


СИСТЕМЫ И СРЕДСТВА ИНФОРМАТИКИ 
 

Том 29   № 1   Год 2019 
 

СОДЕРЖАНИЕ 
 

Методы защиты от массового вывода из строя 
слабозащищенных компьютеров цифровой экономики 

А. А. Грушо, Н. А. Грушо, Е. Е. Тимонина 4

Технологические аспекты обеспечения информационной 
безопасности финансового рынка в условиях цифровой 
трансформации экономики России 

А. А. Зацаринный, В. И. Королёв 12

Система научных сервисов как актуальный компонент научных 
исследований 

А. А. Зацаринный, В. А. Кондрашев, А. П. Сучков 25

Функциональная структура гибридной интеллектуальной 
многоагентной системы гетерогенного мышления для решения 
проблемы восстановления распределительной электросети 

А. В. Колесников, С. В. Листопад 41

Информационная поддержка интеграционной платформы 
многомасштабного моделирования 

К. К. Абгарян, Е. С. Гаврилов 53

Способ повышения пропускной способности пакетных 
коммутаторов на основе интегрированных сетевых процессоров 

В. Б. Егоров 63

Виды неоднородностей в структуре генерализации геоданных 

Д. А. Никишин 74

Интернет-каталог Библиотеки по естественным наукам 
Российской академии наук как специальная  
информационно-поисковая система, ориентированная 
на квалифицированного пользователя 

С. А. Власова, Н. Е. Каленов 86

Математическая модель задачи защиты растений 
в биосистеме типа «вредные насекомые – полезные 
насекомые» с произвольными трофическими функциями 

Р. Н. Одинаев 96



СИСТЕМЫ И СРЕДСТВА ИНФОРМАТИКИ 
 

Том 29   № 1   Год 2019 
 

СОДЕРЖАНИЕ 
 

Аналитическое моделирование процессов в вольтерровских 
стохастических системах методом канонических разложений 

И. Н. Синицын, В. И. Синицын 109

Алгоритмическое решение проблемы оптимального управления 
в динамической односекторной экономической модели 
с дискретным временем на основе метода динамического 
программирования 

П. В. Шнурков, А. О. Рудак 128

Условные границы средних максимумов случайных величин 
и их достижимость 

Д. В. Иванов 140

О вычислительной избыточности метода дихотомии и условной 
минимизации унимодальных функций методом экономной 
дихотомии 

В. А. Коднянко 164

Априорное вейбулловское распределение в байесовских 
моделях баланса 

Е. Н. Арутюнов, А. А. Кудрявцев, А. И. Титова 174

Информационные трансформации параллельных текстов 
в задачах извлечения знаний 

А. А. Гончаров, И. М. Зацман 180

Единая технология поддержки конкретно-исторических 
исследований 

И. М. Адамович, О. И. Волков 194

Некоторые аспекты автоматизации поиска и анализа 
веб-текстов экстремистской семантики 

М. М. Шарнин, И. В. Галина 206

Об авторах 218

Правила подготовки рукописей статей 221

Requirements for manuscripts 225
 



‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ, 2019. ’. 29. ü 1. ‘. 4{11

МЕТОДЫ ЗАЩИТЫ ОТ МАССОВОГО ВЫВОДА ИЗ СТРОЯ
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�−−®â�æ¨ï: ÷�§¢¨â¨¥ æ¨äà®¢®© íª®−®¬¨ª¨ ¯®à®¦¤�¥â −®¢ë¥ ã£à®§ë ¨−ä®à-
¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨. ‘¥àì¥§−ë© íª®−®¬¨ç¥áª¨© ãé¥à¡ ¬�«®¬ã ¨ áà¥¤−¥¬ã
¡¨§−¥áã ¬®¦¥â −�−¥áâ¨ ¬�áá®¢ë© ¢ë¢®¤ ¨§ áâà®ï á«�¡®§�é¨é¥−−ëå ª®¬¯ìî-
â¥à®¢. ‚ áâ�âì¥ à�áá¬�âà¨¢�îâáï −¥ª®â®àë¥ ¢�à¨�−âë à¥�«¨§�æ¨¨ â�ª¨å
ã£à®§. �à¥¤«®¦¥−® ¤¢� ¯®¤å®¤� ª ¯®áâà®¥−¨î §�é¨âë ®â ¬�áá®¢®£® ¢ë¢®¤� ¨§
áâà®ï á«�¡®§�é¨é¥−−ëå ª®¬¯ìîâ¥à®¢ æ¨äà®¢®© íª®−®¬¨ª¨. �¥à¢ë© ¯®¤å®¤
á¢ï§�− á ¯®áâà®¥−¨¥¬ á¯¥æ¨�«¨§¨à®¢�−−®£® ®¡«�ª�, ¯à¥¤®áâ�¢«ïîé¥£® á¥à-
¢¨áë ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨. ‘¢ï§ì á«�¡®§�é¨é¥−−ëå ª®¬¯ìîâ¥à®¢
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å®¤ ®á−®¢�− −� ¨¤¥¥ ¢¨àâã�«¨§�æ¨¨ ª®¬¯ìîâ¥à®¢. �à¥¤«®¦¥−� á¯¥æ¨�«ì−�ï
�àå¨â¥ªâãà� £®áâ¥¢ëå ¢¨àâã�«ì−ëå ¬�è¨−. „®ª�§�−®, çâ® ¢ ®¯à¥¤¥«¥−−ëå
ãá«®¢¨ïå ¯à¥¤«®¦¥−−ë¥ à¥è¥−¨ï ¯à¥¤®â¢à�é�îâ ¬�áá®¢ë© ¢ë¢®¤ ¨§ áâà®ï
á«�¡®§�é¨é¥−−ëå ª®¬¯ìîâ¥à®¢ æ¨äà®¢®© íª®−®¬¨ª¨.
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1 Введение

–¨äà®¢�ï íª®−®¬¨ª� ¯à¥¤¯®«�£�¥â ¬�áá®¢®¥ ¨á¯®«ì§®¢�−¨¥ ¢ëç¨á«¨â¥«ì−®©
â¥å−¨ª¨ ¢ ¬�«®¬ ¨ áà¥¤−¥¬ ¡¨§−¥á¥. �à¥¤¯®«�£�¥âáï, çâ® ç¥à¥§ á¥âì (−�¯à¨¬¥à,
¨−â¥à−¥â) ¡ã¤ãâ à¥è�âìáï §�¤�ç¨:

{ ®à£�−¨§�æ¨¨ ¨ ª®−âà®«ï ¯®áâ�¢®ª;

{ ª®−âà®«ï ¢ë¯®«−¥−¨ï ¤®£®¢®à−ëå ®¡ï§�â¥«ìáâ¢;

{ ¢§�¨¬®¤¥©áâ¢¨ï á −�«®£®¢ë¬¨ á«ã¦¡�¬¨;

{ ¢ë¯®«−¥−¨ï ®¡ï§�â¥«ìáâ¢ ¯® �à¥−¤¥ ¨ ¤àã£¨å ®¡ï§�â¥«ìáâ¢.

�à¨ íâ®¬ ¯à¥¤¯®«�£�¥âáï ®âª�§ ®â ¡ã¬�¦−®£® ¤®ªã¬¥−â®®¡®à®â�.

∗÷�¡®â� ¢ë¯®«−¥−� á ç�áâ¨ç−®© ä¨−�−á®¢®© ¯®¤¤¥à¦ª®© ÷””ˆ (¯à®¥ªâ 18-29-03081).
1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�

¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, grusho@yandex.ru
2ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
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¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, eltimon@yandex.ru
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Œ¥â®¤ë §�é¨âë ®â ¬�áá®¢®£® ¢ë¢®¤� ¨§ áâà®ï á«�¡®§�é¨é¥−−ëå ª®¬¯ìîâ¥à®¢

‚ à¥è¥−¨¨ ãª�§�−−ëå §�¤�ç æ¨äà®¢®© íª®−®¬¨ª¨ ¢�¦−ãî à®«ì ¨£à�¥â ¯à®-
¡«¥¬� ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨. ÷�áá¬®âà¥−¨¥ ¯à®¡«¥¬ë ¨−ä®à¬�æ¨®−−®©
¡¥§®¯�á−®áâ¨ −�ç¨−�¥âáï á �−�«¨§� ã£à®§. ’à�¤¨æ¨®−−® à�áá¬�âà¨¢�îâáï ã£à®§ë
ª®−ä¨¤¥−æ¨�«ì−®áâ¨, æ¥«®áâ−®áâ¨ ¨ ¤®áâã¯−®áâ¨ ¨−ä®à¬�æ¨¨ [1]. Š íâ¨¬ ã£à®§�¬
−ã¦−® ¤®¡�¢¨âì ã£à®§ã ¢ë¢®¤� ¨§ áâà®ï ª®¬¯ìîâ¥à−®© â¥å−¨ª¨. �à¥¤¯®«�£�¥â-
áï, çâ® ¢ à�áá¬�âà¨¢�¥¬®¬ ª«�áá¥ ¬�«®£® ¨ áà¥¤−¥£® ¡¨§−¥á� ¨á¯®«ì§ãîâáï, ª�ª
¯à�¢¨«®, ®¡ëç−ë¥ ¯¥àá®−�«ì−ë¥ ª®¬¯ìîâ¥àë, �¯¯�à�â−�ï ç�áâì ª®â®àëå á®¤¥à-
¦¨â ¬¨ªà®¯à®æ¥áá®àë, ®¯¥à�â¨¢−ãî ¯�¬ïâì, ª®−âà®««¥àë ã¯à�¢«¥−¨ï ¢−¥è−¨¬¨
ãáâà®©áâ¢�¬¨. ‚ â�ª¨å ª®¬¯ìîâ¥à�å ®¡ëç−® ¨á¯®«ì§ãîâáï ®¤−¨ ¨ â¥ ¦¥ ®¯¥-
à�æ¨®−−ë¥ á¨áâ¥¬ë, ¯à¨ª«�¤−ë¥ ¯à®£à�¬¬ë ¨ ¡�§ë ¤�−−ëå. ‚ëå®¤ ¢ á¥âì
®à£�−¨§ã¥âáï ç¥à¥§ ¯à®£à�¬¬−®-�¯¯�à�â−ãî á¨áâ¥¬ã ¤®áâã¯� ª á¥â¥¢ë¬ ãá«ã£�¬
¯à®¢�©¤¥à�.

‘ãé¥áâ¢ã¥â æ¥«ë© àï¤ ¬¥å�−¨§¬®¢, à¥�«¨§ãîé¨å ¯¥à¥ç¨á«¥−−ë¥ ¢ëè¥ ã£à®-
§ë. ��¨¡®«¥¥ ¢�¦−ë© ¨§ −¨å | ¢à¥¤®−®á−ë© ª®¤ [2, 3]. �¥®¡å®¤¨¬® ¢ë¤¥«¨âì
¤¢¥ £«�¢−ë¥ ®á®¡¥−−®áâ¨ ¢à¥¤®−®á−®£® ª®¤�:

(1) ¢®§¬®¦−®áâì −¥¯à®ï¢«¥−¨ï ª�ª®© ¡ë â® −¨ ¡ë«® �ªâ¨¢−®áâ¨ ¤® ¯®ï¢«¥−¨ï
á¯¥æ¨�«ì−®£® á¨£−�«�;

(2) −�−¥á¥−¨¥ ãé¥à¡� á ¯®¬®éìî à¥�«¨§�æ¨¨ «î¡®© ¨§ ãª�§�−−ëå ¢ëè¥ ã£à®§.

‚ ª�ç¥áâ¢¥ ¯à¨¬¥à� ¬®¦−® ¯à¨¢¥áâ¨ ¡®â-á¥â¨, ª®â®àë¥ ¨á¯®«ì§ãîâáï ¤«ï
à¥�«¨§�æ¨¨ DDoS-�â�ª. �®â | íâ® �£¥−â, ª®â®àë© ú−¥ ¢¨¤¥−û ¤«ï á¨áâ¥¬ë
§�é¨âë ¨−ä®à¬�æ¨¨ ¢ ª®¬¯ìîâ¥à¥, −® −�ç¨−�¥â ¯®à®¦¤�âì ¯®â®ª á®®¡é¥−¨©
¢®¢−¥ ¯® á¨£−�«ã ¥£® æ¥−âà� ã¯à�¢«¥−¨ï.

�â¬¥â¨¬ á«¥¤ãîéãî ¢�¦−ãî ®á®¡¥−−®áâì ª®¬¯ìîâ¥à−®© ¯®¤¤¥à¦ª¨ ¬�«®£®
¨ áà¥¤−¥£® ¡¨§−¥á�. �®çâ¨ ®¤¨−�ª®¢ë¥ ª®¬¯ìîâ¥àë ¬®£ãâ ¡ëâì §�à�¦¥−ë
®¤¨−�ª®¢ë¬ ¢à¥¤®−®á−ë¬ ª®¤®¬, çâ® ¯®à®¦¤�¥â ¢®§¬®¦−®áâì ¬�áá®¢®£® ¢ë¢®¤�
¨§ áâà®ï á«�¡®§�é¨é¥−−ëå ª®¬¯ìîâ¥à®¢ æ¨äà®¢®© íª®−®¬¨ª¨. Œ�áá®¢ë© ¢ë¢®¤
¨§ áâà®ï ª®¬¯ìîâ¥à−®© ¯®¤¤¥à¦ª¨ æ¨äà®¢®© íª®−®¬¨ª¨ ¬®¦¥â ¯®à®¤¨âì ¯�−¨ªã,
ª®â®à�ï ¯�à�«¨§ã¥â «î¡ãî ¤¥«®¢ãî �ªâ¨¢−®áâì, −�−¥áâ¨ ¡®«ìè®© íª®−®¬¨ç¥áª¨©
ãé¥à¡ ¨ ¯®âà¥¡®¢�âì ¤«ï ¢®ááâ�−®¢«¥−¨ï íª®−®¬¨ç¥áª¨å á¢ï§¥© ¡®«ìè¨å §�âà�â
−� ¯à¨®¡à¥â¥−¨¥ â¥å−¨ª¨ ¨ ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï.

Š�ç¥áâ¢¥−−®¥ ®¡¥á¯¥ç¥−¨¥ ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ [4, 5] âà¥¡ã¥â ¡®«ì-
è¨å §�âà�â, çâ® −¥¯à¨¥¬«¥¬® ¤«ï ¬�«®£® ¨ áà¥¤−¥£® ¡¨§−¥á�. �®íâ®¬ã ¬�áá®¢ë©
¢ë¢®¤ ¨§ áâà®ï á«�¡®§�é¨é¥−−ëå ª®¬¯ìîâ¥à®¢ æ¨äà®¢®© íª®−®¬¨ª¨ ¯à¥¤áâ�¢-
«ï¥âáï ¢�¦−®© �ªâã�«ì−®© ¯à®¡«¥¬®©. „�«¥¥ ¢ áâ�âì¥ ¯à¥¤«�£�¥âáï ¤¢� á¯®á®¡�
¥¥ à¥è¥−¨ï.

2 Предотвращение массового вывода из строя компьютеров
с помощью специального облака

‹î¡®¥ ®¡«�ª® á®áâ®¨â ¨§ á«¥¤ãîé¨å âà¥å ª®¬¯®−¥−â®¢:

(1) ¢ëç¨á«¨â¥«ì−ë¥ à¥áãàáë, ¯à¨−�¤«¥¦�é¨¥ ¯à®¢�©¤¥àã;

(2) ¬−®¦¥áâ¢® ª«¨¥−â®¢, −ã¦¤�îé¨åáï ¢ á¥à¢¨á�å, ¯à¥¤®áâ�¢«ï¥¬ëå ®¡«�ª®¬;
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�. �. ƒàãè®, �. �. ƒàãè®, …. …. ’¨¬®−¨−�

(3) á¥âì á¢ï§¨, ¯®§¢®«ïîé�ï á®¥¤¨−ïâìáï «î¡®¬ã ª«¨¥−âã á â®çª®© ¯à¥¤®áâ�-
¢«¥−¨ï ãá«ã£ ®¡«�ª�.

÷¥è¥−¨¥ ¯à®¡«¥¬ë §�é¨âë ®â ¬�áá®¢®£® ¢ë¢®¤� ¨§ áâà®ï á«�¡®§�é¨é¥−−ëå
ª®¬¯ìîâ¥à®¢ æ¨äà®¢®© íª®−®¬¨ª¨ ¬®¦¥â ¡ëâì ®á−®¢�−® −� á¥à¢¨á�å ¡¥§®¯�á-
−®áâ¨, ª®â®àë¥ ¯à¥¤®áâ�¢«ï¥â ¯ã¡«¨ç−®¥ ®¡«�ª®. „«ï ¯à®áâ®âë ¡ã¤¥¬ áç¨â�âì,
çâ® à�áá¬�âà¨¢�¥¬®¥ ®¡«�ª® ¯à¥¤®áâ�¢«ï¥â â®«ìª® á¥à¢¨áë ¡¥§®¯�á−®áâ¨, ª®â®àë¥
®à£�−¨§®¢�−ë á«¥¤ãîé¨¬ ®¡à�§®¬.

1. Š�¦¤ë© ª«¨¥−â ¬®¦¥â ®à£�−¨§®¢�âì «î¡®¥ á®¥¤¨−¥−¨¥ â®«ìª® ç¥à¥§ ®¡«�ª®.
�à¨ íâ®¬ ª®¬¯ìîâ¥à ¨«¨ ª®à¯®à�â¨¢−�ï á¥âì ¬�«®£® ¨«¨ áà¥¤−¥£® ¡¨§−¥á�
¨¬¥¥â ¥¤¨−áâ¢¥−−ë© ªà¨¯â®£à�ä¨ç¥áª¨ §�é¨é¥−−ë© ª�−�« á â®çª®© ¤®áâã¯�
ª á¥à¢¨á�¬ ®¡«�ª�. ‹î¡ë¥ á®¥¤¨−¥−¨ï, âà¥¡ã¥¬ë¥ ¤«ï ¢¥¤¥−¨ï ¡¨§−¥á�,
®à£�−¨§®¢�−ë á ¯®¬®éìî ¥¤¨−áâ¢¥−−ëå §�é¨é¥−−ëå ª�−�«®¢ á ®¡«�ª®¬
â�ª, çâ® ª«¨¥−â §�¯à�è¨¢�¥â á¢ï§ì á âà¥¡ã¥¬®© ®à£�−¨§�æ¨¥©, � ®¡«�ª®
¢ë§ë¢�¥â ¯® §�é¨é¥−−®¬ã ª�−�«ã â®çªã ¤®áâã¯� ¢ë§ë¢�¥¬®© ®à£�−¨§�æ¨¨.
„�«¥¥ ãáâ�−�¢«¨¢�¥âáï á®¥¤¨−¥−¨¥, ª®â®à®¥ ¬®¦¥â ¡ëâì ®âªàëâë¬ ¢ â®¬
á¬ëá«¥, çâ® ¢ ®¡«�ª¥ ¯à®¨áå®¤¨â à�áè¨äà®¢�−¨¥ á®®¡é¥−¨ï −� ª«îç¥ ª«¨-
¥−â� ¨ §�è¨äà®¢�−¨¥ −� ª«îç¥ ¢ë§ë¢�¥¬®© ®à£�−¨§�æ¨¨. �â® à¥è¥−¨¥
ï¢«ï¥âáï ã¯à®é¥−¨¥¬ à¥è¥−¨ï [4]. „àã£¨¬ ¢�à¨�−â®¬ ¢ëáâã¯�¥â §�é¨é¥−-
−®¥ á®¥¤¨−¥−¨¥, ª®£¤� á ¯®¬®éìî ®âªàëâëå ª«îç¥© ¢ëà�¡�âë¢�¥âáï ®¡é¨©
ª«îç §�é¨é�¥¬®£® á®¥¤¨−¥−¨ï, � ®¡«�ª® á«ã¦¨â âà�−§¨â−ë¬ ã§«®¬ ¢ ®¡¬¥-
−¥ §�è¨äà®¢�−−ë¬¨ á®®¡é¥−¨ï¬¨ ®¯ïâì ¦¥ ¯® ¥¤¨−áâ¢¥−−®¬ã ª�−�«ã ¤«ï
ª�¦¤®£® å®áâ�.

2. �ç¥−ì ¢�¦−ë© á¥à¢¨á | ¢ëå®¤ ª«¨¥−â� ¢ ¨−â¥à−¥â á ¯®¬®éìî §�é¨é¥−−®£®
¤®áâã¯� ª ®¡«�ªã. ‚ íâ®¬ á«ãç�¥ ¢ ®¡«�ª¥ à�áè¨äà®¢ë¢�îâáï §�¯à®áë
ª«¨¥−â� ¨ ®áãé¥áâ¢«ï¥âáï ¢ëå®¤ ¢ ¨−â¥à−¥â ¯® íâ¨¬ §�¯à®á�¬ ®â ¨¬¥−¨
®¡«�ª�. ÷¥§ã«ìâ�âë ¢§�¨¬®¤¥©áâ¢¨ï ®¡«�ª� á ¨−â¥à−¥â®¬ ¯® §�é¨é¥−−®¬ã
ª�−�«ã ¯¥à¥¤�îâáï ª«¨¥−âã. �à¨ íâ®¬ ®¡«�ª® §�é¨é�¥â ª«¨¥−â� á ¯®¬®éìî:

{ ¯®«−®æ¥−−ëå á¥à¢¨á®¢ DMZ (demilitarized zone) ¤«ï ª®−âà®«ï ¯¥à¥¤�¢�-
¥¬ëå ª«¨¥−âã ¯à®£à�¬¬;

{ �−â¨¢¨àãá−ëå ¯à®£à�¬¬;

{ á¨áâ¥¬ ®¡−�àã¦¥−¨ï ¢â®à¦¥−¨© | IDS (Intrusion Detection System);

{ á¨áâ¥¬ ¯à¥¤®â¢à�é¥−¨ï ¢â®à¦¥−¨© | IPS (Intrusion Prevention System);

{ £«ã¡®ª®£® �−�«¨§� ¯�ª¥â®¢ | DPI (Deep Packet Inspection);

{ ¯à¥¤®â¢à�é¥−¨ï ¯®â¥à¨ ¤�−−ëå | DLP (Data Lost Prevention).

“ª�§�−−ë¥ áâ�−¤�àâ−ë¥ ¬¥â®¤ë §�é¨âë á−¨¦�îâ ®¯�á−®áâì �â�ª −� ª®¬¯ìî-
â¥àë ¬�«®£® ¨ áà¥¤−¥£® ¡¨§−¥á�. �¤−�ª® ®−¨ −¥ à¥è�îâ ¯à®¡«¥¬ã §�é¨âë ®â
¬�áá®¢®£® ¢ë¢®¤� ¨§ áâà®ï ª®¬¯ìîâ¥à®¢ æ¨äà®¢®© íª®−®¬¨ª¨. „«ï à¥è¥−¨ï íâ®©
¯à®¡«¥¬ë ¢ ®¡«�ª¥ á®§¤�¥âáï ¯®«¨£®−, í¬ã«¨àãîé¨© ª®¬¯ìîâ¥à−ë¥ á¨áâ¥¬ë
¬�«®£® ¨ áà¥¤−¥£® ¡¨§−¥á�. �â®â ¯®«¨£®− ¬®¦−® à�áá¬�âà¨¢�âì ª�ª ú«®¢ãèªãû

6 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 29 −®¬¥à 1 2019



Œ¥â®¤ë §�é¨âë ®â ¬�áá®¢®£® ¢ë¢®¤� ¨§ áâà®ï á«�¡®§�é¨é¥−−ëå ª®¬¯ìîâ¥à®¢

(Honey Pot) ¤«ï á¨£−�«� ¯® ¢ë¢®¤ã ¨§ áâà®ï ª®¬¯ìîâ¥à®¢ ¬�«®£® ¨ áà¥¤−¥£®
¡¨§−¥á�.

Ÿá−®, çâ® á¨£−�« −� ¬�áá®¢ë© ¢ë¢®¤ ¨§ áâà®ï ª®¬¯ìîâ¥à®¢ â�ª¦¥ ¢ë§®¢¥â
á®®â¢¥âáâ¢ãîéãî à¥�ªæ¨î −� á¯¥æ¨�«ì−® ¯®áâà®¥−−®¬ ¯®«¨£®−¥ [6]. �â® ¯®§¢®«¨â
¡«®ª¨à®¢�âì á¨£−�«ë, ¯®áâã¯�îé¨¥ ¨§ £«®¡�«ì−®© á¥â¨, ¢ ç�áâ−®áâ¨ ¨§ ¨−â¥à−¥â�.
…á«¨ íâ®â á¨£−�« ¡ã¤¥â ¢ëï¢«¥− ®â ®¤−®£® ¨«¨ −¥áª®«ìª¨å ª«¨¥−â®¢, â® íâ¨
ª«¨¥−âë ¡ã¤ãâ §�¡«®ª¨à®¢�−ë. ’�ª¨¬ ®¡à�§®¬ à¥�«¨§ã¥âáï à¥è¥−¨¥ ® ¯à¥¤-
®â¢à�é¥−¨¨ ¬�áá®¢®£® ¢ë¢®¤� ¨§ áâà®ï á«�¡®§�é¨é¥−−ëå ª®¬¯ìîâ¥à®¢ ¬�«®£®
¨ áà¥¤−¥£® ¡¨§−¥á� æ¨äà®¢®© íª®−®¬¨ª¨.

3 Предотвращение массового вывода из строя компьютеров
с помощью систем виртуализации

÷�áá¬�âà¨¢�¥¬ë© ¢ íâ®¬ à�§¤¥«¥ ¬¥â®¤ §�é¨âë ®á−®¢�− −� á¯¥æ¨�«ì−®©
�àå¨â¥ªâãà¥ ª®¬¯ìîâ¥à®¢ [7, 8], ¨¬¥îé¨å á¥â¥¢ë¥ ¢§�¨¬®¤¥©áâ¢¨ï.

“á«®¢−® á¨áâ¥¬� ¢¨àâã�«¨§�æ¨¨ ¯®áâà®¥−� á«¥¤ãîé¨¬ ®¡à�§®¬. ‘ �¯¯�à�â-
−®© ç�áâìî ª®¬¯ìîâ¥à� ®¡é�¥âáï £¨¯¥à¢¨§®à, ã¯à�¢«ï¥¬ë© ¢ë¤¥«¥−−®© ®¯¥à�æ¨-
®−−®© á¨áâ¥¬®©. —¥à¥§ £¨¯¥à¢¨§®à á �¯¯�à�â−®© ¯«�âä®à¬®© ®¡é�îâáï £®áâ¥¢ë¥
®¯¥à�æ¨®−−ë¥ á¨áâ¥¬ë.

„«ï à¥è¥−¨ï à�áá¬�âà¨¢�¥¬®© ¯à®¡«¥¬ë ¯à¥¤¯®«�£�¥âáï −�«¨ç¨¥ âà¥å £®áâ¥-
¢ëå ¬�è¨− (®¯¥à�æ¨®−−ëå á¨áâ¥¬):

(1) ¯¥à¢�ï £®áâ¥¢�ï ¬�è¨−� ¨¬¥¥â á¢®¡®¤−ë© ¢ëå®¤ ¢ £«®¡�«ì−ãî á¥âì ¨ §�¯ãá-
ª�¥âáï ª�¦¤ë© à�§ ¨§ ç¨áâ®£® ®¡à�§�;

(2) ¢â®à�ï £®áâ¥¢�ï ¬�è¨−� á«ã¦¨â ¤«ï í«¥ªâà®−−®£® ¤®ªã¬¥−â®®¡®à®â�, á¢ï-
§�−−®£® á ¡¨§−¥á-¯à®æ¥áá�¬¨;

(3) âà¥âìï £®áâ¥¢�ï ¬�è¨−� à¥�«¨§ã¥â ªà¨¯â®£à�ä¨ç¥áª¨¥ ¯à¥®¡à�§®¢�−¨ï −�
â¥ªãé¨å ª«îç�å, á¢ï§�−−ëå ¯® ¡¨§−¥áã ®à£�−¨§�æ¨©.

‚§�¨¬®¤¥©áâ¢¨¥ ¬¥¦¤ã ¯¥à¢®© ¨ ¢â®à®© ¬�è¨−�¬¨ ®áãé¥áâ¢«ï¥âáï â®«ìª®
ç¥à¥§ âà¥âìî ¬�è¨−ã. ‚á¥ âà¨ £®áâ¥¢ë¥ ¬�è¨−ë ¨¬¥îâ −¥§�¢¨á¨¬ë¥ ®¡«�áâ¨
¯�¬ïâ¨. ’�ª¨¬ ®¡à�§®¬, ¡¨§−¥á-¤®ªã¬¥−â�æ¨ï −¥ ¯¥à¥á¥ª�¥âáï á ®âªàëâ®© ¨−ä®à-
¬�æ¨¥© ¨§ £«®¡�«ì−®© á¥â¨. ‚áï ¡¨§−¥á-¤®ªã¬¥−â�æ¨ï ¤®«¦−� ¨¬¥âì à¥§¥à¢−ë¥
ª®¯¨¨ −� ¢−¥è−¨å −®á¨â¥«ïå.

‡�é¨é¥−−®áâì ®â ¬�áá®¢®£® ¢ë¢®¤� ¨§ áâà®ï á«�¡®§�é¨é¥−−ëå ª®¬¯ìîâ¥à®¢
¬�«®£® ¨ áà¥¤−¥£® ¡¨§−¥á� æ¨äà®¢®© íª®−®¬¨ª¨ ®á−®¢�−� ¯à¥¦¤¥ ¢á¥£® −� âàã¤-
−®áâ¨ ¯à®¡«¥¬ë §�å¢�â� £¨¯¥à¢¨§®à� ¨ ¯à®−¨ª−®¢¥−¨ï ¨§ ®¤−®© £®áâ¥¢®© ¬�è¨−ë
¢ ¤àã£ãî [7,9,10].

‚ ¯à¥¤¯®«®¦¥−¨¨ ® −¥¢®§¬®¦−®áâ¨ ¬�áá®¢®£® §�å¢�â� £¨¯¥à¢¨§®à®¢ à�§«¨ç-
−ëå ª®¬¯ìîâ¥à®¢ §�é¨é¥−−®áâì ®¡®á−®¢ë¢�¥âáï á«¥¤ãîé¨¬ ®¡à�§®¬. �¥¯®áà¥¤-
áâ¢¥−−�ï ¯®¤�ç� ª®¬�−¤ë −� ¢ë¢®¤ ¨§ áâà®ï ª®¬¯ìîâ¥à®¢ ç¥à¥§ ¨−â¥à−¥â ¢ë¢®¤¨â
¨§ áâà®ï £®áâ¥¢ë¥ ¬�è¨−ë ¯¥à¢®£® â¨¯�. …á«¨ ª®¬�−¤� −� ¢ë¢®¤ ¨§ áâà®ï ¨áå®¤¨â
®â ®¤−®£® ¨«¨ −¥áª®«ìª¨å £®áâ¥¢ëå ª®¬¯ìîâ¥à®¢ ¢â®à®£® â¨¯�, â® ¯®à�¦¥−¨¥ «®-
ª�«¨§ã¥âáï ¢ íâ¨å £®áâ¥¢ëå ª®¬¯ìîâ¥à�å, à¥�«¨§ãîé¨å −¥¯®áà¥¤áâ¢¥−−ãî á¢ï§ì
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á ¨áâ®ç−¨ª®¬ á¨£−�«� −� à�§àãè¥−¨¥. ’�ª¨¥ ¬�è¨−ë ¬®£ãâ ¯¥à¥¤�¢�âì á¨£−�«
âà¥¢®£¨ ç¥à¥§ £«®¡�«ì−ãî á¥âì á ¯à¨§ë¢®¬ ¡«®ª¨à®¢�âì á®¥¤¨−¥−¨¥ á ¨áâ®ç−¨ª�-
¬¨ á¨£−�«� −� à�§àãè¥−¨¥. �®áª®«ìªã �â�ªã¥¬ëå ¬�è¨− ®£à�−¨ç¥−−®¥ ç¨á«®,
â® ã£à®§� ¬�áá®¢®£® ¢ë¢®¤� ¨§ áâà®ï ¡ã¤¥â «®ª�«¨§®¢�−�. �à¨ íâ®¬ à¥§¥à¢−ë¥
ª®¯¨¨ ¯®§¢®«ïâ ¢®ááâ�−®¢¨âì §−�ç¨â¥«ì−ãî ç�áâì ¨á¯®àç¥−−ëå ¤�−−ëå.

4 Заключение

‚ áâ�âì¥ à�áá¬®âà¥−ë ¤¢� á«ãç�ï ¢®§¬®¦−®áâ¨ ¬�áá®¢®£® ¢ë¢®¤� ¨§ áâà®ï
á«�¡®§�é¨é¥−−ëå ª®¬¯ìîâ¥à®¢ ¬�«®£® ¨ áà¥¤−¥£® ¡¨§−¥á� æ¨äà®¢®© íª®−®¬¨ª¨
á ¯®¬®éìî á¨£−�«®¢ ¨§ £«®¡�«ì−®© á¥â¨ ¨«¨ ®â¤¥«ì−ëå ª®¬¯ìîâ¥à®¢, á®¤¥à¦�é¨å
¢à¥¤®−®á−ë© ª®¤. �¥à¢ë© ¬¥â®¤ ®á−®¢�− −� á®§¤�−¨¨ á¢ï§�−−ëå ¬¥¦¤ã á®¡®© à¥-
£¨®−�«ì−ëå ®âªàëâëå ®¡«�ª®¢, ¯à¥¤®áâ�¢«ïîé¨å á¥à¢¨áë ¡¥§®¯�á−®áâ¨ ¬�«®¬ã
¨ áà¥¤−¥¬ã ¡¨§−¥áã. ‚â®à®© ¬¥â®¤ ®á−®¢�− −� ¬�áá®¢®¬ ¢−¥¤à¥−¨¨ ¢ ª®¬¯ìîâ¥àë
�àå¨â¥ªâãàë ¢¨àâã�«ì−ëå ¬�è¨−, ®£à�−¨ç¨¢�îé¨å ¢®§¬®¦−®áâ¨ ¢à¥¤®−®á−®£®
ª®¤� ¯®«ãç�âì ¨«¨ âà�−á«¨à®¢�âì á¨£−�«ë ¬�áá®¢®£® ¢ë¢®¤� ¨§ áâà®ï á«�¡®§�é¨-
é¥−−ëå ª®¬¯ìîâ¥à®¢ ¬�«®£® ¨ áà¥¤−¥£® ¡¨§−¥á� æ¨äà®¢®© íª®−®¬¨ª¨. �à¨ íâ®¬
¬®¦−® ¨á¯®«ì§®¢�âì á«�¡ãî ªà¨¯â®£à�ä¨î á ç�áâ® ¬¥−ïîé¨¬¨áï ª«îç�¬¨.

Š®−¥ç−®, ¢®§¬®¦−® ¤àã£¨¬¨ á¯®á®¡�¬¨ ¯¥à¥¤�¢�âì á¨£−�«ë ¢à¥¤®−®á−®¬ã ª®-
¤ã, −�å®¤ïé¥¬ãáï ¢ ¬¨ªà®¯à®æ¥áá®à�å. ��¯à¨¬¥à, íâ® ¬®£ãâ ¡ëâì á¯¥æ¨�«ì−ë¥
à�¤¨®á¨£−�«ë. ‡¤¥áì â�ª¦¥ ¢®§¬®¦−ë ¬¥àë ¯à®â¨¢®¤¥©áâ¢¨ï, ª®â®àë¥ ¡ã¤ãâ
à�áá¬�âà¨¢�âìáï ¢ ¤àã£¨å à�¡®â�å.
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METHODS OF PROTECTION AGAINST MASS INACTIVATION
OF LOW PROTECTED COMPUTERS OF DIGITAL ECONOMY

A. A. Grusho, N. A. Grusho, and E. E. Timonina

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

Abstract: Development of digital economy generates new threats of information
security. The serious economic damage to small and medium business can put
mass inactivation of low protected computers. The paper deals with certain
ways to prevent such vulnerabilities. Two approaches of creation of protection
against mass inactivation of low protected computers of digital economy are
suggested. The first approach is connected with creation of a specialized cloud,
providing services of information security. Communication of low protected
computers through Internet connection is carried out only through this cloud.
The second approach is based on the idea of virtualization of computers. The
special architecture of guest virtual machines is suggested. It is proved that
in certain conditions, the proposed solutions prevent mass inactivation of low
protected computers of digital economy.

Keywords: information security; digital economy; cloudy computing systems;
virtualization
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ТЕХНОЛОГИЧЕСКИЕ АСПЕКТЫ ОБЕСПЕЧЕНИЯ
ИНФОРМАЦИОННОЙ БЕЗОПАСНОСТИ ФИНАНСОВОГО

РЫНКА В УСЛОВИЯХ ЦИФРОВОЙ ТРАНСФОРМАЦИИ
ЭКОНОМИКИ РОССИИ∗

А. А. Зацаринный1, В. И. Королёв2

�−−®â�æ¨ï: ”¨−�−á®¢ë© àë−®ª ¯à¥¤áâ�¢«¥− ª�ª ®¡ê¥ªâ §�é¨âë, äã−ªæ¨®−¨-
àãîé¨© ¢ íª®−®¬¨ç¥áª®© áä¥à¥ ¢ ãá«®¢¨ïå ¯à�¢®¢ëå ®â−®è¥−¨©. ‚ë¯®«−¥−
�−�«¨§ ¨ ¯à¥¤«®¦¥−� áâàãªâãà� æ¨äà®¢®© íª®−®¬¨ª¨. ‘âàãªâãà¨à®¢�− ¨−-
áâàã¬¥−â�«ì−ë© ãà®¢¥−ì à¥�«¨§�æ¨¨ íª®−®¬¨ç¥áª¨å ¯à®æ¥áá®¢ | ú¯«�âä®à-
¬ë ¨ â¥å−®«®£¨¨û. ÷�áá¬®âà¥− å�à�ªâ¥à −®¢ëå ¢ë§®¢®¢ ¨ ¯à®¡«¥¬ ®¡¥á¯¥ç¥−¨ï
¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ¯à¨ æ¨äà®¢®© âà�−áä®à¬�æ¨¨. �à¥¤«®¦¥−ë
¡�§®¢ë¥ ¯®¤å®¤ë ª ®¡¥á¯¥ç¥−¨î ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ¢ ãá«®¢¨ïå
á¥â¥¢ëå �àå¨â¥ªâãà ®¯¥à�æ¨®−−ëå ¨ ¨−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª¨å á¨áâ¥¬
ä¨−�−á®¢®£® àë−ª�: �−�«¨â¨ç¥áª¨¥ á¨áâ¥¬ë ¡¥§®¯�á−®áâ¨ ¨ á¨áâ¥¬ë á¨âã�æ¨-
®−−ëå æ¥−âà®¢ (‘‘–).

Š«îç¥¢ë¥ á«®¢�: ä¨−�−á®¢ë© àë−®ª; æ¨äà®¢�ï íª®−®¬¨ª�; ¨−ä®à¬�æ¨®−-
−�ï ¡¥§®¯�á−®áâì; íª®−®¬¨ç¥áª�ï ¡¥§®¯�á−®áâì; ã£à®§� ¡¥§®¯�á−®áâ¨; á¨áâ¥¬�
®¡−�àã¦¥−¨ï ¢â®à¦¥−¨©; á¨âã�æ¨®−−ë© æ¥−âà

DOI: 10.14357/08696527190102

1 Финансовый рынок как объект защиты

Š�â¥£®à¨ï úä¨−�−á®¢ë© àë−®ªû | ¬¥¦¤¨áæ¨¯«¨−�à−�ï ª�â¥£®à¨ï, ¯à¥¤¬¥-
â®¬ ¤¥ïâ¥«ì−®áâ¨ ª®â®à®© ï¢«ïîâáï ª�ª íª®−®¬¨ç¥áª�ï áä¥à�, â�ª ¨ ¯à�¢®¢ë¥
®â−®è¥−¨ï.

‚ ÷®áá¨©áª®© ”¥¤¥à�æ¨¨ ä¨−�−á®¢ë© àë−®ª ¯à¨−ïâ® −�§ë¢�âì −�æ¨®−�«ì-
−ë¬ ä¨−�−á®¢ë¬ àë−ª®¬. ”®−¤®¢ë©, ªà¥¤¨â−ë©, ¢�«îâ−ë© ¨ ¤àã£¨¥ àë−ª¨ |
¯® áãâ¨, á¥£¬¥−âë −�æ¨®−�«ì−®£® ä¨−�−á®¢®£® àë−ª�. �à¥¤¬¥â−�ï áâàãªâãà�
ä¨−�−á®¢®£® àë−ª� ¯à¥¤áâ�¢«¥−� −� à¨á. 1.

�ª®−®¬¨ç¥áª�ï áä¥à� ¤¥ïâ¥«ì−®áâ¨ ¯à¥¤¯®«�£�¥â −�«¨ç¨¥ ®¯à¥¤¥«¥−−®© ¨−-
áâ¨âãæ¨®−�«ì−®© áâàãªâãàë, ®¡¥á¯¥ç¨¢�îé¥© äã−ªæ¨®−¨à®¢�−¨¥ àë−ª�.

”¨−�−á®¢ë© àë−®ª ª�ª îà¨¤¨ç¥áª�ï ª�â¥£®à¨ï | á¨áâ¥¬� ®¡é¥áâ¢¥−−ëå
®â−®è¥−¨©, ¢ ª®â®à®© ¯à®¨áå®¤¨â ¬®¡¨«¨§�æ¨ï ¨ ¯¥à¥à�á¯à¥¤¥«¥−¨¥ ¤¥−¥¦−ëå

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâë 18-29-03124 ¨ 18-29-03081).
1”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨

−�ãª, AZatsarinny@ipiran.ru
2ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�

¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª; ”¨−�−á®¢ë© ã−¨¢¥àá¨â¥â ¯à¨ �à�¢¨â¥«ìáâ¢¥ ÷”;
÷®áá¨©áª�ï �ª�¤¥¬¨ï −�à®¤−®£® å®§ï©áâ¢� ¨ £®áã¤�àáâ¢¥−−®© á«ã¦¡ë ¯à¨ �à¥§¨¤¥−â¥ ÷®áá¨©áª®©
”¥¤¥à�æ¨¨, vkorolev@ipiran.ru
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’¥å−®«®£¨ç¥áª¨¥ �á¯¥ªâë ®¡¥á¯¥ç¥−¨ï ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ àë−ª�

÷¨á. 1 �à¥¤¬¥â−�ï áâàãªâãà� ä¨−�−á®¢®£® àë−ª�

áà¥¤áâ¢ ¬¥¦¤ã áã¡ê¥ªâ�¬¨ ¢®á¯à®¨§¢®¤áâ¢¥−−ëå á¢ï§¥©, ¢ëáâã¯�îé¨å ®¡ê¥ªâ®¬
¯à�¢®¢®£® à¥£ã«¨à®¢�−¨ï.

�à®æ¥áá®à−�ï ¯«�âä®à¬� à¥�«¨§�æ¨¨ á®¢à¥¬¥−−®£® ä¨−�−á®¢®£® àë−ª� |
¯«�âä®à¬� äã−ªæ¨®−¨à®¢�−¨ï æ¨äà®¢ëå ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© (IT).

‘®¢®ªã¯−®áâì ¯¥à¥ç¨á«¥−−ëå ª®¬¯®−¥−â®¢ ®¯à¥¤¥«ï¥â ä¨−�−á®¢ë© àë−®ª
ª�ª ®¡ê¥ªâ §�é¨âë.

’�ª®© ¯®¤å®¤ ¯®§¢®«ï¥â áä®à¬ã«¨à®¢�âì ®¯à¥¤¥«¥−¨¥ ä¨−�−á®¢®£® àë−ª�
ª�ª ®¡ê¥ªâ� §�é¨âë:

”¨−�−á®¢ë© àë−®ª | á®¢®ªã¯−®áâì ¨−áâ¨âãâ®¢, ä¨−�−á®¢ëå ¨−áâàã-
¬¥−â®¢, ¨−äà�áâàãªâãàë ¨ íª®−®¬¨ç¥áª¨å ®â−®è¥−¨©, ®¡¥á¯¥ç¨¢�îé¨å
¯¥à¥à�á¯à¥¤¥«¥−¨¥ á¢®¡®¤−®£® ¤¥−¥¦−®£® ª�¯¨â�«� ®â ¢«�¤¥«ìæ¥¢ ª ¯®«ì§®-
¢�â¥«ï¬ íâ®£® ª�¯¨â�«�. �à¨ íâ®¬ ¨−äà�áâàãªâãà� à�áá¬�âà¨¢�¥âáï ª�ª
¢ �á¯¥ªâ¥ íª®−®¬¨ç¥áª¨å ®â−®è¥−¨©, â�ª ¨ á â®çª¨ §à¥−¨ï â¥å−®«®£¨ç¥áª®©
à¥�«¨§�æ¨¨ ¯à®æ¥áá®¢ ¤¥ïâ¥«ì−®áâ¨.
ˆáå®¤ï ¨§ íâ¨å ¯à¥¤¯®áë«®ª, à�áá¬®âà¨¬ −� ª®−æ¥¯âã�«ì−®¬ ãà®¢−¥ â¥å−®«®-

£¨ç¥áª¨¥ �á¯¥ªâë à¥�«¨§�æ¨¨ ä¨−�−á®¢®£® àë−ª� ¨ ®¡¥á¯¥ç¥−¨ï ¥£® ¡¥§®¯�á−®áâ¨
¢ ãá«®¢¨ïå æ¨äà®¢®© âà�−áä®à¬�æ¨¨ íª®−®¬¨ª¨.

2 Представление цифровой экономики
с позиций цифровых технологий

‚ á®®â¢¥âáâ¢¨¨ á ¯à®£à�¬¬®© ú–¨äà®¢�ï íª®−®¬¨ª� ÷®áá¨©áª®© ”¥¤¥à�-
æ¨¨û [1] á®§¤�−¨¥ −¥®¡å®¤¨¬ëå ãá«®¢¨© ¤«ï à�§¢¨â¨ï æ¨äà®¢®© íª®−®¬¨ª¨
ï¢«ï¥âáï £®áã¤�àáâ¢¥−−®© ¯à¨®à¨â¥â−®© §�¤�ç¥©.
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–¨äà®¢ë¥ â¥å−®«®£¨¨ è¨à®ª® ¨ íää¥ªâ¨¢−® ¨á¯®«ì§ãîâáï ¢ áä¥à¥ ä¨−�−-
á®¢®-ªà¥¤¨â−®© ¤¥ïâ¥«ì−®áâ¨. ‚áï ®¯¥à�æ¨®−−�ï áà¥¤� ¡�−ª®¢áª®© ¤¥ïâ¥«ì−®áâ¨
ä�ªâ¨ç¥áª¨ ¯¥à¥è«� −� úæ¨äàãû, ¨−ä®à¬�æ¨®−−ë¥ â¥å−®«®£¨¨ ®¡¥á¯¥ç¨¢�îâ
íää¥ªâ¨¢−ë© ¬¥−¥¤¦¬¥−â ä¨−�−á®¢®-¡�−ª®¢áª®© ¤¥ïâ¥«ì−®áâ¨ §� áç¥â á®§¤�−¨ï
¨−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª¨å á¨áâ¥¬. �¤−�ª® −®¢ë¥ íää¥ªâ¨¢−ë¥ äã−ªæ¨-
®−�«ì−ë¥ ¨ â¥å−®«®£¨ç¥áª¨¥ ¢®§¬®¦−®áâ¨ ¯®à®¦¤�îâ −®¢ë¥ ¢ë§®¢ë ¨ ã£à®§ë
¢ ç�áâ¨ ¡¥§®¯�á−®áâ¨. “£à®§ë ¡¥§®¯�á−®áâ¨ ¯® á¢®¥© ¯à¨à®¤¥ ¨ ¯®á«¥¤áâ¢¨ï¬
áâ�−®¢ïâáï ¢á¥ ¡®«¥¥ ªà¨â¨ç−ë¬¨.

–¨äà®¢ë¥ â¥å−®«®£¨¨ £«ã¡®ª® ¯®£àã¦�îâáï ¢ ¯à®æ¥ááë ¤¥ïâ¥«ì−®áâ¨ (¡¨§-
−¥á-¯à®æ¥ááë, ¯à®æ¥ááë ã¯à�¢«¥−¨ï, á¥à¢¨á−ë¥ ¯à®æ¥ááë), áâ�−®¢ïâáï ¨å á®áâ�¢-
−®© ç�áâìî. ‚á«¥¤áâ¢¨¥ íâ®£® −¥¤®áâ�â®ç−® ¯à¥¤êï¢«ïâì ª −¨¬ âà�¤¨æ¨®−−ë¥
âà¥¡®¢�−¨ï ¯® §�é¨â¥ ¨−ä®à¬�æ¨¨, á«¥¤ã¥â ¨¬¥âì −�¤¥¦−ãî ®¡à�¡�âë¢�îéãî
¨ äã−ªæ¨®−�«ì−ãî áà¥¤ã. …¥ −¥®¡å®¤¨¬® «¨¡® ¨§−�ç�«ì−® á®§¤�¢�âì �¡á®«îâ-
−® −�¤¥¦−®©, çâ® ¯à�ªâ¨ç¥áª¨ −¥¢®§¬®¦−® ¢¢¨¤ã ¥¥ á«®¦−®áâ¨ ¨ ¯à¨à®¤−ëå
á¢®©áâ¢, «¨¡® ¯®áâ®ï−−® ¯®¤¤¥à¦¨¢�âì ¥¥ èâ�â−ãî à�¡®â®á¯®á®¡−®áâì ¨ −�¤¥¦-
−®áâì, çâ® âà¥¡ã¥â ®¡¥á¯¥ç¥−¨ï ¬®−¨â®à¨−£� äã−ªæ¨®−¨à®¢�−¨ï á ¢ëï¢«¥−¨¥¬
�−®¬�«¨© ¨ á®§¤�−¨¥¬ ¬¥â®¤®¢ ¨ áà¥¤áâ¢ ¢®§¢à�é¥−¨ï äã−ªæ¨®−¨à®¢�−¨ï ¢ èâ�â-
−®¥ á®áâ®ï−¨¥.

‚ ãá«®¢¨ïå æ¨äà®¢®© âà�−áä®à¬�æ¨¨ íª®−®¬¨ª¨ à¥è¥−¨¥ ¯à®¡«¥¬ë íª®−®-
¬¨ç¥áª®© ¡¥§®¯�á−®áâ¨ ¢á¥ ¢ ¡®«ìè¥© áâ¥¯¥−¨ ¯¥à¥å®¤¨â ¢ ®¡«�áâì ®¡¥á¯¥ç¥−¨ï
¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨.

ˆ§¬¥−¥−¨ï ¢ íª®−®¬¨ç¥áª¨å ®â−®è¥−¨ïå, á¢ï§�−−ë¥ á æ¨äà®¢®© âà�−áä®à-
¬�æ¨¥© íª®−®¬¨ª¨, ¯à¥¤áâ�¢«¥−ë áâàãªâãà®© ®â−®è¥−¨© −� à¨á. 2.

‘âàãªâãà� ®âà�¦�¥â ¯®«®¦¥−¨ï ¯à®£à�¬¬ë ú–¨äà®¢�ï íª®−®¬¨ª� ÷®áá¨©-
áª®© ”¥¤¥à�æ¨¨û ¨ ãç¨âë¢�¥â à¥è¥−¨ï, á¢ï§�−−ë¥ á ¤àã£¨¬¨ −®à¬�â¨¢−ë¬¨
¤®ªã¬¥−â�¬¨ ¯® íª®−®¬¨ç¥áª®© ¡¥§®¯�á−®áâ¨ ¨ á¨áâ¥¬−®© ¨−¦¥−¥à¨¨. �−�
¢ª«îç�¥â âà¨ ¢§�¨¬®á¢ï§�−−ëå à¥�«¨§�æ¨®−−ëå ãà®¢−ï.

„¢� ¨§ íâ¨å ãà®¢−¥© | àë−ª¨ ¨ ®âà�á«¨ íª®−®¬¨ª¨ ¨ áã¡ê¥ªâë-áà¥¤�
íª®−®¬¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨ | ®â−®áïâáï −¥¯®áà¥¤áâ¢¥−−® ª ¯à¥¤¬¥â−®©
®¡«�áâ¨ íª®−®¬¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨ ¨ íª®−®¬¨ç¥áª®© −�ãª¨.

’à¥â¨© ãà®¢¥−ì, ¯«�âä®à¬ë ¨ â¥å−®«®£¨¨, | ¨−áâàã¬¥−â�«ì−ë© ãà®-
¢¥−ì à¥�«¨§�æ¨¨ íª®−®¬¨ç¥áª¨å ¯à®æ¥áá®¢. �â ¢¨¤� ¨ íää¥ªâ¨¢−®áâ¨ áà¥¤áâ¢
íâ®£® ãà®¢−ï §�¢¨á¨â ¨á¯®«−¨â¥«ì−�ï íää¥ªâ¨¢−®áâì à¥�«¨§�æ¨¨ â¥å ¨«¨ ¨−ëå
íª®−®¬¨ç¥áª¨å ª®−æ¥¯æ¨©, ¯à®£à�¬¬ ¨ ¬®¤¥«¥©.

‚ ª�ç¥áâ¢¥ ¨−áâàã¬¥−â� à¥�«¨§�æ¨¨ íª®−®¬¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨ à�áá¬�âà¨-
¢�îâáï æ¨äà®¢ë¥ ¨−ä®à¬�æ¨®−−ë¥ â¥å−®«®£¨¨ ¨ úæ¨äà®¢¨§�æ¨ïû (ª®¬¯ìîâ¥-
à¨§�æ¨ï, áà¥¤áâ¢� ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ�, à®¡®â¨§�æ¨ï ¨ â. ¤.) ¯à®¨§¢®¤áâ¢�
¨ ¡¨§−¥á-¯à®æ¥áá®¢.

÷�áá¬®âà¨¬ á¥£¬¥−â ú¯«�âä®à¬ë ¨ â¥å−®«®£¨¨û (3-© ãà®¢¥−ì).
��§®¢ë¬ à¥áãàá®¬ á¥£¬¥−â� ú¯«�âä®à¬ë ¨ â¥å−®«®£¨¨û á«ã¦�â ¨−ä®à¬�æ¨-

®−−ë¥ à¥áãàáë (ˆ÷). ˆå á®¢à¥¬¥−−®¥ á®áâ®ï−¨¥, ¯à¥¦¤¥ ¢á¥£® ¢ ç�áâ¨ −�§−�ç¥−¨ï
¯à¨ ¨á¯®«ì§®¢�−¨¨ ¢ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨ïå, ¤¨ªâã¥â ¢ë¤¥«¥−¨¥ ¯® ªà�©-
−¥© ¬¥à¥ âà¥å à�§¤¥«®¢:
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’¥å−®«®£¨ç¥áª¨¥ �á¯¥ªâë ®¡¥á¯¥ç¥−¨ï ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ àë−ª�

÷¨á. 2 ‘âàãªâãà� ¯à¥¤áâ�¢«¥−¨ï æ¨äà®¢®© íª®−®¬¨ª¨

(1) á¯¥æ¨�«ì−ë¥ ˆ÷, ®¡¥á¯¥ç¨¢�îé¨¥ �¢â®¬�â¨§�æ¨î ¡¨§−¥á-¯à®æ¥áá®¢, ¯à®-
¨§¢®¤áâ¢¥−−ëå ¨ ã¯à�¢«¥−ç¥áª¨å ¯à®æ¥áá®¢, ¨−ä®à¬�æ¨®−−ãî ¯®¤¤¥à¦ªã
¯à¨−ïâ¨ï à¥è¥−¨©;

(2) ¯à¥¤¬¥â−ë¥ ˆ÷, ®¡¥á¯¥ç¨¢�îé¨¥ à¥�«¨§�æ¨î ¬®¤¥«ì−®£® ¨áªãááâ¢¥−−®£®
¨−â¥««¥ªâ� (�−�«¨â¨ç¥áª¨¥ ¬®¤¥«¨ ¯® á®¡ëâ¨ï¬ ¨ á¨âã�æ¨ï¬, à®¡®â¨§�æ¨ï
¯à®¨§¢®¤áâ¢�, ã¯à�¢«¥−¨ï, ¤¥©áâ¢¨© ¨ ¯à.);

(3) ˆ÷ Big Data | áâàãªâãà¨à®¢�−−ë¥ ¨ −¥áâàãªâãà¨à®¢�−−ë¥ ¤�−−ë¥ ¡®«ì-
è¨å ®¡ê¥¬®¢ ¨ §−�ç¨â¥«ì−®£® ¬−®£®®¡à�§¨ï ¢ ¯à¥¤¬¥â−®© ®¡«�áâ¨ íª®−®-
¬¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨, ª®â®àë¥ ¬®£ãâ áâ�âì ¨áâ®ç−¨ª®¬ ¨−ä®à¬�æ¨®−−®©
¨−â¥à¢¥−æ¨¨ (ª�ª ª®−áâàãªâ¨¢−®©, â�ª ¨ ®âà¨æ�â¥«ì−®©) ¢ ¯à®æ¥áá�å
¤¥ïâ¥«ì−®áâ¨.
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‘«¥¤ãîé¨© á¨áâ¥¬−ë© �á¯¥ªâ á¢ï§�− á ã¯à�¢«¥−¨¥¬, ª®â®à®¥ ¯à¥¤áâ�¢«ï¥âáï
ª�ª ¯à®æ¥áá−ë© íª®−®¬¨ç¥áª¨© ¬¥−¥¤¦¬¥−â. �à®æ¥áá−ë© ¯®¤å®¤ ¢ ¬¥−¥¤¦¬¥−â¥
¢ ®¡é¥¬ ¢¨¤¥ ¢ª«îç�¥â äã−ªæ¨¨ ¯«�−¨à®¢�−¨ï, ¬®â¨¢�æ¨¨, ®à£�−¨§�æ¨¨ ¨ ª®−-
âà®«ï, ®¡ê¥¤¨−¥−−ë¥ á ¯®¬®éìî ª®¬¬ã−¨ª�æ¨®−−ëå á¢ï§¥© ¨ á¨áâ¥¬ ¯à¨−ïâ¨ï
à¥è¥−¨©. ‚¥ªâ®à ã¯à�¢«¥−¨ï ®à¨¥−â¨à®¢�− −� à¥�«ì−ãî íª®−®¬¨ç¥áªãî ¤¥ï-
â¥«ì−®áâì, ¥¥ ®¡ê¥ªâë | úã¬−ë¥û ®¡ê¥ªâë ¨ á¥à¢¨áë, ®¡¥á¯¥ç¨¢�îé¨¥ ¨−ä®à-
¬�â¨§�æ¨î ¨ �¢â®¬�â¨§�æ¨î ç¥à¥§ IT, à¥�«¨§ãîé¨¥ ¬®¤¥«ì−ë© ¨áªãááâ¢¥−−ë©
¨−â¥««¥ªâ, � â�ª¦¥ −� à¥£ã«¨à®¢�−¨¥ ¨−ä®à¬�æ¨®−−®© ¨−â¥à¢¥−æ¨¨.

�á®¡® á«¥¤ã¥â ®áâ�−®¢¨âìáï −� ¯à®¡«¥¬¥ à¥£ã«¨à®¢�−¨ï ¨−ä®à¬�æ¨®−−®©
¨−â¥à¢¥−æ¨¨. �®¢ë¥ â¥å−®«®£¨¨ ¯®à®¤¨«¨ ®£à®¬−ë¥ ¬�áá¨¢ë ¤�−−ëå (Big
Data), ¢®§¬®¦−®áâì ¨å ®¡à�¡�âë¢�âì ¨ íää¥ªâ¨¢−® ¨á¯®«ì§®¢�âì. ‘à¥¤¨ £«�¢−ëå
¯à¥¨¬ãé¥áâ¢ ¡®«ìè¨å ¤�−−ëå ¤«ï ¡¨§−¥á� ¬®¦−® ¢ë¤¥«¨âì [2]:

{ ¯®¨áª −®¢ëå ¨áâ®ç−¨ª®¢ ¤®å®¤� (56%);

{ ã«ãçè¥−¨¥ ®¯ëâ� ª«¨¥−â®¢ (51%);

{ −®¢ë¥ ¯à®¤ãªâë ¨ ãá«ã£¨ (50%);

{ ¯à¨â®ª −®¢ëå ª«¨¥−â®¢ ¨ á®åà�−¥−¨¥ «®ï«ì−®áâ¨ áâ�àëå (47%).

Big Data | −®¢�ï ¯�à�¤¨£¬� åà�−¥−¨ï ¨ ®¡à�¡®âª¨ ¤�−−ëå, âà¥¡ãîé�ï
−®¢ëå ª®¬¯¥â¥−æ¨© ¤«ï ¯®¤¤¥à¦�−¨ï ¨ ®¡á«ã¦¨¢�−¨ï â¥å−®«®£¨¨ à�¡®âë á −¨¬¨.
Šà®¬¥ â®£®, ¯®ª� −¥ áãé¥áâ¢ã¥â ¥¤¨−®© ¬¥â®¤®«®£¨¨ ®¡¥á¯¥ç¥−¨ï ¡¥§®¯�á−®áâ¨
¡®«ìè¨å ¤�−−ëå, ª®â®àãî ¬®¦−® ¢§ïâì §� ®á−®¢ã à�§à�¡®âª¨ ¨ ¢−¥¤à¥−¨ï á¨áâ¥¬ë
ã¯à�¢«¥−¨ï ¡¥§®¯�á−®áâìî ¡®«ìè¨å ¤�−−ëå. ˆ§-§� áãé¥áâ¢ãîé¨å ¯à®¡«¥¬
ª®¬¯�−¨¨ ¢ë−ã¦¤¥−ë á�¬®áâ®ïâ¥«ì−® à�§à�¡�âë¢�âì ¯®¤å®¤ë ª ®¡¥á¯¥ç¥−¨î
¡¥§®¯�á−®áâ¨ Big Data [3]. �¤−�ª® £«ã¡¨−ë ¯à®à�¡®âª¨ ¢®¯à®á� å®âï ¡ë ãà®¢−ï
−®à¬�â¨¢®¢ ˆ‘� ¯®ª� −¨ ®¤−� ¨§ −¨å −¥ ¤®áâ¨£«�.

‚ á«®¦¨¢è¥©áï á¨âã�æ¨¨ ¯à®æ¥áá à�¡®âë á Big Data ®¯à�¢¤�−−® ¬®¦¥â
�áá®æ¨¨à®¢�âìáï á ¨−ä®à¬�æ¨®−−®© ¨−â¥à¢¥−æ¨¥©, âà¥¡ãîé¥© à¥£ã«¨à®¢�−¨ï.

�à®æ¥áá−ë© íª®−®¬¨ç¥áª¨© ¬¥−¥¤¦¬¥−â ¢ ¬¥¦¤ã−�à®¤−®© ¯à�ªâ¨ª¥ á¢ï§�−
á ã¯à�¢«¥−¨¥¬ ª�ç¥áâ¢®¬ äã−ªæ¨®−¨à®¢�−¨ï ®à£�−¨§�æ¨¨ ¨ à¥£ã«¨àã¥âáï á¥à¨¥©
áâ�−¤�àâ®¢ ˆ‘�-9000.

�à®æ¥áá−ë© íª®−®¬¨ç¥áª¨© ¬¥−¥¤¦¬¥−â ¢ ¯à¥¤«®¦¥−−®© áâàãªâãà¥ ®áãé¥-
áâ¢«ï¥âáï á ãç¥â®¬ ¢ª«îç¥−¨ï ¢ ¯à®æ¥áá ã¯à�¢«¥−¨ï à�á¯à¥¤¥«¥−−ëå á¨âã�æ¨-
®−−ëå æ¥−âà®¢, à�¡®â�îé¨å á ä¥¤¥à�«ì−ë¬¨ ®à£�−�¬¨ ¨á¯®«−¨â¥«ì−®© ¢«�áâ¨
¨ ®à£�−�¬¨ £®áã¤�àáâ¢¥−−®© ¢«�áâ¨ áã¡ê¥ªâ®¢ ÷®áá¨©áª®© ”¥¤¥à�æ¨¨. ÷�á-
¯à¥¤¥«¥−−ë¥ á¨âã�æ¨®−−ë¥ æ¥−âàë ¢ á®®â¢¥âáâ¢¨¨ á ¯®«®¦¥−¨ï¬¨ ú‘âà�â¥£¨¨
íª®−®¬¨ç¥áª®© ¡¥§®¯�á−®áâ¨ ÷®áá¨©áª®© ”¥¤¥à�æ¨¨ −� ¯¥à¨®¤ ¤® 2030 £®-
¤�û [4] ®¡¥á¯¥ç¨¢�îâ äã−ªæ¨®−¨à®¢�−¨¥ á¨áâ¥¬ë ã¯à�¢«¥−¨ï à¨áª�¬¨, á¢ï§�−-
−ë¬¨ á íª®−®¬¨ç¥áª®© ¡¥§®¯�á−®áâìî.

3 Аспект информационной безопасности

�ª®−®¬¨ç¥áª¨¥ á¨áâ¥¬ë ®â−®áïâáï ª ¡�§®¢ë¬ ªà¨â¨ç¥áª¨¬ á¨áâ¥¬�¬ £®áã-
¤�àáâ¢�, ¯®íâ®¬ã ¢�¦−¥©è¨© �á¯¥ªâ, á¨áâ¥¬−® ¢«¨ïîé¨© −� æ¨äà®¢ãî âà�−á-
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’¥å−®«®£¨ç¥áª¨¥ �á¯¥ªâë ®¡¥á¯¥ç¥−¨ï ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ àë−ª�

ä®à¬�æ¨î íª®−®¬¨ª¨, á¢ï§�− á ®¡¥á¯¥ç¥−¨¥¬ ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨.
‡−�ç¨¬®áâì, ®â¢¥âáâ¢¥−−®áâì ¨ íää¥ªâ¨¢−®áâì à¥è¥−¨ï ¯à®¡«¥¬ë ®¡¥á¯¥ç¥−¨ï
¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ª�à¤¨−�«ì−® ¢®§à�áâ�îâ.

�®¤â¢¥à¦¤¥−¨¥ â®£®, çâ® æ¨äà®¢�ï áà¥¤� £�à�−â¨à®¢�−−® ¡¥§®¯�á−� ¨«¨ ¯®
ªà�©−¥© ¬¥à¥ ª®−âà®«¨àã¥¬� ¨ ¤¨−�¬¨ç¥áª¨ �¤�¯â¨àã¥¬� ª èâ�â−®¬ã à¥¦¨¬ã
äã−ªæ¨®−¨à®¢�−¨ï, âà¥¡ã¥â ¢−¨¬�â¥«ì−®£® �−�«¨§� ¢®§¬®¦−ëå −®¢ëå ¢ë§®¢®¢
¨ ã£à®§ ¡¥§®¯�á−®áâ¨, ¯®¨áª� ¬¥â®¤®¢ ¨ áà¥¤áâ¢ ¨å −¥©âà�«¨§�æ¨¨.

�¥§ãá«®¢−®, âà�¤¨æ¨®−−ë¥ ¤¥â¥à¬¨−¨à®¢�−−ë¥ ¯®¤å®¤ë ª §�é¨â¥ ¨−ä®à-
¬�æ¨¨ ¨ ¨áå®¤−ë¥ ¯®«®¦¥−¨ï, −� ¡�§¥ ª®â®àëå ®−¨ ä®à¬¨à®¢�«¨áì, ¤®«¦−ë
¨á¯®«ì§®¢�âìáï ¢ æ¥«ïå à¥è¥−¨ï âà�¤¨æ¨®−−ëå §�¤�ç ¯® §�é¨â¥ ¨−ä®à¬�æ¨¨
¯à¨ ¥¥ �¢â®¬�â¨§¨à®¢�−−®© ®¡à�¡®âª¥.

�® æ¨äà®¢�ï âà�−áä®à¬�æ¨ï íª®−®¬¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨ ¯à¥¤êï¢«ï¥â âà¥-
¡®¢�−¨ï ¡¥§®¯�á−®áâ¨ −¥ â®«ìª® ª ¨−ä®à¬�æ¨¨, −® ¨ ª æ¨äà®¢®© (ª®¬¯ìîâ¥à−®©
¨ â¥«¥ª®¬¬ã−¨ª�æ¨®−−®©) áà¥¤¥, ¯à¥¤®áâ�¢«ïîé¥© áà¥¤áâ¢� ¨ ¬¥å�−¨§¬ë ¥¥ à¥-
�«¨§�æ¨¨. �à®¨áå®¤¨â á¬¥é¥−¨¥ �ªæ¥−â� âà¥¡®¢�−¨© ¯® ¡¥§®¯�á−®áâ¨ ¨§ ®¡«�áâ¨
¨áª«îç¨â¥«ì−® ¨−ä®à¬�æ¨®−−®© ¢ ¡®«¥¥ è¨à®ªãî ®¡«�áâì ˆ÷, ¨−ä®à¬�æ¨®−-
−®-â¥å−®«®£¨ç¥áª®© ¨ äã−ªæ¨®−�«ì−®© áà¥¤ë, æ¨äà®¢ëå á¥à¢¨á®¢ ¨ áà¥¤áâ¢
¯à®¨§¢®¤áâ¢�, ª�ª íâ® ®â¬¥ç¥−® −� à¨á. 2.

‘ ãç¥â®¬ −®¢ëå ¢ë§®¢®¢ ¤®«¦−ë ¡ëâì áä®à¬¨à®¢�−ë ¯®¤å®¤ë ª ®¯à¥¤¥«¥−¨î
ã£à®§ ¨ ®æ¥−ª¥ á®®â¢¥âáâ¢ãîé¨å à¨áª®¢. �¥®¡å®¤¨¬® à�áá¬�âà¨¢�âì ¯® ªà�©−¥©
¬¥à¥ ¤¢¥ à�§−®¢¨¤−®áâ¨ ã£à®§ [5]:

(1) ã£à®§ë ¨−ä®à¬�æ¨¨ (¢¥ªâ®à �â�ª¨ ®â ¨áâ®ç−¨ª� ã£à®§ −� ¨−ä®à¬�æ¨®−−ë¥
®¡ê¥ªâë ¨ áà¥¤áâ¢� ®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨);

(2) ¨−ä®à¬�æ¨®−−ë¥ ã£à®§ë (ã£à®§ë ¨−ä®à¬�æ¨®−−®© áä¥àë, æ¨äà®¢®© áà¥¤ë,
−�¯à�¢«¥−−ë¥ −� ¯à®æ¥áá íª®−®¬¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨, −� ¤¥ïâ¥«ì−®áâì
áã¡ê¥ªâ�).

� à¨áª¨, á¢ï§�−−ë¥ á ¯à¨¬¥−¥−¨¥¬ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©, ¤®«¦−ë ¯à®-
¥æ¨à®¢�âìáï −� à¨áª¨ ¢ ®á−®¢−®© ¤¥ïâ¥«ì−®áâ¨ (ä¨−�−á®¢ë¥, ¡�−ª®¢áª¨¥, ¯à¥¤-
¯à¨−¨¬�â¥«ìáª¨¥ ¨ ¤à.) (à¨á. 3).

�® áãé¥áâ¢ã, â�ª®© ¯®¤å®¤ ª á®®â−®è¥−¨î ã£à®§ ¨ à¨áª®¢ ¯®§¢®«ï¥â ¯®−ïâì
áãé−®áâì íª®−®¬¨ç¥áª®© ¡¥§®¯�á−®áâ¨ ¢ §�¢¨á¨¬®áâ¨ ®â æ¨äà®¢®© áà¥¤ë.

�®ï¢«¥−¨¥ −®¢ëå á¨áâ¥¬−ëå à¥è¥−¨© ¢ ®¡«�áâ¨ ¨−ä®à¬�æ¨®−−ëå â¥å−®-
«®£¨© (à�á¯à¥¤¥«¥−−�ï á¥â¥¢�ï ®¡à�¡®âª� ¨−ä®à¬�æ¨¨, ®¡«�ç−ë¥ �àå¨â¥ªâãàë,
ã¤�«¥−−ë© ¤®áâã¯, ¬®¡¨«ì−ë¥ á¨áâ¥¬ë ¨ â. ¤.) â�ª¦¥ ¯à¨¢¥«® ª ¤�«ì−¥©è¥¬ã
¯¥à¥®á¬ëá«¥−¨î ¯à¥¤áâ�¢«¥−¨ï ®¡ ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨. ‘ä®à¬¨à®-
¢�«¨áì ¯®−ïâ¨ï ª¨¡¥à¯à®áâà�−áâ¢�, ª¨¡¥àáà¥¤ë ¨, á®®â¢¥âáâ¢¥−−®, ª¨¡¥à¡¥§-
®¯�á−®áâ¨.

‚ á®¢à¥¬¥−−®© áà¥¤¥ à¥�«¨§�æ¨¨ ªà¥¤¨â−®-ä¨−�−á®¢ëå ®¯¥à�æ¨© ç�áâ® ¢áâà¥-
ç�îâáï ¯à®æ¥ááë ®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨, ª®â®àë¥ −¥ ¢á¥£¤� ï¢«ïîâáï ¤¥â¥à¬¨-
−¨à®¢�−−ë¬¨, ª®£¤� ¯®á«¥¤ãîé¥¥ á®áâ®ï−¨¥ á¨áâ¥¬ë ¬®¦¥â å�à�ªâ¥à¨§®¢�âìáï
−¥ â®«ìª® ª�ª ¯à¥¤áª�§ã¥¬®¥, −® ¨ ª�ª á«ãç�©−®¥, §�¢¨áïé¥¥ ®â àï¤� ¤¨-
−�¬¨ç¥áª¨ ¬¥−ïîé¨åáï ä�ªâ®à®¢. �â® ®¡ãá«®¢«¨¢�¥â ¯®áâ�−®¢ªã ¨ à¥è¥−¨¥
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÷¨á. 3 ‘®®â−®è¥−¨¥ ã£à®§ ¨ à¨áª®¢ ¢ æ¨äà®¢®© áà¥¤¥

§�¤�ç ®¡¥á¯¥ç¥−¨ï ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ¢ à�¬ª�å áâ®å�áâ¨ç¥áª¨å ¯à®-
æ¥áá®¢.

‚á¥ íâ¨ ¯à®¡«¥¬ë âà¥¡ãîâ ¯®¨áª� ¯à¨¥¬«¥¬ëå ¬¥â®¤®¢ ¨ áà¥¤áâ¢ ®¡¥á¯¥ç¥−¨ï
¡¥§®¯�á−®áâ¨, � â�ª¦¥ ¯à¥¤êï¢«ïîâ −®¢ë¥ âà¥¡®¢�−¨ï ª äã−¤�¬¥−â�«ì−ë¬ ¯®«®-
¦¥−¨ï¬, á¢ï§�−−ë¬ á ¤¥©áâ¢ãîé¥© ¢ −�áâ®ïé¥¥ ¢à¥¬ï −®à¬�â¨¢−®-¬¥â®¤¨ç¥áª®©
¡�§®© ¯® §�é¨â¥ ¨−ä®à¬�æ¨¨.

4 Аналитические системы безопасности на основе мониторинга

÷¥�«¨§®¢�âì ª®−âà®«ì ¡¥§®¯�á−®áâ¨ ¢ á®¢à¥¬¥−−®© ¨−ä®à¬�æ¨®−−®© æ¨äà®-
¢®© áà¥¤¥ á ãç¥â®¬ �á¯¥ªâ®¢, á¢ï§�−−ëå á ¯®ï¢«¥−¨¥¬ áâ®å�áâ¨ç¥áª¨å ¯à®æ¥áá®¢,
¢®§¬®¦−® â®«ìª® ¯ãâ¥¬ ¤¨−�¬¨ç¥áª®£® ¬®−¨â®à¨−£�, �−�«¨§� �−®¬�«¨©, ¤¨−�¬¨-
ç¥áª®£® ®¡ãç¥−¨ï ¨ ®¯¥à�â¨¢−®£® ¯à¨−ïâ¨ï à¥è¥−¨©.

‚ ª®−â¥ªáâ¥ íâ®£® ¯®¤å®¤� è¨à®ª® ¨á¯®«ì§ãîâáï á¨áâ¥¬ë ®¡−�àã¦¥−¨ï
¨ ¯à®â¨¢®¤¥©áâ¢¨ï ª¨¡¥à�â�ª�¬ | ‘��Š� (¢ à�−−¥© â¥à¬¨−®«®£¨¨ |
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’¥å−®«®£¨ç¥áª¨¥ �á¯¥ªâë ®¡¥á¯¥ç¥−¨ï ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ àë−ª�

÷¨á. 4 Š«�áá¨ä¨ª�æ¨ï �−®¬�«¨© ¢ á¥â¨

á¨áâ¥¬ë ®¡−�àã¦¥−¨ï ¢â®à¦¥−¨©, ‘�‚), ¯®§¢®«ïîé¨¥ §� áç¥â á¥−á®à−®© á¨á-
â¥¬ë å®áâ®¢ëå ¨ á¥â¥¢ëå ¤�âç¨ª®¢ ®¡¥á¯¥ç¨¢�âì ¬®−¨â®à¨−£ á®áâ®ï−¨ï ¡¥§-
®¯�á−®áâ¨, ¢ë¯®«−ïâì �−�«¨â¨ç¥áªãî à�¡®âã ¨ à¥�£¨à®¢�âì −� ¢®§−¨ª�îé¨¥
�−®¬�«¨¨.

‘¨áâ¥¬� ®¡−�àã¦¥−¨ï ¨ ¯à®â¨¢®¤¥©áâ¢¨ï ª¨¡¥à�â�ª�¬ äã−ªæ¨®−¨àã¥â −�
®á−®¢¥ á¯¥æ¨�«ì−®© ¡�§ë ¤�−−ëå (¨−ä®à¬�æ¨®−−ë© ä®−¤ ‘��Š�), ª®â®à�ï
¢ª«îç�¥â á¥£¬¥−â ã¯à�¢«ïîé¥© ¨−ä®à¬�æ¨¨ æ¥−âà�«¨§®¢�−−®£® åà�−¥−¨ï ¤�−-
−ëå ¤«ï ®¡¥á¯¥ç¥−¨ï äã−ªæ¨®−¨à®¢�−¨ï ‘��Š� ¨ á¥£¬¥−â à¥£¨áâà�æ¨¨ á®¡ë-
â¨©, á¢ï§�−−ëå á â¥ªãé¨¬¨ ¨−æ¨¤¥−â�¬¨ ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ¢ á¥â¨
¨ ª®−âà®«¨àã¥¬®© �¢â®¬�â¨§¨à®¢�−−®© á¨áâ¥¬®© (�‘). ‘®¡ëâ¨ï à�áá¬�âà¨¢�îâ-
áï ª�ª �−®¬�«¨¨ (à¨á. 4), ¨¤¥−â¨ä¨æ¨àãîâáï ¯ãâ¥¬ ¯à¨¬¥−¥−¨ï í¢à¨áâ¨ç¥áª¨å
¨ �−�«¨â¨ç¥áª¨å ¬¥â®¤®¢ ¨ à¥£¨áâà¨àãîâáï ¢ ¯à®æ¥áá¥ ®¡à�¡®âª¨ ¨ ¯¥à¥¤�ç¨
¨−ä®à¬�æ¨¨ ¤«ï �−�«¨§� ¨ ¯®á«¥¤ãîé¥© ®â¢¥â−®© à¥�ªæ¨¨.

•�à�ªâ¥à �−®¬�«¨© ¯®ª�§ë¢�¥â, çâ® ¬®−¨â®à¨−£ ‘��Š� ®à¨¥−â¨à®¢�− ¨¬¥−-
−® −� â¥ªãé¨¥ á®¡ëâ¨ï ¢ æ¨äà®¢®© ª®¬¯ìîâ¥à−®© ¨ â¥«¥ª®¬¬ã−¨ª�æ¨®−−®©
áà¥¤¥ �‘ ¨ −� ®¯¥à�â¨¢−ãî à¥�ªæ¨î −� −¨å.

÷�§−®®¡à�§¨¥ �−®¬�«¨©, á¯®á®¡ë ¨å à¥�«¨§�æ¨¨ ¨ ¯à®ï¢«¥−¨ï, ¢¥à®ïâ−®áâ-
−ë© å�à�ªâ¥à á®¡ëâ¨©, á¢ï§�−−ëå á �−®¬�«¨ï¬¨, ¯à¥¤®¯à¥¤¥«ïîâ −¥®¡å®¤¨¬®áâì
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à¥è¥−¨ï ¯à®£−®§−ëå â�ªâ¨ç¥áª¨å §�¤�ç, ¤«ï ç¥£® −¥®¡å®¤¨¬® ¯à¥¤ãá¬�âà¨¢�âì
¨−â¥£à¨à®¢�−−ë¥ á¨áâ¥¬ë á¡®à� ¨−ä®à¬�æ¨¨ ¨ �−�«¨§� á®¡ëâ¨© á à�§−®à�−£®-
¢ë¬¨ á¢ï§ï¬¨ ¬¥¦¤ã «®ª�«ì−ë¬¨ á¨áâ¥¬�¬¨ ®¡−�àã¦¥−¨ï, â�ª¨¥ ª�ª, −�¯à¨-
¬¥à, ¨−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª�ï á¨áâ¥¬� ƒ®á‘��Š� [6]. ‚ á®®â¢¥âáâ¢¨¨
á ”¥¤¥à�«ì−ë¬ §�ª®−®¬ ú� ¡¥§®¯�á−®áâ¨ ªà¨â¨ç¥áª®© ¨−ä®à¬�æ¨®−−®© ¨−äà�-
áâàãªâãàë ÷®áá¨©áª®© ”¥¤¥à�æ¨¨û [7] ¡®«¥¥ £«ã¡®ª¨© �−�«¨§ ¨ ¯à®£−®§¨à®¢�−¨¥
¢®§¬®¦−ëå á®¡ëâ¨© −�àãè¥−¨ï ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ¢ æ¨äà®¢®© â¥å-
−®«®£¨ç¥áª®© áà¥¤¥ ª�á�¥âáï ¯à¥¦¤¥ ¢á¥£® ®¡ê¥ªâ®¢, ¨−ä®à¬�æ¨®−−ë¥ á¨áâ¥¬ë
ª®â®àëå ®â−®áïâáï ª ªà¨â¨ç¥áª®© ¨−ä®à¬�æ¨®−−®© ¨−äà�áâàãªâãà¥ ÷”.

”¨−�−á®¢ë© àë−®ª ÷” ª�ª ®¡ê¥ªâ §�é¨âë ®â−®á¨âáï ª íâ®¬ã ª«�ááã ®¡ê-
¥ªâ®¢. �®íâ®¬ã áâà�â¥£¨ç¥áª®© §�¤�ç¥© ¢ ç�áâ¨ ®¡¥á¯¥ç¥−¨ï ¨−ä®à¬�æ¨®−−®©
¡¥§®¯�á−®áâ¨ ¢ á¥â¥¢®© IT-¨−äà�áâàãªâãà¥ ª®à¯®à�â¨¢−®£® ª¨¡¥à¯à®áâà�−áâ¢�
ä¨−�−á®¢®£® àë−ª� ÷” ï¢«ï¥âáï á®§¤�−¨¥ ¨−â¥£à¨à®¢�−−®© ¨−ä®à¬�æ¨®−−®-
�−�«¨â¨ç¥áª®© ‘��Š� á �àå¨â¥ªâãà®© ¯®à�−£®¢®© ª®−æ¥−âà�æ¨¨ ¨−ä®à¬�æ¨¨
(¢¯«®âì ¤® ¨−ä®à¬�æ¨®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï á á¨áâ¥¬®© ƒ®á‘��Š�) ¨ ¢ë¯®«-
−¥−¨ï �−�«¨§� ¨−æ¨¤¥−â®¢, á¢ï§�−−ëå á �−®¬�«¨ï¬¨ ˆ�, −� ¢á¥¬ ª®à¯®à�â¨¢−®¬
ª¨¡¥à¯à®áâà�−áâ¢¥.

5 Ситуационные центры и обеспечение экономической безопасности

Š�ª ¯®ª�§�« �−�«¨§ ®â−®è¥−¨© ã£à®§ ¨ à¨áª®¢ ¢ ¨−ä®à¬�æ¨®−−®© áä¥à¥
¨ ®á−®¢−®© ¤¥ïâ¥«ì−®áâ¨ ®¡ê¥ªâ®¢, −� íª®−®¬¨ç¥áªãî ¡¥§®¯�á−®áâì ä¨−�−á®-
¢®£® àë−ª� ª�ª ®¡ê¥ªâ� §�é¨âë áãé¥áâ¢¥−−® ¢«¨ï¥â ¨−ä®à¬�æ¨®−−�ï ¡¥§®¯�á-
−®áâì: ¨−ä®à¬�æ¨®−−ë¥ à¨áª¨ ¯®à®¦¤�îâ ä¨−�−á®¢ë¥ ¨ ¡�−ª®¢áª¨¥ à¨áª¨.
ˆ ¢ íâ®¬ ¯«�−¥ ¯¥àá¯¥ªâ¨¢−ë¬ −�¯à�¢«¥−¨¥¬ ®¡¥á¯¥ç¥−¨ï ¡¥§®¯�á−®áâ¨ ä¨−�−-
á®¢®£® àë−ª� ª�ª ®¡ê¥ªâ� ¤¥ïâ¥«ì−®áâ¨ ¢ æ¥«®¬ (¯à�ªâ¨ç¥áª¨ ¥£® íª®−®¬¨ç¥áª®©
¡¥§®¯�á−®áâ¨) ¯à¥¤áâ�¢«ï¥âáï äã−ªæ¨®−�«ì−�ï ¨−â¥£à�æ¨ï á¨áâ¥¬ ®¡−�àã¦¥−¨ï
¢â®à¦¥−¨© ¨ á¨áâ¥¬ á¨âã�æ¨®−−®£® ã¯à�¢«¥−¨ï (‘‘–) [8], âà¥¡®¢�−¨ï ª ª®â®àë¬
¨ à�§¢¨â¨¥ ª®â®àëå à¥£«�¬¥−â¨àã¥âáï ¤«ï ªà¨â¨ç¥áª¨å á¨áâ¥¬ á®®â¢¥âáâ¢ãîé¨¬¨
£®áã¤�àáâ¢¥−−ë¬¨ −®à¬�â¨¢−ë¬¨ ¨ ¬¥â®¤®«®£¨ç¥áª¨¬¨ ¤®ªã¬¥−â�¬¨ [9].

�â®â ¯®¤å®¤ áå¥¬�â¨ç−® ®âà�¦¥− ¢ áâàãªâãà¥ ¯à¥¤áâ�¢«¥−¨ï æ¨äà®¢®© íª®−®-
¬¨ª¨ (á¬. à¨á. 2), ®¤−�ª® ï¢«ï¥âáï ®â¤¥«ì−®© ¨áá«¥¤®¢�â¥«ìáª®© §�¤�ç¥© ¢ ç�áâ¨
á¥£¬¥−â¨à®¢�−¨ï ¨ ¢§�¨¬®¤¥©áâ¢¨ï ª®¬¯®−¥−â®¢: ¬®¤¥«¨ ¨−ä®à¬�æ¨®−−®£® ä®−-
¤� ¨−æ¨¤¥−â®¢, ¯®áâ�−®¢ª¨ ¨−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª¨å §�¤�ç, â¥å−®«®£¨©
¨ ¬¥å�−¨§¬®¢ ¯à¨−ïâ¨ï à¥è¥−¨© ¨ à¥�£¨à®¢�−¨ï [10].

6 Заключение

‚ à�¡®â¥ à�áá¬®âà¥− àï¤ ¯à¨−æ¨¯¨�«ì−ëå ¢®¯à®á®¢, á¢ï§�−−ëå á æ¨äà®¢®©
âà�−áä®à¬�æ¨¥© íª®−®¬¨ª¨ ÷®áá¨¨ ¢ ç�áâ¨ ¡¥§®¯�á−®áâ¨ ä¨−�−á®¢®£® àë−ª� ª�ª
â¥å−®«®£¨ç¥áª®£® ®¡ê¥ªâ� §�é¨âë, ¨ −� ª®−æ¥¯âã�«ì−®¬ ãà®¢−¥ ¯à¥¤«®¦¥−ë ¨å
à¥è¥−¨ï.
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’¥å−®«®£¨ç¥áª¨¥ �á¯¥ªâë ®¡¥á¯¥ç¥−¨ï ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ àë−ª�

÷¥§î¬¥ ¢ ®â−®è¥−¨¨ áãé−®áâ¨ ¯®−ïâ¨ï úæ¨äà®¢�ï íª®−®¬¨ª�û ¬®¦−® ¯®¤¢¥á-
â¨ á«®¢�¬¨ ¨§ ¤®ª«�¤� ��æ¨®−�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® ã−¨¢¥àá¨â¥â� ú‚ëá-
è�ï èª®«� íª®−®¬¨ª¨û: ú‚ á«®¢®á®ç¥â�−¨¨ ú–¨äà®¢�ï íª®−®¬¨ª�û ¢á¥£¤�
¯¥à¢¨ç−� íª®−®¬¨ª�û [11].

–¨äà®¢�ï áà¥¤� ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© ¨ ®¯¥à�æ¨®−−ëå ¯à®æ¥áá®¢ |
¨−áâàã¬¥−â�à¨© à¥�«¨§�æ¨¨ ä¨−�−á®¢®-íª®−®¬¨ç¥áª¨å ®â−®è¥−¨©. –¨äà®-
¢ë¥ â¥å−®«®£¨¨ áâ�−®¢ïâáï á®áâ�¢−®© ç�áâìî ä¨−�−á®¢®-íª®−®¬¨ç¥áª®© ¤¥ï-
â¥«ì−®áâ¨. �à¨ íâ®¬ ¤«ï ®¡¥á¯¥ç¥−¨ï ¡¥§®¯�á−®áâ¨ á«¥¤ã¥â ¨¬¥âì −�¤¥¦−ãî
æ¨äà®¢ãî ®¡à�¡�âë¢�îéãî ¨ äã−ªæ¨®−�«ì−ãî áà¥¤ã.

�â® âà¥¡ã¥â, ¢®-¯¥à¢ëå, á¨áâ¥¬−® ¯®¤å®¤¨âì ª ¯à¥¤áâ�¢«¥−¨î ã£à®§ ¨ à¨áª®¢
¡¥§®¯�á−®áâ¨, ¢§�¨¬−® á¢ï§ë¢�ï ¨−ä®à¬�æ¨®−−®-â¥å−®«®£¨ç¥áª¨¥ à¨áª¨ ¨ à¨áª¨
®á−®¢−®© ¤¥ïâ¥«ì−®áâ¨, ®æ¥−¨¢�ï ¢§�¨¬®á¢ï§�−−ë© ãé¥à¡ ª�ª ª®−¥ç−ë© ãé¥à¡.

‚®-¢â®àëå, ãç¨âë¢�ï á«®¦−®áâì á®¢à¥¬¥−−ëå æ¨äà®¢ëå ¨−ä®à¬�æ¨®−−ëå
¨ ®¯¥à�æ¨®−−ëå â¥å−®«®£¨©, ¯à®¡«¥¬ã ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ¨ ¡¥§-
®¯�á−®áâ¨ æ¨äà®¢®© áà¥¤ë −¥®¡å®¤¨¬® à�áá¬�âà¨¢�âì −¥ â®«ìª® ª�ª «®ª�«ì−ãî
¤¥â¥à¬¨−¨à®¢�−−ãî §�¤�çã ®â¤¥«ì−ëå �‘, −® ¨ ª�ª ¨−â¥£à¨à®¢�−−ãî ¯à®¡«¥¬ã
¡¥§®¯�á−®áâ¨ ª¨¡¥à¯à®áâà�−áâ¢�, ¢ ª®â®à®¬ äã−ªæ¨®−¨àãîâ á¨áâ¥¬ë. �â® ®¡ã-
á«®¢«¨¢�¥â −¥®¡å®¤¨¬®áâì è¨à®ª®£® ¨á¯®«ì§®¢�−¨ï ¬®−¨â®à¨−£®¢ëå �−�«¨â¨ç¥-
áª¨å á¨áâ¥¬ ®¡−�àã¦¥−¨ï ª¨¡¥à�â�ª ¨ ¯à®â¨¢®¤¥©áâ¢¨ï ¨¬, � â�ª¦¥ à�áá¬®âà¥−¨ï
¢§�¨¬®¤¥©áâ¢¨ï ®¯¥à�â¨¢−®£® ¬®−¨â®à¨−£� ¡¥§®¯�á−®áâ¨ ¨ ¯à®æ¥áá®¢ à¥�«¨§�æ¨¨
íª®−®¬¨ç¥áª®© ¡¥§®¯�á−®áâ¨ ¤¥ïâ¥«ì−®áâ¨ á ãç�áâ¨¥¬ á¨âã�æ¨®−−ëå æ¥−âà®¢ ª�ª
áâà�â¥£¨ç¥áª®£® ãà®¢−ï ¡¥§®¯�á−®áâ¨.
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Abstract: The financial market is presented as an object of protection, func-
tioning in the economic sphere at the conditions of legal relations. The analysis
is performed and the structure of the digital economy is proposed. The in-
strumental level of implementation of economic processes | \platforms and
technologies" | is structured. The nature of new challenges and problems of
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СИСТЕМА НАУЧНЫХ СЕРВИСОВ КАК АКТУАЛЬНЫЙ
КОМПОНЕНТ НАУЧНЫХ ИССЛЕДОВАНИЙ∗

А. А. Зацаринный1, В. А. Кондрашев2, А. П. Сучков3

�−−®â�æ¨ï: “á¯¥è−®¥ ¯à®¤¢¨¦¥−¨¥ æ¨äà®¢¨§�æ¨¨ −�ãç−ëå ¨áá«¥¤®¢�−¨© ¢®
¬−®£®¬ ®¡ãá«®¢«¥−® ¢®§¬®¦−®áâìî á®§¤�−¨ï íää¥ªâ¨¢−®© á¨áâ¥¬ë è¨à®ª®¤®-
áâã¯−ëå −�ãç−ëå á¥à¢¨á®¢. ‘¨áâ¥¬� −�ãç−ëå á¥à¢¨á®¢ ¤®«¦−� ®¡¥á¯¥ç¨¢�âì
¯®¤¤¥à¦ªã ¯à®æ¥áá®¢ �¢â®¬�â¨§¨à®¢�−−®£® ¯®¤¡®à� à¥«¥¢�−â−ëå á¥à¢¨á®¢
¨ ®áãé¥áâ¢«¥−¨ï à�§«¨ç−ëå ä®à¬�«ì−ëå ¨ −¥ä®à¬�«ì−ëå ª®¬¬ã−¨ª�æ¨©
¨áá«¥¤®¢�â¥«ï ¨ £®áã¤�àáâ¢�, −�ãç−®£® á®®¡é¥áâ¢� ¨ ¡¨§−¥á�. �ää¥ªâ¨¢-
−®áâì â�ª®© á¨áâ¥¬ë −�¯àï¬ãî §�¢¨á¨â ®â ¥¥ ¯®«−®âë ¨ æ¥«®áâ−®áâ¨, çâ®
®¡ãá«®¢«¥−® è¨à®â®© ®å¢�â� −�ãç−ë¬¨ á¥à¢¨á�¬¨ ¢á¥å ¢¨¤®¢ −�ãç−®© ¤¥ï-
â¥«ì−®áâ¨. �®«−®âã ¨ æ¥«®áâ−®áâì á¨áâ¥¬ë −�ãç−ëå á¥à¢¨á®¢ ¬®¦¥â ¤�âì
á¨áâ¥¬−ë© �−�«¨§ ¬¥â®¤®«®£¨¨ −�ãç−ëå ¨áá«¥¤®¢�−¨© ¨ ¢ëï¢«¥−¨¥ −� íâ®©
®á−®¢¥ ¢á¥© á®¢®ªã¯−®áâ¨ ®¡¥á¯¥ç¨¢�îé¨å ¥¥ ¯à®æ¥áá®¢. ‚ áâ�âì¥ à�áá¬®â-
à¥−� á®¢à¥¬¥−−�ï ¬®¤¥«ì ¯à®æ¥áá®¢ −�ãç−ëå ¨áá«¥¤®¢�−¨©, ®¯à¥¤¥«¥− ªàã£
®¡¥á¯¥ç¨¢�îé¨å −�ãç−ëå á¥à¢¨á®¢, ¤�−� ª«�áá¨ä¨ª�æ¨ï â�ª¨å á¥à¢¨á®¢.

Š«îç¥¢ë¥ á«®¢�: ¬®¤¥«ì ¯à®æ¥áá®¢ −�ãç−ëå ¨áá«¥¤®¢�−¨©; −�ãç−ë¥ á¥à¢¨-
áë; á¨áâ¥¬� −�ãç−ëå á¥à¢¨á®¢
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1 Введение

‚ −�áâ®ïé¨© ¬®¬¥−â à�§¢¨â¨¥ íª®−®¬¨ª¨ ÷®áá¨©áª®© ”¥¤¥à�æ¨¨ à¥è¨â¥«ì−®
á¢ï§ë¢�¥âáï á ¢−¥¤à¥−¨¥¬ ¯®¤å®¤®¢ ¨ â¥å−®«®£¨© æ¨äà®¢®£® à�§¢¨â¨ï. ‘â�àâ
íâ¨¬ ¯à®æ¥áá�¬ ¡ë« ¤�− �à¥§¨¤¥−â®¬ ÷®áá¨¨ ‚. ‚. �ãâ¨−ë¬ ¢ �®á«�−¨¨ ”¥¤¥-
à�«ì−®¬ã á®¡à�−¨î 1 ¤¥ª�¡àï 2016 £. [1{3], ¢ ª®â®à®¬ ¡ë«¨ ®¡®§−�ç¥−ë â�ª¨¥
ª«îç¥¢ë¥ ¯®§¨æ¨¨, ª�ª äã−¤�¬¥−â�«ì−�ï −�ãª�, ¨áá«¥¤®¢�â¥«ìáª�ï ¨−äà�áâàãª-
âãà�, IT-¨−¤ãáâà¨ï, á®¡áâ¢¥−−ë¥ ¯¥à¥¤®¢ë¥ à�§à�¡®âª¨, æ¨äà®¢ë¥ â¥å−®«®£¨¨
¨, −�ª®−¥æ, ¯à®£à�¬¬� à�§¢¨â¨ï æ¨äà®¢®© íª®−®¬¨ª¨.

÷®áá¨©áª�ï −�ãª� ®¡«�¤�¥â ¢á¥¬¨ −¥®¡å®¤¨¬ë¬¨ ª®¬¯®−¥−â�¬¨ ¤«ï à�á-
á¬®âà¥−¨ï ¢ ª�ç¥áâ¢¥ ®âà�á«¨ æ¨äà®¢®© íª®−®¬¨ª¨: −�«¨ç¨¥ à�§¢¨â®© ¨−äà�-
áâàãªâãàë, ®à£�−¨§�æ¨®−−ëå áâàãªâãà, −®à¬�â¨¢−®© ¡�§ë, ¢ëá®ª®£® ãà®¢−ï
ª®¬¯¥â¥−æ¨© ¨ ¢ëá®ª®ª¢�«¨ä¨æ¨à®¢�−−ëå −�ãç−ëå ª®««¥ªâ¨¢®¢. �à¨ íâ®¬

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ç�áâ¨ç−®© ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâ 18-29-03091).
1”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨

−�ãª, AZatsarinny@ipiran.ru
2ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�

¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, VKondrashev@frccsc.ru
3ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
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¢á¥ ¯¥à¥ç¨á«¥−−ë¥ ª®¬¯®−¥−âë áâ�−®¢ïâáï úæ¨äà®¢ë¬¨û ¨ −�ãª� ª�ª ®âà�á«ì
íª®−®¬¨ª¨ â�ª¦¥ áâ�−®¢¨âáï úæ¨äà®¢®©û.

‚ á¢ï§¨ á íâ¨¬ ¯à¥¤áâ�¢«ï¥âáï «®£¨ç−®© ¯®áâ�−®¢ª� §�¤�ç¨ ú–¨äà®¢�ï −�-
ãª�û, � ¨¬¥−−®: æ¨äà®¢�ï íª®−®¬¨ª� á ¯®§¨æ¨© −�ãª¨ ¨«¨, −�®¡®à®â, −�ãª�
¢ ãá«®¢¨ïå ¢ë§®¢®¢ æ¨äà®¢®© íª®−®¬¨ª¨ [4].

„àã£¨¬, −¥ ¬¥−¥¥ ¢�¦−ë¬ ®¡áâ®ïâ¥«ìáâ¢®¬ ï¢«ï¥âáï ®¡ê¥ªâ¨¢−�ï á¬¥−� ¯®¤-
å®¤®¢ ª ¯à®¢¥¤¥−¨î −�ãç−ëå ¨áá«¥¤®¢�−¨©, � ¨¬¥−−®: ¯¥à¥å®¤ ª −®¢®© ¯�à�¤¨£¬¥
¢ −�ãç−ëå ¨áá«¥¤®¢�−¨ïå, ®á−®¢�−−®© −� �−�«¨§¥ −�ª®¯«¥−−ëå ¤�−−ëå ¢ ª®−-
ªà¥â−ëå ¯à¥¤¬¥â−ëå ®¡«�áâïå, ¥áâ¥áâ¢¥−−® ¢ ä®à¬�«¨§®¢�−−®¬ æ¨äà®¢®¬ ¢¨¤¥.
�à®¢¥¤¥−¨¥ â�ª¨å ¨áá«¥¤®¢�−¨© áâ�−®¢¨âáï −¥®âê¥¬«¥¬®© ç�áâìî à�§«¨ç−ëå
®¡«�áâ¥© −�ãª¨, íª®−®¬¨ª¨, ¡¨§−¥á� −� ®á−®¢¥ ¨−áâàã¬¥−â�à¨ï ¨−â¥−á¨¢−®£®
¨á¯®«ì§®¢�−¨ï ¤�−−ëå.

��ãç−ë¥ ¨ ®¡à�§®¢�â¥«ì−ë¥ ®à£�−¨§�æ¨¨ ÷®áá¨¨ ®¡«�¤�îâ è¨à®ª®©, à�á-
¯à¥¤¥«¥−−®© ¯® â¥àà¨â®à¨¨ áâà�−ë á¥âìî æ¥−âà®¢ ª®««¥ªâ¨¢−®£® ¯®«ì§®¢�−¨ï
(–Š�) ¨ ã−¨ª�«ì−ëå −�ãç−ëå ãáâ�−®¢®ª, ®¡«�¤�îé¨å ª®«®áá�«ì−ë¬ á¯¥ªâà®¬
−�ãç−ëå ãá«ã£ ¢ à�§«¨ç−ëå ®¡«�áâïå −�ãª¨. �¥®¡å®¤¨¬� á¨áâ¥¬�â¨§�æ¨ï íâ¨å
ãá«ã£ ¨ ¯®¢ëè¥−¨¥ íää¥ªâ¨¢−®áâ¨ ¨å ¨á¯®«ì§®¢�−¨ï −� ®á−®¢¥ á®§¤�−¨ï á®¢à¥-
¬¥−−®© ¨áá«¥¤®¢�â¥«ìáª®© ¨−äà�áâàãªâãàë, ª®â®à�ï ¯à¥¤®áâ�¢«ï«� ¡ë è¨à®ª¨©
á¯¥ªâà ¢®§¬®¦−®áâ¥© ¯® −�ãç−ë¬ á¥à¢¨á�¬ −¥ â®«ìª® ¤«ï −�ãç−ëå ®à£�−¨§�æ¨©,
−® ¨ ¤«ï ¢−¥è−¨å ¯®«ì§®¢�â¥«¥©.

‚ ”ˆ– ˆ“ ÷�� −� ®á−®¢¥ ¯«�âä®à¬¥−−®£® ¯®¤å®¤� á®§¤�¥âáï ¯à®â®â¨¯
¯®¤®¡−®© ¨−äà�áâàãªâãàë, ª®â®àë© ¯à¥¤áâ�¢«ï¥â á®¡®© á®¢®ªã¯−®áâì âà¥å ª®¬-
¯®−¥−â®¢. �¥à¢ë© | æ¥−âà ª®¬¯¥â¥−æ¨©, ¢ ª®â®à®¬ ª®−æ¥−âà¨àãîâáï §−�−¨ï
¢ ª®−ªà¥â−®© ®¡«�áâ¨. ‚â®à®© | ¬�â¥à¨�«ì−®-â¥å−¨ç¥áª�ï áà¥¤� ¢ ¢¨¤¥ ¢ë-
á®ª®¯à®¨§¢®¤¨â¥«ì−®£® æ¥−âà� ®¡à�¡®âª¨ ¤�−−ëå á £¨¡à¨¤−®© �àå¨â¥ªâãà®©.
��ª®−¥æ, âà¥â¨© | íâ® á®¢®ªã¯−®áâì −�ãç−ëå á¥à¢¨á®¢, ª®â®àë¥ á®§¤�îâáï ¨ −�-
ª�¯«¨¢�îâáï −� íâ®© ¯«�âä®à¬¥ −�ãç−ë¬¨ ¯®¤à�§¤¥«¥−¨ï¬¨ ”ˆ– ˆ“ ÷�� [5].

2 Система научных сервисов и цифровая наука

“á¯¥è−®¥ ¯à®¤¢¨¦¥−¨¥ æ¨äà®¢¨§�æ¨¨ −�ãç−ëå ¨áá«¥¤®¢�−¨© ¢® ¬−®£®¬ ®¡ã-
á«®¢«¥−® ¢®§¬®¦−®áâìî á®§¤�−¨ï íää¥ªâ¨¢−®© á¨áâ¥¬ë è¨à®ª®¤®áâã¯−ëå −�ãç-
−ëå á¥à¢¨á®¢. ��ãç−ë© á¥à¢¨á | á®¢®ªã¯−®áâì ¤¥©áâ¢¨© (¯à®æ¥áá®¢) ¨ áà¥¤áâ¢
®¡¥á¯¥ç¥−¨ï ¯à®æ¥áá®¢ (à¥áãàá®¢) ¯® ®¡á«ã¦¨¢�−¨î ¢ë¯®«−¥−¨ï ª®−ªà¥â−ëå à�-
¡®â ¨ à¥�«¨§�æ¨¨ ¯à®¥ªâ®¢ −�ãç−®-¨áá«¥¤®¢�â¥«ìáª®£® ¨ ¯à¨ª«�¤−®£® å�à�ªâ¥à�
¯ãâ¥¬ á¥à¢¨á−®© ¤¥ïâ¥«ì−®áâ¨ ¨ ¯à¥¤®áâ�¢«¥−¨ï ¯®âà¥¡¨â¥«î (¨áá«¥¤®¢�â¥«ï¬,
á¯¥æ¨�«¨áâ�¬ ¨«¨ ®à£�−¨§�æ¨ï¬) ®¡®àã¤®¢�−¨ï, à�áå®¤−ëå ¬�â¥à¨�«®¢, ¨−ä®à-
¬�æ¨®−−®-ª®¬¬ã−¨ª�æ¨®−−ëå à¥áãàá®¢, ®¡¥á¯¥ç¨¢�îé¨å à¥áãàá®¢, ¯à®¤ãªâ®¢
¨−â¥««¥ªâã�«ì−®© −�ãç−®© ¤¥ïâ¥«ì−®áâ¨ ¨ ®¡á«ã¦¨¢�îé¨å ç¥«®¢¥ç¥áª¨å à¥áãà-
á®¢ (áã¡ê¥ªâë á¥à¢¨á−®© ¤¥ïâ¥«ì−®áâ¨). ÷¥§ã«ìâ�â®¬ á¥à¢¨á−®© ¤¥ïâ¥«ì−®áâ¨
ï¢«ï¥âáï ãá«ã£� [6]. �ç¥¢¨¤−®, çâ® −�ãç−ë© á¥à¢¨á ®¯¨à�¥âáï ª�ª −� æ¨äà®-
¢ë¥ â¥å−®«®£¨¨ (�¢â®¬�â¨ç¥áª®¥ ¨ �¢â®¬�â¨§¨à®¢�−−®¥ ¯à¥¤®áâ�¢«¥−¨¥ ãá«ã£),
â�ª ¨ −� ¨á¯®«ì§®¢�−¨¥ ¨−â¥««¥ªâã�«ì−ëå ¨ ®¡á«ã¦¨¢�îé¨å ç¥«®¢¥ç¥áª¨å à¥-
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‘¨áâ¥¬� −�ãç−ëå á¥à¢¨á®¢ ª�ª �ªâã�«ì−ë© ª®¬¯®−¥−â −�ãç−ëå ¨áá«¥¤®¢�−¨©

áãàá®¢. ‘¨áâ¥¬� −�ãç−ëå á¥à¢¨á®¢ ¤®«¦−� ®¡¥á¯¥ç¨¢�âì ¯®¤¤¥à¦ªã ¯à®æ¥áá®¢
�¢â®¬�â¨§¨à®¢�−−®£® ¯®¤¡®à� à¥«¥¢�−â−ëå á¥à¢¨á®¢ ¨ ®áãé¥áâ¢«¥−¨ï à�§«¨ç-
−ëå ä®à¬�«ì−ëå ¨ −¥ä®à¬�«ì−ëå ª®¬¬ã−¨ª�æ¨© ¨áá«¥¤®¢�â¥«ï ¨ £®áã¤�àáâ¢�,
−�ãç−®£® á®®¡é¥áâ¢� ¨ ¡¨§−¥á�.

��ãç−ë¬ ª®««¥ªâ¨¢®¬ ”ˆ– ˆ“ ÷�� ¢ à�¬ª�å ¯à®¢®¤¨¬ëå ¨áá«¥¤®¢�-
−¨© [6] ®¡®á−®¢�−ë ª®−æ¥¯âã�«ì−ë¥ ¨ á¨áâ¥¬®â¥å−¨ç¥áª¨¥ ¯®¤å®¤ë ª á®§¤�−¨î
á¨áâ¥¬ë ã¯à�¢«¥−¨ï −�ãç−ë¬¨ á¥à¢¨á�¬¨ (‘“‘), ª®â®àë¥ ®¡¥á¯¥ç¨¢�îâáï –Š�
¨ ã−¨ª�«ì−ë¬¨ −�ãç−ë¬¨ ãáâ�−®¢ª�¬¨ (“�“) �ª�¤¥¬¨ç¥áª¨å ¨−áâ¨âãâ®¢.

÷�§à�¡®â�−ë ¬®¤¥«¨ ‘“‘, ¢ ª®â®àëå ãç¨âë¢�îâáï áã¡ê¥ªâë á¨áâ¥¬ë ã¯à�¢-
«¥−¨ï ¢ ¢¨¤¥ �¤¬¨−¨áâà�â®à®¢ á¨áâ¥¬ë, ¢ ¢¨¤¥ ¯®«ì§®¢�â¥«¥© (§�ª�§ç¨ª®¢),
¯¥àá®−�«� –Š� (“�“), � â�ª¦¥ �−�«¨â¨ª®¢, ª®â®àë¥ ¯®«ãç�îâ ¤®áâã¯ ª ®¡®¡-
é¥−−®© ¨−ä®à¬�æ¨¨ ¤«ï ¥¥ �−�«¨§� á ¢®§¬®¦−®áâìî ä®à¬¨à®¢�−¨ï ®âç¥â®¢ ¯®
¢¨¤�¬ –Š�, ¢¨¤�¬ ãá«ã£, −�ãç−ë¬ −�¯à�¢«¥−¨ï¬ ¨ á à�§«¨ç−ë¬¨ ¢à¥¬¥−−‚ë¬¨
áà¥§�¬¨. �â� á¨áâ¥¬� à¥�«¨§®¢�−� ¢ ¢¨¤¥ ¤¥©áâ¢ãîé¥£® ¬�ª¥â� −� ¡�§¥ æ¥−â-
à� ®¡à�¡®âª¨ ¤�−−ëå ”ˆ– ˆ“ ÷��. ’�ª¦¥ à�§à�¡®â�− àï¤ ¨−−®¢�æ¨®−−ëå
á¨áâ¥¬®â¥å−¨ç¥áª¨å à¥è¥−¨© ¯® ¯®áâà®¥−¨î ã¯à�¢«¥−¨ï ¤¥ïâ¥«ì−®áâìî ®à£�−¨-
§�æ¨®−−ëå á¨áâ¥¬, ª®â®àë¥ ¬®£ãâ −�©â¨ ¯à¨¬¥−¥−¨¥ ¯à¨ à¥�«¨§�æ¨¨ ¯à®£à�¬¬ë
æ¨äà®¢®© íª®−®¬¨ª¨.

‘®§¤�¢�¥¬ë¥ ¢ –�„ ”ˆ– ˆ“ ÷�� ¢ëç¨á«¨â¥«ì−ë¥ ¬®é−®áâ¨ �ªâ¨¢−®
§�¤¥©áâ¢ãîâáï ¢ à�¬ª�å −�ãç−ëå ¯à®£à�¬¬ á®âàã¤−¨ª®¢ ”ˆ– ˆ“ ÷�� ¨ ¨å
ª®««¥£ ¨§ ¤àã£¨å �ª�¤¥¬¨ç¥áª¨å ¨−áâ¨âãâ®¢. ’�ª, ¢ 2017 £. á ¨á¯®«ì§®¢�−¨¥¬
¢ëá®ª®¯à®¨§¢®¤¨â¥«ì−ëå ¢ëç¨á«¥−¨© ¢ë¯®«−¥−ë ¨áá«¥¤®¢�â¥«ìáª¨¥ à�¡®âë ¯®
á«¥¤ãîé¨¬ â¥¬�â¨ª�¬:

{ ¬®«¥ªã«ïà−®-¤¨−�¬¨ç¥áª®¥ ¬®¤¥«¨à®¢�−¨¥ ¯à®æ¥áá� ¢§�¨¬®¤¥©áâ¢¨ï ç�áâ¨æ;

{ ª¢�−â®¢®-¬¥å�−¨ç¥áª¨¥ à�áç¥âë áâàãªâãà−ëå á¢®©áâ¢ ¬−®£®ª®¬¯®−¥−â−ëå
¬�â¥à¨�«®¢;

{ ®¡à�â−ë¥ §�¤�ç¨ ¯®¤¢®¤−®© �ªãáâ¨ª¨;

{ ¨−â¥««¥ªâã�«ì−ë© ¯®¨áª ¨ �−�«¨§ ¡®«ìè¨å ¬�áá¨¢®¢ â¥ªáâ®¢;

{ ª«�áá¨ä¨ª�æ¨ï ¨§®¡à�¦¥−¨©;

{ ¨−â¥««¥ªâã�«ì−ë© �−�«¨§ ¤�−−ëå;

{ á¥£¬¥−â�æ¨ï âà¥å¬¥à−ëå ¬¥¤¨æ¨−áª¨å ¨§®¡à�¦¥−¨©.

