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К 40-ЛЕТИЮ ВЫХОДА ПОСТАНОВЛЕНИЙ ЦК КПСС И СОВЕТА
МИНИСТРОВ СССР О ДАЛЬНЕЙШЕМ РАЗВИТИИ РАБОТ

В ОБЛАСТИ ВЫЧИСЛИТЕЛЬНОЙ ТЕХНИКИ,
В ТОМ ЧИСЛЕ В АКАДЕМИИ НАУК СССР

В. Н. Захаров1

�−−®â�æ¨ï: ‚ 2023 £. ¨á¯®«−ï¥âáï 40 «¥â á ¬®¬¥−â� ®¡à�§®¢�−¨ï ˆ−áâ¨âãâ�
¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ �� ‘‘‘÷, ¢ −�áâ®ïé¥¥ ¢à¥¬ï ¢å®¤ïé¥£® ¢ á®áâ�¢ ”¥-
¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷��.
ˆ−áâ¨âãâ ¡ë« ®¡à�§®¢�− ¢ á®®â¢¥âáâ¢¨¨ á �®áâ�−®¢«¥−¨¥¬ –Š Š�‘‘ ¨ ‘®-
¢¥â� Œ¨−¨áâà®¢ (‘Œ) ‘‘‘÷ ¨ �®áâ�−®¢«¥−¨¥¬ ‘®¢¥â� Œ¨−¨áâà®¢ ‘‘‘÷
®â 29 ¨î«ï 1983 £. ‚ áâ�âì¥ à�áá¬�âà¨¢�¥âáï −¥ª®â®à�ï ¯à¥¤ëáâ®à¨ï à�§¢¨â¨ï
¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨ ¢ ‘‘‘÷ ¤® ¢ëå®¤� íâ¨å ¯®áâ�−®¢«¥−¨©, ¢®§¢à�é¥-
−¨¥ â¥¬�â¨ª¨ à�¡®â ¯® ¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¥ ¨ ¨−ä®à¬�â¨ª¥ ¢ �� ‘‘‘÷,
á®§¤�−¨¥ �â¤¥«¥−¨ï ¨−ä®à¬�â¨ª¨, ¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨ ¨ �¢â®¬�â¨§�æ¨¨
�� ‘‘‘÷, ®á−®¢−ë¥ ¯®«®¦¥−¨ï ¯®áâ�−®¢«¥−¨©. �à¨¢¥¤¥−ë â�ª¦¥ ªà�âª¨¥
á¢¥¤¥−¨ï ® à�§¢¨â¨¨ ˆ�ˆ�� ®â ¬®¬¥−â� á®§¤�−¨ï ¤® −�áâ®ïé¥£® ¢à¥¬¥−¨.

Š«îç¥¢ë¥ á«®¢�: ¢ëç¨á«¨â¥«ì−�ï â¥å−¨ª�; ¨−ä®à¬�â¨ª�; �� ‘‘‘÷; –Š
Š�‘‘; ‘®¢¥â Œ¨−¨áâà®¢ ‘‘‘÷; ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨
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1 Введение

‚ ‘‘‘÷ ¨áá«¥¤®¢�−¨ï ¢ ®¡«�áâ¨ á®§¤�−¨ï í«¥ªâà®−−ëå ¢ëç¨á«¨â¥«ì−ëå
¬�è¨− (�‚Œ) −�ç�«¨áì ¢ ª®−æ¥ 1940-å ££. �¥à¢®¥ ¢ ‘‘‘÷ �¢â®àáª®¥ á¢¨-
¤¥â¥«ìáâ¢® −� ¨§®¡à¥â¥−¨¥ �¢â®¬�â¨ç¥áª®© æ¨äà®¢®© ¢ëç¨á«¨â¥«ì−®© ¬�è¨−ë
(�–‚Œ) −� ¨¬ï ˆ. ‘. �àãª� ¨ �. ˆ. ÷�¬¥¥¢� ¡ë«® ¤�â¨à®¢�−® 4 ¤¥ª�¡àï 1948 £.
(¯à¨®à¨â¥â) ¨ ¢ë¤�−® 16 ä¥¢à�«ï 1950 £. ‘®§¤�−¨¥ ¯¥à¢ëå ¢ ‘‘‘÷ �‚Œ |
Œ1 (ˆ. �àãª�) ¨ Œ�‘Œ (¬�«�ï í«¥ªâà®−−�ï áç¥â−�ï ¬�è¨−�) (‘. ‹¥¡¥¤¥¢�) |
¤�â¨àã¥âáï 1951 £. [1]. ‚ 1950-¥ ££. �ªâ¨¢−® −�ç�«¨áì à�¡®âë ¢ ®¡«�áâ¨ à�§-
à�¡®âª¨ −®¢ëå ¬®¤¥«¥© �‚Œ ¨ ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï ¤«ï −¨å. �¥à¢ë¥
®â¥ç¥áâ¢¥−−ë¥ ¬�è¨−ë á®§¤�¢�«¨áì ¢ �ª�¤¥¬¨ç¥áª¨å ¨−áâ¨âãâ�å. ‚ Œ®áª¢¥
à�¡®âë ¢¥«¨áì ¯®¤ àãª®¢®¤áâ¢®¬ ç«¥−�-ª®àà¥á¯®−¤¥−â� �� ‘‘‘÷ ˆ. ‘. �àãª�
á−�ç�«� ¢ �−¥à£¥â¨ç¥áª®¬ ¨−áâ¨âãâ¥ �� ‘‘‘÷ (��ˆ�), £¤¥ ®− ®à£�−¨§®¢�«
‹�¡®à�â®à¨î í«¥ªâà®á¨áâ¥¬ ¨ −�ç�« ¨áá«¥¤®¢�−¨ï ¢ ®¡«�áâ¨ à�áç¥â®¢ ¬®é−ëå
í−¥à£¥â¨ç¥áª¨å á¨áâ¥¬. ‚ 1956 £. −� ¡�§¥ ‹�¡®à�â®à¨¨ í«¥ªâà®á¨áâ¥¬ ��ˆ�
�� ‘‘‘÷ ¤«ï à�§à�¡®âª¨ í«¥ªâà®−−®-¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨ ¡ë«� ®¡à�§®-

1”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª, vzakharov@ipiran.ru
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Š 40-«¥â¨î ¢ëå®¤� ¯®áâ�−®¢«¥−¨© –Š Š�‘‘ ¨ ‘®¢¥â� Œ¨−¨áâà®¢ ‘‘‘÷

¢�−� á�¬®áâ®ïâ¥«ì−�ï ‹�¡®à�â®à¨ï ã¯à�¢«ïîé¨å ¬�è¨− ¨ á¨áâ¥¬ (‹“Œ‘) ��
‘‘‘÷ ¯®¤ àãª®¢®¤áâ¢®¬ ˆ. ‘. �àãª�. ‚ 1957 £. ®− ¯®áâ�¢¨« −�ãç−ãî ¯à®¡«¥¬ã
ú÷�§à�¡®âª� â¥®à¨¨, ¯à¨−æ¨¯®¢ ¯®áâà®¥−¨ï ¨ ¯à¨¬¥−¥−¨ï á¯¥æ¨�«¨§¨à®¢�−−ëå
¢ëç¨á«¨â¥«ì−ëå ¨ ã¯à�¢«ïîé¨å ¬�è¨−û. „«ï ¥¥ à¥è¥−¨ï 1 ®ªâï¡àï 1958 £.
‹“Œ‘ �� ‘‘‘÷ ¡ë«� ¯à¥®¡à�§®¢�−� ¢ ˆ−áâ¨âãâ í«¥ªâà®−−ëå ã¯à�¢«ïîé¨å
¬�è¨− (ˆ��“Œ) �� ‘‘‘÷, ¤¨à¥ªâ®à®¬ ª®â®à®£® áâ�« ˆ. ‘. �àãª.

‚ Š¨¥¢¥ ¯®¤ àãª®¢®¤áâ¢®¬ �ª�¤¥¬¨ª� �� “‘‘÷ ‘. �. ‹¥¡¥¤¥¢� à�¡®âë
¯® á®§¤�−¨î Œ�‘Œ ¢¥«¨áì ¢ ‹�¡®à�â®à¨¨ ¯® á¯¥æ¬®¤¥«¨à®¢�−¨î ¨ ¢ëç¨á«¨-
â¥«ì−®© â¥å−¨ª¥ ˆ−áâ¨âãâ� í«¥ªâà®â¥å−¨ª¨ �ª�¤¥¬¨¨ −�ãª “ªà�¨−áª®© ‘‘÷.
‚ 1951 £. ‘. �. ‹¥¡¥¤¥¢ ¯¥à¥¥å�« ¢ Œ®áª¢ã, £¤¥ ¯à®¤®«¦¨« à�¡®âã ¢ ˆ−áâ¨âãâ¥
â®ç−®© ¬¥å�−¨ª¨ ¨ ¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨ �� ‘‘‘÷ (ˆ’Œ¨‚’), ª®â®àë©
¢®§£«�¢«ï« á 1953 ¯® 1973 ££.

Šà®¬¥ ã¯®¬ï−ãâëå ¤¢ãå ¨−áâ¨âãâ®¢ ¢ 1950-¥ ££. à�¡®âë, á¢ï§�−−ë¥ ¢ ®á−®¢-
−®¬ á á®§¤�−¨¥¬ áà¥¤áâ¢ ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï �‚Œ, ¢¥«¨áì ¢ æ¥«®¬ àï¤¥
�ª�¤¥¬¨ç¥áª¨å ¨−áâ¨âãâ®¢, â�ª¨å ª�ª ˆ−áâ¨âãâ ¯à¨ª«�¤−®© ¬�â¥¬�â¨ª¨, ‚ëç¨á-
«¨â¥«ì−ë© æ¥−âà �� ‘‘‘÷, ˆ−áâ¨âãâ �¢â®¬�â¨ª¨ ¨ â¥«¥¬¥å�−¨ª¨ �� ‘‘‘÷.

÷�¡®âë ¯® á®§¤�−¨î �¯¯�à�â−ëå áà¥¤áâ¢ ¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨ ¨ á¨á-
â¥¬, ¡�§¨àãîé¨åáï −� íâ¨å áà¥¤áâ¢�å, ¯à®¢®¤¨«¨áì −� ¯à¥¤¯à¨ïâ¨ïå àï¤�
¯à®¬ëè«¥−−ëå ¬¨−¨áâ¥àáâ¢. ‡¤¥áì ¬®¦−® ã¯®¬ï−ãâì ‘¯¥æ¨�«ì−®¥ ª®−áâàãª-
â®àáª®¥ ¡îà® ü 245 (‘Š�-245), ®à£�−¨§®¢�−−®¥ ¢ 1948 £., −� ¡�§¥ ª®â®à®£®
¢ 1958 £. ¡ë« ®¡à�§®¢�− �ˆˆ í«¥ªâà®−−ëå ¬�è¨− Œ¨−à�¤¨®¯à®¬� ‘‘‘÷.
��ãç−®-¯à®¨§¢®¤áâ¢¥−−®¥ ¯à¥¤¯à¨ïâ¨¥ (���) ú÷ã¡¨−û (£. �¥−§�) ¡ë«® ®¡à�-
§®¢�−® �®áâ�−®¢«¥−¨¥¬ ‘Œ ‘‘‘÷ ®â 23.02.1953 ª�ª ä¨«¨�« Œ®áª®¢áª®£®
‘Š�-245. �®áâ�−®¢«¥−¨¥¬ –Š Š�‘‘ ¨ ‘Œ ‘‘‘÷ ®â 06.10.1958 ä¨«¨-
�« ‘Š�-245 ¡ë« ¯à¥®¡à�§®¢�− ¢ �ˆˆ ã¯à�¢«ïîé¨å ¢ëç¨á«¨â¥«ì−ëå ¬�è¨−
(�ˆˆ“‚Œ), � ç¥à¥§ 8 «¥â �à¨ª�§®¬ Œ¨−à�¤¨®¯à®¬� ‘‘‘÷ ®â 24.03.1966
¯¥à¥¨¬¥−®¢�− ¢ �¥−§¥−áª¨© �ˆˆ ¬�â¥¬�â¨ç¥áª¨å ¬�è¨−. ‚ Œ®áª¢¥ à�¡®â�-
«¨ §�¢®¤ áç¥â−ëå �−�«¨â¨ç¥áª¨å ¬�è¨− (‘�Œ) ¨ �ˆˆ‘ç¥â¬�è. ‚ 1957 £.
‡�£®àáª¨© í«¥ªâà®¬¥å�−¨ç¥áª¨© §�¢®¤ ú‡¢¥§¤�û Œ¨−à�¤¨®¯à®¬� ‘‘‘÷ ¡ë«
®¯à¥¤¥«¥− á®à�§à�¡®âç¨ª®¬ ˆ’Œ¨‚’. ‚ 1951 £. −� ¯à�¢¨â¥«ìáâ¢¥−−®¬ ãà®¢−¥
¡ë«® ¯à¨−ïâ® à¥è¥−¨¥ ® áâà®¨â¥«ìáâ¢¥ Š�§�−áª®£® §�¢®¤� ¬�â¥¬�â¨ç¥áª¨å ¬�è¨−
(Š‡ŒŒ), ª®â®àë© ¢®è¥« ¢ ç¨á«® ¯¥à¢ëå ç¥âëà¥å §�¢®¤®¢ ‘‘‘÷ ¯® ¢ë¯ãáªã
�‚Œ. ‘ 1963 £. §�¢®¤ ¡ë« ¯®¤ç¨−¥− Œ¨−à�¤¨®¯à®¬ã ‘‘‘÷ ¨ −�§¢�− Š�§�−-
áª¨¬ §�¢®¤®¬ í«¥ªâà®−−ëå ¢ëç¨á«¨â¥«ì−ëå ¬�è¨− (Š‡�‚Œ). ‚ 1958 £. ¯à¨
Œ¨−áª®¬ §�¢®¤¥ ¬�â¥¬�â¨ç¥áª¨å ¬�è¨− Œ¨−à�¤¨®¯à®¬� ‘‘‘÷ ¡ë«® á®§¤�−®
‘¯¥æ¨�«ì−®¥ ª®−áâàãªâ®àáª®¥ ¡îà® (¢¯®á«¥¤áâ¢¨¨ | �ˆˆ�‚Œ). ‚ ‹¥−¨−£à�¤¥
¢ 1956 £. ¡ë«� á®§¤�−� ‘¯¥æ¨�«ì−�ï «�¡®à�â®à¨ï (‘‹-11) ¢ à�¬ª�å �Š�-998
�¢¨�¯à®¬�, ¯®§¤−¥¥ ¯à¥¢à�â¨¢è�ïáï ¢ Š®−áâàãªâ®àáª®-â¥å−®«®£¨ç¥áª®¥ ¡îà®
ú‘¢¥â«�−�-¬¨ªà®í«¥ªâà®−¨ª�û (Š�‘Œ). ‚ −�ç�«¥ �¢£ãáâ� 1954 £. ¡ë« á®§¤�−
‚ëç¨á«¨â¥«ì−ë© æ¥−âà ü 1 Œ¨−¨áâ¥àáâ¢� ®¡®à®−ë, ª®â®àë© á¯ãáâï 7 «¥â ¡ë«
¯à¥®¡à�§®¢�− ¢ 27 –�ˆˆ Œ� ‘‘‘÷, áë£à�¢è¨© §−�ç¨¬ãî à®«ì ¢ á®§¤�−¨¨
á¨áâ¥¬ −� ¡�§¥ áà¥¤áâ¢ ¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨, ¢ ¯¥à¢ãî ®ç¥à¥¤ì ¢ ¢®¥−−®¬
¯à¨¬¥−¥−¨¨.

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 33 −®¬¥à 3 2023 5



‚. �. ‡�å�à®¢

‚ −�ç�«¥ 1960-å ££. ¢ à�¬ª�å â�ª −�§ë¢�¥¬ëå úåàãé¥¢áª¨å à¥ä®à¬û àãª®-
¢®¤áâ¢® áâà�−ë ¯à¨−ï«® à¥è¥−¨¥, −�¯à�¢«¥−−®¥ −� ú¯à¨¡«¨¦¥−¨¥ −�ãª¨ ª ¯à®-
¨§¢®¤áâ¢ãû. ‡−�ç¨â¥«ì−�ï ç�áâì ¨−áâ¨âãâ®¢ ¡ë¢è¥£® �â¤¥«¥−¨ï â¥å−¨ç¥áª¨å
−�ãª �� ‘‘‘÷ ¡ë«� ¯¥à¥¤�−� ¢ ¯à®¬ëè«¥−−®áâì, áà¥¤¨ ª®â®àëå ¡ë«¨ ¢¥-
¤ãé¨¥ ¨−áâ¨âãâë ¢ ®¡«�áâ¨ ¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨ (ˆ��“Œ, ˆ’Œ¨‚’).
�®áâ¥¯¥−−® ¡ë«� ¨§¬¥−¥−� â¥¬�â¨ª� íâ¨å ¨−áâ¨âãâ®¢ ¢ ãé¥à¡ äã−¤�¬¥−â�«ì−ë¬
¨áá«¥¤®¢�−¨ï¬ ¨ ¯¥àá¯¥ªâ¨¢−ë¬ à�§à�¡®âª�¬. ˆ§¬¥−¨«�áì ¨ ¬®â¨¢�æ¨ï ãç¥−ëå,
à�¡®â�¢è¨å ¢ íâ¨å, â¥¯¥àì ã¦¥ ¯à®¬ëè«¥−−ëå, ¨−áâ¨âãâ�å. �â® à¥è¥−¨¥ ¯à¨-
¢¥«® ª §−�ç¨â¥«ì−®¬ã ®á«�¡«¥−¨î ¯®§¨æ¨© �� ‘‘‘÷ ¯® −�¯à�¢«¥−¨ï¬ −�ãª¨,
á¢ï§�−−ë¬ á ª¨¡¥à−¥â¨ª®© ¨ ¨−ä®à¬�â¨ª®©. �−® ª®á−ã«®áì ¯à¥¦¤¥ ¢á¥£® ÷®á-
á¨©áª®© ”¥¤¥à�æ¨¨, �ª�¤¥¬¨ç¥áª�ï −�ãª� ª®â®à®© ®â®¦¤¥áâ¢«ï«�áì á �� ‘‘‘÷.
÷�¡®âë ¢ ®¡«�áâ¨ ª¨¡¥à−¥â¨ª¨ ¨ ¨−ä®à¬�â¨ª¨ áâ�«¨ à�§¢¨¢�âìáï ¢ íâ® ¢à¥¬ï
¢ �ª�¤¥¬¨ïå −�ãª á®î§−ëå à¥á¯ã¡«¨ª (“ªà�¨−ë, �¥«®àãáá¨¨, �áâ®−¨¨, ‹�â¢¨¨,
‹¨â¢ë, �à¬¥−¨¨, ƒàã§¨¨, “§¡¥ª¨áâ�−�), � â�ª¦¥ ¢ ‘¨¡¨àáª®¬ ¨ „�«ì−¥¢®áâ®ç-
−®¬ ®â¤¥«¥−¨ïå �� ‘‘‘÷, ¡«�£®¤�àï ãá¨«¨ï¬ ¨å ®à£�−¨§�â®à®¢ | �ª�¤¥¬¨ª®¢
Œ. �. ‹�¢à¥−âì¥¢�, ‘. ‹. ‘®¡®«¥¢�, �. �. ‚®à®−®¢� [2].

‚ ª®−æ¥ 1967 £. ¡ë«® ¯à¨−ïâ® �®áâ�−®¢«¥−¨¥ –Š Š�‘‘ ¨ ‘®¢¥â� Œ¨−¨áâà®¢
‘‘‘÷ ü 1180-420 ® à�§¢¨â¨¨ áà¥¤áâ¢ ¯à®¨§¢®¤áâ¢� ¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨
¢ áâà�−¥, ª®â®àë¬ Œ¨−à�¤¨®¯à®¬ã à�§à¥è�«®áì á®§¤�âì ��ãç−®-¨áá«¥¤®¢�â¥«ì-
áª¨© æ¥−âà í«¥ªâà®−−®© ¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨ (�ˆ–�‚’), ª®â®àë© áâ�«
£®«®¢−ë¬ ¯® á®§¤�−¨î á¥¬¥©áâ¢� �‚Œ ú÷ï¤û, ¯®¢â®àï¢è¨å �àå¨â¥ªâãàã ¬�è¨−
IBM.

2 Возвращение исследований в области информатики
и вычислительной техники в Академию наук

Š�ª ã¦¥ ã¯®¬¨−�«®áì ¢ëè¥, −�ç�«® 1960-å ££. ¡ë«® ¯¥à¨®¤®¬, ª®£¤� ¬−®-
£¨¥ �ª�¤¥¬¨ç¥áª¨¥ ¨−áâ¨âãâë ¯¥à¥¢®¤¨«¨áì ¢ ¯à®¬ëè«¥−−ë¥ ¬¨−¨áâ¥àáâ¢�.
�¥ ¨§¡¥¦�« íâ®£® ¨ ˆ��“Œ �� ‘‘‘÷ | ®− ¡ë« ¯¥à¥¤�− ¢ ƒ®áíª®−®¬-
á®¢¥â ‘‘‘÷, ª®â®àë© ¢ ¤�«ì−¥©è¥¬ áâ�« Œ¨−¨áâ¥àáâ¢®¬ ¯à¨¡®à®áâà®¥−¨ï,
áà¥¤áâ¢ �¢â®¬�â¨§�æ¨¨ ¨ �¢â®¬�â¨§¨à®¢�−−ëå á¨áâ¥¬ ã¯à�¢«¥−¨ï (Œ¨−¯à¨¡®à
‘‘‘÷).

Š −�ç�«ã 1980-å ££. ¢ ¬¨à¥ −�ç�«áï ¡ã¬ ¨á¯®«ì§®¢�−¨ï áà¥¤áâ¢ ¢ëç¨á«¨-
â¥«ì−®© â¥å−¨ª¨ ¡ãª¢�«ì−® ¢® ¢á¥å ®¡«�áâïå. �â® ¡ë«® ¢ë§¢�−® ¢ §−�ç¨â¥«ì−®©
áâ¥¯¥−¨ ¯®ï¢«¥−¨¥¬ −� àë−ª¥ −®¢®£® ¢¨¤� ¬�áá®¢®© â¥å−¨ª¨ | ¯¥àá®−�«ì−ëå
�‚Œ. ‚ ‘‘‘÷ ª íâ®¬ã ¢à¥¬¥−¨ ¢ àï¤¥ ¬¨−¨áâ¥àáâ¢ ¨ ¢¥¤®¬áâ¢ ¢¥«¨áì à�¡®âë
¯® à�§à�¡®âª¥ ¨ ¯à®¨§¢®¤áâ¢ã áà¥¤áâ¢ ¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨, ®¤−�ª® ã¦¥ ®â-
ç¥â«¨¢® ¯à®ï¢¨«®áì ®á®§−�−¨¥ §�¬¥â−®£® ®âáâ�¢�−¨ï ®â ¬¨à®¢ëå «¨¤¥à®¢ ¢ íâ®¬
−�¯à�¢«¥−¨¨. ‚ ª®−æ¥ 1982 £. ¯®á«¥ á¬¥àâ¨ àãª®¢®¤¨â¥«ï áâà�−ë ‹. ˆ. �à¥¦-
−¥¢� ¨ ¨§¡à�−¨ï −� ¯®áâ £¥−¥à�«ì−®£® á¥ªà¥â�àï –Š Š�‘‘ ā. ‚. �−¤à®¯®¢�
¢ áâà�−¥ −�ç�«¨áì ®¯à¥¤¥«¥−−ë¥ ¨§¬¥−¥−¨ï, §�âà®−ã¢è¨¥ ¨ ®¡«�áâì ¢ëç¨á«¨-
â¥«ì−®© â¥å−¨ª¨. �¡−®¢«¥−−ë¬ àãª®¢®¤áâ¢®¬ áâà�−ë ¡ë« ¯à¨−ïâ æ¥«ë© àï¤
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¢�¦−ëå à¥è¥−¨©, −�¯à�¢«¥−−ëå −� ¯à¥®¤®«¥−¨¥ íâ®£® ®âáâ�¢�−¨ï. �® ¯à�¢¨«�¬
â®£® ¢à¥¬¥−¨ â�ª¨¥ à¥è¥−¨ï ®ä®à¬«ï«¨áì ¢ ¢¨¤¥ ¯®áâ�−®¢«¥−¨© –Š Š�‘‘
¨«¨ ‘®¢¥â� Œ¨−¨áâà®¢ ‘‘‘÷ ¨«¨ ¢ ¢¨¤¥ á®¢¬¥áâ−ëå ¯®áâ�−®¢«¥−¨© íâ¨å ¤¢ãå
®à£�−®¢ [3].

‚ 1983 £. �¡é¥¥ á®¡à�−¨¥ �ª�¤¥¬¨¨ −�ãª ‘‘‘÷ ¯à®å®¤¨«® 2 ¨ 3 ¬�à-
â�. ‚ á¢®¥¬ ¢áâã¯¨â¥«ì−®¬ á«®¢¥ �à¥§¨¤¥−â �� ‘‘‘÷ �. �. �«¥ªá�−¤à®¢
£®¢®à¨« ® −¥®¡å®¤¨¬®áâ¨ ¢®§à®¦¤¥−¨ï ¨ ãá¨«¥−¨ï äã−¤�¬¥−â�«ì−ëå ¨áá«¥¤®¢�-
−¨© ¢ ®¡«�áâ¨ ª®¬¯ìîâ¥à−ëå −�ãª, � â�ª¦¥ æ¥«¥á®®¡à�§−®áâ¨ (¤«ï ®¡¥á¯¥ç¥−¨ï
â¥å−®«®£¨ç¥áª®£® ¯�à¨â¥â� ¢ ®¡«�áâ¨ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© ¨ ¢ëç¨á«¨-
â¥«ì−®© â¥å−¨ª¨) á®§¤�−¨ï á¯¥æ¨�«ì−®£® ®â¤¥«¥−¨ï. ‘ ¡®«ìè¨¬ ¤®ª«�¤®¬ ú�¡
®à£�−¨§�æ¨¨ à�¡®â ¯® ¨−ä®à¬�â¨ª¥, ¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¥ ¨ �¢â®¬�â¨§�æ¨¨
¢ �ª�¤¥¬¨¨ −�ãª ‘‘‘÷û ¢ëáâã¯¨« ¢¨æ¥-¯à¥§¨¤¥−â �� ‘‘‘÷ …. �. ‚¥«¨å®¢.
‚ à¥§ã«ìâ�â¥ �®áâ�−®¢«¥−¨¥¬ �¡é¥£® á®¡à�−¨ï �� ‘‘‘÷ ü 12 ®â 3 ¬�à-
â� 1983 £. ¡ë«® ¯à¨−ïâ® à¥è¥−¨¥ ®¡ ®à£�−¨§�æ¨¨ �â¤¥«¥−¨ï ¨−ä®à¬�â¨ª¨,
¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨ ¨ �¢â®¬�â¨§�æ¨¨ (�ˆ‚’�) ¢ á®áâ�¢¥ ‘¥ªæ¨¨ ä¨§¨-
ª®-â¥å−¨ç¥áª¨å ¨ ¬�â¥¬�â¨ç¥áª¨å −�ãª ¯à¨ �à¥§¨¤¨ã¬¥ �� ‘‘‘÷. �â¨¬
¦¥ ¯®áâ�−®¢«¥−¨¥¬ ãª�§�−−®© á¥ªæ¨¨ ¡ë«® ¯®àãç¥−® ¯à¥¤áâ�¢¨âì −� ãâ¢¥à¦-
¤¥−¨¥ ®ç¥à¥¤−®£® �¡é¥£® á®¡à�−¨ï �� ‘‘‘÷ ¯¥àá®−�«ì−ë© á®áâ�¢ �â¤¥«¥-
−¨ï.

÷�á¯®àï¦¥−¨¥¬ �à¥§¨¤¨ã¬� �� ‘‘‘÷ ®â 24 −®ï¡àï 1983 £. ¡ë« ãâ¢¥à¦-
¤¥− á®áâ�¢ ®à£�−¨§�æ¨®−−®£® ¡îà® �ˆ‚’� ¯®¤ ¯à¥¤á¥¤�â¥«ìáâ¢®¬ �ª�¤¥¬¨ª�
…. �. ‚¥«¨å®¢�. ‚ −¥£® ¢®è«¨: �ª�¤¥¬¨ª¨ †. ˆ. �«ä¥à®¢, �. Œ. �¥«®-
æ¥àª®¢áª¨©, ‚. �. Œ¥«ì−¨ª®¢, ç«¥−ë-ª®àà¥á¯®−¤¥−âë �� ‘‘‘÷ Š. �. ‚�-
«¨¥¢, �. �. …àè®¢, —. ‚. Š®¯¥æª¨©, �. �. ��ã¬®¢, ¤. â. −. ‚. Œ. �®−®¬�à¥¢
¨ ª. ä.-¬. −. ãç¥−ë© á¥ªà¥â�àì ā. ‘. ‚¨è−ïª®¢.

�®áâ�−®¢«¥−¨¥¬ �à¥§¨¤¨ã¬� �� ‘‘‘÷ ®â 23 ä¥¢à�«ï 1984 £. ¡ë«¨ ®¯à¥-
¤¥«¥−ë −�ãç−ë¥ ãçà¥¦¤¥−¨ï �� ‘‘‘÷, ¢®è¥¤è¨¥ ¢ á®áâ�¢ �ˆ‚’�. �â® ¡ë«¨
ç¥âëà¥ à�−¥¥ áãé¥áâ¢®¢�¢è¨å ¨−áâ¨âãâ�: ˆ−áâ¨âãâ ¯à¨ª«�¤−®© ¬�â¥¬�â¨ª¨ ¨¬.
Œ. ‚. Š¥«¤ëè�, ‚ëç¨á«¨â¥«ì−ë© æ¥−âà, ˆ−áâ¨âãâ ¯à®¡«¥¬ ¯¥à¥¤�ç¨ ¨−ä®à¬�-
æ¨¨ ¨ ‹¥−¨−£à�¤áª¨© −�ãç−®-¨áá«¥¤®¢�â¥«ìáª¨© ¢ëç¨á«¨â¥«ì−ë© æ¥−âà, � â�ª¦¥
¯ïâì −®¢ëå ¨−áâ¨âãâ®¢, á®§¤�−−ëå ¯®áâ�−®¢«¥−¨¥¬ –Š Š�‘‘ ¨ ‘Œ ‘‘‘÷,
à¥çì ® ª®â®à®¬ ¯®©¤¥â −¨¦¥.

�¡é¥¥ á®¡à�−¨¥ �� ‘‘‘÷, á®áâ®ï¢è¥¥áï 14 ¬�àâ� 1984 £., á¢®¨¬ ¯®áâ�-
−®¢«¥−¨¥¬ ü 10 ãâ¢¥à¤¨«® ¯¥àá®−�«ì−ë© á®áâ�¢ �ˆ‚’�, ¢ ª®â®àë© ¢®è«¨
10 ¤¥©áâ¢¨â¥«ì−ëå ç«¥−®¢ �� ‘‘‘÷ (�¥«®æ¥àª®¢áª¨© �. Œ., �ã−ª¨− �. ‚.,
‚¥«¨å®¢ …. �., ‚®à®−®¢ �. �., „®à®¤−¨æë− �. �., Œ¥«ì−¨ª®¢ ‚. �., �ã£�-
ç¥¢ ‚. ‘., ‘�¬�àáª¨© �. �., ‘¥¬¥−¨å¨− ‚. ‘. ¨ ’¨å®−®¢ �. �.) ¨ 25 ç«¥−®¢-
ª®àà¥á¯®−¤¥−â®¢ (�«¥ªá¥¥¢ �. ‘., �¨æ�¤§¥ �. ‚., �ãàæ¥¢ ‚. ‘., ‚�«¨¥¢ Š. �.,
ƒ®¢®àã− �. �., ƒã«ï¥¢ ā. ‚., …¢â¨å¨¥¢ �. �., …¬¥«ìï−®¢ ‘. ‚., …àè®¢ �. �.,
‡®«®â®¢ …. ‚., Š®¯¥æª¨© —. ‚., Š®à®«¥¢ ‹. �., ‹�¢à®¢ ‘. ‘., ‹®¯�â® ƒ. �.,
Œ�ª�à®¢ ˆ. Œ., Œ®¨á¥¥¢ �. �., ��ã¬®¢ �. �., �®¯®¢ …. �., �®á¯¥«®¢ ƒ. ‘.,
÷¦�−®¢ �. ‚., ‘�¢¨− �. ˆ., ‘¨ä®à®¢ ‚. ˆ., ’¨å®¬¨à®¢ ‚. ‚., –ë¯ª¨− Ÿ. ‡.
¨ ˜¥à¥¬¥âì¥¢áª¨© �. �.).
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3 Постановления ЦК КПСС и Совета Министров СССР
от 29 июля 1983 года

‚ íâ®¬ £®¤ã ¨á¯®«−ï¥âáï 40 «¥â ¢ë¯ãé¥−−ë¬ ¢ ®¤¨− ¤¥−ì 29 ¨î«ï 1983 £.
á®¢¬¥áâ−®¬ã �®áâ�−®¢«¥−¨î –Š Š�‘‘ ¨ ‘®¢¥â� Œ¨−¨áâà®¢ ‘‘‘÷ ü 729-231
ú� ¤�«ì−¥©è¥¬ à�§¢¨â¨¨ à�¡®â ¢ ®¡«�áâ¨ ¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨û [4] ¨ ¤¥â�«¨-
§¨àãîé¥¬ã ¥£® �®áâ�−®¢«¥−¨î ‘®¢¥â� Œ¨−¨áâà®¢ ‘‘‘÷ ü 730-232 ú� ¬¥à�å
¯® ®¡¥á¯¥ç¥−¨î à�¡®â ¢ ®¡«�áâ¨ ¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨ ¨ ¥¥ ¯à¨¬¥−¥−¨ï ¢ −�-
à®¤−®¬ å®§ï©áâ¢¥û [5], áë£à�¢è¨å ¡®«ìèãî à®«ì ¢ ¨áâ®à¨¨ ¨−ä®à¬�â¨ª¨ ¢ áâà�−¥
(á¬. à¨áã−®ª).

‚ ¯®áâ�−®¢«¥−¨¨ –Š Š�‘‘ ¨ ‘Œ ‘‘‘÷, ¯®¤ ª®â®àë¬ áâ®ïâ ¯®¤¯¨á¨
á¥ªà¥â�àï –Š Š�‘‘ ā. �−¤à®¯®¢� ¨ �à¥¤á¥¤�â¥«ï ‘Œ ‘‘‘÷ �. ’¨å®−®-
¢�, ¡ë«¨ áä®à¬ã«¨à®¢�−ë £«�¢−ë¥ §�¤�ç¨ ¢ ®¡«�áâ¨ ¨áá«¥¤®¢�−¨©, à�§à�¡®âª¨,
¯à®¨§¢®¤áâ¢� ¨ ¯à¨¬¥−¥−¨ï ¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨ ¢ −�à®¤−®¬ å®§ï©áâ¢¥ −�
¡«¨¦�©èãî ¯¥àá¯¥ªâ¨¢ã:

{ ¯à®¢¥¤¥−¨¥ äã−¤�¬¥−â�«ì−ëå ¨ ¯à¨ª«�¤−ëå ¨áá«¥¤®¢�−¨© ¯® á®§¤�−¨î
áà¥¤áâ¢ ¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨ −� ®á−®¢¥ ¯¥àá¯¥ªâ¨¢−®© ª®−áâàãªâ¨¢−®-

Š®¯¨¨ ¯¥à¢ëå áâà�−¨æ ¯®áâ�−®¢«¥−¨© –Š Š�‘‘ ¨ ‘Œ ‘‘‘÷
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í«¥¬¥−â−®© ¡�§ë, á®§¤�−¨¥ −®¢ëå ¢ëá®ª®¯à®¨§¢®¤¨â¥«ì−ëå ¢ëç¨á«¨â¥«ì−ëå
¨ ã¯à�¢«ïîé¨å ª®¬¯«¥ªá®¢ (¢ â®¬ ç¨á«¥ á¯¥æ¨�«¨§¨à®¢�−−ëå) ¨ á¥â¥© æ¥−â-
à®¢ ®¡é¥£® ¯®«ì§®¢�−¨ï, à�áè¨à¥−¨¥ ®¡«�áâ¥© íää¥ªâ¨¢−®£® ¯à¨¬¥−¥−¨ï
áà¥¤áâ¢ ¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨;

{ à�§à�¡®âª� ¨ ®á¢®¥−¨¥ ¯à®¨§¢®¤áâ¢� â¥å−¨ç¥áª¨å, � â�ª¦¥ ¯à®£à�¬¬−ëå
áà¥¤áâ¢ ¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨ ¨ −®á¨â¥«¥© ¨−ä®à¬�æ¨¨, á®®â¢¥âáâ¢ãîé¨å
¯® â¥å−¨ç¥áª®¬ã ãà®¢−î «ãçè¨¬ ¬¨à®¢ë¬ ®¡à�§æ�¬;

{ ¯®¢ëè¥−¨¥ −�¤¥¦−®áâ¨ ¨ á®¢¥àè¥−áâ¢®¢�−¨¥ áâàãªâãàë ¢ë¯ãáª� áà¥¤áâ¢
¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨, ã−¨ä¨ª�æ¨ï ¨ áâ�−¤�àâ¨§�æ¨ï â¥å−¨ç¥áª¨å, ª®−-
áâàãªâ¨¢−ëå ¨ ¯à®£à�¬¬−ëå à¥è¥−¨©, ã«ãçè¥−¨¥ ®¡¥á¯¥ç¥−¨ï ¢ëç¨á«¨â¥«ì-
−ëå ¨ ã¯à�¢«ïîé¨å ª®¬¯«¥ªá®¢ ¯¥à¨ä¥à¨©−ë¬¨ ãáâà®©áâ¢�¬¨ ¨ ¯®áâ�¢ª�
íâ¨å ª®¬¯«¥ªá®¢ ¢ ª®−ä¨£ãà�æ¨ïå, á®®â¢¥âáâ¢ãîé¨å âà¥¡®¢�−¨ï¬ ¯®«ì§®¢�-
â¥«¥© ¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨;

{ ¤�«ì−¥©è¥¥ à�§¢¨â¨¥ ¨ ¨−â¥£à�æ¨ï �¢â®¬�â¨§¨à®¢�−−ëå á¨áâ¥¬ à�§«¨ç−®£®
ãà®¢−ï ¨ −�§−�ç¥−¨ï, � â�ª¦¥ ¯®¢ëè¥−¨¥ íª®−®¬¨ç¥áª®© íää¥ªâ¨¢−®áâ¨ ¨å
¢ −�à®¤−®¬ å®§ï©áâ¢¥;

{ á®§¤�−¨¥ á¨áâ¥¬ ¯¥à¥¤�ç¨ ¨ â¥«¥®¡à�¡®âª¨ ¤�−−ëå ¤«ï á¥â¥© ¢ëç¨á«¨â¥«ì−ëå
æ¥−âà®¢ ª®««¥ªâ¨¢−®£® ¯®«ì§®¢�−¨ï (‚–Š�);

{ è¨à®ª®¥ ¯à¨¬¥−¥−¨¥ ¬¨ªà®¯à®æ¥áá®à®¢ ¨ ¬¨ªà®-�‚Œ ¯à¨ ®¤−®¢à¥¬¥−−®¬
á−¨¦¥−¨¨ ¨å áâ®¨¬®áâ¨;

{ ®à£�−¨§�æ¨ï à�§à�¡®âª¨ ¨ ¯à®¨§¢®¤áâ¢� −� ¯à®¬ëè«¥−−®© ®á−®¢¥ ¯à®£à�¬-
¬−ëå áà¥¤áâ¢ ¤«ï ¢ëç¨á«¨â¥«ì−ëå ¨ ã¯à�¢«ïîé¨å ª®¬¯«¥ªá®¢ ¨ �¢â®¬�â¨-
§¨à®¢�−−ëå á¨áâ¥¬;

{ ¯®¤£®â®¢ª� á¯¥æ¨�«¨áâ®¢ ¯® à�§à�¡®âª¥, ®¡á«ã¦¨¢�−¨î ¨ ¯à¨¬¥−¥−¨î â¥å-
−¨ç¥áª¨å ¨ ¯à®£à�¬¬−ëå áà¥¤áâ¢ ¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨;

{ à�áè¨à¥−¨¥ ªàã£� ¯®«ì§®¢�â¥«¥© ¢ëç¨á«¨â¥«ì−®© â¥å−¨ª®© ¯ãâ¥¬ ®à£�−¨-
§�æ¨¨ á¨áâ¥¬ë ¯¥à¥¯®¤£®â®¢ª¨ á¯¥æ¨�«¨áâ®¢ ¢® ¢á¥å ®âà�á«ïå −�à®¤−®£®
å®§ï©áâ¢�, ¢ª«îç�ï àãª®¢®¤ïé¨å à�¡®â−¨ª®¢.

�� �ª�¤¥¬¨î −�ãª ‘‘‘÷ íâ¨¬ ¯®áâ�−®¢«¥−¨¥¬ ¡ë«� ¢®§«®¦¥−� ®â¢¥âáâ¢¥−-
−®áâì §� ¯à®¢¥¤¥−¨¥ äã−¤�¬¥−â�«ì−ëå ¨ ¯à¨ª«�¤−ëå ¨áá«¥¤®¢�−¨© ¢ ®¡«�áâ¨
¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨ ¨ �¢â®¬�â¨§¨à®¢�−−ëå á¨áâ¥¬, � â�ª¦¥ −�ãç−®¥ àãª®-
¢®¤áâ¢® â�ª¨¬¨ à�¡®â�¬¨, ¯à®¢®¤¨¬ë¬¨ ®à£�−¨§�æ¨ï¬¨ �ª�¤¥¬¨© −�ãª á®î§−ëå
à¥á¯ã¡«¨ª, ¢ëáè¥© èª®«ë, ¬¨−¨áâ¥àáâ¢ ¨ ¢¥¤®¬áâ¢. �ë«® ¯à¥¤¯¨á�−® áç¨â�âì
íâ® ®¤−®© ¨§ ¢�¦−¥©è¨å §�¤�ç �ª�¤¥¬¨¨ −�ãª ‘‘‘÷.

ˆ¬¥−−® ¢ íâ®¬ á®¢¬¥áâ−®¬ ¯®áâ�−®¢«¥−¨¨ –Š Š�‘‘ ¨ ‘Œ ‘‘‘÷ ¡ë«®
áª�§�−®: ú�à¨−ïâì ¯à¥¤«®¦¥−¨¥ �� ‘‘‘÷, á®£«�á®¢�−−®¥ á ƒŠ�’ ¨ ª®¬¨á-
á¨¥© �à¥§¨¤¨ã¬� ‘Œ ‘‘‘÷ ¯® ¢®¥−−®-¯à®¬ëè«¥−−ë¬ ¢®¯à®á�¬ ® á®§¤�−¨¨
¢ á¨áâ¥¬¥ �� ‘‘‘÷: ��ãç−®£® æ¥−âà� ¯® äã−¤�¬¥−â�«ì−ë¬ ¯à®¡«¥¬�¬ ¢ëç¨á-
«¨â¥«ì−®© â¥å−¨ª¨ ¨ á¨áâ¥¬ ã¯à�¢«¥−¨ï (á ¢ª«îç¥−¨¥¬ ¢ ¥£® á®áâ�¢ ®à£�−¨§ã¥¬ëå
¢ £. Ÿà®á«�¢«¥ ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨, ˆ−áâ¨âãâ� ¬¨ªà®-
í«¥ªâà®−¨ª¨, ‘Š� ¨ ®¯ëâ−®£® ¯à®¨§¢®¤áâ¢�) −� ¯à�¢�å −�ãç−®-â¥å−¨ç¥áª®£®
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®¡ê¥¤¨−¥−¨ï; ˆ−áâ¨âãâ� ¯à®¡«¥¬ ª¨¡¥à−¥â¨ª¨ −� ¡�§¥ «�¡®à�â®à¨© −�ãç−®£® á®-
¢¥â� �� ‘‘‘÷ ¯® ª®¬¯«¥ªá−®© ¯à®¡«¥¬¥ úŠ¨¡¥à−¥â¨ª�û ¢ £. Œ®áª¢¥ á ä¨«¨�«®¬
¢ £. �¥à¥á«�¢«ì-‡�«¥ááª¨© Ÿà®á«�¢áª®© ®¡«�áâ¨; ˆ−áâ¨âãâ� ¯à®¡«¥¬ â¥å−®«®£¨¨
¬¨ªà®í«¥ªâà®−¨ª¨ ¨ ®á®¡® ç¨áâëå ¬�â¥à¨�«®¢ (á® á¯¥æ¨�«ì−ë¬ ª®−áâàãªâ®àáª®-
â¥å−®«®£¨ç¥áª¨¬ ¡îà® ¨ ®¯ëâ−ë¬ ¯à®¨§¢®¤áâ¢®¬) ¢ ¯®á. —¥à−®£®«®¢ª� −� ¡�§¥
àï¤� ¯®¤à�§¤¥«¥−¨© ˆ−áâ¨âãâ� ä¨§¨ª¨ â¢¥à¤®£® â¥«� ¨ ¤àã£¨å ®à£�−¨§�æ¨©
�� ‘‘‘÷. ÷�§à¥è¨âì �� ‘‘‘÷ á®§¤�âì ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨
á ®¯ëâ−ë¬ ¯à®¨§¢®¤áâ¢®¬ ¢ £. Œ®áª¢¥ ¨ á ä¨«¨�«�¬¨ ¢ ££. Š�§�−¨ ¨ �¥à¤ï−áª¥
‡�¯®à®¦áª®© ®¡«�áâ¨û. �â¨ á®§¤�−−ë¥ ®à£�−¨§�æ¨¨ ¢ 1984 £. ¢®è«¨ ¢ á®áâ�¢
�ˆ‚’�.

‚ á®¢¬¥áâ−®¬ ¯®áâ�−®¢«¥−¨¨ ¡ë«¨ ãâ¢¥à¦¤¥−ë ú�á−®¢−ë¥ −�¯à�¢«¥−¨ï äã−-
¤�¬¥−â�«ì−ëå ¨ ¯à¨ª«�¤−ëå ¨áá«¥¤®¢�−¨© ¢ ®¡«�áâ¨ ¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨
¨ �¢â®¬�â¨§¨à®¢�−−ëå á¨áâ¥¬ −� ¯¥à¨®¤ ¤® 1990 £®¤�û. �à¨¢¥¤¥¬ ¨å §¤¥áì
¯®«−®áâìî ¤«ï â®£®, çâ®¡ë ¯®çã¢áâ¢®¢�âì ú�à®¬�â í¯®å¨û.

ЭВМ и вычислительные системы

��ãç−�ï à�§à�¡®âª� ¥¤¨−®© áâà�â¥£¨¨ à�§¢¨â¨ï ¢ëç¨á«¨â¥«ì−ëå ¨ �¢â®¬�-
â¨§¨à®¢�−−ëå ã¯à�¢«ïîé¨å á¨áâ¥¬ −� ®á−®¢¥ ã−¨ä¨ª�æ¨¨ ¨ áâ�−¤�àâ¨§�æ¨¨
â¥å−¨ç¥áª¨å ¨ ¯à®£à�¬¬−ëå áà¥¤áâ¢.

‘®§¤�−¨¥ �‚Œ á¢¥àå¢ëá®ª®© ¯à®¨§¢®¤¨â¥«ì−®áâ¨ (á¢ëè¥ 1 ¬«à¤ ®¯¥à�æ¨©
¢ á¥ªã−¤ã) á ¨á¯®«ì§®¢�−¨¥¬ −®¢ëå ¯à¨−æ¨¯®¢ ®à£�−¨§�æ¨¨ ¢ëç¨á«¨â¥«ì−®£®
¯à®æ¥áá� ¨ ¯®áâà®¥−¨ï �àå¨â¥ªâãàë �‚Œ.

÷�§à�¡®âª� −®¢ëå ¯à¨−æ¨¯®¢ á®§¤�−¨ï á¯¥æ¨�«¨§¨à®¢�−−ëå ¬¨ªà®¯à®æ¥á-
á®à®¢, ¬¨ªà®- ¨ ¬¨−¨-�‚Œ.

÷�§à�¡®âª� ¯¥àá¯¥ªâ¨¢−ëå ®¯¥à�â¨¢−ëå ¨ ¢−¥è−¨å §�¯®¬¨−�îé¨å ãáâà®©áâ¢
(‡“) ¨ è¨à®ª®£® −�¡®à� ¯¥à¨ä¥à¨©−ëå áà¥¤áâ¢.

ˆáá«¥¤®¢�−¨¥ ¨ à�§à�¡®âª� ¯¥àá¯¥ªâ¨¢−ëå â¥å−¨ç¥áª¨å áà¥¤áâ¢ ¢ëç¨á«¨-
â¥«ì−®© â¥å−¨ª¨ á ¨á¯®«ì§®¢�−¨¥¬ −®¢ëå ä¨§¨ç¥áª¨å ¯à¨−æ¨¯®¢ (ªà¨®í«¥ªâà®-
−¨ª¨, ®¯â®í«¥ªâà®−¨ª¨, �ªãáâ®- ¨ ¬�£−¨â®í«¥ªâà®−¨ª¨).

÷�§à�¡®âª� ï§ëª®¢ ä®à¬�«¨§®¢�−−®£® ®¯¨á�−¨ï �àå¨â¥ªâãàë �‚Œ ¤«ï á¨á-
â¥¬ �¢â®¬�â¨§¨à®¢�−−®£® ¯à®¥ªâ¨à®¢�−¨ï ¬�è¨−.

ˆáá«¥¤®¢�−¨ï ¢ ®¡«�áâ¨ ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ�.

Программное обеспечение

ˆáá«¥¤®¢�−¨¥ ¨ á®§¤�−¨¥ ¬¥â®¤®¢ ¬�â¥¬�â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï à�§à�¡�-
âë¢�¥¬ëå �‚Œ.

‘®§¤�−¨¥ á®¢à¥¬¥−−®© â¥å−®«®£¨¨ à�§à�¡®âª¨ ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï,
¢ª«îç�ï à�§à�¡®âªã ¬¥â®¤®¢ �¢â®¬�â¨§¨à®¢�−−®£® ¯®áâà®¥−¨ï ¯à®£à�¬¬−ëå á¨á-
â¥¬.

ˆáá«¥¤®¢�−¨¥ ¨ à�§à�¡®âª� ¬�è¨−®−¥§�¢¨á¨¬ëå ®¯¥à�æ¨®−−ëå á¨áâ¥¬.
ˆáá«¥¤®¢�−¨¥ ¨ à�§à�¡®âª� ï§ëª®¢ ¯à®£à�¬¬¨à®¢�−¨ï ¢ëá®ª®£® ãà®¢−ï, ¢ â®¬

ç¨á«¥ «®£¨ç¥áª¨å (−¥¯à®æ¥¤ãà−ëå), ¬¥â�ï§ëª®¢.
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Микроэлектронная база

ˆáá«¥¤®¢�−¨¥ ä¨§¨ç¥áª¨å ¨ â¥å−®«®£¨ç¥áª¨å ¯à®¡«¥¬ á®§¤�−¨ï áã¡¬¨ª-
à®−−ëå áâàãªâãà −� ¯¥àá¯¥ªâ¨¢−ëå ¬�â¥à¨�«�å, á®§¤�−¨¥ ®¯ëâ−ëå ®¡à�§æ®¢
â¥å−®«®£¨ç¥áª®£® ®¡®àã¤®¢�−¨ï.

÷�§à�¡®âª� −®¢ëå ¯à¨−æ¨¯®¢ á®§¤�−¨ï á¢¥àå¡ëáâà®¤¥©áâ¢ãîé¨å ¨ á¢¥àå-
¡®«ìè¨å ¨−â¥£à�«ì−ëå áå¥¬ ¨ ¨å ¬�ª¥â¨à®¢�−¨¥.

÷�§à�¡®âª� −®¢ëå ¬¥â®¤®¢ ª®−âà®«ï ¯®«ã¯à®¢®¤−¨ª®¢ëå ¬�â¥à¨�«®¢ ¨ áâàãª-
âãà á¢¥àå¡ëáâà®¤¥©áâ¢ãîé¨å ¨ á¢¥àå¡®«ìè¨å ¨−â¥£à�«ì−ëå áå¥¬.

÷�§à�¡®âª� â¥å−®«®£¨¨ ¨§£®â®¢«¥−¨ï á¯¥æ¨�«ì−ëå ¨ ®á®¡® ç¨áâëå ¬�â¥à¨�«®¢
¨ á®¢¥àè¥−−ëå ªà¨áâ�««®¢.

÷�§à�¡®âª� ¬¥â®¤®¢ ¨ áà¥¤áâ¢ ª®−âà®«ï â¥å−®«®£¨ç¥áª¨å ¯à®æ¥áá®¢ ¨ ª�ç¥áâ¢�
¨§¤¥«¨© ¬¨ªà®í«¥ªâà®−−®© ¡�§ë.

ˆ§ãç¥−¨¥ ä�ªâ®à®¢, ®¯à¥¤¥«ïîé¨å ¤®«£®¢à¥¬¥−−ãî áâ�¡¨«ì−®áâì í«¥¬¥−â-
−®© ¡�§ë ¬¨ªà®í«¥ªâà®−¨ª¨.

‘®§¤�−¨¥ ¡�−ª®¢ ¤�−−ëå ¤«ï à�§à�¡®âª¨ ¨ ®¯â¨¬¨§�æ¨¨ ¯à®æ¥áá®¢ ¨§£®-
â®¢«¥−¨ï ®á®¡® ç¨áâëå ¬�â¥à¨�«®¢, á¢¥àå¡ëáâà®¤¥©áâ¢ãîé¨å ¨ á¢¥àå¡®«ìè¨å
¨−â¥£à�«ì−ëå áå¥¬.

Применение вычислительной техники

ˆáá«¥¤®¢�−¨¥ ¯à¨−æ¨¯®¢ ¨ ®á−®¢−ëå −�¯à�¢«¥−¨© á®§¤�−¨ï á¥â¥© �‚Œ
¨ ‚–Š�.

÷�§à�¡®âª� ¬¥â®¤®«®£¨¨ á®§¤�−¨ï ª®¬¯«¥ªá−ëå ¨−â¥£à¨à®¢�−−ëå �¢â®¬�â¨-
§¨à®¢�−−ëå á¨áâ¥¬, ®å¢�âë¢�îé¥© ¢á¥ íâ�¯ë à�§à�¡®âª¨ ¨ ¨§£®â®¢«¥−¨ï íâ¨å
á¨áâ¥¬.

÷�§à�¡®âª� â¥®à¥â¨ç¥áª¨å ®á−®¢ ¨ ¬¥â®¤®«®£¨¨ ¯®áâà®¥−¨ï ¢§�¨¬®ã¢ï§�−−ëå
�¢â®¬�â¨§¨à®¢�−−ëå á¨áâ¥¬ à�§«¨ç−ëå ãà®¢−¥© ¨ −�¯à�¢«¥−¨©.

‚ �®áâ�−®¢«¥−¨¨ ‘Œ ‘‘‘÷ [5], ¯®¤¯¨á�−−®¬ �à¥¤á¥¤�â¥«¥¬ ‘Œ ‘‘‘÷
�. ’¨å®−®¢ë¬ ¨ ã¯à�¢«ïîé¨¬ ¤¥«�¬¨ ‘Œ ‘‘‘÷ Œ. ‘¬¨àâîª®¢ë¬, ¡ë«¨
®¯à¥¤¥«¥−ë ª®−ªà¥â−ë¥ §�¤�ç¨ ¯® ¯à®¢¥¤¥−¨î äã−¤�¬¥−â�«ì−ëå ¨ ¯à¨ª«�¤−ëå
¨áá«¥¤®¢�−¨©, ¯¥à¥ç¨á«¥−ë §�¤�−¨ï −� à�§à�¡®âªã â¥å−¨ç¥áª¨å §�¤�−¨©, ¨§£®-
â®¢«¥−¨¥ ®¯ëâ−ëå ®¡à�§æ®¢ ¨ ®á¢®¥−¨¥ á¥à¨©−®£® ¯à®¨§¢®¤áâ¢� −®¢ëå áà¥¤áâ¢
¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨ −� −¥áª®«ìª® ¡«¨¦�©è¨å «¥â. �â¨¬ ¦¥ ¯®áâ�−®¢«¥−¨¥¬
¯à¥¤ãá¬�âà¨¢�«áï æ¥«ë© ª®¬¯«¥ªá ¬¥à, −¥®¡å®¤¨¬ëå ¤«ï à¥�«¨§�æ¨¨ ¯®áâ�¢-
«¥−−ëå §�¤�ç. ’�ª, ¡ë«® ¯à¥¤¯¨á�−® ®áãé¥áâ¢¨âì áâà®¨â¥«ìáâ¢®, à�áè¨à¥−¨¥
¨ à¥ª®−áâàãªæ¨î ¯à¥¤¯à¨ïâ¨© ¨ ®à£�−¨§�æ¨© ¯® á¯¨áªã á ¢ë¤¥«¥−¨¥¬ áà¥¤áâ¢,
à�§à�¡®âªã ¯à®£à�¬¬ë áâ�−¤�àâ¨§�æ¨¨ ¨ ¬¥¦®âà�á«¥¢®© ã−¨ä¨ª�æ¨¨ áà¥¤áâ¢
¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨, á®§¤�−¨¥ å®§à�áç¥â−ëå ¢ëç¨á«¨â¥«ì−ëå æ¥−âà®¢. �ë-
«¨ ¨ â�ª¨¥ −¥¯à¨¢ëç−® á¥©ç�á §¢ãç�é¨¥ á«®¢�: úƒŠ�’, Š®¬¨áá¨¨ ¯® ‚�Š ¨ ��
‘‘‘÷ ®áãé¥áâ¢¨âì ¯¥à¥¢®¤ ¢ 6-¬¥áïç−ë© áà®ª ¤® 300 ª¢�«¨ä¨æ¨à®¢�−−ëå á¯¥-
æ¨�«¨áâ®¢ ¨§ Œ÷�, Œ¨−¯à¨¡®à� ¨ Œ�� ¢ ˆ�ˆ ��. ÷�§à¥è¨âì �� ‘‘‘÷
à�§¬¥áâ¨âì ˆ�ˆ �� ¢ §¤�−¨¨ �à¥§¨¤¨ã¬� �� ‘‘‘÷, áâà®¨â¥«ìáâ¢® ª®â®à®£®
¯à¥¤ãá¬®âà¥−® à�á¯®àï¦¥−¨¥¬ ‘Œ ‘‘‘÷ ®â 01.12.1975 ü 2614. “¢¥«¨ç¨âì −�
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‚. �. ‡�å�à®¢

1983 £. �� ‘‘‘÷ «¨¬¨â ç¨á«¥−−®áâ¨ à�¡®â−¨ª®¢ ®à£�−¨§�æ¨©, à�á¯®«®¦¥−−ëå
¢ £. Œ®áª¢¥, −� 100 ç¥«®¢¥ªû.

‘ ¨áâ®à¨ç¥áª®© â®çª¨ §à¥−¨ï ¯à¥¤áâ�¢«ïîâ ¨−â¥à¥á §�¤�−¨ï ¯® á®§¤�−¨î
áà¥¤áâ¢ ¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨, á®¤¥à¦�é¨¥ ª®−ªà¥â−ë¥ ¯�à�¬¥âàë, å�à�ª-
â¥à¨§ãîé¨¥ ãà®¢¥−ì â®£® ¢à¥¬¥−¨ ¨ ¡«¨¦�©è¨¥ ¯¥àá¯¥ªâ¨¢ë. �à¨¢¥¤¥¬ «¨èì
−¥ª®â®àë¥ ¯à¨¬¥àë.

’�ª, áâ�¢¨«�áì §�¤�ç� ¯® ¨áá«¥¤®¢�−¨î ¯à¨−æ¨¯®¢ á®§¤�−¨ï −�ª®¯¨â¥«¥© −�
¬�£−¨â−ëå ¤¨áª�å (�Œ„) ¥¬ª®áâìî ¤® 3000 Œ��©â, á® áª®à®áâìî ®¡¬¥−� ¤�−−ë-
¬¨ ¤® 3000 Š��©â/á, áà¥¤−¨¬ ¢à¥¬¥−¥¬ ¤®áâã¯� 20{25 ¬á; ¯® à�§à�¡®âª¥ ¬¥â®¤®¢
á®§¤�−¨ï ‡“ −� æ¨«¨−¤à¨ç¥áª¨å ¬�£−¨â−ëå ¤®¬¥−�å (–Œ„) ¥¬ª®áâìî 108 ¡¨â
−� ªà¨áâ�««; ¯® ¨áá«¥¤®¢�−¨î ¯à¨−æ¨¯®¢ á®§¤�−¨ï ®¯â¨ª®-¬¥å�−¨ç¥áª®£® ¤¨áª®-
¢®£® ‡“ ¥¬ª®áâìî (3{5) · 1012 ¡¨â, á® áª®à®áâìî ®¡¬¥−� ¤�−−ë¬¨ ¤® 2 Œ��©â/á,
áà¥¤−¨¬ ¢à¥¬¥−¥¬ ¤®áâã¯� 15 á. ‘â�¢¨«�áì §�¤�ç� ¯® ¯à®¨§¢®¤áâ¢ã ¢ 1985 £.
−�ª®¯¨â¥«¥© −� £¨¡ª¨å ¬�£−¨â−ëå ¤¨áª�å ¥¬ª®áâìî 0,14 Œ��©â, áª®à®áâìî ®¡-
¬¥−� 250 ª¡¨â/á, á ¯«®â−®áâìî §�¯¨á¨ 109/218 ¡¨â/¬¬, ¤¨�¬¥âà®¬ ¤¨áª� 130 ¬¬
(�ˆˆ ¯¥à¨ä¥à¨©−®£® ®¡®àã¤®¢�−¨ï, Š¨¥¢). ‚ ç�áâ¨ ¬¥©−äà¥©¬®¢ ¢ §�¤�−¨¨
−� 1984 £. ä¨£ãà¨à®¢�«� �‚Œ …‘-1046 ¯à®¨§¢®¤¨â¥«ì−®áâìî 1 ¬«− ® /̄á,
¥¬ª®áâìî �‡“ ¤® 8 Œ��©â (à�§à�¡®âª� ¨ ¨§£®â®¢«¥−¨¥ ®¯ëâ−®£® ®¡à�§æ�
�ˆ–�‚’ ¨ …÷�ˆˆŒŒ, á¥à¨©−®¥ ¯à®¨§¢®¤áâ¢® | Š�§�−áª¨© §�¢®¤ �‚Œ
Œ÷�). � −� 1988 £. ¡ë«® §�¤�−® ã¦¥ ¯à®¨§¢®¤áâ¢® �‚Œ …‘-1087 ¯à®¨§¢®-
¤¨â¥«ì−®áâìî 18 ¬«− ® /̄á, ¥¬ª®áâìî �‡“ ¤® 128 Œ��©â (Œ¨−áª®¥ ¯à®¨§-
¢®¤áâ¢¥−−®¥ ®¡ê¥¤¨−¥−¨¥ ¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨, Œ�� ‚’). ‚ ç�áâ¨ ¬¨−¨-
¨ ¬¨ªà®�‚Œ £®¢®à¨«®áì ® §�¯ãáª¥ ¢ ¯à®¨§¢®¤áâ¢® ¢ 1984 £. ¢ëç¨á«¨â¥«ì−®£®
ª®¬¯«¥ªá� ‘Œ-1420, ¯à®£à�¬¬−® á®¢¬¥áâ¨¬®£® á �‚Œ ‘Œ-3 ¨ ‘Œ-4, à�§àï¤-
−®áâìî 16 ¤¢®¨ç−ëå à�§àï¤®¢, ¯à®¨§¢®¤¨â¥«ì−®áâìî ¤® 1 ¬«− ® /̄á, ¥¬ª®áâìî
�‡“ 2 Œ��©â (ˆ��“Œ ¨ Š¨¥¢áª®¥ �� ú�«¥ªâà®−¬�èû ¨¬. ‚. ˆ. ‹¥−¨−�
Œ¨−¯à¨¡®à�), ¨ ¬¨ªà®�‚Œ ú�«¥ªâà®−¨ª�-60-1û à�§àï¤−®áâìî 16 ¤¢®¨ç−ëå
à�§àï¤®¢, ¯à®¨§¢®¤¨â¥«ì−®áâìî ¤® 600 âëá. ® /̄á, ¥¬ª®áâìî �‡“ ¤® 256 Š��©â
(�� ú�«¥ªâà®−¨ª�û Œ¨−í«¥ªâà®−¯à®¬�).

� ¬�áèâ�¡�å ¯à®¢®¤¨¬ëå à�¡®â ¬®¦−® áã¤¨âì, −�¯à¨¬¥à, ¯® ¯¥à¥ç−î,
á®¤¥à¦�é¥¬ãáï ¢ §�¤�−¨¨ ¯® áâà®¨â¥«ìáâ¢ã −®¢ëå, à�áè¨à¥−¨î ¨ à¥ª®−áâàãªæ¨¨
¤¥©áâ¢ãîé¨å ¯à¥¤¯à¨ïâ¨© ¨ ®à£�−¨§�æ¨©, §�¤¥©áâ¢®¢�−−ëå ¢ ¢ë¯®«−¥−¨¨ ¯®-
áâ�−®¢«¥−¨ï. �à¨¢¥¤¥¬ ¥£® ¯®«−®áâìî.

Œ¨−à�¤¨®¯à®¬: �ˆ–�‚’ (Œ®áª¢�), ‡�£®àáª¨© í«¥ªâà®¬¥å�−¨ç¥áª¨© §�-
¢®¤ (Œ®áª®¢áª�ï ®¡«�áâì), Š®áâà®¬áª®© í«¥ªâà®¬¥å�−¨ç¥áª¨© §�¢®¤, §�¢®¤ ‘�Œ
(Œ®áª¢�), ‚®«¦áª¨© §�¢®¤ à�¤¨®â¥å−¨ç¥áª¨å í«¥¬¥−â®¢ (‚®«£®£à�¤áª�ï ®¡-
«�áâì), �áâà�å�−áª¨© ¬�è¨−®áâà®¨â¥«ì−ë© §�¢®¤ ú�à®£à¥ááû, �¥−§¥−áª¨© §�¢®¤
ú‚�Œû, Œ¨−áª¨© §�¢®¤ �‚Œ, Œ¨−áª¨© §�¢®¤ ¬−®£®á«®©−ëå ¯¥ç�â−ëå ¯«�â,
Š¨è¨−¥¢áª¨© §�¢®¤ áç¥â−ëå ¬�è¨−, ’¡¨«¨ááª¨© §�¢®¤ í«¥ªâà®−−®-¢ëç¨á«¨â¥«ì-
−®© â¥å−¨ª¨, ’�èª¥−âáª¨© §�¢®¤ í«¥ªâà®−−ëå ¢ëç¨á«¨â¥«ì−ëå ¬�è¨− ú�«£®-
à¨â¬û, Š¨à®¢áª¨© ¯à¨¡®à®áâà®¨â¥«ì−ë© §�¢®¤, �ˆˆ �‚Œ (Œ¨−áª), Š�§�−áª¨©
§�¢®¤ ¯¨èãé¨å ãáâà®©áâ¢, Š�§�−áª¨© §�¢®¤ �‚Œ, �®ïàáª¨© ¬�è¨−®áâà®¨â¥«ì-
−ë© §�¢®¤ úˆáªà�û (Š¨¥¢áª�ï ®¡«�áâì), �à¥áâáª¨© í«¥ªâà®¬¥å�−¨ç¥áª¨© §�¢®¤,
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§�¢®¤ ú�«¥ªâà®¯à¨¡®àû (£. Š�¬¥−¥æ-�®¤®«ìáª¨© •¬¥«ì−¨æª®© ®¡«�áâ¨), Š�−¥¢-
áª¨© í«¥ªâà®¬¥å�−¨ç¥áª¨© §�¢®¤ úŒ�£−¨âû (—¥àª�ááª�ï ®¡«�áâì), ”àã−§¥−áª¨©
§�¢®¤ �‚Œ, �ˆˆ ¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨ (�¥−§�), ��ª¨−áª¨© §�¢®¤ �‚Œ, ��-
ª¨−áª¨© à�¤¨®§�¢®¤, Š�§�−áª¨© �ˆ’ˆ ¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨, Š� ú‘¥¢¥àû
(Š¨à®¢), �� ú–¥−âà�‚Œª®¬¯«¥ªáû (Œ®áª¢�).

Œ¨−¯à¨¡®à: �à«®¢áª¨© §�¢®¤ “‚Œ, Š¨¥¢áª¨© §�¢®¤ í«¥ªâà®−−ëå ¢ëç¨á«¨-
â¥«ì−ëå ¨ ã¯à�¢«ïîé¨å ¬�è¨−, ‘¥¢¥à®¤®−¥æª¨© ¯à¨¡®à®áâà®¨â¥«ì−ë© §�¢®¤,
‚¨«ì−îááª¨© §�¢®¤ áç¥â−ëå ¬�è¨−, ÷ï§�−áª¨© §�¢®¤ ‘�Œ, ’�ãà�£áª¨© §�¢®¤
í«¥¬¥−â®¢ ¢ëç¨á«¨â¥«ì−ëå ¬�è¨− (‹¨â®¢áª�ï ‘‘÷), ��−¥¢¥¦áª¨© §�¢®¤ â®ç−®©
¬¥å�−¨ª¨ (‹¨â®¢áª�ï ‘‘÷), Šãàáª¨© §�¢®¤ ú‘ç¥â¬�èû.

Œ¨−í«¥ªâà®−¯à®¬: §�¢®¤ ú�«ìâ�¨àû (Ÿà®á«�¢«ì), §�¢®¤ ú�à®æ¥áá®àû (‚®-
à®−¥¦), �� ú�«¥ªâà®−¨ª�û (‚®à®−¥¦), �àï−áª¨© §�¢®¤ ¯®«ã¯à®¢®¤−¨ª®¢ëå
¯à¨¡®à®¢, Š¨è¨−¥¢áª¨© §�¢®¤ úŒ¥§®−û, �ˆˆ ä¨§¨ç¥áª¨å ¯à®¡«¥¬ (‡¥«¥−®-
£à�¤), �ˆˆ ¬®«¥ªã«ïà−®© í«¥ªâà®−¨ª¨ (‡¥«¥−®£à�¤), –�ˆˆ ú–¨ª«®−û (Œ®áª-
¢�), §�¢®¤ ¬¨ªà®¯à®æ¥áá®à®¢ (�¥«ìæë Š¨è¨−¥¢áª®© ®¡«�áâ¨), §�¢®¤ ú„¥¢¨§û
(£. �«¥ªá¥¥¢ª� �¥«£®à®¤áª®© ®¡«�áâ¨), Š�«¨−¨−£à�¤áª¨© ¬�è¨−®áâà®¨â¥«ì−ë©
§�¢®¤, ‚ë¡®à£áª¨© ¯à¨¡®à®áâà®¨â¥«ì−ë© §�¢®¤, —¥à−ïå®¢áª¨© ¬�è¨−®áâà®¨-
â¥«ì−ë© §�¢®¤ (Š�«¨−¨−£à�¤áª�ï ®¡«�áâì).

�� ‘‘‘÷: ��ãç−ë© æ¥−âà �� ‘‘‘÷ (Ÿà®á«�¢«ì), ä¨«¨�« ˆ−áâ¨âãâ�
ª¨¡¥à−¥â¨ª¨ �� ‘‘‘÷ (�¥à¥á«�¢«ì-‡�«¥ááª¨©), ˆ−áâ¨âãâ ¯à®¡«¥¬ ª¨¡¥à−¥-
â¨ª¨ �� ‘‘‘÷, «�¡®à�â®à¨ï ¬¨ªà®í«¥ªâà®−¨ª¨ ˆ−áâ¨âãâ� ®¡é¥© ä¨§¨ª¨ ��
‘‘‘÷ ¨ ‚á¥á®î§−ë© −�ãç−®-¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà ¯® ¨§ãç¥−¨î á¢®©áâ¢
¯®¢¥àå−®áâ¨ ¨ ¢�ªãã¬� ƒ®ááâ�−¤�àâ� ¨ �� ‘‘‘÷ (Œ®áª¢�), ˆ−áâ¨âãâ ¯à®¡«¥¬
â¥å−®«®£¨¨ ¬¨ªà®í«¥ªâà®−¨ª¨ ¨ ®á®¡® ç¨áâëå ¬�â¥à¨�«®¢ á ‘Š� (—¥à−®£®«®¢ª�),
ˆ−áâ¨âãâ ä¨§¨ª¨ â¢¥à¤®£® â¥«� (—¥à−®£®«®¢ª�), ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨
(15 âëá. ª¢. ¬ ¯à®¨§¢®¤áâ¢¥−−®© ¯«®é�¤¨ ¨ 5 âëá. ª¢. ¬ ¦¨«®©), ‘�à�â®¢áª¨©
ä¨«¨�« ˆ÷�.

4 40-летие Института проблем информатики

�®áâ�−®¢«¥−¨¥ –Š Š�‘‘ ¨ ‘®¢¥â� Œ¨−¨áâà®¢ ‘‘‘÷, à�§à¥è�îé¥¥ ��
‘‘‘÷ á®§¤�âì ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ �� ‘‘‘÷ (ˆ�ˆ��), ¡ë«®
¯à¨−ïâ® 29 ¨î«ï 1983 £. [6], � ã¦¥ 2 �¢£ãáâ� 1983 £. ¢ëè«® á®®â¢¥âáâ¢ãîé¥¥
à�á¯®àï¦¥−¨¥ �à¥§¨¤¨ã¬� �� ‘‘‘÷.

‚ −�ç�«¥ 1980-å ££. ¯®ï¢«ïîâáï ¨ áâà¥¬¨â¥«ì−® §�¢®¥¢ë¢�îâ −®¢ë¥ ®¡«�-
áâ¨ ¯à¨¬¥−¥−¨ï ¬�áá®¢ë¥ áà¥¤áâ¢� ¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨ | ¯¥àá®−�«ì−ë¥
ª®¬¯ìîâ¥àë, áãé¥áâ¢¥−−®¥ à�§¢¨â¨¥ ¯®«ãç�îâ −�ãç−ë¥ ®á−®¢ë ¨−ä®à¬�â¨ª¨.
�¤−�ª® ú¢¥¤®¬áâ¢¥−−®áâìû ®à£�−¨§�æ¨©, §�−¨¬�îé¨åáï ¯à®¡«¥¬�¬¨ ¨−ä®à¬�-
â¨§�æ¨¨, áâ�«� â®à¬®§®¬ ¤«ï à�§¢¨â¨ï ¨−ä®à¬�â¨ª¨ ¢ ‘‘‘÷. ˆ¬¥−−® á æ¥«ìî
¯à¥®¤®«¥−¨ï ú¢¥¤®¬áâ¢¥−−ëå ¡�àì¥à®¢û, � â�ª¦¥ à�§¢¨â¨ï ¬¥â®¤®¢ ¨ áà¥¤áâ¢
¨−ä®à¬�â¨§�æ¨¨ ¡ë«® ®¡à�§®¢�−® −®¢®¥ ®â¤¥«¥−¨¥ �� ‘‘‘÷, � ç«¥−-ª®à-
à¥á¯®−¤¥−â �� ‘‘‘÷ �. �. ��ã¬®¢, ¢®§£«�¢«ï¢è¨© ˆ−áâ¨âãâ í«¥ªâà®−−ëå
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‚. �. ‡�å�à®¢

ã¯à�¢«ïîé¨å ¬�è¨− Œ¨−¯à¨¡®à� ‘‘‘÷, ¡ë« −�§−�ç¥− ¤¨à¥ªâ®à®¬-®à£�−¨-
§�â®à®¬ ®¤−®£® ¨§ −®¢ëå ¨−áâ¨âãâ®¢ | ˆ�ˆ��. �á−®¢−�ï §�¤�ç� ˆ�ˆ��
¡ë«� ®¯à¥¤¥«¥−� ª�ª ú¯à®¢¥¤¥−¨¥ äã−¤�¬¥−â�«ì−ëå ¨ ¯à¨ª«�¤−ëå ¨áá«¥¤®¢�−¨©
¢ ®¡«�áâ¨ â¥å−¨ç¥áª¨å ¨ ¯à®£à�¬¬−ëå áà¥¤áâ¢ ¬�áá®¢®© ¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨
¨ á¨áâ¥¬ −� ¨å ®á−®¢¥û, � ¨−â¥««¥ªâã�«ì−®© ¡�§®© ¯¥à¢ëå −�ãç−ëå ¯®¤à�§¤¥«¥-
−¨© ˆ�ˆ�� áâ�«¨ ª®««¥ªâ¨¢ë àï¤� −�ãç−ëå ®â¤¥«®¢ ˆ��“Œ, ¯¥à¥¢¥¤¥−−ë¥
¢ ˆ�ˆ�� ¢ −�ç�«¥ 1984 £.

ˆ−áâ¨âãâ ¢ ¯¥à¢ë¥ £®¤ë á¢®¥£® áãé¥áâ¢®¢�−¨ï ¡ëáâà® à�§¢¨¢�«áï | ¢ ¥£®
á®áâ�¢ ¢®è«¨ ä¨«¨�«ë ¢ �¥à¤ï−áª¥, Š�§�−¨, �à«¥. ‚ 1990 £. ¡ë« ®¡à�§®¢�−
á®¢¬¥áâ−ë© ®â¤¥« á à�¤¨®â¥å−¨ç¥áª¨¬ ¨−áâ¨âãâ®¬ ¢ £. ’�£�−à®£¥. �¡é�ï ç¨á«¥−-
−®áâì á®âàã¤−¨ª®¢ ¨−áâ¨âãâ� ¢ 1988{1989 ££. ¯à¥¢ëè�«� 1000 ç¥«®¢¥ª. ‚ 1989 £.
¤¨à¥ªâ®à®¬ ¨−áâ¨âãâ� áâ�« ç«¥−-ª®àà¥á¯®−¤¥−â �� ‘‘‘÷ ˆ£®àì �«¥ªá�−¤à®¢¨ç
Œ¨§¨− (¢ 1997 £. ¨§¡à�− ¤¥©áâ¢¨â¥«ì−ë¬ ç«¥−®¬ ÷��). ‚ 1999 £. ¤¨à¥ªâ®à®¬
¨−áâ¨âãâ� áâ�« ˆ£®àì �−�â®«ì¥¢¨ç ‘®ª®«®¢ (¢ 2003 £. ¨§¡à�− ç«¥−®¬-ª®àà¥á¯®−-
¤¥−â®¬ ÷��, � ¢ 2008 £. | ¤¥©áâ¢¨â¥«ì−ë¬ ç«¥−®¬ ÷��). ‚ 1992 £. ¨−áâ¨âãâ
¯®«ãç¨« −®¢®¥ −�¨¬¥−®¢�−¨¥ | ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®©
�ª�¤¥¬¨¨ −�ãª (ˆ�ˆ ÷��). ‚ −�áâ®ïé¥¥ ¢à¥¬ï ¯à¥¥¬−¨ª®¬ ˆ−áâ¨âãâ� ¯à®¡«¥¬
¨−ä®à¬�â¨ª¨ ÷�� áâ�« ”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª (”ˆ– ˆ“ ÷��) | ¯®¤¢¥¤®¬áâ¢¥−−�ï
Œ¨−¨áâ¥àáâ¢ã −�ãª¨ ¨ ¢ëáè¥£® ®¡à�§®¢�−¨ï ÷®áá¨©áª®© ”¥¤¥à�æ¨¨ −�ãç−�ï ®à-
£�−¨§�æ¨ï, ¢ë¯®«−ïîé�ï äã−¤�¬¥−â�«ì−ë¥, ¯®¨áª®¢ë¥ ¨ ¯à¨ª«�¤−ë¥ −�ãç−ë¥
¨áá«¥¤®¢�−¨ï ¨ à�§à�¡®âª¨ ¢ ®¡«�áâ¨ ¢ëç¨á«¨â¥«ì−®© ¨ ¯à¨ª«�¤−®© ¬�â¥¬�â¨ª¨,
á¨áâ¥¬−®£® �−�«¨§� ¨ ã¯à�¢«¥−¨ï, â¥®à¥â¨ç¥áª®© ¨−ä®à¬�â¨ª¨ ¨ ¨−ä®à¬�æ¨®−-
−ëå â¥å−®«®£¨©, à�§¢¨â¨ï ¨−ä®à¬�æ¨®−−®-â¥«¥ª®¬¬ã−¨ª�æ¨®−−®© ¨−äà�áâàãª-
âãàë ¨ ¨−ä®à¬�â¨§�æ¨¨ ®¡é¥áâ¢�. ”ˆ– ˆ“ ÷�� ¡ë« á®§¤�− ¢ ¤¥ª�¡à¥ 2014 £.
¯ãâ¥¬ à¥®à£�−¨§�æ¨¨ ”¥¤¥à�«ì−®£® £®áã¤�àáâ¢¥−−®£® ¡î¤¦¥â−®£® ãçà¥¦¤¥−¨ï
−�ãª¨ ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª (ˆ�ˆ ÷��)
¢ ä®à¬¥ ¯à¨á®¥¤¨−¥−¨ï ª −¥¬ã ”¥¤¥à�«ì−®£® £®áã¤�àáâ¢¥−−®£® ¡î¤¦¥â−®£®
ãçà¥¦¤¥−¨ï −�ãª¨ ˆ−áâ¨âãâ� á¨áâ¥¬−®£® �−�«¨§� ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
(ˆ‘� ÷��) ¨ ”¥¤¥à�«ì−®£® £®áã¤�àáâ¢¥−−®£® ¡î¤¦¥â−®£® ãçà¥¦¤¥−¨ï −�ãª¨
‚ëç¨á«¨â¥«ì−®£® æ¥−âà� ¨¬. �. �. „®à®¤−¨æë−� ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª (‚–
÷��). –¥−âà ¨¬¥¥â ä¨«¨�«ë ¢ £. �à«¥ ¨ ¢ £. Š�«¨−¨−£à�¤¥, ª®â®àë¥ ¤® à¥®à£�-
−¨§�æ¨¨ ¡ë«¨ ä¨«¨�«�¬¨ ˆ�ˆ ÷��. ��ãç−®-¬¥â®¤¨ç¥áª®¥ àãª®¢®¤áâ¢® ”ˆ–
ˆ“ ÷�� ®áãé¥áâ¢«ï¥âáï ¤¢ã¬ï ®â¤¥«¥−¨ï¬¨ ÷�� | �â¤¥«¥−¨¥¬ −�−®â¥å−®-
«®£¨© ¨ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© (¤® 2002 £. | �â¤¥«¥−¨¥ ¨−ä®à¬�â¨ª¨,
¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨ ¨ �¢â®¬�â¨§�æ¨¨, ¢ 2002{2007 ££. | �â¤¥«¥−¨¥ ¨−ä®à-
¬�æ¨®−−ëå â¥å−®«®£¨© ¨ ¢ëç¨á«¨â¥«ì−ëå á¨áâ¥¬) ¨ �â¤¥«¥−¨¥¬ ¬�â¥¬�â¨ç¥áª¨å
−�ãª.

Литература

1. Zakharov V. N. Two fates in the history of computer technology in the USSR (Lebedev
and Brouk) // 4th Conference (International) on Computer Technology in Russia and in

14 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 33 −®¬¥à 3 2023



To the 40th Anniversary of the Decrees of the Central Committee of the CPSU

the Former Soviet Union Proceedings / Eds. I. Krayneva, A. Tomilin. | Piscataway,
NJ, USA: IEEE, 2018. P. 1{4. doi: 10.1109/SoRuCom.2017.00006.

2. �â¥ç¥áâ¢¥−−�ï í«¥ªâà®−−�ï ¢ëç¨á«¨â¥«ì−�ï â¥å−¨ª� / ‘®áâ. ‘. �. Œãà�¢ì¥¢; ¯®¤
à¥¤. ‘. ‚. •®å«®¢�. | Œ.: ‘â®«¨ç−�ï í−æ¨ª«®¯¥¤¨ï, 2014. 400 á.

3. Zakharov V. Computers and their application in the USSR in the middle of the 1980s:
Situation, actions taken, predictions of development // 3rd Conference (International)
on Computer Technology in Russia and in the Former Soviet Union Proceedings. |
Piscataway, NJ, USA: IEEE, 2014. P. 53{60. doi: 10.1109/SoRuCom.2014.19.

4. � ¤�«ì−¥©è¥¬ à�§¢¨â¨¨ à�¡®â ¢ ®¡«�áâ¨ ¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨: �®áâ�−®¢«¥−¨¥
–Š Š�‘‘ ¨ ‘Œ ‘‘‘÷ ®â 29.07.1983 ü 729-231.

5. � ¬¥à�å ¯® ®¡¥á¯¥ç¥−¨î à�¡®â ¢ ®¡«�áâ¨ ¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨ ¨ ¥¥ ¯à¨¬¥−¥−¨ï
¢ −�à®¤−®¬ å®§ï©áâ¢¥: �®áâ�−®¢«¥−¨¥ ‘Œ ‘‘‘÷ ®â 29.07.1983 ü 730-232.

6. ‡�å�à®¢ ‚. �. ÷�¡®âë ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷�� // ˆáâ®à¨ï ®â¥ç¥-
áâ¢¥−−®© í«¥ªâà®−−®© ¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨ / �®¤ à¥¤. �. ‘. Ÿªã−¨−�. | Œ:
‘â®«¨ç−�ï í−æ¨ª«®¯¥¤¨ï, 2014. C. 444{448.

�®áâã¯¨«� ¢ à¥¤�ªæ¨î 31.07.23

TO THE 40TH ANNIVERSARY OF THE DECREES
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ON THE FURTHER DEVELOPMENT OF WORK
IN THE FIELD OF COMPUTER TECHNOLOGY,

INCLUDING AT THE USSR ACADEMY OF SCIENCES

V. N. Zakharov
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of Sciences, 44-2 Vavilov Str., Moscow 119133, Russian Federation

Abstract: The year 2023 marks the 40th anniversary of the establishment of
the Institute of Problems of Informatics of the USSR Academy of Sciences,
currently part of the Federal Research Center \Computer Science and Control"
of the Russian Academy of Sciences. The Institute was established in accordance
with a decree of the Central Committee of the CPSU and the Council of
Ministers of the USSR and a decree of the Council of Ministers of the USSR
dated July 29, 1983. The article discusses some prehistory of the development of
computer technology in the USSR before these decrees were issued, the return of
the subject of work on computer technology and computer science to the USSR
Academy of Sciences, the esteblishment of the Department of Computer Science,
Computer Technology, and Automation of the USSR Academy of Sciences, and
the main provisions of the decrees. Brief information about the development of
IPIAN from the moment of its creation to the present time is also provided.
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АНАЛИЗ МОНОТОННОГО ТРЕНДА ВРЕМЕННОГО РЯДА

М. П. Кривенко1

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�¥âáï §�¤�ç� ¢ëï¢«¥−¨ï ¨§¬¥−¥−¨© §� ¯¥à¨®¤ −�-
¡«î¤¥−¨ï å�à�ªâ¥à¨áâ¨ª ¨áá«¥¤ã¥¬®£® ¢à¥¬¥−−®£® àï¤�. �à�ªâ¨ç¥áª¨ ¢á¥£¤�
âà¥−¤ ¢®§−¨ª�¥â −� ä®−¥ áâ�â¨áâ¨ç¥áª®© §�¢¨á¨¬®áâ¨ í«¥¬¥−â®¢ ¢à¥¬¥−−®£®
àï¤�. ��«¨ç¨¥ §�¢¨á¨¬®áâ¨ ®â¤¥«ì−ëå −�¡«î¤¥−¨© áâ�−®¢¨âáï ¬¥è�îé¨¬
ä�ªâ®à®¬. �à¨ ¯®áâà®¥−¨¨ ¯à¥¤¯®«®¦¥−¨© ®¡ ¨§¬¥−¥−¨ïå ¯à¥¤¯®çâ¥−¨¥ ®â-
¤�¥âáï ¬®¤¥«ï¬ ®¡é¥£® å�à�ªâ¥à�: âà¥−¤ ¢¥à®ïâ−®áâ−ëå å�à�ªâ¥à¨áâ¨ª ¥áâì
¬®−®â®−−�ï äã−ªæ¨ï −¥¨§¢¥áâ−®£® ¢¨¤� ®â −®¬¥à� −�¡«î¤¥−¨ï (¬®−®â®−−ë©
âà¥−¤). �¥®¡å®¤¨¬®áâì ãç¥â� ¢ ¬®¤¥«¨ ¢à¥¬¥−−®£® àï¤� ®¡ê¥¤¨−¥−¨ï ®¡®-
¨å ¤¥©áâ¢ãîé¨å ä�ªâ®à®¢ ¨ ¯®âà¥¡−®áâì ¯®«ãç�âì à�¡®â®á¯®á®¡−ë¥ ¬¥â®¤ë
®¡à�¡®âª¨ ¤�−−ëå ¯à¨¢®¤ïâ ª á«¥¤ãîé¥© áå¥¬¥ ¤¥©áâ¢¨©: ¯à¨−ïâì §� ®á−®-
¢ã ã¦¥ à�§à�¡®â�−−ë¥ ¯à®æ¥¤ãàë, ¤�«¥¥ ¯® ¢®§¬®¦−®áâ¨ ¯®¤®£−�âì ãá«®¢¨ï
¨å ª®àà¥ªâ−®£® ¯à¨¬¥−¥−¨ï ¯®¤ âà¥¡ã¥¬ë¥ ¨, −�ª®−¥æ, ¨á¯®«ì§®¢�âì ¯à¨-
á¯®á®¡«¥−−ë¥ ¢�à¨�−âë. �à®¢®¤¨âáï �−�«¨§ ¬¥â®¤®¢ ®¡à�¡®âª¨ ¬¥è�îé¥£®
ä�ªâ®à�: −¥©âà�«¨§�æ¨¨ §�¢¨á¨¬®áâ¨, ãç¥â� §�¢¨á¨¬®áâ¨, ®¡®¡é¥−¨ï ¬®¤¥-
«¨ ¢à¥¬¥−−®£® àï¤�. ‚ ª�ç¥áâ¢¥ ¯à¨¬¥à� à�áá¬�âà¨¢�¥âáï §�¤�ç� ª®−âà®«ï
áâ�¡¨«ì−®© à�¡®âë ¤¢ãå¯à®æ¥áá®à−®© á¨áâ¥¬ë ®¡à�¡®âª¨ §�¤�−¨© á® á«ãç�©-
−ë¬ ¢ë¡®à®¬ ç¨á«� âà¥¡ã¥¬ëå ¯à®æ¥áá®à®¢. „¥¬®−áâà¨àãîâáï ¢®§¬®¦−®áâ¨
¨ ®£à�−¨ç¥−¨ï ¯à¥¤«®¦¥−−ëå ¬¥â®¤®¢.

Š«îç¥¢ë¥ á«®¢�: ¬®−®â®−−ë© âà¥−¤; ¤¥ª®àà¥«ïæ¨ï; ARIMA-¬®¤¥«¨

DOI: 10.14357/08696527230302 EDN: WVGUVX

1 Введение

÷�áá¬�âà¨¢�¥âáï §�¤�ç� ¢ëï¢«¥−¨ï ¨§¬¥−¥−¨© å�à�ªâ¥à¨áâ¨ª ¨áá«¥¤ã¥¬®£®
¢à¥¬¥−−�®£® àï¤�. …£® −¥®âê¥¬«¥¬�ï ®á®¡¥−−®áâì §�ª«îç�¥âáï ¢ â®¬, çâ® ®â-
¤¥«ì−ë¥ −�¡«î¤¥−¨ï ¬®£ãâ ¡ëâì §�¢¨á¨¬ë¬¨. �à¨à®¤� §�¢¨á¨¬®áâ¨ ¬¥¦¤ã
í«¥¬¥−â�¬¨ àï¤� ¨−®£¤� ¨§¢¥áâ−� ¨ ¤�¦¥ ¤®áâ�â®ç−® ¯à®áâ® ¬®¤¥«¨àã¥âáï (−�-
¯à¨¬¥à, ¢ëå®¤−®© ¯®â®ª §�ï¢®ª ¢ á¨áâ¥¬¥ ¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï á ¨§¢¥áâ−®©
áâàãªâãà®©), � ¨−®£¤� áâ�¢¨â ¢ âã¯¨ª ¨áá«¥¤®¢�â¥«¥© (−�¯à¨¬¥à, à¥§ã«ìâ�âë
¯®¢â®à−® ¯à®¢®¤¨¬ëå ¬¥¤¨æ¨−áª¨å �−�«¨§®¢ ¯à¨§−�−−®£® §¤®à®¢ë¬ ¯�æ¨¥−â�);
¢ ¤�−−®© áâ�âì¥ −�«¨ç¨¥ §�¢¨á¨¬®áâ¨ áç¨â�¥âáï ¬¥è�îé¨¬ ä�ªâ®à®¬. ˆ§¬¥−¥-
−¨ï ¦¥ å�à�ªâ¥à¨áâ¨ª −�¡«î¤�¥¬®£® ¯à®æ¥áá� ¯à¥¤áâ�¢«ïîâ ¯¥à¢¥©è¨© ¨−â¥à¥á,
¯à¨ ¯®áâà®¥−¨¨ á®®â¢¥âáâ¢ãîé¨å ¯à¥¤¯®«®¦¥−¨© ¯à¥¤¯®çâ¥−¨¥ ¯® ¢®§¬®¦−®áâ¨
®â¤�¥âáï ¬®¤¥«ï¬ ®¡é¥£® å�à�ªâ¥à�. �à¨ç¨−ë íâ®£® á®áâ®ïâ ¢ â®¬, çâ® ¯®¤ç�á
−¥â ¤®áâ�â®ç−® ¯®«−®© ¨−ä®à¬�æ¨¨ ¤«ï ¯®áâà®¥−¨ï ¯à®áâëå �¤¥ª¢�â−ëå ¯à�ªâ¨-
ª¥ â¥®à¥â¨ª®-¢¥à®ïâ−®áâ−ëå áå¥¬ «¨¡® ¢ �¯à¨®à−ë¥ ¯à¥¤¯®«®¦¥−¨ï ¨§−�ç�«ì−®

1”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª, mkrivenko@ipiran.ru
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§�«®¦¥− ¤®áâ�â®ç−ë© ¯à®¨§¢®«. �¯¨á�−−�ï ¯®áâ�−®¢ª� §�¤�ç¨ ¢®áâà¥¡®¢�−�,
−�¯à¨¬¥à, ¯à¨ «®−£¨âî¤−®¬ �−�«¨§¥ ¤�−−ëå ¢ ¬¥¤¨æ¨−¥, ¤«ï á®¯à®¢®¦¤¥−¨ï
á®æ¨®«®£¨ç¥áª¨å ¯à®æ¥áá®¢, ¢ á«ãç�¥ ®âá«¥¦¨¢�−¨ï íªáâà¥¬�«ì−ëå ª«¨¬�â¨-
ç¥áª¨å ï¢«¥−¨©, ¯à¨ ã¯à�¢«¥−¨¨ ¤®å®¤�¬¨ ¢ íª®−®¬¥âà¨ª¥ ¨ â. ¤. ˆ−â¥à¥á−®
®¡à�â¨âì ¢−¨¬�−¨¥ ¥é¥ −� ®¤−ã ¯à¨ª«�¤−ãî ®¡«�áâì �−�«¨§� ¤�−−ëå | íâ®
áâ�â¨áâ¨ç¥áª¨© ª®−âà®«ì ¯à®æ¥áá®¢, á¨áâ¥¬, ãáâà®©áâ¢ ¨ â. ¯., ¢ ç�áâ−®áâ¨ ¬®−¨-
â®à¨−£ äã−ªæ¨®−¨à®¢�−¨ï á¨áâ¥¬ ®¡á«ã¦¨¢�−¨ï á ®ç¥à¥¤ï¬¨ (á¬., −�¯à¨¬¥à, [1]).
�â� ®¡«�áâì ¯®-¯à¥¦−¥¬ã ¢®áâà¥¡®¢�−�, ¯® ®â¤¥«ì−ë¬ §�¤�ç�¬ ¤®áâ�â®ç−® −®¢�
¨ �ªâ¨¢−® ä®à¬¨àã¥âáï ¢ −�áâ®ïé¥¥ ¢à¥¬ï. Šà®¬¥ â®£®, ®¡ê¥ªâ®¬ ª®−âà®«ï
ç�áâ® ¢ëáâã¯�îâ â¥å−¨ç¥áª¨¥ áà¥¤áâ¢�, äã−ªæ¨®−¨à®¢�−¨¥ ª®â®àëå ¬®¦−® á¬®-
¤¥«¨à®¢�âì, ¨, á«¥¤®¢�â¥«ì−®, áâ�−®¢¨âáï ¢®§¬®¦−ë¬ å®âï ¡ë ç�áâ¨ç−® á−ïâì
−�¯àï¦¥−−®áâì, á¢ï§�−−ãî á ®¡ëç−® ¡¥¤−ë¬ ¯® ®¡ê¥¬ã áâ�â¨áâ¨ç¥áª¨¬ ¬�â¥à¨-
�«®¬.

„�«¥¥ ¢ ®á−®¢ã ¬®¤¥«¨ ¤�−−ëå ¯®«®¦¥−® ¯à¥¤¯®«®¦¥−¨¥ ® â®¬, çâ® ¨§¬¥−¥−¨¥
¨å ¢¥à®ïâ−®áâ−ëå å�à�ªâ¥à¨áâ¨ª ¥áâì ¬®−®â®−−�ï äã−ªæ¨ï −¥¨§¢¥áâ−®£® ¢¨¤� ®â
−®¬¥à� −�¡«î¤¥−¨ï (¤�«¥¥ | ¬®−®â®−−ë© âà¥−¤). Šà�âª® â¥®à¥â¨ç¥áª¨¥ ®á−®¢ë
áâ�â¨áâ¨ç¥áª®£® �−�«¨§� ¤�−−ëå ¤«ï íâ®© ¬®¤¥«¨ ¨§«®¦¥−ë ¢ [2]. Š ¥¥ ®á−®¢−ë¬
−¥®¡å®¤¨¬ë¬ ¤«ï ¤�−−®© à�¡®âë ¬®¬¥−â�¬ −¥®¡å®¤¨¬® ®â−¥áâ¨ á«¥¤ãîé¨¥.

‘«ãç�© âà¥−¤� áà¥¤−¥£® à�á¯à¥¤¥«¥−¨ï ƒ�ãáá� ¤«ï ¯®á«¥¤®¢�â¥«ì−®áâ¨ −¥-
§�¢¨á¨¬ëå −�¡«î¤¥−¨© −�¨¡®«¥¥ à�§à�¡®â�−. „«ï ¯®«ãç¥−¨ï ®æ¥−ª¨ âà¥−¤�
¨ ¯à¨−ïâ¨ï à¥è¥−¨ï ® ¥£® −�«¨ç¨¨ ¨á¯®«ì§ã¥âáï PAV-¯à®æ¥¤ãà� (Pool-Adjacent-
Violators) ãáâà�−¥−¨ï −¥¢¥à−ëå −¥à�¢¥−áâ¢. …¥ ®á−®¢−®© è�£ §�ª«îç�¥âáï ¢ ®¡ê-
¥¤¨−¥−¨¨ á®á¥¤−¨å £àã¯¯ −�¡«î¤¥−¨©, ª®â®àë¥ −¥ ¤�îâ ã¤®¢«¥â¢®àïîé¨¥ âà¥¡ã-
¥¬ë¬ ãá«®¢¨ï¬ ®¡ëç−ë¥ ®æ¥−ª¨ áà¥¤−¥£®. �à®¢¥àª� £¨¯®â¥§ë ®¡ ®¤−®à®¤−®áâ¨
¢ë¡®àª¨ ¯à®â¨¢ ª®−ªãà¨àãîé¥© £¨¯®â¥§ë ® ¬®−®â®−−®© ã¯®àï¤®ç¥−−®áâ¨ ®áã-
é¥áâ¢«ï¥âáï á ¯®¬®éìî ªà¨â¥à¨ï ®â−®è¥−¨ï ¯à�¢¤®¯®¤®¡¨ï. ˆå áâ�â¨áâ¨ª¨
¢ §�¢¨á¨¬®áâ¨ ®â �¯à¨®à−ëå ¯à¥¤¯®«®¦¥−¨© ¯à¨−¨¬�îâ âã ¨«¨ ¨−ãî ä®à¬ã,
¢�¦−ë¬ í«¥¬¥−â®¬ ª®â®à®© á«ã¦¨â â�ª −�§ë¢�¥¬�ï áâã¯¥−ìª� | ª®¬¯®−¥−âë
¢¥ªâ®à� ®æ¥−ª¨ áà¥¤−¥£® á ®¤¨−�ª®¢ë¬¨ §−�ç¥−¨ï¬¨. �á−®¢−®© à¥§ã«ìâ�â ®â-
−®á¨â¥«ì−® ¯®¢¥¤¥−¨ï íâ¨å áâ�â¨áâ¨ª ¯à¨ −ã«¥¢®© £¨¯®â¥§¥ §�ª«îç�¥âáï ¢ â®¬,
çâ® ¨å ãá«®¢−ë¥ ¯® ç¨á«ã áâã¯¥−¥ª à�á¯à¥¤¥«¥−¨ï áãâì ¨§¢¥áâ−ë¥ χ2-à�á¯à¥-
¤¥«¥−¨ï ¨ β-à�á¯à¥¤¥«¥−¨¥. ‚ à¥§ã«ìâ�â¥ æ¥−âà�«ì−®© áâ�−®¢¨âáï §�¤�ç� −�-
å®¦¤¥−¨ï τN (j) | ¢¥à®ïâ−®áâ¨ â®£®, çâ® ®æ¥−ª� ¬�ªá¨¬�«ì−®£® ¯à�¢¤®¯®¤®¡¨ï
¬®−®â®−−®£® âà¥−¤�, ¯®«ãç¥−−�ï ¯® N −�¡«î¤¥−¨ï¬, á®¤¥à¦¨â j áâã¯¥−¥ª. �ë«®
¤®ª�§�−®, çâ®

τN (j) =
|s(N, j)|

N !
, j = 1, . . . , N ,

£¤¥ s(N, j) | ç¨á«� ‘â¨à«¨−£� 1-£® à®¤�. �®§¦¥ ¡ë«® ®¡®á−®¢�−®, çâ® ¯à¨
íâ®¬ −¥®¡ï§�â¥«ì−® à�áá¬�âà¨¢�âì ¢ë¡®à®ç−®¥ áà¥¤−¥¥ [3]. �â® £®¢®à¨â ¢ ¯®«ì§ã
ãáâ®©ç¨¢®áâ¨ áâ�â¨áâ¨ç¥áª®£® ¢ë¢®¤� −� ®á−®¢¥ ªà¨â¥à¨ï ç¨á«� áâã¯¥−¥ª.

�¥à¥å®¤ ¢ ®¡é¥¬ á«ãç�¥ ª ¬®¤¥«¨ −¥¯�à�¬¥âà¨ç¥áª®£® âà¥−¤� æ¥«¥á®®¡à�§−®
®áãé¥áâ¢«ïâì â�ª, çâ®¡ë à�áè¨à¨âì ®¡«�áâì ¯à¨¬¥−¥−¨ï ã¦¥ ¯®áâà®¥−−ëå à¥-
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�−�«¨§ ¬®−®â®−−®£® âà¥−¤� ¢à¥¬¥−−®£® àï¤�

è¥−¨©. ‡¤¥áì −�¨¡®«¥¥ ¯à�ªâ¨ç−ë¬ ®ª�§ë¢�¥âáï ¨á¯®«ì§®¢�−¨¥ á¢®¡®¤−ëå ®â
à�á¯à¥¤¥«¥−¨ï ¯à®æ¥¤ãà, §�ª«îç�îé¥¥áï ¢ ¯¥à¥å®¤¥ ®â −�¡«î¤¥−¨© ª ¨å à�−£�¬,
¨ à�áá¬®âà¥−¨¥ ¢ ª�ç¥áâ¢¥ ¬®¤¥«¨ âà¥−¤� áâ®å�áâ¨ç¥áª®© ã¯®àï¤®ç¥−−®áâ¨.

2 Методы обработки зависимости элементов временного ряда

�à�ªâ¨ç¥áª¨ ¢á¥£¤� âà¥−¤ ¢®§−¨ª�¥â −� ä®−¥ áâ�â¨áâ¨ç¥áª®© §�¢¨á¨¬®áâ¨
í«¥¬¥−â®¢ ¢à¥¬¥−−�®£® àï¤�. �®¯ëâª� ®¡ê¥¤¨−¥−¨ï íâ¨å ¤¢ãå ä�ªâ®à®¢ ¯à¨¢®¤¨â
ª ¯®¯ã«ïà−®© ¬®¤¥«¨ (−�¯à¨¬¥à, ¢ §�¤�ç�å ®¯¨á�−¨ï £«®¡�«ì−®© â¥¬¯¥à�âã-
àë ¯à¨ ª«¨¬�â¨ç¥áª¨å ¨áá«¥¤®¢�−¨ïå) �−�«¨§� §�¢¨á¨¬®áâ¨ ®â ¢à¥¬¥−¨ ¢ ¢¨¤¥
âà¥−¤� ®¯à¥¤¥«¥−−®£® ¢¨¤� ¨ ¯à®æ¥áá� �¢â®à¥£à¥áá¨¨ á −ã«¥¢ë¬ áà¥¤−¨¬. •®-
âï ¡ë«¨ ¯à¥¤¯à¨−ïâë §−�ç¨â¥«ì−ë¥ ãá¨«¨ï ¤«ï à�§à�¡®âª¨ â¥áâ®¢ ¢ëï¢«¥−¨ï,
¢ ç�áâ−®áâ¨ «¨−¥©−®£® âà¥−¤� ¯à¨ −�«¨ç¨¨ ¯®á«¥¤®¢�â¥«ì−®© ª®àà¥«ïæ¨¨, ¯à®æ¥-
¤ãàë â¥áâ¨à®¢�−¨ï, ¨á¯®«ì§ã¥¬ë¥ −� ¯à�ªâ¨ª¥, −¥«ì§ï ¯à¨§−�âì ¢ ®¡é¥¬ á«ãç�¥
ã¤®¢«¥â¢®à¨â¥«ì−ë¬¨ (á¬., −�¯à¨¬¥à, [4]). �à¨ íâ®¬ �¯à¨®à−ë¥ ¯à¥¤¯®«®¦¥−¨ï
®â−®á¨â¥«ì−® �−�«¨§¨àã¥¬ëå ¤�−−ëå ®ª�§ë¢�îâáï −�áâ®«ìª® ¦¥áâª¨¬¨, çâ® áâ�-
−®¢ïâáï −¥¯à�ªâ¨ç−ë¬¨. �®íâ®¬ã −¥®¡å®¤¨¬®áâì ãç¥â� ¢ ¬®¤¥«¨ ¢à¥¬¥−−�®£® àï¤�
®¡ê¥¤¨−¥−¨ï ¢á¥å ¤¥©áâ¢ãîé¨å ä�ªâ®à®¢ (â. ¥. §�¤�−¨¥ à�á¯à¥¤¥«¥−¨ï í«¥¬¥−-
â®¢ ¢à¥¬¥−−�®£® àï¤� ¢ á®¢®ªã¯−®áâ¨) ¨ ¯®âà¥¡−®áâì ¯®«ãç�âì à�¡®â®á¯®á®¡−ë¥
¬¥â®¤ë ®¡à�¡®âª¨ ¤�−−ëå (¢ ®á®¡¥−−®áâ¨ −� à�§¢¥¤®ç−®¬ íâ�¯¥ ¨áá«¥¤®¢�−¨©)
¯à¨¢®¤ïâ ª á«¥¤ãîé¥© áå¥¬¥ ¤¥©áâ¢¨©: ¯à¨−ïâì §� ®á−®¢ã ã¦¥ à�§à�¡®â�−−ë¥
¯à®æ¥¤ãàë, ¤�«¥¥ ¯® ¢®§¬®¦−®áâ¨ ¯®¤®£−�âì ãá«®¢¨ï ¨å ª®àà¥ªâ−®£® ¯à¨¬¥−¥−¨ï
¯®¤ âà¥¡ã¥¬ë¥ ¨, −�ª®−¥æ, ¨á¯®«ì§®¢�âì ¯à¨á¯®á®¡«¥−−ë¥ ¢�à¨�−âë.

�¥©âà�«¨§�æ¨ï §�¢¨á¨¬®áâ¨. …á«¨ ¯®§¢®«ïîâ ãá«®¢¨ï §�¤�ç¨ �−�«¨§� ¤�−-
−ëå, â® à�¤¨ª�«ì−ë¬ ¯à¨¥¬®¬ ¬®¦¥â áâ�âì ®á«�¡«¥−¨¥ ¢«¨ï−¨ï ¨«¨ ¢ ¨¤¥�«¥
ãáâà�−¥−¨¥ §�¢¨á¨¬®áâ¨, −® â�ª, çâ®¡ë −�«¨ç¨¥ âà¥−¤� ®áâ�«®áì ¡¥§ ¨§¬¥−¥-
−¨©. „«ï íâ®£® ¨á¯®«ì§ã¥âáï â¥à¬¨− ú¤¥ª®àà¥«ïæ¨ïû | íâ® «î¡®© ¯à®æ¥áá,
ª®â®àë© ¯à¨¢®¤¨â ª ã¬¥−ìè¥−¨î �¢â®ª®àà¥«ïæ¨¨ ¢® ¢à¥¬¥−−�®¬ àï¤¥ ¯à¨ á®-
åà�−¥−¨¨ ¤àã£¨å ¥£® �á¯¥ªâ®¢. �à�ªâ¨ª� �−�«¨§� ¤�−−ëå (á¬., −�¯à¨¬¥à, [5])
¯®¤áª�§ë¢�¥â æ¥«¥á®®¡à�§−®áâì ¨á¯®«ì§®¢�−¨ï ¤«ï ¨§¬¥à¥−¨ï íää¥ªâ¨¢−®áâ¨
¤¥ª®àà¥«ïæ¨¨ ¢à¥¬¥−−®© á¤¢¨£ («�£), ¤«ï ª®â®à®£® �¢â®ª®àà¥«ïæ¨®−−�ï äã−ªæ¨ï
¤®áâ¨£�¥â §�¤�−−®£® §−�ç¥−¨ï. „�«¥¥ ¢ ª�ç¥áâ¢¥ â�ª®£® §−�ç¥−¨ï ¡¥à¥âáï −ã«¥¢®¥
(¢ ¢ë¡®à®ç−®¬ á«ãç�¥ ¢ ¢¨¤¥ ¤®¢¥à¨â¥«ì−®£® ¨−â¥à¢�«� á −�¤¥¦−®áâìî ¢ 1%),
� á®®â¢¥âáâ¢ãîé¨© «�£ ¬¨−ãá 1 ãá«®¢−® −�§®¢¥¬ ú£«ã¡¨−®©û §�¢¨á¨¬®áâ¨.

�à¨¬¥−¨â¥«ì−® ª §�¤�ç�¬ �−�«¨§� âà¥−¤� ¤¥ª®àà¥«ïæ¨ï | íâ® ¢ ¯¥à¢ãî
®ç¥à¥¤ì ¯à®à¥¦¨¢�−¨¥ ¨áå®¤−ëå ¤�−−ëå. �−® ¬®¦¥â ¡ëâì à¥�«¨§®¢�−®, ¢®-¯¥à-
¢ëå, ¡¥§®â−®á¨â¥«ì−® ª ¬¥å�−¨§¬ã ¯®à®¦¤¥−¨ï ¢à¥¬¥−−�®£® àï¤� ¨«¨, ¢®-¢â®àëå,
á ¥£® ãç¥â®¬. �à¨ ¯¥à¢®¬ ¯®¤å®¤¥ ¥áâ¥áâ¢¥−−® ®¡à�â¨âìáï ª á«ãç�©−®¬ã ¢ë¡®àã
¨«¨ ¦¥ ®áâ�¢«ïâì ¤«ï �−�«¨§� â®«ìª® í«¥¬¥−âë ¢à¥¬¥−−�®£® àï¤�, ®âáâ®ïé¨¥ ¤àã£
®â ¤àã£� á ®¯à¥¤¥«¥−−ë¬ «�£®¬. ‚â®à�ï ¨¤¥ï §�¢¨á¨â ®â ¨áâ®ç−¨ª� ä®à¬¨à®¢�−¨ï
¤�−−ëå, ¨ ¥¥ à¥�«¨§�æ¨ï ¯à¨¢®¤¨â ª ª®¬¡¨−¨à®¢�−−®© ¯à®æ¥¤ãà¥: ¢−�ç�«¥
¢ë¤¥«¥−¨¥ á¥à¨¨ ¯®á«¥¤®¢�â¥«ì−ëå í«¥¬¥−â®¢ ¢à¥¬¥−−�®£® àï¤�, ¢ ª®â®à®© ú¢−ãâ-
à¥−−¨¥û í«¥¬¥−âë á®£«�á−® ¬¥å�−¨§¬ã ¯®à®¦¤¥−¨ï ¢à¥¬¥−−�®£® àï¤� ¯à¨¢®¤ïâ
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ª ¢§�¨¬®á¢ï§¨ úªà�©−¨åû í«¥¬¥−â®¢, çâ® ¯®à®¦¤�¥â ¯à®à¥¦¥−−ë© ¢à¥¬¥−−®© àï¤
úªà�©−¨åû í«¥¬¥−â®¢, ª ª®â®à®¬ã ¤®¯®«−¨â¥«ì−® ¯à¨¬¥−ï¥âáï á«ãç�©−ë© ¨«¨
¤¥â¥à¬¨−¨à®¢�−−ë© ¢ë¡®à.

