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1 Введение

÷¥�«¨§�æ¨ï ‘‘ (¢ �−£«®ï§ëç−®© «¨â¥à�âãà¥ | self-timed) [1] áå¥¬ ¢ ¢¨¤¥
ª®−¢¥©¥à� è¨à®ª® ¨á¯®«ì§ã¥âáï ¤«ï ¯®¢ëè¥−¨ï ¯à®¨§¢®¤¨â¥«ì−®áâ¨ ¢ëç¨á«¨-
â¥«ì−ëå á¨áâ¥¬, ¯®áâà®¥−−ëå ¢ á®®â¢¥âáâ¢ãîé¥¬ ¡�§¨á¥ [2{4]. ‘�¬®á¨−åà®−−�ï
áå¥¬� ®â«¨ç�¥âáï ®â á¨−åà®−−®© áå¥¬ë áâà®£¨¬ ç¥à¥¤®¢�−¨¥¬ ¤¢ãå ä�§ à�¡®âë
(à�¡®ç¥© ¨ á¯¥©á¥à−®©) ¨ ®¡ï§�â¥«ì−®© ¨−¤¨ª�æ¨¥© ®ª®−ç�−¨ï ¯¥à¥ª«îç¥−¨ï
áå¥¬ë ¢ ª�¦¤ãî ä�§ã. �â¨ á¢®©áâ¢� ®¡¥á¯¥ç¨¢�îâ àï¤ ¯à¥¨¬ãé¥áâ¢ ‘‘-áå¥¬
¢ áà�¢−¥−¨¨ á á¨−åà®−−ë¬¨ �−�«®£�¬¨ [5, 6] ¨ ª®−âà®«ì ª®àà¥ªâ−®áâ¨ ¯¥à¥-
ª«îç¥−¨ï ‘‘-áå¥¬ë, −® á−¨¦�îâ ¥¥ ¡ëáâà®¤¥©áâ¢¨¥. ÷�§¡¨¥−¨¥ ‘‘-áå¥¬ë −�
áâã¯¥−¨ ª®−¢¥©¥à� ã¯à®é�¥â ¥¥ ¨−¤¨ª�æ¨î ¢ à�¬ª�å ®¤−®© áâã¯¥−¨ ¨ §� áç¥â íâ®-
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1”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨

−�ãª, YStepchenkov@ipiran.ru
2”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨

−�ãª, diaura@mail.ru
3”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨

−�ãª, stepchenkov@mail.ru
4”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨

−�ãª, diaden87@gmail.com
5”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨

−�ãª, orlov.jaja@gmail.com

4



Œã«ìâ¨¯«¥ªá¨àã¥¬ë© á�¬®á¨−åà®−−ë© ª®−¢¥©¥à

£® ¯®¢ëè�¥â ¥¥ ¯à®¨§¢®¤¨â¥«ì−®áâì | ç¨á«® ¯®àæ¨© ¤�−−ëå, ®¡à�¡�âë¢�¥¬ëå
¢ ¥¤¨−¨æã ¢à¥¬¥−¨.

„®¯®«−¨â¥«ì−®¥ ¯®¢ëè¥−¨¥ ¯à®¨§¢®¤¨â¥«ì−®áâ¨ ¢ à�¬ª�å ª®−¢¥©¥à−®© à¥�-
«¨§�æ¨¨ æ¨äà®¢®© áå¥¬ë ®¡¥á¯¥ç¨¢�¥âáï á ¯®¬®éìî ®¯æ¨®−�«ì−®£® ã¬¥−ìè¥−¨ï
§�¤¥à¦ª¨ ª®−¢¥©¥à� | ¢à¥¬¥−¨ ®¡à�¡®âª¨ ª®−¢¥©¥à®¬ â¥ªãé¥© ¯®àæ¨¨ ¨áå®¤-
−ëå ¤�−−ëå. �� ¯à�ªâ¨ª¥ ¨áå®¤−ë¥ ¤�−−ë¥ ¢ àï¤¥ á«ãç�¥¢ ¤®¯ãáª�îâ ®¡å®¤
−¥ª®â®àëå íâ�¯®¢ ®¡à�¡®âª¨ ¤�−−ëå ¨«¨ §�¬¥−ã ¨å ¡®«¥¥ ¯à®áâë¬¨ ¢ëç¨á«¥−¨-
ï¬¨. ‚ ‘‘-áå¥¬�å ®¡å®¤ áâã¯¥−¨ ª®−¢¥©¥à� ®§−�ç�¥â ¯à¨−ã¤¨â¥«ì−®¥ ã¤¥à¦�−¨¥
¥¥ ¢ á¯¥©á¥à−®© ä�§¥, çâ® ¯®§¢®«ï¥â ã¬¥−ìè¨âì í−¥à£®¯®âà¥¡«¥−¨¥ ¨ §�¤¥à¦ªã
ª®−¢¥©¥à�.

‘�¬®á¨−åà®−−ë© ª®−¢¥©¥à äã−ªæ¨®−¨àã¥â −� ®á−®¢¥ §�¯à®á-®â¢¥â−®£® ¢§�¨-
¬®¤¥©áâ¢¨ï áâã¯¥−¥©: i-ï áâã¯¥−ì ¬®¦¥â −�ç�âì ¯¥à¥ª«îç¥−¨¥ ¢ à�¡®çãî (á¯¥©á¥à-
−ãî) ä�§ã, ¥á«¨ (i + 1)-ï áâã¯¥−ì ¯®¤â¢¥à¤¨«� §�¢¥àè¥−¨¥ á¢®¥£® ¯¥à¥ª«îç¥−¨ï
¢ á¯¥©á¥à−ãî (à�¡®çãî) ä�§ã. �®íâ®¬ã à¥�«¨§�æ¨ï ®¡å®¤� ®â¤¥«ì−ëå áâã¯¥-
−¥© ª®−¢¥©¥à� âà¥¡ã¥â ãç¥â� á®®â¢¥âáâ¢ãîé¨å ãá«®¢¨©. �¯à¥¤¥«¥−¨¥ â�ª¨å
ãá«®¢¨© ¨ â¥å−¨ç¥áª�ï à¥�«¨§�æ¨ï áå¥¬ë ã¯à�¢«¥−¨ï, ®¡¥á¯¥ç¨¢�îé¥© á�¬®á¨−-
åà®−−®áâì ‘‘-ª®−¢¥©¥à� á ¨§¬¥−ï¥¬ë¬ ¬�àèàãâ®¬ ®¡à�¡®âª¨ ¤�−−ëå, ï¢«ï¥âáï
�ªâã�«ì−®© §�¤�ç¥©, à¥è¥−¨¥ ª®â®à®© ¢ §�àã¡¥¦−®© ¨ ®â¥ç¥áâ¢¥−−®© â¥å−¨ç¥áª®©
«¨â¥à�âãà¥ �¢â®à�¬ −¥ ¨§¢¥áâ−®. „�−−�ï áâ�âìï à�áá¬�âà¨¢�¥â â¥®à¥â¨ç¥áª®¥
®¡®á−®¢�−¨¥ íää¥ªâ¨¢−®áâ¨ ¬ã«ìâ¨¯«¥ªá¨à®¢�−¨ï áâã¯¥−¥© ª®−¢¥©¥à� ¨ ¨áá«¥-
¤ã¥â ¢®§¬®¦−ë¥ ¢�à¨�−âë à¥è¥−¨ï ®¯¨á�−−®© ¯à®¡«¥¬ë á ãç¥â®¬ ®£à�−¨ç¥−−®£®
¡�§¨á� áå¥¬®â¥å−¨ç¥áª®© à¥�«¨§�æ¨¨.

2 Структура конвейера с мультиплексированием путей

�� à¨á. 1 ¯à¥¤áâ�¢«¥−� ®¡®¡é¥−−�ï áâàãªâãà−�ï áå¥¬� ‘‘-ª®−¢¥©¥à�, ¢ª«î-
ç�îé�ï N ¯®á«¥¤®¢�â¥«ì−ëå áâã¯¥−¥© ¢ ®á−®¢−®¬ âà�ªâ¥ ®¡à�¡®âª¨ ¤�−−ëå ¨ L
áâã¯¥−¥© ¯�à�««¥«ì−®£® âà�ªâ�, §�¬¥−ïîé¥£® N − 2 áà¥¤−¨å áâã¯¥−¥© ®á−®¢−®£®
âà�ªâ�. �â¤¥«ì−® ®¡®§−�ç¥−ë ¡«®ª¨, ®¡¥á¯¥ç¨¢�îé¨¥ ¤¥¬ã«ìâ¨¯«¥ªá¨à®¢�−¨¥
¯à®¬¥¦ãâ®ç−ëå ¤�−−ëå ¯®á«¥ ¯¥à¢®© áâã¯¥−¨ ¨ ¨å ¬ã«ìâ¨¯«¥ªá¨à®¢�−¨¥ ¯¥à¥¤
¯®á«¥¤−¥© áâã¯¥−ìî ª®−¢¥©¥à�. ‡¤¥áì Din | ¢å®¤−ë¥ ¤�−−ë¥; Dout | ¢ëå®¤−ë¥
¤�−−ë¥; Ck, k = 1, . . . , N + L, | áâã¯¥−¨ ª®−¢¥©¥à�; „Œ | ¤¥¬ã«ìâ¨¯«¥ªá®à
1 : 2; Œ | ¬ã«ìâ¨¯«¥ªá®à 2 : 1; Ik, k = 1, . . . , N + L, | ¨−¤¨ª�â®à−ë¥ ¢ëå®¤ë
áâã¯¥−¥©; Ek, k = 1, . . . , N + L, | ä�§®¢ë¥ ¢å®¤ë áâã¯¥−¥©; U | ¯à¨§−�ª
¢ë¯®«−¥−¨ï ãá«®¢¨ï, à�§à¥è�îé¥£® §�¬¥−ã N − 2 áâã¯¥−¥© ®á−®¢−®£® âà�ªâ�
ª®−¢¥©¥à� L áâã¯¥−ï¬¨ ¯�à�««¥«ì−®£® âà�ªâ�; SU | á¨£−�« ¢ë¡®à� ¯ãâ¨ ¢ −�ç�«¥
à�§¢¥â¢«¥−¨ï; SP | á¨£−�« ¢ë¡®à� ¯ãâ¨ ¢ ª®−æ¥ à�§¢¥â¢«¥−¨ï; Rin ¨ Rout |
¢å®¤−®© ¨ ¢ëå®¤−®© á¨£−�«ë §�¯à®á�; Ain ¨ Aout | ¢å®¤−®© ¨ ¢ëå®¤−®© á¨£−�«ë
¯®¤â¢¥à¦¤¥−¨ï.

�®àï¤®ª ¢ë¢®¤� à¥§ã«ìâ�â®¢ ®¡à�¡®âª¨ ¤�−−ëå, áâà®£® á®®â¢¥âáâ¢ãîé¨© ¯®-
àï¤ªã ¯®áâã¯«¥−¨ï ¢å®¤−ëå ¤�−−ëå, ®¡¥á¯¥ç¨¢�¥â FIFO ¬�àª¥à� ¯ãâ¨. Œ�àª¥à
¯ãâ¨ DPI, áä®à¬¨à®¢�−−ë© áâã¯¥−ìî ‘1, §�¯¨áë¢�¥âáï ¢ FIFO ¨ £�à�−â¨àã¥â
ª®àà¥ªâ−ë© ¢ë¡®à âà�ªâ� ®¡à�¡®âª¨ ¤�−−ëå áâã¯¥−ìî CN . ‡�¯¨áì ¢ FIFO
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ā. �. ‘â¥¯ç¥−ª®¢, ā. ƒ. „ìïç¥−ª®, „. ā. ‘â¥¯ç¥−ª®¢ ¨ ¤à.

÷¨á. 1 �¡®¡é¥−−�ï áå¥¬� ‘‘-ª®−¢¥©¥à�

¯à®¨áå®¤¨â ¯®¤ ã¯à�¢«¥−¨¥¬ á¨£−�-

÷¨á. 2 ‘âàãªâãà−�ï áå¥¬� áâã¯¥−¨ ‘‘-ª®−-
¢¥©¥à� (H | ƒ-âà¨££¥à)

«� EPI. —â¥−¨¥ ¨§ FIFO ¨−¨æ¨¨àã¥â-
áï á¨£−�«®¬ EPO.

‘âàãªâãà−�ï áå¥¬� ®¤−®© áâã¯¥-
−¨ ‘‘-ª®−¢¥©¥à� ¯®ª�§�−� −� à¨á. 2.
�«®ª ú‹®£¨ª�û ®â®¡à�¦�¥â ª®¬¡¨-
−�æ¨®−−ãî ç�áâì áâã¯¥−¨ ª®−¢¥©¥à�.
ˆ−ä®à¬�æ¨®−−ë¥ ¢å®¤ë Din ¨ ¢ëå®-
¤ë Dout ¯à¥¤áâ�¢«¥−ë ¢ ¯�à�ä�§−®¬

ª®¤¥. ‚å®¤ ã¯à�¢«¥−¨ï E à�§à¥è�¥â ä�§®¢ë¥ ¯¥à¥ª«îç¥−¨ï à¥£¨áâà�. ”�§�
à�¡®âë ª®¬¡¨−�æ¨®−−®© ç�áâ¨ ®¯à¥¤¥«ï¥âáï ä�§®© ¨−ä®à¬�æ¨®−−ëå ¢å®¤®¢ Din.
ƒ¨áâ¥à¥§¨á−ë© âà¨££¥à (ƒ-âà¨££¥à, [1]) ä®à¬¨àã¥â ®¡é¨© ¨−¤¨ª�â®à−ë© ¢ëå®¤
áâã¯¥−¨ I, ®¡ê¥¤¨−ïï ¨−¤¨ª�â®à−ë¥ ¢ëå®¤ë ª®¬¡¨−�æ¨®−−®© ç�áâ¨ IC ¨ à¥-
£¨áâà� IR. �à¨−ã¤¨â¥«ì−®¥ ¯®¤¤¥à¦�−¨¥ á¯¥©á¥à� −� ¢å®¤�å Din £�à�−â¨àã¥â
á®åà�−¥−¨¥ á¯¥©á¥à−®£® á®áâ®ï−¨ï ¨ −� ¢ëå®¤¥ Dout −¥§�¢¨á¨¬® ®â §−�ç¥−¨ï
¢å®¤� ã¯à�¢«¥−¨ï E. �â® á¢®©áâ¢® ®¡«¥£ç�¥â ¯®áâà®¥−¨¥ ‘‘-ª®−¢¥©¥à� á ¬ã«ì-
â¨¯«¥ªá¨à®¢�−¨¥¬ âà�ªâ®¢ ¤�−−ëå.

�á−®¢−ë¥ ¯à¥¨¬ãé¥áâ¢� ‘‘-áå¥¬ ¢ áà�¢−¥−¨¨ á á¨−åà®−−ë¬¨ �−�«®£�-
¬¨ | ª®àà¥ªâ−®¥ ¯®¢¥¤¥−¨¥ ¯à¨ «î¡ëå §�¤¥à¦ª�å í«¥¬¥−â®¢ ¨ ®âáãâáâ¢¨¥
£«®¡�«ì−®© á¨−åà®−¨§�æ¨¨. ‘«¥¤®¢�â¥«ì−®, §�¤¥à¦ª¨ ¯�à�««¥«ì−ëå ãç�áâ-
ª®¢ {C2,C3, . . . ,CN−1} ¨ {CN+1,CN+2, . . . ,CN+L} ª®−¢¥©¥à� −� à¨á. 1 ¬®£ãâ
−�å®¤¨âìáï ¢ ¯à®¨§¢®«ì−®¬ ®â−®è¥−¨¨ −¥§�¢¨á¨¬® ®â ç¨á«� áâã¯¥−¥© ¢ ª�¦-
¤®¬ ¨§ −¨å. �®íâ®¬ã ¢® ¨§¡¥¦�−¨¥ £®−®ª ¬¥¦¤ã ¯®á«¥¤®¢�â¥«ì−ë¬¨ ¯®àæ¨ï¬¨
®¡à�¡�âë¢�¥¬ëå ¨áå®¤−ëå ¤�−−ëå −� ¢ëå®¤¥ ª®−¢¥©¥à� ¯¥à¥ª«îç¥−¨¥ ¬¥¦¤ã
¯�à�««¥«ì−ë¬¨ âà�ªâ�¬¨ ¤�−−ëå à¥£ã«¨àã¥âáï FIFO ¬�àª¥à� ¯ãâ¨.
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Œã«ìâ¨¯«¥ªá¨àã¥¬ë© á�¬®á¨−åà®−−ë© ª®−¢¥©¥à

‚ á¨−åà®−−®¬ ª®−¢¥©¥à¥ ¤¥¬ã«ìâ¨¯«¥ªá®à ¨ ¬ã«ìâ¨¯«¥ªá®à, ®¡¥á¯¥ç¨¢�îé¨¥
¢ë¡®à ®¤−®£® âà�ªâ� ®¡à�¡®âª¨ ¤�−−ëå ¨§ ¤¢ãå ¯�à�««¥«ì−ëå, á−¨¦�îâ ç�áâ®âã
á¨−åà®−¨§�æ¨¨, â�ª ª�ª ®−� à�ááç¨âë¢�¥âáï ¤«ï −�¨åã¤è¥£® á«ãç�ï, ¢ ª®â®à®¬
§�¤¥à¦ª� áå¥¬ë ¬ã«ìâ¨¯«¥ªá¨à®¢�−¨ï ¤®¡�¢«ï¥âáï ª ®¡é¥¬ã ¢à¥¬¥−¨ ®¡à�¡®âª¨
¤�−−ëå (§�¤¥à¦ª¥ ª®−¢¥©¥à�).

‚ ‘‘-ª®−¢¥©¥à¥ −¥â −¥®¡å®¤¨¬®áâ¨ ãç¨âë¢�âì −�¨åã¤è¨© á«ãç�©. …£® ¯à®¨§-
¢®¤¨â¥«ì−®áâì å�à�ªâ¥à¨§ã¥âáï áâ�â¨áâ¨ç¥áª¨ ãáà¥¤−¥−−ë¬ ¢à¥¬¥−¥¬ ®¡à�¡®âª¨
¤�−−ëå ¨ §�¢¨á¨â ®â §−�ç¥−¨ï ®¡à�¡�âë¢�¥¬ëå ¤�−−ëå ¨ ãá«®¢¨© íªá¯«ã�â�æ¨¨.
�®íâ®¬ã ã¢¥«¨ç¥−¨¥ §�¤¥à¦ª¨ ª®−¢¥©¥à� ¢ −�¨åã¤è¥¬ á«ãç�¥ ¬®¦¥â ª®¬¯¥−á¨-
à®¢�âìáï ¥¥ ã¬¥−ìè¥−¨¥¬ ¢ ®áâ�«ì−ëå á«ãç�ïå.

�ãáâì áâã¯¥−¨ ‘2 ¨ ‘3 ¢ ‘‘-ª®−¢¥©¥à¥ −� à¨á. 1 á�¬ë¥ á«®¦−ë¥ ¨ ¯®â®¬ã
¬¥¤«¥−−ë¥, §�¤¥à¦ª¨ ¨å ¯¥à¥ª«îç¥−¨ï ¢ à�¡®çãî ¨ á¯¥©á¥à−ãî ä�§ë à�¢−ë T0
¨ L ≤ N − 2. ’®£¤� ¢ á®®â¢¥âáâ¢¨¨ á ãª�§�−−ë¬¨ ¢ëè¥ ¯à¨−æ¨¯�¬¨ à�¡®âë
‘‘-áå¥¬ §�¤¥à¦ª� ®á−®¢−®© ¢¥â¢¨ ª®−¢¥©¥à�, ¢ª«îç�îé¥© áâã¯¥−¨ ‘1{CN ,
à�¢−� (NT0 + Täí + Tí), £¤¥ Täí | §�¤¥à¦ª� áà�¡�âë¢�−¨ï ¡«®ª� „Œ;
Tí | §�¤¥à¦ª� áà�¡�âë¢�−¨ï ¡«®ª� í. �¥à¨®¤¨ç−®áâì ¯®ï¢«¥−¨ï à¥§ã«ìâ�â�
−� ¢ëå®¤¥ áâã¯¥−¨ CN ¯à¨ −¥¯à¥àë¢−®¬ ¯®â®ª¥ ¢å®¤−ëå ¤�−−ëå à�¢−� 4T0.

�à®å®¤ ¤�−−ëå ¯® �«ìâ¥à−�â¨¢−®¬ã ¯ãâ¨, ¢ª«îç�îé¥¬ã áâã¯¥−¨
C1,CN+1, . . . ,CN+L,CN , å�à�ªâ¥à¨§ã¥âáï §�¤¥à¦ª®© ((L+2)T1 + Täí + Tí),
£¤¥ T1| §�¤¥à¦ª� ¯¥à¥ª«îç¥−¨ï ¢ à�¡®çãî ¨ á¯¥©á¥à−ãî ä�§ã á�¬ëå §�¤¥à¦�−-
−ëå ç¥â−®© ¨ −¥ç¥â−®© áâã¯¥−¥© �«ìâ¥à−�â¨¢−®£® ¯ãâ¨, ¨ ¯¥à¨®¤¨ç−®áâìî 4T1.
�®áª®«ìªã T1 < T0 ¨ L ≤ N − 2, ¨á¯®«ì§®¢�−¨¥ �«ìâ¥à−�â¨¢−®£® ¯ãâ¨ ãáª®àï¥â
à�¡®âã ª®−¢¥©¥à�: ç¥¬ ¬¥−ìè¥ T1 ¨ L, â¥¬ §−�ç¨â¥«ì−¥¥ ãáª®à¥−¨¥.

‚�¦−ãî à®«ì ¢ ®à£�−¨§�æ¨¨ ‘‘-¬ã«ìâ¨¯«¥ªá¨à®¢�−¨ï ¯ãâ¥© ®¡à�¡®âª¨ ¤�−-
−ëå ¢ ª®−¢¥©¥à¥ ¨£à�¥â áå¥¬� ã¯à�¢«¥−¨ï.

3 Реализация управления мультиплексируемым самосинхронным
конвейером

÷¥�«¨§�æ¨ï áå¥¬ë ã¯à�¢«¥−¨ï ¬ã«ìâ¨¯«¥ªá¨àã¥¬®£® ª®−¢¥©¥à� ¡�§¨àã¥âáï
−� á«¥¤ãîé¨å ¯à¨−æ¨¯�å:

{ ®¡à�¡®âª� ¯®á«¥¤®¢�â¥«ì−ëå ¯®àæ¨© ¤�−−ëå ¬®¦¥â ¢ë¯®«−ïâìáï ®¤−®¢à¥-
¬¥−−® ¢ ®¡®¨å ¯ãâïå;

{ ¯¥à¢�ï ¨ ¯®á«¥¤−ïï áâã¯¥−¨ ¯ãâ¨, −¥ ï¢«ïîé¥£®áï â¥ªãé¨¬ �ªâ¨¢−ë¬, ¯à¨-
−ã¤¨â¥«ì−® ã¤¥à¦¨¢�îâáï ¢ á¯¥©á¥à¥;

{ ¢ à�¡®çãî ä�§ã ¯¥à¥ª«îç�¥âáï ¯¥à¢�ï áâã¯¥−ì â®«ìª® â®£® ¯ãâ¨, −� ª®â®àë©
ãª�§ë¢�¥â ¬�àª¥à ¯ãâ¨, áä®à¬¨à®¢�−−ë© áâã¯¥−ìî C1;

{ ¢ à�¡®çãî ä�§ã ¯¥à¥ª«îç�¥âáï ¯®á«¥¤−ïï áâã¯¥−ì â®«ìª® â®£® ¯ãâ¨, −�
ª®â®àë© ãª�§ë¢�¥â ¬�àª¥à ¢ ¢ëå®¤−®© ïç¥©ª¥ FIFO.

‚ë¡®à �ªâ¨¢−®£® ¯ãâ¨ ¢ â®çª¥ à�§¢¥â¢«¥−¨ï ª®−¢¥©¥à� −� à¨á. 1 ®áãé¥-
áâ¢«ï¥âáï áâã¯¥−ìî C1, ä®à¬¨àãîé¥© ¬�àª¥à ¯ãâ¨, ª®â®àë© ç¥à¥§ ‘‘-FIFO
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ā. �. ‘â¥¯ç¥−ª®¢, ā. ƒ. „ìïç¥−ª®, „. ā. ‘â¥¯ç¥−ª®¢ ¨ ¤à.

¤®áâ�¢«ï¥âáï ª áâã¯¥−¨ CN , ®¡ê¥¤¨-

÷¨á. 3 ‘å¥¬� âà¨££¥à� à¥¦¨¬� ¨ ã¯à�¢«¥−¨ï
à¥£¨áâà®¬ áâã¯¥−¨ C1

−ïîé¥© ¯�à�««¥«ì−ë¥ ¯ãâ¨. ˆ§¬¥-
−¥−¨¥ §−�ç¥−¨ï ¬�àª¥à� ¯à®¨áå®¤¨â
¢ á¯¥©á¥à−®© ä�§¥ à¥£¨áâà� áâã¯¥-
−¨ C1 ¤«ï ®¡¥á¯¥ç¥−¨ï £�à�−â¨à®-
¢�−−®£® á®åà�−¥−¨ï á¯¥©á¥à−®£® á®-
áâ®ï−¨ï −� ¢å®¤¥ −¥�ªâ¨¢−®© ¢¥â¢¨
ª®−¢¥©¥à�. ’¥ªãé¥¥ §−�ç¥−¨¥ ¬�à-
ª¥à� ¯ãâ¨ åà�−¨âáï ¢ âà¨££¥à¥ à¥-
¦¨¬�, áå¥¬� ª®â®à®£® ¯®ª�§�−� −�
à¨á. 3. ‡¤¥áì (L,LB) | ¯�à�ä�§-
−ë© ¬�àª¥à ¯ãâ¨ á −ã«¥¢ë¬ á¯¥©á¥-
à®¬; WE | á¨£−�« ã¯à�¢«¥−¨ï à¥-
£¨áâà®¬ áâã¯¥−¨ C1, ä®à¬¨àã¥¬ë©

â®«ìª® ¯®á«¥ áà�¡�âë¢�−¨ï ¨−¤¨ª�â®à� âà¨££¥à� à¥¦¨¬�, ¯®¤â¢¥à¦¤�îé¥£® ãáâ�-
−®¢ªã â¥ªãé¥£® ¬�àª¥à� ¯ãâ¨ (U,UB). �¥à¥ª«îç¥−¨¥ ¬�àª¥à� ¯ãâ¨ ¢ −®¢®¥
§−�ç¥−¨¥ ¯à®¨áå®¤¨â â®«ìª® ¢ á¯¥©á¥à−®© ä�§¥ áâã¯¥−¥© C2 ¨ CN+1.

„¥¬ã«ìâ¨¯«¥ªá®à −� ¢ëå®¤¥ áâã¯¥−¨ C1 ª®¬¬ãâ¨àã¥â ¢ëå®¤ë ¥¥ à¥£¨áâ-
à� −� ¢å®¤ë áâã¯¥−¨ C2 ¯à¨ U = 0 ¨«¨ áâã¯¥−¨ CN+1 ¯à¨ U = 1. �®áª®«ìªã
¨§¬¥−¥−¨¥ ¬�àª¥à� U ¯à®¨áå®¤¨â ¢® ¢à¥¬ï á¯¥©á¥à−®© ä�§ë à¥£¨áâà� áâã¯¥−¨ C1,
¯¥à¥ª«îç¥−¨¥ −� ¤àã£®© ¯ãâì ®¡à�¡®âª¨ ¤�−−ëå −¥ ¢ë§ë¢�¥â −�àãè¥−¨ï á�¬®-
á¨−åà®−−®áâ¨.

‘å¥¬� ®¤−®© ïç¥©ª¨ ‘‘-FIFO (RGI) ¯®ª�§�−� −� à¨á. 4. �−� à¥�«¨§®¢�−�
−� ¤¢ãå¢å®¤®¢ëå ƒ-âà¨££¥à�å á® á¡à®á®¬ ¢ á¯¥©á¥à [7]. ‡¤¥áì (X,XB) | ¯�-
à�ä�§−ë© ¨−ä®à¬�æ¨®−−ë© ¢å®¤ á −ã«¥¢ë¬ á¯¥©á¥à®¬; (Y,YB)| ¯�à�ä�§−ë©
¢ëå®¤ á −ã«¥¢ë¬ á¯¥©á¥à®¬; E | ä�§®¢ë© ¢å®¤ ã¯à�¢«¥−¨ï; R | ¢å®¤ á¡à®á�;
I | ¨−¤¨ª�â®à−ë© ¢ëå®¤. �à¨ R = 0 à�§àï¤ FIFO ¯¥à¥ª«îç�¥âáï ¢ á¯¥©á¥à−®¥
á®áâ®ï−¨¥ Y = YB = 0 −¥§�¢¨á¨¬® ®â ®áâ�«ì−ëå ¢å®¤®¢.

÷¨áã−®ª 5 ¤¥¬®−áâà¨àã¥â áå¥¬ã ‘‘-FIFO; FIFO −� í«¥¬¥−â�å RGI ®â−®á¨âáï
ª ¯®«ã¯«®â−ë¬ [8]. ‚ ¯à®æ¥áá¥ ¥£® §�¯®«−¥−¨ï «¨èì ª�¦¤�ï ¢â®à�ï ïç¥©ª� åà�−¨â
¡¨â ¨−ä®à¬�æ¨¨ ¢ ¯�à�ä�§−®¬ ª®¤¥, � ®áâ�«ì−ë¥ −�å®¤ïâáï ¢ á¯¥©á¥à¥. …¬ª®áâì
áå¥¬ë FIFO −� à¨á. 5 | 3 ¡¨â�. �á®¡¥−−®áâì ‘‘-FIFO | �¢â®−®¬−®¥ ¯à®-

÷¨á. 4 ‘å¥¬� ®¤−®© ïç¥©ª¨ FIFO

8 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 33 −®¬¥à 2 2023



Œã«ìâ¨¯«¥ªá¨àã¥¬ë© á�¬®á¨−åà®−−ë© ª®−¢¥©¥à

÷¨á. 5 ‘å¥¬� âà¥å¡¨â®¢®£® FIFO

¤¢¨¦¥−¨¥ §�¯¨á�−−®£® ¡¨â� ®â ¢å®¤−®© ïç¥©ª¨ ¤® ¡«¨¦�©è¥© á¢®¡®¤−®© ïç¥©ª¨.
‚ëå®¤ Ack ã¢¥¤®¬«ï¥â áâã¯¥−ì C1 ® á®áâ®ï−¨¨ ¯¥à¢®© ïç¥©ª¨ FIFO: §�−ïâ� ®−�
¨«¨ á¢®¡®¤−�. ‚å®¤ Req à¥£ã«¨àã¥â ä�§®¢ë¥ ¯¥à¥ª«îç¥−¨ï ¯®á«¥¤−¥© ïç¥©ª¨
FIFO áâã¯¥−ìî CN .

„«ï ®¯â¨¬�«ì−®£® äã−ªæ¨®−¨à®¢�−¨ï ª®−¢¥©¥à� −� à¨á. 1 FIFO ¤®«¦−®
¨¬¥âì ¥¬ª®áâì ¯à¨¬¥à−® 0,5(N + L) − 1 ¡¨â. �à¨ ¬¥−ìè¥© ¥¬ª®áâ¨ FIFO ¢®§-
¬®¦−® §�¬¥¤«¥−¨¥ ª®−¢¥©¥à�, å®âï ¨ ¯à¨ à¥�«¨§�æ¨¨ FIFO ¢ ¢¨¤¥ ®¤−®© ïç¥©ª¨
‘‘-ª®−¢¥©¥à ¡ã¤¥â äã−ªæ¨®−¨à®¢�âì ª®àà¥ªâ−®.

�®á«¥¤−¨¥ áâã¯¥−¨ ¯�à�««¥«ì−ëå ¢¥â¢¥© (CN−1 ¨ CN+L) −¥ ¬®£ãâ ®¤−®¢à¥-
¬¥−−® −�å®¤¨âìáï ¢ à�¡®ç¥© ä�§¥. �®íâ®¬ã ¬ã«ìâ¨¯«¥ªá®à ¯¥à¥¤ áâã¯¥−ìî CN

¬®¦−® §�¬¥−¨âì ¬−®£®à�§àï¤−ë¬ í«¥¬¥−â®¬ 2ˆ‹ˆ.
‘¨£−�« ã¯à�¢«¥−¨ï à¥£¨áâà®¬ áâã¯¥−¨ CN ä®à¬¨àã¥âáï −� ®á−®¢¥ á¨£−�«®¢

ã¯à�¢«¥−¨ï EN−1, EN ¨ EN+L áâã¯¥−ï¬¨ ª®−¢¥©¥à�, ª�ª ¯®ª�§�−® −� à¨á. 6.
‘å¥¬ë −� à¨á. 3{6 ã¤®¢«¥â¢®àï-

÷¨á. 6 ”®à¬¨à®¢�â¥«ì á¨£−�«� ã¯à�¢«¥-
−¨ï à¥£¨áâà®¬ áâã¯¥−¨ CN

îâ áå¥¬®â¥å−¨ç¥áª¨¬ ®£à�−¨ç¥−¨ï¬
â¥å−®«®£¨¨ ŠŒ„� á «î¡ë¬¨ â®¯®-
«®£¨ç¥áª¨¬¨ −®à¬�¬¨ ¨ ¬®£ãâ ¡ëâì
à¥�«¨§®¢�−ë ª�ª ¢ ¢¨¤¥ §�ª�§−®© ¬¨ª-
à®áå¥¬ë, â�ª ¨ −� ¡�§®¢®¬ ¬�âà¨ç−®¬
ªà¨áâ�««¥ −� ®â¥ç¥áâ¢¥−−®© â¥å−®«®-
£¨ç¥áª®© ¡�§¥.

�¯¨á�−−ë¥ áå¥¬®â¥å−¨ç¥áª¨¥ à¥-
è¥−¨ï ¡ë«¨ ¯à®¢¥à¥−ë −� á�¬®á¨−å-
à®−−®áâì ¯à®£à�¬¬®© �‘ˆ�� [9],
¯®¤â¢¥à¤¨¢è¥© ¨å ª®àà¥ªâ−®áâì.

4 Заключение

‚ ®â«¨ç¨¥ ®â á¨−åà®−−®£® ª®−¢¥©¥à�, ‘‘-ª®−¢¥©¥à ®â−®á¨âáï ª ¯®«ã¯«®â−ë¬
ª®−¢¥©¥à�¬. ˆ§-§� ¤¢ãåä�§−®£® à¥¦¨¬� à�¡®âë ¯à¨ ¬�ªá¨¬�«ì−®© §�£àã§-
ª¥ ª®−¢¥©¥à� �ªâ¨¢−�ï ®¡à�¡®âª� ¤�−−ëå ¯à®¨áå®¤¨â â®«ìª® ¢ ª�¦¤®© ¢â®à®©
áâã¯¥−¨, ®áâ�«ì−ë¥ áâã¯¥−¨ −�å®¤ïâáï ¢ á®áâ®ï−¨¨ ®¦¨¤�−¨ï ¨«¨ á¯¥©á¥à�.

�à®¨§¢®¤¨â¥«ì−®áâì ‘‘-ª®−¢¥©¥à� ®£à�−¨ç¨¢�¥âáï ¡ëáâà®¤¥©áâ¢¨¥¬ á�¬ëå
á«®¦−ëå áâã¯¥−¥©. …á«¨ ®−¨ ¨á¯®«ì§ãîâáï «¨èì ¤«ï −¥ª®â®àëå −�¡®à®¢ ¢å®¤−ëå
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ā. �. ‘â¥¯ç¥−ª®¢, ā. ƒ. „ìïç¥−ª®, „. ā. ‘â¥¯ç¥−ª®¢ ¨ ¤à.

¤�−−ëå, ã¢¥«¨ç¥−¨¥ ¯à®¨§¢®¤¨â¥«ì−®áâ¨ ¤®áâ¨£�¥âáï à¥�«¨§�æ¨¥© �«ìâ¥à−�â¨¢-
−ëå ¯ãâ¥© ®¡à�¡®âª¨ ¤�−−ëå ¢ ª®−¢¥©¥à¥, ®¡å®¤ïé¨å á«®¦−ë¥ áâã¯¥−¨, −¥
¢®áâà¥¡®¢�−−ë¥ â¥ªãé¨¬ −�¡®à®¬ ¤�−−ëå.

�à¥¤«®¦¥−−�ï áâàãªâãà� ‘‘-ª®−¢¥©¥à� á ¬ã«ìâ¨¯«¥ªá¨à®¢�−¨¥¬ âà�ªâ� ®¡-
à�¡®âª¨ ¤�−−ëå | ¤¢¥ ¯�à�««¥«ì−ë¥ ¢¥â¢¨ ®¡à�¡®âª¨ ¤�−−ëå ¨ FIFO ¬�àª¥à�
¢¥â¢¨ | ®¡¥á¯¥ç¨¢�¥â ®¯â¨¬�«ì−®áâì à¥�«¨§�æ¨¨ ª®−¢¥©¥à� á á¥«¥ªâ¨àã¥¬ë¬¨
®¯æ¨ï¬¨ ®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨. Šà®¬¥ â®£®, ®−� ¯®§¢®«ï¥â ¯®¢ëá¨âì áà¥¤−îî
¯à®¨§¢®¤¨â¥«ì−®áâì ª®−¢¥©¥à�, ¥á«¨ §�¤¥à¦ª� ®¤−®© ¨§ ¥£® ¯�à�««¥«ì−ëå ¢¥â¢¥©
áãé¥áâ¢¥−−® ¬¥−ìè¥ §�¤¥à¦ª¨ ¤àã£®© ¢¥â¢¨. �®«ã¯«®â−®¥ FIFO −� ƒ-âà¨££¥-
à�å −¥ ã¢¥«¨ç¨¢�¥â «�â¥−â−®áâ¨ ª®−¢¥©¥à�, ¥á«¨ ¥£® ¥¬ª®áâì ¡®«ìè¥ ¨«¨ à�¢−�
¯®«®¢¨−¥ ®â áã¬¬�à−®£® ç¨á«� áâã¯¥−¥© ¢ ¯�à�««¥«ì−ëå ¢¥â¢ïå.

�à¨¢¥¤¥−−ë¥ áå¥¬®â¥å−¨ç¥áª¨¥ à¥è¥−¨ï ®â¤¥«ì−ëå ã§«®¢ ª®−¢¥©¥à� á ¬ã«ì-
â¨¯«¥ªá¨à®¢�−¨¥¬ ¯ãâ¥© ®¡à�¡®âª¨ ¤�−−ëå £�à�−â¨àãîâ ¥£® ¯à�ªâ¨ç¥áªãî à¥�-
«¨§ã¥¬®áâì ¢ ¡�§¨á¥ §�ª�§−®© ¨ ¯®«ã§�ª�§−®© ŠŒ„�-â¥å−®«®£¨¨ −� ®â¥ç¥áâ¢¥−-
−ëå ¯®«ã¯à®¢®¤−¨ª®¢ëå ä�¡à¨ª�å.
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MULTIPLEXED SELF-TIMED PIPELINE
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Abstract: The article considers the problem of correct practical implemen-
tation of a self-timed pipeline with multiplexing of actively operating stages
taking into account the circuitry limitations imposed by the technology used.
Complementing two parallel branches with a self-timed marker FIFO (First-
Input{First-Output) reduces the average latency of the pipeline and ensures its
operation is self-timed. With sufficient FIFO capacity, successive data portions
can be processed simultaneously by different pipeline's branches. The circuitry
solutions of the multiplexed pipeline's individual units guarantee pipeline prac-
tical feasibility in any complementary metal { oxide { semiconductor process at
domestic semiconductor factories.

Keywords: self-timed circuit; pipeline; multiplexing; latency; performance
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РАСПОЗНАВАНИЕ АНОМАЛИЙ НА РАЗНОВРЕМЕННЫХ
ПАНОРАМАХ С ИСПОЛЬЗОВАНИЕМ НЕЙРОСЕТЕВОГО

МЕТОДА КОНСОЛИДАЦИИ МОДЕЛЕЙ

П. О. Архипов1, С. Л. Филиппских2

�−−®â�æ¨ï: �¯¨áë¢�¥âáï ¬¥â®¤¨ª� ª«�áá¨ä¨ª�æ¨¨ �−®¬�«¨© −� à�§−®¢à¥-
¬¥−−ëå ¯�−®à�¬�å á ¯à¨¬¥−¥−¨¥¬ −¥©à®á¥â¥¢®£® ¬¥â®¤� ª®−á®«¨¤�æ¨¨ ¬®-
¤¥«¥©. �á−®¢−�ï ¨¤¥ï ¤�−−®£® ¯®¤å®¤� §�ª«îç�¥âáï ¢ à�§¡¨¥−¨¨ ¬®¤¥«¨
£«ã¡®ª®£® ®¡ãç¥−¨ï −� á®áâ�¢−ë¥ ç�áâ¨. ‡�â¥¬ ¤«ï ª�¦¤®© ç�áâ¨ ¯®¤-
¡¨à�îâáï ¨ �¤�¯â¨àãîâáï áãé¥áâ¢ãîé¨¥ è�¡«®−ë ¯à®¥ªâ¨à®¢�−¨ï. „«ï
à¥è¥−¨ï §�¤�ç¨ ª«�áá¨ä¨ª�æ¨¨ �−®¬�«¨© ¡ë« à�§à�¡®â�− á®áâ�¢−®© è�¡«®−
¨ á¯à®¥ªâ¨à®¢�−� −®¢�ï −¥©à®á¥â¥¢�ï ¬®¤¥«ì. ‚ë¯®«−¥−® ãá®¢¥àè¥−áâ¢®-
¢�−¨¥ è�¡«®−� ¯à®¥ªâ¨à®¢�−¨ï −¥©à®−−ëå á¥â¥© ConvNet, ®á−®¢�−−®¥ −�
â¥å−®«®£¨¨ ¯à¨¬¥−¥−¨ï ú¯«®â−ëå á¢¥àâ®ç−ëå ¡«®ª®¢û. „«ï ª«�áá¨ä¨ª�æ¨¨
�−®¬�«¨© à�§à�¡®â�− −®¢ë© è�¡«®− | SOTA-ConvNet, ¢ª«îç�îé¨© £®â®¢ãî
�àå¨â¥ªâãàã −¥©à®á¥â¥¢®© ¬®¤¥«¨, ¯®¤å®¤ïéãî ¤«ï à�¡®âë á ¯�−®à�¬−ë¬¨
¨§®¡à�¦¥−¨ï¬¨. �¥©à®á¥â¥¢�ï ¬®¤¥«ì, ¯®áâà®¥−−�ï −� ¡�§¥ è�¡«®−� SOTA-
ConvNet, ¯®ª�§�«� ¯à¥¨¬ãé¥áâ¢� ¯® áà�¢−¥−¨î á −¥©à®á¥âìî −� ¡�§¥ ConvNet:
¯®¢ëá¨«�áì â®ç−®áâì ª«�áá¨ä¨ª�æ¨¨ ¨§®¡à�¦¥−¨©, −� ¯®àï¤®ª ã¬¥−ìè¨«®áì
ç¨á«® −�áâà�¨¢�¥¬ëå ¯�à�¬¥âà®¢.

Š«îç¥¢ë¥ á«®¢�: ¯�−®à�¬−®¥ ¨§®¡à�¦¥−¨¥; ª®−á®«¨¤�æ¨ï ¬®¤¥«¥©; ¬−®-
£®ª«�áá®¢�ï ª«�áá¨ä¨ª�æ¨ï; è�¡«®− ¯à®¥ªâ¨à®¢�−¨ï; á¢¥àâ®ç−�ï −¥©à®−−�ï
á¥âì; −�¡®à ¤�−−ëå
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1 Введение

‡�¤�ç� ¯® ®¡−�àã¦¥−¨î �−®¬�«¨© −� áà�¢−¨¢�¥¬ëå à�§−®¢à¥¬¥−−ëå ¯�-
−®à�¬�å ¨−á¯¥ªâ¨àã¥¬®© ¬¥áâ−®áâ¨ è¨à®ª® ¯à¥¤áâ�¢«¥−� ¢ à�¡®â�å [1{6]. „«ï
à¥è¥−¨ï íâ®© §�¤�ç¨ ¡ë« à�§à�¡®â�− ¬¥â®¤, à¥�«¨§ãîé¨© ¯®¨áª �−®¬�«¨© §� áç¥â
®¡−�àã¦¥−¨ï ®á®¡ëå ®¡«�áâ¥© á ¢ëá®ª¨¬ æ¢¥â®à�§«¨ç¨¥¬. �¤−�ª® ¯®¨áª â�ª¨å
®¡«�áâ¥© −¥ ¯®¤à�§ã¬¥¢�« §�¤�çã ¨å ª«�áá¨ä¨ª�æ¨¨. „«ï �¢â®¬�â¨ç¥áª®© ¨¤¥−-
â¨ä¨ª�æ¨¨ ®¡−�àã¦¥−−ëå ®¡ê¥ªâ®¢ ¯à¥¤«�£�¥âáï ¯à¨¬¥−¨âì ¬¥â®¤ë ¬�è¨−−®£®
®¡ãç¥−¨ï, ª®â®àë¥ ¯®¬®£ãâ à¥è¨âì −®¢ãî §�¤�çã, á¢ï§�−−ãî á ª«�áá¨ä¨ª�æ¨¥©
−�©¤¥−−ëå �−®¬�«¨© (¨«¨ ®¡ê¥ªâ®¢ ¨−â¥à¥á�) [7].

1”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª, arpaul@mail.ru

2”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª, philippsl@mail.ru
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Š«�áá¨ä¨ª�æ¨ï ®¡ê¥ªâ®¢, ¯®«ãç¥−−ëå á ¯�−®à�¬−ëå ¨§®¡à�¦¥−¨©, á−ïâëå
á ¡¥á¯¨«®â−ëå «¥â�â¥«ì−ëå �¯¯�à�â®¢ (��‹�), ¯à¥¤áâ�¢«ï¥â á®¡®© §�¤�çã ¬−®-
£®ª«�áá®¢®© ª«�áá¨ä¨ª�æ¨¨. Š�¦¤®¥ ¨§®¡à�¦¥−¨¥ ¤®«¦−® ¡ëâì ®â−¥á¥−® ª ®¯à¥-
¤¥«¥−−®¬ã, §�à�−¥¥ §�¤�−−®¬ã ª«�ááã. �®íâ®¬ã à¥è¥−¨¥ §�¤�ç¨ ª«�áá¨ä¨ª�æ¨¨
®¡ê¥ªâ®¢ ¯à¥¤¯®«�£�¥â ¯®áâà®¥−¨¥ ¬®¤¥«¨ £«ã¡®ª®£® ®¡ãç¥−¨ï [8].

�� á¥£®¤−ïè−¨© ¤¥−ì ¨§®¡à�¦¥−¨ï à�§¬¥à®¬ 224 × 224 ¯¨ªá¥«ï áâ�«¨ áâ�−-
¤�àâ−ë¬¨ ¢å®¤−ë¬¨ ¤�−−ë¬¨ ¢ §�¤�ç¥ ª«�áá¨ä¨ª�æ¨¨ ¯à¨ ¨á¯®«ì§®¢�−¨¨ £«ã¡®-
ª®£® ®¡ãç¥−¨ï [9]. „«ï â�ª¨å ¤�−−ëå á®§¤�−ë ¢ëá®ª®íää¥ªâ¨¢−ë¥ �àå¨â¥ªâãàë
−¥©à®−−ëå á¥â¥©: DenseNet [10], Inception, Xception, EfficientNet [9] ¨ ¤à.

�à¨ ª«�áá¨ä¨ª�æ¨¨ �−®¬�«¨©, ¯®«ãç¥−−ëå ¯à¨ áà�¢−¥−¨¨ à�§−®¢à¥¬¥−−ëå
¯�−®à�¬, è¨à¨−� ¨ ¢ëá®â� ¡®«ìè¥© ç�áâ¨ ¨§®¡à�¦¥−¨© −¥ ¯à¥¢ëè�¥â 30 ¯¨ª-
á¥«¥©. �® íâ®© ¯à¨ç¨−¥ ¢ëè¥¯¥à¥ç¨á«¥−−ë¥ �àå¨â¥ªâãàë −¥©à®−−ëå á¥â¥© −¥
¯®¤å®¤ïâ ¤«ï à¥è¥−¨ï ¯®áâ�¢«¥−−®© §�¤�ç¨. ‘ −¥¡®«ìè¨¬¨ ¨§®¡à�¦¥−¨ï¬¨ ã¬¥-
îâ à�¡®â�âì «¨¡® ãáâ�à¥¢è¨¥ −¥©à®á¥â¥¢ë¥ �àå¨â¥ªâãàë (®á−®¢�−−ë¥ −� è�¡«®−¥
ConvNet | AlexNet [8], VGG16, VGG19 [11]), «¨¡® ¬®¡¨«ì−ë¥ �àå¨â¥ªâãàë
(MobileNet [12], ShuffleNet, SqueezeNet [9]). �¤−�ª® −¥©à®−−ë¥ á¥â¨, á¯à®-
¥ªâ¨à®¢�−−ë¥ −� ®á−®¢¥ ConvNet, ¡ëáâà® ¯¥à¥®¡ãç�îâáï ¨ ¯®ª�§ë¢�îâ −¨§ª¨¥
à¥§ã«ìâ�âë ¯à¨ à�¡®â¥ á ¬�«®ç¨á«¥−−ë¬¨ ª«�áá�¬¨ [13]. Œ®¡¨«ì−ë¥ ¦¥ �àå¨â¥ª-
âãàë ®¯â¨¬¨§¨à®¢�−ë ¤«ï à�¡®âë −� ãáâà®©áâ¢�å á −¨§ª®© ¯à®¨§¢®¤¨â¥«ì−®áâìî
¨ ®£à�−¨ç¥−−®© ¯�¬ïâìî. ’�ª�ï ®¯â¨¬¨§�æ¨ï −¥£�â¨¢−® áª�§ë¢�¥âáï −� â®ç−®áâ¨
ª«�áá¨ä¨ª�æ¨¨ [9].

‘â�âìï −�¯à�¢«¥−� −� à¥è¥−¨¥ §�¤�ç¨ ª«�áá¨ä¨ª�æ¨¨ �−®¬�«¨© ¯ãâ¥¬ à�§à�-
¡®âª¨ ¯®¤å®¤ïé¥£® ¨−áâàã¬¥−â� £«ã¡®ª®£® ®¡ãç¥−¨ï, ®á−®¢�−−®£® −� á®¢à¥¬¥−-
−ëå �àå¨â¥ªâãà�å −¥©à®−−ëå á¥â¥©, á¯®á®¡−®£® à�¡®â�âì á ¬�«ë¬¨ ¨§®¡à�¦¥−¨-
ï¬¨ ¨ −� −¥á¡�«�−á¨à®¢�−−ëå ¢ë¡®àª�å. ‚ ®á−®¢¥ ¤�−−®£® ¨−áâàã¬¥−â� «¥¦¨â
¬¥â®¤ ª®−á®«¨¤�æ¨¨ ¬®¤¥«¥© (model amalgamation), §�ª«îç�îé¨©áï ¢ à�§¡¨¥−¨¨
−¥©à®á¥â¥¢®© ¬®¤¥«¨ −� á®áâ�¢−ë¥ ç�áâ¨ ¨ �¤�¯â�æ¨¨ ¯®¤ ¯®¤å®¤ïé¨© è�¡«®−
¯à®¥ªâ¨à®¢�−¨ï £«ã¡®ª¨å −¥©à®−−ëå á¥â¥© [9].

2 Шаблон проектирование SOTA-ConvNet

�� á¥£®¤−ïè−¨© ¤¥−ì è�¡«®−ë ¯à®¥ªâ¨à®¢�−¨ï ¨£à�îâ ®ç¥−ì ¢�¦−ãî à®«ì
¯à¨ á®§¤�−¨¨ −¥©à®á¥â¥¢ëå ¬®¤¥«¥©. ˆå ¯®ï¢«¥−¨¥ áâ�«® à¥§ã«ìâ�â®¬ ®¡®¡é¥−¨ï
®¯ëâ�, ¯®«ãç¥−−®£® ¯à¨ ¨áá«¥¤®¢�−¨¨ ¨ ¨á¯®«ì§®¢�−¨¨ −¥©à®−−ëå á¥â¥© [9].

�¥àá¯¥ªâ¨¢−ë¬ ¢ ª®−â¥ªáâ¥ à¥è¥−¨ï §�¤�ç¨ ª«�áá¨ä¨ª�æ¨¨ �−®¬�«¨© ¬®-
¦¥â áâ�âì ¯®¤å®¤, ®á−®¢�−−ë© −� ¯à¨¬¥−¥−¨¨ −®¢®£® è�¡«®−� ¯à®¥ªâ¨à®¢�−¨ï
à�§à�¡®â�−−®© −¥©à®á¥â¥¢®© ¬®¤¥«¨. �ç¥¢¨¤−®, çâ® −�¨¡®«¥¥ ¯®¤å®¤ïé¨© ¨§
áãé¥áâ¢ãîé¨å è�¡«®−®¢ ¯à®¥ªâ¨à®¢�−¨ï −¥©à®á¥â¥¢®© ¬®¤¥«¨ | íâ® è�¡«®−
ConvNet, ¯à¥¤−�§−�ç¥−−ë© ¤«ï à�¡®âë á −¥¡®«ìè¨¬¨ ¨§®¡à�¦¥−¨ï¬¨. „«ï
¨á¯®«ì§®¢�−¨ï è�¡«®−� ConvNet ¢ ª�ç¥áâ¢¥ ¡�§ë ¤«ï ª«�áá¨ä¨ª�æ¨¨ ¢ë¡à�−−ëå
�−®¬�«¨© ¢ −¥£® −¥®¡å®¤¨¬® ¡ë«® ¢−¥áâ¨ àï¤ ¨§¬¥−¥−¨© ¢ á®®â¢¥âáâ¢¨¨ á ¬¥â®¤®¬
ª®−á®«¨¤�æ¨ï ¬®¤¥«¥©. ÷�§à�¡®â�−−ë© −®¢ë© è�¡«®− ¯à®¥ªâ¨à®¢�−¨ï ¯®«ãç¨«
−�§¢�−¨¥ SOTA-ConvNet [14].
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÷�á¯®§−�¢�−¨¥ �−®¬�«¨© −� à�§−®¢à¥¬¥−−ëå ¯�−®à�¬�å

‚ áâàãªâãà¥ á¢¥àâ®ç−ëå −¥©à®−−ëå á¥â¥© âà�¤¨æ¨®−−® ¢ë¤¥«ïîâ âà¨ ª®¬-
¯®−¥−â�: áâ¥à¦−¥¢®© ª®¬¯®−¥−â, ®á−®¢−�ï á¢¥àâ®ç−�ï ¡�§� ¨ ª«�áá¨ä¨ª�â®à [9].
„«ï è�¡«®−� ¯à®¥ªâ¨à®¢�−¨ï SOTA-ConvNet á¯à®¥ªâ¨à®¢�−� âà¥åª®¬¯®−¥−â−�ï
¬�ªà®�àå¨â¥ªâãà�, ®âà�¦�îé�ï á¢ï§¨ ®á−®¢−ëå ¡«®ª®¢ −¥©à®á¥â¥¢®© ¬®¤¥«¨.

3 Стержневой компонент SOTA-ConvNet

‘â¥à¦−¥¢®© ª®¬¯®−¥−â ¯à¨−¨¬�¥â −� ¢å®¤ ¨§®¡à�¦¥−¨ï −�©¤¥−−ëå �−®¬�-
«¨©, ¢ë¯®«−ï¥â −�ç�«ì−®¥ ¨§¢«¥ç¥−¨¥ ¯à®áâëå £à�ä¨ç¥áª¨å ¯à¨§−�ª®¢ (¢¥à-
â¨ª�«ì−ë¥, £®à¨§®−â�«ì−ë¥, −�ª«®−−ë¥ «¨−¨¨ ¨ â. ¯.) ¨ ¯¥à¥¤�¥â ¯®«ãç¥−−ãî
¨−ä®à¬�æ¨î ¢ ®á−®¢−ãî á¢¥àâ®ç−ãî ¡�§ã. ‘â¥à¦−¥¢®© ª®¬¯®−¥−â á®áâ®¨â ¨§
¤¢ãå £àã¯¯: ¯à¥¤áâ¥à¦−¥¢®© £àã¯¯ë ¨ áâ¥à¦−¥¢®© á¢¥àâ®ç−®© £àã¯¯ë.

�à¥¤áâ¥à¦−¥¢�ï £àã¯¯� ¢ë¯®«−ï¥â ¯à¥¯à®æ¥áá¨−£ ¨§®¡à�¦¥−¨© | ¬�áèâ�-
¡¨àã¥â à�§¬¥àë ¨§®¡à�¦¥−¨© ¨ −®à¬�«¨§ã¥â §−�ç¥−¨¥ ª�¦¤®£® ¯¨ªá¥«ï [9].

‘â¥à¦−¥¢�ï á¢¥àâ®ç−�ï £àã¯¯� ¢ë¯®«−ï¥â ¯¥à¢®−�ç�«ì−®¥ (¤®¢®«ì−® £àã¡®¥)
¢ë¤¥«¥−¨¥ ¯à¨§−�ª®¢ ¨ ¬¨−¨¬¨§¨àã¥â ç¨á«® ¯�à�¬¥âà®¢ §� áç¥â ã¬¥−ìè¥−¨ï
à�§¬¥à®¢ ª�àâ ¯à¨§−�ª®¢.

�¯â¨¬�«ì−®¥ ç¨á«® ª�àâ ¯à¨§−�ª®¢, ª®â®à®¥ −¥®¡å®¤¨¬® ¯à¥¤®áâ�¢¨âì −�
¢å®¤ ®á−®¢−®© á¢¥àâ®ç−®© ¡�§¥, á®áâ�¢«ï¥â 64. �â® §−�ç¥−¨¥ ¡ë«® ¯®«ãç¥−® í¬-
¯¨à¨ç¥áª¨ ¢ à¥§ã«ìâ�â¥ ¯à®¢¥¤¥−¨ï ¡®«ìè®£® ç¨á«� íªá¯¥à¨¬¥−â®¢ á à�§«¨ç−ë¬¨
�àå¨â¥ªâãà�¬¨ −¥©à®−−ëå á¥â¥© [9].

‚ áâ¥à¦−¥¢®© á¢¥àâ®ç−®© £àã¯¯¥ ¨á¯®«ì§ã¥âáï à¥æ¥¯â¨¢−®¥ ¯®«¥ 3×3. �� á¥-
£®¤−ïè−¨© ¤¥−ì íâ® ®¡é¥¯à¨−ïâ®¥ §−�ç¥−¨¥ ¤«ï §�¤�ç ª®¬¯ìîâ¥à−®£® §à¥−¨ï [9].
‚ ¯¥à¢®¬ á«®¥ ¡®«ìè¨−áâ¢� �àå¨â¥ªâãà á®¢à¥¬¥−−ëå −¥©à®−−ëå á¥â¥© ¯à®¢®¤¨â-
áï á¢¥àâª� ¨ ã¬¥−ìè¥−¨¥ à�§¬¥à®¢ ª�àâ ¯à¨§−�ª®¢. �® è�¡«®− SOTA-ConvNet
¯à¥¤−�§−�ç¥− ¤«ï à�¡®âë á −¥¡®«ìè¨¬¨ ¨§®¡à�¦¥−¨ï¬¨, ¨ ¯®íâ®¬ã ¢ ¯¥à¢®¬ á«®¥
¯à®¢®¤¨âáï â®«ìª® á¢¥àâª�.

4 Основная сверточная база и классификатор SOTA-ConvNet

�á−®¢−�ï á¢¥àâ®ç−�ï ¡�§� | íâ® £«�¢−ë© ª®¬¯®−¥−â −¥©à®á¥â¥¢®© ¬®¤¥«¨,
¢ ª®â®à®¬ ¨¤¥â ãá¢®¥−¨¥ ¯à¨§−�ª®¢, −�©¤¥−−ëå ¯à¨ �−�«¨§¥ ¨§®¡à�¦¥−¨ï [9].

�á−®¢−�ï á¢¥àâ®ç−�ï ¡�§� á®áâ®¨â ¨§ ®¤−®© ¨«¨ −¥áª®«ìª¨å á¢¥àâ®ç−ëå
£àã¯¯, ¨ ª�¦¤�ï £àã¯¯� á®áâ®¨â ¨§ ®¤−®£® ¨«¨ −¥áª®«ìª¨å á¢¥àâ®ç−ëå ¡«®ª®¢.

„«ï ¯®áâà®¥−¨ï ®á−®¢−®£® ª®¬¯®−¥−â� è�¡«®−� SOTA-ConvNet −¥®¡å®¤¨¬®
¢ë¡à�âì ç¨á«® ¨ �àå¨â¥ªâãàã á¢¥àâ®ç−ëå ¡«®ª®¢ ¨ £àã¯¯. �à¨ à�¡®â¥ á −¥¡®«ì-
è¨¬¨ ¨§®¡à�¦¥−¨ï¬¨ ç¨á«® £àã¯¯ −�¯àï¬ãî §�¢¨á¨â ®â à�§¬¥à� ¨§®¡à�¦¥−¨©
¢ ª®−ªà¥â−®¬ −�¡®à¥ ¤�−−ëå. �¤−�ª® ¤«ï ã¯à®é¥−¨ï ¨ áâ�−¤�àâ¨§�æ¨¨ è�¡«®-
−� ¢á¥ £àã¯¯ë ¤®«¦−ë ¨¬¥âì ®¤¨−�ª®¢ãî �àå¨â¥ªâãàã, ®â«¨ç�îéãîáï â®«ìª®
à�§¬¥à®¬ ¢å®¤−ëå ¨§®¡à�¦¥−¨© ¨ ç¨á«®¬ ä¨«ìâà®¢.

�à®¡«¥¬� á¥â¥©, ¯®áâà®¥−−ëå −� ¡�§¥ è�¡«®−� ConvNet, ªà®¥âáï ¢ à�§−®©
áª®à®áâ¨ ®¡ãç¥−¨ï á«®¥¢. �â® ®§−�ç�¥â, çâ® á«®¨, à�á¯®«®¦¥−−ë¥ ã ¢ëå®¤�
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÷¨á. 1 �áâ�â®ç−ë© á¢¥àâ®ç−ë© ¡«®ª (residual convolutional block) (�) ¨ ¯«®â−ë©
á¢¥àâ®ç−ë© ¡«®ª (dense convolutional block) (¡)

−¥©à®−−®© á¥â¨, ®¡ãç�îâáï ¡ëáâà¥¥. ‚ à¥§ã«ìâ�â¥ á ã¢¥«¨ç¥−¨¥¬ £«ã¡¨−ë
á¥â¨ ®¡ãç�âì à�−−¨¥ á«®¨ áâ�−®¢¨âáï −¥¢®§¬®¦−® (¤® −¨å −¥ ¤®å®¤¨â á¨£−�«
®è¨¡ª¨) [13]. �® íâ®© ¯à¨ç¨−¥, −¥á¬®âàï −� à®áâ á«®¦−®áâ¨ ¢ëç¨á«¥−¨©,
â®ç−®áâì à�¡®âë ¬®¤¥«¨ á−¨¦�¥âáï.

„«ï à¥è¥−¨ï ¯à®¡«¥¬ë à�§−®© áª®à®áâ¨ ®¡ãç¥−¨ï á«®¥¢ −¥©à®−−®© á¥â¨
¢ �àå¨â¥ªâãà¥ ResNet ¡ë« à�§à�¡®â�− −®¢ë© è�¡«®− ®áâ�â®ç−®£® á¢¥àâ®ç−®£®
¡«®ª� [15]. ƒ«�¢−®© ®á®¡¥−−®áâìî íâ®£® ¡«®ª� áâ�«� ¯àï¬�ï á¢ï§ì ¬¥¦¤ã ¢å®¤®¬
¨ ¢ëå®¤®¬ ¡«®ª� ¢ ®¡å®¤ á¢¥àâ®ç−ëå á«®¥¢ (à¨á. 1, �).

‚ëå®¤ ¡«®ª� á®áâ®¨â ¨§ áã¬¬ë ®¡−�àã¦¥−−ëå ¢ á¢¥àâ®ç−ëå á«®ïå ¯à¨§−�ª®¢
¨ ¨§ ¢å®¤−ëå ¤�−−ëå. ‚ à¥§ã«ìâ�â¥ ®áâ�â®ç−ë© á¢¥àâ®ç−ë© ¡«®ª «¨¡® ¨§ãç�-
¥â çâ®-â® ¯®«¥§−®¥ ¨ á¯®á®¡áâ¢ã¥â á−¨¦¥−¨î ®è¨¡®ª á¥â¨, «¨¡® ¢ë¯®«−ï¥â
â®¦¤¥áâ¢¥−−®¥ ®â®¡à�¦¥−¨¥ [15].

„�«ì−¥©è¨¬ à�§¢¨â¨¥¬ ¨¤¥¨ ®áâ�â®ç−®£® á¢¥àâ®ç−®£® ¡«®ª� áâ�« ¯«®â−ë©
á¢¥àâ®ç−ë© ¡«®ª, è�¡«®− ª®â®à®£® ¯®á«ã¦¨« ®á−®¢®© ¤«ï ¯®áâà®¥−¨ï á¥â¨
DenseNet [10]. �á−®¢−�ï ¨¤¥ï ¯«®â−®£® ¡«®ª� | íâ® ¯®¢â®à−®¥ ¨á¯®«ì§®¢�-
−¨¥ ª�àâ ¯à¨§−�ª®¢. „«ï íâ®£® −� ¢ëå®¤¥ áã¬¬� §�¬¥−¥−� −� ª®−ª�â¥−�æ¨î |
¤®¡�¢«¥−¨¥ ¨áå®¤−ëå ª�àâ ¯à¨§−�ª®¢ ª ª�àâ�¬, ¯®«ãç¥−−ë¬ ¨§ á¢¥àâ®ç−ëå á«®-
¥¢ (à¨á. 1, ¡). ˆá¯®«ì§ãï ¡«®ª¨ ¨§ �àå¨â¥ªâãàë DenseNet, ¬®¦−® ¯®«ãç�âì
á®¯®áâ�¢¨¬ë¥ à¥§ã«ìâ�âë á á¥âï¬¨ ResNet, −® ®¡ãç�ï ¯à¨ íâ®¬ ¢ ¤¢� à�§� ¬¥−ì-
è¥ ¯�à�¬¥âà®¢ [10]. �® íâ®© ¯à¨ç¨−¥ ¢ è�¡«®−¥ SOTA-ConvNet ¢ ª�ç¥áâ¢¥
á¢¥àâ®ç−ëå ¡«®ª®¢ ¡ã¤ãâ ¨á¯®«ì§®¢�âìáï ú¯«®â−ë¥ ¡«®ª¨û.

ƒ«�¢−�ï §�¤�ç� ®á−®¢−®© á¢¥àâ®ç−®© ¡�§ë | ¯à¥®¡à�§®¢ë¢�âì ¤¢ã¬¥à−ë¥
¤�−−ë¥ −� ¢å®¤¥ ¢ ®¤−®¬¥à−ë© ¢¥ªâ®à, á ª®â®àë¬ ¬®¦¥â à�¡®â�âì ª«�áá¨ä¨ª�â®à.
�«®â−ë© á¢¥àâ®ç−ë© ¡«®ª §�−¨¬�¥âáï ¨§¢«¥ç¥−¨¥¬ ¯à¨§−�ª®¢ ¨§ ¢å®¤−ëå ª�àâ.
Š�¦¤ë© â�ª®© ¡«®ª −� ¢ëå®¤¥ ¤�¥â ¢ ¤¢� à�§� ¡®«ìè¥ ª�àâ ¯à¨§−�ª®¢, ç¥¬
¯à¨−ï« −� ¢å®¤ [10]. ‚ è�¡«®−¥ ConvNet §� ã¬¥−ìè¥−¨¥ ª�àâ ¯à¨§−�ª®¢ ®â¢¥ç�¥â
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÷¨á. 2 ‘å¥¬� à�¡®âë ¯«®â−®£® ¯¥à¥å®¤−®£® ¡«®ª� (dense transition block)

á«®© áã¡¤¨áªà¥â¨§�æ¨¨. ˆ§-§� ¯«®â−ëå ¡«®ª®¢ ¢ SOTA-ConvNet −¥®¡å®¤¨¬® −¥
â®«ìª® ã¬¥−ìè�âì à�§¬¥àë ¢ëå®¤−ëå ¤�−−ëå, −® ¨ á®ªà�é�âì ç¨á«® ª�àâ ¯¥à¥¤
¯¥à¥¤�ç¥© ¢ −®¢ë© ¯«®â−ë© ¡«®ª.

„«ï ã¬¥−ìè¥−¨ï ç¨á«� ¨ à�§¬¥à®¢ ª�àâ ¯à¨§−�ª®¢ ¬¥¦¤ã á¢¥àâ®ç−ë¬¨ ¡«®-
ª�¬¨ −¥®¡å®¤¨¬® à�§¬¥áâ¨âì ¯«®â−ë¥ ¯¥à¥å®¤−ë¥ ¡«®ª¨ (à¨á. 2).

Š�¦¤ë© ¯«®â−ë© ¡«®ª á®áâ®¨â ¨§ ¤¢ãå á«®¥¢:

(1) á«®© ¡ãâë«®ç−®© á¢¥àâª¨ (bottleneck convolution), ®− ã¬¥−ìè�¥â ¢ C à�§
ç¨á«® ª�àâ ¯à¨§−�ª®¢ (C | ª®íää¨æ¨¥−â ª®¬¯à¥áá¨¨, −�áâà�¨¢�¥¬ë© ¯®¤
ª®−ªà¥â−ãî §�¤�çã);

(2) á«®© áã¡¤¨áªà¥â¨§�æ¨¨ (pooling), ã¬¥−ìè�¥â ¯«®é�¤ì ª�¦¤®© ª�àâë ¯à¨-
§−�ª®¢ ¢ 4 à�§�.

�®á«¥¤−¨© ª®¬¯®−¥−â è�¡«®−� SOTA-ConvNet | íâ® ª«�áá¨ä¨ª�â®à. “ −¥©-
à®−−ëå á¥â¥© −� ¡�§¥ ConvNet ª«�áá¨ä¨ª�â®àë á®áâ®ï«¨ ¨§ −¥áª®«ìª¨å ¯®«−®-
á¢ï§−ëå á«®¥¢. ‚ ¡®«¥¥ ¯®§¤−¨å �àå¨â¥ªâãà�å ç¨á«® á«®¥¢ ¢ ª«�áá¨ä¨ª�â®à¥
ã¬¥−ìè¨«®áì ¤® ®¤−®£® [9]. ‚ SOTA-ConvNet ª«�áá¨ä¨ª�â®à á®áâ®¨â ¨§ ®¤−®£®
¯«®â−®£® á«®ï á �ªâ¨¢�æ¨®−−®© äã−ªæ¨¥© softmax.

5 Общая схема шаблона SOTA-ConvNet

˜�¡«®− SOTA-ConvNet | íâ® £«ã¡®ª�ï ã§ª�ï á¢¥àâ®ç−�ï −¥©à®á¥â¥¢�ï
¬®¤¥«ì, ¨¬¥îé�ï ª«�áá¨ç¥áªãî âà¥åª®¬¯®−¥−â−ãî ¬�ªà®�àå¨â¥ªâãàã.

‘â¥à¦−¥¢®© ª®¬¯®−¥−â á®áâ®¨â ¨§ á«®¥¢ ¤«ï ¯à¥¯à®æ¥áá¨−£� ¨§®¡à�¦¥−¨©
¨ ¤¢ãå á¢¥àâ®ç−ëå á«®¥¢ ¨§ 32 ¨ 64 −¥©à®−®¢ (à¨á. 3).

�á−®¢−�ï á¢¥àâ®ç−�ï ¡�§� á®áâ®¨â ¨§ −¥áª®«ìª¨å ¯«®â−ëå £àã¯¯. —¨á«® â�ª¨å
£àã¯¯ §�¢¨á¨â ®â à�§¬¥à®¢ ¢å®¤−ëå ¨§®¡à�¦¥−¨© (ç¥¬ ¡®«ìè¥ ¨§®¡à�¦¥−¨ï, â¥¬
¡®«¥¥ £«ã¡®ª�ï á¥âì −ã¦−� ¤«ï ¨å ®¡à�¡®âª¨). ‚ ª�¦¤®© £àã¯¯¥ −�å®¤¨âáï ®¤¨−
¯«®â−ë© á¢¥àâ®ç−ë© ¡«®ª. —¨á«® −¥©à®−®¢ ¢ ¡«®ª�å ¯®¤¡¨à�¥âáï ¯®¤ ª�¦¤ãî
à¥è�¥¬ãî §�¤�çã.

Œ¥¦¤ã ¯«®â−ë¬¨ £àã¯¯�¬¨ à�á¯®«�£�îâáï ¯¥à¥å®¤−ë¥ ¡«®ª¨, ª®â®àë¥ ¯®áâ¥-
¯¥−−® ã¬¥−ìè�îâ à�§¬¥àë ¨ á®ªà�é�îâ ç¨á«® ª�àâ ¯à¨§−�ª®¢. �â® −¥®¡å®¤¨¬®
¤«ï ã¬¥−ìè¥−¨ï ç¨á«� −�áâà�¨¢�¥¬ëå ¯�à�¬¥âà®¢. �®á«¥ ¯®á«¥¤−¥© ¯«®â−®©
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÷¨á. 3 �¡é�ï áå¥¬� è�¡«®−� SOTA-ConvNet

£àã¯¯ë −¥ ¯à¥¤ãá¬®âà¥− ¯¥à¥å®¤−®© ¡«®ª, íâ® á¤¥«�−® ¢ æ¥«ïå ¡®«¥¥ «¥£ª®£®
¯¥à¥−®á� ®¡ãç¥−¨ï. ‘«®© ¯®á«¥¤−¥© áã¡¤¨áªà¥â¨§�æ¨¨ ¬®¦−® ¢ë¡à�âì ¢ −®-
¢®¬ ª«�áá¨ä¨ª�â®à¥, ®¡ãç¥−−®¬ ¯®¤ ¤àã£ãî §�¤�çã. Š«�áá¨ä¨ª�â®à á®áâ®¨â ¨§
®¤−®£® ¯«®â−®£® á«®ï á �ªâ¨¢�æ¨®−−®© äã−ªæ¨¥© softmax.

6 Описание набора данных

„«ï íªá¯¥à¨¬¥−â®¢ á ¬®¤¥«ï¬¨ ¬�è¨−−®£® ®¡ãç¥−¨ï, ¯®áâà®¥−−ë¬¨ −� ¡�-
§¥ è�¡«®−®¢ ConvNet ¨ SOTA-ConvNet, ¡ë« ¢ë¡à�− −�¡®à ¤�−−ëå (¤�â�á¥â)
VisDrone2022 [16]. „«ï à¥è¥−¨ï §�¤�ç¨ ¬−®£®ª«�áá®¢®© ª«�áá¨ä¨ª�æ¨¨ ¡ë«¨
¢ëà¥§�−ë ¢á¥ ®¡ê¥ªâë á ª�¦¤®£® ª�¤à� ¤�â�á¥â� ¨ áä®à¬¨à®¢�−ë 6 ª«�áá®¢ ¤«ï
®¡ãç¥−¨ï −¥©à®á¥â¥¢®© ¬®¤¥«¨.

‚¥áì −�¡®à ¤�−−ëå à�§¤¥«¥− −� âà¨ ç�áâ¨: train (®¡ãç�îé¥¥ ¯®¤¬−®¦¥-
áâ¢®), valid (¢�«¨¤�æ¨®−−®¥ ¯®¤¬−®¦¥áâ¢®) ¨ test (â¥áâ®¢®¥ ¯®¤¬−®¦¥áâ¢®). ��
®¡ãç�îé¥¬ ¯®¤¬−®¦¥áâ¢¥ âà¥−¨àã¥âáï −¥©à®á¥â¥¢�ï ¬®¤¥«ì, −� ¢�«¨¤�æ¨®−−®¬
¯®¤¬−®¦¥áâ¢¥ ®æ¥−¨¢�¥âáï â¥ªãé¥¥ ª�ç¥áâ¢® ®¡ãç¥−¨ï, −� â¥áâ®¢®¬ ¯®¤¬−®¦¥áâ¢¥
¯à®¢®¤¨âáï ®ª®−ç�â¥«ì−�ï ®æ¥−ª� ®¡ãç¥−¨ï.

ˆ§ ¨§®¡à�¦¥−¨© áä®à¬¨à®¢�−� á«¥¤ãîé�ï ¢ë¡®àª�:

ª«�áá 0 (bus): ä®â®£à�ä¨¨ �¢â®¡ãá®¢;

ª«�áá 1 (car): ä®â®£à�ä¨¨ «¥£ª®¢ëå �¢â®¬®¡¨«¥©;

ª«�áá 2 (ignored regions): ä®â®£à�ä¨¨ á«ãç�©−ëå ãç�áâª®¢ ¡®«ìè¨å ¨§®¡à�¦¥-
−¨© | ¨£à�îâ à®«ì «®¦−ëå áà�¡�âë¢�−¨© ¯à¨ ¯®¨áª¥ �−®¬�«¨©;

ª«�áá 3 (motor): ä®â®£à�ä¨¨ ¬®â®æ¨ª«®¢;

ª«�áá 4 (pedestrian): ä®â®£à�ä¨¨ ¯¥è¥å®¤®¢;

ª«�áá 5 (truck): ä®â®£à�ä¨¨ £àã§®¢¨ª®¢.

„«ï ¡®«¥¥ â®ç−ëå ®æ¥−®ª ç¨á«® ¨§®¡à�¦¥−¨© ¢ ¯®¤¬−®¦¥áâ¢�å úvalidû
¨ útestû ¤®«¦−® ¡ëâì ®¤¨−�ª®¢ë¬ (â�¡«. 1) ¨ ¨¬¥âì â�ª®¥ ¦¥ à�§¡¨¥−¨¥ ¯®
ª«�áá�¬, ª�ª ¨ útrainû [13] (â�¡«. 2).

‘ä®à¬¨à®¢�−−ë© ¤�â�á¥â á®áâ®¨â ¨§ ¨§®¡à�¦¥−¨© −¥¡®«ìè®£® à�§¬¥à�: è¨-
à¨−� ¨ ¢ëá®â� 75% ¨§®¡à�¦¥−¨© −¥ ¯à¥¢ëè�¥â 46 ¯¨ªá¥«¥©. Œ¥¤¨�−−®¥ §−�ç¥−¨¥
¯® ¢á¥¬ã −�¡®àã ¤�−−ëå | 26 ¯¨ªá¥«¥©.
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’�¡«¨æ� 1 —¨á«® ä®â®£à�ä¨© ¢ ¯®¤¬−®¦¥-
áâ¢�å train, valid ¨ test

�®¤¬−®¦¥áâ¢® —¨á«® ä®â®£à�ä¨©
train 290 207
valid 36 273
test 36 282

’�¡«¨æ� 2 —¨á«® ä®â®£à�ä¨© ¢ ª�¦¤®¬ ª«�áá¥

Š«�ááë train, % valid, % test, %
0 (bus) 2,51 2,51 2,51
1 (car) 51,13 51,13 51,12
2 (ignored regions) 3,36 3,36 3,36
3 (motor) 10,89 10,89 10,90
4 (pedestrian) 27,63 27,63 27,63
5 (truck) 4,48 4,48 4,48

7 Результаты обучения моделей

�� ®á−®¢¥ ConvNet ¨ SOTA-ConvNet ¡ë«¨ á¯à®¥ªâ¨à®¢�−ë ¤¢¥ −¥©à®á¥â¥¢ë¥
¬®¤¥«¨: á¥âì ConvNN −� ¡�§¥ è�¡«®−� ConvNet ¨ á¥âì SOTA-ConvNN −� ¡�§¥
è�¡«®−� SOTA-ConvNet. �ë« ¯à®¢¥¤¥− àï¤ íªá¯¥à¨¬¥−â®¢ ¨ ¢ë¡à�−ë «ãçè¨¥
¯�à�¬¥âàë. ÷�áç¥âë ¯à®¢®¤¨«¨áì −� £à�ä¨ç¥áª®¬ ãáª®à¨â¥«¥ (GPU) Nvidia
V100 ¢ ®¡«�ç−®© áà¥¤¥ ¢ëç¨á«¥−¨© Yandex DataSphere.

„«ï −¥©à®−−ëå á¥â¥© −¥®¡å®¤¨¬® ¡ë«® ¢ë¡à�âì à�§¬¥à ¢å®¤−®£® á«®ï, ª ª®-
â®à®¬ã ¡ã¤ãâ ¬�áèâ�¡¨à®¢�âìáï ¢á¥ ¨§®¡à�¦¥−¨ï ¢ ¤�â�á¥â¥. „«ï ã¬¥−ìè¥−¨ï
§�èã¬«¥−¨ï ¨§®¡à�¦¥−¨© ¨ «ãçè¥© ®¯â¨¬¨§�æ¨¨ ¯à¨ ¢ëç¨á«¥−¨¨ −� GPU ¡ë«
¢ë¡à�− à�§¬¥à 32× 32 ¯¨ªá¥«ï (¡«¨¦�©è�ï áâ¥¯¥−ì ¤¢®©ª¨ ª ¬¥¤¨�−−®¬ã §−�ç¥-
−¨î ¢ 26 ¯¨ªá¥«¥©).

„«ï ®¡ãç¥−¨ï −¥©à®−−ëå á¥â¥© ¯à¨¬¥−ï«áï à�á¯à®áâà�−¥−−ë© �«£®à¨â¬
Adam | ¬¥â®¤ áâ®å�áâ¨ç¥áª®£® £à�¤¨¥−â−®£® á¯ãáª�, ®á−®¢�−−ë© −� �¤�¯â¨¢−®©
®æ¥−ª¥ ¬®¬¥−â®¢ [17]. ‚ ª�ç¥áâ¢¥ äã−ªæ¨¨ ¯®â¥àì ¨á¯®«ì§®¢�«�áì ª�â¥£®à¨�«ì−�ï
¯¥à¥ªà¥áâ−�ï í−âà®¯¨ï [13].

�¥à¢�ï ¬®¤¥«ì | á¥âì ConvNN. ‘¥âì á®áâ®¨â ¨§ ç¥âëà¥å á¢¥àâ®ç−ëå á«®¥¢
(32, 64, 128, 256 −¥©à®−®¢), âà¥å á«®¥¢ MaxPooling ¨ ¤¢ãå ¯®«−®á¢ï§−ëå á«®¥¢
(256 ¨ 6 −¥©à®−®¢). �®á«¥¤−¨© ¯®«−®á¢ï§−ë© á«®© | á �ªâ¨¢�æ¨®−−®© äã−ªæ¨¥©
softmax. —¨á«® −¥©à®−®¢ á®®â¢¥âáâ¢ã¥â áâ¥¯¥−ï¬ ¤¢®©ª¨ ¤«ï «ãçè¥© ®¯â¨¬¨§�æ¨¨
−� GPU [13]. ‚ −¥©à®á¥â¨ 1 438 790 ¯�à�¬¥âà®¢, ¨ ¢á¥ ®−¨ −�áâà�¨¢�¥¬ë¥.

‚â®à�ï ¬®¤¥«ì | á¥âì SOTA-ConvNN. —¨á«® £àã¯¯ | 4, è¨à¨−� á¥â¨ |
64 −¥©à®−�, ª®íää¨æ¨¥−â ª®¬¯à¥áá¨¨ | 0,8. ‚ á¥â¨ 12 á¢¥àâ®ç−ëå á«®¥¢. ‚á¥£®
¯�à�¬¥âà®¢ | 801 980, ¨§ −¨å 797 980 | −�áâà�¨¢�¥¬ë¥.
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’�¡«¨æ� 3 ’®ç−®áâì ª«�áá¨ä¨ª�æ¨¨ ¨§®¡à�¦¥−¨© −¥©-
à®á¥â¥¢ë¬¨ ¬®¤¥«ï¬¨ ConvNN ¨ SOTA-ConvNN

Š«�áá ConvNN, % SOTA-ConvNN, %

0 (bus) 64,0 79,3
1 (car) 95,3 96,1
2 (ignored regions) 39,8 67,0
3 (motor) 66,3 88,1
4 (pedestrian) 94,0 94,4
5 (truck) 51,0 71,2
�¡é�ï â®ç−®áâì 87,2 92,2

‚ â�¡«. 3 ¯à¨¢¥¤¥−ë à¥§ã«ìâ�âë

÷¨á. 4 ÷¥§ã«ìâ�âë à�¡®âë á¥â¥©
ConvNN (1) ¨ SOTA-ConvNN (2)

à�¡®âë −¥©à®á¥â¥¢ëå ¬®¤¥«¥© −� ¯®¤-
¬−®¦¥áâ¢¥ test (¬¥âà¨ª�{â®ç−®áâì).

�� à¨á. 4 ¯à¥¤áâ�¢«¥−ë à¥-
§ã«ìâ�âë à�¡®âë −¥©à®á¥â¥© ConvNN
¨ SOTA-ConvNN ¢ ¢¨¤¥ áâ®«¡ç�â®©
¤¨�£à�¬¬ë.

�¡é�ï â®ç−®áâì á¥â¨ SOTA-
ConvNN ¢ëè¥, ç¥¬ ã á¥â¨ ConvNN.
�â®â à¥§ã«ìâ�â ¤®áâ¨£�¥âáï §� áç¥â
ã«ãçè¥−¨ï â®ç−®áâ¨ ª«�áá¨ä¨ª�æ¨¨
¬�«®ç¨á«¥−−ëå ª«�áá®¢ −� 15%{27%
(â®ç−®áâì ¢ëà®á«� ã ª«�áá®¢: bus |
−� 15,3%, ignored regions | −� 27,2%,
motor | −� 21,8% ¨ truck |
−� 20,2%).

