ®¡à�â¨âì ¢−¨¬�−¨¥ −� ®á®¡ãî §−�ç¨¬®áâì à¥è¥−¨ï
®à£�−¨§�æ¨®−−ëå ¢®¯à®á®¢. ÷¥çì ¨¤¥â ®¡ ®¯à¥¤¥«¥−¨¨ á®®â¢¥âáâ¢ãîé¨å ®à£�−®¢
£®áã¤�àáâ¢¥−−®© ¢«�áâ¨ á ¯à�¢�¬¨ á®§¤�−¨ï …ˆ� ÷”, ª®®à¤¨−�æ¨¨ ä®à¬¨à®¢�-
−¨ï ¨ à�§¢¨â¨ï ¢á¥å ¢¨¤®¢ £®áã¤�àáâ¢¥−−ëå ˆ÷ ¨ ¢ª«îç¥−¨ï ¢ …ˆ� −¥£®áã¤�à-
áâ¢¥−−ëå ˆ÷. �â¢¥âáâ¢¥−−ë¬¨ ã¯®«−®¬®ç¥−−ë¬¨ ®à£�−�¬¨, −�¯à¨¬¥à, ¬®¦−®
¡ë«® ¡ë ®¯à¥¤¥«¨âì:

{ �¤¬¨−¨áâà�æ¨î �à¥§¨¤¥−â� ÷” ¢ ç�áâ¨ äã−ªæ¨®−�«ì−ëå §�¤�ç, ¢ë¯®«−ï-
¥¬ëå …ˆ� ÷”;

{ ”¥¤¥à�«ì−ãî á«ã¦¡ã ®åà�−ë ÷®áá¨¨ ¢ ç�áâ¨ ®¡¥á¯¥ç¥−¨ï äã−ªæ¨®−¨à®¢�−¨ï
¨ íªá¯«ã�â�æ¨¨ ¨−äà�áâàãªâãàë …ˆ� ÷” −� ¢á¥å áâ�¤¨ïå ¦¨§−¥−−®£®
æ¨ª«�;

{ Œ¨−ª®¬á¢ï§¨ ÷®áá¨¨ ¢ ç�áâ¨ â¥«¥ª®¬¬ã−¨ª�æ¨®−−®£® ®¡¥á¯¥ç¥−¨ï …ˆ� ÷”;
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�¥ª®â®àë¥ ¯®¤å®¤ë ª ä®à¬¨à®¢�−¨î −®à¬�â¨¢−®-â¥å−¨ç¥áª®© ¡�§ë ¤«ï á®§¤�−¨ï …ˆ�

{ ”¥¤¥à�«ì−ãî á«ã¦¡ã ¡¥§®¯�á−®áâ¨ ¨ ”¥¤¥à�«ì−ãî á«ã¦¡ã ¯® â¥å−¨ç¥áª®¬ã
¨ íªá¯®àâ−®¬ã ª®−âà®«î ÷®áá¨¨ ¢ ç�áâ¨ ª®¬¯«¥ªá−®£® ®¡¥á¯¥ç¥−¨ï ¨−ä®à-
¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ¢ á®áâ�¢¥ …ˆ� ÷”.

4 Подход и предложения по документированию на уровне единого
информационного пространства России

Œ¥£�á¨áâ¥¬ã …ˆ� ÷”, ª�ª ¨ «î¡ãî á¨áâ¥¬ã, −¥®¡å®¤¨¬® æ¥«¥−�¯à�¢«¥−−®
¯à®¥ªâ¨à®¢�âì, á®§¤�¢�âì ¨ ¯à�¢¨«ì−® íªá¯«ã�â¨à®¢�âì.

‚ −�áâ®ïé¥¬ à�§¤¥«¥ á ãç¥â®¬ á¯¥æ¨ä¨ª¨ …ˆ� ÷” ä®à¬ã«¨àã¥âáï ¯®¤å®¤
¨ ¤�îâáï ¯à¥¤«®¦¥−¨ï ¯® ¤®ªã¬¥−â¨à®¢�−¨î ¤�−−®© ¬¥£�á¨áâ¥¬ë. �à¥¤«�£�îâáï
á¥¬ì ª�ç¥áâ¢¥−−® −®¢ëå â¨¯®¢ ¤®ªã¬¥−â®¢ ¡®«¥¥ ¢ëá®ª®£®, ®¡®¡é�îé¥£® ãà®¢−ï:

1. ‘âà�â¥£¨ï á®§¤�−¨ï ¨ ¨á¯®«ì§®¢�−¨ï ¨−äà�áâàãªâãàë …ˆ� ÷”.

2. ’¥§�ãàãá ¨−äà�áâàãªâãàë …ˆ� ÷”.

3. ‘®¢®ªã¯−®áâì áâ�−¤�àâ®¢ ¢ ç�áâ¨ ¨−äà�áâàãªâãàë …ˆ� ÷”.

4. �¯¨á�−¨¥ ¯à®æ¥áá®¢ “ç�áâ−¨ª� ¢ á®áâ�¢¥ …ˆ� ÷”, á®£«�è¥−¨¥ á “ç�áâ−¨-
ª®¬ ®¡ ãà®¢−¥ ¯à¥¤®áâ�¢«¥−¨ï ãá«ã£ ¨ à¥£«�¬¥−âë.

5. ‘å¥¬� ¨−ä®à¬�â¨§�æ¨¨ “ç�áâ−¨ª� …ˆ� ÷”.

6. ‘å¥¬� ¨−ä®à¬�æ¨®−−ëå ¯®â®ª®¢.

7. ‘å¥¬� ¢§�¨¬−®© §�¢¨á¨¬®áâ¨ ˆ÷ “ç�áâ−¨ª®¢ …ˆ� ÷” ¨ ¨å á¥à¢¨á®¢.

Šà�âª®¥ á®¤¥à¦�−¨¥ ¤®ªã¬¥−â®¢ ¤�−® ¢ â�¡«¨æ¥.

’¨¯ë ¤®ªã¬¥−â®¢ á ¨å ªà�âª¨¬ á®¤¥à¦�−¨¥¬

’¨¯ ¤®ªã¬¥−â� Šà�âª®¥ á®¤¥à¦�−¨¥ ¤®ªã¬¥−â�
1. ‘âà�â¥£¨ï á®-
§¤�−¨ï ¨ ¨á¯®«ì-
§®¢�−¨ï ¨−äà�-
áâàãªâãàë …ˆ�
÷”

–¥«¨ ¨ §�¤�ç¨ á®§¤�−¨ï ¨ ¨á¯®«ì§®¢�−¨ï ¨−äà�áâàãªâãàë …ˆ�
÷”. �®¤å®¤ ª ®à£�−¨§�æ¨®−−®¬ã ¯®áâà®¥−¨î ¨−äà�áâàãªâã-
àë …ˆ� ÷”. �¡é�ï ¨−â¥£à�æ¨®−−�ï �àå¨â¥ªâãà� äã−ªæ¨®-
−¨à®¢�−¨ï …ˆ� ÷”. �®¤å®¤, á¨áâ¥¬� ¯à¨®à¨â¥â®¢ ¨ ¯à�¢¨«
¯®áâà®¥−¨ï ¨−äà�áâàãªâãàë …ˆ� ÷”. Š«îç¥¢ë¥ à¥è¥−¨ï á®
áâ®à®−ë “ç�áâ−¨ª®¢ ¢ ç�áâ¨ ¨−ä®à¬�â¨§�æ¨¨ á ãç¥â®¬ ¢å®¦-
¤¥−¨ï ¨å ¢ …ˆ� ÷” −� ¯à¨−æ¨¯�å ¨−â¥£à�æ¨¨. �à¨−æ¨¯ë
¨−äà�áâàãªâãà−®£® ¢§�¨¬®¤¥©áâ¢¨ï “ç�áâ−¨ª®¢ ¢ à�¬ª�å …ˆ�
÷” á ¨á¯®«ì§®¢�−¨¥¬ ‡ˆ÷ ¯à¨ ¢§�¨¬®¤¥©áâ¢¨¨. �¯à¥¤¥«¥−¨¥
áâà�â¥£¨ç¥áª¨ ¢�¦−ëå á¡�«�−á¨à®¢�−−ëå ¯®ª�§�â¥«¥© íää¥ª-
â¨¢−®áâ¨ ¨−äà�áâàãªâãàë …ˆ� ÷”. �á−®¢−ë¥ ¯«�−ë à�§¢¨-
â¨ï ¨−äà�áâàãªâãàë …ˆ� ÷” ¢ ªà�âª®áà®ç−®© ¨ áà¥¤−¥áà®ç−®©
¯¥àá¯¥ªâ¨¢¥, ¡î¤¦¥â−�ï ¨ ª�¤à®¢�ï ¯®«¨â¨ª� à¥�«¨§�æ¨¨ ¯«�-
−®¢

�ª®−ç�−¨¥ â�¡«¨æë −� á. 214
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’¨¯ë ¤®ªã¬¥−â®¢ á ¨å ªà�âª¨¬ á®¤¥à¦�−¨¥¬ (®ª®−ç�−¨¥)

’¨¯ ¤®ªã¬¥−â� Šà�âª®¥ á®¤¥à¦�−¨¥ ¤®ªã¬¥−â�
2. ’¥§�ãàãá
¨−äà�áâàãªâãàë
…ˆ� ÷”

’¥§�ãàãá ª�ª ¯à¥¤¬¥â−ë© á«®¢�àì, ¯®«−®¬¥à−® ®å¢�âë¢�îé¨©
¯®−ïâ¨ï, ®¯à¥¤¥«¥−¨ï ¨ â¥à¬¨−ë …ˆ� ÷” ¨ ¥£® ¨−äà�áâàãªâã-
àë. ��æ¥«¥−−®áâì â¥§�ãàãá� ¤®«¦−� á¯®á®¡áâ¢®¢�âì ¯à�¢¨«ì−®©
«¥ªá¨ç¥áª®©, ª®à¯®à�â¨¢−®© ª®¬¬ã−¨ª�æ¨¨ ¢ ¨−äà�áâàãªâãà¥
…ˆ� ÷”, ¯®−¨¬�−¨î ¢ ®¡é¥−¨¨ ¨ ¢§�¨¬®¤¥©áâ¢¨¨ «¨æ /̈̈ «¨
ˆ÷ ¢ à�¬ª�å …ˆ� ÷”. ’¥§�ãàãá ¢ í«¥ªâà®−−®¬ ä®à¬�â¥ ª�ª
¤¥©áâ¢¥−−ë© ¨−áâàã¬¥−â ¤«ï ®¯¨á�−¨ï ®â¤¥«ì−ëå ¯à¥¤¬¥â−ëå
®¡«�áâ¥© ¢ à�¬ª�å …ˆ� ÷”. ‚®§¬®¦−®áâ¨ â¥§�ãàãá� ¢ëï¢«ïâì
á¬ëá« −¥ â®«ìª® á ¯®¬®éìî ®¯à¥¤¥«¥−¨ï, −® ¨ ¯®áà¥¤áâ¢®¬ á®-
®â−¥á¥−¨ï á«®¢� á ¤àã£¨¬¨ ¯®−ïâ¨ï¬¨ ¨ ¨å £àã¯¯�¬¨ ¢ à�¬ª�å
…ˆ� ÷”. ‚®§¬®¦−®áâ¨ ¨á¯®«ì§®¢�−¨ï â¥§�ãàãá� ¤«ï −�¯®«−¥-
−¨ï ¡�§ §−�−¨© á¨áâ¥¬ ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ� ¢ à�¬ª�å …ˆ�
÷”

3. ‘®¢®ªã¯−®áâì
áâ�−¤�àâ®¢ ¢ ç�á-
â¨ ¨−äà�áâàãª-
âãàë …ˆ� ÷”

�à�¢¨«� ¢¥¤¥−¨ï −®à¬�â¨¢−®© ¨−ä®à¬�æ¨¨ âà¥å ¢¨¤®¢ | ¯à�-
¢®¢®©, â¥å−¨ç¥áª®©, á¯à�¢®ç−®©. ”®à¬�âë ¤�−−ëå, ¯à®â®ª®«ë
®¡¬¥−� ¨−ä®à¬�æ¨¥©, ¯à®£à�¬¬−ë¥ ¨−â¥àä¥©áë, ã¯à�¢«¥−¨¥
âà¥¡®¢�−¨ï¬¨. ’¨¯®¢ë¥ â¥å−¨ç¥áª¨¥ à¥è¥−¨ï, áâ¨«ì ¯à®£à�¬-
¬¨à®¢�−¨ï, ã¯à�¢«¥−¨¥ ¢¥àá¨ï¬¨, ã¯à�¢«¥−¨¥ ª®−ä¨£ãà�æ¨ï¬¨.
�®àï¤®ª ¨á¯ëâ�−¨ï ¨ â¥áâ¨à®¢�−¨ï á¨áâ¥¬ “ç�áâ−¨ª®¢ …ˆ�
÷”. ’à¥¡®¢�−¨ï ª ¤®ªã¬¥−â¨à®¢�−¨î á® áâ®à®−ë “ç�áâ−¨ª®¢
…ˆ� ÷”

4. �¯¨á�−¨¥ ¯à®-
æ¥áá®¢ “ç�áâ−¨ª�
¢ á®áâ�¢¥ …ˆ�
÷”, á®£«�è¥−¨¥
á “ç�áâ−¨ª®¬ ®¡
ãà®¢−¥ ¯à¥¤®-
áâ�¢«¥−¨ï ãá«ã£
¨ à¥£«�¬¥−âë

ˆ’-ãá«ã£¨ ª�¦¤®£® “ç�áâ−¨ª� …ˆ� ÷” ¨ ¯à�¢¨«� ¨å ¯à¥¤®-
áâ�¢«¥−¨ï ¤àã£¨¬ “ç�áâ−¨ª�¬ ¢ á®áâ�¢¥ …ˆ� ÷”, à¥£«�¬¥−âë
¯à¥¤®áâ�¢«¥−¨ï ¨ ¯®«ãç¥−¨ï ˆ’-ãá«ã£. ‘®£«�è¥−¨¥ ®¡ ãà®¢−¥
¯à¥¤®áâ�¢«¥−¨ï ãá«ã£¨ (�−£«. Service Level Agreement | SLA),
®¡®§−�ç�îé¥¥ ä®à¬�«ì−ë© ¤®£®¢®à ¬¥¦¤ã §�ª�§ç¨ª®¬ ãá«ã£¨
¨ ¥¥ ¯®áâ�¢é¨ª®¬, á®¤¥à¦�é¥¥ ®¯¨á�−¨¥ ãá«ã£¨, ¯à�¢� ¨ ®¡ï§�−-
−®áâ¨ áâ®à®− ¨ á®£«�á®¢�−−ë© ãà®¢¥−ì ª�ç¥áâ¢� ¯à¥¤®áâ�¢«¥−¨ï
¤�−−®© ãá«ã£¨

5. ‘å¥¬� ¨−-
ä®à¬�â¨§�æ¨¨
“ç�áâ−¨ª� …ˆ�
÷”

„«ï ª�¦¤®£® “ç�áâ−¨ª� …ˆ� ÷”: ªâ®, ç¥¬ ¨ ¤«ï ç¥£® ¯®«ì-
§ã¥âáï “ç�áâ−¨ª, ¤®áâã¯−®áâì á¥à¢¨á®¢ ¨ á¨áâ¥¬ ¢ á®áâ�¢−ëå
ç�áâïå “ç�áâ−¨ª�, �¢â®¬�â¨§¨à®¢�−−ë¥ ¨ −¥�¢â®¬�â¨§¨à®¢�−-
−ë¥ ãç�áâª¨ à�¡®âë

6. ‘å¥¬� ¨−ä®à-
¬�æ¨®−−ëå ¯®â®-
ª®¢

’®çª¨ ¯®áâã¯«¥−¨ï ¨−ä®à¬�æ¨®−−ëå ¯®â®ª®¢ (¨−ä®à¬�æ¨¨) ®â
“ç�áâ−¨ª®¢ ¢ ¨−äà�áâàãªâãàã …ˆ� ÷”, åà�−¥−¨¥ ¨−ä®à¬�æ¨-
®−−ëå ¯®â®ª®¢ (¨−ä®à¬�æ¨¨), ®¡¬¥− ¨−ä®à¬�æ¨¥© ¬¥¦¤ã “ç�áâ-
−¨ª�¬¨, ¤ã¡«¨à®¢�−¨¥ ¨−ä®à¬�æ¨¨ ¨ ®¯¥à�æ¨© ¯® ¥¥ ¢¢®¤ã

7. ‘å¥¬� ¢§�¨¬-
−®© §�¢¨á¨¬®áâ¨
ˆ÷ “ç�áâ−¨ª®¢
…ˆ� ÷” ¨ ¨å
á¥à¢¨á®¢

�¯¨á�−¨¥ áâ¥¯¥−¨ §�¢¨á¨¬®áâ¨ ˆ÷ “ç�áâ−¨ª®¢, � â�ª¦¥ ¨å
á¥à¢¨á®¢ ¨ ¬¥å�−¨§¬®¢ (ªà¨â¨ç¥áª�ï, −¥ªà¨â¨ç¥áª�ï, á«�¡�ï,
á¨«ì−�ï ¨ ¤à.)
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�¥ª®â®àë¥ ¯®¤å®¤ë ª ä®à¬¨à®¢�−¨î −®à¬�â¨¢−®-â¥å−¨ç¥áª®© ¡�§ë ¤«ï á®§¤�−¨ï …ˆ�

5 Заключение

Š −�áâ®ïé¥¬ã ¢à¥¬¥−¨, −¥á¬®âàï −� æ¥«ë© àï¤ ¯à¨−ïâëå −®à¬�â¨¢−®-¯à�-
¢®¢ëå ¤®ªã¬¥−â®¢ ä¥¤¥à�«ì−®£® ãà®¢−ï, ®¤−®© ¨§ ª«îç¥¢ëå ¯à®¡«¥¬, −¥ ¯®§¢®-
«ïîé¨å ¯®«ãç¨âì à¥�«ì−ë¥ à¥§ã«ìâ�âë ¯® á®§¤�−¨î …ˆ�, ï¢«ï¥âáï −¥¯®«−®â�
¨ −¥á®¢¥àè¥−áâ¢® −®à¬�â¨¢−®-â¥å−¨ç¥áª®£® ®¡¥á¯¥ç¥−¨ï ¯à®æ¥áá®¢ à�§à�¡®âª¨,
¢−¥¤à¥−¨ï ¨ ¯®¤¤¥à¦�−¨ï äã−ªæ¨®−¨à®¢�−¨ï …ˆ� ÷”.

‚ áâ�âì¥ ¯à¥¤áâ�¢«¥−ë à¥§ã«ìâ�âë, −�¯à�¢«¥−−ë¥ −� ¯®¢ëè¥−¨¥ íää¥ªâ¨¢-
−®áâ¨ ¯à®æ¥áá®¢ ä®à¬¨à®¢�−¨ï …ˆ� ÷”:

(1) ®¡®á−®¢�−ë ®á−®¢−ë¥ ¯à¨−æ¨¯¨�«ì−ë¥ ¯®«®¦¥−¨ï ¯® á®§¤�−¨î ¨ ¨á¯®«ì-
§®¢�−¨î ˆ÷ ¢ á®áâ�¢¥ …ˆ� ÷”. �à¨ íâ®¬ …ˆ� ÷” à�áá¬�âà¨¢�¥âáï ª�ª
¨−äà�áâàãªâãà−®¥ ®¡à�§®¢�−¨¥ | ¬¥£�á¨áâ¥¬�;

(2) ®¡®á−®¢�−ë ¯à¥¤«®¦¥−¨ï ¯® ¯¥à¥ç−î −®à¬�â¨¢−®-â¥å−¨ç¥áª¨å ¤®ªã¬¥−â®¢
¤«ï ®¡¥á¯¥ç¥−¨ï á®§¤�−¨ï …ˆ� ÷” ª�ª ¬¥£�á¨áâ¥¬ë;

(3) áä®à¬ã«¨à®¢�−® á®¤¥à¦�−¨¥ ª�¦¤®£® ¨§ ¯à¥¤«�£�¥¬ëå ¤®ªã¬¥−â®¢.
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Some approaches to forming regulatory and technical base for unified information space

SOME APPROACHES TO FORMING REGULATORY
AND TECHNICAL BASE FOR CREATION OF UNIFIED

INFORMATION SPACE OF RUSSIA

A. A. Zatsarinny and E. V. Kiselev

Institute of Informatics Problems, Russian Academy of Sciences, 44-2 Vavilov Str.,
Moscow 119333, Russian Federation

Abstract: Targets of forming and developing the Russian Federation unified
information space are determined relying on federal level regulatory and legal
documents. The article defines the generalized composition of the unified
information space based on aggregation of information resources and information
infrastructure of the country. Authors created the definition of a Member of
the space as a principle producer and customer of information resources. The
article identifies three main problems of creating and using a unified information
space considering the real conditions of informatization of the country. Based on
the systemic approach, the article determines general principal theses regarding
creation and usage of a unified information space. The article formulates
the approach and proposals for documentation of a unified information space as
a megasystem including seven absolutely new types of documents. The results can
serve as the basis for further investigations concerning creation and interaction
of information resources associated with the unified information space of the
Russian Federation.

Keywords: unified information space of Russian Federation; information re-
sources; information infrastructure; centralization; integration; information
security; providing telecommunication; systemic approach; megasystem; regula-
tory and technical document
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ОНТОЛОГИЯ ПОДДЕРЖКИ НЕПРЕРЫВНОСТИ ИТ-УСЛУГ
В ИНФОРМАЦИОННО-ТЕЛЕКОММУНИКАЦИОННЫХ

СИСТЕМАХ

И. И. Быстров1, В. Н. Веселов2, С. И. Радоманов3
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1 Введение

‚ ¯®á«¥¤−¨¥ £®¤ë ¢á¥ ¡®«ìè¥¥ à�§¢¨â¨¥ ¨ ¯à¨¬¥−¥−¨¥, ®á®¡¥−−® ¢ £®áã¤�à-
áâ¢¥−−ëå ¨ ªàã¯−ëå ¡¨§−¥á-®à£�−¨§�æ¨ïå, áâ�«¨ ¯®«ãç�âì á®¢à¥¬¥−−ë¥ ªàã¯-
−®¬�áèâ�¡−ë¥ ¨ â¥àà¨â®à¨�«ì−® à�á¯à¥¤¥«¥−−ë¥ ˆ’‘, ¨−â¥£à¨àãîé¨¥ ¢ á¥¡ï
¨−ä®à¬�æ¨®−−ë¥ ¨ â¥«¥ª®¬¬ã−¨ª�æ¨®−−ë¥ á®áâ�¢«ïîé¨¥ à�§«¨ç−ëå á¨áâ¥¬
¨ á¥â¥©. ‚−¥¤à¥−¨¥ ˆ’‘ áãé¥áâ¢¥−−® ¯®¢ëá¨«® íää¥ªâ¨¢−®áâì ¤¥ïâ¥«ì−®áâ¨
ªàã¯−ëå ®à£�−¨§�æ¨© ¨ £®áã¤�àáâ¢¥−−ëå áâàãªâãà. ‘ãé¥áâ¢ãîé�ï ˆ’‘ |
íâ® á«®¦−�ï ®à£�−¨§�æ¨®−−®-â¥å−¨ç¥áª�ï á¨áâ¥¬�, ¯à¥¤áâ�¢«ïîé�ï á®¡®© ¨−â¥-
£à¨à®¢�−−ãî ¯à®áâà�−áâ¢¥−−® à�á¯à¥¤¥«¥−−ãî �¢â®¬�â¨§¨à®¢�−−ãî ¬ã«ìâ¨á¥à-
¢¨á−ãî á¨áâ¥¬ã, ¯à¥¤−�§−�ç¥−−ãî ¤«ï ®¡¥á¯¥ç¥−¨ï ¤¥ïâ¥«ì−®áâ¨ ®à£�−¨§�æ¨¨
¨ ¯à¥¤®áâ�¢«¥−¨ï ¤®«¦−®áâ−ë¬ «¨æ�¬ ¨ áâàãªâãà−ë¬ ¯®¤à�§¤¥«¥−¨ï¬ ¨−ä®à¬�-
æ¨®−−ëå ¨ â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå ãá«ã£. �¥¯à¥àë¢−®áâì ¯à®æ¥áá®¢ ã¯à�¢«¥−¨ï
«î¡®© �¢â®¬�â¨§¨à®¢�−−®© ®à£�−¨§�æ¨¥© áâ�«� áãé¥áâ¢¥−−® §�¢¨á¥âì ®â ãáâ®©ç¨-
¢®áâ¨ äã−ªæ¨®−¨à®¢�−¨ï ˆ’‘ ¢ à�§«¨ç−ëå ãá«®¢¨ïå ®¡áâ�−®¢ª¨, ®á®¡¥−−® ¯à¨
¢®§−¨ª−®¢¥−¨¨ à�§«¨ç−®£® à®¤� ¯à¨à®¤−ëå, â¥å−®£¥−−ëå �¢�à¨© ¨ ª�â�áâà®ä,
à�§«¨ç−®£® à®¤� á®æ¨�«ì−ëå ª�â�ª«¨§¬®¢ ¨ ¨−â¥««¥ªâã�«ì−ëå ¢®§¤¥©áâ¢¨©.
‘âàãªâãà−�ï á«®¦−®áâì ¨ â¥àà¨â®à¨�«ì−�ï à�á¯à¥¤¥«¥−−®áâì íâ¨å á¨áâ¥¬ ¯à¨-
¢¥«¨ ª ¯®¢ëè¥−¨î ¨å ãï§¢¨¬®áâ¨ ®â ¯®áâ®ï−−® ¢®§à�áâ�îé¨å ®¯�á−ëå ¢®§-
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ˆ. ˆ. �ëáâà®¢, ‚. �. ‚¥á¥«®¢, ‘. ˆ. ÷�¤®¬�−®¢

¤¥©áâ¢¨© ®ªàã¦�îé¥© áà¥¤ë. “¢¥«¨ç¥−¨¥ á«®¦−®áâ¨ ¯à¨¢¥«® ª ¯®¢ëè¥−¨î
à¨áª®¢, ¯®à®¦¤�¥¬ëå −�àãè¥−¨¥¬ äã−ªæ¨®−¨à®¢�−¨ï ˆ’‘. ‘®£«�á−® ®¤−®¬ã
¨§ ¯®á«¥¤−¨å ¨áá«¥¤®¢�−¨© ¢ ®¡«�áâ¨ ¡¨§−¥á�, ¯à®¢¥¤¥−−ëå ª®¬¯�−¨¥© For-
rester ¨ à¥§ã«ìâ�âë ª®â®àëå ®¯ã¡«¨ª®¢�−ë ¢ ¤®ª«�¤¥ Forrester Report Sun Gard
2 á¥−âï¡àï 2010 £. [1], ¯«�−¨à®¢�−¨¥ ¨ ã¯à�¢«¥−¨¥ −¥¯à¥àë¢−®áâìî ¡¨§−¥á�
(BCP | Business Continuity Planning ¨ BCM | Business Continuity Manage-
ment) ¨ ®¡¥á¯¥ç¥−¨¥ ¢®ááâ�−®¢«¥−¨ï ¤¥ïâ¥«ì−®áâ¨ ¢ −¥¯à¥¤¢¨¤¥−−ëå ®¡áâ®ïâ¥«ì-
áâ¢�å ¨ ¡¥¤áâ¢¨ïå (Disaster Recovery Planning | DRP) | íâ¨ ¤¢� −�¯à�¢«¥−¨ï
¤¥ïâ¥«ì−®áâ¨ ®¯à¥¤¥«¨«¨áì ª�ª á�¬ë¥ ¯à¨®à¨â¥â−ë¥, ª®â®àë¥ §�−¨¬�îâ ã¬ë àã-
ª®¢®¤¨â¥«¥© ¢¥¤ãé¨å ä¨−�−á®¢ëå ¨ ˆ’-®à£�−¨§�æ¨© −� ¢á¥å ª®−â¨−¥−â�å. �â¨
¨áá«¥¤®¢�−¨ï ¯à®¢®¤¨«¨áì ¢ 1-¬ ¨ 2-¬ ª¢�àâ�«�å 2010 £. −¥ â®«ìª® ¢ ÷®áá¨¨, −®
¨ ¢ �¢áâà�«¨¨, �®¢®© ‡¥«�−¤¨¨, �à�§¨«¨¨, Œ¥ªá¨ª¥, Š�−�¤¥, ‘˜�, ƒ®−ª®−£¥,
Š¨â�¥, ˆ−¤¨¨, Ÿ¯®−¨¨, ‚¥«¨ª®¡à¨â�−¨¨, ƒ¥à¬�−¨¨ ¨ ”à�−æ¨¨.