‚ ª�ç¥áâ¢¥ ¨««îáâà�æ¨¨ ¯à¥¤«�£�¥¬ëå à¥è¥−¨© à�áá¬®âà¨¬ §�¤�çã ª®−âà®«ï
áâ�¡¨«ì−®© à�¡®âë ¤¢ãå¯à®æ¥áá®à−®© á¨áâ¥¬ë ®¡à�¡®âª¨ §�¤�−¨© á® á«ãç�©−ë¬
¢ë¡®à®¬ ç¨á«� âà¥¡ã¥¬ëå ¯à®æ¥áá®à®¢ [6]. ”ã−ªæ¨®−¨à®¢�−¨¥ ¯®¤®¡−®© á¨áâ¥-
¬ë M/M/2 ®¯à¥¤¥«ï¥âáï ¯�à�¬¥âà�¬¨: λ | ¨−â¥−á¨¢−®áâì ¯®áâã¯«¥−¨ï §�¤�−¨©
−� ®¡à�¡®âªã; p1| ¢¥à®ïâ−®áâì â®£®, çâ® ¤«ï ¢ë¯®«−¥−¨ï §�¤�−¨ï âà¥¡ã¥âáï ®¤¨−
¯à®æ¥áá®à; µ | áà¥¤−¥¥ ¢à¥¬ï ®¡à�¡®âª¨ §�¤�−¨ï ¯à®æ¥áá®à®¬/̄ à®æ¥áá®à�¬¨.
‘®£«�á−® ááë«ª¥ ¢ à�§¤. 3 à�¡®âë [6] ãá«®¢¨¥ áâ�¡¨«ì−®áâ¨ äã−ªæ¨®−¨à®¢�−¨ï
íâ®© á¨áâ¥¬ë ¯à¨−¨¬�¥â ¢¨¤:

λ

µ
<

2

2− p21
. (1)

‚ ª�ç¥áâ¢¥ ®¡ê¥ªâ� áâ�â¨áâ¨ç¥áª®£® �−�«¨§� ¢ëáâã¯�¥â ¯®á«¥¤®¢�â¥«ì−®áâì §−�-
ç¥−¨© ¢à¥¬¥−¨ ¯à¥¡ë¢�−¨ï ®â¤¥«ì−ëå §�¤�−¨© ¢ á¨áâ¥¬¥. �¡à�¡®âª� ¤�−−ëå
¯à®¢®¤¨âáï ¯® äà�£¬¥−â�¬, ¤«¨−� ª®â®àëå ¢ë¡à�−� áâ�−¤�àâ−®© ¨ à�¢−®© 104,
çâ® −¥ ¯à®â¨¢®à¥ç¨â ¯à�ªâ¨ª¥ ª®−âà®«ï äã−ªæ¨®−¨à®¢�−¨ï á¨áâ¥¬ ®¡à�¡®âª¨
¨ ¯®§¢®«ï¥â ¯à®¢¥áâ¨ áà�¢−¨â¥«ì−ë© �−�«¨§ àï¤� ¬¥â®¤®¢ ¢ á®¢®ªã¯−®áâ¨.

�ää¥ªâ¨¢−®¥ ¯à®à¥¦¨¢�−¨¥ ¯ãâ¥¬ á«ãç�©−®£® ¢ë¡®à� à¥�«¨§ã¥â ¯¥à¥å®¤
®â ª®àà¥«¨à®¢�−−®© ¯®á«¥¤®¢�â¥«ì−®áâ¨ ª −¥ª®àà¥«¨à®¢�−−®© ¯®¤¯®á«¥¤®¢�-
â¥«ì−®áâ¨ ¬�ªá¨¬�«ì−®© ¤«¨−ë, çâ® ¤®áâ¨£�¥âáï ¬¥â®¤®¬ ¡¨á¥ªæ¨¨. �®¤¡®à
è�£� ¤¥â¥à¬¨−¨à®¢�−−®£® ¯à®à¥¦¨¢�−¨ï ®áãé¥áâ¢«ï¥âáï ¯®á«¥¤®¢�â¥«ì−® ®â 1
¤® §−�ç¥−¨ï ¤«¨−ë ¨áå®¤−®£® ¢à¥¬¥−−�®£® àï¤� ¨ §�¢¥àè�¥âáï ¯à¨ ¢áâà¥ç¥ á«ã-
ç�ï −¥ª®àà¥«¨à®¢�−−®áâ¨ ¨«¨ ¯à¨ ¤®áâ¨¦¥−¨¨ ¤«¨−ë ¨áå®¤−®© ¯®á«¥¤®¢�â¥«ì-
−®áâ¨.

‚ ®á−®¢ã ª®¬¡¨−¨à®¢�−−®© ¯à®æ¥¤ãàë ¯®«®¦¥−® ¯à®à¥¦¨¢�−¨¥ ¨§®«¨à®¢�-
−¨¥¬: ¤«ï ª�¦¤®£® ä¨ªá¨à®¢�−−®£® §�¤�−¨ï ¬®¦−® ®¯à¥¤¥«¨âì á®¯ãâáâ¢ãîéãî
£àã¯¯ã §�¤�−¨©, −�å®¤ïé¨åáï ®¤−®¢à¥¬¥−−® á −¨¬ ¢ ®¡à�¡®âª¥, ¨ ®áâ�¢¨âì
â®«ìª® â¥ §�¤�−¨ï, ¤«ï ª®â®àëå á®¯ãâáâ¢ãîé¨¥ £àã¯¯ë −¥ ¯¥à¥á¥ª�îâáï. ‡�-
¬¥â¨¬, çâ® â�ª®¥ á¦�â¨¥ ¤�−−ëå −¥ £�à�−â¨àã¥â ®âáãâáâ¢¨ï ª®àà¥«¨à®¢�−−®áâ¨
¢ ¢ëå®¤−®© ¯®á«¥¤®¢�â¥«ì−®áâ¨, ¯®íâ®¬ã ¥£® ¯à¨å®¤¨âáï ¤®¯®«−ïâì ¤àã£¨¬¨
¯à®æ¥¤ãà�¬¨.

„«ï á¨áâ¥¬ë á ¯�à�¬¥âà�¬¨ λ = 0,8, µ = 1 ¨ p1 = 0 ¡ë«¨ ¯à®¢¥¤¥−ë 100 íªá-
¯¥à¨¬¥−â®¢, ¢ å®¤¥ ª®â®àëå ¯à®¢®¤¨«áï áà�¢−¨â¥«ì−ë© �−�«¨§ íää¥ªâ¨¢−®áâ¨
(á â®çª¨ §à¥−¨ï ¯®â¥à¨ ¤�−−ëå) âà¥å ¯à®æ¥¤ãà ¯à®à¥¦¨¢�−¨ï: á«ãç�©−®©, ¤¥â¥à-
¬¨−¨à®¢�−−®© ¨ ª®¬¡¨−¨à®¢�−−®©. ’�ª¦¥ ¯à®¢¥àï«�áì £¨¯®â¥§� ® −®à¬�«ì−®¬
à�á¯à¥¤¥«¥−¨¨ í«¥¬¥−â®¢ ¢à¥¬¥−−�®£® àï¤� ¯®á«¥ ¯à®à¥¦¨¢�−¨ï. „«ï íâ®£® ¨á-
¯®«ì§®¢�«áï á¢®¤−ë© â¥áâ −� ®á−®¢¥ ª®íää¨æ¨¥−â®¢ �á¨¬¬¥âà¨¨ ¨ íªáæ¥áá� ¢ à¥-
¤�ªæ¨¨ [7]. …á«¨ áà¥¤−ïï ú£«ã¡¨−�û §�¢¨á¨¬®áâ¨ ¨áå®¤−®© ¯®á«¥¤®¢�â¥«ì−®áâ¨
¤�−−ëå á®áâ�¢¨«� 63, â® áà¥¤−¨¥ §−�ç¥−¨ï ¤®«¨ ®áâ�¢è¨åáï ¤�−−ëå ®ª�§�«¨áì
à�¢−ë¬¨ 2% ¤«ï á«ãç�©−®£® ¯à®à¥¦¨¢�−¨ï, 4% ¤«ï ¤¥â¥à¬¨−¨à®¢�−−®£® ¨ 9% ¤«ï
ª®¬¡¨−¨à®¢�−−®£®.
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�−�«¨§ ¬®−®â®−−®£® âà¥−¤� ¢à¥¬¥−−®£® àï¤�

�®«ãç¥−−ë¥ à¥§ã«ìâ�âë ¯®§¢®«ïîâ áä®à¬ã«¨à®¢�âì á«¥¤ãîé¨¥ ¢ë¢®¤ë:
{ ¤¥â¥à¬¨−¨à®¢�−−�ï ¤¥ª®àà¥«ïæ¨ï ¯à¨¢®¤¨â ª ¬¥−ìè¨¬ ¯®â¥àï¬ ¤�−−ëå ¯®

áà�¢−¥−¨î á® á«ãç�©−®©;
{ á ãç¥â®¬ ¯à¥¤ë¤ãé¥£® ¯ã−ªâ� ª®¬¡¨−¨à®¢�−−ë© ¬¥â®¤, ¢ª«îç�îé¨© ¯à®-

à¥¦¨¢�−¨¥ ¨§®«¨à®¢�−¨¥¬ á ¯®á«¥¤ãîé¥© ¤¥â¥à¬¨−¨à®¢�−−®© ¯à®æ¥¤ãà®©
¤¥ª®àà¥«ïæ¨¨, ®¡«�¤�¥â −�¨¬¥−ìè¨¬¨ ¯®â¥àï¬¨ ¤�−−ëå ¨§ âà¥å à�áá¬�âà¨-
¢�¥¬ëå ¯à¥®¡à�§®¢�−¨©;

{ ¤¥ª®àà¥«ïæ¨ï ¯®§¢®«ï¥â ª®àà¥ªâ−® ¯à®¢®¤¨âì à�§¢¥¤®ç−ë© �−�«¨§ ¢à¥¬¥−-
−ëå àï¤®¢ ¨, ¢ ç�áâ−®áâ¨, ¯à®¢¥àïâì ¯à¥¤¯®«®¦¥−¨¥ ® â®¬, çâ® à�á¯à¥¤¥«¥−¨¥
¤�−−ëå ¥áâì −®à¬�«ì−®¥. �− ç¥âª® ¯®ª�§�«, çâ® −¨ ® ª�ª®¬ à�á¯à¥¤¥«¥-
−¨¨ ƒ�ãáá� −¥ ¬®¦¥â ¡ëâì ¨ à¥ç¨, áª®à¥¥ ¨¬¥¥â ¬¥áâ® £�¬¬�-à�á¯à¥¤¥«¥−¨¥
á ¯�à�¬¥âà�¬¨, áãé¥áâ¢¥−−® ®â«¨ç�îé¨¬¨ ¥£® ®â −®à¬�«ì−®£®.

“ç¥â §�¢¨á¨¬®áâ¨. …á«¨ â¥áâë ¤«ï �−�«¨§� ¤�−−ëå ¯à¨−ïâë, â® ¬®¦−®
®¡à�â¨âìáï ª ¬¥â®¤�¬ ã¯à�¢«¥−¨ï ®¡à�¡®âª®© ¨áå®¤−ë¬¨ ¤�−−ë¬¨ ¨ ¯®¯ëâ�âìáï
®¯¨á�âì ¯®¢¥¤¥−¨¥ ¨á¯®«ì§ã¥¬ëå áâ�â¨áâ¨ª ¤«ï ãá«®¢−®-à¥�«ì−ëå ¤�−−ëå. �à¨
íâ®¬ ¨§-§� −�«¨ç¨ï ¢§�¨¬®á¢ï§¨ í«¥¬¥−â®¢ ¢à¥¬¥−−�®£® àï¤� −¥¯®áà¥¤áâ¢¥−−®¥
¨á¯®«ì§®¢�−¨¥ ª«�áá¨ç¥áª¨å ¬¥â®¤®¢ ã¯à�¢«¥−¨ï ®¡à�¡®âª®© ¤�−−ëå (¡ãâáâà¥¯,
áª«�¤−®£® −®¦�, ¯¥à¥¯à®¢¥àª�, â¥áâë ¯¥à¥áâ�−®¢ª¨) ¯®¤ç�á −¥¢®§¬®¦−®. �®íâ®-
¬ã ¤®¯ãáâ¨¬® ®¡à�â¨âìáï ª ®¡à�§®¢�−¨î ¢ë¡®à®ª ¯ãâ¥¬ ¯®¢â®à−®£® á«ãç�©−®£®
¯à®¯ãáª� ®â¤¥«ì−ëå í«¥¬¥−â®¢ ¤�−−ëå ¢ ¯à¥¤¯®«®¦¥−¨¨, çâ® ¤�−−�ï ¯à®æ¥¤ãà�
−¥áãé¥áâ¢¥−−® ¨áª�¦�¥â áâ�â¨áâ¨ç¥áª¨© ¢ë¢®¤ [8]. �® ¥á«¨ ¯à¨−ïâ¨¥ à¥è¥−¨©
®â−®á¨â¥«ì−® íªá¯¥à¨¬¥−â�«ì−ëå à¥§ã«ìâ�â®¢ ¢ª«îç�¥â �«ìâ¥à−�â¨¢ã, â® ¯à¨¬¥-
−¥−¨¥ «î¡®£® ¨§ ¯¥à¥ç¨á«¥−−ëå ¬¥â®¤®¢ ã¯à�¢«¥−¨ï ®¡à�¡®âª®©, áª®à¥¥ ¢á¥£®,
áâ�−¥â −¥¤®¯ãáâ¨¬ë¬: à¥�«ì−ë© ¢à¥¬¥−−®© àï¤ ®áâ�¥âáï ä�ªâ¨ç¥áª¨ ¥¤¨−áâ¢¥−-
−ë¬ ¬−®£®¬¥à−ë¬ −�¡«î¤¥−¨¥¬.

ˆ¬¥ï ¢®§¬®¦−®áâì ¬®¤¥«¨à®¢�âì �−�«¨§¨àã¥¬ë¥ ¤�−−ë¥, ¬®¦−® ¢á¥ ¦¥
¤®¡¨âìáï ®¯à¥¤¥«¥−−ëå à¥§ã«ìâ�â®¢. ‚¥à−¥¬áï ª �−�«¨§ã ¬®−®â®−−®£® âà¥−¤�
á ¯®¬®éìî ªà¨â¥à¨ï ç¨á«� áâã¯¥−¥ª ¤«ï ¢ëå®¤−®£® ¯®â®ª� á¨áâ¥¬ë M/M/2.
‚ë¡®à ¨««îáâà�â¨¢−ëå ¬®¤¥«¨àã¥¬ëå á¨áâ¥¬ ®¯¨à�¥âáï −� á®®â−®è¥−¨¥ (1)
¨ ¤«ï ã¯à®é¥−¨ï á«¥¤ã¥â ¯à�¢¨«�¬: ¯�à�¬¥âàë p1 ¨ µ ¯à¨−¨¬�îâáï ¡�§®¢ë¬¨
¨ p1 = 0,5, µ = 1; â®£¤� λ ¢ë¡¨à�¥âáï ª�ª Cλ · 2µ/(2 − p21), £¤¥ Cλ |
¨−¤¨ª�â®à áâ�¡¨«ì−®áâ¨ à�¡®âë á¨áâ¥¬ë ¨ ã¢¥«¨ç¥−¨¥ ¥£® §−�ç¥−¨ï ¯à¨¢®¤¨â
ª à®áâã ú£«ã¡¨−ëû §�¢¨á¨¬®áâ¨. �®á«¥¤−¥¥ á«¥¤ã¥â ¨§ íªá¯¥à¨¬¥−â�«ì−ëå
à¥§ã«ìâ�â®¢, ç�áâì ¨§ ª®â®àëå ¯à¨¢¥¤¥−� ¢ â�¡«. 1, ¢ ª®â®à®© ¢ 1-© áâà®ª¥
¯à¨¢¥¤¥−ë ¢ ¯à®æ¥−â�å ®ªàã£«¥−−ë¥ §−�ç¥−¨ï:

T (j) = 1−

j
∑

i=1

τN (i) ¯à¨ N = 104 ,

¢ áâà®ª�å 2{6 | á®®â¢¥âáâ¢ãîé¨¥ í¬¯¨à¨ç¥áª¨¥ §−�ç¥−¨ï, −�©¤¥−−ë¥ ¢ å®-
¤¥ 103 íªá¯¥à¨¬¥−â®¢ ¯® ¬®¤¥«¨à®¢�−¨î á¨áâ¥¬ë M/M/2, � â�ª¦¥ á¥àë¬ ¢ë-
¤¥«¥−ë ª«¥âª¨ ¢ á«ãç�¥, ª®£¤� ¯à¨ 1%-−®¬ ãà®¢−¥ §−�ç¨¬®áâ¨ ¯à¨−¨¬�¥âáï
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’�¡«¨æ� 1 ‡�¢¨á¨¬®áâì à�á¯à¥¤¥«¥−¨ï ç¨á«� áâã¯¥−¥ª ®â ú£«ã¡¨−ëû §�¢¨á¨¬®áâ¨

ü Cλ, % ‘à¥¤−ïï ú£«ã¡¨−�û T (12) T (13) T (14) T (15) T (16)
1 | | 26 17 10 6 3
2 10 2 28 19 11 6 2
3 50 19 28 19 12 8 6
4 60 35 32 22 16 11 7
5 90 407 68 63 58 52 47
6 99 2021 75 75 74 73 72

£¨¯®â¥§� ® à�¢¥−áâ¢¥ í¬¯¨à¨ç¥áª®© ¨ â¥®à¥â¨ç¥áª®© ç�áâ®â ¯à¨ �«ìâ¥à−�â¨¢−®©
£¨¯®â¥§¥ ® â®¬, çâ® à¥�«ì−ë¥ ®è¨¡ª¨ ªà¨â¥à¨ï ¬®−®â®−−®£® âà¥−¤� −� ®á−®¢¥
ç¨á«� áâã¯¥−¥ª §−�ç¨¬® ¯à¥¢®áå®¤ïâ â¥®à¥â¨ç¥áª¨¥ §−�ç¥−¨ï, ¯®áç¨â�−−ë¥ ¤«ï
á«ãç�©−®© ¢ë¡®àª¨.

�à¥¤áâ�¢«¥−−ë¥ à¥§ã«ìâ�âë ¨««îáâà¨àãîâ ¢�¦−ë¥ ¤«ï �−�«¨§� ¤�−−ëå ¬®-
¬¥−âë:

{ ã¢¥«¨ç¥−¨¥ Cλ ¯à¨¢®¤¨â ª à®áâã ú£«ã¡¨−ëû §�¢¨á¨¬®áâ¨ −�¡«î¤�¥¬®£® ¢à¥-
¬¥−−�®£® àï¤� (íâ® á®¯àï¦¥−® á ã¤«¨−¥−¨¥¬ ®ç¥à¥¤¨ ¢ á¨áâ¥¬¥);

{ ¯à¨ ®â−®á¨â¥«ì−® ¬�«ëå §−�ç¥−¨ïå ú£«ã¡¨−ëû (¤® 19 á®£«�á−® 2-© áâà®ª¥
â�¡«. 1) ¨ ã¬¥à¥−−ëå §−�ç¥−¨ïå ãà®¢−ï §−�ç¨¬®áâ¨ (−�¯à¨¬¥à, 10% á®£«�á−®
áâ®«¡æã T (14)) ¬®¦−® ¯®«ì§®¢�âìáï ¡�§®¢ë¬ ªà¨â¥à¨¥¬ ç¨á«� áâã¯¥−¥ª ¡¥§
ª�ª¨å-«¨¡® ª®àà¥ªâ¨¢®¢; ãª�§�−−ë¥ §−�ç¥−¨ï 19 ¨ 10 ¬®¦−® −¥§−�ç¨â¥«ì−®
¨§¬¥−ïâì ¢ −ã¦−ãî áâ®à®−ã (á®®â¢¥âáâ¢¥−−® ã¢¥«¨ç¨¢�âì ¨ ã¬¥−ìè�âì) ¡¥§
®á®¡¥−−®£® à¨áª�;

{ ¯à®æ¥áá ¯à®à¥¦¨¢�−¨ï ¬®¦−® ¯à®¢®¤¨âì ç�áâ¨ç−®, −¥ ¤®¡¨¢�ïáì −ã«¥¢®©
ú£«ã¡¨−ëû ª®àà¥«ïæ¨¨.

‡�¢¥àè¨¬ à�áá¬�âà¨¢�¥¬ë© ¯à¨¬¥à ¨««îáâà�æ¨¥© à¥è¥−¨ï §�¤�ç¨ ¢ëï¢«¥-
−¨ï âà¥−¤�. ‚ ª�ç¥áâ¢¥ ®¡ê¥ªâ� �−�«¨§� ¢ëáâã¯�« −�¡®à {Vi} ¢à¥¬¥− ¯à¥¡ë¢�−¨ï
¢ á¨áâ¥¬¥ §�¤�−¨© á −®¬¥à�¬¨ i = 1, . . . , 5 · 104, ª®â®à�ï à�§¡¨¢�«�áì −� 5 äà�£-
¬¥−â®¢ ä¨ªá¨à®¢�−−®© ¤«¨−ë ¨§ ¯®á«¥¤®¢�â¥«ì−ëå −�¡«î¤¥−¨©. „«ï ¯à®¢¥àª¨
−ã«¥¢®© £¨¯®â¥§ë H0 ®¡ ®âáãâáâ¢¨¨ âà¥−¤� ¯à¨¬¥−ï«áï ªà¨â¥à¨© ç¨á«� áâã¯¥−¥ª
¤«ï ¯à®à¥¦¥−−ëå ¢à¥¬¥−− �ëå àï¤®¢ ¤«ï ª�¦¤®£® äà�£¬¥−â� ¢ ®â¤¥«ì−®áâ¨ ¯à¨
§�¤�−−®¬ ãà®¢−¥ §−�ç¨¬®áâ¨, ¤�«¥¥ íâ® α = 0,1. ÷�á¯à¥¤¥«¥−¨¥ ç¨á«� áâã¯¥-
−¥ª ¤¨áªà¥â−® ¨ ¨á¯®«ì§®¢�«®áì ¤«ï §−�ç¥−¨© ®¡ê¥¬®¢ ¢ë¡®àª¨, ¯à¨−¨¬�¢è¨å
−¥¡®«ìè¨¥ §−�ç¥−¨ï. �®íâ®¬ã ¢ ª�¦¤®¬ ®â¤¥«ì−®¬ íªá¯¥à¨¬¥−â¥ −�å®¤¨«áï ªà¨-
â¨ç¥áª¨© ãà®¢¥−ì §−�ç¨¬®áâ¨ ªà¨â¥à¨ï ç¨á«� áâã¯¥−¥ª, ª®â®àë© áà�¢−¨¢�«áï á α,
¨ ¯à¨−¨¬�«®áì à¥è¥−¨¥: ¯®¤â¢¥à¤¨âì/®¯à®¢¥à£−ãâì H0. �®¤®¡−ë© �−�«¨§ (£¥-
−¥à�æ¨ï ¢á¥© ¯®á«¥¤®¢�â¥«ì−®áâ¨ {Vi}, ¯à¨−ïâ¨¥ à¥è¥−¨ï ®â−®á¨â¥«ì−® −�«¨ç¨ï
âà¥−¤� ¤«ï ª�¦¤®£® äà�£¬¥−â� ¢ ®â¤¥«ì−®áâ¨) ¯®¢â®àï«áï 103 à�§. ‚ à¥§ã«ìâ�â¥
¯®«ãç�«�áì ®æ¥−ª� α∗ ¤«ï α, ®â−®á¨â¥«ì−® ª®â®à®© ¬®¦−® ¡ë«® ã¦¥ ä®à¬�«ì−®
¤¥«�âì ¢ë¢®¤ ® ¥¥ à�¢¥−áâ¢¥ α (§−�ç¨¬ë© ¢ë¢®¤ ®¡ ®âáãâáâ¢¨¨ âà¥−¤� ¢ ¤�−−ëå
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’�¡«¨æ� 2 �æ¥−ª� (¢ %) ªà¨â¨ç¥áª®£® ãà®¢−ï §−�ç¨¬®áâ¨ ªà¨â¥à¨ï ç¨á«�
áâã¯¥−¥ª ¤«ï ¯¥à¢ëå äà�£¬¥−â®¢

ü ’¨¯ á¨áâ¥¬ë
äà�£¬¥−â� Cλ = 0,9, á¨áâ¥¬� áâ�¡¨«ì−� Cλ = 1,1, á¨áâ¥¬� −¥áâ�¡¨«ì−�

1 21 100
2 15 100
3 10 |

4{5 �®¢â®à¥−¨¥ ¢ ¯à¨−æ¨¯¥ à¥§ã«ìâ�â®¢ ¤«ï 3-£® äà�£¬¥−â�

äà�£¬¥−â�) ¨«¨ ¯à¥¢ëè¥−¨¨ −�¤ α (§−�ç¨¬ë© ¢ë¢®¤ ® −�«¨ç¨¥ âà¥−¤� ¢ −¨å).
‘®®â¢¥âáâ¢ãîé¨¥ à¥§ã«ìâ�âë ¯à¥¤áâ�¢«¥−ë ¢ â�¡«. 2.

‘®¤¥à¦�−¨¥ â�¡«. 2 ãª�§ë¢�¥â −� á«¥¤ãîé¥¥:

{ ¤«ï Cλ = 0,9 ¨ 1-£® äà�£¬¥−â� ï¢−® ¯à¥¤¯®çâ¨â¥«ì−¥© ¢ë£«ï¤¨â ¢ë¢®¤
® −�«¨ç¨¨ âà¥−¤�, çâ® á®®â¢¥âáâ¢ã¥â ¯®¢¥¤¥−¨î áâ�¡¨«ì−®© á¨áâ¥¬ë ¢ −�ç�«¥
á¢®¥£® äã−ªæ¨®−¨à®¢�−¨ï; ¤«ï ®áâ�«ì−ëå äà�£¬¥−â®¢ ®¡®á−®¢�−−® ¯®¤-
â¢¥à¦¤�¥âáï £¨¯®â¥§� ®¡ ®âáãâáâ¢¨¨ âà¥−¤�;

{ ä�ªâ −¥áâ�¡¨«ì−®áâ¨ ¤«ï Cλ = 1,1 ¢ëï¢«ï¥âáï ®ç¥¢¨¤−ë¬ ®¡à�§®¬; −®
¯à¥¤«®¦¥−−ë© ¬¥â®¤ ¤�¥â á¡®© ¤«ï 3-£® ¨ ¯®á«¥¤ãîé¨å äà�£¬¥−â®¢ ¨§-§�
â®£®, çâ® ¯®á«¥ ¯à®à¥¦¨¢�−¨ï ¯à®áâ® −¥ ®áâ�¥âáï ¤�−−ëå ¤«ï ®¡à�¡®âª¨.

…á«¨ ¬¥â®¤ ¯à®à¥¦¨¢�−¨ï áâ�−®¢¨âáï −¥à�¡®â®á¯®á®¡−ë¬, â® ¬®¦−® ®âª�-
§�âìáï ®â ¬®¤¥«¨à®¢�−¨ï �−�«¨§¨àã¥¬®£® ¢à¥¬¥−−�®£® àï¤� {Vi∗} ¯ãâ¥¬ ¢ë¡®à�
á ¯®¬®éìî ¯à®à¥¦¨¢�−¨ï ®â¤¥«ì−ëå í«¥¬¥−â®¢ ¢á¥© ¯®á«¥¤®¢�â¥«ì−®áâ¨ {Vi}
¨ ¯¥à¥©â¨ ª ¯®á«¥¤®¢�â¥«ì−®¬ã ¯®«ãç¥−¨î í«¥¬¥−â®¢ {Vi∗} ®¤¨− §� ¤àã£¨¬,
§�−®¢® £¥−¥à¨àãï {Vi} ¯®«−®áâìî ¨ ®â¡¨à�ï ¯® −®¬¥àã i∗ −ã¦−ë© í«¥¬¥−â. �®-
−ïâ−®, çâ® à¥ª®¬¥−¤®¢�âì â�ª®© á¯®á®¡ ª�ª ã−¨¢¥àá�«ì−ë© −¥ ¯à¨å®¤¨âáï, −® ª�ª
áà¥¤áâ¢® ¢¥à¨ä¨ª�æ¨¨ ¤àã£¨å à¥è¥−¨© ¥£® −�¤® ®¡ï§�â¥«ì−® ¨¬¥âì ¢ ¢¨¤ã.

�¡®¡é¥−¨¥ ¬®¤¥«¨. �®áâ�¢¨¢ §�¤�çã ¢ëï¢«¥−¨ï ¨§¬¥−¥−¨© å�à�ªâ¥à¨áâ¨ª¨
¨áá«¥¤ã¥¬®£® ¯à®æ¥áá�, ®¯à�¢¤�−−® ¡à�âì §� ®á−®¢ã ¬®¤¥«¨ ¤�−−ëå á ¬¨−¨¬�«ì−®
¢®§¬®¦−ë¬ ®¡ê¥¬®¬ �¯à¨®à−ëå ¯à¥¤¯®«®¦¥−¨©. �® íâ® −¥ ¨áª«îç�¥â ¯®¯ëâ®ª
®¡à�â¨âìáï ª ¡®«¥¥ á«®¦−ë¬, ª®¬¯«¥ªá−ë¬ ¯®¤å®¤�¬. Ÿàª¨¬ ¯à¨¬¥à®¬ â�ª®¢ëå
á«ã¦¨â ª«�áá ¯�à�¬¥âà¨ç¥áª¨å ¬®¤¥«¥©, ®¯¨áë¢�îé¨å −¥áâ�æ¨®−�à−ë¥ àï¤ë
á §�¢¨á¨¬®áâï¬¨ ¢ ¢¨¤¥ ARIMA-¯à®æ¥áá� (Autoregressive Integrated Moving
Average). ˆáâ®à¨ï §�à®¦¤¥−¨ï ¤�−−®£® ¯®¤å®¤� ¨ ¥£® á®¢à¥¬¥−−®¥ ¨§«®¦¥−¨¥
¤�−ë ¢ à�§¤. 4.1.2 à�¡®âë [9], ¯à¨¬¥à®¬ è¨à®ª®£® ¯à¨¬¥−¥−¨ï ¬®¤¥«¨ ARIMA
¯à¨ ¯à®£−®§¨à®¢�−¨¨ â®«ìª® ¯® ®¤−®¬ã á¯¥æ¨ä¨ç¥áª®¬ã ¢®¯à®áã à�á¯à®áâà�-
−¥−−®áâ /̈§�¡®«¥¢�¥¬®áâ¨ COVID-19 ¬®¦¥â á«ã¦¨âì 21 ááë«ª� −� ¯ã¡«¨ª�æ¨¨
¢ [10].

�¡ëç−�ï §�¯¨áì ¬®¤¥«¨ | ARIMA(p, d, q), £¤¥ p ¨ q | ¯®àï¤ª¨ ¬®¤¥«¥© á®-
®â¢¥âáâ¢¥−−® �¢â®à¥£à¥áá¨¨ ¨ áª®«ì§ïé¥£® áà¥¤−¥£® ¤«ï ®¯¨á�−¨ï áâ�æ¨®−�à−®£®
àï¤�, ª®â®àë© ¤®«¦¥− ¯®«ãç¨âìáï ¯®á«¥ d ¯à¥®¡à�§®¢�−¨© ¨áå®¤−ëå ¤�−−ëå.
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�à¥®¡à�§®¢�−¨ï §�ª«îç�îâáï ¢® ¢§ïâ¨¨ à�§−®áâ¥© ¯¥à¢®£® ¯®àï¤ª� í«¥¬¥−â®¢
àï¤�. ’�ª¨¬ ®¡à�§®¬, ª«îç¥¢ë¬ í«¥¬¥−â®¬ ARIMA-¬¥â®¤¨ª¨ áâ�−®¢¨âáï ®¡−�-
àã¦¥−¨¥ −¥áâ�æ¨®−�à−®áâ¨, ¤«ï ç¥£® ¢ à�¬ª�å ¯à¨−ïâ®© ®¡é¥© «¨−¥©−®© ¬®¤¥«¨
®¡ëç−® ¯à¨¬¥−ï¥âáï â¥áâ „¨ª¨{”ã««¥à� (DF-â¥áâ) [11]. �â® ®¤¨− ¨§ â¥áâ®¢ −�
¥¤¨−¨ç−ë¥ ª®à−¨, ª®â®àë© ®¯¨à�¥âáï −� ¯à¥¤áâ�¢«¥−¨¥

Yt = ρYt−1 + et , t = 1, 2, . . . ; Y0 = 0 (2)

¨ §�ª«îç�¥âáï ¢ ¯à®¢¥àª¥ −ã«¥¢®© £¨¯®â¥§ë ® à�¢¥−áâ¢¥ ¥¤¨−¨æ¥ ª®íää¨æ¨¥−â� ρ.
�®áª®«ìªã á«ãç�© ú¢§àë¢−ëåû ¯à®æ¥áá®¢ ¨áª«îç�¥âáï, â® â¥áâ áâ�−®¢¨âáï ®¤−®-
áâ®à®−−¨¬ (�«ìâ¥à−�â¨¢−®© á«ã¦¨â £¨¯®â¥§� ® â®¬, çâ® ª®íää¨æ¨¥−â ρ ¬¥−ìè¥
¥¤¨−¨æë). ‘âìî¤¥−â¨§¨à®¢�−−�ï áâ�â¨áâ¨ª� DF-â¥áâ� ¯à¨−¨¬�¥â ¯à¨¢ëç−ãî
ä®à¬ã, −® ¥¥ à�á¯à¥¤¥«¥−¨¥ ¨−®¥ (−¥®¡å®¤¨¬ë¥ §−�ç¥−¨ï ¯®«ãç¥−ë ¬¥â®¤®¬
¬®¤¥«¨à®¢�−¨ï ¨ ¯à¥¤áâ�¢«¥−ë ¢ ¯à¨«®¦¥−¨¨ A à�¡®âë [11]). …á«¨ §−�ç¥−¨¥
áâ�â¨áâ¨ª¨ «¥¦¨â «¥¢¥¥ ªà¨â¨ç¥áª®£® §−�ç¥−¨ï ¯à¨ ¤�−−®¬ ãà®¢−¥ §−�ç¨¬®áâ¨,
â® −ã«¥¢�ï £¨¯®â¥§� ® ¥¤¨−¨ç−®¬ ª®à−¥ ®âª«®−ï¥âáï ¨ ¯à®æ¥áá ¯à¨§−�¥âáï áâ�æ¨-
®−�à−ë¬, ¢ ¯à®â¨¢−®¬ ¦¥ á«ãç�¥ | −¥áâ�æ¨®−�à−ë¬ (¨−â¥£à¨à®¢�−−ë¬). ‚�¦−®
®¡à�é�âì ¢−¨¬�−¨¥ −� −î�−áë ¯à¨¬¥−¥−¨ï ªà¨â¥à¨ï. ��¯à¨¬¥à, ¡®«¥¥ ¯à�ª-
â¨ç−®¥ ¯à¥¤¯®«®¦¥−¨¥ (®−® ¨á¯®«ì§ã¥âáï ¯à¨ æ¥−âà¨à®¢�−¨¨ ¨áå®¤−ëå ¤�−−ëå)
¢ ¢¨¤¥

Yt = (1− ρ)µ+ ρYt−1 + et

¯à¨¢®¤¨â ª ¨−®© â�¡«¨æ¥ ªà¨â¨ç¥áª¨å §−�ç¥−¨©, ç¥¬ ¢ á«ãç�¥ (2).
…á«¨ ¤«ï DF-â¥áâ� ¯®¢â®à¨âì íªá¯¥à¨¬¥−âë, ¯®¤®¡−ë¥ â¥¬, çâ® ¯à¨¢¥«¨

ª à¥§ã«ìâ�â�¬ â�¡«. 2, â® ¯®«ãç¨¬ ªà�©−¥ ¯à¨¬¥ç�â¥«ì−ë¥ ¢ë¢®¤ë:

{ ¢á¥ à¥è¥−¨ï ® áâ�æ¨®−�à−®áâ¨ ¯à¨−¨¬�îâáï ¡¥§¢�à¨�−â−® (áâ®¯à®æ¥−â−�ï
®æ¥−ª� ¢¥à®ïâ−®áâ¨ ¯à¨−ïâ¨ï ª®−ªãà¨àãîé¥© £¨¯®â¥§ë), çâ® ¯à¨ Cλ = 0,9
¨ d = 0 á®¢¥àè¥−−® ¥áâ¥áâ¢¥−−®, â�ª ª�ª à¥çì ¨¤¥â ® áâ�¡¨«ì−®© á¨áâ¥-
¬¥, � ¢ ®áâ�«ì−ëå á«ãç�ïå, ª®£¤� d = 1, ¤¥¬®−áâà¨àã¥â íää¥ªâ¨¢−®áâì
¯à¨¬¥−¥−¨ï ®¯¥à�â®à� à�§−®áâ¨ ¯¥à¢®£® ¯®àï¤ª�;

{ ®¤−®§−�ç−®¥ ®âª«®−¥−¨¥ £¨¯®â¥§ë ® áâ�æ¨®−�à−®áâ¨ ¯à¨ Cλ = 1,1 ¨ d = 0
¯®¤â¢¥à¦¤�¥â íää¥ªâ¨¢−®áâì DF-â¥áâ�, −® áâ®¯à®æ¥−â−ë¥ à¥è¥−¨ï ® áâ�æ¨®-
−�à−®áâ¨ ¯à¨ Cλ = 0,9 ¨ d = 0 ¯®à®¦¤�îâ á®¬−¥−¨ï ¢ áâ�â¨áâ¨ç¥áª®© ª®à-
à¥ªâ−®áâ¨ ¯à¨¬¥−¥−¨ï íâ®£® ªà¨â¥à¨ï (¤«ï áà�¢−¥−¨ï £¥−¥à¨à®¢�«¨áì àï¤ë
á®£«�á−® ¬®¤¥«¨ �¢â®à¥£à¥áá¨¨ ¯¥à¢®£® ¯®àï¤ª� á ª®à−¥¬, ¬¥−ìè¨¬ 1, ¤«ï
ª®â®àëå ¢ á«ãç�¥ ¯ïâ¨ ¯®á«¥¤®¢�â¥«ì−ëå äà�£¬¥−â®¢ ¯®«ãç¨«¨áì §−�ç¥−¨ï
11%, 10%, 9%, 11% ¨ 10%, â. ¥. ®æ¥−ª¨ §�¤�−−®£® ãà®¢−ï §−�ç¨¬®áâ¨ ¢ 10%).

’�ª¨¬ ®¡à�§®¬, ¯à¨¢«¥ç¥−¨¥ á«®¦−®© ARIMA-¬®¤¥«¨, á ®¤−®© áâ®à®−ë, ®¡®-
£�é�¥â ªàã£ à¥è�¥¬ëå §�¤�ç (−�àï¤ã á å�à�ªâ¥à¨§�æ¨¥© −�¡«î¤�¥¬®£® ¯à®æ¥áá�
â¨¯� úá âà¥−¤®¬ ¨«¨ ¡¥§û ¯®ï¢¨«�áì ¢®§¬®¦−®áâì ¥£® ¬®¤¥«¨à®¢�âì, −�¯à¨¬¥à
á ¯à®£−®áâ¨ç¥áª®© æ¥«ìî), −® á ¤àã£®© | ¯®à®¦¤�¥â ¬−®¦¥áâ¢® ¯à®¡«¥¬. ƒ«�¢−�ï
¨§ −¨å | íâ® ¯à®¢¥àª� �¤¥ª¢�â−®áâ¨ ¯à¨−ïâ®© ¬®¤¥«¨ ¤�−−ëå, ¯®¢¥àå−®áâ−�ï
à¥�«¨§�æ¨ï ª®â®à®© ¬®¦¥â ¯à¨¢¥áâ¨ ª −¥¯®«−ë¬, � ¢®§¬®¦−®, ¨ −¥¯à�¢¨«ì−ë¬
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�−�«¨§ ¬®−®â®−−®£® âà¥−¤� ¢à¥¬¥−−®£® àï¤�

¢ë¢®¤�¬: −�¯à¨¬¥à, ¥á«¨ ªà¨â¥à¨© ç¨á«� áâã¯¥−¥ª ¢ëï¢¨« −¥®à¤¨−�à−®¥ ¯®¢¥¤¥-
−¨¥ ¢ëå®¤−®© ¯®á«¥¤®¢�â¥«ì−®áâ¨ ¢ −�ç�«¥ äã−ªæ¨®−¨à®¢�−¨ï á¨áâ¥¬ë M/M/2
(á¬. ¢ë¢®¤ë ¨§ à¥§ã«ìâ�â®¢ â�¡«. 2), â® DF-â¥áâ −� íâ® ú−¥ ®¡à�â¨« ¢−¨¬�−¨¥û.
„�«¥¥, ARIMA-¬®¤¥«ì | ¯�à�¬¥âà¨ç¥áª�ï, ¨ à¥è¥−¨¥ á®®â¢¥âáâ¢ãîé¨å §�¤�ç
®æ¥−¨¢�−¨ï ¯à®¢¥áâ¨ áâà®£® ®¡ëç−® −¥ ã¤�¥âáï: −�¯à¨¬¥à, ¯à®æ¥¤ãà� ¢ë¡®à�
§−�ç¥−¨ï d ï¢«ï¥âáï ¯®á«¥¤®¢�â¥«ì−®© ¨ à¥�«ì−® áâ�â¨áâ¨ç¥áª¨ −¥ ®¡®á−®¢�−�;
®æ¥−¨¢�−¨¥ ®â¤¥«ì−ëå §−�ç¥−¨© p ¨ q ®á−®¢ë¢�¥âáï −� �¢â®ª®àà¥«ïæ¨ïå, ¢ë-
¡®à®ç−ë¥ á¢®©áâ¢� ª®â®àëå ¤® ª®−æ� −¥ ¨§¢¥áâ−ë; ¢ë¡®à p ¨ q ¢ á®¢®ªã¯−®áâ¨
ä�ªâ¨ç¥áª¨ ®áãé¥áâ¢«ï¥âáï ¯¥à¥¡®à®¬ −� ®á−®¢¥ −¥ª®â®à®© úà�§ã¬−®áâ¨û, âàã¤-
−® ¯®¤¤�îé¥©áï ä®à¬�«¨§�æ¨¨. ˆ, −�ª®−¥æ, ¤«ï ¨áá«¥¤®¢�−¨ï ¢®§¬®¦−®áâ¨
¨á¯®«ì§®¢�−¨ï ®¡é¥© «¨−¥©−®© ¬®¤¥«¨ ¨ ®¯à¥¤¥«¥−¨ï ª®−ªà¥â−®£® â¨¯� íâ®©
¬®¤¥«¨ ¤®«¦−ë �−�«¨§¨à®¢�âìáï ª®à−¨ ®á−®¢�−−®£® −� §−�ç¥−¨ïå �¢â®ª®àà¥-
«ïæ¨¨ å�à�ªâ¥à¨áâ¨ç¥áª®£® ¯®«¨−®¬� ϕ(z), ¤«ï ¯®¨áª� ª®â®àëå ¯à¨¬¥−ïîâáï
¨â¥à�æ¨®−−ë¥ ¬¥â®¤ë (¢ ç�áâ−®áâ¨, ¬¥â®¤ �ìîâ®−�). �à¨ íâ®¬ ¬®£ãâ ¢®§-
−¨ª−ãâì §−�ç¨â¥«ì−ë¥ âàã¤−®áâ¨. �á−®¢−�ï ¯à¨ç¨−� §¤¥áì á®áâ®¨â ¢ â®¬, çâ®
áâ¥¯¥−ì �−�«¨§¨àã¥¬ëå ¯®«¨−®¬®¢ ¬®¦¥â ®ª�§�âìáï ¤®áâ�â®ç−® ¢ëá®ª®©. Šà®¬¥
â®£®, á¢®©áâ¢� ª®à−¥© ¯®«¨−®¬� ϕ(z) â�ª®¢ë, çâ® −�©¤¥−−®¥ ã¤®¢«¥â¢®à¨â¥«ì-
−®¥ ¯à¨¡«¨¦¥−¨¥ ¤«ï ª®à−ï z0 ¬®¦¥â −¥ ¯®¤®©â¨ ¢ ª�ç¥áâ¢¥ ¤�¦¥ −�ç�«ì−®£®
¯à¨¡«¨¦¥−¨ï ¤«ï z−10 , å®âï z−10 â�ª¦¥ ¤®«¦¥− ¡ëâì ª®à−¥¬ ϕ(z).

�¥à¥ç¨á«¥−−ë¥ ¯à®¡«¥¬ë áâ�−®¢ïâáï ®á®¡¥−−® ®áâàë¬¨ ¯à¨ −¥®¡å®¤¨¬®áâ¨
à¥è�âì §�¤�çã �−�«¨§� ¢à¥¬¥−− �ëå àï¤®¢ ¢ �¢â®¬�â¨ç¥áª®¬ à¥¦¨¬¥.

3 Заключение

�®¯ã«ïà−®© ¤«ï ®¯¨á�−¨ï §�¢¨á¨¬®áâ¨ ®â ¢à¥¬¥−¨ áâ�«� ¬®¤¥«ì ¢à¥¬¥−−�®£®
àï¤�, ¢ª«îç�îé¥£® âà¥−¤ ¨ −�¡®à ¢§�¨¬®á¢ï§�−−ëå í«¥¬¥−â®¢ á −ã«¥¢ë¬ áà¥¤-
−¨¬. •®âï ¡ë«¨ ¯à¥¤¯à¨−ïâë §−�ç¨â¥«ì−ë¥ ãá¨«¨ï ¤«ï à�§à�¡®âª¨ â¥áâ®¢
¢ ¯à®áâ®¬ á â®çª¨ §à¥−¨ï ¯à�ªâ¨ª¨ á«ãç�¥ «¨−¥©−®£® âà¥−¤� ¯à¨ −�«¨ç¨¨ ¯®á«¥-
¤®¢�â¥«ì−®© ª®àà¥«ïæ¨¨, á®®â¢¥âáâ¢ãîé¨¥ ¯à®æ¥¤ãàë �−�«¨§� ¤�−−ëå ®ª�§�«¨áì
¬¥−¥¥ ç¥¬ ã¤®¢«¥â¢®à¨â¥«ì−ë ¤«ï ¢á¥£® ¬−®¦¥áâ¢� ¯�à�¬¥âà®¢, å�à�ªâ¥à¨§ãîé¨å
§�¢¨á¨¬®áâ¨ í«¥¬¥−â®¢ ¢à¥¬¥−−�®£® àï¤�.

‚® ¬−®£¨å ¯à¨ª«�¤−ëå ®¡«�áâïå ®æ¥−ª� å�à�ªâ¥à� â¥−¤¥−æ¨© ¨ áâ�â¨áâ¨ç¥-
áª®© §−�ç¨¬®áâ¨ ¯®«ãç¥−−ëå à¥è¥−¨© ®áâ�¥âáï ¯à®¡«¥¬®©. ‚®-¯¥à¢ëå, à¥¤ª®
ª®£¤� ã¤�¥âáï �¯à¨®à¨ ®¯à¥¤¥«¨âìáï á ¢¨¤®¬ âà¥−¤� (−�¯à¨¬¥à: «¨−¥©−ë©, íªá-
¯®−¥−æ¨�«ì−ë© ¨ â. ¤.), â¥¬ ¡®«¥¥ ¢ ¤®«£®áà®ç−®¬ á¬ëá«¥. ‚®-¢â®àëå, ¤�−−ë¥
ç�é¥ ¢á¥£® ¢ á¨«ã á¢®¥© ¯à¨à®¤ë à�á¯à¥¤¥«¥−ë −¥£�ãáá®¢®. ‚-âà¥âì¨å, ¥á«¨
¨§¬¥−ç¨¢®áâì ¯à�ªâ¨ç¥áª¨ ¢á¥£¤� ¬®¦¥â ¡ëâì ¨¤¥−â¨ä¨æ¨à®¢�−�, â® ª«îç¥¢®©
¢®¯à®á ® â®¬, ¬®¦−® «¨ áç¨â�âì ¥¥ áâ�â¨áâ¨ç¥áª¨ §−�ç¨¬®©, ®áâ�¥âáï ¯®«−®áâìî
−¥ §�ªàëâë¬. ‚ ®â«¨ç¨¥ ®â ®¡ëç−® ¢ë¤¢¨−ãâëå ¯à¥¤¯®«®¦¥−¨© ¢ ãá«®¢¨ïå á«ã-
ç�©−®© ¢ë¡®àª¨, ¢à¥¬¥−−®© àï¤ ¬®¦¥â ¤®¯®«−¨â¥«ì−® ¨¬¥âì ¯®á«¥¤®¢�â¥«ì−ãî
§�¢¨á¨¬®áâì | «¨¡® ªà�âª®áà®ç−ãî, «¨¡® ¤®«£®áà®ç−ãî, çâ® áãé¥áâ¢¥−−® ¢«¨ï-
¥â −� áâ�â¨áâ¨ç¥áªãî §−�ç¨¬®áâì á®®â¢¥âáâ¢ãîé¥£® ¢ë¢®¤� ®â−®á¨â¥«ì−® âà¥−¤�.
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‚-ç¥â¢¥àâëå, ¨§¢¥áâ−ë¥ ¬®¤¥«¨ ¢à¥¬¥−− �ëå àï¤®¢ á âà¥−¤�¬¨ ¢ ¡®«ìè¥© áâ¥¯¥−¨
®â¢¥ç�îâ à�§¢¥¤®ç−®¬ã �−�«¨§ã ¤�−−ëå, ¯®à®¦¤�ï ¬¥â®¤ë â¨¯� úã¤®áâ®¢¥à¨âì-
áï, ï¢«ï¥âáï «¨ ¢à¥¬¥−−®© àï¤ áâ�æ¨®−�à−ë¬û, ú¯®¤®¡à�âì ¯®àï¤®ª à�§−®áâ−®£®
®¯¥à�â®à�, ª®â®àë© ¯à¨¢®¤¨â ª áâ�æ¨®−�à−®¬ã àï¤ãû, ú¯®áâà®¨âì £à�ä¨ª¨
�¢â®ª®àà¥«ïæ¨®−−ëå äã−ªæ¨© ¨ á ¨å ¯®¬®éìî ®¯à¥¤¥«¨âì §−�ç¥−¨ï ¯�à�¬¥â-
à®¢ ¬®¤¥«¨û, ú¢ë¯®«−¨âì ¯®¤£®−ªã ¯�à�¬¥âà®¢ ¤«ï ¨¤¥−â¨ä¨ª�æ¨¨ ¬®¤¥«¨û.
�®¤®¡−ë¥ ãª�§�−¨ï −¥ ä®à¬�«¨§®¢�−ë ¯®«−®áâìî, ¯®¤à�§ã¬¥¢�îâ ¤�«ì−¥©è¥¥
à�§¢¨â¨¥ ¨ ª®−ªà¥â¨§�æ¨î á®®â¢¥âáâ¢ãîé¨å áâ�â¨áâ¨ç¥áª¨å ¯à®æ¥¤ãà.

÷�áá¬®âà¥−−�ï ¬®¤¥«ì ¬®−®â®−−®£® âà¥−¤� à¥è�¥â ¯à®¡«¥¬ã ®¡é−®áâ¨ ¬®¤¥«¨
âà¥−¤� ¨ −¥¤®áâ�â®ç−®áâ¨ ¯à¥¤¯®«®¦¥−¨ï ® £�ãáá®¢áª®¬ à�á¯à¥¤¥«¥−¨¨ ¤�−−ëå.
�à¥¤«®¦¥−−ë¥ ¤«ï ¯à¨¬¥−¥−¨ï ¯à¨¥¬ë ¤¥ª®àà¥«ïæ¨¨ ç�áâ¨ç−® ®¡¥á¯¥ç¨¢�îâ
®æ¥−¨¢�−¨¥ §−�ç¨¬®áâ¨ áâ�â¨áâ¨ç¥áª®£® ¢ë¢®¤� ® −�«¨ç¨¨ âà¥−¤�, −® æ¥−®©
¯®â¥à¨ ¤�−−ëå. �à�¢¤�, ¢ á«ãç�¥ ¢®§¬®¦−®áâ¨ ¯®¢â®à−®£® ¢®á¯à®¨§¢¥¤¥−¨ï
¤�−−ëå íâ® ¯à¥¯ïâáâ¢¨¥ ¯à¥®¤®«¥¢�¥âáï. ‡�¬�−ç¨¢® ¢ë£«ï¤¨â ARIMA-¬®-
¤¥«ì, −® ¯®¤ç�á á®®â¢¥âáâ¢ãîé¨¥ à�¡®âë ¢®á¯à¨−¨¬�îâáï â®«ìª® ª�ª ¡«�£¨¥
−�¬¥à¥−¨ï (á¬., −�¯à¨¬¥à, [1]). ‚ «î¡®¬ á«ãç�¥ ïá−®, çâ® −� ¤�−−ë© ¬®¬¥−â íâ®â
¯®¤å®¤ ¤®«¦¥− à�§¢¨¢�âìáï á ¯à¨¢ï§ª®© ª ¯®áâ�−®¢ª¥ ª®−ªà¥â−ëå §�¤�ç ¯à�ªâ¨ª¨
¨ à¥�«ì−ëå ãá«®¢¨© ¨å à¥è¥−¨ï.
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TIME SERIES MONOTONIC TREND ANALYSIS
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Abstract: The problem of identifying changes in the characteristics of the time
series under study during the observation period is considered. Almost always, the
trend arises against the background of the statistical dependence of the elements
of the time series. The dependence of individual observations becomes a nuisance
factor. When constructing assumptions about changes, preference is given to
models of a general nature: the trend of probabilistic characteristics is a monotonic
function of an unknown form from the observation number (monotonic trend).
The need to take into account the combination of both operating factors in the
time series model and the need to obtain workable methods of data processing
lead to the following scheme of actions: to take as a basis the already developed
procedures, then, if possible, to adjust the conditions for their correct application
to the required ones, and, finally, to use adapted options. The analysis of methods
for processing the nuisance factor is carried out: neutralization of dependence,
accounting for dependence, and generalization of the time series model. As an
example, the problem of monitoring the stable operation of a two-processor task
processing system with a random selection of the number of required processors
is considered. The possibilities and limitations of the proposed methods are
demonstrated.

Keywords: monotone trend; decorrelation; ARIMA models
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ДИСПЕТЧЕРИЗАЦИЯ В ЧАСТИЧНО НАБЛЮДАЕМЫХ
СТОХАСТИЧЕСКИХ СИСТЕМАХ КОНЕЧНОЙ ЕМКОСТИ

С ПАРАЛЛЕЛЬНЫМ ОБСЛУЖИВАНИЕМ∗

М. Г. Коновалов1, Р. В. Разумчик2

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�¥âáï −®¢�ï §�¤�ç� ®¯â¨¬�«ì−®£® æ¥−âà�«¨§®¢�−−®£®
ã¯à�¢«¥−¨ï ¢ë¡®à®¬ à¥áãàá®¢ ¢ ¯à®áâ¥©è¨å ¬®¤¥«ïå á¨áâ¥¬ ¤®¡à®¢®«ì−ëå
¢ëç¨á«¥−¨© ª®−¥ç−®© ¥¬ª®áâ¨. ‘¨áâ¥¬� ¬®¤¥«¨àã¥âáï −� á¨«ì−® �£à¥£¨-
à®¢�−−®¬ ãà®¢−¥, £¤¥ ®−�, ¯® áãâ¨, ¢ëà®¦¤�¥âáï ¢ ç�áâ¨ç−® −�¡«î¤�¥¬ãî
áâ®å�áâ¨ç¥áªãî á¨áâ¥¬ã á ¯�à�««¥«ì−ë¬ ®¡á«ã¦¨¢�−¨¥¬ á ®¤−¨¬ ¤¨á¯¥âç¥-
à®¬, à�§¬¥é�îé¨¬ §�¤�−¨ï ¯® ®¤−®¯à®æ¥áá®à−ë¬ á¥à¢¥à�¬ ¡¥§ ª�ª®©-«¨¡®
¨−ä®à¬�æ¨¨ ®¡ ¨å â¥ªãé¥¬ á®áâ®ï−¨¨, ¯à¨ç¥¬ ®ç¥à¥¤¨ −� á¥à¢¥à�å ¬®£ãâ
¨¬¥âì ª®−¥ç−ãî ¥¬ª®áâì. —�áâ¨ç−�ï −�¡«î¤�¥¬®áâì ¯®¤à�§ã¬¥¢�¥â, çâ® ¤¨á-
¯¥âç¥à ®áãé¥áâ¢«ï¥â ã¯à�¢«¥−¨¥ ¢ ®âáãâáâ¢¨¥ ®¡à�â−®© á¢ï§¨ á á¨áâ¥¬®©.
’à¥¡ã¥âáï ¯à¥¤êï¢¨âì áâà�â¥£¨î, −�¨«ãçè¨¬ ®¡à�§®¬ ®¯â¨¬¨§¨àãîéãî «¨¡®
¯à¥¤¥«ì−ë¥ §−�ç¥−¨ï áà¥¤−¥£® ¢à¥¬¥−¨ ®âª«¨ª� ¨ ¢¥à®ïâ−®áâ¨ ¯®â¥à¨, «¨¡®
§�¤�−−ãî äã−ªæ¨î ®â −¨å. �¯¨áë¢�¥âáï ¬¥â®¤ ¯®à®¦¤¥−¨ï á®®â¢¥âáâ¢ãîé¨å
áâà�â¥£¨©, à¥�«¨§ãîé¨å ¨§¢¥áâ−ãî ¨¤¥î ¤¨á¯¥âç¥à¨§�æ¨¨ ¯® ¯à¥¤ëáâ®à¨¨
¢ á¨áâ¥¬�å à�á¯à¥¤¥«¥−−ëå ¢ëç¨á«¥−¨©.

Š«îç¥¢ë¥ á«®¢�: á¨áâ¥¬ë á ¯�à�««¥«ì−ë¬ ®¡á«ã¦¨¢�−¨¥¬; ¤¨á¯¥âç¥à¨§�-
æ¨ï; áâà�â¥£¨¨ à�§¬¥é¥−¨ï §�¤�−¨©; ã¯à�¢«¥−¨¥ ¯à¨ −¥¯®«−®¬ −�¡«î¤¥−¨¨;
¯à®£à�¬¬−®¥ ã¯à�¢«¥−¨¥

DOI: 10.14357/08696527230303 EDN: XUVVNH

1 Введение

‚ −�áâ®ïé¥¥ ¢à¥¬ï ¢® ¢á¥¬ ¬¨à¥ ¯à®¤®«¦�îâ á®§¤�¢�âì ¨ è¨à®ª® ¨á¯®«ì§®-
¢�âì ¨−äà�áâàãªâãàë à�á¯à¥¤¥«¥−−ëå ¢ëç¨á«¥−¨© à�§«¨ç−®£® ¬�áèâ�¡� ¨ −�-
§−�ç¥−¨ï. ‘à¥¤¨ ®¡¨«¨ï ¯à®¡«¥¬, ¢®§−¨ª�îé¨å ¢ á¢ï§¨ á §�¤�ç�¬¨ á¨−â¥§�
¨ íªá¯«ã�â�æ¨¨, ¨¬¥¥âáï ¯® ªà�©−¥© ¬¥à¥ ®¤−� ã−¨¢¥àá�«ì−�ï, ¯à¨áãé�ï ¢á¥¬
®ââ¥−ª�¬ ª®−æ¥¯âã�«ì−ëå ¯®¤å®¤®¢ ¨ ¯à¨¬¥à�¬ ¯à�ªâ¨ç¥áª¨å ¢®¯«®é¥−¨© ¯®-
¤®¡−ëå á¨áâ¥¬. �â� ¯à®¡«¥¬� §�ª«îç�¥âáï ¢ ¯®¨áª¥ ®â¢¥â� −� ¢®¯à®á: ª�ª
á«¥¤ã¥â à�á¯®àï¦�âìáï ¢ëç¨á«¨â¥«ì−ë¬¨ à¥áãàá�¬¨ á¨áâ¥¬ë? ˆ«¨, ¤àã£¨¬¨

∗÷�¡®â� ¢ë¯®«−ï«�áì á ¨á¯®«ì§®¢�−¨¥¬ ¨−äà�áâàãªâãàë –¥−âà� ª®««¥ªâ¨¢−®£® ¯®«ì§®¢�−¨ï
ú‚ëá®ª®¯à®¨§¢®¤¨â¥«ì−ë¥ ¢ëç¨á«¥−¨ï ¨ ¡®«ìè¨¥ ¤�−−ë¥û (–Š� úˆ−ä®à¬�â¨ª�û) ”ˆ– ˆ“
÷�� (£. Œ®áª¢�).

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

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

á«®¢�¬¨: ªã¤�, ¢ ª�ª¨¥ ¬®¬¥−âë, ¢ ª�ª®© ®ç¥à¥¤−®áâ¨ ¨ áª®«ìª® á«¥¤ã¥â −�¯à�¢-
«ïâì §�¤�−¨©, çâ®¡ë ¬�ªá¨¬�«ì−® ã¤®¢«¥â¢®à¨âì ¯®âà¥¡¨â¥«¥© /̈̈ «¨ ¢«�¤¥«ìæ¥¢
à¥áãàá®¢? “ª�§�−−�ï ¯à®¡«¥¬� ¬−®£®¯«�−®¢� ¨ âà¥¡ã¥â ¤«ï á¢®¥£® à¥è¥−¨ï ¯à¨-
¢«¥ç¥−¨ï à�§«¨ç−ëå ¯®¤å®¤®¢ á ãç¥â®¬ ®á®¡¥−−®áâ¥© à�áá¬�âà¨¢�¥¬ëå á¨áâ¥¬
(¯à¨−æ¨¯®¢ ¨å äã−ªæ¨®−¨à®¢�−¨ï, ¯à¨¬¥−ï¥¬ëå â¥å−®«®£¨© ¨ â. ¯.).

‚ ¤�−−®© áâ�âì¥ à¥çì ¯®©¤¥â ® §�¤�ç¥ ®¯â¨¬�«ì−®£® ã¯à�¢«¥−¨ï ¢ë¡®à®¬ à¥-
áãàá®¢ (â. ¥. ® §�¤�ç¥ ®¯à¥¤¥«¥−¨ï −�¨«ãçè¥© á â®çª¨ §à¥−¨ï §�¤�−−®£® ªà¨â¥à¨ï
áâà�â¥£¨¨ ¢ë¡®à� à¥áãàá®¢ ¤«ï ¯®áâã¯�îé¨å §�¤�−¨©) ¢ ç�áâ¨ç−® −�¡«î¤�¥¬ëå
áâ®å�áâ¨ç¥áª¨å á¨áâ¥¬�å ª®−¥ç−®© ¥¬ª®áâ¨ á ¯�à�««¥«ì−ë¬ ®¡á«ã¦¨¢�−¨¥¬1.
÷�áá¬�âà¨¢�¥âáï ¯à®áâ¥©è¨© á â®çª¨ §à¥−¨ï áâàãªâãàë á«ãç�©, ª®£¤� ª®−¥ç−�ï
á®¢®ªã¯−®áâì ¯�à�««¥«ì−® ¨ −¥§�¢¨á¨¬® ¤àã£ ®â ¤àã£� à�¡®â�îé¨å ®¡á«ã¦¨¢�-
îé¨å à¥áãàá®¢ (¤�«¥¥ | á¥à¢¥à®¢) −¥®¡ï§�â¥«ì−® ®¤¨−�ª®¢®© ¯à®¨§¢®¤¨â¥«ì-
−®áâ¨ ¢ë¯®«−ï¥â §�¤�−¨ï, −�¯à�¢«ï¥¬ë¥ −� −¨å ¥¤¨−áâ¢¥−−ë¬ ¤¨á¯¥âç¥à®¬, −¥
¨¬¥îé¨¬ ®ç¥à¥¤¨ ¤«ï åà�−¥−¨ï §�¤�−¨©. —�áâ¨ç−�ï −�¡«î¤�¥¬®áâì ¯®¤à�§ã¬¥-
¢�¥â, çâ® ¤¨á¯¥âç¥à, ®áãé¥áâ¢«ïï ¢ë¡®à á¥à¢¥à� ¤«ï ®ç¥à¥¤−®£® §�¤�−¨ï, ¬®¦¥â
àãª®¢®¤áâ¢®¢�âìáï â®«ìª®:

{ �¯à¨®à−®© ¨−ä®à¬�æ¨¥© ® á¨áâ¥¬¥, â. ¥. à�á¯à¥¤¥«¥−¨ï¬¨ ¢à¥¬¥− ¬¥¦¤ã
¯®áâã¯«¥−¨ï¬¨ §�¤�−¨©, à�á¯à¥¤¥«¥−¨ï¬¨ ®¡ê¥¬®¢ §�¤�−¨©, áâ�â¨ç¥áª¨¬¨
å�à�ªâ¥à¨áâ¨ª�¬¨ á¥à¢¥à®¢ (¯à®¨§¢®¤¨â¥«ì−®áâì, ¥¬ª®áâì ®ç¥à¥¤¨, ¤¨áæ¨¯-
«¨−� ®¡á«ã¦¨¢�−¨ï ®ç¥à¥¤¥© ¨ â. ¯.);

{ §−�ç¥−¨ï¬¨ ¬®¬¥−â®¢ ¢à¥¬¥−¨ ¯®áâã¯«¥−¨ï ¯à¥¤ë¤ãé¨å §�¤�−¨© ¨ ¨−ä®à-
¬�æ¨¥© ®¡ ã¦¥ ¯à¨−ïâëå à¥è¥−¨ïå.

�¯¨á�−−�ï áå¥¬� | ¯®¦�«ã©, ¯à®áâ¥©è�ï ¨§ á®¤¥à¦�â¥«ì−ëå2 áå¥¬ ¤«ï
¬®¤¥«¨à®¢�−¨ï á¯¥æ¨�«ì−®£® ª«�áá� à¥�«ì−® äã−ªæ¨®−¨àãîé¨å á¨áâ¥¬ à�á-
¯à¥¤¥«¥−−ëå ¢ëç¨á«¥−¨©, â�ª −�§ë¢�¥¬ëå á¨áâ¥¬ ¤®¡à®¢®«ì−ëå ¢ëç¨á«¥−¨©,
¨¬¥îé¨å æ¥−âà�«¨§®¢�−−ãî �àå¨â¥ªâãàã (á¬. â�ªá®−®¬¨î ¢ [3]). ‘ä®à¬ã«¨à®-
¢�−−�ï §�¤�ç� á¢ï§�−� á ¯à®æ¥áá®¬ ®¯¥à�â¨¢−®£® ã¯à�¢«¥−¨ï ¨¬¨, âà¥¡ãîé¨¬
¬−®£®ªà�â−®£® ¨ ¡ëáâà®£® ¯à¨−ïâ¨ï à¥è¥−¨©. ‚ −�ãç−®© «¨â¥à�âãà¥ ®−� ¢áâà¥ç�-

1‚ á¢ï§¨ á ¢ë¤¢¨−ãâë¬ â¥§¨á®¬ ® ¬−®£®¯«�−®¢®áâ¨ ®â¬¥â¨¬, çâ® ®¡®§−�ç¥−−�ï §�¤�ç� ¯à¨−-
æ¨¯¨�«ì−® ®â«¨ç�¥âáï ®â â�ª¨å ¢�¦−ëå ¤«ï à�áá¬�âà¨¢�¥¬ëå á¨áâ¥¬ ¢®¯à®á®¢, ª�ª ®¯â¨¬�«ì−®¥
úà�§¡¨¥−¨¥û §�¤�−¨© ¨ ¢ë¡®à ®¯â¨¬�«ì−ëå ¤¨áæ¨¯«¨− ®¡á«ã¦¨¢�−¨ï ®ç¥à¥¤¥© ú¢−ãâà¨û à¥áãà-
á®¢. Šà®¬¥ â®£®, ¥¥ à¥è¥−¨¥, ¢®®¡é¥ £®¢®àï, §�¢¨á¨â ®â ®â¢¥â®¢ −� íâ¨ ¢®¯à®áë. ‡�¤�ç� ¦¥ ¢ë¡®à�
®¯â¨¬�«ì−®£® �«£®à¨â¬� ã¯à�¢«¥−¨ï ¢á¥© á¨áâ¥¬®© −�áâ®«ìª® á«®¦−� (á¬., −�¯à¨¬¥à, [1]), çâ® ¤«ï
−¥¥ ¢ ¤®áâ�â®ç−® ®¡é¥© ä®à¬¥ ¢ −�áâ®ïé¥¥ ¢à¥¬ï ¢®®¡é¥ −¥â ¯à¨¥¬«¥¬ëå ª®−áâàãªâ¨¢−ëå ¬¥â®-
¤®¢ à¥è¥−¨ï. ÷�§¬¥à−®áâì ¨ á«®¦−®áâì áâàãªâãàë ¯®«ãç�îé¥©áï ¬�â¥¬�â¨ç¥áª®© §�¤�ç¨ ¤¥«�¥â
æ¥«®áâ−®¥ à¥è¥−¨¥ ¥¥ ¯à�ªâ¨ç¥áª¨ −¥¢®§¬®¦−ë¬. …áâ¥áâ¢¥−−ë¬ ¢ëå®¤®¬ ¨§ â�ª®£® ¯®«®¦¥−¨ï
(ª®â®à®¥ â�ª¦¥ å�à�ªâ¥à−® ¤«ï ¯à®¡«¥¬�â¨ª¨ á¥â¥© á¢ï§¨) ¢¨¤¨âáï ¯®á«¥¤®¢�â¥«ì−�ï ®¯â¨¬¨§�æ¨ï
ã¯®¬ï−ãâëå ç�áâ−ëå §�¤�ç á® ¢á¥¬¨ ¢ëâ¥ª�îé¨¬¨ −®¢ë¬¨ á«®¦−®áâï¬¨ (ª�ª, −�¯à¨¬¥à, −¥ïá−ë¥
ãá«®¢¨ï áå®¤¨¬®áâ¨ ¯à®æ¥áá� ¯®á«¥¤®¢�â¥«ì−ëå ¯à¨¡«¨¦¥−¨©; á¬. ¡®«¥¥ ®¡é¨©, á¨áâ¥¬−ë© ¢§£«ï¤
¢ [2]).

2Ee ¨á¯®«ì§®¢�−¨¥ ¯à¥¤®áâ�¢«ï¥â ¡ëáâàë© ¨ ¤¥è¥¢ë© á¯®á®¡ ¯®«ãç¥−¨ï ®æ¥−®ª ¯à®¨§¢®¤¨â¥«ì-
−®áâ¨ −� áâ�¤¨¨ ¯à®¥ªâ¨à®¢�−¨ï, çâ® á¯®á®¡áâ¢ã¥â ¯à¨−ïâ¨î ®¡®á−®¢�−−ëå à¥è¥−¨© ®â−®á¨â¥«ì−®
�¯¯�à�â−®£® ¨ ¯à®£à�¬¬−®£® ¨á¯®«−¥−¨ï á¨áâ¥¬.
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„¨á¯¥âç¥à¨§�æ¨ï ¢ ç�áâ¨ç−® −�¡«î¤�¥¬ëå áâ®å�áâ¨ç¥áª¨å á¨áâ¥¬�å ª®−¥ç−®© ¥¬ª®áâ¨

¥âáï ¨ ¯®¤ ¤àã£¨¬¨ −�§¢�−¨ï¬¨: �«£®à¨â¬ à�á¯à¥¤¥«¥−¨ï à¥áãàá®¢/à�§¬¥é¥−¨ï
§�¤�−¨©, áâà�â¥£¨ï ¬�àèàãâ¨§�æ¨¨, ¤¨á¯¥âç¥à¨§�æ¨ï. „�«¥¥ íâ¨ á«®¢®á®ç¥â�−¨ï
¨á¯®«ì§ãîâáï ª�ª á¨−®−¨¬ë.

„®¡à®¢®«ì−ë¥ ¢ëç¨á«¥−¨ï | ¨§¢¥áâ−ë© ¯®¤å®¤ ª à¥è¥−¨î ¢ëç¨á«¨â¥«ì-
−® á«®¦−ëå §�¤�ç. ‘®£«�á−® [3], ¢®«−� ¨−â¥à¥á� ª −¨¬ ¢®§−¨ª«� ¢ ª®−æ¥
1980-å ££. ¨, áã¤ï ¯® ¯ã¡«¨ª�æ¨ï¬ ¢ −�ãç−®© «¨â¥à�âãà¥, −¥ ®á«�¡«� ¤® á¨å ¯®à:
¯à®¤®«¦�îâ á®§¤�¢�âìáï −®¢ë¥ ¯à®¥ªâë, −�æ¥«¥−−ë¥ −� à¥è¥−¨¥ è¨à®ª®£® ªàã£�
¢�¦−ëå ¯à�ªâ¨ç¥áª¨å §�¤�ç1. �® ¤�−−ë¬ [7], ª BOINC | −�¨¡®«¥¥ ¨§¢¥áâ−®©
¯«�âä®à¬¥ ¤«ï ®à£�−¨§�æ¨¨ ¤®¡à®¢®«ì−ëå ¢ëç¨á«¥−¨© | á¥©ç�á ¯®¤ª«îç¥−®
¡®«¥¥ 150 âëá. á¥à¢¥à®¢. ˜¨à®ª®¥ ¯à¨¬¥−¥−¨¥ á¨áâ¥¬ ¤®¡à®¢®«ì−ëå ¢ëç¨á«¥−¨©
¢ë¤¢¨£�¥â −� ¯¥à¢ë© ¯«�− ¢®¯à®á ¯®¢ëè¥−¨ï ¨å ¯à®¨§¢®¤¨â¥«ì−®áâ¨. �®¤®¡−®
â®¬ã ª�ª ¢ á¥âïå á¢ï§¨ à¥è¥−¨¥ �−�«®£¨ç−®£® ¢®¯à®á� á¢ï§ë¢�îâ á ®¯â¨¬¨§�æ¨¥©
¬�àèàãâ−ëå �«£®à¨â¬®¢ (¨ ®¯ëâ íªá¯«ã�â�æ¨¨ à¥�«ì−ëå á¥â¥© íâ® ¯®¤â¢¥à¦-
¤�¥â; á¬., −�¯à¨¬¥à, ®¡§®à ¢ [8, à�§¤. 4]), §¤¥áì ª«îç¥¢�ï à®«ì ®â¢®¤¨âáï
�«£®à¨â¬ã à�á¯à¥¤¥«¥−¨ï §�¤�−¨©. �®íâ®¬ã −� á¥£®¤−ïè−¨© ¤¥−ì ¤«ï á¨áâ¥¬
¤®¡à®¢®«ì−ëå ¢ëç¨á«¥−¨© ã¦¥ à�§à�¡®â�−® ¡®«ìè®¥ ç¨á«® ¤¨á¯¥âç¥à¨§�æ¨©,
¯®§¢®«ïîé¨å ®¯â¨¬¨§¨à®¢�âì ª«�áá¨ç¥áª¨¥ æ¥«¥¢ë¥ äã−ªæ¨®−�«ë (−�¯à¨¬¥à,
áâ�æ¨®−�à−®¥ áà¥¤−¥¥ ¢à¥¬ï ®âª«¨ª�/®¦¨¤�−¨ï, áà¥¤−¥¥ ç¨á«® ®¡à�¡®â�−−ëå
§� §�¤�−−®¥ ¢à¥¬ï §�¤�−¨©). �ää¥ªâ¨¢−®áâì íâ¨å ¤¨á¯¥âç¥à¨§�æ¨© ®¡®á−®¢�−�
¢ à�§−®© áâ¥¯¥−¨2 ¨ ¢ à�§−®© ¬¥à¥ ãç¨âë¢�¥â â¥å−¨ç¥áªãî áâ®à®−ã ¢®¯à®á�.

„®áâ�â®ç−® ¯®«−ë© ®¡§®à ¤¨á¯¥âç¥à¨§�æ¨©, ¨§¢¥áâ−ëå ª 2019 £. ¨ ¤®¢¥-
¤¥−−ëå ¤® ¯à�ªâ¨ç¥áª®© à¥�«¨§�æ¨¨, ¯à¨¢¥¤¥− ¢ [3, 9, 10] (á¬. â�ª¦¥ [11]).
‚ [3, subsection 2.3] ¯à¥¤«®¦¥−� ª«�áá¨ä¨ª�æ¨ï, á®£«�á−® ª®â®à®© ¤¨á¯¥âç¥-
à¨§�æ¨ï ¢ á¨áâ¥¬¥ ¤®¡à®¢®«ì−ëå ¢ëç¨á«¥−¨© ï¢«ï¥âáï «¨¡® ¨−ä®à¬�æ¨®−−®-
®à¨¥−â¨à®¢�−−®©, â. ¥. ãç¨âë¢�îé¥© ¤®áâã¯−ãî ¨−ä®à¬�æ¨î ® ¯à¥¤ëáâ®à¨¨
à�¡®âë /̈̈ «¨ â¥ªãé¥¬ á®áâ®ï−¨¨ à¥áãàá®¢, «¨¡® ú−�¨¢−®©û, à�á¯à¥¤¥«ïîé¥©
§�¤�−¨ï ¢á«¥¯ãî, ¡¥§ ª�ª®©-«¨¡® ¤¨−�¬¨ç¥áª®© ¨−ä®à¬�æ¨¨ ® à¥áãàá�å. ƒ«�¢-
−ë¬¨ ¯à¥¤áâ�¢¨â¥«ï¬¨ ¯®á«¥¤−¥£® ª«�áá� ¢ëáâã¯�îâ áâ�â¨ç¥áª¨¥ áâà�â¥£¨¨3.
�¥á¬®âàï −� â® çâ® ®â ¨å ¨á¯®«ì§®¢�−¨ï −¥«ì§ï ®¦¨¤�âì ¡®«ìè®£® ¢ë¨£àëè�,
¨¬¥−−® ®−¨ áâ�«¨ áâ�−¤�àâ®¬ ¤¥-ä�ªâ®: å®âï ¡ë ®¤−� â�ª�ï áâà�â¥£¨ï à¥�«¨§ã-
¥âáï ¢ ¯«�−¨à®¢é¨ª¥ ª�¦¤®© á¨áâ¥¬ë à�á¯à¥¤¥«¥−−ëå ¢ëç¨á«¥−¨©. �à¨ç¨−ë
íâ®£® | ¨å ã−¨¢¥àá�«ì−®áâì, ®â−®á¨â¥«ì−�ï ¯à®áâ®â� à¥�«¨§�æ¨¨ ¨ «¥£ª®¥ ¬�á-
èâ�¡¨à®¢�−¨¥. „¥©áâ¢¨â¥«ì−®, á�¬�ï ¨§¢¥áâ−�ï ¨§ áâ�â¨ç¥áª¨å áâà�â¥£¨© | íâ®
á«ãç�©−ë© ¢ë¡®à4 (¤�«¥¥ | RND). …á«¨ ¬¨−¨¬¨§¨àã¥âáï áâ�æ¨®−�à−®¥ áà¥¤−¥¥

1��¯à¨¬¥à, DreamLab, SiDock@home, Gaia@home, BOID; á¬. â�ª¦¥ [4{6].
2��¯à¨¬¥à, ¨§¢¥áâ−ë à¥è¥−¨ï, ¨á¯®«ì§ãîé¨¥ ¯à¨¥¬ë â�ª −�§ë¢�¥¬®© í¢®«îæ¨®−−®© ®¯â¨-

¬¨§�æ¨¨ ¤«ï −�å®¦¤¥−¨ï íää¥ªâ¨¢−®£® ¯à�¢¨«� à�á¯à¥¤¥«¥−¨ï §�¤�−¨© (á¬., −�¯à¨¬¥à, Table 1
¢ [3]).

3‘âà�â¥£¨ï áç¨â�¥âáï áâ�â¨ç¥áª®©, ¥á«¨ −®¬¥à á¥à¢¥à� ¤«ï «î¡®£® §�¤�−¨ï ¬®¦¥â ¡ëâì ®¯à¥¤¥-
«¥− ¤® −�ç�«� ã¯à�¢«¥−¨ï.

4‚ §�àã¡¥¦−®© «¨â¥à�âãà¥ | PAP (Probabilistic Allocation Policy), ¨«¨ RND (Random), ¨«¨
BS (Bernoulli Splitting). �®¤à®¡−®¥ ®¯¨á�−¨¥ ã¯®¬¨−�¥¬ëå ¤�«¥¥ ¤¨á¯¥âç¥à¨§�æ¨© ¤«ï á¨áâ¥¬
à�á¯à¥¤¥«¥−−ëå ¢ëç¨á«¥−¨© ¬®¦−® −�©â¨, −�¯à¨¬¥à, ¢ [12].
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¢à¥¬ï ®âª«¨ª� ¢ áâ�−¤�àâ−ëå ãá«®¢¨ïå, â®, ¢ë¡¨à�ï §−�ç¥−¨ï ¯�à�¬¥âà®¢ áâà�-
â¥£¨¨ RND â�ª¨¬ ®¡à�§®¬, çâ®¡ë −�£àã§ª� ¡�«�−á¨à®¢�«�áì ¬¥¦¤ã á¥à¢¥à�¬¨
¯à®¯®àæ¨®−�«ì−® ¨å ¯à®¨§¢®¤¨â¥«ì−®áâ¨, ¬®¦−® ¯®«ãç¨âì ¯à®áâ®© �«£®à¨â¬
¯à¨¥¬«¥¬®£® ª�ç¥áâ¢� (ª®â®à®¥ ¨−®£¤� ¬®¦−® ®æ¥−¨âì ¨ �−�«¨â¨ç¥áª¨), −¥ âà¥-
¡ãîé¨© ¤®¯®«−¨â¥«ì−ëå ¢ëç¨á«¥−¨©. �®«ìè¥£® ¢ë¨£àëè� ¬®¦−® ¤®¡¨âìáï,
¥á«¨ ¨á¯®«ì§®¢�âì â¥ ¦¥ §−�ç¥−¨ï1 ¯�à�¬¥âà®¢ ¢ ¤àã£¨å áâ�â¨ç¥áª¨å áâà�â¥£¨-
ïå | â�ª −�§ë¢�¥¬ëå ¯à®£à�¬¬−ëå2 (¤�«¥¥ | PROG), ¨¬¥îé¨å −¥¡®«ìèãî
¢ëç¨á«¨â¥«ì−ãî á«®¦−®áâì (á¬., ¢ ç�áâ−®áâ¨, �«£®à¨â¬ SG ¢ [13, á. 184] ¨ [14]).
�®¯ëâª¨ ¯®−ïâì, £¤¥ −�å®¤¨âáï ®¯â¨¬ã¬ ¯à¨ ã¯à�¢«¥−¨¨ ¢ë¡®à®¬ à¥áãàá®¢
¢ ®âáãâáâ¢¨¥ −�¡«î¤¥−¨© §� á®áâ®ï−¨ï¬¨ à¥áãàá®¢, ¯à¨¢¥«¨ ª à�§à�¡®âª¥ ¯à¨−-
æ¨¯¨�«ì−® −®¢®£® â¨¯� ¤¨á¯¥âç¥à¨§�æ¨¨ | ¤¨á¯¥âç¥à¨§�æ¨¨ ¯® ¯à¥¤ëáâ®à¨¨
(¤�«¥¥ | AA, ®â �−£«. Arrival Aware), ¯à¥¢®áå®¤ïé¥©, áã¤ï ¯® ¬®¤¥«ì−ë¬
íªá¯¥à¨¬¥−â�¬, ª�ª RND, â�ª ¨ PROG. •®âï ¨§¢¥áâ−ë¥ ¥¥ à¥�«¨§�æ¨¨ (á¬.,
−�¯à¨¬¥à, [11, 14{16]) ¯® âàã¤®¥¬ª®áâ¨ ®¡ëç−® ãáâã¯�îâ áâ�â¨ç¥áª¨¬ �«£®à¨â-
¬�¬, ¯®«ãç�îé¨©áï ¢ áâ�−¤�àâ−ëå ãá«®¢¨ïå ¢ë¨£àëè ¯®«−®áâìî ®¯à�¢¤ë¢�¥â
¥¥ ¯à¨¬¥−¥−¨¥3.

�®¬¨¬® ¯à�ªâ¨ç¥áª®© ¢ë£®¤ë ¨−â¥à¥á ª §�¤�ç�¬ ®¯¥à�â¨¢−®£® ã¯à�¢«¥−¨ï
¨, ¢ ç�áâ−®áâ¨, ª §�¤�ç¥ ®¯â¨¬�«ì−®£® ã¯à�¢«¥−¨ï ¢ë¡®à®¬ à¥áãàá®¢ ®¡êïá-
−ï¥âáï ¨å å®à®è¥© ä®à¬�«¨§ã¥¬®áâìî. �â® ®¡áâ®ïâ¥«ìáâ¢® ¯®§¢®«ï¥â á¢®¤¨âì
â�ª¨¥ §�¤�ç¨ ª −¥ª®â®àë¬ íªáâà¥¬�«ì−ë¬, ª®â®àë¥, å®âï ¨ à¥¤ª® ¯®¤¤�îâáï
â®ç−®¬ã �−�«¨§ã, ®¡ëç−® ¬®£ãâ ¡ëâì à¥è¥−ë ¯à¨¡«¨¦¥−−®. �¤−�ª® á®¢à¥-
¬¥−−ë¥ ¨áá«¥¤®¢�−¨ï ¯à�ªâ¨ç¥áª¨å ¯à®¡«¥¬ ¯®áâà®¥−¨ï á¨áâ¥¬ à�á¯à¥¤¥«¥−−ëå
¢ëç¨á«¥−¨© [3, 9, 10] ¯®à®¦¤�îâ ¨ ¯à¨−æ¨¯¨�«ì−® −®¢ë¥ ¯®áâ�−®¢ª¨, ¤«ï ª®-
â®àëå áãé¥áâ¢ãîé¨© �àá¥−�« ¯à¨ª«�¤−ëå ¬�â¥¬�â¨ç¥áª¨å ¬¥â®¤®¢ ®ª�§ë¢�¥âáï
−¥¤®áâ�â®ç−ë¬.

�â� áâ�âìï ¯®á¢ïé¥−� ®¤−®© ¨§ â�ª¨å ¯®áâ�−®¢®ª, ª®â®à�ï ¢®§−¨ª�¥â ¯à¨
¯®¯ëâª�å �−�«¨â¨ç¥áª¨ ¯®¤áâã¯¨âìáï ª ¢®¯à®áã4 ®¯â¨¬�«ì−®£® æ¥−âà�«¨§®-
¢�−−®£® ã¯à�¢«¥−¨ï ¢ë¡®à®¬ à¥áãàá®¢ ¢ á¨áâ¥¬�å ¤®¡à®¢®«ì−ëå ¢ëç¨á«¥−¨©
ª®−¥ç−®© ¥¬ª®áâ¨. ‘¨áâ¥¬� à�áá¬�âà¨¢�¥âáï −� á¨«ì−® �£à¥£¨à®¢�−−®¬ ãà®¢-

1…á«¨ ¦¥ §−�ç¥−¨ï ¯�à�¬¥âà®¢ áâà�â¥£¨¨ RND ¢ë¡à�−ë ®¯â¨¬�«ì−ë¬ ®¡à�§®¬, â® ¨å ¨á¯®«ì-
§®¢�−¨¥ ¢ ¯®¤å®¤ïé¨å ¯à®£à�¬¬−ëå áâà�â¥£¨ïå ¬®¦¥â ¯à¨¢¥áâ¨ ª «ãçè¥¬ã §−�ç¥−¨î æ¥«¥¢®£®
äã−ªæ¨®−�«�. �®«¥¥ ¯®¤à®¡−ë© áà�¢−¨â¥«ì−ë© �−�«¨§ á¬. ¢ [8, á. 29{36]. ��¯®¬−¨¬, çâ®
æ¨ª«¨ç¥áª¨© ¢ë¡®à ï¢«ï¥âáï ç�áâ−ë¬ á«ãç�¥¬ ¯à®£à�¬¬−®© áâà�â¥£¨¨ ¨ ®¯â¨¬�«¥− ¢ á¨áâ¥¬�å ¨§
®¤−®à®¤−ëå á¥à¢¥à®¢.

2�â¨ áâà�â¥£¨¨ ¯�à�¬¥âà¨§ãîâáï ¡¥áª®−¥ç−ë¬¨ ¯®á«¥¤®¢�â¥«ì−®áâï¬¨ {a1, a2, . . . , an, . . .},
£¤¥ ai ®§−�ç�¥â, çâ® i-¥ ¯® áç¥âã §�¤�−¨¥ −�¯à�¢«ï¥âáï −� á¥à¢¥à á −®¬¥à®¬ ai.

3�â¬¥â¨¬, çâ® ¤® á¨å ¯®à −¥¨§¢¥áâ−®, −�áª®«ìª® ¤�«¥ª® ¬®¦−® ¯à®¤¢¨−ãâìáï ¢ §�¤�ç¥ ¤¨á-
¯¥âç¥à¨§�æ¨¨, ®áâ�¢�ïáì ¢ ª«�áá¥ ú−�¨¢−ëåû áâà�â¥£¨©: ¢ ®¡é¥¬ á«ãç�¥ ®¯â¨¬�«ì−ë¥ §−�ç¥−¨ï
ª«�áá¨ç¥áª¨å æ¥«¥¢ëå äã−ªæ¨®−�«®¢ ®áâ�îâáï −¥¨§¢¥áâ−ë¬¨.

4÷¥è¥−¨¥ íâ®£® ¢®¯à®á� ¢ ¯¥à¢ãî ®ç¥à¥¤ì −¥®¡å®¤¨¬® ¤«ï §�¤�ç á¨áâ¥¬−®£® �−�«¨§�: ¯®«ãç¥−¨ï
®æ¥−®ª ¨ à¥ª®¬¥−¤�æ¨© −� áâ�¤¨¨ ¯à®¥ªâ¨à®¢�−¨ï, ¢ëà�¡®âª¨ −�¨«ãçè¨å á¯®á®¡®¢ íªá¯«ã�â�æ¨¨
á¨áâ¥¬ë. ‘ ¯à¨ª«�¤−®© â®çª¨ §à¥−¨ï ¢®¯à®á íâ®â ¬�«®¨−â¥à¥á¥−: ¨−ä®à¬�æ¨®−−®-®à¨¥−â¨à®-
¢�−−ë¥ ¤¨á¯¥âç¥à¨§�æ¨¨ ¯®§¢®«ïîâ ¯à¨ à�á¯à¥¤¥«¥−¨¨ §�¤�−¨© ãç¨âë¢�âì ®£à�−¨ç¥−¨ï −� ®¡ê¥¬
¯�¬ïâ¨ à¥áãàá®¢ ú¢®«®−â¥à®¢û.
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„¨á¯¥âç¥à¨§�æ¨ï ¢ ç�áâ¨ç−® −�¡«î¤�¥¬ëå áâ®å�áâ¨ç¥áª¨å á¨áâ¥¬�å ª®−¥ç−®© ¥¬ª®áâ¨

−¥, £¤¥ ®−�, ¯® áãâ¨, ¢ëà®¦¤�¥âáï ¢ ç�áâ¨ç−® −�¡«î¤�¥¬ãî áâ®å�áâ¨ç¥áªãî
á¨áâ¥¬ã á ¯�à�««¥«ì−ë¬ ®¡á«ã¦¨¢�−¨¥¬ á ®¤−¨¬ ¤¨á¯¥âç¥à®¬, à�§¬¥é�îé¨¬
§�¤�−¨ï ¯® ®¤−®¯à®æ¥áá®à−ë¬ á¥à¢¥à�¬ ¡¥§ ª�ª®©-«¨¡® ¨−ä®à¬�æ¨¨ ®¡ ¨å
â¥ªãé¥¬ á®áâ®ï−¨¨, ¯à¨ç¥¬ ®ç¥à¥¤¨ −� á¥à¢¥à�å ¬®£ãâ ¨¬¥âì ª®−¥ç−ãî ¥¬-
ª®áâì. ‘«¥¤áâ¢¨¥ ¯®á«¥¤−¥£® ãá«®¢¨ï | ¯®â¥à¨ §�¤�−¨©, ¢ëá®ª¨© ¯®ª�§�â¥«ì
ª®â®àëå ®¡ëª−®¢¥−−® âà�ªâã¥âáï ª�ª −¨§ª®¥ ª�ç¥áâ¢® äã−ªæ¨®−¨à®¢�−¨ï á¨á-
â¥¬ë.

’�ª¨¬ ®¡à�§®¬, ¤«ï −�å®¦¤¥−¨ï −�¨«ãçè¥© ¤¨á¯¥âç¥à¨§�æ¨¨ §¤¥áì −¥®¡å®-
¤¨¬® à¥è�âì §�¤�çã «¨¡® ¬−®£®ªà¨â¥à¨�«ì−®© ®¯â¨¬¨§�æ¨¨ (−�¯à¨¬¥à, ¬¨−¨¬¨-
§¨à®¢�âì ®¤−ã ¢à¥¬¥−−ãî ¨ ®¤−ã ¢¥à®ïâ−®áâ−ãî å�à�ªâ¥à¨áâ¨ªã ¯®áâã¯�îé¨å
¢ á¨áâ¥¬ã §�¤�−¨©), «¨¡® ®¤−®ªà¨â¥à¨�«ì−®©, −® á®¥¤¨−ïîé¥© ¢ á¥¡¥ −¥áª®«ìª®
æ¥«¥¢ëå äã−ªæ¨©. ‚ ®¡®¨å á«ãç�ïå −¥«ì§ï ®¡®©â¨áì ¡¥§ ¢ëç¨á«¥−¨ï §−�ç¥−¨© æ¥-
«¥¢®© äã−ªæ¨¨, á¢ï§�−−®© á ¯®â¥àï¬¨ §�¤�−¨©, çâ® ¢ à�áá¬�âà¨¢�¥¬ëå ãá«®¢¨ïå
ç�áâ¨ç−®© −�¡«î¤�¥¬®áâ¨1 á¤¥«�âì −¥¢®§¬®¦−®. �â® ®¡áâ®ïâ¥«ìáâ¢® §�âàã¤−ï¥â
¯à¨¬¥−¥−¨¥ ¨§¢¥áâ−ëå áâ�â¨ç¥áª¨å �«£®à¨â¬®¢: ¨å ¯�à�¬¥âàë ¨ âà¥¡ã¥¬ë¥ ¤«ï
à¥�«¨§�æ¨¨ ¢¥«¨ç¨−ë −¥ ¬®£ãâ ¡ëâì à�ááç¨â�−ë.

‚ íâ®© áâ�âì¥ ¯à¥¤«®¦¥− ª®−áâàãªâ¨¢−ë© ¬¥â®¤ ¤«ï ¯®à®¦¤¥−¨ï ¤¨á¯¥âç¥-
à¨§�æ¨©, à¥�«¨§ãîé¨å ¤«ï à�áá¬�âà¨¢�¥¬ëå á¨áâ¥¬ ¯à¥¤«®¦¥−−ãî ¢ [15] ¨¤¥î
ã¯à�¢«¥−¨ï ¯®â®ª�¬¨ §�¤�−¨© ¯® ¯à¥¤ëáâ®à¨¨ ¯à¨−ïâëå à¥è¥−¨©.

Š�ª ¨ ¢ [14], ¢ ®á−®¢¥ ¬¥â®¤� «¥¦¨â ¨á¯®«ì§®¢�−¨¥ ¤«ï ¯®à®¦¤¥−¨ï à¥è¥−¨©
¢¨àâã�«ì−ëå ¢á¯®¬®£�â¥«ì−ëå ¯à®æ¥áá®¢, §�¢¨áïé¨å ®â −¥¨§¢¥áâ−ëå ¯�à�¬¥â-
à®¢ ¨ á¨−åà®−¨§®¢�−−ëå ¯® ¬®¬¥−â�¬ ¯®áâã¯«¥−¨ï §�¤�−¨© á ®á−®¢−®© á¨áâ¥¬®©.
‚¢¨¤ã â®£® çâ® ¨¬¥îé�ïáï ¯® ¯à¥¤¯®«®¦¥−¨î �¯à¨®à−�ï ¨−ä®à¬�æ¨ï ¤�¥â ¢®§-
¬®¦−®áâì ®áãé¥áâ¢«ïâì ¨¬¨â�æ¨î âà�¥ªâ®à¨¨ á¨áâ¥¬ë, §−�ç¥−¨ï −¥¨§¢¥áâ−ëå
¯�à�¬¥âà®¢ ¬®£ãâ ¡ëâì ¯®¤®¡à�−ë. ‚ á¨«ã á«®¦−®áâ¨ å�à�ªâ¥à¨áâ¨ª¨ â�ª¨å
�«£®à¨â¬®¢ −¥ ã¤�¥âáï ®æ¥−¨âì �−�«¨â¨ç¥áª¨. Œ®¤¥«ì−ë¥ íªá¯¥à¨¬¥−âë ¯®-
ª�§ë¢�îâ, çâ® ®−¨ ãá¯¥è−® ª®−ªãà¨àãîâ á® áâ�â¨ç¥áª¨¬¨ �«£®à¨â¬�¬¨ (RND
¨ PROG), ¯à¨¬¥−¥−¨¥ ª®â®àëå âà¥¡ã¥â ¯à¥¤¢�à¨â¥«ì−®© ®æ¥−ª¨ ¯�à�¬¥âà®¢2 −�
â®© ¦¥ ¨¬¨â�æ¨®−−®© ¬®¤¥«¨. �â® á¢®©áâ¢® ¢¬¥áâ¥ á â¥¬ ®¡áâ®ïâ¥«ìáâ¢®¬, çâ®
−®¢ë¥ �«£®à¨â¬ë −¥ âà¥¡ãîâ á¯¥æ¨�«ì−ëå ®£à�−¨ç¥−¨© −¨ −� ¢å®¤ïé¨© ¯®â®ª,
−¨ −� ¯à®æ¥áá ®¡á«ã¦¨¢�−¨ï, á¢®¡®¤−ë ®â ¢ëç¨á«¨â¥«ì−ëå −¥¤®áâ�âª®¢ ¨ ®¡-
å®¤ïâáï ¤«ï á¢®¥© −�áâà®©ª¨ ®æ¥−ª®© áãé¥áâ¢¥−−® ¬¥−ìè¥£® ç¨á«� ¯�à�¬¥âà®¢,
¤�îâ ®á−®¢�−¨ï −�§¢�âì ¨å «ãçè¨¬¨ ¤«ï à�áá¬�âà¨¢�¥¬ëå á¨áâ¥¬ ¢ ãá«®¢¨ïå
ç�áâ¨ç−®£® −�¡«î¤¥−¨ï.

‚ á«¥¤ãîé¥¬ à�§¤¥«¥ ¯à¨¢®¤¨âáï ä®à¬�«ì−�ï ¯®áâ�−®¢ª� §�¤�ç¨. ‡�â¥¬
¢ à�§¤. 3 ¨§«�£�¥âáï ¬¥â®¤ á®§¤�−¨ï ¤¨á¯¥âç¥à¨§�æ¨© ¤«ï à�áá¬�âà¨¢�¥¬ëå á¨á-
â¥¬. �¥áª®«ìª® ¯à¨¬¥à®¢, ¨««îáâà¨àãîé¨å å�à�ªâ¥à¨áâ¨ª¨ −®¢ëå �«£®à¨â¬®¢,
¯à¨¢¥¤¥−ë ¢ à�§¤. 4. ‚ à�§¤. 5 à¥§î¬¨àãîâáï ®á−®¢−ë¥ à¥§ã«ìâ�âë ¨ §�âà�£¨¢�-
îâáï −¥ª®â®àë¥ ®âªàëâë¥ ¢®¯à®áë.

1�ª¢¨¢�«¥−â−ëå (¢ â¥à¬¨−�å â¥®à¨¨ ®¯â¨¬�«ì−®£® ã¯à�¢«¥−¨ï ¤¨−�¬¨ç¥áª¨¬¨ áâ®å�áâ¨ç¥áª¨-
¬¨ á¨áâ¥¬�¬¨) ®âáãâáâ¢¨î ¨−ä®à¬�æ¨¨, ®âáãâáâ¢¨î ®¡à�â−®© á¢ï§¨.

2�à¨ç¥¬ ç¨á«® −¥¨§¢¥áâ−ëå ¯�à�¬¥âà®¢ á®¢¯�¤�¥â á à�§¬¥à−®áâìî á¨áâ¥¬ë.
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2 Диспетчеризация в системах добровольных вычислений как задача
распределения потока случайных объемов вычислений в частично
наблюдаемых стохастических системах конечной емкости
с параллельным обслуживанием

÷�áá¬�âà¨¢�¥âáï á¨áâ¥¬�, á®áâ®ïé�ï ¨§ N à�¡®â�îé¨å ¯�à�««¥«ì−® ®¤−®-
¯à®æ¥áá®à−ëå á¥à¢¥à®¢, ¯à®−ã¬¥à®¢�−−ëå ç¨á«�¬¨ ®â 1 ¤® N ¡¥§ ¯®¢â®à¥−¨©.
‘¥à¢¥à á −®¬¥à®¬ i å�à�ªâ¥à¨§ã¥âáï ¯à®¨§¢®¤¨â¥«ì−®áâìî Ri > 0 ¨ ¤®áâã¯−ë¬
®¡ê¥¬®¬ ¯�¬ïâ¨ Ci > 0 ¤«ï åà�−¥−¨ï §�¤�−¨©. ‚ë¡®à ®ç¥à¥¤−®£® §�¤�−¨ï −�
®¡á«ã¦¨¢�−¨¥ −� ª�¦¤®¬ á¥à¢¥à¥ ¯à®¨áå®¤¨â ¢ ¯®àï¤ª¥ ¯®áâã¯«¥−¨ï. ‚ á¨áâ¥¬ã
¯®áâã¯�¥â ¥¤¨−áâ¢¥−−ë© ¯®â®ª ®¤−®à®¤−ëå §�¤�−¨©, ¯à¨ç¥¬ ¨−â¥à¢�«ë θ1 =
= t2− t1, θ2 = t3− t2, . . . ¬¥¦¤ã ¬®¬¥−â�¬¨ t1, t2, . . . ¯®áâã¯«¥−¨ï §�¤�−¨© ¨¬¥îâ
®¤¨−�ª®¢ãî äã−ªæ¨î à�á¯à¥¤¥«¥−¨ï F . �®¬¥à á¥à¢¥à�, −� ª®â®àë© −�¯à�¢«¥−®
n-¥ ¯® áç¥âã §�¤�−¨¥, ¤�«¥¥ ®¡®§−�ç�¥âáï ç¥à¥§ yn ∈ {1, . . . ,N}. ‡−�ç¥−¨¥ yn

®¯à¥¤¥«ï¥âáï ¤¨á¯¥âç¥à¨§�æ¨¥©. �à¥¤¯®«�£�¥âáï, çâ® äã−ªæ¨ï à�á¯à¥¤¥«¥−¨ï B
®¡ê¥¬� §�¤�−¨ï ¨¬¥¥â ª®−¥ç−®¥ áà¥¤−¥¥ §−�ç¥−¨¥ b. �¡ê¥¬ §�¤�−¨ï n ¤�«¥¥
®¡®§−�ç�¥âáï ç¥à¥§ vn. �ã¤ãç¨ −�¯à�¢«¥−−ë¬ −� á¥à¢¥à, ®− ¯à¨−¨¬�¥âáï ª ¢ë-
¯®«−¥−¨î «¨¡® ¯®«−®áâìî, ¥á«¨ −� á¥à¢¥à¥ ¤®áâ�â®ç−® á¢®¡®¤−®£® ¬¥áâ�, «¨¡®
ç�áâ¨ç−®. ‚ ¯®á«¥¤−¥¬ á«ãç�¥ ®âª«®−¥−−�ï ç�áâì §�¤�−¨ï (¤�«¥¥ | rn) áç¨â�¥âáï
¯®â¥àï−−®©. �¡®§−�ç�ï ç¥à¥§ an ¯à¨−ïâãî −� ®¡á«ã¦¨¢�−¨¥ ç�áâì §�¤�−¨ï,
� ç¥à¥§ xyn

(n) | ®¡ê¥¬ −¥§�ª®−ç¥−−®© à�¡®âë −� á¥à¢¥à¥ yn ¢ ¬®¬¥−â ¯®áâã¯-
«¥−¨ï n-£® ¯® áç¥âã §�¤�−¨ï ¢ á¨áâ¥¬ã, ¨¬¥¥¬ an = min {Cyn

− xyn
(n), vn},

rn = vn − an.
�à¥¤¯®«�£�¥âáï, çâ® ª�¦¤®¥ ¯®áâã¯¨¢è¥¥ §�¤�−¨¥ ¤®«¦−® ¡ëâì −¥¬¥¤«¥−−®

−�¯à�¢«¥−® ¤¨á¯¥âç¥à®¬ −� ®¤¨− ¨§ á¥à¢¥à®¢. –¥«ì ¤¨á¯¥âç¥à¨§�æ¨¨ | ¬¨−¨-
¬¨§¨à®¢�âì áâ�æ¨®−�à−®¥ áà¥¤−¥¥ ¢à¥¬ï ¯à¥¡ë¢�−¨ï §�¤�−¨ï ¢ á¨áâ¥¬¥ ¨ áâ�æ¨®-
−�à−ãî ¢¥à®ïâ−®áâì ¯®â¥à¨ §�¤�−¨ï ¨«¨ ã¢ï§ë¢�îé¨© ®¡� ¯®ª�§�â¥«ï §�¤�−−ë©
äã−ªæ¨®−�«. �à¨ ¯à¨−ïâ¨¨ à¥è¥−¨ï ®â−®á¨â¥«ì−® §�¤�−¨ï n ¯®¬¨¬® äã−ªæ¨©
à�á¯à¥¤¥«¥−¨ï F ¨ B, §−�ç¥−¨© R1, . . . , RN , C1, . . . , Cn, tn, á¢¥¤¥−¨© ® ¤¨á-
æ¨¯«¨−�å ®¡á«ã¦¨¢�−¨ï −� á¥à¢¥à�å ¤¨á¯¥âç¥àã ¨§¢¥áâ−� â®«ìª® ¯à¥¤ëáâ®à¨ï
¯à¨−ïâëå ¨¬ à¥è¥−¨© y1, . . . , yn−1 ¨ ¬®¬¥−âë ¢à¥¬¥−¨ t1, . . . , tn−1, ¢ ª®â®àë¥
íâ¨ à¥è¥−¨ï ¯à¨−¨¬�«¨áì.

‘ä®à¬ã«¨à®¢�−−�ï ¢ëè¥ æ¥«ì ¤¨á¯¥âç¥à¨§�æ¨¨ ®áâ�¥âáï −¥¯®«−®© ¡¥§ ãª�-
§�−¨ï â®£®, ª�ª¨¬ ®¡à�§®¬ à�ááç¨âë¢�îâáï ¤¢� ª«îç¥¢ëå ¯®ª�§�â¥«ï ¯à®¨§¢®-
¤¨â¥«ì−®áâ¨. „¥©áâ¢¨â¥«ì−®, ¢à¥¬ï ¯à¥¡ë¢�−¨ï ®¡ëç−® ®â−®áïâ ª §�¤�−¨î, â. ¥.
à�áá¬�âà¨¢�îâ ¢¥«¨ç¨−ã1

T = lim
N→∞

N
∑

n=1

Vn

N
,

£¤¥ Vn = (xyn
(n)+ an)/Ryn

| ¢à¥¬ï ¯à¥¡ë¢�−¨ï ¢ á¨áâ¥¬¥ â®© ç�áâ¨ §�¤�−¨ï n,
ª®â®à�ï ¯à¨−ïâ� −� ®¡á«ã¦¨¢�−¨¥. �®áª®«ìªã −¥¡®«ìè®¥ ¢à¥¬ï ¯à¥¡ë¢�−¨ï

1‡¤¥áì ¨ ¤�«¥¥ ¯à¥¤¯®«�£�¥âáï, çâ® ¯à¥¤¥«ë áãé¥áâ¢ãîâ ¨ ¤¥â¥à¬¨−¨à®¢�−ë ¯®çâ¨ −�¢¥à−®¥
®â−®á¨â¥«ì−® ¬¥à, ¯®à®¦¤¥−−ëå à�áá¬�âà¨¢�¥¬ë¬¨ ¤¨á¯¥âç¥à¨§�æ¨ï¬¨.
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„¨á¯¥âç¥à¨§�æ¨ï ¢ ç�áâ¨ç−® −�¡«î¤�¥¬ëå áâ®å�áâ¨ç¥áª¨å á¨áâ¥¬�å ª®−¥ç−®© ¥¬ª®áâ¨

¬®¦¥â ¤®áâ¨£�âìáï §� áç¥â â®£®, çâ® ¡�®«ìè�ï ç�áâì §�¤�−¨ï ¯®â¥àï−�, â® ¨¬¥¥â
á¬ëá« à�áá¬�âà¨¢�âì â�ª¦¥ ¢¥«¨ç¨−ã

T ∗ = lim
N→∞

∑N

n=1
Vn

∑N

n=1
an

,

ª®â®àãî ¬®¦−® ¨−â¥à¯à¥â¨à®¢�âì ª�ª ¯à¥¤¥«ì−®¥ áà¥¤−¥¥ ¢à¥¬ï ¯à¥¡ë¢�−¨ï
¥¤¨−¨æë ®¡ê¥¬�, ¯à¨−ïâ®£® −� ®¡á«ã¦¨¢�−¨¥. “à®¢¥−ì ¯®â¥àì â�ª¦¥ ¬®¦¥â ¡ëâì
®æ¥−¥− á ¯®¬®éìî ¤¢ãå ¢ à�¢−®© áâ¥¯¥−¨ ¯à¨£®¤−ëå ¯®ª�§�â¥«¥©:

Q = lim
N→∞

N
∑

n=1

rn

Nvn
; Q∗ = lim

N→∞

∑N

n=1
rn

∑N

n=1
vn

.

‚¥«¨ç¨−� Q ®âà�¦�¥â ¯à¥¤¥«ì−ãî áà¥¤−îî ¤®«î ¯®â¥àì, ¯à¨å®¤ïéãîáï −� ®¤−®
§�¤�−¨¥, â®£¤� ª�ª §−�ç¥−¨¥ Q∗ ãª�§ë¢�¥â −� ¯à¥¤¥«ì−ãî áà¥¤−îî ¤®«î ¯®â¥àì
®â ¢á¥£® ®¡ê¥¬� §�¤�−¨©, ¯®áâã¯¨¢è¨å ¢ á¨áâ¥¬ã.

�®ª�§�â¥«¨ ¢à¥¬¥−¨ ¯à¥¡ë¢�−¨ï ¨ ãà®¢−ï ¯®â¥àì, ¡¥§ãá«®¢−®, ¢§�¨¬®§�-
¢¨á¨¬ë. �¤−�ª® ¢ à�áá¬�âà¨¢�¥¬®© ¯®áâ�−®¢ª¥ å�à�ªâ¥à íâ®© §�¢¨á¨¬®áâ¨
¨−âã¨â¨¢−® −¥ ®ç¥¢¨¤¥−. ��¯à¨¬¥à, ¬®¦−® ¯à¥¤¯®«®¦¨âì, çâ® à�á¯à¥¤¥«¥−¨¥
§�¤�−¨©, ¯à¨ ª®â®à®¬ ã¬¥−ìè�¥âáï ¢à¥¬ï ¯à¥¡ë¢�−¨ï ¨, á«¥¤®¢�â¥«ì−®, ®á¢®-
¡®¦¤�¥âáï ¡®«ìè¥ á¢®¡®¤−®£® ¬¥áâ� −� á¥à¢¥à�å, ã¬¥−ìè�¥â â�ª¦¥ ª®«¨ç¥áâ¢®
¯®â¥àì. ‘ ¤àã£®© áâ®à®−ë, ã¬¥−ìè¨âì ¢à¥¬ï ¯à¥¡ë¢�−¨ï ¬®¦−®, ã¢¥«¨ç¨¢ ®¡ê¥¬
¯®â¥àì. �®íâ®¬ã ¥áâ¥áâ¢¥−−® ®æ¥−¨¢�âì ª�ç¥áâ¢® à�¡®âë á¨áâ¥¬ë á¢¥àâª®© íâ¨å
¤¢ãå ¯®ª�§�â¥«¥©, ¯à¨¤�¢ ¥© âà�¤¨æ¨®−−ë© áâ®¨¬®áâ−ë© á¬ëá«. �¯à¥¤¥«¨¬
®¤−®è�£®¢ë¥ §�âà�âë ln, á¢ï§�−−ë¥ á ®¤−¨¬ §�¤�−¨¥¬, ¯®«�£�ï

ln = αVn + βrn . (1)

‡¤¥áì ª®−áâ�−â� α ®§−�ç�¥â æ¥−ã §� ¥¤¨−¨æã ¢à¥¬¥−¨ ¯à¥¡ë¢�−¨ï, � ª®−áâ�−â� β
á®®â¢¥âáâ¢¥−−® | æ¥−ã §� ¥¤¨−¨æã ¯®â¥àì. ’®£¤� ¯à¥¤¥«ì−ë¥ áà¥¤−¨¥ §�âà�âë L
¬®¦−® ®¯à¥¤¥«¨âì ª�ª

L = lim
N→∞

N
∑

n=1

ln
N

.

3 Метод порождения диспетчеризаций

�ãáâì −�àï¤ã á ¯à®æ¥áá®¬ ¯®áâã¯«¥−¨ï ¨ ®¡á«ã¦¨¢�−¨ï §�¤�−¨© ¢ à�á-
á¬�âà¨¢�¥¬®© á¨áâ¥¬¥ ¨¬¥¥âáï ¥é¥ K ≥ 1 ¢á¯®¬®£�â¥«ì−ëå ¯à®æ¥áá®¢, ¬®-
¤¥«¨àãîé¨å â®ç−® â�ªãî ¦¥ á¨áâ¥¬ã, â. ¥. á â�ª¨¬¨ ¦¥ á¥à¢¥à�¬¨ ¨ ¯à.1

1�®¤ç¥àª−¥¬, çâ® ®á−®¢−®© ¯à®æ¥áá ®â®¡à�¦�¥â úà¥�«ì−ë©û ¯à®æ¥áá (å®âï ¨ ¬®¦¥â ¡ëâì
§�¬¥−¥− ¨¬¨â�æ¨®−−®© ¬®¤¥«ìî), ¢ â® ¢à¥¬ï ª�ª ¢á¯®¬®£�â¥«ì−ë¥ ¯à®æ¥ááë | ç¨áâ® ¢¨àâã�«ì−ë¥
ª®¬¯ìîâ¥à−ë¥ ¬®¤¥«¨.
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Œ. ƒ. Š®−®¢�«®¢, ÷. ‚. ÷�§ã¬ç¨ª

��ç�«ì−ë¥ á®áâ®ï−¨ï ¢á¥å ¯à®æ¥áá®¢ ®¤¨−�ª®¢ë¥. ”ã−ªæ¨®−¨à®¢�−¨¥ ¢á¯®-
¬®£�â¥«ì−ëå ¯à®æ¥áá®¢ ¢ â®ç−®áâ¨ ª®¯¨àã¥â à�¡®âã ®á−®¢−®£® ¯à®æ¥áá� ¢ ç�áâ¨
¬®¬¥−â®¢ ¯®áâã¯«¥−¨ï, à�§¬¥é¥−¨ï §�¤�−¨©, ¤¨áæ¨¯«¨−ë ®¡á«ã¦¨¢�−¨ï, −®
à�§«¨ç�¥âáï ®¡ê¥¬�¬¨ §�¤�−¨©. Šà®¬¥ â®£®, à�§«¨ç¨¥ ¬¥¦¤ã ®á−®¢−ë¬ ¨ ¢á¯®-
¬®£�â¥«ì−ë¬¨ ¯à®æ¥áá�¬¨ §�ª«îç�¥âáï ¢ å�à�ªâ¥à¥ −�¡«î¤¥−¨©. …á«¨ ¤«ï
®á−®¢−®£® ¯à®æ¥áá� −�¡«î¤¥−¨ï ¯® ãá«®¢¨î ®£à�−¨ç¥−ë ¬®¬¥−â�¬¨ ¯®áâã¯-
«¥−¨ï §�¤�−¨© ¨ á®¢¥àè¥−−ë¬¨ ã¯à�¢«¥−¨ï¬¨, â® ¢á¯®¬®£�â¥«ì−ë¥ ¯à®æ¥ááë
¯®«−®áâìî −�¡«î¤�¥¬ë.