8 Заключение

�¥©à®á¥â¥¢�ï ¬®¤¥«ì, ¯®áâà®¥−−�ï −� ¡�§¥ è�¡«®−� SOTA-ConvNet, ¯®ª�§�-
«� àï¤ ¯à¥¨¬ãé¥áâ¢ ¯® áà�¢−¥−¨î á −¥©à®á¥âìî −� ¡�§¥ ConvNet:

{ ¬¥−ìè¥¥ ç¨á«® −�áâà�¨¢�¥¬ëå ¯�à�¬¥âà®¢ ¯à¨ ¡®«ìè¥© £«ã¡¨−¥ á¥â¨
(797 980 ¯�à�¬¥âà®¢ ¨ 12 á¢¥àâ®ç−ëå á«®¥¢ ¢ SOTA-ConvNN, 1 438 790 ¯�-
à�¬¥âà®¢ ¨ 4 á¢¥àâ®ç−ëå á«®ï ¢ ConvNN);

{ ¡®«ìè�ï â®ç−®áâì ª«�áá¨ä¨ª�æ¨¨ ¨§®¡à�¦¥−¨©. �á®¡¥−−® íâ® §�¬¥â−® ¯à¨
®¡à�¡®âª¥ ¬�«®ç¨á«¥−−ëå ª«�áá®¢;

{ ¤«ï ¯®áâà®¥−¨ï á¥â¨ −� ¡�§¥ è�¡«®−� SOTA-ConvNet âà¥¡ã¥âáï ãª�§�âì
¢á¥£® âà¨ £¨¯¥à¯�à�¬¥âà�: ç¨á«® £àã¯¯, è¨à¨−ã −¥©à®á¥â¨ ¨ ª®íää¨æ¨¥−â
ª®¬¯à¥áá¨¨. ‚áî ®áâ�«ì−ãî �àå¨â¥ªâãàã �¢â®¬�â¨ç¥áª¨ ¤®áâà�¨¢�¥â è�¡«®−;
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÷�á¯®§−�¢�−¨¥ �−®¬�«¨© −� à�§−®¢à¥¬¥−−ëå ¯�−®à�¬�å

{ ¯®¢ëè¥−¨¥ â®ç−®áâ¨ ª«�áá¨ä¨ª�æ¨¨ ¬�«®ç¨á«¥−−ëå ª«�áá®¢ −� 15%{27%
(ã bus ã¢¥«¨ç¨«�áì −� 15,3%; ignored regions | −� 27,2%; motor | −� 21,8%
¨ truck | −� 20,2%).

ˆá¯®«ì§®¢�−¨¥ ¬¥â®¤� ª®−á®«¨¤�æ¨¨ ¬®¤¥«¥© áãé¥áâ¢¥−−® ®¡«¥£ç�¥â ¯à¨¬¥-
−¥−¨¥ −¥©à®−−ëå á¥â¥© ¯à¨ à¥è¥−¨¨ §�¤�ç¨ ª«�áá¨ä¨ª�æ¨¨ ¨§®¡à�¦¥−¨©. �à¨
â�ª®¬ ¯®¤å®¤¥ ¯à®¨áå®¤¨â ã−¨ä¨ª�æ¨ï ¯à®æ¥áá� ¯à®¥ªâ¨à®¢�−¨ï �àå¨â¥ªâãàë
¬®¤¥«¨, ¯®¤¡®à� ¯�à�¬¥âà®¢ ¨ ¯à®¢¥¤¥−¨ï íªá¯¥à¨¬¥−â®¢ [14]. „®¯®«−¨â¥«ì-
−ë© ãà®¢¥−ì �¡áâà�ªæ¨¨ ¯®§¢®«ï¥â á®áà¥¤®â®ç¨âìáï −� à¥è�¥¬®© §�¤�ç¥, � −¥ −�
à¥�«¨§�æ¨¨ −¥©à®á¥â¥¢®© ¬®¤¥«¨ á ¯®¬®éìî ª®−ªà¥â−®£® áâ¥ª� â¥å−®«®£¨©.
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RECOGNITION OF ANOMALIES ON MULTITIME PANORAMAS
USING THE NEURAL NETWORK METHOD

OF MODEL AMALGAMATION

P. O. Arkhipov and S. L. Philippskih

Federal Research Center \Computer Science and Control" of the Russian Academy
of Sciences, 44-2 Vavilov Str., Moscow 119133, Russian Federation

Abstract: A method for classifying anomalies on multitime panoramas using
the neural network method of model amalgamation is described. The main idea
of this method is to break the deep learning model into its component parts.
Then, existing design patterns are selected and adapted for each part. To solve
the problem of classifying anomalies, a composite template was developed and
a new neural network model was designed. An improvement of the design
pattern of neural networks ConvNet based on the technology of using \dense
convolutional blocks" has been made. To classify anomalies, a new template
has been developed | SOTA-ConvNet which includes a ready-made neural
network model architecture suitable for working with panoramic images. The
neural network model built on the basis of the SOTA-ConvNet template showed
advantages over the neural network based on ConvNet: the accuracy of image
classification increased and the number of trainable parameters decreased by an
order of magnitude.

Keywords: panoramic image; model amalgamation; multiclass classification;
design pattern; convolutional neural network; data set
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ПРИМЕНЕНИЕ БИСПЕКТРАЛЬНОГО АНАЛИЗА
В ОБНАРУЖЕНИИ DEEPFAKE-ИЗОБРАЖЕНИЙ

С. П. Никитенкова1

�−−®â�æ¨ï: �® ¬¥à¥ â®£® ª�ª ¨−áâàã¬¥−âë á¨−â¥§� deepfake-¨§®¡à�¦¥−¨©
áâ�−®¢ïâáï ¢á¥ ¡®«¥¥ ¬®é−ë¬¨ ¨ ¤®áâã¯−ë¬¨, à�áâ¥â ¯®âà¥¡−®áâì ¢ à�§à�¡®â-
ª¥ ¬¥â®¤®¢ ®¡−�àã¦¥−¨ï á£¥−¥à¨à®¢�−−®£® ª®−â¥−â�. ‚ à�¡®â¥ ¨áá«¥¤ãîâáï
¯¥àá¯¥ªâ¨¢ë ¯à¨¬¥−¥−¨ï ¡¨á¯¥ªâà�«ì−®£® �−�«¨§� ª�ª ¨−áâàã¬¥−â� ®¡−�àã-
¦¥−¨ï deepfake-¨§®¡à�¦¥−¨©, á£¥−¥à¨à®¢�−−ëå −¥©à®á¥âï¬¨ GAN (generative
adversarial network). �®ª�§�−®, çâ® á¯¥ªâà�«ì−ë¥ ª®àà¥«ïæ¨¨ ¡®«¥¥ ¢ëá®ª®£®
¯®àï¤ª�, ¢ëï¢«¥−−ë¥ á ¯®¬®éìî ¡¨á¯¥ªâà�«ì−®£® �−�«¨§�, ¢ ¬¥−ìè¥© ¬¥-
à¥ ¯à¨áãâáâ¢ãîâ ¢ à¥�«ì−ëå ¨§®¡à�¦¥−¨ïå ¯® áà�¢−¥−¨î á ¨§®¡à�¦¥−¨ï¬¨,
á£¥−¥à¨à®¢�−−ë¬¨ á ¯®¬®éìî GAN. �â¨ ª®àà¥«ïæ¨¨, ¢¥à®ïâ−®, ®âà�¦�îâ
äã−¤�¬¥−â�«ì−ë¥ á¢®©áâ¢� ¯à®æ¥áá� á¨−â¥§� ¨§®¡à�¦¥−¨©. �à¨ç¨−®© ¬®£ãâ
¡ëâì −¥«¨−¥©−®áâ¨, ¢−®á¨¬ë¥ ¯à¨ á¨−â¥§¥ ¨§®¡à�¦¥−¨©, � â�ª¦¥ −¥¤®áâ�â®ç-
−�ï ®¡à�¡®âª� á¨£−�«®¢, ¢ë§ë¢�îé�ï −�«®¦¥−¨¥ á¯¥ªâà®¢ ¢ á¥â¨ £¥−¥à�â®à�
−¥©à®á¥â¨ GAN. �ë«� ¯à®¢¥¤¥−� ¯à®æ¥¤ãà� ª«�áâ¥à¨§�æ¨¨ ¤«ï ®¡−�àã¦¥−¨ï
á£¥−¥à¨à®¢�−−ëå ¨§®¡à�¦¥−¨©. �ë«¨ ¯®«ãç¥−ë ®¡−�¤¥¦¨¢�îé¨¥ à¥§ã«ìâ�-
âë: á£¥−¥à¨à®¢�−−ë¥ ¨§®¡à�¦¥−¨ï ®¯à¥¤¥«ï«¨áì á â®ç−®áâìî ¤® 80%.

Š«îç¥¢ë¥ á«®¢�: AI-á¨−â¥§¨à®¢�−−®¥ ¨§®¡à�¦¥−¨¥; ¡¨á¯¥ªâà�«ì−ë© �−�-
«¨§; −¥«¨−¥©−®áâì; �«£®à¨â¬ë ¬�è¨−−®£® ®¡ãç¥−¨ï

DOI: 10.14357/08696527230203

1 Введение

�«�£®¤�àï á®¢à¥¬¥−−ë¬ â¥å−®«®£¨ï¬ ¢®§¬®¦−®áâì á®§¤�−¨ï ¢ëá®ª®à¥�«¨-
áâ¨ç−ëå ¢¨§ã�«ì−ëå ¯®¤¤¥«®ª (deepfake) ¤®áâã¯−� ª�¦¤®¬ã, çâ® ¯à¨¢®¤¨â ª á¥àì-
¥§−ë¬ ã£à®§�¬ á â®çª¨ §à¥−¨ï ¤¥§¨−ä®à¬�æ¨¨ ¨ ¤®áâ®¢¥à−®áâ¨ ¤�−−ëå. �â®
®â−®á¨âáï, ¢ ç�áâ−®áâ¨, ª ¨áªãááâ¢¥−−® á£¥−¥à¨à®¢�−−ë¬ ¨§®¡à�¦¥−¨ï¬. �à®¢¥-
¤¥−−ë¥ ¨áá«¥¤®¢�−¨ï ä®â®à¥�«¨§¬� á£¥−¥à¨à®¢�−−ëå «¨æ ¯®ª�§�«¨: −¥©à®á¥â¨
á¯®á®¡−ë á®§¤�¢�âì «¨æ�, −¥®â«¨ç¨¬ë¥ ®â à¥�«ì−ëå ¨, £«�¢−®¥, ¢ë§ë¢�îé¨¥
á¨¬¯�â¨î ¨ ¡®«ìè¥¥ ¤®¢¥à¨¥, ç¥¬ −�áâ®ïé¨¥ «¨æ� [1].

Deepfake-¨§®¡à�¦¥−¨ï ®¡ëç−® á®§¤�îâáï á ¯®¬®éìî ¬¥â®¤®¢, ®á−®¢�−−ëå −�
â�ª −�§ë¢�¥¬ëå £¥−¥à�â¨¢−®-á®áâï§�â¥«ì−ëå á¥âïå, á®ªà�é¥−−® GAN [2]. �¥à-
¢ë© ¢�à¨�−â â¥å−®«®£¨¨ StyleGAN ¡ë« ®¯ã¡«¨ª®¢�− ¢ 2019 £. ‘£¥−¥à¨à®¢�−−ë¥
StyleGAN «¨æ� á®¤¥à¦�«¨ ®ç¥¢¨¤−ë¥ �àâ¥ä�ªâë, ¢ª«îç�ï �á¨¬¬¥âà¨î «¨æ�.
�ë«¨ ®¡−�àã¦¥−ë �àâ¥ä�ªâë £à�−¨æ ä®à¬ë §à�çª�, −¥á®¢¬¥áâ¨¬ë¥ æ¢¥â� à�-
¤ã¦−®© ®¡®«®çª¨ [3]. „¥â¥ªâ¨à®¢�−¨¥ ¯®¤®¡−ëå �àâ¥ä�ªâ®¢ ¢®§¬®¦−® á ¯®¬®éìî
�«£®à¨â¬� [4]. ‚ 2020 £. ¡ë«� ¯à¥¤«®¦¥−� â¥å−®«®£¨ï StyleGAN2, ¯®§¢®«¨¢-
è�ï ¤®¡¨âìáï §−�ç¨â¥«ì−®£® ã«ãçè¥−¨ï ª�ç¥áâ¢� ¨§®¡à�¦¥−¨© [5]. �� ®á−®¢¥

1��æ¨®−�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© �¨¦¥£®à®¤áª¨© £®áã¤�àáâ¢¥−−ë© ã−¨¢¥àá¨â¥â ¨¬.
�. ˆ. ‹®¡�ç¥¢áª®£®, nikitenkova@rf.unn.ru
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StyleGAN2 ¯®ï¢¨«¨áì ®−«�©−-á¥à¢¨áë, −�¯à¨¬¥à thispersondoesnotexist, � â�ª¦¥
¬−®£®ç¨á«¥−−ë¥ £¥−¥à�â®àë Text-to-Image, ¯®§¢®«ïîé¨¥ á®§¤�¢�âì ä®â®à¥�«¨-
áâ¨ç−ë¥ ¨§®¡à�¦¥−¨ï, á®®â¢¥âáâ¢ãîé¨¥ §�¤�−−ë¬ ®¯¨á�−¨ï¬.

‚ 2022 £. ¢áâà®¥−−�ï ¯®¤¤¥à¦ª� −¥©à®á¥â¨ StyleGAN2 ¯®ï¢¨«�áì ¢ ®ä¨æ¨-
�«ì−®¬ à¥«¨§¥ ¯®¯ã«ïà−®£® ¯à®£à�¬¬−®£® ¯à®¤ãªâ� Adobe Photoshop.

’�ª¨¬ ®¡à�§®¬, ¢ −�áâ®ïé¥¥ ¢à¥¬ï StyleGAN2 | ®¤−� ¨§ á�¬ëå ¤®áâã¯−ëå
â¥å−®«®£¨© £¥−¥à�æ¨¨ ¨§®¡à�¦¥−¨©.

Œ¥â®¤ë, ®á−®¢�−−ë¥ −� �−�«¨§¥ ç�áâ®â−®© ®¡«�áâ¨, è¨à®ª® ¯à¨¬¥−ïîâáï
¢ §�¤�ç�å ®¡−�àã¦¥−¨ï á£¥−¥à¨à®¢�−−ëå ¨§®¡à�¦¥−¨©. Š�ª ®ª�§�«®áì, ¨§®¡à�-
¦¥−¨ï, á£¥−¥à¨à®¢�−−ë¥ GAN, ¨¬¥îâ �−®¬�«¨¨ ¢ ç�áâ®â−®¬ á¯¥ªâà¥. �−®¬�«¨¨
¬®¦−® à�§¤¥«¨âì −� ¤¢� â¨¯�: −¥¯à�¢¨«ì−ë¥ á¯¥ªâà�«ì−ë¥ ª�àâ¨−ë ¨ −¥á®-
®â¢¥âáâ¢¨¥ ¢ ¨å à�á¯à¥¤¥«¥−¨¨ ¬®é−®áâ¨. �ë«® ãáâ�−®¢«¥−®, çâ® −�áâ®ïé¨¥
¨ á£¥−¥à¨à®¢�−−ë¥ ¨§®¡à�¦¥−¨ï ¢¥¤ãâ á¥¡ï ¯®-à�§−®¬ã ¢ á¯¥ªâà�å −� ¢ëá®-
ª¨å ç�áâ®â�å: ¤«ï «î¡®© ¬®¤¥«¨ GAN ¨§®¡à�¦¥−¨ï ¤¥¬®−áâà¨àãîâ −¥¨§¬¥−−®¥
¯à¨à�é¥−¨¥ ¢ëá®ª®ç�áâ®â−ëå ª®¬¯®−¥−â [6]. �ë« ®¡−�àã¦¥− �àâ¥ä�ªâ ¯®¢ëè�-
îé¥© ¤¨áªà¥â¨§�æ¨¨ âà�−á¯®−¨à®¢�−−®© á¢¥àâª¨ GAN, −�§¢�−−ë© ú�àâ¥ä�ªâ®¬
è�å¬�â−®© ¤®áª¨û (checkerboard artifact) [7].

�� ®á−®¢¥ �−�«¨§� ®¡−�àã¦¥−−ëå ç�áâ®â−ëå �àâ¥ä�ªâ®¢ ¯®ï¢¨«®áì ¬−®¦¥-
áâ¢® ¤¥â¥ªâ®à®¢ ¨§®¡à�¦¥−¨©, á£¥−¥à¨à®¢�−−ëå StyleGAN2, ®¤−�ª® ¢ ¯®á«¥¤−¥¥
¢à¥¬ï ¨å −�¤¥¦−®áâì áâ�¢¨âáï ¯®¤ á®¬−¥−¨¥. ‚ àï¤¥ à�¡®â, −�¯à¨¬¥à ¢ [8],
¯®ª�§�−®, çâ® §«®ã¬ëè«¥−−¨ª ¬®¦¥â ã¤�«¨âì ¯®ª�§�â¥«ì−ë¥ �àâ¥ä�ªâë −¥¯®-
áà¥¤áâ¢¥−−® ¨§ á¯¥ªâà� á£¥−¥à¨à®¢�−−®£® ¨§®¡à�¦¥−¨ï, −�ç¨−�ï ®â ä¨«ìâà�æ¨¨
¢ëá®ª¨å ç�áâ®â ¨ §�ª�−ç¨¢�ï ¡®«¥¥ â®−ª®© ®ç¨áâª®© ç�áâ®â−ëå ¯¨ª®¢.

�−�«¨§ á¯¥ªâà®¢ ¢ëáè¥£® ¯®àï¤ª�, ¢ ç�áâ−®áâ¨ ¡¨á¯¥ªâà�, ¯®§¢®«¨« ¡ë ã§−�âì
® á£¥−¥à¨à®¢�−−®¬ ¨§®¡à�¦¥−¨¨ £®à�§¤® ¡®«ìè¥, ç¥¬ ¯à¨¬¥−¥−¨¥ âà�¤¨æ¨®−−®£®
á¯¥ªâà�«ì−®£® �−�«¨§�. �¨á¯¥ªâà ¡ë« ãá¯¥è−® ¯à¨¬¥−¥− ¤«ï ®¡−�àã¦¥−¨ï
â�ª®© à�á¯à®áâà�−¥−−®© ä®à¬ë ä®â®£à�ä¨ç¥áª¨å ¬�−¨¯ã«ïæ¨©, ª�ª æ¨äà®¢®¥
®¡ê¥¤¨−¥−¨¥ (ä®â®¬®−â�¦) ¤¢ãå ¨«¨ ¡®«¥¥ ¨§®¡à�¦¥−¨©, � â�ª¦¥ ¤«ï ®æ¥−ª¨
ª�ç¥áâ¢� ¨§®¡à�¦¥−¨ï [9, 10]. �¤−�ª® á¨áâ¥¬�â¨ç¥áª¨© �−�«¨§ á¯¥ªâà®¢ ¢ëáè¥£®
¯®àï¤ª� á£¥−¥à¨à®¢�−−ëå ¨§®¡à�¦¥−¨© ¤® á¨å ¯®à ®âáãâáâ¢ã¥â.

2 Биспектральный анализ

„«ï ¤¨áªà¥â−®£® ¤¢ã¬¥à−®£® á¨£−�«� f(x, y), ¯à¥¤áâ�¢«ïîé¥£® ®â¤¥«ì−ë¥
æ¢¥â®¢ë¥ ª�−�«ë ¨§®¡à�¦¥−¨ï à�§¬¥à®¬ M × N , ¤¨áªà¥â−®¥ ¯à¥®¡à�§®¢�−¨¥
”ãàì¥ F (u, v) ®¯à¥¤¥«ï¥âáï ª�ª

F (u, v) =

M−1
∑

x=0

N−1
∑

y=0

f(x, y) exp

(

−2πi

(

ux

M
+

vy

N

))

,

£¤¥ x ¨ y | ¯®§¨æ¨ï ¯¨ªá¥«ï; f(x, y) | §−�ç¥−¨¥ ¯¨ªá¥«ï ¢ë¡à�−−®£® ª�−�«�
¨§®¡à�¦¥−¨ï; u ¨ v | ¯à®áâà�−áâ¢¥−−�ï ç�áâ®â�. ‘¯¥ªâà ¨§®¡à�¦¥−¨ï ¯®ª�§ë-
¢�¥â, −�áª®«ìª® ¡ëáâà®/¬¥¤«¥−−® ¨§¬¥−ïîâáï ª®−âà�áâ/æ¢¥â/§−�ç¥−¨ï ¯¨ªá¥«¥©
¢ ¯à®áâà�−áâ¢¥−−ëå ¨§¬¥à¥−¨ïå. ‚ äãàì¥-¯à¥¤áâ�¢«¥−¨¨ ¨§®¡à�¦¥−¨© á¯¥ªâ-
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à�«ì−�ï �¬¯«¨âã¤� ¨ ä�§� ¨£à�îâ à�§−ë¥ à®«¨. �¬¯«¨âã¤� ¯à¥¤áâ�¢«ï¥â á®¡®©
¨−â¥−á¨¢−®áâì à�§«¨ç−ëå ç�áâ®â ¢ ¨§®¡à�¦¥−¨¨ ¨ á®¤¥à¦¨â ¡®«ìèãî ç�áâì ¨−-
ä®à¬�æ¨¨ ® £¥®¬¥âà¨ç¥áª®© áâàãªâãà¥ ¨§®¡à�¦¥−¨ï ¢ ¯à®áâà�−áâ¢¥−−®© ®¡«�áâ¨.
”�§� ¯à¥¤áâ�¢«ï¥â à�á¯®«®¦¥−¨¥ íâ¨å ®á®¡¥−−®áâ¥©, çâ® ¯®¬®£�¥â ç¥«®¢¥ç¥áª®¬ã
£«�§ã «ãçè¥ ¯®−ïâì ¨§®¡à�¦¥−¨¥.

�à¨ £¥−¥à�æ¨¨ ¨§®¡à�¦¥−¨© −¥©à®á¥âï¬¨ GAN ¨á¯®«ì§ãîâáï −¥«¨−¥©−ë¥
äã−ªæ¨¨ �ªâ¨¢�æ¨¨. �¥«¨−¥©−®áâì ¯à¨¢®¤¨â ª ¯®ï¢«¥−¨î ¢ á¯¥ªâà¥ ¢ëá®ª®-
ç�áâ®â−ëå ª®¬¯®−¥−â. �¨á¯¥ªâà�«ì−ë© �−�«¨§ á«ã¦¨â íää¥ªâ¨¢−ë¬ ¨−áâàã-
¬¥−â®¬, ¨¤¥−â¨ä¨æ¨àãîé¨¬ −¥«¨−¥©−®áâì, � â�ª¦¥ ä�§®¢ë¥ ¢§�¨¬®á¢ï§¨ ¬¥¦¤ã
à�§«¨ç−ë¬¨ ç�áâ®â−ë¬¨ ª®¬¯®−¥−â�¬¨ ¨§®¡à�¦¥−¨© [11]. ÷�§ã¬−® ¯à¥¤¯®«®-
¦¨âì, çâ® ¯à¨ £¥−¥à�æ¨¨ ¨§®¡à�¦¥−¨ï ¬®£ãâ ¯®ï¢¨âìáï ª®àà¥«ïæ¨¨ ¢ëáè¨å
¯®àï¤ª®¢ (¯® ¢¥«¨ç¨−¥ ¨ ä�§¥). �� íâ®¬ ®á−®¢�−¨¨ ¬®¦−® ®¦¨¤�âì ¨§¬¥−¥−¨¥ å�-
à�ªâ¥à−ëå §−�ç¥−¨© ¡¨á¯¥ªâà� ¤«ï á£¥−¥à¨à®¢�−−ëå ¨§®¡à�¦¥−¨© ¯® áà�¢−¥−¨î
á à¥�«ì−ë¬¨.

�¨á¯¥ªâà ®¤−®¬¥à−®£® á¨£−�«� x(t) ¯à¥¤áâ�¢«ï¥â á®¡®© ¯à¥®¡à�§®¢�−¨¥
”ãàì¥ ®â ¥£® âà®©−®© ª®àà¥«ïæ¨¨:

B (ω1, ω2) = E {F (ω1)F (ω2)F
∗(ω1 + ω2)} ,

£¤¥ E{ } | äã−ªæ¨ï ¬�â¥¬�â¨ç¥áª®£® ®¦¨¤�−¨ï; F (ω)| äãàì¥-¯à¥®¡à�§®¢�−¨¥
á¨£−�«� x(t); F ∗(ω)| ¥£® á®¯àï¦¥−¨¥ −� ç�áâ®â¥ ω [12]. �¨á¯¥ªâà | ¢¥«¨ç¨−�
ª®¬¯«¥ªá−�ï, � §−�ç¨â, ¥£® ¬®¦−® ¯à¥¤áâ�¢¨âì ¢ ¢¨¤¥:

B (ω1, ω2) = |B(ω1, ω2)| e
iψ(B(ω1,ω2)).

C â®çª¨ §à¥−¨ï ¨−â¥à¯à¥â�æ¨¨ æ¥«¥á®®¡à�§−® ¯à¨¬¥−ïâì −®à¬�«¨§®¢�−−®¥
¯à¥¤áâ�¢«¥−¨¥ ¡¨á¯¥ªâà� | ¡¨ª®£¥à¥−â−®áâì:

b(ω1, ω2) =
B(ω1, ω2)

√

E {|F (ω1)F (ω2)|2}E {|F (ω1 + ω2)|2}
. (1)

�¡á®«îâ−®¥ §−�ç¥−¨¥ ¡¨ª®£¥à¥−â−®áâ¨ −�å®¤¨âáï ¢ ¯à¥¤¥«�å ®â 0 ¤® 1. …á«¨ ¬¥¦-
¤ã ¤¢ã¬ï ç�áâ®â�¬¨ −¥â ä�§®¢®© á¢ï§¨, §−�ç¥−¨¥ ¡¨ª®£¥à¥−â−®áâ¨ ¡ã¤¥â −ã«¥¢ë¬.
…á«¨ áâ¥¯¥−ì ä�§®¢®© á¢ï§¨ ¢ëá®ª�, â® §−�ç¥−¨¥ ¡¨ª®£¥à¥−â−®áâ¨ ¡ã¤¥â ¡«¨§ª®
ª ¥¤¨−¨æ¥.

ˆ§®¡à�¦¥−¨¥ ¬®¦−® ¨−â¥à¯à¥â¨à®¢�âì ª�ª ¤¢ã¬¥à−ë© á¨£−�«, � á«¥¤®¢�â¥«ì-
−®, ¨§®¡à�¦¥−¨¥ ¡ã¤¥â ¨¬¥âì ç¥âëà¥å¬¥à−ë© ¡¨á¯¥ªâà:

B (u1, v1;u2, v2) = F (u1, v1)F (u2, v2)F
∗(u1 + u2, v1 + v2).

�−�«®£¨ç−® ãà�¢−¥−¨î (1) ¤«ï ¨§®¡à�¦¥−¨ï ¬®¦¥â ¡ëâì ¢¢¥¤¥−� ¡¨ª®£¥-
à¥−â−®áâì. �¨ª®£¥à¥−â−®áâì ¨−¢�à¨�−â−� ª «¨−¥©−®¬ã ¯à¥®¡à�§®¢�−¨î, çâ®
¯®§¢®«ï¥â ¥¥ ¨á¯®«ì§®¢�âì ¤«ï �−�«¨§� è¨à®ª®£® ¤¨�¯�§®−� ¨§®¡à�¦¥−¨©, ¢ â®¬
ç¨á«¥ ¢ ãá«®¢¨ïå à�§¬ëâ¨ï ¨«¨ ¬�áèâ�¡¨à®¢�−¨ï.
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‚ à�¡®â¥ [10] ¡ë«® ¯®ª�§�−®, çâ® ä�§®¢ë¥ ª®àà¥«ïæ¨¨ ¬¥¦¤ã ¯à®áâà�−-
áâ¢¥−−ë¬¨ ç�áâ®â�¬¨ ¢ áâà®ª�å ¨«¨ áâ®«¡æ�å ®¤−®¬¥à−®£® áª�−¨à®¢�−¨ï ®¡«�áâ¨
¨§®¡à�¦¥−¨ï �−�«®£¨ç−ë à�ááç¨â�−−ë¬ ¤«ï ®¡«�áâ¨ ¤¢ã¬¥à−®£® ¨§®¡à�¦¥−¨ï.
�®íâ®¬ã ¢® ¨§¡¥¦�−¨¥ á«®¦−®áâ¨ ¢ëç¨á«¥−¨ï ¯®«−®© ç¥âëà¥å¬¥à−®© ¡¨ª®£¥-
à¥−â−®áâ¨ ¨§®¡à�¦¥−¨ï, �−�«¨§ ¬®¦¥â ¡ëâì ®£à�−¨ç¥− áâà®ª�¬¨ ®¤−®¬¥à−®£®
£®à¨§®−â�«ì−®£® áª�−¨à®¢�−¨ï ¨ áâ®«¡æ�¬¨ ®¤−®¬¥à−®£® ¢¥àâ¨ª�«ì−®£® áª�-
−¨à®¢�−¨ï ¨§®¡à�¦¥−¨ï. —â®¡ë ã¬¥−ìè¨âì ¤¨á¯¥àá¨î ®æ¥−ª¨, ®¤−®¬¥à−ãî
¡¨ª®£¥à¥−â−®áâì á«¥¤ã¥â ¢ëç¨á«ïâì ¯ãâ¥¬ ãáà¥¤−¥−¨ï ¯® K ¯¥à¥ªàë¢�îé¨¬áï
á¥£¬¥−â�¬ ª®−¥ç−®© ¤«¨−ë:

�b (u1, u2) =

=
(1/K)

∑K

k=1
Fk(u1)Fk(u2)F

∗
k (u1 + u2)

√

(

(1/K)
∑K

k=1
|Fk(u1)F (u2)|2

)(

(1/K)
∑K

k=1
|Fk(u1 + u2)|2

)

. (2)

�¨ª®£¥à¥−â−®áâì ®¡«�áâ¨ ¨§®¡à�¦¥−¨ï §�¤�¥âáï ª�ª áà¥¤−¥¥ §−�ç¥−¨¥ ¡¨ª®-
£¥à¥−â−®áâ¨ £®à¨§®−â�«ì−ëå ¨ ¢¥àâ¨ª�«ì−ëå áâà®ª à�§¢¥àâª¨ ¨§®¡à�¦¥−¨ï:

�b =

√

√

√

√

(

1

Nh

Nh
∑

k=1

bhk

)

+

(

1

Nv

Nv
∑

k=1

bvk

)

,

£¤¥ Nh ¨ Nv | ç¨á«® £®à¨§®−â�«ì−ëå ¨ ¢¥àâ¨ª�«ì−ëå áâà®ª à�§¢¥àâª¨ ®¡«�áâ¨
¨§®¡à�¦¥−¨ï; bhk ¨ bvk | áà¥¤−¨¥ ¡¨ª®£¥à¥−â−®áâ¨ k-© £®à¨§®−â�«ì−®© ¨ k-©
¢¥àâ¨ª�«ì−®© «¨−¨©, ¢ëç¨á«¥−−ë¥ ¯® ä®à¬ã«¥ (2).

3 Вычислительный эксперимент

—â®¡ë ¯à®¢¥à¨âì ¯à¨¬¥−¨¬®áâì ¡¨á¯¥ªâà�«ì−®© áâ�â¨áâ¨ª¨ ¤«ï ®¡−�àã¦¥-
−¨ï á£¥−¥à¨à®¢�−−ëå ¨§®¡à�¦¥−¨©, ¡ë«¨ áä®à¬¨à®¢�−ë ¤¢� ¤�â�á¥â�, ª�¦¤ë©
¨§ 100 ¨§®¡à�¦¥−¨©. �¥à¢ë© ¤�â�á¥â á®áâ®¨â ¨§ 50 ¨§®¡à�¦¥−¨© à¥�«ì−ëå
«¨æ ¢ à�§à¥è¥−¨¨ 1024 × 1024 ¯¨ªá¥«ï ¨§ −�¡®à� ¤�−−ëå Flickr-Faces-HQ
Dataset (FFHQ) ¨ 50 ¨§®¡à�¦¥−¨© ¨§ 100 000 á£¥−¥à¨à®¢�−−ëå StyleGAN2 ¢ â®¬
¦¥ à�§à¥è¥−¨¨, ¯à¥¤®áâ�¢«¥−−ëå á®§¤�â¥«¥¬ â¥å−®«®£¨¨ StyleGAN2 ª®¬¯�−¨¥©
NVIDIA. ˆ§®¡à�¦¥−¨ï ¤®áâã¯−ë ¤«ï §�£àã§ª¨ á à¥áãàá®¢ [13, 14]. ‚â®à®© ¤�â�-
á¥â á®áâ®¨â ¨§ 50 ¨§®¡à�¦¥−¨© ¢ ¦�−à¥ �−¨¬¥ ¢ à�§à¥è¥−¨¨ 512×512 ¯¨ªá¥«¥© ¨§
¨§¢¥áâ−®£® −�¡®à� danbooru2019 ¨ 50 á£¥−¥à¨à®¢�−−ëå StyleGAN2 ¨§®¡à�¦¥−¨©
â®£® ¦¥ ¦�−à� ¢ â®¬ ¦¥ à�§à¥è¥−¨¨ ¨§ ¯�à−®£® ¯ã¡«¨ç−®£® ¤�â�á¥â�. ˆ§®¡-
à�¦¥−¨ï ¤®áâã¯−ë ¤«ï §�£àã§ª¨ á à¥áãàá®¢ [15, 16]. ��§®¢¥¬ ¯¥à¢ë© ¤�â�á¥â
FFHQ-StyleGAN2, ¢â®à®© | danbooru-StyleGAN2. Š�¦¤®¥ ¨áá«¥¤ã¥¬®¥ ¨§®¡-
à�¦¥−¨¥ ¡ë«® à�§¡¨â® −� ¡«®ª¨ à�§¬¥à®¬ 128 × 128 ¯¨ªá¥«¥©. �¨ª®£¥à¥−â−®áâì
¢ëç¨á«ï«�áì ®â¤¥«ì−® ¤«ï £®à¨§®−â�«ì−ëå ¨ ¢¥àâ¨ª�«ì−ëå áà¥§®¢, ª�¦¤ë© ¨§
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ª®â®àëå ¯à¥¤áâ�¢«ï« á®¡®© ®¤−®¬¥à−ë© á¨£−�« ¤«¨−®© 128 ¯¨ªá¥«¥©. �−�«®£¨ç-
−�ï ¢ëç¨á«¨â¥«ì−�ï ¯à®æ¥¤ãà� ¨á¯®«ì§®¢�«�áì, −�¯à¨¬¥à, ¢ [9, 10]. „«ï ª�¦¤®£®
áà¥§� ¡¨ª®£¥à¥−â−®áâì ®æ¥−¨¢�«�áì ¯® âà¥¬ ¯¥à¥ªàë¢�îé¨¬áï á¥£¬¥−â�¬ ¤«¨-
−®© 64 ¯¨ªá¥«ï, £¤¥ ¯¥à¥ªàëâ¨¥ á®áâ�¢«ï«® 32 ¯¨ªá¥«ï. —â®¡ë ã¬¥−ìè¨âì ãâ¥çªã
ç�áâ®âë ¨ ¯®«ãç¨âì «ãçè¥¥ à�§à¥è¥−¨¥ ¯® ç�áâ®â¥ ¯à¨ ¢ëç¨á«¥−¨¨ ¤¨áªà¥â−®£®
¯à¥®¡à�§®¢�−¨ï ”ãàì¥, á¥£¬¥−âë ã¬−®¦�«¨áì −� ®ª−® •�−−¨−£� [17].

�®«ãç¥−−�ï ¢ë¡®àª� ¢ëç¨á«¥−−ëå §−�ç¥−¨© ¡¨ª®£¥à¥−â−®áâ¨ ª�¦¤®£® ¨§®¡-
à�¦¥−¨ï å�à�ªâ¥à¨§®¢�«�áì ¯¥à¢ë¬¨ ç¥âëàì¬ï áâ�â¨áâ¨ç¥áª¨¬¨ ¬®¬¥−â�¬¨:
áà¥¤−¨¬ §−�ç¥−¨¥¬, ¤¨á¯¥àá¨¥©, �á¨¬¬¥âà¨¥© ¨ íªáæ¥áá®¬. ’�ª¨¬ ®¡à�§®¬,
ª�¦¤®¥ ¨§®¡à�¦¥−¨¥ å�à�ªâ¥à¨§®¢�«®áì 8-¬¥à−ë¬ ¢¥ªâ®à®¬ ¯à¨§−�ª®¢.

—â®¡ë ¯à®¢¥à¨âì, ¬®£ãâ «¨ �¬¯«¨âã¤� ¨ ä�§� ¡¨ª®£¥à¥−â−®áâ¨ á«ã¦¨âì ¯�à�-
¬¥âà�¬¨, ¯® ª®â®àë¬ ¬®¦−® à�§«¨ç¨âì à¥�«ì−ë¥ ¨ á£¥−¥à¨à®¢�−−ë¥ ¨§®¡à�¦¥-
−¨ï, −®à¬�«¨§®¢�−−ë¥ áà¥¤−¨¥ §−�ç¥−¨ï �¬¯«¨âã¤ë ¨ ä�§ë ¡ë«¨ ¢¨§ã�«¨§¨à®-
¢�−ë −� ¤¨�£à�¬¬¥ à�áá¥ï−¨ï (á¬. à¨áã−®ª). ÷¨áã−®ª ¯®ª�§ë¢�¥â, çâ® à¥�«ì−ë¥
¨ á£¥−¥à¨à®¢�−−ë¥ ¨§®¡à�¦¥−¨ï ¬®£ãâ ¡ëâì à�§¤¥«¥−ë, å®âï ¢ æ¥−âà�«ì−®©
ç�áâ¨ £à�ä¨ª� ¢á¥ ¦¥ ¥áâì ï¢−ë¥ ¯¥à¥ªàëâ¨ï. ’�ª¨¬ ®¡à�§®¬, á¯¥ªâà�«ì−ë¥
ª®àà¥«ïæ¨¨ ¡®«¥¥ ¢ëá®ª®£® ¯®àï¤ª�, ¢ëï¢«¥−−ë¥ á ¯®¬®éìî ¡¨á¯¥ªâà�«ì−®£®
�−�«¨§�, ¢ ¬¥−ìè¥© ¬¥à¥ ¯à¨áãâáâ¢ãîâ ¢ à¥�«ì−ëå ¨§®¡à�¦¥−¨ïå ¯® áà�¢−¥−¨î
á ¨§®¡à�¦¥−¨ï¬¨, á£¥−¥à¨à®¢�−−ë¬¨ á ¯®¬®éìî GAN. �â¨ ª®àà¥«ïæ¨¨, ¢¥à®-
ïâ−®, ®âà�¦�îâ äã−¤�¬¥−â�«ì−ë¥ á¢®©áâ¢� ¯à®æ¥áá� á¨−â¥§�. �à¨ç¨−®© ¬®£ãâ
¡ëâì −¥«¨−¥©−®áâ¨, ¢−®á¨¬ë¥ ¯à¨ á¨−â¥§¥ ¨§®¡à�¦¥−¨©, � â�ª¦¥ −¥¤®áâ�â®ç−�ï
®¡à�¡®âª� á¨£−�«®¢, ¢ë§ë¢�îé�ï −�«®¦¥−¨¥ á¯¥ªâà®¢ ¢ á¥â¨ GAN.

�� ®á−®¢�−¨¨ ¯®«ãç¥−−ëå ¤�−−ëå ¡ë«� ¯à®¢¥¤¥−� ¯à®æ¥¤ãà� ª«�áâ¥à¨§�æ¨¨
¤«ï ®¡−�àã¦¥−¨ï á£¥−¥à¨à®¢�−−ëå ¨§®¡à�¦¥−¨© á ¯®¬®éìî �«£®à¨â¬� KMeans
¨ ¡¨¡«¨®â¥ª¨ Scikit-learn [18]. ÷¥§ã«ìâ�âë íâ®© ¯à®æ¥¤ãàë ¬®¦−® ã¢¨¤¥âì
¢ â�¡«¨æ¥. �ë«¨ ¯®«ãç¥−ë ®¡−�¤¥¦¨¢�îé¨¥ à¥§ã«ìâ�âë: á£¥−¥à¨à®¢�−−ë¥ ¨§®¡-

„¢ã¬¥à−ë© áà¥§ (�¬¯«¨âã¤� ¨ ä�§�) ¢®áì¬¨¬¥à−®© áâ�â¨áâ¨ç¥áª®© å�à�ªâ¥à¨áâ¨ª¨ ¡¨-
ª®£¥à¥−â−®áâ¨ à¥�«ì−ëå (1) ¨ á£¥−¥à¨à®¢�−−ëå (2) ¨§®¡à�¦¥−¨© ¤«ï ¤�â�á¥â®¢ FFHQ-
StyleGAN2 (�) ¨ danbooru-StyleGAN2 (¡) á®®â¢¥âáâ¢¥−−®
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‘. �. �¨ª¨â¥−ª®¢�

Œ¥âà¨ª¨ ª�ç¥áâ¢� ª«�áá¨ä¨ª�æ¨¨ ¤�â�á¥â®¢

„�â�á¥â Precision Recall F1-Score Accuracy
FFHQ-StyleGAN2 0,73 0,86 0,79 0,77
danbooru-StyleGAN2 0,86 0,84 0,85 0,85

à�¦¥−¨ï ®¯à¥¤¥«ï«¨áì á â®ç−®áâìî ¤® 80% ¯® ¬¥âà¨ª¥ F1-score [19]. ‡−�ç¥−¨ï
¬¥âà¨ª ª«�áá¨ä¨ª�æ¨¨ ¤«ï ¢â®à®£® ¤�â�á¥â� ¢ëè¥, ç¥¬ ¤«ï ¯¥à¢®£®. �â® ¬®¦−®
®¡êïá−¨âì ¬¥−ìè¨¬ à�§¬¥à®¬ ¨§®¡à�¦¥−¨©, ¢å®¤ïé¨å ¢ ¤�â�á¥â.

4 Заключение

‘®æ¨�«ì−�ï ¨ ¡¨®¬¥âà¨ç¥áª�ï ¡¥§®¯�á−®áâì âà¥¡ã¥â á®§¤�−¨ï §�é¨â−®£® ¬¥-
å�−¨§¬� ®â deepfake-¯®¤¤¥«®ª. ‚ ¤�−−®¬ ¨áá«¥¤®¢�−¨¨ ¯à¥¤«�£�¥âáï ¬¥â®¤ ®¡-
−�àã¦¥−¨ï ¯®¤¤¥«ì−ëå ¨§®¡à�¦¥−¨©, á¨−â¥§¨à®¢�−−ëå −¥©à®á¥âìî StyleGAN2,
−� ®á−®¢¥ ¡¨á¯¥ªâà�«ì−®£® �−�«¨§�. �ää¥ªâ¨¢−®áâì ¯à¥¤«®¦¥−−®£® ¬¥â®¤�
�¯à®¡¨à®¢�«�áì −� ¤¢ãå à�§«¨ç−ëå ¤�â�á¥â�å. �ªá¯¥à¨¬¥−â�«ì−ë¥ à¥§ã«ìâ�âë
¯®ª�§�«¨, çâ® á¯¥ªâà�«ì−ë¥ ª®àà¥«ïæ¨¨ ¡®«¥¥ ¢ëá®ª®£® ¯®àï¤ª�, ¢ëï¢«¥−−ë¥
á ¯®¬®éìî ¡¨á¯¥ªâà�«ì−®£® �−�«¨§�, ¢ ¬¥−ìè¥© ¬¥à¥ ¯à¨áãâáâ¢ãîâ ¢ à¥�«ì−ëå
¨§®¡à�¦¥−¨ïå ¯® áà�¢−¥−¨î á ¨§®¡à�¦¥−¨ï¬¨, á£¥−¥à¨à®¢�−−ë¬¨ á ¯®¬®éìî
GAN.

’¥å−®«®£¨¨ á®§¤�−¨ï deepfake à�§¢¨¢�îâáï ¡ëáâà¥¥, ç¥¬ â¥å−®«®£¨¨ ¨å ®¡-
−�àã¦¥−¨ï. ‚ ª®−æ¥ 2021 £. ª®¬¯�−¨¥© NVIDIA ¡ë«� à�§à�¡®â�−� �àå¨â¥ªâãà�
StyleGAN3, £«�¢−®© æ¥«ìî ª®â®à®© áâ�«� �¤�¯â�æ¨ï â¥å−®«®£¨¨ StyleGAN ¤«ï
¥¥ ¯à¨¬¥−¥−¨ï ¢ �−¨¬�æ¨¨ ¨ ¢¨¤¥®. �à¨ ¤¨−�¬¨ç¥áª®© ¢¨§ã�«¨§�æ¨¨ ¨§®¡-
à�¦¥−¨©, á£¥−¥à¨à®¢�−−ëå á ¯®¬®éìî StyleGAN2, ¬®£«® −�¡«î¤�âìáï à�áá®-
£«�á®¢�−¨¥ ¬¥«ª¨å ¤¥â�«¥©, ¯®«ãç¨¢è¥¥ −�§¢�−¨¥ úíää¥ªâ ¯à¨«¨¯�−¨ï â¥ªáâãàû
(texture sticking) [20]. �¤−�ª® áãé¥áâ¢¥−−ë¥ ¨§¬¥−¥−¨ï, ¢−¥á¥−−ë¥ ¢ �àå¨â¥ªâãàã
StyleGAN3, ¢ë§ë¢�îâ ¬−®¦¥áâ¢® ¢®¯à®á®¢ ¨ −®¢ëå ¢ë§®¢®¢, −�¯à¨¬¥à ¢®§¬®¦-
−®áâì â®ç−® ¨−¢¥àâ¨à®¢�âì ¨ à¥¤�ªâ¨à®¢�âì à¥�«ì−ë¥ ¨§®¡à�¦¥−¨ï [21]. �à¨¬¥-
−¥−¨¥ ¡¨á¯¥ªâà�«ì−®£® �−�«¨§� ª ¨§®¡à�¦¥−¨ï¬, á£¥−¥à¨à®¢�−−ë¬ StyleGAN3,
¬®¦¥â áâ�âì ¯à¥¤¬¥â®¬ á�¬®áâ®ïâ¥«ì−®£® ¨áá«¥¤®¢�−¨ï.
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Abstract: As deep-fake image synthesis tools become more powerful and
available, there is a growing need to develop methods for detecting generated
content. The main goal of the work is to test the application of bispectral
analysis as a tool for detecting images generated by artificial intelligence (AI).
It is shown that higher-order spectral correlations detected by spectral analysis
are less present in natural images compared to the images generated using
generative-adversarial neural networks GAN (generative adversarial network).
These correlations are probably the result of fundamental properties of the image
generation process. The clustering procedure has shown encouraging results: it
determines the generated images with an accuracy of 80%.
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НАПРАВЛЕНИЯ РАЗВИТИЯ МЕТОДОЛОГИЧЕСКОЙ БАЗЫ
ДЛЯ РАБОТЫ С ГЕОДАННЫМИ В ПЕРСПЕКТИВНЫХ

ГЕОИНФОРМАЦИОННЫХ СИСТЕМАХ

Д. А. Никишин1

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�îâáï −�¯à�¢«¥−¨ï á®¢¥àè¥−áâ¢®¢�−¨ï ¬¥â®¤®«®£¨-
ç¥áª®© ¡�§ë ¤«ï ¯¥àá¯¥ªâ¨¢−ëå £¥®¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ (ƒˆ‘). �á−®¢-
−ë¬ ¯à¥¤¬¥â®¬ à�áá¬®âà¥−¨ï ¢ë¡à�−ë â¥å−®«®£¨¨, á¢ï§�−−ë¥ á ®¡¥á¯¥ç¥−¨-
¥¬ ¢§�¨¬®¤¥©áâ¢¨ï ¨ á®âàã¤−¨ç¥áâ¢� ¢ à�á¯à¥¤¥«¥−−ëå ƒˆ‘, ª®¬¯«¥ªá−®©
®¡à�¡®âª®© ¤�−−ëå, ¯®«ãç�¥¬ëå à�§«¨ç−ë¬¨ áà¥¤áâ¢�¬¨ ¤¨áâ�−æ¨®−−®£®
§®−¤¨à®¢�−¨ï ‡¥¬«¨ („‡‡), äã−ªæ¨®−¨à®¢�−¨¥¬ á¥â¥© áâ�æ¨®−�à−ëå /̈̈ «¨
¯®¤¢¨¦−ëå £¥®á¥−á®à®¢. „¥«�¥âáï ¢ë¢®¤ ® æ¥«¥á®®¡à�§−®áâ¨ ä®à¬¨à®¢�-
−¨ï ®¡−®¢«¥−−®£® á¢®¤� ª®−¢¥−æ¨®−�«ì−ëå £¥®£à�ä¨ç¥áª¨å §−�−¨© (â¥®à¨©
¨ ú¯à�ªâ¨ªû, §�ªà¥¯«¥−−ëå ¢ ¢¨¤¥ áâ�−¤�àâ®¢), ãç¨âë¢�îé¥£® á®¢à¥¬¥−−®¥
à�§¢¨â¨¥ ¬®¤¥«¥©, ¬¥â®¤®¢ ¨ â¥å−®«®£¨© à�¡®âë á £¥®¤�−−ë¬¨, ª®â®àë© á¬®-
¦¥â áâ�âì ®á−®¢®© ¤«ï à¥è¥−¨ï ¢®áâà¥¡®¢�−−ëå ¢¨¤®¢ §�¤�ç ¢ ¯¥àá¯¥ªâ¨¢−ëå
ƒˆ‘.

Š«îç¥¢ë¥ á«®¢�: £¥®¨−ä®à¬�æ¨®−−ë¥ á¨áâ¥¬ë; £¥®¨−ä®à¬�æ¨®−−�ï ¨−¦¥-
−¥à¨ï; ¬®¤¥«¨à®¢�−¨¥ £¥®£à�ä¨ç¥áª¨å ï¢«¥−¨©; £¥®á¥−á®à−ë¥ á¥â¨

DOI: 10.14357/08696527230204

1 Введение

–¥«ì ¤�−−®© à�¡®âë | ¢ëï¢«¥−¨¥ ¨ à�áá¬®âà¥−¨¥ −®¢ëå ¢�¦−ëå �á¯¥ªâ®¢
à�¡®âë á £¥®£à�ä¨ç¥áª¨¬¨ ¤�−−ë¬¨ (£¥®¤�−−ë¬¨), ª®â®àë¥ −¥®¡å®¤¨¬® ¡ã-
¤¥â ãç¨âë¢�âì ¯à¨ à�§à�¡®âª¥ ¯¥àá¯¥ªâ¨¢−ëå £¥®£à�ä¨ç¥áª¨å ¨−ä®à¬�æ¨®−−ëå
á¨áâ¥¬. Š â�ª¨¬ �á¯¥ªâ�¬ ¬®¦−® ®â−¥áâ¨: á®¢¥àè¥−áâ¢®¢�−¨¥ â¥å−®«®£¨©, ¢®§-
−¨ª−®¢¥−¨¥ −®¢ëå §�¤�ç, � â�ª¦¥ ¢®§¬®¦−®áâì ¯®«−®æ¥−−®£® ¢−¥¤à¥−¨ï ¢ ƒˆ‘
àï¤� ¢�¦−ëå ¯�à�¤¨£¬.

Š −®¢ë¬ â¥å−®«®£¨ï¬ ¬®¦−® ®â−¥áâ¨ ¯®ï¢«¥−¨¥ àï¤� â¥å−¨ç¥áª¨å áà¥¤áâ¢
¨ á¢ï§�−−ëå á −¨¬¨ ¬®¤¥«¥©, ¬¥â®¤®¢ ¨ â¥å−®«®£¨©, ®¡ãá«®¢«¥−−ëå à�§¢¨â¨-
¥¬ à�á¯à¥¤¥«¥−−®© ®¡à�¡®âª¨ £¥®¯à®áâà�−áâ¢¥−−®© ¨−ä®à¬�æ¨¨, áà¥¤áâ¢ „‡‡,
¬®¡¨«ì−ëå −�¢¨£�æ¨®−−ëå ãáâà®©áâ¢, á¥â¥© áâ�æ¨®−�à−ëå /̈̈ «¨ ¯®¤¢¨¦−ëå
á¥−á®à®¢ (¤�âç¨ª®¢) ¨ −¥ª®â®àëå ¤àã£¨å. �â®â �á¯¥ªâ áâ�« ®á−®¢−ë¬ ¯à¥¤¬¥â®¬
à�áá¬®âà¥−¨ï ¤�−−®© áâ�âì¨.

1”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª, dmnikishin@mail.ru
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��¯à�¢«¥−¨ï à�§¢¨â¨ï ¬¥â®¤®«®£¨ç¥áª®© ¡�§ë ¤«ï à�¡®âë á £¥®¤�−−ë¬¨ ¢ ƒˆ‘

Šà®¬¥ â®£®, ®áâ�¥âáï �ªâã�«ì−®© −¥®¡å®¤¨¬®áâì ¯®¢ëè¥−¨ï â®ç−®áâ¨ ¨ −�-
¤¥¦−®áâ¨ à¥è¥−¨ï §�¤�ç, � â�ª¦¥ ¢®§−¨ª−®¢¥−¨¥ −®¢ëå ¢¨¤®¢ §�¤�ç, −�¯à¨¬¥à
®¡¥á¯¥ç¥−¨¥ à�¡®âë �¢â®−®¬−ëå âà�−á¯®àâ−ëå áà¥¤áâ¢1.

‚ á®¢à¥¬¥−−ëå ãá«®¢¨ïå â�ª¦¥ ¢®§−¨ª«¨ à¥�«ì−ë¥ ¢®§¬®¦−®áâ¨ ¤«ï ¯®«-
−®æ¥−−®£® ¢−¥¤à¥−¨ï àï¤� ¯�à�¤¨£¬ [2], â�ª¨å ª�ª: â®¯®«®£¨ç−®áâì ¬®¤¥«¨
¬¥áâ−®áâ¨ (� ¢ ®¡é¥¬ ¢¨¤¥ | ®¡¥á¯¥ç¥−¨¥ ¢ ¬®¤¥«¨ ¯à®áâà�−áâ¢¥−−®-«®£¨ç¥áª®©
á¢ï§�−−®áâ¨), æ¥«®áâ−�ï á¨áâ¥¬� «®ª�«ì−ëå (á¥£¬¥−â−ëå) £¥®®−â®«®£¨© [3], ¬−®-
¦¥áâ¢¥−−ë¥ ¯à¥¤áâ�¢«¥−¨ï £¥®®¡ê¥ªâ®¢ ¨ ¬¥áâ−®áâ¨ ¢ æ¥«®¬ (¢ª«îç�ï �á¯¥ªâë
£¥−¥à�«¨§�æ¨¨, ª®−â¥ªáâ−®© ¢�à¨�−â−®áâ¨, �«ìâ¥à−�â¨¢−®áâ¨) [4], â¥¬¯®à�«ì-
−®¥ (¢ â®¬ ç¨á«¥ ¯à®áâà�−áâ¢¥−−®-¢à¥¬¥−−®¥) ¬®¤¥«¨à®¢�−¨¥2 [5], âà¥å¬¥à−®¥
¬®¤¥«¨à®¢�−¨¥.

’�ª¦¥ −ã¦−® ®â¬¥â¨âì �ªâã�«ì−ãî §�¤�çã á®§¤�−¨ï −�¤¥¦−ëå á¨áâ¥¬ ¤«ï
�¢â®¬�â¨ç¥áª®£® £¥®£à�ä¨ç¥áª®£® ¢ë¢®¤�, ®á®¡¥−−® ¢ á¢ï§¨ á ¯®ï¢«¥−¨¥¬ −®¢ëå
â¨¯®¢ ¤�âç¨ª®¢ [2].

÷¥§ã«ìâ�â®¬ ¤®«¦−® áâ�âì á®§¤�−¨¥ á¨áâ¥¬ë íää¥ªâ¨¢−ëå £¥®¬®¤¥«¥© (¡�§
£¥®¤�−−ëå, �ƒ„) ¨ ¬¥â®¤®«®£¨©, ®¡¥á¯¥ç¨¢�îé¨å ¯à¥¤áâ�¢«¥−−ë¥ ¢ëè¥ �á-
¯¥ªâë.

2 Географическая информационная инженерия в XXI веке

ˆ¤¥ï ƒˆ‘ ¨áå®¤¨â ¨§ à�¡®âë ÷. ”. ’®¬«¨−á®−� 1973 £. [6], � â¥à¬¨− ú£¥®-
¨−ä®à¬�â¨ª�û ¢®§−¨ª ¢ −�ç�«¥ 1990-å ££. [7], ®¡®§−�ç¨¢ ¯à¥¤¬¥â−ãî ®¡«�áâì
®¡à�¡®âª¨ ¯à®áâà�−áâ¢¥−−®© ¨−ä®à¬�æ¨¨. ��ãç−ë¥ à¥§ã«ìâ�âë, ¯®«ãç¥−−ë¥
¢ íâ®© ®¡«�áâ¨, ¯®¬®£«¨ á®§¤�âì −ë−¥è−îî ¨−¤ãáâà¨î ƒˆ‘. ‚ −�áâ®ïé¥¥
¢à¥¬ï £¥®¨−ä®à¬�æ¨®−−ë¥ ¯à¨«®¦¥−¨ï ¨á¯®«ì§ãîâáï ¢ ª�ç¥áâ¢¥ ª®à¯®à�â¨¢-
−ëå ¨ −�ãç−ëå ¨áá«¥¤®¢�â¥«ìáª¨å ¨−áâàã¬¥−â®¢ ¤«ï à¥è¥−¨ï à�§«¨ç−ëå §�¤�ç,
á¢ï§�−−ëå á �−�«¨§®¬ £¥®¯à®áâà�−áâ¢¥−−ëå ¤�−−ëå.

ƒ¥®¨−ä®à¬�æ¨®−−ãî ¨−¦¥−¥à¨î ¬®¦−® ®å�à�ªâ¥à¨§®¢�âì ª�ª ú¤¨áæ¨¯«¨−ã
á¨áâ¥¬�â¨ç¥áª®£® ¯®áâà®¥−¨ï ƒˆ‘ ¨ á¢ï§�−−ëå á −¨¬¨ â¥å−®«®£¨©, ®á−®¢�−−ãî
−� −�ãç−ëå ¯à¨−æ¨¯�å, � â�ª¦¥ �¤�¯â�æ¨î áãé¥áâ¢ãîé¨å â¥å−®«®£¨© ¢ á®®â-
¢¥âáâ¢¨¨ á ª®−ªà¥â−ë¬¨ â¥ªãé¨¬¨ (�ªâã�«ì−ë¬¨) ¯®âà¥¡−®áâï¬¨ ¯®«ì§®¢�â¥«¥©
¨ ®¡é¥áâ¢�û [8].

�®«ìè¨−áâ¢® ƒˆ‘-à¥è¥−¨© (â¥å−®«®£¨© ¨ ¯à®¤ãªâ®¢) ¬®£ãâ ¨á¯®«ì§®¢�âì
áå®¦¨¥ ¯à¨−æ¨¯ë ¨ è�¡«®−ë ¯à®¥ªâ¨à®¢�−¨ï, ¯®íâ®¬ã ƒˆ‘-¨−¦¥−¥àë ®¡ëç−®
−¥ §�−¨¬�îâáï à�§à�¡®âª®© á¢®¨å ¯à®¤ãªâ®¢ ¨ â¥å−®«®£¨© úá −ã«ïû, � ¨á¯®«ì§ãîâ
®¯ëâ, −�ª®¯«¥−−ë© ¯à¥¤è¥áâ¢¥−−¨ª�¬¨. ’�ª, à�§à�¡®âç¨ª £¥®¨−ä®à¬�æ¨®−−ëå

1‘®£«�á−® ®¯à¥¤¥«¥−¨î OGC (Open Geospatial Consortium) ¢ [1], �¢â®−®¬−ë¥ âà�−á¯®àâ−ë¥
áà¥¤áâ¢� | íâ® ¬®¡¨«ì−ë¥ ®¡ê¥ªâë, ª®â®àë¥ ¯¥à¥¬¥é�îâáï ¯® ¯®¢¥àå−®áâ¨ §¥¬«¨ ¨«¨ áª¢®§ì
â¢¥à¤ãî §¥¬«î (¯à®å®¤ç¥áª¨¥ ¬�è¨−ë), ¯® ¢®¤−®© ¯®¢¥àå−®áâ¨ ¨«¨ ¢ ¢®¤¥, ¢ ¢®§¤ãå¥ ¨«¨
¢ ª®á¬¨ç¥áª®¬ ¯à®áâà�−áâ¢¥ ¡¥§ ®¯¥à�â¨¢−®£® ã¯à�¢«¥−¨ï á® áâ®à®−ë −¥§�¢¨á¨¬®£® ¡®àâ®¢®£®
®¯¥à�â®à�.

2�â� ¯�à�¤¨£¬� ®á®¡¥−−® ¢�¦−� ¢ ª®−â¥ªáâ¥ á®§¤�−¨ï ¤¨−�¬¨ç¥áª¨å á¨áâ¥¬ ®à£�−¨§�æ¨¨ â®¯®-
£à�ä¨ç¥áª®£® §−�−¨ï ¢ ¯¥àá¯¥ªâ¨¢−ëå ƒˆ‘.
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¨−áâàã¬¥−â®¢ ®¡ëç−® á−�ç�«� ®¯à¥¤¥«ï¥â ¯®âà¥¡−®áâ¨ ¨ ®£à�−¨ç¥−¨ï á¢®¥£® ¯à¨-
«®¦¥−¨ï, � §�â¥¬ ¢ë¡¨à�¥â ¯®¤å®¤ïé¨¥ ¬¥â®¤ë ¨ ¬®¤¥«¨ ¨§ ¬−®¦¥áâ¢� ã¦¥
¨§¢¥áâ−ëå ¨ �¯à®¡¨à®¢�−−ëå, ®¡à�§ãîé¨å ¢ á®¢®ªã¯−®áâ¨ −¥ªãî â¥®à¥â¨ç¥-
áªãî ¡�§ã (å®âï ¬®¦¥â á®§¤�âì ¨ −¥çâ® −®¢®¥, ¢ ®á®¡¥−−®áâ¨ ¤«ï −®¢ëå ¨«¨
−¥âà¨¢¨�«ì−ëå §�¤�ç).

‚ ç�áâ−®áâ¨, ¢ áà¥¤¥ ¯à�¢¨â¥«ìáâ¢¥−−ëå, ª®¬¬¥àç¥áª¨å, −�ãç−®-¨áá«¥¤®-
¢�â¥«ìáª¨å ¨ ¤àã£¨å ®à£�−¨§�æ¨© ¯®«ãç¨«¨ è¨à®ª®¥, ¬¥¦¤ã−�à®¤−®¥ à�á-
¯à®áâà�−¥−¨¥ ®âªàëâë¥ áâ�−¤�àâë, à�§à�¡�âë¢�¥¬ë¥ á 1994 £. ú�âªàëâë¬
£¥®¯à®áâà�−áâ¢¥−−ë¬ ª®−á®àæ¨ã¬®¬û (OGC). ‘®¢®ªã¯−®áâì íâ¨å áâ�−¤�àâ®¢,
¯à¥¤áâ�¢«¥−−�ï −� à¨á. 1, ®å¢�âë¢�¥â ¢á¥ ®á−®¢−ë¥ �á¯¥ªâë £¥®¬®¤¥«¨à®¢�−¨ï,
¢ â®¬ ç¨á«¥ ¬®¤¥«¨ ¤�−−ëå ¨ ¯à¨−æ¨¯ë ¨å ª®¤¨à®¢�−¨ï, ¯®«ãç¥−¨¥ £¥®¤�−−ëå
(¤�âç¨ª¨ ¨ ¬¥â®¤ë á¡®à� ¤�−−ëå), ¯à¨ª«�¤−ë¥ äã−ªæ¨¨, á¥à¢¨áë ¨ ¨−â¥àä¥©áë
¨ ¤à., á æ¥«ìî à¥è¥−¨ï ¯à®¡«¥¬ á®¢¬¥áâ−®£® ¨á¯®«ì§®¢�−¨ï ¯à®áâà�−áâ¢¥−−ëå
¤�−−ëå ¨ ¢§�¨¬®¤¥©áâ¢¨ï ¨å ¯®«ì§®¢�â¥«¥© (−�¯à¨¬¥à, ª�ª ¢ [10]).

’�ª¨¬ ®¡à�§®¬, ¬®¦−® ®â¬¥â¨âì, çâ® ¢ ®á−®¢¥ ƒˆ‘-¨−¦¥−¨à¨−£� «¥¦¨â −¥ª¨©
á¢®¤ §−�−¨© (¡�§� §−�−¨©), á®áâ®ïé¨© ¨§ â¥®à¥â¨ç¥áª®© ¡�§ë ¨ −�ª®¯«¥−−®£®
®¯ëâ� ¨á¯®«ì§®¢�−¨ï (úå®à®è¨åû ¨«¨ ú¯«®å¨åû ¯à�ªâ¨ª ¤«ï â¥å ¨«¨ ¨−ëå
§�¤�ç), ª®â®àë© ¯®¬®£�¥â à�§à�¡�âë¢�âì /̈̈ «¨ ¨á¯®«ì§®¢�âì ƒˆ‘-¯à®¤ãªâë
¨ ƒˆ‘-â¥å−®«®£¨¨.

’�ª, ¢ à�¡®â¥ [8] ¯à¥¤«�£�¥âáï â�ª®© á¢®¤, ¯à¨¬¥−ï¥¬ë© ¢ −�áâ®ïé¥¥ ¢à¥¬ï
¨ ¨á¯®«ì§ãîé¨© ¯�à�¤¨£¬ë âà�¤¨æ¨®−−®© ª�àâ®£à�ä¨¨, ãá«®¢−® ®¡®§−�ç¨âì
ª�ª úƒˆ‘-20û (ƒˆ‘ XX ¢.). �â� −�ãç−�ï ®á−®¢�, ¨áâ®à¨ç¥áª¨ ®á−®¢�−−�ï −�
¯à¨¬¥−¥−¨¨ ¤¢ã¬¥à−®£® ¬®¤¥«¨à®¢�−¨ï á¨âã�æ¨¨ (£¥®®¡ê¥ªâ®¢ /̈̈ «¨ ¬¥áâ−®áâ¨
¢ æ¥«®¬), ¢ â®¬ ç¨á«¥ ¢ ¢¨¤¥ áâ�−¤�àâ®¢ OGC ¨ ¤à., ¡ë«� ®â−®á¨â¥«ì−® ¯à®áâ®©
¨ ¯®§¢®«¨«� ¯®ï¢¨âìáï æ¥«®¬ã ¯®ª®«¥−¨î ƒˆ‘-â¥å−®«®£¨©.

�¤−�ª® ¢ á®¢à¥¬¥−−ëå ãá«®¢¨ïå â¥ªãé¨© á¢®¤ ƒˆ‘-20 ã¦¥ −¥ ¬®¦¥â ¯®«-
−®áâìî ®¡¥á¯¥ç¨âì −�áãé−ë¥ ¯®âà¥¡−®áâ¨ ¯® ¯à¥¤®áâ�¢«¥−¨î £®â®¢ëå ª®−¢¥−æ¨-
®−�«ì−ëå à¥è¥−¨© ¤«ï âà¨¢¨�«ì−ëå §�¤�ç. ‘®¢à¥¬¥−−ë¥ à¥�«¨¨ ¯à¥¤¯®«�£�îâ
è¨à®ª®¥ ¯à¨¬¥−¥−¨¥ −®¢ëå â¥å−®«®£¨© ¨ â¥å−¨ç¥áª¨å áà¥¤áâ¢, −¥®¡å®¤¨¬ëå
¤«ï à¥è¥−¨ï −®¢ëå §�¤�ç, � â�ª¦¥ ¯®«−®æ¥−−®¥ ¢−¥¤à¥−¨¥ ¢ ƒˆ‘ àï¤� ¢�¦−ëå
¯�à�¤¨£¬, ã¯®¬ï−ãâëå ¢ëè¥.

3 Специфика новых ГИС-технологий

�â¨ â¥å−®«®£¨¨ ®¡ãá«®¢«¥−ë ¯®ï¢«¥−¨¥¬ àï¤� â¥å−¨ç¥áª¨å áà¥¤áâ¢ ¨ á¢ï§�−-
−ëå á −¨¬¨ ¬®¤¥«¥©, ¬¥â®¤®¢ ¨ â¥å−®«®£¨©. ÷�áá¬®âà¨¬ ¯®ï¢«¥−¨¥ ¨ á¯¥æ¨ä¨ªã
íâ¨å â¥å−®«®£¨© ¯®¤à®¡−¥¥.

’¥å−®«®£¨¨ à�¡®âë á £¥®¯à®áâà�−áâ¢¥−−®© ¨−ä®à¬�æ¨¥©. ‚ 1980{
1990-å ££. ƒˆ‘ ¯à¥¤áâ�¢«ï«� á®¡®© �¢â®−®¬−ãî ª®¬¯ìîâ¥à−ãî á¨áâ¥¬ã, ¯à¥¤®-
áâ�¢«ï¢èãî ¬¥â®¤ë ¢¢®¤�, åà�−¥−¨ï, ®¡à�¡®âª¨ ¨ ®â®¡à�¦¥−¨ï £¥®¯à®-
áâà�−áâ¢¥−−ëå ¬®¤¥«¥© (£¥®¤�−−ëå). ‚ 2000-å ££. â¥å−®«®£¨¨ ƒˆ‘ ¡ë«¨
à�á¯à®áâà�−¥−ë −� ª®à¯®à�â¨¢−ë¥ ¬−®£®¯®«ì§®¢�â¥«ìáª¨¥ á¨áâ¥¬ë á ®¡é¥© ¡�-
§®© ¯à®áâà�−áâ¢¥−−ëå ¤�−−ëå. ˜¨à®ª®¥ à�á¯à®áâà�−¥−¨¥ ¨−â¥à−¥â-â¥å−®«®£¨©
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÷¨á. 1 úŠ�àâ�û áâ�−¤�àâ®¢ OGC [9]
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¥é¥ ¡®«ìè¥ à�áè¨à¨«® ¬−®£®¯®«ì§®¢�â¥«ìáªãî â¥å−®«®£¨î §� áç¥â á®§¤�−¨ï
¢¥¡-¨−áâàã¬¥−â®¢ ¤«ï ®¡à�¡®âª¨ ¨ ¢¨§ã�«¨§�æ¨¨ £¥®¬®¤¥«¥© (¢ ¢¨¤¥ ¢¥¡-á¥à¢¨-
á®¢ ¨ ¢¥¡-á¥à¢¥à®¢), � á®¢à¥¬¥−−ë¥ ¬®¡¨«ì−ë¥ ãáâà®©áâ¢� ¯®§¢®«ïîâ ¯®«ãç�âì
£¥®¯à®áâà�−áâ¢¥−−ë¥ ¤�−−ë¥ ¯à�ªâ¨ç¥áª¨ ¨§ «î¡®£® ¬¥áâ�. ‚ ®¡é¥¬, úƒˆ‘
í¢®«îæ¨®−¨à®¢�«¨ ®â �¢â®¬�â¨§¨à®¢�−−ëå ª�àâ®£à�ä¨ç¥áª¨å ¯à¨«®¦¥−¨© ª −�-
¡®àã â¥å−®«®£¨©, á¢ï§�−−ëå. . . á £¥®¨−ä®à¬�æ¨¥©û [8]. �® ¯à¨ íâ®¬, ¨á-
¯®«ì§ãï �¡áâà�ªæ¨¨, ¨−ª�¯áã«¨à®¢�−−ë¥ ¢ ¢¥¡-áâ�−¤�àâ�å OGC (WMS, WCS,
WFS ¨ WPS)1, ¯®«ì§®¢�â¥«¨ ¨¬¥îâ ¤®áâã¯ ¢ ®á−®¢−®¬ ª ¢¨§ã�«¨§�æ¨¨ £¥®-
¨−ä®à¬�æ¨¨. ‡�¤�ç¨ à�§à�¡®âª¨ ¢¥¡-¯à¨«®¦¥−¨©, ®à¨¥−â¨à®¢�−−ëå −� ¢§�¨-
¬®¤¥©áâ¢¨¥ ¨ á®¢¬¥áâ−ãî à�¡®âã, ã¦¥ ¢ëå®¤ïâ §� à�¬ª¨ ¯à®áâëå �¡áâà�ªæ¨©
OGC [8].

�®«¥¥ â®£®, ¯à¨ à�§à�¡®âª¥ ã−¨¢¥àá�«ì−ëå á¨áâ¥¬ ¨«¨ ¯à¨ ¨−â¥£à�æ¨¨ à�§-
«¨ç−ëå à¥è¥−¨© ª«îç¥¢®© ¡ë«� ¨ ®áâ�¥âáï ¯à®¡«¥¬� á®¢¬¥áâ¨¬®áâ¨ [12]. …á«¨
áâ�−¤�àâ¨§¨à®¢�âì ä®à¬�âë ®¡¬¥−� ¤�−−ë¬¨ ¨«¨ ®¯à¥¤¥«¨âì ¯à�¢¨«� ¢§�¨¬®¤¥©-
áâ¢¨ï á¨áâ¥¬ ¤®áâ�â®ç−® ¯à®áâ®, â® ¨−â¥£à¨à®¢�−¨¥ à�§−®à®¤−ëå â¨¯®¢ ¤�−−ëå
¨§ à�§−ëå ¨áâ®ç−¨ª®¢ ®ª�§�«®áì ¡®«¥¥ á«®¦−®© §�¤�ç¥©.

’¥å−®«®£¨¨ ¤¨áâ�−æ¨®−−®£® §®−¤¨à®¢�−¨ï ‡¥¬«¨ ¨ −�¢¨£�æ¨¨ áãé¥áâ¢ãîâ
ã¦¥ ¤®áâ�â®ç−® ¤�¢−®, ®¤−�ª® ¢ ¯®á«¥¤−¥¥ ¢à¥¬ï ¢ íâ®© áä¥à¥ ¢®§−¨ª«¨ −¥ª®â®àë¥
−®¢ë¥ à¥�«¨¨, âà¥¡ãîé¨¥ áâ�−¤�àâ¨§�æ¨¨.

1. �à®£à¥áá ¢ ®¡«�áâ¨ á¥−á®à−®© â¥å−¨ª¨ ¤�« ¢®§¬®¦−®áâì è¨à®ª® ¯à¨¬¥−ïâì
®á®¡ë¥ ¢¨¤ë „‡‡: â¥¯«®¢ë¥, ¬ã«ìâ¨á¯¥ªâà�«ì−ë¥ áê¥¬ª¨, à�¤¨®«®ª�æ¨-
®−−®¥ ¨ «�§¥à−®¥ áª�−¨à®¢�−¨¥; §�ç�áâãî ¯à¥¤ãá¬�âà¨¢�¥âáï ¨å á®¢¬¥áâ−®¥
¨á¯®«ì§®¢�−¨¥. ‘®®â¢¥âáâ¢¥−−®, −�§à¥«� −¥®¡å®¤¨¬®áâì ¨¬¥âì á¢®¤ áâ�−¤�à-
â®¢ ¤«ï ¯à¥¤áâ�¢«¥−¨ï ¨ ®¡à�¡®âª¨ ¤�−−ëå, ¯®«ãç�¥¬ëå íâ¨¬¨ á¯®á®¡�¬¨
(®á®¡¥−−® ¤«ï á®¯®áâ�¢¨â¥«ì−®£® �−�«¨§� ¨å ¤�−−ëå).

2. ‘®§¤�−¨¥ ®à¡¨â�«ì−ëå £àã¯¯¨à®¢®ª (úá®§¢¥§¤¨©û) áà¥¤áâ¢ „‡‡, ®á®¡¥−−®
−� ¡�§¥ ¬�«ëå ª®á¬¨ç¥áª¨å �¯¯�à�â®¢, ¯®§¢®«ï¥â ¬−®£®ªà�â−®, á¨áâ¥¬�â¨-
ç¥áª¨ ¯®«ãç�âì ¨§®¡à�¦¥−¨ï ®¤−®£® ¨ â®£® ¦¥ à�©®−� á ¤®áâ�â®ç−® ªà�âª®©
¯¥à¨®¤¨ç−®áâìî. ’�ª®© ¯®â®ª ¤�−−ëå „„‡ ¯®â¥−æ¨�«ì−® ¬®¦¥â ¯à¥¤®áâ�-
¢¨âì −®¢ë¥ ¬¥â®¤ë �−�«¨§� ¨§®¡à�¦¥−¨©, −�¯à¨¬¥à: ®áãé¥áâ¢«ïâì ¯®¨áª
¨§¬¥−¥−¨© ¢ ¯®á«¥¤®¢�â¥«ì−®áâ¨ ¨§®¡à�¦¥−¨© „‡‡ −� ®¤¨− ¨ â®â ¦¥ à�©®−,
®¯¨áë¢�âì âà�¥ªâ®à¨¨ ¨§¬¥−¥−¨© ¢ ¬¥áâ−®¬ ¨ à¥£¨®−�«ì−®¬ ¬�áèâ�¡�å ¨ −�
íâ®© ®á−®¢¥ �−�«¨§¨à®¢�âì ¤¨−�¬¨ªã «�−¤è�äâ� ¨ ¤�¦¥ áãé−®áâì ¯à®¨á-
å®¤ïé¥£® ¯à®æ¥áá�. �â¨ §�¤�ç¨ ¨¬¥îâ ¬¥áâ®, −�¯à¨¬¥à, ¢ íª®«®£¨ç¥áª¨å
¯à¨«®¦¥−¨ïå [8, 13]. �à®¡«¥¬� §�ª«îç�¥âáï ¢ á®¯®áâ�¢«¥−¨¨ à�§−®¢à¥¬¥−-
−ëå ¤�−−ëå, ®á®¡¥−−® ¯®«ãç�¥¬ëå à�§−ë¬¨ â¨¯�¬¨ á¥−á®à®¢ „‡‡ ¨«¨ ¨å
−®á¨â¥«¥©.

1WMS (Web Map Service) | ¨−â¥àä¥©á ¤«ï §�¯à®á� £¥®¨§®¡à�¦¥−¨©, ¨¬¥îé¨å ¯à®áâà�−-
áâ¢¥−−ãî ¯à¨¢ï§ªã; WCS (Web Coverage Service) | ¨−â¥àä¥©á ¤®áâã¯� ª ¬−®£®¬¥à−ë¬ à�áâà�¬;
WFS (Web Feature Service) | ¨−â¥àä¥©á ¤«ï §�¯à®á� ¯à®áâà�−áâ¢¥−−ëå ®¡ê¥ªâ®¢; WPS (Web
Processing Service) | ¨−â¥àä¥©á ¤«ï ¤®áâã¯� ª ¢ëç¨á«¥−¨ï¬ ¨«¨ ¬®¤¥«ï¬, ª®â®àë¥ à�¡®â�îâ
á ¯à®áâà�−áâ¢¥−−® ¯à¨¢ï§�−−ë¬¨ ¤�−−ë¬¨ [11].
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3. ˜¨à®ª®¥ à�á¯à®áâà�−¥−¨¥ ¡¥á¯¨«®â−ëå «¥â�â¥«ì−ëå �¯¯�à�â®¢ (��‹�)
¢®§à®¤¨«® ¢®§¤ãè−ë¥ ¬¥â®¤ë áê¥¬ª¨ ¨ ¯à¨ íâ®¬ ¢ë¢¥«® ¨å −� −®¢ë© ãà®¢¥−ì.
ƒ«�¢−ë¬ ®¡à�§®¬ íâ® ¯à®¨§®è«® §� áç¥â áãé¥áâ¢¥−−®£® á®ªà�é¥−¨ï §�âà�â −�
®¡®àã¤®¢�−¨¥ ¨ á�¬¨ ¯®«¥âë: áê¥¬ª¨ á ��‹� íª®−®¬¨ç¥áª¨ æ¥«¥á®®¡à�§−ë
¤«ï ®â¤¥«ì−ëå ®¡ê¥ªâ®¢ ¨ «®ª�«ì−ëå â¥àà¨â®à¨©. �¤−�ª® ¯à¨¬¥−¥−¨¥
��‹� ¨¬¥¥â á¢®¨ ®á®¡¥−−®áâ¨ ¯à®¢¥¤¥−¨ï áê¥¬ª¨ ¨ ¯®á«¥¤ãîé¥© ®¡à�¡®âª¨
â�ª¨å á−¨¬ª®¢.

÷�á¯à®áâà�−¥−¨¥ −�¢¨£�æ¨®−−ëå ãáâà®©áâ¢, ®¡¥á¯¥ç¨¢�îé¨å ¢®§¬®¦−®áâì
−¥¯à¥àë¢−®£® £¥®¯®§¨æ¨®−¨à®¢�−¨ï ¬®¡¨«ì−ëå ®¡ê¥ªâ®¢, â�ª¦¥ ®âªàë«® −®-
¢ë¥ ¯¥àá¯¥ªâ¨¢ë ¤«ï £¥®¨−ä®à¬�æ¨®−−ëå ¯à¨«®¦¥−¨©. �â¨ ãáâà®©áâ¢� ¬®£ãâ
äã−ªæ¨®−¨à®¢�âì −� ®á−®¢¥ ª�ª á¯ãâ−¨ª®¢®© −�¢¨£�æ¨®−−®© á¨áâ¥¬ë, â�ª ¨ á¥â¨
á®â®¢®© á¢ï§¨. ’�ª®¥ ãáâà®©áâ¢®, ¯® áãâ¨, ¯à¥¤áâ�¢«ï¥â á®¡®© ¯®¤¢¨¦−ë© £¥®á¥−-
á®à, ®¡¥á¯¥ç¨¢�îé¨© áê¥¬ ª�ª ¯à®áâà�−áâ¢¥−−®© ¨−ä®à¬�æ¨¨ (¬¥áâ®¯®«®¦¥−¨ï),
â�ª ¨ −¥¯à®áâà�−áâ¢¥−−ëå å�à�ªâ¥à¨áâ¨ª.

ˆå ®¡ëç−®¥ ¯à¨¬¥−¥−¨¥ | ¢ −�¢¨£�æ¨®−−ëå á¨áâ¥¬�å (¢ â®¬ ç¨á«¥ −� ®á−®¢¥
ª�àâ), á¨áâ¥¬�å ª®−âà®«ï §� ¯®¤¢¨¦−ë¬¨ ®¡ê¥ªâ�¬¨ (âà�−á¯®àâ®¬, á¥«ìå®§â¥å-
−¨ª®©) ¨ ¤à. �à¨ −�«¨ç¨¨ ®¡à�â−®© á¢ï§¨ ¬®¦¥â ®¡¥á¯¥ç¨¢�âìáï ¤¨áâ�−æ¨®−−®¥
ã¯à�¢«¥−¨¥ ®¡ê¥ªâ®¬. � ¢ ¯¥àá¯¥ªâ¨¢¥ ¢®§¬®¦−® ®¡ê¥¤¨−¥−¨¥ à�§«¨ç−ëå ¢¨-
¤®¢ ¢§�¨¬®¤¥©áâ¢ãîé¨å ã¯à�¢«ï¥¬ëå ¨«¨ �¢â®−®¬−ëå âà�−á¯®àâ−ëå ¨ â®¬ã
¯®¤®¡−ëå áà¥¤áâ¢ ¢ ¥¤¨−ãî á¥âì.

÷�á¯à®áâà�−¥−¨¥ £¥®á¥−á®à®¢, áâ�æ¨®−�à−ëå ¨«¨ ¯®¤¢¨¦−ëå, ¯®§¢®«ï¥â
¨á¯®«ì§®¢�âì −®¢ë¥ ¯®¤å®¤ë ª ¨§ãç¥−¨î ¯à®æ¥áá®¢ −� ¬¥áâ−®áâ¨, −�¯à¨¬¥à
íª®«®£¨ç¥áª¨å [8]. �á®¡ë© ¨−â¥à¥á ¯à¥¤áâ�¢«ïîâ á¥â¨ £¥®á¥−á®à®¢.

ƒ¥®á¥−á®à (£¥®¤�âç¨ª) | ãáâà®©áâ¢® ¤«ï á−ïâ¨ï ¯®ª�§�−¨© á ä¨§¨ç¥áª®£®
®ªàã¦¥−¨ï á ¢®§¬®¦−®áâìî £¥®¯®§¨æ¨®−¨à®¢�−¨ï â®çª¨ á−ïâ¨ï ¤�−−ëå [13].

ƒ¥®á¥−á®à−ë¥ á¥â¨ (GeoSensor Networks, GSN) | á¯¥æ¨�«¨§¨à®¢�−−ë¥ ¯à¨-
«®¦¥−¨ï â¥å−®«®£¨© á¥−á®à−ëå á¥â¥© ¢ £¥®£à�ä¨ç¥áª®¬ ¯à®áâà�−áâ¢¥, ª®â®àë¥
¯®¤¤¥à¦¨¢�îâ £¥®¯®§¨æ¨®−¨à®¢�−¨¥, −�¡«î¤�îâ §� ¨§¬¥−¥−¨ï¬¨ ¨ ®âá«¥¦¨¢�îâ
¯¥à¥¬¥é¥−¨ï ï¢«¥−¨© ¨ ¯à®æ¥áá®¢ ®ªàã¦�îé¥© áà¥¤ë [14], −�¯à¨¬¥à ¯à¨ ¬®−¨-
â®à¨−£¥ à�§«¨ç−ëå ï¢«¥−¨© ®ªàã¦�îé¥© áà¥¤ë (¨§¢¥à¦¥−¨ï ¢ã«ª�−®¢, ¯®¦�àë
¨ −�¢®¤−¥−¨ï) [15].

Œ®¦−® ¢ë¤¥«¨âì áâ�æ¨®−�à−ë¥ ¨ ¯®¤¢¨¦−ë¥ ¤�âç¨ª¨ (¨, á®®â¢¥âáâ¢¥−−®,
®¡à�§ã¥¬ë¥ ¨¬¨ á¥â¨). Š áâ�æ¨®−�à−ë¬ ¤�âç¨ª�¬ ¬®¦−® ®â−¥áâ¨, −�¯à¨¬¥à,
á¥âì ã«¨ç−ëå ª�¬¥à, á¥âì ¬¥â¥®áâ�−æ¨© ¨ â. ¯. �®¤¢¨¦−ë¥ (¬®¡¨«ì−ë¥) ¤�âç¨-
ª¨ −�àï¤ã á −¥¯à®áâà�−áâ¢¥−−ë¬¨ á¢®©áâ¢�¬¨ á−¨¬�îâ â�ª¦¥ ¬¥áâ®¯®«®¦¥−¨¥
á®¯à®¢®¦¤�¥¬®£® ¨¬¨ ®¡ê¥ªâ� (â. ¥. ¤®«¦−ë ¨¬¥âì −�¢¨£�æ¨®−−®¥ ãáâà®©áâ¢®).
�®áª®«ìªã á¥−á®à−�ï á¥âì ¢ ®¡é¥¬ á«ãç�¥ ¬®¦¥â ¢ª«îç�âì ª�ª áâ�æ¨®−�à−ë¥,
â�ª ¨ ¯®¤¢¨¦−ë¥ ¤�âç¨ª¨, −¥®¡å®¤¨¬® ®¡¥á¯¥ç¥−¨¥ á®¢¬¥áâ−®£® ¨á¯®«ì§®¢�−¨ï
¨å ¤�−−ëå. ‚ ª�ç¥áâ¢¥ ¢®§¬®¦−®£® ¯à¨¬¥à� −� à¨á. 2 ¯®ª�§�−® ¢§�¨¬®¤¥©áâ¢¨¥
¢ áâàãªâãà¥ ¨−â¥««¥ªâã�«ì−®© âà�−á¯®àâ−®© á¨áâ¥¬ë (ˆ’‘).