�à®¡«¥¬� ®¡¥á¯¥ç¥−¨ï −¥¯à¥àë¢−®áâ¨ �¢â®¬�â¨§¨à®¢�−−®£® ã¯à�¢«¥−¨ï
ï¢«ï¥âáï á«®¦−ë¬ ¬−®£®¤¨áæ¨¯«¨−�à−ë¬ −�¯à�¢«¥−¨¥¬ à�¡®â, ®¡¥á¯¥ç¨¢�îé¨¬
¡¥á¯¥à¥¡®©−®¥ äã−ªæ¨®−¨à®¢�−¨¥ ªàã¯−ëå ®à£�−¨§�æ¨© ¨ £®áã¤�àáâ¢¥−−ëå
ãçà¥¦¤¥−¨©, ®á®¡¥−−® ¯à¨ ¢®§−¨ª−®¢¥−¨¨ ªàã¯−ëå ª�â�áâà®ä ¨ çà¥§¢ëç�©−ëå
á¨âã�æ¨©. �®íâ®¬ã ¤«ï à¥è¥−¨ï íâ®© ¯à®¡«¥¬ë ¢®§−¨ª«� −¥®¡å®¤¨¬®áâì ®¡¥á-
¯¥ç¨âì §�é¨âã ¨−äà�áâàãªâãàë ˆ’‘, â¥å−®«®£¨ç¥áª¨å ¯à®æ¥áá®¢, ¨−ä®à¬�æ¨¨,
¯¥àá®−�«�, à¥è¨âì §�¤�çã ®¯¥à�â¨¢−®© ¯®¤¤¥à¦ª¨ ˆ’-ãá«ã£, ¢®ááâ�−®¢«¥−¨ï
−�àãè¥−−ëå ¯à®æ¥áá®¢ ¨ â�ª¨¬ ®¡à�§®¬ ®¡¥á¯¥ç¨âì ãáâ®©ç¨¢ãî ¤¥ïâ¥«ì−®áâì ®à-
£�−¨§�æ¨¨, §�é¨â¨âì ¥¥ à¥¯ãâ�æ¨î −� àë−ª¥, ¢ ¬¥¦¤ã−�à®¤−®© ¨ −�æ¨®−�«ì−®©
áä¥à�å.

�à®¥ªâ¨à®¢�−¨¥, á®§¤�−¨¥ ¨ íªá¯«ã�â�æ¨ï ˆ’‘ ¨§−�ç�«ì−® ®à¨¥−â¨à®¢�«¨áì
−� ¥¥ äã−ªæ¨®−�«ì−®áâì ¨ −�¤¥¦−®áâì. ‚ á¢ï§¨ á ¯à¥¢à�é¥−¨¥¬ £®áã¤�àáâ¢¥−−ëå
¨ ®á®¡¥−−® ª®¬¬¥àç¥áª¨å ®à£�−¨§�æ¨©, á¢ï§�−−ëå á ¡¨§−¥á®¬, ¢ �¢â®¬�â¨§¨à®-
¢�−−ë¥ ®¡ê¥ªâë ¢®§−¨ª«� ¯à®¡«¥¬� à�áá¬�âà¨¢�âì ˆ’‘ ª�ª â¥å−¨ç¥áª®¥ áà¥¤áâ¢®
á¥à¢¨á−®£® ®¡á«ã¦¨¢�−¨ï, ª�ª ¨áâ®ç−¨ª ¯à¥¤®áâ�¢«¥−¨ï ¨−ä®à¬�æ¨®−−ëå ¨ â¥-
«¥ª®¬¬ã−¨ª�æ¨®−−ëå ãá«ã£, â. ¥. ¢®§−¨ª«� ¯à®¡«¥¬� −¥¯à¥àë¢−® ¯®¤¤¥à¦¨¢�âì
á¥à¢¨á−®¥ ®¡á«ã¦¨¢�−¨¥ ¤¥«®¢ëå ¨ ¡¨§−¥á-¯à®æ¥áá®¢ ¢ «î¡ëå ãá«®¢¨ïå, ¢ â®¬ ç¨-
á«¥ ¯à¨ çà¥§¢ëç�©−ëå ®¡áâ®ïâ¥«ìáâ¢�å. ‘¬¥−� ¯�à�¤¨£¬ë ¨ �ªæ¥−â� ¯à¨¬¥−¥−¨ï
ˆ’‘ ¯à¨¢¥«¨ ª â®¬ã, çâ® á®áâ®ï−¨¥ á¨áâ¥¬ë ¨ ª�ç¥áâ¢® ¯à¥¤®áâ�¢«ï¥¬ëå á¥à¢¨-
á®¢ ¨ ãá«ã£ áâ�«® á¨«ì−® ¢«¨ïâì −� ¡¨§−¥á-¯à®æ¥ááë. ‚ â® ¦¥ ¢à¥¬ï âà¥¡®¢�−¨ï
¡¨§−¥á� ª −¥¯à¥àë¢−®áâ¨ áâ�«¨ áª�§ë¢�âìáï −� �àå¨â¥ªâãà¥ äã−ªæ¨®−¨à®¢�−¨ï
ˆ’‘ ¨ â¥å−®«®£¨¨ ¨å ¯à®¥ªâ¨à®¢�−¨ï. �á®§−�−¨¥ á�¬®© ¯à®¡«¥¬ë ®¡¥á¯¥ç¥−¨ï
−¥¯à¥àë¢−®áâ¨ ¤¥ïâ¥«ì−®áâ¨ ®à£�−¨§�æ¨© −� ¡�§¥ ˆ’‘ á ¯à¨¬¥−¥−¨¥¬ á¥à¢¨á-
−ëå ¨ ¯à®æ¥áá−ëå â¥å−®«®£¨© ¥é¥ â®«ìª® −�ç¨−�¥â ä®à¬¨à®¢�âìáï. •®âï ¥áâì
áâ�−¤�àâë, ¥áâì ®¯à¥¤¥«¥−−ë¥ âà¥¡®¢�−¨ï ª ª�ç¥áâ¢ã ¨ ãáâ®©ç¨¢®áâ¨ äã−ªæ¨®-
−¨à®¢�−¨ï ¡¨§−¥á� (¢ ç�áâ−®áâ¨ áâ�−¤�àâë á¥à¨¨ BS25999), −® íâ® ¢ ®á−®¢−®¬
®à£�−¨§�æ¨®−−ë¥ âà¥¡®¢�−¨ï, á«�¡® á¢ï§�−−ë¥ á® á¯¥æ¨ä¨ª®© ¨−ä®à¬�æ¨®−−ëå
â¥å−®«®£¨© (ˆ’). …¤¨−ëå ¬¥â®¤®«®£¨© ¨ ¬¥â®¤¨ª ®æ¥−ª¨ ãáâ®©ç¨¢®áâ¨ ¤¥ïâ¥«ì-
−®áâ¨ ®à£�−¨§�æ¨©, äã−ªæ¨®−¨àãîé¨å −� ¡�§¥ ˆ’‘, ¯à�ªâ¨ç¥áª¨ −¥â, å®âï
¢® ¬−®£¨å áâà�−�å ¬¨à� −� §�ª®−®¤�â¥«ì−®¬ ãà®¢−¥ §�ªà¥¯«¥−ë âà¥¡®¢�−¨ï ¯®
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�−â®«®£¨ï ¯®¤¤¥à¦ª¨ −¥¯à¥àë¢−®áâ¨ ˆ’-ãá«ã£ ¢ ˆ’‘

ã¯à�¢«¥−¨î −¥¯à¥àë¢−®áâìî ¤¥ïâ¥«ì−®áâ¨ ¡�−ª®¢áª®© áä¥àë, ®¯à¥¤¥«¥−� áâàãª-
âãà� ¨ á®¤¥à¦�−¨¥ ¯«�−� ¤¥©áâ¢¨© ¨ ¢®ááâ�−®¢«¥−¨ï ¤�−−®£® ¢¨¤� ¤¥ïâ¥«ì−®áâ¨.

�¡¥á¯¥ç¥−¨¥ −¥¯à¥àë¢−®áâ¨ äã−ªæ¨®−¨à®¢�−¨ï ¨ ¤®áâã¯−®áâ¨ ˆ’-ãá«ã£
(�”„‘) ¢ â�ª®© á«®¦−®© á¨áâ¥¬¥, ª�ª ˆ’‘, ¢ ãá«®¢¨ïå ¯®áâ®ï−−® ¢®§à�-
áâ�îé¨å ¢®§¤¥©áâ¢¨© ¨ çà¥§¢ëç�©−ëå á¨âã�æ¨© ¬®¦¥â ¡ëâì ¤®áâ¨£−ãâ® â®«ìª®
−� ®á−®¢¥ á¨áâ¥¬−®£® ¯®¤å®¤� ¯à¨ ¯à®¥ªâ¨à®¢�−¨¨ ˆ’‘, á®ç¥â�îé¥£® ¢ á¥¡¥
äã−ªæ¨®−�«ì−ë¥ à¥è¥−¨ï á® §−�−¨ï¬¨ ®¡¥á¯¥ç¥−¨ï �”„‘ −� ®á−®¢¥ ®¡é¨å
�¯¯�à�â−®-¯à®£à�¬¬−ëå, ¨−ä®à¬�æ¨®−−ëå ¨ ®à£�−¨§�æ¨®−−ëå à¥è¥−¨© á ¨á-
¯®«ì§®¢�−¨¥¬ ¥¤¨−®£® â¥à¬¨−®«®£¨ç¥áª®£® ¯®¤å®¤�. Š«îç¥¢ë¬ ¬®¬¥−â®¬ á®-
§¤�−¨ï â�ª®© á¨áâ¥¬ë ï¢«ï¥âáï â¥®à¨ï ¨ ¬¥â®¤®«®£¨ï ¥¤¨−®£® â¥å−®«®£¨ç¥áª®£®
¨ ®à£�−¨§�æ¨®−−®£® ¯à¥¤¬¥â−®£® ¯®«ï, ¢ ª®â®à®¬ äã−ªæ¨®−¨àãîâ ®¡ê¥ªâë ˆ’‘
¨ áã¡ê¥ªâë ®¡¥á¯¥ç¥−¨ï �”„‘. ‚−¥¤à¥−¨¥ ˆ’‘ ¢ à�§«¨ç−ëå ®à£�−¨§�æ¨ïå
¯®ª�§ë¢�¥â, çâ® ¢ á®¢à¥¬¥−−ëå ãá«®¢¨ïå −¥®¡å®¤¨¬ ª�ç¥áâ¢¥−−® −®¢ë© ¯®¤-
å®¤ ª ®æ¥−ª¥ ãáâ®©ç¨¢®áâ¨ ˆ’‘, ¯¥à¥å®¤ ª ¢®á¯à¨ïâ¨î ˆ’‘ ª�ª â¥å−¨ç¥áª®©
¡�§ë ¤�−−ëå ¨ §−�−¨©, ®à¨¥−â¨à®¢�−−ëå −� ä®à¬¨à®¢�−¨¥ ¨ ¯à¥¤®áâ�¢«¥-
−¨¥ ¨−ä®à¬�æ¨®−−ëå ¨ â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå ãá«ã£ ª®−¥ç−ë¬ ¯®«ì§®¢�â¥«ï¬.
�à¨¥−â�æ¨ï −� ¬�ªá¨¬�«ì−®¥ ã¤®¢«¥â¢®à¥−¨¥ ¯®âà¥¡−®áâ¥© ª®−¥ç−ëå ¯®«ì§®¢�-
â¥«¥© ®¡ãá«®¢«¨¢�¥â −¥®¡å®¤¨¬®áâì ¯®¤−ïâì ú¯«�−ªãû â¥å−¨ç¥áª®© ¯®¤¤¥à¦ª¨
ª�ç¥áâ¢� ãá«ã£ ¯ãâ¥¬ ¢¢¥¤¥−¨ï ¢ ¯à®æ¥ááë ¯à®¥ªâ¨à®¢�−¨ï ˆ’‘ âà¥¡®¢�−¨©
¯® ®¡¥á¯¥ç¥−¨î −¥¯à¥àë¢−®áâ¨ äã−ªæ¨®−¨à®¢�−¨ï ¨ ¤®áâã¯−®áâ¨ ˆ’-á¥à¢¨á®¢
¨ ˆ’-ãá«ã£ ¢ à�§«¨ç−ëå ãá«®¢¨ïå íªá¯«ã�â�æ¨¨. ˆ¤¥®«®£¨ï â�ª®£® ¯®¤å®¤�
¢ ¯®«−®© ¬¥à¥ ¥é¥ −¥ á«®¦¨«�áì. Œ¥â®¤¨ª¨ ¥¤¨−®£® ®−â®«®£¨ç¥áª®£® ®¡¥á-
¯¥ç¥−¨ï ¢ëá®ª®ª�ç¥áâ¢¥−−ëå ˆ’-ãá«ã£, á®®â¢¥âáâ¢ãîé¨å âà¥¡®¢�−¨ï¬ ¯®«ì§®-
¢�â¥«¥© ˆ’‘ ¢ á®®â¢¥âáâ¢¨¨ á âà¥¡®¢�−¨ï¬¨ ¬¥¦¤ã−�à®¤−ëå ¨ −�æ¨®−�«ì−ëå
áâ�−¤�àâ®¢ ã¯à�¢«¥−¨ï ª�ç¥áâ¢®¬ ˆ’-ãá«ã£ á ãç¥â®¬ âà¥¡®¢�−¨© ¨å −¥¯à¥àë¢−®-
áâ¨ ¨ ¤®áâã¯−®áâ¨ ¢ à�§«¨ç−ëå ãá«®¢¨ïå ®¡áâ�−®¢ª¨, −¥ ®âà�¡®â�−ë. ‚®§−¨ª�¥â
¯®âà¥¡−®áâì ¯à®¢¥¤¥−¨ï ¨áá«¥¤®¢�−¨© ¯® ¨§ëáª�−¨î ¯ãâ¥© ¡®«¥¥ à�æ¨®−�«ì−ëå
®−â®«®£¨ç¥áª¨å ¯®¤å®¤®¢ ª ®¯¨á�−¨î à¥áãàá−®-á¥à¢¨á−ëå ¢®§¬®¦−®áâ¥© ˆ’‘
¤«ï ä®à¬¨à®¢�−¨ï ¨ ¯à¥¤®áâ�¢«¥−¨ï ª�ç¥áâ¢¥−−ëå ˆ’-ãá«ã£, á®®â¢¥âáâ¢ãîé¨å
á®¢à¥¬¥−−ë¬ âà¥¡®¢�−¨ï¬ ã¯à�¢«¥−¨ï −¥¯à¥àë¢−®áâìî ¡¨§−¥á� ¨ ¤®áâã¯−®áâ¨
ˆ’-ãá«ã£.

ˆ¬¥îé¨¥áï ¯ã¡«¨ª�æ¨¨, ª�ª ¯à�¢¨«®, á®áà¥¤®â®ç¨¢�îâ á¢®¥ ¢−¨¬�−¨¥ −�
ç�áâ−ëå ¢®¯à®á�å ¨ −¥ à�áá¬�âà¨¢�îâ íâã ¯à®¡«¥¬ã ¢ ª®¬¯«¥ªá¥ −�ãç−ëå ¨ â¥å−¨-
ç¥áª¨å à�¡®â, ã¤¥«ïï ¢ ®á−®¢−®¬ ¢−¨¬�−¨¥ à�§à�¡®âª¥ ®¡é¨å ¢®¯à®á®¢ ®−â®«®£¨¨
¡¥§ ãç¥â� ¨å ¢®á¯à¨ïâ¨ï ¨ à¥�«¨§�æ¨¨ §−�−¨© ¢ ¬ã«ìâ¨á¥à¢¨á−ëå ˆ’‘ [2, 3]. �¥-
®¡å®¤¨¬ ª�ç¥áâ¢¥−−® −®¢ë© ¢§£«ï¤ −� ®−â®«®£¨î �”„‘ ¬ã«ìâ¨á¥à¢¨á−ëå ˆ’‘.
„�−−ë© ¯®¤å®¤ ¤®«¦¥− ¡�§¨à®¢�âìáï −� ®¡é¥á¨áâ¥¬−®© ¬¥â®¤®«®£¨¨ â¨¯®¢®£®
¯à¨¬¥−¥−¨ï ®−â®«®£¨ç¥áª®£® ¨−¦¨−¨à¨−£� ¨ à¥¨−¦¨−¨à¨−£� ˆ’‘ ¢ ¤¥ïâ¥«ì-
−®áâ¨ ®à£�−¨§�æ¨©, −� ¯à®¥ªâ¨à®¢�−¨¨ ¢á¥å ®á−®¢−ëå ç�áâ¥© ¨ á¨áâ¥¬ë ¢ æ¥«®¬
á ãç¥â®¬ âà¥¡®¢�−¨© ãáâ®©ç¨¢®áâ¨, ª�ç¥áâ¢� ˆ’-á¥à¢¨á®¢, � â�ª¦¥ ¤®áâã¯−®áâ¨
ˆ’-ãá«ã£ −� ¡�§¥ ¯à¨−æ¨¯®¢ ®à£�−¨§�æ¨®−−®-â¥å−¨ç¥áª®© ¨−â¥£à�æ¨¨ §−�−¨©
¯à¥¤¬¥â−®© ®¡«�áâ¨ (��) á ¨−ä®à¬�æ¨®−−ë¬¨, â¥å−¨ç¥áª¨¬¨ ¨ ¯à®£à�¬¬−ë¬¨
¢®§¬®¦−®áâï¬¨ ˆ’‘ −� ¡�§¥ á®¢à¥¬¥−−®© â¥å−®«®£¨¨ �¢â®¬�â¨§¨à®¢�−−ëå ¯à®-
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æ¥áá®¢ ã¯à�¢«¥−¨ï ¤¥ïâ¥«ì−®áâìî ®à£�−¨§�æ¨¨. „«ï ãá¯¥è−®£® à¥è¥−¨ï ¤�−−®©
¯à®¡«¥¬ë −¥®¡å®¤¨¬® à�§à�¡®â�âì â¥®à¨î ¨ ¬¥â®¤®«®£¨î ®¡¥á¯¥ç¥−¨ï −¥¯à¥-
àë¢−®áâ¨ äã−ªæ¨®−¨à®¢�−¨ï £¥â¥à®£¥−−ëå �¢â®¬�â¨§¨à®¢�−−ëå á¨áâ¥¬ ®à£�−®¢
£®áã¤�àáâ¢¥−−®£® ã¯à�¢«¥−¨ï ¨ ¡¨§−¥á� ¢ ¥¤¨−®¬ ¨−ä®à¬�æ¨®−−®¬ ¯à®áâà�−áâ¢¥
−� ¡�§¥ ¬¥â®¤®¢ ª®¬¯ìîâ¥à−®© «¨−£¢¨áâ¨ª¨ ¨ ®−â®«®£¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï.
�áâ�¢¨¢ §� à�¬ª�¬¨ ¤�−−®© áâ�âì¨ ä¨«®á®äáª¨¥ ¨ â¥®à¥â¨ç¥áª¨¥ ¢®¯à®áë âà�ª-
â®¢ª¨ ¯®−ïâ¨ï ®−â®«®£¨ï, à�áá¬®âà¨¬ ¢®¯à®áë ¥¥ ¯¥à¥¬¥é¥−¨ï ¢ �ªâã�«ì−ãî −�
á¥£®¤−ïè−¨© ¤¥−ì áà¥¤ã ®¡¥á¯¥ç¥−¨ï −¥¯à¥àë¢−®áâ¨ äã−ªæ¨®−¨à®¢�−¨ï £®áã-
¤�àáâ¢¥−−ëå ¨ ª®¬¬¥àç¥áª¨å �¢â®¬�â¨§¨à®¢�−−ëå ®à£�−¨§�æ¨© −� ¡�§¥ ˆ’‘.

�−â®«®£¨ï ˆ’‘ | æ¥«®áâ−�ï áâàãªâãà−�ï á¯¥æ¨ä¨ª�æ¨ï ª®¬¯®−¥−â®¢ ��
®¡¥á¯¥ç¥−¨ï ¡¥á¯¥à¥¡®©−®£® ¯à¥¤®áâ�¢«¥−¨ï ˆ’-ãá«ã£, ¥¥ ä®à¬�«¨§®¢�−−®¥
¯à¥¤áâ�¢«¥−¨¥, ª®â®à®¥ ¢ª«îç�¥â ®¯¨á�−¨¥ â¥à¬¨−®¢ �� ¨ «®£¨ç¥áª¨å ¢ëà�-
¦¥−¨©, ®¯¨áë¢�îé¨å, ª�ª ®−¨ á®®â−®áïâáï ¬¥¦¤ã á®¡®©, ¬¥¦¤ã ®¡«�áâï¬¨
¨ ¢−ãâà¨ ª�¦¤®© ��. �−â®«®£¨ï ä®à¬¨àã¥â á�¬®¥ ®¡é¥¥ ¯à¥¤áâ�¢«¥−¨¥ ®¡
¨§¢«¥ç¥−¨¨, ä®à¬¨à®¢�−¨¨, áâàãªâãà¨à®¢�−¨¨ ¨ ¯à¥¤®áâ�¢«¥−¨¨ ¨−ä®à¬�æ¨¨
(¤�−−ëå ¨ §−�−¨©) ® á®áâ®ï−¨¨ ˆ’‘, ¯à®æ¥áá�å ®¡¥á¯¥ç¥−¨ï −¥¯à¥àë¢−®áâ¨
äã−ªæ¨®−¨à®¢�−¨ï ¨ ¯à¥¤®áâ�¢«¥−¨ï ˆ’-ãá«ã£ ª®−¥ç−®¬ã ¯®«ì§®¢�â¥«î. ‚ ¤�−-
−®© áâ�âì¥ �¢â®àë ¯®¯ëâ�«¨áì ¯®¤®©â¨ ª à¥è¥−¨î íâ®© ¯à®¡«¥¬ë á â¥å−¨ç¥áª®©
â®çª¨ §à¥−¨ï ¯ãâ¥¬ à�§à�¡®âª¨ −¥ª®â®àëå ¨áå®¤−ëå ¯®«®¦¥−¨© ®¡é¥á¨áâ¥¬−®©
¬¥â®¤®«®£¨¨ ¯à®¥ªâ¨à®¢�−¨ï ª®¬¯«¥ªá−®© ¨−â¥£à¨à®¢�−−®© ®−â®«®£¨ç¥áª®© ¬®-
¤¥«¨ ®¡¥á¯¥ç¥−¨ï �”„‘ ªàã¯−®¬�áèâ�¡−®© ¨ â¥àà¨â®à¨�«ì−® à�á¯à¥¤¥«¥−−®©
á¨áâ¥¬ë, á®¤¥à¦�é¥© ¬−®¦¥áâ¢® ¨−ä®à¬�æ¨®−−ëå ¨ â¥å−¨ç¥áª¨å ��, á ãç¥-
â®¬ §−�−¨© ¯®¤¤¥à¦ª¨ á¥¬�−â¨ª¨ ˆ’-ãá«ã£. ‚ ç�áâ−®áâ¨, à�áá¬�âà¨¢�îâáï
à¥áãàá−®-á¥à¢¨á−ë© ¨ ¯à®æ¥áá−®-á¨áâ¥¬−ë© ¯®¤å®¤ë á ãç¥â®¬ à�á¯à®áâà�−¥−-
−ëå ¢ ¬¨à¥ áâ�−¤�àâ®¢ ã¯à�¢«¥−¨ï −¥¯à¥àë¢−®áâìî ˆ’-á¥à¢¨á®¢ ¨ ¤®áâã¯−®áâìî
ˆ’-ãá«ã£ [4].

2 Характеристика предметной области
информационно-телекоммуникационной системы

ˆ−ä®à¬�æ¨®−−®-â¥«¥ª®¬¬ã−¨ª�æ¨®−−�ï á¨áâ¥¬� ï¢«ï¥âáï ¬�áèâ�¡−®© â¥å-
−¨ç¥áª®© ¯à®áâà�−áâ¢¥−−® à�á¯à¥¤¥«¥−−®© á¨áâ¥¬®© á® á«®¦−ë¬¨ ¢§�¨¬®á¢ï§ï¬¨
à¥áãàá−®-á¥à¢¨á−ëå ¢®§¬®¦−®áâ¥© ª®¬¯®−¥−â®¢ ¨−äà�áâàãªâãàë ¬¥¦¤ã á®¡®©
¨ á ¯®«ì§®¢�â¥«ï¬¨. ‚á«¥¤áâ¢¨¥ íâ®£® ¢®ááâ�−®¢«¥−¨¥ −�àãè¥−−®£® ¯à®æ¥áá�
æ¥«¥¢®£® äã−ªæ¨®−¨à®¢�−¨ï ˆ’‘ ¢ á«ãç�¥ ¢®§−¨ª−®¢¥−¨ï −¥£�â¨¢−ëå ä�ªâ®à®¢
áâ�−®¢¨âáï §�ç�áâãî á«®¦−®© á¨áâ¥¬−®© ¯à®¡«¥¬®©. ˆáá«¥¤®¢�−¨ï ¯®ª�§ë-
¢�îâ, çâ® ¥¥ à¥è¥−¨¥ ¨§¢¥áâ−ë¬¨ ¬¥â®¤�¬¨ â¥®à¨¨ −�¤¥¦−®áâ¨, â. ¥. â®«ìª®
ãáâà�−¥−¨¥¬ «®ª�«ì−ëå ¨−æ¨¤¥−â®¢ ¢ â¥å−¨ç¥áª¨å ¨ ¯à®£à�¬¬−ëå áà¥¤áâ¢�å,
−¥ ¯à¥¤áâ�¢«ï¥âáï ¢®§¬®¦−ë¬. Œ¥â®¤ë â¥®à¨¨ −�¤¥¦−®áâ¨ −¥ £�à�−â¨àãîâ
¡¥§®âª�§−®© à�¡®âë á¨áâ¥¬ (á¥â¥©), ¯®¤á¨áâ¥¬ −� ¢á¥¬ â¥å−®«®£¨ç¥áª®¬ æ¨ª«¥
ä®à¬¨à®¢�−¨ï ¨ ¯à¥¤®áâ�¢«¥−¨ï ˆ’-ãá«ã£. …á«¨ ¢ ª�ª®©-â® ¬¥à¥ ¬¥â®¤ë −�-
¤¥¦−®áâ¨ ¥é¥ ®¡¥á¯¥ç¨¢�îâ à¥è¥−¨¥ ¯à®¡«¥¬ë ®âª�§®ãáâ®©ç¨¢®áâ¨, â® ¯à®¡«¥¬ã
ª�â�áâà®ä®ãáâ®©ç¨¢®áâ¨ ®−¨ −¥ à¥è�îâ.
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�−â®«®£¨ï ¯®¤¤¥à¦ª¨ −¥¯à¥àë¢−®áâ¨ ˆ’-ãá«ã£ ¢ ˆ’‘