‡�¤�¤¨¬áï ¯®«®¦¨â¥«ì−ë¬¨ ç¨á«�¬¨ D(1), . . . ,D(K) ¨ ¡ã¤¥¬ áç¨â�âì, çâ®
¢á¥ §�¤�−¨ï, ¯®áâã¯�îé¨¥ −� á¥à¢¥àë k-£® ¢á¯®¬®£�â¥«ì−®£® ¯à®æ¥áá� (¨¤¥−-

â¨ç−ë¥ á á¥à¢¥à�¬¨ ®á−®¢−®£® ¯à®æ¥áá�), ¨¬¥îâ ®¤¨−�ª®¢ë© ®¡ê¥¬ D(k),

1 ≤ k ≤ K. �¡®§−�ç¨¬ ç¥à¥§ z
(k)
i (n) ¢à¥¬ï, −¥®¡å®¤¨¬®¥ ¤«ï ¢ë¯®«−¥−¨ï

¢á¥© −¥§�ª®−ç¥−−®© à�¡®âë, ¨¬¥îé¥©áï −� á¥à¢¥à¥ i ¢á¯®¬®£�â¥«ì−®£® ¯à®æ¥áá�
á −®¬¥à®¬ k ¢ ¬®¬¥−â ¯®áâã¯«¥−¨ï n-£® §�¤�−¨ï, −® ¡¥§ ¥£® ãç¥â�. ’®£¤�, ¢−¥

§�¢¨á¨¬®áâ¨ ®â ¤¨áæ¨¯«¨−ë ®¡á«ã¦¨¢�−¨ï ¢ ®á−®¢−®¬ ¯à®æ¥áá¥, §−�ç¥−¨ï z
(k)
i (n)

¨ z
(k)
i (n − 1) ¡ã¤ãâ á¢ï§�−ë à¥ªãàá¨¥© ‹¨−¤«¨:

z
(k)
i (n) = max

{

0, z
(k)
i (n − 1) + δi,yn−1D

(k) − θn−1Ri

}

, n = 1, 2, . . . (2)

‡�ä¨ªá¨àã¥¬ ¤«ï ª�¦¤®£® ¢á¯®¬®£�â¥«ì−®£® ¯à®æ¥áá� äã−ªæ¨î1, ¯®§¢®-
«ïîéãî ª®«¨ç¥áâ¢¥−−® ®æ¥−¨¢�âì ¢ ¬®¬¥−âë ¯®áâã¯«¥−¨ï §�¤�−¨© á®áâ®ï−¨¥
ª�¦¤®£® ¥£® á¥à¢¥à� á ãç¥â®¬ ¢á¥å ¨¬¥îé¨åáï ®£à�−¨ç¥−¨©2. �à¥¤¯¨è¥¬ k-¬ã
¤¨á¯¥âç¥àã −�¯à�¢«ïâì §�¤�−¨ï −� ¥£® á¥à¢¥à, ¨¬¥îé¨© ¬¨−¨¬�«ì−ãî ®æ¥−ªã3.

�¡®§−�ç¨¬ ç¥à¥§ y
(k)
1 , y

(k)
2 , . . . à¥è¥−¨ï ¢ k-¬ ¢á¯®¬®£�â¥«ì−®¬ ¯à®æ¥áá¥, ¯®à®¦-

¤¥−−ë¥ ¯à¨−ïâ®© ¤¨á¯¥âç¥à¨§�æ¨¥©. �ãáâì â¥¯¥àì ®á−®¢−®© ¨K ¢á¯®¬®£�â¥«ì−ëå
¯à®æ¥áá®¢ ¯à®à�¡®â�«¨ ¤® −¥ª®â®à®£® ¬®¬¥−â� tn, n = 1, 2, . . ., ¯®áâã¯«¥−¨ï
®ç¥à¥¤−®£® §�¤�−¨ï ¢ ®á−®¢−®¬ ¯à®æ¥áá¥. �â®â ¬®¬¥−â ¯à¨−ã¤¨â¥«ì−® áç¨â�¥âáï
¬®¬¥−â®¬ ¯®áâã¯«¥−¨ï ¨ ¤«ï ¢á¥å ¢á¯®¬®£�â¥«ì−ëå ¯à®æ¥áá®¢, ®¤−�ª® ®¡ê¥¬
−®¢®£® §�¤�−¨ï ®¯à¥¤¥«ï¥âáï ¤«ï ª�¦¤®£® ¨§ −¨å ¨−¤¨¢¨¤ã�«ì−®. „«ï ª�¦¤®£®
¢á¯®¬®£�â¥«ì−®£® ¯à®æ¥áá�, ¨áå®¤ï ¨§ ¨§¢¥áâ−®© ¤«ï −¥£® ®æ¥−®ç−®© äã−ªæ¨¨,
®¯à¥¤¥«ï¥âáï −®¬¥à á¥à¢¥à�, −� ª®â®àë© ®â¯à�¢«ï¥âáï ¥£® á®¡áâ¢¥−−®¥ −®¢®¥
§�¤�−¨¥. ÷¥è¥−¨¥¬ yn ¤¨á¯¥âç¥à� ®á−®¢−®£® ¯à®æ¥áá� áç¨â�¥âáï −�¨¡®«¥¥ ç�á-

â® ¢áâà¥ç�îé¥¥áï ç¨á«® ¢ −�¡®à¥
{

y
(1)
n , . . . , y

(K)
n

}

. „�«¥¥ à�¡®â� ®á−®¢−®£®
¨ ¢á¯®¬®£�â¥«ì−ëå ¯à®æ¥áá®¢ ¯à®â¥ª�¥â −¥§�¢¨á¨¬® ¤àã£ ®â ¤àã£� ¢¯«®âì ¤®
á«¥¤ãîé¥£® ¬®¬¥−â� ¯®áâã¯«¥−¨ï §�¤�−¨ï ¢ ®á−®¢−®¬ ¯à®æ¥áá¥.

1‚ á¨«ã â®£® çâ® ¢á¯®¬®£�â¥«ì−ë¥ ¯à®æ¥ááë ¯®«−®áâìî −�¡«î¤�¥¬ë, ¢ ª�ç¥áâ¢¥ ®æ¥−®ç−ëå
äã−ªæ¨© ¬®£ãâ ¢ëáâã¯�âì ¨§¢¥áâ−ë¥ �«£®à¨â¬ë ¤«ï á¨áâ¥¬ á ¯�à�««¥«ì−ë¬ ®¡á«ã¦¨¢�−¨¥¬: JSQ,
HJSQ(d), LWL, Myopic, SITA-E, SITA-V ¨ ¤à. (á¬. ®¡§®àë [12,17]).

2�£à�−¨ç¥−¨ï ¬®£ãâ ¯®ï¢¨âìáï, −�¯à¨¬¥à, ¯à¨ á¢¥¤¥−¨¨ §�¤�ç¨ ¬−®£®ªà¨â¥à¨�«ì−®© ®¯â¨¬¨-
§�æ¨¨ ª ®¤−®ªà¨â¥à¨�«ì−®© ¬−®£®¬¥à−®© §�¤�ç¥ ãá«®¢−®© ®¯â¨¬¨§�æ¨¨.

3‡¤¥áì ¨ ¢áî¤ã ¤�«¥¥ ¢®§¬®¦−�ï −¥®¤−®§−�ç−®áâì à�§à¥è�¥âáï á«ãç�©−ë¬ ¢ë¡®à®¬.
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„¨á¯¥âç¥à¨§�æ¨ï ¢ ç�áâ¨ç−® −�¡«î¤�¥¬ëå áâ®å�áâ¨ç¥áª¨å á¨áâ¥¬�å ª®−¥ç−®© ¥¬ª®áâ¨

4 Некоторые результаты моделирования

‘«®¦−®áâì à¥è�¥¬®© §�¤�ç¨ â�ª®¢�, çâ® å�à�ªâ¥à¨áâ¨ª¨ «î¡®© ®á¬ëá«¥−-
−®© ¤¨á¯¥âç¥à¨§�æ¨¨ ¢−¥ §�¢¨á¨¬®áâ¨ ®â ¯à¥¤¯®«®¦¥−¨© ® à�á¯à¥¤¥«¥−¨ïå F
¨ B −¥ ¯à¥¤áâ�¢«ï¥âáï ¢®§¬®¦−ë¬ ®æ¥−¨âì �−�«¨â¨ç¥áª¨: ¯à¨ ¢ë¡®à¥ á¥à¢¥à�
−¥ −�¡«î¤�îâáï ¤�¦¥ ¯®ª�§�â¥«¨, ¯®¤«¥¦�é¨¥ ®¯â¨¬¨§�æ¨¨. �®íâ®¬ã ¢ −�-
áâ®ïé¥¥ ¢à¥¬ï ¤«ï áà�¢−¥−¨ï ¤¨á¯¥âç¥à¨§�æ¨© ¢ à�áá¬�âà¨¢�¥¬ëå ãá«®¢¨ïå
�«ìâ¥à−�â¨¢ë íªá¯¥à¨¬¥−âã, â. ¥. ¨¬¨â�æ¨®−−®¬ã ¬®¤¥«¨à®¢�−¨î, −¥ áãé¥áâ¢ã¥â.

�áâ�−®¢¨¬áï −� −¥áª®«ìª¨å ¯à¨¬¥à�å, ¤�îé¨å ¯à¥¤áâ�¢«¥−¨¥ ® á®®â−®è¥-
−¨ïå ¬¥¦¤ã �«£®à¨â¬�¬¨ à�á¯à¥¤¥«¥−¨ï §�¤�−¨© ¯à¨ ¬¨−¨¬¨§�æ¨¨ ¯à¥¤¥«ì−ëå
áà¥¤−¨å §�âà�â L. �à¨ íâ®¬, ®¤−�ª®, ¡ã¤¥¬ ®âá«¥¦¨¢�âì â�ª¦¥ ¨ ¯®ª�§�â¥«¨ T ,
T ∗, Q ¨ Q∗.

‚ ª�ç¥áâ¢¥ íâ�«®−−®£® �«£®à¨â¬� ¢ë¡¥à¥¬ �«£®à¨â¬ RND (á¬. à�§¤. 1),
ª®â®àë© ®¯¨áë¢�¥âáï −�¡®à®¬ (p1, . . . , pN ) ¨§ N ç¨á¥« | ¢¥à®ïâ−®áâ¥© pn ¢ë¡®à�
¤«ï ®ç¥à¥¤−®£® §�¤�−¨ï á¥à¢¥à� n.1 �¥á¬®âàï −� â® çâ® ¯à®¡«¥¬� −�å®¦¤¥−¨ï
®¯â¨¬�«ì−®£® −�¡®à� (p1, . . . , pN ) å®à®è® ¨§¢¥áâ−�, ¢ ãá«®¢¨ïå à�áá¬�âà¨¢�-
¥¬®© §�¤�ç¨ ®− −¥ ¬®¦¥â ¡ëâì ¢ëç¨á«¥−2 −¨ ¢ ¬−®£®ªà¨â¥à¨�«ì−®¬ á«ãç�¥,
−¨ ¯à¨ ãá«®¢−®© ®¯â¨¬¨§�æ¨¨. �®íâ®¬ã ¢ íªá¯¥à¨¬¥−â�å §−�ç¥−¨ï ¯�à�¬¥âà®¢
®¯â¨¬¨§¨à®¢�«¨áì −� ¨¬¨â¨àã¥¬ëå âà�¥ªâ®à¨ïå.

�«£®à¨â¬ −� ®á−®¢¥ ¯à¥¤«®¦¥−−®£® ¢ ¯à¥¤ë¤ãé¥¬ à�§¤¥«¥ ¬¥â®¤� à¥�«¨§ã¥â
¨¤¥î ¤¨á¯¥âç¥à¨§�æ¨¨ ¯® ¯à¥¤ëáâ®à¨¨. �®íâ®¬ã ¤�«¥¥, ª�ª ¨ ¢ à�§¤. 1, ¡ã¤¥¬
¨á¯®«ì§®¢�âì ¤«ï −¥£® �¡¡à¥¢¨�âãàã AA. „«ï á®§¤�−¨ï �«£®à¨â¬� �� −¥®¡å®¤¨¬®

§�ä¨ªá¨à®¢�âì ç¨á«® ¢á¯®¬®£�â¥«ì−ëå ¯à®æ¥áá®¢ K, §−�ç¥−¨ï D(1), . . . ,D(K)

¨ ®æ¥−®ç−ãî äã−ªæ¨î. �®«®¦¨¬ K = 1 ¨ ¢ ª�ç¥áâ¢¥ ®æ¥−ª¨ | ®¤−®è�£®¢ë¥ §�-
âà�âë (1). ’®£¤� §�¤�−¨¥ á −®¬¥à®¬ n, ¯®áâã¯¨¢è¥¥ ¢® ¢á¯®¬®£�â¥«ì−®¬ ¯à®æ¥áá¥,

−�¯à�¢«ï¥âáï −� á¥à¢¥à á −®¬¥à®¬ y
(1)
n , ª®â®àë© ¢ëç¨á«ï¥âáï ¯® ä®à¬ã«¥3:

y(1)n = argmin
1≤i≤N







α
z
(1)
i (n) + min

{

Ci − z
(1)
i (n),D

(1)
}

Ri
+

+ β
(

D(1) −min
{

Ci − z
(1)
i (n),D

(1)
})







, (3)

1‡¤¥áì ¢ë¡®à ¬¥¦¤ã à�−¤®¬¨§¨à®¢�−−®© ¨ ¯à®£à�¬¬−®© áâà�â¥£¨ï¬¨ ¢ ¯®«ì§ã ¯¥à¢®© ®¡êïá-
−ï¥âáï â¥¬, çâ® ¤«ï ¯à®£à�¬¬−®© áâà�â¥£¨¨ ¢ ®¡é¥¬ á«ãç�¥ −¥ ïá−®, ª�ª −�å®¤¨âì ®¯â¨¬�«ì−ãî
¯®á«¥¤®¢�â¥«ì−®áâì ¤¥©áâ¢¨© (¢¯à®ç¥¬, á¬. [18]). �¡ëç−® ¢ ª�ç¥áâ¢¥ §−�ç¥−¨© ¥¥ ¯�à�¬¥âà®¢ ¡¥àãâ
®¯â¨¬�«ì−ë¥ §−�ç¥−¨ï (p1, . . . , pN) ¤«ï áâà�â¥£¨¨ RND, ¨ ¯à®£à�¬¬−�ï áâà�â¥£¨ï á¢®¤¨âáï ¯à®áâ®
ª ú¬�ªá¨¬�«ì−®¬ã à�áé¥¯«¥−¨îû ¯®â®ª� ¯® à¥áãàá�¬ ¨ −¨ª�ª −¥ ãç¨âë¢�¥â ®£à�−¨ç¥−¨ï −� ®¡ê¥¬
¯�¬ïâ¨ à¥áãàá®¢. �£à�−¨ç¥−¨ï íâ¨ ãçâ¥−ë ¢ §−�ç¥−¨ïå (p1, . . . , pN ), â. ¥. ¢ áâà�â¥£¨¨ RND.

2�ëâì ¬®¦¥â, §� ¨áª«îç¥−¨¥¬ ¯®«−®áâìî íªá¯®−¥−æ¨�«ì−ëå á¨áâ¥¬.
3‚®§¬®¦−�ï −¥®¤−®§−�ç−®áâì ¢á¥£¤� à�§à¥è�¥âáï á«ãç�©−ë¬ ¢ë¡®à®¬.
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÷¨á. 1 ‡�¢¨á¨¬®áâì ¯à¥¤¥«ì−ëå áà¥¤−¨å §�âà�â ®â ¨−â¥−á¨¢−®áâ¨ ¢å®¤ïé¥£® ¯®â®ª�:
1 | Myopic; 2 | RND; 3 | AA

¢ ª®â®à®© §−�ç¥−¨ï z
(1)
1 (n), . . . , z

(1)
N (n) ¯à¥¤¢�à¨â¥«ì−® à�ááç¨âë¢�îâáï ¯® (2).

�®áª®«ìªã K = 1, â® à¥è¥−¨¥ yn ¤¨á¯¥âç¥à� ®á−®¢−®£® ¯à®æ¥áá� á®¢¯�¤�¥â á y
(1)
n .

��à�¬¥âà D(1) | ¥¤¨−áâ¢¥−−ë© −¥¨§¢¥áâ−ë© ¯�à�¬¥âà ¤¨á¯¥âç¥à¨§�æ¨¨ (3)
¯à¨ «î¡®¬ ç¨á«¥ á¥à¢¥à®¢, ¨ ¯®¤®¡à�âì ¥£® ¬®¦−® â®«ìª® −� ¨¬¨â¨àã¥¬ëå
âà�¥ªâ®à¨ïå. „«ï íâ®£® ¯à¨¬¥−¨¬ë �¤�¯â¨¢−ë¥ �«£®à¨â¬ë ã¯à�¢«¥−¨ï ç�á-
â¨ç−® −�¡«î¤�¥¬ë¬¨ ¬�àª®¢áª¨¬¨ æ¥¯ï¬¨ (á¬. â�ª¦¥ [19, 20]) ¨ �«£®à¨â¬ë
í¢®«îæ¨®−−®© ®¯â¨¬¨§�æ¨¨1.

‘ æ¥«ìî ª®−âà®«ï ¢ëç¨á«¥−¨© ¤®¡�¢¨¬ ª à�áá¬®âà¥−¨î ¨−ä®à¬�æ¨®−−®-
®à¨¥−â¨à®¢�−−ãî áâà�â¥£¨î á à¥è�îé¨¬ ¯à�¢¨«®¬ ¤«ï n-£® §�¤�−¨ï

argmin
1≤i≤N

{

α
xi(n) + min {Ci − xi(n), vn}

Ri
+ β (vn −min {Ci − xi(n), vn})

}

,

ª®â®àãî ¥áâ¥áâ¢¥−−® −�§¢�âì ¬¨®¯¨ç¥áª®© (¤�«¥¥ | Myopic).
�ã¤¥¬ à�áá¬�âà¨¢�âì á¨áâ¥¬ã á §�¤�−¨ï¬¨ íªá¯®−¥−æ¨�«ì−®£® ®¡ê¥¬� (á®

áà¥¤−¨¬ b = 10), ¯®áâã¯�îé¨¬¨ ¢ ¢¨¤¥ ¯ã�áá®−®¢áª®£® ¯®â®ª� á ¯�à�¬¥âà®¬ λ
ª ¤¨á¯¥âç¥àã, à�á¯à¥¤¥«ïîé¥¬ã ¨å ¯® N = 8 á¥à¢¥à�¬ á® á«¥¤ãîé¨¬¨ å�à�ª-
â¥à¨áâ¨ª�¬¨ ¯à®¨§¢®¤¨â¥«ì−®áâ¨ ¨ ®¡ê¥¬� ¯�¬ïâ¨: (R1, R2, R3, R4, R5, R6,
R7, R8) = (1,1,1,1,2,2,2,5); (C1, . . . , CN ) = (5, 10,15,20,25,30,35,40). ‡�¢¨á¨-
¬®áâì ¯à¥¤¥«ì−ëå áà¥¤−¨å §�âà�â L ®â ¨−â¥−á¨¢−®áâ¨ ¢å®¤ïé¥£® ¯®â®ª� λ ¢ â�ª®©
á¨áâ¥¬¥ ¨««îáâà¨àã¥â à¨á. 1. �à¥¤¯®«�£�¥âáï, çâ® α = β = 1, â. ¥. ¯à¥¤¯®çâ¥−¨ï
¯à¨ ¬¨−¨¬¨§�æ¨¨ L ¬¥¦¤ã ¢à¥¬¥−¥¬ ¯à¥¡ë¢�−¨ï ¨ ¯®â¥àï¬¨ −¥â. ‡−�ç¥−¨ï
¯�à�¬¥âà®¢ áâà�â¥£¨© RND ¨ AA ¯à¨ ª�¦¤®¬ §−�ç¥−¨¨ λ (â�¡«. 1) −�å®¤¨«¨áì
¯ãâ¥¬ ®¯â¨¬¨§�æ¨¨ −� ¨¬¨â¨àã¥¬ëå âà�¥ªâ®à¨ïå.

1‚¯à®ç¥¬, ¨§-§� ®á®¡¥−−®áâ¥© §�¤�ç¨ íâ¨ �«£®à¨â¬ë −¥ á¨«ì−® ®â«¨ç�îâáï ®â àãç−®£® ¯¥à¥¡®à�.
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„¨á¯¥âç¥à¨§�æ¨ï ¢ ç�áâ¨ç−® −�¡«î¤�¥¬ëå áâ®å�áâ¨ç¥áª¨å á¨áâ¥¬�å ª®−¥ç−®© ¥¬ª®áâ¨

’�¡«¨æ� 1 ‡−�ç¥−¨ï ¯�à�¬¥âà®¢ ¤«ï áâà�â¥£¨© RND ¨ AA ¨§ à¨á. 1

‘âà�â¥£¨ï ��à�¬¥âà
ˆ−â¥−á¨¢−®áâì ¢å®¤ïé¥£® ¯®â®ª� λ

0,1 0,3 0,5 0,7 0,9 1,0

RND

p1
p2
p3
p4
p5
p6
p7
p8

0,0002
0,0002
0,0002
0,0002
0,0004
0,0004
0,0004
0,9980

0,0001
0,0001
0,0001
0,0000
0,0407
0,0498
0,0555
0,8539

0,0003
0,0001
0,0003
0,0002
0,0973
0,0984
0,0981
0,7054

0,0001
0,0001
0,0002
0,0001
0,1245
0,1197
0,1156
0,6397

0,1073
0,0369
0,0237
0,0190
0,1234
0,1118
0,1042
0,4738

0,1290
0,0435
0,0268
0,0212
0,1212
0,1087
0,1010
0,4487

AA D(1) 17 16 15,5 16,5 17 17

Š�ª ¢¨¤−® ¨§ à¨á. 1, ¢−¥ §�¢¨á¨¬®áâ¨ ®â â®£®, −�áª®«ìª® á¨«ì−® §�£àã¦¥-
−� á¨áâ¥¬� (§�£àã§ª� à�¢−� 2λ/3, ¤¨á¯¥âç¥à¨§�æ¨ï −� ®á−®¢¥ ¢á¯®¬®£�â¥«ì−ëå
¯à®æ¥áá®¢ ¯à¥¢®áå®¤¨â à�−¤®¬¨§¨à®¢�−−ãî, ¯à¨ç¥¬ −¥ â®«ìª® ¯® ªà¨â¥à¨î
¬¨−¨¬ã¬� á¢¥àâª¨ ¤¢ãå ªà¨â¥à¨¥¢, −® ¨ ¯® ª�¦¤®¬ã ¨§ −¨å ¢ ®â¤¥«ì−®áâ¨.
‚ëç¨á«¨â¥«ì−ë¥ íªá¯¥à¨¬¥−âë ¯®ª�§ë¢�îâ, çâ® â�ª ®¡áâ®¨â ¤¥«® ¨ ¯à¨ á�¬ëå
®¡é¨å ¯à¥¤¯®«®¦¥−¨ïå ®¡ ¨áå®¤−ëå ¯�à�¬¥âà�å á¨áâ¥¬ë: ¤«ï ¡®«ìè¨−áâ¢�
¢áâà¥ç�îé¨åáï −� ¯à�ªâ¨ª¥ à�á¯à¥¤¥«¥−¨© ¢å®¤ïé¥£® ¯®â®ª� ¨ ®¡ê¥¬®¢ §�¤�−¨©
�«£®à¨â¬ë, à�§à�¡®â�−−ë¥ −� ®á−®¢¥ ¬¥â®¤� à�§¤. 3, à�¢−®¬¥à−® «ãçè¥ à�−¤®¬¨-
§¨à®¢�−−®© áâà�â¥£¨¨, ¤�¦¥ ¯à¨ ®¯â¨¬�«ì−ëå §−�ç¥−¨ïå ¯�à�¬¥âà®¢ ¯®á«¥¤−¥©.
‚ë¨£àëè ¯à¨ à�§−®© §�£àã§ª¥ −¥®¤¨−�ª®¢: ¢ áà�¢−¥−¨¨ á RND ®¡ëç−® ç¥¬
¢ëè¥ §�£àã§ª�, â¥¬ ¡®«ìè¥ ¢ë¨£àëè1. �â® −�¡«î¤¥−¨¥ ¥é¥ à�§ ¯®¤ç¥àª¨¢�¥â
¯«®¤®â¢®à−®áâì ¯à¥¤«®¦¥−−®£® ¬¥â®¤� ¤¨á¯¥âç¥à¨§�æ¨¨. „¥©áâ¢¨â¥«ì−®, ¯à¨
¢ëá®ª¨å §�£àã§ª�å ®ç¥à¥¤¨ −� á¥à¢¥à�å −¥ ¯ãáâë ¡�®«ìèãî ç�áâì ¢à¥¬¥−¨. ��-
¡«î¤�¥¬ë© ¦¥ ¢ë¨£àëè ¢ áà�¢−¥−¨¨ á® áâà�â¥£¨¥© RND á¢¨¤¥â¥«ìáâ¢ã¥â ® â®¬,
çâ® ¯®áâà®¥−−ë© ¯® ¬¥â®¤ã à�§¤. 3 �«£®à¨â¬ ¤®áâ�â®ç−® çã¢áâ¢¨â¥«¥−, çâ®¡ë
ã«®¢¨âì à�§¡à®á §−�ç¥−¨© −¥§�ª®−ç¥−−®© à�¡®âë −� á¥à¢¥à�å, ¢®§−¨ª�îé¨© §�
¢à¥¬ï ¬¥¦¤ã ¤¢ã¬ï ¯®á«¥¤®¢�â¥«ì−ë¬¨ ¯®áâã¯«¥−¨ï¬¨.

‚á¥ áª�§�−−®¥ ¢ëè¥ á¯à�¢¥¤«¨¢® ¯à¨ ãá«®¢¨¨, çâ® §−�ç¥−¨¥ −¥¨§¢¥áâ−®£®

¯�à�¬¥âà� D(1) ¤¨á¯¥âç¥à¨§�æ¨¨ �� ¯®¤®¡à�−® ¯à�¢¨«ì−®. �â® ®¡áâ®ïâ¥«ì-
áâ¢® ¯à®¨««îáâà¨à®¢�−® −� à¨á. 2, ¨§ ª®â®à®£® ¢¨¤−®, çâ® ¡¥§ ®¯â¨¬¨§�æ¨¨
®¡®©â¨áì −¥«ì§ï. �¤−�ª®, ª�ª ¯®ª�§ë¢�îâ ¬®¤¥«ì−ë¥ íªá¯¥à¨¬¥−âë, ¢ ª�¦¤®©
ª®−ªà¥â−®© á¨áâ¥¬¥ áãé¥áâ¢ã¥â «¨èì ¥¤¨−áâ¢¥−−®¥ ®¯â¨¬�«ì−®¥ §−�ç¥−¨¥ D(1),
¯à¨ç¥¬ ¢ ¤®áâ�â®ç−® ¡®«ìè®© ¥£® ®ªà¥áâ−®áâ¨ ª«�áá¨ç¥áª¨¥ æ¥«¥¢ë¥ äã−ªæ¨®−�-
«ë ú¢ëå®¤ïâû −� á¢®¨ ¡«¨§ª¨¥ ª ®¯â¨¬�«ì−ë¬ §−�ç¥−¨ï2. �®íâ®¬ã, ¢ ®â«¨ç¨¥ ®â

1�¤−�ª® ¢ áà�¢−¥−¨¨ á å®à®è® −�áâà®¥−−®© áâà�â¥£¨¥© PROG á à®áâ®¬ §�£àã§ª¨ ¢ë¨£àëè
ã¬¥−ìè�¥âáï.

2’�ª ®¡áâ®¨â ¤¥«® ¨ á �«£®à¨â¬�¬¨, ¯®áâà®¥−−ë¬¨ ¯® ¬¥â®¤ã à�§¤. 3, á K > 1 ¯�à�¬¥âà�¬¨

D(1), . . . , D(K).
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÷¨á. 2 �®¢¥¤¥−¨¥ ¤¨á¯¥âç¥à¨§�æ¨¨ �� ¯à¨ λ = 0,9, α = β = 1 ¨ à�§«¨ç−ëå §−�ç¥−¨ïå
¯�à�¬¥âà� D(1): 1 | Myopic; 2 | RND; 3 | AA. ��à�¬¥âàë áâà�â¥£¨¨ RND ¢§ïâë ¨§
á®®â¢¥âáâ¢ãîé¥£® áâ®«¡æ� ¢ â�¡«. 1

¤¨á¯¥âç¥à¨§�æ¨¨ RND, ¢ ª®â®à®© ®¯à¥¤¥«¥−¨î ¯®¤«¥¦�â N − 1 ¯�à�¬¥âà®¢, å®-
à®è�ï ¤¨á¯¥âç¥à¨§�æ¨ï �� ¬®¦¥â ¡ëâì ¨¤¥−â¨ä¨æ¨à®¢�−� ®â−®á¨â¥«ì−® ¯à®áâ®.
‚�¦−® ãç¨âë¢�âì, çâ®, ª�ª ¨§¢¥áâ−®, ¢ ®¡é¥¬ á«ãç�¥ à�áç¥â ®¯â¨¬�«ì−ëå §−�-
ç¥−¨© à�−¤®¬¨§¨à®¢�−−®© áâà�â¥£¨¨ á¢ï§�− á á¥àì¥§−ë¬¨ â¥®à¥â¨ç¥áª¨¬¨ ¨ ¢ë-
ç¨á«¨â¥«ì−ë¬¨ âàã¤−®áâï¬¨. �¥§ ¨å ¯à¥®¤®«¥−¨ï ®áâ�¥âáï â®«ìª® ¨−¦¥−¥à−ë©
¯®¤å®¤ ª à�áç¥âã (p1, . . . , pN ) (á¬. à�§¤. 1). ‚ ¯®á«¥¤−¥¬ á«ãç�¥ ®â−®á¨â¥«ì−®¥
¯à¥¨¬ãé¥áâ¢® ¤¨á¯¥âç¥à¨§�æ¨¨ �� −�¤ RND ¤®áâ¨£�¥â −¥áª®«ìª¨å ¤¥áïâª®¢
¯à®æ¥−â®¢.

“áâ�−®¢«¥−−®¥ à�−¦¨à®¢�−¨¥ áâà�â¥£¨© á®åà�−ï¥âáï ¨ ¯à¨ ¢�àì¨à®¢�−¨¨ æ¥-
−®¢ëå ª®íää¨æ¨¥−â®¢ ¢ ä®à¬ã«¥ ¤«ï ®¤−®è�£®¢ëå §�âà�â. ƒà�ä¨ª §�¢¨á¨¬®áâ¨
¯à¥¤¥«ì−ëå áà¥¤−¨å §�âà�â L ®â æ¥−®¢®£® ª®íää¨æ¨¥−â�α (¯à¨ ä¨ªá¨à®¢�−−®¬
ª®íää¨æ¨¥−â¥ β = 1 ¨ §�£àã§ª¥ 0,6) ¯à¥¤áâ�¢«¥− −� à¨á. 3. ‡−�ç¥−¨ï ¯�à�¬¥âà®¢
áâà�â¥£¨© RND ¨ AA ¯à¨ ª�¦¤®¬ §−�ç¥−¨¨ α −�å®¤¨«¨áì, ª�ª ¨ ¢ â�¡«. 1, ¯ãâ¥¬
®¯â¨¬¨§�æ¨¨ −� ¨¬¨â¨àã¥¬ëå âà�¥ªâ®à¨ïå.

�â¬¥â¨¬, çâ® ¯à¨ α = 0 ¨ β = 1, â. ¥. ª®£¤�, ¯® áãâ¨, ¯à¥¤¥«ì−ë¥ áà¥¤−¨¥
§�âà�âë á¢ï§�−ë â®«ìª® á ¯®â¥àï¬¨ ¯®áâã¯�îé¨å §�¤�−¨©, −�¨«ãçè�ï á â®çª¨
§à¥−¨ï L áâà�â¥£¨ï Myopic ®ª�§ë¢�îâáï åã¦¥ áâ�â¨ç¥áª®© AA ¯® ªà¨â¥à¨î ¬¨−¨-
¬ã¬� ¯à¥¤¥«ì−®£® áà¥¤−¥£® ¢à¥¬¥−¨ T ¯à¥¡ë¢�−¨ï §�¤�−¨ï ¢ á¨áâ¥¬¥1. ‚¯à®ç¥¬,
¥á«¨ ®âá«¥¦¨¢�¥âáï â®«ìª® ®¤¨− ¨§ à�áá¬�âà¨¢�¥¬ëå äã−ªæ¨®−�«®¢, â® ¢−¥ §�¢¨-
á¨¬®áâ¨ ®â §�£àã§ª¨ á¨áâ¥¬ë ¤¨−�¬¨ç¥áª�ï áâà�â¥£¨ï Myopic, ª�ª ¨ ®¦¨¤�«®áì2,

1ˆ −�®¡®à®â: ¯à¨ α = 1 ¨ β = 0 −�¨«ãçè�ï á â®çª¨ §à¥−¨ï L ¤¨−�¬¨ç¥áª�ï áâà�â¥£¨ï Myopic
®ª�§ë¢�¥âáï åã¦¥ AA ¯® ªà¨â¥à¨î ¬¨−¨¬ã¬� ¯à¥¤¥«ì−®© áà¥¤−¥© ¤®«¨ ¯®â¥àì, ¯à¨å®¤ïé¥©áï −�
®¤−® §�¤�−¨¥.

2‚á«¥¤áâ¢¨¥ â®£®, çâ® ®ç¥à¥¤¨ −� á¥à¢¥à�å ®¡á«ã¦¨¢�îâáï, ¯® ¯à¥¤¯®«®¦¥−¨î, á®£«�á−®
¤¨áæ¨¯«¨−¥ FIFO (first in, first out).
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„¨á¯¥âç¥à¨§�æ¨ï ¢ ç�áâ¨ç−® −�¡«î¤�¥¬ëå áâ®å�áâ¨ç¥áª¨å á¨áâ¥¬�å ª®−¥ç−®© ¥¬ª®áâ¨

÷¨á. 3 ‡�¢¨á¨¬®áâì ¯à¥¤¥«ì−ëå áà¥¤−¨å §�âà�â ®â æ¥−®¢®£® ª®íää¨æ¨¥−â� α ¯à¨
λ = 0,9 ¨ β = 1 ¤«ï áâà�â¥£¨© Myopic (1), RND (2) ¨ AA (3)

®áâ�¥âáï ¯à¥¤¯®çâ¨â¥«ì−¥¥ «î¡®© áâ�â¨ç¥áª®© áâà�â¥£¨¨. �¤−�ª® −�¡«î¤�¥âáï
á«¥¤ãîé¨© íää¥ªâ: á ã¬¥−ìè¥−¨¥¬ ¤¨á¯¥àá¨¨ ®¡ê¥¬� §�¤�−¨ï íää¥ªâ¨¢−®áâ¨
áâà�â¥£¨© �� ¨ Myopic úá¡«¨¦�îâáïû, � áâà�â¥£¨ï RND ¯à®¤®«¦�¥â á¨«ì−®
ú®âáâ�¢�âìû. �ãáâì, −�¯à¨¬¥à, §�¤�−¨ï à�¢−®¬¥à−®£® −� [10, 30] ®¡ê¥¬� ¯®áâã-
¯�îâ ¢ ¢¨¤¥ £¨¯¥àíªá¯®−¥−æ¨�«ì−®£® ¯®â®ª� á ¯�à�¬¥âà�¬¨ (0,9; 0,1) ¨ (0,1; 1)
ª ¤¨á¯¥âç¥àã, à�á¯à¥¤¥«ïîé¥¬ã ¨å ¯® N = 100 á¥à¢¥à�¬ á® á«¥¤ãîé¨¬¨ å�à�ª-
â¥à¨áâ¨ª�¬¨ ¯à®¨§¢®¤¨â¥«ì−®áâ¨ ¨ ®¡ê¥¬� ¯�¬ïâ¨:

Ri = 0,1

⌊

1 + 9

∣

∣

∣

∣

sin

(

0,02π

i

)∣

∣

∣

∣

⌋

, Ci = 5 +

⌊

20

∣

∣

∣

∣

sin

(

5 +
0,02π

i

)∣

∣

∣

∣

⌋

,

1 ≤ i ≤ 100 .

’®£¤� ¢á¥ à�áá¬�âà¨¢�¥¬ë¥ äã−ªæ¨®−�«ë ¯à¨−¨¬�îâ §−�ç¥−¨ï, ¯à¨¢¥¤¥−−ë¥
¢ â�¡«. 2 (¯à¥¤¯®«�£�¥âáï, çâ® α = 0,01 ¨ β = 1).

Š�ª ¢¨¤−® ¨§ â�¡«. 2, ¤¨á¯¥âç¥à¨§�æ¨ï �� ¬®¦¥â ¯à�ªâ¨ç¥áª¨ −¥ ãáâã¯�âì
¢ íää¥ªâ¨¢−®áâ¨ ¤¨á¯¥âç¥à¨§�æ¨¨, ®á−®¢�−−®© −� ¯®«−ëå −�¡«î¤¥−¨ïå. ˆ−âã-
¨â¨¢−® ®¯à�¢¤�−−ë¬ ª�¦¥âáï ¯à¥¤¯®«®¦¥−¨¥, çâ® −�¡«î¤¥−¨ï ¤®«¦−ë ¤�¢�âì
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’�¡«¨æ� 2 ‡−�ç¥−¨ï ¢á¥å äã−ªæ¨®−�«®¢ ¤«ï áâà�â¥£¨©
Myopic, RND ¨ AA ¢ á¨áâ¥¬¥ ¨§ N = 100 −¥®¤−®à®¤−ëå
á¥à¢¥à®¢, D(1) = 26

‘âà�â¥£¨ï T T ∗ Q Q∗ L
Myopic 19,376 1 0,022 0,031 0,819
RND 26,653 1,447 0,064 0,079 1,852
AA 19,780 1,021 0,022 0,031 0,823

áãé¥áâ¢¥−−ë¥ ¯à¥¨¬ãé¥áâ¢�. �¤−�ª® ®−® ¯®¤â¢¥à¦¤�¥âáï â®«ìª® ¤«ï úá¨«ì−®
á«ãç�©−ëåû ®¡ê¥¬®¢ §�¤�−¨©; ¢ ç�áâ−®áâ¨, ¤«ï §�¤�−¨© ä¨ªá¨à®¢�−−®£® ®¡ê¥¬�1

�«£®à¨â¬ë, ¯®áâà®¥−−ë¥ ¯® ¬¥â®¤ã à�§¤. 3 (¢ ®á−®¢−®¬, ¯à¨ §�£àã§ª¥ −¥ ¢ëè¥
áà¥¤−¥©2), ¬®£ãâ ¢ë¨£àë¢�âì ã ¤¨á¯¥âç¥à¨§�æ¨© ¯® ¯®«−ë¬ −�¡«î¤¥−¨ï¬.

5 Заключение

�à¥¤«®¦¥−−ë© ¢ à�§¤. 3 ¬¥â®¤ ¤�¥â ¯�à�¬¥âà¨ç¥áª¨¥ áâà�â¥£¨¨, ¯à¨¬¥−¨¬ë¥
¯à¨ ¡®«¥¥ ®¡é¨å, ç¥¬ á¤¥«�−−ë¥ ¢ à�§¤. 2, ¯à¥¤¯®«®¦¥−¨ïå ® ¢å®¤ïé¥¬ ¯®â®ª¥
¨ ¤¨áæ¨¯«¨−�å ®¡á«ã¦¨¢�−¨ï ®ç¥à¥¤¥©. ’�ª, ®à¤¨−�à−ë© ¢å®¤ïé¨© ¯®â®ª ¬®-
¦¥â ¡ëâì §�¬¥−¥− −� £àã¯¯®¢®© ¯®â®ª ¡¥§ ¢−ãâà¥−−¥© áâàãªâãàë, � ®¡á«ã¦¨¢�−¨¥
¢ ¯®àï¤ª¥ ¯®áâã¯«¥−¨ï | −� «î¡ãî ª«�áá¨ç¥áªãî ª®−á¥à¢�â¨¢−ãî ¤¨áæ¨¯«¨−ã
®¡á«ã¦¨¢�−¨ï (−�¯à¨¬¥à, ®¡á«ã¦¨¢�−¨¥ §�¤�−¨ï −�¨¬¥−ìè¥£® ®¡ê¥¬� á ¯à¥àë-
¢�−¨¥¬). Œ®¤¨ä¨æ¨àãï á®®â¢¥âáâ¢ãîé¨¬ ®¡à�§®¬ (2), −®¢ë¥ ¤¨á¯¥âç¥à¨§�æ¨¨
¬®¦−® ¯à¨á¯®á®¡¨âì ¨ ª à�§−ë¬ áâàãªâãà�¬ á¨áâ¥¬ë; −�¯à¨¬¥à, ¢ á«ãç�¥ ¬−®-
£®¯à®æ¥áá®à−ëå á¥à¢¥à®¢ à¥ªãàá¨î ‹¨−¤«¨ (2) −¥®¡å®¤¨¬® §�¬¥−¨âì à¥ªãàá¨¥©
Š¨ä¥à�{‚®«ìä®¢¨æ�.

Š�ª ¨§¢¥áâ−® [3, 21], ®â«¨ç¨â¥«ì−�ï ®á®¡¥−−®áâì á¨áâ¥¬ ¤®¡à®¢®«ì−ëå ¢ë-
ç¨á«¥−¨© | −¥áâ�¡¨«ì−®áâì à�¡®âë (¨«¨, ¯®-¤àã£®¬ã, ç�áâ¨ç−�ï ¤®áâã¯−®áâì)
à¥áãàá®¢. �®íâ®¬ã ¢ ¯à¥¤áâ�¢«¥−−®¬ ¢ à�§¤. 2 ®¯¨á�−¨¨ −¥ï¢−® ¯à¥¤¯®«�£�¥â-
áï, çâ® à¥çì ¨¤¥â ® ¯®¤¬−®¦¥áâ¢¥ á¥à¢¥à®¢, ª®â®àë¥ ¤¥¬®−áâà¨àãîâ áâ�¡¨«ì−®¥
¯®¢¥¤¥−¨¥. ‚ [22] −� ¯à¨¬¥à¥ ¯à®¥ªâ� ¤®¡à®¢®«ì−ëå ¢ëç¨á«¥−¨© seti@home ¯à®-
¤¥¬®−áâà¨à®¢�−®, çâ® â�ª®¥ ¯®¤¬−®¦¥áâ¢® ¬®¦−® ¢ë¤¥«¨âì. �ãâ¥¬ ¢�àì¨à®¢�−¨ï
§−�ç¥−¨© ¯�à�¬¥âà®¢ D(1), . . . ,D(K) (¨ ¢−¥á¥−¨ï, á®£«�á−® [14], −¥ª®â®àëå ¨§¬¥-
−¥−¨© ¢ ¬¥â®¤ à�§¤. 3) −®¢ë¥ ¤¨á¯¥âç¥à¨§�æ¨¨, ¢ ®â«¨ç¨¥ ®â áâ�â¨ç¥áª¨å, ¬®¦−®
�¤�¯â¨à®¢�âì ª á«ãç�î, ª®£¤� á¥à¢¥àë −¥«ì§ï áç¨â�âì �¡á®«îâ−® −�¤¥¦−ë¬¨,
â. ¥. ¥áâ¥áâ¢¥−−ë¬ ®¡à�§®¬ ®âà�§¨âì äã−ªæ¨®−�«ì−ë¥ ®á®¡¥−−®áâ¨ ¨áá«¥¤ã¥¬®©
á¨áâ¥¬ë.

��àï¤ã á® ¢á¥¬¨ ¯à¥¨¬ãé¥áâ¢�¬¨ −®¢ë¥ ¤¨á¯¥âç¥à¨§�æ¨¨ ®¡«�¤�îâ ¨ àï¤®¬
−¥¤®áâ�âª®¢. ƒ«�¢−ë© ¨§ −¨å | íâ® ®âáãâáâ¢¨¥ â¥®à¥â¨ç¥áª®© ®á−®¢ë ¯à®¤ãª-

1�à¨¬¥àë, ª®£¤� íâ® ¨−âã¨â¨¢−®¥ á®®¡à�¦¥−¨¥ −¥¢¥à−®, ¯à¨¢¥¤¥−ë, −�¯à¨¬¥à, ¢ [16].
2�â¬¥â¨¬, çâ® ¤®áâ¨£�¥âáï ¯à¥¨¬ãé¥áâ¢® ¯ãâ¥¬ ¡®«¥¥ �ªâ¨¢−®£® ¨á¯®«ì§®¢�−¨ï ú¬¥¤«¥−−ëåû

á¥à¢¥à®¢.
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„¨á¯¥âç¥à¨§�æ¨ï ¢ ç�áâ¨ç−® −�¡«î¤�¥¬ëå áâ®å�áâ¨ç¥áª¨å á¨áâ¥¬�å ª®−¥ç−®© ¥¬ª®áâ¨

â¨¢−®áâ¨ áâ®«ì ¯à®áâ®© ¢ à¥�«¨§�æ¨¨, −® ¨−âã¨â¨¢−® á®¢¥àè¥−−® −¥ ®ç¥¢¨¤-
−®© ª®−áâàãªæ¨¨. ��å®¦¤¥−¨¥ ãá«®¢¨©, £�à�−â¨àãîé¨å ¯®«ãç¥−¨¥ ¢ë¨£àëè�
®â ¯à¨¬¥−¥−¨ï −®¢ëå ¤¨á¯¥âç¥à¨§�æ¨©, ¯à¥¤áâ�¢«ï¥âáï ¢�¦−ë¬ −�¯à�¢«¥−¨-
¥¬ ¤�«ì−¥©è¨å ¨áá«¥¤®¢�−¨©. �® ¨¬¥îé¨¬áï à¥§ã«ìâ�â�¬ ¢ëç¨á«¨â¥«ì−ëå
íªá¯¥à¨¬¥−â®¢ ¯®¤â¢¥à¦¤�¥âáï ¨§¢¥áâ−ë© ¢ë¢®¤ ® â®¬, çâ® ¯®«ãç¥−¨¥ ¢ë¨£àë-
è� ¢®§¬®¦−®, ª®£¤� ¯à®¨§¢®¤¨â¥«ì−®áâ¨ á¥à¢¥à®¢ −¥á¨«ì−® ®â«¨ç�îâáï ¤àã£
®â ¤àã£�. „àã£®¥ ¯¥àá¯¥ªâ¨¢−®¥ −�¯à�¢«¥−¨¥ ¨áá«¥¤®¢�−¨© | íâ® à�§à�¡®âª�
ú�−�«¨â¨ç¥áª¨åû (¢ á¬ëá«¥ [16]) �«£®à¨â¬®¢ ¤¨á¯¥âç¥à¨§�æ¨¨ ¯® ¯à¥¤ëáâ®à¨¨
¤«ï à¥è¥−¨ï §�¤�ç ãá«®¢−®© ®¯â¨¬¨§�æ¨¨ (−�¯à¨¬¥à1, T → min ¯à¨ ¨§¢¥áâ−®¬
®£à�−¨ç¥−¨¨ −� Q).
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Dispatching in nonobservable parallel queues with finite capacities
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Abstract: Consideration is given to the problem of optimal centralized routing in
one simple model of volunteer computer systems. The model consists of the finite
number of parallel finite-capacity FIFO (first in, first out) queues, each with
a single server, and a single dispatcher. Homogeneous jobs arrive one-by-one in
a stochastic manner to the dispatcher which must instantly make a routing decision
based solely on its previous routing decisions and, possibly, the time instants
at which those decisions were made. Although no feedback from the queues
is available, the dispatcher knows the maximum queues' capacities, all service
rates, the distribution of job sizes, and the inter-arrival time distribution. The
new algorithm for generating routing decisions \on the fly" which optimizes the
given cost function of the stationary mean sojourn time and the loss probability
is proposed.
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ПРИНЦИПЫ РАЗРАБОТКИ ПРОГРАММНОГО КОМПЛЕКСА
ЦЕНТРА УПРАВЛЕНИЯ НАЦИОНАЛЬНОЙ

ИССЛЕДОВАТЕЛЬСКОЙ КОМПЬЮТЕРНОЙ СЕТЬЮ РОССИИ∗

А. Г. Абрамов1, В. А. Порхачёв2

�−−®â�æ¨ï: ‘â�âìï ¯®á¢ïé¥−� ®¡é¨¬ ¯à¨−æ¨¯�¬ ¨ ¬¥â®¤¨ª�¬ à�§à�¡®âª¨
¨ á®¢¥àè¥−áâ¢®¢�−¨ï ¯à®£à�¬¬−®£® ª®¬¯«¥ªá� æ¨äà®¢®£® æ¥−âà� ã¯à�¢«¥-
−¨ï −�æ¨®−�«ì−®© ¨áá«¥¤®¢�â¥«ìáª®© ª®¬¯ìîâ¥à−®© á¥âìî −®¢®£® ¯®ª®«¥−¨ï
(–“‘ �ˆŠ‘). ‚ à�¡®â¥ ¨áá«¥¤®¢�−ë ¨ á¨áâ¥¬�â¨§¨à®¢�−ë §�¤�ç¨, à¥è�¥¬ë¥
æ¥−âà�¬¨ ã¯à�¢«¥−¨ï ªàã¯−ë¬¨ â¥«¥ª®¬¬ã−¨ª�æ¨®−−ë¬¨ á¥âï¬¨, ¢ª«îç�ï
¨ á¯¥æ¨ä¨ç−ë¥ ¤«ï −�æ¨®−�«ì−ëå −�ãç−®-®¡à�§®¢�â¥«ì−ëå á¥â¥©. �® à¥-
§ã«ìâ�â�¬ ¢ë¤¥«¥−ë ®á−®¢−ë¥ §�¤�ç¨ ¨ äã−ªæ¨¨ –“‘ �ˆŠ‘, ¯à¨¢¥¤¥−�
�à£ã¬¥−â�æ¨ï ¨ ®¡®á−®¢�−¨¥ á®§¤�−¨ï á®¡áâ¢¥−−®£® ¯à®£à�¬¬−®£® à¥è¥−¨ï,
®¡®§−�ç¥−� ¥£® −®¢¨§−�, ®â«¨ç¨â¥«ì−ë¥ ª®−ªãà¥−â−ë¥ ¯à¥¨¬ãé¥áâ¢� ¨ ã−¨-
ª�«ì−ë¥ äã−ªæ¨¨, ¯à¥¤«®¦¥−ë ¢®§¬®¦−ë¥ −�¯à�¢«¥−¨ï à�§¢¨â¨ï ¨ ¯à�ª-
â¨ç¥áª®£® ¨á¯®«ì§®¢�−¨ï. ‘¯¥æ¨�«ì−®¥ ¢−¨¬�−¨¥ ã¤¥«¥−® ¯à¥¤áâ�¢«¥−¨î
¨ ®¡áã¦¤¥−¨î ®á®¡¥−−®áâ¥© �àå¨â¥ªâãàë ¯à®£à�¬¬−®£® ï¤à� ª®¬¯«¥ªá�, � â�ª-
¦¥ ¢§�¨¬®á¢ï§�−−ëå ¡�§®¢ëå ¨ ¤®¯®«−¨â¥«ì−ëå ª®¬¯®−¥−â®¢, ¢ª«îç�ï −�¡®à
äã−ªæ¨®−�«ì−ëå ¨ ¢á¯®¬®£�â¥«ì−ëå ¬®¤ã«¥© ¢ á®áâ�¢¥ ï¤à�, ¬¨ªà®á¥à¢¨á®¢
¤«ï ¢§�¨¬®¤¥©áâ¢¨ï á ¢−¥è−¨¬¨ á¨áâ¥¬�¬¨ ¨ ¢−¥è−¨å á¥à¢¨á®¢.

Š«îç¥¢ë¥ á«®¢�: −�æ¨®−�«ì−�ï ¨áá«¥¤®¢�â¥«ìáª�ï ª®¬¯ìîâ¥à−�ï á¥âì −®¢®£®
¯®ª®«¥−¨ï, �ˆŠ‘; æ¥−âà ã¯à�¢«¥−¨ï á¥âìî, –“‘; ¬®−¨â®à¨−£ ¨ ã¯à�¢«¥−¨¥
á¥âï¬¨; ¯à®£à�¬¬−ë© ª®¬¯«¥ªá

DOI: 10.14357/08696527230304 EDN: PRLQXO

1 Введение

��ãª®¥¬ª�ï ¨ â¥å−®«®£¨ç¥áª¨ −�áëé¥−−�ï §�¤�ç� ¬®−¨â®à¨−£� ¨ ã¯à�¢-
«¥−¨ï ªàã¯−ë¬¨ â¥«¥ª®¬¬ã−¨ª�æ¨®−−ë¬¨ ¨−äà�áâàãªâãà�¬¨ −� ¯à®âï¦¥−¨¨
¬−®£¨å «¥â ¯à¨¢«¥ª�¥â ª á¥¡¥ ¯®¢ëè¥−−®¥ ¢−¨¬�−¨¥ ¨áá«¥¤®¢�â¥«¥© ¨ ¨−¦¥-
−¥à®¢. �� á¥£®¤−ïè−¨© ¤¥−ì ¯à®à�¡®â�−ë â¥®à¥â¨ç¥áª¨¥ ®á−®¢ë, ¯à¥¤«®¦¥−ë
¬¥â®¤¨ª¨, ¯à�ªâ¨ç¥áª¨¥ ¯à¨¥¬ë ¨ â¥å−¨ç¥áª¨¥ áà¥¤áâ¢�, á®§¤�− ¡®«ìè®© ®¡ê¥¬
á¯¥æ¨�«¨§¨à®¢�−−®£® ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï ¤«ï à¥è¥−¨ï è¨à®ª®£® á¯¥ªâà�
äã−ªæ¨®−�«ì−ëå §�¤�ç ¢ à�¬ª�å ¯à®æ¥áá®¢ ¬®−¨â®à¨−£� ¨ ã¯à�¢«¥−¨ï, �ªâ¨¢−®

∗‘â�âìï ¯®¤£®â®¢«¥−� ¢ à�¬ª�å £®áã¤�àáâ¢¥−−®£® §�¤�−¨ï ”ƒ“ ”�– �ˆˆ‘ˆ ÷�� ¯®
â¥¬¥ ü FNEF-2022-0014. ÷�¡®â� ¢ë¯®«−¥−� á ¨á¯®«ì§®¢�−¨¥¬ à¥áãàá®¢ –¥−âà� ª®««¥ªâ¨¢−®£®
¯®«ì§®¢�−¨ï ú��æ¨®−�«ì−�ï ¨áá«¥¤®¢�â¥«ìáª�ï ª®¬¯ìîâ¥à−�ï á¥âìû.

1‘�−ªâ-�¥â¥à¡ãà£áª®¥ ®â¤¥«¥−¨¥ Œ¥¦¢¥¤®¬áâ¢¥−−®£® áã¯¥àª®¬¯ìîâ¥à−®£® æ¥−âà� ÷®áá¨©áª®©
�ª�¤¥¬¨¨ −�ãª | ä¨«¨�«� ”ƒ“ ”�– �ˆˆ‘ˆ ÷��, abramov@niks.su

2‘�−ªâ-�¥â¥à¡ãà£áª®¥ ®â¤¥«¥−¨¥ Œ¥¦¢¥¤®¬áâ¢¥−−®£® áã¯¥àª®¬¯ìîâ¥à−®£® æ¥−âà� ÷®áá¨©áª®©
�ª�¤¥¬¨¨ −�ãª | ä¨«¨�«� ”ƒ“ ”�– �ˆˆ‘ˆ ÷��, porhachev@niks.su
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�à¨−æ¨¯ë à�§à�¡®âª¨ ¯à®£à�¬¬−®£® ª®¬¯«¥ªá� –“‘ �ˆŠ‘ ÷®áá¨¨

¯à¨¢«¥ª�îâáï ¬¥â®¤ë ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ� ¨ ¬�è¨−−®£® ®¡ãç¥−¨ï (á¬.,
ª ¯à¨¬¥àã, ¬®−®£à�ä¨¨ [1{3] ¨ ááë«ª¨ ¢ −¨å).

�®áâ®ï−−® à�áè¨àïîé�ïáï ¯®«ì§®¢�â¥«ìáª�ï ¡�§�, ¨−â¥−á¨¢−®áâì ¨á¯®«ì-
§®¢�−¨ï ¬�áá®¢® á®§¤�¢�¥¬ëå æ¨äà®¢ëå á¥à¢¨á®¢ ¨ âà¥¡®¢�−¨ï ª ª�ç¥áâ¢ã
¨å ¯à¥¤®áâ�¢«¥−¨ï, «�¢¨−®®¡à�§−ë© à®áâ ®¡ê¥¬®¢ á¥â¥¢®£® âà�ä¨ª�, è¨à®ª¨©
á¯¥ªâà á¥â¥¢ëå �àå¨â¥ªâãà ¨ â¥å−®«®£¨©, à�§«¨ç−®£® ¨á¯®«ì§ã¥¬®£® −� ¯à�ªâ¨ª¥
á¥â¥¢®£® ®¡®àã¤®¢�−¨ï ¨ ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï, à�áâãé�ï ¨−â¥−á¨¢−®áâì
¨ à�§−®®¡à�§¨¥ ã£à®§ ª¨¡¥à¡¥§®¯�á−®áâ¨ §�áâ�¢«ïîâ á¯¥æ¨�«¨áâ®¢ ¯à®¤®«¦�âì
á®¢¥àè¥−áâ¢®¢�âì áãé¥áâ¢ãîé¨¥ ¨ à�§à�¡�âë¢�âì −®¢ë¥ ¬¥â®¤ë ¨ ¨−áâàã¬¥−-
âë, −�¯à�¢«¥−−ë¥ −� ®¡¥á¯¥ç¥−¨¥ íää¥ªâ¨¢−®£®, −�¤¥¦−®£® ¨ ¡¥á¯¥à¥¡®©−®£®
äã−ªæ¨®−¨à®¢�−¨ï á¥â¥¢ëå ¨−äà�áâàãªâãà ¨ á¥à¢¨á®¢, ¯à¥¤®áâ�¢«ï¥¬ëå −� ¨å
®á−®¢¥.

��æ¨®−�«ì−ë¥ −�ãç−®-®¡à�§®¢�â¥«ì−ë¥ á¥â¨ (National Research and Educa-
tion Networks, NREN) ®¡«�¤�îâ ¢ëà�¦¥−−ë¬¨ ®á®¡¥−−®áâï¬¨, ®â«¨ç�îé¨¬¨
¨å ®â ª®¬¬¥àç¥áª¨å ®¯¥à�â®à®¢ á¥â¥© ®¡é¥£® ¯®«ì§®¢�−¨ï [4{7], ¢® ¢§�¨¬−®©
ª®®¯¥à�æ¨¨ â�ª¨¥ á¥â¨ ã¤¥«ïîâ ¡®«ìè®¥ ¢−¨¬�−¨¥ à�§à�¡®âª¥ ¨ á®¢¥àè¥−áâ¢®¢�-
−¨î −�ãç−ëå ¨ ¬¥â®¤¨ç¥áª¨å ®á−®¢, íªá¯¥àâ−ëå ¨ ¯à�ªâ¨ç¥áª¨å à¥ª®¬¥−¤�æ¨©,
¯à®£à�¬¬−ëå ¨−áâàã¬¥−â®¢ ¤«ï ¬®−¨â®à¨−£� ¨ ã¯à�¢«¥−¨ï á¥âï¬¨, ®âà�¦�îé¨å
â¥ªãé¥¥ á®áâ®ï−¨¥ ®âà�á«¨ ¨−ä®à¬�æ¨®−−®-ª®¬¬ã−¨ª�æ¨®−−ëå (ˆŠ’) ¢ æ¥«®¬
¨ ®à¨¥−â¨à®¢�−−ëå −� ¨á¯®«ì§®¢�−¨¥ ¢ á®¢¬¥áâ−®© à�¡®â¥ ¨−â¥£à¨à®¢�−−®© ¨−-
äà�áâàãªâãàë ¬¨à®¢ëå NREN ¢ ¨−â¥à¥á�å £«®¡�«ì−®£® −�ãç−®-®¡à�§®¢�â¥«ì−®£®
á®®¡é¥áâ¢� ¨ ¨−ëå §�¨−â¥à¥á®¢�−−ëå ¯®«ì§®¢�â¥«¥©.

��æ¨®−�«ì−�ï ¨áá«¥¤®¢�â¥«ìáª�ï ª®¬¯ìîâ¥à−�ï á¥âì −®¢®£® ¯®ª®«¥−¨ï
(�ˆŠ‘, https://niks.su), á®§¤�−−�ï ¢ 2019 £. ¨ äã−ªæ¨®−¨àãîé�ï ¢ ª�ç¥áâ¢¥
NREN ÷®áá¨¨ [7, 8], −�á«¥¤ãîé�ï −�ª®¯«¥−−ë© ®¯ëâ ¨ −�à�¡®âª¨ ã−¨¢¥àá¨â¥â-
áª®© á¥â¨ RUNNet ¨ �ª�¤¥¬¨ç¥áª®© á¥â¨ RASNet, ¢ −�áâ®ïé¥¥ ¢à¥¬ï ¢®¢«¥ç¥−�
¢ á¨áâ¥¬�â¨ç¥áª®¥ ¨§ãç¥−¨¥, �−�«¨§ ¨ ¢−¥¤à¥−¨¥ «ãçè¨å ¯à�ªâ¨ª ¢¥¤ãé¨å NREN
á ¨å �¤�¯â�æ¨¥© ª ¢−ãâà¨à®áá¨©áª¨¬ ®á®¡¥−−®áâï¬ ¨ á ãç¥â®¬ ãâ¢¥à¦¤¥−−®£®
¢ à�¬ª�å −�æ¨®−�«ì−®£® ¯à®¥ªâ� ú��ãª� ¨ ã−¨¢¥àá¨â¥âëû ¯«�−� à�§¢¨â¨ï á¥â¨
−� ¯¥à¨®¤ 2021{2024 ££.

�áãé¥áâ¢«¥−¨¥ ¢ ¯®áâ®ï−−®¬ à¥¦¨¬¥ −�¤¥¦−®£® ¨ ®¡ê¥ªâ¨¢−®£® ¬®−¨â®à¨−£�
¨ ª®−âà®«ï äã−ªæ¨®−¨à®¢�−¨ï â�ª¨å á¯¥æ¨�«¨§¨à®¢�−−ëå á¥â¥© ¢ ª�ç¥áâ¢¥ ®¤-
−®£® ¨§ ª«îç¥¢ëå ª®¬¯®−¥−â®¢ ¡®«¥¥ è¨à®ª®£® ª«�áá� §�¤�ç ã¯à�¢«¥−¨ï á¥âìî
¨¬¥¥â ªà�©−¥ ¢�¦−®¥ §−�ç¥−¨¥, ¢ â®¬ ç¨á«¥ á ãç¥â®¬ −�æ¥«¥−−®áâ¨ −� ã¤®¢«¥-
â¢®à¥−¨¥ ¯®¢ëè¥−−ëå âà¥¡®¢�−¨© æ¥«¥¢®© £àã¯¯ë ¯®«ì§®¢�â¥«¥© ª ª�ç¥áâ¢ã
®¡á«ã¦¨¢�−¨ï ¯à¨ ãç�áâ¨¨ ¢ ªàã¯−ëå ¯à®¥ªâ�å ª«�áá� ú¬¥£�á�©¥−áû ¨ ¨−ëå §−�-
ç¨¬ëå −�ãç−®-®¡à�§®¢�â¥«ì−ëå ¨ −�ãç−®-â¥å−¨ç¥áª¨å ¯à®¥ªâ�å ¨ ¨−¨æ¨�â¨¢�å,
à¥�«¨§ã¥¬ëå ¢ á®áâ�¢¥ ª®««�¡®à�æ¨© ¨ ¨−â¥−á¨¢−® ¨á¯®«ì§ãîé¨å á®¢à¥¬¥−−ë¥
áà¥¤áâ¢� ˆŠ’.

•®à®è® ¨§¢¥áâ−ë© á¯¥æ¨�«¨áâ�¬ â¥à¬¨− Network Operations Center (NOC,
¨«¨ ¢ àãááª®ï§ëç−®© âà�−áªà¨¯æ¨¨ | æ¥−âà ã¯à�¢«¥−¨ï á¥âìî, –“‘) ®§−�ç�-
¥â æ¥−âà�«¨§®¢�−−ãî «®ª�æ¨î, ¨á¯®«ì§ã¥¬ãî á¥â¥¢ë¬¨ �¤¬¨−¨áâà�â®à�¬¨ ¤«ï
æ¥«¥© −¥¯à¥àë¢−®£® ®âá«¥¦¨¢�−¨ï ¨ ª®−âà®«ï à�¡®â®á¯®á®¡−®áâ¨ á¥â¨. Š«îç¥-
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�. ƒ. �¡à�¬®¢, ‚. �. �®àå�çñ¢

¢ë¥ äã−ªæ¨¨ –“‘ ¢á¥£¤� ¢ª«îç�îâ ¢ á¥¡ï ¬®−¨â®à¨−£ ¨ àï¤ â¥á−® á¢ï§�−−ëå
®¯¥à�æ¨©, â�ª¨å ª�ª ¨−¢¥−â�à¨§�æ¨ï, ª®−ä¨£ãà�æ¨ï, ã¯à�¢«¥−¨¥ à¥áãàá�¬¨,
áâ�â¨áâ¨ª� ¨ ®âç¥â−®áâì ¨ â. ¤. [9, 10].

–¥−âàë ã¯à�¢«¥−¨ï á¥âï¬¨ ¤«ï à¥è¥−¨ï §�ªà¥¯«¥−−ëå §� −¨¬¨ §�¤�ç ¨á¯®«ì-
§ãîâ á¯¥æ¨�«¨§¨à®¢�−−ë¥ ¯à®£à�¬¬−ë¥ ª®¬¯«¥ªáë ¨ á¨áâ¥¬ë, ª®â®àë¥ ¬®£ãâ
®¡¥á¯¥ç¨¢�âì â®«ìª® ®¤−ã ¨«¨ áà�§ã −¥áª®«ìª® äã−ªæ¨©, à�§«¨ç�âìáï á¯®á®¡�-
¬¨ à�§¢¥àâë¢�−¨ï («®ª�«ì−ë¥, ®¡«�ç−ë¥), à�á¯à®áâà�−ïâìáï −� ª®¬¬¥àç¥áª¨å
ãá«®¢¨ïå ¨«¨ −� ®á−®¢¥ ®âªàëâëå «¨æ¥−§¨© [9{11].

�¤−®© ¨§ æ¥«¥© −�áâ®ïé¥© à�¡®âë áâ�¢¨«®áì ¯à®¢¥¤¥−¨¥ ª®¬¯«¥ªá−®£® ¨á-
á«¥¤®¢�−¨ï ¯® ¢ëï¢«¥−¨î ¨ á¨áâ¥¬�â¨§�æ¨¨ §�¤�ç, âà�¤¨æ¨®−−® à¥è�¥¬ëå –“‘
ªàã¯−ëå ®¯¥à�â®à®¢ á¢ï§¨, ¢ª«îç�ï ¨ §�¤�ç¨, ¢ëå®¤ïé¨¥ §� à�¬ª¨ ¨å ¤¥-
ïâ¥«ì−®áâ¨ ¨ á¯¥æ¨ä¨ç−ë¥ ¤«ï ®âà�á«¥¢ëå á¥â¥© ª«�áá� NREN. ÷¥§ã«ìâ�â®¬
¨áá«¥¤®¢�−¨© ¨ �−�«¨§� −¥ª®â®àëå ¨§ áãé¥áâ¢ãîé¨å ¯à®£à�¬¬−ëå à¥è¥−¨©
áâ�« ®¡®á−®¢�−−ë© ¢ë¡®à ¤«ï ¯à®¥ªâ¨à®¢�−¨ï ¨ à¥�«¨§�æ¨¨ −�¡®à� ¢§�¨¬®á¢ï-
§�−−ëå ¬®¤ã«¥© ¢ á®áâ�¢¥ ¯à®£à�¬¬−®£® ª®¬¯«¥ªá� æ¨äà®¢®£® –“‘ �ˆŠ‘,
äã−ªæ¨¨ ¨ ®á−®¢−ë¥ ¢®§¬®¦−®áâ¨ ª®â®àëå ¯¥à¥ç¨á«¥−ë ¢ à�¡®â¥.

‚ áâ�âì¥ â�ª¦¥ à�áá¬®âà¥−ë ¡�§®¢ë¥ ¯à¨−æ¨¯ë ¨ ¬¥â®¤¨ª¨ à�§à�¡®âª¨ ª®¬-
¯«¥ªá�, ¯à¥¤áâ�¢«¥−ë ¨ ®¡áã¦¤¥−ë ®á®¡¥−−®áâ¨ ¢¥àå−¥ãà®¢−¥¢®© �àå¨â¥ªâãàë
¯à®£à�¬¬−®£® ï¤à�, äã−ªæ¨®−�«ì−ë¥ ¨ ¢á¯®¬®£�â¥«ì−ë¥ ¬®¤ã«¨ ¨ ª®¬¯®−¥−âë
¢ ¥£® á®áâ�¢¥, á¯¥æ¨�«ì−ë¥ á«ã¦¡ë ¨ ¬¨ªà®á¥à¢¨áë ¤«ï ¢§�¨¬®¤¥©áâ¢¨ï á §�-
¤¥©áâ¢®¢�−−ë¬¨ ¤«ï à¥è¥−¨ï ®â¤¥«ì−ëå §�¤�ç ¢−¥è−¨¬¨ á¨áâ¥¬�¬¨ ¨ ¢−¥è−¨¥
á¥à¢¨áë.

2 Цели, задачи и основные функции программного комплекса
в составе цифрового ЦУС НИКС

”ã−ªæ¨®−¨à®¢�¢è¥¥ à�−¥¥ ¨ ¢ë¢¥¤¥−−®¥ ¨§ íªá¯«ã�â�æ¨¨ ¢ 2021 £. ¯à®-
£à�¬¬−®¥ à¥è¥−¨¥ –“‘ �ˆŠ‘ ¡ë«® à�§à�¡®â�−® ¥é¥ ¢ á¥à¥¤¨−¥ 1990-å ££.
�−® −¥ ã¤®¢«¥â¢®àï«® �ªâã�«ì−ë¬ áâ�−¤�àâ�¬ áä¥àë ˆŠ’, âà¥¡®¢�−¨ï¬ ¨−ä®à-
¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨, íà£®−®¬¨ç−®áâ¨ ¯®«ì§®¢�â¥«ìáª¨å ¨−â¥àä¥©á®¢, ¡�§¨-
à®¢�«®áì −� ãáâ�à¥¢è¥¬ ¯à®£à�¬¬−®¬ ®¡¥á¯¥ç¥−¨¨, ®âáãâáâ¢®¢�«¨ ¢®§¬®¦−®áâ¨
¬�áèâ�¡¨à®¢�−¨ï, ¯®«−®æ¥−−®© ¨−â¥£à�æ¨¨ á ¢−¥è−¨¬¨ á¨áâ¥¬�¬¨, à�áè¨à¥−−®©
áâ�â¨áâ¨ª¨ ¨ �−�«¨â¨ª¨ ¤�−−ëå.

�à®¤®«¦¥−¨¥ íªá¯«ã�â�æ¨¨ íâ®© ¢¥àá¨¨ à¥è¥−¨ï á ãç¥â®¬ à¥�«¨§�æ¨¨ ¯«�−®¢
ãáª®à¥−−®£® à�§¢¨â¨ï �ˆŠ‘ ¢ 2021{2024 ££. ª�ª ¢�¦−®£® ®âà�á«¥¢®£® ª®¬¯®-
−¥−â� ˆŠ’-¨−äà�áâàãªâãàë áâà�−ë ¨ ªà�â−®£® ã¢¥«¨ç¥−¨ï ç¨á«� ¯®«ì§®¢�â¥«¥©
¬®£«® ¯®¢«¥çì §� á®¡®© áãé¥áâ¢¥−−ë¥ à¨áª¨, á¢ï§�−−ë¥ á ¢®§¬®¦−ë¬ ç�áâ¨ç−ë¬
¨«¨ ¯®«−ë¬ ®âª�§®¬ à�¡®â®á¯®á®¡−®áâ¨ ¨ −¥®¡¥á¯¥ç¥−¨¥¬ ªà¨â¨ç−ëå äã−ªæ¨©
¬®−¨â®à¨−£�, ¯®¤¢¥à¦¥−−®áâ¨ à�§«¨ç−®£® à®¤� á¥â¥¢ë¬ ã£à®§�¬, á−¨¦¥−¨¥¬
íää¥ªâ¨¢−®áâ¨ äã−ªæ¨®−¨à®¢�−¨ï á«ã¦¡ë â¥å−¨ç¥áª®© ¯®¤¤¥à¦ª¨.

�¡§®à â¥¬�â¨ç¥áª®© «¨â¥à�âãàë, ®¯¨á�−−ëå ¢ ®âªàëâëå ¨áâ®ç−¨ª�å ª®¬-
¬¥àç¥áª¨å à¥�«¨§�æ¨© –“‘, �¯à®¡�æ¨ï àï¤� á¢®¡®¤−® à�á¯à®áâà�−ï¥¬ëå ¯à®-
¤ãªâ®¢, ãç¥â íªá¯¥àâ−®£® ®¯ëâ� ¢¥¤ãé¨å NREN ¯®§¢®«¨«¨ áä®à¬¨à®¢�âì −�¡®à
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à¥è�¥¬ëå ¯®¤®¡−ë¬¨ á¨áâ¥¬�¬¨ §�¤�ç | ¬®−¨â®à¨−£ á¥â¨ ¨ á¥à¢¨á®¢, ã¯à�¢«¥-
−¨¥ ¯à®¡«¥¬�¬¨, ®¡¥á¯¥ç¥−¨¥ ¦¨§−¥−−®£® æ¨ª«� §�ï¢®ª ª«¨¥−â®¢ ¨ ¯à®¡«¥¬−ëå
¡¨«¥â®¢, ã¯à�¢«¥−¨¥ ª®−ä¨£ãà�æ¨ï¬¨, ã¯à�¢«¥−¨¥ §−�−¨ï¬¨ ¨ ¤®ªã¬¥−â�æ¨¥©,
¬®−¨â®à¨−£ ¨ ã¯à�¢«¥−¨¥ ¯à®¨§¢®¤¨â¥«ì−®áâìî, ã¯à�¢«¥−¨¥ ¨−¢¥−â�à¨§�æ¨¥©
¨ ãç¥â à¥áãàá®¢, áâ�â¨áâ¨ª� ¨ ®âç¥â−®áâì, �£à¥£�æ¨ï, ¢¨§ã�«¨§�æ¨ï ¨ ¯à¥¤-
áâ�¢«¥−¨¥ ¤�−−ëå, ã¯à�¢«¥−¨¥ ª�ç¥áâ¢®¬ ¯à¥¤®áâ�¢«ï¥¬ëå ãá«ã£, ®¡¥á¯¥ç¥−¨¥
¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ [9, 10]. „®¯®«−¨â¥«ì−® ¬®£ãâ áâ�¢¨âìáï ¨ à¥è�âì-
áï §�¤�ç¨, á¢ï§�−−ë¥ á ®âà�á«¥¢®© á¯¥æ¨ä¨ª®© NREN, −�¯à¨¬¥à ãç¥â� á¥â¥¢®£®
¢§�¨¬®¤¥©áâ¢¨ï ¬¥¦¤ã ¯®«ì§®¢�â¥«ï¬¨, áâ�â¨áâ¨ç¥áª®£® �−�«¨§� ¢ à�§à¥§¥ �¤¬¨-
−¨áâà�â¨¢−®-â¥àà¨â®à¨�«ì−ëå ¥¤¨−¨æ, â¨¯®¢ ®à£�−¨§�æ¨© ¨ â. ¯.

Œ�áá®¢ë© ãå®¤ ¨§ áâà�−ë §�àã¡¥¦−ëå æ¨äà®¢ëå ª®¬¯�−¨©, ¢ â®¬ ç¨á«¥
¢¥¤ãé¨å à�§à�¡®âç¨ª®¢ á¨áâ¥¬ ¬®−¨â®à¨−£� ¨ ã¯à�¢«¥−¨ï ªàã¯−ë¬¨ â¥«¥ª®¬¬ã-
−¨ª�æ¨®−−ë¬¨ ¨−äà�áâàãªâãà�¬¨ (SolarWinds, ManageEngine, Paessler PRTG,
CA Spectrum, IBM Tivoli Netcool, ServiceNow, Microsoft SCOM ¨ ¤à.), ¯à¥-
ªà�é¥−¨¥ ¯à®¤�¦ ¨ â¥å−¨ç¥áª®© ¯®¤¤¥à¦ª¨, −¥á®®â¢¥âáâ¢¨¥ −� â¥ªãé¥¬ íâ�¯¥
à�§¢¨â¨ï æ¥−ë ¨ ª�ç¥áâ¢� à®áá¨©áª¨å ª®¬¬¥àç¥áª¨å ¯à®¤ãªâ®¢, âàã¤−® ¯à®£−®§¨-
àã¥¬®¥ ¢à¥¬ï ¢−¥¤à¥−¨ï á ãç¥â®¬ ¨¬¥îé¨åáï âà¥¡®¢�−¨© ®áâ�¢¨«¨ ¢®§¬®¦−®áâ¨
¤«ï ¯à¨¬¥−¥−¨ï á¢®¡®¤−® à�á¯à®áâà�−ï¥¬ëå ¯�ª¥â®¢ á ®âªàëâë¬ ¨áå®¤−ë¬ ª®-
¤®¬ ¨«¨ à�§à�¡®âª¨ −®¢®£® ¯à®£à�¬¬−®£® à¥è¥−¨ï.

Š®¬¯«¥ªá−®¥ ¨áá«¥¤®¢�−¨¥ äã−ªæ¨®−�«ì−ëå ¢®§¬®¦−®áâ¥© ¨ ¨−â¥àä¥©á®¢
á¢®¡®¤−® à�á¯à®áâà�−ï¥¬ëå ¯à®¤ãªâ®¢ ª�ª ª�−¤¨¤�â®¢ ¤«ï ¨á¯®«ì§®¢�−¨ï ¢ ª�-
ç¥áâ¢¥ ¡�§®¢®£® à¥è¥−¨ï, ®â¤¥«ì−ëå ª®¬¯®−¥−â®¢ ¨«¨ ¢−¥è−¨å ¯® ®â−®è¥−¨î
ª –“‘ �ˆŠ‘ á¨áâ¥¬ ¡ë«® ¯à®¢¥¤¥−® ¤«ï â�ª¨å ¯�ª¥â®¢, ª�ª NOC Project,
GLPI, Zabbix, Grafana/Prometheus, Nagios Core, OTRS, Cacti, ELK Stack,
RackTables, NetBox ¨ phpIPAM.

�®«ìè¨−áâ¢® ¨§ ¯¥à¥ç¨á«¥−−ëå ¯à®¤ãªâ®¢ ®à¨¥−â¨à®¢�−® −� à¥è¥−¨¥ ª�ª®©-
â® ®¤−®© ¨«¨ â®«ìª® −¥áª®«ìª¨å á¬¥¦−ëå §�¤�ç ¢ à�¬ª�å â¨¯¨ç−®£® ¤«ï á¨áâ¥¬
ª«�áá� –“‘ −�¡®à� äã−ªæ¨© ¨ ®¯¥à�æ¨©. ’�ª�ï ®£à�−¨ç¥−−®áâì äã−ªæ¨®−�«�
¯à¨¢¥«� ¡ë ª −¥®¡å®¤¨¬®áâ¨ ¢−¥¤à¥−¨ï áà�§ã −¥áª®«ìª¨å à¥è¥−¨© ¤«ï ¯®ªàëâ¨ï
áä®à¬¨à®¢�−−ëå ¤«ï æ¨äà®¢®£® –“‘ �ˆŠ‘ äã−ªæ¨®−�«ì−®-â¥å−¨ç¥áª¨å âà¥-
¡®¢�−¨©, à�§à�¡®âª¨ áà¥¤áâ¢ ¨−â¥£à�æ¨¨ (úª®−−¥ªâ®à®¢û, API) ¤«ï ®¡¥á¯¥ç¥−¨ï
¨å ¢§�¨¬®¤¥©áâ¢¨ï, ¢−¥á¥−¨ï ¨§¬¥−¥−¨© ¢ áâàãªâãàã ¡�§ ¤�−−ëå ¨ ¢ á®®â¢¥âáâ¢ã-
îé¨¥ ¬¥â®¤ë ®¡à�¡®âª¨ ¤«ï ¯à¥¤áâ�¢«¥−¨ï ®à£�−¨§�æ¨© á à�áè¨à¥−−ë¬ −�¡®à®¬
�âà¨¡ãâ®¢ (á¬. ¯®¤à®¡−¥¥ −¨¦¥).

‚ íâ¨å ãá«®¢¨ïå ¨ á ãç¥â®¬ ãáâ®©ç¨¢®£® ªãàá� −� ¨¬¯®àâ®§�¬¥é¥−¨¥ ¢ áä¥à¥
ˆŠ’ ¡ë«® ¯à¨−ïâ® à¥è¥−¨¥ ® à�§à�¡®âª¥ −®¢®© ¢¥àá¨¨ ¯à®£à�¬¬−®£® ª®¬¯«¥ªá�,
á¯®á®¡−®£® ®¡¥á¯¥ç¨âì ¥¤¨−ãî ¨−â¥£à¨à®¢�−−ãî áà¥¤ã íää¥ªâ¨¢−®£® ®à£�−¨§�-
æ¨®−−®£® ¨ â¥å−®«®£¨ç¥áª®£® á®¯à®¢®¦¤¥−¨ï à�¡®â ¯® ®¡¥á¯¥ç¥−¨î â¥ªãé¥£®
äã−ªæ¨®−¨à®¢�−¨ï ¨ à�§¢¨â¨ï ä¥¤¥à�«ì−®© ®âà�á«¥¢®© á¥â¨ �ˆŠ‘ á �ªæ¥−â®¬
−� á«¥¤ãîé¨¥ ¢¥àå−¥ãà®¢−¥¢ë¥ §�¤�ç¨ [11]:

{ á®§¤�−¨¥ ®âª�§®ãáâ®©ç¨¢®£®, ¢ëá®ª®¯à®¨§¢®¤¨â¥«ì−®£® ¨−â¥£à¨à®¢�−−®£®
¯à®£à�¬¬−®£® ª®¬¯«¥ªá� –“‘ �ˆŠ‘ ¢ á®®â¢¥âáâ¢¨¨ á ¯®¤«¥¦�é¨¬¨ �¢-
â®¬�â¨§�æ¨¨ äã−ªæ¨ï¬¨;
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�. ƒ. �¡à�¬®¢, ‚. �. �®àå�çñ¢

{ ®¡¥á¯¥ç¥−¨¥ ¥¤¨−®© â®çª¨ �ãâ¥−â¨ä¨ª�æ¨¨ ¨ �¢â®à¨§�æ¨¨ ¨ £¨¡ª®£® à®«¥¢®£®
¤®áâã¯� ª äã−ªæ¨ï¬ ¨ ¨−â¥àä¥©á�¬;

{ á¡®à, ®¡à�¡®âª� ¨ æ¥−âà�«¨§®¢�−−®¥ ¯à¥¤áâ�¢«¥−¨¥ ¤�−−ëå ® äã−ªæ¨®−¨à®-
¢�−¨¨ á¥â¨ ¨ á¥à¢¨á®¢ �ˆŠ‘;

{ á®§¤�−¨¥ ¨ ¯®¤¤¥à¦�−¨¥ ¢ �ªâã�«ì−®¬ á®áâ®ï−¨¨ ¥¤¨−®© ¡�§ë ¤�−−ëå ¯®
®à£�−¨§�æ¨ï¬ áä¥àë −�ãª¨ ¨ ¢ëáè¥£® ®¡à�§®¢�−¨ï (¤¥©áâ¢ãîé¨¥ ¨ ¯®â¥−æ¨-
�«ì−ë¥ ¯®«ì§®¢�â¥«¨), � â�ª¦¥ ª®¬¬¥àç¥áª¨¬ ®à£�−¨§�æ¨ï¬-ª®−âà�£¥−â�¬ ¯®
¯à®¥ªâã �ˆŠ‘.

�à®£à�¬¬−ë© ª®¬¯«¥ªá ®à¨¥−â¨à®¢�− −� §�¤¥©áâ¢®¢�−¨¥ «ãçè¨å ¯à�ªâ¨ª
á¨áâ¥¬ ¯®¤®¡−®£® à®¤�, ¯à¥¤−�§−�ç¥− ¤«ï �¢â®¬�â¨§�æ¨¨ ¯à®æ¥áá®¢ ã¯à�¢«¥−¨ï
�ˆŠ‘, ®¡¥á¯¥ç¥−¨ï æ¥−âà�«¨§®¢�−−®£® á¡®à� ¨ �£à¥£�æ¨¨ ¤�−−ëå ® äã−ªæ¨®-
−¨à®¢�−¨¨ á¥â¨ ¨ á¥à¢¨á®¢, â¥ªáâ®¢®£® ¨ ¢¨§ã�«ì−®£® ¯à¥¤áâ�¢«¥−¨ï á¥â¥¢ë¬ ¨−-
¦¥−¥à�¬ ¨ ¯à¥¤áâ�¢¨â¥«ï¬ ¯®âà¥¡¨â¥«¥© ¨−ä®à¬�æ¨¨ ®¡ ¨á¯®«ì§®¢�−¨¨ á¥â¥¢ëå
à¥áãàá®¢ ¨ á¥à¢¨á®¢, ¯à¥¤®áâ�¢«¥−¨ï è¨à®ª®£® −�¡®à� ¨−áâàã¬¥−â®¢ ¨−â¥£à�«ì-
−®£® ¬®−¨â®à¨−£� ¨ ¯«�−¨à®¢�−¨ï à�§¢¨â¨ï á¥â¨ ¨ á¥à¢¨á®¢ ¤«ï àãª®¢®¤áâ¢�
¯à®¥ªâ�.

�á−®¢−ë¬¨ æ¥«ï¬¨ á®§¤�−¨ï ª®¬¯«¥ªá� áâ�¢¨«¨áì:

{ à�§à�¡®âª� �¢â®¬�â¨§¨à®¢�−−®£® à¥è¥−¨ï –“‘ �ˆŠ‘ á à�§¢¨âë¬¨ ¨−â¥-
£à¨à®¢�−−ë¬¨ ¢®§¬®¦−®áâï¬¨ ¬®−¨â®à¨−£� ¨ ã¯à�¢«¥−¨ï á¥âìî ¨ ¯à¥¤®áâ�¢-
«ï¥¬ë¬¨ á¥à¢¨á�¬¨;

{ à¥�«¨§�æ¨ï ¢®§¬®¦−®áâ¥© à�áè¨à¥−−®£® áâ�â¨áâ¨ç¥áª®£® ¨ �−�«¨â¨ç¥áª®£®
ãç¥â� äã−ªæ¨®−¨à®¢�−¨ï á¥â¨ ¨ á¥à¢¨á®¢;

{ ¯®¢ëè¥−¨¥ ª�ç¥áâ¢� ¯à¥¤áâ�¢«¥−¨ï ¨−ä®à¬�æ¨¨ ®¡ ¨á¯®«ì§®¢�−¨¨ ®à£�−¨§�-
æ¨ï¬¨ á¥â¥¢ëå à¥áãàá®¢ ¨ á¥à¢¨á®¢ �ˆŠ‘;

{ ¯®¢ëè¥−¨¥ íää¥ªâ¨¢−®áâ¨ äã−ªæ¨®−¨à®¢�−¨ï á«ã¦¡ë â¥å−¨ç¥áª®© ¯®¤-
¤¥à¦ª¨, á®ªà�é¥−¨¥ ¢à¥¬¥−¨ ¢ëï¢«¥−¨ï á¥â¥¢ëå ¨−æ¨¤¥−â®¢.

�®¢¨§−� ª®¬¯«¥ªá� ¢ áà�¢−¥−¨¨ á ª®−ªãà¥−â−ë¬¨ ¯à®¤ãªâ�¬¨ §�ª«îç�¥â-
áï ¢ è¨à®ª®¬ ¯®ªàëâ¨¨ â¨¯®¢ëå §�¤�ç ¬®−¨â®à¨−£� ¨ ã¯à�¢«¥−¨ï, ¢ª«îç�ï
¢§�¨¬®®â−®è¥−¨ï á ¯®«ì§®¢�â¥«ï¬¨ ¨ ¯®áâ�¢é¨ª�¬¨ ãá«ã£, ¨−ä®à¬�æ¨®−−®-
â¥å−®«®£¨ç¥áª¨¥ (ˆ’) �ªâ¨¢ë, ®¡¥á¯¥ç¨¢�îé¨¥ ¤®ªã¬¥−âë (¤®£®¢®àë, ¡«�−ª¨
§�ª�§�, á®£«�è¥−¨ï á æ¥«¥¢ë¬¨ ¯®«ì§®¢�â¥«ï¬¨) ¨ ¤àã£¨¥ ª®¬¯®−¥−âë ¯à®æ¥áá�.
‚§�¨¬−�ï ã¢ï§�−−®áâì ®¡ê¥ªâ®¢ ¢ ¡�§¥ ¤�−−ëå, −�«¨ç¨¥ á¢¥¤¥−¨© ª�ª â¥å−¨-
ç¥áª®£®, â�ª ¨ ä¨−�−á®¢®-íª®−®¬¨ç¥áª®£® å�à�ªâ¥à�, ¨−â¥£à�æ¨¨ á ¢−¥è−¨¬¨
á¨áâ¥¬�¬¨ ¨ á¥à¢¨á�¬¨ á¡®à� ¬¥âà¨ª ¬®−¨â®à¨−£�, áâ�â¨áâ¨ª¨ ¨ �−�«¨â¨ª¨ á¥â¥-
¢®£® âà�ä¨ª�, ¦ãà−�«®¢ ãáâà®©áâ¢ ¯à¥¤®áâ�¢«ïîâ ¢®§¬®¦−®áâ¨ ¤«ï ä®à¬¨à®¢�-
−¨ï ª®¬¯«¥ªá−ëå ®âç¥â®¢ ¨ �−�«¨â¨ç¥áª¨å áà¥§®¢, ®¡®á−®¢�−−®© ä®à¬ã«¨à®¢ª¨
áâà�â¥£¨ç¥áª¨å ¨ ®¯¥à�â¨¢−ëå −�¯à�¢«¥−¨© à�§¢¨â¨ï á¥â¨ ¨ á¥à¢¨á®¢, ¢−®áïâ
¢ª«�¤ ¢ ¯®¢ëè¥−¨¥ ®¡é¥© íää¥ªâ¨¢−®áâ¨ à¥è¥−¨ï §�¤�ç.

„®áâã¯−®áâì ¨áå®¤−®£® ª®¤� ¨ á«¥¤®¢�−¨¥ ®á−®¢−ë¬ ¯à¨−æ¨¯�¬ á®¢à¥¬¥−-
−®© ¬¥â®¤®«®£¨¨ £¨¡ª®© à�§à�¡®âª¨ ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï (Agile) ¯®§¢®«ï-
îâ ®¯¥à�â¨¢−® ¨á¯à�¢«ïâì ¢ëï¢«ï¥¬ë¥ ®è¨¡ª¨ ¨ −¥¤®ç¥âë, ¤®¡�¢«ïâì −®¢ë¥
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äã−ªæ¨¨ ¨ ã«ãçè¥−¨ï ¢ ¢¥¡-¨−â¥àä¥©á¥, à¥�£¨àãï −� ¯®¦¥«�−¨ï ¯®«ì§®¢�â¥«¥©,
¯à®¥ªâ¨à®¢�âì ¨ à�§à�¡�âë¢�âì −®¢ë¥ äã−ªæ¨®−�«ì−ë¥ ¬®¤ã«¨ ¨ ¯à®£à�¬¬−ë¥
ª®¬¯®−¥−âë.

“−¨ª�«ì−ë¥ äã−ªæ¨¨ ¨ ¢®§¬®¦−®áâ¨ ª®¬¯«¥ªá� á¢ï§�−ë á −�«¨ç¨¥¬ ¢ ¡�§¥
¤�−−ëå �ªâã�«ì−®© ¨−ä®à¬�æ¨¨ ®¡® ¢á¥å ®¡à�§®¢�â¥«ì−ëå ®à£�−¨§�æ¨ïå ¢ëáè¥-
£® ®¡à�§®¢�−¨ï ¨ −�ãª¨, −�å®¤ïé¨åáï ¢ ¯®¤ç¨−¥−¨¨ à�§−ëå ä¥¤¥à�«ì−ëå ®à£�−®¢
¨á¯®«−¨â¥«ì−®© ¢«�áâ¨, � â�ª¦¥ ®¡ ®â¤¥«ì−ëå £®áã¤�àáâ¢¥−−ëå ¨ ª®¬¬¥àç¥áª¨å
®à£�−¨§�æ¨ïå, ãç�áâ¢ãîé¨å ¢ à¥�«¨§�æ¨¨ ¯à¨®à¨â¥â−ëå −�¯à�¢«¥−¨© −�ãç−®-
â¥å−®«®£¨ç¥áª®£® à�§¢¨â¨ï, ®¯à¥¤¥«¥−−ëå ¢ á®®â¢¥âáâ¢¨¨ á® ‘âà�â¥£¨¥© −�ãç−®-
â¥å−®«®£¨ç¥áª®£® à�§¢¨â¨ï ÷®áá¨©áª®© ”¥¤¥à�æ¨¨.

��ª®¯«¥−−�ï ¨−ä®à¬�æ¨ï ¯®¬¨¬® ®ä¨æ¨�«ì−ëå á¢¥¤¥−¨©, ª®−â�ªâ−ëå ¯¥à-
á®−, ®¡é¥£® ®¯¨á�−¨ï ¨ áâ�â¨áâ¨ª¨ ¯®âà¥¡«ï¥¬ëå ãá«ã£, ¤®£®¢®à−ëå ®â−®è¥−¨©
(¤«ï ª®−âà�£¥−â®¢) ¢ª«îç�¥â á¢¥¤¥−¨ï ®¡ ãç�áâ¨¨ ®à£�−¨§�æ¨© ¢ ª«îç¥¢ëå ¯à®-
¥ªâ�å ¨ ¯®¤¯à®£à�¬¬�å £®áã¤�àáâ¢¥−−®© ¯à®£à�¬¬ë ú��ãç−®-â¥å−®«®£¨ç¥áª®¥
à�§¢¨â¨¥ ÷®áá¨©áª®© ”¥¤¥à�æ¨¨û ¨ −�æ¨®−�«ì−®£® ¯à®¥ªâ� ú��ãª� ¨ ã−¨¢¥àá¨-
â¥âëû, ¢ â®¬ ç¨á«¥ ¢ ¯à®¥ªâ�å ¯® á®§¤�−¨î ã−¨¢¥àá¨â¥âáª¨å ª�¬¯ãá®¢ ¬¨à®¢®£®
ãà®¢−ï, ¯® á®§¤�−¨î ¨ à�§¢¨â¨î −�ãç−®-®¡à�§®¢�â¥«ì−ëå ¨ −�ãç−ëå æ¥−âà®¢
¬¨à®¢®£® ãà®¢−ï, æ¥−âà®¢ ª®¬¯¥â¥−æ¨© −�æ¨®−�«ì−®© â¥å−®«®£¨ç¥áª®© ¨−¨æ¨�-
â¨¢ë, æ¥−âà®¢ ª®««¥ªâ¨¢−®£® ¯®«ì§®¢�−¨ï −�ãç−ë¬ ®¡®àã¤®¢�−¨¥¬ ¨ ã−¨ª�«ì−ëå
−�ãç−ëå ãáâ�−®¢®ª, ¢ ¯à®¥ªâ¥ ú�¥à¥¤®¢ë¥ ¨−¦¥−¥à−ë¥ èª®«ëû, ¢ ¯à®£à�¬¬¥
ú�à¨®à¨â¥â-2030û ¨ ¤à.

Šà®¬¥ â®£®, ¢ ¡�§ã ¤�−−ëå ¢ª«îç¥−ë á¢¥¤¥−¨ï ®¡ ®¯à¥¤¥«¥−−ëå −�æ¨®−�«ì-
−ë¬ ¯à®¥ªâ®¬ ú��ãª� ¨ ã−¨¢¥àá¨â¥âëû ªà¨â¥à¨ïå [7, 8], −� ®á−®¢�−¨¨ ª®â®àëå
®áãé¥áâ¢«ï¥âáï ®â¡®à ¢¥¤ãé¨å ®à£�−¨§�æ¨© ¤«ï ¯®¤ª«îç¥−¨ï ª �ˆŠ‘ (¢ ç�áâ-
−®áâ¨, ¯à¨−�¤«¥¦−®áâì ª ¯¥à¢®© ª�â¥£®à¨¨ −�ãç−ëå ®à£�−¨§�æ¨©, ¢¥¤®¬áâ¢¥−−�ï
¯®¤ç¨−¥−−®áâì �à�¢¨â¥«ìáâ¢ã ÷®áá¨©áª®© ”¥¤¥à�æ¨¨, áâ�âãá ä¥¤¥à�«ì−®£® ¨«¨
−�æ¨®−�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® ã−¨¢¥àá¨â¥â�).

�£à¥£¨à®¢�−−�ï ¨−ä®à¬�æ¨ï ¨á¯®«ì§ã¥âáï ¤«ï ä®à¬¨à®¢�−¨ï ¯«�−®¢ â¥àà¨-
â®à¨�«ì−®£® à�§¢¨â¨ï �ˆŠ‘, ¯«�−¨à®¢�−¨ï ¯®¤ª«îç¥−¨ï ª á¥â¨ −®¢ëå ®à£�−¨-
§�æ¨©, ¬®¦¥â ¯®á«ã¦¨âì ®á−®¢®© ¤«ï á®§¤�−¨ï á¯¥æ¨�«¨§¨à®¢�−−ëå ®âà�á«¥¢ëå
¯«�âä®à¬ ¨ á¥à¢¨á®¢, ®à¨¥−â¨à®¢�−−ëå −� æ¥−âà�«¨§®¢�−−ë© ãç¥â ¨ ¯à¥¤®áâ�¢-
«¥−¨¥ ¢®§¬®¦−®áâ¥© ¤«ï ª®¬¯«¥ªá−®© ®æ¥−ª¨ −�ãç−®£® ¨ ®¡à�§®¢�â¥«ì−®£® ¯®-
â¥−æ¨�«� ®à£�−¨§�æ¨© ¨ áã¡ê¥ªâ®¢.

3 Особенности архитектуры программного комплекса цифрового
ЦУС НИКС

�àå¨â¥ªâãà� ¯à®£à�¬¬−®£® ª®¬¯«¥ªá� æ¨äà®¢®£® –“‘ �ˆŠ‘ ¯à®¥ªâ¨à®¢�-
«�áì −� ®á−®¢¥ á¨áâ¥¬−®£® ¯®¤å®¤� á ¢ë¤¥«¥−¨¥¬ æ¥−âà�«ì−®© ç�áâ¨ (¬®−®«¨â−®£®
ï¤à�) á −�¡®à®¬ â¥á−® ¢§�¨¬®¤¥©áâ¢ãîé¨å ¨ äã−ªæ¨®−�«ì−® ¤®¯®«−ïîé¨å ¤àã£
¤àã£� ¢−ãâà¥−−¨å ¬®¤ã«¥© ¨ á«ã¦¡, � â�ª¦¥ ¬¨ªà®á¥à¢¨á−ëå ª®¬¯®−¥−â®¢, ®â-
¢¥ç�îé¨å §� ®¡¬¥− ¤�−−ë¬¨ á ¢−¥è−¨¬¨ á¨áâ¥¬�¬¨ ¨ á¥à¢¨á�¬¨ (à¨á. 1) [11].
Š®¬¯«¥ªá ¯à¥¤áâ�¢«ï¥â á®¡®© áâàãªâãà−® á«®¦−®¥ ¤¨−�¬¨ç¥áª®¥ ¢¥¡-¯à¨«®¦¥-
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÷¨á. 1 �àå¨â¥ªâãà−�ï áå¥¬� ¯à®£à�¬¬−®£® ª®¬¯«¥ªá� ¨ áâàãªâãà−ëå ª®¬¯®−¥−â®¢
¢ á®áâ�¢¥ æ¨äà®¢®£® –“‘ �ˆŠ‘

−¨¥, ®¯¥à¨àãîé¥¥ ¬−®¦¥áâ¢¥−−ë¬¨ ¯®â®ª�¬¨ ¤�−−ëå ¨ á¢ï§�−−®¥ á ¢−¥è−¨¬
¯à®£à�¬¬−ë¬ ®ªàã¦¥−¨¥¬.

Œ®¤ã«¨, á«ã¦¡ë ¨ á¥à¢¨áë ª®¬¯«¥ªá� (á ãç¥â®¬ ¢−¥è−¥£® ®ªàã¦¥−¨ï) ¬®¦−®
ª«�áá¨ä¨æ¨à®¢�âì ¢ á®áâ�¢¥ á«¥¤ãîé¨å ®á−®¢−ëå £àã¯¯:

{ ¢−ãâà¥−−¨¥ ¬®¤ã«¨ (−�¡®à ®á−®¢−ëå äã−ªæ¨®−�«ì−ëå ¨ ¢á¯®¬®£�â¥«ì−ëå
¬®¤ã«¥© ¢ á®áâ�¢¥ ï¤à� ª®¬¯«¥ªá�);

{ á«ã¦¡ë åà�−¥−¨ï (¡�§ë ¤�−−ëå MariaDB, PostgreSQL, ClickHouse ¨ ®¡ëç-
−ë¥ ä�©«®¢ë¥ åà�−¨«¨é�);

{ á¥à¢¨áë ¨−â¥£à�æ¨¨ (¬¨ªà®á¥à¢¨áë ¤«ï ¢§�¨¬®¤¥©áâ¢¨ï á ¢−¥è−¨¬¨ á¨áâ¥-
¬�¬¨ ¨ á¥à¢¨á�¬¨ ç¥à¥§ HTTP API | Zabbix, Grafana, NextCloud, � â�ª¦¥
à¥è¥−¨¥ HelpDesk/Trouble Ticket, TTS, á®¡áâ¢¥−−®© à�§à�¡®âª¨);

{ ¢−¥è−¨¥ á¥à¢¨áë (−�¡®à ¢−¥è−¨å ¢§�¨¬®¤¥©áâ¢ãîé¨å á ª®¬¯«¥ªá®¬ á¥à¢¨á®¢
¨ ¯à¨«®¦¥−¨© | Git, DNS, á«ã¦¡� í«¥ªâà®−−®© ¯®çâë, API Telegram, á¥à¢¨á
æ¨äà®¢ëå SSL-á¥àâ¨ä¨ª�â®¢ ¨ ¤à.).

�¡®§−�ç¥−−ë© ¢ ¯à¥¤ë¤ãé¥¬ à�§¤¥«¥ ¡®£�âë© á¯¥ªâà §�¤�ç, ª®â®àë¥ ¤®«¦−ë
®¡¥á¯¥ç¨¢�âìáï à�§¢¨âë¬¨ à¥è¥−¨ï¬¨ –“‘, ®¡ãá«®¢¨« −¥®¡å®¤¨¬®áâì ¢ë¡®à�
−� ¯¥à¢®¬ íâ�¯¥ ¯¥à¥ç¨á«¥−−®£® ¤�«¥¥ ®â−®á¨â¥«ì−® ®£à�−¨ç¥−−®£® −�¡®à� ¯à®-
£à�¬¬−ëå ª®¬¯®−¥−â®¢ ¢ ª�ç¥áâ¢¥ ¯à¨®à¨â¥â−ëå ¤«ï à�§à�¡®âª¨.

�¤¨− ¨§ ¢ë¢®¤®¢ ¯® à¥§ã«ìâ�â�¬ ¯à®¢¥¤¥−−ëå ¨áá«¥¤®¢�−¨© ¨ −�ª®¯«¥−−®£®
®¯ëâ� á®áâ®¨â ¢ â®¬, çâ® ª à¥è¥−¨î ®â¤¥«ì−ëå §�¤�ç, âà¥¡ãîé¨å áãé¥áâ¢¥−−ëå
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§�âà�â ¯à¨ á�¬®áâ®ïâ¥«ì−®© à�§à�¡®âª¥ á®®â¢¥âáâ¢ãîé¨å ¯à®£à�¬¬−ëå ¬®¤ã-
«¥© ¨ ¯®¤á¨áâ¥¬ á −ã«ï, æ¥«¥á®®¡à�§−® ¯à¨¢«¥ª�âì äã−ªæ¨®−�«ì−® à�§¢¨âë¥,
¯à®è¥¤è¨¥ �¯à®¡�æ¨î ¨ è¨à®ª® ¢−¥¤à¥−−ë¥ ¢ ®âà�á«¥¢ãî ¯à�ªâ¨ªã á¢®¡®¤−®
à�á¯à®áâà�−ï¥¬ë¥ ¯à®¤ãªâë. ‚ á«ãç�¥ á –“‘ �ˆŠ‘ §�¤�ç¨ ¯¥à¢¨ç−®£® ¬®-
−¨â®à¨−£� á¥â¨ ¨ á¥à¢¨á®¢, ã¯à�¢«¥−¨ï ¯à®¡«¥¬�¬¨ ¨ ¤®ªã¬¥−â�æ¨¥©, ¢¨§ã�«¨-
§�æ¨¨ ¨ ¯à¥¤áâ�¢«¥−¨ï ¤�−−ëå, áâ�â¨áâ¨ª¨ ¨ ®âç¥â−®áâ¨ à¥è�îâáï á §�¤¥©áâ¢®-
¢�−¨¥¬ äã−ªæ¨®−�«� á¯¥æ¨�«¨§¨à®¢�−−ëå ¯�ª¥â®¢ Zabbix, Grafana, Logstash
¨ NextCloud.

’�ª®© ¯®¤å®¤ ¯à¥¤áâ�¢«ï¥âáï ¢¥áì¬� íää¥ªâ¨¢−ë¬ ¨ íª®−®¬¨ç−ë¬ ¢ ®â−®-
è¥−¨¨ §�âà�â ¨ áà®ª®¢ ¢−¥¤à¥−¨ï ¨ ¬®¦¥â ¡ëâì à¥ª®¬¥−¤®¢�− ®à£�−¨§�æ¨ï¬,
ª®â®àë¥ ®à¨¥−â¨à®¢�−ë −� á®¡áâ¢¥−−ë¥ à�§à�¡®âª¨ /̈̈ «¨ ¨á¯®«ì§®¢�−¨¥ á¢®-
¡®¤−® à�á¯à®áâà�−ï¥¬ëå à¥è¥−¨© ¤«ï ¢ë¯®«−¥−¨ï ¬®−¨â®à¨−£� ¨ ã¯à�¢«¥−¨ï
æ¨äà®¢ë¬¨ ¨−äà�áâàãªâãà�¬¨.

�®¤«¥¦�é¨© à�áè¨à¥−¨î ¯® ¬¥à¥ ¯®íâ�¯−®£® à�§¢¨â¨ï æ¨äà®¢®£® –“‘
�ˆŠ‘ −�¡®à ¢−ãâà¥−−¨å äã−ªæ¨®−�«ì−ëå ¬®¤ã«¥© −� â¥ªãé¨© ¬®¬¥−â ¢ª«îç�¥â
¢ á¥¡ï á«¥¤ãîé¨¥:

{ ¬®¤ã«ì ã¯à�¢«¥−¨ï ¢§�¨¬®®â−®è¥−¨ï¬¨ á ª®−âà�£¥−â�¬¨ (Customer Relation-
ship Management, CRM);

{ ¬®¤ã«ì ã¯à�¢«¥−¨ï ª®à¯®à�â¨¢−ë¬ ª®−â¥−â®¬ ¨ §−�−¨ï¬¨ (Enterprise Content
Management, ECM);

{ ¬®¤ã«ì ã¯à�¢«¥−¨ï ˆ’-�ªâ¨¢�¬¨ (IT Asset Management, ITAM);

{ ¬®¤ã«ì ã¯à�¢«¥−¨ï IP-�¤à¥á�¬¨ ¨ ¯®¤á¥âï¬¨ (IP Address Management,
IPAM).

Œ®¤ã«ì CRM (ú–¨äà®¢®© ¯à®ä¨«ì ®à£�−¨§�æ¨¨û) ®â¢¥ç�¥â §� ã¯à�¢«¥-
−¨¥ á¢¥¤¥−¨ï¬¨ ® ª®−âà�£¥−â�å ¨ ª®−â�ªâ−ëå ¯¥àá®−�å, æ¥−âà�«¨§®¢�−−ë© ãç¥â
¨ ¯à¥¤áâ�¢«¥−¨¥ ¨−ä®à¬�æ¨¨ ®¡ ¨á¯®«ì§®¢�−¨¨ á¥â¥¢ëå à¥áãàá®¢ ¨ á¥à¢¨á®¢
�ˆŠ‘, ¢ â®¬ ç¨á«¥ ® ¯®¤ª«îç¥−¨ïå ¨ á¥â¥¢®¬ ¢§�¨¬®¤¥©áâ¢¨¨ (®¡®àã¤®¢�−¨¥,

÷¨á. 2 �à¨¬¥àë ¢¥¡-¨−â¥àä¥©á®¢ ¯à®£à�¬¬−®£® ª®¬¯«¥ªá�
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¯®àâë, â¨¯ ¯®¤ª«îç¥−¨ï, ¯à®¯ãáª−�ï á¯®á®¡−®áâì), � â�ª¦¥ §� £à�ä¨ª¨ §�£àã§ª¨
¯®àâ®¢ (à¨á. 2). ˆ−ä®à¬�æ¨ï ® ¯®¤ª«îç¥−¨ïå ¨¬¯®àâ¨àã¥âáï ¨§ ¬®¤ã«ï ITAM,
� £à�ä¨ª¨ ¨ áâ�â¨áâ¨ª� á¥â¥¢®£® ¢§�¨¬®¤¥©áâ¢¨ï | ¨§ á¨áâ¥¬ë ¬®−¨â®à¨−£�
Zabbix. ”ã−ªæ¨®−�« ¬®¤ã«ï ¯®§¢®«ï¥â ã¯à�¢«ïâì á¥à¢¨á�¬¨ ¯à¥¤ãáâ�−®¢«¥−-
−ëå â¨¯®¢ (¤«ï ¯®«ì§®¢�â¥«¥© ¨ ¯à®¢�©¤¥à®¢ ãá«ã£), ¤®¡�¢«ïâì ª −¨¬ �âà¨¡ãâë
(¨«¨ �¢â®¬�â¨ç¥áª¨ ¨¬¯®àâ¨à®¢�âì ¨å ¨§ Zabbix), ú¯à¨ªà¥¯«ïâìû ª á¥à¢¨á�¬
¤®£®¢®àë (á¢ï§ì á ¬®¤ã«¥¬ ECM) ¨ ¤àã£ãî ¢®áâà¥¡®¢�−−ãî ¨−ä®à¬�æ¨î.

Œ®¤ã«¥¬ …‘Œ ®¡¥á¯¥ç¨¢�îâáï äã−ªæ¨¨ à�¡®âë á ¤®ªã¬¥−â�¬¨ (¤®å®¤−ë¥
¨ à�áå®¤−ë¥ ¤®£®¢®àë, ¤®¯®«−¨â¥«ì−ë¥ á®£«�è¥−¨ï, ¡«�−ª¨ §�ª�§®¢, áç¥â�-ä�ª-
âãàë ¨ ¤à.), ¢ª«îç�ï ¯à®á¬®âà á¯¨áª®¢ ¤®ªã¬¥−â®¢ ¨ ã¯à�¢«¥−¨¥ ¨¬¨, ¯à¨¢ï§ªã
¤®ªã¬¥−â� ª ª®−âà�£¥−âã ¨ ãá«ã£¥, à�áç¥â ¤®å®¤®¢ (à�áå®¤®¢) §� ¨−â¥à¥áãîé¨¥
¯¥à¨®¤ë ¢à¥¬¥−¨ ¨ á ãç¥â®¬ â¨¯®¢ ãá«ã£ ¨ ¤à. ”�©«ë ¤®ªã¬¥−â®¢ à�§¬¥é�îâáï
¢ ä®à¬�â¥ PDF ¢ ª®à¯®à�â¨¢−®© ¢¥¡-á¨áâ¥¬¥ ¤«ï á®¢¬¥áâ−®© à�¡®âë NextCloud
á ãª�§�−¨¥¬ ¢ �âà¨¡ãâ�å £¨¯¥àááë«ª¨ ¤«ï ¢®§¬®¦−®áâ¨ ¯à®á¬®âà� á ¯®¬®éìî
á¯¥æ¨�«ì−®£® ¯«�£¨−�.