�ää¥ªâ¨¢−®áâì â�ª®© á¨áâ¥¬ë −�¯àï¬ãî §�¢¨á¨â ®â ¥¥ ¯®«−®âë ¨ æ¥«®áâ-
−®áâ¨, çâ® ®¡ãá«®¢«¥−® è¨à®â®© ®å¢�â� −�ãç−ë¬¨ á¥à¢¨á�¬¨ ¢á¥å ¢¨¤®¢ −�ãç−®©
¤¥ïâ¥«ì−®áâ¨. �®«−®âã ¨ æ¥«®áâ−®áâì á¨áâ¥¬ë −�ãç−ëå á¥à¢¨á®¢ ¬®¦¥â ¤�âì á¨á-
â¥¬−ë© �−�«¨§ ¬¥â®¤®«®£¨¨ −�ãç−ëå ¨áá«¥¤®¢�−¨© ¨ ¢ëï¢«¥−¨¥ −� íâ®© ®á−®¢¥
¢á¥© á®¢®ªã¯−®áâ¨ ®¡¥á¯¥ç¨¢�îé¨å ¥¥ ¯à®æ¥áá®¢. Œ¥â®¤®«®£¨ï −�ãª¨ ¨§ãç�¥âáï
¨ á¨áâ¥¬�â¨§¨àã¥âáï ¢ à�¬ª�å á¯¥æ¨�«ì−®£® à�§¤¥«� ä¨«®á®ä¨¨ | ä¨«®á®ä¨¨
−�ãª¨ [7]. ‚ ä¨«®á®ä¨¨ −�ãª¨ ¬®¤¥«¨ ¯à®æ¥áá®¢ −�ãç−®£® ¨áá«¥¤®¢�−¨ï ¢ë¯®«-
−ïîâ ¤¢¥ äã−ªæ¨¨: ¢®-¯¥à¢ëå, ®¡¥á¯¥ç¨¢�îâ ®¯¨á�−¨¥ â®£®, ª�ª ®áãé¥áâ¢«ï¥âáï
−�ãç−®¥ ¨áá«¥¤®¢�−¨¥ −� ¯à�ªâ¨ª¥, ¨, ¢®-¢â®àëå, ¤�îâ ®¡êïá−¥−¨¥, ¯®ç¥¬ã
−�ãç−®¥ ¨áá«¥¤®¢�−¨¥ ¯à¥ãá¯¥¢�¥â ¢ ¤®áâ¨¦¥−¨¨ ¯®¤«¨−−®£® §−�−¨ï.
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3 Модель процессов научного исследования

Š«�áá¨ç¥áª�ï ¬®¤¥«ì −�ãç−®£® ¨áá«¥¤®¢�−¨ï ¨áå®¤¨â ®â �à¨áâ®â¥«ï, ª®â®-
àë© à�§«¨ç�« ä®à¬ë ¯à¨¡«¨¦¥−−®£® ¨ â®ç−®£® à�ááã¦¤¥−¨ï, ¨§«�£�« âà®©-
áâ¢¥−−ãî áå¥¬ã �¡¤ãªæ¨¨ (á¯®á®¡ ¢ë¤¢¨¦¥−¨ï £¨¯®â¥§), ¤¥¤ãªæ¨¨ ¨ ¨−¤ãªæ¨¨,
� â�ª¦¥ à�áá¬�âà¨¢�« á«®¦−ë¥ ä®à¬ë ¢ë¢®¤®¢, â�ª¨¥ ª�ª à�ááã¦¤¥−¨¥ ¯® �−�-
«®£¨¨. �¡®¡é¥−−ë© á®áâ�¢ ¬¥â®¤®«®£¨ç¥áª®£® �àá¥−�«� −�ãç−®£® ¨áá«¥¤®¢�−¨ï
¢ª«îç�¥â ¢ á¥¡ï ®¡é¨¥ ¬¥â®¤ë, ¢®áå®¤ïé¨¥ ª �à¨áâ®â¥«î, ®¡é¥−�ãç−ë¥ ¬¥â®¤ë
¨ á¯¥æ¨�«ì−ë¥ ¬¥â®¤ë, å�à�ªâ¥à−ë¥ ¤«ï ®¡«�áâ¨ ¨áá«¥¤®¢�−¨ï (à¨á. 1).

‚ á®¢à¥¬¥−−®¬ ¯à¥¤áâ�¢«¥−¨¨ −�ãç−®¥ ¨áá«¥¤®¢�−¨¥ | ¢§�¨¬®ã¢ï§�−−�ï
á®¢®ªã¯−®áâì ¯à®æ¥áá®¢, ¢ª«îç�îé�ï àï¤ â¨¯®¢ëå ª®¬¯®−¥−â®¢, á®áâ�¢ ª®â®àëå
¬®¦−® á −¥ª®â®àë¬ ¯à¨¡«¨¦¥−¨¥¬ ¢ëç«¥−¨âì ¨§ −¥ä®à¬�«ì−ëå ä¨«®á®äáª¨å
à�ááã¦¤¥−¨© [7]:

{ ä®à¬ã«¨à®¢ª� −�ãç−®© ¯à®¡«¥¬ë;

{ ¯à¥¤¢�à¨â¥«ì−ë© �−�«¨§ ¤®áâã¯−®© −�ãç−®-â¥å−¨ç¥áª®© ¨−ä®à¬�æ¨¨ (�’ˆ)
(ä�ªâë, â¥®à¨¨, £¨¯®â¥§ë);

{ ä®à¬ã«¨à®¢ª� ¨ áà�¢−¨â¥«ì−ë© �−�«¨§ ¨áå®¤−ëå £¨¯®â¥§;

{ ¯«�−¨à®¢�−¨¥ −�ãç−ëå ¨áá«¥¤®¢�−¨©;

{ ®à£�−¨§�æ¨ï ¨ ¯à®¢¥¤¥−¨¥ íªá¯¥à¨¬¥−â�;

{ �−�«¨§ ¨ ®¡®¡é¥−¨¥ ¯®«ãç¥−−ëå à¥§ã«ìâ�â®¢;

{ ¯à®¢¥àª� ¨áå®¤−ëå £¨¯®â¥§, ¯à¨−ïâ¨¥ à¥è¥−¨©;

{ ä®à¬ã«¨à®¢�−¨¥ ä�ªâ®¢ ¨ ¯®«®¦¥−¨©, ¨å ®¡®á−®¢�−¨¥ ¨ ®¯¨á�−¨¥ (¯®«ãç¥−¨¥
¯à®¤ãªâ� §−�−¨©).

�¡ê¥¤¨−¥−¨¥ íâ¨å ª®¬¯®−¥−â®¢ ¢ ¯®á«¥¤®¢�â¥«ì−®áâ¨ ¢§�¨¬®á¢ï§�−−ëå ¯à®-
æ¥áá®¢ ¯®§¢®«ï¥â ¢ë¤¥«¨âì ¤¢¥ ®á−®¢−ë¥ £àã¯¯ë ¯à®æ¥áá®¢ ¢ ¬®¤¥«¨ −�ãç−ëå
¨áá«¥¤®¢�−¨©: ú–¥«¥¯®«�£�−¨¥û ¨ úˆáá«¥¤®¢�−¨¥û, � â�ª¦¥ ¢å®¤ïé¨¥ ¢ −¨å

÷¨á. 1 ‘®áâ�¢ ¬¥â®¤®«®£¨ç¥áª®£® �àá¥−�«� −�ãç−®£® ¨áá«¥¤®¢�−¨ï [7]
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‘¨áâ¥¬� −�ãç−ëå á¥à¢¨á®¢ ª�ª �ªâã�«ì−ë© ª®¬¯®−¥−â −�ãç−ëå ¨áá«¥¤®¢�−¨©

÷¨á. 2 �á−®¢−ë¥ £àã¯¯ë ¯à®æ¥áá®¢ ¬®¤¥«¨

ª®¬¯®−¥−âë ¨ á¢ï§¨ ¬¥¦¤ã −¨¬¨ (à¨á. 2). ÷�§¤¥«¥−¨¥ −� ¤¢¥ £àã¯¯ë ®¡ãá«®¢-
«¥−® −�«¨ç¨¥¬ ¤¢ãå ®á−®¢®¯®«�£�îé¨å æ¨ª«®¢ ¬®¤¥«¨. ‘â�¤¨ï ú–¥«¥¯®«�-
£�−¨¥û ¯à¥¤áâ�¢«ï¥â á®¡®© æ¨ª« ¨§ ¯ïâ¨ ¡�§®¢ëå ¯à®æ¥áá®¢ (ä®à¬ã«¨à®¢ª�
−�ãç−®© ¯à®¡«¥¬ë, ¬®−¨â®à¨−£ −�ãç−®© ¯à®¡«¥¬ë, �−�«¨§ ¤�−−ëå ¬®−¨â®à¨−£�,
¢ë¤¢¨¦¥−¨¥ −®¢®© £¨¯®â¥§ë, ä®à¬¨à®¢�−¨¥ ¯à®£à�¬¬ë ¨áá«¥¤®¢�−¨©), ®¡¥á-
¯¥ç¨¢�îé¨å ®á¬ëá«¥−¨¥ ¨ ä®à¬ã«¨à®¢ªã æ¥«¥© ¨áá«¥¤®¢�−¨ï ¢ ¢¨¤¥ −�ãç−®©
£¨¯®â¥§ë ¨ ¯«�−� ¨áá«¥¤®¢�−¨©. �� áâ�¤¨¨ úˆáá«¥¤®¢�−¨¥û (á ¯à®æ¥áá�¬¨ ¯à®-
¢¥¤¥−¨ï íªá¯¥à¨¬¥−â®¢, �−�«¨§� à¥§ã«ìâ�â®¢, ¯à¨−ïâ¨ï à¥è¥−¨ï, ®ä®à¬«¥−¨ï
à¥§ã«ìâ�â®¢) ®áãé¥áâ¢«ï¥âáï à¥�«¨§�æ¨¨ ¯«�−� ¨áá«¥¤®¢�−¨ï á æ¥«ìî ¯®«ãç¥−¨ï
¯®«®¦¨â¥«ì−®£® (−®¢®¥ §−�−¨¥) ¨«¨ ®âà¨æ�â¥«ì−®£® à¥§ã«ìâ�â� (¢®§¢à�â ª áâ�¤¨¨
ú–¥«¥¯®«�£�−¨¥û ¤«ï ª®àà¥ªâ¨à®¢ª¨ æ¥«¥© ¨áá«¥¤®¢�−¨ï). „�−−�ï ¤¢ãåãà®¢−¥-
¢�ï ¯à®æ¥áá−�ï áå¥¬� ¯à¨¬¥−ï¥âáï ¤«ï �−�«¨§� à�§«¨ç−ëå ï¢«¥−¨©, ¢ ç�áâ−®áâ¨
¤«ï ¨§ãç¥−¨ï ¯à®æ¥áá®¢ áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï [8].

÷�áá¬®âà¨¬ ¯®¤à®¡−¥¥ á®¤¥à¦�−¨¥ ¯à®æ¥áá®¢ ¯à¥¤áâ�¢«¥−−®© ¬®¤¥«¨ á â®çª¨
§à¥−¨ï ¨å à¥�«¨§�æ¨¨ ¨ ®¡¥á¯¥ç¥−¨ï á ¯®¬®éìî −�ãç−ëå á¥à¢¨á®¢.

Формулировка научной проблемы

��ãç−�ï ¯à®¡«¥¬� | íâ® áã¦¤¥−¨¥ (¨«¨ á¨áâ¥¬� áã¦¤¥−¨©), á®¤¥à¦�é¥¥ ¢ á¥-
¡¥ â¥®à¥â¨ç¥áª¨ ®á®§−�−−ë© ¢®¯à®á, ¯à¨ íâ®¬ −¥ áãé¥áâ¢ã¥â ¨§¢¥áâ−®£® �«£®à¨â¬�
¥£® à�§à¥è¥−¨ï, � à¥è¥−¨¥ íâ®£® ¢®¯à®á� ¨¬¥¥â (¤®«¦−® ¨¬¥âì) áãé¥áâ¢¥−−ãî
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−®¢¨§−ã [7]. ‚−ãâà¥−−¨© áâ¨¬ã« ä®à¬¨à®¢�−¨ï ¯à®¡«¥¬ë ç�áâ® ¢ëáâã¯�¥â ¢ ¢¨¤¥
−¥á®®â¢¥âáâ¢¨ï í¬¯¨à¨ç¥áª®£® ¡�§¨á� ¨ â¥®à¥â¨ç¥áª¨å à¥áãàá®¢:

(1) ª�ª à¥�ªæ¨ï −� ®âªàëâ¨¥ ª�ª¨å-â® −®¢ëå ï¢«¥−¨©, ä�ªâ®¢, −¥ ãª«�¤ë¢�-
îé¨åáï ¢ £®â®¢ë¥ ª®−æ¥¯âã�«ì−ë¥ áå¥¬ë, çâ® âà¥¡ã¥â �ªâ¨¢¨§�æ¨¨ â¥®à¥-
â¨ç¥áª®£® ¯®â¥−æ¨�«� −�ãç−®© ®¡«�áâ¨;

(2) ª�ª â¥®à¥â¨ç¥áª®¥ ®¯¥à¥¦¥−¨¥, ª®£¤� â¥®à¨ï à�§¢¨¢�¥âáï ¡ëáâà¥¥, ç¥¬ ¯®-
ï¢«ïîâáï ¯®¤ªà¥¯«ïîé¨¥ ¥¥ ¤�−−ë¥ (áª�¦¥¬, ¤�−−ë¥ ¯à¥¤áª�§�−¨©), â. ¥.
áãé¥áâ¢ã¥â −¥ª®â®àë© −¥¤®áâ�â®ª ä�ªâ¨ç¥áª®£® ¬�â¥à¨�«�, ª®â®àë© áâ¨¬ã-
«¨àã¥â í¬¯¨à¨ç¥áª¨¥ ¨áá«¥¤®¢�−¨ï.

”®à¬ã«¨à®¢ª�, ®á¬ëá«¥−¨¥ ¨ ®¡áã¦¤¥−¨¥ −�ãç−®© ¯à®¡«¥¬ë ®áãé¥áâ¢«ïîâ-
áï ¢ −�ãç−®¬ á®®¡é¥áâ¢¥ ¨ áâ�−®¢ïâáï ¥£® ¤®áâ®ï−¨¥¬ ¯ãâ¥¬ ®¯ã¡«¨ª®¢�−¨ï íâ¨å
¯à®æ¥áá®¢ ¢ −�ãç−®© ¯¥ç�â¨, −� à�§«¨ç−ëå −�ãç−ëå ä®àã¬�å ¨ ¢ å®¤¥ −¥ä®à-
¬�«ì−®£® ®¡é¥−¨ï. ’�ª¨¬ ®¡à�§®¬, á¥à¢¨á−�ï ¯®¤¤¥à¦ª� íâ¨å ¯à®æ¥áá®¢ ¬®¦¥â
¢ëà�¦�âìáï ¢ ä®à¬¥ −�ãª®¬¥âà¨ç¥áª®£® �−�«¨§� ¯ã¡«¨ª�æ¨©, ¨−â¥««¥ªâã�«ì−®-
£® �−�«¨§� á¯¥æ¨�«¨§¨à®¢�−−ëå á®æ¨�«ì−ëå á¥â¥© ¨ ¤àã£¨å áà¥¤áâ¢ −�ãç−ëå
ª®¬¬ã−¨ª�æ¨©.

Предварительный анализ доступной научно-технической информации

�� íâ®© áâ�¤¨¨ −�ãç−®£® ¨áá«¥¤®¢�−¨ï §�¤�ç� á¨áâ¥¬ë ¬®−¨â®à¨−£� �’ˆ |
á¡®à ¤�−−ëå ®¡ ¨§ãç�¥¬®© −�ãç−®© ¯à®¡«¥¬¥ (ä�ªâë, â¥®à¨¨, £¨¯®â¥§ë) ¨ ¥¥
®ªàã¦¥−¨¨, çâ® ¢«¥ç¥â −¥®¡å®¤¨¬®áâì ¯à¨ á®§¤�−¨¨ á®®â¢¥âáâ¢ãîé¨å á¥à¢¨á®¢
à¥è¥−¨ï àï¤� á¥àì¥§−ëå ¨−ä®à¬�æ¨®−−ëå ¯à®¡«¥¬ �−�«¨§� −¥áâàãªâãà¨à®¢�−-
−®© ¨−ä®à¬�æ¨¨, áà¥¤¨ ª®â®àëå:

{ ª«�áá¨ä¨ª�æ¨ï ¨ àã¡à¨ª�æ¨ï ¤®ªã¬¥−â®¢;

{ ¨§¢«¥ç¥−¨¥ ä�ªâ®¢, ¯®−ïâ¨©, á¢ï§¥© (feature extraction);

{ ¯®áâà®¥−¨¥ á¥¬�−â¨ç¥áª¨å á¥â¥©;

{ �−−®â¨à®¢�−¨¥, áã¬¬�à¨§�æ¨ï (summarization);

{ â¥¬�â¨ç¥áª®¥ ¨−¤¥ªá¨à®¢�−¨¥ (thematic indexing);

{ á®§¤�−¨¥ â�ªá®−®¬¨© ¨ â¥§�ãàãá®¢;

{ �−�«¨§ äà®−â� ¨áá«¥¤®¢�−¨©;

{ ¨−â¥««¥ªâã�«ì−ë© ¯®¨áª;

{ �−�«¨§ í¬®æ¨®−�«ì−ëå ®æ¥−®ª.

�á−®¢ã ¯à®æ¥áá� ¨§¢«¥ç¥−¨ï áâàãªâãà¨à®¢�−−®© ¨−ä®à¬�æ¨¨ ¨§ −¥áâàãª-
âãà¨à®¢�−−®£® â¥ªáâ� (â¥ªáâ¬�©−¨−£) á®áâ�¢«ï¥â ®¯à¥¤¥«¥−¨¥ ¨ ¨¤¥−â¨ä¨ª�æ¨ï
áãé−®áâ¥© ¨§ â¥ªáâ� −� ¥áâ¥áâ¢¥−−®¬ ï§ëª¥ ¨ ¢ëï¢«¥−¨¥ á¢ï§¥© ¬¥¦¤ã íâ¨¬¨
áãé−®áâï¬¨. �â® ¯®§¢®«ï¥â à¥è¨âì àï¤ ¯à¨ª«�¤−ëå §�¤�ç ¢ ¨−â¥à¥á�å ¨áá«¥¤®-
¢�â¥«ï, áà¥¤¨ ª®â®àëå: á¨áâ¥¬�â¨§�æ¨ï ¨−ä®à¬�æ¨¨, ¢ëï¢«¥−¨¥ −®¢ëå á¢¥¤¥−¨©
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®¡ ®¡ê¥ªâ�å ¬®−¨â®à¨−£� ¢ ãá«®¢¨ïå ®âáãâáâ¢¨ï ¥¤¨−ëå ä®à¬�â®¢ ®¡¬¥−� ¤�−−ë-
¬¨, ¢ëï¢«¥−¨¥ â¥−¤¥−æ¨© ¨ �−®¬�«¨© ¢ ¯®â®ª�å ¯ã¡«¨ª�æ¨©. Š�ª ¯à�¢¨«®, â�ª¨¥
¬¥â®¤ë �−�«¨§� ®¯¨à�îâáï −� ä®à¬�«¨§®¢�−−ë¥ ¢ â®¬ ¨«¨ ¨−®¬ ¢¨¤¥ §−�−¨ï
® ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¨ á¯¥æ¨�«¨§¨à®¢�−−ë¥ ¬¥â®¤ë ®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨,
à¥�«¨§®¢�−−ë¥ ¢ ¢¨¤¥ −�ãª®¥¬ª®£® ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï, ®¯ëâ á®§¤�−¨ï
¨ ¯à�ªâ¨ç¥áª®£® ¯à¨¬¥−¥−¨ï ª®â®à®£® −�ª®¯«¥− ¢ ”ˆ– [9]. Š�ª ¯à�¢¨«®, â�ª¨¥
¯à®£à�¬¬−ë¥ ¯à®¤ãªâë ®¡«�¤�îâ ¨−áâàã¬¥−â�«ì−ë¬¨ áà¥¤áâ¢�¬¨ −�áâà®©ª¨ −�
ª®−ªà¥â−®¥ ¯à¨«®¦¥−¨¥.

Œ®¦−® ¢ë¤¥«¨âì á«¥¤ãîé¨¥ ¯à¨¬¥àë −¥®¡å®¤¨¬ëå ¤«ï íâ®£® ¨áâ®ç−¨ª®¢
¤�−−ëå, ¯à¥¤áâ�¢«ïîé¨å á®¡®© ®â¥ç¥áâ¢¥−−ë¥ ¨ §�àã¡¥¦−ë¥ ¡�§ë ¤�−−ëå (�„)
�’ˆ:

{ ¯ã¡«¨ª�æ¨¨ −� �−£«¨©áª®¬ ï§ëª¥ à¥áãàá� arXiv.org (1 ¬«− 250 âëá. ¤®ªã¬¥−-
â®¢) ¯® ¥áâ¥áâ¢¥−−ë¬ −�ãª�¬;

{ �−£«®ï§ëç−�ï ‚¨ª¨¯¥¤¨ï (5 ¬«− 164 âëá. áâ�â¥©);

{ �„ ¯® �¬¥à¨ª�−áª¨¬ ¯�â¥−â�¬ (USPTO á 2002 ¯® 2016 ££.): 2 ¬«− 965 âëá.
¯�â¥−â®¢;

{ �„ ¯® ¬¥¦¤ã−�à®¤−ë¬ ¯�â¥−â�¬ (WIPO): 2 ¬«− 384 âëá. ¯�â¥−â®¢.

„àã£¨¬ §−�ç¨¬ë¬ ¨áâ®ç−¨ª®¬ ¢ íâ®© ®¡«�áâ¨ á«ã¦�â ®â¥ç¥áâ¢¥−−ë¥ ¨ §�àã-
¡¥¦−ë¥ í«¥ªâà®−−ë¥ à¥ä¥à�â¨¢−ë¥ �„:

{ �„ ‚ˆ�ˆ’ˆ ÷��;

{ í«¥ªâà®−−ë© ª�â�«®£ ƒ��’� ÷®áá¨¨;

{ Scopus (SciVerse Scopus) | ¡¨¡«¨®£à�ä¨ç¥áª¨© ¨−¤¥ªá, Elsevier;

{ Web of Science | ¡¨¡«¨®£à�ä¨ç¥áª¨© ¨−¤¥ªá, Thomson Reuters;

{ NTIS (National Technical Information Service) | ¯®«¨â¥¬�â¨ç¥áª�ï �„, U.S.
Department of Commerce;

{ Life Sciences Collection | �„ ¯® ¥áâ¥áâ¢¥−−ë¬ −�ãª�¬, Cambridge Scientific
Abstracts;

{ Biological Abstracts | �„ ¯® ¡¨®«®£¨¨, Biological Abstracts Inc.;

{ Biotechnology & Bioengineering | �„ ¯® ¡¨®â¥å−®«®£¨¨ ¨ ¡¨®¨−¦¥−¥à¨¨,
Cambridge Scientific Abstracts and Engineering Information Inc.;

{ Chemical Engineering and Biotechnology Abstracts | �„ ¯® å¨¬¨ç¥áª®©
¨−¦¥−¥à¨¨ ¨ ¡¨®â¥å−®«®£¨¨, The Royal Society of Chemistry;

{ Compendex Plus | �„ ¯® â¥å−¨ç¥áª¨¬ −�ãª�¬, Engineering Information Inc.;

{ Corporate & Industry Research Reports (CIRR) | �„ �−�«¨â¨ç¥áª¨å ®âç¥â®¢
ä¨à¬, JA Micropublishing;

{ Current Contents | ¥¦¥−¥¤¥«ì−®¥ ®¡®§à¥−¨¥ á®¤¥à¦�−¨ï −�ãç−ëå ¯¥à¨®¤¨-
ç¥áª¨å ¨§¤�−¨©, Institute for Scientific Information;
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{ Derwent Biotechnology Abstracts | �„ ¯® ¡¨®â¥å−®«®£¨¨, Derwent Publica-
tions Ltd.;

{ MEDLINE | �„ ¯® ¬¥¤¨æ¨−¥ ¨ ¡¨®«®£¨¨, National Library of Medicine;

{ TOXLINE | �„ ¯® â®ªá¨ª®«®£¨¨, National Library of Medicine, Swedish
National Chemicals Inspectorate.

�¥ ¯à¥â¥−¤ãï −� ¯®«−®âã ¨ ®ª®−ç�â¥«ì−®áâì ä®à¬¨à®¢�−¨ï ¯¥à¥ç−ï à¥áãàá®¢
¢ íâ®¬ −�¯à�¢«¥−¨¨, ®â¬¥â¨¬ ¨å â¥¬�â¨ç¥áª®¥ à�§−®®¡à�§¨¥, §−�ç¨â¥«ì−ë¥ ®¡ê-
¥¬ë ¨ −¥®¡å®¤¨¬®áâì −�«¨ç¨ï £«ã¡®ª¨å −�ãç−ëå ª®¬¯¥â¥−æ¨© ¤«ï íää¥ªâ¨¢−®£®
¨á¯®«ì§®¢�−¨ï â�ª¨å ¤�−−ëå.

Формулировка и сравнительный анализ исходных гипотез

�®¤ £¨¯®â¥§®© (£à¥ç. hypothesis | ú®á−®¢�−¨¥; ¤®£�¤ª�û) ¯®−¨¬�îâ −�ãç−®¥
ãâ¢¥à¦¤¥−¨¥ (á¨áâ¥¬ã ãâ¢¥à¦¤¥−¨©), ª®â®à®¥:

(1) ¯® á¢®¥© «®£¨ç¥áª®© å�à�ªâ¥à¨áâ¨ª¥ ¨¬¥¥â áâ�âãá ¯à¥¤¯®«®¦¥−¨ï;

(2) ¯® á¢®¥¬ã á®¤¥à¦�−¨î ¯à¥¤áâ�¢«ï¥â á®¡®© (¢ á«ãç�¥ ¯®¤â¢¥à¦¤¥−¨ï) −¥ª®-
â®à®¥ −®¢®¥ §−�−¨¥;

(3) ¯® á¢®¥© æ¥«¨ ¤®«¦−® áãé¥áâ¢¥−−® ¯à®¤¢¨−ãâì −�ãç−®¥ ¯®§−�−¨¥ («¨¡®
¯àï¬® ¯à¥¤«®¦¨âì à¥è¥−¨¥ ¯à®¡«¥¬ë ¨«¨ §�¤�ç¨, «¨¡® áãé¥áâ¢¥−−® á¯®-
á®¡áâ¢®¢�âì íâ®¬ã).

Œ®¦−® ¢ë¤¥«¨âì á«¥¤ãîé¨¥ áâ�¤¨¨ ä®à¬¨à®¢�−¨ï £¨¯®â¥§ë:

(1) ®¡−�àã¦¥−¨¥ ¯à®¡«¥¬ë | ã¦¥ −� áâ�¤¨¨ ¯à¥¤¢�à¨â¥«ì−®© ¯®áâ�−®¢ª¨ −�-
ãç−®© ¯à®¡«¥¬ë ¨¤¥â ¢ë¤¢¨¦¥−¨¥ ¨ ¯à¨¡«¨§¨â¥«ì−�ï ®æ¥−ª� à�§«¨ç−ëå
£¨¯®â¥§; §¤¥áì ã ¨áá«¥¤®¢�â¥«ï ¢®§−¨ª�îâ à�§«¨ç−ë¥ ¤®£�¤ª¨ ®â−®á¨â¥«ì−®
¯®¤å®¤� ª ¯à®¡«¥¬¥, ¯à®¨§¢®¤¨âáï ¯¥à¢¨ç−�ï ®æ¥−ª� íâ¨å ¨¤¥©;

(2) ¢ë¤¢¨¦¥−¨¥ £¨¯®â¥§ë | ãç¥−ë© ¢ ï¢−®¬ ¢¨¤¥ ä®à¬ã«¨àã¥â âã à�¡®çãî
£¨¯®â¥§ã, ª®â®à�ï ¯à®è«� ¯¥à¢¨ç−ë© ®â¡®à ¨ ¡ë«� ®æ¥−¥−� ª�ª §�á«ã¦¨¢�-
îé�ï ¢−¨¬�−¨ï;

(3) à�§à�¡®âª� £¨¯®â¥§ë | ãç¥−ë© �−�«¨§¨àã¥â £¨¯®â¥§ã, à�§¢®à�ç¨¢�¥â áªàë-
âë© ¢ −¥© ¯®â¥−æ¨�«, â. ¥. ¨§ãç�¥â ¥¥ ¢§�¨¬®á¢ï§¨ á ¨áå®¤−®© â¥®à¨¥©,
¢ë¢®¤¨â á«¥¤áâ¢¨ï ¨§ á¨áâ¥¬ë ú¨áå®¤−�ï â¥®à¨ï ¯«îá −®¢�ï £¨¯®â¥§�û,
à�§à�¡�âë¢�¥â ¨áá«¥¤®¢�â¥«ìáª¨© ¯à®¥ªâ ¯à®¢¥àª¨ £¨¯®â¥§ë.

‚ë¤¢¨¦¥−¨¥ −�ãç−®© £¨¯®â¥§ë ï¢«ï¥âáï �ªâ®¬ â¢®àç¥áâ¢� ¨áá«¥¤®¢�â¥«ï
¨, ¯® ¬−¥−¨î �¢â®à®¢, ¢ −�áâ®ïé¥¥ ¢à¥¬ï −¥â �¤¥ª¢�â−ëå áà¥¤áâ¢ �¢â®¬�â¨§�æ¨¨
íâ®£® ¯à®æ¥áá�. ÷¥�«ì−ãî ¯®¤¤¥à¦ªã ¬®£ãâ ®ª�§�âì á¥à¢¨áë à�¡®âë á �’ˆ
¨ ª®¬¬ã−¨ª�æ¨¨ ¢ −�ãç−®¬ á®®¡é¥áâ¢¥.
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Планирование научных исследований (разработка исследовательского
проекта)

‚ á®¤¥à¦�−¨¥ ¤�−−®£® íâ�¯� ¢å®¤¨â à�§à�¡®âª� ¨áá«¥¤®¢�â¥«ìáª®£® ¯à®¥ªâ�,
çâ® á¢ï§�−® −¥ â®«ìª® á â¥®à¥â¨ª®-¬¥â®¤®«®£¨ç¥áª¨¬ à�áá¬®âà¥−¨¥¬ ¯®¤å®¤®¢
ª ¯à®¡«¥¬¥, −® ¨ á ¨−áâ¨âãæ¨®−�«ì−® ¯à¥¤¯¨á�−−ë¬¨ ¤¥©áâ¢¨ï¬¨ ¯® ¯«�−¨à®¢�-
−¨î ¨ ¯®¤£®â®¢ª¥ ¡ã¤ãé¨å ¨áá«¥¤®¢�−¨©. �à¥¦¤¥ ¢á¥£® íâ® ª�á�¥âáï ¯à®æ¥áá� â�ª
−�§ë¢�¥¬®£® ®¡®á−®¢�−¨ï â¥¬ë ¨áá«¥¤®¢�−¨ï, â. ¥. ¯à¥¤áâ�¢«¥−¨ï ¨áá«¥¤®¢�â¥«ì-
áª®£® ¯à®¥ªâ� −�ãç−®¬ã á®®¡é¥áâ¢ã ¨ ¥£® �¤¬¨−¨áâà�â¨¢−®-®à£�−¨§�æ¨®−−ë¬
¨−áâ�−æ¨ï¬. �¡é¨© á¬ëá« ¯à®æ¥¤ãàë ®¡®á−®¢�−¨ï â¥¬ë á®áâ®¨â ¢ â®¬, çâ®¡ë
¯à®¤¥¬®−áâà¨à®¢�âì −�«¨ç¨¥ ¢�¦−®© −¥à¥è¥−−®© −�ãç−®© (¨«¨ −�ãç−®-¯à�ªâ¨-
ç¥áª®©) ¯à®¡«¥¬ë ¨ ¯®ª�§�âì, çâ® ¯à¥¤¯®«�£�¥¬®¥ ¨áá«¥¤®¢�−¨¥ ¤¥©áâ¢¨â¥«ì−®
¤®«¦−® à¥è¨âì â¥ ¨«¨ ¨−ë¥ �á¯¥ªâë ¨áå®¤−®© ¯à®¡«¥¬ë. ‘ â®çª¨ §à¥−¨ï ¨á¯®«ì-
§®¢�−¨ï −�ãç−ëå á¥à¢¨á®¢ §¤¥áì ¢®§¬®¦−� �¢â®¬�â¨§�æ¨ï ¯®¤£®â®¢ª¨ ¨ ®¡¬¥−�
ãáâ�−®¢«¥−−ë¬¨ ä®à¬�«¨§®¢�−−ë¬¨ í«¥ªâà®−−ë¬¨ ¤®ªã¬¥−â�¬¨, � â�ª¦¥ á¥à-
¢¨áë á¥â¥¢®£® ¯«�−¨à®¢�−¨ï ¨ ã¯à�¢«¥−¨ï ¯à®¥ªâ�¬¨.

Организация и проведение эксперимента

�ªá¯¥à¨¬¥−â ¯à¥¤áâ�¢«ï¥â á®¡®© ¨áá«¥¤®¢�â¥«ìáªãî á¨âã�æ¨î ¨§ãç¥−¨ï
ï¢«¥−¨ï ¢ á¯¥æ¨�«ì−® á®§¤�¢�¥¬ëå ª®−âà®«¨àã¥¬ëå ãá«®¢¨ïå, ¯®§¢®«ïîé¨å
�ªâ¨¢−® ã¯à�¢«ïâì å®¤®¬ ¤�−−®£® ¯à®æ¥áá�, â. ¥. ¢¬¥è¨¢�âìáï ¢ −¥£® ¨ ¢¨¤®¨§¬¥-
−ïâì ¥£® ¢ á®®â¢¥âáâ¢¨¨ á ¨áá«¥¤®¢�â¥«ìáª¨¬¨ §�¤�ç�¬¨, � â�ª¦¥ ¢®á¯à®¨§¢®¤¨âì
¨§ãç�¥¬®¥ ï¢«¥−¨¥ ¯à¨ ¢®á¯à®¨§¢¥¤¥−¨¨ ¤�−−ëå ãá«®¢¨©. ��§®¢¥¬ −¥ª®â®àë¥
®á−®¢�−¨ï ª«�áá¨ä¨ª�æ¨¨. Š à�§−®¢¨¤−®áâï¬ íªá¯¥à¨¬¥−â®¢ ®â−®áïâ:

(1) ¯® ãá«®¢¨ï¬ ¯à®¢¥¤¥−¨ï | ¥áâ¥áâ¢¥−−ë¥ ¨ ¨áªãááâ¢¥−−ë¥ (¢ª«îç�ï ¬®¤¥-
«¨àãîé¨¥ | −�âãà−ë¥, ¢ëç¨á«¨â¥«ì−ë¥, ¬ëá«¥−−ë¥ ¨ ¯à.);

(2) ¯® æ¥«ï¬ ¨áá«¥¤®¢�−¨ï | ¯à¥®¡à�§ãîé¨¥, ª®−âà®«¨àãîé¨¥, ª®−áâ�â¨àã-
îé¨¥, ¯®¨áª®¢ë¥ ¨ ¤à.;

(3) ¯® ç¨á«ã ä�ªâ®à®¢ | ®¤−®ä�ªâ®à−ë¥ ¨ ¬−®£®ä�ªâ®à−ë¥;

(4) ¯® áâ¥¯¥−¨ ª®−âà®«¨àã¥¬®áâ¨ ä�ªâ®à®¢ | �ªâ¨¢−ë¥ ¨ ¯�áá¨¢−ë¥ (à¥£¨áâà¨-
àãîé¨¥).

�®«ìè®© ¬�áá¨¢ áãé¥áâ¢ãîé¨å −�ãç−ëå á¥à¢¨á®¢ «¥¦¨â ¢ íªá¯¥à¨¬¥−â�«ì-
−®© ®¡«�áâ¨ ¨ á¢ï§�− á â�ª −�§ë¢�¥¬ë¬¨ –¥−âà�¬¨ ª®««¥ªâ¨¢−®£® ¯®«ì§®¢�−¨ï
¨ ã−¨ª�«ì−ë¬¨ −�ãç−ë¬¨ ãáâ�−®¢ª�¬¨, £¥−¥à¨àãîé¨¬¨ ¢ â®¬ ç¨á«¥ −¥®¡à�¡®-
â�−−ë¥ ¤�−−ë¥ íªá¯¥à¨¬¥−â� ¤«ï è¨à®ª®£® ªàã£� −�ãç−ëå ª®««¥ªâ¨¢®¢.

�® à¥§ã«ìâ�â�¬ �ã¤¨â�, ¯à®¢¥¤¥−−®£® 95 íªá¯¥àâ�¬¨ ¨§ −�ãç−ëå ¨ ®¡à�§®-
¢�â¥«ì−ëå ®à£�−¨§�æ¨©, ¢ â®¬ ç¨á«¥ −¥ ¯®¤¢¥¤®¬áâ¢¥−−ëå ”��� ÷®áá¨¨ [1],
–Š� ¨ “�“ ¡ë«¨ à�§¤¥«¥−ë ¯® âà¥¬ ª�â¥£®à¨ï¬:

I ª�â¥£®à¨ï | «¨¤¥àë ¢ ¤�−−®© ®¡«�áâ¨, ®¡«�¤�îé¨¥ è¨à®ª¨¬ ªàã£®¬ ¯®«ì§®-
¢�â¥«¥©, ã−¨ª�«ì−ë¬¨ ¬¥â®¤¨ª�¬¨, á®¢à¥¬¥−−ë¬ ¨ ¤®à®£®áâ®ïé¨¬ −�ãç−ë¬
®¡®àã¤®¢�−¨¥¬;
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II ª�â¥£®à¨ï | áâ�¡¨«ì−® à�§¢¨¢�îé¨¥áï (äã−ªæ¨®−¨àãîé¨¥) –Š� ¨ “�“;

III ª�â¥£®à¨ï | íâ® –Š� ¨ “�“, ®¡¥á¯¥ç¨¢�îé¨¥ ã§ª®¯à®ä¨«ì−ë¥ ¨áá«¥-
¤®¢�−¨ï ¢ à�¬ª�å £®áã¤�àáâ¢¥−−®£® §�¤�−¨ï ¡�§®¢®© ®à£�−¨§�æ¨¨, ®¡«�¤�îâ
−¨§ª®© áâ¥¯¥−ìî ¤®áâã¯−®áâ¨ ®¡®àã¤®¢�−¨ï ¤«ï ®à£�−¨§�æ¨¨ −�ãç−ëå á¥à¢¨-
á®¢.

�® à¥§ã«ìâ�â�¬ �−�«¨§� ¨§ 174 –Š� 39% ®â−¥á¥−ë ª ¯¥à¢®©, 43% | ª® ¢â®à®©
¨ 18% | ª âà¥âì¥© ª�â¥£®à¨¨; ¨§ 146 “�“ 38% ®â−¥á¥−® ª ¯¥à¢®©, 46% | ª®
¢â®à®© ¨ 16% | ª âà¥âì¥© ª�â¥£®à¨¨ [6].

‡�¬¥â¨¬, çâ® áâ�¤¨ï ®à£�−¨§�æ¨¨ ¨ ¯à®¢¥¤¥−¨ï íªá¯¥à¨¬¥−â� ¤«ï àï¤� ¨áá«¥-
¤®¢�−¨© (®á®¡¥−−® ¢ ®¡«�áâ¨ −�ãª á ¨−â¥−á¨¢−ë¬ ¨á¯®«ì§®¢�−¨¥¬ ¤�−−ëå) ¬®¦¥â
¡ëâì ¯à®¢¥¤¥−� ¢ à�¬ª�å ¤àã£¨å ¨áá«¥¤®¢�−¨©. ‚ íâ®¬ á«ãç�¥ ¨áá«¥¤®¢�â¥«ìáª¨©
¯à®¥ªâ, −�¯à�¢«¥−−ë© −� �−�«¨§ ¤�−−ëå, ¯à®¯ãáª�¥â áâ�¤¨î ®à£�−¨§�æ¨¨ ¨ ¯à®-
¢¥¤¥−¨ï íªá¯¥à¨¬¥−â� ¨ ¨á¯®«ì§ã¥â ¤®áâã¯−ë¥ −¥®¡à�¡®â�−−ë¥ ¤�−−ë¥, à�−¥¥
−�ª®¯«¥−−ë¥ ¢ ¤àã£®¬ ¯à®¥ªâ¥.

Анализ и обобщение полученных результатов

–¥«ì �−�«¨§� ¤�−−ëå | ¢ëï¢¨âì â¥−¤¥−æ¨¨, ®¡é¨¥ ¯à¨−æ¨¯ë, áâ®ïé¨¥ §�
¥¤¨−¨ç−ë¬¨ ¤�−−ë¬¨, ¨§ãç¨âì â¥ ¨«¨ ¨−ë¥ ®â−®è¥−¨ï ¬¥¦¤ã ¨−¤¨¢¨¤ã�«ì−ë¬¨
ä¥−®¬¥−�¬¨, ®¯¨á�âì áâàãªâãàã ®¡«�áâ¨ ¤�−−ëå.

„«ï −�ãª á ¨−â¥−á¨¢−ë¬ ¨á¯®«ì§®¢�−¨¥¬ ¤�−−ëå íâ� áâ�¤¨ï ¨áá«¥¤®¢�â¥«ì-
áª®£® ¯à®¥ªâ� ï¢«ï¥âáï æ¥−âà�«ì−®©.

��«¨ç¨¥ ¬�áá®¢ëå ï¢«¥−¨© ¨ ¯à®æ¥áá®¢, à�§¢¨¢�îé¨åáï ¢® ¢à¥¬¥−¨, ¤�¥â
¢®§¬®¦−®áâì ¯à¨¬¥−ïâì à�§«¨ç−ë¥ áâ�â¨áâ¨ç¥áª¨¥ ¬¥â®¤ë �−�«¨§� ¨ ¨−â¥««¥ª-
âã�«ì−®© ¯®¤£®â®¢ª¨ ¤�−−ëå:

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

{ ¯à¥¤®¡à�¡®âª� ¤�−−ëå (¢®ááâ�−®¢«¥−¨¥ ¯à®¯ãé¥−−ëå ¤�−−ëå, á−¨¦¥−¨¥ à�§-
¬¥à−®áâ¨ ¬�áá¨¢®¢ ¤�−−ëå, ¢ë¤¥«¥−¨¥ £«�¢−ëå ª®¬¯®−¥−â®¢);

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

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

„¨áªà¥â−�ï áâàãªâãà� −�¡«î¤�¥¬ëå ¤�−−ëå ¯®§¢®«ï¥â ¯à¨¬¥−ïâì á«¥¤ãîé¨¥
¬¥â®¤ë ¨ â¥å−®«®£¨¨:

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

{ ¨¤¥−â¨ä¨ª�æ¨ï ¨ à¥£¨áâà�æ¨ï ®¡ê¥ªâ®¢, á«¨ï−¨¥ ¯®¤á¥â¥©;
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‘¨áâ¥¬� −�ãç−ëå á¥à¢¨á®¢ ª�ª �ªâã�«ì−ë© ª®¬¯®−¥−â −�ãç−ëå ¨áá«¥¤®¢�−¨©

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

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

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

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

�®«ìèãî à®«ì ¬®¦¥â áë£à�âì à�§¢¨â¨¥ −�ãç−ëå á¥à¢¨á®¢, à¥�«¨§ãîé¨å
á¯¥æ¨�«ì−ë¥ ¬¥â®¤ë �−�«¨§� ¯® ®âà�á«ï¬ −�ãª¨ á ¨á¯®«ì§®¢�−¨¥¬ á¨áâ¥¬, ®á−®-
¢�−−ëå −� §−�−¨ïå, à�§«¨ç−ëå ¬¥â®¤®¢ ç¨á«¥−−®£® ¬®¤¥«¨à®¢�−¨ï, ¬¥â®¤®¢
®¯â¨¬¨§�æ¨¨, ¬�è¨−−®£® ®¡ãç¥−¨ï, ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ�.

�à¨¬¥−ïîâáï â�ª¦¥ ¬¥â®¤ë ¢¨§ã�«¨§�æ¨¨ ¤�−−ëå ¢ ¢¨¤¥ â�¡«¨æ, £à�ä¨ª®¢,
¤¨�£à�¬¬ ¨ ¤àã£¨å £à�ä¨ç¥áª¨å ®¡ê¥ªâ®¢.

�¥á®¬−¥−−®, ãª�§�−−ë¥ ¬¥â®¤ë ¬®£ãâ ¡ëâì à¥�«¨§®¢�−ë ª�ª è¨à®ª®¤®áâã¯-
−ë¥ −�ãç−ë¥ á¥à¢¨áë.

Проверка исходных гипотез, принятие решений

�â� ¯à®æ¥¤ãà� −¥®¤−®§−�ç−�, â�ª ª�ª ¢áâ�¥â −¥®¡å®¤¨¬®áâì ¢ë¡®à� −�¨¡®-
«¥¥ �¤¥ª¢�â−®© £¨¯®â¥§ë ¨§ ¬−®¦¥áâ¢� ª®−ªãà¨àãîé¨å ¯à¥¤¯®«®¦¥−¨©, ¢¥¤ì
§�ç�áâãî á ®¤−¨¬¨ ¨ â¥¬¨ ¦¥ í¬¯¨à¨ç¥áª¨¬¨ ¤�−−ë¬¨ ¬®£ãâ −¥¯«®å® á®£«�-
á®¢ë¢�âìáï áà�§ã −¥áª®«ìª® £¨¯®â¥§. ‚−ãâà¨ á®¢®ªã¯−®áâ¨ �«ìâ¥à−�â¨¢−ëå
£¨¯®â¥§ ¢®§¬®¦−� â®«ìª® áà�¢−¨â¥«ì−�ï ®æ¥−ª� ¨å ¯à¨¥¬«¥¬®áâ¨, −® −¥ áãé¥-
áâ¢ã¥â ª�ª®©-«¨¡® �¡á®«îâ−®© èª�«ë, ¯®«ì§ãïáì ª®â®à®© ª�ª ã−¨¢¥àá�«ì−ë¬
ªà¨â¥à¨¥¬ ¬®¦−® ¡ë«® ¡ë à�−¦¨à®¢�âì «î¡ë¥ £¨¯®â¥§ë −� ¯à¥¤¬¥â ¨å ¯à�¢-
¤®¯®¤®¡−®áâ¨. ƒ¨¯®â¥§ë ¬®¦−® «¨èì áà�¢−¨¢�âì ¬¥¦¤ã á®¡®© ¢ ®â−®á¨â¥«ì−ëå
â¥à¬¨−�å («ãçè¥ ¯®¤â¢¥à¦¤¥−� | ¬¥−¥¥ ¯®¤â¢¥à¦¤¥−�, ¡®«¥¥ ¯à¨¥¬«¥¬� |
¬¥−¥¥ ¯à¨¥¬«¥¬� ¨ â. ¯.). �à¨ç¥¬ áà�¢−¥−¨¥ £¨¯®â¥§ ®áãé¥áâ¢«ï¥âáï −� ®á−®¢¥
á®¤¥à¦�â¥«ì−ëå ªà¨â¥à¨¥¢, ãç¨âë¢�îé¨å á¯¥æ¨ä¨ªã ª®−ªà¥â−®© ¯à¥¤¬¥â−®©
®¡«�áâ¨ ¨ −¥ §�¤�¢�¥¬ëå §�à�−¥¥ ¨§¢−¥. ’�ª¨¬ ®¡à�§®¬, æ¨äà®¢¨§�æ¨ï íâ®£®
¯à®æ¥áá� §�âàã¤−¨â¥«ì−�.

�®á«¥ ®áãé¥áâ¢«¥−¨ï ¯à®¢¥àª¨ £¨¯®â¥§ë −� ®á−®¢¥ ¤�−−ëå íªá¯¥à¨¬¥−â�
®áãé¥áâ¢«ï¥âáï ¯à¨−ïâ¨¥ à¥è¥−¨ï ¨§ á«¥¤ãîé¨å �«ìâ¥à−�â¨¢:

{ ¢ á«ãç�¥ ¯®¤â¢¥à¦¤¥−¨ï £¨¯®â¥§ë ®áãé¥áâ¢«ï¥âáï ¯¥à¥å®¤ ª ¯à®æ¥áá�¬ ä®à-
¬ã«¨à®¢�−¨ï ä�ªâ®¢ ¨ ¯®«®¦¥−¨©, ¨å ®¡®á−®¢�−¨ï ¨ ®¯¨á�−¨ï (¯®«ãç¥−¨¥
¯à®¤ãªâ� §−�−¨©);

{ ¥á«¨ í¬¯¨à¨ç¥áª¨å ¤�−−ëå −¥¤®áâ�¥â, ¯à¨−¨¬�¥âáï à¥è¥−¨¥ ® ¯à®¤®«¦¥−¨¨
íªá¯¥à¨¬¥−â®¢;

{ ¥á«¨ £¨¯®â¥§� ®¯à®¢¥à£−ãâ�, â® −¥®¡å®¤¨¬® ¢®§¢à�â¨âìáï ª áâ�¤¨¨ ú–¥«¥¯®-
«�£�−¨¥û:

◦ ¤«ï ª®àà¥ªâ¨à®¢ª¨ ¯«�−� ¨áá«¥¤®¢�−¨ï;

◦ ª®àà¥ªâ¨à®¢ª¨ −�ãç−®© £¨¯®â¥§ë;

◦ ª®àà¥ªâ¨à®¢ª¨ −�ãç−®© ¯à®¡«¥¬ë.
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Формулирование фактов и положений, их обоснование и описание (получение
продукта знаний)

�à®¤ãªâ §−�−¨© ®¡ëç−® ®ä®à¬«ï¥âáï ¢ ¢¨¤¥ −�ãç−®-â¥å−¨ç¥áª®£® ®âç¥â�, −�-
ãç−®© ¯ã¡«¨ª�æ¨¨ «¨¡® ¯ã¡«¨ç−®£® ¤®ª«�¤� −� à�§−®£® à®¤� −�ãç−ëå á®¡à�−¨ïå.
‘ãé¥áâ¢ãîé¨¥ â¥å−®«®£¨¨ ¢ íâ®© ®¡«�áâ¨ ¯®§¢®«ïîâ £®¢®à¨âì ® ¢®§¬®¦−®áâ¨
¨á¯®«ì§®¢�−¨ï á«¥¤ãîé¨å á¥à¢¨á®¢:

{ ã«ãçè¥−¨¥ ª�ç¥áâ¢� áâ�â¥© (�¤�¯â�æ¨ï ¯® âà¥¡®¢�−¨ï¬ ®ä®à¬«¥−¨ï, à¥æ¥−§¨-
à®¢�−¨¥, á¥¬�−â¨ç¥áª¨© �−�«¨§ â¥ªáâ®¢, ãá«ã£¨ ¯® −�¯¨á�−¨î ¨ ¯à®¤¢¨¦¥−¨î
¯ã¡«¨ª�æ¨©);

{ �¢â®¬�â¨§¨à®¢�−−ë© ¯¥à¥¢®¤;

{ ¯à®¢¥àª� §�¨¬áâ¢®¢�−¨©, �−â¨¯«�£¨�â;

{ �−�«¨§ à¥¤�ªæ¨®−−ëå ¯®«¨â¨ª ¨ ¢ë¡®à ¨§¤�−¨ï.

4 Состав системы научных сервисов

ˆâ�ª, á¨áâ¥¬�â¨§�æ¨ï ¯à®æ¥áá®¢ −�ãç−®£® ¨áá«¥¤®¢�−¨ï ¯®§¢®«ï¥â áä®à¬¨-
à®¢�âì ®à¨¥−â¨à®¢®ç−ë© −�¡®à −�ãç−ëå á¥à¢¨á®¢, ª®â®àë© ¬®¦¥â «¥çì ¢ ®á−®¢ã
á¨áâ¥¬ë æ¨äà®¢¨§�æ¨¨ −�ãª¨. ÷�áá¬®âà¨¬ ®á−®¢−ë¥ £àã¯¯ë á¥à¢¨á®¢.

‘¥à¢¨áë ¨−â¥««¥ªâã�«ì−®£® ¯®¨áª� ¨−ä®à¬�æ¨¨ ¨ ¬®−¨â®à¨−£� �’ˆ:

{ ¤®áâã¯� ª à¥ä¥à�â¨¢−ë¬ ¨ ¯®«−®â¥ªáâ®¢ë¬ à¥áãàá�¬ �’ˆ;

{ ¨−â¥««¥ªâã�«ì−®£® ¯®¨áª� ¨−ä®à¬�æ¨¨;

{ −�ãª®¬¥âà¨ç¥áª®£® �−�«¨§� ¯ã¡«¨ª�æ¨©;

{ ¨−â¥««¥ªâã�«ì−®£® �−�«¨§� á¯¥æ¨�«¨§¨à®¢�−−ëå á®æ¨�«ì−ëå á¥â¥© ¨ ¤àã£¨å
áà¥¤áâ¢ −�ãç−ëå ª®¬¬ã−¨ª�æ¨©.

‘¥à¢¨áë ¨§¢«¥ç¥−¨ï ä�ªâ®¢ ¨ §−�−¨©:

{ ª«�áá¨ä¨ª�æ¨ï ¨ àã¡à¨ª�æ¨ï ¤®ªã¬¥−â®¢;

{ ¨§¢«¥ç¥−¨¥ ä�ªâ®¢, ¯®−ïâ¨©, á¢ï§¥©;

{ ¯®áâà®¥−¨¥ á¥¬�−â¨ç¥áª¨å á¥â¥©;

{ �−−®â¨à®¢�−¨¥, áã¬¬�à¨§�æ¨ï;

{ â¥¬�â¨ç¥áª®¥ ¨−¤¥ªá¨à®¢�−¨¥;

{ á®§¤�−¨¥ â�ªá®−®¬¨© ¨ â¥§�ãàãá®¢;

{ �−�«¨§ äà®−â� ¨áá«¥¤®¢�−¨©;

{ �−�«¨§ í¬®æ¨®−�«ì−ëå ®æ¥−®ª.

�−�«¨â¨ç¥áª¨¥ á¥à¢¨áë:

{ áâ�â¨áâ¨ç¥áª®£® �−�«¨§�:

◦ �−�«¨§ ¢à¥¬¥−−‚ëå àï¤®¢, å�à�ªâ¥à¨§ãîé¨å ¨§¬¥−¥−¨¥ ª®«¨ç¥áâ¢¥−−ëå
¨ ª�ç¥áâ¢¥−−ëå �âà¨¡ãâ®¢ ã§«®¢ ¨ á¢ï§¥© −�¡«î¤�¥¬ëå ®¡ê¥ªâ®¢ (�−�«¨§
âà¥−¤®¢, á¥§®−−ëå ª®«¥¡�−¨©, â¥−¤¥−æ¨© ¨ �−®¬�«¨©);
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‘¨áâ¥¬� −�ãç−ëå á¥à¢¨á®¢ ª�ª �ªâã�«ì−ë© ª®¬¯®−¥−â −�ãç−ëå ¨áá«¥¤®¢�−¨©

◦ ¯à®£−®§¨à®¢�−¨¥ ¨§¬¥−¥−¨ï ¯�à�¬¥âà®¢ á ãç¥â®¬ ¢ëï¢«¥−−ëå âà¥−¤®¢
¨ �−�«¨§¨àã¥¬ëå áæ¥−�à¨¥¢;

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

◦ ¤¨áªà¥â−®£® �−�«¨§�;

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

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

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

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

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

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

{ á¯¥æ¨�«ì−ëå ¬¥â®¤®¢ �−�«¨§� ¯® ®âà�á«ï¬ −�ãª¨:

◦ ¬¥â®¤ë ã¯à�¢«¥−¨ï ¤�−−ë¬¨, ¬�è¨−−®£® ®¡ãç¥−¨ï ¨ ¨áªãááâ¢¥−−®£® ¨−-
â¥««¥ªâ� (á¨áâ¥¬ë, ®á−®¢�−−ë¥ −� §−�−¨ïå);

◦ ¬®¤¥«¨à®¢�−¨¥ (−¥¯à¥àë¢−ëå ä¨§¨ç¥áª¨å ¯à®æ¥áá®¢, ¤¨áªà¥â−ëå á¨áâ¥¬,
¨¬¨â�æ¨®−−®¥ ¬®¤¥«¨à®¢�−¨¥);

◦ ¬¥â®¤ë à¥è¥−¨ï íªáâà¥¬�«ì−ëå §�¤�ç, ¨áá«¥¤®¢�−¨ï ®¯¥à�æ¨© ¨ ®¯â¨-
¬�«ì−®£® ã¯à�¢«¥−¨ï;

{ ¢¨§ã�«¨§�æ¨¨ ¤�−−ëå ¢ ¢¨¤¥ â�¡«¨æ, £à�ä¨ª®¢, ¤¨�£à�¬¬ ¨ ¤àã£¨å £à�ä¨ç¥-
áª¨å ®¡ê¥ªâ®¢.

‘¥à¢¨áë ª®¬¬ã−¨ª�æ¨©:

{ á¥à¢¨áë à�¡®âë á �’ˆ ¨ ª®¬¬ã−¨ª�æ¨¨ ¢ −�ãç−®¬ á®®¡é¥áâ¢¥;

{ �¢â®¬�â¨§�æ¨ï ¯®¤£®â®¢ª¨ ¨ ®¡¬¥−� ãáâ�−®¢«¥−−ë¬¨ ä®à¬�«¨§®¢�−−ë¬¨
í«¥ªâà®−−ë¬¨ ¤®ªã¬¥−â�¬¨.

‘¥à¢¨áë ¯«�−¨à®¢�−¨ï:

{ á¥â¥¢®¥ ¯«�−¨à®¢�−¨¥;

{ ã¯à�¢«¥−¨¥ ¯à®¥ªâ�¬¨.

‘¥à¢¨áë ¤®áâã¯� ª ãá«ã£�¬ –Š� ¨ “�“ :

{ ¨−â¥««¥ªâã�«ì−ë© ¯®¨áª ¯à¥¤®áâ�¢«ï¥¬ëå ãá«ã£;

{ ®ä®à¬«¥−¨¥ §�ï¢®ª −� ãá«ã£¨.

‘¥à¢¨áë ¯®¤£®â®¢ª¨ ¯ã¡«¨ª�æ¨©:

{ ã«ãçè¥−¨¥ ª�ç¥áâ¢� áâ�â¥© (�¤�¯â�æ¨ï ¯® âà¥¡®¢�−¨ï¬ ®ä®à¬«¥−¨ï, à¥æ¥−§¨-
à®¢�−¨¥, á¥¬�−â¨ç¥áª¨© �−�«¨§ â¥ªáâ®¢, ãá«ã£¨ ¯® −�¯¨á�−¨î ¨ ¯à®¤¢¨¦¥−¨î
¯ã¡«¨ª�æ¨©);

{ �¢â®¬�â¨§¨à®¢�−−ë© ¯¥à¥¢®¤;
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{ ¯à®¢¥àª� §�¨¬áâ¢®¢�−¨©, �−â¨¯«�£¨�â;

{ �−�«¨§ à¥¤�ªæ¨®−−ëå ¯®«¨â¨ª ¨ ¢ë¡®à ¨§¤�−¨ï.

‘®áâ�¢ íâ¨å £àã¯¯ ¨ ªà¨â¥à¨¨ ¨å ®¡à�§®¢�−¨ï ¬®£ãâ «¥çì ¢ ®á−®¢ã á¨áâ¥¬ë
ª«�áá¨ä¨ª�æ¨¨ ¨ ª®¤¨à®¢�−¨ï −�ãç−ëå á¥à¢¨á®¢.

÷¥�«¨§�æ¨ï á¨áâ¥¬ë è¨à®ª®¤®áâã¯−ëå −�ãç−ëå á¥à¢¨á®¢ ¢ á®®â¢¥âáâ¢¨¨ á [2]
¤®«¦−� ®áãé¥áâ¢«ïâìáï á ¨á¯®«ì§®¢�−¨¥¬ á¥â¥¢ëå ä®à¬ ®à£�−¨§�æ¨¨ −�ãç−®©,
−�ãç−®-â¥å−¨ç¥áª®© ¨ ¨−−®¢�æ¨®−−®© ¤¥ïâ¥«ì−®áâ¨ −� ¡�§¥ æ¨äà®¢ëå ¯«�âä®à¬.
–¨äà®¢�ï ¯«�âä®à¬� ¢ ¤�−−®¬ á«ãç�¥ | íâ® á®¢®ªã¯−®áâì �¢â®¬�â¨§¨à®¢�−−ëå
¯à®æ¥áá®¢ ¢§�¨¬®¤¥©áâ¢¨ï ãç�áâ−¨ª®¢ −�ãç−®-â¥å−¨ç¥áª®£® ¯à®æ¥áá� −� ®á−®¢¥
¨á¯®«ì§®¢�−¨ï −�ãç−ëå á¥à¢¨á®¢, ®¡¥á¯¥ç¨¢�îé¨å ¯®¢ëè¥−¨¥ íää¥ªâ¨¢−®áâ¨
−�ãç−ëå ¨áá«¥¤®¢�−¨© §� áç¥â ¯à¨¬¥−¥−¨ï æ¨äà®¢ëå â¥å−®«®£¨©, ®¯â¨¬¨§�æ¨¨
¨ áâ�−¤�àâ¨§�æ¨¨ ¤�−−ëå ¯à®æ¥áá®¢ ¨ ®¡¥á¯¥ç¥−¨ï ®¡é¥£® ¨−ä®à¬�æ¨®−−®£®
¯à®áâà�−áâ¢�. �à¥¤áâ�¢«¥−−�ï á¨áâ¥¬�â¨§�æ¨ï −�ãç−ëå á¥à¢¨á®¢ −� ®á−®¢¥
áä®à¬ã«¨à®¢�−−®© ®¡®¡é¥−−®© ¬®¤¥«¨ ¯à®æ¥áá®¢ −�ãç−®£® ¨áá«¥¤®¢�−¨ï, ¯®
¬−¥−¨î �¢â®à®¢, ¬®¦¥â á¯®á®¡áâ¢®¢�âì ¯®«−®â¥ ¨ æ¥«®áâ−®áâ¨ äã−ªæ¨®−�«�
á®§¤�¢�¥¬ëå æ¨äà®¢ëå ¯«�âä®à¬.
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The system of scientific services as a relevant component of scientific research
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Abstract: The successful promotion of digitalization of scientific research is
largely due to the possibility of creating an effective system of widely available
scientific services. The system of scientific services should support the processes
of automated selection of relevant services and implementation of various formal
and informal communications of the researcher and the state, scientific community
and business. The effectiveness of such a system depends on its completeness and
integrity due to the breadth of the coverage of all types of scientific activities by
scientific services. A systematic analysis of the methodology of scientific research
and the identification on this basis of the whole set of processes that provide it
can give the completeness and integrity of the system of scientific services. The
article considers the modern model of research processes, defines the range of
providing scientific services, and provides the classification of such services.
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ФУНКЦИОНАЛЬНАЯ СТРУКТУРА ГИБРИДНОЙ
ИНТЕЛЛЕКТУАЛЬНОЙ МНОГОАГЕНТНОЙ СИСТЕМЫ

ГЕТЕРОГЕННОГО МЫШЛЕНИЯ ДЛЯ РЕШЕНИЯ ПРОБЛЕМЫ
ВОССТАНОВЛЕНИЯ РАСПРЕДЕЛИТЕЛЬНОЙ ЭЛЕКТРОСЕТИ∗

А. В. Колесников1, С. В. Листопад2

�−−®â�æ¨ï: �à®¡«¥¬ë ®¯¥à�â¨¢−®-¤¨á¯¥âç¥àáª®£® ã¯à�¢«¥−¨ï à¥£¨®−�«ì-
−ë¬¨ í«¥ªâà®á¥âï¬¨ å�à�ªâ¥à¨§ãîâáï −¥®¤−®à®¤−®áâìî, ç�áâ¨ç−®© −�¡«î-
¤�¥¬®áâìî ®¡ê¥ªâ� ã¯à�¢«¥−¨ï, � â�ª¦¥ ¥£® ¤¨−�¬¨ç¥áª¨¬ å�à�ªâ¥à®¬,
®¡ãá«®¢«¨¢�îé¨¬ ¢§�¨¬®§�¢¨á¨¬®áâì ¢ë¯®«−ï¥¬ëå ¤¥©áâ¢¨© ¨ á«®¦−®áâì ¨á-
¯à�¢«¥−¨ï ®è¨¡®ç−ëå à¥è¥−¨©. ’à�¤¨æ¨®−−ë¥ �¡áâà�ªâ−®-¬�â¥¬�â¨ç¥áª¨¥
¬®¤¥«¨ ®£à�−¨ç¥−ë ¨ −¥ à¥«¥¢�−â−ë â�ª¨¬ ¤¨−�¬¨ç¥áª¨¬ áà¥¤�¬, ¯®íâ®¬ã
¯à¨¢«¥ª�îâáï ª®««¥ªâ¨¢ë íªá¯¥àâ®¢ à�§«¨ç−ëå á¯¥æ¨�«ì−®áâ¥©, −®, â¥¬ −¥
¬¥−¥¥, ¨§-§� ®£à�−¨ç¥−−®áâ¨ ¢à¥¬¥−¨ −� ¯à¨−ïâ¨¥ à¥è¥−¨© ®à£�−¨§®¢�âì ¢á¥-
áâ®à®−−¥¥ ª®««¥ªâ¨¢−®¥ à¥è¥−¨¥ ¯à®¡«¥¬ë −¥ ¯à¥¤áâ�¢«ï¥âáï ¢®§¬®¦−ë¬.
„«ï ¨−ä®à¬�æ¨®−−®£® ®¡¥á¯¥ç¥−¨ï à¥è¥−¨ï ¯à®¡«¥¬ ¯à¥¤«�£�¥âáï −®¢ë©
ª«�áá ¨−â¥««¥ªâã�«ì−ëå á¨áâ¥¬, ¬®¤¥«¨àãîé¨å ª®««¥ªâ¨¢−®¥ ¯à¨−ïâ¨¥ à¥-
è¥−¨© ¯®¤ àãª®¢®¤áâ¢®¬ ä�á¨«¨â�â®à� | £¨¡à¨¤−ë¥ ¨−â¥««¥ªâã�«ì−ë¥ ¬−®-
£®�£¥−â−ë¥ á¨áâ¥¬ë £¥â¥à®£¥−−®£® ¬ëè«¥−¨ï (ƒˆŒ‘ƒŒ). ÷�áá¬�âà¨¢�¥âáï
äã−ªæ¨®−�«ì−�ï áâàãªâãà� â�ª®© á¨áâ¥¬ë ¤«ï à¥è¥−¨ï ¯à®¡«¥¬ë ¢®ááâ�−®-
¢«¥−¨ï à�á¯à¥¤¥«¨â¥«ì−®© í«¥ªâà®á¥â¨ ¯®á«¥ ¬�áèâ�¡−ëå �¢�à¨©.

Š«îç¥¢ë¥ á«®¢�: £¥â¥à®£¥−−®¥ ¬ëè«¥−¨¥; £¨¡à¨¤−�ï ¨−â¥««¥ªâã�«ì−�ï ¬−®-
£®�£¥−â−�ï á¨áâ¥¬�; ¯à®¡«¥¬� ¢®ááâ�−®¢«¥−¨ï à�á¯à¥¤¥«¨â¥«ì−®© í«¥ªâà®á¥â¨
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1 Введение

�à¨ ¢®§−¨ª−®¢¥−¨¨ �¢�à¨¨ ¢ à�á¯à¥¤¥«¨â¥«ì−®© í«¥ªâà®á¥â¨ ªà¨â¨ç¥áª¨
¢�¦−� áª®à®áâì ¢®ááâ�−®¢«¥−¨ï í«¥ªâà®á−�¡¦¥−¨ï [1, 2]. „«ï á−¨¦¥−¨ï íª®−®¬¨-
ç¥áª¨å ¨ á®æ¨�«ì−ëå ¯®â¥àì ¡®«ìè¨−áâ¢® í−¥à£®á−�¡¦�îé¨å ®à£�−¨§�æ¨© à�§-
à�¡�âë¢�îâ àãª®¢®¤ïé¨¥ ¯à¨−æ¨¯ë ¨ ®¯¥à�æ¨®−−ë¥ ¯à®æ¥¤ãàë ¢®§®¡−®¢«¥−¨ï
í«¥ªâà®á−�¡¦¥−¨ï. �®¤®¡−ë¥ ¨−áâàãªæ¨¨ á®§¤�îâáï ¨ ¯® à¥§ã«ìâ�â�¬ �−�«¨§�
¯à¥¤ë¤ãé¨å �¢�à¨© ª®««¥ªâ¨¢�¬¨ íªá¯¥àâ®¢ ¨§ í−¥à£¥â¨ª®¢ í«¥ªâà®á−�¡¦�îé¥©
®à£�−¨§�æ¨¨, ¯à¥¤áâ�¢¨â¥«¥© ¯à®¥ªâ−ëå ¨−áâ¨âãâ®¢, à�§à�¡®â�¢è¨å £¥−¥à�æ¨î
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¨ í«¥ªâà®á¥â¥¢®© ª®¬¯«¥ªá ¤�−−®© ®à£�−¨§�æ¨¨, � â�ª¦¥ ¯à¥¤áâ�¢¨â¥«¥© ¯à®-
¨§¢®¤¨â¥«¥© íªá¯«ã�â¨àã¥¬®£® ®¡®àã¤®¢�−¨ï [3]. �¤−�ª® �¢�à¨©−ë¥ ãá«®¢¨ï
á¨áâ¥¬ë ¬®£ãâ á¥àì¥§−® ®â«¨ç�âìáï ®â ¯à¨−ïâëå ¯à¨ à�§à�¡®âª¥ ¯«�−�, çâ® á−¨-
¦�¥â ¢¥à®ïâ−®áâì ãá¯¥å� ¤¥©áâ¢¨©, ¯à¨¢®¤ï ª −¥¤®¯ãáâ¨¬ë¬ −�£àã§ª�¬, ãà®¢−ï¬
−�¯àï¦¥−¨ï ¨«¨ áà�¡�âë¢�−¨î á¨áâ¥¬ §�é¨âë [4]. �à£�−¨§®¢�âì ¦¥ ¢á¥áâ®à®−-
−¥¥ ª®««¥ªâ¨¢−®¥ à¥è¥−¨¥ ¯à®¡«¥¬ë ¯®á«¥ �¢�à¨¨ −¥ ¯à¥¤áâ�¢«ï¥âáï ¢®§¬®¦−ë¬
¢ á¢ï§¨ á ®£à�−¨ç¥−−ë¬ ¢à¥¬¥−¥¬ ¯à¨−ïâ¨ï à¥è¥−¨©.

‚ íâ®© á¢ï§¨ �ªâã�«ì−� à�§à�¡®âª� ¨−â¥««¥ªâã�«ì−ëå ¨−ä®à¬�æ¨®−−ëå á¨á-
â¥¬, ¨−â¥£à¨àãîé¨å §−�−¨ï íªá¯¥àâ®¢ à�§«¨ç−ëå á¯¥æ¨�«ì−®áâ¥©, á®£«�á®¢�−¨¥
−¥áª®«ìª¨å ªà¨â¥à¨¥¢ ®¯â¨¬�«ì−®áâ¨ ¨ ãç¥â ¬−®¦¥áâ¢� ®£à�−¨ç¥−¨© ¢ ãá«®¢¨ïå
¤¨−�¬¨ç¥áª¨å −¥¯®áà¥¤áâ¢¥−−® −¥ −�¡«î¤�¥¬ëå áà¥¤ ¨ ¤¥ä¨æ¨â� ¢à¥¬¥−¨ −� ¯à¨-
−ïâ¨¥ à¥è¥−¨ï. „«ï ¬®¤¥«¨à®¢�−¨ï ¯®¤®¡−ëå áâàãªâãà ¢ æ¥«ïå ¨−ä®à¬�æ¨®−−®©
¯®¤£®â®¢ª¨ ¨ ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï à¥è¥−¨© ¯à¥¤«�£�¥âáï ª®¬¡¨−¨à®¢�âì £¨¡à¨¤-
−ë© ¨−â¥««¥ªâã�«ì−ë© ¯®¤å®¤ �. ‚. Š®«¥á−¨ª®¢� [5], �¯¯�à�â ¬−®£®�£¥−â−ëå
á¨áâ¥¬ ¢ á¬ëá«¥ ‚. �. ’�à�á®¢� [6] ¨ ¬¥â®¤¨ª¨ £¥â¥à®£¥−−®£® ¬ëè«¥−¨ï [7{9].
÷¥§ã«ìâ�â®¬ ¤®«¦¥− áâ�âì −®¢ë© ª«�áá ¨−â¥««¥ªâã�«ì−ëå á¨áâ¥¬ | £¨¡à¨¤−ë¥
¨−â¥««¥ªâã�«ì−ë¥ ¬−®£®�£¥−â−ë¥ á¨áâ¥¬ë £¥â¥à®£¥−−®£® ¬ëè«¥−¨ï.

2 Проблема восстановления электроснабжения после аварии

�à®æ¥áá ¢®ááâ�−®¢«¥−¨ï á¨áâ¥¬ë í«¥ªâà®á−�¡¦¥−¨ï (‘�‘) | −�à�é¨¢�−¨¥
¥¥ áâàãªâãàë ¢ â¥ç¥−¨¥ −¥áª®«ìª® ç�á®¢ ¨«¨ ¤−¥© ¯®á«¥ ¯®£�è¥−¨ï ¯à¨ á®£«�á®-
¢�−¨¨ ¯®¤£®â®¢ª¨ ¨ ¢¢®¤� ¬−®¦¥áâ¢� ¢§�¨¬®§�¢¨á¨¬ëå ®¡ê¥ªâ®¢, á®åà�−¨¢è¨å
à�¡®â®á¯®á®¡−®áâì ¯®á«¥ �¢�à¨¨, � â�ª¦¥ ®¡ê¥ªâ®¢, à�¡®â®á¯®á®¡−®áâì ª®â®àëå
¢®ááâ�−�¢«¨¢�¥âáï ¤¥©áâ¢¨ï¬¨ ¯¥àá®−�«� [10, 11]. �«�−¨à®¢�−¨¥ ¢®ááâ�−®¢«¥-
−¨ï í−¥à£®á¨áâ¥¬ë | ª®¬¡¨−�â®à−�ï ¯à®¡«¥¬�, âà¥¡ãîé�ï ®¡è¨à−ëå §−�−¨©,
¢ª«îç�îé�ï ¬−®¦¥áâ¢® ®£à�−¨ç¥−¨© ¨ ãá«®¢¨©, ¯® ª®â®àë¬ −¥®¡å®¤¨¬ë ®æ¥−ª¨
®¯¥à�â®à®¢, çâ® ¤®¯®«−¨â¥«ì−® ãá«®¦−ï¥â ¥¥ ª®¬¯«¥ªá−®¥ à¥è¥−¨¥ [1]. ’à¨
®á−®¢−ë¥ ®á®¡¥−−®áâ¨ ¤¥«�îâ íâã ¯à®¡«¥¬−ãî á¨âã�æ¨î �ªâã�«ì−®© ¤«ï á®¢à¥-
¬¥−−ëå ¯«�−¨à®¢é¨ª®¢: ç�áâ¨ç−�ï −�¡«î¤�¥¬®áâì, à�§¬¥à−®áâì ¯à®áâà�−áâ¢�
á®áâ®ï−¨©, ª®â®à�ï ¤¥«�¥â ¯®«−®¥ ¯¥à¥ç¨á«¥−¨¥ á®áâ®ï−¨© �¡á®«îâ−® −¥¢®§¬®¦-
−ë¬, ¯®á«¥¤áâ¢¨ï ¤¥©áâ¢¨ï á«®¦−® ¬®¤¥«¨à®¢�âì [12].

ˆ§¢¥áâ−® ¬−®¦¥áâ¢® ¯®áâ�−®¢®ª ¤�−−®© ¯à®¡«¥¬−®© á¨âã�æ¨¨, ¨ ¯à¥¤«�-
£�îâáï −®¢ë¥ ¬¥â®¤ë ¢®ááâ�−®¢«¥−¨ï, �«ìâ¥à−�â¨¢−ë¥ ®¡ëç−® ¨á¯®«ì§ã¥¬ë¬
¯à®æ¥¤ãà�¬. ‚ ¯à®áâ¥©è¥¬, ú¨£à®¢®¬û ¢¨¤¥ ®−� ¬®¦¥â ¡ëâì ®¯¨á�−� á«¥¤ãîé¨¬
®¡à�§®¬. �«¥ªâà®á¥âì ¯à¥¤áâ�¢«ï¥âáï £à�ä®¬ PS = 〈V,E〉, ã§«ë V ª®â®à®£®
¬®£ãâ ¡ëâì âà¥å â¨¯®¢: æ¥−âà ¯¨â�−¨ï vs ∈ V s ⊆ V , ¯®âà¥¡¨â¥«ì vl ∈ V l ⊆ V
¨ è¨−� vb ∈ V b ⊆ V . ÷¥¡à� £à�ä� E ®¡®§−�ç�îâ «¨−¨¨ í«¥ªâà®¯¥à¥¤�ç á ¯¥-
à¥ª«îç�â¥«ï¬¨, à�§¬ëª�îé¨¬¨ ¨«¨ §�¬ëª�îé¨¬¨ «¨−¨î. ‡�¯¨â�−−ë¥ «¨−¨¨
®¡à�§ãîâ à�¤¨�«ì−ãî áâàãªâãàã, â. ¥. ¢ £à�ä¥ ®âáãâáâ¢ãîâ æ¨ª«ë §�¯¨â�−−ëå
«¨−¨©. –¥−âà ¯¨â�−¨ï å�à�ªâ¥à¨§ã¥âáï ¢¥«¨ç¨−®© ¬�ªá¨¬�«ì−®© £¥−¥à¨àã¥¬®©
¬®é−®áâ¨, ¯®âà¥¡¨â¥«ì | ¢¥«¨ç¨−®© −®¬¨−�«ì−®© ¯®âà¥¡«ï¥¬®© ¬®é−®áâ¨ ¨ á®-
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÷¨á. 1 �à¨¬¥à £à�ä� ¯à¨ ú¨£à®¢®¬û ¯«�−¨à®¢�−¨¨ ¢®ááâ�−®¢«¥−¨ï í−¥à£®á¨áâ¥¬ë:
1 | ¯¨â�îé¨© æ¥−âà; 2 | è¨−�; 3 | «¨−¨ï á §�¬ª−ãâë¬ ¯¥à¥ª«îç�â¥«¥¬; 4 |
«¨−¨ï á à�§®¬ª−ãâë¬ ¯¥à¥ª«îç�â¥«¥¬; 5 | §�¯¨â�−−ë© ¯®âà¥¡¨â¥«ì; 6 | ®¡¥áâ®ç¥−−ë©
¯®âà¥¡¨â¥«ì; 7 | �¢�à¨©−�ï «¨−¨ï

áâ®ï−¨¥¬ (§�¯¨â�−/®âª«îç¥−), � «¨−¨¨ í«¥ªâà®¯¥à¥¤�ç¨ | ¯à®¯ãáª−®© á¯®á®¡-
−®áâìî (¬�ªá¨¬�«ì−® ¤®¯ãáâ¨¬�ï ¬®é−®áâì), á®áâ®ï−¨¥¬ (¢ª«îç¥−�/®âª«îç¥−�)
¨ à�¡®â®á¯®á®¡−®áâìî (¨á¯à�¢−�/�¢�à¨ï). ’à¥¡ã¥âáï ®¯à¥¤¥«¨âì, ª�ª¨¥ «¨−¨¨
−ã¦−® ¢ª«îç¨âì/¢ëª«îç¨âì ¨ ¢ ª�ª®¬ ¯®àï¤ª¥, çâ®¡ë ®¡¥á¯¥ç¨âì ¬�ªá¨¬�«ì−®
¢®§¬®¦−ë© ®¡ê¥¬ ¯®âà¥¡«¥−¨ï ¬®é−®áâ¨ ¯à¨ á®¡«î¤¥−¨¨ á«¥¤ãîé¨å íªá¯«ã�â�-
æ¨®−−ëå ®£à�−¨ç¥−¨©: ¯®¤¤¥à¦�−¨¥ à�¤¨�«ì−®© áâàãªâãàë ¢ª«îç¥−−ëå «¨−¨©;
¤«ï ª�¦¤®© «¨−¨¨ áã¬¬�à−�ï ¢¥«¨ç¨−� −�£àã§®ª, ª®â®àë¥ ¯¨â�îâáï ç¥à¥§ íâã
¢¥â¢ì, −¥ ¤®«¦−� ¯à¥¢ëè�âì ¯à®¯ãáª−ãî á¯®á®¡−®áâì ¢¥â¢¨.

�à¨¬¥à £à�ä� í«¥ªâà®á¥â¨ ¤«ï â�ª®© §�¤�ç¨ ¯®ª�§�− −� à¨á. 1. ‚ «¥¢®©
ç�áâ¨ à¨áã−ª� ¢ −®à¬�«ì−®¬ á®áâ®ï−¨¨ ¢á¥ −�£àã§ª¨ à�á¯à¥¤¥«¥−ë ¬¥¦¤ã ¤¢ã¬ï
¯¨â�îé¨¬¨ æ¥−âà�¬¨, æ¨ª«ë ¨§ §�¬ª−ãâëå «¨−¨© ®âáãâáâ¢ãîâ. �à¨ ¢®§−¨ª−®-
¢¥−¨¨ �¢�à¨¨ ¢ â�ª®© á¥â¨ âà¨ ¯®âà¥¡¨â¥«ï, ®â¬¥ç¥−−ë¥ èâà¨å®¢ë¬¨ áâà¥«ª�¬¨,
®ª�§ë¢�îâáï ®¡¥áâ®ç¥−ë. ‘¯à�¢� −� à¨á. 1 ¯®ª�§�−� á¨âã�æ¨ï ¢®ááâ�−®¢«¥−¨ï
í«¥ªâà®á−�¡¦¥−¨ï, ª®£¤� ¢á¥å âà¥å ®¡¥áâ®ç¥−−ëå ¯®âà¥¡¨â¥«¥© −¥«ì§ï §�¯¨â�âì
®â ®¤−®© «¨−¨¨ í«¥ªâà®¯¥à¥¤�ç ¨§-§� ¢®§−¨ª�îé¥© ¯¥à¥£àã§ª¨. ‚ íâ®¬ á«ãç�¥
¯®£�è¥−−ë© ãç�áâ®ª à�§¤¥«¥− −� ¤¢¥ ç�áâ¨ à�§¬ëª�−¨¥¬ §�¬ª−ãâ®£® ¢ −®à¬�«ì-
−®¬ á®áâ®ï−¨¨ ¯¥à¥ª«îç�â¥«ï. �®á«¥ íâ®£® áâ�−®¢¨âáï ¢®§¬®¦−ë¬ §�¯¨â�âì
®¡¥áâ®ç¥−−ëå ¯®âà¥¡¨â¥«¥© ®â à�§−ëå «¨−¨© à�¡®ç¥© ç�áâ¨ á¥â¨.

’�ª®¥ ú¨£à®¢®¥û ¯«�−¨à®¢�−¨¥ ¢®ááâ�−®¢«¥−¨ï í−¥à£®á¨áâ¥¬ë ¬®¦¥â ¨á¯®«ì-
§®¢�âìáï ¤«ï â¥áâ¨à®¢�−¨ï ¬¥â®¤®¢ ®¯â¨¬¨§�æ¨¨ á æ¥«ìî ¯®á«¥¤ãîé¥© ªàã¯−®-
¨«¨ ¬¥«ª®§¥à−¨áâ®© ¨å £¨¡à¨¤¨§�æ¨¨ ¤«ï à¥è¥−¨ï ¯à®¡«¥¬ë ¯«�−¨à®¢�−¨ï
¢®ááâ�−®¢«¥−¨ï í−¥à£®á¨áâ¥¬ë (��‚�). �¥§ £¨¡à¨¤¨§�æ¨¨ ¬¥â®¤ë ¨£à®¢®£®
¯«�−¨à®¢�−¨ï −¥ à¥«¥¢�−â−ë ��‚� ¨§-§� áãé¥áâ¢¥−−® ¡®«ìè¥£® ç¨á«� â¨-
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¯®¢ ®¡ê¥ªâ®¢ ¨ ¨å á¢®©áâ¢, ª®â®àë¥ −¥®¡å®¤¨¬® ãç¨âë¢�âì ¤«ï ¯®áâà®¥−¨ï
¤®¯ãáâ¨¬®£® ¯«�−�, � â�ª¦¥ å�à�ªâ¥à−ëå ¤«ï ��‚� �…-ä�ªâ®à®¢ ¢ á¬ëá«¥
�. ‘. ��à¨−ìï−¨ [13]. “¢¥«¨ç¥−¨¥ ç¨á«� â¨¯®¢ ¬®¤¥«¨àã¥¬ëå ®¡ê¥ªâ®¢ á¢ï§�−®,
−�¯à¨¬¥à, á −¥¢®§¬®¦−®áâìî ¤¨áâ�−æ¨®−−ëå ¯¥à¥ª«îç¥−¨© ¢ ç�áâ¨ í«¥ªâà®á¥â¨,
−�«¨ç¨ï à�á¯à¥¤¥«¥−−®© £¥−¥à�æ¨¨ ¨ �ªâ¨¢−ëå ¯®âà¥¡¨â¥«¥©, −¥®¡å®¤¨¬®áâìî
ãç¥â� ä¨§¨ç¥áª¨å ¯à®æ¥áá®¢ ¢ í«¥ªâà®á¥â¨. Š ç¨á«ã �…-ä�ªâ®à®¢ ��‚� ¬®¦−®
®â−¥áâ¨, −�¯à¨¬¥à, á«¥¤ãîé¨¥: −¥¤®®¯à¥¤¥«¥−−®áâì ¬¥áâ� �¢�à¨¨ −� ¬®¬¥−â
¯«�−¨à®¢�−¨ï ¢®ááâ�−®¢«¥−¨ï; −¥â®ç−®áâì ¢¥«¨ç¨−ë ¬®é−®áâ¨, ¯®âà¥¡«ï¥¬®©
ª�¦¤ë¬ ª«¨¥−â®¬ ¨ £¥−¥à¨àã¥¬®© ª�¦¤ë¬ ¨áâ®ç−¨ª®¬ à�á¯à¥¤¥«¥−−®© £¥−¥à�-
æ¨¨; −¥ç¥âª®áâì ¢à¥¬¥−¨ ¢ë¯®«−¥−¨ï ®¯¥à�æ¨© ¯® ¢®ááâ�−®¢«¥−¨î í«¥¬¥−â®¢
í«¥ªâà®á¥â¨; −¥ª®àà¥ªâ−®áâì à�¡®âë ¤�âç¨ª®¢ �¢�à¨©−®£® à¥¦¨¬�; −¥¯®«−®â�
¬®¤¥«¨ í«¥ªâà®á¥â¨.

�� ®á−®¢¥ �−�«¨§� à�¡®â [2, 12, 14{16], ¯®á¢ïé¥−−ëå ¯«�−¨à®¢�−¨î ¢®ááâ�-
−®¢«¥−¨ï à�á¯à¥¤¥«¨â¥«ì−®© í«¥ªâà®á¥â¨ ¯®á«¥ �¢�à¨©, ¡ë«� áä®à¬ã«¨à®¢�−�
��‚�, á®áâ®ïé�ï ¢ à�§à�¡®âª¥ ¯«�−� ¢®ááâ�−®¢«¥−¨ï í−¥à£®á¨áâ¥¬ë, ¢ª«îç�-
îé¥£® ¢ á¥¡ï ¯®á«¥¤®¢�â¥«ì−®áâì ¢ª«îç¥−¨ï ¨ ¢ëª«îç¥−¨ï ¯¥à¥ª«îç�â¥«¥©,
¯®á«¥¤®¢�â¥«ì−®áâì ¯®¥§¤®ª à¥¬®−â−ëå ¡à¨£�¤ ¤«ï ¢ë¯®«−¥−¨ï ¯¥à¥ª«îç¥−¨©
¨ ¢®ááâ�−®¢¨â¥«ì−ëå à�¡®â.

ˆáå®¤−ë¥ ¤�−−ë¥ ¤«ï ��‚�:

{ í«¥¬¥−âë í«¥ªâà®á¥â¨;

{ ¬−®¦¥áâ¢�:

(1) ®â−®è¥−¨© ¨−æ¨¤¥−â−®áâ¨ ¬¥¦¤ã í«¥¬¥−â�¬¨ í«¥ªâà®á¥â¨, ¬−®¦¥áâ¢®
à�á¯®«®¦¥−¨©;

(2) ¬�àèàãâ®¢ ¯à®¥§¤� ¬¥¦¤ã à�á¯®«®¦¥−¨ï¬¨;

(3) à¥¬®−â−ëå ¡à¨£�¤;

(4) âà�−á¯®àâ−ëå áà¥¤áâ¢, à¥áãàá®¢ ¤«ï ¢®ááâ�−®¢«¥−¨ï í«¥ªâà®á¥â¨, ¤¥©-
áâ¢¨© ¯® ¢®ááâ�−®¢«¥−¨ï í«¥ªâà®á¥â¨.

Šà¨â¥à¨¨ ®¯â¨¬�«ì−®áâ¨ ¯«�−�:

{ ¬¨−¨¬¨§�æ¨ï ¢à¥¬¥−¨ ®âª«îç¥−¨ï ¯à¨®à¨â¥â−®© −�£àã§ª¨;

{ ¬�ªá¨¬¨§�æ¨ï ®¡é¥© ¢®ááâ�−®¢«¥−−®© ¬®é−®áâ¨ −�£àã§ª¨;

{ ¬�ªá¨¬¨§�æ¨ï ¯®ª�§�â¥«ï −�¤¥¦−®áâ¨ í−¥à£®á¨áâ¥¬ë (ãáâ®©ç¨¢®áâ¨ ª ¯®á«¥-
¤ãîé¨¬ �¢�à¨ï¬).

�£à�−¨ç¥−¨ï −� ¯«�−:

{ á®åà�−¥−¨¥ à�¤¨�«ì−®© áâàãªâãàë á¥â¨ §�¯¨â�−−ëå «¨−¨©;

{ ¤«ï ª�¦¤®© «¨−¨¨ áã¬¬�à−�ï ¢¥«¨ç¨−� −�£àã§®ª, ª®â®àë¥ ¯¨â�îâáï ®â ¨á-
â®ç−¨ª� à�á¯à¥¤¥«¥−−®© £¥−¥à�æ¨¨ ç¥à¥§ −¥¥, −¥ ¤®«¦−� ¯à¥¢ëè�âì ¥¥ ¯à®-
¯ãáª−ãî á¯®á®¡−®áâì;

{ á®¡«î¤¥−¨¥ ¡�«�−á� �ªâ¨¢−®© ¨ à¥�ªâ¨¢−®© ¬®é−®áâ¨;
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{ ¢¥«¨ç¨−ë −�¯àï¦¥−¨ï ¨ ç�áâ®âë ¤®«¦−ë «¥¦�âì ¢ ¤®¯ãáâ¨¬ëå ¯à¥¤¥«�å;

{ ¯®âà¥¡¨â¥«¨, −¥ §�âà®−ãâë¥ ¯¥à¢®−�ç�«ì−ë¬ ®âª«îç¥−¨¥¬, −¥ ¤®«¦−ë ®â-
ª«îç�âìáï ¢ à¥§ã«ìâ�â¥ ¯¥à¥ª«îç¥−¨©;

{ ¢ë¯®«−¥−¨¥ à�¡®â ¡à¨£�¤�¬¨ á á®®â¢¥âáâ¢ãîé¨¬ ¤®¯ãáª®¬ ¯à¨ −�«¨ç¨¨ ¢ ¨å
âà�−á¯®àâ−®¬ áà¥¤áâ¢¥ −¥®¡å®¤¨¬ëå à¥áãàá®¢;

{ ¢¬¥áâ¨¬®áâì âà�−á¯®àâ−®£® áà¥¤áâ¢�;

{ à�¡®ç¥¥ ¢à¥¬ï ¡à¨£�¤;

{ âà�−á¯®àâ−ë¥ áà¥¤áâ¢� ¤®«¦−ë ¢¥à−ãâìáï −� ¡�§ã;

{ ¯à¨ ¯à¨−ã¤¨â¥«ì−®¬ à�§¤¥«¥−¨¨ í−¥à£®á¨áâ¥¬ë −� ®áâà®¢� «¨−¨¨ á¢ï§¨ ¬¥¦¤ã
®áâà®¢�¬¨ ¤®«¦−ë ¨¬¥âì ®¡®àã¤®¢�−¨¥ á¨−åà®−¨§�æ¨¨ ¤«ï ¯®á«¥¤ãîé¥£®
®¡ê¥¤¨−¥−¨ï ®áâà®¢®¢.

‚ á®®â¢¥âáâ¢¨¨ á ¯à®¡«¥¬−®-áâàãªâãà−®© ¬¥â®¤®«®£¨¥© �. ‚. Š®«¥á−¨ª®¢� [5]
íâ� ¯à®¡«¥¬� ¡ë«� à¥¤ãæ¨à®¢�−� ¢ ¤¥ª®¬¯®§¨æ¨î, á®¤¥à¦�éãî á«¥¤ãîé¨¥
§�¤�ç¨:

(1) «®ª�«¨§�æ¨ï ¬¥áâ� �¢�à¨¨ á ãç¥â®¬ ¢®§¬®¦−®áâ¨ ®âª�§� ¤�âç¨ª®¢ �¢�à¨©−®£®
à¥¦¨¬�, ¤«ï à¥è¥−¨ï ª®â®à®© −¥®¡å®¤¨¬ë §−�−¨ï ¨−¦¥−¥à� ¯® à¥«¥©−®©
§�é¨â¥ ¨ �¢â®¬�â¨ª¥;

(2) ®¯¥à�â¨¢−®¥ ¨ ªà�âª®áà®ç−®¥ ¯à®£−®§¨à®¢�−¨¥ �ªâ¨¢−®© ¨ à¥�ªâ¨¢−®© ¬®é-
−®áâ¥©, ¯®âà¥¡«ï¥¬ëå ª�¦¤ë¬ ª«¨¥−â®¬ ¯®á«¥ ¯®¤ª«îç¥−¨ï ª á¥â¨, ¤«ï
à¥è¥−¨ï ª®â®à®© −¥®¡å®¤¨¬ë §−�−¨ï ¨−¦¥−¥à� ¯® �−�«¨§ã ¨ ¯à®£−®§¨à®¢�-
−¨î à¥¦¨¬®¢ í−¥à£®¯®âà¥¡«¥−¨ï;

(3) ®æ¥−ª� âà¥¡®¢�−¨© ª ¢ë¯®«−¥−¨î ¤¥©áâ¢¨© ¯® ¢®ááâ�−®¢«¥−¨î í«¥¬¥−â®¢
í«¥ªâà®á¥â¨, ¤«ï à¥è¥−¨ï ª®â®à®© −¥®¡å®¤¨¬ë §−�−¨ï ¨−¦¥−¥à� ¯® à¥¬®−âã
í−¥à£¥â¨ç¥áª®£® ®¡®àã¤®¢�−¨ï;

(4) ¯®áâà®¥−¨¥ ¬�àèàãâ®¢ ¢ë¥§¤−ëå ¡à¨£�¤ ¤«ï ¢ë¯®«−¥−¨ï ¯¥à¥ª«îç¥−¨©
¨ ¢®ááâ�−®¢«¥−¨ï ¯®¢à¥¦¤¥−−®£® ®¡®àã¤®¢�−¨ï (�ªâã�«ì−ë §−�−¨ï −�ç�«ì-
−¨ª� à�©®−� í«¥ªâà¨ç¥áª¨å á¥â¥©);

(5) ®¯à¥¤¥«¥−¨¥ ¯®àï¤ª� ¯¥à¥ª«îç¥−¨©, ¤«ï à¥è¥−¨ï ª®â®à®© −¥®¡å®¤¨¬ë
§−�−¨ï ¨−¦¥−¥à� ¯® ®¯¥à�â¨¢−ë¬ à¥¦¨¬�¬ ®à£�−¨§�æ¨¨ í«¥ªâà®í−¥à£¥â¨ª¨;

(6) á®áâ�¢«¥−¨¥ ¯«�−� ¢®ááâ�−®¢«¥−¨ï | §�¤�ç� ª®®à¤¨−�æ¨¨ ¯à®¬¥¦ãâ®ç−ëå
à¥è¥−¨© ¨ ¨−â¥£à�æ¨¨ ç�áâ−ëå à¥è¥−¨© §�¤�ç, ¤«ï à¥è¥−¨ï ª®â®à®© −¥-
®¡å®¤¨¬ë §−�−¨ï ¤¨á¯¥âç¥à� à¥£¨®−�«ì−®£® ®¯¥à�â¨¢−®-â¥å−®«®£¨ç¥áª®£®
ã¯à�¢«¥−¨ï.

„«ï à¥è¥−¨ï ��‚� ¯à¥¤«�£�¥âáï ¬®¤¥«¨à®¢�âì ª®««¥ªâ¨¢−®¥ ¯à¨−ïâ¨¥ à¥-
è¥−¨© ®¯¥à�â¨¢−ë¬ ¯¥àá®−�«®¬ í−¥à£®á−�¡¦�îé¥© ®à£�−¨§�æ¨¨, í−¥à£¥â¨ª�¬¨,
«®£¨áâ�¬¨, á¯¥æ¨�«¨áâ�¬¨ ¯® ®åà�−¥ âàã¤� ¯®áà¥¤áâ¢®¬ ƒˆŒ‘ƒŒ.
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3 Функциональная структура гибридной интеллектуальной
многоагентной системы гетерогенного мышления

„«ï ª®¬¯ìîâ¥à−®£® ¬®¤¥«¨à®¢�−¨ï ¬¥â®¤®¢ £¥â¥à®£¥−−®£® ¬ëè«¥−¨ï ¢ ¬�-
«®¬ ª®««¥ªâ¨¢¥ íªá¯¥àâ®¢ ¯à¥¤«�£�¥âáï äã−ªæ¨®−�«ì−�ï áâàãªâãà� ƒˆŒ‘ƒŒ,
¯à¥¤áâ�¢«¥−−�ï −� à¨á. 2, | £¨¡à¨¤−�ï ¨−â¥««¥ªâã�«ì−�ï ¬−®£®�£¥−â−�ï á¨á-
â¥¬� [17], à�áè¨à¥−−�ï �£¥−â®¬-ä�á¨«¨â�â®à®¬, ®à£�−¨§ãîé¨¬ ª®««¥ªâ¨¢−ë¥
¯à®æ¥ááë, ¨ á®®â¢¥âáâ¢ãîé¨¬¨ ®â−®è¥−¨ï¬¨ ¬¥¦¤ã −¨¬ ¨ �£¥−â�¬¨ ¯®¤á¨áâ¥¬ë
à¥è¥−¨ï §�¤�ç¨.

ˆ−â¥àä¥©á−ë© �£¥−â ®â¢¥ç�¥â §� ¢§�¨¬®¤¥©áâ¢¨¥ á ¯®«ì§®¢�â¥«¥¬: §�¯à�è¨-
¢�¥â ¢å®¤−ë¥ ¤�−−ë¥ ¨ ¢ë¤�¥â à¥§ã«ìâ�â, � â�ª¦¥ ¢¨§ã�«¨§¨àã¥â ¯à®æ¥áá à¥è¥−¨ï
¯à®¡«¥¬ë.

÷¨á. 2 ”ã−ªæ¨®−�«ì−�ï áâàãªâãà� ƒˆŒ‘ƒŒ: 1 | ®â−®è¥−¨ï �£¥−â®¢: §�¯à®áë
¨−ä®à¬�æ¨¨, ¯¥à¥¤�ç� à¥§ã«ìâ�â®¢ ¨å à¥è¥−¨ï; 2 | ®â−®è¥−¨ï �£¥−â®¢: §�¯à®áë
¯®¬®é¨ ¢ à¥è¥−¨¨ §�¤�ç; 3 | ®â−®è¥−¨ï ä�á¨«¨â�æ¨¨; 4 | ¢§�¨¬®¤¥©áâ¢¨¥ (¯®«ãç¥−¨¥
á¢¥¤¥−¨© ¨§ ¬®¤¥«¨, ®¡−®¢«¥−¨¥ ¬®¤¥«¨) �£¥−â®¢ á ¬®¤¥«ìî ¯à¥¤¬¥â−®© ®¡«�áâ¨
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”ã−ªæ¨®−�«ì−�ï áâàãªâãà� ƒˆŒ‘ƒŒ ¤«ï à¥è¥−¨ï ¯à®¡«¥¬ë ¢®ááâ�−®¢«¥−¨ï á¥â¨

�£¥−â, ¯à¨−¨¬�îé¨© à¥è¥−¨ï, ¬®¤¥«¨àãîé¨© à�¡®âã −�ç�«ì−¨ª� æ¥−âà�«ì-
−®© ¤¨á¯¥âç¥àáª®© á«ã¦¡ë à¥£¨®−�«ì−®£® ¤¨á¯¥âç¥àáª®£® ã¯à�¢«¥−¨ï, áâ�¢¨â
§�¤�ç¨ �£¥−â�¬-íªá¯¥àâ�¬, á®¡¨à�¥â à¥§ã«ìâ�âë à�¡®âë, ®¯à¥¤¥«ï¥â, ¤®áâ¨£−ãâ
«¨ ªà¨â¥à¨© ®áâ�−®¢�, ¨ «¨¡® ¯à¨−¨¬�¥â ¨â®£®¢®¥ à¥è¥−¨¥, «¨¡® §�¯ãáª�¥â −®¢ãî
¨â¥à�æ¨î ¯à®æ¥áá� à¥è¥−¨ï ¯à®¡«¥¬ë.

�£¥−âë-íªá¯¥àâë: �£¥−â à¥«¥©−®© §�é¨âë, �£¥−â ¯à®£−®§� à¥¦¨¬®¢ í−¥à-
£®¯®âà¥¡«¥−¨ï, �£¥−â à¥¬®−â� ®¡®àã¤®¢�−¨ï, �£¥−â à�©®−� í«¥ªâà®á¥â¨, �£¥−â
®¯¥à�â¨¢−ëå à¥¦¨¬®¢; �£¥−â-¤¨á¯¥âç¥à | ¨¬¥ï §−�−¨ï ® á®®â¢¥âáâ¢ãîé¥© á¢®¥©
úá¯¥æ¨�«ì−®áâ¨û ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¨ ¬®¤¥«¨àãï ®¯à¥¤¥«¥−−ë© ¢¨¤ ¬ëè«¥−¨ï,
£¥−¥à¨àã¥â à¥è¥−¨ï.

�£¥−â-¯®áà¥¤−¨ª ¢ë¯®«−ï¥â á«ã¦¥¡−ãî à�¡®âã ¯® ®âá«¥¦¨¢�−¨î ¨¬¥−, ¬®-
¤¥«¥© ¨ ¢®§¬®¦−®áâ¥© §�à¥£¨áâà¨à®¢�−−ëå �£¥−â®¢.

�£¥−âë-à¥è�â¥«¨ ¢ ¢¥àå−¥© ç�áâ¨ à¨á. 2 ¢¬¥áâ¥ á �£¥−â®¬-¯à¥®¡à�§®¢�â¥-
«¥¬ à¥�«¨§ãîâ £¨¡à¨¤−ãî á®áâ�¢«ïîéãî ƒˆŒ‘ƒŒ, ª®¬¡¨−¨àãï à�§−®à®¤−ë¥
§−�−¨ï, ¬¥â®¤ë, ¬®¤¥«¨ ¨ �«£®à¨â¬ë à¥è¥−¨ï §�¤�ç. Œ®¤¥«ì ¯à¥¤¬¥â−®©
®¡«�áâ¨ | á¥¬�−â¨ç¥áª�ï á¥âì, ®á−®¢� ¢§�¨¬®¤¥©áâ¢¨ï �£¥−â®¢, áâà®¨âáï ¯®
ª®−æ¥¯âã�«ì−®© ¬®¤¥«¨ à¥è�¥¬®© §�¤�ç¨.

Š«îç¥¢®¥ ®â«¨ç¨¥ ƒˆŒ‘ƒŒ ®â £¨¡à¨¤−ëå ¨−â¥««¥ªâã�«ì−ëå ¬−®£®�£¥−â-
−ëå á¨áâ¥¬ [17] | −�«¨ç¨¥ �£¥−â�-ä�á¨«¨â�â®à�, ª®â®àë© ®â¢¥ç�¥â §� ®à£�−¨§�-
æ¨î íää¥ªâ¨¢−®© ª®««¥ªâ¨¢−®© à�¡®âë �£¥−â®¢: ¨¤¥−â¨ä¨æ¨àã¥â íâ�¯ë ¯à®æ¥áá�
à¥è¥−¨ï ¯à®¡«¥¬ë, á®áâ�¢ �£¥−â®¢-íªá¯¥àâ®¢ ¨ ¨å úáâ¨«ì ¬ëè«¥−¨ïû, á«®¦¨¢-
èãîáï á¨âã�æ¨î ¢ ƒˆŒ‘ƒŒ, ¢®§−¨ª�îé¨¥ ¯®«®¦¨â¥«ì−ë¥ ¨ ®âà¨æ�â¥«ì−ë¥
£àã¯¯®¢ë¥ íää¥ªâë, ¢®§¤¥©áâ¢ã¥â −� �£¥−â®¢-íªá¯¥àâ®¢, çâ®¡ë �ªâ¨¢¨à®¢�âì
à¥«¥¢�−â−ë© á¨âã�æ¨¨ úáâ¨«ì ¬ëè«¥−¨ïû, ¬¨−¨¬¨§¨à®¢�âì ®âà¨æ�â¥«ì−ë¥ íä-
ä¥ªâë ¨ ãá¨«¨âì ¯®«®¦¨â¥«ì−ë¥, ¨á¯®«ì§ãï áà¥¤¨ ¯à®ç¥£® ¬®¤¥«ì úà®¬¡� £àã¯-
¯®¢®£® ¯à¨−ïâ¨ï à¥è¥−¨©û [9]. ‘®£«�á−® íâ®© ¬®¤¥«¨ ¯à®æ¥áá à¥è¥−¨ï ¯à®¡«¥¬ë
ƒˆŒ‘ƒŒ ¯à®å®¤¨â âà¨ áâ�¤¨¨: ¤¨¢¥à£¥−â−®£® ¬ëè«¥−¨ï, ¡ãà«¥−¨ï ¨ ª®−-
¢¥à£¥−â−®£® ¬ëè«¥−¨ï. �� áâ�¤¨¨ ¤¨¢¥à£¥−â−®£® ¬ëè«¥−¨ï �£¥−âë-íªá¯¥àâë
£¥−¥à¨àãîâ ¬−®¦¥áâ¢® ¢�à¨�−â®¢ à¥è¥−¨ï ¯à®¡«¥¬ë, � �£¥−â-ä�á¨«¨â�â®à áâ¨-
¬ã«¨àã¥â ¨å ¢ëà�¡®âªã á®®â¢¥âáâ¢ãîé¨¬¨ ¬¥â®¤�¬¨ [18]. ‚ á«ãç�¥ ¥á«¨ ¤�¦¥
á ¯à¨¬¥−¥−¨¥¬ ¬¥â®¤®¢ ¤¨¢¥à£¥−â−®£® ¬ëè«¥−¨ï ¯à®â¨¢®à¥ç¨© −¥ ¢®§−¨ª�¥â,
â. ¥. §�¤�ç� ¨¬¥¥â ®ç¥¢¨¤−®¥ à¥è¥−¨¥, ¯à®æ¥áá §�¢¥àè�¥âáï. ‚ ¯à®â¨¢−®¬ á«ãç�¥
¬¥¦¤ã �£¥−â�¬¨ ƒˆŒ‘ƒŒ ¢®§−¨ª�îâ ª®−ä«¨ªâë ¯® ¯®¢®¤ã §−�−¨©, ã¡¥¦¤¥−¨©,
¬−¥−¨©, â. ¥. á¢®¥£® à®¤� ª®£−¨â¨¢−ë© ª®−ä«¨ªâ [18, 19]. Š®−ä«¨ªâ | ®â«¨ç¨-
â¥«ì−�ï ç¥àâ� áâ�¤¨¨ ¡ãà«¥−¨ï, ¯®§¢®«ïîé�ï �£¥−âã-ä�á¨«¨â�â®àã ¯à¨−ïâì ¬¥àë
¯® á¡«¨¦¥−¨î â®ç¥ª §à¥−¨ï �£¥−â®¢. �� áâ�¤¨¨ ª®−¢¥à£¥−â−®£® ¬ëè«¥−¨ï �£¥−-
âë á®¢¬¥áâ−® ¯¥à¥ä®à¬ã«¨àãîâ, ¤®à�¡�âë¢�îâ ¯à¥¤«®¦¥−−ë¥ à¥è¥−¨ï, ¯®ª� −¥
¯®«ãç�â ª®««¥ªâ¨¢−®¥ à¥è¥−¨¥, à¥«¥¢�−â−®¥ à�§−®®¡à�§¨î ¬®¤¥«¥© íªá¯¥àâ®¢
ƒˆŒ‘ƒŒ.

„«ï ã¯à�¢«¥−¨ï ª®««¥ªâ¨¢−®© à�¡®â®© �£¥−â®¢-íªá¯¥àâ®¢ ƒˆŒ‘ƒŒ �£¥−â-
ä�á¨«¨â�â®à ¤®«¦¥− ¨¬¥âì −¥ç¥âªãî ¡�§ã §−�−¨© ® à¥«¥¢�−â−®áâ¨ úáâ¨«¥© ¬ëè-
«¥−¨ïû �£¥−â®¢ à�§«¨ç−ë¬ á¨âã�æ¨ï¬ ¯à¨−ïâ¨ï à¥è¥−¨© ¢ ƒˆŒ‘ƒŒ, � ¬¥-
â®¤®¢ | à�§«¨ç−ë¬ ®á®¡¥−−®áâï¬ ¯à®¡«¥¬ ¨ áâ�¤¨ï¬ ¯à®æ¥áá� ª®««¥ªâ¨¢−®£®
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¯à¨−ïâ¨ï à¥è¥−¨©. „«ï ä®à¬¨à®¢�−¨ï â�ª®© ¡�§ë §−�−¨© −¥®¡å®¤¨¬® ¯à®¢¥á-
â¨ á¥à¨î ¢ëç¨á«¨â¥«ì−ëå íªá¯¥à¨¬¥−â®¢ ¯® à¥è¥−¨î ¯à®¡«¥¬ ¨§ à�§«¨ç−ëå
ª«�áá®¢ [5] ¨ ãáâ�−®¢¨âì á®®â¢¥âáâ¢¨¥ ¬¥¦¤ã ª«�áá®¬ ¯à®¡«¥¬ ¨ à¥«¥¢�−â−ë¬¨
¯®¤å®¤�¬¨ ª ®à£�−¨§�æ¨¨ £¥â¥à®£¥−−®£® ¬ëè«¥−¨ï.

�à¥¤«�£�¥¬ë© ª«�áá ƒˆŒ‘ƒŒ ®¡¥á¯¥ç¨¢�¥â ª®¬¡¨−¨à®¢�−¨¥ à¥¯à¥§¥−â�-
æ¨¨ −¥®¤−®à®¤−®© äã−ªæ¨®−�«ì−®© áâàãªâãàë á«®¦−®© §�¤�ç¨ (¯à®¡«¥¬ë) á £¥-
â¥à®£¥−−ë¬ ª®««¥ªâ¨¢−ë¬ ¬ëè«¥−¨¥¬ ¨−â¥««¥ªâã�«ì−ëå �£¥−â®¢, çâ® á®§¤�¥â
ãá«®¢¨ï ¤«ï à¥è¥−¨ï ¯à®¡«¥¬ ¡¥§ ã¯à®é¥−¨ï ¨ ¨¤¥�«¨§�æ¨¨ ¢ ãá«®¢¨ïå ¤¨−�¬¨-
ç¥áª®© áà¥¤ë. ‚ ®â«¨ç¨¥ ®â âà�¤¨æ¨®−−ëå �¡áâà�ªâ−®-¬�â¥¬�â¨ç¥áª¨å ¬®¤¥«¥©,
¯à¨¬¥−ï¥¬ëå ¤«ï à¥è¥−¨ï ¯à®¡«¥¬ ¢ ãá«®¢¨ïå ¯®¤®¡−ëå áà¥¤, ¢ ç�áâ−®áâ¨
¯à®¡«¥¬ë ¯«�−¨à®¢�−¨ï ¢®ááâ�−®¢«¥−¨ï í«¥ªâà®á¥â¨ ¯®á«¥ ¬�áèâ�¡−ëå �¢�à¨©,
ƒˆŒ‘ƒŒ ¡«�£®¤�àï ¤®áâ�â®ç−®¬ã §�¯�áã ª®¬¯®−¥−â®¢ ¨ á�¬®®à£�−¨§�æ¨¨ ¨¬¥-
îâ à�§¢¨âë¥ ¢®§¬®¦−®áâ¨ ¨ áà¥¤áâ¢� �¤�¯â�æ¨¨ ª ¨§¬¥−¥−¨ï¬ áà¥¤ë, ¢ â®¬ ç¨á«¥
¯ãâ¥¬ ¬®¤¨ä¨ª�æ¨¨ á¢®¥© áâàãªâãàë ¨ ¯�à�¬¥âà®¢.