‘¢®¥®¡à�§−®© à�§−®¢¨¤−®áâìî (®¡®¡é¥−¨¥¬) £¥®á¥−á®à−®© á¥â¨ áâ�« úˆ−â¥à-
−¥â ¢¥é¥©û (Internet of Things, IoT) | ¬¥â®¤®«®£¨ï ®à£�−¨§�æ¨¨ á¥â¨ ãáâà®©áâ¢
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÷¨á. 2 ‘âàãªâãà� ¨−â¥««¥ªâã�«ì−®© âà�−á¯®àâ−®© á¨áâ¥¬ë [16]

(ú¢¥é¥©û), ®á−�é¥−−ëå ¢áâà®¥−−ë¬¨ â¥å−®«®£¨ï¬¨ ¤«ï ¢§�¨¬®¤¥©áâ¢¨ï ¤àã£
á ¤àã£®¬ ¨«¨ á ¢−¥è−¥© áà¥¤®© ¡¥§ ãç�áâ¨ï ç¥«®¢¥ª� [17]. …£® áãé−®áâì §�ª«îç�-
¥âáï ¢ ª®−âà®«¥ á®áâ®ï−¨ï /̈̈ «¨ ¬¥áâ®¯®«®¦¥−¨ï ®¡ê¥ªâ� (áâ�æ¨®−�à−®£® ¨«¨
¯®¤¢¨¦−®£®).

‘¥−á®à−ë¥ á¥â¨ ¨£à�îâ ¡®«ìèãî à®«ì ¢ ¡®«ìè¨−áâ¢¥ ¯à¨«®¦¥−¨© IoT, −®
£¥â¥à®£¥−−®áâì ¢ ª�¦¤®© á¥â¨ á â®çª¨ §à¥−¨ï �¯¯�à�â−ëå ¢®§¬®¦−®áâ¥© ¨ ¯à®â®-
ª®«®¢ á¢ï§¨ ¢«¥ç¥â §� á®¡®© ¨á¯®«ì§®¢�−¨¥ ¬−®¦¥áâ¢� à�§−®®¡à�§−ëå áâ�−¤�à-
â®¢ [18]. �â® ãá«®¦−ï¥â ¨å ¨á¯®«ì§®¢�−¨¥ ¢ áæ¥−�à¨ïå IoT ¨ âà¥¡ã¥â ®¡¥á¯¥ç¥−¨ï
á®¢¬¥áâ¨¬®áâ¨. ‚ íâ®¬ ª®−â¥ªáâ¥ ª®−á®àæ¨ã¬ OGC à�§à�¡®â�« áâàãªâãàã ®âªàë-
âëå áâ�−¤�àâ®¢ ¤«ï ¨á¯®«ì§®¢�−¨ï ¯®¤ª«îç¥−−ëå ª á¥â¨ ¤�âç¨ª®¢ ¨ á¥−á®à−ëå
á¨áâ¥¬ ¢á¥å â¨¯®¢. �â®, ¢ ç�áâ−®áâ¨, ¨−¨æ¨�â¨¢−ë¥ áâ�−¤�àâë [19] ¢áâà�¨¢�¥¬ëå
¢ ¢¥¡-á¥âì á¯ãâ−¨ª®¢ëå, ¡®àâ®¢ëå ¨ −�§¥¬−ëå á¥−á®à®¢ Sensor Web Enablement
(SWE), ª®â®àë¥ ®¡¥á¯¥ç¨¢�îâ ¢á¥áâ®à®−−îî ¯®¤¤¥à¦ªã ¨á¯®«ì§®¢�−¨ï GSN
¢ à¥�«¨§�æ¨ïå IoT.

�®¤®¡−® á¥â¨ WWW (World Wide Web), á¥−á®à−�ï á¥âì ¢ª«îç�¥â ¢ á¥¡ï
âà¨ ãà®¢−ï: ãà®¢¥−ì ¤�−−ëå (Data Layer), ãà®¢¥−ì ¢¥¡-á¥à¢¨á� (Web Service
Layer) ¨ ãà®¢¥−ì ¯à¨«®¦¥−¨© (Application Layer) [20]. “à®¢¥−ì ¤�−−ëå, ¢ á¢®î
®ç¥à¥¤ì, ¬®¦¥â ¡ëâì à�§¤¥«¥− −� ãà®¢¥−ì ä¨§¨ç¥áª®© áà¥¤ë (Physical Layer)
¨ ãà®¢¥−ì á¥−á®à®¢ (Sensor Layer). “à®¢¥−ì ¤�−−ëå ®¡¥á¯¥ç¨¢�¥â −�¡«î¤¥−¨¥
§� ¯�à�¬¥âà�¬¨ ®ªàã¦�îé¥© áà¥¤ë ¨ ¯¥à¥¤�¥â ¤�−−ë¥ á¥−á®à®¢ ãà®¢−î ¢¥¡-
á¥à¢¨á�. “à®¢¥−ì ¢¥¡-á¥à¢¨á� ®¡¥á¯¥ç¨¢�¥â ¤®áâã¯ ãà®¢−î ¯à¨«®¦¥−¨ï ¤«ï
¨§¢«¥ç¥−¨ï ¯®«ãç¥−−ëå á¥−á®à®¬ ¤�−−ëå.

�¤−�ª® cãé¥áâ¢ãîé¨¥ áâ�−¤�àâë OGC, á¢ï§�−−ë¥ á £¥®á¥−á®à�¬¨, ä®ªã-
á¨àãîâáï −� −¨§ª®ãà®¢−¥¢®© á¢ï§¨ ¨ â�ª¨å ¢®¯à®á�å, ª�ª ®âª�§®ãáâ®©ç¨¢®áâì,
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��¯à�¢«¥−¨ï à�§¢¨â¨ï ¬¥â®¤®«®£¨ç¥áª®© ¡�§ë ¤«ï à�¡®âë á £¥®¤�−−ë¬¨ ¢ ƒˆ‘

−�¤¥¦−®áâì ¨ ¬�áèâ�¡¨àã¥¬®áâì [8]. ‚ íâ¨å áâ�−¤�àâ�å −¥ à�áá¬�âà¨¢�¥âáï
¯à¥®¡à�§®¢�−¨¥ ¤�−−ëå íâ¨å ¤�âç¨ª®¢ ¢ ¬®¤¥«ì, ¯à¨£®¤−ãî, −�¯à¨¬¥à, ¤«ï ¬®-
−¨â®à¨−£� ®ªàã¦�îé¥© áà¥¤ë; ¤«ï â�ª®© âà�−áä®à¬�æ¨¨ âà¥¡ã¥âáï á¯®á®¡−®áâì
¬®¤¥«¨à®¢�âì ¯à®æ¥ááë, ¨§¬¥àï¥¬ë¥ á¥−á®à−ë¬¨ á¥âï¬¨. � ¢®§à�áâ�îé�ï à®«ì
¤�âç¨ª®¢ ¢ £®à®¤áª®¬ ª®−â¥ªáâ¥ ¤®«¦−� ¯®¤à�§ã¬¥¢�âì −¥ª®â®àë¥ −®¢ë¥ ¯®¤å®¤ë
ª ¯à®áâà�−áâ¢¥−−®¬ã �−�«¨§ã ¢ à¥¦¨¬¥ à¥�«ì−®£® ¢à¥¬¥−¨.

4 Заключение

÷�áá¬®âà¥−−ë¥ ¢ à�¡®â¥ ¢®¯à®áë ¯®§¢®«ïîâ ¯à¥¤¯®«®¦¨âì, çâ® ¤«ï à�§-
à�¡®âª¨ ¯¥àá¯¥ªâ¨¢−ëå ƒˆ‘ ¢ ¨¤¥�«¥ −¥®¡å®¤¨¬® áä®à¬¨à®¢�âì ®¡−®¢«¥−−ë©
á¢®¤ £¥®£à�ä¨ç¥áª¨å §−�−¨© (â¥®à¨© ¨ ú¯à�ªâ¨ªû, §�ªà¥¯«¥−−ëå ¢ ¢¨¤¥ áâ�−-
¤�àâ®¢), ª®â®àë© ¡ã¤¥â ãç¨âë¢�âì á®¢à¥¬¥−−ë¥ �á¯¥ªâë à�¡®âë á £¥®¤�−−ë¬¨,
®¡ãá«®¢«¥−−ë¥ à�§¢¨â¨¥¬ ¬®¤¥«¥©, ¬¥â®¤®¢ ¨ â¥å−®«®£¨©, ¨ á¬®¦¥â áâ�âì ®á−®-
¢®©, ¯à¥¤®áâ�¢«ïîé¥© £®â®¢ë¥ ª®−¢¥−æ¨®−�«ì−ë¥ à¥è¥−¨ï ¤«ï ¢®áâà¥¡®¢�−−ëå
¢¨¤®¢ §�¤�ç. ‚ ç�áâ−®áâ¨, â�ª®© á¢®¤ ¤®«¦¥− ãç¨âë¢�âì ¢®¯à®áë: ®¡¥á¯¥ç¥−¨ï
¢§�¨¬®¤¥©áâ¢¨ï ¨ á®âàã¤−¨ç¥áâ¢� ¢ à�á¯à¥¤¥«¥−−ëå ƒˆ‘; ª®¬¯«¥ªá−®© ®¡à�-
¡®âª¨ £¥®¯à®áâà�−áâ¢¥−−®© ¨−ä®à¬�æ¨¨, ¯®«ãç�¥¬ëå à�§«¨ç−ë¬¨ áà¥¤áâ¢�¬¨
„‡‡; äã−ªæ¨®−¨à®¢�−¨¥ á¥â¥© áâ�æ¨®−�à−ëå /̈̈ «¨ ¯®¤¢¨¦−ëå £¥®á¥−á®à®¢.

�â¬¥â¨¬ ®á−®¢−ë¥ ¯à®¡«¥¬−ë¥ ¬®¬¥−âë.

1. �à¨ à�§à�¡®âª¥ ƒˆ‘-¯à¨«®¦¥−¨©, ®à¨¥−â¨à®¢�−−ëå −� ¢§�¨¬®¤¥©áâ¢¨¥
¨ á®¢¬¥áâ−ãî à�¡®âã, � â¥¬ ¡®«¥¥ ¯à¨ à�§à�¡®âª¥ ã−¨¢¥àá�«ì−ëå ¨«¨ ¨−-
â¥£à¨à®¢�−−ëå á¨áâ¥¬, ¡ë«� ¨ ®áâ�¥âáï ¯à®¡«¥¬� á®¢¬¥áâ¨¬®áâ¨, ®á®¡¥−−®
®¡ãá«®¢«¥−−�ï ¨−â¥£à�æ¨¥© à�§−®à®¤−ëå â¨¯®¢ ¤�−−ëå /̈̈ «¨ ¨å ¨áâ®ç−¨ª®¢
(®¡¥á¯¥ç¥−¨¥ ¨−â¥à®¯¥à�¡¥«ì−®áâ¨).

2. ��§à¥«� −¥®¡å®¤¨¬®áâì áâ�−¤�àâ¨§¨à®¢�âì ¬®¤¥«¨ ¯à¥¤áâ�¢«¥−¨ï ¨ á¯®á®-
¡ë ®¡à�¡®âª¨ ¤�−−ëå, ¯®«ãç�¥¬ëå à�§«¨ç−ë¬¨ á¯®á®¡�¬¨ „‡‡, ®á®¡¥−−®
¢ ª®−â¥ªáâ¥ ¨å ª®¬¯«¥ªá−®£®, á®¯®áâ�¢¨â¥«ì−®£® �−�«¨§�.

3. ‚ áãé¥áâ¢ãîé¨å áâ�−¤�àâ�å ¤«ï £¥®á¥−á®à−ëå á¥â¥© −¥ à�áá¬�âà¨¢�¥â-
áï ¯à¥®¡à�§®¢�−¨¥ ¤�−−ëå £¥®á¥−á®à®¢ ¢ ¯à¨ª«�¤−ãî ¬®¤¥«ì ª®−ªà¥â−®£®
¯à®æ¥áá�, ¨§¬¥àï¥¬®£® á¥−á®à−®© á¥âìî. Šà®¬¥ â®£®, −¥®¡å®¤¨¬ë ®á®¡ë¥
¯®¤å®¤ë ª ¯à®áâà�−áâ¢¥−−®¬ã �−�«¨§ã ¤�−−ëå £¥®á¥−á®à−ëå á¥â¥© ¢ à¥¦¨¬¥
à¥�«ì−®£® ¢à¥¬¥−¨. � £¥â¥à®£¥−−®áâì ®â¤¥«ì−ëå í«¥¬¥−â®¢ £¥®á¥−á®à−ëå
á¥â¥© ãá«®¦−ï¥â ¨å ¨−â¥£à�æ¨î ¨ âà¥¡ã¥â ®¡¥á¯¥ç¥−¨ï ¨å á®¢¬¥áâ¨¬®áâ¨.

’�ª¨¬ ®¡à�§®¬, à¥§ã«ìâ�â®¬ ¤®«¦−® áâ�âì á®§¤�−¨¥ áâ�−¤�àâ¨§®¢�−−®©, ª®−-
¢¥−æ¨®−�«ì−®© á¨áâ¥¬ë íää¥ªâ¨¢−ëå £¥®¬®¤¥«¥© (�ƒ„) ¨ á¢ï§�−−ëå á −¨¬¨
¬¥â®¤®¢ ¨ â¥å−®«®£¨©, ®¡¥á¯¥ç¨¢�îé¥© ¯à¥¤áâ�¢«¥−−ë¥ �á¯¥ªâë.
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ВЫБОР ТЕХНОЛОГИЧЕСКИХ РЕШЕНИЙ ДЛЯ ПОДДЕРЖКИ
ПРОЦЕССА СИНТЕЗА ГЕОДАННЫХ ИНФРАСТРУКТУРЫ

ЖЕЛЕЗНОДОРОЖНОГО ТРАНСПОРТА

И. Н. Розенберг1, С. К. Дулин2

�−−®â�æ¨ï: ‘«¨ï−¨¥, ¨«¨ á¨−â¥§, ¤�−−ëå (data fusion) | ¯à®æ¥áá, ¯à¨ ª®â®-
à®¬ ¤«ï �−�«¨§� ¨á¯®«ì§ãîâáï ¤�−−ë¥, ®¡ê¥¤¨−¥−−ë¥ ¨§ −¥áª®«ìª¨å ¨áâ®ç-
−¨ª®¢ ¤«ï ¯®«ãç¥−¨ï ¡®«¥¥ á®£«�áãîé¥©áï, â®ç−®© ¨ ¯®«¥§−®© ¨−ä®à¬�æ¨¨.
�®«ãç¥−¨¥ ¨ á«¨ï−¨¥ ¤�−−ëå ®â ¤�âç¨ª®¢ ®¯à¥¤¥«ï¥âáï ª�ª ¬ã«ìâ¨á¥−á®à−®¥
á«¨ï−¨¥ ¤�−−ëå. ‘�¬ë¬ ïàª¨¬ ¯à¨¬¥à®¬ á«¨ï−¨ï ¤�−−ëå á«ã¦¨â á®¡áâ¢¥−-
−® ç¥«®¢¥ª, ª®â®àë© ¯®áâ®ï−−® ª®¬¡¨−¨àã¥â ¤�−−ë¥, ¯®áâã¯�îé¨¥ ®â ¢á¥å
®à£�−®¢ çã¢áâ¢ ¤«ï ¢ë¯®«−¥−¨ï −¥®¡å®¤¨¬ëå ¤¥©áâ¢¨© ¢ ®ªàã¦�îé¥© áà¥¤¥.
‚ ç�áâ−®áâ¨, ç¥«®¢¥ª −¥ á¬®£ ¡ë ¢®¤¨âì ¬�è¨−ã ¡¥§ á«¨ï−¨ï §à¨â¥«ì−ëå,
á«ãå®¢ëå ¤�−−ëå ¨ ¤�−−ëå ¬®â®à¨ª¨. ‚ £¥®¨−ä®à¬�â¨ª¥ ¢¬¥áâ® á¨−â¥§�
£¥®¤�−−ëå ç�áâ® ¨á¯®«ì§ã¥âáï â¥à¬¨− ¨−â¥£à�æ¨ï £¥®¤�−−ëå. ‘®¢à¥¬¥−−ë¥
£¥®£à�ä¨ç¥áª¨¥ ¨−ä®à¬�æ¨®−−ë¥ á¨áâ¥¬ë ¬®£ãâ ª®¬¡¨−¨à®¢�âì à�§«¨ç−ë¥
−�¡®àë £¥®¤�−−ëå â�ª, çâ® ¯®«ãç¥−−ë¥ ¢ à¥§ã«ìâ�â¥ −�¡®àë £¥®¤�−−ëå á®¤¥à-
¦�â �âà¨¡ãâë ¨ ¬¥â�¤�−−ë¥, ª®â®àëå −¥â ã â®ç¥ª ¢ ª®¬¡¨−¨àã¥¬ëå −�¡®à�å
¤�−−ëå. ‚ áâ�âì¥ �−�«¨§¨àãîâáï ª�â¥£®à¨¨ ¨ ¬®¤¥«¨ á¨−â¥§� £¥®¤�−−ëå,
¨á¯®«ì§ã¥¬ë¥ ¤«ï ®¡¥á¯¥ç¥−¨ï ¯®¤¤¥à¦ª¨ �ªâã�«ì−®áâ¨ á¨áâ¥¬ë ¯à®áâà�−-
áâ¢¥−−ëå ¤�−−ëå ¢ ¨−äà�áâàãªâãà¥ ¦¥«¥§−®¤®à®¦−®£® âà�−á¯®àâ�.

Š«îç¥¢ë¥ á«®¢�: á¨−â¥§ ¤�−−ëå; ª�â¥£®à¨¨ á¨−â¥§� ¤�−−ëå; ¬®¤¥«ì á¨−â¥§�
¤�−−ëå
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1 Введение

’¥¬� á¨−â¥§� £¥®¤�−−ëå, ¨«¨ ¨−â¥£à�æ¨¨ £¥®¤�−−ëå, ®¡ê¥¤¨−¥−−ëå ¨§ −¥-
áª®«ìª¨å ¨áâ®ç−¨ª®¢, −¥ −®¢�, −® á®¢à¥¬¥−−ë¥ â¥å−®«®£¨¨ ¨−â¥£à�æ¨¨ £¥®¤�−−ëå
¯à¥¤®áâ�¢«ïîâ ¢®§¬®¦−®áâ¨ ¤«ï ã«ãçè¥−¨ï íâ®£® ¯à®æ¥áá� [1]. ˆ−â¥£à�æ¨ï £¥®-
¤�−−ëå ¢ à�á¯à¥¤¥«¥−−ëå ¨−ä®à¬�æ¨®−−ëå áà¥¤�å á äã−ªæ¨®−�«ì−®© á®¢¬¥áâ¨-
¬®áâìî, ®á−®¢�−−®© −� ®âªàëâëå áâ�−¤�àâ�å, à�¤¨ª�«ì−® ¬¥−ï¥â ª«�áá¨ç¥áª¨¥
®¡«�áâ¨ ¯à®æ¥áá� ¨−â¥£à�æ¨¨, ¯à¥¤«�£�ï á®¢¥àè¥−−® −®¢ë¥ á¯®á®¡ë à�á¯®§−�¢�-
−¨ï ®â−®è¥−¨©. ƒ¥®¯à®áâà�−áâ¢¥−−ë¥ ¬¥à®¯à¨ïâ¨ï, ®á−®¢�−−ë¥ −� ¬¥áâ®¯®«®-
¦¥−¨¨ ¨ ¢à¥¬¥−¨, ¢ −�áâ®ïé¥¥ ¢à¥¬ï áâ�«¨ −�¨¡®«¥¥ à�á¯à®áâà�−¥−−ë¬¨, å®âï
£¥â¥à®£¥−−®áâì £¥®¤�−−ëå á¨«ì−® ãá«®¦−ï¥â ¯à®¢¥¤¥−¨¥ ¨−â¥£à�æ¨¨.

1��ãç−®-¨áá«¥¤®¢�â¥«ìáª¨© ¨ ¯à®¥ªâ−®-ª®−áâàãªâ®àáª¨© ¨−áâ¨âãâ ¨−ä®à¬�â¨§�æ¨¨, �¢â®¬�-
â¨§�æ¨¨ ¨ á¢ï§¨ −� ¦¥«¥§−®¤®à®¦−®¬ âà�−á¯®àâ¥ (�� �ˆˆ�‘), I.Rozenberg@vniias.ru

2”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª; ��ãç−®-¨áá«¥¤®¢�â¥«ìáª¨© ¨ ¯à®¥ªâ−®-ª®−áâàãªâ®àáª¨© ¨−áâ¨âãâ ¨−ä®à¬�â¨§�æ¨¨, �¢â®¬�-
â¨§�æ¨¨ ¨ á¢ï§¨ −� ¦¥«¥§−®¤®à®¦−®¬ âà�−á¯®àâ¥ (�� �ˆˆ�‘), skdulin@mail.ru
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‚ë¡®à â¥å−®«®£¨ç¥áª¨å à¥è¥−¨© ¤«ï ¯®¤¤¥à¦ª¨ ¯à®æ¥áá� á¨−â¥§� £¥®¤�−−ëå

�âªàëâë© £¥®¯à®áâà�−áâ¢¥−−ë© ª®−á®àæ¨ã¬ (Open Geospatial Consortium,
OGC) áâ�« ¬¥¦¤ã−�à®¤−®© −¥ª®¬¬¥àç¥áª®© ¤®¡à®¢®«ì−®© ®à£�−¨§�æ¨¥© ¯® áâ�−-
¤�àâ�¬ ®âà�á«¥¢®£® ª®−á¥−áãá�, ª®â®à�ï ¯à¥¤®áâ�¢«ï¥â ¯«�âä®à¬ã ¤«ï ®¡áã¦-
¤¥−¨ï ¨ ¯à¥¤«�£�¥â ¢¥à¨ä¨æ¨à®¢�−−ë¥ ¯à®æ¥ááë ¤«ï á®¢¬¥áâ−®© à�§à�¡®âª¨
¡¥á¯«�â−ëå ¨ ®¡é¥¤®áâã¯−ëå á¯¥æ¨ä¨ª�æ¨© ¨−â¥àä¥©á� (®âªàëâëå áâ�−¤�àâ®¢).
�â¨ ®âªàëâë¥ áâ�−¤�àâë ®¡¥á¯¥ç¨¢�îâ ¡®«¥¥ «¥£ª¨© ¤®áâã¯ ª £¥®¯à®áâà�−-
áâ¢¥−−®© ¨−ä®à¬�æ¨¨ ¨ ¥¥ ¨á¯®«ì§®¢�−¨¥, ¨−â¥£à�æ¨î, � â�ª¦¥ ã«ãçè¥−−ãî
äã−ªæ¨®−�«ì−ãî á®¢¬¥áâ¨¬®áâì £¥®¯à®áâà�−áâ¢¥−−ëå â¥å−®«®£¨© (−� «î¡®¬
ãáâà®©áâ¢¥, ¯«�âä®à¬¥, á¨áâ¥¬¥, á¥â¨ ¨«¨ ¯à¥¤¯à¨ïâ¨¨) ¤«ï ã¤®¢«¥â¢®à¥−¨ï
¯®âà¥¡−®áâ¥© ¬¨à®¢®£® á®®¡é¥áâ¢�. �âªàëâë¥ áâ�−¤�àâë OGC è¨à®ª® ¢−¥¤à¥-
−ë −� àë−ª¥ £¥®¨−ä®à¬�æ¨®−−ëå ãá«ã£ ¨ ¯®¬®£�îâ à�§¢¨¢�âì à�á¯à¥¤¥«¥−−ë©
¨ ª®¬¯®−¥−â−ë© á¨−â¥§ à¥è¥−¨©, ª®â®àë¥ ¯®¤¤¥à¦¨¢�îâ £¥®-¢¥¡, ¡¥á¯à®¢®¤−ë¥
¨ £¥®«®ª�æ¨®−−ë¥ á¥à¢¨áë, � â�ª¦¥ ¡®«¥¥ è¨à®ª¨¥ ¯à�¢¨â¥«ìáâ¢¥−−ë¥ ¨ ¤¥«®¢ë¥
¨−ä®à¬�æ¨®−−®-â¥å−®«®£¨ç¥áª¨¥ ¯à¥¤¯à¨ïâ¨ï ¯® ¢á¥¬ã ¬¨àã.

„«ï ¢ë¯®«−¥−¨ï á¢®¥© ¤¥ïâ¥«ì−®áâ¨ ª®−á®àæ¨ã¬ OGC ¯à®¢®¤¨â âà¨ ¢¨¤�
¯à®£à�¬¬.

1. �à®£à�¬¬� á¯¥æ¨ä¨ª�æ¨© OGC á¯®á®¡áâ¢ã¥â á®§¤�−¨î ®ä¨æ¨�«ì−ëå ª®-
¬¨â¥â®¢, à�¡®ç¨å £àã¯¯ ¨ £àã¯¯ á ®á®¡ë¬¨ ¨−â¥à¥á�¬¨, ®á−®¢�−−ëå −�
ª®−á¥−áãá¥, ª®â®àë¥ ®à£�−¨§ãîâ ä®àã¬ ¤«ï ®âà�á«¥¢ëå ¯à¥¤¯à¨ïâ¨©, ¨á-
á«¥¤®¢�â¥«ìáª¨å ¨ ¯®«ì§®¢�â¥«ìáª¨å á®®¡é¥áâ¢, ®¡¥á¯¥ç¨¢�ï á®¢¬¥áâ−®¥ ¢ë-
ï¢«¥−¨¥, ¯à¨®à¨â¨§�æ¨î ¨ ¯à®¤¢¨¦¥−¨¥ à¥è¥−¨© á æ¥«ìî ã¤®¢«¥â¢®à¥−¨ï
¯®âà¥¡−®áâ¥© ¢ áâ�−¤�àâ�å.

2. �à®£à�¬¬� äã−ªæ¨®−�«ì−®© á®¢¬¥áâ¨¬®áâ¨ ¨ á¨−â¥§� à¥è¥−¨© á¯®á®¡áâ¢ã¥â
¡ëáâà®¬ã ¯à®â®â¨¯¨à®¢�−¨î, â¥áâ¨à®¢�−¨î ¨ ¢�«¨¤�æ¨¨ −®¢ëå áâ�−¤�àâ®¢
á ¯®¬®éìî ¡ëáâà®à�§¢¨¢�îé¨åáï ¨á¯ëâ�â¥«ì−ëå áâ¥−¤®¢, íªá¯¥à¨¬¥−â®¢,
¯¨«®â−ëå ¨−¨æ¨�â¨¢ ¨ á¢ï§�−−ëå á −¨¬¨ â¥å−¨ª®-íª®−®¬¨ç¥áª¨å ®¡®á−®¢�-
−¨©.

3. �à®£à�¬¬ë OGC ¯® ¨−ä®à¬�æ¨®−−®-à�§êïá−¨â¥«ì−®© à�¡®â¥ ¨ �¤�¯â�æ¨¨
¢ ®¡é¥áâ¢¥ | íâ® ¯à®£à�¬¬ë ¯®¢ëè¥−¨ï ®á¢¥¤®¬«¥−−®áâ¨ ¨ ¢−¥¤à¥−¨ï
áâ�−¤�àâ®¢ OGC ¢ £¥®¨−ä®à¬�æ¨®−−®¬ á®®¡é¥áâ¢¥.

‘«¥¤ã¥â ®â¬¥â¨âì, çâ® ¡¥§ ®âªàëâëå áâ�−¤�àâ®¢ £¥®¤�−−ë¥ ¨ á¥à¢¨áë á«®¦−®
á¨−â¥§¨à®¢�âì ¨ ¬�áèâ�¡¨à®¢�âì. „�−−ë¥, ¯à¨«®¦¥−¨ï ¨ á¥à¢¨áë, á®®â¢¥â-
áâ¢ãîé¨¥ áâ�−¤�àâ�¬, á®§¤�îâ �¢â®¬�â¨§¨à®¢�−−ãî ¨ ¨−â¥à®¯¥à�¡¥«ì−ãî áà¥¤ã
á¨−â¥§� £¥®¤�−−ëå, ®¡¥á¯¥ç¨¢�ï á®¢¬¥áâ−ë© ¤®áâã¯ ª £¥®¤�−−ë¬ ¨ á¥à¢¨á�¬ ¨å
®¡à�¡®âª¨.

‘â�−¤�àâ¨§®¢�−−�ï ®âªàëâ�ï áâàãªâãà� á¨−â¥§� £¥®¤�−−ëå è¨à®ª® à�á¯à®-
áâà�−¥−� ¢ áà¥¤¥ ¯®âà¥¡¨â¥«¥© £¥®à¥áãàá®¢. ’�ª, áâ�−¤�àâ ®¡à�¡®âª¨ ª�àâë
¢ á¥â¨ (Web Map Service [2] | WMS) ¯®¤¤¥à¦¨¢�¥â á¨−â¥§ ª�àâ. ‘â�−¤�àâ
WMS á¨−â¥§¨àã¥â ª�àâë ¢ ¢¨¤¥ ãà®¢−¥© ¨§®¡à�¦¥−¨© (à¨á. 1).

„�«¥¥ ¢ à�¡®â¥ �−�«¨§¨àãîâáï ª�â¥£®à¨¨ ¨ ¬®¤¥«¨ á¨−â¥§� £¥®¤�−−ëå, ¨á-
¯®«ì§ã¥¬ë¥ ¤«ï ®¡¥á¯¥ç¥−¨ï ¯®¤¤¥à¦ª¨ �ªâã�«ì−®áâ¨ á¨áâ¥¬ë ¯à®áâà�−áâ¢¥−−ëå
¤�−−ëå ¨−äà�áâàãªâãàë ¦¥«¥§−®¤®à®¦−®£® âà�−á¯®àâ�.
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÷¨á. 1 ‚�à¨�−â £¥®¨−ä®à¬�æ¨®−−®£® á¨−â¥§�, ¯®¤¤¥à¦¨¢�îé¥£® WMS-áâ�−¤�àâ OGC.
ƒ¥®¤�−−ë¥ ¯®á«¥¤®¢�â¥«ì−® á¨−â¥§¨àãîâáï ¢ ¥¤¨−áâ¢¥−−ãî ¢¨§ã�«¨§�æ¨î

2 Категории синтеза данных

‘¨−â¥§ ¤�−−ëå, ª�ª ®¯à¥¤¥«¥−® OGC, ¢ë£«ï¤¨â á«¥¤ãîé¨¬ ®¡à�§®¬:
ú‘¨−â¥§ ¤�−−ëå (data fusion) | íâ® �ªâ ¨«¨ ¯à®æ¥áá ®¡ê¥¤¨−¥−¨ï ¨«¨

á¢ï§ë¢�−¨ï ¤�−−ëå ¨«¨ ¨−ä®à¬�æ¨¨, ª�á�îé¨åáï ®¤−®© ¨«¨ −¥áª®«ìª¨å áãé−®-
áâ¥©, à�áá¬�âà¨¢�¥¬ëå ¢ ï¢−®© ¨«¨ −¥ï¢−®© áâàãªâãà¥ §−�−¨©, ¤«ï ã«ãçè¥−¨ï
¢®§¬®¦−®áâ¥© ®¡−�àã¦¥−¨ï, ¨¤¥−â¨ä¨ª�æ¨¨ ¨«¨ å�à�ªâ¥à¨áâ¨ª ¨áá«¥¤ã¥¬ëå
áãé−®áâ¥©û [3].

�à¨ ®¡áã¦¤¥−¨¨ á¨−â¥§� ¤�−−ëå ®¡ëç−® ¨á¯®«ì§ãîâáï âà¨ ª�â¥£®à¨¨ (à¨á. 2):

(1) á¨−â¥§ −�¡«î¤¥−¨© (¯®ª�§�−¨© ¤�âç¨ª®¢);

(2) á¨−â¥§ ®¡ê¥ªâ®¢;

(3) á¨−â¥§ à¥è¥−¨©.

”ã−¤�¬¥−â�«ì−ë¬ ¯®−ïâ¨¥¬ ¢ «î¡®¬ â¨¯¥ á¨−â¥§� ¤�−−ëå ®áâ�¥âáï ¯®áâà®-
¥−¨¥ �áá®æ¨�æ¨© ¬¥¦¤ã ®¤−¨¬ ¨«¨ −¥áª®«ìª¨¬¨ í«¥¬¥−â�¬¨ ¤�−−ëå. ‚® ¬−®£¨å
á«ãç�ïå íâ� �áá®æ¨�æ¨ï ¬®¦¥â â�ª¦¥ ¢ª«îç�âì ¤®¯®«−¨â¥«ì−ãî ®¡à�¡®âªã ¨ �¡-
áâà�ªæ¨î ¨ ¯à¨¢®¤¨âì ª í«¥¬¥−âã ¤�−−ëå −®¢®£® â¨¯�. �â® ¯®−ïâ¨¥ ¯à¨¢®¤¨â
ª ª�â¥£®à¨ï¬ á¨−â¥§� ¤�−−ëå, ®á−®¢�−−ë¬ −� â¨¯¥ á¢ï§�−−ëå í«¥¬¥−â®¢ ¤�−−ëå:
á¨−â¥§ −�¡«î¤¥−¨©, á¨−â¥§ ®¡ê¥ªâ®¢ ¨ á¨−â¥§ à¥è¥−¨© (á¬. à¨á. 2).
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÷¨á. 2 �àå¨â¥ªâãà� á¥à¢¨á®¢ á¨−â¥§�

�¡ëç−® â¥à¬¨− úá¨−â¥§ ¤�âç¨ª®¢û ¨á¯®«ì§ã¥âáï ¤«ï ®¡®§−�ç¥−¨ï á¨−â¥§�
−�¡«î¤¥−¨©. ‘¨−â¥§ −�¡«î¤¥−¨© | ¡®«¥¥ â®ç−ë© ¨ ¯à¥¤¯®çâ¨â¥«ì−ë© â¥à¬¨−.
‘¨−â¥§ ®¡ê¥ªâ®¢ ¯à¥¤áâ�¢«ï¥âáï ¡®«¥¥ ¯à®¡«¥¬�â¨ç−ë¬, ç¥¬ á¨−â¥§ −�¡«î¤¥−¨©.
�â¨ ¤¢� â¥à¬¨−� ¨¬¥îâ à�§−ãî á¥¬�−â¨ªã ¢ ®â¤¥«ì−ëå ®¡«�áâïå ®¡à�¡®âª¨
¨§®¡à�¦¥−¨© ¨ ƒˆ‘.

�¯à¥¤¥«¥−¨ï âà¥å ª�â¥£®à¨© á¨−â¥§�, ¨á¯®«ì§ã¥¬ëå ¢ −�áâ®ïé¥© à�¡®â¥:

(1) á¨−â¥§ −�¡«î¤¥−¨© (¯®ª�§�−¨© ¤�âç¨ª®¢ [4]) | íâ® ®¡ê¥¤¨−¥−¨¥ −¥áª®«ì-
ª¨å á¥−á®à−ëå ¨§¬¥à¥−¨© ®¤−¨å ¨ â¥å ¦¥ ï¢«¥−¨© ¨«¨ á®¡ëâ¨© ¢ ª®¬-
¡¨−¨à®¢�−−®¥ −�¡«î¤¥−¨¥ ¨ �−�«¨§ á¨£−�âãàë ¨§¬¥à¥−¨©, � â�ª¦¥ á¨−â¥§
¢�àì¨àãîé¨åáï á¥−á®à−ëå ¨§¬¥à¥−¨© à�§«¨ç−ëå −�¡«î¤�¥¬ëå á¢®©áâ¢
¨ ¤®áâ�â®ç−® ¯®«−® ®¯¨á�−−ëå −�¡«î¤¥−¨©, ¢ª«îç�ï −¥®¯à¥¤¥«¥−−®áâ¨;

(2) á¨−â¥§ ®¡ê¥ªâ®¢ | íâ® ®¡à�¡®âª� −�¡«î¤¥−¨© ¤«ï ¯®«ãç¥−¨ï á¥¬�−â¨ç¥áª¨å
¯à¨§−�ª®¢ ¡®«¥¥ ¢ëá®ª®£® ¯®àï¤ª� ¨ ®¡à�¡®âª� íâ¨å ¯à¨§−�ª®¢. ‘¨−â¥§ ®¡ê-
¥ªâ®¢ ã«ãçè�¥â ¯®−¨¬�−¨¥ ®¯¥à�â¨¢−®© á¨âã�æ¨¨ ¨ ®æ¥−ªã ¯®â¥−æ¨�«ì−ëå
ã£à®§ ¨ ¢®§¤¥©áâ¢¨© ¤«ï ¢ëï¢«¥−¨ï, ª«�áá¨ä¨ª�æ¨¨, �áá®æ¨¨à®¢�−¨ï ¨ �£-
à¥£¨à®¢�−¨ï ®¡ê¥ªâ®¢. �à®æ¥ááë á¨−â¥§� ®¡ê¥ªâ®¢ ¨ ¯à¨§−�ª®¢ ¢ª«îç�îâ
â�ª¦¥ ®¡®¡é¥−¨¥ ¨ ®¡ê¥¤¨−¥−¨¥ ¯à¨§−�ª®¢;

(3) á¨−â¥§ à¥è¥−¨© | íâ® �ªâ ¨«¨ ¯à®æ¥áá ¯®¤¤¥à¦ª¨ á¯®á®¡−®áâ¨ ç¥«®¢¥-
ª� ¯à¨−¨¬�âì à¥è¥−¨¥ ¯ãâ¥¬ ¯à¥¤®áâ�¢«¥−¨ï áà¥¤ë á®¢¬¥áâ¨¬ëå á¥â¥¢ëå
ãá«ã£ ¤«ï ®æ¥−ª¨ á¨âã�æ¨¨, ®æ¥−ª¨ ¢®§¤¥©áâ¢¨ï ¨ ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï
à¥è¥−¨© á ¨á¯®«ì§®¢�−¨¥¬ ¨−ä®à¬�æ¨¨ ®â −¥áª®«ìª¨å ¤�âç¨ª®¢ ¨ ¤àã£®©
®¡à�¡®â�−−®© ¨−ä®à¬�æ¨¨.

�� à¨á. 3 ¯à¥¤áâ�¢«¥−� äã−ªæ¨®−�«ì−�ï áå¥¬� ã§«� á¨−â¥§� à¥è¥−¨© á ¯®ïá-
−¥−¨¥¬ ¤¥©áâ¢¨© ¢ â�¡«¨æ¥ [3].
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÷¨á. 3 ”ã−ªæ¨®−�«ì−�ï áå¥¬� ã§«� á¨−â¥§� à¥è¥−¨©

3 Модель синтеза данных

‚ ª�ç¥áâ¢¥ ¯à¨¬¥à� à¥�«¨§�æ¨¨ ãá¯¥è−®£® á¨−â¥§� à¥è¥−¨© ¬®¦−® ¯à¨¢¥áâ¨
à�¡®âã úŒ¥¦¢¥¤®¬áâ¢¥−−®© á¨áâ¥¬ë á¨âã�æ¨®−−®© ®á¢¥¤®¬«¥−−®áâ¨û (Multi-
Agency Situational Awareness System, Œ�S�S) ª�−�¤áª¨å �£¥−âáâ¢ ¯® ã¯à�¢«¥-
−¨î çà¥§¢ëç�©−ë¬¨ á¨âã�æ¨ï¬¨ [5] ¯® á®§¤�−¨î −�æ¨®−�«ì−®£® ¯®â¥−æ¨�«� ¤«ï
®¡¬¥−� ¨−ä®à¬�æ¨¥© ® £¥®¯à®áâà�−áâ¢¥−−ëå çà¥§¢ëç�©−ëå ¨−æ¨¤¥−â�å. �á−®-
¢�−−�ï −� ®âªàëâëå ¨ á®¢¬¥áâ¨¬ëå áâ�−¤�àâ�å á¨áâ¥¬� ®¡ê¥¤¨−ï¥â ¨−ä®à¬�æ¨î
¨§ −¥áª®«ìª¨å ¨áâ®ç−¨ª®¢ ¤«ï ¯®¤¤¥à¦ª¨ ¯à®æ¥áá� ¯à¨−ïâ¨ï à¥è¥−¨©, ã«ãç-
è�ï á¨âã�æ¨®−−ãî ®á¢¥¤®¬«¥−−®áâì ãç�áâ¢ãîé¨å ®à£�−¨§�æ¨©. �àå¨â¥ªâãà�
Œ�SAS ¨á¯®«ì§®¢�«�áì ¤«ï à�§à�¡®âª¨ ¨ à�§¢¥àâë¢�−¨ï ª®¬¯®−¥−â−ëå á¨áâ¥¬
Œ�SAS ¤«ï ®¡¬¥−� ¨−ä®à¬�æ¨¥© ®¡ ¨−æ¨¤¥−â�å. ‘ãé¥áâ¢ã¥â ¢®§¬®¦−®áâì à�á-
è¨à¥−¨ï Œ�SAS −� àï¤ ¤àã£¨å ¯à¨«®¦¥−¨© ¤«ï ®¡ê¥¤¨−¥−¨ï à¥è¥−¨©, â�ª¨å
ª�ª á¨−â¥§ ¨−ä®à¬�æ¨¨ ® à¥�£¨à®¢�−¨¨ −� çà¥§¢ëç�©−ë¥ á¨âã�æ¨¨ ¨ âà�−á£à�-
−¨ç−ë© á¨−â¥§ ¨−ä®à¬�æ¨¨.

„àã£¨¬ ¯à¨¬¥à®¬ äã−ªæ¨®−¨àãîé¥£® á¨−â¥§� à¥è¥−¨© á«ã¦¨â ¨−â¥£à¨à®-
¢�−−�ï á¨áâ¥¬� ®¯®¢¥é¥−¨ï IPAWS (Integrated Public Alerting and Warning Sys-
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ˆ−ä®à¬�æ¨®−−ë¥ ¯®â®ª¨ ã§«®¢ á¨−â¥§� à¥è¥−¨© −� à¨á. 3

ˆ−ä®à¬�æ¨®−−ë© ¯®â®ª �¯¨á�−¨¥ ¨−ä®à¬�æ¨®−−®£® ¯®â®ª�
Š®¬�−¤ë ¨§ ª®¬�−¤−ëå ã§-
«®¢

‘âàãªâãà¨à®¢�−−�ï ¨−ä®à¬�æ¨ï, −� ®á−®¢¥ ª®â®à®©
¤®«¦¥− ¤¥©áâ¢®¢�âì ã§¥« á¨−â¥§� à¥è¥−¨©

‘®®¡é¥−¨ï ª®¬�−¤−ë¬ ã§-
«�¬

ˆ−ä®à¬�æ¨ï ® áâàãªâãà¥, ¯®«ãç¥−−�ï ¢ à¥§ã«ìâ�â¥
á¨−â¥§� −� ã§«¥ á¨−â¥§� à¥è¥−¨©

�âªàëâë© ¨áå®¤−ë© ª®¤
à�áè¨à¥−−®£® ¯®¨áª�

‘¡®à −¥áâàãªâãà¨à®¢�−−®© ¨−ä®à¬�æ¨¨ á ¯®¬®éìî
ã§«� á¨−â¥§� à¥è¥−¨© ¨§ ¨−â¥à−¥â� (¨«¨ ç¥à¥§ ã§¥«
á¡®à� ¤�−−ëå á ®âªàëâë¬ ¨áå®¤−ë¬ ª®¤®¬) à¥è¥−¨©

„�−−ë¥ ®â ¤�âç¨ª� ¨ á¨−â¥§
¯®ª�§�−¨©

‘âàãªâãà¨à®¢�−−�ï ¨−ä®à¬�æ¨ï, ¯®«ãç¥−−�ï ¢ à¥-
§ã«ìâ�â¥ á¨−â¥§� −�¡«î¤¥−¨© ¤�âç¨ª®¢ ¨ �−�«¨§� ®¡ê-
¥ªâ®¢ à¥è¥−¨©

‘¨−â¥§ §�¤�−¨© ¤�âç¨ªã
¨ ¥£® ¯®ª�§�−¨©

‘âàãªâãà¨à®¢�−−ë¥ á®®¡é¥−¨ï, §�¯à�è¨¢�îé¨¥ à¥-
§ã«ìâ�âë −�¡«î¤¥−¨©, ¢ª«îç�ï §�¯à®á −� £¥−¥à�æ¨î
á¨−â¥§� à¥è¥−¨©

Š®¬�−¤ë ¤¨á¯¥âç¥à¨§�æ¨¨
®¯¥à�æ¨©

‘âàãªâãà¨à®¢�−−�ï ¨−ä®à¬�æ¨ï, −�¯à�¢«ïîé�ï ¤¥ï-
â¥«ì−®áâì ¤¨á¯¥âç¥à¨§�æ¨¨ ®¯¥à�æ¨© à¥è¥−¨©

‘®®¡é¥−¨ï ®â ¤¨á¯¥âç¥à¨-
§�æ¨¨ ®¯¥à�æ¨©

‘âàãªâãà¨à®¢�−−�ï ¨−ä®à¬�æ¨®−−�ï ®âç¥â−®áâì ® á®-
áâ®ï−¨¨ ¤¨á¯¥âç¥àáª®© ¨ ®¯¥à�â¨¢−®© ¤¥ïâ¥«ì−®áâ¨
à¥è¥−¨©

÷�áè¨à¥−−ë© ¯®¨áª −� ¤àã-
£¨å ®¯¥à�æ¨®−−ëå ã§«�å

�®¨áª®¢ë¥ §�¯à®áë ª ®¯¥à�æ¨®−−®¬ã ã§«ã, à�á¯®§−�-
¢�¥¬®¬ã ã§«®¬ á¨−â¥§� à¥è¥−¨© à¥è¥−¨©

‘®®¡é¥−¨ï −� ¤àã£¨¥ ®¯¥-
à�æ¨®−−ë¥ ã§«ë

‘âàãªâãà¨à®¢�−−�ï ¨−ä®à¬�æ¨ï, ¯¥à¥¤�¢�¥¬�ï −�
®¯¥à�æ¨®−−ë© ã§¥«, à�á¯®§−�¢�¥¬ë© ã§«®¬ á¨−â¥§�
à¥è¥−¨© à¥è¥−¨©

‘âàãªâãà¨à®¢�−−ë¥ ¤�−-
−ë¥ ¨§ ¤àã£¨å ã§«®¢ ®¯¥-
à�æ¨©

‘âàãªâãà¨à®¢�−−�ï ¨−ä®à¬�æ¨ï, ¯®«ãç¥−−�ï ®â ®¯¥-
à�æ¨®−−ëå ã§«®¢, à�á¯®§−�¢�¥¬ëå ã§«®¬ á¨−â¥§� à¥-
è¥−¨© à¥è¥−¨©

tem), ¯à¥¤−�§−�ç¥−−�ï ¤«ï ¯®¢ëè¥−¨ï ®¡é¥áâ¢¥−−®© ¡¥§®¯�á−®áâ¨ ¯®áà¥¤áâ¢®¬
à�á¯à®áâà�−¥−¨ï íªáâà¥−−ëå á®®¡é¥−¨© ¢ á®æ¨�«ì−®© áà¥¤¥ ¯® ¢á¥¬ ¢®§¬®¦−ë¬
ãáâà®©áâ¢�¬ á¢ï§¨ [6]. ‚ IPAWS ¢ à�¬ª�å −¥áª®«ìª¨å ¯à®¥ªâ−ëå ¨−¨æ¨�-
â¨¢ ¨á¯®«ì§ãîâáï á¯¥æ¨�«ì−ë¥ â¥å−®«®£¨¨ ®¡¬¥−� á®®¡é¥−¨ï¬¨ ¤«ï ã«ãçè¥−¨ï
¨ à�áè¨à¥−¨ï ¢®§¬®¦−®áâ¥© ®¯®¢¥é¥−¨ï �¢�à¨©−®-á¯�á�â¥«ì−ë¬¨ á«ã¦¡�¬¨,
¬¥−¥¤¦¥à�¬¨ ¯® ¨−æ¨¤¥−â�¬ ¨ £®áã¤�àáâ¢¥−−ë¬¨ ¤®«¦−®áâ−ë¬¨ «¨æ�¬¨ −� ¢á¥å
ãà®¢−ïå £®áã¤�àáâ¢¥−−®£® ã¯à�¢«¥−¨ï.

�¤−®© ¨§ −�¨¡®«¥¥ §−�ç¨¬ëå ¬®¤¥«¥© á¨−â¥§� áç¨â�¥âáï ¬®¤¥«ì JDL [7]. ��
à¨á. 4 ¨§®¡à�¦¥− ¨−ä®à¬�æ¨®−−ë© ¯®â®ª ¢ ¬®¤¥«¨, ®¡ê¥¤¨−ïîé¥© ®â¬¥ç¥−−ë¥
−� à¨á. 1 âà¨ ª�â¥£®à¨¨ á¨−â¥§� ¤�−−ëå:

{ ‘¨−â¥§ −�¡«î¤¥−¨© (ãà®¢¥−ì 0).

{ ‘¨−â¥§ ®¡ê¥ªâ®¢ (ãà®¢¥−ì 1).

{ �æ¥−ª� á¨âã�æ¨¨ (ãà®¢¥−ì 2): ¢®á¯à¨ïâ¨¥ í«¥¬¥−â®¢ ®ªàã¦�îé¥© áà¥¤ë
¢ ¯à¥¤¥«�å ®¡ê¥¬� ¢à¥¬¥−¨ ¨ ¯à®áâà�−áâ¢�, ¯®−¨¬�−¨¥ ¨å §−�ç¥−¨ï ¨ ¯à®¥ª-
æ¨ï ¨å áâ�âãá� −� ¡«¨¦�©è¥¥ ¡ã¤ãé¥¥.

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 33 −®¬¥à 2 2023 51



ˆ. �. ÷®§¥−¡¥à£, ‘. Š. „ã«¨−

÷¨á. 4 Œ®¤¥«ì á¨−â¥§� ¤�−−ëå JDL

{ �æ¥−ª� ¢®§¤¥©áâ¢¨ï (ãà®¢¥−ì 3): ¯à®æ¥áá à�áá¬®âà¥−¨ï ¯®á«¥¤áâ¢¨© ¯à¥¤«�-
£�¥¬ëå ¤¥©áâ¢¨© ¤«ï «î¤¥© ¨ ¨å áà¥¤ë ¯à¨ ¢®§¬®¦−®áâ¨ ¨å ª®àà¥ªâ¨à®¢ª¨.
�− ¯à¨¬¥−ï¥âáï −� ¢á¥å ãà®¢−ïå ¯à¨−ïâ¨ï à¥è¥−¨© | ®â ¯«�−¨à®¢�−¨ï ¤®
ª®−ªà¥â−ëå ¯à®¥ªâ®¢.

{ ‘®¢¥àè¥−áâ¢®¢�−¨¥ ¯à®æ¥áá®¢ (ãà®¢¥−ì 4): �¤�¯â¨¢−ë© á¡®à ¨ ®¡à�¡®âª�
¤�−−ëå ¤«ï ¯®¤¤¥à¦ª¨ æ¥«¥© ¯à®æ¥áá�.

�á®§−�−¨¥ ¨ ®æ¥−ª� á¨âã�æ¨¨ | íâ® ª®¬¡¨−¨à®¢�−−ë© ¯à®¤ãªâ ¢®á¯à¨ïâ¨ï,
¯®−¨¬�−¨ï ¨ ¯à®¥ªæ¨¨, ¯®«ãç�îé¨©áï ¢ à¥§ã«ìâ�â¥ ®¡à�¡®âª¨ ¯à®áâà�−áâ¢¥−-
−ëå, ¢à¥¬¥−− �ëå ¨ á¥¬�−â¨ç¥áª¨å �âà¨¡ãâ®¢ ¬¥â�¤�−−ëå ®¡ê¥ªâ®¢.

‘®¢à¥¬¥−−ë¥ ª®−æ¥¯âã�«ì−ë¥ ¬®¤¥«¨ á¨−â¥§� ¨−ä®à¬�æ¨¨, ¢ â®¬ ç¨á«¥ ¨ ¬®-
¤¥«ì JDL, −¥ ãç¨âë¢�îâ â®â ä�ªâ, çâ® ¨áâ®ç−¨ª¨ ¨−ä®à¬�æ¨¨ ç�áâ® ¡�§¨àãîâáï
−� à�§−ëå ®−â®«®£¨ç¥áª¨å ®á−®¢�−¨ïå [7], ¯®íâ®¬ã áç¨â�¥âáï, çâ® ¬®¤¥«ì JDL,
ª®â®à�ï ®¡á«ã¦¨¢�¥â ®¡é¨¥ ááë«ª¨ −� ¯à®áâà�−áâ¢® ¨ ¢à¥¬ï, ¤®«¦−� ¡ëâì
¤®¯®«−¥−� ãá«®¢−ë¬ �á¯¥ªâ®¬ ®¡é¥£® ®−â®«®£¨ç¥áª®£® ¢ëà�¢−¨¢�−¨ï. �−â®«®-
£¨ç¥áª®¥ ¢ëà�¢−¨¢�−¨¥ | íâ® �ªâ ãáâ�−®¢«¥−¨ï ®â−®è¥−¨ï á®®â¢¥âáâ¢¨ï ¬¥¦¤ã
¤¢ã¬ï ¨«¨ ¡®«¥¥ á¨¬¢®«�¬¨ ¨§ à�§−ëå ®−â®«®£¨© ¤«ï â¥å á¨¬¢®«®¢ ¯®−ïâ¨©,
ª®â®àë¥ á¥¬�−â¨ç¥áª¨ ¨¤¥−â¨ç−ë ¨«¨ ¯®å®¦¨.
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÷¨á. 5 ‘¨−â¥§ à¥è¥−¨© −� ®á−®¢¥ ª®¬¬ãâ�æ¨¨ £¥®¤�−−ëå ¨§ à�§−ëå ¨áâ®ç−¨ª®¢

ˆ−ä®à¬�æ¨ï, ¨á¯®«ì§ã¥¬�ï ¢ ¬®¤¥«ïå á¨−â¥§� ¤�−−ëå, ¬®¦¥â à�áá¬�âà¨-
¢�âìáï ¢ ¤¢ãå è¨à®ª¨å ª�â¥£®à¨ïå: áâàãªâãà¨à®¢�−−�ï ¨ −¥áâàãªâãà¨à®¢�−−�ï
¨−ä®à¬�æ¨ï [8]. �à¨ íâ®¬ áâàãªâãà¨à®¢�−−�ï ¨−ä®à¬�æ¨ï ®¯à¥¤¥«ï¥âáï ª�ª
á®®â¢¥âáâ¢ãîé�ï áâàãªâãà�¬ ãáâ�−®¢«¥−−ëå áâ�−¤�àâ®¢. ‘ãé¥áâ¢ãîé¨¥ áâ�−-
¤�àâë OGC ¤«ï áâàãªâãà¨à®¢�−−®© ¨−ä®à¬�æ¨¨ ¢ª«îç�îâ ¢ á¥¡ï á¯¥æ¨ä¨ª�æ¨î
OGC ¯à¨§−�ª®¢, ¯®ªàëâ¨©, −�¡«î¤¥−¨© ¨ £¥®¬¥âà¨¨.

�� à¨á. 5 ¯®ª�§�− ¯à¨¬¥à á¨−â¥§� à¥è¥−¨© [9], ª®â®àë© á¢ï§�− á �−�«¨§®¬
â¥−¤¥−æ¨© ¨ ¯à¨ç¨− ¯�¢®¤ª� ¢ à�©®−¥ á«¨ï−¨ï à¥ª −� ®á−®¢¥ £¥®¤�−−ëå ¨§
−¥áª®«ìª¨å ¨áâ®ç−¨ª®¢. ‘¨−â¥§ à¥è¥−¨©, ¯à®¢®¤¨¬ë© ¢ íâ®¬ ¨áá«¥¤®¢�−¨¨,
¯à¥¤áâ�¢«ï¥â á®¡®© ª®¬¯«¥ªá−ãî ®¯¥à�æ¨î, ¢ª«îç�îéãî ª�ª £¥®¤�−−ë¥, ¯®«ã-
ç�¥¬ë¥ ®â ç¥«®¢¥ª� á ¬®¡¨«ì−ëå ãáâà®©áâ¢, â�ª ¨ £¥®¤�−−ë¥ ®¡é¥© ®¡áâ�−®¢ª¨
¨§ æ¥−âà� Œ—‘. ˆá¯®«ì§ãîé¨¥áï £¥®¤�−−ë¥ ¯à¥¤áâ�¢«ïîâ á®¡®© ª�ª áâàãª-
âãà¨à®¢�−−ãî, â�ª ¨ −¥áâàãªâãà¨à®¢�−−ãî ¨−ä®à¬�æ¨î [10]. ’�ª¨¬ ®¡à�§®¬,
¨−ä®à¬�æ¨ï, ¤®áâã¯−�ï ¤«ï ®áãé¥áâ¢«¥−¨ï á¨−â¥§� à¥è¥−¨©, | íâ® ª®««¥ªæ¨ï
á¢¥¤¥−¨© ¨−â¥««¥ªâã�«ì−®£® ª®à¯®à�â¨¢−®£® ª�¯¨â�«�, ¯®áª®«ìªã ¨áâ®ç−¨ª�¬¨
â�ª¨å á¢¥¤¥−¨© ¢ëáâã¯�îâ «î¤¨, ¤®ªã¬¥−âë, ®¡®àã¤®¢�−¨¥ ¨«¨ â¥å−¨ç¥áª¨¥
¤�âç¨ª¨. �â¨ á¢¥¤¥−¨ï ¬®£ãâ ¡ëâì á£àã¯¯¨à®¢�−ë á«¥¤ãîé¨¬ ®¡à�§®¬:
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{ á¢¥¤¥−¨ï, ¯®«ãç�¥¬ë¥ ®â «î¤¥©;

{ £¥®¯à®áâà�−áâ¢¥−−ë¥ á¢¥¤¥−¨ï, −�ª®¯«¥−−ë¥ ¢ ¢¨¤¥ £¥®à¥áãàá®¢;

{ á¢¥¤¥−¨ï ¢ ¢¨¤¥ á¨£−�«®¢ ¤�âç¨ª®¢;

{ á¢¥¤¥−¨ï ¢ ¢¨¤¥ ¤�−−ëå ¨§¬¥à¥−¨ï à�§−®®¡à�§−ëå ¯�à�¬¥âà®¢;

{ á¢¥¤¥−¨ï ® £¥®¤�−−ëå ®âªàëâ®£® ¤®áâã¯� ¯à®¨§¢®«ì−®£® ä®à¬�â�;

{ á¢¥¤¥−¨ï ® −�ãç−®-â¥å−¨ç¥áª¨å à�§¢¥¤ë¢�â¥«ì−ëå £¥®¤�−−ëå.

÷�§¢¨â¨¥ á¨−â¥§� à¥è¥−¨© âà¥¡ã¥â à�§à�¡®âª¨ áâ�−¤�àâ®¢, â�ª¨å ª�ª ¬¥â®¤ë
®â®¡à�¦¥−¨ï áå¥¬ë á á®®â¢¥âáâ¢ãîé¥© ¨¤¥−â¨ä¨ª�æ¨¥© ¯à�¢¨« ®â®¡à�¦¥−¨ï,
¨ ã¢¥«¨ç¥−¨ï �ªæ¥−â� −� ®¡à�¡�âë¢�−¨¥ �áá®æ¨�æ¨©, ¯®áª®«ìªã ¨¤¥−â¨ä¨ª�æ¨ï
�áá®æ¨�æ¨¨ ¬¥¦¤ã ®¡ê¥ªâ�¬¨ «¥¦¨â ¢ ®á−®¢¥ á¨−â¥§�. ‘�¬�ï íää¥ªâ¨¢−�ï áà¥¤�
¤«ï à¥�«¨§�æ¨¨ ãª�§�−−ëå ª�â¥£®à¨© á¨−â¥§� | íâ® �àå¨â¥ªâãà� á à�á¯à¥¤¥-
«¥−−ë¬¨ ¡�§�¬¨ ¤�−−ëå ¨ á¥à¢¨á�¬¨, ®á−®¢�−−ë¬¨ −� ®¡é¥¬ ï¤à¥ ä®à¬�â®¢
£¥®¤�−−ëå, �«£®à¨â¬®¢ ¨ ¯à¨«®¦¥−¨© [11].

4 Интеграция геоданных в комплексной системе пространственных
данных инфраструктуры железнодорожного транспорта

‘ãé¥áâ¢ãîé¨¥ ¯®¤å®¤ë ª à¥�«¨§�æ¨¨ á¨−â¥§� à¥è¥−¨© −�©¤ãâ á¢®¥ ¯à¨¬¥−¥-
−¨¥ ¢ ¨−ä®à¬�æ¨®−−®¬ ®¡¥á¯¥ç¥−¨¨ ¯à®¥ªâ¨à®¢�−¨ï, áâà®¨â¥«ìáâ¢�, à¥ª®−áâàãª-
æ¨¨ ¨ ª�¯¨â�«ì−®£® à¥¬®−â� ®¡ê¥ªâ®¢ ¦¥«¥§−®¤®à®¦−®© ¨−äà�áâàãªâãàë. Š®¬-
¯«¥ªá−�ï á¨áâ¥¬� ¯à®áâà�−áâ¢¥−−ëå ¤�−−ëå ¨−äà�áâàãªâãàë ¦¥«¥§−®¤®à®¦−®£®
âà�−á¯®àâ� (Š‘�„ ˆ†’) à�§à�¡�âë¢�¥âáï ¢ á®®â¢¥âáâ¢¨¨ á à�á¯®àï¦¥−¨¥¬ ¯à¥-
§¨¤¥−â� ��� ú÷†„û ®â 3 ¤¥ª�¡àï 2010 £®¤� ü 2511à ú� á®§¤�−¨¨ ª®¬¯«¥ªá−®©
á¨áâ¥¬ë ¯à®áâà�−áâ¢¥−−ëå ¤�−−ëå ¨−äà�áâàãªâãàë ¦¥«¥§−®¤®à®¦−®£® âà�−á-
¯®àâ�û. ƒ¥â¥à®£¥−−®áâì £¥®¤�−−ëå, ¯®¤«¥¦�é¨å ª®¬¯«¥ªá¨à®¢�−¨î ¨ á¨−â¥§ã
¢ Š‘�„ ˆ†’, ¢ë¤¢¨£�¥â −� ¯¥à¥¤−¨© ¯«�− à¥è¥−¨¥ §�¤�ç¨ £¥®¨−â¥à®¯¥à�-
¡¥«ì−®áâ¨ ®âà�á«¥¢®£® ¬�áèâ�¡� [12, 13] ª�ª §�¤�ç¨ á®¢¬¥áâ−®£® á®£«�á®¢�−−®£®
¨á¯®«ì§®¢�−¨ï £¥®¤�−−ëå, ¯®«ãç¥−−ëå ¨§ à�§−ëå ¨−ä®à¬�æ¨®−−ëå ¨áâ®ç−¨ª®¢
(à¨á. 6).

Š‘�„ ˆ†’ | íâ® ¨−ä®à¬�æ¨®−−®-â¥å−®«®£¨ç¥áª�ï á¨áâ¥¬� æ¥−âà�«¨-
§®¢�−−®£® á¡®à�, ¨−â¥£à�æ¨¨, åà�−¥−¨ï ¨ �−�«¨§� ª®®à¤¨−�â−®-¯à¨¢ï§�−−ëå
á¢¥¤¥−¨© ®¡ ®¡ê¥ªâ�å ¨−äà�áâàãªâãàë ¦¥«¥§−®¤®à®¦−®£® âà�−á¯®àâ�. ÷�§à�-
¡�âë¢�¥¬�ï á¨áâ¥¬� ¯à¥¤−�§−�ç¥−� ¤«ï ®¯â¨¬¨§�æ¨¨ â¥å−®«®£¨ç¥áª¨å ¯à®æ¥áá®¢
ª®−âà®«ï ¨ ã¯à�¢«¥−¨ï ¨−äà�áâàãªâãà−ë¬¨ ®¡ê¥ªâ�¬¨ ¦¥«¥§−®¤®à®¦−®£® âà�−á-
¯®àâ� −� ¢á¥å íâ�¯�å ¦¨§−¥−−®£® æ¨ª«�, ¢ª«îç�ï ¯à®¥ªâ¨à®¢�−¨¥, áâà®¨â¥«ìáâ¢®,
íªá¯«ã�â�æ¨î, à¥¬®−â ¨ â¥ªãé¥¥ á®¤¥à¦�−¨¥, −� ®á−®¢¥ ¥¤¨−®£® ¬¥â®¤®«®£¨ç¥-
áª®£®, â¥å−®«®£¨ç¥áª®£® ¨ ¨−ä®à¬�æ¨®−−®£® ¯à®áâà�−áâ¢�. �¡à�¡®âª� ¨ á¨−-
â¥§ ¯à®áâà�−áâ¢¥−−ëå ¤�−−ëå ®¡ ®¡ê¥ªâ�å ¨−äà�áâàãªâãàë ¢ª«îç�îâ á¢¥¤¥−¨ï
® ¬¥áâ®¯®«®¦¥−¨¨ ®¡ê¥ªâ®¢, ¨å á¢®©áâ¢�å, ¯à®áâà�−áâ¢¥−−ëå ¨ −¥¯à®áâà�−áâ¢¥−-
−ëå �âà¨¡ãâ�å. Š®®à¤¨−�â−�ï ¯à¨¢ï§ª� ®¡ê¥ªâ®¢ ¢ë¯®«−ï¥âáï ª ¯à¥¤¢�à¨â¥«ì−®
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‚ë¡®à â¥å−®«®£¨ç¥áª¨å à¥è¥−¨© ¤«ï ¯®¤¤¥à¦ª¨ ¯à®æ¥áá� á¨−â¥§� £¥®¤�−−ëå

÷¨á. 6 ”ã−ªæ¨®−�« Š‘�„ ˆ†’ [7]

á®§¤�−−®© £¥®¤¥§¨ç¥áª®© ®á−®¢¥ (¯ã−ªâ�¬ £¥®¤¥§¨ç¥áª®© á¥â¨) ¢ §�¤�−−®© á¨áâ¥¬¥
ª®®à¤¨−�â.

�á−®¢−ë¥ ¯®¤á¨áâ¥¬ë Š‘�„ ˆ†’:

{ ¢ëá®ª®â®ç−�ï ª®®à¤¨−�â−�ï á¨áâ¥¬�, ¯®§¢®«ïîé�ï ¢ë¯®«−ïâì ¨§ëáª�â¥«ì-
áª¨¥, ¯à®¥ªâ−ë¥, áâà®¨â¥«ì−ë¥ à�¡®âë, â¥ªãé¥¥ á®¤¥à¦�−¨¥ ¢ ¥¤¨−®¬ ª®®à-
¤¨−�â−®¬ ¯à®áâà�−áâ¢¥ á ¢ëá®ª®© â®ç−®áâìî;

{ ¡�§� £¥®¤�−−ëå, á¨−â¥§¨àãîé�ï à¥§ã«ìâ�âë ¢á¥å ¨§¬¥à¥−¨© ¢ ¥¤¨−®¬ ª®®à-
¤¨−�â−®¬ ¯à®áâà�−áâ¢¥ ¨ ¤�îé�ï ¢®§¬®¦−®áâì áà�¢−¥−¨ï à¥§ã«ìâ�â®¢ ¨§¬¥-
à¥−¨©;

{ �¯¯�à�â−®-¯à®£à�¬¬−ë© ª®¬¯«¥ªá, à¥�«¨§ãîé¨© á¡®à, ®¡à�¡®âªã, åà�−¥−¨¥
¨ ¯à¥¤®áâ�¢«¥−¨¥ £¥®¤�−−ëå äã−ªæ¨®−�«ì−ëå ¯à¨«®¦¥−¨©.

�à¨ íâ®¬ äã−ªæ¨®−�« Š‘�„ ˆ†’ ¯®¤¤¥à¦¨¢�¥â à¥è¥−¨¥ á«¥¤ãîé¨å §�¤�ç:

{ æ¥−âà�«¨§�æ¨ï ¨ ã−¨ä¨ª�æ¨ï ¯à®æ¥áá®¢ á¡®à�, ®¡à�¡®âª¨ ¨ ¨−â¥£à�æ¨¨ £¥®-
¤�−−ëå | ¢¥¤¥−¨¥ ¡�§ë £¥®¤�−−ëå;

{ ¨−ä®à¬�æ¨®−−®¥ ®¡¥á¯¥ç¥−¨¥ ¯à®æ¥áá®¢ ª®¬¯«¥ªá−®© ®æ¥−ª¨ â¥å−¨ç¥áª®£®
á®áâ®ï−¨ï ®¡ê¥ªâ®¢ ¨−äà�áâàãªâãàë;

{ ¯«�−¨à®¢�−¨¥ à¥¬®−â−ëå à�¡®â ®¡ê¥ªâ®¢ ¨−äà�áâàãªâãàë ¯® ®æ¥−¨¢�¥¬®¬ã
á®áâ®ï−¨î;

{ ¨−ä®à¬�æ¨®−−�ï ¯®¤¤¥à¦ª� ¯à®æ¥áá� ¯à®¥ªâ−®£® á®¤¥à¦�−¨ï ¯ãâ¨ | á¨−â¥-
§¨à®¢�−−®¥ à¥è¥−¨¥ á ãç¥â®¬ ¢á¥© ¨¬¥îé¥©áï ¨−ä®à¬�æ¨¨;
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{ ®æ¥−ª� �−âà®¯®£¥−−ëå ¨ ¯à¨à®¤−ëå ã£à®§ ¡¥§®¯�á−®áâ¨ ¤¢¨¦¥−¨ï ¯ãâ¥¬
¢ëï¢«¥−¨ï ¬¥áâ, ¯à¥¤áâ�¢«ïîé¨å ¯®â¥−æ¨�«ì−ãî ®¯�á−®áâì;

{ ¯«�−¨à®¢�−¨¥ ¯¥à¥¢®§®ª −¥£�¡�à¨â−ëå £àã§®¢;

{ ¨−ä®à¬�æ¨®−−�ï ¯®¤¤¥à¦ª� ¯à¨−ïâ¨ï áâà�â¥£¨ç¥áª¨å à¥è¥−¨© ¯ãâ¥¬ á¨−-
â¥§� £¥®¤�−−ëå ®¡ ¨−äà�áâàãªâãà¥, ®¯¥à�â¨¢−®áâ¨ ¨å ¢ë¡®à� ¯® «î¡®¬ã
§�¤�−−®¬ã ªà¨â¥à¨î, −�£«ï¤−®áâ¨ ¨å ¯à¥¤áâ�¢«¥−¨ï ª�ª ¢ £à�ä¨ç¥áª®©, â�ª
¨ ¢ â�¡«¨ç−®© ä®à¬¥.

5 Заключение

Œ¥¦¤¨áæ¨¯«¨−�à−®áâì á®¢à¥¬¥−−ëå ¯à®¡«¥¬ ®¯à¥¤¥«ï¥â −¥®¡å®¤¨¬®áâì
¯à¨¢«¥ç¥−¨ï £àã¯¯ á¯¥æ¨�«¨áâ®¢ ¨§ ®¤−®© ¨«¨ à�§−ëå ®¡«�áâ¥© §−�−¨©, ¯®-
à®¦¤�ï §�¤�çã á¨−â¥§� ¨å ¤�−−ëå ¨ ¤¥©áâ¢¨© ¢ ¯à®æ¥áá¥ à�¡®âë. ‚ áâ�âì¥ ®¯¨-
á�−ë âà¨ íâ�¯� ¯à®æ¥áá� á¨−â¥§� à¥è¥−¨© ¢ à�á¯à¥¤¥«¥−−ëå ¨−ä®à¬�æ¨®−−ëå
áà¥¤�å á äã−ªæ¨®−�«ì−®© á®¢¬¥áâ¨¬®áâìî, ®á−®¢�−−®© −� ®âªàëâëå áâ�−¤�à-
â�å. �¥®¡å®¤¨¬®áâì ¤¨−�¬¨ç¥áª®£® ®¡−®¢«¥−¨ï ¡�§ë £¥®¤�−−ëå ®¡ãá«®¢«¨¢�¥â
¯®¤¤¥à¦�−¨¥ ®¡®á−®¢�−−®£® á¨−â¥§� ¨ ¯à¥¤áâ�¢«¥−¨¥ ¥¥ ¢ ¢¨¤¥ á®£«�á®¢�−−®©
á®¢®ªã¯−®áâ¨ ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢ ¢ á®®â¢¥âáâ¢¨¨ á âà¥¡®¢�−¨ï¬¨ á¥¬�−-
â¨ç¥áª®© ¨−â¥à®¯¥à�¡¥«ì−®áâ¨ [14]. ˆ−â¥£à�æ¨ï ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢
¢ ¥¤¨−®¬ ¨−ä®à¬�æ¨®−−®¬ ¯à®áâà�−áâ¢¥ ¯à¥¤¯®«�£�¥â ãá¯¥è−®¥ à¥è¥−¨¥ §�¤�ç
â¥¬�â¨ç¥áª®£® ¯®¨áª� ¨ á¨−â¥§� ¨−â¥£à¨àã¥¬ëå ¤�−−ëå ¨ §−�−¨©.
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SELECTION OF TECHNOLOGICAL SOLUTIONS
TO SUPPORT THE PROCESS OF SYNTHESIS OF GEODATA

OF RAILWAY TRANSPORT INFRASTRUCTURE
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Abstract: Datafusion is a process in which data combined from multiple sources
are used for analysis to produce more consistent, accurate, and useful information.
Receiving and merging data from sensors is defined as multisensor data fusion.
The most striking example of data fusion is the person himself who constantly
combines data coming from all the senses to perform the necessary actions in the
environment. In particular, a person would not be able to drive a car without the
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fusion of visual, auditory, and motor data. In geoinformatics, instead of geodata
synthesis, the term geodata integration is often used. Modern geographic
information systems can combine different geodatasets so that the resulting
geodatasets contain attributes and metadata not available for the points in
the combined datasets. The article analyzes the categories and models of
geodata synthesis used to ensure the relevance of the spatial data system in the
infrastructure of railway transport.

Keywords: data synthesis; categories of data synthesis; data synthesis model
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ВИЗУАЛЬНЫЙ ЯЗЫК РЕПРЕЗЕНТАЦИИ ПРОЦЕССА
УПРАВЛЕНИЯ КОНФЛИКТАМИ В ГИБРИДНЫХ

ИНТЕЛЛЕКТУАЛЬНЫХ МНОГОАГЕНТНЫХ СИСТЕМАХ

С. Б. Румовская1, И. А. Кириков2

�−−®â�æ¨ï: ƒ¨¡à¨¤−ë¥ ¨−â¥««¥ªâã�«ì−ë¥ ¬−®£®�£¥−â−ë¥ á¨áâ¥¬ë
(ƒ¨ˆŒ�‘) á ¯à®¡«¥¬−®- ¨ ¯à®æ¥áá−®-®à¨¥−â¨à®¢�−−ë¬¨ ª®−ä«¨ªâ�¬¨ ¨ ¢¨-
§ã�«ì−ë¬ ¯à¥¤áâ�¢«¥−¨¥¬ ª®−ä«¨ªâ®«®£¨ç¥áª®£® �á¯¥ªâ� à¥«¥¢�−â−ë £àã¯¯®-
¢®© ¤¨−�¬¨ª¥ ª®««¥ªâ¨¢� á¯¥æ¨�«¨áâ®¢ à�§«¨ç−ëå −�¯à�¢«¥−¨©, à¥è�îé¨å
¯à®¡«¥¬ã. “¯à�¢«¥−¨¥ ª®−ä«¨ªâ�¬¨ ¢ ƒ¨ˆŒ�‘ ¯®§¢®«¨â ¯®¤�¢«ïâì ¤¥áâàãª-
â¨¢−ë¥ ¯à®ï¢«¥−¨ï ª®−ä«¨ªâ� ¨ áâ¨¬ã«¨à®¢�âì ª®−áâàãªâ¨¢−ë¥. ‚¨§ã�«¨-
§�æ¨ï ª®−ä«¨ªâ−®© á¨âã�æ¨¨ ¤¥«�¥â ¢®§−¨ªè¨¥ ¯à®â¨¢®à¥ç¨ï ª®−âà�áâ−ë¬¨,
¯à¥¤®áâ�¢«ïï ¯®«ì§®¢�â¥«î ¡ëáâà®¥ ¯®−¨¬�−¨¥ â®£®, ¬¥¦¤ã ª�ª¨¬¨ ç«¥−�¬¨
ª®««¥ªâ¨¢� ¨ −� ª�ª¨å íâ�¯�å ¢®§−¨ª�¥â ª®−ä«¨ªâ, ª�ª®£® ®− â¨¯� ¨ −�¯àï-
¦¥−−®áâ¨, ª�ª®© ¬¥â®¤ ª®««¥ªâ¨¢−ëå à�ááã¦¤¥−¨© �£¥−â®¢-á¯¥æ¨�«¨áâ®¢ ¢−¥á
−�¨¡®«ìè¨© ¢ª«�¤ ¢ ¯à®æ¥áá áâ¨¬ã«ïæ¨¨ ª®−áâàãªâ¨¢−®£® ª®−ä«¨ªâ�, � â�ª-
¦¥ −� ª�ª®¬ íâ�¯¥ ª®−ä«¨ªâ ¬¨−¨¬¨§¨àã¥âáï, ª�ª¨¥ áâà�â¥£¨¨ à�§à¥è¥−¨ï
ª®−ä«¨ªâ®¢ ¨á¯®«ì§®¢�«¨áì ¨ ª�ª¨¥ ¯®¤£àã¯¯ë ¢ ª®««¥ªâ¨¢¥ �£¥−â®¢ ä®à¬¨-
à®¢�«¨áì. ‚ à�¡®â¥ ¯à¥¤«®¦¥− ¢¨§ã�«ì−ë© ï§ëª. ‘¨−â�ªá¨á ï§ëª� ®¯¨á�−
á ¯®¬®éìî ¤®¯®«−¥−−ëå ®¯¥à�â®à�¬¨ ¯®§¨æ¨®−−®£® á¨−â�ªá¨á� à�áè¨à¥−−ëå
�íªãá�{��ãà� ä®à¬ (÷��”).

Š«îç¥¢ë¥ á«®¢�: ª®««¥ªâ¨¢ á¯¥æ¨�«¨áâ®¢; ª®−ä«¨ªâ �£¥−â®¢; ¢¨§ã�«ì-
−ë© ï§ëª; à�áè¨à¥−−ë¥ �íªãá�{��ãà� ä®à¬ë; à¥¯à¥§¥−â�æ¨ï ã¯à�¢«¥−¨ï
ª®−ä«¨ªâ�¬¨; £¨¡à¨¤−ë¥ ¨−â¥««¥ªâã�«ì−ë¥ ¬−®£®�£¥−â−ë¥ á¨áâ¥¬ë

DOI: 10.14357/08696527230206

1 Введение

��ç¨−�ï á XVII ¢. ®â−®á¨â¥«ì−® ¢¨§ã�«¨§�æ¨¨ ¢ëáª�§ë¢�«¨áì à�§«¨ç−ë¥
â®çª¨ §à¥−¨ï. ‚ 1637 £. ÷¥−¥ „¥ª�àâ (Rene Descartes) £®¢®à¨« ® â®¬, çâ®
¯à¥¤áâ�¢«¥−¨¥, á®§¤�−−®¥ ¢®®¡à�¦¥−¨¥¬, ¨ ¢¨§ã�«¨§�æ¨ï ¨£à�îâ ª«îç¥¢ãî à®«ì
¢ −�ãç−ëå ¨áá«¥¤®¢�−¨ïå [1]. ‚ 1811 £. �«¥ªá�−¤à ä®− ƒã¬¡®«ìâ (Alexander von
Humboldt) ¢ëáª�§�« ¬ëá«ì ® â®¬, çâ® ¢á¥, çâ® ®â−®á¨âáï ª ¬¥à¥ ¨ ª®«¨ç¥áâ¢ã, ¬®-
¦¥â ¡ëâì ¯à¥¤áâ�¢«¥−® £¥®¬¥âà¨ç¥áª¨¬¨ ä¨£ãà�¬¨ [2]. ‚ 1987 £. �. ƒ. Œ�ªª®à¬¨ª
(B. H. McCormick), ’. �. „¥”�−â¨ (T. A. DeFanti) ¨ Œ. „. �à�ã− (M. D. Brown)
¢ ®âç¥â¥ ¯® £à�−âã ��æ¨®−�«ì−®£® −�ãç−®£® ä®−¤� (‘˜�) ü ASC-8712231
®¯à¥¤¥«¨«¨ ¢¨§ã�«¨§�æ¨î ª�ª ¢ëç¨á«¨â¥«ì−ë© ¬¥â®¤, ª®â®àë© ¯à¥®¡à�§ã¥â
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2”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
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‚¨§ã�«ì−ë© ï§ëª à¥¯à¥§¥−â�æ¨¨ ¯à®æ¥áá� ã¯à�¢«¥−¨ï ª®−ä«¨ªâ�¬¨ ¢ ƒ¨ˆŒ�‘

á¨¬¢®«¨ç¥áª®¥ ¢ £¥®¬¥âà¨ç¥áª®¥, ¯®§¢®«ïï ¨áá«¥¤®¢�â¥«ï¬ −�¡«î¤�âì §� ¨å ¬®-
¤¥«¨à®¢�−¨¥¬ ¨ ¢ëç¨á«¥−¨¥¬ | ã¢¨¤¥âì −¥¢¨¤¨¬®¥ [3]. ‚ 1993 £. �. ÷®£®¢¨æ
(B. Rogowitz) ®¯à¥¤¥«¨« ¢¨§ã�«¨§�æ¨î ª�ª ®â®¡à�¦¥−¨¥ ç¨á«¥−−ëå §−�ç¥−¨©
¢ ¯à®áâà�−áâ¢® ¯¥àæ¥¯â¨¢−®£® ¢®á¯à¨ïâ¨ï [4]. ‚ ª�ç¥áâ¢¥ á�¬®áâ®ïâ¥«ì−®© ¤¨á-
æ¨¯«¨−ë ª®¬¯ìîâ¥à−�ï ¢¨§ã�«¨§�æ¨ï (Š‚) ®ä®à¬¨«�áì ¢ 1987 £. [3] ª�ª ¬¥â®¤¨ª�
¯¥à¥¢®¤� �¡áâà�ªâ−ëå ¯à¥¤áâ�¢«¥−¨© ®¡ ®¡ê¥ªâ�å ¢ £¥®¬¥âà¨ç¥áª¨¥ ®¡à�§ë ¤«ï
−�¡«î¤¥−¨ï à¥§ã«ìâ�â®¢ ª®¬¯ìîâ¥à−®£® ¬®¤¥«¨à®¢�−¨ï ï¢«¥−¨© ¨ ¯à®æ¥áá®¢ [5].
Š®¬¯ìîâ¥à−�ï ¢¨§ã�«¨§�æ¨ï ¨§ãç�¥¬®£® ¯à®æ¥áá� | íâ® ú−�£«ï¤−®¥ ¯à¥¤áâ�¢-
«¥−¨¥ −� íªà�−¥ �‚Œ. . . áªàëâ®£® ¢ à¥�«ì−®¬ ¬¨à¥ ®¡ê¥ªâ� (−¥¤®áâã¯−®£® ¤«ï
®¡ëç−®£® ¢®á¯à¨ïâ¨ï á ¯®¬®éìî ®à£�−®¢ çã¢áâ¢ ç¥«®¢¥ª�)û [6, á. 18]. ‚ë¤¥«ïîâ
á«¥¤ãîé¨¥ âà¨ ¯®¤®¡«�áâ¨ Š‚ [5]:

(1) −�ãç−�ï (à¥§ã«ìâ�â®¢ −�ãç−ëå ¢ëç¨á«¥−¨©);

(2) ¢¨§ã�«¨§�æ¨ï ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï (¤«ï ãïá−¥−¨ï ¯®−ïâ¨© ¨ íää¥ª-
â¨¢−®© íªá¯«ã�â�æ¨¨ ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï ¨ á¯¥æ¨ä¨ª�æ¨¨ ¯à®£à�¬¬);

(3) ¨−ä®à¬�æ¨®−−�ï (¢¨§ã�«ì−®¥ ¯à¥¤áâ�¢«¥−¨¥ �¡áâà�ªâ−®© ¨−ä®à¬�æ¨¨, ¯®-
«ãç�¥¬®© ¢ ¯à®æ¥áá¥ á¡®à� ¨ ®¡à�¡®âª¨ ¤�−−ëå).

‚¨§ã�«ì−ë¥ ï§ëª¨ ¨á¯®«ì§ãîâ ¢¨§ã�«ì−ë¥ §−�ç¥−¨ï ¤«ï ¯¥à¥¤�ç¨ ¯®−ïâ¨©
¨ ®¯à¥¤¥«ïîâáï á¢®¨¬ á«®¢�à¥¬, á¨−â�ªá¨á®¬, á¥¬�−â¨ª®© ¨ ¯à�£¬�â¨ª®© [6].
Šàã£ à¥è�¥¬ëå á ¯®¬®éìî −¨å §�¤�ç è¨à®ª, ª�ª ¨ à�§−®®¡à�§¨¥ ¯®¤å®¤®¢ ª ¨å
ä®à¬�«ì−®¬ã ®¯¨á�−¨î [7].