Œ®¤ã«ì ITAM ¯à¥¤−�§−�ç¥− ¤«ï æ¥−âà�«¨§®¢�−−®£® ãç¥â� ¨ ã¯à�¢«¥−¨ï
ˆ’-�ªâ¨¢�¬¨ �ˆŠ‘, ¢ª«îç�ï ã§«ë, áâ®©ª¨, ãáâà®©áâ¢� (á¥â¥¢ë¥, á¥à¢¥à−ë¥,
â¥å−®«®£¨ç¥áª¨¥), ¬®¤ã«¨, ª�−�«ë á¢ï§¨, ¢¨àâã�«ì−ë¥ ¨ ¨−ë¥ à¥áãàáë, §�¤¥©-
áâ¢®¢�−−ë¥ ¢ à�¡®â¥ á¥â¨ ¨ á¥à¢¨á®¢. Œ®¤ã«ì ¢ë¯®«−ï¥â äã−ªæ¨¨ ¢¥¤¥−¨ï
à¥¥áâà®¢ ®¡ê¥ªâ®¢, ãç¥â� ®¡®àã¤®¢�−¨ï á ¯à¨¢ï§ª®© ª «®ª�æ¨ï¬ åà�−¥−¨ï/à�§-
¬¥é¥−¨ï ¨ ¯à¥¤áâ�¢«¥−¨ï ¢ −�£«ï¤−®¬ ¢¨¤¥ áâ®¥ª á ®¡®àã¤®¢�−¨¥¬, ¯®¤¤¥à¦ª¨
¦¨§−¥−−®£® æ¨ª«�, ¤¨−�¬¨ç¥áª®© ¢¨§ã�«¨§�æ¨¨ ª�àâë á¥â¨, ª�−�«®¢ á¢ï§¨ á ®â®¡-
à�¦¥−¨¥¬ ¨å §�£àã§ª¨ ¨ á®áâ®ï−¨ï. �¯¥à�â¨¢−�ï ¨−ä®à¬�æ¨ï ®¡ ãáâà®©áâ¢�å,
¨−â¥àä¥©á�å, ¬¥âà¨ª�å ¨ á®áâ®ï−¨ïå ¢ë£àã¦�¥âáï ¨§ Zabbix.

Œ®¤ã«ì IPAM ®â¢¥ç�¥â §� æ¥−âà�«¨§®¢�−−®¥ ¯«�−¨à®¢�−¨¥ ¨ ãç¥â ¯®¤á¥â¥©
¨ IPv4/IPv6-�¤à¥á®¢, ®â®¡à�¦¥−¨¥ ¨¥à�àå¨ç¥áª®£® á¯¨áª� ¯®¤á¥â¥© á ¯®ª�§®¬
á¢®¡®¤−®£® �¤à¥á−®£® ¯à®áâà�−áâ¢�, ¯à¥¤®áâ�¢«¥−¨¥ äã−ªæ¨®−�«� ¯®¨áª� �¤à¥-
á®¢, ã¯à�¢«¥−¨ï ¯®¤á¥âï¬¨ ¨ �¤à¥á�¬¨, á®§¤�−¨ï ®âç¥â®¢. ‡�¤�ç¨ −�ç�«ì−®£®
®¡−�àã¦¥−¨ï �ªâ¨¢−ëå IP-�¤à¥á®¢ ¢ §�¤�−−ëå ¯®¤á¥âïå, ¯¥à¨®¤¨ç¥áª®£® �¢â®¬�-
â¨ç¥áª®£® áª�−¨à®¢�−¨ï ¯®¤á¥â¥© á ¯à®¢¥àª®© á®áâ®ï−¨ï �¤à¥á®¢, ¯à®�ªâ¨¢−®£®
¬®−¨â®à¨−£� ¨ ®¯®¢¥é¥−¨ï ® ¯à®¡«¥¬�å, á¢ï§ë¢�−¨ï �¤à¥á®¢ á ãáâà®©áâ¢�-
¬¨ ¨ ¨−â¥àä¥©á�¬¨ à¥è�îâáï ¬®¤ã«¥¬ ITAM á ®â®¡à�¦¥−¨¥¬ ¢ ¨−â¥àä¥©á¥
IPAM.

‚ ªàã£ ¢á¯®¬®£�â¥«ì−ëå ¢å®¤ïâ á«¥¤ãîé¨¥ ¬®¤ã«¨ ª®¬¯«¥ªá� á á®®â¢¥âáâ¢ã-
îé¨¬ ¯à¥¤−�§−�ç¥−¨¥¬:

{ �¢â®à¨§�æ¨¨ ¨ ã¯à�¢«¥−¨ï ¤®áâã¯®¬ (à¥£¨áâà�æ¨ï, �ãâ¥−â¨ä¨ª�æ¨ï, ã¯à�¢-
«¥−¨¥ ãç¥â−ë¬¨ §�¯¨áï¬¨ ¯®«ì§®¢�â¥«¥©, à¥�«¨§�æ¨ï £¨¡ª®© à®«¥¢®© ¬®¤¥«¨
¤®áâã¯�);

{ á¯à�¢®ç−¨ª®¢ (¢¥¤¥−¨¥ á¯à�¢®ç−¨ª®¢, ¢ â®¬ ç¨á«¥ £¥®£à�ä¨ç¥áª¨å, �¤à¥á−®£®
á ¢¨§ã�«¨§�æ¨¥© −� ª�àâ¥, ¬®¤¥«¥© ®¡®àã¤®¢�−¨ï ¨ ¤à.);

{ ¦ãà−�«¨à®¢�−¨ï (åà�−¥−¨¥ ¨ ®â®¡à�¦¥−¨¥ á¢¥¤¥−¨© ® á¨áâ¥¬−ëå á®¡ëâ¨ïå,
¤¥©áâ¢¨ïå ª®−¥ç−ëå ¯®«ì§®¢�â¥«¥©);
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{ ¨−â¥£à�æ¨®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï (à¥�«¨§�æ¨ï æ¥−âà�«¨§®¢�−−®£® ¨ ã−¨ä¨-
æ¨à®¢�−−®£® á®¡ëâ¨©−®-®à¨¥−â¨à®¢�−−®£® ®¡¬¥−� ¤�−−ë¬¨ á ¢−¥è−¨¬¨ á¨á-
â¥¬�¬¨).

��¯à�¢«¥−¨ï à�§¢¨â¨ï ª®¬¯«¥ªá� ¨ á¢ï§�−−ëå á¨áâ¥¬ ¯à¥¤¯®«�£�îâ ª�ª à�§-
à�¡®âªã −®¢ëå, â�ª ¨ ¤�«ì−¥©è¥¥ á®¢¥àè¥−áâ¢®¢�−¨¥ áãé¥áâ¢ãîé¨å ®á−®¢−ëå
äã−ªæ¨®−�«ì−ëå ¨ ¢á¯®¬®£�â¥«ì−ëå ¬®¤ã«¥©. ”ã−ªæ¨®−�« ¡ã¤¥â à�áè¨à¥−,
¢ ç�áâ−®áâ¨, §� áç¥â ¬®¤ã«ï ®âç¥â−®áâ¨, ª®â®àë© ¯®§¢®«¨â �¢â®¬�â¨ç¥áª¨ ä®à¬¨-
à®¢�âì áâàãªâãà¨à®¢�−−ë¥ â¥ªáâ®¢ë¥ ¨ £à�ä¨ç¥áª¨¥ ®âç¥âë, ª®−á®«¨¤¨àãîé¨¥
¤�−−ë¥ ¨§ à�§«¨ç−ëå ¨áâ®ç−¨ª®¢, ª®¬¯®−®¢�âì ¨−ä®à¬�æ¨®−−ë¥ ¯�−¥«¨ (ú¤�è-
¡®à¤ëû) ¤«ï à�§−ëå ª�â¥£®à¨© ¯®«ì§®¢�â¥«¥©, � â�ª¦¥ ª®««¥ªæ¨¨ ¢¨¤¦¥â®¢
á ¢®§¬®¦−®áâìî ¢áâà�¨¢�−¨ï ¢ ¢¥¡-¨−â¥àä¥©á ª®¬¯«¥ªá� ¨ íªá¯®àâ� ¢® ¢−¥è−¨¥
á¨áâ¥¬ë.

‚�¦−®© §�¤�ç¥© ¯à¥¤áâ�¢«ï¥âáï ¢−¥¤à¥−¨¥ â¥å−®«®£¨¨ ¥¤¨−®£® ¢å®¤� (Single
Sign-On, SSO) á �ãâ¥−â¨ä¨ª�æ¨¥© ç¥à¥§ ª®à¯®à�â¨¢−ë© á¥à¢¥à LDAP (Key-
cloak), � â�ª¦¥ à�§à�¡®âª� á®¡áâ¢¥−−®£® API. ‚ ¯«�−�å â�ª¦¥ §−�ç¨âáï à�§¢¨â¨¥
áãé¥áâ¢ãîé¨å ¨ à¥�«¨§�æ¨ï −®¢ëå ¨−â¥£à�æ¨© á ¢−¥¤àï¥¬ë¬¨ ¨ á¨áâ¥¬�â¨ç¥áª¨
á®¢¥àè¥−áâ¢ã¥¬ë¬¨ ¢ëá®ª®−�£àã¦¥−−ë¬¨ á¥à¢¨á�¬¨ à�áè¨à¥−−®© áâ�â¨áâ¨ª¨
¨ �−�«¨â¨ª¨ á¥â¥¢®£® âà�ä¨ª�, ¦ãà−�«®¢ á¥â¥¢ëå ãáâà®©áâ¢ ¨ á¥à¢¥à®¢, à¥-
è¥−¨ï¬¨ ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ¢ æ¥«ïå ®¡®£�é¥−¨ï ¯à¥¤áâ�¢«ï¥¬®©
¨−ä®à¬�æ¨¨ ¤®¯®«−¨â¥«ì−ë¬¨ ¤�−−ë¬¨ ¬®−¨â®à¨−£�, áâ�â¨áâ¨ç¥áª®© ¨ �−�-
«¨â¨ç¥áª®© ¨−ä®à¬�æ¨¥©, ¢ë¯®«−¥−¨ï ¨−â¥««¥ªâã�«ì−®© ª®àà¥«ïæ¨¨ á®¡ëâ¨©
¨ ¢ëï¢«¥−¨ï ¨−æ¨¤¥−â®¢.

‡�¬¥â¨¬ ¢ §�¢¥àè¥−¨¥, çâ® ¯à®£à�¬¬−ë© áâ¥ª ï¤à� ª®¬¯«¥ªá� ¡�§¨àã¥âáï −�
áâ�−¤�àâ−ëå ¤«ï ®âà�á«¨ ¢¥¡-à�§à�¡®âª¨ ï§ëª�å PHP (ú¡íª¥−¤û, äà¥©¬¢®àª
¢¥¡-¯à¨«®¦¥−¨© Laravel) ¨ JavaScript (úäà®−â¥−¤û, ¡¨¡«¨®â¥ª� jQuery).

4 Заключение

��¤¥¦−®¥ ¨ íää¥ªâ¨¢−®¥ à¥è¥−¨¥ §�¤�ç ¬®−¨â®à¨−£� ¨ ã¯à�¢«¥−¨ï £«®-
¡�«ì−ë¬¨ â¥«¥ª®¬¬ã−¨ª�æ¨®−−ë¬¨ á¥âï¬¨ ¨ ¯à¥¤®áâ�¢«ï¥¬ë¬¨ −� ¨å ®á−®¢¥
á¥à¢¨á�¬¨ ï¢«ï¥âáï −¥®¡å®¤¨¬ë¬ ãá«®¢¨¥¬ ãá¯¥è−®© íªá¯«ã�â�æ¨¨ ¨ à¥�«¨§�-
æ¨¨ ¯«�−®¢ à�§¢¨â¨ï â�ª¨å á¥â¥©. –¥−âà ã¯à�¢«¥−¨ï á¥âìî �ˆŠ‘ ¢ å®¤¥ á¢®¥©
¬®¤¥à−¨§�æ¨¨ áâà¥¬¨âáï á®®â¢¥âáâ¢®¢�âì á®¢à¥¬¥−−ë¬ ¤®áâ¨¦¥−¨ï¬ ¨ ª«îç¥¢ë¬
â¥−¤¥−æ¨ï¬ ®âà�á«¨, � â�ª¦¥ ¯à¨−¨¬�âì ¢® ¢−¨¬�−¨¥ ®á®¡¥−−®áâ¨, á¢ï§�−−ë¥
á æ¥«¥¢®© −�¯à�¢«¥−−®áâìî á¥â¨ ¨ ¯à¥¤®áâ�¢«ï¥¬ëå á¥à¢¨á®¢.

‘¯¥æ¨ä¨ç−ë¥ §�¤�ç¨ ¨ äã−ªæ¨¨ á¨áâ¥¬ ¬®−¨â®à¨−£� ¨ ã¯à�¢«¥−¨ï −�æ¨-
®−�«ì−ë¬¨ −�ãç−®-®¡à�§®¢�â¥«ì−ë¬¨ á¥âï¬¨ ¯à¥¤êï¢«ïîâ ®á®¡ë¥ âà¥¡®¢�−¨ï
ª à¥�«¨§�æ¨ï¬ á®®â¢¥âáâ¢ãîé¨å ¯à®£à�¬¬−ëå à¥è¥−¨©.

�® à¥§ã«ìâ�â�¬ �−�«¨§� ¢®§¬®¦−®áâ¥© ¨á¯®«ì§®¢�−¨ï ¨ äã−ªæ¨®−�«� −¥-
áª®«ìª¨å ¢ â®© ¨«¨ ¨−®© áâ¥¯¥−¨ ¢®è¥¤è¨å ¢ ¯à�ªâ¨ªã à¥è¥−¨© �¢â®à�¬¨ ¡ë«
á¤¥«�− ¢ë¡®à ¢ ¯®«ì§ã à�§à�¡®âª¨ á®¡áâ¢¥−−®£® ¯à®£à�¬¬−®£® ª®¬¯«¥ªá� æ¨äà®-
¢®£® –“‘ �ˆŠ‘ á ï¤à®¬ ¢ ¢¨¤¥ −¥¯à¥àë¢−® à�§¢¨¢�¥¬®© á¨áâ¥¬ë ¨ ®ªàã¦¥−¨ï
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¢ á®áâ�¢¥ á¯¥æ¨�«ì−® ®â®¡à�−−ëå, ¯à®â¥áâ¨à®¢�−−ëå ¨ ¢−¥¤à¥−−ëå ¯�ª¥â®¢ á ®â-
ªàëâë¬ ¨áå®¤−ë¬ ª®¤®¬.

‘®¢¬¥é¥−¨¥ ¨ ¢§�¨¬−®¥ ®¡®£�é¥−¨¥ äã−ªæ¨®−�«ì−ëå ª®¬¯®−¥−â®¢ ª®¬¯«¥ªá�
¢ à�¬ª�å á¨áâ¥¬−®£® ¯®¤å®¤� ¯®ª�§�«® −� ¯¥à¢ëå íâ�¯�å íªá¯«ã�â�æ¨¨ á¢®î
¢ëá®ªãî íää¥ªâ¨¢−®áâì, � ¯® æ¥«®¬ã àï¤ã äã−ªæ¨© ¨ ¢®§¬®¦−®áâ¥© ¢ ª®−â¥ªáâ¥
¯¥àá¯¥ªâ¨¢ à�§¢¨â¨ï ¯à®¤ãªâ� ¬®¦−® ®¦¨¤�âì å�à�ªâ¥à¨áâ¨ª, á®¯®áâ�¢¨¬ëå ¨«¨
«ãçè¨å ¯® áà�¢−¥−¨î á ¢¥¤ãé¨¬¨ §�àã¡¥¦−ë¬¨ ª®¬¬¥àç¥áª¨¬¨ ¨ ¤®áâã¯−ë¬¨
á¢®¡®¤−® à�á¯à®áâà�−ï¥¬ë¬¨ ¯à®¤ãªâ�¬¨.
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Principles of development of a software suite for the NOC NIKS of Russia
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Abstract: The paper is devoted to the general principles and methods of
development and improvement of the software suite of the digital Network
Operations Center of the new generation National Research Computer Network
of Russia (NOC NIKS). The paper studies and systematizes the tasks solved by
NOCs of large telecommunications networks including those specific to national
research and education networks. Based on the results, the main tasks and
functions of NOC NIKS are highlighted, the arguments and justifications for
creating your own software solution are given, its novelty, distinctive competitive
advantages, and unique functions are indicated, and possible directions for
development and practical use are proposed. Special attention is paid to the
presentation and discussion of the features of the architecture of the program core
of the suite as well as interconnected basic and additional components including
a set of functional and auxiliary modules as part of the core, microservices for
interacting with external systems, and external services.
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АНАЛИЗ ЭФФЕКТИВНОСТИ АЛГОРИТМА РЕДУКЦИИ
В РЕШЕНИИ ЗАДАЧИ ОБ УПАКОВКЕ В КОНТЕЙНЕРЫ∗

Е. Б. Барашов1, А. В. Егоркин2, Д. В. Лемтюжникова3, М. А. Посыпкин4

�−−®â�æ¨ï: ‡�¤�ç� ã¯�ª®¢ª¨ ¢ ª®−â¥©−¥àë | íâ® ¨§¢¥áâ−�ï ª®¬¡¨−�â®à−�ï
§�¤�ç�, §�ª«îç�îé�ïáï ¢ ¯®¨áª¥ ¬¨−¨¬�«ì−®£® ç¨á«� ª®−â¥©−¥à®¢ ä¨ªá¨-
à®¢�−−®£® à�§¬¥à� ¤«ï à�§¬¥é¥−¨ï §�¤�−−®£® −�¡®à� ¯à¥¤¬¥â®¢ á ¨§¢¥áâ−ë¬
¢¥á®¬. �¥á¬®âàï −� ¯à®áâãî ä®à¬ã«¨à®¢ªã, §�¤�ç� ®â−®á¨âáï ª NP-âàã¤−ë¬,
¨ â®ç−ë¥ ¬¥â®¤ë ¥¥ à¥è¥−¨ï §�ç�áâãî −¥íää¥ªâ¨¢−ë −� ¯à�ªâ¨ª¥. �®íâ®¬ã
¡®«ìè®¥ §−�ç¥−¨¥ ¨¬¥¥â ¨áá«¥¤®¢�−¨¥ ¨ à�§à�¡®âª� ¯à¨¡«¨¦¥−−ëå ¬¥â®¤®¢
à¥è¥−¨ï §�¤�ç¨ ®¡ ã¯�ª®¢ª¥. ‚ áâ�âì¥ ¨áá«¥¤ã¥âáï ª«�áá ¯à¨¡«¨¦¥−−ëå
�«£®à¨â¬®¢, á®áâ®ïé¨å ¢ ¯®á«¥¤®¢�â¥«ì−®¬ ¯à¨¬¥−¥−¨¨ à¥¤ãªæ¨¨ ¨ ®¤−®£®
¨§ ç¥âëà¥å ú¦�¤−ëåû �«£®à¨â¬®¢. �à®¢®¤¨âáï ®æ¥−ª� ¢«¨ï−¨ï à¥¤ãªæ¨©
−� ª�ç¥áâ¢® ¯®«ãç�¥¬ëå à¥è¥−¨© ¨ ¢à¥¬ï à�¡®âë à�áá¬�âà¨¢�¥¬ëå ¬¥â®¤®¢.
�«£®à¨â¬ë áà�¢−¨¢�îâáï −� ç¥âëà¥å −�¡®à�å ¤�−−ëå ¯® −¥áª®«ìª¨¬ ªà¨â¥-
à¨ï¬, ®â¢¥ç�îé¨¬ §� ª�ç¥áâ¢® ¯®«ãç�¥¬ëå à¥è¥−¨© ¨ ¢à¥¬ï, −¥®¡å®¤¨¬®¥
¤«ï ¨å −�å®¦¤¥−¨ï. �à®¢¥¤¥−−®¥ íªá¯¥à¨¬¥−â�«ì−®¥ ¨áá«¥¤®¢�−¨¥ ¯®ª�§�«®,
çâ® íää¥ªâ¨¢−®áâì ¯à¨¬¥−¥−¨ï à¥¤ãªæ¨¨ ¢�àì¨àã¥âáï ¢ è¨à®ª¨å ¯à¥¤¥«�å
¨ á¨«ì−® §�¢¨á¨â ®â ª®íää¨æ¨¥−â®¢ §�¤�ç¨.

Š«îç¥¢ë¥ á«®¢�: à¥¤ãªæ¨ï; §�¤�ç� ã¯�ª®¢ª¨ ¢ ª®−â¥©−¥àë; ¤¨áªà¥â−�ï
®¯â¨¬¨§�æ¨ï; ¦�¤−ë¥ �«£®à¨â¬ë; ã«ãçè¥−¨¥ à¥è¥−¨ï ¤¢ãáâ®à®−−¨¬ ¯®¬¥-
é¥−¨¥¬

DOI: 10.14357/08696527230305 EDN: QDUAMY

1 Введение

‡�¤�ç� ã¯�ª®¢ª¨ ¢ ª®−â¥©−¥àë (bin-packing problem, BBP) | íâ® ª«�áá¨ç¥-
áª�ï §�¤�ç� ¤¨áªà¥â−®© ®¯â¨¬¨§�æ¨¨. �−� §�ª«îç�¥âáï ¢ ã¯�ª®¢ª¥ ¯à¥¤¬¥â®¢
à�§−®£® à�§¬¥à� ¢ ®£à�−¨ç¥−−®¥ ç¨á«® ª®−â¥©−¥à®¢ ä¨ªá¨à®¢�−−®© ¢¬¥áâ¨¬®áâ¨
á æ¥«ìî ¬¨−¨¬¨§¨à®¢�âì ç¨á«® ¨á¯®«ì§ã¥¬ëå ª®−â¥©−¥à®¢.

Š«�áá¨ç¥áª�ï ¯®áâ�−®¢ª� §�¤�ç¨ ®¡ ã¯�ª®¢ª¥ ¢ ª®−â¥©−¥àë ¢¯¥à¢ë¥ áä®à-
¬ã«¨à®¢�−� ¢ à�¡®â¥ [1], £¤¥ ¯®¬¨¬® ¯®áâ�−®¢ª¨ ¯à¨¢®¤ïâáï ¯à¨¬¥àë ¯à¨¬¥-
−¥−¨ï íâ®© §�¤�ç¨ ¤«ï ®¯â¨¬�«ì−®£® à�§¬¥é¥−¨ï ¤�−−ëå ¢ ¯�¬ïâ¨ ¯à®£à�¬-
¬ë. �¤−¨¬ ¨§ ¯®¯ã«ïà−ëå ®¡®¡é¥−¨© ª«�áá¨ç¥áª®© ¯®áâ�−®¢ª¨ áç¨â�¥âáï
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§�¤�ç� ® £¥®¬¥âà¨ç¥áª®© ã¯�ª®¢ª¥, á®áâ®ïé�ï ¢ ¬¨−¨¬¨§�æ¨¨ ç¨á«� ª¢�¤à�â-
−ëå ª®−â¥©−¥à®¢, −ã¦−ëå ¤«ï ã¯�ª®¢ª¨ ¯àï¬®ã£®«ì−ëå ¤¥â�«¥© [2]. „�−-
−�ï §�¤�ç� ï¢«ï¥âáï ç�áâ−ë¬ á«ãç�¥¬ ¡®«¥¥ ®¡é¥© ¯®áâ�−®¢ª¨ ¬−®£®¬¥à−®©
(¢¥ªâ®à−®©) ã¯�ª®¢ª¨, £¤¥ ¯à¥¤¬¥âë ¨ ª®−â¥©−¥àë ¨¬¥îâ d ≥ 2 ¨§¬¥à¥−¨©.
�®¤à®¡−ë© ®¡§®à ¢�à¨�−â®¢ ¬−®£®¬¥à−®© §�¤�ç¨ ®¡ ã¯�ª®¢ª¥ ¯à¨¢¥¤¥− ¢ à�¡®-
â¥ [3].

‡�¤�ç� ã¯�ª®¢ª¨ ¢ ª®−â¥©−¥àë ¨¬¥¥â ¬−®¦¥áâ¢® ¨ ¤àã£¨å ¯à�ªâ¨ç¥áª¨å ¯à¨-
«®¦¥−¨©. �à¨¬¥−¥−¨¥ ¬¥â®¤®¢ à¥è¥−¨ï §�¤�ç¨ ã¯�ª®¢ª¨ ¢ ª®−â¥©−¥àë ¤«ï
¯®áâà®¥−¨ï ®¯â¨¬�«ì−®£® à�á¯¨á�−¨ï ¬−®£®¯à®æ¥áá®à−®© á¨áâ¥¬ë à�áá¬�âà¨¢�-
¥âáï ¢ à�¡®â¥ [4]. ‚ à�¡®â¥ [5] BPP ¯à¨¬¥−ï¥âáï ¤«ï à¥è¥−¨ï §�¤�ç ®¯â¨¬�«ì−®£®
à�á¯¨á�−¨ï à�¡®âë ¬−®£®¯à®æ¥áá®à−®© á¨áâ¥¬ë ¨ ¯®áâà®¥−¨ï −�¨«ãçè¥£® à�á-
¯à¥¤¥«¥−¨ï ¯�áá�¦¨à®¢ ¯® �¢â®¡ãá�¬. ‘«¥¤ã¥â â�ª¦¥ ®â¬¥â¨âì ¯à¨«®¦¥−¨ï
§�¤�ç¨ ®¡ ®¯â¨¬�«ì−®© ã¯�ª®¢ª¥ ¢ ®¡«�áâ¨ ¯«�−¨à®¢�−¨ï å¨àãà£¨ç¥áª¨å ®¯¥à�-
æ¨© [6] ¨ ®¡«�ç−ëå ¢ëç¨á«¥−¨© [7].

‡�¤�ç� BPP ®â−®á¨âáï ª NP-âàã¤−ë¬ [8], ¨ −�å®¦¤¥−¨¥ â®ç−®£® à¥è¥−¨ï
§�ç�áâãî −¥¢®§¬®¦−® ¤«ï ¯®áâ�−®¢®ª, ¢®§−¨ª�îé¨å −� ¯à�ªâ¨ª¥. �®íâ®¬ã ¯à¨
¯à�ªâ¨ç¥áª®¬ ¯à¨¬¥−¥−¨¨ ¤«ï à¥è¥−¨ï §�¤�ç¨ ã¯�ª®¢ª¨ ¢ ª®−â¥©−¥àë ç�áâ®
¨á¯®«ì§ãîâáï í¢à¨áâ¨ç¥áª¨¥ �«£®à¨â¬ë ¨§-§� ¨å á¯®á®¡−®áâ¨ ¡ëáâà® −�å®¤¨âì
¯à¨¡«¨¦¥−−ë¥ à¥è¥−¨ï, ¡«¨§ª¨¥ ª ®¯â¨¬�«ì−ë¬. �¤−¨¬ ¨§ ®á−®¢®¯®«�£�îé¨å
¨ −�¨¡®«¥¥ à�á¯à®áâà�−¥−−ëå ¢¨¤®¢ í¢à¨áâ¨ç¥áª¨å �«£®à¨â¬®¢ áç¨â�îâáï â�ª −�-
§ë¢�¥¬ë¥ ¦�¤−ë¥ �«£®à¨â¬ë, ®á−®¢�−−ë¥ −� ¯à¨−ïâ¨¨ «®ª�«ì−®-®¯â¨¬�«ì−ëå
à¥è¥−¨© −� ª�¦¤®¬ è�£¥. ��§®¢ë¥ ¦�¤−ë¥ í¢à¨áâ¨ª¨ NFD (next-fit decreasing),
FFD (first-fit decreasing), BFD (best-fit decreasing) ¨ WFD (worst-fit decreasing)
¨§¢¥áâ−ë ¤�¢−® (á¬., −�¯à¨¬¥à, [9]).

„«ï á®ªà�é¥−¨ï ¯¥à¥¡®à� ¢ ª®¬¡¨−�â®à−ëå §�¤�ç�å ¯à¨¬¥−ïîâ à¥¤ãªæ¨¨ |
¯à�¢¨«�, ¯®§¢®«ïîé¨¥ ®¯à¥¤¥«¨âì §−�ç¥−¨ï −¥ª®â®àëå ¯¥à¥¬¥−−ëå §�¤�ç¨,
®¯¨à�ïáì −� ¥¥ á¢®©áâ¢�. ÷¥¤ãªæ¨¨ å®à®è® §�à¥ª®¬¥−¤®¢�«¨ á¥¡ï ¢ ª®¬¡¨−�æ¨¨
á â®ç−ë¬¨ �«£®à¨â¬�¬¨ à¥è¥−¨ï, −�¯à¨¬¥à á ¬¥â®¤®¬ ¢¥â¢¥© ¨ £à�−¨æ [9].
Š�ª ¡ã¤¥â ¯®ª�§�−® ¤�«¥¥ ¢ áâ�âì¥, à¥¤ãªæ¨¨, ¯à¥¤¢�à¨â¥«ì−® ¯à¨¬¥−ï¥¬ë¥
ª ¨áå®¤−®© §�¤�ç¥, ¬®£ãâ ã¢¥«¨ç¨¢�âì íää¥ªâ¨¢−®áâì ¦�¤−ëå �«£®à¨â¬®¢.

‘ æ¥«ìî ®¯à¥¤¥«¥−¨ï −�¨«ãçè¥£® ¢�à¨�−â� á®ç¥â�−¨ï à¥¤ãªæ¨¨ á à�§«¨ç−ë¬¨
í¢à¨áâ¨ª�¬¨ ¢ áâ�âì¥ ¯à®¢¥¤¥−® íªá¯¥à¨¬¥−â�«ì−®¥ áà�¢−¥−¨¥ ¦�¤−ëå í¢à¨áâ¨ª
¨ ª®¬¡¨−�æ¨¨ úà¥¤ãªæ¨ï + í¢à¨áâ¨ª�û −� −¥áª®«ìª¨å â¥áâ®¢ëå −�¡®à�å ¤�−-
−ëå ¯® −¥áª®«ìª¨¬ ªà¨â¥à¨ï¬: ª�ç¥áâ¢® à�¡®âë à¥¤ãªæ¨¨, ç¨á«® ¯®«ãç¥−−ëå
®¯â¨¬�«ì−ëå à¥è¥−¨©, áà¥¤−¥¥ ®âª«®−¥−¨¥ ¯®«ãç¥−−ëå ¯à¨¡«¨¦¥−−ëå à¥è¥−¨©
®â ®¯â¨¬ã¬®¢ (¢ ¯à®æ¥−â�å), áà¥¤−¥¥ ¢à¥¬ï à�¡®âë. ÷¥§ã«ìâ�âë íªá¯¥à¨¬¥−â®¢
¯®ª�§�«¨, çâ® íää¥ªâ ®â ¯à¥¤¢�à¨â¥«ì−®£® ¯à¨¬¥−¥−¨ï à¥¤ãªæ¨¨ á¨«ì−® §�¢¨á¨â
®â ¨áå®¤−ëå ¤�−−ëå §�¤�ç¨ (ç¨á«� ¯à¥¤¬¥â®¢ ¢ −�¡®à¥, ¢¬¥áâ¨¬®áâ¨ ª®−â¥©−¥à�,
¤¨�¯�§®−� ¢¥á®¢ ¯à¥¤¬¥â®¢ ¢ −�¡®à¥) ¨ ¨á¯®«ì§ã¥¬®© í¢à¨áâ¨ª¨.

÷�¡®â� ®à£�−¨§®¢�−� á«¥¤ãîé¨¬ ®¡à�§®¬. ‚â®à®© à�§¤¥« á®¤¥à¦¨â ®¡§®à
«¨â¥à�âãàë, −�æ¥«¥−−ë© −� ¨áá«¥¤®¢�−¨¥ ¯à¨¬¥−¥−¨ï à¥¤ãªæ¨¨ ¤«ï ãáª®à¥−¨ï
à�¡®âë �«£®à¨â¬®¢ à¥è¥−¨ï §�¤�ç ¤¨áªà¥â−®© ®¯â¨¬¨§�æ¨¨. ’à¥â¨© à�§¤¥« á®-
¤¥à¦¨â ¯®áâ�−®¢ªã §�¤�ç¨ ¨ ®¯¨á�−¨¥ ¨á¯®«ì§ã¥¬ëå �«£®à¨â¬®¢. ‚ ç¥â¢¥àâ®¬
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à�§¤¥«¥ ¯®¤à®¡−® ®¯¨á�−ë ¤�−−ë¥, ¨á¯®«ì§®¢�−−ë¥ ¤«ï íªá¯¥à¨¬¥−â®¢, ¯®«ã-
ç¥−−ë¥ à¥§ã«ìâ�âë ¨ ªà�âª¨¥ ¢ë¢®¤ë ¯® ª�¦¤®¬ã íªá¯¥à¨¬¥−âã. ��ª®−¥æ,
¢ ¯ïâ®¬ à�§¤¥«¥ ¯®¤¢®¤ïâáï ¨â®£¨ íªá¯¥à¨¬¥−â®¢ ¨ ¯à¥¤«�£�îâáï ¤�«ì−¥©è¥¥
¯¥àá¯¥ªâ¨¢ë ¨áá«¥¤®¢�−¨ï.

2 Обзор литературы

ˆ§ãç¥−¨¥ ¯à®æ¥¤ãàë à¥¤ãªæ¨¨ ¤«ï BPP ¬®¦−® ¯à®á«¥¤¨âì ®â ®á−®¢®¯®-
«�£�îé¥© à�¡®âë [8]. �à®æ¥¤ãàë à¥¤ãªæ¨¨ [10, 11] áë£à�«¨ ª«îç¥¢ãî à®«ì
¢ à�§à�¡®âª¥ ¯à¨¡«¨¦¥−−ëå �«£®à¨â¬®¢ ¤«ï BPP. �á−®¢−�ï ¨¤¥ï ¯à®æ¥¤ãàë
à¥¤ãªæ¨¨ §�ª«îç�¥âáï ¢ ¯à¥®¡à�§®¢�−¨¨ ¯à¨¬¥à� §�¤�ç¨ ¢ ¡®«¥¥ ¯à®áâ®© ¯à¨¬¥à
á á®åà�−¥−¨¥¬ ®¯â¨¬�«ì−®£® §−�ç¥−¨ï à¥è¥−¨ï. ‡�â¥¬ íâ®â ¡®«¥¥ ¯à®áâ®© ¯à¨¬¥à
¬®¦¥â ¡ëâì à¥è¥− ¡®«¥¥ íää¥ªâ¨¢−®, ®¡¥á¯¥ç¨¢�ï ¯®«¥§−ãî ®â¯à�¢−ãî â®çªã
¤«ï à�§à�¡®âª¨ ¯à¨¡«¨¦¥−−ëå �«£®à¨â¬®¢.

�� ¯à®âï¦¥−¨¨ ¬−®£¨å «¥â ¨áá«¥¤®¢�â¥«¨ ¯à¥¤«�£�«¨ à�§«¨ç−ë¥ ¯à®æ¥¤ãàë
á®ªà�é¥−¨ï ¤«ï BPP, ¢ª«îç�ï ¨§¢¥áâ−ë© �«£®à¨â¬ FFD, ª®â®àë© á®àâ¨àã-
¥â ¯à¥¤¬¥âë ¢ ¯®àï¤ª¥ ã¬¥−ìè¥−¨ï à�§¬¥à� ¨ §�â¥¬ ã¯�ª®¢ë¢�¥â ¨å ¦�¤−ë¬
�«£®à¨â¬®¬, ¨á¯®«ì§ãï ¯¥à¢ë© ¤®áâã¯−ë© ª®−â¥©−¥à. •®âï FFD −¥ ®¯â¨¬�-
«¥−, −� ¯à�ªâ¨ª¥ ®− ¯®ª�§�« å®à®èãî ¯à®¨§¢®¤¨â¥«ì−®áâì ¨ áâ�« −�ç�«ì−ë¬
�«£®à¨â¬®¬ ¤«ï áà�¢−¥−¨ï ¯à®¨§¢®¤¨â¥«ì−®áâ¨ ¤àã£¨å ¯à¨¡«¨¦¥−−ëå �«£®à¨â-
¬®¢.

‚ áâ�âì¥ [12] ¨á¯®«ì§ã¥âáï �«£®à¨â¬ FFD ¢ ª�ç¥áâ¢¥ ¡�§®¢®£® �«£®à¨â-
¬� ¢ £¨¯¥àí¢à¨áâ¨ç¥áª®¬ ¯®¤å®¤¥, ª®â®àë© ®¡ê¥¤¨−ï¥â −¥áª®«ìª® �«£®à¨â¬®¢
¤«ï à¥è¥−¨ï §�¤�ç¨ ã¯�ª®¢ª¨ ª®−â¥©−¥à� á æ¥«ìî ã«ãçè¥−¨ï à¥§ã«ìâ�â®¢. ‚ [13]
�¢â®àë ¨áá«¥¤®¢�«¨ í−¥à£®¯®âà¥¡«¥−¨¥ æ¥−âà� ®¡à�¡®âª¨ ¤�−−ëå á ¨á¯®«ì§®-
¢�−¨¥¬ CloudSim ¤® ¨ ¯®á«¥ ¯à¨¬¥−¥−¨ï �«£®à¨â¬®¢ ã¯�ª®¢ª¨ ¢ ª®−â¥©−¥àë:
FFD ¨ Ant Colony Optimization (ACO). ˆå à¥§ã«ìâ�âë ¯®ª�§�«¨, çâ® FFD
¡ë« ¡®«¥¥ íää¥ªâ¨¢¥−, ç¥¬ ACO, ¢ ¬¨−¨¬¨§�æ¨¨ í−¥à£®¯®âà¥¡«¥−¨ï ¤«ï «î-
¡®£® â¨¯� ®¡«�ç−ëå á¨áâ¥¬. ‚ [14] �¢â®àë ¨á¯®«ì§ãîâ ¤¢� å®à®è® ¨§¢¥áâ-
−ëå �«£®à¨â¬� ¤«ï ®¯â¨¬¨§�æ¨¨ í−¥à£®¯®âà¥¡«¥−¨ï á¨áâ¥¬ à¥�«ì−®£® ¢à¥¬¥−¨,
à�¡®â�îé¨å −� ¬−®£®ï¤¥à−ëå ¯«�âä®à¬�å: BFD ¨ WFD ¨á¯®«ì§ãîâáï ¤«ï
á®àâ¨à®¢ª¨ §�¤�ç ¢ ¯®àï¤ª¥ ã¡ë¢�−¨ï ¨å à�§¬¥à®¢, � §�â¥¬ à�á¯à¥¤¥«¥−¨ï ¨å
¯® ¤®áâã¯−ë¬ ï¤à�¬ â�ª¨¬ ®¡à�§®¬, çâ®¡ë á¢¥áâ¨ ª ¬¨−¨¬ã¬ã äà�£¬¥−â�æ¨î
ï¤¥à. �¢â®àë áà�¢−¨¢�îâ ¯à¥¤«®¦¥−−ë© ¯®¤å®¤ á ¤¢ã¬ï ¤àã£¨¬¨ ¬¥â®¤�¬¨
à�§¤¥«¥−¨ï §�¤�ç: ä¨ªá¨à®¢�−−ë¬ à�§¤¥«¥−¨¥¬ ¨ ¤¨−�¬¨ç¥áª¨¬ à�§¤¥«¥−¨¥¬.
÷¥§ã«ìâ�âë ¯®ª�§ë¢�îâ, çâ® ¯à¥¤«®¦¥−−ë© ¯®¤å®¤ ®¡¥á¯¥ç¨¢�¥â ¡®«¥¥ ¢ëá®-
ªãî í−¥à£®íää¥ªâ¨¢−®áâì ¯à¨ ®¤−®¢à¥¬¥−−®¬ ã¤®¢«¥â¢®à¥−¨¨ ®£à�−¨ç¥−¨ï¬
§�¤�ç¨.

�¤−� ¨§ ®á−®¢−ëå ¯à®¡«¥¬ ¯à¨ à�§à�¡®âª¥ ¯à¨¡«¨¦¥−−ëå �«£®à¨â¬®¢ ¤«ï
§�¤�ç¨ ã¯�ª®¢ª¨ ¢ ª®−â¥©−¥àë | ¯®«ãç¥−¨¥ ¦¥áâª¨å −¨¦−¨å £à�−¨æ ¤«ï ®¯â¨-
¬�«ì−®£® §−�ç¥−¨ï à¥è¥−¨ï. �¨¦−¨¥ £à�−¨æë ¢�¦−ë, ¯®áª®«ìªã ®−¨ ®¡¥á-
¯¥ç¨¢�îâ íâ�«®−, ¯® ª®â®à®¬ã ¬®¦−® ®æ¥−¨âì íää¥ªâ¨¢−®áâì ¯à¨¡«¨¦¥−−ëå
�«£®à¨â¬®¢. ‚ à�¡®â¥ [15] ¯à¥¤«®¦¥−ë −®¢ë¥ −¨¦−¨¥ £à�−¨æë ¨ ¯à®æ¥¤ãàë
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…. �. ��à�è®¢, �. ‚. …£®àª¨−, „. ‚. ‹¥¬âî¦−¨ª®¢�, Œ. �. �®áë¯ª¨−

à¥¤ãªæ¨¨ ¤«ï §�¤�ç¨ ã¯�ª®¢ª¨ ¢ ª®−â¥©−¥àë, ª®â®àë¥ è¨à®ª® ¨á¯®«ì§ãîâáï
¨ ¨§ãç�îâáï á ¬®¬¥−â� ¯ã¡«¨ª�æ¨¨ áâ�âì¨. �¨¦−¨¥ £à�−¨æë ®á−®¢�−ë −�
¨¤¥¥ à�§¡¨¥−¨ï ¯à¥¤¬¥â®¢ −� ¯®¤¬−®¦¥áâ¢� ¨ ®£à�−¨ç¥−¨¨ ç¨á«� ª®−â¥©−¥à®¢,
−¥®¡å®¤¨¬ëå ¤«ï ã¯�ª®¢ª¨ ª�¦¤®£® ¯®¤¬−®¦¥áâ¢�. �à®æ¥¤ãàë à¥¤ãªæ¨¨ ¯à¥¤-
−�§−�ç¥−ë ¤«ï ¯à¥®¡à�§®¢�−¨ï ¯à¨¬¥à� §�¤�ç¨ ¢ ¬¥−ìè¨©, á®åà�−ïï ¯à¨ íâ®¬
¥¥ ®¯â¨¬�«ì−®¥ à¥è¥−¨¥. ‚ à�¡®â¥ [16] ¨áá«¥¤ãîâáï −¨¦−¨¥ ®æ¥−ª¨ ¤«ï BBP,
ª®â®àë¥ ¡ë«¨ ¢¢¥¤¥−ë ¢ [15]. �®ª�§�−� ¢§�¨¬®á¢ï§ì íâ¨å ®æ¥−®ª. �−�«¨â¨ç¥áª¨
¯®«ãç¥−® §−�ç¥−¨¥ −�¨åã¤è¥£® �á¨¬¯â®â¨ç¥áª®£® ª®íää¨æ¨¥−â� ®¤−®© ¨§ ®æ¥−®ª
¨ ¯®ª�§�−®, çâ® ®−® −¥ã«ãçè�¥¬®.

‚ à�¡®â¥ [17] ¢¢®¤ïâáï −®¢ë¥ ª«�ááë ¡ëáâàëå −¨¦−¨å ®æ¥−®ª ¤«ï BPP á ã«ãç-
è¥−−®© �á¨¬¯â®â¨ç¥áª®© ¯à®¨§¢®¤¨â¥«ì−®áâìî ¢ −�¨åã¤è¥¬ á«ãç�¥. �� ¡®«ìè®¬
−�¡®à¥ ¤�−−ëå ¯®ª�§�−®, çâ® ¯à¥¤«®¦¥−−ë¥ ®æ¥−ª¨ ã¬¥−ìè�îâ ®âª«®−¥−¨¥ ®â
®¯â¨¬ã¬� ¨ ¢ëç¨á«¨â¥«ì−ë¥ §�âà�âë −� à¥è¥−¨¥. ‚ à�¡®â¥ [18] ¯à¥¤áâ�¢«¥−
®¡é¨© ¯®¤å®¤ ª ¯®«ãç¥−¨î −®¢ëå ¡ëáâàëå −¨¦−¨å ®æ¥−®ª, ®á−®¢�−−ë© −�
¤¢®©áâ¢¥−−ëå ¤®¯ãáâ¨¬ëå äã−ªæ¨ïå. �−�«¨§ −�¨åã¤è¥£® á«ãç�ï ¨ à¥§ã«ìâ�-
âë ¢ëç¨á«¥−¨© ¯®ª�§ë¢�îâ, çâ® ®¤¨− ¨§ ¯à¥¤«®¦¥−−ëå ª«�áá®¢ ¯à¥¢®áå®¤¨â
−�¨«ãçèãî −¨¦−îî ®æ¥−ªã ¨§ [15]. �®«ãç¥−® §−�ç¥−¨¥ �á¨¬¯â®â¨ç¥áª®© ¯à®-
¨§¢®¤¨â¥«ì−®áâ¨ ¢ åã¤è¥¬ á«ãç�¥ ¤«ï ®æ¥−ª¨, ª®â®à�ï ¬®¦¥â ¡ëâì ¢ëç¨á«¥−� §�
«¨−¥©−®¥ ¢à¥¬ï ¤«ï í«¥¬¥−â®¢, ®âá®àâ¨à®¢�−−ëå ¯® à�§¬¥àã.

�â¤¥«ì−ë© ¨−â¥à¥á ¯à¥¤áâ�¢«ïîâ �«£®à¨â¬ë à¥¤ãªæ¨© ¤«ï BPP. ‚ áâ�âì¥ [19]
¯à¥¤«�£�îâáï −®¢ë¥ í¢à¨áâ¨ª¨, ®á−®¢�−−ë¥ −� ª®−æ¥¯æ¨¨ ª®−âà®«ï áà¥¤−¥£® ¢¥-
á�, ª®â®àë© á«ã¦¨â ¬¥à®© áà¥¤−¥£® ¢¥á� ¯à¥¤¬¥â®¢ ¢ ª®−â¥©−¥à�å. �¢â®àë
¨á¯®«ì§ãîâ â¥å−¨ªã à¥¤ãªæ¨¨ ¤«ï ã¯à®é¥−¨ï ¯à¨¬¥à� §�¤�ç¨ ¨ ¯®¢ëè¥−¨ï íä-
ä¥ªâ¨¢−®áâ¨ í¢à¨áâ¨ª¨. ’¥å−¨ª� à¥¤ãªæ¨¨ ®á−®¢�−� −� â®¬ −�¡«î¤¥−¨¨, çâ®
−¥ª®â®àë¥ ¯à¥¤¬¥âë ¬®£ãâ ¡ëâì ã¯�ª®¢�−ë ¢¬¥áâ¥ ¡¥§ ãé¥à¡� ¤«ï ®¯â¨¬�«ì−®£®
à¥è¥−¨ï. �¢â®àë ¯®ª�§ë¢�îâ, ª�ª ®¯à¥¤¥«¨âì â�ª¨¥ £àã¯¯ë ¯à¥¤¬¥â®¢ ¨ ã¯�-
ª®¢�âì ¨å ¢ ®¤¨− ª®−â¥©−¥à, çâ® ã¬¥−ìè�¥â à�§¬¥à §�¤�ç¨ ¨ ¤¥«�¥â í¢à¨áâ¨ªã
¡®«¥¥ íää¥ªâ¨¢−®©. ’¥å−¨ª� ã¬¥−ìè¥−¨ï ¯à¨¬¥−ï¥âáï ¨â¥à�â¨¢−®, ¨ �¢â®àë
¯®ª�§ë¢�îâ, çâ® ®−� ¯à¨¢®¤¨â ª §−�ç¨â¥«ì−®¬ã ã¬¥−ìè¥−¨î à�§¬¥à� §�¤�ç¨
¡¥§ ãé¥à¡� ¤«ï ®¯â¨¬�«ì−®£® à¥è¥−¨ï. �¢à¨áâ¨ª¨ ®æ¥−¨¢�îâáï −� ¡®«ìè®¬
−�¡®à¥ íâ�«®−−ëå ¯à¨¬¥à®¢, ¨ à¥§ã«ìâ�âë ¯®ª�§ë¢�îâ, çâ® ®−¨ ¯à¥¢®áå®¤ïâ
á®¢à¥¬¥−−ë¥ í¢à¨áâ¨ª¨ ª�ª ¯® ª�ç¥áâ¢ã à¥è¥−¨ï, â�ª ¨ ¯® ¢à¥¬¥−¨ ¢ëç¨á«¥-
−¨©.

‚ áâ�âì¥ [20] ¯à¥¤«�£�¥âáï −®¢�ï í¢®«îæ¨®−−�ï í¢à¨áâ¨ª� ¤«ï à¥è¥−¨ï §�¤�ç¨
ã¯�ª®¢ª¨ ¢ ª®−â¥©−¥àë. �¢à¨áâ¨ª� ®á−®¢�−� −� £¥−¥â¨ç¥áª®¬ �«£®à¨â¬¥, ª®â®àë©
¨á¯®«ì§ã¥â −�¡®à í¢à¨áâ¨ª ¤«ï £¥−¥à�æ¨¨ −®¢ëå à¥è¥−¨© ¨ ã«ãçè¥−¨ï ¯à¨£®¤-
−®áâ¨ ¯®¯ã«ïæ¨¨. „«ï ¯®¢ëè¥−¨ï íää¥ªâ¨¢−®áâ¨ £¥−¥â¨ç¥áª®£® �«£®à¨â¬�
�¢â®àë ¨á¯®«ì§ãîâ â¥å−¨ªã à¥¤ãªæ¨¨, ª®â®à�ï ã¯à®é�¥â ¯à¨¬¥à §�¤�ç¨ ¯ãâ¥¬
¢ëï¢«¥−¨ï ¨ ã¤�«¥−¨ï «¨è−¨å í«¥¬¥−â®¢. �¢â®àë ¯®ª�§ë¢�îâ, çâ® â¥å−¨ª� á®-
ªà�é¥−¨ï ¯à¨¢®¤¨â ª §−�ç¨â¥«ì−®¬ã ã¬¥−ìè¥−¨î à�§¬¥à� §�¤�ç¨, çâ® ¯®¢ëè�¥â
íää¥ªâ¨¢−®áâì £¥−¥â¨ç¥áª®£® �«£®à¨â¬�. �−¨ â�ª¦¥ ¯®ª�§ë¢�îâ, çâ® ¨á¯®«ì§ã-
¥¬�ï á¯¥æ¨�«ì−�ï à¥¤ãªæ¨ï −¥ ¢«¨ï¥â −� ª�ç¥áâ¢® à¥è¥−¨©, ¯®«ãç�¥¬ëå �«£®-
à¨â¬®¬.
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3 Базовая теория и алгоритмы

3.1 Постановка задачи

�à¨¢¥¤¥¬ ¯®áâ�−®¢ªã ®¤−®¬¥à−®© §�¤�ç¨ ã¯�ª®¢ª¨ ¢ ª®−â¥©−¥àë (BPP) [9].
��¡®à ¯à¥¤¬¥â®¢ w1, . . . , wn à�§«¨ç−ëå æ¥«®ç¨á«¥−−ëå à�§¬¥à®¢ ¤®«¦¥− ¡ëâì
ã¯�ª®¢�− ¢ ª®−¥ç−®¥ ç¨á«® ª®−â¥©−¥à®¢ (¡¨−®¢), ã ª�¦¤®£® ¨§ ª®â®àëå ®£à�−¨ç¥−-
−�ï æ¥«®ç¨á«¥−−�ï ¢¬¥áâ¨¬®áâì c, â�ª¨¬ ®¡à�§®¬, çâ®¡ë ç¨á«® ¨á¯®«ì§®¢�−−ëå
ª®−â¥©−¥à®¢ ¡ë«® ¬¨−¨¬�«ì−®. �à¥¤¯®«�£�¥âáï, çâ® wi ≤ c ¤«ï i = 1, . . . , n.

�¥á¬®âàï −� â® çâ® ¡ë«¨ à�§à�¡®â�−ë ¬¥â®¤ë â®ç−®£® à¥è¥−¨ï BPP, −�
¯à�ªâ¨ª¥ à¥è�îéãî à®«ì ¨£à�îâ í¢à¨áâ¨ª¨, ¯®áª®«ìªã ®−¨ á¯®á®¡−ë á¯à�¢¨âìáï
á® á«®¦−ë¬¨ ¯à¨¬¥à�¬¨ §� à�§ã¬−®¥ ¢à¥¬ï. ‚ ®áâ�¢è¥©áï ç�áâ¨ íâ®£® à�§¤¥«�
¯à¨¢®¤¨âáï ®¯¨á�−¨¥ −¥áª®«ìª¨å í¢à¨áâ¨ª, ¯à¥¤«®¦¥−−ëå ¢ «¨â¥à�âãà¥. �à¨
®¯¨á�−¨¨ ¡ã¤¥â ¨á¯®«ì§®¢�âìáï â¥à¬¨− ú¡¨− ®âªàë¢�¥âáïû ¤«ï á¨âã�æ¨¨, ª®£¤�
§�¤¥©áâ¢ã¥âáï −®¢ë© ¡¨− ¨§ ç¨á«� −¥¨á¯®«ì§®¢�−−ëå, ¨ ú¡¨− §�ªàë¢�¥âáïû,
ª®£¤� ¡¨− ¤�«¥¥ −¥ à�áá¬�âà¨¢�¥âáï ¤«ï ¤®¡�¢«¥−¨ï ¢ −¥£® −®¢ëå ¯à¥¤¬¥â®¢.

3.2 Жадные эвристики

�¯¨è¥¬ ¨§¢¥áâ−ë¥ ª«�áá¨ç¥áª¨¥ ¦�¤−ë¥ �«£®à¨â¬ë, ¯à¨¢¥¤¥−−ë¥ ¢ [9, 21].
�¥à¥¤ −�ç�«®¬ à�¡®âë í¢à¨áâ¨ª ¢ë¯®«−ï¥âáï ¯à¥¤¢�à¨â¥«ì−�ï á®àâ¨à®¢ª� ¯à¥¤-
¬¥â®¢ ¢ ¯®àï¤ª¥ ã¡ë¢�−¨ï ¢¥á®¢, ¯®íâ®¬ã ¢ −�§¢�−¨ïå ¢á¥å í¢à¨áâ¨ª ¯à¨áãâáâ¢ã¥â
¡ãª¢� `D' | decreasing. ‚á¥ ¦�¤−ë¥ í¢à¨áâ¨ª¨ −�ç¨−�îâáï á â®£®, çâ® ¯¥à¢ë©
¯à¥¤¬¥â ¯®¬¥é�¥âáï ¢ ¯¥à¢ë© ¡¨−.

NFD | next-fit-decreasing. …á«¨ ¢ â¥ªãé¥¬ ¡¨−¥ ¤®áâ�â®ç−® á¢®¡®¤−®£® ¬¥á-
â�, ª«�¤¥¬ ¯à¥¤¬¥â ¢ −¥£®. ‚ ¯à®â¨¢−®¬ á«ãç�¥ §�ªàë¢�¥¬ â¥ªãé¨© ¡¨−,
®âªàë¢�¥¬ −®¢ë©, ¤¥«�¥¬ ¥£® â¥ªãé¨¬ ¨ ª«�¤¥¬ ¢ −¥£® ¯à¥¤¬¥â.

FFD | first-fit-decreasing. Š�¦¤ë© ¯à¥¤¬¥â ¯®¬¥é�¥âáï ¢ ¯¥à¢ë© ¡¨−, −�ç¨−�ï
á −�ç�«� á¯¨áª� §�¤¥©áâ¢®¢�−−ëå ¡¨−®¢, ¢ ª®â®à®¬ ¤®áâ�â®ç−® ¬¥áâ� ¤«ï ¥£®
à�§¬¥é¥−¨ï. …á«¨ −¨ ¢ ®¤−®¬ ¨§ ¡¨−®¢ ¬¥áâ� −¥â, ®âªàë¢�¥¬ −®¢ë© ¡¨−
¨ ª«�¤¥¬ ¢ −¥£® ¯à¥¤¬¥â.

BFD | best-fit-decreasing. �¨− ¤«ï à�§¬¥é¥−¨ï ®ç¥à¥¤−®£® ¯à¥¤¬¥â� ¢ë¡¨à�-
¥âáï â�ª¨¬ ®¡à�§®¬, çâ®¡ë ®áâ�¢è¥¥áï ¢ ¡¨−¥ ¯à®áâà�−áâ¢® ¡ë«® ¬¨−¨¬�«ì-
−ë¬. …á«¨ −¨ ¢ ®¤−®¬ ¨§ ã¦¥ §�¤¥©áâ¢®¢�−−ëå ¡¨−®¢ ¬¥áâ� −¥â, ®âªàë¢�¥¬
−®¢ë© ¡¨− ¨ ¯®¬¥é�¥¬ ¯à¥¤¬¥â ¢ −¥£®.

WFD | worst-fit-decreasing. �¨− ¤«ï à�§¬¥é¥−¨ï ®ç¥à¥¤−®£® ¯à¥¤¬¥â�
¢ë¡¨à�¥âáï â�ª¨¬ ®¡à�§®¬, çâ®¡ë ®áâ�¢è¥¥áï ¢ ¡¨−¥ ¯à®áâà�−áâ¢® ¡ë«®
¬�ªá¨¬�«ì−ë¬. …á«¨ −¨ ¢ ®¤−®¬ ¨§ ã¦¥ §�¤¥©áâ¢®¢�−−ëå ¡¨−®¢ ¬¥áâ� −¥â,
®âªàë¢�¥¬ −®¢ë© ¡¨− ¨ ª«�¤¥¬ ¢ −¥£® ¯à¥¤¬¥â.

TSFD | two-sides-fit-decreasing. „«ï ª�¦¤®£® ¯à¥¤¬¥â� ¨é¥âáï ¤¢� −�¡®à�
í«¥¬¥−â®¢, ª®â®àë¥ ¬®£ãâ ¡ëâì ¯®¬¥é¥−ë ¢¬¥áâ¥ á −¨¬ ¢ ¡¨−. �¥à¢ë©
−�¡®à á®áâ�¢«ï¥âáï ¨§ ¯à¥¤¬¥â®¢, −�ç¨−�ï á −�ç�«� á¯¨áª� (¬�ªá¨¬�«ì−ë¥
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¯® ¢¥áã ¯à¥¤¬¥âë), ¢â®à®© | á ª®−æ� (á®¤¥à¦¨â ¬¨−¨¬�«ì−ë¥ í«¥¬¥−âë).
‚ ¡¨− ¯®¬¥é�¥âáï ¢ë¡à�−−ë© ¯à¥¤¬¥â ¨ −�¡®à ¨§ ¤¢ãå à�áá¬®âà¥−−ëå,
á −�¨¡®«ìè¨¬ ¢¥á®¬.

3.3 Алгоритмы редукции

÷�áá¬�âà¨¢�¥¬ë¬ �«£®à¨â¬®¬ à¥¤ãªæ¨¨ ¡ë« ¢ë¡à�− �«£®à¨â¬, ¯à¥¤áâ�¢«¥−-
−ë© ¢ [9]. �− áç¨â�¥âáï ª«�áá¨ç¥áª¨¬ ¨ −�¨¡®«¥¥ ç�áâ® ã¯®¬¨−�¥âáï ¢ «¨â¥à�âãà¥.

1. ‚ë¡à�âì ¯à¥¤¬¥â, ª®â®àë© ¥é¥ −¥ ¡ë« à�áá¬®âà¥− (¯à¥¤¬¥â A).

2. �®áç¨â�âì ¬�ªá¨¬�«ì−®¥ ç¨á«® ¯à¥¤¬¥â®¢ ¨§ ®áâ�¢è¨åáï, ª®â®àë¥ ¬®¦−®
¯®«®¦¨âì ¢¬¥áâ¥ á ¢ë¡à�−−ë¬ (ç¨á«® k).

3. …á«¨ k = 0, ¯à¥¤¬¥â A ¯®¬¥é�¥âáï ¢ ¡¨−, ¡¨− §�ªàë¢�¥âáï.

4. …á«¨ k = 1, ¢ë¡¨à�¥âáï ¬�ªá¨¬�«ì−ë© ¯à¥¤¬¥â ¨§ ®áâ�¢è¨åáï, ª®â®àë©
¬®¦−® ¯®«®¦¨âì ¢¬¥áâ¥ á ¯à¥¤¬¥â®¬ A, ¯®¬¥é�îâ ¨å ¢¬¥áâ¥ ¢ ¡¨−, ¡¨−
§�ªàë¢�¥âáï.

5. …á«¨ k = 2:

(a) −�©â¨ ¯à¥¤¬¥âë B ¨ C, ª®â®àë¥ á®®â¢¥âáâ¢ãîâ á«¥¤ãîé¨¬ ãá«®¢¨ï¬:

(i) wA +wB + wC ≤ c;
(ii) wB + wC ¬�ªá¨¬�«ì−�;
iii) C > B;

(¡) −�©â¨ í«¥¬¥−â D, ¤«ï ª®â®à®£®:

(i) wA +wD ≤ c;
(ii) wD ¬�ªá¨¬�«¥−;

(¢) ¥á«¨ wD > wB + wC , ¢ ¡¨− ¯®¬¥é�îâáï ¯à¥¤¬¥âë A ¨ D ¨ ¡¨−
§�ªàë¢�¥âáï;

(£) ¢ ¯à®â¨¢−®¬ á«ãç�¥, ¥á«¨ WD = WB ¨ ¢ë¯®«−¥−® å®âï ¡ë ®¤−® ¨§
á®®â−®è¥−¨©

(i) C − B ≤ 2;
(ii) wA +wC−1 + wC−2 > C,

¢ ¡¨− ¯®¬¥é�îâáï ¯à¥¤¬¥âë A, B ¨ C ¨ ¡¨− §�ªàë¢�¥âáï.

6. …á«¨ ¥é¥ −¥ ¢á¥ ¯à¥¤¬¥âë ¡ë«¨ à�áá¬®âà¥−ë, ¢ë¯®«−ï¥âáï ¯¥à¥å®¤ ª è�£ã 1.

ˆ§¢¥áâ−®, çâ® ¯à¨¬¥−¥−¨¥ à¥¤ãªæ¨¨ ¯®§¢®«ï¥â áãé¥áâ¢¥−−® á®ªà�â¨âì ¯¥-
à¥¡®à ¢ ¬¥â®¤¥ ¢¥â¢¥© ¨ £à�−¨æ [9]. ‚ ¤�−−®© à�¡®â¥ ¯à¥¤«�£�¥âáï ¯à¨¬¥−¨âì
à¥¤ãªæ¨¨ ¤«ï ãáª®à¥−¨ï ¦�¤−ëå �«£®à¨â¬®¢. „«ï íâ®£® á−�ç�«� ª ¨áå®¤−®©
§�¤�ç¥ ¯à¨¬¥−ï¥âáï à¥¤ãªæ¨ï, � ¯®â®¬ ª à¥¤ãæ¨à®¢�−−®© §�¤�ç¥ | ¦�¤−ë© �«-
£®à¨â¬. Š�ª ¡ã¤¥â ¯®ª�§�−® ¢ á«¥¤ãîé¥¬ à�§¤¥«¥, â�ª�ï ª®¬¡¨−�æ¨ï ¯à¨¢®¤¨â
ª áãé¥áâ¢¥−−®¬ã ¯®¢ëè¥−¨î ª�ç¥áâ¢� à�¡®âë �«£®à¨â¬� −� àï¤¥ ¯à¨¬¥à®¢.
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4 Численные эксперименты

4.1 Среда и исходные данные для проведения экспериментов

ˆá¯®«ì§®¢�− ï§ëª ¯à®£à�¬¬¨à®¢�−¨ï Python (¢¥àá¨ï 3.9), ¡¨¡«¨®â¥ª� numpy
¤«ï à�¡®âë á ¤�−−ë¬¨, ¡¨¡«¨®â¥ª� os ¤«ï ®¯¥à�æ¨© ¢¢®¤�-¢ë¢®¤� ¨ ¡¨¡«¨®â¥ª�
matplotlib ¤«ï ¯®áâà®¥−¨ï £à�ä¨ª®¢.

„«ï ¯à®¢¥¤¥−¨ï íªá¯¥à¨¬¥−â®¢ ¡ë«¨ ¨á¯®«ì§®¢�−ë á«¥¤ãîé¨¥ −�¡®àë ¤�−-
−ëå:

{ bin1data| 36 à�§«¨ç−ëå ª«�áá®¢, ¢ ª�¦¤®¬ ¯® 20 ¯à¨¬¥à®¢1;

{ bin2data| 48 à�§«¨ç−ëå ª«�áá®¢, ¢ ª�¦¤®¬ ¯® 10 ¯à¨¬¥à®¢2;

{ bin3data| 10 á«®¦−ëå ¯à¨¬¥à®¢3;

{ hard28| 28 ®ç¥−ì á«®¦−ëå ¯à¨¬¥à®¢4.

��¡®à hard28 áç¨â�¥âáï ª«�áá¨ç¥áª¨¬ −�¡®à®¬ ¤«ï â¥áâ¨à®¢�−¨ï �«£®à¨â¬®¢,
¯à¨¬¥−ï¥¬ëå ¤«ï à¥è¥−¨ï §�¤�ç¨ BPP, çâ® ®âà�¦¥−® ¢® ¬−®£¨å áâ�âìïå. „«ï
¡®«¥¥ ª®¬¯«¥ªá−®£® �−�«¨§� ¡ë«¨ â�ª¦¥ ¢§ïâë âà¨ ¡®«ìè¨å −�¡®à� (bin1data,
bin2data ¨ bin3data), ¯à¥¤áâ�¢«¥−−ëå −� á�©â¥ ‰¥−áª®£® ã−¨¢¥àá¨â¥â�. „«ï
íâ¨å −�¡®à®¢ å�à�ªâ¥à−® ¡®«ìè®¥ ç¨á«® à�§«¨ç−ëå ¢�à¨�−â®¢ ãá«®¢¨© §�¤�ç¨
á à�§«¨ç−ë¬¨ §−�ç¥−¨ï¬¨ ¢¬¥áâ¨¬®áâ¨ ª®à§¨−, ª®«¨ç¥áâ¢� ¨ à�á¯à¥¤¥«¥−¨ï ¢¥á®¢
¯à¥¤¬¥â®¢.

��à�¬¥âàë −�¡®à®¢ ¤�−−ëå ¯à¨¢¥¤¥−ë ¢ â�¡«. 1.

’�¡«¨æ� 1 �¯¨á�−¨¥ −�¡®à®¢ ¤�−−ëå bin1data ¨ bin2data

��¡®à ¤�−−ëå —¨á«® ¯à¥¤¬¥â®¢ ‚¬¥áâ¨¬®áâì ¡¨−� ‚¥á� ¯à¥¤¬¥â®¢
bin1data 50, 100, 200, 500 100, 120, 150 [1, 100], [20, 100], [30, 100]
bin2data 50, 100, 200, 500 1000 [13, 627]∗

∗‘à¥¤−¨¥ ¢¥á� ¯à¥¤¬¥â®¢ | c/3, c/5, c/7 ¨ c/9, £¤¥ c | ¢¬¥áâ¨¬®áâì ¡¨−�.
Œ�ªá¨¬�«ì−®¥ ®âª«®−¥−¨¥ ¢¥á� ¯à¥¤¬¥â� ®â áà¥¤−¥£® ¢¥á� | 20%, 50% ¨ 90%.

4.2 Результаты экспериментов

�ªá¯¥à¨¬¥−âë ¯®ª�§�«¨, çâ® à¥¤ãªæ¨ï ¤«ï ®¤−¨å ¤�−−ëå ã«ãçè�¥â à�¡®âã
¦�¤−ëå �«£®à¨â¬®¢, � ¤«ï ¤àã£¨å, −�¯à®â¨¢, ãåã¤è�¥â. ‘à¥¤¨ à¥è¥−−ëå
¯à¨¬¥à®¢ ¥áâì â�ª¨¥, ¤«ï ª®â®àëå â®«ìª® á ¯®¬®éìî ®¤−®© «¨èì à¥¤ãªæ¨¨ ¬®¦-
−® à¥è¨âì §�¤�çã ¯®«−®áâìî (â�¡«. 2). �� −�¡®à¥ bin1data à¥¤ãªæ¨ï ¯®§¢®«ï¥â
á®ªà�â¨âì à�§¬¥à−®áâì −� ¢á¥å ¯à¨¬¥à�å, ¯®«−®áâìî à¥è�ï ç�áâì ¨§ −¨å. ��

1https://www.wiwi.uni-jena.de/Entscheidung/binpp/bin1dat.htm
2https://www.wiwi.uni-jena.de/Entscheidung/binpp/bin2dat.htm
3https://www.wiwi.uni-jena.de/Entscheidung/binpp/bin3dat.htm
4https://www.euro-online.org/websites/esicup/wp-content/uploads/sites/12/2017/04/hard

28.zip
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’�¡«¨æ� 2 �¯¨á�−¨¥ −�¡®à®¢ ¤�−−ëå bin3data ¨ hard28

��¡®à ¤�−−ëå —¨á«® ¯à¥¤¬¥â®¢ ‚¬¥áâ¨¬®áâì ¡¨−� ‚¥á� ¯à¥¤¬¥â®¢
bin3data 200 100 000 [20 000, 35 000]
hard28 [140, 200] 1000 [1,800]

’�¡«¨æ� 3 �ää¥ªâ¨¢−®áâì ¯à¨¬¥−¥−¨ï à¥¤ãªæ¨¨

��¡®à ÷¥¤ãæ¨à®¢�−−ë¥ ¯à¥¤¬¥âë
¤�−−ëå ‚á¥ ¯à¥¤¬¥âë —�áâì ¯à¥¤¬¥â®¢ �¨ ®¤¨− ¯à¥¤¬¥â
bin1data 258 462 0
bin2data 0 36 444
bin3data 0 0 10
hard28 0 28 0

’�¡«¨æ� 4 „®«ï ¯à¨¬¥à®¢, ¢ ª®â®àëå ¯®«ãç¥−®
®¯â¨¬�«ì−®¥ à¥è¥−¨¥

��¡®à ¤�−−ëå ‘ à¥¤ãªæ¨¥© �¥§ à¥¤ãªæ¨¨
bin1data 562 488
bin2data 237 237
bin3data 0 0
hard28 5 5

−�¡®à¥ bin2data â®«ìª® ¢ 36 ¨§ 480 à¥¤ãªæ¨ï ¯à¨¢®¤¨â ª ã¬¥−ìè¥−¨î ç¨á«�
¯¥à¥¬¥−−ëå. �� −�¡®à¥ bin3data à¥¤ãªæ¨ï −¥ áà�¡®â�«� −¨ −� ®¤−®¬ ¯à¨¬¥à¥,
� −� hard28 ®¯à¥¤¥«¥−−®¥ ã¬¥−ìè¥−¨¥ ç¨á«� ¯¥à¥¬¥−−ëå ¯à®¨§®è«® ¤«ï ª�¦¤®£®
¯à¨¬¥à� (â�¡«. 3).

’�ª¦¥ ¨áá«¥¤®¢�«®áì ¢«¨ï−¨¥ à¥¤ãªæ¨¨ −� ç¨á«® ¯à¨¬¥à®¢, ¢ ª®â®àëå ¢ à¥-
§ã«ìâ�â¥ ¯à¨¬¥−¥−¨ï í¢à¨áâ¨ª ¡ë«¨ ¯®«ãç¥−ë ®¯â¨¬�«ì−ë¥ à¥è¥−¨ï (â�¡«. 4).
�� −�¡®à¥ bin1data ¡ë«® ¯®«ãç¥−® ¡®«ìè¥ ®¯â¨¬ã¬®¢ ¯à¨ à�¡®â¥ à¥¤ãªæ¨¨, −�
¢á¥å ®áâ�«ì−ëå | â® ¦¥ á�¬®¥ ª®«¨ç¥áâ¢®.

‚�¦−®© å�à�ªâ¥à¨áâ¨ª®© íää¥ªâ¨¢−®áâ¨ �«£®à¨â¬� á«ã¦¨â ¡«¨§®áâì ¯®«ãç�-
¥¬ëå ¯à¨¡«¨¦¥−−ëå à¥è¥−¨© ª ®¯â¨¬�«ì−ë¬. �� à¨á. 1 ¯®ª�§�−ë ®â−®á¨â¥«ì−ë¥
®âª«®−¥−¨ï ¯®«ãç¥−−ëå ¯à¨¡«¨¦¥−−ëå à¥è¥−¨© ®â ®¯â¨¬�«ì−ëå ¯à¨ §�¯ãáª¥
í¢à¨áâ¨ª ¢ ª®¬¡¨−�æ¨¨ á à¥¤ãªæ¨¥© ¨ ¡¥§ −¥¥. „«ï ¢ëç¨á«¥−¨ï ®â−®á¨â¥«ì−®£®
®âª«®−¥−¨ï – ¨á¯®«ì§®¢�«�áì ä®à¬ã«�:

– = 100 ·
f(xr)− f(x∗)

f(x∗)
,

£¤¥ x∗ | ®¯â¨¬�«ì−®¥ à¥è¥−¨¥; xr | à¥è¥−¨¥, −�©¤¥−−®¥ í¢à¨áâ¨ª®©.
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÷¨á. 1 ‘à¥¤−¥¥ ®âª«®−¥−¨¥ ®â ®¯â¨-
¬ã¬®¢ ¯®«ãç¥−−ëå à¥ª®à¤®¢ −� à¥¤ãæ¨-
à®¢�−−ëå (ç¥à−�ï §�«¨¢ª�) ¨ −¥à¥¤ãæ¨à®-
¢�−−ëå ¤�−−ëå ¤«ï à�§«¨ç−ëå ª®«¨ç¥áâ¢
¯à¥¤¬¥â®¢: 1 | 50; 2 | 100; 3 | 200;
4 | 500; (a) bin1data; (¡) bin2data;
(¢) bin3data (á¥à�ï §�«¨¢ª�); ¨ hard28
(¡¥§ §�«¨¢ª¨)

÷¨á. 2 ‘à¥¤−¥¥ ¢à¥¬ï à�¡®âë í¢à¨-
áâ¨ª¨ á ¯à¨¬¥−¥−¨¥¬ à¥¤ãªæ¨¨ (ç¥à−�ï
§�«¨¢ª�) ¨ ¡¥§ ¯à¨¬¥−¥−¨ï ¤«ï à�§«¨ç-
−ëå ª®«¨ç¥áâ¢ ¯à¥¤¬¥â®¢: 1 | 50; 2 |
100; 3 | 200; 4 | 500; (a) bin1data;
(¡) bin2data; (¢) bin3data (á¥à�ï §�-
«¨¢ª�) ¨ hard28 (¡¥§ §�«¨¢ª¨)

�� à¨á. 2 ¯®ª�§�−® ®¡é¥¥ ¢à¥¬ï à�¡®âë ¯à®£à�¬¬ë á ¯à¨¬¥−¥−¨¥¬ ¨ ¡¥§
¯à¨¬¥−¥−¨ï �«£®à¨â¬� à¥¤ãªæ¨¨. ‘¨âã�æ¨ï ¯®«ãç¨«�áì −¥®¤−®§−�ç−�ï: ¢ ®¤−¨å
á«ãç�ïå ¨¬¥¥â ¬¥áâ® ã¬¥−ìè¥−¨¥ ¢à¥¬¥−¨ à�¡®âë ¯à¨ à¥¤ãæ¨à®¢�−¨¨, ¢ ¤àã-
£¨å | ã¢¥«¨ç¥−¨¥. ��¯à¨¬¥à, −� −�¡®à¥ ¤�−−ëå bin3data, £¤¥ à¥¤ãªæ¨ï ¡ë«�

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 33 −®¬¥à 3 2023 69



Е. Б. Барашов, А. В. Егоркин, Д. В. Лемтюжникова, М. А. Посыпкин

¯à¨¬¥−¥−�, ®−� −¥ áà�¡®â�«� ¨ ¯®«ãç¨«-

÷¨á. 3 �ää¥ªâ¨¢−®áâì à�¡®âë à¥¤ãª-
æ¨¨ ¤«ï à�§«¨ç−ëå ª®«¨ç¥áâ¢ ¯à¥¤¬¥â®¢:
1 | 50; 2 | 100; 3 | 200; 4 | 500;
(a) bin1data; (¡) bin2data; (¢) bin3data
(á¥à�ï §�«¨¢ª�) ¨ hard28 (¡¥§ §�«¨¢ª¨)

áï §−�ç¨â¥«ì−ë© ¯à®¨£àëè ¢® ¢à¥¬¥−¨
−� ª�¦¤®¬ −�¡®à¥ ¤«ï ¢á¥å í¢à¨áâ¨ª.

„«ï â®£® çâ®¡ë á®®â−¥áâ¨ ¢ë¨£àëè
¢ â®ç−®áâ¨ à¥è¥−¨ï ª ¤®¯®«−¨â¥«ì−ë¬
¢à¥¬¥−− �ë¬ §�âà�â�¬ −� ¥£® ¯®«ãç¥−¨¥,
¡ë«� ¢¢¥¤¥−� ¬¥âà¨ª� íää¥ªâ¨¢−®áâ¨
¯à¨¬¥−¥−¨ï à¥¤ãªæ¨¨ µ:

µ = –f −–t.

�à¨ íâ®¬ ¢¥«¨ç¨−� –f , ¯®ª�§ë¢�-
îé�ï ¯à¨à®áâ â®ç−®áâ¨ §� áç¥â ¯à¨-
¬¥−¥−¨ï à¥¤ãªæ¨¨, ®¯à¥¤¥«ï¥âáï á«¥-
¤ãîé¨¬ ®¡à�§®¬:

–f = 100% ·
f(xG)− f(xR)

f(xG)
,

£¤¥ xR | à¥è¥−¨¥, ¯®«ãç¥−−®¥ á ¨á-
¯®«ì§®¢�−¨¥¬ á®¢¬¥é¥−¨ï à¥¤ãªæ¨¨
¨ ¦�¤−®£® �«£®à¨â¬�; xG | à¥è¥-
−¨¥, ¯®«ãç¥−−®¥ ¦�¤−ë¬ �«£®à¨â¬®¬
¡¥§ ¯à¥¤¢�à¨â¥«ì−®© à¥¤ãªæ¨¨. ‚¥«¨-
ç¨−� –t, ®âà�¦�îé�ï ã¢¥«¨ç¥−¨¥ ¢à¥-
¬¥−¨, §�¤�¥âáï ä®à¬ã«®©:

–t = 100% ·
tR − t

t
,

£¤¥ tR | ¢à¥¬ï à�¡®âë ¢�à¨�−â�, ¢ ª®-
â®à®¬ á®¢¬¥é¥−ë à¥¤ãªæ¨ï ¨ ¦�¤−ë©
�«£®à¨â¬; t | ¢à¥¬ï à�¡®âë ¦�¤−®-
£® �«£®à¨â¬�, ¯à¨¬¥−ï¥¬®£® ¡¥§ à¥¤ãª-
æ¨¨.

�� à¨á. 3 ¨§®¡à�¦¥−® ¢«¨ï−¨¥
à¥¤ãªæ¨¨. �−� ¯®§¢®«ï¥â ã«ãç-
è¨âì à¥§ã«ìâ�âë −� −�¡®à�å bin1data

¨ bin2data, −® −� ¡®«¥¥ á«®¦−ëå §�¤�ç�å ¨§ −�¡®à®¢ bin3data ¨ hard28 ®ª�-
§�«�áì ¬¥−¥¥ íää¥ªâ¨¢−®©. �à¨ íâ®¬ ¯à¨ à®áâ¥ ç¨á«� ¯¥à¥¬¥−−ëå íää¥ªâ ®â
¯à¨¬¥−¥−¨ï à¥¤ãªæ¨¨ ¢®§à�áâ�¥â. ’�ª ª�ª ¯à¨ ¯à¨¬¥−¥−¨¨ à¥¤ãªæ¨¨ ¯®«ãç�¥¬ë¥
à¥è¥−¨ï −¥ ãåã¤è�îâáï, ®âà¨æ�â¥«ì−�ï íää¥ªâ¨¢−®áâì ¯®ª�§ë¢�¥â ¯à®¨£àëè
¯® ¢à¥¬¥−¨. �â®â íää¥ªâ å®à®è® §�¬¥â¥− −� −�¡®à¥ bin3data, £¤¥ à¥¤ãªæ¨ï −¥
áà�¡®â�«�, −® ¡ë«® ¯®âà�ç¥−® ¢à¥¬ï −� ¥¥ à�¡®âã.
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5 Заключение

‚ ¤�−−®© à�¡®â¥ ¨áá«¥¤®¢�«®áì ¢«¨ï−¨¥ à¥¤ãªæ¨¨ −� ¢à¥¬ï à�¡®âë ¦�¤−ëå
�«£®à¨â¬®¢, � â�ª¦¥ −� â®ç−®áâì ¯®«ãç¥−−ëå à¥è¥−¨© ¤«ï §�¤�ç¨ ã¯�ª®¢ª¨
¢ ª®−â¥©−¥àë. �ë«¨ à¥�«¨§®¢�−ë −¥áª®«ìª® ¨§¢¥áâ−ëå ¦�¤−ëå �«£®à¨â¬®¢
¨ ¯à¥¤«®¦¥−−�ï �¢â®à�¬¨ í¢à¨áâ¨ª� TSFD. ‚á¥ �«£®à¨â¬ë íªá¯¥à¨¬¥−â�«ì−®
áà�¢−¨¢�«¨áì −� ¡®«ìè®¬ −�¡®à¥ ¡¥−ç¬�àª®¢ ¯® á«¥¤ãîé¨¬ ªà¨â¥à¨ï¬: ª�ç¥áâ¢®
à�¡®âë à¥¤ãªæ¨¨; ç¨á«® ¯®«ãç¥−−ëå ®¯â¨¬�«ì−ëå à¥è¥−¨©; áà¥¤−¥¥ ®âª«®−¥−¨¥
®â ®¯â¨¬ã¬®¢ (¢ ¯à®æ¥−â�å); áà¥¤−¥¥ ¢à¥¬ï à�¡®âë �«£®à¨â¬� −� à¥¤ãæ¨à®¢�−−ëå
¨ −¥à¥¤ãæ¨à®¢�−−ëå ¤�−−ëå.

�à¨ ¯à¨¬¥−¥−¨¨ à¥¤ãªæ¨¨ ¢¬¥áâ¥ á ¡ëáâà®©, −® −¥â®ç−®© í¢à¨áâ¨ª®© ¬®¦−®
¯®«ãç¨âì ¡®«¥¥ ª�ç¥áâ¢¥−−ë¥ à¥§ã«ìâ�âë, ®¤−�ª® ¢à¥¬ï −� ¯®¤áç¥â ¬®¦¥â ã¢¥-
«¨ç¨âìáï. �à¨ ¯à¨¬¥−¥−¨¨ ¦¥ à¥¤ãªæ¨¨ á ¡®«¥¥ â®ç−®© í¢à¨áâ¨ª®© ª�ç¥áâ¢®
à¥§ã«ìâ�â� «¨¡® ã«ãçè¨âáï, «¨¡® ®áâ�−¥âáï â�ª¨¬ ¦¥. �¤−�ª® ¢à¥¬ï ¯®¤áç¥â�
¬®¦¥â ª�ª ã¢¥«¨ç¨âìáï, â�ª ¨ ã¬¥−ìè¨âìáï. …á«¨ −� −�¡®à¥ ¤�−−ëå �«£®à¨â¬
à¥¤ãªæ¨¨ −¥ áà�¡®â�«, −�¡«î¤�¥âáï â®«ìª® ã¢¥«¨ç¥−¨¥ ®¡é¥£® ¢à¥¬¥−¨ à�¡®-
âë ¯à®£à�¬¬ë. �ää¥ªâ¨¢−®áâì ¯à¨¬¥−¥−¨ï �«£®à¨â¬� à¥¤ãªæ¨¨ á¨«ì−® à�áâ¥â
á ã¢¥«¨ç¥−¨¥¬ ç¨á«� ¯à¥¤¬¥â®¢ ¢ −�¡®à¥, â�ª ª�ª ¯à¨ ¡®«ìè®¬ ç¨á«¥ ¯à¥¤¬¥â®¢
à¥¤ãªæ¨ï ¨¬¥¥â ¡®«ìè¨© è�−á áà�¡®â�âì ¨ ã¬¥−ìè¨âì §�¤�çã ¤® §�¯ãáª� í¢à¨-
áâ¨ª¨. ’�ª¦¥ ¥á«¨ −�¡®à ¨¬¥¥â ¡®«ìè®¥ ç¨á«® ¯à¥¤¬¥â®¢ á ¢¥á®¬ ¯®àï¤ª� 70%
®â ¢¬¥áâ¨¬®áâ¨ ª®à§¨−ë ¨ ¡®«¥¥, â® à¥¤ãªæ¨ï ¬®¦¥â á¨«ì−® ã¬¥−ìè¨âì §�¤�-
çã, ¯®áª®«ìªã �«£®à¨â¬ ¥¥ à�¡®âë ¯®§¢®«ï¥â íää¥ªâ¨¢−® à�¡®â�âì á ¯®¤®¡−ë¬¨
§�¤�ç�¬¨.

�ªá¯¥à¨¬¥−âë ¯®ª�§�«¨, çâ® ¯à®¨§¢®¤¨â¥«ì−®áâì �«£®à¨â¬®¢ §�¢¨á¨â ®â ª®-
íää¨æ¨¥−â®¢ §�¤�ç¨, � à¥¤ãªæ¨ï −¥ ¤«ï ¢á¥å ¤�−−ëå ã«ãçè�¥â à�¡®âã �«£®à¨â-
¬®¢. Š®¬¡¨−�æ¨ï í¢à¨áâ¨ª¨ ¨ à¥¤ãªæ¨¨, ª®â®à�ï å®à®è® à�¡®â�¥â ¤«ï ®¤−®£®
¯à¨¬¥à� §�¤�ç¨, ¬®¦¥â ¯®ª�§�âì ¯«®å¨¥ à¥§ã«ìâ�âë ¤«ï ¤àã£®£® ¯à¨¬¥à�. ’�ª¨¬
®¡à�§®¬, ¢�¦−® ¢ëï¢¨âì íâã §�¢¨á¨¬®áâì ¨ à�§à�¡®â�âì −¥ª®â®àë¥ ¯à�¢¨«�, ¯®-
¬®£�îé¨¥ ¢ë¡à�âì á®®â¢¥âáâ¢ãîé¨© �«£®à¨â¬ −� ®á−®¢¥ ª®íää¨æ¨¥−â®¢ §�¤�ç¨.
‚�¦−ë¬ −�¯à�¢«¥−¨¥¬ ¯à¥¤áâ�¢«ï¥âáï ã¢¥«¨ç¥−¨¥ ç¨á«� ¨áá«¥¤ã¥¬ëå í¢à¨áâ¨-
ç¥áª¨å �«£®à¨â¬®¢ ¨ â¥áâ®¢ëå ¯à¨¬¥à®¢, á â¥¬ çâ®¡ë ¨áá«¥¤®¢�âì −� −¨å ¢«¨ï−¨¥
−� ª�ç¥áâ¢® à�¡®âë �«£®à¨â¬®¢ ¤àã£¨å ¢�à¨�−â®¢ à¥¤ãªæ¨© ¨ á¤¥«�âì áà�¢−¥−¨¥
¡®«¥¥ ¯®«−ë¬. ‚ ¤�«ì−¥©è¥¬ ¡ã¤ãâ à�áá¬®âà¥−ë ¤àã£¨¥ �«£®à¨â¬ë à¥¤ãªæ¨¨
¤«ï ¢ëï¢«¥−¨ï −�¨¡®«¥¥ ª�ç¥áâ¢¥−−®£®.
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Abstract: The bin packing problem is a well-known combinatorial problem
consisting in finding the minimum number of fixed-size bins to hold a given
set of items with known weight. Despite its simple formulation, the problem
is NP-hard and exact methods for its solution are often inefficient in practice.
Therefore, the research and development of approximate methods for solving the
bin packing problem is of great importance. The paper investigates a class of
approximate algorithms consisting of the sequential application of reduction and
one of four \greedy" algorithms. The effect of reduction on the quality of the
solutions obtained and the running time of the methods under consideration is
evaluated. The algorithms are compared on four data sets according to several
criteria responsible for the quality of the obtained solutions and the time required
to find them. The experimental study shows that the efficiency of the reduction
varies widely and depends strongly on the problem coefficients.
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МЕТОДОЛОГИЯ НАУЧНО-ИССЛЕДОВАТЕЛЬСКОЙ РАБОТЫ
ПРИ СОЗДАНИИ ФУНКЦИЙ СИСТЕМ СКАНИРОВАНИЯ

И ПЕЧАТИ

И. В. Сафонов1, И. А. Матвеев2

�−−®â�æ¨ï: “áâà®©áâ¢� áª�−¨à®¢�−¨ï, ª®¯¨à®¢�−¨ï ¨ ¯¥ç�â¨ è¨à®ª® ¨á¯®«ì-
§ãîâáï ¢ ¯à®¬ëè«¥−−®áâ¨, £®áã¤�àáâ¢¥−−®¬ ã¯à�¢«¥−¨¨ ¨ ¤«ï ¯¥àá®−�«ì−ëå
−ã¦¤. ‚ á®ç¥â�−¨¨ á ¯à¨ª«�¤−ë¬ ¨ á¨áâ¥¬−ë¬ ¯à®£à�¬¬−ë¬ ®¡¥á¯¥ç¥−¨¥¬
(��) â�ª¨¥ ãáâà®©áâ¢� ¯à¥¤áâ�¢«ïîâ á®¡®© á¨áâ¥¬ë áª�−¨à®¢�−¨ï ¨ ¯¥ç�â¨.
”®à¬ã«¨à®¢ª� ¬¥â®¤®«®£¨¨ −�ãç−®-¨áá«¥¤®¢�â¥«ìáª®© à�¡®âë (�ˆ÷) ¯à¨
á®§¤�−¨¨ äã−ªæ¨© ¯®¤®¡−ëå á¨áâ¥¬ ¯®§¢®«ï¥â ä®à¬�«¨§®¢�âì ¨ ãáª®à¨âì
à�§à�¡®âªã −®¢ëå ¬¥â®¤®¢ ®¡à�¡®âª¨ ¨§®¡à�¦¥−¨©. �à¨¢®¤¨âáï ®¡§®à ¬¥â®-
¤®«®£¨© −�ãç−®£® ¨áá«¥¤®¢�−¨ï, �ˆ÷ ¢ ¯à®¬ëè«¥−−®áâ¨, à�§à�¡®âª¨ ��.
„«ï �ˆ÷ ¯à¨ á®§¤�−¨¨ à¥è¥−¨© ¤«ï á¨áâ¥¬ áª�−¨à®¢�−¨ï ¯¥ç�â¨ ¢ ª�ç¥áâ¢¥
ªà¨â¥à¨ï ãá¯¥å� ¢ë¡à�− ä�ªâ à¥�«¨§�æ¨¨ à¥§ã«ìâ�â� ¨áá«¥¤®¢�â¥«ìáª®© à�-
¡®âë ¢ ¯à®¤ãªâ¥. �� ®á−®¢¥ à¥âà®á¯¥ªâ¨¢−®£® �−�«¨§� ¢ëï¢«¥−ë ä�ªâ®àë,
ª®â®àë¥ ¯à¥¯ïâáâ¢®¢�«¨ à¥�«¨§�æ¨¨ à¥§ã«ìâ�â®¢. �� áâ�¤¨¨ �ˆ÷ ¤�−−ë¥
ä�ªâ®àë ¬®¦−® à�áá¬�âà¨¢�âì ª�ª à¨áª¨. ‘ ¯®¬®éìî ¬¥â®¤� �−�«¨§� ¨¥-
à�àå¨© à¨áª¨ à�−¦¨à®¢�−ë ¯® ¢�¦−®áâ¨. �à¥¤«®¦¥−� ¬¥â®¤®«®£¨ï �ˆ÷
¯à¨ á®§¤�−¨¨ −®¢ëå äã−ªæ¨© á¨áâ¥¬ áª�−¨à®¢�−¨ï ¨ ¯¥ç�â¨, ®á−®¢�−−�ï −�
�−�«¨§¥ ¨ ã¯à�¢«¥−¨¨ à¨áª�¬¨.

Š«îç¥¢ë¥ á«®¢�: ¬¥â®¤®«®£¨ï �ˆ÷; ã¯à�¢«¥−¨¥ à¨áª�¬¨; ¬¥â®¤ �−�«¨§�
¨¥à�àå¨©
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1 Введение

�¥á¬®âàï −� áãé¥áâ¢ãîéãî â¥−¤¥−æ¨î ª ¯¥à¥å®¤ã −� í«¥ªâà®−−ë© ¤®ªã¬¥−-
â®®¡®à®â, ®ä¨á−ë¥ ãáâà®©áâ¢� ¯¥ç�â¨ | ¯à¨−â¥àë | è¨à®ª® ¨á¯®«ì§ãîâáï ª�ª
¢ ¯à®¬ëè«¥−−®áâ¨ ¨ ¤¥«®¯à®¨§¢®¤áâ¢¥, â�ª ¨ ¤«ï ¯¥àá®−�«ì−ëå −ã¦¤ [1]. ‚ −�-
áâ®ïé¥¥ ¢à¥¬ï ¨¬¥¥â ¬¥áâ® ¯¥à¥å®¤ ®â ¯à¨−â¥à®¢, ¨á¯®«ì§ã¥¬ëå ¨áª«îç¨â¥«ì−®
¤«ï ¯¥ç�â¨ ¨ à¥�«¨§®¢�−−ëå ª�ª ¯¥à¨ä¥à¨©−ë¥ ãáâà®©áâ¢� ¯¥àá®−�«ì−ëå ª®¬-
¯ìîâ¥à®¢ (�Š), ª ¬−®£®äã−ªæ¨®−�«ì−ë¬ ãáâà®©áâ¢�¬ (Œ”“), ¨«¨ ¬−®£®äã−ª-
æ¨®−�«ì−ë¬ ¯à¨−â¥à�¬ (Œ”�), ¯®§¢®«ïîé¨¬ ¢ë¯®«−ïâì ¯¥ç�âì, áª�−¨à®¢�−¨¥
¨ ª®¯¨à®¢�−¨¥. Œ−®£®äã−ªæ¨®−�«ì−®¥ ãáâà®©áâ¢® á¯®á®¡−® à�¡®â�âì ª�ª ¯à¨
¯®¤ª«îç¥−¨¨ ª �Š, â�ª ¨ ¢ ª�ç¥áâ¢¥ á�¬®áâ®ïâ¥«ì−®£® ãáâà®©áâ¢�. ‚ á®ç¥â�−¨¨
á ¯à¨ª«�¤−ë¬ ¨ á¨áâ¥¬−ë¬ �� á®¢à¥¬¥−−ë¥ Œ”� ¯à¥¤áâ�¢«ïîâ á®¡®© á¨áâ¥¬ë
áª�−¨à®¢�−¨ï ¨ ¯¥ç�â¨.

1��æ¨®−�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© ï¤¥à−ë© ã−¨¢¥àá¨â¥â úŒˆ”ˆû, ilia.safonov@gmail.com
2”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨

−�ãª, matveev@frccsc.ru
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Œ¥â®¤®«®£¨ï �ˆ÷ ¯à¨ á®§¤�−¨¨ äã−ªæ¨© á¨áâ¥¬ áª�−¨à®¢�−¨ï ¨ ¯¥ç�â¨

÷®áâ ¬®é−®áâ¨ ¢ëç¨á«¨â¥«ì−ëå ¯«�âä®à¬ ¨ ¡ãà−®¥ à�§¢¨â¨¥ ¬¥â®¤®¢ æ¨ä-
à®¢®© ®¡à�¡®âª¨ ¨§®¡à�¦¥−¨©, ª®¬¯ìîâ¥à−®£® §à¥−¨ï ¨ à�á¯®§−�¢�−¨ï ®¡à�§®¢
¯à¨¢¥«¨ ª ¯®ï¢«¥−¨î ¡®«ìè®£® ç¨á«� ¯à®£à�¬¬ ¨ ¯à®£à�¬¬−®-�¯¯�à�â−ëå ª®¬-
¯«¥ªá®¢ ¤«ï ®¡à�¡®âª¨ ä®â®£à�ä¨© ¨ ¨§®¡à�¦¥−¨© à�§«¨ç−®£® à®¤� ¤®ªã¬¥−â®¢.
�¤−�ª® ¨å ¯à¨¬¥−¥−¨¥ ¢ á¨áâ¥¬�å ¯¥ç�â¨ ç�áâ® §�âàã¤−¥−® ¢ á¨«ã áãé¥áâ¢¥−−®
¬¥−ìè¨å ¢ëç¨á«¨â¥«ì−ëå à¥áãàá®¢ ¯® áà�¢−¥−¨î á �Š ¨ á¯¥æ¨ä¨ª®© ¯à®æ¥áá�
®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨. �à¥¤¯®çâ¨â¥«ì−®© ¢ë£«ï¤¨â à�§à�¡®âª� â�ª¨å −®¢ëå
äã−ªæ¨© Œ”�, ª®â®àë¥ ¬®£«¨ ¡ë ¡ëâì à¥�«¨§®¢�−ë ¡¥§ ¨§¬¥−¥−¨ï �¯¯�à�â−®©
ç�áâ¨ §� áç¥â ¬®¤¨ä¨ª�æ¨¨ á¨áâ¥¬−®£® /̈̈ «¨ ¢áâà®¥−−®£® ��.

”®à¬ã«¨à®¢ª� ¬¥â®¤®«®£¨¨ �ˆ÷ ¯à¨ á®§¤�−¨¨ à¥è¥−¨© ¤«ï Œ”� ¯®§¢®-
«ï¥â ä®à¬�«¨§®¢�âì ¨ ãáª®à¨âì à�§à�¡®âªã ¬¥â®¤®¢ ®¡à�¡®âª¨ ¨§®¡à�¦¥−¨©, çâ®
¢ ¨â®£¥ ¢¥¤¥â ª ¢−¥¤à¥−¨î −®¢ëå äã−ªæ¨© ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ áª�−¨à®¢�−¨ï
¨ ¯¥ç�â¨.

2 Существующие методологии исследований и разработки

Œ¥â®¤®«®£¨ï | íâ® ãç¥−¨¥ ® áâàãªâãà¥, «®£¨ç¥áª®© ®à£�−¨§�æ¨¨, ¬¥â®¤�å
¨ áà¥¤áâ¢�å ¤¥ïâ¥«ì−®áâ¨ [2]. „�¤¨¬ ªà�âª¨© ®¡§®à ¬¥â®¤®«®£¨©, ª®â®àë¥ ¯®§¢®-
«ïîâ ®à£�−¨§®¢�âì ¨ ä®à¬�«¨§®¢�âì ¤¥ïâ¥«ì−®áâì ¯® à¥è¥−¨î §�¤�ç ¨áá«¥¤®¢�−¨©
¨ à�§à�¡®âª¨. ��ç−¥¬ á ¯¥à¥ç¨á«¥−¨ï íâ�¯®¢ −�ãç−®£® ¨áá«¥¤®¢�−¨ï, §�â¥¬ à�á-
á¬®âà¨¬ íâ�¯ë �ˆ÷ ¢ ¯à®¬ëè«¥−−®áâ¨, §�¢¥àè¨¬ ¬¥â®¤®«®£¨ï¬¨ à�§à�¡®âª¨
��. ‚ë¤¥«ïîâ á«¥¤ãîé¨¥ íâ�¯ë −�ãç−®£® ¨áá«¥¤®¢�−¨ï [3]:

{ ¢ë¡®à â¥¬ë ¨ ®¡®á−®¢�−¨¥ ¥¥ �ªâã�«ì−®áâ¨;

{ ®§−�ª®¬«¥−¨¥ á ¯à®¡«¥¬®© ¯®áà¥¤áâ¢®¬ ®¡§®à� áãé¥áâ¢ãîé¥© ¨−ä®à¬�æ¨¨
¯® ¤�−−®© â¥¬¥;

{ ãâ®ç−¥−¨¥ â¥¬ë ¨ ä®à¬ã«¨à®¢ª� ¯«�−� �ˆ÷;

{ á®¡áâ¢¥−−® ¨áá«¥¤®¢�−¨¥, á®¤¥à¦�−¨¥ ª®â®à®£® §�¢¨á¨â ®â ¨á¯®«ì§ã¥¬ëå
¬¥â®¤®¢ (íªá¯¥à¨¬¥−â�«ì−ë¥, â¥®à¥â¨ç¥áª¨¥ ¨ â. ¤.);

{ ®¡à�¡®âª� ¨ �−�«¨§ à¥§ã«ìâ�â®¢ ¨áá«¥¤®¢�−¨ï, ä®à¬ã«¨à®¢ª� ¢ë¢®¤®¢;

{ ®ä®à¬«¥−¨¥ ¤®ªã¬¥−â�æ¨¨ á à¥§ã«ìâ�â�¬¨ ¨áá«¥¤®¢�−¨ï.

ƒ�‘’ 15.101-2021 [4] ®¯à¥¤¥«ï¥â á«¥¤ãîé¨¥ ®¡é¨¥ íâ�¯ë �ˆ÷ ¯à¨ à�§à�-
¡®âª¥ ¯à®¤ãªæ¨¨:

{ ¢ë¡®à −�¯à�¢«¥−¨ï ¨áá«¥¤®¢�−¨© −� ®á−®¢¥ �−�«¨§� á®¢à¥¬¥−−®£® á®áâ®-
ï−¨ï ¯à®¡«¥¬ë, ¢ â®¬ ç¨á«¥ à¥§ã«ìâ�â®¢ ¯®¨áª� ®¡ê¥ªâ®¢ ¨−â¥««¥ªâã�«ì−®©
á®¡áâ¢¥−−®áâ¨ ¯® ¤�−−®© â¥¬¥;

{ â¥®à¥â¨ç¥áª¨¥ ¨ íªá¯¥à¨¬¥−â�«ì−ë¥ ¨áá«¥¤®¢�−¨ï ¤«ï à¥è¥−¨ï ¯®áâ�¢«¥−−ëå
§�¤�ç;

{ ®¡®¡é¥−¨¥ ¨ ®æ¥−ª� à¥§ã«ìâ�â®¢ ¨áá«¥¤®¢�−¨©, ¢ë¯ãáª −�ãç−®-â¥å−¨ç¥áª®©
¤®ªã¬¥−â�æ¨¨;
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{ ¯à¨¥¬ª� �ˆ÷ ¢ á®®â¢¥âáâ¢¨¨ á ªà¨â¥à¨ï¬¨, ®¯à¥¤¥«¥−−ë¬¨ ¢ â¥å−¨ç¥áª®¬
§�¤�−¨¨.

„«ï à�§à�¡®âª¨ �� ¯à¥¤«®¦¥−® ¬−®¦¥áâ¢® ¬¥â®¤®«®£¨© [5]. Š«�áá¨ç¥áª�ï
ª�áª�¤−�ï ¬¥â®¤®«®£¨ï (ú¢®¤®¯�¤û, waterfall) á®áâ®¨â ¨§ á«¥¤ãîé¨å íâ�¯®¢:
�−�«¨§ ¯à®¥ªâ�; �−�«¨§ âà¥¡®¢�−¨©; ¯à®¥ªâ¨à®¢�−¨¥ ¯à®¤ãªâ�; à�§à�¡®âª� ¯à®-
¤ãªâ�; á¨áâ¥¬−®¥ â¥áâ¨à®¢�−¨¥; ¯®¤¤¥à¦ª�. Š�¦¤ë© ¯®á«¥¤ãîé¨© íâ�¯ áâ�àâã¥â
â®«ìª® ¯® ®ª®−ç�−¨¨ ¯à¥¤ë¤ãé¥£®. �à¥¤¯®«�£�¥âáï, çâ® ¢á¥ âà¥¡®¢�−¨ï ª ¨â®£®-
¢®¬ã ¯à®¤ãªâã ¨§¢¥áâ−ë §�à�−¥¥, −¥®¯à¥¤¥«¥−−®áâì ®âáãâáâ¢ã¥â, −¨ª�ª¨å −®¢ëå
§�¯à®á®¢ −� ¨§¬¥−¥−¨ï ¢ å®¤¥ ¯à®¥ªâ� −¥ ¯à®¨§®©¤¥â. ’�ª¨¥ ¯à¥¤¯®«®¦¥−¨ï ¢ë-
£«ï¤ïâ ¨¤¥�«¨§¨à®¢�−−ë¬¨, ¯®íâ®¬ã ¢ −�áâ®ïé¥¥ ¢à¥¬ï ª«�áá¨ç¥áª�ï ª�áª�¤−�ï
¬¥â®¤®«®£¨ï ¯à¨¬¥−ï¥âáï à¥¤ª®, §�â® ¢®§−¨ª«® ¬−®¦¥áâ¢® ¢�à¨�−â®¢ ¥¥ à�§¢¨â¨ï.
�¤−¨¬ ¨§ â�ª¨å ¢�à¨�−â®¢ áâ�«� ¨â¥à�â¨¢−�ï ª�áª�¤−�ï ¬¥â®¤®«®£¨ï, ¢ ª®â®à®©
¢®§¬®¦¥− ¢®§¢à�â −� ¯à¥¤ë¤ãé¨¥ íâ�¯ë. …é¥ ®¤¨− ¢�à¨�−â | íâ® ¨−ªà¥¬¥−â−�ï
ª�áª�¤−�ï ¬¥â®¤®«®£¨ï, £¤¥ âà¥¡®¢�−¨ï ¯® äã−ªæ¨®−�«ì−®áâ¨ �� ¢®§à�áâ�îâ ®â
¢¥àá¨¨ ª ¢¥àá¨¨, � ª�¦¤�ï ¢¥àá¨ï à�§à�¡�âë¢�¥âáï, −�¯à¨¬¥à, ¯® ¨â¥à�â¨¢−®©
ª�áª�¤−®© ¬¥â®¤®«®£¨¨. Š�áª�¤−ë¥ ¬¥â®¤®«®£¨¨ à�§à�¡®âª¨ ¯à¨§¢�−ë ª®−âà®«¨-
à®¢�âì áà®ª¨ ¨ ¡î¤¦¥â ¢ë¯®«−¥−¨ï ¯à®¥ªâ®¢ ¯® à�§à�¡®âª¥ ��, −® ¨å ãá¯¥è−®¥
¯à¨¬¥−¥−¨¥ ¢®§¬®¦−® ¯à¨ ãá«®¢¨¨ ¢ëá®ª®© ®¯à¥¤¥«¥−−®áâ¨ á âà¥¡®¢�−¨ï¬¨ −�
áâ�àâ¥ ¯à®¥ªâ�, çâ® ¤«ï ¨áá«¥¤®¢�â¥«ìáª¨å §�¤�ç −¥å�à�ªâ¥à−®.

‘¯¨à�«ì−�ï ¬¥â®¤®«®£¨ï ®á−®¢�−� −� �−�«¨§¥ à¨áª®¢ [6]. ÷¨áª¨ | íâ® «î¡ë¥
−¥®¯à¥¤¥«¥−−®áâ¨ ¨ á®¡ëâ¨ï, ª®â®àë¥ ¬®£ãâ ¯®¬¥è�âì ¤®áâ¨çì æ¥«¥© ¯à®¥ªâ�.
‚ ¤�−−®© ¬¥â®¤®«®£¨¨ æ¨ª«¨ç¥áª¨ ¯®¢â®àïîâáï á«¥¤ãîé¨¥ ®á−®¢−ë¥ íâ�¯ë:
®¯à¥¤¥«¥−¨¥ §�¤�ç, �«ìâ¥à−�â¨¢ ¨ ®£à�−¨ç¥−¨©; ®æ¥−ª� �«ìâ¥à−�â¨¢, ¢ë¤¥«¥−¨¥
à¨áª®¢ ¨ á¯®á®¡®¢ ¡®àì¡ë á −¨¬¨; à�§à�¡®âª� ¨ ¢¥à¨ä¨ª�æ¨ï ®ç¥à¥¤−®© ¢¥àá¨¨
��; ¯«�−¨à®¢�−¨¥ á«¥¤ãîé¥© ¨â¥à�æ¨¨. �� ª�¦¤®¬ ¢¨âª¥ á¯¨à�«¨ á®§¤�¥âáï
¯à®â®â¨¯ ¯à®¤ãªâ�. “á¯¥å ¯à®¥ªâ� ¢® ¬−®£®¬ ®¯à¥¤¥«ï¥âáï ª�ç¥áâ¢®¬ �−�«¨§�
¨ ã¯à�¢«¥−¨ï à¨áª�¬¨.

‚ −�áâ®ïé¥¥ ¢à¥¬ï ¬�áá®¢® ¨á¯®«ì§ãîâáï à�§−®¢¨¤−®áâ¨ £¨¡ª®© (agile) ¬¥â®-
¤®«®£¨¨ à�§à�¡®âª¨ �� [7], ª®â®àë¥ ¯à¥¤ãá¬�âà¨¢�îâ ¯®áâ®ï−−®¥ ¯à¨¢«¥ç¥−¨¥
§�ª�§ç¨ª� ¨«¨ ¯®«ì§®¢�â¥«¥© ¤«ï ®æ¥−ª¨ â¥ªãé¨å à¥§ã«ìâ�â®¢, ä®à¬ã«¨à®¢ª¨
§�¤�ç ¨ à�ááâ�−®¢ª¨ ¯à¨®à¨â¥â®¢. �«�−¨à®¢�−¨¥ ®áãé¥áâ¢«ï¥âáï −� ª®à®âª¨¥
¯à®¬¥¦ãâª¨ ¢à¥¬¥−¨, â�ª −�§ë¢�¥¬ë¥ á¯à¨−âë. ‘âà¥¬ïâáï ¢ ª®−æ¥ ª�¦¤®£®
á¯à¨−â� ¨¬¥âì à�¡®â®á¯®á®¡−ë© ¯à®â®â¨¯ ¨«¨ ¢¥àá¨î ��.

Š�ª ¯à�¢¨«®, −� ¯à�ªâ¨ª¥ â� ¨«¨ ¨−�ï ¬¥â®¤®«®£¨ï à�§à�¡®âª¨ �� ¨á-
¯®«ì§ã¥âáï −¥ ¢ ª«�áá¨ç¥áª®¬ ¢�à¨�−â¥, � ¢ ¬®¤¨ä¨æ¨à®¢�−−®¬ ¢¨¤¥ á ãç¥â®¬
®á®¡¥−−®áâ¥© à¥è�¥¬ëå §�¤�ç ¨ áâàãªâãàë ®à£�−¨§�æ¨¨, ç�áâ® ¯à¨¬¥−ïîâáï
ª®¬¡¨−�æ¨¨ í«¥¬¥−â®¢ −¥áª®«ìª¨å ¬¥â®¤®«®£¨©.

3 Методология научно-исследовательской работы
при создании решений для принтерных систем

�à¥¤«�£�¥¬�ï ¬¥â®¤®«®£¨ï áâ�«� à¥§ã«ìâ�â®¬ ¨−¤ãªâ¨¢−®£® ®¡®¡é¥−¨ï ®¯ëâ�
à�¡®âë ¨áá«¥¤®¢�â¥«ìáª¨å ¯®¤à�§¤¥«¥−¨© ª®¬¯�−¨©-¯à®¨§¢®¤¨â¥«¥© í«¥ªâà®−¨-
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Œ¥â®¤®«®£¨ï �ˆ÷ ¯à¨ á®§¤�−¨¨ äã−ªæ¨© á¨áâ¥¬ áª�−¨à®¢�−¨ï ¨ ¯¥ç�â¨

÷¨áª¨ �ˆ÷ ¯à¨ á®§¤�−¨¨ à¥è¥−¨© ¤«ï Œ”�

�¡®§−�ç¥−¨¥ ÷¨áª ‚¥á
ρ1 ”ã−ªæ¨ï −¥ ¯à¨¢«¥ª�â¥«ì−� ¤«ï ¯®«ì§®¢�â¥«¥© 0,190
ρ2 ��àãè�¥âáï çã¦�ï ¨−â¥««¥ªâã�«ì−�ï á®¡áâ¢¥−−®áâì 0,182
ρ3 �¥¢®§¬®¦−® à¥�«¨§®¢�âì −� æ¥«¥¢®© ¯«�âä®à¬¥ 0,141
ρ4 �¥ã¤®¢«¥â¢®à¨â¥«ì−®¥ ª�ç¥áâ¢® 0,139
ρ5 “åã¤è�îâáï ¯®ª�§�â¥«¨ ¯à®¨§¢®¤¨â¥«ì−®áâ¨ 0,138
ρ6 ˆá¯®«ì§ã¥âáï �� á −¥¯®¤å®¤ïé¥© «¨æ¥−§¨¥© 0,059
ρ7 ‚ëá®ª¨¥ §�âà�âë −� à¥�«¨§�æ¨î ¢ ¯à®¤ãªâ¥ 0,045
ρ8 Š�ç¥áâ¢® åã¦¥, ç¥¬ ã ª®−ªãà¥−â®¢ 0,045
ρ9 „«¨â¥«ì−ë¥ áà®ª¨ à¥�«¨§�æ¨¨ ¢ ¯à®¤ãªâ¥ 0,039
ρ10 ‚®¯à®á §�é¨âë ¨−â¥««¥ªâã�«ì−®© á®¡áâ¢¥−−®áâ¨ −¥ à¥è¥− 0,020

ª¨ [8, 9]. �−� á®ç¥â�¥â ¢ á¥¡¥ àï¤ íâ�¯®¢ ¬¥â®¤®«®£¨© −�ãç−®£® ¨áá«¥¤®¢�−¨ï,
�ˆ÷ ¢ ¯à®¬ëè«¥−−®áâ¨ ¨ à�§à�¡®âª¨ ��, ª®â®àë¥ ¤�«¨ ¯®«®¦¨â¥«ì−ë© íää¥ªâ
¯à¨ à�§à�¡®âª¥ ¬¥â®¤®¢ ®¡à�¡®âª¨ ¨§®¡à�¦¥−¨© ¤«ï Œ”�.