4 Заключение

÷�áá¬®âà¥−ë ®á®¡¥−−®áâ¨ à¥è¥−¨ï ¯à®¡«¥¬ ¢ ãá«®¢¨ïå ¤¨−�¬¨ç¥áª¨å áà¥¤
−� ¯à¨¬¥à¥ ¯à®¡«¥¬ë ¯«�−¨à®¢�−¨ï ¢®ááâ�−®¢«¥−¨ï í«¥ªâà®á−�¡¦¥−¨ï ¢ à¥£¨®-
−�«ì−®© à�á¯à¥¤¥«¨â¥«ì−®© í«¥ªâà®á¥â¨ ¯®á«¥ ¬�áèâ�¡−ëå �¢�à¨©. �à¥¤«®¦¥−�
äã−ªæ¨®−�«ì−�ï áâàãªâãà� ƒˆŒ‘ƒŒ ¤«ï à¥è¥−¨ï ¤�−−®© §�¤�ç¨, à�áá¬®âà¥−®
−�§−�ç¥−¨¥ ¥¥ ®á−®¢−ëå í«¥¬¥−â®¢, çâ® ¢ æ¥«®¬ ¯¥à¥¬¥é�¥â ¨¬¨â�æ¨î ª®««¥ª-
â¨¢−®© à�¡®âë ¢ ®¡«�áâì á¨−¥à£¥â¨ç¥áª®© ¨−ä®à¬�â¨ª¨, ª®£¤� ¤«ï ¯®«ãç¥−¨ï
à¥§ã«ìâ�â�, ¡®«ìè¥£®, ç¥¬ áã¬¬� à�¡®â, ¢ë¯®«−ï¥¬ëå ¨−¤¨¢¨¤ã�«ì−® ®â¤¥«ì−ë-
¬¨ �£¥−â�¬¨, −¥®¡å®¤¨¬® ¨å ¢§�¨¬®¤¥©áâ¢¨¥. �à¨¬¥−¥−¨¥ ¬¥â®¤®¢ £¥â¥à®£¥−−®£®
¬ëè«¥−¨ï ¢ â�ª¨å á¨áâ¥¬�å à¥«¥¢�−â−® ¬®¤¥«¨àã¥â íää¥ªâ¨¢−ë¥ ¯à�ªâ¨ª¨
ª®««¥ªâ¨¢−®£® à¥è¥−¨ï ¯à®¡«¥¬. ‚−¥¤à¥−¨¥ â�ª¨å á¨áâ¥¬ ¢ ¯à�ªâ¨ªã ®¯¥à�â¨¢-
−®-¤¨á¯¥âç¥àáª®£® ã¯à�¢«¥−¨ï ¯®§¢®«¨â ¢ëà�¡�âë¢�âì à¥è¥−¨ï ¢ ¯à®¡«¥¬−ëå
á¨âã�æ¨ïå á«®¦−ëå ¤¨−�¬¨ç¥áª¨å áà¥¤ à¥£¨®−�«ì−ëå í«¥ªâà®á¥â¥©.
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Abstract: The problems arising in the operational and dispatching management
of regional power grids are characterized by heterogeneity, partial observability
of the control object, as well as its dynamic nature, which determines the
interdependence of the actions performed and the complexity of correcting
erroneous decisions. Traditional abstract-mathematical models are limited and
irrelevant to such dynamic environments and, therefore, teams of experts of
different specialties are involved but due to the limited time for decision-making,
it is not possible to organize comprehensive collective problem solving process.
The new class of intelligent systems that simulate collective decision-making
under the guidance of the facilitator, who manages the discussion, namely,
hybrid intelligent multiagent systems of heterogeneous thinking, is proposed to
solve such problems. The paper deals with the functional structure of such system
to solve the problem of restoring the distribution power grid after large-scale
accidents.

Keywords: heterogeneous thinking; hybrid intelligent multiagent system; the
problem of restoring the distribution power grid
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ИНФОРМАЦИОННАЯ ПОДДЕРЖКА ИНТЕГРАЦИОННОЙ
ПЛАТФОРМЫ МНОГОМАСШТАБНОГО МОДЕЛИРОВАНИЯ∗

К. К. Абгарян1, Е. С. Гаврилов2

�−−®â�æ¨ï: ÷�áá¬®âà¥−ë ¢®¯à®áë ¯®¨áª� íää¥ªâ¨¢−ëå à¥è¥−¨© ¢ ®¡«�áâ¨
¢ëç¨á«¨â¥«ì−®£® ¬�â¥à¨�«®¢¥¤¥−¨ï, ª®â®àë¥ áãé¥áâ¢¥−−® §�¢¨áïâ ®â ¢®§¬®¦-
−®áâ¨ §� ®£à�−¨ç¥−−®¥ ¢à¥¬ï ¯à®¢¥áâ¨ ¬−®£®ä�ªâ®à−ë© �−�«¨§ �â®¬−®-ªà¨á-
â�««¨ç¥áª¨å ¨ ª¢�−â®¢ëå á¢®©áâ¢ −®¢ëå ¬�â¥à¨�«®¢. „«ï â�ª®£® ª«�áá�
§�¤�ç ¢ à�¡®â¥ ¯à¨¬¥−ï¥âáï â¥å−®«®£¨ï ¬−®£®¬�áèâ�¡−®£® ¬®¤¥«¨à®¢�−¨ï,
ª®â®à�ï ¯à¥¤¯®«�£�¥â ¯à¨¬¥−¥−¨¥ à�á¯à¥¤¥«¥−−ëå ¢ëç¨á«¥−¨© −� ¢ëá®ª®-
¯à®¨§¢®¤¨â¥«ì−ëå ¯à®£à�¬¬−ëå ª®¬¯«¥ªá�å. �¥§ ¢¥à¨ä¨ª�æ¨¨ ¯®«ãç¥−−ëå
à¥§ã«ìâ�â®¢ ¯à¥¤áª�§�â¥«ì−®£® ¬®¤¥«¨à®¢�−¨ï ¯® íªá¯¥à¨¬¥−â�«ì−ë¬ ¤�−-
−ë¬ −¥ ¯à¥¤áâ�¢«ï¥âáï ¢®§¬®¦−ë¬ á®§¤�¢�âì �¤¥ª¢�â−ë¥ ¬−®£®¬�áèâ�¡−ë¥
¬®¤¥«¨, ®âà�¦�îé¨¥ áãé−®áâì à¥�«ì−ëå ¬−®£®¬�áèâ�¡−ëå ¯à®æ¥áá®¢, ª®-
â®àë¥ ¯à®å®¤ïâ ¯à¨ ¯®«ãç¥−¨¨ −®¢ëå ¬�â¥à¨�«®¢. ‚�¦−ë¬ ä�ªâ®à®¬ ¯à¨
¯à�ªâ¨ç¥áª®© à¥�«¨§�æ¨¨ ¯à¥¤áâ�¢«¥−−ëå ¯®¤å®¤®¢ ¢ëáâã¯�¥â à�§à�¡®âª�
¬−®£®ª®¬¯®−¥−â−ëå ¨−â¥£à¨à®¢�−−ëå ¯à®£à�¬¬−ëå ª®¬¯«¥ªá®¢ ¤«ï ¨−ä®à-
¬�æ¨®−−®© ¯®¤¤¥à¦ª¨ ¬−®£®¬�áèâ�¡−®£® ¬®¤¥«¨à®¢�−¨ï.

Š«îç¥¢ë¥ á«®¢�: ¬−®£®¬�áèâ�¡−®¥ ¬®¤¥«¨à®¢�−¨¥; ¨−ä®à¬�æ¨®−−�ï ¯®¤-
¤¥à¦ª�; ¨−â¥£à�æ¨®−−�ï ¯«�âä®à¬�; ¯à®£à�¬¬−ë© ª®¬¯«¥ªá
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1 Введение

÷¥è¥−¨¥ á®¢à¥¬¥−−ëå ¬−®£®¬�áèâ�¡−ëå ¯à®¡«¥¬ ¢ á¢ï§¨ á® á¢®¥© ®£à®¬−®©
à¥áãàá®¥¬ª®áâìî âà¥¡ã¥â ¯®áâ®ï−−®£® ã¢¥«¨ç¥−¨ï ¢ëç¨á«¨â¥«ì−ëå ¢®§¬®¦−®-
áâ¥© �¯¯�à�â−ëå áà¥¤áâ¢ ¨ ®¡−®¢«¥−¨ï ¢ëá®ª®íää¥ªâ¨¢−ëå ¯à®£à�¬¬−ëå à¥-
è¥−¨©. ’¥å−®«®£¨ï ¬−®£®¬�áèâ�¡−®£® ¬®¤¥«¨à®¢�−¨ï ¯à¥¤¯®«�£�¥â ¯à¨¬¥−¥−¨¥
à�á¯à¥¤¥«¥−−ëå ¢ëç¨á«¥−¨© −� ¢ëá®ª®¯à®¨§¢®¤¨â¥«ì−ëå ¯à®£à�¬¬−ëå ª®¬-
¯«¥ªá�å. �®¨áª íää¥ªâ¨¢−ëå à¥è¥−¨© ¢ ®¡«�áâ¨ ¬�â¥à¨�«®¢¥¤¥−¨ï áãé¥áâ¢¥−−®
§�¢¨á¨â ®â ¢®§¬®¦−®áâ¨ §� ®£à�−¨ç¥−−®¥ ¢à¥¬ï ¯à®¢¥áâ¨ ¬−®£®ä�ªâ®à−ë© �−�«¨§
�â®¬−®-ªà¨áâ�««¨ç¥áª¨å ¨ ª¢�−â®¢ëå á¢®©áâ¢ −®¢ëå ¬�â¥à¨�«®¢. Šà®¬¥ â®£®,
¡¥§ ¢¥à¨ä¨ª�æ¨¨ ¯®«ãç¥−−ëå à¥§ã«ìâ�â®¢ ¯à¥¤áª�§�â¥«ì−®£® ¬®¤¥«¨à®¢�−¨ï ¯®
íªá¯¥à¨¬¥−â�«ì−ë¬ ¤�−−ë¬ −¥ ¯à¥¤áâ�¢«ï¥âáï ¢®§¬®¦−ë¬ á®§¤�¢�âì �¤¥ª¢�â−ë¥

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ä¨−�−á®¢®© ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâ 19-08-01191 �).
1‚ëç¨á«¨â¥«ì−ë© æ¥−âà ¨¬. �. �. „®à®¤−¨æë−� ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà�

úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª; Œ®áª®¢áª¨© �¢¨�æ¨®−−ë© ¨−áâ¨âãâ
(−�æ¨®−�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© ã−¨¢¥àá¨â¥â), kristal83@mail.ru

2‚ëç¨á«¨â¥«ì−ë© æ¥−âà ¨¬. �. �. „®à®¤−¨æë−� ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà�
úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª; Œ®áª®¢áª¨© �¢¨�æ¨®−−ë© ¨−áâ¨âãâ
(−�æ¨®−�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© ã−¨¢¥àá¨â¥â), eugavrilov@gmail.com
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Š. Š. �¡£�àï−, …. ‘. ƒ�¢à¨«®¢

¬−®£®¬�áèâ�¡−ë¥ ¬®¤¥«¨, ®âà�¦�îé¨¥ áãé−®áâì à¥�«ì−ëå ¬−®£®¬�áèâ�¡−ëå
¯à®æ¥áá®¢, ª®â®àë¥ ®−¨ ¢®á¯à®¨§¢®¤ïâ. ‚�¦−ë¬ ä�ªâ®à®¬ ¯à¨ ¯à�ªâ¨ç¥áª®©
à¥�«¨§�æ¨¨ ¯à¥¤áâ�¢«¥−−ëå ¢ à�¡®â¥ ¯®¤å®¤®¢ ¢ëáâã¯�¥â à�§à�¡®âª� ¬−®£®ª®¬-
¯®−¥−â−ëå ¨−â¥£à¨à®¢�−−ëå ¯à®£à�¬¬−ëå ª®¬¯«¥ªá®¢.

÷¥è¥−¨¥ ¬−®£®¬�áèâ�¡−ëå ¯à¨ª«�¤−ëå §�¤�ç ¯à¥¤¯®«�£�¥â ¯à®¢¥¤¥−¨¥ ¢ë-
ç¨á«¨â¥«ì−ëå íªá¯¥à¨¬¥−â®¢ á® á«®¦−ë¬ ª®¬¡¨−¨à®¢�−¨¥¬ à�§«¨ç−ëå ¨−áâàã-
¬¥−â�«ì−ëå áà¥¤áâ¢ ¨ ¢ëç¨á«¨â¥«ì−ëå ¬®¤ã«¥©, ª®â®àë¥ ¢ ¡®«ìè¨å à�á¯à¥-
¤¥«¥−−ëå á¨áâ¥¬�å [1] âà�¤¨æ¨®−−® −�§ë¢�îâáï à¥áãàá�¬¨. �ää¥ªâ¨¢−®¥
ã¯à�¢«¥−¨¥ à¥áãàá�¬¨ ¤¨ªâã¥â ¯®¢ëè¥−−ë¥ âà¥¡®¢�−¨ï ª ¨−ä®à¬�æ¨®−−®¬ã
ª®−â¥−âã | ¤¨−�¬¨ç¥áª¨ ¨§¬¥−ïîé¨¬áï ¨ ¢§�¨¬®¤¥©áâ¢ãîé¨¬ á ¢ëç¨á«¨â¥«ì-
−ë¬¨ ¬®¤ã«ï¬¨ −�¡®à�¬ ¤�−−ëå. „�−−�ï ¯à®¡«¥¬� å�à�ªâ¥à¨§ã¥âáï:

{ á«®¦−®áâìî ¯®áâ�−®¢ª¨ §�¤�ç ¨ ¯®¤å®¤®¢ ª ¨å à¥è¥−¨î;

{ ¬−®£®®¡à�§¨¥¬ ¬¥â®¤®¢ ¨ áà¥¤áâ¢ ¬®¤¥«¨à®¢�−¨ï;

{ ®¡ê¥¬�¬¨ ¤�−−ëå ¨ −¥®¤−®à®¤−®áâìî ¨å â¨¯®¢ ¨ á¢®©áâ¢;

{ ®á®¡¥−−®áâï¬¨ ¯®¤£®â®¢ª¨ ¨−ä®à¬�æ¨®−−®£® ª®−â¥−â� ¨ à�§−®®¡à�§¨¥¬ ¬¥-
â®¤¨ª ®¡à�¡®âª¨ ¯®«ãç¥−−ëå à¥§ã«ìâ�â®¢.

�à®¡«¥¬−®-®à¨¥−â¨à®¢�−−ë¥ ¨−ä®à¬�æ¨®−−®-¢ëç¨á«¨â¥«ì−ë¥ ¯à®£à�¬-
¬−ë¥ áà¥¤áâ¢� ®¡ëç−® ®å¢�âë¢�îâ «¨èì ®£à�−¨ç¥−−ë© ªàã£ ¯à¨ª«�¤−ëå §�¤�ç
¯à¥¤¬¥â−®© ®¡«�áâ¨ [2, 3] ¨§-§� àï¤� ®¡ê¥ªâ¨¢−ëå ¨ áã¡ê¥ªâ¨¢−ëå ä�ªâ®à®¢,
®£à�−¨ç¨¢�îé¨å ¨å ¯à¨¬¥−¥−¨¥ ¨ ¨á¯®«ì§®¢�−¨¥. „«ï ¯à®¥ªâ¨à®¢�−¨ï ¨ à¥-
�«¨§�æ¨¨ á¨áâ¥¬ ¨−ä®à¬�æ¨®−−®© ¯®¤¤¥à¦ª¨ ¢ëç¨á«¨â¥«ì−ëå íªá¯¥à¨¬¥−â®¢
−¥®¡å®¤¨¬®:

{ áä®à¬¨à®¢�âì á«®© ä®à¬�«ì−®£® ®¯¨á�−¨ï ¢§�¨¬®¤¥©áâ¢ãîé¨å ª®¬¯®−¥−â®¢
á¨áâ¥¬ë;

{ ®¡¥á¯¥ç¨âì −�«¨ç¨¥ à�§¢¨â®© ¨−â¥£à�æ¨®−−®© ¯«�âä®à¬ë, â. ¥. â¥å−®«®£¨ç¥-
áª®© ®á−®¢ë ¤«ï ¯®áâà®¥−¨ï ¨ ¨áá«¥¤®¢�−¨ï ¬−®£®ãà®¢−¥¢ëå æ¥¯®ç¥ª ¨§ â¥å
¨«¨ ¨−ëå ¯à¨«®¦¥−¨©, ®¡¥á¯¥ç¥−−ëå −¥®¡å®¤¨¬ë¬¨ ¯®â®ª�¬¨ ¤�−−ëå;

{ ¤®¡¨¢�âìáï £¨¡ª®áâ¨ �àå¨â¥ªâãà−®£® à¥è¥−¨ï ¯à¨ ¨§¬¥−ïîé¨åáï âà¥¡®¢�−¨-
ïå ª�ª ¯® ª�ç¥áâ¢ã à¥�«¨§ã¥¬®© áâà�â¥£¨¨ ¬®¤¥«¨à®¢�−¨ï, â�ª ¨ ¯® ®¡ê¥¬ã
§�£àã¦�¥¬ëå ¨ á®åà�−ï¥¬ëå ¤�−−ëå;

{ ãç¨âë¢�âì âà¥¡®¢�−¨ï ª ¨§¬¥−ïîé¨¬áï á¨áâ¥¬−ë¬ ¨ �¯¯�à�â−ë¬ áà¥¤áâ¢�¬
à¥�«¨§�æ¨¨ ¢ëç¨á«¨â¥«ì−®£® ¯à®æ¥áá�;

{ ¨¬¥âì ¢ ¢¨¤ã −�«¨ç¨¥ ¢�à¨�â¨¢−ëå ¨−áâàã¬¥−â®¢ à¥�«¨§�æ¨¨ áæ¥−�à¨¥¢ ¨ ¤¨á-
¯¥âç¥à¨§�æ¨¨ ¢ëç¨á«¨â¥«ì−ëå, ¨−â¥àä¥©á−ëå ¨ ¨−ä®à¬�æ¨®−−ëå á®áâ�¢«ï-
îé¨å ¢ à�¬ª�å ¤¥æ¥−âà�«¨§®¢�−−®©, à�á¯à¥¤¥«¥−−®© ¯® £¥â¥à®£¥−−ë¬ ã§«�¬
á¨áâ¥¬ë.

‚ ¡®«ìè¨−áâ¢¥ ª®−æ¥¯â®¢ ¡¨§−¥á-¯à¨«®¦¥−¨©, â�ª¨å ª�ª «®£¨áâ¨ª�, ä¨−�−-
áë, ¯à®¨§¢®¤áâ¢®, ¢ á¥à¢¨á−®© ¯®¤¤¥à¦ª¥ −�ãç−ëå ¢ëç¨á«¨â¥«ì−ëå íªá¯¥à¨-
¬¥−â®¢ ¨§¢¥áâ−ë© ¯à¨−æ¨¯ ¬�ªá¨¬�«ì−®© �¢â®¬�â¨§�æ¨¨ −¥ ®ç¥−ì ¯®¯ã«ïà¥−.

54 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 29 −®¬¥à 1 2019



ˆ−ä®à¬�æ¨®−−�ï ¯®¤¤¥à¦ª� ¯«�âä®à¬ë ¬−®£®¬�áèâ�¡−®£® ¬®¤¥«¨à®¢�−¨ï

�à¨ç¨−� íâ®¬ã | ç¥«®¢¥ç¥áª¨© ä�ªâ®à, â. ¥. ®á−®¢−�ï à®«ì ¨áá«¥¤®¢�â¥«ï. �®-
íâ®¬ã ¯¥à¥¤ à�§à�¡®âç¨ª�¬¨ áà¥¤áâ¢ ¨−ä®à¬�æ¨®−−®© ¯®¤¤¥à¦ª¨ ¨ à¥�«¨§�æ¨¨
¨−â¥£à�æ¨®−−®© ®á−®¢ë ¡ã¤ãé¥© á¨áâ¥¬ë áâ®¨â §�¤�ç� ¯à¥¤®áâ�¢¨âì á¯¥æ¨�«¨-
áâ�¬ ¢ ¯à¥¤¬¥â−®© ®¡«�áâ¨ ã¤®¡−ë©, ¯®−ïâ−ë©, £¨¡ª¨© ¨ ¬�áèâ�¡¨àã¥¬ë© −�¡®à
¨−áâàã¬¥−â®¢ ¤«ï ¯®¤£®â®¢ª¨, ¢ë¯®«−¥−¨ï ¨ �−�«¨§� à�§«¨ç−ëå ¯® á«®¦−®áâ¨
¨ ¢à¥¬¥−¨ ¢ë¯®«−¥−¨ï §�¤�−¨©.

2 Принципы обеспечения информационной поддержки
интеграционных систем для многомасштабного
моделирования физических явлений и процессов

‚ −�áâ®ïé¥¥ ¢à¥¬ï ¤®áâ�â®ç−® ç�áâ® ¢áâà¥ç�îâáï ¨áá«¥¤®¢�−¨ï [4{7], £¤¥
ä®à¬�«ì−�ï á¯¥æ¨ä¨ª�æ¨ï ¨−ä®à¬�æ¨®−−ëå ®¡ê¥ªâ®¢ ¯à¥¤¬¥â−®© ®¡«�áâ¨ ä®à-
¬ã«¨àã¥âáï ¢ â¥à¬¨−�å ª®−¥ç−®-¬−®¦¥áâ¢¥−−ëå ¯à¥¤áâ�¢«¥−¨©, ª®â®àë¥, ¢ ç�áâ-
−®áâ¨, ¬®£ãâ ¡ëâì à¥�«¨§®¢�−ë ¯®áà¥¤áâ¢®¬ ¤®¬¥−−ëå ¬®¤¥«¥© | ª®−¥ç−ëå
−�¡®à®¢ (¬−®¦¥áâ¢) ¤�−−ëå á ¯®¤¤¥à¦ª®© ®¯¥à�æ¨© ¯® ¨å ®¡à�¡®âª¥. ‚ áâ�-
âì¥ [7] ¯à¥¤áâ�¢«¥−ë −®¢ë¥ ¯®−ïâ¨ï ¨ ®¯à¥¤¥«¥−¨ï, ¯à¨¬¥−ï¥¬ë¥ ¤«ï ®¯¨á�−¨ï
¨−ä®à¬�æ¨®−−®© â¥å−®«®£¨¨ ¬−®£®¬�áèâ�¡−®£® ¬®¤¥«¨à®¢�−¨ï. ‚¢®¤¨âáï ¯®-
−ïâ¨¥ ú¡�§®¢�ï ¬®¤¥«ì-ª®¬¯®§¨æ¨ïû, ¤«ï ®¯¨á�−¨ï ª®â®à®© ¯à¨¬¥−ï¥âáï â¥®à¥-
â¨ª®-¬−®¦¥áâ¢¥−−ë© �¯¯�à�â [6, 7]. �à¨ à¥è¥−¨¨ ª®−ªà¥â−ëå §�¤�ç á ¯®¬®éìî
¤�−−®© â¥å−®«®£¨¨ ¨§ ¡�§®¢ëå ¬®¤¥«¥©-ª®¬¯®§¨æ¨© á®áâ�¢«ïîâáï ¬−®£®¬�áèâ�¡-
−ë¥ ª®¬¯®§¨æ¨¨ (ŒŠ) | ¨−ä®à¬�æ¨®−−ë¥ �−�«®£¨ ¬−®£®¬�áèâ�¡−ëå ¬®¤¥«¥©
(¯à¨¬¥àë ¯à¥¤áâ�¢«¥−ë −¨¦¥), ¯¥à¥¤�îé¨¥ á®¤¥à¦�−¨¥ ¬−®£®¬�áèâ�¡−ëå ¢ë-
ç¨á«¨â¥«ì−ëå ¯à®æ¥áá®¢.

‚ ¤�−−®¬ à�§¤¥«¥ ¯®ª�§�−®, ª�ª −� ¡�§¥ ŒŠ áâà®ïâáï á«®¦−ë¥ ¨¥à�àå¨ç¥-
áª¨¥ ¯à®£à�¬¬−ë¥ á¨áâ¥¬ë, ¯à¨¬¥−ï¥¬ë¥ ¤«ï à¥è¥−¨ï §�¤�ç ¬−®£®¬�áèâ�¡−®£®
¬®¤¥«¨à®¢�−¨ï ä¨§¨ç¥áª¨å ï¢«¥−¨© ¨ ¯à®æ¥áá®¢.

�à¨ ¯®áâà®¥−¨¨ ¨−â¥£à�æ¨®−−ëå á¨áâ¥¬ ¨−ä®à¬�æ¨®−−®£® ®¡¥á¯¥ç¥−¨ï ¬−®-
£®¬�áèâ�¡−®£® ¬®¤¥«¨à®¢�−¨ï ¯à¨¬¥−ï¥âáï £¨¡à¨¤−ë© ¯®¤å®¤ ª åà�−¥−¨î ¤�−-
−ëå (¨á¯®«ì§ãîâáï à¥«ïæ¨®−−ë¥ ¨ ¤®ªã¬¥−â−®-®à¨¥−â¨à®¢�−−ë¥ ¡�§ë ¤�−−ëå).
‘®£«�á−® à�§à�¡®â�−−®© â¥å−®«®£¨¨ ¡�§®¢ë¥ ¬®¤¥«¨-ª®¬¯®§¨æ¨¨ (�Š) ¯à¥¤áâ�¢-
«ïîâ á®¡®© ¨−ä®à¬�æ¨®−−ë¥ �−�«®£¨ ¡�§®¢ëå ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å ¬®¤¥-
«¥© [7]. ��§®¢ë¥ ¬®¤¥«¨-ª®¬¯®§¨æ¨¨ ¬®£ãâ ¡ëâì ¯à¥¤áâ�¢«¥−ë ¢ ¢¨¤¥ â�¡«¨æ,
í«¥¬¥−â�¬¨ ª®â®àëå ¢ëáâã¯�îâ ¤�−−ë¥ ¨ ¬¥â®¤ë ¨å ®¡à�¡®âª¨, §�¤¥©áâ¢®¢�−−ë¥
¢ ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å ¬®¤¥«ïå. �à¨ à¥è¥−¨¨ ¯à�ªâ¨ç¥áª¨å §�¤�ç â�ª¨¥
â�¡«¨æë §�¯®«−ïîâáï ª®−ªà¥â−ë¬¨ ¤�−−ë¬¨ ¨ ¬¥â®¤�¬¨ ¨å ®¡à�¡®âª¨ ¨ â�ª¨¬
®¡à�§®¬ ä®à¬¨àãîâáï íª§¥¬¯«ïàë �Š. Œ®¦−® áç¨â�âì, çâ® ¡�§®¢�ï ¬®¤¥«ì-
ª®¬¯®§¨æ¨ï ¯à¥¤áâ�¢«ï¥â á®¡®© ¡�§®¢ë© ª«�áá ¢ ¬®¤¥«¨ ¯à¥¤¬¥â−®© ®¡«�áâ¨.
‘®®â¢¥âáâ¢¥−−®, íª§¥¬¯«ïàë �Š ¯à¥¤áâ�¢«ïîâáï ®¡ê¥ªâ�¬¨ ª«�áá®¢-−�á«¥¤-
−¨ª®¢ �Š ¢ ®¡ê¥ªâ−®-®à¨¥−â¨à®¢�−−®¬ ï§ëª¥ ¯à®£à�¬¬¨à®¢�−¨ï [8] ¨ ¬®£ãâ
åà�−¨âìáï ¢ ¢¨¤¥ ¤®ªã¬¥−â®¢ ¢ ¤®ªã¬¥−â−®-®à¨¥−â¨à®¢�−−®© ¡�§¥ ¤�−−ëå [8, 9].
‘«¥¤ãï â�ª®© «®£¨ª¥, ŒŠ ¬®¦−® ¯à¥¤áâ�¢¨âì ª�ª ª®««¥ªæ¨î, á®áâ®ïéãî ¨§
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á£àã¯¯¨à®¢�−−ëå ¤®ªã¬¥−â®¢ á ¨¥à�àå¨ç¥áª®© áâàãªâãà®©, ®âà�¦�îé¥© ¯®á«¥-
¤®¢�â¥«ì−®áâì ¯à¨á®¥¤¨−¥−¨ï ¤®ªã¬¥−â®¢ (íª§¥¬¯«ïà®¢ �Š).

�®áà¥¤áâ¢®¬ íâ¨å ª«�áá®¢ ®áãé¥áâ¢«ï¥âáï ¢§�¨¬®¤¥©áâ¢¨¥ ¬®¤¥«¥© á ª®−ªà¥â-
−®© à¥�«¨§�æ¨¥© �«£®à¨â¬� ¢ ¢ëç¨á«¨â¥«ì−®¬ ¬®¤ã«¥. „®ªã¬¥−âë (íª§¥¬¯«ïàë
�Š) á®áâ®ïâ ¨§ â¨¯¨§¨à®¢�−−®© ¨ −¥â¨¯¨§¨à®¢�−−®© ç�áâ¥©:

{ â¨¯¨§¨à®¢�−−�ï ç�áâì (®¯à¥¤¥«ï¥¬�ï �âà¨¡ãâ−ë¬ á®áâ�¢®¬ ¡�§®¢®© ª®¬¯®-
§¨æ¨¨) ®â¢¥ç�¥â §� áâëª®¢ªã �Š ¢ ŒŠ. ‘âëª®¢ª� à¥�«¨§ã¥âáï ¯®áà¥¤áâ¢®¬
áæ¥−�à¨¥¢;

{ −¥â¨¯¨§¨à®¢�−−�ï ç�áâì á®¤¥à¦¨â á¯¥æ¨ä¨ç−ë¥ ¤«ï à¥�«¨§�æ¨¨ �«£®à¨â¬�
¨ ¢ëç¨á«¨â¥«ì−®£® ¬®¤ã«ï ¯�à�¬¥âàë ¨ ¤�−−ë¥, ª®â®àë¥ −¥ ¨á¯®«ì§ãîâáï
¤àã£¨¬¨ �Š ¢ áæ¥−�à¨¨ ŒŠ.

�¥®¡å®¤¨¬® ®â¬¥â¨âì, çâ® áà¥¤¨ ¨§¢¥áâ−ëå â¨¯®¢ ¡�§ ¤�−−ëå, ¯à¨¬¥−ï¥¬ëå
¤«ï åà�−¥−¨ï ¤�−−ëå ¢ëç¨á«¨â¥«ì−ëå íªá¯¥à¨¬¥−â®¢, −�¨¡®«¥¥ ¯®¤å®¤ïé¥©
áç¨â�¥âáï ¤®ªã¬¥−â−�ï. „«ï ¨á¯®«ì§®¢�−¨ï −®à¬�«¨§¨à®¢�−−ëå ¨ âà¥¡ãîé¨å
á®¡«î¤¥−¨ï áâà®£®© æ¥«®áâ−®áâ¨ ¤�−−ëå ¡®«¥¥ ã¤®¡−®© ®ª�§ë¢�¥âáï ª«�áá¨ç¥áª�ï
à¥«ïæ¨®−−�ï ¡�§� ¤�−−ëå. �á®¡¥−−®áâìî ¤�−−®© à�¡®âë ï¢«ï¥âáï ¯à¨¬¥−¥−¨¥
£¨¡à¨¤−®£® ¯®¤å®¤� ª ¬�−¨¯ã«¨à®¢�−¨î ¤�−−ë¬¨. ’�ª®© ¯®¤å®¤, ¯®¤à®¡−®
®¯¨á�−−ë© ¢ áâ�âì¥ [9] ¨ ª−¨£¥ [10], á®áâ®¨â ¢ ¨á¯®«ì§®¢�−¨¨ ¢ ®¤−®© ¨−ä®à¬�-
æ¨®−−®© á¨áâ¥¬¥ −¥áª®«ìª¨å â¨¯®¢ ¡�§ ¤�−−ëå (¤®ªã¬¥−â−ëå ¨ à¥«ïæ¨®−−ëå).
‚ ¤�−−®© à�¡®â¥ à¥çì ¨¤¥â ® £¨¡à¨¤−®¬ åà�−¥−¨¨ ¤�−−ëå. Š�ª ®â¬¥ç�«®áì
à�−¥¥, �Š åà�−ïâáï ¢ ¢¨¤¥ ¤®ªã¬¥−â®¢ ¢ ¤®ªã¬¥−â−®-®à¨¥−â¨à®¢�−−®© ¡�§¥ ¤�−-
−ëå [8,9], � á¯à�¢®ç−ë¥ ¤�−−ë¥, −¥®¡å®¤¨¬ë¥ ¤«ï ¢ë¯®«−¥−¨ï ¢ëç¨á«¨â¥«ì−ëå
íªá¯¥à¨¬¥−â®¢, åà�−ïâáï ¢ à¥«ïæ¨®−−®© ¡�§¥ ¤�−−ëå. �à¨ íâ®¬ á¢ï§ì ¬¥¦¤ã
íª§¥¬¯«ïà�¬¨ �Š ¢ ŒŠ | à¥«ïæ¨®−−�ï, á ®â−¥á¥−¨¥¬ ª á®®â¢¥âáâ¢ãîé¥¬ã
¬�áèâ�¡ã.

’�ª¨¬ ®¡à�§®¬, á¨áâ¥¬� ¨−ä®à¬�æ¨®−−®© ¯®¤¤¥à¦ª¨ §�¤�ç¨ ª®¬¯ìîâ¥à−®£®
¬®¤¥«¨à®¢�−¨ï ä¨§¨ç¥áª¨å ¯à®æ¥áá®¢ ¨−â¥£à¨àã¥â ¢ ã−¨¢¥àá�«ì−ãî ¯«�âä®à¬ã
á®®â¢¥âáâ¢ãîéãî ŒŠ.

3 Применение сервисно-ориентированной архитектуры
для вычислительных модулей

Œ−®£®®¡à�§¨¥ â¨¯®¢, ¯«�âä®à¬, ï§ëª®¢ ¯à®£à�¬¬¨à®¢�−¨ï ¨ â¥å−®«®£¨©,
¨á¯®«ì§ã¥¬ëå ¢ ¢ëç¨á«¨â¥«ì−ëå ¬®¤ã«ïå, ¯®à®¦¤�¥â á¨áâ¥¬−ë¥ ¯à®¡«¥¬ë ¯à¨
¨å ¨−â¥£à�æ¨¨ ¢ ¥¤¨−ãî ¢ëç¨á«¨â¥«ì−ãî áà¥¤ã.

‚ ®¡é¥¬ á«ãç�¥ ¢ëç¨á«¨â¥«ì−ë© ¬®¤ã«ì ¬®¦¥â ¯à¥¤áâ�¢«ïâì á®¡®© ¯à®£à�¬-
¬ã, ¨á¯®«−ï¥¬ãî «®ª�«ì−® −� ¯«�âä®à¬�å Windows, Linux ¨«¨ −� ¢ëç¨á«¨â¥«ì-
−®¬ ª«�áâ¥à¥ (MPI, message passing interface) á ¨á¯®«ì§®¢�−¨¥¬ á¯¥æ¨ä¨ç¥áª¨å
à¥áãàá®¢ (ï¤¥à CPU (central processing unit), GPU (graphics processing unit),
¡¨¡«¨®â¥ª), −� ä¨§¨ç¥áª®¬ ã§«¥ ¨«¨ ¢ ¢¨àâã�«ì−®© ¬�è¨−e (á¯¥æ¨�«ì−® ¯®¤£®-
â®¢«¥−−®¬ Docker-ª®−â¥©−¥à¥).
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ˆ−ä®à¬�æ¨®−−�ï ¯®¤¤¥à¦ª� ¯«�âä®à¬ë ¬−®£®¬�áèâ�¡−®£® ¬®¤¥«¨à®¢�−¨ï

„«ï à¥è¥−¨ï §�¤�ç ¬−®£®¬�áèâ�¡−®£® ¬®¤¥«¨à®¢�−¨ï ¨á¯®«ì§ã¥âáï ª®¬¡¨-
−�æ¨ï ¬®¤ã«¥© ®¡®¨å â¨¯®¢, ¯à¨ç¥¬ ç¨á«® ¬®¤ã«¥© ¤«ï áª¢®§−®£® à¥è¥−¨ï ®¤−®©
§�¤�ç¨ á®áâ�¢«ï¥â ®â 5 ¤® 7. ‚ ¤�«ì−¥©è¥¬ ¤«ï à¥è¥−¨ï æ¥«ëå ª«�áá®¢ §�¤�ç
¯®âà¥¡ã¥âáï ®â ¤¥áïâª®¢ ¤® á®â¥− ¬®¤ã«¥©. ’�ª¨¬ ®¡à�§®¬, ¤«ï à�§à�¡®âª¨
¨−â¥£à�æ¨¨ −¥®¡å®¤¨¬� á¥à¢¨á−�ï �àå¨â¥ªâãà�, ®¡«�¤�îé�ï á¢®©áâ¢®¬ á«�¡®©
á¢ï§−®áâ¨, ª®â®à�ï ¯®§¢®«ï«� ¡ë ¬�áèâ�¡¨à®¢�âì à�§à�¡®âªã ¨ ¨−â¥£à�æ¨î ¢ë-
ç¨á«¨â¥«ì−ëå ¬®¤ã«¥©. Š â®¬ã ¦¥ ¯à®£à�¬¬�, ¯à¥¤áâ�¢«¥−−�ï ¢ ¢¨¤¥ á¥à¢¨á�,
¬®¦¥â ¡ëâì ®¯ã¡«¨ª®¢�−� ¢ ¥¤¨−®¬ á¥à¢¨á-ª�â�«®£¥ ¤«ï ¯®¢â®à−®£® ¨á¯®«ì-
§®¢�−¨ï. ‚ ª�ç¥áâ¢¥ ¯à¨¬¥à®¢ ¬®¦−® ¯à¨¢¥áâ¨ ¤®áâã¯−ë¥ ®¡«�ç−ë¥ á¥à¢¨áë
Microsoft Azure Machine Learning, Amazon Machine Learning.

„«ï â®£® çâ®¡ë ¯à®£à�¬¬� (¢ëç¨á«¨â¥«ì−ë© ¬®¤ã«ì) ¬®£«� ¡ëâì ¯à¥¤áâ�¢«¥−�
¢ ¢¨¤¥ á¥à¢¨á�, ®−� ¤®«¦−� ã¤®¢«¥â¢®àïâì −¥áª®«ìª¨¬ ¯à®áâë¬ ªà¨â¥à¨ï¬:

{ à�¡®â�âì ¢ ¯�ª¥â−®¬ (−¥¨−â¥à�ªâ¨¢−®¬) à¥¦¨¬¥;

{ ¯¥à¥¤�¢�âì ¢å®¤−ë¥-¢ëå®¤−ë¥ ¤�−−ë¥ ç¥à¥§ ä�©«ë ¨«¨ ¤àã£¨¥ áà¥¤áâ¢� ®¯¥-
à�æ¨®−−®© á¨áâ¥¬ë, ¤®áâã¯−ë¥ ¤«ï �¢â®¬�â¨§�æ¨¨;

{ ¯à¥¤®áâ�¢«ïâì ¢®§¬®¦−®áâì ã¯à�¢«¥−¨ï ¯à®æ¥áá®¬ à�áç¥â�:

◦ §�¯ãáª;

◦ ¬®−¨â®à¨−£ ¯à®æ¥áá� à�áç¥â�;

◦ ä®àá¨à®¢�−−®¥ §�¢¥àè¥−¨¥ à�¡®âë;

◦ ¢¥¤¥−¨¥ ¯à®â®ª®«� à�¡®âë («®£¨à®¢�−¨¥).

�¤¨− ¨§ ¯à®áâëå á¯®á®¡®¢ ¯à®¥ªâ¨à®¢�−¨ï ¨−â¥£à�æ¨¨, á®áâ®ïé¥© ¨§ ¬−®-
¦¥áâ¢� −¥§�¢¨á¨¬ëå á¥à¢¨á®¢, | ¬¨ªà®á¥à¢¨á−�ï �àå¨â¥ªâãà� [11], ®¡¥á¯¥ç¨¢�-
îé�ï:

{ á«�¡ãî á¢ï§−®áâì;

{ −¥§�¢¨á¨¬®áâì ¯à®æ¥áá� à�§à�¡®âª¨, â¥áâ¨à®¢�−¨ï ¨ à�§¢¥àâë¢�−¨ï á¥à¢¨á®¢;

{ ¢®§¬®¦−®áâì ¨á¯®«ì§®¢�âì à�§−ë¥ â¥å−®«®£¨¨ (ï§ëª¨ ¯à®£à�¬¬¨à®¢�−¨ï,
¯«�âä®à¬ë, ¡�§ë ¤�−−ëå);

{ ¬�áèâ�¡¨à®¢�−¨¥ −� ãà®¢−¥ ®â¤¥«ì−ëå á¥à¢¨á®¢.

�� à¨á. 1 ¯à¥¤áâ�¢«¥− á¥à¢¨á ¤«ï à�áç¥â−®£® ¬®¤ã«ï.
‘¥à¢¨á á®áâ®¨â ¨§ á«¥¤ãîé¨å ª®¬¯®−¥−â®¢:

{ ª®−âà®««¥à ¬®¤ã«ï, ®â¢¥ç�îé¥£® §� §�¯ãáª, ¬®−¨â®à¨−£ ¢ë¯®«−¥−¨ï à�áç¥â�,
çâ¥−¨¥ ¯à®â®ª®«� à�¡®âë ¨ ä®àá¨à®¢�−−ë© ®áâ�−®¢ à�¡®âë ¬®¤ã«ï;

{ «®ª�«ì−�ï ¡�§� ¤�−−ëå, ª®â®à�ï åà�−¨â:

◦ á¯à�¢®ç−ë¥ ¤�−−ë¥, −¥®¡å®¤¨¬ë¥ â®«ìª® íâ®¬ã ¬®¤ã«î;

◦ ¯à®¬¥¦ãâ®ç−ë¥ ¨«¨ ¢à¥¬¥−−ë¥ à¥§ã«ìâ�âë à�áç¥â®¢, ¥á«¨ íâ® −¥®¡å®¤¨¬®
ª®−âà®««¥àã ¬®¤ã«ï;

◦ á®áâ®ï−¨¥ â¥ªãé¨å ¢ë¯®«−ï¥¬ëå à�áç¥â®¢ (ID §�¤�ç¨, PID ¯à®æ¥áá�,
áâ�âãá, ¢à¥¬ï §�¯ãáª� ¨ â. ¯.);
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÷¨á. 1 ‚ëç¨á«¨â¥«ì−ë© ¬®¤ã«ì ª�ª á¥à¢¨á

{ ¯à®£à�¬¬−ë© ¨−â¥àä¥©c ¤«ï ¯à¥¤®áâ�¢«¥−¨ï ¤®áâã¯� ª äã−ªæ¨ï¬ ª®−âà®«-
«¥à� ç¥à¥§ HTTP (REST, representational state transfer);

{ á¯¥æ¨ä¨ç¥áª�ï ¢¨§ã�«¨§�æ¨ï à¥§ã«ìâ�â®¢ ¨«¨ ¯à®æ¥áá� à�áç¥â� (®¯æ¨®-
−�«ì−®).

Šà®¬¥ á¯¥æ¨ä¨ç¥áª®© äã−ªæ¨®−�«ì−®áâ¨ á¥à¢¨á à�áç¥â−®£® ¬®¤ã«ï ¤®«¦¥−
®¡«�¤�âì ®¡é¨¬¨ ¤«ï ¢á¥å á¢®©áâ¢�¬¨, ®¡¥á¯¥ç¨¢�ï ¡¥§®¯�á−®áâì (�ãâ¥−â¨ä¨-
ª�æ¨î ¨ �¢â®à¨§�æ¨î ¤®áâã¯�, çâ® ®á®¡¥−−® �ªâã�«ì−® ¤«ï «¨æ¥−§¨àã¥¬ëå
¨ �¢â®àáª¨å à�§à�¡®â®ª), �ã¤¨â, �¡áâà�£¨à®¢�−¨¥ ®â à¥�«ì−®£® à�á¯®«®¦¥−¨ï
á¥à¢¨á�, �¢â®¬�â¨ç¥áª®¥ ¬�áèâ�¡¨à®¢�−¨¥ (¯à¨ à�§¢¥àâë¢�−¨¨ ¢ ®¡«�ª¥). �âã
®¡éãî äã−ªæ¨®−�«ì−®áâì ¬®¦¥â ®¡¥á¯¥ç¨âì ¤®¯®«−¨â¥«ì−ë© á«®©, ®¡ëç−® −�-
§ë¢�¥¬ë© è«î§®¬ ¤«ï ¯à®£à�¬¬−®£® ¨−â¥àä¥©á� (API Gateway). ˜«î§ á«ã¦¨â
¥¤¨−®© â®çª®© ¢å®¤� ¤«ï ¢á¥å ª«¨¥−â®¢ API-á¥à¢¨á®¢ ¨ ¡¥à¥â −� á¥¡ï ®¡éãî
äã−ªæ¨®−�«ì−®áâì, ã−¨ä¨æ¨àãï ¯à¨ −¥®¡å®¤¨¬®áâ¨ ¯à®â®ª®« ®¡¬¥−� ¤�−−ë¬¨.
’�ª¨¬ ®¡à�§®¬, ®¡é¨© �àå¨â¥ªâãà−ë© «�−¤è�äâ, ¯à¥¤áâ�¢«¥−−ë© −� à¨á. 2 −�
¯à¨¬¥à¥ ¤¢ãå á¥à¢¨á®¢, á®áâ®¨â ¨§ á«¥¤ãîé¨å ª®¬¯®−¥−â®¢:

{ á¥à¢¨áë VASP ¨ úŒ®«¥ªã«ïà−�ï ¤¨−�¬¨ª�û (¢ë¡à�−ë ¤«ï ¯à¨¬¥à�) ¯à¥¤®-
áâ�¢«ïîâ REST-¨−â¥àä¥©á ¤«ï ã¯à�¢«¥−¨ï à�áç¥â�¬¨ ¨ ¢¨§ã�«¨§�æ¨î á®¡-
áâ¢¥−−ëå à¥§ã«ìâ�â®¢ à�áç¥â®¢;

{ è«î§ API á«ã¦¨â â®çª®© ¤®áâã¯� ¤«ï ¢á¥å á¥à¢¨á®¢, ®¡¥á¯¥ç¨¢�ï ª®−âà®«ì
¤®áâã¯�, �ã¤¨â, «®£¨à®¢�−¨¥ ¨ ¤àã£ãî �á¯¥ªâ−ãî äã−ªæ¨®−�«ì−®áâì ¤«ï ¢á¥å
á¥à¢¨á®¢;

{ ¢¥¡-¯à¨«®¦¥−¨¥ ¤«ï á®§¤�−¨ï ¨ §�¯ãáª� ¬−®£®¬�áèâ�¡−ëå ¬®¤¥«¥© á«ã¦¨â
à�¡®ç¨¬ ¬¥áâ®¬ ¨áá«¥¤®¢�â¥«ï, ¯«�−¨àãîé¥£® á¥à¨î ¢ëç¨á«¨â¥«ì−ëå íªá-
¯¥à¨¬¥−â®¢. �à¨«®¦¥−¨¥ ¢ë§ë¢�¥â á¥à¢¨áë ç¥à¥§ è«î§;
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÷¨á. 2 �¡é¨© «�−¤è�äâ á¥à¢¨á−®-®à¨¥−â¨à®¢�−−®© �àå¨â¥ªâãàë

{ ¡�§� ¤�−−ëå crystal ¢ëáâã¯�¥â ®á−®¢−ë¬ åà�−¨«¨é¥¬ ¬¥â�¤�−−ëå ¨ ¤�−−ëå
¢ëç¨á«¨â¥«ì−ëå íªá¯¥à¨¬¥−â®¢;

{ ¯®àâ�« à�§à�¡®âç¨ª� API | ®¯æ¨®−�«ì−®¥ ¢¥¡-¯à¨«®¦¥−¨¥, ¯®§¢®«ïîé¥¥
¨áª�âì á¥à¢¨áë, ¯®¤å®¤ïé¨¥ ¯®¤ §�¯à®è¥−−ë© ¬�áèâ�¡−ë© ãà®¢¥−ì, â¨¯
¬®¤¥«¨ ¨ �«£®à¨â¬, §�¤�−−ë© ¢ ¬−®£®¬�áèâ�¡−®© ª®¬¯®§¨æ¨¨.

’�ª¨¬ ®¡à�§®¬, ¯à¥¤«®¦¥−−�ï á¥à¢¨á−�ï �àå¨â¥ªâãà� à¥è�¥â ¯à®¡«¥¬ë
á ¬−®£®®¡à�§¨¥¬ ¬¥â®¤®¢ ¨ áà¥¤áâ¢ ¬®¤¥«¨à®¢�−¨ï, ¯®§¢®«ïï ¨−â¥£à¨à®¢�âì
¡®«ìè®¥ ç¨á«® áãé¥áâ¢ãîé¨å ¨ ¡ã¤ãé¨å à�§à�¡®â®ª −�ãç−ëå ª®««¥ªâ¨¢®¢ ¤«ï
¨á¯®«ì§®¢�−¨ï ¢ ¬−®£®¬�áèâ�¡−®¬ ¬®¤¥«¨à®¢�−¨¨.
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Abstract: The article deals with the search for effective solutions in the
field of computational materials science which essentially depend on the pos-
sibility of conducting a multifactorial analysis of the atomic-crystalline and
quantum properties of the new materials for a limited time. For this class

60 Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2019 vol 29 no 1



Informational support of the multiscale modeling integration platform

of tasks, a multiscale modeling technology is used, which involves the use
of distributed computing in high-performance software packages. Without
verification of the results of predictive modeling from experimental data, it is
not possible to create adequate multiscale models that reflect the essence of
real multiscale processes which take place when new materials are received. An
important factor in the practical implementation of the presented approaches is
the development of multicomponent integrated software systems for information
support of multiscale modeling.

Keywords: multiscale modeling; information support; integration platform;
software package
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СПОСОБ ПОВЫШЕНИЯ ПРОПУСКНОЙ СПОСОБНОСТИ
ПАКЕТНЫХ КОММУТАТОРОВ НА ОСНОВЕ

ИНТЕГРИРОВАННЫХ СЕТЕВЫХ ПРОЦЕССОРОВ

В. Б. Егоров1

�−−®â�æ¨ï: �®áâ®ï−−®¥ á®¢¥àè¥−áâ¢®¢�−¨¥ ¨ ãá«®¦−¥−¨¥ ¯à®â®ª®«®¢ ®¡¥á-
¯¥ç¥−¨ï ª�ç¥áâ¢� ®¡á«ã¦¨¢�−¨ï ¨ á¥â¥¢®© ¡¥§®¯�á−®áâ¨ ¢ ¯�ª¥â−ëå á¥âïå
§�áâ�¢«ï¥â à�§à�¡®âç¨ª®¢ ª®¬¬ãâ�â®à®¢ ¨ ¬�àèàãâ¨§�â®à®¢ ¢® ¢á¥ ¡®«ìè¥©
áâ¥¯¥−¨ ®â¤�¢�âì ¯à¥¤¯®çâ¥−¨¥ ¬¥â®¤�¬ ¯à®£à�¬¬−®© ª®¬¬ãâ�æ¨¨ ¯¥à¥¤ �¯-
¯�à�â−ë¬ ¯à®¤¢¨¦¥−¨¥¬ ¯�ª¥â®¢, � ¢ à¥�«¨§�æ¨¨ íâ¨å ¬¥â®¤®¢ | ¯à®£à�¬-
¬¨àã¥¬ë¬ ¯à¨¡®à�¬ á ¤®¯®«−¨â¥«ì−®© äã−ªæ¨®−�«ì−®áâìî ¤«ï íää¥ªâ¨¢−®©
¯®¤¤¥à¦ª¨ á¥â¥¢ëå äã−ªæ¨©. Š â�ª¨¬ ¯à¨¡®à�¬ ®â−®áïâáï ¨−â¥£à¨à®¢�−-
−ë¥ á¥â¥¢ë¥ ¯à®æ¥áá®àë (ˆ‘�), ¯à¥¤áâ�¢«ïîé¨¥ á®¡®© ¯à�ªâ¨ç¥áª¨ £®â®¢ë¥
−¥¤®à®£¨¥ ¯à®£à�¬¬¨àã¥¬ë¥ ª®¬¬ãâ�â®àë, ¢®¯«®é�îé¨¥ ª®−æ¥¯æ¨î ª®¬¬ã-
â�æ¨¨ −� ®¡é¥© ¯�¬ïâ¨. �à¨ ®ç¥¢¨¤−ëå ¤®áâ®¨−áâ¢�å íâ®© ª®−æ¥¯æ¨¨, â�ª¨å
ª�ª ¯à®áâ®â� à¥�«¨§�æ¨¨ ¨ £¨¡ª®áâì, ¥¥ úã§ª¨¬ ¬¥áâ®¬û, ¯à¨−æ¨¯¨�«ì−® ®£à�-
−¨ç¨¢�îé¨¬ ¯à®¯ãáª−ãî á¯®á®¡−®áâì ª®¬¬ãâ�â®à�, ®ª�§ë¢�¥âáï á�¬� ®¡é�ï
¯�¬ïâì. �à¥¤«�£�¥¬�ï ¯®¤á¨áâ¥¬� ¡ãä¥à¨à®¢�−¨ï á¥â¥¢ëå ª�¤à®¢ ¨ ¯�ª¥â®¢,
ª®â®à�ï ¬®¦¥â ¡ëâì ¨−â¥£à¨à®¢�−� ¢ á¥â¥¢ë¥ ¯à®æ¥áá®àë, ¯®§¢®«ï¥â á−ïâì íâ®
®£à�−¨ç¥−¨¥ ¨ áãé¥áâ¢¥−−® ¯®¢ëá¨âì ¯®â¥−æ¨�«ì−ãî ¯à®¯ãáª−ãî á¯®á®¡−®áâì
¯à®£à�¬¬¨àã¥¬ëå ¯�ª¥â−ëå ª®¬¬ãâ�â®à®¢ −� ¨å ®á−®¢¥.

Š«îç¥¢ë¥ á«®¢�: ¡ãä¥à¨à®¢�−¨¥; ¨−â¥£à¨à®¢�−−ë© á¥â¥¢®© ¯à®æ¥áá®à;
ª®¬¬ãâ�æ¨ï −� ®¡é¥© ¯�¬ïâ¨; ¯�ª¥â−�ï ª®¬¬ãâ�æ¨ï
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1 Введение

�®áâ®ï−−®¥ á®¢¥àè¥−áâ¢®¢�−¨¥ ¨ ãá«®¦−¥−¨¥ ¯à®â®ª®«®¢ ®¡¥á¯¥ç¥−¨ï ª�ç¥-
áâ¢� ®¡á«ã¦¨¢�−¨ï ¨ á¥â¥¢®© ¡¥§®¯�á−®áâ¨ ¢ â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå á¥âïå §�áâ�¢-
«ï¥â à�§à�¡®âç¨ª®¢ ¯�ª¥â−ëå ª®¬¬ãâ�â®à®¢ ¨ ¬�àèàãâ¨§�â®à®¢ ¢® ¢á¥ ¡®«ìè¥©
áâ¥¯¥−¨ ®â¤�¢�âì ¯à¥¤¯®çâ¥−¨¥ ¬¥â®¤�¬ ¯à®£à�¬¬−®© ª®¬¬ãâ�æ¨¨ (soft switching)
¯¥à¥¤ �¯¯�à�â−ë¬ ¯à®¤¢¨¦¥−¨¥¬ (hard forwarding) ¯�ª¥â®¢, � ¢ à¥�«¨§�æ¨¨ íâ¨å
¬¥â®¤®¢ | ¯à®£à�¬¬¨àã¥¬ë¬ ¯à¨¡®à�¬ á ¤®¯®«−¨â¥«ì−®© äã−ªæ¨®−�«ì−®áâìî,
−�¯à�¢«¥−−®© −� íää¥ªâ¨¢−ãî à¥�«¨§�æ¨î á¥â¥¢ëå äã−ªæ¨©. Š â�ª¨¬ ¯à¨¡®à�¬
¢ ¯¥à¢ãî ®ç¥à¥¤ì ®â−®áïâáï ¨−â¥£à¨à®¢�−−ë¥ ª®¬¬ã−¨ª�æ¨®−−ë¥ ¬¨ªà®ª®−âà®«-
«¥àë (ˆŠŒ) [1, 2] ¨ ˆ‘� [3, 4]. Œ¥¦¤ã ˆŠŒ ¨ ˆ‘� −¥â ¯à¨−æ¨¯¨�«ì−ëå
à�§«¨ç¨©. ‚ ®¡é¥¬ á«ãç�¥ ˆ‘� ¯à¥¤¯®«�£�¥â ¡®«¥¥ è¨à®ª¨¥ ¯® áà�¢−¥−¨î

1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, VEgorov@ipiran.ru
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á ˆŠŒ äã−ªæ¨®−�«ì−ë¥ ¢®§¬®¦−®áâ¨, ¤®áâ¨£�¥¬ë¥ §� áç¥â ¡®«¥¥ á«®¦−®© ®à£�-
−¨§�æ¨¨ ¯à¨¡®à� ¨, á®®â¢¥âáâ¢¥−−®, ¡®«¥¥ ¢ëá®ª®© áâ¥¯¥−¨ ¥£® ¨−â¥£à�æ¨¨. �®
−¥à¥¤ª® ¢ë¡®à ¨§£®â®¢¨â¥«¥¬ â®£® ¨«¨ ¨−®£® â¥à¬¨−� ®¡êïá−ï¥âáï áª®à¥¥ ä¨à¬¥−-
−®© âà�¤¨æ¨¥©, ç¥¬ ¤¥©áâ¢¨â¥«ì−ë¬¨ å�à�ªâ¥à¨áâ¨ª�¬¨ ª®−ªà¥â−®£® ¯à®¤ãªâ�
¨«¨ ª�â¥£®à¨¨ ¯à®¤ãªâ®¢. ‚ ¤�«ì−¥©è¥¬ ¡ã¤¥¬ ¯®«ì§®¢�âìáï �ªà®−¨¬®¬ ˆ‘�
ª�ª ®¡®¡é�îé¨¬ ¤«ï ¢ëá®ª®¨−â¥£à¨à®¢�−−ëå ¯à®£à�¬¬¨àã¥¬ëå ¯à¨¡®à®¢ á ®à-
£�−¨§�æ¨¥©, −�æ¥«¥−−®© −� ¬�ªá¨¬�«ì−® íää¥ªâ¨¢−®¥ à¥è¥−¨¥ â¨¯®¢ëå §�¤�ç
¨−äà�áâàãªâãàë ¯�ª¥â−ëå á¥â¥©.

2 Типичный современный интегрированный сетевой процессор

‘®¢à¥¬¥−−ë© ˆ‘� | íâ® ¢ëá®ª®¯à®¨§¢®¤¨â¥«ì−ë© ¯à®£à�¬¬¨àã¥¬ë© ¯à®-
æ¥áá®à, ¤®¯®«−¥−−ë© ª®−âà®««¥à�¬¨ ¢−¥è−¥© ®¯¥à�â¨¢−®© ¨ flash-¯�¬ïâ¨, ¢áâà®-
¥−−ë¬¨ á¥â¥¢ë¬¨ ¨ ®¡é¥á¨áâ¥¬−ë¬¨ ¨−â¥àä¥©á�¬¨ (PCIe | Peripheral Com-
ponent Interconnect Express, SATA | Serial Advanced Technology Attachment,
USB | Universal Serial Bus, SPI | Serial Peripheral Interface, I2C | Inter-
Integrated Circuit ¨ ¤à.), � â�ª¦¥ á¯¥æ¨ä¨ç¥áª¨¬¨ áà¥¤áâ¢�¬¨ ¯®¤¤¥à¦ª¨ â¨¯®¢ëå
á¥â¥¢ëå äã−ªæ¨©, ¢ª«îç�ï á®¯à®æ¥áá®àë ¨ �¯¯�à�â−ë¥ ãáª®à¨â¥«¨. –¥−âà�«ì-
−ë© ¯à®æ¥áá®à ˆ‘� ¬®¦¥â ¡ëâì ã−¨¢¥àá�«ì−ë¬ ¨«¨ á¯¥æ¨�«¨§¨à®¢�−−ë¬,
®¤−®- ¨«¨ ¬−®£®ï¤¥à−ë¬. ��¡®à á¥â¥¢ëå ¨−â¥àä¥©á®¢ ˆ‘� ¢ −�áâ®ïé¥¥ ¢à¥¬ï
á¢®¤¨âáï, ª�ª ¯à�¢¨«®, ª ¢ëá®ª®áª®à®áâ−ë¬ ¨−â¥àä¥©á�¬ Ethernet á® áª®à®áâï¬¨
¯¥à¥¤�ç¨ ¤�−−ëå 1 (GE), 10 (10GE) ¨ 40 ƒ¡¨â/á (40GE). ‘®¯à®æ¥áá®àë ¨ á¯¥æ¨-
ä¨ç¥áª¨¥ äã−ªæ¨®−�«ì−ë¥ ¡«®ª¨ á¥â¥¢®© ®à¨¥−â�æ¨¨ ¬®£ãâ ¢ª«îç�âì ãáª®à¨â¥«¨
â�¡«¨ç−®£® ¨ ª®−â¥ªáâ−®£® ¯®¨áª�, � â�ª¦¥ áà¥¤áâ¢� ¨−ä®à¬�æ¨®−−®© ¨ á¥â¥¢®©
¡¥§®¯�á−®áâ¨. ‚−ãâà¥−−îî ®à£�−¨§�æ¨î â¨¯¨ç−®£® á®¢à¥¬¥−−®£® ˆ‘� ¤¥¬®−-
áâà¨àã¥â à¨á. 1 −� ¯à¨¬¥à¥ ¯à¨¡®à®¢ á¥¬¥©áâ¢� QorIQ P1/T1 ª®¬¯�−¨¨ Freescale
Semiconductor (−ë−¥ NXP) [5, 6].

÷¨á. 1 �¡®¡é¥−−�ï áâàãªâãà� ˆ‘� á¥¬¥©áâ¢� QorIQ P1/T1
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‘¯®á®¡ ¯®¢ëè¥−¨ï ¯à®¯ãáª−®© á¯®á®¡−®áâ¨ ¯�ª¥â−ëå ª®¬¬ãâ�â®à®¢ −� ®á−®¢¥ ˆ‘�

–¥−âà�«ì−ë¬ á¢ï§ãîé¨¬ í«¥¬¥−â®¬ ˆ‘� á«ã¦¨â ¢−ãâà¨á¨áâ¥¬−ë© ¨−â¥à-
ä¥©á (‚‘ˆ), ¢ ª�ç¥áâ¢¥ ª®â®à®£® ¢ ¬®¤¥«ïå −¥¡®«ìè®© ¯à®¨§¢®¤¨â¥«ì−®áâ¨
¬®¦¥â ¢ëáâã¯�âì âà�¤¨æ¨®−−�ï á¨áâ¥¬−�ï è¨−� [5], � ¢ ¢ëá®ª®¯à®¨§¢®¤¨â¥«ì-
−ëå | −¥ª�ï ª®¬¬ãâ�æ¨®−−�ï áâàãªâãà�, ®¡«�¤�îé�ï ¢ëá®ª®© ¯à®¯ãáª−®©
á¯®á®¡−®áâìî ¨ ®¡¥á¯¥ç¨¢�îé�ï ¯®¤¤¥à¦ªã ª®£¥à¥−â−®áâ¨ ªíè¥© ¬−®£®ï¤¥à−ëå
¯à®æ¥áá®à®¢ [6]. Š®«¨ç¥áâ¢® ¨−â¥£à¨à®¢�−−ëå ¨−â¥àä¥©á®¢ ¬®¦¥â ¢�àì¨à®¢�âì-
áï ¢ à�§−ëå ¬®¤¥«ïå ˆ‘�. ��¯à¨¬¥à, ¢ ˆ‘� á¥¬¥©áâ¢� QorIQ P1/T1 ç¨á«®
¨−â¥àä¥©á®¢ PCIe à�−¦¨àã¥âáï ®â ¤¢ãå ¤® ç¥âëà¥å, � á¥â¥¢ëå ¯®àâ®¢ Ethernet |
®â âà¥å ¤® ¤¢¥−�¤æ�â¨.

3 Интегрированный сетевой процессор как коммутатор
с общей памятью

‘ â®çª¨ §à¥−¨ï ¯à¨¬¥−¥−¨ï ¢ ¯�ª¥â−®© ª®¬¬ãâ�æ¨¨ ˆ‘� ¯à¥¤áâ�¢«ï¥â á®-
¡®© ¯à�ªâ¨ç¥áª¨ £®â®¢ë© ¨−â¥£à�«ì−ë© ª®¬¬ãâ�â®à, ¢®¯«®é�îé¨© ª®−æ¥¯æ¨î
ª®¬¬ãâ�æ¨¨ −� ®¡é¥© ¯�¬ïâ¨. �â� ª®−æ¥¯æ¨ï ¢¯¥à¢ë¥ ¡ë«� à¥�«¨§®¢�−� ¯à®-
£à�¬¬−® −� ã−¨¢¥àá�«ì−ëå ª®¬¯ìîâ¥à�å, ¤®¯®«−ï¥¬ëå á¥â¥¢ë¬¨ ¨−â¥àä¥©á−ë-
¬¨ ª�àâ�¬¨. �à¨ ª®¬¬ãâ�æ¨¨ −� ®¡é¥© ¯�¬ïâ¨ ¢á¥ ¯à¨−¨¬�¥¬ë¥ ¨§ á¥â¨ ¯�ª¥âë
¡ãä¥à¨àãîâáï ª®−âà®««¥à�¬¨ á¥â¥¢ëå ¨−â¥àä¥©á®¢ (¨−â¥àä¥©á−ë¬¨ ª�àâ�¬¨)
¢ ®¯¥à�â¨¢−®© ¯�¬ïâ¨ á¨áâ¥¬ë á ¨á¯®«ì§®¢�−¨¥¬ ¬¥å�−¨§¬� ¯àï¬®£® ¤®áâã¯�,
¡ãä¥à¨à®¢�−−ë¥ ¯�ª¥âë ®¡à�¡�âë¢�îâáï ¯à®æ¥áá®à®¬, � §�â¥¬ ®−¨ ¢−®¢ì ¢®§-
¢à�é�îâáï ¯àï¬ë¬ ¤®áâã¯®¬ ª ¯�¬ïâ¨ ¢ ª®−âà®««¥àë á¥â¥¢ëå ¨−â¥àä¥©á®¢ ¤«ï
®âáë«ª¨ ¢ á¥âì.

’¨¯¨ç−�ï ®à£�−¨§�æ¨ï ¯®â®ª®¢ ¤�−−ëå ¢ ˆ‘� ¯à¨ ª®¬¬ãâ�æ¨¨ −� ®¡é¥©
¯�¬ïâ¨ ¯®ª�§�−� −� à¨á. 2. ˆ§ à¨áã−ª� ¢¨¤−®, çâ® úã§ª¨¬ ¬¥áâ®¬û ª®−æ¥¯æ¨¨
ª®¬¬ãâ�æ¨¨ −� ®¡é¥© ¯�¬ïâ¨ ®ª�§ë¢�¥âáï á�¬� ®¯¥à�â¨¢−�ï ¯�¬ïâì. (‡¤¥áì ¯®¤-
à�§ã¬¥¢�¥âáï, çâ® ¢ «î¡®© ª®àà¥ªâ−® á¯à®¥ªâ¨à®¢�−−®© ª®¬¯ìîâ¥à−®© á¨áâ¥¬¥,
¢ª«îç�ï ˆ‘�, ¯à®¯ãáª−�ï á¯®á®¡−®áâì ‚‘ˆ −¥ ¬®¦¥â ¡ëâì −¨¦¥ ¯à®¯ãáª−®©
á¯®á®¡−®áâ¨ ®¯¥à�â¨¢−®© ¯�¬ïâ¨, ¢ â®¬ ç¨á«¥ ¡«�£®¤�àï −�«¨ç¨î �«ìâ¥à−�â¨¢ë

÷¨á. 2 �à£�−¨§�æ¨ï ¯®â®ª®¢ ¤�−−ëå ¢ ˆ‘� ¯à¨ ª®¬¬ãâ�æ¨¨ −� ®¡é¥© ¯�¬ïâ¨
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á¨áâ¥¬−®© è¨−¥ ¢ ¢¨¤¥ �¤¥ª¢�â−®© ª®¬¬ãâ�æ¨®−−®© áâàãªâãàë.) �®áª®«ìªã ¯à®-
¯ãáª−ãî á¯®á®¡−®áâì á¥â¥¢ëå ¨−â¥àä¥©á®¢ ¬®¦−® ã¢¥«¨ç¨¢�âì −�à�é¨¢�−¨¥¬
ç¨á«� á¥â¥¢ëå ª�àâ, � ®¡à�¡�âë¢�îé¨¥ ¢®§¬®¦−®áâ¨ ª®¬¬ãâ�â®à� | ª®«¨ç¥-
áâ¢®¬ ï¤¥à ¯à®æ¥áá®à�, ¨¬¥−−® ®¯¥à�â¨¢−�ï ¯�¬ïâì −�ª«�¤ë¢�¥â ¯à¨−æ¨¯¨�«ì−®¥
®£à�−¨ç¥−¨¥ −� ®¡éãî ¯à®¯ãáª−ãî á¯®á®¡−®áâì â�ª®£® ª®¬¬ãâ�â®à�. „«ï ®æ¥−ª¨
íâ®£® ¯à¨−æ¨¯¨�«ì−®£® ®£à�−¨ç¥−¨ï ¯à¨¬¥¬ á«¥¤ãîé¨¥ â¨¯¨ç−ë¥ ¤«ï ¯�ª¥â−ëå
ª®¬¬ãâ�â®à®¢ −� ®¡é¥© ¯�¬ïâ¨, á®¢à¥¬¥−−ëå ˆ‘� ¨ ¬�áá®¢ëå ®¯¥à�â¨¢−ëå
¯�¬ïâ¥© ãá«®¢¨ï:

{ ¢á¥ á¥â¥¢ë¥ ¯®àâë ¤ã¯«¥ªá−ë¥, ®á−®¢−�ï ¬�áá� ¢å®¤ïé¨å ¯�ª¥â®¢ ª®¬¬ãâ¨-
àã¥âáï, ¯®íâ®¬ã ®¡ê¥¬ë §�¯¨áë¢�¥¬ëå ¢ ¯�¬ïâì ¨ áç¨âë¢�¥¬ëå ¨§ ¯�¬ïâ¨
á¥â¥¢ëå ¤�−−ëå ¯à¨¬¥à−® ®¤¨−�ª®¢ë, � æ¨ª«ë çâ¥−¨ï ¨ §�¯¨á¨ ¢ ¯�¬ïâ¨
¡®«¥¥-¬¥−¥¥ à¥£ã«ïà−® ç¥à¥¤ãîâáï;

{ á¨áâ¥¬−�ï ®¯¥à�â¨¢−�ï ¯�¬ïâì | SDRAM (Synchronous Dynamic Random
Access Memory) DDR (Double Data Rate), � à¥¦¨¬ çâ¥−¨ï ¨ §�¯¨á¨ ¤�−−ëå
ª®−âà®««¥à�¬¨ á¥â¥¢ëå ¨−â¥àä¥©á®¢ | ä¨ªá¨à®¢�−−ë© ¡«®ç−ë©, ¯® 8 ¬�-
è¨−−ëå á«®¢ ¢ ¡«®ª¥ (à¥¦¨¬ BL8);

{ ¯®áª®«ìªã ¯àï¬®© ¤®áâã¯ ª ¯�¬ïâ¨ á¥â¥¢ëå ¨−â¥àä¥©á®¢ ¢ª«¨−¨¢�¥âáï ¢ ¯®â®ª
¨−áâàãªæ¨© ¯à®æ¥áá®à� ¨ ¢ ®¡é¥¬ á«ãç�¥ �¤à¥áã¥âáï ª ¨−ë¬ ¡�−ª�¬ ¯�¬ïâ¨,
ª�¦¤®¥ ®¡à�é¥−¨¥ ª ¯�¬ïâ¨ á¥â¥¢®£® ¨−â¥àä¥©á� −�ç¨−�¥âáï �ªâ¨¢�æ¨¥©
(ª®¬�−¤®© Activate), � §�ª�−ç¨¢�¥âáï ¯à¥¤§�àï¤®¬ (ª®¬�−¤®© Precharge);

{ ¤®«ï ¯à®¯ãáª−®© á¯®á®¡−®áâ¨ ¯�¬ïâ¨, ®â¢®¤¨¬�ï á¥â¥¢ë¬ ¤�−−ë¬, Sn á®áâ�¢-
«ï¥â ¯à¨¡«¨§¨â¥«ì−® ®¤−ã âà¥âì.

�à¨¬¥à−ë¥ ¢à¥¬¥−−‚ë¥ ¤¨�£à�¬¬ë (‚„) çâ¥−¨ï ¨ §�¯¨á¨ â¨¯®¢®© ¯�¬ïâ¨
SDRAM DDR4 ª®¬¯�−¨¨ Hynix [7] ¯à¨ ®£®¢®à¥−−ëå ãá«®¢¨ïå ¯®ª�§�−ë −�
à¨á. 3.

„«ï ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ ¨á¯®«ì§®¢�−¨ï ®¯¥à�â¨¢−®© ¯�¬ïâ¨ á¥â¥¢ë¬¨
¨−â¥àä¥©á�¬¨ ¢¢¥¤¥¬ −¥ª¨© ¯®ª�§�â¥«ì íää¥ªâ¨¢−®áâ¨ ¨á¯®«ì§®¢�−¨ï ¯�¬ïâ¨
(��ˆ�) ª�ª ®â−®è¥−¨¥ ç¨á«� â�ªâ®¢ ¯�¬ïâ¨, §�−ïâëå −¥¯®áà¥¤áâ¢¥−−® ¯¥à¥¤�ç¥©
¤�−−ëå, ª ®¡é¥¬ã ç¨á«ã â�ªâ®¢ ¢ ¤¢ãå á¬¥¦−ëå æ¨ª«�å çâ¥−¨ï ¨ §�¯¨á¨.

Š�ª á«¥¤ã¥â ¨§ ¯à¥¤áâ�¢«¥−−ëå ‚„, ¤«ï ¯�¬ïâ¨ SDRAM DDR4 ¢ à¥¦¨¬¥
BL8 á �ªâ¨¢�æ¨¥© ¨ ¯à¥¤§�àï¤®¬ ¯®«−ë© æ¨ª« çâ¥−¨ï ¡«®ª� Tcr á®áâ�¢«ï-
¥â 21 â�ªâ, � §�¯¨á¨ Tcw | 40 â�ªâ®¢. ’�ª ª�ª ¢ ®¡®¨å á«ãç�ïå á®¡áâ¢¥−−®
¯¥à¥¤�ç� ¡«®ª� ¤�−−ëå Td §�−¨¬�¥â ç¥âëà¥ â�ªâ�, §−�ç¥−¨¥ ��ˆ� ¤«ï á¨áâ¥¬-
−®© ¯�¬ïâ¨ ¯à¨ à�áá¬�âà¨¢�¥¬ëå ãá«®¢¨ïå:

ðüéðÓÉÓÔÅÍÎÏÊ ÐÁÍÑÔÉ = Sn
2Td

Tcr + Tcw
=
8

183
¨«¨ ≈ 4,37% .

’�ª¨¬ ®¡à�§®¬, á®¢à¥¬¥−−�ï ¯�¬ïâì SDRAM DDR4 á à�¡®ç¥© ç�áâ®-
â®© 1,6 ƒƒæ (3200 MT/á) á¯®á®¡−� ®¡¥á¯¥ç¨âì ª®¬¬ãâ�â®àã á âà�¤¨æ¨®−−®©
®à£�−¨§�æ¨¥© ¯®â®ª®¢ ¤�−−ëå, ¯®ª�§�−−®© −� à¨á. 2, ã¤¥«ì−ãî ¯à®¯ãáª−ãî
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‘¯®á®¡ ¯®¢ëè¥−¨ï ¯à®¯ãáª−®© á¯®á®¡−®áâ¨ ¯�ª¥â−ëå ª®¬¬ãâ�â®à®¢ −� ®á−®¢¥ ˆ‘�

÷¨á. 3 �à¨¬¥à−ë¥ ‚„ çâ¥−¨ï ¨ §�¯¨á¨ ¯�¬ïâ¨ SDRAM DDR4 ¢ à¥¦¨¬¥ BL8

á¯®á®¡−®áâì á¥â¥¢ëå ¤�−−ëå ®ª®«® 0,14 ƒ¡¨â/á −� à�§àï¤. �à¨ â¨¯®¢®¬ 64-
à�§àï¤−®¬ ¬®¤ã«¥ ¯�¬ïâ¨ ¯®«ãç�¥¬ ¤«ï â�ª®£® ª®¬¬ãâ�â®à� ¯à¥¤¥« ®¡é¥© ¯à®-
¯ãáª−®© á¯®á®¡−®áâ¨ ®ª®«® 9 ƒ¡¨â/á. �à�ªâ¨ç¥áª¨ íâ® ®§−�ç�¥â, çâ® −� ®á−®¢¥
®¡ëç−®£® ˆ‘� ¨ áâ�−¤�àâ−®£® 64-à�§àï¤−®£® ¬®¤ã«ï ¯�¬ïâ¨ ¬®¦−® ¯®áâà®¨âì
ú¡¥áª®−ä«¨ªâ−ë©û ª®¬¬ãâ�â®à á ¤¥¢ïâìî á¥â¥¢ë¬¨ ¯®àâ�¬¨ GE. (—¨á«® ¯®à-
â®¢ ¬®¦¥â ¡ëâì ¡‚®«ìè¨¬ á ãç¥â®¬ áâ�â¨áâ¨ç¥áª®© −¥¤®£àã¦¥−−®áâ¨ ®â¤¥«ì−ëå
¯®àâ®¢ ¨ ¯à¨ §�¤¥©áâ¢®¢�−¨¨ ¬¥å�−¨§¬®¢ ®¡¥á¯¥ç¥−¨ï ª�ç¥áâ¢� ®¡á«ã¦¨¢�−¨ï,
−® íâ¨ ¢®§¬®¦−®áâ¨ −¥à¥«¥¢�−â−ë ¤«ï à�áá¬�âà¨¢�¥¬®© ®æ¥−ª¨.) ’�ª¨¬ ®¡à�-
§®¬, ®¤−¨¬ ¨§ ®á−®¢−ëå ä�ªâ®à®¢, ®¡ãá«®¢«¨¢�îé¨å ®â−®á¨â¥«ì−® −¥¢ëá®ªãî
¯à®¯ãáª−ãî á¯®á®¡−®áâì âà�¤¨æ¨®−−ëå ª®¬¬ãâ�â®à®¢, à¥�«¨§ãîé¨å ª®−æ¥¯æ¨î
ª®¬¬ãâ�æ¨¨ −� ®¡é¥© ¯�¬ïâ¨, ï¢«ï¥âáï −¨§ª¨© ��ˆ� ®¡é¥á¨áâ¥¬−®© ®¯¥à�â¨¢-
−®© ¯�¬ïâ¨ ¯à¨ ¡ãä¥à¨à®¢�−¨¨ á¥â¥¢ëå ¤�−−ëå. ’�ª®© ¢ë¢®¤ §�áâ�¢«ï¥â ¨áª�âì
�àå¨â¥ªâãà−ë¥ à¥è¥−¨ï, −¨¢¥«¨àãîé¨¥ íâ®â −¥¤®áâ�â®ª.
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4 Подсистема буферирования сетевых данных

�â−®á¨â¥«ì−® ¯à®áâë¬, −® íää¥ªâ¨¢−ë¬ à¥è¥−¨¥¬ ¯®¢ëè¥−¨ï ¯à®¯ãáª−®©
á¯®á®¡−®áâ¨ ª®¬¬ãâ�â®à®¢ −� ®¡é¥© ¯�¬ïâ¨ ¬®£«® ¡ë áâ�âì ¢¢¥¤¥−¨¥ ¢ ¨å áâàãª-
âãàã ¤®¯®«−¨â¥«ì−®© ¯®¤á¨áâ¥¬ë ¡ãä¥à¨à®¢�−¨ï á¥â¥¢ëå ¤�−−ëå, ¢ª«îç�îé¥©
á¥â¥¢ë¥ ¨−â¥àä¥©áë ¨ ®â¤¥«ì−ë© ª®−âà®««¥à ¯�¬ïâ¨ ¤«ï ¡ãä¥à¨à®¢�−¨ï ª�¤à®¢
¨ ¯�ª¥â®¢. ‚−ãâà¥−−¨© ¨−â¥àä¥©á ¯®¤á¨áâ¥¬ë ¡ãä¥à¨à®¢�−¨ï (ˆ��) ¬®¦¥â
¯®¤ª«îç�âìáï ª ‚‘ˆ, −�¯à¨¬¥à ç¥à¥§ âà¨¢¨�«ì−ë© ¨−â¥àä¥©á−ë© ¬®áâ ¨«¨
á¥£¬¥−â�â®à ¨−â¥àä¥©á�.

�¥à¢�ï æ¥«ì ¢¢¥¤¥−¨ï ¯®¤á¨áâ¥¬ë ¡ãä¥à¨à®¢�−¨ï á¥â¥¢ëå ¤�−−ëå §�ª«îç�-
¥âáï ¢ «®ª�«¨§�æ¨¨ ¨å ¯®â®ª®¢ ¢−ãâà¨ á�¬®© ¯®¤á¨áâ¥¬ë ¨ ¨áª«îç¥−¨¥ ¨å ª®−ªã-
à¥−æ¨¨ á ¯®â®ª�¬¨ ¨−áâàãªæ¨© ¨ ¤�−−ëå ¯à®æ¥áá®à� −� ‚‘ˆ, çâ® ¨««îáâà¨àã¥â
à¨á. 4. ‚ à¥§ã«ìâ�â¥ á¥â¥¢ë¥ ¯®â®ª¨ ¯®«ãç�îâ ¢®§¬®¦−®áâì ¯®çâ¨ ¬®−®¯®«ì−®
¨á¯®«ì§®¢�âì ¡ãä¥à−ãî ¯�¬ïâì (Sn ≈ 1), ã¤¥«ïï «¨èì −¥§−�ç¨â¥«ì−ãî ¤®«î ¥¥
¯à®¯ãáª−®© á¯®á®¡−®áâ¨ ¯à®æ¥áá®àã ¯à¨ ¥£® ®¡à�é¥−¨ïå ç¥à¥§ ¬®áâ ª §�£®«®¢ª�¬
¡ãä¥à¨à®¢�−−ëå ¯�ª¥â®¢ ¢ ¯à®æ¥áá¥ ¨å �−�«¨§�.

‚â®à®©, ¬¥−¥¥ ®ç¥¢¨¤−®©, −® −¥ ¬¥−¥¥ ¢�¦−®© æ¥«ìî ¢¢¥¤¥−¨ï ¯®¤á¨áâ¥¬ë
ï¢«ï¥âáï áãé¥áâ¢¥−−®¥ ¯®¢ëè¥−¨¥ ��ˆ� ¯à¨ ¡ãä¥à¨à®¢�−¨¨ á¥â¥¢ëå ¤�−−ëå,
¤®áâ¨£�¥¬®¥ §� áç¥â á¯¥æ¨�«ì−®£® à¥¦¨¬� à�¡®âë ¡ãä¥à−®© ¯�¬ïâ¨ ¨ ˆ�� |
¯à¨−æ¨¯¨�«ì−® ¡«®ç−®£® ¨−â¥àä¥©á�, ®â«¨ç�îé¥£®áï á«¥¤ãîé¨¬¨ ¯®«®¦¨â¥«ì-
−ë¬¨ á¢®©áâ¢�¬¨:

{ á®£«�á®¢�−¨¥ à�§àï¤−®áâ¨ ¨ ‚„ ¥£® à�¡®âë á à�§àï¤−®áâìî ¨ ‚„ ¡ãä¥à-
−®© ¯�¬ïâ¨, ¨áª«îç�îé¥¥ ¤®¯®«−¨â¥«ì−ë¥ §�¤¥à¦ª¨ ¨ −�ª«�¤−ë¥ à�áå®¤ë
á®¯àï¦¥−¨ï;

{ ¤®¯ãé¥−¨¥ ¯¥à¥¤�ç â®«ìª® ¡®«ìè¨å ä¨ªá¨à®¢�−−ëå ¯®àæ¨© ¤�−−ëå ¨ ®âáãâ-
áâ¢¨¥ âà�¤¨æ¨®−−ëå ®¯¥à�æ¨© â¨¯� çâ¥−¨ï á«®¢� ¨«¨ §�¯¨á¨ ¡�©â�;

{ ®âáãâáâ¢¨¥ −¥®¡å®¤¨¬®áâ¨ ¯®¤¤¥à¦ª¨ ª®£¥à¥−â−®áâ¨ ¤�−−ëå ¢ ¥£® �¡®−¥−â�å.

÷¨á. 4 �à£�−¨§�æ¨ï ¯®â®ª®¢ ¤�−−ëå ¢ ˆ‘� á ¯®¤á¨áâ¥¬®© ¡ãä¥à¨à®¢�−¨ï
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‘¯®á®¡ ¯®¢ëè¥−¨ï ¯à®¯ãáª−®© á¯®á®¡−®áâ¨ ¯�ª¥â−ëå ª®¬¬ãâ�â®à®¢ −� ®á−®¢¥ ˆ‘�

�� ˆ�� ¢ ª�¦¤®¬ æ¨ª«¥ ¯¥à¥¤�îâáï ¨áª«îç¨â¥«ì−® ú¯�çª¨û ¤�−−ëå, á®áâ®-
ïé¨å ¨§ N ¡«®ª®¢ ¯® B ¬�è¨−−ëå á«®¢, £¤¥ N | ç¨á«® £àã¯¯ ¡�−ª®¢ ¡ãä¥à−®©
¯�¬ïâ¨ (ã ¯�¬ïâ¨ SDRAM DDR4 ®¡ëç−® N = 4), � B §�¤�¥âáï à¥¦¨¬®¬ âà�−§�ª-
æ¨© (B = 8 ¤«ï BL8). ú��çª¨û ç¨â�îâáï ¨ ¯¨èãâáï ¢ §�¤�−−®¬ ä¨ªá¨à®¢�−−®¬
¡«®ç−®¬ à¥¦¨¬¥ á ¯à¨−ã¤¨â¥«ì−ë¬ ¨−â¥à«¨¢¨−£®¬ ¬¥¦¤ã £àã¯¯�¬¨ ¡�−ª®¢ ¯�-
¬ïâ¨. „«ï ª®−âà®««¥à®¢ á¥â¥¢ëå ¨−â¥àä¥©á®¢ íâ® ®§−�ç�¥â, çâ® ®−¨ ¤®«¦−ë
®¡¬¥−¨¢�âìáï ¤�−−ë¬¨ á ¡ãä¥à−®© ¯�¬ïâìî ¯àï¬ë¬ ¤®áâã¯®¬ ú¯�çª�¬¨û à�§¬¥-
à®¬, ªà�â−ë¬ N × B ¬�è¨−−ë¬ á«®¢�¬. ’�ª, ¯à¨ ¨á¯®«ì§®¢�−¨¨ áâ�−¤�àâ−®£®
64-à�§àï¤−®£® ¬®¤ã«ï ¯�¬ïâ¨, N = 4 ¨ B = 8 à�§¬¥à ú¯�çª¨û ¤�−−ëå ¤®«¦¥−
¡ëâì à�¢−ë¬ ¨«¨ ªà�â−ë¬ 256 ¡�©â�¬.

�â® ¦¥ ¯à�¢¨«® à�á¯à®áâà�−ï¥âáï ¨ −� ®¡à�é¥−¨ï ¯à®æ¥áá®à� ª ¡ãä¥à−®© ¯�-
¬ïâ¨ ç¥à¥§ ¬®áâ. �¯¯�à�âãà� ¬®áâ� ¬®¦¥â ãà¥§�âì, á¥ªæ¨®−¨à®¢�âì ¨ ªíè¨à®¢�âì
ú¯�çª¨û, −® ¢ «î¡®¬ á«ãç�¥ ®¡à�é¥−¨¥ ¯à®æ¥áá®à� ¤�¦¥ §� ®¤−¨¬ ¥¤¨−áâ¢¥−−ë¬
¡�©â®¬ §�£®«®¢ª� ¡ãä¥à¨à®¢�−−®£® ¯�ª¥â� ¡ã¤¥â ¯à¨¢®¤¨âì ª áç¨âë¢�−¨î ¨§
¡ãä¥à−®© ¯�¬ïâ¨ ú¯�çª¨û, ªà�â−®© N×B ¬�è¨−−ë¬ á«®¢�¬. ‘«¥¤ã¥â ®â¬¥â¨âì,
çâ® ú¯�çª�û ¬¨−¨¬�«ì−®£® à�§¬¥à� ¢ 256 ¡�©â æ¥«¨ª®¬ ¢¬¥é�¥â ¢ á¥¡ï §�£®«®¢ª¨
á¥â¥¢ëå ¯à®â®ª®«®¢, −¥®¡å®¤¨¬ëå ¤«ï ª®¬¬ãâ�æ¨¨ −� ãà®¢−ïå L2 . . .L4, ¢ ç�áâ-
−®áâ¨ ª�¤à� Ethernet ¨ ¨−ª�¯áã«¨à®¢�−−ëå ¢ −¥£® ¯�ª¥â®¢ IP (Internet Protocol)
¨ TCP/UDP (Transmission Control Protocol/User Datagram Protocol). �à¨
−�«¨ç¨¨ ã ¯à®æ¥áá®à� ¤®áâ�â®ç−®£® ®¡ê¥¬� ªíè¥© ¢á¥ ¥£® ¯®âà¥¡−®áâ¨ ¢ íâ¨å
§�£®«®¢ª�å ã¤®¢«¥â¢®àïâáï ®¤−¨¬-¥¤¨−áâ¢¥−−ë¬ æ¨ª«®¬ ˆ��. Šà®¬¥ â®£®, ¯à¨
−¥®¡å®¤¨¬®áâ¨ à�§£àã§ª¨ ªíè¥© ¯à®æ¥áá®à� ¯à®ç¨â�−−ë¥ ¨§ ¡ãä¥à−®© ¯�¬ïâ¨
ú¯�çª¨û ¨«¨ ¨å ç�áâ¨ ¬®£ãâ ªíè¨à®¢�âìáï �¯¯�à�âãà®© ¬®áâ�.

5 Интегрированный сетевой процессор с подсистемой буферирования

‚®§¬®¦−�ï áâàãªâãà� ˆ‘� á ¯®¤á¨áâ¥¬®© ¡ãä¥à¨à®¢�−¨ï á¥â¥¢ëå ¤�−−ëå
¯®ª�§�−� −� à¨á. 5.

“ ª®¬¬ãâ�â®à�, à¥�«¨§ãîé¥£® ª®−æ¥¯æ¨î ª®¬¬ãâ�æ¨¨ −� ®¡é¥© ¯�¬ïâ¨
¨ ¯®áâà®¥−−®£® −� ®á−®¢¥ ˆ‘� á ¯à¥¤«�£�¥¬®© ¨−â¥£à¨à®¢�−−®© ¯®¤á¨áâ¥¬®©
¡ãä¥à¨à®¢�−¨ï, áãé¥áâ¢¥−−® ¬¥−ïîâáï ãá«®¢¨ï ®æ¥−ª¨ ®£à�−¨ç¥−¨ï áã¬¬�à−®©
¯à®¯ãáª−®© á¯®á®¡−®áâ¨:

{ ¯®â®ª�¬ á¥â¥¢ëå ¤�−−ëå ®â¢®¤¨âáï ¯à�ªâ¨ç¥áª¨ ¢áï ¯®«®á� ¯à®¯ãáª�−¨ï
¡ãä¥à−®© ¯�¬ïâ¨ (Sn ≈ 1);

{ à¥¦¨¬ çâ¥−¨ï ¨ §�¯¨á¨ á¥â¥¢ëå ¤�−−ëå ¯®-¯à¥¦−¥¬ã ä¨ªá¨à®¢�−−ë© BL8
á �ªâ¨¢¨§�æ¨¥© ¨ ¯à¥¤§�àï¤®¬, −® á ¯à¨−ã¤¨â¥«ì−ë¬ ¨−â¥à«¨¢¨−£®¬ ¯®á«¥-
¤®¢�â¥«ì−® ¯® ¢á¥¬ £àã¯¯�¬ ¡�−ª®¢ ¯�¬ïâ¨, ¢á«¥¤áâ¢¨¥ ç¥£® ¢ ª�¦¤®¬ à�§àï¤¥
¡ãä¥à−®© ¯�¬ïâ¨ ¢ ª�¦¤®¬ æ¨ª«¥ çâ¥−¨ï ¨ §�¯¨á¨ ¢á¥£¤� ¯¥à¥¤�îâáï ú¯�çª¨û
¨§ N× B ¡¨â®¢.

�à¨¬¥à−�ï ‚„ çâ¥−¨ï ú¯�çª¨û ¨§ â®© ¦¥ ¯�¬ïâ¨ SDRAM DDR4 [7] ¯à¨
íâ¨å ãá«®¢¨ïå ¯®ª�§�−� −� à¨á. 6.
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÷¨á. 5 ‚®§¬®¦−�ï áâàãªâãà� ˆ‘� á ¯®¤á¨áâ¥¬®© ¡ãä¥à¨à®¢�−¨ï

Š�ª ¢¨¤−® ¨§ ¤¨�£à�¬¬ë, æ¨ª« ¡«®ç−®£® çâ¥−¨ï ú¯�çª¨û Tcr á®áâ�¢«ï-
¥â 33 â�ªâ�. ÷�§−®áâì ¤«¨â¥«ì−®áâ¥© æ¨ª«®¢ §�¯¨á¨ ¨ çâ¥−¨ï ú¯�çª¨û −¥
®â«¨ç�¥âáï ®â â�ª®© ¦¥ à�§−®áâ¨ §�¯¨á¨ ¨ çâ¥−¨ï ¡«®ª� ¢ à¥¦¨¬¥ BL8 −� à¨á. 3,
â. ¥. á®áâ�¢«ï¥â 19 â�ªâ®¢, ¯®íâ®¬ã ¯®«−ë© æ¨ª« ¡«®ç−®© §�¯¨á¨ Tcw ¡ã¤¥â
à�¢¥− 52 â�ªâ�¬. ‚ à¥§ã«ìâ�â¥ ��ˆ� ¡ãä¥à−®© ¯�¬ïâ¨ ¯à¨ à�¢−®¬¥à−®¬
ç¥à¥¤®¢�−¨¨ çâ¥−¨ï ¨ §�¯¨á¨ ú¯�ç¥ªû:

ðüéðÂÕÆÅÒÎÏÊ ÐÁÍÑÔÉ =
2Td

Tcr+ Tcw
=
32

85
¨«¨ ≈ 37,65% .

�®«ãç¥−−ë¥ 37,65% ¤«ï ¡ãä¥à−®© ¯�¬ïâ¨ ¯® ®â−®è¥−¨î ª ¯à¥¦−¨¬ 4,37%
¤«ï á¨áâ¥¬−®© ®§−�ç�îâ ¢ë¨£àëè ¢ ¨á¯®«ì§®¢�−¨¨ ¯�¬ïâ¨ ¨, ª�ª á«¥¤áâ¢¨¥,
¢ ¯à®¯ãáª−®© á¯®á®¡−®áâ¨ ª®¬¬ãâ�â®à� ¯®çâ¨ −� ¯®àï¤®ª. ˆ−â¥£à¨à®¢�−−ë©
á¥â¥¢®© ¯à®æ¥áá®à á® ¢áâà®¥−−®© ¯®¤á¨áâ¥¬®© ¡ãä¥à¨à®¢�−¨ï ¯à¨ ¨á¯®«ì§®¢�−¨¨
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‘¯®á®¡ ¯®¢ëè¥−¨ï ¯à®¯ãáª−®© á¯®á®¡−®áâ¨ ¯�ª¥â−ëå ª®¬¬ãâ�â®à®¢ −� ®á−®¢¥ ˆ‘�

÷¨á. 6 �à¨¬¥à−�ï ‚„ çâ¥−¨ï ú¯�çª¨û ¨§ ¯�¬ïâ¨ SDRAM DDR4

¢ ª�ç¥áâ¢¥ ¡ãä¥à−®© â®© ¦¥ ¯�¬ïâ¨ SDRAM DDR4 á à�¡®ç¥© ç�áâ®â®© 1,6 ƒƒæ
®¡¥á¯¥ç¨« ¡ë ¯®áâà®¥−−®¬ã −� ¥£® ®á−®¢¥ ª®¬¬ãâ�â®àã ú¡¥áª®−ä«¨ªâ−ãîû ã¤¥«ì-
−ãî ¯à®¯ãáª−ãî á¯®á®¡−®áâì 1,2 ƒ¡¨â/á −� à�§àï¤ ¯�¬ïâ¨ ¨«¨ áã¬¬�à−® ¯à¨
â®¬ ¦¥ â¨¯®¢®¬ 64-à�§àï¤−®¬ ¬®¤ã«¥ | 76,8 ƒ¡¨â/á. ’�ª¨¬ ®¡à�§®¬, ¯à®-
áâ¥©è¨© ª®¬¬ãâ�â®à −� ®á−®¢¥ â�ª®£® ¬®¤¨ä¨æ¨à®¢�−−®£® ˆ‘� ã¦¥ à¥�«ì−®
á¯®á®¡¥− ¯®¤¤¥à¦¨¢�âì −¥ ¥¤¨−¨æë, � ¤¥áïâª¨ á¥â¥¢ëå ¯®àâ®¢ GE «¨¡® −¥áª®«ì-
ª® ¯®àâ®¢ 10GE, � ¬�àèàãâ¨§�â®à ¤®áâã¯� ¢ ¬�£¨áâà�«ì−ãî á¥âì ¬®£ ¡ë ¨¬¥âì,
−�¯à¨¬¥à, ®¤¨− ¯®àâ 40GE ú−�¢¥àåû ¨ 32 . . . 40 ¯®àâ®¢ GE ú¢−¨§û.

6 Заключение

‚ áâ�âì¥ ¯à¥¤«®¦¥−, ®¯¨á�− ¨ ®æ¥−¥− á¯®á®¡ ¯®¢ëè¥−¨ï ¯à®¯ãáª−®© á¯®-
á®¡−®áâ¨ ¯�ª¥â−ëå ª®¬¬ãâ�â®à®¢ −� ®á−®¢¥ ˆ‘� §� áç¥â ¤®¯®«−¨â¥«ì−®© ¯®¤-
á¨áâ¥¬ë ¡ãä¥à¨à®¢�−¨ï á¥â¥¢ëå ¤�−−ëå: ª�¤à®¢ ¨ ¯�ª¥â®¢. �ã¤ãç¨ ¨−â¥£à¨à®-
¢�−� ¢ ˆ‘�, â�ª�ï ¯®¤á¨áâ¥¬� ¤�áâ ¢®§¬®¦−®áâì ¯®¢ëá¨âì ¯à¥¤¥« ¯à®¯ãáª−®©
á¯®á®¡−®áâ¨ ª®¬¬ãâ�â®à� ¨«¨ ¬�àèàãâ¨§�â®à�, ¯®áâà®¥−−®£® −� ®á−®¢¥ â�ª®£®
¬®¤¨ä¨æ¨à®¢�−−®£® ¯à¨¡®à�, ¯à¨¬¥à−® −� ¯®àï¤®ª ¢¥«¨ç¨−ë ¯à¨ á®åà�−¥−¨¨
®â−®á¨â¥«ì−®© ¯à®áâ®âë à¥�«¨§�æ¨¨, äã−ªæ¨®−�«ì−®© £¨¡ª®áâ¨ ¨ −¥¢ëá®ª®© áâ®-
¨¬®áâ¨, á¢®©áâ¢¥−−ë¬ ª®¬¬ãâ�â®à�¬, à¥�«¨§ãîé¨¬ ª®−æ¥¯æ¨î ª®¬¬ãâ�æ¨¨ −�
®¡é¥© ¯�¬ïâ¨. �à¨ ¨á¯®«ì§®¢�−¨¨ ®¤−®£®-¥¤¨−áâ¢¥−−®£® ˆ‘� á ¨−â¥£à¨à®¢�−-
−®© ¯®¤á¨áâ¥¬®© ¡ãä¥à¨à®¢�−¨ï ¨ ®¤−®£® áâ�−¤�àâ−®£® 64-à�§àï¤−®£® ¬®¤ã«ï
¯�¬ïâ¨ SDRAM DDR4 á à�¡®ç¥© ç�áâ®â®© 1,6 ƒƒæ ¢ ª�ç¥áâ¢¥ ¡ãä¥à−®© ¯�¬ïâ¨
â�ª®© ª®¬¬ãâ�â®à á¯®á®¡¥− ®¡¥á¯¥ç¨âì áã¬¬�à−ãî ¯à®¯ãáª−ãî á¯®á®¡−®áâì ®ª®-
«® 80 ƒ¡¨â/á. �à¥¤¥« ¯à®¯ãáª−®© á¯®á®¡−®áâ¨ â�ª®£® ª®¬¬ãâ�â®à� ¡ã¤¥â à�áâ¨
¯à®¯®àæ¨®−�«ì−® ã¢¥«¨ç¥−¨î à�§àï¤−®áâ¨ ¨ à�¡®ç¥© ç�áâ®â¥ ¡ãä¥à−®© ¯�¬ïâ¨.
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A WAY TO ENHANCE THROUGHPUT OF PACKET SWITCHES
BUILT ON THE BASIS OF INTEGRATED NETWORK PROCESSORS
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Russian Federation

Abstract: Permanent perfection and complication of protocols related to quality
of service and network security forces packet switches' creators to shift their
preferences from the hardware packet forwarding to soft switching methods
and, implementing these methods, to programmable devices with additional
network functionality. From this standpoint, network processors represent
practically ready to use inexpensive programmable switches realizing the concept
of switching on shared memory. Alongside with many merits, this concept
has an intrinsic throughput limitation resulting from the memory sharing itself.
A subsystem for buffering network frames and packets, which could be integrated
into a network processor, removes this limitation and enables the latter to
implement easily a programmable switch with an essentially higher potential
throughput and all merits of switching on shared memory preserved.

Keywords: buffering; integrated network processor; packet switching; switching
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ВИДЫ НЕОДНОРОДНОСТЕЙ В СТРУКТУРЕ
ГЕНЕРАЛИЗАЦИИ ГЕОДАННЫХ

Д. А. Никишин1

�−−®â�æ¨ï: �à¥¤«®¦¥−® æ¥«®áâ−®¥ ®¯¨á�−¨¥ ¬−®£®ãà®¢−¥¢®© áâàãªâãàë
£¥−¥à�«¨§�æ¨¨ £¥®¤�−−ëå, á®¤¥à¦�é¥© −¥®¤−®à®¤−ë¥ ¨−ä®à¬�æ¨®−−ë¥ ®¡ê-
¥ªâë (ˆ�). �à¥¤áâ�¢«¥−� â¨¯®«®£¨ï ®â−®è¥−¨© ˆ� à�§«¨ç−ëå ãà®¢−¥©
®¡®¡é¥−¨ï, ¢ ª®−â¥ªáâ¥ ª®â®à®© ®¯à¥¤¥«¥− ä®à¬�«ì−ë© ªà¨â¥à¨© á¢®©áâ¢�
®¡à�â¨¬®áâ¨ £¥−¥à�«¨§�æ¨¨. ÷�áá¬®âà¥−� â¨¯®«®£¨ï −¥®¤−®à®¤−®áâ¥©, ¢®§-
−¨ª�îé¨å ¯à¨ á®¯®áâ�¢«¥−¨¨ −¥ª®â®àëå â¨¯®¢ ˆ�, ¨ á¯®á®¡ë ¨å ãáâà�−¥-
−¨ï. ‚¢®¤¨âáï ªà¨â¥à¨© −¥®¤−®à®¤−®áâ¨ áâàãªâãàë £¥−¥à�«¨§�æ¨¨, ¯®−ïâ¨¥
á¥£¬¥−â� ®¤−®à®¤−®© £¥−¥à�«¨§�æ¨¨. �à¨¢¥¤¥−ë ¯à�ªâ¨ç¥áª¨¥ ¯à¨¬¥àë −¥-
®¤−®à®¤−®© £¥−¥à�«¨§�æ¨¨ ¢ â®¯®£à�ä¨¨.

Š«îç¥¢ë¥ á«®¢�: £¥®¤�−−ë¥; ª�àâ®£à�ä¨ç¥áª�ï £¥−¥à�«¨§�æ¨ï; £¥−¥à�«¨§�-
æ¨ï ¯à®áâà�−áâ¢¥−−ëå ¤�−−ëå; æ¨äà®¢�ï ª�àâ®£à�ä¨ï; £¥®¨−ä®à¬�â¨ª�

DOI: 10.14357/08696527190107

1 Введение

„�−−�ï à�¡®â� ¯à®¤®«¦�¥â æ¨ª« ¯ã¡«¨ª�æ¨©, ¯®á¢ïé¥−−ëå â¥¬�â¨ª¥ £¥-
−¥à�«¨§�æ¨¨ ¯à®áâà�−áâ¢¥−−ëå ¤�−−ëå ¢ ª®−â¥ªáâ¥ ä®à¬¨à®¢�−¨ï ¯®¤å®¤®¢
ª ¯®áâà®¥−¨î ®¡®¡é�îé¥© ¬¥â®¤®«®£¨¨ ®¡à�â¨¬®© £¥−¥à�«¨§�æ¨¨ ¨ á¯¥æ¨ä¨-
ª�æ¨¨ ˆ� (�ƒˆ�) [1], ª®â®àãî ¯à¥¤¯®«�£�¥âáï à�á¯à®áâà�−¨âì −� ¯à®æ¥ááë
£¥−¥à�«¨§�æ¨¨ ¤�−−ëå ª�ª ¢ â¥ªáâ®¢®© [2{4], â�ª ¨ ¢ ¯à®áâà�−áâ¢¥−−®-¢à¥¬¥−−‚®©
ä®à¬¥ [5, 6].

�ªâã�«ì−®áâì á®§¤�−¨ï ¬¥â®¤®«®£¨¨ �ƒˆ� ®¯à¥¤¥«ï¥âáï −¥®¡å®¤¨¬®áâìî
à�§à�¡®âª¨ ¬®¤¥«¥© ¨−ä®à¬�â¨ª¨ ¨ £¥®¨−ä®à¬�â¨ª¨, ®¯¨áë¢�îé¨å ª®−ªà¥â−®-
�¡áâà�ªâ−ë¥ ¨ �¡áâà�ªâ−®-ª®−ªà¥â−ë¥ ¯à¥®¡à�§®¢�−¨ï ¤�−−ëå ¢ ¨−â¥£à¨à®¢�−-
−ëå ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬�å −� ®á−®¢¥ ¥¤¨−®© ¯�à�¤¨£¬ë ¨−ä®à¬�æ¨®−−ëå
âà�−áä®à¬�æ¨© ¯®«¨�¤¨ç¥áª®£® ª®¬¯ìîâ¨−£� [7]. �¤−¨¬ ¨§ ¯à�ªâ¨ç¥áª¨å ¯à¨-
¬¥−¥−¨© íâ®£® ¬®¦¥â á«ã¦¨âì, −�¯à¨¬¥à, á®¢¥àè¥−áâ¢®¢�−¨¥ ¬¥â®¤®¢ ¨−ä®à¬�-
æ¨®−−®£® ¯®¨áª�, �−�«¨§� ¨ ¢¨§ã�«¨§�æ¨¨ ¤�−−ëå [8{10].

–¥«ìî à�¡®âë áâ�¢¨«áï �−�«¨§ áâàãªâãàë ¬−®£®ãà®¢−¥¢®© £¥−¥à�«¨§�æ¨¨
£¥®¤�−−ëå ¨ ¢®§¬®¦−ëå ¥¥ −¥®¤−®à®¤−®áâ¥©, ¢«¨ïîé¨å −� ¬¥â®¤ë ¨ ¯à®æ¥ááë
£¥−¥à�«¨§�æ¨¨. �¥®¡å®¤¨¬® ®â¬¥â¨âì, çâ® −¥®¤−®à®¤−®áâì £¥−¥à�«¨§¨àã¥¬ëå
¤�−−ëå ¢ëáâã¯�¥â ª«îç¥¢ë¬ ä�ªâ®à®¬ á«®¦−®áâ¨ á®§¤�¢�¥¬®© ¬¥â®¤®«®£¨¨
®¡à�â¨¬®© £¥−¥à�«¨§�æ¨¨.

1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, dmnikishin@mail.ru
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‚¨¤ë −¥®¤−®à®¤−®áâ¥© ¢ áâàãªâãà¥ £¥−¥à�«¨§�æ¨¨ £¥®¤�−−ëå

2 Многоуровневая структура генерализации

�®¤ ¨−ä®à¬�æ¨®−−ë¬ ®¡ê¥ªâ®¬ −¨¦¥ ¯®−¨¬�¥âáï á®¢®ªã¯−®áâì ¤�−−ëå,
ª®â®à�ï ®¡à�¡�âë¢�¥âáï (¢ â®¬ ç¨á«¥ £¥−¥à�«¨§¨àã¥âáï) ª�ª ¥¤¨−®¥ æ¥«®¥ |
â. ¥. ï¢«ï¥âáï í«¥¬¥−â®¬ ¤�−−ëå. ‘ ¤àã£®© áâ®à®−ë, ˆ� á«ã¦¨â ¬®¤¥«ì−ë¬
®¯¨á�−¨¥¬ â®£® ¨«¨ ¨−®£® ®¡ê¥ªâ�, ¢ë¤¥«ï¥¬®£® ¢ ®¯¨áë¢�¥¬®© ¯à¥¤¬¥â−®©
®¡«�áâ¨ (¢ £¥®£à�ä¨ç¥áª®¬ ª®−â¥ªáâ¥ | £¥®®¡ê¥ªâ�).

‘ãé−®áâì ¯à®æ¥áá� £¥−¥à�«¨§�æ¨¨, á®£«�á−® ®¯à¥¤¥«¥−¨î ¨§ [11], ¬®¦−® ®å�-
à�ªâ¥à¨§®¢�âì ª�ª ú¤¥©áâ¢¨¥, −�¯à�¢«¥−−®¥ ª ®âëáª�−¨î ¨ ¢ë¤¥«¥−¨î £«�¢−®£®,
®¡é¥£®, ®¯à¥¤¥«ïîé¥£®û. •®âï ¯à®æ¥áá £¥−¥à�«¨§�æ¨¨ ¯à¨¬¥−ï¥âáï −¥¯®áà¥¤-
áâ¢¥−−® ª á�¬¨¬ ˆ� (íª§¥¬¯«ïà�¬ ¤�−−ëå), ¯à�¢¨«� £¥−¥à�«¨§�æ¨¨, ¯® áãâ¨,
®¯à¥¤¥«ïîâáï −�¤ ª«�áá�¬ /̈â¨¯�¬¨ ¬®¤¥«¥© £¥−¥à�«¨§¨àã¥¬ëå ¤�−−ëå ¨ §�-
ª«îç�îâáï ¢ �«£®à¨â¬¨ç¥áª®© à¥�«¨§�æ¨¨ ¯à�¢¨« ®¡®¡é¥−¨ï ¨−ä®à¬�æ¨¨ íâ¨å
¬®¤¥«¥© ¤�−−ëå. �à¨ íâ®¬ ¢ ¯à®æ¥áá¥ £¥−¥à�«¨§�æ¨®−−®£® ¯à¥®¡à�§®¢�−¨ï
¢®§¬®¦−® ¢â®à¨ç−®¥ ãâ®ç−¥−¨¥ ¥£® ¯à®æ¥¤ãàë ®â−®á¨â¥«ì−® á¢®©áâ¢ ª®−ªà¥â-
−®£® −�¡®à� ¤�−−ëå, −�¯à¨¬¥à ã¤¥«ì−®£® á®®â−®è¥−¨ï ®¡ê¥ªâ®¢ ®¯à¥¤¥«¥−−ëå
ª«�áá®¢/â¨¯®¢ /̈̈ «¨ ¨å á¢®©áâ¢.

’�ª¦¥ á«¥¤ã¥â ®â¬¥â¨âì, çâ® áâàãªâãà� £¥−¥à�«¨§�æ¨®−−ëå ¯à¥®¡à�§®¢�−¨©
¢ ®¡é¥¬ á«ãç�¥ ¬®¦¥â ¡ëâì ¬−®£®ãà®¢−¥¢®©, −�£«ï¤−ë¬¨ ¯à¨¬¥à�¬¨ á«ã¦�â
¯à®æ¥ááë £¥−¥à�æ¨¨ ¬�áèâ�¡−®£® àï¤� â®¯®£à�ä¨ç¥áª¨å ª�àâ ¨«¨ ú¯¨à�¬¨¤ëû
æ¨äà®¢®£® ¨§®¡à�¦¥−¨ï. •®âï −� ª�¦¤®¬ ãà®¢−¥, ¢ ¯à¨−æ¨¯¥, ¬®£ãâ ¡ëâì
®¯à¥¤¥«¥−ë á®¡áâ¢¥−−�ï æ¥«ì (¯à¥¤−�§−�ç¥−¨¥ à¥§ã«ìâ�â®¢) ®¡®¡é¥−¨ï ¨ á®®â-
¢¥âáâ¢ãîé¨¥ ¬¥â®¤ë ¨ áâ¥¯¥−ì £¥−¥à�«¨§�æ¨¨ ¨áå®¤−ëå ˆ� [6], −® ®¡ëç−®
®−¨ á®¢¯�¤�îâ −� ¢á¥å ãà®¢−ïå. ‚ à¥§ã«ìâ�â¥ ä®à¬¨àã¥âáï ¬−®£®ãà®¢−¥¢�ï
¨¥à�àå¨ç¥áª�ï áâàãªâãà� ¤�−−ëå, ¢ ª®â®à®© ª�¦¤ë© ˆ� á¢ï§�− ®â−®è¥−¨ï¬¨
£¥−¥à�«¨§�æ¨¨ ¨−ä®à¬�æ¨¨ á á®®â¢¥âáâ¢ãîé¨¬¨ ¥¬ã ˆ� ¡®«¥¥ ¢ëá®ª®£® ãà®¢-
−ï ®¡®¡é¥−¨ï, � â¥, ¢ á¢®î ®ç¥à¥¤ì, á®®â−®áïâáï á ®¡ê¥ªâ�¬¨ −¨¦¥«¥¦�é¥£®
ãà®¢−ï ¯®áà¥¤áâ¢®¬ ®â−®è¥−¨© ¤¥â�«¨§�æ¨¨ (¤«ï â¥ªáâ®¢ëå ¤�−−ëå ¯à¨¬¥−ï-
¥âáï â¥à¬¨− á¯¥æ¨ä¨ª�æ¨ï). ‘®¢¯�¤¥−¨¥ ®â−®è¥−¨© £¥−¥à�«¨§�æ¨¨ ¨ ¤¥â�«¨§�-
æ¨¨ ®¡ãá«®¢«¨¢�¥â ¯à¨−æ¨¯ ®¡à�â¨¬®áâ¨ £¥−¥à�«¨§�æ¨¨, ® ª®â®à®¬ è«� à¥çì
¢ [1,3{6].