‚ íâ®© á¢ï§¨ ¢¥áì¬� �ªâã�«ì−®© áâ�−®¢¨âáï §�¤�ç� à¥è¥−¨ï à�áá¬�âà¨¢�-
¥¬®© ¯à®¡«¥¬ë ¯ãâ¥¬ á®§¤�−¨ï ˆ’‘ ¢ëá®ª®© ¤®áâã¯−®áâ¨ á æ¥−âà�«¨§®¢�−−®©
á¨áâ¥¬®© ã¯à�¢«¥−¨ï ¢á¥¬ ¯à®æ¥áá®¬ ®¡¥á¯¥ç¥−¨ï �”„‘. ‘®§¤�−¨¥ ª®¬¯«¥ªá-
−®© á¨áâ¥¬ë ã¯à�¢«¥−¨ï �”„‘ ®¡¥á¯¥ç¨¢�¥â ãáâ®©ç¨¢®áâì ®à£�−¨§�æ¨¨ §�
áç¥â ¯à¥¤®â¢à�é¥−¨ï ¤¥©áâ¢¨ï −¥£�â¨¢−ëå ä�ªâ®à®¢ ¨, ¢ á«ãç�¥ ¢®§−¨ª−®¢¥−¨ï
¯®á«¥¤−¨å, ®¯¥à�â¨¢−®£® ¢®ááâ�−®¢«¥−¨ï ˆ’-á¥à¢¨á®¢. ‘¨áâ¥¬� ã¯à�¢«¥−¨ï
�”„‘ ¯à¥¤áâ�¢«ï¥â á®¡®© æ¥«®áâ−ë© ¯à®æ¥áá, ¢ à�¬ª�å ª®â®à®£® ¨¤¥−â¨ä¨-
æ¨àãîâáï ¯®â¥−æ¨�«ì−ë¥ ã£à®§ë, ®æ¥−¨¢�îâáï ¢®§¬®¦−ë¥ à¨áª¨, ¯®à®¦¤�¥¬ë¥
ˆ’‘, ¨ ¨å ¢®§¤¥©áâ¢¨¥ −� ¤¥ïâ¥«ì−®áâì ®à£�−¨§�æ¨¨, íää¥ªâ¨¢−® ®áãé¥áâ¢«ï-
¥âáï ¯à®æ¥áá ¢®ááâ�−®¢«¥−¨ï, � â�ª¦¥ £�à�−â¨àã¥âáï §�¨−â¥à¥á®¢�−−®áâì ®¡¥á-
¯¥ç¨¢�îé¨å áâ®à®− ¨ á®åà�−¥−¨¥ à¥¯ãâ�æ¨¨ ®à£�−¨§�æ¨¨. ‘¨áâ¥¬¥ ã¯à�¢«¥−¨ï
�”„‘ ¯à¨å®¤¨âáï ¨¬¥âì ¤¥«® á à�§−®à®¤−ë¬¨ ¯®â®ª�¬¨ áâàãªâãà¨à®¢�−−ëå
¨ −¥áâàãªâãà¨à®¢�−−ëå ¤�−−ëå, ®¯¨áë¢�îé¨å ª�ª §�à�−¥¥ ®¯à¥¤¥«¥−−ë¥, â�ª
¨ −¥¯à¥¤áª�§ã¥¬ë¥ á¨âã�æ¨¨. �®«ìè�ï à�§−®à®¤−®áâì áã¡ê¥ªâ®¢ ¨ ®¡ê¥ªâ®¢
ã¯à�¢«¥−¨ï, � â�ª¦¥ −¥¯à¥¤áª�§ã¥¬®áâì ¤¥©áâ¢¨ï −¥£�â¨¢−ëå ä�ªâ®à®¢ âà¥¡ãîâ
¯à¨¬¥−¥−¨ï â�ª¨å á®¢à¥¬¥−−ëå ¬¥â®¤®¢ ã¯à�¢«¥−¨ï ˆ’-®à£�−¨§�æ¨¥©, ª®â®àë¥
¯®§¢®«ïîâ ®à£�−¨§®¢�âì íää¥ªâ¨¢−® ã¯à�¢«ï¥¬®¥ ¨ ª®−âà®«¨àã¥¬®¥ ¨−ä®à¬�æ¨-
®−−®¥ ¯à®áâà�−áâ¢® ¢ à�¬ª�å ¢á¥© ®à£�−¨§�æ¨¨ −� ¡�§¥ ¥¤¨−®£® ¢§�¨¬®¯®−¨¬�−¨ï
¯®¤à�§¤¥«¥−¨© ¨−ä®à¬�â¨§�æ¨¨ ¨ á«ã¦¡ ¯®¤¤¥à¦ª¨ à¥áãàá−®-á¥à¢¨á−®£® ®¡¥á-
¯¥ç¥−¨ï ¯®«ì§®¢�â¥«¥© ¢ à�§«¨ç−ëå ãá«®¢¨ïå ®¡áâ�−®¢ª¨. �à¨¥−â�æ¨ï −� ®¡ê-
¥¤¨−¥−¨¥ ¢ ¥¤¨−®¬ ¨−ä®à¬�æ¨®−−®¬ ¯à®áâà�−áâ¢¥ ¯®«ì§®¢�â¥«¥© à¥áãàá−®-á¥à-
¢¨á−ëå ¯à®æ¥áá®¢ ¨ ¯à®æ¥áá®¢ ã¯à�¢«¥−¨ï �”„‘ ®¡ãá«®¢«¨¢�¥â −¥®¡å®¤¨¬®áâì
à¥è¥−¨ï ¯à®¡«¥¬ë úá¥¬�−â¨ç¥áª®© ¨−â¥à®¯¥à�¡¥«ì−®áâ¨û ¤�−−ëå ¨ §−�−¨© ¨ ¨å
á®®â¢¥âáâ¢¨¥ æ¥«¥¢®© äã−ªæ¨¨ á¨áâ¥¬ë. ‚ ¥¢à®¯¥©áª®© ¯à®£à�¬¬¥ IDABC (In-
teroperable Delivery of European eGovernment Services to public Administrations,
Businesses and Citizens) [5] ú¨−â¥à®¯¥à�¡¥«ì−®áâì | íâ® á¯®á®¡−®áâì ¨−ä®à¬�-
æ¨®−−ëå ¨ ª®¬¬ã−¨ª�æ¨®−−ëå â¥å−®«®£¨© (ˆŠ’) ¨ ¡¨§−¥á-¯à®æ¥áá®¢, ª®â®àë¥
®−¨ ¯®¤¤¥à¦¨¢�îâ, ª ®¡¬¥−ã ¤�−−ë¬¨ ¨ ª á®¢¬¥áâ−®¬ã (ª®««¥ªâ¨¢−®¬ã) ¨á-
¯®«ì§®¢�−¨î ¨−ä®à¬�æ¨¨ ¨ §−�−¨©û. ˆáå®¤ï ¨§ íâ®£® ®¡é¥£® ®¯à¥¤¥«¥−¨ï,
á¥¬�−â¨ç¥áªãî ¨−â¥à®¯¥à�¡¥«ì−®áâì ˆ’‘ ¡ã¤¥¬ à�áá¬�âà¨¢�âì ª�ª −¥ª®â®àë©
�á¯¥ªâ ¢§�¨¬®¤¥©áâ¢¨ï ¯®«ì§®¢�â¥«ï á á¨áâ¥¬®©, ª®â®àë© ¯®§¢®«ï¥â £�à�−â¨à®-
¢�âì ®¤−®§−�ç−®¥ ¯®−¨¬�−¨¥ á¬ëá«� ä®à¬ã«¨àã¥¬®© ˆ’-ãá«ã£¨ âà¥¡®¢�−¨ï¬
¯®«ì§®¢�â¥«ï. ��àï¤ã á á¥¬�−â¨ç¥áª®© ¨−â¥à®¯¥à�¡¥«ì−®áâìî ¢ à¥è¥−¨¨ ¯à®-
¡«¥¬ë �”„‘ ¯à¨®¡à¥«� §−�ç¨¬®áâì â¥å−¨ç¥áª�ï ¨−â¥à®¯¥à�¡¥«ì−®áâì, ª®â®à�ï
®å¢�âë¢�¥â â¥å−¨ç¥áª¨¥ á¨áâ¥¬ë, ®¡¥á¯¥ç¨¢�îé¨¥ ¡¥á¯¥à¥¡®©−®áâì ¯à¥¤®áâ�¢«¥-
−¨ï, ¤®áâã¯−®áâì ¨ ¡¥§®¯�á−®áâì ˆ’-ãá«ã£ ¨ á¯®á®¡−®áâì ¨−â¥£à�æ¨¨ à�§«¨ç−ëå
áà¥¤áâ¢ ¬¥¦¤ã á®¡®©, â¥å−®«®£¨ç¥áª¨¥ ¯à®æ¥ááë ä®à¬¨à®¢�−¨ï ¨ ¯®¤¤¥à¦ª¨
ˆ’-ãá«ã£ ¨ à¥£«�¬¥−â�æ¨î ¤¥©áâ¢¨© ¯à¨ ¢®§−¨ª−®¢¥−¨¨ ®¯�á−ëå ¢®§¤¥©áâ¢¨©
¨ çà¥§¢ëç�©−ëå á¨âã�æ¨©.

�à¨ à¥è¥−¨¨ íâ¨å ¯à®¡«¥¬ æ¥−âà�«ì−®¥ ¬¥áâ® §�−¨¬�îâ ¨áá«¥¤®¢�−¨ï ¢ ®¡-
«�áâ¨ ®−â®«®£¨¨, â�ª ª�ª ¢ ®−â®«®£¨ç¥áª®¬ �á¯¥ªâ¥ à�§¤¥«¥−¨¥ ¤¥ª«�à�â¨¢−ëå
¨ ¯à®æ¥¤ãà−ëå §−�−¨© á®®â¢¥âáâ¢ã¥â à�§«¨ç−ë¬ â¨¯�¬ §−�−¨©, ¢ª«îç�ï §−�−¨ï
®¡ ˆ’-ãá«ã£�å ¨ §−�−¨ï ®¡ ¨å à¥áãàá−®-á¥à¢¨á−®¬ ä®à¬¨à®¢�−¨¨ ¨ â¥å−¨ç¥áª®©
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¯®¤¤¥à¦ª¥. ‚ ¨−ä®à¬�â¨ª¥ ¯®¤ ®−â®«®£¨¥© ¯à¨−ïâ® ¯®−¨¬�âì ä®à¬�«ì−®¥ ¯à¥¤-
áâ�¢«¥−¨¥ §−�−¨© ¢ ¢¨¤¥ ¬−®¦¥áâ¢� ¯®−ïâ¨© −¥ª®â®à®© ��, ¢ ¤�−−®¬ á«ãç�¥ |
�”„‘. �−â®«®£¨ç¥áª®¥ ¬®¤¥«¨à®¢�−¨¥ ¨¬¥¥â ¯à¨®à¨â¥â−®¥ §−�ç¥−¨¥, â�ª ª�ª
®âà�¦�¥â ¬−®£®�á¯¥ªâ−®áâì ¯à®¡«¥¬ë ä®à¬¨à®¢�−¨ï ˆ’-ãá«ã£ ¨ ®¡¥á¯¥ç¥−¨ï
�”„‘ ¨ á®§¤�¥â ¯à¥¤¯®áë«ª¨ ¯®¢ëè¥−¨ï íää¥ªâ¨¢−®áâ¨ ¯à¨¬¥−¥−¨ï ˆ’‘
§� áç¥â ã¬¥−ìè¥−¨ï á¥¬�−â¨ç¥áª®© −¥á®£«�á®¢�−−®áâ¨ ¯à®æ¥áá®¢ ä®à¬¨à®¢�−¨ï
¨ ¯®¤¤¥à¦ª¨ �”„‘ ¯ãâ¥¬ ¡®«¥¥ £«ã¡®ª®£® ¨å ®¯¨á�−¨ï ¬−®¦¥áâ¢®¬ ¯à¨¬¨-
â¨¢®¢ ¯à¥¤áâ�¢«¥−¨ï. ‚ ç�áâ−®áâ¨, ¢ ª®−â¥ªáâ¥ ®¡¥á¯¥ç¥−¨ï �”„‘ ®−â®«®£¨î
¬®¦−® à�áá¬�âà¨¢�âì ª�ª áà¥¤áâ¢® ¬®¤¥«¨à®¢�−¨ï §−�−¨© ®¡ ¨−¤¨¢¨¤�å ¯à®-
æ¥áá−®-á¨áâ¥¬−®£® ¯®¤å®¤�, ¨å �âà¨¡ãâ�å ¨ ¨å á¢ï§ïå á ¤àã£¨¬¨ ¨−¤¨¢¨¤�¬¨,
®¯¨áë¢�îé¨å áà¥¤ã äã−ªæ¨®−¨à®¢�−¨ï ˆ’‘. ‚�¦−ë¬ ¯®−ïâ¨¥¬ ¢ ®−â®«®£¨¨
ï¢«ï¥âáï ��, ª®â®àãî ®¯à¥¤¥«ïîâ ª�ª ¬−®¦¥áâ¢® á¢ï§�−−ëå à�§«¨ç−ë¬¨ ®â-
−®è¥−¨ï¬¨ áãé−®áâ¥©, á®áâ�¢«ïîé¨å ¬�â¥à¨�«ì−®¥ á®¤¥à¦�−¨¥ ®¡«�áâ¨ äã−ª-
æ¨®−¨à®¢�−¨ï ˆ’‘. ‚ ª�ç¥áâ¢¥ áãé−®áâ¥© �� ¢ëáâã¯�îâ ®¡ê¥ªâë, ¯à®æ¥ááë,
áà¥¤áâ¢�, ï¢«¥−¨ï ¨ á¨âã�æ¨¨. ‚ ª�¦¤®© �� ®¯à¥¤¥«ï¥âáï á®¢®ªã¯−®áâì §�¤�ç,
ª®â®àë¥ à¥è�îâáï, ¨á¯®«ì§ãï ¨−ä®à¬�æ¨î, á®¤¥à¦�éãîáï ¢ ®¯¨á�−¨ïå á¢®©áâ¢
¥¥ áãé−®áâ¥©. ’�ªãî á®¢®ªã¯−®áâì, ¨áå®¤ï ¨§ áâàãªâãàë ¨ äã−ªæ¨®−�«ì−®áâ¨
ˆ’‘, ¡ã¤¥¬ −�§ë¢�âì �� ª®¬¯®−¥−â®¢ ˆ’‘. �� áå¥¬¥ (à¨á. 1) ¯à¥¤áâ�¢«¥−�
áâàãªâãà� ��, á¢ï§�−−ëå á à¥è¥−¨¥¬ §�¤�ç ¯®¤¤¥à¦ª¨ −¥¯à¥àë¢−®áâ¨ ¨ ¤®-
áâã¯−®áâ¨ ˆ’-á¥à¢¨á®¢. ‘ ¯®ï¢«¥−¨¥¬ ¯à®¡«¥¬ë ®¡¥á¯¥ç¥−¨ï �”„‘ ¢®§−¨ª«�
¯®âà¥¡−®áâì ¢ ¡®«¥¥ £«ã¡®ª®¬ �−�«¨§¥ ¨−ä®à¬�æ¨¨ ¤«ï ¯à¨−ïâ¨ï à¥è¥−¨© ¯à¨
¢®§−¨ª−®¢¥−¨¨ ¨−æ¨¤¥−â®¢ ¨ ªà¨§¨á−ëå á¨âã�æ¨©. �®âà¥¡®¢�«®áì §�¯®¬¨−�âì
¨ æ¥«¥−�¯à�¢«¥−−® ¯à®£−®§¨à®¢�âì §−�−¨ï ®¡ ®â−®è¥−¨ïå ¬¥¦¤ã áãé−®áâï¬¨
�� ¢−ãâà¨ á¨áâ¥¬ë ¨ ®â−®è¥−¨ï¬¨ á¨áâ¥¬ë á áãé−®áâï¬¨ ¢−¥è−¥© áà¥¤ë.

�−â®«®£¨ï �� ã¯à�¢«¥−¨ï �”„‘ ¢ª«îç�¥â ¢ á¥¡ï ª®−æ¥¯âë, ®¯¨áë¢�îé¨¥
à¥áãàá−®-á¥à¢¨á−ë¥ ¢®§¬®¦−®áâ¨ ˆ’‘, ˆ’-ãá«ã£¨, ¯à®æ¥ááë, −¥£�â¨¢−ë¥ ä�ª-
â®àë ¨ à¨áª¨, ¯®à®¦¤�¥¬ë¥ ¨¬¨, á¨âã�æ¨¨ ¨ áî¦¥âë, á¢ï§�−−ë¥ á −�àãè¥−¨¥¬
�”„‘. ‘âàãªâãà� ®¯¨á�−¨ï ª�¦¤®© ª�â¥£®à¨¨ ª®−æ¥¯â®¢ ¯à¥¤áâ�¢«ï¥â á®¡®©
−¥ª®â®àë© −�¡®à �âà¨¡ãâ®¢ �¤¥ª¢�â−ëå �� á®áâ®ï−¨ï ª®¬¯®−¥−â®¢ ˆ’‘ ¢ §�¤�−-
−®© ¬®¬¥−â ¢à¥¬¥−¨. ‚ ¯à¥¤¥«�å áâàãªâãàë ®−â®«®£¨¨ ¤«ï ª�¦¤®£® ª®¬¯®−¥−â�
å�à�ªâ¥à−® −�«¨ç¨¥ á¢®¥£® −�¡®à� �âà¨¡ãâ®¢, ®âà�¦�îé¨å á¥¬�−â¨ç¥áªãî á¯¥æ¨-
ä¨ªã ®¡«�áâ¨ ¨ ãá«®¢¨© ¥£® äã−ªæ¨®−¨à®¢�−¨ï ¢ ˆ’‘. �−â®«®£¨ç¥áª¨¥ á¨áâ¥¬ë
ˆ’‘ −� ¢á¥å ãà®¢−ïå áâà®ïâáï −� ®á−®¢¥ á«¥¤ãîé¨å ¯à¨−æ¨¯®¢:

{ ä®à¬�«¨§�æ¨ï ª®−æ¥¯â� �� ª�¦¤®© á¨áâ¥¬ë, ¯à®æ¥áá�, â. ¥. ®¯¨á�−¨¥ í«¥-
¬¥−â®¢ ¢ áâà®£® ®¯à¥¤¥«¥−−ëå â¥à¬¨−�å, ¬®¤¥«ïå, ®â−®è¥−¨ïå ¨ â. ¤.;

{ ¨á¯®«ì§®¢�−¨¥ ¡�§®¢ëå â¥à¬¨−®¢ ¨ ®â−®è¥−¨©, −� ®á−®¢¥ ª®â®àëå ª®−áâàã-
¨àãîâáï ¢á¥ ®áâ�«ì−ë¥ ¯®−ïâ¨ï ®−â®«®£¨© ¢á¥å ãà®¢−¥©;

{ ¯®«−®â�, ¢−ãâà¥−−¥¥ ¥¤¨−áâ¢®, «®£¨ç¥áª�ï ¢§�¨¬®á¢ï§ì ¨ −¥¯à®â¨¢®à¥ç¨-
¢®áâì.

�−â®«®£¨ç¥áª¨¥ ï§ëª¨, á®§¤�¢�¥¬ë¥ ¨ ¯à¨¬¥−ï¥¬ë¥ ¢ ˆ’‘ ¤«ï ®¯¨á�−¨ï
ˆ’-ãá«ã£, ¢−¥è−¨å ¨ ¢−ãâà¥−−¨å ã£à®§, á®áâ®ï−¨ï à¥áãàá−®-á¥à¢¨á−ëå ¢®§-
¬®¦−®áâ¥© ª®¬¯®−¥−â®¢, ®â−®á¨â¥«ì−® ú¯à®áâëû ¨ áâà®ïâáï, ª�ª ¯à�¢¨«®, −�
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÷¨á. 1 Š«�áá¨ä¨ª�æ¨ï ®−â®«®£¨© ˆ’‘

¤¥ª«�à�â¨¢−ëå ¨ ¯à®æ¥¤ãà−ëå á®áâ�¢«ïîé¨å. Š ¤¥ª«�à�â¨¢−®© ç�áâ¨ ®â−®áïâáï
áà¥¤áâ¢� ¯à¥¤áâ�¢«¥−¨ï ¯®−ïâ¨©, á¢ï§¥© ¬¥¦¤ã ¯®−ïâ¨ï¬¨ ¢ ¢¨¤¥ −¥ª®â®à®£®
¬�è¨−−®£® ®â®«®£¨ç¥áª®£® á«®¢�àï. �−â®«®£¨ç¥áª¨© á«®¢�àì ˆ’‘ | íâ® á¯®-
á®¡ ä®à¬�«ì−®£® ¯à¥¤áâ�¢«¥−¨ï §−�−¨© ¢ ¢¨¤¥ ¬−®¦¥áâ¢� ¯®−ïâ¨© ¨ ®â−®è¥−¨©
¬¥¦¤ã −¨¬¨ [6]. Š ¯à®æ¥¤ãà−®© ç�áâ¨ ®â−®áïâáï áà¥¤áâ¢� ¯à¨¤�−¨ï á¬ëá«�
¥¤¨−¨æ�¬ ®−â®«®£¨ç¥áª®£® ï§ëª�. �−â®«®£¨ç¥áª¨¥ ï§ëª¨ ã¯à�¢«¥−¨ï �”„‘
ãá«®¢−® ¬®¦−® à�§¤¥«¨âì −� ¤¢� ¢¨¤�: ¨−ä®à¬�æ¨®−−ë¥ ¨ â¥å−¨ç¥áª¨¥ ï§ëª¨.
ˆ−ä®à¬�æ¨®−−ë¥ ï§ëª¨ á«ã¦�â ¤«ï ¯à¥¤®áâ�¢«¥−¨ï ¤�−−ëå ¨ ¢®á¯à¨ïâ¨ï ˆ’-
ãá«ã£ ¯®«ì§®¢�â¥«ï¬¨. ’¥å−¨ç¥áª¨¥ ï§ëª¨ á«ã¦�â ¤«ï ¯à¥¤áâ�¢«¥−¨ï ¤�−−ëå
® á¨âã�æ¨ïå ¨ áî¦¥â�å, á«®¦¨¢è¨åáï ¢ ¯à®æ¥áá¥ â¥å−¨ç¥áª®£® äã−ªæ¨®−¨à®¢�-
−¨ï ˆ’‘ ¢ èâ�â−®¬ à¥¦¨¬¥ ¨ çà¥§¢ëç�©−ëå ãá«®¢¨ïå −� ¢á¥¬ ¦¨§−¥−−®¬ æ¨ª«¥
á¨áâ¥¬ë. �¡� íâ¨å ï§ëª� áâà®ïâáï −� ¡�§¥ «¥ªá¨ª¨ ¨ £à�¬¬�â¨ª¨ ¥áâ¥áâ¢¥−−ëå
ï§ëª®¢, ®à¨¥−â¨à®¢�−−ëå −� ¬®¤¥«¨à®¢�−¨¥ ¯à®æ¥áá®¢ ¯®−¨¬�−¨ï á¬ëá«� â¥ªáâ�
¯à¥¤®áâ�¢«ï¥¬ëå ˆ’-ãá«ã£, ä®à¬�«¨§�æ¨¨ â¥å−¨ç¥áª¨å á¨âã�æ¨© ¨ áî¦¥â®¢,
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¢®§−¨ª�îé¨å ¢ ˆ’‘. ‚�¦−®© ¬¥â®¤®«®£¨ç¥áª®© ¯à®¡«¥¬®© ¯à¨ ã¯à�¢«¥−¨¨
�”„‘, á®ç¥â�îé¥© ¢ á¥¡¥ ç¥«®¢¥ª®-¬�è¨−−ë©, á¨áâ¥¬−ë© ¨ ¯à®æ¥ááã�«ì−ë¥
ä�ªâ®àë, ï¢«ï¥âáï ¯à�¢¨«ì−�ï ®æ¥−ª� −¥®¡å®¤¨¬®£® á®®â−®è¥−¨ï ¬¥¦¤ã ¤¥ª«�-
à�â¨¢−ë¬¨ ¨ ¯à®æ¥¤ãà−ë¬¨ ª®¬¯®−¥−â�¬¨ á¨áâ¥¬ë �−�«¨§� ¨ ®æ¥−ª¨ á®áâ®ï−¨ï
à¨áª®¢, ¯®à®¦¤�¥¬ëå −�àãè¥−¨¥¬ äã−ªæ¨®−¨à®¢�−¨ï ˆ’‘ ¨ ¢®§¬®¦−®áâìî
®¯¥à�â¨¢−®£® ¢®ááâ�−®¢«¥−¨ï èâ�â−®£® à¥¦¨¬�. ‚ ¢®¯à®á�å á®®â−®è¥−¨ï ¬¥¦-
¤ã ¬¥â®¤�¬¨ ª®¬¯ìîâ¥à−®© «¨−£¢¨áâ¨ª¨, ®à¨¥−â¨à®¢�−−®© −� ¬®¤¥«¨à®¢�−¨¥
¯à®æ¥áá� ¯®−¨¬�−¨ï á¬ëá«� â¥ªáâ�, ¬¥â®¤�¬¨ ®−â®«®£¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï,
®à¨¥−â¨à®¢�−−®£® −� ¯à¥¤áâ�¢«¥−¨¥ §−�−¨©, ¨ ¬¥â®¤�¬¨ ª®−æ¥¯âã�«ì−®£® ¬®¤¥-
«¨à®¢�−¨ï, £¤¥ −� ¯¥à¢ë© ¯«�− ¢ëå®¤¨â ®¯¨á�−¨¥ áâàãªâãàë �� á ®¯¨á�−¨ï¬¨
¯®¢¥¤¥−¨ï, §�¤�¢�¥¬ë¬¨ ¢ ¢¨¤¥ äã−ªæ¨© ¨ ¯à®æ¥áá®¢, ª á®¦�«¥−¨î, ïá−®áâ¨ −�
á¥£®¤−ïè−¨© ¤¥−ì −¥â. �à®æ¥áá ã¯à�¢«¥−¨ï �”„‘ | íâ® á«®¦−�ï ç¥«®¢¥ª®-¬�-
è¨−−�ï ��, äã−ªæ¨®−¨àãîé�ï ¢ £¥â¥à®£¥−−®© áà¥¤¥ á ¢−ãâà¥−−¨¬¨ ¨ ¢−¥è−¨¬¨
−¥£�â¨¢−ë¬¨ ¢®§¤¥©áâ¢¨ï¬¨. �® ¬−¥−¨î �¢â®à®¢, íâ® ®¡áâ®ïâ¥«ìáâ¢® ¤¨ªâã¥â
−¥®¡å®¤¨¬®áâì à�§ã¬−®£® á®ç¥â�−¨ï á¨áâ¥¬−®£®, ¯à®æ¥áá−®£®, à¥áãàá−®-á¥à¢¨á-
−®£® ¨ ®−â®«®£¨ç¥áª®£® ¯®¤å®¤®¢, â�ª ª�ª ¯à¨ íâ®¬ ¬¥−ìè¥ ¢áâà¥â¨âáï âã¯¨ª®¢
¨ âàã¤−®¯à¥®¤®«¨¬ëå ¯à¥¯ïâáâ¢¨©. �â® ¯®§¢®«¨â ¯¥à¥©â¨ ª á®§¤�−¨î ˆ’‘
¢ëá®ª®© ¤®áâã¯−®áâ¨ á ª®¬¯«¥ªá−®© �¢â®¬�â¨§¨à®¢�−−®© á¨áâ¥¬®© ã¯à�¢«¥−¨ï
�”„‘ −� ¢á¥¬ ¦¨§−¥−−®¬ æ¨ª«¥ ˆ’‘ ¢ à�§«¨ç−ëå ãá«®¢¨ïå ®¡áâ�−®¢ª¨.

ˆ§¢«¥ç¥−¨¥ §−�−¨© ¨§ ¡�§ ¤�−−ëå ¨ ¡�§ §−�−¨© (�‡) ®á−®¢ë¢�¥âáï −� ¯®−¨-
¬�−¨¨ á¥¬�−â¨ª¨ ��. ‚ ª�ç¥áâ¢¥ ¯¥à¢¨ç−®£® ¨áâ®ç−¨ª� á¥¬�−â¨ç¥áª®£® §−�−¨ï
¢ á¨áâ¥¬�å ®¡ëç−® ¨á¯®«ì§ãîâáï ¬�è¨−−ë¥ ®−â®«®£¨ç¥áª¨¥ á«®¢�à¨ ¨ ª«�á-
á¨ä¨ª�â®àë [7]. Œ�è¨−−ë© ®−â®«®£¨ç¥áª¨© á«®¢�àì ¨ ª«�áá¨ä¨ª�â®àë ˆ’‘
á®¤¥à¦�â ¬−®¦¥áâ¢® ¯®−ïâ¨© �� äã−ªæ¨®−�«ì−®© ¨ ®¡¥á¯¥ç¨¢�îé¥© ç�áâ¨,
¯®¤¤¥à¦ª¨ ˆ’-ãá«ã£, á¨âã�æ¨¨ ¨ áî¦¥â®¢. Š�¦¤�ï �� å�à�ªâ¥à¨§ã¥âáï á¢®¨¬
á¯¥æ¨ä¨ç¥áª¨¬ −�¡®à®¬ ¯®−ïâ¨©, à�áá¬�âà¨¢�¥¬ëå á â®çª¨ §à¥−¨ï ¥¥ á¬ëá«�.
Š�ª ¯à�¢¨«®, á¨áâ¥¬� äã−ªæ¨®−¨à®¢�−¨ï ˆ’‘ áâà®¨âáï −� ¡�§¥ ¥¤¨−®£® á«®-
¢�àï ¨ ª«�áá¨ä¨ª�â®à�, ¢ ª®â®àëå ¨−â¥£à¨àãîâáï −¥¯¥à¥á¥ª�îé¨¥áï ¯®−ïâ¨ï
à�§«¨ç−ëå ��. ‘«®¢�àì (®á®¡¥−−® á«®¢�àì â¨¯� â¥§�ãàãá�) ï¢«ï¥âáï áà¥¤áâ¢®¬
ãáâà�−¥−¨ï á¥¬�−â¨ç¥áª®© −¥®¤−®§−�ç−®áâ¨ ¬¥¦¤ã ª®¬¯®−¥−â�¬¨ á¨áâ¥¬ë, áà¥¤-
áâ¢®¬ á¥¬�−â¨ç¥áª®© ¨−â¥à¯à¥â�æ¨¨ �� ¢ å®¤¥ ®¡é¥−¨ï á¯¥æ¨�«¨áâ®¢ á«ã¦¡
¯®¤¤¥à¦ª¨ �”„‘ ¬¥¦¤ã á®¡®© ¨ ¯®«ì§®¢�â¥«ï¬¨ ˆ’-ãá«ã£.