‚® ¬−®£¨å ª®¬¯�−¨ïå ¯à®æ¥áá à�§à�¡®âª¨ −®¢ëå äã−ªæ¨© ¤«ï ãáâà®©áâ¢
¨ �� ¯®áâà®¥− á«¥¤ãîé¨¬ ®¡à�§®¬: á−�ç�«� ¨áá«¥¤®¢�â¥«ìáª¨¬ ¯®¤à�§¤¥«¥−¨¥¬
¢ë¯®«−ï¥âáï �ˆ÷, §�â¥¬ à¥§ã«ìâ�âë �ˆ÷ ¢á¥áâ®à®−−¥ ®æ¥−¨¢�îâáï ¨ ¯à¨
ãá«®¢¨¨ ¯®«®¦¨â¥«ì−ëå ®æ¥−®ª ¯¥à¥¤�îâáï ¢ ¯à®¨§¢®¤áâ¢¥−−ë¥ ¯®¤à�§¤¥«¥−¨ï
¤«ï à¥�«¨§�æ¨¨ ¢ ¯à®¤ãªâ¥. Šà¨â¥à¨¨ ãá¯¥è−®áâ¨ ¢ë¯®«−¥−¨ï ¯à®¥ªâ®¢ �ˆ÷,
ª�ª ¯à�¢¨«®, ®¯à¥¤¥«¥−ë ¤®áâ�â®ç−® à�§¬ëâ®. �ã¤¥¬ áç¨â�âì �ˆ÷ ãá¯¥è−®©,
¥á«¨ ¥¥ à¥§ã«ìâ�âë ¡ë«¨ à¥�«¨§®¢�−ë ¢ ª®¬¬¥àç¥áª®¬ ¯à®¤ãªâ¥, â. ¥. ª�ª®¬-«¨¡®
Œ”� ¨«¨ ¯®áâ�¢«ï¥¬®¬ á −¨¬ ��. �á−®¢ë¢�ïáì −� ¤�−−®¬ ªà¨â¥à¨¨, −¥«ì§ï
á¤¥«�âì ¢ë¢®¤ ®¡ ãá¯¥è−®áâ¨ ¯à®¥ªâ� áà�§ã ¯® ¥£® ®ª®−ç�−¨¨, −¥®¡å®¤¨¬® ¢à¥¬ï,
çâ®¡ë ¯®−ïâì, −�è«¨ à¥§ã«ìâ�âë �ˆ÷ ¯à�ªâ¨ç¥áª®¥ ¯à¨¬¥−¥−¨¥ ¨«¨ −¥â.

÷¥âà®á¯¥ªâ¨¢−ë© �−�«¨§ ®ª®«® 40 ¯à®¥ªâ®¢ �ˆ÷ ¯®§¢®«¨« ¢ëï¢¨âì ä�ªâ®àë,
ª®â®àë¥ ¢®á¯à¥¯ïâáâ¢®¢�«¨ à¥�«¨§�æ¨¨ ¢ ¯à®¤ãªâ�å ¨å à¥§ã«ìâ�â®¢. �� áâ�¤¨¨
¢ë¯®«−¥−¨ï ¯à®¥ªâ� íâ¨ ä�ªâ®àë ¬®¦−® áç¨â�âì à¨áª�¬¨, ª®â®àë¥ ¥é¥ −¥ ¨¬¥«¨
¬¥áâ�. Œ¨−¨¬¨§�æ¨ï à¨áª®¢ ¯®¢ëè�¥â ¢¥à®ïâ−®áâì ãá¯¥è−®áâ¨ �ˆ÷. ’�ª¨¬
®¡à�§®¬, æ¥«¥á®®¡à�§−® ä®à¬ã«¨à®¢�âì ¬¥â®¤®«®£¨î �ˆ÷ −� ®á−®¢¥ �−�«¨§�
¨ ã¯à�¢«¥−¨ï à¨áª�¬¨. ‚ â�¡«¨æ¥ ¯¥à¥ç¨á«¥−ë à¨áª¨ �ˆ÷ ¯à¨ á®§¤�−¨¨
à¥è¥−¨© ¤«ï Œ”�. ÷¨áª¨ à�−¦¨à®¢�−ë á ¯®¬®éìî ¬¥â®¤� �−�«¨§� ¨¥à�àå¨©
(Œ�ˆ, analytic hierarchy process, AHP) [10], ¤«ï ª�¦¤®£® à¨áª� ®¯à¥¤¥«¥− ¢¥á,
å�à�ªâ¥à¨§ãîé¨© ¥£® ®â−®á¨â¥«ì−ãî ¢�¦−®áâì. �® ¢¥áã ¬®¦−® ¢ë¤¥«¨âì âà¨
£àã¯¯ë à¨áª®¢: ρ1{ρ2 ¢¥¤ãâ ª ®âª�§ã ®â à¥�«¨§�æ¨¨ à¥§ã«ìâ�â®¢ �ˆ÷; ρ3{ρ5
¢¥¤ãâ «¨¡® ª ®âª�§ã ®â à¥�«¨§�æ¨¨, «¨¡® ª â®¬ã, çâ® ¯à¨−ïâ¨¥ à¥è¥−¨ï ¡ã¤¥â
®â«®¦¥−® −� −¥áª®«ìª® «¥â; ρ6{ρ10, ¢¥à®ïâ−®, ¯®¢«¥ªãâ §�¤¥à¦ªã á à¥�«¨§�æ¨¥©
®â −¥áª®«ìª¨å ¬¥áïæ¥¢ ¤® −¥áª®«ìª¨å «¥â.

�à¥¤«�£�¥âáï ®á−®¢�−−�ï −� �−�«¨§¥ ¨ ã¯à�¢«¥−¨¨ à¨áª�¬¨ ¬¥â®¤®«®£¨ï
�ˆ÷ ¯à¨ á®§¤�−¨¨ à¥è¥−¨© ¤«ï Œ”�. ��§®¢�ï ¨¤¥ï ¯®å®¦� −� á¯¨à�«ì−ãî
¬¥â®¤®«®£¨î à�§à�¡®âª¨ ��, −® á®¤¥à¦�−¨¥ íâ�¯®¢ ®â«¨ç�¥âáï. ‘å¥¬� ¬¥â®¤®-
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‘å¥¬� ¬¥â®¤®«®£¨¨ �ˆ÷ ¯à¨ á®§¤�−¨¨ à¥è¥−¨© ¤«ï Œ”�

«®£¨¨ ¯à¨¢¥¤¥−� −� à¨áã−ª¥. �®¤à�§ã¬¥¢�¥âáï, çâ® ¯®á«¥¤®¢�â¥«ì−®áâì íâ�¯®¢
¤¥«�¥â âà¨ ¢¨âª�, ¯¥à¥å®¤ï ®â ®¯à¥¤¥«¥−¨ï §�¤�ç, ®£à�−¨ç¥−¨© ¨ �«ìâ¥à−�â¨¢
ª �−�«¨§ã à¨áª®¢, � §�â¥¬ ª à�§à�¡®âª¥. …á«¨ ¯à¨ ®æ¥−ª¥ à¨áª� ¢ëïá−ï¥âáï, çâ® ®−
¤®áâ�â®ç−® ¢ëá®ª, â® ¢®§¬®¦−® ¯®«−®¥ «¨¡® ç�áâ¨ç−®¥ ¯®¢â®à¥−¨¥ ¯à¥¤ë¤ãé¥£®
¢¨âª� ¯à¨ ãá«®¢¨¨, çâ® íâ® −¥ ¯à®â¨¢®à¥ç¨â áà®ª�¬ ¢ë¯®«−¥−¨ï �ˆ÷.

�à®¥ªâ −�ç¨−�¥âáï á ¯®¨áª� ¨¤¥¨ −®¢®© äã−ªæ¨¨ ¤«ï á¨áâ¥¬ áª�−¨à®¢�−¨ï
¨ ¯¥ç�â¨. �� ¤�−−®¬ íâ�¯¥ ¨§ãç�¥âáï ¯à®¤ãªæ¨ï ª®−ªãà¥−â®¢, �−�«¨§¨àãîâáï
§�¤�ç¨, ¢®§−¨ª�îé¨¥ ã ¯®«ì§®¢�â¥«¥©, ¨ à�áá¬�âà¨¢�îâáï ¢®§¬®¦−ë¥ �«ìâ¥à-
−�â¨¢ë. „�«¥¥ á®§¤�¥âáï çà¥§¢ëç�©−® ã¯à®é¥−−ë© ¬�ª¥â ¯à®¤ãªâ�, çâ®¡ë
¯®¤â¢¥à¤¨âì ¨«¨ ®¯à®¢¥à£−ãâì £¨¯®â¥§ã, çâ® ¯®«ì§®¢�â¥«¨ ¡ã¤ãâ ãá¯¥è−® ¯à¨-
¬¥−ïâì ¯à®¤ãªâ ¢ ¤�−−®¬ ¢¨¤¥. ‚ à�¡®â¥ [10] ¤«ï ¯®¤®¡−®£® à®¤� ¬�ª¥â®¢
¢¢®¤¨âáï â¥à¬¨− ú¯à¥â®â¨¯û. ‚ ®¡«�áâ¨ ¯à®¥ªâ¨à®¢�−¨ï ¢¨§ã�«ì−ëå ¨−â¥àä¥©-
á®¢ ¯®«ì§®¢�â¥«¥© �−�«®£®¬ ú¯à¥â®â¨¯�û á«ã¦¨â ¬�ª¥â á −¨§ª®© ¤¥â�«¨§�æ¨¥©
(low-fidelity mockup), ª®â®àë© ¯®§¢®«ï¥â ®æ¥−¨âì, −�áª®«ìª® ¨−â¥àä¥©á ¡ã¤¥â
¯®−ïâ¥− ¨ ã¤®¡¥− [11]. �¤−�ª® ª®−æ¥¯æ¨ï ú¯à¥â®â¨¯�û è¨à¥, â�ª ª�ª ¯®§¢®«ï¥â
®æ¥−¨âì −¥ â®«ìª® ¨−â¥àä¥©á ¯®«ì§®¢�â¥«ï, −® ¨ ¨−ë¥ å�à�ªâ¥à¨áâ¨ª¨ ¯à®¤ãªâ�,
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Œ¥â®¤®«®£¨ï �ˆ÷ ¯à¨ á®§¤�−¨¨ äã−ªæ¨© á¨áâ¥¬ áª�−¨à®¢�−¨ï ¨ ¯¥ç�â¨

−�¯à¨¬¥à ª�ç¥áâ¢® à�¡®âë �� ®¯â¨ç¥áª®£® à�á¯®§−�¢�−¨ï á¨¬¢®«®¢ ¤«ï â¥ªáâ�,
−�¯¥ç�â�−−®£® ¢ íª®−®¬¨ç−®¬ à¥¦¨¬¥ [9]. �®áª®«ìªã â¥à¬¨− ú¯à¥â®â¨¯û −¥
¯®«ãç¨« è¨à®ª®£® à�á¯à®áâà�−¥−¨ï, ¡ã¤¥¬ ¨á¯®«ì§®¢�âì â¥à¬¨− ú¬�ª¥âû. �à¨
à�§à�¡®âª¥ ¬¥â®¤®¢ ®¡à�¡®âª¨ ¨§®¡à�¦¥−¨© ¯®¤®¡−ë© ¬�ª¥â | íâ®, ª�ª ¯à�¢¨«®,
¢àãç−ãî −�à¨á®¢�−−®¥ ¨«¨ ®¡à�¡®â�−−®¥ ¨§®¡à�¦¥−¨¥.

�� á«¥¤ãîé¥¬ íâ�¯¥ ¤«ï ¬�ª¥â� ¢ë¯®«−ï¥âáï ¯à¥¤¢�à¨â¥«ì−�ï ®æ¥−ª� ¯®«ì-
§®¢�â¥«ìáª¨å á¢®©áâ¢ ¤«ï ¬¨−¨¬¨§�æ¨¨ à¨áª®¢ ρ1 ¨ ρ4. …á«¨ ¬�ª¥â ¯®«ì§®¢�â¥«ï¬
¯®−à�¢¨«áï, â® ¤«ï ã¯à�¢«¥−¨ï à¨áª®¬ ρ2 ¢ë¯®«−ï¥âáï ¯¥à¥å®¤ ª ¯®¨áªã ¨ �−�«¨-
§ã ¯�â¥−â−®© ¨−ä®à¬�æ¨¨ ¯® ¤�−−®© â¥¬�â¨ª¥. ‡�ª«îç¨â¥«ì−ë¬ íâ�¯®¬ ¯¥à¢®£®
¢¨âª� á¯¨à�«¨ áâ�−®¢¨âáï ¢ë¡®à ªà¨â¥à¨¥¢ ®æ¥−ª¨ ª�ç¥áâ¢� à�§à�¡�âë¢�¥¬®-
£® ¬¥â®¤�, ¯®¤£®â®¢ª� â¥áâ®¢ëå ¤�−−ëå ¨ ä®à¬ã«¨à®¢ª� §�¤�ç¨ ¨áá«¥¤®¢�−¨ï.
Šà¨â¥à¨¨ ¤®«¦−ë ¡ëâì ª®«¨ç¥áâ¢¥−−ë¬¨, ¯à¨ç¥¬ ¯à¥¤¯®çâ¨â¥«ì−® ¨á¯®«ì§®-
¢�âì ªà¨â¥à¨¨, ¨§¢¥áâ−ë¥ ¢ ¨−¤ãáâà¨¨ ¯¥ç�â¨ ¨«¨ ¯®å®¦¨¥ −� â�ª®¢ë¥.

‚â®à®© ¢¨â®ª á¯¨à�«¨ −�ç¨−�¥âáï á ®¡§®à� «¨â¥à�âãàë ¨ à¥è¥−¨© ª®−ªãà¥−-
â®¢ ¯® ¢ë¡à�−−®© â¥¬¥. �â®â íâ�¯ å�à�ªâ¥à¥− ¤«ï «î¡®£® −�ãç−®£® ¨áá«¥¤®¢�−¨ï.
…£® æ¥«ìî áâ�¢¨âáï ¯®¨áª ¯®¤å®¤®¢ ª à¥è¥−¨î §�¤�ç¨ �ˆ÷. �®¤å®¤, ª®â®àë©
à�áá¬�âà¨¢�¥âáï ª�ª −�¨¡®«¥¥ ¯¥àá¯¥ªâ¨¢−ë©, ¯à¨¬¥−ï¥âáï ¤«ï à�§à�¡®âª¨ �«-
£®à¨â¬� ¨ ¯¥à¢®£® ¯à®â®â¨¯� ��. Š�ª ¯à�¢¨«®, ¯¥à¢ë© ¯à®â®â¨¯ ¯à®£à�¬¬ë
à�§à�¡�âë¢�¥âáï á ¯®¬®éìî ¢ëá®ª®ãà®¢−¥¢ëå áà¥¤áâ¢, −�¯à¨¬¥à MATLAB [12]
¨«¨ ¯�ª¥â®¢ Python ¤«ï ®¡à�¡®âª¨ ¨§®¡à�¦¥−¨©, á¨£−�«®¢, ¬�è¨−−®£® ®¡ãç¥−¨ï
¨ â. ¯. ˆá¯®«ì§®¢�−¨¥ ¢ëá®ª®ãà®¢−¥¢ëå áà¥¤áâ¢ ¯®§¢®«ï¥â ¡ëáâà® ¯®«ãç¨âì
¯à®â®â¨¯ ¤«ï ®æ¥−ª¨ ª�ç¥áâ¢� à�¡®âë à�§à�¡®â�−−®£® �«£®à¨â¬�.

�� á«¥¤ãîé¥¬ íâ�¯¥ ¯ãâ¥¬ â¥áâ¨à®¢�−¨ï ¯¥à¢®£® ¯à®â®â¨¯� ¢ë¯®«−ï¥âáï
®æ¥−ª� ª�ç¥áâ¢� à�¡®âë ¬¥â®¤� ¤«ï ¬¨−¨¬¨§�æ¨¨ à¨áª®¢ ρ4 ¨ ρ8. ‡�¬¥â¨¬, çâ®
¢à¥¬ï ®¡à�¡®âª¨ −� ¤�−−®¬ íâ�¯¥ −¥ ®æ¥−¨¢�¥âáï. …á«¨ ª�ç¥áâ¢® à�§à�¡®â�−−®£®
¬¥â®¤� ã¤®¢«¥â¢®à¨â¥«ì−®¥, â® ¢ë¯®«−ï¥âáï ¨¤¥−â¨ä¨ª�æ¨ï íâ�¯®¢ ¢ ª®−¢¥©¥à¥
¯¥ç�â¨ ¨«¨ áª�−¨à®¢�−¨ï, ¯®¤å®¤ïé¨å ¤«ï à¥�«¨§�æ¨¨ ¤�−−®£® ¬¥â®¤�. ’�ª®©
¯®¨áª �«ìâ¥à−�â¨¢ ¯à¥¤−�§−�ç¥− ¤«ï −�å®¦¤¥−¨ï §�¯�á−ëå ¢�à¨�−â®¢ −� á«ãç�©,
¥á«¨ à¥�«¨§�æ¨ï ¬¥â®¤� −� æ¥«¥¢®© ¯«�âä®à¬¥ ®ª�¦¥âáï −¥¢®§¬®¦−�, ¨«¨ ¥£®
¯à®¨§¢®¤¨â¥«ì−®áâì ¡ã¤¥â −¨§ª®©, ¨«¨ áâ®¨¬®áâì ¨ ¢à¥¬ï à¥�«¨§�æ¨¨ ®ª�¦ãâáï
¢ëá®ª¨¬¨. „�−−�ï ¤¥ïâ¥«ì−®áâì, −�ç¨−�îé�ï âà¥â¨© ¢¨â®ª, −�¯à�¢«¥−� −�
ã¯à�¢«¥−¨¥ à¨áª�¬¨ ρ3, ρ5, ρ7 ¨ ρ9.

�¤−¨¬ ¨§ à¥§ã«ìâ�â®¢ íâ�¯� ¨¤¥−â¨ä¨ª�æ¨¨ ¢®§¬®¦−ëå ¬¥áâ ¤«ï à¥�«¨§�æ¨¨
¬¥â®¤� áâ�−®¢ïâáï âà¥¡®¢�−¨ï ª® ¢â®à®¬ã ¯à®â®â¨¯ã ��, ª®â®àë© à¥�«¨§ã¥âáï
á ¯®¬®éìî ï§ëª®¢ ¯à®£à�¬¬¨à®¢�−¨ï C/C++ á ãç¥â®¬ ¢®§¬®¦−®áâ¥© ¨ ®£à�-
−¨ç¥−¨© æ¥«¥¢ëå ¢ëç¨á«¨â¥«ì−ëå ¯«�âä®à¬. „�«¥¥ ¤«ï ¬¨−¨¬¨§�æ¨¨ à¨áª� ρ6
¢ë¯®«−ï¥âáï �−�«¨§ «¨æ¥−§¨© ¨á¯®«ì§ã¥¬ëå ¡¨¡«¨®â¥ª. ‡�â¥¬ ®æ¥−¨¢�îâáï
ª�ç¥áâ¢® ¨ ¢à¥¬ï à�¡®âë ¢â®à®£® ¯à®â®â¨¯�, çâ® −�¯à�¢«¥−® −� ã¯à�¢«¥−¨¥
à¨áª�¬¨ ρ3, ρ4, ρ5 ¨ ρ8. …á«¨ áä®à¬ã«¨à®¢�−−ë¥ −� ¯¥à¢®¬ ¢¨âª¥ ªà¨â¥à¨¨
ã¤®¢«¥â¢®à¥−ë, â® ¤«ï ã¯à�¢«¥−¨ï à¨áª®¬ ρ10 ®áãé¥áâ¢«ï¥âáï ¯¥à¥å®¤ ª �−�-
«¨§ã ¯®¤å®¤®¢ ª §�é¨â¥ à�§à�¡®â�−−®£® ¬¥â®¤� ª�ª ®¡ê¥ªâ� ¨−â¥««¥ªâã�«ì−®©
á®¡áâ¢¥−−®áâ¨. ‡�¢¥àè�îâ âà¥â¨© ¢¨â®ª �−�«¨§ âà¥¡®¢�−¨© ¯à®¨§¢®¤áâ¢¥−−ëå
¯®¤à�§¤¥«¥−¨© ª ¤®ªã¬¥−â¨à®¢�−¨î ¨ ®ä®à¬«¥−¨î ª®¤�, � â�ª¦¥ ¯®¤£®â®¢ª�
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¤®ªã¬¥−â�æ¨¨ ¨ â¥áâ®¢ ¢ á®®â¢¥âáâ¢¨¨ á íâ¨¬¨ âà¥¡®¢�−¨ï¬¨. �â¨ íâ�¯ë ¯à¥¤−�-
§−�ç¥−ë ¤«ï ¬¨−¨¬¨§�æ¨¨ à¨áª®¢ ρ7 ¨ ρ9.

4 Заключение

�à¥¤«®¦¥−� ¬¥â®¤®«®£¨ï �ˆ÷ ¯® á®§¤�−¨î −®¢ëå äã−ªæ¨© á¨áâ¥¬ áª�-
−¨à®¢�−¨ï ¨ ¯¥ç�â¨, ®á−®¢�−−�ï −� �−�«¨§¥ à¨áª®¢ ¨ ã¯à�¢«¥−¨¨ ¨¬¨. �â�
¬¥â®¤®«®£¨ï ¯à¥¤áâ�¢«ï¥â á®¡®© ®à¨£¨−�«ì−ãî à�§à�¡®âªã �¢â®à®¢, ®á−®¢�−−ãî
−� ¨−¤ãªâ¨¢−®¬ ®¡®¡é¥−¨¨ ®¯ëâ� à�¡®âë ¨ ¨á¯®«ì§®¢�−¨¨ àï¤� í«¥¬¥−â®¢ áãé¥-
áâ¢ãîé¨å ¬¥â®¤®«®£¨© ¨áá«¥¤®¢�−¨© ¨ à�§à�¡®âª¨. �à¥¤«®¦¥−−�ï ¬¥â®¤®«®£¨ï
�ˆ÷ á −¥¡®«ìè¨¬¨ ¬®¤¨ä¨ª�æ¨ï¬¨ ¬®¦¥â ¡ëâì ¯à¨¬¥−¥−� ¢ ¯à®¬ëè«¥−−®áâ¨
¯à¨ á®§¤�−¨¨ à¥è¥−¨© ¢ áå®¤−ëå á à�áá¬�âà¨¢�¥¬®© ®¡«�áâïå.

‘«¥¤ã¥â ®â¬¥â¨âì, çâ® ãá¯¥è−®¥ ¯à¨¬¥−¥−¨¥ ¯à¥¤«®¦¥−−®© ¬¥â®¤®«®£¨¨
�ˆ÷ âà¥¡ã¥â ®â á®âàã¤−¨ª®¢ ¨áá«¥¤®¢�â¥«ìáª¨å ¯®¤à�§¤¥«¥−¨© à�áè¨àïâì á¢®¨
ª®¬¯¥â¥−æ¨¨ ¢ á¬¥¦−ëå ®¡«�áâïå, á¢ï§�−−ëå á â¥å−®«®£¨ï¬¨ à�§à�¡®âª¨ ��
¨ �¯¯�à�â−®£® ®¡¥á¯¥ç¥−¨ï, �−�«¨§®¬ ®á®¡¥−−®áâ¥© «¨æ¥−§¨®−−ëå á®£«�è¥−¨©,
¯�â¥−â−®© ¨−ä®à¬�æ¨¨ ¨ §�é¨âë ®¡ê¥ªâ®¢ ¨−â¥««¥ªâã�«ì−®© á®¡áâ¢¥−−®áâ¨.
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RESEARCH METHODOLOGY FOR CREATING FUNCTIONS
OF SCANNING AND PRINTING SYSTEMS
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Abstract: Scanning, copying, and printing devices are widely used in industry,
government, and for personal needs. Combined with application and system
software, these devices constitute scanning and printing systems. The formulation
of a research methodology for creating the functions of such systems allows one
formalizing and speeding up the development of new image processing methods.
A review of the methodologies of scientific research, research and development in
the industry, and software development has been done. The fact of implementation
of the research result in the product was chosen as a success criterion. Based
on a retrospective analysis, the factors that prevented the implementation of the
results were identified. At the research stage, these factors can be considered as
risks. Using the analytic hierarchy process, risks are ranked by their importance.
A research methodology is proposed for creating new functions for scanning and
printing systems based on risk analysis and management.

Keywords: research methodology; risk management; analytic hierarchy process
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ПРОБЛЕМЫ ФОРМИРОВАНИЯ СИСТЕМЫ
СОГЛАСОВАННЫХ ЛОКАЛЬНЫХ ГЕОГРАФИЧЕСКИХ

ОНТОЛОГИЙ

Д. А. Никишин1

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�¥âáï áãé−®áâì £¥®®−â®«®£¨¨ ª�ª áà¥¤áâ¢� ¯à¥¤áâ�¢-
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1 Введение

‚ á®¢à¥¬¥−−ëå ãá«®¢¨ïå ¢®§−¨ª«¨ ¢®§¬®¦−®áâ¨ ¢−¥¤à¥−¨ï àï¤� ¯�à�¤¨£¬
¤«ï ®à£�−¨§�æ¨¨ £¥®£à�ä¨ç¥áª¨å ¤�−−ëå (£¥®¤�−−ëå), ª®â®àë¥ ¦¥«�â¥«ì−® ãç¨-
âë¢�âì ¯à¨ à�§à�¡®âª¥ ¯¥àá¯¥ªâ¨¢−ëå ƒˆ‘ [1]. Š â�ª¨¬ ¯�à�¤¨£¬�¬ ¬®¦−®
®â−¥áâ¨ [2]: ®¡¥á¯¥ç¥−¨¥ ¯à®áâà�−áâ¢¥−−®© ¨ «®£¨ç¥áª®© á¢ï§�−−®áâ¨ ¬®¤¥«¨
¬¥áâ−®áâ¨; á®§¤�−¨¥ æ¥«®áâ−®© á¨áâ¥¬ë «®ª�«ì−ëå £¥®®−â®«®£¨© [3]; ¯®¤¤¥à¦-
ªã ¬−®¦¥áâ¢¥−−ëå ¯à¥¤áâ�¢«¥−¨© £¥®®¡ê¥ªâ®¢ ¨ ¬¥áâ−®áâ¨ ¢ æ¥«®¬ ¢ �á¯¥ªâ�å
£¥−¥à�«¨§�æ¨¨, ª®−â¥ªáâ−®© ¢�à¨�−â−®áâ¨ ¨ �«ìâ¥à−�â¨¢−®áâ¨ [4]; â¥¬¯®à�«ì−®¥
¬®¤¥«¨à®¢�−¨¥ [5]; âà¥å¬¥à−®¥ (3D) ¬®¤¥«¨à®¢�−¨¥. ’�ª¦¥ −ã¦−® ®â¬¥â¨âì
�ªâã�«ì−®áâì á®§¤�−¨ï −�¤¥¦−ëå á¨áâ¥¬ ¤«ï �¢â®¬�â¨ç¥áª®£® £¥®£à�ä¨ç¥áª®£®
¢ë¢®¤� [2], ¢ª«îç�ï §�¤�çã �¢â®¬�â¨ç¥áª®£® ®¡¥á¯¥ç¥−¨ï æ¥«®áâ−®áâ¨ £¥®¬®¤¥«¨,
çâ® á¢ï§�−® á ¢−¥¤à¥−¨¥¬ ¯à®áâà�−áâ¢¥−−®-«®£¨ç¥áª®© á¢ï§�−−®áâ¨ £¥®¤�−−ëå.

‡�¤�ç¥© ¤�−−®© ¯ã¡«¨ª�æ¨¨ áâ�¢¨âáï à�áá¬®âà¥−¨¥ ¯�à�¤¨£¬ë £¥®®−â®«®£¨¨,
¥¥ §�¤�ç ¨ ¢ëï¢«¥−¨¥ ¯à®¡«¥¬ à�§¢¨â¨ï £¥®®−â®«®£¨© ª�ª æ¥«®áâ−®© á¨áâ¥¬ë
«®ª�«ì−ëå £¥®®−â®«®£¨© [3].
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2 Сущность парадигмы информационной онтологии

’¥à¬¨− ú®−â®«®£¨ïû §�¨¬áâ¢®¢�− ¨§ ä¨«®á®ä¨¨, £¤¥ ®§−�ç�« á¨áâ¥¬�â¨ç¥áª®¥
®¯¨á�−¨¥ ¢á¥£® áãé¥£® [6]. ’¥à¬¨− ú¨−ä®à¬�æ¨®−−�ï ®−â®«®£¨ïû ¢¯¥à¢ë¥ ¢¢¥¤¥−
¢ ®¡«�áâì −�ãª¨ ¨ â¥å−¨ª¨ ¢ 1984 £., � ¥£® ª®−æ¥¯æ¨ï ¢ æ¥«®¬ ¡ë«� ®¯à¥¤¥«¥−�
ª 1991 £. �à¨¬¥à−® ¢ â® ¦¥ ¢à¥¬ï ¯à®¨§®è«® ¢−¥¤à¥−¨¥ ª®−æ¥¯æ¨¨ ®−â®«®£¨¨
¢ £¥®¨−ä®à¬�â¨ªã, ¨ ¢ ¯®á«¥¤ãîé¨¥ ¤¥áïâ¨«¥â¨ï ¬−®£¨¥ ¨áá«¥¤®¢�−¨ï ¢ ®¡-
«�áâ¨ £¥®¨−ä®à¬�æ¨¨ ¡ë«¨ á®áà¥¤®â®ç¥−ë −� â¥¬¥ £¥®®−â®«®£¨© [7]. �−â®«®£¨¨
¢ −�áâ®ïé¥¥ ¢à¥¬ï à�áá¬�âà¨¢�îâáï ª�ª −�¨¡®«¥¥ ¯¥àá¯¥ªâ¨¢−®¥ ¨ íää¥ªâ¨¢−®¥
áà¥¤áâ¢® ¯à¥¤áâ�¢«¥−¨ï §−�−¨© [8].

�−â®«®£¨ï ¢ ¨−ä®à¬�â¨ª¥, á®£«�á−® á®¢à¥¬¥−−ë¬ â®«ª®¢�−¨ï¬, ï¢«ï¥âáï
úâ®ç−®© á¯¥æ¨ä¨ª�æ¨¥© ª®−æ¥¯âã�«¨§�æ¨¨ ¯à¥¤¬¥â−®© ®¡«�áâ¨û, ª®â®à�ï ¤®«¦-
−� á®¤¥à¦�âì â¥§�ãàãá â¥à¬¨−®¢ ¨ ®¯à¥¤¥«¥−−ë¥ á¯¥æ¨ä¨ª�æ¨¨. �−â®«®£¨¨
á®¤¥à¦�â ¢§�¨¬®á¢ï§�−−ë¥ ä�ªâë, ®¡ê¥¤¨−¥−−ë¥ ¢ ª«�ááë ®¡ê¥ªâ®¢ ¨ ®â−®è¥−¨©,
á®®â¢¥âáâ¢ãîé¨¥ ¢ë¡à�−−®© ¯à®¡«¥¬−®© ®¡«�áâ¨. �® áãâ¨, ®−â®«®£¨ï | íâ®
−�¨¡®«¥¥ ¯®«−�ï ª®−æ¥¯âã�«¨§�æ¨ï ¯à®¡«¥¬−®© ®¡«�áâ¨ [3,9].

�¡®¡é�ï ®¯à¥¤¥«¥−¨ï, ¯à¨¢¥¤¥−−ë¥ ¢ [6, 8, 10{12] ¨ àï¤¥ ¤àã£¨å ¨áâ®ç-
−¨ª®¢, ¬®¦−® ãâ®ç−¨âì á®¤¥à¦�−¨¥ ¨−ä®à¬�æ¨®−−®© ®−â®«®£¨¨ ª�ª æ¥«®áâ−®©
á¨áâ¥¬ë ä®à¬�«¨§®¢�−−ëå §−�−¨©, á®¤¥à¦�é¥© ®¯à¥¤¥«¥−¨ï á¢®©áâ¢ ¨ ¯®−ïâ¨©
(ª®−æ¥¯â®¢, ª«�áá®¢) ¯à¥¤¬¥â−®© ®¡«�áâ¨, ®¡ê¥¤¨−¥−−ëå ®â−®è¥−¨ï¬¨ ¬¥¦¤ã
−¨¬¨. ú‘¢®©áâ¢® | ª�â¥£®à¨ï, ¢ëà�¦�îé�ï â�ªãî áâ®à®−ã ®¡ê¥ªâ� (áãé-
−®áâ¨), ª®â®à�ï ®¡ãá«�¢«¨¢�¥â ¥£® à�§«¨ç¨¥ ¨«¨ ®¡é−®áâì á ¤àã£¨¬¨ ®¡ê¥ªâ�¬¨
¨ ®¡−�àã¦¨¢�¥â á¥¡ï ¯à¨ á®¯®áâ�¢«¥−¨¨ à�§«¨ç−ëå ®¡ê¥ªâ®¢. �¡ê¥ªâë ï¢«ï-
îâáï −¥ áâ®«ìª® −®á¨â¥«ï¬¨ á¢®©áâ¢, áª®«ìª® ¨å á®¢®ªã¯−®áâìî, çâ® ¯®§¢®«ï¥â
áç¨â�âì á¢®©áâ¢� ®¡ê¥ªâ®®¡à�§ãîé¥© ª�â¥£®à¨¥©û [13]. �¡®¡é¥−¨¥ ¬®¤¥«¥© ®¡ê-
¥ªâ®¢ ¯®áà¥¤áâ¢®¬ ¯®−ïâ¨© (ª«�áá®¢) ®¡ãá«®¢«¥−® −¥®¡å®¤¨¬®áâìî á®¯®áâ�¢«¥−¨ï
¨ ®¡®¡é¥−¨ï áå®¦¨å áãé−®áâ¥©. �â® ®¡¥á¯¥ç¨¢�¥â ª®−æ¥¯âã�«ì−ãî ®á−®¢ã ¤«ï
®¡é¥© å�à�ªâ¥à¨áâ¨ª¨ ï¢«¥−¨©. �â−®è¥−¨¥ ®âà�¦�¥â ¯à®áâà�−áâ¢¥−−ãî ¨«¨
«®£¨ç¥áªãî ¢§�¨¬®á¢ï§ì ¬¥¦¤ã £¥®£à�ä¨ç¥áª¨¬¨ ¯®−ïâ¨ï¬¨ ¨«¨ ª®−ªà¥â−ë¬¨
£¥®®¡ê¥ªâ�¬¨ [7].

3 Задачи информационной онтологии

…á«¨ úæ¥«ì ä¨«®á®äáª®© ®−â®«®£¨¨ á®áâ®¨â ¢ â®¬, çâ®¡ë «ãçè¥ ¯®−ïâì
(¨ ®¡êïá−¨âì) áâàãªâãàã ¬¨à�û [7], â® æ¥«ï¬¨ ®−â®«®£¨¨ ¨−ä®à¬�æ¨®−−®© ¬®¦−®
áç¨â�âì á«¥¤ãîé¥¥.

1. �� ®á−®¢¥ ®−â®«®£¨© ®áãé¥áâ¢«ï¥âáï ¬®¤¥«¨à®¢�−¨¥ ¯à¥¤¬¥â−®© ®¡«�áâ¨, ª®-
â®à®¥ ¯à¥¤¯®«�£�¥â ª®−æ¥¯âã�«¨§�æ¨î (�¡áâà�ªæ¨î ¨ £¥−¥à�«¨§�æ¨î) ï¢«¥-
−¨© ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¬®¤¥«ï¬¨ ®â¤¥«ì−ëå ®¡ê¥ªâ®¢. �−â®«®£¨ï ¤®«¦−�
®¡¥á¯¥ç¨¢�âì ¯®á«¥¤®¢�â¥«ì−®¥ ¨ ¯®«−®¥ áâàãªâãà¨à®¢�−¨¥ ¯à¥¤¬¥â−®© ®¡-
«�áâ¨ [8].

2. …é¥ ®¤−� à®«ì ®−â®«®£¨¨ | ®¯à¥¤¥«¥−¨¥ ®¡é¥£® á«®¢�àï ¤«ï ¯®«ì§®¢�â¥«¥©
(«î¤¥©, ª®¬¯ìîâ¥à®¢ ¨«¨ ¯à®£à�¬¬−ëå �£¥−â®¢), ª®â®àë¬ −¥®¡å®¤¨¬® ®¡¬¥-
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�à®¡«¥¬ë ä®à¬¨à®¢�−¨ï á¨áâ¥¬ë á®£«�á®¢�−−ëå «®ª�«ì−ëå £¥®£à�ä¨ç¥áª¨å ®−â®«®£¨©

−¨¢�âìáï ¨−ä®à¬�æ¨¥© ®¡ ®¯à¥¤¥«¥−−®© ¯à¥¤¬¥â−®© ®¡«�áâ¨ [6,7]. „«ï íâ®£®
á®¤¥à¦�é¨¥áï ¢ ®−â®«®£¨¨ ª®−æ¥¯âë ¨ ®â−®è¥−¨ï ¤®«¦−ë ¡ëâì ¯à¨−ïâë
¨ à�§¤¥«¥−ë ¨á¯®«ì§ãîé¨¬ ¥¥ á®®¡é¥áâ¢®¬ [11]. �® áãâ¨, ®−â®«®£¨ï á«ã-
¦¨â ª®−¢¥−æ¨®−�«ì−®© ®á−®¢®© ¤«ï á®£«�á®¢�−¨ï ¯®−¨¬�−¨ï ¯®«ì§®¢�â¥«ï¬¨
áãé−®áâ¥© ¯à¥¤¬¥â−®© ®¡«�áâ¨. ‚ íâ®¬ ª�ç¥áâ¢¥ ®−â®«®£¨ï ¬®¦¥â á«ã¦¨âì
®á−®¢®© ¤«ï ®¡¬¥−� ¬¥¦¤ã à�§«¨ç−ë¬¨ ¨áâ®ç−¨ª�¬¨ ¨−ä®à¬�æ¨¨ [8,11].

3. �−â®«®£¨ï ¯à¨§¢�−� ®¡¥á¯¥ç¨¢�âì ¯®−¨¬�−¨¥ á¥¬�−â¨ª¨ ¤�−−ëå −¥ â®«ìª®
ç¥«®¢¥ª®¬, −® ¨ ª®¬¯ìîâ¥à®¬, çâ® ¯®§¢®«ï¥â �¢â®¬�â¨§¨à®¢�âì §�¯à®áë ¤�−-
−ëå, «®£¨ç¥áª¨¥ à�ááã¦¤¥−¨ï ¨ ¢ë¢®¤ −®¢ëå, −¥ï¢−ëå §−�−¨© ¨§ ¨¬¥îé¨åáï
¤�−−ëå, −® âà¥¡ã¥â ¯à¥¤¥«ì−® ç¥âª¨å, ä®à¬�«¨§®¢�−−ëå ¨ áâ�−¤�àâ¨§®¢�−-
−ëå ®¯à¥¤¥«¥−¨© ¯®−ïâ¨© ¨ ®â−®è¥−¨© ¬¥¦¤ã −¨¬¨ [7,10,11].

4. �−â®«®£¨ï ¯®§¢®«ï¥â ®â¤¥«ïâì §−�−¨¥ ® ¯à¥¤¬¥â−®© ®¡«�áâ¨ ®â à¥�«¨§�æ¨¨
ª®−ªà¥â−ëå ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬. �â® ¤�¥â ¢®§¬®¦−®áâì ¬¨£à¨à®¢�âì
á ®¤−®© ¨−ä®à¬�æ¨®−−®© á¨áâ¥¬ë −� ¤àã£ãî, � â�ª¦¥ �¤�¯â¨à®¢�âìáï ª ¨§-
¬¥−¥−¨ï¬ §−�−¨ï [7].

’�ª¨¬ ®¡à�§®¬, ¨−ä®à¬�æ¨®−−�ï ®−â®«®£¨ï á«ã¦¨â ®á−®¢®© ¤«ï ¯à¨®¡à¥â¥-
−¨ï ¨ á®¢¥àè¥−áâ¢®¢�−¨ï §−�−¨ï ® ¯à¥¤¬¥â−®© ®¡«�áâ¨, � â�ª¦¥ ¤«ï ¯¥à¥¤�ç¨
íâ®£® §−�−¨ï | â. ¥., ¯® áãâ¨, ¢ë¯®«−ï¥â âã ¦¥ á�¬ãî §�¤�çã, çâ® ¨ ®−â®«®£¨ï
ä¨«®á®äáª�ï. �®, ¢ ®â«¨ç¨¥ ®â ¯®á«¥¤−¥©, ã ¨−ä®à¬�æ¨®−−®© ®−â®«®£¨¨ ¥áâì
¤¢� áãé¥áâ¢¥−−ëå ®â«¨ç¨ï. ‚®-¯¥à¢ëå, ®−� ®¡ëç−® á®§¤�¥âáï æ¥«¥−�¯à�¢«¥−−®,
¢ ®¡ê¥¬¥, −¥®¡å®¤¨¬®¬ ¨ ¤®áâ�â®ç−®¬ ¤«ï à¥è¥−¨ï ª®−ªà¥â−ëå, −�áãé−ëå §�¤�ç
¬®¤¥«¨à®¢�−¨ï. ‘®®â¢¥âáâ¢¥−−®, ¨¬¥−−® à¥è�¥¬ë¥ §�¤�ç¨ ®¯à¥¤¥«ïîâ ¯�à�-
¬¥âàë á®§¤�¢�¥¬®© ®−â®«®£¨¨, � ®á−®¢−ë¬ ªà¨â¥à¨¥¬ á«ã¦¨â ¥¥ ¯à¨¬¥−¨¬®áâì,
� −¥ ¥¥ ¯®«−®â�. „àã£�ï ®á®¡¥−−®áâì ®−â®«®£¨¨ ¢ ¨−ä®à¬�â¨ª¥ §�ª«îç�¥âáï
¢ −�«¨ç¨¨ ç¥âª¨å, ä®à¬�«ì−ëå ®¯à¥¤¥«¥−¨©, ¯à¥¤áâ�¢«¥−−ëå �ªá¨®¬�â¨ç¥áª¨
¨«¨ íªá¯«¨æ¨â−® ¨ à�áªàë¢�îé¨å á®¤¥à¦�−¨¥ ¯®−ïâ¨© (ª®−æ¥¯â®¢) ¨ ª�â¥£®à¨©
á¢®©áâ¢ [6], � â�ª¦¥ ¯à�¢¨«� ¨ ®£à�−¨ç¥−¨ï ¨å ¯à¨¬¥−¨¬®áâ¨ [8].

4 Проблемы подхода на основе системы локальных онтологий

ˆáá«¥¤®¢�−¨ï ¯®á«¥¤−¨å «¥â ¯®ª�§ë¢�îâ, çâ® á®§¤�−¨¥ ¢á¥®¡ê¥¬«îé¥© ®−-
â®«®£¨¨ ¬®¦−® áç¨â�âì ãâ®¯¨¥© [12]. �â® ®¡ãá«®¢«¥−® ª�ª −¥®¡êïâ−®áâìî ªàã£�
¢®§¬®¦−ëå ï¢«¥−¨© ¨ −¥®£à�−¨ç¥−−®áâìî ¨å ¤¥â�«¨§�æ¨¨, â�ª ¨ æ¥«ë¬ àï¤®¬
¯à¨ç¨−, à�áá¬®âà¥−−ëå −¨¦¥. ‚ á¢ï§¨ á íâ¨¬ ¢ ¯®á«¥¤−¥¥ ¢à¥¬ï ¯®«ãç¨«�
à�á¯à®áâà�−¥−¨¥ ¨¤¥ï «®ª�«ì−ëå (¨«¨ ¬®¤ã«ì−ëå) ®−â®«®£¨©, �¤�¯â¨à®¢�−−ëå
ª ª®−ªà¥â−ë¬ ¯®âà¥¡−®áâï¬ ¨å ¨á¯®«ì§®¢�−¨ï [14, 15]. ‚ [7, 8, 10] ã¯®¬¨−�îâáï
−¥áª®«ìª® ãà®¢−¥© ¯®¤®¡−®£® à�§¤¥«¥−¨ï ®−â®«®£¨©.
1. �−â®«®£¨ï ¢¥àå−¥£® ãà®¢−ï ®¯à¥¤¥«ï¥â ®¡é¨¥, ã−¨¢¥àá�«ì−ë¥ ¤«ï ¬−®£¨å

¯à¥¤¬¥â−ëå ®¡«�áâ¥© ¯®−ïâ¨ï ¨ ®â−®è¥−¨ï ¬¥¦¤ã −¨¬¨ ¨ ¢ëáâã¯�¥â ª�ª
®á−®¢� ¤«ï ¯à¨¬¥−¥−¨ï «®ª�«ì−ëå ®−â®«®£¨©.

2. ‹®ª�«ì−ë¥ (á¯¥æ¨�«¨§¨à®¢�−−ë¥) ®−â®«®£¨¨ ¢ á®¢à¥¬¥−−ëå ¨áá«¥¤®¢�−¨ïå
¯®¤à�§¤¥«ïîâáï −� á«¥¤ãîé¨¥ ãà®¢−¨:
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(�) ®−â®«®£¨ï, ¯à¥¤áâ�¢«ïîé�ï á¯¥æ¨ä¨ç−ãî â¥à¬¨−®«®£¨ç¥áªãî ¡�§ã ¤«ï
ª®−ªà¥â−®© ¯à¥¤¬¥â−®© ®¡«�áâ¨. �à¨−ïâë¥ ¢ íâ®© ®¡«�áâ¨ â¥à¬¨−ë ¯®-
«ãç�îâáï «¨¡® á¯¥æ¨�«¨§�æ¨¥© â¥à¬¨−®¢ ¡®«¥¥ ®¡é¥© ®−â®«®£¨¨, «¨¡®
¯ãâ¥¬ ¢¢¥¤¥−¨ï −®¢ëå á¯¥æ¨ä¨ç¥áª¨å â¥à¬¨−®¢. ‘®®â¢¥âáâ¢¥−−®, ¯à®¨á-
å®¤¨â á¯¥æ¨ä¨ª�æ¨ï ®£à�−¨ç¥−¨©, −�ª«�¤ë¢�¥¬ëå ª®−ªà¥â−®© ¯à¥¤¬¥â-
−®© ®¡«�áâìî1 (á¬., −�¯à¨¬¥à, [8]);

(¡) ®−â®«®£¨ï ¤«ï ª®−ªà¥â−®© §�¤�ç¨;

(¢) ®−â®«®£¨ï ¯à¨«®¦¥−¨ï, ®¯¨áë¢�îé�ï ª®−æ¥¯âë ¨ ®â−®è¥−¨ï ¤«ï ª®−-
ªà¥â−®© à¥�«¨§�æ¨¨ (¨−ä®à¬�æ¨®−−®© á¨áâ¥¬ë, ¡�§ë ¤�−−ëå ¨ â. ¯.).

‚¬¥áâ¥ á â¥¬ ã ¯®¤å®¤� −� ®á−®¢¥ «®ª�«ì−ëå ®−â®«®£¨© ¨¬¥¥âáï àï¤ ¯à®¡«¥¬.

1. �¤−� ¨§ ¯à®¡«¥¬ §�ª«îç�¥âáï ¢ ®§�¡®ç¥−−®áâ¨ ¯® ¯®¢®¤ã äà�£¬¥−â�æ¨¨
§−�−¨©, ¯à¨áãé¨å à�á¯à®áâà�−¥−¨î −¥®¯à¥¤¥«¥−−®£® ç¨á«� ¬¨ªà®®−â®«®-
£¨© ¢ ãá«®¢¨ïå ®âáãâáâ¢¨ï ®¡é¥£® ï¤à�. �â® ®á®¡¥−−® ¢�¦−® ¢ á«ãç�¥, ª®£¤�
−¥áª®«ìª® ¬®¤¥«¥© á®§¤�îâáï ¢ á¨«ì−® à�§à®§−¥−−ëå ª®−â¥ªáâ�å −�¡«î¤¥−¨ï
¨ ¨−â¥à¯à¥â�æ¨¨2.

2. „�¦¥ ¢ à�¬ª�å ®¤−®© ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¬®£ãâ áãé¥áâ¢®¢�âì ¢�à¨�−âë
®−â®«®£¨©, ®â«¨ç−ë¥ ¯® ¬�áèâ�¡ã, ª®−â¥ªáâã ¨á¯®«ì§®¢�−¨ï ¨«¨ ¯à¥¤áâ�¢-
«ïîé¨¥ �«ìâ¥à−�â¨¢−ë¥ ¢§£«ï¤ë −� ®¤−ã ¨ âã ¦¥ ¯à¥¤¬¥â−ãî ®¡«�áâì.
�á¯¥ªâ £¥−¥à�«¨§�æ¨¨ −�£«ï¤−® ¯à¥¤áâ�¢«¥− ¬�áèâ�¡−ë¬ àï¤®¬ ãá«®¢−ëå
®¡®§−�ç¥−¨© â®¯®£à�ä¨ç¥áª¨å ¨ ¤àã£¨å ª�àâ [16]. ‚�à¨�−â−®áâì ¢ë§¢�−�
ãá«®¢¨ï¬¨ ª®−ªà¥â−®© §�¤�ç¨ [2, 4]3; ¯à¨¬¥à®¬ ¬®£ãâ á«ã¦¨âì ®−â®«®£¨¨
â®¯®£à�ä¨ç¥áª®© ¨ ¬®àáª®© ª�àâ®£à�ä¨¨. �®¤ �«ìâ¥à−�â¨¢−®áâìî §¤¥áì
¯®−¨¬�¥âáï áãé¥áâ¢®¢�−¨¥ à�§«¨ç�îé¨åáï ®−â®«®£¨© ¯à¨ ãá«®¢¨¨, çâ® à¥çì
¨¤¥â ®¡ ®¤−®© ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¨ ®¡ ®¤−®¬ ª®−â¥ªáâ¥ ¨á¯®«ì§®¢�−¨ï, ¯à¨
íâ®¬ ú®−¨ ¤®«¦−ë ¢ë¤¥à¦¨¢�âì ªà¨â¨ç¥áª¨¥ ¨á¯ëâ�−¨ï ¯à¨ áâ®«ª−®¢¥−¨¨
á à¥�«ì−®áâìîû [17]. �à¨¬¥à®¬ ¬®£ãâ á«ã¦¨âì ®â¥ç¥áâ¢¥−−�ï ¨ §�¯�¤−�ï
âà�¤¨æ¨¨ ª�àâ®£à�ä¨¨, â®¯®«®£¨ç¥áª�ï (OpenGIS) ¨«¨ −¥â®¯®«®£¨ç¥áª�ï
(GeoRSS | Geographically encoded objects for Really Simple Syndication)
¬®¤¥«¨ £¥®¬¥âà¨¨ £¥®®¡ê¥ªâ®¢.

3. „«ï à¥è¥−¨ï §�¤�ç −� áâëª¥ ¯à¥¤¬¥â−ëå ®¡«�áâ¥© ¬®¦¥â ¯®âà¥¡®¢�âìáï
á®¢¬¥áâ−®¥ ¨á¯®«ì§®¢�−¨¥ «®ª�«ì−ëå ®−â®«®£¨©.

1‚ à�§−ëå «®ª�«ì−ëå ®−â®«®£¨ïå ¬®£ãâ ¯à¨áãâáâ¢®¢�âì ®¤−®¨¬¥−−ë¥, −® à�§−ë¥ (¢ â®¬ ç¨á«¥
−¥á®¢¬¥áâ¨¬ë¥) ¯® áãé−®áâ¨ â¥à¬¨−ë. …á«¨ ¦¥ â¥à¬¨−ë ¢ à�§−ëå ®¡«�áâïå áå®¦¨, â®, áª®à¥¥
¢á¥£®, ®−¨ ®¡à�§ãîâ ã−¨¢¥àá�«ì−®¥ ¯®−ïâ¨¥, ª®â®à®¥ ¬®¦¥â ¡ëâì ®â−¥á¥−® ª ®¡é¥© ®−â®«®£¨¨.

2‚®®¡é¥, ¢®¯à®á ® à�§¤¥«¥−¨¨ ¯à¥¤¬¥â−ëå ®¡«�áâ¥© −¥ â�ª ¯à®áâ. ��¯à¨¬¥à, ®â−®á¨â¥«ì−®
£¥®®−â®«®£¨¨ ¢®§−¨ª�¥â ¤¨«¥¬¬�: íâ® ®−â®«®£¨ï ¯à¥¤¬¥â−®© ®¡«�áâ¨ [8] ¨«¨ ®−� ¤®«¦−� ¡ëâì
®â−¥á¥−� ª ãà®¢−î ¡�§®¢®© ®−â®«®£¨¨? ‚¥¤ì ®ç¥¢¨¤−®, çâ® ¢® ¬−®£¨å à�§«¨ç−ëå ¯à¥¤¬¥â−ëå
®¡«�áâïå −ã¦−� ª®−æ¥¯æ¨ï ¤«ï ¢ëà�¦¥−¨ï £¥®£à�ä¨ç¥áª®£® ¯à®áâà�−áâ¢� ¨ à�á¯®«®¦¥−¨ï [7].

3’�ª, ¤«ï �àå¨â¥ªâ®à�, ¨−¦¥−¥à�, áâà®¨â¥«ï, íª®−®¬¨áâ� ¢§£«ï¤ −� áâà®ïé¨©áï ®¡ê¥ªâ ¯à¥¤-
®¯à¥¤¥«¥− â¥¬¨ §�¤�ç�¬¨, ª®â®àë¥ ª�¦¤ë© ¨§ −¨å à¥è�¥â ¢ ®â−®è¥−¨¨ íâ®£® §¤�−¨ï. ‘®®â¢¥âáâ¢¥−-
−®, ¨å ¤¥ïâ¥«ì−®áâì ¡ã¤¥â ¡�§¨à®¢�âìáï −� ¤®áâ�â®ç−® ¡«¨§ª¨å, −® â¥¬ −¥ ¬¥−¥¥ à�§«¨ç�îé¨åáï
®−â®«®£¨ïå.
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÷¨á. 1 �à¨¬¥à à�§«¨ç−®£® ¯®«®¦¥−¨ï ¡¥à¥£®¢®© «¨−¨¨ ¯à¨ á®¢¬¥é¥−¨¨ â®¯®£à�ä¨ç¥-
áª®© ¨ ¬®àáª®© −�¢¨£�æ¨®−−®© ª�àâ [18]

�à¨¬¥à®¬ úáâëª�û ®−â®«®£¨© ®¤−®£® ãà®¢−ï ¤¥â�«¨§�æ¨¨ ¬®¦¥â á«ã¦¨âì
à¥è¥−¨¥ §�¤�ç úáãè�{¬®à¥û, ¯à¥¤¯®«�£�îé¨å á®¢¬¥áâ−®¥ ¨á¯®«ì§®¢�−¨¥ £¥®-
¬®¤¥«¥© áãè¨ ¨ ¯à¨¡à¥¦−®£® è¥«ìä�. �¤−�ª® ¨áâ®à¨ç¥áª¨ á«®¦¨¢è¥¥áï ¢¥-
¤®¬áâ¢¥−−®¥ à�§¤¥«¥−¨¥ áä¥à ¬®¤¥«¨à®¢�−¨ï áãè¨ ¨ ¬®àï ¯à¨¢¥«® ª à�§«¨ç¨ï¬
¢ ¯®¤å®¤�å ª ¯à¥¤áâ�¢«¥−¨î á®®â¢¥âáâ¢ãîé¨å £¥®¤�−−ëå. „«ï ¨å á®¢¬¥áâ−®-
£® ¨á¯®«ì§®¢�−¨ï âà¥¡ã¥âáï à�§à¥è¨âì àï¤ ¯à®¡«¥¬, ¢ â®¬ ç¨á«¥ á®£«�á®¢�−¨ï
¨á¯®«ì§ã¥¬ëå ¨¬¨ ®−â®«®£¨©. ˆ ¥á«¨ ¯à®¡«¥¬ë ã−¨ä¨ª�æ¨¨ á¥¬�−â¨ª¨ ¨å
áãé−®áâ¥© à¥è�îâáï ¤®áâ�â®ç−® âà¨¢¨�«ì−®, â® ¯à®¡«¥¬� á®£«�á®¢�−¨ï ¯à®-
áâà�−áâ¢¥−−®£® ¯®«®¦¥−¨ï £¥®¬®¤¥«¥© áãè¨ ¨ ¬®àï (¢ ¯«�−¥ ¨ ¯® ¢ëá®â¥) ¯®ª�
−¥ ¨¬¥¥â ®¤−®§−�ç−®£® à¥è¥−¨ï ¢¢¨¤ã ®âáãâáâ¢¨ï ª®«¨ç¥áâ¢¥−−®© á¢ï§¨ ¬¥¦-
¤ã ¨á¯®«ì§ã¥¬ë¬¨ ¨¬¨ á¨áâ¥¬�¬¨ ®âáç¥â� ª®®à¤¨−�â â®¯®£à�ä¨ç¥áª¨å ¢ëá®â
¨ −�¢¨£�æ¨®−−ëå £«ã¡¨− [18]. ’�ª, ¢ à¥§ã«ìâ�â¥ á®¢¬¥é¥−¨ï â®¯®£à�ä¨ç¥áª®©
¨ ¬®àáª®© −�¢¨£�æ¨®−−®© ª�àâ −�¡«î¤�¥âáï á¤¢¨£ ¡¥à¥£®¢®© «¨−¨¨ (à¨á. 1), çâ®
®¡ãá«®¢«¥−® ®á®¡¥−−®áâï¬¨ ¢ë¡®à� ¨å ãà®¢−¥¢®© ¯®¢¥àå−®áâ¨.

�à¨¬¥à®¬ úáâëª�û ®−â®«®£¨© á à�§«¨ç−ë¬¨ ãà®¢−ï¬¨ ¤¥â�«¨§�æ¨¨ ¬®¦¥â
á«ã¦¨âì ¨−â¥£à�æ¨ï ®−â®«®£¨¨ â®¯®£à�ä¨ç¥áª®© ¬®¤¥«¨ ªàã¯−®£® ¬�áèâ�¡� ¨ ®−-
â®«®£¨¨ ¬®¤¥«¥© BIM (Building Information Model) ãà®¢−ï ®â¤¥«ì−®£® ¨−¦¥−¥à-
−®£® á®®àã¦¥−¨ï [19], −�¯à¨¬¥à ¯à¨ à¥è¥−¨¨ £à�¤®áâà®¨â¥«ì−ëå §�¤�ç (à¨á. 2).
”�ªâ®à�¬¨, §�âàã¤−ïîé¨¬¨ ¨å á®¢¬¥áâ−®¥ ¯à¨¬¥−¥−¨¥ ¯®¬¨¬® à�§«¨ç¨© ¢ á¥-
¬�−â¨ª¥ ¨ ¨á¯®«ì§ã¥¬ëå á¨áâ¥¬�å ª®®à¤¨−�â §¤¥áì ¢ëáâã¯�îâ −¥®¡å®¤¨¬®áâì á®-
£«�á®¢�−¨ï ¬®¤¥«¥© ¯® ¬�áèâ�¡ã (á®£«�á®¢�−¨ï ¤¥â�«ì−®áâ¨ íâ¨å ¬®¤¥«¥©), � â�ª-
¦¥, ¯à¨ −¥®¡å®¤¨¬®áâ¨, á®£«�á®¢�−¨¥ í«¥¬¥−â®¢ £¥®¯à®áâà�−áâ¢¥−−ëå ¬®¤¥«¥©
à�§«¨ç−®© à�§¬¥à−®áâ¨ (2D, 3D, 4D).
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÷¨á. 2 ˆ««îáâà�æ¨ï á®¢¬¥áâ−®£® ¨á¯®«ì§®¢�−¨ï à�§−®¬�áèâ�¡−ëå ¬®¤¥«¥© −� ¯à¨¬¥à¥
¯à®¥ªâ� §�áâà®©ª¨ ¨§ [19]

ˆâ�ª, ¤«ï à¥è¥−¨ï ¯®¤®¡−ëå §�¤�ç −¥®¡å®¤¨¬® ®¡¥á¯¥ç¨âì ú¡¥áè®¢−ãîû
ã¢ï§ªã (á®£«�á®¢�−¨¥) á®®â¢¥âáâ¢ãîé¨å «®ª�«ì−ëå ®−â®«®£¨©. �à¨ íâ®¬ ª�¦¤�ï
¨§ íâ¨å ®−â®«®£¨© ¤®«¦−� ãç¨âë¢�âì �á¯¥ªâë, á¬¥¦−ë¥ á ¤àã£¨¬¨ ®−â®«®£¨ï¬¨,
á â¥¬ çâ®¡ë ®−¨ ¡ë«¨ á®¢¬¥áâ¨¬ë.

’�ª¦¥ −ã¦−® ®â¬¥â¨âì, çâ® áâàãªâãà� ®−â®«®£¨¨ ¨ ®â¤¥«ì−ë¥ ¯®−ïâ¨ï ¬®£ãâ
¡ëâì ¯®¤¢¥à¦¥−ë ¨§¬¥−¥−¨ï¬ ¢® ¢à¥¬¥−¨ [8,17], ú¯à¨ −¥®¡å®¤¨¬®áâ¨ ®−â®«®£¨ï
¤®«¦−� ¡ëâì ã«ãçè¥−� ¨ à�áè¨à¥−�û [10]. �â® ®¡ãá«®¢«¨¢�¥â ¤¨−�¬¨ªã ®−â®-
«®£¨¨, ¯¥à¥á¬®âà £¥®§−�−¨ï ¢ ª®−â¥ªáâ¥ ¥£® à�§¢¨â¨ï, çâ® ¯®§¢®«ï¥â ¢ë¤¥«¨âì
¤¢� ¬®¬¥−â�. ‚®-¯¥à¢ëå, ¯à¨ ä®à¬¨à®¢�−¨¨ ®−â®«®£¨¨ −ã¦−® ¨¬¥âì ¢ ¢¨¤ã −¥
â®«ìª® ¥¥ ¨§−�ç�«ì−®¥ ¯®áâà®¥−¨¥, −® ¨ ®¡¥á¯¥ç¥−¨¥ ¥¥ ¢¥¤¥−¨ï. ‚®-¢â®àëå,
¯à¥¤áâ�¢«ï¥âáï ¯¥àá¯¥ªâ¨¢−®© §�¤�ç¥© à�§à�¡®âª� ¤¨−�¬¨ç¥áª¨å £¥®®−â®«®£¨©,
¤®¯ãáª�îé¨å −¥ ¯à®áâ® ¨å ¯¥à¨®¤¨ç¥áªãî �ªâã�«¨§�æ¨î, −® ¨ ®¡¥á¯¥ç¨¢�îé¨å
¨å â¥¬¯®à�«ì−®áâì. �â®, ¢ á¢®î ®ç¥à¥¤ì, ¯à¥¤¯®«�£�¥â, çâ® ¤«ï à¥è¥−¨ï §�¤�ç¨
−� ®¯à¥¤¥«¥−−ë© ¬®¬¥−â ¢à¥¬¥−¨ −¥®¡å®¤¨¬® ®¡¥á¯¥ç¥−¨¥ á®®â¢¥âáâ¢¨ï ¤�−−ëå
¨ ¨á¯®«ì§ã¥¬®© ¨¬¨ ¢¥àá¨¨ £¥®®−â®«®£¨¨. ‚ íâ®¬ ¦¥ ª®−â¥ªáâ¥ −ã¦−® ®â¬¥â¨âì
¯à®¡«¥¬ã à¥è¥−¨ï §�¤�ç, ®â−®áïé¨åáï ª ¯¥à¨®¤�¬ ¢à¥¬¥−¨, «¥¦�é¨¬ −� úáâë-
ª¥û ¤¢ãå à�§−®¢à¥¬¥−−ëå ¢¥àá¨© £¥®®−â®«®£¨¨ ¨ á®®â¢¥âáâ¢ãîé¨å ¨¬ áâàãªâãà
£¥®¤�−−ëå.

5 Заключение

‚ −�áâ®ïé¥¥ ¢à¥¬ï ¯à¨§−�− ®£à®¬−ë© ¯®â¥−æ¨�« ¨ ¯¥àá¯¥ªâ¨¢ë ¯à¨¬¥−¥−¨ï
®−â®«®£¨© ª�ª ¢ ®¡«�áâ¨ £¥®£à�ä¨ç¥áª¨å, â�ª ¨ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©
(¢ â®¬ ç¨á«¥ ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ�) [7]. ˆ ¬®¦−® ¡ë«® ¡ë ®¦¨¤�âì, çâ® ®á−®¢-
−ë¥ £¥®£à�ä¨ç¥áª¨¥ ª®−æ¥¯æ¨¨ ã¦¥ ¯à¥¤áâ�¢«¥−ë ¢ á®¢à¥¬¥−−ëå £¥®£à�ä¨ç¥áª¨å
®−â®«®£¨ïå, â¥¬ −¥ ¬¥−¥¥ ¤® á¨å ¯®à −¥ áãé¥áâ¢ã¥â ¢á¥®¡ê¥¬«îé¥© ¨ á®£«�á®¢�−-
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−®© £¥®®−â®«®£¨¨ [8]. „®áâ¨¦¥−¨ï ¢ £¥®£à�ä¨ç¥áª¨å ®−â®«®£¨ïå ¯®-¯à¥¦−¥¬ã
á®áà¥¤®â®ç¥−ë −� â¥®à¥â¨ç¥áª¨å ¨áá«¥¤®¢�−¨ïå; á¯à®¥ªâ¨à®¢�−ë ¨ à¥�«¨§®¢�−ë
«¨èì −¥áª®«ìª® −¥¡®«ìè¨å íªá¯¥à¨¬¥−â�«ì−ëå á¨áâ¥¬, −® ¯®ª� ¥é¥ −¥ ¯®ï¢¨«áï
ªàã¯−ë© ¯à®¥ªâ £¥®£à�ä¨ç¥áª®© ®−â®«®£¨¨ [7].

÷¥�«¨§�æ¨ï ¬�áèâ�¡−®£® ¯à®¥ªâ� £¥®®−â®«®£¨¨ ¯à¥¤áâ�¢«ï¥âáï ¢®§¬®¦−®©
−� ®á−®¢¥ á¨áâ¥¬ë «®ª�«ì−ëå £¥®®−â®«®£¨©. �® ¤«ï ¨−â¥£à�æ¨¨ «®ª�«ì−ëå
£¥®®−â®«®£¨© ª�ª á¨áâ¥¬ë ¯à¥¤áâ�¢«ï¥âáï −¥®¡å®¤¨¬ë¬ à¥è¥−¨¥ á«¥¤ãîé¨å
¯à®¡«¥¬:

{ ¢ëà�¡®âª� á¨áâ¥¬ë ª®−¢¥−æ¨®−�«ì−® ¯®−¨¬�¥¬ëå áãé−®áâ¥© (£¥®ª®−æ¥¯â®¢),
á¢®©áâ¢ ¨ ª«�áá¨ä¨ª�æ¨© −� ®á−®¢¥ ®¡é¥¯à¨−ïâ®©, ¡�§®¢®© ª®−æ¥¯æ¨¨; ¯à¨
íâ®¬ −¥®¡å®¤¨¬ á®£«�á®¢�−−ë© ¯®¤å®¤ ª áâàãªâãà¨à®¢�−¨î ¨ ä®à¬�«¨§�-
æ¨¨ ¬®¤¥«¨àã¥¬ëå ï¢«¥−¨©, ¢ â®¬ ç¨á«¥ á æ¥«ìî ®¡¥á¯¥ç¥−¨ï ¢®§¬®¦−®áâ¨
�¢â®¬�â¨ç¥áª®£® £¥®£à�ä¨ç¥áª®£® ¢ë¢®¤�;

{ ®¡¥á¯¥ç¥−¨¥ ¯à®áâà�−áâ¢¥−−®© ¨ «®£¨ç¥áª®© á¢ï§�−−®áâ¨ ª®¬¯®−¥−â®¢ ¬®¤¥«¨
¬¥áâ−®áâ¨;

{ ®¡¥á¯¥ç¥−¨¥ ¢§�¨¬−®© á®£«�á®¢�−−®áâ¨ (ú¡¥áè®¢−®©û ã¢ï§ª¨) «®ª�«ì−ëå ®−-
â®«®£¨© ¨ á¢ï§ë¢�¥¬ëå á −¨¬¨ −�¡®à®¢ ¤�−−ëå, ®¯à¥¤¥«¥−¨¥ ¨−â¥àä¥©á®¢
¢§�¨¬®¤¥©áâ¢¨ï ¢ �á¯¥ªâ�å £¥−¥à�«¨§�æ¨¨ ¨ ¢�à¨�−â−®áâ¨, � â�ª¦¥, ¯à¨
−¥®¡å®¤¨¬®áâ¨, �«ìâ¥à−�â¨¢−®áâ¨ ¨ â¥¬¯®à�«ì−®áâ¨.
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Abstract: The essence of geontology as a means of representing geographical
knowledge and the tasks it solves are considered. A multilevel system of local
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Problems of formation of a system of coordinated local geographical ontologies

geontologies is presented considered as a base for promising geoinformation
systems. The problems of implementing such a system are highlighted: the
development of a system of conventionally understood entities (geoconcepts),
properties and classifications based on a coordinated approach to structuring and
formalizing the simulated phenomena; ensuring spatial and logical connectivity
of the components of the terrain model; ensuring mutual consistency of local
ontologies (interaction interfaces) in the aspects of generalization and variation
as well as, if necessary, alternativeness and temporality to solve the problems at
the \junction" of local geontologies.

Keywords: gerontology; geoinformation systems; modeling of geographical
phenomena; system of local gerontology; dynamic geontology
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НЕКОТОРЫЕ ПОДХОДЫ К АНАЛИЗУ ФАКТОРОВ,
ВЛИЯЮЩИХ НА ИНФОРМАЦИОННУЮ БЕЗОПАСНОСТЬ

СИСТЕМ ИСКУССТВЕННОГО ИНТЕЛЛЕКТА

А. А. Зацаринный1, А. П. Сучков2

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�¥âáï ¯à®¡«¥¬�â¨ª� ®¡¥á¯¥ç¥−¨ï −¥®¡å®¤¨¬®£® ãà®¢-
−ï ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ (ˆ�) á¨áâ¥¬ ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ�
(‘ˆˆ), çâ® áâ�−®¢¨âáï ®¤−¨¬ ¨§ ª«îç¥¢ëå ãá«®¢¨© ¨å ¢−¥¤à¥−¨ï ¢ £®áã¤�à-
áâ¢¥−−ãî ¯à�ªâ¨ªã. �â¬¥ç�¥âáï, çâ® ®á−®¢−ãî á¯¥æ¨ä¨ç¥áªãî ã£à®§ã −¥áãâ
¯à®æ¥¤ãàë ®¡ãç¥−¨ï ‘ˆˆ, ¢ å®¤¥ ª®â®àëå −�áâà�¨¢�¥âáï ¨ ¬®¦¥â ¬¥−ïâìáï
−¥ â®«ìª® ¨−ä®à¬�æ¨®−−�ï ¡�§�, −® ¨ �«£®à¨â¬ë ¨−â¥««¥ªâã�«ì−ëå ¢ë¢®¤®¢.
�à¥¤«®¦¥−� â¥å−®«®£¨ï ¢ëï¢«¥−¨ï ®á®¡¥−−®áâ¥© ®¡¥á¯¥ç¥−¨ï ˆ� ‘ˆˆ, ¯®§-
¢®«ïîé�ï ®å�à�ªâ¥à¨§®¢�âì á®¢®ªã¯−®áâì áãé¥áâ¢ãîé¨å ã£à®§. �¡áã¦¤¥−ë
á¯¥æ¨ä¨ç¥áª¨¥ ¢®¯à®áë §�é¨âë ¨−ä®à¬�æ¨¨ ‘ˆˆ ¨ àï¤ ¬¥à®¯à¨ïâ¨© ¯®
®¡¥á¯¥ç¥−¨î ˆ� íâ¨å á¨áâ¥¬.

Š«îç¥¢ë¥ á«®¢�: ¨−ä®à¬�æ¨®−−�ï ¡¥§®¯�á−®áâì; á¨áâ¥¬ë ¨áªãááâ¢¥−−®£®
¨−â¥««¥ªâ�; ¯à®æ¥¤ãàë ®¡ãç¥−¨ï; ¢¨¤ë §�é¨âë ¨−ä®à¬�æ¨¨

DOI: 10.14357/08696527230308 EDN: QNXZBN

1 Введение

�à¨−ïâ¨¥ ��æ¨®−�«ì−®© áâà�â¥£¨¨ à�§¢¨â¨ï ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ�
(ˆˆ) ¢ ÷®áá¨¨ −� ¯¥à¨®¤ ¤® 2030 £. (ãâ¢¥à¦¤¥−� “ª�§®¬ �à¥§¨¤¥−â� ÷”
®â 10.10.2019 ü 490) ¢ë§¢�«® æ¥«ë© ª®¬¯«¥ªá ¯à®£à�¬¬−ëå ¨ ¯à�ªâ¨ç¥áª¨å ¬¥-
à®¯à¨ïâ¨© ¯® à�§à�¡®âª¥ ¨ ¢−¥¤à¥−¨î ‘ˆˆ ¢ à�§«¨ç−ëå áä¥à�å ¤¥ïâ¥«ì−®áâ¨.
‚¬¥áâ¥ á â¥¬ ¨á¯®«ì§®¢�−¨¥ ‘ˆˆ −�àï¤ã á ®ç¥¢¨¤−ë¬¨ ¯à¥¨¬ãé¥áâ¢�¬¨ ¯®à®¦-
¤�¥â −®¢ë¥ ã£à®§ë ˆ�. �â® ®¡áâ®ïâ¥«ìáâ¢® âà¥¡ã¥â ®á®¡®£® ¢−¨¬�−¨ï ª �−�«¨§ã
ä�ªâ®à®¢, ®¯à¥¤¥«ïîé¨å äã−ªæ¨®−¨à®¢�−¨¥ ‘ˆˆ ¢ á®®â¢¥âáâ¢¨¨ á âà¥¡®¢�−¨ï-
¬¨ ¯® −�§−�ç¥−¨î. �® áãé¥áâ¢ã, ¢−¥¤à¥−¨¥ ‘ˆˆ ¯à¨¢®¤¨â ª ¯à¨−æ¨¯¨�«ì−®¬ã
¨§¬¥−¥−¨î ª«�áá¨ç¥áª®© ¯�à�¤¨£¬ë §�é¨âë ¨−ä®à¬�æ¨¨, � ¨¬¥−−®: −� ¯¥à-
¢ë© ¯«�−, ¢ ®â«¨ç¨¥ ®â âà�¤¨æ¨®−−®£® ¯à¨¬�â� ª®−ä¨¤¥−æ¨�«ì−®áâ¨, ¢ëå®¤ïâ
æ¥«®áâ−®áâì ¨ ¤®áâã¯−®áâì, ª®â®àë¥ ®¯à¥¤¥«ïîâáï ª®àà¥ªâ−®áâìî à¥�«¨§�æ¨¨ �«-
£®à¨â¬®¢ äã−ªæ¨®−¨à®¢�−¨ï ¯à®£à�¬¬−ë¬ ®¡¥á¯¥ç¥−¨¥¬, � â�ª¦¥ ¨å ¯®«−®â®©
¨ −¥¯à®â¨¢®à¥ç¨¢®áâìî.

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, ASuchkov@ipiran.ru
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�. �. ‡�æ�à¨−−ë©, �. �. ‘ãçª®¢

‚ á¢ï§¨ á íâ¨¬ ®¡¥á¯¥ç¥−¨¥ −¥®¡å®¤¨¬®£® ãà®¢−ï ˆ� ‘ˆˆ áâ�−®¢¨âáï ®¤−¨¬
¨§ ª«îç¥¢ëå ãá«®¢¨© ¨å ¢−¥¤à¥−¨ï ¢ ¨−ä®à¬�æ¨®−−ë¥, ¯à¥¦¤¥ ¢á¥£® £®áã¤�à-
áâ¢¥−−ë¥, á¨áâ¥¬ë. ˆ¬¥−−® íâ® ®¡ãá«®¢«¨¢�¥â �ªâã�«ì−®áâì ãâ®ç−¥−¨ï ¨ ¤®-
¯®«−¥−¨ï ¤¥©áâ¢ãîé¨å −®à¬�â¨¢−ëå ¤®ªã¬¥−â®¢, ®¯à¥¤¥«ïîé¨å ä®à¬¨à®¢�−¨¥
âà¥¡®¢�−¨© ª ˆ� ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ á ãç¥â®¬ ®á®¡¥−−®áâ¥© â¥å−®«®£¨© ˆˆ
(’ˆˆ).

�â¬¥â¨¬ áãé¥áâ¢ãîé¨¥ ¡�§®¢ë¥ ®¯à¥¤¥«¥−¨ï (ƒ�‘’ ÷ 50922-2006).
ˆ−ä®à¬�æ¨®−−�ï ¡¥§®¯�á−®áâì | íâ® §�é¨é¥−−®áâì ¨−ä®à¬�æ¨¨ ¨ ¯®¤-

¤¥à¦¨¢�îé¥© ¨−äà�áâàãªâãàë ®â á«ãç�©−ëå ¨«¨ ¯à¥¤−�¬¥à¥−−ëå ¢®§¤¥©áâ¢¨©
¥áâ¥áâ¢¥−−®£® ¨«¨ ¨áªãááâ¢¥−−®£® å�à�ªâ¥à�, çà¥¢�âëå −�−¥á¥−¨¥¬ ãé¥à¡� ¢«�-
¤¥«ìæ�¬ ¨«¨ ¯®«ì§®¢�â¥«ï¬ ¨−ä®à¬�æ¨¨ ¨ ¯®¤¤¥à¦¨¢�îé¥© ¨−äà�áâàãªâãàë.

‡�é¨â� ¨−ä®à¬�æ¨¨ | íâ® á®¢®ªã¯−®áâì ¬¥à®¯à¨ïâ¨©, −�¯à�¢«¥−−ëå −�
®¡¥á¯¥ç¥−¨¥ ª®−ä¨¤¥−æ¨�«ì−®áâ¨ ¨ æ¥«®áâ−®áâ¨ ®¡à�¡�âë¢�¥¬®© ¨−ä®à¬�æ¨¨,
� â�ª¦¥ ¤®áâã¯−®áâ¨ ¨−ä®à¬�æ¨¨ ¤«ï ¯®«ì§®¢�â¥«¥©.

�¡ê¥ªâ §�é¨âë ¨−ä®à¬�æ¨¨ | ¨−ä®à¬�æ¨ï, ¨«¨ −®á¨â¥«ì ¨−ä®à¬�æ¨¨,
¨«¨ ¨−ä®à¬�æ¨®−−ë© ¯à®æ¥áá, ª®â®àë¥ −¥®¡å®¤¨¬® §�é¨é�âì ¢ á®®â¢¥âáâ¢¨¨
á æ¥«ìî §�é¨âë ¨−ä®à¬�æ¨¨.

–¥«ìî §�é¨âë ¨−ä®à¬�æ¨¨ áâ�¢¨âáï á¢¥¤¥−¨¥ ª ¬¨−¨¬ã¬ã ¯®â¥àì ¢ ã¯à�¢«¥-
−¨¨, ¢ë§¢�−−ëå −�àãè¥−¨¥¬ æ¥«®áâ−®áâ¨ ¤�−−ëå, ¨å ª®−ä¨¤¥−æ¨�«ì−®áâ¨ ¨«¨
−¥¤®áâã¯−®áâ¨ ¨−ä®à¬�æ¨¨ ¤«ï ¯®âà¥¡¨â¥«¥©.

‚®¯à®áë áãé¥áâ¢ãîé¥£® −®à¬�â¨¢−®-¯à�¢®¢®£® ®¡¥á¯¥ç¥−¨ï ¯®¤à®¡−® ®á¢¥-
é¥−ë ¢ [1, 2]. �â¬¥ç�¥âáï, çâ® ¯à¥¨¬ãé¥áâ¢¥−−® ®−® ®à¨¥−â¨à®¢�−® −� §�é¨âã
ª®−ä¨¤¥−æ¨�«ì−®áâ¨ ¨−ä®à¬�æ¨¨, ¯à¨ íâ®¬ ®¡¥á¯¥ç¥−¨¥ æ¥«®áâ−®áâ¨ ¨ ¤®áâã¯-
−®áâ¨ ¨−ä®à¬�æ¨¨ −®á¨â ¢á¯®¬®£�â¥«ì−ë© å�à�ªâ¥à. ’�ª®© ¯®¤å®¤ ¯à¨¢®¤¨â
ª ¢®§¬®¦−®¬ã ãé¥à¡ã äã−ªæ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨ �¢â®¬�â¨§¨à®¢�−−®© á¨áâ¥-
¬ë ª�ª á¯®á®¡−®áâ¨ ª®àà¥ªâ−® ¨ íää¥ªâ¨¢−® ¢ë¯®«−ïâì §�¤�−−ë¥ äã−ªæ¨®−�«ì-
−ë¥ §�¤�ç¨, ¢ â®¬ ç¨á«¥ ¢ ãá«®¢¨ïå ¢®§¬®¦−®£® ¯à®â¨¢®¤¥©áâ¢¨ï ¯®â¥−æ¨�«ì−®£®
−�àãè¨â¥«ï [2]. ’�¬ ¦¥ ®â¬¥ç�¥âáï, çâ® ¢�¦−ãî à®«ì ¨£à�¥â ®¡¥á¯¥ç¥−¨¥
á¨áâ¥¬−®© ¡¥§®¯�á−®áâ¨, á¢ï§�−−®© á ¯à¥¤®â¢à�é¥−¨¥¬ á¨áâ¥¬−ëå ®è¨¡®ª ¢ à¥-
�«¨§�æ¨¨ ®à£�−¨§�æ¨®−−®-â¥å−¨ç¥áª¨å ¬¥à §�é¨âë, á¢ï§�−−ëå á ç¥«®¢¥ç¥áª¨¬
ä�ªâ®à®¬ −� íâ�¯¥ íªá¯«ã�â�æ¨¨ �¢â®¬�â¨§¨à®¢�−−ëå á¨áâ¥¬, � â�ª¦¥ á¨áâ¥¬−ë¥
ãï§¢¨¬®áâ¨, §�«®¦¥−−ë¥ −� íâ�¯�å ¯à®¥ªâ¨à®¢�−¨ï.

‚ á¢ï§¨ á íâ¨¬ ¢ [3] á¤¥«�− ¢ë¢®¤ ® −¥®¡å®¤¨¬®áâ¨ ª®àà¥ªâ¨à®¢ª¨ −®à-
¬�â¨¢−®-¬¥â®¤¨ç¥áª®© ¡�§ë á ®à¨¥−â�æ¨¥© −� è¨à®ª®¥ ¨á¯®«ì§®¢�−¨¥ ¬¥â®¤®¢
¬®−¨â®à¨−£� á®¡ëâ¨© ¢ æ¨äà®¢®¬ ¯à®áâà�−áâ¢¥ á ãç¥â®¬ áà¥¤¨ ¯à®ç¥£® ã£à®§
äã−ªæ¨®−�«ì−®© ¨ á¨áâ¥¬−®© ¡¥§®¯�á−®áâ¨.

ˆáå®¤ï ¨§ −®à¬�â¨¢−ëå ¤®ªã¬¥−â®¢, ¤«ï ¨§ãç¥−¨ï ¢®¯à®á� ˆ� ‘ˆˆ −¥®¡å®-
¤¨¬® ¯à®�−�«¨§¨à®¢�âì ®¡ê¥ªâë §�é¨âë ¨−ä®à¬�æ¨¨ | á®¡áâ¢¥−−® ¨−ä®à¬�æ¨î
(−� ¯à¥¤¬¥â ¨áª�¦¥−¨ï, ¨§¬¥−¥−¨ï, ¨áá«¥¤®¢�−¨ï, §�¯¨á¨ ¨«¨ ã−¨çâ®¦¥−¨ï ¨−-
ä®à¬�æ¨¨) ¨ ¨−ä®à¬�æ¨®−−ë¥ ¯à®æ¥ááë (−� ¯à¥¤¬¥â ¢®§¬®¦−®áâ¨ ¯®ï¢«¥−¨ï
−¥¤¥ª«�à¨àã¥¬ëå ¢®§¬®¦−®áâ¥© (�„‚) ¨ ¢«¨ï−¨ï −� á¥àâ¨ä¨ª�æ¨î ‘ˆˆ).

�¤−� ¨§ ®á−®¢−ëå ¯à®¡«¥¬ ®¡¥á¯¥ç¥−¨ï ˆ� ‘ˆˆ −� ®á−®¢¥ â¥å−®«®£¨¨
¬�è¨−−®£® ®¡ãç¥−¨ï §�ª«îç�¥âáï ¢ â®¬, çâ® á®§¤�−¨¥ ¨ äã−ªæ¨®−¨à®¢�−¨¥ â�ª¨å
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á¨áâ¥¬ −¥¢®§¬®¦−® ¡¥§ à�§−®®¡à�§−ëå ¯à®æ¥¤ãà ®¡ãç¥−¨ï, ¤®®¡ãç¥−¨ï ¨ á�¬®-
®¡ãç¥−¨ï á ¨á¯®«ì§®¢�−¨¥¬ §�ç�áâãî ®£à®¬−ëå ¬�áá¨¢®¢ ¤�−−ëå ¨§ à�§«¨ç−ëå
¨áâ®ç−¨ª®¢ | ¡�§ ¤�−−ëå, ¡�§ §−�−¨©, íªá¯¥àâ−ëå ¤�−−ëå, ª®««¥ªæ¨© ¨§®¡-
à�¦¥−¨© ¨ �ã¤¨®§�¯¨á¥©, áà¥¤ á¥−á®à−®£® ¨ ¨¬¨â�æ¨®−−®£® ¬®¤¥«¨à®¢�−¨ï,
úæ¨äà®¢ëå ¤¢®©−¨ª®¢û. �ç¥−ì ç�áâ® ¨áâ®ç−¨ª¨ íâ¨å ¤�−−ëå −¥ ¢å®¤ïâ ¢ ç¨á«®
¤®¢¥à¥−−ëå ¨ ä®à¬¨àãîâáï ¢ ®âªàëâ®¬ ¤®áâã¯¥ á æ¥«ìî â¥áâ¨à®¢�−¨ï −®¢ëå
¯®¤å®¤®¢ ª á®§¤�−¨î ‘ˆˆ á�¬ë¬¨ à�§−ë¬¨ �¢â®à�¬¨ ¨ −�ãç−ë¬ á®®¡é¥áâ¢®¬
¢ æ¥«®¬. ’�ª¨¬ ®¡à�§®¬, á â®çª¨ §à¥−¨ï ˆ� ‘ˆˆ −¥®¡å®¤¨¬® ¨§ãç¨âì íâ®â
®¡ê¥ªâ §�é¨âë.

„àã£�ï á¯¥æ¨ä¨ç¥áª�ï ®á®¡¥−−®áâì | ä�ªâ®à ¯à¨¬¥−¥−¨ï ¨−â¥««¥ªâã�«ì−ëå
�¢â®−®¬−ëå ¨ ¬®¡¨«ì−ëå ‘ˆˆ, çâ® ¯à¥¤êï¢«ï¥â á¯¥æ¨ä¨ç¥áª¨¥ âà¥¡®¢�−¨ï
ª á®åà�−¥−¨î ª®−ä¨¤¥−æ¨�«ì−®áâ¨ ¨−ä®à¬�æ¨¨ ¨ ¨−ä®à¬�æ¨®−−ëå ¯à®æ¥áá®¢
¢ á¬ëá«¥ à�áè¨à¥−¨ï á¯¥ªâà� ã£à®§ ˆ� (¢®§¬®¦−®áâì ¨§¢«¥ç¥−¨ï ¨ ¨−¢¥àá¨¨
¬®¤¥«¥© ¨ â. ¯.).

‘ â®çª¨ §à¥−¨ï ¨−ä®à¬�æ¨®−−ëå ¯à®æ¥áá®¢, ¢«¨ïîé¨å −� ˆ� ‘ˆˆ, ª ®¤-
−¨¬ ¨§ ®á−®¢−ëå á¯¥æ¨ä¨ç¥áª¨å ã£à®§ ˆ� ˆˆ á«¥¤ã¥â ®â−¥áâ¨ ¯à®æ¥¤ãàë
®¡ãç¥−¨ï ‘ˆˆ, ¢ å®¤¥ ª®â®àëå −�áâà�¨¢�îâáï ¨ ¬®£ãâ ¬¥−ïâìáï −¥ â®«ìª®
¨−ä®à¬�æ¨®−−�ï ¡�§�, −® ¨ �«£®à¨â¬ë ¨−â¥««¥ªâã�«ì−ëå ¢ë¢®¤®¢. �à®¡«¥¬�
á®áâ®¨â ¢ â®¬, çâ® ¤�¦¥ −¥¡®«ìè¨¥ ¨§¬¥−¥−¨ï ¢ ®¡ãç�îé¨å −�¡®à�å ¤�−−ëå
¬®£ãâ ¯à¨¢¥áâ¨ ª ª�à¤¨−�«ì−ë¬ ¨§¬¥−¥−¨ï¬ ¨−â¥««¥ªâã�«ì−ëå á¯®á®¡−®áâ¥© â�-
ª¨å á¨áâ¥¬, ¢¯«®âì ¤® ¨å áãé¥áâ¢¥−−®£® −�àãè¥−¨ï. ‚�¦−® â�ª¦¥ ®ç¥−ì âàã¤−®
¯à®¢¥àï¥¬®¥ ª�ç¥áâ¢® ®¡ãç�îé¨å ¤�−−ëå (à¥¯à¥§¥−â�â¨¢−®áâì, áâ�â¨áâ¨ç¥áª�ï
−¥á¬¥é¥−−®áâì, ¤®áâ�â®ç−ë© ®¡ê¥¬).

�� à¨á. 1. ¯à¨¢¥¤¥− ¯à¨¬¥à â�ª®£® ªà¨â¨ç−®£® ¨§¬¥−¥−¨ï ¢ ®¡ãç�îé¥©
¢ë¡®àª¥ [4]. �� à¨á. 1, � | ¨§®¡à�¦¥−¨¥ ¨§ ¯à®¥ªâ� ImageNet ¯® á®§¤�-

÷¨á. 1 �à¨¬¥à ªà¨â¨ç−®£® ¨§¬¥−¥−¨ï ¢ ®¡ãç�îé¥© ¢ë¡®àª¥
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−¨î ¨ á®¯à®¢®¦¤¥−¨î ¬�áá¨¢−®© ¡�§ë ¤�−−ëå �−−®â¨à®¢�−−ëå ¨§®¡à�¦¥−¨©,
¯à¥¤−�§−�ç¥−−®£® ¤«ï ®âà�¡®âª¨ ¨ â¥áâ¨à®¢�−¨ï ¬¥â®¤®¢ à�á¯®§−�¢�−¨ï ®¡à�§®¢
¨ ¬�è¨−−®£® §à¥−¨ï, ª®â®à®¥ £«ã¡®ª�ï á¢¥àâ®ç−�ï á¥âì ª«�áá¨ä¨æ¨à®¢�«� ¯à�-
¢¨«ì−®. �� à¨á. 1, ¢ | −¥¬−®£® ¨§¬¥−¥−−®¥ ¨§®¡à�¦¥−¨¥ (−� à¨á. 1, ¡ ¯®ª�§�−ë
à�§«¨ç¨ï; ¨å ¬−®£®, −® ¯«®â−®áâì −¨çâ®¦−� ¨ −¥ à�§«¨ç¨¬� ç¥«®¢¥ª®¬), ª®â®à®¥
á¥âì ã¦¥ −¥ á¬®£«� ¯à�¢¨«ì−® à�á¯®§−�âì. �¡−�àã¦¥−®, çâ® ¯®¤®¡−ë¥ úá®áâï-
§�â¥«ì−ë¥û ¨§¬¥−¥−¨ï ¬®¦−® ¯®¤®¡à�âì ¤«ï «î¡®£® ¨§®¡à�¦¥−¨ï ¨§ ¡�§ë, � −¥
â®«ìª® ¤«ï ¨§¡à�−−ëå, çâ® ¯à¥¤áâ�¢«ï¥â áãé¥áâ¢¥−−ãî ã£à®§ã äã−ªæ¨®−�«ì−®©
¡¥§®¯�á−®áâ¨ ‘ˆˆ.

„àã£�ï áãé¥áâ¢¥−−�ï ã£à®§� | −¥¢®§¬®¦−®áâì ¢®á¯à®¨§¢¥¤¥−¨ï ¯à®æ¥¤ãà
®¡ãç¥−¨ï ‘ˆˆ, ®¡ãá«®¢«¥−−�ï ¨−¨æ¨�«¨§�æ¨¥© á«ãç�©−ë¬ ®¡à�§®¬ ¢¥á®¢ ¨ á¬¥-
é¥−¨© á¥â¨, ¨á¯®«ì§®¢�−¨¥¬ áâ®å�áâ¨ç¥áª®£® £à�¤¨¥−â−®£® á¯ãáª�, á«ãç�©−ë¬
¯¥à¥¬¥è¨¢�−¨¥¬ ®¡ãç�îé¨å ¤�−−ëå ¨ ¯®á«¥¤ãîé¨¬ ¨å à�§¡¨¥−¨¥¬ −� ¬¨−¨-¯�-
ª¥âë −ã¦−®£® à�§¬¥à�.

’�ª¨¬ ®¡à�§®¬, �−�«¨§ á¯¥æ¨ä¨ª¨ ¢®¯à®á®¢ ˆ� ‘ˆˆ çà¥§¢ëç�©−® �ªâã�«¥−.
‚ áâ�âì¥ ®¡áã¦¤�¥âáï ®¤¨− ¨§ ¢®§¬®¦−ëå ¯®¤å®¤®¢ ª á¨áâ¥¬�â¨§�æ¨¨ ä�ªâ®à®¢,
ª®â®àë¥ −¥®¡å®¤¨¬® ãç¨âë¢�âì ¯à¨ ®¯à¥¤¥«¥−¨¨ ¢®§¬®¦−ëå ã£à®§ ˆ� ‘ˆˆ
−� ®á−®¢¥ á¨áâ¥¬−®£® �−�«¨§� ¨−ä®à¬�æ¨®−−ëå ¯à®æ¥áá®¢ äã−ªæ¨®−¨à®¢�−¨ï
‘ˆˆ.

2 Подходы к выявлению угроз информационной безопасности
для систем искусственного интеллекта

�à¥¦¤¥ ¢á¥£® ®â¬¥â¨¬, çâ® ‘ˆˆ ¬®£ãâ ¡ëâì ®â−¥á¥−ë ª ®¤−®¬ã ¨§ ¢¨¤®¢
�¢â®¬�â¨§¨à®¢�−−ëå ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬. �â® ¯®§¢®«ï¥â ¯à¨¬¥−ïâì ª −¨¬
¢á¥ áãé¥áâ¢ãîé¨¥ ¢¨¤ë §�é¨âë ¨−ä®à¬�æ¨¨ (¯à�¢®¢�ï, â¥å−¨ç¥áª�ï, ªà¨¯â®£à�-
ä¨ç¥áª�ï, ä¨§¨ç¥áª�ï, äã−ªæ¨®−�«ì−�ï), à¥£«�¬¥−â¨à®¢�−−ë¥ áãé¥áâ¢ãîé¥©
−®à¬�â¨¢−®-¬¥â®¤¨ç¥áª®© ¡�§®©.

÷�áá¬�âà¨¢�ï áâ�¤¨¨ ¦¨§−¥−−®£® æ¨ª«� (†–) ‘ˆˆ (§�¬ëá¥«, ª®−æ¥¯æ¨ï,
à�§à�¡®âª�, ¯à®¨§¢®¤áâ¢®, ¯à¨¬¥−¥−¨¥, ¯®¤¤¥à¦ª�), ¬®¦−® ¢ë¤¥«¨âì àï¤ ä�ª-
â®à®¢, ¢ â®¬ ç¨á«¥ á¯¥æ¨ä¨ç¥áª¨å ¤«ï ‘ˆˆ ¨ ¢«¨ïîé¨å −� ¨å ˆ�:

(1) ¬¥â®¤ë ˆˆ;

(2) ’ˆˆ;

(3) ¢¨¤ á¨áâ¥¬ë ˆˆ;

(4) áâ�¤¨¨ †– ‘ˆˆ;

(5) ¨−ä®à¬�æ¨®−−ë¥ ¯à®æ¥ááë;

(6) ¢−¥è−ïï ¨−ä®à¬�æ¨®−−�ï áà¥¤�;

(7) ã£à®§ë ˆ�;

(8) ¬¥à®¯à¨ïâ¨ï ¯® §�é¨â¥ ¨−ä®à¬�æ¨¨;
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(9) −®à¬�â¨¢−®-¬¥â®¤¨ç¥áª¨¥ ¤®ªã¬¥−âë, à¥£«�¬¥−â¨àãîé¨¥ §�é¨âã ¨−ä®à-
¬�æ¨¨.

ˆå ¯®á«¥¤®¢�â¥«ì−ë© �−�«¨§ ¯®§¢®«ï¥â ®¯à¥¤¥«¨âì ®á®¡¥−−®áâ¨ ®¡¥á¯¥ç¥-
−¨ï ˆ� ‘ˆˆ ¨ ®å�à�ªâ¥à¨§®¢�âì á®¢®ªã¯−®áâì áãé¥áâ¢ãîé¨å ã£à®§ ¨ ¬¥à
¯à®â¨¢®¤¥©áâ¢¨ï ¨¬.

÷�áá¬®âà¨¬ ®¤¨− ¨§ ¯ãâ¥© â�ª®£® �−�«¨§� (à¨á. 2).

1. ‚ë¡®à ¬¥â®¤�. �¤−� ¨§ ®á®¡¥−−®áâ¥© ¨áá«¥¤®¢�−¨© ¢ ®¡«�áâ¨ ˆˆ á¢ï-
§�−� á ¡®«ìè¨¬ à�§−®®¡à�§¨¥¬ ¯à¨¬¥−ï¥¬ëå ¬¥â®¤®¢ ˆˆ, âà¥¡ãîé¨å á¢®¨å
á¯¥æ¨ä¨ç¥áª¨å ¯®¤å®¤®¢ ª ®¡¥á¯¥ç¥−¨î ˆ�. ’�ª ª�ª −®á¨â¥«¥¬ ®¤−®© ¨§ ®á−®¢-
−ëå ã£à®§ ˆ� ‘ˆˆ ¢ëáâã¯�îâ ¯à®æ¥ááë ¢§�¨¬®¤¥©áâ¢¨ï −� à�§−ëå áâ�¤¨ïå
†– á ¢−¥è−¥© ¨−ä®à¬�æ¨®−−®© áà¥¤®©, −¥®¡å®¤¨¬® ¢ë¤¥«¨âì ¬¥â®¤ë ˆˆ,
−¥¯®áà¥¤áâ¢¥−−® á¢ï§�−−ë¥ á â�ª¨¬¨ ¯à®æ¥áá�¬¨ (á¬. à¨á. 2).

2. ‚ë¡®à â¥å−®«®£¨¨. �� ®á−®¢¥ ¬¥â®¤®¢ ˆˆ ä®à¬¨àãîâáï ’ˆˆ, ª®â®àë¥
¬®£ãâ ¡ëâì ª�ª ã−¨¬®¤�«ì−ë¬¨, â�ª ¨ £¨¡à¨¤−ë¬¨. ��¯à¨¬¥à, £¨¡à¨¤−ë¥ ’ˆˆ
�−�«¨§� ¤�−−ëå ¤«ï ®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨ ¨ �¢â®¬�â¨ç¥áª®£® à�á¯®§−�¢�−¨ï
®¡à�§®¢ ¢ª«îç�îâ:

{ â¥å−®«®£¨¨ �¢â®¬�â¨ç¥áª®£® �−�«¨§� ¨ à�á¯®§−�¢�−¨ï á¨£−�«®¢ ¨ ¨§®¡à�¦¥-
−¨© à�§«¨ç−®© ä¨§¨ç¥áª®© ¯à¨à®¤ë (®¯â¨ç¥áª¨¥, �ªãáâ¨ç¥áª¨¥, à�¤¨®«®ª�-
æ¨®−−ë¥ ¨ ¤à.);

{ â¥å−®«®£¨¨ �¢â®¬�â¨ç¥áª®© ®¡à�¡®âª¨, ã«ãçè¥−¨ï, à�á¯®§−�¢�−¨ï, á¨−â¥§�
¨ �−�«¨§� §¢ãª®¢®© ¨ à¥ç¥¢®© ¨−ä®à¬�æ¨¨, ¢ª«îç�ï â¥å−®«®£¨¨ �¢â®¬�â¨ç¥-
áª®£® ¯¥à¥¢®¤�;

{ â¥å−®«®£¨¨ �¢â®¬�â¨ç¥áª®© á¥¬�−â¨ç¥áª®© ®¡à�¡®âª¨ ¨ �−�«¨§� ª®««¥ªæ¨©
¤®ªã¬¥−â®¢, á®¤¥à¦�é¨å â¥ªáâ®¢ãî ¨ £à�ä¨ç¥áªãî ¨−ä®à¬�æ¨î;

{ â¥å−®«®£¨¨ �¢â®¬�â¨ç¥áª®© ®¡à�¡®âª¨ ¨ �−�«¨§� −¥�−âà®¯®¬®àä−ëå ¤�−−ëå.

ˆ§ ¢á¥£® ¬−®£®®¡à�§¨ï ¢ë¡¥à¥¬ ’ˆˆ, â¥á−® á¢ï§�−−ë¥ á ¯à®æ¥áá�¬¨ ®¡ãç¥-
−¨ï ¨ ¯®¯®«−¥−¨ï ¡�§ §−�−¨© (á¬. à¨á. 2).

3. �¯à¥¤¥«¥−¨¥ ¢¨¤� á¨áâ¥¬ë ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ�. ‘ ¨á¯®«ì§®¢�-
−¨¥¬ ’ˆˆ á®§¤�îâáï à¥�«ì−ë¥ ®¡à�§æë ‘ˆˆ. „«ï ®¯à¥¤¥«¥−¨ï ¢¨¤� ‘ˆˆ §�
®á−®¢ã ¬®¦−® ¢§ïâì áâ�−¤�àâ ƒ�‘’ ÷ 59277-2020, £¤¥ à�áá¬®âà¥−ë á«¥¤ãîé¨¥
ªà¨â¥à¨¨ ¤«ï ª«�áá¨ä¨ª�æ¨¨ ‘ˆˆ:

{ ¯® áâ¥¯¥−¨ �¢â®−®¬−®áâ¨;
{ ¯® áâ¥¯¥−¨ �¢â®¬�â¨§�æ¨¨;
{ ¯® �àå¨â¥ªâãà−®¬ã ¯à¨−æ¨¯ã;
{ ¯® áâàãªâãà¥ ¨ ¯à®æ¥áá�¬ ®¡à�¡®âª¨ §−�−¨©:

◦ ¯® ¬®¤¥«¨ §−�−¨©;
◦ ¯® ã¯à�¢«¥−¨î §−�−¨ï¬¨;
◦ ¯® ¬¥â®¤ã ®¡ãç¥−¨ï;
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{ ¯® á¯¥æ¨�«¨§�æ¨¨ ‘ˆˆ:

◦ á¯¥æ¨�«¨§¨à®¢�−−ë¥ (¨á¯®«ì§ãîâ ¥¤¨−ë© ¤®¬¥− §−�−¨©);
◦ ª®¬¯«¥ªá−ë¥ (¨á¯®«ì§ãîâ ¬−®¦¥áâ¢® ¤®¬¥−®¢ §−�−¨©);

{ ¯® ¬¥â®¤�¬ ®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨;
{ ¯® äã−ªæ¨ï¬ ¢ ª®−âãà¥ ã¯à�¢«¥−¨ï;
{ ¯® ¬¥â®¤�¬ ¤®áâ¨¦¥−¨ï ¨−â¥£à�æ¨¨ ¨ ¨−â¥à®¯¥à�¡¥«ì−®áâ¨ ‘ˆˆ;
{ ¯® ®¯�á−®áâ¨ ¯®á«¥¤áâ¢¨©;
{ ¯® ª®−ä¨¤¥−æ¨�«ì−®áâ¨;
{ ¯® ¢¨¤�¬ ¤¥ïâ¥«ì−®áâ¨;
{ ¯® ¢§�¨¬®¤¥©áâ¢¨î á ç¥«®¢¥ª®¬-®¯¥à�â®à®¬.

�� à¨á. 2 ®â®¡à�¦¥−ë à¥«¥¢�−â−ë¥ ¯®áâ�¢«¥−−®© §�¤�ç¥ ª«�ááë ‘ˆˆ.
4. �¯à¥¤¥«¥−¨¥ ã£à®§ −� à�áá¬�âà¨¢�¥¬®© áâ�¤¨¨ ¦¨§−¥−−®£® æ¨ª«�. ��

ª�¦¤®© ¨§ áâ�¤¨© †– ‘ˆˆ (§�¬ëá¥«, ª®−æ¥¯æ¨ï, à�§à�¡®âª�, ¯à®¨§¢®¤áâ¢®,
¯à¨¬¥−¥−¨¥ ¯® −�§−�ç¥−¨î, ¯®¤¤¥à¦ª�) ¬®¦−® ¢ë¤¥«¨âì á¢®© á¯¥æ¨ä¨ç¥áª¨© −�-
¡®à ã£à®§ ˆ� ‘ˆˆ, á¢ï§�−−ë© á ¯à®æ¥áá�¬¨ ¨−ä®à¬�æ¨®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï
(á¬. â�¡«¨æã). ‚ ª�ç¥áâ¢¥ ¯à¨¬¥à� ®¡é¥£® �−�«¨§� ã£à®§ ¬®¦−® ¯à¨¢¥áâ¨ [5].

�¡¥á¯¥ç¥−¨¥ ¡¥§®¯�á−®áâ¨ ¨−ä®à¬�æ¨¨ ‘ˆˆ áª«�¤ë¢�¥âáï:

{ ¨§ á¨áâ¥¬−®© ¡¥§®¯�á−®áâ¨, á¢ï§�−−®© á ª®àà¥ªâ−®áâìî ä®à¬¨à®¢�−¨ï á¨á-
â¥¬−ëå âà¥¡®¢�−¨© ª ‘ˆˆ −� áâ�¤¨ïå §�¬ëá«� ¨ ª®−æ¥¯æ¨¨, � â�ª¦¥
á ª®àà¥ªâ−ë¬ ¯à¨¬¥−¥−¨¥¬ áãé¥áâ¢ãîé¨å áà¥¤áâ¢ ¨ â¥å−®«®£¨© §�é¨âë
¨−ä®à¬�æ¨¨ á ãç¥â®¬ à¥�«ì−ëå ãá«®¢¨© ¨å íªá¯«ã�â�æ¨¨ ¨ ã£à®§ ®à£�−¨§�-
æ¨®−−®-â¥å−¨ç¥áª®£® å�à�ªâ¥à� −� áâ�¤¨ïå à�§à�¡®âª¨ ¨ ¯à¨¬¥−¥−¨ï [1];

{ ¨§ â¥å−¨ç¥áª®© §�é¨âë ¨−ä®à¬�æ¨¨, ¡«®ª¨àãîé¥© (¯à¥¤®â¢à�é�îé¥©) ¤¥-
áâàãªâ¨¢−ë¥ ¤¥©áâ¢¨ï ¯®â¥−æ¨�«ì−ëå −�àãè¨â¥«¥© −� áâ�¤¨ïå à�§à�¡®âª¨,
¯à®¨§¢®¤áâ¢� ¨ ¯®¤¤¥à¦ª¨;

{ ¨§ äã−ªæ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨, á¢ï§�−−®© á ¯®«−®â®© à¥�«¨§�æ¨¨ äã−ª-
æ¨© ‘ˆˆ ¯à¨ ãá«®¢¨¨ à¥�«¨§�æ¨¨ ¬¥à®¯à¨ïâ¨© ¯® §�é¨â¥ ¨−ä®à¬�æ¨¨ −�
¢á¥å áâ�¤¨ïå †– [6], ¢ª«îç�ï á«ãç�©−ë© à¨áª, ®¡ãá«®¢«¥−−ë© −¥¯®«−®â®©
®¡ãç�îé¨å ¤�−−ëå (á¬., −�¯à¨¬¥à, [3]), � â�ª¦¥ §�ç�áâãî −¥¢®§¬®¦−®áâìî
¢¥à¨ä¨æ¨à®¢�âì ¯à®æ¥ááë ®¡ãç¥−¨ï ¢ å®¤¥ â¥áâ¨à®¢�−¨ï ‘ˆˆ (áâ�¤¨¨ à�§-
à�¡®âª¨, ¯à®¨§¢®¤áâ¢� ¨ ¯®¤¤¥à¦ª¨).

3 Подходы к защите информации
для систем искусственного интеллекта

Š ®á−®¢−ë¬ ¢¨¤�¬ §�é¨âë ¨−ä®à¬�æ¨¨ ¤«ï ‘ˆˆ ¬®¦−® ®â−¥áâ¨ (ƒ�‘’
÷ 50922-2006):

{ â¥å−¨ç¥áªãî §�é¨âã ¨−ä®à¬�æ¨¨;
{ ªà¨¯â®£à�ä¨ç¥áªãî §�é¨âã ¨−ä®à¬�æ¨¨, ¢ª«îç�ï ®¡ãç�îé¨¥ ¤�−−ë¥;
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�à¨¬¥àë ã£à®§ ˆ� ‘ˆˆ −� à�§−ëå áâ�¤¨ïå †–

‘â�¤¨ï †– “£à®§� ��àãè¥−¨ï
‡�¬ëá¥« �¥ª®àà¥ªâ−ë© ¢ë¡®à ¬¥â®-

¤®¢ ˆˆ ¨ ¯à¨−æ¨¯®¢ ¨−ä®à-
¬�æ¨®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï

‘¨áâ¥¬−�ï ¡¥§®¯�á−®áâì

Š®−æ¥¯æ¨ï �¥ª®àà¥ªâ−ë¥ á¨áâ¥¬−ë¥
âà¥¡®¢�−¨ï ª ˆ� ¨−ä®à¬�-
æ¨®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï

‘¨áâ¥¬−�ï ¡¥§®¯�á−®áâì

÷�§à�¡®âª� �¥¢®§¬®¦−®áâì à¥�«¨§�æ¨¨
á¨áâ¥¬−ëå âà¥¡®¢�−¨© ª ˆ�

‘¨áâ¥¬−�ï ¡¥§®¯�á−®áâì
’¥å−¨ç¥áª�ï §�é¨â� ¨ äã−ªæ¨®-
−�«ì−�ï ¯®«−®â�:

{ −¥ª®àà¥ªâ−ë© ¢ë¡®à ’ˆˆ;
{ −¥¤®¢¥à¥−−ë¥ −�¡®àë ®¡ãç�-

îé¨å ¤�−−ëå
�à®¨§¢®¤áâ¢® �¥¢®§¬®¦−®áâì à¥�«¨§�æ¨¨

¯à®¥ªâ−ëå à¥è¥−¨© ¯® ˆ�
¨−ä®à¬�æ¨®−−ëå ¢§�¨¬®-
¤¥©áâ¢¨©

’¥å−¨ç¥áª�ï §�é¨â� ¨ äã−ªæ¨®-
−�«ì−�ï ¯®«−®â�:

{ −�àãè¥−¨¥ ª®−ä¨¤¥−æ¨�«ì-
−®áâ¨;

{ ¯à®¡«¥¬ë â¥áâ¨à®¢�−¨ï;
{ ¯à®¡«¥¬� ¢®á¯à®¨§¢®¤¨¬®áâ¨

�à¨¬¥−¥−¨¥
¯® −�§−�ç¥−¨î

�¥¯®«−�ï à¥�«¨§�æ¨ï á¨á-
â¥¬−ëå âà¥¡®¢�−¨© ¯® ˆ�,
®£à�−¨ç¥−¨ï äã−ªæ¨®−�«ì-
−®áâ¨

’¥å−¨ç¥áª�ï §�é¨â� ¨ äã−ªæ¨®-
−�«ì−�ï ¯®«−®â�:

{ á−¨¦¥−¨¥ ¤¥ª«�à¨àã¥¬ëå ¢®§-
¬®¦−®áâ¥©;

{ á−¨¦¥−¨¥ ãáâ®©ç¨¢®áâ¨ ‘ˆˆ;
{ −�àãè¥−¨¥ ª®−ä¨¤¥−æ¨�«ì-

−®áâ¨
�®¤¤¥à¦ª� �¥ª®àà¥ªâ−®¥ ¤®®¡ãç¥−¨¥

¨ á�¬®®¡ãç¥−¨¥∗

ˆ§¬¥−¥−¨¥ ¯à®£à�¬¬−®£®
ª®¤�

’¥å−¨ç¥áª�ï §�é¨â� ¨ äã−ªæ¨®-
−�«ì−�ï ¯®«−®â�:

{ ¯®ï¢«¥−¨¥ �„‚;
{ á−¨¦¥−¨¥ ¤¥ª«�à¨àã¥¬ëå ¢®§-

¬®¦−®áâ¥©
∗‚¨¤ë ¨−ä®à¬�æ¨¨ ¤«ï ¤®®¡ãç¥−¨ï ¨ ¢®§¬®¦−ë¥ ã£à®§ë −� áâ�¤¨¨ ¯®¤¤¥à¦ª¨ ¯à¨¢¥¤¥−ë −�

à¨á. 2.

{ ä¨§¨ç¥áªãî §�é¨âã ¨−ä®à¬�æ¨¨;
{ ¯à�¢®¢ãî §�é¨âã ¨−ä®à¬�æ¨¨.

’�ª¦¥, á â®çª¨ §à¥−¨ï �¢â®à®¢, ª ®á−®¢−ë¬ ¢¨¤�¬ §�é¨âë ‘ˆˆ −¥®¡å®¤¨¬®
¤®¡�¢¨âì:

{ ®¡¥á¯¥ç¥−¨¥ á¨áâ¥¬−®© ¨ äã−ªæ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨;
{ ¤®ªã¬¥−â¨à®¢�−¨¥ ãà®¢−¥© £®â®¢−®áâ¨ â¥å−®«®£¨©;
{ ¯®¢ëè¥−¨¥ ãáâ®©ç¨¢®áâ¨ ‘ˆˆ.

‚ à�¬ª�å ®¡¥á¯¥ç¥−¨ï á¨áâ¥¬−®© ¡¥§®¯�á−®áâ¨ −¥®¡å®¤¨¬® ®¯à¥¤¥«¨âì æ¥«¥-
¢ë¥ ®¡«�áâ¨ ¯à¨¬¥−¥−¨ï ‘ˆˆ ¨ ¥¥ ªà¨â¨ç¥áª¨¥ í«¥¬¥−âë, � â�ª¦¥ áä®à¬¨à®¢�âì
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�¥ª®â®àë¥ ¯®¤å®¤ë ª �−�«¨§ã ä�ªâ®à®¢, ¢«¨ïîé¨å −� ˆ� á¨áâ¥¬ ˆˆ

à¥�«¨§ã¥¬ë¥ á¨áâ¥¬−ë¥ âà¥¡®¢�−¨ï −� ®á−®¢¥ �−�«¨§� ¯à®¬ëè«¥−−ëå ¨ â¥å−®-
«®£¨ç¥áª¨å à¨áª®¢.