Œ®¦−® ¢ë¤¥«¨âì á«¥¤ãîé¨¥ ª�â¥£®à¨¨ ¯à¥¥¬áâ¢¥−−®áâ¨ ¤�−−ëå ¢ á¬¥¦−ëå
ãà®¢−ïå ®¡®¡é¥−¨ï, ¯à®¨««îáâà¨à®¢�−−ë¥ −� à¨á. 1:

(�) ®âáãâáâ¢ãîé¥¥ (ú¯ãáâ®¥û) á®®â¢¥âáâ¢¨¥, ª®£¤� ¨áå®¤−ë© ˆ� −¥ ¯®«ãç�¥â
−¨ª�ª®£® ®âà�¦¥−¨ï ¢ £¥−¥à�«¨§¨à®¢�−−®¬ ¬−®¦¥áâ¢¥ ¤�−−ëå, −�¯à¨¬¥à
ä¨«ìâà�æ¨ï ¬�«®§−�ç¨¬ëå ®¡ê¥ªâ®¢ ¨«¨ ¨áª«îç¥−¨¥ ª�â¥£®à¨© ¤�−−ëå,
−¥ á®®â¢¥âáâ¢ãîé¨å â¥¬�â¨ç¥áª®© −�¯à�¢«¥−−®áâ¨ á¯¥æ¨ä¨ç¥áª®£® ¢�à¨�−â�
£¥−¥à�«¨§�æ¨¨, á¢®©áâ¢® ¢�à¨�−â−®áâ¨ à�áá¬�âà¨¢�«®áì ¢ [5, 6];

(¡) ®¤−®§−�ç−®¥ á®®â¢¥âáâ¢¨¥ ¬¥¦¤ã ¨áå®¤−ë¬ ¨ £¥−¥à�«¨§¨à®¢�−−ë¬ ˆ� (ú®¤¨−
ª ®¤−®¬ãû), ª®£¤� ¯à¥®¡à�§®¢�−¨¥ §�ª«îç�¥âáï ¢ ¨§¬¥−¥−¨¨ áâ¥¯¥−¨ ¤¥â�«ì-
−®áâ¨ ¤�−−ëå ¢ à�¬ª�å â¥ªãé¥© ¬®¤¥«¨ £¥®®¡ê¥ªâ�, ã¯à®é¥−¨¨ ¥£® ¯à®áâà�−-
áâ¢¥−−®£® /̈̈ «¨ á¥¬�−â¨ç¥áª®£® ®¯¨á�−¨ï, −�¯à¨¬¥à ¨§¬¥−¥−¨¥ ¬¥âà¨ç¥áª®£®
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÷¨á. 1 ‚¨¤ë á¢ï§¥© ˆ� ¢ áâàãªâãà¥ £¥−¥à�«¨§�æ¨¨ ¤�−−ëå

ª«�áá� ®¡ê¥ªâ� á ¯«®é�¤−®£® −� «¨−¥©−ë© ¨«¨ â®ç¥ç−ë©, ®£àã¡«¥−¨¥ ¥£® ç¨á-
«®¢ëå ¨ â¥ªáâ®¢ëå å�à�ªâ¥à¨áâ¨ª [6];

(¢) ¬−®£®§−�ç−®¥ á®®â¢¥âáâ¢¨¥ ¬¥¦¤ã −¥áª®«ìª¨¬¨ ¨áå®¤−ë¬¨ ¨ ®¤−¨¬ ®¡®¡-
é�îé¨¬ ˆ� (ú¬−®£¨¥ ª ®¤−®¬ãû), ¢ ª®â®à®¬ ¬®¦−® ¢ë¤¥«¨âì ¤¢� íâ�¯�:
ã¯à®é¥−¨¥ ª�¦¤®£® ¨§ ¨áå®¤−ëå ˆ� á®£«�á−® ®¯¨á�−−®¬ã ¢ëè¥ ¯à¥®¡à�-
§®¢�−¨î (¡) ¨ á«¨ï−¨¥ ¤�−−ëå ¢ ®¡é¨© £¥−¥à�«¨§¨à®¢�−−ë© ˆ�; ¯à¨ íâ®¬
¬®¦¥â ¨§¬¥−ïâìáï á�¬� ¬®¤¥«ì ®¯¨á�−¨ï £¥−¥à�«¨§¨à®¢�−−®£® ®¡ê¥ªâ�: −�-
¯à¨¬¥à, ¢¬¥áâ® ¬−®¦¥áâ¢� ®â¤¥«ì−ëå ®¡ê¥ªâ®¢ â¨¯� úª�àáâ®¢�ï ¢®à®−ª�û
¢ £¥−¥à�«¨§¨à®¢�−−®¬ −�¡®à¥ ¡ã¤¥â ä¨£ãà¨à®¢�âì ®¡®¡é�îé¨© ¨å ®¡ê¥ªâ
â¨¯� úà�©®− à�á¯à®áâà�−¥−¨ï ª�àáâ�û [6];

(£) ¬−®£®§−�ç−®¥ á®®â¢¥âáâ¢¨¥ ¬¥¦¤ã ®¤−¨¬ ¨áå®¤−ë¬ ¨ −¥áª®«ìª¨¬¨ ®¡®¡é�-
îé¨¬¨ ˆ� (ú®¤¨− ª® ¬−®£¨¬û) ¢®§−¨ª�¥â, ª®£¤� ˆ� −¨¦−¥£® ãà®¢−ï −¥
¯®«ãç�îâ ®¤−®§−�ç−®© ¯à¥¥¬áâ¢¥−−®áâ¨ −� ¢ëáè¥¬ ãà®¢−¥, � ¨å ¤�−−ë¥
ãç�áâ¢ãîâ ¢ ä®à¬¨à®¢�−¨¨ −¥áª®«ìª¨å ˆ� ¢ëáè¥£® ãà®¢−ï. •�à�ªâ¥à−ë¬
¯à¨¬¥à®¬ ¬®¦¥â á«ã¦¨âì â�ª®© £¥®®¡ê¥ªâ, ª�ª úåà�¬û (æ¥àª®¢ì, ¬¥ç¥âì,
¯�£®¤� ¨ â. ¯.), ª®â®àë© ®¤−®¢à¥¬¥−−® ¬®¦¥â ¢ëáâã¯�âì ¢ âà¥å ¨¯®áâ�áïå:
ª�ª á®¡áâ¢¥−−® áâà®¥−¨¥, � â�ª¦¥ ª�ª ®à¨¥−â¨à −� ¬¥áâ−®áâ¨ ¨ ª�ª ¯à®áâà�−-
áâ¢¥−−ë© à¥¯¥à ¨§-§� å�à�ªâ¥à−®£® −�¢¥àè¨ï â�ª¨å á®®àã¦¥−¨©;
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÷¨á. 2 �à¨¬¥à ú¯¨à�¬¨¤ëû £¥−¥à�«¨§�æ¨¨ ¨§®¡à�¦¥−¨ï [12]

(¤) ®â−®è¥−¨¥ â¨¯� ú¬−®£¨¥ ª® ¬−®£¨¬û ¢ ¯à¨−æ¨¯¥ â�ª¦¥ ¢®§¬®¦−®, −® ¢ ª®−â¥ª-
áâ¥ ¤�−−®© à�¡®âë −¥ à�áá¬�âà¨¢�¥âáï | íâ®â ¢®¯à®á âà¥¡ã¥â ¤®¯®«−¨â¥«ì−ëå
¨áá«¥¤®¢�−¨©; ¬®¦−® áç¨â�âì, çâ® íâ® ®â−®è¥−¨¥ ¬®¦¥â ¡ëâì ¯à¥¤áâ�¢«¥−®
ª�ª á®¢®ªã¯−®áâì à�áá¬®âà¥−−ëå ¢ëè¥ ª�â¥£®à¨©.

‚ ª�ç¥áâ¢¥ ¯à¨¬¥à� ¬−®£®ãà®¢−¥¢®© áâàãªâãàë £¥−¥à�«¨§�æ¨¨ ®¤−®à®¤−ëå
¤�−−ëå ¬®¦−® ¯à¨¢¥áâ¨ ¯®ª�§�−−ãî −� à¨á. 2 ú¯¨à�¬¨¤ãû æ¨äà®¢®£® à�áâà®-
¢®£® ¨§®¡à�¦¥−¨ï | àï¤ ¨§®¡à�¦¥−¨©, ¯®áâà®¥−−ë© ¯® ¯à¨−æ¨¯ã ã¬¥−ìè¥−¨ï
¤¥â�«ì−®áâ¨ [12]. ’�ª®© ¯®¤å®¤ ¢ë§¢�− −�áãé−®© −¥®¡å®¤¨¬®áâìî ¨á¯®«ì§®¢�âì
¢�à¨�−âë ¨áå®¤−®£® ¨§®¡à�¦¥−¨ï, £¥−¥à�«¨§¨à®¢�−−®£® ¢ à�§«¨ç−®© áâ¥¯¥−¨,
¢ ¯à®æ¥áá�å ¥£® �−�«¨§� ¨ ¢¨§ã�«¨§�æ¨¨.

‚ ¯à¥¤áâ�¢«¥−−®¬ á«ãç�¥ à¥çì ¨¤¥â ®¡ ®¤−®à®¤−ëå ¯® á¢®¥© áãâ¨ ˆ� |
¯¨ªá¥«ïå, ¯à¥¤áâ�¢«¥−¨¥ ª®â®àëå −� «î¡®¬ ãà®¢−¥ £¥−¥à�«¨§�æ¨¨ �¡á®«îâ−®
®¤−®â¨¯−®, ¯à¨ íâ®¬ ¨¬¥¥â ¬¥áâ® â®«ìª® ®¤¨− ¨§ ¢¨¤®¢ á¢ï§¥©. ‚á¥ íâ® ¯®§¢®«ï¥â
¨§¡¥¦�âì á«®¦−ëå áæ¥−�à¨¥¢ �−�«¨§� ¢−ãâà¥−−¥© áâàãªâãàë ®¡ê¥ªâ®¢, � â�ª¦¥
àï¤� ¤àã£¨å ¯à®¡«¥¬, ¯à¨áãé¨å à�áá¬�âà¨¢�¥¬ë¬ −¨¦¥ ¯à®æ¥áá�¬ £¥−¥à�«¨§�-
æ¨¨ −¥®¤−®à®¤−ëå ˆ�.

3 Неоднородности в структуре генерализации данных

Šà®¬¥ à�áá¬®âà¥−−®© ¢ëè¥ ú¢¥àâ¨ª�«ì−®©û á¥£¬¥−â�æ¨¨ áâàãªâãàë £¥−¥à�-
«¨§�æ¨¨ ¤�−−ëå ¯® ãà®¢−ï¬ ®¡®¡é¥−¨ï ¢ á«ãç�¥ ¯à¨áãâáâ¢¨ï ¢ −¥© à�§−®à®¤−ëå
¤�−−ëå (¯à¨¬¥à®¬ á«ã¦¨â ¢¥ªâ®à−�ï ª�àâ� [5]) â�ª¦¥ ¨¬¥¥â ¬¥áâ® ¥¥ ú£®à¨§®−-
â�«ì−�ïû á¥£¬¥−â�æ¨ï. �−� ®¡ãá«®¢«¥−� â¥¬, çâ® ˆ� ¢ â�ª¨å −�¡®à�å ¤�−−ëå
¢ ®¡é¥¬ á«ãç�¥ à�§«¨ç−ë ¬¥¦¤ã á®¡®©: ¢®-¯¥à¢ëå, ¬®¤¥«¨ £¥®®¡ê¥ªâ®¢ ®¡à�§ãîâ
á«®¦−ãî áâàãªâãàã á¥¬�−â¨ç¥áª¨å ¨ ¬¥âà¨ç¥áª¨å ª«�áá®¢ £¥®®−â®«®£¨¨; ¢®-¢â®-
àëå, ª�¦¤ë© ˆ� ª�ª íª§¥¬¯«ïà ¬®¤¥«¨ £¥®®¡ê¥ªâ� ¢ à�¬ª�å â®£® ¨«¨ ¨−®£®
ª«�áá� ¬®¦¥â ¨¬¥âì á®¡áâ¢¥−−ãî ª®−¥ç−ãî áâàãªâãàã.
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�â¨ à�§«¨ç¨ï ¨¬¥îâ �−�«®£¨î á ¯à®¡«¥¬�â¨ª®© ú®ç¨áâª¨ ¤�−−ëåû (data
cleaning), ª®â®à�ï ¨¬¥¥â ¬¥áâ® ª�ª ¤«ï ®â¤¥«ì−ëå −�¡®à®¢ ¤�−−ëå, â�ª ¨ ¯à¨
¨−â¥£à�æ¨¨ ¤�−−ëå ¨§ à�§«¨ç−ëå ¨áâ®ç−¨ª®¢ [13, 14]. �â� �−�«®£¨ï §�ª«îç�¥âáï
¢ −¥®¡å®¤¨¬®áâ¨ á®£«�á®¢�−¨ï ¤�−−ëå ¯® áâàãªâãà¥, ¯à¥¤áâ�¢«¥−¨î ¨ á®¤¥à-
¦�−¨î [15]. �® ¢¬¥áâ¥ á â¥¬ §¤¥áì à¥çì ¨¤¥â −¥ ® −�«¨ç¨¨ ®è¨¡®ª ¢ ¤�−−ëå,
� ® ª®−ä«¨ªâ�å, ¢®§−¨ª�îé¨å ¢ ¯à®æ¥áá¥ ®¡®¡é¥−¨ï ˆ�, ª®àà¥ªâ−ëå á�¬¨å ¯®
á¥¡¥, −® à�§«¨ç�îé¨åáï ®á®¡¥−−®áâï¬¨ ®¯¨á�−¨ï (¯à¥¤áâ�¢«¥−¨ï). ’�ª®© ª®−-
ä«¨ªâ, ¢ ®¡é¥¬, ï¢«ï¥âáï −¥ ®è¨¡ª®©, � «¨èì −¥®¤−®à®¤−®áâìî, ¤«ï ãáâà�−¥−¨ï
ª®â®à®© âà¥¡ã¥âáï ¯à¨¢¥¤¥−¨¥ (âà�−áä®à¬�æ¨ï) ¤�−−ëå ˆ� ª á®¯®áâ�¢¨¬®¬ã
¢¨¤ã.

’�ª�ï á¨âã�æ¨ï ¯à¨áãé� −¥ â®«ìª® £¥−¥à�«¨§�æ¨¨ à�§−®â¨¯−ëå ¤�−−ëå ¨§
®¤−®£® −�¡®à�, −® ¬®¦¥â ¢®§−¨ª�âì ¨ ¯à¨ ®¡®¡é¥−¨¨ á®¯®áâ�¢¨¬ëå ¤�−−ëå ¨§
¨áâ®ç−¨ª®¢ á à�§«¨ç−ë¬¨ ª®−æ¥¯âã�«ì−ë¬¨ áå¥¬�¬¨ (®−â®«®£¨ï¬¨), çâ® ï¢«ï¥âáï
¯à®ï¢«¥−¨¥¬ á¢®©áâ¢� �«ìâ¥à−�â¨¢−®áâ¨ £¥−¥à�«¨§�æ¨¨ [6].

ˆâ�ª, ¢ ª®−â¥ªáâ¥ ®¡®¡é¥−¨ï −¥áª®«ìª¨å ˆ� ¯à¥¤«�£�¥âáï ¢ë¤¥«¨âì á«¥-
¤ãîé¨¥ −¨¦¥ ¢¨¤ë −¥®¤−®à®¤−®áâ¥©. �â¨ −¥®¤−®à®¤−®áâ¨ ¨ á®®â¢¥âáâ¢ãîé¨¥
á¯®á®¡ë ¨å ãáâà�−¥−¨ï1 â�ª¦¥ ¯à®¨««îáâà¨à®¢�−ë −� à¨á. 3 ¤«ï ¯�àë ¨áå®¤−ëå
ˆ�1 ¨ ˆ�2 ¨ à¥§ã«ìâ�â� ¨å ®¡®¡é¥−¨ï | £¥−¥à�«¨§¨à®¢�−−®£® ®¡ê¥ªâ� ˆ�ƒ.

1. …á«¨ ¨¬¥¥âáï −¥áª®«ìª® ˆ� á ®¤¨−�ª®¢®© áâàãªâãà®©, â® ¯à¨ ®¡®¡é¥−¨¨
§−�ç¥−¨© ¨¤¥−â¨ç−ëå á¢®©áâ¢ íâ¨å ®¡ê¥ªâ®¢ −¥®¤−®à®¤−®áâì ¬®¦¥â ¯à®-
ï¢«ïâìáï á«¥¤ãîé¨¬ ®¡à�§®¬:

(�) ¢ ¢¨¤¥ à�§«¨ç¨ï ¢ à¥�«ì−®© â®ç−®áâ¨ §−�ç¥−¨©, çâ® ¬®¦¥â ®ª�§�âìáï
¢�¦−ë¬ ¢ −¥ª®â®àëå á«ãç�ïå, ®¤−�ª® −¨ª�ª¨å ¤®¯®«−¨â¥«ì−ëå ¤¥©áâ¢¨©
¯à¨ íâ®¬ −¥ âà¥¡ã¥âáï, ¯®íâ®¬ã íâ®â á«ãç�© −¥ ¯®ª�§�− −� à¨á. 3;

(¡) ¢ ¢¨¤¥ à�§«¨ç¨ï ¯à¨¬¥−ï¥¬ëå ¥¤¨−¨æ, −�¯à¨¬¥à ¢ ¯®ª�§�−−®¬ −� à¨á. 3
®¡®¡é¥−¨¨ (¢ ¤�−−®¬ á«ãç�¥ áã¬¬¨à®¢�−¨¨) §−�ç¥−¨© á¢®©áâ¢� ú¯«®-
é�¤ìû âà¥¡ã¥âáï ¢ëà�¦¥−−®¥ ¢ ¬2 §−�ç¥−¨¥ ¯¥à¥áç¨â�âì ¢ £�; ¯à¨ íâ®¬
¤«ï á®£«�á®¢�−¨ï â®ç−®áâ¨ à¥§ã«ìâ�â� −¥®¡å®¤¨¬® ¯à¥®¡à�§®¢�−¨¥ ¡®«¥¥
â®ç−®£® §−�ç¥−¨ï (101,24 ¬2) ¢ §−�ç¥−¨¥ ¬¥−ìè¥© â®ç−®áâ¨ (0,01 £�), � −¥
−�®¡®à®â. �−�«®£¨ç−ë© ¯à¨¬¥à ¬®¦¥â ¨¬¥âì ¬¥áâ® ¯à¨ ¨−â¥£à�æ¨¨ �«ì-
â¥à−�â¨¢−ëå ®â¥ç¥áâ¢¥−−ëå ¨ §�àã¡¥¦−ëå ¤�−−ëå, −�¯à¨¬¥à §−�ç¥−¨©
¢ëá®â, âà�¤¨æ¨®−−® ¢ëà�¦�¥¬ëå ¢ ¬¥âà�å ¨ äãâ�å;

(¢) ¢ ¢¨¤¥ à�§«¨ç−ëå á¯®á®¡®¢ ¯à¥¤áâ�¢«¥−¨ï §−�ç¥−¨© (¯à¨¬¥−ï¥¬ëå â¨¯®¢
¤�−−ëå), −�¯à¨¬¥à ¤«ï ¯®ª�§�−−®£® −� à¨á. 3 ®¡®¡é¥−¨ï −¥®¡å®¤¨¬®
¯à¥®¡à�§®¢�−¨¥ áâà®ª®¢®£® §−�ç¥−¨ï ¢ ç¨á«¥−−®¥. Œ¥−¥¥ −�£«ï¤−ë¬,
−® â�ª¦¥ ¢�¦−ë¬ ¯à¥¤áâ�¢«ï¥âáï á«ãç�© á ®¡®¡é¥−¨¥¬ §−�ç¥−¨© â¨¯®¢
¢¥é¥áâ¢¥−−®£® ç¨á«� float ¨ double | §¤¥áì ¯à¨−æ¨¯¨�«ì−ë¬ ï¢«ï¥âáï

1÷�áá¬�âà¨¢�ï ¯à®æ¥¤ãàã £¥−¥à�«¨§�æ¨¨ ª�ª äã−ªæ¨î, ¯à¨−¨¬�îéãî −�¡®à ¤¥â�«ì−ëå ˆ�
¨ ¢®§¢à�é�îéãî ¢ ª�ç¥áâ¢¥ à¥§ã«ìâ�â� £¥−¥à�«¨§¨à®¢�−−ë© ®¡ê¥ªâ(ë), á¯®á®¡ë ãáâà�−¥−¨ï
−¥®¤−®à®¤−®áâ¥© ¬®¦−® á¢¥áâ¨ ª ¢à¥¬¥−−®¬ã (®¯¥à�â¨¢−®¬ã) ¯¥à¥áç¥âã íâ¨å ¤�−−ëå, −¥ §�âà�£¨-
¢�îé¥¬ã ¤�−−ë¥ ¨áå®¤−ëå ˆ�.
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÷¨á. 3 �à¨¬¥àë −¥®¤−®à®¤−®áâ¥© ¨ á¯®á®¡®¢ ¨å ãáâà�−¥−¨ï

ãá«®¢¨¥ ¯à¨¢¥¤¥−¨ï â®£® ®¯¥à�−¤�, ç¥© â¨¯ ¤�−−ëå ¬¥−¥¥ ¥¬ª¨© ¯® á¢®¥©
®¡«�áâ¨ §−�ç¥−¨©, −�¯à¨¬¥à 32-¡¨â−®£® float ¢ 64-¡¨â−ë© double, � −¥
−�®¡®à®â. ‚ íâ®¬ ª®−â¥ªáâ¥ â�ª¦¥ ¢®§−¨ª�¥â §�¤�ç� ®¡®¡é¥−¨ï §−�ç¥-
−¨© ¨¤¥−â¨ç−ëå á¢®©áâ¢, ¢ëà�¦¥−−ëå á®®â¢¥âáâ¢¥−−® ¢ ª®«¨ç¥áâ¢¥−−®©
¨ ¢ ª�ç¥áâ¢¥−−®© ä®à¬¥, çâ® âà¥¡ã¥â ®á®¡ëå ¯à®æ¥¤ãà ¨å á®¯®áâ�¢«¥−¨ï
(á¬., −�¯à¨¬¥à, [16]).

2. Œ®¦¥â ¨¬¥âì ¬¥áâ® ®¡®¡é¥−¨¥ ˆ� á �¤�¯â¨àã¥¬®© áâàãªâãà®©, ¢ ª®â®à®©
−�«¨ç¨¥ −¥ª®â®àëå á¢®©áâ¢ ®¯æ¨®−�«ì−® ¨ ®¡ãá«®¢«¨¢�¥âáï ª®−ªà¥â−ë¬¨
®á®¡¥−−®áâï¬¨ ®¯¨áë¢�¥¬ëå £¥®®¡ê¥ªâ®¢: ã ®¤−¨å −¥ª®¥ á¢®©áâ¢® ¨¬¥¥âáï,
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� ã ¤àã£¨å ®−® ®âáãâáâ¢ã¥â, ¯®áª®«ìªã −¥¨§¢¥áâ−® ¥£® §−�ç¥−¨¥ ¨«¨ ®−® ¢®®¡é¥
−¥ ¯à¨¬¥−¨¬®. ’�ª®© ¯®¤å®¤ à¥�«¨§®¢�−, −�¯à¨¬¥à, ¢ ª«�áá¨ä¨ª�â®à�å â®-
¯®£à�ä¨ç¥áª®© ¨−ä®à¬�æ¨¨ RSC ®â¥ç¥áâ¢¥−−®© ƒˆ‘ ú��−®à�¬�û [17], £¤¥
¯à¥¤¯®«�£�¥âáï ¤¥«¥−¨¥ −�¡®à� á¢®©áâ¢ ª«�áá� −� ú®¡ï§�â¥«ì−ë¥û ¨ ú¢®§-
¬®¦−ë¥û. �−�«®£¨ç−�ï á¨âã�æ¨ï ¢®§−¨ª�¥â ¨ ¢ á«ãç�¥ á®¯®áâ�¢«¥−¨ï ˆ�
à�§−ëå ª«�áá®¢. ‚á¥ íâ® ¬®¦¥â ®¡ãá«®¢«¨¢�âì à�§«¨ç¨¥ ¢ −�¡®à�å ä�ªâ¨ç¥-
áª¨ ¨¬¥îé¨åáï á¢®©áâ¢ ã ®¡®¡é�¥¬ëå ˆ�. ‚ á«ãç�¥ ®âáãâáâ¢¨ï ã −¥ª®â®àëå
ˆ� âà¥¡ã¥¬®£® á¢®©áâ¢� ¬®¦¥â ¯®âà¥¡®¢�âìáï ¤®¯®«−¥−¨¥ ¥£® áâàãªâãàë
−¥¤®áâ�îé¨¬ á¢®©áâ¢®¬ á® §−�ç¥−¨¥¬ ¯® ã¬®«ç�−¨î. �� à¨á. 3 ¯®ª�§�−�
á¨âã�æ¨ï, ª®£¤� ã ®¤−®£® ¨§ ®¡ê¥ªâ®¢ ®âáãâáâ¢ã¥â á¢®©áâ¢® úˆ¬¥¥â §−�ç¥−¨¥
®à¨¥−â¨à�û, ¢ á¢ï§¨ á ç¥¬ ®−® §�¤�¥âáï á® §−�ç¥−¨¥¬ ¯® ã¬®«ç�−¨î (default),
à�¢−ë¬ 0 (ú−¥ ¨¬¥¥âû). ‚ à¥§ã«ìâ�â¥ £¥−¥à�«¨§¨à®¢�−−ë© ª¢�àâ�« ¯à¨®¡à¥-
â�¥â §−�ç¥−¨¥ ®à¨¥−â¨à�, ¯®áª®«ìªã ¢ −¥¬ â¥¯¥àì á®¤¥à¦¨âáï ¢ë¤�îé¥¥áï
§¤�−¨¥.

3. ’�ª¦¥ ¢®§¬®¦¥− á«ãç�©, ª®£¤� ®¡®¡é�¥¬ë¥ ˆ� ¨¬¥îâ á¢®©áâ¢�, ä®à¬�«ì−®
®¯à¥¤¥«¥−−ë¥ ¯®-à�§−®¬ã, −® ¨¤¥−â¨ç−ë¥ ¬¥¦¤ã á®¡®© (á¨−®−¨¬¨ï) ¨«¨ ¯®
ªà�©−¥© ¬¥à¥ ¡«¨§ª¨¥ ¯® á¢®¥© áãâ¨. �� à¨á. 3 ¯®ª�§�− ¯à¨¬¥à â�ª®© ¯�àë:
á¢®©áâ¢® úŒ�â¥à¨�« á®®àã¦¥−¨ïû ¨ á¢®©áâ¢® ú•�à�ªâ¥à ®£−¥áâ®©ª®áâ¨û, |
á®¯®áâ�¢«¥−¨¥ íâ¨å á¢®©áâ¢ ®áãé¥áâ¢«¥−® ¯®áà¥¤áâ¢®¬ ¯à¨¢¥¤¥−¨ï §−�ç¥−¨©
ª«�áá¨ä¨ª�â®à� ¬�â¥à¨�«®¢ ª á®®â¢¥âáâ¢ãîé¨¬ §−�ç¥−¨ï¬ ª«�áá¨ä¨ª�â®à�
áâ¥¯¥−¥© ®£−¥áâ®©ª®áâ¨. ‚ ¯®ª�§�−−®¬ −� à¨á. 3 ¯à¨¬¥à¥ §−�ç¥−¨¥ úª�¬¥−-
−®¥û á®¯®áâ�¢«¥−® á® §−�ç¥−¨¥¬ ú®£−¥áâ®©ª¨©û, á®®â¢¥âáâ¢¥−−®, ®¡®¡é¥−¨¥
¯®«ãç¥−−ëå §−�ç¥−¨© ¯à¨¢¥«® ª ®¡®¡é¥−−®¬ã §−�ç¥−¨î ú•�à�ªâ¥à ®£−¥áâ®©-
ª®áâ¨ = á¬¥è�−−ë©û. ’�ª¨¬ ®¡à�§®¬, ¤«ï à�§à¥è¥−¨ï íâ®© −¥®¤−®à®¤−®áâ¨
âà¥¡ã¥âáï ®¯à¥¤¥«¥−¨¥ ¯à�¢¨« ¨¤¥−â¨ä¨ª�æ¨¨ à®¤áâ¢¥−−ëå á¢®©áâ¢ ¨ á®¯®-
áâ�¢«¥−¨ï ¨å §−�ç¥−¨©.

‚ §�¢¥àè¥−¨¥ −ã¦−® ®â¬¥â¨âì, çâ® −� à¨á. 3 â�ª¦¥ ¯à¨áãâáâ¢ã¥â á¨âã�æ¨ï, ª®-
â®àãî ¬®¦−® ®å�à�ªâ¥à¨§®¢�âì ª�ª −¥®¤−®à®¤−®áâì ˆ� ¯® ãà®¢−ï¬ ®¡®¡é¥−¨ï:
ˆ�1 á®®â¢¥âáâ¢ã¥â ®â¤¥«ì−®¬ã áâà®¥−¨î, � ˆ�2 | ª¢�àâ�«ã §�áâà®©ª¨ | ª®−-
æ¥¯âã, ª®â®àë© ã¦¥ ®¡ê¥¤¨−¨« ¢ á¥¡¥ ®â¤¥«ì−ë¥ áâà®¥−¨ï (−� ¯à¥¤ë¤ãé¥¬ íâ�¯¥
£¥−¥à�«¨§�æ¨¨). ‚®§−¨ª−®¢¥−¨¥ â�ª®© á¨âã�æ¨¨ ¢®§¬®¦−®, ¥á«¨ á®®â¢¥âáâ¢ãîé¥¥
ˆ�1 áâà®¥−¨¥ ¨¬¥¥â ®á®¡®¥ §−�ç¥−¨¥ (−�¯à¨¬¥à, ®à¨¥−â¨à�), ¢á«¥¤áâ¢¨¥ ç¥£® −�
¯à¥¤ë¤ãé¥¬ íâ�¯¥ £¥−¥à�«¨§�æ¨¨ ®−® −¥ ¡ë«® ¢ª«îç¥−® ¢ ª�ª®©-«¨¡® ª¢�àâ�«
§�áâà®©ª¨, � á®åà�−¨«®áì ª�ª ®â¤¥«ì−ë© ¢ë¤�îé¨©áï ®¡ê¥ªâ.

4 Критерий неоднородности структуры генерализации

‚¬¥áâ¥ á â¥¬ −ã¦−® ®â¬¥â¨âì, çâ® ¤�¦¥ ¥á«¨ ¢ ¬−®¦¥áâ¢¥ ®¡®¡é�¥¬ëå ¤�−-
−ëå á®¤¥à¦�âáï −¥®¤−®à®¤−ë¥ ˆ�, â® íâ® ¥é¥ −¥ §−�ç¨â, çâ® á�¬� áâàãªâãà�
£¥−¥à�«¨§�æ¨®−−ëå ¯à¥®¡à�§®¢�−¨© ï¢«ï¥âáï −¥®¤−®à®¤−®©. Šà¨â¥à¨¥¬ á«ã¦¨â
−�«¨ç¨¥ ¢ −¥© äã−ªæ¨©, ®¡®¡é�îé¨å −¥®¤−®à®¤−ë¥ ˆ� | äã−ªæ¨© −¥®¤−®-
à®¤−®© £¥−¥à�«¨§�æ¨¨, −® ¢ àï¤¥ á«ãç�¥¢ −¥â −¥®¡å®¤¨¬®áâ¨ ¨å ¨á¯®«ì§®¢�âì.
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‚¨¤ë −¥®¤−®à®¤−®áâ¥© ¢ áâàãªâãà¥ £¥−¥à�«¨§�æ¨¨ £¥®¤�−−ëå

’�ª, ¢ ª®««¥ªæ¨¨ à�§−®à®¤−ëå ¨§®¡à�¦¥−¨© (−�¯à¨¬¥à, á à�§«¨ç−ë¬ ¡¨âà¥©â®¬)
¯¨à�¬¨¤� ª�¦¤®£® ¨§ −¨å £¥−¥à�«¨§¨àã¥âáï ®¤−®à®¤−®, ¯à¨ íâ®¬ ˆ� | ¢¥àè¨-
−ë íâ¨å ¯¨à�¬¨¤ ¡ã¤ãâ −¥®¤−®à®¤−ë ¬¥¦¤ã á®¡®©; −® ¥á«¨ ®−¨ ¬¥¦¤ã á®¡®© −¥
®¡®¡é�îâáï, â® äã−ªæ¨®−�«ì−®áâì −¥®¤−®à®¤−®© £¥−¥à�«¨§�æ¨¨ §¤¥áì −¥ ¨á¯®«ì-
§ã¥âáï. ‚ ¯à®â¨¢−®¬ á«ãç�¥, ¥á«¨, −�¯à¨¬¥à, íâ¨ à�§−®à®¤−ë¥ ˆ� ¢ ª®−¥ç−®¬
áç¥â¥ ¤®«¦−ë ¡ëâì á¢¥¤¥−ë ª ®¤−®¬ã ®¡ê¥ªâã, −¥®¤−®à®¤−®áâì £¥−¥à�«¨§�æ¨¨
−¥¨§¡¥¦−�.

ˆáå®¤ï ¨§ íâ®£®, ¢ áâàãªâãà¥ £¥−¥à�«¨§�æ¨¨ ¯à¥¤«�£�¥âáï ¢ë¤¥«¨âì −®¢ë©
áâàãªâãà−ë© í«¥¬¥−â | á¥£¬¥−â ®¤−®à®¤−®© £¥−¥à�«¨§�æ¨¨, ª®â®àë© ¬®¦−®
®¯à¥¤¥«¨âì ª�ª äà�£¬¥−â ®¡é¥© áâàãªâãàë £¥−¥à�«¨§�æ¨¨, ¢ ª®â®à®¬ ¨¬¥îâ
¬¥áâ® â®«ìª® äã−ªæ¨¨ ®¤−®à®¤−®© £¥−¥à�«¨§�æ¨¨, â. ¥. äã−ªæ¨¨, ¢ ª®â®àëå
ãç�áâ¢ãîâ −�¡®àë ®¤−®à®¤−ëå ˆ�. �à¨¬¥à®¬ â�ª®£® á¥£¬¥−â� á«ã¦¨â à�áá¬®â-
à¥−−�ï ¢ëè¥ ¯¨à�¬¨¤� æ¨äà®¢®£® ¨§®¡à�¦¥−¨ï (á¬. à¨á. 2). ‚ á¢®î ®ç¥à¥¤ì,
−¥®¤−®à®¤−�ï áâàãªâãà� £¥−¥à�«¨§�æ¨¨ ¬®¦¥â ¢ª«îç�âì ¢ á¥¡ï â�ª¨¥ á¥£¬¥−âë,
ª®â®àë¥ ®¡ê¥¤¨−ïîâáï ¬¥¦¤ã á®¡®© ã¦¥ ¯à¨ ¯®¬®é¨ äã−ªæ¨© £¥−¥à�«¨§�æ¨¨
−¥®¤−®à®¤−ëå ˆ�.

�à¨¬¥à®¬ ¬−®£®ãà®¢−¥¢®© áâàãªâãàë −¥®¤−®à®¤−®© £¥−¥à�«¨§�æ¨¨ ¢ £¥®¨−-
ä®à¬�â¨ª¥ á«ã¦¨â ¯à®æ¥áá £¥−¥à�æ¨¨ ¬�áèâ�¡−®£® àï¤� â®¯®£à�ä¨ç¥áª¨å ª�àâ.
�à¨¬¥à ¯à®æ¥¤ãàë −¥®¤−®à®¤−®© £¥−¥à�«¨§�æ¨¨ | ®¡®¡é¥−¨¥ ˆ�, ¯à¨−�¤-
«¥¦�é¨å à�§«¨ç−ë¬ ¬¥âà¨ç¥áª¨¬ ª«�áá�¬. �®«¥¥ á«®¦−ë¬ ¯à¨¬¥à®¬ ¬®¦¥â
á«ã¦¨âì ®¡ê¥¤¨−¥−¨¥ £¥®®¡ê¥ªâ®¢ â�ª¨å ª«�áá®¢, ª�ª ú«¥á−ë¥ ¬�áá¨¢ëû ¨ ú−�-
á¥«¥−−ë¥ ¯ã−ªâëû, ¢ ®¡®¡é¥−−ë© ª«�áá ú¬�áª¨ ¬¥áâ−®áâ¨û; � ®¡ê¥ªâë â¨¯�
ú−�áë¯¨û, ú¢ë¥¬ª¨û, ú¢�«ëû, ú®¢à�£¨û, úà¥ª¨û ¨ ¤à. ¬®£ãâ ¡ëâì ®¡ê¥¤¨−¥−ë
¢ ª®¬¯«¥ªá−ë© â¨¯ ú¯à¥£à�¤ë (¤«ï ¤¢¨¦¥−¨ï)û.

5 Аспекты генерализации различных компонент данных

Š�ª £®¢®à¨«®áì ¢ à�¡®â¥ [5], ¢ á®áâ�¢¥ £¥®¤�−−ëå ¬®¦−® ¢ë¤¥«¨âì á¥¬�−â¨-
ç¥áªãî, ¯à®áâà�−áâ¢¥−−ãî ¨ ¢à¥¬¥−−‚ãî ª®¬¯®−¥−âë. ‘®®â¢¥âáâ¢¥−−®, ¯à¨¬¥−¨-
â¥«ì−® ª £¥−¥à�«¨§�æ¨¨ ¤�−−ëå ¬®£ãâ ¨¬¥âì ¬¥áâ® ¥¥ á«¥¤ãîé¨¥ ¯®¤¢¨¤ë:

{ á¥¬�−â¨ç¥áª�ï | £¥−¥à�«¨§�æ¨ï á¥¬�−â¨ç¥áª¨å á¢®©áâ¢, á¢ï§�−−�ï á ®¡®¡-
é¥−¨¥¬ á¬ëá«®¢ëå ª�â¥£®à¨©1 ¢ à�¬ª�å â¥ªãé¥© ¬®¤¥«¨ £¥®®¡ê¥ªâ� ¨«¨ ¯à¨
¯¥à¥å®¤¥ ª ¡®«¥¥ ®¡é¥© ¬®¤¥«¨;

{ ¯à®áâà�−áâ¢¥−−�ï (£¥−¥à�«¨§�æ¨ï ¬¥âà¨ª¨) | á¯®á®¡ë £¥−¥à�«¨§�æ¨¨ ¢ ¯à®-
áâà�−áâ¢¥−−®¬ ®â−®è¥−¨¨ ¡ë«¨ ¯®¤à®¡−® à�áá¬®âà¥−ë ¢ [6]. �á−®¢−ë¬¨ á¯®-
á®¡�¬¨ ¢ëáâã¯�îâ ã¯à®é¥−¨¥ ¬¥âà¨ç¥áª®£® ®¯¨á�−¨ï £¥®®¡ê¥ªâ� (¢ â®¬ ç¨á«¥
á¢ï§�−−®¥ á ¯à¥®¡à�§®¢�−¨¥¬ ª«�áá� ¬¥âà¨ª¨) ¨ �£à¥£¨à®¢�−¨¥ −¥áª®«ìª¨å

1‚ «®£¨ª¥ �−�«®£®¬ á¥¬�−â¨ç¥áª®© £¥−¥à�«¨§�æ¨¨ á«ã¦¨â «®£¨ç¥áª�ï ®¯¥à�æ¨ï ®¡®¡é¥−¨ï
¯®−ïâ¨© [18], ¯®áà¥¤áâ¢®¬ ª®â®à®© ¢ à¥§ã«ìâ�â¥ à�áè¨à¥−¨ï ¨«¨ ¨áª«îç¥−¨ï ¢¨¤®¢®£® ¯à¨§−�ª�
(â. ¥. ¯à¨«�£�â¥«ì−®£®) ¯®«ãç�¥âáï ¤àã£®¥ ¯®−ïâ¨¥, ¡®«¥¥ è¨à®ª®£® ®¡ê¥¬�, −® ¬¥−¥¥ ª®−ªà¥â−®£®
á®¤¥à¦�−¨ï, à¥§ã«ìâ�â®¬ ®¯¥à�æ¨¨ ®¡®¡é¥−¨ï ï¢«ï¥âáï £¨¯¥à®−¨¬. �¥à¥å®¤ ®â ç�áâ−®£® ª ®¡é¥¬ã,
−� ¡®«¥¥ ¢ëá®ªãî áâã¯¥−ì �¡áâà�ªæ¨¨, á«ã¦¨â ®¤−¨¬ ¨§ íâ�¯®¢ ¯®«ãç¥−¨ï −®¢®£® §−�−¨ï.
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„. �. �¨ª¨è¨−

®¡ê¥ªâ®¢ ¢ ®¤¨− (¢ â®¬ ç¨á«¥ ¢ ®¡ê¥ªâ −®¢®£®, ®¡®¡é�îé¥£® á¥¬�−â¨ç¥áª®£®
ª«�áá�);

{ ¢à¥¬¥−−‚�ï (£¥−¥à�«¨§�æ¨ï ¯® ®á¨ ¢à¥¬¥−¨) | ¯® á¢®¥© áãâ¨ á¢®¤¨âáï ª ®¡®¡-
é¥−¨î ªà�âª®¢à¥¬¥−−®© ¢�à¨�¡¥«ì−®áâ¨ ¤¨−�¬¨ç¥áª¨ ¨§¬¥−ïîé¨åáï ¤�−-
−ëå, â�ª�ï £¥−¥à�«¨§�æ¨ï ¯à¨¬¥−¨¬� ¯à¨ à¥è¥−¨¨ àï¤� §�¤�ç (á¬., −�¯à¨-
¬¥à, [19,20]).

6 Заключение

–¥«ìî ¤�−−®© à�¡®âë áâ�¢¨«áï �−�«¨§ áâàãªâãàë ¬−®£®ãà®¢−¥¢®© £¥−¥-
à�«¨§�æ¨¨ £¥®¤�−−ëå, á®¤¥à¦�é¥© −¥®¤−®à®¤−ë¥ ˆ�. ‚ à�¡®â¥ ¯à¥¤«®¦¥−®
æ¥«®áâ−®¥ ®¯¨á�−¨¥ â�ª®© áâàãªâãàë, ª®â®à®¥ ¢ª«îç�¥â â¨¯®«®£¨î ®â−®è¥−¨©
ˆ� à�§«¨ç−ëå ãà®¢−¥© ®¡®¡é¥−¨ï. ‚ ª®−â¥ªáâ¥ íâ®© â¨¯®«®£¨¨ ®¯à¥¤¥«¥−
ä®à¬�«ì−ë© ªà¨â¥à¨© á¢®©áâ¢� ®¡à�â¨¬®áâ¨ £¥−¥à�«¨§�æ¨¨. ’�ª¦¥ à�áá¬®-
âà¥−� â¨¯®«®£¨ï −¥®¤−®à®¤−®áâ¥©, ¢®§−¨ª�îé¨å ¯à¨ á®¯®áâ�¢«¥−¨¨ −¥ª®â®àëå
¢¨¤®¢ ˆ�, ¨ ¯®ª�§�−ë á¯®á®¡ë ¨å ãáâà�−¥−¨ï. ‚¢¥¤¥− ªà¨â¥à¨© −¥®¤−®à®¤-
−®áâ¨ áâàãªâãàë £¥−¥à�«¨§�æ¨¨ ¨ ¯®−ïâ¨¥ á¥£¬¥−â� ®¤−®à®¤−®© £¥−¥à�«¨§�æ¨¨.
�à¥¤áâ�¢«¥−−ë© ¬�â¥à¨�« ¯à®¨««îáâà¨à®¢�− ¯à�ªâ¨ç¥áª¨¬¨ ¯à¨¬¥à�¬¨ −¥®¤-
−®à®¤−®© £¥−¥à�«¨§�æ¨¨ ¢ â®¯®£à�ä¨¨. ‚á¥ íâ® §�ª«�¤ë¢�¥â ª®−æ¥¯âã�«ì−ãî
®á−®¢ã ®¡®¡é�îé¥© ¬¥â®¤®«®£¨¨ ®¡à�â¨¬®© £¥−¥à�«¨§�æ¨¨ ¨ á¯¥æ¨ä¨ª�æ¨¨
ˆ�, −�¯à�¢«¥−−®© −� à¥è¥−¨¥ ¯à�ªâ¨ç¥áª¨å §�¤�ç ¨−ä®à¬�æ¨®−−®£® ¯®¨áª�,
�−�«¨§�, ®¡à�¡®âª¨ ¨ ¢¨§ã�«¨§�æ¨¨ ¤�−−ëå, ¢ â®¬ ç¨á«¥ ¨ ¢ ¨−â¥£à¨à®¢�−−ëå
¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬�å.
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TYPES OF INHOMOGENEITIES IN THE STRUCTURE
OF GEODATA GENERALIZATION
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Russian Federation

Abstract: A holistic description of the multilevel structure of the gener-
alization of geodata containing nonuniform information objects is proposed.
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A typology of relations of information objects of various levels of generalization
is presented, in the context of which the formal criterion of the property
of generalization reversibility is defined. The typology of inhomogeneities
arising from the comparison of certain types of information objects and ways to
eliminate them are considered. The criterion of heterogeneity of the structure of
generalization and the concept of a segment of homogeneous generalization are
introduced. Practical examples of nonuniform generalization in topography are
given.
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ИНТЕРНЕТ-КАТАЛОГ БИБЛИОТЕКИ ПО ЕСТЕСТВЕННЫМ
НАУКАМ РОССИЙСКОЙ АКАДЕМИИ НАУК

КАК СПЕЦИАЛЬНАЯ ИНФОРМАЦИОННО-ПОИСКОВАЯ
СИСТЕМА, ОРИЕНТИРОВАННАЯ

НА КВАЛИФИЦИРОВАННОГО ПОЛЬЗОВАТЕЛЯ

С. А. Власова1, Н. Е. Каленов2

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�¥âáï á¢®¤−ë© ª�â�«®£ ª−¨£ ¨ ¯à®¤®«¦�îé¨åáï ¨§-
¤�−¨© �¨¡«¨®â¥ª¨ ¯® ¥áâ¥áâ¢¥−−ë¬ −�ãª�¬ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª (�…�
÷��) ª�ª ¯à¨¬¥à à¥�«¨§�æ¨¨ ¯à¨−æ¨¯¨�«ì−® −®¢®£® ¯®¤å®¤� ª ¯®áâà®¥−¨î
¡¨¡«¨®â¥ç−®£® ª�â�«®£� á äã−ªæ¨ï¬¨ à�§¢¨â®© ¨−ä®à¬�æ¨®−−®-¯®¨áª®¢®©
á¨áâ¥¬ë. ‚ íâ®¬ ª�â�«®£¥ ®âà�¦�îâáï ¢á¥ ¨§¤�−¨ï, æ¥−âà�«¨§®¢�−−® ¯®áâã-
¯�îé¨¥ ¢ ä®−¤ë ¡®«¥¥ 50 ¡¨¡«¨®â¥ª −�ãç−ëå ®à£�−¨§�æ¨© ÷��, ¢å®¤ïé¨å
¢ æ¥−âà�«¨§®¢�−−ãî ¡¨¡«¨®â¥ç−ãî á¨áâ¥¬ã (–�‘) �…� ÷��. ‚ ®â«¨ç¨¥
®â ¡®«ìè¨−áâ¢� ¨−â¥à−¥â-ª�â�«®£®¢, ¢ §−�ç¨â¥«ì−®© ¬¥à¥ ®à¨¥−â¨à®¢�−−ëå
−� «®£¨ªã ¯®¨áª� ¨−ä®à¬�æ¨¨, ¯à¨áãéãî âà�¤¨æ¨®−−ë¬ ª�â�«®£�¬, ª�â�«®£
�…� ÷�� ¯®§¢®«ï¥â ®¡à�¡�âë¢�âì ¯à�ªâ¨ç¥áª¨ −¥®£à�−¨ç¥−−ë© ªàã£ §�¯à®-
á®¢, ¢ª«îç�îé¨å «î¡ë¥ í«¥¬¥−âë ¡¨¡«¨®£à�ä¨ç¥áª¨å ®¯¨á�−¨© ¨ â¥¬�â¨-
ç¥áª¨¥ àã¡à¨ª¨, á¢ï§�−−ë¥ ¡ã«¥¢ë¬¨ ®¯¥à�â®à�¬¨ úˆû, úˆ‹ˆû, úˆ �…û.
�®«ì§®¢�â¥«î ¯à¥¤®áâ�¢«ï¥âáï ¢®§¬®¦−®áâì ®£à�−¨ç¨âì ®¡«�áâì ¯®¨áª� ä®−-
¤�¬¨ §�¤�−−®© ¡¨¡«¨®â¥ª¨, ¢å®¤ïé¥© ¢ á®áâ�¢ –�‘ �…� ÷��, � â�ª¦¥
¨áª�âì â®«ìª® ¨§¤�−¨ï, ¤®áâã¯−ë¥ ¢ ¯®«−®â¥ªáâ®¢®¬ í«¥ªâà®−−®¬ ¢�à¨�−-
â¥. ”®à¬� ¢ë¤�ç¨ à¥§ã«ìâ�â®¢ ¯®¨áª� ¯à¥¤®áâ�¢«ï¥â à�§¢¨âãî −�¢¨£�æ¨î
¯® à¥áãàá�¬, ¢ª«îç�¥â ¯®ª�§ ®âáª�−¨à®¢�−−ëå ú¨−ä®à¬�â¨¢−ëåû áâà�−¨æ
¨§¤�−¨© (â¨âã«ì−ë© «¨áâ, �−−®â�æ¨ï, ®£«�¢«¥−¨¥).

Š«îç¥¢ë¥ á«®¢�: í«¥ªâà®−−ë¥ ª�â�«®£¨; ¨−â¥à−¥â; ¡¨¡«¨®£à�ä¨ç¥áª¨¥
®¯¨á�−¨ï; â¥¬�â¨ç¥áª¨¥ àã¡à¨ª¨; á¥â¥¢ë¥ â¥å−®«®£¨¨; ¯®¨áª®¢ë¥ §�¯à®áë

DOI: 10.14357/08696527190108

�á®¡¥−−®áâ¨ �…� ÷�� á®áâ®ïâ ¢ â®¬, çâ® ®−� ï¢«ï¥âáï −¥ ¨§®«¨à®¢�−−®©
¡¨¡«¨®â¥ª®©, � ¢®§£«�¢«ï¥â –�‘, ¢ª«îç�îéãî ¢ −�áâ®ïé¥¥ ¢à¥¬ï æ¥−âà�«ì−ãî
¡¨¡«¨®â¥ªã ¨ ¥¥ 50 ®â¤¥«¥−¨©, ¡�§¨àãîé¨åáï −¥¯®áà¥¤áâ¢¥−−® ¢ −�ãç−ëå ®à£�-
−¨§�æ¨ïå. „® −¥¤�¢−¥£® ¢à¥¬¥−¨ –�‘ �…� ÷�� ¢ª«îç�«� ¥é¥ ®ª®«® 50 ¡¨¡-
«¨®â¥ª, ï¢«ïîé¨åáï ¯®¤à�§¤¥«¥−¨ï¬¨ �ª�¤¥¬¨ç¥áª¨å ¨−áâ¨âãâ®¢. �á−®¢−®¥
¯à¥¤−�§−�ç¥−¨¥ �…� ÷�� ª�ª £®«®¢−®© ¡¨¡«¨®â¥ª¨ –�‘ | æ¥−âà�«¨§®¢�−−®¥
¯à¨®¡à¥â¥−¨¥ ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢, −¥®¡å®¤¨¬ëå á®âàã¤−¨ª�¬ ®¡á«ã¦¨-
¢�¥¬ëå −�ãç−ëå ®à£�−¨§�æ¨©, ¨ æ¥−âà�«¨§®¢�−−�ï ®¡à�¡®âª� ¢á¥å ¯®áâã¯�îé¨å
¬�â¥à¨�«®¢. ‚á¥ â¥å−®«®£¨ç¥áª¨¥ ¯à®æ¥ááë, á¢ï§�−−ë¥ á íâ¨¬¨ §�¤�ç�¬¨, ¢ �…�
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ˆ−â¥à−¥â-ª�â�«®£ �…� ÷�� ª�ª á¯¥æ¨�«ì−�ï ¨−ä®à¬�æ¨®−−®-¯®¨áª®¢�ï á¨áâ¥¬�

÷�� ¯®«−®áâìî �¢â®¬�â¨§¨à®¢�−ë −�ç¨−�ï á 1993 £. ¨ à¥è�îâáï ¢ à�¬ª�å
à�§à�¡®â�−−ëå á®âàã¤−¨ª�¬¨ �¨¡«¨®â¥ª¨ ¯à®£à�¬¬−ëå ª®¬¯«¥ªá®¢ [1{5]. ÷¥-
§ã«ìâ�â®¬ à¥�«¨§�æ¨¨ íâ¨å ¯à®æ¥áá®¢ áâ�«¨ ¯à¥¤áâ�¢«¥−−ë¥ ¢ ¨−â¥à−¥â¥ á¢®¤-
−ë© ª�â�«®£ ¦ãà−�«®¢ (http://jurs.benran.ru/JurCat/Main) ¨ á¢®¤−ë© ª�â�«®£ ª−¨£
¨ ¯à®¤®«¦�îé¨åáï ¨§¤�−¨© (http://cbook.benran.ru), äã−ªæ¨®−�«ì−ë¥ ¢®§¬®¦-
−®áâ¨ ¨ ¨−â¥àä¥©á ª®â®à®£® à�áá¬�âà¨¢�îâáï −¨¦¥.

Š�â�«®£ á®¤¥à¦¨â ¨−ä®à¬�æ¨î ® ª−¨£�å ¨ ¯à®¤®«¦�îé¨åáï ¨§¤�−¨ïå (¬�-
â¥à¨�«ë ª®−ä¥à¥−æ¨©, âàã¤ë ®à£�−¨§�æ¨© ¨ −�ãç−ëå ®¡é¥áâ¢), ¯®áâã¯�îé¨å
¢ –�‘ �…� ÷�� −�ç¨−�ï á 1993 £. ‚ ª�â�«®£¥ â�ª¦¥ ®âà�¦¥−ë á¯¥æ¨�«ì−ë¥
¢ë¯ãáª¨ −�ãç−ëå ¦ãà−�«®¢, ¯®á¢ïé¥−−ë¥ ª®−ªà¥â−ë¬ á®¡ëâ¨ï¬ ¨«¨ ¯¥àá®−�¬.
ˆ−ä®à¬�æ¨ï ®¡ ¨§¤�−¨¨ ¢ª«îç�¥â áâ�−¤�àâ−®¥ ®á−®¢−®¥ ¡¨¡«¨®£à�ä¨ç¥áª®¥ ®¯¨-
á�−¨¥ [6], ¤®¯®«−¥−−®¥ á¢¥¤¥−¨ï¬¨ ®¡® ¢á¥å �¢â®à�å, à¥¤�ªâ®à�å, á®áâ�¢¨â¥«ïå
¨ â. ¯., ª«îç¥¢ë¬¨ á«®¢�¬¨, ¨−¤¥ªá�¬¨ ã−¨¢¥àá�«ì−®© ¤¥áïâ¨ç−®© ª«�áá¨ä¨ª�-
æ¨¨ (“„Š), ¯¥à¥¢®¤�¬¨ §�£«�¢¨©, −¥®¡å®¤¨¬ë¬¨ á¯à�¢®ç−ë¬¨ ¤�−−ë¬¨, � â�ª¦¥
(á 2011 £.) áª�−�¬¨ ®¡«®¦¥ª, â¨âã«ì−ëå «¨áâ®¢ ¨ ®£«�¢«¥−¨©.

��ç�«ì−�ï áâà�−¨æ� ª�â�«®£� á ¤¥¬®−áâà�æ¨¥© à�áªàë¢�îé¨åáï á¯¨áª®¢
¯à¥¤áâ�¢«¥−� −� à¨á. 1.

’¥ªáâ ¯®¨áª®¢®£® §�¯à®á� ¢¢®¤¨âáï ¢ áâà®ª¨ ®âªàë¢�îé¥©áï ¯®á«¥ ¢ë§®-
¢� ª�â�«®£� ä®à¬ë. ‘âà®ª¨ ¬®¦−® á¢ï§ë¢�âì «®£¨ç¥áª¨¬¨ ®¯¥à�â®à�¬¨ (á¬.
à¨á. 1). ‚ ª�¦¤ãî áâà®ªã ¬®¦¥â ¡ëâì ¢¢¥¤¥−® ç¥à¥§ ¯à®¡¥« −¥áª®«ìª® â¥à¬¨−®¢,
á¢ï§�−−ëå «®£¨ç¥áª¨¬ úˆû ¨«¨ úˆ‹ˆû; ¯® ã¬®«ç�−¨î â¥à¬¨−ë á¢ï§ë¢�îâáï
«®£¨ç¥áª¨¬ úˆû. ’¥à¬¨−ë ¬®¦−® ¢¢®¤¨âì á ¯à�¢ë¬ ãá¥ç¥−¨¥¬ (â. ¥. ®áãé¥-

÷¨á. 1 �®¨áª®¢�ï áâà�−¨æ� ¨−â¥à−¥â-ª�â�«®£� �…� ÷��
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áâ¢«ïâì ¯®¨áª ¡¥§ ãç¥â� ®ª®−ç�−¨© á«®¢), ¨á¯®«ì§ãï á¨¬¢®« ú*û. „«ï ª�¦¤®©
áâà®ª¨ ¨§ ¢ë¯�¤�îé¥£® á¯¨áª� ¢ âà¥âì¥¬ áâ®«¡æ¥ ¯®¨áª®¢®© ä®à¬ë (á¬. à¨á. 1)
¢ë¡¨à�¥âáï −�¨¬¥−®¢�−¨¥ ®¡«�áâ¨ (¯®«ï), ¢ ª®â®à®© ¤®«¦¥− ¡ëâì ®áãé¥áâ¢«¥−
¯®¨áª. �® ã¬®«ç�−¨î ¯®¨áª ¡ã¤¥â ¯à®¢®¤¨âìáï ¯® ¢á¥¬ã ¯à®áâà�−áâ¢ã ¤�−−ëå
ª�â�«®£� (ú‚¥§¤¥û). ‚ á®¢®ªã¯−®áâ¨ á úã¬®«ç�−¨¥¬û ¢ áâà®ª¥ â¥ªáâ� §�¯à®á�
(á¢ï§ª� úˆû) íâ® ¯®§¢®«ï¥â ¯®«ì§®¢�â¥«î, ¯à¨¢ëªè¥¬ã ª ¯®¨áª®¢ë¬ ¬�è¨−�¬
¨−â¥à−¥â�, à�¡®â�âì á ª�â�«®£®¬ ¢ ¯à¨¢ëç−®¬ à¥¦¨¬¥, −¥ §�¤ã¬ë¢�ïáì −¨ ® ª�ª¨å
®¡«�áâïå ¯®¨áª�, −® ¯®«ãç�âì ¯à¨ íâ®¬ §−�ç¨â¥«ì−ë© úèã¬û.

�à¨ ä®à¬ã«¨à®¢ª¥ §�¯à®á� ¨¬¥¥âáï ¢®§¬®¦−®áâì ¯à®á¬®âà�, ¢ë¡®à� ¨ �¢â®-
¬�â¨ç¥áª®£® ¢¢®¤� ¢ áâà®ªã §�¯à®á� â¥à¬¨−®¢ ¨§ á«®¢�à¥© (�«ä�¢¨â−ëå á¯¨áª®¢),
á®®â¢¥âáâ¢ãîé¨å ¢ë¡à�−−ë¬ ¯®«ï¬. ‘«®¢�à¨ ¯®¤ª«îç¥−ë ¤«ï ¯®«¥© ú‚¥§¤¥û
(�«ä�¢¨â−ë© á¯¨á®ª ¢á¥å á«®¢, §� ¨áª«îç¥−¨¥¬ −¥¨−ä®à¬�â¨¢−ëå, ¢ª«îç¥−-
−ëå ¢ á«®¢�àì úáâ®¯-á«®¢û, á ¤®¡�¢«¥−¨¥¬ à�áè¨äà®¢ª¨ ¯à¨−ïâëå á®ªà�é¥−¨©,
¢ª«îç¥−−ëå ¢ á¯¥æ¨�«ì−ë© á«®¢�àì), ú�¢â®àû ¨ ú�¥àá®−� (® −¥©)û (�«ä�¢¨â-
−ë© á¯¨á®ª ¢á¥å ä®à¬ ä�¬¨«¨©, ¨¬¥− ¨ ®âç¥áâ¢), ú�à£�−¨§�æ¨ï, ª®−ä¥à¥−æ¨ïû
(�«ä�¢¨â−ë© á¯¨á®ª á«®¢ ¨§ −�¨¬¥−®¢�−¨©). �à¨ à�¡®â¥ á® á«®¢�àï¬¨ ¯®á«¥ ®ª®−-
ç�−¨ï ¢ë¡®à� −ã¦−ëå â¥à¬¨−®¢ ®−¨ �¢â®¬�â¨ç¥áª¨ §�−®áïâáï ¢ áâà®ªã §�¯à®á�
¨ á¢ï§ª� úˆû ¬¥−ï¥âáï −� úˆ‹ˆû; ¢¥à−ãâì úˆû ¬®¦−® ¢àãç−ãî.

�£à�−¨ç¥−¨ï ¨áª®¬ëå ¨§¤�−¨© ¯® £®¤�¬ ¬®¦−® §�¤�âì ¤¢ã¬ï á¯®á®¡�¬¨ |
¢ë¡à�¢ −¥¯à¥àë¢−ë© ¨−â¥à¢�« ¢ á¯¥æ¨�«ì−®¬ à�§¤¥«¥ úƒ®¤ ¨§¤�−¨ïû ú®â. . .
¤®. . .û (¯® ã¬®«ç�−¨î íâ®â ¨−â¥à¢�« á®¤¥à¦¨â ¢á¥ £®¤� ¢ë¯ãáª� ¨§¤�−¨©, ¨¬¥-
îé¨åáï ¢ ª�â�«®£¥), «¨¡® ãª�§�âì ª®−ªà¥â−ë¥ £®¤� ¢ áâà®ª¥ §�¯à®á�, ¢ë¡à�¢ ¯®«¥
úƒ®¤ ¨§¤�−¨ïû (á¬. à¨á. 1).

÷¥§ã«ìâ�âë ¯®¨áª� ¢ ª�â�«®£¥ ¢ë¤�îâáï ¢ ¢¨¤¥ áâ�−¤�àâ−ëå ¡¨¡«¨®£à�ä¨-
ç¥áª¨å ®¯¨á�−¨© [6]; ®−¨ ¬®£ãâ ¡ëâì ®âá®àâ¨à®¢�−ë ¯® £®¤ã ¨§¤�−¨ï ¨«¨ ¯®
¡¨¡«¨®£à�ä¨ç¥áª®¬ã ®¯¨á�−¨î ¢ ¯àï¬®¬ ¨«¨ ®¡à�â−®¬ ¯®àï¤ª¥ (á¬. à¨á. 1).
�® ã¬®«ç�−¨î á®àâ¨à®¢ª� ¯à®¨§¢®¤¨âáï ¯® £®¤ã ¨§¤�−¨ï ¢ ®¡à�â−®¬ ¯®àï¤ª¥
(¢−�ç�«¥ ¢ë¤�îâáï ¨§¤�−¨ï â¥ªãé¥£® £®¤�).

Š�ª ã¦¥ ãª�§ë¢�«®áì, ª�â�«®£ �…� ÷�� ï¢«ï¥âáï á¢®¤−ë¬ | ¢ −¥¬ ¨¬¥¥âáï
¨−ä®à¬�æ¨ï ® ª®−ªà¥â−®¬ ¬¥áâ®−�å®¦¤¥−¨¨ ª�¦¤®£® ¯®áâã¯¨¢è¥£® ¢ –�‘ ¨§-
¤�−¨ï. ‘®®â¢¥âáâ¢¥−−®, ¯à¨ à�¡®â¥ á ª�â�«®£®¬ ¯®«ì§®¢�â¥«ì ¬®¦¥â ¢ë¡à�âì ¨§
à�áªàë¢�îé¥£®áï á¯¨áª� ú�¨¡«¨®â¥ª�û (á¬. à¨á. 1) âã, ª®â®à�ï ¥£® ¨−â¥à¥áã¥â.

‚ ¯®á«¥¤−¨¥ £®¤ë −�àï¤ã á ¯¥ç�â−ë¬¨ ¨§¤�−¨ï¬¨ �…� ÷�� ¯à¨®¡à¥â�-
¥â ¯à�¢� ¤®áâã¯� ª ª®««¥ªæ¨ï¬ á¥â¥¢ëå ¢¥àá¨© ª−¨£. ˆ−ä®à¬�æ¨ï ®¡ íâ¨å
¨§¤�−¨ïå á® ááë«ª�¬¨ −� ¨å ¯®«−ë¥ â¥ªáâë ¢¢®¤¨âáï ¢ â¥å−®«®£¨ç¥áªãî ¡�§ã
¤�−−ëå [4] ¨ ®âà�¦�¥âáï ¢ á¢®¤−®¬ ª�â�«®£¥. Šà®¬¥ â®£®, àï¤ ª−¨£, ¯®áâã¯�îé¨å
¢ �¨¡«¨®â¥ªã, ¨¬¥¥â ¯®«−®â¥ªáâ®¢ë¥ ¢¥àá¨¨, −�å®¤ïé¨¥áï ¢ á¢®¡®¤−®¬ ¤®áâã¯¥
¢ ¨−â¥à−¥â¥. Š −¨¬, ¢ ç�áâ−®áâ¨, ®â−®áïâáï ¨§¤�−¨ï, ¢ë¯ãé¥−−ë¥ ¯à¨ ¯®¤-
¤¥à¦ª¥ ÷®áá¨©áª®£® ä®−¤� äã−¤�¬¥−â�«ì−ëå ¨áá«¥¤®¢�−¨© (÷””ˆ), ª®â®àë¥
¢ ¯®«−®¬ ®¡ê¥¬¥ ¯® ¤®£®¢®àã á ÷””ˆ ¯®«ãç�¥â �…� ÷��. �à¨ ®¡à�¡®âª¥ íâ¨å
¨§¤�−¨© ááë«ª¨ −� ¨å ¯®«−ë¥ â¥ªáâë ¢¢®¤ïâáï ¢ â¥å−®«®£¨ç¥áªãî ¡�§ã ¤�−−ëå
¨ ¯®¯�¤�îâ ¢ ª�â�«®£ [7]. ˆ−â¥àä¥©á ¨−â¥à−¥â-ª�â�«®£� ¯®§¢®«ï¥â ¯®«ì§®¢�â¥«î
¢ë¡¨à�âì â®«ìª® ª−¨£¨, ¨¬¥îé¨¥ ááë«ª¨ −� ¯®«−ë¥ â¥ªáâë (á¬. à¨á. 1, ®¯æ¨ï
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úâ®«ìª® í«¥ªâà®−−ë¥ ¢¥àá¨¨û). ‚ë¡¨à�ï íâã ®¯æ¨î, á«¥¤ã¥â ¨¬¥âì ¢ ¢¨¤ã, çâ®
àï¤ §�àã¡¥¦−ëå ª®««¥ªæ¨© ª−¨£, ¯à¨®¡à¥â¥−−ëå �…� ÷��, ¤®áâã¯¥− â®«ìª® ¥¥
¯®áâ®ï−−ë¬ ¯®«ì§®¢�â¥«ï¬ á ª®¬¯ìîâ¥à®¢ ®â¤¥«¥−¨© �¨¡«¨®â¥ª¨.

�â«¨ç¨â¥«ì−®© ®á®¡¥−−®áâìî ª�â�«®£� �…� ÷�� ï¢«ï¥âáï ¢®§¬®¦−®áâì â¥-
¬�â¨ç¥áª®£® ¯®¨áª� ¨§¤�−¨© á à�§«¨ç−ë¬¨ ãâ®ç−¥−¨ï¬¨. Š�ª ã¦¥ ãª�§ë¢�«®áì
¢ëè¥, ¯à¨ ®¡à�¡®âª¥ ¨§¤�−¨© ¢ �…� ÷�� ª�¦¤®¬ã ¨§ −¨å ¯à¨á¢�¨¢�¥âáï ¨−¤¥ªá
“„Š. “−¨¢¥àá�«ì−�ï ¤¥áïâ¨ç−�ï ª«�áá¨ä¨ª�æ¨ï ï¢«ï¥âáï ¤®áâ�â®ç−® á«®¦−®©
á¨áâ¥¬®© [8], ¢ −î�−á�å ª®â®à®© à�§¡¨à�îâáï â®«ìª® á¯¥æ¨�«¨áâë-á¨áâ¥¬�â¨§�-
â®àë. •®âï ¢ ª�â�«®£¥ �…� ÷�� ¯à¨áãâáâ¢ã¥â á¯¥æ¨�«ì−®¥ ¯®¨áª®¢®¥ ¯®«¥
(ú“„Š, ��Šû, á¬. à¨á. 1), ¯®«ì§®¢�â¥«ì, −¥ ï¢«ïîé¨©áï ¡¨¡«¨®â¥ç−ë¬ á¯¥æ¨-
�«¨áâ®¬, −¥ á¬®¦¥â ¡¥§ ª®−áã«ìâ�æ¨© ®¯à¥¤¥«¨âì, çâ® ®− ¤®«¦¥− ¢¢®¤¨âì, ¥á«¨
¥£® ¨−â¥à¥áã¥â, −�¯à¨¬¥à, «¨â¥à�âãà� ¯® ¬®¤¥«ï¬ ª®£−¨â¨¢−ëå ¯à®æ¥áá®¢. „«ï
¯à¥®¤®«¥−¨ï íâ®£® ¡�àì¥à� ¢ �…� ÷�� à�§à�¡®â�−� á¯¥æ¨�«ì−�ï ¨¥à�àå¨ç¥áª�ï
ú−�¤áâà®©ª�û −�¤ á¨áâ¥¬®© “„Š [9], ¯®§¢®«ïîé�ï ¯®«ì§®¢�â¥«î �¢â®¬�â¨ç¥-
áª¨ ä®à¬ã«¨à®¢�âì ¢ á¨áâ¥¬¥ §�¯à®áë −� ï§ëª¥ “„Š, ¨á¯®«ì§ãï −�¢¨£�æ¨î ¯®
¯à¨¢ëç−ë¬ ¥¬ã â¥à¬¨−�¬.

‚ íâ®© á¢ï§¨ ®¡à�â¨¬áï ª −�§¢�−¨î ¤�−−®© áâ�âì¨. �®¤ ¢¢¥¤¥−−ë¬ ¢ −¥£®
â¥à¬¨−®¬ úª¢�«¨ä¨æ¨à®¢�−−ë¥û ¯®−¨¬�îâáï −¥ á¯¥æ¨�«¨áâë ¢ ®¡«�áâ¨ ¡¨¡«¨®-
â¥ç−ëå â¥å−®«®£¨©, � ¯®«ì§®¢�â¥«¨, ª®â®àë¥, ®¡à�é�ïáì ª ª�â�«®£ã, ¯®−¨¬�îâ,
çâ® ®−¨ ¨éãâ ¨ ª�ª®© §�¯à®á ¨¬ §�¤�âì á¨áâ¥¬¥, çâ®¡ë −�©â¨ â®, çâ® ¨¬ −ã¦−®.
�à¨¬¥−¨â¥«ì−® ª �…� ÷�� â�ª�ï ¯®áâ�−®¢ª� ¢®¯à®á� ¢¯®«−¥ «®£¨ç−�. �¨¡«¨®-
â¥ª� ¯® ¥áâ¥áâ¢¥−−ë¬ −�ãª�¬ ÷�� ï¢«ï¥âáï ¢¥¤®¬áâ¢¥−−®© ¡¨¡«¨®â¥ª®©, ®à¨-
¥−â¨à®¢�−−®© −� ¨−ä®à¬�æ¨®−−®¥ á®¯à®¢®¦¤¥−¨¥ −�ãç−ëå ¨áá«¥¤®¢�−¨©. �−�
®¡á«ã¦¨¢�¥â ¢ ¯¥à¢ãî ®ç¥à¥¤ì ¤®áâ�â®ç−® ã§ª¨© ªàã£ á®âàã¤−¨ª®¢ ¨ �á¯¨à�−â®¢
�ª�¤¥¬¨ç¥áª¨å ãçà¥¦¤¥−¨©. �¡à�é�ïáì ª ª�â�«®£ã, ®−¨ ¤®«¦−ë ®à¨¥−â¨à®-
¢�âìáï ¢ â¥å ®¡«�áâïå §−�−¨©, ª®â®àë¬¨ ¨−â¥à¥áãîâáï. ‚ íâ®¬ ¯à¨−æ¨¯¨�«ì−®¥
®â«¨ç¨¥ �…� ÷�� ®â ¯ã¡«¨ç−ëå ¡¨¡«¨®â¥ª, ¯®«ì§®¢�â¥«ï¬¨ ª®â®àëå ¬®£ãâ
¢ëáâã¯�âì «î¡ë¥ £à�¦¤�−¥, ¢ â®¬ ç¨á«¥ ¨ ¤�«¥ª¨¥ ®â −�ãª¨.

÷�áá¬®âà¨¬ ¢®§¬®¦−®áâ¨ ª�â�«®£� �…� ÷�� −� ¯à¨¬¥à¥ ¯®¨áª� «¨â¥à�âãàë
¯® ª®£−¨â¨¢−ë¬ ¯à®æ¥áá�¬. ‘�¬ë© ¯à®áâ®© á¯®á®¡ −�©â¨ ª−¨£¨ ¯® íâ®© â¥¬�â¨-
ª¥ | ¢¢¥áâ¨ ¢ ¯¥à¢ãî áâà®ªã ¯®¨áª®¢®© ä®à¬ë úª®£−¨â* ¯à®æ¥áá*û. Š�â�«®£
(¯® á®áâ®ï−¨î −� ¬®¬¥−â −�¯¨á�−¨ï áâ�âì¨) ¢ë¤�¥â −� íâ®â §�¯à®á 14 ¤®ªã¬¥−â®¢
(äà�£¬¥−â ¢ë¤�ç¨ ¯à¥¤áâ�¢«¥− −� à¨á. 2). ÷�áá¬®âà¨¬ ¢�à¨�−â ¨á¯®«ì§®¢�-
−¨ï ®¯æ¨¨ ú’¥¬�â¨ç¥áª¨© ¯®¨áªû. �®á«¥ −�¦�â¨ï á®®â¢¥âáâ¢ãîé¥© ª−®¯ª¨
¯®«ì§®¢�â¥«ì ¯¥à¥å®¤¨â −� áâà�−¨æã, á®¤¥à¦�éãî ¯¥à¥ç¥−ì ®á−®¢−ëå à�§¤¥«®¢
¥áâ¥áâ¢¥−−ëå −�ãª (à¨á. 3). ��¨¬¥−®¢�−¨ï à�§¤¥«®¢ á«ã¦�â �ªâ¨¢−ë¬¨ ááë«ª�-
¬¨, ¯à¨ ¯¥à¥å®¤¥ ¯® −¨¬ ¯®«ì§®¢�â¥«î ¯®ª�§ë¢�¥âáï á¯¨á®ª ¯®¤à�§¤¥«®¢ ¤�−−®£®
−�ãç−®£® −�¯à�¢«¥−¨ï, í«¥¬¥−âë ª®â®à®£®, ¢ á¢®î ®ç¥à¥¤ì, ï¢«ïîâáï �ªâ¨¢−ë¬¨
ááë«ª�¬¨ −� à�§¤¥«ë á«¥¤ãîé¥£® ãà®¢−ï ¨ â. ¤. ¤® á�¬®£® −¨¦−¥£® ãà®¢−ï, ¯à¨-
−ïâ®£® ¢ á¨áâ¥¬¥ “„Š. …á«¨ ¢ ¤�−−®¬ ¯à¨¬¥à¥ ¯®«ì§®¢�â¥«ì −¥ §−�¥â, ¢ ª�ª®¬
à�§¤¥«¥ −�ãª¨ ¨áª�âì úª®£−¨â¨¢−ë¥ ¯à®æ¥ááëû, ®− ¬®¦¥â ¢¢¥áâ¨ ¢ ¯®¨áª®¢ãî
áâà®ªã äà�£¬¥−â úª®£−¨â*û ¨ �¢â®¬�â¨ç¥áª¨ ¯¥à¥©â¨ −� àã¡à¨ª¨ ¢á¥å ãà®¢−¥©,
á®¤¥à¦�é¨¥ íâ®â äà�£¬¥−â. ‚ ¤�−−®¬ á«ãç�¥ | íâ® ®¤−� ¯®¤àã¡à¨ª� (à¨á. 4).
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÷¨á. 2 �®¨áª®¢ë© §�¯à®á ¯® â¥à¬¨−�¬ úª®£−¨â* ¯à®æ¥áá*û

÷¨á. 3 ��ç�«ì−�ï áâà�−¨æ� â¥¬�â¨ç¥áª®£® ¯®¨áª� ¢ ª�â�«®£¥ �…� ÷��
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÷¨á. 4 ÷ã¡à¨ª�, á®¤¥à¦�é�ï äà�£¬¥−â úª®£−¨âû

÷¨á. 5 ÷¥§ã«ìâ�â ¢ë¯®«−¥−¨ï §�¯à®á� ¯® â¥¬¥ ú¬®¤¥«¨ ª®£−¨â¨¢−ëå ¯à®æ¥áá®¢û

…á«¨ −�¦�âì ª−®¯ªã ú�®¨áªû, á¨áâ¥¬� á®®¡é¨â, çâ® −�©¤¥−® 267 ¤®ªã¬¥−â®¢
(à¨á. 5). ‚á¥ íâ¨ ¤®ªã¬¥−âë, ¯® ¬−¥−¨î á¯¥æ¨�«¨áâ®¢-á¨áâ¥¬�â¨§�â®à®¢ (� ¢ �…�
÷�� íâ® á¯¥æ¨�«¨áâë, ¨¬¥îé¨¥ ¢ëáè¥¥ ¥áâ¥áâ¢¥−−®-−�ãç−®¥ ®¡à�§®¢�−¨¥ ¯®
á®®â¢¥âáâ¢ãîé¥¬ã −�ãç−®¬ã −�¯à�¢«¥−¨î), ¢ â®© ¨«¨ ¨−®© ¬¥à¥ ®â−®áïâáï ª úª®-
£−¨â¨¢−ë¬ ¯à®æ¥áá�¬û. ‚®§¬®¦−®, ¤«ï ª®−ªà¥â−®£® ¯®«ì§®¢�â¥«ï àï¤ ¨§¤�−¨©
¨−â¥à¥á� −¥ ¯à¥¤áâ�¢«ï¥â, −® ¢¥à®ïâ−®áâì ¯®â¥à¨ ¢�¦−ëå à�¡®â ¯à¨ ¯®¨áª¥ ¯®
úâ¥à¬¨−®«®£¨ç¥áª®¬ãû §�¯à®áã (áà�¢−¨¬ 14 ¨ 267) ®ª�§ë¢�¥âáï ®ç¥−ì ¢ëá®ª®©.
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÷¨á. 6 �à¨¬¥à ¢ë¤�ç¨ ®âáª�−¨à®¢�−−ëå áâà�−¨æ ¨§¤�−¨ï ¢ ª�â�«®£¥ �…� ÷��

”®à¬� ¢ë¤�ç¨ ¨−ä®à¬�æ¨¨ ¢ ª�â�«®£¥ �…� ÷�� ®à¨¥−â¨à®¢�−� −� ¯®«ì-
§®¢�â¥«ï, ª®â®àë© ¬®¦¥â áª®¯¨à®¢�âì ¯à®áâ¥©è¥¬ ®¡à�§®¬ ¡¨¡«¨®£à�ä¨ç¥áª®¥
®¯¨á�−¨¥ ¨§¤�−¨ï ¨ ¢áâ�¢¨âì ¢ á¯¨á®ª æ¨â¨à®¢�−−®© «¨â¥à�âãàë ¯à¨ ¯®¤£®â®¢ª¥
−�ãç−ëå ¯ã¡«¨ª�æ¨©. ˆ§®¡à�¦¥−¨¥ ®¡«®¦ª¨ (á¬. à¨á. 5), á®¯à®¢®¦¤�îé¥¥ ®¯¨-
á�−¨¥ ª�¦¤®© ª−¨£¨, ¯®áâã¯¨¢è¥© ¢ –�‘ �…� ÷�� −�ç¨−�ï á 2012 £., ï¢«ï¥âáï
�ªâ¨¢−®© ááë«ª®©, ®âªàë¢�îé¥© ®ª−® á® áª�−¨à®¢�−−ë¬¨ áâà�−¨æ�¬¨ ª−¨£¨ (â¨-
âã«ì−ë© «¨áâ, �−−®â�æ¨ï, ®£«�¢«¥−¨¥ | à¨á. 6), ª®â®àë¥ ¬®¦−® ¯à®á¬�âà¨¢�âì
á ã¢¥«¨ç¥−¨¥¬.

Š�¦¤�ï ¢ë¤�¢�¥¬�ï §�¯¨áì á®¤¥à¦¨â ááë«ªã ú¯®¤à®¡−¥¥û, ¯¥à¥©¤ï ¯® ª®-
â®à®© ¯®«ì§®¢�â¥«ì ¢¨¤¨â, ª�ª�ï ¤®¯®«−¨â¥«ì−�ï ¨−ä®à¬�æ¨ï ¢ª«îç¥−� ¢ ¡¨¡-
«¨®£à�ä¨ç¥áª®¥ ®¯¨á�−¨¥ ¨ ¢ ª�ª¨å ¡¨¡«¨®â¥ª�å –�‘ ¨¬¥¥âáï ¤�−−�ï ª−¨£�.
‚ ¯¥à¢®¬ ¨§¤�−¨¨, ¯à¥¤áâ�¢«¥−−®¬ −� à¨á. 5, ¨¬¥¥âáï â¥ªáâ ú‚ë¯ãáª á¥à¨¨
(á¢®¤−ë© ãà®¢¥−ì)û. ˆ−ä®à¬�æ¨ï ¢ áª®¡ª�å ï¢«ï¥âáï �ªâ¨¢−®© ááë«ª®©, ¯¥à¥-
å®¤ ¯® ª®â®à®© ®âªàë¢�¥â ®ª−® á® á¯¨áª®¬ ¢á¥å ¨§¤�−¨©, ®â−®áïé¨åáï ª ¤�−−®©
á¥à¨¨. ‚ à�áá¬�âà¨¢�¥¬®¬ ¯à¨¬¥à¥ íâ® á¥à¨ï ú‘¨−¥à£¥â¨ª�: ®â ¯à®è«®£®
ª ¡ã¤ãé¥¬ãû, ¢ ä®−¤�å –�‘ �…� ÷�� ¨¬¥¥âáï 115 ¥¥ ¢ë¯ãáª®¢. “ ¢â®-
à®© §�¯¨á¨ (á¬. à¨á. 5) ¨¬¥¥âáï ááë«ª� ú�«¥ªâà®−−�ï ¢¥àá¨ïû. �¥à¥å®¤ ¯®
−¥© ¯à¨¢®¤¨â −� áâà�−¨æã á�©â� ÷””ˆ, −� ª®â®à®© à�§¬¥é¥−� ¤�−−�ï ª−¨£�
(http://www.rfbr.ru/r©/ru/books/o 1968728).

‚¥à−¥¬áï ª ¨««îáâà�æ¨¨ ¤®¯®«−¨â¥«ì−ëå ¢®§¬®¦−®áâ¥© ª�â�«®£� �…� ÷��.
…á«¨, ¢ë¡à�¢ −ã¦−ãî àã¡à¨ªã, ¯¥à¥©â¨ −¥ −� ú�®¨áªû, � −� ú“â®ç−¥−¨¥ §�-
¯à®á�û (á¬. à¨á. 4), â®, ¯®¯�¤�ï −� áâà�−¨æã ¯®¨áª� á §�¯®«−¥−−®© ¯¥à¢®©
áâà®ª®© (â¥¬�â¨ç¥áª�ï àã¡à¨ª� �¢â®¬�â¨ç¥áª¨ §�¬¥−ï¥âáï −� −¥ª®â®àãî ª®¬¡¨-
−�æ¨î ¨−¤¥ªá®¢ “„Š, á¬. à¨á. 5) ¡¥§ ¢ë¤�ç¨ á¯¨áª� ¤®ªã¬¥−â®¢, ¯®«ì§®¢�â¥«ì
¬®¦¥â ¢¢¥áâ¨ «î¡ë¥ ãâ®ç−¥−¨ï §�¯à®á�. ��¯à¨¬¥à, ¢ë¡à�¢ ¨§ á¯¨áª� ¡¨¡«¨®-
â¥ª ˆ�ˆ��, ¯®«ãç¨â á¯¨á®ª ¨§ 23 ª−¨£, ¨¬¥îé¨åáï ¢ ®â¤¥«¥−¨¨ �…� ÷��
¢ ˆ�ˆ ÷��. �£à�−¨ç¨¢ ¢ë¤�çã £®¤�¬¨ á 2012 ¯® â¥ªãéãî ¤�âã, ¯®«ãç¨â á¯¨á®ª
¨§ 67 à�§«¨ç−ëå ¨§¤�−¨©, ®â−®áïé¨åáï ª ª®£−¨â¨¢−ë¬ ¯à®æ¥áá�¬, ¨¬¥îé¨åáï
¢ –�‘ �…� ÷��, ¨§ −¨å ¢á¥£® ®¤−� ¨¬¥¥â í«¥ªâà®−−ãî ¢¥àá¨î, ¤®áâã¯−ãî
¯®«ì§®¢�â¥«ï¬ �…� ÷��.
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ˆ−â¥à−¥â-ª�â�«®£ �…� ÷�� ¯®áâ®ï−−® à�§¢¨¢�¥âáï ¢ á®®â¢¥âáâ¢¨¨ á ¯®ï¢«ï-
îé¨¬¨áï â¥å−¨ç¥áª¨¬¨ ¢®§¬®¦−®áâï¬¨ �¨¡«¨®â¥ª¨. ‡� 20-«¥â−¨© ¯¥à¨®¤ ¥£®
à�§¢¨â¨¥ ¬®¦−® ¯à®á«¥¤¨âì ¯® àï¤ã ¯ã¡«¨ª�æ¨© [10{12]. �¤−® ¨§ ¯«�−¨àã¥¬ëå
−�¯à�¢«¥−¨© ¤�«ì−¥©è¥£® à�§¢¨â¨ï | ¯¥à¥å®¤ ®â áª�−®¢ �−−®â�æ¨© ¨ ®£«�¢«¥−¨©
¨§¤�−¨© ª ¨å â¥ªáâ®¢®¬ã ¯à¥¤áâ�¢«¥−¨î ¢ ª�â�«®£¥ ¨ ®¡¥á¯¥ç¥−¨¥ ¢ −¨å à�§¢¨â®£®
¯®¨áª�.
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Abstract: The summary catalog of books and continuing editions of the Library
for Natural Sciences of the Russian Academy of Sciences (LNS RAS) as an
example of a fundamentally new approach to creating a library catalog like an
information retrieval system is considered. This catalog reflects all the editions
that are acquired for collections of more than 50 libraries included in the LNS
RAS centralized library system (CLS). In contrast to the majority of Internet
catalogs, the LNS RAS catalog allows one to handle almost an unlimited amount
of requests that include any elements of bibliographic descriptions and subject
classification headings connected by Boolean operators \AND," \OR," and
\AND NOT." A user is able to limit the search by the collection of any library,
included in CBS of LNS RAS and also to search the books that are available
in the full-text electronic version. The search results are presented in the form
of advanced bibliographical descriptions and include publications' scanned pages
such as title, abstract, and table of contents.
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МАТЕМАТИЧЕСКАЯ МОДЕЛЬ ЗАДАЧИ ЗАЩИТЫ
РАСТЕНИЙ В БИОСИСТЕМЕ ТИПА

«ВРЕДНЫЕ НАСЕКОМЫЕ – ПОЛЕЗНЫЕ НАСЕКОМЫЕ»
С ПРОИЗВОЛЬНЫМИ ТРОФИЧЕСКИМИ ФУНКЦИЯМИ

Р. Н. Одинаев1

�−−®â�æ¨ï: �à¨ ¨§ãç¥−¨¨ �£à®æ¥−®§� å«®¯ç�â−¨ª� ¢®§−¨ª�¥â §�¤�ç� ä®à-
¬�«ì−®£® ®¯¨á�−¨ï ¥£® áâàãªâãà, â. ¥. á®¢®ªã¯−®áâ¨ ¡«®ª®¢, ¢ ª®â®àëå á®-
áà¥¤®â®ç¥−ë §�¯�áë í«¥¬¥−â®¢ ¨ í−¥à£¨¨, ¨ á¢ï§ë¢�îé¨å ¨å ¯®â®ª®¢ ¢−ãâà¨
�£à®æ¥−®§�, ®áãé¥áâ¢«ïîé¨å ¯¥à¥−®á ¢¥é¥áâ¢� ¨ í−¥à£¨¨ ¨§ ¡«®ª� ¢ ¡«®ª,
� â�ª¦¥ ¨áá«¥¤®¢�−¨ï ¢®¯à®á®¢ ãáâ®©ç¨¢®áâ¨ �£à®æ¥−®§�. �á−®¢ã å«®¯ª®¢®£®
�£à®æ¥−®§� á®áâ�¢«ï¥â á�¬� ªã«ìâãà� å«®¯ç�â−¨ª ª�ª ¯¥à¢¨ç−ë© ¯à®¤ãªâ. ‡�
áç¥â å«®¯ç�â−¨ª� ¦¨¢ãâ à�§−®®¡à�§−ë¥ ®à£�−¨§¬ë | ä¨â®ä�£¨, ¢à¥¤¨â¥«¨
å«®¯ç�â−¨ª�. Š ¢à¥¤¨â¥«ï¬ å«®¯ç�â−¨ª� ®â−®áïâáï: â«¨ (ç¥à−�ï «îæ¥à−®¢�ï,
¡�åç¥¢�ï, ¡®«ìè�ï å«®¯ª®¢�ï), á®¢ª¨ (å«®¯ª®¢�ï, ¬�«�ï −�§¥¬−�ï, �§¨¬®¢�ï)
¨ ¯�ãâ¨−−ë© ª«¥é. ‚à¥¤¨â¥«¨ −�å®¤ïâ ¢ å«®¯ç�â−¨ª¥ ®¡¨«ì−ë© ¨áâ®ç−¨ª
¯¨â�−¨ï ¨ à�§¬−®¦�îâáï ¨−â¥−á¨¢−®. ÷�áá¬�âà¨¢�îâáï ¬�â¥¬�â¨ç¥áª¨¥ §�-
¤�ç¨ ¤«ï â®ç¥ç−ëå ¬®¤¥«¥©, â. ¥. ª®£¤� ç¨á«¥−−®áâì ¯®¯ã«ïæ¨¨ §�¢¨á¨â ®â
¢à¥¬¥−¨ ¨ áä®à¬ã«¨à®¢�−� â�ª −�§ë¢�¥¬�ï ¯®¤£®â®¢¨â¥«ì−�ï §�¤�ç� §�é¨-
âë à�áâ¥−¨©. ��©¤¥−ë −¥®¡å®¤¨¬ë¥ ¨ ¤®áâ�â®ç−ë¥ ãá«®¢¨ï à�§à¥è¨¬®áâ¨
¯®¤£®â®¢¨â¥«ì−ëå §�¤�ç §�é¨âë à�áâ¥−¨© á ¯à®¨§¢®«ì−ë¬¨ âà®ä¨ç¥áª¨¬¨
äã−ªæ¨ï¬¨.

Š«îç¥¢ë¥ á«®¢�: ¬®¤¥«ì; �£à®æ¥−®§; §�¤�ç� §�é¨âë à�áâ¥−¨©; ç¨á«¥−−®áâì
−�á¥ª®¬ëå; ¯à®¨§¢®«ì−�ï âà®ä¨ç¥áª�ï äã−ªæ¨ï; ¯®«¥§−ë¥ −�á¥ª®¬ë¥ { ¢à¥¤-
−ë¥ −�á¥ª®¬ë¥; ¬®¤¥«ì−�ï ¡¨®á¨áâ¥¬�

DOI: 10.14357/08696527190109

1 Введение

‘®¢à¥¬¥−−ë© ¬¨à®¢®© ¨ ¥¢à®¯¥©áª¨© ®¯ëâ §¥¬«¥¤¥«¨ï ¨ §�é¨âë à�áâ¥−¨©
¡�§¨àã¥âáï −� ¨−â¥−á¨¢−®¬ ¯à¨¬¥−¥−¨¨ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©. �ªâ¨¢-
−®¥ ¯à®−¨ª−®¢¥−¨¥ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© ¨ −�ãç−ëå ¬¥â®¤®¢ ¢ ¯à�ªâ¨ªã
á®¢à¥¬¥−−®£® ¯à®¬ëè«¥−−®£® ¨ á¥«ìáª®å®§ï©áâ¢¥−−®£® ¯à®¨§¢®¤áâ¢� áâ�«® å�-
à�ªâ¥à−®© ®á®¡¥−−®áâìî −�è¥£® ¢à¥¬¥−¨ [1{3]. �â® ®á®¡¥−−® á¨«ì−® ¯à®ï¢«ï¥âáï
¯à¨ à�áá¬®âà¥−¨¨ ¢®¯à®á®¢, à¥è¥−¨¥ ª®â®àëå á¢ï§�−® á á®§¤�−¨¥¬ áâà®£¨å ª®«¨-
ç¥áâ¢¥−−® ®¡®á−®¢�−−ëå ¬¥â®¤®¢ ¢ ¯à®¡«¥¬¥ §�é¨âë ãà®¦�ï ¨ ¢®¯à®á®¢ ®åà�−ë
®ªàã¦�îé¥© áà¥¤ë. ÷¥è¥−¨¥ íâ¨å ¦¨¢®âà¥¯¥éãé¨å ¢®¯à®á®¢ −¥¢®§¬®¦−® ¡¥§
¯à¨¢«¥ç¥−¨ï á�¬ëå á®¢à¥¬¥−−ëå ¬¥â®¤®¢ ¬�â¥¬�â¨ç¥áª®© −�ãª¨ ¢ íâ®© ®¡«�áâ¨.

1’�¤¦¨ªáª¨© −�æ¨®−�«ì−ë© ã−¨¢¥àá¨â¥â, „ãè�−¡¥, raim odinaev@mail.ru
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Œ�â¥¬�â¨ç¥áª�ï ¬®¤¥«ì §�¤�ç¨ §�é¨âë à�áâ¥−¨© ¢ ¡¨®á¨áâ¥¬¥

‡�é¨â� ¯«�−¨àã¥¬®£® á¥«ìáª®å®§ï©áâ¢¥−−®£® ãà®¦�ï ¢® ¢á¥¬ ¬¨à¥ ï¢«ï¥â-
áï ®¤−®© ¨§ ¢�¦−¥©è¨å £®áã¤�àáâ¢¥−−ëå §�¤�ç. ÷�§à�¡®âª� ¬¥â®¤®¢ §�é¨âë
ãà®¦�ï ®â á¥«ìå®§¢à¥¤¨â¥«¥©, ¥áâ¥áâ¢¥−−®, âà¥¡ã¥â ¯à®£−®§� ¤¨−�¬¨ª¨ ¡¨®«®-
£¨ç¥áª¨å ¯®¯ã«ïæ¨©, á®®¡é¥áâ¢ ¨ íª®á¨áâ¥¬ ¯à¨ â¥å ¨«¨ ¨−ëå �−âà®¯®£¥−−ëå
¢®§¤¥©áâ¢¨ïå. �à¨ íâ®¬ íªá¯¥à¨¬¥−âë −� à¥�«ì−ëå á¨áâ¥¬�å ¢¥áì¬� ¤®à®£¨, ¯à®-
¤®«¦¨â¥«ì−ë ¨ ç�áâ® −¥¤®¯ãáâ¨¬ë, ¯®íâ®¬ã ¢®§−¨ª�¥â −¥®¡å®¤¨¬®áâì à�§à�¡®âª¨
à�§«¨ç−®£® à®¤� ¬�â¥¬�â¨ç¥áª¨å ¬®¤¥«¥©. �à¨ ¯®¬®é¨ ¬�â¥¬�â¨ç¥áª¨å ¬®¤¥«¥©
áâ�«® ¢®§¬®¦−ë¬ íªá¯¥à¨¬¥−â�«ì−®¥ ¨§ãç¥−¨¥ ¯®á«¥¤áâ¢¨© â¥å ¨«¨ ¨−ëå ¯«�-
−¨àã¥¬ëå ¬¥à®¯à¨ïâ¨©, §�âà�£¨¢�îé¨å äã−ªæ¨®−¨à®¢�−¨¥ ¯à¨à®¤−ëå á¨áâ¥¬,
¯àï¬ë¥ íªá¯¥à¨¬¥−âë á ª®â®àë¬¨ −¥¤®¯ãáâ¨¬ë.

‡�¤�ç� ã¯à�¢«¥−¨ï �£à®æ¥−®§�¬¨, ¨«¨ §�¤�ç� §�é¨âë à�áâ¥−¨©, ä®à¬ã«¨àã-
¥âáï á«¥¤ãîé¨¬ ®¡à�§®¬: §�¤�¥âáï −¥ª®â®àë© ¯«�−¨àã¥¬ë© ãà®¢¥−ì ¡¨®¬�ááë
ãà®¦�ï à�áâ¥−¨© (−� ª®à−î), � ¤«ï ®áâ�«ì−ëå ¢¨¤®¢ ¡¨®á¨áâ¥¬ë §�¤�îâáï ¢à¥-
¤¨â¥«¨ à�áâ¥−¨©, å¨é−¨ª¨ ¨ ¯�à�§¨âë ¢à¥¤¨â¥«¥©, ®¯à¥¤¥«ïîâáï ¯®à®£¨ ¢à¥¤®-
−®á−®áâ¨ ¢à¥¤¨â¥«¥© ¨ ãà®¢−¨ íää¥ªâ¨¢−®áâ¨ ¯®«¥§−ëå −�á¥ª®¬ëå, â�ª çâ®¡ë
¢¥«¨ç¨−� á®¡¨à�¥¬®£® ãà®¦�ï ¡ë«� −¥ ¬¥−¥¥ ¢¥«¨ç¨−ë ¯«�−¨àã¥¬®£® ãà®¦�ï.

�¤−®© ¨§ ®á−®¢−ëå ¯à®¡«¥¬ á¥«ìáª®£® å®§ï©áâ¢� ï¢«ï¥âáï íää¥ªâ¨¢−�ï
¡®àì¡� á ¢à¥¤¨â¥«ï¬¨ á¥«ìáª®å®§ï©áâ¢¥−−®© ªã«ìâãàë, ª®â®à�ï ¢ª«îç�¥â ¤¢¥
§�¤�ç¨.

�¥à¢�ï | −� ®á−®¢¥ ¨¬¥îé¥©áï ¨−ä®à¬�æ¨¨ ®¡ �£à®æ¥−®§¥ ®¯à¥¤¥«ïîâáï
¯®à®£¨ ¢à¥¤®−®á−®áâ¨ ¢à¥¤¨â¥«¥© ¨ ãà®¢−¨ íää¥ªâ¨¢−®áâ¨ í−â®¬®ä�£®¢ | ¯®-
«¥§−ëå −�á¥ª®¬ëå. �à¨ç¥¬ íâ¨ ¯�à�¬¥âàë ®¯à¥¤¥«ïîâáï −� ¬¥áâ�å í−â®¬®«®£�¬¨
¯® ¯à®¢¥¤¥−−®¬ã ãç¥âã ®¯à¥¤¥«¥−−®£® ¯®«ï (®¡ëç−® −� à�áâ¥−¨ïå). �®«ãç¥−−ë¥
à¥§ã«ìâ�âë §�â¥¬ à�á¯à®áâà�−ïîâáï −� ®áâ�«ì−ë¥ ¯«®é�¤¨.

‚â®à�ï §�¤�ç� | ¨á¯®«ì§®¢�−¨¥ ï¤®å¨¬¨ª�â®¢ ¤«ï ¯®¤�¢«¥−¨ï ç¨á«¥−−®áâ¨
¢à¥¤¨â¥«¥©. Ÿá−®, çâ® â�ª®© á¯®á®¡ ®¯à¥¤¥«¥−¨ï ¯�à�¬¥âà®¢ ¨−â¥£à¨à®¢�−−®£®
¬¥â®¤� ¡®àì¡ë (ª®¬¡¨−�æ¨ï �£à®â¥å−¨ç¥áª®£®, ¡¨®«®£¨ç¥áª®£® ¨ å¨¬¨ç¥áª®£®
á¯®á®¡®¢ ¡®àì¡ë) ¨§-§� −¥å¢�âª¨ ¨ −¥â®ç−®áâ¨ ¨−ä®à¬�æ¨¨ −¥ ¡ã¤¥â ®âà�¦�âì
à¥�«ì−ãî ª�àâ¨−ã ¢ ¨§ãç�¥¬®¬ �£à®æ¥−®§¥. �®íâ®¬ã ¢®§−¨ª�¥â §�¤�ç� ä®à-
¬�«¨§®¢�âì ¯à®æ¥áá ®¯à¥¤¥«¥−¨ï ¯®à®£®¢ ¢à¥¤®−®á−®áâ¨ ¢à¥¤¨â¥«¥© ¨ ãà®¢−¥©
íää¥ªâ¨¢−®áâ¨ í−â®¬®ä�£®¢ (−� ¯à�ªâ¨ª¥ íâã §�¤�çã ®¡ëç−® −�§ë¢�îâ ¯®¤-
£®â®¢¨â¥«ì−®© §�¤�ç¥©). ‚®¯à®á�¬ ¬�â¥¬�â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï ¤¨−�¬¨ª¨
ç¨á«¥−−®áâ¨ ¡¨®«®£¨ç¥áª¨å ¯®¯ã«ïæ¨© ¯®á¢ïé¥− àï¤ à�¡®â ®â¥ç¥áâ¢¥−−ëå ¨ §�-
àã¡¥¦−ëå ãç¥−ëå. ‡¤¥áì á«¥¤ã¥â ®â¬¥â¨âì §�¬¥ç�â¥«ì−ë¥ à�¡®âë ‚¨â® ‚®«ìâ¥à-
àë, �. „. ‹®âª¨, ÷. Œí©, ā. ‘¢¨à¥¦¥¢�, Œ. Š. ā−ãá¨ ¨ àï¤� ¤àã£¨å ãç¥−ëå
(á¬., −�¯à¨¬¥à, [4{7] ¨ ¯à¨¢¥¤¥−−ãî â�¬ «¨â¥à�âãàã).

ˆ§¢¥áâ−®, çâ® å«®¯ª®¢®¥ ¯®«¥ §�á¥«¥−® ¬−®£®ç¨á«¥−−ë¬¨ ®à£�−¨§¬�¬¨.
—�áâì ¨§ −¨å á®áâ�¢«ïîâ ¢à¥¤¨â¥«¨ å«®¯ç�â−¨ª�, â. ¥. â¥ −�á¥ª®¬ë¥, ª®â®-
àë¥ −¥¯®áà¥¤áâ¢¥−−® ¯¨â�îâáï á®ª�¬¨ ¨ §¥«¥−®© ¬�áá®© å«®¯ç�â−¨ª�. „àã£ãî
ç�áâì á®áâ�¢«ïîâ å¨é−¨ª¨, � ¨¬¥−−®: −�á¥ª®¬ë¥ í−â®¬®ä�£¨ ¨, ¢®§¬®¦−®,
¯â¨æë, ª®â®àë¥ ¯¨â�îâáï ¢à¥¤¨â¥«ï¬¨. Šà®¬¥ â®£®, áãé¥áâ¢ãîâ ¯�à�§¨âë
¢à¥¤¨â¥«¥© å«®¯ª®¢®£® ¯®«ï, à�§¢¨¢�îé¨¥áï ¢ ®à£�−¨§¬¥ á¢®¨å å®§ï¥¢-¢à¥¤¨â¥-
«¥©.
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2 Задачи защиты растений для точечных моделей

‚ íâ®¬ à�§¤¥«¥ à�áá¬®âà¨¬ −¥ª®â®àãî ¬®¤¥«ì−ãî ¡¨®á¨áâ¥¬ã, ¨¬¥îéãî
âà¨ âà®ä¨ç¥áª¨å ãà®¢−ï â¨¯� úà�áâ¥−¨¥û { ú¢à¥¤−ë¥ −�á¥ª®¬ë¥û { ú¯®«¥§−ë¥
−�á¥ª®¬ë¥û, ¢ ª®â®àãî ¯®áâã¯�¥â ¢−¥è−¨© à¥áãàá N0 (ã¤®¡à¥−¨¥ ¨«¨ ¢®¤�,
¨á¯®«ì§ã¥¬�ï ¤«ï ¯®«¨¢�, ¨«¨ á®«−¥ç−�ï í−¥à£¨ï) á® áª®à®áâìî Q. �¨®¬�ááë
(¨«¨ ç¨á«¥−−®áâ¨) á®®â¢¥âáâ¢ãîé¨å ãà®¢−¥© ¢ ¬®¬¥−â ¢à¥¬¥−¨ t ®¡®§−�ç¨¬ ç¥à¥§

N0 = N0(t)| ¬�ááã ¢−¥è−¥£® à¥áãàá�;

N1 = N1(t)| ¡¨®¬�ááã à�áâ¥−¨© á¥«ìå®§ªã«ìâãàë;

Ni = Ni(t)| ç¨á«¥−−®áâì ¢à¥¤−ëå (i = 2) ¨ ¯®«¥§−ëå (i = 3) −�á¥ª®¬ëå.

�à¥¤¯®«®¦¨¬, çâ® á®áâ®ï−¨¥ ¬®¤¥«¨ �£à®æ¥−®§� ®¯¨áë¢�¥âáï ¯à¨ ¯®¬®é¨
á«¥¤ãîé¥© á¨áâ¥¬ë ãà�¢−¥−¨© [8{14]:

dN0
dt
= Q+ F0 (N0, N1) ;

dN1
dt
= N1F1 (N0, N1, N2) ;

dN2
dt
= N2F2 (N1, N2, N3) ;

dN3
dt
= N3F3 (N2, N3) ,











































(1)

£¤¥ Fi = Fi(·) (i = 0, 3) | á®®â¢¥âáâ¢ãîé¨¥ ã¤¥«ì−ë¥ áª®à®áâ¨ à®áâ� ¡¨®«®£¨-
ç¥áª¨å ¢¨¤®¢ �£à®æ¥−®§�, ¯à¨ç¥¬

∂Fi

∂Nj
≤ 0 , i < j

(

i, j = 0, 3
)

;

∂Fi

∂Nj
< 0 , i > j

(

i, j = 0, 3
)

.

�¯à¥¤¥«¥−¨¥. ‘à¥¤−¨¬¨ ¡¨®¬�áá�¬¨ ¢¨¤®¢ (¨«¨ áà¥¤−¨¬¨ ç¨á«¥−−®áâï¬¨) §�
¢à¥¬ï τ −�§ë¢�îâáï ¢¥«¨ç¨−ë

N τ
i =

1

τ

τ
∫

0

Ni(t) dt , i = 1, 2, 3 ; 0 < τ <∞ .

‘ä®à¬ã«¨àã¥¬ §�¤�çã §�é¨âë ¢ â¥à¬¨−�å ¬®¤¥«ì−®£® �£à®æ¥−®§� (1).
�ãáâì Np

1 ®§−�ç�¥â ¯«�−¨àã¥¬ë© ãà®¢¥−ì ¡¨®¬�ááë á¥«ìå®§ªã«ìâãàë, −¥ −¨-
¦¥ ª®â®à®£® ¤®«¦¥− ¡ëâì á®åà�−¥−−ë© ãà®¦�©, â. ¥.

N τ
1 ≥ Np

1 , Np
1 ∈

[

Nmin1 , Nmax1

]

, (2)
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Œ�â¥¬�â¨ç¥áª�ï ¬®¤¥«ì §�¤�ç¨ §�é¨âë à�áâ¥−¨© ¢ ¡¨®á¨áâ¥¬¥

£¤¥ [Nmin1 , Nmax1 ]| const > 0. ÷�áá¬®âà¨¬ −¥à�¢¥−áâ¢�

N τ
2 ≤ Np

2 ; N τ
3 ≥ Np

3 , (3)

£¤¥ Np
2 ≥ 0 ¨ Np

3 ≥ 0| −¥¨§¢¥áâ−ë¥ ç¨á«�, á®®â¢¥âáâ¢ãîé¨¥ ¯®à®£ã ¢à¥¤®−®á-
−®áâ¨ ¢à¥¤¨â¥«¥© ¨ ãà®¢−î íää¥ªâ¨¢−®áâ¨ ¯®«¥§−ëå −�á¥ª®¬ëå (í−â®¬®ä�£®¢).

�®¤£®â®¢¨â¥«ì−�ï §�¤�ç� §�é¨âë à�áâ¥−¨© á®áâ®¨â ¢ −�å®¦¤¥−¨¨ §−�ç¥-
−¨© Np

2 ¨ Np
3 ¨§ (3), £�à�−â¨àãîé¨å (2) ¯à¨ ¢�à¨�æ¨¨ áª®à®áâ¨ ¯®áâã¯«¥−¨ï

¢−¥è−¥£® à¥áãàá� Q. ÷�áá¬®âà¨¬ ¬®¤¥«ì−ë© �£à®æ¥−®§ (1), ¢ ª®â®à®¬ äã−ªæ¨¨
Fi(·) (i = 0, 3) ®¯à¥¤¥«ïîâáï ¯® á«¥¤ãîé¨¬ ä®à¬ã«�¬:

F0 = −α0N0N1 ;

F1 = k0α0N0 −
V1(N1)

N1
N2 −m1 ;

F2 = k1V1(N1)−
V2(N2)

N2
N3 −m2 ;

F3 = k2V2(N2)− εN3 −m3 ,







































(4)

£¤¥ Vi(·) (i = 1, 2)| âà®ä¨ç¥áª�ï äã−ªæ¨ï á® á¢®©áâ¢�¬¨

dVi(N)

dN
> 0 ;

dV 2i (N)

dN2
≤ 0 , i = 1, 2 .

�à¥¤¯®«®¦¨¬, çâ® ¥¤¨−áâ¢¥−−ë¬ «¨¬¨â¨àãîé¨¬ ä�ªâ®à®¬, ®£à�−¨ç¨¢�-
îé¨¬ à�§¬−®¦¥−¨¥ ¦¥àâ¢, ï¢«ï¥âáï ¤�¢«¥−¨¥ −� −¨å á® áâ®à®−ë å¨é−¨ª®¢,
� à�§¬−®¦¥−¨¥ å¨é−¨ª®¢ ®£à�−¨ç¨¢�¥âáï ª®«¨ç¥áâ¢®¬ ¤®¡ëâ®© ¨¬¨ ¯¨é¨ (ç¨á-
«¥−−®áâìî ¦¥àâ¢). ’®£¤� ¢ ®âáãâáâ¢¨¥ å¨é−¨ª®¢ ç¨á«¥−−®áâì ¦¥àâ¢ ¤®«¦−�
à�áâ¨ íªá¯®−¥−æ¨�«ì−® á ®â−®á¨â¥«ì−®© áª®à®áâìî α, � å¨é−¨ª¨ ¢ ®âáãâáâ¢¨¥
¦¥àâ¢ ¤®«¦−ë â�ª ¦¥ íªá¯®−¥−æ¨�«ì−® ¢ë¬¨à�âì á ®â−®á¨â¥«ì−®© áª®à®áâìî m.
‚ ã¤¥«ì−®© áª®à®áâ¨ à®áâ� ®¡®§−�ç¥−ë: mi (i = 1, 2, 3)| ãáà¥¤−¥−−ë¥ ª®íää¨-
æ¨¥−âë ¥áâ¥áâ¢¥−−®© á¬¥àâ−®áâ¨; ki (i = 0, 1, 2) | ¤®«¨ ¯®âà¥¡«¥−−ëå ¡¨®¬�áá,
¨¤ãé¨¥ −� à¥¯à®¤ãªâ¨¢−ë© ®¡¬¥− ¨ à®áâ; αi (i = 0, 1, 2) | ª®íää¨æ¨¥−âë âà®-
ä¨ç¥áª¨å äã−ªæ¨©; ε | ª®íää¨æ¨¥−â á�¬®«¨¬¨â¨à®¢�−¨ï ¯®¯ã«ïæ¨¨ ¯®«¥§−ëå
−�á¥ª®¬ëå.

�ãáâì V = Vi(Ni), i = 1, 2, | ç¨á«¥−−®áâì (¨«¨ ¡¨®¬�áá�) ¦¥àâ¢, ¯®âà¥¡-
«ï¥¬ëå ®¤−¨¬ å¨é−¨ª®¬ §� ¥¤¨−¨æã ¢à¥¬¥−¨, ¯à¨ç¥¬ k-ï ç�áâì ¯®«ãç¥−−®©
á íâ®© ¡¨®¬�áá®© í−¥à£¨¨ à�áå®¤ã¥âáï å¨é−¨ª®¬ −� ¢®á¯à®¨§¢®¤áâ¢®, � ®áâ�«ì−®¥
âà�â¨âáï −� ¯®¤¤¥à¦�−¨¥ ®á−®¢−®£® ®¡¬¥−� ¨ ®å®â−¨çì¥© �ªâ¨¢−®áâ¨. ‹¥£ª®
¢¨¤¥âì, çâ® á¨áâ¥¬ã (1) ¢ á¨«ã (4) ¬®¦−® §�¯¨á�âì ¢ ¢¨¤¥ á¨áâ¥¬ë á ®â−®è¥−¨¥¬
â¨¯� å¨é−¨ª{¦¥àâ¢�:
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dN0
dt
= Q− α0N0N1 ;

dN1
dt
= k0α0N0N1 − V1 (N1)N2 −m1N1 ;

dN2
dt
= k1V1 (N1)N2 − V2 (N2)N3 −m2N2 ;

dN3
dt
= k2V2 (N2)N3 −N23 −m3N3 .











































(5)

‚ ä®à¬ã«�å (5) âà®ä¨ç¥áª¨¥ äã−ªæ¨¨ Vi(Ni) ï¢«ïîâáï ¤®áâ�â®ç−® ¯à®¨§-
¢®«ì−ë¬¨. �−�«¨§ íªá¯¥à¨¬¥−â�«ì−ëå ¨áá«¥¤®¢�−¨© ¯®ª�§ë¢�¥â [11, 13], çâ®
âà®ä¨ç¥áª¨¥ äã−ªæ¨¨ ¤«ï ¬−®£¨å ¡¨®«®£¨ç¥áª¨å ¯®¯ã«ïæ¨© ¬®£ãâ ¡ëâì ¯à¥¤-
áâ�¢«¥−ë ¢ ¢¨¤¥ £à�ä¨ª®¢, ¯à¨¢¥¤¥−−ëå −� à¨áã−ª¥.

‚á¥¢®§¬®¦−ë¥ ¢¨¤ë âà®ä¨ç¥áª¨å äã−ªæ¨©
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Œ�â¥¬�â¨ç¥áª�ï ¬®¤¥«ì §�¤�ç¨ §�é¨âë à�áâ¥−¨© ¢ ¡¨®á¨áâ¥¬¥

‘¯à�¢¥¤«¨¢� á«¥¤ãîé�ï â¥®à¥¬� ® áãé¥áâ¢®¢�−¨ï à¥è¥−¨ï §�¤�ç¨ §�é¨âë
à�áâ¥−¨©.