‘«®¦−®áâì á®áâ�¢«¥−¨ï ¥¤¨−®£® á«®¢�àï ¯®¤¤¥à¦ª¨ ˆ’-ãá«ã£ ¢ ãá«®¢¨ïå
−¥®¯à¥¤¥«¥−−®áâ¨ ¢−ãâà¥−−¨å ¨ ®á®¡¥−−® ¢−¥è−¨å ä�ªâ®à®¢ §�ª«îç�¥âáï ¢ â®¬,
çâ® ®¯¨á�âì ¢á¥ −¥®¡å®¤¨¬ë¥ §−�−¨ï à�§−®à®¤−ëå �� ¢ ®¤−®© á¨áâ¥¬¥ ¯®−ïâ¨©
á«®¢�àï ¨ ®â−®è¥−¨© ¬¥¦¤ã −¨¬¨ ¢ ãá«®¢¨ïå áâàãªâãà¨à®¢�−−ëå ¨ −¥áâàãªâã-
à¨à®¢�−−ëå ¤�−−ëå, ¨á¯®«ì§ã¥¬ëå ¤«ï ¨§¢«¥ç¥−¨ï §−�−¨©, −¥ ¢á¥£¤� ¢®§¬®¦−®.
‚â®à�ï á«®¦−®áâì §�ª«îç�¥âáï ¢ â®¬, çâ® ¢ ª�¦¤®© �� ¨á¯®«ì§ãîâáï á¢®¨
á¯¥æ¨�«ì−ë¥ ï§ëª¨, áà¥¤áâ¢� ®¡à�¡®âª¨ ¨ ¨§¢«¥ç¥−¨ï §−�−¨© (�«£®à¨â¬¨ç¥áª¨¥
ï§ëª¨, ï§ëª¨ ¯à¥¤áâ�¢«¥−¨ï §−�−¨©, ï§ëª¨ ¯à®£à�¬¬−®© áà¥¤ë ¨ â. ¯.), � â�ª¦¥
à�§«¨ç−ë¥ ¯®¤å®¤ë ¨ ¨−áâàã¬¥−â�«ì−ë¥ áà¥¤áâ¢� ®−â®«®£¨ç¥áª®© ¯®¤¤¥à¦ª¨
¯à®æ¥áá®¢ ¯à¨−ïâ¨ï à¥è¥−¨© ¢ ãá«®¢¨ïå à¨áª®¢, ¯®à®¦¤�¥¬ëå −¥®¯à¥¤¥«¥−−®-
áâìî ä�ªâ®à®¢ ¢®§¤¥©áâ¢¨ï −� á®áâ®ï−¨¥ ˆ’‘.
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3 Структура онтологии информационно-телекоммуникационной
системы

„«ï à¥è¥−¨ï ¢®¯à®á®¢ ¯à¨¬¥−¥−¨ï ®−â®«®£¨¨ ¤«ï ®¡¥á¯¥ç¥−¨ï �”„‘ à�á-
á¬®âà¨¬ −¥áª®«ìª® à�¡®ç¨å ¡�§®¢ëå ®¯à¥¤¥«¥−¨©, ¡«�£®¤�àï ª®â®àë¬ áâ�−®¢¨âáï
¢®§¬®¦−ë¬ ¯à�ªâ¨ç¥áª®¥ ¯à¨¬¥−¥−¨¥ ®−â®«®£¨¨ ¢ ˆ’‘. �â®, ¯à¥¦¤¥ ¢á¥£®, §−�-
−¨ï ¨ ¤�−−ë¥. ‚ á¢®¥ ¢à¥¬ï ‹¥©¡−¨æ ¯à¥¤«®¦¨« â�ªãî ä®à¬ã«ã: §−�−¨ï ¥áâì
¤�−−ë¥ ¯«îá ¨å á¥¬�−â¨ç¥áª�ï ¨−â¥à¯à¥â�æ¨ï. �â� ä®à¬ã«� ç¥âª® ®¯à¥¤¥«ï¥â
á¢ï§ì ¬¥¦¤ã §−�−¨ï¬¨, ¨áå®¤−ë¬¨ ¤�−−ë¬¨ ¨ áà¥¤áâ¢�¬¨ ¨å á¬ëá«®¢®© ¨−â¥à-
¯à¥â�æ¨¨. „¥©áâ¢¨â¥«ì−®, ¢ ˆ’‘ ¤�−−ë¥ | íâ® ®â¤¥«ì−ë¥ ä®à¬�«¨§®¢�−−ë¥
ä�ªâ®àë, å�à�ªâ¥à¨§ãîé¨¥ ®¡ê¥ªâë, ¯à®æ¥ááë, ï¢«¥−¨ï ¨ ¨å �âà¨¡ãâ¨ªã ¢ ��,
®¡á«ã¦¨¢�¥¬®© á¨áâ¥¬®©. �à¨ ®¡à�¡®âª¥ ¢ á¨áâ¥¬¥ ®−¨ ¬®£ãâ ¯à¥¤áâ�¢«ïâìáï
¢ áâàãªâãà¨à®¢�−−®¬ ¨«¨ −¥áâàãªâãà¨à®¢�−−®¬ ¢¨¤¥. •®âï ¤�−−ë¥ ¨ −¥áãâ
−¥ª®â®àãî á¥¬�−â¨ç¥áªãî −�£àã§ªã ¨ ¬®£ãâ ¢®á¯à¨−¨¬�âìáï ª�ª ¤¥ª«�à�â¨¢−ë¥
§−�−¨ï (áª®à¥¥, ¬¥â�§−�−¨ï), ®¤−�ª® ª�¦¤ë¬ áã¡ê¥ªâ®¬, à�¡®â�îé¨¬ á −¨¬¨
(¢ â®¬ ç¨á«¥ à�§à�¡®âç¨ª�¬¨ á¨áâ¥¬ë/¯à®£à�¬¬), ¢®á¯à¨−¨¬�îâáï ¨ âà�ªâãîâáï
¯®-á¢®¥¬ã.

„�−−ë¥ áâ�−®¢ïâáï §−�−¨ï¬¨ â®«ìª® ¯®á«¥ â®£®, ª�ª ¢ ¨å á®¤¥à¦�−¨¥ §�«®-
¦¥−ë ¨−áâàã¬¥−âë âà�ªâ®¢ª¨ ®¤−®§−�ç−®áâ¨ á¬ëá«®¢®£® ¢®á¯à¨ïâ¨ï −� ®á−®¢¥
§�ª®−®¬¥à−®áâ¥© �� á ãç¥â®¬ ¯à¨−æ¨¯®¢, á¢ï§¥© ¨ §�ª®−®¢, áãé¥áâ¢ãîé¨å ¬¥¦-
¤ã ¤�−−ë¬¨ ¨ ®âà�¦¥−−ëå ¢ ¨å ¨¤¥−â¨ä¨ª�â®à�å ¨«¨ à¥§ã«ìâ�â�å ¯à¥¤áâ�¢«¥−¨ï
áã¡ê¥ªâ�¬. ˆ−®£¤� â�ª¨¥ §−�−¨ï −�§ë¢�îâ úå®à®è® áâàãªâãà¨à®¢�−−ë¥ ¤�−-
−ë¥û. ’�ª¨¬ ®¡à�§®¬, ¨−ä®à¬�æ¨®−−ë¥ ª®¬¯®−¥−âë ˆ’‘, ¢ª«îç�îé¨¥ ¢ á¢®©
á®áâ�¢ ¬¥â®¤ë ¨ áà¥¤áâ¢� á¡®à�, åà�−¥−¨ï ¨ ®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨, ®á−®¢�−−ë¥
−� ª®−æ¥¯æ¨¨ ¡�§ ¨ ¡�−ª®¢ ¤�−−ëå, £¤¥ ¯¥à¥ç¨á«¥−−ë¥ ¯à®æ¥ááë ®¡à�¡®âª¨ ®à¨¥−-
â¨à®¢�−ë −� ¢®á¯à¨ïâ¨¥ á¬ëá«� ª®−ªà¥â−ë¬ ¯®«ì§®¢�â¥«ï¬ ¨ −¥ ¨¬¥îâ à�§¢¨âëå
áà¥¤áâ¢ á¥¬�−â¨ç¥áª®© ¨−â¥à¯à¥â�æ¨¨, ®â−®áïâáï ª ª«�ááã �ˆ‘ (�¢â®¬�â¨§¨-
à®¢�−−ëå ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬) ®¡à�¡®âª¨ ¤�−−ëå. �¢â®¬�â¨§¨à®¢�−−ë¥
¨−ä®à¬�æ¨®−−ë¥ á¨áâ¥¬ë, ®¡«�¤�îé¨¥ −�àï¤ã á ¯à®æ¥áá�¬¨ ®¡à�¡®âª¨ ¤�−-
−ëå ¨−áâàã¬¥−â�à¨¥¬ á¥¬�−â¨ç¥áª®© ¨−â¥à¯à¥â�æ¨¨ ¤�−−ëå ¨ á¯®á®¡−®áâìî −�
®á−®¢¥ ¡®«¥¥ ¯®«−®£® ®â®¡à�¦¥−¨ï ®â−®è¥−¨© ¨ á¢ï§¥© ¬¥¦¤ã −¨¬¨ á®§¤�¢�âì
¨ ¯à®£−®§¨à®¢�âì −®¢ë¥ §−�−¨ï ® áãé−®áâïå ��, ¯®«ãç¨«¨ −�§¢�−¨¥ ¨−â¥«-
«¥ªâã�«ì−ëå �ˆ‘. ‚ â�ª¨å á¨áâ¥¬�å áâàãªâãà¨à®¢�−−�ï ¬®¤¥«ì �� ¯®«ãç¨«�
−�§¢�−¨¥ �‡, � ¨−áâàã¬¥−â�«ì−ë¥ áà¥¤áâ¢�, ¯à¥¤−�§−�ç¥−−ë¥ ¤«ï à¥è¥−¨ï §�¤�ç
á®åà�−¥−¨ï ¨§¢¥áâ−ëå §−�−¨© (¬¥â�§−�−¨©), á¨−â¥§� −®¢ëå §−�−¨© ¨ ã¯à�¢«¥−¨ï
íâ¨¬¨ §−�−¨ï¬¨, ¯à¨®¡à¥«¨ å�à�ªâ¥à ¨−â¥««¥ªâã�«ì−ëå áà¥¤áâ¢. ‡¤¥áì ¢�¦−®
§�¬¥â¨âì, çâ® ª®−æ¥¯âã�«ì−®© ®á−®¢®© ¯®−ïâ¨ï ú§−�−¨ïû ï¢«ï¥âáï â®, çâ® ®−®
¢®§−¨ª�¥â ¢ à¥§ã«ìâ�â¥ ¯à®¤ãªâ¨¢−®£® ®á¬ëá«¥−¨ï ¤¥ª«�à�â¨¢−®© ¨−ä®à¬�æ¨¨
(¯à�¢¨«, ¯à®æ¥¤ãà−ëå §−�−¨©) ® áãé−®áâïå ��.

„«ï á®¢à¥¬¥−−ëå �¢â®¬�â¨§¨à®¢�−−ëå £®áã¤�àáâ¢¥−−ëå ¨ ª®¬¬¥àç¥áª¨å
áâàãªâãà å�à�ªâ¥à−® ¯®áâ®ï−−®¥ ¨§¬¥−¥−¨¥ áà¥¤ë äã−ªæ¨®−¨à®¢�−¨ï, ®¡ãá«®¢-
«¥−−®¥ −�«¨ç¨¥¬ ¡®«ìè®£® ç¨á«� −¥£�â¨¢−ëå ä�ªâ®à®¢, ¤¥©áâ¢¨¥ ª®â®àëå ¢ ¯¥à-
¢ãî ®ç¥à¥¤ì ®âà�¦�¥âáï −� ãáâ®©ç¨¢®áâ¨ â¥å−¨ç¥áª®© ª®¬¯®−¥−âë ®à£�−¨§�æ¨¨ |
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�ˆ‘ (á¬. à¨á. 1). “áâ®©ç¨¢®áâì ˆ’‘ −�¯àï¬ãî §�¢¨á¨â ®â −�«¨ç¨ï §−�−¨© ® ¯à®-
æ¥áá�å äã−ªæ¨®−¨à®¢�−¨ï ª®¬¯®−¥−â®¢ á¨áâ¥¬ë ¨ ¨å á¯®á®¡−®áâ¨ ®¡¥á¯¥ç¨¢�âì
−¥¯à¥àë¢−®¥ ¯à¥¤®áâ�¢«¥−¨¥ ˆ’-ãá«ã£, ¤®áâã¯−®¥ ª®−¥ç−®¬ã ¯®«ì§®¢�â¥«î.
�−â®«®£¨ç¥áª¨© ¯®¤å®¤ ª ¯à®¥ªâ¨à®¢�−¨î á¨áâ¥¬ë ã¯à�¢«¥−¨ï §−�−¨ï¬¨ ¯®-
§¢®«ï¥â ¯®¤à�§¤¥«¥−¨ï¬ ¨−ä®à¬�â¨§�æ¨¨ ®áãé¥áâ¢«ïâì æ¥«®áâ−ë©, á¨áâ¥¬−ë©
¯®¤å®¤ ª à¥áãàá−®-á¥à¢¨á−®¬ã �−�«¨§ã �� ª®¬¯®−¥−â ˆ’‘ ¨ ®æ¥−ª¨ ¨å á®-
áâ®ï−¨ï, çâ® ¯®§¢®«ï¥â ¢®ááâ�−�¢«¨¢�âì −�àãè¥−−ë¥ «®£¨ç¥áª¨¥ á¢ï§¨ ¬¥¦¤ã
�âà¨¡ãâ�¬¨ ��.

�� ä®à¬�«ì−®¬ ãà®¢−¥ ®−â®«®£¨ï ¯à¥¤áâ�¢«ï¥â á®¡®© −�¡®à ª®−æ¥¯â®¢ (¯®-
−ïâ¨©), á¢®©áâ¢ ª®−æ¥¯â®¢ (�âà¨¡ãâ®¢, à®«¥©), ®â−®è¥−¨© ¬¥¦¤ã ª®−æ¥¯â�¬¨
(§�¢¨á¨¬®áâ¥©, äã−ªæ¨©) ¨ ¤®¯®«−¨â¥«ì−ëå ®£à�−¨ç¥−¨©. Š®−æ¥¯â�¬¨ ¢ ˆ’‘
ï¢«ïîâáï ¨−ä®à¬�æ¨®−−ë¥ §�¤�ç¨, äã−ªæ¨¨ á¨áâ¥¬ (á¥â¥©) ¨ ¯®¤á¨áâ¥¬, â¥å−®-
«®£¨ç¥áª¨¥ ¯à®æ¥ááë á¡®à�, ¯à®æ¥ááë ®¡à�¡®âª¨ ¤�−−ëå ® á®áâ®ï−¨¨ ¯à®æ¥áá®¢
ä®à¬¨à®¢�−¨ï ˆ’-ãá«ã£, ¤¥©áâ¢¨ï ¯® ãáâà�−¥−¨î ¢®§−¨ªè¨å −�àãè¥−¨© ¢ ¯à®-
æ¥áá�å �”„‘ ¨ â. ¯.

Š«�áá¨ä¨æ¨à®¢�âì ®−â®«®£¨î ¢ ˆ’‘ ¬®¦−® ¯® à�§«¨ç−ë¬ ¯à¨§−�ª�¬ (®á−®-
¢�−¨ï¬) ¢ §�¢¨á¨¬®áâ¨ ®â áâ®ïé¥© æ¥«¨. ��¯à¨¬¥à, ¯® ¯à¨ª«�¤−ë¬ ��: ®¡«�áâì
®¯¨á�−¨ï á®¤¥à¦�−¨ï ˆ’-ãá«ã£, ®¡«�áâì á®¤¥à¦�−¨ï ¯à®æ¥áá®¢ ä®à¬¨à®¢�-
−¨ï ¨−ä®à¬�æ¨®−−ëå ¨ â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå ˆ’-ãá«ã£, ®¡«�áâì ã¯à�¢«¥−¨ï
�”„‘, ®¡«�áâì ®æ¥−ª¨ ã£à®§ ¨ à¨áª®¢ ¨ â. ¤. �® ãà®¢−î ¯à¨ª«�¤−ëå ��,
¨áå®¤ï ¨§ ¨−äà�áâàãªâãàë ˆ’‘ ¨ ¯à®æ¥áá®¢ à¥è¥−¨ï §�¤�ç á¥à¢¨á−®£® ®¡á«ã-
¦¨¢�−¨ï ª®−¥ç−ëå ¯®«ì§®¢�â¥«¥©, æ¥«¥á®®¡à�§−® à�§«¨ç�âì á«¥¤ãîé¨¥ ãà®¢−¨
®−â®«®£¨¨ (á¬. à¨á. 1).

‚¥àå−¨© ãà®¢¥−ì: ú®−â®«®£¨ï ¯à¥¤¬¥â−®© ®¡«�áâ¨ ®à£�−¨§�æ¨¨û. �¯¨áë-
¢�¥â −�¨¡®«¥¥ ®¡é¨¥ ª®−æ¥¯âë, ª®â®àë¥ ®à¨¥−â¨à®¢�−ë ª�ª −� �� ®à£�−¨§�æ¨¨,
â�ª ¨ −� ª®−æ¥¯âë ¯à¨ª«�¤−ëå ®¡«�áâ¥© ¨−äà�áâàãªâãàë ˆ’‘. �â� ®−â®«®£¨ï
¯à¥¤−�§−�ç¥−� ¤«ï á®¢¬¥áâ−®£® ¨á¯®«ì§®¢�−¨ï ª®−æ¥¯â®¢ ¨ ®â−®è¥−¨© ¬¥¦¤ã
−¨¬¨ ª�ª ¢ ®à£�−¨§�æ¨¨, â�ª ¨ ¢ ˆ’‘. �á−®¢®© íâ®© ®−â®«®£¨¨ ï¢«ï¥âáï �‡,
á®¤¥à¦�é�ï ¢á¥ ¯®−ïâ¨ï ®à£�−¨§�æ¨¨ ¨ ˆ’‘ ¢ ¢¨¤¥ ¥¤¨−®£® ®âà�á«¥¢®£® áâ�−-
¤�àâ−®£® á«®¢�àï. ��¯à¨¬¥à, á¨áâ¥¬−�ï ®−â®«®£¨ï ˆ’‘ ��−ª� ÷®áá¨¨ áâà®¨âáï
−� ¡�§¥ ä¨−�−á®¢ëå â¥à¬¨−®¢ ¨ ¡�§®¢ëå â¥à¬¨−®¢, ®¯¨áë¢�îé¨å ®¡«�áâì äã−ª-
æ¨®−¨à®¢�−¨ï ˆ’‘.

�−â®«®£¨¨ ˆ’-ãá«ã£. �â¨ ®−â®«®£¨¨ ¨á¯®«ì§ãîâáï ª�ª ¯à¨ ®¯¨á�−¨¨ ¢ë-
å®¤−®© äã−ªæ¨®−�«ì−®áâ¨ ˆ’-ãá«ã£, â�ª ¨ ¯à¨ ®¯¨á�−¨¨ âà¥¡®¢�−¨© ª ®¡¥á¯¥-
ç¨¢�îé¨¬ ¨å ¯à¨«®¦¥−¨ï¬, ¯à¥¤−�§−�ç¥−−ë¬ ¤«ï ä®à¬¨à®¢�−¨ï ª®−ªà¥â−ëå
ˆ’-ãá«ã£, ¯®¤¤¥à¦ª¨ ¯®«ì§®¢�â¥«¥©, � â�ª¦¥ ®¡¥á¯¥ç¥−¨ï ¨−ä®à¬�æ¨®−−®©
¨ ®¯¥à�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ¯à®æ¥áá®¢ ¤¥ïâ¥«ì−®áâ¨ ®à£�−¨§�æ¨¨. „�−−ë¥
®−â®«®£¨¨ ®âà�¦�îâ á¯¥æ¨ä¨ªã à¥áãàá−®-á¥à¢¨á−ëå ¯à®æ¥áá®¢ ä®à¬¨à®¢�−¨ï
ˆ’-ãá«ã£, ®â−®è¥−¨ï ¬¥¦¤ã ª®−æ¥¯â�¬¨ ã£à®§ ¨ ¨å ¢§�¨¬®á¢ï§ì á ª®−æ¥¯â�¬¨
ãï§¢¨¬®áâ¥© ˆ’‘, ¡¥§®¯�á−®áâìî, ¯®à®¦¤�¥¬ë¬¨ ˆ’‘ à¨áª�¬¨ ¨ â. ¤.

�−â®«®£¨ï ãà®¢−ï ¯à¨«®¦¥−¨©. �−â®«®£¨¨ íâ®£® ãà®¢−ï ®à¨¥−â¨à®¢�−ë −�
¨á¯®«ì§®¢�−¨¥ ¯à¨ ®¯¨á�−¨¨ ª®−ªà¥â−ëå §�¤�ç ª�ª ¢ á®áâ�¢¥ ¯à®æ¥áá®¢ ä®à-
¬¨à®¢�−¨ï ˆ’-ãá«ã£, â�ª ¨ ¢ ¯à®æ¥áá�å ¯®¤¤¥à¦ª¨ ¯®«ì§®¢�â¥«¥©, � â�ª¦¥
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�−â®«®£¨ï ¯®¤¤¥à¦ª¨ −¥¯à¥àë¢−®áâ¨ ˆ’-ãá«ã£ ¢ ˆ’‘

¢ ¯à®æ¥áá�å ®¡¥á¯¥ç¥−¨ï ¨−ä®à¬�æ¨®−−®© ¨ ®¯¥à�æ¨®−−®© ¡¥§®¯�á−®áâ¨. �¤−®-
¢à¥¬¥−−® ®−â®«®£¨¨ ¤�−−®£® ãà®¢−ï á®¤¥à¦�â á¯¥æ¨�«ì−ë¥ â¥à¬¨−ë, ¯à¨áãé¨¥
®¯¨á�−¨î ¯à®æ¥áá®¢ ¢ �¯¯�à�â−ëå ¨ ¯à®£à�¬¬−ëå áà¥¤áâ¢�å á¨áâ¥¬.

“à®¢¥−ì á¨áâ¥¬−ëå ®−â®«®£¨©. �−â®«®£¨¨ íâ®£® ãà®¢−ï ¢ª«îç�îâ ¢ á¥¡ï
®−â®«®£¨¨ äã−ªæ¨®−�«ì−ëå, ®¡¥á¯¥ç¨¢�îé¨å á¨áâ¥¬, ®−â®«®£¨î áà¥¤áâ¢ ®¡¥á-
¯¥ç¥−¨ï ãáâ®©ç¨¢®áâ¨ ¨ ¡¥§®¯�á−®áâ¨ ˆ’‘. �à¨¬¥à®¬ â�ª®© ®−â®«®£¨¨ ¬®¦¥â
á«ã¦¨âì �‡, á®¤¥à¦�é�ï ¯®−ïâ¨ï äã−ªæ¨®−�«ì−ëå ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬, â¥-
«¥ª®¬¬ã−¨ª�æ¨®−−ëå á¨áâ¥¬, á¨áâ¥¬ ®¯¥à�â¨¢−®-â¥å−¨ç¥áª®£® ã¯à�¢«¥−¨ï ˆ’‘
¨ â. ¯.

�¤−¨¬ ¨§ ®á−®¢−ëå âà¥¡®¢�−¨© ª ®−â®«®£¨ï¬ ¢á¥å ãà®¢−¥© ï¢«ï¥âáï −�«¨ç¨¥
â¥à¬¨−®«®£¨ç¥áª®© ¨ ¯®−ïâ¨©−®© ¢§�¨¬®á¢ï§¨ ¬¥¦¤ã −¨¬¨. ‘âà®¥−¨¥ ¨ á¢®©-
áâ¢� ¢á¥å ¯à®æ¥áá®¢ −¥¯à¥àë¢−®£® äã−ªæ¨®−¨à®¢�−¨ï «î¡®© ˆ’‘, à�¢−® ª�ª
¨ ¯à®æ¥áá à¥è¥−¨ï â®© ¨«¨ ¨−®© ¯à¨ª«�¤−®© §�¤�ç¨, ¬®£ãâ ¡ëâì íää¥ªâ¨¢−®
¨áá«¥¤®¢�−ë ¯à¨ ¯®¬®é¨ á«®¢�àï â¥à¬¨−®¢, �¤¥ª¢�â−® ®¯¨áë¢�îé¥£® å�à�ªâ¥à¨-
áâ¨ª¨ ®¡ê¥ªâ®¢, á¨áâ¥¬ ¨ ¯à®æ¥áá®¢ à¥è¥−¨ï, ¯à¨ −�«¨ç¨¨ â®ç−ëå ¨ ®¤−®§−�ç−ëå
®¯à¥¤¥«¥−¨© â¥à¬¨−®¢ ¨ ¨å ª«�áá¨ä¨ª�æ¨¨ ¢ ¢¨¤¥ «®£¨ç¥áª®© ¨¥à�àå¨¨.

Š�¦¤®¬ã ®−â®«®£¨ç¥áª®¬ã ãà®¢−î á¢®©áâ¢¥− ®¯à¥¤¥«¥−−ë© −�¡®à �âà¨¡ãâ®¢.
Š −¨¬ ®â−®áïâáï:

1. Š®−æ¥¯âë-á¨áâ¥¬ë | ®¡ê¥ªâë, ª®â®àë¥ ®¯¨áë¢�îâáï á¯¨áª®¬ á®¡áâ¢¥−−ëå
�âà¨¡ãâ®¢, å�à�ªâ¥à¨§ãîé¨å áâàãªâãàã ��, äã−ªæ¨®−�«ì−®áâì ¨ ªà¨â¨ç¥-
áªãî ¢�¦−®áâì à¥áãàá−®-á¥à¢¨á−ëå ¢®§¬®¦−®áâ¥© ˆ’‘.

2. Š®−æ¥¯âë-®¡ê¥ªâë ®¯¨áë¢�îâáï ¨¬¥−�¬¨ ª®¬¯®−¥−â ˆ’‘, ª�¦¤®¥ ¨§ ª®-
â®àëå ¨¬¥¥â á¢®¨ �âà¨¡ãâë, ®¯¨áë¢�îé¨¥ á®áâ�¢, áâàãªâãàã ¨ äã−ªæ¨-
®−�«ì−®áâì. �¯¨á�−¨¥ �¯¯�à�â−®© ¨«¨ ¯à®£à�¬¬−®© ª®¬¯®−¥−âë ˆ’‘
á®®â¢¥âáâ¢ã¥â ª®−æ¥¯âã-á¢®©áâ¢ã á ®âà�¦¥−¨¥¬ á¢®¥© á¯¥æ¨ä¨ç¥áª®© ��.
Š®−æ¥¯â�¬-®¡ê¥ªâ�¬ ¢ â¥à¬¨−®«®£¨¨ Resource Description Framework (RDF)
á®®â¢¥âáâ¢ãîâ ª®−æ¥¯âë ¯à¥¤¬¥â®¢ | áã¡ê¥ªâ®¢ ¨ ®¡ê¥ªâ®¢.

3. Š®−æ¥¯â-á¢®©áâ¢® å�à�ªâ¥à¨§ã¥â á®áâ®ï−¨¥ ãáâ®©ç¨¢®áâ¨ á¨áâ¥¬ ¨ ®¡ê¥ªâ®¢
ª −¥£�â¨¢−ë¬ ¢®§¤¥©áâ¢¨ï¬ (−�¯à¨¬¥à, á¢®©áâ¢� ®âª�§®- ¨ ª�â�áâà®ä®ãáâ®©-
ç¨¢®áâ¨). Š®−æ¥¯â�¬¨-á¢®©áâ¢�¬¨ ¬®£ãâ ¡ëâì â¨¯ë ¤�−−ëå, ®¯¨áë¢�îé¨å
§−�ç¥−¨ï ¨ ¬¥â®¤ë ®æ¥−ª¨ ãáâ®©ç¨¢®áâ¨ ¨ à¨áª®¢, ª®â®àë¥ ¯®§¢®«ïîâ áã¤¨âì
® ¬¥à¥ ¡«¨§®áâ¨ ¯®−ïâ¨© ¯à¨ ¢ëà�¡®âª¥ à¥è¥−¨© −� ®á−®¢¥ «®£¨ç¥áª®£®
¢ë¢®¤� −� −¥â®ç−ëå ¨ −¥¯®«−ëå ¤�−−ëå. ‚ RDF ª®−æ¥¯â�¬-á¢®©áâ¢�¬
á®®â¢¥âáâ¢ãîâ ¯à¥¤¨ª�âë.