–¥«ì −�áâ®ïé¥© à�¡®âë | ¢¨§ã�«ì−ë© ï§ëª à¥¯à¥§¥−â�æ¨¨ ¯à®æ¥áá� ã¯à�¢-
«¥−¨ï ª®−ä«¨ªâ�¬¨ ¢ ƒ¨ˆŒ�‘ (¢â®à�ï ¯®¤®¡«�áâì Š‚), ¡�§¨àãîé¨©áï −�
¬®¤¥«¨ ¯à®æ¥áá� ã¯à�¢«¥−¨ï ª®−ä«¨ªâ�¬¨ �£¥−â®¢ cnfm ((2) ¢ [8]) ¨ ¬¥â®¤�å ¢¨§ã-
�«¨§�æ¨¨ (Œ‚): ª®−ä«¨ªâ� �£¥−â®¢ Œ‚Š (mvk) [9], ¥£® áâ¨¬ã«ïæ¨¨ Œ�˜”“Š
(¬®¤¨ä¨æ¨à®¢�−−�ï ¯®á«¥¤®¢�â¥«ì−®áâì è�£®¢, ®¯¨áë¢�îé¨å äã−ªæ¨î úã¯à�¢-
«¥−¨¥ ª®−ä«¨ªâ®¬û, msk) [10] ¨ à�§à¥è¥−¨ï Œ‚÷Š (mvrk) [11].

2 Визуальный язык репрезентации процесса управления конфликтами

‚ ®¯¨á�−¨¨ ¢¨§ã�«ì−®£® ï§ëª� ¡ã¤¥¬ ááë«�âìáï −� à¥¯à¥§¥−â�æ¨î, ¯à¥¤áâ�-
¢«¥−−ãî −� à¨áã−ª¥.

‚¨§ã�«ì−ë© ï§ëª ¯à¥¤áâ�¢¨¬ ª�ª

vlC = 〈VDC ,VS,VSe,VP〉 . (1)

‡¤¥áì VDC | á«®¢�àì ª�ª −�¡®à ¢¨¤®¢ ®â®¡à�¦¥−¨ï [5] ¯�à�¬¥âà®¢ à�¡®âë
¬®¤¥«¨ cnfm [8]:

VDC = 〈E,VE, G〉, E = {〈n, ev〉},

VE = {〈n si, si,XY, c : cond1, l : cond2,mnp〉}, G : E
met
↔ VE;
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‘. �. ÷ã¬®¢áª�ï, ˆ. �. Š¨à¨ª®¢

÷¥¯à¥§¥−â�æ¨ï ¯à®¬¥¦ãâ®ç−®£® íâ�¯� ã¯à�¢«¥−¨ï ª®−ä«¨ªâ�¬¨ á ç�áâ¨ç−ë¬ ãª�§�−¨¥¬
ª®®à¤¨−�â ¨ á®®â¢¥âáâ¢ãîé¨å ¨¬ í«¥¬¥−â®¢ ¬®¤¥«¨ ¯à®æ¥áá� ã¯à�¢«¥−¨ï ª®−ä«¨ªâ�¬¨:
�• | å¨àãà£; ���‹ | ®−ª®«®£; ��÷-’ | «¨æ®, ¯à¨−¨¬�îé¥¥ à¥è¥−¨¥ (â¥à�-
¯¥¢â); �‘“‡ˆ, �‚‹„ ¨ �‘‹„ | á¯¥æ¨�«¨áâë ¯® ã«ìâà�§¢ãª®¢®¬ã ¨áá«¥¤®¢�−¨î,
«�¡®à�â®à−®© ¨ «ãç¥¢®© ¤¨�£−®áâ¨ª¥; 〈tsve〉, 〈gcm〉 ¨ 〈uklad〉 | ®¡®§−�ç¥−¨ï ç�áâ¥©
à¥¯à¥§¥−â�æ¨¨ ¢ á¨−â�ªá¨á¥ ï§ëª�

VS, VSe ¨ VP | á¨−â�ªá¨á (¯®áâà®¥−¨¥ à¥¯à¥§¥−â�æ¨¨), á¥¬�−â¨ª� (¢−®á¨â
á¬ëá«®¢®¥ §−�ç¥−¨¥ à¥¯à¥§¥−â�æ¨¨) ¨ ¯à�£¬�â¨ª� (¨á¯®«ì§®¢�−¨¥ à¥¯à¥§¥−â�æ¨¨
¤«ï ¤¥â�«ì−®£® ¯®−¨¬�−¨ï ¯à®æ¥áá� ã¯à�¢«¥−¨ï ª®−ä«¨ªâ�¬¨) á®®â¢¥âáâ¢¥−−®

VS = 〈VE,VN,RULE〉;

VSe = 〈E,G, cnfm,met〉;

VP = 〈SP,VRK1×K ,VK1×K ,VGD1×K ,VCNF1×K ,MNP+〉,

£¤¥ E | ¬−®¦¥áâ¢® í«¥¬¥−â®¢ ¬®¤¥«¨ cnfm ¯à®æ¥áá� ã¯à�¢«¥−¨ï ª®−ä«¨ªâ�¬¨
�£¥−â®¢ [8], §�¤�−−ëå ¯¥à¥¬¥−−®© n (ª�ª ¨¬ï, ≪ ãá«®¢¨¥ ≫ ¨«¨ (ä®à¬ã«�) ¨ ¬−®-
¦¥áâ¢®¬ §−�ç¥−¨© ev; met = {mvk,msk,mvrk} | Œ‚, à�§à�¡®â�−−ë¥ ¢ [9{11];
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‚¨§ã�«ì−ë© ï§ëª à¥¯à¥§¥−â�æ¨¨ ¯à®æ¥áá� ã¯à�¢«¥−¨ï ª®−ä«¨ªâ�¬¨ ¢ ƒ¨ˆŒ�‘

VE| ¬−®¦¥áâ¢® £à�ä¨ç¥áª¨å ¯à¨¬¨â¨¢®¢, §�¤�−−ëå: (1) ¨¬¥−¥¬ n si ¨ ¢¨§ã�«ì-
−ë¬ ¯à¨¬¨â¨¢®¬ si ∈ SI (¯¨ªâ®£à�¬¬�, ä¨£ãà�, ¯®¤¯¨á¨); (2) ª®®à¤¨−�â�¬¨ XY
−� £à�ä¨ç¥áª®¬ ¨−â¥àä¥©á¥ | ®¤−� ¯�à� ª®®à¤¨−�â ¤«ï «¥¢ëå ¢¥àå−¨å ã£«®¢
¯¨ªâ®£à�¬¬, −�ç�«� ¯®¤¯¨á¥© ¨ æ¥−âà®¢ ¢¥àè¨−, � â�ª¦¥ ¤¢¥ ¯�àë | ¤«ï à¥¡¥à
£à�ä� (ª®®à¤¨−�âë ¨å ª®−æ®¢) (xp, yp) ∈ Pointp, p = 1, 3, Pointp = Z × Z |
¬−®¦¥áâ¢® â®ç¥ª ¯®¤®¡«�áâ¨ £à�ä¨ç¥áª®£® ¨−â¥àä¥©á�, −� ª®â®à®© ®â®¡à�¦�¥âáï
p-ï ç�áâì à¥¯à¥§¥−â�æ¨¨ (á¬. à¨áã−®ª), � Z | ¬−®¦¥áâ¢® ç¨á¥«, ª®â®àë¥ ¨á¯®«ì-
§ãîâáï ¤«ï ¯à¥¤áâ�¢«¥−¨ï ª®®à¤¨−�â; (3) æ¢¥â®¬ c ∈ [0, 100] ¯® èª�«¥ ú�ââ¥−ª¨
á¥à®£®û; (4) â®«é¨−®© «¨−¨¨ ¨«¨ à�§¬¥à®¬ èà¨äâ� l ∈ [0, 10] ¯â (c ¨ l ®¯à¥¤¥«ï-
îâáï ¯à¨ −¥®¡å®¤¨¬®áâ¨ met, §�¯¨áë¢�ï ãá«®¢¨¥ ¢ cond1 ¨ cond2 á®®â¢¥âáâ¢¥−−®);
(5) ¬−®¦¥áâ¢®¬ ¢®§¬®¦−ëå ¬�−¨¯ã«ïæ¨© mnp ∈ MNP á ¯à¨¬¨â¨¢®¬ −� à¥¯à¥-
§¥−â�æ¨¨, MNP = {úé¥«ç®ª ãª�§�â¥«ï ¬ëè¨ ¯® ¢¥àè¨−¥û, úé¥«ç®ª ãª�§�â¥«ï
¬ëè¨ ¯® à¥¡àãû, úé¥«ç®ª ¯® −¥§�¯®«−¥−−®© ç�áâ¨ ¯®¤®¡«�áâ¨ Point2û}, ¯¥à¢®¥
¢ MNP ¢«¥ç¥â §� á®¡®© ®â®¡à�¦¥−¨¥ ¨¤¥−â¨ä¨ª�â®à� á®®â¢¥âáâ¢ãîé¥£® �£¥−â�,
¢â®à®¥ | −�¯àï¦¥−−®áâ¥© ª®−ä«¨ªâ®¢ ¬¥¦¤ã á®®â¢¥âáâ¢ãîé¥© ¯�à®© �£¥−â®¢,
� âà¥âì¥ | ¢á¥å ¯®¤¯¨á¥© £à�ä� ª®−ä«¨ªâ�; VN | á«®¢�àì −¥â¥à¬¨−�«ì−ëå
á¨¬¢®«®¢; RULE | ¬−®¦¥áâ¢® ¯à�¢¨« (®¯¨á�−ë ÷��”); G §�¤�¥â ¡¨¥ªâ¨¢−®¥
®â®¡à�¦¥−¨¥ E −� VE; VSe ®¯à¥¤¥«ï¥âáï §�¤�−−ë¬ −¨¦¥ ¬−®¦¥áâ¢®¬ E, � â�ª¦¥
¬®¤¥«ìî cnfm ((2) ¢ [8]) ¨ ¬¥â®¤�¬¨ met, à�§à�¡®â�−−ë¬¨ ¢ [9{11]; SP | ¬−®-
¦¥áâ¢® á¯¥æ¨�«¨áâ®¢-¯®«ì§®¢�â¥«¥© (¢à�ç¥©, −�¯à¨¬¥à), ª®â®àë¥ ¯¥à¥¤ §�¯ãáª®¬
à�¡®âë ƒ¨ˆŒ�‘ ãáâ�−®¢¨«¨ ä«�£ ú−¥®¡å®¤¨¬®áâ¨ ¢¨§ã�«¨§�æ¨¨ ¤¨−�¬¨ª¨ ¢®§-
¬®¦−®£® ª®−ä«¨ªâ�û; í«¥¬¥−â ¬�âà¨æë VRK1×K | ¬�âà¨æ� Vm×m (vrk1k =
= Vm×m), ¯®«ãç¥−−�ï −� k-¬ æ¨ª«¥ ã¯à�¢«¥−¨ï ª®−ä«¨ªâ®¬ | ®â®¡à�¦�¥â
à�§à¥è¥−−ë¥ ª®−ä«¨ªâë ¨ áâà�â¥£¨¨ à�§à¥è¥−¨ï ¯à®â¨¢®à¥ç¨©, ¢ë¡à�−−ë¥ ¤«ï
¯à¨¬¥−¥−¨ï ¬¥¦¤ã ¯�à®© �£¥−â®¢ −� ®ç¥à¥¤−®¬ è�£¥ à�¡®âë �«£®à¨â¬� á−¨¦¥−¨ï
¨−â¥−á¨¢−®áâ¨ ¨ à�§à¥è¥−¨ï ª®−ä«¨ªâ®¢ [8]; í«¥¬¥−â VK1×K | ãª«�¤ª� £à�ä�
ª®−ä«¨ªâãîé¨å �£¥−â®¢, ¯®«ãç¥−−�ï ¢ à¥§ã«ìâ�â¥ à�¡®âë Œ‚Š −� k-¬ è�£¥ �«-
£®à¨â¬� Œ�˜”“Š; k-¥ í«¥¬¥−âë ¬�âà¨æVGD ¨VCNF| §−�ç¥−¨ï áà¥¤−¥£®
�à¨ä¬¥â¨ç¥áª®£® ¯®ª�§�â¥«¥© ¢§�¨¬®§�¢¨á¨¬®áâ¨ æ¥«¥© �£¥−â®¢ gdhimas ¨ ®¡é¥£®
¯®ª�§�â¥«ï −�¯àï¦¥−−®áâ¨ ª®−ä«¨ªâ� ¢ ƒ¨ˆŒ�‘ cnfhimas, ¯®«ãç¥−−ë¥ −� k-¬
è�£¥ �«£®à¨â¬� Œ�˜”“Š, á®®â¢¥âáâ¢¥−−®; MNP+ = MNP ∪ ú¯à®á¬®âà á®-
åà�−¥−−ëå à¥¯à¥§¥−â�æ¨© ®â 1 ¤® k-©û, k = 1,K, K | ç¨á«® æ¨ª«®¢ ã¯à�¢«¥−¨ï
ª®−ä«¨ªâ®¬; n si, si ¨ XY ¢ VE ®¯à¥¤¥«¥−ë ¢á¥£¤�, ®áâ�«ì−ë¥ ¬®£ãâ ¯à¨−¨¬�âì
§−�ç¥−¨¥ ∅. �®«ãç�¥¬:

E =
{

〈agi, {ag1, . . . , ag20}〉 ,
〈

(

cpij − cprij
)

agiagj
, {≥ 0}

〉

,
〈

(

cprij − cpij
)

agiagj
, {> 0}

〉

,

〈idagi , {ú�•û, ú���‹û, ú�‹�÷-’û, ú�‘“‡ˆû, ú�¢‹„û, ú�‘‹„û}〉 ,
〈(

cpij ; cprij
)

, [−1, 1]
〉

,
〈

≪ gdhimas > η ≫, {true, false}
〉

,
〈

gdhimas, [−1, 1]
〉

,
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〈

≪ cnfhimas ≤ cnfhimash ≫, {true},
〉

,
〈

cnfhimas, [0, 1]
〉

,
〈

≪ cnfhimas > cnfhimash ≫, {true}
〉

, 〈η, [−1, 1]〉 ,
〈

cnfhimash , [0, 1]
〉

,

〈≪ metcolag = ú û ≫, {true}〉 ,

〈≪ metcolag = ú¬®§£®¢®© èâãà¬ á −�¢®¤ïé¨¬¨ ¢®¯à®á�¬¨û ≫, {true}〉 ,

〈≪ metcolag = ú¯ã« ¬®§£®¢®© §�¯¨á¨û ≫, {true}〉 ,

〈≪ metcolag = ú®á¯�à¨¢�−¨¥ ®£à�−¨ç¥−¨©û ≫, {true}〉 ,

〈≪ metcolag = úª®−ªãà¥−æ¨ï §� ¢®§−�£à�¦¤¥−¨¥û ≫, {true}〉 ,

〈≪ metcolag = ú¨−¢¥àâ¨à®¢�−¨¥ æ¥«¥© �‘û ≫, {true}〉 , 〈vii, 0〉, 〈v00, ∅〉,

〈≪ vij = 1≫, {true}〉, 〈≪ vij = 2≫, {true}〉, 〈≪ vij = 3≫, {true}〉,

〈≪ vij = 4≫, {true}〉, 〈≪ vij = 5≫, {true}〉,

〈≪ vij = 6≫, {true}〉, 〈≪ vij = 7≫, {true}〉,

〈v0j , {ú�•û, ú���‹û, ú�‹�÷-’û, ú�‘“‡ˆû, ú�¢‹„û, ú�‘‹„û}〉,

〈vi0, {ú�•û, ú���‹û, ú�‹�÷-’û, ú�‘“‡ˆû, ú�¢‹„û, ú�‘‹„û}〉
}

;

VE =
{

〈node, , (x2i ; y
2
i ), , ,mnpi〉, 〈edge 1, |, ((x2i ; y

2
i ), (x

2
j ; y
2
j )), [0, 100] :

c ∼ dij, [0, 10] : l ∼ dij ,mnp2〉, 〈edge 2, - - -, ((x2i ; y
2
i ), (x

2
j ; y
2
j )), [0, 100] :

c ∼ dij , [0, 10] : l ∼ dij ,mnp2〉, 〈label, úevidagi û, (x2
i+|idag

id
|
= x2i +

+ 0,5; y2
i+|idag

id
|
= y2i + 0,5)|(x

2
i ; y
2
i )| ª®®à¤¨−�âë ¢¥àè¨−ë ®â−®áïâáï ª ¢¥àå−¥©

¯®«ã¯«®áª®áâ¨ Point2 ˆ‹ˆ
(

x2
i+|idag

id
|
= x2i + 0,5; y

2
i+|idag

id
|
= y2i − 0,5

)

|
(

x2i ; y
2
i

)

®â−®áïâáï ª −¨¦−¥© ¯®«ã¯«®áª®áâ¨ Point2, 100, 10〉, 〈label n, úevcpij
; evcprij û,

(

0,5(x2i + x2j); 0,5(y
2
i + y2j )

)

, 100, 10〉, 〈pic g, , (x11; y
1
1), 100 : ú¥á«¨

gdhimas > η, ¨−�ç¥ 50û 〉, 〈label g, úevgdhimasû, (x12; y
1
2), 100, 10〉, 〈pic ch,

, (x14; y
1
4), 100 : ú¥á«¨ cnfhimas < cnfhimash , ¨−�ç¥ 50û〉, 〈label á,

úevcnfhimasû, (x15; y
1
5), 100, 10〉, 〈pic c, , (x14; y

1
4)〉, 〈label pg, úevgdhimasû,

x13; y
1
3), 100, 10〉, 〈label pá, ú> evcnfhimash

û, (x16; y
1
6), 100, 10〉, 〈pic 0, ,

(x17; y
1
7)〉, 〈pic bs, , (x17; y

1
7)〉, 〈pic brp, , (x17; y

1
7)〉, 〈pic rest, ,

(x17; y
1
7)〉, 〈pic comp, , (x17; y

1
7)〉, 〈pic inv, , (x17; y

1
7〉, 〈pic d, ,

(x3i ; y
3
i )〉, 〈sq 0, , (x30; y

3
0)〉, 〈pic 00, , (x3i ; y

3
j )〉, 〈pic stop, ,

(x3i ; y
3
j )〉, 〈pic dis, , (x3i ; y

3
j )〉, 〈pic dlg, , (x3i ; y

3
j )〉, 〈pic vote, ,

(x3i ; y
3
j )〉, 〈pic smod, , (x3i ; y

3
j )〉, 〈pic ign, , x3i ; y

3
j )〉, 〈label clm, úevv0j û,

(x30; (y
3
j+1− y3j )/2), 100, 10〉, 〈label str, úevvi0

û, (x3i ; (y
3
1 − y30)/2, 100, 10〉

}

, ¯à¨-
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ç¥¬ à¥¡à®, ¨−æ¨¤¥−â−®¥ i-© ¨ j-© ¢¥àè¨−�¬, á®¥¤¨−ï¥â æ¥−âàë íâ¨å ¢¥àè¨−,

ª®®à¤¨−�âë ª®â®àëå (x2i ; y
2
i ) ¨ (x2j ; y

2
j ). Œ�âà¨æ� tsvem×m =

∥

∥

∥
(x3i ; y

3
j )uj

∥

∥

∥
,

i, j = 1,m, åà�−¨â ¯à¥¤§�¤�−−ë¥ ª®®à¤¨−�âë ¢¥àå−¨å «¥¢ëå ã£«®¢ ¯¨ªâ®-
£à�¬¬, ï¢«ïîé¨åáï í«¥¬¥−â�¬¨ ¬�âà¨æë Vm×m. ‚¥ªâ®à-áâ®«¡¥æ tsve clm =

=
∥

∥

∥
(x30; y

3
j )0j

∥

∥

∥
, j = 1,m, ¨ ¢¥ªâ®à-áâà®ª� tsve str =

∥

∥(x3i ; y
3
0)i0
∥

∥, i = 1,m,

á®¤¥à¦�â ª®®à¤¨−�âë «¥¢ëå ¢¥àå−¨å ã£«®¢ ª¢�¤à�â®¢ ¯à¥¤§�¤�−−®© à�§¬¥à−®áâ¨,
á®¤¥à¦�é¨å ¯®¤¯¨á¨ (idagi ¨§ v0j ¨ vi0) áâà®ª ¨ áâ®«¡æ®¢ â�¡«¨æë (®â®¡à�¦�¥â
¬�âà¨æã Vm×m), á®®â¢¥âáâ¢¥−−®. �� ¯à¨¬¥à¥ ª®««¥ªâ¨¢� �£¥−â®¢, à¥è�îé¥£®
§�¤�çã ¤¨�£−®áâ¨ª¨ à�ª� ¯®¤¦¥«ã¤®ç−®© ¦¥«¥§ë, idagid = {ú�•û, ú���‹û,

ú�‹�÷-’û, ú�‘“‡ˆû, ú�‚‹„û, ú�‘‹„û}. GCM = 〈(x1g; y
1
g)〉, g = 1, 7,

á®¤¥à¦¨â ª®®à¤¨−�âë «¥¢ëå ¢¥àå−¨å â®ç¥ª ¯¨ªâ®£à�¬¬ ¨ −�ç�« ¯®¤¯¨á¥© ®¡«�áâ¨
Point1. Š®®à¤¨−�âë −� à¥¯à¥§¥−â�æ¨¨ (á¬. à¨áã−®ª) à�ááç¨âë¢�îâáï (®¯à¥¤¥«¥−®
¢ VE) â®«ìª® ¤«ï ¯®¤¯¨á¥© ¢¥àè¨− ¨ à¥¡¥à £à�ä� ª®−ä«¨ªâ®¢.

÷�áá¬®âà¨¬ ¤�«¥¥ á¨−â�ªá¨á ¢¨§ã�«ì−®£® ï§ëª�, ®¯¨á�−−ë© á ¯®¬®éìî
÷��” [12], ¤®¯®«−¥−−ëå ®¯¥à�â®à�¬¨ ¯®§¨æ¨®−−®£® á¨−â�ªá¨á� [13, 14].

3 Синтаксис визуального языка

‚ −®â�æ¨¨ ÷��”, á®£«�á−® [12], ¨á¯®«ì§ãîâáï á«¥¤ãîé¨¥ á¨¬¢®«ë. �à�¢�ï
ç�áâì ¯à¥¤«®¦¥−¨ï ®â¤¥«ï¥âáï ®â «¥¢®© ç�áâ¨ à�¢¥−áâ¢®¬ ú=û. Š®−¥æ ¯à¥¤«®¦¥-
−¨ï ®¡®§−�ç�¥âáï â®çª®© ú.û. ‚�à¨�−âë à�§¤¥«ïîâáï §−�ª®¬ ú|û. Š¢�¤à�â−ë¥
áª®¡ª¨ ú[ ]û ®§−�ç�îâ −¥®¡ï§�â¥«ì−®áâì §�¯¨á�−−®£® ¢−ãâà¨ −¨å ¢ëà�¦¥−¨ï.
”¨£ãà−ë¥ áª®¡ª¨ ú{ }û | ¯®¢â®à¥−¨¥ §�¯¨á�−−®£® ¢−ãâà¨ ¢ëà�¦¥−¨ï | ¢®§-
¬®¦−®, 0 à�§ ¨«¨ á®£«�á−® ¬®¤¨ä¨ª�â®àã: ú*û | ¢ëà�¦¥−¨¥ ¢ áª®¡ª�å ¬®¦¥â
¯®¢â®àïâìáï −®«ì ¨«¨ ¡¥áª®−¥ç−®¥ ç¨á«® à�§; ú+û | ¢ëà�¦¥−¨¥ ¢ áª®¡ª�å ¬®¦¥â
¯®¢â®àïâìáï ®â 1 ¤® ¡¥áª®−¥ç−®£® ç¨á«� à�§; (fr, to) | ¢ëà�¦¥−¨¥ ¢ áª®¡ª�å
¬®¦¥â ¯®¢â®àïâìáï ®â fr ¤® to ç¨á«� à�§. Šàã£«ë¥ áª®¡ª¨ ú( )û ¨á¯®«ì§ãîâ-
áï ¤«ï £àã¯¯¨à®¢ª¨ á¨¬¢®«®¢ ÷��” (¥á«¨ −¥ §�¤�−® ¨−�ç¥, â® ¯®àï¤®ª |
á«¥¢� −�¯à�¢®). ‡�¯¨áì ú`A'..`Ÿ'û ®§−�ç�¥â «î¡®© á¨¬¢®« ¢ ¤¨�¯�§®−¥ ®â �
¤® Ÿ. �¥â¥à¬¨−�«ì−ë¥ á¨¬¢®«ë ¨ ¢¢¥¤¥−−ë¥ ¨¤¥−â¨ä¨ª�â®àë ¯¨ªâ®£à�¬¬ ¨ ä¨-
£ãà (¯®á«¥¤−¨¥ ¬®£ãâ ¡ëâì ®¯à¥¤¥«¥−ë ª�ª â¥à¬¨−�«ì−ë¥ á¨¬¢®«ë, â�ª ª�ª −¥
¯®¤¢¥à£�îâáï ¤�«ì−¥©è¥¬ã à�§¡®àã) §�ª«îç¥−ë ¢ ã£«®¢ë¥ áª®¡ª¨ 〈 ¨ 〉 (¢ áâ�−-
¤�àâ¥ [12] ®−¨ ®¯ãé¥−ë). ’¥à¬¨−�«ì−ë¥ á¨¬¢®«ë §�ª«îç�îâáï ¢ ®¤¨−�à−ë¥
ª�¢ëçª¨ (−�¯à¨¬¥à, `,'). Š®−ª�â¥−�æ¨ï ®¯à¥¤¥«ï¥âáï á¨¬¢®«®¬ ú,û (§�¯ïâ�ï).

‚¢¥¤¥¬ ¤®¯®«−¨â¥«ì−ë¥ £à�ä¨ç¥áª¨¥ á¨¬¢®«ë: 〈str0〉 = | −¥¯à®§à�ç-
−ë© ¡¥«ë© ¯àï¬®ã£®«ì−¨ª ¤«ï ®¯¨á�−¨ï ®âáâã¯®¢ ¬¥¦¤ã ¯®¤¯¨áï¬¨ ¢ Point1;
〈sq〉 = | ¤«ï ®à£�−¨§�æ¨¨ ¯®¤¯¨á¥© áâà®ª ¨ áâ®«¡æ®¢ â�¡«¨æë ¢ Point3.
÷�áè¨à¨¬ £à�¬¬�â¨ªã ÷��” ®¯¥à�â®à�¬¨:

{ úis underû | ¯¥à¢�ï £à�ä¨ç¥áª�ï ª®−áâàãªæ¨ï (ƒŠ) («¥¢ë© �à£ã¬¥−â (‹�)),
¤®«¦−� á«¥¤®¢�âì áà�§ã ¯®¤ ¢â®à®© (¯à�¢ë© �à£ã¬¥−â (��));
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{ úcontainsû | ¯¥à¢�ï ƒŠ (‹�) á®¤¥à¦¨â ¢â®àãî (��);

{ úis associated withû | ¯¥à¢�ï ƒŠ (‹�) àï¤®¬ á® ¢â®à®© (��); ¨á¯®«ì§ã¥âáï
¤«ï ú¯à¨¢ï§ª¨û −�¤¯¨á¥© ª «¨−¨ï¬ (à¥¡à�¬) ¨ ä¨£ãà�¬ (¢¥àè¨−�¬); ¥á«¨
−�¤¯¨á¨ ã ¢¥àè¨− £à�ä� ª®−ä«¨ªâ� á®¢¯�¤�îâ, â® íâ® ®¤−� ¨ â� ¦¥ ¢¥àè¨−�;

{ úputû | ƒŠ (‹�) ¯®¬¥é�¥âáï ¢ ª®®à¤¨−�âë, §�¤�−−ë¥ ¢ ��;

{ úis connected toû | ¯¥à¢�ï ƒŠ (‹�) á®¥¤¨−ï¥âáï á® ¢â®à®© (��), ¯à¨ç¥¬
«¨−¨ï (à¥¡à® £à�ä�) −¥ ¬®¦¥â á®¥¤¨−ïâì ä¨£ãàã (¢¥àè¨−ã) á á�¬®© á®¡®©.

Œ−®¦¥áâ¢® ¯à�¢¨« RULE á¨−â�ªá¨á� VS (1) ¯à¥¤áâ�¢«¥−® ¤�«¥¥:

<representation> = <tsve> is under (<gcm><uklad>).
<gcm> = (<label_g> is under <pic_g>) (<label_pg> is under
<label_g>) (<str0> is under <label_pg>) ((<pic_c>|<pic_ch>) is
under <str0>) (<label_c> is under (<pic_c>|<pic_ch>)) (<label_pc>
is under <label_c>) (<str0> is under <label_pc>) ((<pic_0> |
<pic_bs> | <pic_brp> | <pic_rest> | <pic_comp> | <pic_inv>) is
under <str0>).
<label_g> = ¢0£ | (¢0,£, <num>[<num>]).
<label_c> = <label_g>.
<label_pg> = <label_pc>.
<label_pc> = ¢>£ , <label_g>.
<num> = ¢0£..¢9£.
<uklad> = {<lnode>}(2,20) | {<lnode> {is connected to <edge> is
connected to <lnode>}(0,19)}(1,20).
<lnode> = [(<label> put <coord>) is associated with] (<node> put
<coord>).
<label> = ¢á£,{- | _ | ¢á£..¢ñ£}(1,5).
<coord> = <coor> , <coor>.
<coor> = <num>|(¢0£|<num>, ¢,£ , <num>[<num>]).
<edge> = (<edge_1> | <edge_2>) [is associated with (<label_n> put
<coord>)].
<label_n> = <label_g> , ¢;£ , <label_g>.
<tsve> = {<t_str> is under <t_str>}(2,20) is under <t_col__name>.
<t_col_name> = <sq_0> , {<sq> contains <label_str>}(2,20).
<t_str> = (<sq> contains <label_clm>) , {<pic_d> | <pic_ign> |
<pic_smod> | <pic_vote> | <pic_dlg> | <pic_dis> | <pic_stop> |
<pic_00>}(2,20) .
<label_str> = <label_clm>.
<label_clm> = <label>.

4 Заключение

‚ à�¡®â¥ ¢¨§ã�«ì−ë© ï§ëª à¥¯à¥§¥−â�æ¨¨ ¯à®æ¥áá� ã¯à�¢«¥−¨ï ª®−ä«¨ªâ�¬¨
¢ ƒ¨ˆŒ�‘ ®¯à¥¤¥«¥− á¢®¨¬ á«®¢�à¥¬, á¨−â�ªá¨á®¬, á¥¬�−â¨ª®© ¨ ¯à�£¬�â¨-
ª®©. ÷¥¯à¥§¥−â�æ¨ï ¨−â¥£à¨àã¥â ¯¨ªâ®£à�ä¨ç¥áªãî, ¢¨§ã�«ì−ãî ¨ ç¨á«¥−−ãî
¨−ä®à¬�æ¨î. Š®−ªà¥â−ë© á¨−â�ªá¨á ï§ëª� §�¯¨á�− á ¯®¬®éìî ÷��”, ¤®-
¯®«−¥−−ëå ®¯¥à�â®à�¬¨ ¯®§¨æ¨®−−®£® á¨−â�ªá¨á�. �à�£¬�â¨ª� ï§ëª� ¯®§¢®«ï¥â
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¯®«ì§®¢�â¥«î ¯à®á¬®âà¥âì ¢¥áì ¢¨§ã�«ì−ë© àï¤ ª®−ä«¨ªâ� ¬¥¦¤ã �£¥−â�¬¨, á¬¥-
−ã −�¯àï¦¥−−®áâ¨ ¨ áâà�â¥£¨¨ à�§à¥è¥−¨ï ª®−ä«¨ªâ®¢ ¯®è�£®¢®. ‚ ¯¥àá¯¥ªâ¨¢¥
¬®¦−® à�§¢¨âì ¢¨§ã�«ì−ë© ï§ëª, ¤¥â�«¨§¨à®¢�¢ ®¯¨á�−¨¥ á¨−â�ªá¨á� ¨ ¢ª«îç¨¢
¢ −¥£® ª®®à¤¨−�â−ãî ¯à¨¢ï§ªã ¯®¤¯¨á¥© â�ªãî, çâ®¡ë ¬¨−¨¬¨§¨à®¢�âì −�«®¦¥-
−¨ï −� ¤àã£¨¥ í«¥¬¥−âë.
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A VISUAL LANGUAGE OF THE REPRESENTATION
OF THE CONFLICT MANAGEMENT PROCESS

IN HYBRID INTELLIGENT MULTIAGENT SYSTEMS
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of Sciences, 44-2 Vavilov Str., Moscow 119333, Russian Federation

Abstract: Hybrid intelligent multiagent systems (HyIMAS) with problem- and
process-oriented conflicts and a visual representation of the conflictological aspect
are relevant to the group dynamics of a team of experts in various fields solving the
problem. Conflict management in HyIMAS will allow suppressing destructive
aspects of conflicts and stimulating the constructive ones. Visualization of
a conflict situation makes the arising contradictions contrast visible. It provides
the user with a quick understanding of which members of the team and at what
stages the conflict occurs, what type and tension it is, which method of collective
reasoning of specialist agents has made the greatest contribution to the process
of stimulating a constructive conflict, and, also, at what stage the conflict is
minimized. Also, it shows all used strategies for resolving conflicts and subgroups
in the team of agents. A visual language of the representation is proposed. The
syntax of the language is described using extended Backus{Naur forms augmented
with positional syntax operators.
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ПРИЧИННО-СЛЕДСТВЕННЫЕ СВЯЗИ В ЗАДАЧАХ АНАЛИЗА
НЕНАБЛЮДАЕМЫХ СВОЙСТВ ПРОЦЕССОВ

А. А. Грушо1, М. И. Забежайло2, В. В. Кульченков3, Д. В. Смирнов4,
Е. Е. Тимонина5, С. Я. Шоргин6

�−−®â�æ¨ï: �à¨ à¥�«¨§�æ¨¨ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© (ˆ’) ¢®§−¨ª�îâ
¯®á«¥¤®¢�â¥«ì−®áâ¨ ®¡ê¥ªâ®¢, ª®â®àë¥ ¬®¦−® ¨¤¥−â¨ä¨æ¨à®¢�âì, −® á¢®©áâ¢�
ª®â®àëå âàã¤−® ¨«¨ −¥¢®§¬®¦−® −�¡«î¤�âì. ‚ −¥ª®â®àëå ®¡ê¥ªâ�å â�ª®©
¯®á«¥¤®¢�â¥«ì−®áâ¨ ¬®¦¥â ¯®ï¢«ïâìáï −¥−�¡«î¤�¥¬®¥ á¢®©áâ¢® A, ¢ëï¢«¥−¨¥
ª®â®à®£® ¯à¥¤áâ�¢«ï¥â ¨−â¥à¥á. „«ï ¢ëï¢«¥−¨ï ®¡ê¥ªâ®¢ á® á¢®©áâ¢®¬ A
¯à¨å®¤¨âáï ¨á¯®«ì§®¢�âì ¯®¨áª á«¥¤áâ¢¨© á¢®©áâ¢� A ª�ª ¯à¨ç¨−ë ¯®ï¢«¥-
−¨ï â�ª¨å á«¥¤áâ¢¨©. …á«¨ à�áá¬�âà¨¢�¥âáï ¯®á«¥¤®¢�â¥«ì−®áâì ®¡ê¥ªâ®¢,
¢ ª®â®à®© ¬®£ãâ ¯®ï¢¨âìáï ®¡ê¥ªâë á® á¢®©áâ¢®¬ A, â® ¢®§−¨ª�îâ §�¤�ç¨
®æ¥−ª¨ ¢¥à®ïâ−®áâ¨ áãé¥áâ¢®¢�−¨ï «®¦−ëå ®¡ê¥ªâ®¢ á ¢ëï¢«¥−−ë¬ á¢®©-
áâ¢®¬ A, ª®£¤� ¥£® −� á�¬®¬ ¤¥«¥ −¥â («®¦−ë¥ âà¥¢®£¨), ¨ ®æ¥−ª¨ ¢¥à®ïâ−®áâ¨
¯à®¯ãáª� ®¡ê¥ªâ� á® á¢®©áâ¢®¬ A. ‚ à�¡®â¥ ¨á¯®«ì§®¢�−� ¤¥â¥à¬¨−¨à®¢�−-
−®áâì ¯®ï¢«¥−¨ï á«¥¤áâ¢¨© ¯à¨ ¢®§−¨ª−®¢¥−¨¨ ¯à¨ç¨−ë, ¥á«¨ áãé¥áâ¢ã¥â
¢§�¨¬®¤¥©áâ¢¨¥ ®¡ê¥ªâ�, á®¤¥à¦�é¥£® ¯à¨ç¨−ã, á ®¡ê¥ªâ®¬, á®¤¥à¦�é¨¬ −�-
¡«î¤�¥¬®¥ á«¥¤áâ¢¨¥. �à¨ íâ®¬ ¤®¯ãáª�¥âáï áãé¥áâ¢®¢�−¨¥ èã¬�, ª®â®àë©
§�âàã¤−ï¥â −�¡«î¤¥−¨¥ á«¥¤áâ¢¨ï, ª®£¤� ®−® ¥áâì, ¨ ¬®¦¥â á®§¤�âì «®¦−®¥
á«¥¤áâ¢¨¥, ª®£¤� ¯à¨ç¨−� ®âáãâáâ¢ã¥â. �®áâà®¥−−�ï ¢ à�¡®â¥ ¬¥â®¤®«®£¨ï
®æ¥−ª¨ ¢¥à®ïâ−®áâ¨ ¢ëï¢«¥−¨ï ®¡ê¥ªâ®¢ á® á¢®©áâ¢®¬ A ¤®áâ�â®ç−® ¯à®áâ�
¢ ¨á¯®«ì§®¢�−¨¨, −® ¨¬¥¥â ¢�¦−®¥ §−�ç¥−¨¥ ¢ ®æ¥−ª¥ à�§à¥è¨¬®áâ¨ §�¤�ç¨
¯®¨áª�.

Š«îç¥¢ë¥ á«®¢�: ¯à¨ç¨−−®-á«¥¤áâ¢¥−−ë¥ á¢ï§¨; ¢¥à®ïâ−®áâ−ë© �−�«¨§
®è¨¡®ª; ¯®¨áª á¢®©áâ¢� ¢ −¥−�¡«î¤�¥¬ëå ¤�−−ëå
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¤�âì. ‚ −¥ª®â®àëå ®¡ê¥ªâ�å â�ª®© ¯®á«¥¤®¢�â¥«ì−®áâ¨ ¬®£ãâ ¯®ï¢«ïâìáï á¢®©-
áâ¢�, ¢ëï¢«¥−¨¥ ª®â®àëå ¯à¥¤áâ�¢«ï¥â ¨−â¥à¥á. ’�ª¨¥ á¢®©áâ¢� ¬®£ãâ á«ã¦¨âì
¯à¨ç¨−®© ¯®ï¢«¥−¨ï á«¥¤áâ¢¨© ¢ ¯à®æ¥áá�å, −�¡«î¤�¥¬ëå ¢ à�§«¨ç−ëå ¨−ä®à-
¬�æ¨®−−ëå ¯à®áâà�−áâ¢�å [1]. �âá«¥¦¨¢�ï ¯®ï¢«¥−¨¥ â�ª¨å á«¥¤áâ¢¨© ¨ ¨á-
¯®«ì§ãï ¯à¨ç¨−−®-á«¥¤áâ¢¥−−ë¥ á¢ï§¨, ¬®¦−® áã¤¨âì ® ¯®ï¢«¥−¨¨ ¯à¨ç¨−ë [2].
�á−®¢−®¥ á¢®©áâ¢® ¯à¨ç¨−−®-á«¥¤áâ¢¥−−ëå á¢ï§¥© á®áâ®¨â ¢ ¤¥â¥à¬¨−¨à®¢�−−®-
áâ¨ ¯®ï¢«¥−¨ï á«¥¤áâ¢¨© ¯à¨ ¢®§−¨ª−®¢¥−¨¨ ¯à¨ç¨−ë ¨ −�«¨ç¨¨ ¢§�¨¬®¤¥©áâ¢¨ï
¬¥¦¤ã ®¡ê¥ªâ®¬, á®¤¥à¦�é¨¬ ¯à¨ç¨−ã, ¨ ®¡ê¥ªâ®¬, á®¤¥à¦�é¨¬ á«¥¤áâ¢¨¥ [3].
��¯à¨¬¥à, −¥ ¢á¥ ˆ’ ¤®áª®−�«ì−® ®âá«¥¦¨¢�îâáï á«ã¦¡®© ¨−ä®à¬�æ¨®−−®©
¡¥§®¯�á−®áâ¨ (ˆ�). �¤−�ª® ¯à¨ ¯®ï¢«¥−¨¨ ¯à¨§−�ª®¢ �â�ª¨ ¨«¨ ¬®è¥−−¨ç¥áâ¢�
¢ −�¡«î¤�¥¬ëå ¯à®æ¥áá�å ¬®−¨â®à¨−£� ¯à¨−¨¬�¥âáï à¥è¥−¨¥ ® áãé¥áâ¢®¢�−¨¨
®¯�á−®áâ¨ [4], â. ¥. −�¡«î¤�¥¬ë¥ á®¡ëâ¨ï ï¢«ïîâáï á«¥¤áâ¢¨¥¬ −�àãè¥−¨ï ˆ�
¢ −¥−�¡«î¤�¥¬ëå ®¡ê¥ªâ�å ®¤−®© ¨§ ¢ë¯®«−ï¥¬ëå ˆ’.

‚ ¡�−ª®¢áª®© áä¥à¥, à�áá¬�âà¨¢�ï ¯®á«¥¤®¢�â¥«ì−®áâì §�ï¢®ª −� ¯®«ãç¥−¨¥
ªà¥¤¨â�, −¥®¡å®¤¨¬® ¢ëï¢«ïâì ª«¨¥−â®¢, ¯à¥¤áâ�¢¨¢è¨å −¥¯à�¢¨«ì−ë¥ ¤�−−ë¥
® á¢®¥¬ ä¨−�−á®¢®¬ á®áâ®ï−¨¨, â. ¥. ¤�−−ë¥ ª«¨¥−â� ¬®¦−® à�áá¬�âà¨¢�âì ª�ª
−¥−�¡«î¤�¥¬ë© á â®çª¨ §à¥−¨ï ¤®áâ®¢¥à−®áâ¨ ®¡ê¥ªâ, ª®â®àë© ¬®¦¥â á®¤¥à¦�âì
¯à¨ç¨−ã ®âª�§� ¢ ¢ë¤�ç¥ ªà¥¤¨â�. ˆ¤¥−â¨ä¨ª�æ¨ï −�«¨ç¨ï ¯à¨ç¨−ë −¥¢ë¤�-
ç¨ ªà¥¤¨â� −�å®¤¨âáï ¢ á«¥¤áâ¢¨ïå, ª®â®àë¥ ¬®¦−® −�©â¨ ¢ ¤®¯®«−¨â¥«ì−®©
¨−ä®à¬�æ¨¨ ® ª«¨¥−â¥ ¢ á¯¥æ¨�«ì−ëå ¡�§�å ¤�−−ëå ¢−¥ ¡�−ª�.

�à¨¢¥¤¥¬ ¥é¥ ¯à¨¬¥à, ª®â®àë© á¢ï§�− á ãâ¥çª�¬¨ ª®−ä¨¤¥−æ¨�«ì−®© ¨−ä®à-
¬�æ¨¨. �ãáâì ¯à®â¨¢−¨ª ¨á¯®«ì§ã¥â ¤«ï ªà�¦¨ æ¥−−®© ¨−ä®à¬�æ¨¨ áªàëâë©
ª�−�« [5]. �® ®¯à¥¤¥«¥−¨î á«ã¦¡� ¡¥§®¯�á−®áâ¨ −¥ ¬®¦¥â −¥¯®áà¥¤áâ¢¥−−®
−�¡«î¤�âì äã−ªæ¨®−¨à®¢�−¨¥ íâ®£® ª�−�«�, ®¤−�ª® äã−ªæ¨®−¨à®¢�−¨¥ áªàë-
â®£® ª�−�«� ¯®à®¦¤�¥â á®¡ëâ¨ï ¢ à�§«¨ç−ëå ¯à®æ¥áá�å, ¯®§¢®«ïîé¨å á¤¥«�âì
§�ª«îç¥−¨¥ ® ¥£® áãé¥áâ¢®¢�−¨¨. �à¨ç¨−� ãâ¥çª¨ ª®−ä¨¤¥−æ¨�«ì−®© ¨−ä®à-
¬�æ¨¨ | íâ® áªàëâë© ª�−�«, ª®â®àë© ¢ëï¢«ï¥âáï ç¥à¥§ á«¥¤áâ¢¨ï, ¤®áâã¯−ë¥
¤«ï −�¡«î¤¥−¨ï ¢ ¤àã£¨å ¨−ä®à¬�æ¨®−−ëå ¯à®áâà�−áâ¢�å. �à¨ íâ®¬ −¥ª®â®àë¥
¯à¨§−�ª¨ áªàëâ®£® ª�−�«� −�áâ®«ìª® ¬�«®§�¬¥â−ë, çâ® à¥è¥−¨¥ ® ¤�«ì−¥©è¨å
¤¥©áâ¢¨ïå −�¤® ¯à¨−¨¬�âì ¯® ¬−®¦¥áâ¢ã −�¡«î¤�¥¬ëå ¯à¨§−�ª®¢ [6].

‚ à�¡®â¥ à�áá¬�âà¨¢�¥âáï §�¤�ç� ¢¥à®ïâ−®áâ−®© ®æ¥−ª¨ ¢®§¬®¦−®áâ¨ ¢ë-
ï¢«¥−¨ï ¢ ®¡ê¥ªâ�å −¥ª®â®à®© ¯®á«¥¤®¢�â¥«ì−®áâ¨ −�«¨ç¨ï ¨«¨ ®âáãâáâ¢¨ï −¥−�-
¡«î¤�¥¬®£® á¢®©áâ¢�, ª®â®à®¥ áâ�−®¢¨âáï ¯à¨ç¨−®© àï¤� á«¥¤áâ¢¨©. ˆ¬¥−−® ¯®
á«¥¤áâ¢¨ï¬ ¨áª®¬®£® á¢®©áâ¢� ª�ª ¯à¨ç¨−ë, ª®â®àë¥ ã¤�¥âáï −�¡«î¤�âì ¢ ¯à®æ¥á-
á�å ¤àã£¨å ¨−ä®à¬�æ¨®−−ëå ¯à®áâà�−áâ¢, ¢§�¨¬®¤¥©áâ¢ãîé¨å á �−�«¨§¨àã¥¬ë¬
®¡ê¥ªâ®¬, ã¤�¥âáï ¢ëï¢«ïâì −�«¨ç¨¥ íâ®£® á¢®©áâ¢�. �®â®ª ®¡ê¥ªâ®¢ áç¨â�¥âáï
¤¨áªà¥â−ë¬, � −�¡«î¤�¥¬ë¥ ¨−ä®à¬�æ¨®−−ë¥ ¯à®áâà�−áâ¢� ¬®£ãâ −¥§�¢¨á¨¬®
¤àã£ ®â ¤àã£� ¢−®á¨âì èã¬, ª®â®àë© ¬®¦¥â áªàëâì ¯®ï¢«¥−¨¥ −¥ª®â®àëå á«¥¤-
áâ¢¨© ¨«¨ ¯®à®¤¨âì ®¡ê¥ªâë, £¤¥ á«ãç�©−® ®¯à¥¤¥«ïîâáï ¨áª®¬ë¥ á«¥¤áâ¢¨ï.
‘ç¨â�¥¬, çâ® ¯à¥¤¢�à¨â¥«ì−ë¥ ¨áá«¥¤®¢�−¨ï ¯®§¢®«¨«¨ ¢ëï¢¨âì ¨áª®¬ë¥ á«¥¤-
áâ¢¨ï ¨−â¥à¥áãîé¥© −�á ¯à¨ç¨−ë [2].

�à¨ ¤«¨â¥«ì−®¬ −�¡«î¤¥−¨¨ §� ®¡ê¥ªâ�¬¨ ¯®á«¥¤®¢�â¥«ì−®áâ¨, ¢ ª®â®àëå
¢®§¬®¦−® ¯®ï¢«¥−¨¥ ¨áª®¬®£® á¢®©áâ¢�, −�¤® ¤®¯ãáª�âì ¯®ï¢«¥−¨¥ «®¦−ëå âà¥-
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�à¨ç¨−−®-á«¥¤áâ¢¥−−ë¥ á¢ï§¨ ¢ §�¤�ç�å �−�«¨§� −¥−�¡«î¤�¥¬ëå á¢®©áâ¢ ¯à®æ¥áá®¢

¢®£ [7, 8]. ‘«¥¤ã¥â ¨§¡¥£�âì â�ª®© á¨âã�æ¨¨, â�ª ª�ª ¢ ãá«®¢¨ïå −¥−�¡«î¤�-
¥¬ëå á¢®©áâ¢ ®¡ê¥ªâ®¢ ¨áá«¥¤ã¥¬®£® ¯à®æ¥áá� âàã¤−® ¯à®¢¥à¨âì, ï¢«ï¥âáï «¨
âà¥¢®£� «®¦−®©. ’�ª¨¬ ®¡à�§®¬, áç¨â�¥¬, çâ® ¥áâì ¯®á«¥¤®¢�â¥«ì−®áâì ¨¤¥−â¨-
ä¨æ¨àã¥¬ëå ¨−ä®à¬�æ¨®−−ëå ®¡ê¥ªâ®¢ á −¥¨§¢¥áâ−ë¬¨ á¢®©áâ¢�¬¨, ¢ ª®â®à®©
−¥ª®â®àë¥ ®¡ê¥ªâë ¬®£ãâ ®¡«�¤�âì ¨−â¥à¥áãîé¨¬ −�á á¢®©áâ¢®¬.

2 Вероятностный анализ задачи выявления причины по следствиям

÷�áá¬®âà¨¬ ä¨ªá¨à®¢�−−ãî ¯®á«¥¤®¢�â¥«ì−®áâì ¤«¨−ë N ®¤−®à®¤−ëå ®¡ê-
¥ªâ®¢, ª®â®àë¥ à¥�«¨§ãîâáï ¢ â¥ç¥−¨¥ ®£à�−¨ç¥−−®£® ®âà¥§ª� ¢à¥¬¥−¨. ‚ ¯®á«¥-
¤®¢�â¥«ì−®áâ¨ ¢®§¬®¦−® ¯®ï¢«¥−¨¥ ®¡ê¥ªâ®¢ O, ¢ ª®â®àëå ¨¬¥¥âáï á¢®©áâ¢® A.
„«ï ¢ëï¢«¥−¨ï á¢®©áâ¢� A ¢®§¬®¦−® −�¡«î¤¥−¨¥ ¯�à�««¥«ì−ëå ¯à®æ¥áá®¢ ¢ ¨−-
ä®à¬�æ¨®−−ëå ¯à®áâà�−áâ¢�å U1, U2, . . . , Uk, ª®â®àë¥ ¨¬¥îâ ä¨§¨ç¥áªãî á¢ï§ì
á ®¡ê¥ªâ�¬¨ ¨áå®¤−®© ¯®á«¥¤®¢�â¥«ì−®áâ¨ ¨ ¢ ª®â®àëå ¬®¦¥â ¢®§−¨ª−ãâì á«¥¤-
áâ¢¨¥ á¢®©áâ¢� A.

�à¥¤¯®«®¦¨¬, çâ® ¯à¥¤¢�à¨â¥«ì−®¥ ¨áá«¥¤®¢�−¨¥ ¯®ª�§�«®, çâ® á¢®©áâ¢® A
áâ�«® ¯à¨ç¨−®© ¯®ï¢«¥−¨ï á«¥¤áâ¢¨© B1, B2, . . . , Bk ¢ á®®â¢¥âáâ¢ãîé¨å ¯à®-
áâà�−áâ¢�å U1, U2, . . . , Uk. �â® ®§−�ç�¥â, çâ® ¢ á«ãç�¥ ¯®ï¢«¥−¨ï ¢ ¨áå®¤−®©
¯®á«¥¤®¢�â¥«ì−®áâ¨ ®¡ê¥ªâ� O, á®¤¥à¦�é¥£® A, ¢ ¯à®áâà�−áâ¢�å U1, U2, . . . , Uk
¢®§−¨ª−ãâ á®®â¢¥âáâ¢ãîé¨¥ ®¡ê¥ªâë B1, B2, . . . , Bk. �¤−�ª® ¢ ª�¦¤®¬ ¨§ íâ¨å
¯à®áâà�−áâ¢ ¤¥©áâ¢ã¥â −¥§�¢¨á¨¬ë© èã¬, ª®â®àë© ¬®¦¥â áªàëâì ®â −�¡«î¤�â¥-
«ï ¯®ï¢«¥−¨¥ á®®â¢¥âáâ¢ãîé¥£® á«¥¤áâ¢¨ï ¯à¨ç¨−ë A ¨«¨, −�®¡®à®â, ¯®ª�§�âì
¯®ï¢«¥−¨¥ â�ª®£® á«¥¤áâ¢¨ï, ª®£¤� A ®âáãâáâ¢ã¥â.

„«ï ¯à®áâ®âë ¡ã¤¥¬ áç¨â�âì, çâ® ¯à®ï¢«¥−¨¥ èã¬� ¢® ¢á¥å ¯à®áâà�−áâ¢�å
U1, U2, . . . , Uk ®¤¨−�ª®¢®, â. ¥. −¥¢ëï¢«¥−¨¥ á«¥¤áâ¢¨ï, ª®£¤� á¢®©áâ¢® A ¯à¨áãâ-
áâ¢ã¥â ¢ �−�«¨§¨àã¥¬®¬ ®¡ê¥ªâ¥, ¯à®¨áå®¤¨â −¥§�¢¨á¨¬® ®â ®áâ�«ì−ëå ¯à®æ¥áá®¢
á ¢¥à®ïâ−®áâìî 1 − p, � ¢ëï¢«¥−¨¥ â�ª®£® á«¥¤áâ¢¨ï, ª®£¤� á¢®©áâ¢® A ¢ �−�«¨-
§¨àã¥¬®¬ ®¡ê¥ªâ¥ ®âáãâáâ¢ã¥â, ¯à®¨áå®¤¨â −¥§�¢¨á¨¬® á ¢¥à®ïâ−®áâìî q. Šà®¬¥
â®£®, ¯à¥¤¯®«®¦¨¬, çâ® ¯®ï¢«¥−¨¥ ¢ ¨áå®¤−®© ¯®á«¥¤®¢�â¥«ì−®áâ¨ ®ç¥à¥¤−®£®
®¡ê¥ªâ� á® á¢®©áâ¢®¬ A ¯à®¨áå®¤¨â −¥§�¢¨á¨¬® á ¢¥à®ïâ−®áâìî f . �� ®á−®¢�−¨¨
íâ¨å ¯à¥¤¯®«®¦¥−¨© ¨ ãá«®¢¨© −¥§�¢¨á¨¬®áâ¨ ¬®¦−® ¢ë¯¨á�âì ¢¥à®ïâ−®áâ¨ ¯®-
ï¢«¥−¨ï s ¨§ k á«¥¤áâ¢¨© ¯à¨ç¨−ë A. …á«¨ ¯à¨ç¨−� A ¢®§−¨ª−®¢¥−¨ï á«¥¤áâ¢¨©
¯à¨áãâáâ¢ã¥â ¢ �−�«¨§¨àã¥¬®¬ ®¡ê¥ªâ¥, â®

P1(s) =

(

k
s

)

ps(1 − p)k−s , (1)

¨«¨, ¥á«¨ ¯à¨ç¨−� A ¢ �−�«¨§¨àã¥¬®¬ ®¡ê¥ªâ¥ ®âáãâáâ¢ã¥â, â®

P0(s) =

(

k
s

)

qs(1 − q)k−s . (2)

ˆá¯®«ì§ãï ä®à¬ã«ë (1) ¨ (2), ¬®¦−® ®¯à¥¤¥«¨âì ¯®à®£ ¯à¨−ïâ¨ï à¥è¥−¨ï
® −�«¨ç¨¨ A ¨«¨ ®âáãâáâ¢¨¨ A (¡ã¤¥¬ ®¡®§−�ç�âì ®âáãâáâ¢¨¥ A ç¥à¥§ A). �¡®§−�-
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ç¨¬ ç¥à¥§ {υ(A) ≥ s} á®¡ëâ¨¥, ¯® ª®â®à®¬ã ¯à¨−¨¬�¥âáï à¥è¥−¨¥ ® −�«¨ç¨¨ A.
’®£¤� ¢¥à®ïâ−®áâì á®¡ëâ¨ï {υ(A) ≥ s} ¯à¨ ãá«®¢¨¨ −�«¨ç¨ï A à�¢−�

P1 = P(υ(A) ≥ s|A) =
k
∑

i=s

P1(i) . (3)

‚ á«ãç�¥ A ¯à¨−ïâ¨¥ «®¦−®© âà¥¢®£¨ ® ¯®ï¢«¥−¨¨ A ®¯¨áë¢�¥âáï ¢¥à®ïâ-
−®áâìî

P0 = P
(

υ(A) ≥ s|A
)

=
k
∑

i=s

P0(i) . (4)

Š�ª ¡ë«® ãª�§�−® ¢® ¢¢¥¤¥−¨¨, æ¥«ìî ¨áá«¥¤®¢�−¨ï áâ�¢¨âáï ®æ¥−ª� ¤«¨−ë
¯®á«¥¤®¢�â¥«ì−®áâ¨ ¤® ¯®ï¢«¥−¨ï «®¦−®© âà¥¢®£¨ ¨ ®æ¥−ª� ¢®§¬®¦−®áâ¨ ¯®â¥à¨
®¡ê¥ªâ� á ¯à¨ç¨−®© A. �à¨¢¥¤¥−−ë¥ ä®à¬ã«ë (3) ¨ (4) ¯®§¢®«ïîâ ¯®«ãç¨âì íâ¨
®æ¥−ª¨.

”®à¬ã«� (4) ¯®§¢®«ï¥â ®æ¥−¨âì á¢¥àåã ¬�â¥¬�â¨ç¥áª®¥ ®¦¨¤�−¨¥ E0 ç¨á«�
ç«¥−®¢ ¯®á«¥¤®¢�â¥«ì−®áâ¨ ¤® ¯®ï¢«¥−¨ï ¯¥à¢®© «®¦−®© âà¥¢®£¨, � ¨¬¥−−®:
¬�â¥¬�â¨ç¥áª®¥ ®¦¨¤�−¨¥ ç¨á«� ç«¥−®¢ ¯®á«¥¤®¢�â¥«ì−®áâ¨ ¨§ ¡¥áª®−¥ç−®© ¯®-
á«¥¤®¢�â¥«ì−®áâ¨ ¤® ¯®ï¢«¥−¨ï ¯¥à¢®© «®¦−®© âà¥¢®£¨

E0 ≤
1

P0
. (5)

�¥à�¢¥−áâ¢® (5) ¢ ®æ¥−ª¥ −ã¦−®£® ¬�â¥¬�â¨ç¥áª®£® ®¦¨¤�−¨ï ¯®«ãç�¥âáï §�
áç¥â §�¬¥−ë ª®−¥ç−®© ¯®á«¥¤®¢�â¥«ì−®áâ¨ −� ¡¥áª®−¥ç−ãî.

’®£¤� ¬�â¥¬�â¨ç¥áª®¥ ®¦¨¤�−¨¥ ¤«¨−ë ¯®á«¥¤®¢�â¥«ì−®áâ¨ ®¡ê¥ªâ®¢ N∗, −¥
á®¤¥à¦�é¨å A ¨ «®¦−ëå âà¥¢®£, −�å®¤¨âáï ¨§ −¥à�¢¥−áâ¢� (5) ¨ à�¢¥−áâ¢�

E0 = EN
∗(1− f) .

ˆ§ ®£à�−¨ç¥−¨ï N ≤ EN∗ ¯®«ãç¨¬ ®æ¥−ªã, ¯à¨ ¢ë¯®«−¥−¨¨ ª®â®à®© −¥ ®¦¨¤�-
¥âáï ¯®ï¢«¥−¨ï «®¦−ëå âà¥¢®£.

�� ¤«¨−¥ ¯®á«¥¤®¢�â¥«ì−®áâ¨ N∗∗ ¢¥à®ïâ−®áâì P áãé¥áâ¢®¢�−¨ï å®âï ¡ë
®¤−®£® ¯à®¯ãé¥−−®£® ®¡ê¥ªâ�, á®¤¥à¦�é¥£® A, à�¢−�

P = 1− PN
∗∗

1 .

’�ª ª�ª ¯®ï¢«¥−¨¥ ®¡ê¥ªâ®¢ á® á¢®©áâ¢®¬ A ã¯à�¢«ï¥âáï áå¥¬®© �¥à−ã««¨
á ¢¥à®ïâ−®áâìî f , â®

P (N∗∗ = 0) = (1− f)N ;

P (N∗∗ = 1) = (1− f)N +

(

k
1

)

f(1− f)N−1 .
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�à¨ç¨−−®-á«¥¤áâ¢¥−−ë¥ á¢ï§¨ ¢ §�¤�ç�å �−�«¨§� −¥−�¡«î¤�¥¬ëå á¢®©áâ¢ ¯à®æ¥áá®¢

„«ï ¤®áâ�â®ç−® ¡®«ìè¨å N ¨ ¬�«ëå f , â�ª¨å çâ® Nf = λ, ¬®¦−® ¯®«�£�âì,
çâ® á ¡®«ìè®© ¢¥à®ïâ−®áâìî ç¨á«® N∗∗ à�á¯à¥¤¥«¥−® ¯® §�ª®−ã �ã�áá®−� á ¯�à�-
¬¥âà®¬ λ. �âáî¤� á«¥¤ã¥â, çâ® ¯à¨ ¤®áâ�â®ç−® ¡®«ìè¨å N á ¢¥à®ïâ−®áâìî e−λ

¢ë¯®«−ï¥âáï −¥à�¢¥−áâ¢®
P ≤ 1− (P1)

0 ,

� á ¢¥à®ïâ−®áâìî (λ/1)e−λ ¢ë¯®«−ï¥âáï −¥à�¢¥−áâ¢®

P ≤ 1− (P1)
1

¨ â. ¤.
�®áâà®¨¬ ¯à®áâ¥©è¨¥ ®æ¥−ª¨ ¤«ï §−�ç¥−¨© ¯�à�¬¥âà®¢, ª®â®àë¥ ª�¦ãâáï

¯à�¢¤®¯®¤®¡−ë¬¨. �ãáâì ç¨á«® á«¥¤áâ¢¨© k = 4; ¯®à®£ ¯à¨−ïâ¨ï ¯®«®¦¨-
â¥«ì−®£® à¥è¥−¨ï s = 2; ¢¥à®ïâ−®áâì ¢ëï¢«¥−¨ï á«¥¤áâ¢¨ï, ª®£¤� ®−® ¥áâì,
p = 2/3; ¢¥à®ïâ−®áâì ¢ëï¢«¥−¨ï á«¥¤áâ¢¨ï, ª®£¤� ¯à¨ç¨−� ®âáãâáâ¢ã¥â, q =
= 1/100; ¢¥à®ïâ−®áâì ¯®ï¢«¥−¨ï ®¡ê¥ªâ� á® á¢®©áâ¢®¬ A | f = 1/25; ¤«¨−�
¢á¥© ¯®á«¥¤®¢�â¥«ì−®áâ¨ ®¡ê¥ªâ®¢ N = 100. �à¨ íâ¨å §−�ç¥−¨ïå ¯�à�¬¥âà®¢

P1 =
8

9
; P0 =

6

104
.

ƒà�−¨ç−®¥ §−�ç¥−¨¥ N , ¯à¨ ª®â®à®¬ −¥ ®¦¨¤�¥âáï «®¦−®© âà¥¢®£¨, á®áâ�¢-
«ï¥â 1667. ‚¥à®ïâ−®áâì ¯à®¯ãáâ¨âì ®¡ê¥ªâ á® á¢®©áâ¢®¬ A ¯à¨ N∗∗ = λ = 4
®æ¥−¨¢�¥âáï ¢¥«¨ç¨−®© 0,346, � ¯à¨ N∗∗ = 5 íâ� ¢¥à®ïâ−®áâì à�¢−� 0,446.

�®«ìè�ï ¢¥à®ïâ−®áâì ¯à®¯ãáª� A á¢ï§�−� á ¢ëá®ª®© ¢¥à®ïâ−®áâìî èã¬�
¨ ®¦¨¤�¥¬® ¬�«ë¬ ç¨á«®¬ ®¡ê¥ªâ®¢ á® á¢®©áâ¢®¬ A. Š®£¤� ¢¥à®ïâ−®áâì ¨áª�¦¥-
−¨ï á«¥¤áâ¢¨ï ¬�«�, ¢¥à®ïâ−®áâì ¯à®¯ãáª� ¨áª®¬®£® á¢®©áâ¢� ¡ëáâà® áâà¥¬¨âáï
ª 0.

3 Заключение

�¥¢®§¬®¦−®áâì −�¡«î¤�âì ¨−â¥à¥áãîé¥¥ á¢®©áâ¢® A ¢ ¨¤¥−â¨ä¨æ¨à®¢�−−®¬
®¡ê¥ªâ¥ ¢®§−¨ª�¥â ç�áâ® ¢ á�¬ëå à�§−ëå ˆ’. „«ï ¢ëï¢«¥−¨ï ®¡ê¥ªâ®¢ á®
á¢®©áâ¢®¬ A ¯à¨å®¤¨âáï ¨á¯®«ì§®¢�âì ¯®¨áª á«¥¤áâ¢¨© á¢®©áâ¢� A ª�ª ¯à¨ç¨−ë
¯®ï¢«¥−¨ï â�ª¨å á«¥¤áâ¢¨©. …á«¨ à�áá¬�âà¨¢�¥âáï ¯®á«¥¤®¢�â¥«ì−®áâì ®¡ê¥ªâ®¢,
¢ ª®â®à®© ¬®£ãâ ¯®ï¢¨âìáï ®¡ê¥ªâë á® á¢®©áâ¢®¬ A, â® ¢®§−¨ª�îâ §�¤�ç¨ ®æ¥−ª¨
¢¥à®ïâ−®áâ¨ áãé¥áâ¢®¢�−¨ï «®¦−ëå ®¡ê¥ªâ®¢ á ¢ëï¢«¥−−ë¬ á¢®©áâ¢®¬ A, ª®£¤�
¥£® −� á�¬®¬ ¤¥«¥ −¥â («®¦−ë¥ âà¥¢®£¨), ¨ ®æ¥−ª¨ ¢¥à®ïâ−®áâ¨ ¯à®¯ãáª� ®¡ê¥ªâ�
á® á¢®©áâ¢®¬ A.

‚ à�¡®â¥ ¨á¯®«ì§®¢�−� ¤¥â¥à¬¨−¨à®¢�−−®áâì ¯®ï¢«¥−¨ï á«¥¤áâ¢¨© ¯à¨ ¢®§-
−¨ª−®¢¥−¨¨ ¯à¨ç¨−ë, ¥á«¨ áãé¥áâ¢ã¥â ¢§�¨¬®¤¥©áâ¢¨¥ ®¡ê¥ªâ�, á®¤¥à¦�é¥£®
¯à¨ç¨−ã, á ®¡ê¥ªâ®¬, á®¤¥à¦�é¨¬ −�¡«î¤�¥¬®¥ á«¥¤áâ¢¨¥. �à¨ íâ®¬ ¤®¯ãáª�-
¥âáï áãé¥áâ¢®¢�−¨¥ èã¬�, ª®â®àë© §�âàã¤−ï¥â −�¡«î¤¥−¨¥ á«¥¤áâ¢¨ï, ª®£¤� ®−®
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¥áâì, ¨ ¬®¦¥â á®§¤�âì «®¦−®¥ á«¥¤áâ¢¨¥, ª®£¤� ¯à¨ç¨−ë −¥â. ‚ íâ¨å ãá«®¢¨ïå ¯®-
áâà®¥−� ¬¥â®¤®«®£¨ï ®æ¥−®ª ¢®§¬®¦−®áâ¥© ¢ëï¢«¥−¨ï ®¡ê¥ªâ®¢ á −¥−�¡«î¤�¥¬ë¬
á¢®©áâ¢®¬ A.

�®áâà®¥−−�ï ¬¥â®¤®«®£¨ï ¤®áâ�â®ç−® ¯à®áâ� ¢ ¨á¯®«ì§®¢�−¨¨, −® ¨¬¥¥â ¢�¦-
−®¥ §−�ç¥−¨¥ ¢ ®æ¥−ª¥ à�§à¥è¨¬®áâ¨ §�¤�ç¨ ¯®¨áª�.
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Cause-and-effect relationships in analysis of unobservable process properties
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Abstract: When implementing information technology, there exist sequences
of objects that can be identified but it is difficult or impossible to observe their
properties. In some objects of such sequences, an unobservable property A
may appear, the detection of which is of interest. To identify objects with
property A, one has to use the search for the effects of property A as the cause
of such effects. If one considers a sequence of objects in which objects with
property A may appear, then there are problems of assessing the probability of
the existence of false objects with the identified property A when it actually
does not exist (false alarms) and estimating the probability of skipping the object
with property A. The work uses the determinism of the occurrence of effects
when the cause appears, if there is an interaction of the object containing the
cause with the object containing the observed effect. In this case, the existence
of noise is allowed which makes it difficult to observe the effect when it is, and
can create a false effect when the cause is absent. The methodology for assessing
the probability of identifying objects with property A constructed in the work is
quite easy to use but is important in assessing the solvability of a search problem.

Keywords: cause-and-effect relationships; probabilistic error analysis; searching
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МЕТОДИЧЕСКИЙ ПОДХОД К ВЫБОРУ
КЛЮЧЕВЫХ ПОКАЗАТЕЛЕЙ ЭФФЕКТИВНОСТИ

ДЛЯ ОЦЕНКИ ОРГАНИЗАЦИЙ
ИНФОРМАЦИОННО-ТЕХНОЛОГИЧЕСКОЙ СФЕРЫ

А. А. Зацаринный1, Ю. С. Ионенков2

�−−®â�æ¨ï: �à¥¤áâ�¢«¥− ¬¥â®¤¨ç¥áª¨© ¯®¤å®¤ ª ¢ë¡®àã ª«îç¥¢ëå ¯®ª�§�â¥-
«¥© íää¥ªâ¨¢−®áâ¨ (key performance indicators, KPI) ¤«ï ®æ¥−ª¨ ®à£�−¨§�æ¨©
¨−ä®à¬�æ¨®−−®-â¥å−®«®£¨ç¥áª®© (information and technology, IT) áä¥àë.
�®ª�§�−® §−�ç¥−¨¥ KPI ¢ ®æ¥−ª¥ íää¥ªâ¨¢−®áâ¨ ¤¥ïâ¥«ì−®áâ¨ ®à£�−¨§�æ¨©.
�à¥¤áâ�¢«¥−ë ®á−®¢−ë¥ ¯®¤å®¤ë ª ¢ë¡®àã −®¬¥−ª«�âãàë KPI, ¢ª«îç�ï ¢¨-
¤ë â�ª¨å ¯®ª�§�â¥«¥© ¨ âà¥¡®¢�−¨ï ª −¨¬. ÷�§à�¡®â�−ë ¯à¥¤«®¦¥−¨ï ¯®
−®¬¥−ª«�âãà¥ KPI ¯à¨¬¥−¨â¥«ì−® ª ®à£�−¨§�æ¨ï¬ IT-áä¥àë. �à¥¤«®¦¥−®
¨á¯®«ì§®¢�âì âà¨ ¢¨¤� ¯®ª�§�â¥«¥©: æ¥«¥¢ë¥, äã−ªæ¨®−�«ì−ë¥ ¨ ä¨−�−á®¢ë¥.
‘ä®à¬ã«¨à®¢�−ë ¯à¥¤«®¦¥−¨ï ¯® ¬¥â®¤�¬ à�áç¥â� ®â¤¥«ì−ëå ¯®ª�§�â¥«¥©.

Š«îç¥¢ë¥ á«®¢�: ¨−ä®à¬�æ¨®−−�ï á¨áâ¥¬�; ª«îç¥¢ë¥ ¯®ª�§�â¥«¨ íää¥ª-
â¨¢−®áâ¨; æ¥«¥¢ë¥ ¯®ª�§�â¥«¨; äã−ªæ¨®−�«ì−ë¥ ¯®ª�§�â¥«¨; ä¨−�−á®¢ë¥
¯®ª�§�â¥«¨

DOI: 10.14357/08696527230208

1 Введение

‚ −�áâ®ïé¥¥ ¢à¥¬ï §�¤�ç� �¢â®¬�â¨§�æ¨¨ ¤¥ïâ¥«ì−®áâ¨ á ¯®¬®éìî ¨−ä®à¬�-
æ¨®−−ëå á¨áâ¥¬ (ˆ‘) áâ�«� ®á−®¢−ë¬ −�¯à�¢«¥−¨¥¬ à�§¢¨â¨ï «î¡®© ®à£�−¨§�-
æ¨®−−®© á¨áâ¥¬ë. ‚¬¥áâ¥ á â¥¬ ¯à¨ ¢−¥¤à¥−¨¨ ˆ‘ áãé¥áâ¢ã¥â àï¤ à¨áª®¢ ¢ ç�áâ¨
¯®«ãç¥−¨ï âà¥¡ã¥¬®£® äã−ªæ¨®−�«� á¨áâ¥¬ë, á®¡«î¤¥−¨ï áà®ª®¢ ¨ ¡î¤¦¥â� ¯à®-
¥ªâ�. ÷¥�«¨§�æ¨ï á®¢à¥¬¥−−ëå IT-¯à®¥ªâ®¢ | ¯à®æ¥áá á«®¦−ë©, âà¥¡ãîé¨©
¯à¨−ïâ¨ï ¢�¦−ëå ã¯à�¢«¥−ç¥áª¨å à¥è¥−¨© ¢ á¦�âë¥ áà®ª¨, ®á−®¢ë¢�ïáì −�
�−�«¨§¥ ¡®«ìè®£® ®¡ê¥¬� ¨−ä®à¬�æ¨¨. ‚ ¤�−−®¬ ª®−â¥ªáâ¥ ¯à®¡«¥¬� ¢ë¡®à�
¨á¯®«−¨â¥«¥© IT-¯à®¥ªâ®¢ ¯à¨®¡à¥â�¥â ®á®¡ãî ¢�¦−®áâì.

‚ â�ª¨å ãá«®¢¨ïå £«�¢−®© §�¤�ç¥© áâ�−®¢¨âáï ¯®¨áª ¬¥â®¤®¢, ª®â®àë¥ ¯®-
§¢®«ïâ ¯à¥¤¯à¨ïâ¨î ¤®áâ¨£�âì ¯®áâ�¢«¥−−ëå æ¥«¥©, ¨á¯®«ì§ãï −®¢®¥ ¯®−¨¬�−¨¥
¬®â¨¢�æ¨®−−ëå ¯®¤å®¤®¢. �¤¨− ¨§ â�ª¨å ¯®¤å®¤®¢ | ¯à¨¬¥−¥−¨¥ ª«îç¥¢ëå
¯®ª�§�â¥«¥© íää¥ªâ¨¢−®áâ¨.

1”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª, AZatsarinny@ipiran.ru

2”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª, UIonenkov@ipiran.ru
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Š«îç¥¢ë¥ ¯®ª�§�â¥«¨ íää¥ªâ¨¢−®áâ¨ | íâ® ç¨á«®¢ë¥ ¯®ª�§�â¥«¨ ¤¥ïâ¥«ì-
−®áâ¨, ª®â®àë¥ ¯®¬®£�îâ ¨§¬¥à¨âì áâ¥¯¥−ì ¤®áâ¨¦¥−¨ï æ¥«¥© ¨«¨ ®¯â¨¬�«ì−®áâ¨
¯à®æ¥áá�. Š«îç¥¢ë¥ ¯®ª�§�â¥«¨ íää¥ªâ¨¢−®áâ¨ | á¨áâ¥¬� ®æ¥−ª¨, ¯à¨¬¥−ï¥¬�ï
¤«ï ª®−âà®«ï ¨ ®æ¥−ª¨ à�¡®âë ®â¤¥«ì−ëå á®âàã¤−¨ª®¢, ¯®¤à�§¤¥«¥−¨© ¨ ª®¬¯�-
−¨©, � â�ª¦¥ ¤«ï ®¯à¥¤¥«¥−¨ï áâ¥¯¥−¨ ¤®áâ¨¦¥−¨ï â�ªâ¨ç¥áª¨å ¨ áâà�â¥£¨ç¥áª¨å
æ¥«¥©. �−� ¨£à�¥â ¢�¦−ãî à®«ì ¨ ¢ ®¡«�áâ¨ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©, ¯®§¢®-
«ïï ¯®¢ëè�âì ¯à®§à�ç−®áâì, íää¥ªâ¨¢−®áâì ¨ ã¯à�¢«ï¥¬®áâì. ‘¨áâ¥¬� è¨à®ª®
¨á¯®«ì§ã¥âáï ¢ ¬¨à¥, å®âï ¯à¨¬¥−¨â¥«ì−® ª IT-áä¥à¥ ®¤−®§−�ç−® −¥ ®¯à¥¤¥«¥−®,
ª�ª¨¥ ª®−ªà¥â−® ¯®ª�§�â¥«¨ −ã¦−® ¢ë¡¨à�âì. „«ï ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ ˆ‘
á«ã¦�â à�§«¨ç−ë¥ ¯®ª�§�â¥«¨, ¯à¨ç¥¬ ¯à¨¬¥−¥−¨¥ â¥å ¨«¨ ¨−ëå ¯®ª�§�â¥«¥©
á¢ï§�−® á äã−ªæ¨ï¬¨ ¯à¥¤¯à¨ïâ¨ï (®à£�−¨§�æ¨¨), � â�ª¦¥ á ãà®¢−¥¬ §à¥«®áâ¨
á�¬®£® IT-¯®¤à�§¤¥«¥−¨ï ¢ ®à£�−¨§�æ¨¨.

‚�¦−®áâì á¨áâ¥¬ë ¯®ª�§�â¥«¥© ¯®¤â¢¥à¦¤�¥â â®â ä�ªâ, çâ® �à�¢¨â¥«ìáâ¢®¬
÷®áá¨¨ ¢ ª®−æ¥ 2020 £. ãâ¢¥à¦¤¥−ë à¥ª®¬¥−¤�æ¨¨ ¯® ª«îç¥¢ë¬ ¯®ª�§�â¥«ï¬
íää¥ªâ¨¢−®áâ¨ ¤«ï ®æ¥−ª¨ à�¡®âë £®áª®à¯®à�æ¨© ¨ ¨−áâ¨âãâ®¢ à�§¢¨â¨ï [1].
‚ −®¢®© á¨áâ¥¬¥ ¯®ª�§�â¥«¥© ¯à¨®à¨â¥âë á¬¥é¥−ë ®â ä¨−�−á®¢ëå ¯®ª�§�â¥-
«¥© ª ¯�à�¬¥âà�¬, ¡®«¥¥ â®ç−® å�à�ªâ¥à¨§ãîé¨¬ ¤®áâ¨¦¥−¨¥ ¯®áâ�¢«¥−−ëå
�à¥§¨¤¥−â®¬ −�æ¨®−�«ì−ëå æ¥«¥©. ‚�¦−®áâì à�§à�¡®âª¨ ¨−áâàã¬¥−â®¢ ®æ¥−ª¨
à¥§ã«ìâ�â¨¢−®áâ¨ ¯à®¥ªâ®¢ ¯®¤ç¥àª−ãâ� ¨ ¢ ¬�â¥à¨�«�å §�á¥¤�−¨ï ‘®¢¥â� ¯®
−�ãª¥ ¨ ®¡à�§®¢�−¨î 8 ä¥¢à�«ï 2023 £. [2], ¯à®¢¥¤¥−−®£® ¯®¤ àãª®¢®¤áâ¢®¬
�à¥§¨¤¥−â� ÷”.

‚ áâ�âì¥ à�áá¬�âà¨¢�îâáï ®á−®¢−ë¥ ¯®«®¦¥−¨ï ¯®¤å®¤� ª ¢ë¡®àã KPI ¤«ï
®æ¥−ª¨ ¤¥ïâ¥«ì−®áâ¨ ®à£�−¨§�æ¨©, � â�ª¦¥ áä®à¬ã«¨à®¢�−ë ¯à¥¤«®¦¥−¨ï ¯®
−®¬¥−ª«�âãà¥ KPI ¯à¨¬¥−¨â¥«ì−® ª ®à£�−¨§�æ¨ï¬ IT-áä¥àë.

2 Основные положения подхода к оценке деятельности организаций
на основе ключевых показателей эффективности

Œ¥â®¤ KPI ¡�§¨àã¥âáï −� á¨áâ¥¬¥ á¡�«�−á¨à®¢�−−ëå ¯®ª�§�â¥«¥© (Balanced
Scorecard, BSC), â. ¥. −� ¯®¯ã«ïà−®¬ ¬¥â®¤¥ áâà�â¥£¨ç¥áª®£® ã¯à�¢«¥−¨ï á ª®¬-
¯«¥ªá−ë¬ ¯®¤å®¤®¬ ¤«ï ¤®áâ¨¦¥−¨ï æ¥«¥©. “¯à�¢«¥−¨¥ ¯® æ¥«ï¬ | ¬¥â®¤
ã¯à�¢«¥−ç¥áª®© ¤¥ïâ¥«ì−®áâ¨, ¯à¥¤ãá¬�âà¨¢�îé¨© ¯à¥¤¢¨¤¥−¨¥ ¢®§¬®¦−ëå à¥-
§ã«ìâ�â®¢ ¤¥ïâ¥«ì−®áâ¨ ¨ ¯«�−¨à®¢�−¨¥ ¯ãâ¥© ¤®áâ¨¦¥−¨ï à¥§ã«ìâ�â®¢.

�á−®¢®¯®«®¦−¨ª®¬ ú“¯à�¢«¥−¨ï ¯® æ¥«ï¬û, � â�ª¦¥ á¨áâ¥¬ë ®æ¥−ª¨ ¤®áâ¨-
¦¥−¨ï à¥§ã«ìâ�â®¢-æ¥«¥© ç¥à¥§ KPI áç¨â�¥âáï �¨â¥à „àãª¥à [3]. ‘®¢à¥¬¥−−ë¬
¢®¯«®é¥−¨¥¬ ã¯à�¢«¥−¨ï ¯® æ¥«ï¬ áâ�«� ú‘¨áâ¥¬� ª«îç¥¢ëå ¯®ª�§�â¥«¥© íä-
ä¥ªâ¨¢−®áâ¨û, ¢ª«îç�îé�ï ¢ á¥¡ï ¬−®¦¥áâ¢® ã¯à�¢«¥−ç¥áª¨å ª®−æ¥¯æ¨©, ª®â®-
àë¥ ¯®ï¢¨«¨áì §� ¯®á«¥¤−¨¥ 20{30 «¥â ¨ ¤®¯®«−ïîâ ª«�áá¨ç¥áª®¥ ú“¯à�¢«¥−¨¥
¯® æ¥«ï¬û. �® ¬−¥−¨î �¨â¥à� „àãª¥à�, «¨èì −¥¬−®£¨¥ ®¡«�áâ¨ ¬¥−¥¤¦¬¥−â�
¨¬¥îâ â�ª®¥ ¡®«ìè®¥ ¢«¨ï−¨¥ −� ®à£�−¨§�æ¨î, ª�ª ®æ¥−ª� ¤¥ïâ¥«ì−®áâ¨ ¯®¤-
à�§¤¥«¥−¨© ¨ ª®¬¯�−¨¨ ¢ æ¥«®¬. �¤−�ª® â�ª�ï ®æ¥−ª�, ¯®¤ç¥àª¨¢�¥â „àãª¥à,
á¥£®¤−ï ®¤−� ¨§ á�¬ëå á«�¡® ¯à®à�¡®â�−−ëå ®¡«�áâ¥© ã¯à�¢«¥−¨ï.
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Œ¥â®¤¨ç¥áª¨© ¯®¤å®¤ ª ¢ë¡®àã ª«îç¥¢ëå ¯®ª�§�â¥«¥© íää¥ªâ¨¢−®áâ¨

‘¨áâ¥¬� KPI ¤®«¦−� á®®â¢¥âáâ¢®¢�âì á«¥¤ãîé¨¬ ¢�¦−¥©è¨¬ §�¤�ç�¬ [4, 5]:

{ ¨§¬¥àïâì à¥§ã«ìâ�âë ¤¥ïâ¥«ì−®áâ¨ ®à£�−¨§�æ¨¨;

{ ®¡¥á¯¥ç¨¢�âì ïá−®áâì áâà�â¥£¨ç¥áª¨å §�¤�ç;

{ ä®ªãá¨à®¢�âìáï −� ª«îç¥¢ëå ¯à®æ¥áá�å ¨ ªà¨â¨ç¥áª¨å ¯®ª�§�â¥«ïå;

{ á¨£−�«¨§¨à®¢�âì ®¡ ã«ãçè¥−¨¨ ¯®ª�§�â¥«¥© ¤¥ïâ¥«ì−®áâ¨;

{ ¨¤¥−â¨ä¨æ¨à®¢�âì ªà¨â¨ç¥áª¨¥ ä�ªâ®àë, âà¥¡ãîé¨¥ ¢−¨¬�−¨ï;

{ ¯à¥¤®áâ�¢«ïâì ç¥âªãî ®á−®¢ã ¤«ï ¨¤¥−â¨ä¨ª�æ¨¨ ¤®áâ¨¦¥−¨ï à¥§ã«ìâ�â®¢
¨ á®®â¢¥âáâ¢ãîé¥£® ¯®®éà¥−¨ï.

‚ ®â−®è¥−¨¨ KPI ç�áâ® ¨á¯®«ì§ãîâ â¥à¬¨− ú¬¥âà¨ª¨ à¥§ã«ìâ�â®¢û | â. ¥.
¬¥âà¨ª¨, ¡«�£®¤�àï ª®â®àë¬ ®à£�−¨§�æ¨¨ ¨§¬¥àïîâ ãá¯¥å ¢ ¤®áâ¨¦¥−¨¨ æ¥«¥©.