’¥®à¥¬� 1. �ãáâì ¢§�¨¬®¤¥©áâ¢¨¥ ¬¥¦¤ã ¢¨¤�¬¨ �£à®æ¥−®§� ¯à®¨áå®¤¨â á®-
£«�á−® ä®à¬ã«�¬ (4) ¨ ¯ãáâì

Vi(·) ≥ 0 ;
dVi

dN
> 0 ;

d2Vi

dN2
≤ 0 ;

0 < min
0≤t≤τ

V1(N1(t))

N1(t)
= α1 <∞ ; 0 < max

0≤t≤τ

V2(N2(t))

N2(t)
= α2 <∞ ;

α1, α2 = const .

’®£¤� ¤«ï â®£®, çâ®¡ë ¨¬¥«® ¬¥áâ® ãá«®¢¨¥

N τ
1 ≥ Np

1 , Np
1 ∈ [Nmin1 , Nmax1 ] ,

−¥®¡å®¤¨¬® ¨ ¤®áâ�â®ç−®, çâ®¡ë ¢ë¯®«−ï«¨áì á«¥¤ãîé¨¥ −¥à�¢¥−áâ¢�:

N0(t) ≤
Q

α0N
p
1

;

N τ
2 ≤ Np

2 , N
p
2 =

k0Q

α1N
p
1

− m1
α1

− 1

α1τ
ln
N1(τ)

N1(0)
;

N τ
3 ≥ Np

3 , N
p
3 =

k1α1
α2

Np
1 −

m2
α2

− 1

α2τ
ln
N2(τ)

N2(0)
.































(6)

„ ® ª � § � â ¥ « ì á â ¢ ® . �¥®¡å®¤¨¬®áâì. �à¥¤¯®«®¦¨¬, çâ® ¨¬¥¥â ¬¥áâ® ãá«®¢¨¥
N τ
1 ≥ Np

1 , N
p
1 ∈ [Nmin1 , Nmax1 ]. �®ª�¦¥¬ á¯à�¢¥¤«¨¢®áâì (6). ‚ á¨«ã ¯¥à¢®£®

ãà�¢−¥−¨ï á¨áâ¥¬ë (5) ¨¬¥¥¬:

dN0
dt
= Q− α0N0N1 ;

N0(t) ≤ N0 exp



−α0
t
∫

0

N1(τ) dτ



 +Q

t
∫

0

exp



−α0
t
∫

τ

N1(ξ) dξ



 dτ ≤

≤
[

N0 −
Q

α0N
p
1

]

exp (−α0Np
1 t) +

Q

α0N
p
1

.

‘«¥¤®¢�â¥«ì−®, N0(t) ≤ Q/(α0N
p
1 ), 0 ≤ t ≤ tk, (N0 = Q/(α0N

p
1 )) .

ˆ§ ¢â®à®£® ãà�¢−¥−¨ï (5) ¯®«ãç¨¬:

dN1
dt
= k0α0N0N1 − V1(N1)N2 −m1N1 ,
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®âªã¤�
d

dt
lnN1 = k0α0N0 −

V1(N1)

N1
N2 −m1 ,

â�ª ª�ª
V1(N1)

N1
N2 = k0α0N0 −m1 −

d

dt
lnN1

¨
V1(N1)

N1
N2 =

k0Q

Np
1

−m1 −
d

dt
lnN1 .

ˆ−â¥£à¨àãï ¯®á«¥¤−¥¥ à�¢¥−áâ¢® ¯® t ®â 0 ¤® τ, ¯®«ãç¨¬:

1

τ

τ
∫

0

V1(N1(t))

N1(t)
N2(t) dt =

k0Q

Np
1

−m1 −
1

τ
ln
N1(τ)

N1(0)
,

â. ¥.

0 < min
0≤t≤τ

V1(N1(t))

N1(t)
N τ
2 =

k0Q

Np
1

−m1 −
1

τ

lnN1(τ)

N1(0)
,

â�ª ª�ª 0 < min0≤t≤τ V1(N1(t))/N1(t) = α1 <∞, â®

N τ
2 ≤ k0Q

Np
1

− m1
α1

− 1

α1τ
ln
N1(τ)

N1(0)
= Np

2 ,

®âªã¤�
N τ
2 ≤ Np

2 .

’¥¯¥àì à�áá¬®âà¨¬ âà¥âì¥ ãà�¢−¥−¨¥ á¨áâ¥¬ë (5):

dN2
dt
= k1V1 (N1)N2 − V2 (N2)N3 −m2N2 ,

â. ¥.
d

dt
ln (N2) = k1V1 (N1)−m2 −

V2(N2)N3
N2

.

�à®¨−â¥£à¨à®¢�¢ íâ® ãà�¢−¥−¨¥ ¯® t ®â 0 ¤® τ, ¯®«ãç�¥¬:

1

τ

τ
∫

0

V2(N2(t))

N2(t)
N3(t) dt ≥ k1α1N

p
1 −m2 −

1

τ
ln
N2(τ)

N2(0)
.

�âáî¤�

0 < max
0≤t≤τ

V2(N2(t))

N2(t)
N τ
3 ≥ k1α1N

p
1 −m2 −

1

τ
ln
N2(τ)

N2(0)
.
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Œ�â¥¬�â¨ç¥áª�ï ¬®¤¥«ì §�¤�ç¨ §�é¨âë à�áâ¥−¨© ¢ ¡¨®á¨áâ¥¬¥

’�ª ª�ª 0 < max0≤t≤τ (V2(N2(t))/N2(t)) = α2 <∞, â®

N τ
3 ≥ k1α1

α2
Np
1 −

m2
α2

− 1

α2τ
ln
N2(τ)

N2(0)
= Np

3 ,

®âªã¤�
N τ
3 ≥ Np

3 .

�æ¥−¨¬ maxN3. ˆ§ ç¥â¢¥àâ®£® ãà�¢−¥−¨ï á¨áâ¥¬ë (5) ¯®«ãç�¥¬:

dN3
dt
= k2V2 (N2)N3 −N23 −m3N3 .

‚¢¥¤ï ®¡®§−�ç¥−¨¥ A(t) = k2V2(N2)−m3, §�¯¨è¥¬

max
t
N3 ≤ max

t









N3(0) exp

(∫ t

0
A(t) dt

)

1 + εN3(0)

∫ t

0

(

exp

(
∫ t

0
A(t) dt

))

dt









≤ Nmax ,

£¤¥ Nmax = const <∞. „¥©áâ¢¨â¥«ì−®,

dN3
dt
= A(t)N3(t)− εN23 (t) ;

− 1
N23

dN3
dt
= −A(t)

N3
+ ε , − 1

N23
= y ;

y′(t) = −A(t)y + ε ;

y(t) = y(0) exp



−
t
∫

0

A(t) dt



+ ε

t
∫

0



exp



−
t
∫

τ

A(ξ) dξ







 dτ ;

1

N3(t)
=

1

N3(0)
exp



−
t
∫

0

A(t) dt



 + ε

t
∫

0



exp



−
t
∫

τ

A(ξ) dξ







 dτ .

„®áâ�â®ç−®áâì. �ãáâì ¢ë¯®«−¥−ë ãá«®¢¨ï â¥®à¥¬ë. �®ª�¦¥¬, çâ® ¨¬¥¥â ¬¥áâ®
−¥à�¢¥−áâ¢® N τ

1 ≥ Np
1 , N

p
1 ∈ [Nmin1 , Nmax1 ]. ’�ª ª�ª

dN0
dt
= Q− α0N0N1 ≥ Q− α0N1

Q

α0N
p
1

,

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 29 −®¬¥à 1 2019 103



÷. �. �¤¨−�¥¢

â®
Q

Np
1

N1 ≥ Q− dN0
dt

.

ˆ−â¥£à¨àãï ¯®á«¥¤−¥¥ −¥à�¢¥−áâ¢® ¯® t ®â 0 ¤® τ, ¯®«ãç¨¬:

QN τ
1

Np
1

≥ Q+
1

τ
[N0(0) −N0(τ)] ≥ Q+

1

τ

[

N0(0)−
Q

α0N
p
1

]

= Q ,

®âªã¤�
QN τ

1

Np
1

≥ Q ,

¨«¨, çâ® â® ¦¥ á�¬®¥,
N τ
1 ≥ Np

1 .

‡�¬¥ç�−¨¥ 1. …á«¨ Q = Q(t) ∈ [0, τ ], â® ¢ ª�ç¥áâ¢¥ Q ¢ à¥è¥−¨¨ §�¤�ç¨, â. ¥.
¢ ¢ëà�¦¥−¨ïå ¤«ï Np

1 , Np
2 ¨ Np

3 , á«¥¤ã¥â ¡à�âì Q = maxtQ. „¥©áâ¢¨â¥«ì−®,

N0(t) ≤ N0(0) exp



−α0
t
∫

0

N1(ξ) dξ



+

t
∫

0

Q(ξ) exp






−α0

t
∫

ξ

N1(η) dη






dξ ≤

≤
[

N0(0) −
Q

α0N
p
1

]

exp (−α0Np
1 t) +

Q

α0N
p
1

=
Q

α0N
p
1

, 0 ≤ t ≤ τ ,

¨ à¥è¥−¨¥ §�¤�ç¨ ¡ã¤¥â §�¢¨á¥âì â®«ìª® ®â Q.

‡�¬¥ç�−¨¥ 2. �ãáâì τ → ∞. ’®£¤�

N τ
1 ≥ Np

1 , Np
1 ∈

[

m2
k1α1

,
k0Q

m1

]

;

N τ
2 ≤ k0Q

α1N
p
1

− m1
α1
; N τ

3 ≥ k1α1
α

Np
1 −

m2
α
,

â. ¥. à¥è¥−¨¥ −¥¯à¥àë¢−®© §�¤�ç¨ §�é¨âë áâà¥¬¨âáï ª à¥è¥−¨î áâ�æ¨®−�à−®©
§�¤�ç¨.

Œ®¦¥â ®ª�§�âìáï, çâ® ¯à¨ −¥ª®â®àëå §−�ç¥−¨ïå ¯�à�¬¥âà®¢ ¨ äã−ªæ¨© à�á-
á¬®âà¥−−®£® ¬®¤¥«ì−®£® �£à®æ¥−®§� ¯®¤£®â®¢¨â¥«ì−�ï §�¤�ç� §�é¨âë à�áâ¥−¨©
−¥ ¡ã¤¥â ¨¬¥âì à¥è¥−¨©, â. ¥. −¥à�¢¥−áâ¢� (2) ¨ (3) −¥ ¡ã¤ãâ ¢ë¯®«−ïâìáï. ’®£¤�
¯à¨¤¥âáï à¥è�âì §�¤�çã ®¯â¨¬�«ì−®£® ã¯à�¢«¥−¨ï �£à®æ¥−®§�¬¨. �â® ®§−�ç�¥â,
çâ® ¯à®â¨¢ ¢à¥¤¨â¥«¥© ¤®«¦¥− ¯à¨¬¥−ïâìáï ¨−â¥£à¨à®¢�−−ë© ¬¥â®¤ ¡®àì¡ë (ª®¬-
¯«¥ªá �£à®â¥å−¨ç¥áª¨å, å¨¬¨ç¥áª¨å ¨ ¡¨®«®£¨ç¥áª¨å ¬¥à®¯à¨ïâ¨©) ¤«ï §�é¨âë
á¥«ìå®§ªã«ìâãàë.

Œ�â¥¬�â¨ç¥áª¨ íâ® ®§−�ç�¥â ¢¢¥¤¥−¨¥ ç«¥−®¢ µ(D)N2, αµ(D)N3 + PN3
á®®â¢¥âáâ¢¥−−® ¢ ¯à�¢ë¥ ç�áâë 3-£® ¨ 4-£® ãà�¢−¥−¨© á¨áâ¥¬ë (1). ‡¤¥áì äã−ªæ¨ï
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Œ�â¥¬�â¨ç¥áª�ï ¬®¤¥«ì §�¤�ç¨ §�é¨âë à�áâ¥−¨© ¢ ¡¨®á¨áâ¥¬¥

µ = µ(D) | äã−ªæ¨ï ú¤®§�{íää¥ªâû ®â ¯à¨¬¥−¥−¨ï ¤®§ë D = D(t); P =
= P (t) | ¡¨®«®£¨ç¥áª®¥ ã¯à�¢«¥−¨¥, â. ¥. ã¤¥«ì−�ï áª®à®áâì §�¯ãáª� ¯®«¥§−ëå
−�á¥ª®¬ëå −� ¯®«¥. �£à®â¥å−¨ç¥áª¨¥ ¬¥à®¯à¨ïâ¨ï ãçâ¥−ë ¢¢¥¤¥−¨¥¬ ç«¥−�
Q = Q(t) ¢ ¯à�¢®© ç�áâ¨ 1-£® ãà�¢−¥−¨ï á¨áâ¥¬ë (1). �à¥¤¯®«�£�¥âáï, çâ®
¯�à�¬¥âàë ã¯à�¢«¥−¨ï (Q,P,D) = u ∈ U, £¤¥ U | ¤®¯ãáâ¨¬®¥ ¬−®¦¥áâ¢®
(ªãá®ç−®-−¥¯à¥àë¢−ë¥ ¨ ®£à�−¨ç¥−−ë¥ ã¯à�¢«¥−¨ï). �ãáâì ¢ëè¥áª�§�−−ë¥
¨§¬¥−¥−¨ï ¢ ¬®¤¥«ì−ë© �£à®æ¥−®§ ¯à®¨§¢¥¤¥−ë. ’®£¤� §�¤�ç� ®¯â¨¬�«ì−®£®
ã¯à�¢«¥−¨ï (®¯â¨¬¨§�æ¨ï ¯à®æ¥áá� §�è¨âë) ¬®¤¥«ì−ë¬ �£à®æ¥−®§®¬ (1) ¨ (2)
á®áâ®¨â ¢ −�å®¦¤¥−¨¨ â�ª®£® ã¯à�¢«¥−¨ï, ¤«ï ª®â®à®£® äã−ªæ¨®−�« áâ®¨¬®áâ¨

I(u) =

tk
∫

0

f0(N1, N2, N3, u) dt + ϕ(N1, N2, N3, u)
∣

∣

∣

tk
(7)

−� à¥è¥−¨ïå §�¤�ç¨ (1){(3) ¯à¨−¨¬�« ¡ë á¢®¥ −�¨¬¥−ìè¥¥ §−�ç¥−¨¥. ‚ äã−ª-
æ¨®−�«¥ (7) f0(·) ¨ ϕ(·) å�à�ªâ¥à¨§ãîâ áã¬¬�à−ë© ¢à¥¤ (¨«¨ ãé¥à¡) á® áâ®à®−ë
−�á¥ª®¬ëå-¢à¥¤¨â¥«¥©, §�âà�âë −� ¯à®¨§¢®¤áâ¢® ¡¨®«®£¨ç¥áª®£® ¢¨¤� á æ¥«ìî
ã¯à�¢«¥−¨ï ¨ §�âà�âë −� ï¤®å¨¬¨ª�âë ¨ ¤à., ¯à¨ç¥¬

f0(·) =
3
∑

i=1

f0i (N) + C1P + C2D ≥ 0, f0i (N) ≥ 0 ;

ϕ(·) =
3
∑

i=1

ϕi(N) + C1P + C2P ≥ 0 , ϕi(N) ≥ 0 , i = 1, 3 ,

£¤¥Ci = const > 0, i = 1, 2, ¨ äã−ªæ¨ï ú¤®§�{íää¥ªâû µ = µ(D) ã¤®¢«¥â¢®àï¥â
á«¥¤ãîé¨¬ ãá«®¢¨ï¬:

µ(D) ≥ 0 ; dµ

dD
> 0 ;

d2µ

dD2
≤ 0 .

‡�¬¥â¨¬, çâ® ®¯â¨¬¨§�æ¨®−−�ï §�¤�ç� §�é¨âë à�áâ¥−¨© à¥è�¥âáï â®«ìª®
¢ â®¬ á«ãç�¥, ª®£¤� ãá«®¢¨ï (2) ¨ (3) −�àãè�îâáï.

3 Заключение

÷¥§ã«ìâ�âë ¨áá«¥¤®¢�−¨ï ¬®£ãâ ¡ëâì ¨á¯®«ì§®¢�−ë ¢ ª�ç¥áâ¢¥ ¯¥à¢¨ç−®£®
§¢¥−� ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©, ¯à¨¬¥−ï¥¬ëå ¢ ®¡«�áâ¨ §�é¨âë à�áâ¥−¨©.

Литература

1. Liu B., Zhang Y., Chen I. The dynamical behaviors of Lotka{Volterra predator{prey
model concerning integrated pest management // Nonlinear Anal. Real, 2005. Vol. 6.
Iss. 2. P. 227{243. doi: 10.1016/j.nonrwa.2004.08.001.

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 29 −®¬¥à 1 2019 105



R. N. Odinaev

2. Jambhulkar P. P., Murlidhar S. Information technology in plant protection //
Current concepts in plant protection / Ed. S. Banik. | New Dehli: Studium Press
India Pvt. Ltd., 2013. P. 30.

3. Robles-Fernandez A. L., Lira-Noriega A. Combining phylogenetic and occurrence
information for rick assessment of pest and pathogen interations with host plants //
Front. App. M. Stat., 2017. Vol. 3. P. 1{9. doi: 10.3389/fams.2017.00017.

4. Lotka A. T. Theoric analytique des associations biologiques. | Paris: Principles, 1939.
218 p.

5. Lotka A. T. Elements of physical biology. | New York, NY, USA: Dover Publs.,
1956. 460 p.

6. ‚®«ìâ¥àà� ‚. Œ�â¥¬�â¨ç¥áª�ï â¥®à¨ï ¡®àì¡ë §� áãé¥áâ¢®¢�−¨¥. | Œ.: ��ãª�,
1976. 286 á.

7. May R. M. Simple mathematical model with very complicated dynamics // Nature,
1976. Vol. 261. Iss. 560. P. 459{467.

8. ‘¢¨à¨¦¥¢ ā. Œ., …«¨§�à®¢ …. Ÿ. Œ�â¥¬�â¨ç¥áª®¥ ¬®¤¥«¨à®¢�−¨¥ ¡¨®«®£¨ç¥áª¨å
á¨áâ¥¬. | Œ.: ��ãª�, 1972. 159 á.

9. ‘¢¨à¨¦¥¢ ā. Œ., ‹®£®ä¥â „. �. “áâ®©ç¨¢®áâì ¡¨®«®£¨ç¥áª¨å á®®¡é¥áâ¢. | Œ.:
��ãª�, 1978. 352 á.

10. ‹®£®ä¥â „. �., ā−ãá®¢ Œ. Š. ‚®¯à®áë ª�ç¥áâ¢¥−−®© ãáâ®©ç¨¢®áâ¨ ¨ à¥£ã«ïà¨§�-
æ¨¨ ¢ ¤¨−�¬¨ç¥áª¨å ¬®¤¥«ïå �£à®á¨−®æ¥−®§� å«®¯ç�â−¨ª� // ‚®¯à®áë ª¨¡¥à−¥â¨ª¨,
1979. ‚ë¯. 52. ‘. 60{72.

11. ā−ãá®¢ Œ. Š. Œ�â¥¬�â¨ç¥áª¨¥ ¬®¤¥«¨ ¡®àì¡ë á ¢à¥¤¨â¥«ï¬¨ �£à®æ¥−®§®¢. |
„ãè�−¡¥: „®−¨è, 1991. 146 á.

12. �¤¨−�¥¢ ÷. �. �¥®¡å®¤¨¬®¥ ¨ ¤®áâ�â®ç−®¥ ãá«®¢¨¥ áãé¥áâ¢®¢�−¨ï à¥è¥−¨ï §�¤�ç¨
§�é¨âë à�áâ¥−¨© // „�� ÷’, 2015. ’. 58. ‚ë¯. 10. ‘. 879{886.

13. �¤¨−�¥¢ ÷. �. �¡ ®¤−®© −¥«¨−¥©−®© ¬�â¥¬�â¨ç¥áª®© ¬®¤¥«¨ §�é¨âë à�áâ¥−¨© á ãç¥-
â®¬ ¢®§à�áâ−®© áâàãªâãàë // ‚¥áâ−¨ª ’�¤¦¨ªáª®£® −�æ¨®−�«ì−®£® ã−¨¢¥àá¨â¥â�.
‘¥à. ¥áâ¥áâ¢¥−−ëå −�ãª, 2016. ‚ë¯. 1/2(196). ‘. 13{17.

14. �¤¨−�¥¢ ÷. �. ˆáá«¥¤®¢�−¨¥ ®¯â¨¬¨§�æ¨®−−®£® ¯à®æ¥áá� §�¤�ç¨ §�é¨âë à�áâ¥−¨©
á ãç¥â®¬ ¢®§à�áâ−®© áâàãªâãàë −�á¥ª®¬ëå // ‚¥áâ−¨ª ’�¤¦¨ªáª®£® −�æ¨®−�«ì−®£®
ã−¨¢¥àá¨â¥â�, 2017. ‚ë¯. 1/3(131). ‘. 6{9.

�®áâã¯¨«� ¢ à¥¤�ªæ¨î 04.04.18

A MATHEMATICAL MODEL OF THE PROBLEM
OF PLANT PROTECTION IN A BIOSYSTEM OF THE TYPE

“HARMFUL INSECTS – BENEFICIAL INSECTS”
WITH ARBITRARY TROPHIC FUNCTIONS

R. N. Odinaev

Faculty of Mechanics and Mathematics, Tajik National University, 17 Rudaki Av.,
Dushanbe 734025, Republic of Tajikistan

Abstract: When studying the agrocenosis of cotton, the problem arises of
a formal description of its structures, i. e., a set of blocks in which the stocks
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A mathematical model of the problem of plant protection in a biosystem

of elements and energy are concentrated, and the flows connecting them within
the agrocenosis, carrying out the transfer of matter and energy from the block
to the block and, also, studies of stability issues | agrocenosis. The basis
of cotton agrocenosis is the crop itself: cotton as a primary product. Due to
cotton, a variety of organisms live | phytophages, cotton pests. Pests of cotton
include aphids (black alfalfa, melon, and large cotton), scoops (cotton, small
ground, and azimic), and spider mite. Pests find in cotton a copious source of
food and multiply intensely. The author considers the mathematical problems
of point models, i. e., when the population size depends on time. The so-called
preparatory task of plant protection is formulated. Necessary and sufficient
conditions for the solvability of preparatory problems of plant protection with
arbitrary trophic functions are found.

Keywords: model; agrocenosis; plant protection problem; number of population;
arbitrary trophic functions; useful insects { harmful insects; model biosystem
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АНАЛИТИЧЕСКОЕ МОДЕЛИРОВАНИЕ ПРОЦЕССОВ
В ВОЛЬТЕРРОВСКИХ СТОХАСТИЧЕСКИХ СИСТЕМАХ

МЕТОДОМ КАНОНИЧЕСКИХ РАЗЛОЖЕНИЙ∗

И. Н. Синицын1, В. И. Синицын2

�−−®â�æ¨ï: �� ®á−®¢¥ ¬¥â®¤®¢ ª�−®−¨ç¥áª¨å à�§«®¦¥−¨© (ŒŠ÷) à�§à�-
¡®â�−ë ¯à¨¡«¨¦¥−−ë¥ −¥«¨−¥©−ë¥ ª®àà¥«ïæ¨®−−ë¥ ¬¥â®¤ë ¨ �«£®à¨â¬ë
�−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï £�à¬®−¨ç¥áª¨å, ª¢�§¨£�à¬®−¨ç¥áª¨å ¨ è¨-
à®ª®¯®«®á−ëå áâ®å�áâ¨ç¥áª¨å ¯à®æ¥áá®¢ (‘â�) ¢ ®¡®¡é¥−−ëå −¥«¨−¥©−ëå
¢®«ìâ¥àà®¢áª¨å á¨áâ¥¬�å ¢ ãá«®¢¨ïå �¤¤¨â¨¢−ëå ¨ ¯�à�¬¥âà¨ç¥áª¨å £�à¬®-
−¨ç¥áª¨å, ª¢�§¨£�à¬®−¨ç¥áª¨å ¨ è¨à®ª®¯®«®á−ëå ¢®§¬ãé¥−¨©. �®¤à®¡−®
à�áá¬®âà¥−� áâ®å�áâ¨ç¥áª�ï §�¤�ç� ‚. ‚®«ìâ¥ààë úR å¨é−¨ª®¢ {R ¦¥àâ¢û
á ®¤−¨¬ âà®ä¨ç¥áª¨¬ ãà®¢−¥¬. ‚ ª�ç¥áâ¢¥ â¥áâ®¢ëå ¯à¨¬¥à®¢ à�áá¬®âà¥−ë §�-
¤�ç¨ �−�«¨â¨ç¥áª®£® −¥«¨−¥©−®£® ª®àà¥«ïæ¨®−−®£® ¬®¤¥«¨à®¢�−¨ï ®¤−®¬¥à-
−ëå ¨ ¤¢ã¬¥à−ëå −¥«¨−¥©−ëå ¢®«ìâ¥àà®¢áª¨å á¨áâ¥¬ ¢ ãá«®¢¨ïå �¤¤¨â¨¢−ëå
¨ ¯�à�¬¥âà¨ç¥áª¨å £�à¬®−¨ç¥áª¨å, ª¢�§¨£�à¬®−¨ç¥áª¨å ¨ è¨à®ª®¯®«®á−ëå
¢®§¬ãé¥−¨©. ˆ§ãç¥−� ãáâ®©ç¨¢®áâì à¥£ã«ïà−ëå ¨ áâ®å�áâ¨ç¥áª¨å à¥¦¨¬®¢.
÷�áá¬®âà¥−ë ¢�¦−ë¥ ç�áâ−ë¥ á«ãç�¨.

DOI: 10.14357/08696527190110

Š«îç¥¢ë¥ á«®¢�: �−�«¨â¨ç¥áª®¥ ¬®¤¥«¨à®¢�−¨¥; ¢®«ìâ¥àà®¢áª�ï áâ®å�áâ¨ç¥-
áª�ï á¨áâ¥¬� (‚‘â‘); £�à¬®−¨ç¥áª¨¥, ª¢�§¨£�à¬®−¨ç¥áª¨¥ ¨ è¨à®ª®¯®«®á−ë¥
èã¬ë; ¬¥â®¤ ª�−®−¨ç¥áª¨å à�§«®¦¥−¨© (ŒŠ÷); ¬¥â®¤ ¬¥¤«¥−−® ¬¥−ïîé¨åáï
�¬¯«¨âã¤ (M3A); ¬¥â®¤ −®à¬�«ì−®© �¯¯à®ªá¨¬�æ¨¨ (Œ��); ¬¥â®¤ áâ�â¨áâ¨-
ç¥áª®© «¨−¥�à¨§�æ¨¨ (Œ‘‹); áâ®å�áâ¨ç¥áª¨© ¯à®æ¥áá (‘â�); áâ®å�áâ¨ç¥áª�ï
á¨áâ¥¬� (‘â‘)

1 Введение

‚ [1] à�§à�¡®â�−ë ¤¢� íää¥ªâ¨¢−ëå ¬¥â®¤� �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï
íª¢¨¢�«¥−â−ëå −®à¬�«ì−ëå (£�ãáá®¢áª¨å) áâ®å�áâ¨ç¥áª¨å ¯à®æ¥áá®¢ (‘â�) ¢ ¬−®-
£®ãà®¢−¥¢ëå ¢®«ìâ¥àà®¢áª¨å áâ®å�áâ¨ç¥áª¨å á¨áâ¥¬�å (‚‘â‘). �¥à¢ë© ®á−®¢�−
−� ¬¥â®¤¥ −®à¬�«ì−®© �¯¯à®ªá¨¬�æ¨¨ (Œ��) ¤«ï ¬−®£®¬¥à−®© ‚‘â‘ á �¤¤¨-
â¨¢−ë¬¨ ¨ ¯�à�¬¥âà¨ç¥áª¨¬¨ £�ãáá®¢áª¨¬¨ ¨ −¥£�ãáá®¢áª¨¬¨ ¡¥«ë¬¨ èã¬�¬¨
¤«ï äã−ªæ¨© ¬¥¦¢¨¤®¢®£® ¢§�¨¬®¤¥©áâ¢¨ï ¯à®¨§¢®«ì−®£® ¢¨¤�, ¢ â®¬ ç¨á«¥
à�§àë¢−ëå. ‚â®à®© ®á−®¢�− −� ¬¥â®¤¥ áâ�â¨áâ¨ç¥áª®© «¨−¥�à¨§�æ¨¨ (Œ‘‹)

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ä¨−�−á®¢®© ¯®¤¤¥à¦ª¥ ÷�� (¯à®¥ªâ 0063-2018-0008).
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ˆ. �. ‘¨−¨æë−, ‚. ˆ. ‘¨−¨æë−

äã−ªæ¨© ¬¥¦¢¨¤®¢®£® ¢§�¨¬®¤¥©áâ¢¨ï ¨ á¢¥¤¥−¨¨ ¨áå®¤−®© ‚‘â‘ ª íª¢¨¢�«¥−â-
−®© ‚‘â‘ á �¤¤¨â¨¢−ë¬¨ «¨−¥©−ë¬¨ ¨ ¯�à�¬¥âà¨ç¥áª¨¬¨ èã¬�¬¨. �®«ãç¥−�
á®¢¬¥áâ−�ï á¨áâ¥¬� ãà�¢−¥−¨© ¤«ï ¢¥à®ïâ−®áâ−ëå ¬®¬¥−â®¢ ¯¥à¢®£® ¨ ¢â®à®£®
¯®àï¤ª�. ÷�áá¬®âà¥−ë ¢®¯à®áë �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï áâ�æ¨®−�à−ëå
à¥£ã«ïà−ëå ¨ áâ®å�áâ¨ç¥áª¨å à¥¦¨¬®¢. ‚ ª�ç¥áâ¢¥ â¥áâ®¢ëå ¯à¨¬¥à®¢ ¯®«ãç¥−ë
ãà�¢−¥−¨ï −¥«¨−¥©−®£® ª®àà¥«ïæ¨®−−®£® �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï ®¤−®©
¨ ¤¢ãå ¯®¯ã«ïæ¨© ¢ áâ®å�áâ¨ç¥áª®© áà¥¤¥. ˆ§ãç¥−ë áâ�æ¨®−�à−ë¥ à¥¦¨¬ë ¨ ¨å
ãáâ®©ç¨¢®áâì. ‚ [2] ¯à¥¤áâ�¢«¥−ë â®ç−ë¥ ¨ ¯à¨¡«¨¦¥−−ë¥ ¬¥â®¤ë �−�«¨â¨ç¥-
áª®£® ¬®¤¥«¨à®¢�−¨ï ¯à®æ¥áá®¢ ¢ −¥«¨−¥©−ëå ‚‘â‘ ¢ ãá«®¢¨ïå �¤¤¨â¨¢−ëå
¨ ¯�à�¬¥âà¨ç¥áª¨å ¡¥«ëå èã¬®¢. ˆ§ãç¥−� ãáâ®©ç¨¢®áâì áâ�æ¨®−�à−ëå à¥£ã-
«ïà−ëå ¨ áâ®å�áâ¨ç¥áª¨å à¥¦¨¬®¢ ¯® ¯¥à¢ë¬ ¤¢ã¬ ¢¥à®ïâ−®áâ−ë¬ ¬®¬¥−â�¬.
÷�áá¬®âà¥−ë ¢®¯à®áë �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï ®¤−®¬¥à−ëå à�á¯à¥¤¥«¥-
−¨© á ¨−¢�à¨�−â−®© ¬¥à®© ¢ ¤¢ã¬¥à−®© ¤¨ää¥à¥−æ¨�«ì−®© ‚‘â‘.

÷�áá¬®âà¨¬ ¢®¯à®áë �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï £�à¬®−¨ç¥áª¨å, ª¢�-
§¨£�à¬®−¨ç¥áª¨å ¨ è¨à®ª®¯®«®á−ëå ¯à®æ¥áá®¢ ¢ ¢®«ìâ¥àà®¢áª¨å á¨áâ¥¬�å −�
®á−®¢¥ «¨−¥©−ëå ¨ −¥«¨−¥©−ëå ŒŠ÷ [3]. ‘â�âìï á®¤¥à¦¨â ¢¢¥¤¥−¨¥, §�ª«îç¥-
−¨¥ ¨ ç¥âëà¥ à�§¤¥«�. ‚ à�§¤. 2 ¯à¨¢¥¤¥−ë á¢¥¤¥−¨ï ¨§ â¥®à¨¨ ŒŠ÷. ÷�§¤¥« 3
á®¤¥à¦¨â ®¯¨á�−¨¥ ¬¥â®¤®¢ ¨ �«£®à¨â¬®¢ �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï ‘â� −�
®á−®¢¥ ŒŠ÷ ¨ ¨å ¯à¨¬¥−¥−¨¥ ª áâ®å�áâ¨ç¥áª®© §�¤�ç¥ ‚. ‚®«ìâ¥ààë úå¨é−¨ª¨ {
¦¥àâ¢ëû. ‚ à�§¤. 4 ¨ 5 à�áá¬�âà¨¢�îâáï â¥áâ®¢ë¥ ¯à¨¬¥àë ®¤−®- ¨ ¤¢ã¬¥à−ëå
£�à¬®−¨ç¥áª¨å, ª¢�§¨£�à¬®−¨ç¥áª¨å ¨ è¨à®ª®¯®«®á−ëå ¢®«ìâ¥àà®¢áª¨å á¨áâ¥¬.
‡�ª«îç¥−¨¥ á®¤¥à¦¨â ¢ë¢®¤ë ¨ ¯à¥¤«®¦¥−¨ï ¯® à�§¢¨â¨î ¯®«ãç¥−−ëå à¥§ã«ì-
â�â®¢.

2 Метод канонических разложений

‚ [3] ¯®ª�§�−®, çâ® ¢ ®á−®¢¥ ŒŠ÷ ¤«ï ª®−¥ç−®¬¥à−ëå ¢¥ªâ®à−ëå ‚‘â‘ «¥¦�â
á«¥¤ãîé¨¥ ¯àï¬�ï ¨ ®¡à�â−�ï â¥®à¥¬ë �ã£�ç¥¢�.

1. …á«¨ ¢¥ªâ®à−ë© ‘â� X = X(t) ®¡«�¤�¥â ª®−¥ç−ë¬¨ ¢¥à®ïâ−®áâ−ë¬¨ ¬®-
¬¥−â�¬¨ ¢â®à®£® ¯®àï¤ª�, â® ¨§ ª�−®−¨ç¥áª®£® à�§«®¦¥−¨ï (Š÷) X(t):

X(t) = [Xh(t)] = m
x(t)+

∑

ν

Vνxν(t), Xh(t) = m
x
h(t)+

∑

ν

Vνxνh(t), (1)

£¤¥mx(t) = MX(t),mx
h(t) = MXh(t),M| á¨¬¢®« ¬�â¥¬�â¨ç¥áª®£® ®¦¨¤�-

−¨ï; Vν | áª�«ïà−ë¥ á«ãç�©−ë¥ ¢¥«¨ç¨−ë (‘‚) á −ã«¥¢ë¬¨ ¬�â¥¬�â¨ç¥áª¨-

¬¨ ®¦¨¤�−¨ï¬¨ (ν = 1, 2, . . .), ¤¨á¯¥àá¨ï¬¨ Dν = M |Vν |2 ¨ ª®®à¤¨−�â−ë¬¨
äã−ªæ¨ï¬¨

xν(t) = [xν1(t), . . . , xνn]
T ;

xνh(t) =
1

Dν
M
[

X0h(t)
�Vν

]

(h = 1, n) ,
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� ç¥àâ� | á¨¬¢®« á®¯àï¦¥−¨ï, ¢ëâ¥ª�¥â Š÷ ª®¢�à¨�æ¨®−−®© ¬�âà¨æë ¨ ¥¥
ª®¢�à¨�æ¨®−−ëå äã−ªæ¨©

(

h, l = 1, n
)

:

Kx(t) = [Kx
hl(t)] , Kx

hl(t) =
∑

ν

Dνxνh(t)xνh(t) ;

Kx (t1, t2) = [K
x
hl (t1, t2)] , K

x
hl (t1, t2) =

∑

ν

Dνxνh(t1)xνh(t2) . (2)

2. …á«¨ ¢¥ªâ®à−ë© ‘â� X(t) ®¡«�¤�¥â ª®−¥ç−ë¬¨ ¢¥à®ïâ−®áâ−ë¬¨ ¬®¬¥−â�¬¨
¢â®à®£® ¯®àï¤ª�, â® ¨§ Š÷ ¬�âà¨æë ª®¢�à¨�æ¨®−−ëå äã−ªæ¨© (2) ¢ëâ¥ª�¥â
Š÷ ‘â� (1).

‚ [3] ¯à¥¤áâ�¢«¥−ë â®ç−ë¥ ¨ ¯à¨¡«¨¦¥−−ë¥ ¬¥â®¤ë «¨−¥©−®£® ¨ −¥«¨−¥©-
−®£® áâ®å�áâ¨ç¥áª®£® �−�«¨§� ¨ ¬®¤¥«¨à®¢�−¨ï. ‚ ¨å ®á−®¢¥ «¥¦�â ¬¥â®¤ë
à¥ªãàà¥−â−®© ¯�à�¬¥âà¨§�æ¨¨ (Œ��, Œ‘‹, ¬¥â®¤ë ¬®¬¥−â®¢, ®àâ®£®−�«ì−ëå
à�§«®¦¥−¨©, í««¨¯á®¨¤�«ì−®© �¯¯à®ªá¨¬�æ¨¨ ¨ ¤à. [4,5]) ¯®áà¥¤áâ¢®¬ Š÷. �®-
ª�§�−®, çâ® ¤«ï ª®−¥ç−®¬¥à−ëå ‚‘â‘ ¯®àï¤ª� N ç¨á«® ãà�¢−¥−¨© Œ�� à�¢−®
Qíîá = N(N + 3))/2. „«ï Œ�� −� ®á−®¢¥ Š÷ âà¥¡ã¥âáï ¯à®¨−â¥£à¨à®¢�âì
â®«ìª® N ãà�¢−¥−¨© ¤«ï ¬�â¥¬�â¨ç¥áª¨å ®¦¨¤�−¨© ¨NND (ND | ç¨á«® ç«¥−®¢
¢ Š÷) ãà�¢−¥−¨© ¤«ï ª®®à¤¨−�â−ëå äã−ªæ¨©, â. ¥. Qëòíîá = N(1 +ND). ‚á«¥¤-
áâ¢¨¥ ä¨«ìâàãîé¨å á¢®©áâ¢ ãà�¢−¥−¨© áâ�æ¨®−�à−ëå è¨à®ª®¯®«®á−ëå ‚‘â‘
¤®áâ�â®ç−® ®£à�−¨ç¨âìáï −¥¡®«ìè¨¬ ç¨á«®¬ ç«¥−®¢ ND ¢ ¯®«®á¥ ç�áâ®â á®£«�á−®
ãá«®¢¨î Qíîá ≫ Qëòíîá. „«ï ª¢�§¨£�à¬®−¨ç¥áª¨å ‚‘â‘ −� ç�áâ®â¥ ω ¢ ¯¥à-
¢®¬ ¯à¨¡«¨¦¥−¨¨ ¢ à�¬ª�å ¬¥â®¤� ¬¥¤«¥−−® ¬¥−ïîé¨åáï �¬¯«¨âã¤ (M3�) [6]
¤®áâ�â®ç−® ®£à�−¨ç¨âìáï ®¤−¨¬ ç«¥−®¬ −� ç�áâ®â¥ ω.

3 Методы и алгоритмы аналитического моделирования процессов
в обобщенных вольтерровских стохастических системах
посредством канонического разложения

3.1. �á−®¢ë¢�ïáì −� [3], à�áá¬®âà¨¬ ŒŠ÷ ¤«ï á«¥¤ãîé¥£® ¡®«¥¥ ®¡é¥£®
â¨¯� ‚‘â‘, ç¥¬ ¨§ãç¥−−ë¥ ¢ [1, 2], ¢¥ªâ®à−ë¥ ãà�¢−¥−¨ï

‘Y = F (t, Y,X(t, Y )) = [ε(t,X(t, Y ))− γ(t, Y,X(t, Y ))]Y + α(t,X(t, Y )),

Y (t0) = Y0 (3)

¢ á«ãç�¥, ª®£¤� ¤®¯ãáâ¨¬� «¨−¥�à¨§�æ¨ï ¢¥ªâ®à−®© äã−ªæ¨¨ F =
= F (t, Y,X(t, Y )) ¯®áà¥¤áâ¢®¬ Š÷ áâ®å�áâ¨ç¥áª¨å ¢®§¬ãé¥−¨© X, §�¢¨áïé¨å
®â t ¨ Y , ¢¨¤�

X = X(t, Y ) = mx(t, Y ) +
∑

ν
Vνxν(t, Y ) ;

Xs = Xs(t, Y ) = m
x
s (t, Y ) +

∑

ν
Vνxνs(t, Y )

(

s = 1, S
)

.







(4)
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‡¤¥áì mx
s = mx

s (t, Y ) ¨ xνs = xνs(t, Y ) | ¬�â¥¬�â¨ç¥áª¨¥ ®¦¨¤�−¨ï ¨ ª®-
®à¤¨−�â−ë¥ äã−ªæ¨¨, ï¢«ïîé¨¥áï ®¯à¥¤¥«¥−−ë¬¨ äã−ªæ¨ï¬¨ t ¨ ¢¥ªâ®à� Y ;
ε = ε(t,X(t, Y )), γ = γ(t, Y,X(t, Y )) ¨ α = α(t, Y,X(t, Y )) | ¨§¢¥áâ−ë¥ ¬�â-
à¨ç−ë¥ ¨ ¢¥ªâ®à−ë¥ äã−ªæ¨¨ t ¨ Y . …á«¨ ¯®¤áâ�¢¨âì (4) ¢ (3), â® ¯à�¢ë¥ ç�áâ¨
¡ã¤ãâ §�¢¨á¥âì ®â áª�«ïà−ëå ‘‚ Vν, ¯à¨ç¥¬ ¡ã¤ãâ ¢¯®«−¥ ¨§¢¥áâ−ë¬¨ äã−ªæ¨ï-
¬¨ t, Y ¨ Vν. �®á«¥ ¨−â¥£à¨à®¢�−¨ï íâ¨å ãà�¢−¥−¨©, ¯®«ãç¨¬ äã−ªæ¨®−�«ì−ë¥
§�¢¨á¨¬®áâ¨

Y = ϕ(t, Vµ); Ys = ϕs(t, Vµ)
(

µ = 1, 2, . . . , s = 1, S
)

. (5)

…á«¨ äã−ªæ¨¨ ϕ (ϕs) ¤®áâ�â®ç−® ¡«¨§ª¨ ª «¨−¥©−ë¬ ¢ ®¡«�áâ¨ ¨§¬¥−¥−¨ï Y ,
� ¢à¥¬ï t áç¨â�âì ¯�à�¬¥âà®¬, â® ¬®¦−® ¯à¨¬¥−¨âì ®¡ëç−ë¥ ¬¥â®¤ë â¥®à¨¨
«¨−¥©−ëå äã−ªæ¨®−�«ì−ëå §�¢¨á¨¬®áâ¥© ¬¥¦¤ã ‘‚ Vν ¢ ®¡«�áâ¨ ¢®§¬®¦−ëå
§−�ç¥−¨© ‘‚ Vν ¨ §�¬¥−¨âì (5) −� ¯à¨¡«¨¦¥−−®¥:

Y ≈ [Y ]0 +
∑

Vνyν; Yk ≈ [Yk]0 +
∑

ν

Vν

(

∂Yk

∂Yν

)

0

(k = 1, N ). (6)

‚ à¥§ã«ìâ�â¥ ¤«ï ¢¥ªâ®à� ¬�â¥¬�â¨ç¥áª¨å ®¦¨¤�−¨©my(t) ≈ [Y ]0;my
k(t) ≈ [Yk]0

(k = 1, N) ¯à¨¤¥¬ ª á«¥¤ãîé¨¬ ãà�¢−¥−¨ï¬:

‘my = F (t,my,mx) ; ‘my
k = Fk(t,m

y
1, . . . , m

y
N ,m

x
1 , . . . , m

x
N )
(

k = 1, N
)

; (7)

mx
s = m

x
s (t,m

y
1, . . . , m

y
N )

(

s = 1, S
)

, (8)

� ¤«ï ª®¢�à¨�æ¨®−−®© ¬�âà¨æë ¨ ¬�âà¨æë ª®¢�à¨�æ¨®−−ëå äã−ªæ¨©:

Ky(t) =
[

Ky
ij(t)

]

≈
∑

ν

Dνyν(t)yν(t); (9)

Ky (t1, t2) =
[

Ky
ij(t1, t2)

]

≈
∑

ν

Dνyν (t1) yν (t2). (10)

‡¤¥áì ª®®à¤¨−�â−ë¥ äã−ªæ¨¨

yν(t) = [yν1, . . . , yνN ]
T ;

yνk =

[

∂Yk

∂Vν

]

0

=
N
∑

p=1





∂Fk

∂my
p

+

S
∑

q=1

∂Fk

∂mx
q

∂mx
q

∂my
p





[

∂Yp

∂Vν

]

0

+
S
∑

q=1

∂Fk

∂mx
q

xνq



















(11)

¯®á«¥ ¢ëç¨á«¥−¨ï my ¨ Fk(t,m
y,mx) (á®£«�á−® (7) ¨ (8)) ®¯à¥¤¥«ïîâáï ¯ãâ¥¬

¨−â¥£à¨à®¢�−¨ï á«¥¤ãîé¨å ®¡ëª−®¢¥−−ëå ¤¨ää¥à¥−æ¨�«ì−ëå ãà�¢−¥−¨©:

‘yν(t) = A(t)yν(t) +B(t)cν(t), ‘yνk =

N
∑

p=1

Akp(t)yνp +

S
∑

q=1

Bkq(t)cνq(t)

(

k = 1, N
)

, (12)
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£¤¥

A = A(t) = [Akp(t)] ; Akp =
∂Fk

∂my
p

+

S
∑

q=1

∂Fk

∂mx
q

∂mx
q

∂mx
p

(

k, p = 1, N
)

;

B = B(t) = [Bkp(t)] ; Bkp(t) =
∂Fk

∂mx
q

(

k = 1, N, q = 1, S
)

;

cν = cν(t) = [xν1 . . . xνS ]
T ; cνq = xνq

(

t,my
1, . . . , m

y
N

)

.

„�¢�ï ν ¢á¥ ¢®§¬®¦−ë¥ §−�ç¥−¨ï, ¯®«ãç¨¬ á¨áâ¥¬ë ãà�¢−¥−¨©, ®¯à¥¤¥«ïîé¨¥
§−�ç¥−¨ï ¯à®¨§¢®¤−ëåYk ¯® ¢á¥¬ ‘‚Vν ¯à¨ −ã«¥¢ëå §−�ç¥−¨ïå íâ¨å ¯�à�¬¥âà®¢.

…á«¨ −�ç�«ì−ë¥ ãá«®¢¨ï ¤«ï (7) ¨ (12) −¥ á«ãç�©−ë, â® á«¥¤ã¥â ¯à¨−ïâì

t = t0; m
y
k = yk0; yνk = 0 (k = 1, N ). (13)

…á«¨ −�ç�«ì−ë¥ ãá«®¢¨ï t = t0 ¨ Yk = Yk0 (k = 1, N ) á«ãç�©−ë, â® ¬®¦−®
à�áá¬�âà¨¢�âì ‘â� X1, . . . , XS ¨ ‘‚ Y10, . . . , YN0 ª�ª ®¤−ã (N + S)-¬¥à−ãî
¢¥ªâ®à−ãî ‘‚. ’®£¤� −�ç�«ì−ë¬¨ ãá«®¢¨ï¬¨ ¡ã¤ãâ á«¥¤ãîé¨¥ ¢¥«¨ç¨−ë:

t = t0; m
y
k = m

y
k0; yνk = yνk0 (k = 1, N ). (14)

‡�¬¥ç�−¨¥ 3.1. „«ï −¥ª®àà¥«¨à®¢�−−ëå −�ç�«ì−ëå ãá«®¢¨© ¨ áâ�æ¨®−�à−ëå
¢®§¬ãé¥−¨© �á¨¬¯â®â¨ç¥áª®© ãáâ®©ç¨¢®áâ¨ (12) ¢¬¥áâ® ¨−â¥£à¨à®¢�−¨ï ãà�¢−¥-
−¨© ¯®âà¥¡ã¥âáï à¥è¥−¨¥ ª®−¥ç−ëå á®®â−®è¥−¨© ¤«ï áâ�æ¨®−�à−ëå à¥è¥−¨©.

’�ª¨¬ ®¡à�§®¬, ¢ ®á−®¢¥ �«£®à¨â¬®¢ �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï ¯®áà¥¤-
áâ¢®¬ ŒŠ÷ ¤«ï ‚‘â‘ (3) «¥¦�â á®®â−®è¥−¨ï (6){(12) ¯à¨ −�ç�«ì−ëå ãá«®¢¨-
ïå (13) ¨«¨ (14).

‡�¬¥ç�−¨¥ 3.2. ‚ á«ãç�¥, ª®£¤� −¥¯®áà¥¤áâ¢¥−−�ï «¨−¥�à¨§�æ¨ï äã−ªæ¨©
F (t, Y,X(t, Y )) ¯®áà¥¤áâ¢®¬ Š÷ −¥¢®§¬®¦−�, æ¥«¥á®®¡à�§−® ¯®«ì§®¢�âìáï Œ��
−� ®á−®¢¥ ŒŠ÷ [3{5]. ’®£¤�, à¥è�ï ¤¥â¥à¬¨−¨à®¢�−−ë¥ ãà�¢−¥−¨ï Œ�� ¯®áà¥¤-
áâ¢®¬ Š÷, ¯®«ãç¨¬ ¨áª®¬ë¥ ¢ëà�¦¥−¨ï ¤«ï ¢¥ªâ®à� ¬�â¥¬�â¨ç¥áª¨å ®¦¨¤�−¨©,
ª®¢�à¨�æ¨®−−®© ¬�âà¨æë ¨ ¬�âà¨æë ª®¢�à¨�æ¨®−−ëå äã−ªæ¨©:

my
t = m

y
t

(

t,mx
t ,D

v
µ, xµt

)

; Ky
t = K

y
t

(

t,mx
t ,D

v
µ, xµt

)

;

Ky(t1, t2) = K
y
(

t1, t2,m
x
t1 ,m

x
t2 ,D

v
µ, xµt1 , xµt2

)

.

‡�¬¥ç�−¨¥ 3.3. �−�«®£¨ç−®, á«¥¤ãï [3{5], á®áâ�¢«ïîâáï ãà�¢−¥−¨ï ¤«ï ®¤−®-
¨ ¬−®£®¬¥à−ëå à�á¯à¥¤¥«¥−¨©, ¥á«¨ ¢ ª�ç¥áâ¢¥ ¨å ¯�à�¬¥âà®¢ ¢ë¡à�−ë ¢¥à®-
ïâ−®áâ−ë¥ ¬®¬¥−âë ¨ ª¢�§¨¬®¬¥−âë ¢ëáè¨å ¯®àï¤ª®¢, á¥¬¨¨−¢�à¨�−âë, ª®-
íää¨æ¨¥−âë ®àâ®£®−�«ì−ëå à�§«®¦¥−¨©, ¢ ç�áâ−®áâ¨ ¬¥â®¤ë í««¨¯á®¨¤�«ì−®©
�¯¯à®ªá¨¬�æ¨¨ ¨ «¨−¥�à¨§�æ¨¨.
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3.2. �æ¥−ªã â®ç−®áâ¨ ¨ ¢ë¡®à ç¨á«� ND ç«¥−®¢ Š÷ á®£«�á−® [3] ¯à®¢®¤ïâ

¤«ï ª�¦¤®£® ¨áâ®ç−¨ª� èã¬®¢ V (l) ¨§ á«¥¤ãîé¥£® ¤¨á¯¥àá¨®−−®£® á®®â−®è¥−¨ï:

ND
∑

s=1

D(l)s tr

[

y(l)s (t)y
(l)
s (t)

]

< δ
(l)
T , t ∈ (t0, t0 + T ) ,

£¤¥ y
(l)
s (t) = [ys1(t) · · · ysN (t)]| ¢¥ªâ®à ª®®à¤¨−�â−ëå äã−ªæ¨©; D

(l)
s | ¤¨á¯¥à-

á¨¨ ‘‚ V
(l)
s .

3.3. ‘«¥¤ãï [2], à�áá¬®âà¨¬ áâ®å�áâ¨ç¥áª¨© �−�«®£ §�¤�ç¨ ‚®«ìâ¥ààë
úR å¨é−¨ª®¢ {R ¦¥àâ¢û á ®¤−¨¬ âà®ä¨ç¥áª¨¬ ãà®¢−¥¬ [7, 8] −� ®á−®¢¥ á«¥-
¤ãîé¨å ãà�¢−¥−¨©:

‘Yi =
(

εoi + σ
ε
i V
(2)
)

Yi −
N
∑

j=1

(

p0ij + σ
p
ijV

(3)
)

YiYj + α0i + σ
α
i V
(1);

Yi(t0) = Yi0

(

i = 1, N
)

.

‡¤¥áì V (l) (l = 1, 2, 3) | −¥ª®àà¥«¨à®¢�−−ë¥ £�ãáá®¢áª¨¥ ¡¥«ë¥ èã¬ë á ¤¨�£®-

−�«ì−ë¬¨ ¬�âà¨æ�¬¨ ¨−â¥−á¨¢−®áâ¥© ν(l) = diag
(

ν
(l)
1 , . . . , ν

(l)
N

)

. �®«®¦¨¬

a(Y, t) =



α0i + ε0iYi −
N
∑

j=1

p0ijYiYj





i

; b(Y, t) =





b(1)(Y, t) 0 0
0 b(2)(Y, t) 0
0 0 b(3)(Y, t)



 ,

£¤¥

b(1)(Y, t) =
[

σ
(1)
α 0 0

]

,

b(2)(Y, t) =
[

0 σ
(2)
ε 0

]

;

b(3)(Y, t) =

[

0 0 −
N
∑

j=1
σp

ijYiYj

]

,































(15)

V (l) =
∑

hl

V
(l)
hl
x
(l)
hl
; DV

(l)
hl
= D

(l)
hl

(

l = 1, 3, hl = 1, Nl

)

;

MYi = mi; Y
0
i = Yi −mi =

3
∑

l=1

N
∑

hl=1

Vhl
y
(l)
hli
.

’®£¤� ¯à¨¤¥¬ ª ¨áª®¬ë¬ ®¡ëª−®¢¥−−ë¬ ¤¨ää¥à¥−æ¨�«ì−ë¬ ãà�¢−¥−¨ï¬ ¤«ï

¬�â¥¬�â¨ç¥áª¨å ®¦¨¤�−¨© mi ¨ ª®®à¤¨−�â−ëå äã−ªæ¨© y
(l)
hli

:

‘mi = ε0imi −
N
∑

j=1

p0ijmimj + α0i ;
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‘y
(1)
hli
= ε01y

(1)
h1i

−
N
∑

j=1

p0ij

[

miy
(1)
h1j
+mjy

(1)
h1i

]

+ σα
h1ix

(1)
h1i
;

‘y
(2)
h2i
= ε0iy

(2)
h2i

−
N
∑

j=1

p0ij

[

miy
(2)
h2i
+mjy

(2)
h2i

]

+ σε
h2ix

(2)
h2i
;

‘y
(3)
h3i
= ε0iy

(3)
h3i

−
N
∑

j=1

p0ij

(

miy
(3)
h3i
+mjy

(3)
h3i

)

−
∑

j=1

σp
ijmimjx

(3)
h3i
,















































(16)

£¤¥ y
(l)
hli
(t0) = y

(l)
hli0

.

‡�¬¥ç�−¨¥ 3.4. ’®ç−®áâì ŒŠ÷ ¨ ç¨á«® ç«¥−®¢ ND ¬®¦−® ®æ¥−¨âì −� ®á−®¢¥
ãà�¢−¥−¨ï «¨−¥©−®© ª®àà¥«ïæ¨®−−®© â¥®à¨¨ [4]:

‘Ky = �AKy +Ky �AT + �Bν �BT,

£¤¥ �A | «¨−¥�à¨§®¢�−−�ï ¬�âà¨æ� (16), � �B | «¨−¥�à¨§®¢�−−�ï ¬�âà¨æ� (15).

4 Пример: аналитическое моделирование одномерных гармонических
вольтерровских систем

4.1. �®«®¦¨¬ ¢ ‚‘â‘ (3), çâ® Y | áª�«ïà−ë© ¤¥©áâ¢¨â¥«ì−ë© ‘â�,
� ª®íää¨æ¨¥−âë ε ¨ γ1 = γY

−1 ¤®¯ãáª�îâ ¯à¥¤áâ�¢«¥−¨ï:

ε = ε0 + ε
′ sinωt+ ε′′ cosωt ;

α = α0 + α
′ sinωt+ α′′ cosωt ;

γ1 = γ10 + γ
′
1 sinωt+ γ

′′
1 cosωt .











(17)

’®£¤� ¯à¨¤¥¬ ª á«¥¤ãîé¥¬ã ãà�¢−¥−¨î:

‘Y =
(

ε0 + ε
′ sinωt+ γ′′ cosωt

)

F (Y )Y + α0 + α
′ sinωt+ α′′ cosωt,

Y (t0) = Y0. (18)

÷�áá¬®âà¨¬ á−�ç�«� á«ãç�© «¨−¥©−®© äã−ªæ¨¨ F (Y ) = Y . �®«ì§ãïáì Œ3�,
¡ã¤¥¬ ¨áª�âì à¥è¥−¨¥ (17), (18) ¢ ¢¨¤¥:

Y = a+ b sinωt+ c cosωt ;

‘Y = ‘a+ ‘b sinωt+ bω cosωt+ ‘c cosωt− cω sinωt .

}

(19)

‘®£«�á−® Œ3� ®£à�−¨ç¨¬áï ãç¥â®¬ â®«ìª® ¯¥à¢ëå £�à¬®−¨ª, ¯®«®¦¨¢
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sin2 ωt ≈ 1
2
; cos2 ωt =

1

2
;

sin3 ωt ≈ 3
4
sinωt ; cos3 ωt ≈ 3

4
cosωt ;

sin2 ωt cosωt ≈ 1
4
cosωt ; sinωt cos2 ωt ≈ 1

4
sinωt .

�®á«¥ ¯®¤áâ�−®¢ª¨ (19) ¢ (18) ¨ à�§à¥è¥−¨ï ®â−®á¨â¥«ì−® ¯à®¨§¢®¤−ëå ‘a, ‘b ¨ ‘c,
¯à¨¤¥¬ ª ¨áª®¬ë¬ ãà�¢−¥−¨ï¬ �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï £�à¬®−¨ç¥áª¨å
¯à®æ¥áá®¢ ¢ ®¤−®¬¥à−®© ¢®«ìâ¥àà®¢áª®© á¨áâ¥¬¥:

‘a = A(t, a, b, c, “ε, “γ1, “α) = ε0a+ α0 +
1

2

(

bε′ + cε′′
)

−

− γ0
2

(

2a2 + b2 + c2
)

− γ′1ab− γ′′1ac , a(t0) = a0 ; (20)

‘b = B (t, a, b, c, “ε, “γ1, “α) = cω +
(

ε0b+ ε
′a
)

+ α′ −

− 2γ10ab−
1

4
γ′1
(

4a2 + 3b2 + c2
)

− 1
2
γ′′1 bc , b (t0) = b0 ; (21)

‘c = C (t, a, b, c, “ε, “γ1, “α) = −bω + α′′ +
(

ε0c+ ε
′′a
)

−

− 2γ10ca−
1

2
γ′1bc−

1

4
γ′′1
(

4a2 + b2 + 3c2
)

, c (t0) = c0 , (22)

£¤¥ “ε = (ε0, ε
′, ε′′), “γ1 = (γ10, γ

′
1, γ

′′
1 ) ¨ “α = (α0, α

′, α′′)| ¯�à�¬¥âàë £�à¬®−¨ç¥-
áª¨å ¢®§¬ãé¥−¨©; a0, b0 ¨ c0 | −�ç�«ì−ë¥ ãá«®¢¨ï.

4.2. „«ï ®¯à¥¤¥«¥−¨ï áâ�æ¨®−�à−ëå à¥¦¨¬®¢, ª®£¤� a = a∗, b = b∗ ¨ c = c∗,
¨§ (20){(22) ¨¬¥¥¬ ª®−¥ç−ë¥ −¥«¨−¥©−ë¥ ãà�¢−¥−¨ï:

A (a∗, b∗, c∗, “ε, “γ1, “α) = 0 ;

B (a∗, b∗, c∗, “ε, “γ1, “α) = 0 ;

C (a∗, b∗, c∗, “ε, “γ1, “α) = 0 .











(23)

�á¨¬¯â®â¨ç¥áª�ï ãáâ®©ç¨¢®áâì áâ�æ¨®−�à−ëå à¥¦¨¬®¢ a∗, b∗ ¨ c∗ ãáâ�−�¢«¨-
¢�¥âáï −� ®á−®¢¥ á«¥¤ãîé¨å ãà�¢−¥−¨© ¢ ¢�à¨�æ¨ïå ¢ á¨«ã (20){(22):

δ ‘a = A∗
δaδa +A

∗
δbδb+A

∗
δcδc ;

δ ‘b = B∗
δaδa+B

∗
δbδb+B

∗
δcδc ;

δ ‘c = C∗
δaδa+ C

∗
δbδb+ C

∗
δcδc .
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‡¤¥áì á®®â¢¥âáâ¢ãîé¨¥ ¯à®¨§¢®¤−ë¥ ¢ëç¨á«ïîâáï ¯à¨ a = a∗, b = b∗ ¨ c =
= c∗. „«ï ¯®«ãç¥−¨ï ãá«®¢¨© ãáâ®©ç¨¢®áâ¨ á«¥¤ã¥â á®áâ�¢¨âì å�à�ªâ¥à¨áâ¨ç¥-
áª®¥ ãà�¢−¥−¨¥

–(ρ) = det







A∗
δa − ρ A∗

δb A∗
δc

B∗
δa B∗

δb − ρ B∗
δc

C∗
δa C∗

δb C∗
δc − ρ






= a0ρ

3 + a1ρ
2 + a2ρ+ a3 = 0 (24)

¨ ¯®âà¥¡®¢�âì ¢ë¯®«−¥−¨ï ãá«®¢¨©:

a0 > 0 ; a1 > 0 ; a1a2 − a0a3 > 0 ; a3 > 0 .

‚ (24) ¯à¨−ïâë á«¥¤ãîé¨¥ ®¡®§−�ç¥−¨ï:

a0 = 1 ; a1 = − (A∗
δa +B

∗
δb +C

∗
δc) > 0 ;

a2 = C
∗
δc (A

∗
δa +B

∗
δb) +A

∗
δaB

∗
δb −A∗

δbB
∗
δa −A∗

δcC
∗
δa −B∗

δcC
∗
δb > 0 ;

a3 = −A∗
δaB

∗
δbC

∗
δc +A

∗
δb (B

∗
δaC

∗
δc − C∗

δaB
∗
δc)−

−A∗
δc(B

∗
δaC

∗
δb − C∗

δaB
∗
δb) +A

∗
δaB

∗
δcC

∗
δb > 0 .

÷�áá¬®âà¨¬ ¢�¦−ë¥ ç�áâ−ë¥ á«ãç�¨.

1. ƒ�à¬®−¨ç¥áª¨¥ ¢®§¬ãé¥−¨ï ®âáãâáâ¢ãîâ. ’®£¤� ¨¬¥¥¬:

A∗ = ε0a
∗ − γ01

(

a∗2 +
b∗2 + c∗2

2

)

+ α0 = 0 ;

B∗ = ε0b
∗ − 2γ01a∗b∗ = 0 ;

C∗ = ε0c
∗ − 2γ01a∗c∗ = 0 .

�âáî¤� ¢¨¤−®, çâ® a∗ ï¢«ï¥âáï ¯®«®¦¨â¥«ì−ë¬ ª®à−¥¬ ª¢�¤à�â−®£® ãà�¢−¥-
−¨ï

γ01a
∗2 − ε0a

∗ − α0 = 0

¯à¨ ε0 − γ01a
∗ 6= 0, a∗ 6= 0 ¨ b∗ = c∗ = 0 ¨ ®¯à¥¤¥«ï¥âáï ä®à¬ã«®©:

a∗ =
ε0 ±

√

ε20 + 4α0γ01

2γ01
.

2. �¤¤¨â¨¢−®¥ £�à¬®−¨ç¥áª®¥ ¢®§¬ãé¥−¨¥: (α0, α
′, α′′) 6= 0; ε0 6= 0; γ0 6= 0;

(ε′, ε′′) = 0; (γ′1, γ
′′
1 ) = 0. ‚ íâ®¬ á«ãç�¥ a∗, b∗ ¨ c∗ ®¯à¥¤¥«ïîâáï ¨§

ãà�¢−¥−¨©:

A∗ = ε0a
∗ − γ01

(

a∗2 +
b∗2 + c∗2

2

)

+ α0 = 0 ;

B∗ = c∗ω + ε0b
∗ + α′ − 2γ01a∗b∗ = 0 ;

C∗ = −b∗ω + ε0c∗ − 2γ01a∗c∗ + α′′ = 0 .
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3. ��à�¬¥âà¨ç¥áª®¥ £�à¬®−¨ç¥áª®¥ ¢®§¬ãé¥−¨¥ ª®íää¨æ¨¥−â� ε: (α0, α
′, α′′) =

= 0; (ε0, ε
′, ε′′) = 0; γ1 = γ10; γ

′
1 = γ

′′
1 = 0. ‚ íâ®¬ á«ãç�¥ ¨¬¥¥¬:

A∗ = ε0a
∗ +

ε′b∗ + ε′′c∗

2
−
[

γ01

(

a∗2 +
b∗2 + c∗2

2

)]

= 0 ;

B∗ = c∗ω + ε0b
∗ + ε′a∗ − 2γ01a∗b∗ = 0 ;

C∗ = −b∗ω + ε0c∗ + ε′′a∗ − 2γ01a∗c∗ + α′′ = 0 .

4. ��à�¬¥âà¨ç¥áª®¥ £�à¬®−¨ç¥áª®¥ ¢®§¬ãé¥−¨¥ ª®íää¨æ¨¥−â� γ1:
(α0, α

′, α′′) = 0; ε0 6= 0; (ε′, ε′′) = 0; (γ10, γ′1, γ′′1 ) 6= 0. ‚ íâ®¬ á«ãç�¥
¨¬¥¥¬:

A∗ = ε0a
∗ −

[

γ01

(

a∗2 +
b∗2 + c∗2

2

)

+ γ′1a
∗b∗ + γ′′1a

∗c∗
]

= 0 ;

B∗ = c∗ω + ε0b
∗ −

[

2γ01a
∗b∗ + γ′1

(

a∗2 +
3b∗2 + c∗2

4

)

+ γ′′1
c∗b∗

2

]

= 0 ;

C∗ = −b∗ω + ε0c∗ −
[

2γ01a
∗c∗ + γ′1

c∗b∗

2
+ γ′′1

(

a∗2 +
b∗2 + 3c∗2

4

)]

= 0 .

‡�¬¥ç�−¨¥ 4.1. �−�«®£¨ç−® ¯¯. 4.2 ¨ 4.3 à�áá¬�âà¨¢�¥âáï ãà�¢−¥−¨¥ (18) ¢ á«ãç�¥
−¥«¨−¥©−®© äã−ªæ¨¨ F = F (Y, t). ’®£¤� ¢ á®®â¢¥âáâ¢¨¨ á M3A ¯à®¢®¤¨âáï

£�à¬®−¨ç¥áª�ï «¨−¥�à¨§�æ¨ï äã−ªæ¨¨ “F = F (y, t)Y .

4.4. „«ï ª¢�§¨£�à¬®−¨ç¥áª¨å ¢®§¬ãé¥−¨©, ª®£¤� ¢¥ªâ®à π =
= (ε′, ε′′, γ′, γ′′, α′, α′′) ¢ (18) ï¢«ï¥âáï ‘‚ á ¨§¢¥áâ−®© á®¢¬¥áâ−®© ¯«®â-
−®áâìî fπ(π), ¯«®â−®áâ¨ ¢¥à®ïâ−®áâ¨ ‘‚ a = a(π), b = b(π) ¨ c = c(π)
¢ëç¨á«ïîâáï ¯® ä®à¬ã«�¬ ®¯à¥¤¥«¥−¨ï ¯«®â−®áâ¨ äã−ªæ¨¨ á«ãç�©−®£® �à£ã-
¬¥−â� [4]. �à¨ íâ®¬ ¢ −¥áâ�æ¨®−�à−®¬ à¥¦¨¬¥ ¨á¯®«ì§ãîâáï ¤¨ää¥à¥−æ¨�«ì−ë¥
ãà�¢−¥−¨ï (20){(22), � ¢ áâ�æ¨®−�à−®¬ à¥¦¨¬¥ | ª®−¥ç−ë¥ ãà�¢−¥−¨ï (23).
‚ à�¬ª�å −¥«¨−¥©−®© ª®àà¥«ïæ¨®−−®© â¥®à¨¨ ¢ á¨«ã (19) ¨¬¥¥¬ á«¥¤ãîé¨¥ ¢ë-
à�¦¥−¨ï ¤«ï ¬�â¥¬�â¨ç¥áª®£® ®¦¨¤�−¨ï, ¤¨á¯¥àá¨¨ ¨ ª®¢�à¨�æ¨®−−®© äã−ªæ¨¨:

mY = Mπ [a(π)] ;

DY (t) = Mπ

{

[b(π) sinωt+ c(π) cos ωt]2
}

;

KY (t1, t2) = Mπ {[b(π) sinωt1 + c(π) cos ωt1] [b(π) sinωt2 + c(π) cos ωt2]} ,

£¤¥Mπ | á¨¬¢®« ¬�â¥¬�â¨ç¥áª®£® ®¦¨¤�−¨ï ¤«ï ‘‚ π.
4.5. ‚ á«ãç�¥ è¨à®ª®¯®«®á−ëå ¢®§¬ãé¥−¨© ¯�à�¬¥âà®¢ “ε, “γ ¨ “α ãà�¢−¥-

−¨¥ (18) ¯à¨ F (Y ) = Y ¨¬¥¥â ¢¨¤:
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‘Y =







ε0 +

ND
∑

j=1

(ε′j sinωjt+ ε
′′
j coswjt)−

−



γ0 +

ND
∑

j=1

(γ′j sinωjt+ γ
′′
j coswjt)



Y







Y +

+ α0 +

ND
∑

j=1

(

α′
j sinωjt+ γ

′′
j coswjt

)

, Y (t0) = Y0. (25)

‡¤¥áì V ′
εj = ε′j, V

′′
εj = ε′′j , V ′

γj = γ′j, V
′′
γj = γ′′j , V ′

αj = α′
j ¨ V ′′

αj = α′′
j |

−¥ª®àà¥«¨à®¢�−−ë¥ ‘‚ á −ã«¥¢ë¬¨ ¬�â¥¬�â¨ç¥áª¨¬¨ ®¦¨¤�−¨ï¬¨ ¨ ¤¨á¯¥àá¨ï¬¨
D′

εj, D
′′
εj, D

′
γj, D

′′
γj, D

′
αj ¨ D′′

αj. ’®£¤� á®£«�á−® ŒŠ÷ (á¬. ¯. 3.1) ¡ã¤¥¬
¨¬¥âì:

Y (t) = m(t) +

ND
∑

j=1

(

V ′
εjy

′
εj + V

′′
εjy

′′
εj + V

′
γjy

′
γj + V

′′
γjy

′′
γj + V

′
αjy

′
αj + V

′′
αjy

′′
αj

)

; (26)

‘m = α0 + ε0m− γ0m
2; (27)

‘y′εj = ε0y
′
εj +m sinωt− 2my′εj, y′εj (t0) = y′εj0;

‘y′′εj = ε0y
′′
εj +m cosωt− 2my′′εj, y′′εj (t0) = y′′εj0,

}

(28)

‘y′γj = ε0y
′
γj − 2my′γj −m2 sinωt, y′γj (t0) = y

′
γj0;

‘y′′γj = ε0y
′′
γj − 2my′′γj −m2 cosωt, y′′γj (t0) = y

′′
γj0;

}

(29)

‘γ′αj = ε0y
′
αj +m sinωt− 2γ0my′αj + sinωt, y

′
αj
(t0) = y

′
αj0;

‘γ′′αj = ε0y
′′
αj +m cosωt− 2γ0my′′αj + cosωt, y

′′
αj
(t0) = y

′′
αj0.

}

(30)

„¨á¯¥àá¨ï ¨ ª®¢�à¨�æ¨®−−�ï äã−ªæ¨ï ‘â� (26) −�å®¤ïâáï á®£«�á−® (7){(9).

‡�¬¥ç�−¨¥ 4.2. ‚ â®¬ á«ãç�¥, ª®£¤� ¨á¯®«ì§ã¥âáï Œ�� (Œ‘‹), á®£«�á−® ¯. 3.2
−¥®¡å®¤¨¬® ¢ (25) ¯à®¢¥áâ¨ áâ�â¨áâ¨ç¥áªãî «¨−¥�à¨§�æ¨î Y 2, ¯à¨−ï¢ Y 2 ≈
≈ (m2 + D) + 2m(Y − m), � §�â¥¬ à¥è¨âì ãà�¢−¥−¨ï Œ�� (Œ‘‹) ¨ ŒŠ÷.
‚ íâ®¬ á«ãç�¥ ãà�¢−¥−¨¥ (27) ¯à¨¬¥â ¢¨¤:

‘m = α0 + ε0m− γ0
(

m2 +D
)

,

� ãà�¢−¥−¨ï (28){(30) á®åà�−ïîâ ¯à¥¦−¨© ¢¨¤.
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5 Пример: аналитическое моделирование двумерных гармонических,
квазигармонических и широкополосных вольтерровских систем

5.1. �®«®¦¨¬ ¢ (3)

F1 (Y1, Y2) = Y2; F2(Y1, Y2) = Y1; εi = ε0i + ε
′
i sinωt+ ε

′′
i cosωt;

αi = α0i + α
′
i sinωt+ α

′′
i cosωt; γi = γ0i + γ

′
i cosωt+ γ

′′
i cosωt;

Yi = ai + bi sinωt+ ci cosωt;

‘Yi = ‘ai + ‘bi sinωt+ biω cosωt+ ‘ci cosωt− ciω sinωt (i = 1, 2).























(31)

’®£¤� ¯à¨¤¥¬ ª á«¥¤ãîé¨¬ ¨áå®¤−ë¬ ¤¨ää¥à¥−æ¨�«ì−ë¬ ãà�¢−¥−¨ï¬ §�¤�ç¨:

‘Y1 =
[

ε01 + ε
′
1 sinωt+ ε

′′
1 cosωt−

(

γ01 + γ
′
1 sinωt+ γ

′′
1 cosωt

)

Y2
]

Y1 +

+ α01 + α
′
1 sinωt+ α

′′
1 cosωt , Y1 (t0) = Y10 ;

‘Y2 =
[

ε02 + ε
′
2 sinωt+ ε

′′
2 cosωt−

(

γ02 + γ
′
2 sinωt+ γ

′′
2 cosωt

)

Y1
]

Y2 +

+ α02 + α
′
2 sinωt+ α

′′
2 cosωt, Y2 (t0) = Y20.

�âáî¤� á®£«�á−®M3A ¨¬¥¥¬ (i = 1, 2):

‘ai = Ai ; ai (t0) = ai0 ;

‘bi = Bi , bi (t0) = bi0 ;

‘ci = Ci ; ci(t0) = ci0 .











(32)

‡¤¥áì ¯à¨−ïâë á«¥¤ãîé¨¥ ®¡®§−�ç¥−¨ï:

A1 = A1 (t, aj , bj, cj , “ε, “γ, “α) = α01 + ε01a1 +
1

2

(

ε′1b1 + ε
′′
1c1
)

−

− γ01

[

a1a2 +
1

2
(b1b2 + c1c2)

]

− 1
2
γ′1 (a1b2 + b1a2)−

1

2
γ′′1 (a1c2 + c1a2) ;

A2 = A2 (t, aj , bj, cj , “ε, “γ, “α) = α02 + ε02a2 +
1

2

(

ε′2b2 + ε
′′
2c2
)

−

− γ02

[

a1a2 +
1

2
(b1b2 + c1c2)

]

− 1
2
γ′2 (a1b2 + b1a2)−

1

2
γ′′2 (a1c2 + c1a2) ;

B1 = B1(t, aj , bj , cj , “ε, “γ, “α) = c1ω + α
′
1 +

(

ε01b1 + ε
′
1a1
)

−

− γ01 (a1b2 + b1a2)− γ′1

[

a1a2 +
1

4
(3b1b2 + c1c2)

]

− 1
4
γ′′1 (b1c2 + c1b2) ;
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B2 = B2 (t, aj, bj , cj , “ε, “γ, “α) = c2ω + α
′
2 +

(

ε02b2 + ε
′
2a2
)

−

− γ02 (a1b2 + b1a2)− γ′2

(

a1a2 +
3b1b2 + c1c2

4

)

− 1
4
γ′′2 (b1c2 + c1b2) ;

C1 = C1 (t, aj , bj, cj , “ε, “γ, “α) = −b1ω + α′′
1 +

(

ε01c1 + ε
′′
1a1
)

−

− γ01 (a1c2 + c1a2)−
1

4
γ′1 (b1c2 + c1b2)− γ′′1

[

a1a2 +
1
(b1b2 + 3c1c2)

]

;

C2 = C2 (t, aj , bj, cj , “ε, “γ, “α) = −b2ω + α′′
2 +

(

ε02c2 + ε
′′
2a2
)

−

− γ02 (a1c2 + c1a2)−
1

4
γ′2 (b1c2 + c1b2)− γ′′2

(

a1a2 +
b1b2 + 3c1c2

4

)

.

‡¤¥áì “ε = (ε0, ε
′, ε′′); “γ = (γ0, γ

′, γ′′); “α = (α0, α
′, α′′).

„«ï ®¯à¥¤¥«¥−¨ï áâ�æ¨®−�à−ëå ¯à®æ¥áá®¢ a∗i , b∗i ¨ c∗i (i = 1, 2) ¨§ (32) ¨¬¥¥¬
ª®−¥ç−ë¥ −¥«¨−¥©−ë¥ ãà�¢−¥−¨ï:

A∗
i = A

∗
i

(

a∗j , b
∗
j , c

∗
j , “ε, “γ, “α

)

= 0 ;

B∗
i = B

∗
i

(

a∗j , b
∗
j , c

∗
j , “ε, “γ, “α

)

= 0 ;

C∗
i = C

∗
i

(

a∗j , b
∗
j , c

∗
j , “ε, “γ, “α

)

= 0 .

�á¨¬¯â®â¨ç¥áª�ï ãáâ®©ç¨¢®áâì áâ�æ¨®−�à−ëå ¯à®æ¥áá®¢ ãáâ�−�¢«¨¢�¥âáï −�
®á−®¢¥ á®®â¢¥âáâ¢ãîé¨å ãà�¢−¥−¨© ¢ ¢�à¨�æ¨ïå ¤«ï (32).

5.2. ÷�áá¬®âà¨¬ àï¤ ¢�¦−ëå ç�áâ−ëå á«ãç�¥¢.

1. ƒ�à¬®−¨ç¥áª¨¥ ¢®§¬ãé¥−¨ï ®âáãâáâ¢ãîâ. ‚ íâ®¬ á«ãç�¥, ¯®«�£�ï c1 = 0,
¯®«ãç¨¬ á«¥¤ãîé¨¥ ãà�¢−¥−¨ï ¤«ï ç�áâ®âë ω ¨ ¯¥à¥¬¥−−ëå a∗1, b

∗
1, a

∗
2, b

∗
2

¨ c∗2 −¥«¨−¥©−ëå á®¡áâ¢¥−−ëå ª®«¥¡�−¨© −� ç�áâ®â¥ ω∗:

A∗
1 = ε01a

∗
1−γ01

(

a∗1a
∗
2 +

b∗1b
∗
2

2

)

= 0 ; A∗
2 = ε02a

∗
2−γ02

(

a∗1a
∗
2 +

b∗1b
∗
2

2

)

= 0 ;

B∗
1 = ε01b

∗
1−γ01 (a∗1b∗2 + b∗1a∗2) = 0 ; B∗

2 = c
∗
2ω

∗+ε02b
∗
2−γ02 (a∗1b∗2 + b∗1a∗2) = 0 ;

C∗
1 = −b∗1ω∗ − γ01a

∗
1c

∗
2 = 0; C∗

2 = −b∗2ω∗ + ε02c
∗
2 − γ02a

∗
1c

∗
2 = 0 .

�âáî¤� −�å®¤¨¬ ¢ëà�¦¥−¨¥ ¤«ï á®¡áâ¢¥−−®© ç�áâ®âë ω∗ =
√−ε01ε02, ¯à¨

íâ®¬
ε01a

∗
1

ε02a
∗
2

=
ε01b

∗
1

ε02b
∗
2 + c

∗
2ω

∗ =
−b∗1ω∗ + ε02c

∗
2

b2ω
∗ =

γ01
γ02

.

2. �¤¤¨â¨¢−ë¥ £�à¬®−¨ç¥áª¨¥ ¢®§¬ãé¥−¨ï: “αi = (0, α
′
i, α

′′
i ) 6= 0; εi ≡ ε0i;

γi ≡ γ0i (i = 1, 2). ˆ¬¥¥¬:
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A∗
1 = ε01a

∗
1 − γ01

(

a∗1a
∗
2 +

b∗1b
∗
2 + c

∗
1c

∗
2

2

)

= 0 ;

A∗
2 = ε02a

∗
2 − γ02

(

a∗1a
∗
2 +

b∗1b
∗
2 + c

∗
1c

∗
2

2

)

= 0 ;

B∗
1 = c

∗
1ω

∗ + α′
1 + ε01b

∗
1 − γ01 (a

∗
1b

∗
2 + b

∗
1a

∗
2) = 0 ;

B∗
2 = c

∗
2ω

∗ + α′
2 + ε02b

∗
2 − γ02+ (a

∗
1b

∗
2 + b

∗
1a

∗
2) = 0 ;

C∗
1 = −b∗1ω∗ + α′′

1 + ε01c
∗
1 − γ01 (a

∗
1c

∗
2 + c

∗
1a

∗
2) = 0 ;

C∗
2 = −b∗2ω∗ + α′′

2 + ε02c
∗
2 − γ02 (a

∗
1c

∗
2 + c

∗
1a

∗
2) = 0 .

�âáî¤� á«¥¤ãîâ «¨−¥©−ë¥ §�¢¨á¨¬®áâ¨:

ε01a
∗
1

ε02a
∗
2

=
α′
1 + c

∗
1ω

∗ + ε01b
∗
1

α′
2 + c

∗
2ω

∗ + ε02b
∗
2

=
α′′
1 − b∗1ω

∗ + ε01c
∗
1

α′′
2 − b∗2ω

∗ + ε02c
∗
2

=
γ01
γ02

.

�à¨ ω∗ =
√−ε01ε02 ¨¬¥îâ ¬¥áâ® à¥§®−�−á−ë¥ ï¢«¥−¨ï.

3. ��à�¬¥âà¨ç¥áª¨¥ £�à¬®−¨ç¥áª¨¥ ¢®§¬ãé¥−¨ï ª®íää¨æ¨¥−â®¢ εi (i = 1, 2),
“γi = (γ0i, γ

′
i, γ

′′
i ) = 0 ¨ “αi = (α0i, α

′
i, α

′′
i ) = 0. ��å®¤¨¬:

A∗
1 = ε01a

∗
1 +
1

2

(

ε′1b
∗
1 + ε

′′
1c

∗
1

)

− γ01

(

a∗1a
∗
2 +

b∗1b
∗
2 + c

∗
1c

∗
2

2

)

= 0 ;

A∗
2 = ε02a

∗
2 +
1

2

(

ε′2b
∗
2 + ε

′′
2c

∗
2

)

− γ02

(

a∗1a
∗
2 +

b∗1b
∗
2 + c

∗
1c

∗
2

2

)

= 0 ;

B∗
1 = c

∗
1ω

∗ +
(

ε01b
∗
1 + ε

′
1a

∗
1

)

− γ01 (a
∗
1b

∗
2 + b

∗
1a

∗
2) = 0 ;

B∗
2 = c

∗
2ω

∗ +
(

ε02b
∗
2 + ε

′
2a

∗
2

)

− γ02 (a
∗
1b

∗
2 + b

∗
1a

∗
2) = 0 ;

C∗
1 = −b∗1ω∗ +

(

ε01c
∗
1 + ε

′′
1a

∗
1

)

− γ01 (a
∗
1c

∗
2 + c

∗
1a

∗
2) = 0 ;

C∗
2 = −b∗2ω∗ +

(

ε02c
∗
2 + ε

′′
2a

∗
2

)

− γ02 (a
∗
1c

∗
2 + c

∗
1a

∗
2) = 0 .

�âáî¤� ¨¬¥¥¬ «¨−¥©−ë¥ á®®â−®è¥−¨ï:

ε01a
∗
1 + 0,5

(

ε′1b
∗
1 + ε

′′
1c

∗
1

)

ε02a
∗
2 + 0,5

(

ε′2b
∗
2 + ε

′′
2c

∗
2

) =
c∗1ω

∗ +
(

ε01b
∗
1 + ε

′
1a

∗
1

)

c∗2ω
∗ +

(

ε02b
∗
2 + ε

′
2a

∗
2

) =

=
−b∗1ω∗ +

(

ε01c
∗
1 + ε

′′
1a

∗
1

)

−b∗2ω ∗+
(

ε02c
∗
2 + ε

′′
2a

∗
2

) =
γ01
γ02

.

4. ��à�¬¥âà¨ç¥áª®¥ £�à¬®−¨ç¥áª®¥ ¢®§¬ãé¥−¨¥ ª®íää¨æ¨¥−â®¢ “γi (i = 1, 2).
�®«ãç�¥¬:
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A∗
1 = ε01a

∗
1 − γ01

{[

a∗1a
∗
2 +
1

2
(b∗1b

∗
2 + c

∗
1c

∗
2)

]

− 1
2
γ′1 (a

∗
1b

∗
2 + b

∗
1a

∗
2)−

− 1
2
γ′′1 (a

∗
1c

∗
2 + c

∗
1a

∗
2)

}

= 0 ;

A∗
2 = ε02a

∗
2 − γ02

[

a∗1a
∗
2 +
1

2
(b∗1b

∗
2 + c

∗
1c

∗
2)

]

− 1
2
γ′2 (a

∗
1b

∗
2 + b

∗
1a

∗
2)−

− 1
2
γ′′2 (a

∗
1c

∗
2 + c

∗
1a

∗
2) = 0 ;

B∗
1 = c

∗
1ω

∗ − γ01 (a
∗
1b

∗
2 + b

∗
1a

∗
2)− γ′1

[

a∗1a
∗
2 +

(

3b∗1b
∗
2 + c

∗
1c

∗
2

4

)]

−

− 1
4
γ′′1 (b

∗
1c

∗
2 + c

∗
1b

∗
2) = 0 ;

B∗
2 = c

∗
2ω

∗ − γ02 (a
∗
1b

∗
2 + b

∗
1a

∗
2)− γ′2

(

a∗1a
∗
2 +
3b∗1b

∗
2 + c

∗
1c

∗
2

4

)

−

− 1
4
γ′′2 (b

∗
1c

∗
2 + c

∗
1b

∗
2) = 0 ;

C∗
1 = −b∗1ω∗ − γ01 (a

∗
1c

∗
2 + c

∗
1a

∗
2)−

1

4
γ′1 (b

∗
1c

∗
2 + c

∗
1b

∗
2)−

− γ′′1

(

a∗1a
∗
2 +

b∗1b
∗
2 + 3c

∗
1c

∗
2

4

)

= 0 ;

C∗
2 = −b∗2ω∗ − γ02 (a

∗
1c

∗
2 + c

∗
1a

∗
2)−

1

4
γ′2 (b

∗
1c

∗
2 + c

∗
1b

∗
2)−

− γ′′2

(

a∗1a
∗
2 +

b∗1b
∗
2 + 3c

∗
1c

∗
2

4

)

= 0 .

�âáî¤� ¢¨¤−®,çâ® ¬¥¦¤ã ai, bi ¨ ci ®âáãâáâ¢ãîâ «¨−¥©−ë¥ á®®â−®è¥−¨ï.

‡�¬¥ç�−¨¥ 5.1. ‚ á«ãç�¥, ª®£¤� �¤¤¨â¨¢−ë¥ ¨ ¯�à�¬¥âà¨ç¥áª¨¥ £�à¬®−¨ç¥áª¨¥
¢®§¬ãé¥−¨ï ¯à®¨áå®¤ïâ −� ªà�â−ëå ç�áâ®â�å, ¢®§¬®¦−ë íää¥ªâë ¯�à�¬¥âà¨ç¥-
áª¨å à¥§®−�−á®¢.

‡�¬¥ç�−¨¥ 5.2. ‚ á«ãç�¥, ª®£¤� äã−ªæ¨¨ F1 ¨ F2 ¢ (3) −¥«¨−¥©−ë¥, ¯à®¢®¤¨âáï
£�à¬®−¨ç¥áª�ï «¨−¥�à¨§�æ¨ï äã−ªæ¨© F1Y1 ¨ F2Y2.

5.3. „«ï ª¢�§¨£�à¬®−¨ç¥áª¨å ¢®§¬ãé¥−¨©, ª®£¤� 12-¬¥à−ë© ¢¥ªâ®à ¯�à�-
¬¥âà®¢ π = (ε′i, ε

′′
i , γ

′
i, γ

′′
i , α

′
i, α

′′
i ) (i = 1, 2) á«ãç�¥− ¨ ¨§¢¥áâ−� ¥£® ¯«®â−®áâì

¢¥à®ïâ−®áâ¨ fπ(π), ¯«®â−®áâ¨ ¢¥à®ïâ−®áâ¨ ‘‚ ai = ai(π), bi = bi(π) ¨ ci =
= ci(π) ¢ëç¨á«ïîâáï ¯® ä®à¬ã«�¬ ®¯à¥¤¥«¥−¨ï ¯«®â−®áâ¨ äã−ªæ¨¨ á«ãç�©−®£®
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�à£ã¬¥−â� [4]. �à¨ íâ®¬ ¢ −¥áâ�æ¨®−�à−®¬ à¥¦¨¬¥ ¨á¯®«ì§ãîâáï ¤¨ää¥à¥−æ¨-
�«ì−ë¥ ãà�¢−¥−¨ï (32).

‚ à�¬ª�å −¥«¨−¥©−®© ª®àà¥«ïæ¨®−−®© â¥®à¨¨ [4] ¢ á¨«ã (31) ¨¬¥¥¬

mY
i = Mπ [a(π)] ;

DY
i (t) = Mπ [bi(π) sinωt+ ci(π) cos ωt]

2 ;

KY
12 (t1, t2) =

= Mπ {[b1(π) sinωt1 + c1(π) cos ωt1] · [b2(π) sinωt2 + c2(π) cos ωt2]} .
5.4. �−�«®£¨ç−® ¯. 4.5 ¨§ãç�¥âáï á«ãç�© è¨à®ª®¯®«®á−ëå ¢®§¬ãé¥−¨© −�

®á−®¢¥ ãà�¢−¥−¨©:

‘Y1 =







mε
1 +

ND
∑

j=1

(

ε′1j sinωjt+ ε
′′
1j cosωjt

)

−

−



mγ
1 +

ND
∑

j=1

(γ1j sinωjt+ γ
′′
1j cosωjt)



F1(Y1, Y2)Y1







Y1 +

+mα
01 +

ND
∑

j=1

(

α′
1j sinωjt+ α

′′
1j cosωjt

)

, Y1 (t0) = Y10,

‘Y2 =







mε
2 +

ND
∑

j=1

(

ε′2j sinωjt+ ε
′′
2j cosωjt

)

−

−



mγ
2 +

ND
∑

j=1

(γ2j sinωjt+ γ
′′
2j cosωjt)



F2 (Y1, Y2)Y2







Y2 +

+mα
02 +

ND
∑

j=1

(

α′
2j sinωjt+ α

′′
2j cosωjt

)

, Y2 (t0) = Y0.

‡�¬¥ç�−¨¥ 5.3. Šà®¬¥ â®£®, ¢®§¬®¦−® ¯à¨¬¥−¥−¨¥ ¯®¤å®¤®¢ [1, 2] á ¯®á«¥¤ã-
îé¨¬ à¥è¥−¨¥¬ ª®àà¥«ïæ¨®−−ëå ãà�¢−¥−¨© ¯®áà¥¤áâ¢®¬ ŒŠ÷ [3]. ‘ã¦¤¥−¨¥
® ¯à¨¥¬«¥¬®áâ¨ ¬®¦−® á¤¥«�âì ¯ãâ¥¬ à�áá¬®âà¥−¨ï ®â−®è¥−¨ï á¨£−�«/èã¬.

6 Заключение

�� ®á−®¢¥ ŒŠ÷ à�§à�¡®â�−ë ¯à¨¡«¨¦¥−−ë¥ −¥«¨−¥©−ë¥ ª®àà¥«ïæ¨®−−ë¥
¬¥â®¤ë ¨ �«£®à¨â¬ë �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï £�à¬®−¨ç¥áª¨å, ª¢�§¨£�à-
¬®−¨ç¥áª¨å ¨ è¨à®ª®¯®«®á−ëå ‘â� ¢ ®¡®¡é¥−−ëå −¥«¨−¥©−ëå ¢®«ìâ¥àà®¢áª¨å

124 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 29 −®¬¥à 1 2019
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á¨áâ¥¬�å ¢ ãá«®¢¨ïå �¤¤¨â¨¢−ëå ¨ ¯�à�¬¥âà¨ç¥áª¨å £�à¬®−¨ç¥áª¨å, ª¢�§¨£�à-
¬®−¨ç¥áª¨å ¨ è¨à®ª®¯®«®á−ëå ¢®§¬ãé¥−¨©.

�®¤à®¡−® à�áá¬®âà¥−� áâ®å�áâ¨ç¥áª�ï §�¤�ç� ‚. ‚®«ìâ¥ààë úR å¨é−¨-
ª®¢ {R ¦¥àâ¢û á ®¤−¨¬ âà®ä¨ç¥áª¨¬ ãà®¢−¥¬. ‚ ª�ç¥áâ¢¥ â¥áâ®¢ëå ¯à¨¬¥à®¢
à�áá¬®âà¥−ë §�¤�ç¨ �−�«¨â¨ç¥áª®£® −¥«¨−¥©−®£® ª®àà¥«ïæ¨®−−®£® ¬®¤¥«¨à®¢�-
−¨ï ®¤−®¬¥à−ëå ¨ ¤¢ã¬¥à−ëå −¥«¨−¥©−ëå ¢®«ìâ¥àà®¢áª¨å á¨áâ¥¬ ¢ ãá«®¢¨ïå
�¤¤¨â¨¢−ëå ¨ ¯�à�¬¥âà¨ç¥áª¨å £�à¬®−¨ç¥áª¨å, ª¢�§¨£�à¬®−¨ç¥áª¨å ¨ è¨à®ª®-
¯®«®á−ëå ¢®§¬ãé¥−¨©.

ˆ§ãç¥−� ãáâ®©ç¨¢®áâì à¥£ã«ïà−ëå ¨ áâ®å�áâ¨ç¥áª¨å à¥¦¨¬®¢. ÷�áá¬®âà¥−ë
¢�¦−ë¥ ç�áâ−ë¥ á«ãç�¨.

÷¥§ã«ìâ�âë ¤®¯ãáª�îâ ®¡®¡é¥−¨¥ −� á«ãç�© ¤¨áªà¥â−ëå ¨ −¥¯à¥àë¢−®-¤¨á-
ªà¥â−ëå ª®−¥ç−®¬¥à−ëå, � â�ª¦¥ íà¥¤¨â�à−ëå ¢®«ìâ¥àà®¢áª¨å á¨áâ¥¬.

÷�§à�¡®â�−−ë¥ ¬¥â®¤ë �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï ¬®£ãâ ¡ëâì ¯®«®¦¥−ë
¢ ®á−®¢ã á®®â¢¥âáâ¢ãîé¨å áâ®å�áâ¨ç¥áª¨å ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© �−�«¨§�
¨ ¬®¤¥«¨à®¢�−¨ï ‚‘â‘ −� ®á−®¢¥ �¯à¨®à−ëå ¤�−−ëå ® ¬®¤¥«ïå. ‚ á«ãç�¥, ¥á«¨
¤®áâã¯−� ¢ à¥�«ì−®¬ ¬�áèâ�¡¥ á®®â¢¥âáâ¢ãîé�ï ¨−ä®à¬�æ¨ï, æ¥«¥á®®¡à�§−®
à�§¢¨â¨¥ ä¨«ìâà�æ¨®−−ëå ¯®¤å®¤®¢ [3{5].
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АЛГОРИТМИЧЕСКОЕ РЕШЕНИЕ ПРОБЛЕМЫ
ОПТИМАЛЬНОГО УПРАВЛЕНИЯ В ДИНАМИЧЕСКОЙ

ОДНОСЕКТОРНОЙ ЭКОНОМИЧЕСКОЙ МОДЕЛИ
С ДИСКРЕТНЫМ ВРЕМЕНЕМ НА ОСНОВЕ МЕТОДА

ДИНАМИЧЕСКОГО ПРОГРАММИРОВАНИЯ

П. В. Шнурков1, А. О. Рудак2

�−−®â�æ¨ï: ˆáá«¥¤ã¥âáï −®¢�ï ¯®áâ�−®¢ª� §�¤�ç¨ ®¯â¨¬�«ì−®£® ã¯à�¢«¥−¨ï
¢ ¤¨−�¬¨ç¥áª®© ®¤−®á¥ªâ®à−®© íª®−®¬¨ç¥áª®© ¬®¤¥«¨ á ¤¨áªà¥â−ë¬ ¢à¥¬¥−¥¬.
‚ ¯®áâ�¢«¥−−®© §�¤�ç¥ á®áâ®ï−¨ï¬¨ ¢ëáâã¯�îâ §−�ç¥−¨ï ã¤¥«ì−®£® ª�¯¨â�«�.
÷®«ì ã¯à�¢«¥−¨ï ¨£à�¥â ¯�à�¬¥âà, ¯à¥¤áâ�¢«ïîé¨© á®¡®© ¤®«î ã¤¥«ì−®£®
¯à®¨§¢¥¤¥−−®£® ¯à®¤ãªâ�, −�¯à�¢«ï¥¬ãî −� ¨−¢¥áâ¨à®¢�−¨¥. ˆáá«¥¤®¢�−¨¥
¯à®¢®¤¨âáï −� ®á−®¢¥ ¬¥â®¤� ¤¨−�¬¨ç¥áª®£® ¯à®£à�¬¬¨à®¢�−¨ï. �®«ãç¥-
−ë ãà�¢−¥−¨ï �¥««¬�−� ¤«ï ¯®áâ�¢«¥−−®© §�¤�ç¨. „®ª�§�−� ®¯â¨¬�«ì−®áâì
ã¯à�¢«¥−¨©, ã¤®¢«¥â¢®àïîé¨å ãà�¢−¥−¨ï¬ �¥««¬�−�. ‘®§¤�− ¨ ¯®¤à®¡−®
®¯¨á�− �«£®à¨â¬, ¯®§¢®«ïîé¨© ç¨á«¥−−® à¥è¨âì äã−ªæ¨®−�«ì−ë¥ ãà�¢−¥−¨ï
�¥««¬�−� ¨ −�©â¨ ¯®á«¥¤®¢�â¥«ì−®áâì ®¯â¨¬�«ì−ëå à¥è¥−¨© ¤«ï ¯®áâ�¢«¥−-
−®© §�¤�ç¨.

Š«îç¥¢ë¥ á«®¢�: ¤¨−�¬¨ç¥áª®¥ ¯à®£à�¬¬¨à®¢�−¨¥; §�¤�ç� ®¯â¨¬�«ì−®£®
ã¯à�¢«¥−¨ï; ¤¨áªà¥â−®¥ ¢à¥¬ï; ãà�¢−¥−¨ï �¥««¬�−�; ®¤−®á¥ªâ®à−�ï ¬®¤¥«ì
íª®−®¬¨ç¥áª®© á¨áâ¥¬ë
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1 Введение

Œ¥â®¤ ¤¨−�¬¨ç¥áª®£® ¯à®£à�¬¬¨à®¢�−¨ï, à�§à�¡®â�−−ë© ÷. �¥««¬�−®¬ [1],
ï¢«ï¥âáï ®¤−¨¬ ¨§ −�¨¡®«¥¥ ¨§¢¥áâ−ëå ¨ ã−¨¢¥àá�«ì−ëå ¬¥â®¤®¢ à¥è¥−¨ï §�¤�ç
®¯â¨¬�«ì−®£® ã¯à�¢«¥−¨ï. �â®â ¬¥â®¤ −¥®¤−®ªà�â−® ¯à¨¬¥−ï«áï ¨ ¤«ï ¨áá«¥¤®-
¢�−¨ï ¤¨−�¬¨ç¥áª¨å ¬®¤¥«¥© íª®−®¬¨ª¨. ‚ ç�áâ−®áâ¨, á�¬¨¬ ÷. �¥««¬�−®¬ ¡ë«¨
¯à¥¤«®¦¥−ë à¥è¥−¨ï â�ª¨å ª«�áá¨ç¥áª¨å ¯à®¡«¥¬ ¬�â¥¬�â¨ç¥áª®© íª®−®¬¨ª¨,
ª�ª §�¤�ç� ®¡ ®¯â¨¬�«ì−®¬ à�á¯à¥¤¥«¥−¨¨ à¥áãàá®¢ [2, á. 67] ¨ âà�−á¯®àâ−�ï
§�¤�ç� [2, á. 105{106]. ‘ â®çª¨ §à¥−¨ï â¥®à¨¨ ã¯à�¢«¥−¨ï íâ¨ ¯à®¡«¥¬ë ¬®£ãâ
à�áá¬�âà¨¢�âìáï ª�ª §�¤�ç¨ á ¤¨áªà¥â−ë¬ ¢à¥¬¥−¥¬. ’�ª¨¬ ®¡à�§®¬, ¯à¨¬¥-
−¥−¨¥ ¬¥â®¤� ¤¨−�¬¨ç¥áª®£® ¯à®£à�¬¬¨à®¢�−¨ï ª à¥è¥−¨î §�¤�ç ã¯à�¢«¥−¨ï
¢ íª®−®¬¨ç¥áª¨å ¬®¤¥«ïå á ¤¨áªà¥â−ë¬ ¢à¥¬¥−¥¬ ¨¬¥¥â ¤«¨â¥«ì−ãî ¨áâ®à¨î.

1��æ¨®−�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© ã−¨¢¥àá¨â¥â ú‚ëáè�ï èª®«� íª®−®¬¨ª¨, pshnurkov@hse.ru
2��æ¨®−�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© ã−¨¢¥àá¨â¥â ú‚ëáè�ï èª®«� íª®−®¬¨ª¨û,

rudakanya@gmail.com

128



�«£®à¨â¬¨ç¥áª®¥ à¥è¥−¨¥ ¯à®¡«¥¬ë ®¯â¨¬�«ì−®£® ã¯à�¢«¥−¨ï ¢ ¤¨−�¬¨ç¥áª®© ¬®¤¥«¨

��áâ®ïé�ï à�¡®â� ¯®á¢ïé¥−� ¨áá«¥¤®¢�−¨î ¤¨−�¬¨ç¥áª®© ®¤−®á¥ªâ®à−®©
¬®¤¥«¨ íª®−®¬¨ç¥áª®© á¨áâ¥¬ë á ¤¨áªà¥â−ë¬ ¢à¥¬¥−¥¬. �¡é¥¥ ®¯¨á�−¨¥ â�ª®©
á¨áâ¥¬ë ¯à¨¢¥¤¥−® ¢ −¥áª®«ìª¨å ª«�áá¨ç¥áª¨å ¨§¤�−¨ïå ¯® ¬�â¥¬�â¨ç¥áª®© íª®-
−®¬¨ª¥ [3, 4]. ‚ ª−¨£¥ [4], ª®â®à�ï ¡ã¤¥â ¨á¯®«ì§®¢�âìáï ¢ ª�ç¥áâ¢¥ ®á−®¢−®£®
¨áâ®ç−¨ª�, £«�¢−®¥ ¬¥áâ® ®â¢¥¤¥−® ®¯¨á�−¨î ¨ ¨áá«¥¤®¢�−¨î á®®â¢¥âáâ¢ãîé¥©
¬®¤¥«¨ á −¥¯à¥àë¢−ë¬ ¢à¥¬¥−¥¬. Œ®¤¥«ì á ¤¨áªà¥â−ë¬ ¢à¥¬¥−¥¬ ã¯®¬¨−�¥â-
áï «¨èì ¢ ¯®¤áâà®ç−ëå ¯à¨¬¥ç�−¨ïå. ‚ ç�áâ−®áâ¨, ¢ ¯à¨¬¥ç�−¨¨ −� á. 422
¯à¨¢¥¤¥−® ¤¨−�¬¨ç¥áª®¥ á®®â−®è¥−¨¥ (�−�«®£ ¤¨ää¥à¥−æ¨�«ì−®£® ãà�¢−¥−¨ï),
®¯¨áë¢�îé¥¥ ¨§¬¥−¥−¨¥ ã¤¥«ì−®£® ª�¯¨â�«�. ‚ ¯à¨¬¥ç�−¨¨ −� á. 429 ¯à¨¢¥¤¥−
®¡é¨© ¢¨¤ æ¥«¥¢®£® ¯®ª�§�â¥«ï, å�à�ªâ¥à¨§ãîé¥£® −�ª®¯«¥−−®¥ ã¤¥«ì−®¥ ¯®-
âà¥¡«¥−¨¥. ”®à¬�«ì−®© ¯®áâ�−®¢ª¨ §�¤�ç¨ ¨ ¥¥ ¨áá«¥¤®¢�−¨ï ¢ íâ®© à�¡®â¥ −¥
¯à¨¢®¤¨âáï.

�â¬¥â¨¬ â�ª¦¥, çâ® ¨ ¢ ¤àã£¨å äã−¤�¬¥−â�«ì−ëå ¨§¤�−¨ïå ¯® â¥®à¨¨ ã¯à�¢-
«¥−¨ï ¢ íª®−®¬¨ª¥ [5, 6] §�¤�ç� ã¯à�¢«¥−¨ï ¢ ®¤−®á¥ªâ®à−®© ¬®¤¥«¨ ¤¨−�¬¨ç¥áª®©
¬®¤¥«¨ á ¤¨áªà¥â−ë¬ ¢à¥¬¥−¥¬ −¥ à�áá¬�âà¨¢�¥âáï.

‚ −�áâ®ïé¥© à�¡®â¥ à�áá¬�âà¨¢�¥âáï −®¢�ï ¯®áâ�−®¢ª� §�¤�ç¨ ã¯à�¢«¥−¨ï
¢ ãª�§�−−®© ¤¨−�¬¨ç¥áª®© íª®−®¬¨ç¥áª®© ¬®¤¥«¨. –¥«¥¢®© äã−ªæ¨®−�« (¯®-
ª�§�â¥«ì íää¥ªâ¨¢−®áâ¨ ã¯à�¢«¥−¨ï) á®¤¥à¦¨â ¤¢¥ á®áâ�¢«ïîé¨å, ¯¥à¢�ï ¨§
ª®â®àëå å�à�ªâ¥à¨§ã¥â −�ª®¯«¥−−®¥ ã¤¥«ì−®¥ ¯®âà¥¡«¥−¨¥, � ¢â®à�ï §�¢¨á¨â
®â §−�ç¥−¨ï ã¤¥«ì−®£® ª�¯¨â�«� ¢ ª®−¥ç−ë© ¬®¬¥−â ¢à¥¬¥−¨ ¨ å�à�ªâ¥à¨§ã¥â
¤®áâ¨£−ãâë© ãà®¢¥−ì â¥å−®«®£¨ç¥áª®£® ãª«�¤�. �®«ãç¥−® ãà�¢−¥−¨¥ �¥««¬�−�
¤«ï ¯®áâ�¢«¥−−®© §�¤�ç¨ ã¯à�¢«¥−¨ï. ÷�§à�¡®â�− �«£®à¨â¬ ¨áá«¥¤®¢�−¨ï íâ®£®
ãà�¢−¥−¨ï ¨ ç¨á«¥−−®£® ®¯à¥¤¥«¥−¨ï ®¯â¨¬�«ì−®© áâà�â¥£¨¨ ã¯à�¢«¥−¨ï, â. ¥.
¯®á«¥¤®¢�â¥«ì−®áâ¨ ®¯â¨¬�«ì−ëå à¥è¥−¨© ¢ ª�¦¤ë© ¬®¬¥−â ¢à¥¬¥−¨.

2 Описание модели и задание основных характеристик

�ã¤¥¬ à�áá¬�âà¨¢�âì ®¤−®á¥ªâ®à−ãî íª®−®¬¨ç¥áªãî á¨áâ¥¬ã, ¢ ª®â®à®© ¯à®-
¨§¢¥¤¥−−ë© ¯à®¤ãªâ ¤¥«¨âáï −� ¤¢¥ ç�áâ¨: ¨−¢¥áâ¨æ¨¨ ¨ ¯®âà¥¡«¥−¨¥. �à¨¢¥¤¥¬
ªà�âª®¥ ®¯¨á�−¨¥ á®®â¢¥âáâ¢ãîé¥© ¬�â¥¬�â¨ç¥áª®© ¬®¤¥«¨, á«¥¤ãï ã¦¥ ã¯®¬¨-
−�¢è¨¬áï ¨§¤�−¨ï¬ [3, 4].

�à¥¤¯®«®¦¨¬, çâ® ¯�à�¬¥âà ¢à¥¬¥−¨ ¢ à�áá¬�âà¨¢�¥¬®© á¨áâ¥¬¥ ¤¨áªà¥â¥−
¨ ¯à¨−¨¬�¥â ª®−¥ç−®¥ ç¨á«® §−�ç¥−¨©. �ã¤¥¬ ®¡®§−�ç�âì íâ®â ¯�à�¬¥âà ç¥à¥§ i,
i ∈ {0, 1, . . . , N}, £¤¥ N <∞.

‚¢¥¤¥¬ ®á−®¢−ë¥ å�à�ªâ¥à¨áâ¨ª¨ ¬®¤¥«¨. �¡®§−�ç¨¬ ç¥à¥§ ki = Ki/Li

ã¤¥«ì−ë© ª�¯¨â�«, ¨«¨ ä®−¤®¢®®àã¦¥−−®áâì, ¢ ¬®¬¥−â ¢à¥¬¥−¨ i, £¤¥ Ki |
®¡ê¥¬ ®á−®¢−ëå ä®−¤®¢ (ª�¯¨â�«) ¢ ¬®¬¥−â i; Li | ®¡ê¥¬ âàã¤®¢ëå à¥áãà-
á®¢ ¢ ¬®¬¥−â i. �¡®§−�ç¨¬ ç¥à¥§ ci = Ci/Li ã¤¥«ì−®¥ ¯®âà¥¡«¥−¨¥ ¢ ¬®¬¥−â
¢à¥¬¥−¨ i, £¤¥ Ci | ®¡é¨© ®¡ê¥¬ ¯®âà¥¡«¥−¨ï ¢ ¬®¬¥−â i, â. ¥. ®¡ê¥¬ ¯à®-
¨§¢¥¤¥−−®£® ¯à®¤ãªâ�, ¨á¯®«ì§ã¥¬®£® ¤«ï −¥¯®áà¥¤áâ¢¥−−®£® ã¤®¢«¥â¢®à¥−¨ï
¯®âà¥¡−®áâ¥© ¢á¥å ãç�áâ¢ãîé¨å ¢ ¯à®¨§¢®¤áâ¢¥. ‚ ª«�áá¨ç¥áª®© ®¤−®á¥ªâ®à−®©
¬®¤¥«¨ ¯à¥¤¯®«�£�¥âáï, çâ® ã¤¥«ì−ë© ®¡ê¥¬ ¯à®¨§¢¥¤¥−−®£® ¯à®¤ãªâ� yi, ¨«¨
¯à®¨§¢®¤¨â¥«ì−®áâì âàã¤�, §�¤�¥âáï ä®à¬ã«®© yi = f(ki), £¤¥ f(·) | §�¤�−−�ï
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äã−ªæ¨ï. ‚ ¤�«ì−¥©è¥¬ ¯à¥¤¯®«�£�¥âáï, çâ® ã¤¥«ì−ë© ª�¯¨â�« ki ¨£à�¥â à®«ì
á®áâ®ï−¨ï à�áá¬�âà¨¢�¥¬®© á¨áâ¥¬ë ¢ ¬®¬¥−â ¢à¥¬¥−¨ i, i = 0, 1, . . . , N .

ˆ§¢¥áâ−® [4], çâ® ¤¨−�¬¨ç¥áª®¥ á®®â−®è¥−¨¥, ®¯¨áë¢�îé¥¥ ¨§¬¥−¥−¨¥ á®áâ®-
ï−¨ï á¨áâ¥¬ë á ¤¨áªà¥â−ë¬ ¢à¥¬¥−¥¬, ¨¬¥¥â á«¥¤ãîé¨© ¢¨¤:

ki+1 = ϕi (ki, ci) = (1− λi) ki + f(ki)− ci , i = 0, 1, . . . , N − 1 , (1)

£¤¥ λi | ª®íää¨æ¨¥−â ¢ë¡ë¢�−¨ï ã¤¥«ì−ëå ä®−¤®¢ (§�¤�−−�ï ¢¥«¨ç¨−� ¤«ï
¢á¥å i). ‚¥«¨ç¨−� λi å�à�ªâ¥à¨§ã¥â ä¨§¨ç¥áª¨© ¨§−®á ¨«¨ ¬®à�«ì−®¥ ãáâ�à¥¢�−¨¥
®á−®¢−ëå ä®−¤®¢, â. ¥. áà¥¤áâ¢ ¯à®¨§¢®¤áâ¢�. ‘¬ëá« á®®â−®è¥−¨ï (1) ¬®¦−®
¯®ïá−¨âì á«¥¤ãîé¨¬ ®¡à�§®¬: á®áâ®ï−¨¥ á¨áâ¥¬ë (ã¤¥«ì−ë© ª�¯¨â�«) ¢ ¬®¬¥−â
i+ 1 ®¯à¥¤¥«ï¥âáï ª�ª áã¬¬� ã¤¥«ì−®£® ª�¯¨â�«� ¢ ¬®¬¥−â i á ãç¥â®¬ ¢ë¡ë¢�−¨ï
ä®−¤®¢ ¨ ã¤¥«ì−ëå ¨−¢¥áâ¨æ¨© ¢ ¯à®¨§¢®¤áâ¢® ¢ â®â ¦¥ ¬®¬¥−â ¢à¥¬¥−¨, ª®â®àë¥
á®áâ�¢«ïîâ ¢¥«¨ç¨−ã yi − ci = f(ki)− ci, i = 0, 1, . . . , N − 1.