4. Š®−æ¥¯âë-®â−®è¥−¨ï ¨á¯®«ì§ãîâáï ¤«ï ®â®¡à�¦¥−¨ï ¬¥¦¤ã ¯®−ïâ¨ï¬¨ ��
¯�à�¤¨£¬�â¨ç¥áª¨å ¨ á¨−â�£¬�â¨ç¥áª¨å ®â−®è¥−¨©, ª®â®àë¥ ®âà�¦�îâ á¢ï§ì
ª�ª ¬¥¦¤ã ¯®−ïâ¨ï¬¨ ¢−ãâà¨ ��, â�ª ¨ ¬¥¦¤ã ¯®−ïâ¨ï¬¨ à�§«¨ç−ëå ��.

5. Š®−æ¥¯âë-¯à®æ¥ááë å�à�ªâ¥à¨§ãîâ ¯à¥®¡à�§®¢�−¨¥ à¥áãàá−®-á¥à¢¨á−ëå
¢®§¬®¦−®áâ¥© ˆ’‘ ¢ ˆ’-ãá«ã£¨. ‘ â®çª¨ §à¥−¨ï ã¯à�¢«¥−¨ï �”„‘
¢ ª�â¥£®à¨î ú¯à®æ¥ááëû ¯®¯�¤�îâ ¯®−ïâ¨ï, �âà¨¡ãâë ª®â®àëå ®¯¨áë¢�-
îâ âà¥¡®¢�−¨ï ¡¥−¥ä¨æ¨�−â�/à¥æ¨¯¨¥−â� ˆ’-ãá«ã£¨, á®áâ®ï−¨¥ −¥£�â¨¢−ëå
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ä�ªâ®à®¢, áæ¥−�à¨© ¨å ¢®§¤¥©áâ¢¨ï −� ª®¬¯®−¥−âë ˆ’‘, ª�−�«ë ¢®§¤¥©-
áâ¢¨ï, à¥§ã«ìâ�âë −�àãè¥−¨ï äã−ªæ¨®−�«ì−®áâ¨ ¨ ¤®áâã¯−®áâ¨ á¥à¢¨á®¢
¨ ãá«ã£, à¨áª¨ ¨ â. ¤.

6. ‘¨âã�æ¨ï | á®¢®ªã¯−®áâì §−�ç¥−¨© �âà¨¡ãâ®¢, å�à�ªâ¥à¨§ãîé¨å á®áâ®ï−¨¥
äã−ªæ¨®−¨à®¢�−¨ï ˆ’‘, ¤®áâã¯−®áâì ˆ’-ãá«ã£, −¥¯à¥àë¢−®áâì ¯à®æ¥áá®¢
¨å ä®à¬¨à®¢�−¨ï, à¥�ªæ¨î −� ¢−ãâà¥−−¨¥ ¨ ¢−¥è−¨¥ ¢®§¤¥©áâ¢¨ï ¨ ®â−®è¥-
−¨ï ¬¥¦¤ã �âà¨¡ãâ�¬¨ ¢ −¥ª®â®àë© ¬®¬¥−â ¢à¥¬¥−¨.

7. ‘î¦¥â | ã¯®àï¤®ç¥−−�ï ¢® ¢à¥¬¥−¨ ¯®á«¥¤®¢�â¥«ì−®áâì á¨âã�æ¨©, ¨¬¥-
îé¨å á¨áâ¥¬−ãî ¨ ¯à®æ¥áá−ãî ¯¥à¥á¥ª�îéãîáï ¢§�¨¬®á¢ï§ì. ‘î¦¥â ¬®¦¥â
¡ëâì ¯à¥¤áâ�¢«¥− ¢ ¢¨¤¥ áæ¥−�à¨ï, á¥â¥¢®£® £à�ä¨ª�, ¤¨�£à�¬¬ë ƒ�−â� ¤«ï
®¯¨á�−¨ï ¯«�−� ®¡¥á¯¥ç¥−¨ï �”„‘ ¨ ¯à®¢¥¤¥−¨ï à�¡®â ¯® ¢®ááâ�−®¢«¥−¨î
èâ�â−®£® à¥¦¨¬� ¤¥ïâ¥«ì−®áâ¨ (¯«�−� ��¨‚„).

“¯à�¢«¥−¨¥ �”„‘ á¢ï§�−® á ¯¥à¥ç¨á«¥−−ë¬¨ ª®−æ¥¯â�¬¨ ¢ ¯à®æ¥áá¥ ¯®-
áâà®¥−¨ï §�¯à®á®¢, ¯®«ãç¥−¨ï ¯®«ì§®¢�â¥«¥¬ ˆ’-ãá«ã£, � â�ª¦¥ ¢ ¯à®æ¥áá¥
íªá¯«ã�â�æ¨¨ ˆ’‘ ª�ª á ä®à¬®© ¯à¥¤áâ�¢«¥−¨ï §−�−¨© ® á®®â¢¥âáâ¢ãîé¥©
��. ‚ ª�ç¥áâ¢¥ ¯¥à¢¨ç−®£® ¨áâ®ç−¨ª� á¥¬�−â¨ç¥áª¨å §−�−¨© ¤«ï ª�¦¤®© ��
¨ ®¯¨á�−¨ï ¯à®æ¥áá®¢ ¨á¯®«ì§ã¥âáï á¢®© á¯¥æ¨ä¨ç¥áª¨© ®−â®«®£¨ç¥áª¨© ï§ëª.
’�ª¨¬ ®¡à�§®¬, ˆ’-ãá«ã£¨, ¯à®æ¥ááë ¨å ä®à¬¨à®¢�−¨ï, ¯à¥¤®áâ�¢«¥−¨ï ¨ ¯®¤-
¤¥à¦ª¨ ®¯¨áë¢�îâáï á¢®¨¬ á¯¥æ¨ä¨ç¥áª¨¬ −�¡®à®¬ ®−â®«®£¨©, á¢®©áâ¢¥−−ëå
äã−ªæ¨®−�«ì−®¬ã ¯à¥¤−�§−�ç¥−¨î ¨ â¥å−¨ç¥áª®¬ã ¯®áâà®¥−¨î ˆ’‘, ª®â®àë¥
¯®§¢®«ïîâ à�áá¬�âà¨¢�âì ¯à®æ¥ááë ®¡¥á¯¥ç¥−¨ï �”„‘ á â®çª¨ §à¥−¨ï ¨å
á¬ëá«�. “áâ®©ç¨¢®¥ äã−ªæ¨®−¨à®¢�−¨¥ ˆ’‘ ¬®¦¥â ¡ëâì ¤®áâ¨£−ãâ® â®«ìª®
á®§¤�−¨¥¬ íää¥ªâ¨¢−®© á¨áâ¥¬ë ã¯à�¢«¥−¨ï §−�−¨ï¬¨ −� ®á−®¢¥ �¢â®¬�â¨-
§¨à®¢�−−®© á¥¬�−â¨ç¥áª®© ®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨ ¤«ï ¯à¨−ïâ¨ï à¥è¥−¨© ¯®
®¡¥á¯¥ç¥−¨î �”„‘ ¨ ¤«ï ¢ë¯®«−¥−¨ï ¯à¨−ïâ®£® à¥è¥−¨ï. “¯à�¢«¥−¨¥ §−�-
−¨ï¬¨ ® �”„‘ | á®¢®ªã¯−®áâì ¯à®æ¥áá®¢ ¨ â¥å−®«®£¨©, ¯à¥¤−�§−�ç¥−−ëå
¤«ï ¢ëï¢«¥−¨ï −¥£�â¨¢−ëå ä�ªâ®à®¢, á®§¤�−¨ï, ®¡à�¡®âª¨ ¨ åà�−¥−¨ï ¤�−−ëå
¨ à¥áãàá®¢ ¤«ï ãáâà�−¥−¨ï ¯®á«¥¤áâ¢¨© ¨å ¢®§¤¥©áâ¢¨ï −� ˆ’-ãá«ã£¨, ¯à¥¤®-
áâ�¢«ï¥¬ë¥ ª®−¥ç−®¬ã ¯®«ì§®¢�â¥«î. „«ï à¥è¥−¨ï §�¤�ç æ¥−âà�«¨§®¢�−−®£®
ã¯à�¢«¥−¨ï �”„‘ ¯®âà¥¡ã¥âáï ¡®«¥¥ á«®¦−�ï «®£¨ª®-á¥¬�−â¨ç¥áª�ï ®¡à�¡®âª�
¨−ä®à¬�æ¨¨ ® áãé−®áâïå ª�¦¤®© ��, ã«ãçè¥−¨ï áâàãªâãàë ¨−ä®à¬�æ¨®−−®£®
®¡¥á¯¥ç¥−¨ï, á®§¤�−¨ï ã−¨¢¥àá�«ì−ëå ¡�§ ¤�−−ëå ¨ �‡. �®¤ �‡ ¡ã¤¥¬ ¯®−¨¬�âì
á®áâ�¢−ãî ç�áâì ª�¦¤®© äã−ªæ¨®−�«ì−®©, ®¡¥á¯¥ç¨¢�îé¥© ç�áâ¨ ˆ’‘, ¯à¥¤-
áâ�¢«ïîé¥© á®¡®© ª®¬¯«¥ªá ï§ëª®¢ëå �«£®à¨â¬¨ç¥áª¨å ¨ ¯à®£à�¬¬−ëå áà¥¤áâ¢,
¯à¥¤−�§−�ç¥−−ëå ¤«ï ¢®á¯à¨ïâ¨ï, ®¡à�¡®âª¨, åà�−¥−¨ï ¨ ¢ë¤�ç¨ §−�−¨© ® ��.
�â®â ª®¬¯«¥ªá ¢ª«îç�¥â:

{ ä®à¬�«¨§®¢�−−ë¥ ä�ªâë ¨ ¤�−−ë¥, ®âà�¦�îé¨¥ ¬®¤¥«ì á®áâ®ï−¨ï ��;
{ ¯à�¢¨«� ¨ ¯à®£à�¬¬ë, ¯®§¢®«ïîé¨¥ à�ááç¨âë¢�âì ¯®ª�§�â¥«¨, íää¥ªâ¨¢−®

¨ æ¥«¥−�¯à�¢«¥−−® «®£¨ç¥áª¨ ¯à¥®¡à�§®¢ë¢�âì ¤�−−ë¥ ¢ å®¤¥ �−�«¨§� ¨ á¨−-
â¥§� ¯à¨ à¥è¥−¨¨ §�¤�ç ®æ¥−ª¨ á®áâ®ï−¨ï �� ¨ ¢ëà�¡®âª¨ ã¯à�¢«ïîé¨å
¢®§¤¥©áâ¢¨© ¯® ãáâà�−¥−¨î ï§ëª®¢®© −¥®¤−®§−�ç−®áâ¨ ¬¥¦¤ã ª®¬¯®−¥−â�¬¨
ˆ’‘.
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�−â®«®£¨ç¥áª�ï ¬®¤¥«ì ¯®§¢®«ï¥â ä®à¬�«¨§®¢�âì §−�−¨ï ® �� ª�¦¤®© á¨á-
â¥¬ë, ¥¥ á®áâ®ï−¨© ¨ ¯à®æ¥áá�å ã¯à�¢«¥−¨ï, ª®â®àë¥ ï¢«ïîâáï æ¥−âà�«ì−ë¬
ª®−æ¥¯â®¬, á ª®â®àë¬ á¢ï§�−® ¯à¨¬¥−¥−¨¥ ®á−®¢−ëå ¯®−ïâ¨©, ®¯à¥¤¥«¥−−ëå
¢ ¬¥¦¤ã−�à®¤−ëå ¨ −�æ¨®−�«ì−ëå áâ�−¤�àâ�å ISO (International Organization
for Standartization) [8{11]. �à¨¬¥−¥−¨¥ ®−â®«®£¨¨, ®¯¨áë¢�îé¥© ª�ª ¯à®æ¥ááë
®¡¥á¯¥ç¥−¨ï �”„‘, â�ª ¨ ¯à®æ¥ááë äã−ªæ¨®−¨à®¢�−¨ï ˆ’‘ ¢ æ¥«®¬, ¯®§-
¢®«ï¥â ¯à®¨§¢®¤¨âì ¯®áâà®¥−¨¥ ¤®áâ®¢¥à−ëå ãâ¢¥à¦¤¥−¨© ® á®áâ®ï−¨¨ ®âª�§®-
¨ ª�â�áâà®ä®ãáâ®©ç¨¢®áâ¨ á¨áâ¥¬ë ¢ ®â−®è¥−¨¨ ¯à¥¤®áâ�¢«¥−¨ï ˆ’-ãá«ã£ ¢ âà¥-
¡ã¥¬ë¥ ¬®¬¥−âë ¢à¥¬¥−¨. �� ®á−®¢¥ íâ¨å ãâ¢¥à¦¤¥−¨© ¬®£ãâ ¡ëâì ¯à¨−ïâë
à¥è¥−¨ï, ¯®§¢®«ïîé¨¥ ¯®¤¤¥à¦¨¢�âì ªà¨â¨ç¥áª¨ ¢�¦−ë¥ ˆ’-ãá«ã£¨ ¢ ªà¨§¨á-
−ëå á¨âã�æ¨ïå, � â�ª¦¥ ¯à®¢®¤¨âì à�¡®âë ¯® ¢®ááâ�−®¢«¥−¨î èâ�â−®£® à¥¦¨¬�
äã−ªæ¨®−¨à®¢�−¨ï ˆ’‘. ‚�¦−® ãç¨âë¢�âì â® ®¡áâ®ïâ¥«ìáâ¢®, çâ® ®−â®«®£¨ï
ï¢«ï¥âáï −¥ â®«ìª® ®¯¨á�−¨¥¬ ��, −® ¨ ¬¥â®¤®«®£¨¥© á¥¬�−â¨ç¥áª®£® ®¯¨á�−¨ï
å�à�ªâ¥à¨áâ¨ª, á¢ï§�−−ëå á ¨áá«¥¤®¢�−¨ï¬¨ äã−ªæ¨®−�«ì−®£® ¨ â¥å−¨ç¥áª®£®
á®áâ®ï−¨ï ãáâ®©ç¨¢®áâ¨ −� ®á−®¢¥ §−�−¨© ® ªà¨§¨á−ëå á¨âã�æ¨ïå, âà¥¡ãîé¨å
®¯¥à�â¨¢−®£® ¯à¨−ïâ¨ï à¥è¥−¨© ¯® ®¡¥á¯¥ç¥−¨î �”„‘.

‚ë¡®à ®−â®«®£¨ç¥áª®© ¬®¤¥«¨ ®¯¨á�−¨ï ¯à®æ¥áá®¢ ®¡¥á¯¥ç¥−¨ï �”„‘
®¡ãá«®¢«¥− â¥¬, çâ® íâ®â ¯®¤å®¤ ¯®§¢®«ï¥â −� «®£¨ª®-á¥¬�−â¨ç¥áª®¬ ãà®¢−¥
®¡ê¥¤¨−¨âì ¢ ¥¤¨−®¬ ¯à¥¤áâ�¢«¥−¨¨ ˆ’-ãá«ã£¨, à¥áãàá−®-á¥à¢¨á−ãî ¬®¤¥«ì,
á¨áâ¥¬−ë¥ ¯à®æ¥ááë, ¬®¤¥«¨ ã£à®§ ¨ ¯®áâà®¨âì ¥¤¨−ãî ¬®¤¥«ì ®¡¥á¯¥ç¥−¨ï
�”„‘ −� ¡�§¥ ¥¤¨−®£® ®−â®«®£¨ç¥áª®£® ï§ëª�. �−â®«®£¨ç¥áª�ï ¬®¤¥«ì ˆ’‘
¯®§¢®«ï¥â á®§¤�¢�âì ¨ ¢¥áâ¨ �‡ á¨áâ¥¬ë ã¯à�¢«¥−¨ï �”„‘ ¢ ªà¨§¨á−ëå á¨âã�-
æ¨ïå ¨ ¢ë¯®«−ïâì á«¥¤ãîé¨¥ äã−ªæ¨¨:

{ ®æ¥−¨¢�âì ˆ’-ãá«ã£¨ −� á¥¬�−â¨ç¥áª®¥ á®®â¢¥âáâ¢¨¥ âà¥¡®¢�−¨ï¬ ª®−¥ç−®£®
¯®«ì§®¢�â¥«ï;

{ à�á¯®§−�¢�âì á®áâ®ï−¨¥ â¥å−®«®£¨ç¥áª¨å ¯à®æ¥áá®¢ à¥áãàá−®-á¥à¢¨á−®£®
ä®à¬¨à®¢�−¨ï ˆ’-ãá«ã£;

{ à�á¯®§−�¢�âì ªà¨§¨á−ë¥ á¨âã�æ¨¨, −¥èâ�â−ë¥ á¨âã�æ¨¨ (�˜‘) ¨ ¨−æ¨¤¥−âë,
−�àãè�îé¨¥ �”„‘;

{ ¯à®£−®§¨à®¢�âì ¢«¨ï−¨¥ ªà¨§¨á−ëå á¨âã�æ¨©, �˜‘, ¨−æ¨¤¥−â®¢ −� �”„‘;

{ ¯«�−¨à®¢�âì à�§à�¡®âªã ¥¤¨−ëå ¯«�−®¢ «¨ª¢¨¤�æ¨¨ ¯®á«¥¤áâ¢¨© ªà¨§¨á−ëå
á¨âã�æ¨© ¨ ãáâà�−ïâì «®ª�«ì−ë¥ ¨ á¨áâ¥¬−ë¥ �˜‘ ¨ ¨−æ¨¤¥−âë;

{ ®æ¥−¨¢�âì à¨áª¨, ¯®à®¦¤�¥¬ë¥ ˆ’‘, ¨ ¯«�−¨à®¢�âì ¬¥à®¯à¨ïâ¨ï ¯® ¨å
á−¨¦¥−¨î −� ®¡ê¥ªâ�å ¨ á¨áâ¥¬�å ˆ’‘;

{ ¯«�−¨à®¢�âì ¬¥à®¯à¨ïâ¨ï ¯® ¯®¢ëè¥−¨î ª�ç¥áâ¢� ¨ £®â®¢−®áâ¨ ¯à¥¢¥−â¨¢−ëå
¬¥à ª ¯à®â¨¢®¤¥©áâ¢¨î ã£à®§�¬.

Œ−®£¨¥ ¯à®¡«¥¬ë, ¯®à®¦¤�¥¬ë¥ −¥£�â¨¢−ë¬¨ ä�ªâ®à�¬¨ ¨ ¨å ¯®á«¥¤áâ¢¨-
ï¬¨ (¨−æ¨¤¥−â�¬¨, �¢�à¨ï¬¨, ª�â�áâà®ä�¬¨ ¨ ¤àã£¨¬¨ �˜‘), ¯à¨¢®¤ïâ ª −�-
àãè¥−¨î �”„‘ ¨ âà¥¡ãîâ −�«¨ç¨ï ®¯¨á�−¨ï ¢ ¢¨¤¥ ¬®¤¥«¥© ¨ ¯à®£à�¬¬−ëå
ª®¬¯«¥ªá®¢, à¥�«¨§ãîé¨å ¯®á«¥¤−¨¥. „«ï ¨−â¥£à�æ¨¨ à�§«¨ç−ëå ¬®¤¥«¥©
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®¡¥á¯¥ç¥−¨ï �”„‘ á ®¯¨á�−¨ï¬¨ ¯à®æ¥áá®¢ äã−ªæ¨®−¨à®¢�−¨ï ˆ’‘ ¯à¥¤-
«�£�¥âáï ¨á¯®«ì§®¢�âì �‡, ®¯¨à�îéãîáï −� ®−â®«®£¨ç¥áªãî ¬®¤¥«ì �”„‘.
�â® ®§−�ç�¥â, çâ® á®áâ®ï−¨¥ ª�¦¤®© äã−ªæ¨®−�«ì−®© ®¡¥á¯¥ç¨¢�îé¥© á¨áâ¥-
¬ë, ª®â®à�ï ¯®§¨æ¨®−¨àã¥âáï ¬®¤¥«ï¬¨ ®¡¥á¯¥ç¥−¨ï ãáâ®©ç¨¢®áâ¨, á®®â−®á¨âáï
á �‡, ¢ à�¬ª�å ª®â®à®© à�áá¬�âà¨¢�¥âáï «®£¨ª®-á¥¬�−â¨ç¥áª�ï á¢ï§ì ¬¥¦¤ã
ª®¬¯®−¥−â�¬¨ ˆ’‘, ã£à®§�¬¨ ¨ ¬®¤¥«ï¬¨ á¨âã�æ¨©. Š®−æ¥¯â ãáâ®©ç¨¢®áâ¨
¤¥â�«¨§¨àã¥âáï ¢ áå¥¬ã á¨áâ¥¬ë ã¯à�¢«¥−¨ï �”„‘, ª®â®à�ï ¬®¦¥â ¢ª«îç�âì
ª®−æ¥¯â â�ª¨å ¬®¤¥«¥©, ª�ª «®£¨ª®-á¥¬�−â¨ç¥áª®¥ ä®à¬¨à®¢�−¨¥ á¥à¢¨á®¢ ¨ ˆ’-
ãá«ã£, ®¯¨á�−¨¥ ã£à®§, ®æ¥−ª� ªà¨â¨ç−®áâ¨ ®¡ê¥ªâ®¢, á¨áâ¥¬ ¨ á¥à¢¨á®¢ ˆ’‘,
®¡¥á¯¥ç¥−¨¥ ®âª�§®ãáâ®©ç¨¢®áâ¨ â¥å−¨ç¥áª¨å ¨ ¯à®£à�¬¬−ëå áà¥¤áâ¢, ¯®¤¤¥à¦-
ª� ª�â�áâà®ä®ãáâ®©ç¨¢®áâ¨, ®æ¥−ª� à¨áª®¢, ¢®ááâ�−®¢«¥−¨¥ äã−ªæ¨®−¨à®¢�−¨ï
¨ ¤®áâã¯−®áâ¨ ˆ’-ãá«ã£, ®¡¥á¯¥ç¥−¨¥ ¡¥§®¯�á−®áâ¨, ®à£�−¨§�æ¨ï íªá¯«ã�â�æ¨¨
ˆ’‘ ¢ ¯®¢á¥¤−¥¢−ëå ¨ çà¥§¢ëç�©−ëå ãá«®¢¨ïå ¨ â. ¯. ’�ª�ï áå¥¬� ®¡ëç-
−® ¯à¥¤áâ�¢«ï¥â á®¡®î ¨¥à�àå¨ç¥áªãî ¬®¤¥«ì ¤�−−ëå. �â¨ ¤�−−ë¥ ¤®«¦−ë
®¡¥á¯¥ç¨âì ¢®§¬®¦−®áâì à¥�«¨§�æ¨¨ à�¡®â ¯® ¢ë¯®«−¥−¨î ¯«�−®¢ ��¨‚„ ®à-
£�−¨§�æ¨©.

4 Онтологическая модель обеспечения безопасности
информационно-телекоммуникационной системы

Š�ª ã¦¥ ¡ë«® áª�§�−® ¢ëè¥, ®¡¥á¯¥ç¥−¨¥ �”„‘ −¥ ï¢«ï¥âáï á�¬®æ¥«ìî. ��-
àãè¥−¨ï �”„‘ �ªâã�«ì−ë ¯®áâ®«ìªã, ¯®áª®«ìªã ¯®à®¦¤�îâ à¨áª¨ ¤«ï ¯à®æ¥á-
á®¢ ®á−®¢−®© ¤¥ïâ¥«ì−®áâ¨ ®à£�−¨§�æ¨¨. „«ï â®£® çâ®¡ë ãáâ�−®¢¨âì �¤¥ª¢�â−ë¥
¯�à�¤¨£¬�â¨ç¥áª¨¥ á¢ï§¨ ¬¥¦¤ã �� �”„‘ ¨ �� ®á−®¢−®© ¤¥ïâ¥«ì−®áâ¨ ®à-
£�−¨§�æ¨¨, −¥®¡å®¤¨¬® ¢¢¥áâ¨ ¢ à�áá¬®âà¥−¨¥ ®á®¡ë© à�§¤¥« ˆ’-¡¥§®¯�á−®áâ¨,
®â¢¥ç�îé¨© §� ª®−âà®«ì ¨ ã¯à�¢«¥−¨¥ á¢ï§ï¬¨ ¬¥¦¤ã −�àãè¥−¨ï¬¨ �”„‘,
á ®¤−®© áâ®à®−ë, ¨ ¯®à®¦¤�¥¬ë¬¨ ¨¬¨ | á ¤àã£®©.

„¥©áâ¢¨â¥«ì−®, ˆ’-¡¥§®¯�á−®áâì ¢ á®¢à¥¬¥−−®¬ ¥¥ ¯®−¨¬�−¨¨ ã¦¥ −¥ ¬®-
¦¥â ®£à�−¨ç¨¢�âìáï ¯à®¡«¥¬�¬¨ ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ [12]. „®áâ�â®ç−®
¯à¨¢¥áâ¨ ¯à¨¬¥àë ®áâ�−®¢ª¨ ®¯¥à�æ¨®−−ëå ¯à®æ¥áá®¢ ªàã¯−¥©è¨å §�àã¡¥¦-
−ëå ¡¨à¦, ¯à®¨§®è¥¤è¨å ¨§-§� −�àãè¥−¨© �”„‘. ú‚ �¯à¥«¥ 2000 £. −�
8 ç (¯®çâ¨ −� ¢áî â®à£®¢ãî á¥áá¨î) ¡ë«¨ ¯�à�«¨§®¢�−ë â®à£¨ −� ‹®−¤®−-
áª®© ä®−¤®¢®© ¡¨à¦¥ (LSE) ¨§-§� ®è¨¡®ª ¢ à�¡®â¥ ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï.
“¡ëâª¨ ®æ¥−¨«¨ ¢ −¥áª®«ìª® ¬¨««¨®−®¢ äã−â®¢. ‚ á¥−âï¡à¥ 2008 £. â�¬
¦¥ ¡ë« §�ä¨ªá¨à®¢�− á¡®© ¨ à�¡®â� ¡¨à¦¨ ¡ë«� ®áâ�−®¢«¥−� −� 4 ç. �â®
−¥ â®«ìª® ¯à¨¢¥«® ª ¯àï¬ë¬ ¯®â¥àï¬ | ®ª®«® 40% ¤®å®¤� ¡¨à¦¨ ¯à¨å®-
¤¨âáï −� ¯à®¤�¦ã ¨−ä®à¬�æ¨¨ ® ªãàá�å �ªæ¨© ¢ à¥¦¨¬¥ à¥�«ì−®£® ¢à¥¬¥−¨,
−® ¨ ¯®è«® −� ¯®«ì§ã ª®−ªãà¥−â�¬ LSE. ˆ§¢¥áâ−ë â�ª¦¥ á«ãç�¨ ªàã¯−ëå
�¢�à¨©, áâ�¢è¨å ¯à¨ç¨−®© ®áâ�−®¢ª¨ ªà¨â¨ç¥áª¨ ¢�¦−ëå á¥à¢¨á®¢ −� ’®-
ª¨©áª®© ä®−¤®¢®© ¡¨à¦¥ ¨ NASDAQ. �ç¥¢¨¤−®, çâ® ®¡¥á¯¥ç¥−¨¥ −¥¯à¥àë¢-
−®áâ¨ ¡¨§−¥á-¯à®æ¥áá®¢ (business continuity) ï¢«ï¥âáï ¯¥à¢®áâ¥¯¥−−®© §�¤�ç¥©
ä¨−�−á®¢ëå ãçà¥¦¤¥−¨©û [13]. ‘â�−®¢¨âáï ¢á¥ ¡®«¥¥ ®ç¥¢¨¤−ë¬, çâ® ¡¥á¯¥à¥-
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÷¨á. 2 ‘®¤¥à¦�−¨¥ í«¥¬¥−â®¢ áâàãªâãàë ®¡é¥© ¡¥§®¯�á−®áâ¨ äã−ªæ¨®−¨à®¢�−¨ï ˆ’‘

¡®©−®áâì äã−ªæ¨®−¨à®¢�−¨ï ¢ ¢�¦−¥©è¨å ®âà�á«ïå á®¢à¥¬¥−−®© ¤¥ïâ¥«ì−®áâ¨
(ä¨−�−á®¢®©, â¥å−®£¥−−®©, ®¡®à®−−®© ¨ ¤à.) ®¡ãá«®¢«¨¢�¥âáï −¥¯à¥àë¢−®áâìî
äã−ªæ¨®−¨à®¢�−¨ï ¨ ¤®áâã¯−®áâìî ˆ’-á¥à¢¨á®¢, ®¡á«ã¦¨¢�îé¨å íâ¨ ¯à®æ¥á-
áë. ÷®«ì ¨ ¬¥áâ® ®¯¥à�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ¢ ¯à®æ¥áá¥ äã−ªæ¨®−�«ì−®£®
�¢â®¬�â¨§¨à®¢�−¨ï ®à£�−¨§�æ¨¨, ¢ ®â«¨ç¨¥ ®â ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨,
�¢â®àë ¯®¤à®¡−® à�áá¬�âà¨¢�îâ ¢ á¢®¨å à�¡®â�å [14, 15]. �®−ïâ¨¥ ú®¯¥-
à�æ¨®−−�ï ¡¥§®¯�á−®áâìû ®¯à¥¤¥«ï¥âáï ¢ á®®â¢¥âáâ¢¨¨ á ƒ�‘’ ÷ 1.0-92 [16]
ª�ª ú®âáãâáâ¢¨¥ −¥¤®¯ãáâ¨¬®£® à¨áª� −�−¥á¥−¨ï ¯®«ì§®¢�â¥«ï¬ á¥à¢¨á®¢ ˆ’‘
ãé¥à¡� ¢á«¥¤áâ¢¨¥ −�àãè¥−¨ï �”„‘û. �−â®«®£¨ï ®¯¥à�æ¨®−−®© ¡¥§®¯�á-
−®áâ¨ ˆ’‘ áâà®¨âáï ¨áå®¤ï ¨§ á®¤¥à¦�−¨ï �� ®¡é¥© ¡¥§®¯�á−®áâ¨ ˆ’‘
(à¨á. 2).