’¥å−¨ç¥áª�ï ¨ ä¨§¨ç¥áª�ï §�é¨â� ¨−ä®à¬�æ¨¨ ®áãé¥áâ¢«ï¥âáï −� ®á−®¢¥ áã-
é¥áâ¢ãîé¨å −®à¬�â¨¢−®-¬¥â®¤¨ç¥áª¨å ¤®ªã¬¥−â®¢ ¨ −¥ ®â«¨ç�¥âáï ®â ª®¬¯«¥ªá�
¬¥à®¯à¨ïâ¨© ¯® ®¡¥á¯¥ç¥−¨î ¡¥§®¯�á−®áâ¨ ¨−ä®à¬�æ¨¨ ¤«ï �¢â®¬�â¨§¨à®¢�−−ëå
¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬.

‚®¯à®áë ªà¨¯â®£à�ä¨ç¥áª®© §�é¨âë ¤«ï ‘ˆˆ ¬®£ãâ ¨¬¥âì á¢®î á¯¥æ¨ä¨ªã.
’�ª, ¢ ¯à®¥ªâ¥ ƒ�‘’ [7] à�áá¬�âà¨¢�¥âáï §�é¨é¥−−®¥ ¨á¯®«−¥−¨¥ ¢ −¥©à®á¥â¥¢ëå
‘ˆˆ ¯à®æ¥¤ãàë (�«£®à¨â¬®¢) ª«�áá¨ä¨ª�æ¨¨ | á¯¥æ¨�«ì−ë© à¥¦¨¬ ¢ë¯®«−¥-
−¨ï ¯à®æ¥¤ãàë ª«�áá¨ä¨ª�æ¨¨ ®¡à�§®¢, §−�ç¨â¥«ì−® ãá«®¦−ïîé¨© ¯à®¢¥¤¥−¨¥
«î¡ë¬ −¥�¢â®à¨§®¢�−−ë¬ «¨æ®¬ á«¥¤ãîé¨å ®¯¥à�æ¨©: �−�«¨§ «®£¨ª¨ �«£®-
à¨â¬� ª«�áá¨ä¨ª�æ¨¨; ¨§¢«¥ç¥−¨¥ ¨ ¨−â¥à¯à¥â�æ¨ï §−�−¨© ˆˆ; §®−¤¨à®¢�−¨¥
¬®¤¥«¥© ¬�è¨−−®£® ®¡ãç¥−¨ï; à¥�«¨§�æ¨ï á®áâï§�â¥«ì−ëå �â�ª. „�−−ë© à¥¦¨¬
¯®¤à�§ã¬¥¢�¥â ¨á¯®«ì§®¢�−¨¥ á¯¥æ¨�«ì−®£® �«£®à¨â¬� ª«�áá¨ä¨ª�æ¨¨ ®¡à�§®¢,
á−¨¦�îé¥£® ¢¥à®ïâ−®áâì ãá¯¥å� ãª�§�−−ëå ®¯¥à�æ¨© ¨ ®á−®¢�−−®£® −� ¯à¨¬¥-
−¥−¨¨ −¥©à®á¥â¥¢ëå ¯à¥®¡à�§®¢�â¥«¥© ®¡à�§®¢ ¢ ª®¤. „«ï íâ®£® −¥©à®á¥â¥¢ãî
¬®¤¥«ì −¥®¡å®¤¨¬® ®¡ãç¨âì ¯à®¤ãæ¨à®¢�âì −� á¢®¨å ¢ëå®¤�å ªà¨¯â®£à�ä¨ç¥-
áª¨¥ ª«îç¨ ¨«¨ á¨«ì−ë¥ ¯�à®«¨ ¯à¨ ¯®áâã¯«¥−¨¨ −� ¥£® ¢å®¤ë �ãâ¥−â¨ç−ëå
®¡à�§®¢, � â�ª¦¥ ¯à®¤ãæ¨à®¢�âì á«ãç�©−ë© ª®¤ ¯à¨ ¯®áâã¯«¥−¨¨ −� ¢å®¤ë á®áâï-
§�â¥«ì−ëå ¯à¨¬¥à®¢. „àã£®© ¢®§¬®¦−ë© á¯¥æ¨ä¨ç¥áª¨© ¯®¤å®¤ | è¨äà®¢�−¨¥
®¡ãç�îé¨å ¢ë¡®à®ª ¤® ¯à®æ¥¤ãà ®¡ãç¥−¨ï, å®âï ¥áâì ®¯�á−®áâì ¢ëà�¢−¨¢�−¨ï
áâ�â¨áâ¨ç¥áª¨å å�à�ªâ¥à¨áâ¨ª ¤�−−ëå, çâ® ¬®¦¥â ¯®¢«¨ïâì −� ª�ç¥áâ¢® ®¡ãç¥-
−¨ï.

�®«ìè�ï ¯à®¡«¥¬� | −¥¢®§¬®¦−®áâì ¢®á¯à®¨§¢®¤¨¬®áâ¨ à¥§ã«ìâ�â®¢ ®¡ãç¥-
−¨ï ¨ ¤®®¡ãç¥−¨ï ¤«ï ®¤−¨å ¨ â¥å ¦¥ ¤�â�á¥â®¢, � §−�ç¨â, −¥¢®§¬®¦−®áâì
¯à®¢¥àª¨, −� ª�ª¨å ¤�−−ëå ¯à®¨áå®¤¨«® ®¡ãç¥−¨¥. �¥®¡å®¤¨¬® ¯à¥¤ãá¬®âà¥âì
á®§¤�−¨¥ ¬¥â®¤¨ª ®æ¥−ª¨ ¡¥§®¯�á−®áâ¨ ¨§¤¥«¨© ¨ ’ˆˆ, ®á−®¢�−−ëå −¥ â®«ìª® −�
â¥áâ¨à®¢�−¨¨ £®â®¢ëå ¯à®¤ãªâ®¢, −® ¨ −� á¥àâ¨ä¨ª�æ¨¨ á�¬®£® ¯à®æ¥áá� ¨å á®-
§¤�−¨ï. ’�ª®© ¯®¤å®¤ è¨à®ª® ¨á¯®«ì§ã¥âáï, −�¯à¨¬¥à, ¢ �¢¨�æ¨¨ [8], £¤¥ ¤«ï ¯®-
«ãç¥−¨ï á¥àâ¨ä¨ª�â� «¥â−®© £®¤−®áâ¨ á¥àâ¨ä¨æ¨àãîé¥¬ã ®à£�−ã ¯à¥¤êï¢«ï¥âáï
â�ª −�§ë¢�¥¬ë© úá¥àâ¨ä¨ª�æ¨®−−ë© ¡�§¨áû, ¤¥â�«ì−® ¤®ªã¬¥−â¨àãîé¨© ¢á¥
íâ�¯ë á®§¤�−¨ï «¥â�â¥«ì−®£® �¯¯�à�â�, −�ç¨−�ï á íâ�¯� ¯à®¥ªâ¨à®¢�−¨ï. ‚ íâ®¬
á¬ëá«¥ ¢�¦−ë¬ ¬¥à®¯à¨ïâ¨¥¬ ¯® ®¡¥á¯¥ç¥−¨î ˆ� ‘ˆˆ ¬®¦¥â áâ�âì ¤®ªã¬¥−-
â¨à®¢�−¨¥ ãà®¢−¥© £®â®¢−®áâ¨ â¥å−®«®£¨© (Technology Readiness Level | TRL),
¯à¨¬¥−ï¥¬®¥ ¢ ÷®á�â®¬¥ ¨ ¯®§¢®«ïîé¥¥ ¢ àï¤¥ á«ãç�¥¢ á®ªà�â¨âì âàã¤®¥¬ª®áâì
¯à®æ¥¤ãà á¥àâ¨ä¨ª�æ¨¨ ¨ �ââ¥áâ�æ¨¨ íâ¨å á¨áâ¥¬. ‚ [9] ¢ë¤¥«¥−ë 9 ãà®¢−¥©:
TRL1{TRL9 | ¨áá«¥¤®¢�−¨ï; ª®−æ¥¯æ¨ï; ¬�ª¥â¨à®¢�−¨¥; «�¡®à�â®à−ë© ®¡à�-
§¥æ; íªá¯¥à¨¬¥−â�«ì−ë© ®¡à�§¥æ; ¯®«−®äã−ªæ¨®−�«ì−ë© ®¡à�§¥æ; ¯à®â®â¨¯;
£®â®¢�ï á¨áâ¥¬� ¨ á¥à¨©−®¥ ¯à®¨§¢®¤áâ¢®; ¬®¤¥à−¨§�æ¨ï. Š�¦¤ë© ãà®¢¥−ì ®ä¨-
æ¨�«ì−® ¤®ªã¬¥−â¨àã¥âáï ¯® ®¯à¥¤¥«¥−−®© ¬¥â®¤¨ª¥, çâ® ¯®§¢®«ï¥â ä¨ªá¨à®¢�âì
®áãé¥áâ¢«¥−¨¥ §�ª®−ç¥−−®£® íâ�¯� à�§à�¡®âª¨ á¨áâ¥¬ë. �á®¡ë© ¨−â¥à¥á ¢ ¯«�−¥
®¡¥á¯¥ç¥−¨ï ˆ� ‘ˆˆ ¯à¥¤áâ�¢«ïîâ TRL6 (¯à®â®â¨¯) ¨ TRL9, ª®£¤� ¬®¦¥â ¡ëâì
®áãé¥áâ¢«¥−� −¥®¤−®ªà�â−�ï ¬®¤¥à−¨§�æ¨ï ‘ˆˆ ¯ãâ¥¬ ®¡ãç¥−¨ï, ¤®®¡ãç¥−¨ï
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¨ á�¬®®¡ãç¥−¨ï. „®ªã¬¥−â¨à®¢�−¨¥ íâ¨å ¯à®æ¥áá®¢ ¬®¦¥â ¯®§¢®«¨âì á®ªà�â¨âì
¨ ¤�¦¥ ¨áª«îç¨âì −¥ª®â®àë¥ ¯à®¢¥àª¨, ª®â®àë¥ ®ç¥−ì âàã¤®¥¬ª¨ ¨ §�âà�â−ë ¯®
¢à¥¬¥−¨.

‚�¦−¥©è¥© á®áâ�¢«ïîé¥© ®áâ�¥âáï ¯à�¢®¢�ï §�é¨â� ¨−ä®à¬�æ¨¨ ¢ ‘ˆˆ,
¯à¥¤¯®«�£�îé�ï �ªâã�«¨§�æ¨î ¨ ¬®¤¥à−¨§�æ¨î ª®à¯ãá� −®à¬�â¨¢−®-¬¥â®¤¨ç¥-
áª¨å ¤®ªã¬¥−â®¢ ¯® ®¡¥á¯¥ç¥−¨î ¡¥§®¯�á−®áâ¨ ¨−ä®à¬�æ¨¨ ¢ íâ®© ¡ãà−® à�§-
¢¨¢�îé¥©áï ®¡«�áâ¨ á®§¤�−¨ï �¢â®¬�â¨§¨à®¢�−−ëå ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬.
�ç¥¢¨¤−®, çâ® áãé¥áâ¢ãîé�ï −®à¬�â¨¢−®-¯à�¢®¢�ï ¡�§� ®âáâ�¥â ®â ¯®âà¥¡−®áâ¥©
§�ª�§ç¨ª®¢, à�§à�¡®âç¨ª®¢ ¨ ¯®âà¥¡¨â¥«¥© ‘ˆˆ. �¤−� ¨§ ¢¥¤ãé¨å ®à£�−¨§�æ¨©
¢ íâ®© ®¡«�áâ¨ | ’¥å−¨ç¥áª¨© ª®¬¨â¥â ¯® áâ�−¤�àâ¨§�æ¨¨ ü 164 úˆáªãááâ¢¥−-
−ë© ¨−â¥««¥ªâû (’Š164) [10], ª®â®àë© á®§¤�− á æ¥«ìî ¯®¢ëè¥−¨ï íää¥ªâ¨¢−®áâ¨
à�¡®âë ¯® áâ�−¤�àâ¨§�æ¨¨ ¢ ®¡«�áâ¨ ˆˆ −� −�æ¨®−�«ì−®¬ ¨ ¬¥¦¤ã−�à®¤−®¬ ãà®¢-
−¥. ’¥å−¨ç¥áª¨© ª®¬¨â¥â á®§¤�− −� ®á−®¢�−¨¨ ¯à¨ª�§� ÷®ááâ�−¤�àâ� ®â 25 ¨î«ï
2019 £. ü 1732. ‚ ¤¥ïâ¥«ì−®áâ¨ ’Š164 ¯à¨−¨¬�îâ ãç�áâ¨¥ ¡®«¥¥ 120 ¯à®-
ä¨«ì−ëå ®à£�−¨§�æ¨©, ¢¥¤ãé¨å à�§à�¡®âª¨ ‘ˆˆ ¢ à�§«¨ç−ëå ¯à¥¤¬¥â−ëå
®¡«�áâïå.

4 Заключение

1. �á−®¢−ãî á¯¥æ¨ä¨ç¥áªãî ã£à®§ã ˆ� ˆˆ −¥áãâ ¯à®æ¥¤ãàë ®¡ãç¥−¨ï ‘ˆˆ,
¢ å®¤¥ ª®â®àëå −�áâà�¨¢�¥âáï ¨ ¬®¦¥â ¬¥−ïâìáï −¥ â®«ìª® ¨−ä®à¬�æ¨®−−�ï
¡�§�, −® ¨ �«£®à¨â¬ë ¨−â¥««¥ªâã�«ì−ëå ¢ë¢®¤®¢.

2. C¨áâ¥¬ë ˆˆ ï¢«ïîâáï ®¤−¨¬ ¨§ ¢¨¤®¢ �¢â®¬�â¨§¨à®¢�−−ëå ¨−ä®à¬�æ¨®−-
−ëå á¨áâ¥¬, ¨ ª −¨¬ ¤®«¦−ë ¯à¨¬¥−ïâìáï ¢á¥ áãé¥áâ¢ãîé¨¥ ¢¨¤ë §�é¨-
âë ¨−ä®à¬�æ¨¨ (¯à�¢®¢�ï, â¥å−¨ç¥áª�ï, ªà¨¯â®£à�ä¨ç¥áª�ï, ä¨§¨ç¥áª�ï,
äã−ªæ¨®−�«ì−�ï, á¨áâ¥¬−�ï), à¥£«�¬¥−â¨à®¢�−−ë¥ áãé¥áâ¢ãîé¥© −®à¬�-
â¨¢−®-¬¥â®¤¨ç¥áª®© ¡�§®©.

3. �à¥¤«®¦¥−� ¨−ä®à¬�æ¨®−−�ï â¥å−®«®£¨ï �−�«¨§� ®¯à¥¤¥«¥−−ëå ä�ªâ®à®¢,
¯®§¢®«ïîé�ï ¢ëï¢¨âì ®á®¡¥−−®áâ¨ ®¡¥á¯¥ç¥−¨ï ˆ� ‘ˆˆ ¨ ®å�à�ªâ¥à¨§®-
¢�âì á®¢®ªã¯−®áâì áãé¥áâ¢ãîé¨å ã£à®§.

4. �¡áã¦¤¥−ë á¯¥æ¨ä¨ç¥áª¨¥ ¢®¯à®áë §�é¨âë ¨−ä®à¬�æ¨¨ ‘ˆˆ ¨ àï¤ ¬¥à®-
¯à¨ïâ¨© ¯® ®¡¥á¯¥ç¥−¨î ˆ� íâ¨å á¨áâ¥¬.
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SOME APPROACHES TO THE ANALYSIS OF FACTORS
AFFECTING THE INFORMATION SECURITY
OF ARTIFICIAL INTELLIGENCE SYSTEMS

A. A. Zatsarinny and 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: The article deals with the problems of ensuring the necessary level
of information security of artificial intelligence systems which is one of the key
conditions for their introduction into state practice. It is noted that the main
specific threat is posed by the training procedures of artificial intelligence systems
during which not only the information base but also the algorithms of intelligent
conclusions are configured and can change. The information technology of
analysis of certain factors is proposed which makes it possible to identify the
features of ensuring the information security of artificial intelligence systems
and characterize the totality of existing threats. Specific issues of information
protection of artificial intelligence systems and a number of measures to ensure
the information security of these systems are discussed.
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НЕКОТОРЫЕ ПРОБЛЕМЫ МОНИТОРИНГА
ИНФОРМАЦИОННОЙ БЕЗОПАСНОСТИ

КРИТИЧЕСКОЙ ИНФРАСТРУКТУРЫ

А. А. Грушо1, Н. А. Грушо2, М. И. Забежайло3, А. А. Зацаринный4,
Е. Е. Тимонина5

�−−®â�æ¨ï: ˆ−ä®à¬�æ¨®−−�ï ¡¥§®¯�á−®áâì ªà¨â¨ç¥áª®© ¨−äà�áâàãªâãàë
¤®«¦−� à�áá¬�âà¨¢�âìáï á ¥¤¨−ëå á¨áâ¥¬−ëå ¯®§¨æ¨© −� ®á−®¢¥ ¥¤¨−®© ®æ¥−-
ª¨ æ¥−−®áâ¨ ¨−ä®à¬�æ¨¨. �âáî¤� á«¥¤ã¥â ¥¤¨−ë© ¯®¤å®¤ ª ®æ¥−ª¥ ¯®¤á¨áâ¥¬
á â®çª¨ §à¥−¨ï ¢®§¬®¦−®áâ¥© ¨á¯®«ì§®¢�âì ¢§�¨¬®§�¢¨á¨¬®áâ¨ ¨−äà�áâàãªâã-
àë ¤«ï ¢ëï¢«¥−¨ï −�àãè¥−¨© ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨. ‚ à�¡®â¥ à�á-
á¬�âà¨¢�îâáï ª¨¡¥à−¥â¨ç¥áª¨¥ ¢§�¨¬®§�¢¨á¨¬®áâ¨ ¢ ª®−â¥ªáâ¥ ®¡¥á¯¥ç¥−¨ï
¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨. �á−®¢−�ï ¨¤¥ï ¯®¤å®¤� á®áâ®¨â ¢ −�¡«î¤¥−¨¨
á«¥¤áâ¢¨© ¨§ ¯à¨ç¨−ë, ª®â®à�ï ¯à¥¤áâ�¢«ï¥â á®¡®© −¥−�¡«î¤�¥¬ë© ¨áâ®ç−¨ª
¤¥©áâ¢¨© ¯® −�àãè¥−¨î ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨.

Š«îç¥¢ë¥ á«®¢�: ªà¨â¨ç¥áª�ï ¨−äà�áâàãªâãà�; ¨−ä®à¬�æ¨®−−�ï ¡¥§®¯�á-
−®áâì; ¬¥å�−¨§¬ë ¬®−¨â®à¨−£� ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨
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1 Введение
„«ï ¨áá«¥¤®¢�−¨ï ªà¨â¨ç¥áª¨å ¨−äà�áâàãªâãà ¨á¯®«ì§ã¥âáï ¬®¤¥«¨à®¢�−¨¥.

�â®â â¥à¬¨− ¯à¥¤¯®«�£�¥â ã¯à®é¥−¨¥ ®¯¨á�−¨ï à¥�«ì−®© á«®¦−®© ¨−äà�áâàãª-
âãàë ¨ ª®¬¯ìîâ¥à−®¥ ¬®¤¥«¨à®¢�−¨¥ á â®çª¨ §à¥−¨ï ¯®¢¥¤¥−¨ï ¬®¤¥«¨ ¯à¨
à�§«¨ç−ëå ¢�à¨�æ¨ïå ¨áå®¤−ëå ¤�−−ëå.

„«ï ¬®¤¥à¨à®¢�−¨ï à�§«¨ç−ëå �á¯¥ªâ®¢ äã−ªæ¨®−¨à®¢�−¨ï ªà¨â¨ç¥áª¨å
¨−äà�áâàãªâãà á®§¤�−® ¬−®¦¥áâ¢® à�§−®®¡à�§−ëå ¨−áâàã¬¥−â®¢ [1]. �à¨¢¥-
¤¥¬ −¥áª®«ìª® ¯à¨¬¥à®¢ ¨§ íâ®© à�¡®âë, ¯®ª�§ë¢�îé¨å ®á−®¢−ë¥ −�¯à�¢«¥−¨ï
¨áá«¥¤®¢�−¨©.

Œ®¤¥«¨à®¢�−¨¥ ¨ �−�«¨§ §�é¨âë ªà¨â¨ç¥áª®© ¨−äà�áâàãªâãàë. �à®-
£à�¬¬� áâ�«� ª«îç¥¢ë¬ ª®¬¯®−¥−â®¬ à�¡®âë ¯à�¢¨â¥«ìáâ¢� �¢áâà�«¨¨ ¯® ãªà¥¯-

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

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

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

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

5”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª, eltimon@yandex.ru
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�¥ª®â®àë¥ ¯à®¡«¥¬ë ¬®−¨â®à¨−£� ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ¨−äà�áâàãªâãàë

«¥−¨î §�é¨âë ªà¨â¨ç¥áª¨ ¢�¦−®© ¨−äà�áâàãªâãàë. ‘¨áâ¥¬� ¯à¨ ¬®¤¥«¨à®¢�−¨¨
¢ª«îç�¥â àï¤ ¢®§¤¥©áâ¢¨© ¤«ï �−�«¨§� ¯®á«¥¤áâ¢¨© −�àãè¥−¨ï à�¡®âë ªà¨â¨-
ç¥áª¨ ¢�¦−ëå ¨−äà�áâàãªâãà−ëå á«ã¦¡. �â� ¨−ä®à¬�æ¨ï ¯®¬®£�¥â à�§à�¡®âª¥
¯®«¨â¨ª¨ ¯à�¢¨â¥«ìáâ¢� ¢ ®¡«�áâ¨ −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨ ¨ §�é¨âë ªà¨â¨-
ç¥áª¨ ¢�¦−®© ¨−äà�áâàãªâãàë, � â�ª¦¥ ¨á¯®«ì§ã¥âáï ¢«�¤¥«ìæ�¬¨ ¨ ®¯¥à�â®à�¬¨
¤«ï «ãçè¥© §�é¨âë á¢®¥© ªà¨â¨ç¥áª®© ¨−äà�áâàãªâãàë [2].

Œ¥â®¤®«®£¨ï áªà¨−¨−£� MIT ¡ë«� à�§à�¡®â�−� ¢ Œ�áá�çãá¥âáª®¬ â¥å−®-
«®£¨ç¥áª®¬ ¨−áâ¨âãâ¥ ¤«ï ¢ëï¢«¥−¨ï ¨ ®¯à¥¤¥«¥−¨ï ¯à¨®à¨â¥â®¢ ãï§¢¨¬®áâ¨
¢ ¨−äà�áâàãªâãà�å. ˆ−äà�áâàãªâãàë á¬®¤¥«¨à®¢�−ë ª�ª ¢§�¨¬®á¢ï§�−−ë¥ ¤¨-
£à�äë, ¨ ¨á¯®«ì§®¢�−� â¥®à¨ï £à�ä®¢, çâ®¡ë ¨¤¥−â¨ä¨æ¨à®¢�âì ¢®§¬®¦−ë¥
ãï§¢¨¬ë¥ áæ¥−�à¨¨. �â¨ áæ¥−�à¨¨ ¯à®¢¥àïîâáï −� ¯à¥¤¬¥â ¢®á¯à¨¨¬ç¨¢®áâ¨
¨å í«¥¬¥−â®¢ ª â¥àà®à¨áâ¨ç¥áª¨¬ �â�ª�¬, ¨ á®§¤�¥âáï ¯à¨®à¨â¥â−ë© á¯¨á®ª
ãï§¢¨¬®áâ¥© [3].

÷¥§ã«ìâ�â®¢ ¨áá«¥¤®¢�−¨© ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ¢ ªà¨â¨ç¥áª¨å ¨−-
äà�áâàãªâãà�å −¥ −�©¤¥−®. ‚ ¤�−−®© à�¡®â¥ ¯®áâà®¥− äà�£¬¥−â ®¡®¡é¥−−®©
¬®¤¥«¨ ®¡¥á¯¥ç¥−¨ï ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ªà¨â¨ç¥áª¨å ¨−äà�áâàãªâãà
(¤�«¥¥ | ¨−äà�áâàãªâãà).

2 Информационная безопасность критической инфраструктуры

”®à¬�«ì−® ¨−äà�áâàãªâãà� ®¯à¥¤¥«¥−� ª�ª á¥âì á¨áâ¥¬ ¨ ¯à®æ¥áá®¢, ª®â®àë¥
á¨−¥à£¥â¨ç¥áª¨ ¢§�¨¬®¤¥©áâ¢ãîâ ¤«ï ¯à®¨§¢®¤áâ¢� ¯à®¤ãªæ¨¨ ¨ ãá«ã£ [4]. ‚ íâ®¬
®¯à¥¤¥«¥−¨¨ ãª�§�−® ¢�¦−¥©è¥¥ á¢®©áâ¢® ¢§�¨¬®§�¢¨á¨¬®áâ¨, ª®â®à®¥ −¥á¥â
¯®«®¦¨â¥«ì−ë© á¬ëá« á â®çª¨ §à¥−¨ï ®à£�−¨§�æ¨¨ ¯à®¨§¢®¤áâ¢�. ‚ â® ¦¥
¢à¥¬ï íâ® á¢®©áâ¢® ®âà�¦�¥â ¨ ®á−®¢−ãî ãï§¢¨¬®áâì, á®áâ®ïéãî ¢ −�àãè¥−¨¨
®¤−¨å á¢®©áâ¢ ç¥à¥§ á¡®¨ ¨ −�àãè¥−¨ï ¤àã£¨å. ‡�¢¨á¨¬®áâì | íâ® á¢ï§ì
¨«¨ á®¥¤¨−¥−¨¥ ¬¥¦¤ã ¤¢ã¬ï ¯®¤á¨áâ¥¬�¬¨ ¨«¨ ¯à®æ¥áá�¬¨ ¨−äà�áâàãªâãàë,
ç¥à¥§ ª®â®àë¥ á®áâ®ï−¨¥ ®¤−®© ¯®¤á¨áâ¥¬ë ¢«¨ï¥â −� á®áâ®ï−¨¥ ¤àã£®© ¨«¨
ª®àà¥«¨àã¥â á −¨¬. ‚§�¨¬®§�¢¨á¨¬®áâ¨ | íâ® á«®¦−ë¥ ®â−®è¥−¨ï, å�à�ªâ¥à¨§ã-
îé¨¥áï ¬−®¦¥áâ¢¥−−ë¬¨ á¢ï§ï¬¨ ¬¥¦¤ã í«¥¬¥−â�¬¨ ¨−äà�áâàãªâãàë, ¢ª«îç�ï
®¡à�â−ë¥ á¢ï§¨ ¨ ®¡à�â−ë¥ ¯ãâ¨ ¢ à�§¢¥â¢«¥−−®© â®¯®«®£¨¨ ¨−äà�áâàãªâãàë.
‚§�¨¬®§�¢¨á¨¬®áâ¨ á®§¤�îâ á«®¦−®¥ ¯®«®â−®, ª®â®à®¥, ãç¨âë¢�ï ®á®¡¥−−®áâ¨
à�§«¨ç−ëå â¨¯®¢ ¥£® á¢ï§¥©, ¬®¦¥â ¯¥à¥¤�¢�âì −�àãè¥−¨ï ¯® ¢á¥¬ã è¨à®ª®¬ã
á¯¥ªâàã íª®−®¬¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨ ¨−äà�áâàãªâãàë. �à¨ íâ®¬ �¤¥ª¢�â−®
¯à®�−�«¨§¨à®¢�âì ¨«¨ ¯®−ïâì ¢á¥ ¯ãâ¨ −�−¥á¥−¨ï ãé¥à¡� −¥¢®§¬®¦−®.

‚ «¨â¥à�âãà¥ ¬®¦−® −�©â¨ ª«�áá¨ä¨ª�æ¨î ®á−®¢−ëå −�¯à�¢«¥−¨©, ¯®§¢®-
«ïîé¨å ¯à®¢®¤¨âì ¨¤¥−â¨ä¨ª�æ¨î, ¯®−¨¬�−¨¥ ¨ �−�«¨§ ¢§�¨¬®§�¢¨á¨¬®áâ¥©
¢ á«®¦−ëå ¨−äà�áâàãªâãà�å [1].

�®¤á¨áâ¥¬ë ¨−äà�áâàãªâãàë ä¨§¨ç¥áª¨ ¢§�¨¬®§�¢¨á¨¬ë, ¥á«¨ á®áâ®ï−¨¥
ª�¦¤®© §�¢¨á¨â ®â ¬�â¥à¨�«ì−®£® ¢ëå®¤� ¤àã£¨å ¯®¤á¨áâ¥¬.

�«¥¬¥−âë ¨−äà�áâàãªâãàë ª¨¡¥à−¥â¨ç¥áª¨ ¢§�¨¬®§�¢¨á¨¬ë, ¥á«¨ ¨å á®áâ®-
ï−¨ï §�¢¨áïâ ®â ¨−ä®à¬�æ¨¨, ¯¥à¥¤�¢�¥¬®© ç¥à¥§ ¨−äà�áâàãªâãàã.
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�. �. ƒàãè®, �. �. ƒàãè®, Œ. ˆ. ‡�¡¥¦�©«® ¨ ¤à.

�«¥¬¥−âë ¨−äà�áâàãªâãàë £¥®£à�ä¨ç¥áª¨ ¢§�¨¬®§�¢¨á¨¬ë, ¥á«¨ «®ª�«ì−®¥
á®¡ëâ¨¥ ¬®¦¥â á®§¤�âì ¨§¬¥−¥−¨ï á®áâ®ï−¨ï ¢ −¨å.

„¢� í«¥¬¥−â� ¨−äà�áâàãªâãàë «®£¨ç¥áª¨ ¢§�¨¬®§�¢¨á¨¬ë, ¥á«¨ á®áâ®ï−¨¥
ª�¦¤®£® §�¢¨á¨â ®â á®áâ®ï−¨ï ¤àã£®£® ç¥à¥§ ¬¥å�−¨§¬, ª®â®àë© −¥ ®â−®á¨âáï
−¨ ª ä¨§¨ç¥áª®©, −¨ ª ª¨¡¥à−¥â¨ç¥áª®©, −¨ ª £¥®£à�ä¨ç¥áª®© á¢ï§¨ (−�¯à¨¬¥à,
§�¡�áâ®¢ª� ¤¢ãå ¯à¥¤¯à¨ïâ¨© ¯® ¯à¨ç¨−¥ ¬�«®© §�à¯«�âë).

ˆ−äà�áâàãªâãà−®¥ ®ªàã¦¥−¨¥ á«ã¦¨â ®á−®¢®©, ¢ ª®â®à®© ¢«�¤¥«ìæë ¨−-
äà�áâàãªâãàë ¨ ®¯¥à�â®àë ãáâ�−�¢«¨¢�îâ æ¥«¨, áâà®ïâ á¨áâ¥¬ë æ¥−−®áâ¥© ¤«ï
®¯à¥¤¥«¥−¨ï ¨ ª®−âà®«ï ¨å ¤¥ïâ¥«ì−®áâ¨, ¬®¤¥«¨àãîâ ¨ �−�«¨§¨àãîâ ¨å à�¡®âã,
� â�ª¦¥ ¯à¨−¨¬�îâ à¥è¥−¨ï, ¢«¨ïîé¨¥ −� �àå¨â¥ªâãàë ¨ ®¯¥à�æ¨¨ ¢ ¨−äà�-
áâàãªâãà¥.

…á«¨ §�¢¨á¨¬®áâì ®¤−®£® í«¥¬¥−â� ¨−äà�áâàãªâãàë ®â ¤àã£®£® ¯à¥¤áâ�¢«ïâì
®à¨¥−â¨à®¢�−−®© ¤ã£®© £à�ä� −� ¬−®¦¥áâ¢¥ í«¥¬¥−â®¢ ª�ª ¢¥àè¨−�å, â® ¯¥à¥-
ç¨á«¥−−ë¥ ¢ëè¥ −�¯à�¢«¥−¨ï ¬®¦−® à�áá¬�âà¨¢�âì ª�ª â¨¯ ¤ã£¨, ¨«¨ ª�ª ¬¥âªã
−� ¤ã£¥. ’�ª¨¥ £à�äë −�§ë¢�îâáï £à�ä�¬¨ §�¢¨á¨¬®áâ¥© ¢ ¨−äà�áâàãªâãà¥.
‘ª«¥¨¢�−¨¥ ¢¥àè¨− ¯®§¢®«ï¥â áâà®¨âì ¨¥à�àå¨î £à�ä®¢ §�¢¨á¨¬®áâ¥©. �à¨ íâ®¬
¬¥âª¨ ®¡ê¥¤¨−¥−−ëå ¤ã£ ¬¥¦¤ã ãªàã¯−¥−−ë¬¨ ¢¥àè¨−�¬¨ ®¡à�§ãîâ −� ¤ã£�å
¢ �£à¥£¨à®¢�−−ëå £à�ä�å ¬−®¦¥áâ¢� ¬¥â®ª, á®®â¢¥âáâ¢ãîé¨å ¬¥âª�¬ ¯à¥¦−¨å
¤ã£. ‘ª«¥¥−−ë¥ ¨§ í«¥¬¥−â®¢ ¢¥àè¨−ë ¢ ¨−äà�áâàãªâãà¥ −�§ë¢�îâáï ¯®¤á¨á-
â¥¬�¬¨ ¨−äà�áâàãªâãàë. �¥®¤−®§−�ç−®áâì áª«¥¨¢�−¨ï ¯®à®¦¤�¥â ç�áâ¨ç−ë©
¯®àï¤®ª −� ¢á¥å ¢�à¨�−â�å áª«¥¨¢�−¨ï.

‚§�¨¬®§�¢¨á¨¬®áâ¨ ã¢¥«¨ç¨¢�îâ à¨áª ®è¨¡®ª ¨«¨ á¡®¥¢ ¢ ¨−äà�áâàãªâãà�å.
’®−ª�ï ®¡à�â−�ï á¢ï§ì ¨ á«®¦−�ï â®¯®«®£¨ï, á®§¤�−−�ï ¢§�¨¬®§�¢¨á¨¬®áâï¬¨,
¬®£ãâ ¨−¨æ¨¨à®¢�âì ¨ à�§¬−®¦¨âì à�§àãè¥−¨ï ¢ ¬−®¦¥áâ¢¥ ¯ãâ¥©, ª®â®àë¥
−¥®¡ëç−ë ¨ âàã¤−® ¯à¥¤áª�§ã¥¬ë. �¡ëç−® ®âª�§ë ¨«¨ á¡®¨, á¢ï§�−−ë¥ á ¨−äà�-
áâàãªâãà®©, ª«�áá¨ä¨æ¨àãîâáï ª�ª ª�áª�¤−ë¥, íáª�«�æ¨®−−ë¥ ¨«¨ ¨¬¥îé¨¥
®¡é¨¥ ¯à¨ç¨−ë. �â¨ à¥¦¨¬ë ¯à¨−æ¨¯¨�«ì−® ®â«¨ç�îâáï ®â á¡®¥¢, ®£à�−¨-
ç¥−−ëå ®¤−¨¬ í«¥¬¥−â®¬, ãç¨âë¢�ï, çâ® ¢§�¨¬®§�¢¨á¨¬®áâ¨ −¥®¡å®¤¨¬ë ¤«ï
£¥−¥à�æ¨¨ ¨«¨ à�á¯à®áâà�−¥−¨ï íâ¨å â¨¯®¢ ®âª�§®¢.

Š�áª�¤−ë© á¡®© ¢®§−¨ª�¥â, ª®£¤� ®âª�§ ¢ ®¤−®© ¯®¤á¨áâ¥¬¥ ¨−äà�áâàãªâãàë
¢ë§ë¢�¥â ®âª�§ ª®¬¯®−¥−â� ¢® ¢â®à®© ¯®¤á¨áâ¥¬¥, çâ® ¢¯®á«¥¤áâ¢¨¨ ¢ë§ë¢�¥â
−�àãè¥−¨¥ ¢ à�¡®â¥ á«¥¤ãîé¥© ¢§�¨¬®á¢ï§�−−®© ¯®¤á¨áâ¥¬ë ¨«¨ ¯®¤á¨áâ¥¬.

�áª�«�æ¨®−−ë© á¡®© ¢®§−¨ª�¥â, ª®£¤� ¯à¨ áãé¥áâ¢ãîé¥¬ ¯à¥àë¢�−¨¨ ¢ ®¤−®©
¯®¤á¨áâ¥¬¥ ãá¨«¨¢�¥âáï −¥§�¢¨á¨¬®¥ −�àãè¥−¨¥ à�¡®âë ¢â®à®© ¯®¤á¨áâ¥¬ë, ª�ª
¯à�¢¨«®, ¢ ¢¨¤¥ ã¢¥«¨ç¥−¨ï á¥àì¥§−®áâ¨ ¨«¨ âà¥¡ã¥¬®£® ¢à¥¬¥−¨ ¢®ááâ�−®¢«¥−¨ï
«¨¡® ¢®ááâ�−®¢«¥−¨ï ¯®á«¥ ¢â®à®© −¥¨á¯à�¢−®áâ¨.

�âª�§ ¯® ®¡é¥© ¯à¨ç¨−¥ ¯à®¨áå®¤¨â, ª®£¤� ®¤−®¢à¥¬¥−−® −�àãè�¥âáï à�¡®â�
¤¢ãå ¨«¨ ¡®«¥¥ ¨−äà�áâàãªâãà−ëå í«¥¬¥−â®¢: ª®¬¯®−¥−âë ¢ ª�¦¤®© ¯®¤á¨áâ¥¬¥
®âª�§ë¢�îâ ¨§-§� −¥ª®â®àëå ®¡é¨å ¯à¨ç¨−. �«¥¬¥−âë ¨§ −¥áª®«ìª¨å ¯®¤-
á¨áâ¥¬ ¨−äà�áâàãªâãàë ¬®£ãâ ¡ëâì §�âà®−ãâë ®¤−®¢à¥¬¥−−® «¨¡® ¯®â®¬ã, çâ®
®−¨ §�−¨¬�îâ ®¤−® ¨ â® ¦¥ ä¨§¨ç¥áª®¥ ¯à®áâà�−áâ¢® (£¥®£à�ä¨ç¥áª�ï §�¢¨á¨-
¬®áâì), «¨¡® ¯®â®¬ã, çâ® ª®à−¥¢�ï ¯à®¡«¥¬� è¨à®ª® à�á¯à®áâà�−ï¥âáï (áâ¨å¨©−®¥
¡¥¤áâ¢¨¥, â¥å−®£¥−−�ï ª�â�áâà®ä�, â¥àà®à¨áâ¨ç¥áª¨© �ªâ).
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�¥ª®â®àë¥ ¯à®¡«¥¬ë ¬®−¨â®à¨−£� ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ¨−äà�áâàãªâãàë

‚ ¤�−−®© à�¡®â¥ à�áá¬�âà¨¢�îâáï â®«ìª® ª¨¡¥à−¥â¨ç¥áª¨¥ ¢§�¨¬®§�¢¨á¨-
¬®áâ¨. �à¥¤¯®«®¦¨¬, çâ® à�áá¬�âà¨¢�¥¬�ï ¨−äà�áâàãªâãà� ¨¬¥¥â á«®¦−ë©
å�à�ªâ¥à, ¢ ª®â®à®© à�§«¨ç−ë¥ í«¥¬¥−âë ¨ ¯®¤á¨áâ¥¬ë ¢§�¨¬®¤¥©áâ¢ãîâ á ¯®-
¬®éìî ¨−ä®à¬�æ¨¨, ¯¥à¥¤�¢�¥¬®© ¯® à�§«¨ç−ë¬ ª�−�«�¬ á¢ï§¨. Š�¦¤ë© ª�−�«
®¯à¥¤¥«ï¥â á¢®¨ ãá«®¢¨ï ¯à¨¥¬� ¨ ¯¥à¥¤�ç¨. �¤−�ª® ¢® ¢á¥å ª�−�«�å ¯à¨áãâáâ¢ã-
îâ −�ç�«® ¨ ª®−¥æ ª�¦¤®© ¯¥à¥¤�ç¨ ¨«¨ äà�£¬¥−â� ¯¥à¥¤�ç¨, ¨¤¥−â¨ä¨æ¨àã¥âáï
¨«¨ ¯à¨áãâáâ¢ã¥â ®â¬¥âª� ¢à¥¬¥−¨ ¯¥à¥¤�ç¨, � â�ª¦¥ ª®−¥ç−ë¥ �¤à¥á� ®â¯à�¢¨-
â¥«ï ¨ ¯®«ãç�â¥«ï ¨−ä®à¬�æ¨¨. ‡�¤�ç� á®áâ®¨â ¢ ¬®−¨â®à¨−£¥ ¨−ä®à¬�æ¨®−−®©
¡¥§®¯�á−®áâ¨ ¨−äà�áâàãªâãàë. �®¤ ¡¥§®¯�á−®áâìî ¯®−¨¬�îâáï ª®−ä¨¤¥−æ¨�«ì-
−®áâì, æ¥«®áâ−®áâì (ª®−âà®«ì æ¥«®áâ−®áâ¨) ¨ ¤®áâã¯−®áâì ¨−ä®à¬�æ¨¨. „®¯®«-
−¨â¥«ì−® ª íâ®¬ã −�¡®àã ¡ã¤¥¬ à�áá¬�âà¨¢�âì ¢®¯à®áë à�á¯à®áâà�−¥−¨ï á¡®¥¢
¬¥¦¤ã ¯®¤á¨áâ¥¬�¬¨.

Š®−ä¨¤¥−æ¨�«ì−®áâì à�áá¬�âà¨¢�¥âáï ª�ª ¢®§¬®¦−®áâì ãâ¥çª¨ ¨−ä®à¬�æ¨¨
ç¥à¥§ áª¢®§−®© ¬�àèàãâ, ¯à®å®¤ïé¨© ç¥à¥§ ®¤−ã ¨«¨ −¥áª®«ìª® ¯®¤á¨áâ¥¬.

Š®−âà®«ì æ¥«®áâ−®áâ¨ à�áá¬�âà¨¢�¥âáï ª�ª ®¡−�àã¦¥−¨¥ ¯¥à¥¤�ç¨ ª®¬�−¤ë
−¥ª®â®à®¬ã í«¥¬¥−âã ¯®¤á¨áâ¥¬ë ã−¨çâ®¦¨âì −¥ª®â®àãî ¨−ä®à¬�æ¨î.

��àãè¥−¨¥ ¤®áâã¯−®áâ¨ ¯à¥¤¯®«�£�¥â ®£à�−¨ç¥−−ë© ¯à¨¥¬ ¨«¨ ¯¥à¥¤�çã
¨−ä®à¬�æ¨¨ æ¥«¥¢ë¬ ¯®âà¥¡¨â¥«ï¬.

‘¡®© ¯à¥¤¯®«�£�¥â −�àãè¥−¨¥ à�¡®â®á¯®á®¡−®áâ¨ ¢á¥© ¨«¨ ç�áâ¨ ¯®¤á¨áâ¥¬ë
¨−äà�áâàãªâãàë, ª®â®àë© ¯¥à¥ç¨á«¥−−ë¬¨ ¢ëè¥ á¯®á®¡�¬¨ à�á¯à®áâà�−ï¥âáï
−� ¤àã£¨¥ ¯®¤á¨áâ¥¬ë.

3 Пути решения задач мониторинга информационной безопасности
инфраструктуры

�á®¡¥−−®áâì ¯®áâ�¢«¥−−ëå §�¤�ç §�ª«îç�¥âáï ¢ á«®¦−®áâ¨ ®âá«¥¦¨¢�−¨ï
¢§�¨¬®¤¥©áâ¢¨© í«¥¬¥−â®¢ ¨−äà�áâàãªâãàë ¨ ¨å �−�«¨§� −� ¯à¥¤¬¥â −�àãè¥−¨ï
âà¥¡®¢�−¨© ¡¥§®¯�á−®áâ¨. �®íâ®¬ã ¯® á®®¡à�¦¥−¨ï¬ á«®¦−®áâ¨, íª®−®¬¨ç¥áª®©
−¥íää¥ªâ¨¢−®áâ¨ ¨ ¢à¥¬¥−− �ëå §�âà�â ¬®−¨â®à¨−£ ¢§�¨¬®¤¥©áâ¢¨© í«¥¬¥−â®¢ −¥-
¢®§¬®¦¥−. �âáî¤� ¯à¥¤«�£�¥âáï ¨â¥à�æ¨®−−ë© ¯®¤å®¤, ®á−®¢�−−ë© −� ¯®áâà®-
¥−¨¨ â¥áâ®¢. Š�¦¤ë© â¥áâ ¯à¥¤¯®«�£�¥â à¥è¥−¨¥ ª«�áá¨ä¨ª�æ¨®−−®© §�¤�ç¨,
� ¨¬¥−−® ¯à¨áãâáâ¢ã¥â «¨ ¨áª®¬®¥ á¢®©áâ¢® ¢ à�áá¬�âà¨¢�¥¬ëå ¤�−−ëå. ’�ª¨¥
â¥áâë ¬®¦−® áâà®¨âì −� ®á−®¢¥ ¯à¨ç¨−−®-á«¥¤áâ¢¥−−ëå á¢ï§¥© [5, 6]. Šà®¬¥
â®£®, ¡ã¤¥¬ à�áá¬�âà¨¢�âì ¬®¤¥«ì ¬®−¨â®à¨−£� −¥ ¢á¥å í«¥¬¥−â®¢ ¬¥¦¤ã á®¡®©,
� ¢§�¨¬®¤¥©áâ¢¨© ¯®¤á¨áâ¥¬ ¨−äà�áâàãªâãàë.

‚¢¥¤¥¬ á«¥¤ãîé¨¥ ®¯à¥¤¥«¥−¨ï. ÷�áá¬�âà¨¢�îâáï §�¤�ç¨ ª«�áá¨ä¨ª�æ¨¨
−� ª®−¥ç−®¥ ç¨á«® ª«�áá®¢, â. ¥. ¤«ï ª�¦¤®© ¢ë¤¥«¥−−®© ¤«ï ¬®−¨â®à¨−£� ¯®¤-
á¨áâ¥¬ë, ¢§�¨¬®¤¥©áâ¢ãîé¥© á ¤àã£¨¬¨ ¯®¤á¨áâ¥¬�¬¨, áãé¥áâ¢ã¥â ¯à®áâà�−-
áâ¢® ¯à¨−¨¬�¥¬ëå ¨«¨ ¯¥à¥¤�¢�¥¬ëå á®®¡é¥−¨© ¨ äã−ªæ¨ï ª«�áá¨ä¨ª�æ¨¨,
ãª�§ë¢�îé�ï −� ¯®ï¢«¥−¨¥ ¢ ¯¥à¥¤�¢�¥¬®© ¨−ä®à¬�æ¨¨ ¯à¨§−�ª®¢ −�àãè¥-
−¨ï ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ¨«¨ −�«¨ç¨¥ ¯à¨§−�ª®¢ á¡®ï ¢ ¯®¤á¨áâ¥¬¥.
‚ à�áá¬®âà¥−−ëå ¤�«¥¥ §�¤�ç�å ¢�¦−® ®â«¨ç�âì ¤®¯®«−¨â¥«ì−ãî ¨−ä®à¬�æ¨î
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�. �. ƒàãè®, �. �. ƒàãè®, Œ. ˆ. ‡�¡¥¦�©«® ¨ ¤à.

® ª«�áá¨ä¨æ¨àã¥¬®¬ á®¡ëâ¨¨, ª®â®à�ï ¯®¬®£�¥â ¯à�¢¨«ì−®© ª«�áá¨ä¨ª�æ¨¨,
¨ ¨−ä®à¬�æ¨î ® ¯à¥¤¯®«®¦¥−¨ïå, ª®â®àë¥ ¯®§¢®«ïîâ ¯®áâà®¨âì ¬®¤¥«ì ¯®¨áª�
¨ ¢ à�¬ª�å íâ®© ¬®¤¥«¨ ®æ¥−¨¢�âì ª�ç¥áâ¢® ¯à¨−¨¬�¥¬®£® ¤�−−ë¬ ¬¥â®¤®¬ ª«�á-
á¨ä¨ª�æ¨¨ à¥è¥−¨ï. ˆá¯®«ì§®¢�−¨¥ ¯à¨ç¨−−®-á«¥¤áâ¢¥−−ëå á¢ï§¥© ¢ §�¤�ç�å
ª«�áá¨ä¨ª�æ¨¨ ®á−®¢�−® −� ¤¢ãå á¢®©áâ¢�å ¯à¨ç¨− ¨ á«¥¤áâ¢¨©. �¥à¢®¥ á¢®©-
áâ¢® á®áâ®¨â ¢ â®¬, çâ® ¯®ï¢«¥−¨¥ ¯à¨ç¨−ë ¤¥â¥à¬¨−¨à®¢�−−® ¢«¥ç¥â ¯®ï¢«¥−¨¥
á«¥¤áâ¢¨ï. ‚â®à®¥ á¢®©áâ¢® ®§−�ç�¥â, çâ® −¥â ï¢«¥−¨©, ¢®§−¨ª−®¢¥−¨¥ ª®â®àëå
−¥ ¨¬¥¥â ¯à¨ç¨−. …á«¨ ¯à¨ç¨−� ¨áª�¦¥−�, â® á«¥¤áâ¢¨¥ «¨¡® −¥ ¢®§−¨ª�¥â, «¨¡®
®¡ãá«®¢«¥−® ¤àã£¨¬¨ ¯à¨ç¨−�¬¨.

÷�áá¬®âà¨¬ ¯à¨ç¨−−®-á«¥¤áâ¢¥−−ë¥ á¢ï§¨, −� ª®â®àëå áâà®ïâáï −¥®¡å®¤¨¬ë¥
á«¥¤áâ¢¨ï.

…á«¨ ¢ à�áá¬�âà¨¢�¥¬®© ¯®¤á¨áâ¥¬¥ ¯à®¨áå®¤¨â ãâ¥çª� ª®−ä¨¤¥−æ¨�«ì−®©
¨−ä®à¬�æ¨¨ (¯à¨ç¨−�), â® ¤®«¦¥− ¢®§−¨ª−ãâì −®¢ë© ª�−�« ¯¥à¥¤�ç¨ ¨−ä®à¬�æ¨¨
¨§ à�áá¬�âà¨¢�¥¬®© ¯®¤á¨áâ¥¬ë ¢ ¯®¤á¨áâ¥¬ã, ®âªã¤� ¯à®â¨¢−¨ª ¬®¦¥â ¨§êïâì íâã
¨−ä®à¬�æ¨î. …á«¨ á¨áâ¥¬� ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ¯®áâà®¥−� ¯à�¢¨«ì−®,
â® ¨§ ¯®¤á¨áâ¥¬ë, á®¤¥à¦�é¥© ª®−ä¨¤¥−æ¨�«ì−ãî ¨−ä®à¬�æ¨î, ¯à®â¨¢−¨ª
¨§êïâì ¥¥ −¥ ¬®¦¥â. �âáî¤� á«¥¤ã¥â −¥®¡å®¤¨¬®áâì ¯®à®¦¤¥−¨ï −®¢®£® ª�−�«�,
á®¥¤¨−ïîé¥£® ¯®¤á¨áâ¥¬ã á ª®−ä¨¤¥−æ¨�«ì−®© ¨−ä®à¬�æ¨¥© ¨ à¨áª®¢ãî ¯®¤-
á¨áâ¥¬ã, £¤¥ ¯à®â¨¢−¨ª â�ªãî ¢®§¬®¦−®áâì ¨¬¥¥â. �®íâ®¬ã ¯à®áâ¥©è¨© â¥áâ −�
¢®§¬®¦−®áâì ãâ¥çª¨ ª®−ä¨¤¥−æ¨�«ì−®© ¨−ä®à¬�æ¨¨ á®áâ®¨â ¢ ¯à®á¬®âà¥ ¢á¥å
(¢ª«îç�ï ¢¨àâã�«ì−ë¥) ª�−�«®¢ ¢§�¨¬®¤¥©áâ¢¨ï à�áá¬�âà¨¢�¥¬®© ¯®¤á¨áâ¥¬ë
á ¤àã£¨¬¨ ¯®¤á¨áâ¥¬�¬¨ (®á®¡¥−−® á à¨áª®¢ë¬¨).

÷�§ã¬¥¥âáï, §−�ï ® ¯®¤®¡−®¬ à¥è¥−¨¨, ¯à®â¨¢−¨ª ¡ã¤¥â ¨áª�âì ¥£® ®¡å®¤ë.
�¤−�ª® «î¡ë¥ â�ª¨¥ ®¡å®¤ë ¡ã¤ãâ âà¥¡®¢�âì ®â ¯à®â¨¢−¨ª� ¤®¯®«−¨â¥«ì−ëå
¢®§¬®¦−®áâ¥©, −�¯à¨¬¥à: úç¥«®¢¥ª ¯®á¥à¥¤¨−¥û ¨«¨ ¢à¥¤®−®á−ë© ª®¤, ª®â®àë©
¬®¦¥â ¯®-¤àã£®¬ã à¥è�âì §�¤�çã ãâ¥çª¨. �®áª®«ìªã ¯®áâà®¥−−ë© â¥áâ ¤®«-
¦¥− ¯à¨áãâáâ¢®¢�âì −� ¢ëå®¤¥ ¢á¥å ¯®¤á¨áâ¥¬, á®¤¥à¦�é¨å ª®−ä¨¤¥−æ¨�«ì−ãî
¨−ä®à¬�æ¨î, ¯à¥¤«�£�¥¬®¥ à¥è¥−¨¥ ¬®¦¥â áâ�âì ¤¥è¥¢ë¬ ¨ ¤®áâ�â®ç−® á¨«ì-
−ë¬ ¨−áâàã¬¥−â®¬ ¤«ï §�é¨âë ®â ãâ¥ç¥ª ª®−ä¨¤¥−æ¨�«ì−®© ¨−ä®à¬�æ¨¨ ç¥à¥§
¢§�¨¬®á¢ï§¨ ¨−äà�áâàãªâãàë.

Š®−âà®«ì æ¥«®áâ−®áâ¨ ¯®¤á¨áâ¥¬ë ¯à¥¤¯®«�£�¥â −�«¨ç¨¥ á¯¥æ¨�«ì−®£® á®®¡-
é¥−¨ï (ª®¬�−¤� −� ã−¨çâ®¦¥−¨¥ ®¡ê¥ªâ�), ¯¥à¥¤�îé¥£® ¨−ä®à¬�æ¨î ¢ ¤�−−ãî
¯®¤á¨áâ¥¬ã. …á«¨ ¯®«¨â¨ª®© ¡¥§®¯�á−®áâ¨ §�¯à¥é¥−® ã−¨çâ®¦¥−¨¥ ¨−ä®à¬�æ¨¨
ª®¬�−¤®© ¤àã£¨å ¯®¤á¨áâ¥¬, â® −�«¨ç¨¥ â�ª®£® á®®¡é¥−¨ï ®¤−®§−�ç−® ¨¤¥−â¨-
ä¨æ¨àã¥â �â�ªã −� æ¥«®áâ−®áâì.

��àãè¥−¨¥ ¤®áâã¯−®áâ¨ ª ¨−ä®à¬�æ¨¨ ¢ ¨−äà�áâàãªâãà¥ ¯®à®¦¤�¥â á«¥¤-
áâ¢¨¥ å®âï ¡ë ¢ ®¤−®© ¯®¤á¨áâ¥¬¥, á®áâ®ïé¥¥ ¢ â®¬, çâ® á−¨¦�¥âáï ¨«¨ ¢®§à�áâ�¥â
áã¬¬�à−ë© ¨−ä®à¬�æ¨®−−ë© ¯®â®ª ¢ â�ªãî ¯®¤á¨áâ¥¬ã. …á«¨ ¯®â¥àï ¤®áâã¯-
−®áâ¨ á¢ï§�−� á −¥¤®áâã¯−®áâìî ¨−ä®à¬�æ¨¨ ¨§ ¤�−−®© ¯®¤á¨áâ¥¬ë, âà¥¡ã¥¬®©
¤àã£¨¬¨ ¯®¤á¨áâ¥¬�¬¨ ¨−äà�áâàãªâãàë, ¨«¨ ¨§ ¤�−−®© ¯®¤á¨áâ¥¬ë −¥ ã¤�¥âáï
¯¥à¥¤�âì ¨−ä®à¬�æ¨î ¤àã£®© ¯®¤á¨áâ¥¬¥, â® áã¬¬�à−ë© ®¡ê¥¬ ¨−ä®à¬�æ¨¨,
¨áå®¤ïé¨© ¨§ â�ª®© ¯®¤á¨áâ¥¬ë, á−¨¦�¥âáï. …á«¨ ¤®áâã¯−®áâì ®¡à�¡®âª¨ ¨−-
ä®à¬�æ¨¨ ¢ ¤�−−®© ¯®¤á¨áâ¥¬¥ ®£à�−¨ç¥−�, â® áã¬¬�à−ë© ®¡ê¥¬ ¨−ä®à¬�æ¨¨,
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�¥ª®â®àë¥ ¯à®¡«¥¬ë ¬®−¨â®à¨−£� ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ¨−äà�áâàãªâãàë

¯®áâã¯�îé¥© ¢ ¤�−−ãî ¯®¤á¨áâ¥¬ã, á−¨¦�¥âáï. ‘ã¬¬�à−ë© ®¡ê¥¬ ¨−ä®à¬�æ¨¨
¬®¦¥â ¢ëà�¦�âìáï ¢ ¡¨â�å, ¯®«ãç¥−−ëå ¨«¨ ¯¥à¥¤�−−ëå ¢ ¤àã£¨¥ ¯®¤á¨á-
â¥¬ë.

‘¡®© ¢ ¤�−−®© ¯®¤á¨áâ¥¬¥ ¯à®ï¢«ï¥âáï ¢ ®âáãâáâ¢¨¨ âà¥¡ã¥¬®© ¨−ä®à¬�æ¨¨
¢® ¢§�¨¬®á¢ï§�−−ëå ¯®¤á¨áâ¥¬�å. �âáãâáâ¢¨¥ âà¥¡ã¥¬®© ¨−ä®à¬�æ¨¨ ¯®à®¦¤�¥â
®áâ�−®¢ äã−ªæ¨®−¨à®¢�−¨ï ¤àã£¨å ¯®¤á¨áâ¥¬, çâ® ¯®§¢®«ï¥â á¤¥«�âì §�ª«îç¥−¨¥
® ª�áª�¤−®¬ á¡®¥ ¢ ¨−äà�áâàãªâãà¥. �à¨§−�ª®¬ íáª�«�æ¨®−−®£® á¡®ï á«ã¦¨â
¯®à®¦¤¥−¨¥ ª�áª�¤−®£® á¡®ï ¯®á«¥ ¯®«ãç¥−¨ï ¨−ä®à¬�æ¨¨ ¢ ®¤−®© ¨§ ¯®¤á¨áâ¥¬,
ª®â®à�ï ¢§�¨¬®á¢ï§�−� á ¨áâ®ç−¨ª®¬ á¡®ï.

4 Выбор подсистем для мониторинга безопасности

‚ à�áá¬�âà¨¢�¥¬®© ¬®¤¥«¨ ª¨¡¥à§�¢¨á¨¬®áâ¨ ¯à¥¤«®¦¥−® ¨á¯®«ì§®¢�âì ¬®-
−¨â®à¨−£ ¢§�¨¬®á¢ï§¥© ¯®¤á¨áâ¥¬. �¤−�ª® ¢ë¡®à ¯®¤á¨áâ¥¬ ¨¬¥¥â ¡®«ìè®¥
§−�ç¥−¨¥ ¤«ï ª�ç¥áâ¢� ¬®−¨â®à¨−£�. „«ï ¢ë¡®à� ¯®¤á¨áâ¥¬ −¥®¡å®¤¨¬® ®æ¥−¨âì
á«®¦−®áâì ¯®áâà®¥−−ëå ¬¥â®¤®¢ ¨ ¢à¥¬¥−− �ë¥ §�âà�âë −� â�ª®© ¬®−¨â®à¨−£.

�®¨áª −®¢®£® ª�−�«� ¤«ï ¢ëï¢«¥−¨ï ãâ¥çª¨ ¨§ ¤�−−®© ¯®¤á¨áâ¥¬ë ®á−®¢�− −�
áà�¢−¥−¨¨ áãé¥áâ¢®¢�¢è¨å à�−¥¥ ª�−�«®¢ ¯¥à¥¤�ç¨ ¨−ä®à¬�æ¨¨ ¢ ¤àã£¨¥ ¯®¤-
á¨áâ¥¬ë. •®à®è¨© �«£®à¨â¬ ¤«ï áà�¢−¥−¨ï ¯®áâà®¥− ¢ á¨áâ¥¬�å ª®¬¬ãâ�â®à®¢
¤«ï ¯à®£à�¬¬−®-ª®¬¬ãâ¨àã¥¬ëå á¥â¥©. „«ï íâ®£® áâà®ïâáï â�¡«¨æë ¯®â®ª®¢,
ª®â®àë¥ áç¨â�îâáï ¤®¯ãáâ¨¬ë¬¨ ª�ª ¤«ï ¯®«ãç¥−¨ï ¤�â�£à�¬¬, â�ª ¨ ¤«ï ¨å
®â¯à�¢ª¨. ’�¡«¨æë ¬®£ãâ ¨¬¥âì âëáïç¨ áâà®ª, � ã¯®àï¤®ç¥−−®áâì �¤à¥á®¢ ¯®§-
¢®«ï¥â ®âëáª¨¢�âì −ã¦−ë¥ �¤à¥á� (ª�ª ¨ ¨å ®âáãâáâ¢¨¥) á «®£�à¨ä¬¨ç¥áª®©
á«®¦−®áâìî.

�®¨áª ¤�â�£à�¬¬ë, á®¤¥à¦�é¥© ª®¬�−¤ã −� ã−¨çâ®¦¥−¨¥, ¬®¦−® ¯à®¢®¤¨âì
á ¯®¬®éìî ¯à®æ¥¤ãà Deep Packet Inspection (DPI), ª®â®àë¥ ¢ −�áâ®ïé¥¥ ¢à¥¬ï
¯®§¢®«ïîâ ¡ëáâà® à¥è�âì §�¤�çã �−�«¨§� ¯�ª¥â®¢, á¢ï§ë¢�îé¨å à¨áª®¢ë¥ ¯®¤-
á¨áâ¥¬ë ¨ ¤®¢¥à¥−−ë¥.

…á«¨ ¤«ï ¬®−¨â®à¨−£� ¢ë¡à�−� ¡®«ìè�ï ¯®¤á¨áâ¥¬�, â® −¥®¡å®¤¨¬® à�áá¬�â-
à¨¢�âì ¬−®£® à�§−ëå −�¯à�¢«¥−¨© ¢§�¨¬®á¢ï§¨ ¤�−−®© ¯®¤á¨áâ¥¬ë á ¤àã£¨¬¨,
¨ ®¡ê¥¬ â�ª®£® âà�ä¨ª� ¬®¦¥â ®ª�§�âìáï ®ç¥−ì ¡®«ìè¨¬. ’®£¤� ¤«ï ¯à®¢¥¤¥−¨ï
�−�«¨§� âà¥¡ã¥âáï ¡®«ìè®¥ ª®«¨ç¥áâ¢® ¤®¯®«−¨â¥«ì−®£® ®¡®àã¤®¢�−¨ï ¤«ï ¯®¨áª�
−®¢ëå ª�−�«®¢ ¨, £«�¢−®¥, ¤®à®£®áâ®ïé¨å ãáâà®©áâ¢ DPI ¤«ï ª®−âà®«ï æ¥«®áâ-
−®áâ¨. „®áâã¯−®áâì âà¥¡ã¥â ®¡ê¥¤¨−¥−¨ï ®¡ê¥¬� âà�ä¨ª®¢ ¨ ¡®«¥¥ á«®¦−®£®
�−�«¨§� ¯®à®£®¢ëå §−�ç¥−¨©.

Œ�«¥−ìª¨¥ ¯®¤á¨áâ¥¬ë ¬®£ãâ ¯®§¢®«¨âì æ¥−âà�«¨§�æ¨î ®¡®àã¤®¢�−¨ï ¤«ï
¯®¨áª� −®¢ëå ª�−�«®¢ ¨ DPI. �¤−�ª® ¬�«¥−ìª¨å ¯®¤á¨áâ¥¬ ¢ ¨−äà�áâàãªâãà¥
áâ�−®¢¨âáï ¬−®£®, çâ® ¯à¨¢®¤¨â ª §−�ç¨â¥«ì−®¬ã ã¢¥«¨ç¥−¨î ®¡ê¥¬� ª®−âà®«¨-
àãîé¥£® ®¡®àã¤®¢�−¨ï.

÷�§¤¥«¥−¨¥ ¨−äà�áâàãªâãàë −� ¯®¤á¨áâ¥¬ë á æ¥−−®© ¨−ä®à¬�æ¨¥© ¨ ¯®¤-
á¨áâ¥¬ë à¨áª®¢ë¥, ¢®§¬®¦−®, ã¯à®áâ¨â §�¤�ç¨ ¬®−¨â®à¨−£�. �¤−�ª® ¢ áã¬¬¥
ª�¦¤�ï á¨áâ¥¬� ¯®âà¥¡ã¥â ¤«ï ¬®−¨â®à¨−£� ®¯â¨¬¨§�æ¨¨ à¨áª®¢ ¨ â¥å−¨ç¥áª¨å
à¥è¥−¨©.
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5 Заключение

1. ˆ−ä®à¬�æ¨®−−�ï ¡¥§®¯�á−®áâì ¨−äà�áâàãªâãàë ¤®«¦−� à�áá¬�âà¨¢�âìáï
á ¥¤¨−ëå á¨áâ¥¬−ëå ¯®§¨æ¨© −� ®á−®¢¥ ¥¤¨−®© ®æ¥−ª¨ æ¥−−®áâ¨ ¨−ä®à¬�-
æ¨¨. �âáî¤� á«¥¤ã¥â ¥¤¨−ë© ¯®¤å®¤ ª ®æ¥−ª¥ ¯®¤á¨áâ¥¬ á â®çª¨ §à¥−¨ï
¢®§¬®¦−®áâ¥© ¨á¯®«ì§®¢�âì ¢§�¨¬®§�¢¨á¨¬®áâ¨ ¨−äà�áâàãªâãàë ¤«ï ¢ë-
ï¢«¥−¨ï −�àãè¥−¨© ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨. ‚ à�¡®â¥ à�áá¬®âà¥−ë
ª¨¡¥à−¥â¨ç¥áª¨¥ ¢§�¨¬®§�¢¨á¨¬®áâ¨ ¢ ª®−â¥ªáâ¥ ®¡¥á¯¥ç¥−¨ï ¨−ä®à¬�æ¨®−-
−®© ¡¥§®¯�á−®áâ¨.

2. ‘«®¦−®áâì ¢§�¨¬®§�¢¨á¨¬®áâ¥© ¢ ¨−äà�áâàãªâãà¥ ¨ ¢à¥¬¥−− �ë¥ ®£à�−¨ç¥−¨ï
¤®¯ãáª�îâ «¨èì ¨¥à�àå¨ç¥áªãî á¨áâ¥¬ã ª®−âà®«ï ¨ ã¯à�¢«¥−¨ï ¨−ä®à¬�-
æ¨®−−®© ¡¥§®¯�á−®áâìî ¢ ¨−äà�áâàãªâãà¥. ‚ à�¡®â¥ ¯à¨¢¥¤¥− ¯à¨¬¥à ¯®-
áâà®¥−¨ï ¯à®áâ¥©è¥£® ãà®¢−ï ®¡¥á¯¥ç¥−¨ï ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨,
ª®â®àë© −� ¡®«¥¥ ¢ëá®ª¨å ãà®¢−ïå âà¥¡®¢�−¨© ¬®¦¥â ¡ëâì ¤®¯®«−¥− ¡®«¥¥
á«®¦−ë¬¨, −® ¡®«¥¥ −�¤¥¦−ë¬¨ ¬¥å�−¨§¬�¬¨.

3. �á−®¢−�ï ¨¤¥ï ¯®¤å®¤� á®áâ®¨â ¢ −�¡«î¤¥−¨¨ á«¥¤áâ¢¨© ¨§ ¯à¨ç¨−ë, ª®â®-
à�ï ¯à¥¤áâ�¢«ï¥â á®¡®© −¥−�¡«î¤�¥¬ë© ¨áâ®ç−¨ª ¤¥©áâ¢¨© ¯® −�àãè¥−¨î
¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨.
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Some challenges of critical infrastructure information security monitoring

SOME CHALLENGES OF CRITICAL INFRASTRUCTURE
INFORMATION SECURITY MONITORING

A. A. Grusho, N. A. Grusho, M. I. Zabezhailo, A. A. Zatsarinny, and E. E. Timonina
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Abstract: The critical infrastructure information security should be viewed
from a unified system perspective based on a unified assessment of the value of
information. This implies a unified approach to assessing subsystems in terms
of their ability to use infrastructure interdependencies to detect information
security violations. The paper discusses cyber interdependencies in the context of
information security. The main idea of the approach is to observe the consequences
of the cause which is an unobservable source of actions to violate information
security.
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МАШИННЫЙ ПЕРЕВОД С ПОМОЩЬЮ ChatGPT:
МОНИТОРИНГ ВОСПРОИЗВОДИМОСТИ РЕЗУЛЬТАТОВ

А. Ю. Егорова1, И. М. Зацман2, В. О. Романенко3

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�¥âáï ¢®¯à®á ¢®á¯à®¨§¢®¤¨¬®áâ¨ −� ¨−â¥à¢�«¥ ¢à¥¬¥-
−¨ à¥§ã«ìâ�â®¢ ¯à¨¬¥−¥−¨ï ç�â-¡®â� ChatGPT ¤«ï à¥è¥−¨ï ¬�â¥¬�â¨ç¥áª®©
§�¤�ç¨, £¥−¥à�æ¨¨ ª®¤� ¨ à�§£�¤ª¨ ¢¨§ã�«ì−®© £®«®¢®«®¬ª¨. „�− ªà�âª¨©
®¡§®à íªá¯¥à¨¬¥−â�«ì−ëå ¤�−−ëå ¬®−¨â®à¨−£� ¢®á¯à®¨§¢®¤¨¬®áâ¨ à¥§ã«ìâ�-
â®¢ ¤«ï íâ¨å âà¥å ¯à¨«®¦¥−¨© ç�â-¡®â�. �à¥¤áâ�¢«¥−−ë¥ íªá¯¥à¨¬¥−â�«ì−ë¥
¤�−−ë¥ ¨««îáâà¨àãîâ â®, çâ® à¥§ã«ìâ�âë à�¡®âë ChatGPT ¯à¨ à¥è¥−¨¨
®¤−®© ¨ â®© ¦¥ §�¤�ç¨ ¬®£ãâ ¨§¬¥−ïâìáï á® ¢à¥¬¥−¥¬. �à¨ íâ®¬ §−�ç¨-
â¥«ì−ë¥ ¨§¬¥−¥−¨ï ¬®£ãâ ¯à®¨§®©â¨ §� ®â−®á¨â¥«ì−® ª®à®âª¨© ¯à®¬¥¦ãâ®ª
¢à¥¬¥−¨, çâ® ¯®¤ç¥àª¨¢�¥â −¥®¡å®¤¨¬®áâì ¬®−¨â®à¨−£� ¨ ®æ¥−ª¨ ¯®¢¥¤¥−¨ï
ç�â-¡®â� ChatGPT ¯à¨ ¥£® ¨á¯®«ì§®¢�−¨¨. �á−®¢−�ï æ¥«ì áâ�âì¨ á®áâ®¨â ¢ ¨á-
á«¥¤®¢�−¨¨ ¢®á¯à®¨§¢®¤¨¬®áâ¨ −� §�¤�−−®¬ ¨−â¥à¢�«¥ ¢à¥¬¥−¨ à¥§ã«ìâ�â®¢
¬�è¨−−®£® ¯¥à¥¢®¤�, ¢ë¯®«−¥−−®£® ¯® §�¯à®áã ª ChatGPT. �®«ãç¥−−ë¥ íªá-
¯¥à¨¬¥−â�«ì−ë¥ ¤�−−ë¥ ¬®−¨â®à¨−£� ¢®á¯à®¨§¢®¤¨¬®áâ¨ à¥§ã«ìâ�â®¢ â�ª¦¥
á¢¨¤¥â¥«ìáâ¢ãîâ ®¡ ¨å ¨§¬¥−¥−¨¨, ¢ª«îç�ï ¨ á−¨¦¥−¨¥ −� ¨−â¥à¢�«¥ ¢à¥¬¥−¨
ª�ç¥áâ¢� ¬�è¨−−®£® ¯¥à¥¢®¤� ®¤−¨å ¨ â¥å ¦¥ â¥ªáâ®¢. „«ï ¬®−¨â®à¨−£�
¢®á¯à®¨§¢®¤¨¬®áâ¨ à¥§ã«ìâ�â®¢ ¨ ®æ¥−ª¨ ¯®¢¥¤¥−¨ï ChatGPT ¯à¨¬¥−ï¥âáï
à�−¥¥ à�§à�¡®â�−−ë© ¬¥â®¤ ¨−â¥à¢�«ì−®£® ®æ¥−¨¢�−¨ï ¬�è¨−−®£® ¯¥à¥¢®¤�.

Š«îç¥¢ë¥ á«®¢�: ¯à¨«®¦¥−¨ï ChatGPT; ¬®−¨â®à¨−£; ¢®á¯à®¨§¢®¤¨¬®áâì
à¥§ã«ìâ�â®¢; ¬�è¨−−ë© ¯¥à¥¢®¤; ¨−â¥à¢�«ì−®¥ ®æ¥−¨¢�−¨¥

DOI: 10.14357/08696527230310 EDN: LTOWWN

1 Введение

ChatGPT, ®¤¨− ¨§ −�¨¡®«¥¥ ¯®¯ã«ïà−ëå ç�â-¡®â®¢, ¡ë« ¢ë¯ãé¥− ª®¬¯�−¨¥©
OpenAI ¢ −®ï¡à¥ 2022 £. ’à¨ ¬¥áïæ� á¯ãáâï ç�â-¡®â −�áç¨âë¢�« ¯®àï¤ª� 123 ¬«−
�ªâ¨¢−ëå ¯®«ì§®¢�â¥«¥© ¢ ¬¥áïæ. „«ï áà�¢−¥−¨ï, TikTok ¯®−�¤®¡¨«®áì 9 ¬¥áï-
æ¥¢, çâ®¡ë ¯¥à¥á¥çì ®â¬¥âªã ¢ 100 ¬«− �ªâ¨¢−ëå ¯®«ì§®¢�â¥«¥©, � Instagram4 |
2,5 £®¤� ¤«ï ¤®áâ¨¦¥−¨ï �−�«®£¨ç−®£® à¥§ã«ìâ�â� [1].

‚ à�¡®â¥ [2] ¯à¨¢¥¤¥−ë ¯à¥¤¢�à¨â¥«ì−ë¥ íªá¯¥à¨¬¥−â�«ì−ë¥ ¤�−−ë¥ ¬®-
−¨â®à¨−£� ¢®á¯à®¨§¢®¤¨¬®áâ¨ à¥§ã«ìâ�â®¢ à�¡®âë ç�â-¡®â®¢ ChatGPT-3.5

1”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª; Œ®áª®¢áª¨© £®áã¤�àáâ¢¥−−ë© «¨−£¢¨áâ¨ç¥áª¨© ã−¨¢¥àá¨â¥â, anna.yu.egorova@yandex.ru

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

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

4�à£�−¨§�æ¨ï, ¤¥ïâ¥«ì−®áâì ª®â®à®© §�¯à¥é¥−� −� â¥àà¨â®à¨¨ ÷®áá¨©áª®© ”¥¤¥à�æ¨¨.
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¨ ChatGPT-4 −� ¨−â¥à¢�«¥ ¢à¥¬¥−¨ ¬�àâ{¨î−ì 2023 £.1 Œ®−¨â®à¨−£ ¯à®-
¢®¤¨«áï ¢ ¯à®æ¥áá¥ à¥è¥−¨ï á«¥¤ãîé¨å §�¤�ç: ¬�â¥¬�â¨ç¥áª®© (®â−®á¨âáï «¨
§�¤�−−®¥ ç¨á«® ª ¯à®áâë¬), £¥−¥à�æ¨ï ª®¤� (¯®¨áª â�ª¨å âà¥å§−�ç−ëå ç¨á¥« N ,
ª®−ª�â¥−�æ¨ï ª®â®àëå á 2N ¨ 3N á®¤¥à¦¨â ¢á¥ ¤¥¢ïâì æ¨äà, ªà®¬¥ 0) ¨ ¢®ááâ�-
−®¢«¥−¨¥ −�¡®à� 9 ¯®«−®æ¢¥â−ëå ¯«¨â®ª (3 × 3) ¯® ¤¥¢ïâ¨ æ¢¥â−ë¬ äà�£¬¥−â�¬
íâ¨å ¯«¨â®ª (¤�«¥¥ | ¢¨§ã�«ì−�ï £®«®¢®«®¬ª�)2. ‚ å®¤¥ íªá¯¥à¨¬¥−â� §�-
¤�ç¨ à¥è�«¨áì ¤¢�¦¤ë | ¢ −�ç�«¥ ¨ ¢ ª®−æ¥ ãª�§�−−®£® ¨−â¥à¢�«�. –¥«ì
¯à®¢¥¤¥−−®£® íªá¯¥à¨¬¥−â� | ¯à®¨««îáâà¨à®¢�âì áâ¥¯¥−ì ¢®á¯à®¨§¢®¤¨¬®áâ¨
à¥§ã«ìâ�â®¢ à¥è¥−¨ï ®¤−¨å ¨ â¥å ¦¥ §�¤�ç ¯® ¯à®è¥áâ¢¨¨ §�¤�−−®£® ¯à®¬¥¦ãâª�
¢à¥¬¥−¨.

�¡®§−�ç¥−−ë¥ §�¤�ç¨ ¡ë«¨ ¢ë¡à�−ë �¢â®à�¬¨ à�¡®âë [2] ¯® ¤¢ã¬ ¯à¨ç¨−�¬.
‚®-¯¥à¢ëå, ®−¨ ç�áâ® ¨á¯®«ì§ãîâáï ¤«ï ®æ¥−ª¨ ¡®«ìè¨å «¨−£¢¨áâ¨ç¥áª¨å ¬®¤¥-
«¥© [3{5]. ‚®-¢â®àëå, âà¨ ¯¥à¥ç¨á«¥−−ë¥ §�¤�ç¨ ¨¬¥îâ ä®à¬�«ì−ãî ¯®áâ�−®¢ªã
¨ à¥§ã«ìâ�âë ¨å à¥è¥−¨ï ®â−®á¨â¥«ì−® «¥£ª® ¯®¤¤�îâáï ®æ¥−ª¥.

�à®¢¥¤¥−−ë© íªá¯¥à¨¬¥−â ¯®ª�§�«, çâ® à¥§ã«ìâ�âë à�¡®âë ChatGPT ¯à¨
à¥è¥−¨¨ ®¤−®© ¨ â®© ¦¥ §�¤�ç¨ ¬®£ãâ ¨§¬¥−ïâìáï á® ¢à¥¬¥−¥¬. �à¨ íâ®¬
§−�ç¨â¥«ì−ë¥ ¨§¬¥−¥−¨ï ¬®£ãâ ¯à®¨§®©â¨ §� ®â−®á¨â¥«ì−® ª®à®âª¨© ¯à®¬¥¦ãâ®ª
¢à¥¬¥−¨, çâ® ¯®¤ç¥àª¨¢�¥â −¥®¡å®¤¨¬®áâì ¬®−¨â®à¨−£� ¨ ®æ¥−ª¨ ¯®¢¥¤¥−¨ï ç�â-
¡®â� ChatGPT. ‚ ç�áâ−®áâ¨, ¢ë¯®«−¨¬®áâì ª®¤�, á£¥−¥à¨à®¢�−−®£® ChatGPT-4,
¢ ¬�àâ¥ á®áâ�¢«ï«� 52%, ¢ ¨î−¥ ¦¥ ®−� ã¯�«� ¤® 10%; ¤«ï ChatGPT-3.5
â¥−¤¥−æ¨ï ¡ë«� â�ª�ï ¦¥: ¢ë¯®«−¨¬®áâì ã¬¥−ìè¨«�áì á 22% ¤® 2%. ÷¥§ã«ìâ�âë
à�§£�¤ª¨ ¢¨§ã�«ì−®© £®«®¢®«®¬ª¨ ¨§¬¥−¨«¨áì −¥§−�ç¨â¥«ì−®: ¤«ï ChatGPT-4
¯à�¢¨«ì−®¥ à¥è¥−¨¥ ¡ë«® −�©¤¥−® ¢ 24,6% á«ãç�¥¢ ¢ ¬�àâ¥ ¨ ¢ 27,4% ¢ ¨î−¥;
¤«ï ChatGPT-3.5 −�¡«î¤�«�áì áå®¦�ï â¥−¤¥−æ¨ï: ¤®«ï ¯à�¢¨«ì−ëå ®â¢¥â®¢
ã¢¥«¨ç¨«�áì á 10,3% ¤® 12,2% [2].

‚ àï¤¥ ¤àã£¨å à�¡®â ¡ë«� ¯à®¢¥¤¥−� ®æ¥−ª� à¥§ã«ìâ�â®¢ ¨á¯®«ì§®¢�−¨ï
ChatGPT ¯à¨ à¥è¥−¨¨ â�ª¨å §�¤�ç ®¡à�¡®âª¨ â¥ªáâ®¢ −� ¥áâ¥áâ¢¥−−®¬ ï§ëª¥,
ª�ª ¯®−¨¬�−¨¥ ¯à®ç¨â�−−®£® [6], ¬�è¨−−ë© ¯¥à¥¢®¤ [7] ¨ à¥§î¬¨à®¢�−¨¥ [8].
‚ ¨áá«¥¤®¢�−¨¨ ¯®−¨¬�−¨ï ¯à®ç¨â�−−®£® ç�â-¡®â ChatGPT â¥áâ¨à®¢�«áï −� â¥å
¦¥ íª§�¬¥−�æ¨®−−ëå ¡¨«¥â�å, ¯® ª®â®àë¬ ãç�é¨¥áï áà¥¤−¥© èª®«ë ¢ �¨¤¥à-
«�−¤�å á¤�îâ íª§�¬¥− ¯® ¯®−¨¬�−¨î ¯¨áì¬¥−−®£® â¥ªáâ� −� �−£«¨©áª®¬ ï§ëª¥.
�® à¥§ã«ìâ�â�¬ â¥áâ¨à®¢�−¨ï ChatGPT-3.5 ¯®«ãç¨« ®æ¥−ªã 7,3 (¯® èª�«¥ ®â 1
¤® 10), çâ® á®¯®áâ�¢¨¬® á® áà¥¤−¥© ®æ¥−ª®© ¢á¥å ãç�é¨åáï, á¤�¢�¢è¨å íâ®â
íª§�¬¥− ¢ �¨¤¥à«�−¤�å (®−� à�¢−� 6,99). �¤−�ª® ¨−®£¤� âà¥¡®¢�«¨áì ¯®-

1�ªá¯¥à¨¬¥−â�«ì−ë¥ ¤�−−ë¥, ¨««îáâà¨àãîé¨¥ à¥è¥−¨¥ ¬�â¥¬�â¨ç¥áª®© §�¤�ç¨, £¥−¥à�æ¨î
ª®¤� ¨ à�§£�¤ªã ¢¨§ã�«ì−®© £®«®¢®«®¬ª¨, ®¯ã¡«¨ª®¢�−ë −� ¨−â¥à−¥â-à¥áãàá�å, � −¥ ¢ à¥æ¥−§¨àã-
¥¬ëå ¦ãà−�«�å/á¡®à−¨ª�å. �à¨ ¯®á«¥¤ãîé¥© ¨å ¯ã¡«¨ª�æ¨¨ ¢ à¥æ¥−§¨àã¥¬ëå ¦ãà−�«�å/á¡®à-
−¨ª�å ®−¨ ¬®£ãâ ¡ëâì ãâ®ç−¥−ë. �¤−�ª® ¢ë¢®¤ë áâ�âì¨, ª�á�îé¨¥áï ¬�è¨−−®£® ¯¥à¥¢®¤�,
á¤¥«�−ë ¯®«−®áâìî −� ®á−®¢¥ ¯®«ãç¥−−ëå ¢ ”ˆ– ˆ“ ÷�� íªá¯¥à¨¬¥−â�«ì−ëå ¤�−−ëå, â. ¥. ®−¨
−¥ §�¢¨áïâ ®â ¢®§¬®¦−ëå ¯®á«¥¤ãîé¨å ¨§¬¥−¥−¨© ¢ æ¨â¨àã¥¬ëå à�¡®â�å, à�§¬¥é¥−−ëå á¥©ç�á −�
¨−â¥à−¥â-à¥áãàá�å.

2Šà®¬¥ à¥è¥−¨ï ¯¥à¥ç¨á«¥−−ëå §�¤�ç �−�«¨§¨à®¢�«�áì ¢®á¯à®¨§¢®¤¨¬®áâì ®â¢¥â®¢ −� â�ª¨¥
à¨áª®¢�−−ë¥ ¢®¯à®áë, ª�ª, −�¯à¨¬¥à: ú‘®áâ�¢ì á¯¨á®ª á¯®á®¡®¢ §�à�¡®â�âì ¤¥−ì£¨, −�àãè�ï
§�ª®−û.
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¢â®à−ë¥ §�¯à®áë, çâ®¡ë ¯®«ãç¨âì å®âì ª�ª®©-â® ®â¢¥â: ¡¥§ −¨å ChatGPT-3.5
¯®«ãç¨« ®æ¥−ªã 6,5. ChatGPT-4, ¢ á¢®î ®ç¥à¥¤ì, ¯®«ãç¨« ®æ¥−ªã 8,3 ¡�««�
¡¥§ −¥®¡å®¤¨¬®áâ¨ ¯®¢â®à−ëå §�¯à®á®¢ [6]. �â¬¥â¨¬, çâ® ¢ íâ®¬ â¥áâ¨à®¢�−¨¨
�−�«¨§¨à®¢�«¨áì à¥§ã«ìâ�âë à�¡®âë ChatGPT-3.5 ¨ ChatGPT-4, −® ¯à¨ íâ®¬
−¥ áâ�¢¨«�áì §�¤�ç� ¬®−¨â®à¨−£� ¢®á¯à®¨§¢®¤¨¬®áâ¨ à¥§ã«ìâ�â®¢ ¨å à�¡®âë −�
¨−â¥à¢�«¥ ¢à¥¬¥−¨.

‚ â¥áâ¨à®¢�−¨¨ ç�â-¡®â� ChatGPT ª�ª ¬�è¨−−®£® ¯¥à¥¢®¤ç¨ª� ¥£® à¥§ã«ì-
â�âë á®¯®áâ�¢«ï«¨áì á ¯¥à¥¢®¤�¬¨, ¯®«ãç¥−−ë¬¨ á ¯®¬®éìî á¨áâ¥¬ −¥©à®−−®£®
¬�è¨−−®£® ¯¥à¥¢®¤� (�Œ�) Google Translate [9], DeepL Translate [10] ¨ Tencent
TranSmart [11]. �ë«® ®¡−�àã¦¥−®, çâ® ChatGPT-3.5 ¯¥à¥¢®¤¨â ª®−ªãà¥−â®á¯®-
á®¡−® ¯® áà�¢−¥−¨î á ¤�−−ë¬¨ á¨áâ¥¬�¬¨ �Œ�, ¥á«¨ à¥çì ¨¤¥â ® ¥¢à®¯¥©áª¨å
ï§ëª�å á ¡®«ìè¨¬¨ ï§ëª®¢ë¬¨ à¥áãàá�¬¨, −® §−�ç¨â¥«ì−® ®âáâ�¥â ®â −¨å −� ï§ë-
ª�å á ®£à�−¨ç¥−−ë¬ ®¡ê¥¬®¬ à¥áãàá®¢. �® à¥§ã«ìâ�â�¬ â¥áâ¨à®¢�−¨ï ChatGPT-4
á¤¥«�− ¢ë¢®¤, çâ® íâ® ®âáâ�¢�−¨¥ §−�ç¨â¥«ì−® á®ªà�â¨«®áì. �â¬¥â¨¬, çâ® ¨ ¢ íâ®¬
â¥áâ¨à®¢�−¨¨ −¥ áâ�¢¨«�áì §�¤�ç� ¬®−¨â®à¨−£� ¢®á¯à®¨§¢®¤¨¬®áâ¨ à¥§ã«ìâ�â®¢
à�¡®âë −� ¨−â¥à¢�«¥ ¢à¥¬¥−¨. �¤−�ª® ¢® ¢à¥¬ï â¥áâ¨à®¢�−¨ï ¡ë«® §�¬¥ç¥−®, çâ®
®â¢¥âë −� ®¤¨− ¨ â®â ¦¥ §�¯à®á ¬®£ãâ à�§«¨ç�âìáï ¢ à�§−ë¥ ¬®¬¥−âë [7].

ˆâ®£¨ â¥áâ¨à®¢�−¨ï ç�â-¡®â� ChatGPT-3 −� §�¤�ç�å à¥§î¬¨à®¢�−¨ï ¯®ª�§�-
«¨, çâ® áãé¥áâ¢ãîé¨¥ ¬¥â®¤ë ®æ¥−ª¨ ¥£® à¥§ã«ìâ�â®¢ −¥à¥«¥¢�−â−ë ¨§-§� −¨§ª®©
ª®àà¥«ïæ¨¨ íâ¨å ®æ¥−®ª á íªá¯¥àâ−ë¬¨. �â®â ¢ë¢®¤, ¯® ¬−¥−¨î �¢â®à®¢ à�¡®-
âë [8], ®¡ãá«®¢«¨¢�¥â ¯®âà¥¡−®áâì ¢ −®¢ëå ¬¥â®¤�å, ®¡¥á¯¥ç¨¢�îé¨å ¯®«ãç¥−¨¥
¡®«¥¥ ª�ç¥áâ¢¥−−ëå ®æ¥−®ª à¥§ã«ìâ�â®¢ à¥§î¬¨à®¢�−¨ï.

’�ª¨¬ ®¡à�§®¬, ¯à¨ à¥è¥−¨¨ ¯¥à¥ç¨á«¥−−ëå §�¤�ç ®¡à�¡®âª¨ â¥ªáâ®¢ −�
¥áâ¥áâ¢¥−−®¬ ï§ëª¥ á ¯®¬®éìî ç�â-¡®â� ChatGPT −¥ ¨á¯®«ì§®¢�«¨áì ¬¥â®¤ë
¬®−¨â®à¨−£� ¢®á¯à®¨§¢®¤¨¬®áâ¨ à¥§ã«ìâ�â®¢ ¥£® à�¡®âë [6{8]. �à¨ íâ®¬ ¡ë«®
§�¬¥ç¥−®, çâ® à¥§ã«ìâ�âë ®¤−®£® ¨ â®£® ¦¥ §�¯à®á� −� ¬�è¨−−ë© ¯¥à¥¢®¤ ¬®£ãâ
à�§«¨ç�âìáï ¢ à�§−ë¥ ¬®¬¥−âë [7], −® ¯à¨ íâ®¬ ®áâ�«áï ®âªàëâë¬ ¢®¯à®á,
� ª�ª¨¬¨ ¦¥ ¬¥â®¤�¬¨ ¬®¦−® ¡ë«® ¡ë à¥�«¨§®¢�âì ¬®−¨â®à¨−£ ¢®á¯à®¨§¢®¤¨-
¬®áâ¨ à¥§ã«ìâ�â®¢.

�á−®¢−�ï æ¥«ì áâ�âì¨ á®áâ®¨â ¢ ¨áá«¥¤®¢�−¨¨ ¢®á¯à®¨§¢®¤¨¬®áâ¨ −� §�¤�−−®¬
¨−â¥à¢�«¥ ¢à¥¬¥−¨ à¥§ã«ìâ�â®¢ ¬�è¨−−®£® ¯¥à¥¢®¤�, ¢ë¯®«−¥−−®£® ¯® §�¯à®-
áã ª ChatGPT, á ¯à¨¬¥−¥−¨¥¬ à�−¥¥ à�§à�¡®â�−−®£® ¬¥â®¤� ¨−â¥à¢�«ì−®£®
®æ¥−¨¢�−¨ï ¬�è¨−−®£® ¯¥à¥¢®¤� [12, 13], �¤�¯â¨à®¢�−−®£® ¤«ï à¥è¥−¨ï ¯®áâ�¢-
«¥−−®© §�¤�ç¨.

2 Обзор модели ChatGPT

ChatGPT ¯à¥¤áâ�¢«ï¥â á®¡®© ¨áªãááâ¢¥−−ãî −¥©à®−−ãî á¥âì, ¢ ª®â®à®©
¨á¯®«ì§ã¥âáï â¥å−®«®£¨ï Generative Pre-trained Transformer (GPT), ¯®§¢®«ï-
îé�ï ®¡à�¡�âë¢�âì ¡®«ìè®© ®¡ê¥¬ ¢å®¤−ëå ¤�−−ëå á ¯®á«¥¤ãîé¥© £¥−¥à�æ¨¥©
á¢ï§−®£® â¥ªáâ� [14]. Š�ª ¡ë«® ®â¬¥ç¥−® ¢ëè¥, ChatGPT ¯à¨¬¥−ï¥âáï ¤«ï
à¥è¥−¨ï §�¤�ç ¢ ®¡«�áâ¨ ®¡à�¡®âª¨ â¥ªáâ®¢ −� ¥áâ¥áâ¢¥−−®¬ ï§ëª¥ (Natural
Language Processing, NLP), â�ª¨å ª�ª ¯¥à¥¢®¤ â¥ªáâ� á ®¤−®£® ï§ëª� −� ¤àã£®©,
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à¥§î¬¨à®¢�−¨¥ â¥ªáâ�, á®áâ�¢«¥−¨¥ ®â¢¥â®¢ −� ¢®¯à®áë. ‚ ç�áâ−®áâ¨, ç�â-
¡®â ChatGPT ¯®â¥−æ¨�«ì−® ¬®¦¥â ¨¬¥âì è¨à®ª¨© á¯¥ªâà áä¥à ¯à¨¬¥−¥−¨ï,
¢ª«îç�ï ®¡à�§®¢�−¨¥, §¤à�¢®®åà�−¥−¨¥, à�§à�¡®âªã ¯à®£à�¬¬−ëå ¯à®¤ãªâ®¢,
áä¥àã −�ãç−ëå ¨áá«¥¤®¢�−¨© ¨ ®¡à�¡®âªã â¥ªáâ®¢ −� ¥áâ¥áâ¢¥−−®¬ ï§ëª¥ [15].

‚®à®−æ®¢ ¯à¨¢®¤¨â ¡®«¥¥ ¤¥â�«ì−ë© ¯¥à¥ç¥−ì ¢®§¬®¦−®áâ¥© ChatGPT [16]:
á®áâ�¢«¥−¨¥ ®¡§®à®¢, à¥ä¥à�â®¢, −®¢®áâ−ëå á¢®¤®ª −� à�§−ëå ï§ëª�å; ¯®¨áª
¨ áâàãªâãà¨à®¢�−¨¥ ¯à®ä¥áá¨®−�«ì−®© ¨−ä®à¬�æ¨¨; á®®¡é¥−¨¥ −®¢®áâ¥©; £¥−¥-
à�æ¨ï ¤®ªã¬¥−â®¢ (¢ â®¬ ç¨á«¥ îà¨¤¨ç¥áª¨å) ¨ á�©â®¢ ¯® ®¯¨á�−¨î; £¥−¥à�æ¨ï
¯à®£à�¬¬−®£® ª®¤�; ãâ®ç−¥−¨¥ ¨ ¤®¯®«−¥−¨¥ ª®−â¥−â� ¢ ¤¨�«®£¥; ¯®¤¤¥à¦�−¨¥
à�§£®¢®à�; ¡¥á¥¤� á ¤¥âì¬¨ á ãç¥â®¬ ¨å ¢®§à�áâ−ëå ®á®¡¥−−®áâ¥©; ¢ë¯®«−¥−¨¥ ®â-
¤¥«ì−ëå äã−ªæ¨© ¢®á¯¨â�â¥«ï, ãç¨â¥«ï, −�áâ�¢−¨ª�; ®ª�§�−¨¥ ¯á¨å®«®£¨ç¥áª®©
¯®¬®é¨.

ˆáá«¥¤®¢�â¥«¨ [14, 15, 17] ãª�§ë¢�îâ −� á«¥¤ãîé¨¥ −¥¤®áâ�âª¨ à�¡®âë
ChatGPT −� −ë−¥è−¥¬ íâ�¯¥ ¥£® à�§¢¨â¨ï: á®®¡é¥−¨¥ −¥¢¥à−®© ¨−ä®à¬�æ¨¨;
¢ë¤�ç� −¥ª®àà¥ªâ−ëå á¢¥¤¥−¨©, ª�á�îé¨åáï á®¡ëâ¨©, â¥å−®«®£¨©, §�ª®−®¢; ¬�-
−¨¯ã«¨à®¢�−¨¥, ¯®¡ã¦¤¥−¨¥ ¨§¬¥−¨âì â®çªã §à¥−¨ï; ã¬�«ç¨¢�−¨¥ ¨−ä®à¬�æ¨¨;
¯®¤¤¥à¦�−¨¥ ¯à¥¤à�ááã¤ª®¢ ¨ −¥−�ãç−ëå ¯à¥¤áâ�¢«¥−¨©.

‚®â ¯®ç¥¬ã áâà¥¬¨â¥«ì−®¥ à�§¢¨â¨¥ ¡®«ìè¨å ï§ëª®¢ëå ¬®¤¥«¥© ¨ ¨áªãááâ¢¥−-
−®£® ¨−â¥««¥ªâ� ¢ æ¥«®¬ ¬®¦¥â ¢ë§ë¢�âì ®¤−®¢à¥¬¥−−® ¨ ®¯â¨¬¨§¬, ¨ ®¡¥á¯®ª®-
¥−−®áâì. Š íâ®¬ã −�¯à�¢«¥−¨î ¬®¦−® ®â−®á¨âìáï á ®¯â¨¬¨§¬®¬, â�ª ª�ª ¡®«ìè¨¥
ï§ëª®¢ë¥ ¬®¤¥«¨ ¯®¬®£�îâ ¢ à¥è¥−¨¨ è¨à®ª®£® á¯¥ªâà� §�¤�ç. ‘ ¤àã£®© áâ®à®-
−ë, ®−¨ ¬®£ãâ ¢ë§ë¢�âì ®¯�á¥−¨¥ ¨§-§� ã£à®§ë à�á¯à®áâà�−¥−¨ï äã−¤�¬¥−â�«ì−®
−¥¢¥à−®£® ¯à¥¤áâ�¢«¥−¨ï ® äã−ªæ¨®−¨à®¢�−¨¨ ¥áâ¥áâ¢¥−−®£® ï§ëª� ¨ ¤àã£¨å
§−�ª®¢ëå á¨áâ¥¬, á®§¤�¢�¥¬ëå ¨ ¨á¯®«ì§ã¥¬ëå ç¥«®¢¥ª®¬, � â�ª¦¥ ® ¯à®æ¥áá�å
¯®§−�−¨ï ¨ ªà¥�â¨¢−®© ¤¥ïâ¥«ì−®áâ¨ ç¥«®¢¥ª� [14,17,18].

‚ §�ª«îç¥−¨¥ á«¥¤ã¥â ®â¬¥â¨âì, çâ® ã ChatGPT ¥áâì ª®−ªãà¥−âë, â�ª¨¥ ª�ª
Bing Chat ®â ª®¬¯�−¨¨ Microsoft, Bard ®â Alphabet (Google) ¨ Ernie ®â Baidu.
‚ ç�áâ−®áâ¨, −�¨¡®«¥¥ áãé¥áâ¢¥−−®¥ à�§«¨ç¨¥ ¬¥¦¤ã ChatGPT ¨ Bing Chat
§�ª«îç�¥âáï ¢ â®¬, çâ® Bing Chat ¨¬¥¥â ¤®áâã¯ ª ¯®áâ®ï−−® ®¡−®¢«ïîé¨¬áï
¤�−−ë¬ ¨§ ¨−â¥à−¥â-à¥áãàá®¢, ¢ â® ¢à¥¬ï ª�ª ChatGPT-4 ®£à�−¨ç¥− −�¡®à®¬
®¡ãç�îé¨å ¤�−−ëå, ®¯ã¡«¨ª®¢�−−ëå ¤® á¥−âï¡àï 2021 £. [14].

3 Описание эксперимента по мониторингу воспроизводимости

‚ å®¤¥ ¨áá«¥¤®¢�−¨ï ¢®á¯à®¨§¢®¤¨¬®áâ¨ à¥§ã«ìâ�â®¢ à�¡®âë ChatGPT ¡ë«
¯à®¢¥¤¥− íªá¯¥à¨¬¥−â ¯® ¯¥à¥¢®¤ã â¥ªáâ®¢ëå äà�£¬¥−â®¢ á àãááª®£® ï§ëª� −�
äà�−æã§áª¨©. ‚ ª�ç¥áâ¢¥ íªá¯¥à¨¬¥−â�«ì−®£® ª®à¯ãá� ¡ë«¨ ®â®¡à�−ë 24 àãááª®-
ï§ëç−ëå ¯à¥¤«®¦¥−¨ï, ª�¦¤®¥ ¨§ ª®â®àëå á®¤¥à¦¨â ¤¢ãåª®¬¯®−¥−â−ë© ª®−−¥ª-
â®à. �®¤ ª®−−¥ªâ®à®¬ ¯®−¨¬�¥âáï ï§ëª®¢�ï ¥¤¨−¨æ�, äã−ªæ¨ï ª®â®à®© á®áâ®¨â
¢ ¢ëà�¦¥−¨¨ «®£¨ª®-á¥¬�−â¨ç¥áª®£® ®â−®è¥−¨ï, áãé¥áâ¢ãîé¥£® ¬¥¦¤ã á®¥¤¨-
−¥−−ë¬¨ á ¥¥ ¯®¬®éìî ç�áâï¬¨ â¥ªáâ®¢®£® äà�£¬¥−â� [19, á. 17]. ��¯à¨¬¥à,
ª®−−¥ªâ®à −¥ â®«ìª® (à�ááâ®ï−¨¥) ¨ ãáâ�−�¢«¨¢�¥â ®â−®è¥−¨¥ −¥¥¤¨−áâ¢¥−-
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’�¡«¨æ� 1 �à¨¬¥à ¯à¥¤«®¦¥−¨ï ¨§ ª−¨£¨ ˆ. �. ƒ®−ç�à®¢� ú�¡«®¬®¢û ¨ ¥£® ¬�è¨−−ë©
¯¥à¥¢®¤, ¢ë¯®«−¥−−ë© á ¯®¬®éìî ChatGPT −� äà�−æã§áª¨©

ˆáå®¤−ë© â¥ªáâ ’¥ªáâ ¯¥à¥¢®¤�
�¥ â®«ìª® á¨à¥−¨ | ¨ «¨¯ë ®âæ¢¥«¨,
ï£®¤ë ®â®è«¨.

Non seulement les lilas ont fleuri, mais
aussi les tilleuls ont perdu leurs fruits.

−®áâ¨ ¬¥¦¤ã ¤¢ã¬ï ç�áâï¬¨ ¯à¥¤«®¦¥−¨ï | úá¨à¥−¨û ¨ ú«¨¯ë ®âæ¢¥«¨, ï£®¤ë
®â®è«¨û (â�¡«. 1).

ˆáâ®ç−¨ª®¬ ¢á¥å ¯à¥¤«®¦¥−¨© ¯®á«ã¦¨« àãááª®-äà�−æã§áª¨© ¯®¤ª®à¯ãá
��æ¨®−�«ì−®£® ª®à¯ãá� àãááª®£® ï§ëª� [20]. „�−−ë¥ ¯à¥¤«®¦¥−¨ï ¡ë«¨ ¢ë-
¡à�−ë ¯® à¥§ã«ìâ�â�¬ à�−¥¥ ¯à®¢¥¤¥−−®£® íªá¯¥à¨¬¥−â� á ¯à¨¢«¥ç¥−¨¥¬ á¨áâ¥¬ë
Google Translate: â®£¤� ¬�è¨−−ë¥ ¯¥à¥¢®¤ë ä¨ªá¨à®¢�«¨áì ¥¦¥¬¥áïç−® −�
¯à®âï¦¥−¨¨ £®¤� [21, 22]. �® ¥£® ¨â®£�¬ íâ¨¬ 24 á¥à¨ï¬ ¯¥à¥¢®¤� ¡ë«� ¯à¨-
á¢®¥−� ª�â¥£®à¨ï −¥áâ�¡¨«ì−®áâ¨, å�à�ªâ¥à¨§ãîé�ï á−¨¦¥−¨¥ ª�ç¥áâ¢� �Œ�
á â¥ç¥−¨¥¬ ¢à¥¬¥−¨. �â¨ 24 àãááª®ï§ëç−ëå ¯à¥¤«®¦¥−¨ï ¨ ¡ë«¨ ®â®¡à�−ë
¤«ï ¨áá«¥¤®¢�−¨ï ¢®á¯à®¨§¢®¤¨¬®áâ¨ à¥§ã«ìâ�â®¢ à�¡®âë ChatGPT ¨¬¥−−® ¯®
¯à¨ç¨−¥ á−¨¦¥−¨ï ª�ç¥áâ¢� ¨å ¯¥à¥¢®¤�.

„«ï íªá¯¥à¨¬¥−â� á ChatGPT ¯¥à¥¢®¤ ®áãé¥áâ¢«ï«áï −� á�©â¥ https://
chat.openai.com −� ¯à®âï¦¥−¨¨ âà¥å ¬¥áïæ¥¢ (á 20 �¯à¥«ï ¯® 20 ¨î«ï 2023 £.).
ˆá¯®«ì§®¢�«áï ChatGPT ¢¥àá¨¨ 3.5. ‘¥áá¨¨ ¯¥à¥¢®¤®¢ ¯à®¢®¤¨«¨áì ¥¦¥−¥¤¥«ì-
−® ¢ §�à�−¥¥ ®¯à¥¤¥«¥−−ë© ¤¥−ì −¥¤¥«¨. ‚á¥£® ¡ë«® á¤¥«�−® 14 á¥áá¨© ¯¥à¥¢®¤�,
à¥§ã«ìâ�âë ª®â®àëå ä¨ªá¨à®¢�«¨áì ¢ −�¤ª®à¯ãá−®© ¡�§¥ ¤�−−ëå (��„) [23]1.
…á«¨ ç�â-¡®â ¢ë¤�¢�« ¤¢� ¨ ¡®«¥¥ ¢�à¨�−â� ¯¥à¥¢®¤� â¥ªáâ®¢®£® äà�£¬¥−â�, â®
¢ ��„ ä¨ªá¨à®¢�«¨áì ¢á¥ ¢�à¨�−âë §� â¥ªãéãî ¤�âã. „�«ì−¥©è¥¥ �−−®â¨à®-
¢�−¨¥ àãááª®ï§ëç−ëå ¯à¥¤«®¦¥−¨© ¨ ¨å ¯¥à¥¢®¤®¢ ¯à®¨áå®¤¨«® ¯® ¬¥â®¤¨ª¥,
®¯¨á�−−®© ¢ à�¡®â¥ [13]2. Œ¥â®¤ ¨−â¥à¢�«ì−®£® ®æ¥−¨¢�−¨ï ¯®¤à�§ã¬¥¢�¥â ¬−®-
£®ªà�â−®¥ ¯®¢â®à¥−¨¥ íªá¯¥à¨¬¥−â� ç¥à¥§ ®¯à¥¤¥«¥−−ë© ¢à¥¬¥−−®© ¨−â¥à¢�«
¨ ä¨ªá¨à®¢�−¨¥ à¥§ã«ìâ�â®¢ ¬�è¨−−®£® ¯¥à¥¢®¤� ¢ ��„ á ¨å ¯®á«¥¤ãîé¨¬
�−−®â¨à®¢�−¨¥¬.

�ªá¯¥à¨¬¥−â −�å®¤¨âáï ¢ ¯à®æ¥áá¥ à¥�«¨§�æ¨¨: ¯® á®áâ®ï−¨î −� 23 ¨î«ï
2023 £. ¢ à¥§ã«ìâ�â¥ 14 á¥à¨© ¯¥à¥¢®¤®¢ ¡ë«� ¯®«ãç¥−� 341 ¯�à�3, á®áâ®ïé�ï ¨§
àãááª®£® ¯à¥¤«®¦¥−¨ï ¨ ¥£® ¯¥à¥¢®¤� −� äà�−æã§áª¨© ï§ëª (á¬. â�¡«. 1).

‚ â�¡«. 1 ¯à¥¤áâ�¢«¥− ¯à¨¬¥à â¥ªáâ®¢®£® äà�£¬¥−â�, ¯¥à¥¢¥¤¥−−®£® −� äà�−-
æã§áª¨© á ¯®¬®éìî ChatGPT. ‚ ¯¥à¥¢®¤¥ ¤®¯ãé¥−� á¥¬�−â¨ç¥áª�ï ®è¨¡ª�,
¯®¢«¥ªè�ï ¨áª�¦¥−¨¥ á¬ëá«�: äà�£¬¥−â úles tilleuls ont perdu leurs fruitsû ¬®¦¥â
¡ëâì ¯¥à¥¢¥¤¥− ª�ª ú«¨¯ë ¯®â¥àï«¨ á¢®¨ ¯«®¤ëû. �à¨ íâ®¬ äà�£¬¥−â úï£®¤ë
®â®è«¨û ®áâ�¥âáï ¡¥§ ¯¥à¥¢®¤�.

1‚¢®¤ à¥§ã«ìâ�â®¢ ¯¥à¥¢®¤� ¢ ��„ ¡ë« ¢ë¯®«−¥− ‘. ’. Œ�ç�¢�à¨�−¨ ¨ ‚. �. ÷®¬�−¥−ª®.
2�−−®â¨à®¢�−¨¥ àãááª®ï§ëç−ëå ¯à¥¤«®¦¥−¨© ¨ ¨å ¯¥à¥¢®¤®¢ ¡ë«® ¢ë¯®«−¥−® �. ā. …£®à®¢®©.
3�â® ç¨á«® á®áâ®¨â ¨§ 24 á¥à¨© ¯® 14 ¯¥à¥¢®¤®¢ (¢á¥£® 336) ¯«îá ¥é¥ 5 ¢�à¨�−â®¢ ¯¥à¥¢®¤�,

¢ë¤�−−ëå á¨áâ¥¬®© ChatGPT ¥¤¨−®¢à¥¬¥−−® ¢ ®â¢¥â −� ®¤¨− §�¯à®á.
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4 Результаты мониторинга воспроизводимости

�® ¨â®£�¬ 14 −¥¤¥«ì íªá¯¥à¨¬¥−â� ¯®«ãç¥−ë ª®«¨ç¥áâ¢¥−−ë¥ ¤�−−ë¥ à�á¯à¥-
¤¥«¥−¨ï �−−®â�æ¨© ¯® ª�â¥£®à¨ï¬, å�à�ªâ¥à¨§ãîé¨¬ −¥áâ�¡¨«ì−®áâì à¥§ã«ìâ�â®¢
�Œ�, ¯®«ãç¥−−ëå á ¯®¬®éìî ChatGPT. ‚ ��„ ª�¦¤�ï �−−®â�æ¨ï á®áâ®¨â ¨§
á«¥¤ãîé¨å ç¥âëà¥å ç�áâ¥©:

(1) ¨áå®¤−®¥ ¯à¥¤«®¦¥−¨¥ (¨«¨ ¥£® äà�£¬¥−â) á ¤¢ãåª®¬¯®−¥−â−ë¬ ª®−−¥ªâ®à®¬
−� àãááª®¬ ï§ëª¥;

(2) àã¡à¨ª¨ ª«�áá¨ä¨ª�æ¨¨, ¯à¨á¢®¥−−ë¥ ¨áå®¤−®¬ã â¥ªáâã;
(3) ¯¥à¥¢®¤ ¯à¥¤«®¦¥−¨ï (¨«¨ ¥£® äà�£¬¥−â� −� äà�−æã§áª¨©), ¢ë¯®«−¥−−ë©

á ¯®¬®éìî ChatGPT;
(4) àã¡à¨ª¨ ª«�áá¨ä¨ª�æ¨¨, ¯à¨á¢®¥−−ë¥ ¯¥à¥¢®¤ã (¯à¨¬¥àë �−−®â�æ¨© á¬.

¢ [21]).

‚ â�¡«. 2 ¯à¥¤áâ�¢«¥−ë ¤�−−ë¥ ¯® ¢á¥¬ �−−®â�æ¨ï¬, áä®à¬¨à®¢�−−ë¬ á ¯®-
¬®éìî ChatGPT ¨ §�ä¨ªá¨à®¢�−−ë¬ ¢ ��„ ª®−−¥ªâ®à®¢ −� 23 ¨î«ï 2023 £.

�à¥¦¤¥ ¢á¥£® á«¥¤ã¥â ®â¬¥â¨âì, çâ® −� ¤�−−®¬ íâ�¯¥ ¨áá«¥¤®¢�−¨ï â®«ìª®
âà¨ ¨§ è¥áâ¨ ª�â¥£®à¨©, å�à�ªâ¥à¨§ãîé¨å −¥áâ�¡¨«ì−®áâì �Œ�, ¯®«ãç¨«¨
−¥−ã«¥¢®¥ §−�ç¥−¨¥. �ã«¥¢ë¬¨ ®áâ�«¨áì ïç¥©ª¨, á®®â¢¥âáâ¢ãîé¨¥ á«¥¤ãîé¨¬
àã¡à¨ª�¬: ¯®¢ëè¥−¨¥ ª�ç¥áâ¢� �Œ�; ¨§¬¥−¥−¨¥ −�¡®à� ®è¨¡®ª ¢ �Œ� ¡¥§
¤¨−�¬¨ª¨ ¥£® ª�ç¥áâ¢�; �Œ� ¡¥§ ¨§¬¥−¥−¨©.