‚ à�¡®â¥ [4] ¯à¥¤¯®«�£�¥âáï, çâ® ¯®ª�§�â¥«ì íää¥ªâ¨¢−®áâ¨ á¨áâ¥¬ë ¨«¨ æ¥-
«¥¢®© äã−ªæ¨®−�« ¢ à�áá¬�âà¨¢�¥¬®© §�¤�ç¥ ã¯à�¢«¥−¨ï á ¤¨áªà¥â−ë¬ ¢à¥¬¥−¥¬
¨¬¥¥â ¢¨¤:

I =

N−1
∑

i=0

(

1

1 + γ

)i

V (ci) .

�®ïá−¨¬ íª®−®¬¨ç¥áª®¥ á®¤¥à¦�−¨¥ æ¥«¥¢®£® äã−ªæ¨®−�«� I. �â®â ¯®ª�-
§�â¥«ì ¢ëà�¦�¥â −�ª®¯«¥−−ë© ®¡ê¥¬ ¯®âà¥¡«¥−¨ï ¢ ¤�−−®© á¨áâ¥¬¥. ‚ á¢®î
®ç¥à¥¤ì, ¢ ¢ëà�¦¥−¨¨ ¤«ï −�ª®¯«¥−−®£® ¯®ª�§�â¥«ï ¯®âà¥¡«¥−¨ï ¢¥«¨ç¨−� V (ci)
®¯à¥¤¥«ï¥â −¥ª®â®àãî å�à�ªâ¥à¨áâ¨ªã ª�ç¥áâ¢� ¯®âà¥¡«¥−¨ï, ª®â®à®¥ ¢ «î¡®©
¬®¬¥−â i §�¢¨á¨â ®â ã¤¥«ì−®£® ¯®âà¥¡«¥−¨ï ci. �à¨ íâ®¬ äã−ªæ¨ï V (·) −�§ë¢�-
¥âáï äã−ªæ¨¥© ¯®«¥§−®áâ¨ ¨ ¯à¥¤¯®«�£�¥âáï §�¤�−−®©. �¡ëç−® ¯à¥¤¯®«�£�¥âáï,
çâ® V (ci) | ¬®−®â®−−® ¢®§à�áâ�îé�ï ¢ë¯ãª«�ï ¢¢¥àå äã−ªæ¨ï. Œ−®¦¨â¥«ì
1/(1 + γ) ®âà�¦�¥â ¢«¨ï−¨¥ ¨−ä«ïæ¨¨ §� ¥¤¨−¨æã ¢à¥¬¥−¨ (¯�¤¥−¨¥ á®¤¥à¦�−¨ï
¯®âà¥¡¨â¥«ìáª¨å ¡«�£ ¢ ¤¥−¥¦−®© ¥¤¨−¨æ¥).

3 Математическая постановка задачи

‘ä®à¬ã«¨àã¥¬ −®¢ãî ¯®áâ�−®¢ªã §�¤�ç¨ ®¯â¨¬�«ì−®£® ã¯à�¢«¥−¨ï ¢ à�á-
á¬�âà¨¢�¥¬®© ®¤−®á¥ªâ®à−®© íª®−®¬¨ç¥áª®© ¬®¤¥«¨.

�¡®§−�ç¨¬ ç¥à¥§ ρi = (f(ki) − ci)/f(ki) ¤®«î ã¤¥«ì−®£® ¯à®¨§¢¥¤¥−−®£®
¯à®¤ãªâ�, −�¯à�¢«ï¥¬ãî −� ¨−¢¥áâ¨à®¢�−¨¥, ¢ ®¡é¥¬ ®¡ê¥¬¥ ã¤¥«ì−®£® ¯à®-
¨§¢¥¤¥−−®£® ¯à®¤ãªâ�. �à¨ íâ®¬ 1 − ρi = ci/f(ki) ¥áâì ¤®«ï ¯à®¨§¢¥¤¥−−®£®
¯à®¤ãªâ�, −�¯à�¢«ï¥¬�ï −� ¯®âà¥¡«¥−¨¥.

ˆ§ ®¯à¥¤¥«¥−¨ï ρi á«¥¤ã¥â, çâ® ¤�−−ë© ¯�à�¬¥âà ¬®¦¥â ¯à¨−¨¬�âì §−�ç¥−¨ï
¢ ®¡«�áâ¨ U = [0, 1]. ’�ª¨¬ ®¡à�§®¬, á®®â−®è¥−¨¥ ρi ∈ U = [0, 1] ¯à¥¤áâ�¢«ï¥â
á®¡®© ®£à�−¨ç¥−¨ï −� §−�ç¥−¨ï ¯�à�¬¥âà� ρi, i = 0, 1, . . . , N − 1.

�ã¤¥¬ ¯à¥¤¯®«�£�âì, çâ® ¢ à�áá¬�âà¨¢�¥¬®© §�¤�ç¥ á®áâ®ï−¨ï¬¨ ï¢«ïîâáï
§−�ç¥−¨ï ã¤¥«ì−®£® ª�¯¨â�«� k = (k0, k1, . . . , kN−1, kN ), � ã¯à�¢«¥−¨ï¬¨ |
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§−�ç¥−¨ï ρ = (ρ0, ρ1, . . . , ρN−1). ÷�áá¬®âà¨¬ ¢ ª�ç¥áâ¢¥ ®á−®¢−®© §�¤�ç¨ ®¯â¨-
¬�«ì−®£® ã¯à�¢«¥−¨ï á«¥¤ãîéãî íªáâà¥¬�«ì−ãî §�¤�çã á ®£à�−¨ç¥−¨ï¬¨:

I
(

k, ρ
)

=

N−1
∑

i=0

(

1

1 + γ

)i

V ((1− ρi) f(ki)) + ψ(kN )→ max ; (2)

ki+1 = ϕi (ki, ρi) = (1− λi) ki + ρif(ki) , i = 0, 1, . . . , N − 1 ; (3)

k0 = a0 ; (4)

ρi ∈ U = [0, 1] , i = 0, 1, . . . , N − 1 . (5)

„�¤¨¬ −¥ª®â®àë¥ ¯®ïá−¥−¨ï ª ¯®áâ�¢«¥−−®© §�¤�ç¥. ‚ ¢ëà�¦¥−¨¨ ¤«ï æ¥«¥¢®£®
äã−ªæ¨®−�«� (2) ¯¥à¢®¥ á«�£�¥¬®¥, ª�ª ã¦¥ ®â¬¥ç�«®áì, ¢ëà�¦�¥â −�ª®¯«¥−−®¥
ã¤¥«ì−®¥ ¯®âà¥¡«¥−¨¥. ‚â®à®¥ á«�£�¥¬®¥ ¯à¥¤áâ�¢«ï¥â á®¡®© ¢ª«�¤ ¢ æ¥«¥¢®©
¯®ª�§�â¥«ì §−�ç¥−¨ï ã¤¥«ì−®£® ª�¯¨â�«� ¢ ª®−¥ç−ë© ¬®¬¥−â ¢à¥¬¥−¨. ”ã−ª-
æ¨ï ψ(kN ) ¯à¥¤¯®«�£�¥âáï §�¤�−−®©. ‚ â¥®à¨¨ ã¯à�¢«¥−¨ï â�ª¨¥ äã−ªæ¨¨,
§�¢¨áïé¨¥ ®â á®áâ®ï−¨ï á¨áâ¥¬ë ¢ ª®−¥ç−ë© ¬®¬¥−â ¢à¥¬¥−¨N , −�§ë¢�îâáï â¥à-
¬¨−�«ì−ë¬¨. ‘®®â−®è¥−¨¥ (3) ®¯¨áë¢�¥â ¨§¬¥−¥−¨¥ á®áâ®ï−¨ï ¯®¤ ¢®§¤¥©áâ¢¨¥¬
ã¯à�¢«¥−¨ï. ’�ª®¥ á®®â−®è¥−¨¥ �−�«®£¨ç−® ¤¨ää¥à¥−æ¨�«ì−®¬ã ãà�¢−¥−¨î
¢ §�¤�ç¥ á −¥¯à¥àë¢−ë¬ ¢à¥¬¥−¥¬. “á«®¢¨¥ (4) ®§−�ç�¥â, çâ® −�ç�«ì−®¥ á®áâ®-
ï−¨¥ ¢ ¬®¬¥−â i = 0 ä¨ªá¨à®¢�−®, � a0 | §�¤�−−�ï ¢¥«¨ç¨−� (§�ªà¥¯«¥−−ë©
«¥¢ë© ª®−¥æ âà�¥ªâ®à¨¨). ‘®®â−®è¥−¨¥ (5) ®¯à¥¤¥«ï¥â ®£à�−¨ç¥−¨¥ −� ã¯à�¢«¥-
−¨ï (¯à¨−¨¬�¥¬ë¥ à¥è¥−¨ï).

‚¢¥¤¥¬ äã−ªæ¨¨ �¥««¬�−� ¤«ï ¯®áâ�¢«¥−−®© §�¤�ç¨ ®¯â¨¬�«ì−®£® ã¯à�¢«¥-
−¨ï. „«ï «î¡®£® ä¨ªá¨à®¢�−−®£® j = 1, 2, . . . , N − 1 äã−ªæ¨ï �¥««¬�−� Fj(x)
®¯à¥¤¥«ï¥âáï á®®â−®è¥−¨¥¬:

Fj(x) = max





N−1
∑

i=j

(

1

1 + γ

)i

V ((1− ρi) f(ki)) + ψ(kN )

∣

∣

∣

∣

∣

ki+1 = ϕi(ki, ρi) ,

i = j, j + 1, . . . , N − 1 ; kj = x ; ρi ∈ U = [0, 1] , i = j, j + 1, . . . , N − 1



. (6)

‡�¬¥â¨¬, çâ® äã−ªæ¨ï �¥««¬�−� Fj(x) ®¯à¥¤¥«ï¥âáï ¤«ï −¥ª®â®à®© ¢á¯®-
¬®£�â¥«ì−®© §�¤�ç¨ ã¯à�¢«¥−¨ï á −®¬¥à®¬ j, ª®â®à�ï ¯® áâàãªâãà¥ �−�«®£¨ç−�
®á−®¢−®© §�¤�ç¥ ã¯à�¢«¥−¨ï (2){(5). ‚á¯®¬®£�â¥«ì−�ï §�¤�ç� á −®¬¥à®¬ j ®¯à¥¤¥-
«ï¥âáï −� ¨−â¥à¢�«¥ ¢à¥¬¥−¨ [j, j +1, . . . , N − 1, N ]. –¥«¥¢®© äã−ªæ¨®−�« ¢ íâ®©
§�¤�ç¥ ¨¬¥¥â ¢¨¤:

Ij ((kj, kj+1, . . . , kN−1, kN ) , (ρj, ρj+1, . . . , ρN−1)) =

=

N−1
∑

i=j

(

1

1 + γ

)i

V ((1− ρi) f(ki)) + ψ(kN ) .
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�£à�−¨ç¥−¨ï ¢® ¢á¯®¬®£�â¥«ì−®© §�¤�ç¥ á −®¬¥à®¬ j ®¯à¥¤¥«ïîâáï á®®â−®-
è¥−¨ï¬¨, �−�«®£¨ç−ë¬¨ (3){(5), −� á®®â¢¥âáâ¢ãîé¥¬ ¨−â¥à¢�«¥ ¢à¥¬¥−¨. ��-
ç�«ì−®¥ ãá«®¢¨¥ §�¤�¥âáï à�¢¥−áâ¢®¬ kj = x, £¤¥ x | ¯à®¨§¢®«ì−®¥ ¤®¯ãáâ¨¬®¥
§−�ç¥−¨¥ á®áâ®ï−¨ï.

Œ�ªá¨¬ã¬ ¢ á®®â−®è¥−¨¨ (6) ®¯à¥¤¥«ï¥âáï ª�ª ¬�ªá¨¬ã¬ æ¥«¥¢®£® äã−ª-
æ¨®−�«� Ij ((kj , kj+1, . . . , kN−1, kN ), (ρj , ρj+1, . . . , ρN−1)) ¢® ¢á¯®¬®£�â¥«ì−®©
§�¤�ç¥ á −®¬¥à®¬ j −� ¬−®¦¥áâ¢¥ ¤®¯ãáâ¨¬ëå §−�ç¥−¨© −�¡®à®¢ (kj =
= x, kj+1, . . . , kN−1, kN ), (ρj , ρj+1, . . . , ρN−1)), ã¤®¢«¥â¢®àïîé¨å ®£à�−¨ç¥-
−¨ï¬ íâ®© §�¤�ç¨. ’�ª¨¬ ®¡à�§®¬, ¯® á¢®¥¬ã â¥®à¥â¨ç¥áª®¬ã á®¤¥à¦�−¨î
äã−ªæ¨ï �¥««¬�−� Fj(x) ¯à¥¤áâ�¢«ï¥â á®¡®© §−�ç¥−¨¥ æ¥«¥¢®£® äã−ªæ¨®−�-
«� −� ®¯â¨¬�«ì−®¬ −�¡®à¥ á®áâ®ï−¨© ¨ ã¯à�¢«¥−¨©. ‡�¬¥â¨¬ ¤®¯®«−¨â¥«ì−®,
çâ® ¯à¨ j = 0 ¢á¯®¬®£�â¥«ì−�ï §�¤�ç� á®¢¯�¤�¥â á ®á−®¢−®© §�¤�ç¥© ã¯à�¢«¥-
−¨ï (2){(5), £¤¥ x = a0, � äã−ªæ¨ï �¥««¬�−� Fj(a0) á®¢¯�¤�¥â á® §−�ç¥−¨¥¬

æ¥«¥¢®£® äã−ªæ¨®−�«� I
(

k, ρ
)

, á®®â¢¥âáâ¢ãîé¨¬ ã¯à�¢«ï¥¬®¬ã ¯à®æ¥ááã k∗ =

=
{

k∗0, k
∗
1 , . . . , k

∗
N−1, k

∗
N

}

, ρ∗ =
{

ρ∗0, ρ
∗
1, . . . , ρ

∗
N−1

}

, ª®â®àë© ï¢«ï¥âáï ®¯â¨¬�«ì-
−ë¬ ¢ ¨áå®¤−®© §�¤�ç¥ (2){(5).

‚ â¥®à¨¨ ¤¨−�¬¨ç¥áª®£® ¯à®£à�¬¬¨à®¢�−¨ï æ¥−âà�«ì−®¥ ¬¥áâ® §�−¨¬�îâ
äã−ªæ¨®−�«ì−ë¥ ãà�¢−¥−¨ï, −�§ë¢�¥¬ë¥ ãà�¢−¥−¨ï¬¨ �¥««¬�−�. ’�ª¨¥ ãà�¢-
−¥−¨ï ¨§¢¥áâ−ë ¤«ï ®¡é¥© §�¤�ç¨ ã¯à�¢«¥−¨ï á ¤¨áªà¥â−ë¬ ¢à¥¬¥−¥¬ ¨ §�ªà¥¯-
«¥−−ë¬ «¥¢ë¬ ª®−æ®¬ âà�¥ªâ®à¨¨, ª®â®à�ï ¡ë«� ¨áá«¥¤®¢�−� ¢ ª«�áá¨ç¥áª®©
¬®−®£à�ä¨¨ [7, § 6.4]. �®áâ�¢«¥−−�ï §�¤�ç� (2){(5) ¯à¥¤áâ�¢«ï¥â á®¡®© á¯¥æ¨-
�«ì−ë© ¢�à¨�−â §�¤�ç¨ ã¯à�¢«¥−¨ï á ¤¨áªà¥â−ë¬ ¢à¥¬¥−¥¬. ’�ª¨¬ ®¡à�§®¬,
ãà�¢−¥−¨ï �¥««¬�−� ¤«ï à�áá¬�âà¨¢�¥¬®© §�¤�ç¨ −¥¯®áà¥¤áâ¢¥−−® ¢ë¢®¤ïâáï ¨§
®¡é¨å ãà�¢−¥−¨©, ¯®«ãç¥−−ëå ¢ [7, § 6.4]. ‘ä®à¬ã«¨àã¥¬ íâ®â à¥§ã«ìâ�â ¢ ¢¨¤¥
®â¤¥«ì−®£® ãâ¢¥à¦¤¥−¨ï.

“â¢¥à¦¤¥−¨¥ 1. ”ã−ªæ¨¨ �¥««¬�−� ¢ à�áá¬�âà¨¢�¥¬®© §�¤�ç¥ (2){(5)
ã¤®¢«¥â¢®àïîâ á«¥¤ãîé¥© á¨áâ¥¬¥ äã−ªæ¨®−�«ì−ëå á®®â−®è¥−¨© (ãà�¢−¥−¨ï¬
�¥««¬�−�):

Fj(kj) =

= max
ρj∈U

[

(

1

1 + γ

)i

V ((1− ρj) f(kj)) + Fj+1 ((1− λj) kj + ρjf(kj))

]

,

j = 0, 1, . . . , N − 1 ;
FN (kN ) = ψ(kN ) .



































(7)

4 Численный алгоритм решения уравнения Беллмана

��å®¦¤¥−¨¥ ®¯â¨¬�«ì−®© áâà�â¥£¨¨ ã¯à�¢«¥−¨ï ¢ ¯®áâ�¢«¥−−®© §�¤�ç¥ (2){(5)
á¢ï§�−® á −¥®¡å®¤¨¬®áâìî à¥è¥−¨ï ãà�¢−¥−¨© �¥««¬�−� (7) ¨ ¬®¦¥â ¡ëâì ®áãé¥-
áâ¢«¥−® â®«ìª® ç¨á«¥−−ë¬ ¬¥â®¤®¬. —¨á«¥−−ë¥ �«£®à¨â¬ë à¥è¥−¨ï ãà�¢−¥−¨©
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�¥««¬�−� ¤«ï à�§«¨ç−ëå §�¤�ç ã¯à�¢«¥−¨ï à�§à�¡�âë¢�«¨áì á�¬¨¬ �¢â®à®¬ ¬¥-
â®¤�, −�ç¨−�ï á ¥£® ¯¥à¢ëå ®à¨£¨−�«ì−ëå à�¡®â [1, 2]. �®áâà®¨¬ ç¨á«¥−−ë©
�«£®à¨â¬ ¤«ï à¥è¥−¨ï ãà�¢−¥−¨© (7), á«¥¤ãï ¨¤¥ï¬ �¥««¬�−�, à¥�«¨§®¢�−−ë¬
¨¬ ¯à¨ à¥è¥−¨¨ §�¤�ç ã¯à�¢«¥−¨ï ¢ íª®−®¬¨ç¥áª¨å á¨áâ¥¬�å [2].

�«£®à¨â¬ ¢ª«îç�¥â ¤¢� ®á−®¢−ëå íâ�¯�:

(1) �−�«¨§ ¤¨áªà¥â−ëå �−�«®£®¢ ãà�¢−¥−¨© �¥««¬�−�, ¯®¤£®â®¢ª� ¢á¯®¬®£�-
â¥«ì−ëå ¬�áá¨¢®¢ ¤�−−ëå;

(2) ä®à¬¨à®¢�−¨¥ ®¯â¨¬�«ì−®© áâà�â¥£¨¨ à¥è¥−¨© ρ∗ =
{

ρ∗0, ρ
∗
1, . . . , ρ

∗
N−1

}

á ¨á¯®«ì§®¢�−¨¥¬ ¢á¯®¬®£�â¥«ì−ëå ¬�áá¨¢®¢.

„«ï ®¯¨á�−¨ï ç¨á«¥−−®£® �«£®à¨â¬� à¥è¥−¨ï ãà�¢−¥−¨© �¥««¬�−� ¯à®¢¥¤¥¬
¤¨áªà¥â¨§�æ¨î ¬®¤¥«¨. �à¨ íâ®¬ á®áâ®ï−¨ï ¨ à¥è¥−¨ï ¡ã¤ãâ ¯à¨−¨¬�âì §−�ç¥−¨ï
¢ §�¤�−−ëå ª®−¥ç−ëå ¬−®¦¥áâ¢�å.

�ãáâì U | ¬−®¦¥áâ¢® ¢®§¬®¦−ëå §−�ç¥−¨© ¯�à�¬¥âà� ã¯à�¢«¥−¨ï ρ; A |
¬−®¦¥áâ¢® ¢®§¬®¦−ëå §−�ç¥−¨© ¯�à�¬¥âà� á®áâ®ï−¨ï k.

„¨áªà¥â−ë¥ �−�«®£¨ ãª�§�−−ëå ¬−®¦¥áâ¢ ¨¬¥îâ ¢¨¤:

A = [0, a, 2a, . . . , la, . . . ,ma] , a > 0| §�¤�−−®¥ ç¨á«®;

U = [0,–, 2–, . . . , s–, . . . , r– = 1] , – > 0| §�¤�−−®¥ ç¨á«®.

Œ−®¦¥áâ¢®A ®¯à¥¤¥«ï¥âáï ¢ ª�¦¤®© ª®−ªà¥â−®© §�¤�ç¥ ¨áå®¤ï ¨§ â®£®, ª�ª¨¥
§−�ç¥−¨ï ¬®¦¥â ¯à¨−¨¬�âì á®áâ®ï−¨¥ á¨áâ¥¬ë ki ¯à¨ ¢á¥å ¤®¯ãáâ¨¬ëå §−�ç¥−¨ïå
¯�à�¬¥âà� ã¯à�¢«¥−¨ï ρi, i = 0, 1, . . . , N − 1.

��à�¬¥âàë a ¨ – ¢ë¡¨à�îâáï ¢ ª�¦¤®© ª®−ªà¥â−®© §�¤�ç¥ ¨áå®¤ï ¨§ âà¥¡®-
¢�−¨© ª â®ç−®áâ¨ à¥è¥−¨ï.

‚ë¯¨è¥¬ ¤¨áªà¥â−ë© �−�«®£ ãà�¢−¥−¨ï �¥««¬�−� á ¯à®¨§¢®«ì−ë¬ −®¬¥à®¬ i.
‘®áâ®ï−¨ï ¨ ã¯à�¢«¥−¨ï ¢ íâ¨å ãà�¢−¥−¨ïå ¯à¨−¨¬�îâ â®«ìª® ª®−¥ç−®¥ ç¨á«®
§−�ç¥−¨©:

Fi(lia) =

=max
0≤si≤r

[

(

1

1 + γ

)i

V ((1− si–) f(lia)) + Fi+1 ((1− λi) lia+ si–f(lia))

]

,

li = 0, 1, . . . ,m , i = N − 1, N − 2, . . . , 0 ;
FN (lNa) = ψ(lNa), lN = 0, 1, . . . ,m .



































(8)

�¥à¢ë© íâ�¯ �«£®à¨â¬�. �à¥¤¢�à¨â¥«ì−ë© �−�«¨§, ¯®¤£®â®¢ª� −¥®¡å®¤¨¬ëå
¬�áá¨¢®¢ ¤�−−ëå.

1. ‚ëç¨á«ï¥¬ äã−ªæ¨î FN (lNa) ¢ ª�¦¤®© â®çª¥ lNa, lN = 0, 1, . . . ,m:

FN (lNa) = ψ(lNa) . (9)

�®«ãç�¥¬ §−�ç¥−¨ï äã−ªæ¨¨ FN (lNa) ¢® ¢á¥å â®çª�å ¬−®¦¥áâ¢� A.
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2. ÷�áá¬�âà¨¢�¥¬ ¯à®¨§¢®«ì−®¥ i, £¤¥ 0 ≤ i ≤ N − 1. ‡�¬¥â¨¬, çâ® −¥¯®áà¥¤-
áâ¢¥−−® ¯®á«¥ ¢ëç¨á«¥−¨ï FN (lNa) à�áá¬�âà¨¢�¥âáï §−�ç¥−¨¥ i = N − 1.
�¤−�ª® ¢á¥ ¯®á«¥¤ãîé¨¥ ¤¥©áâ¢¨ï ¡ã¤¥¬ ®¯¨áë¢�âì ¤«ï ¯à®¨§¢®«ì−®£®
ä¨ªá¨à®¢�−−®£® i.

2.1. ”¨ªá¨àã¥¬ �à£ã¬¥−â á®®â¢¥âáâ¢ãîé¥© äã−ªæ¨¨ �¥««¬�−� ki = lia.

2.2. „«ï §�¤�−−®£® ki = lia −�å®¤¨¬ ¬�ªá¨¬ã¬ ¯à�¢®© ç�áâ¨ ¯¥à¢®£®
à�¢¥−áâ¢� (8) ¯® ¯�à�¬¥âàã si. ˆ−ë¬¨ á«®¢�¬¨, −¥®¡å®¤¨¬® −�©â¨
á«¥¤ãîéãî ¢¥«¨ç¨−ã:

max
0≤si≤r

[

(

1

1 + γ

)i

V ((1− si–) f(lia)) +

+ Fi+1 ((1− λi) lia+ si–f(lia))

]

. (10)

”ã−ªæ¨¨ V (·) ¨ f(·) ¯à¥¤¯®«�£�îâáï §�¤�−−ë¬¨ �−�«¨â¨ç¥áª¨, ¨å
§−�ç¥−¨ï ¬®£ãâ ¡ëâì ¢ëç¨á«¥−ë ¯à¨ «î¡ëå §−�ç¥−¨ïå �à£ã¬¥−â®¢.
”ã−ªæ¨ï �¥««¬�−� Fi+1(·) ¤®«¦−� ¡ëâì ¢ëç¨á«¥−� ¯à¨ ¢á¥å ¢®§¬®¦-
−ëå §−�ç¥−¨ïå �à£ã¬¥−â� ¢ ¯à¥¤è¥áâ¢ãîé¥¬ æ¨ª«¥ ¯® ¯�à�¬¥âàã i.
‚ ç�áâ−®áâ¨, ¯à¨ i = N − 1 ¡ã¤ãâ ¨á¯®«ì§®¢�âìáï §−�ç¥−¨ï äã−ª-
æ¨¨ FN (lNa), lN = 0, 1, . . . ,m, ®¯à¥¤¥«ï¥¬ë¥ à�¢¥−áâ¢®¬ (9). ’�ª¨¬
®¡à�§®¬, ¢ëà�¦¥−¨¥ ¯®¤ §−�ª®¬ ¬�ªá¨¬ã¬� (10) ç¨á«¥−−® ®¯à¥¤¥«¨¬®.
�¡®§−�ç¨¬ ç¥à¥§ s∗i = s∗i (li) §−�ç¥−¨¥, ¯à¨ ª®â®à®¬ ¤®áâ¨£�¥âáï ¬�ª-
á¨¬ã¬ ¢ á®®â−®è¥−¨¨ (10).

2.3. �®«�£�¥¬, çâ® äã−ªæ¨ï �¥««¬�−� Fi(ki) ¢ â®çª¥ ki = lia ®¯à¥¤¥«ï¥âáï
à�¢¥−áâ¢®¬

Fi (lia) =

[

(

1

1 + γ

)i

V ((1− s∗i–) f(lia)) +

+ Fi+1 ((1− λi) lia+ s
∗
i–f(lia))

]

. (11)

2.4. �¥à¥å®¤¨¬ ª á«¥¤ãîé¥¬ã §−�ç¥−¨î �à£ã¬¥−â� (li + 1)a ¤«ï â®£® ¦¥
−®¬¥à� i ¨ ¯®¢â®àï¥¬ ¤¥©áâ¢¨ï, ®¯¨á�−−ë¥ ¢ ¯¯. 2.2{2.3.

‚ à¥§ã«ìâ�â¥ ®¯¨á�−−ëå ¤¥©áâ¢¨© ¯®«ãç�¥¬ ¤«ï ª�¦¤®£® ä¨ªá¨à®¢�−−®-
£® i á«¥¤ãîé¨¥ ç¨á«®¢ë¥ ¯�à�¬¥âàë: lia | â¥ªãé¥¥ §−�ç¥−¨¥ á®áâ®ï−¨ï;
s∗i– = s∗i (li)– | ¢®§¬®¦−®¥ §−�ç¥−¨¥ ã¯à�¢«¥−¨ï, á®®â¢¥âáâ¢ãîé¥¥ á®áâ®-
ï−¨î lia; Fi(lia) | §−�ç¥−¨¥ äã−ªæ¨¨ �¥««¬�−� ¢ â®çª¥ lia. �à¨ á¢®¥¬
¨§¬¥−¥−¨¨ ¯�à�¬¥âà li ¬®¦¥â ¯à¨−¨¬�âì §−�ç¥−¨ï li = 0, 1, . . . ,m. ‘«¥-
¤®¢�â¥«ì−®, ä�ªâ¨ç¥áª¨ ¤«ï ä¨ªá¨à®¢�−−®£® i ®¯à¥¤¥«ïîâáï âà¨ ç¨á«®¢ëå
¬�áá¨¢�:
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lia , li = 0, 1, . . . ,m ;

s∗i (li)– , li = 0, 1, . . . ,m ;

Fi(lia) , li = 0, 1, . . . ,m .

‡�¬¥â¨¬, çâ® ¬�áá¨¢ lia, li = 0, 1, . . . ,m, −¥ §�¢¨á¨â ®â −®¬¥à� i ¨ á®¢¯�¤�¥â
á ¬−®¦¥áâ¢®¬ ¢®§¬®¦−ëå §−�ç¥−¨© ¯�à�¬¥âà� á®áâ®ï−¨ï A. ’�ª¨¬ ®¡à�§®¬,
¤«ï ª�¦¤®£® i ¯¥à¥¡¨à�îâáï ¢á¥ ¢®§¬®¦−ë¥ §−�ç¥−¨ï ¯�à�¬¥âà� á®áâ®-
ï−¨©.

3. �¥à¥å®¤¨¬ ª á«¥¤ãîé¥¬ã §−�ç¥−¨î ¯�à�¬¥âà� i. …á«¨ ¤¥©áâ¢¨ï, ®¯¨á�−−ë¥
¢ ¯. 2 ¯¥à¢®£® íâ�¯� (2.1{2.4), ®áãé¥áâ¢«ï«¨áì ¤«ï −¥ª®â®à®£® ä¨ªá¨à®-
¢�−−®£® i, â® −� á«¥¤ãîé¥¬ è�£¥ ¡ã¤¥â à�áá¬�âà¨¢�âìáï §−�ç¥−¨¥ i − 1.
„«ï íâ®£® §−�ç¥−¨ï ¯à®¢®¤ïâáï ¤¥©áâ¢¨ï, �−�«®£¨ç−ë¥ â¥¬, ª®â®àë¥ ¡ë«¨
®¯¨á�−ë ¢ ¯¯. 2.1{2.4. �à¨ ¢ëç¨á«¥−¨ïå ¯® ä®à¬ã«�¬, �−�«®£¨ç−ë¬ (10)
¨ (11), ¨á¯®«ì§ãîâáï §−�ç¥−¨ï äã−ªæ¨¨ �¥««¬�−� Fi(lia), li = 0, 1, . . . ,m.
‚ à¥§ã«ìâ�â¥ ¢ëç¨á«ïîâáï ¬�áá¨¢ë ¤�−−ëå:

s∗i−1(li−1)– , li−1 = 0, 1, . . . ,m ;

Fi−1(li−1a) , li−1 = 0, 1, . . . ,m .

•�à�ªâ¥à¨§ãï ¯¥à¢ë© íâ�¯ ¢ æ¥«®¬, ¬®¦−® ®¯¨á�âì ¥£® áâàãªâãàã ¢ ¢¨¤¥ âà¥å
¢«®¦¥−−ëå æ¨ª«®¢.

�¥à¢ë© æ¨ª« (¢−¥è−¨©). �áãé¥áâ¢«ï¥âáï ¯¥à¥¡®à®¬ ¯�à�¬¥âà� i ®â N ¤® 0
á è�£®¬ 1.

‚â®à®© æ¨ª«, ¢«®¦¥−−ë© ¢ ¯¥à¢ë©. „«ï ª�¦¤®£® ä¨ªá¨à®¢�−−®£® i ®áãé¥áâ¢«ï-
¥âáï ¯¥à¥¡®à ¬−®¦¥áâ¢� lia, li = 0, 1, . . . ,m, â. ¥. ¬−®¦¥áâ¢� ¢á¥å ¢®§¬®¦−ëå
§−�ç¥−¨© ¯�à�¬¥âà� á®áâ®ï−¨©.

’à¥â¨© æ¨ª«, ¢«®¦¥−−ë© ¢® ¢â®à®©. „«ï ª�¦¤®£® ä¨ªá¨à®¢�−−®£® i ¨ á®®â¢¥â-
áâ¢ãîé¥£® á®áâ®ï−¨ï lia ®áãé¥áâ¢«ï¥âáï ¯¥à¥¡®à ¢á¥å ¢®§¬®¦−ëå §−�ç¥−¨©
¯�à�¬¥âà� ã¯à�¢«¥−¨ï si(li)–, si(li) = 0, 1, . . . , r. ‚ëç¨á«¥−¨¥ −¥®¡å®¤¨¬ëå
¯�à�¬¥âà®¢ s∗i (li)–, Fi(lia) ¯à®¢®¤¨âáï á ¨á¯®«ì§®¢�−¨¥¬ á®®â−®è¥−¨© (10)
¨ (11).

‚ ¨â®£¥ á®®â¢¥âáâ¢ãîé¨¥ ¬�áá¨¢ë ¢®§¬®¦−ëå §−�ç¥−¨© ã¯à�¢«¥−¨© ¨ §−�ç¥-
−¨© äã−ªæ¨¨ �¥««¬�−� ¤«ï ¢á¥å ¢®§¬®¦−ëå á®áâ®ï−¨© ®¯à¥¤¥«ïîâáï ¯à¨ ¢á¥å
i = N,N − 1, . . . , 1, 0. �®«ãç¥−−ë¥ ¤�−−ë¥ ¨á¯®«ì§ãîâáï ¢ å®¤¥ à¥�«¨§�æ¨¨
¢â®à®£® íâ�¯� ç¨á«¥−−®£® �«£®à¨â¬�.

‚â®à®© íâ�¯ �«£®à¨â¬�. ”®à¬¨à®¢�−¨¥ ¯®á«¥¤®¢�â¥«ì−®áâ¨ ®¯â¨¬�«ì−ëå
à¥è¥−¨© á ¨á¯®«ì§®¢�−¨¥¬ ¢á¯®¬®£�â¥«ì−ëå ¬�áá¨¢®¢.

1. ”¨ªá¨àã¥¬ −�ç�«ì−®¥ á®áâ®ï−¨¥ k∗0 = a0 = l∗0a. ��à�¬¥âà a0 §�¤�¥âáï
¢ ¯®áâ�−®¢ª¥ ¨áå®¤−®© §�¤�ç¨.
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2. ˆ§ â�¡«¨ç−ëå §−�ç¥−¨© ¬�áá¨¢� s∗0(l0)–, l0 = 0, 1, . . . ,m, ¢ë¡¨à�¥¬ §−�ç¥-
−¨¥, á®®â¢¥âáâ¢ãîé¥¥ ª®−ªà¥â−®¬ã á®áâ®ï−¨î k∗0 = l

∗
0a �®«ãç�¥¬

s∗0 = s
∗
0(l

∗
0) , ρ

∗
0 = s

∗
0– .

3. ‚ëç¨á«ï¥¬ á®áâ®ï−¨¥ ¢ ¬®¬¥−â i = 1, ¨á¯®«ì§ãï ¤¨−�¬¨ç¥áª®¥ á®®â−®è¥-
−¨¥ (3) ¨áå®¤−®© §�¤�ç¨. ‚ á®®â¢¥âáâ¢¨¨ á íâ¨¬ á®®â−®è¥−¨¥¬ ¯à¨ i = 0
¯®«ãç�¥¬

k∗1 = (1− λ0) k
∗
0 + ρ

∗
0f(k

∗
0) . (12)

‘ ãç¥â®¬ ¤¨áªà¥â¨§�æ¨© á®áâ®ï−¨© ¨ ã¯à�¢«¥−¨© k∗1 = l∗1a, k∗0 = l∗0a, ρ∗0 =
= s∗0– á®®â−®è¥−¨¥ (12) ¯à¨−¨¬�¥â ¢¨¤:

l∗1a = (1− λ0) l
∗
0a+ s

∗
0–f(l

∗
0a) .

’�ª¨¬ ®¡à�§®¬, ®¯à¥¤¥«ï¥âáï §−�ç¥−¨¥ á®áâ®ï−¨ï k∗1 = l
∗
1a.

4. ˆá¯®«ì§ãï â�¡«¨æã §−�ç¥−¨© ¬�áá¨¢� s∗1(l1)–, l1 = 0, 1, . . . ,m, ®¯à¥¤¥«ï¥¬
ã¯à�¢«¥−¨¥ ¢ ¬®¬¥−â ¢à¥¬¥−¨ i = 1, â. ¥. í«¥¬¥−â ãª�§�−−®£® ¬�áá¨¢�,
á®®â¢¥âáâ¢ãîé¨© á®áâ®ï−¨î k∗1 = l

∗
1a, s∗1 = s

∗
1(l

∗
1), ρ

∗
1 = s

∗
1–.

5. ÷�áá¬®âà¨¬ ¯à®¨§¢®«ì−®¥ §−�ç¥−¨¥ i. ‡−�ç¥−¨ï á®áâ®ï−¨© k∗i , k
∗
i+1 ¨ ã¯à�¢-

«¥−¨ï ρ∗i á¢ï§�−ë ¤¨−�¬¨ç¥áª¨¬ á®®â−®è¥−¨¥¬ (3):

k∗i+1 = (1− λi) k
∗
i + ρ

∗
i f(k

∗
i ) , (13)

ª®â®à®¥ ¢ ¤¨áªà¥â−®¬ ¢�à¨�−â¥ k∗i = l∗i a, k∗i+1 = l∗i+1a, ρ∗i = s
∗
i– ¯à¨−¨¬�¥â

¢¨¤:

l∗i+1a = (1− λi) l
∗
i a+ s

∗
i–f(l

∗
i a) .

’�ª¨¬ ®¡à�§®¬, ¨áå®¤ï ¨§ §−�ç¥−¨© k∗i ¨ ρ∗i ¯®«ãç�¥¬ k∗i+1. „�«¥¥ ®¯à¥¤¥«ï-
¥âáï í«¥¬¥−â ¬�áá¨¢� s∗i+1(l

∗
i+1)–, á®®â¢¥âáâ¢ãîé¨© á®áâ®ï−¨î k∗i+1 = l

∗
i+1a.

„«ï íâ®£® ¢ë¡¨à�¥âáï li+1 = l∗i+1. ’®£¤� s∗i+1 = s∗i+1(l
∗
i+1), ρ

∗
i+1 = s∗i+1–.

�à®¤®«¦�ï �−�«®£¨ç−ë¥ ¤¥©áâ¢¨ï, ¯®«ãç�¥¬ ¯®á«¥¤®¢�â¥«ì−®áâì ¯�à á®áâ®-
ï−¨© ¨ ã¯à�¢«¥−¨©

(

k∗0 , ρ
∗
0), (k

∗
1 , ρ

∗
1), . . . , (k

∗
N−1, ρ

∗
N−1

)

�� §�ª«îç¨â¥«ì−®¬
è�£¥ ®¯à¥¤¥«ï¥¬ k∗N ¨§ á®®â−®è¥−¨ï

k∗N = (1− λN−1) k
∗
N−1 + ρ

∗
N−1f(k

∗
N−1) , (14)

ª®â®à®¥ ¢ ¤¨áªà¥â−®¬ ¢�à¨�−â¥ ¯à¨−¨¬�¥â ¢¨¤:

l∗Na = (1− λN−1) l
∗
N−1a+ s

∗
N−1–f(l

∗
N−1a) .
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‚ à¥§ã«ìâ�â¥ ¢â®à®£® íâ�¯� ¤¥©áâ¢¨ï �«£®à¨â¬� ¯®«ãç�¥¬ ¯®á«¥¤®¢�â¥«ì−®áâì
á®áâ®ï−¨© k∗ =

{

k∗0, k
∗
1 . . . . , k

∗
N−1, k

∗
N

}

¨ ¯®á«¥¤®¢�â¥«ì−®áâì ã¯à�¢«¥−¨© ρ∗ =

=
{

ρ∗0, ρ
∗
1, . . . , ρ

∗
N−1

}

. “áâ�−®¢¨¬ â¥®à¥â¨ç¥áª®¥ á®¤¥à¦�−¨¥ íâ¨å ®¡ê¥ªâ®¢ ¯®
®â−®è¥−¨î ª ¯®áâ�¢«¥−−®© §�¤�ç¥.

“â¢¥à¦¤¥−¨¥ 2. �®á«¥¤®¢�â¥«ì−®áâ¨ á®áâ®ï−¨© k∗ =
{

k∗0 , k
∗
1 . . . . , k

∗
N−1, k

∗
N

}

¨ ã¯à�¢«¥−¨© ρ∗ =
{

ρ∗0, ρ
∗
1, . . . , ρ

∗
N−1

}

¢ á®¢®ªã¯−®áâ¨ ®¡à�§ãîâ ®¯â¨¬�«ì−ë©
ã¯à�¢«ï¥¬ë© ¯à®æ¥áá ¢ ¯®áâ�¢«¥−−®© §�¤�ç¥ (2){(5).
„ ® ª � § � â ¥ « ì á â ¢ ® . �â¬¥â¨¬, ¯à¥¦¤¥ ¢á¥£®, çâ® ¯®«ãç¥−−ë¥ ¯®á«¥¤®¢�â¥«ì-
−®áâ¨ k∗ =

{

k∗0, k
∗
1 . . . . , k

∗
N−1, k

∗
N

}

¨ ρ∗ =
{

ρ∗0, ρ
∗
1, . . . , ρ

∗
N−1

}

®¡à�§ãîâ ã¯à�¢«ï-
¥¬ë© ¯à®æ¥áá, ¤®¯ãáâ¨¬ë© ¢ ¨áå®¤−®© §�¤�ç¥ ®¯â¨¬�«ì−®£® ã¯à�¢«¥−¨ï (2){(5).

„¥©áâ¢¨â¥«ì−®, ¨§ (12){(14) á«¥¤ã¥â, çâ® ¯à®æ¥áá
(

k∗, ρ∗
)

ã¤®¢«¥â¢®àï¥â ¤¨−�-
¬¨ç¥áª®¬ã á®®â−®è¥−¨î (3). ƒà�−¨ç−®¥ ãá«®¢¨¥ k0 = a0 ¡ë«® §�ä¨ªá¨à®¢�−®
¢ −�ç�«¥ ¢â®à®£® íâ�¯�. ‚ë¯®«−¥−¨¥ ®£à�−¨ç¥−¨© −� ã¯à�¢«¥−¨ï ρ∗i ∈ U = [0, 1],
i = 0, 1, . . . , N − 1, á«¥¤ã¥â ¨§ á¯®á®¡� ¢ë¡®à� ¯�à�¬¥âà� si: si– ∈ U =
= {0,–, . . . , r– = 1}, i = 0, 1, . . . , N − 1.

‡�¬¥â¨¬ â�ª¦¥, çâ® ¯®áâà®¥−−ë© ã¯à�¢«ï¥¬ë© ¯à®æ¥áá
(

k∗, ρ∗
)

ã¤®¢«¥â¢®àï-
¥â á¨áâ¥¬¥ á®®â−®è¥−¨© (8), â. ¥. ãà�¢−¥−¨ï¬ �¥««¬�−� ¢ ¤¨áªà¥â−®© ä®à¬¥. ‚ â®
¦¥ ¢à¥¬ï ãà�¢−¥−¨ï �¥««¬�−� ¢ ¤¨áªà¥â−®© ä®à¬¥ (8) ï¢«ïîâáï à¥�«¨§�æ¨¥©
®¡é¥£® ãà�¢−¥−¨ï �¥««¬�−� (7) ¤«ï ¤¨áªà¥â−ëå ¬−®¦¥áâ¢ §−�ç¥−¨© á®áâ®ï−¨©
¨ ã¯à�¢«¥−¨©. ˆ§¢¥áâ−® [7, c. 297{298], çâ® ¥á«¨ ¢ §�¤�ç¥ á ¤¨áªà¥â−ë¬ ¢à¥-
¬¥−¥¬ ã¯à�¢«ï¥¬ë© ¯à®æ¥áá ¤®¯ãáâ¨¬, â. ¥. ã¤®¢«¥â¢®àï¥â ¢á¥¬ ®£à�−¨ç¥−¨ï¬,
� â�ª¦¥ ã¤®¢«¥â¢®àï¥â ãà�¢−¥−¨ï¬ �¥««¬�−�, â® ®− ï¢«ï¥âáï ®¯â¨¬�«ì−ë¬.
‘«¥¤®¢�â¥«ì−®, ã¯à�¢«ï¥¬ë© ¯à®æ¥áá

(

k∗, ρ∗
)

®¯â¨¬�«¥− ¢ ¯®áâ�¢«¥−−®© §�¤�ç¥
ã¯à�¢«¥−¨ï (2){(5). “â¢¥à¦¤¥−¨¥ 2 ¤®ª�§�−®. ˆ§ ¤®ª�§�−−®£® ãâ¢¥à¦¤¥−¨ï
á«¥¤ã¥â, çâ® −�¡®à à¥è¥−¨© ρ∗ =

{

ρ∗0, ρ
∗
1, . . . , ρ

∗
N−1

}

¯à¥¤áâ�¢«ï¥â á®¡®© ®¯â¨-
¬�«ì−ë¥ à¥è¥−¨ï ¯à¨ ¢ë¡®à¥ ¨−¢¥áâ¨æ¨© ¢ à�áá¬�âà¨¢�¥¬®© íª®−®¬¨ç¥áª®©
¬®¤¥«¨.

5 Заключение

‡�¤�ç� ®¯â¨¬�«ì−®£® ã¯à�¢«¥−¨ï á ¤¨áªà¥â−ë¬ ¢à¥¬¥−¥¬ (2){(5), ¨áá«¥¤®-
¢�−−�ï ¢ ¤�−−®© à�¡®â¥, ï¢«ï¥âáï −®¢®© ¯®áâ�−®¢ª®© §�¤�ç¨ ã¯à�¢«¥−¨ï ¢ ª«�á-
á¨ç¥áª®© ¤¨−�¬¨ç¥áª®© ®¤−®á¥ªâ®à−®© ¬®¤¥«¨ íª®−®¬¨ç¥áª®© á¨áâ¥¬ë. „«ï
íâ®© §�¤�ç¨ ¯®«ãç¥−® à¥è¥−¨¥ −� ®á−®¢¥ ¬¥â®¤� ¤¨−�¬¨ç¥áª®£® ¯à®£à�¬¬¨à®¢�-
−¨ï. ˆâ®£®¬ ¨áá«¥¤®¢�−¨ï áâ�« ç¨á«¥−−ë© �«£®à¨â¬, ¯®§¢®«ïîé¨© ®¯à¥¤¥«ïâì
¯®á«¥¤®¢�â¥«ì−®áâì ®¯â¨¬�«ì−ëå à¥è¥−¨©.
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Abstract: The paper studies a new formulation of the optimal control problem in
a dynamic one-sector economic model with discrete time. In the task, the states
are the values of the specific capital. The control parameter is the proportion
of the specific product produced, directed for investment. The study is based
on the dynamic programming method. The Bellman equations for the problem
are obtained. The optimality of controls satisfying the Bellman equations is
proved. An algorithm was created and described in detail that allows one to solve
the Bellman functional equations numerically and to find the optimal control
strategy for the problem posed.
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УСЛОВНЫЕ ГРАНИЦЫ СРЕДНИХ МАКСИМУМОВ
СЛУЧАЙНЫХ ВЕЛИЧИН И ИХ ДОСТИЖИМОСТЬ

Д. В. Иванов1

�−−®â�æ¨ï: �à¥¤¬¥â®¬ ¨−â¥à¥á� −�áâ®ïé¥© áâ�âì¨ ï¢«ïîâáï áà¥¤−¨¥ ¬�ªá¨-
¬ã¬ë ¨§ −¥ª®â®à®£® ç¨á«� n á«ãç�©−ëå ¢¥«¨ç¨−. ÷�áá¬�âà¨¢�¥âáï á¨âã�æ¨ï,
ª®£¤� ¢¥«¨ç¨−ë áâ�−¤�àâ¨§®¢�−ë (¨¬¥îâ −ã«¥¢®¥ ¬�â¥¬�â¨ç¥áª®¥ ®¦¨¤�−¨¥
¨ ¥¤¨−¨ç−ãî ¤¨á¯¥àá¨î), −¥§�¢¨á¨¬ë ¨ ®¤¨−�ª®¢® à�á¯à¥¤¥«¥−ë, � â�ª¦¥
¨§¢¥áâ−® §−�ç¥−¨¥ áà¥¤−¥£® ¬�ªá¨¬ã¬� ¨§m −¥§�¢¨á¨¬ëå á«ãç�©−ëå ¢¥«¨ç¨−
á â¥¬ ¦¥ à�á¯à¥¤¥«¥−¨¥¬. ˆáá«¥¤ã¥âáï ¢®¯à®á ¤®áâ¨¦¨¬®áâ¨ ¯à¨ ãª�§�−−ëå
ãá«®¢¨ïå £à�−¨æ áà¥¤−¨å ¬�ªá¨¬ã¬®¢, ¯®«ãç¥−−ëå ¢ à�¡®â�å ¤àã£¨å �¢â®-
à®¢. ‚ á«ãç�ïå, ª®£¤� íâ®â ¢®¯à®á ®áâ�¥âáï ®âªàëâë¬, ¯à®¢¥¤¥−® ãâ®ç−¥−¨¥
£à�−¨æ. ‡�¤�ç� ¬®¦¥â ¨¬¥âì ¯à¨«®¦¥−¨ï ¢ â¥®à¨¨ ¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï,
áâà�å®¢�−¨¨, ä¨−�−á�å ¨ ¤àã£¨å ®¡«�áâïå.

Š«îç¥¢ë¥ á«®¢�: áà¥¤−¨© ¬�ªá¨¬ã¬; ¤®áâ¨¦¨¬®áâì

DOI: 10.14357/08696527190112

1 Введение

‚ â¥®à¨¨ ¢¥à®ïâ−®áâ¥© ¨ ¥¥ ¯à¨«®¦¥−¨ïå ¨á¯®«ì§ãîâáï à�§«¨ç−ë¥ ç¨á«®¢ë¥
å�à�ªâ¥à¨áâ¨ª¨ á«ãç�©−ëå ¢¥«¨ç¨−. Š −¨¬ ¬®¦−® ®â−¥áâ¨ ¨ áà¥¤−¨¥ ¬�ªá¨¬ã¬ë.
„«ï á«ãç�©−®© ¢¥«¨ç¨−ë X ¯®«®¦¨¬

µn(X) = Emax {X1, . . . ,Xn} ,

£¤¥ X1, . . . ,Xn | −¥§�¢¨á¨¬ë¥ á«ãç�©−ë¥ ª®¯¨¨ X (−�¯à¨¬¥à, áâ�â¨áâ¨ç¥áª�ï
¢ë¡®àª� ¨§ £¥−¥à�«ì−®© á®¢®ªã¯−®áâ¨ á á®®â¢¥âáâ¢ãîé¨¬ à�á¯à¥¤¥«¥−¨¥¬).

‡�¬¥ç�−¨¥ 1. ‚ ¤�«ì−¥©è¥¬ ¡ã¤¥¬ ¨á¯®«ì§®¢�âì ¡®«¥¥ ª®¬¯�ªâ−®¥ ®¡®§−�ç¥-
−¨¥ µn, ¢ ª®â®à®¬ −¥ ®âà�¦¥−� §�¢¨á¨¬®áâì ®â X1, . . . ,Xn, ¤® â¥å ¯®à ¯®ª� â�ª®¥
á®ªà�é¥−¨¥ ¤®¯ãáâ¨¬® ¢ à�¬ª�å â¥ªãé¥£® ª®−â¥ªáâ� ¨ −¥ ¢ë§ë¢�¥â ¯ãâ�−¨æë.

‘«®¢®á®ç¥â�−¨¥ úáà¥¤−¨© ¬�ªá¨¬ã¬û −¥ ï¢«ï¥âáï è¨à®ª® ã¯®âà¥¡¨â¥«ì−ë¬
¢ à®áá¨©áª®© ¢¥à®ïâ−®áâ−®-áâ�â¨áâ¨ç¥áª®© «¨â¥à�âãà¥, ®¤−�ª® ï¢«ï¥âáï ¢¯®«−¥
âà�¤¨æ¨®−−ë¬, −�¯à¨¬¥à, ¢ ª«¨¬�â®«®£¨¨ [1] ¯à¨ ®¯¨á�−¨¨ ¨§¬¥−ç¨¢®áâ¨ ¬¥â¥®-
à®«®£¨ç¥áª¨å ¢¥«¨ç¨−. ‚ ç�áâ−®áâ¨, ¡¥àãâ ¬�ªá¨¬ã¬ë ¨ ¬¨−¨¬ã¬ë â¥¬¯¥à�âãàë
(§� ¤¥−ì, ¬¥áïæ, £®¤) ¨ §�â¥¬ ãáà¥¤−ïîâ (¯® ¤−ï¬ §� ¬¥áïæ, ¯® £®¤�¬ §� ¢¥áì ¯¥-
à¨®¤ −�¡«î¤¥−¨©). ’�ª¨¬ ®¡à�§®¬ ¯®«ãç�îâáï áà¥¤−¨¥ ¬�ªá¨¬ã¬ë ¨ ¬¨−¨¬ã¬ë
â¥¬¯¥à�âãà. •®âï, ª®−¥ç−®, ¢ íâ¨å á«ãç�ïå −¥«ì§ï áª�§�âì, çâ® á«ãç�©−ë¥ ¢¥«¨-
ç¨−ë −¥§�¢¨á¨¬ë ¨ ®¤¨−�ª®¢® à�á¯à¥¤¥«¥−ë, á¨âã�æ¨ï ¡®«¥¥ á«®¦−�ï. ‘à¥¤−¨¥

1Œ®áª®¢áª¨© £®áã¤�àáâ¢¥−−ë© ã−¨¢¥àá¨â¥â ¨¬. Œ. ‚. ‹®¬®−®á®¢�, ¬¥å�−¨ª®-¬�â¥¬�â¨ç¥áª¨©
ä�ªã«ìâ¥â, ª�ä¥¤à� â¥®à¨¨ ¢¥à®ïâ−®áâ¥©, ashtynbamba@gmail.com
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“á«®¢−ë¥ £à�−¨æë áà¥¤−¨å ¬�ªá¨¬ã¬®¢ á«ãç�©−ëå ¢¥«¨ç¨− ¨ ¨å ¤®áâ¨¦¨¬®áâì

¬�ªá¨¬ã¬ë ¨ ¬¨−¨¬ã¬ë −�àï¤ã á ¤àã£¨¬¨ ¯®ª�§�â¥«ï¬¨ å�à�ªâ¥à¨§ãîâ ª«¨¬�â
¢ ¤�−−®© ¬¥áâ−®áâ¨, çâ® ¬®¦¥â ¡ëâì ¢�¦−® ¤«ï á¥«ìáª®£® å®§ï©áâ¢� ¨ ¤à.

‚ �−£«®ï§ëç−®© ¢¥à®ïâ−®áâ−®© «¨â¥à�âãà¥ ã¯®âà¥¡«ïîâáï ª�ª á«®¢®á®ç¥â�-
−¨ï úexpected maximumû [2{4] ¨«¨ úexpected maximum valueû, â�ª ¨ ¤àã£¨¥
á¨−®−¨¬ë.

‚�¦−®© ®¡«�áâìî ¯à¨«®¦¥−¨ï ¢¢¥¤¥−−®© ¢¥«¨ç¨−ë ï¢«ï¥âáï ä¨−�−á®¢�ï
¬�â¥¬�â¨ª�. „«ï ®æ¥−ª¨ ä¨−�−á®¢ëå à¨áª®¢ áãé¥áâ¢ã¥â æ¥«ë© àï¤ à�§«¨ç−ëå
¬¥à (VaR (value of risk), CVaR (conditional VaR), WVaR (worst-case VaR) ¨ ¤à.).
�á®¡ë© ¨−â¥à¥á ¯à¥¤áâ�¢«ïîâ ¬¥àë, ®¡«�¤�îé¨¥ á¢®©áâ¢�¬¨ ¬®−®â®−−®áâ¨,
áã¡�¤¤¨â¨¢−®áâ¨, ¯®«®¦¨â¥«ì−®© ®¤−®à®¤−®áâ¨ ¨ ¨−¢�à¨�−â−®áâ¨ ®â−®á¨â¥«ì−®
á¤¢¨£� | ª®£¥à¥−â−ë¥ ¬¥àë à¨áª�. �à¨¬¥à ª®£¥à¥−â−®© ¬¥àë à¨áª� | ¬¥à�

MINVaRn(X) = −Emin {X1, . . . ,Xn} ,

ª®â®à�ï ¨§ãç�«�áì ¢ [5{7]. �®−ïâ−®, çâ®MINVaRn(X) = µn(−X). �� ¯à�ªâ¨ª¥
¬®¦−® ¨áá«¥¤®¢�âì ª®«¥¡�−¨ï æ¥− �ªæ¨© ¯®¤®¡−® â¥¬¯¥à�âãà¥, ¡¥àï, −�¯à¨¬¥à,
¬�ªá¨¬ã¬ë ¥¦¥¤−¥¢−ëå ¯�¤¥−¨© æ¥− (®âà¨æ�â¥«ì−ëå «®£�à¨ä¬¨ç¥áª¨å ¯à¨à�-
é¥−¨©) §� −¥¤¥«î ¨ ãáà¥¤−ïï ¯® −¥¤¥«ï¬ ¨ â. ¯.

‘à¥¤−¨¥ ¬�ªá¨¬ã¬ë ¬®¦−® ¢áâà¥â¨âì −¥ â®«ìª® ¢ ä¨−�−á®¢®©, −® ¨ ¢ �ªâã-
�à−®© ¬�â¥¬�â¨ª¥. ‚ ¯®á«¥¤−¨¥ ¤¥áïâ¨«¥â¨ï ®á®¡ë© ¨−â¥à¥á ¢ë§ë¢�¥â ¯à¨−æ¨¯
‚�−£� [8,9] ¯®¤áç¥â� áâà�å®¢ëå ¯à¥¬¨©:

Hg(X) =

0
∫

−∞

(g (SX(t))− 1) dt +
+∞
∫

0

g (SX(t)) dt ,

£¤¥ g(u)| â�ª −�§ë¢�¥¬�ï äã−ªæ¨ï ¨áª�¦¥−¨ï; SX(t) = P(X > t)| äã−ªæ¨ï
¢ë¦¨¢�−¨ï ¤«ï áâà�å®¢®£® à¨áª� X. ‚ á«ãç�¥ ¤ã�«ì−®-áâ¥¯¥−−®© äã−ªæ¨¨
¨áª�¦¥−¨ï g(u) = 1 − (1 − u)n ¯®«ãç�¥¬ Hg(X) = µn(X). �à�ªâ¨ç¥áª¨ íâ®
®§−�ç�¥â, çâ® ª®¬¯�−¨ï ®à¨¥−â¨àã¥âáï −� åã¤è¨© ¨§ n ¢®§¬®¦−ëå á«ãç�¥¢
¢ á¬ëá«¥ ®¡ê¥¬� áâà�å®¢ëå ¢ë¯«�â.

�â¬¥â¨¬ â�ª¦¥ ¯à¨«®¦¥−¨ï ¢ §�¤�ç�å −�¤¥¦−®áâ¨ [10]. �ãáâì ¨¬¥¥âáï
®á−®¢−®© í«¥¬¥−â ¨ ®¤¨− ¨«¨ −¥áª®«ìª® à¥§¥à¢−ëå, à�¡®â�îé¨å ¢ ®¤−®¬ à¥¦¨¬¥
á ®á−®¢−ë¬ (−�£àã¦¥−−ë©, ¨«¨ ú£®àïç¨©û, à¥§¥à¢). …á«¨ á¨áâ¥¬� ¢ëå®¤¨â ¨§
áâà®ï, â®«ìª® ª®£¤� ¢á¥ í«¥¬¥−âë ¢ëå®¤ïâ ¨§ áâà®ï, â® ¢à¥¬ï ¥¥ ¡¥§®âª�§−®©
à�¡®âë à�¢−® ¬�ªá¨¬�«ì−®¬ã ¨§ ¢à¥¬¥− ¡¥§®âª�§−®© à�¡®âë í«¥¬¥−â®¢.

ˆ−â¥à¥á−ë¥ ¯à¨«®¦¥−¨ï áà¥¤−¨å ¬�ªá¨¬ã¬®¢ ¢áâà¥ç�îâáï ¨ ¢ â¥®à¨¨ ¬�áá®-
¢®£® ®¡á«ã¦¨¢�−¨ï. ÷�áá¬®âà¨¬ á¨áâ¥¬ã ¨§ n ¯à¨¡®à®¢, ¢ ª®â®àãî ¯®áâã¯�îâ
§�ï¢ª¨. �ç¥à¥¤−�ï ¯®áâã¯¨¢è�ï −� ®¡à�¡®âªã §�ï¢ª� ¤¥«¨âáï −� n ¯®¤§�ï¢®ª,
ª�¦¤�ï ¨§ ª®â®àëå ®¡á«ã¦¨¢�¥âáï ®¤−¨¬ ¨§ ¯à¨¡®à®¢. ‘ãé¥áâ¢ãîâ ¤¢¥ áâ�−¤�àâ-
−ë¥ ¬®¤¥«¨ ®¡à�¡®âª¨ ¯®¤§�ï¢®ª: ¬®¤¥«ì fork-join [11] ¨ ¬®¤¥«ì split-merge [12].

‚ ¬®¤¥«¨ fork-join ª�¦¤�ï ¯®¤§�ï¢ª� Zi §�ï¢ª¨ Z ®â¯à�¢«ï¥âáï ¢ á®®â¢¥â-
áâ¢ãîéãî ®ç¥à¥¤ì à®¢−® ¢ â®â ¬®¬¥−â, ª®£¤� Z ¯®áâã¯¨«� ¢ á¨áâ¥¬ã. �à¨ íâ®¬
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„. ‚. ˆ¢�−®¢

−¥ª®â®àë¥ ¯à¨¡®àë ¬®£ãâ ¢á¥ ¥é¥ ®¡à�¡�âë¢�âì ¯®¤§�ï¢ª¨ ¯à¥¤ë¤ãé¨å §�ï¢®ª,
¯®íâ®¬ã ®âà¥§®ª ¢à¥¬¥−¨, ª®â®àë© ª�¦¤�ï ¯®¤§�ï¢ª� ¯à®¢®¤¨â ¢ á¨áâ¥¬¥, ¤¥«¨â-
áï −� ¤¢¥ ç�áâ¨: ¢à¥¬ï ®¦¨¤�−¨ï (−�å®¦¤¥−¨¥ ¢ ®ç¥à¥¤¨, ¯®ª� ®¡á«ã¦¨¢�îâáï
¯®¤§�ï¢ª¨ ®â ¯à¥¤ë¤ãé¨å §�ï¢®ª) ¨ −¥¯®áà¥¤áâ¢¥−−® ¢à¥¬ï ®¡á«ã¦¨¢�−¨ï. �â®â
áã¬¬�à−ë© ®âà¥§®ª −�§ë¢�¥âáï ¢à¥¬¥−¥¬ ¯à¥¡ë¢�−¨ï ¯®¤§�ï¢ª¨ ¢ á¨áâ¥¬¥ ¨«¨
¢à¥¬¥−¥¬ ®âª«¨ª�. ‡−�ç¨â, ¢à¥¬ï ¯à¥¡ë¢�−¨ï æ¥«®© §�ï¢ª¨ ¢ á¨áâ¥¬¥ | íâ®
¬�ªá¨¬ã¬ ¨§ ¢à¥¬¥− ®âª«¨ª� ¯® ª�¦¤®© ¨§ ¯®¤§�ï¢®ª. ‚®®¡é¥ £®¢®àï, ¢à¥¬¥−�
¯à¥¡ë¢�−¨ï Ti ¯®¤§�ï¢®ª Zi ¢ á¨áâ¥¬¥ −¥ ï¢«ïîâáï −¥§�¢¨á¨¬ë¬¨. �¤−�ª®
®−¨ ï¢«ïîâáï ¯®«®¦¨â¥«ì−® §�¢¨á¨¬ë¬¨ (¨«¨ �áá®æ¨¨à®¢�−−ë¬¨), � ¯®â®¬ã
¬�â¥¬�â¨ç¥áª®¥ ®¦¨¤�−¨¥ ¨å ¬�ªá¨¬ã¬� ®æ¥−¨¢�¥âáï á¢¥àåã áà¥¤−¨¬ ¬�ªá¨-
¬ã¬®¬ −¥§�¢¨á¨¬ëå á«ãç�©−ëå ¢¥«¨ç¨− á â¥¬ ¦¥ à�á¯à¥¤¥«¥−¨¥¬. �®íâ®¬ã
¢�¦−®© å�à�ªâ¥à¨áâ¨ª®© ¬®¤¥«¨ ï¢«ï¥âáï áà¥¤−¨© ¬�ªá¨¬ã¬ ¨§ −¥§�¢¨á¨¬ëå
á«ãç�©−ëå ¢¥«¨ç¨− á à�á¯à¥¤¥«¥−¨ï¬¨ ¢à¥¬¥− ®âª«¨ª� ¯® ª�¦¤®© ¨§ ¯®¤§�-
ï¢®ª.

‚ ¬®¤¥«¨ split-merge ®¡á«ã¦¨¢�−¨¥ ®ç¥à¥¤−®© §�ï¢ª¨ Z −¥ −�ç−¥âáï, ¯®ª�
−¥ ¡ã¤ãâ ®¡à�¡®â�−ë ¢á¥ ¯®¤§�ï¢ª¨ ¯à¥¤ë¤ãé¥© §�ï¢ª¨. ’�ª¨¬ ®¡à�§®¬, ¢à¥¬ï
®¡á«ã¦¨¢�−¨ï æ¥«®© §�ï¢ª¨ ¢ á¨áâ¥¬¥ | íâ® ¬�ªá¨¬ã¬ ¨§ ¢à¥¬¥−T ′

i ®¡á«ã¦¨¢�−¨ï
ª�¦¤®© ¥¥ ¯®¤§�ï¢ª¨, ¯à¨ç¥¬ T ′

i −¥§�¢¨á¨¬ë ¬¥¦¤ã á®¡®©. ‡−�ç¨â, áà¥¤−¥¥ ¢à¥¬ï
®¡á«ã¦¨¢�−¨ï §�ï¢ª¨ | íâ® ¯à®áâ® áà¥¤−¨© ¬�ªá¨¬ã¬ ¢à¥¬¥− ®¡á«ã¦¨¢�−¨ï ¥¥
¯®¤§�ï¢®ª.

�¤¨− ¨§ ïàª¨å ¯à¨¬¥à®¢ ¯à¨¬¥−¥−¨ï ¬®¤¥«¥© fork-join ¨ split-merge | ®¡«�ç-
−ë¥ â¥å−®«®£¨¨. �ãáâì ®¡à�¡®âª� ¤�−−ëå ¯à®¨§¢®¤¨âáï −� ã¤�«¥−−®¬ á¥à¢¥à¥,
¯à¨ç¥¬ ¯à¨¬¥−ï¥âáï ¯�à�««¥«ì−®¥ ¯à®£à�¬¬¨à®¢�−¨¥ ¨ �«£®à¨â¬ à�¡®â�¥â ¢ −¥-
áª®«ìª¨å ¯�à�««¥«ì−ëå ¯®â®ª�å. Ÿá−®, çâ® ¢ ¤�−−®¬ á«ãç�¥ á¨áâ¥¬� ¬®¦¥â
®¯¨áë¢�âìáï ®¤−®© ¨§ íâ¨å ¬®¤¥«¥©. �â¬¥â¨¬ −¥¤�¢−¨¥ à�¡®âë ®â¥ç¥áâ¢¥−−ëå
ãç¥−ëå −� íâã â¥¬ã [13{16].

“¯®¬ï−¥¬ §¤¥áì â¥å−®«®£¨î ¢¨àâã�«¨§�æ¨¨ ¤�−−ëå RAID (Redundant Array
of Inexpensive Disks, Redundant Array of Independent Disks) [17], ª®â®à�ï ®¡ê-
¥¤¨−ï¥â −¥áª®«ìª® ¦¥áâª¨å ¤¨áª®¢ ¢ ®¤¨− «®£¨ç¥áª¨© í«¥¬¥−â ¤«ï ¯®¢ëè¥−¨ï
−�¤¥¦−®áâ¨ ¨ ¯à®¨§¢®¤¨â¥«ì−®áâ¨. �� ¡�§®¢®¬ ãà®¢−¥ RAID 1 ¨¬¥¥âáï ¬�á-
á¨¢ ¨§ ¤¢ãå ¨«¨ ¡®«¥¥ ¤¨áª®¢, ï¢«ïîé¨åáï ¯®«−ë¬¨ ª®¯¨ï¬¨ (§¥àª�«�¬¨) ¤àã£
¤àã£�. ‡�¯¨áì −� ¤¨áª¨ ¯à®¨áå®¤¨â ¯�à�««¥«ì−®, ®¤−®â¨¯−ë¬ ®¡à�§®¬. �à¨
çâ¥−¨¨ ¨−ä®à¬�æ¨î ¬®¦−® ¡à�âì ¯® ç�áâï¬ á à�§−ëå ¤¨áª®¢ ¯�à�««¥«ì−®, çâ®
ãáª®àï¥â ¯à®æ¥áá. ‘¨áâ¥¬� ¨¬¥¥â ¢ëá®ªãî −�¤¥¦−®áâì ¨ à�¡®â�¥â ¤® â¥å ¯®à,
¯®ª� äã−ªæ¨®−¨àã¥â å®âï ¡ë ®¤¨− ¤¨áª ¢ ¬�áá¨¢¥. ’�ª¨¬ ®¡à�§®¬, §¤¥áì ¨¬¥¥â
¬¥áâ® á®ç¥â�−¨¥ −�¤¥¦−®áâ−®© áå¥¬ë á à¥§¥à¢¨à®¢�−¨¥¬ ¨ á¨áâ¥¬ë ¬�áá®¢®£®
®¡á«ã¦¨¢�−¨ï á à�§¤¥«¥−¨¥¬ §�ï¢®ª. �−�«®£¨ç−ë¥ â¥å−®«®£¨¨ ¬®¦−® ¯à¨¬¥−ïâì
¨ ¯à¨ åà�−¥−¨¨ ¨−ä®à¬�æ¨¨ −� −¥áª®«ìª¨å á¥à¢¥à�å, ¢ ¨−â¥à−¥â¥ (§¥àª�«ì−ë¥
á�©âë ¨ ¡�§ë ¤�−−ëå) ¨ ¤à.

’�ª¨¬ ®¡à�§®¬, áâ�−®¢¨âáï ïá−®, çâ® ¢¢¥¤¥−−ë© ®¡ê¥ªâ (áà¥¤−¨¥ ¬�ªá¨¬ã¬ë)
¯à¥¤áâ�¢«ï¥â ¢ëá®ª¨© −�ãç−ë© ¨−â¥à¥á.

�à¨ à¥è¥−¨¨ §�¤�ç¨ ãáâ�−®¢«¥−¨ï £à�−¨æ ¤«ï µn á ª®−¥ç−ë¬¨ áà¥¤−¨¬
¨ ¤¨á¯¥àá¨¥© ¡¥§ ®£à�−¨ç¥−¨ï ®¡é−®áâ¨ ¬®¦−® à�áá¬�âà¨¢�âì á«ãç�© −ã«¥¢®£®
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áà¥¤−¥£® ¨ ¥¤¨−¨ç−®© ¤¨á¯¥àá¨¨. „¥©áâ¢¨â¥«ì−®, ¯ãáâì EX = a, DX = σ2.
�¯à¥¤¥«¨¬ X∗ = (X − a)/σ. ’®£¤� ¤«ï «î¡®£® n > 1 ¢¥à−®

µn(X) = a+ σµn(X
∗)

¨ ¯® £à�−¨æ�¬ µn(X
∗) ¬®¦−® ®¤−®§−�ç−® ®¯à¥¤¥«¨âì £à�−¨æë µn(X).

ˆ§ãç¥−¨¥ £à�−¨æ áà¥¤−¨å ¬�ªá¨¬ã¬®¢ ¨¬¥¥â ¤�¢−îî ¨áâ®à¨î. …é¥ ¢ à�¡®-
â�å [18,19] ¤«ï áâ�−¤�àâ¨§®¢�−−ëå á«ãç�©−ëå ¢¥«¨ç¨− ¡ë«® ¯®«ãç¥−® −¥à�¢¥−-
áâ¢®

0 < µn(X) 6
n− 1√
2n− 1

. (1)

�â¬¥â¨¬, çâ® ¤«ï ¢ëç¨á«¥−¨ï ¨ ®æ¥−®ªµn ¯à¨ ¡®«ìè¨ån¬®¦−® ¨á¯®«ì§®¢�âì
�á¨¬¯â®â¨ç¥áª¨© ¯®¤å®¤, ª®â®àë© ®¡áã¦¤�¥âáï, −�¯à¨¬¥à, ¢ [11, 20]. �¤−�ª®
¯à¨ −¥¡®«ìè¨å n ®− −¥ à�¡®â�¥â.

‚ [21] ¡ë«¨ −�©¤¥−ë £à�−¨æë ¯à¨ ãá«®¢¨ïå EX = 0, E|X|p = 1, p >
> 1. ‚ ®¡®¨å á«ãç�ïå ¢¥àå−¨¥ £à�−¨æë ®ª�§�«¨áì ¤®áâ¨¦¨¬ë¬¨. „�«ì−¥©è¨¥
à¥§ã«ìâ�âë ¡ë«¨ ¯à¥¤áâ�¢«¥−ë â¥¬ ¦¥ �¢â®à®¬ ¢ [2].

Œ®¦−® ã¯®¬ï−ãâì ¨ ¤àã£¨¥, ¡®«¥¥ á®¢à¥¬¥−−ë¥ à�¡®âë −� ¡«¨§ªãî â¥¬�â¨-
ªã. ‚ ç�áâ−®áâ¨, à¥§ã«ìâ�â [22] ® â®ç−®© ¢¥àå−¥© £à�−¨æ¥ áà¥¤−¥£® ¬�ªá¨¬ã¬�
−�¡®à�, ¢®®¡é¥ £®¢®àï, à�§−®à�á¯à¥¤¥«¥−−ëå ¨ §�¢¨á¨¬ëå á«ãç�©−ëå ¢¥«¨ç¨−
X1, . . . ,Xn á ¨§¢¥áâ−ë¬¨ ¬�â¥¬�â¨ç¥áª¨¬¨ ®¦¨¤�−¨ï¬¨ EXi ¨ ¤¨á¯¥àá¨ï¬¨
DXi, à�¡®âã [3] ® £à�−¨æ�å áà¥¤−¨å ¬�ªá¨¬ã¬®¢ ª®àà¥«¨à®¢�−−ëå −®à¬�«ì−ëå
á«ãç�©−ëå ¢¥«¨ç¨−, � â�ª¦¥ à�¡®âë [23, 24] ® £à�−¨æ�å áà¥¤−¨å ¯®àï¤ª®¢ëå
áâ�â¨áâ¨ª ¯à¨ áâ�à¥îé¨å à�á¯à¥¤¥«¥−¨ïå.

‚ à�¡®â¥ [25] ¯à¨¢¥¤¥−� ¢¥àå−ïï £à�−¨æ� ¤«ï µn ¯à¨ ¡®«¥¥ á¨«ì−ëå ®£à�−¨-
ç¥−¨ïå: ªà®¬¥ ãá«®¢¨© EX = 0 ¨ DX = 1 ¯à¥¤¯®«�£�¥âáï, çâ® ¨§¢¥áâ−ë µm

¨ µp, £¤¥ m, p > 1. ‚ íâ®¬ á«ãç�¥ á¯à�¢¥¤«¨¢®:

µn 6 (n − 1)
√

1

2n− 1 − τ ,

£¤¥

τ =

(

m− 1
m+ n− 1 µp −

p− 1
p+ n− 1 µm

)2
/

(

(m− 1)2
2m− 1 µ2p +

+
(p− 1)2
2p− 1 µ2m − 2(m− 1)(p − 1)

m+ p− 1 µpµm

)

.

‡�¬¥â¨¬, çâ® ¯à¨ p = 1 ¨ µ1 = 0 §�¤�ç� á¢®¤¨âáï ª á«ãç�î ¨§¢¥áâ−®£®
áà¥¤−¥£® ¬�ªá¨¬ã¬� ¯® ®¤−®© ¢ë¡®àª¥, � −¥ ¯® ¤¢ã¬, −® ¯à¨¢¥¤¥−−�ï ä®à¬ã«�
¢ íâ®¬ á«ãç�¥, ª á®¦�«¥−¨î, −¥¯à¨¬¥−¨¬�. ƒà�−¨æë µn ¯à¨ â�ª¨å ®£à�−¨ç¥−¨ïå

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 29 −®¬¥à 1 2019 143



„. ‚. ˆ¢�−®¢

−¥§�¢¨á¨¬® ®â [25] ¡ë«¨ ¯®«ãç¥−ë ¢ [26]. �à¨¬¥ç�â¥«ì−®, çâ® ¢ íâ®¬ á«ãç�¥
−�©¤¥−� −¥ â®«ìª® ¢¥àå−ïï £à�−¨æ�, −® ¨ −¨¦−ïï.

ˆâ�ª, á®£«�á−® [26], ¯à¨ n > m ¨¬¥¥¬:

µn 6
n− 1

(m− 1)(n +m− 1)



(2m− 1)µm +

+
n−m

2n− 1

√

(2n − 1)(2m − 1)
(

(m− 1)2
2m− 1 − µ2m

)



 ;

µn > max







µm,
n− 1

(m− 1)(n +m− 1)



(2m− 1)µm −

− n−m

2n− 1

√

(2n− 1)(2m − 1)
(

(m− 1)2
2m− 1 − µ2m

)











.

�à¨ n < m ¨¬¥¥¬:

µn 6 min







µm,
n− 1

(m− 1)(n +m− 1)



(2m− 1)µm +

+
m− n

2n− 1

√

(2n− 1)(2m − 1)
(

(m− 1)2
2m− 1 − µ2m

)











;

µn > max







0,
n− 1

(m− 1)(n +m− 1)



(2m− 1)µm −

− m− n

2n− 1

√

(2n− 1)(2m − 1)
(

(m− 1)2
2m− 1 − µ2m

)











.

�®«¥¥ â®£®, ¢ [26] ¯®ª�§�−®, çâ® ¯à¨ m = 2 ªà¨¢®«¨−¥©−ãî £à�−¨æã ¨§
¢¥àå−¥© ®æ¥−ª¨ µn ¬®¦−® ç�áâ¨ç−® §�¬¥−¨âì ¯àï¬®«¨−¥©−®©:

µn 6 min

{

(n− 1)µ2,
n− 1
n+ 1

(

3µ2 +
n− 2
2n − 1

√

3(2n − 1)
(

1

3
− µ22

)

)}

.

�®âà¥¡−®áâì ¢ ®æ¥−ª¥ ®¤−¨å áà¥¤−¨å ¬�ªá¨¬ã¬®¢ ¯® ¤àã£¨¬ ¬®¦¥â ¢®§−¨ª�âì
¢ à�§«¨ç−ëå ãª�§�−−ëå ¢ëè¥ ¯à¨«®¦¥−¨ïå.
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…á«¨ à¥çì ¨¤¥â ® áâà�å®¢ëå ¨«¨ ä¨−�−á®¢ëå à¨áª�å (á«ãç�©−ëå ¢¥«¨ç¨−�å
¯®â¥àì), ª®â®àë¥ à�−¥¥ ®æ¥−¨¢�«¨áì ¯® ®¤−®© á¨áâ¥¬¥ (áà¥¤−¨å ¬�ªá¨¬ã¬®¢ ám),
� ¯«�−¨àã¥âáï ¯¥à¥©â¨ −� −®¢ãî (áà¥¤−¨å ¬�ªá¨¬ã¬®¢ á n), â® ¢®§−¨ª�¥â ¢®¯à®á,
ª�ª á¨«ì−® ®â íâ®£® ¨§¬¥−ïâáï áâà�å®¢ë¥ ¯à¥¬¨¨ ¨«¨ ä¨−�−á®¢ë¥ à¥è¥−¨ï.
Œ®¦−® «¨ ãâ¢¥à¦¤�âì, çâ® ª�ª¨¥-â® à¨áª¨, áç¨â�¢è¨¥áï à�−¥¥ ¡®«¥¥ ¢ëá®ª¨¬¨,
ç¥¬ ª�ª¨¥-â® ¤àã£¨¥, ¯®-¯à¥¦−¥¬ã ¡ã¤ãâ áç¨â�âìáï ¡®«ìè¨¬¨ ¨«¨ ¨å ¯®àï¤®ª
¬®¦¥â ¨§¬¥−¨âìáï? �ª�§ë¢�¥âáï, ¬®¦¥â ¡ëâì ¯®-à�§−®¬ã ¢ §�¢¨á¨¬®áâ¨ ®â
á®®â−®è¥−¨ï áà¥¤−¨å ¬�ªá¨¬ã¬®¢.

�à¨¬¥−¨â¥«ì−® ª −�¤¥¦−®áâ−ë¬ áå¥¬�¬ á à¥§¥à¢¨à®¢�−¨¥¬ ®æ¥−ª¨ áà¥¤−¨å
¬�ªá¨¬ã¬®¢ ¬®£ãâ ¡ëâì ¯®«¥§−ë ¢ á«ãç�¥, ¥á«¨ ¨¬¥¥âáï áâ�â¨áâ¨ª� ¯® áà¥¤−¥¬ã
¢à¥¬¥−¨ à�¡®âë á¨áâ¥¬ á ¨§¢¥áâ−ë¬ ç¨á«®¬ à¥§¥à¢−ëå í«¥¬¥−â®¢, íâ® ç¨á«®
á®¡¨à�îâáï ¨§¬¥−¨âì ¨ −ã¦−® ®æ¥−¨âì ¢®§¬®¦−ë© íää¥ªâ.

�−�«®£¨ç−® ¢ ¬®¤¥«ïå á à�§¤¥«¥−¨¥¬ §�ï¢®ª à¥çì ¬®¦¥â ¨¤â¨ ®¡ ¨§¬¥−¥−¨¨
ç¨á«� ¯®¤§�ï¢®ª, −� ª®â®àë¥ à�§¤¥«ï¥âáï §�ï¢ª�, ¯à¨ á®åà�−¥−¨¨ à�á¯à¥¤¥«¥-
−¨ï ¢à¥¬¥−¨ ®¡á«ã¦¨¢�−¨ï. ’�ª®¥ ¢®§¬®¦−®, ¥á«¨ à¥çì ¨¤¥â ® ¤ã¡«¨à®¢�−¨¨
®¤−®â¨¯−ëå ®¯¥à�æ¨© (−�¯à¨¬¥à, ¢ â¥å−®«®£¨¨ RAID).

‘ ®¤−®© áâ®à®−ë, ®æ¥−ª¨ áà¥¤−¨å ¬�ªá¨¬ã¬®¢ ¬®£ãâ ¯®ª�§�âìáï £àã¡ë¬¨,
−®, á ¤àã£®© áâ®à®−ë, ®−¨ −¥ âà¥¡ã¥â §−�−¨ï â®ç−®£® à�á¯à¥¤¥«¥−¨ï á«ãç�©−ëå
¢¥«¨ç¨− ¨«¨ ¤�¦¥ ª«�áá� à�á¯à¥¤¥«¥−¨ï, � ®¯¨à�îâáï «¨èì −� ¬®¬¥−â−ë¥
å�à�ªâ¥à¨áâ¨ª¨. ‚ íâ®¬ á¬ëá«¥ ¨å ¬®¦−® áà�¢−¨âì á −¥à�¢¥−áâ¢®¬ —¥¡ëè¥¢�
¨ ¥£® à�§−®®¡à�§−ë¬¨ �−�«®£�¬¨, ¨§¢¥áâ−ë¬¨ ¢ â¥®à¨¨ ¢¥à®ïâ−®áâ¥©.

‘â®¨â, ®¤−�ª®, ®â¬¥â¨âì, çâ® �¢â®àë à�¡®â [25, 26] −¥ ª�á�«¨áì ¢®¯à®á�
¤®áâ¨¦¨¬®áâ¨ £à�−¨æ ¨ ¨å â®ç−®áâ¨. ��áâ®ïé�ï à�¡®â� ¯à¨§¢�−� ¯® ¢®§¬®¦−®áâ¨
¢®á¯®«−¨âì íâ®â ¯à®¡¥«.

„�«¥¥ ¡ã¤¥¬ à�áá¬�âà¨¢�âì á«ãç�©−ë¥ ¢¥«¨ç¨−ë X á EX = 0, DX = 1
¨ ¨§¢¥áâ−ë¬ áà¥¤−¨¬ ¬�ªá¨¬ã¬®¬ µm. �®¯à®¡ã¥¬ ®¯à¥¤¥«¨âì, ¢ ª�ª¨å ¯à¥¤¥«�å
¬®¦¥â ¨§¬¥−ïâìáïµn ¯à¨ à�§«¨ç−ëåµm. �¡®§−�ç¨¬ â®ç−ãî ¢¥àå−îî £à�−¨æãµn

¯à¨ §�¤�−−ëå ãá«®¢¨ïå ç¥à¥§ µn, � â®ç−ãî −¨¦−îî | ç¥à¥§ µ
n
. �ã¤¥¬

â�ª¦¥ ®¡®§−�ç�âì ç¥à¥§ x(F ) äã−ªæ¨î, ®¡à�â−ãî ª äã−ªæ¨¨ à�á¯à¥¤¥«¥−¨ï F
á«ãç�©−®© ¢¥«¨ç¨−ë. �®«¥¥ â®ç−®,

x(u) = inf {t : F (t) > u} .

’®£¤�

µk(X) =

1
∫

0

x(F ) dF k =

1
∫

0

kF k−1x(F ) dF ;

1
∫

0

x(F ) dF = 0 ;

1
∫

0

x2(F ) dF = 1 .































(2)

��áâ®ïé�ï áâ�âìï ¯à®¤®«¦�¥â ¨áá«¥¤®¢�−¨¥ £à�−¨æ áà¥¤−¨å ¬�ªá¨¬ã¬®¢ ¯à¨
§�¤�−−ëå ãá«®¢¨ïå. ‚ ç�áâ−®áâ¨, ¯à¨¢¥¤¥−ë ¨ ¤®ª�§�−ë ãá«®¢¨ï ¤®áâ¨¦¨¬®áâ¨
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£à�−¨æ, ¯®«ãç¥−−ëå ¢ [26]. ‚ á«ãç�¥, ª®£¤� íâ¨ ãá«®¢¨ï −¥ ¢ë¯®«−ïîâáï,
¯à¥¤«®¦¥− ¯®¤å®¤ ª ãâ®ç−¥−¨î £à�−¨æ, � ¨¬¥−−®: ®æ¥−ª� á−¨§ã ¤«ï ¢¥àå−¥©
£à�−¨æë ¨ ®æ¥−ª� á¢¥àåã ¤«ï −¨¦−¥© £à�−¨æë.

2 Достижимость границ

‚ á¨«ã (2) §�¤�ç� −� íªáâà¥¬ã¬ëµn ¯à¨ ¨§¢¥áâ−®¬ µm, −ã«¥¢®¬ áà¥¤−¥¬ ¨ ¥¤¨-
−¨ç−®© ¤¨á¯¥àá¨¨ ¬®¦¥â à�áá¬�âà¨¢�âìáï ª�ª §�¤�ç� ¢�à¨�æ¨®−−®£® ¨áç¨á«¥−¨ï
®â−®á¨â¥«ì−® äã−ªæ¨¨ x(F ) ¨ à¥è�âìáï ¬¥â®¤®¬ ¬−®¦¨â¥«¥© ‹�£à�−¦�.

‘®£«�á−® à¥§ã«ìâ�âã [26] íªáâà¥¬�«¨ ¤«ï µn ¨¬¥îâ ¢¨¤:

x(F ) = a
(

1− nFn−1
)

+ b
(

1−mFm−1
)

, (3)

£¤¥ «¨¡®

a = − n+m− 1
(n− 1)(m− 1)

√

(2n− 1)(2m − 1)
(n−m)2

(

(m− 1)2
2m− 1 − µ2m

)

; (4)

b =
2m− 1
(m− 1)2

(

−µm +

√

(2n− 1)(2m − 1)
(n−m)2

(

(m− 1)2
2m− 1 − µ2m

)

)

, (5)

«¨¡®

a =
n+m− 1

(n− 1)(m− 1)

√

(2n − 1)(2m− 1)
(n−m)2

(

(m− 1)2
2m− 1 − µ2m

)

; (6)

b =
2m− 1
(m− 1)2

(

−µm −
√

(2n− 1)(2m − 1)
(n−m)2

(

(m− 1)2
2m− 1 − µ2m

)

)

. (7)

‘®®â¢¥âáâ¢ãîé¨¥ ¢¥àå−¥¥ ¨ −¨¦−¥¥ §−�ç¥−¨ï µn §�¯¨áë¢�îâáï á«¥¤ãîé¨¬ ®¡à�-
§®¬:

µn = −a(n− 1)2
2n− 1 −b(n− 1)(m − 1)

n+m− 1 =
n− 1

(m− 1)(n +m− 1)



(2m− 1)µm ±

± |n−m|
√

2m− 1
2n− 1

(

(m− 1)2
2m− 1 − µ2m

)



 . (8)

‚�¦−® ®â¬¥â¨âì, çâ® ¯®«ãç¥−−®¥ ¢ëà�¦¥−¨¥ (8) | ¤¥©áâ¢¨â¥«ì−® ¢¥àå−ïï
(−¨¦−ïï) £à�−ì ¤«ï áà¥¤−¥£® ¬�ªá¨¬ã¬� ¨§ n ¢¥«¨ç¨−, â. ¥. £«®¡�«ì−ë© íªáâà¥-
¬ã¬. �â® â�ª¦¥ ¡ë«® ¯®ª�§�−® ¢ [26] á ¯®¬®éìî −¥à�¢¥−áâ¢� Š®è¨{�ã−ïª®¢áª®-
£®. �¤−�ª® ¬¥â®¤ ‹�£à�−¦� ¯à¨¬¥−ï¥âáï ¡¥§ ãç¥â� ¢¥à®ïâ−®áâ−®£® á¬ëá«�, â�ª
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çâ® ¢ëà�¦¥−¨¥ (3) −¥®¡ï§�â¥«ì−® §�¤�¥â ¢¥à®ïâ−®áâ−®¥ à�á¯à¥¤¥«¥−¨¥: ¤«ï íâ®£®
−¥®¡å®¤¨¬®, çâ®¡ë äã−ªæ¨ï x(F ) −¥ ã¡ë¢�«� ¯® F . ‚ëïá−¨¬, ª®£¤� íâ® â�ª.

…á«¨ ¯®¤áâ�¢¨âì ¢ëà�¦¥−¨ï ¤«ï a ¨ b ¢ (8), â® áâ�−¥â ¯®−ïâ−®, çâ® ¢¥àå−ïï
£à�−ì ¯®«ãç�¥âáï, ª®£¤� a ¨ b §�¤�îâáï ä®à¬ã«�¬¨ (4) ¨ (5), � −¨¦−ïï | ª®£¤�
®−¨ §�¤�îâáï ä®à¬ã«�¬¨ (6) ¨ (7). ‘¯à�¢¥¤«¨¢ë á«¥¤ãîé¨¥ â¥®à¥¬ë.

’¥®à¥¬� 1. �ãáâì m < n. ’®£¤� ¥á«¨

µm ∈
[

(m− 1)
√
2n− 1

(n+m− 1) ,
m− 1√
2m− 1

]

,

â®

µn =
n− 1

(m− 1)(n +m− 1)



(2m− 1)µm +

+
n−m

2n − 1

√

(2n− 1)(2m − 1)
(

(m− 1)2
2m− 1 − µ2m

)



 .

…á«¨ ¦¥

µm∈
[

(m− 1)(n + 2m− 1)
√
2n− 1

√

(2m− 1)(n +m− 1)(1 + 2m2 − 3m− 3n+ 6mn+ 2n2)
,
m− 1√
2m− 1

]

,

â®

µ
n
=

n− 1
(m− 1)(n +m− 1)



(2m− 1)µm −

− n−m

2n − 1

√

(2n− 1)(2m − 1)
(

(m− 1)2
2m− 1 − µ2m

)



 .

„ ® ª � § � â ¥ « ì á â ¢ ® . Š®«ì áª®à® x(F ) | ¬−®£®ç«¥−, íâ� äã−ªæ¨ï ï¢«ï¥âáï
¢áî¤ã ¤¨ää¥à¥−æ¨àã¥¬®©. ‚ë¯¨è¥¬ ãá«®¢¨¥ −¥®âà¨æ�â¥«ì−®áâ¨ ¥¥ ¯à®¨§¢®¤-
−®©:

x′(F ) = −an(n− 1)Fn−2 − bm(m− 1)Fm−2 =

= −Fm−2
(

an(n− 1)Fn−m + bm(m− 1)
)

> 0 .
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”ã−ªæ¨ï an(n− 1)Fn−m + bm(m− 1) ¬®−®â®−−� ¯® F ¯à¨ F ∈ [0, 1]. �®íâ®¬ã
¤«ï â®£®, çâ®¡ë x′(F ) > 0 −� [0, 1], −¥®¡å®¤¨¬® ¨ ¤®áâ�â®ç−®, çâ®¡ë

an(n− 1) + bm(m− 1) 6 0 ;

bm(m− 1) 6 0 .

Š�ª ã¦¥ ¡ë«® ®â¬¥ç¥−®, ¢¥«¨ç¨−¥ µn á®®â¢¥âáâ¢ãîâ a ¨ b, §�¤�¢�¥¬ë¥
ä®à¬ã«�¬¨ (4) ¨ (5). �®¤áâ�¢¨¢ ¢ëà�¦¥−¨ï (4) ¨ (5), ¯®«ãç¨¬ á¨áâ¥¬ã −¥à�¢¥−áâ¢
−� µm:

mµm(1− 2m)− (n+ 2m− 1)
√

(2n− 1) (1 +m2 + µ2m − 2m (1 + µ2m))
m− 1 6 0;

m(2m− 1)
m− 1

(

−µm +

√

(2n− 1)(2m − 1)
(n−m)2

(

(m− 1)2
2m− 1 − µ2m

)

)

6 0.

‡�¬¥â¨¬, çâ® ¢ á¨«ã â®£®, çâ® n > m > 1 ¨ µm > 0, ¯¥à¢®¥ −¥à�¢¥−áâ¢® ¢¥à−®
¢á¥£¤�. ‚â®à®¥ ¦¥ −¥à�¢¥−áâ¢® íª¢¨¢�«¥−â−®

µm >

√

(2n − 1)(2m− 1)
(n−m)2

(

(m− 1)2
2m− 1 − µ2m

)

.

÷�§à¥è¨¢ ¥£®, ¯®«ãç¨¬ ¨áª®¬ë© ¤¨�¯�§®− ¤«ï µm, á®®â¢¥âáâ¢ãîé¨© ¢¥àå−¥©
£à�−¨æ¥.

—â® ª�á�¥âáï −¨¦−¥© £à�−¨æë µ
n
, â® ¥© á®®â¢¥âáâ¢ãîâ a ¨ b, §�¤�¢�¥¬ë¥

ä®à¬ã«�¬¨ (6) ¨ (7). �®¤áâ�¢¨¬ ¢ëà�¦¥−¨ï (6) ¨ (7) ¢ á¨áâ¥¬ã ¨ ¯®«ãç¨¬ −®¢ãî
á¨áâ¥¬ã −¥à�¢¥−áâ¢ −� µm:

mµm(1− 2m) + (n+ 2m− 1)
√

(2n− 1) (1 +m2 + µ2m − 2m(1 + µ2m))
m− 1 6 0 ;

m(2m− 1)
m− 1

(

−µm −
√

(2n − 1)(2m − 1)
(n −m)2

(

(m− 1)2
2m− 1 − µ2m

)

)

6 0 .

‡�¬¥â¨¬, çâ® ¢ á¨«ã â®£®, çâ® n > m > 1 ¨ µm > 0, ¢â®à®¥ −¥à�¢¥−áâ¢® ¢¥à−®
¢á¥£¤�. �¥à¢®¥ ¦¥ −¥à�¢¥−áâ¢® íª¢¨¢�«¥−â−®

m(2m− 1)
n+ 2m− 1µm >

√

(2n − 1) (1 +m2 + µ2m − 2m(1 + µ2m)) .

÷�§à¥è¨¢ ¥£®, ¯®«ãç¨¬ ¨áª®¬ë© ¤¨�¯�§®− ¤«ï µm, á®®â¢¥âáâ¢ãîé¨© −¨¦−¥©
£à�−¨æ¥. ’¥®à¥¬� ¤®ª�§�−�. �
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’¥®à¥¬� 2. …á«¨ m > n ¨

µm∈
[

(m− 1)(n + 2m− 1)
√
2n− 1

√

(2m− 1)(n +m− 1)(1 + 2m2 − 3m− 3n+ 6mn+ 2n2)
,
m− 1√
2m− 1

]

,

â®

µn =
n− 1

(m− 1)(n +m− 1)



(2m− 1)µm +

+
m− n

2n − 1

√

(2n− 1)(2m − 1)
(

(m− 1)2
2m− 1 − µ2m

)



 .

�¨¦−ïï ¦¥ £à�−¨æ�

µ
n
=

n− 1
(m− 1)(n +m− 1)



(2m− 1)µm −

− m− n

2n− 1

√

(2n − 1)(2m− 1)
(

(m− 1)2
2m− 1 − µ2m

)





¤®áâ¨£�¥âáï «¨èì ¤«ï ¬�ªá¨¬�«ì−®£® §−�ç¥−¨ï

µm =
m− 1√
2m− 1

.

„ ® ª � § � â ¥ « ì á â ¢ ® . Š®«ì áª®à® x(F ) | ¬−®£®ç«¥−, íâ� äã−ªæ¨ï ï¢«ï¥âáï
¢áî¤ã ¤¨ää¥à¥−æ¨àã¥¬®©. ‚ë¯¨è¥¬ ãá«®¢¨¥ −¥®âà¨æ�â¥«ì−®áâ¨ ¥¥ ¯à®¨§¢®¤-
−®©:

x′(F ) = −an(n− 1)Fn−2 − bm(m− 1)Fm−2 =

= −Fn−2
(

an(n− 1) + bm(m− 1)Fm−n
)

.

”ã−ªæ¨ï an(n− 1) + bm(m− 1)Fm−n ¬®−®â®−−� ¯® F ¯à¨ F ∈ [0, 1]. �®íâ®¬ã
¤«ï â®£®, çâ®¡ë x′(F ) > 0 −� [0, 1], −¥®¡å®¤¨¬® ¨ ¤®áâ�â®ç−®, çâ®¡ë

an(n− 1) + bm(m− 1) 6 0 ;

an(n− 1) 6 0 .

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 29 −®¬¥à 1 2019 149



„. ‚. ˆ¢�−®¢

’�¡«¨æ� 1 �®à®£®¢ë¥ §−�ç¥−¨ï ¤«ï ¢¥àå−¨å £à�−¨æ (µ
n
)

m
n

3 4 5

2

√
5

4
≈ 0,559

√
7

5
≈ 0,529 0, 5

3 |

√
7

3
≈ 0,882 6

7
≈ 0,857

’�¡«¨æ� 2 �®à®£®¢ë¥ §−�ç¥−¨ï ¤«ï −¨¦−¨å £à�−¨æ (µ
n

)

m
n

3 4 5

2

√
5

4
≈ 0,559 7

√

7

1065
≈ 0,568 4

7
≈ 0, 571

3 | 3

√

7

85
≈ 0,861 4√

21
≈ 0,873

„�«ì−¥©è¥¥ ¤®ª�§�â¥«ìáâ¢® ¯®¢â®àï¥â è�£¨ ¤®ª�§�â¥«ìáâ¢� â¥®à¥¬ë 1, � ¨¬¥−−®:
¤«ï ¯®«ãç¥−¨ï ¤¨�¯�§®−� µm ¤«ï ¤®áâ¨¦¨¬®áâ¨ ¢¥àå−¥© £à�−¨æë à�§à¥è¨¬
á¨áâ¥¬ã, ¯®¤áâ�¢¨¢ ¢ëà�¦¥−¨ï (4) ¨ (5) ¤«ï a ¨ b. „«ï ¯®«ãç¥−¨ï ¤¨�¯�§®−� µm

¤«ï ¤®áâ¨¦¨¬®áâ¨ −¨¦−¥© £à�−¨æë à�§à¥è¨¬ á¨áâ¥¬ã, ¯®¤áâ�¢¨¢ ¢ëà�¦¥−¨ï (6)
¨ (7) ¤«ï a ¨ b. ’¥®à¥¬� ¤®ª�§�−�. �

�â¬¥â¨¬, çâ® ¯à�¢ë¥ ª®−æë ¯à®¬¥¦ãâª®¢ µm, −� ª®â®àëå ¤®áâ¨£�îâáï
£à�−¨æë, á®¢¯�¤�îâ á ¢¥àå−¥© ®æ¥−ª®© µm, ¯®«ãç¥−−®© ¢ [18,19]. ’�ª¨¬ ®¡à�§®¬,
¯à¨ ¢áïª®¬ m áãé¥áâ¢ãîâ ¯®à®£®¢ë¥ §−�ç¥−¨ï �µm (¤«ï ¢¥àå−¥© £à�−¨æë) ¨ �µm

(¤«ï −¨¦−¥© £à�−¨æë) â�ª¨¥, çâ® ¤«ï ¢á¥å µm, ¯à¥¢®áå®¤ïé¨å ¨«¨ à�¢−ëå �µm

(�µm), ¬®¦−® £®¢®à¨âì ® ¤®áâ¨¦¨¬®áâ¨ ¢¥àå−¥© (−¨¦−¥©) £à�−¨æë, ¯®«ãç¥−−®©
¢ [26].

‚ â�¡«. 1 ¨ 2 ¯à¥¤áâ�¢«¥−ë ¯®à®£®¢ë¥ §−�ç¥−¨ï ¤«ï ¤®áâ¨¦¨¬®áâ¨ ¢¥àå−¥©
¨ −¨¦−¥© £à�−¨æ ¯à¨ m ∈ {2, 3}, n ∈ {3, 4, 5}. ‚ ç�áâ−®áâ¨, ¯à¨ m = 2 ¨ n = 3
¯®à®£®¢ë¥ §−�ç¥−¨ï ¤«ï ¢¥àå−¥© ¨ −¨¦−¥© £à�−¨æ á®¢¯�¤�îâ ¨ à�¢−ë

√
5/4,

®¤−�ª® ¢ ®¡é¥¬ á«ãç�¥ íâ® −¥ â�ª.

3 Уточнение границ

�âªàëâë¬ ®áâ�¥âáï ¢®¯à®á ® â®¬, çâ® ¯à®¨áå®¤¨â, ¥á«¨ ãá«®¢¨ï â¥®à¥¬ −¥
¢ë¯®«−ïîâáï. �¯â¨¬�«ì−®¥ à¥è¥−¨¥ x(F ), ¯®«ãç¥−−®¥ ¬¥â®¤®¬ ¢�à¨�æ¨®−−®£®
¨áç¨á«¥−¨ï, ¨¬¥¥â ¢¨¤ ¬−®£®ç«¥−� (3) −� ®âà¥§ª¥ [0, 1], ª®â®àë©, ª á®¦�«¥−¨î,
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¬®¦¥â ª�ª ¢®§à�áâ�âì, â�ª ¨ ã¡ë¢�âì, â®£¤� ª�ª ¢¥à®ïâ−®áâ−ë© á¬ëá« ¨¬¥¥â
â®«ìª® ¢®§à�áâ�îé�ï ¢¥â¢ì. ‚ á¢ï§¨ á íâ¨¬ ¤«ï ¯®«ãç¥−¨ï ¤�«ì−¥©è¨å ®æ¥−®ª
¯à¥¤«�£�¥âáï §�¬¥−¨âì ã¡ë¢�îéãî ç�áâì ª®−áâ�−â®©.

��§®¢¥¬ ¡�§®¢®© á«ãç�©−ãî ¢¥«¨ç¨−ã X0, ¯à¨−¨¬�îéãî §−�ç¥−¨ï ®â 0 ¤® 1.
’®£¤� ¤«ï ¥¥ ®¡à�â−®© äã−ªæ¨¨ à�á¯à¥¤¥«¥−¨ï á¯à�¢¥¤«¨¢®

x0(0) = 0 ; x0(1) = 1 .

�¯à¥¤¥«¨¬

X =
X0 −EX0√
DX0

, (9)

â®£¤� á«ãç�©−�ï ¢¥«¨ç¨−� X ¯à¨−¨¬�¥â §−�ç¥−¨ï −� −¥ª®â®à®¬ ª®−¥ç−®¬ ®âà¥§ª¥
¨ EX = 0, DX = 1. �® ¢¥à−® ¨ ®¡à�â−®¥: «î¡�ï á«ãç�©−�ï ¢¥«¨ç¨−� X,
¯à¨−¨¬�îé�ï §−�ç¥−¨ï −� −¥ª®â®à®¬ ª®−¥ç−®¬ ®âà¥§ª¥ ¨ â�ª�ï, çâ® EX = 0,
DX = 1, ¯à¥¤áâ�¢¨¬� ¢ ¢¨¤¥ (9) á −¥ª®â®à®© ¡�§®¢®© á«ãç�©−®© ¢¥«¨ç¨−®© X0,
¯à¨ íâ®¬

µn(X) =
µn(X

0)−EX0√
DX0

. (10)

�®íâ®¬ã ã¤®¡−® ¨áá«¥¤®¢�âì ¡�§®¢ë¥ á«ãç�©−ë¥ ¢¥«¨ç¨−ë, � ¯®â®¬ ¯¥à¥áç¨âë-
¢�âì ¤«ï −¨å áà¥¤−¨¥ ¬�ªá¨¬ã¬ë ¯® ä®à¬ã«¥ (10).

„�«¥¥ ¡ã¤¥¬ à�áá¬�âà¨¢�âì á«ãç�©m < n. „®ª�¦¥¬ á«¥¤ãîé¥¥ ãâ¢¥à¦¤¥−¨¥.

’¥®à¥¬� 3. I. �ãáâì

α(a,m, n) = −a2(m+n)(m− 1)(n − 1)(n −m)2 − 2am+2nn(n− 1)(n −m) +

+ 2a2m+nm(m− 1)(n −m)− 2a
m+nmn(m− 1)(n − 1)

m+ n− 1 +

+
a2nn2(m− 1)(n − 1)

2m− 1 +
a2mm2(m− 1)(n − 1)

2n− 1 +

+
2a2(m+n)−1m2n2(n−m)2(2m+ 2n − 3)

(2m− 1)(2n − 1)(m+ n− 1) ;

β(a,m, n) =

=

√

(m− 1)(n − 1)
α(a,m, n)

sgn
{

am+1(m− 1)− an+1(n− 1) + am+n(n−m)
}

,

£¤¥ äã−ªæ¨ï sgn(·) ®¡®§−�ç�¥â §−�ª. Šà®¬¥ â®£®, ¯ãáâì
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�µ(a,m, n, k) =
β(a,m, n)

(k +m− 1)(k + n− 1)
(

amm(k − 1)(k +m− 1)−

− ann(k − 1)(k + n− 1) + am+n(n−m)(k +m− 1)(k + n− 1)−
− ak+m+n−1mn(n−m)

)

.

’®£¤� ¯à¨ µm = �µ(a,m, n,m) á¯à�¢¥¤«¨¢®

µn > �µ(a,m, n, n) .

II. �ãáâì

δ(a,m, n) = 1− a−
(

a(m− 1)(n − 1)
mn

− 1
)2

+

+
a
(

5 +m(2m− 7)− 7n+ 6mn+ 2n2
)

(2m− 1)(2n − 1)(m+ n− 1) ;

�µ(a,m, n, k) =
(m− 1)(n− 1)
√

δ(a,m, n)

(

a

mn
− ak

(k +m− 1)(k + n− 1)

)

.

’®£¤� ¯à¨ µm = �µ(a,m, n,m) á¯à�¢¥¤«¨¢®

µ
n

6 �µ(a,m, n, n) .

„ ® ª � § � â ¥ « ì á â ¢ ® . ‘®£«�á−® (3) íªáâà¥¬�«¨ §�¤�ç¨ ‹�£à�−¦� ¨¬¥îâ ¢¨¤
¬−®£®ç«¥−®¢:

ϕ(F ) = c0 + c1F
m−1 + c2F

n−1,

ª®â®àë¥, ¢®®¡é¥ £®¢®àï, −¥®¡ï§�â¥«ì−® −¥ ã¡ë¢�îâ −� ®âà¥§ª¥ [0, 1]. �®á¬®âà¨¬
−� íâ¨ ¬−®£®ç«¥−ë ¯®¡«¨¦¥. �ã¤¥¬ áç¨â�âì, çâ® c2 6= 0.

ˆ¬¥¥¬:

ϕ′(F ) = c1(m− 1)Fm−2 + c2(n− 1)Fn−2 =

= Fm−2
(

c1(m− 1) + c2(n− 1)Fn−m
)

; (11)

ϕ′′(F ) = c1(m− 1)(m− 2)Fm−3 + c2(n− 1)(n − 2)Fn−3 =

= Fm−3
(

c1(m− 1)(m − 2) + c2(n− 1)(n − 2)Fn−m
)

. (12)

ˆ§ (11) á«¥¤ã¥â, çâ® ã äã−ªæ¨¨ ϕ(F ) ¬®¦¥â ¡ëâì «¨èì ®¤−� â®çª� «®ª�«ì−®£®
íªáâà¥¬ã¬� F0 > 0: «¨¡® ¬�ªá¨¬ã¬, «¨¡® ¬¨−¨¬ã¬. ÷�¢¥−áâ¢® (12), ¢ á¢®î
®ç¥à¥¤ì, ®§−�ç�¥â, çâ® ã äã−ªæ¨¨ ϕ(F ) −� ¯®«®¦¨â¥«ì−®© ¯®«ã®á¨ ¥áâì «¨èì
®¤−� â®çª� ¯¥à¥£¨¡�, ¯à¨ç¥¬ ®−� −¥ á®¢¯�¤�¥â á «®ª�«ì−ë¬ íªáâà¥¬ã¬®¬.

÷�áá¬®âà¨¬ ¤¢� ª«�áá� ¢á¯®¬®£�â¥«ì−ëå ¡�§®¢ëå äã−ªæ¨©.
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�¥à¢ë© ª«�áá ®å¢�âë¢�¥â â¥ á¨âã�æ¨¨, ª®£¤� ã ¡�§®¢®© äã−ªæ¨¨ ϕ(F ) «®-
ª�«ì−ë© ¬¨−¨¬ã¬ ¢ â®çª¥ F = a ∈ (0, 1):

(A) :







ϕ1(a) = 0 ;

ϕ′
1(a) = 0 ;

ϕ1(1) = 1 .

‚â®à®© ª«�áá á®®â¢¥âáâ¢ã¥â ¡�§®¢ë¬ äã−ªæ¨ï¬ ϕ(F ) á «®ª�«ì−ë¬ ¬�ªá¨¬ã-
¬®¬ ¢ â®çª¥ F = a ∈ (0, 1):

(B) :







ϕ2(0) = 0 ;

ϕ2(a) = 1 ;

ϕ′
2(a) = 0 .

‚ ®¡¥¨å á¨âã�æ¨ïå ¨§ á¨áâ¥¬ë ãá«®¢¨© ¬®¦−® ¢ë¢¥áâ¨ ä®à¬ã«ë ¤«ï ª®íä-
ä¨æ¨¥−â®¢ c0, c1 ¨ cn−1. ’�ª, ¢ á«ãç�¥ (A) ¯®«ãç�¥¬, çâ®

ϕ1(a,m, n, F ) =
am+n(n −m)− (n− 1)an+1Fm−1 + (m− 1)am+1Fn−1

(m− 1)am+1 − (n− 1)an+1 + am+n(n−m)
,

� ¢ á«ãç�¥ (B)|

ϕ2(a,m, n, F ) =
(n− 1)Fm−1

(n−m)am−1 −
(m− 1)Fn−1

(n−m)an−1 .

ˆ§«®¦¥−−ë¥ à�ááã¦¤¥−¨ï ¯®¡ã¦¤�îâ à�áá¬®âà¥âì ¤¢� ª«�áá� ¢¥à®ïâ−®áâ−ëå
à�á¯à¥¤¥«¥−¨©, §�¤�¢�¥¬ëå ®¡à�â−ë¬¨ äã−ªæ¨ï¬¨ à�á¯à¥¤¥«¥−¨ï.

‚¥àå−ïï £à�−¨æ�. „«ï ¯¥à¢®£® ª«�áá� á«ãç�©−ëå ¢¥«¨ç¨−, ãâ®ç−ïîé¥£®
¢¥àå−îî £à�−¨æã µn, ¨¬¥¥¬

(A) : x01(a,m, n, F ) =

{

0, 0 6 F 6 a ;

ϕ1(a,m, n, F ), a 6 F 6 1 .

„«ï −�£«ï¤−®áâ¨ ¯à¥¤áâ�¢¨¬ £à�ä¨ª¨ (à¨á. 1) ®¡à�â−®© äã−ªæ¨¨ à�á¯à¥¤¥-
«¥−¨ï á«ãç�©−®© ¢¥«¨ç¨−ë X1 ¤«ï (m,n, a) = (2, 3, 0,5) ¨ (m,n, a) = (2, 4, 0,5).
�ã−ªâ¨à®¬ ®â¬¥ç¥−® ¯à®¤®«¦¥−¨¥ äã−ªæ¨¨ ϕ1(a,m, n, F ) â�¬, £¤¥ ®−� §�¬¥−¥−�
−ã«¥¬.