‘¨áâ¥¬� ®¯¥à�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ˆ’‘, ¢ á¢®î ®ç¥à¥¤ì, ¯à¨§¢�−� ®¡¥á-
¯¥ç¨¢�âì ãáâ®©ç¨¢®áâì ®á−®¢−ëå ¯à®æ¥áá®¢ ¤¥ïâ¥«ì−®áâ¨ ®à£�−¨§�æ¨¨ ¯ãâ¥¬
¢ëï¢«¥−¨ï −�¨¡®«¥¥ à¨áª®¢ëå ¢−ãâà¥−−¨å ¯à®æ¥áá®¢ ˆ’‘, ¯à¥¤®â¢à�é¥−¨ï
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÷¨á. 3 Œ¥áâ® ®¯¥à�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ¢ áâàãªâãà¥ ˆ’-¤¥ïâ¥«ì−®áâ¨

¤¥©áâ¢¨ï −¥£�â¨¢−ëå ä�ªâ®à®¢ ¨ ®¯¥à�â¨¢−®£® ¯�à¨à®¢�−¨ï ¢ á«ãç�¥ ¨å ¢®§-
−¨ª−®¢¥−¨ï. ÷¥è¥−¨¥ §�¤�ç à¥�ªâ¨¢−®£® ¨ ¯à®�ªâ¨¢−®£® ®¡¥á¯¥ç¥−¨ï ®¯¥-
à�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ã¯à�¢«¥−¨ï à¨áª�¬¨ âà¥¡ã¥â ¨á¯®«ì§®¢�−¨ï ¬®¤¥«¥©
ã£à®§, à¥áãàá−®-äã−ªæ¨®−�«ì−ëå ¬®¤¥«¥©, ª®−ä¨£ãà�æ¨®−−ëå ¡�§ ¤�−−ëå,
ï¢«ïîé¨åáï ú§�ç�âª�¬¨û ª®à¯®à�â¨¢−®© ®−â®«®£¨ç¥áª®© ¬®¤¥«¨. “ª�§�−−ë¥
¬®¤¥«¨ ï¢«ïîâáï ª«îç¥¢®© ®á−®¢®© ú–¥−âà� ã¯à�¢«¥−¨ï á¨áâ¥¬®©û (Service
Desk) (à¨á. 3).

’�ª¨¬ ®¡à�§®¬, ¢ à�¬ª�å á¨áâ¥¬ë ®¡¥á¯¥ç¥−¨ï �”„‘ ®¯¥à�æ¨®−−�ï ¡¥§®¯�á-
−®áâì áâ�−®¢¨âáï ¢�¦−®© ª®¬¯®−¥−â®© æ¥«®áâ−®£® ¯à®æ¥áá�, ¢ à�¬ª�å ª®â®à®£®
á−�ç�«� (¢ à�¬ª�å á¨áâ¥¬ë ã¯à�¢«¥−¨ï ®¯¥à�æ¨®−−ë¬ à¨áª®¬) ¨¤¥−â¨ä¨æ¨-
àãîâáï ¯®â¥−æ¨�«ì−ë¥ ã£à®§ë, ®æ¥−¨¢�îâáï ¢®§¬®¦−ë¥ à¨áª¨, ¯®à®¦¤�¥¬ë¥
−�àãè¥−¨¥¬ �”„‘, ¨ ¨å ¢®§¤¥©áâ¢¨¥ −� ¯à®æ¥ááë ®á−®¢−®© ¤¥ïâ¥«ì−®áâ¨ ®à-
£�−¨§�æ¨¨. ‡�â¥¬ (¢ à�¬ª�å ã¦¥ á¨áâ¥¬ë ®¡¥á¯¥ç¥−¨ï �”„‘), ¢ á®®â¢¥âáâ¢¨¨
á à�§à�¡®â�−−ë¬¨ áâà�â¥£¨ï¬¨ ®¡¥á¯¥ç¥−¨ï �”„‘, §�¤¥©áâ¢ãîâáï −¥®¡å®¤¨¬ë¥
¬¥å�−¨§¬ë ¯à®â¨¢®¤¥©áâ¢¨ï ªà¨â¨ç−ë¬ ã£à®§�¬ á æ¥«ìî ¢®§®¡−®¢«¥−¨ï �”„‘
¨ (¢ ¤�«ì−¥©è¥¬) ¢®ááâ�−®¢«¥−¨ï −�àãè¥−−ëå à¥áãàá®¢ ˆ’‘ (à¨á. 4).
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�−â®«®£¨ï ¯®¤¤¥à¦ª¨ −¥¯à¥àë¢−®áâ¨ ˆ’-ãá«ã£ ¢ ˆ’‘

÷¨á. 4 ��à�¤¨£¬�â¨ç¥áª¨¥ á¢ï§¨ ¬¥¦¤ã ¯®−ïâ¨ï¬¨, ®¡®§−�ç�îé¨¬¨ ®á−®¢−ë¥ ¢¨¤ë
−¥èâ�â−ëå á¨âã�æ¨©

5 Заключение

Š á®¦�«¥−¨î, ¢ −�áâ®ïé¥¥ ¢à¥¬ï −¥â ç¥âª¨å £à�−¨æ ¬¥¦¤ã ¬¥â®¤�¬¨ ª®¬¯ìî-
â¥à−®© «¨−£¢¨áâ¨ª¨, ®−â®«®£¨¥© ¨ á¨áâ¥¬�¬¨ ª«�áá¨ä¨ª�æ¨¨. �â® ®¡ãá«®¢«¥−®
â¥¬, çâ® −¥â ç¥âª®£® ¯®−¨¬�−¨ï â®£®, ª�ª á®®â−®áïâáï ¬¥¦¤ã á®¡®© â�ª¨¥ ¯®−ïâ¨ï,
ª�ª ú§−�−¨ïû, ú¤�−−ë¥û, à�¢−® ª�ª ¨ áà¥¤áâ¢� ¨å á¥¬�−â¨ç¥áª®£® ¯à¥¤áâ�¢«¥−¨ï
¢ �ˆ‘. �á−®¢−�ï ®á®¡¥−−®áâì §�¤�ç¨ ¯®áâà®¥−¨ï ®−â®«®£¨ç¥áª®© ¬®¤¥«¨ ®¡¥á-
¯¥ç¥−¨ï �”„‘ §�ª«îç�¥âáï ¢ â®¬, çâ® ¢ ®¯¨á�−¨¨ ˆ’‘ ¯à¨áãâáâ¢ãîâ ®¡ê¥ªâë
(á¨áâ¥¬ë, â¥å−®«®£¨ç¥áª¨¥ ¯à®æ¥ááë, á¥â¥¢ë¥ áâàãªâãàë, à�§−®®¡à�§−ë¥ ãï§-
¢¨¬®áâ¨ â¥å−¨ç¥áª¨å ¨ ¯à®£à�¬¬−ëå áà¥¤áâ¢, ¡�§ë ¤�−−ëå ¨ §−�−¨©, áà¥¤áâ¢�
§�é¨âë ®â ã£à®§ ¨ â. ¤.) à�§«¨ç−®© á¥¬�−â¨ç¥áª®© ¯à¨à®¤ë, ¤«ï ä®à¬�«ì−®£®
®¯¨á�−¨ï ª®â®àëå −¥ áãé¥áâ¢ã¥â ®¤−®§−�ç−® á®¢¬¥áâ¨¬®© â¥à¬¨−®«®£¨¨, «¨¡®
¯®á«¥¤−¥© ï¢−® −¥¤®áâ�â®ç−® ¤«ï ®¯¨á�−¨ï áãé¥áâ¢ãîé¨å ®¡ê¥ªâ®¢. Šà®¬¥ â®£®,
ˆ’‘ ¯à®¥ªâ¨àãîâáï à�§«¨ç−ë¬¨ à�§à�¡®âç¨ª�¬¨, ¨á¯®«ì§ãîé¨¬¨ à�§«¨ç−ë¥
â¥à¬¨−ë ¨ ¨å á¥¬�−â¨ç¥áªãî âà�ªâ®¢ªã.

’à¥¡ã¥âáï à�§à�¡®âª� ¨ ¯à¨¬¥−¥−¨¥ ®á®¡®© â¥å−®«®£¨¨ ¯®áâà®¥−¨ï ®−â®«®£¨-
ç¥áª¨å ¬®¤¥«¥© ˆ’‘. ‚ ª�ç¥áâ¢¥ ®á−®¢ë â�ª®© â¥å−®«®£¨¨ ¬®¦¥â ¡ëâì ¨á¯®«ì-
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§®¢�− ¯à®æ¥áá−®-á¨áâ¥¬−ë© ¯®¤å®¤ [4]. �á−®¢−�ï ¨¤¥ï ú¯à®æ¥áá−®£® á¨áâ¥¬−®£®
¯®¤å®¤�û á®áâ®¨â ¢ â®¬, çâ® «î¡�ï á¨áâ¥¬� à�áá¬�âà¨¢�¥âáï ª�ª á®¢®ªã¯−®áâì
ãáâ®©ç¨¢® ¯®¢â®àï¥¬ëå ª«�áá®¢ ¯à®æ¥áá®¢ ¨ ®¡¥á¯¥ç¨¢�îé¨å ¨å à¥áãàá®¢, ¢ â®¬
ç¨á«¥ í«¥¬¥−â®¢ áâàãªâãàë á�¬®© á¨áâ¥¬ë ¨ ¢−¥è−¨å à¥áãàá®¢ (ú¢å®¤®¢ ¯à®æ¥á-
á®¢û). �à¨¬¥−¥−¨¥ ú¯à®æ¥áá−®£® á¨áâ¥¬−®£® ¯®¤å®¤�û ª à�§à�¡®âª¥ â¥¬�â¨ç¥áª®©
®−â®«®£¨¨ ¯à¥¤ãá¬�âà¨¢�¥â, çâ®

{ ¢á¥ ¯®−ïâ¨ï ¢ ®−â®«®£¨¨ à�§¤¥«ïîâáï −� �ªá¨®¬�â¨ç¥áª¨¥ úª�â¥£®à¨¨û (ç¨á«®
ª®â®àëå ¬¨−¨¬¨§¨àã¥âáï) ¨ úá¨áâ¥¬ëû (®¡ê¥ªâë, á¢ï§¨ ¨ ¯à�¢¨«�);

{ ¯®áª®«ìªã á¢ï§¨ ¬¥¦¤ã ®¡ê¥ªâ�¬¨ ¨ ¯à�¢¨«�, ¤¥©áâ¢ãîé¨¥ ¢ ®−â®«®£¨¨, à�á-
á¬�âà¨¢�îâáï ª�ª ª«�ááë ¯à®æ¥áá®¢, â® ¢á¥ ®−¨ ®¯à¥¤¥«ïîâáï ª�ª ú¤¥©áâ¢¨ïû
¨«¨ ¯à®¨§¢®¤−ë¥ ®â ú¤¥©áâ¢¨©û;

{ áâàãªâãà¨§�æ¨ï ¯®−ïâ¨© ú¯® â¥¬�¬û à�áá¬�âà¨¢�¥âáï ¢ ¯à¨¢ï§ª¥ ª áâàãªâãà¥
á®®â¢¥âáâ¢ãîé¨å ¯à®æ¥áá®¢.

�� ®á−®¢�−¨¨ áä®à¬ã«¨à®¢�−−ëå ¯à¨−æ¨¯®¢ ¯à¥¤áâ�¢«ï¥âáï ¢®§¬®¦−ë¬
á¤¥«�âì ¯®¯ëâªã à¥è¨âì á«¥¤ãîé¨¥ ç�áâ−ë¥ §�¤�ç¨:

{ ¯®áâà®¨âì �«£®à¨â¬ �¢â®¬�â¨§¨à®¢�−−®£® ¢ëï¢«¥−¨ï ®á−®¢−ëå ¯®−ïâ¨© á®-
®â¢¥âáâ¢ãîé¥© â¥¬�â¨ç¥áª®© ®¡«�áâ¨;

{ ¯®áâà®¨âì �«£®à¨â¬ �¢â®¬�â¨§¨à®¢�−−®£® ¢ëï¢«¥−¨ï ú¤¥©áâ¢¨©û ¨ ¯à®¨§¢®¤-
−ëå ®â ú¤¥©áâ¢¨©û;

{ ¯®áâà®¨âì �«£®à¨â¬ �¢â®¬�â¨§¨à®¢�−−®© áâàãªâãà¨§�æ¨¨ â¥¬�â¨ç¥áª¨å ®¡«�-
áâ¥©;

{ ¯®áâà®¨âì �«£®à¨â¬ ¢ëï¢«¥−¨ï á¢ï§¥© ¨ ¯à�¢¨« á®®â¢¥âáâ¢ãîé¥© â¥¬�â¨ç¥-
áª®© ®¡«�áâ¨.
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ONTOLOGY SUPPORT OF CONTINUITY OF IT-SERVICES
IN INFORMATION AND TELECOMMUNICATIONS SYSTEMS

I. I. Bystrov, S. I. Radomanov, and V. N. Veselov
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Abstract: The article discusses the possibility of using ontologies to manage
processes to ensure continuity of operations and accessibility of IT-services
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under conditions of disruption of information and telecommunications system
(ITS) functioning by internal and external negative factors. The article provides
a basic set of concepts that describe properties of ITS components, processes,
situations, scenarios, and relations between them when restoring the native mode
of support of it services.

Keywords: ontology; information and telecommunications system (ITS); conti-
nuity of operations and accessibility of IT-services; systematic approach; subject
area; concepts
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INFORMATIZATION OF THE NORMALIZED ECONOMIC
MECHANISM: E-SERVICES FOR RESOURCE PLANNING
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Abstract: The article describes basic concepts of the normalized economic
mechanism (NEM) and online services representing a special part of software
which should become the base of informatization. The first active service
implements an innovative method of cost planning taking into account priorities
of expense items. The widest area of the service usage is budgeting, although the
service allows flexible and dynamic planning of any resource costs.
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1 Introduction

In any economic model as in a model of a human{machine system, it is necessary
to state the purpose of the model and formulate the objectives that it will help to
solve. In the models suggested in the famous works on economics [1{4], the default
assumption is that the prioritized goal of economic agents is extraterritorial profit.
The conceptual basis of the economic mechanism (EM) of extraterritorial profit
(PM) is supported by the ideas presented in [1{4].

The inevitable consequences of the use of PM are:

{ the growing number of capable people who consume real commodities, but do
not produce them;

{ an unsustainable pattern in the real economy, including agricultural sector;

{ the financial sector dominates the sectors producing real commodities (as money
and securities remain highly profitable commodities);

{ climate change and intensification of pollution; and

{ under the existing rules of the economic activities, the state can lose control
even over the corporations and farms producing vital commodities (the scheme is
well known: enterprises borrow from foreign banks, debts which they are unable
to pay back; as a result, foreign banks become owners of the property of these
enterprises).

1Institute of Informatics Problems of the Russian Academy of Sciences, 44-2 Vavilov Str., Moscow
119333, Russian Federation
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There is also a technological component of the inadequacy of PM: in these days,
it remains essentially the same as it was before the Internet era. Money is issued
and used without legal rules defining any connection with transactions of sale of
real commodities. Moreover, different financial instruments (stocks, bonds, etc.) are
issued, which are also traded.

The fact that modern banking technologies are provoking fraud proves the
professional impropriety of the management of the central banks. Many banks
are developing online services as they want to. Surely, the central bank of each
technologically advanced country should take the initiative to develop requirements
for unified online bank services.

The purpose of this article is to present some results obtained by the authors in
studies dedicated to informatization of the EM [5{10].

2 Core of the Normalized Economic Mechanism

The first version of NEM was presented in [7] and the latest in [8].
The authors consider expedient such architecture of NEM that would stimulate

the citizens of a country

{ to produce the required amount of vital commodities of the appropriate quality
(including those necessary for defense) and maintain rational production struc-
ture;

{ to invent and apply advanced technologies and means of their realization;
{ to improve the educational system and the system of scientific research; and
{ to treat with care the human gene pool and natural resources (water, soil, fossils,

etc.).

Normalized EM includes the following complexes:

{ production of real commodities (RC-production);
{ multicurrency e-trade of real commodities (RC-trade);
{ stockpiling of vital goods (VG-stockpiling);
{ contractual money e-investment;
{ the state budget, reserves, taxes, and duties;
{ regional budgets and taxes;
{ social security funds;
{ documenting the results of economic activity (EA-documentation); and
{ management of economic activity (EA-management).

Normalized EM functioning is determined by a system of obligatory and
orienting regulations [10]. Obligatory regulations include the ones relevant to the
country's laws. Regulations that determine the relations of economic coordination
between corporations and citizens of different countries should be referred to as
orienting regulations.
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The core of the EA-documentation complex is the property status system (PS-
system). Documenting the sale and purchase transactions, e-investments, gifts and
donations, and the public dues payments is done by the personal electronic banks of
economic agents (PEBs) where original accounts and other documents of business
activity are kept. At the closing of each deal, the copies of participating accounts are
updated on the servers of banks-providers that play the role of certifying centers
and depositaries of updatable copies of the EA-accounts and other documents, and
the same operations are performed on the servers of central bank once a day (or at
another time period set by law). Documenting the corporation's internal operations
is carried out using their own resources (on the basis of a form of documents and
rules of document flow set by law). All the documenting is carried out in accordance
with program-implemented system of rules. Each stage of documenting is done on
the basis of advanced information technologies using tested hardware and software
of PEBs, the servers of the central bank and the banks-providers. It is rational
to implement e-documenting commodities (EDC) in the form of EDC-services.
There should be a specification for each commodity that has a field \Documentation"
for hyperlinks to e-documents, which specify all parameters of the commodity.

Specified property items of a NEM-system (s-items) are the means of RC-
production, RC-trade, VG-stockpiling, EA-documentation, and EA-management
belonging to economic agents and consumer items, registered in the NEM-system.
Each s-item corresponds to a unified electronic specification that includes its name,
purpose, and characteristics. If it is a manufactured item, then a manufacturer
and a release date and expiry date are recorded. A reference for sales and delivery
regulations is indicted for the item to be sold. The s-item specification is an
e-document that presents it as a commodity.

A commodity is an s-item which can be sold. Categories and types of commodities
are to be determined by law. Within their categories (food, clothing, etc.), every
type of commodity (in the category of food: bakeries, dairies, etc.) must have
a unified specification that includes the number of this type according to the priority
list of the category of commodities and information about customs duties and on the
terms of sale within and outside the NEM-system. The type of commodity, within
a certain category, determines the level of duties applicable on domestic and overseas
sales.

S-items of refundable property exchange include:

{ real commodities (including services of state mechanism); and

{ savings (money and nonmonetary savings) of economic agents, reflected in their
EA-accounts.

Money savings are used in purchase and sale transactions and in contractual
NEM-money e-investments. Nonmonetary savings, reflected in accounts by hyper-
links to specifications of registered property, are used in sales transactions involving
credit (as collateralized property of the customer) and in contractual NEM-money
e-investments (as collateralized property of the e-investment recipient). Donations
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(of real commodities and/or NEM-money savings), contributions, etc. relate to free
of charge property exchange (the exhaustive list and terms of fulfillment are to be
fixed by law).

The complex of EA-management:
{ sets the goals and objectives for the development and improvement of NEM

complexes mentioned above;

{ directs and stimulates economic activity through taxes, excise, duties, and other
means of economic regulation; and

{ coordinates the fulfillment of the objectives and controls the results achieved.

The complex of EA-management includes state institutions (ministries and the
central bank) and commercial institutions (boards of directors, etc.).

The system of property status (PS-system) is the system of e-documentary
representation of monetary and nonmonetary components that reflect property status
of economic agents. Monetary components are represented in NEM-money amounts
that are in the currency sections of unique unified multicurrency accounts of
economic agents (EA-accounts). Nonmonetary components of PS-system are
represented by hyperlinks to e-documents proving ownership of land, houses, etc.

NEM-money is an e-document that serves for

{ quantifying representation of values of commodities and monetary components
of EA-accounts;

{ payment for commodities, taxes, and duties;

{ accumulation of wealth in universal form;

{ contractual monetary e-investment; and

{ monetary gifts and donations.

NEM-money is represented by records in EA-accounts, which certify property
rights to a share of the commodity value of the NEM-system and property liabilities
in relation to other economic agents. Signed real numbers are used to present the
sums in EA-accounts (the minus sign is used for those sums that are to be returned,
the plus sign for those sums which have been received in accordance with contracts of
closed deals). NEM-money has two states: assigned (e. g., a debt due to a commodity
purchase, investment, tax, etc.) and nonassigned (sums in the \I own" sections of
EA-accounts). Assigned NEM-money may be used only for a certain purpose (e. g.,
those received from investors can be used in accordance with the investment contract
(purchase of new equipment, etc.)). Nonassigned NEM-money is used according
to the self-determination of the owner of EA-account (in any permissible deal).
The NEM-money concept excludes money issue and excludes trade in credits and
currencies.

A market value of a commodity is expressed by an amount of NEM-money and
is a result of trade-off between a buyer and a seller, which depends on supply and
demand. The NEM-money savings of an economic agent are reflected in his/her
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EA-account in the form of records of the currency sums in the sections \I own" and
in subsections \I invested" of the sections \Investment." The values in the sections
\I own" imply unbound savings (nonassigned NEM-money sums); investment
accumulation is recorded in subsections \I invested" of the sections \Investment"
(an assigned sums that can be used only in accordance with e-investment contracts).

Unique unified multicurrency account of economic agent (EA-account) is
a unified e-document consisting of currency sections (which are activated by the
central bank), each of which has the following basic items: \I own," \Lending,"
\Investment," \Taxes and duties," \Gifting," and \Donation."

The section \I own" includes an amount of NEM-money that can be used for
any permissible deals (purchases, investments, etc.). The section \Lending" has
two subsections | \Granted" (a sum of NEM-money lent) and \Received" (a sum
of borrowed NEM-money). The section \Investment" includes the subsections
\Invested" (a sum of invested NEM-money) and \Received" (a sum of received
investments). There are other subsections in other sections also. Having assigned
a time period, one can receive detalization for subsections of any section of the
EA-account. The set of permissible operations for amounts recorded to EA-account
is determined by subsections to which they belong (e. g., an amount from the
\Received" subsection of a section \Lending" cannot be used for granting loans).

As far as an EA-account has a multicurrency structure, it can be applied to
record the results of internal and overseas economic activities. The application
of EA-accounts assumes that all economic agents have their own unique identi-
fiers (a conceptually similar project \National Strategy for Trusted Identities in
Cyberspace" was published in the USA [11]).

The e-banking system of NEM is the primary means of EA-documentation. It
includes personal electronic banks, banks-providers, and the central bank, which
manages all the other banks.

A central bank is a state institution that manages the banking system. It
performs the following functions:

{ grants and revokes licenses to carry out banking activity (for owners of PEBs
and banks-providers);

{ activates and deactivates the currency parts of EA-accounts;

{ controls implementation of banking activity rules;

{ analyses the financial component of the NEM-system's activity and presents the
results of analysis in order set by law;

{ develops, modifies, and approves tested unified forms of banking documents
(including EA-accounts);

{ controls the efficiency of monetary state reserve funds and social protection
funds allocation, etc.

The central bank possesses a network of servers located on the territory of
a country under whose jurisdiction the NEM-system functions.
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Bank-provider is a commercial institution established by legal entity (or by
associations of legal entities and individuals) which deals with RC-production, RC-
trade, or VG-stockpiling. The bank-provider produces and sells unified e-services
to owners of EA-accounts.

These services include:

{ processing queries of EA-accounts owners, which are sent by PEBs when the
deal is effected (including queries to certify the state of the EA-account, sent
upon authorization of its owner);

{ storing of the copies of EA-accounts;
{ analysis of investment inquiries of clients (prospective investors and investment

recipients) (banks-providers can execute orders of investment recipients to
consolidate investments in order to accumulate a desired sum);

{ registering signed agreements (for permissible transactions) and maintaining the
database of such agreements;

{ legal support of deals etc.

Legal support of deals is an important component of bank-provider's services.
The bank-provider disposes a consolidated network of servers, designed to process
the queries of PEBs owners and to interact with the servers of a central bank.

Personal electronic bank is a portable electronic device (like tablet PC) with
smartphone functions. Personal electronic bank stores the original EA-account and
documents on deals. The mobile banking software (certified by central bank) is the
core of PEB applications. The encrypted database of an EA-account is stored in the
memory of the device, and its copy is stored on the memory card. Only EA-account
owner can initiate records in the files of EA-account. The copies of EA-account and
documents of serviced deals are kept in the bank-provider's databases (for the period
of time set by law of the given NEM-system).

3 Online Services for Resource Planning

Resource planning problems belong to the main tasks of economic activity planning
in NEM. Technologies for cost planning and resource allocation in accordance with
customizable system of rules [9, 10] are implemented in e-services presented at
www.res-plan.com.

3.1 Principles of work

The concept of res-plan.com online services is similar to the SaaS (Software as
a Service) concept [12, 13]. The difference is that we do not store data of users'
tasks on server and offer special client applications for Microsoft Windows, Apple
Mac OS X, and other operating systems | instead of Web applications. The
second difference is explained by the fact that the stability and performance of Web
applications depends on the browsers, in which they work.
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The basic principles are:

{ calculation algorithms are implemented in the server applications (services),
which work on reliable and high-performance servers 24 hours a day, 7 days
a week;

{ user downloads an installer of client application (corresponding to his/her
operating system) for a service and launches it. The installation process is very
simple and does not require any special skills;

{ a client application provides a familiar GUI (graphical user interface) for data
input, file operations, etc. Only when calculations are necessary, a client
application at user's command connects to a Service and sends it a request having
a special text format (the TCP (transmission control protocol) is used). A request
contains only numbers which are necessary for calculations | without semantic
bindings, that is, confidential data such as names of resources, expenses, measure
units, etc, these are not transmitted through the Internet. A request header
consists of encoded data on the type of the request and the user's workplace:
when the user launches an application the first time, registration of the workplace
is executed (the unique identifier is assigned to the workplace); and

{ a service receives the request, performs parsing, makes calculations, and sends
the results to the client application in a special text format. None of transmitted
data are stored on servers: it would be just unnecessary disk usage. All the data
are stored on client side. The service processes a request in operating memory,
sends the reply, and terminates connection. The only thing stored on the service
side is the database containing registration data of users' workplaces. It is
necessary to authenticate requests using their headers.