Š�ª ¡ë«® ®â¬¥ç¥−® ¢ëè¥, ¤«ï ¬®−¨â®à¨−£� ¨ ®æ¥−ª¨ ¢®á¯à®¨§¢®¤¨¬®áâ¨
à¥§ã«ìâ�â®¢ ¬�è¨−−®£® ¯¥à¥¢®¤� á ¯®¬®éìî ChatGPT ¡ë«¨ ¨á¯®«ì§®¢�−ë â®«ì-
ª® â¥ ¯à¥¤«®¦¥−¨ï, ª�ç¥áâ¢® ¬�è¨−−®£® ¯¥à¥¢®¤� ª®â®àëå á ¯®¬®éìî Google
Translate á−¨§¨«®áì ¯® ¤�−−ë¬ ¬®−¨â®à¨−£� ¨ ®æ¥−ª¨ ¢®á¯à®¨§¢®¤¨¬®áâ¨ à¥§ã«ì-
â�â®¢ [21, 22]. �® ¤�−−ë¬ ¬®−¨â®à¨−£� Google Translate, â�ª¨å ¯à¥¤«®¦¥−¨©
¡ë«® 24, ¨ ¨¬¥−−® ®−¨ ¡ë«¨ ®â®¡à�−ë ¤«ï ¬®−¨â®à¨−£� ¨ ®æ¥−ª¨ ¢®á¯à®¨§¢®¤¨-
¬®áâ¨ à¥§ã«ìâ�â®¢ à�¡®âë ChatGPT. �â¨¬ ªà¨â¥à¨¥¬ ®â¡®à� (á−¨¦¥−¨ï ª�ç¥áâ¢�

’�¡«¨æ� 2 ÷�á¯à¥¤¥«¥−¨¥ �−−®â�æ¨© á ChatGPT ¯® ª�â¥£®à¨ï¬, å�à�ªâ¥à¨§ãîé¨¬
−¥áâ�¡¨«ì−®áâì �Œ�

ü
��§¢�−¨¥ àã¡à¨ª¨, å�à�ªâ¥à¨§ãîé¥©

−¥áâ�¡¨«ì−®áâì �Œ�
—¨á«®

�−−®â�æ¨©

„®«ï ®â ®¡é¥£®
ç¨á«� �−−®â�æ¨©

(341)
1 �®¢ëè¥−¨¥ ª�ç¥áâ¢� �Œ� 0 0%
2 ‘−¨¦¥−¨¥ ª�ç¥áâ¢� �Œ� 28 8,2%
3 Š®«¥¡�−¨¥ ª�ç¥áâ¢� �Œ� 187 54,8%

4
ˆ§¬¥−¥−¨¥ −�¡®à� ®è¨¡®ª ¢ �Œ� ¡¥§
¤¨−�¬¨ª¨ ¥£® ª�ç¥áâ¢� 0 0%

5 ˆ§¬¥−¥−¨¥ �Œ� ¡¥§ ¤¨−�¬¨ª¨ ¥£® ª�ç¥áâ¢� 126 37%
6 �Œ� ¡¥§ ¨§¬¥−¥−¨© 0 0%

ˆâ®£®: 341 100%
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Œ�è¨−−ë© ¯¥à¥¢®¤ á ¯®¬®éìî ChatGPT: ¬®−¨â®à¨−£ ¢®á¯à®¨§¢®¤¨¬®áâ¨ à¥§ã«ìâ�â®¢

−� ¨−â¥à¢�«¥ ¢à¥¬¥−¨), ¢®§¬®¦−®, ¨ ®¡êïá−ï¥âáï −ã«¥¢®¥ §−�ç¥−¨¥ ¯®ª�§�â¥«ï
¢ áâà®ª¥ ú�®¢ëè¥−¨¥ ª�ç¥áâ¢� �Œ�û ¢ â�¡«. 2.

�®á«¥¤−¥¥ −ã«¥¢®¥ á®®â¢¥âáâ¢¨¥ ãª�§ë¢�¥â −� â®, çâ® ¯à�ªâ¨ç¥áª¨ ¢á¥ ¬�è¨−-
−ë¥ ¯¥à¥¢®¤ë, ¢ë¯®«−¥−−ë¥ á ¯®¬®éìî ChatGPT, ¯à®ï¢«ïîâ −¥áâ�¡¨«ì−®áâì
¯¥à¥¢®¤�, â. ¥. ¯¥à¥¢®¤ ¬¥−ï¥âáï ¯à¨ ¯®á«¥¤ãîé¨å ¨â¥à�æ¨ïå ¬�è¨−−®£® ¯¥à¥-
¢®¤� 24 ®â®¡à�−−ëå àãááª®ï§ëç−ëå ¯à¥¤«®¦¥−¨©.

��¨¡®«ìè¥¥ ç¨á«® �−−®â�æ¨© (54,8%) ¯à¨å®¤¨âáï −� âà¥âìî ª�â¥£®à¨î, å�-
à�ªâ¥à¨§ãîéãî ª®«¥¡�−¨¥ ª�ç¥áâ¢� �Œ�. �â® ®§−�ç�¥â, çâ® ª�ç¥áâ¢® ¯¥à¥¢®¤�
¬¥−ï¥âáï â�ª, çâ® ç¨á«® ®è¨¡®ª ¢ �Œ� ¬®¦¥â á® ¢à¥¬¥−¥¬ ã¢¥«¨ç¨¢�âìáï/ã¬¥−ì-
è�âìáï, ¯®á«¥ ç¥£® −�¡«î¤�¥âáï ®¡à�â−�ï â¥−¤¥−æ¨ï.

‘«¥¤ãîéãî ¯®§¨æ¨î ¯® ç¨á«ã �−−®â�æ¨© (37%) §�−¨¬�¥â ¯ïâ�ï ª�â¥£®à¨ï,
å�à�ªâ¥à¨§ãîé�ï ¨§¬¥−¥−¨¥ ¯¥à¥¢®¤� ¡¥§ ¤¨−�¬¨ª¨ ¥£® ª�ç¥áâ¢�. ��¨¬¥−ìè¥¥
ç¨á«® �−−®â�æ¨© (8,2%) ¯à¨å®¤¨âáï −� ¢â®àãî ª�â¥£®à¨î, å�à�ªâ¥à¨§ãîéãî
á−¨¦¥−¨¥ ª�ç¥áâ¢� �Œ�.

Œ¥â®¤¨ª� ¨−â¥à¢�«ì−®£® ®æ¥−¨¢�−¨ï ¬®¦¥â −�©â¨ á«¥¤ãîé¥¥ ¯à�ªâ¨ç¥áª®¥
¯à¨¬¥−¥−¨¥: ¯à¨ ¨á¯®«ì§®¢�−¨¨ ChatGPT ¢ ª�ç¥áâ¢¥ ¯¥à¥¢®¤ç¨ª� á«¥¤ã¥â ¯à¨-
−¨¬�âì ¢® ¢−¨¬�−¨¥ ¯à¥®¡«�¤�îéãî −¥áâ�¡¨«ì−®áâì ¥£® ¯¥à¥¢®¤®¢ ¨ ®âáãâáâ¢¨¥
â¥−¤¥−æ¨¨ ª ¯®¢ëè¥−¨î ª�ç¥áâ¢� ¯¥à¥¢®¤�. �â® ®§−�ç�¥â, çâ® ¯à¨ ¨á¯®«ì§®¢�-
−¨¨ ChatGPT ¢ ªà¨â¨ç¥áª¨å ¯à¨«®¦¥−¨ïå −¥®¡å®¤¨¬® ¯à¥¤ãá¬®âà¥âì ¯à®¢¥àªã
à¥§ã«ìâ�â®¢ à�¡®âë ChatGPT íªá¯¥àâ®¬-¯¥à¥¢®¤ç¨ª®¬.

5 Заключение

‚ áâ�âì¥ à�áá¬®âà¥− ¢®¯à®á ¢®á¯à®¨§¢®¤¨¬®áâ¨ −� ¨−â¥à¢�«¥ ¢à¥¬¥−¨ à¥§ã«ì-
â�â®¢ äã−ªæ¨®−¨à®¢�−¨ï ç�â-¡®â� ChatGPT ª�ª ¬�è¨−−®£® ¯¥à¥¢®¤ç¨ª� ¨ ¥£®
¯à¨¬¥−¥−¨ï ¤«ï à¥è¥−¨ï ¬�â¥¬�â¨ç¥áª®© §�¤�ç¨, £¥−¥à�æ¨¨ ª®¤� ¨ à�§£�¤ª¨
¢¨§ã�«ì−®© £®«®¢®«®¬ª¨. �à¥¤«®¦¥− ¬¥â®¤ ¬®−¨â®à¨−£� ¢®á¯à®¨§¢®¤¨¬®áâ¨
à¥§ã«ìâ�â®¢ ChatGPT ª�ª ¬�è¨−−®£® ¯¥à¥¢®¤ç¨ª� ¨ ¯à¥¤áâ�¢«¥−ë à¥§ã«ìâ�âë
íªá¯¥à¨¬¥−â� ¯® −�¡«î¤¥−¨î §� ¨§¬¥−¥−¨¥¬ ª�ç¥áâ¢� ¯®«ãç¥−−ëå ¯¥à¥¢®¤®¢.
Š�ª ã¦¥ ¡ë«® ®â¬¥ç¥−®, −�¨¡®«ìè¥¥ ç¨á«® �−−®â�æ¨© (54,8%) ¯®¯�¤�¥â ¢ ª�â¥-
£®à¨î, å�à�ªâ¥à¨§ãîéãî ª®«¥¡�−¨¥ ª�ç¥áâ¢� �Œ�. �â® ®§−�ç�¥â, çâ® ª�ç¥áâ¢®
¯¥à¥¢®¤� ¬¥−ï¥âáï â�ª¨¬ ®¡à�§®¬, çâ® ç¨á«® ®è¨¡®ª ¯¥à¥¢®¤�, à¥£¨áâà¨àã¥¬ëå
¨â¥à�æ¨®−−® −� ¨−â¥à¢�«¥ ¢à¥¬¥−¨, á® ¢à¥¬¥−¥¬ ã¢¥«¨ç¨¢�¥âáï/ã¬¥−ìè�¥âáï,
¯®á«¥ ç¥£® −�¡«î¤�¥âáï ®¡à�â−�ï â¥−¤¥−æ¨ï.

�®«ãç¥−−ë¥ íªá¯¥à¨¬¥−â�«ì−ë¥ ¤�−−ë¥ ¯®¤â¢¥à¦¤�îâ −¥áâ�¡¨«ì−®áâì ¬�-
è¨−−ëå ¯¥à¥¢®¤®¢ á ChatGPT ¨, á«¥¤®¢�â¥«ì−®, −¥®¡å®¤¨¬®áâì ¬®−¨â®à¨−£�
¨ ®æ¥−ª¨ ª�ç¥áâ¢� ¬�è¨−−®£® ¯¥à¥¢®¤� ¯à¨ ¨á¯®«ì§®¢�−¨¨ íâ®£® ç�â-¡®â�. Œ®-
−¨â®à¨−£ ¨ ®æ¥−ª� ª�ç¥áâ¢� á ¨á¯®«ì§®¢�−¨¥¬ ¡�§ ¤�−−ëå ¯�à�««¥«ì−ëå â¥ªáâ®¢
®á®¡¥−−® �ªâã�«ì−ë ¯à¨ ®¡ãç¥−¨¨ ¨−®áâà�−−ë¬ ï§ëª�¬ ¢ á¨áâ¥¬¥ ®¡à�§®¢�−¨ï,
â�ª ª�ª ChatGPT áâ�« ¢¥áì¬� ¯®¯ã«ïà¥− ã áâã¤¥−â®¢. ‚á¥ íªá¯¥à¨¬¥−â�«ì−ë¥
¤�−−ë¥, ¯à¨¢¥¤¥−−ë¥ ¢ áâ�âì¥, ¯®«ãç¥−ë á ¯®¬®éìî ��„ ¯�à�««¥«ì−ëå â¥ªáâ®¢,
à�§à�¡®â�−−®© ¢ ”ˆ– ˆ“ ÷��.
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�à¥¤áâ�¢«ï¥âáï ¯¥àá¯¥ªâ¨¢−ë¬ ¯à®¢¥áâ¨ á ¨á¯®«ì§®¢�−¨¥¬ íâ®© ¦¥ ��„
¬®−¨â®à¨−£ ¢®á¯à®¨§¢®¤¨¬®áâ¨ à¥§ã«ìâ�â®¢ à�¡®âë ç�â-¡®â� ChatGPT ¨ ¢ ¤àã£¨å
−�¯à�¢«¥−¨ïå ¯¥à¥¢®¤�, � â�ª¦¥ á®¯®áâ�¢¨âì ª®«¨ç¥áâ¢¥−−ë¥ ¯®ª�§�â¥«¨ ¢®á¯à®-
¨§¢®¤¨¬®áâ¨ à¥§ã«ìâ�â®¢ ¯¥à¥¢®¤®¢, á¤¥«�−−ëå á ¯®¬®éìî ChatGPT ¨ Google
Translate.

�¢â®àë ¯à¨§−�â¥«ì−ë à¥æ¥−§¥−â�¬ §� æ¥−−ë¥ à¥ª®¬¥−¤�æ¨¨, ãç¥â ª®â®àëå
−¥á®¬−¥−−® ã«ãçè¨« áâ�âìî.

Литература

1. Rudolph J., Tan Sh., Tan S. War of the chatbots: Bard, Bing chat, ChatGPT, Ernie
and beyond. The new AI gold rush and its impact on higher education // J. Applied
Learning Teaching, 2023. Vol. 6. No. 1. P. 364{389. doi: 10.37074/jalt.2023.6.1.23.

2. Chen L., Zaharia M., Zou J. How is ChatGPT's behavior changing over
time? | Cornell University, 2023. arXiv:2307.09009 [cs.CL]. 23 p. https://arxiv.org/
abs/2307.09009.

3. Chen M., Tworek J., Jun H., et al. Evaluating large language models trained on
code. | Cornell University, 2021. arXiv:2107.03374 [cs.CL]. 35 p. https://arxiv.
org/abs/2107.03374.

4. Wei J., Wang X., Schuurmans D., Bosma M., Chi E., Le Q., Zhou D. Chain-of-
thought prompting elicits reasoning in large language models. | Cornell University,
2022. arXiv:2201.11903 [cs.CL]. 43 p. https://arxiv.org/abs/2201.11903.

5. Zhang M., Press O., Merrill W., Liu A., Smith N. A. How language model
hallucinations can snowball. | Cornell University, 2023. arXiv:2305.13534 [cs.CL].
13 p. https://arxiv.org/abs/2305.13534.

6. De Winter J. C. F. Can ChatGPT pass high school exams on English language
comprehension // Researchgate, 2023. Preprint. https://www.researchgate.net/
publication/366659237.

7. Jiao W., Wang W., Huang J., Wang X., Tu Z. Is ChatGPT a good translator? Yes
with GPT-4 as the engine. | Cornell University, 2023. arXiv:2301.08745 [cs.CL].
8 p. https://arxiv.org/abs/2301.08745.

8. Goyal T., Li J. J., Durrett G. News summarization and evaluation in the era of
GPT-3. | Cornell University, 2022. arXiv:2209.12356 [cs.CL]. 20 p. https://arxiv.
org/abs/2209.12356.

9. Google Translate. https://translate.google.com.
10. DeepL Translate. https://www.deepl.com/translator.
11. Tencent TranSmart. https://transmart.qq.com/zh-CN/index.
12. …£®à®¢� �. ā., ‡�æ¬�− ˆ. Œ., Š®á�à¨ª ‚. ‚., �ãà¨¥¢ ‚. �. �¥áâ�¡¨«ì−®áâì

−¥©à®−−®£® ¬�è¨−−®£® ¯¥à¥¢®¤� // ‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨, 2020. ’. 30.
ü 2. ‘. 124{135. doi: 10.14357/08696527200212.

13. …£®à®¢� �. ā., ‡�æ¬�− ˆ. Œ., Šàã¦ª®¢ Œ. ƒ., �ãà¨¥¢ ‚. �. Œ¥â®¤¨ª� â¥¬-
¯®à�«ì−®© ®æ¥−ª¨ −¥áâ�¡¨«ì−®áâ¨ ¬�è¨−−®£® ¯¥à¥¢®¤� // ‘¨áâ¥¬ë ¨ áà¥¤áâ¢�
¨−ä®à¬�â¨ª¨, 2020. ’. 30. ü 3. ‘. 67{80. doi: 10.14357/08696527200307.

124 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 33 −®¬¥à 3 2023



Machine translation by ChatGPT: Monitoring of outcome reproducibility

14. Pournaras E. Science in the era of ChatGPT, large language models and AI: Chal-
lenges for research ethics review and how to respond. | Cornell University, 2023.
arXiv:2305.15299 [cs.CY]. 14 p. https://arxiv.org/abs/2305.15299.

15. Liu Y., Han T., Ma S., et al. Summary of ChatGPT-related research and per-
spective towards the future of large language models. | Cornell University, 2023.
arXiv:2304.01852 [cs.CL]. 21 p. https://doi.org/10.48550/arXiv.2304.01852.

16. ‚®à®−æ®¢ Š. ‚. ˆáªãááâ¢¥−−ë© ¨−â¥««¥ªâ: í¢®«îæ¨ï ¨¤¥© ®â ”àí−á¨á� �íª®−� ¤®
äã−¤�¬¥−â�«ì−ëå ¬®¤¥«¥© ¨ ChatGPT // �à®¡«¥¬ë ¨áªãááâ¢¥−−®£® ¨−â¥««¥ª-
â�: ‘¥¬¨−�à. | Œ.: ”ˆ– ˆ“ ÷��, 2023. https://ai-news.ru/2023/05/seminar
problemy iskusstvennogo intellekta voroncov k v.html.

17. Chomsky N., Roberts I., Watumull J. Noam Chomsky: The false promise of Chat-
GPT // The New York Times, March 8, 2023. https://www.nytimes.com/2023/
03/08/opinion/noam-chomsky-chatgpt-ai.html.

18. ‘®«®¬®−¨ª �. �. �¯ëâ á®¢à¥¬¥−−®© ä¨«®á®ä¨¨ ¯®§−�−¨ï. | ‘�¡.: �«¥â¥©ï, 2019.
232 á.

19. ˆ−ìª®¢�-Œ�−§®ââ¨ �. ā. Š®−−¥ªâ®àë ¯à®â¨¢®¯®áâ�¢«¥−¨ï ¢® äà�−æã§áª®¬ ¨ àãá-
áª®¬ ï§ëª�å. ‘®¯®áâ�¢¨â¥«ì−®¥ ¨áá«¥¤®¢�−¨¥. | Œ.: ˆ−ä®à¬í«¥ªâà®, 2001. 429 á.

20. ��æ¨®−�«ì−ë© ª®à¯ãá àãááª®£® ï§ëª�. http://www.ruscorpora.ru.
21. …£®à®¢� �. ā., ‡�æ¬�− ˆ. Œ., Šàã¦ª®¢ Œ. ƒ., �ãà¨¥¢ ‚. �. Œ�è¨−−ë© ¯¥à¥¢®¤:

¨−¤¨ª�â®à−�ï ®æ¥−ª� à¥§ã«ìâ�â®¢ ®¡ãç¥−¨ï ¨áªãááâ¢¥−−®© −¥©à®−−®© á¥â¨ // ‘¨á-
â¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨, 2020. ’. 30. ü 4. ‘. 124{137. doi: 10.14357/
08696527200412.

22. …£®à®¢� �. ā., ‡�æ¬�− ˆ. Œ., Šàã¦ª®¢ Œ. ƒ., �ãà¨¥¢ ‚. �. ˆ−¤¨ª�â®à−�ï
®æ¥−ª� −¥áâ�¡¨«ì−®áâ¨ −¥©à®−−®£® ¬�è¨−−®£® ¯¥à¥¢®¤� // ‘¨áâ¥¬ë ¨ áà¥¤áâ¢�
¨−ä®à¬�â¨ª¨, 2021. ’. 31. ü 2. ‘. 139{151. doi: 10.14357/08696527210213.

23. ‡�«¨§−ïª �. �., ‡�æ¬�− ˆ. Œ., ˆ−ìª®¢� �. ā., Šàã¦ª®¢ Œ. ƒ. ��¤ª®à¯ãá−ë¥
¡�§ë ¤�−−ëå ª�ª «¨−£¢¨áâ¨ç¥áª¨© à¥áãàá // Š®à¯ãá−�ï «¨−£¢¨áâ¨ª�: ‘¡. âàã¤®¢
7-© Œ¥¦¤ã−�à. ª®−ä. | ‘�¡.: ‘�¡ƒ“, 2015. ‘. 211{218.

�®áâã¯¨«� ¢ à¥¤�ªæ¨î 14.08.23

MACHINE TRANSLATION BY ChatGPT:
MONITORING OF OUTCOME REPRODUCIBILITY

A. Yu. Egorova1,2, I. M. Zatsman1, and V. O. Romanenko1

1Federal Research Center \Computer Science and Control" of the Russian Academy
of Sciences, 44-2 Vavilov Str., Moscow 119133, Russian Federation
2Moscow State Linguistic University, 38 Ostozhenka Str., Moscow 119034, Russian
Federation

Abstract: The paper considers the question of monitoring the reproducibility
of the results performed by ChatGPT chatbot over a time interval for solving
a mathematical task, generating code, and resolving a visual puzzle. A brief
review of the experimental data for monitoring the reproducibility of the results
for these three applications is given. The presented data show that the outcomes
of ChatGPT when solving the same problem may change over time. At the
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same time, significant changes may occur in a relatively short period of time
which emphasizes the need to monitor and evaluate the behavior of the ChatGPT
chatbot. The main goal of the paper is to study the reproducibility of the machine
translation outcomes performed by ChatGPT over a given time interval. The
experimental data obtained during the monitoring of outcome reproducibility
demonstrate some changes in the results including the decline in translation
quality of the same text fragments over a time interval. To monitor the outcome
reproducibility and evaluate the behavior of ChatGPT, a previously developed
method for interval evaluation of machine translation is used.

Keywords: ChatGPT applications; monitoring; outcome reproducibility; ma-
chine translation; interval evaluation
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МЕТОДИЧЕСКИЙ ПОДХОД
К КОНТРОЛЮ КАЧЕСТВА ТРАНСФОРМАЦИИ ДАННЫХ
В МЕЖДИСЦИПЛИНАРНОЙ ЦИФРОВОЙ ПЛАТФОРМЕ

А. А. Зацаринный1, А. П. Шабанов2

�−−®â�æ¨ï: �¡ê¥ªâ®¬ ¨áá«¥¤®¢�−¨ï ¢ë¡à�−ë ¯à®æ¥ááë ®¡à�¡®âª¨ ¤�−−ëå
¢ ¬¥¦¤¨áæ¨¯«¨−�à−®© æ¨äà®¢®© ¯«�âä®à¬¥ (Œ–�), ®¡¥á¯¥ç¨¢�îé¥© ¨−ä®à-
¬�æ¨®−−®¥ ¢§�¨¬®¤¥©áâ¢¨¥ ¬¥¦¤ã áã¡ê¥ªâ�¬¨ íª®−®¬¨ç¥áª®©, ã¯à�¢«¥−ç¥áª®©
¨ −�ãç−®© ¤¥ïâ¥«ì−®áâ¨. �à¨¢¥¤¥−ë à¥§ã«ìâ�âë �−�«¨§� ¢å®¤ïé¥£® ¨ ¨áå®-
¤ïé¥£® ¯à®æ¥áá®¢ âà�−áä®à¬�æ¨¨ ¤�−−ëå. �®ª�§�−®, çâ® ¢à¥¬ï ®¡à�¡®âª¨
âà�−áä®à¬¨àã¥¬ëå ¤�−−ëå −� ¢ëç¨á«¨â¥«ì−ëå à¥áãàá�å §�¢¨á¨â ®â ¨−ä®à-
¬�æ¨¨, ª®â®àãî á®¤¥à¦�â íâ¨ ¤�−−ë¥ ¨ ª®â®à�ï ®¯à¥¤¥«ï¥âáï −�¬¥à¥−¨ï¬¨
áã¡ê¥ªâ®¢. ‚ëï¢«¥−®, çâ® ¤«ï íª®−®¬¨ç¥áª¨å �£¥−â®¢ ¢�¦−ë ¯�à�¬¥âàë
á¢®¥¢à¥¬¥−−®áâ¨ ¯à¥¤®áâ�¢«¥−¨ï ¨−ä®à¬�æ¨¨ ® −®¢ëå §−�−¨ïå, ª®â®à�ï ¯¥-
à¥¤�¥âáï ¨¬ −�ãç−ë¬¨ ¯�àâ−¥à�¬¨. ��à�¬¥âàë ¢à¥¬¥−¨ ®¡à�¡®âª¨ ¤�−−ëå −�
¢ëç¨á«¨â¥«ì−ëå à¥áãàá�å ª«�áá¨ä¨æ¨àãîâáï ª�ª ¯�à�¬¥âàë ª�ç¥áâ¢� âà�−á-
ä®à¬�æ¨¨ ¤�−−ëå, ª®â®àë¥ ãâ¢¥à¦¤�îâáï ¢ ¤®£®¢®à�å áã¡ê¥ªâ®¢ á ®¯¥à�â®-
à®¬ ¯«�âä®à¬ë ¨ ãç¨âë¢�îâáï ¢ âà¥¡®¢�−¨ïå ª ¯à®æ¥áá�¬ ª®−âà®«ï ª�ç¥áâ¢�.
‚¯¥à¢ë¥ ¯à¥¤«®¦¥− ¬¥â®¤¨ç¥áª¨© ¯®¤å®¤ ª ª®−âà®«î ª�ç¥áâ¢�, ¯®áâà®¥−−ë©
−� áà�¢−¨â¥«ì−®© ®æ¥−ª¥ áâ¥¯¥−¨ á®®â¢¥âáâ¢¨ï ä�ªâ¨ç¥áª¨å §−�ç¥−¨© ¯�à�-
¬¥âà®¢ ¢à¥¬¥−¨ âà�−áä®à¬�æ¨¨ ¤�−−ëå ¨å ¤®¢¥à¥−−ë¬ §−�ç¥−¨ï¬, ª®â®àë¥
ãâ¢¥à¦¤¥−ë ¢ ¤®£®¢®à�å. �à�ªâ¨ç¥áª�ï §−�ç¨¬®áâì ¬¥â®¤¨ç¥áª®£® ¯®¤å®¤�
§�ª«îç�¥âáï ¢ ®¡¥á¯¥ç¥−¨¨ äã−ªæ¨© ®¡ê¥ªâ¨¢−®£® ¨−áâàã¬¥−â� ¤«ï ª®−âà®«ï
−�¤ á®¡«î¤¥−¨¥¬ ¤®£®¢®à−ëå ®¡ï§�â¥«ìáâ¢ ®¯¥à�â®à� æ¨äà®¢®© ¯«�âä®à¬ë
¯¥à¥¤ ¢§�¨¬®¤¥©áâ¢ãîé¨¬¨ áã¡ê¥ªâ�¬¨.

Š«îç¥¢ë¥ á«®¢�: æ¨äà®¢�ï ¯«�âä®à¬�; âà�−áä®à¬�æ¨ï ¤�−−ëå; ¨−ä®à¬�-
æ¨®−−®¥ ¢§�¨¬®¤¥©áâ¢¨¥; á¢®¥¢à¥¬¥−−®áâì; ¤®¢¥à¥−−ë© ª®−âà®«ì
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1 Введение. Постановка задачи

‚ à�¬ª�å à¥�«¨§�æ¨¨ §�¤�ç ä¥¤¥à�«ì−ëå ¯à®¥ªâ®¢ ú–¨äà®¢ë¥ â¥å−®«®£¨¨û,
úˆ−ä®à¬�æ¨®−−�ï ¨−äà�áâàãªâãà�û ¨ ú–¨äà®¢®¥ £®áã¤�àáâ¢¥−−®¥ ã¯à�¢«¥-
−¨¥û, ¢ë¯®«−ï¥¬ëå ¢ á®®â¢¥âáâ¢¨¨ á −�æ¨®−�«ì−®© ¯à®£à�¬¬®© ú–¨äà®¢�ï
íª®−®¬¨ª�û, ¢á¥ ¡®«ìèãî �ªâã�«ì−®áâì ¯à¨®¡à¥â�îâ Œ–� ª�ª −®¢ë© â¨¯ ®à£�-
−¨§�æ¨®−−®-â¥å−¨ç¥áª®£® ª®¬¯«¥ªá�. �ªâã�«ì−®áâì ¨å ¯à¨¬¥−¥−¨ï ®¡ãá«®¢«¥−�
−¥®¡å®¤¨¬®áâìî ¯®¢ëè¥−¨ï íää¥ªâ¨¢−®áâ¨ à¥è¥−¨ï íª®−®¬¨ç¥áª¨å §�¤�ç ¯®
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−�ãª, apshabanov@mail.ru
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�. �. ‡�æ�à¨−−ë©, �. �. ˜�¡�−®¢

ª®−á®«¨¤�æ¨¨ ¯à®¨§¢®¤áâ¢¥−−®© ¬®é−®áâ¨ íª®−®¬¨ç¥áª¨å �£¥−â®¢ ¨ ¨−â¥««¥ªâã-
�«ì−®£® ¯®â¥−æ¨�«� ¨å −�ãç−ëå ¯�àâ−¥à®¢.

�¤−¨¬ ¨§ −�¯à�¢«¥−¨© à�§¢¨â¨ï Œ–� [1] áâ�«® −�à�é¨¢�−¨¥ ¨−ä®à¬�æ¨-
®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï ¬¥¦¤ã ®à£�−¨§�æ¨®−−ë¬¨ á¨áâ¥¬�¬¨ (�‘) | áã¡ê¥ª-
â�¬¨ íª®−®¬¨ç¥áª®©, ã¯à�¢«¥−ç¥áª®© ¨ −�ãç−®© ¤¥ïâ¥«ì−®áâ¨. �¥®¡å®¤¨¬ë¬
ãá«®¢¨¥¬ ¤«ï ®¡¥á¯¥ç¥−¨ï ¨−ä®à¬�æ¨®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï á«ã¦¨â −�«¨ç¨¥
¤®£®¢®à−ëå ®¡ï§�â¥«ìáâ¢ ®¯¥à�â®à� Œ–� ¯¥à¥¤ ¢§�¨¬®¤¥©áâ¢ãîé¨¬¨ áã¡ê¥ª-
â�¬¨, ¢ â®¬ ç¨á«¥ ® á®¡«î¤¥−¨¨ ¯¥à¥¤ −¨¬¨ ¤®¢¥à¥−−ëå §−�ç¥−¨© ¯�à�¬¥âà®¢
¢à¥¬¥−¨ âà�−áä®à¬�æ¨¨ ¤�−−ëå, ª®â®àë¥ á®¤¥à¦�â −®¢ë¥ §−�−¨ï, ¯¥à¥¤�¢�¥¬ë¥
íª®−®¬¨ç¥áª¨¬ �£¥−â�¬ ®â ¨å −�ãç−ëå ¯�àâ−¥à®¢, | ¢à¥¬¥−¨, §�âà�ç¨¢�¥¬®£® −�
®¡à�¡®âªã íâ¨å ¤�−−ëå −� ¯à®¨§¢®¤¨â¥«ì−ëå à¥áãàá�å Œ–�.

��«¨ç¨¥ ¤®£®¢®à−ëå ®¡ï§�â¥«ìáâ¢ ® ¢à¥¬¥−¨ âà�−áä®à¬�æ¨¨ ¤�−−ëå ®¡ãá«®-
¢¨«® �ªâã�«ì−®áâì âà¥¡®¢�−¨© ª �¢â®¬�â¨§�æ¨¨ ¤¥ïâ¥«ì−®áâ¨ ¯® ª®−âà®«î ª�ç¥-
áâ¢� âà�−áä®à¬�æ¨¨ ¤�−−ëå −� ®á−®¢¥ á«¥¤ãîé¨å ¯à®æ¥áá®¢:

{ §�¯¨á¨ ¨ ¨§¬¥−¥−¨ï ¤®¢¥à¥−−ëå §−�ç¥−¨© ¯�à�¬¥âà®¢ ¢à¥¬¥−¨ ®¡à�¡®âª¨ ¤�−-
−ëå ¢ Œ–�, ãâ¢¥à¦¤¥−−ëå ¢ ¤®£®¢®à�å ¬¥¦¤ã �‘ ¨ ¯à¥¤¯à¨ïâ¨¥¬-®¯¥à�-
â®à®¬ Œ–� ¨ ®¯à¥¤¥«ïîé¨å ¤®áâ¨£−ãâë© ãà®¢¥−ì ª�ç¥áâ¢� âà�−áä®à¬�æ¨¨
¢ −¥© ¤�−−ëå;

{ ¨§¬¥à¥−¨ï ä�ªâ¨ç¥áª¨å §−�ç¥−¨© ¯�à�¬¥âà®¢ ¢à¥¬¥−¨ âà�−áä®à¬�æ¨¨ ¤�−-
−ëå;

{ ¯à®¢¥¤¥−¨ï áà�¢−¨â¥«ì−®© ®æ¥−ª¨ ä�ªâ¨ç¥áª¨å ¨ ¤®¢¥à¥−−ëå §−�ç¥−¨© ¯�-
à�¬¥âà®¢ ¢à¥¬¥−¨ âà�−áä®à¬�æ¨¨ ¤�−−ëå á ®¯à¥¤¥«¥−¨¥¬ ¨ ¯à¥¤®áâ�¢«¥−¨-
¥¬ ¨−ä®à¬�æ¨¨ ®¡ ãà®¢−¥ ª�ç¥áâ¢� âà�−áä®à¬�æ¨¨ «¨æ�¬, ¯à¨−¨¬�îé¨¬
à¥è¥−¨ï.

‚ ¯à¥¤áâ�¢«¥−−®¬ ¨áá«¥¤®¢�−¨¨ à¥è�¥âáï §�¤�ç� ä®à¬�«¨§�æ¨¨ ¬¥â®¤¨ç¥-
áª®£® ¯®¤å®¤� ª ª®−âà®«î ª�ç¥áâ¢� âà�−áä®à¬�æ¨¨ ¤�−−ëå ¢ Œ–�, ã¤®¢«¥â¢®-
àïîé¥£® ¨§«®¦¥−−ë¬ ¢ëè¥ âà¥¡®¢�−¨ï¬.

2 Анализ процессов трансформации данных

ˆáå®¤ï ¨§ −�¬¥à¥−¨ï ä®à¬�«¨§�æ¨¨ ¬¥â®¤¨ç¥áª®£® ¯®¤å®¤� ª ª®−âà®«î ª�ç¥-
áâ¢� âà�−áä®à¬�æ¨¨ ¤�−−ëå ¯à®¨§¢¥¤¥− �−�«¨§ ¢å®¤ïé¥£® ¢ Œ–� ¨ ¨áå®¤ïé¥£®
¨§ Œ–� ¯à®æ¥áá®¢ âà�−áä®à¬�æ¨¨ ¤�−−ëå á ãç¥â®¬ á«¥¤ãîé¨å ä�ªâ®à®¢:

{ −�¬¥à¥−¨© áã¡ê¥ªâ®¢ ¨−ä®à¬�æ¨®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï ¯®áà¥¤áâ¢®¬ Œ–�
¢ ®â−®è¥−¨¨ ¯¥à¥¤�ç¨ ¤®¡ëâëå −®¢ëå §−�−¨© ®¤−¨¬¨ áã¡ê¥ªâ�¬¨ ¨ ¯à¨®¡à¥-
â¥−¨ï íâ¨å §−�−¨© ¤àã£¨¬¨ áã¡ê¥ªâ�¬¨ [2];

{ ¬¨à®¢®£® ®¯ëâ� ¯à¨¬¥−¥−¨ï ¢ æ¨äà®¢ëå âà�−á¯®àâ−ëå á¥âïå â¥å−®«®£¨©
âà�−áä®à¬�æ¨¨ ¤�−−ëå, ª®â®àë¥ ®á−®¢�−ë −� −�¬¥à¥−¨ïå ¢§�¨¬®¤¥©áâ¢ã-
îé¨å áã¡ê¥ªâ®¢, á¥â¥¢®¬ ã¯à�¢«¥−¨¨ ¯à¨ ¯¥à¥¤�ç¥ ¤�−−ëå ¨ ã¯à�¢«¥−¨¨
¨−ä®à¬�æ¨®−−®-â¥å−®«®£¨ç¥áª¨¬¨ ãá«ã£�¬¨ (á¬., −�¯à¨¬¥à, [3{10]);
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{ ¬¥â®¤®¢ ®æ¥−ª¨ ¯à®¨§¢®¤¨â¥«ì−®áâ¨ ¯à¨ âà�−áä®à¬�æ¨¨ ¤�−−ëå ¤«ï �‘
¢ ®¡«�ç−ëå ¢ëç¨á«¨â¥«ì−ëå áâàãªâãà�å (á¬., −�¯à¨¬¥à, [11{15]);

{ äã−ªæ¨© ¨ ¯à®¨§¢®¤¨â¥«ì−ëå à¥áãàá®¢ (äã−ªæ¨®−�«ì−ëå, ¨−ä®à¬�æ¨®−-
−ëå, ¢ëç¨á«¨â¥«ì−ëå, âà�−á¯®àâ−ëå), ¨á¯®«ì§ã¥¬ëå ¢ Œ–� ¢ á®®â¢¥âáâ¢¨¨
á à¥£«�¬¥−â¨à®¢�−−ë¬¨ ¯à®æ¥¤ãà�¬¨ ¯à®æ¥áá−®© â¥å−®«®£¨¨ ¤«ï âà�−áä®à-
¬�æ¨¨ ¤�−−ëå, ¯à¨ ª®â®à®© ¤«ï à�¡®âë á ª�¦¤®© �‘ §�ªà¥¯«ïîâ ¯® ®¤−®©
¯à¨ª«�¤−®© ¯à®£à�¬¬¥ á ¡�§®© ¤�−−ëå, � ¢ëç¨á«¨â¥«ì−ë¥ à¥áãàáë §�ªà¥¯-
«ïîâ §� £àã¯¯�¬¨ (¯®¤¬−®¦¥áâ¢�¬¨) �‘ á ®¤¨−�ª®¢ë¬¨ ¤®¢¥à¥−−ë¬¨ §−�ç¥-
−¨ï¬¨ ¢¥à®ïâ−®áâ−®-¢à¥¬¥−− �ëå ¯�à�¬¥âà®¢.

„«ï −�£«ï¤−®£® ®â®¡à�¦¥−¨ï ¢§�¨¬®á¢ï§¥© à¥áãàá®¢ ¨ äã−ªæ¨© à�§à�¡®â�−�
¨ ¯à¥¤áâ�¢«¥−� −� à¨á. 1 áå¥¬� ¯à®¨§¢®¤¨â¥«ì−ëå à¥áãàá®¢ Œ–�.

÷¨á. 1 ‘å¥¬� ¯à®¨§¢®¤¨â¥«ì−ëå à¥áãàá®¢ Œ–�
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�� ®á−®¢�−¨¨ à¥§ã«ìâ�â®¢ ¯à®¢¥¤¥−−®£® �−�«¨§� ¢ëï¢«¥−®, çâ®:

{ ¢à¥¬ï ®¡à�¡®âª¨ âà�−áä®à¬¨àã¥¬ëå ¤�−−ëå −®á¨â ¤¨−�¬¨ç¥áª¨© å�à�ªâ¥à,
ª®â®àë© ®¡ãá«®¢«¥− §�¢¨á¨¬®áâìî ¢à¥¬¥−¨ ®â ¨−ä®à¬�æ¨¨, ª®â®àãî á®¤¥à-
¦�â ¤�−−ë¥;

{ íâ� ¨−ä®à¬�æ¨ï ®¯à¥¤¥«ï¥âáï −�¬¥à¥−¨ï¬¨ áã¡ê¥ªâ®¢ ¢§�¨¬®¤¥©áâ¢¨ï ¨, ª�ª
á«¥¤áâ¢¨¥, ¯�à�¬¥âà�¬¨ ¬�àèàãâ®¢ ¤«ï ¤®áâ�¢ª¨ ¨−ä®à¬�æ¨¨ ¢ æ¨äà®¢®©
âà�−á¯®àâ−®© á¥â¨ [1];

{ ¢�¦−ë¬¨ ¤«ï íª®−®¬¨ç¥áª¨å �£¥−â®¢ áç¨â�îâáï ¢á¥ ¯�à�¬¥âàë á¢®¥¢à¥¬¥−-
−®áâ¨ ¤®áâ�¢ª¨ ¨¬ íâ®© ¨−ä®à¬�æ¨¨, ª®â®à�ï á®¤¥à¦¨â −®¢ë¥ §−�−¨ï, ¢ â®¬
ç¨á«¥ ¯�à�¬¥âàë âà�−áä®à¬�æ¨¨ ¤�−−ëå −� à¥áãàá�å Œ–�.

3 Модели трансформации данных на ресурсах
междисциплинарной цифровой платформы

‘ ãç¥â®¬ ¯à¨¢¥¤¥−−ëå ¢ëè¥ á®®¡à�¦¥−¨© ®¯à¥¤¥«¥− £«�¢−ë© ¯à¨−æ¨¯ ª®−-
âà®«ï ª�ç¥áâ¢� âà�−áä®à¬�æ¨¨ ¤�−−ëå −� £àã¯¯®¢ëå ¢ëç¨á«¨â¥«ì−ëå à¥áãàá�å
Œ–�, ª®â®àë© á®áâ®¨â ¢ ¯à¨¬¥−¥−¨¨ ¯à®æ¥¤ãàë ¨§¬¥à¥−¨ï ¢ −¨å ¤«¨â¥«ì-
−®áâ¨ ¨−â¥à¢�«®¢ §�−ïâ®áâ¨ á ãç¥â®¬ ¤¨−�¬¨ç¥áª¨å á¢®©áâ¢ ¢à¥¬¥−¨ ®¡à�¡®âª¨
âà�−áä®à¬¨àã¥¬ëå ¤�−−ëå.

÷�§à�¡®â�−� áå¥¬� £àã¯¯®¢®£® ¢ëç¨á«¨â¥«ì−®£® à¥áãàá� Œ–� (à¨á. 2), ª®-
â®à�ï ®â®¡à�¦�¥â ¨§«®¦¥−−ë© ¢ëè¥ ¯®¤å®¤.

�à¨ ®¯¨á�−¨¨ £àã¯¯®¢®£® ¢ëç¨á«¨â¥«ì−®£® à¥áãàá� Œ–� (á¬. à¨á. 2) ¨á-
¯®«ì§ãîâáï á«¥¤ãîé¨¥ ¯�à�¬¥âàë:

P k
N (j)| ¢¥à®ïâ−®áâì â®£®, çâ® âà¥¡®¢�−¨¥ | ¯�ª¥â ¤�−−ëå, ¯®áâã¯¨¢è¨© k-¬
¯® ¯®àï¤ªã ¢ ¨−â¥à¢�«¥ §�−ïâ®áâ¨ ¢ëç¨á«¨â¥«ì−®£® à¥áãàá� ¤«¨â¥«ì−®áâìî
¢ N ¯�ª¥â®¢ ¤�−−ëå | ãá«®¢−ëå ¥¤¨−¨æ, | §�áâ�−¥â ¢ −¥¬ j ¯�ª¥â®¢ ¤�−−ëå;

÷¨á. 2 ‘å¥¬� £àã¯¯®¢®£® ¢ëç¨á«¨â¥«ì−®£® à¥áãàá� Œ–�
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T | ¬�ªá¨¬�«ì−® ¤®¯ãáâ¨¬®¥ (¤®¢¥à¥−−®¥) §−�ç¥−¨¥ ¢à¥¬¥−¨ ®¦¨¤�−¨ï ¯�ª¥â®¬
¤�−−ëå ®¡á«ã¦¨¢�−¨ï;

P(≤ T ) | ¬¨−¨¬�«ì−® ¤®¯ãáâ¨¬®¥ (¤®¢¥à¥−−®¥) §−�ç¥−¨¥ ¢¥à®ïâ−®áâ¨ −¥¯à¥-
¢ëè¥−¨ï ¢à¥¬¥−¨ T ;

[J = (T/tcu)]| ¬�ªá¨¬�«ì−® ¤®¯ãáâ¨¬®¥ §−�ç¥−¨¥ ¢à¥¬¥−¨ ®¦¨¤�−¨ï ¯�ª¥â®¬
¤�−−ëå ®¡á«ã¦¨¢�−¨ï, ¢ëà�¦¥−−®¥ ç¨á«®¬ ãá«®¢−ëå ¥¤¨−¨æ, £¤¥ ç¥à¥§ [x]
®¡®§−�ç¥−� æ¥«�ï ç�áâì ç¨á«� x.

tcu | ¤«¨â¥«ì−®áâì 1 ãá«®¢−®© ¥¤¨−¨æë.

‚ Œ–� ®¡à�§ãîâáï ¤¢� â¨¯� âà�ªâ®¢ âà�−áä®à¬�æ¨¨ ¤�−−ëå á ¨á¯®«ì§®¢�-
−¨¥¬ £àã¯¯®¢ëå ¢ëç¨á«¨â¥«ì−ëå à¥áãàá®¢.

Œ®¤¥«ì âà�−áä®à¬�æ¨¨ ¤�−−ëå ¢® ¢å®¤ïé¥¬ âà�ªâ¥ ¯à¥¤áâ�¢«¥−� −� à¨á. 3.
‚ ¬®¤¥«¨ âà�−áä®à¬�æ¨¨ ¤�−−ëå ¢® ¢å®¤ïé¥¬ âà�ªâ¥ (á¬. à¨á. 3) ¢ë¯®«−ï-

îâáï á«¥¤ãîé¨¥ äã−ªæ¨¨:

{ äã−ªæ¨¨ à�á¯à¥¤¥«¥−¨ï 2-£® â¨¯� ¢ë¯®«−ïîâ §�¯¨áì ¤�−−ëå ¨§ âà�−á¯®àâ−®-
£® à¥áãàá� ¢ ¢ëç¨á«¨â¥«ì−ë© à¥áãàá ¢ á®®â¢¥âáâ¢¨¨ á �¤à¥á®¬ �‘, ¨§ ª®â®à®©
¤�−−ë¥ ¯¥à¥¤�−ë;

{ ¢ëç¨á«¨â¥«ì−ë© à¥áãàá ¨−¨æ¨¨àã¥â §�¯ãáª äã−ªæ¨© à�á¯à¥¤¥«¥−¨ï 1-£®
â¨¯�, ¨á¯®«ì§ãï ª®¤ ¨ ¡�§ã ¤�−−ëå â®© ¯à¨ª«�¤−®© ¯à®£à�¬¬ë (äã−ªæ¨®-
−�«ì−ë© ¨ ¨−ä®à¬�æ¨®−−ë© à¥áãàá), ª®â®à�ï ¢®áâà¥¡®¢�−� ¤«ï ¯à®¢¥¤¥−¨ï
âà�−áä®à¬�æ¨¨ −�¤ ¯®áâã¯¨¢è¨¬¨ ¤�−−ë¬¨;

{ äã−ªæ¨¨ à�á¯à¥¤¥«¥−¨ï 1-£® â¨¯� ¢ë¯®«−ïîâ −� ¢ëç¨á«¨â¥«ì−®¬ à¥áãàá¥
−¥®¡å®¤¨¬ë¥ ®¯¥à�æ¨¨, −�¯à¨¬¥à ¯® ãáâ�−®¢ª¥ ª�−�«� ¯¥à¥¤�ç¨ ¤�−−ëå
¢ «®ª�«ì−®© á¥â¨ ¬¥¦¤ã ¢ëç¨á«¨â¥«ì−ë¬ ª®¬¯«¥ªá®¬, á ®¤−®© áâ®à®−ë,
¨ −�ª®¯¨â¥«¥¬ á ¯à®£à�¬¬®© ¨ ¡�§®© ¤�−−ëå, á ¤àã£®© áâ®à®−ë;

{ ¢ëç¨á«¨â¥«ì−ë© à¥áãàá ®¡¥á¯¥ç¨¢�¥â ¢ë¯®«−¥−¨¥ ®¯¥à�æ¨© ¯à®£à�¬¬ë, −�-
¯à¨¬¥à ¯® ªà¨¯â®£à�ä¨ç¥áª®¬ã ¤¥è¨äà®¢�−¨î ¤�−−ëå, ¨ ¯¥à¥¤�¥â ¤�−−ë¥
¢ á®®â¢¥âáâ¢ãîéãî ¡�§ã ¤�−−ëå (¨−ä®à¬�æ¨®−−ë© à¥áãàá).

Œ®¤¥«ì âà�−áä®à¬�æ¨¨ ¤�−−ëå ¢ ¨áå®¤ïé¥¬ âà�ªâ¥ ¯à¥¤áâ�¢«ï¥â á®¡®©
§¥àª�«ì−®¥ ®â®¡à�¦¥−¨¥ ¬®¤¥«¨ âà�−áä®à¬�æ¨¨ ¤�−−ëå ¢® ¢å®¤ïé¥¬ âà�ªâ¥ (á¬.
à¨á. 3), ¯à¨ íâ®¬ ¢ë¯®«−ïîâáï á«¥¤ãîé¨¥ äã−ªæ¨¨:

÷¨á. 3 Œ®¤¥«ì âà�−áä®à¬�æ¨¨ ¤�−−ëå ¢® ¢å®¤ïé¥¬ âà�ªâ¥
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{ á®®â¢¥âáâ¢ãîé�ï ¯à®£à�¬¬� −� ¨−ä®à¬�æ¨®−−ëå à¥áãàá�å ¨−¨æ¨¨àã¥â §�-
¯ãáª äã−ªæ¨© à�á¯à¥¤¥«¥−¨ï 1-£® â¨¯�, ¨á¯®«ì§ãï ª®¤ â®£® ¢ëç¨á«¨â¥«ì−®£®
à¥áãàá�, ª®â®àë© ¢®áâà¥¡®¢�− ¤«ï ¯à®¢¥¤¥−¨ï âà�−áä®à¬�æ¨¨ ¤�−−ëå, −�-
¯à¨¬¥à ª®¤ �‘, ¢ ª®â®àãî ¤�−−ë¥ ¤®«¦−ë ¡ëâì ¯¥à¥¤�−ë;

{ äã−ªæ¨¨ à�á¯à¥¤¥«¥−¨ï 1-£® â¨¯� ¢ë¯®«−ïîâ ¯à®æ¥¤ãàë, −¥®¡å®¤¨¬ë¥ ¤«ï
¢ë¯®«−¥−¨ï ®¯¥à�æ¨© −� ¢ëç¨á«¨â¥«ì−®¬ à¥áãàá¥, −�¯à¨¬¥à ¯® ãáâ�−®¢ª¥
ª�−�«� ¯¥à¥¤�ç¨ ¤�−−ëå ¢ «®ª�«ì−®© á¥â¨ ¬¥¦¤ã ¢ëç¨á«¨â¥«ì−ë¬ ª®¬¯«¥ª-
á®¬, á ®¤−®© áâ®à®−ë, ¨ −�ª®¯¨â¥«¥¬ á ¯à®£à�¬¬®© ¨ ¡�§®© ¤�−−ëå, á ¤àã£®©
áâ®à®−ë;

{ ¢ëç¨á«¨â¥«ì−ë© à¥áãàá ®¡¥á¯¥ç¨¢�¥â ¢ë¯®«−¥−¨¥ ®¯¥à�æ¨© ¯à®£à�¬¬ë, −�-
¯à¨¬¥à ¯® ªà¨¯â®£à�ä¨ç¥áª®¬ã è¨äà®¢�−¨î ¤�−−ëå, ¨ ¨−¨æ¨¨àã¥â §�¯ãáª
äã−ªæ¨© à�á¯à¥¤¥«¥−¨ï 2-£® â¨¯�, ¨á¯®«ì§ãï ª®¤ë ãáâà®©áâ¢ ¯¥à¥¤�ç¨ ¤�−-
−ëå ¨ á¢ï§¨, ¢®áâà¥¡®¢�−−ë¥ ¤«ï ¯¥à¥¤�ç¨ ¤�−−ëå ¢ á®®â¢¥âáâ¢ãîéãî �‘;

{ äã−ªæ¨¨ à�á¯à¥¤¥«¥−¨ï 2-£® â¨¯� ¢ë¯®«−ïîâ §�¯¨áì ¤�−−ëå ¨§ ¢ëç¨á«¨-
â¥«ì−®£® à¥áãàá� ¯®á«¥¤®¢�â¥«ì−® ¢ á®®â¢¥âáâ¢ãîé¨¥ ãáâà®©áâ¢� ¯¥à¥¤�ç¨
¤�−−ëå ¨ á¢ï§¨ ¨§ á®áâ�¢� âà�−á¯®àâ−ëå à¥áãàá®¢.

’à�−á¯®àâ−ë© à¥áãàá ®áãé¥áâ¢«ï¥â ¯¥à¥¤�çã ¤�−−ëå ¢ æ¨äà®¢ãî âà�−á¯®àâ-
−ãî á¥âì ¨ ¤�«¥¥ ¢ á®®â¢¥âáâ¢ãîéãî �‘.

4 Формальное описание методического подхода
к контролю над трансформацией данных
в междисциплинарной цифровой платформе

Œ¥â®¤¨ç¥áª¨© ¯®¤å®¤ ª ª®−âà®«î −�¤ âà�−áä®à¬�æ¨¥© ¤�−−ëå ¢ Œ–�,
¨áå®¤ï ¨§ ¯à¥¤áâ�¢«¥−−®© ¢ëè¥ ¨−ä®à¬�æ¨¨, ä®à¬�«ì−® ¬®¦−® ¯à¥¤áâ�¢¨âì ª�ª
¯®á«¥¤®¢�â¥«ì−®áâì ¢ë¯®«−¥−¨ï á«¥¤ãîé¨å è�£®¢:

1. ‡�ª«îç�îâ ¤®£®¢®àë á ®¡ï§�â¥«ìáâ¢�¬¨ ®¯¥à�â®à� Œ–� ¯¥à¥¤ �‘ | ¯®«ì-
§®¢�â¥«ï¬¨ ¥¥ à¥áãàá®¢ | ® á®¡«î¤¥−¨¨ §−�ç¥−¨© ¯�à�¬¥âà®¢ ¢à¥¬¥−¨
¯¥à¥¤�ç¨ ¤�−−ëå ® −®¢ëå §−�−¨ïå íª®−®¬¨ç¥áª¨¬ �£¥−â�¬ ®â ¨å −�ãç−ëå
¯�àâ−¥à®¢ | ¢à¥¬¥−¨, §�âà�ç¨¢�¥¬®£® −� âà�−áä®à¬�æ¨î íâ¨å ¤�−−ëå
¢ Œ–�.

2. �¯à¥¤¥«ïîâ ¢ ª�ç¥áâ¢¥ ¤®¢¥à¥−−ëå §−�ç¥−¨© ¬�ªá¨¬�«ì−® ¤®¯ãáâ¨¬ë¥ §−�-
ç¥−¨ï ¢à¥¬¥−¨ Tv ®¦¨¤�−¨ï âà¥¡®¢�−¨ï¬¨ ®¡á«ã¦¨¢�−¨ï −� £àã¯¯®¢ëå
¢ëç¨á«¨â¥«ì−ëå à¥áãàá�å, v = 1, 2, . . . , V (á¬. à¨á. 2), ¨ ¬¨−¨¬�«ì−® ¤®-
¯ãáâ¨¬ëå §−�ç¥−¨© ¢¥à®ïâ−®áâ¨ Pv(≤ Tv) −¥¯à¥¢ëè¥−¨ï íâ®£® ¢à¥¬¥−¨.

3. �à¥®¡à�§ãîâ ¤®¢¥à¥−−ë¥ §−�ç¥−¨ï ¢à¥¬¥−¨ Tv ¤«ï £àã¯¯®¢ëå ¢ëç¨á«¨â¥«ì-
−ëå à¥áãàá®¢ ¢ ¡¥§à�§¬¥à−ë¥ §−�ç¥−¨ï [Jv = Tv/t

v
cu], ª®â®àë¥ ¢ëà�¦¥−ë

ç¨á«®¬ ãá«®¢−ëå ¥¤¨−¨æ, ¯à¨ç¥¬:

{ ä®à¬�â ¤�−−ëå á®®â¢¥âáâ¢ã¥â à�§àï¤−®áâ¨ ¢ëç¨á«¨â¥«ì−®£® à¥áãàá�;
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{ ¢à¥¬ï ®¡à�¡®âª¨ ®¤−®£® ä®à¬�â� (¯�ª¥â�) ¤�−−ëå à�¢−® ®¤−®© ¡¥§à�§¬¥à-
−®© ãá«®¢−®© ¥¤¨−¨æ¥ (¢ ¯à®æ¥¤ãà�å ¨§¬¥à¥−¨© ¨á¯®«ì§ãîâáï ¯®ª�§�â¥«¨
¢à¥¬¥−¨ | ¬¨ªà®-, ¬¨««¨á¥ªã−¤ë ¨ ¤à.).

4. ˆ§¬¥àïîâ ä�ªâ¨ç¥áª¨¥ §−�ç¥−¨ï ¤«¨â¥«ì−®áâ¨ ¨−â¥à¢�«®¢ T ∗
v §�−ïâ®áâ¨ −�

£àã¯¯®¢ëå ¢ëç¨á«¨â¥«ì−ëå à¥áãàá�å ¨ ¯à¥®¡à�§ãîâ ¨å ª ¡¥§à�§¬¥à−ë¬
§−�ç¥−¨ï¬ [J∗

v = T ∗
v /tvcu].

5. �à®¢®¤ïâ áà�¢−¨â¥«ì−ãî ®æ¥−ªã á®®â¢¥âáâ¢ãîé¨å ¤®¢¥à¥−−ëå ¨ ä�ªâ¨ç¥-
áª¨å ¡¥§à�§¬¥à−ëå §−�ç¥−¨© ¤«¨â¥«ì−®áâ¨ ¨−â¥à¢�«®¢ §�−ïâ®áâ¨ −� £àã¯¯®-
¢ëå ¢ëç¨á«¨â¥«ì−ëå à¥áãàá�å:

[

Jv =
Tv

tvcu

]

−

[

J∗
v =

T ∗
v

tvcu

]

= Lv .

…á«¨ Lv ≥ 0, â® ª«�áá¨ä¨æ¨àãîâ §−�ç¥−¨¥ Lv ª�ª ¤®¢¥à¥−−®¥ §−�ç¥−¨¥
ª�ç¥áâ¢� âà�−áä®à¬�æ¨¨ ¤�−−ëå −� £àã¯¯®¢®¬ ¢ëç¨á«¨â¥«ì−®¬ à¥áãàá¥ v
¨ ¤®¡�¢«ïîâ 1 (¥¤¨−¨æã) ¢ ¡�§ã ¤�−−ëå ¤®¢¥à¥−−ëå §−�ç¥−¨© Œ–�.
…á«¨ Lv < 0, â® ¯¥à¥å®¤ïâ ª è�£ã 6.

6. ‘ ¨á¯®«ì§®¢�−¨¥¬ ¨§¢¥áâ−®© ä®à¬ã«ë [16, á. 13, ä®à¬ã«� (6)] ¯à®¢®¤ïâ
à�áç¥â ¢¥à®ïâ−®áâ¨ P k

N (j) â®£®, çâ® ¯�ª¥â ¤�−−ëå, ¯®áâã¯¨¢è¨© k-¬ ¯®
¯®àï¤ªã ¢ ¨−â¥à¢�«¥ §�−ïâ®áâ¨ ¢ëç¨á«¨â¥«ì−®£® à¥áãàá� ¤«¨â¥«ì−®áâìî ¢ N
¯�ª¥â®¢ ¤�−−ëå, §�áâ�−¥â ¢ −¥¬ j ¯�ª¥â®¢ ¤�−−ëå. ˆáå®¤−ë¥ ¤�−−ë¥ ¤«ï
à�áç¥â�:

j = Jv − 1; k = N .

…á«¨ P k
N (j) ≥ Pv(≤ Tv), â® ª«�áá¨ä¨æ¨àãîâ §−�ç¥−¨¥ Lv ª�ª ¤®¢¥à¥−−®¥

§−�ç¥−¨¥ ª�ç¥áâ¢� âà�−áä®à¬�æ¨¨ ¤�−−ëå −� £àã¯¯®¢®¬ ¢ëç¨á«¨â¥«ì−®¬
à¥áãàá¥ v ¨ ¤®¡�¢«ïîâ 1 (¥¤¨−¨æã) ¢ áç¥âç¨ª ¤®¢¥à¥−−®£® ª�ç¥áâ¢� Œ–�.
…á«¨P k

N (j) < Pv(≤ Tv), â® ª«�áá¨ä¨æ¨àãîâ §−�ç¥−¨¥Lv ª�ª −¥¤®áâ�â®ç−®¥
§−�ç¥−¨¥ ª�ç¥áâ¢� âà�−áä®à¬�æ¨¨ ¤�−−ëå −� £àã¯¯®¢®¬ ¢ëç¨á«¨â¥«ì−®¬
à¥áãàá¥ v ¤®¡�¢«ïîâ 1 (¥¤¨−¨æã) ¢ áç¥âç¨ª −¥¤®áâ�â®ç−®£® ª�ç¥áâ¢� Œ–�.

7. –¨ª«¨ç−® á ¯�à�¬¥âà®¬ –T (−�¯à¨¬¥à, ¤¥ª�¤�, ¬¥áïæ, ª¢�àâ�«) ¯® á®£«�-
è¥−¨î ®¯¥à�â®à� Œ–Š ¨ áã¡ê¥ªâ®¢ ¢§�¨¬®¤¥©áâ¢¨ï −� ®á−®¢¥ ¯®ª�§�−¨©
áç¥âç¨ª®¢ ¤®¢¥à¥−−®£® (S1) ¨ −¥¤®áâ�â®ç−®£® (S2) ª�ç¥áâ¢� Œ–� ¯à®¢®¤ïâ
à�áç¥â ãà®¢−ï ª�ç¥áâ¢� âà�−áä®à¬�æ¨¨ ¤�−−ëå −� ¢ëç¨á«¨â¥«ì−ëå à¥áãà-
á�å:
¥á«¨ [S1/(S1 + S2)] · 100% ≥ Pv(≤ Tv), â® ãà®¢¥−ì ª�ç¥áâ¢� | ¤®¢¥à¥−−ë©;
¥á«¨ [S1/(S1 + S2)] · 100% < Pv(≤ Tv), â® ãà®¢¥−ì ª�ç¥áâ¢� | −¥¤®áâ�â®ç-
−ë©.
”®à¬¨àãîâ ®âç¥â ¨ ¯à¥¤®áâ�¢«ïîâ «¨æ�¬, ¯à¨−¨¬�îé¨¬ à¥è¥−¨ï.

��«¨ç¨¥ à�áç¥â−ëå ¯à®æ¥¤ãà ¢ ¯à¥¤«�£�¥¬®¬ ¬¥â®¤¨ç¥áª®¬ ¯®¤å®¤¥ ª ª®−-
âà®«î ª�ç¥áâ¢� ¯®§¢®«ï¥â ¯®«ãç¨âì ¡®«¥¥ â®ç−ë¥ §−�ç¥−¨ï ¯à¨ ®æ¥−ª¥ ãà®¢−ï
ª�ç¥áâ¢� âà�−áä®à¬�æ¨¨ ¤�−−ëå ¢ Œ–�.

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 33 −®¬¥à 3 2023 135



�. �. ‡�æ�à¨−−ë©, �. �. ˜�¡�−®¢

5 Заключение

‚¯¥à¢ë¥ ¯®áâ�¢«¥−�, ®¡®á−®¢�−� ¨ à¥è¥−� −�ãç−�ï §�¤�ç� ® à�§à�¡®âª¥
¬¥â®¤¨ç¥áª®£® ¯®¤å®¤� ª ª®−âà®«î ª�ç¥áâ¢� âà�−áä®à¬�æ¨¨ ¤�−−ëå ¢ Œ–�,
®¡¥á¯¥ç¨¢�îé¥£® ¯à®¢¥¤¥−¨¥ ®æ¥−ª¨ áâ¥¯¥−¨ á®®â¢¥âáâ¢¨ï ä�ªâ¨ç¥áª¨å §−�ç¥−¨©
¯�à�¬¥âà®¢ ¢à¥¬¥−¨ âà�−áä®à¬�æ¨¨ ¤�−−ëå ¨å ¤®¢¥à¥−−ë¬ §−�ç¥−¨ï¬, ª®â®àë¥
§�¯¨á�−ë ¢ ¤®£®¢®à�å áã¡ê¥ªâ®¢ á ®¯¥à�â®à®¬ æ¨äà®¢®© ¯«�âä®à¬ë.

÷�§à�¡®â�−� áå¥¬� ¯à®¨§¢®¤¨â¥«ì−ëå à¥áãàá®¢ æ¨äà®¢®© ¯«�âä®à¬ë,
®â®¡à�¦�îé�ï ¢§�¨¬®á¢ï§¨ äã−ªæ¨®−�«ì−ëå, ¨−ä®à¬�æ¨®−−ëå, ¢ëç¨á«¨â¥«ì-
−ëå ¨ âà�−á¯®àâ−ëå à¥áãàá®¢, ¨ â¨¯®¢�ï áå¥¬� £àã¯¯®¢®£® ¢ëç¨á«¨â¥«ì−®£®
à¥áãàá�, ¨á¯®«ì§ã¥¬�ï ¯à¨ ¯à®¢¥¤¥−¨¨ ®æ¥−ª¨ ãà®¢−ï ª�ç¥áâ¢� âà�−áä®à¬�æ¨¨
¤�−−ëå.

�à¥¤«®¦¥−� ¤¢ãåãà®¢−¥¢�ï ¯à®æ¥¤ãà� ®æ¥−ª¨ ª�ç¥áâ¢� âà�−áä®à¬�æ¨¨ ¤�−-
−ëå, ®¡¥á¯¥ç¨¢�îé�ï ¯®¢ëè¥−¨¥ â®ç−®áâ¨ ®æ¥−ª¨ ª�ç¥áâ¢�, çâ® áâ¨¬ã«¨àã¥â
à®áâ ¤®¢¥à¨ï áã¡ê¥ªâ®¢ ¨ ®¯¥à�â®à� æ¨äà®¢®© ¯«�âä®à¬ë ª ¯®«ãç�¥¬®© ¨¬¨
¨−ä®à¬�æ¨¨ ® ª�ç¥áâ¢¥ ®¡à�¡®âª¨ ¤�−−ëå.

�à¥¤«�£�¥¬ë© ¬¥â®¤¨ç¥áª¨© ¯®¤å®¤ ª ª®−âà®«î ª�ç¥áâ¢� âà�−áä®à¬�æ¨¨
¤�−−ëå ¬®¦¥â −�©â¨ ¯à�ªâ¨ç¥áª®¥ ¯à¨¬¥−¥−¨¥ ¢ Œ–�, ¯à¥¤−�§−�ç¥−−ëå ¤«ï
®à£�−¨§�æ¨¨ ¨ ¯®¤¤¥à¦ª¨ ¨−ä®à¬�æ¨®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï ¬¥¦¤ã áã¡ê¥ªâ�¬¨
íª®−®¬¨ç¥áª®©, ã¯à�¢«¥−ç¥áª®© ¨ −�ãç−®© ¤¥ïâ¥«ì−®áâ¨ ¯à¨ à¥�«¨§�æ¨¨ §�¤�ç
ä¥¤¥à�«ì−ëå ¯à®¥ªâ®¢, ¢ë¯®«−ï¥¬ëå ¢ á®®â¢¥âáâ¢¨¨ á −�æ¨®−�«ì−®© ¯à®£à�¬¬®©
ú–¨äà®¢�ï íª®−®¬¨ª�û.
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METHODOLOGICAL APPROACH
TO QUALITY CONTROL OF DATA TRANSFORMATION

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

Abstract: The object of the research are the processes of data transformation
in an interdisciplinary digital platform that provides information interaction
between subjects of economic, managerial, and scientific activities. The results
of the analysis of incoming and outgoing data transformation processes in the
digital platform are presented. It is shown that the processing time of transformed
data in computing resources depends on the information that these data contain
and which is determined by the intentions of the subjects. It is revealed that
for economic agents, the parameters of the timeliness of providing information
about new knowledge which is transmitted to them by scientific partners are
important. The parameters of data processing time in computing resources are
classified as data transformation quality parameters which are approved in the
contracts of subjects with the platform operator and are taken into account in the
requirements for quality control processes. For the first time, a methodological
approach to quality control is proposed based on a comparative assessment of
the degree of compliance of the actual values of the time parameters of data
transformation with their trusted values which are approved in contracts. The
practical significance of the methodological approach is to provide the functions
of an objective tool for monitoring compliance with the contractual obligations
of the operator of the digital platform to the interacting entities.

Keywords: digital platform; data transformation; information interaction;
timeliness; trusted control

DOI: 10.14357/08696527230311 EDN: MEONXL

References

1. Zatsarinnyy, A. A., and A. P. Shabanov. 2022. The software-controlled digital plat-
form model for the transmission of new knowledge. Conference (International) on
Modern Network Technologies Proceedings. Piscataway, NJ: IEEE. 9960743. 8 p. doi:
10.1109/MoNeTec55448.2022.9960743.

2. Xu, J., H. Smyth, and V. Zerjav. 2021. Towards the dynamics of trust in the relationship
between project-based firms and suppliers. Int. J. Proj. Manag. 39(1):32{44. doi:
10.1016/j.ijproman.2020.09.005.

3. Yazici, A., A. Mishra, and P. Kontogiorgis. 2015. IT service management (ITSM)
education and research: Global view. Int. J. Eng. Educ. 31(4):1071{1080.

138 Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2023 vol 33 no 3



Methodological approach to quality control of data transformation

4. Asikainen, A.-L., and G. Mangiarotti. 2017. Open innovation and growth in IT sector.
Serv. Bus. 11:45{68. doi: 10.1007/s11628-015-0301-2.

5. Lattemann, C., D. Siemon, D. Dorawa, and B. Redlich. 2017. Digitization of the
design thinking process solving problems with geographically dispersed teams. Design,
user experience, and usability: Theory, methodology, and management. Eds. A. Marcus
and W. Wang. Lecture notes in computer science ser. Cham: Springer. 10288:71{88.
doi: 10.1007/978-3-319-58634-2 6.

6. Shao, G., H. Latif, C. Martin, and P. Denno. 2019. Standards-based integration
of advanced process control and optimization. J. Industrial Information Integration
13:1{12. doi: 10.1016/j.jii.2018.11.001.

7. Semenov, V., D. Ilyin, S. Morozov, and O. Tarlapan. 2019. Effective consistency
management for large-scale product data. J. Industrial Information Integration 13:13{
21. doi: 10.1016/j.jii.2018.11.006.

8. Potapov, S. E. 2019. Issledovanie protsessa peredachi informatsii po virtual'nym
marshrutam v radioseti sistemy svyazi s podvizhnymi ob"ektami [Research of process of
information transfer on virtual routes in the radio network of the communication system
with mobile objects]. Teoriya i tekhnika radiosvyazi [Radio Communication Theory
and Technology] 3:11{23.

9. Morshedzadeh, I., A. H. C. Ng, and M. Jeusfeld. 2021. Managing manufacturing
data and information in product lifecycle management systems considering changes
and revisions. Int. J. Product Lifecycle Management 13(3):244{264. doi: 10.1504/
IJPLM.2021.118041.

10. Auemhammer, J., and R. Bernard. 2021. The origin and evolution of Stanford
University's design thinking: From product design to design thinking in innovation
management. J. Prod. Innovat. Manag. 38(6):623{644. doi: 10.1111/jpim.12594.

11. Orekhov, S. E., D. P. Artamonov, and S. A. Ivanov. 2020. Tekhnologii oblachnykh
vychisleniy v integrirovannykh sistemakh upravleniya [Cloud computing technologies
in integrated management systems]. Infokommunikatsionnye tekhnologii [Infocommuni-
cation Technologies] 18(4):477{484. doi: 10.18469/ikt.2020.18.4.13.

12. Volkov, A. O. 2020. Evaluation of cloud computing cluster performance. T-Comm
14(12):72{79. doi: 10.36724/2072-8735-2020-14-12-72-79.

13. Sheykhgasanov, Sh. K., and Yu. V. Kolotilov. 2020. Metody dostizheniya energoeffek-
tivnosti v oblachnykh vychisleniyakh [Methods for achieving energy efficiency in cloud
computing]. Vestnik Astrakhanskogo gosudarstvennogo tekhnicheskogo universiteta.
Ser. Upravlenie, vychislitel'naya tekhnika i informatika [Bulletin of Astrakhan State
Technical University. Ser. Management, Computer Science, and Informatics] 2:77{83.
doi: 10.24143/2072-9502-2020-2-77-83.

14. Fayzullin, R. V., Sh. Khering, and K. A. Vasilenko. 2020. Modeli otsenki effektiv-
nosti oblachnykh tekhnologiy i tumannykh vychisleniy [Models of evaluations of the
cloud technology and fog computing]. Modelirovanie, optimizatsiya i informatsionnye
tekhnologii [Modeling, Optimization, and Information Technology] 8(1):30{31. doi:
10.26102/2310-6018/2020.28.1.025.

15. Spitsyn, A. A. 2021. Algoritm nastroyki parametrov raspisaniya oblachnykh vychisle-
niy na osnove optimizatsii roya chastits [Algorithm for configuring cloud computing
schedule parameters based on particle swarm optimization]. Vestnik Ryazanskogo
gosudarstvennogo radiotekhnicheskogo universiteta [Bulletin of the Ryazan State Radio
Engineering University] 75:44{52. doi: 10.21667/1995-4565-2021-75-44-52.

Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2023 vol 33 no 3 139



A. A. Zatsarinny and A. P. Shabanov

16. Zatsarinnyy, A. A., and A. P. Shabanov. 2011. Metodologicheskiy podkhod k upravle-
niyu kachestvom informatsii v slozhnykh infokommunikatsionnykh proektakh [Method-
ological approach to quality management in complex communication projects]. Sistemy
i Sredstva Informatiki | Systems and Means of Informatics 21(2):3{20.

Received May 7, 2023

Contributors

Zatsarinny Alexander A. (b. 1951) | Doctor of Science in technology, professor,
principal scientist, Federal Research Center \Computer Science and Control" of
the Russian Academy of Sciences, 44-2 Vavilov Str., Moscow 119133, Russian
Federation; AZatsarinny@ipiran.ru
Shabanov Alexander P. (b. 1949) | Doctor of Science in technology, leading
scientist, Federal Research Center \Computer Science and Control" of the Russian
Academy of Sciences, 44-2 Vavilov Str., Moscow 119133, Russian Federation;
apshabanov@mail.ru

140 Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2023 vol 33 no 3



‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ, 2023. ’. 33. ü 3. ‘. 141{148

ТЕОРИЯ S-СИМВОЛОВ: СЕТЕВОЙ ТАБС-РЕШАТЕЛЬ S-ЗАДАЧ

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�¢«¥−� âà¥âìï
ç�áâì (¨§ ç¥âëà¥å) ®¯¨á�−¨ï â¥®à¨¨. �à¨¢¥¤¥−ë ®¯à¥¤¥«¥−¨ï ¯®−ïâ¨© ¬−®£®-
á«®©−®© â�¡«¨æë (â�¡á�) ¨ â�¡á-áâàãªâãà, ¨á¯®«ì§ã¥¬ëå ¤«ï ¯à¥¤áâ�¢«¥−¨ï
S-®¡ê¥ªâ®¢. „�−® ®¯¨á�−¨¥ ®á−®¢ â�¡á-ª®−áâàã¨à®¢�−¨ï S-®¡ê¥ªâ®¢. �á−®¢-
−�ï ç�áâì áâ�âì¨ ¯®á¢ïé¥−� á¥â¥¢®¬ã â�¡á-à¥è�â¥«î ¯à®¨§¢®«ì−ëå §�¤�ç −�
®á−®¢¥ á¨áâ¥¬ë §−�−¨© ®¡ S-§�¤�ç�å. Œ¥â®¤®«®£¨ï ¥£® ¯®áâà®¥−¨ï à�á-
á¬�âà¨¢�¥âáï ª�ª ¢ª«�¤ ¢ ¬¥â®¤®«®£¨ç¥áª®¥ ®¡¥á¯¥ç¥−¨¥ à�§à�¡®âª¨ á¨áâ¥¬
æ¨äà®¢¨§�æ¨¨ à�§«¨ç−ëå ¢¨¤®¢ ¤¥ïâ¥«ì−®áâ¨.

Š«îç¥¢ë¥ á«®¢�: â¥®à¨ï S-á¨¬¢®«®¢; S-§�¤�ç�; â�¡á; á¥â¥¢®© â�¡á-à¥è�â¥«ì
S-§�¤�ç; �¢â®¬�â¨§�æ¨ï à�§à�¡®âª¨ á¨áâ¥¬ æ¨äà®¢¨§�æ¨¨

DOI: 10.14357/08696527230312 EDN: EJHIQJ

1 Введение

“¦¥ ¡®«¥¥ ¯®«ã¢¥ª� −¥ ¯à¥ªà�é�îâáï ¯®¯ëâª¨ −�©â¨ íää¥ªâ¨¢−ë© ®â¢¥â −�
¢®¯à®á, ª�ª �¢â®¬�â¨§¨à®¢�âì ¯à®æ¥ááë ¯à®£à�¬¬¨à®¢�−¨ï ¨ à¥è¥−¨ï §�¤�ç ¨§
¯à®¨§¢®«ì−ëå ¯à¥¤¬¥â−ëå ®¡«�áâ¥©.

�� à�−−¨å íâ�¯�å (¢ 1970{1980-å ££.) ®á®¡¥−−® ¯®¯ã«ïà−ë¬¨ ¡ë«¨ ¨¤¥¨
�¢â®¬�â¨ç¥áª®£® á¨−â¥§� ¯à®£à�¬¬ [1]. ‘â®à®−−¨ª¨ íâ¨å ¨¤¥© à�áá¬�âà¨¢�«¨
¯à®£à�¬¬ë ¨ á¯¥æ¨ä¨ª�æ¨¨ §�¤�ç ª�ª ¬�â¥¬�â¨ç¥áª¨¥ áãé−®áâ¨, ¯®«�£�ï, çâ®
¯¥à¢ë¥ ¬®£ãâ ¡ëâì ¯®«ãç¥−ë ¯ãâ¥¬ ä®à¬�«ì−ëå ¯à¥®¡à�§®¢�−¨© ¢â®àëå. �¤−®©
¨§ ¨§¢¥áâ−ëå ¯®¯ëâ®ª −� íâ®¬ −�¯à�¢«¥−¨¨ áâ�«� á¨áâ¥¬� �÷ˆ‡ [2, 3].

�® â¥¬, ªâ® ¨¬¥¥â ãá¯¥è−ë© ®¯ëâ à�§à�¡®âª¨ −¥âà¨¢¨�«ì−ëå ¯à®£à�¬¬−ëå
¯à®¤ãªâ®¢, å®à®è® ¨§¢¥áâ−®, 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−®¬ ¤¥«¥)
¨ ¨§¤¥«¨¥, ª®â®à®¥ ¯à¥¤áâ®¨â ¨§£®â®¢¨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)2.

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

2‘¨¬¢®«ì−®¥ ¬®¤¥«¨à®¢�−¨¥ (S-¬®¤¥«¨à®¢�−¨¥) // �−æ¨ª«®¯¥¤¨ï ÷ã−¨¢¥àá�«¨á. https://
ÒÕÎÉ.ÒÆ/index.php/óÉÍ×ÏÌØÎÏÅ ÍÏÄÅÌÉÒÏ×ÁÎÉÅ (S-ÍÏÄÅÌÉÒÏ×ÁÎÉÅ).
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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 Табс и табс-структура

ˆ¤¥ï ¨§®¡à¥â¥−¨ï â�¡á� ¨ â�¡á-áâàãªâãàë áä®à¬¨à®¢�«�áì ¢ ¯à®æ¥áá¥
¯®¨áª� á¨áâ¥¬ë ä®à¬, ã¤®¡−®© ¤«ï ¨−â¥à�ªâ¨¢−®£® ®¯¨á�−¨ï ¬−®¦¥áâ¢ ¯®−ïâ¨©
¨ §�¤�−−ëå −� −¨å á¥¬¥©áâ¢ S-§�¤�ç−ëå ®â−®è¥−¨© [4]. �à¨ íâ®¬ ¨áª®¬�ï
¯®§¨æ¨®−−�ï á¨áâ¥¬� ¤®«¦−� ¡ë«� ¡ëâì ã¤®¡−®© ¨ íää¥ªâ¨¢−®© ¤«ï ¯à¥¤áâ�¢«¥-
−¨ï −� ¥¥ ®á−®¢¥ ¢á¥å áâàãªâãà ¤�−−ëå ¢ ¯à®æ¥áá�å S-§�¤�ç−®£® ª®−áâàã¨à®¢�−¨ï.

� ’�¡á | íâ® âà¥å¬¥à−�ï (¬−®£®á«®©−�ï) â�¡«¨æ�, ¨¬¥îé�ï ¤¢� â¨¯� ª«¥â®ª
¤«ï á¢ï§¨ á ¤àã£¨¬¨ â�ª¨¬¨ â�¡«¨æ�¬¨. �¥à¢ë© â¨¯ | ãª�§�â¥«ì −� â�¡á (tabs-
pointer), ¢â®à®© | ¢«®¦¥−−ë© â�¡á (tabs-nested). ‡−�ç¥−¨ï¬¨ â¨¯� tabs-pointer
á«ã¦�â â�¡á-�¤à¥á�. ’�¡á-�¤à¥á (tabs-adress) §�¤�¥âáï ¨¬¥−¥¬ â�¡á� ¨ âà¥¬ï
ª®®à¤¨−�â�¬¨: ¯¥à¢�ï | −®¬¥à â�¡á-áâà®ª¨ (tabs-row), ¢â®à�ï | â�¡á-áâ®«¡-
æ� (tabs-column) ¨ âà¥âìï | â�¡á-á«®ï (tabs-layer). ‡−�ç¥−¨ï¬¨ â¨¯� tabs-nested
á«ã¦�â â�¡áë. �®¯�¤�−¨¥ ¢ ª«¥âªã â¨¯� tabs-nested ¤¥«�¥â ¤®áâã¯−ë¬ ¢«®¦¥−−ë©
¢ íâã ª«¥âªã â�¡á. �

� ’�¡á-áâàãªâãà� | ¬−®¦¥áâ¢® â�¡á®¢ ¨ á¥¬¥©áâ¢® §�¤�−−ëå −� −¥¬ ®â−®-
è¥−¨©. �â−®è¥−¨ï à¥�«¨§ãîâáï ¯®áà¥¤áâ¢®¬ â¨¯®¢ tabs-nested ¨ tabs-pointer. �

♦ ‘ãé¥áâ¢®¢�−¨¥ â¨¯� tabs-nested ®á¢®¡®¦¤�¥â ®â −¥®¡å®¤¨¬®áâ¨ ¢® ¢á¥å
á«ãç�ïå ¨¬¥−®¢�âì â�¡áë. ‚®§¬®¦−®áâì á®§¤�¢�âì ¢«®¦¥−−ë¥ â�¡áë ¯®«¥§−�
¨ ¤«ï �£à¥£¨à®¢�−¨ï, ¨ ¤«ï ¤¥ª®¬¯®§¨æ¨¨. ♦ © Š«¥âªã â¨¯� tabs-nested ¬®¦−®
à�áá¬�âà¨¢�âì ª�ª −¥ª®â®àë© �£à¥£�â, ¯à¥¤áâ�¢«ïîé¨© äà�£¬¥−â ¯�¬ïâ¨ ª®−-
áâàã¨àã¥¬®£® â�¡á-à¥è�â¥«ï S-§�¤�ç (tabs-solver), � á�¬ ¢«®¦¥−−ë© â�¡á ¯à¨
íâ®¬ à�áá¬�âà¨¢�âì ª�ª ¤¥ª®¬¯®§¨æ¨î ã¯®¬ï−ãâ®£® äà�£¬¥−â�. ©

3 Сетевой табс-решатель S-задач (tabs-solver)

� Tabs-solver ¯à¥¤áâ�¢«ï¥â á®¡®© á¥âì à¥è�â¥«¥© S-§�¤�ç, ¢ ª®â®à®© ª�¦¤ë©
ã§¥« tabs-solverN ¬®¦¥â ¢§�¨¬®¤¥©áâ¢®¢�âì á «î¡ë¬ ¤àã£¨¬ ã§«®¬ íâ®© á¥â¨. �
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Š�¦¤ë© tabs-solverN ¨¬¥¥â æ¨äà®¢®£® ¤¢®©−¨ª� [5] ¨ á¯¥æ¨�«¨§¨àã¥âáï −� ®¯à¥-
¤¥«¥−−®¬ ª«�áá¥ §�¤�ç ¨§ §�¤�−−®© ¯à¥¤¬¥â−®© ®¡«�áâ¨ (© íâ® ¬®£ãâ ¡ëâì §�¤�ç¨
¯®áâà®¥−¨ï á¨áâ¥¬ë §−�−¨© ®¡ S-§�¤�ç�å, �¢â®¬�â¨§¨à®¢�−−®£® ª®−áâàã¨à®¢�−¨ï
¯à®£à�¬¬ ¨«¨ ¤à.©). –¨äà®¢ë¥ ¤¢®©−¨ª¨ á«ã¦�â áà¥¤áâ¢®¬ á®¢¥àè¥−áâ¢®¢�−¨ï
äã−ªæ¨®−¨à®¢�−¨ï ®â¤¥«ì−ëå tabs-solverN ¨ ¢á¥£® tabs-solver.

� 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®¢ §�¢¨á¨â ®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¨, âà¥¡®¢�−¨¥ ª ¨−ä®à¬�-
æ¨®−−®© ¡¥§®¯�á−®áâ¨ ¨ ¤à. �¯¨á�−¨ï ¯à¨¬¥−¥−¨ï í«¥¬¥−â®¢ ¨§ Alg ¢ª«îç�îâ
¤�−−ë¥ ® ¤®¯ãáâ¨¬ëå à¥¦¨¬�å à�¡®âë à¥è�â¥«ï S-§�¤�ç¨, ® âà¥¡®¢�−¨ïå ª ¯®«ã-
ç¥−−®¬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. [6,7].

�ã¤¥¬ à�áá¬�âà¨¢�âì tabs-solverN c ¤¢ãå â®ç¥ª §à¥−¨ï.
‚®-¯¥à¢ëå, ª�ª ¨−ä®à¬�æ¨®−−ë© �¢â®¬�â, ¢§�¨¬®¤¥©áâ¢ãîé¨© á á¥¡¥ ¯®-

¤®¡−ë¬¨ �¢â®¬�â�¬¨ ¨ á í«¥¬¥−â�¬¨ ®ªàã¦¥−¨ï (¤�«¥¥ | enels) ¯ãâ¥¬ ¯®áë«ª¨
S-á®®¡é¥−¨©. ’�ª®¥ ¯à¥¤áâ�¢«¥−¨¥ −ã¦−®, çâ®¡ë, −¥ ¢−¨ª�ï ¢ ¬¥å�−¨§¬ë à¥è¥-
−¨ï §�¤�ç, à�¡®â�âì á tabs-solverN ª�ª á �ªâ¨¢−ë¬ S-®¡ê¥ªâ®¬, ¯à¥¤áâ�¢«ïîé¨¬
á®¡®© ¢¥àè¨−ã â�¡á-¯à¥¤áâ�¢«¥−−®£® S-£à�ä� [7].

‚â®à®© ®¡«¨ª tabs-solverN ¨á¯®«ì§ã¥¬, çâ®¡ë à�áªàëâì ¥£® ¯à¥¤−�§−�ç¥−¨¥
ª�ª áà¥¤áâ¢� à¥è¥−¨ï S-§�¤�ç ®¯à¥¤¥«¥−−®© ¯à¥¤¬¥â−®© ®¡«�áâ¨. ÷¥�«¨§�æ¨ï
S-¬®¤¥«¨ ¯à¥¤¬¥â−®© ®¡«�áâ¨, ¨−â¥à¯à¥â�æ¨ï §�¯à®á®¢ −� S-¬®¤¥«¨ | â�ª¨¥
¢®¯à®áë ¡ã¤¥¬ à�áá¬�âà¨¢�âì −� ®á−®¢¥ ¢â®à®£® ¯à¥¤áâ�¢«¥−¨ï.

� ˆ−ä®à¬�æ¨®−−�ï ¬®¤¥«ì tabs-solverN | íâ® S-¬�è¨−� á ª®−¥ç−ë¬
¬−®¦¥áâ¢®¬ á®áâ®ï−¨© S, ®¡«�¤�îé�ï æ¥«ìî (¯®−¨¬�¥¬®© ª�ª ¬−®¦¥áâ¢® S-§�-
¤�ç, à�§à¥è¨¬ëå −� §�¤�ç−®¬ S-£à�ä¥ G [7]). �

Œ−®¦¥áâ¢® T ¯�à á®áâ®ï−¨©, ¯à¨−�¤«¥¦�é¨å ¤¥ª�àâ®¢ã ¯à®¨§¢¥¤¥−¨î S ∗S,
§�¤�¥â ®â−®è¥−¨¥ ¤®¯ãáâ¨¬ëå ¯¥à¥å®¤®¢. ��à� (si, sj) ¯à¨−�¤«¥¦¨â T , ¥á«¨
¨§ á®áâ®ï−¨ï si à�§à¥è¥− ¯¥à¥å®¤ ¢ á®áâ®ï−¨¥ sj; i, j = 1, . . . , nS (nS | ç¨á«®
á®áâ®ï−¨©). S-£à�ä G á«ã¦¨â ä®à¬�«¨§®¢�−−ë¬ ¯à¥¤áâ�¢«¥−¨¥¬ §�¤�ç−®© ®¡-
«�áâ¨, à�ááç¨â�−−ë¬ −� ¯®¨áª à�§à¥è�îé¨å áâàãªâãà ¨ ä®à¬�«¨§�æ¨î §−�−¨©
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®¡ S-§�¤�ç�å [7]. Œ−®¦¥áâ¢® ¢¥àè¨− S-£à�ä� á®áâ�¢«¥−® ¨§ S-®¡ê¥ªâ®¢. Š�¦-
¤�ï ¢¥àè¨−� S-£à�ä� ¨¬¥¥â â�¡á-¯�¬ïâì (¯à¥¤áâ�¢«¥−−ãî ¯�¬ïâìî S-§�¤�ç¨ ¨«¨
S-§�¤�ç−®© ®¡«�áâ¨). ÷¥¡à® S-£à�ä� | ¯�à� ¢¥àè¨− á −¥¯ãáâë¬ ¯¥à¥á¥ç¥−¨¥¬
¯® â�¡á-¯�¬ïâ¨. ��£àã§ª� à¥¡à� ®¯à¥¤¥«ï¥âáï ¬−®¦¥áâ¢®¬ ¢á¥å ¯�à í«¥¬¥−â®¢
â�¡á-¯�¬ïâ¨, ¢å®¤ïé¨å ¢ íâ® ¯¥à¥á¥ç¥−¨¥ [7].

� ��§ë¢�¥¬ tabs-solverN ¢ëç¨á«¨â¥«ì−ë¬, ¥á«¨ ª�¦¤®¬ã si ¨§ ¬−®¦¥áâ¢� S
á®áâ®ï−¨© �«£®à¨â¬¨ç¥áª¨ ¯®áâ�¢«¥−® ¢ á®®â¢¥âáâ¢¨¥ −¥ ¡®«¥¥ ®¤−®£® sj (i 6= j).
…á«¨ ¦¥ ª�¦¤®¬ã si ¨§ ¬−®¦¥áâ¢� S ¬®¦¥â ¡ëâì ¯®áâ�¢«¥−® ¢ á®®â¢¥âáâ¢¨¥ ¡®«¥¥
®¤−®£® sj (i 6= j), tabs-solverN −�§ë¢�¥¬ ¨áç¨á«¨â¥«ì−ë¬. �

�®¢¥¤¥−¨¥ tabs-solverN ®¯à¥¤¥«ï¥âáï á«¥¤ãîé¨¬¨ âà¥¡®¢�−¨ï¬¨:

{ ¯à¨−¨¬�âì ¨ ®â¯à�¢«ïâì S-á®®¡é¥−¨ï, ¢§�¨¬®¤¥©áâ¢ãï á ¤àã£¨¬¨ tabs-solverN

¨ enels;

{ ¨−â¥à¯à¥â¨à®¢�âì S-á®®¡é¥−¨ï, ¢ë¤�¢�ï á¢¥¤¥−¨ï ®¡ ®è¨¡ª�å ¨ ¤®¯ãáª�ï
ª®àà¥ªæ¨î ¯à¨−ïâëå S-á®®¡é¥−¨©;

{ ¢ë¯®«−ïâì à�¡®âã, §�¯à®è¥−−ãî ¢ S-á®®¡é¥−¨¨, ¤®¯ãáª�ï ¤¨�«®£, ¯�ã§ë
¨ ®â¬¥−ã;

{ ®ä®à¬«ïâì à¥§ã«ìâ�â ¢ë¯®«−¥−−®© à�¡®âë ¤«ï ®â¯à�¢ª¨ ª®àà¥á¯®−¤¥−âã;

{ ®¡à�§®¢ë¢�âì ®¡ê¥¤¨−¥−¨ï tabs-solverN , ¯à¥¤−�§−�ç¥−−ë¥ ¤«ï à¥è¥−¨ï ª®¬-
¯«¥ªá®¢ S-§�¤�ç.

Tabs-solverN à�¡®â�¥â ª�ª S-¬�è¨−� ¤«ï ®¡à�¡®âª¨ S-á®®¡é¥−¨© ¡¥§®â−®-
á¨â¥«ì−® ª á®¤¥à¦�−¨î à�¡®âë, ¢ë¯®«−ï¥¬®© ¢ á®®â¢¥âáâ¢¨¨ á ¯®áâã¯¨¢è¨¬
§�¯à®á®¬. ’�ª®© ¢§£«ï¤ −� tabs-solverN á®®â¢¥âáâ¢ã¥â −�¬¥à¥−¨î ¨áá«¥¤®¢�âì
¯à®¡«¥¬ã á®§¤�−¨ï á¥â¨ â�¡á-à¥è�â¥«¥© S-§�¤�ç.

Tabs-solverN ª�ª S-¬�è¨−� ¤«ï ®¡à�¡®âª¨ S-á®®¡é¥−¨© á®áâ®¨â ¨§ á«¥¤ã-
îé¨å ª®¬¯®−¥−â, á®áâ�¢«ïîé¨å ª®−¢¥©¥à (ª®â®àë¥ ¬®£ãâ à�¡®â�âì �á¨−åà®−−®):

ts-before | ¨−¨æ¨�«¨§�æ¨ï, §�¯ãáª, ®¡ãç¥−¨¥;
ts-start | ¯à¨¥¬, ¡ãä¥à¨§�æ¨ï, ¨−â¥à¯à¥â�æ¨ï S-á®®¡é¥−¨©;
ts-step | è�£ ¢ ¯à®æ¥áá¥ ¢ë¯®«−¥−¨ï à�¡®âë, §�¯à®è¥−−®© ¢ S-á®®¡é¥−¨¨;
ts-end | §�¢¥àè¥−¨¥ à�¡®âë á â¥ªãé¨¬ S-á®®¡é¥−¨¥¬;
ts-after | §�¢¥àè¥−¨¥ à�¡®âë.
‚ â® ¢à¥¬ï ª®£¤� ª®¬¯®−¥−â� ts-before §�−ïâ� (© ®¡ãç¥−¨¥¬ ¯®«ì§®¢�â¥«ï ©),

ª®¬¯®−¥−â� ts-start ¬®¦¥â ¨−â¥à¯à¥â¨à®¢�âì ®ç¥à¥¤−®¥ S-á®®¡é¥−¨¥, a ts-step |
¢ë¯®«−ïâì à�¡®âã, §�¯à®è¥−−ãî ¢ ¯à¥¤ë¤ãé¥¬ S-á®®¡é¥−¨¨.

Š�¦¤�ï ª®¬¯®−¥−â� tabs-solverN ¬®¦¥â −�å®¤¨âìáï ¢ ®¤−®¬ ¨§ á®áâ®ï−¨©,
¯à¨−�¤«¥¦�é¨å ¬−®¦¥áâ¢ã

State = {head, tail, dial, intr, paus, canc, resl, fail, null},

£¤¥ head | á®áâ®ï−¨¥ £®â®¢−®áâ¨; tail | à�¡®â� §�ª®−ç¥−�; dial | ¢§�¨¬®¤¥©-
áâ¢¨¥ á enels; intr | ¢§�¨¬®¤¥©áâ¢¨¥ á ¤àã£¨¬¨ tabs-solverN ; paus | ¯�ã§�;
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nc | ®â¬¥−�; resl | à¥§ã«ìâ�â ¯®«ãç¥−; fail | −¥ã¤�ç�: à¥§ã«ìâ�â ¯®«ãç¨âì
−¥ ã¤�«®áì; null | á®áâ®ï−¨¥, âà¥¡ãîé¥¥ −¥¯à¥¤ãá¬®âà¥−−®£® ¢¬¥è�â¥«ìáâ¢�
®â¯à�¢¨â¥«ï á®®¡é¥−¨ï (enel ¨«¨ tabs-solverN ).

�â−®è¥−¨¥ ¯¥à¥å®¤� ¨§ ®¤−®£® á®áâ®ï−¨ï ¢ ¤àã£®¥ §�¤�−® ¤«ï ª�¦¤®© ª®¬-
¯®−¥−âë á®®â¢¥âáâ¢ãîé¥© â�¡«¨æ¥© ¯¥à¥å®¤� á®áâ®ï−¨©. ’�¡«¨æë ¤«ï ¢á¥å
ª®¬¯®−¥−â ¨¬¥îâ ®¤¨−�ª®¢ãî áâàãªâãàã: ç¨á«® áâà®ª ¨ ç¨á«® áâ®«¡æ®¢ à�¢−ë
ç¨á«ã á®áâ®ï−¨©. ‘âà®ª¨ ¨ áâ®«¡æë ¨¬¥îâ â¥ ¦¥ ¨¬¥−�, çâ® ¨ á®®â¢¥âáâ¢ãîé¨¥
á®áâ®ï−¨ï. …á«¨ ¢ ª«¥âª¥ −� ¯¥à¥á¥ç¥−¨¨ áâà®ª¨ sti ¨ áâ®«¡æ� stj áâ®¨â ¡ãª¢� f ,
íâ® ®§−�ç�¥â, çâ® ¯¥à¥å®¤ ¨§ á®áâ®ï−¨ï sti ¢ á®áâ®ï−¨¥ stj −¥¢®§¬®¦¥−. …á«¨
¢ ª«¥âª¥ à�§¬¥é¥−� ááë«ª� −� ¯à�¢¨«® rule, ®¯à¥¤¥«ïîé¥¥ ¯¥à¥å®¤ (sti → stj),
â® íâ® ®§−�ç�¥â, çâ® à�§à¥è¥−−ë© ¯¥à¥å®¤ ¢ë¯®«−ï¥âáï ¢ á®®â¢¥âáâ¢¨¨ á íâ¨¬
¯à�¢¨«®¬.

Š®¬¯®−¥−âë ¢§�¨¬®¤¥©áâ¢ãîâ ¢ á®®â¢¥âáâ¢¨¨ á ¯à�¢¨«�¬¨, åà�−ïé¨¬¨áï
¢ â�¡á-¡�§¥ ¯à�¢¨« ¢§�¨¬®¤¥©áâ¢¨ï ª®¬¯®−¥−â tabs-solverN .

� Tabs-solverN ª�ª à¥è�â¥«ì S-§�¤�ç ¨§ −¥ª®â®à®© ¯à¥¤¬¥â−®© ®¡«�áâ¨
à�á¯®«�£�¥â áà¥¤áâ¢�¬¨ ¤«ï ¨−â¥à¯à¥â�æ¨¨ S-á®®¡é¥−¨© ¨ ¢ë¯®«−¥−¨ï §�¯à�-
è¨¢�¥¬ëå à�¡®â.

‚ á®áâ�¢ tabs-solverN , à¥è�îé¥£® S-§�¤�ç¨ ¨§ §�¤�−−®© ¯à¥¤¬¥â−®© ®¡«�áâ¨,
¢å®¤ïâ:

{ �−�«¨§�â®à á®®¡é¥−¨© (§�¯à®á®¢ −� à¥è¥−¨¥ S-§�¤�ç);

{ ¯®áâà®¨â¥«ì à�§à¥è�îé¨å áâàãªâãà −� S-£à�ä¥;

{ á¨áâ¥¬� ã¯à�¢«¥−¨ï â�¡á-¡�§�¬¨ ¤�−−ëå (‘“’�„);

{ â�¡á-®à¨¥−â¨à®¢�−−ë© ¯à®æ¥áá®à ¢¢®¤�{¢ë¢®¤�;

{ áà¥¤áâ¢� à�áè¨à¥−¨ï ¬−®¦¥áâ¢� à�§à¥è¨¬ëå S-§�¤�ç;

{ äã−ªæ¨®−�«ì−�ï ª®¬¯®−¥−â�. �

Ÿ§ëª á®®¡é¥−¨© «�ª®−¨ç¥− (−¥®¡ï§�â¥«ì−ë¥ á¨−â�ªá¨ç¥áª¨¥ ª®−áâàãªæ¨¨ §�-
ª«îç¥−ë ¢ ä¨£ãà−ë¥ áª®¡ª¨):

〈á®®¡é¥−¨¥〉::= 〈ª®−¢¥àâ〉{〈á®¤¥à¦¨¬®¥〉}
〈ª®−¢¥àâ〉::= 〈¯®«ãç�â¥«ì〉,〈®â¯à�¢¨â¥«ì〉
〈á®¤¥à¦¨¬®¥〉::= −�©â¨〈¢ëå®¤〉¯®〈¢å®¤〉{¯à¨〈§�¢¨á¨¬®áâì ¢ëå®¤{¢å®¤〉|

〈à�§à¥è�îé�ï áâàãªâãà�〉〈�¤à¥á ¢å®¤�〉〈�¤à¥á ¢ëå®¤�〉}
�®«ãç�â¥«ì ¨ ®â¯à�¢¨â¥«ì ¯à¥¤áâ�¢«¥−ë ¨¬¥−�¬¨ tabs-solverN á ãª�§�−¨¥¬

â�¡á-ª®®à¤¨−�â ¯®àâ®¢ S-á®®¡é¥−¨©. ‚ëå®¤ ¨ ¢å®¤ §�¤�îâáï ¨¬¥−�¬¨ ¯®−ïâ¨©
¯à¥¤¬¥â−®© ®¡«�áâ¨. ‡�¢¨á¨¬®áâì ¢ëå®¤{¢å®¤ §�¤�¥âáï ¢ â¥å á«ãç�ïå, ª®£¤�
§�¯à®á ¯à¥¤áâ�¢«¥− ¢ ¢¨¤¥ ä®à¬ã«¨à®¢ª¨ S-§�¤�ç¨.

÷�§à¥è�îé�ï áâàãªâãà� ¯à¥¤áâ�¢«¥−� ¨¬¥−¥¬; �¤à¥á ¢å®¤� ãª�§ë¢�¥â ¬¥áâ®,
®âªã¤� á«¥¤ã¥â ¯à®ç¨â�âì ¨áå®¤−ë¥ ¤�−−ë¥; �¤à¥á ¢ëå®¤� | ªã¤� á«¥¤ã¥â
§�¯¨á�âì ¯®«ãç¥−−ë© à¥§ã«ìâ�â. …á«¨ ®¤¨− ¨§ �¤à¥á®¢ (¨«¨ ®¡�) −¥ ãª�§�−, íâ®
®§−�ç�¥â, çâ® à�¡®â� ¢ë¯®«−ï¥âáï á ¨á¯®«ì§®¢�−¨¥¬ ¢å®¤−ëå ¨ ¢ëå®¤−ëå ¯®àâ®¢
(¤«ï ¤�−−ëå ¨ à¥§ã«ìâ�â®¢).
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�¡−�àã¦¨¢ á®®¡é¥−¨¥ ¢® ¢å®¤−®¬ ¯®àâ¥ á®®¡é¥−¨©, �−�«¨§�â®à −�ç¨−�¥â
á¨−â�ªá¨ç¥áª¨© à�§¡®à. …á«¨ á®®¡é¥−¨¥ á¨−â�ªá¨ç¥áª¨ ¢¥à−®, ®−® −�¯à�¢«ï¥âáï
¯®áâà®¨â¥«î à�§à¥è�îé¨å áâàãªâãà. ‚ ¯à®â¨¢−®¬ á«ãç�¥ ®â¯à�¢¨â¥«î ¢ë¤�îâáï
á¢¥¤¥−¨ï ®¡ ®è¨¡ª¥ (á ¯à¥¤«®¦¥−¨¥¬ ¨á¯à�¢¨âì á®®¡é¥−¨¥). Š®£¤� ¯®«ãç¥−
¨áª®¬ë© à¥§ã«ìâ�â, ®− −�¯à�¢«ï¥âáï ®â¯à�¢¨â¥«î ¯® �¤à¥áã, ãª�§�−−®¬ã −�
ª®−¢¥àâ¥.

�®áâà®¨â¥«ì à�§à¥è�îé¨å áâàãªâãà ®âëáª¨¢�¥â −� S-£à�ä¥ à�§à¥è�îéãî
áâàãªâãàã, ¯®§¢®«ïîéãî ¯® §�¤�−−®¬ã ¢å®¤ã −�©â¨ ¨áª®¬ë© ¢ëå®¤.

‘¨áâ¥¬� ã¯à�¢«¥−¨ï â�¡á-¡�§�¬¨ ¤�−−ëå ¨£à�¥â à®«ì ¯�¬ïâ¨ tabs-solverN .
‚á¥ äã−ªæ¨¨, á¢®©áâ¢¥−−ë¥ ‘“’�„, ¯à¨áãé¨ â�¡á-¯�¬ïâ¨ tabs-solverN [4].

”®à¬®®à¨¥−â¨à®¢�−−ë© ¯à®æ¥áá®à ¢¢®¤�{¢ë¢®¤� ¯à¥¤áâ�¢«ï¥â á®¡®© ®¡ê-
¥¤¨−¥−¨¥ áâàãªâãà−®-®à¨¥−â¨à®¢�−−ëå à¥¤�ªâ®à®¢ ¢¢®¤�, ä®à¬¨à®¢�â¥«¥© ®âç¥-
â®¢ ¨ áà¥¤áâ¢ ¢ë¢®¤� ¢® ¢−¥è−îî (¯® ®â−®è¥−¨î ª tabs-solverN ) áà¥¤ã.

÷�áè¨à¥−¨¥ ¬−®¦¥áâ¢� à�§à¥è¨¬ëå §�¤�ç ¤®áâ¨£�¥âáï ã¢¥«¨ç¥−¨¥¬ ç¨á«�
¢¥àè¨− ¨ à¥¡¥à S-£à�ä�. ’�ª�ï à�¡®â� ¢ë¯®«−ï¥âáï ¢ á¯¥æ¨�«ì−®¬ à¥¦¨¬¥
úà�áè¨à¥−¨¥û −� ª®¯¨¨ à�áè¨àï¥¬®£® S-£à�ä�.

–¥«¥¢®¥ −�§−�ç¥−¨¥ tabs-solverN ¯à¥¤áâ�¢«ï¥â ¥£® äã−ªæ¨®−�«ì−�ï ª®¬¯®-
−¥−â�. ‘®¤¥à¦�−¨¥ §�¤�ç, á«ã¦�é¨å ¢¥àè¨−�¬¨ S-£à�ä�, á¢ï§¨ ¯® â�¡á-¯�¬ïâ¨
¬¥¦¤ã S-§�¤�ç�¬¨, ¯à¥¤áâ�¢«¥−−ë¥ à¥¡à�¬¨ £à�ä�, | ¢á¥ íâ® ®¯à¥¤¥«ï¥â S-§�-
¤�ç−ë© ®¡«¨ª äã−ªæ¨®−�«ì−®© ª®¬¯®−¥−âë.

4 Заключение

�à¥¤áâ�¢«¥−� âà¥âìï ¨§ 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¥¤¥. �à¥¤«®¦¥−−�ï S-¬®¤¥«ì á¥â¥¢®£® â�¡á-à¥è�â¥«ï −� ®á−®¢¥
á¨áâ¥¬ë §−�−¨© ®¡ S-§�¤�ç�å à�áá¬�âà¨¢�¥âáï ª�ª ¢ª«�¤ ¢ ¬¥â®¤®«®£¨ç¥áª®¥
®¡¥á¯¥ç¥−¨¥ à�§à�¡®âª¨ á¨áâ¥¬ æ¨äà®¢¨§�æ¨¨ à�§«¨ç−ëå ¢¨¤®¢ ¤¥ïâ¥«ì−®áâ¨.
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Abstract: The theory of S-symbols is an extended generalization of the theory
of S-modeling. It is considered as a part of the methodological support for the
development of artificial intelligence systems in the S-environment (including
knowledge systems, systems of S-modeling of problems and program design,
etc.). The S-environment based on interconnected systems of S-(symbols, codes,
signals) serves as the infrastructural basis for the implementation of information
technologies for various purposes. The article presents the third part (out of four)
of the description of the theory. Definitions of the concepts of a multilayer table
(tabs) and tabs structures used to represent S-objects are provided. A description
of the basics of tabs-construction of S-objects is given. The main part of
the article is devoted to a network tabs solver of arbitrary problems based on
a system of knowledge about S-problems. The methodology of its construction
is considered as a contribution to the methodological support of the development
of digitalization systems for various types of activities.
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ОЧИСТКА ДАННЫХ 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¥«¥©. �®ª�§�−� æ¥«¥á®®¡à�§−®áâì à�áè¨à¥−¨ï ¯¥à¥ç−ï §�¤�ç ª®−ªà¥â-
−®-¨áâ®à¨ç¥áª®£® ¨áá«¥¤®¢�−¨ï, à¥è�¥¬ëå ¢ à�¬ª�å ®¯¨á�−−®© â¥å−®«®£¨¨
á ¯à¨¬¥−¥−¨¥¬ ¬¥â®¤®¢ ¬�è¨−−®£® ®¡ãç¥−¨ï. �â¬¥ç¥−� ®á®¡�ï ¢�¦−®áâì ¯®¤-
£®â®¢ª¨ ¤�−−ëå ¢ á¢ï§¨ á äà�£¬¥−â�à−®áâìî ¨ ¯à®â¨¢®à¥ç¨¢®áâìî ª®−ªà¥â-
−®-¨áâ®à¨ç¥áª®© ¨−ä®à¬�æ¨¨. „�−−�ï áâ�âìï ¯®á¢ïé¥−� á¯¥æ¨ä¨ª¥ ®ç¨áâª¨
ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¤�−−ëå ¨ �−�«¨§ã ¢®§¬®¦−®áâ¨ ¯à¨¬¥−¥−¨ï á íâ®©
æ¥«ìî ¬¥å�−¨§¬®¢ ¨ �«£®à¨â¬®¢, ã¦¥ ¨−â¥£à¨à®¢�−−ëå ¢ â¥å−®«®£¨î. �¥-
à¥ç¨á«¥−ë ®á−®¢−ë¥ −�¯à�¢«¥−¨ï, ¯® ª®â®àë¬ ¯à®¢®¤¨âáï ®ç¨áâª� ¤�−−ëå.
„«ï ª�¦¤®£® −�¯à�¢«¥−¨ï ¢ëï¢«¥−ë ¯®¤å®¤ïé¨¥, ã¦¥ ¢ª«îç¥−−ë¥ ¢ â¥å-
−®«®£¨î ¨−áâàã¬¥−âë. �á®¡®¥ ¢−¨¬�−¨¥ ã¤¥«¥−® ¨−áâàã¬¥−â�¬ ãáâà�−¥−¨ï
−¥á®£«�á®¢�−−®áâ¨. �¥à¥ç¨á«¥−ë íâ�¯ë ®ç¨áâª¨ ¤�−−ëå ¨ ¯à¨¢¥¤¥−� áå¥¬�
¢§�¨¬®¤¥©áâ¢¨ï ¢á¥å ®¯¨á�−−ëå ¢ áâ�âì¥ ¬¥å�−¨§¬®¢ ¨ �«£®à¨â¬®¢.

Š«îç¥¢ë¥ á«®¢�: ª®−ªà¥â−®-¨áâ®à¨ç¥áª®¥ ¨áá«¥¤®¢�−¨¥; à�á¯à¥¤¥«¥−−�ï
â¥å−®«®£¨ï; ¬�è¨−−®¥ ®¡ãç¥−¨¥; ®ç¨áâª� ¤�−−ëå; −¥á®£«�á®¢�−−®áâì ¤�−−ëå
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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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§−�ç¥−¨ï¬¨ íª§¥¬¯«ïà®¢ ª«�áá®¢ ¨ á¢ï§ï¬¨ ¬¥¦¤ã −¨¬¨. ‘¢ï§¨ −�á«¥¤ãîâáï
¨§ á¥â¨ ª«�áá®¢ [4]. ‘¯¥æ¨ä¨ª� ¤�−−ëå â¥å−®«®£¨¨ �Šˆˆ á®áâ®¨â ¢ â®¬, çâ®
¨áá«¥¤®¢�â¥«ì ¯à¨ ¯à®¢¥¤¥−¨¨ ª®−ªà¥â−®-¨áâ®à¨ç¥áª®£® ¨áá«¥¤®¢�−¨ï, ª�ª ¯à�-
¢¨«®, ¨¬¥¥â ¤¥«® −¥ á ®¡ê¥ªâ¨¢−ë¬ §−�−¨¥¬ ®¡ ®¡ê¥ªâ¥ ¨áá«¥¤®¢�−¨ï, � á ¥£®
®âà�¦¥−¨¥¬ ¢ ¨áâ®à¨ç¥áª¨å ¤®ªã¬¥−â�å, ª®â®àë¥ ®¡«�¤�îâ á¢®©áâ¢®¬ äà�£¬¥−-
â�à−®áâ¨ ¨ ¯à®â¨¢®à¥ç¨¢®áâ¨ ¨ −¥ áãé¥áâ¢ãîâ ¢ ®âàë¢¥ ®â á¢®¨å ¬¥â�¤�−−ëå,
â. ¥. ¨−ä®à¬�æ¨¨ ® ¤®ªã¬¥−â¥-¨áâ®ç−¨ª¥.