‚ á®¢à¥¬¥−−®© −�ãç−®-â¥å−¨ç¥áª®© «¨â¥à�âãà¥ KPI ¤¥«ïâáï −� −¥áª®«ìª®
¢¨¤®¢:

{ æ¥«¥¢ë¥ (áâ¥¯¥−ì ¨«¨ ¨−¤¨ª�â®àë ¯à¨¡«¨¦¥−¨ï ª æ¥«¨);

{ äã−ªæ¨®−�«ì−ë¥ (áâ¥¯¥−ì à¥è¥−¨ï â¥ªãé¨å §�¤�ç);

{ ä¨−�−á®¢ë¥ (ª�ª ªà¨â¥à¨© íª®−®¬¨ç¥áª®© íää¥ªâ¨¢−®áâ¨).

�â¨ ¢¨¤ë ¯®ª�§�â¥«¥©, ¢ á¢®î ®ç¥à¥¤ì, ¤¥«ïâáï −� ¨−¤¨¢¨¤ã�«ì−ë¥ (¯®ª�§�-
â¥«¨ «¨ç−®© à¥§ã«ìâ�â¨¢−®áâ¨ ¨ íää¥ªâ¨¢−®áâ¨ ª�¦¤®£® à�¡®â−¨ª�) ¨ ª®««¥ªâ¨¢-
−ë¥ (¯®ª�§�â¥«¨, ª®â®àë¥ å�à�ªâ¥à¨§ãîâ ®¡é¨¥ ¤«ï ¯®¤à�§¤¥«¥−¨ï (®à£�−¨§�æ¨¨
¢ æ¥«®¬) à¥§ã«ìâ�âë, ª®«¨ç¥áâ¢¥−−ë¥ (¨§¬¥à¨¬ë¥) ¨ ª�ç¥áâ¢¥−−ë¥ (¯à¥¤áâ�¢«¥−-
−ë¥ ¢ ¢¨¤¥ ¡�««®¢ ¨«¨ à¥©â¨−£�). ‚ë¤¥«ïîâáï â�ª¦¥ ¯®ª�§�â¥«¨ §�¯�§¤ë¢�îé¨¥,
ª®â®àë¥ ®âà�¦�îâ à¥§ã«ìâ�âë ¤¥ïâ¥«ì−®áâ¨ ¯® ¨áâ¥ç¥−¨¨ ®¯à¥¤¥«¥−−®£® ¯¥à¨®-
¤�, ¨ ®¯¥à¥¦�îé¨¥, ª®â®àë¥ ¤�îâ ¢®§¬®¦−®áâì ã¯à�¢«ïâì á¨âã�æ¨¥© ¢ ¯à¥¤¥«�å
®âç¥â−®£® ¯¥à¨®¤� á æ¥«ìî ¤®áâ¨¦¥−¨ï §�¤�−−ëå à¥§ã«ìâ�â®¢ ¯® ¥£® ¨áâ¥ç¥−¨¨.

Š«îç¥¢ë¥ ¯®ª�§�â¥«¨ íää¥ªâ¨¢−®áâ¨ ¤®«¦−ë ¡ëâì −�¯àï¬ãî á¢ï§�−ë á â�ª-
â¨ç¥áª¨¬¨ ¨ áâà�â¥£¨ç¥áª¨¬¨ æ¥«ï¬¨ ®à£�−¨§�æ¨¨ ¨ æ¥«ï¬¨ ª®−ªà¥â−®£® äã−ª-
æ¨®−�«ì−®£® ®â¤¥«� ®à£�−¨§�æ¨¨. �®ª�§�â¥«¨ ¯®§¢®«ïîâ ®æ¥−¨âì íää¥ªâ¨¢-
−®áâì ¢ë¯®«−ï¥¬ëå ¤¥©áâ¢¨© ®à£�−¨§�æ¨¥© ¢ æ¥«®¬, ®â¤¥«ì−ë¬¨ áâàãªâãà−ë¬¨
¯®¤à�§¤¥«¥−¨ï¬¨ ¨ ª�¦¤ë¬ ª®−ªà¥â−ë¬ á®âàã¤−¨ª®¬. ‘¨áâ¥¬� KPI ¨á¯®«ì-
§ã¥âáï ¨ ¢ à�¡®â¥ £®áã¤�àáâ¢¥−−ëå ®à£�−®¢ ÷”. ‚ ç�áâ−®áâ¨, ¢ ¬�¥ 2022 £.
Œ¨−æ¨äàë ÷” á®®¡é¨«® ® á®§¤�−¨¨ −®¢®© ¬¥â®¤¨ª¨ ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨
¨ à¥§ã«ìâ�â¨¢−®áâ¨ àãª®¢®¤¨â¥«¥© æ¨äà®¢®© âà�−áä®à¬�æ¨¨ à�§«¨ç−ëå ¬¨−¨-
áâ¥àáâ¢ ¨ ¢¥¤®¬áâ¢. ‚ á®®â¢¥âáâ¢¨¨ á −®¢®© ¬¥â®¤¨ª®© ¯à¨ ®æ¥−ª¥ àãª®¢®¤¨â¥«¥©
ãç¨âë¢�îâáï:

{ áâ¥¯¥−ì ¤®áâ¨¦¥−¨ï ¯®ª�§�â¥«¥© à¥§ã«ìâ�â¨¢−®áâ¨ æ¨äà®¢®© âà�−áä®à¬�æ¨¨;

{ ä¨−�−á®¢�ï ¤¨áæ¨¯«¨−� ¨á¯®«−¥−¨ï ¢¥¤®¬áâ¢¥−−ëå ¯à®£à�¬¬ æ¨äà®¢®©
âà�−áä®à¬�æ¨¨;

{ ®¯¥à�â¨¢−ë© à¥©â¨−£ ¢ë¯®«−¥−¨ï ¯®ª�§�â¥«¥© íää¥ªâ¨¢−®áâ¨ ¨ à¥§ã«ìâ�-
â¨¢−®áâ¨ àãª®¢®¤¨â¥«¥©.
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‚ë¤¥«ïîâ á«¥¤ãîé¨¥ âà¥¡®¢�−¨ï ª KPI [5, 6]:

{ ®à¨¥−â¨à®¢�−−®áâì −� áâà�â¥£¨ç¥áª¨¥ æ¥«¨;

{ ¤®áâ®¢¥à−®áâì: ¨−ä®à¬�æ¨ï, ¨á¯®«ì§ã¥¬�ï ¤«ï ¢ëç¨á«¥−¨ï KPI, ¤®«¦−�
−®á¨âì ®¡ê¥ªâ¨¢−ë© å�à�ªâ¥à ¨ ¡ëâì ¯®«−®©;

{ −¥®¡å®¤¨¬ë© ãà®¢¥−ì á«®¦−®áâ¨ ¢ëç¨á«¥−¨ï: à�áç¥â KPI ¤®«¦¥− ¡ëâì
¯®−ïâ¥− á®âàã¤−¨ª�¬;

{ ¤®áâ¨¦¨¬®áâì ¯«�−¨àã¥¬®£® §−�ç¥−¨ï KPI;

{ ª®−âà®«¨àã¥¬®áâì: −¥®¡å®¤¨¬® ®¡¥á¯¥ç¨âì ¢®§¬®¦−®áâì ¯à®¢¥àª¨ à�ááç¨â�−-
−®£® à¥§ã«ìâ�â�;

{ ¢§�¨¬®á¢ï§�−−®áâì ¨ à�¡®â� −� ®¡é¨© à¥§ã«ìâ�â: KPI ¤®«¦−ë ¡ëâì à�§à�¡®-
â�−ë â�ª¨¬ ®¡à�§®¬, çâ®¡ë −¥ á®§¤�¢�âì ª®−ä«¨ªâë ¨ −¥§¤®à®¢ãî ª®−ªãà¥−-
æ¨î ¢ ®à£�−¨§�æ¨¨, á®âàã¤−¨ª¨ ¤®«¦−ë à�¡®â�âì ¥¤¨−®© ª®¬�−¤®©, á®®¡é�
−� ®¡é¨¥ æ¥«¨.

‚−¥¤à¥−¨¥ ¯®ª�§�â¥«¥© KPI ¯®§¢®«ï¥â ¯®áâ®ï−−® á®¢¥àè¥−áâ¢®¢�âì ª�ç¥áâ¢®
à¥è�¥¬ëå ®à£�−¨§�æ¨¥© §�¤�ç ¨ ®ª�§ë¢�¥¬ëå ãá«ã£ ¨ ¢ æ¥«®¬ ¯®«®¦¨â¥«ì−®
®âà�¦�¥âáï −� íää¥ªâ¨¢−®áâ¨ à�¡®âë ®à£�−¨§�æ¨¨. �à¨ íâ®¬ ®ç¥−ì ¢�¦−®
®à£�−¨§®¢�âì á¡®à áâ�â¨áâ¨ª¨, �−�«¨§ −�ª®¯«¥−−ëå ¤�−−ëå, ¢ëà�¡®âªã −�¯à�¢-
«¥−−ëå −� ã«ãçè¥−¨¥ à¥è¥−¨© (¯®áâ�−®¢ª� æ¥«¥©) ¯® â®¬ã ¨«¨ ¨−®¬ã ¯à®æ¥ááã,
¢−¥¤à¥−¨¥ ã«ãçè¥−¨©, ª®−âà®«ì ¯®«ãç¥−−ëå à¥§ã«ìâ�â®¢ ã«ãçè¥−¨©.

3 Предложения по номенклатуре ключевых показателей
эффективности применительно к организациям
информационно-технологической сферы

ˆáå®¤ï ¨§ ¨§«®¦¥−−ëå ¢ëè¥ ®¡é¨å ¯®¤å®¤®¢ ª ®æ¥−ª¥ ¤¥ïâ¥«ì−®áâ¨ ®à£�-
−¨§�æ¨© −� ®á−®¢¥ KPI, ¢ª«îç�ï §�¤�ç¨ ¯®ª�§�â¥«¥©, âà¥¡®¢�−¨ï ª −¨¬ ¨ ¨å
¢¨¤ë, ¬®£ãâ ¡ëâì áä®à¬ã«¨à®¢�−ë á«¥¤ãîé¨¥ ¯à¥¤«®¦¥−¨ï ¯® −®¬¥−ª«�âãà¥
KPI ¯à¨¬¥−¨â¥«ì−® ª ®à£�−¨§�æ¨ï¬ IT-áä¥àë.

�à¥¤«�£�¥âáï ¨á¯®«ì§®¢�âì âà¨ ¢¨¤� KPI: æ¥«¥¢ë¥, äã−ªæ¨®−�«ì−ë¥ ¨ ä¨-
−�−á®¢ë¥.

—¨á«® KPI ¯® ª�¦¤®¬ã ¨§ ¢¨¤®¢ ¢ á®®â¢¥âáâ¢¨¨ á à¥ª®¬¥−¤�æ¨ï¬¨ [1] −¥
¤®«¦−® ¯à¥¢ëè�âì 4{6, ¯à¨ íâ®¬ ¤®«¦−� ãç¨âë¢�âìáï á¯¥æ¨ä¨ª� ª®−ªà¥â−®©
®à£�−¨§�æ¨¨. ‚®§¬®¦−ë© ¢�à¨�−â −®¬¥−ª«�âãàë KPI ¯à¥¤áâ�¢«¥− ¢ â�¡«¨æ¥.

�à¥¤áâ�¢«¥−−ë¥ ¯®ª�§�â¥«¨ íää¥ªâ¨¢−®áâ¨ ¬®£ãâ ¡ëâì á¢¥¤¥−ë ¢ −¥áª®«ìª®
£àã¯¯:

{ ãà®¢¥−ì (áâ¥¯¥−ì) á®®â¢¥âáâ¢¨ï âà¥¡ã¥¬ë¬ (¯«�−®¢ë¬) ¯®ª�§�â¥«ï¬. �â¨
¯®ª�§�â¥«¨ å�à�ªâ¥à¨§ãîâ á®®â−®è¥−¨¥ ¬¥¦¤ã ¦¥«�â¥«ì−ë¬ ¨ ¤®áâ¨£−ãâë¬
§−�ç¥−¨¥¬ ¯®ª�§�â¥«ï íää¥ªâ¨¢−®áâ¨;

{ ª®«¨ç¥áâ¢¥−−ë¥ (ç¨á«®¢ë¥) ¯®ª�§�â¥«¨, å�à�ªâ¥à¨§ãîé¨¥ à�¡®âã ¨ à�§¢¨-
â¨¥ ˆ‘;
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�®¬¥−ª«�âãà� KPI (¢�à¨�−â)

Š«îç¥¢ë¥ ¯®ª�§�â¥«¨ íää¥ªâ¨¢−®áâ¨
–¥«¥¢ë¥ ”ã−ªæ¨®−�«ì−ë¥ ”¨−�−á®¢ë¥

{ –1 | à®áâ ç¨á«� à¥�-
«¨§®¢�−−ëå §�¤�ç

{ –2 | ¯®¢ëè¥−¨¥ ª�ç¥-
áâ¢� ®¡á«ã¦¨¢�−¨ï §�-
¯à®á®¢

{ –3 | áâ¥¯¥−ì ã¤®-
¢«¥â¢®à¥−¨ï ¯®«ì§®¢�-
â¥«¥© IT-ãá«ã£�¬¨

{ –4 | ã¢¥«¨ç¥−¨¥ ç¨á-
«� ¥¤¨−¨æ ®¡®àã¤®¢�-
−¨ï −� ®¤−®£® á¥à¢¨á-
¨−¦¥−¥à�

{ ”1 | ª®íää¨æ¨¥−â
£®â®¢−®áâ¨ ¨−ä®à¬�-
æ¨®−−®© á¨áâ¥¬ë

{ ”2 | ª®íää¨æ¨¥−â
£®â®¢−®áâ¨ à�¡®ç¨å
¬¥áâ ¯®«ì§®¢�â¥«¥©

{ ”3 | ç¨á«® ¨−æ¨¤¥−-
â®¢ −� IT-¨−äà�áâàãª-
âãà¥

{ ”4 | ¢à¥¬ï ®â¢¥â� −�
§�¯à®áë ¯®«ì§®¢�â¥«¥©

{ ‘1 | íää¥ªâ¨¢−®áâì
¨−¢¥áâ¨æ¨© ¢ IT

{ ‘2| ¤®«ï §�âà�â −� IT
®â ®¡é¨å §�âà�â ®à£�-
−¨§�æ¨¨

{ ‘3 | §�âà�âë −� ¯®¤-
¤¥à¦ªã ®¤−®£® ¯®«ì§®-
¢�â¥«ï

{ ‘4 | ¢ë£®¤� ®â ¯¥-
à¥å®¤� −� −®¢ãî ¯«�â-
ä®à¬ã ¨«¨ −®¢ë¥ â¥å-
−®«®£¨¨

{ ¢à¥¬¥−− �ë¥ ¯®ª�§�â¥«¨, å�à�ªâ¥à¨§ãîé¨¥ ®¡¥á¯¥ç¥−¨¥ ¯®âà¥¡−®áâ¥© ¯®«ì§®-
¢�â¥«¥© ˆ‘;

{ ¯®ª�§�â¥«¨, å�à�ªâ¥à¨§ãîé¨¥ íää¥ªâ¨¢−®áâì ä¨−�−á®¢®© ¤¥ïâ¥«ì−®áâ¨.

�®ª�§�â¥«¨, å�à�ªâ¥à¨§ãîé¨¥ ãà®¢¥−ì (áâ¥¯¥−ì) á®®â¢¥âáâ¢¨ï ˆ‘ âà¥¡ã-
¥¬ë¬ (¯«�−®¢ë¬) ¯®ª�§�â¥«ï¬, ®¯à¥¤¥«ïîâáï ª�ª ®â−®è¥−¨¥ à¥�«ì−®£® §−�ç¥−¨ï
¯®ª�§�â¥«ï N ª âà¥¡ã¥¬®¬ã «¨¡® ¯«�−®¢®¬ã §−�ç¥−¨î NÔÒ:

Pi =
N

NÔÒ
.

Š â�ª¨¬ ¯®ª�§�â¥«ï¬ ®â−®áïâáï ¯à¥¤áâ�¢«¥−−ë¥ ¢ â�¡«¨æ¥ ¯®ª�§�â¥«¨ –3, ‘2, ‘3
¨ ‘4.

Š ª®«¨ç¥áâ¢¥−−ë¬ (ç¨á«®¢ë¬) ¨ ¢à¥¬¥−− �ë¬ ¯®ª�§�â¥«ï¬ ®â−®áïâáï ¯®ª�§�â¥-
«¨ –1, –2, –4, ”3 ¨ ”4 ¨§ â�¡«¨æë. „«ï íâ¨å ¯®ª�§�â¥«¥© ¢ ª�ç¥áâ¢¥ æ¨äà®¢ëå
¨−¤¨ª�â®à®¢ ¨á¯®«ì§ã¥âáï ¤¨−�¬¨ª� (¯à¨à®áâ) ¯®ª�§�â¥«ï ¢ â¥ªãé¥¬ ¯¥à¨®¤¥ ¯®
®â−®è¥−¨î ª ¯à¥¤ë¤ãé¥¬ã ¯¥à¨®¤ã:

Pi =
Pn − Pn−1

Pn−1
,

£¤¥ Pn | §−�ç¥−¨¥ æ¥«¥¢®£® ¯®ª�§�â¥«ï §� â¥ªãé¨© ¯¥à¨®¤; Pn−1 | §−�ç¥−¨¥
¯®ª�§�â¥«ï §� ¯à¥¤è¥áâ¢ãîé¨© ¯¥à¨®¤.

„«ï à�áç¥â� ¯®ª�§�â¥«¥© ”1 ¨ ”2 ¬®¦¥â ¡ëâì ¯à¨¬¥−¥−� â¨¯®¢�ï ä®à¬ã«�
¤«ï ª®íää¨æ¨¥−â� £®â®¢−®áâ¨ ¨§¤¥«¨ï

KÇ =
TÏ

TÏ + T×
,
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£¤¥ KÇ | ª®íää¨æ¨¥−â £®â®¢−®áâ¨ ¨§¤¥«¨ï; TÏ | áà¥¤−¥¥ ¢à¥¬ï −�à�¡®âª¨
¨§¤¥«¨ï −� ®âª�§; T× | áà¥¤−¥¥ ¢à¥¬ï ¢®ááâ�−®¢«¥−¨ï à�¡®â®á¯®á®¡−®áâ¨.

„«ï ®æ¥−ª¨ ¨−¢¥áâ¨æ¨© ¢ IT-áä¥à¥ (‘1) à�§à�¡®â�− æ¥«ë© àï¤ ¬¥â®¤¨ª,
ª®â®àë¥ ¬®¦−® ãá«®¢−® ®¡ê¥¤¨−¨âì ¢ ç¥âëà¥ £àã¯¯ë [7]:

(1) ª«�áá¨ç¥áª¨¥ ¬¥â®¤ë, ¯à¥¤¯®«�£�îé¨¥ ®¯à¥¤¥«¥−¨¥ ¯®ª�§�â¥«¥©, â�ª¨¥ ª�ª
ç¨áâë© ¯à¨¢¥¤¥−−ë© ¤®å®¤ (Net Present Value, NPV), ¢−ãâà¥−−ïï −®à¬�
¤®å®¤−®áâ¨ (Internal Rate of Return, IRR), ¢®§¢à�â ¨−¢¥áâ¨æ¨© (Return
of Investment, ROI), áà®ª ®ªã¯�¥¬®áâ¨ (Payback), ¤®¡�¢«¥−−�ï áâ®¨¬®áâì
(Economic Value Added, EVA), ®æ¥−ª� ¨§¤¥à¦¥ª ¨ íª®−®¬¨ç¥áª¨å ¢ë£®¤
(Cost Benefit Analysis, CBA), �−�«¨§ ú§�âà�âë{íää¥ªâ¨¢−®áâìû (Cost{
Effectiveness Analysis, CEA);

(2) §�âà�â−ë¥ ¬¥â®¤ë ®æ¥−ª¨, â�ª¨¥ ª�ª ®¯à¥¤¥«¥−¨¥ á®¢®ªã¯−®© áâ®¨¬®áâ¨ ¢«�-
¤¥−¨ï (Total Cost of Ownership, TCO), ¨áâ¨−−�ï áâ®¨¬®áâì ¢«�¤¥−¨ï (Real
Cost of Ownership, RCO), á®¢®ªã¯−�ï áâ®¨¬®áâì ¢«�¤¥−¨ï ¯à¨«®¦¥−¨ï¬¨
(Total Cost of Application Ownership, TCA), ª�«ìªã«ïæ¨ï á¥¡¥áâ®¨¬®áâ¨ ¯®
¢¨¤�¬ ¤¥ïâ¥«ì−®áâ¨ (Activity based costing, ABC);

(3) ª®¬¯«¥ªá−ë¥ ¬¥â®¤ë ®æ¥−ª¨ | ¨−ä®à¬�æ¨®−−�ï íª®−®¬¨ª� (Information
Economics) ¨ íªá¯¥àâ−ë¥ ®æ¥−ª¨;

(4) ãç¥â ¢�à¨�¡¥«ì−®áâ¨ ¨ à¨áª®¢ IT-¯à®¥ªâ®¢ (¢¥à®ïâ−®áâ−ë¥ ¬¥â®¤ë ®æ¥−ª¨
à¨áª®¢ (Real Options Valuation, ROV), ¬¥â®¤ ®á¢®¥−−®£® ®¡ê¥¬�.

„®áâ�â®ç−® ¯®¤à®¡−®¥ ®¯¨á�−¨¥ íâ¨å ¬¥â®¤¨ª ¯à¥¤áâ�¢«¥−®, −�¯à¨¬¥à, ¢ [7].
‚® ¢á¥å ¬¥â®¤¨ª�å ¨á¯®«ì§ã¥âáï ¯®−ïâ¨¥ ¤®å®¤� ®â ¤¥ïâ¥«ì−®áâ¨ á®®â¢¥âáâ¢ã-
îé¥© ˆ‘.

�à¨¬¥−¨â¥«ì−® ª ª®¬¬¥àç¥áª¨¬ ˆ‘ ®¯à¥¤¥«¥−¨¥ íâ¨å ¯®ª�§�â¥«¥© −¥ á®áâ�¢-
«ï¥â âàã¤−®áâ¥©, ¨¡® ¨å äã−ªæ¨®−¨à®¢�−¨¥ −�¯à�¢«¥−® −� ¯®«ãç¥−¨¥ ¤®å®¤®¢.
‚ â® ¦¥ ¢à¥¬ï á«¥¤ã¥â ®â¬¥â¨âì, çâ® ˆ‘ ¢ ¨−â¥à¥á�å £®áã¤�àáâ¢¥−−®£® ã¯à�¢«¥−¨ï
−¥ ¯à¥¤−�§−�ç¥−ë ¤«ï ¯®«ãç¥−¨ï ¤®å®¤®¢ ¢ ¤¥−¥¦−®© ä®à¬¥.

ˆáå®¤ï ¨§ íâ®£®, ¯à¥¤áâ�¢«ï¥âáï, çâ® ¤«ï ®æ¥−ª¨ ¨−¢¥áâ¨æ¨© ¢ IT-áä¥à¥
¯à¨¬¥−¨â¥«ì−® ª â�ª¨¬ ¢¨¤�¬ á¨áâ¥¬ −¥®¡å®¤¨¬® ®¯à¥¤¥«¨âì ¯®¤å®¤ë ª ¯¥à¥-
¢®¤ã íää¥ªâ�, ®¡¥á¯¥ç¨¢�¥¬®£® íâ¨¬¨ á¨áâ¥¬�¬¨, ¢ áâ®¨¬®áâ−ãî ä®à¬ã. „«ï
ˆ‘, ¢ ª®â®àëå ¢−¥¤à¥−¨¥ −®¢ëå à¥è¥−¨© ¨ â¥å−®«®£¨© ®¡¥á¯¥ç¨¢�¥â á®ªà�é¥−¨¥
ª®«¨ç¥áâ¢� �¯¯�à�â−®-¯à®£à�¬¬−ëå áà¥¤áâ¢ ¢ á¨áâ¥¬¥, ¢ ª�ç¥áâ¢¥ �−�«®£� ¤®å®¤�
æ¥«¥á®®¡à�§−® ¯à¨−ïâì áâ®¨¬®áâì íâ¨å �¯¯�à�â−®-¯à®£à�¬¬−ëå áà¥¤áâ¢. „«ï
ˆ‘, ¢ ª®â®àëå ¢−¥¤à¥−¨¥ −®¢ëå à¥è¥−¨© ¨ â¥å−®«®£¨© ¯à¨¢®¤¨â ª á®ªà�é¥−¨î
¯¥àá®−�«� (�−�«¨â¨ª®¢, ®¯¥à�â®à®¢ ¨ â. ¯.), ¢ ª�ç¥áâ¢¥ �−�«®£� ¤®å®¤� æ¥«¥á®-
®¡à�§−® ¨á¯®«ì§®¢�âì á®ªà�é¥−¨¥ §�âà�â −� á®¤¥à¦�−¨¥ ¤�−−®£® ¯¥àá®−�«�.

’�ª¨¬ ®¡à�§®¬, ¡«�£®¤�àï á¨áâ¥¬¥ KPI ¬®¦−® áâ�¢¨âì ç¥âª¨¥ æ¥«¨ ª�ª ¯®
¢ë¯®«−¥−¨î äã−ªæ¨®−�«ì−ëå §�¤�ç ®à£�−¨§�æ¨¨, â�ª ¨ ¯® ¥¥ ä¨−�−á®¢ë¬ ¯®ª�-
§�â¥«ï¬. �−�«¨§¨àãï ¨§¬¥−¥−¨ï ¯®ª�§�â¥«¥© KPI ¨ ¨å §�¢¨á¨¬®áâì ¤àã£ ®â ¤àã£�,
¬®¦−® ®¯à¥¤¥«¨âì á¨«ì−ë¥ ¨ á«�¡ë¥ áâ®à®−ë ®à£�−¨§�æ¨¨. ‘ã¡ê¥ªâ¨¢−® ®æ¥−¨âì
íää¥ªâ¨¢−®áâì ¤¥ïâ¥«ì−®áâ¨ ®à£�−¨§�æ¨¨ ¡ë¢�¥â á«®¦−®, ¯®íâ®¬ã −ã¦−ë ç¥âª®
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®¯à¥¤¥«¥−−ë¥ ªà¨â¥à¨¨, çâ®¡ë ¢¨¤¥âì á¢ï§ì ¬¥¦¤ã ¯«�−®¢ë¬¨ ¯®ª�§�â¥«ï¬¨,
ãà®¢−¥¬ ¨á¯®«−¥−¨ï §�¤�ç ¯¥àá®−�«®¬ ¨ ¯®«ãç¥−−ë¬¨ à¥§ã«ìâ�â�¬¨.

4 Заключение

„«ï áâà�â¥£¨ç¥áª®£® ã¯à�¢«¥−¨ï ¢−¥¤à¥−¨¥ á¨áâ¥¬ë KPI ¨¬¥¥â ª«îç¥¢®¥
§−�ç¥−¨¥. Š«îç¥¢ë¥ ¯®ª�§�â¥«¨ íää¥ªâ¨¢−®áâ¨ | íâ® ¨−áâàã¬¥−â ¨§¬¥à¥−¨ï
¯®áâ�¢«¥−−ëå æ¥«¥©. �®ª�§�â¥«¨, ¨á¯®«ì§ã¥¬ë¥ ¤«ï ã¯à�¢«¥−¨ï ¨ ®æ¥−ª¨ ¤¥ï-
â¥«ì−®áâ¨ ®à£�−¨§�æ¨¨, ¤®«¦−ë ¡ëâì ç¥âª® á¢ï§�−ë á ¥¥ æ¥«ï¬¨.

‘¨áâ¥¬� ã¯à�¢«¥−¨ï ®à£�−¨§�æ¨¥© −� ®á−®¢¥ KPI ¯®§¢®«ï¥â ¤®áâ¨çì æ¥«¨
®à£�−¨§�æ¨¨, ¯®¬®£�ï àãª®¢®¤¨â¥«ï¬ ¡®«¥¥ íää¥ªâ¨¢−® ã¯à�¢«ïâì ¨¬¥îé¨¬¨áï
à¥áãàá�¬¨ ¢ ª«îç¥¢ëå ®¡«�áâïå ¤¥ïâ¥«ì−®áâ¨ −� ®á−®¢¥ ¨−ä®à¬�æ¨¨ ®¡ íª®−®-
¬¨ç¥áª®© ¨ ®¯¥à�â¨¢−®© ¤¥ïâ¥«ì−®áâ¨, ®âª«®−¥−¨ïå ¯«�−� ®â ä�ªâ�. Š«îç¥-
¢ë¥ ¯®ª�§�â¥«¨ íää¥ªâ¨¢−®áâ¨ ¯®§¢®«ïîâ ®æ¥−¨âì íää¥ªâ¨¢−®áâì ¢ë¯®«−ï¥¬ëå
¤¥©áâ¢¨© ®à£�−¨§�æ¨¥© ¢ æ¥«®¬, ®â¤¥«ì−ë¬¨ áâàãªâãà−ë¬¨ ¯®¤à�§¤¥«¥−¨ï¬¨
¨ ª�¦¤ë¬ ª®−ªà¥â−ë¬ á®âàã¤−¨ª®¬.

‚ áâ�âì¥ ¯à¥¤áâ�¢«¥− ¬¥â®¤¨ç¥áª¨© ¯®¤å®¤ ª ¢ë¡®àã KPI ¤«ï ®æ¥−ª¨ ¤¥ïâ¥«ì-
−®áâ¨ ®à£�−¨§�æ¨© IT-áä¥àë, áä®à¬ã«¨à®¢�−ë ¯à¥¤«®¦¥−¨ï ¯® −®¬¥−ª«�âãà¥
KPI ¯à¨¬¥−¨â¥«ì−® ª â�ª¨¬ ®à£�−¨§�æ¨ï¬, � â�ª¦¥ ¯® ¬¥â®¤�¬ à�áç¥â� ®â¤¥«ì−ëå
¯®ª�§�â¥«¥©.
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METHODOLOGICAL APPROACH TO THE SELECTION
OF KEY PERFORMANCE INDICATORS FOR EVALUATING

THE INFORMATION AND TECHNOLOGY ORGANIZATIONS
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of Sciences, 44-2 Vavilov Str., Moscow 119133, Russian Federation

Abstract: The article presents a methodological approach to the selection of
key performance indicators (KPI) for evaluating information and technology (IT)
organizations. The value of KPIs in assessing the effectiveness of organizations
is shown. The main approaches to the selection of the nomenclature of KPI,
including the types of such indicators and requirements for them, are presented.
The proposals have been developed on the KPI nomenclature in relation to IT
organizations. It is suggested to use three types of indicators: target, functional,
and financial. The proposals on methods for calculating individual indicators are
formulated.

Keywords: information system; key performance indicators; targets; functional
indicators; financial indicators
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СИСТЕМА СИТУАЦИОННОГО УПРАВЛЕНИЯ
КАК МУЛЬТИСЕРВИСНАЯ ТЕХНОЛОГИЯ В ОБЛАЧНОЙ

СРЕДЕ: СЕРВИСЫ АНАЛИТИКИ

А. П. Сучков1

�−−®â�æ¨ï: �â® ç¥â¢¥àâ�ï áâ�âìï ¢ á¥à¨¨ ¯ã¡«¨ª�æ¨©, ¯®á¢ïé¥−−ëå ¬¥â®-
¤®«®£¨¨ à�§à�¡®âª¨ ¨ ¢−¥¤à¥−¨ï �¢â®¬�â¨§¨à®¢�−−ëå á¨áâ¥¬ á¨âã�æ¨®−−®£®
ã¯à�¢«¥−¨ï ª�ª ®¡é¥¤®áâã¯−®© ¬ã«ìâ¨á¥à¢¨á−®© â¥å−®«®£¨¨ ¢ ®¡«�ç−®© áà¥-
¤¥. �à¥¤«�£�¥âáï ¨á¯®«ì§®¢�âì áãé¥áâ¢ãîé¨¥ ¬®¤¥«¨ ®¡á«ã¦¨¢�−¨ï IaaS
(Infrastructure as a Service) ¨ DaaS (Desktop as a Service), ¯®§¢®«ïîé¨¥
à¥�«¨§®¢�âì âà¥¡ã¥¬ãî ¨−äà�áâàãªâãàã (á¥à¢¥àë, à�¡®ç¨¥ ¬¥áâ�, åà�−¨«¨-
é�, ¡�§ë ¤�−−ëå (�„)) ¨ á¯¥æ¨�«¨§¨à®¢�−−ë¥ à�¡®ç¨¥ ¬¥áâ� á ¯à¨ª«�¤−ë¬
¯à®£à�¬¬−ë¬ ®¡¥á¯¥ç¥−¨¥¬, à¥�«¨§ãîé¨¥ −¥®¡å®¤¨¬ë© äã−ªæ¨®−�«. �à¥¤-
«®¦¥−ë ®á−®¢−ë¥ ¯®¤å®¤ë ª á®§¤�−¨î ¬ã«ìâ¨á¥à¢¨á−®© â¨¯®¢®© á¨áâ¥¬ë
á¨âã�æ¨®−−®£® ã¯à�¢«¥−¨ï ª�ª ãá«ã£¨ (CSaaS, Control System as a Service).
‚ áâ�âì¥ ¨§«®¦¥−ë ¯®¤å®¤ë ª ¯®áâà®¥−¨î ¨ ¤¥â�«¨§�æ¨¨ ®¤−®© ¨§ ®á−®¢−ëå
£àã¯¯ á¥à¢¨á®¢ CSaaS, ®¡¥á¯¥ç¨¢�îé¨å á®§¤�−¨¥, ¢¥¤¥−¨¥ ¨ ¨á¯®«ì§®¢�-
−¨¥ á¨áâ¥¬ë �−�«¨â¨ç¥áª¨å á¥à¢¨á®¢, ®áãé¥áâ¢«ïîé¨å ¯®¤¤¥à¦ªã ¯à®æ¥áá®¢
¯à¨−ïâ¨ï à¥è¥−¨©.

Š«îç¥¢ë¥ á«®¢�: �¢â®¬�â¨§¨à®¢�−−�ï á¨áâ¥¬� á¨âã�æ¨®−−®£® ã¯à�¢«¥−¨ï;
¬ã«ìâ¨á¥à¢¨á−�ï â¥å−®«®£¨ï; ®¡«�ç−�ï áà¥¤�; á¥à¢¨áë �−�«¨â¨ª¨

DOI: 10.14357/08696527230209

1 Введение

‚ −�áâ®ïé¥¥ ¢à¥¬ï ¯®¤�¢«ïîé¥¥ ¡®«ìè¨−áâ¢® ®à£�−¨§�æ¨®−−ëå á¨áâ¥¬ ¯à¨
à¥�«¨§�æ¨¨ áâà�â¥£¨ç¥áª¨å æ¥«¥© á¢ï§ë¢�îâ á¢®¥ à�§¢¨â¨¥ á æ¨äà®¢®© âà�−áä®à-
¬�æ¨¥©. ˜¨à®ª®¥ à�á¯à®áâà�−¥−¨¥ ¯®«ãç�îâ æ¨äà®¢ë¥ á¨áâ¥¬ë á¨âã�æ¨®−−®£®
ã¯à�¢«¥−¨ï á â¥å−®«®£¨ï¬¨, à¥�«¨§ãîé¨¬¨ äã−ªæ¨¨ ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï à¥-
è¥−¨© ª�ª ¤«ï â¥ªãé¨å §�¤�ç ®à£�−¨§�æ¨®−−®© á¨áâ¥¬ë, â�ª ¨ ¤«ï §�¤�ç áà¥¤−¥-
áà®ç−®£® ¨ ¯¥àá¯¥ªâ¨¢−®£® ¯«�−¨à®¢�−¨ï. ‚ á¢ï§¨ á íâ¨¬ ¢®§à®á«� �ªâã�«ì−®áâì
§�¤�ç ¬¥¦¢¥¤®¬áâ¢¥−−®£® ¨−ä®à¬�æ¨®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï. ‚ [1] −� ®á−®¢¥ �−�-
«¨§� ®¯ëâ� ®à£�−¨§�æ¨¨ ¬¥¦¢¥¤®¬áâ¢¥−−®£® ¨−ä®à¬�æ¨®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï
ªàã¯−ëå £®áã¤�àáâ¢¥−−ëå ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ [1{3], � â�ª¦¥ ¯à®¢¥¤¥−−ëå
−�ãç−ëå ¨áá«¥¤®¢�−¨© ¯à¥¤«�£�îâáï ¯ãâ¨ à¥è¥−¨ï −�ãç−®-â¥å−¨ç¥áª¨å ¯à®¡«¥¬
®à£�−¨§�æ¨¨ â�ª®£® ¢§�¨¬®¤¥©áâ¢¨ï ¢ à�á¯à¥¤¥«¥−−ëå á¨áâ¥¬�å á¨âã�æ¨®−−®-

1”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª, ASuchkov@ipiran.ru
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‘¨áâ¥¬� á¨âã�æ¨®−−®£® ã¯à�¢«¥−¨ï ª�ª ¬ã«ìâ¨á¥à¢¨á−�ï â¥å−®«®£¨ï ¢ ®¡«�ç−®© áà¥¤¥

�á−®¢−ë¥ ¯à®æ¥ááë ã−¨ä¨æ¨à®¢�−−®© á¨áâ¥¬ë á¨âã�æ¨®−−®£® ã¯à�¢«¥−¨ï (”�„ |
ä®à¬�«¨§®¢�−−ë© í«¥ªâà®−−ë© ¤®ªã¬¥−â®®¡®à®â; ˆ‹� | ¨−ä®à¬�æ¨®−−®-«®£¨áâ¨ç¥-
áª®¥ ®¡¥á¯¥ç¥−¨¥; ‘�� | á¯¥æ¨�«ì−®¥ ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥)

£® ã¯à�¢«¥−¨ï, � ¨¬¥−−®: ®¡®á−®¢ë¢�îâáï ª®−æ¥¯âã�«ì−ë¥ ¨ �àå¨â¥ªâãà−ë¥
à¥è¥−¨ï −� ®á−®¢¥ á®§¤�−¨ï ¥¤¨−ëå ¬®¤¥«¥© £®áã¤�àáâ¢¥−−ëå ¤�−−ëå.

�â® ®¯à¥¤¥«ï¥â â¥−¤¥−æ¨î ¢®§à�áâ�−¨ï á¯à®á� −� à�§à�¡®âªã ¨ ¢−¥¤à¥−¨¥
�¢â®¬�â¨§¨à®¢�−−ëå á¨áâ¥¬ ã¯à�¢«¥−¨ï, ®¡¥á¯¥ç¨¢�îé¨å �−�«¨â¨ç¥áªãî ®¡-
à�¡®âªã ¢á¥ −�à�áâ�îé¥£® ¯®â®ª� ¤�−−ëå ¢ ¨−â¥à¥á�å ¯à¨−ïâ¨ï ®¯â¨¬�«ì−ëå
ã¯à�¢«¥−ç¥áª¨å à¥è¥−¨©. �ç¥¢¨¤−®, çâ® §�âà�âë −� à�§à�¡®âªã áãé¥áâ¢¥−−®
á−¨¦�îâáï ¯à¨ ¨á¯®«ì§®¢�−¨¨ ¤®áâã¯−ëå £®â®¢ëå â¨¯®¢ëå à¥è¥−¨© (¨−äà�-
áâàãªâãà−ëå ¨ ¯à®£à�¬¬−ëå), −�áâà�¨¢�¥¬ëå −� ª®−ªà¥â−ë¥ ¯à¨«®¦¥−¨ï.

�à¥¤¯®áë«ª�¬¨ ¤«ï á®§¤�−¨ï á¨áâ¥¬ë ã¯à�¢«¥−¨ï ª�ª ®¡é¥¤®áâã¯−®© ¬ã«ì-
â¨á¥à¢¨á−®© â¥å−®«®£¨¨ ¢ ®¡«�ç−®© áà¥¤¥ ¯®á«ã¦¨«¨ áãé¥áâ¢ãîé¨¥ ¬®¤¥«¨ ®¡-
á«ã¦¨¢�−¨ï IaaS ¨ DaaS, ¯®§¢®«ïîé¨¥ à¥�«¨§®¢�âì ®¯à¥¤¥«¥−−ãî ¨−äà�áâàãª-
âãàã (á¥à¢¥àë, à�¡®ç¨¥ ¬¥áâ�, åà�−¨«¨é�, �„) ¨ á¯¥æ¨�«¨§¨à®¢�−−ë¥ à�¡®ç¨¥
¬¥áâ� á ¯à¨ª«�¤−ë¬ ¯à®£à�¬¬−ë¬ ®¡¥á¯¥ç¥−¨¥¬, à¥�«¨§ãîé¨¥ −¥®¡å®¤¨¬ë©
äã−ªæ¨®−�«. ‚ á®áâ�¢ £àã¯¯ á¥à¢¨á®¢, à¥�«¨§ãîé¨å ¯à®æ¥ááë ¬ã«ìâ¨á¥à¢¨á−®©
á¨áâ¥¬ë ã¯à�¢«¥−¨ï, ¢å®¤ïâ (á¬. à¨áã−®ª) [4]:
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{ ®á−®¢−ë¥ £àã¯¯ë á¥à¢¨á®¢, à¥�«¨§ãîé¨¥ äã−ªæ¨¨ ã¯à�¢«¥−¨ï:

◦ æ¥«¥¯®«�£�−¨¥ á¨áâ¥¬ë ã¯à�¢«¥−¨ï;

◦ ¬®−¨â®à¨−£ ª®−âà®«¨àã¥¬®£® ¨−ä®à¬�æ¨®−−®£® ¯à®áâà�−áâ¢�;

◦ �−�«¨§ á®¡ëâ¨© ¨ á¨âã�æ¨©, ¢ëà�¡®âª� ¢�à¨�−â®¢ à¥è¥−¨©;

◦ á¨áâ¥¬� ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï à¥è¥−¨©;

◦ à¥�«¨§�æ¨ï à¥è¥−¨©;

{ ¢á¯®¬®£�â¥«ì−ë¥ £àã¯¯ë á¥à¢¨á®¢, ®¡¥á¯¥ç¨¢�îé¨¥ â¥å−®«®£¨ç¥áª¨¥ ¯à®-
æ¥ááë, à¥�«¨§ãîé¨¥ äã−ªæ¨¨ ¯®¤¤¥à¦�−¨ï ¨−äà�áâàãªâãàë:

◦ ã¯à�¢«¥−¨¥ ¨−ä®à¬�æ¨®−−ë¬¨ à¥áãàá�¬¨;

◦ ®à£�−¨§�æ¨ï ¨−ä®à¬�æ¨®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï;

◦ ®¡¥á¯¥ç¥−¨¥ ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨;

◦ ã¯à�¢«¥−¨¥ ¤®áâã¯®¬ ª à¥áãàá�¬;

{ á¥à¢¨áë «®ª�«¨§�æ¨¨ á¨áâ¥¬ë ã¯à�¢«¥−¨ï:

◦ á®§¤�−¨¥ ¨ ¬®¤¨ä¨ª�æ¨ï XML-¬®¤¥«¨ ¤�−−ëå;

◦ á®§¤�−¨¥ åà�−¨«¨é� á¨âã�æ¨®−−ëå ¤�−−ëå;

◦ −�áâà®©ª� ¡�§ §−�−¨© ¨ �−�«¨â¨ª¨;

◦ −�áâà®©ª� ¢á¯®¬®£�â¥«ì−ëå á¥à¢¨á®¢.

‚ ¯à¥¤ë¤ãé¨å áâ�âìïå [4{6] ¯à¥¤«®¦¥−ë ®á−®¢−ë¥ ¯®¤å®¤ë ª á®§¤�−¨î ¬ã«ì-
â¨á¥à¢¨á−®© ã−¨ä¨æ¨à®¢�−−®© á¨áâ¥¬ë á¨âã�æ¨®−−®£® ã¯à�¢«¥−¨ï ª�ª ãá«ã£¨
(‘SaaS), � â�ª¦¥ ª®−ªà¥â¨§¨à®¢�−ë £àã¯¯ë á¥à¢¨á®¢ æ¥«¥¯®«�£�−¨ï ¨ ¬®−¨â®-
à¨−£�. ‚ áâ�âì¥ ®¡áã¦¤�îâáï ¯®¤å®¤ë ª ä®à¬¨à®¢�−¨î á®áâ�¢� £àã¯¯ë á¥à¢¨á®¢
�−�«¨â¨ª¨ ¨ ¥¥ áâàãªâãà�.

2 Особенности аналитической составляющей CSaaS

�à¨ à�áá¬®âà¥−¨¨ á¨áâ¥¬−ëå ¨ ¬¥â®¤¨ç¥áª¨å ¢®¯à®á®¢ á®§¤�−¨ï á¨áâ¥¬
¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï à¥è¥−¨©, ®á−®¢�−−ëå −� á¨âã�æ¨®−−®¬ �−�«¨§¥, ¢ áâ�âì¥
¨á¯®«ì§ã¥âáï àï¤ ¡�§®¢ëå ¯®−ïâ¨©: á®¡ëâ¨¥, ®¡áâ�−®¢ª�, á¨âã�æ¨ï, ã£à®§�,
ã¯à�¢«¥−¨¥, æ¥«¨ ã¯à�¢«¥−¨ï ¨ ¤à. [7]. ‘¨âã�æ¨ï ®¯à¥¤¥«ï¥âáï á®áâ®ï−¨¥¬ ¢§�-
¨¬®á¢ï§�−−ëå í«¥¬¥−â®¢ ®¡áâ�−®¢ª¨ ¢ ª®−âà®«¨àã¥¬®¬ ¯à®áâà�−áâ¢¥; ¨§¬¥−¥−¨ï
®¡áâ�−®¢ª¨ ®¯à¥¤¥«ïîâáï á®¡ëâ¨ï¬¨, ®¡à�§ãîé¨¬¨ −¥ª®â®àë¥ à�§¢®à�ç¨¢�-
îé¨¥áï ¢® ¢à¥¬¥−¨, −�¡«î¤�¥¬ë¥ ¨ à¥£¨áâà¨àã¥¬ë¥ ¯®â®ª¨. �à¨ íâ®¬ ¯®¤
ã¯à�¢«¥−¨¥¬ ¯®−¨¬�¥âáï æ¥«¥−�¯à�¢«¥−−®¥ ¢®§¤¥©áâ¢¨¥ ®à£�−� ã¯à�¢«¥−¨ï −�
¯®¤ç¨−¥−−ë¥ ¥¬ã ¨«¨ ¢§�¨¬®¤¥©áâ¢ãîé¨¥ í«¥¬¥−âë ®¡áâ�−®¢ª¨ (á¨«ë, áà¥¤áâ¢�,
à¥áãàáë).
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‘¨áâ¥¬� á¨âã�æ¨®−−®£® ã¯à�¢«¥−¨ï ª�ª ¬ã«ìâ¨á¥à¢¨á−�ï â¥å−®«®£¨ï ¢ ®¡«�ç−®© áà¥¤¥

�®−ïâ¨¥ á¨âã�æ¨®−−®£® �−�«¨§� ¨á¯®«ì§ã¥âáï ¢ ¯à®æ¥áá�å ã¯à�¢«¥−¨ï, ª®£¤�
¢®§−¨ª�¥â −¥®¡å®¤¨¬®áâì ¢ëà�¡®âª¨ ã¯à�¢«¥−ç¥áª¨å à¥è¥−¨© ¢ à¥¦¨¬¥ à¥�«ì-
−®£® ¢à¥¬¥−¨ ¢ ãá«®¢¨ïå á«®¦−®© ®¡áâ�−®¢ª¨, áª«�¤ë¢�îé¥©áï ¢ ®â−®è¥−¨¨
ª®−âà®«¨àã¥¬ëå ®¡ê¥ªâ®¢. ‘¨âã�æ¨®−−ë© �−�«¨§ ®¡¥á¯¥ç¨¢�¥â −� ®á−®¢¥ á®¡ë-
â¨©−®£® ¬®−¨â®à¨−£� ®¡áâ�−®¢ª¨ ¨¤¥−â¨ä¨ª�æ¨î á¨âã�æ¨© (ã£à®§), á«¥¦¥−¨¥ §�
á®áâ®ï−¨¥¬ á¨âã�æ¨©, ¯à®£−®§ áæ¥−�à¨¥¢ ¨å à�§¢¨â¨ï, � â�ª¦¥ ¯®¤¤¥à¦ªã ¯à®-
æ¥áá� ¢ëà�¡®âª¨ ã¯à�¢«ïîé¨å ¢®§¤¥©áâ¢¨© ¤«ï ¤®áâ¨¦¥−¨ï æ¥«¥¢®© á¨âã�æ¨¨
(−®à¬�«¨§�æ¨ï á¨âã�æ¨¨).

�à®æ¥ááë ¯à¨−ïâ¨ï à¥è¥−¨© CSaaS ®áãé¥áâ¢«ïîâáï −� ®á−®¢¥ á¯¥æ¨�«¨-
§¨à®¢�−−ëå �−�«¨â¨ç¥áª¨å â¥å−®«®£¨©, à¥�«¨§®¢�−−ëå ¢ ¢¨¤¥ á®¢®ªã¯−®áâ¨
¢§�¨¬®á¢ï§�−−ëå á¥à¢¨á®¢. �à¨ íâ®¬ ¯®¤ �−�«¨â¨ç¥áª®© â¥å−®«®£¨¥© ¯®−¨¬�-
¥âáï à¥£«�¬¥−â¨à®¢�−−ë© ¯à®æ¥áá ¯®«ãç¥−¨ï ¨−ä®à¬�æ¨®−−®£® ¯à®¤ãªâ� [8]:

{ á®§¤�−−®£® −� ®á−®¢¥ á¯¥æ¨�«ì−® á®¡à�−−ëå ¨ ¯®¤£®â®¢«¥−−ëå ¤®áâ®¢¥à−ëå
¤�−−ëå ¯à¥¤¬¥â−®© ®¡«�áâ¨ �−�«¨§�;

{ á®¤¥à¦�é¥£® ª®«¨ç¥áâ¢¥−−ë¥ ¨«¨ ª�ç¥áâ¢¥−−ë¥ ®æ¥−ª¨ �−�«¨§¨àã¥¬ëå ¯à®-
æ¥áá®¢, ¯®«ãç¥−−ë¥ á ¯®¬®éìî ®¯à¥¤¥«¥−−ëå ¬�â¥¬�â¨ç¥áª¨å, í¢à¨áâ¨ç¥-
áª¨å, íªá¯¥àâ−ëå ¨ ¤àã£¨å ¬¥â®¤®¢ �−�«¨§�, ª�ª ¯à�¢¨«®, á ¨á¯®«ì§®¢�−¨¥¬
¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï;

{ å�à�ªâ¥à¨§ãîé¥£® −¥¯®áà¥¤áâ¢¥−−® −¥−�¡«î¤�¥¬ë¥ ¯à®æ¥ááë, §�ª®−®¬¥à−®-
áâ¨, ä�ªâ®àë ¨ ¯�à�¬¥âàë �−�«¨§¨àã¥¬®© ¯à¥¤¬¥â−®© ®¡«�áâ¨;

{ á®¤¥à¦�â¥«ì−�ï ¨−â¥à¯à¥â�æ¨ï ª®â®à®£® ¯®§¢®«ï¥â ¯à¨−ïâì à¥§ã«ìâ�â¨¢−ë¥
¨ ¢ −¥ª®â®à®¬ á¬ëá«¥ ®¯â¨¬�«ì−ë¥ ã¯à�¢«¥−ç¥áª¨¥ à¥è¥−¨ï.

„«ï ®¯à¥¤¥«¥−¨ï ª®−ªà¥â−®£® á®áâ�¢� �−�«¨â¨ç¥áª¨å á¥à¢¨á®¢ ¢ ®¡«�ç−®©
áà¥¤¥ −¥®¡å®¤¨¬® áâàãªâãà¨à®¢�âì ¤¢� áãé¥áâ¢ãîé¨å ¨§¬¥à¥−¨ï ¨−ä®à¬�æ¨®−-
−®© ¬®¤¥«¨ �−�«¨â¨ç¥áª¨å ¤�−−ëå | ¤�−−ë¥ ¬®−¨â®à¨−£� ®¡áâ�−®¢ª¨ ¨ ¢¨¤ë
�−�«¨§� íâ¨å ¤�−−ëå.

‚ [9] ®¯à¥¤¥«¥−ë ¢¨¤ë ¯®¤«¥¦�é¨å �−�«¨§ã ¤�−−ëå ®¡ ®¡áâ�−®¢ª¥ ¢ §®−¥
®â¢¥âáâ¢¥−−®áâ¨ á¨áâ¥¬ë ã¯à�¢«¥−¨ï:

{ æ¥«¥¢�ï ®¡áâ�−®¢ª� (á®¢®ªã¯−®áâì â¥ªãé¨å §−�ç¥−¨© æ¥«¥¢ëå ¯®ª�§�â¥«¥©
¨ ¨−¤¨ª�â®à®¢ (–�ˆ) á®áâ®ï−¨ï ®¡áâ�−®¢ª¨);

{ ª®−âà®«¨àã¥¬ë¥ ®¡ê¥ªâë (®¡ê¥ªâë, á®áâ®ï−¨¥ ª®â®àëå ¯®¤«¥¦¨â ª®−âà®«î
á â®çª¨ §à¥−¨ï æ¥«¥© ã¯à�¢«¥−¨ï);

{ ª®−âà®«¨àã¥¬ë¥ à¥áãàáë (®¡ê¥ªâë ã¯à�¢«¥−¨ï, −�¯à¨¬¥à á¢®¨ ¨«¨ ¢§�¨¬®-
¤¥©áâ¢ãîé¨¥ à¥áãàáë);

{ −¥ª®−âà®«¨àã¥¬ë¥ ä�ªâ®àë, −�¯à¨¬¥à ¯à®â¨¢®¡®àáâ¢ãîé¨¥ à¥áãàáë (á¨«ë,
áà¥¤áâ¢�), í«¥¬¥−âë ®ªàã¦�îé¥© áà¥¤ë (¯à¨à®¤−ë¥, â¥å−®£¥−−ë¥, á®æ¨�«ì-
−ë¥, ¯®«¨â¨ç¥áª¨¥ ¨ íª®−®¬¨ç¥áª¨¥ ä�ªâ®àë ª®−âà®«¨àã¥¬®£® ¯à®áâà�−-
áâ¢�).
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�¯à¥¤¥«¨¬ è¥áâì áâ�¤¨© (¢¨¤®¢) �−�«¨§� ®¡áâ�−®¢ª¨ ¢ á¨áâ¥¬¥ ã¯à�¢«¥−¨ï:

(1) �−�«¨§ ¨ ®æ¥−ª� æ¥«¥¢®© ®¡áâ�−®¢ª¨;

(2) ®æ¥−ª� ¯�à�¬¥âà®¢ −¥−�¡«î¤�¥¬ëå (áªàëâëå) í«¥¬¥−â®¢ ®¡áâ�−®¢ª¨ −�
®á−®¢¥ ¢ë¡®à®ç−ëå ¨«¨ ª®á¢¥−−ëå ¤�−−ëå ¯® à¥§ã«ìâ�â�¬ ¬®−¨â®à¨−£�,
¢ëï¢«¥−¨¥ ä�ªâ®¢;

(3) ®¯¥à�â¨¢−ë© �−�«¨§ ®¡áâ�−®¢ª¨ ¯ãâ¥¬ ¥¥ áà�¢−¥−¨ï á ¯à®è¥¤è¨¬ ¯¥à¨®¤®¬
(¡¥§ ¨§¬¥−¥−¨©, åã¦¥, «ãçè¥, �−®¬�«¨ï) á æ¥«ìî ¢ëï¢«¥−¨ï á¨âã�æ¨©,
âà¥¡ãîé¨å −¥¬¥¤«¥−−®£® à¥�£¨à®¢�−¨ï;

(4) ®æ¥−ª� áâ¥¯¥−¨ á«®¦−®áâ¨ á¨âã�æ¨¨: èâ�â−�ï, ªà¨â¨ç¥áª�ï, çà¥§¢ëç�©−�ï;

(5) ¯®¤¤¥à¦ª� ¯à®æ¥áá®¢ ¯à¨−ïâ¨ï ã¯à�¢«¥−ç¥áª¨å à¥è¥−¨© | �¤�¯â�æ¨ï ¢�-
à¨�−â®¢ â¨¯®¢ëå à¥è¥−¨© ¨«¨ ¢ëà�¡®âª� ¢�à¨�−â®¢ à¥è¥−¨© ¤«ï −¥èâ�â−ëå
á¨âã�æ¨©;

(6) ¯à®£−®§¨à®¢�−¨¥ ¨§¬¥−¥−¨ï ®¡áâ�−®¢ª¨: ¡¥§ ã¯à�¢«ïîé¥£® ¢®§¤¥©áâ¢¨ï;
á ã¯à�¢«ïîé¨¬ ¢®§¤¥©áâ¢¨¥¬; áæ¥−�à−®¥ ¯à®£−®§¨à®¢�−¨¥ á ãç¥â®¬ ¢−¥è−¨å
ä�ªâ®à®¢; ¢ë¡®à ¢�à¨�−â� à¥è¥−¨ï (á ãç¥â®¬ ¯à®£−®§¨à®¢�−¨ï).

3 Сервисы локализации аналитики

‹®ª�«¨§�æ¨ï �−�«¨â¨ç¥áª¨å á¥à¢¨á®¢ ®áãé¥áâ¢«ï¥âáï á ãç¥â®¬ −�áâà®©ª¨
á¨áâ¥¬ë æ¥«¥¯®«�£�−¨ï −� ª®−ªà¥â−®¥ ¯à¨«®¦¥−¨¥. �á−®¢−ë¥ ¯�à�¬¥âàë á¨á-
â¥¬ë æ¥«¥¯®«�£�−¨ï, ¢ª«îç�ï æ¥«¨ ¨ §�¤�ç¨, ä®à¬�«¨§ãîâáï ¢ ¢¨¤¥ –�ˆ, ¨å
æ¥«¥¢ëå §−�ç¥−¨© ¨ áà®ª®¢ ¨å ¤®áâ¨¦¥−¨ï. ’�ª, ¯à¨ à¥�«¨§�æ¨¨ ”¥¤¥à�«ì-
−®© ¯à®£à�¬¬ë ú�®áâà®¥−¨¥ ¨ à�§¢¨â¨¥ �¯¯�à�â−®-¯à®£à�¬¬−®£® ª®¬¯«¥ªá�
\�¥§®¯�á−ë© £®à®¤"û (��Š �ƒ) ®á−®¢−ë¬¨ –�ˆ ¬®£ãâ á«ã¦¨âì ¯®ª�§�â¥«¨
¯à¨ç¨−¥−−®£® ¨ ¯à¥¤®â¢à�é¥−−®£® ãé¥à¡� ®â çà¥§¢ëç�©−ëå á¨âã�æ¨© [1].

ˆâ�ª, æ¥«¥¢�ï ®¡áâ�−®¢ª� ¢ ª�¦¤ë© ¬®¬¥−â ¢à¥¬¥−¨ t å�à�ªâ¥à¨§ã¥âáï §−�-
ç¥−¨¥¬ æ¥«¥¢ëå ¯®ª�§�â¥«¥©

Ci(t) = f (pj(t)) , i = 1, . . . , n, pj ∈ P , j = 1, . . . ,m , (1)

£¤¥ f | ä®à¬ã«� à�áç¥â� –�ˆ ¢ §�¢¨á¨¬®áâ¨ ®â â¥ªãé¨å §−�ç¥−¨© −�¡«î¤�¥¬ëå
¯® ¤�−−ë¬ ¬®−¨â®à¨−£� ¯�à�¬¥âà®¢ ®¡áâ�−®¢ª¨ pj ¨§ ¬−®¦¥áâ¢� ¯�à�¬¥âà®¢
á¨áâ¥¬ë æ¥«¥¯®«�£�−¨ï P . ‚ á¨áâ¥¬¥ æ¥«¥¯®«�£�−¨ï §�¤�îâáï â�ª¦¥ æ¥«¥¢ë¥
§−�ç¥−¨ï –�ˆ ¢ §�¤�−−ë¥ ¬®¬¥−âë ¢à¥¬¥−¨ ¨ ªà¨â¥à¨¨ ¨å ¤®áâ¨¦¥−¨ï (¯«�−®¢ë¥
§−�ç¥−¨ï). ‚ ®¡é¥¬ ¢¨¤¥ ¨å ¬®¦−® ¯®¤à¥¤¨âì ª�ª æ¥«¥¢ë¥ ¬−®¦¥áâ¢� –�ˆ:

Ci(tk) ∈ Ÿi(tk). (2)

��¯à¨¬¥à, æ¥«¥¢®© ¯®ª�§�â¥«ì ¢à¥¬¥−¨ §�£àã§ª¨ ã−¨ª�«ì−ëå −�ãç−ëå ãáâ�−®¢®ª
(“�“) ¢ –¥−âà�å ª®««¥ªâ¨¢−®£® ¯®«ì§®¢�−¨ï ¤®«¦¥− ¯à¥¢ëè�âì 70%, çâ®
ãáâ�−®¢«¥−® −� ä¥¤¥à�«ì−®¬ ãà®¢−¥ á®®â¢¥âáâ¢ãîé¨¬¨ ¯®áâ�−®¢«¥−¨ï¬¨ [10].
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‘¨áâ¥¬� á¨âã�æ¨®−−®£® ã¯à�¢«¥−¨ï ª�ª ¬ã«ìâ¨á¥à¢¨á−�ï â¥å−®«®£¨ï ¢ ®¡«�ç−®© áà¥¤¥

ˆâ�ª, ¢ á®áâ�¢ á¥à¢¨á®¢ «®ª�«¨§�æ¨¨ �−�«¨â¨ª¨ ¢ª«îç�îâáï á¥à¢¨áë ä®à-
¬¨à®¢�−¨ï à�áç¥â−ëå ä®à¬ã« (1) ¨ ãáâ�−®¢«¥−¨¥ ªà¨â¥à¨¥¢ (2).

‘«¥¤ãîé�ï §�¤�ç� «®ª�«¨§�æ¨¨ | ®¡¥á¯¥ç¨âì ãç¥â ¢«¨ï−¨ï ã¯à�¢«ïîé¨å
¢®§¤¥©áâ¢¨© −� §−�ç¥−¨ï –�ˆ ¢ ¢¨¤¥ ¬®¤¥«¥© ¨å §�¢¨á¨¬®áâ¨ ®â à¥áãàá®¢,
¨á¯®«ì§ã¥¬ëå ¢ ¯à®æ¥áá¥ ã¯à�¢«¥−¨ï. ’�ª, ¯à®¤®«¦�ï ¯à¨¢¥¤¥−−ë© ¯à¨¬¥à,
¢à¥¬ï §�£àã§ª¨ “�“ §�¢¨á¨â ®â á«¥¤ãîé¨å ä�ªâ®à®¢: á®áâ®ï−¨¥ “�“, ª�ç¥áâ¢®
®¡á«ã¦¨¢�îé¥£® ¯¥àá®−�«�, ¬¥−¥¤¦¬¥−â ãá«ã£ ¨ á®áâ®ï−¨¥ −¥ª®−âà®«¨àã¥¬ëå
ä�ªâ®à®¢. ’�ª¨¬ ®¡à�§®¬, ¢à¥¬ï §�£àã§ª¨ “�“ ï¢«ï¥âáï äã−ªæ¨¥© ®â §�âà�â −�
®¡®àã¤®¢�−¨¥ (à¥¬®−â, ¬®¤¥à−¨§�æ¨ï, ®¡á«ã¦¨¢�−¨¥), −� ã¯à�¢«¥−¨¥ ¯¥àá®−�«®¬
(−�¥¬, ¯®¢ëè¥−¨¥ ª¢�«¨ä¨ª�æ¨¨, ¯®¢ëè¥−¨¥ ¯à®¨§¢®¤¨â¥«ì−®áâ¨ âàã¤�), −� ¬¥-
−¥¤¦¬¥−â (à¥ª«�¬�, ®−«�©−-á¥à¢¨áë, ã¯à�¢«¥−¨¥ à¥áãàá�¬¨), � â�ª¦¥ §�âà�âë −�
−¥©âà�«¨§�æ¨î −¥£�â¨¢−ëå ¯à®æ¥áá®¢ (−�¯à¨¬¥à, á�−ªæ¨¨ ¨ ¢®§¤¥©áâ¢¨¥ ¢−¥è−¥©
áà¥¤ë, §�ç�áâãî £®áã¤�àáâ¢¥−−®¥ à¥£ã«¨à®¢�−¨¥). �®áâà®¥−¨¥ â�ª¨å ¬®¤¥«¥© |
á�¬ë© á«®¦−ë© ¨ −�ãª®¥¬ª¨© ¯à®æ¥áá «®ª�«¨§�æ¨¨ CSaaS, ¨ ®áãé¥áâ¢«ï¥âáï ®−
á ¨á¯®«ì§®¢�−¨¥¬ áãé¥áâ¢ãîé¨å ¬¥â®¤®¢ ¬®¤¥«¨à®¢�−¨ï (−�¯à¨¬¥à, «¨−¥©−�ï
¨ −¥«¨−¥©−�ï à¥£à¥áá¨ï) ¨ áâ�−¤�àâ−ëå ¬®¤¥«¥© «¨¡® ¯ãâ¥¬ íªá¯¥àâ−®© ®æ¥−ª¨
−� ®á−®¢¥ �−�«¨§� ®¯ëâ� ¯à¥¤ë¤ãé¨å ¯¥à¨®¤®¢ ¤¥ïâ¥«ì−®áâ¨. ˆâ�ª, ¬®¤¥«¨
§�¢¨á¨¬®áâ¥© ¯�à�¬¥âà®¢ ¬®¦−® ä®à¬�«¨§®¢�âì á«¥¤ãîé¨¬ ®¡à�§®¬:

pj(t) = pj

(

⇀

r(t), t

)

, pj ∈ P ,
⇀
r ∈ R , (3)

£¤¥
⇀
r | ã¯à�¢«ïîé¨¥ ¢®§¤¥©áâ¢¨ï ¢ ¢¨¤¥ ¢¥ªâ®à� §�âà�â à¥áãàá®¢ ¯® −�¯à�¢-

«¥−¨ï¬¦ R | ®¡é¥¥ ®£à�−¨ç¥−¨¥ −� §�âà�âë. ’�ª¨¬ ®¡à�§®¬, ®á−®¢−�ï æ¥«ì
ã¯à�¢«¥−¨ï á®áâ®¨â ¢ ¤®áâ¨¦¥−¨¨ ¬¨−¨¬ã¬� ¤¥ª�àâ®¢� à�ááâ®ï−¨ï ®â â¥ªãé¨å
§−�ç¥−¨© –�ˆ ¤® æ¥«¥¢ëå ¯«�−®¢ëå §−�ç¥−¨© −� ¬−®¦¥áâ¢¥ §−�ç¥−¨© ¢¥ªâ®à�
à¥áãàá®¢:

ρ
(

Ci(tk) = pj

(

⇀
r (tk), tk

)

,Ÿi(tk)
)

−→
⇀
r ∈R

min . (4)

��áâà®©ª¨ ¬®£ãâ ¡ëâì −¥®¡å®¤¨¬ë ¤«ï àï¤� ¢á¯®¬®£�â¥«ì−ëå á¥à¢¨á®¢ á ¨á-
¯®«ì§®¢�−¨¥¬ ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ� ¯® ¨§¢«¥ç¥−¨î ä�ªâ®¢ ¨ §−�−¨© ¨§
¯®â®ª®¢ â¥ªáâ®¢ −� ¥áâ¥áâ¢¥−−®¬ ï§ëª¥, �ã¤¨®, ¢¨¤¥® ¨ ¤àã£¨å ¨áâ®ç−¨ª®¢.
„«ï ¨å «®ª�«¨§�æ¨¨ −¥®¡å®¤¨¬ë ¯®¤¡®àª¨ ª®à¯ãá®¢ â¥ªáâ®¢ëå ¤®ªã¬¥−â®¢ ¨«¨
¤àã£¨å ¬�áá¨¢®¢ ®¡ãç�îé¨å ¤�−−ëå ¯à¨ª«�¤−®© ®¡«�áâ¨ á¨áâ¥¬ë ã¯à�¢«¥−¨ï.

Š á¥à¢¨á�¬ «®ª�«¨§�æ¨¨ CSaaS ®â−®áïâáï á¥à¢¨áë:

{ ä®à¬¨à®¢�−¨ï, −�áâà®©ª¨, ª®àà¥ªâ¨à®¢ª¨ á¨áâ¥¬ë ªà¨â¥à¨¥¢ (2), ¯®à®£®¢ëå
§−�ç¥−¨©, í¢à¨áâ¨ª, ¯�à�¬¥âà®¢ à�áç¥â−ëå �«£®à¨â¬®¢;

{ ä®à¬¨à®¢�−¨ï, −�áâà®©ª¨, ª®àà¥ªâ¨à®¢ª¨ á¨áâ¥¬ë ¬®¤¥«¥© æ¥«¥© ã¯à�¢«¥-
−¨ï ¢ §�¢¨á¨¬®áâ¨ ®â á®áâ®ï−¨ï ®¡áâ�−®¢ª¨, á¨âã�æ¨© ¨ ã£à®§ (1), (3);

{ ä®à¬¨à®¢�−¨ï, −�áâà®©ª¨, ª®àà¥ªâ¨à®¢ª¨ á¨áâ¥¬ë à�áç¥â−ëå ¯®ª�§�â¥«¥©,
å�à�ªâ¥à¨§ãîé¨å ®¡áâ�−®¢ªã ¨ ¥¥ í«¥¬¥−âë (3);

{ ®¡ãç¥−¨¥ ¨ ¯à¥¤¬¥â−�ï ®à¨¥−â�æ¨ï á¨áâ¥¬ ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ� ¯®
¨§¢«¥ç¥−¨î ä�ªâ®¢ ¨ §−�−¨©.
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4 Сервисы аналитики CSaaS

��¨¡®«¥¥ �¤¥ª¢�â−®© ¬®¤¥«ìî ®¯¨á�−¨ï ®−â®«®£¨¨ ¤�−−ëå ¬®−¨â®à¨−£�
¯à¥¤áâ�¢«ï¥âáï ¤¨−�¬¨ç¥áª�ï á¥¬�−â¨ç¥áª�ï á¥âì („‘‘) [10].

„¨áªà¥â−�ï áâàãªâãà� ¨−ä®à¬�æ¨®−−®© ¬®¤¥«¨ ¬®−¨â®à¨−£� ¢ ¢¨¤¥ „‘‘ ¯®-
§¢®«ï¥â ¯à¨¬¥−ïâì ¬¥â®¤ë ¤¨áªà¥â−®© ¬�â¥¬�â¨ª¨, á¢ï§�−−ë¥ á â¥®à¨¥© £à�ä®¢,
¬�â¥¬�â¨ç¥áª®© «®£¨ª®© ¨ «¨−£¢¨áâ¨ç¥áª¨¬ �−�«¨§®¬:

{ ¢ë¤¥«¥−¨¥ ä�ªâ®¢ ¨ ä®à¬�«¨§�æ¨ï ä�ªâ®£à�ä¨ç¥áª¨å ¤�−−ëå −� ®á−®¢¥
«¨−£¢¨áâ¨ç¥áª®£® �−�«¨§� á«�¡®áâàãªâãà¨à®¢�−−®© ¨−ä®à¬�æ¨¨;

{ ¨¤¥−â¨ä¨ª�æ¨ï ¨ à¥£¨áâà�æ¨ï ®¡ê¥ªâ®¢, á«¨ï−¨¥ ¯®¤á¥â¥©;

{ ¯®¨áª ¯®¤®¡−ëå ¯à®áâà�−áâ¢¥−−®-¢à¥¬¥−− �ëå ª®−ä¨£ãà�æ¨© ¬¥â®¤�¬¨ â¥®à¨¨
£à�ä®¢ (¨§®¬®àä¨§¬ ¨ ¨§®¬®àä−®¥ ¢«®¦¥−¨¥ £à�ä®¢);

{ «®£¨ç¥áª¨¥ ¢ë¢®¤ë (¯®¨áª à¥è¥−¨ï) −� á¥¬�−â¨ç¥áª®© á¥â¨;

{ ¯®¨áª ¯àï¬ëå ¨ �áá®æ¨�â¨¢−ëå á¢ï§¥© (¯ãâ¥© −� £à�ä¥);

{ à�áç¥â ¨−â¥£à�«ì−ëå ¨ æ¥«¥¢ëå ¯®ª�§�â¥«¥© −� £à�ä�å.

‘ ¤àã£®© áâ®à®−ë, −�«¨ç¨¥ ¢ ¬®¤¥«¨ ¢à¥¬¥−−�®£® ¯�à�¬¥âà� ¯®á«¥ −�ª®¯«¥−¨ï
¤®áâ�â®ç−®© à¥âà®á¯¥ªâ¨¢ë ¤�¥â ¢®§¬®¦−®áâì ¯à¨¬¥−ïâì à�§«¨ç−ë¥ áâ�â¨áâ¨ç¥-
áª¨¥ ¬¥â®¤ë �−�«¨§�:

{ �−�«¨§ ¢à¥¬¥−− �ëå àï¤®¢, å�à�ªâ¥à¨§ãîé¨å ¨§¬¥−¥−¨¥ ª®«¨ç¥áâ¢¥−−ëå ¨ ª�-
ç¥áâ¢¥−−ëå �âà¨¡ãâ®¢ ã§«®¢ ¨ á¢ï§¥© „‘‘ (�−�«¨§ âà¥−¤®¢, á¥§®−−ëå ª®«¥-
¡�−¨©, â¥−¤¥−æ¨© ¨ �−®¬�«¨©);

{ ¯à®£−®§¨à®¢�−¨¥ ¨§¬¥−¥−¨ï ¯�à�¬¥âà®¢ á ãç¥â®¬ ¢ëï¢«¥−−ëå âà¥−¤®¢ ¨ �−�-
«¨§¨àã¥¬ëå áæ¥−�à¨¥¢ à�§¢¨â¨ï ®¡áâ�−®¢ª¨;

{ ¤¨−�¬¨ç¥áª®¥ ¬®¤¥«¨à®¢�−¨¥ á¨âã�æ¨©;

{ áâ�â¨áâ¨ç¥áª�ï ®æ¥−ª� ª®«¨ç¥áâ¢¥−−ëå ¨ ª�ç¥áâ¢¥−−ëå å�à�ªâ¥à¨áâ¨ª ¯®â®-
ª®¢ á®¡ëâ¨©.

Šà®¬¥ â®£®, ¤«ï à¥è¥−¨ï íªáâà¥¬�«ì−ëå §�¤�ç â¨¯� (4) ¯à¨¬¥−¨¬ë ç¨á«¥−−ë¥
¬¥â®¤ë ®¯â¨¬¨§�æ¨¨ ¨ ¬−®£®ªà¨â¥à¨�«ì−®£® ¢ë¡®à�.

�à¨¬¥−ï¥¬ë¥ ¬¥â®¤ë �−�«¨§� ¢�àì¨àãîâáï ¢ §�¢¨á¨¬®áâ¨ ®â ãà®¢−ï ã¯à�¢«¥-
−¨ï ¨ ®â ¢¨¤®¢ �−�«¨â¨ç¥áª¨å ¤�−−ëå [11]. „«ï ¯®¤¤¥à¦ª¨ ¯à®æ¥áá®¢ ã¯à�¢«¥−¨ï
¢¥àå−¨å ãà®¢−¥© ¤®«¦¥− ®áãé¥áâ¢«ïâìáï �−�«¨§ ¬�áá®¢ëå ¯®â®ª®¢ á®¡ëâ¨© ¯®
¢á¥¬ −�¯à�¢«¥−¨ï¬ ¯à¥¤¬¥â−®© ®¡«�áâ¨. „«ï �−�«¨§� ®¡áâ�−®¢ª¨ ¨ ¯®¤¤¥à¦ª¨
¯à®æ¥áá®¢ ¯à¨−ïâ¨ï à¥è¥−¨© −� íâ¨å ãà®¢−ïå ¯à¨¬¥−ïîâáï ¬�â¥¬�â¨ç¥áª¨¥ ¬¥-
â®¤ë áâ�â¨áâ¨ç¥áª®£® �−�«¨§� ¯®â®ª®¢ á®¡ëâ¨© á æ¥«ìî á®§¤�−¨ï ¤¨−�¬¨ç¥áª¨å
¬®¤¥«¥© ¯à®æ¥áá®¢. �� ¨å ®á−®¢¥ ®áãé¥áâ¢«ï¥âáï �−�«¨§ â¥ªãé¥£® á®áâ®ï−¨ï,
áà�¢−¨â¥«ì−ë© �−�«¨§ á ¯à®è¥¤è¨¬ ¯¥à¨®¤®¬ ¢à¥¬¥−¨, ¢ëï¢«¥−¨¥ â¥−¤¥−æ¨©
¨ �−®¬�«¨© ¢ ¯®â®ª�å á®¡ëâ¨©, ¯à®£−®§¨à®¢�−¨¥ à�§¢¨â¨ï á¨âã�æ¨© ¨ ã£à®§,
¯®¤¤¥à¦ª� ¯à¨−ïâ¨ï à¥è¥−¨©.

�� −¨¦−¨å ãà®¢−ïå ã¯à�¢«¥−¨ï ¬®−¨â®à¨−£ ª®−âà®«¨àã¥¬®£® ¯à®áâà�−áâ¢�
®áãé¥áâ¢«ï¥âáï ¡®«¥¥ ¤¥â�«ì−®, á ãç¥â®¬ á®áâ®ï−¨ï ª®−ªà¥â−ëå ª®−âà®«¨àã¥¬ëå
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‘¨áâ¥¬� á¨âã�æ¨®−−®£® ã¯à�¢«¥−¨ï ª�ª ¬ã«ìâ¨á¥à¢¨á−�ï â¥å−®«®£¨ï ¢ ®¡«�ç−®© áà¥¤¥

®¡ê¥ªâ®¢ ¨ ¨å ¢§�¨¬®á¢ï§¥©. „«ï �−�«¨§� ¤�−−ëå §¤¥áì ¯à¨¬¥−ïîâáï ¬¥â®¤ë
¤¨áªà¥â−®© ¬�â¥¬�â¨ª¨, á¢ï§�−−ë¥ á â¥®à¨¥© £à�ä®¢, ¬�â¥¬�â¨ç¥áª®© «®£¨ª®©
¨ «¨−£¢¨áâ¨ç¥áª¨¬ �−�«¨§®¬. „«ï −¨¦−¥£® ãà®¢−ï å�à�ªâ¥à−® ¨á¯®«ì§®¢�−¨¥
¨−ä®à¬�æ¨®−−®-à�áç¥â−ëå §�¤�ç, ¯®§¢®«ïîé¨å ¯à®£−®§¨à®¢�âì ¨ ®æ¥−¨¢�âì
ä�ªâ®àë, á¢ï§�−−ë¥ á £¥®¯à®áâà�−áâ¢¥−−ë¬¨ §�¤�ç�¬¨ ¨ ®æ¥−ª�¬¨ íää¥ªâ¨¢-
−®áâ¨ ¯à¨−¨¬�¥¬ëå à¥è¥−¨©.

‘¥£¬¥−â á¥à¢¨á®¢ á¨âã�æ¨®−−®£® �−�«¨§� ¨ á¨áâ¥¬�â¨§�æ¨¨ ¨−ä®à¬�æ¨¨ ¤®«-
¦¥− ®¡¥á¯¥ç¨¢�âì à¥�«¨§�æ¨î á«¥¤ãîé¨å äã−ªæ¨©:

{ ¢® ¢§�¨¬®¤¥©áâ¢¨¨ á á¥£¬¥−â®¬ ¬®−¨â®à¨−£� ¯®«ãç¥−¨¥ ¤�−−ëå ® á®áâ®ï−¨¨
®¡áâ�−®¢ª¨ ®â á®¡áâ¢¥−−ëå (áã¡ê¥ªâ¨¢−ëå ¨ ®¡ê¥ªâ¨¢−ëå áà¥¤áâ¢ −�¡«î¤¥-
−¨ï ¨ ª®−âà®«ï) ¨ ¢−¥è−¨å ¯® ®â−®è¥−¨î ª á¨áâ¥¬¥ ¨áâ®ç−¨ª®¢ ¨−ä®à¬�æ¨¨
(¢¥¤®¬áâ¢¥−−ëå, ¬¥¦¢¥¤®¬áâ¢¥−−ëå, ¬¥¦¤ã−�à®¤−ëå, −¥§�¢¨á¨¬ëå ¨ ¤à.);

{ ¨§¢«¥ç¥−¨¥ ä�ªâ®¢, áâàãªâãà¨§�æ¨ï ¨ ä®à¬�«¨§�æ¨ï à�§−®à®¤−ëå ¤�−−ëå
® §−�ç¨¬ëå á®¡ëâ¨ïå ¢ á®®â¢¥âáâ¢¨¨ á ¢ë¡à�−−®© ¨−ä®à¬�æ¨®−−®© ¬®¤¥«ìî
¯à¥¤¬¥â−®© ®¡«�áâ¨;

{ ä®à¬¨à®¢�−¨¥ åà�−¨«¨é á¨âã�æ¨®−−ëå ¤�−−ëå;

{ à�áç¥â ¯¥à¢¨ç−ëå ¨ ¨−â¥£à�«ì−ëå ¯®ª�§�â¥«¥© ®¡áâ�−®¢ª¨, � â�ª¦¥ áâ�â¨áâ¨-
ç¥áª�ï ®æ¥−ª� å�à�ªâ¥à¨áâ¨ª −¥−�¡«î¤�¥¬ëå í«¥¬¥−â®¢ ®¡áâ�−®¢ª¨;

{ à¥è¥−¨¥ §�¤�ç ¯¥àá¯¥ªâ¨¢−®£® ¯«�−¨à®¢�−¨ï, ª®−âà®«ì ¨á¯®«−¥−¨ï à¥è¥−¨©
¯® ¯«�−¨à®¢�−¨î;

{ ¢ëï¢«¥−¨¥ §−�ç¨¬ëå á¨âã�æ¨©, ¨å à�−¦¨à®¢�−¨¥ ¯® áâ¥¯¥−¨ ¢�¦−®áâ¨, ¢¨¤�¬
¨ â¨¯�¬, ä®à¬¨à®¢�−¨¥ â¥ªãé¥£® ¯¥à¥ç−ï �−�«¨â¨ç¥áª¨å §�¤�ç ¯® áª«�¤ë¢�-
îé¥©áï ®¡áâ�−®¢ª¥ ¨ ¯® ¯®àãç¥−¨ï¬ àãª®¢®¤áâ¢�;

{ ¢ëà�¡®âª� ¢�à¨�−â®¢ à¥è¥−¨© ¯® ¯à¨¬¥−¥−¨î ã¯à�¢«ïîé¨å ¢®§¤¥©áâ¢¨© ¤«ï
¤®áâ¨¦¥−¨ï æ¥«¥¢ëå á¨âã�æ¨©, ä®à¬¨à®¢�−¨¥ á¯®á®¡®¢ −�£«ï¤−®£® ¯à¥¤-
áâ�¢«¥−¨ï ¢�à¨�−â®¢ à¥è¥−¨ï ¤«ï «¨æ�, ¯à¨−¨¬�îé¥£® à¥è¥−¨¥, (‹�÷)
(®¯¥à�â¨¢−®¥ ¯«�−¨à®¢�−¨¥);

{ ¯à®£−®§¨à®¢�−¨¥ à�§¢¨â¨ï ®¡áâ�−®¢ª¨ ¨ ¯à®æ¥áá� à¥�«¨§�æ¨¨ æ¥«¥© á¨áâ¥¬ë
ã¯à�¢«¥−¨ï −� ®á−®¢¥ áä®à¬¨à®¢�−−ëå á¨âã�æ¨®−−ëå ¬®¤¥«¥© ¨ ¬®¤¥«¥©
ã£à®§, ¢ â®¬ ç¨á«¥ ¨ á ãç¥â®¬ ¯à¨¬¥−¥−¨ï ¢ëà�¡®â�−−ëå ¢�à¨�−â®¢ à¥è¥−¨©;

{ ®¡¥á¯¥ç¥−¨¥ ¯à®æ¥áá®¢ ¯à¨−ïâ¨ï à¥è¥−¨© ª®¬¯«¥ªá®¬ ¨−ä®à¬�æ¨®−−®-à�á-
ç¥â−ëå §�¤�ç;

{ ¢®§¬®¦−®áâì ¢¨§ã�«¨§�æ¨¨ à¥§ã«ìâ�â®¢ �−�«¨§� ®¡áâ�−®¢ª¨ −� ¨−¤¨¢¨¤ã�«ì-
−ëå ¨ ª®««¥ªâ¨¢−ëå áà¥¤áâ¢�å ®â®¡à�¦¥−¨ï;

{ ä®à¬¨à®¢�−¨¥ á¯®á®¡®¢ ¢¨§ã�«¨§�æ¨¨ �£à¥£¨à®¢�−−ëå ¤�−−ëå ® áª«�¤ë¢�-
îé¥©áï ®¡áâ�−®¢ª¥ ¤«ï ‹�÷ ¨ ®¯¥à�â¨¢−®£® á®áâ�¢�;

{ ä®à¬¨à®¢�−¨¥ ®âç¥â−®áâ¨ ¨ á«ã¦¥¡−®© ¤®ªã¬¥−â�æ¨¨.
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�. �. ‘ãçª®¢

�−�«¨â¨ç¥áª¨¥ á¥à¢¨áë CSaaS

‘â�¤¨¨
�−�«¨§�

�−�«¨â¨ç¥áª¨¥ á¥à¢¨áë ¯® £àã¯¯�¬ ¤�−−ëå ¬®−¨â®à¨−£�
–¥«¥¢�ï

®¡áâ�−®¢ª�
Š®−âà®«¨àã-
¥¬ë¥ ®¡ê¥ªâë

Š®−âà®«¨àã-
¥¬ë¥ à¥áãàáë

�¥ª®−âà®«¨àã-
¥¬ë¥ ä�ªâ®àë

�æ¥−ª�
æ¥«¥¢®©
®¡áâ�−®¢ª¨

{ ÷�áç¥â –�ˆ ®¡-
áâ�−®¢ª¨ (1)

{ ‘¥à¢¨áë ¯«�-
−¨à®¢�−¨ï
(ª®àà¥ªâ¨à®¢ª�
¯«�−�) (2)

{ ÷�áç¥â –�ˆ á®-
áâ®ï−¨ï (1)

{ ‘¥à¢¨áë ¯«�-
−¨à®¢�−¨ï
(ª®àà¥ªâ¨à®¢ª�
¯«�−�) (2)

{ ÷�áç¥â –�ˆ á®-
áâ®ï−¨ï (1)

{ ‘¥à¢¨áë ¯«�-
−¨à®¢�−¨ï
(ª®àà¥ªâ¨à®¢ª�
¯«�−�) (2)

{ �æ¥−ª� ã£à®§
¨ à¨áª®¢

�æ¥−ª�
áªàëâëå
í«¥¬¥−â®¢
®¡áâ�−®¢ª¨

{ �æ¥−ª� ¯�à�¬¥â-
à®¢ (3)

{ ˆ§¢«¥ç¥−¨¥ ä�ª-
â®¢ ¨ §−�−¨©

{ �æ¥−ª� ¯�à�¬¥â-
à®¢ (3)

{ ˆ§¢«¥ç¥−¨¥ ä�ª-
â®¢ ¨ §−�−¨©

{ �æ¥−ª� ¯�à�¬¥â-
à®¢ (3)

{ ˆ§¢«¥ç¥−¨¥ ä�ª-
â®¢ ¨ §−�−¨©

{ �æ¥−ª� ¯�à�-
¬¥âà®¢ (3)

{ ˆ§¢«¥ç¥−¨¥
ä�ªâ®¢ ¨ §−�-
−¨©

�¯¥à�â¨¢-
−ë© �−�«¨§
®¡áâ�−®¢ª¨

{ �æ¥−ª� à¥�«¨§�-
æ¨¨ ¯«�−�
(à�áç¥â à�ááâ®-
ï−¨ï (4))

{ �æ¥−ª� à¥�«¨§�-
æ¨¨ ¯«�−�
(à�áç¥â à�ááâ®-
ï−¨ï (4))

{ �æ¥−ª� à¥�«¨§�-
æ¨¨ ¯«�−�
(à�áç¥â à�ááâ®-
ï−¨ï (4))

{ �æ¥−ª� ¨§¬¥-
−¥−¨©

�æ¥−ª�
á¨âã�æ¨¨

{ ÷�á¯®§−�¢�−¨¥
¨ ª«�áá¨ä¨ª�æ¨ï
á¨âã�æ¨¨

{ ÷�á¯®§−�¢�−¨¥
¨ ª«�áá¨ä¨ª�æ¨ï
á¨âã�æ¨¨

{ ÷�á¯®§−�¢�−¨¥
¨ ª«�áá¨ä¨ª�æ¨ï
á¨âã�æ¨¨

{ ÷�á¯®§−�¢�-
−¨¥ ¨ ª«�á-
á¨ä¨ª�æ¨ï
á¨âã�æ¨¨

�®¤¤¥à¦ª�
¯à¨−ïâ¨ï
ã¯à�¢«¥−-
ç¥áª¨å
à¥è¥−¨©

{ ÷�áç¥â à�á¯à¥-
¤¥«¥−¨ï à¥áãà-
á®¢ ¤«ï ¬¨−¨¬¨-
§�æ¨¨ (4)

{ ”®à¬¨à®¢�−¨¥
ã¯à�¢«ïîé¨å
¢®§¤¥©áâ¢¨©
¢ ¢¨¤¥ ª®¬�−¤
¨ ¨−áâàãªæ¨©

{ ÷�áç¥â à�á¯à¥-
¤¥«¥−¨ï à¥áãà-
á®¢ ¤«ï ¬¨−¨¬¨-
§�æ¨¨ (4)

{ ”®à¬¨à®¢�−¨¥
ã¯à�¢«ïîé¨å
¢®§¤¥©áâ¢¨©
¢ ¢¨¤¥ ª®¬�−¤
¨ ¨−áâàãªæ¨©

{ ÷�áç¥â à�á¯à¥-
¤¥«¥−¨ï à¥áãà-
á®¢ ¤«ï ¬¨−¨¬¨-
§�æ¨¨ (4)

{ ”®à¬¨à®¢�−¨¥
ã¯à�¢«ïîé¨å
¢®§¤¥©áâ¢¨©
¢ ¢¨¤¥ ª®¬�−¤
¨ ¨−áâàãªæ¨©

{ ÷�áç¥â ¢®§-
¤¥©áâ¢¨ï −�
à�ááâ®ï−¨¥ (4)

�à®£−®-
§¨à®¢�−¨¥
¨§¬¥−¥−¨ï
®¡áâ�−®¢ª¨

{ �à®£−®§ §−�ç¥-
−¨ï æ¥«¥¢ëå ¯®-
ª�§�â¥«¥©

{ Š®àà¥ªâ¨à®¢ª�
ã¯à�¢«ïîé¨å
¢®§¤¥©áâ¢¨©

{ �à®£−®§ á®áâ®-
ï−¨ï

{ Š®àà¥ªâ¨à®¢ª�
ã¯à�¢«ïîé¨å
¢®§¤¥©áâ¢¨©

{ �à®£−®§ á®áâ®-
ï−¨ï

{ Š®àà¥ªâ¨à®¢ª�
ã¯à�¢«ïîé¨å
¢®§¤¥©áâ¢¨©

{ �à®£−®§ á®-
áâ®ï−¨ï

{ Š®àà¥ªâ¨à®¢-
ª� ã¯à�¢«ï-
îé¨å ¢®§¤¥©-
áâ¢¨©
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‘¨áâ¥¬� á¨âã�æ¨®−−®£® ã¯à�¢«¥−¨ï ª�ª ¬ã«ìâ¨á¥à¢¨á−�ï â¥å−®«®£¨ï ¢ ®¡«�ç−®© áà¥¤¥

÷�áá¬�âà¨¢�ï á®¢®ªã¯−®áâì �−�«¨â¨ç¥áª¨å á¥à¢¨á®¢ CSaaS ¢ ¯à¨¢¥¤¥−−ëå
¢ëè¥ ¤¢ãå ¨§¬¥à¥−¨ïå �−�«¨â¨ª¨ (¤�−−ë¥ ¬®−¨â®à¨−£� ¨ ¢¨¤ë �−�«¨§�) ¬®¦−®
á®áâ�¢¨âì ¯®«−ãî ¨ æ¥«®áâ−ãî ª�àâ¨−ã ¥¥ áâàãªâãàë ¨ á®áâ�¢� (á¬. â�¡«¨æã).