3.2 Advantages of online services

The use of online services gives the following advantages:

{ resource planning systems, implemented as stand-alone applications, are usually
quite expensive. The use of online services is significantly cheaper. A user pays
only for the periods, when a service is actually used;

{ the cost of a service includes technical support and all updates of the client
applications. A user just needs to go through the elementary process of client
application installation and registration of his/her workplace in the service. The
hardware and software of the Service is the developer's concern. (Stand-alone
applications for resource planning are usually resource demanding and often
require paid tuning);

{ services can be used by software vendors in their own applications. A special
API can be provided to interact with a service; and

{ computational algorithms are implemented only on servers, eliminating unau-
thorized use.
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3.3 The “Cost planning” service

Income is a variable for millions of individuals and companies. It may depend
on the volume of sales, market prices, exchange rates, and many other factors.
However, even on a state level, expenditures are often planned on the basis of point
assumptions about the total income. If such assumptions are wrong, the budget
is to be altered. The planning results are also presented by exact value for each
expense item, although in practice most of the costs cannot be predicted accurately.
To address these shortcomings, the principles of the interval cost planning were
suggested in [6].

The problems of nonpriority and priority cost planning have informal statements
which contain obligatory and orienting rules [10]. The obligatory rules include
restrictions on the resource spending (they guarantee the feasibility of solution) and
rules of irredundant satisfaction of the requests for resource. Orienting rules deter-
mine the direction of search for a solution. The solution found by using the proposed
algorithms always satisfies the obligatory rules and satisfies orienting rules as much as
the interval specificity of the problem allows. If fulfillment of orienting rules is pos-
sible, the solution corresponding to them is treated as more effective than any other.

The problem statement and algorithm of priority planning suggested in [6]
and [9] did not reduce to nonpriority planning in the case of equal priorities. The
unified method of cost planning, which is implemented in the service, eliminates
this shortcoming.

The traditional approach, describing the scheme and principles of cost plan-
ning [14], does not describe the problem formulation and a method of solution. The
interval method and the online service have no known analogues (description of the
method is out of scope of this paper).

The client application of the \Cost Planning" service is the tool for distribution
of expected funds between expense items, but not one more accounting program,
where \planning" is often understood as entering an income and further addition
of desirable expenses until the balance is broken. Next are the main features of the
client application (screenshots are made in the application for MS Windows).

A user specifies an interval for expected funds assuming the worst and the best
conditions. A user can specify any name and measurement unit for the resource
(USD, thousand euro; tonnes, etc.) and the applied precision for planning. The
applied precision is the minimum significant resource amount | from 0.0001 to
1 billion. All the data will be rounded to that number. This allows, in particular, to
solve the integer problems (Fig. 1).

A user specifies a table of expense items, and for each row, the lowest and the
highest expected costs (or exact value) can be entered. These are requests of expense
items. A user can create a separate table of details for each expense item. The
amount of the resource allocated to the expense item will be distributed between
expense items that form its details. The number of detail levels for expense items is
not limited; so, a hierarchy of resource consumption can be defined.
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Figure 1 Resource specification

A user can specify weighting coefficients (priorities) of expense items and use
them in calculations.

For each table of expense items, a user can set its own flag `Use weighting
coefficients' and applied precision (restriction: a table data cannot be more accurate
then their details).

Some requests can be marked as obligatory (e. g., mortgage payments or rents
can rarely be reduced).

The left side of the application window is occupied by the \tree" for one or more
resources which are to be allocated in a user's task. The right side of the window
is occupied by the table which contains expense items for the resource selected in
the \tree." The principle of navigation in the resource \tree" (if there are detailed
expense items) is the same as in Windows Explorer. A resource can be considered
analogous to the disk, and a detailed expense item | analogous to a folder on this
disk. If a resource is selected in the \tree," the table displays expense items in the
upper level of the hierarchy (Fig. 2); if a detailed expense item is selected, the table
displays its details.

A user commands `Allocate' from a client application. It connects to the Service
via Internet and sends it a request for resource planning. The Service performs
calculations and sends results back to the client application (Fig. 3) which shows
them to user. The results contain values `Give min.' and `Give max.' for each expense
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Figure 2 A general view of the client application

Figure 3 Receiving result
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Figure 4 Accounting for actual cost

item. (Then the `Allocate' command may be executed for the entire hierarchy or
a part of it.)

Sums of minimum and maximum `Give' values comply the specified minimum
and maximum funds, respectively, and the values comply the specified requests for
resource and (optionally) the priorities of expense items.

Subsequently, when a user receives or spends a part of the funds or obtains more
precise information on the income or expenditure sides of the budget (saying in terms
of budget planning), he/she adjusts the input data (Fig. 4), commands `Allocate'
again, and gets refined results.

When a user specifies the funds exactly (i. e., minimum = maximum) and
commands `Allocate,' the received values `Give max.' can be treated as exact
decision of the cost planning task.

Thus, if a user specifies minimum and maximum funds and costs cautiously and
follows the plan, he/she will always stay within the budget. A user sees in advance
how resource can be allocated; a user can look at different variants of allocation and
adjust expense items; a user clarifies plan in the course of its implementation.

Furthermore,

{ if the planning results are too \tight," a user can temporarily exclude any expense
item from consideration: it is enough to just put a \tick" in the corresponding
cell of the table;

{ a user can specify calendar periods as expense items: the convenient interface is
provided;
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{ a user can manually adjust the planning results. The application will notify if
the entered data are inconsistent;

{ if a user marks too many minimum requests as obligatory, i. e., sum of them
outnumbers the minimum funds, then the service informs about it. (If the
requests are marked correctly, a user can think of some borrowing to increase the
minimum amount of the resource);

{ each planning task is stored in a separate file; so, a user can copy it from one
workplace to another. In one task, a user can plan allocation of several separate
resources; and

{ a user can copy/paste data between different tables of cost planning tasks and
Microsoft Excel, OpenOffice Calc, LibreOffice Calc and other spreadsheets.
Special import/export operations are provided for files in MS Excel format (xls,
xlsx).

3.4 Resource allocation in accordance with a customizable system of rules

This group of res-plan.com online services will implement the technology which was
described in [10]. The technology is applied to solution of such important problems
as production planning, transportation problem, turnover planning, etc.

4 Concluding Remarks

It is advisable to immediately start step-by-step design and implementation of the
NEM. NEM-money should become a means of e-documenting the results of eco-
nomic activity. Each economic agent should have unique electronic multicurrency
account (EA-account) that reflects monetary and nonmonetary components of prop-
erty. A loan must become a deferred part of payment for purchase, according to
a contractual schedule. Commercial banks should become banks-providers in the
e-banking system. Development of unified e-banking software should be started.

Resource planning tasks are an important part of economic activity planning
in the NEM. E-services for their solution are being implemented in the framework
of research at the Institute of Informatics Problems of the Russian Academy of
Sciences. The circle of users, for whom the online services of res-plan.com can be
useful, ranges from individuals and businessmen who plan their budgets to experts
in the distribution of corporate and government resources. Software vendors can use
the services in their own applications.
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¨á¯®«ì§®¢�−¨ï í«¥ªâà®−−ëå ¡¨¡«¨®â¥ª, ¢ ç�áâ−®áâ¨ á �ªâ¨¢¨§�æ¨¥© ¨å ¯à¨¬¥−¥-
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íªá¯®−¥−æ¨�«ì−ë© à®áâ ®¡ê¥¬®¢ −�¡«î¤�â¥«ì−ëå, íªá¯¥à¨¬¥−â�«ì−ëå ¨ ®¯ã¡«¨-
ª®¢�−−ëå −�ãç−ëå ¤�−−ëå | ¢á¥ íâ® à¥¢®«îæ¨®−¨§¨àã¥â â¥å−®«®£¨¨ −�ãç−ëå
¨áá«¥¤®¢�−¨©, ¯®§¢®«ï¥â à¥è�âì −®¢ë¥ §�¤�ç¨ ¨, ¢ á¢®î ®ç¥à¥¤ì, ¯®à®¦¤�-
¥â −®¢ë¥ âà¥¡®¢�−¨ï ª í«¥ªâà®−−ë¬ ¡¨¡«¨®â¥ª�¬, ª®â®àë¥ áâ�−®¢ïâáï ¢�¦−ë¬
ª®¬¯®−¥−â®¬ ¨−áâàã¬¥−â�«ì−ëå áà¥¤áâ¢ íâ¨å â¥å−®«®£¨©.

÷�§¢¨â¨¥ äã−ªæ¨®−�«ì−ëå ¢®§¬®¦−®áâ¥© í«¥ªâà®−−ëå ¡¨¡«¨®â¥ª ®¡ãá«®¢-
«¥−® ¨ −®¢ë¬¨ ¤®áâ¨¦¥−¨ï¬¨ ¢ â¥å−®«®£¨ïå ã¯à�¢«¥−¨ï ¨−ä®à¬�æ¨®−−ë¬¨
à¥áãàá�¬¨, ª®â®àë¥ ¥áâ¥áâ¢¥−−ë¬ ®¡à�§®¬ −�å®¤ïâ ¯à¨¬¥−¥−¨¥ ¢ à�§à�¡®âª�å
¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ íâ®£® ª«�áá�. �à¥¦¤¥ ¢á¥£®, íâ® â¥å−®«®£¨¨ ‘¥¬�−-
â¨ç¥áª®£® ¢¥¡�, â¥å−®«®£¨¨ åà�−¥−¨ï, ®¡à�¡®âª¨ ¨ �−�«¨§� ¡®«ìè¨å ¤�−−ëå,
â¥å−®«®£¨¨ ¯�à�««¥«ì−ëå ¢ëç¨á«¥−¨©. ˆ−áâàã¬¥−â�«ì−ë¥ áà¥¤áâ¢� ¤«ï ¨å
¯à�ªâ¨ç¥áª®£® ¨á¯®«ì§®¢�−¨ï ¢ë¯ãáª�¥â àï¤ ¯à®¬ëè«¥−−ëå ª®¬¯�−¨©-¯à®¨§-
¢®¤¨â¥«¥© ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï ¨ ¢ëç¨á«¨â¥«ì−®£® ®¡®àã¤®¢�−¨ï. ��
íâ®© ®á−®¢¥ áâ�«® ¢®§¬®¦−ë¬ á®§¤�−¨¥ á¨áâ¥¬, ®¯¥à¨àãîé¨å ¨−ä®à¬�æ¨®−−ë¬¨
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à¥áãàá�¬¨ ¨ ®¡¥á¯¥ç¨¢�îé¨å ¯®«ì§®¢�â¥«ìáª¨¥ ¨−â¥àä¥©áë −� á¥¬�−â¨ç¥áª®¬
ãà®¢−¥, � â�ª¦¥ ¯®§¢®«ïîé¨å ®áãé¥áâ¢«ïâì ¢ ¯à¨¥¬«¥¬®¥ ¢à¥¬ï à�−¥¥ −¥¤®-
áâã¯−ãî ®¡à�¡®âªã ¨ �−�«¨§ ®£à®¬−ëå ®¡ê¥¬®¢ ¤�−−ëå. ‡−�ç¨â¥«ì−ë â�ª¦¥
¤®áâ¨¦¥−¨ï ¢ â¥å−®«®£¨ïå ¯®¨áª� ¨ ®¡à�¡®âª¨ â¥ªáâ®¢ −� ¥áâ¥áâ¢¥−−ëå ï§ëª�å.

‚ ¯à®£à�¬¬ã ª®−ä¥à¥−æ¨¨ ¡ë«¨ ¢ª«îç¥−ë âà¨ âìîâ®à¨�«�, ¤¢� ¯à¨£«�è¥−-
−ëå ¤®ª«�¤�, âà¨ áâ¥−¤®¢ëå ¤®ª«�¤�. �� §�á¥¤�−¨ïå 13 á¥ªæ¨© ª®−ä¥à¥−æ¨¨
−�àï¤ã á ¯à¨£«�è¥−−ë¬¨ ¡ë«® §�á«ãè�−® 28 ¤®ª«�¤®¢ ¨ 20 á®®¡é¥−¨©. �®
âà�¤¨æ¨¨, ãáâ�−®¢¨¢è¥©áï ¢ ¯®á«¥¤−¨¥ £®¤ë, ¢ à�¬ª�å ª®−ä¥à¥−æ¨¨ ¡ë« ¯à®-
¢¥¤¥− ¤¨áá¥àâ�æ¨®−−ë© á¥¬¨−�à ¬®«®¤ëå ãç¥−ëå ¯® à¥§ã«ìâ�â�¬ ¢ë¯®«−¥−−ëå
¨¬¨ −�ãç−ëå ¨áá«¥¤®¢�−¨© ¯® â¥¬�â¨ª¥ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©, á¢ï§�−−ëå
á í«¥ªâà®−−ë¬¨ ¡¨¡«¨®â¥ª�¬¨.

�� á®áâ®ï¢è¥¬áï ®¡ê¥¤¨−¥−−®¬ §�á¥¤�−¨¨ ÷ãª®¢®¤ïé¥£® ª®¬¨â¥â� ª®−ä¥-
à¥−æ¨© RCDL ¨ �à®£à�¬¬−®£® ª®¬¨â¥â� RCDL-2014 ¡ë«¨ ¯à®�−�«¨§¨à®¢�−ë
ãà®ª¨ ¯®¤£®â®¢ª¨ ª®−ä¥à¥−æ¨¨ ¨ å�à�ªâ¥à ¯à¥¤áâ�¢«¥−−ëå ¤«ï ®¡áã¦¤¥−¨ï ¤®-
ª«�¤®¢. �à¨−ïâ® à¥è¥−¨¥ âà�−áä®à¬¨à®¢�âì â¥¬�â¨ªã ¡ã¤ãé¨å ª®−ä¥à¥−æ¨©
á¥à¨¨ á â¥¬, çâ®¡ë ãç¥áâì ¢ −¥© −®¢ë¥ �ªâ¨¢−® à�§¢¨¢�îé¨¥áï −�¯à�¢«¥−¨ï ¨−-
ä®à¬�æ¨®−−ëå â¥å−®«®£¨© ¨ ®â®¡à�§¨âì íâ¨ ¨§¬¥−¥−¨ï ¢ ®¡−®¢«¥−−®¬ −�§¢�−¨¨
ª®−ä¥à¥−æ¨¨.

”¨−�−á®¢�ï ¯®¤¤¥à¦ª� ª®−ä¥à¥−æ¨¨ ¡ë«� ®ª�§�−� ÷®áá¨©áª¨¬ ä®−¤®¬ äã−-
¤�¬¥−â�«ì−ëå ¨áá«¥¤®¢�−¨© ¨ ˆ−áâ¨âãâ®¬ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®©
�ª�¤¥¬¨¨ −�ãª.

�â®¡à�−−ë¥ �à®£à�¬¬−ë¬ ª®¬¨â¥â®¬ à�áè¨à¥−−ë¥ ¤®ª«�¤ë àï¤� ãç�áâ−¨-
ª®¢ RCDL-2014 ¡ã¤ãâ ®¯ã¡«¨ª®¢�−ë ¢ ¦ãà−�«¥ ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�-
â¨ª¨û ¢ 2015 £.

‘®¯à¥¤á¥¤�â¥«¨ �à®£à�¬¬−®£® ª®¬¨â¥â� RCDL-2014:
‹. �.Š�«¬ëª®¢�

‹�¡®à�â®à¨ï ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© �ˆŸˆ
Œ. ÷.Š®£�«®¢áª¨©

ˆ−áâ¨âãâ ¯à®¡«¥¬ àë−ª� ÷��

О МЕЖДУНАРОДНОМ КОНГРЕССЕ
ПО УЛЬТРАСОВРЕМЕННЫМ ТЕЛЕКОММУНИКАЦИОННЫМ
И УПРАВЛЯЮЩИМ СИСТЕМАМ
(ICUMT-2014)

‘ 6 ¯® 8 ®ªâï¡àï 2014 £. ¢ £. ‘�−ªâ-�¥â¥à¡ãà£¥ á®áâ®ï«áï ˜¥áâ®© Œ¥¦¤ã-
−�à®¤−ë© Š®−£à¥áá ¯® ã«ìâà�á®¢à¥¬¥−−ë¬ â¥«¥ª®¬¬ã−¨ª�æ¨®−−ë¬ ¨ ã¯à�¢«ï-
îé¨¬ á¨áâ¥¬�¬ (6th International Congress on Ultra Modern Telecommunications
and Control Systems | ICUMT-2014), ª®â®àë© ¡ë« ®à£�−¨§®¢�− ’¥å−®«®£¨ç¥-
áª¨¬ ã−¨¢¥àá¨â¥â®¬ £. ’�¬¯¥à¥ (”¨−«ï−¤¨ï) á®¢¬¥áâ−® á ‘�−ªâ-�¥â¥à¡ãà£áª¨¬
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£®áã¤�àáâ¢¥−−ë¬ ¯®«¨â¥å−¨ç¥áª¨¬ ã−¨¢¥àá¨â¥â®¬ (÷®áá¨ï) ¨ ¯à®è¥« ¯à¨ ¯®¤-
¤¥à¦ª¥ ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª ¨ ÷®áá¨©-
áª®£® ã−¨¢¥àá¨â¥â� ¤àã¦¡ë −�à®¤®¢.

ICUMT | íâ® âà�¤¨æ¨®−−ë© ª®−£à¥áá, ¯à®¢®¤ïé¨©áï ¯®¤ í£¨¤®© ˆ−áâ¨âãâ�
¨−¦¥−¥à®¢ ¯® í«¥ªâà®â¥å−¨ª¥ ¨ í«¥ªâà®−¨ª¥ (IEEE), âàã¤ë ª®â®à®£® ¯ã¡«¨ªãîâ-
áï ¢ í«¥ªâà®−−®¬ ¤®ªã¬¥−â®åà�−¨«¨é¥ ¨−áâ¨âãâ� (IEEEXplore) ¨ ¨−¤¥ªá¨àãîâáï
®á−®¢−ë¬¨ á®¢à¥¬¥−−ë¬¨ ¡�§�¬¨ ¤�−−ëå, â�ª¨¬¨ ª�ª Scopus.

�à¥¤ë¤ãé¨¥ Š®−£à¥ááë á¥à¨¨ ICUMT ¯à®¢®¤¨«¨áì ¢ Œ®áª¢¥ (2009
¨ 2010 ££.), �ã¤�¯¥èâ¥ (2011 £.), ‘�−ªâ-�¥â¥à¡ãà£¥ (2012 £.) ¨ �«¬�-�â¥
(2013 £.). �−¨ ®ª�§�«¨ áãé¥áâ¢¥−−®¥ ¢«¨ï−¨¥ −� à�§¢¨â¨¥ äã−¤�¬¥−â�«ì−ëå
®á−®¢ â¥®à¨¨ â¥«¥ª®¬¬ã−¨ª�æ¨© ¨ á¨áâ¥¬ ã¯à�¢«¥−¨ï, � â�ª¦¥ ¯à�ªâ¨ç¥áª¨å
¯à®â®ª®«®¢ á¢ï§¨ ¨ ¬¥â®¤®¢ ¨å ¨áá«¥¤®¢�−¨ï. �à®£à�¬¬� Š®−£à¥áá� ¢ ‘�−ªâ-
�¥â¥à¡ãà£¥ ¢ª«îç¨«� ¢ á¥¡ï ¡®«¥¥ 70 ¤®ª«�¤®¢ −� 23 â¥å−¨ç¥áª¨å á¥áá¨ïå,
¯à¥¤áâ�¢«¥−−ëå ãç¥−ë¬¨ ¨ ¨áá«¥¤®¢�â¥«ï¬¨ á® ¢á¥£® ¬¨à�. ’à�¤¨æ¨®−−® ¢ à�-
¡®â¥ Š®−£à¥áá� ¯à¨−ï«® ãç�áâ¨¥ ¬−®¦¥áâ¢® ¯à¥¤áâ�¢¨â¥«¥© ¨§ ÷®áá¨¨, � â�ª¦¥
áâà�− ¡«¨¦−¥£® §�àã¡¥¦ìï. ‚�¦−¥©è¨¬¨ −�¯à�¢«¥−¨ï¬¨ à�¡®âë Š®−£à¥áá�,
� â�ª¦¥ ®á−®¢−ë¬¨ ¬®¬¥−â�¬¨ ¯à®£à�¬¬ë ¬¥à®¯à¨ïâ¨ï áâ�«¨:

{ �á¥−−ïï á¥áá¨ï ‚®áì¬®£® Œ¥¦¤ã−�à®¤−®£® á¥¬¨−�à� ú�à¨ª«�¤−ë¥ ¯à®¡«¥-
¬ë â¥®à¨¨ ¢¥à®ïâ−®áâ¥© ¨ ¬�â¥¬�â¨ç¥áª®© áâ�â¨áâ¨ª¨, ®â−®áïé¨¥áï ª ¬®¤¥-
«¨à®¢�−¨î ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬û (APTP + MS);

{ �ïâë© Œ¥¦¤ã−�à®¤−ë© á¥¬¨−�à ¯® ¯®á«¥¤−¨¬ ¤®áâ¨¦¥−¨ï¬ ¢ è¨à®ª®¯®«®á-
−ëå á¥âïå ¤®áâã¯� (RABAN);

{ ‘¯¥æ¨�«ì−�ï á¥áá¨ï ¯® �¢â®¬®¡¨«ì−ë¬ â¥å−®«®£¨ï¬ á¢ï§¨ ¨ á¥à¢¨á�¬
(VCTS);

{ �¥à¢ë© Œ¥¦¤ã−�à®¤−ë© á¥¬¨−�à ¯® −�−®¢ëç¨á«¥−¨ï¬ ¨ −�−®ª®¬¬ã−¨ª�æ¨¨
(NsCC);

{ ¤¢� ¯«¥−�à−ëå ¤®ª«�¤� ®â ¯à¥¤áâ�¢¨â¥«¥© “−¨¢¥àá¨â¥â� �¨§ë (ˆâ�«¨ï)
¨ ˆáá«¥¤®¢�â¥«ìáª®£® ¨ ¨−¦¥−¥à−®£® ¯®¤à�§¤¥«¥−¨ï ª®¬¯�−¨¨ ”®à¤ (‘˜�).

�á−®¢−ë¥ ¬�â¥à¨�«ë ICUMT ¯à¥¤áâ�¢«¥−ë −� á�©â¥ Š®−£à¥áá�
(http://www.icumt.info/2014).

…. �. Šãç¥àï¢ë©
�à¥¤á¥¤�â¥«ì �à£ª®¬¨â¥â� ICUMT

ª.â.−., ¯à®ä¥áá®à ’¥å−®«®£¨ç¥áª®£® ã−¨¢¥àá¨â¥â�
£. ’�¬¯¥à¥, ”¨−«ï−¤¨ï

Š. …. ‘�¬ã©«®¢
‡�¬¥áâ¨â¥«ì ¯à¥¤á¥¤�â¥«ï �à£ª®¬¨â¥â� ICUMT

¤.â.−., ¯à®ä¥áá®à, §�¢. ª�ä¥¤à®© ÷®áá¨©áª®£®
ã−¨¢¥àá¨â¥â� ¤àã¦¡ë −�à®¤®¢

Œ®áª¢�, ÷®áá¨ï
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ОБ УЧАСТИИ СПЕЦИАЛИСТОВ ИПИ РАН
В РОССИЙСКО-КИТАЙСКОМ ФОРУМЕ ИНЖЕНЕРНЫХ
ТЕХНОЛОГИЙ

‘¥£®¤−ï Š¨â�© | ®¤¨− ¨§ ¬¨à®¢ëå «¨¤¥à®¢ ¯® â¥¬¯�¬ à®áâ� íª®−®¬¨ª¨
(£®¤®¢®© ¯à¨à®áâ 6%{8% ¢ â¥ç¥−¨¥ ¯®á«¥¤−¨å 8 «¥â). �à¨ íâ®¬ ¢�¦−® ®â¬¥â¨âì
ã¢¥«¨ç¥−¨¥ à�áå®¤®¢ −� ¯à®¢¥¤¥−¨¥ −�ãç−®-¨áá«¥¤®¢�â¥«ìáª¨å ¨ ®¯ëâ−®-ª®−áâ-
àãªâ®àáª¨å à�¡®â (§� ¯¥à¨®¤ á 2006 £. áà¥¤−¥£®¤®¢ë¥ â¥¬¯ë ¯à¨à®áâ� á®áâ�¢¨«¨
®ª®«® 20%). ‚ à�§¢¨â¨¥ ¤®áâ¨£−ãâëå ¬¥¦£®áã¤�àáâ¢¥−−ëå á®£«�è¥−¨© ¬¥¦¤ã
÷” ¨ Š¨â�¥¬ ¯à®¢®¤¨âáï æ¥«ë© àï¤ á®¢¬¥áâ−ëå à®áá¨©áª®-ª¨â�©áª¨å ¬¥à®¯à¨-
ïâ¨©. �¤−® ¨§ −¨å | ¬¥¦¤ã−�à®¤−�ï â®à£®¢®-íª®−®¬¨ç¥áª�ï ïà¬�àª� HTF-2014
(�¥à¢®¥ ÷®áá¨©áª®-ª¨â�©áª®¥ �Š‘��), ®à£�−¨§�â®à�¬¨ ª®â®à®© áâ�«¨ Œ¨−¨-
áâ¥àáâ¢® ª®¬¬¥àæ¨¨ Š�÷, ¯à�¢¨â¥«ìáâ¢® ¯à®¢¨−æ¨¨ •í©«ã−æ§ï−, � á®®à£�−¨§�-
â®à�¬¨ | Œ¨−¨áâ¥àáâ¢® íª®−®¬¨ç¥áª®£® à�§¢¨â¨ï ÷” ¨ Œ¨−¨áâ¥àáâ¢® à¥£¨®-
−�«ì−®£® à�§¢¨â¨ï ÷”. �¤−®¢à¥¬¥−−® ¯® ¨−¨æ¨�â¨¢¥ Œ¥¦¤ã−�à®¤−®£® á®î§�
−�ãç−ëå ¨ ¨−¦¥−¥à−ëå ®¡é¥áâ¢¥−−ëå ®¡ê¥¤¨−¥−¨© (‘®î§�ˆ�) ¨ ‚á¥ª¨â�©áª®©
ä¥¤¥à�æ¨¨ ¯® −�ãª¥ ¨ â¥å−¨ª¥ ¯à¨ ãç�áâ¨¨ ¯à�¢¨â¥«ìáâ¢� ¯à®¢¨−æ¨¨ •í©«ã−æ§ï−
¯à®¢¥¤¥− ÷®áá¨©áª®-ª¨â�©áª¨© ä®àã¬ ¨−¦¥−¥à−ëå â¥å−®«®£¨© ¯® â¥å−®«®£¨ï¬
áã¤®áâà®¥−¨ï, �¢¨�æ¨®−−ë¬ â¥å−®«®£¨ï¬ ¨ â¥å−®«®£¨ï¬ ¨−â¥««¥ªâã�«ì−®£® ®¡®-
àã¤®¢�−¨ï. ‚ ãª�§�−−ëå ¬¥à®¯à¨ïâ¨ïå ¯® ¯à¨£«�è¥−¨î ÷®áá¨©áª®£® á®î§�
−�ãç−ëå ¨ ¨−¦¥−¥à−ëå ®¡é¥áâ¢¥−−ëå ®à£�−¨§�æ¨© (¯à¥§¨¤¥−â | �ª�¤¥¬¨ª ÷��
ā. ‚. ƒã«ï¥¢) ¢ á®áâ�¢¥ ¯à¥¤áâ�¢¨â¥«ì−®© ¤¥«¥£�æ¨¨ (àãª®¢®¤¨â¥«ì | ¤¨à¥ªâ®à
Œ®àáª®£® ¨−¦¥−¥à−®£® ¨−áâ¨âãâ� ¯à¨ ‘�−ªâ-�¥â¥à¡ãà£áª®¬ £®áã¤�àáâ¢¥−−®¬
¬®àáª®¬ â¥å−¨ç¥áª®¬ ã−¨¢¥àá¨â¥â¥, ¤.â.−., ¯à®ä¥áá®à ‚. ‹. �«¥ªá�−¤à®¢) ¯à¨-
−ï«¨ ãç�áâ¨¥ á®âàã¤−¨ª¨ ˆ�ˆ ÷�� ¤.â.−. �. �. ‡�æ�à¨−−ë© ¨ ª.â.−. ‘. ‚. Š®§-
«®¢.