„«ï á«ãç�©−®© ¢¥«¨ç¨−ë á íâ¨¬ ¢¥à®ïâ−®áâ−ë¬ à�á¯à¥¤¥«¥−¨¥¬ á¯à�¢¥¤«¨¢®

EX01 (a,m, n) =

1
∫

0

x01(a,m, n, F ) dF =

1
∫

a

ϕ1(a,m, n, F ) dF =

=
mn(n−m)(1− a)am+n− n(n− 1)an+1(1− am) +m(m− 1)am+1(1− an)

mn((m− 1)am+1 − (n− 1)an+1 + am+n(n−m))
;
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÷¨á. 1 ƒà�ä¨ª¨ ®¡à�â−®© äã−ªæ¨¨ à�á¯à¥¤¥«¥−¨ï á«ãç�©−®© ¢¥«¨ç¨−ë X1 ¤«ï
(m,n, a) = (2, 3, 0,5) (�) ¨ (m,n, a) = (2, 4, 0,5) (¡)

DX01 (a,m, n) =

1
∫

0

(

x01(a,m, n, F )
)2
dF −

(

EX01 (a,m, n)
)2
=

=

1
∫

a

(ϕ1(a,m, n, F ))
2 dF −

(

EX01 (a,m, n)
)2
=

=
(m− 1)(n − 1)α(a,m, n)

(

mn(am(m− 1) + an(1− n+ am−1(n−m)))
)2 ;

µk

(

X01 (a,m, n)
)

=

1
∫

0

kF k−1x01(a,m, n, F ) dF =

1
∫

a

kF k−1ϕ1(a,m, n, F ) dF =

= k

(

− an+1(n− 1)
k +m− 1 +

am+1(m− 1)
k + n− 1 − ak+m+n(m− 1)(n − 1)(n −m)

k(k +m− 1)(k + n− 1) +

+
am+n(n−m)

k

)/

(

(m− 1)am+1 − (n− 1)an+1 + am+n(n−m)
)

.

�® ¯®ª� à�áá¬®âà¥−� «¨èì ¡�§®¢�ï á«ãç�©−�ï ¢¥«¨ç¨−� X01 . �¨ª�ª¨å ®£à�-
−¨ç¥−¨© −� ¬�â¥¬�â¨ç¥áª®¥ ®¦¨¤�−¨¥ ¨ ¤¨á¯¥àá¨î −¥ −�ª«�¤ë¢�¥âáï, ¢ â® ¢à¥¬ï
ª�ª ¨áå®¤−�ï §�¤�ç� áä®à¬ã«¨à®¢�−� ¤«ï áâ�−¤�àâ¨§®¢�−−ëå ¢¥«¨ç¨−. ÷�áá¬®â-

à¨¬ á«ãç�©−ãî ¢¥«¨ç¨−ã X1 = (X
0
1 −EX01 )/

√

DX01 . �−� áâ�−¤�àâ¨§®¢�−�,
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� áà¥¤−¨¥ ¬�ªá¨¬ã¬ë ¤«ï −¥¥ ¯®«ãç�îâáï ¨§ áà¥¤−¨å ¬�ªá¨¬ã¬®¢ ¤«ï X01 â¥¬ ¦¥
«¨−¥©−ë¬ ¯à¥®¡à�§®¢�−¨¥¬, çâ® ¨ á�¬� X1 ¯®«ãç�¥âáï ¨§ X01 :

µk (X1(a,m, n)) =
µk

(

X01 (a,m, n)
)

−EX01 (a,m, n)
√

DX01 (a,m, n)
.

‚ëç¨á«¨¢ §−�ç¥−¨¥ íâ®£® ¢ëà�¦¥−¨ï, ¯®«ãç¨¬ ¢ â®ç−®áâ¨ ®æ¥−ªã ¤«ï ¢¥àå−¥©
£à�−¨æë ¨§ ãá«®¢¨ï â¥®à¥¬ë, � ¨¬¥−−®:

µm (X1(a,m, n)) = �µ(a,m, n,m) ;

µn (X1(a,m, n)) = �µ(a,m, n, n) .

’�ª¨¬ ®¡à�§®¬, ¯à¥¤êï¢«¥−� á«ãç�©−�ï ¢¥«¨ç¨−� X1 á µm(X1) ¨§ ãá«®-
¢¨ï â¥®à¥¬ë, ¤«ï ª®â®à®© §−�ç¥−¨¥ µn(X1) á®¢¯�¤�¥â á ®æ¥−ª®© ¤«ï ¢¥àå−¥©
£à�−¨æë µn(X1). �®á«¥¤−¥¥ ¤®ª�§ë¢�¥â ç�áâì I â¥®à¥¬ë.

�¨¦−ïï £à�−¨æ�. „«ï á«ãç�©−ëå ¢¥«¨ç¨− ¨§ ¢â®à®£® ª«�áá� ¢ á¢®î ®ç¥à¥¤ì
á¯à�¢¥¤«¨¢®

(B) : x02(a,m, n, F ) =

{

ϕ2(a,m, n, F ), 0 6 F 6 a ;

1, a 6 F 6 1 .

„«ï −�£«ï¤−®áâ¨ ¯à¥¤áâ�¢¨¬ £à�ä¨ª¨ (à¨á. 2) ®¡à�â−®© äã−ªæ¨¨ à�á¯à¥¤¥-
«¥−¨ï á«ãç�©−®© ¢¥«¨ç¨−ë X2 ¤«ï (m,n, a) = (2, 3, 0,5) ¨ (m,n, a) = (2, 4, 0,5).
�ã−ªâ¨à®¬ ®â¬¥ç¥−® ¯à®¤®«¦¥−¨¥ äã−ªæ¨¨ ϕ2(a,m, n, F ) â�¬, £¤¥ ®−� §�¬¥−¥−�
¥¤¨−¨æ¥©.

÷¨á. 2 ƒà�ä¨ª¨ ®¡à�â−®© äã−ªæ¨¨ à�á¯à¥¤¥«¥−¨ï á«ãç�©−®© ¢¥«¨ç¨−ë X2 ¤«ï
(m,n, a) = (2, 3, 0,5) (�) ¨ (m,n, a) = (2, 4, 0,5) (¡)

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 29 −®¬¥à 1 2019 155



„. ‚. ˆ¢�−®¢

„«ï á«ãç�©−®© ¢¥«¨ç¨−ë á íâ¨¬ ¢¥à®ïâ−®áâ−ë¬ à�á¯à¥¤¥«¥−¨¥¬ á¯à�¢¥¤«¨¢®:

EX02 (a,m, n) =

1
∫

0

x02(a,m, n, F ) dF =

=

a
∫

0

ϕ2(a,m, n, F ) dF + 1− a = 1 +
a(m+ n−mn− 1)

mn
;

DX02 (a,m, n) =

1
∫

0

(

x02(a,m, n, F )
)2
dF −

(

EX02 (a,m, n)
)2
=

= 1− a+

a
∫

0

(

ϕ02(a,m, n, F )
)2
dF −

(

EX02 (a,m, n)
)2
= δ(a,m, n) ;

µk

(

X02 (a,m, n)
)

=

1
∫

0

kF k−1x02(a,m, n) dF =

=

a
∫

0

kF k−1ϕ2(a,m, n) + 1− ak = 1− ak(m− 1)(n − 1)
(k +m− 1)(k + n− 1) .

÷�áá¬®âà¨¬ â¥¯¥àì á«ãç�©−ãî ¢¥«¨ç¨−ã X2 = (X
0
2 −EX02 )/

√

DX02 . �−�
áâ�−¤�àâ¨§®¢�−�, � áà¥¤−¨¥ ¬�ªá¨¬ã¬ë ¤«ï −¥¥ ¯®«ãç�îâáï ¨§ áà¥¤−¨å ¬�ªá¨-
¬ã¬®¢ ¤«ï X02 â¥¬ ¦¥ «¨−¥©−ë¬ ¯à¥®¡à�§®¢�−¨¥¬, çâ® ¨ á�¬� X2 ¯®«ãç�¥âáï
¨§ X02 :

µk (X2(a,m, n)) =
µk

(

X02 (a,m, n)
)

−EX02 (a,m, n)
√

DX02 (a,m, n)
=

=
(m− 1)(n − 1)
√

δ(a,m, n)

(

a

mn
− ak

(k +m− 1)(k + n− 1)

)

= �µ(a,m, n, k) .

’�ª¨¬ ®¡à�§®¬, ª�ª ¨ ¢ á«ãç�¥ ¢¥àå−¥© £à�−¨æë, ¯à¥¤êï¢«¥−� á«ãç�©−�ï
¢¥«¨ç¨−� X2 á µm(X2) ¨§ ãá«®¢¨ï â¥®à¥¬ë, ¤«ï ª®â®à®© §−�ç¥−¨¥ µn(X2)
á®¢¯�¤�¥â á ®æ¥−ª®© ¤«ï −¨¦−¥© £à�−¨æë µn(X2). ’¥®à¥¬� ¤®ª�§�−�. �

‚ [26] ¡ë«® ¯®¬¨¬® ¢á¥£® ¯à®ç¥£® ¯à¨¢¥¤¥−® ãâ®ç−¥−¨¥ £à�−¨æ µn ¤«ï á«ãç�ï
m = 2. ’�ª, ¢ ¤®¯®«−¥−¨¥ ª ®£à�−¨ç¥−¨î á¢¥àåã ®ª�§ë¢�¥âáï, çâ®

µn 6 (n− 1)µ2 .
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’�¡«¨æ� 3 ‡−�ç¥−¨ï áà¥¤−¨å ¬�ªá¨¬ã¬®¢

÷�á¯à¥¤¥«¥−¨ï
n

2 3 4 5

÷�¢−®¬¥à−®¥
1√
3
≈ 0,577

√
3

2
≈ 0,866 3

√
3

5
≈ 1,039 2√

3
≈ 1,155

�®ª�§�â¥«ì−®¥ 0,5
5

6
≈ 0, 833 13

12
≈ 1, 083 77

60
≈ 1, 283

ƒ�ãáá®¢áª®¥ 0,564 0,846 1,029 1,163

ƒà�−¨æ� (1)
1√
3
≈ 0,577 2√

5
≈ 0,894 3√

7
≈ 1,134 4

3
≈ 1,333

Šà®¬¥ â®£®, ®ç¥¢¨¤−®, çâ® ¯à¨ n > m á¯à�¢¥¤«¨¢®

µn > µm . (13)

�¡®¡é¥−¨¥ «¨−¥©−ëå ®æ¥−®ª µn ç¥à¥§ µm ¤«ï «î¡ëå 2 6 m < n á«¥¤ã¥â ¨§
−¥à�¢¥−áâ¢� (11), ¯®«ãç¥−−®£® ¢ [27]:

µn 6
n− 1
m− 1 µm . (14)

‚ â�¡«. 3 ¯à¥¤áâ�¢«¥−ë §−�ç¥−¨ï áà¥¤−¨å ¬�ªá¨¬ã¬®¢ ¤«ï áâ�−¤�àâ¨§®¢�−−ëå
á«ãç�©−ëå ¢¥«¨ç¨−, ¨¬¥îé¨å ª«�áá¨ç¥áª¨¥ à�á¯à¥¤¥«¥−¨ï ¢¥à®ïâ−®áâ¨: à�¢−®-
¬¥à−®¥, ¯®ª�§�â¥«ì−®¥ ¨ −®à¬�«ì−®¥. �¢â®à®¬ ¡ë«¨ ¯®«ãç¥−ë ®¡é¨¥ ä®à¬ã«ë
(¤«ï áâ�−¤�àâ¨§®¢�−−ëå á«ãç�©−ëå ¢¥«¨ç¨−) ¤«ï à�¢−®¬¥à−®£® à�á¯à¥¤¥«¥−¨ï:

µn(ξ) =
√
3
n− 1
n+ 1

¨ ¤«ï ¯®ª�§�â¥«ì−®£® à�á¯à¥¤¥«¥−¨ï:

µn(η) =

n
∑

k=2

1

k
.

„«ï áâ�−¤�àâ−®£® −®à¬�«ì−®£® à�á¯à¥¤¥«¥−¨ï §−�ç¥−¨ï áà¥¤−¨å ¬�ªá¨¬ã¬®¢
¡ë«¨ ¢§ïâë ¨§ áãé¥áâ¢ãîé¥© â�¡«¨æë [28, á. 169].

�®áâà®¨¬ á®¢¬¥áâ−ë¥ £à�ä¨ª¨ £à�−¨æ µn ¨§ [26] ¨ ªà¨¢ëå, ãâ®ç−ïîé¨å
íâ¨ £à�−¨æë, ¯®«ãç¥−−ëå ¢ −�áâ®ïé¥© áâ�âì¥. �� à¨á. 3{5 ¯ã−ªâ¨à−®© «¨−¨¥©
®â¬¥ç¥−ë £à�−¨æë (8), (14), (13), � ¦¨à−®© | ¬−®¦¥áâ¢® ¯�à (µm, µn) ¤«ï
à�á¯à¥¤¥«¥−¨© X1 ¨ X2 (â. ¥. ¢¥àå−ïï ªà¨¢�ï ®£à�−¨ç¨¢�¥â µn á−¨§ã, � −¨¦−ïï
®£à�−¨ç¨¢�¥â µ

n
á¢¥àåã).
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÷¨á. 4 ‡�¢¨á¨¬®áâ¨ µ4 (�) ¨ µ5 (¡) ®â µ3

÷¨á. 3 ‡�¢¨á¨¬®áâ¨ µ3 (�), µ4 (¡) ¨ µ5 (¢)
®â µ2

÷¨á. 5 ‡�¢¨á¨¬®áâì µ5 ®â µ4
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’�ª, ¥á«¨ −� à¨áã−ª¥ ®âà�¦¥−� §�¢¨á¨¬®áâì µn = µn(µm), â® ¢¥àå−ïï ¦¨à-
−�ï «¨−¨ï áâà®¨âáï ª�ª ¯�à�¬¥âà¨ç¥áª¨© £à�ä¨ª (�µ(a,m, n,m), �µ(a,m, n, n)),
� −¨¦−ïï | ª�ª ¯�à�¬¥âà¨ç¥áª¨© £à�ä¨ª (�µ(a,m, n,m), �µ(a,m, n,m)).

Šà®¬¥ â®£®, ¢−ãâà¨ ®¡«�áâ¨ −� ª�¦¤®¬ à¨áã−ª¥ ®â¬¥ç¥−ë âà¨ â®çª¨. ’®çª�,
®¡®§−�ç¥−−�ï âà¥ã£®«ì−¨ª®¬, á®®â¢¥âáâ¢ã¥â à�¢−®¬¥à−®¬ã à�á¯à¥¤¥«¥−¨î, ªàã-
£®¬ | ¯®ª�§�â¥«ì−®¬ã, � §¢¥§¤®© | áâ�−¤�àâ−®¬ã −®à¬�«ì−®¬ã. �®¬¨¬® ¢á¥£®
¯à®ç¥£® £à�ä¨ª¨ ¯®ª�§ë¢�îâ, çâ® à�áá¬®âà¥−−ë¥ ª«�áá¨ç¥áª¨¥ à�á¯à¥¤¥«¥−¨ï
«¨¡® à�á¯®«�£�îâáï ¤®áâ�â®ç−® £«ã¡®ª® ¢ ®¡«�áâ¨, ¢ ¯à¥¤¥«�å ª®â®à®© ¬¥−ïîâ-
áï áà¥¤−¨¥ ¬�ªá¨¬ã¬ë, ¨ −¥ ¤�îâ −®¢®© ¨−ä®à¬�æ¨¨ ® £à�−¨æ�å, «¨¡® ¨¬¥îâ
¡®«ìè®¥ µm, ª�ª, −�¯à¨¬¥à, à�¢−®¬¥à−®¥ à�á¯à¥¤¥«¥−¨¥, ¨ «¥¦�â ¢ ®¡«�áâ¨
¤®áâ¨¦¨¬®áâ¨ £à�−¨æë, ¯®«ãç¥−−®© ¢ [26].

4 Заключение

„�−−�ï áâ�âìï ¯à®¤®«¦�¥â ¨áá«¥¤®¢�−¨¥ £à�−¨æ áà¥¤−¨å ¬�ªá¨¬ã¬®¢ ¨§ n
áâ�−¤�àâ¨§®¢�−−ëå −¥§�¢¨á¨¬ëå ®¤¨−�ª®¢® à�á¯à¥¤¥«¥−−ëå á«ãç�©−ëå ¢¥«¨ç¨−
¯à¨ ¨§¢¥áâ−®¬ áà¥¤−¥¬ ¬�ªá¨¬ã¬¥ ¨§ −¥ª®â®à®£® ç¨á«� −¥§�¢¨á¨¬ëå á«ãç�©−ëå
¢¥«¨ç¨− m â®£® ¦¥ à�á¯à¥¤¥«¥−¨ï. �¢â®à®¬ ¡ë«® ¯®ª�§�−®, çâ® ¯à¨ ¡®«ìè¨å µm

¨§¢¥áâ−ë¥ ¢¥àå−ïï ¨ −¨¦−ïï £à�−¨æë, ¯®«ãç¥−−ë¥ ¬¥â®¤®¬ ¢�à¨�æ¨®−−®£® ¨á-
ç¨á«¥−¨ï [26], â®ç−ë. Šà®¬¥ â®£®, ¯à¥¤«®¦¥−� í¢à¨áâ¨ª� ¤«ï íää¥ªâ¨¢−®£®
à�áè¨à¥−¨ï ®¡«�áâ¨ ¤®áâ¨¦¨¬ëå §−�ç¥−¨© áà¥¤−¥£® ¬�ªá¨¬ã¬� µn. „«ï «î¡ëå
m < n ¯®«ãç¥−ë ¯�à�¬¥âà¨ç¥áª¨¥ ä®à¬ã«ë, ®æ¥−¨¢�îé¨¥ ¢¥àå−îî £à�−¨æã µn

á−¨§ã, � −¨¦−îî | á¢¥àåã.

�¢â®à ¢ëà�¦�¥â ®£à®¬−ãî ¡«�£®¤�à−®áâì �. ‚. ‹¥¡¥¤¥¢ã §� ¨¤¥¨, §�¬¥ç�−¨ï
¨ ¯à¥¤«®¦¥−¨ï.
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О ВЫЧИСЛИТЕЛЬНОЙ ИЗБЫТОЧНОСТИ МЕТОДА
ДИХОТОМИИ И УСЛОВНОЙ МИНИМИЗАЦИИ

УНИМОДАЛЬНЫХ ФУНКЦИЙ МЕТОДОМ
ЭКОНОМНОЙ ДИХОТОМИИ

В. А. Коднянко1

�−−®â�æ¨ï: ‚ëáª�§�−� £¨¯®â¥§� ® ¢ëç¨á«¨â¥«ì−®© ¨§¡ëâ®ç−®áâ¨ è¨à®ª® ¨§-
¢¥áâ−®£® ¬¥â®¤� ¤¨å®â®¬¨¨ (Œ„), ¨á¯®«ì§ã¥¬®£® −�àï¤ã á ¤àã£¨¬¨ ¨§¢¥áâ−ë-
¬¨ ç¨á«¥−−ë¬¨ ¬¥â®¤�¬¨, ¢ ç�áâ−®áâ¨ ¬¥â®¤®¬ §®«®â®£® á¥ç¥−¨ï (Œ‡‘), ¤«ï
ãá«®¢−®© ¬¨−¨¬¨§�æ¨¨ ã−¨¬®¤�«ì−ëå äã−ªæ¨©. ‘ä®à¬ã«¨à®¢�−� ¬¥â®¤¨ª�
ãáâà�−¥−¨ï ¢ëç¨á«¨â¥«ì−®© ¨§¡ëâ®ç−®áâ¨ ¬¥â®¤� ¨ −� ¥¥ ®á−®¢¥ à�§à�¡®â�−
¨ ¯à¥¤«®¦¥− ¬¥â®¤ ¬¨−¨¬¨§�æ¨¨ â�ª¨å äã−ªæ¨©, −�§¢�−−ë© ¬¥â®¤®¬ íª®−®¬-
−®© ¤¨å®â®¬¨¨ (Œ�„). ÷�§à�¡®â�−ë �«£®à¨â¬ë ¨ ª®¤, à¥�«¨§ãîé¨¥ ¬¥â®¤
−� ï§ëª¥ Delphi. �à¨¢¥¤¥−ë à¥§ã«ìâ�âë ¢ëç¨á«¨â¥«ì−®£® íªá¯¥à¨¬¥−â�, ¯®-
ª�§�¢è¨¥, çâ® ¯® ¡ëáâà®¤¥©áâ¢¨î, ®¯à¥¤¥«ï¥¬®¬ã ª®«¨ç¥áâ¢®¬ ¢ëç¨á«¥−¨©
¬¨−¨¬¨§¨àã¥¬®© äã−ªæ¨¨ (Œ”), íª®−®¬−ë© ¬¥â®¤ −¥ ¬¥−¥¥ ç¥¬ ¢ 1,5 à�§�
íää¥ªâ¨¢−¥¥ ª«�áá¨ç¥áª®£® Œ„. �â® §−�ç¨â, çâ® ¢ áà¥¤−¥¬ ¨§ âà¥å ¢ëç¨á«¥-
−¨© Œ” ¯® Œ„ ®¤−® ï¢«ï¥âáï ¨§¡ëâ®ç−ë¬. �® áà�¢−¥−¨î á Œ‡‘ ¨ Œ„
¢ áà¥¤−¥áâ�â¨áâ¨ç¥áª®¬ ¯«�−¥ ¬¥â®¤ ¨¬¥¥â ¯à¨¡«¨§¨â¥«ì−® ¢ 1,3 ¨ 1,7 à�§
¡®«ìè¥¥ ¡ëáâà®¤¥©áâ¢¨¥ á®®â¢¥âáâ¢¥−−®. ˆ−ë¬¨ á«®¢�¬¨, ¬¥â®¤ à�¡®â�¥â ¢®
áâ®«ìª® à�§ ¡ëáâà¥¥ Œ‡‘, ¢® áª®«ìª® ¯®á«¥¤−¨© à�¡®â�¥â ¡ëáâà¥¥ ª«�áá¨ç¥-
áª®£® Œ„. „�−−ë© ¢ë¢®¤ ¯®§¢®«ï¥â ªà¨â¨ç¥áª¨ ®â−¥áâ¨áì ª ãáâ®ï¢è¥¬ãáï
¯à¥¤áâ�¢«¥−¨î ® â®¬, çâ® Œ„ | åã¤è¨© ¨§ ¬¥â®¤®¢ ®âá¥ç¥−¨ï ®âà¥§ª®¢.
‘ ãç¥â®¬ ¯®«ãç¥−−ëå à¥§ã«ìâ�â®¢ Œ�„ §�¬¥â−® ¯à¥¢®áå®¤¨â ¯® ¡ëáâà®-
¤¥©áâ¢¨î «ãçè¨© ¨§ −¨å | Œ‡‘ ¨ ¬®¦¥â ®¡®á−®¢�−−® ¯à¥â¥−¤®¢�âì −�
«¨¤¨àãîé¨¥ ¯®§¨æ¨¨ ¢ ¤�−−®¬ á¥¬¥©áâ¢¥ ¬¥â®¤®¢.

Š«îç¥¢ë¥ á«®¢�: ã−¨¬®¤�«ì−�ï äã−ªæ¨ï; ¬¥â®¤ ¤¨å®â®¬¨¨; ¬¥â®¤ §®«®â®£®
á¥ç¥−¨ï; ¬¥â®¤ ç¨á¥« ”¨¡®−�çç¨; ¬¥â®¤ íª®−®¬−®© ¤¨å®â®¬¨¨; ¬®−®â®−−�ï
äã−ªæ¨ï; ¡ëáâà®¤¥©áâ¢¨¥ ¬¥â®¤�
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1 Введение

Œ¨−¨¬¨§�æ¨ï äã−ªæ¨¨ ®¤−®© ¯¥à¥¬¥−−®© | −�¨¡®«¥¥ ¯à®áâ®© â¨¯ ®¯â¨-
¬¨§�æ¨®−−ëå §�¤�ç. �¤−�ª® ¥© ®â¢®¤¨âáï ¢�¦−®¥ ¬¥áâ® ¢ ç�áâ¨ à�§à�¡®âª¨
¨ ¯à�ªâ¨ç¥áª®£® ¯à¨¬¥−¥−¨ï ¬�â¥¬�â¨ç¥áª¨å ¬¥â®¤®¢ ¨å à¥è¥−¨ï, ¢ª«îç�ï ç¨á-
«¥−−ë¥ ¬¥â®¤ë. �â® á¢ï§�−® á â¥¬, çâ® «¨èì á ¯®¬®éìî ç¨á«¥−−ëå ¬¥â®¤®¢
¬®£ãâ ¡ëâì à¥è¥−ë ¬−®£¨¥ ¨−¦¥−¥à−ë¥ ¨ íª®−®¬¨ç¥áª¨¥ §�¤�ç¨ −¥ â®«ìª® ®¤-
−®¯�à�¬¥âà¨ç¥áª®© ®¯â¨¬¨§�æ¨¨, −® ¨ ¡®«¥¥ á«®¦−ë¥ ¬−®£®¯�à�¬¥âà¨ç¥áª¨¥
§�¤�ç¨.

1�®«¨â¥å−¨ç¥áª¨© ¨−áâ¨âãâ ‘¨¡¨àáª®£® ä¥¤¥à�«ì−®£® ã−¨¢¥àá¨â¥â�, kowlad@rambler.ru
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� ¢ëç¨á«¨â¥«ì−®© ¨§¡ëâ®ç−®áâ¨ ¬¥â®¤� ¤¨å®â®¬¨¨ ¨ ãá«®¢−®© ¬¨−¨¬¨§�æ¨¨ äã−ªæ¨©

‚ ¯à�ªâ¨ª¥ ®¤−®¬¥à−®© ®¯â¨¬¨§�æ¨¨ ¯à®æ¥¤ãà�¬ ãá«®¢−®© ¬¨−¨¬¨§�æ¨¨
®¡ëç−® ¯®¤¢¥à£�îâ ã−¨¬®¤�«ì−ë¥ äã−ªæ¨¨.

‘ãé¥áâ¢ãîâ à�§«¨ç−ë¥ ®¯à¥¤¥«¥−¨ï äã−ªæ¨© ¤�−−®£® ª«�áá�, ¯®íâ®¬ã ¡ã¤¥¬
¯à¨¤¥à¦¨¢�âìáï ®¯à¥¤¥«¥−¨ï [1], á®£«�á−® ª®â®à®¬ã ã−¨¬®¤�«ì−®© −�§ë¢�¥âáï
äã−ªæ¨ï f(x), ®¯à¥¤¥«¥−−�ï −� ®âà¥§ª¥ [a, b], ¥á«¨ áãé¥áâ¢ãîâ ç¨á«� α ¨ β,
a ≤ α ≤ β ≤ b, â�ª¨¥ çâ®:

(1) ¥á«¨ a < α, â® −� ®âà¥§ª¥ [a, α] äã−ªæ¨ï f(x) ¬®−®â®−−® ã¡ë¢�¥â;

(2) ¥á«¨ β < b, â® −� ®âà¥§ª¥ [β, b] äã−ªæ¨ï f(x) ¬®−®â®−−® ¢®§à�áâ�¥â;

(3) −� ®âà¥§ª¥ [a, β] äã−ªæ¨ï f(x) ¯®áâ®ï−−� ¨ ¤®áâ¨£�¥â á¢®¥£® ¬¨−¨¬ã¬�.

Š ®á−®¢−ë¬ âà¥¡®¢�−¨ï¬, ª®â®àë¥ ¯à¥¤êï¢«ïîâáï ª ç¨á«¥−−ë¬ ¬¥â®¤�¬ ®¤-
−®¬¥à−®© ¬¨−¨¬¨§�æ¨¨, ®â−®áïâáï ¨å −�¤¥¦−®áâì ¨ ¯à¨¥¬«¥¬®¥ ¡ëáâà®¤¥©áâ¢¨¥.
‘ç¨â�¥âáï, çâ® ç¥¬ ¬¥−ìè¥ ¢ëç¨á«¥−¨© Œ” âà¥¡ã¥âáï ¬¥â®¤ã ¤«ï ¤®áâ¨¦¥−¨ï
à¥§ã«ìâ�â�, â¥¬ ®− íää¥ªâ¨¢−¥© ¨ â¥¬ ¢ëè¥ ¥£® ¡ëáâà®¤¥©áâ¢¨¥.

˜¨à®ª® ¨§¢¥áâ−ë ®â¢¥ç�îé¨¥ ¤�−−ë¬ âà¥¡®¢�−¨ï¬ ç¨á«¥−−ë¥ ¬¥â®¤ë ãá«®¢-
−®© ¬¨−¨¬¨§�æ¨¨ ã−¨¬®¤�«ì−ëå äã−ªæ¨©, ª ç¨á«ã ª®â®àëå ®â−®áïâáï âà¨ ¬¥â®¤�
¨áª«îç¥−¨ï ®âà¥§ª®¢ | Œ‡‘, ¬¥â®¤ ç¨á¥« ”¨¡®−�çç¨ ¨ Œ„ [2{4]. „¢� ¯¥à-
¢ëå ¬¥â®¤� ¨¬¥îâ ¯à¨¬¥à−® ®¤¨−�ª®¢®¥ ¡ëáâà®¤¥©áâ¢¨¥, ¯®íâ®¬ã −� ¯à�ªâ¨ª¥
®¡ëç−® ¯à¨¬¥−ïîâ ®â«¨ç�îé¨©áï ¯à®áâ®â®© Œ‡‘. ‘ç¨â�¥âáï, çâ® Œ„ ¨¬¥¥â áã-
é¥áâ¢¥−−® ¬¥−ìè¥¥ ¡ëáâà®¤¥©áâ¢¨¥, ¯®íâ®¬ã ®− ¯®çâ¨ −¥ −�å®¤¨â ¯à�ªâ¨ç¥áª®£®
¯à¨¬¥−¥−¨ï.

�à¨ç¨−� ¯®−¨¦¥−−®£® ¡ëáâà®¤¥©áâ¢¨ï Œ„ á®áâ®¨â ¢ â®¬, çâ®, å®âï §� ®¤−ã
¨â¥à�æ¨î ¬¥â®¤ áã¦�¥â ®âà¥§®ª −¥®¯à¥¤¥«¥−−®áâ¨ ¯à¨¬¥à−® ¢¤¢®¥, � Œ‡‘ «¨èì
¯à¨¬¥à−® ¢ 1,62 à�§�, ¯¥à¢ë© âà¥¡ã¥â ¤¢� ¢ëç¨á«¥−¨ï Œ”, ¢ â® ¢à¥¬ï ª�ª
¢â®à®©, −¥ áç¨â�ï ¯¥à¢®© ¨â¥à�æ¨¨, âà¥¡ã¥â «¨èì ®¤−®£® ¥¥ ¢ëç¨á«¥−¨ï. ‚ ¨â®£¥
Œ‡‘ ¨¬¥¥â ¡®«¥¥ ¢ëá®ª®¥ ¡ëáâà®¤¥©áâ¢¨¥.

‚ −�ãç−®© «¨â¥à�âãà¥ −¥â ®¤−®§−�ç−® ¢ëáª�§�−−ëå §�ª«îç¥−¨© ® ¡¥á¯¥à-
á¯¥ªâ¨¢−®áâ¨ Œ„, ¨¡® ¯à¥¤¯®«�£�¥âáï, çâ® ®− ¬®¦¥â ¡ëâì ãá®¢¥àè¥−áâ¢®¢�−.
‚ íâ®¬ á¬ëá«¥ å�à�ªâ¥à−® á«¥¤ãîé¥¥ ®¡é¥¥ ¯®¦¥«�−¨¥ á¯¥æ¨�«¨áâ®¢: ú�®«¥¥
®¡¤ã¬�−−ë© ¯®¤å®¤ ª ¯à®æ¥ááã ¯®¨áª� â®çª¨ ¬¨−¨¬ã¬� ¯®§¢®«¨« áíª®−®¬¨âì
−� ª®«¨ç¥áâ¢¥ ®¡à�é¥−¨© ª ¢ëç¨á«¥−¨î äã−ªæ¨¨. �¤−�ª® ¢ ¬¥â®¤¥ ¤¨å®â®¬¨¨
¨¬¥¥âáï ®á®¡¥−−®áâì, ¯®§¢®«ïîé�ï áâà®¨âì ¡®«¥¥ íää¥ªâ¨¢−ë¥ �«£®à¨â¬ë. ��
ª�¦¤®© ¨â¥à�æ¨¨ ¯à¨å®¤¨âáï ¢ëç¨á«ïâì §−�ç¥−¨¥ äã−ªæ¨¨ ¢ ¤¢ãå −®¢ëå â®çª�å.
…á«¨ ã¤�áâáï ¯®áâà®¨âì �«£®à¨â¬ â�ª, çâ®¡ë ª�¦¤ë© à�§ ®¤−� ¨§ íâ¨å â®ç¥ª
á®¢¯�¤�«� á ®¤−®© ¨§ �−�«®£¨ç−ëå â®ç¥ª á ¯à¥¤ë¤ãé¥© ¨â¥à�æ¨¨, â® íâ® ¡ë
¯®§¢®«¨«® −� ª�¦¤®© ¨â¥à�æ¨¨ ¢ëç¨á«ïâì §−�ç¥−¨¥ äã−ªæ¨¨ «¨èì ¢ ®¤−®© −®¢®©
â®çª¥ ¨ â¥¬ á�¬ë¬ ®¡à�é�âìáï ª ¢ëç¨á«¥−¨î äã−ªæ¨¨ ¥é¥ ¬¥−ìè¥û [5].

�®¤®¡−ë¥ â®çª¨ §à¥−¨ï ¯à¥¢�«¨àã¥â ¢® ¬−®£¨å à�¡®â�å ¯® ç¨á«¥−−ë¬ ¬¥â®-
¤�¬ ¬¨−¨¬¨§�æ¨¨, ¢ª«îç�ï äã−¤�¬¥−â�«ì−ë¥ ¨§¤�−¨ï ¨§¢¥áâ−ëå ¨ �¢â®à¨â¥â−ëå
á¯¥æ¨�«¨áâ®¢, ¢ â®¬ ç¨á«¥ ãç¥−ëå á ¬¨à®¢ë¬ ¨¬¥−¥¬ [1{10]. �¤−�ª® ¯®¯ëâª¨
ã«ãçè¨âì Œ„ ¤® ª®−ªãà¥−â−®£® ãà®¢−ï −� ®á−®¢¥ à¥�«¨§�æ¨¨ ¢ëáª�§�−−®© ¨¤¥¨
¨«¨ ¨−ë¬ á¯®á®¡®¬ (á¬., −�¯à¨¬¥à, [11]) ¯®ª� −¥ ã¢¥−ç�«¨áì ãá¯¥å®¬.
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‚. �. Š®¤−ï−ª®

��àï¤ã á íâ¨¬ Œ„ ¯à¥¤áâ�¢«ï¥âáï ¢ëç¨á«¨â¥«ì−® ¨§¡ëâ®ç−ë¬ ¢ â®¬ á¬ëá«¥,
çâ® áãé¥áâ¢ã¥â, ¯® ªà�©−¥© ¬¥à¥ â¥®à¥â¨ç¥áª�ï, ¢®§¬®¦−®áâì ã¬¥−ìè¥−¨ï ç¨á«�
®¡à�é¥−¨© ª Œ” ¤«ï à¥è¥−¨ï −�§¢�−−ëå §�¤�ç á âà¥¡ã¥¬®© â®ç−®áâìî.

–¥«ì −�áâ®ïé¥© áâ�âì¨ | ¨áá«¥¤®¢�−¨¥ ¢®§¬®¦−®áâ¨ ¯®¢ëè¥−¨ï ¡ëáâà®-
¤¥©áâ¢¨ï Œ„ ¤® ª®−ªãà¥−â−®£® ãà®¢−ï §� áç¥â ãáâà�−¥−¨ï ¥£® ¢ëç¨á«¨â¥«ì−®©
¨§¡ëâ®ç−®áâ¨. Œ¥â®¤ã, ¢ ª®â®à®¬ ãáâà�−¥−ë ¨§¡ëâ®ç−ë¥ ¢ëç¨á«¥−¨ï Œ”, ¤�−®
−�§¢�−¨¥ ¬¥â®¤� íª®−®¬−®© ¤¨å®â®¬¨¨.

2 Постановка задачи и описание метода

Œ¥â®¤ íª®−®¬−®© ¤¨å®â®¬¨¨

÷¨á. 1 ÷�áç¥â−�ï áå¥¬� Œ�„

¯à¥¤−�§−�ç¥− ¤«ï −�å®¦¤¥−¨ï �¡-
áæ¨ááë x ¬¨−¨¬ã¬� ã−¨¬®¤�«ì−®©
äã−ªæ¨¨ f(x) −� ®âà¥§ª¥ G = [a, b]
á â®ç−®áâìî ¤® ε.

‚ ®á−®¢¥ ¬¥â®¤� «¥¦¨â Œ„. …£®
áãâì á®áâ®¨â ¢ á«¥¤ãîé¥¬. �ãáâì
−� â¥ªãé¥© ¨â¥à�æ¨¨ Œ„ ¢ëç¨á«¥-
−ë �¡áæ¨ááë ¤¨å®â®¬¨¨ x1 = x −
− ε, x2 = x + ε ¨ á®®â¢¥âáâ¢ãîé¨¥
¨¬ §−�ç¥−¨ï äã−ªæ¨© f(x1) ¨ f(x2)
¨ ¯ãáâì f(x1) ≥ f(x2), ª�ª ¯®ª�§�−®
−� à¨á. 1.

‚ íâ®¬ á«ãç�¥ Œ„ ¯®âà¥¡®¢�« ¡ë
−� á«¥¤ãîé¥© ¨â¥à�æ¨¨ ¢ëç¨á«¥−¨ï

Œ” ¢ �−�«®£¨ç−ëå â®çª�å x3 ¨ x4. �¤−�ª® ¯à¥¦¤¥ ¢ëç¨á«¨¬ Œ” ¢ ¡«¨¦−¥©
ª x2 â®çª¥ x3. …á«¨ f(x3) < f(x2), â® ¢ëç¨á«¨¬ ¨ f(x4), ª�ª ¢ Œ„. …á«¨
®ª�¦¥âáï, çâ® f(x3) ≥ f(x2), ª�ª ¯®ª�§�−® −� à¨á. 1, â® ¢ëç¨á«¥−¨¥ f(x4)
¨§¡ëâ®ç−®, ¨¡®, ®á−®¢ë¢�ïáì −� á¢®©áâ¢¥ ã−¨¬®¤�«ì−®áâ¨ Œ”, ¬®¦−® ¨ ¡¥§
¢ëç¨á«¥−¨ï f(x4) ãáâ�−®¢¨âì, çâ® f(x3) ≤ f(x4), ¨ áà�§ã á®ªà�â¨âì ®âà¥§®ª
−¥®¯à¥¤¥«¥−−®áâ¨, ¨§¬¥−¨¢ �¡áæ¨ááã b ¨ §�¢¥àè¨¢ ¨â¥à�æ¨î. �â® ®¡áâ®ïâ¥«ìáâ¢®
ãª�§ë¢�¥â −� ¢®§¬®¦−®áâì ã¬¥−ìè¥−¨ï ª®«¨ç¥áâ¢� ¢ëç¨á«¥−¨© Œ”.

�−�«®£¨ç−ë à�ááã¦¤¥−¨ï ¤«ï §¥àª�«ì−®© á¨âã�æ¨¨, ª®£¤� f(x1) ≤ f(x2).

3 Алгоритмизация метода экономной дихотомии

‘ æ¥«ìî ¯®¤â¢¥à¦¤¥−¨ï ¢ëáª�§�−−®© ¨¤¥¨ ¨ ¤«ï ®æ¥−ª¨ ¯à�ªâ¨ç¥áª®© ¯¥à-
á¯¥ªâ¨¢−®áâ¨ Œ�„ ¡ë«¨ à�§à�¡®â�−ë �«£®à¨â¬ë ¨ ¯à®£à�¬¬−ë© ª®¤ −� ï§ëª¥
Delphi [12].

�«®ª-áå¥¬� �«£®à¨â¬� Med, à¥�«¨§ãîé¥£® ¬¥â®¤, ¯à¨¢¥¤¥−� −� à¨á. 2.
‚å®¤−ë¬¨ ¯�à�¬¥âà�¬¨ �«£®à¨â¬� á«ã¦�â: a ¨ b | «¥¢�ï ¨ ¯à�¢�ï £à�−¨æë

®âà¥§ª� G á®®â¢¥âáâ¢¥−−®; e | â®ç−®áâì ®¯à¥¤¥«¥−¨ï �¡áæ¨ááë íªáâà¥¬ã¬�; h |
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÷¨á. 2 �«®ª-áå¥¬� �«£®à¨â¬� Med

ª®íää¨æ¨¥−â, ¨á¯®«ì§ã¥¬ë© ¤«ï ¤¥«¥−¨ï â¥ªãé¥£® ®âà¥§ª� −¥®¯à¥¤¥«¥−−®áâ¨
¢ §�¤�−−®¬ ®â−®è¥−¨¨; f | ¨¬ï Œ”. ‚ëå®¤−ë¥ ¯�à�¬¥âàë: x | �¡áæ¨áá�
¬¨−¨¬ã¬� Œ”; n | áç¥âç¨ª ª®«¨ç¥áâ¢� ¢ëç¨á«¥−¨© Œ”, ®¯à¥¤¥«ïîé¥£®
¡ëáâà®¤¥©áâ¢¨¥ ¬¥â®¤�.

�«£®à¨â¬ Med ¨á¯®«ì§ã¥â ¢−ãâà¥−−¨¥ ¢á¯®¬®£�â¥«ì−ë¥ �«£®à¨â¬ë (−� à¨á. 2
−¥ ¯®ª�§�−ë):

(1) Md | ¢ëç¨á«¥−¨ï �¡áæ¨ááë x = ui+h(u−i −ui), ¤¥«ïé¥© ®âà¥§®ª −¥®¯à¥-
¤¥«¥−−®áâ¨ ¢ §�¤�−−®¬ ®â−®è¥−¨¨, £¤¥ i | ¨−¤¥ªá −�¯à�¢«¥−¨ï ¨â¥à�æ¨¨
(i = −1 | ¤¢¨¦¥−¨¥ ª «¥¢®© £à�−¨æ¥ ®âà¥§ª�; i = 1 | ª ¥£® ¯à�¢®©
£à�−¨æ¥);

(2) Mg | ¢ë¯®«−¥−¨ï ¤¥©áâ¢¨© −� â¥ªãé¥© ¨â¥à�æ¨¨.

�à¨ ¨−¨æ¨�«¨§�æ¨¨ ¢ëç¨á«¨â¥«ì−®£® ¯à®æ¥áá� ¢ ¡«®ª¥ 2 �«£®à¨â¬� Med í«¥-
¬¥−â�¬ ¬�áá¨¢� u ¯à¨á¢�¨¢�îâáï §−�ç¥−¨ï á®®â¢¥âáâ¢ãîé¨å £à�−¨æ ®âà¥§ª� G,
¯à®¨§¢®¤¨âáï ®¡−ã«¥−¨¥ áç¥âç¨ª� n ¨ §�¤�¥âáï −�¯à�¢«¥−¨¥ i. ‡�â¥¬ á ¯®¬®éìî
�«£®à¨â¬� Mg á®¢¥àè�¥âáï ¯¥à¢�ï ¨â¥à�æ¨ï �«£®à¨â¬� Med.

�«®ª¨ 3 ¨ 4 ®¡à�§ãîâ æ¨ª« ¨â¥à�æ¨©, à¥�«¨§ã¥¬ëå �«£®à¨â¬®¬ Mg. ‚ ¡«®ª¥ 5
−�©¤¥−−®¥ à¥è¥−¨¥ x ãâ®ç−ï¥âáï ®¡à�é¥−¨¥¬ ª �«£®à¨â¬ã Md.
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÷¨á. 3 �«®ª-áå¥¬� ¢á¯®¬®£�â¥«ì−®£® �«£®à¨â¬� Mg

�«®ª-áå¥¬� ¢á¯®¬®£�â¥«ì−®£® �«£®à¨â¬� Mg ¯à¨¢¥¤¥−� −� à¨á. 3. �− ¨á-
¯®«ì§ã¥â ¢−ãâà¥−−¨¥ �«£®à¨â¬ë (−� à¨á. 3 −¥ ¯®ª�§�−ë):

(1) ¢ëç¨á«¥−¨ï p(i) = x+ ie �¡áæ¨ááë â®çª¨ ¤¨å®â®¬¨¨;

(2) Y | ¢ëç¨á«¥−¨ï ®à¤¨−�âë vi = f(p(i)) â®çª¨ ¤¨å®â®¬¨¨ ¨ ®¡−®¢«¥−¨ï n.

�«£®à¨â¬ Mg á®¤¥à¦¨â ¢å®¤−®© ¯�à�¬¥âà b «®£¨ç¥áª®£® â¨¯�. �à¨ «®¦−®¬
§−�ç¥−¨¨ ¯�à�¬¥âà� (0) á®¢¥àè�¥âáï ¯¥à¢�ï ¨â¥à�æ¨ï �«£®à¨â¬� Med ¯® Œ„,
¯à¨ ¨áâ¨−−®¬ §−�ç¥−¨¨ (1) | ¯®á«¥¤ãîé¨¥ ¨â¥à�æ¨¨ á ª®−âà®«¥¬ ¢ëç¨á«¥−¨©
¯® Œ�„.
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4 Вычислительный эксперимент и обсуждение его результатов

„«ï ®æ¥−ª¨ à�¡®â®á¯®á®¡−®áâ¨ ¨ íää¥ªâ¨¢−®áâ¨ Œ�„ ¡ë« ¯à®¢¥¤¥− áà�¢−¨-
â¥«ì−ë© ¢ëç¨á«¨â¥«ì−ë© íªá¯¥à¨¬¥−â −� ¯à¨¬¥à�å à¥è¥−¨ï ¤¥áïâª®¢ ®¯â¨¬¨§�-
æ¨®−−ëå §�¤�ç ¤«ï ã−¨¬®¤�«ì−ëå äã−ªæ¨© à�§«¨ç−ëå â¨¯®¢: £«�¤ª¨å, ¯®«®£¨å,
¬¥¤«¥−−® ¬¥−ïîé¨åáï, ªãá®ç−ëå, ¬®−®â®−−ëå.

‚ëç¨á«¥−¨ï ¯à®¢®¤¨«¨áì ¤«ï ε = 10−5 ¯à¨ ¯®¬®é¨ ¯¥à¥¬¥−−ëå ¨ ª®−áâ�−â
�à¨ä¬¥â¨ç¥áª®£® â¨¯�, ¯®¤¤¥à¦¨¢�îé¥£® 19{20 §−�ç�é¨å æ¨äà.

‚ ª�ç¥áâ¢¥ ª®−âà®«ì−ëå ¬¥â®¤®¢ ¡ë«¨ ¨á¯®«ì§®¢�−ë Œ‡‘ ¨ Œ� [1{5, 7{9,
11].

�à¨¬¥à ®¤−®© ¨§ íªá¯¥à¨¬¥−â�«ì−ëå äã−ªæ¨© ¯à¨¢¥¤¥− −� à¨á. 4. ”ã−ªæ¨ï
¨¬¥¥â ¬¨−¨¬ã¬ ¢ â®çª¥ x = 1,24955.

‡� ªà¨â¥à¨¨ ®æ¥−ª¨ ¡ëáâà®¤¥©áâ¢¨ï ¬¥â®¤®¢ ¯à¨−ïâ® ª®«¨ç¥áâ¢® ¢ëç¨á«¥−¨©
Œ”: k | ¯® Œ�„; k1 | ¯® Œ‡‘; k2 | ¯® Œ„. ˆ§ãç�«¨áì ®â−®á¨â¥«ì−ë¥
¢¥«¨ç¨−ë K1 = k1/k ¨K2 = k2/k | ¯à¨¢¥¤¥−−®¥ ª Œ�„ ¡ëáâà®¤¥©áâ¢¨¥ Œ‡‘
¨ Œ„ á®®â¢¥âáâ¢¥−−®.

‚ à¥§ã«ìâ�â¥ ¯à®¢¥¤¥−−ëå íªá¯¥à¨¬¥−â®¢ ãáâ�−®¢«¥−®, çâ® £à�−¨æë ®âà¥§ª�G
®ª�§ë¢�îâ áãé¥áâ¢¥−−®¥ ¢«¨ï−¨¥ −� ¡ëáâà®¤¥©áâ¢¨¥ ¨áá«¥¤ã¥¬®£® ¬¥â®¤�. �à¨
íâ®¬ ¢ §�¢¨á¨¬®áâ¨ ®â §−�ç¥−¨© ¯�à�¬¥âà� hŒ�„ ¢ áà�¢−¥−¨¨ á Œ‡‘ ¯®ª�§ë¢�«
ª�ª «ãçè¨¥, â�ª ¨ åã¤è¨¥ à¥§ã«ìâ�âë.

—â®¡ë ¯®«ãç¨âì ®â¢¥â −� ¢®¯à®á ® â®¬, ª�ª®© ¨§ íâ¨å ¤¢ãå ¬¥â®¤®¢ íää¥ª-
â¨¢−¥¥, ¡ë« ¯à®¢¥¤¥− áâ�â¨áâ¨ç¥áª¨© à�áç¥â. �®¯ãâ−® ¨§ãç�«�áì íää¥ªâ¨¢−®áâì
Œ�„ ¯® ®â−®è¥−¨î ª Œ„. „«ï íâ®£® ¯à¨ ä¨ªá¨à®¢�−−®¬ §−�ç¥−¨¨ h ¡à�«¨ ¤¢�
¤®áâ�â®ç−® è¨à®ª¨å ¨−â¥à¢�«� | á«¥¢� ¨ á¯à�¢� ®â â®çª¨ íªáâà¥¬ã¬�, ¤�«¥¥ á«ã-
ç�©−ë¬ ®¡à�§®¬ ¨§ −¨å ¢ë¡¨à�«¨ ª®¬¡¨−�æ¨¨ §−�ç¥−¨© £à�−¨æ a ¨ b ¨ ¯à®¢®¤¨«¨
à�áç¥âë ¤«ï m á®ç¥â�−¨© §−�ç¥−¨© íâ¨å ¯�à�¬¥âà®¢. „«ï Œ”, ¯à¥¤áâ�¢«¥−−®©
−� à¨á. 4, ¡ë«¨ ¢ë¡à�−ë ¨−â¥à¢�«ë [0,0; 1,1] ¤«ï a ¨ [1,3; 2,5] ¤«ï b, ç¨á«®
íªá¯¥à¨¬¥−â®¢ m = 500.

÷¨á. 4 ƒà�ä¨ª äã−ªæ¨¨ f(x) =
= 15 exp(−x2) + 2(x2 − x+ 1)2

÷¨á. 5 ƒà�ä¨ª¨ ®â−®á¨â¥«ì−®£® ¡ëáâà®-
¤¥©áâ¢¨ï ¬¥â®¤®¢
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ƒà�ä¨ª¨ §�¢¨á¨¬®áâ¨ å�à�ªâ¥à¨áâ¨ª K1 ¨ K2 ®â ¯�à�¬¥âà� h ¤«ï ¤�−−®£®
íªá¯¥à¨¬¥−â� ¯à¥¤áâ�¢«¥−ë −� à¨á. 5.

‚¨¤−®, çâ® §�¢¨á¨¬®áâ¨ −®áïâ íªáâà¥¬�«ì−ë© å�à�ªâ¥à. �à¨ íâ®¬ ¨å −�¨¡®«ì-
è¨¥ §−�ç¥−¨ï ¯à¨å®¤ïâáï −� ¤¨�¯�§®− h ∈ [0,25; 0,40]. ��¨¡®«ìè¨¥ §−�ç¥−¨ï
¤�−−ëå å�à�ªâ¥à¨áâ¨ª K1 = 1,31 ¨ K2 = 1,70, â. ¥. ¯à¨ ®¯â¨¬�«ì−ëå §−�ç¥−¨-
ïå hŒ�„ ¯® ¡ëáâà®¤¥©áâ¢¨î ¢ áà¥¤−¥¬ ¢® áâ®«ìª® à�§ ¯à¥¢®áå®¤¨â Œ‡‘ ¨ Œ„
á®®â¢¥âáâ¢¥−−®.

÷�áç¥âë ¯®ª�§�«¨, çâ® ¯à¨ h = 0,5, çâ® á®®â¢¥âáâ¢ã¥â ¬¥â®¤ã ¯®«®¢¨−−®£®
¤¥«¥−¨ï, ¢ 476 (95%) íªá¯¥à¨¬¥−â�å Œ�„ ¯®ª�§ë¢�« ®¤¨−�ª®¢ë¥ á Œ‡‘ ¨«¨
«ãçè¨¥ à¥§ã«ìâ�âë, � ¢ 430 (86%) íªá¯¥à¨¬¥−â�å | «ãçè¨¥. �¤−�ª® ã¦¥ ¯à¨
h = 0,4 �−�«®£¨ç−ë¥ ¯®ª�§�â¥«¨ §−�ç¨â¥«ì−® ã«ãçè¨«¨áì ¨ á®áâ�¢¨«¨ 498 (99%)
¨ 496 (99%) ¢ëç¨á«¥−¨© Œ” á®®â¢¥âáâ¢¥−−®.

‚ �¡á®«îâ−®¬ ¢ëà�¦¥−¨¨ íâ® ®§−�ç�¥â, çâ® ¥á«¨ Œ‡‘ ¨ Œ„ ¤«ï −�å®¦-
¤¥−¨ï íªáâà¥¬ã¬� ¢ áà¥¤−¥¬ âà¥¡ã¥âáï k1 = 28 ¨ k2 = 36 ¢ëç¨á«¥−¨© Œ”
á®®â¢¥âáâ¢¥−−®, â® Œ�„ −�å®¤¨â à¥è¥−¨¥ ¢ áà¥¤−¥¬ §� k = 21 ®¡à�é¥−¨¥ ª −¥©.

‘å®¦¨¥ à¥§ã«ìâ�âë ¤�«¨ à�áç¥âë ¤«ï ¤àã£¨å íªá¯¥à¨¬¥−â�«ì−ëå äã−ªæ¨©.
�ªá¯¥à¨¬¥−âë ¯®ª�§�«¨, çâ® Œ�„ ¨¬¥¥â ¯®−¨¦¥−−®¥ ¡ëáâà®¤¥©áâ¢¨¥ ¯à¨

¬¨−¨¬¨§�æ¨¨ ¬®−®â®−−ëå äã−ªæ¨©. �¤−�ª® ¤�−−ë© â¨¯ äã−ªæ¨© −¥ å�à�ªâ¥à¥−
¤«ï §�¤�ç ®¯â¨¬¨§�æ¨¨, ¨, á«¥¤®¢�â¥«ì−®, íâ®â ä�ªâ −¥ ï¢«ï¥âáï ä�â�«ì−ë¬.
‚¯à®ç¥¬, íâ®â −¥¤®áâ�â®ª ¬¥â®¤� ¬®¦¥â ¡ëâì ¯à¥®¤®«¥− −¥á«®¦−®© ¬®¤¥à−¨-
§�æ¨¥© �«£®à¨â¬�. …á«¨ ¯à¨ −¥áª®«ìª¨å ¯®á«¥¤®¢�â¥«ì−ëå ¢ëç¨á«¥−¨ïå Œ”
§�¬¥ç¥−� â¥−¤¥−æ¨ï ª ¬®−®â®−−®áâ¨ â¥ªãé¨å à¥§ã«ìâ�â®¢, â® ¤®áâ�â®ç−® ¢ëç¨á-
«¨âì Œ” ¢ ªà�©−¥© â®çª¥ ¨−â¥à¢�«� −¥®¯à¥¤¥«¥−−®áâ¨ ¨ ¢ â®çª¥, ®âáâ®ïé¥© ®â
−¥¥ −� ¢¥«¨ç¨−ã ε, ¨ ¥á«¨ ®ª�¦¥âáï, çâ® íâ¨ â®çª¨ â�ª¦¥ ãª«�¤ë¢�îâáï ¢ ¯à®£−®§
¬®−®â®−−®áâ¨, â® äã−ªæ¨ï ¤¥©áâ¢¨â¥«ì−® ï¢«ï¥âáï ¬®−®â®−−®©.

5 Заключение

’�ª¨¬ ®¡à�§®¬, ¢ëáª�§�−−�ï ¢ à�¡®â¥ £¨¯®â¥§� ® ¢ëç¨á«¨â¥«ì−®© ¨§¡ë-
â®ç−®áâ¨ ª«�áá¨ç¥áª®£® Œ„, ¯à¨¬¥−ï¥¬®£® ¤«ï ¬¨−¨¬¨§�æ¨¨ ã−¨¬®¤�«ì−ëå
äã−ªæ¨©, −�è«� á¢®¥ â¥®à¥â¨ç¥áª®¥ ¨ íªá¯¥à¨¬¥−â�«ì−®¥ ®¡®á−®¢�−¨¥.

“áâ�−®¢«¥−®, çâ® Œ�„ à�¡®â�¥â ¡ëáâà¥¥ á¢®¥£® ª«�áá¨ç¥áª®£® ¯à¥¤â¥ç¨ −¥
¬¥−¥¥ ç¥¬ ¢ 1,5 à�§�. �â® §−�ç¨â, çâ® ¢ áà¥¤−¥¬ ¨§ âà¥å ¢ëç¨á«¥−¨© Œ” ¯® Œ„
ª�ª ¬¨−¨¬ã¬ ®¤−® ®ª�§ë¢�¥âáï ¨§¡ëâ®ç−ë¬.

Œ¥â®¤ ¤®áâ�â®ç−® çã¢áâ¢¨â¥«¥− ª ¯�à�¬¥âà�¬ ®âà¥§ª� −¥®¯à¥¤¥«¥−−®áâ¨ ¨ ¯®
®â−®è¥−¨î ª Œ‡‘ ¬®¦¥â à�¡®â�âì ª�ª ¡ëáâà¥¥, â�ª ¨ ¬¥¤«¥−−¥¥ ¥£®, ®¤−�ª® ¯à¨
h ∈ [0,25; 0,40]Œ�„ ®¡ëç−® âà¥¡ã¥â ¬¥−ìè¥£® ª®«¨ç¥áâ¢� ¢ëç¨á«¥−¨© Œ” ¤«ï
¤®áâ¨¦¥−¨ï à¥§ã«ìâ�â�.

�¡é¨© ¢ë¢®¤ â�ª®¢, çâ® ¯à¨ ¬¨−¨¬¨�§æ¨¨ íªáâà¥¬�«ì−ëå −� ®âà¥§ª¥ −¥®¯à¥-
¤¥«¥−−®áâ¨ Œ” ¯® áà�¢−¥−¨î á Œ‡‘ ¨ Œ„ ¢ áà¥¤−¥áâ�â¨áâ¨ç¥áª®¬ ¯«�−¥ Œ�„
¨¬¥¥â ¯à¨¡«¨§¨â¥«ì−® ¢ 1,3 ¨ 1,7 à�§ ¡®«ìè¥¥ ¡ëáâà®¤¥©áâ¢¨¥ á®®â¢¥âáâ¢¥−−®.
ˆ−ë¬¨ á«®¢�¬¨, ¯à¨ à¥è¥−¨¨ â�ª¨å §�¤�ç Œ�„ à�¡®â�¥â ¢® áâ®«ìª® à�§ ¡ëáâà¥¥
Œ‡‘, ¢® áª®«ìª® Œ‡‘ à�¡®â�¥â ¡ëáâà¥¥ ª«�áá¨ç¥áª®£® Œ„.
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„�−−ë© ¢ë¢®¤ ¯®§¢®«ï¥â ªà¨â¨ç¥áª¨ ®â−¥áâ¨áì ª ãáâ®ï¢è¥¬ãáï ¯à¥¤áâ�-
¢«¥−¨î ® â®¬, çâ® Œ„ | åã¤è¨© ¨§ ¬¥â®¤®¢ ®âá¥ç¥−¨ï ®âà¥§ª®¢. ‘ ãç¥â®¬
¯®«ãç¥−−ëå à¥§ã«ìâ�â®¢ Œ�„ §�¬¥â−® ¯à¥¢®áå®¤¨â ¯® ¡ëáâà®¤¥©áâ¢¨î «ãçè¨©
¨§ −¨å | Œ‡‘ ¨ ¬®¦¥â ®¡®á−®¢�−−® ¯à¥â¥−¤®¢�âì −� «¨¤¨àãîé¨¥ ¯®§¨æ¨¨
¢ ¤�−−®¬ á¥¬¥©áâ¢¥ ¬¥â®¤®¢.

’�ª¨¬ ®¡à�§®¬, ¨¬¥ï ¯¥à¥¤ Œ‡‘ ®¯à¥¤¥«¥−−ë¥ ¯à¥¨¬ãé¥áâ¢�, Œ�„ ¯à¥¤-
áâ�¢«ï¥âáï ¯à¥¤¯®çâ¨â¥«ì−ë¬ ¢ ¯à�ªâ¨ç¥áª®¬ ¨á¯®«ì§®¢�−¨¨.
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Abstract: The hypothesis about the computational redundancy of the well-
known dichotomous search, applied along with other known numerical methods,
in particular, the golden section search, for the conditional minimization of
unimodal functions, is discussed. The technique for eliminating the computational
redundancy of the method is formulated and on its basis, a method for minimizing
such functions, called the economical dichotomous search, is developed. The
author developed the algorithms and code that implement the method in Delphi.
The results of a computational experiment are described. They show that
the economical method is about 1.5 times more efficient than the classical
dichotomous search by a speed determined by the number of calculations of
the minimized function. It means that, on average, in three calculations of
the function being minimized by dichotomous search, one is redundant. In
comparison with the golden section search and the dichotomous search in the
average statistical plan, the method is approximately 1.3 and 1.7 times faster,
respectively. In other words, the method works as many times faster than the
method of the golden section search, as the latter works faster than the classical
dichotomous search. This conclusion allows us to take a critical view of the
established notion that the dichotomous search is the worst method of cutting
off segments. Taking into account the obtained results, the dichotomous search
significantly exceeds the speed of the best of them | the golden section search
and can reasonably claim to have the leading position in this family of methods.

Keywords: unimodal function; dichotomous search; golden section search;
Fibonacci number method; economical dichotomous search; monotone function;
method speed
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АПРИОРНОЕ ВЕЙБУЛЛОВСКОЕ РАСПРЕДЕЛЕНИЕ
В БАЙЕСОВСКИХ МОДЕЛЯХ БАЛАНСА∗
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�−−®â�æ¨ï: ÷�¡®â� ¯®á¢ïé¥−� ¡�©¥á®¢áª¨¬ ¬®¤¥«ï¬ ¡�«�−á�, ª®â®àë¥ ¯®¤-
à�§ã¬¥¢�îâ à�§¤¥«¥−¨¥ ä�ªâ®à®¢, ¢«¨ïîé¨å −� ¨áá«¥¤ã¥¬ãî á¨áâ¥¬ã, −�
¯®§¨â¨¢−ë¥, â. ¥. á¯®á®¡áâ¢ãîé¨¥ äã−ªæ¨®−¨à®¢�−¨î, ¨ −¥£�â¨¢−ë¥ | ¯à¥-
¯ïâáâ¢ãîé¨¥ äã−ªæ¨®−¨à®¢�−¨î. „«ï ¨áá«¥¤®¢�−¨ï íää¥ªâ¨¢−®áâ¨ à�¡®âë
á¨áâ¥¬ë à�áá¬�âà¨¢�¥âáï ¨−¤¥ªá ¡�«�−á�, à�¢−ë© ®â−®è¥−¨î −¥£�â¨¢−®£®
ä�ªâ®à� ª ¯®§¨â¨¢−®¬ã. �à¥¤¯®«�£�¥âáï, çâ® ä�ªâ®àë §�¢¨áïâ ®â ãá«®¢¨©
®ªàã¦�îé¥© áà¥¤ë, � ®¯à¥¤¥«¨âì ¨å â®ç−ë¥ §−�ç¥−¨ï −¥ ¯à¥¤áâ�¢«ï¥âáï ¢®§-
¬®¦−ë¬ ¢ á¨«ã −¥å¢�âª¨ ¢à¥¬¥−−ëå ¨ ¬�â¥à¨�«ì−ëå à¥áãàá®¢, −¥á®¢¥àè¥−-
áâ¢� ¨§¬¥à¨â¥«ì−®£® ®¡®àã¤®¢�−¨ï ¨ â. ¯., ®¤−�ª® §�ª®−ë ¨§¬¥−¥−¨ï ä�ªâ®à®¢
®áâ�îâáï ¯®áâ®ï−−ë¬¨ ¨ �¯à¨®à¨ ¨§¢¥áâ−ë ¨áá«¥¤®¢�â¥«î. ‚ ¯®áâ�¢«¥−-
−ëå ãá«®¢¨ïå ¯à¥¤áâ�¢«ï¥âáï à�§ã¬−ë¬ ¯à¨¬¥−¥−¨¥ ¡�©¥á®¢áª®£® ¬¥â®¤�,
¯®¤à�§ã¬¥¢�îé¥£® à�−¤®¬¨§�æ¨î ¨áå®¤−ëå ¯�à�¬¥âà®¢, � á«¥¤®¢�â¥«ì−®,
¨ ¨−¤¥ªá� ¡�«�−á� ¢ ¯à¥¤¯®«®¦¥−¨¨, çâ® �¯à¨®à−ë¥ à�á¯à¥¤¥«¥−¨ï ä�ªâ®à®¢
¨§¢¥áâ−ë. ‚ ¤�−−®© à�¡®â¥ à�áá¬�âà¨¢�îâáï ¢¥à®ïâ−®áâ−ë¥ å�à�ªâ¥à¨áâ¨ª¨
¨−¤¥ªá� ¡�«�−á� ¢ á«ãç�¥, ª®£¤� ®¡� ä�ªâ®à� ¨¬¥îâ �¯à¨®à−®¥ à�á¯à¥¤¥«¥−¨¥
‚¥©¡ã««�. ÷�¡®â� ¯à®¤®«¦�¥â àï¤ ¨áá«¥¤®¢�−¨© �¢â®à®¢ ¢ ®¡«�áâ¨ ¯à¨¬¥−¥-
−¨ï ¡�©¥á®¢áª¨å ¬¥â®¤®¢ ¢ §�¤�ç�å ¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï ¨ −�¤¥¦−®áâ¨.
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�¯à¨®à−®¥ ¢¥©¡ã««®¢áª®¥ à�á¯à¥¤¥«¥−¨¥ ¢ ¡�©¥á®¢áª¨å ¬®¤¥«ïå ¡�«�−á�

à�§−®£® à®¤� á¨áâ¥¬. Š�ª ¯à�¢¨«®, ¬�â¥¬�â¨ç¥áª¨¬ ¬®¤¥«ï¬, ¨á¯®«ì§ã¥¬ë¬ ¢ ¨á-
á«¥¤®¢�−¨ïå íää¥ªâ¨¢−®áâ¨, á¢®©áâ¢¥−−® à�§¤¥«¥−¨¥ ¯�à�¬¥âà®¢ −� ¯®§¨â¨¢−ë¥
¨ −¥£�â¨¢−ë¥. �à¨ íâ®¬ ä�ªâ®àë, ®ª�§ë¢�îé¨¥ ¢«¨ï−¨¥ −� á¨áâ¥¬ã, à�§¤¥«ïîâáï
−� ¤¢� ãá«®¢−ëå ª«�áá�: á¯®á®¡áâ¢ãîé¨¥ äã−ªæ¨®−¨à®¢�−¨î æ¥«¥¢®£® ®¡ê¥ªâ�
(p-ä�ªâ®àë) ¨ ¯à¥¯ïâáâ¢ãîé¨¥ äã−ªæ¨®−¨à®¢�−¨î (n-ä�ªâ®àë). „«ï ¨áá«¥-
¤®¢�−¨ï äã−ªæ¨®−¨à®¢�−¨ï â�ª¨å á¨áâ¥¬ ¥áâ¥áâ¢¥−−® à�áá¬�âà¨¢�âì ®â−®è¥−¨¥
íâ¨å ä�ªâ®à®¢, ¯à¨ íâ®¬ ¡®«ìè®¥ à�áå®¦¤¥−¨¥ ¬¥¦¤ã ¢¥«¨ç¨−�¬¨ ä�ªâ®à®¢,
ª�ª ¯à�¢¨«®, ï¢«ï¥âáï ¯à¨§−�ª®¬ −¥¤®®æ¥−ª¨ −¥£�â¨¢−®£® ¢®§¤¥©áâ¢¨ï ¨«¨ ¦¥
çà¥§¬¥à−ëå §�âà�â −� ¥£® ¯à¥®¤®«¥−¨¥. ‘«¥¤®¢�â¥«ì−®, ¤«ï ¤®áâ¨¦¥−¨ï ¡�«�−á�
¢ á¨áâ¥¬¥ á«¥¤ã¥â ¯à¨¡«¨¦�âì íâ® ®â−®è¥−¨¥ ª ¥¤¨−¨æ¥.

÷�áá¬®âà¨¬ ¨−¤¥ªá ¡�«�−á� á¨áâ¥¬ë ρ = λ/µ, £¤¥ λ ¨ µ ¯à¥¤áâ�¢«ïîâ á®¡®©
n- ¨ p-ä�ªâ®à á®®â¢¥âáâ¢¥−−®. �à¨¬¥à�¬¨ ¨−¤¥ªá� ¡�«�−á� ¯à¨ ¨áá«¥¤®¢�−¨¨,
áª�¦¥¬, á«®¦−ëå ¬®¤¨ä¨æ¨àã¥¬ëå ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ ¬®£ãâ á«ã¦¨âì
ª®íää¨æ¨¥−â §�£àã§ª¨ á¨áâ¥¬ë, ®¯à¥¤¥«ï¥¬ë© ª�ª ®â−®è¥−¨¥ ¨−â¥−á¨¢−®áâ¨
¢å®¤ïé¥£® ¯®â®ª� ª ¨−â¥−á¨¢−®áâ¨ ®¡á«ã¦¨¢�−¨ï, ¨ ®¦¨¤�¥¬®¥ ¢à¥¬ï ¡¥§®â-
ª�§−®© à�¡®âë, ¯à¥¤áâ�¢¨¬®¥ ¢ ¢¨¤¥ ®â−®è¥−¨ï áà¥¤−¥£® ¢à¥¬¥−¨ ¡¥§®âª�§−®©
à�¡®âë ª áà¥¤−¥¬ã ¢à¥¬¥−¨ ¢®ááâ�−®¢«¥−¨ï á¨áâ¥¬ë.

‘ â¥ç¥−¨¥¬ ¢à¥¬¥−¨ ¨§¬¥−ï¥âáï á®áâ®ï−¨¥ ®ªàã¦�îé¥© áà¥¤ë, � ¢¬¥áâ¥ á â¥¬
¬¥−ïîâáï ¨ §−�ç¥−¨ï ä�ªâ®à®¢, ¢«¨ïîé¨å −� á¨áâ¥¬ã. �â® ¤�¥â ¯à¥¤¯®áë«ª¨
¤«ï à�áá¬®âà¥−¨ï ä�ªâ®à®¢, � á«¥¤®¢�â¥«ì−®, ¨ ¨−¤¥ªá®¢ ª�ª á«ãç�©−ëå ¢¥«¨-
ç¨−. �à¨ íâ®¬ áâ®¨â ãç¨âë¢�âì, çâ® £«®¡�«ì−ë¥ ¨§¬¥−¥−¨ï ®ªàã¦�îé¥© áà¥¤ë
¯à®¨áå®¤ïâ ¤®áâ�â®ç−® à¥¤ª®, ¯®íâ®¬ã §�ª®−ë, ¢«¨ïîé¨¥ −� §−�ç¥−¨ï ä�ªâ®à®¢,
¬®¦−® áç¨â�âì (¢ à�¬ª�å ª®−ªà¥â−®© ¬®¤¥«¨) −¥¨§¬¥−−ë¬¨. ‚ á¢ï§¨ á íâ¨¬
¯à¥¤áâ�¢«ï¥âáï à�§ã¬−ë¬ ¯à¨¬¥−¥−¨¥ ¡�©¥á®¢áª®£® ¬¥â®¤�, ®á−®¢�−−®£® −� à�−-
¤®¬¨§�æ¨¨ ¯�à�¬¥âà®¢ ¯à¨ ¯®¬®é¨ ¨§¢¥áâ−ëå �¯à¨®à−ëå à�á¯à¥¤¥«¥−¨© [1].

‚ áâ�âì¥ ¢ ª�ç¥áâ¢¥ �¯à¨®à−®£® à�áá¬�âà¨¢�¥âáï ¢¥©¡ã««®¢áª®¥ à�á¯à¥¤¥«¥-
−¨¥. �¨¦¥ ¯à¨¢®¤ïâáï ¢¥à®ïâ−®áâ−ë¥ å�à�ªâ¥à¨áâ¨ª¨ ¨−¤¥ªá� ¡�«�−á�, ¯® áãâ¨
ï¢«ïîé¥£®áï ¬�áèâ�¡−®© á¬¥áìî ¤¢ãå à�á¯à¥¤¥«¥−¨© ¨§ £�¬¬�-ª«�áá�.

2 Основные результаты

�¡®§−�ç¨¬ ç¥à¥§ W (p, α) à�á¯à¥¤¥«¥−¨¥ ‚¥©¡ã««� á ¯«®â−®áâìî

wp,α(x) =
pxp−1e−(x/α)p

αp , x > 0 , p > 0 , α > 0 .

÷�áá¬®âà¨¬ £�¬¬�-íªá¯®−¥−æ¨�«ì−ãî äã−ªæ¨î [2]

Geα, β(x) =
∞
∑

k=0

xk

k!
•(αk + β) , x ∈ R , α ≥ 0 , β > 0 .

„«ï ¤�«ì−¥©è¨å ¢ëç¨á«¥−¨© ¯®âà¥¡ã¥âáï á«¥¤ãîé¥¥ ãâ¢¥à¦¤¥−¨¥.

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 29 −®¬¥à 1 2019 175



…. �. �àãâî−®¢, �. �. Šã¤àï¢æ¥¢, �. ˆ. ’¨â®¢�

‹¥¬¬� 1. „«ï −¥ª®â®àëå q > 0, p > 0, a > 0 ¨ b > 0 á¯à�¢¥¤«¨¢®

∞
∫

0

yq+p−1e−(y/a)pe−(y/b)q dy =



























bq+pq−1Gep/q, (p+q)/q

(

−
(

b

a

)p)

, p < q ;

aq+pp−1Geq/p, (p+q)/p

(

−
(

a

b

)q)

, q < p ;

p−1(a−p + b−p)−2, p = q .

„ ® ª � § � â ¥ « ì á â ¢ ® . ÷�áá¬®âà¨¬ á«ãç�© p < q. ˆá¯®«ì§ãï â¥®à¥¬ã ‹¥¡¥£�
® ¯à¥¤¥«ì−®¬ ¯¥à¥å®¤¥, ¯®«ãç�¥¬

∞
∫

0

yq+p−1e−(y/a)pe−(y/b)q dy =
aq+p

p

∞
∫

0

tq/p
∞
∑

k=0

(−t)k
k!

e−(at1/p/b)q dt =

=
bp+q

q

∞
∑

k=0

(−1)k(b/a)pk

k!

∞
∫

0

z(pk+p)/qe−z dz =

=
bp+q

q

∞
∑

k=0

(−1)k(b/a)pk

k!
•

(

pk + p+ q

q

)

.

‘«ãç�© q < p à�áá¬�âà¨¢�¥âáï �−�«®£¨ç−®. ‘«ãç�© p = q −�¯àï¬ãî á«¥¤ã¥â ¨§
®¯à¥¤¥«¥−¨ï £�¬¬�-äã−ªæ¨¨. ‹¥¬¬� ¤®ª�§�−�.

’¥®à¥¬� 1. �ãáâì −¥£�â¨¢−ë© ä�ªâ®à λ ¨ ¯®§¨â¨¢−ë© ä�ªâ®à µ ¨¬¥îâ
à�á¯à¥¤¥«¥−¨¥ ‚¥©¡ã««� W (q, θ) ¨ W (p, α) á®®â¢¥âáâ¢¥−−®, ¯à¨ç¥¬ λ ¨ µ
−¥§�¢¨á¨¬ë. ’®£¤� ¯à¨ x > 0 ¯«®â−®áâì, äã−ªæ¨ï à�á¯à¥¤¥«¥−¨ï ¨ ¬®¬¥−âë
¨−¤¥ªá� ¡�«�−á� ρ = λ/µ ¨¬¥îâ ¢¨¤:

fρ(x) =



















qαqxq−1

θq Geq/p, (p+q)/p

(

−
(

αx

θ

)q)

, q < p ;

pθp

αpxp+1 Gep/q, (p+q)/q

(

−
(

αx

θ

)−p
)

, p < q ;

Fρ(x) =



























q

p

(

αx

θ

)q

Geq/p, q/p

(

−
(

αx

θ

)q)

, q < p ;

∞
∫

(αx/θ)−p

Gep/q, (p+q)/q(−z) dz, p < q ;

Eρz =

(

θ

α

)z

•

(

1 +
z

q

)

•

(

1− z

p

)

, −q < z < p .
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�¯à¨®à−®¥ ¢¥©¡ã««®¢áª®¥ à�á¯à¥¤¥«¥−¨¥ ¢ ¡�©¥á®¢áª¨å ¬®¤¥«ïå ¡�«�−á�

�à¨ p = q à�á¯à¥¤¥«¥−¨¥ ¨−¤¥ªá� ¡�«�−á� ρ á®¢¯�¤�¥â á à�á¯à¥¤¥«¥−¨¥¬
„�£ã¬� [3] á ¯�à�¬¥âà�¬¨ (p, α/θ, 1).

„ ® ª � § � â ¥ « ì á â ¢ ® . �®áª®«ìªã

fρ(x) =

∞
∫

0

pqxq−1yp+q−1

αpθq e−(xy/θ)qe−(y/α)p dy,

¢¨¤ ¯«®â−®áâ¨ fρ(x) ¢ëâ¥ª�¥â ¨§ «¥¬¬ë 1 ¤«ï ¢á¥å p, q > 0.
��©¤¥¬ äã−ªæ¨î à�á¯à¥¤¥«¥−¨ï ρ. ‚ á«ãç�¥ q < p ¨¬¥¥¬

Fρ(x) =

∞
∑

k=0

q(−1)kαq+qk

θq+qkk!
•

(

qk + p+ q

p

)

x
∫

0

yqk+q−1 dy =

=

∞
∑

k=0

q(−1)k(αx)q+qk

(q + qk)θq+qkk!
•

(

qk + p+ q

p

)

=

=
∞
∑

k=0

q(−1)k(αx)q+qk

pθq+qkk!
•

(

qk + q

p

)

.

„«ï p < q ¨¬¥¥¬

Fρ(x) =
pθp

αp

x
∫

0

∞
∑

k=0

(−1)kθpk

αpkk!
•

(

pk + p+ q

q

)

y−pk−p−1 dy =

=

∞
∫

(αx/θ)−p

∞
∑

k=0

(−z)k
k!
•

(

pk + p+ q

q

)

dz .

‘®®â−®è¥−¨¥ ¤«ï ¬®¬¥−â®¢ ρ á«¥¤ã¥â ¨§ −¥§�¢¨á¨¬®áâ¨ á«ãç�©−ëå ¢¥«¨ç¨− λ
¨ µ ¨ â®£® ä�ªâ�, çâ® ¤«ï ¢¥©¡ã««®¢áª®£® à�á¯à¥¤¥«¥−¨ï

Eλz = θz•

(

1 +
z

q

)

, z > −q .

’¥®à¥¬� ¤®ª�§�−�.

3 Заключение

÷¥§ã«ìâ�âë áâ�âì¨ ®¡®¡é�îâ ¯®«ãç¥−−ë¥ à�−¥¥ ãâ¢¥à¦¤¥−¨ï ¤«ï ¢¥à®ïâ−®áâ-
−ëå å�à�ªâ¥à¨áâ¨ª ¨−¤¥ªá� ¡�«�−á� ä�ªâ®à®¢, ¨¬¥îé¨å �¯à¨®à−ë¥ à�á¯à¥¤¥«¥-
−¨ï ‚¥©¡ã««�, ÷í«¥ï ¨ íªá¯®−¥−æ¨�«ì−ë¥ [1,2], ¨ ¢ ®ç¥à¥¤−®© à�§ ¤¥¬®−áâà¨àãîâ
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E. N. Arutyunov, A. A. Kudryavtsev, and A. I. Titova

ã¤®¡áâ¢® ¯à¨¬¥−¥−¨ï £�¬¬�-íªá¯®−¥−æ¨�«ì−®© äã−ªæ¨¨ ¤«ï �−�«¨§� ¬�áèâ�¡-
−ëå á¬¥á¥© ç�áâ−ëå á«ãç�¥¢ ®¡®¡é¥−−®£® £�¬¬�-à�á¯à¥¤¥«¥−¨ï.
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Abstract: This paper is devoted to Bayesian balance models, which imply
separation of factors affecting the system under study, into positive, i. e.,
contributing to functioning, and negative, i. e., impeding functioning. To study
the effectiveness of the system, the balance index, equal to the ratio of negative
and positive factors, is concerned. It is assumed that the factors depend on
environment, and it is not possible to determine their exact values due to lack
of time and material resources, imperfect measuring equipment, etc.; however,
the laws governing factors' alterations remain unchanged and are known a priori
to the researcher. Under these conditions, it is reasonable to use the Bayesian
method, which implies randomization of the initial parameters and, hence, the
balance index, under the assumption that a priori distributions of the factors
are known. In this paper, the probabilistic characteristics of the balance index
in the case when both factors have a priori Weibull distribution are concerned.
This work continues a series of studies on the application of Bayesian methods in
problems of mass service and reliability.

Keywords: Bayesian approach; balance models; mixed distributions; Weibull
distribution; gamma-exponential function
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ИНФОРМАЦИОННЫЕ ТРАНСФОРМАЦИИ ПАРАЛЛЕЛЬНЫХ
ТЕКСТОВ В ЗАДАЧАХ ИЗВЛЕЧЕНИЯ ЗНАНИЙ∗

А. А. Гончаров1, И. М. Зацман2

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�¥âáï §�¤�ç� æ¥«¥−�¯à�¢«¥−−®£® ®¡−�àã¦¥−¨ï ¨ §�-
¯®«−¥−¨ï «�ªã− ¢ «¨−£¢¨áâ¨ç¥áª¨å â¨¯®«®£¨ïå, ¢ëáâã¯�îé¨å ª�ª ä®à¬ë
¯à¥¤áâ�¢«¥−¨ï §−�−¨©. �à®æ¥áá à¥è¥−¨ï íâ®© §�¤�ç¨ ¢ª«îç�¥â −¥áª®«ìª®
¬−®£®ªà�â−® ¯®¢â®àï¥¬ëå áâ�¤¨©, ª®â®àë¥ ¢ á®¢®ªã¯−®áâ¨ ®¡à�§ãîâ ®¤−ã
¨â¥à�æ¨î à¥è¥−¨ï §�¤�ç¨ æ¥«¥−�¯à�¢«¥−−®£® ¨§¢«¥ç¥−¨ï §−�−¨© ¨§ ¯�à�«-
«¥«ì−ëå â¥ªáâ®¢ ¤«ï §�¯®«−¥−¨ï «�ªã−. ��à�««¥«ì−ë¥ â¥ªáâë ª�ª ¨−ä®à¬�-
æ¨®−−ë© à¥áãàá âà�−áä®à¬¨àãîâáï ¢ ¯à®æ¥áá¥ à¥è¥−¨ï íâ®© §�¤�ç¨. –¥«ì
áâ�âì¨ á®áâ®¨â ¢ ®¯¨á�−¨¨ ¢¨¤®¢ ¨−ä®à¬�æ¨®−−ëå âà�−áä®à¬�æ¨© ¯�à�««¥«ì-
−ëå â¥ªáâ®¢, ¨á¯®«ì§ã¥¬ëå ¢ −�ç�«¥ ¯à®æ¥áá� ¨§¢«¥ç¥−¨ï §−�−¨© ¨ §�¯®«−¥−¨ï
«�ªã− ¢ «¨−£¢¨áâ¨ç¥áª¨å â¨¯®«®£¨ïå, � ¨¬¥−−®: äà�£¬¥−â�æ¨¨ â¥ªáâ®¢ −� ®¡ê-
¥ªâë ¨−â¥à¯à¥â�æ¨¨ ¨ ¯®¨áª� â¥å ¨§ −¨å, ª®â®àë¥ ¨ ï¢«ïîâáï ¯®â¥−æ¨�«ì−ë¬¨
¨áâ®ç−¨ª�¬¨ §−�−¨ï ¤«ï §�¯®«−¥−¨ï «�ªã−. ‚ áâ�âì¥ ¯à®æ¥áá äà�£¬¥−â�æ¨¨
¯®§¨æ¨®−¨àã¥âáï ª�ª ®¤¨− ¨§ ¢¨¤®¢ ¨−ä®à¬�æ¨®−−ëå âà�−áä®à¬�æ¨© ¯�à�«-
«¥«ì−ëå â¥ªáâ®¢.

Š«îç¥¢ë¥ á«®¢�: ®¡−�àã¦¥−¨¥ «�ªã−; §�¯®«−¥−¨¥ «�ªã−; «¨−£¢¨áâ¨ç¥áª¨¥
â¨¯®«®£¨¨; ¨§¢«¥ç¥−¨¥ §−�−¨© ¨§ ¯�à�««¥«ì−ëå â¥ªáâ®¢; ª®à¯ãá−�ï «¨−£¢¨-
áâ¨ª�; ®¡ê¥ªâë ¨−â¥à¯à¥â�æ¨¨

DOI: 10.14357/08696527190115

1 Введение

�¡−�àã¦¥−¨¥ ¨ §�¯®«−¥−¨¥ «�ªã− ¢ â¨¯®«®£¨ïå, à�áá¬�âà¨¢�¥¬ëå ª�ª ä®à-
¬ë ¯à¥¤áâ�¢«¥−¨ï «¨−£¢¨áâ¨ç¥áª¨å §−�−¨©, | íâ® ®¤−� ¨§ §�¤�ç ¯à®¥ªâ� ¯®
£à�−âã ÷””ˆ, ª®â®àë© ¢ −�áâ®ïé¥¥ ¢à¥¬ï ¢ë¯®«−ï¥âáï ¢ ˆ−áâ¨âãâ¥ ¯à®¡«¥¬
¨−ä®à¬�â¨ª¨ ”ˆ– ˆ“ ÷��. „«ï à¥è¥−¨ï ¤�−−®© §�¤�ç¨ ¯à¥¤«�£�¥âáï ¨á-
¯®«ì§®¢�âì «¨−£¢¨áâ¨ç¥áª®¥ �−−®â¨à®¢�−¨¥ ¯�à�««¥«ì−ëå â¥ªáâ®¢ [1{4], ª®â®à®¥
¢ª«îç�¥â 5 ¬−®£®ªà�â−® ¯®¢â®àï¥¬ëå áâ�¤¨©. ‚ á®¢®ªã¯−®áâ¨ ®−¨ ®¡à�§ãîâ ®¤−ã
¨â¥à�æ¨î à¥è¥−¨ï §�¤�ç¨ æ¥«¥−�¯à�¢«¥−−®£® ¨§¢«¥ç¥−¨ï §−�−¨© ¨§ ¯�à�««¥«ì-
−ëå â¥ªáâ®¢ ¤«ï §�¯®«−¥−¨ï «�ªã−.

‚ ¢ëè¥ã¯®¬ï−ãâ®¬ ¯à®¥ªâ¥ ¯à¥¤«�£�¥¬ë© ¯®¤å®¤ ª ¨§¢«¥ç¥−¨î §−�−¨© ¨«-
«îáâà¨àã¥âáï −� ¯à¨¬¥à¥ ãâ®ç−¥−¨ï â¨¯®«®£¨¨ §−�ç¥−¨© −¥¬¥æª¨å ¬®¤�«ì−ëå

∗÷�¡®â� ¢ë¯®«−¥−� ¢ ˆ−áâ¨âãâ¥ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”ˆ– ˆ“ ÷�� ¯à¨ ç�áâ¨ç−®© ¯®¤-
¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâ 18-07-00192).

1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, a.gonch48@gmail.com

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

180



ˆ−ä®à¬�æ¨®−−ë¥ âà�−áä®à¬�æ¨¨ ¯�à�««¥«ì−ëå â¥ªáâ®¢ ¢ §�¤�ç�å ¨§¢«¥ç¥−¨ï §−�−¨©

£«�£®«®¢ ¨ ¨å ¯¥à¥¢®¤−ëå íª¢¨¢�«¥−â®¢ −� àãááª®¬ ï§ëª¥ [5]. „«ï ¯à®¢¥àª¨
à¥�«¨§ã¥¬®áâ¨ à�§à�¡®â�−−ëå ¬¥â®¤®¢ ®¡−�àã¦¥−¨ï ¨ §�¯®«−¥−¨ï «�ªã− ¨á¯®«ì-
§ãîâáï â¥ªáâë, ¯®«ãç¥−−ë¥ ¨§ −¥¬¥æª®-àãááª®£® ¯®¤ª®à¯ãá� ��æ¨®−�«ì−®£®
ª®à¯ãá� àãááª®£® ï§ëª� (�Š÷Ÿ) ®¡é¨¬ ®¡ê¥¬®¬ 2,6 ¬«− á«®¢®ã¯®âà¥¡«¥−¨©,
¢ª«îç�ï 1,4 ¬«− á«®¢®ã¯®âà¥¡«¥−¨© ¢ ®à¨£¨−�«ì−ëå â¥ªáâ�å −� −¥¬¥æª®¬ ï§ëª¥
¨ 1,2 ¬«− á«®¢®ã¯®âà¥¡«¥−¨© ¢ ¨å ¯¥à¥¢®¤�å −� àãááª¨© ï§ëª.

‚ à�¡®â¥ [6] ¤�−® ®¯¨á�−¨¥ ¢ëè¥ã¯®¬ï−ãâëå 5 áâ�¤¨© ®¡−�àã¦¥−¨ï ¨ §�¯®«-
−¥−¨ï «�ªã−:

(1) ®¯à¥¤¥«¥−¨¥ ®¤−®© ¨«¨ −¥áª®«ìª¨å ï§ëª®¢ëå ¥¤¨−¨æ (Ÿ…), ¨áá«¥¤ã¥¬ëå −�
â¥ªãé¥© ¨â¥à�æ¨¨, � â�ª¦¥ ¯®¨áª ¯à¥¤«®¦¥−¨©, ª®â®àë¥ á®¤¥à¦�â ¨áá«¥¤ã-
¥¬ë¥ Ÿ…, ¨ á®®â¢¥âáâ¢ãîé¨å ¨¬ ¯¥à¥¢®¤®¢ ¢ ¯�à�««¥«ì−ëå â¥ªáâ�å;

(2) «¨−£¢¨áâ¨ç¥áª®¥ �−−®â¨à®¢�−¨¥ ¯à¥¤«®¦¥−¨© á ¨áá«¥¤ã¥¬ë¬¨ Ÿ… ¨ ¨å
¯¥à¥¢®¤®¢, −�©¤¥−−ëå ¢ ¯�à�««¥«ì−ëå â¥ªáâ�å −� ¯¥à¢®© áâ�¤¨¨ [7];

(3) á¥¬�−â¨ç¥áª¨© �−�«¨§ −¥§�¢¥àè¥−−ëå �−−®â�æ¨©, ¯®¬¥ç¥−−ëå àã¡à¨ª�¬¨,
ª®â®àë¥ ãª�§ë¢�îâ −� ¯à¨ç¨−ë −¥§�¢¥àè¥−−®áâ¨ �−−®â¨à®¢�−¨ï (¢ â®¬
ç¨á«¥ −� «�ªã−ë ¢ â¨¯®«®£¨¨ ¨áá«¥¤ã¥¬ëå Ÿ…);

(4) ¤®à�¡®âª� �−−®â�æ¨©, ¢ª«îç�îé¨å àã¡à¨ª¨, ª®â®àë¥ ãª�§ë¢�îâ −� «�ªã−ë
¢ â¨¯®«®£¨¨ ª�ª −� ¯à¨ç¨−ã −¥§�¢¥àè¥−−®áâ¨, ¨ ¯®¯®«−¥−¨¥ áãé¥áâ¢ãîé¥©
â¨¯®«®£¨¨;

(5) ¢ëç¨á«¥−¨¥ §−�ç¥−¨© ç¨á«®¢ëå ¯�à�¬¥âà®¢, å�à�ªâ¥à¨§ãîé¨å á®áâ®ï−¨¥
¯à®æ¥áá� ¯®¯®«−¥−¨ï â¨¯®«®£¨¨ −� ¬®¬¥−â §�¢¥àè¥−¨ï ª�¦¤®© ¨â¥à�æ¨¨.

�à¥¤«®¦¥−¨ï ¨ ¨å ¯¥à¥¢®¤ë, −�©¤¥−−ë¥ −� ¯¥à¢®© áâ�¤¨¨, ¡ã¤¥¬ −�§ë¢�âì
®¡ê¥ªâ�¬¨ ¨−â¥à¯à¥â�æ¨¨. ’à¨ ¯à¨¬¥à� ®¡ê¥ªâ®¢ ¨−â¥à¯à¥â�æ¨¨, á®áâ®ïé¨¥ ¨§
®¤−®£®-¤¢ãå ¯à¥¤«®¦¥−¨© ¨ ¨å ¯¥à¥¢®¤®¢, ¯à¨¢¥¤¥−ë ¢ ¢¨¤¥ áâà®ª â�¡«. 1.

�â¨ ¯à¨¬¥àë ¡ë«¨ −�©¤¥−ë ¯® «¥¬¬¥ sollen, â�ª ª�ª ¤® −�ç�«� ¯®¨áª� ¡ë«®
à¥è¥−® −� â¥ªãé¥© ¨â¥à�æ¨¨ ¨áá«¥¤®¢�âì ª®−áâàãªæ¨¨ á −¥¬¥æª¨¬ ¬®¤�«ì−ë¬
£«�£®«®¬ sollen ¨ ¨å ¯¥à¥¢®¤ë −� àãááª¨© ï§ëª [5]. ‚¢¨¤ã â®£® çâ® ¤�−−ë© £«�£®«
®¡«�¤�¥â ïàª® ¢ëà�¦¥−−®© ¯®«¨á¥¬¨¥© (¢ [8] ¤«ï −¥£® ®¯¨á�−® 13 §−�ç¥−¨©),
¤«ï ãâ®ç−¥−¨ï ¯à¥¤«�£�¥¬®© â¨¯®«®£¨¨ §−�ç¥−¨© ¡ë«¨ ¨á¯®«ì§®¢�−ë −¥¬¥æª®-
àãááª¨¥ ¯�à�««¥«ì−ë¥ â¥ªáâë ¯à¥¨¬ãé¥áâ¢¥−−® åã¤®¦¥áâ¢¥−−ëå ¯à®¨§¢¥¤¥−¨©,
¢ ª®â®àëå ¢á¥£® ¡ë«® −�©¤¥−® ¡®«¥¥ ¤¢ãå âëáïç ®¡ê¥ªâ®¢ ¨−â¥à¯à¥â�æ¨¨, á®¤¥à-
¦�é¨å á«®¢®ä®à¬ë «¥¬¬ë sollen [6].

ˆá¯®«ì§ã¥¬ë¥ ¢ ¯à®¥ªâ¥ ¯�à�««¥«ì−ë¥ â¥ªáâë ¢ëà®¢−¥−ë (®à¨£¨−�«ì−ë¬
¯à¥¤«®¦¥−¨ï¬ ¯®áâ�¢«¥−ë ¢ á®®â¢¥âáâ¢¨¥ ¨å ¯¥à¥¢®¤ë, á¬. áâà®ª¨ â�¡«. 1), â. ¥.
¢ ¯à®æ¥áá¥ ä®à¬¨à®¢�−¨ï �Š÷Ÿ ¡ë«� ¢ë¯®«−¥−� ¨å äà�£¬¥−â�æ¨ï −� áâà®ª¨
á ¯à¥¤«®¦¥−¨ï¬¨ −� −¥¬¥æª®¬ ¨ àãááª®¬ ï§ëª¥. ‘ â®çª¨ §à¥−¨ï ¨−ä®à¬�æ¨®−−ëå
âà�−áä®à¬�æ¨© ¬®¦−® £®¢®à¨âì ® â®¬, çâ® ¤® −�ç�«� ¨â¥à�æ¨®−−®£® ¢ë¯®«−¥-
−¨ï 5 ¯¥à¥ç¨á«¥−−ëå áâ�¤¨© ¡ë«� ®áãé¥áâ¢«¥−� äà�£¬¥−â�æ¨ï ®à¨£¨−�«ì−ëå
â¥ªáâ®¢ ¨ á®®â¢¥âáâ¢ãîé¨å ¨¬ ¯¥à¥¢®¤®¢ −� ®¡ê¥ªâë ¨−â¥à¯à¥â�æ¨¨.

�¤−�ª® ¯®á«¥ ¢ë¯®«−¥−¨ï ¯®¨áª� ¯®ï¢«ï¥âáï ¢®§¬®¦−®áâì ¯¥à¥ä®à¬¨à®¢�âì
«î¡®© −�©¤¥−−ë© ®¡ê¥ªâ ¨−â¥à¯à¥â�æ¨¨ ¯ãâ¥¬ ¤®¡�¢«¥−¨ï ª −¥¬ã ®¤−®© ¨«¨
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’�¡«¨æ� 1 �à¨¬¥àë ®¡ê¥ªâ®¢ ¨−â¥à¯à¥â�æ¨¨

| \Soll ich Ihr helfen, Jungfer?" sagte
ich. | Sie ward rot �uber und �uber.
[Johann Wolfgang Goethe. Die Leiden des
jungen Werther (1774)]

| �®¬®çì ¢�¬, ¤¥¢ãèª�? | á¯à®á¨« ï.
�−� ¢áï â�ª ¨ §�à¤¥«�áì.
[ˆ®£�−− ‚®«ìä£�−£ ƒñâ¥. ‘âà�¤�−¨ï
î−®£® ‚¥àâ¥à� (�. Š�á�âª¨−�,1954)]

Aber wie sollte ich von hier den Weg finden,
der zur Menschenliebe f�uhrte?
[Hermann Hesse. Peter Camenzind (1904)]

�¤−�ª® £¤¥ ¦¥ ¬−¥ á«¥¤®¢�«® ¨áª�âì
¯ãâì, ¢¥¤ãé¨© ª ç¥«®¢¥ª®«î¡¨î?
[ƒ¥à¬�− ƒ¥áá¥. �¥â¥à Š�¬¥−æ¨−¤
(÷. �©¢�¤¨á, 1995)]

| \Es kann sie jeder machen," versetzte sie
drauf, \und sollte denn in der weiten Welt
kein M�adchen sein, das die W�unsche Ihres
Herzens erf�ullte?"
[Johann Wolfgang Goethe. Die Leiden des
jungen Werther (1774)]

| ’�ª ¢áïª¨© ¡ë à�ááã¤¨«, | ®â¢¥â¨«�
®−�. | �¥ã¦â® ¢® ¢áñ¬ ¬¨à¥ −¥
−�©¤ñâáï ¤¥¢ãèª¨ ¢�¬ ¯® á¥à¤æã?

[ˆ®£�−− ‚®«ìä£�−£ ƒñâ¥. ‘âà�¤�-
−¨ï î−®£® ‚¥àâ¥à� (�. Š�á�âª¨−�,
1954)]

−¥áª®«ìª¨å áâà®ª, à�á¯®«®¦¥−−ëå á®®â¢¥âáâ¢¥−−® ¢ â¥ªáâ¥ ¨ ¯¥à¥¢®¤¥ ¯à®¨§¢¥-
¤¥−¨ï ¤® íâ®£® ®¡ê¥ªâ� /̈̈ «¨ ¯®á«¥ −¥£®. ��¯à¨¬¥à, ¥á«¨ ¤«ï ¨−â¥à¯à¥â�æ¨¨
¢ë¡à�−� −¥ª®â®à�ï −�©¤¥−−�ï áâà®ª�, â® ®−� ¬®¦¥â ¡ëâì ®¡ê¥¤¨−¥−� á á®á¥¤−¨¬¨
áâà®ª�¬¨ (−¥®¡ï§�â¥«ì−® á¬¥¦−ë¬¨ ¯® â¥ªáâã ª−¨£¨) ¢ −®¢ë© ®¡ê¥ªâ ¨−â¥à¯à¥â�-
æ¨¨, çâ® ®¡¥á¯¥ç¨¢�¥âáï §� áç¥â à�áè¨à¥−¨ï £à�−¨æ ª®−â¥ªáâ�, −¥®¡å®¤¨¬®£® ¤«ï
¢ë¯®«−¥−¨ï �−−®â¨à®¢�−¨ï.

–¥«ì áâ�âì¨ á®áâ®¨â ¢ ®¯¨á�−¨¨ ¨−ä®à¬�æ¨®−−ëå âà�−áä®à¬�æ¨© ¯�à�««¥«ì-
−ëå â¥ªáâ®¢, ®¡¥á¯¥ç¨¢�îé¨å ¯®¨áª ¨ ¯¥à¥ä®à¬¨à®¢�−¨¥ ¨¬¥−−® â¥å ®¡ê¥ªâ®¢
¨−â¥à¯à¥â�æ¨¨, ª®â®àë¥ ï¢«ïîâáï ¯®â¥−æ¨�«ì−ë¬¨ ¨áâ®ç−¨ª�¬¨ §−�−¨ï ¤«ï
ãâ®ç−¥−¨ï â¨¯®«®£¨¨ ¢ ¯à®æ¥áá¥ ®¡−�àã¦¥−¨ï ¨ §�¯®«−¥−¨ï «�ªã−.

2 Формирование и поиск объектов интерпретации

”®à¬¨à®¢�−¨¥ ®¡ê¥ªâ®¢ ¨−â¥à¯à¥â�æ¨¨ á ¨áá«¥¤ã¥¬ë¬¨ Ÿ… ¢ë¯®«−ï¥âáï
¢ âà¨ íâ�¯�:

(1) ¢ëà�¢−¨¢�−¨¥ ¯�à�««¥«ì−ëå â¥ªáâ®¢;

(2) ¯®¨áª ®¡ê¥ªâ®¢ ¨−â¥à¯à¥â�æ¨¨ á ¨áá«¥¤ã¥¬ë¬¨ Ÿ…, ª®â®àë¥ ï¢«ïîâáï ¯®-
â¥−æ¨�«ì−ë¬¨ ¨áâ®ç−¨ª�¬¨ §−�−¨ï ¤«ï ãâ®ç−¥−¨ï â¨¯®«®£¨¨ (¯¥à¢�ï áâ�¤¨ï
¨â¥à�æ¨¨);

(3) ¯¥à¥ä®à¬¨à®¢�−¨¥ −�©¤¥−−ëå ®¡ê¥ªâ®¢ ¨−â¥à¯à¥â�æ¨¨ (¯®áà¥¤áâ¢®¬ à�á-
è¨à¥−¨ï £à�−¨æ ®¡ê¥ªâ� ¨−â¥à¯à¥â�æ¨¨ §� áç¥â ¤àã£¨å áâà®ª â�¡«¨æë,
á®¤¥à¦�é¨å â¥ªáâ ¨ ¯¥à¥¢®¤ ¯à®¨§¢¥¤¥−¨ï), ¥á«¨ ¤«ï �−−®â¨à®¢�−¨ï âà¥¡ã-
¥âáï ¡®«¥¥ è¨à®ª¨© ª®−â¥ªáâ (¢â®à�ï áâ�¤¨ï ¨â¥à�æ¨¨).
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ˆ−ä®à¬�æ¨®−−ë¥ âà�−áä®à¬�æ¨¨ ¯�à�««¥«ì−ëå â¥ªáâ®¢ ¢ §�¤�ç�å ¨§¢«¥ç¥−¨ï §−�−¨©

÷¥§ã«ìâ�â®¬ ¯¥à¢®£® íâ�¯� ä®à¬¨à®¢�−¨ï ®¡ê¥ªâ®¢ ¨−â¥à¯à¥â�æ¨¨ ï¢«ïîâáï
¯�àë äà�£¬¥−â®¢ â¥ªáâ�, ¢ª«îç�îé¨¥ ¯à¥¤«®¦¥−¨ï ®à¨£¨−�«� ¨ á®®â¢¥âáâ¢ã-
îé¨¥ ¨¬ ¯¥à¥¢®¤ë. ‚ à�¬ª�å −�¤ª®à¯ãá−®© ¡�§ë ¤�−−ëå (��„) −� â¥ªãé¨©
¬®¬¥−â ¨á¯®«ì§ãîâáï ¯®«−ë¥ â¥ªáâë ¯à®¨§¢¥¤¥−¨©, ª®â®àë¥ ¢¨§ã�«ì−® ¯à¥¤áâ�-
¢«¥−ë ¢ ä®à¬¥ â�¡«¨æë. Š�¦¤�ï áâà®ª� â�¡«¨æë á®¤¥à¦¨â äà�£¬¥−â â¥ªáâ�
®à¨£¨−�«� (¢ «¥¢®¬ áâ®«¡æ¥) ¨ á®®â¢¥âáâ¢ãîé¨© ¥¬ã äà�£¬¥−â â¥ªáâ� ¯¥à¥¢®¤�
(¢ ¯à�¢®¬ áâ®«¡æ¥), äà�£¬¥−âë ¦¥ ¢ ¡®«ìè¨−áâ¢¥ á«ãç�¥¢ á®áâ®ïâ ¨§ ®¤−®£® ¯à¥¤-
«®¦¥−¨ï [9, 10]. …á«¨ ¢ â�¡«. 1 ã¡à�âì −�§¢�−¨ï ¯à®¨§¢¥¤¥−¨©, ¨¬¥−� �¢â®à®¢
¨ ¯¥à¥¢®¤ç¨ª®¢, â® ¥¥ áâà®ª¨ ¡ã¤ãâ ¯à¨¬¥à�¬¨ à¥§ã«ìâ�â®¢ ¢ë¯®«−¥−¨ï ¯¥à¢®£®
íâ�¯�.

Šà�âª® ®¯¨è¥¬ â¥å−®«®£¨î ¢ëà�¢−¨¢�−¨ï, ¨áå®¤ï ¨§ â®£®, çâ® â¥ªáâë ®à¨-
£¨−�«� ¨ ¯¥à¥¢®¤� ã¦¥ ¯à¥¤áâ�¢«¥−ë ¢ í«¥ªâà®−−®¬ ¢�à¨�−â¥. ‘−�ç�«� â¥ªáâë
¯à®¢¥àïîâáï −� ¯à¥¤¬¥â ®¯¥ç�â®ª, çâ® ¬®¦−® á¤¥«�âì, −�¯à¨¬¥à, ¯à¨ ¯®¬®é¨
äã−ªæ¨¨ ú�à�¢®¯¨á�−¨¥û MS Word. ‡�â¥¬ ¢ â¥ªáâ�å ã¤�«ï¥âáï −ã¬¥à�æ¨ï
áâà�−¨æ, §−�ª¨ â�¡ã«ïæ¨¨ §�¬¥−ïîâáï ¯à®¡¥«�¬¨, à�§àë¢ë áâà�−¨æ | §−�ª�¬¨
�¡§�æ�, «¨è−¨¥ ¯à®¡¥«ë ¨ ¬ï£ª¨¥ ¯¥à¥−®áë ã¤�«ïîâáï, §−�ª¨ â¨à¥ ã−¨ä¨æ¨àã-
îâáï. –¥«ì íâ¨å ®¯¥à�æ¨© | −®à¬�«¨§�æ¨ï §−�ª®¢ ä®à¬�â¨à®¢�−¨ï, çâ® ¢ ¤�«ì-
−¥©è¥¬ ¯®¬®¦¥â ¨§¡¥¦�âì á¡®¥¢ ¯à¨ ¨á¯®«ì§®¢�−¨¨ ¯à®£à�¬¬ë ¢ëà�¢−¨¢�−¨ï
¯�à�««¥«ì−ëå â¥ªáâ®¢. �¥®¡å®¤¨¬® â�ª¦¥ ãç¨âë¢�âì ®á®¡¥−−®áâ¨ ª®−ªà¥â−ëå
ï§ëª®¢. ’�ª, ¢ â¥ªáâ�å −� äà�−æã§áª®¬ ï§ëª¥ −¥à¥¤ª® ¯à¨å®¤¨âáï §�¬¥−ïâì
á®ç¥â�−¨¥ ¡ãª¢ úoeû −� úceû.

�à¨ ¯®¤£®â®¢ª¥ â¥ªáâ®¢ ª ¢ëà�¢−¨¢�−¨î ¢áâ�¥â ¢®¯à®á ® −¥®¡å®¤¨¬®áâ¨
á®åà�−¥−¨ï ¨ à¥¤�ªâ¨à®¢�−¨ï ¯®áâà�−¨ç−ëå á−®á®ª. …á«¨ ¯à¨−¨¬�¥âáï à¥è¥−¨¥
®¡ ¨å á®åà�−¥−¨¨, â® â¥ªáâ á−®áª¨ §�ª«îç�¥âáï ¢ ä¨£ãà−ë¥ áª®¡ª¨ ¨ ¯®¬¥é�¥âáï
¯®á«¥ ¯à¥¤«®¦¥−¨ï, ª ª®â®à®¬ã ®− ®â−®á¨âáï. �à¨ íâ®¬ −¥¨−ä®à¬�â¨¢−ë¥
á−®áª¨, ª�ª ¯à�¢¨«®, ã¤�«ïîâáï.

�®á«¥ ¢á¥å ¢ëè¥¯¥à¥ç¨á«¥−−ëå ®¯¥à�æ¨© ¢ë¯®«−ï¥âáï ¢ëà�¢−¨¢�−¨¥ ¯à¥¤-
«®¦¥−¨© ®à¨£¨−�«ì−®£® â¥ªáâ� ¨ ¥£® ¯¥à¥¢®¤� ¯à¨ ¯®¬®é¨ ¯à®£à�¬¬ë ú…¢-
ª«¨¤û [11], á®§¤�−−®© −� ®á−®¢¥ −�å®¤ïé¥©áï ¢ ®âªàëâ®¬ ¤®áâã¯¥ ¯à®£à�¬¬ë ¢ë-
à�¢−¨¢�−¨ï â¥ªáâ®¢ HunAlign [12]. �à®£à�¬¬� ú…¢ª«¨¤û ¯®§¢®«ï¥â ãáâ�−®¢¨âì
á®®â¢¥âáâ¢¨¥ ¬¥¦¤ã ®¤−¨¬ ¨«¨ −¥áª®«ìª¨¬¨ ¯à¥¤«®¦¥−¨ï¬¨ â¥ªáâ� ®à¨£¨−�«�
¨ ¨å ¯¥à¥¢®¤�¬¨. ‚ �¢â®¬�â¨ç¥áª®¬ à¥¦¨¬¥ ®−� ä®à¬¨àã¥â â�¡«¨æã á ¯®«−ë¬
â¥ªáâ®¬ ¯à®¨§¢¥¤¥−¨ï ¢ «¥¢®¬ áâ®«¡æ¥ ¨ ¥£® ¯¥à¥¢®¤®¬ ¢ ¯à�¢®¬.

�®«ãç¥−−�ï â�¡«¨æ� ¬®¦¥â á®¤¥à¦�âì ®è¨¡ª¨ ¢ëà�¢−¨¢�−¨ï, ª®â®àë¥ ¨á-
¯à�¢«ïîâáï ¢àãç−ãî ¯à¨ ¯®¬®é¨ −¥áª®«ìª¨å ª®¬�−¤. ‚®-¯¥à¢ëå, íâ® ¯¥à¥−®á
äà�£¬¥−â� â¥ªáâ� ¢ â�¡«¨æ¥ −� áâà®ªã ¢ëè¥ ¨«¨ −¨¦¥. ‚®-¢â®àëå, íâ® ¤®-
¡�¢«¥−¨¥ ¯ãáâ®© áâà®ª¨ ¢ â�¡«¨æã ¨«¨, −�¯à®â¨¢, ã¤�«¥−¨¥ «¨è−¥© (¯ãáâ®©)
áâà®ª¨. ‚-âà¥âì¨å, íâ® à�á¯à¥¤¥«¥−¨¥ äà�£¬¥−â®¢ â¥ªáâ� ®à¨£¨−�«� ¨ ¯¥à¥¢®¤�,
¯®¬¥é¥−−ëå ¢ å®¤¥ �¢â®¬�â¨ç¥áª®£® ¢ëà�¢−¨¢�−¨ï ¢ ®¤−ã áâà®ªã, ¯® ¤¢ã¬ ¨«¨
¡®«¥¥ −®¢ë¬ áâà®ª�¬, � â�ª¦¥ ®¡ê¥¤¨−¥−¨¥ äà�£¬¥−â®¢ â¥ªáâ� ¨§ −¥áª®«ìª¨å
áâà®ª. ‘«¥¤ã¥â ®â¬¥â¨âì, çâ® ¯à®£à�¬¬� ú…¢ª«¨¤û ¢ �¢â®¬�â¨ç¥áª®¬ à¥¦¨¬¥
¢ë¤¥«ï¥â ªà�á−ë¬ æ¢¥â®¬ â¥ äà�£¬¥−âë, £¤¥ á ¡®«ìè®© ¢¥à®ïâ−®áâìî ¬®£ãâ ¯à¨-
áãâáâ¢®¢�âì ®è¨¡ª¨ ¢ëà�¢−¨¢�−¨ï. ’�ª¨¬ ®¡à�§®¬, á ¯®¬®éìî íâ®© ¯à®£à�¬¬ë
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«¨−¥©−ë© â¥ªáâ ¨ ¥£® ¯¥à¥¢®¤ âà�−áä®à¬¨àãîâáï ¢ â�¡«¨æã, á®áâ®ïéãî ¨§ ¤¢ãå
áâ®«¡æ®¢. �à¥¤«®¦¥−¨ï â¥ªáâ� ®à¨£¨−�«� à�á¯à¥¤¥«ïîâáï ¯® áâà®ª�¬ ¢ «¥¢®¬
áâ®«¡æ¥ íâ®© â�¡«¨æë (¯® ®¤−®¬ã ¨«¨ ¡®«¥¥ ¯à¥¤«®¦¥−¨© ¢ áâà®ª¥), � ¯¥à¥¢®¤
íâ¨å ¯à¥¤«®¦¥−¨© | ¢ ¯à�¢®¬.