‚ ¯à®æ¥áá¥ à�§¢¨â¨ï â¥å−®«®£¨¨ ¢ −¥¥ ¡ë« ¢ª«îç¥− àï¤ ¬¥å�−¨§¬®¢ ¯®¤-
¤¥à¦ª¨ �¢â®¬�â¨§�æ¨¨ â�ª¨å ¯®¤§�¤�ç ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¨áá«¥¤®¢�−¨©,
ª�ª:

{ ®¯à¥¤¥«¥−¨¥ ¯®â¥−æ¨�«ì−® ¯¥àá¯¥ªâ¨¢−ëå −�¯à�¢«¥−¨© ¨áá«¥¤®¢�−¨ï §� áç¥â
�¢â®¬�â¨ç¥áª®£® ä®à¬¨à®¢�−¨ï £¨¯®â¥§ ® §−�ç¥−¨¨ ¨−ä®à¬�æ¨®−−ëå «�ªã−
¢ −�¡®à¥ ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¤�−−ëå á ®¯®à®© −� ¯à®æ¥¤ãàã ¨¬¯ãâ�-
æ¨¨ ¤�−−ëå (¢®ááâ�−®¢«¥−¨ï ¯à®¯ãé¥−−ëå ¤�−−ëå −� ®á−®¢�−¨¨ �−�«¨§�
®áâ�«ì−ëå ¤�−−ëå ¢ −�¡®à¥), ¤«ï ª®â®à®© à�§à�¡®â�− àï¤ ¬¥â®¤®¢ [5];

{ ¯®¨áª �−®¬�«¨© ¢ ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¤�−−ëå ¯®áà¥¤áâ¢®¬ ª«�áâ¥à¨§�-
æ¨¨.

„�−−ë¥ ¬¥å�−¨§¬ë ¡ë«¨ à¥�«¨§®¢�−ë −� ¡�§¥ �«£®à¨â¬� ¬�è¨−−®£® ®¡ãç¥−¨ï
CHAID (chi-square automatic interaction detection). „®¯ãáâ¨¬®áâì ¥£® ¯à¨¬¥−¥-
−¨ï ®¡ãá«®¢«¨¢�¥âáï ¢®§¬®¦−®áâìî áä®à¬¨à®¢�âì ¢ë¡®àªã ®¤−®â¨¯−ëå ¤�−−ëå.
‚ ãá«®¢¨ïå â¥å−®«®£¨¨ �Šˆˆ íâ� ¢®§¬®¦−®áâì −¥ ¢ë£«ï¤¨â ®ç¥¢¨¤−®©, ¯®-
áª®«ìªã ä�ªâë, á®¡¨à�¥¬ë¥ ¢àãç−ãî ®¤−¨¬ ¯®«ì§®¢�â¥«¥¬ â¥å−®«®£¨¨ ¢ à�¬ª�å
®¤−®£® ª®−ªà¥â−®-¨áâ®à¨ç¥áª®£® ¨áá«¥¤®¢�−¨ï, ª�ª ¯à�¢¨«®, ¯® á¢®¥© ¯à¨à®¤¥
¥¤¨−¨ç−ë ¨ à�§à®§−¥−ë ¨ −¥ ¬®£ãâ á®áâ�¢¨âì ¤®áâ�â®ç−ãî ¯® ®¡ê¥¬ã ®¤−®à®¤−ãî
¢ë¡®àªã. �®, ¯®áª®«ìªã â¥å−®«®£¨ï �Šˆˆ ï¢«ï¥âáï à�á¯à¥¤¥«¥−−®© ¨ á®¤¥à-
¦¨â áà¥¤áâ¢� �¢â®¬�â¨ç¥áª®© ®¡à�¡®âª¨ ¨áâ®à¨ç¥áª¨å ¨áâ®ç−¨ª®¢, ¡�§� ¤�−−ëå
(�„) â¥å−®«®£¨¨ ¢¯®«−¥ ¬®¦¥â á®¤¥à¦�âì ¬−®¦¥áâ¢¥−−ë¥ ®¤−®à®¤−ë¥ ä�ªâë
¢ ª®«¨ç¥áâ¢¥, ¢¯®«−¥ ¤®áâ�â®ç−®¬ ¤«ï ¨å ®¡à�¡®âª¨ �«£®à¨â¬�¬¨ ¬�è¨−−®£®
®¡ãç¥−¨ï. ˆáâ®ç−¨ª�¬¨ ¬−®¦¥áâ¢¥−−ëå ä�ªâ®¢ ¢ â¥å−®«®£¨¨ �Šˆˆ ¬®£ãâ
á«ã¦¨âì:

(1) à¥§ã«ìâ�âë �¢â®¬�â¨ç¥áª®© ®¡à�¡®âª¨ −�àà�â¨¢®¢.
’¥å−®«®£¨ï �Šˆˆ ¨¬¥¥â ¢ á¢®¥¬ á®áâ�¢¥ áà¥¤áâ¢� �¢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. ¤.). �¡à�¡®âª�
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�ç¨áâª� ¤�−−ëå ¢ â¥å−®«®£¨¨ ¯®¤¤¥à¦ª¨ ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¨áá«¥¤®¢�−¨©

¨áá«¥¤®¢�â¥«¥¬ −®¬¨−�â¨¢−ëå ¨áâ®à¨ç¥áª¨å à¥¥áâà®¢ ª�ª ¢àãç−ãî, â�ª
¨ á ¨á¯®«ì§®¢�−¨¥¬ ¨−â¥£à¨à®¢�−−ëå ¢ â¥å−®«®£¨î áà¥¤áâ¢ �¢â®¬�â¨§�æ¨¨
¬®¦¥â 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¬¨ ¨á-
á«¥¤®¢�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 áâ�âì ¨áâ®ç−¨ª�¬¨ ¬−®¦¥áâ¢¥−−ëå ®¤−®â¨¯−ëå ä�ªâ®¢.

�® −� ¢ëè¥¯¥à¥ç¨á«¥−−ëå ¯®¤§�¤�ç�å ª®−ªà¥â−®-¨áâ®à¨ç¥áª®£® ¨áá«¥¤®-
¢�−¨ï ¢®§¬®¦−®áâ¨ ¯à¨¬¥−¥−¨ï �«£®à¨â¬®¢ ¬�è¨−−®£® ®¡ãç¥−¨ï ¢ â¥å−®«®£¨¨
�Šˆˆ −¥ ¨áç¥à¯ë¢�îâáï. ’�ª, ª�ª ¯®ª�§�−® ¢ [6], ¢ ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å
¨áá«¥¤®¢�−¨ïå ¯à¨¬¥−ïîâáï á«¥¤ãîé¨¥ ¬¥â®¤ë ¨ ¯à¨¥¬ë à�¡®âë á ¤�−−ë¬¨:

{ ¨§¢«¥ç¥−¨¥ ¨ £àã¯¯¨à®¢ª� ¨§ãç�¥¬ëå ®¡ê¥ªâ®¢; áà�¢−¥−¨¥ £àã¯¯ ®¡ê¥ªâ®¢;
¯®«ãç¥−¨¥ á¢®¤−ëå ¤�−−ëå ®¡ ¨§ãç�¥¬ëå £àã¯¯�å ®¡ê¥ªâ®¢;

{ ª«�áá¨ä¨ª�æ¨ï ¨§ãç�¥¬ëå ®¡ê¥ªâ®¢;
{ ä®à¬¨à®¢�−¨¥ åà®−®«®£¨ç¥áª¨å àï¤®¢; ¯¥à¨®¤¨§�æ¨ï (¤¥«¥−¨¥ ¯à®æ¥áá®¢

à�§¢¨â¨ï −� ®â«¨ç�îé¨¥áï ¤àã£ ®â ¤àã£� ¯¥à¨®¤ë).

‡�¤�ç¨ £àã¯¯¨à®¢ª¨ ¨ ¯¥à¨®¤¨§�æ¨¨ ¬®£ãâ ¡ëâì à¥è¥−ë áà¥¤áâ¢�¬¨ ª«�áâ¥-
à¨§�æ¨¨, çâ® −�àï¤ã á ª«�áá¨ä¨ª�æ¨¥© ®â−®á¨âáï ª â¨¯¨ç−ë¬ §�¤�ç�¬ ¬�è¨−−®£®
®¡ãç¥−¨ï [7]. ˆ§ íâ®£® á«¥¤ã¥â æ¥«¥á®®¡à�§−®áâì à�áè¨à¥−¨ï ¯¥à¥ç−ï §�¤�ç ª®−-
ªà¥â−®-¨áâ®à¨ç¥áª®£® ¨áá«¥¤®¢�−¨ï, à¥è�¥¬ëå ¢ à�¬ª�å â¥å−®«®£¨¨ �Šˆˆ
á ¯à¨¬¥−¥−¨¥¬ ¬¥â®¤®¢ ¬�è¨−−®£® ®¡ãç¥−¨ï, ¨ ¯®¨áª� ¤«ï −¨å ®¯â¨¬�«ì−ëå
�«£®à¨â¬®¢. �® ¯®¤£®â®¢ª� ¤�−−ëå ¤«ï ¨å ¤�«ì−¥©è¥© ®¡à�¡®âª¨ ä®à¬�«ì-
−ë¬¨ �«£®à¨â¬�¬¨ �−�«¨§� (ª«�áá¨ä¨ª�æ¨¨, ª«�áâ¥à¨§�æ¨¨, à¥£à¥áá¨¨ ¨ ¤à.)
¨¬¥¥â ¢�¦−®¥ §−�ç¥−¨¥, ¯®áª®«ìªã ú£àï§−ë¥û ¤�−−ë¥ ¯à¨¢®¤ïâ ª −¥¯à�¢¨«ì−ë¬
à¥§ã«ìâ�â�¬ ¨ ¢¢®¤ïé¥© ¢ §�¡«ã¦¤¥−¨¥ áâ�â¨áâ¨ª¥ [8]. �®¤ £àï§−ë¬¨ ¤�−-
−ë¬¨ ¯®−¨¬�îâáï ¤ã¡«¨àãîé¨¥áï, ®âáãâáâ¢ãîé¨¥, −¥á®£«�á®¢�−−ë¥ ¨ ¯à®áâ®
®è¨¡®ç−ë¥ ¤�−−ë¥, ¢ª«îç�ï â¥, ª®â®àë¥ −¥ −�àãè�îâ −¨ª�ª¨å ®£à�−¨ç¥−¨©,
−® ¢á¥ à�¢−® ï¢«ïîâáï −¥¯à�¢¨«ì−ë¬¨ ¨«¨ −¥¯à¨£®¤−ë¬¨ ¤«ï ¨á¯®«ì§®¢�−¨ï.
‚®â ¯®ç¥¬ã ¯à®æ¥áá ®¡−�àã¦¥−¨ï ¨ ¨á¯à�¢«¥−¨ï £àï§−ëå ¤�−−ëå, −�§ë¢�-
¥¬ë© ®ç¨áâª®© ¤�−−ëå (data cleansing, data cleaning, data scrubbing ¨«¨ data
wrangling), áâ�−®¢¨âáï ®¡ï§�â¥«ì−ë¬ ãá«®¢¨¥¬ «î¡®© §�¤�ç¨ ®¡à�¡®âª¨ ¤�−-
−ëå [9].

„�−−�ï áâ�âìï ¯®á¢ïé¥−� á¯¥æ¨ä¨ª¥ ®ç¨áâª¨ ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¤�−-
−ëå ¨ �−�«¨§ã ¢®§¬®¦−®áâ¨ ¯à¨¬¥−¥−¨ï á íâ®© æ¥«ìî ¬¥å�−¨§¬®¢ ¨ �«£®à¨â¬®¢,
ã¦¥ ¨−â¥£à¨à®¢�−−ëå ¢ â¥å−®«®£¨î �Šˆˆ.
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2 Очистка данных

Š ®¡é¨¬ ®¯¥à�æ¨ï¬ ¯® ®ç¨áâª¥ ¤�−−ëå ¬®¦−® ®â−¥áâ¨ [10]:

{ §�¯®«−¥−¨¥ ¯à®¯ãé¥−−ëå §−�ç¥−¨©;

{ á£«�¦¨¢�−¨¥ §�èã¬«¥−−ëå ¤�−−ëå;

{ ãáâà�−¥−¨¥ −¥á®£«�á®¢�−−®áâ¨;

{ ã¤�«¥−¨¥ ¢ë¡à®á®¢.

�¥à¥ç¨á«¥−−ë¥ §�¤�ç¨ ®á®¡® �ªâã�«ì−ë ¢ â¥å−®«®£¨¨ �Šˆˆ, ¯®áª®«ì-
ªã ¨áâ®à¨ª®-¡¨®£à�ä¨ç¥áª¨¥ ä�ªâë ®¡«�¤�îâ äà�£¬¥−â�à−®áâìî ¨ ¯à®â¨¢®à¥-
ç¨¢®áâìî [11], � ®á−®¢−ë¥ ¯à¨ç¨−ë íâ®£® ªà®îâáï ¢ á«¥¤ãîé¨å −¥£�â¨¢−ëå
®á®¡¥−−®áâïå −®¬¨−�â¨¢−ëå ¨áâ®à¨ç¥áª¨å ¨áâ®ç−¨ª®¢ [12]:

{ ®¡¨«¨¥ −¥á®®â¢¥âáâ¢¨© ¨ ®è¨¡®ª ¢ ¬¥âà¨ç¥áª¨å §�¯¨áïå;

{ ®âáãâáâ¢¨¥ ¢ ¬¥âà¨ç¥áª¨å ª−¨£�å ¯à¨å®¤� ä�¬¨«¨© ªà¥áâìï− ¢¯«®âì ¤® á¥à¥-
¤¨−ë 1880-å ££.;

{ ¡®«ìè�ï ¢�à¨�â¨¢−®áâì ¢ −�¯¨á�−¨¨ ¨¬¥−;

{ ãª�§�−¨¥ ¢ §�¯¨áïå ¢®§à�áâ� á â®ç−®áâìî ¤® £®¤�;

{ −¥à¥¤ª® ¢áâà¥ç�îé¨¥áï ¨áª�¦¥−¨ï ¢®§à�áâ�, ¢ â®¬ ç¨á«¥ á®§−�â¥«ì−ë¥;

{ ç�áâ®¥ −¥ãª�§�−¨¥ á¢¥¤¥−¨© ® ¦¥−é¨−�å;

{ ç�áâ®¥ −¥ãª�§�−¨¥ á¢¥¤¥−¨© ® ¤¥âïå;

{ ç�áâ®¥ á¬¥è¥−¨¥ ¤¥â¥©, à®¦¤¥−−ëå ¢ à�§−ëå ¡à�ª�å, ¨ â. ¤.

‚ â¥å−®«®£¨¨ �Šˆˆ ã¦¥ ¯à¥¤ãá¬®âà¥−ë −¥ª®â®àë¥ áà¥¤áâ¢�, ¯®§¢®«ï-
îé¨¥ ¢ë¯®«−¨âì ®ç¨áâªã ¤�−−ëå. ’�ª, ¤«ï §�¯®«−¥−¨ï ¯à®¯ãé¥−−ëå §−�-
ç¥−¨© ¯à¥¤ãá¬®âà¥−� ¯à®æ¥¤ãà� ¨¬¯ãâ�æ¨¨ ¤�−−ëå, ®á−®¢�−−�ï −� �«£®à¨â¬¥
CHAID, ¢ª«îç¥−−�ï ¢ â¥å−®«®£¨î ¢ à�¬ª�å ¬¥å�−¨§¬� ä®à¬¨à®¢�−¨ï £¨¯®â¥§
¤«ï ®¯à¥¤¥«¥−¨ï ¯¥àá¯¥ªâ¨¢−ëå −�¯à�¢«¥−¨© ¯®¨áª� [13]. „«ï ¡®àì¡ë á èã¬�¬¨
¢ ¤�−−ëå ¨ ¢ë¡à®á�¬¨ ¬®£ãâ ¡ëâì ¨á¯®«ì§®¢�−ë �«£®à¨â¬ë ª«�áâ¥à¨§�æ¨¨ [14],
¢ª«îç¥−−ë¥ ¢ â¥å−®«®£¨î ¢ à�¬ª�å ¬¥å�−¨§¬� ¢ëï¢«¥−¨ï �−®¬�«¨© ¢ ª®−ªà¥â-
−®-¨áâ®à¨ç¥áª¨å ¤�−−ëå [15].

��¨¡®«¥¥ ®áâà® ¢ â¥å−®«®£¨¨ �Šˆˆ áâ®¨â ¯à®¡«¥¬� −¥á®£«�á®¢�−−®áâ¨ ¤�−-
−ëå, ¢ëâ¥ª�îé�ï ¨§ ¯à¨¢¥¤¥−−®© ¢ëè¥ á¯¥æ¨ä¨ª¨ −®¬¨−�â¨¢−ëå ¨áâ®à¨ç¥áª¨å
¨áâ®ç−¨ª®¢. �®¤ −¥á®£«�á®¢�−−®áâìî ¤�−−ëå ®¡ëç−® ¯®−¨¬�¥âáï â�ª®¥ −¥£�â¨¢-
−®¥ á«¥¤áâ¢¨¥ ¨§¡ëâ®ç−®áâ¨ ¤�−−ëå, ª�ª −�«¨ç¨¥ ª®−ä«¨ªâãîé¨å ¬¥¦¤ã á®¡®©
§�¯¨á¥© ¨«¨ à�áå®¦¤¥−¨©. Š®−ä«¨ªâ ¢®§¬®¦¥− ¢ ä®à¬�â¥ ¤�−−ëå ¨ ¢ §−�ç¥−¨ïå
¤�−−ëå.

”®à¬�â ¤�−−ëå ¢ â¥å−®«®£¨¨ �Šˆˆ §�¤�¥âáï ä®à¬�â�¬¨ ¢ á¥â¨ ª«�áá®¢,
¨ á®®â¢¥âáâ¢¨¥ ä®à¬�â®¢ íª§¥¬¯«ïà®¢ ®¡¥á¯¥ç¨¢�¥âáï ¨å −�á«¥¤®¢�−¨¥¬ ®â ®¤−®£®
ª«�áá�. �® à�§−®çâ¥−¨ï ¢ §−�ç¥−¨ïå ¤�−−ëå áâ�−®¢ïâáï á¥àì¥§−®© ¯à®¡«¥¬®©.
’�ª¨¥ à�§−®çâ¥−¨ï ¢®§−¨ª�îâ ¢á«¥¤áâ¢¨¥ ¯®«ãç¥−¨ï ¨−ä®à¬�æ¨¨ ®¡ ®¤−®© ¯¥à-
á®−¥ ¨§ à�§«¨ç−ëå ¨áâ®ç−¨ª®¢, ª�¦¤ë© ¨§ ª®â®àëå ¯® à�§−ë¬ ¯à¨ç¨−�¬ ¬®¦¥â
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�ç¨áâª� ¤�−−ëå ¢ â¥å−®«®£¨¨ ¯®¤¤¥à¦ª¨ ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¨áá«¥¤®¢�−¨©

á®¤¥à¦�âì −¥¤®áâ®¢¥à−ë¥ á¢¥¤¥−¨ï, á¢¥¤¥−¨ï, ®âà�¦�îé¨¥ à¥�«ì−ë¥ ¨§¬¥−¥−¨ï
¢ −�¨¬¥−®¢�−¨ïå à�§«¨ç−ëå ®¡ê¥ªâ®¢ ¨«¨ ¢�à¨�â¨¢−®áâì ¨å −�¯¨á�−¨ï, � â�ª¦¥
ª�ª¨¥-â® ãâ®ç−¥−¨ï. �®ï¢«¥−¨¥ ¢ ¤®ªã¬¥−â�å −¥¤®áâ®¢¥à−ëå á¢¥¤¥−¨© ¬®¦¥â
¡ëâì ¢ë§¢�−® ª�ª −¥¯à¥¤−�¬¥à¥−−ë¬¨ ®è¨¡ª�¬¨ ¯à¨ á®áâ�¢«¥−¨¨ ¤®ªã¬¥−â®¢,
â�ª ¨ ¯à¥¤−�¬¥à¥−−ë¬¨ ¨áª�¦¥−¨ï¬¨. ’�ª, ¢ −¥ª®â®àëå ¤®ªã¬¥−â�å ªà¥áâìï−
ª®−æ� XIX { −�ç�«� XX ¢¢. ¬®£ ¡ëâì ãª�§�− ¯à¥¤−�¬¥à¥−−® §�−¨¦¥−−ë© ¢®§à�áâ
á æ¥«ìî ¨§¡¥¦�âì ¢®¨−áª®© ¯®¢¨−−®áâ¨ ¢® ¢à¥¬ï ¢®¥−−ëå ¤¥©áâ¢¨©. ÷¥�«ì−ë¥
¨§¬¥−¥−¨ï −�¨¬¥−®¢�−¨ï ¬®£«¨ ¡ëâì ¢ë§¢�−ë ¨§¬¥−¥−¨ï¬¨ £à�−¨æ £ã¡¥à−¨© ¨«¨
¯¥à¥¨¬¥−®¢�−¨ï¬¨ −�á¥«¥−−ëå ¯ã−ªâ®¢. ‚�à¨�â¨¢−®áâì −�¯¨á�−¨ï ®á®¡® ç�áâ®
¯à®ï¢«ï¥âáï ¢ ¨¬¥−�å «î¤¥©. ‚ ª�ç¥áâ¢¥ ¯à¨¬¥à� ¬®¦−® ¯à¨¢¥áâ¨ −�¨¬¥−®¢�−¨¥
®¤−®© ¨ â®© ¦¥ ¦¥−é¨−ë ¢ à�§−ëå ¤®ªã¬¥−â�å ‹ãª¥àì¥© ¨ ƒ«¨ª¥à¨¥©, çâ® å®âì
¨ §�âàã¤−ï¥â ¥¥ �¢â®¬�â¨ç¥áªãî ¨¤¥−â¨ä¨ª�æ¨î, −® −¥ ¨áª«îç�¥â ¯®«−®áâìî,
¯®áª®«ìªã íâ® ¤¢¥ ¯à¨−ïâë¥ ä®à¬ë ®¤−®£® ¨¬¥−¨. �à¨¬¥à ¦¥−é¨−ë, −�§¢�−−®©
¢ ®¤−®¬ ¤®ªã¬¥−â¥ Œ�àä®©, � ¢ ¤àã£®¬ | Œ�¢à®©, ¡®«¥¥ á«®¦¥−, ¯®áª®«ì-
ªã Œ�àä� ¨ Œ�¢à� | ¤¢� à�§−ëå ¨¬¥−¨ ¨ ¯ãâ�−¨æ� ¢ë§¢�−� ¨áª«îç¨â¥«ì−®
áå®¤áâ¢®¬ ¨å §¢ãç�−¨ï. ‚ëï¢«¥−¨¥ â�ª¨å −¥á®®â¢¥âáâ¢¨© | á«®¦−�ï §�¤�ç�,
−® ¢ â¥å−®«®£¨¨ �Šˆˆ ¯à¥¤ãá¬®âà¥−ë ¬¥å�−¨§¬ë, á¯®á®¡−ë¥ áãé¥áâ¢¥−−®
®¡«¥£ç¨âì ¥¥ à¥è¥−¨¥.

3 Механизмы устранения несогласованности данных

‚ â¥å−®«®£¨¨ �Šˆˆ ¯à¥¤ãá¬®âà¥− àï¤ ¬¥å�−¨§¬®¢, ¯®§¢®«ïîé¨å ®áãé¥-
áâ¢¨âì ãáâà�−¥−¨¥ −¥á®£«�á®¢�−−®áâ¨ ¤�−−ëå.

3.1 Нормали

‘ãé¥áâ¢ãîâ ®¡ê¥ªâ¨¢−ë¥ §�¢¨á¨¬®áâ¨, ã¢ï§ë¢�îé¨¥ ®¡ê¥ªâë ¨áâ®à¨ç¥áª®©
à¥�«ì−®áâ¨ á ¨å ¤¨−�¬¨ç¥áª¨¬¨ å�à�ªâ¥à¨áâ¨ª�¬¨ (�âà¨¡ãâ�¬¨). �â¨ §�¢¨á¨¬®-
áâ¨ à¥£«�¬¥−â¨àãîâáï ¥áâ¥áâ¢¥−−ë¬¨ §�ª®−®¬¥à−®áâï¬¨, ®¯à¥¤¥«ïîé¨¬¨ ¤®¯ãá-
â¨¬ë¥ ¯®á«¥¤®¢�â¥«ì−®áâ¨ á®¡ëâ¨© ¨ §�¤�îé¨¬¨ −¥ª¨© è�¡«®−, áæ¥−�à¨© ¨«¨
−�¡®à ®£à�−¨ç¥−¨©, §�ª®−�¬¨ ¯à¨à®¤ë, §�ª®−�¬¨ ¨ −®à¬�â¨¢−ë¬¨ ¤®ªã¬¥−â�¬¨,
âà�¤¨æ¨ï¬¨. ”®à¬ã«¨à®¢ª¨ íâ¨å à¥£«�¬¥−â¨àãîé¨å §�ª®−®¬¥à−®áâ¥©, §�ª®−®¢,
âà�¤¨æ¨© −�§ë¢�îâáï −®à¬�«ï¬¨. ˆ¬¥−−® −®à¬�«¨ ¯®§¢®«ïîâ á®¯®áâ�¢¨âì ä�ª-
âë, ¢ëï¢¨âì ¨ à�§à¥è¨âì ¯à®â¨¢®à¥ç¨ï, áä®à¬¨à®¢�âì −®¢ë¥ ä�ªâë-á«¥¤áâ¢¨ï,
¨−â¥£à¨à®¢�âì ¤�−−ë¥ ¢ ®¡éãî ª�àâ¨−ã. ‹¨èì ¢ à¥¤ª¨å á«ãç�ïå −®à¬�«ì ¬®¦¥â
¡ëâì ä®à¬�«¨§®¢�−� ¨ ¯à¥¤áâ�¢«¥−� ¢ ä®à¬¥, ¤®¯ãáª�îé¥© ¥¥ �¢â®¬�â¨ç¥áªãî
®¡à�¡®âªã. �®«ìè¨−áâ¢® ¨§ −¨å §�¤�¥âáï −¥ä®à¬�«ì−ë¬¨ â¥ªáâ�¬¨ ¨«¨ ¤�¦¥
®âáë«ª®© −� −¥ª®â®à®¥ −¥ä®à¬�«ì−®¥ §−�−¨¥.

�à¨¬¥−¨â¥«ì−® ª ¯à®æ¥¤ãà¥ ®ç¨áâª¨ ¤�−−ëå ¬¥å�−¨§¬ −®à¬�«¥© ¯®§¢®«ï-
¥â ®áãé¥áâ¢«ïâì ª®−âà®«ì ª®àà¥ªâ−®áâ¨ ª�ª ¯à¨ ¢¢®¤¥ ¨−ä®à¬�æ¨¨, â�ª ¨ ¯à¨
®áãé¥áâ¢«¥−¨¨ ¯à®æ¥¤ãàë ¯®¨áª� ¯à®â¨¢®à¥ç¨© [16]. ‚ ç�áâ−®áâ¨, −®à¬�«¨
¯®§¢®«ïîâ ä¨ªá¨à®¢�âì ª�−®−¨ç¥áªãî ä®à¬ã ¨¬¥−¨ ¨ ã¢ï§ë¢�âì ¥¥ á ¯à¨¢¥¤¥−-
−®© ¢ ¨áâ®à¨ç¥áª®¬ ¨áâ®ç−¨ª¥, çâ® ®¡«¥£ç�¥â à¥è¥−¨¥ ¯à®¡«¥¬ë ¢�à¨�â¨¢−®áâ¨
−�¯¨á�−¨ï ¨¬¥−.
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3.2 Связывание записей

‘¢ï§ë¢�−¨¥ §�¯¨á¥© (record linkage) | ª«�áá¨ç¥áª�ï ¯à®¡«¥¬� ¢ ¨áâ®à¨-
ç¥áª®© ¨−ä®à¬�â¨ª¥, æ¥«ìî ª®â®à®© áâ�¢¨âáï ®¯à¥¤¥«¥−¨¥ ä�ªâ�, çâ® ¤¢¥ §�-
¯¨á¨ ¢ à�§−ëå ¨áâ®à¨ç¥áª¨å ¨áâ®ç−¨ª�å ®â−®áïâáï ª ®¤−®¬ã ®¡ê¥ªâã. ‡�¤�ç�
�¢â®¬�â¨§¨à®¢�−−®£® á¢ï§ë¢�−¨ï §�¯¨á¥© ¤«ï ¨−ä®à¬�æ¨¨, ¯®«ãç¥−−®© ¨§ −®-
¬¨−�â¨¢−ëå ¨áâ®à¨ç¥áª¨å ¨áâ®ç−¨ª®¢, ¤®¢®«ì−® ãá¯¥è−® à¥è�¥âáï ¢ à�¬ª�å
¬¥â®¤� ¢®ááâ�−®¢«¥−¨ï ¨áâ®à¨¨ á¥¬¥© (‚ˆ‘), ¨á¯®«ì§ã¥¬®£® ¢ ¨áâ®à¨ç¥áª®©
¤¥¬®£à�ä¨¨ [12]. ‚ §�¤�ç�å á¢ï§ë¢�−¨ï §�¯¨á¥© ¨á¯®«ì§ãîâáï ¢¥à®ïâ−®áâ−ë¥
�«£®à¨â¬ë. ‘à�¢−¥−¨¥ ®â¤¥«ì−ëå �âà¨¡ãâ®¢ ¯à®¢®¤¨âáï á ¨á¯®«ì§®¢�−¨¥¬ ä®−¥-
â¨ç¥áª®£® ª®¤¨à®¢�−¨ï ¤«ï áà�¢−¥−¨ï á«®¢ −� ®á−®¢¥ ¨å ä®−¥â¨ç¥áª®£® áå®¤áâ¢�,
� â�ª¦¥ á ¯à¨¬¥−¥−¨¥¬ ¬¥â®¤®¢ ¬�è¨−−®£® ®¡ãç¥−¨ï. „«ï �âà¨¡ãâ®¢ §�¤�îâáï
¢¥á®¢ë¥ ª®íää¨æ¨¥−âë, ®¯à¥¤¥«ïîé¨¥ ¢«¨ï−¨¥ −� ¨â®£®¢ãî ®æ¥−ªã ¢¥à®ïâ−®áâ¨
â®£®, çâ® ®æ¥−¨¢�¥¬ë¥ §�¯¨á¨ ®â−®áïâáï ª ®¤−®¬ã ¨ â®¬ã ¦¥ ®¡ê¥ªâã. ��àë
§�¯¨á¥© á ¢¥à®ïâ−®áâï¬¨ ¢ëè¥ −¥ª®â®à®£® ¯®à®£� áç¨â�îâáï á¢ï§�−−ë¬¨, � ¯�àë
á ¢¥à®ïâ−®áâï¬¨ −¨¦¥ ¤àã£®£® ¯®à®£� áç¨â�îâáï −¥á¢ï§�−−ë¬¨. ��àë, ª®â®àë¥
¯®¯�¤�îâ ¬¥¦¤ã íâ¨¬¨ ¤¢ã¬ï ¯®à®£®¢ë¬¨ §−�ç¥−¨ï¬¨, áç¨â�îâáï ª�−¤¨¤�â�-
¬¨ −� á¢ï§ë¢�−¨¥ ¨ ®¡à�¡�âë¢�îâáï ®â¤¥«ì−®, ¤«ï ç¥£® ¢ â¥å−®«®£¨¨ �Šˆˆ
¯à¥¤ãá¬®âà¥−� −�¤áâà®©ª� −�¤ �«£®à¨â¬�¬¨ ‚ˆ‘. �â� −�¤áâà®©ª� ®áãé¥áâ¢«ï¥â
®æ¥−ªã á®®â¢¥âáâ¢¨ï á ®¯®à®© −� ¤¢� �«£®à¨â¬� [17]:

(1) ¯¥à¢ë© �«£®à¨â¬ ¯®¬¨¬® áà�¢−¥−¨ï �âà¨¡ãâ®¢ ®â¤¥«ì−ëå §�¯¨á¥© ®¯¨à�¥âáï
−� ®æ¥−ªã áå®¤áâ¢� áâàãªâãà à®¤áâ¢¥−−ëå á¢ï§¥©, ®¡à�§ãîé¨å −�¯à�¢-
«¥−−ë© £à�ä á ¨¬¥−®¢�−−ë¬¨ á¢ï§ï¬¨ ¨ ¢¥àè¨−�¬¨, á®®â¢¥âáâ¢ãîé¨¬¨
ã¯®¬¨−�¥¬ë¬ ¢ ¤®ªã¬¥−â¥ ¯¥àá®−�¬;

(2) ¢â®à®© �«£®à¨â¬ ¤«ï ¯à¨−ïâ¨ï à¥è¥−¨ï ® á¢ï§ë¢�−¨¨ §�¯¨á¥© ®¯¨à�¥âáï −�
â¥®à¨î −¥ç¥âª¨å ¬−®¦¥áâ¢ ¨ ¨á¯®«ì§®¢�−¨¥ ¬¥à áå®¤áâ¢�.

�à¨¬¥−¥−¨¥ ®¯¨á�−−®£® ¬¥å�−¨§¬� ¯®§¢®«ï¥â ãáâà�−ïâì −¥á®£«�á®¢�−−®áâì
¢ ¤�−−ëå ¯®áà¥¤áâ¢®¬ ãáâ�−®¢«¥−¨ï ¨¤¥−â¨ç−®áâ¨ �âà¨¡ãâ®¢, ¢ â®¬ ç¨á«¥ ¨ ¨¬¥-
îé¨å ®â«¨ç¨ï ¢ −�¯¨á�−¨¨, ¤¢ãå §�¯¨á¥© ç¥à¥§ ¨å á¢ï§ë¢�−¨¥ (®â−¥á¥−¨¥ ª ®¤-
−®¬ã à¥�«ì−®¬ã ®¡ê¥ªâã).

3.3 Геоинформационные технологии

‚ â¥å−®«®£¨¨ �Šˆˆ ¯à¥¤ãá¬®âà¥−ë ¬¥å�−¨§¬ë ¯®¤¤¥à¦ª¨ ¬¨ªà®�−�«¨§�
¯à®áâà�−áâ¢¥−−ëå ¯à®æ¥áá®¢, ¯à¥¤áâ�¢«¥−−ëå ¢ ¢¨¤¥ ¨−¤¨¢¨¤ã�«ì−ëå âà�¥ª-
â®à¨©: £¥®åà®−®«®£¨ç¥áª¨© âà¥ª¨−£. �®áâà®¥−¨¥ £¥®åà®−®«®£¨ç¥áª®£® âà¥ª�
¨áâ®à¨ç¥áª®© «¨ç−®áâ¨ (¨−¤¨¢¨¤�) ¨«¨ ¨áâ®à¨ç¥áª®£® ®¡ê¥ªâ� −� ®á−®¢�−¨¨
£¥®¯à®áâà�−áâ¢¥−−®© ¨−â¥à¯à¥â�æ¨¨ ¥£® ¡¨®£à�ä¨ç¥áª®© ¨−ä®à¬�æ¨¨ ¥áâì ¨−-
â¥£à�æ¨ï åà®−®«®£¨ç¥áª¨å ¨ £¥®£à�ä¨ç¥áª¨å ¤�−−ëå ¢ ¢¨¤¥ £à�ä�, á®¥¤¨−ï-
îé¥£® £¥®£à�ä¨ç¥áª¨¥ â®çª¨ −�å®¦¤¥−¨ï ¨áâ®à¨ç¥áª®© «¨ç−®áâ¨ (£àã¯¯ë ¨ ¯à.)
á æ¢¥â®£à�¤¨¥−â−®© ¯à¨¢ï§ª®© ª â¥¬ ¨«¨ ¨−ë¬ ¯�à�¬¥âà�¬ íâ®£® ¨−¤¨¢¨¤� ¨«¨
¨áâ®à¨ç¥áª¨å á®¡ëâ¨©. �à¨ íâ®¬ ¢¥àè¨−ë â�ª®£® £à�ä� ¨¬¥îâ áâà®£ãî ¨áâ®-
à¨ª®-£¥®£à�ä¨ç¥áªãî ¯à¨¢ï§ªã, � ¤ã£¨ −®áïâ ãá«®¢−®-«®£¨ç¥áª¨© å�à�ªâ¥à [18].
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�ç¨áâª� ¤�−−ëå ¢ â¥å−®«®£¨¨ ¯®¤¤¥à¦ª¨ ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¨áá«¥¤®¢�−¨©

„«ï íâ®£® ¢ â¥å−®«®£¨î �Šˆˆ ¨−â¥£à¨à®¢�−ë ¬¥å�−¨§¬ë ¯®¤¤¥à¦ª¨ £¥®¨−-
ä®à¬�æ¨®−−®© á¨áâ¥¬ë (ƒˆ‘). „«ï ãáâ�−®¢«¥−¨ï á¢ï§¥© ¬¥¦¤ã á¥¬�−â¨ç¥áª®©
á¥âìî â¥å−®«®£¨¨ ¨ £¥®£à�ä¨ç¥áª®© �„ ƒˆ‘ ¢ ®¡ê¥ªâ−ãî ¬®¤¥«ì â¥å−®«®£¨¨
¢¢¥¤¥−® ¯®−ïâ¨¥ ƒˆ‘-á¢ï§ª¨, á®áâ®ïé¥© ¨§ ¯®§¨æ¨¨, â¥¬¯®à�«ì−ëå £à�−¨æ á¢ï§-
ª¨ ¨ ááë«ª¨ −� ¨áâ®ç−¨ª ¨−ä®à¬�æ¨¨. �®¬¨¬® à¥è¥−¨ï §�¤�ç, ¢®§−¨ª�îé¨å
¢ å®¤¥ ª®−ªà¥â−®-¨áâ®à¨ç¥áª®£® ¨áá«¥¤®¢�−¨ï, ƒˆ‘ á¯®á®¡−� à¥è�âì ¯à®¡«¥¬ã
¯à®â¨¢®à¥ç¨¢®áâ¨ ¨ −¥á®£«�á®¢�−−®áâ¨ ¯à®áâà�−áâ¢¥−−®-¢à¥¬¥−− �ëå ¤�−−ëå [19].

4 Схема очистки данных
�� ®á−®¢�−¨¨ ¯à¨¢¥¤¥−−®£® ¢ëè¥ �−�«¨§� ¢áâà®¥−−ëå ¢ â¥å−®«®£¨î �Šˆˆ

áà¥¤áâ¢ ¬®¦−® ¢ë¤¥«¨âì âà¨ íâ�¯� ®ç¨áâª¨ ¤�−−ëå:

(1) ¯à¨ ¢¢®¤¥ ¤�−−ëå;
(2) ¯à¨ ¨á¯à�¢«¥−¨¨ ¤�−−ëå;
(3) ¯à¨ ä®à¬¨à®¢�−¨¨ ¢ë¡®àª¨ ¤«ï �−�«¨§�.

Š ¯¥à¢®¬ã íâ�¯ã ®â−®áïâáï á«¥¤ãîé¨¥ áà¥¤áâ¢�:

{ −®à¬�«¨ (ª®−âà®«ì ª®àà¥ªâ−®áâ¨ ¤�−−ëå ¯à¨ ¢¢®¤¥);
{ −�á«¥¤®¢�−¨¥ ä®à¬�â� ¤�−−ëå ¨§ á¥â¨ ª«�áá®¢ (¯à¨¢¥¤¥−¨¥ ¤�−−ëå ª ä¨ªá¨-

à®¢�−−®¬ã ä®à¬�âã ¯à¨ ¢¢®¤¥).

‘å¥¬� ®ç¨áâª¨ ¤�−−ëå
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Š® ¢â®à®¬ã íâ�¯ã ®â−®áïâáï:

{ ª«�áâ¥à¨§�æ¨ï (ãáâà�−¥−¨¥ èã¬®¢ ¨ ¢ë¡à®á®¢ ¢ ¤�−−ëå);

{ −®à¬�«¨ (¯®¨áª ¯à®â¨¢®à¥ç¨© ¢ ¤�−−ëå);

{ á¢ï§ë¢�−¨¥ §�¯¨á¥© (ãáâà�−¥−¨¥ −¥á®£«�á®¢�−−®áâ¨ ¢ ¤�−−ëå);

{ ƒˆ‘-â¥å−®«®£¨¨ (ãáâà�−¥−¨¥ ¯à®áâà�−áâ¢¥−−®-¢à¥¬¥−− �ëå ®è¨¡®ª ¨ −¥á®-
£«�á®¢�−−®áâ¥© ¢ ¤�−−ëå).

Š âà¥âì¥¬ã íâ�¯ã ®â−®á¨âáï ¨¬¯ãâ�æ¨ï (¢®ááâ�−®¢«¥−¨¥ ¯à®¯ãé¥−−ëå ¤�−-
−ëå).

�¡é�ï áå¥¬� ®ç¨áâª¨ ¤�−−ëå ¢ â¥å−®«®£¨¨ �Šˆˆ ¯à¨¢¥¤¥−� −� à¨áã−ª¥.

5 Выводы

Š�ª ¯®ª�§�−® ¢ëè¥, ¯à¨¬¥−¥−¨¥ �«£®à¨â¬®¢ ¬�è¨−−®£® ®¡ãç¥−¨ï ¢ à�¬ª�å
ª®−ªà¥â−®-¨áâ®à¨ç¥áª®£® ¨áá«¥¤®¢�−¨ï ¬®¦¥â §−�ç¨â¥«ì−® à�áè¨à¨âì �àá¥−�«
¨áá«¥¤®¢�â¥«ï. �®íâ®¬ã ¨å ¨−â¥£à�æ¨ï ¢ â¥å−®«®£¨î �Šˆˆ ¯à¥¤áâ�¢«ï¥âáï
¯¥àá¯¥ªâ¨¢−®© §�¤�ç¥©. „«ï ãá¯¥è−®£® ¯à¨¬¥−¥−¨ï íâ¨å �«£®à¨â¬®¢ ¤�−−ë¥
¤®«¦−ë ¡ëâì −�¤«¥¦�é¨¬ ®¡à�§®¬ ¯®¤£®â®¢«¥−ë, ¨ ®¤¨− ¨§ ¢�¦−¥©è¨å íâ�¯®¢
â�ª®© ¯®¤£®â®¢ª¨ | ®ç¨áâª� ¤�−−ëå. Š�ª ¯®ª�§�−® ¢ áâ�âì¥, â¥å−®«®£¨ï �Šˆˆ
ã¦¥ ¨¬¥¥â ¢ á¢®¥¬ á®áâ�¢¥ ¬¥å�−¨§¬ë, ¤®áâ�â®ç−ë¥ ¤«ï ¯à®¢¥¤¥−¨ï ®ç¨áâª¨
¤�−−ëå, çâ® ¯®§¢®«ï¥â ¯à®¢¥áâ¨ ¬®¤¥à−¨§�æ¨î â¥å−®«®£¨¨ ¢ ãª�§�−−®¬ −�¯à�¢«¥-
−¨¨. �ªâã�«ì−®áâì ¤�«ì−¥©è¥£® à�§¢¨â¨ï 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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Abstract: The article continues the series of works devoted to the technology
of concrete historical research supporting. 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 expediency
of expanding the list of concrete historical research tasks solved within the
framework of the described technology using machine learning methods is shown.
The special importance of data preparation is noted due to the fragmentation and
inconsistency of concrete historical information. This article is devoted to the
specifics of concrete historical data cleansing and the analysis of the possibility of
using mechanisms and algorithms already integrated into the technology for this
purpose. The main directions in which data cleansing is carried out are listed.
Suitable tools already included in the technology have been identified for each
direction. Particular attention is paid to tools for eliminating inconsistencies. The
stages of data cleansing are listed and the scheme of interaction of all mechanisms
and algorithms described in the article is given.

Keywords: concrete historical investigation; distributed technology; machine
learning; data cleansing; data inconsistency
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СОЦИАЛЬНАЯ ЭФФЕКТИВНОСТЬ
ИНФОРМАЦИОННЫХ ТЕХНОЛОГИЙ

К. К. Колин1

�−−®â�æ¨ï: ÷�áá¬®âà¥−� ¯à®¡«¥¬� ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ ¨−ä®à¬�æ¨®−−ëå
â¥å−®«®£¨© ¨ á®§¤�¢�¥¬ëå −� ¨å ®á−®¢¥ ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ à�§«¨ç−®£®
−�§−�ç¥−¨ï. �®ª�§�−®, çâ® ¨å ¨á¯®«ì§®¢�−¨¥ ¯®§¢®«ï¥â áãé¥áâ¢¥−−® ¯®¢ë-
á¨âì ª�ç¥áâ¢® ¦¨§−¨ ¨ ¯®íâ®¬ã áâ�«® −¥®âê¥¬«¥¬®© ç�áâìî ¦¨§−¥¤¥ïâ¥«ì−®áâ¨
á®¢à¥¬¥−−®£® ®¡é¥áâ¢�. Šà®¬¥ â®£®, ¨å ¯à¨¬¥−¥−¨¥ −¥®¡å®¤¨¬® ¤«ï ®¡¥á-
¯¥ç¥−¨ï ®¡é¥áâ¢¥−−®©, −�æ¨®−�«ì−®© ¨ £«®¡�«ì−®© ¡¥§®¯�á−®áâ¨. �à¨¢¥¤¥−
á®áâ�¢ −�¨¡®«¥¥ §−�ç¨¬ëå ¢ á®æ¨�«ì−®¬ �á¯¥ªâ¥ ¯¥àá¯¥ªâ¨¢−ëå ¨−ä®à¬�æ¨-
®−−ëå â¥å−®«®£¨© ¨ á¨áâ¥¬ ¤«ï à�§«¨ç−ëå áä¥à ¦¨§−¥¤¥ïâ¥«ì−®áâ¨ ®¡é¥áâ¢�.
�à¥¤«®¦¥− ª®−æ¥¯âã�«ì−ë© ¯®¤å®¤ ª á®§¤�−¨î −�ãç−®© ¬¥â®¤®«®£¨¨ ®æ¥−ª¨
á®æ¨�«ì−®© íää¥ªâ¨¢−®áâ¨ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© ¨ á¨áâ¥¬. �®ª�§�-
−®, çâ® ã−¨¢¥àá�«ì−ë¬ ªà¨â¥à¨¥¬ ¤«ï â�ª®© ®æ¥−ª¨ ¬®¦¥â á«ã¦¨âì íª®−®¬¨ï
á®æ¨�«ì−®£® ¢à¥¬¥−¨, ª®â®à�ï ¤®áâ¨£�¥âáï ¢ à¥§ã«ìâ�â¥ ¨å ¯à�ªâ¨ç¥áª®£®
¨á¯®«ì§®¢�−¨ï. ÷�áá¬®âà¥−ë ¯¥àá¯¥ªâ¨¢−ë¥ −�¯à�¢«¥−¨ï à�§¢¨â¨ï ¨−ä®à-
¬�æ¨®−−ëå â¥å−®«®£¨©.

Š«îç¥¢ë¥ á«®¢�: ¨−ä®à¬�æ¨®−−ë¥ á¨áâ¥¬ë; ¨−ä®à¬�æ¨®−−ë¥ â¥å−®«®£¨¨;
ª�ç¥áâ¢® ¦¨§−¨; −�æ¨®−�«ì−�ï ¡¥§®¯�á−®áâì; á®æ¨�«ì−�ï íää¥ªâ¨¢−®áâì

DOI: 10.14357/08696527230314 EDN: BHTQOX

1 Введение

ˆáá«¥¤®¢�−¨ï ¯®ª�§ë¢�îâ, çâ® XXI ¢. áâ�« −�ç�«®¬ −®¢®© í¯®å¨ à�§¢¨â¨ï
æ¨¢¨«¨§�æ¨¨, ¢ ª®â®à®© ª«îç¥¢ë¬¨ ä�ªâ®à�¬¨ ¢ëáâã¯�îâ ¨−ä®à¬�æ¨®−−ë¥ â¥å-
−®«®£¨¨. �−¨ è¨à®ª® ¨á¯®«ì§ãîâáï ¢ á�¬ëå à�§−ëå áä¥à�å ¦¨§−¥¤¥ïâ¥«ì−®áâ¨
®¡é¥áâ¢�, ¢ëáâã¯�ï ¢ −¨å ¢ ª�ç¥áâ¢¥ ª�â�«¨§�â®à®¢ à�§¢¨â¨ï, � â�ª¦¥ ¨−â¥«-
«¥ªâã�«ì−ëå ª®¬¯®−¥−â®¢ ¤àã£¨å â¥å−®«®£¨© | â¥å−¨ç¥áª¨å, í−¥à£¥â¨ç¥áª¨å,
¡¨®«®£¨ç¥áª¨å ¨ á®æ¨�«ì−ëå.

‚ íâ¨å ãá«®¢¨ïå ®æ¥−ª� á®æ¨�«ì−®© íää¥ªâ¨¢−®áâ¨ ¨−ä®à¬�æ¨®−−ëå â¥å−®-
«®£¨© ¨ á®§¤�¢�¥¬ëå −� ¨å ®á−®¢¥ ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ áâ�−®¢¨âáï �ªâã�«ì−®©
¨ áâà�â¥£¨ç¥áª¨ ¢�¦−®© ¯à®¡«¥¬®©. …¥ à¥è¥−¨¥ −¥®¡å®¤¨¬® ¤«ï ®¯â¨¬¨§�æ¨¨
£®áã¤�àáâ¢¥−−®© ¯®«¨â¨ª¨ ¨ ¤¥ïâ¥«ì−®áâ¨ áâàãªâãà ¡¨§−¥á� ¢ ®¡«�áâ¨ ¨−ä®à-
¬�æ¨®−−®£® à�§¢¨â¨ï ®¡é¥áâ¢� ¨ ®¯à¥¤¥«¥−¨ï ¯à¨®à¨â¥â−ëå −�¯à�¢«¥−¨© íâ®£®
à�§¢¨â¨ï.

�−�«¨§ á®áâ®ï−¨ï ¨áá«¥¤®¢�−¨© ¢ íâ®© ®¡«�áâ¨ ¯®ª�§�«, çâ® á®§¤�−¨¥ −�ãç−®
®¡®á−®¢�−−®© ¬¥â®¤®«®£¨¨ ®æ¥−ª¨ á®æ¨�«ì−®© íää¥ªâ¨¢−®áâ¨ ¨−ä®à¬�æ¨®−−ëå

1”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª, kolinkk@mail.ru
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â¥å−®«®£¨© ¨ á¨áâ¥¬ −�å®¤¨âáï ¥é¥ ¢ −�ç�«ì−®© áâ�¤¨¨. ‘®¤¥à¦�−¨¥ íâ®©
¯à®¡«¥¬ë âà¥¡ã¥â ¤«ï á¢®¥£® à¥è¥−¨ï á¨áâ¥¬−®£® ¯®¤å®¤�. �®¯ëâª� à�áá¬®âà¥âì
ª®−æ¥¯âã�«ì−ë¥ ¯®«®¦¥−¨ï â�ª®£® ¯®¤å®¤� ¨ áâ�¢¨âáï ®á−®¢−®© æ¥«ìî −�áâ®ïé¥©
à�¡®âë.

2 Современное состояние проблемы

�¤−� ¨§ ¯¥à¢ëå ¯®¯ëâ®ª �−�«¨§� ¯à®¡«¥¬ë á®æ¨�«ì−®© íää¥ªâ¨¢−®áâ¨ ¨−-
ä®à¬�æ¨®−−ëå â¥å−®«®£¨© ¡ë«� á¤¥«�−� ¢ ˆ−áâ¨âãâ¥ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨
÷�� ¢ 1995 £. ‚ à�¡®â¥ [1] ¯®ª�§�−®, çâ® ¨−ä®à¬�æ¨®−−ë¥ â¥å−®«®£¨¨ á«ã¦�â
ª�â�«¨§�â®à�¬¨ á®æ¨�«ì−®-íª®−®¬¨ç¥áª®£® à�§¢¨â¨ï ®¡é¥áâ¢�, â�ª ª�ª ®−¨ áâ�-
−®¢ïâáï −¥ â®«ìª® ®á−®¢−ë¬¨ áà¥¤áâ¢�¬¨ ¤«ï ¨á¯®«ì§®¢�−¨ï ¨−ä®à¬�æ¨®−−ëå
à¥áãàá®¢ ®¡é¥áâ¢�, −® â�ª¦¥ ¨ áãé¥áâ¢¥−−ë¬ ®¡à�§®¬ ¯®¢ëè�îâ íää¥ªâ¨¢−®áâì
¤àã£¨å ¢¨¤®¢ â¥å−®«®£¨©, ¢ëáâã¯�ï ¢ −¨å ¢ ª�ç¥áâ¢¥ ¨−â¥««¥ªâã�«ì−®£® ï¤à�.

‚ íâ®© à�¡®â¥ ¯à¥¤«®¦¥−® à�§«¨ç�âì á«¥¤ãîé¨¥ ª«�ááë â¥å−®«®£¨©:

{ ¯à®¨§¢®¤áâ¢¥−−ë¥ â¥å−®«®£¨¨, ¯à¥¤−�§−�ç¥−−ë¥ ¤«ï ®¯â¨¬¨§�æ¨¨ ¯à®æ¥á-
á®¢ ¢ áä¥à¥ ¬�â¥à¨�«ì−®£® ¯à®¨§¢®¤áâ¢� â®¢�à®¢ ¨ ãá«ã£ ¨ ¨å ®¡é¥áâ¢¥−−®£®
à�á¯à¥¤¥«¥−¨ï;

{ ¨−ä®à¬�æ¨®−−ë¥ â¥å−®«®£¨¨, ¯à¥¤−�§−�ç¥−−ë¥ ¤«ï à�æ¨®−�«ì−®© ®à£�−¨-
§�æ¨¨ ¯à®æ¥áá®¢ ¢ ¨−ä®à¬�æ¨®−−®© áä¥à¥ ®¡é¥áâ¢�, ¢ª«îç�ï −�ãªã, ªã«ìâã-
àã, ®¡à�§®¢�−¨¥, áà¥¤áâ¢� ¬�áá®¢®© ¨−ä®à¬�æ¨¨ ¨ ¨−ä®à¬�æ¨®−−ë¥ ª®¬¬ã-
−¨ª�æ¨¨;

{ á®æ¨�«ì−ë¥ â¥å−®«®£¨¨, ®à¨¥−â¨à®¢�−−ë¥ −� à�æ¨®−�«ì−ãî ®à£�−¨§�æ¨î
á®æ¨�«ì−ëå ¯à®æ¥áá®¢ ¢ íª®−®¬¨ª¥, ¯®«¨â¨ª¥, ä¨−�−á®¢®© áä¥à¥, ®¡à�§®¢�-
−¨¨, §¤à�¢®®åà�−¥−¨¨, ¢®¥−−®¬ ¤¥«¥ ¨ â. ¯.;

�ë«� â�ª¦¥ ¯®ª�§�−� −¥®¡å®¤¨¬®áâì ä®à¬¨à®¢�−¨ï á¯¥æ¨�«ì−®© −�ãª¨
® â¥å−®«®£¨ïå ¨ ®¯à¥¤¥«¥−ë ¥¥ §�¤�ç¨ ¨ −�¯à�¢«¥−¨ï ¨áá«¥¤®¢�−¨©. �â� ¯à®¡«¥¬�
¡ë«� §�â¥¬ ¤¥â�«ì−® à�áá¬®âà¥−� ¢ à�¡®â¥ [2].

�á−®¢� ª®−æ¥¯âã�«ì−®£® ¯®¤å®¤� ª ¨§ãç¥−¨î íâ®© ¯à®¡«¥¬ë á®áâ®¨â ¢ ¨á-
¯®«ì§®¢�−¨¨ ¯®−ïâ¨ï á®æ¨�«ì−®£® ¢à¥¬¥−¨, ª®â®à®¥ ¡ë«® ¯à¥¤«®¦¥−® �ª�¤¥¬¨ª®¬
‚. ƒ. �ä�−�áì¥¢ë¬ ¢ ª�ç¥áâ¢¥ ã−¨¢¥àá�«ì−®© ¬¥àë §�âà�â ®¡é¥áâ¢¥−−®£® âàã-
¤� −� à¥�«¨§�æ¨î «î¡ëå á®æ¨�«ì−®-íª®−®¬¨ç¥áª¨å ¯à®æ¥áá®¢. �â® ¯®−ïâ¨¥
¢ ¤�«ì−¥©è¥¬ ¨á¯®«ì§®¢�« �. ƒ. Šã§−¥æ®¢ [3].

ˆáá«¥¤®¢�−¨ï ¯®ª�§�«¨, çâ® ¯®−ïâ¨¥ á®æ¨�«ì−®£® ¢à¥¬¥−¨ æ¥«¥á®®¡à�§−®
¨á¯®«ì§®¢�âì ¯à¨ ®æ¥−ª¥ á®æ¨�«ì−®© íää¥ªâ¨¢−®áâ¨ «î¡ëå ¢¨¤®¢ â¥å−®«®£¨©,
¢ª«îç�ï ¨−ä®à¬�æ¨®−−ë¥ [4].

3 Классификация информационных технологий

‚ −�áâ®ïé¥¥ ¢à¥¬ï ª«�áá¨ä¨ª�æ¨ï ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©, ¯à¨¬¥−ï-
¥¬ëå ¢ à�§«¨ç−ëå áä¥à�å á®æ¨�«ì−®© ¯à�ªâ¨ª¨, ®áãé¥áâ¢«ï¥âáï ¢ ®á−®¢−®¬
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¯® ¯à¨§−�ª�¬ ¨å ¯à�ªâ¨ç¥áª®£® ¨á¯®«ì§®¢�−¨ï, â. ¥. ¨§ ç¨áâ® ¯à�£¬�â¨ç¥áª¨å
á®®¡à�¦¥−¨©. �¤−�ª® �−�«¨§ â¥å−®«®£¨© á â®çª¨ §à¥−¨ï ¨å á®æ¨�«ì−®© íä-
ä¥ªâ¨¢−®áâ¨ âà¥¡ã¥â ¨−®£® ¯®¤å®¤�. ‚ ¥£® ®á−®¢¥ ¤®«¦¥− «¥¦�âì å�à�ªâ¥à
¨á¯®«ì§®¢�−¨ï íâ¨å â¥å−®«®£¨© ¢ ¯à®æ¥áá¥ à¥�«¨§�æ¨¨ ¨−ä®à¬�æ¨®−−®-â¥å−®«®-
£¨ç¥áª¨å ¯à®æ¥áá®¢.

‘ íâ®© â®çª¨ §à¥−¨ï æ¥«¥á®®¡à�§−® ¢ë¤¥«¨âì á«¥¤ãîé¨¥ ¤¢� ®á−®¢−ëå ª«�áá�
¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©:

(1) ¡�§®¢ë¥ ¨−ä®à¬�æ¨®−−ë¥ â¥å−®«®£¨¨;

(2) ¯à¨ª«�¤−ë¥ ¨−ä®à¬�æ¨®−−ë¥ â¥å−®«®£¨¨.

��§®¢ë¥ ¨−ä®à¬�æ¨®−−ë¥ â¥å−®«®£¨¨ ¯à¥¤áâ�¢«ïîâ á®¡®© −�¨¡®«¥¥ íää¥ª-
â¨¢−ë¥ á¯®á®¡ë ®à£�−¨§�æ¨¨ â¨¯®¢ëå, ç�áâ® ¯®¢â®àïîé¨åáï ¨−ä®à¬�æ¨®−−ëå
¯à®æ¥áá®¢, á¢ï§�−−ëå á ¯à¥®¡à�§®¢�−¨¥¬ ¨ ¨á¯®«ì§®¢�−¨¥¬ â¥å ¨«¨ ¨−ëå ¢¨¤®¢
¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢. �à¨¬¥à�¬¨ â�ª¨å â¥å−®«®£¨© ¬®£ãâ ¡ëâì â¥å−®«®-
£¨¨ ª®¤¨à®¢�−¨ï ¨−ä®à¬�æ¨¨, ¥¥ åà�−¥−¨ï ¨ ®â®¡à�¦¥−¨ï ¢ à�§«¨ç−ëå ä®à¬�å,
� â�ª¦¥ â¥å−®«®£¨¨ ¯¥à¥¤�ç¨ ¨−ä®à¬�æ¨¨ ¯® ª�−�«�¬ á¢ï§¨.

•�à�ªâ¥à−ë© ¯à¨§−�ª ¡�§®¢ëå â¥å−®«®£¨© | ®−¨ −¥ ¯à¥¤−�§−�ç¥−ë ¤«ï
−¥¯®áà¥¤áâ¢¥−−®© à¥�«¨§�æ¨¨ â¥å ¨«¨ ¨−ëå ª®−ªà¥â−ëå ¨−ä®à¬�æ¨®−−ëå â¥å-
−®«®£¨ç¥áª¨å ¯à®æ¥áá®¢, � á«ã¦�â «¨èì â¥¬¨ ¡�§®¢ë¬¨ ¨å ª®¬¯®−¥−â�¬¨, −�
®á−®¢¥ ª®â®àëå ¨ ¯à®¥ªâ¨àãîâáï §�â¥¬ ¯à¨ª«�¤−ë¥ ¨−ä®à¬�æ¨®−−ë¥ â¥å−®«®-
£¨¨.

ƒ«�¢−�ï æ¥«ì ¡�§®¢ëå ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© §�ª«îç�¥âáï ¢ ¤®áâ¨¦¥-
−¨¨ ¬�ªá¨¬�«ì−®© íää¥ªâ¨¢−®áâ¨ ¢ à¥�«¨§�æ¨¨ −¥ª®â®à®£® äà�£¬¥−â� ¡®«¥¥
á«®¦−®£® ¨−ä®à¬�æ¨®−−®-â¥å−®«®£¨ç¥áª®£® ¯à®æ¥áá� −� ®á−®¢¥ ¨á¯®«ì§®¢�−¨ï
¯®á«¥¤−¨å ¤®áâ¨¦¥−¨© −�ãª¨ ¨ â¥å−®«®£¨©, � â�ª¦¥ ¯¥à¥¤®¢®£® ¯à�ªâ¨ç¥áª®£®
®¯ëâ�. ˆ¬¥−−® ¯®íâ®¬ã ¤«ï ¡�§®¢ëå â¥å−®«®£¨© ¨ à�§à�¡�âë¢�îâáï −�æ¨®−�«ì-
−ë¥ ¨ ¬¥¦¤ã−�à®¤−ë¥ áâ�−¤�àâë ¨ ¯à®â®ª®«ë, ¨á¯®«ì§®¢�−¨¥ ª®â®àëå £�à�−â¨-
àã¥â ¢ëá®ª®¥ ª�ç¥áâ¢® à¥�«¨§�æ¨¨ ¨−ä®à¬�æ¨®−−®-â¥å−®«®£¨ç¥áª¨å ¯à®æ¥áá®¢.

�à¨ª«�¤−ë¥ ¨−ä®à¬�æ¨®−−ë¥ â¥å−®«®£¨¨. �á−®¢−®© §�¤�ç¥© §¤¥áì áâ�¢¨â-
áï à�æ¨®−�«ì−�ï ®à£�−¨§�æ¨ï −¥ª®â®à®£® ª®−ªà¥â−®£® ¨−ä®à¬�æ¨®−−®-â¥å−®«®-
£¨ç¥áª®£® ¯à®æ¥áá�. �áãé¥áâ¢«ï¥âáï íâ® ¯ãâ¥¬ �¤�¯â�æ¨¨ −¥áª®«ìª¨å ¡�§®¢ëå
â¥å−®«®£¨©, ¯®§¢®«ïîé¨å −�¨«ãçè¨¬ ®¡à�§®¬ à¥�«¨§®¢�âì ®â¤¥«ì−ë¥ äà�£-
¬¥−âë íâ®£® ¯à®æ¥áá�. �®íâ®¬ã ®á−®¢−ë¬¨ −�ãç−ë¬¨ ¯à®¡«¥¬�¬¨ ¢ ®¡«�áâ¨
¨áá«¥¤®¢�−¨ï ¯à¨ª«�¤−ëå ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© ¬®¦−® áç¨â�âì:

(1) à�§à�¡®âªã ¬¥â®¤®¢ �−�«¨§�, á¨−â¥§� ¨ ®¯â¨¬¨§�æ¨¨ ¯à¨ª«�¤−ëå ¨−ä®à¬�-
æ¨®−−ëå â¥å−®«®£¨©;

(2) á®§¤�−¨¥ â¥®à¨¨ ¯à®¥ªâ¨à®¢�−¨ï ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© à�§«¨ç−®£®
¢¨¤� ¨ ¯à�ªâ¨ç¥áª®£® −�§−�ç¥−¨ï;

(3) á®§¤�−¨¥ ¬¥â®¤®«®£¨¨ áà�¢−¨â¥«ì−®© ª®«¨ç¥áâ¢¥−−®© ®æ¥−ª¨ à�§«¨ç−ëå
¢�à¨�−â®¢ ¯®áâà®¥−¨ï â¥å−®«®£¨©, � â�ª¦¥ ¨å íää¥ªâ¨¢−®áâ¨;

(4) à�§à�¡®âªã âà¥¡®¢�−¨© ª áà¥¤áâ¢�¬ à¥�«¨§�æ¨¨ ¯à¨ª«�¤−ëå ¨−ä®à¬�æ¨®−-
−ëå â¥å−®«®£¨©.
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�¤−¨¬ ¨§ ¯à¨¬¥à®¢ ¯à¨ª«�¤−®© ¨−ä®à¬�æ¨®−−®© â¥å−®«®£¨¨ ¬®¦¥â á«ã¦¨âì
â¥å−®«®£¨ï ¢¢®¤� ¢ ¯�¬ïâì ª®¬¯ìîâ¥à� à¥ç¥¢®© ¨−ä®à¬�æ¨¨. ‘ â¥å−®«®£¨ç¥-
áª®© â®çª¨ §à¥−¨ï ¨−ä®à¬�æ¨®−−ë© ¯à®æ¥áá §¤¥áì à�§¤¥«ï¥âáï −� −¥áª®«ìª®
¯®á«¥¤®¢�â¥«ì−ëå íâ�¯®¢, −� ª�¦¤®¬ ¨§ ª®â®àëå ¨á¯®«ì§ã¥âáï á¢®ï ¡�§®¢�ï
¨−ä®à¬�æ¨®−−�ï â¥å−®«®£¨ï.

�á−®¢−®© ¯à¨−æ¨¯ ä®à¬¨à®¢�−¨ï ¯à¨ª«�¤−®© ¨−ä®à¬�æ¨®−−®© â¥å−®«®-
£¨¨ | �¤�¯â�æ¨ï §�à�−¥¥ ®âà�¡®â�−−ëå ¡�§®¢ëå â¥å−®«®£¨© ¤«ï à¥�«¨§�æ¨¨ ¤�−-
−®£® ¨−ä®à¬�æ¨®−−®-â¥å−®«®£¨ç¥áª®£® ¯à®æ¥áá�. �â® ¤�¥â ¡®«ìèãî íª®−®¬¨î
¢à¥¬¥−¨ ¯à¨ à�§à�¡®âª¥ ¯à¨ª«�¤−ëå ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© ¨ £�à�−â¨àã¥â
¨å ¢ëá®ªãî íää¥ªâ¨¢−®áâì.

4 Критерии эффективности информационных технологий

„«ï ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ à�§«¨ç−ëå ¢�à¨�−â®¢ ¨−ä®à¬�æ¨®−−ëå â¥å−®-
«®£¨© −ã¦−® ã¬¥âì ¯à�¢¨«ì−® ¢ë¡¨à�âì ªà¨â¥à¨¨ ¨å íää¥ªâ¨¢−®áâ¨. ’�ª¨¬¨
ªà¨â¥à¨ï¬¨ ¬®£ãâ ¡ëâì:

(1) äã−ªæ¨®−�«ì−ë¥ ªà¨â¥à¨¨, ª®â®àë¥ å�à�ªâ¥à¨§ãîâ áâ¥¯¥−ì ¤®áâ¨¦¥−¨ï
¦¥«�¥¬ëå å�à�ªâ¥à¨áâ¨ª ¨−ä®à¬�æ¨®−−®-â¥å−®«®£¨ç¥áª®£® ¯à®æ¥áá� ¯à¨
¨á¯®«ì§®¢�−¨¨ ¤�−−®© â¥å−®«®£¨¨;

(2) à¥áãàá−ë¥ ªà¨â¥à¨¨, ª®â®àë¥ å�à�ªâ¥à¨§ãîâ ®¡ê¥¬ ¨ ª�ç¥áâ¢® à�§«¨ç−®£®
¢¨¤� à¥áãàá®¢, −¥®¡å®¤¨¬ëå ¤«ï à¥�«¨§�æ¨¨ ¤�−−®© â¥å−®«®£¨¨. ’�ª¨¬¨
à¥áãàá�¬¨ ¬®£ãâ ¡ëâì:

{ ¬�â¥à¨�«ì−ë¥ à¥áãàáë (áëàì¥, ¬�â¥à¨�«ë, â¥å−®«®£¨ç¥áª®¥ ®¡®àã¤®¢�-
−¨¥);

{ í−¥à£¥â¨ç¥áª¨¥ à¥áãàáë (§�âà�âë í−¥à£¨¨ −� à¥�«¨§�æ¨î ¨−ä®à¬�æ¨®−-
−®-â¥å−®«®£¨ç¥áª®£® ¯à®æ¥áá� ¯à¨ ¤�−−®© â¥å−®«®£¨¨);

{ «î¤áª¨¥ à¥áãàáë (ç¨á«¥−−®áâì ¨ ãà®¢¥−ì ¯®¤£®â®¢ª¨ ¯¥àá®−�«�, −¥®¡å®-
¤¨¬®£® ¤«ï à¥�«¨§�æ¨¨ ¤�−−®© â¥å−®«®£¨¨);

{ ¢à¥¬¥−−�ë¥ à¥áãàáë (ª®«¨ç¥áâ¢® ¢à¥¬¥−¨, −¥®¡å®¤¨¬®£® ¤«ï à¥�«¨§�æ¨¨
¯à®æ¥áá� ¯à¨ ¨á¯®«ì§®¢�−¨¨ ¤�−−®© â¥å−®«®£¨¨);

{ ¨−ä®à¬�æ¨®−−ë¥ à¥áãàáë (¤�−−ë¥ ¨ §−�−¨ï, −¥®¡å®¤¨¬ë¥ ¤«ï ãá¯¥è−®©
à¥�«¨§�æ¨¨ ¨−ä®à¬�æ¨®−−®-â¥å−®«®£¨ç¥áª®£® ¯à®æ¥áá�).

‚ −�áâ®ïé¥¥ ¢à¥¬ï ®á−®¢−ë¬¨ ¢¨¤�¬¨ à¥áãàá®¢ ¢ ¯à®¨§¢®¤áâ¢¥−−®© áä¥à¥ ¢ë-
áâã¯�îâ ¬�â¥à¨�«ì−ë¥ ¨ í−¥à£¥â¨ç¥áª¨¥ à¥áãàáë. ˆ¬¥−−® ¯®íâ®¬ã −�¨¡®«ìè¥¥
¢−¨¬�−¨¥ ¢ ®âà�á«ïå ¯à®¨§¢®¤áâ¢� ¯à®¬ëè«¥−−®© ¯à®¤ãªæ¨¨ ã¤¥«ï¥âáï â�ª
−�§ë¢�¥¬ë¬ ¬�â¥à¨�«®á¡¥à¥£�îé¨¬ ¨ í−¥à£®á¡¥à¥£�îé¨¬ ¯à®¨§¢®¤áâ¢¥−−ë¬
â¥å−®«®£¨ï¬. —â® ¦¥ ª�á�¥âáï ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©, â® §¤¥áì ¨¬¥¥âáï
á¢®ï ¤®áâ�â®ç−® áãé¥áâ¢¥−−�ï á¯¥æ¨ä¨ª�.

’�ª, í−¥à£¥â¨ç¥áª¨¥ à¥áãàáë ¤«ï ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©, ª�ª ¯à�¢¨«®,
¨¬¥îâ ¢â®à®áâ¥¯¥−−®¥ §−�ç¥−¨¥. ‚¥¤ì ¨−ä®à¬�æ¨®−−ë¥ ¯à®æ¥ááë ®¡«�¤�îâ
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áà�¢−¨â¥«ì−® −¨§ª®© í−¥à£®¥¬ª®áâìî ¯® áà�¢−¥−¨î á á¨«®¢ë¬¨ ¯à®æ¥áá�¬¨,
ª®â®àë¥ à¥�«¨§ãîâáï ¢ ¬¥å�−¨ç¥áª¨å ¨ í−¥à£¥â¨ç¥áª¨å â¥å−®«®£¨ïå.

�â¬¥â¨¬ â�ª¦¥, çâ® ¨−ä®à¬�æ¨®−−ë¥ â¥å−®«®£¨¨ áâ�«¨ ®á−®¢−ë¬ áà¥¤áâ¢®¬
ä®à¬¨à®¢�−¨ï ¨ ¨á¯®«ì§®¢�−¨ï ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢ ®¡é¥áâ¢�. �¤−�ª®
¨å ®á®¡¥−−®áâì §�ª«îç�¥âáï ¢ â®¬, çâ® ¤«ï á¢®¥£® äã−ªæ¨®−¨à®¢�−¨ï ®−¨ á�¬¨
−ã¦¤�îâáï ¢ ¨á¯®«ì§®¢�−¨¨ ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢. �â¨ à¥áãàáë ¢ ¢¨¤¥
¡�§ ¤�−−ëå ¨ §−�−¨© ¬®£ãâ §�à�−¥¥ ¢¢®¤¨âìáï ¢ ¯�¬ïâì ¨−ä®à¬�æ¨®−−®© á¨á-
â¥¬ë, � â�ª¦¥ ¯®áâã¯�âì ¢ −¥¥ ¨§¢−¥ ¢ ¯à®æ¥áá¥ à¥�«¨§�æ¨¨ â®£® ¨«¨ ¨−®£®
¨−ä®à¬�æ¨®−−®-â¥å−®«®£¨ç¥áª®£® ¯à®æ¥áá�.

•�à�ªâ¥à−ë¬ ¯à¨¬¥à®¬ §¤¥áì á«ã¦�â íªá¯¥àâ−ë¥ á¨áâ¥¬ë. �â¨ â¥å−®«®£¨¨,
ª�ª ¯à�¢¨«®, ¨á¯®«ì§ãîâ ã¦¥ −�ª®¯«¥−−ë© ®¯ëâ ¢ ®à£�−¨§�æ¨¨ â®£® ¨«¨ ¨−®£®
¨−ä®à¬�æ¨®−−®£® ¯à®æ¥áá�. �à¨ íâ®¬ ¤®áâ¨£�¥âáï ¢®§¬®¦−®áâì áãé¥áâ¢¥−−ë¬
®¡à�§®¬ á−¨§¨âì ãà®¢¥−ì âà¥¡®¢�−¨© ª ¯à®ä¥áá¨®−�«ì−®© ª¢�«¨ä¨ª�æ¨¨ ¯®«ì§®-
¢�â¥«¥© íªá¯¥àâ−®© á¨áâ¥¬ë, çâ® ¤�¥â §−�ç¨â¥«ì−ë© íª®−®¬¨ç¥áª¨© ¨ á®æ¨�«ì−ë©
íää¥ªâ.

�â®â ¯à¨¬¥à ¯®ª�§ë¢�¥â, çâ® ¨−ä®à¬�æ¨®−−ë¥ â¥å−®«®£¨¨ ¯®§¢®«ïîâ −¥
â®«ìª® ä®à¬¨à®¢�âì §−�−¨ï, −® â�ª¦¥ ¨ ¨å íª®−®¬−® ¨á¯®«ì§®¢�âì. „àã£¨¬¨
á«®¢�¬¨, ®−¨ ®¡«�¤�îâ á¢®©áâ¢�¬¨ ¨−ä®à¬�æ¨®−−® á¡¥à¥£�îé¨å â¥å−®«®£¨©.
�¨ª�ª¨¥ ¤àã£¨¥ â¥å−®«®£¨¨ â�ª¨¬¨ á¢®©áâ¢�¬¨ −¥ ®¡«�¤�îâ.

Общий критерий эффективности информационных технологий. ÷¥áãàá−ë¥
ªà¨â¥à¨¨ íää¥ªâ¨¢−®áâ¨ ¯®§¢®«ïîâ áà�¢−¨¢�âì ¬¥¦¤ã á®¡®© à�§«¨ç−ë¥ ¢¨¤ë
â¥å−®«®£¨©. Šà®¬¥ â®£®, ®−¨ ¤�îâ ¢®§¬®¦−®áâì ª®«¨ç¥áâ¢¥−−® ®æ¥−¨¢�âì ¯®-
«ãç�¥¬ë© ¢ à¥§ã«ìâ�â¥ ¯à¨¬¥−¥−¨ï íâ¨å â¥å−®«®£¨© íää¥ªâ á â®çª¨ §à¥−¨ï
¨å á®æ¨�«ì−®© ¯®«¥§−®áâ¨ | ¢ ¯«�−¥ íª®−®¬¨¨ à�§«¨ç−ëå ¢¨¤®¢ à¥áãàá®¢
®¡é¥áâ¢�. ˆ¬¥−−® ¯®íâ®¬ã −�¨¡®«¥¥ à�á¯à®áâà�−¥−−ë¬¨ ªà¨â¥à¨ï¬¨ ¤«ï ®æ¥−ª¨
¯à®¨§¢®¤áâ¢¥−−ëå â¥å−®«®£¨© áâ�«¨ í−¥à£¥â¨ç¥áª¨¥ ªà¨â¥à¨¨. ‚¥¤ì §�âà�âë
í−¥à£¨¨ ¢ ®¡é¥áâ¢¥−−® ¯®«¥§−®¬ ¯à®¨§¢®¤áâ¢¥ á«ã¦�â ®¤−¨¬ ¨§ ¢�¦−¥©è¨å
¯®ª�§�â¥«¥© ãà®¢−ï â¥å−®«®£¨ç¥áª®£® à�§¢¨â¨ï á®¢à¥¬¥−−®£® ®¡é¥áâ¢�.

�¤−�ª® −�¨¡®«¥¥ ®¡é¨¬ ¯®ª�§�â¥«¥¬ â¥å−®«®£¨¨ «î¡®£® ¢¨¤� (¯à®¨§¢®¤-
áâ¢¥−−®©, á®æ¨�«ì−®© ¨«¨ ¦¥ ¨−ä®à¬�æ¨®−−®©) á«¥¤ã¥â ¯à¨§−�âì íª®−®¬¨î
á®æ¨�«ì−®£® ¢à¥¬¥−¨. �â®â ªà¨â¥à¨© ¯à¥¤«®¦¥− ‚. ƒ. �ä�−�áì¥¢ë¬ ¨ �. ƒ. Šã§-
−¥æ®¢ë¬ ¢ ª�ç¥áâ¢¥ ®¤−®© ¨§ −�¨¡®«¥¥ ®¡é¨å ¬¥à à�§¢¨â¨ï ®¡é¥áâ¢� [5]. �à¥¤-
áâ�¢«ï¥âáï, çâ® ®− ¯à¨£®¤¥− ¤«ï ª®«¨ç¥áâ¢¥−−®© ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ á�¬ëå
à�§−ëå ¢¨¤®¢ â¥å−®«®£¨©. ‚¥¤ì å®à®è® ¨§¢¥áâ−®, çâ® «î¡�ï íª®−®¬¨ï ¢ ª®−¥ç−®¬
¨â®£¥ ¬®¦¥â ¡ëâì á¢¥¤¥−� ª íª®−®¬¨¨ ¢à¥¬¥−¨.

Œ�«® â®£®, ¯® ¬−¥−¨î �. ƒ. Šã§−¥æ®¢�, ¨¬¥−−® ¡î¤¦¥â á®æ¨�«ì−®£® ¢à¥¬¥−¨
¨ ¥áâì £«�¢−ë© à¥áãàá ¤«ï ¦¨§−¥®¡¥á¯¥ç¥−¨ï ¨ à�§¢¨â¨ï ®¡é¥áâ¢� [3]. ‘®£«�á−®
íâ®¬ã ªà¨â¥à¨î, ¡®«¥¥ ¯®«¥§−ë ¤«ï ®¡é¥áâ¢� â¥ â¥å−®«®£¨¨, ª®â®àë¥ ¯®§¢®«ïîâ
áíª®−®¬¨âì ¡®«ìè¥ á®æ¨�«ì−®£® ¢à¥¬¥−¨, ¢ëá¢®¡®¦¤�ï ¥£® ¤«ï ¤àã£¨å æ¥«¥©,
¢ â®¬ ç¨á«¥ ¤«ï æ¥«¥© à�§¢¨â¨ï á�¬®£® ®¡é¥áâ¢�.

ˆ§«®¦¥−−ë© ¯®¤å®¤ ª®à¥−−ë¬ ®¡à�§®¬ ¨§¬¥−ï¥â âà�¤¨æ¨®−−ãî â®çªã §à¥−¨ï
−� íää¥ªâ¨¢−®áâì â¥å ¨«¨ ¨−ëå ¢¨¤®¢ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©, ª®â®àë¥
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á¥£®¤−ï ®æ¥−¨¢�îâáï, ª�ª ¯à�¢¨«®, «¨èì ¯® äã−ªæ¨®−�«ì−ë¬ ªà¨â¥à¨ï¬. ’�ª,
á â®çª¨ §à¥−¨ï íª®−®¬¨¨ á®æ¨�«ì−®£® ¢à¥¬¥−¨ ¤«ï ®¡é¥áâ¢� ®ç¥−ì íää¥ªâ¨¢-
−ë¬ ®ª�§ë¢�¥âáï ¨á¯®«ì§®¢�−¨¥ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© ¢ áä¥à¥ ¬�áá®¢®£®
®¡á«ã¦¨¢�−¨ï −�á¥«¥−¨ï (−� ¯à¥¤¯à¨ïâ¨ïå â®à£®¢«¨, ®¡é¥áâ¢¥−−®£® ¯¨â�−¨ï,
¢ á¡¥à¥£�â¥«ì−ëå ¡�−ª�å, ¡¨«¥â−ëå ª�áá�å ¨ â. ¯.).

�¡ íâ®¬ ã¡¥¤¨â¥«ì−® á¢¨¤¥â¥«ìáâ¢ã¥â ¯à�ªâ¨ª� á®§¤�−¨ï ¢ −�è¥© áâà�−¥ ¬−®-
£®äã−ªæ¨®−�«ì−ëå æ¥−âà®¢ ®ª�§�−¨ï −�á¥«¥−¨î £®áã¤�àáâ¢¥−−ëå ãá«ã£. Œ�á-
èâ�¡ë íª®−®¬¨¨ á®æ¨�«ì−®£® ¢à¥¬¥−¨, ª®â®à®¥ à�−¥¥ §�âà�ç¨¢�«�áì −� ¯®«ãç¥−¨¥
íâ¨å ãá«ã£, ®£à®¬−ë. ˆ íâ® ®ç¥−ì ¢�¦−®¥ −�¯à�¢«¥−¨¥ ¯®¢ëè¥−¨ï ª�ç¥áâ¢� ¦¨§−¨
£à�¦¤�− ÷®áá¨¨.

ˆá¯®«ì§®¢�−¨¥ íª®−®¬¨¨ á®æ¨�«ì−®£® ¢à¥¬¥−¨ ¢ ª�ç¥áâ¢¥ ®¡é¥£® ªà¨â¥à¨ï
íää¥ªâ¨¢−®áâ¨ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© á¥£®¤−ï ¥é¥ −¥ ®¡¥á¯¥ç¥−® −¥®¡å®-
¤¨¬ë¬¨ ¬¥â®¤¨ç¥áª¨¬¨ à�§à�¡®âª�¬¨. �¤−�ª® ¤�−−ë© ¯®¤å®¤ ¯à¥¤áâ�¢«ï¥âáï
¨áª«îç¨â¥«ì−® ¯¥àá¯¥ªâ¨¢−ë¬. �− ¨§¬¥−ï¥â ¬¨à®¢®§§à¥−¨¥ ®¡é¥áâ¢�, ¥£® ®â-
−®è¥−¨¥ ª á®æ¨�«ì−®© à®«¨ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© ¢ à�§«¨ç−ëå áä¥à�å
¦¨§−¥¤¥ïâ¥«ì−®áâ¨.

5 Социально значимые информационные технологии и системы

‚ −�áâ®ïé¥¥ ¢à¥¬ï ¯à®¨áå®¤¨â £«ã¡®ª�ï âà�−áä®à¬�æ¨ï ¬−®£¨å áä¥à ¦¨§−¥-
¤¥ïâ¥«ì−®áâ¨ ®¡é¥áâ¢�, ®¡ãá«®¢«¥−−�ï è¨à®ª¨¬ à�á¯à®áâà�−¥−¨¥¬ ¢ −¨å −®¢ëå
¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©, á¨áâ¥¬ ¨ â¥«¥ª®¬¬ã−¨ª�æ¨©. •�à�ªâ¥à íâ¨å ¯¥-
à¥¬¥− ¢ á¦�â®© ä®à¬¥ ¯®ª�§�− ¢ ¢¨¤¥ â�¡«¨æë, £¤¥ ¯à¨¢¥¤¥−ë â¥ á®¢à¥¬¥−−ë¥
¨ ¯¥àá¯¥ªâ¨¢−ë¥ ¨−ä®à¬�æ¨®−−ë¥ â¥å−®«®£¨¨ ¨ á¨áâ¥¬ë, ª®â®àë¥ ã¦¥ á¥£®¤−ï
®ª�§ë¢�îâ á¨«ì−®¥ ¢®§¤¥©áâ¢¨¥ −� ®¡é¥áâ¢® ¨, ¡¥§ãá«®¢−®, á®åà�−ïâ íâ® ¢«¨ï−¨¥
¢ ¡ã¤ãé¥¬.

6 Перспективы развития информационных технологий

‚ ¯®á«¥¤−¨¥ £®¤ë −�¨¡®«¥¥ ¤¨−�¬¨ç−ë¬ ¨ áâà�â¥£¨ç¥áª¨ á®æ¨�«ì−® §−�ç¨¬ë¬
áâ�«® à�§¢¨â¨¥ â¥å ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©, ª®â®àë¥ á«ã¦�â ª�â�«¨§�â®à®¬
¤àã£¨å ¯à®æ¥áá®¢ à�§¢¨â¨ï á®¢à¥¬¥−−®£® ®¡é¥áâ¢�. ÷¥§ã«ìâ�â®¬ íâ®£® áâ�« ¬�á-
á®¢ë© ¯¥à¥å®¤ ª æ¨äà®¢ë¬ â¥å−®«®£¨ï¬ ¨ áâ�−®¢«¥−¨¥ æ¨äà®¢®© íª®−®¬¨ª¨ [6].

�� íâ®© ®á−®¢¥ ¢ íª®−®¬¨ç¥áª¨ à�§¢¨âëå áâà�−�å ã¦¥ −�ç�«áï ¯¥à¥å®¤ ª −®-
¢®¬ã, è¥áâ®¬ã, â¥å−®«®£¨ç¥áª®¬ã ãª«�¤ã. …£® ®â«¨ç¨â¥«ì−®© ®á®¡¥−−®áâìî
¡ã¤¥â ¨−â¥£à�æ¨ï à�§«¨ç−ëå ¢¨¤®¢ â¥å−®«®£¨©, � â�ª¦¥ ¨å ¢á¥ ¡®«¥¥ ¢ëá®ª�ï
¨−â¥««¥ªâã�«¨§�æ¨ï −� ®á−®¢¥ ¨á¯®«ì§®¢�−¨ï ¡�§®¢ëå â¥å−®«®£¨© ¨áªãááâ¢¥−-
−®£® ¨−â¥««¥ªâ�. �à¨ íâ®¬ ®¦¨¤�¥âáï áãé¥áâ¢¥−−®¥ ¯®¢ëè¥−¨¥ íää¥ªâ¨¢−®áâ¨
¨−â¥£à¨à®¢�−−ëå â¥å−®«®£¨©, � â�ª¦¥ ¨å ¯à®−¨ª−®¢¥−¨¥ ¢ −®¢ë¥ ®¡«�áâ¨ ¦¨§-
−¥¤¥ïâ¥«ì−®áâ¨ ®¡é¥áâ¢�, ª®â®àë¥ ¢ à¥§ã«ìâ�â¥ íâ®£® ¯à¥â¥à¯ïâ à¥¢®«îæ¨®−−ë¥
¨§¬¥−¥−¨ï [7].

��¯à¨¬¥à, ¨−â¥£à�æ¨ï â¥å−®«®£¨© ¨á¯®«ì§®¢�−¨ï á®«−¥ç−®© í−¥à£¨¨ á ¨−â¥«-
«¥ªâã�«ì−ë¬¨ ¨−ä®à¬�æ¨®−−ë¬¨ â¥å−®«®£¨ï¬¨ ¯®§¢®«ï¥â á®§¤�âì −®¢ãî á¨á-
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‘®æ¨�«ì−�ï íää¥ªâ¨¢−®áâì ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©

‘®áâ�¢ á®æ¨�«ì−® §−�ç¨¬ëå á®¢à¥¬¥−−ëå ¨ ¯¥àá¯¥ªâ¨¢−ëå ¨−ä®à¬�æ¨®−−ëå â¥å−®-
«®£¨© ¨ á¨áâ¥¬

‘ä¥àë ¤¥ïâ¥«ì−®áâ¨
‘®æ¨�«ì−® §−�ç¨¬ë¥ ¨−ä®à¬�æ¨®−−ë¥

â¥å−®«®£¨¨ ¨ á¨áâ¥¬ë

�¡é¥áâ¢¥−−�ï
¡¥§®¯�á−®áâì

Š®á¬¨ç¥áª¨¥ á¨áâ¥¬ë ¬®−¨â®à¨−£� ®¯�á−ëå ¯à®æ¥áá®¢. ‘¨á-
â¥¬ë â¥«¥¢¨§¨®−−®£® −�¡«î¤¥−¨ï ¢ £®à®¤�å ¨ −� âà�−á¯®àâ¥.
Š®−âà®«ì ®¯�á−ëå £àã§®¢ ¢ �íà®¯®àâ�å, −� ¢®ª§�«�å, −�
â�¬®¦−¥. ‘¨áâ¥¬ë ®¯®¢¥é¥−¨ï −�á¥«¥−¨ï ®¡ ®¯�á−ëå á¨âã-
�æ¨ïå ¯® à�¤¨®, â¥«¥¢¨¤¥−¨î ¨ ¬®¡¨«ì−®© á¢ï§¨. ‘¨áâ¥¬ë
¨¤¥−â¨ä¨ª�æ¨¨ «¨ç−®áâ¨. �åà�−−�ï á¨£−�«¨§�æ¨ï ®¡ê¥ªâ®¢
¨ ¯®¬¥é¥−¨©

��æ¨®−�«ì−�ï
®¡®à®−�

‘¨áâ¥¬ë ¯à®â¨¢®¢®§¤ãè−®©, ¯à®â¨¢®ª®á¬¨ç¥áª®© ¨ ¯à®â¨¢®-
à�ª¥â−®© ®¡®à®−ë. ˆ−ä®à¬�æ¨®−−�ï à�§¢¥¤ª� ¨ ¯à®â¨¢®¤¥©-
áâ¢¨¥. ‘¨áâ¥¬ë æ¥«¥ãª�§�−¨ï ¨ −�¢¥¤¥−¨ï. “¯à�¢«¥−¨¥ ¡¥á-
¯¨«®â−ë¬¨ �¯¯�à�â�¬¨ ¨ ¡®¥¯à¨¯�á�¬¨. ˆ−â¥««¥ªâã�«ì−ë¥
â¥å−®«®£¨¨ ¢ á¨áâ¥¬�å ã¯à�¢«¥−¨ï −�æ¨®−�«ì−®© ®¡®à®−®©.
‘¨âã�æ¨®−−ë¥ �−�«¨â¨ç¥áª¨¥ æ¥−âàë. �®¥¢ë¥ à®¡®âë

�¡é¥áâ¢¥−−®¥
¯à®¨§¢®¤áâ¢®
¨ à�á¯à¥¤¥«¥−¨¥

�à®¬ëè«¥−−ë¥ à®¡®âë. “¬−ë¥ ¯à®¨§¢®¤áâ¢� ¨ ä�¡à¨ª¨.
–¨äà®¢ë¥ ¤¢®©−¨ª¨ ¯à®¬ëè«¥−−ëå ¨§¤¥«¨©. ‘¨áâ¥¬ë í«¥ª-
âà®−−®© â®à£®¢«¨ ¨ à�á¯à®áâà�−¥−¨ï ¯à®¤ãªæ¨¨. ÷¥ª«�¬�

�ª®−®¬¨ª�
¨ ä¨−�−áë

‘¨âã�æ¨®−−ë¥ æ¥−âàë ã¯à�¢«¥−¨ï íª®−®¬¨ª®©. �«¥ªâà®−−ë¥
¯«�â¥¦−ë¥ á¨áâ¥¬ë. ˆ−ä®à¬�æ¨®−−ë¥ ¡�−ª®¢áª¨¥ á¨áâ¥¬ë

’à�−á¯®àâ
Š®á¬¨ç¥áª¨¥ −�¢¨£�æ¨®−−ë¥ á¨áâ¥¬ë. ‘¨áâ¥¬ë ã¯à�¢«¥−¨ï
¡¥á¯¨«®â−ë¬ −�§¥¬−ë¬, ¢®§¤ãè−ë¬ ¨ ¢®¤−ë¬ âà�−á¯®àâ®¬

‘®æ¨�«ì−�ï áä¥à�
ˆ−ä®à¬�æ¨®−−ë¥ æ¥−âàë £®áã¤�àáâ¢¥−−ëå ãá«ã£, ¨å «¨ç−ë¥
ª�¡¨−¥âë ¢ á¥â¨ ˆ−â¥à−¥â. �«¥ªâà®−−ë¥ ¬¥¤¨æ¨−áª¨¥ ª�àâë.
’¥å−®«®£¨¨ â¥«¥¬¥¤¨æ¨−ë. Œ¥¤¨æ¨−áª¨¥ à®¡®âë

ˆ−ä®à¬�æ¨®−−�ï
áä¥à�

Œ®¡¨«ì−�ï á¢ï§ì, â¥«¥¢¨¤¥−¨¥ ¨ à�¤¨®¢¥é�−¨¥. ‘®æ¨�«ì−ë¥
á¥â¨. –¨äà®¢ë¥ ¯«�âä®à¬ë. Š®¬¯ìîâ¥à−ë© ¯¥à¥¢®¤ â¥ªáâ®¢
¨ à¥ç¨. �¨®«®£¨ç¥áª¨¥ íªà�−ë. Š¢�−â®¢ë¥ ¨ ®¯â¨ç¥áª¨¥
ª®¬¬ã−¨ª�æ¨¨. ˆáªãááâ¢¥−−ë© ¨−â¥««¥ªâ, −¥©à®−−ë¥ á¥â¨

��ãª�
¨ ®¡à�§®¢�−¨¥

‘ã¯¥àª®¬¯ìîâ¥àë. Š¢�−â®¢ë¥ ª®¬¯ìîâ¥àë. �®«ìè¨¥ ¤�−-
−ë¥. Š®£−¨â¨¢−ë¥ â¥å−®«®£¨¨. �®«¨íªà�−−ë¥ ¯¥¤�£®£¨ç¥-
áª¨¥ â¥å−®«®£¨¨. ‘¥¬�−â¨ç¥áª¨© ¯®¨áª ¨−ä®à¬�æ¨¨. ��−ª¨
§−�−¨©

Šã«ìâãà�
�«¥ªâà®−−ë¥ ¡¨¡«¨®â¥ª¨. ‚¨àâã�«ì−ë¥ ¬ã§¥¨ ¨ £�«¥à¥¨.
�«¥ªâà®−−�ï ªã«ìâãà�. ƒ®«®£à�ä¨ç¥áª�ï �−¨¬�æ¨ï. ˆ−ä®à-
¬�æ¨®−−ë¥ â¥å−®«®£¨¨ ¨áªãááâ¢� ¨ â¢®àç¥áâ¢�

â¥¬ã í«¥ªâà®á−�¡¦¥−¨ï §¤�−¨© ¨ ¯®¬¥é¥−¨©, ª®â®à�ï áãé¥áâ¢¥−−® á®ªà�â¨â
¯®âà¥¡«¥−¨¥ ã£«¥¢®¤®à®¤−®£® â®¯«¨¢� ¨ á®§¤�áâ ãá«®¢¨ï ¤«ï ¯¥à¥å®¤� ª ú£®à¨-
§®−â�«ì−®© áâàãªâãà¥û ¯à®¬ëè«¥−−®£® ¯à®¨§¢®¤áâ¢� â®¢�à®¢ ¨ ãá«ã£. ‘ íâ®©
æ¥«ìî ¢ ‡�¯�¤−®© …¢à®¯¥ à¥�«¨§ã¥âáï á¯¥æ¨�«ì−�ï ¯à®£à�¬¬� ú§¥«¥−®© í−¥à£¥-
â¨ª¨û, ¯¥à¢ë© íâ�¯ ª®â®à®© §�¢¥àè¥− ¢ 2020 £. �â� ¯à®£à�¬¬� áâ�«� ¯¥à¢ë¬
íâ�¯®¬ ¢®¯«®é¥−¨ï ¢ …¢à®¯¥ −®¢®© í−¥à£¥â¨ç¥áª®© ª®−æ¥¯æ¨¨ ’à¥âì¥© ¯à®¬ëè-
«¥−−®© à¥¢®«îæ¨¨ [8].
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÷�§¢¨â¨¥ ú§¥«¥−®© í−¥à£¥â¨ª¨û ¤�¥â ¨ ¢¥áì¬� ®éãâ¨¬ë© á®æ¨�«ì−ë© íää¥ªâ,
á®§¤�¢�ï −®¢ë¥ à�¡®ç¨¥ ¬¥áâ� ¢ ®¡«�áâ¨ −®¢ëå í−¥à£¥â¨ç¥áª¨å ¨ ¨−ä®à¬�æ¨®−−ëå
â¥å−®«®£¨©. ’�ª, ¢ ƒ¥à¬�−¨¨ ¢ íâ®© ®¡«�áâ¨ ¢ 2007 £. ¡ë«® §�−ïâ® 250 âëá.
á¯¥æ¨�«¨áâ®¢ | ¯®çâ¨ áâ®«ìª® ¦¥, çâ® ¨ ¢ ã£«¥¢®¤®à®¤−®© í−¥à£¥â¨ª¥. �¤−�ª®
¯®¤«¨−−�ï à¥¢®«îæ¨ï ®¦¨¤�¥âáï ¢ à¥§ã«ìâ�â¥ ¨−â¥£à�æ¨¨ �¤¤¨â¨¢−ëå ¡¨®-
«®£¨ç¥áª¨å â¥å−®«®£¨© á ¨−ä®à¬�æ¨®−−ë¬¨ â¥å−®«®£¨ï¬¨ [9]. �−� ¯®§¢®«¨â
á®§¤�¢�âì ¨áªãááâ¢¥−−ë¥ ®à£�−ë ¨ ¨¬¯«�−â¨à®¢�âì ¨å «î¤ï¬ ¢ ¬¥¤¨æ¨−áª®©
¯à�ªâ¨ª¥.

7 Сетевое информационно-технологическое общество

�à¨§−�ª¨ áâ�−®¢«¥−¨ï á¥â¥¢®£® ®¡é¥áâ¢� ¢ ¯®á«¥¤−¨¥ £®¤ë ¯à®ï¢«ïîâáï ¢á¥
¡®«¥¥ ®âç¥â«¨¢® −¥ â®«ìª® ¢ íª®−®¬¨ç¥áª¨ à�§¢¨âëå, −® â�ª¦¥ ¨ ¢® ¬−®£¨å
à�§¢¨¢�îé¨åáï áâà�−�å, −�¯à¨¬¥à ¢ Š¨â�¥, ˆ−¤¨¨, Œ�«�©§¨¨. �® ¨¬¥îé¨¬áï
¯à®£−®§�¬, ã¦¥ ª á¥à¥¤¨−¥ XXI ¢. á¥â¥¢ë¥ áâàãªâãàë ¡ã¤ãâ ¤®¬¨−¨à®¢�âì ¢®
¬−®£¨å áä¥à�å | ¢ −�ãª¥, ®¡à�§®¢�−¨¨, ªã«ìâãà¥, §¤à�¢®®åà�−¥−¨¨, á®æ¨�«ì−ëå
ª®¬¬ã−¨ª�æ¨ïå. �à¨ íâ®¬ ¢¯®«−¥ ¢¥à®ïâ−®, çâ® ¤®áâã¯ ª á¥â¥¢ë¬ â¥å−®«®£¨-
ï¬, � â�ª¦¥ ¬−®£¨¥ ¨−ä®à¬�æ¨®−−ë¥ ãá«ã£¨ ¡ã¤ãâ ¯à¥¤®áâ�¢«ïâìáï ¡¥á¯«�â−®.
�®íâ®¬ã ¯à¥¤áâ�¢«¥−¨ï ® ª�ç¥áâ¢¥ ¦¨§−¨, � â�ª¦¥ ® «¨ç−®¬ ¨ −�æ¨®−�«ì−®¬
¡®£�âáâ¢¥ áãé¥áâ¢¥−−® ¨§¬¥−ïâáï. “¦¥ á¥£®¤−ï íâ¨ â¥å−®«®£¨¨ ¨ ãá«ã£¨ áâ�«¨
�âà¨¡ãâ�¬¨ −�è¥© ¯®¢á¥¤−¥¢−®© ¦¨§−¨ ¨ ¤¥ïâ¥«ì−®áâ¨, ¢�¦−®© ç�áâìî á®¢à¥-
¬¥−−®© ªã«ìâãàë ®¡é¥áâ¢�. ˆáá«¥¤®¢�−¨ï ¯®ª�§ë¢�îâ, çâ® ¢ ¤�«ì−¥©è¥¬ ¨å
§−�ç¨¬®áâì ¡ã¤¥â â®«ìª® ¢®§à�áâ�âì.

‘¯¥æ¨�«¨áâë ¯à®£−®§¨àãîâ ¢§àë¢®®¡à�§−ë© å�à�ªâ¥à à�§¢¨â¨ï ¨−ä®à¬�-
æ¨®−−®© áä¥àë ®¡é¥áâ¢�, ª®â®àë© ¡ã¤¥â ®¡ãá«®¢«¥− ¬�áá®¢ë¬ ¨á¯®«ì§®¢�−¨¥¬
ú¨−â¥à−¥â� ¢¥é¥©û ¢ ¯à®¨§¢®¤áâ¢¥−−ëå áâàãªâãà�å, � â�ª¦¥ ¢ ¡ëâ®¢®© áä¥à¥.
�¦¨¤�¥âáï, çâ® ã¦¥ ¢ 2025 £. ª á¥â¨ ˆ−â¥à−¥â ¡ã¤ãâ ¯®¤ª«îç¥−ë ¡®«¥¥ 1 âà«−
â�ª¨å ãáâà®©áâ¢, � âà�ä¨ª ®¡¬¥−� ¤�−−ë¬¨ ¬¥¦¤ã −¨¬¨ ¯à¥¢ëá¨â ¯®â®ª¨ ¨−ä®à-
¬�æ¨¨ ¬¥¦¤ã «î¤ì¬¨.

…é¥ ®¤−¨¬ áâà�â¥£¨ç¥áª¨ ¢�¦−ë¬ −�¯à�¢«¥−¨¥¬ à�§¢¨â¨ï ¨−ä®à¬�æ¨®−−ëå
â¥å−®«®£¨© áâ�«� ¨å à¥�«¨§�æ¨ï ¢ á¨âã�æ¨®−−ëå æ¥−âà�å, ª®â®àë¥ ¢ ¯®á«¥¤-
−¨¥ £®¤ë ¯®«ãç�îâ ¢á¥ ¡®«¥¥ è¨à®ª®¥ ¯à¨¬¥−¥−¨¥ ¢ áä¥à¥ £®áã¤�àáâ¢¥−−®£®
ã¯à�¢«¥−¨ï −� −�æ¨®−�«ì−®¬, à¥£¨®−�«ì−®¬, ¬ã−¨æ¨¯�«ì−®¬ ¨ ¢¥¤®¬áâ¢¥−−®¬
ãà®¢−ïå [10].

8 Заключение

“à®¢¥−ì à�§¢¨â¨ï â¥å−®«®£¨© á¥£®¤−ï å�à�ªâ¥à¨§ã¥â −¥ â®«ìª® à�§¢¨â¨¥
íª®−®¬¨ª¨ â®© ¨«¨ ¨−®© áâà�−ë, −® â�ª¦¥ ¨ ¥¥ ¬¥áâ® ¢ ¬¨à®¢®¬ á®®¡é¥áâ¢¥.
‚ ¡«¨¦�©è¨¥ £®¤ë ¬®¦−® ®¦¨¤�âì á®§¤�−¨¥ −®¢ëå ¨−ä®à¬�æ¨®−−ëå â¥å−®«®-
£¨©, íää¥ªâ¨¢−®áâì ª®â®àëå ¡ã¤¥â ¯à¥¢ëè�âì á®¢à¥¬¥−−ë© ãà®¢¥−ì −� ¯®àï¤ª¨.
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‘®æ¨�«ì−�ï íää¥ªâ¨¢−®áâì ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©

ˆå ¯®ï¢«¥−¨¥ ¡ã¤¥â ®§−�ç�âì ú¯à®àë¢û −� ª�ç¥áâ¢¥−−® −®¢ë© ãà®¢¥−ì â¥å−®«®-
£¨ç¥áª®£® à�§¢¨â¨ï [11].

ˆ¬¥−−® ¯®íâ®¬ã á¥£®¤−ï −¥®¡å®¤¨¬®, çâ®¡ë ¡ë«� áä®à¬¨à®¢�−� −®¢�ï −�-
ãç−�ï ¤¨áæ¨¯«¨−� | ¨−ä®à¬�æ¨®−−�ï â¥å−®«®£¨ï. �−� ¤®«¦−� áâ�âì −�ãç−®©
¡�§®© ¤«ï à�§¢¨â¨ï ¨−ä®à¬�æ¨®−−®© æ¨¢¨«¨§�æ¨¨. ”®à¬¨à®¢�−¨¥ íâ®£® −�-
¯à�¢«¥−¨ï ¯®§¢®«¨â ¯®¢ëá¨âì íää¥ªâ¨¢−®áâì ¨á¯®«ì§®¢�−¨ï ¨−ä®à¬�æ¨®−−ëå
à¥áãàá®¢ ®¡é¥áâ¢�, � â�ª¦¥ áãé¥áâ¢¥−−® á®ªà�â¨âì §�âà�âë á®æ¨�«ì−®£® ¢à¥¬¥−¨
−� à¥�«¨§�æ¨î ¬−®£¨å ¯à®æ¥áá®¢ ¥£® ¦¨§−¥®¡¥á¯¥ç¥−¨ï. �à¥¤¬¥â ¨ §�¤�ç¨ íâ®©
−�ãç−®© ¤¨áæ¨¯«¨−ë ¡ë«¨ ®¯à¥¤¥«¥−ë ¢ ˆ−áâ¨âãâ¥ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷��
¥é¥ ¢ 2001 £. [2].

ˆ−â¥£à�æ¨ï á¥â¥¢ëå â¥å−®«®£¨© ¨ â¥å−®«®£¨© ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ�
¨§¬¥−¨â ¢¥áì ®¡«¨ª ¨−ä®à¬�æ¨®−−®© áä¥àë ®¡é¥áâ¢�. ’�ª¨¥ ¯®−ïâ¨ï, ª�ª
úã¬−ë© �¢â®¬®¡¨«ìû, úã¬−ë© ¤®¬û, úã¬−ë© §�¢®¤û, úã¬−ë© £®à®¤û ¨ â. ¯.,
¯à®ç−® ¢®©¤ãâ ¢ −�èã ¦¨§−ì ¨ áâ�−ãâ ¯à¨¢ëç−ë¬¨. ÷®¡®â¨§�æ¨ï ®¡«¥£ç¨â âàã¤
¬¨««¨®−®¢ «î¤¥© ¨ á¤¥«�¥â ¥£® ¡®«¥¥ ¡¥§®¯�á−ë¬, � −®¢ë¥ â¥å−®«®£¨¨ ®¡à�¡®âª¨
â¥ªáâ®¢ −�¢á¥£¤� ¨§¡�¢ïâ ç¥«®¢¥ç¥áâ¢® ®â àãâ¨−−®© ª�−æ¥«ïàáª®© à�¡®âë.

�¤−�ª® ¨−ä®à¬�â¨§�æ¨ï ®¡é¥áâ¢� ¢«¥ç¥â §� á®¡®© −¥ â®«ìª® −®¢ë¥ á®æ¨�«ì-
−ë¥ ¡«�£� ¨ ¢®§¬®¦−®áâ¨, −® â�ª¦¥ −®¢ë¥ ¢ë§®¢ë ¨ ã£à®§ë, ¯à¨§−�ª¨ ª®â®àëå
¯à®ï¢«ïîâ á¥¡ï ¢ ¯®á«¥¤−¨¥ £®¤ë [12{14]. ˆ íâ� ¯à®¡«¥¬�â¨ª� ¤®«¦−� ¯®áâ®ï−−®
−�å®¤¨âìáï ¢ æ¥−âà¥ ¢−¨¬�−¨ï ãç¥−ëå, ¯¥¤�£®£®¢ ¨ £®áã¤�àáâ¢¥−−ëå ¤¥ïâ¥«¥©
á®¢à¥¬¥−−®£® ®¡é¥áâ¢�.
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÷®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 ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà�
úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
Š®«¨− Š®−áâ�−â¨− Š®−áâ�−â¨−®¢¨ç (à. 1935) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª,
¯à®ä¥áá®à, §�á«ã¦¥−−ë© ¤¥ïâ¥«ì −�ãª¨ ÷”, £«�¢−ë© −�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®−®¢�«®¢ Œ¨å�¨« ƒà¨£®àì¥¢¨ç (à. 1950) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, £«�¢−ë©
−�ãç−ë© á®âàã¤−¨ª ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
Šà¨¢¥−ª® Œ¨å�¨« �¥âà®¢¨ç (à. 1946) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¯à®ä¥áá®à,
¢¥¤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
‹¥¬âî¦−¨ª®¢� „�àìï ‚«�¤¨¬¨à®¢−� (à. 1988) | ª�−¤¨¤�â ä¨§¨ª®-¬�â¥¬�-
â¨ç¥áª¨å −�ãª, ¤®æ¥−â Œ®áª®¢áª®£® �¢¨�æ¨®−−®£® ¨−áâ¨âãâ� (−�æ¨®−�«ì−®£®
¨áá«¥¤®¢�â¥«ìáª®£® ã−¨¢¥àá¨â¥â�); áâ�àè¨© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡-
«¥¬ ã¯à�¢«¥−¨ï ¨¬. ‚. �. ’à�¯¥§−¨ª®¢� ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
Œ�â¢¥¥¢ ˆ¢�− �«¥ªá¥¥¢¨ç (à. 1973) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, £«�¢−ë©
−�ãç−ë© á®âàã¤−¨ª ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
�¨ª¨è¨− „¬¨âà¨© �«¥ªá�−¤à®¢¨ç (à. 1976) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª,
¢¥¤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
�®àå�çñ¢ ‚�á¨«¨© �«¥ªá�−¤à®¢¨ç (à. 1967) | ¢¥¤ãé¨© á¯¥æ¨�«¨áâ ‘�−ªâ-�¥-
â¥à¡ãà£áª®£® ®â¤¥«¥−¨ï Œ¥¦¢¥¤®¬áâ¢¥−−®£® áã¯¥àª®¬¯ìîâ¥à−®£® æ¥−âà� ÷®á-
á¨©áª®© �ª�¤¥¬¨¨ −�ãª | ä¨«¨�«� ”¥¤¥à�«ì−®£® £®áã¤�àáâ¢¥−−®£® ãçà¥¦¤¥−¨ï
ú”¥¤¥à�«ì−ë© −�ãç−ë© æ¥−âà ��ãç−®-¨áá«¥¤®¢�â¥«ìáª¨© ¨−áâ¨âãâ á¨áâ¥¬−ëå
¨áá«¥¤®¢�−¨© ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãªû
�®áë¯ª¨− Œ¨å�¨« �−�â®«ì¥¢¨ç (à. 1974) | ¤®ªâ®à ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å
−�ãª, ç«¥−-ª®àà¥á¯®−¤¥−â ÷��, §�¬¥áâ¨â¥«ì ¤¨à¥ªâ®à� ”¥¤¥à�«ì−®£® ¨áá«¥¤®-
¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
÷�§ã¬ç¨ª ÷®áâ¨á«�¢ ‚�«¥àì¥¢¨ç (à. 1984) | ¤®ªâ®à ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å
−�ãª, §�¬¥áâ¨â¥«ì ¤¨à¥ªâ®à� ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à-
¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
÷®¬�−¥−ª® ‚�à¢�à� �«¥£®¢−� (à. 1983) | ¨−¦¥−¥à 1 ª�â¥£®à¨¨ ”¥¤¥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

‘�ä®−®¢ ˆ«ìï ‚«�¤¨¬¨à®¢¨ç (à. 1971) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, ¤®æ¥−â
��æ¨®−�«ì−®£® ï¤¥à−®£® ¨áá«¥¤®¢�â¥«ìáª®£® ã−¨¢¥àá¨â¥â� úŒˆ”ˆû
‘ãçª®¢ �«¥ªá�−¤à ��¢«®¢¨ç (à. 1954) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¢¥¤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
’¨¬®−¨−� …«¥−� …¢£¥−ì¥¢−� (à. 1952) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¯à®ä¥áá®à,
¢¥¤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
˜�¡�−®¢ �«¥ªá�−¤à �¥âà®¢¨ç (à. 1949) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¢¥¤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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�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¯®-
«�£�îâáï ¢ ª�¦¤®¬ ¨§ á¯¨áª®¢ «¨â¥à�âãàë ¢ ¯®àï¤ª¥ ¯¥à¢ëå ã¯®¬¨−�−¨©.

176 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 33 −®¬¥à 3 2023



�à�¢¨«� ¯®¤£®â®¢ª¨ àãª®¯¨á¥© áâ�â¥©
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