‚ à�¬ª�å ”®àã¬� ¯à®¢¥¤¥−ë á¥ªæ¨¨ ¯® â¥å−®«®£¨ï¬ áã¤®áâà®¥−¨ï, �¢¨�áâà®-
¥−¨ï ¨ ¨−â¥««¥ªâã�«ì−®£® ®¡®àã¤®¢�−¨ï. �� á¥ªæ¨¨ ¯® â¥å−®«®£¨ï¬ ¨−â¥««¥ª-
âã�«ì−®£® ®¡®àã¤®¢�−¨ï (¢¥¤ãé¨© á à®áá¨©áª®© áâ®à®−ë | �. �. ‡�æ�à¨−−ë©)
®¡áã¦¤¥−ë ¢®¯à®áë à�§¢¨â¨ï ¢ Š¨â�¥ −�ãç−®-â¥å−¨ç¥áª®© ¨−äà�áâàãªâãàë ¯®
á®§¤�−¨î ®¡®àã¤®¢�−¨ï, ¢ª«îç�ï á®§¤�−¨¥ −�ãª®¥¬ª¨å ¯à®¨§¢®¤áâ¢ ¨ â¥å−®-
¯�àª®¢. �¥®¡å®¤¨¬® ®á®¡® ®â¬¥â¨âì ãá¯¥è−®¥ ¯à®¤¢¨¦¥−¨¥ ª¨â�©áª¨å ª®««¥£
¢ −�¯à�¢«¥−¨ïå áã¯¥àª®¬¯ìîâ¥à−ëå â¥å−®«®£¨© ¨ à®¡®â®â¥å−¨ª¨. ‘«¥¤ã¥â ã¯®-
¬ï−ãâì ®ç¥−ì ¢−¨¬�â¥«ì−®¥ ®â−®è¥−¨¥ ª ¨¬¯®àâã â¥å−®«®£¨©: â�ª®© ¨¬¯®àâ ¤®-
¯ãáª�¥âáï â®«ìª® ¢ á«ãç�ïå ¢®§¬®¦−®áâ¨ á®¢¥àè¥−áâ¢®¢�−¨ï â¥å−®«®£¨© á æ¥«ìî
¯à¥¢à�é¥−¨ï ¨å ¢ á®¡áâ¢¥−−® ª¨â�©áª¨¥.

�®«ìè®© ¨−â¥à¥á ¢ë§¢�«¨ ¤®ª«�¤ë á¯¥æ¨�«¨áâ®¢ ˆ�ˆ ÷�� ® á¨áâ¥¬−®¬
¯®¤å®¤¥ ª á®§¤�−¨î ¨−ä®à¬�æ¨®−−®-â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå á¥â¥© (�. �. ‡�æ�-
à¨−−ë©) ¨ ® ¯à¨¬¥−¥−¨¨ ¯à®æ¥áá−®£® ¯®¤å®¤� ª ¨å à�§¢¨â¨î (‘. ‚. Š®§«®¢).

‚ à�¬ª�å à�¡®âë ”®àã¬� −�àï¤ã á ¯®á¥é¥−¨¥¬ ¢ëáâ�¢ª¨ ¯à®¢¥¤¥−® ®§−�-
ª®¬«¥−¨¥ á ãç¥¡−ë¬¨, −�ãç−®-â¥å−¨ç¥áª¨¬¨ §�¢¥¤¥−¨ï¬¨ ¨ ¯à¥¤¯à¨ïâ¨ï¬¨ ¯à®-
¬ëè«¥−−®áâ¨, ¯à¨−ïâ® ãç�áâ¨¥ ¢ ®¡áã¦¤¥−¨¨ ¢®¯à®á®¢ ®à£�−¨§�æ¨¨ ¯à®¨§¢®¤-
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áâ¢� ¨ ¯à¨¬¥−ï¥¬ëå â¥å−®«®£¨©, ¢ª«îç�ï ¯à¨¬¥−¥−¨¥ á®¢à¥¬¥−−ëå ¬¥â®¤®¢
¯à®æ¥áá−®£® ¯®¤å®¤� −� ãà®¢−¥ ¬¥¦¤ã−�à®¤−ëå áâ�−¤�àâ®¢ ISO 9000-2000, −�
¯à¥¤¯à¨ïâ¨ïå ¨ ¢ ®à£�−¨§�æ¨ïå, â�ª¨å ª�ª

{ �®«¨â¥å−¨ç¥áª¨© ã−¨¢¥àá¨â¥â ¨ ƒ®áã¤�àáâ¢¥−−�ï «�¡®à�â®à¨ï à®¡®â®â¥å−¨-
ç¥áª¨å á¨áâ¥¬ (State Key Laboratory Robotics System), £. •�à¡¨−;

{ æ¥å ¯® ¯à®¨§¢®¤áâ¢ã áâ�−ª®¢ ¤«ï ®¡à�¡®âª¨ ¯«�áâ¬�áá ¢ á®áâ�¢¥ ��� \Golden
Eagle", æ¥å ¯® ¯à®¨§¢®¤áâ¢ã ªà¥¯¥¦−ëå ¨§¤¥«¨© ¤«ï �¢â®¬®¡¨«ì−®© â¥å−¨ª¨
¨ æ¥å ¯® ¯à®¨§¢®¤áâ¢ã è¢¥©−ëå ¨§¤¥«¨© \Zhoushan Dali Knitting Co., Ltd.
Zhoushan High Fashion", £. —¦®ãè�−ì.

‚ æ¥«®¬ á«¥¤ã¥â ®â¬¥â¨âì ¢ëá®ª¨© ãà®¢¥−ì ®à£�−¨§�æ¨®−−ëå ¬¥à®¯à¨ïâ¨©
¯® ¯à¨¥¬ã à®áá¨©áª®© ¤¥«¥£�æ¨¨, ¯à®¢¥¤¥−¨î ”®àã¬�, −�ãç−®-â¥å−¨ç¥áª®©
ª®−ä¥à¥−æ¨¨, ¯®á¥é¥−¨î ¯à¥¤¯à¨ïâ¨© ¨ ªã«ìâãà−®© ¯à®£à�¬¬¥, � â�ª¦¥ ¤®¡à®-
¦¥«�â¥«ì−®áâì ¨ áâà¥¬«¥−¨¥ ª ¯®¤¤¥à¦�−¨î ª®−áâàãªâ¨¢−ëå ¢§�¨¬®¢ë£®¤−ëå
ª®−â�ªâ®¢ ¢ ®¡«�áâ¨ −�ãª¨ ¨ â¥å−¨ª¨.

�. �. ‡�æ�à¨−−ë©
¤.â.−., ¯à®ä., §�¬¥áâ¨â¥«ì ¤¨à¥ªâ®à�

ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷��
‘. ‚. Š®§«®¢

ª.â.−., §�¢¥¤ãîé¨© ®â¤¥«®¬
ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷��
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�¢¥à¨−� �. �. á¬. �«¥ªá¥¥−ª® �. �.
�£�ä®−®¢ …. ‘. á¬. ‘¨−¨æë− ˆ. �.
�¤�¬®¢¨ç ˆ. Œ., ‚®«ª®¢ �. ˆ. ‘à¥¤áâ¢� ¯®¤¤¥à¦ª¨ ¨−â¥à−¥â-

¯®¨áª� ¯à¨ ¯à®¢¥¤¥−¨¨ ¡¨®£à�ä¨ç¥áª¨å ¨áá«¥¤®¢�−¨© 2 178
�¤�¬®¢¨ç ˆ. Œ., ‡¥¬áª®¢ „. ‚. ��áâà�¨¢�¥¬�ï áå¥¬� ª®¤¨à®¢�−¨ï

á¨¬¢®«®¢ ¯¥à¥¬¥−−ë¬ ç¨á«®¬ ®ªâ¥â®¢ | ACE 4 124
�«�¤ëè¥¢ �. ‘., Š¨á¥«ñ¢ …. �., ‘�¢¨− ƒ. ˆ., ’¥«¥£¨− �. �.,

˜�¡�−®¢ �. Œ. ‚«¨ï−¨¥ å�à�ªâ¥à¨áâ¨ª ¢−¥è−¥© ¯�¬ïâ¨ áã¯¥à-
ª®¬¯ìîâ¥à−ëå ª®¬¯«¥ªá®¢ −� ¢ë¯®«−¥−¨¥ ¯�à�««¥«ì−ëå ¯à®-
£à�¬¬ 4 111

�«¥ªá¥¥−ª® �. �., �¢¥à¨−� �. �., ˜�à®¢ „. ‘., �à®æ¥−ª® �. �.,
ˆâª¨− ˆ. ‹. ˆá¯®«ì§®¢�−¨¥ ¨−áâàã¬¥−â®¢ ¤«ï ¯�áá¨¢−®£® â¥á-
â¨à®¢�−¨ï ¯à¨ á¥àâ¨ä¨ª�æ¨¨ ª«¨¥−â®¢ âà¥©¤¨−£®¢ëå á¨áâ¥¬ 2 83

�−¤à¨�−®¢� �. �., ˆæëªá®− ‚. Œ. ’¥å−®«®£¨ï �−�«¨§� ¨áå®¤−®-
£® ª®¤� ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï ¨ ç�áâ¨ç−ëå á¯¥æ¨ä¨ª�æ¨©
¤«ï �¢â®¬�â¨§¨à®¢�−−®© £¥−¥à�æ¨¨ â¥áâ®¢ 2 99

�−¨á¨¬®¢ „. �. á¬. ƒà¨¤¨− ‚. �.
�−ªã¤¨−®¢ �. ‚. á¬. �¥¤®à¥§®¢ „. �.
�¥«®ãá®¢ ‚. ‚. á¬. ‘¨−¨æë− ˆ. �.
�¥«®ãá®¢ ‚. ‚. á¬. ‘¨−¨æë− ˆ. �.
�¥«®ãá®¢ ‚. ‚. á¬. ‘¨−¨æë− ˆ. �.
�¨àîª®¢� ’. Š. á¬. ƒ¥àèª®¢¨ç Œ. Œ.
�®¡ª®¢ ‘. ƒ. á¬. ‘®ª®«®¢ ˆ. �.
�®£¤�−®¢� „. �., ”¥¤®á¥¥¢ �. �. Š ¢®¯à®áã ® «®£¨áâ¨ª¥ ¢−¥¤à¥−¨ï

¨ ¨á¯®«ì§®¢�−¨ï ¬®¡¨«ì−ëå í«¥ªâà®−−ëå ãç¥¡−¨ª®¢ 3 218
�®−¤�à¥−ª® �. �., ‚®«®¢¨ç Š. ˆ., Š®−¤à�è¥¢ ‚. �. Œ®−¨â®à¨−£

¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ª�ª ®¡«�ç−ë© á¥à¢¨á 3 169
�®à®¤¨−� �. ‚., Œ®à®§®¢ …. ‚. �æ¥−¨¢�−¨¥ íää¥ªâ¨¢−®© ¯à®-

¯ãáª−®© á¯®á®¡−®áâ¨ ã§«� ¢ ¨−ä®ª®¬¬ã−¨ª�æ¨®−−®© â�−¤¥¬−®©
á¥â¨ 2 37

�ãà®¬¥−áª¨© �. ƒ. á¬. ‡�æ�à¨−−ë© �. �.
�ëáâà®¢ ˆ. ˆ., ‚¥á¥«®¢ ‚. �., ÷�¤®¬�−®¢ ‘. ˆ. �−â®«®£¨ï ¯®¤-

¤¥à¦ª¨ −¥¯à¥àë¢−®áâ¨ ˆ’-ãá«ã£ ¢ ¨−ä®à¬�æ¨®−−®-â¥«¥ª®¬¬ã-
−¨ª�æ¨®−−ëå á¨áâ¥¬�å 4 221

‚¥à¥¢ª¨− ƒ. ”. á¬. ‹ãªìï−®¢ ƒ. ‚.
‚¥à¥¢ª¨− ƒ. ”. á¬. ‹ãªìï−®¢ ƒ. ‚.
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‚¥á¥«®¢ ‚. �. á¬. �ëáâà®¢ ˆ. ˆ.
‚¨åà¥¢ ‚. ‚. � ¬¥å�−¨§¬¥ à¥�«¨§�æ¨¨ ª®í¢®«îæ¨®−−®© ¬®¤¥«¨

¦¨§−¥−−®£® æ¨ª«� à�§à�¡®âª¨ ª®¬¯ìîâ¥à−ëå ¯à®£à�¬¬ ¤«ï
®¡ãç¥−¨ï 4 168

‚¨åà¥¢ ‚. ‚., •à¨áâ®ç¥¢áª�ï �. ‘., •à¨áâ®ç¥¢áª¨© ‘. �. � −®¢®©
ª®−æ¥¯æ¨¨ ¨−ä®à¬�â¨§�æ¨¨ ®¡à�§®¢�−¨ï 4 157

‚®¢ç¥−ª® �. …. á¬. ‘ª¢®àæ®¢ �. �.
‚®¢ç¥−ª® �. …. á¬. ‘âã¯−¨ª®¢ ‘. �.
‚®«ª®¢ �. ˆ. á¬. �¤�¬®¢¨ç ˆ. Œ.
‚®«®¢¨ç Š. ˆ. á¬. �®−¤�à¥−ª® �. �.
‚®à®−®¢ ÷. ‚., Œ�«®¤ãè¥¢ ‘. ‚. „¨−�¬¨ç¥áª®¥ á®§¤�−¨¥ ª�àâ

ãà®¢−ï WiFi-á¨£−�«®¢ ¤«ï á¨áâ¥¬ «®ª�«ì−®£® ¯®§¨æ¨®−¨à®¢�−¨ï 1 80
‚ëè¨¢�−®¢ Œ. �., ƒ¬�àì „. ‚., Šàîª®¢ ‚. ‚., ��£®à−ïª Š. ‘.,

˜�å£¥«ì¤ï− Š. ˆ. ‚−¥¤à¥−¨¥ ¨ ¨á¯®«ì§®¢�−¨¥ ¢ ã−¨¢¥àá¨â¥â¥
â¥å−®«®£¨¨ ¢¨àâã�«¨§�æ¨¨ à�¡®ç¨å ¬¥áâ 1 193

ƒ�© Œ. �. á¬. ƒãàì¥¢ „. Š.
ƒ�à�−¨− �. ˆ. á¬. ‡�æ�à¨−−ë© �. �.
ƒ�à�−¨− �. ˆ. á¬. ‡�æ�à¨−−ë© �. �.
ƒ¥àèª®¢¨ç Œ. Œ., �¨àîª®¢� ’. Š. ‡�¤�ç¨ ¨¤¥−â¨ä¨ª�æ¨¨ ¨−ä®à-

¬�æ¨®−−ëå ®¡ê¥ªâ®¢ ¢ à�á¯à¥¤¥«¥−−ëå ¬�áá¨¢�å ¤�−−ëå 1 224
ƒ¬�àì „. ‚. á¬. ‚ëè¨¢�−®¢ Œ. �.
ƒ®àè¥−¨− �. Š. ˆ−ä®à¬�æ¨®−−�ï â¥å−®«®£¨ï ¨áá«¥¤®¢�−¨ï â®−-

ª®© áâàãªâãàë å�®â¨ç¥áª¨å ¯à®æ¥áá®¢ ¢ ¯«�§¬¥ á ¯®¬®éìî
�−�«¨§� á¯¥ªâà®¢ 1 116

ƒ®àè¥−¨− �. Š., ‡�¬ª®¢¥æ ‘. ‚., ‡�å�à®¢ ‚. �. ��à�««¥«¨§¬
¢ ¬¨ªà®¯à®æ¥áá®à�å 1 46

ƒà¨¤¨− ‚. �., „¬¨âà¥¢¨ç ƒ. „., �−¨á¨¬®¢ „. �. Œ¥â®¤¨ª� ¯®-
áâà®¥−¨ï ¢¥¡-á¥à¢¨á®¢ à�á¯à¥¤¥«¥−−ëå ¯«�âä®à¬¥−−®-−¥§�¢¨-
á¨¬ëå á¨áâ¥¬ �¢â®¬�â¨§¨à®¢�−−®£® ¯à®¥ªâ¨à®¢�−¨ï 1 213

ƒàãè® �. �., ƒàãè® �. �., ’¨¬®−¨−� …. …., ˜®à£¨− ‘. Ÿ. �¥§-
®¯�á−ë¥ �àå¨â¥ªâãàë à�á¯à¥¤¥«¥−−ëå á¨áâ¥¬ 3 18

ƒàãè® �. �. ‘ªàëâë¥ ª�−�«ë ¢ ¡¥á¯à®¢®¤−ëå á¥âïå áâ�−¤�àâ�
802.11 3 32

ƒàãè® �. �. á¬. ƒàãè® �. �.
ƒã¬−¨ª®¢� ’. ‘. á¬. ‘¨−¨æë− ˆ. �.
ƒãàì¥¢ „. Š., ƒ�© Œ. �., ˆâª¨− ˆ. ‹., ’¥à¥−âì¥¢ �. �. ‘®§¤�−¨¥

¢ëá®ª®¯à®¨§¢®¤¨â¥«ì−®£® £¥−¥à�â®à� −�£àã§ª¨ ¤«ï ¯à®¢¥àª¨
á¨áâ¥¬ ¢ëá®ª®ç�áâ®â−®© â®à£®¢«¨ 2 67

„¬¨âà¥¢¨ç ƒ. „. á¬. ƒà¨¤¨− ‚. �.
„ã«¨− ‘. Š., „ã«¨−� �. ƒ., �¨ª¨è¨− „. �. � ¯à®¡«¥¬�å à¥�«¨-

§�æ¨¨ á¥¬�−â¨ç¥áª®© £¥®¨−â¥à®¯¥à�¡¥«ì−®áâ¨ ¢ Semantic Web 2 143
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„ã«¨− ‘. Š., ÷®§¥−¡¥à£ ˆ. �., “¬�−áª¨© ‚. ˆ. �¢â®¬�â¨§¨à®-
¢�−−�ï á¨áâ¥¬� à�§à�¡®âª¨ ¨ ª®−âà®«ï ®¯¥à�â¨¢−®£® £à�ä¨ª�
¤¢¨¦¥−¨ï ¯®¥§¤®¢ ¢ ¯¥à¨®¤ ¯à¥¤®áâ�¢«¥−¨ï ú®ª®−û (�‘
�ƒ„��) 1 93

„ã«¨−� �. ƒ. á¬. „ã«¨− ‘. Š.
„ìïç¥−ª® ā. ƒ. á¬. ‘®ª®«®¢ ˆ. �.
„ìïç¥−ª® ā. ƒ. á¬. ‘â¥¯ç¥−ª®¢ ā. �.
…£®à®¢ ‚. �. ‘®¢à¥¬¥−−ë¥ â¥−¤¥−æ¨¨ ¢ à�§¢¨â¨¨ �àå¨â¥ªâãà ¨−â¥£-

à¨à®¢�−−ëå á¥â¥¢ëå ¯à®æ¥áá®à®¢ 3 78
‡�¨ª¨− Œ. ā., �¡ãå®¢� �. ‹., ‘®«®¢ì¥¢ ˆ. ‚. �¨¡«¨®£à�ä¨ç¥-

áª�ï ¨−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª�ï á¨áâ¥¬� ˆ�ˆ ÷�� 1 244
‡�¬ª®¢¥æ ‘. ‚. á¬. ƒ®àè¥−¨− �. Š.
‡�å�à®¢ ‚. �. á¬. ƒ®àè¥−¨− �. Š.
‡�å�à®¢� ’. ‚. á¬. •�§¨�å¬¥â®¢ Œ. ˜.
‡�æ�à¨−−ë© �. �., �ãà®¬¥−áª¨© �. ƒ., ƒ�à�−¨− �. ˆ. Œ¥â®¤

ä®à¬¨à®¢�−¨ï á¨áâ¥¬ë ¯®ª�§�â¥«¥© ¦¨¢ãç¥áâ¨ ¨−ä®à¬�æ¨®−-
−®-â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå á¥â¥© 1 138

‡�æ�à¨−−ë© �. �., ˆ®−¥−ª®¢ ā. ‘. �á®¡¥−−®áâ¨ à�§à�¡®âª¨ ¤®-
ªã¬¥−â�æ¨¨ ¤«ï �¢â®¬�â¨§¨à®¢�−−ëå ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬
¢ §�é¨é¥−−®¬ ¨á¯®«−¥−¨¨ 3 156

‡�æ�à¨−−ë© �. �., Š¨á¥«¥¢ �. ‚. �¥ª®â®àë¥ ¯®¤å®¤ë ª ä®à¬¨-
à®¢�−¨î −®à¬�â¨¢−®-â¥å−¨ç¥áª®© ¡�§ë ¤«ï á®§¤�−¨ï ¥¤¨−®£®
¨−ä®à¬�æ¨®−−®£® ¯à®áâà�−áâ¢� ÷®áá¨¨ 4 206

‡�æ�à¨−−ë© �. �., Š®§«®¢ ‘. ‚., ƒ�à�−¨− �. ˆ. �á®¡¥−−®áâ¨
ä®à¬¨à®¢�−¨ï −®¬¥−ª«�âãàë ¨ ª®«¨ç¥áâ¢� ª®¬¯®−¥−â®¢ ‡ˆ�
¢ �¢â®¬�â¨§¨à®¢�−−ëå ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬�å ¢ §�é¨é¥−-
−®¬ ¨á¯®«−¥−¨¨ 3 144

‡¥¬áª®¢ „. ‚. á¬. �¤�¬®¢¨ç ˆ. Œ.
ˆ«ì¨− �. ‚., ˆ«ì¨− ‚. „. ˆ−ä®à¬�â¨§�æ¨ï −®à¬�«¨§®¢�−−®£®

íª®−®¬¨ç¥áª®£® ¬¥å�−¨§¬�: í«¥ªâà®−−ë¥ á¥à¢¨áë ¯«�−¨à®¢�−¨ï
à¥áãàá®¢ 4 242

ˆ«ì¨− �. ‚., ˆ«ì¨− ‚. „. ‘¨áâ¥¬�â¨§�æ¨ï §−�−¨© ® ¯à®£à�¬¬¨àã-
¥¬ëå §�¤�ç�å 3 192

ˆ«ì¨− ‚. „. á¬. ˆ«ì¨− �. ‚.
ˆ«ì¨− ‚. „. á¬. ˆ«ì¨− �. ‚.
ˆ«îè¨− ƒ. Ÿ., ‹¨¬�−áª¨© ‚. ˆ. ‚®¯à®áë ¢ë¡®à� ¬¥¤¨æ¨−áª®©

¨−ä®à¬�æ¨®−−®© á¨áâ¥¬ë ¨ ®¡«�ç−ë¥ â¥å−®«®£¨¨ 1 180
ˆ«îè¨− ƒ. Ÿ., ‹¨¬�−áª¨© ‚. ˆ. Œ¥â®¤ë ¨−â¥£à�æ¨¨ ®¡«�ç−ëå

á¥à¢¨á®¢ −� ¯à¨¬¥à¥ §¤à�¢®®åà�−¥−¨ï 2 205
ˆ®−¥−ª®¢ ā. ‘. á¬. ‡�æ�à¨−−ë© �. �.
ˆâª¨− ˆ. ‹. á¬. �«¥ªá¥¥−ª® �. �.
ˆâª¨− ˆ. ‹. á¬. ƒãàì¥¢ „. Š.
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ˆæëªá®− ‚. Œ. á¬. �−¤à¨�−®¢� �. �.
Š�«¨−¨ç¥−ª® ‹. �. á¬. ‘ª¢®àæ®¢ �. �.
Š¨à¨ª®¢ ˆ. �., Š®«¥á−¨ª®¢ �. ‚., ÷ã¬®¢áª�ï ‘. �. ˆáá«¥¤®¢�-

−¨¥ «�¡®à�â®à−®£® ¯à®â®â¨¯� ¨áªãááâ¢¥−−®© £¥â¥à®£¥−−®© á¨áâ¥-
¬ë ¤«ï ¤¨�£−®áâ¨ª¨ �àâ¥à¨�«ì−®© £¨¯¥àâ¥−§¨¨ 3 121

Š¨à¨ª®¢ ˆ. �., Š®«¥á−¨ª®¢ �. ‚., ÷ã¬®¢áª�ï ‘. �. ”ã−ªæ¨®-
−�«ì−�ï £¨¡à¨¤−�ï ¨−â¥««¥ªâã�«ì−�ï á¨áâ¥¬� ¤«ï ¯®¤¤¥à¦ª¨
¯à¨−ïâ¨ï à¥è¥−¨© ¯à¨ ¤¨�£−®áâ¨ª¥ �àâ¥à¨�«ì−®© £¨¯¥àâ¥−§¨¨ 1 153

Š¨á¥«¥¢ �. ‚. á¬. ‡�æ�à¨−−ë© �. �.
Š¨á¥«ñ¢ …. �. á¬. �«�¤ëè¥¢ �. ‘.
Š®¢�«¥¢ „. ā. á¬. ‘ª¢®àæ®¢ �. �.
Š®§¥à¥−ª® …. �. á¬. Œ®à®§®¢� ā. ˆ.
Š®§«®¢ ‘. ‚. á¬. ‡�æ�à¨−−ë© �. �.
Š®«¥á−¨ª®¢ �. ‚. á¬. Š¨à¨ª®¢ ˆ. �.
Š®«¥á−¨ª®¢ �. ‚. á¬. Š¨à¨ª®¢ ˆ. �.
Š®−¤à�è¥¢ ‚. �. á¬. �®−¤�à¥−ª® �. �.
Š®−®¢�«®¢ Œ. ƒ. �®áâà®¥−¨¥ ¨¬¨â�æ¨®−−®© ¬®¤¥«¨ ¤«ï à¥è¥−¨ï

§�¤�ç ¯«�−¨à®¢�−¨ï ¢ëç¨á«¨â¥«ì−ëå à¥áãàá®¢ 4 45
Š®à¥¯�−®¢ �. ÷. á¬. ‘¨−¨æë− ˆ. �.
Š®à¥¯�−®¢ �. ÷. á¬. ‘¨−¨æë− ˆ. �.
Š®à¥¯�−®¢ �. ÷. á¬. ‘¨−¨æë− ˆ. �.
Š®à®«¥¢ ‚. ā., Š®àç�£¨− �. ā., ‘®ª®«®¢ ˆ. �., —¥àâ®ª �. ‚.

� à�¡®â�å ¢ ®¡«�áâ¨ ¬®¤¥«¨à®¢�−¨ï ¨−ä®à¬�æ¨®−−ëå ¯®â®ª®¢
¢ á®¢à¥¬¥−−ëå ¢ëá®ª®ç�áâ®â−ëå ä¨−�−á®¢ëå ¯à¨«®¦¥−¨ïå 4 63

Š®à®«ñ¢ ‘. �. á¬. ‘®à®ª¨− �. �.
Š®àç�£¨− �. ā. á¬. Š®à®«¥¢ ‚. ā.
Š®á�à¨ª ‚. ‚. á¬. ‹ãªìï−®¢ ƒ. ‚.
Šà�á−¥−ª® ‘. ‘. á¬. �¥¤®à¥§®¢ „. �.
Šàîª®¢ ‚. ‚. á¬. ‚ëè¨¢�−®¢ Œ. �.
Šã«ì¡¥à£ �. ‘. á¬. Ÿª®¢«¥¢� ’. ‚.
Šãà®¢ �. �. �à¨¬¥−¥−¨¥ ¢¥¡-à¥áãàá®¢ á¨áâ¥¬ë §−�−¨© ¨−ä®à¬�â¨-

ª¨ ‘ˆ�” ¢ ãç¥¡−®¬ ¯à®æ¥áá¥ 2 222
‹¥¢ëª¨− Œ. ‚., ’à®−¥−ª® Œ. ˆ., ˜¨¤«®¢áª¨©-Œ®áª¢¨− ˆ. ‚.

Œ¥â®¤ à�á¯à®áâà�−¥−¨ï á ¯®¬®éìî �â�ª¨ úç¥«®¢¥ª ¯®á¥à¥¤¨−¥û
¢ ¯à®â®ª®«¥ DHCP 4 100

‹¥£�«®¢ �. ˆ. á¬. �¥¤®à¥§®¢ „. �.
‹¨¬�−áª¨© ‚. ˆ. á¬. ˆ«îè¨− ƒ. Ÿ.
‹¨¬�−áª¨© ‚. ˆ. á¬. ˆ«îè¨− ƒ. Ÿ.
‹ãªìï−®¢ ƒ. ‚., �¨ª¨è¨− „. �., ‚¥à¥¢ª¨− ƒ. ”. ˆ−ä®à¬�æ¨®−-
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†ãà−�« ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û ¯ã¡«¨ªã¥â â¥®à¥â¨ç¥áª¨¥, ®¡§®à−ë¥
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�â® á®£«�è¥−¨¥ ¬®¦¥â ¡ëâì ¯à¥¤®áâ�¢«¥−® ¢ ¡ã¬�¦−®¬ ¢¨¤¥ ¨«¨ ¢ ¢¨¤¥ ®âáª�−¨à®-
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‚®§¢à�é¥−¨¥ àãª®¯¨á¨ −� ¤®à�¡®âªã −¥ ®§−�ç�¥â ¥¥ ¯à¨−ïâ¨ï ª ¯¥ç�â¨.
„®à�¡®â�−−ë© ¢�à¨�−â á ®â¢¥â®¬ −� §�¬¥ç�−¨ï à¥æ¥−§¥−â� −¥®¡å®¤¨¬® ¯à¨á«�âì
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