‡�¢¥àè�îé�ï áâ�¤¨ï æ¨ª«� ã¯à�¢«¥−¨ï | ¤®¢¥¤¥−¨¥ à¥è¥−¨© ¯® à¥§ã«ìâ�â�¬
�−�«¨§� á«®¦¨¢è¥©áï ®¡áâ�−®¢ª¨ ¢ ª®−âà®«¨àã¥¬®¬ ¯à®áâà�−áâ¢¥ ¤® á¢®¨å á¨«
¨ áà¥¤áâ¢ ¨ ª®−âà®«ì ¨å à¥�«¨§�æ¨¨ (áà®ª¨ ¤®áâ¨¦¥−¨ï ¤¨−�¬¨ç¥áª¨å ¯®¤æ¥«¥©,
®â¢¥âáâ¢¥−−ë¥ §� ¨á¯®«−¥−¨¥, ¢¨¤ë ®âç¥â−®áâ¨):

{ ä®à¬¨à®¢�−¨¥ ¤¨−�¬¨ç¥áª¨å ¯®¤æ¥«¥© ¨ ¯«�−®¢ ¯® à¥�«¨§�æ¨¨ à¥è¥−¨©;

{ á¡®à ¨−ä®à¬�æ¨¨ ¯® å®¤ã ¢ë¯®«−¥−¨ï ¯«�−� (®âç¥â−®áâì), ¢¨§ã�«¨§�æ¨ï å®¤�
¨á¯®«−¥−¨ï, ª®−âà®«ì ¨á¯®«−¥−¨ï;

{ áà�¢−¨â¥«ì−ë© �−�«¨§ –�ˆ ¯® æ¥«ï¬ ¨ ¯®¤æ¥«ï¬ ¤«ï â¥ªãé¥© ®¡áâ�−®¢ª¨,
¢ª«îç�ï à�áç¥â áâ¥¯¥−¨ à¥�«¨§�æ¨¨ ¯«�−� ¨ ¯à®£−®§¨à®¢�−¨¥ ¢®§¬®¦−®áâ¨
à¥�«¨§�æ¨¨ ¯«�−�;

{ à¥�«¨§�æ¨ï ®¡à�â−®© á¢ï§¨ ¯® ãâ®ç−¥−¨î à¥è¥−¨ï ¯® ¯«�−¨à®¢�−¨î á æ¥«ìî
®¡¥á¯¥ç¥−¨ï ¢ë¯®«−¥−¨ï ¯«�−�;

{ ¤®¢¥¤¥−¨¥ ãâ®ç−¥−−®£® à¥è¥−¨ï ¨ ª®−âà®«ì ¨á¯®«−¥−¨ï.

5 Заключение

�ªâã�«ì−®áâì á®§¤�−¨ï ¬ã«ìâ¨á¥à¢¨á−ëå â¥å−®«®£¨© ¢ ®¡«�ç−®© áà¥¤¥ ¢ ¯®-
á«¥¤−¨¥ £®¤ë à¥§ª® ¢®§à®á«�. �â® ®¡ãá«®¢«¥−® ¨−â¥−á¨¢−ë¬¨ ¯à®æ¥áá�¬¨ æ¨ä-
à®¢®© âà�−áä®à¬�æ¨¨ ¢ áä¥à¥ £®áã¤�àáâ¢¥−−®£® ã¯à�¢«¥−¨ï, � â�ª¦¥ ®áâà®© −¥-
®¡å®¤¨¬®áâìî ¯®¢ëè¥−¨ï íää¥ªâ¨¢−®áâ¨ ¬¥¦¢¥¤®¬áâ¢¥−−®£® ¨−ä®à¬�æ¨®−−®£®
¢§�¨¬®¤¥©áâ¢¨ï ¢ ãá«®¢¨ïå ¬�áèâ�¡−®© á�−ªæ¨®−−®© ¯®«¨â¨ª¨ ¯à®â¨¢ ÷®áá¨¨.

‘ ãç¥â®¬ íâ®£® ¢ áâ�âì¥:

{ ¨§«®¦¥−ë ®á−®¢−ë¥ ¯®¤å®¤ë ª á®§¤�−¨î ¬ã«ìâ¨á¥à¢¨á−®© ã−¨ä¨æ¨à®¢�−−®©
á¨áâ¥¬ë á¨âã�æ¨®−−®£® ã¯à�¢«¥−¨ï ª�ª ãá«ã£¨ (CSaaS);

{ ¤�−� ¤¥â�«¨§�æ¨ï ®¤−®© ¨§ ®á−®¢−ëå ¨ −�ãª®¥¬ª¨å £àã¯¯ á¥à¢¨á®¢ CSaaS,
®¡¥á¯¥ç¨¢�îé¨å �−�«¨§ ª®−âà®«¨àã¥¬®© ®¡áâ�−®¢ª¨ ¨ ¯®¤¤¥à¦ªã ¯à®æ¥áá®¢
¯à¨−ïâ¨ï à¥è¥−¨©;

{ ®¯à¥¤¥«¥−ë ®á−®¢−ë¥ ¯à®æ¥ááë, ®¡¥á¯¥ç¨¢�îé¨¥ «®ª�«¨§�æ¨î ¨ ¯à¨¬¥−¥−¨¥
�−�«¨â¨ç¥áª¨å á¥à¢¨á®¢ CSaaS;

{ áä®à¬¨à®¢�−� ¯®«−�ï ¨ æ¥«®áâ−�ï áâàãªâãà� £àã¯¯ë �−�«¨â¨ç¥áª¨å á¥à¢¨á®¢
á¨âã�æ¨®−−®£® ã¯à�¢«¥−¨ï;

{ ®ç¥àç¥−ë ¯à®æ¥ááë à¥�«¨§�æ¨¨ à¥è¥−¨© ¨ ª®−âà®«ì ¨å ¨á¯®«−¥−¨ï.

�à¥¤«®¦¥−−ë¥ ¢ áâ�âì¥ ¯®¤å®¤ë ª á®§¤�−¨î ¬ã«ìâ¨á¥à¢¨á−®© ã−¨ä¨æ¨à®-
¢�−−®© á¨áâ¥¬ë á¨âã�æ¨®−−®£® ã¯à�¢«¥−¨ï ª�ª ãá«ã£¨, ¢ª«îç�ï ®¯à¥¤¥«¥−¨¥
á®áâ�¢� ¤�−−ëå ¬®−¨â®à¨−£� ¨ ¬¥â®¤®¢ ¨å �−�«¨§�, á®§¤�îâ â¥å−®«®£¨ç¥áªãî
®á−®¢ã ¤«ï áãé¥áâ¢¥−−®£® ¯®¢ëè¥−¨ï íää¥ªâ¨¢−®áâ¨ ¯à®æ¥áá®¢ á®§¤�−¨ï �¢-
â®¬�â¨§¨à®¢�−−ëå á¨áâ¥¬ á¨âã�æ¨®−−®£® ã¯à�¢«¥−¨ï ¨ ¨å ¨−ä®à¬�æ¨®−−®£®
¢§�¨¬®¤¥©áâ¢¨ï.
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Situational management system as a multiservice technology in a cloud environment

SITUATIONAL MANAGEMENT SYSTEM AS A MULTISERVICE
TECHNOLOGY IN A CLOUD ENVIRONMENT:

ANALYTIC SERVICES

A. P. Suchkov

Federal Research Center \Computer Science and Control" of the Russian Academy
of Sciences, 44-2 Vavilov Str., Moscow 119133, Russian Federation

Abstract: This article is the fourth in a series of articles devoted to the method-
ology of development and implementation of automated situational management
systems as a public multiservice technology in a cloud environment. It is pro-
posed to use existing IaaS (Infrastructure as a Service) and DaaS (Desktop as
a Service) service models that allow implementing the required infrastructure
(servers, workstations, storage, and databases) and specialized workstations with
application software that implement the necessary functionality. The main
approaches to the creation of a multiservice standard situational management
system as a service CSaaS (Control System as a Service) are proposed. The article
describes approaches to the construction and detailing of one of the main groups
of CSaaS services which ensure the creation, maintenance, and use of a system of
analytical services that support decision-making processes.

Keywords: automated situational management system; multiservice technology;
cloud environment; analytics services
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НЕКОТОРЫЕ ВОПРОСЫ
ДЕЗАГРЕГАЦИИ И КОМПОНУЕМОСТИ

ИНФРАСТРУКТУРЫ ЦЕНТРА ОБРАБОТКИ ДАННЫХ

В. Б. Егоров1

�−−®â�æ¨ï: �ç¥à¥¤−ë¬ è�£®¬ ¢ á®¢¥àè¥−áâ¢®¢�−¨¨ ®à£�−¨§�æ¨¨ ¨ ¯à¨−æ¨-
¯®¢ äã−ªæ¨®−¨à®¢�−¨ï ¨−äà�áâàãªâãàë æ¥−âà®¢ ®¡à�¡®âª¨ ¤�−−ëå (–�„)
®¡¥é�¥â áâ�âì ª®¬¯®−ã¥¬�ï ¤¥§�£à¥£¨à®¢�−−�ï ¨−äà�áâàãªâãà� (composable
disaggregated infrastructure, CDI). ‘ãâì CDI | ¢ ¯¥à¥å®¤¥ ª ú¬¥«ª®§¥à−¨-
áâ®©û ¨−äà�áâàãªâãà¥ ¨ �¢â®¬�â¨ç¥áª®© ª®¬¯®−®¢ª¥ «®ª�«ì−ëå ¨á¯®«−¨â¥«ì-
−ëå ¨−äà�áâàãªâãà, ®¯â¨¬�«ì−ëå ¤«ï ª�¦¤®© ª®−ªà¥â−®© à�¡®âë (workload).
�à¨ ®ç¥¢¨¤−ëå ¯à¥¨¬ãé¥áâ¢�å ¢ £¨¡ª®áâ¨ ¨ íää¥ªâ¨¢−®áâ¨ ¨á¯®«ì§®¢�−¨ï
�¯¯�à�â−ëå à¥áãàá®¢ –�„ ã CDI ¨¬¥îâáï ®£à�−¨ç¥−¨ï ¢ à¥�«¨§ã¥¬®áâ¨
¨ ¯à¨¬¥−¨¬®áâ¨, â®à¬®§ïé¨¥ ¥¥ è¨à®ª®¥ ¢−¥¤à¥−¨¥. •®âï ã¦¥ á¥£®¤−ï −�
àë−ª¥ ¨¬¥îâáï ¯à¥¤«®¦¥−¨ï ¨−äà�áâàãªâãà –�„, �−®−á¨àã¥¬ëå ¯à®¤�¢æ�-
¬¨ ª�ª ¤¥§�£à¥£¨à®¢�−−ë¥ ¨«¨ ª®¬¯®−ã¥¬ë¥, ¢® ¬−®£¨å á«ãç�ïå íâ® −¥ ¡®«¥¥
ç¥¬ à¥ª«�¬−ë© å®¤ á æ¥«ìî ¯à¨¢«¥ç¥−¨ï ¯®«ì§®¢�â¥«ï ¢å®¤ïé¨¬¨ ¢ ¬®¤ã
â¥à¬¨−�¬¨. �®¤ ä«�£®¬ CDI −¥à¥¤ª® ¯à¥¤«�£�îâáï á�¬ë¥ à�§−ë¥ ¨−äà�-
áâàãªâãà−ë¥ à¥è¥−¨ï, çâ® ¢® ¬−®£®¬ ¯à®¢®æ¨àã¥âáï à�§¬ëâ®áâìî á�¬®£®
¯®−ïâ¨ï CDI. ‚ ç�áâ−®áâ¨, ®á−®¢®¯®«�£�îé¨© ¯à¨−æ¨¯ ª®¬¯®−ã¥¬®áâ¨ ¯à¨-
¬¥−¨¬ −� á�¬ëå à�§−ëå ãà®¢−ïå ú§¥à−¨áâ®áâ¨û ¨−äà�áâàãªâãà, ¢ â®¬ ç¨á«¥
−¥ ®¡ï§�â¥«ì−® ¤¥§�£à¥£¨à®¢�−−ëå. �¤−�ª® ¯à¨ ¢á¥¬ ¬−®£®®¡à�§¨¨ âà�ªâ®¢®ª
ª®−æ¥¯æ¨¨ CDI ®¡é¨¬ ¯à�¢¨«®¬ ¤«ï −¨å ®áâ�¥âáï ¢®§¬®¦−®áâì ¯®«−®æ¥−−®©
à¥�«¨§�æ¨¨ â®«ìª® ¢ ¯à®£à�¬¬−®-®¯à¥¤¥«ï¥¬®¬ –�„.

Š«îç¥¢ë¥ á«®¢�: ¤¥§�£à¥£�æ¨ï; ¤¥§�£à¥£¨à®¢�−−�ï ¨−äà�áâàãªâãà�; ª®¬¯®-
−ã¥¬�ï ¨−äà�áâàãªâãà�; CDI
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1 Введение

‘¯®á®¡ë ®à£�−¨§�æ¨¨ ¨ ¯à¨−æ¨¯ë äã−ªæ¨®−¨à®¢�−¨ï ¨−äà�áâàãªâãàë –�„
¬¥−ïîâáï, á®¢¥àè¥−áâ¢ãïáì ¡ëáâàë¬¨ â¥¬¯�¬¨. �ç¥à¥¤−ë¬ −®¢è¥áâ¢®¬ ¢ íâ®©
®¡«�áâ¨ ®¡¥é�¥â áâ�âì ª®¬¯®−ã¥¬�ï ¨−äà�áâàãªâãà� ¨«¨, ¢ −¥áª®«ìª® à�áè¨à¥−-
−®¬ ¢�à¨�−â¥, ª®¬¯®−ã¥¬�ï ¤¥§�£à¥£¨à®¢�−−�ï ¨−äà�áâàãªâãà� (CDI). ÷�áè¨-
à¥−−®¬ã ¢�à¨�−âã â¥à¬¨−� á«¥¤ã¥â ®â¤�âì ¯à¥¤¯®çâ¥−¨¥ å®âï ¡ë ¯®â®¬ã, çâ® ®−
¯®§¢®«ï¥â ¨§¡¥¦�âì ¯ãâ�−¨æë ¢ �¡¡à¥¢¨�âãà�å á ª®−¢¥à£¥−â−®© ¨−äà�áâàãªâãà®©
(converged infrastructure, CI). �® ¨ ¯® áãé¥áâ¢ã: ª®¬¯®−ã¥¬®áâì ¨−äà�áâàãªâã-
àë ¯à¥¤¯®«�£�¥â −�«¨ç¨¥ ¢ −¥© ¨áå®¤−ëå ¤«ï ª®¬¯®−®¢ª¨ í«¥¬¥−â®¢, ®¡¥á¯¥ç¨âì
ª®â®àë¥ ¯à¥¤−�§−�ç¥−� ª®¬¯®−¥−â−�ï ¤¥§�£à¥£�æ¨ï á ¯¥à¥å®¤®¬ ª ú¬¥«ª®§¥à−¨-

1”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª, vegorov@ipiran.ru
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áâ®©û (fine-grained) ¨−äà�áâàãªâãà¥, ú§¥à−ëèª�¬¨û ª®â®à®© ¢¬¥áâ® á¥à¢¥à®¢,
¯à¨¢ëç−ëå ¢ âà�¤¨æ¨®−−ëå ¨«¨ £¨¯¥àª®−¢¥à£¥−â−ëå ¨−äà�áâàãªâãà�å (hyper-
converged infrastructures, HCI), áâ�−®¢ïâáï ®â¤¥«ì−ë¥ ¯à®æ¥áá®àë, ®¯¥à�â¨¢−ë¥
¯�¬ïâ¨ ¨ í«¥¬¥−âë á¨áâ¥¬ åà�−¥−¨ï ¤�−−ëå (‘•„). ˆ§ íâ¨å ú§¥à−ëè¥ªû −¥-
¯®áà¥¤áâ¢¥−−® ¯¥à¥¤ ¢ë¯®«−¥−¨¥¬ ®ç¥à¥¤−®© à�¡®âë (workload) ¢ –�„ ¤®«¦−�
�¢â®¬�â¨ç¥áª¨ á®¡¨à�âìáï ¢ −�¨¡®«ìè¥© áâ¥¯¥−¨ ®â¢¥ç�îé�ï âà¥¡®¢�−¨ï¬ íâ®©
ª®−ªà¥â−®© à�¡®âë «®ª�«ì−�ï ¨á¯®«−¨â¥«ì−�ï ¨−äà�áâàãªâãà�. „àã£¨¬¨ á«®-
¢�¬¨, ¢ CDI ¨á¯®«−¨â¥«ì−ë¥ ¨−äà�áâàãªâãàë ¯à¥¤®áâ�¢«ïîâáï ¯®«ì§®¢�â¥«ï¬
–�„ ª�ª á¥à¢¨á (infrastructure as a service): úƒ«�¢−�ï ®á®¡¥−−®áâì ª®¬¯®−ã-
¥¬®© �àå¨â¥ªâãàë á®áâ®¨â ¢ â®¬, çâ® ä¨§¨ç¥áª¨¥ à¥áãàáë åà�−¥−¨ï, ¢ëç¨á«¥−¨©
¨ ¯®¤¤¥à¦ª¨ á¥â¨ à�áá¬�âà¨¢�îâáï ª�ª ¯à®£à�¬¬−ë¥ á¥à¢¨áë. “¯à�¢«¥−¨¥
¨¬¨ ®áãé¥áâ¢«ï¥âáï ç¥à¥§ ¨−â¥àä¥©áë ¯à¨ª«�¤−®£® ¯à®£à�¬¬¨à®¢�−¨ï (appli-
cation programming interfaces, API)û [1]. �à¥¤®áâ�¢«¥−¨¥ ¯®«ì§®¢�â¥«î ¨á¯®«-
−¨â¥«ì−ëå ¨−äà�áâàãªâãà ª�ª á¥à¢¨á®¢ ¯®§¢®«ï¥â áâ�¢¨âì ¢®¯à®á ® á¥à¢¨á−®
®à¨¥−â¨à®¢�−−®¬ ¯®¤å®¤¥ ª ¨−äà�áâàãªâãà¥ –�„ [2].

’¥®à¥â¨ç¥áª¨ CDI áã«¨â ¢«�¤¥«ìæ�¬ –�„ àï¤ ¯à¥¨¬ãé¥áâ¢: ¢®§¬®¦−®áâì
�¢â®¬�â¨ç¥áª¨ ª®¬¯®−®¢�âì ®¯â¨¬�«ì−ë¥ «®ª�«ì−ë¥ ¨−äà�áâàãªâãàë ¯®¤ ª®−-
ªà¥â−ë¥ à�¡®âë, ã¬¥−ìè¥−¨¥ ¨§¡ëâ®ç−®áâ¨ ®¡®àã¤®¢�−¨ï ¨ ã«ãçè¥−¨¥ ¥£® ¨á-
¯®«ì§®¢�−¨ï, � â�ª¦¥ ã¯à®é¥−¨¥ ¬�áèâ�¡¨à®¢�−¨ï ¨ ¬®¤¥à−¨§�æ¨¨ ¨−äà�áâàãª-
âãàë. �¤−�ª® ¯à¨¤¨àç¨¢ë© ¢§£«ï¤ −� CDI ¬®¦¥â ¢ëï¢¨âì −¥áª®«ìª® ¢�¦−ëå
¢®¯à®á®¢, −� ª®â®àë¥ á«¥¤ã¥â ®¡à�â¨âì ¢−¨¬�−¨¥. ��áâ®ïé�ï áâ�âìï ¢ëá¢¥ç¨¢�¥â
−¥ª®â®àë¥ ¨§ íâ¨å ¢®¯à®á®¢, −¥ áâ�¢ï §�¤�çã ¤�âì −� −¨å ¨áç¥à¯ë¢�îé¨¥ ®â¢¥âë.

2 Условия и ограничения реализуемости
компонуемой дезагрегированной инфраструктуры

�à¨ ¢á¥© ¯à¨¢«¥ª�â¥«ì−®áâ¨ ª®−æ¥¯æ¨¨ CDI ¥¥ ¯®«−®¬�áèâ�¡−®¥ ¢®¯«®-
é¥−¨¥ â®à¬®§¨âáï ç¨áâ® â¥å−¨ç¥áª¨¬¨ ¯à¨ç¨−�¬¨ [3]. „«ï à¥�«¨§�æ¨¨ CDI
−¥®¡å®¤¨¬ë á¢¥àå¢ëá®ª®áª®à®áâ−ë¥ ª®¬¬ãâ¨àã¥¬ë¥ ª�−�«ë ¬¥¦¤ã ú¬¥«ª®§¥à-
−¨áâë¬¨û ª®¬¯®−¥−â�¬¨, ¢ ¯¥à¢ãî ®ç¥à¥¤ì ¯à®æ¥áá®à�¬¨ ¨ ®¯¥à�â¨¢−ë¬¨ ¯�¬ï-
âï¬¨: ú—â®¡ë ¯®«ãç¨âì ¢®§¬®¦−®áâì ¯® âà¥¡®¢�−¨î á®¡¨à�âì ¨§ ãáâ�−®¢«¥−−ëå
¢ áâ®©ª¥ ¯à®æ¥áá®à®¢, ¡«®ª®¢ ¯�¬ïâ¨ ¨ í«¥¬¥−â®¢ åà�−¥−¨ï ¤�−−ëå «î¡ë¥
¯à®¨§¢®«ì−ë¥ ¯à®£à�¬¬−®-®¯à¥¤¥«ï¥¬ë¥ ¨−äà�áâàãªâãàë, −ã¦−® \¢á¥£® «¨èì"
®¡¥á¯¥ç¨âì ª�−�«ë ¬¥¦¤ã ¯à®æ¥áá®à�¬¨ ¨ ¯�¬ïâìî á ¯à®¯ãáª−®© á¯®á®¡−®áâìî
500{800 ƒ¡¨â/á −� à�ááâ®ï−¨¨ ¤® ®¤−®£® ¬¥âà�, � ¬¥¦¤ã ¯à®æ¥áá®à�¬¨ ¨ ¯¥à¨ä¥-
à¨¥© | 100{200 ƒ¡¨â/á −� à�ááâ®ï−¨¨ ®â ¯ïâ¨ ¤® áâ� ¬¥âà®¢û [4]. Šà®¬¥ â®£®, ¤«ï
®¡¥á¯¥ç¥−¨ï ª®¬¯®−ã¥¬®áâ¨ ¯®¬¨¬® ª�−�«®¢ á¢ï§¨ −ã¦−ë á®®â¢¥âáâ¢ãîé¨¥ ¨¬
¢ëá®ª®áª®à®áâ−ë¥ ª®¬¬ãâ�â®àë ¨ ª®¬¬ãâ�æ¨®−−ë¥ áâàãªâãàë (switching fabrics).
‚ ª�ç¥áâ¢¥ ¯¥àá¯¥ªâ¨¢−®© â¥å−®«®£¨¨, á¯®á®¡−®© ®¡¥á¯¥ç¨âì â�ª¨¥ ¢®§¬®¦−®áâ¨,
¯à¥¤«�£�¥âáï ªà¥¬−¨¥¢�ï ä®â®−¨ª� [5] á ãç¥â®¬ ®¡−�¤¥¦¨¢�îé¨å ¤®áâ¨¦¥−¨© ª�ª
á®¡áâ¢¥−−® ªà¥¬−¨¥¢®© ä®â®−¨ª¨, â�ª ¨ ªà¥¬−¨¥¢®-ä®â®−−®© ª®¬¬ãâ�æ¨¨ [6].

�®¬¨¬® â¥å−¨ç¥áª¨å âàã¤−®áâ¥© ¢−¥¤à¥−¨î CDI, ¢ ¯à¥®¤®«¥−¨¨ ª®â®àëå
¤®«¦−� ¯®¬®çì ªà¥¬−¨¥¢�ï ä®â®−¨ª�, ¨¬¥îâáï ¨ ®à£�−¨§�æ¨®−−ë¥ ¯à¥¯ïâáâ¢¨ï.
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�¥ª®â®àë¥ ¢®¯à®áë ¤¥§�£à¥£�æ¨¨ ¨ ª®¬¯®−ã¥¬®áâ¨ ¨−äà�áâàãªâãàë –�„

„®áâ®¨−áâ¢® ª®¬¯®−ã¥¬®áâ¨ | ¢®§¬®¦−®áâì ä®à¬¨à®¢�âì −� «¥âã ¨§ −�«¨ç−ëå
ú¬¥«ª®§¥à−¨áâëåû ¨−äà�áâàãªâãà−ëå à¥áãàá®¢ ¨á¯®«−¨â¥«ì−ë¥ ¨−äà�áâàãªâã-
àë ¢ á®®â¢¥âáâ¢¨¨ á ¯®âà¥¡−®áâï¬¨ ª®−ªà¥â−ëå à�¡®â | ¨¬¥¥â ¨ ®¡à�â−ãî áâ®à®-
−ã. Š®¬¯®−ã¥¬�ï ¤¥§�£à¥£¨à®¢�−−�ï ¨−äà�áâàãªâãà� ¯à¨−æ¨¯¨�«ì−® ãá«®¦−ï¥â
¢§�¨¬®¤¥©áâ¢¨¥ ¯®«ì§®¢�â¥«ï á –�„, â�ª ª�ª ¯¥à¥¤ §�¤�−¨¥¬ ®ç¥à¥¤−®© à�¡®âë
®− ¤®«¦¥− ¤®¯®«−¨â¥«ì−® ®§�¡®â¨âìáï ãª�§�−¨ï¬¨ ¯® ª®¬¯®−®¢ª¥ −¥®¡å®¤¨¬®©
¤«ï ¢ë¯®«−¥−¨ï íâ®© à�¡®âë ¨á¯®«−¨â¥«ì−®© ¨−äà�áâàãªâãàë [1]. „«ï íâ®£®
−ã¦−ë −¥ â®«ìª® API ã¯à�¢«¥−¨ï ¨−äà�áâàãªâãà−ë¬¨ á¥à¢¨á�¬¨, −® ¨, ¡®«¥¥
è¨à®ª®, ã−¨¢¥àá�«ì−ë¥ áâ�−¤�àâ¨§®¢�−−ë¥ ¯à�¢¨«� ¢§�¨¬®¤¥©áâ¢¨ï ¯®«ì§®¢�-
â¥«¥© á –�„ [3]. ÷¥è¥−¨ï âãâ ¬®£ãâ ®ª�§�âìáï ®â−î¤ì −¥ âà¨¢¨�«ì−ë¬¨.
��¯à¨¬¥à, ¢ [7] ¬¥å�−¨§¬ §�¯ãáª� à�¡®âë ¢ CDI ¯à¥¤áâ�¢«ï¥âáï á«¥¤ãîé¨¬
®¡à�§®¬: úˆá¯®«ì§ãï API-¤®áâã¯ ª ¯à®£à�¬¬−®¬ã ®¡¥á¯¥ç¥−¨î (��) ¢¨àâã�-
«¨§�æ¨¨, ¯à¨«®¦¥−¨¥ ¬®¦¥â §�¯à®á¨âì «î¡ë¥ −¥®¡å®¤¨¬ë¥ à¥áãàáë, ¯®«ãç�ï
¬£−®¢¥−−ãî à¥ª®−ä¨£ãà�æ¨î á¥à¢¥à� ¢ à¥¦¨¬¥ à¥�«ì−®£® ¢à¥¬¥−¨, ¡¥§ ¢¬¥è�-
â¥«ìáâ¢� ç¥«®¢¥ª�û. ‡¤¥áì ¨á¯®«−¨â¥«ì−�ï ¨−äà�áâàãªâãà�, ¢ ¤�−−®¬ á«ãç�¥
á¥à¢¥à, á®§¤�¥âáï ¢® ¢§�¨¬®¤¥©áâ¢¨¨ ¯à¨«®¦¥−¨ï ç¥à¥§ API á −¥ª¨¬ á¨áâ¥¬-
−ë¬ �� ¢¨àâã�«¨§�æ¨¨. �¤−�ª® ¯à¨«®¦¥−¨¥ ¬®¦¥â §�¯à®á¨âì −¥®¡å®¤¨¬ë¥
¥¬ã ¨−äà�áâàãªâãà−ë¥ à¥áãàáë â®«ìª® ¡ã¤ãç¨ §�¯ãé¥−−ë¬ ¢ à�¡®âã, � ¤«ï ¥£®
§�¯ãáª� −ã¦−� ¯à¥¤¢�à¨â¥«ì−® áä®à¬¨à®¢�−−�ï ¤«ï íâ®£® (ª¥¬ ¨ ª�ª?) −¥ª�ï ¨á-
¯®«−¨â¥«ì−�ï ¨−äà�áâàãªâãà�, â. ¥. −�«¨æ® ª®−ä«¨ªâ−�ï á¨âã�æ¨ï, âà¥¡ãîé�ï
ª�ª¨å-â® á¯¥æ¨�«ì−ëå ¬¥à ¨ áà¥¤áâ¢ ¥¥ à�§à¥è¥−¨ï «¨¡® ¢ à�¬ª�å ®¦¨¤�¥¬ëå
áâ�−¤�àâ¨§®¢�−−ëå ¯à�¢¨« ¢§�¨¬®¤¥©áâ¢¨ï ¯®«ì§®¢�â¥«¥© á –�„, «¨¡® ¤�¦¥
¢−¥ íâ¨å à�¬®ª. ‚ ª�ç¥áâ¢¥ â�ª®© ú¢−¥à�¬®ç−®©û �«ìâ¥à−�â¨¢ë ¯à¥¤«�£�¥âáï,
−�¯à¨¬¥à, ª®¬¯®−®¢ª� âà¥¡ã¥¬®£® ¢¨àâã�«ì−®£® á¥à¢¥à� ú−� �¯¯�à�â−®¬ ãà®¢−¥
¡¥§ ¨á¯®«ì§®¢�−¨ï £¨¯¥à¢¨§®à�û [8]. Š á®¦�«¥−¨î, ¬¥å�−¨§¬ â�ª®© �¯¯�à�â−®©
ª®¬¯®−®¢ª¨ −¥ ¯®ïá−ï¥âáï, ¨ ®− ¢®®¡é¥ âàã¤−®¯à¥¤áâ�¢¨¬.

��ª®−¥æ, çâ®¡ë −�¤«¥¦�é¨¬ ®¡à�§®¬ ®ä®à¬«¥−−�ï ¯®«ì§®¢�â¥«¥¬ à�¡®â�
¡ë«� §�¯ãé¥−� ¢ –�„ á CDI, ¢ −¥¬ ¤®«¦−® −�«¨ç¥áâ¢®¢�âì á¯¥æ¨ä¨ç¥áª®¥
��, �¢â®¬�â¨ç¥áª¨ ¯à¥¤®áâ�¢«ïîé¥¥ §�¯à�è¨¢�¥¬ë¥ ¯®«ì§®¢�â¥«ï¬¨ á¥à¢¨áë,
¢ª«îç�ï ª®¬¯®−®¢ªã «®ª�«ì−ëå ¨á¯®«−¨â¥«ì−ëå ¨−äà�áâàãªâãà. ˆ ¢àï¤ «¨
âãâ ¬®¦−® ®¡®©â¨áì −¥ª¨¬ ú�� ¢¨àâã�«¨§�æ¨¨û, áª®à¥¥ à¥çì ¤®«¦−� ¨¤â¨
® ¯®«−®æ¥−−®¬ ¯à®£à�¬¬−®¬ ®¯à¥¤¥«¥−¨¨. ‚ ¨â®£¥ CDI ¨ á¥à¢¨á−® ®à¨¥−â¨-
à®¢�−−�ï ¨−äà�áâàãªâãà� ®¡à¥â�îâ á¬ëá« â®«ìª® ¢ ¯à®£à�¬¬−®-®¯à¥¤¥«ï¥¬®¬
–�„ (software-defined data center, SDDC). �® â¥¬ á�¬ë¬ ®−¨ ¯®«ãç�îâ ¥é¥
®¤−® ¯à¥¯ïâáâ¢¨¥ ¤«ï è¨à®ª®£® ¢−¥¤à¥−¨ï: ú„¥©áâ¢¨â¥«ì−®, ¨á¯®«ì§®¢�−¨¥ £®-
â®¢ëå áæ¥−�à¨¥¢ ¨ è�¡«®−®¢ ¤«ï ä®à¬¨à®¢�−¨ï −¥®¡å®¤¨¬®© ¨−äà�áâàãªâãàë
¨§ −�¡®à� ª®¬¯®−¥−â®¢ ã¯à®é�¥â ®¡á«ã¦¨¢�−¨¥. . . −® ¤«ï á®§¤�−¨ï íâ¨å è�¡«®-
−®¢ ¨ �¤�¯â�æ¨¨ ª®¤� −ã¦−ë á¯¥æ¨�«¨áâë ¡®«¥¥ ¢ëá®ª®© ª¢�«¨ä¨ª�æ¨¨û [9].
’¥ ¦¥ á�¬ë¥ ¯à¨ç¨−ë ¬−®£® «¥â â®à¬®§ïâ ¢−¥¤à¥−¨¥ ¯à®£à�¬¬−®£® ®¯à¥¤¥«¥−¨ï
á¥â¥© (software-defined networking, SDN), ¯®áª®«ìªã àï¤®¢®© ¢«�¤¥«¥æ –�„ −¥
¢ á®áâ®ï−¨¨ á®¤¥à¦�âì èâ�â ¢ëá®ª®ª¢�«¨ä¨æ¨à®¢�−−ëå á¯¥æ¨�«¨áâ®¢, âà¥¡ã-
¥¬ë© ¤«ï á®§¤�−¨ï �� ã¯à�¢«¥−¨ï SDN-á¥âìî [10]. “−¨¢¥àá�«ì−®¥ à¥è¥−¨¥
¤«ï ®¡®¨å á«ãç�¥¢ | ®à£�−¨§�æ¨¨ SDN-á¥â¨ ¨ ª®¬¯®−®¢ª¨ ¨á¯®«−¨â¥«ì−ëå
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‚. �. …£®à®¢

¨−äà�áâàãªâãà ¢ CDI | ¬®¦¥â §�ª«îç�âìáï ¢ ¯¥à¥ª«�¤ë¢�−¨¨ ¯à®¡«¥¬ë á®§¤�-
−¨ï á®®â¢¥âáâ¢ãîé¥£® �� −� ¯®áâ�¢é¨ª� ¨−äà�áâàãªâãàë, çâ®¡ë ®− ¯®áâ�¢«ï«
ä�ªâ¨ç¥áª¨ £®â®¢ë© ú¯®¤ ª«îçû SDDC.

3 Уровни компонуемости

�âáãâáâ¢¨¥ ®¡é¥¯à¨−ïâ®£® ®¯à¥¤¥«¥−¨ï CDI ¯®§¢®«ï¥â âà�ªâ®¢�âì ª®¬¯®−ã-
¥¬®áâì ¨−äà�áâàãªâãàë ¤®¢®«ì−® è¨à®ª® ¨, ª�ª á«¥¤áâ¢¨¥, à¥�«¨§®¢ë¢�âì −�
à�§−ëå ãà®¢−ïå ú§¥à−¨áâ®áâ¨û. �à¨¬¥à®¬ ¬®¦¥â á«ã¦¨âì á«¥¤ãîé�ï âà�ªâ®¢-
ª� CDI: úŠ®¬¯®−¥−â−® ¤¥§�£à¥£¨à®¢�−−�ï ¨−äà�áâàãªâãà� ¯à¥¤áâ�¢«ï¥â á®¡®©
â�ªãî �àå¨â¥ªâãàã –�„, ¢ ª®â®à®© ä¨§¨ç¥áª¨¥ à¥áãàáë | ¢ëç¨á«¨â¥«ì−ë¥
¬®é−®áâ¨, ‘•„ ¨ á¥â¥¢ë¥ ª�−�«ë | à�áá¬�âà¨¢�îâáï ª�ª ãá«ã£¨. �à¥¤®áâ�¢«¥-
−¨¥ ¯à¨«®¦¥−¨ï¬-¯®«ì§®¢�â¥«ï¬ ¢á¥å −¥®¡å®¤¨¬ëå à¥áãàá®¢ ¤«ï ¢ë¯®«−¥−¨ï
¨å â¥ªãé¥© §�¤�ç¨ ¯à®¨áå®¤¨â ¢ à¥¦¨¬¥ à¥�«ì−®£® ¢à¥¬¥−¨, ¤®áâ¨£�ï â�ª¨¬
®¡à�§®¬ ®¯â¨¬�«ì−®© ¯à®¨§¢®¤¨â¥«ì−®áâ¨ ¢ à�¬ª�å –�„û [7]. ‡¤¥áì «î¡ë¥
à¥áãàáë à�áá¬�âà¨¢�îâáï ª�ª ãá«ã£¨, −® −¥â −¨ª�ª¨å ®£à�−¨ç¥−¨© −� áâ¥¯¥−ì ¨å
¤¥§�£à¥£�æ¨¨ ¨ ú§¥à−¨áâ®áâ¨û.

‚ â®¬ ¦¥ àãá«¥ ª®¬¯�−¨ï IDC ®¯à¥¤¥«ï¥â CDI ª�ª ú®à¨¥−â¨à®¢�−−ë© −�
¯à¨«®¦¥−¨ï ¯®¤å®¤ ª ¨−äà�áâàãªâãà¥, ¯à¥¤¯®«�£�îé¨© á®§¤�−¨¥ áà¥¤ á −®-
¢ë¬ ãà®¢−¥¬ ¬�áèâ�¡¨à®¢�−¨ï, �¢â®¬�â¨§�æ¨¨ ¨ £¨¡ª®áâ¨û [11]. ’®¦¥ −¨ª�ª¨å
âà¥¡®¢�−¨© ª ãà®¢−î ú§¥à−¨áâ®áâ¨û CDI ¯à¨ ®¡¥é�−¨¨ ¯à¥¨¬ãé¥áâ¢, âà�¤¨æ¨-
®−−® ¯à¨áãâáâ¢ãîé¨å ¢ à¥ª«�¬¥ «î¡ëå ¨−äà�áâàãªâãà: ¯®¢ëè¥−¨¥ £¨¡ª®áâ¨,
á−¨¦¥−¨¥ §�âà�â, ãáª®à¥−¨¥ ¯à¥¤®áâ�¢«¥−¨ï ãá«ã£, ¯à®áâ®â� ¬�áèâ�¡¨à®¢�−¨ï.

�à¨ â�ª®£® à®¤� âà�ªâ®¢ª�å CDI á®¢á¥¬ −¥ ®¡ï§�â¥«ì−® ¯à®æ¥áá ¤¥§�£à¥£�æ¨¨
¤®¢®¤¨âì ¤® ãà®¢−ï ¯à®æ¥áá®à� ¨«¨ ¡«®ª� ®¯¥à�â¨¢−®© ¯�¬ïâ¨. „¥§�£à¥£�æ¨ï
¨ ª®¬¯®−ã¥¬®áâì ¬®£ãâ ¯®−¨¬�âìáï ¨ à¥�«¨§®¢ë¢�âìáï −� à�§−ëå ãà®¢−ïå ú§¥à-
−¨áâ®áâ¨û ¨−äà�áâàãªâãà. �â®, á ®¤−®© áâ®à®−ë, ¤�¥â è¨à®ª¨¥ ¢®§¬®¦−®áâ¨
¤«ï á¯¥ªã«ïæ¨¨ â¥à¬¨−�¬¨, −® á ¤àã£®© | ¯®§¢®«ï¥â ¨á¯®«ì§®¢�âì ¯à¥¨¬ãé¥-
áâ¢� ª®¬¯®−ã¥¬®áâ¨ ¨−äà�áâàãªâãàë ã¦¥ á¥£®¤−ï, −¥ ¤®¦¨¤�ïáì á¢¥â«®£® §�¢âà�
ªà¥¬−¨¥¢®© ä®â®−¨ª¨.

4 Балансировка ресурсов

…á«¨ §�à�−¥¥ ¨§¢¥áâ¥− å�à�ªâ¥à ¢ë¯®«−ï¥¬ëå –�„ à�¡®â ¨ ®¯à¥¤¥«¥−ë ¨å
¨−äà�áâàãªâãà−ë¥ âà¥¡®¢�−¨ï, ¢ âà�¤¨æ¨®−−ëå ¨−äà�áâàãªâãà�å ¬®¦−® ¡®-
«¥¥-¬¥−¥¥ ãá¯¥è−® á¡�«�−á¨à®¢�âì à¥áãàáë ¢ëç¨á«¥−¨© ¨ ‘•„ ¯à¨®¡à¥â¥−¨¥¬
á®®â¢¥âáâ¢ãîé¥£® ®¡®àã¤®¢�−¨ï. �¤−�ª® ¯à¨ íâ®¬ ¦¥áâª�ï ª®−ä¨£ãà�æ¨ï á¥à¢¥-
à®¢ −¥ ¯®§¢®«ï¥â ¢�àì¨à®¢�âì á®®â−®è¥−¨¥ à¥áãàá®¢ ¢ëç¨á«¥−¨© ¨ ®¯¥à�â¨¢−®©
¯�¬ïâ¨. �à¨ ¢ë¯®«−¥−¨¨ à�¡®â, âà¥¡ãîé¨å ¡®«ìè¨å ®¡ê¥¬®¢ ¢ëç¨á«¥−¨©, ¬®-
£ãâ ®ª�§�âìáï ¨§«¨è−¨¬¨ §−�ç¨â¥«ì−ë¥ ®¡ê¥¬ë −�«¨ç−®© ®¯¥à�â¨¢−®© ¯�¬ïâ¨,
� ¢ à�¡®â�å, §�¤¥©áâ¢ãîé¨å ¡®«ìè¨¥ ®¡ê¥¬ë ¯�¬ïâ¨, ¬®£ãâ ¯à®áâ�¨¢�âì ª�ª¨¥-â®
¯à®æ¥áá®àë. …é¥ åã¦¥ á¨âã�æ¨ï ¢ HCI, £¤¥ ¢á«¥¤áâ¢¨¥ ¨−â¥£à�æ¨¨ ¢ á¥à¢¥àë
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�¥ª®â®àë¥ ¢®¯à®áë ¤¥§�£à¥£�æ¨¨ ¨ ª®¬¯®−ã¥¬®áâ¨ ¨−äà�áâàãªâãàë –�„

‘•„ ¯®á«¥¤−¨¥ â®¦¥ −¥ ¯®¤¤�îâáï ¡�«�−á¨à®¢ª¥, çâ® ¯®â¥−æ¨�«ì−® £à®§¨â
−¥ãáâà�−¨¬®© ¨§¡ëâ®ç−®áâìî áà�§ã ¯® ¤¢ã¬ ¨−äà�áâàãªâãà−ë¬ ª®¬¯®−¥−â�¬.

’¥®à¥â¨ç¥áª¨ CDI ¤�¥â ¢®§¬®¦−®áâì «ãçè¥ ¡�«�−á¨à®¢�âì ¢á¥ ¨−äà�áâàãª-
âãà−ë¥ ª®¬¯®−¥−âë: ¯à®æ¥áá®àë, ®¯¥à�â¨¢−ãî ¯�¬ïâì ¨ ‘•„, ¤®¡¨¢�ïáì ¬¨-
−¨¬�«ì−®© áã¬¬�à−®© ¨§¡ëâ®ç−®áâ¨. �¤−�ª® íâ� â¥®à¥â¨ç¥áª�ï ¢®§¬®¦−®áâì
¨ ¢ CDI ¯à�ªâ¨ç¥áª¨ à¥�«¨§ã¥¬� «¨èì â®£¤�, ª®£¤� §�à�−¥¥ ¨§¢¥áâ−ë ¨−äà�-
áâàãªâãà−ë¥ âà¥¡®¢�−¨ï á® áâ®à®−ë ¢ë¯®«−ï¥¬ëå –�„ à�¡®â. ‚ ¯à®â¨¢−®¬
á«ãç�¥ ¤¥§�£à¥£¨à®¢�−−�ï ª®¬¯®−ã¥¬®áâì â®«ìª® ¯à¨−¥á¥â «¨è−îî £®«®¢−ãî
¡®«ì ¨§-§� ¤®¯®«−¨â¥«ì−®© −¥®¯à¥¤¥«¥−−®áâ¨ ¢ ®â−®è¥−¨¨ à�§¬¥à®¢ ¨ ç¨á«�
ú¬¥èª®¢û á à�§−ë¬¨ ú§¥à−�¬¨û.

‚ íâ®¬ ¯«�−¥ ¯à¥¨¬ãé¥áâ¢® ¨¬¥îâ ®â−®á¨â¥«ì−® −¥¡®«ìè¨¥ «®ª�«ì−ë¥ –�„,
¢ ª®â®àëå �ã¦¥ ªàã£ à¥è�¥¬ëå §�¤�ç ¨ ¯à®é¥ ®æ¥−ª� ¨å ¯®âà¥¡−®áâ¨ ¢ ¨−äà�-
áâàãªâãà−ëå à¥áãàá�å. �¥á«ãç�©−® ¨¬¥−−® ¢«�¤¥«ìæë â�ª¨å –�„ ç�é¥ ¢á¥£®
¢ëáâã¯�îâ ¨−¨æ¨�â®à�¬¨ ¢−¥¤à¥−¨ï CDI, ®á®¡¥−−® ¢ â¥å á«ãç�ïå, ª®£¤� −¥®¡-
å®¤¨¬ −¥¯®áà¥¤áâ¢¥−−ë© ª®−âà®«ì −�¤ à¥áãàá�¬¨ ¨«¨ ¯à¨¢«¥ç¥−¨¥ ú®¡«�ç−ëåû
á¥à¢¨á®¢ ¯® ª�ª¨¬-â® ¯à¨ç¨−�¬ −¥¦¥«�â¥«ì−®: ú‘â¨¬ã«®¬ ª à¥�«¨§�æ¨¨ ¤�−−®£®
¯®¤å®¤� ¯®á«ã¦¨«®, ¢ ç�áâ−®áâ¨, áâà¥¬«¥−¨¥ ¯à¥¤¯à¨ïâ¨© ¯®«ãç¨âì ã á¥¡ï −�
¯«®é�¤ª¥ â¥ ¦¥ ¢®§¬®¦−®áâ¨, çâ® ¨ ¢ \®¡«�ª¥". Š�ª ¨ ¢ \®¡«�ç−®©" ¬®¤¥«¨
\¨−äà�áâàãªâãà� ª�ª á¥à¢¨á", −¥®¡å®¤¨¬ë¥ à¥áãàáë §�¯à�è¨¢�îâáï ¨§ ®¡é¥-
£® ¯ã«�, ª®â®àë© à�§¬¥é�¥âáï −¥ ¢ ¯ã¡«¨ç−®¬ \®¡«�ª¥", � ¢ –�„ ª«¨¥−â�
¨ ª®−âà®«¨àã¥âáï ¨¬ ¦¥û [9].

5 Дезагрегация и конвергентность

•®âï ¯®«−®¬�áèâ�¡−�ï à¥�«¨§�æ¨ï ¤¥§�£à¥£¨à®¢�−−®© ª®¬¯®−ã¥¬®áâ¨ | §�-
¤�ç� §�¢âà�è−¥£® ¤−ï, ã¦¥ á¥£®¤−ï −� àë−ª¥ ¬®¦−® −�©â¨ ¯à¥¤«®¦¥−¨ï ¨−äà�-
áâàãªâãà –�„, à¥ª«�¬¨àã¥¬ëå ª�ª ¤¥§�£à¥£¨à®¢�−−ë¥ ¨ ª®¬¯®−ã¥¬ë¥.

�àå¨â¥ªâãà� Rack Scale Design (RSD) [12], �−®−á¨àã¥¬�ï ª®¬¯�−¨¥© Intel ª�ª
¤¥§�£à¥£¨à®¢�−−�ï ª®¬¯®−ã¥¬�ï, ¤¥§�£à¥£¨à®¢�−� ¤® ãà®¢−ï −¥ª¨å ú¢ë¤¢¨¦−ëå
ïé¨ª®¢û (drawers), à�á¯®«�£�¥¬ëå ¢ áâ®©ª¥ ¨«¨ −¥áª®«ìª¨å áâ®©ª�å. ‘®¤¥à¦¨-
¬ë¬ úïé¨ª®¢û ¬®£ãâ ¡ëâì «î¡ë¥ ¯à®¤ãªâë ª®¬¯�−¨¨: ¯à®æ¥áá®àë, â¢¥à¤®â¥«ì-
−�ï ¯�¬ïâì, ¯à®£à�¬¬¨àã¥¬�ï «®£¨ª� ¨ â. ¤., â. ¥., ¯® áãé¥áâ¢ã, ¯à¥¤«�£�¥âáï
−¥ áâ®«ìª® ¤¥§�£à¥£¨à®¢�−−®¥, áª®«ìª® ª®−¢¥à£¥−â−®¥ à¥è¥−¨¥ ¨−äà�áâàãªâã-
àë, ª®¬¯®−ã¥¬®© ¨§ £®â®¢ëå ä¨à¬¥−−ëå ¬®¤ã«¥©-úïé¨ª®¢û. �â«¨ç¨â¥«ì−�ï
ç¥àâ� �àå¨â¥ªâãàë RSD | ¨−â¥£à¨à®¢�−−�ï ¬−®£®ãà®¢−¥¢�ï á¨áâ¥¬� ¬¥−¥¤¦-
¬¥−â�: úïé¨ª¨û ¨¬¥îâ ¢áâà®¥−−ë¥ ¬¥−¥¤¦¬¥−â-�£¥−âë, ª®â®àë¥ ã¯à�¢«ïîâáï
áâ®¥ç−ë¬¨ ¬¥−¥¤¦¬¥−â-¬®¤ã«ï¬¨, � â¥, ¢ á¢®î ®ç¥à¥¤ì, ®¡é¥á¨áâ¥¬−ë¬ ¬¥−¥¤¦-
¬¥−â-¬®¤ã«¥¬. ‚á¥ á®áâ�¢«ïîé¨¥ ¬¥−¥¤¦¬¥−â� á¢ï§�−ë −¥ª®© ¢−ãâà¥−−¥© á¥âìî.
��«¨ç¨¥ ¢áâà®¥−−®© ä¨à¬¥−−®© á¥â¨ ¨ áª¢®§−®£® ª®¬¯«¥ªá−®£® ¬¥−¥¤¦¬¥−â� ª�ª
à�§ å�à�ªâ¥à−® ¤«ï CI ¨ HCI [13].

�−�«®£¨ç−® ®â¥ç¥áâ¢¥−−�ï ª®¬¯�−¨ï ÷‘Š ¯®¤ ä«�£®¬ ¤¥§�£à¥£¨à®¢�−−®£®
¢ à¥�«ì−®áâ¨ ¯à¥¤«�£�¥â ¯®«ì§®¢�â¥«ï¬ ª®¬¯®−ã¥¬®¥ £¨¯¥àª®−¢¥à£¥−â−®¥ à¥è¥-
−¨¥ á ä¨à¬¥−−ë¬¨ áà¥¤áâ¢�¬¨ ú¯®áâà®¥−¨ï ¤¨−�¬¨ç¥áª¨å ¯à®£à�¬¬−®-®¯à¥¤¥-
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«ï¥¬ëå áæ¥−�à¨¥¢ ª®−ä¨£ãà�æ¨¨ ª®¬¯«¥ªá� á �ªæ¥−â®¬ −� ¯®¤¤¥à¦ªã ¯®«ì§®-
¢�â¥«ìáª¨å §�¤�ç ®¡à�¡®âª¨ ¤�−−ëåû [3], â. ¥. ä�ªâ¨ç¥áª¨ à¥çì ¨¤¥â ® ¯®áâ�¢ª¥
£®â®¢®£® ¯®¤ ª«îç ä¨à¬¥−−®£® £¨¯¥àª®−¢¥à£¥−â−®£® SDDC.

�à¥§¥−â�æ¨¨ �àå¨â¥ªâãà RSD ¨ ÷‘Š −¥ ãâ®ç−ïîâ ¤¥â�«¨ ®à£�−¨§�æ¨¨ ¢ −¨å
á¥â¨, çâ® ¢®®¡é¥ å�à�ªâ¥à−® ¤«ï CI ¨ HCI. Œ¥¦¤ã â¥¬ ¤¥§�£à¥£�æ¨ï ¨−äà�-
áâàãªâãàë −¨ª�ª −¥ ®á¢®¡®¦¤�¥â ¥¥ ®â á¥â¥¢ëå ¯à®¡«¥¬. …á«¨ ¢ HCI ¢−ãâà¥−−ïï
á¥âì á¢ï§ë¢�¥â ®â−®á¨â¥«ì−® −¥¡®«ìè®¥ ç¨á«® ªàã¯−ëå ª®¬¯®−¥−â®¢, � ¨¬¥−−®:
á¥à¢¥à®¢, â® ¢ CDI −¥®¡å®¤¨¬® á¢ï§�âì ¬¥¦¤ã á®¡®© £®à�§¤® ¡®«ìè¥¥ ç¨á«®
ú¬¥«ª®§¥à−¨áâëåû ª®¬¯®−¥−â®¢, ¢ ¯¥à¢ãî ®ç¥à¥¤ì ¯à®æ¥áá®àë á ®¯¥à�â¨¢−ë¬¨
¯�¬ïâï¬¨. ‘®®â¢¥âáâ¢¥−−®, ¥á«¨ HCI ¢á¥ ª®¬¬ã−¨ª�æ¨®−−ë¥ ¯à®¡«¥¬ë à¥è�¥â
ª®−¢¥à£¥−â−®© á¥âìî á ¨−ª®à¯®à¨à®¢�−−ë¬ âà�ä¨ª®¬ ‘•„ (−�¯à¨¬¥à, RDMA
over converged Ethernet), â® ¢ CDI ¯®¬¨¬® á®åà�−ïîé¥© ¢á¥ á¢®¨ äã−ªæ¨¨
âà�¤¨æ¨®−−®© á¥â¨ −�¯à�è¨¢�îâáï ¤®¯®«−¨â¥«ì−ë¥ á¥â¥¢ë¥ áà¥¤áâ¢�: ¢ëá®-
ª®áª®à®áâ−ë¥ ª®¬¬ãâ�æ¨®−−ë¥ áâàãªâãàë ¯®¤ª«îç¥−¨ï ®¯¥à�â¨¢−ëå ¯�¬ïâ¥©
ª ¯à®æ¥áá®à�¬ ¨, ¢®§¬®¦−®, ®â¤¥«ì−ë¥ ª®−ä¨£ãà¨àã¥¬ë¥ á¥â¨ ‘•„ (−�¯à¨¬¥à,
NVMe (nonvolative memory express) over fabrics). “¬�«ç¨¢�−¨¥ ¯®¤à®¡−®áâ¥©
®à£�−¨§�æ¨¨ ¢−ãâà¥−−¥© á¥â¨ á�¬® ¯® á¥¡¥ −�¢®¤¨â −� ¬ëá«ì, çâ® ¯®¤ ¢¨¤®¬ ¤¥§-
�£à¥£¨à®¢�−−ëå ¯à¥¤«�£�îâáï ª®−¢¥à£¥−â−ë¥ ¨«¨ £¨¯¥àª®−¢¥à£¥−â−ë¥ á¨áâ¥¬ë
á ª�ª¨¬¨-â® ¨−â¥£à¨à®¢�−−ë¬¨ ¢ −¨å ä¨à¬¥−−ë¬¨, ¢ â®¬ ç¨á«¥ ª®−¢¥à£¥−â−ë¬¨,
á¥âï¬¨.

…á«¨ çâ®-â® ¤¥©áâ¢¨â¥«ì−® á¡«¨¦�¥â CDI á CI ¨ HCI, â® íâ® ¯à¨¢ï§ª� ¯®âà¥-
¡¨â¥«ï ª ¥¤¨−®¬ã ¯®áâ�¢é¨ªã æ¥«®áâ−®© á¨áâ¥¬ë: úª®¬¯®−ã¥¬�ï ¨−äà�áâàãªâã-
à�, ¯®¢ëè�ï £¨¡ª®áâì ¬�áèâ�¡¨à®¢�−¨ï ¢ëç¨á«¨â¥«ì−ëå à¥áãàá®¢, ¯®à®¦¤�¥â
âã ¦¥ §�¢¨á¨¬®áâì ®â ®¤−®£® ¢¥−¤®à�, ª�ª ¨ £¨¯¥àª®−¢¥à£¥−â−�ïû [9]. „¥©áâ¢¨-
â¥«ì−®, ¤«ï ¤¨−�¬¨ç−®© ª®¬¯®−®¢ª¨ à�§−®®¡à�§−ëå «®ª�«ì−ëå ¨á¯®«−¨â¥«ì−ëå
¨−äà�áâàãªâãà ¨§ à®ááë¯¨ ú¬¥«ª®§¥à−¨áâëåû ª®¬¯®−¥−â®¢ −ã¦−ë, ¢®-¯¥à¢ëå,
£�à�−â¨ï á®¢¬¥áâ¨¬®áâ¨ íâ¨å ª®¬¯®−¥−â®¢ ¢ à�§−®®¡à�§−ëå ª®−ä¨£ãà�æ¨ïå,
� ¢®-¢â®àëå, −�«¨ç¨¥ á¯¥æ¨ä¨ç¥áª®£® �� ¤«ï ¨å �¢â®¬�â¨ç¥áª®© ª®¬¯®−®¢ª¨.
‚¥à®ïâ−®, ®¡� ãá«®¢¨ï ¢ á®¢®ªã¯−®áâ¨ ¤®áâ¨¦¨¬ë â®«ìª® ¯à¨ ãá«®¢¨¨ ¥¤¨−®£®
¯®áâ�¢é¨ª� –�„ ª�ª æ¥«®áâ−®£® ¥¤¨−áâ¢� ¨−äà�áâàãªâãàë ¨ ��.

�� ¯¥à¢ë© ¢§£«ï¤, ¥é¥ ®¤−¨¬ ¯à®ï¢«¥−¨¥¬ ®¡é−®áâ¨ CDI ¨ HCI ¯à¥¤áâ�¢-
«ï¥âáï áâà¥¬«¥−¨¥ ªàã¯−ëå ¢¥−¤®à®¢ HCI ¢ë©â¨ −� àë−®ª CDI. ‘®£«�á−® ¢ë-
¢®¤�¬ Moor Insights & Strategy, −�¨¡®«¥¥ �ªâ¨¢−® ¢−¥¤àïîâ ¤¥§�£à¥£¨à®¢�−−ë¥
�àå¨â¥ªâãàë ®à£�−¨§�æ¨¨, ¨¬¥îé¨¥ ®¯ëâ ¨á¯®«ì§®¢�−¨ï £¨¯¥àª®−¢¥à£¥−â−®©
¨−äà�áâàãªâãàë, ú¯®áª®«ìªã ®−¨ ã¦¥ §−�ª®¬ë á ¯à¥¨¬ãé¥áâ¢�¬¨ ¥¤¨−®© ¯«�â-
ä®à¬ë, ®¡ê¥¤¨−ïîé¥© ¢ëç¨á«¨â¥«ì−ë¥ ¬®é−®áâ¨, ¥¬ª®áâ¨ åà�−¥−¨ï ¨ á¥â¥¢ë¥
à¥áãàáëû [9]. �¤−�ª® ¡®«¥¥ ¢¥à®ïâ−�ï ¯à¨ç¨−� íâ®£® ¢¨¤¨âáï −¥ â®«ìª® ¨ −¥
áâ®«ìª® ¢ §−�ª®¬áâ¢¥ ¯®âà¥¡¨â¥«¥© á ¯à¥¨¬ãé¥áâ¢�¬¨ HCI, áª®«ìª® ¢ −�à�¡®â�−-
−ëå á¢ï§ïå ¨ ®¯ëâ¥ ®¡é¥−¨ï á ¨å ¯®áâ�¢é¨ª®¬. �à®áâ® ¢ ª�ª®©-â® ¬®¬¥−â íâ®â
¡¥§�«ìâ¥à−�â¨¢−ë© ¢¥−¤®à ¯à¥¤«�£�¥â ¯®«ì§®¢�â¥«ï¬ á¢®¥© CI ¨«¨ HCI ¢ ª�-
ç¥áâ¢¥ ®ç¥à¥¤−®£® ãá®¢¥àè¥−áâ¢®¢�−¨ï ¢ â®© ¨«¨ ¨−®© ¬¥à¥ ¤¥§�£à¥£¨à®¢�−−®¥
¨«¨ ª®¬¯®−ã¥¬®¥ à¥è¥−¨¥. ‚ íâ®¬ ¯«�−¥ ¯®ª�§�â¥«ì−� ¯®§¨æ¨ï ª®¬¯�−¨¨ Cisco
Systems: ú�®¤�¢«ïîé¥¥ ¡®«ìè¨−áâ¢® −�è¨å ª«¨¥−â®¢ ¯à¥¤¯®ç¨â�îâ ¯®ªã¯�âì
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�¥ª®â®àë¥ ¢®¯à®áë ¤¥§�£à¥£�æ¨¨ ¨ ª®¬¯®−ã¥¬®áâ¨ ¨−äà�áâàãªâãàë –�„

ª®¬¯«¥ªá−ë¥ á¨áâ¥¬ë á ¯®¤¤¥à¦ª®© ¬¨à®¢®£® ª«�áá� ®â Cisco. �−¨ ¦¥«�îâ
¯à®áâ®âë, � −¥ ¡à¥¬¥−¨ â®£®, çâ® ª®¬�−¤ë à�§à�¡®âç¨ª®¢ á®§¤�îâ ¨ ®¡ê¥¤¨−ïîâ
�¯¯�à�â−®¥ ¨ ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥, ª®¬¬ãâ�â®àë ¨ ®¯¥à�æ¨®−−ë¥ á¨áâ¥¬ë
¢ −¥çâ® à�¡®â�îé¥¥û [14]. �â® ®§−�ç�¥â, çâ® â¨¯¨ç−®¬ã ª«¨¥−âã ¢ ª®−¥ç−®¬
áç¥â¥ −¥ ¢�¦−®, ¡ã¤ãâ «¨ ¯®ªã¯�¥¬ë¥ ¨¬ úª®¬¯«¥ªá−ë¥ á¨áâ¥¬ë á ¯®¤¤¥à¦ª®©
¬¨à®¢®£® ª«�áá�û ¤¥§�£à¥£¨à®¢�−−ë¬¨, ª®¬¯®−ã¥¬ë¬¨, £¨¯¥àª®−¢¥à£¥−â−ë¬¨
¨«¨ ª�ª¨¬¨-â® ¥é¥. …¬ã ¢�¦−¥¥ ª®¬¯«¥ªá−�ï ¡ëáâà�ï ¯®áâ�¢ª� à�¡®â®á¯®á®¡−®©
á¨áâ¥¬ë á âà¥¡ã¥¬ë¬¨ ¢®§¬®¦−®áâï¬¨.

•®âï ¯à¨−ïâ® áç¨â�âì, çâ® úª®¬¯®−ã¥¬ë¥ á¨áâ¥¬ë à�áá¬�âà¨¢�îâáï ª�ª á«¥-
¤ãîé¨© íâ�¯ í¢®«îæ¨¨ ª®−¢¥à£¥−â−ëå ¨−äà�áâàãªâãàû [9], á¯¥æ¨�«¨áâë ¯®àâ�«�
TAdviser ¢ëáª�§ë¢�îâ ¯à¥¤¯®«®¦¥−¨¥, çâ® ã ¤¥§�£à¥£¨à®¢�−−®£® ¨ £¨¯¥àª®−¢¥à-
£¥−â−®£® ¯®¤å®¤®¢ ¬®£ãâ ¡ëâì à�§−ë¥ ¯®âà¥¡¨â¥«¨. ú“ ¯à®£à�¬¬-£¨¯¥à¢¨§®à®¢
¨ ã â¥å−®«®£¨¨ ¢¨àâã�«¨§�æ¨¨ ¢ æ¥«®¬ ¥áâì ¯à¥¤¥«ë, ¯®íâ®¬ã HCI, áª®à¥¥ ¢á¥-
£®, −¥ ¢ë©¤¥â §� ¯à¥¤¥«ë ç�áâ−ëå \®¡«�ª®¢". “ ¤¥§�£à¥£�æ¨¨ ¯à¥¤¥«®¢ −¥â,
¯®íâ®¬ã ¥¥ áä¥à� ¯à¨¬¥−¥−¨ï | –�„ ª®¬¯�−¨©-£¨¯¥àáª¥©«¥à®¢, ¯®áâ�¢é¨ª®¢
ãá«ã£ £«®¡�«ì−ëå \®¡«�ª®¢"û [4]. ‘ íâ¨¬ ¯à¥¤¯®«®¦¥−¨¥¬ âàã¤−® á®£«�á¨âì-
áï. “ ïª®¡ë ú¡¥á¯à¥¤¥«ì−®©û ¤¥§�£à¥£�æ¨¨ ¨¬¥¥âáï ï¢−®¥ ®£à�−¨ç¥−¨¥, â® ¦¥
á�¬®¥, çâ® ¨ ã £¨¯¥àª®−¢¥à£¥−æ¨¨: ®¡ï§�â¥«ì−®áâì ¥¤¨−áâ¢¥−−®£® ¯®áâ�¢é¨ª�
¢á¥© ¨−äà�áâàãªâãàë ¢¬¥áâ¥ á ä¨à¬¥−−ë¬¨ ¯à®£à�¬¬−ë¬¨ áà¥¤áâ¢�¬¨ ¥¥ ª®¬-
¯®−®¢ª¨ ¨ ¯à®£à�¬¬−®£® ®¯à¥¤¥«¥−¨ï. ˆ §¤¥áì áª®à¥¥ ¬®¦−® ®¦¨¤�âì ®¡à�â−®£®.
‘ â¥å−¨ç¥áª®© â®çª¨ §à¥−¨ï ¤«ï â�ª®£® ª®¬¯«¥ªá−®£® ¯®áâ�¢é¨ª� −¥â ®á®¡®© à�§-
−¨æë ¢ à¥�«¨§�æ¨¨ £¨¯¥àª®−¢¥à£¥−â−®áâ¨ ¯®¤ ç�áâ−®¥ ¨«¨ £«®¡�«ì−®¥ ú®¡«�ª®û,
� ¤¥§�£à¥£¨à®¢�−−ãî á¨áâ¥¬ã ¯à�ªâ¨ç¥áª¨ à¥�«¨§®¢ë¢�âì −� £«®¡�«ì−®¬ ãà®¢−¥,
¡¥§ãá«®¢−®, á«®¦−¥¥, ç¥¬ ¢ à�¬ª�å ®¤−®£® «®ª�«ì−®£® –�„.

6 Заключение

�ç¥à¥¤−ë¬ íâ�¯®¬ á®¢¥àè¥−áâ¢®¢�−¨ï ®à£�−¨§�æ¨¨ ¨ ¯à¨−æ¨¯®¢ äã−ªæ¨®−¨-
à®¢�−¨ï ¨−äà�áâàãªâãàë –�„ ®¡¥é�¥â áâ�âì CDI. �à®£à�¬¬−®-®¯à¥¤¥«ï¥¬�ï
ú¬¥«ª®§¥à−¨áâ�ïû á¥à¢¨á−® ®à¨¥−â¨à®¢�−−�ï ¨−äà�áâàãªâãà� ¤�¥â ¢®§¬®¦−®áâì
�¢â®¬�â¨ç¥áª¨ ª®¬¯®−®¢�âì ¤«ï ¢ë¯®«−ï¥¬ëå –�„ à�¡®â «®ª�«ì−ë¥ ¨á¯®«−¨-
â¥«ì−ë¥ ¨−äà�áâàãªâãàë, ®¯â¨¬�«ì−ë¥ ¢ ª�¦¤®¬ ª®−ªà¥â−®¬ á«ãç�¥.

��àï¤ã á ®ç¥¢¨¤−ë¬¨ ¯à¥¨¬ãé¥áâ¢�¬¨, £«�¢−ë¬ ®¡à�§®¬ ¢ £¨¡ª®áâ¨ ¨á¯®«ì-
§®¢�−¨ï ¨ ¤¨−�¬¨ç¥áª®© ¡�«�−á¨à®¢ª¥ �¯¯�à�â−ëå à¥áãàá®¢, ã CDI ¥áâì ¨ ®¯à¥-
¤¥«¥−−ë¥ −¥®ç¥¢¨¤−ë¥ ®£à�−¨ç¥−¨ï ¢ à¥�«¨§ã¥¬®áâ¨ ¨ ¯à¨¬¥−¨¬®áâ¨. ‚−¥¤à¥−¨¥
CDI ®¡ê¥ªâ¨¢−® â®à¬®§¨âáï ª�ª ç¨áâ® â¥å−¨ç¥áª¨¬¨, â�ª ¨ ®à£�−¨§�æ¨®−−ë¬¨
¯à¨ç¨−�¬¨. •®âï ã¦¥ á¥£®¤−ï ¬®¦−® −�©â¨ ¯à¥¤«®¦¥−¨ï ¨−äà�áâàãªâãà –�„,
à¥ª«�¬¨àã¥¬ëå ¯®áâ�¢é¨ª�¬¨ ª�ª ¤¥§�£à¥£¨à®¢�−−ë¥ ¨«¨ ª®¬¯®−ã¥¬ë¥, ¢® ¬−®-
£¨å á«ãç�ïå íâ® −¥ ¡®«¥¥ ç¥¬ à¥ª«�¬−ë© å®¤ á æ¥«ìî ¯à¨¢«¥ç¥−¨ï ¯®«ì§®¢�â¥«ï
¬®¤−ë¬¨ â¥à¬¨−�¬¨. �®¤ ¢¨¤®¬ CDI −¥à¥¤ª® ¯à¥¤«�£�îâáï ª®−¢¥à£¥−â−ë¥
¨ £¨¯¥àª®−¢¥à£¥−â−ë¥ à¥è¥−¨ï, çâ® ¢® ¬−®£®¬ ¯à®¢®æ¨àã¥âáï ¯®¬¨¬® ç¨áâ®
¬�àª¥â¨−£®¢ëå �á¯¥ªâ®¢ à�§¬ëâ®áâìî á�¬®£® ¯®−ïâ¨ï CDI. ‚ ç�áâ−®áâ¨, â�ª®¥
®á−®¢®¯®«�£�îé¥¥ ¯®−ïâ¨¥, ª�ª ª®¬¯®−ã¥¬®áâì, ¯à¨¬¥−¨¬® −� á�¬ëå à�§−ëå
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ãà®¢−ïå ú§¥à−¨áâ®áâ¨û ¨−äà�áâàãªâãà, ¢ â®¬ ç¨á«¥ −¥ ®¡ï§�â¥«ì−® ¤¥§�£à¥£¨à®-
¢�−−ëå.

�¥®¤−®§−�ç−®áâì â¥à¬¨−®¢ ¨ ¨å à¥�«ì−®¥ á®¤¥à¦�−¨¥ −¥ á«¨èª®¬ §�¡®âïâ
¡®«ìè¨−áâ¢® ¯®«ì§®¢�â¥«¥©. �−¨ å®âïâ ¯®«ãç¨âì, ¦¥«�â¥«ì−® ®â ®¤−®£® −�-
¤¥¦−®£® ¢¥−¤®à�, ª®¬¯«¥ªá−ë© ã¤®¡−ë© ¢ ¨á¯®«ì§®¢�−¨¨ ¯à®¤ãªâ, −¥ ¢®§à�¦�ï
¯à¨ íâ®¬ ¯à®â¨¢ ¯à¨áãâáâ¢¨ï, å®âï ¡ë ¯® ¯à¥áâ¨¦−ë¬ á®®¡à�¦¥−¨ï¬, ¢ ¥£®
−�¨¬¥−®¢�−¨¨ ª�ª¨å-â® ¬®¤−ëå â¥à¬¨−®¢. �® çâ®¡ë â�ª®© ª®¬¯«¥ªá−ë© ¯à®¤ãªâ
¤¥©áâ¢¨â¥«ì−® à¥�«¨§®¢�« ¢ â®¬ ¨«¨ ¨−®¬ ¢¨¤¥ ª®−æ¥¯æ¨î CDI, ®− ä�ªâ¨ç¥áª¨
¤®«¦¥− ¯à¥¤áâ�¢«ïâì á®¡®©, −¥§�¢¨á¨¬® ®â à¥ª«�¬−®© â¥à¬¨−®«®£¨¨, £®â®¢ë©
ú¯®¤ ª«îçû SDDC.
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Abstract: The composable disaggregated infrastructure (CDI) promises to
become the next step in improving organization and functioning principles of
data centers. The essence of CDI is in transition to a \fine-grained" infrastructure
and automatic layout of local executive infrastructures that should be optimal
for each specific workload. With obvious advantages in flexibility of using
data center hardware resources, the CDI has, nevertheless, some limitations
in feasibility and applicability. Although there are offerings of data center
infrastructures announced as disaggregated or composable, those appear in many
cases nothing more than advertising tricks to attract users with fashionable terms.
In reality, other infrastructural solutions are often proposed under the disguise of
the CDI. This is largely provoked, in addition to purely marketing aspects, due
to the vagueness of the CDI term. In particular, the concept of composability is
applicable at various infrastructure \granularity" levels including not necessarily
disaggregated ones. As a general rule, the CDI concept implementation is feasible
only within a software-defined data center.
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РАЗРАБОТКА МОДУЛЯ ДЛЯ РАБОТЫ С РЕШАТЕЛЕМ
plasticStressedFoam НА БАЗЕ ПАКЕТА OpenFOAM

Д. И. Читалов1

�−−®â�æ¨ï: �à®¢¥¤¥−® ¨áá«¥¤®¢�−¨¥, −�¯à�¢«¥−−®¥ −� á®§¤�−¨¥ ¯à®£à�¬¬−®-
£® ¬®¤ã«ï ¤«ï ã¯à�¢«¥−¨ï ç¨á«¥−−ë¬¨ íªá¯¥à¨¬¥−â�¬¨ ¯®áà¥¤áâ¢®¬ à¥è�â¥«ï
plasticStressedFoam ¨ ¥£® ¯®¤ª«îç¥−¨¥ ª ¡�§®¢®© ¢¥àá¨¨ ¯à¥¤«®¦¥−−®© �¢-
â®à®¬ £à�ä¨ç¥áª®© ®¡®«®çª¨. ÷�¡®â� −�¯à�¢«¥−� −� ®¯â¨¬¨§�æ¨î ¯à®æ¥áá�
§�¯®«−¥−¨ï ª®−ä¨£ãà�æ¨®−−ëå ä�©«®¢ à�áç¥â−®£® á«ãç�ï áà¥¤áâ¢�¬¨ £à�ä¨-
ç¥áª®£® ¨−â¥àä¥©á� ¨ �¢â®¬�â¨§�æ¨î §�¯ãáª� à¥è�â¥«ï plasticStressedFoam,
ª®â®àë© ®â¢¥ç�¥â §� £¥−¥à�æ¨î ¨â®£®¢®© ç¨á«¥−−®© ¬®¤¥«¨. �¯à¥¤¥«¥−� æ¥«ì
à�§à�¡®âª¨ ¨ áä®à¬ã«¨à®¢�− ¯¥à¥ç¥−ì §�¤�ç, −¥®¡å®¤¨¬ëå ¤«ï ¥¥ ¤®áâ¨-
¦¥−¨ï. �¯¨á�−ë íâ�¯ë à�§à�¡®âª¨ ¬®¤ã«ï, ¢ª«îç�ï ¯®áâà®¥−¨¥ ¤¨�£à�¬¬
¥£® áâàãªâãàë ¨ «®£¨ª¨ ¯à¨¬¥−¥−¨ï, ¢ë¡®à ¨ ®¡®á−®¢�−¨¥ áâ¥ª� â¥å−®«®£¨©
à�§à�¡®âª¨, � â�ª¦¥ à¥§ã«ìâ�âë ¨áá«¥¤®¢�−¨ï, ¥£® −�ãç−�ï −®¢¨§−� ¨ ¯à�ª-
â¨ç¥áª�ï §−�ç¨¬®áâì. �à¥¤áâ�¢«¥−ë à¥§ã«ìâ�âë ¯à®¢¥àª¨ à�¡®â®á¯®á®¡−®áâ¨
¯à®¤ãªâ� −� ¯à¨¬¥à¥ áâ�−¤�àâ−®© §�¤�ç¨, à¥è�¥¬®© ¢ OpenFOAM á ¯®¬®éìî
à¥è�â¥«ï plasticStressedFoam.

Š«îç¥¢ë¥ á«®¢�: ç¨á«¥−−®¥ ¬®¤¥«¨à®¢�−¨¥; ¬¥å�−¨ª� á¯«®è−ëå áà¥¤;
£à�ä¨ç¥áª¨© ¨−â¥àä¥©á ¯®«ì§®¢�â¥«ï; OpenFOAM; ï§ëª ¯à®£à�¬¬¨à®¢�−¨ï
Python; ®âªàëâ®¥ ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥; à¥è�â¥«ì plasticStressedFoam;
¡¨¡«¨®â¥ª� PyQt; ‘“�„ SQLite

DOI: 10.14357/08696527230211

1 Введение

��áâ®ïé¥¥ ¨áá«¥¤®¢�−¨¥ ¯®á¢ïé¥−® à�§à�¡®âª¥ ¯à®£à�¬¬−®£® ¬®¤ã«ï ¤«ï
�¢â®¬�â¨§�æ¨¨ ã¯à�¢«¥−¨ï ®¤−¨¬ ¨§ íâ�¯®¢ ç¨á«¥−−®£® ¬®¤¥«¨à®¢�−¨ï §�¤�ç
¬¥å�−¨ª¨ á¯«®è−ëå áà¥¤ (Œ‘‘) −� ¡�§¥ ¯�ª¥â� OpenFOAM [1]. ÷¥çì ¨¤¥â
® ª«îç¥¢®¬ íâ�¯¥ ç¨á«¥−−®£® íªá¯¥à¨¬¥−â�: à¥è¥−¨¨ §�¤�ç¨ Œ‘‘ ¯®áà¥¤áâ¢®¬
®¤−®© ¨§ ¢áâà®¥−−ëå ¢ OpenFOAM ¯à®£à�¬¬-à¥è�â¥«¥© | plasticStressedFoam.
÷¥�«¨§�æ¨ï ¯à¥¤áâ�¢«¥−−®£® ¬®¤ã«ï ¯®§¢®«¨â à�áè¨à¨âì ¯¥à¥ç¥−ì ¢®§¬®¦−®áâ¥©
á¯¥æ¨�«¨áâ� ¯à¨ à�¡®â¥ á £à�ä¨ç¥áª®© ®¡®«®çª®© [2], á®§¤�−−®© �¢â®à®¬ ¤«ï
ã¯à�¢«¥−¨ï ç¨á«¥−−ë¬¨ íªá¯¥à¨¬¥−â�¬¨ ¯®áà¥¤áâ¢®¬ ¯�ª¥â� OpenFOAM.

�â® open-source ¯à®¤ãªâ, ®â¢¥ç�îé¨© §� à�áç¥â ¨ ¯®áâà®¥−¨¥ ç¨á«¥−−®©
¬®¤¥«¨ ®¡ê¥ªâ� ¨«¨ ¯à®æ¥áá�. ‚ ¯¥à¥ç¥−ì ¬®¤¥«¨àã¥¬ëå §�¤�ç ¢å®¤ïâ ¯à®¡«¥¬ë
£¨¤à®¤¨−�¬¨ª¨, £�§®¢®© ¤¨−�¬¨ª¨ ¨ ¬¥å�−¨ª¨ ¤¥ä®à¬¨àã¥¬®£® â¢¥à¤®£® â¥«�.
Šà®¬¥ â®£®, OpenFOAM ¯®§¢®«ï¥â ¯à®¢®¤¨âì ¢ëç¨á«¨â¥«ì−ë¥ íªá¯¥à¨¬¥−âë

1ā¦−®-“à�«ìáª¨© ä¥¤¥à�«ì−ë© −�ãç−ë© æ¥−âà ¬¨−¥à�«®£¨¨ ¨ £¥®íª®«®£¨¨ “à�«ìáª®£® ®â¤¥-
«¥−¨ï ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, cdi9@yandex.ru
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„. ˆ. —¨â�«®¢

¯à¨¬¥−¨â¥«ì−® ª ¯à®¡«¥¬�¬, ª�á�îé¨¬áï å¨¬¨ç¥áª¨å ¯à®æ¥áá®¢, âãà¡ã«¥−â-
−®áâ¨, ¨§¬¥−¥−¨ï ¯�à�¬¥âà®¢ â¢¥à¤®£® â¥«�, � â�ª¦¥ í«¥ªâà®¤¨−�¬¨ª¨.

‚ ¡�§®¢ë© ¤¨áâà¨¡ãâ¨¢ OpenFOAM ¢å®¤¨â ¡®«ìè®© ¯¥à¥ç¥−ì à¥è�â¥«¥©,
á¯¨á®ª ª®â®àëå à�áè¨àï¥âáï. ‡� áç¥â íâ®£® ã¢¥«¨ç¨¢�¥âáï ¯¥à¥ç¥−ì ¯à®¡«¥¬
Œ‘‘, ª ¬®¤¥«¨à®¢�−¨î ª®â®àëå ¬®¦¥â ¯à¨¬¥−ïâìáï ¯�ª¥â OpenFOAM.

�«¨¦�©è¨© �−�«®£ ¯�ª¥â� | ¯à®£à�¬¬−ë© ª®¬¯«¥ªá ANSYS. ‘à�¢−¨â¥«ì-
−ë© �−�«¨§ ¯à®¤ãªâ®¢ ¯®ª�§�«, çâ® ®−¨ ¯à�ªâ¨ç¥áª¨ á®¢¯�¤�îâ ¯® äã−ªæ¨-
®−�«ì−ë¬ ¢®§¬®¦−®áâï¬. �à¨ íâ®¬ OpenFOAM ¨¬¥¥â ®âªàëâë© ¨áå®¤−ë©
ª®¤, � ª®¬¯�−¨ï-à�§à�¡®âç¨ª áâà¥¬¨âáï ª à�áè¨à¥−¨î «¨−¥©ª¨ ¤®áâã¯−ëå à¥-
è�â¥«¥©. �¨¡«¨®â¥ª� à¥è�â¥«¥© (á®«¢¥à®¢) ¢ª«îç�¥â ¯à®£à�¬¬−ë¥ áªà¨¯âë,
−�¯¨á�−−ë¥ −� ï§ëª¥ ¯à®£à�¬¬¨à®¢�−¨ï ‘++. Š�¦¤ë© à¥è�â¥«ì ¯à¥¤áâ�¢«ï-
¥â á®¡®© �«£®à¨â¬ ç¨á«¥−−®£® ¬®¤¥«¨à®¢�−¨ï ®¯à¥¤¥«¥−−®© §�¤�ç¨ Œ‘‘. ��ª¥â
OpenFOAM ¯à¨¬¥−ï¥âáï −¥ â®«ìª® ¢ ¡®«ìè¨−áâ¢¥ ®âà�á«¥© ¯à®¬ëè«¥−−®áâ¨, −®
¨ ¢ −�ãª¥. …£® ª«îç¥¢ë¥ ¤®áâ®¨−áâ¢�: ®âáãâáâ¢¨¥ −¥®¡å®¤¨¬®áâ¨ ¢ ¯à¨®¡à¥â¥−¨¨
«¨æ¥−§¨¨, ¬−®£®ç¨á«¥−−®¥ á®®¡é¥áâ¢® ¨áá«¥¤®¢�â¥«¥©, −�«¨ç¨¥ ¨áç¥à¯ë¢�îé¥©
¤®ªã¬¥−â�æ¨¨ ¯® ¯à®¤ãªâã.

�à¨−æ¨¯¨�«ì−ë© −¥¤®áâ�â®ª OpenFOAM á®áâ®¨â ¢ â®¬, çâ® à¥è�â¥«¨ | íâ®
ª®−á®«ì−ë¥ ¯à®£à�¬¬ë, â. ¥. ¨å §�¯ãáª á¯¥æ¨�«¨áâ ®áãé¥áâ¢«ï¥â ¢àãç−ãî ç¥à¥§
â¥à¬¨−�«. �® ¯¥à¥¤ ¢ë¯®«−¥−¨¥¬ §�¯ãáª� à¥è�â¥«ï âà¥¡ã¥âáï ¯®¤£®â®¢ª� à�á-
ç¥â−®£® á«ãç�ï, á®®â¢¥âáâ¢ãîé¥£® â¥ªãé¥© §�¤�ç¥ Œ‘‘. �à¨ íâ®¬ á¯¥æ¨�«¨áâ
¢àãç−ãî á®§¤�¥â ¨ §�¯®«−ï¥â ä�©«ë á ¢ëç¨á«¨â¥«ì−ë¬¨ ¯�à�¬¥âà�¬¨, ¢ë¯®«-
−ï¥â §�¯ãáª ãâ¨«¨â, ®â¢¥ç�îé¨å §� £¥−¥à�æ¨î à�áç¥â−ëå á¥â®ª (÷‘). �à¥¤«®-
¦¥−−�ï �¢â®à®¬ ¡�§®¢�ï ¢¥àá¨ï £à�ä¨ç¥áª®© ®¡®«®çª¨ [2] ¯®§¢®«¨«� §�¬¥−¨âì
íâ®â ¯®¤å®¤ −� à�¡®âã á £à�ä¨ç¥áª®© ®¡®«®çª®©, ¯à¥¤¯®«�£�îé¥© ¨á¯®«ì§®¢�−¨¥
âà�¤¨æ¨®−−ëå íªà�−−ëå ä®à¬. �® ¢ á¢ï§¨ á à�áè¨à¥−¨¥¬ á¯¨áª� ¤®áâã¯−ëå
à¥è�â¥«¥© âà¥¡ã¥âáï ¨ à�áè¨à¥−¨¥ ¢®§¬®¦−®áâ¥© £à�ä¨ç¥áª®© ®¡®«®çª¨. ÷¥çì
¨¤¥â ® á®§¤�−¨¨ ¨ ¨−â¥£à�æ¨¨ ¤®¯®«−¨â¥«ì−ëå ¯à®£à�¬¬−ëå ¬®¤ã«¥©.

„«ï ¯�ª¥â� OpenFOAM ª®««¥ªâ¨¢ë à�§à�¡®âç¨ª®¢ ¯à¥¤«®¦¨«¨ á®¡áâ¢¥−-
−ë¥ ¯®¤å®¤ë ª à¥è¥−¨î ¯à®¡«¥¬ë ®âáãâáâ¢¨ï ¢áâà®¥−−®© £à�ä¨ç¥áª®© ®¡®«®çª¨.
�à®¤ãªâë Salome [3], Helyx-OS [4] ¨ Visual-CFD [5] á®¢¥àè¥−áâ¢ãîâáï ¯�à�«-
«¥«ì−® á à¥�«¨§�æ¨¥© ¢ OpenFOAM −®¢ëå à¥è�â¥«¥© ¨ ãâ¨«¨â, −® à�¡®â� á −¨¬¨
âà¥¡ã¥â ¯à¨®¡à¥â¥−¨ï ãá«ã£ â¥å−¨ç¥áª¨å á¯¥æ¨�«¨áâ®¢ ¨«¨ «¨æ¥−§¨®−−®£® ®¡¥á-
¯¥ç¥−¨ï. �®íâ®¬ã �ªâã�«ì−®áâì ®âáãâáâ¢¨ï áâ�−¤�àâ−®£® £à�ä¨ç¥áª®£® ¨−â¥à-
ä¥©á� ¤«ï OpenFOAM á®åà�−ï¥â �ªâã�«ì−®áâì. ‘ 2016 £. �¢â®à ¢¥¤¥â à�¡®âã −�¤
á®¢¥àè¥−áâ¢®¢�−¨¥¬ á¢®¥© ¢¥àá¨¨ £à�ä¨ç¥áª®© ®¡®«®çª¨ ¤«ï OpenFOAM [2]. ‡�
íâ® ¢à¥¬ï à�§à�¡®â�− ¨ ¨−â¥£à¨à®¢�− −�¡®à ¯à®£à�¬¬−ëå ¬®¤ã«¥©, ã¯à®é�îé¨å
ª�ª íâ�¯ à¥è¥−¨ï (ç¨á«¥−−®£® ¬®¤¥«¨à®¢�−¨ï §�¤�ç Œ‘‘), â�ª ¨ ¯®¤£®â®¢ª¨
à�áç¥â−®£® á«ãç�ï (¯à¥¯à®æ¥áá¨−£�) [6{8].

��áâ®ïé�ï áâ�âìï ®¡®¡é�¥â à¥§ã«ìâ�âë à�§à�¡®âª¨ −®¢®£® ¯à®£à�¬¬−®£®
¬®¤ã«ï, ¢ª«îç�îé¥£® ¯à®£à�¬¬−ë¥ ª®¬¯®−¥−âë, á®§¤�−−ë¥ á ¯®¬®éìî ®¤−®£®
¨§ ï§ëª®¢ ¯à®£à�¬¬¨à®¢�−¨ï, ¨ £à�ä¨ç¥áª¨¥ ª®¬¯®−¥−âë (íªà�−−ë¥ ä®à¬ë).
�â® ¯à®£à�¬¬−ë© ¬®¤ã«ì ¤«ï ¯®áâ�−®¢ª¨ ç¨á«¥−−ëå íªá¯¥à¨¬¥−â®¢ á ¯®¬®éìî
à¥è�â¥«ï plasticStressedFoam.
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2 Назначение решателя plasticStressedFoam

‚ OpenFOAM §�¤�ç¨ ¢ ®¡«�áâ¨ «¨−¥©−®© ã¯àã£®© â¥®à¨¨ ¬¥å�−¨ª¨ â¢¥à¤®£®
â¥«� ¬®¤¥«¨àãîâáï ¯®áà¥¤áâ¢®¬ à¥è�â¥«ï stressFoam. �® ¯à®æ¥ááë, á¢ï§�−−ë¥
á ¬¥å�−¨ª®© â�ª¨å â¥«, ¢ à¥�«ì−ëå ãá«®¢¨ïå ªà�©−¥ −¥«¨−¥©−ë. �ªá¯¥à¨¬¥−âë,
á¢ï§�−−ë¥ á ¬®¤¥«¨à®¢�−¨¥¬ −¥«¨−¥©−®áâ¨ ¬�â¥à¨�«�, ¢ ç�áâ−®áâ¨ ¯«�áâ¨ç−®áâ¨
¢ â¢¥à¤®¬ â¥«¥, ®áãé¥áâ¢«ïîâáï á ¯®¬®éìî à¥è�â¥«ï plasticStressedFoam.

�à¨ à�¡®â¥ á ãª�§�−−ë¬ à¥è�â¥«¥¬ �−�«¨§¨àã¥âáï ¯à®áâ¥©è�ï á®¢¥àè¥−-
−�ï ¯«�áâ¨ç−®áâì. �®¤ −¥© ¯®−¨¬�¥âáï ¬�ªá¨¬�«ì−ë© ãà®¢¥−ì −�¯àï¦¥−¨ï,
á ª®â®àë¬ â¢¥à¤®¥ â¥«® ¬®¦¥â ã¯àã£® á¯à�¢¨âìáï, ª�ª â®«ìª® ¡ã¤¥â ¤®áâ¨£-
−ãâ ¬�ªá¨¬�«ì−ë© ãà®¢¥−ì −�¯àï¦¥−¨ï. �à¨ íâ®¬ â¢¥à¤®¥ â¥«® ¯®¤¢¥à£−¥âáï
−¥®¡à�â¨¬®© ¤¥ä®à¬�æ¨¨ ¡¥§ ª�ª¨å-«¨¡® ã¢¥«¨ç¥−¨© −�¯àï¦¥−¨© ¨ −�£àã§®ª.

Š�ª ¨ ¢ á«ãç�¥ á «î¡®© ¯à®£à�¬¬®©-à¥è�â¥«¥¬, á¯¥æ¨�«¨áâ −�ç¨−�¥â à�¡®âã
á á®§¤�−¨ï ¤¨à¥ªâ®à¨¨ à�áç¥â−®£® á«ãç�ï, ¯®á«¥ ç¥£® ¢ë¯®«−ïîâáï ®á−®¢−ë¥
è�£¨ ¯à¥¯à®æ¥áá¨−£� ç¨á«¥−−®£® íªá¯¥à¨¬¥−â�.

1. ‘®§¤�−¨¥ ª®−ä¨£ãà�æ¨®−−ëå ä�©«®¢, ®¯à¥¤¥«ïîé¨å £¥®¬¥âà¨î à�áç¥â−®©
®¡«�áâ¨. ‚ OpenFOAM ¤«ï £¥−¥à�æ¨¨ ÷‘ ¯à¨¬¥−ï¥âáï è¨à®ª¨© ¯¥à¥ç¥−ì
ãâ¨«¨â, ¢ ç�áâ−®áâ¨ ãâ¨«¨â� blockMesh, ®¡¥á¯¥ç¨¢�îé�ï ¯®áâà®¥−¨¥ ¡«®ç−®©
á¥â®ç−®© ¬®¤¥«¨. �® áãâ¨, −� ¤�−−®¬ íâ�¯¥ á®§¤�¥âáï â¢¥à¤®â¥«ì−�ï £¥®-
¬¥âà¨ç¥áª�ï ¬®¤¥«ì, ¢ à�¬ª�å ª®â®à®© ¢®á¯à®¨§¢®¤¨âáï �−�«¨§¨àã¥¬ë©
¯à®æ¥áá.

2. ‡�¯ãáª ¯à®£à�¬¬ë-à¥è�â¥«ï, â. ¥. ¯à®£à�¬¬ë, ®â¢¥ç�îé¥© §� ¯®áâà®¥−¨¥
ç¨á«¥−−®© ¬®¤¥«¨. �à¨ íâ®¬ ¢ ¤¨à¥ªâ®à¨¨ à�áç¥â−®£® á«ãç�ï �¢â®¬�â¨ç¥áª¨
£¥−¥à¨àãîâáï ¯à®¬¥¦ãâ®ç−ë¥ ä�©«ë.

„«ï ®æ¥−ª¨ á®®â¢¥âáâ¢¨ï ¯®áâà®¥−−®© ¬®¤¥«¨ §�ï¢«¥−−ë¬ ¯¥à¥¤ −�ç�«®¬
íªá¯¥à¨¬¥−â� ãá«®¢¨ï¬ ¢ë¯®«−ï¥âáï §�¯ãáª ¯�ª¥â� ParaView [9], ª®â®àë© ®¡¥á-
¯¥ç¨¢�¥â ¢¨§ã�«¨§�æ¨î à¥§ã«ìâ�â®¢ ç¨á«¥−−®£® íªá¯¥à¨¬¥−â�. ‚�¦−® ®â¬¥â¨âì,
çâ® ¬�â¥¬�â¨ç¥áª�ï ¬®¤¥«ì, §�«®¦¥−−�ï ¢ ®á−®¢ã à¥è�â¥«ï plasticStressedFoam,
−¥ âà¥¡ã¥â ¢¬¥è�â¥«ìáâ¢� á¯¥æ¨�«¨áâ�. �−� à¥�«¨§®¢�−� áà¥¤áâ¢�¬¨ ï§ëª�
¯à®£à�¬¬¨à®¢�−¨ï C++ ¢ áªà¨¯â�å ¤¨áâà¨¡ãâ¨¢� OpenFOAM.

3 Постановка целей и задач исследования

��áâ®ïé�ï à�¡®â� −�¯à�¢«¥−� −� ¨§ãç¥−¨¥ ®á®¡¥−−®áâ¥© ¯à¨¬¥−¥−¨ï à¥è�-
â¥«ï plasticStressedFoam ª íªá¯¥à¨¬¥−â�¬ ¢ ®¡«�áâ¨ Œ‘‘, ¢ ç�áâ−®áâ¨ ¢ ®¡«�áâ¨
¨áá«¥¤®¢�−¨ï −¥«¨−¥©−®áâ¨ ¬�â¥à¨�«� (¨¤¥�«ì−®© ¯«�áâ¨ç−®áâ¨), ¨ −� ¢ëï¢«¥−¨¥
§�ª®−®¬¥à−®áâ¥©, á −¥© á¢ï§�−−ëå. �á®¡¥−−®áâ¨ à�¡®âë á ãª�§�−−ë¬ à¥è�â¥«¥¬
¯à®�−�«¨§¨à®¢�−ë ¢ à�¬ª�å ®á¢®¥−¨ï ¤®ªã¬¥−â�æ¨¨ OpenFOAM ¨ áâ�−¤�àâ-
−ëå ¤¥¬®−áâà�æ¨®−−ëå ¯à¨¬¥à®¢, ¢å®¤ïé¨å ¢ ¤¨áâà¨¡ãâ¨¢ [10, 11]. ‚ëï¢«¥−ë
−¥¤®áâ�âª¨ áãé¥áâ¢ãîé¥£® ¯®¤å®¤�, ¯à¥¤¯®«�£�îé¥£® ¯à¨¬¥−¥−¨¥ ª®¬�−¤−®©
áâà®ª¨.
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‚ë¯®«−¥−−®¥ �¢â®à®¬ ¨áá«¥¤®¢�−¨¥ −�¯à�¢«¥−® −� §�¬¥−ã âà�¤¨æ¨®−−®£®
ª®−á®«ì−®£® ¯®¤å®¤� −� ¡®«¥¥ ã¤®¡−ë© ¯®«ì§®¢�â¥«î á¯®á®¡, ¯à¥¤¯®«�£�îé¨©
¯à¨¬¥−¥−¨¥ £à�ä¨ç¥áª¨å ª®¬¯®−¥−â®¢ ¤«ï ¯®¤£®â®¢ª¨ à�áç¥â−®£® á«ãç�ï ¨ ä®à-
¬¨à®¢�−¨ï áâàãªâãàë ¨ −�¯®«−¥−¨ï á«ã¦¥¡−ëå ä�©«®¢-á«®¢�à¥© á ª®−ä¨£ãà�-
æ¨®−−ë¬¨ å�à�ªâ¥à¨áâ¨ª�¬¨. �−¨ ®¯à¥¤¥«ïîâ áãâì ¬®¤¥«¨àã¥¬®© §�¤�ç¨ Œ‘‘.
’�ª¦¥ ¢ á¯¨á®ª æ¥«¥© à�§à�¡®âª¨ ¢å®¤¨â à¥�«¨§�æ¨ï á¨áâ¥¬ë ¯à®¢¥àª¨ æ¥«®áâ-
−®áâ¨ à�áç¥â−®£® á«ãç�ï ¯¥à¥¤ áâ�àâ®¬ ¬®¤¥«¨à®¢�−¨ï ¨ à¥�«¨§�æ¨ï ¬¥å�−¨§¬�
¢�«¨¤�æ¨¨ ª®−ä¨£ãà�æ¨®−−ëå ¯�à�¬¥âà®¢, ãª�§ë¢�¥¬ëå ¢ á«ã¦¥¡−ëå ä�©«�å
à�áç¥â−®£® á«ãç�ï.

�®áª®«ìªã �¢â®à ¯à®¤®«¦�¥â −�ç�â®¥ −¥áª®«ìª® «¥â −�§�¤ ¨áá«¥¤®¢�−¨¥, â®
à�¡®â� ãª�§�−−®£® ¯à®£à�¬¬−®£® ¬®¤ã«ï ¯à¥¤¯®«�£�¥âáï ¢ ¯à¨¢ï§ª¥ ª ¡�§®¢®©
¢¥àá¨¨ £à�ä¨ç¥áª®© ®¡®«®çª¨ [2]. ˆ−â¥£à�æ¨ï ¬®¤ã«ï ¯®§¢®«¨â à�áè¨à¨âì
¨áå®¤−ë© ª®¤ −¥ â®«ìª® £à�ä¨ç¥áª®£® ¨−â¥àä¥©á�, −® ¨ ¯�ª¥â� OpenFOAM.
�à¨−æ¨¯ ®âªàëâ®£® ¨áå®¤−®£® ª®¤� ¯®§¢®«ï¥â ®áãé¥áâ¢«ïâì ¯®¤®¡−ë¥ ¤®à�¡®âª¨
¡¥§ ãé¥à¡� å�à�ªâ¥à¨áâ¨ª�¬ OpenFOAM.

‚ à�¬ª�å à�¡®âë −�¤ ¤®áâ¨¦¥−¨¥¬ ¯®áâ�¢«¥−−®© æ¥«¨ ¯¥à¥¤ �¢â®à®¬ áâ�¢¨âáï
á«¥¤ãîé¨© ª®¬¯«¥ªá §�¤�ç:

{ à�§à�¡®âª� �«£®à¨â¬¨ç¥áª®© á®áâ�¢«ïîé¥©. �®¤ íâ¨¬ ¯®¤à�§ã¬¥¢�¥âáï ®¯à¥-
¤¥«¥−¨¥ «®£¨ª¨ à�¡®âë ¬®¤ã«ï, ¯à¥¤áâ�¢«¥−¨¥ ¥¥ ¢−�ç�«¥ −� ï§ëª¥ ¡«®ª-
áå¥¬, � §�â¥¬ áà¥¤áâ¢�¬¨ ®¤−®£® ¨§ ¢ëá®ª®ãà®¢−¥¢ëå ï§ëª®¢ ¯à®£à�¬¬¨à®-
¢�−¨ï. �«£®à¨â¬¨ç¥áª�ï á®áâ�¢«ïîé�ï ¤®«¦−� ®¡¥á¯¥ç¨¢�âì ¢®§¬®¦−®áâì
¯à®£à�¬¬−®£® á®§¤�−¨ï ¤¨à¥ªâ®à¨¨ à�áç¥â−®£® á«ãç�ï ¨ ¢á¥å −¥®¡å®¤¨¬ëå
á«ã¦¥¡−ëå ä�©«®¢, � â�ª¦¥ ¢®§¬®¦−®áâì ¯à®£à�¬¬−®£® §�¯ãáª� à¥è�â¥«ï
plasticStressedFoam. �®¬¨¬® ¯¥à¥ç¨á«¥−−ëå �«£®à¨â¬®¢ âà¥¡ã¥âáï à�§à�-
¡®âª� ¬¥å�−¨§¬®¢ ¤«ï ¨§¢«¥ç¥−¨ï à�áç¥â−ëå ¯�à�¬¥âà®¢, ãª�§ë¢�¥¬ëå ¯®«ì-
§®¢�â¥«¥¬ ¢ ä®à¬�å, ¨ ¯¥à¥¤�ç¨ ¨å ¢ á«ã¦¥¡−ë¥ ä�©«ë à�áç¥â−®£® á«ãç�ï.
’�ª¦¥ ¤®à�¡®âª� ¢ª«îç�¥â ¬®¤¨ä¨ª�æ¨î á¨áâ¥¬ë åà�−¥−¨ï ¤�−−ëå, â�ª ª�ª
âà¥¡ã¥âáï ®¡¥á¯¥ç¥−¨¥ ®¯æ¨¨ á®åà�−¥−¨ï ¯�à�¬¥âà®¢ §�¤�ç¨ Œ‘‘ ¤«ï ¨å
¯®á«¥¤ãîé¥£® à¥¤�ªâ¨à®¢�−¨ï;

{ à�§à�¡®âª� £à�ä¨ç¥áª®© á®áâ�¢«ïîé¥©. ÷¥çì ¨¤¥â ® á®§¤�−¨¨ íªà�−−ëå ä®à¬
¨ ¨å ¯®¤ª«îç¥−¨¨ ª ¡�§®¢®© ¢¥àá¨¨ £à�ä¨ç¥áª®© ®¡®«®çª¨. �à¥¤áâ�¢«¥−−ë©
¯à®£à�¬¬−ë© ¬®¤ã«ì ¤®«¦¥− ¯®¤¤¥à¦¨¢�âì ¯à¨−æ¨¯ë, §�«®¦¥−−ë¥ ¢ ¡�§®¢®©
¢¥àá¨¨ ¨−â¥àä¥©á� ¨ −¥ −�àãè�âì �àå¨â¥ªâãàã ¯à¨«®¦¥−¨ï. Œ®¤¨ä¨ª�æ¨ï
£à�ä¨ç¥áª®© á®áâ�¢«ïîé¥© â�ª¦¥ ¯à¥¤¯®«�£�¥â −�¯¨á�−¨¥ ¤®¯®«−¨â¥«ì−®£®
¯à®£à�¬¬−®£® ª®¤�, ¯®áª®«ìªã ª®¬¯®−¥−âë «î¡®£® ¯à®£à�¬¬−®£® ¯à¨«®-
¦¥−¨ï ¯à¥¤áâ�¢«ïîâ á®¡®© −�¡®à ¢ëà�¦¥−¨© −� ï§ëª¥ ¯à®£à�¬¬¨à®¢�−¨ï.
�à¨ íâ®¬ ª®¬�−¤ë ï§ëª� ¯à®£à�¬¬¨à®¢�−¨ï ¬®£ãâ ¤®¯®«−ïâìáï ª®¬�−¤�¬¨
áâ®à®−−¨å ¡¨¡«¨®â¥ª.

’�ª¦¥ ¯¥à¥¤ �¢â®à®¬ áâ®¨â §�¤�ç� ¯®¤£®â®¢ª¨ ¨ ®â«�¤ª¨ ¯à®£à�¬¬−®£® ª®¤�.
�â® ¯à¥¤¯®«�£�¥â ¥£® −�¯¨á�−¨¥, ¯à®¢¥¤¥−¨¥ ¬®¤ã«ì−®£® ¨ ¨−â¥£à�æ¨®−−®£® â¥á-
â¨à®¢�−¨ï, � â�ª¦¥ ¯à®¢¥àªã à�¡®â®á¯®á®¡−®áâ¨ −� ¯à¨¬¥à¥ à�§«¨ç−ëå ¢å®¤−ëå
¤�−−ëå.
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4 Средства разработки

�®áª®«ìªã ¯à¥¤áâ�¢«¥−−ë© ¬®¤ã«ì à�ááç¨â�− −� ¢ë¯®«−¥−¨¥ ®¯à¥¤¥«¥−-
−ëå ¯®«ì§®¢�â¥«ìáª¨å §�¤�ç ¨ ¯à¥¤¯®«�£�¥â ¢§�¨¬®¤¥©áâ¢¨¥ á ¯®«ì§®¢�â¥«¥¬
¯®áà¥¤áâ¢®¬ £à�ä¨ç¥áª®£® ¨−â¥àä¥©á�, ®− ®â−®á¨âáï ª ¯à¨ª«�¤−®¬ã ¯à®£à�¬-
¬−®¬ã ®¡¥á¯¥ç¥−¨î, ª®â®à®¥, ª�ª ¯à�¢¨«®, à¥�«¨§ã¥âáï −� ®á−®¢¥ ¬−®£®á«®©−®©
�àå¨â¥ªâãàë, ¯à¥¤¯®«�£�îé¥© áãé¥áâ¢®¢�−¨¥ ¨ ¢§�¨¬®¤¥©áâ¢¨¥ −¥áª®«ìª¨å ª®¬-
¯®−¥−â®¢: á«®ï £à�ä¨ç¥áª®£® ¨−â¥àä¥©á�, á«®ï «®£¨ª¨ ¨ á«®ï åà�−¥−¨ï ¤�−−ëå.
Š�¦¤ë© ¨§ ª®¬¯®−¥−â®¢ á®§¤�¥âáï −� ®á−®¢¥ ®¯à¥¤¥«¥−−®© â¥å−®«®£¨¨, � ª ¨â®-
£®¢®¬ã ¯à®¤ãªâã ¯à¨¬¥−ï¥âáï −�¡®à âà¥¡®¢�−¨©. ‚ ¤�−−®¬ á«ãç�¥ ¢ á¯¨á®ª
âà¥¡®¢�−¨©, ¢ë¤¢¨£�¥¬ëå ª ¯à¥¤«®¦¥−−®¬ã ¯à®£à�¬¬−®¬ã ¬®¤ã«î, ¬®¦−® ¢−¥á-
â¨ á«¥¤ãîé¨¥ ¯®§¨æ¨¨:

{ à�áè¨àï¥¬®áâì. ˆá¯®«ì§ã¥¬ë© áâ¥ª â¥å−®«®£¨© ¤®«¦¥− ®¡¥á¯¥ç¨¢�âì ¢®§-
¬®¦−®áâì ¯®¤ª«îç¥−¨ï ¤®¯®«−¨â¥«ì−ëå ¯à®£à�¬¬−ëå áªà¨¯â®¢ ¨ íªà�−−ëå
ä®à¬;

{ ¨−â¥£à¨àã¥¬®áâì. “ à�§à�¡®âç¨ª� ¤®«¦−� ¨¬¥âìáï ®¯æ¨ï ¯®¤ª«îç¥−¨ï
á®§¤�−−®£® ¯à®¤ãªâ� ª ¡�§®¢®© ¢¥àá¨¨ ¯à¨«®¦¥−¨ï;

{ ¡ëáâà®â� à�§à�¡®âª¨. �à¨¬¥−ï¥¬ë¥ ï§ëª¨ ¯à®£à�¬¬¨à®¢�−¨ï, ¡¨¡«¨®-
â¥ª¨ ¨ â¥å−®«®£¨¨ ¤®«¦−ë å�à�ªâ¥à¨§®¢�âìáï ¬¨−¨¬�«ì−ë¬¨ áà®ª�¬¨ ¤«ï
®á¢®¥−¨ï ¨ áâ�àâ� à�§à�¡®âª¨.

�¢â®à®¬ ®¯à¥¤¥«¥− ®¯â¨¬�«ì−ë© áâ¥ª ¤«ï à¥�«¨§�æ¨¨ ª�¦¤®£® á«®ï ¯à®¤ãªâ�
á ãç¥â®¬ ãª�§�−−ëå âà¥¡®¢�−¨©.

1. ‘«®© £à�ä¨ç¥áª®£® ¨−â¥àä¥©á�. Œ®¦¥â ¡ëâì à¥�«¨§®¢�− áà¥¤áâ¢�¬¨ ¬−®-
£®ç¨á«¥−−ëå ¡¨¡«¨®â¥ª. „«ï ¯à®£à�¬¬−ëå à¥è¥−¨© −� ¡�§¥ ï§ëª� ¯à®£à�¬-
¬¨à®¢�−¨ï Python ¯®¯ã«ïà−®© ¡¨¡«¨®â¥ª®© ï¢«ï¥âáï PyQt [12], ª®â®à�ï
¯®§¢®«ï¥â á®§¤�¢�âì ¯à¨¢ëç−ë¥ ®ª®−−ë¥ ¨−â¥àä¥©áë ¤«ï ¯à¨«®¦¥−¨©, à�-
¡®â�îé¨å −� ¡®«ìè¨−áâ¢¥ ¯«�âä®à¬, ¢ â®¬ ç¨á«¥ Windows, Android, Linux,
Mac ¨ ¤à.

2. ‘«®© «®£¨ª¨. �à®áâ®â� á¨−â�ªá¨á�, ã−¨¢¥àá�«ì−®áâì, ¬�áèâ�¡¨àã¥¬®áâì
¨ ¯®¤¤¥à¦ª� ¡®«ìè®£® á®®¡é¥áâ¢� ¨áá«¥¤®¢�â¥«¥© ¤¥«�¥â ï§ëª Python [13]
®¯â¨¬�«ì−ë¬ áà¥¤áâ¢®¬ à�§à�¡®âª¨ ¯à®£à�¬¬−ëå áªà¨¯â®¢ «î¡®£® ¯à¨«®¦¥-
−¨ï. ‚�¦−®, çâ® ®− −¥ âà¥¡ã¥â ¯à¨®¡à¥â¥−¨ï «¨æ¥−§¨¨ ¨ ¨¬¥¥â ¬¨−¨¬�«ì−ë©
¯®à®£ ¤«ï ¢å®¤�, â. ¥. ¥£® ®á¢®¥−¨¥ ¯® áà�¢−¥−¨î á ¤àã£¨¬¨ ï§ëª�¬¨ §�−¨¬�¥â
¬¨−¨¬�«ì−®¥ ¢à¥¬ï.

3. ‘«®© åà�−¥−¨ï ¤�−−ëå. Š®−ä¨£ãà�æ¨®−−ë¥ ¯�à�¬¥âàë §�¤�ç Œ‘‘, ª®â®-
àë¥ ¯à¥¤¯®«�£�¥âáï ¬®¤¥«¨à®¢�âì á ¯®¬®éìî plasticStressedFoam, ¤®«¦−ë
¡ëâì á®åà�−¥−ë ¤«ï ®¡¥á¯¥ç¥−¨ï ¢®§¬®¦−®áâ¨ ¯®á«¥¤ãîé¥£® à¥¤�ªâ¨à®¢�-
−¨ï. „«ï íâ®£® ®¯â¨¬�«ì−® ¯®¤å®¤ïâ à¥«ïæ¨®−−ë¥ á¨áâ¥¬ë ã¯à�¢«¥−¨ï
¡�§�¬¨ ¤�−−ëå (‘“�„), −�¯à¨¬¥à ä�©«®¢®£® ä®à¬�â� sqlite [14]. „«ï ã¯à®-
é¥−¨ï à�¡®âë á SQL-§�¯à®á�¬¨ à�§à�¡®âç¨ª ¬®¦¥â ¯®¤ª«îç¨âì ORM-¡¨¡-
«¨®â¥ªã, ª®â®à�ï ®¡¥á¯¥ç¨â ¢®§¬®¦−®áâì ¯à¨¬¥−¥−¨ï ª®¬�−¤ −� ¯à¨¢ëç−®¬
Python-á¨−â�ªá¨á¥ ¢¬¥áâ® −¥®¡å®¤¨¬®áâ¨ −�¯¨á�−¨ï SQL-ª®¤�.
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Š ¢�¦−ë¬ í«¥¬¥−â�¬ ¬®¦−® ®â−¥áâ¨ ¨ ¢ë¡®à áà¥¤ë à�§à�¡®âª¨, â. ¥. ¯à®-
£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï ¤«ï −�¡®à�, ®â«�¤ª¨ ª®¤� ¨ ¯à®¢¥àª¨ ¥£® à�¡®â®á¯®-
á®¡−®áâ¨. �¥à¥ç¨á«¥−−ë¥ ®¯æ¨¨ à¥�«¨§®¢�−ë, −�¯à¨¬¥à, ¢ áà¥¤¥ à�§à�¡®âª¨
PyCharm [15]. �−� ¯®§¢®«ï¥â á¯¥æ¨�«¨áâã ¯®«−®áâìî áª®−æ¥−âà¨à®¢�âìáï −� �«-
£®à¨â¬¨ç¥áª®© á®áâ�¢«ïîé¥© ¨ ¯®¢ëá¨âì ¯à®¨§¢®¤¨â¥«ì−®áâì âàã¤�. ‚ PyCharm
à�§à�¡®âç¨ª ¬®¦¥â ¯®«ì§®¢�âìáï ¢áâà®¥−−ë¬¨ ãâ¨«¨â�¬¨ ¤«ï ª®−âà®«ï áâ¨«ï
ª®¤� ¨ ã¯à�¢«¥−¨ï ¯�à�¬¥âà�¬¨ ¯à®¥ªâ�.

5 Структура и логика работы модуля

�à¥¤áâ�¢«¥−−®¥ ¯à®£à�¬¬−®¥ à¥è¥−¨¥ à¥�«¨§®¢�−® ¯® ¬®¤ã«ì−®¬ã ¯à¨−æ¨¯ã,
çâ® ã¯à®é�¥â ¢®§¬®¦−®áâì ¯®¤ª«îç¥−¨ï ¤®¯®«−¨â¥«ì−ëå ¡«®ª®¢. „®áâ®¨−áâ¢®
â�ª®£® ¯®¤å®¤� §�ª«îç�¥âáï ¢ â®¬, çâ® −�¤ ª�¦¤ë¬ ¡«®ª®¬ ¬®¦¥â ¢¥áâ¨ à�¡®âã
®â¤¥«ì−�ï ª®¬�−¤� á¯¥æ¨�«¨áâ®¢. �«�£®¤�àï ¬−®£®á«®©−®© �àå¨â¥ªâãà¥ á¢ï§ì
ª®¬¯®−¥−â®¢ ®¡¥á¯¥ç¨¢�¥âáï §� áç¥â ¨¬¯®àâ�. �â® ¯à®áâ¥©è¨© á¯®á®¡ ®à£�−¨-
§�æ¨¨ áâàãªâãàë ¯à®£à�¬¬−ëå ¯à®¤ãªâ®¢. ‚ â¥ªãé¥¬ á«ãç�¥ ®− ¯®¤å®¤¨â, â�ª

÷¨á. 1 ‘âàãªâãà� £à�ä¨ç¥áª®© ®¡®«®çª¨ OpenFOAM GUI
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ª�ª ¯à¨«®¦¥−¨¥ äã−ªæ¨®−¨àã¥â ¢ ª�ç¥áâ¢¥ −�áâ®«ì−®£® ¯à®£à�¬¬−®£® áà¥¤áâ¢�.
‚ íâ®¬ á«ãç�¥ ¬−®£®á«®©−�ï �àå¨â¥ªâãà� −¥ ¢«¨ï¥â −� ¯à®¨§¢®¤¨â¥«ì−®áâì.

�� à¨á. 1 ¯à¨¢¥¤¥−� ¡«®ª-áå¥¬�, ¤¥¬®−áâà¨àãîé�ï ®à£�−¨§�æ¨®−−ãî áâàãª-
âãàã ¯à®£à�¬¬ë ¨ ¢ª«îç�îé�ï á«¥¤ãîé¨¥ ª®¬¯®−¥−âë:

(1) á«ã¦¥¡−ë¥ ä�©«ë á ª®¤®¬ �«£®à¨â¬®¢, ¯à¥¤−�§−�ç¥−−ëå ¤«ï ®¡¥á¯¥ç¥−¨ï
à�¡®âë íªà�−−ëå ä®à¬, −�å®¤ïâáï ¢ ¤¨à¥ªâ®à¨¨ windows. Š�¦¤ë© ä�©«
á®®â¢¥âáâ¢ã¥â ¯à®£à�¬¬−®¬ã áªà¨¯âã ¤«ï ª®−ªà¥â−®© íªà�−−®© ä®à¬ë;

(2) á«ã¦¥¡−ë¥ ä�©«ë á ¯à®£à�¬¬−ë¬ ª®¤®¬ í«¥¬¥−â®¢ ã¯à�¢«¥−¨ï íªà�−−ëå
ä®à¬ (í«¥¬¥−â®¢ ¨−â¥àä¥©á�), −�å®¤ïâáï ¢ ¤¨à¥ªâ®à¨¨ forms;

(3) ¯à®£à�¬¬−ë¥ áªà¨¯âë, ®¡¥á¯¥ç¨¢�îé¨¥ ¬−®£®¯®â®ç−®áâì à�¡®âë ¯à¨«®¦¥-
−¨ï, −�å®¤ïâáï ¢ ¤¨à¥ªâ®à¨¨ threads;

(4) ¤®¯®«−¨â¥«ì−ë¥ á«ã¦¥¡−ë¥ ª®¬¯®−¥−âë ¯à¨«®¦¥−¨ï, ®¡¥á¯¥ç¨¢�îâ à¥-
è¥−¨¥ ¢á¯®¬®£�â¥«ì−ëå §�¤�ç, â�ª¨å ª�ª ¢ë¢®¤ á«ã¦¥¡−ëå á®®¡é¥−¨©,
¯®¤áª�§®ª, ¨ −�å®¤ïâáï ¢ ¤¨à¥ªâ®à¨¨ functions;

(5) ®á−®¢−®© §�¯ãáª�¥¬ë© ä�©« run.py, á«ã¦¨â æ¥−âà�«ì−ë¬ §¢¥−®¬, á¢ï§ë¢�-
îé¨¬ ¢á¥ ª®¬¯®−¥−âë ¯à¨«®¦¥−¨ï ¢ ¥¤¨−ãî á¨áâ¥¬ã.

�� à¨á. 2 ¯à¥¤áâ�¢«¥−� ¡«®ª-áå¥¬�, ¤¥¬®−áâà¨àãîé�ï �«£®à¨â¬ à�¡®âë
¯®«ì§®¢�â¥«ï á ¬®¤ã«¥¬ ¤«ï ¯à®¢¥¤¥−¨ï ç¨á«¥−−ëå ¨áá«¥¤®¢�−¨© −� ¡�§¥ ãâ¨«¨-
âë plasticStressedFoam ¯�ª¥â� OpenFOAM. ‚�¦−® ®â¬¥â¨âì, çâ® ¯®«ì§®¢�â¥«ì
¯®«−®áâìî ¨§¡�¢«¥− ®â −¥®¡å®¤¨¬®áâ¨ à�¡®âë ¢àãç−ãî á à�áç¥â−ë¬ á«ãç�¥¬
¨ ¯à¨¬¥−¥−¨ï ª®¬�−¤−®© áâà®ª¨. ‘¯¥æ¨�«¨áâ ¬®¦¥â ç¥à¥§ £à�ä¨ç¥áª¨© ¨−â¥à-
ä¥©á ¢ë¡à�âì «î¡®© áãé¥áâ¢ãîé¨© à�áç¥â−ë© á«ãç�© ¨«¨ á®§¤�âì −®¢ë©, ¯®á«¥
ç¥£® ®¯à¥¤¥«¨âì á¢®©áâ¢� à�áç¥â−®© ¬®¤¥«¨, −�¯à¨¬¥à ¯�à�¬¥âàë ¡«®ç−®© á¥âª¨,
¨ ¢ë¯®«−¨âì ¥¥ £¥−¥à�æ¨î á ¯®á«¥¤ãîé¥© ¢¨§ã�«¨§�æ¨¥© áà¥¤áâ¢�¬¨ ¢á¯®¬®£�-
â¥«ì−®£® ¯�ª¥â� ParaView. �®«ãç¥−−�ï ÷‘ ¬®¦¥â −¥ á®®â¢¥âáâ¢®¢�âì §�ï¢«¥−−ë¬
âà¥¡®¢�−¨ï¬. ’®£¤� á¯¥æ¨�«¨áâ ¯¥à¥©¤¥â ª ¥¥ à¥¤�ªâ¨à®¢�−¨î ¨ ¯®¢â®à−®© £¥−¥-
à�æ¨¨.

�à¥¤áâ�¢«¥−−ë¥ è�£¨ §�¢¥àè�îâ íâ�¯ ¯à¥¯à®æ¥áá¨−£� à¥è¥−¨ï, ¯®á«¥ ç¥-
£® á¯¥æ¨�«¨áâ ¯¥à¥å®¤¨â −¥¯®áà¥¤áâ¢¥−−® ª ç¨á«¥−−®¬ã ¬®¤¥«¨à®¢�−¨î, â. ¥.
ª à¥è¥−¨î â¥ªãé¥© §�¤�ç¨ Œ‘‘. �� íâ®¬ íâ�¯¥ ®− §�¯®«−ï¥â ®áâ�¢è¨¥áï ª®−ä¨-
£ãà�æ¨®−−ë¥ ä�©«ë, −¥®¡å®¤¨¬ë¥ ¤«ï à�¡®âë á à¥è�â¥«¥¬ plasticStressedFoam,
¨ ¢ë¯®«−ï¥â §�¯ãáª à¥è�â¥«ï. �à®æ¥áá ¢ëç¨á«¥−¨ï ¬®¦¥â §�−ïâì ¯à®¤®«¦¨â¥«ì-
−®¥ ¢à¥¬ï ¨ §�¢¨á¨â ®â ¤®áâã¯−ëå ¢ëç¨á«¨â¥«ì−ëå ¢®§¬®¦−®áâ¥© ãáâà®©áâ¢�.
�®á«¥ ¥£® §�¢¥àè¥−¨ï ç¨á«¥−−�ï ¬®¤¥«ì ¢¨§ã�«¨§¨àã¥âáï ¨ ¬®¦¥â ¡ëâì ¯®¤-
¢¥à£−ãâ� ª®àà¥ªâ¨à®¢ª¥, â. ¥. íâ�¯ à¥¤�ªâ¨à®¢�−¨ï ª®−ä¨£ãà�æ¨®−−ëå ä�©«®¢
¯à®¤®«¦�¥âáï ¨ à¥è�â¥«ì §�¯ãáª�¥âáï ¢−®¢ì. �à®æ¥¤ãà� ¬®¦¥â ¯à®¤®«¦�âìáï ¤®
¤®áâ¨¦¥−¨ï ®¦¨¤�¥¬®£® à¥§ã«ìâ�â�.

6 Результаты исследования

�® ¨â®£�¬ ¢ë¯®«−¥−−®© à�¡®âë �¢â®à®¬ ¤®áâ¨£−ãâë ¢á¥ ¯®áâ�¢«¥−−ë¥ æ¥-
«¨. ‘®§¤�− ¯à®¥ªâ ¯à®£à�¬¬−®£® ¬®¤ã«ï ¤«ï à�¡®âë á ¯à®£à�¬¬®©-à¥è�â¥«¥¬
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÷¨á. 2 ‹®£¨ª� à�¡®âë ¬®¤ã«ï
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plasticStressedFoam. �à®¥ªâ à¥�«¨§®¢�− á ¯®¬®éìî ¯à®£à�¬¬−ëå ¨−áâàã¬¥−-
â�«ì−ëå áà¥¤áâ¢, ¢ ç�áâ−®áâ¨ ¢ë¡à�−−®£® ï§ëª� ¯à®£à�¬¬¨à®¢�−¨ï «®£¨ª¨,
¡¨¡«¨®â¥ª¨ £à�ä¨ç¥áª¨å ª®¬¯®−¥−â®¢ ¨ á¨áâ¥¬ë ¤«ï ã¯à�¢«¥−¨ï åà�−¥−¨¥¬
¤�−−ëå. ˆáå®¤−ë© ª®¤ −�¡à�−, ¯à®â¥áâ¨à®¢�− ¨ ®â«�¦¥− á ¯®¬®éìî ¨−â¥£à¨à®-
¢�−−®© áà¥¤ë à�§à�¡®âª¨. �à¥¤áâ�¢«¥−−ë© ¯à®£à�¬¬−ë© ¬®¤ã«ì äã−ªæ¨®−¨àã¥â
ª�ª §¢¥−® ¡�§®¢®© ¢¥àá¨¨ £à�ä¨ç¥áª®© ®¡®«®çª¨ ¡«�£®¤�àï ¬−®£®á«®©−®© �àå¨-
â¥ªâãà¥ ¢á¥£® ¯à¨«®¦¥−¨ï [16].

�à¥¤«®¦¥−−®¥ ¯à®£à�¬¬−®¥ à¥è¥−¨¥ −¥ ¨¬¥¥â ®£à�−¨ç¥−¨© ¢ ¯¥à¥ç−¥ ®¡«�-
áâ¥© ¯à¨¬¥−¥−¨ï ¨ à�ááç¨â�−® −� ¡®«ìè¨−áâ¢® ®âà�á«¥© ¬�è¨−®áâà®¥−¨ï, ¬®¦¥â
¯à¨¬¥−ïâìáï ¯à¨ ¬®¤¥«¨à®¢�−¨¨ ¡®«ìè¨−áâ¢� §�¤�ç Œ‘‘, £¤¥ −¥®¡å®¤¨¬ë
¢®§¬®¦−®áâ¨ à¥è�â¥«ï plasticStressedFoam. �¡ï§�â¥«ì−ë¬ ãá«®¢¨¥¬ à�¡®âë
á ¬®¤ã«¥¬ ®áâ�¥âáï −�«¨ç¨¥ ãáâ�−®¢«¥−−®£® ¯�ª¥â� OpenFOAM ¨ ¯�ª¥â� ¢¨§ã�-
«¨§�æ¨¨ à¥§ã«ìâ�â®¢ íªá¯¥à¨¬¥−â®¢ ParaView. �¡ï§�â¥«ì−®¥ âà¥¡®¢�−¨¥ | íâ®
¤®áâ�â®ç−ë¥ ¢ëç¨á«¨â¥«ì−ë¥ à¥áãàáë, â�ª ª�ª ¢ ¯à®â¨¢−®¬ á«ãç�¥ ¯à®¢¥¤¥−¨¥
ç¨á«¥−−®£® íªá¯¥à¨¬¥−â� ¬®¦¥â §�−ïâì −¥áª®«ìª® ¤−¥©.

÷�¡®â®á¯®á®¡−®áâì ¬®¤¨ä¨æ¨à®¢�−−®© ¢¥àá¨¨ £à�ä¨ç¥áª®© ®¡®«®çª¨ ¯à®¢¥-
à¥−� −� ¯à¨¬¥à¥ ®¤−®© ¨§ ¡�§®¢ëå ãç¥¡−ëå §�¤�ç, ¢å®¤ïé¨å ¢ ¯�ª¥â OpenFOAM.
�â� §�¤�ç� −�§ë¢�¥âáï plasticPlateHole ¨ ¯®¤à�§ã¬¥¢�¥â ç¨á«¥−−ë© íªá¯¥à¨¬¥−â
¯® ¬®¤¥«¨à®¢�−¨î å�à�ªâ¥à¨áâ¨ª ¯«�áâ¨ª®¢®© ¯«�áâ¨−ë á ®â¢¥àáâ¨¥¬. �� à¨á. 3

÷¨á. 3 ÷¥§ã«ìâ�âë ç¨á«¥−−®£® ¬®¤¥«¨à®¢�−¨ï §�¤�ç¨ Œ‘‘ −� ¡�§¥ à¥è�â¥«ï
plasticStressedFoam
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¯à¨¢¥¤¥−ë à¥§ã«ìâ�âë ®æ¥−ª¨ ¨§¬¥−¥−¨ï ¯«�áâ¨ç−®áâ¨ â¥«� ¯®¤ ¢−¥è−¨¬¨ ¢®§-
¤¥©áâ¢¨ï¬¨. �®áâ¯à®æ¥áá¨−£, â. ¥. ¢¨§ã�«¨§�æ¨ï á�¬¨å à¥§ã«ìâ�â®¢, ¢ë¯®«−¥−
á ¯®¬®éìî ¯�ª¥â� ParaView.

7 Заключение

‚ ¯à¥¤áâ�¢«¥−−®© à�¡®â¥ áä®à¬ã«¨à®¢�−ë ¨â®£¨ ¨áá«¥¤®¢�−¨ï, −�¯à�¢«¥−-
−®£® −� ®¯â¨¬¨§�æ¨î à�¡®âë ¯®«ì§®¢�â¥«ï á ¯�ª¥â®¬ OpenFOAM, ¯à¨¬¥−ï¥¬®¬
¤«ï ¨§ãç¥−¨ï §�ª®−®¬¥à−®áâ¥© §�¤�ç Œ‘‘ ¯à¨ ¢§�¨¬®¤¥©áâ¢¨¨ á ¢−¥è−¨¬¨
ãá«®¢¨ï¬¨. ÷¥§ã«ìâ�â ®¯â¨¬¨§�æ¨¨ §�ª«îç�¥âáï ¢ à�§à�¡®âª¥ ¯à®£à�¬¬−ëå
áà¥¤áâ¢, ã¯à®é�îé¨å ¢ë¯®«−¥−¨¥ íâ�¯®¢ ç¨á«¥−−®£® íªá¯¥à¨¬¥−â� ¯à¨ à�¡®â¥
á ¯à®£à�¬¬®©-à¥è�â¥«¥¬ plasticStressedFoam.

�¢â®à®¬ ¨áá«¥¤®¢�− ª«�áá¨ç¥áª¨© ¬¥å�−¨§¬ ¯à¨¬¥−¥−¨ï à¥è�â¥«ï, ¯à¨ ª®â®-
à®¬ ¢áï à�¡®â� ¢ë¯®«−ï¥âáï ¢àãç−ãî, ç¥à¥§ â¥à¬¨−�«. ‚ëï¢«¥−−ë¥ ®á®¡¥−−®áâ¨
à�¡®âë á ãª�§�−−ë¬ à¥è�â¥«¥¬ ¯¥à¥−¥á¥−ë −� á®§¤�−−ë© ¯à®£à�¬¬−ë© ¯à®¤ãªâ
¨ à¥�«¨§®¢�−ë ¢ ¥£® £à�ä¨ç¥áª®© ¨ ¯à®£à�¬¬−®© á®áâ�¢«ïîé¨å. ‚ à¥§ã«ìâ�â¥
à�áè¨à¥− ¨áå®¤−ë© ª®¤ ¯�ª¥â� OpenFOAM, çâ® ¤¥«�¥â ¥£® ¡®«¥¥ �¤�¯â¨à®¢�−-
−ë¬ ª ¢®§¬®¦−®áâï¬ ª®¬¬¥àç¥áª®£® ¯à®¤ãªâ� ANSYS.

‚ ¯¥à¥ç¥−ì ¢ë¯®«−¥−−ëå �¢â®à®¬ §�¤�ç ¢®è«¨ á«¥¤ãîé¨¥:

{ à�§à�¡®âª� ¯à®£à�¬¬−®£® ª®¤� £à�ä¨ç¥áª®© á®áâ�¢«ïîé¥© ¬®¤ã«ï, −¥-
®¡å®¤¨¬®© ¤«ï à�¡®âë á ª®−ä¨£ãà�æ¨®−−ë¬¨ ä�©«�¬¨ à¥è�â¥«ï
plasticStressedFoam;

{ à�§à�¡®âª� ¯à®£à�¬¬−®£® ª®¤� �«£®à¨â¬¨ç¥áª®© á®áâ�¢«ïîé¥© ¯à¨«®¦¥-
−¨ï, ¢ª«îç�ï áªà¨¯âë ¯à®£à�¬¬−®£® §�¯®«−¥−¨ï ª®−ä¨£ãà�æ¨®−−ëå ä�©«®¢,
áªà¨¯âë §�¯ãáª� ¢á¯®¬®£�â¥«ì−ëå ãâ¨«¨â OpenFOAM ¨ ®á−®¢−®© ¯à®£à�¬-
¬ë-à¥è�â¥«ï;

{ à�§à�¡®âª� ¯à®£à�¬¬−®£® ª®¤� �«£®à¨â¬®¢ á®åà�−¥−¨ï ¨ ¢®ááâ�−®¢«¥−¨ï ª®−-
ä¨£ãà�æ¨®−−ëå ¯�à�¬¥âà®¢ à�áç¥â−®£® á«ãç�ï ¤«ï ®¡¥á¯¥ç¥−¨ï ¢®§¬®¦−®áâ¨
¯®á«¥¤ãîé¥© ¨å ª®àà¥ªâ¨à®¢ª¨;

{ à�§à�¡®âª� á¨áâ¥¬ë §�é¨âë ¯à¨«®¦¥−¨ï ®â ¢¢®¤� −¥¢¥à−ëå ¤�−−ëå ¨ á¨á-
â¥¬ë ¯à®¢¥àª¨ ª®¬¯«¥ªâ−®áâ¨ à�áç¥â−®£® á«ãç�ï ¯¥à¥¤ §�¯ãáª®¬ ç¨á«¥−−®£®
¬®¤¥«¨à®¢�−¨ï.

‡� áç¥â ¯à®¢¥¤¥−−®£® ¨áá«¥¤®¢�−¨ï ¨ ¢ë¯®«−¥−−®© à�§à�¡®âª¨ ¤«ï ¯®«ì§®¢�-
â¥«¥© ¯�ª¥â� OpenFOAM à¥�«¨§®¢�− ú¤àã¦¥«î¡−ë©>. £à�ä¨ç¥áª¨© ¨−â¥àä¥©á
¤«ï à�¡®âë á à¥è�â¥«¥¬ plasticStressedFoam, çâ® ¯®¢ëè�¥â ã¤®¡áâ¢® à�¡®âë
á¯¥æ¨�«¨áâ� ¨ ¯à®¨§¢®¤¨â¥«ì−®áâì ¥£® âàã¤� ¯à¨ ¯®áâ�−®¢ª¥ ç¨á«¥−−ëå íªá-
¯¥à¨¬¥−â®¢ á ¯®¬®éìî ãª�§�−−®£® à¥è�â¥«ï. Šà®¬¥ â®£®, íää¥ªâ¨¢−®áâì ®â
¯à¨¬¥−¥−¨ï ¬®¤ã«ï ¬®¦¥â ¢ëà�¦�âìáï ¢ á−¨¦¥−¨¨ à¨áª� §�¯¨á¨ ¢ ª®−ä¨£ãà�-
æ¨®−−ë¥ ä�©«ë −¥¢¥à−ëå ¯�à�¬¥âà®¢ ¨, ª�ª á«¥¤áâ¢¨¥, ¯®«ãç¥−¨ï −¥¢¥à−ëå
à¥§ã«ìâ�â®¢ íªá¯¥à¨¬¥−â�.
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ТЕОРИЯ S-СИМВОЛОВ:
ФОРМАЛИЗАЦИЯ ЗНАНИЙ ОБ S-ЗАДАЧАХ

В. Д. Ильин1

�−−®â�æ¨ï: ’¥®à¨ï S-á¨¬¢®«®¢ ¯à¥¤áâ�¢«ï¥â á®¡®© à�áè¨à¥−−®¥ ®¡®¡é¥-
−¨¥ â¥®à¨¨ S-¬®¤¥«¨à®¢�−¨ï ¨ à�áá¬�âà¨¢�¥âáï ª�ª ç�áâì ¬¥â®¤®«®£¨ç¥áª®£®
®¡¥á¯¥ç¥−¨ï à�§à�¡®â®ª á¨áâ¥¬ ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ� ¢ S-áà¥¤¥ (¢ª«îç�ï
á¨áâ¥¬ë §−�−¨©, á¨áâ¥¬ë S-¬®¤¥«¨à®¢�−¨ï §�¤�ç ¨ ª®−áâàã¨à®¢�−¨ï ¯à®-
£à�¬¬ ¨ ¤à.). S-áà¥¤�, ®á−®¢�−−�ï −� ¢§�¨¬®á¢ï§�−−ëå á¨áâ¥¬�å S-(á¨¬¢®«®¢,
ª®¤®¢, á¨£−�«®¢) á«ã¦¨â ¨−äà�áâàãªâãà−ë¬ ®á−®¢�−¨¥¬ à¥�«¨§�æ¨¨ ¨−ä®à-
¬�æ¨®−−ëå â¥å−®«®£¨© à�§«¨ç−®£® −�§−�ç¥−¨ï. ‚ áâ�âì¥ ¯à¥¤áâ�¢«¥−� ¢â®à�ï
ç�áâì (¨§ ç¥âëà¥å) ®¯¨á�−¨ï â¥®à¨¨. �à¨¢¥¤¥−ë ®¯à¥¤¥«¥−¨ï ¯®−ïâ¨©, ®â−®áï-
é¨åáï ª S-§�¤�ç−ë¬ ®¡ê¥ªâ�¬ (S-§�¤�ç�, S-£à�ä ¨ ¤à.). „�−® ®¯¨á�−¨¥ ®á−®¢
ª®−áâàã¨à®¢�−¨ï S-§�¤�ç−ëå ®¡ê¥ªâ®¢ (¢ª«îç�ï ¯®áâà®¥−¨¥ à�§à¥è�îé¨å
áâàãªâãà −� S-§�¤�ç−ëå £à�ä�å).

Š«îç¥¢ë¥ á«®¢�: â¥®à¨ï S-á¨¬¢®«®¢; S-§�¤�ç�; S-§�¤�ç−ë© £à�ä; à�§à¥è�-
îé�ï áâàãªâãà�; �¢â®¬�â¨§�æ¨ï ¯à®£à�¬¬¨à®¢�−¨ï

DOI: 10.14357/08696527230212

1 Введение

�à¥¤áâ�¢«¥−¨¥ á¢ï§¥© ¬¥¦¤ã ¯®−ïâ¨ï¬¨ ¢ ¢¨¤¥ à�§à¥è¨¬ëå S-§�¤�ç
[S-(¯à¥¤áâ�¢«¥−¨ï, à�á¯®§−�¢�−¨ï ¨ ¤à.)] | −¥®¡å®¤¨¬®¥ ãá«®¢¨¥ ¯®áâà®¥−¨ï
¬¥â®¤®«®£¨ç¥áª¨ §−�ç¨¬ëå §�¤�ç−ëå S-®¡ê¥ªâ®¢ (á®áâ�¢−ëå S-§�¤�ç, S-§�¤�ç-
−ëå £à�ä®¢) ¢ á¨¬¢®«ì−®-ª®¤®¢®-á¨£−�«ì−®© áà¥¤¥ (S-áà¥¤¥) [1, 2].

�®¤å®¤ �¢â®à� ª ¬®¤¥«¨à®¢�−¨î §�¤�ç (¨§ ¯à®¨§¢®«ì−®© ¯à¥¤¬¥â−®© ®¡«�áâ¨)
−� −�ç�«ì−®¬ íâ�¯¥ (1986{1989 ££.) ¨áá«¥¤®¢�−¨© ä®à¬¨à®¢�«áï ª�ª �«ìâ¥à−�-
â¨¢� ¯®¤å®¤ã, à¥�«¨§®¢�−−®¬ã ¢ ¨−áâàã¬¥−â�«ì−®© á¨áâ¥¬¥ ¯à®£à�¬¬¨à®¢�−¨ï
�à¨§ [3]. ‚ íâ®© á¨áâ¥¬¥ ¯à®á«¥¦¨¢�¥âáï áâà¥¬«¥−¨¥ à�§à�¡®âç¨ª®¢ á«¥¤®¢�âì
¯®¯ã«ïà−®© ¢ 1980-¥ ££. ¬¥â®¤®«®£¨¨ �¢â®¬�â¨ç¥áª®£® á¨−â¥§� ¯à®£à�¬¬ [4].
�à¨¢¥à¦¥−æë �¢â®¬�â¨ç¥áª®£® á¨−â¥§� ¯à®£à�¬¬ à�áá¬�âà¨¢�îâ á¯¥æ¨ä¨ª�æ¨¨
§�¤�ç ¨ ¯à®æ¥áá ª®−áâàã¨à®¢�−¨ï ¯à®£à�¬¬ (¯ãâ¥¬ ä®à¬�«ì−ëå ¯à¥®¡à�§®¢�−¨©
á¯¥æ¨ä¨ª�æ¨¨ §�¤�ç¨) ª�ª ¬�â¥¬�â¨ç¥áª¨¥ áãé−®áâ¨.

�¢â®à ¤�−−®© áâ�âì¨ (¨¬¥ï ®¯ëâ à�§à�¡®âª¨ ãá¯¥è−® íªá¯«ã�â¨àã¥¬ëå ¯à®-
£à�¬¬−ëå á¨áâ¥¬) ¯®«�£�¥â, çâ® á¯¥æ¨ä¨ª�æ¨ï −¥âà¨¢¨�«ì−®© §�¤�ç¨ ¨ ¯à®£à�¬¬�
á®®â−®áïâáï â�ª ¦¥, ª�ª ¯à®¥ªâ−�ï ¤®ªã¬¥−â�æ¨ï (¢ ¨−¦¥−¥à−®¬ ¤¥«¥) ¨ ¨§¤¥«¨¥,

1”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª, vdilyin@yandex.ru
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’¥®à¨ï S-á¨¬¢®«®¢: ä®à¬�«¨§�æ¨ï §−�−¨© ®¡ S-§�¤�ç�å

ª®â®à®¥ ¯à¥¤áâ®¨â ¨§£®â®¢¨âì. �à¨£®¤−®áâì ¨§¤¥«¨ï (¥£® á®®â¢¥âáâ¢¨¥ ¯à®¥ªâ−®©
¤®ªã¬¥−â�æ¨¨) ¬®¦−® ®¯à¥¤¥«¨âì â®«ìª® ¯ãâ¥¬ â¥áâ®¢, à�§à�¡®â�−−ëå á¯¥æ¨�«¨-
áâ�¬¨, å®à®è® §−�îé¨¬¨, çâ® ¤®«¦¥− ã¬¥âì ¨á¯ëâã¥¬ë© ¨ ª�ª¨¬¨ á¢®©áâ¢�¬¨
(¢ª«îç�ï −�¤¥¦−®áâì ¨ ¡¥§®¯�á−®áâì) ¤®«¦¥− ®¡«�¤�âì.

‡�¯¨áì ¨ ¢ë¤¥«¥−¨¥ äà�£¬¥−â®¢ â¥ªáâ�. „«ï §�¯¨á¨ ä®à¬ã« ¨ ¢ë¤¥«¥−¨ï
®¯à¥¤¥«¥−¨©, §�¬¥ç�−¨© ¨ ¯à¨¬¥à®¢ ¢ á®áâ�¢¥ S-á®®¡é¥−¨© ¨á¯®«ì§ãîâáï áà¥¤áâ¢�
ï§ëª� TSM-ª®¬¯«¥ªá� (TSM: textual symbolic modeling)1.

Ÿ§ëª TSM ¨¬¥¥â áà¥¤áâ¢� §�¯¨á¨ ä®à¬�«¨§®¢�−−ëå ¢ëà�¦¥−¨© (¡¥§ ¯à¨¬¥-
−¥−¨ï à¥¤�ªâ®à®¢ ä®à¬ã«), ¢ë¤¥«¥−¨ï ç�áâ¥© S-á®®¡é¥−¨© ¨ §�¬¥−ë ¢ë¡à�−−ë-
¬¨ á®ªà�é¥−¨ï¬¨ ç�áâ® ¯®¢â®àïîé¨åáï äà�£¬¥−â®¢. „«ï ¢ë¯®«−¥−¨ï ®¯¨á�−¨©
¤®áâ�â®ç−® áâ�−¤�àâ−®© ª«�¢¨�âãàë ¨ −�¡®à� áà¥¤áâ¢, ¨¬¥îé¨åáï ¢ á®áâ�¢¥
â¥ªáâ®¢ëå à¥¤�ªâ®à®¢ ¯�ª¥â®¢ LibreOffice, OpenOffice ¨«¨ ¤à.

‚ áâ�âì¥ ¯à¨¬¥−¥−ë á«¥¤ãîé¨¥ TSM-áà¥¤áâ¢� ¢ë¤¥«¥−¨ï äà�£¬¥−â®¢ â¥ªáâ�:
� 〈äà�£¬¥−â ®¯¨á�−¨ï〉 � ≈ ®¯à¥¤¥«¥−¨¥ (§¤¥áì ¨ ¤�«¥¥ á¨¬¢®« ≈ §�¬¥−ï¥â

á«®¢® ú®§−�ç�¥âû);
♦ 〈äà�£¬¥−â ®¯¨á�−¨ï〉 ♦ ≈ §�¬¥ç�−¨¥;
© 〈äà�£¬¥−â ®¯¨á�−¨ï〈 © ≈ ¯à¨¬¥à.
Šãàá¨¢®¬ (¨ ¯®«ã¦¨à−ë¬) ¢ë¤¥«¥−ë ¯¥à¢ë¥ ¢å®¦¤¥−¨ï −�§¢�−¨© ¯®−ïâ¨©

¨ äà�£¬¥−âë ®¯¨á�−¨ï, ª ª®â®àë¬ �¢â®à å®ç¥â ¯à¨¢«¥çì ¢−¨¬�−¨¥.

2 S-задачные объекты: описание и конструирование

� S-§�¤�ç� ≈ {Formul,Rulsys,Alg, Prog}, £¤¥ Formul | ¯®áâ�−®¢ª�
S-§�¤�ç¨; Rulsys | ¬−®¦¥áâ¢® á¨áâ¥¬ ®¡ï§�â¥«ì−ëå ¨ ®à¨¥−â¨àãîé¨å âà¥-
¡®¢�−¨© ª à¥è¥−¨î S-§�¤�ç¨, ¯®áâ�¢«¥−−ëå ¢ á®®â¢¥âáâ¢¨¥ Formul; Alg |
®¡ê¥¤¨−¥−¨¥ ¬−®¦¥áâ¢ �«£®à¨â¬®¢, ª�¦¤®¥ ¨§ ª®â®àëå á®®â¢¥âáâ¢ã¥â ®¤−®¬ã í«¥-
¬¥−âã ¨§ Rulsys; Prog | ®¡ê¥¤¨−¥−¨¥ ¬−®¦¥áâ¢ S-¯à®£à�¬¬, ª�¦¤®¥ ¨§ ª®â®àëå
¯®áâ�¢«¥−® ¢ á®®â¢¥âáâ¢¨¥ ®¤−®¬ã ¨§ í«¥¬¥−â®¢ Alg.

�®áâ�−®¢ª� S-§�¤�ç¨ Formul ≈ {Mem,Rel}, £¤¥ Mem | ¬−®¦¥áâ¢® ¯®-
−ïâ¨© §�¤�ç¨, −� ª®â®à®¬ §�¤�−® à�§¡¨¥−¨¥ Mem = Inp ∪ Out(Inp ∩ Out = 0)
¨ á®¢®ªã¯−®áâì Rel á¢ï§¥© ¬¥¦¤ã ¯®−ïâ¨ï¬¨, ®¯à¥¤¥«ïîé�ï ¡¨−�à−®¥ ®â−®è¥−¨¥
Rel < Inp ∗ Out.

Œ−®¦¥áâ¢® Mem −�§ë¢�¥¬ ¯�¬ïâìî §�¤�ç¨, � Inp ¨ Out | ¥¥ ¢å®¤®¬
¨ ¢ëå®¤®¬, §−�ç¥−¨ï ª®â®àëå ¯à¥¤¯®«�£�¥âáï á®®â¢¥âáâ¢¥−−® §�¤�¢�âì ¨ ¨áª�âì. �

‚ ®¡é¥¬ á«ãç�¥ ¬−®¦¥áâ¢� Rulsys, Alg ¨ Prog ¬®£ãâ ¡ëâì ¯ãáâë¬¨: ç¨á«�
¨å í«¥¬¥−â®¢ §�¢¨áïâ ®â áâ¥¯¥−¨ ¨§ãç¥−−®áâ¨ S-§�¤�ç¨.

„«ï ª�¦¤®£® í«¥¬¥−â� ¨§ Rulsys, Alg ¨ Prog §�¤�−® ®¯¨á�−¨¥ ¯à¨¬¥−¥−¨ï.
�¯¨á�−¨ï ¯à¨¬¥−¥−¨ï í«¥¬¥−â®¢ Rulsys ¢ª«îç�îâ á¯¥æ¨ä¨ª�æ¨î â¨¯� à¥-

è�â¥«ï §�¤�ç¨ (© �¢â®−®¬−�ï S-¬�è¨−�, á¥â¥¢�ï ª®®¯¥à�æ¨ï S-¬�è¨−, ª®®¯¥à�-
æ¨ï 〈ç¥«®¢¥ª{S-¬�è¨−�〉 ¨ ¤à. ©), âà¥¡®¢�−¨¥ ª ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨

1ˆ«ì¨− ‚. „. ‘¨¬¢®«ì−®¥ ¬®¤¥«¨à®¢�−¨¥ // �®«ìè�ï à®áá¨©áª�ï í−æ¨ª«®¯¥¤¨ï (í«¥ªâà®−−�ï
¢¥àá¨ï). https://old.bigenc.ru/technology and technique/text/4010980.
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¨ ¤à. �¯¨á�−¨ï ¯à¨¬¥−¥−¨ï í«¥¬¥−â®¢ ¨§ Alg ¢ª«îç�îâ ¤�−−ë¥ ® ¤®¯ãáâ¨¬ëå
à¥¦¨¬�å à�¡®âë à¥è�â¥«ï S-§�¤�ç¨ (© �¢â®¬�â¨ç¥áª¨© «®ª�«ì−ë©, �¢â®¬�â¨-
ç¥áª¨© à�á¯à¥¤¥«¥−−ë©, ¨−â¥à�ªâ¨¢−ë© «®ª�«ì−ë© ¨ ¤à. ©), ® âà¥¡®¢�−¨ïå
ª ¯®«ãç¥−−®¬ã à¥§ã«ìâ�âã ¨ ¤à. �¯¨á�−¨ï ¯à¨¬¥−¥−¨ï S-¯à®£à�¬¬ ¢ª«îç�îâ
¤�−−ë¥ ® ï§ëª�å ¯à®£à�¬¬¨à®¢�−¨ï, ®¯¥à�æ¨®−−ëå á¨áâ¥¬�å ¨ ¤à. ♦ Š�¦¤�ï
¯à®£à�¬¬� á®¯à®¢®¦¤�¥âáï ááë«ª�¬¨ −� −�¡®àë â¥áâ®¢ëå ¯à¨¬¥à®¢ ¨ ¯à¨¬¥à®¢
¥¥ ¯à¨¬¥−¥−¨ï. ♦

� S-�«£®à¨â¬ | á¨áâ¥¬� ¯à�¢¨« à¥è¥−¨ï §�¤�ç¨ (á®®â¢¥âáâ¢ãîé�ï ®¤-
−®¬ã ¨§ í«¥¬¥−â®¢ Rulsys), ¯®§¢®«ïîé�ï §� ª®−¥ç−®¥ ç¨á«® è�£®¢ ¯®áâ�¢¨âì
¢ ®¤−®§−�ç−®¥ á®®â¢¥âáâ¢¨¥ §�¤�−−®¬ã −�¡®àã ¤�−−ëå, ¯à¨−�¤«¥¦�é¥¬ã Inp,
à¥§ã«ìâ¨àãîé¨© −�¡®à, ¯à¨−�¤«¥¦�é¨© Out. �

� S-¯à®£à�¬¬� | à¥�«¨§®¢�−−ë© (−� ï§ëª¥ ¯à®£à�¬¬¨à®¢�−¨ï ¢ëá®ª®£®
ãà®¢−ï, ¬�è¨−−®-®à¨¥−â¨à®¢�−−®¬ ï§ëª¥ /̈̈ «¨ ¢ á¨áâ¥¬¥ ¬�è¨−−ëå ª®¬�−¤)
S-�«£®à¨â¬, ¯à¥¤áâ�¢«¥−−ë© ¢ ä®à¬¥ á®®¡é¥−¨ï, ®¯à¥¤¥«ïîé¥£® ¯®¢¥¤¥−¨¥
S-¬�è¨−−®£® à¥è�â¥«ï §�¤�ç¨ á §�¤�−−ë¬¨ á¢®©áâ¢�¬¨. ‘ãé¥áâ¢ã¥â ¢ S-(á¨¬-
¢®«ì−®¬, ª®¤®¢®¬ ¨ á¨£−�«ì−®¬) ¢®¯«®é¥−¨ïå, á¢ï§�−−ëå ®â−®è¥−¨ï¬¨ âà�−á«ï-
æ¨¨. �

� S-¤�−−ë¥ | S-á®®¡é¥−¨¥, −¥®¡å®¤¨¬®¥ ¤«ï à¥è¥−¨ï −¥ª®â®à®© S-§�¤�ç¨
¨«¨ á®¢®ªã¯−®áâ¨ S-§�¤�ç, ¯à¥¤áâ�¢«¥−−®¥ ¢ ä®à¬¥, à�ááç¨â�−−®© −� ¯à¨¥¬, à�á-
¯®§−�¢�−¨¥, ¯à¥®¡à�§®¢�−¨¥ ¨ ¨−â¥à¯à¥â�æ¨î à¥è�â¥«¥¬ S-§�¤�ç¨ (¯à®£à�¬¬®©
S-¬�è¨−ë ¨«¨ ç¥«®¢¥ª®¬).

S-(á¯¥æ¨�«¨§�æ¨ï [1] á®®¡é¥−¨ï) (S-message) ¯® ¯�à�¬¥âàã ¯®«ãç�â¥«ì S-á®®¡-
é¥−¨ï (S-recipient), §−�ç¥−¨¥¬ ª®â®à®£® ï¢«ï¥âáï à¥è�â¥«ì S-§�¤�ç¨ (S-solver):
S-data ≈ S-message [::S-recipient = S-solver]. �

Š®−áâàã¨à®¢�−¨¥ S-§�¤�ç−ëå ®¡ê¥ªâ®¢. ‘¢ï§¨ ¯® ¯�¬ïâ¨ ¬¥¦¤ã S-§�-
¤�ç�¬¨ ®¯à¥¤¥«ïîâáï âà¥¬ï â¨¯�¬¨ äã−ªæ¨©, ª�¦¤�ï ¨§ ª®â®àëå ï¢«ï¥âáï
äã−ªæ¨¥© ¤¢ãå �à£ã¬¥−â®¢ ¨ ¯®§¢®«ï¥â ¯®áâ�¢¨âì ¢ á®®â¢¥âáâ¢¨¥ ¯�à¥ S-§�¤�ç
−¥ª®â®àãî âà¥âìî S-§�¤�çã, ¯®áâà®¥−−ãî ¨§ íâ®© ¯�àë.

� S-§�¤�ç� a á¢ï§�−� á S-§�¤�ç¥© b ¯® ¯�¬ïâ¨, ¥á«¨ áãé¥áâ¢ã¥â å®âï ¡ë
®¤−� ¯�à� í«¥¬¥−â®¢ {elemMema, elemMemb}, ¯à¨−�¤«¥¦�é¨å ¯�¬ïâ¨ Mema

S-§�¤�ç¨ a ¨ ¯�¬ïâ¨ Memb S-§�¤�ç¨ b, ®â−®á¨â¥«ì−® ª®â®à®© ®¯à¥¤¥«¥−® ®¡é¥¥
®§−�ç¨¢�−¨¥ (í«¥¬¥−âë ¨¬¥îâ ®¤−® ¨ â® ¦¥ ¬−®¦¥áâ¢® §−�ç¥−¨©).

…á«¨ J ¨ H | ¬−®¦¥áâ¢� S-§�¤�ç, D ≤ J ∗ J ¨ ª�¦¤®© ¯�à¥ (ji, jk)
í«¥¬¥−â®¢ ¨§ D áâ�¢¨âáï ¢ á®®â¢¥âáâ¢¨¥ ®¯à¥¤¥«¥−−ë© í«¥¬¥−â ¨§ H, â® §�¤�−�
äã−ªæ¨ï á¢ï§¨ ¯® ¯�¬ïâ¨ h ≈ conn(ji, jk). �à¨ íâ®¬ D −�§ë¢�¥¬ ®¡«�áâìî
®¯à¥¤¥«¥−¨ï äã−ªæ¨¨ conn ¨ ®¡®§−�ç�¥¬ Dconn. Œ−®¦¥áâ¢®R ≈ {h : elemH;h ≈
≈ conn(ji, jk); ji : elem Dconn, jk : elem Dconn} −�§ë¢�¥¬ ®¡«�áâìî §−�ç¥−¨©
äã−ªæ¨¨ conn. �

’¨¯ á¢ï§¨ ¯® ¯�¬ïâ¨ S-§�¤�ç §�¢¨á¨â ®â á®¤¥à¦¨¬®£® ¯¥à¥á¥ç¥−¨ï ¯® ¯�¬ïâ¨:
á®áâ�¢«¥−� á¢ï§ì ¨§ í«¥¬¥−â®¢ ¢ëå®¤� ®¤−®© ¨ ¢å®¤� ¤àã£®© S-§�¤�ç¨, «¨¡® ¨§
í«¥¬¥−â®¢ ¢ëå®¤®¢ S-§�¤�ç ¨«¨ ¨§ í«¥¬¥−â®¢ ¨å ¢å®¤®¢, «¨¡® ¦¥ á¢ï§ì ¯®«ãç¥−�
¯ãâ¥¬ ª®¬¡¨−�æ¨¨ ¯à¥¤ë¤ãé¨å á¯®á®¡®¢.
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� �«¥¬¥−â�à−�ï S-§�¤�ç−�ï ª®−áâàãªæ¨ï | S-§�¤�ç−�ï ¯�à�. ‹î¡�ï S-§�-
¤�ç−�ï ª®−áâàãªæ¨ï, ¢ á¢®î ®ç¥à¥¤ì, ¬®¦¥â ¡ëâì ¨á¯®«ì§®¢�−� ª�ª á®áâ�¢«ïîé�ï
¥é¥ ¡®«¥¥ á«®¦−®© S-§�¤�ç−®© ª®−áâàãªæ¨¨. �

� C¨áâ¥¬� pS §−�−¨© ®¡ S-§�¤�ç−ëå ®¡ê¥ªâ�å (¤�«¥¥ −�§ë¢�¥¬ëå p-®¡ê¥ª-
â�¬¨) ≈ 〈pA, lng, intr〉, £¤¥ pA | §�¤�ç−�ï ®¡«�áâì; lng | ï§ëª á¯¥æ¨ä¨ª�æ¨¨
p-®¡ê¥ªâ®¢; intr | ¨−â¥à¯à¥â�â®à −� pA á¯¥æ¨ä¨ª�æ¨© ¨áª®¬ëå p-®¡ê¥ªâ®¢. �

� …á«¨ P | ¬−®¦¥áâ¢® p-®¡ê¥ªâ®¢, � A < P | ¥£® −¥¯ãáâ®¥ ¯®¤¬−®-
¦¥áâ¢®, ¯à¨ íâ®¬ ¢ A (á®¤¥à¦�é¥¬ −¥ ¬¥−¥¥ ¤¢ãå í«¥¬¥−â®¢) −¥ áãé¥áâ¢ã¥â
−¨ ®¤−®£® í«¥¬¥−â�, ª®â®àë© −¥ ¡ë« ¡ë á¢ï§�− ¯® ¯�¬ïâ¨ å®âï ¡ë á ®¤−¨¬
¨§ í«¥¬¥−â®¢ A, â® S-¬®¤¥«ì pa §�¤�ç−®© ®¡«�áâ¨ pA | íâ® p-®¡ê-
¥ªâ, ª®â®àë© §�¤�¥âáï ¯�à®© 〈¯�¬ïâì memA ¬−®¦¥áâ¢� S-§�¤�ç A §�¤�ç−®©
®¡«�áâ¨ pA〉, 〈á¥¬¥©áâ¢® rul(memA) á¢ï§¥©, §�¤�−−ëå −� memA〉. �¥¯ãá-
â®¥ ¬−®¦¥áâ¢® memA í«¥¬¥−â®¢ ¯�¬ïâ¨ à�§¡¨â® −� âà¨ ¯®¤¬−®¦¥áâ¢�: ¢å®¤®¢
inpA S-§�¤�ç, ¨å ¢ëå®¤®¢ outA ¨ ¯®¤¬−®¦¥áâ¢® orA, ª�¦¤ë© ¨§ í«¥¬¥−â®¢
ª®â®à®£® ï¢«ï¥âáï ¨ ¢å®¤®¬, ¨ ¢ëå®¤®¬ −¥ª®â®àëå S-§�¤�ç. ‹î¡®¥ ®¤−®
¨§ íâ¨å ¯®¤¬−®¦¥áâ¢ ¬®¦¥â ¡ëâì ¯ãáâë¬; ¬®£ãâ ¡ëâì ¯ãáâë¬¨ ®¤−®¢à¥¬¥−−®
inpA ¨ outA. ‚ ®â«¨ç¨¥ ®â ¯�¬ïâ¨ S-§�¤�ç¨, á®áâ®ïé¥© ¨§ ¢å®¤� ¨ ¢ëå®-
¤�, ¯�¬ïâì S-§�¤�ç−®© ®¡«�áâ¨ á®¤¥à¦¨â ¯®¤¬−®¦¥áâ¢® or í«¥¬¥−â®¢ ¯�¬ïâ¨,
ª�¦¤ë© ¨§ ª®â®àëå ¬®¦¥â ¡ëâì ¨«¨ §�¤�− (ª�ª ¢å®¤−®©), ¨«¨ ¢ëç¨á«¥− (ª�ª
¢ëå®¤−®©). ’�ª¨¥ í«¥¬¥−âë ¯�¬ïâ¨ −�§ë¢�¥¬ ®¡à�â¨¬ë¬¨, � or | ¯®¤¬−®-
¦¥áâ¢®¬ ®¡à�â¨¬ëå í«¥¬¥−â®¢. �®¤¬−®¦¥áâ¢® inp −�§ë¢�¥¬ ¯®¤¬−®¦¥áâ¢®¬
§�¤�¢�¥¬ëå, � ¯®¤¬−®¦¥áâ¢® out | ¯®¤¬−®¦¥áâ¢®¬ ¢ëç¨á«ï¥¬ëå í«¥¬¥−â®¢
memA. �

S-¬®¤¥«ì pa §�¤�ç−®© ®¡«�áâ¨ pA á«ã¦¨â ¤«ï ¨−â¥à¯à¥â�æ¨¨ á®áâ�¢«¥−−ëå
−� ï§ëª¥ lng á¯¥æ¨ä¨ª�æ¨© ¨áª®¬ëå S-§�¤�ç−ëå ®¡ê¥ªâ®¢. ˆ−â¥à¯à¥â�æ¨ï
§�ª«îç�¥âáï ¢ ¯®áâ�−®¢ª¥ ¢ á®®â¢¥âáâ¢¨¥ −¥ª®â®à®¬ã ¯®¤¬−®¦¥áâ¢ã (¨«¨ ¯�à¥
¯®¤¬−®¦¥áâ¢) ¯�¬ïâ¨ memA −¥ª®â®à®© ¯®¤®¡«�áâ¨ S-§�¤�ç−®© ®¡«�áâ¨ pA,
−�§¢�−−®© à�§à¥è�îé¥© S-áâàãªâãà®©. ˆ−â¥à¯à¥â�æ¨ï á¯¥æ¨ä¨ª�æ¨¨ ¨áª®¬®£®
p-®¡ê¥ªâ� −� pA | ª®−áâàãªâ¨¢−®¥ ¤®ª�§�â¥«ìáâ¢® áãé¥áâ¢®¢�−¨ï à�§à¥è�îé¥©
S-áâàãªâãàë.

� S-§�¤�ç−ë© £à�ä | ¯à¥¤áâ�¢«¥−¨¥ S-§�¤�ç−®© ®¡«�áâ¨, à�ááç¨â�−−®¥
−� à¥�«¨§�æ¨î p-ª®−áâàã¨à®¢�−¨ï ¨ ä®à¬�«¨§�æ¨î S-§�¤�ç−ëå §−�−¨©.

Œ−®¦¥áâ¢® ¢¥àè¨− íâ®£® £à�ä�, á®áâ�¢«¥−−®¥ ¨§ S-§�¤�ç−ëå ®¡ê¥ªâ®¢, −�-
§ë¢�¥âáï ¥£® S-§�¤�ç−ë¬ ¡�§¨á®¬ ¨ ®¡®§−�ç�¥âáï p-basis.

÷¥¡à® S-§�¤�ç−®£® £à�ä� | ¯�à� ¢¥àè¨− á −¥¯ãáâë¬ ¯¥à¥á¥ç¥−¨¥¬ ¯® ¯�¬ïâ¨.
��£àã§ª� à¥¡à� ®¯à¥¤¥«ï¥âáï ¬−®¦¥áâ¢®¬ ¢á¥å ¯�à í«¥¬¥−â®¢ ¯�¬ïâ¨, ¢å®-

¤ïé¨å ¢ íâ® ¯¥à¥á¥ç¥−¨¥. ��¬ïâì ¢¥àè¨−ë | ¯�¬ïâì S-§�¤�ç¨ (¨«¨ S-§�¤�ç−®©
®¡«�áâ¨), ª®â®àãî ¢¥àè¨−� ¯à¥¤áâ�¢«ï¥â. �

� ‘®áâ�¢−�ï §�¤�ç� comp | ¯®¤®¡«�áâì S-§�¤�ç−®© ®¡«�áâ¨ pA, ª®â®à�ï
á®¤¥à¦¨â −¥ ¬¥−¥¥ ¤¢ãå í«¥¬¥−â®¢ ¨§ ¬−®¦¥áâ¢� S-§�¤�ç A ¨ −� ¯�¬ïâ¨ ª®â®à®©
§�¤�−® à�§¡¨¥−¨¥: memcomp = inpcomp ∪ outcomp; inpcomp ∩ outcomp = 0, ®¯à¥-
¤¥«ïîé¥¥ ¢å®¤ inpcomp ¨ ¢ëå®¤ outcomp á®áâ�¢−®© S-§�¤�ç¨. ‘®áâ�¢−®© S-§�¤�ç¥
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¯®áâ�¢«¥− ¢ á®®â¢¥âáâ¢¨¥ ®à¨¥−â¨à®¢�−−ë© S-§�¤�ç−ë© £à�ä, ¢¥àè¨−�¬¨ ª®â®-
à®£® á«ã¦�â S-§�¤�ç¨, ¯®¬¥ç¥−−ë¥ ¨å ¨¬¥−�¬¨. �

‚ §�¢¨á¨¬®áâ¨ ®â á®áâ�¢� ¢¥àè¨− ®¯à¥¤¥«¥−ë á«¥¤ãîé¨¥ â¨¯ë S-§�¤�ç−ëå
£à�ä®¢: U-£à�ä ¨¬¥¥â ¬−®¦¥áâ¢® ¢¥àè¨− â®«ìª® ¨§ S-§�¤�ç, −¥ ¯à¥¤áâ�¢«¥−−ëå
S-§�¤�ç−ë¬¨ ª®−áâàãªæ¨ï¬¨; ¢ C-£à�ä¥ å®âï ¡ë ®¤−� ¢¥àè¨−� ¯à¥¤áâ�¢«¥−�
á®áâ�¢−®© S-§�¤�ç¥© ¨ −¥â ¢¥àè¨−, ¯à¥¤áâ�¢«¥−−ëå S-§�¤�ç−ë¬¨ ®¡«�áâï¬¨;
¢ G-£à�ä¥ −¥ ¬¥−¥¥ ®¤−®© ¢¥àè¨−ë ¯à¥¤áâ�¢«¥−® S-§�¤�ç−®© ®¡«�áâìî (®áâ�«ì−ë¥
¬®£ãâ ¡ëâì á®áâ�¢−ë¬¨ S-§�¤�ç�¬¨ /̈̈ «¨ S-§�¤�ç�¬¨, −¥ ¯à¥¤áâ�¢«¥−−ë¬¨ S-§�-
¤�ç−ë¬¨ ª®−áâàãªæ¨ï¬¨).

÷�§à¥è�îé¨¥ áâàãªâãàë −� S-§�¤�ç−ëå £à�ä�å. G-£à�äë á«ã¦�â áà¥¤-
áâ¢®¬ ä®à¬�«¨§�æ¨¨ §−�−¨© ® p-®¡ê¥ªâ�å. ♦ ‚®§¬®¦−®áâì áãé¥áâ¢®¢�−¨ï
¢ S-§�¤�ç−®¬ £à�ä¥ ®¤−®© ¨«¨ −¥áª®«ìª¨å ¢¥àè¨−, ï¢«ïîé¨åáï S-§�¤�ç−ë-
¬¨ ®¡«�áâï¬¨, ¨¬¥¥â ¯à¨−æ¨¯¨�«ì−®¥ §−�ç¥−¨¥ ¤«ï ä®à¬�«¨§�æ¨¨ S-§�¤�ç−ëå
§−�−¨©. ♦

ˆáª®¬�ï S-§�¤�ç−�ï ª®−áâàãªæ¨ï §�¤�¥âáï á¯¥æ¨ä¨ª�æ¨¥©, á®¤¥à¦�é¥© ®¯¨-
á�−¨¥ ¯�¬ïâ¨ ¨ ®£à�−¨ç¥−¨© −� ç¨á«® S-§�¤�ç−ëå ã§«®¢ (¨, ¥á«¨ −¥®¡å®¤¨¬®,
®£à�−¨ç¥−¨©, á¢ï§�−−ëå á à�§¬¥à®¬ S-§�¤�ç¨, â®ç−®áâìî à¥§ã«ìâ�â� ¨ ¤à.).

‘¯¥æ¨ä¨ª�æ¨ï ¨−â¥à¯à¥â¨àã¥âáï −� S-§�¤�ç−®¬ £à�ä¥, ª®â®àë© á«ã¦¨â
¯à¥¤áâ�¢«¥−¨¥¬ ¨−â¥à¥áãîé¥© ª®−áâàãªâ®à� S-§�¤�ç−®© ®¡«�áâ¨.

‘à¥¤áâ¢®¬ ¨−â¥à¯à¥â�æ¨¨ á¯¥æ¨ä¨ª�æ¨© á«ã¦¨â ¬¥å�−¨§¬ ª®−áâàã¨à®¢�−¨ï
−� S-§�¤�ç−®¬ £à�ä¥.

ˆ−â¥à¯à¥â�æ¨ï −� U-£à�ä¥ ¢ ¯à®æ¥áá¥ S-§�¤�ç−®£® ª®−áâàã¨à®¢�−¨ï §�-
ª«îç�¥âáï ¢ ¯®áâ�−®¢ª¥ ¢ á®®â¢¥âáâ¢¨¥ ¯®¤¬−®¦¥áâ¢ã (¨«¨ ¯�à¥ ¯®¤¬−®¦¥áâ¢)
í«¥¬¥−â®¢ ¯�¬ïâ¨ U-£à�ä� â�ª®£® ¯®¤£à�ä�, ¯�¬ïâì ª®â®à®£® −�å®¤¨«�áì ¡ë
¢ §�¤�−−®¬ ®â−®è¥−¨¨ ª ¢¢¥¤¥−−®¬ã ¯®¤¬−®¦¥áâ¢ã (¨«¨ ¯�à¥ ¯®¤¬−®¦¥áâ¢).
ˆ−â¥à¯à¥â�æ¨¨ −� C- ¨ G-£à�ä�å �−�«®£¨ç−ë ¨−â¥à¯à¥â�æ¨¨ −� U-£à�ä¥.

� S-§�¤�ç� t ¯à¥¤áâ�¢¨¬� −� S-§�¤�ç−®¬ £à�ä¥ graph, ¥á«¨ ¥¥ ¢å®¤ inpt

á®¤¥à¦¨âáï ¢ ¯®¤¬−®¦¥áâ¢¥ Givgraph ∪ Orgraph, � ¢ëå®¤ outt | ¢ ¯®¤¬−®¦¥áâ¢¥
Computgraph∪Orgraph ¯�¬ïâ¨ £à�ä� graph. �à¨ íâ®¬ áãé¥áâ¢ã¥â −¥ ¬¥−¥¥ ®¤−®©
S-§�¤�ç¨ ¨§ ¡�§¨á� £à�ä� graph, ¢å®¤ ª®â®à®© á®¤¥à¦¨âáï ¢ inpt ¨«¨ á®¢¯�¤�¥â
á −¨¬. �

� ÷�§à¥è�îé¥© áâàãªâãà®© solvt −� S-§�¤�ç−®¬ £à�ä¥ graph, ¯®áâ�¢«¥−−®©
¢ á®®â¢¥âáâ¢¨¥ −¥ª®â®à®© §�¤�ç¥ t, −�§ë¢�¥¬ ¯®¤£à�ä c ¬¨−¨¬�«ì−ë¬ ç¨á«®¬
S-§�¤�ç−ëå ¢¥àè¨−, −� ª®â®à®¬ §�¤�ç� t ¯à¥¤áâ�¢¨¬�. �

� ˆ−â¥à¯à¥â�æ¨ï S-§�¤�ç−®© ¢¥àè¨−ë U-£à�ä� (¨«¨ ‘-£à�ä�) ¢ ¯à®æ¥áá¥
¯®¨áª� à�§à¥è�îé¥© áâàãªâãàë §�ª«îç�¥âáï ¢ á®®â−¥á¥−¨¨ ®§−�ç¥−−®áâ¨ ¢å®¤�
¨ ¢ëå®¤�.

�à�¢¨«� ¨−â¥à¯à¥â�æ¨¨ S-§�¤�ç−®© ¢¥àè¨−ë:

{ ¥á«¨ ¯®«−®áâìî ®§−�ç¥− ¢å®¤, â® ¯®«−®áâìî ®§−�ç¥− ¨ ¢ëå®¤;

{ ¥á«¨ ®§−�ç¥−−ë¬ ¯®«�£�¥âáï å®âï ¡ë ®¤¨− í«¥¬¥−â ¢ëå®¤�, â® ®§−�ç¥−−ë¬
¯®«�£�¥âáï ¯®«−®áâìî ¢å®¤.
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Œ¥å�−¨§¬ ¯®áâà®¥−¨ï à�§à¥è�îé¨å áâàãªâãà áâ�¢¨â ¢ á®®â¢¥âáâ¢¨¥ á¯¥æ¨-
ä¨ª�æ¨¨ ¨áå®¤−®© S-§�¤�ç¨ ¯®¤£à�ä −� S-§�¤�ç−®¬ £à�ä¥ ¯ãâ¥¬ à¥�«¨§�æ¨¨
âà¥å â¨¯®¢ ¯®¢¥¤¥−¨ï ¢ á®®â¢¥âáâ¢¨¨ á âà¥¬ï â¨¯�¬¨ §�¯à®á®¢ −� ª®−áâàã¨à®-
¢�−¨¥:

(1) ¤«ï §�¤�−−ëå ¯®¤¬−®¦¥áâ¢ x ¨ y (x ∩ y = 0) ¯�¬ïâ¨ memt-graph S-§�¤�ç-
−®£® £à�ä� â®£¤� áãé¥áâ¢ã¥â à�§à¥è�îé�ï áâàãªâãà� solvxy (á ¬¨−¨¬�«ì-
−ë¬ ç¨á«®¬ S-§�¤�ç−ëå ¢¥àè¨−, ¢å®¤ ª®â®à®© ®¯à¥¤¥«¥− ¯®áà¥¤áâ¢®¬ x,
� ¢ëå®¤ | ¯®áà¥¤áâ¢®¬ y), ª®£¤� −�©¤¥âáï ¯®¤£à�ä G, ¬−®¦¥áâ¢® ¢¥à-
è¨− ª®â®à®£® ¢ª«îç�¥â å®âï ¡ë ®¤−ã ¢¥àè¨−ã á à�§à¥è¨¬®© S-§�¤�ç¥©,
� ®¡ê¥¤¨−¥−¨¥ ¢ëå®¤®¢ ¢¥àè¨− ¯®¤£à�ä� G á®¤¥à¦¨â ¯®¤¬−®¦¥áâ¢® y (¨«¨
á®¢¯�¤�¥â á −¨¬);

(2) ¤«ï ¯®¤¬−®¦¥áâ¢� x, §�¤�−−®£® −� ¯�¬ïâ¨ memt-graph, â®£¤� −�©¤¥âáï à�§à¥-
è�îé�ï áâàãªâãà� solvx, ¢å®¤ ª®â®à®© ®¯à¥¤¥«¥− ¯®¤¬−®¦¥áâ¢®¬ x, � ¢ëå®¤
ï¢«ï¥âáï −¥¯ãáâë¬ ¯®¤¬−®¦¥áâ¢®¬ ¯�¬ïâ¨ S-§�¤�ç−®£® £à�ä�, ¢ª«îç�îé¨¬
¬�ªá¨¬�«ì−®¥ ç¨á«® í«¥¬¥−â®¢, ª®â®àë¥ ¬®£ãâ ¡ëâì ®¯à¥¤¥«¥−ë ¯à¨ §�¤�−-
−®¬ x, ª®£¤� x ∩ Comput = 0 (Comput < memt-graph) ¨ −�©¤¥âáï å®âï ¡ë
®¤−� ¢¥àè¨−� á à�§à¥è¨¬®© S-§�¤�ç¥©;

(3) ¤«ï ¯®¤¬−®¦¥áâ¢� y, §�¤�−−®£® −� memt-graph, â®£¤� −�©¤¥âáï à�§à¥è�îé�ï
áâàãªâãà� solvy (á ¬¨−¨¬�«ì−ë¬ ç¨á«®¬ S-§�¤�ç−ëå ¢¥àè¨−, ¢ëå®¤ ª®â®à®©
á®¤¥à¦¨â y, � ¢å®¤ á®áâ�¢«¥− ¨§ í«¥¬¥−â®¢, ¯à¨−�¤«¥¦�é¨å Giv), ª®£¤�
y ∩ Giv = 0.

„«ï ª�¦¤®£® ¨§ âà¥å â¨¯®¢ §�¯à®á®¢ ¯®«ãç¥−® ª®−áâàãªâ¨¢−®¥ ¤®ª�§�â¥«ìáâ¢®
áãé¥áâ¢®¢�−¨ï à�§à¥è�îé¥© áâàãªâãàë á®®â¢¥âáâ¢ãîé¥£® â¨¯�. �

�®á«¥ â®£® ª�ª −�©¤¥−� à�§à¥è�îé�ï áâàãªâãà�, áâ�−®¢¨âáï ®áãé¥áâ¢¨¬ë¬
¯à®æ¥áá ¥¥ ª®−ªà¥â¨§�æ¨¨ [1] ¢ á®®â¢¥âáâ¢¨¨ á® á¯¥æ¨ä¨ª�æ¨¥© ãá«®¢¨© ¯à¨¬¥-
−¥−¨ï ¨áå®¤−®© §�¤�ç¨.

3 Заключение

�à¥¤áâ�¢«¥−� ¢â®à�ï ¨§ ç¥âëà¥å ç�áâ¥© â¥®à¨¨ S-á¨¬¢®«®¢, à�áá¬�âà¨¢�-
¥¬®© ª�ª ç�áâì ¬¥â®¤®«®£¨ç¥áª®£® ®¡¥á¯¥ç¥−¨ï à�§à�¡®â®ª á¨áâ¥¬ ¨áªãááâ¢¥−−®£®
¨−â¥««¥ªâ� (© á¨áâ¥¬ §−�−¨©, á¨áâ¥¬ �¢â®¬�â¨§�æ¨¨ ¯à®£à�¬¬¨à®¢�−¨ï ¨ ¤à. ©)
¢ æ¨äà®¢®© áà¥¤¥. „�−ë ®¯à¥¤¥«¥−¨ï S-§�¤�ç−ëå ®¡ê¥ªâ®¢ ¨ ®¯¨á�−¨¥ ®á−®¢ ¨å
ª®−áâàã¨à®¢�−¨ï (¢ª«îç�ï ¯®áâà®¥−¨¥ à�§à¥è�îé¨å áâàãªâãà −� S-§�¤�ç−ëå
£à�ä�å).
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ПРИМЕНЕНИЕ АЛГОРИТМА CHAID
В ТЕХНОЛОГИИ ПОДДЕРЖКИ

КОНКРЕТНО-ИСТОРИЧЕСКИХ ИССЛЕДОВАНИЙ

И. М. Адамович1, О. И. Волков2

�−−®â�æ¨ï: ‘â�âìï ¯à®¤®«¦�¥â á¥à¨î à�¡®â, ¯®á¢ïé¥−−ëå â¥å−®«®£¨¨ ¯®¤-
¤¥à¦ª¨ ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¨áá«¥¤®¢�−¨© (�Šˆˆ). ’¥å−®«®£¨ï ¯®áâà®-
¥−� −� ¯à¨−æ¨¯�å á®â¢®àç¥áâ¢� ¨ ªà�ã¤á®àá¨−£� ¨ ®à¨¥−â¨à®¢�−� −� è¨à®ª¨©
ªàã£ −¥ ®â−®áïé¨åáï ª ¯à®ä¥áá¨®−�«ì−ë¬ ¨áâ®à¨ª�¬ ¨ ¡¨®£à�ä�¬ ¯®«ì-
§®¢�â¥«¥©. ‘â�âìï ¯®á¢ïé¥−� ¯à¨¬¥−¥−¨î ¬¥â®¤� ¤¥à¥¢ì¥¢ ª«�áá¨ä¨ª�æ¨¨
−� ¡�§¥ �«£®à¨â¬� CHAID ¤«ï �¢â®¬�â¨ç¥áª®£® §�¯®«−¥−¨ï ¨−ä®à¬�æ¨®−-
−ëå «�ªã− ¢ −�¡®à¥ ¨áâ®à¨ç¥áª¨å ä�ªâ®¢ á æ¥«ìî ®¯à¥¤¥«¥−¨ï ¯®â¥−æ¨�«ì−®
¯¥àá¯¥ªâ¨¢−ëå −�¯à�¢«¥−¨© ¨áá«¥¤®¢�−¨ï. �à¨¢¥¤¥−® ®¯¨á�−¨¥ �«£®à¨â¬�
¨ á¤¥«�−� ®æ¥−ª� ¤®áâ®¢¥à−®áâ¨ ¥£® à¥§ã«ìâ�â®¢ ¯à¨ ¢ëá®ª®© ¤®«¥ ¯à®¯ãé¥−-
−ëå §−�ç¥−¨© ¢ ¤�−−ëå. �æ¥−¥−� ¤®«ï ¯à®¯ãáª®¢ ¢ ®á−®¢−ëå ¨áâ®ç−¨ª�å
¬−®¦¥áâ¢¥−−ëå ä�ªâ®¢ ¨ á¤¥«�− ¢ë¢®¤ ¯à¨−æ¨¯¨�«ì−®© ¯à¨¬¥−¨¬®áâ¨ ¨ íä-
ä¥ªâ¨¢−®áâ¨ �«£®à¨â¬� á ãç¥â®¬ á¯¥æ¨ä¨ª¨ â¥å−®«®£¨¨. ’�ª¦¥ ¯®ª�§�−®, çâ®
�«£®à¨â¬ CHAID ¯®§¢®«ï¥â à�§¢¨âì ¨ ¤®¯®«−¨âì áãé¥áâ¢ãîé¨¥ ¢ â¥å−®«®£¨¨
áà¥¤áâ¢� ®¯à¥¤¥«¥−¨ï �−®¬�«¨© ¢ ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¤�−−ëå.

Š«îç¥¢ë¥ á«®¢�: ª®−ªà¥â−®-¨áâ®à¨ç¥áª®¥ ¨áá«¥¤®¢�−¨¥; à�á¯à¥¤¥«¥−−�ï
â¥å−®«®£¨ï; �«£®à¨â¬ CHAID; ¯à®¯ãé¥−−ë¥ ¤�−−ë¥; �−®¬�«¨¨

DOI: 10.14357/08696527230213

1 Введение

�®¤¤¥à¦ª� ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¨áá«¥¤®¢�−¨© áâ�«� ®¤−®© ¨§ �ªâã�«ì-
−ëå §�¤�ç á®¢à¥¬¥−−®áâ¨, çâ® ®¡ãá«®¢«¥−® ¢®¢«¥ç¥−¨¥¬ ¢ ¨áá«¥¤®¢�â¥«ìáª¨©
¯à®æ¥áá −¥ â®«ìª® ç«¥−®¢ ¯à®ä¥áá¨®−�«ì−®£® ¨áâ®à¨ç¥áª®£® á®®¡é¥áâ¢�, −® ¨ á�-
¬ëå è¨à®ª¨å á«®¥¢ −¥¯à®ä¥áá¨®−�«®¢ ¢ á¢ï§¨ á® ¢á¥ ¢®§à�áâ�îé¨¬ ¨−â¥à¥á®¬
ª ç�áâ−®©, á¥¬¥©−®© ¨áâ®à¨¨ [1].

‚ [2, 3] ®¯¨á�−� à�§à�¡®â�−−�ï ¢ ”ˆ– ˆ“ ÷�� à�á¯à¥¤¥«¥−−�ï â¥å−®«®£¨ï
�Šˆˆ, ®á−®¢�−−�ï −� ¯à¨−æ¨¯�å ªà�ã¤á®àá¨−£� (¬®¡¨«¨§�æ¨¨ à¥áãàá®¢ è¨-
à®ª®£® ªàã£� ¤®¡à®¢®«ìæ¥¢ ¯®áà¥¤áâ¢®¬ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©). „�−−ë¥
¢ íâ®© â¥å−®«®£¨¨ ®à£�−¨§®¢�−ë ¢ ä®à¬¥ á¥¬�−â¨ç¥áª®© á¥â¨. “§«ë á¥â¨ ¯à¥¤-
áâ�¢«ïîâ á®¡®© ¨¬¥−®¢�−−ë¥ ã−¨¢¥àá�«ì−ë¥ ª«�ááë ®¡ê¥ªâ®¢. ”�ªâë §�¤�îâáï

1”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª, Adam@amsd.com

2”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª, Volkov@amsd.com
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�à¨¬¥−¥−¨¥ �«£®à¨â¬� CHAID ¢ â¥å−®«®£¨¨ �Šˆˆ

§−�ç¥−¨ï¬¨ íª§¥¬¯«ïà®¢ ª«�áá®¢ ¨ á¢ï§ï¬¨ ¬¥¦¤ã −¨¬¨. ‘¢ï§¨ −�á«¥¤ãîâáï ¨§
á¥â¨ ª«�áá®¢ [4].

„�−−ë¥, ®¯¨áë¢�îé¨¥ ¨áâ®à¨ª®-¡¨®£à�ä¨ç¥áª¨¥ ä�ªâë, ®¡«�¤�îâ á¢®©-
áâ¢®¬ äà�£¬¥−â�à−®áâ¨ ¨ ¯à®â¨¢®à¥ç¨¢®áâ¨. �®¨áª ¨ ¯®«ãç¥−¨¥ íâ¨å ä�ª-
â®¢ | −¥®¡å®¤¨¬�ï ¨ −�¨¡®«¥¥ âàã¤®¥¬ª�ï áâ�¤¨ï ¡¨®£à�ä¨ç¥áª®£® ¨áá«¥¤®¢�−¨ï,
á¢ï§�−−�ï á à�¡®â®© ¢ �àå¨¢�å ¨ ¯à®á¬®âà®¬ ®£à®¬−®£® ç¨á«� ¤®ªã¬¥−â®¢. „�«ì-
−¥©è�ï à�¡®â� á®áâ®¨â ¢ á®¯®áâ�¢«¥−¨¨ ä�ªâ®¢ ¬¥¦¤ã á®¡®© ¨ á −®à¬�«ï¬¨
(−�¡®à�¬¨ ¯à�¢¨«, à¥£«�¬¥−â¨àãîé¨å §�¢¨á¨¬®áâ¨ ¬¥¦¤ã ä�ªâ�¬¨) á æ¥«ìî ¢§�-
¨¬®ã¢ï§ë¢�−¨ï ¨ à�§à¥è¥−¨ï ¯à®â¨¢®à¥ç¨© [5]. ‡�¯®«−¥−¨¥ ¨−ä®à¬�æ¨®−−ëå
«�ªã− −� ¯¥à¢®© áâ�¤¨¨ ¨áá«¥¤®¢�−¨ï ¯à¥¤áâ�¢«ï¥â á®¡®© −¥ â®«ìª® ¨â¥à�æ¨-
®−−ë©, −® ¨ ¢¥â¢ïé¨©áï ¯à®æ¥áá, ¯®áª®«ìªã −�¯à�¢«¥−¨ï ¯®¨áª� ¨−ä®à¬�æ¨¨
®¯à¥¤¥«ïîâáï à¥§ã«ìâ�â�¬¨ ¢â®à®£® íâ�¯�. ‚ [6] ®¯¨á�− ¯®¤å®¤, ¯®§¢®«ïîé¨©
á−¨§¨âì âàã¤®¥¬ª®áâì íâ®£® ¯à®æ¥áá� §� áç¥â �¢â®¬�â¨ç¥áª®£® ®¯à¥¤¥«¥−¨ï ¯®-
â¥−æ¨�«ì−® ¯¥àá¯¥ªâ¨¢−ëå −�¯à�¢«¥−¨© ¨áá«¥¤®¢�−¨ï. �®¤å®¤ §�ª«îç�¥âáï
¢ ä®à¬¨à®¢�−¨¨ £¨¯®â¥§ ¯®áà¥¤áâ¢®¬ �¢â®¬�â¨ç¥áª®£® §�¯®«−¥−¨ï ¨−ä®à¬�æ¨-
®−−ëå «�ªã− ¢ −�¡®à¥ ä�ªâ®¢, ®¯¨áë¢�îé¨å ®¡ê¥ªâ ¨áá«¥¤®¢�−¨ï, −� ¡�§¥
¯à®æ¥¤ãàë ¨¬¯ãâ�æ¨¨ ¤�−−ëå [7], ¨á¯®«ì§ã¥¬®© ¢ §�¤�ç�å �−�«¨§� ¤�−−ëå ¨ ¬�-
è¨−−®£® ®¡ãç¥−¨ï. �−�«¨§ ¬¥â®¤®¢ ¨¬¯ãâ�æ¨¨ ¤�−−ëå á ãç¥â®¬ ®á®¡¥−−®áâ¥©
â¥å−®«®£¨¨ �Šˆˆ ¨ á¯¥æ¨ä¨ª¨ ª®−ªà¥â−®-¨áâ®à¨ç¥áª®£® ¨áá«¥¤®¢�−¨ï ¯®ª�§�«
æ¥«¥á®®¡à�§−®áâì ¯®áâà®¥−¨ï ¬¥å�−¨§¬� �¢â®¬�â¨ç¥áª®£® ä®à¬¨à®¢�−¨ï £¨¯®â¥-
§ë á ®¯®à®© −� ¬¥â®¤ ¤¥à¥¢ì¥¢ ª«�áá¨ä¨ª�æ¨¨ −� ¡�§¥ �«£®à¨â¬� CHAID. –¥«ìî
¤�−−®© áâ�âì¨ áâ�¢¨âáï ®æ¥−ª� íää¥ªâ¨¢−®áâ¨ ¤�−−®£® �«£®à¨â¬�, � â�ª¦¥ ¢ë-
ï¢«¥−¨¥ ¥£® ¤®¯®«−¨â¥«ì−ëå ¢®§¬®¦−®áâ¥© ¢ ãá«®¢¨ïå â¥å−®«®£¨¨ �Šˆˆ.

2 Алгоритм CHAID

�«£®à¨â¬ CHAID | ®¤¨− ¨§ ¬¥â®¤®¢ �−�«¨§� á ¯®¬®éìî ¤¥à¥¢� à¥è¥−¨© [8].
‚ ª�ç¥áâ¢¥ ¨áå®¤−ëå ¤�−−ëå ¬¥â®¤� ¢ëáâã¯�¥â ¢ë¡®àª�, ¯à¥¤áâ�¢«¥−−�ï ¢ ä®à-
¬¥ â�¡«¨æë, á®¤¥à¦�é¥© §−�ç¥−¨ï −�¡®à� ¯à¨§−�ª®¢ −¥ª®â®à®© á®¢®ªã¯−®áâ¨
®¡ê¥ªâ®¢. �¤¨− ¨§ ¯à¨§−�ª®¢ á®¤¥à¦¨â ª«�ááë, ª ª®â®àë¬ ®â−®áïâáï ®¡ê¥ªâë.
„�−−ë© ¯à¨§−�ª −�§ë¢�¥âáï §�¢¨á¨¬ë¬ (¯¥à¥¬¥−−�ï ®âª«¨ª�). �áâ�«ì−ë¥, −¥-
§�¢¨á¨¬ë¥, ¯à¨§−�ª¨ (¯à¥¤¨ªâ®àë) ¯®§¢®«ïîâ ¯à®£−®§¨à®¢�âì ¯à¨−�¤«¥¦−®áâì
®¡ê¥ªâ®¢ ª â®¬ã ¨«¨ ¨−®¬ã ª«�ááã. �à¨¬¥−¨â¥«ì−® ª §�¤�ç�¬ ¨¬¯ãâ�æ¨¨ ¢ ª�-
ç¥áâ¢¥ ¯¥à¥¬¥−−®© ®âª«¨ª� ¢ëáâã¯�¥â ª�â¥£®à¨�«ì−�ï ¯¥à¥¬¥−−�ï, á®¤¥à¦�é�ï
¯à®¯ãáª¨. �à¥¤¨ªâ®àë ¨á¯®«ì§ãîâáï ¤«ï ¯®áâà®¥−¨ï ¯à�¢¨« ¯à®£−®§¨à®¢�−¨ï,
ª®â®àë¥ ¯®§¢®«ïîâ ¢ëï¢¨âì §�ª®−®¬¥à−®áâì ¨ ¨¬¯ãâ¨à®¢�âì §−�ç¥−¨ï ¯¥à¥¬¥−-
−®© ®âª«¨ª�.

�à¨−æ¨¯ «î¡®£® �«£®à¨â¬� ¯®áâà®¥−¨ï ¤¥à¥¢ì¥¢ à¥è¥−¨© | à�§¡¨âì ¨¬¥-
îéãîáï ¢ë¡®àªã −� £àã¯¯ë ¯® ª�ª®¬ã-«¨¡® ®á−®¢�−¨î. ‚ CHAID â�ª¨¬
®á−®¢�−¨¥¬ áâ�−®¢¨âáï á¢ï§ì ¯à¥¤¨ªâ®à®¢ ¨ ®âª«¨ª�, ¨ �«£®à¨â¬ −�æ¥«¥− −�
¬�ªá¨¬¨§�æ¨î íâ®© á¢ï§¨ ç¥à¥§ ®â¡®à ¯à¥¤¨ªâ®à®¢ á −�¨¡®«ìè¨¬ §−�ç¥−¨¥¬ áâ�-
â¨áâ¨ª¨ å¨-ª¢�¤à�â (χ2). �� ¯¥à¢®¬ íâ�¯¥ à�¡®âë �«£®à¨â¬� à�áá¬�âà¨¢�îâáï
¤¢ã¬¥à−ë¥ â�¡«¨æë á®¯àï¦¥−−®áâ¨ ¬¥¦¤ã ®âª«¨ª®¬ ¨ ª�¦¤ë¬ ¯à¥¤¨ªâ®à®¬.
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‚ ª�¦¤®© â�¡«¨æ¥ ¢ëç¨á«ï¥âáï §−�ç¥−¨¥ χ2, ¨ ¯à¥¤¨ªâ®à, ¤«ï ª®â®à®£® ¢ ¯�à¥
á ®âª«¨ª®¬ íâ® §−�ç¥−¨¥ ®ª�§ë¢�¥âáï −�¨¡®«ìè¨¬, áâ�−®¢¨âáï ¯¥à¢ë¬ ¨§ à�§¤¥-
«ïîé¨å, â. ¥. ®¡à�§ã¥â ¯¥à¢ë© ïàãá ¤¥à¥¢�. ‘«¥¤ãîé¥© §�¤�ç¥© ¤«ï �«£®à¨â¬�
áâ�−®¢¨âáï ®¡ê¥¤¨−¥−¨¥ ¢ ã§¥« â�ª¨å ª�â¥£®à¨© íâ®£® ¯à¥¤¨ªâ®à�, á¢ï§ì ª®â®àëå
á ®âª«¨ª®¬ ®¤¨−�ª®¢� (áâ�â¨áâ¨ç¥áª¨ §−�ç¨¬® −¥ à�§«¨ç�¥âáï). �®á«¥ ®¡ê¥¤¨−¥-
−¨ï −¥®¡å®¤¨¬ëå ª�â¥£®à¨© à�áá¬�âà¨¢�¥¬®£® ¯à¥¤¨ªâ®à� �«£®à¨â¬ ¯¥à¥å®¤¨â −�
á«¥¤ãîé¨© ïàãá ¨ ¯®¢â®àï¥â ¢á¥ ®¯¨á�−−ë¥ íâ�¯ë ã¦¥ ¢ ª�¦¤®¬ ¨§ ¯®«ãç¥−−ëå
ã§«®¢. �¯¨á�−−ë¥ è�£¨ ¯®¢â®àïîâáï ¢ −®¢ëå ã§«�å, ¨ ¯®áâà®¥−¨¥ ¤¥à¥¢� §�ª�−-
ç¨¢�¥âáï, ª®£¤� ¢ −�¡®à¥ ¤�−−ëå −¥ ®áâ�¥âáï ¯à¥¤¨ªâ®à®¢, §−�ç¨¬® á¢ï§�−−ëå
á ®âª«¨ª®¬. ˆâ®£®¬ �−�«¨§� áâ�−®¢¨âáï áå¥¬� ¢ ¢¨¤¥ ¤¥à¥¢�. ’¥à¬¨−�«ì−ë¥ ã§«ë
á®¤¥à¦�â ¨−ä®à¬�æ¨î ® ¯®«ãç¥−−ëå £àã¯¯�å −�¡«î¤¥−¨©, ¢ª«îç�ï ¯à¨§−�ª¨,
¯® ª®â®àë¬ íâ¨ £àã¯¯ë ¬®¦−® ®¯¨á�âì, ¨ à�á¯à¥¤¥«¥−¨¥ ®âª«¨ª� ¢−ãâà¨ íâ¨å
£àã¯¯, ®¯¨áë¢�îé¥¥ å�à�ªâ¥à á¢ï§¨ ¬¥¦¤ã −¨¬ ¨ ¢ë¤¥«¥−−ë¬¨ ¯à¨§−�ª�¬¨ [9].

3 Пропущенные данные и достоверность результатов

�¤−® ¨§ ¯à¥¨¬ãé¥áâ¢ �«£®à¨â¬� CHAID | ª®àà¥ªâ−�ï ®¡à�¡®âª� ¯à®¯ãé¥−-
−ëå §−�ç¥−¨© ¢ ¯à¥¤¨ªâ®à�å ¡¥§ ¨å ã¤�«¥−¨ï ¨«¨ §�¬¥−ë −� ¢�«¨¤−ë¥. �à®¯ãáª¨
à�áá¬�âà¨¢�îâáï ª�ª ¥¤¨−�ï ª�â¥£®à¨ï −¥§�¢¨á¨¬®© ¯¥à¥¬¥−−®©, ª®â®à�ï ¯à¨ ¯®-
áâà®¥−¨¨ ¬®¤¥«¨ ¯à¨á®¥¤¨−ï¥âáï ª −�¨¡®«¥¥ ¯®å®¦¥¬ã ¯® à�á¯à¥¤¥«¥−¨î ®âª«¨ª�
ã§«ã. ‚ [10] ¡ë«� ¯à¨−ïâ� ¯®¯ëâª� á ¯®¬®éìî áâ�â¨áâ¨ç¥áª®£® íªá¯¥à¨¬¥−â�
ãáâ�−®¢¨âì, −�áª®«ìª® ª®àà¥ªâ−® CHAID ®¯à¥¤¥«ï¥â ¯à®¯ãé¥−−ë¥ §−�ç¥−¨ï
¯® ã§«�¬ ¤¥à¥¢�, ¨ ®¯à¥¤¥«¨âì, ª ª�ª¨¬ ¯®á«¥¤áâ¢¨ï¬ ¯à¨¢®¤¨â ¢ª«îç¥−¨¥
¯à®¯ãáª®¢ ¢ �−�«¨§. �−�«¨§ áâà®¨«áï ¢ à�§à¥§¥ âà¥å ãá«®¢¨© íªá¯¥à¨¬¥−â®¢:
à�á¯®«®¦¥−¨ï ¯¥à¥¬¥−−®© ¯® ®â−®è¥−¨î ª ª®à−î, â®ç−®áâ¨ ¨áå®¤−®£® ¤¥à¥¢�
¨ ¤®«¨ ¯à®¯ãáª®¢. ‚á¥£® ¡ë«¨ ¯à®¢¥¤¥−ë 780 íªá¯¥à¨¬¥−â®¢ −� á£¥−¥à¨à®¢�−−®©
¢ë¡®àª¥ ¨§ 3000 −�¡«î¤¥−¨©.

÷¥§ã«ìâ�âë íªá¯¥à¨¬¥−â®¢ ¯®ª�§�«¨, çâ® ¢ æ¥«®¬ CHAID ª®àà¥ªâ−® ®¯à¥-
¤¥«ï¥â ¯à®¯ãáª¨ ¯® ã§«�¬: ¢ ¡®«ìè¨−áâ¢¥ á«ãç�¥¢ ã§«ë, ª ª®â®àë¬ ¡ë«¨
¯à¨á®¥¤¨−¥−ë ¯à®¯ãáª¨, à�á¯®«�£�îâáï −� ª®àà¥ªâ−®© £«ã¡¨−¥, ®¡ê¥¤¨−ïîâ
¢¥à−ë¥ ª�â¥£®à¨¨ −¥§�¢¨á¨¬®© ¯¥à¥¬¥−−®© ¨ á®¤¥à¦�â ¯à�¢¨«ì−®¥ à�á¯à¥¤¥«¥-
−¨¥ §�¢¨á¨¬®© ¯¥à¥¬¥−−®©, â. ¥. ¢®á¯à®¨§¢®¤ïâ ¤¥©áâ¢¨â¥«ì−ãî áâàãªâãàã á¢ï§¥©,
§�«®¦¥−−ëå ¢ ¤�−−ëå. �¤−�ª® −�¨åã¤è¨¥ à¥§ã«ìâ�âë ¢ ¯à¨á®¥¤¨−¥−¨¨ ¯à®-
¯ãáª®¢ ª ª�â¥£®à¨ï¬ −�¡«î¤�îâáï ¢ á«ãç�¥, ª®£¤� ¨å ¤®«ï ®ç¥−ì ¢¥«¨ª� (50%
¨ ¡®«¥¥), | −¥§�¢¨á¨¬® ®â ¯à®ç¨å ãá«®¢¨©. �ë«¨ áä®à¬ã«¨à®¢�−ë á«¥¤ãîé¨¥
¢ë¢®¤ë.

1. …á«¨ ¨áá«¥¤®¢�â¥«ì ¯à¥á«¥¤ã¥â â®«ìª® æ¥«ì ¯à®£−®§� (ª«�áá¨ä¨ª�æ¨¨ ¨«¨
à¥£à¥áá¨¨), â® CHAID ãá¯¥è−® á¯à�¢«ï¥âáï á íâ®© §�¤�ç¥© ¨ ¯à¨ −�«¨ç¨¨
¯à®¯ãáª®¢.

2. ÷¥è¥−¨¥, ¯®«ãç¥−−®¥ ¯à¨ á«¨èª®¬ ¢ëá®ª®© ¤®«¥ ¯à®¯ãáª®¢ (50%), ç�áâ® −¥
á®®â¢¥âáâ¢ã¥â §�«®¦¥−−®© áâàãªâãà¥ á¢ï§¥© ¢ ¤�−−ëå | ç�é¥, ç¥¬ ¢ ¯®«®¢¨−¥
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�à¨¬¥−¥−¨¥ �«£®à¨â¬� CHAID ¢ â¥å−®«®£¨¨ �Šˆˆ

á«ãç�¥¢. ‚¥à®ïâ−®áâì ¯®«ãç¨âì ¯à¨ â�ª®¬ ãá«®¢¨¨ �¤¥ª¢�â−®¥ à¥è¥−¨¥ ®ç¥−ì
−¨§ª�.

�®áª®«ìªã ¢ â¥å−®«®£¨¨ �Šˆˆ �«£®à¨â¬ CHAID ¯à¥¤¯®«�£�¥âáï ¨á¯®«ì-
§®¢�âì ¢ à�¬ª�å ¬¥å�−¨§¬� �¢â®¬�â¨ç¥áª®£® ä®à¬¨à®¢�−¨ï £¨¯®â¥§, â. ¥. ¢ ¯à®-
£−®§−ëå æ¥«ïå, á�¬ ä�ªâ −�«¨ç¨ï ¯à®¯ãáª®¢ −¥ ¯à¥¯ïâáâ¢ã¥â ¨á¯®«ì§®¢�−¨î
�«£®à¨â¬� ¢ â¥å−®«®£¨¨. �®, ¯®áª®«ìªã, ª�ª ¯®ª�§�−® ¢ëè¥, ¤�−−ë¥, ®¯¨áë¢�-
îé¨¥ ¨áâ®à¨ª®-¡¨®£à�ä¨ç¥áª¨¥ ä�ªâë, ®¡«�¤�îâ á¢®©áâ¢®¬ äà�£¬¥−â�à−®áâ¨,
¤®«ï ¯à®¯ãáª®¢ ¬®¦¥â ¡ëâì ¢ëá®ª�, ¨ ¢ ª�ª¨å-â® á«ãç�ïå íâ® ¬®¦¥â ¯à¨¢®¤¨âì
ª −¥ª®àà¥ªâ−ë¬ ¢ë¢®¤�¬. ‘�¬ ¯® á¥¡¥ íâ®â ä�ªâ −¥ ªà¨â¨ç¥−, ¯®áª®«ìªã ä®à-
¬¨àã¥¬ë¥ ¤�−−ë¥ −¥ ¢®á¯à¨−¨¬�îâáï ª�ª ¤®áâ®¢¥à−�ï ¨−ä®à¬�æ¨ï, −� ª®â®àãî
¨áá«¥¤®¢�â¥«î ¤®¯ãáâ¨¬® ®¯¨à�âìáï ¢ á¢®¨å ¢ë¢®¤�å, � â®«ìª® ª�ª £¨¯®â¥§�,
¯®§¢®«ïîé�ï −�àï¤ã á ¤àã£¨¬¨ �à£ã¬¥−â�¬¨ ¢ë¡à�âì ¯à¨®à¨â¥â−®¥ −�¯à�¢«¥−¨¥
¯®¨áª� −� ¯¥à¢®© áâ�¤¨¨ ¨áá«¥¤®¢�−¨ï. �® ¤«ï ¢ë¢®¤� ®¡ íää¥ªâ¨¢−®áâ¨ ¨á¯®«ì-
§®¢�−¨ï �«£®à¨â¬� CHAID ¢ â¥å−®«®£¨¨ �Šˆˆ −¥®¡å®¤¨¬® ®æ¥−¨âì áà¥¤−îî
¤®«î ¯à®¯ãáª®¢ ¢ ¤�−−ëå å®âï ¡ë −� ª�ç¥áâ¢¥−−®¬ ãà®¢−¥.

Š�ª ¯®ª�§�−® ¢ [6], ¨áâ®ç−¨ª�¬¨ ¬−®¦¥áâ¢¥−−ëå ä�ªâ®¢ ¢ â¥å−®«®£¨¨ �Šˆˆ
¬®£ãâ á«ã¦¨âì:

(1) �¢â®¬�â¨ç¥áª¨¥ ®¡à�¡®âª¨ −�àà�â¨¢®¢.

’¥å−®«®£¨ï �Šˆˆ ¨¬¥¥â ¢ á¢®¥¬ á®áâ�¢¥ á¨áâ¥¬ã ’-¯�àá¥à [11], ¯à¥¤−�-
§−�ç¥−−ãî ¤«ï �¢â®¬�â¨ç¥áª®£® ¨§¢«¥ç¥−¨ï ä�ªâ®¢ ¨§ â¥ªáâ®¢ ¨áâ®à¨ª®-
¡¨®£à�ä¨ç¥áª®© −�¯à�¢«¥−−®áâ¨ −� ¥áâ¥áâ¢¥−−®¬ ï§ëª¥ ¯®¢¥áâ¢®¢�â¥«ì−®£®
å�à�ªâ¥à� (−�àà�â¨¢−ëå ¨áâ®ç−¨ª®¢);

(2) ¨áâ®à¨ç¥áª¨¥ à¥¥áâàë −®¬¨−�â¨¢−®£® â¨¯�.

�®¬¨−�â¨¢−ë¥ (á®¤¥à¦�é¨¥ ¯¥àá®−�«ì−ãî ¨−ä®à¬�æ¨î á ãª�§�−¨¥¬ ¨¬¥-
−¨ á®¡áâ¢¥−−®£®) ¨áâ®à¨ç¥áª¨¥ ¨áâ®ç−¨ª¨ ¬®¦−® à�§¤¥«¨âì −� ®¤¨−®ç−ë¥,
á®¤¥à¦�é¨¥ ¨−ä®à¬�æ¨î ®¡ ®¤−®© ¯¥àá®−¥ ¨«¨ ®¤−®© á¥¬ì¥ (¬¥âà¨ç¥áª¨¥
¢ë¯¨á¨, ¯®á¥¬¥©−ë¥ á¯¨áª¨ ¨ â. ¤.), ¨ à¥¥áâàë, á®¤¥à¦�é¨¥ ¨−ä®à¬�æ¨î
® ¬−®¦¥áâ¢¥ ¯¥àá®− ¨«¨ á¥¬¥© (¬¥âà¨ç¥áª¨¥ ª−¨£¨ ¨ â. ¤.). �®¬¨−�â¨¢−ë¥
¨áâ®à¨ç¥áª¨¥ à¥¥áâàë, ®¡à�¡�âë¢�¥¬ë¥ ¨áá«¥¤®¢�â¥«¥¬ ª�ª ¢àãç−ãî, â�ª
¨ �¢â®¬�â¨ç¥áª¨ á ¯®¬®éìî á¨áâ¥¬ë ’-¯�àá¥à, ¬®£ãâ á«ã¦¨âì ¨áâ®ç−¨ª®¬
¬−®¦¥áâ¢¥−−ëå ®¤−®â¨¯−ëå ä�ªâ®¢;

(3) à�§à®§−¥−−ë¥ ®¤¨−®ç−ë¥ −®¬¨−�â¨¢−ë¥ ¨áâ®ç−¨ª¨.

�®áª®«ìªã â¥å−®«®£¨ï �Šˆˆ ¡ë«� ¯®áâà®¥−� −� ¯à¨−æ¨¯�å á®â¢®àç¥áâ¢�
¨ ªà�ã¤á®àá¨−£� (¬®¡¨«¨§�æ¨¨ à¥áãàá®¢ è¨à®ª®£® ªàã£� ¤®¡à®¢®«ìæ¥¢ ¯®áà¥¤-
áâ¢®¬ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©), ¥¥ ¤�−−ë¥, ®à£�−¨§®¢�−−ë¥ ¢ ä®à¬¥ á¥¬�−-
â¨ç¥áª®© á¥â¨, ¯®¯®«−ïîâáï −¥§�¢¨á¨¬® à�§«¨ç−ë¬¨ ¨áá«¥¤®¢�â¥«ï¬¨. ˆ−ä®à-
¬�æ¨ï, −�©¤¥−−�ï ®¤−¨¬ ¯®«ì§®¢�â¥«¥¬ ¢ à�¬ª�å á¢®¥£® ¨áá«¥¤®¢�−¨ï, ¬®¦¥â
¡ëâì ¤®áâã¯−� ¤àã£¨¬ ¯®«ì§®¢�â¥«ï¬. ˆ§ íâ®£® á«¥¤ã¥â, çâ® à�§à®§−¥−−ë¥ ®¤¨-
−®ç−ë¥ −®¬¨−�â¨¢−ë¥ ¨áâ®ç−¨ª¨, � â�ª¦¥ äà�£¬¥−âë à¥¥áâà®¢ −®¬¨−�â¨¢−®£®
â¨¯�, ®¡à�¡®â�−−ë¥ à�§−ë¬¨ ¯®«ì§®¢�â¥«ï¬¨, ¬®£ãâ ¡ëâì ¨áâ®ç−¨ª�¬¨ ¬−®¦¥-
áâ¢¥−−ëå ®¤−®â¨¯−ëå ä�ªâ®¢.
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ˆ. Œ. �¤�¬®¢¨ç, �. ˆ. ‚®«ª®¢

Š�ª ¬®¦−® ¢¨¤¥âì ¨§ ¤�−−®£® ¯¥à¥ç−ï, ®á−®¢−ë¬ ¨áâ®ç−¨ª®¬ ®¤−®â¨¯−ëå
ä�ªâ®¢, −¥®¡å®¤¨¬ëå ¤«ï à�¡®âë �«£®à¨â¬� CHAID, ®áâ�îâáï ¨áâ®à¨ç¥áª¨¥
à¥¥áâàë −®¬¨−�â¨¢−®£® â¨¯�. �® ®¯ëâã ¯à®¢¥¤¥−¨ï ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å
¨áá«¥¤®¢�−¨© [12, 13] −�¨¡®«¥¥ ¢®áâà¥¡®¢�−−ë¬ ¨ ¬�áá®¢ë¬ ¨áâ®ç−¨ª®¬ £¥−¥�«®-
£¨ç¥áª®© ¨−ä®à¬�æ¨¨ ¨ ¨−ä®à¬�æ¨¨ ¯® «®ª�«ì−®© ¨áâ®à¨¨ −�á¥«¥−¨ï ï¢«ïîâáï
¬¥âà¨ç¥áª¨¥ ª−¨£¨ | à¥¥áâàë �ªâ®¢ £à�¦¤�−áª®£® á®áâ®ï−¨ï. •®âï, ª á®-
¦�«¥−¨î, æ¥«ë© àï¤ ¬¥âà¨ç¥áª¨å ª−¨£ −¥ á®åà�−¨«áï «¨¡® ¡ë« ¡¥§¢®§¢à�â−®
ãâà�ç¥− ¢ ¯¥à¢ãî âà¥âì •• ¢., á®åà�−¨¢è¨¥áï ¬¥âà¨ç¥áª¨¥ ª−¨£¨ ¬®¦−® áç¨-
â�âì ®â−®á¨â¥«ì−® ¤®áâ®¢¥à−ë¬ ¨áâ®ç−¨ª®¬. ‘¢¥¤¥−¨ï ¬¥âà¨ç¥áª¨å ª−¨£ ¨¬¥«¨
¢�¦−®¥ £®áã¤�àáâ¢¥−−®¥ §−�ç¥−¨¥, ª®â®à®¥ ¢®§à®á«® ¯®á«¥ ¯à¨¤�−¨ï ¨¬ áâ�âãá�
�ªâ®¢ á®áâ®ï−¨ï, ¢®§à®á«� â�ª¦¥ −¥®¡å®¤¨¬®áâì ¨å §�é¨âë ®â ä�«ìá¨ä¨ª�æ¨¨
¨ ãâà�â. Œ¥âà¨ç¥áª¨¥ ª−¨£¨ ¨¬¥îâ á¨áâ¥¬ã §�é¨âë, ª®â®à�ï áª«�¤ë¢�«�áì áà�§ã
¦¥ á ¬®¬¥−â� ¨å ¢®§−¨ª−®¢¥−¨ï. ƒ«�¢−�ï ¬¥à� | ¢¥¤¥−¨¥ ¢ ¤¢ãå íª§¥¬¯«ïà�å
(¯à¨å®¤áª®© ¨ ª®−áâ¨áâ®àáª¨©). �® á¨−®¤áª®¬ã ãª�§ã 1779 £. ¤¢�¦¤ë ¢ £®¤
®áãé¥áâ¢«ï«®áì á¢¨¤¨â¥«ìáâ¢®¢�−¨¥ ¬¥âà¨ç¥áª¨å ª−¨£ ¡«�£®ç¨−−ë¬. � ¢ ãª�§¥
®â 17 ¬�ï 1802 £. ú� á®¤¥à¦�−¨¨ ¢ ¯à¥¤¯¨á�−−®¬ ¯®àï¤ª¥ ¬¥âà¨ç¥áª¨å ª−¨£û
‘¨−®¤ ¢ë¤¢¨−ã« âà¥¡®¢�−¨¥ ¢¥¤¥−¨ï ¬¥âà¨ç¥áª¨å ª−¨£ á ¡®«ìè¥© áâà®£®áâìî,
� £«�¢−®¥ | ª®−á¨áâ®àáª®¥ −�ç�«ìáâ¢® ¤®¡¨¢�«®áì ¨å à¥�«ì−®£® ¢ë¯®«−¥−¨ï [14].
�âáî¤� ¢ëâ¥ª�¥â, çâ® ¢ ¡®«ìè¨−áâ¢¥ á«ãç�¥¢ ¢ ¯®¤¡®àª¥ ¬−®¦¥áâ¢¥−−ëå ä�ªâ®¢,
¨á¯®«ì§ã¥¬ëå ¢ ª�ç¥áâ¢¥ ¤�−−ëå ¤«ï ¯à¨¬¥−¥−¨ï �«£®à¨â¬� CHAID, −¥ á«¥¤ã¥â
®¦¨¤�âì á«¨èª®¬ ¢ëá®ª®© ¤®«¨ ¯à®¯ãáª®¢ (50% ¨ ¡®«¥¥). �â® ®§−�ç�¥â, çâ®
¯à¨¬¥−¥−¨¥ �«£®à¨â¬� CHAID ¢ â¥å−®«®£¨¨ �Šˆˆ á æ¥«ìî �¢â®¬�â¨ç¥áª®£®
ä®à¬¨à®¢�−¨ï £¨¯®â¥§ ¬®¦¥â ¡ëâì ¢¥áì¬� íää¥ªâ¨¢−®.

4 Использование CHAID в задаче поиска аномалий

‚ â¥å−®«®£¨¨ �Šˆˆ ¨¬¥¥âáï ¯®âà¥¡−®áâì ¢ ¬¥å�−¨§¬¥ �¢â®¬�â¨ç¥áª®£®
¯®¨áª� �−®¬�«¨© ¢ ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¤�−−ëå [15]. �â� ¯®âà¥¡−®áâì ®¡ê-
ïá−ï¥âáï â¥¬, çâ® à�¡®â� ¨áá«¥¤®¢�â¥«ï −� ¢â®à®¬ íâ�¯¥ ¨áá«¥¤®¢�−¨ï á®áâ®¨â
¢ á®¯®áâ�¢«¥−¨¨ ¢ëï¢«¥−−ëå ä�ªâ®¢ á à¥£«�¬¥−â¨àãîé¨¬¨ ¯à�¢¨«�¬¨, §�ª®−�-
¬¨, âà�¤¨æ¨ï¬¨ ¨ â. ¯. (−®à¬�«ï¬¨) ¨ ¬¥¦¤ã á®¡®© á æ¥«ìî ¢§�¨¬®ã¢ï§ë¢�−¨ï
¨ à�§à¥è¥−¨ï ¯à®â¨¢®à¥ç¨©. �à®â¨¢®à¥ç¨¥ ¢ íâ®¬ á«ãç�¥ à�áá¬�âà¨¢�¥âáï ª�ª
¯®â¥−æ¨�«ì−®¥, ¯®áª®«ìªã ¢ à¥§ã«ìâ�â¥ ¯à®¢¥àª¨ ¯®«ì§®¢�â¥«¥¬ ¤�−−®¥ á®ç¥â�−¨¥
ä�ªâ®¢ ¬®¦¥â −�©â¨ ª�ª®¥-â® à�æ¨®−�«ì−®¥ ®¡êïá−¥−¨¥. �®íâ®¬ã ¢¬¥áâ® ¯à®â¨-
¢®à¥ç¨ï á«¥¤ã¥â £®¢®à¨âì ®¡ ®¡−�àã¦¥−¨¨ �−®¬�«ì−®£® á®ç¥â�−¨ï ä�ªâ®¢ ¨«¨ ®¡
�−®¬�«ì−®¬ ®¡ê¥ªâ¥, �âà¨¡ãâ�¬¨ ª®â®à®£® ¢ëáâã¯�îâ à�áá¬�âà¨¢�¥¬ë¥ ä�ªâë.
�¢â®¬�â¨ç¥áª�ï ®¡à�¡®âª� â¥ªáâ®¢ëå ¨áâ®ç−¨ª®¢ ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¤�−-
−ëå ¬®¦¥â ¯®à®¦¤�âì ¡®«ìè®¥ ç¨á«® ã§«®¢ á¥¬�−â¨ç¥áª®© á¥â¨, àãç−®© ¯®¨áª
�−®¬�«¨© ¢ ª®â®à®© ¬®¦¥â ¡ëâì ®ç¥−ì âàã¤®¥¬®ª. �®íâ®¬ã ¢ [16] ¡ë« ¯à¥¤«®-
¦¥− ¨ ¯à®à�¡®â�− ¯®¤å®¤ ª �¢â®¬�â¨ç¥áª®¬ã ¯®¨áªã �−®¬�«¨©, ®á−®¢�−−ë© −�
ª«�áâ¥à−®¬ �−�«¨§¥. ‚ëï¢«¥−¨¥ �−®¬�«¨© ¯à¨ íâ®¬ ®áãé¥áâ¢«ï¥âáï ¢ à¥¦¨¬¥
Unsupervised ¨ áâà®¨âáï −� ®¤−®¬ ¨§ á«¥¤ãîé¨å ¯à¥¤¯®«®¦¥−¨©:
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�à¨¬¥−¥−¨¥ �«£®à¨â¬� CHAID ¢ â¥å−®«®£¨¨ �Šˆˆ

{ −®à¬�«ì−ë¥ íª§¥¬¯«ïàë ¤�−−ëå ®â−®áïâáï ª ª«�áâ¥àã ¤�−−ëå, ¢ â® ¢à¥¬ï
ª�ª �−®¬�«¨¨ −¥ ¯à¨−�¤«¥¦�â −¨ ª ®¤−®¬ã ¨§ ª«�áâ¥à®¢;

{ −®à¬�«ì−ë¥ ¤�−−ë¥ ¡«¨¦¥ ª æ¥−âàã ª«�áâ¥à�, � �−®¬�«ì−ë¥ | §−�ç¨â¥«ì−®
¤�«ìè¥.

„�−−ë© ¯®¤å®¤ ¯®§¢®«ï¥â íää¥ªâ¨¢−® −�å®¤¨âì �−®¬�«¨¨ ¢ ã§«�å á¥¬�−â¨ç¥-
áª®© á¥â¨, ¯à¥¤−�§−�ç¥−−®© ¤«ï åà�−¥−¨ï ª®−ªà¥â−®-¨áâ®à¨ç¥áª®© ¨−ä®à¬�æ¨¨
¢ â¥å−®«®£¨¨ �Šˆˆ, −® −¥ ¯®à®¦¤�¥â ¨−ä®à¬�æ¨¨ ® ¯à¥¤¯®«�£�¥¬ëå −¥�−®¬�«ì-
−ëå §−�ç¥−¨ïå â�ª¨å ã§«®¢. „�−−�ï ¨−ä®à¬�æ¨ï ¡ë«� ¡ë ¯®«¥§−� ¯®«ì§®¢�â¥«î
â¥å−®«®£¨¨, ¯®áª®«ìªã ¨§-§� á¯¥æ¨ä¨ª¨ ª®−ªà¥â−®-¨áâ®à¨ç¥áª®£® ¨áá«¥¤®¢�−¨ï
¢ëï¢«¥−¨¥ ¯à®â¨¢®à¥ç¨ï ¢¬¥áâ® áã¦¥−¨ï ®¡ê¥¬� ¨−ä®à¬�æ¨¨ ¤�¥â ¨¬¯ã«ìá −®¢®©
¨â¥à�æ¨¨ ¯®¨áª�, ¤«ï ç¥£® −¥®¡å®¤¨¬ á®®â¢¥âáâ¢ãîé¨© ®à¨¥−â¨à. �à¨¬¥−¥−¨¥
¬¥â®¤� ¨¬¯ãâ�æ¨¨ −� ®á−®¢¥ �«£®à¨â¬� CHAID ª �−®¬�«ì−ë¬ ã§«�¬, ¢ëï¢«¥−-
−ë¬ á ¯®¬®éìî ¬¥â®¤� ª«�áâ¥à¨§�æ¨¨, ¯®§¢®«ï¥â ¯®«ãç¨âì ¯à¥¤¯®«�£�¥¬ë¥
−¥�−®¬�«ì−ë¥ §−�ç¥−¨ï ¤�−−ëå ã§«®¢.

Šà®¬¥ â®£®, ª�ª ¯®ª�§�−® ¢ [17], ¬¥â®¤ë ¤¥à¥¢ì¥¢ ª«�áá¨ä¨ª�æ¨¨, ª ª®â®-
àë¬ ®â−®á¨âáï �«£®à¨â¬ CHAID, â�ª¦¥ ¯®§¢®«ïîâ à¥è�âì §�¤�ç¨ ¢ëï¢«¥−¨ï
�−®¬�«¨© ¢ ¤�−−ëå. �−®¬�«ì−ë¬ §−�ç¥−¨ï¬ á¢®©áâ¢¥−−® ®ª�§ë¢�âìáï ¢ «¨áâìïå
á −¥¡®«ìè®© £«ã¡¨−®©, â®£¤� ª�ª ¤«ï à�§¡¨¥−¨ï ª«�áâ¥à� −®à¬�«ì−ëå ¤�−−ëå
£¨¯¥à¯«®áª®áâï¬¨ ¤¥à¥¢ã âà¥¡ã¥âáï ¯®áâà®¨âì ¥é¥ −¥áª®«ìª® ãà®¢−¥©, ç¨á«®
ª®â®àëå ¯à®¯®àæ¨®−�«ì−® à�§¬¥àã ª«�áâ¥à�; á«¥¤®¢�â¥«ì−®, ¯à®¯®àæ¨®−�«ì−�
¨ ®æ¥−ª� ¤«ï «¥¦�é¨å ¢ −¥¬ â®ç¥ª. ’�ª¨¬ ®¡à�§®¬, ª«�áâ¥àë ¬�«ëå à�§¬¥à®¢,
¯®â¥−æ¨�«ì−® ®â−®áïé¨¥áï ª �−®¬�«ì−ë¬, ¡ã¤ãâ á®áâ®ïâì ¨§ ®¡ê¥ªâ®¢ á ¡®«¥¥
−¨§ª®© ®æ¥−ª®©, ç¥¬ ®¡ê¥ªâë ¨§ ª«�áâ¥à®¢ −®à¬�«ì−ëå ¤�−−ëå. ’�ª®© ¬¥â®¤ �¢-
â®¬�â¨ç¥áª®£® ¢ëï¢«¥−¨ï �−®¬�«¨© ¬®¦¥â ¯à¨¬¥−ïâìáï ¢ â¥å−®«®£¨¨ �Šˆˆ ª�ª
¤®¯®«−¨â¥«ì−ë© ¯® ®â−®è¥−¨î ª ¬¥â®¤ã, ®á−®¢�−−®¬ã −� ª«�áâ¥à−®¬ �−�«¨§¥.

5 Выводы

ˆ−â¥£à�æ¨ï ¢ â¥å−®«®£¨î �Šˆˆ ¬¥å�−¨§¬� �¢â®¬�â¨ç¥áª®£® ä®à¬¨à®¢�−¨ï
£¨¯®â¥§ë ® §−�ç¥−¨¨ ã§«� á¥¬�−â¨ç¥áª®© á¥â¨, á®®â¢¥âáâ¢ãîé¥¬ã «�ªã−¥ ¢ −�¡®à¥
ä�ªâ®¢, ®¯¨áë¢�îé¨å ®¡ê¥ªâ ¨áá«¥¤®¢�−¨ï, −� ¡�§¥ �«£®à¨â¬� CHAID ¬®¦¥â
áãé¥áâ¢¥−−® ã¯à®áâ¨âì ¨ ¯®¢ëá¨âì íää¥ªâ¨¢−®áâì â�ª®© àãç−®© −¥ä®à¬�«ì−®©
¯à®æ¥¤ãàë, §�¢¨áïé¥© ¨áª«îç¨â¥«ì−® ®â ®¯ëâ� ¨ ª¢�«¨ä¨ª�æ¨¨ ¨áá«¥¤®¢�â¥-
«ï, ª�ª ¢ë¡®à −�¯à�¢«¥−¨ï ¯®¨áª� ¯à¨ ¯à®¢¥¤¥−¨¨ ª®−ªà¥â−®-¨áâ®à¨ç¥áª®£®
¨áá«¥¤®¢�−¨ï.

„®¯®«−¨â¥«ì−®¥ ¯à¥¨¬ãé¥áâ¢® ¨á¯®«ì§®¢�−¨ï �«£®à¨â¬� CHAID ¢ â¥å−®-
«®£¨¨ �Šˆˆ §�ª«îç�¥âáï ¢ à�§¢¨â¨¨ −� ¥£® ®á−®¢¥ ¬¥å�−¨§¬� �¢â®¬�â¨ç¥áª®£®
¢ëï¢«¥−¨ï �−®¬�«¨© ¢ ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¤�−−ëå.

�ªâã�«ì−®áâì ¤�«ì−¥©è¥£® à�§¢¨â¨ï ¢ à�áá¬®âà¥−−®¬ −�¯à�¢«¥−¨¨ â¥å−®«®-
£¨¨ �Šˆˆ, ®à¨¥−â¨à®¢�−−®© −� è¨à®ª¨© ªàã£ −¥ ®â−®áïé¨åáï ª ¯à®ä¥áá¨®-
−�«ì−ë¬ ¨áâ®à¨ª�¬ ¨ ¡¨®£à�ä�¬ ¯®«ì§®¢�â¥«¥©, ¢ëâ¥ª�¥â ¨§ ¢á¥ ¢®§à�áâ�îé¥£®
®¡é¥áâ¢¥−−®£® ¨−â¥à¥á� ª ç�áâ−®©, á¥¬¥©−®© ¨áâ®à¨¨.
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APPLICATION OF THE CHAID ALGORITHM
IN THE TECHNOLOGY OF CONCRETE HISTORICAL

INVESTIGATION SUPPORT

I. M. Adamovich and O. I. Volkov

Federal Research Center \Computer Science and Control" of the Russian Academy
of Sciences, 44-2 Vavilov Str., Moscow 119133, Russian Federation

Abstract: The article continues the series of works devoted to the technology
of concrete historical investigation support. The technology is based on the
principles of co-creation and crowdsourcing and is designed for a wide range of
users which are not professional historians and biographers. The article is devoted
to the application of the decision tree method based on the CHAID algorithm
to automatically fill information gaps in the set of historical facts in order to
determine potentially promising areas of research. The algorithm is described and
the reliability of its results with a high proportion of missing values in the data
is evaluated. The proportion of lacunas in the main sources of multiple facts is
estimated and the conclusion of the applicability in principle and the effectiveness
of the algorithm is made taking into account the specifics of the technology. It is
also shown that the CHAID algorithm develops and supplements the means of
anomalies in concrete historical data detecting existing in the technology.

Keywords: concrete historical investigation; distributed technology; CHAID
algorithm; missing data; anomalies
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¯à®ä¥áá®à, £«�¢−ë© −�ãç−ë© á®âàã¤−¨ª ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−â-
à� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

ˆ«ì¨− ‚«�¤¨¬¨à „¬¨âà¨¥¢¨ç (à. 1937) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¯à®ä¥áá®à,
¢¥¤ãé¨© −�ãç−ë© á®âàã¤−¨ª ‚ëç¨á«¨â¥«ì−®£® æ¥−âà� ¨¬. �. �. „®à®¤−¨æë−�
”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®á-
á¨©áª®© �ª�¤¥¬¨¨ −�ãª

ˆ®−¥−ª®¢ āà¨© ‘¥à£¥¥¢¨ç (à. 1956) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, áâ�àè¨©
−�ãç−ë© á®âàã¤−¨ª ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

Š¨à¨ª®¢ ˆ£®àì �«¥ªá�−¤à®¢¨ç (à. 1955) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, ¤¨-
à¥ªâ®à Š�«¨−¨−£à�¤áª®£® ä¨«¨�«� ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà�
úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

Šã«ìç¥−ª®¢ ‚«�¤¨á«�¢ ‚«�¤¨¬¨à®¢¨ç (à. 1989) | àãª®¢®¤¨â¥«ì á«ã¦¡ë ¬®-
−¨â®à¨−£� à¨áª®¢ ��−ª� ‚’� (���)

�¨ª¨â¥−ª®¢� ‘¢¥â«�−� ��¢«®¢−� (à. 1968) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª,
¤®æ¥−â ª�ä¥¤àë ú�¥§®¯�á−®áâì ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬û ��æ¨®−�«ì−®£® ¨á-
á«¥¤®¢�â¥«ìáª®£® �¨¦¥£®à®¤áª®£® £®áã¤�àáâ¢¥−−®£® ã−¨¢¥àá¨â¥â� ¨¬. �. ˆ. ‹®-
¡�ç¥¢áª®£®

�¨ª¨è¨− „¬¨âà¨© �«¥ªá�−¤à®¢¨ç (à. 1976) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª,
¢¥¤ãé¨© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£®
¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª

�à«®¢ ƒ¥®à£¨© �«¥ªá�−¤à®¢¨ç (à. 1994) | áâ�àè¨© −�ãç−ë© á®âàã¤−¨ª ”¥¤¥-
à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®©
�ª�¤¥¬¨¨ −�ãª

÷®§¥−¡¥à£ ˆ£®àì ��ã¬®¢¨ç (à. 1965) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¯à®ä¥áá®à,
ç«¥−-ª®àà¥á¯®−¤¥−â ÷��, −�ãç−ë© àãª®¢®¤¨â¥«ì ��ãç−®-¨áá«¥¤®¢�â¥«ìáª®£®
¨ ¯à®¥ªâ−®-ª®−áâàãªâ®àáª®£® ¨−áâ¨âãâ� ¨−ä®à¬�â¨§�æ¨¨, �¢â®¬�â¨§�æ¨¨ ¨ á¢ï§¨
−� ¦¥«¥§−®¤®à®¦−®¬ âà�−á¯®àâ¥

÷ã¬®¢áª�ï ‘®ä¨ï �®à¨á®¢−� (à. 1985) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, áâ�àè¨©
−�ãç−ë© á®âàã¤−¨ª Š�«¨−¨−£à�¤áª®£® ä¨«¨�«� ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ì-
áª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

‘¬¨à−®¢ „¬¨âà¨© ‚«�¤¨¬¨à®¢¨ç (à. 1984) | ¡¨§−¥á-¯�àâ−¥à ¯® ˆ’ ¤¥¯�àâ�-
¬¥−â� ¡¥§®¯�á−®áâ¨ ��� ú‘¡¥à¡�−ª ÷®áá¨¨û

‘â¥¯ç¥−ª®¢ „¬¨âà¨© āàì¥¢¨ç (à. 1973) | áâ�àè¨© −�ãç−ë© á®âàã¤−¨ª ”¥¤¥-
à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®©
�ª�¤¥¬¨¨ −�ãª

‘â¥¯ç¥−ª®¢ āà¨© �ä�−�áì¥¢¨ç (à. 1951) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, §�¢¥-
¤ãîé¨© ®â¤¥«®¬, ¢¥¤ãé¨© −�ãç−ë© á®âàã¤−¨ª ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£®
æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
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�¡ �¢â®à�å

‘ãçª®¢ �«¥ªá�−¤à ��¢«®¢¨ç (à. 1954) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¢¥¤ãé¨©
−�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�-
â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
’¨¬®−¨−� …«¥−� …¢£¥−ì¥¢−� (à. 1952) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¯à®ä¥áá®à,
¢¥¤ãé¨© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£®
¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª
”¨«¨¯¯áª¨å ‘¥à£¥© ‹¥®−¨¤®¢¨ç (à. 1987) | ¬«�¤è¨© −�ãç−ë© á®âàã¤−¨ª
�à«®¢áª®£® ä¨«¨�«� ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
—¨â�«®¢ „¬¨âà¨© ˆ¢�−®¢¨ç (à. 1989) | ¬«�¤è¨© −�ãç−ë© á®âàã¤−¨ª ā¦−®-
“à�«ìáª®£® ä¥¤¥à�«ì−®£® −�ãç−®£® æ¥−âà� ¬¨−¥à�«®£¨¨ ¨ £¥®íª®«®£¨¨ “à�«ì-
áª®£® ®â¤¥«¥−¨ï ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
˜®à£¨− ‘¥à£¥© Ÿª®¢«¥¢¨ç (à. 1952) | ¤®ªâ®à ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å −�ãª,
¯à®ä¥áá®à, £«�¢−ë© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥-
à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®©
�ª�¤¥¬¨¨ −�ãª
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�à�¢¨«� ¯®¤£®â®¢ª¨ àãª®¯¨á¥© áâ�â¥© ¤«ï ¯ã¡«¨ª�æ¨¨
¢ ¦ãà−�«¥ ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û

†ãà−�« ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û ¯ã¡«¨ªã¥â â¥®à¥â¨ç¥áª¨¥, ®¡§®à−ë¥
¨ ¤¨áªãáá¨®−−ë¥ áâ�âì¨, ¯®á¢ïé¥−−ë¥ −�ãç−ë¬ ¨áá«¥¤®¢�−¨ï¬ ¨ à�§à�¡®âª�¬ ¢ ®¡«�áâ¨
¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©.

†ãà−�« ¨§¤�¥âáï −� àãááª®¬ ï§ëª¥. �® á¯¥æ¨�«ì−®¬ã à¥è¥−¨î à¥¤ª®««¥£¨¨
®â¤¥«ì−ë¥ áâ�âì¨ ¬®£ãâ ¯¥ç�â�âìáï −� �−£«¨©áª®¬ ï§ëª¥.

’¥¬�â¨ª� ¦ãà−�«� ®å¢�âë¢�¥â á«¥¤ãîé¨¥ −�¯à�¢«¥−¨ï:

{ ¨−ä®à¬�æ¨®−−®-â¥«¥ª®¬¬ã−¨ª�æ¨®−−ë¥ á¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨å ¯®áâà®¥−¨ï;

{ �àå¨â¥ªâãà� ¨ ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ ¢ëç¨á«¨â¥«ì−ëå ¬�è¨−, ª®¬¯«¥ªá®¢ ¨ á¥-
â¥©;

{ ¬¥â®¤ë ¨ áà¥¤áâ¢� §�é¨âë ¨−ä®à¬�æ¨¨.

1. ‚ ¦ãà−�«¥ ¯¥ç�â�îâáï áâ�âì¨, á®¤¥à¦�é¨¥ à¥§ã«ìâ�âë, à�−¥¥ −¥ ®¯ã¡«¨ª®¢�−−ë¥
¨ −¥ ¯à¥¤−�§−�ç¥−−ë¥ ª ®¤−®¢à¥¬¥−−®© ¯ã¡«¨ª�æ¨¨ ¢ ¤àã£¨å ¨§¤�−¨ïå.

�ã¡«¨ª�æ¨ï ¯à¥¤®áâ�¢«¥−−®© �¢â®à®¬(�¬¨) àãª®¯¨á¨ −¥ ¤®«¦−� −�àãè�âì ¯®«®¦¥-
−¨© £«�¢ 69, 70 à�§¤¥«� VII ç�áâ¨ IV ƒà�¦¤�−áª®£® ª®¤¥ªá�, ª®â®àë¥ ®¯à¥¤¥«ïîâ
¯à�¢� −� à¥§ã«ìâ�âë ¨−â¥««¥ªâã�«ì−®© ¤¥ïâ¥«ì−®áâ¨ ¨ áà¥¤áâ¢� ¨−¤¨¢¨¤ã�«¨§�æ¨¨,
¢ â®¬ ç¨á«¥ �¢â®àáª¨¥ ¯à�¢�, ¢ ÷”.

�â¢¥âáâ¢¥−−®áâì §� −�àãè¥−¨¥ �¢â®àáª¨å ¯à�¢, ¢ á«ãç�¥ ¯à¥¤êï¢«¥−¨ï ¯à¥â¥−§¨©
ª à¥¤�ªæ¨¨ ¦ãà−�«�, −¥áãâ �¢â®àë áâ�â¥©.

��¯à�¢«ïï àãª®¯¨áì ¢ à¥¤�ªæ¨î, �¢â®àë á®åà�−ïîâ á¢®¨ ¯à�¢� −� ¤�−−ãî àãª®-
¯¨áì ¨ ¯à¨ íâ®¬ ¯¥à¥¤�îâ ãçà¥¤¨â¥«ï¬ ¨ à¥¤ª®««¥£¨¨ ¦ãà−�«� −¥¨áª«îç¨â¥«ì−ë¥
¯à�¢� −� ¨§¤�−¨¥ áâ�âì¨ −� àãááª®¬ ï§ëª¥ (¨«¨ −� ï§ëª¥ áâ�âì¨, ¥á«¨ ®− ®â«¨ç¥−
®â àãááª®£®) ¨ −� ¯¥à¥¢®¤ ¥¥ −� �−£«¨©áª¨© ï§ëª, � â�ª¦¥ −� ¥¥ à�á¯à®áâà�-
−¥−¨¥ ¢ ÷®áá¨¨ ¨ §� àã¡¥¦®¬. Š�¦¤ë© �¢â®à ¤®«¦¥− ¯à¥¤áâ�¢¨âì ¢ à¥¤�ªæ¨î
¯®¤¯¨á�−−ë© á ¥£® áâ®à®−ë ú‹¨æ¥−§¨®−−ë© ¤®£®¢®à ® ¯¥à¥¤�ç¥ −¥¨áª«îç¨â¥«ì-
−ëå ¯à�¢ −� ¨á¯®«ì§®¢�−¨¥ ¯à®¨§¢¥¤¥−¨ïû, â¥ªáâ ª®â®à®£® à�§¬¥é¥− ¯® �¤à¥áã
http://www.ipiran.ru/publications/licence.doc. �â®â ¤®£®¢®à ¬®¦¥â ¡ëâì ¯à¥¤áâ�¢-
«¥− ¢ ¡ã¬�¦−®¬ (¢ 2-å íª§.) ¨«¨ ¢ í«¥ªâà®−−®¬ ¢¨¤¥ (®âáª�−¨à®¢�−−�ï ª®¯¨ï
§�¯®«−¥−−®£® ¨ ¯®¤¯¨á�−−®£® ¤®ªã¬¥−â�).

÷¥¤ª®««¥£¨ï ¢¯à�¢¥ §�¯à®á¨âì ã �¢â®à®¢ íªá¯¥àâ−®¥ §�ª«îç¥−¨¥ ® ¢®§¬®¦−®áâ¨
¯ã¡«¨ª�æ¨¨ ¯à¥¤áâ�¢«¥−−®© áâ�âì¨ ¢ ®âªàëâ®© ¯¥ç�â¨.

2. Š áâ�âì¥ ¯à¨«�£�îâáï ¤�−−ë¥ �¢â®à� (�¢â®à®¢) (á¬. ¯. 8). �à¨ −�«¨ç¨¨ −¥áª®«ìª¨å
�¢â®à®¢ ãª�§ë¢�¥âáï ä�¬¨«¨ï �¢â®à�, ®â¢¥âáâ¢¥−−®£® §� ¯¥à¥¯¨áªã á à¥¤�ªæ¨¥©.

3. ÷¥¤�ªæ¨ï ¦ãà−�«� ®áãé¥áâ¢«ï¥â íªá¯¥àâ¨§ã ¯à¨á«�−−ëå áâ�â¥© ¢ á®®â¢¥âáâ¢¨¨
á ¯à¨−ïâ®© ¢ ¦ãà−�«¥ ¯à®æ¥¤ãà®© à¥æ¥−§¨à®¢�−¨ï.

‚®§¢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
¢ à¥¤�ªæ¨î.

4. ÷¥è¥−¨¥ à¥¤ª®««¥£¨¨ ® ¯ã¡«¨ª�æ¨¨ áâ�âì¨ ¨«¨ ¥¥ ®âª«®−¥−¨¨ á®®¡é�¥âáï �¢â®à�¬.

÷¥¤ª®««¥£¨ï ¬®¦¥â â�ª¦¥ −�¯à�¢¨âì �¢â®à�¬ â¥ªáâ à¥æ¥−§¨¨ −� ¨å áâ�âìî. „¨áªãá-
á¨ï ¯® ¯®¢®¤ã ®âª«®−¥−−ëå áâ�â¥© −¥ ¢¥¤¥âáï.
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�à�¢¨«� ¯®¤£®â®¢ª¨ àãª®¯¨á¥© áâ�â¥©

5. ÷¥¤�ªâãà� áâ�â¥© ¢ëáë«�¥âáï �¢â®à�¬ ¤«ï ¯à®á¬®âà�. ‡�¬¥ç�−¨ï ª à¥¤�ªâãà¥ ¤®«¦-
−ë ¡ëâì ¯à¨á«�−ë �¢â®à�¬¨ ¢ ªà�âç�©è¨¥ áà®ª¨.

6. ÷ãª®¯¨áì ¯à¥¤®áâ�¢«ï¥âáï ¢ í«¥ªâà®−−®¬ ¢¨¤¥ ¢ ä®à¬�â�å MS WORD (.doc ¨«¨
.docx) ¨«¨ LATEX (.tex), ¤®¯®«−¨â¥«ì−® | ¢ ä®à¬�â¥ .pdf, −� ¤¨áª¥â¥, «�§¥à−®¬
¤¨áª¥ ¨«¨ í«¥ªâà®−−®© ¯®çâ®©. �à¥¤®áâ�¢«¥−¨¥ ¡ã¬�¦−®© àãª®¯¨á¨ −¥®¡ï§�â¥«ì−®.

7. �à¨ ¯®¤£®â®¢ª¥ àãª®¯¨á¨ ¢ MS Word à¥ª®¬¥−¤ã¥âáï ¨á¯®«ì§®¢�âì á«¥¤ãîé¨¥
−�áâà®©ª¨.

��à�¬¥âàë áâà�−¨æë: ä®à¬�â | �4; ®à¨¥−â�æ¨ï | ª−¨¦−�ï; ¯®«ï (á¬): ¢−ãâà¨ |
2,5, á−�àã¦¨ | 1,5, á¢¥àåã ¨ á−¨§ã | 2, ®â ªà�ï ¤® −¨¦−¥£® ª®«®−â¨âã«� | 1,3.

�á−®¢−®© â¥ªáâ: áâ¨«ì | ú�¡ëç−ë©û, èà¨äâ | Times New Roman, à�§¬¥à |
14 ¯ã−ªâ®¢, �¡§�æ−ë© ®âáâã¯ | 0,5 á¬, 1,5 ¨−â¥à¢�«�, ¢ëà�¢−¨¢�−¨¥ | ¯® è¨à¨−¥.

÷¥ª®¬¥−¤ã¥¬ë© ®¡ê¥¬ àãª®¯¨á¨ | −¥ á¢ëè¥ 10 áâà�−¨æ ãª�§�−−®£® ä®à¬�â�.
�à¨ ¯à¥¢ëè¥−¨¨ ãª�§�−−®£® ®¡ê¥¬� à¥¤ª®««¥£¨ï ¢¯à�¢¥ ¯®âà¥¡®¢�âì ®â �¢â®à�
á®ªà�é¥−¨ï ®¡ê¥¬� àãª®¯¨á¨.

‘®ªà�é¥−¨ï á«®¢, ¯®¬¨¬® áâ�−¤�àâ−ëå, −¥ ¤®¯ãáª�îâáï. „®¯ãáª�¥âáï ¬¨−¨¬�«ì−®¥
ª®«¨ç¥áâ¢® �¡¡à¥¢¨�âãà.

‚á¥ áâà�−¨æë àãª®¯¨á¨ −ã¬¥àãîâáï.

˜�¡«®−ë ¯à¨¬¥à®¢ ®ä®à¬«¥−¨ï ¯à¥¤áâ�¢«¥−ë ¢ ˆ−â¥à−¥â¥:

http://www.ipiran.ru/publications/collected/template.doc

8. ‘â�âìï ¤®«¦−� á®¤¥à¦�âì á«¥¤ãîéãî ¨−ä®à¬�æ¨î −� àãááª®¬ ¨ �−£«¨©áª®¬
ï§ëª�å:

{ −�§¢�−¨¥ áâ�âì¨;
{ ”.ˆ.�. �¢â®à®¢, −� �−£«¨©áª®¬ ¬®¦−® â®«ìª® ¨¬ï ¨ ä�¬¨«¨î;
{ ¬¥áâ® à�¡®âë, á ãª�§�−¨¥¬ £®à®¤� ¨ áâà�−ë ¨ í«¥ªâà®−−®£® �¤à¥á� ª�¦¤®£®

�¢â®à�;
{ á¢¥¤¥−¨ï ®¡ �¢â®à�å, ¢ á®®â¢¥âáâ¢¨¨ á ä®à¬�â®¬, ®¡à�§æë ª®â®à®£® ¯à¥¤áâ�¢«¥−ë

−� áâà�−¨æ�å:
http://www.ipiran.ru/journal/collected/2019 29 03 rus/authors.asp ¨
http://www.ipiran.ru/journal/collected/2019 29 03 eng/authors.asp;

{ �−−®â�æ¨ï (−¥ ¬¥−¥¥ 100 á«®¢ −� ª�¦¤®¬ ¨§ ï§ëª®¢). �−−®â�æ¨ï | íâ® ªà�âª®¥
à¥§î¬¥ à�¡®âë, ª®â®à®¥ ¬®¦¥â ¯ã¡«¨ª®¢�âìáï ®â¤¥«ì−®. �−� ï¢«ï¥âáï ®á−®¢-
−ë¬ ¨áâ®ç−¨ª®¬ ¨−ä®à¬�æ¨¨ ¢ ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬�å ¨ ¡�§�å ¤�−−ëå.
�−£«¨©áª�ï �−−®â�æ¨ï ¤®«¦−� ¡ëâì ®à¨£¨−�«ì−®©, ¬®¦¥â −¥ ¡ëâì ¤®á«®¢−ë¬
¯¥à¥¢®¤®¬ àãááª®£® â¥ªáâ� ¨ ¤®«¦−� ¡ëâì −�¯¨á�−� å®à®è¨¬ �−£«¨©áª¨¬ ï§ë-
ª®¬. ‚ �−−®â�æ¨¨ −¥ ¤®«¦−® ¡ëâì ááë«®ª −� «¨â¥à�âãàã ¨, ¯® ¢®§¬®¦−®áâ¨,
ä®à¬ã«;

{ ª«îç¥¢ë¥ á«®¢� | ¦¥«�â¥«ì−® ¨§ ¯à¨−ïâëå ¢ ¬¨à®¢®© −�ãç−®-â¥å−¨ç¥áª®©
«¨â¥à�âãà¥ â¥¬�â¨ç¥áª¨å â¥§�ãàãá®¢. �à¥¤«®¦¥−¨ï −¥ ¬®£ãâ ¡ëâì ª«îç¥¢ë¬¨
á«®¢�¬¨.

{ ¨áâ®ç−¨ª¨ ä¨−�−á¨à®¢�−¨ï à�¡®âë (ááë«ª¬ −� £à�−âë, ¯à®¥ªâë, ¯®¤¤¥à¦¨¢�-
îé¨¥ ®à£�−¨§�æ¨¨ ¨ â. ¯.

9. ’à¥¡®¢�−¨ï ª á¯¨áª�¬ «¨â¥à�âãàë.
‘áë«ª¨ −� «¨â¥à�âãàã ¢ â¥ªáâ¥ áâ�âì¨ −ã¬¥àãîâáï (¢ ª¢�¤à�â−ëå áª®¡ª�å) ¨ à�á¯®-
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