�®á«¥ ¨−ä®à¬�æ¨®−−®© âà�−áä®à¬�æ¨¨ â¥ªáâ� ¯à®¨§¢¥¤¥−¨ï ¨ ¥£® ¯¥à¥¢®¤�
¢ â�¡«¨æã ¢ë¯®«−ï¥âáï à�§¬¥âª� ¢ëà®¢−¥−−ëå â¥ªáâ®¢ ¯à®£à�¬¬�¬¨ Ÿ−¤¥ª-
á� [13, 14] á®£«�á−® Œ®àä®«®£¨ç¥áª®¬ã áâ�−¤�àâã �Š÷Ÿ. �¥à¥ç¥−ì â¥£®¢,
¨á¯®«ì§ã¥¬ëå ¯à¨ à�§¬¥âª¥, ¯à¨¢¥¤¥− −� áâà�−¨æ¥ ¯® �¤à¥áã: http://www.
ruscorpora.ru/corpora-morph.html. Œ®àä®«®£¨ç¥áª�ï à�§¬¥âª� ¯à¥¤áâ�¢«ï¥â á®¡®©
¨−ä®à¬�æ¨®−−ãî âà�−áä®à¬�æ¨î, ª®â®à�ï ¯à¥®¡à�§ã¥â â�¡«¨æã ¢ëà®¢−¥−−ëå
â¥ªáâ®¢ ¢ â�¡«¨æã ¬®àä®«®£¨ç¥áª¨ à�§¬¥ç¥−−ëå â¥ªáâ®¢ ¯à®¨§¢¥¤¥−¨ï ¨ ¥£® ¯¥-
à¥¢®¤�. ��¯à¨¬¥à, âà¨ ¯¥à¢ë¥ á«®¢� ®à¨£¨−�«ì−®£® â¥ªáâ� ¯¥à¢®£® ®¡ê¥ªâ�
¨−â¥à¯à¥â�æ¨¨ ¢ â�¡«. 1 (Soll ich Ihr) ¡ã¤ãâ à�§¬¥ç¥−ë á«¥¤ãîé¨¬ ®¡à�§®¬:

<w>

<ana lex="soll" sem="" disamb="yes" gr="S,n,nom,norm,sg" sem2=""/>

<ana lex="soll" sem="" disamb="yes" gr="S,dat,n,norm,sg" sem2=""/>

<ana lex="soll" sem="" disamb="yes" gr="S,acc,n,norm,sg" sem2=""/>

<ana lex="sollen" sem="" gr="V,1p,act,indic,intr,norm,praes,sg" sem2=""/>

<ana lex="sollen" sem="" gr="V,3p,act,indic,intr,norm,praes,sg"

sem2=""/>Soll</w>

<w>

<ana lex="ich" sem="" disamb="yes" gr="SPRO,1p,nom,norm,sg" sem2=""/>ich</w>

<w>

<ana lex="ihr" sem="" disamb="yes" gr="SPRO,2p,nom,norm,pl" sem2=""/>

<ana lex="sie" sem="" gr="SPRO,3p,dat,f,norm,sg" sem2=""/>

<ana lex="ihr" sem="" gr="APRO,m,nom,norm,sg" sem2=""/>

<ana lex="ihr" sem="" gr="APRO,n,nom,norm,sg" sem2=""/>

<ana lex="ihr" sem="" gr="APRO,acc,n,norm,sg" sem2=""/>Ihr</w>

‡¤¥áì ¯à¨¢¥¤¥− äà�£¬¥−â ¬®àä®«®£¨ç¥áª¨ à�§¬¥ç¥−−®£® â¥ªáâ� á −¥á−ïâ®© £à�¬-
¬�â¨ç¥áª®© ®¬®−¨¬¨¥©. �â® ®§−�ç�¥â, çâ® ¤«ï ª�¦¤®© á«®¢®ä®à¬ë ¯¥à¥ç¨á«¥−ë
¢á¥ ¢®§¬®¦−ë¥ ¢�à¨�−âë ¨−â¥à¯à¥â�æ¨¨. ‚¨¤¨¬ë¥ ¯®«ì§®¢�â¥«î ¥¤¨−¨æë ¤«ï
−�£«ï¤−®áâ¨ ¢ë¤¥«¥−ë ¢ ¯à¨¬¥à¥ ¯®«ã¦¨à−ë¬ èà¨äâ®¬, � «¥¬¬ë, ª®â®àë¥ ¬®-
£ãâ á®®â¢¥âáâ¢®¢�âì ª�¦¤®© ¨§ íâ¨å âà¥å á«®¢®ä®à¬, | ¯®¤ç¥àª¨¢�−¨¥¬; ªà®¬¥
â®£®, á¯«®è−®© â¥ªáâ ¤«ï ã¤®¡áâ¢� à�§¡¨â −� áâà®ª¨.

’�ª, ¤«ï á«®¢®ä®à¬ë soll ¯à¥¤áâ�¢«¥−® 5 ¢�à¨�−â®¢ ¨−â¥à¯à¥â�æ¨¨.
’à¨ ¨§ −¨å á®®â¢¥âáâ¢ãîâ «¥¬¬¥ Soll á à�§−ë¬¨ −�¡®à�¬¨ ¬®àä®«®£¨ç¥áª¨å

å�à�ªâ¥à¨áâ¨ª:

(1) áãé¥áâ¢¨â¥«ì−®¥ (S), áà¥¤−¨© à®¤ (n), ¨¬¥−¨â¥«ì−ë© ¯�¤¥¦ (nom), ®âáãâ-
áâ¢¨¥ ®á®¡¥−−®áâ¥© á«®¢®ä®à¬ë (norm), ¥¤¨−áâ¢¥−−®¥ ç¨á«® (sg);

(2) áãé¥áâ¢¨â¥«ì−®¥ (S), ¤�â¥«ì−ë© ¯�¤¥¦ (dat), áà¥¤−¨© à®¤ (n), ®âáãâáâ¢¨¥
®á®¡¥−−®áâ¥© á«®¢®ä®à¬ë (norm), ¥¤¨−áâ¢¥−−®¥ ç¨á«® (sg);
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ˆ−ä®à¬�æ¨®−−ë¥ âà�−áä®à¬�æ¨¨ ¯�à�««¥«ì−ëå â¥ªáâ®¢ ¢ §�¤�ç�å ¨§¢«¥ç¥−¨ï §−�−¨©

(3) áãé¥áâ¢¨â¥«ì−®¥ (S), ¢¨−¨â¥«ì−ë© ¯�¤¥¦ (acc), áà¥¤−¨© à®¤ (n), ®âáãâáâ¢¨¥
®á®¡¥−−®áâ¥© á«®¢®ä®à¬ë (norm), ¥¤¨−áâ¢¥−−®¥ ç¨á«® (sg).

„¢� ¤àã£¨å ¢�à¨�−â� à�§¬¥âª¨ ¢ª«îç�îâ ¬®àä®«®£¨ç¥áª¨¥ å�à�ªâ¥à¨áâ¨ª¨
®¬®−¨¬¨ç−ëå ä®à¬ ¬®¤�«ì−®£® £«�£®«� sollen:

(4) £«�£®« (V), ¯¥à¢®¥ «¨æ® (1p), ¤¥©áâ¢¨â¥«ì−ë© §�«®£ (act), ¨§êï¢¨â¥«ì−®¥
−�ª«®−¥−¨¥ (indic), −¥¯¥à¥å®¤−®áâì (intr), ®âáãâáâ¢¨¥ ®á®¡¥−−®áâ¥© á«®¢®-
ä®à¬ë (norm), −�áâ®ïé¥¥ ¢à¥¬ï (praes), ¥¤¨−áâ¢¥−−®¥ ç¨á«® (sg);

(5) £«�£®« (V), âà¥âì¥ «¨æ® (3p), ¤¥©áâ¢¨â¥«ì−ë© §�«®£ (act), ¨§êï¢¨â¥«ì−®¥
−�ª«®−¥−¨¥ (indic), −¥¯¥à¥å®¤−®áâì (intr), ®âáãâáâ¢¨¥ ®á®¡¥−−®áâ¥© á«®¢®-
ä®à¬ë (norm), −�áâ®ïé¥¥ ¢à¥¬ï (praes), ¥¤¨−áâ¢¥−−®¥ ç¨á«® (sg).

‚ ª®à¯ãá¥ á® á−ïâ®© ®¬®−¨¬¨¥© ¤«ï ¤�−−®£® á«®¢®ã¯®âà¥¡«¥−¨ï ¡ë« ¡ë
á®åà�−¥− «¨èì ¢�à¨�−â à�§¬¥âª¨ ¯®¤ −®¬¥à®¬ 4.

„«ï á«®¢®ä®à¬ë ich ¢�à¨�−â à�§¬¥âª¨ «¨èì ®¤¨− (¢¢¨¤ã ®âáãâáâ¢¨ï ®¬®−¨-
¬¨ç−ëå á«®¢®ä®à¬): ¬¥áâ®¨¬¥−¨¥-áãé¥áâ¢¨â¥«ì−®¥ (SPRO), ¯¥à¢®¥ «¨æ® (1p),
¨¬¥−¨â¥«ì−ë© ¯�¤¥¦ (nom), ®âáãâáâ¢¨¥ ®á®¡¥−−®áâ¥© á«®¢®ä®à¬ë (norm), ¥¤¨−-
áâ¢¥−−®¥ ç¨á«® (sg).

„«ï á«®¢®ä®à¬ë Ihr ¯à¥¤áâ�¢«¥−ë 5 ¢�à¨�−â®¢ ¨−â¥à¯à¥â�æ¨¨ ¤«ï âà¥å
«¥¬¬.

�¤¨− ¢�à¨�−â ¤«ï «¥¬¬ë ihr:

(1) ¬¥áâ®¨¬¥−¨¥-áãé¥áâ¢¨â¥«ì−®¥ (SPRO), ¢â®à®¥ «¨æ® (2p), ¨¬¥−¨â¥«ì−ë©
¯�¤¥¦ (nom), ®âáãâáâ¢¨¥ ®á®¡¥−−®áâ¥© á«®¢®ä®à¬ë (norm), ¬−®¦¥áâ¢¥−−®¥
ç¨á«® (pl).

�¤¨− ¢�à¨�−â ¤«ï «¥¬¬ë sie:

(2) ¬¥áâ®¨¬¥−¨¥-áãé¥áâ¢¨â¥«ì−®¥ (SPRO), âà¥âì¥ «¨æ® (3p), ¤�â¥«ì−ë© ¯�-
¤¥¦ (dat), ¦¥−áª¨© à®¤ (f), ®âáãâáâ¢¨¥ ®á®¡¥−−®áâ¥© á«®¢®ä®à¬ë (norm),
¥¤¨−áâ¢¥−−®¥ ç¨á«® (sg).

’à¨ ¢�à¨�−â� ¤«ï «¥¬¬ë ihr, ®¬®−¨¬¨ç−®© ¯¥à¢®©:

(3) ¬¥áâ®¨¬¥−¨¥-¯à¨«�£�â¥«ì−®¥ (APRO), ¬ã¦áª®© à®¤ (m), ¨¬¥−¨â¥«ì−ë© ¯�-
¤¥¦ (nom), ®âáãâáâ¢¨¥ ®á®¡¥−−®áâ¥© á«®¢®ä®à¬ë (norm), ¥¤¨−áâ¢¥−−®¥ ç¨á«®
(sg);

(4) ¬¥áâ®¨¬¥−¨¥-¯à¨«�£�â¥«ì−®¥ (APRO), áà¥¤−¨© à®¤ (n), ¨¬¥−¨â¥«ì−ë© ¯�-
¤¥¦ (nom), ®âáãâáâ¢¨¥ ®á®¡¥−−®áâ¥© á«®¢®ä®à¬ë (norm), ¥¤¨−áâ¢¥−−®¥ ç¨á«®
(sg);

(5) ¬¥áâ®¨¬¥−¨¥-¯à¨«�£�â¥«ì−®¥ (APRO), ¢¨−¨â¥«ì−ë© ¯�¤¥¦ (acc), áà¥¤−¨©
à®¤ (n), ®âáãâáâ¢¨¥ ®á®¡¥−−®áâ¥© á«®¢®ä®à¬ë (norm), ¥¤¨−áâ¢¥−−®¥ ç¨á«®
(sg).

‚ ª®à¯ãá¥ á® á−ïâ®© ®¬®−¨¬¨¥© ¤«ï ¤�−−®£® á«®¢®ã¯®âà¥¡«¥−¨ï ¡ë« ¡ë
á®åà�−¥− «¨èì ¢�à¨�−â à�§¬¥âª¨ ¯®¤ −®¬¥à®¬ 2.

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 29 −®¬¥à 1 2019 185



�. �. ƒ®−ç�à®¢, ˆ. Œ. ‡�æ¬�−

’�¡«¨æ� 2 �à¨¬¥àë à¥§ã«ìâ�â®¢ ¯®¨áª� ¯�à äà�£¬¥−â®¢ â¥ªáâ� ¯® «¥¬¬¥ sollen

�®¬¥à
áâà®ª¨ �à¨£¨−�«ì−ë© â¥ªáâ �¥à¥¢®¤

1479 Oder meinst du, ich soll's? ˆ«¨ âë ¤ã¬�¥èì | ¤®«¦¥−?
1582 Soll ich es dir zeigen? �®ª�§�âì â¥¡¥?
1636 Du sollst nur damit spielen, so wie

ich es dir erkl�art habe.
’®«ìª® ¨£à�âì ¤®«¦−� âë á® ¢á¥¬
íâ¨¬ â�ª, ª�ª ï â¥¡¥ ®¡êïá−¨«.

1660 \Ich glaube," erwiderte er sanft, \wir
sollten einmal ernsthaft miteinan-
der reden, Kleine, damit du lernst,
worauf es ankommt."

| Ÿ ¤ã¬�î, çâ® −�¬ −�¤® á¥àìñ§-
−® ¯®£®¢®à¨âì, | áª�§�« ®−. | ’ë
¤®«¦−� ¯®−ïâì, çâ® ª ç¥¬ã.

�−�«®£¨ç−ë¬ ®¡à�§®¬ à�§¬¥ç�¥âáï ¨ ¯¥à¥¢®¤ −� àãááª¨© ï§ëª. �à¨ íâ®¬
á®åà�−ï¥âáï ¢ëà�¢−¨¢�−¨¥, ¯®«ãç¥−−®¥ ¢ à¥§ã«ìâ�â¥ ¯à¥¤ë¤ãé¥© ¨−ä®à¬�æ¨-
®−−®© âà�−áä®à¬�æ¨¨. Œ®àä®«®£¨ç¥áª�ï à�§¬¥âª� â¥ªáâ®¢ ¤�¥â ¢®§¬®¦−®áâì
®áãé¥áâ¢«ïâì ¯®¨áª −¥ â®«ìª® ¯® â®ç−®© ä®à¬¥, −® â�ª¦¥ ¯® «¥¬¬¥ ¨«¨ ¯®
£à�¬¬�â¨ç¥áª¨¬ å�à�ªâ¥à¨áâ¨ª�¬.

Œ®àä®«®£¨ç¥áª¨ à�§¬¥ç¥−−ë¥ â¥ªáâë §�£àã¦�îâáï ¢ ��„, äã−ªæ¨®−�«ì-
−®áâì ª®â®à®©, ¢ª«îç�ï ¯®¨áª®¢ë¥ ¢®§¬®¦−®áâ¨, ®¯¨á�−� −� ¯à¨¬¥à�å −¥áª®«ì-
ª¨å ª�â¥£®à¨© Ÿ… ¢ à�¡®â�å [15{22]. �à¨¢¥¤¥¬ ¯à¨¬¥à ¯®¨áª� ®¡ê¥ªâ®¢ ¨−-
â¥à¯à¥â�æ¨¨ ¢ ��„, ¢ ª®â®àãî ¡ë«¨ §�£àã¦¥−ë ¢ëà®¢−¥−−ë¥ −¥¬¥æª®-àãááª¨¥
¯�à�««¥«ì−ë¥ â¥ªáâë ®¡é¨¬ ®¡ê¥¬®¬ 2,6 ¬«− á«®¢®ã¯®âà¥¡«¥−¨©. ’�¡«¨æ� §�-
£àã¦¥−−ëå â¥ªáâ®¢ á®áâ®¨â ¨§ 83 190 áâà®ª, ¢ª«îç�ï ¡®«¥¥ ¤¢ãå âëáïç ®¡ê¥ªâ®¢
¨−â¥à¯à¥â�æ¨¨ [6], á®¤¥à¦�é¨å á«®¢®ä®à¬ë «¥¬¬ë sollen, −� ¯à¨¬¥à¥ ª®â®à®©
¨««îáâà¨àãîâáï ¯®¨áª®¢ë¥ ¢®§¬®¦−®áâ¨ ��„.

„«ï ¨§¢«¥ç¥−¨ï ®¡ê¥ªâ®¢ ¨−â¥à¯à¥â�æ¨¨ ¢ ��„ à¥�«¨§®¢�− ¯®¨áª áâà®ª
¢ â�¡«¨æ¥ ª�ª ¯® á«®¢®ä®à¬�¬, â�ª ¨ ¯® «¥¬¬�¬. �®¨áª ¬®¦−® ¢¥áâ¨ ª�ª ¯® â¥ªáâã
®¤−®£® ¯à®¨§¢¥¤¥−¨ï, â�ª ¨ ¯® ¢á¥¬ §�£àã¦¥−−ë¬ â¥ªáâ�¬. ��¯à¨¬¥à, ¥á«¨ §�¤�âì
¯®¨áª áâà®ª ¢® ¢á¥å ¯à®¨§¢¥¤¥−¨ïå ¯® «¥¬¬¥ sollen, â® ¡ã¤¥â −�©¤¥−� 2041 áâà®ª�
á ¨áá«¥¤ã¥¬®© Ÿ…, 4 ¨§ ª®â®àëå ¯à¨¢¥¤¥−ë ¢ â�¡«. 21.

��©¤¥−−ë¥ áâà®ª¨ ¯® ã¬®«ç�−¨î ï¢«ïîâáï ®¡ê¥ªâ�¬¨ ¨−â¥à¯à¥â�æ¨¨, á®¤¥à-
¦�é¨¬¨ ¨áá«¥¤ã¥¬ë¥ Ÿ… ¨ ¯à¥¤áâ�¢«ïîé¨¬¨ á®¡®© ¯®â¥−æ¨�«ì−ë¥ ¨áâ®ç−¨ª¨
§−�−¨ï ¤«ï ãâ®ç−¥−¨ï â¨¯®«®£¨¨.

3 Расширение границ объектов интерпретации

‹¨−£¢¨áâ, ¢ë¯®«−ïîé¨© �−−®â¨à®¢�−¨¥, ¬®¦¥â ¯à¨ −¥®¡å®¤¨¬®áâ¨ ¯¥à¥-
ä®à¬¨à®¢�âì −�©¤¥−−ë© ®¡ê¥ªâ ¨−â¥à¯à¥â�æ¨¨, ®¡ê¥¤¨−ïï áâà®ª¨ â�¡«¨æë.
�à¨¬¥à®¬ ¬®¦¥â ¯®á«ã¦¨âì áâà®ª� ü 1479 (á¬. â�¡«. 2). ‘®¤¥à¦�é¨©áï ¢ −¥©
äà�£¬¥−â â¥ªáâ� −¥¤®áâ�â®ç¥− ¤«ï ä®à¬¨à®¢�−¨ï �−−®â�æ¨¨, â�ª ª�ª ®− −¥ ¯®-

1‚á¥ ç¥âëà¥ ®¡ê¥ªâ� ¨−â¥à¯à¥â�æ¨¨ ¨§ ª−¨£¨ Œ. �−¤¥. Œ®¬® (¯¥à¥¢®¤ ā. ˆ. Š®à¨−¥æ, 1982).
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ˆ−ä®à¬�æ¨®−−ë¥ âà�−áä®à¬�æ¨¨ ¯�à�««¥«ì−ëå â¥ªáâ®¢ ¢ §�¤�ç�å ¨§¢«¥ç¥−¨ï §−�−¨©

’�¡«¨æ� 3 �¡ê¥¤¨−¥−¨¥ á®á¥¤−¨å áâà®ª ¢ ®¤¨− ®¡ê¥ªâ ¨−â¥à¯à¥â�æ¨¨

1476 Ich wei� wirklich nicht, was ich tun soll. Ÿ ¯à�¢¤� −¥ §−�î, çâ® ¤¥«�âì.
1477 Aber alle machen's doch heute so. �® á¥£®¤−ï ¢á¥ â�ª ¯®áâã¯�îâ.
1478 Warum soll ich allein es anders machen? �®ç¥¬ã ï ¤®«¦¥− ¯®áâã¯�âì ¯®-¨−®¬ã?
1479 Oder meinst du, ich soll's? ˆ«¨ âë ¤ã¬�¥èì | ¤®«¦¥−?

§¢®«ï¥â ®¯¨á�âì äã−ªæ¨®−¨à®¢�−¨¥ ¬®¤�«ì−®£® £«�£®«� sollen (á«®¢®ä®à¬� soll)
¨ ®¯à¥¤¥«¨âì ¥£® á¥¬�−â¨ªã. �®íâ®¬ã ¢ ¤�−−®¬ á«ãç�¥ ¤«ï ®¡®á−®¢�−¨ï ¢ë¡®à�
®¤−®£® ¨§ á«®¢�à−ëå §−�ç¥−¨© ¨áá«¥¤ã¥¬®© Ÿ… ¢ ¯à®æ¥áá¥ �−−®â¨à®¢�−¨ï −¥®¡å®-
¤¨¬® à�áè¨à¨âì ª®−â¥ªáâ §� áç¥â áâà®ª 1476{1478, á ª®â®àë¬¨ áâà®ª� 1479 â¥á−®
á¢ï§�−� ¯® á¬ëá«ã, ¨ â�ª¨¬ ®¡à�§®¬ áä®à¬¨à®¢�âì −®¢ë© ®¡ê¥ªâ ¨−â¥à¯à¥â�æ¨¨
(¢ª«îç�îé¨© ¢á¥ áâà®ª¨ â�¡«. 3). �â® ¤�áâ ¢®§¬®¦−®áâì ®¯à¥¤¥«¨âì à¥«¥¢�−â−®¥
§−�ç¥−¨¥ £«�£®«� sollen | ®¡ï§�−−®áâì çâ®-«¨¡® ¤¥«�âì ¯® çì¥¬ã-«¨¡® ãª�§�−¨î,
¯® §�ª®−ã, ¯® ¯à�¢¨«�¬ ¨ â. ¯. [8].

’�ª¨¬ ®¡à�§®¬, ¯à¨ −¥¤®áâ�â®ç−®áâ¨ ª®−â¥ªáâ� ¢ ¯à®æ¥áá¥ �−−®â¨à®¢�−¨ï ¬®-
¦¥â ¢®§−¨ª�âì ¯®âà¥¡−®áâì ¢ ¥£® à�áè¨à¥−¨¨, ¢ ¯¥à¢ãî ®ç¥à¥¤ì ¤«ï ®¯à¥¤¥«¥−¨ï
§−�ç¥−¨ï ¨áá«¥¤ã¥¬®© Ÿ… ¨ ®á®¡¥−−®áâ¥© ¥¥ äã−ªæ¨®−¨à®¢�−¨ï. ‚ íâ¨å á«ãç�ïå
¢®§¬®¦−®áâì â�ª®© ¨−ä®à¬�æ¨®−−®© âà�−áä®à¬�æ¨¨ ¢ëà®¢−¥−−ëå ¨ à�§¬¥ç¥−-
−ëå â¥ªáâ®¢ ®à¨£¨−�«� ¨ ¯¥à¥¢®¤� ¢ ��„, ª�ª à�áè¨à¥−¨¥ £à�−¨æ ®¡ê¥ªâ®¢ ¨−-
â¥à¯à¥â�æ¨¨, á«®¦−® ¯¥à¥®æ¥−¨âì. �â� äã−ªæ¨ï è¨à®ª® ¨á¯®«ì§ã¥âáï ¢ ¯à®æ¥áá¥
«¨−£¢¨áâ¨ç¥áª®£® �−−®â¨à®¢�−¨ï −¥ â®«ìª® ¬®¤�«ì−ëå £«�£®«®¢, −® ¨ ¤àã£¨å ª�-
â¥£®à¨© Ÿ…, −�¯à¨¬¥à ª®−−¥ªâ®à®¢, ¢ áä¥àã ¤¥©áâ¢¨ï ª®â®àëå ¬®¦¥â ¢å®¤¨âì
−¥ â®«ìª® ç�áâì ¯à¥¤«®¦¥−¨ï ¨«¨ ®â¤¥«ì−®¥ ¯à¥¤«®¦¥−¨¥, −® ¨ äà�£¬¥−â â¥ªáâ�,
¢ª«îç�îé¨© ¤¢� ¨ ¡®«¥¥ ¯à¥¤«®¦¥−¨© [23, á. 17{20].

�â¬¥â¨¬, çâ® ¢ ®¯¨á�−−®¬ ¢ëè¥ à�áè¨à¥−¨¨ ª®−â¥ªáâ� ¤«ï áâà®ª¨ 1479
¢ à�áè¨à¥−−ë© ®¡ê¥ªâ ¨−â¥à¯à¥â�æ¨¨ ¯®¯�«¨ ¥é¥ ¤¢� á«ãç�ï ã¯®âà¥¡«¥−¨ï
¨áá«¥¤ã¥¬®© Ÿ… (á«®¢®ä®à¬� soll ¢ áâà®ª�å 1476 ¨ 1478). ˆ ¥á«¨ ª®−â¥ªáâ
áâà®ª¨ 1476 ¤®áâ�â®ç¥− ¤«ï ®¯à¥¤¥«¥−¨ï §−�ç¥−¨ï £«�£®«� sollen (¢ëà�¦¥−¨¥
−¥ã¢¥à¥−−®áâ¨, à�áâ¥àï−−®áâ¨ ¢ £«�¢−ëå ¨ ¯à¨¤�â®ç−ëå ¢®¯à®á¨â¥«ì−ëå ¯à¥¤-
«®¦¥−¨ïå á ¢®¯à®á¨â¥«ì−ë¬¨ á«®¢�¬¨ [8]), â® ¤«ï �−−®â¨à®¢�−¨ï ¨áá«¥¤ã¥¬®© Ÿ…
¢ áâà®ª¥ 1478 á−®¢� ¢®§−¨ª�¥â −¥®¡å®¤¨¬®áâì à�áè¨à¥−¨ï ª®−â¥ªáâ�. ÷�áè¨à¥−-
−ë© ®¡ê¥ªâ ¨−â¥à¯à¥â�æ¨¨ ¡ã¤¥â ¢ª«îç�âì áâà®ª¨ 1476{1478. ’�ª¨¬ ®¡à�§®¬,
íâ®â ®¡ê¥ªâ ¨−â¥à¯à¥â�æ¨¨ ¡ã¤¥â ¢«®¦¥− ¢ ®¡ê¥ªâ ¨−â¥à¯à¥â�æ¨¨, ¢ª«îç�îé¨©
áâà®ª¨ 1476{1479. �¤−�ª® ¢ ®¡é¥¬ á«ãç�¥ à�áè¨à¥−−ë¥ ®¡ê¥ªâë ¨−â¥à¯à¥-
â�æ¨¨ ¬®£ãâ ¯¥à¥á¥ª�âìáï ¯® á®áâ�¢«ïîé¨¬ ¨å áâà®ª�¬ ¨ â®£¤� £à�−¨æë â�ª¨å
®¡ê¥ªâ®¢ ¨−â¥à¯à¥â�æ¨¨ −¥«ì§ï ®¯¨á�âì, ¨á¯®«ì§ãï à�áè¨àï¥¬ë© ï§ëª à�§¬¥âª¨
(eXtensible Markup Language | XML)1. „«ï ¨−ä®à¬�æ¨®−−®© âà�−áä®à¬�æ¨¨
¢ëà®¢−¥−−ëå ¨ à�§¬¥ç¥−−ëå â¥ªáâ®¢ ®à¨£¨−�«� ¨ ¯¥à¥¢®¤�, á®áâ®ïé¥© ¢ à�áè¨-

1‘®£«�á−® á¨−â�ªá¨ç¥áª¨¬ ¯à�¢¨«�¬ XML «î¡®© í«¥¬¥−â, −�ç¨−�îé¨©áï ¢−ãâà¨ ¤àã£®£®
í«¥¬¥−â�, ¤®«¦¥− §�ª�−ç¨¢�âìáï ¢−ãâà¨ í«¥¬¥−â�, ¢ ª®â®à®¬ ®− −�ç�«áï.
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à¥−¨¨ £à�−¨æ ®¡ê¥ªâ®¢ ¨−â¥à¯à¥â�æ¨¨, ¨á¯®«ì§ãîâáï äã−ªæ¨¨ ��„, ®¯¨á�−−ë¥
¢ à�¡®â¥ [24].

4 Заключение

�®¤å®¤ ª ¨§¢«¥ç¥−¨î §−�−¨© ¨§ ¯�à�««¥«ì−ëå â¥ªáâ®¢, ¨á¯®«ì§ã¥¬ë© ¢ ¯à®-
¥ªâ¥, ¯à¥¤¯®«�£�¥â, çâ® á−�ç�«� ¢ë¯®«−ï¥âáï àï¤ ¨−ä®à¬�æ¨®−−ëå âà�−áä®à¬�-
æ¨© íâ¨å â¥ªáâ®¢, ¢ª«îç�ï äà�£¬¥−â�æ¨î −� ®¡ê¥ªâë ¨−â¥à¯à¥â�æ¨¨ ¨ ¯®¨áª â¥å
¨§ −¨å, ª®â®àë¥ ¨ ï¢«ïîâáï ¯®â¥−æ¨�«ì−ë¬¨ ¨áâ®ç−¨ª�¬¨ §−�−¨ï ¤«ï ä®à¬¨à®-
¢�−¨ï ¨ ãâ®ç−¥−¨ï «¨−£¢¨áâ¨ç¥áª¨å â¨¯®«®£¨©. ‚ áâ�âì¥ à�áá¬®âà¥−ë á«¥¤ãîé¨¥
¨−ä®à¬�æ¨®−−ë¥ âà�−áä®à¬�æ¨¨ ¯�à�««¥«ì−ëå â¥ªáâ®¢:

(1) ¯à¥®¡à�§®¢�−¨¥ «¨−¥©−®£® â¥ªáâ� ¯à®¨§¢¥¤¥−¨ï ¨ ¥£® ¯¥à¥¢®¤� ¢ â�¡«¨æã,
á®áâ®ïéãî ¨§ ¤¢ãå áâ®«¡æ®¢. �à¥¤«®¦¥−¨ï â¥ªáâ� ¯à®¨§¢¥¤¥−¨ï à�á¯à¥-
¤¥«ïîâáï ¯® áâà®ª�¬ ¢ «¥¢®¬ áâ®«¡æ¥ íâ®© â�¡«¨æë (¯® ®¤−®¬ã ¨«¨ ¡®«¥¥
¯à¥¤«®¦¥−¨© ¢ áâà®ª¥). �¥à¥¢®¤ ¯à¥¤«®¦¥−¨© ¨§ «¥¢®£® áâ®«¡æ� áâà®ª¨
à�§¬¥é�¥âáï ¢ ¯à�¢®¬ áâ®«¡æ¥ â®© ¦¥ áâà®ª¨. ‚ à¥§ã«ìâ�â¥ â�ª®© âà�−áä®à-
¬�æ¨¨ á®®â¢¥âáâ¢¨¥ ®à¨£¨−�«ì−ëå ¯à¥¤«®¦¥−¨© ¨ ¨å ¯¥à¥¢®¤®¢, ®á−®¢�−-
−®¥ −� íª¢¨¢�«¥−â−®áâ¨ á¬ëá«®¢®£® á®¤¥à¦�−¨ï, ä¨ªá¨àã¥âáï ¢ â�¡«¨ç−®©
ä®à¬¥;

(2) ¯à¥®¡à�§®¢�−¨¥ â�¡«¨æë ¢ëà®¢−¥−−ëå â¥ªáâ®¢ ¢ â�¡«¨æã â¥ªáâ®¢, à�§¬¥ç¥−-
−ëå á®£«�á−® Œ®àä®«®£¨ç¥áª®¬ã áâ�−¤�àâã �Š÷Ÿ. �à¨ íâ®¬ á®åà�−ï¥âáï
¢ëà�¢−¨¢�−¨¥, ¯®«ãç¥−−®¥ ¢ à¥§ã«ìâ�â¥ ¯¥à¢®© ¨−ä®à¬�æ¨®−−®© âà�−áä®à-
¬�æ¨¨. ÷�§¬¥âª�, ¢ª«îç¥−−�ï ¢ â¥ªáâë, ¤�¥â ¢®§¬®¦−®áâì ¨áª�âì ®¡ê¥ªâë
¨−â¥à¯à¥â�æ¨¨ −¥ â®«ìª® ¢ â®ç−®© ä®à¬¥, −® â�ª¦¥ ¯® «¥¬¬¥ ¨ ¯® £à�¬¬�â¨-
ç¥áª¨¬ å�à�ªâ¥à¨áâ¨ª�¬ (¢ ®à¨£¨−�«ì−®¬ â¥ªáâ¥ /̈̈ «¨ ¢ ¥£® ¯¥à¥¢®¤¥);

(3) ¯¥à¥ä®à¬¨à®¢�−¨¥ ®¡ê¥ªâ®¢ ¨−â¥à¯à¥â�æ¨¨, ï¢«ïîé¨åáï ¯®â¥−æ¨�«ì−ë¬¨
¨áâ®ç−¨ª�¬¨ §−�−¨ï ¤«ï ãâ®ç−¥−¨ï «¨−£¢¨áâ¨ç¥áª¨å â¨¯®«®£¨© ¢ ¯à®æ¥áá¥
®¡−�àã¦¥−¨ï ¨ §�¯®«−¥−¨ï «�ªã−, ª®â®à®¥ ®¡¥á¯¥ç¨¢�¥âáï §� áç¥â à�áè¨-
à¥−¨ï £à�−¨æ ª®−â¥ªáâ� ¨áá«¥¤ã¥¬ëå Ÿ…, −¥®¡å®¤¨¬®£® ¤«ï ¢ë¯®«−¥−¨ï
�−−®â¨à®¢�−¨ï Ÿ… ¨ ¨å ª®−â¥ªáâ®¢.

‚ §�ª«îç¥−¨¥ ®â¬¥â¨¬, çâ® ¨á¯®«ì§ã¥¬ë© ¢ ¯à®¥ªâ¥ ¬¥â®¤ �−−®â¨à®¢�−¨ï
®¡ê¥ªâ®¢ ¨−â¥à¯à¥â�æ¨¨, á®¤¥à¦�é¨å ¨áá«¥¤ã¥¬ë¥ Ÿ…, å�à�ªâ¥à¨§ã¥âáï â¥¬,
çâ® ¤®¯ãáª�¥â ¢®§¬®¦−®áâì −¥§�¢¥àè¥−−®áâ¨ ¯à®æ¥áá� �−−®â¨à®¢�−¨ï. ˆ¬¥−-
−® íâ� ¢®§¬®¦−®áâì ¨ ¯®§¢®«ï¥â ä¨ªá¨à®¢�âì «�ªã−ë ¢ ãâ®ç−ï¥¬®© â¨¯®«®£¨¨
¨ §�¯®«−ïâì ¨å ¢ ¯à®æ¥áá¥ ¤®à�¡®âª¨ −¥§�¢¥àè¥−−ëå �−−®â�æ¨© [6,24].
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INFORMATION TRANSFORMATIONS OF PARALLEL TEXTS
IN KNOWLEDGE EXTRACTION

A. A. Goncharov and I. M. Zatsman

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

Abstract: The paper examines the task of goal-oriented discovery and filling of
lacunas in linguistic typologies considered as forms of knowledge representation.
The process of solving this task includes several repeated stages which collectively
form one iteration of the proposed solution to the task of goal-oriented knowledge
discovery in parallel texts required to fill the lacunas. Parallel texts as an
information resource are transformed in the process of solving this task. The
purpose of the paper is to describe the types of information transformations
of parallel texts that are used during early stages of the process of knowledge
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discovery and filling of lacunas in linguistic typologies. As a part of knowledge
discovery, first, the parallel texts are fragmented into objects of interpretation
and then, the search for potential sources of knowledge capable to fill the lacunas
is performed. This paper considers this fragmentation process as one of the
information transformation types of parallel texts.

Keywords: discovery of lacunas; filling of lacunas; linguistic typology; knowl-
edge extraction from parallel texts; corpus linguistics; objects of interpretation

DOI: 10.14357/08696527190115

Acknowledgments

The work was performed at the Institute of Informatics Problems, Federal Research
Center \Computer Science and Control" of the Russian Academy of Sciences with
partial financial support of the Russian Foundation for Basic Research (project
18-07-00192).

References

1. Durnovo, A. A., I. M. Zatsman, and E. Yu. Loshchilova. 2016. Krosslingvistiche-
skaya baza dannykh dlya annotirovaniya logiko-semanticheskikh otnosheniy v tekste
[Cross-lingual database for annotating logical-semantic relations in the text]. Sistemy
i Sredstva Informatiki | Systems and Means of Informatics 26(4):124{137.

2. Zatsman, I. M., O. S. Mamonova, and A. Yu. Shchurova. 2017. Obratimost'
i al'ternativnost' generalizatsii modeley perevoda konnektorov v parallel'nykh tekstakh
[Reversibility and alternativeness of generalization of connectives translations models in
parallel texts]. Sistemy i Sredstva Informatiki | Systems and Means of Informatics
27(2):125{142.

3. Zatsman, I. M., M. G. Kruzhkov, and E. Yu. Loshchilova. 2017. Metody analiza
chastotnosti modeley perevoda konnektorov i obratimost' generalizatsii statisticheskikh
dannykh [Methods of frequency analysis of connectives translations and reversibility of
statistical data generalization]. Sistemy i Sredstva Informatiki | Systems and Means
of Informatics 27(4):164{176.

4. Kruzhkov, M. G. 2017. Approaches to annotation of discourse relations in linguistic
corpora. Informatika i ee primeneniya | Inform. Appl. 11(4):118{125.

5. Dobrovol'skiy, D. O., and Anna A. Zaliznyak. 2018. Nemetskie konstruktsii
s modal'nymi glagolami i ikh russkie sootvetstviya: proekt nadkorpusnoy bazy dannykh
[German constructions with modal verbs and their Russian correlates: A supracorpo-
ra database project]. Komp'yuternaya lingvistika i intellektual'nye tekhnologii. Po
mat-lam ezhegodnoy Mezhdunar. konf. \Dialog." [Computational Linguistics and
Intellectual Technologies. Papers from the Annual Conference (International) \Dia-
logue"]. Moscow: RGGU. 17(24):172{184.

6. Zatsman, I. M. 2018. Stadii tselenapravlennogo izvlecheniya znaniy, implitsirovannykh
v parallel'nykh tekstakh [Stages of goal-oriented discovery of knowledge implied in
parallel texts]. Sistemy i Sredstva Informatiki | Systems and Means of Informatics
28(3):175{188.

Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2019 vol 29 no 1 191



A. A. Goncharov and I. M. Zatsman

7. Ide, N., and J. Pustejovsky, eds. 2017. Handbook of linguistic annotation. Dordrecht,
The Netherlands: Springer Science + Business Media. 1468 p.

8. Dobrovol'skiy, D. O., ed. 2019 (in press). Nemetsko-russkiy slovar': aktual'naya
leksika [German-Russian dictionary: Actual vocabulary]. Moscow: Leksrus.

9. Dobrovol'skiy, D. O., A. A. Kretov, and S. A. Sharov. 2005. Korpus parallel'nykh
tekstov [Corpus of parallel texts]. Automatic Documentation Math. Linguistics
6:16{27.

10. Loiseau, S., D. V. Sitchinava, Anna A. Zalizniak, and I. M. Zatsman. 2013. In-
formation technologies for creating the database of equivalent verbal forms in the
Russian-French multivariant parallel corpus. Informatika i ee Primeneniya | Inform.
Appl.7(2):100{109.

11. Sitchinava, D. V. 2015. Parallel'nye teksty v sostave Natsional'nogo korpusa russkogo
yazyka: novye napravleniya razvitiya i rezul'taty [Parallel texts within the Russian
National Corpus: New directions and results]. Trudy Instituta russkogo yazyka im.
V. V. Vinogradova [Proceedings of the V. V. Vinogradov Russian Language Institute].
6:194{235.

12. Varga D., L. N‚emeth, P. Hal‚acsy, A. Kornai, V. Tr‚on, and V. Nagy. 2005. Parallel
corpora for medium density languages. Conference (International) on Recent Advances
in Natural Language Processing Proceedings. Shoumen, Bulgaria: INCOMA Ltd.
590{596.

13. Segalovich, I. 2003. A fast morphological algorithm with unknown word guessing
induced by a dictionary for a Web Search Engine. Conference (International) on
Machine Learning: Models, Technologies and Applications Proceedings. Las Vegas,
NV: CSREA Press. 273{280.

14. Zobnin, A. I., and G. V. Nosyrev. 2015. Morfologicheskiy analizator MyStem 3.0 [Mor-
phological analyzer MyStem 3.0]. Trudy Instituta russkogo yazyka im. V. V. Vino-
gradova [Proceedings of the V. V. Vinogradov Russian Language Institute] 6:300{310.

15. Zaliznyak, Anna A., D. V. Sitchinava, S. Loiseau, M. Kruzhkov, and I. M. Zatsman.
2013. Database of equivalent verbal forms in a Russian-French multivariant parallel
corpus. Conference (International) on Artificial Intelligence Proceedings. Las Vegas,
NV: CSREA Press. 1:101{107.

16. Kruzhkov, M. G., N. V. Buntman, E. Ju. Loshchilova, D. V. Sitchinava, Anna A. Za-
lizniak, and I. M. Zatsman. 2014. A database of Russian verbal forms and their French
translation equivalents. Komp'yuternaya lingvistika i intellektual'nye tekhnologii:
po mat-lam ezhegodnoy Mezhdunar. konf. \Dialog" [Computational Linguistics and
Intellectual Technologies. Papers from the Annual Conference (International) \Dia-
logue"]. Moscow: RGGU. 13(20):275{287.

17. Buntman, N. V., Anna A. Zaliznyak, I. M. Zatsman, M. G. Kruzhkov,
E. Yu. Loshchilova, and D. V. Sichinava. 2014. Informatsionnye tekhnologii kor-
pusnykh issledovaniy: printsipy postroeniya krosslingvisticheskikh baz dannykh [In-
formation technologies for corpus studies: Underpinnings for cross-linguistic database
creation]. Informatika i ee Primeneniya | Inform. Appl. 8(2):98{110.

18. Popkova, N. A., O. Yu. Inkova, I. M. Zatsman, and M. G. Kruzhkov. 2015. Metodika
postroeniya monoekvivalentsiy v nadkorpusnoy baze dannykh konnektorov [Method-
ology of constructing monoequivalences in the supracorpora database of connectors].
Tr. 2-y molodezhnoy nauchn. konf. \Zadachi sovremennoy informatiki" [2nd Scientif-

192 Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2019 vol 29 no 1



Information transformations of parallel texts in knowledge extraction

ic Conference \Problems of Modern Informatics" Proceedings]. Moscow: FRC CSC
RAS. 143{153.

19. Zaliznyak, Anna A., I. M. Zatsman, O. Yu. Inkova, and M. G. Kruzhkov. 2015.
Nadkorpusnye bazy dannykh kak lingvisticheskiy resurs [Supracorpora databases as lin-
guistic resource]. Conference (International) \Corpus Linguistics-2015" Proceedings.
St. Petersburg: St. Petersburg State University. 211{218.

20. Kruzhkov, M. G. 2015. Informatsionnye resursy kontrastivnykh lingvisticheskikh issle-
dovaniy: elektronnye korpusa tekstov [Information resources for contrastive studies:
Electronic text corpora]. Sistemy i Sredstva Informatiki | Systems and Means of
Informatics 25(2):140{159.

21. Inkova, O. Yu., and M. G. Kruzhkov. 2016. Nadkorpusnye russko-frantsuzskie basy
dannykh glagol'nykh form konnektorov [Supracorpora databases of Russian and French
verbal forms and connectors]. Lingue slave a confronto. Eds. O. Inkova and A. Trovesi.
Bergamo: Bergamo University Press. 365{392.

22. Zaliznyak, Anna A., and M. G. Kruzhkov. 2016. Baza dannykh bezlichnykh
glagol'nykh konstruktsiy russkogo yazyka [Database of Russian impersonal verbal
constructions]. Informatika i ee Primeneniya | Inform. Appl. 10(4):132{141.

23. Inkova-Manzotti, O. Yu. 2001. Konnektory protivopostavleniya vo frantsuzskom
i russkom yazykakh (sopostavitel'noe issledovanie) [Connectives of opposition in French
and Russian (comparative research)]. Moscow: Informelektro. 434 p.

24. Zatsman, I. M. 2019. Tselenapravlennoe razvitie sistem lingvisticheskikh znaniy:
vyyavlenie i zapolnenie lakun [Goal-oriented development of linguistic knowledge
systems: Identifying and filling lacunae]. Informatika i ee Primeneniya | Inform.
Appl. 13(1):91{98.

Received February 15, 2019

Contributors

Goncharov Alexander A. (b. 1994) | junior scientist, Institute of Informatics
Problems, Federal Research Center \Computer Science and Control" of the Russian
Academy of Sciences, 44-2 Vavilov Str., Moscow 119333, Russian Federation;
a.gonch48@gmail.com

Zatsman Igor M. (b. 1952) | Doctor of Science in technology, Head of De-
partment, Institute of Informatics Problems, Federal Research Center \Computer
Science and Control" of the Russian Academy of Sciences, 44-2 Vavilov Str.,
Moscow 119333, Russian Federation; izatsman@yandex.ru

Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2019 vol 29 no 1 193



‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ, 2019. ’. 29. ü 1. ‘. 194{205

ЕДИНАЯ ТЕХНОЛОГИЯ ПОДДЕРЖКИ
КОНКРЕТНО-ИСТОРИЧЕСКИХ ИССЛЕДОВАНИЙ

И. М. Адамович1, О. И. Волков2

�−−®â�æ¨ï: ‘â�âìï ¯®á¢ïé¥−� ¤�«ì−¥©è¥¬ã à�§¢¨â¨î â¥å−®«®£¨¨ ¯®¤¤¥à¦-
ª¨ ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¨áá«¥¤®¢�−¨©, ¯®áâà®¥−−®© −� ¡�§¥ á¨áâ¥¬ë �¢-
â®¬�â¨ç¥áª®£® ¨§¢«¥ç¥−¨ï ä�ªâ®¢ ¨§ â¥ªáâ®¢ ¨áâ®à¨ª®-¡¨®£à�ä¨ç¥áª®© −�-
¯à�¢«¥−−®áâ¨ ’-¯�àá¥à ¨ ®à¨¥−â¨à®¢�−−®© −� è¨à®ª¨© ªàã£ −¥ ï¢«ïîé¨åáï
¯à®ä¥áá¨®−�«ì−ë¬¨ ¨áâ®à¨ª�¬¨ ¨ ¡¨®£à�ä�¬¨ ¯®«ì§®¢�â¥«¥©. ÷�§¢¨â¨¥ ®áã-
é¥áâ¢«ï¥âáï §� áç¥â ¨−â¥£à�æ¨¨ ¢ â¥å−®«®£¨î ¨−áâàã¬¥−â�«ì−®£® ª®¬¯«¥ªá�
π-”�ªâ®£à�ä, ®à¨¥−â¨à®¢�−−®£® −� ¯®¤¤¥à¦ªã ¨áá«¥¤®¢�â¥«ìáª®£® ¯à®æ¥áá�.
�à¨¢¥¤¥−® ®¯¨á�−¨¥ ¢®§¬®¦−®áâ¥© ¨−áâàã¬¥−â�«ì−®£® ª®¬¯«¥ªá�, ®¡®á−®¢�−®
¥£® ¢ª«îç¥−¨¥ ¢ â¥å−®«®£¨î. ‡�¤�ç� ¨−â¥£à�æ¨¨ à¥è�¥âáï §� áç¥â �−�«¨§�
¬®¤¥«¥© ¤�−−ëå, «¥¦�é¨å ¢ ®á−®¢¥ ª�ª á¨áâ¥¬ë ’-¯�àá¥à, â�ª ¨ ª®¬¯«¥ªá�
π-”�ªâ®£à�ä. �¯¨áë¢�îâáï ª®−æ¥¯æ¨¨ ¡¨®£à�ä¨ç¥áª®£® ä�ªâ� ¨ ä�ªâ®¯®-
¤®¡−®£® ¢ëáª�§ë¢�−¨ï, ®¡®á−®¢ë¢�¥âáï ¨å ¥¤¨−áâ¢®. �® à¥§ã«ìâ�â�¬ �−�«¨§�
áâà®¨âáï ¨ ¯®¤à®¡−® ®¯¨áë¢�¥âáï ¥¤¨−�ï ¬®¤¥«ì ¤�−−ëå, ¯®§¢®«ïîé�ï ®áã-
é¥áâ¢¨âì á®¢¬¥áâ−ãî à�¡®âã í«¥¬¥−â®¢ ¥¤¨−®© â¥å−®«®£¨¨. �¡®á−®¢ë¢�¥âáï
¢ë¢®¤ ® ¢®áâà¥¡®¢�−−®áâ¨ ¥¤¨−®© â¥å−®«®£¨¨ ¯®¤¤¥à¦ª¨ ª®−ªà¥â−®-¨áâ®à¨ç¥-
áª¨å ¨áá«¥¤®¢�−¨© ¢ á¢ï§¨ á® ¢á¥ ã¢¥«¨ç¨¢�îé¨¬áï ®¡é¥áâ¢¥−−ë¬ ¨−â¥à¥á®¬
ª á¥¬¥©−®© ¨áâ®à¨¨.

Š«îç¥¢ë¥ á«®¢�: ª®−ªà¥â−®-¨áâ®à¨ç¥áª®¥ ¨áá«¥¤®¢�−¨¥; à�á¯à¥¤¥«¥−−�ï
â¥å−®«®£¨ï; á¥¬�−â¨ç¥áª�ï á¥âì; ¬®¤¥«ì ¤�−−ëå; ¨áâ®à¨ª®-¡¨®£à�ä¨ç¥áª¨©
ä�ªâ

DOI: 10.14357/08696527190116

1 Введение

�®¤¤¥à¦ª� ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¨áá«¥¤®¢�−¨© ï¢«ï¥âáï ®¤−®© ¨§ �ªâã-
�«ì−ëå §�¤�ç á®¢à¥¬¥−−®áâ¨ ¢ á¢ï§¨ á ¢®¢«¥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¨®−�«®¢ ¡«�£®¤�àï ¢á¥ ã¢¥«¨ç¨¢�îé¥¬ãáï ¨−â¥à¥áã
ª ç�áâ−®©, á¥¬¥©−®© ¨áâ®à¨¨ [1].

‚ ”ˆ– ˆ“ ÷�� ¡ë«� à�§à�¡®â�−� ª®−æ¥¯æ¨ï ª®¬¡¨−¨à®¢�−−®© à�á¯à¥-
¤¥«¥−−®© áà¥¤ë ¤«ï ¯®¤¤¥à¦ª¨ ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¨áá«¥¤®¢�−¨©, ®¯¨á�−�
á®®â¢¥âáâ¢ãîé�ï ¨−ä®à¬�æ¨®−−�ï â¥å−®«®£¨ï ¯®¤¤¥à¦ª¨ ª®−ªà¥â−®-¨áâ®à¨ç¥-
áª¨å ¨áá«¥¤®¢�−¨© ¨ á®§¤�− àï¤ ¯à®£à�¬¬−ëå áà¥¤áâ¢ ¥¥ ¯®¤¤¥à¦ª¨ [2].

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

2ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, Volkov@amsd.com
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’¥å−®«®£¨ï ¡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−®«®£¨©). ’�ª�ï −®¢�ï, −® ¯¥àá¯¥ªâ¨¢−�ï ä®à¬� ¢®¢«¥ç¥−¨ï ®¡é¥áâ¢¥−−®áâ¨
¢ ¯à®æ¥ááë à¥è¥−¨ï −�ãç−ëå §�¤�ç ¯®«ãç¨«� −�§¢�−¨¥ úªà�ã¤á�©¥−áû (£à�¦-
¤�−áª�ï −�ãª�), ¢ ®á−®¢¥ ª®â®à®© «¥¦¨â −�ãç−®¥ ¢®«®−â¥àáâ¢® [3]. �«¥¬¥−âë
â¥å−®«®£¨¨ ¢ −�áâ®ïé¨© ¬®¬¥−â ¯à®å®¤ïâ �¯à®¡�æ¨î ¢ à¥�«ì−ëå ª®−ªà¥â−®-¨á-
â®à¨ç¥áª¨å ¨áá«¥¤®¢�−¨ïå [4].

‚ ®á−®¢ã â¥å−®«®£¨¨ ¯®«®¦¥−� á¨áâ¥¬� ’-¯�àá¥à [5], ®áãé¥áâ¢«ïîé�ï �¢-
â®¬�â¨ç¥áª®¥, �¤�¯â¨à®¢�−−®¥ ª á¯¥æ¨ä¨ª¥ ¡¨®£à�ä¨ç¥áª®£® ¯®¨áª� ¨§¢«¥ç¥−¨¥
ä�ªâ®¢ ¨§ â¥ªáâ®¢ ¨áâ®à¨ª®-¡¨®£à�ä¨ç¥áª®© −�¯à�¢«¥−−®áâ¨ ¨ à¥è�îé�ï §�¤�ç¨
ä�ªâ®£à�ä¨ç¥áª®£® ¨−¤¥ªá¨à®¢�−¨ï ¨áâ®ç−¨ª®¢ ¨ ¨å á¥¬�−â¨ç¥áª®© à�§¬¥âª¨
(¢ëç«¥−¥−¨ï §−�ç¨¬ëå äà�£¬¥−â®¢ ¨ ®á−�é¥−¨ï ¨å ¬¥â�¤�−−ë¬¨). �ë«� ¨§ãç¥−�
¯à�ªâ¨ç¥áª�ï íää¥ªâ¨¢−®áâì â¥å−®«®£¨¨ ¢ ãá«®¢¨ïå ª®−ªà¥â−®-¨áâ®à¨ç¥áª®£®
¨áá«¥¤®¢�−¨ï: ’-¯�àá¥à ¯®ª�§�« á¢®î ¢ëá®ªãî íää¥ªâ¨¢−®áâì −� à¥�«ì−ëå â¥ª-
áâ�å ¨áâ®à¨ª®-¡¨®£à�ä¨ç¥áª®© −�¯à�¢«¥−−®áâ¨ [5]; ãáâ®©ç¨¢®áâì á¥¬�−â¨ç¥áª®©
á¥â¨ ª ®è¨¡ª�¬ ¯®«ì§®¢�â¥«¥© ¢ ãá«®¢¨ïå ¥¥ à�á¯à¥¤¥«¥−−®£® −�¯®«−¥−¨ï ¡ë«�
¯à®¢¥à¥−� ¬¥â®¤®¬ ¨¬¨â�æ¨®−−®£® ¬®¤¥«¨à®¢�−¨ï [6{8].

2 Модель данных технологии

Œ®¤¥«ì ¤�−−ëå, ¯®«®¦¥−−�ï ¢ ®á−®¢ã â¥å−®«®£¨¨, ®¯¨à�¥âáï −� ¨¥à�àå¨ç¥-
áª®¥ ¯à¥¤áâ�¢«¥−¨¥ ¨áâ®à¨ª®-¡¨®£à�ä¨ç¥áª®£® ä�ªâ� (ˆ�”) [9].

÷¥áãàá®¬ ¤«ï ˆ�” á«ã¦¨â äà�£¬¥−â â¥ªáâ� ¨áâ®à¨ª®-¡¨®£à�ä¨ç¥áª®© −�-
¯à�¢«¥−−®áâ¨, ¯à¨ç¥¬ á�¬ â¥ªáâ ¤®«¦¥− ¡ëâì §�£àã¦¥− ¢ ¡�§ã ¤�−−ëå (�„).
”à�£¬¥−â ¬®¦¥â á®áâ®ïâì ¨§ −¥áª®«ìª¨å ¨−â¥à¢�«®¢ á¨¬¢®«®¢ ¢ â¥ªáâ¥. ‘áë«ª®©
−� à¥áãàá ¢ â¥å−®«®£¨¨ á«ã¦¨â ãª�§�â¥«ì äà�£¬¥−â� â¥ªáâ� (“”’), ¢ª«îç�îé¨©
¨¤¥−â¨ä¨ª�â®à â¥ªáâ� ¢ �„ ¨ −�¡®à ¨−â¥à¢�«®¢ ¢ â¥ªáâ¥.

‚ á®¢®ªã¯−®áâ¨ ˆ�” ®¡à�§ãîâ á¥¬�−â¨ç¥áªãî á¥âì, á®áâ®ïéãî ¨§ ¤¢ãå
¯®¤á¥â¥© | á¥â¨ ¯®−ïâ¨© ¨ á¥â¨ íª§¥¬¯«ïà®¢.

“§«ë á¥â¨ ¯®−ïâ¨© ¯à¥¤áâ�¢«ïîâ á®¡®© ¨¬¥−®¢�−−ë¥ ã−¨¢¥àá�«ì−ë¥ ª«�ááë
®¡ê¥ªâ®¢. …¤¨−áâ¢¥−−ë¬ ®¡ï§�â¥«ì−ë¬ á¢®©áâ¢®¬ ª«�áá� ï¢«ï¥âáï ¥£® ¨¬ï. ˆ§
âà¥¡®¢�−¨ï à�á¯à¥¤¥«¥−−®áâ¨ ¢ëâ¥ª�¥â, çâ® á¥âì ¬®¦¥â á®§¤�¢�âìáï −¥§�¢¨á¨¬®
à�§−ë¬¨ ¨áá«¥¤®¢�â¥«ï¬¨, � ¯®íâ®¬ã ®−� ¤®«¦−� ä®à¬¨à®¢�âìáï ¨§ �¢â®−®¬−ëå
¨¬¥−®¢�−−ëå ¯®¤á¥â¥©. „«ï úáª«¥©ª¨û íâ¨å ¯®¤á¥â¥© ¬¥¦¤ã á®¡®© ¯à¥¤ãá¬®âà¥−�
á¢ï§ì íª¢¨¢�«¥−â−®áâ¨. �®¬¨¬® −¥¥ ¯à¥¤ãá¬®âà¥−ë −�¯à�¢«¥−−ë¥ á¢ï§¨ â¨¯�
ú¯®¤¯®−ïâ¨¥û, ú�âà¨¡ãâû ¨ ú§−�ç¥−¨¥û.

Š�¦¤�ï á¢ï§ì ¬®¦¥â ¨¬¥âì ¯à¨§−�ª ãá«®¢−®áâ¨. “á«®¢−�ï á¢ï§ì ¤«ï ãá¯¥è-
−®© ¨−â¥à¯à¥â�æ¨¨ ¯®«ì§®¢�â¥«¥¬ ¤®«¦−� ¨¬¥âì ®¯¨á�−¨¥ ¯à¨ç¨− ãá«®¢−®áâ¨,
â. ¥. £à�−¨æ ¥¥ ¤¥©áâ¢¨ï. �¯¨á�−¨¥ á®áâ®¨â ¨§ â¥ªáâ®¢®£® ª®¬¬¥−â�à¨ï ¨ ¯à¨
−¥®¡å®¤¨¬®áâ¨ −�¡®à� ááë«®ª −� ¨áâ®ç−¨ª¨ ¢ ä®à¬¥ “”’.

’�ª¦¥ ª�¦¤�ï á¢ï§ì â¨¯� ú�âà¨¡ãâû ¬®¦¥â ¨¬¥âì ¯à¨§−�ª ã−¨ª�«ì−®áâ¨
§−�ç¥−¨ï, −¥®¡å®¤¨¬ë© ¤«ï §�¤�ç ¯®¨áª� ¯à®â¨¢®à¥ç¨© ¢ ¤�−−ëå, ¨ ¯à¨§−�ª
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−�á«¥¤ã¥¬®áâ¨ §−�ç¥−¨ï, ¨á¯®«ì§ãîé¨©áï â®«ìª® ¤«ï á¢ï§¥© â¨¯� úç�áâìû, ®¯¨-
á�−−ëå −¨¦¥.

”�ªâë §�¤�îâáï §−�ç¥−¨ï¬¨ íª§¥¬¯«ïà®¢ ª«�áá®¢ ¨ ®â−®è¥−¨ï¬¨ ¬¥¦¤ã
−¨¬¨. �â−®è¥−¨ï −�á«¥¤ãîâáï ¨§ á¥â¨ ª«�áá®¢. Œ¥¦¤ã íª§¥¬¯«ïà�¬¨ ®¤−®£®
ª«�áá� ¬®¦¥â ¡ëâì ¤®¯®«−¨â¥«ì−® ãáâ�−®¢«¥−� á¢ï§ì íª¢¨¢�«¥−â−®áâ¨. ’�ª¦¥
¬®¦¥â ¡ëâì ¤®¡�¢«¥−® ®â−®è¥−¨¥ −®¢®£® â¨¯� | úç�áâìû, −¥®¡å®¤¨¬®¥ ¤«ï
−�á«¥¤®¢�−¨ï �âà¨¡ãâ®¢. Š�¦¤ë© íª§¥¬¯«ïà ¨¬¥¥â §−�ç¥−¨¥ (ª®â®à®¥ ¬®¦¥â ¡ëâì
¯ãáâë¬). �¥¯ãáâ®¥ §−�ç¥−¨¥ á®¯à®¢®¦¤�¥âáï «¨¡® â¥ªáâ®¢ë¬ ª®¬¬¥−â�à¨¥¬, «¨¡®
“”’, á¢ï§ë¢�îé¨¬ ¥£® á ¤®ªã¬¥−â®¬-¨áâ®ç−¨ª®¬.

•®âï, ª�ª áª�§�−® ¢ëè¥, ®£à�−¨ç¥−¨ï −� áâàãªâãàã á¥¬�−â¨ç¥áª®© á¥â¨ ¨á-
å®¤−® −�«®¦¥−ë á�¬ë¥ ¬¨−¨¬�«ì−ë¥, ¢ ¯¥à¢®© ¢¥àá¨¨ â¥å−®«®£¨¨, ®¯¨à�îé¥©áï
¨áª«îç¨â¥«ì−® −� ’-¯�àá¥à, ¡ë«¨ ¢¢¥¤¥−ë ¤®¯®«−¨â¥«ì−ë¥ ®£à�−¨ç¥−¨ï, ã¯à®-
é�îé¨¥ ¥¥ à¥�«¨§�æ¨î. ’�ª, ¯®¤ ¯®−ïâ¨ï¬¨ ¯®−¨¬�îâáï â®«ìª® â¥ ã§«ë á¥â¨,
ã ª®â®àëå −¥â ¢å®¤ïé¨å á¢ï§¥© ¨«¨ ¥áâì â®«ìª® ¢å®¤ïé¨¥ á¢ï§¨ â¨¯� ú§−�-

÷¨á. 1 �à¨¬¥à áâàãªâãàë á¥¬�−â¨ç¥áª®© á¥â¨ â¥å−®«®£¨¨
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ç¥−¨¥û. “ ¯®−ïâ¨© ¬®£ãâ ¡ëâì ¨áå®¤ïé¨¥ á¢ï§¨ «¨¡® ¨áª«îç¨â¥«ì−® â¨¯�
ú�âà¨¡ãâû (â�ª®¥ ¯®−ïâ¨¥ −�§ë¢�¥âáï −®à¬�«ì−ë¬ ¯®−ïâ¨¥¬, ¨«¨ �-¯®−ïâ¨¥¬),
«¨¡® â¨¯� ú¯®¤¯®−ïâ¨¥û. ’�ª®¥ ¯®−ïâ¨¥ ¯® á¬ëá«ã ï¢«ï¥âáï �âà¨¡ãâ®¬, ¨ ®−®
−¥ ¢áâà¥ç�¥âáï ¡¥§ ¢å®¤ïé¥© á¢ï§¨ ú§−�ç¥−¨¥û. �−® −�§ë¢�¥âáï �âà¨¡ãâ−ë¬,
¨«¨ �-¯®−ïâ¨¥¬. “§¥«, ã ª®â®à®£® ¥áâì ¢å®¤ïé�ï á¢ï§ì ú�âà¨¡ãâû, −�§ë¢�¥âáï
�âà¨¡ãâ®¬. ˆ§ �âà¨¡ãâ� ¬®£ãâ ¨áå®¤¨âì á¢ï§¨ â®«ìª® â¨¯� ú¯®¤¯®−ïâ¨¥û ¨«¨
ú§−�ç¥−¨¥û. …á«¨ ã �âà¨¡ãâ� −¥â ¨áå®¤ïé¨å á¢ï§¥©, â® ®− −�§ë¢�¥âáï â¥à¬¨−�«ì-
−ë¬. �� à¨á. 1 ¯à¨¢¥¤¥− ¯à¨¬¥à áâàãªâãàë á¥¬�−â¨ç¥áª®© á¥â¨ ¯¥à¢®© ¢¥àá¨¨
â¥å−®«®£¨¨.

3 π-модель

‚ à�¬ª�å à�§¢¨â¨ï â¥å−®«®£¨¨ ¯®¤¤¥à¦ª¨ ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¨áá«¥-
¤®¢�−¨© ¡ë« à�§à�¡®â�− ¨−áâàã¬¥−â�«ì−ë© ª®¬¯«¥ªá π-”�ªâ®£à�ä [10], ®à¨-
¥−â¨à®¢�−−ë© −� ¯®¤¤¥à¦ªã á�¬®£® ¨áá«¥¤®¢�â¥«ìáª®£® ¯à®æ¥áá� ¨ à¥è�îé¨©
á«¥¤ãîé¨¥ §�¤�ç¨:

{ ä¨ªá�æ¨ï −¥ â®«ìª® ç¥âª® ãáâ�−®¢«¥−−ëå ä�ªâ®¢, −® ¨ ¯à¥¤¯®«®¦¥−¨©, −¥-
â®ç−ëå §−�ç¥−¨©, ¢®¯à®á®¢;

{ á®®â−¥á¥−¨¥ ¢ëáª�§ë¢�−¨ï á à¥áãàá�¬¨-¨áâ®ç−¨ª�¬¨ ¨«¨/¨ æ¥¯®çª�¬¨ ¢ë-
¢®¤�, á ®¤−®© áâ®à®−ë, ¨ æ¥«¥¢ë¬¨ ¨−ä®à¬�æ¨®−−ë¬¨ à¥áãàá�¬¨, ¢ ª®â®àëå
®−¨ ¯ã¡«¨ªãîâáï, á ¤àã£®©;

{ ¯®¤¤¥à¦ª� á®ç¥â�−¨ï ä®à¬�«¨§®¢�−−®£® ¨ −¥ä®à¬�«¨§®¢�−−®£® ¯à¥¤áâ�¢«¥-
−¨ï §−�−¨©;

{ ®âá«¥¦¨¢�−¨¥ ¯à®æ¥áá®¢ −�ª®¯«¥−¨ï ¤�−−ëå, ¢ëï¢«¥−¨ï ¤¥ä¥ªâ®¢, ¢ë¤¢¨-
¦¥−¨ï/®¯à®¢¥à¦¥−¨ï £¨¯®â¥§ ¯® ¨áâ®ç−¨ª�¬, ¢à¥¬¥−¨, ¨á¯®«−¨â¥«ï¬, �à£ã-
¬¥−â�æ¨¨.

„«ï íää¥ªâ¨¢−®£® à¥è¥−¨ï íâ¨å §�¤�ç ¢ ®á−®¢ã â¥å−®«®£¨¨, −� ª®â®àãî
®¯¨à�¥âáï π-”�ªâ®£à�ä, ¯®«®¦¥−� π-¬®¤¥«ì ¤�−−ëå, ®¡ê¥¤¨−ïîé�ï á¢¥¤¥−¨ï
® ¢−¥è−¨å à¥áãàá�å (¨áâ®ç−¨ª�å ¨ æ¥«¥¢ëå ¯ã¡«¨ª�æ¨ïå) ¨ à�¡®ç¨å ¬�â¥à¨�«�å
¨áá«¥¤®¢�â¥«ìáª®£® ¯à®¥ªâ� ¨ ¨−â¥à¯à¥â¨àãîé�ï ˆ�” ª�ª π-ä�ªâ (ä�ªâ®¯®-
¤®¡−®¥ ¢ëáª�§ë¢�−¨¥) [10], ¯®¤à�§ã¬¥¢�îé¨©:

{ ¢�à¨�â¨¢−ë© å�à�ªâ¥à ¨ −¥®¤−®§−�ç−®áâì ¨¬¥− ®¡ê¥ªâ®¢ ¨ §−�ç¥−¨© á¢®©áâ¢;

{ ®£à�−¨ç¥−¨ï ¢à¥¬¥−¨ áãé¥áâ¢®¢�−¨ï ®¡ê¥ªâ� ¨ ¯¥à¨®¤®¢ ¯®áâ®ï−áâ¢� §−�ç¥-
−¨ï ¤«ï ¡®«ìè¨−áâ¢� ¥£® á¢®©áâ¢;

{ §�¢¨á¨¬®áâì ¯¥à¥ç−ï (−�¡®à�) á¢®©áâ¢ ®¡ê¥ªâ� ®â ¥£® ª«�áá� ¨ ª®−ªà¥â−®£®
¨áá«¥¤®¢�−¨ï;

{ −�«¨ç¨¥ ¨áª�¦¥−¨©, ¤¥ä¥ªâ®¢ ¢ ¨áâ®ç−¨ª�å, ®è¨¡®ª ¯à¨ ¨å à�á¯®§−�¢�−¨¨,
¨−â¥à¯à¥â�æ¨¨ ¨ ¨−â¥£à�æ¨¨.
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Š®««¥ªæ¨ï π-ä�ªâ®¢ á®áâ�¢«ï¥â ï¤à® ¨−ä®à¬�æ¨®−−®£® ¯®«ï, ¢ª«îç�îé¥-
£® â�ª¦¥ ¤®ªã¬¥−âë-¨áâ®ç−¨ª¨, æ¥«¥¢ë¥ ¬�â¥à¨�«ë, ¯à®¬¥¦ãâ®ç−ë¥ ¤�−−ë¥.
”®à¬�«¨§®¢�−−ë¥ ¤�−−ë¥ ¨£à�îâ à®«ì ¬¥â�¤�−−ëå, á®¯à®¢®¦¤�îé¨å ®á−®¢−®©
¬�áá¨¢ ¤®ªã¬¥−â®¢, á ¨å ¯®¬®éìî ¬®¦¥â ¡ëâì ®à£�−¨§®¢�− íää¥ªâ¨¢−ë© ¯®¨áª.
π-ä�ªâë, ®âà�¦�îé¨¥ ª�ª ¤¥©áâ¢¨ï ¨áá«¥¤®¢�â¥«ï, â�ª ¨ á¢¥¤¥−¨ï ® ¯à¥¤¬¥â−®©
®¡«�áâ¨, á®¯à®¢®¦¤�îâáï −¥ä®à¬�«ì−ë¬ ª®¬¬¥−â�à¨¥¬, ¢ ª�ç¥áâ¢¥ ª®â®à®£® ¬®-
¦¥â ¢ëáâã¯�âì −¥ â®«ìª® â¥ªáâ, −® ¨ à¨áã−®ª ¨«¨ ¯à®¨§¢®«ì−ë© ¬ã«ìâ¨¬¥¤¨©−ë©
®¡ê¥ªâ. �â®â ª®¬¬¥−â�à¨© ¬®¦¥â á®¤¥à¦�âì æ¨â�âã ¨«¨ ¨§«®¦¥−¨¥ ¨áâ®ç−¨ª�,
� â�ª¦¥ ®âáë«ª¨ −� ¤®ªã¬¥−â ¨«¨ ª®−ªà¥â−®¥ ¬¥áâ® ¢ ¤®ªã¬¥−â¥, ª®â®àë©, ¢ á¢®î
®ç¥à¥¤ì, ¬®¦¥â á®¤¥à¦�âì ®âáë«ª¨ −� π-ä�ªâë. ’�ª¨¬ ®¡à�§®¬ ä®à¬¨àã¥âáï
¬−®£®á¢ï§−®¥ ¨−ä®à¬�æ¨®−−®¥ ¯®«¥.

π-¬®¤¥«ì á®áâ�¢«ïîâ ä®à¬�«¨§®¢�−−ë¥ ¢ëáª�§ë¢�−¨ï (π-ä�ªâë), ¯à¥¤áâ�¢-
«ïîé¨¥:

{ ¬®¤¥«ì ®¡«�áâ¨ ¨áá«¥¤®¢�−¨© (µ-ä�ªâë);

{ ®¡ê¥ªâë ¨áá«¥¤®¢�−¨ï ¨ á®¯àï¦¥−−ë¥ á −¨¬¨ áãé−®áâ¨ (ξ-ä�ªâë);

{ ¯à®æ¥áá ¨áá«¥¤®¢�−¨© (ϕ-ä�ªâë).

1. ��¡®à µ-ä�ªâ®¢ | íâ® á¯¨áª¨ ®¯à¥¤¥«¥−¨© ª«�áá®¢ ®¡ê¥ªâ®¢, ª«�áá®¢ ¨å
á¢®©áâ¢, ¨å ¢®§¬®¦−ëå §−�ç¥−¨©, � â�ª¦¥ −�ª«�¤ë¢�¥¬ëå −� −¨å ®£à�−¨ç¥-
−¨©.

2. ��à�¬¥âà�¬¨ ξ-ä�ªâ� ¢ëáâã¯�îâ áâ¥¯¥−ì ¥£® ¤®áâ®¢¥à−®áâ¨ (ú¯à�¢¤�û, úáª®-
à¥¥ ¯à�¢¤�û, ú−¥¨§¢¥áâ−®û, úáª®à¥¥ «®¦ìû, ú«®¦ìû) ¨ ¢à¥¬¥−−®© ¯à®¬¥¦ã-
â®ª, ¤«ï ª®â®à®£® ¤�−−ë© ä�ªâ ® á¢®©áâ¢¥ ®¡ê¥ªâ� ¢¥à¥−.

ξ-ä�ªâ�¬¨ ï¢«ïîâáï á«¥¤ãîé¨¥ ¢¨¤ë ¢ëáª�§ë¢�−¨©:

{ ¤¥ä¨−¨æ¨ï (D) | ¢ëáª�§ë¢�−¨¥, ä¨ªá¨àãîé¥¥ ¯à¨−�¤«¥¦−®áâì ®¡ê¥ªâ�
ª −¥ª®â®à®¬ã ª«�ááã;

{ �âà¨¡ãâ (A) | ¢ëáª�§ë¢�−¨¥ ® §−�ç¥−¨¨ −¥ª®â®à®£® á¢®©áâ¢� ®¡ê¥ªâ�;

{ ®â−®è¥−¨¥ (R) −¥ª®â®àëå á¢®©áâ¢ ®¡ê¥ªâ®¢;

{ ¢ëáª�§ë¢�−¨¥ (T) ® â¥¬¯®à�«ì−ëå ®â−®è¥−¨ïå (á®¯®áâ�¢«¥−¨¥ ¢à¥¬¥−−‚ëå
¨−â¥à¢�«®¢) ¬¥¦¤ã á¢®©áâ¢�¬¨ ®¡ê¥ªâ®¢;

{ ¢ëáª�§ë¢�−¨¥ (L) ® «®£¨ç¥áª®¬ ®â−®è¥−¨¨ ¬¥¦¤ã á¢®©áâ¢�¬¨ ®¡ê¥ªâ®¢.

3. ϕ-ä�ªâë ¯à¥¤áâ�¢«ïîâ á®¡®© ¨áá«¥¤®¢�â¥«ìáª¨¥ ®¯¥à�æ¨¨ âà¥å ¢¨¤®¢:

{ ¨−â¥à¯à¥â�æ¨ï | á®¯®áâ�¢«¥−¨¥ ξ-ä�ªâã ¤®ªã¬¥−â�«ì−®£® ®¡ê¥ªâ� |
¨áâ®ç−¨ª�, −� ®á−®¢�−¨¨ ª®â®à®£® ®− áä®à¬ã«¨à®¢�−;

{ ¯à¥¤áâ�¢«¥−¨¥ | á®¯®áâ�¢«¥−¨¥ ξ-ä�ªâã ¤®ªã¬¥−â�«ì−®£® ®¡ê¥ªâ�, ¢ ª®-
â®à®¬ ®− ®¯ã¡«¨ª®¢�−;

{ ã¬®§�ª«îç¥−¨¥ | á®¯®áâ�¢«¥−¨¥ ξ-ä�ªâ�¬ −®¢®£® ξ-ä�ªâ�-¢ë¢®¤�. ‚ë-
¢®¤ ¨§ ä®à¬�«¨§®¢�−−ëå ¢ëáª�§ë¢�−¨© ¤¥«�¥âáï á ¯à¨¢«¥ç¥−¨¥¬ íªá-
¯¥àâ−®£® §−�−¨ï ¨ ¨−âã¨æ¨¨ ¨áá«¥¤®¢�â¥«ï. ‘áë«ª� −� «¨æ®, ®áãé¥-
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áâ¢«ïîé¥¥ ¨áá«¥¤®¢�−¨¥, ¨ ¢à¥¬ï ¢ë¯®«−¥−¨ï ®¯¥à�æ¨¨ | ª®¬¯®−¥−âë
ϕ-ä�ªâ�.

4 Объединенная модель данных

�¤�¯â�æ¨î ¬®¤¥«¨ ¤�−−ëå â¥å−®«®£¨¨ ¯®¤¤¥à¦ª¨ ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å
¨áá«¥¤®¢�−¨© á æ¥«ìî ¯®¤¤¥à¦ª¨ âà¥¡®¢�−¨© π-¬®¤¥«¨ ¬®¦−® ¯à®¨§¢¥áâ¨ á«¥-
¤ãîé¨¬ á¯®á®¡®¬.

1. ÷®«ì µ-ä�ªâ®¢ ¨£à�îâ í«¥¬¥−âë ¯®¤á¥â¨ ¯®−ïâ¨©, â. ¥. �-¯®−ïâ¨ï ¨ ¨å �âà¨-
¡ãâë. „«ï ¯®¤¤¥à¦ª¨ åà�−¥−¨ï ¢®§¬®¦−ëå §−�ç¥−¨© �âà¨¡ãâ®¢ ¨ −�ª«�-
¤ë¢�¥¬ëå −� −¨å ®£à�−¨ç¥−¨© −¥®¡å®¤¨¬® ¤®¯®«−¨âì ª«�ááë â¥à¬¨−�«ì−ëå
�âà¨¡ãâ®¢ ¤¨�¯�§®−�¬¨ ¨ á¯¨áª�¬¨ ¢®§¬®¦−ëå §−�ç¥−¨©.

2. Š�ª ¯®ª�§�−® −¨¦¥, ξ-ä�ªâë ¬®£ãâ ¡ëâì ®âà�¦¥−ë ¢ ¬®¤¥«¨ ¤�−−ëå â¥å−®-
«®£¨¨ ¢ ä®à¬¥ á®®â¢¥âáâ¢ãîé¨å á¢ï§¥© ¢ á¥â¨ íª§¥¬¯«ïà®¢. ‘«¥¤®¢�â¥«ì−®,
¯�à�¬¥âàë ξ-ä�ªâ®¢ ¬®£ãâ ¡ëâì à¥�«¨§®¢�−ë §� áç¥â à�áè¨à¥−¨ï ¯®−ïâ¨ï
¯à¨§−�ª� ãá«®¢−®áâ¨ á¢ï§¨, ¯®áª®«ìªã ¯�à�¬¥âàë ®¯à¥¤¥«ïîâ £à�−¨æë ¨á-
â¨−−®áâ¨ ä�ªâ�, â. ¥. ¨¬¥−−® ¥£® ãá«®¢−®áâì. �� ¤�−−ë© ¬®¬¥−â ®¯¨á�−¨¥
£à�−¨æ ¤¥©áâ¢¨ï á¢ï§¨ à¥�«¨§®¢�−® ¢ ä®à¬¥ â¥ªáâ®¢®£® ª®¬¬¥−â�à¨ï ¨ ¯à¨
−¥®¡å®¤¨¬®áâ¨ −�¡®à� ááë«®ª −� ¨áâ®ç−¨ª¨ ¢ ä®à¬¥ “”’. „«ï á®¢¬¥áâ¨-
¬®áâ¨ á π-¬®¤¥«ìî ¤®«¦−ë ¡ëâì ¤®¯®«−¨â¥«ì−® ¢¢¥¤¥−ë ¯�à�¬¥âàë ®æ¥−ª¨
¤®áâ®¢¥à−®áâ¨ ¨ ¯¥à¨®¤� ¨áâ¨−−®áâ¨. �æ¥−ª� ¤®áâ®¢¥à−®áâ¨ ¬®¦¥â ¯à¨−¨-
¬�âì −¥ â®«ìª® §−�ç¥−¨ï �÷�‚„� (T) ¨ ‹�†œ (F), −® ¨ ¯à®¬¥¦ãâ®ç−ë¥
§−�ç¥−¨ï. ‚ ª�ç¥áâ¢¥ â�ª¨å §−�ç¥−¨© ¬®£ãâ ¡ëâì ¢ë¡à�−ë ª�ª ¤¨�¯�§®−
−¥ç¥âª®© «®£¨ª¨ (¨−â¥à¢�« [0, 1]), â�ª ¨ −®¬¨−�«ì−�ï èª�«�. �� ¯à�ªâ¨-
ª¥ ¢¯®«−¥ ¤®áâ�â®ç−® ¢ª«îç¨âì ¢ â�ªãî èª�«ã ¯à®¬¥¦ãâ®ç−ë¥ §−�ç¥−¨ï:
úáª®à¥¥ ‹�†œû (?F), úáª®à¥¥ �÷�‚„�û (?T), úà�¢−®¢¥à®ïâ−® �÷�‚„�
¨ ‹�†œû (?). �â¨ §−�ç¥−¨ï ä¨ªá¨àãîâ ª�ª áâ¥¯¥−ì á®¬−¥−¨ï ¢ ¯à�¢-
¤¨¢®áâ¨ ãâ¢¥à¦¤¥−¨ï, â�ª ¨ ¢®¯à®áë ¨«¨ ¯à¥¤¯®«®¦¥−¨ï, ä®à¬ã«¨àã¥¬ë¥
¨áá«¥¤®¢�â¥«¥¬ [10]. �¥à¨®¤ ¨áâ¨−−®áâ¨ §�¤�¥âáï ¢à¥¬¥−−‚ë¬ ¯à®¬¥¦ãâª®¬,
¢ â¥ç¥−¨¥ ª®â®à®£® ä�ªâ á ãç¥â®¬ ®æ¥−ª¨ ¤®áâ®¢¥à−®áâ¨ ï¢«ï¥âáï ¨áâ¨−−ë¬.
�®¤à®¡−® ¢�à¨�−âë ä¨ªá�æ¨¨ ¢à¥¬¥−−‚ëå ¯à®¬¥¦ãâª®¢ à�áá¬®âà¥−ë ¢ [11].

„¥ä¨−¨æ¨ï (ξ-ä�ªâ â¨¯� D) ®¯à¥¤¥«ï¥â ¯à¨−�¤«¥¦−®áâì íª§¥¬¯«ïà� ª ®¯à¥-
¤¥«¥−−®¬ã ª«�ááã. ”�ªâ ¤�−−®© ¯à¨−�¤«¥¦−®áâ¨ à¥�«¨§®¢�− §� áç¥â −¥ª®â®-
à®© â¥å−®«®£¨ç¥áª®© á¢ï§¨ úª«�áá → íª§¥¬¯«ïàû. ξ-ä�ªâ â¨¯� D ¬®¦¥â ¡ëâì
�áá®æ¨¨à®¢�− á ¤�−−®© á¢ï§ìî. �ã¤¥¬ −�§ë¢�âì ¥¥ D-á¢ï§ìî. �®áª®«ìªã
D-á¢ï§ì â�ª¦¥ ¬®¦¥â ®¡«�¤�âì ¯à¨§−�ª®¬ ãá«®¢−®áâ¨, −¥®¡å®¤¨¬® à�§à¥-
è¨âì ãáâ�−®¢«¥−¨¥ á¢ï§¨ íª¢¨¢�«¥−â−®áâ¨ −¥ â®«ìª® ¬¥¦¤ã íª§¥¬¯«ïà�¬¨
®¤−®£® ª«�áá�, −® ¨ ¬¥¦¤ã íª§¥¬¯«ïà�¬¨ à�§−ëå ª«�áá®¢.

ξ-ä�ªâ â¨¯� A á®®â¢¥âáâ¢ã¥â íª§¥¬¯«ïàã á¢ï§¨ â¨¯� ú�âà¨¡ãâû.

ξ-ä�ªâ â¨¯� R ®¯à¥¤¥«ï¥â ®â−®è¥−¨¥ §−�ç¥−¨© �âà¨¡ãâ®¢ ¤¢ãå íª§¥¬¯«ï-
à®¢ ®¤−®£® ¯®−ïâ¨ï ¡¥§ ï¢−®£® ãª�§�−¨ï á�¬¨å §−�ç¥−¨©, � ξ-ä�ªâ â¨¯� T
®¯à¥¤¥«ï¥â ®â−®è¥−¨¥ â¥¬¯®à�«ì−ëå ¯�à�¬¥âà®¢ ¢å®¤ïé¨å á¢ï§¥© ¤«ï ¤¢ãå
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®¡ê¥ªâ®¢ á¥â¨ íª§¥¬¯«ïà®¢ ¡¥§ ãª�§�−¨ï á�¬¨å §−�ç¥−¨© íâ¨å ¯�à�¬¥âà®¢.
’�ª¨¬ ®¡à�§®¬, ξ-ä�ªâë â¨¯� R ¨ T ¬®£ãâ ¡ëâì à¥�«¨§®¢�−ë §� áç¥â à�áè¨-
à¥−¨ï ¯®−ïâ¨ï á¢ï§¨ â¨¯� úç�áâìû (—-á¢ï§ì). „«ï íâ®£® á«¥¤ã¥â à�§à¥è¨âì
¤«ï íâ®© á¢ï§¨ á®¥¤¨−¥−¨¥ «î¡ëå ¤¢ãå ã§«®¢ ¢ á¥â¨ íª§¥¬¯«ïà®¢, � −¥ â®«ìª®
íª§¥¬¯«ïà®¢ ®¤−®£® ¯®−ïâ¨ï. “ á¢ï§¨ ¤®«¦−® ¡ëâì âà¨ ¯�à�¬¥âà�: ¯à¨§−�ª
â®£®, çâ® ¯¥à¢ë© ã§¥« ï¢«ï¥âáï ç�áâìî ¢â®à®£® (—-¯�à�¬¥âà), ®â−®è¥−¨¥
§−�ç¥−¨© (‡-¯�à�¬¥âà) ¨ ®â−®è¥−¨¥ â¥¬¯®à�«ì−ëå ¯�à�¬¥âà®¢ (’-¯�à�¬¥âà).
—-¯�à�¬¥âà ï¢«ï¥âáï ¡¨−�à−ë¬, ‡-¯�à�¬¥âà ¬®¦¥â ¯à¨−¨¬�âì §−�ç¥−¨ï ú−¥
§�¤�−®û, ú¡®«ìè¥û, ú¬¥−ìè¥û, úà�¢−®û ¨ ú¯à¨¬¥à−® à�¢−®û, ’-¯�à�¬¥âà
¬®¦¥â ¯à¨−¨¬�âì §−�ç¥−¨ï ú−¥ §�¤�−®û, úà�−ìè¥û, ú¯®§¦¥û, ú®¤−®¢à¥¬¥−-
−®û ¨ ú¯à¨¬¥à−® ®¤−®¢à¥¬¥−−®û. ‚�à¨�−â, ª®£¤� ¢á¥ ¯�à�¬¥âàë —-á¢ï§¨
−¥ ãáâ�−®¢«¥−ë, á«¥¤ã¥â áç¨â�âì ¡¥áá¬ëá«¥−−ë¬, ¨ ¢ íâ®¬ á«ãç�¥ á¢ï§ì −¥
¬®¦¥â ¡ëâì ãáâ�−®¢«¥−�.

ξ-ä�ªâ â¨¯� L ®â«¨ç�¥âáï ®â ®áâ�«ì−ëå â¨¯®¢ ä�ªâ®¢, ¯®áª®«ìªã ¥¬ã −¥
á®®â¢¥âáâ¢ã¥â −¨ª�ª®© à¥�«ì−ë© ®¡ê¥ªâ ¢ á¥¬�−â¨ç¥áª®© á¥â¨, � ®− ï¢«ï¥âáï
«®£¨ç¥áª¨¬ ¢ëà�¦¥−¨¥¬ −�¤ §−�ç¥−¨ï¬¨ ¬−®¦¥áâ¢� ®¡ê¥ªâ®¢. –¥«¥á®®¡à�§-
−® ¯®−¨¬�âì ¯®¤ ξ-ä�ªâ®¬ â¨¯� L à¥§ã«ìâ�â ¢ë¯®«−¥−¨ï −¥ª®â®à®£® ¨−ä®à-
¬�æ¨®−−®£® §�¯à®á� ª á¥¬�−â¨ç¥áª®© á¥â¨. ‘¨−â�ªá¨á §�¯à®á� ¤®¯ãáª�¥â
«®£¨ç¥áª¨¥ ¢ëà�¦¥−¨ï [2], ¯®íâ®¬ã ¤®¯®«−¨â¥«ì−�ï �¤�¯â�æ¨ï â¥å−®«®£¨¨
á æ¥«ìî ¯®¤¤¥à¦ª¨ ξ-ä�ªâ®¢ â¨¯� L −¥ âà¥¡ã¥âáï.

„«ï ¯®¤¤¥à¦ª¨ ¨â¥à�æ¨®−−®£® ¯à®æ¥áá� ä®à¬¨à®¢�−¨ï ξ-ä�ªâ®¢ ¢ á®®â-
¢¥âáâ¢¨¨ á −®¢ë¬¨ ¢®§¬®¦−®áâï¬¨ â¥å−®«®£¨¨, á¢ï§�−−ë¬¨ á ¢ª«îç¥−¨¥¬
¢ −¥¥ ®¡−®¢«¥−−®£® ’-¯�àá¥à� ¨ π-”�ªâ®£à�ä�, −¥®¡å®¤¨¬ë á«¥¤ãîé¨¥
¨§¬¥−¥−¨ï: ¥á«¨ ¢ ¯¥à¢®© ¢¥àá¨¨ â¥å−®«®£¨¨ �âà¨¡ãâë −¥ ¬®£«¨ á®áâ�¢«ïâì
¨¥à�àå¨î, ¯®áª®«ìªã ¨§ �âà¨¡ãâ� ¬®£«¨ ¨áå®¤¨âì á¢ï§¨ â®«ìª® â¨¯� ú¯®¤¯®-
−ïâ¨¥û ¨«¨ ú§−�ç¥−¨¥û, â® â¥¯¥àì −¥®¡å®¤¨¬® ¤®¯®«−¨âì íâ®â á¯¨á®ª á¢ï§ìî
â¨¯� ú�âà¨¡ãâû. �â® ®§−�ç�¥â, çâ® �-¯®−ïâ¨ï á �âà¨¡ãâ�¬¨ −� ¯®á«¥¤ãîé¨å
è�£�å ä®à¬¨à®¢�−¨ï ä�ªâ®¢ ¬®£ãâ ¡ëâì ®¡ê¥¤¨−¥−ë á¢ï§ï¬¨ â¨¯� ú�âà¨¡ãâû
¯®¤ −®¢ë¬ �-¯®−ïâ¨¥¬ ¨ áâ�âì ¥£® �âà¨¡ãâ�¬¨. ‘�¬® −®¢®¥ �-¯®−ïâ¨¥ −�
¯®á«¥¤ãîé¨å è�£�å ¨â¥à�æ¨®−−®£® ¯à®æ¥áá� ä®à¬¨à®¢�−¨ï á¥¬�−â¨ç¥áª®©
á¥â¨ â�ª¦¥ ¬®¦¥â áâ�âì �âà¨¡ãâ®¬ −¥ª®â®à®£® �-¯®−ïâ¨ï ¡®«¥¥ ¢ëá®ª®£®
¯®àï¤ª�.

3. ϕ-ä�ªâë ¬®£ãâ ¡ëâì ®âà�¦¥−ë ¢ ¬®¤¥«¨ ¤�−−ëå â¥å−®«®£¨¨ ¢ ä®à¬¥ ¬®¤¨-
ä¨æ¨à®¢�−−®£® “”’. �� ¤�−−ë© ¬®¬¥−â “”’ à¥è�¥â §�¤�çã ®âà�¦¥−¨ï
ϕ-ä�ªâ� ®¤−®£® ¢¨¤� | ¨−â¥à¯à¥â�æ¨¨, � �„ ¤®ªã¬¥−â®¢ ¯®¤¤¥à¦¨¢�¥â
åà�−¥−¨¥ â�ª¨å �âà¨¡ãâ®¢ ¤®ªã¬¥−â�, ª�ª ú�¢â®àû, úà¥ª¢¨§¨âë ¯ã¡«¨ª�-
æ¨¨û ¨ ú¤�â� á®§¤�−¨ïû. „«ï ¯®¤¤¥à¦ª¨ ¯à¥¤áâ�¢«¥−¨ï ¨ ã¬®§�ª«îç¥−¨ï
¢ “”’ âà¥¡ã¥âáï ¢¢¥áâ¨ ¯�à�¬¥âà ú¢¨¤û, ¯à¨−¨¬�îé¨© §−�ç¥−¨ï ú¨áâ®ç-
−¨ªû, ú¯ã¡«¨ª�æ¨ïû ¨ úà¥§ã«ìâ�âû, � â�ª¦¥ ¤®¯ãáâ¨âì −�«¨ç¨¥ ã ®¡ê¥ªâ�
á¥¬�−â¨ç¥áª®© á¥â¨ −¥áª®«ìª¨å “”’ à�§−®£® ¢¨¤�.

�� à¨á. 2 ¯à¨¢¥¤¥− ¯à¨¬¥à áâàãªâãàë á¥¬�−â¨ç¥áª®© á¥â¨ ¥¤¨−®© â¥å−®-
«®£¨¨.
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÷¨á. 2 �à¨¬¥à áâàãªâãàë á¥¬�−â¨ç¥áª®© á¥â¨ ¥¤¨−®© â¥å−®«®£¨¨
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5 Выводы

÷�§à�¡®â�−� ¥¤¨−�ï à�á¯à¥¤¥«¥−−�ï â¥å−®«®£¨ï ¯®¤¤¥à¦ª¨ ª®−ªà¥â−®-¨á-
â®à¨ç¥áª¨å ¨áá«¥¤®¢�−¨© á ®¯®à®© −� á¨áâ¥¬ã ’-¯�àá¥à, ®áãé¥áâ¢«ïîéãî �¢-
â®¬�â¨ç¥áª®¥ ¨§¢«¥ç¥−¨¥ ä�ªâ®¢ ¨§ â¥ªáâ®¢ ¨áâ®à¨ª®-¡¨®£à�ä¨ç¥áª®© −�¯à�¢-
«¥−−®áâ¨, ¨ ¨−áâàã¬¥−â�«ì−ë© ª®¬¯«¥ªá π-”�ªâ®£à�ä, ®à¨¥−â¨à®¢�−−ë© −�
¯®¤¤¥à¦ªã á�¬®£® ¨áá«¥¤®¢�â¥«ìáª®£® ¯à®æ¥áá�.

�ªâã�«ì−®áâì ¨ §−�ç¨¬®áâì à¥§ã«ìâ�â®¢ ¢ëâ¥ª�¥â ¨§ áãé¥áâ¢¥−−®£® à®áâ�
¢ ¯®á«¥¤−¥¥ ¢à¥¬ï ¨−â¥à¥á� ª ¡¨®£à�ä¨ç¥áª¨¬ ¨áá«¥¤®¢�−¨ï¬, ¢ â®¬ ç¨á«¥ á®
áâ®à®−ë −¥¯à®ä¥áá¨®−�«ì−ëå ¨áá«¥¤®¢�â¥«¥© [12], á ®¤−®© áâ®à®−ë, ¨ ®âáãâáâ¢¨ï
ãáâ®ï¢è¥©áï ¨ ®¡®á−®¢�−−®© ¬¥â®¤®«®£¨¨ íâ¨å ¨áá«¥¤®¢�−¨© [13], á ¤àã£®© áâ®-
à®−ë. ‘®ªà�é¥−¨î íâ®£® à�§àë¢� ¬¥¦¤ã ¢®§à®áè¥© ¯®âà¥¡−®áâìî ¨ ®âáãâáâ¢¨¥¬
¤®áâ�â®ç−®© ¬¥â®¤®«®£¨ç¥áª®© ¯®¤¤¥à¦ª¨ ¨ á®®â¢¥âáâ¢ãîé¥£® ¨−áâàã¬¥−â�à¨ï
¤®«¦−� á«ã¦¨âì à�§à�¡®â�−−�ï ¢ à�¬ª�å ¤�−−®£® ¨áá«¥¤®¢�−¨ï â¥å−®«®£¨ï ¨ á®-
§¤�¢�¥¬®¥ ¤«ï ¥¥ ¯®¤¤¥à¦ª¨ á¯¥æ¨�«¨§¨à®¢�−−®¥ ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥.

’¥å−®«®£¨ï ¯à¥¤−�§−�ç¥−� ¤«ï è¨à®ª®£® ªàã£� −¥ ï¢«ïîé¨åáï ¯à®ä¥áá¨®-
−�«ì−ë¬¨ ¨áâ®à¨ª�¬¨ ¨ ¡¨®£à�ä�¬¨ ¯®«ì§®¢�â¥«¥©.
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UNIFIED TECHNOLOGY OF CONCRETE HISTORICAL
RESEARCH SUPPORT
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Institute of Informatics Problems, Federal Research Center \Computer Science and
Control" of the Russian Academy of Sciences, 44-2 Vavilov Str., Moscow 119133,
Russian Federation

Abstract: The article is devoted to the further development of the technology
of concrete historical research support which was built on the basis of the system
of automatic facts extraction from historical and biographical texts T-parser
and designed for a broad range of users which are not professional historians
and biographers. The development is carried out by the integration of the
program complex π-Factograph oriented towards the research process support
into technology. The article describes the capabilities of the program complex and
justifies its inclusion into the technology. The problem of integration is solved by
using analysis of the data models on which the T-parser system and π-Factograph
complex are based. The concepts of the biographical fact and fact-like statement
are described, the evidence of their likeness is provided. Based on the results of
the analysis, a unified data model which allows the joint use of elements of the
unified technology was built and described in detail. In conclusion, the need for
the unified technology of concrete historical research support in connection with
increase of public interest in family history is substantiated.
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НЕКОТОРЫЕ АСПЕКТЫ АВТОМАТИЗАЦИИ ПОИСКА
И АНАЛИЗА ВЕБ-ТЕКСТОВ ЭКСТРЕМИСТСКОЙ СЕМАНТИКИ∗

М. М. Шарнин1, И. В. Галина2

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�îâáï ¢®¯à®áë �¢â®¬�â¨§�æ¨¨ ¬¥â®¤®¢ â¥¬�â¨ç¥áª®£®
¬®¤¥«¨à®¢�−¨ï (’Œ) ¤«ï ¬®−¨â®à¨−£� íªáâà¥¬¨áâáª®© �ªâ¨¢−®áâ¨ ¢ ¨−â¥à-
−¥â¥. �¡ê¥ªâ ¨áá«¥¤®¢�−¨ï | àãááª®ï§ëç−ë¥ â¥ªáâë á�©â®¢ ¨ á®æ¨�«ì−ëå
á¥â¥©. ÷�áá¬®âà¥−ë ¡�§®¢ë¥ í«¥¬¥−âë â¥å−®«®£¨¨, à¥�«¨§ã¥¬®© ª�ª ¥¤¨−ë©
¯à®æ¥áá ®â á¡®à� ¤�−−ëå ¤® ¯®«ãç¥−¨ï à¥§ã«ìâ�â�. �à¨¢¥¤¥−ë ¯à¨¬¥àë íªá-
¯¥à¨¬¥−â®¢. ’¥å−®«®£¨ï ¢ª«îç�¥â �¢â®¬�â¨§¨à®¢�−−®¥ ¯®áâà®¥−¨¥ �¢â®àáª®£®
¯®ª�§�â¥«ï | ¨−¤¥ªá� ¨¤¥®«®£¨ç¥áª®£® ¢«¨ï−¨ï (ˆˆ‚), à�ááç¨âë¢�¥¬®£® ¯®
−¥ï¢−ë¬ ááë«ª�¬ ¬¥¦¤ã â¥ªáâ�¬¨. �¯â¨¬�«ì−ë¥ ¯�à�¬¥âàë �«£®à¨â¬� à�áç¥-
â� −¥ï¢−ëå ááë«®ª −�å®¤ïâáï �¢â®¬�â¨ç¥áª¨ ¯® ¬�ªá¨¬ã¬ã ª®àà¥«ïæ¨¨ ¬¥¦¤ã
ï¢−ë¬¨ ¨ −¥ï¢−ë¬¨ ááë«ª�¬¨.

Š«îç¥¢ë¥ á«®¢�: â¥¬�â¨ç¥áª®¥ ¬®¤¥«¨à®¢�−¨¥; �¢â®¬�â¨§¨à®¢�−−ë¥ á¨áâ¥-
¬ë; íªáâà¥¬¨§¬; ¨−â¥à−¥â; −¥ï¢−ë¥ ááë«ª¨

DOI: 10.14357/08696527190117

1 Постановка задачи. Базовые элементы технологии

�¢â®¬�â¨§�æ¨ï ¯à®æ¥áá� ®¡−�àã¦¥−¨ï íªáâà¥¬¨áâáª®© �ªâ¨¢−®áâ¨ ¢ ‘¥â¨ |
á«®¦−�ï §�¤�ç�. �¢â®àáª¨© ª®««¥ªâ¨¢ àï¤ «¥â à�§à�¡�âë¢�¥â ¬¥â®¤ë ’Œ ¤«ï
¨§ãç¥−¨ï íªáâà¥¬¨áâáª¨å â¥ªáâ®¢ −� ¬�â¥à¨�«¥ àãááª®ï§ëç−ëå (ç�áâ¨ç−® | �−-
£«®ï§ëç−ëå, � ¢ ¯¥àá¯¥ªâ¨¢¥ | ¨ −� ¤àã£¨å ï§ëª�å) ¢¥¡-á�©â®¢ ¨ á®æ¨�«ì−ëå
á¥â¥© (¤�«¥¥ | ‘�©âë) [1{6]. ‘ªàëâ�ï ¯¥à¥¯¨áª� ¢ ¬¥áá¥−¤¦¥à�å, �ã¤¨®-
¨ ¢¨¤¥®¯¥à¥£®¢®àë ¢ ç�â�å ¨ â. ¯. −¥ ï¢«ïîâáï ¯à¥¤¬¥â®¬ ¨§ãç¥−¨ï. �¢â®àë à�á-
á¬�âà¨¢�îâ −®¢ë© ¯®ª�§�â¥«ì áâ¥¯¥−¨ íªáâà¥¬¨§¬� ‘�©â®¢ | ˆˆ‚. ˆ−¤¥ªá
¨¤¥®«®£¨ç¥áª®£® ¢«¨ï−¨ï ¡�§¨àã¥âáï −� £¨¯®â¥§¥: à®áâ ¨¤¥®«®£¨ç¥áª®£® ¢«¨ï−¨ï
£àã¯¯ë ¢ ¨−â¥à−¥â¥ á¯®á®¡áâ¢ã¥â à®áâã ¥¥ ç¨á«¥−−®áâ¨; ¢«¨ï−¨¥ ¨§¬¥àï¥âáï ª®-
«¨ç¥áâ¢®¬ à�á¯à®áâà�−ïîé¨åáï ¨¤¥© íâ®© £àã¯¯ë, � à®áâ ç¨á«¥−−®áâ¨ | ç¨á«®¬
¤®¯®«−¨â¥«ì−ëå ‘�©â®¢ £àã¯¯ë. ˆ−¤¥ªá ¨¤¥®«®£¨ç¥áª®£® ¢«¨ï−¨ï ¨§¢«¥ª�¥âáï
�¢â®¬�â¨ç¥áª¨¬ �−�«¨§®¬ â¥ªáâ®¢ ‘�©â®¢; ¥£® à�áç¥â ®á−®¢�− −� ¢¥à®ïâ−®áâ−®©
¬®¤¥«¨ ¢«¨ï−¨ï (impact) â¥¬ ¨ ¨¤¥© ‘�©â� −� â¥¬ë ¨ ¨¤¥¨ ‘�©â®¢ áå®¦¥© â¥-
¬�â¨ª¨ [4] (¡«¨§ª¨© �−�«®£ | ¬¥â®¤ áªàëâ®£® à�á¯à¥¤¥«¥−¨ï „¨à¨å«¥, Latent
Dirichlet Allocation (LDA)). �� ®á−®¢¥ ¯®¤®¡−®£® ¯à¥¤áâ�¢«¥−¨ï ú¨¤¥©û, � â�ª¦¥

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ä¨−�−á®¢®© ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâ 16-29-09527).
1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�

¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, mc@keywen.com
2ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�

¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, irn gl@mail.ru
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�¥ª®â®àë¥ �á¯¥ªâë �¢â®¬�â¨§�æ¨¨ ¯®¨áª� ¢¥¡-â¥ªáâ®¢ íªáâà¥¬¨áâáª®© á¥¬�−â¨ª¨

¯ãâ¥¬ ¨å −�¡«î¤¥−¨ï ¢® ¢à¥¬¥−−‚®© ¤¨−�¬¨ª¥ [5] ¬®¦−® ¨¤¥−â¨ä¨æ¨à®¢�âì ¢ª«�¤
ª�¦¤®£® ‘�©â� ¯® ®â−®è¥−¨î ª ¢ëï¢«¥−−ë¬ â¥¬�¬, çâ® ¯®§¢®«ï¥â ®¡−�àã¦¨âì
áªàëâë¥ á¢ï§¨ ¬¥¦¤ã à�§«¨ç−ë¬¨ ‘�©â�¬ /̈�¢â®à�¬¨ (�ªª�ã−â�¬¨). Š®−¥ç−ë¬
¨â®£®¬ ¤®«¦−® áâ�âì á®§¤�−¨¥ �¢â®¬�â¨§¨à®¢�−−®£® ª®¬¯«¥ªá� ¯à®£à�¬¬−®£®
®¡¥á¯¥ç¥−¨ï. ‚ −�áâ®ïé¥¥ ¢à¥¬ï à�§à�¡®â�−ë ¡�§®¢ë¥ ¬®¤ã«¨ [1,3,4,6].

‚ëï¢«¥−¨¥ íªáâà¥¬¨áâáª¨å ‘�©â®¢ ¯«®å® ¯®¤¤�¥âáï �¢â®¬�â¨§�æ¨¨, ¬¥â®¤¨ª¨
¯®¨áª� ¯® ª«îç¥¢ë¬ á«®¢�¬ −¥ ¯®§¢®«ïîâ ®â£à�−¨ç¨âì â�ª¨¥ â¥ªáâë ®â, −�¯à¨-
¬¥à, −®¢®áâ−ëå áâ�â¥©. ‘¥£®¤−ï «ãçè¨¥ ¬¥â®¤ë, �¢â®¬�â¨ç¥áª¨ ¢ëç¨á«ïîé¨¥
à¥«¥¢�−â−®áâì äà�£¬¥−â®¢ â¥ªáâ�, ®á−®¢�−ë −� ’Œ â¥ªáâ®¢ á ¨á¯®«ì§®¢�−¨¥¬ «�-
â¥−â−®-á¥¬�−â¨ç¥áª®£® �−�«¨§�, ª®â®àë© à�¡®â�¥â á ¬�âà¨ç−ë¬ ¯à¥¤áâ�¢«¥−¨¥¬
ª®««¥ªæ¨¨ â¥ªáâ®¢, ¯®«ãç�¥¬ë¬ á ¯®¬®éìî ¬®¤¥«¨ ú¬¥è®ª á«®¢û (bag-of-words).
„«ï ¢ëï¢«¥−¨ï íªáâà¥¬¨áâáª¨å £àã¯¯ (¨å ‘�©â®¢) ¢ ¨−â¥à−¥â¥ ¯à¥¤«�£�¥âáï ¨á-
¯®«ì§®¢�âì ¬¥â®¤ë ’Œ, ®¯â¨¬�«ì−ë¥ ¯�à�¬¥âàë ª®â®àëå ®¯à¥¤¥«ïîâáï ¯à¨
�−�«¨§¥ à¥�«ì−® áãé¥áâ¢ãîé¨å íªáâà¥¬¨áâáª¨å £àã¯¯; −�©¤¥−−ë¥ ¯à¨ íâ®¬
§�ª®−®¬¥à−®áâ¨ ¯®§¢®«ïâ ¢ëà�¡®â�âì ¡®«¥¥ ®¡é¨¥ ªà¨â¥à¨¨ ¯®¨áª� ¨ �−�«¨§�
â¥ªáâ®¢ íªáâà¥¬¨áâáª®© á¥¬�−â¨ª¨.

��§®¢ë¥ í«¥¬¥−âë â¥å−®«®£¨¨ á«¥¤ãîé¨¥.

1. ��¯à�¢«¥−−ë© á¥¬�−â¨ç¥áª¨© ¯®¨áª ¯® §�¤�−−ë¬ ª«îç¥¢ë¬ á«®¢�¬ (Š‘)
¨ −�ª®¯«¥−¨¥ ¡�§ë à¥«¥¢�−â−ëå ¨−â¥à−¥â-â¥ªáâ®¢, ¨§ ª®â®àëå ä®à¬¨àãîâáï
â¥¬�â¨ç¥áª¨¥ ª®à¯ãá� ¥áâ¥áâ¢¥−−®-ï§ëª®¢ëå (…Ÿ) â¥ªáâ®¢. ‘¡®à â¥ªáâ®¢
®áãé¥áâ¢«ï¥âáï ¢ â®¬ ç¨á«¥ ¨ ¨§ á®æ¨�«ì−ëå á¥â¥©, � â�ª¦¥ ¯®¨áª ¯® á¢ï§ï¬
æ¨â¨à®¢�−¨ï ¢ Google. �®¨áª ¢ª«îç�¥â:

1.1. ‚ë¡®à ¯¥à¢®−�ç�«ì−®£® −�¡®à� Š‘ ¢àãç−ãî ¨ ¯®¨áª ¯® −¨¬ ¢ ¨−â¥à-
−¥â¥ á æ¥«ìî á®§¤�−¨ï â¥¬�â¨ç¥áª®© ®¡ãç�îé¥© ¢ë¡®àª¨ ¤«ï ¯®á«¥-
¤ãîé¥£® ¬�è¨−−®£® ®¡ãç¥−¨ï. �� á«¥¤ãîé¨å ¨â¥à�æ¨ïå ®¡ãç�îé�ï
¢ë¡®àª� ¬®¦¥â ä®à¬¨à®¢�âìáï ¨§ à�−¥¥ áä®à¬¨à®¢�−−ëå ¡�§ ¤�−−ëå
(�„).

1.2. �®¨áª ¯® −�©¤¥−−ë¬ Š‘ ¢ ®âªàëâëå ¢¥¡-¨áâ®ç−¨ª�å á æ¥«ìî á®§¤�−¨ï
¡®«ìè¨å ª®à¯ãá®¢ …Ÿ-â¥ªáâ®¢. �áãé¥áâ¢«ï¥âáï æ¨ª«¨ç−ë¬¨ ¨â¥à�-
æ¨ï¬¨. �«£®à¨â¬ ¯®¨áª� ¨ á¡®à� ¤�−−ëå ¯®¤à�§¤¥«ï¥âáï −� −¥áª®«ìª®
ú¯®â®ª®¢û:

1.2.1. �¡é¨© ¬®−¨â®à¨−£ ¨−â¥à−¥â�. �®¨áª ¨§ ®âªàëâ®© á¥â¨ ¯® §�-
¤�−−ë¬ á«®¢�¬ ¯à®¢®¤¨âáï �¢â®àáª®© á¨áâ¥¬®© úKeyCrawler
¤«ï á¨áâ¥¬ ¨§¢«¥ç¥−¨ï §−�−¨©û [7]. KeyCrawler | á¥¬�−-
â¨ç¥áª¨© −�¢¨£�â®à ¤«ï ®â¡®à� ¤�−−ëå ¯® ¨áå®¤−ë¬ á¥¬�−-
â¨ç¥áª¨¬ ®¡à�§�¬ | −�¡®à�¬ Š‘. KeyCrawler ¡ë« ãá¯¥è−®
¯à¨¬¥−¥− ¯à¨ à�§à�¡®âª¥ �¢â®àáª®£® ¬¥â®¤� �áá®æ¨�â¨¢−®-
£® ¯®àâà¥â� ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¢ ¯à®¥ªâ¥ ÷””ˆ 13-07-
00272 [8]. ‚ ¤�−−®¬ ¯à®¥ªâ¥ ¨á¯®«ì§®¢�− ¬®¤¨ä¨æ¨à®¢�−−ë©
KeyCrawler-2 ¤«ï ¯®áâà®¥−¨ï ª®à¯ãá®¢, −�áâà®¥−−ë© −� ¯®-
¨áª â¥ªáâ®¢, �áá®æ¨¨à®¢�−−ëå á §�¤�−−ë¬¨ Š‘ ¢ë¡à�−−®© â¥-
¬�â¨ª¨. KeyCrawler-2 áâà®¨â â�ª¦¥ â¥¬�â¨ç¥áª¨¥ ª®««¥ªæ¨¨
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â¥ªáâ®¢ (¢ ä®à¬�â¥ PDF) á −�§¢�−¨ï¬¨, �¢â®à�¬¨ ¨ ä®à¬�«ì-
−ë¬¨ ááë«ª�¬¨.

1.2.2. ‘®§¤�−¨¥ �„ ¯¥à¢®−�ç�«ì−®£® −¥áâàãªâãà¨à®¢�−−®£® −� ¯®¤-
â¥¬ë ª®à¯ãá� …Ÿ-â¥ªáâ®¢ −� ®á−®¢¥ ¯à®¢¥¤¥−−®£® á¥¬�−â¨ç¥-
áª®£® ¯®¨áª�.

1.2.3. ‘¯¥æ¨�«¨§¨à®¢�−−ë© ¬®−¨â®à¨−£ á®æ¨�«ì−ëå á¥â¥© á¨áâ¥¬®©
IQBuzz [9]. IQBuzz | íâ® ¨−â¥à−¥â-á¥à¢¨á ®âá«¥¦¨¢�−¨ï á®-
æ¨�«ì−ëå á¥â¥©, ¯®§¢®«ïîé¨© �−�«¨§¨à®¢�âì ¨−â¥−á¨¢−®áâì
ª®¬¬ã−¨ª�æ¨¨ ¯® ®â¤¥«ì−ë¬ â¥¬�¬, ¢ë£àã¦�âì ¬�áá¨¢ë ¤�−-
−ëå ¨ ¤à.

1.3. ‘¥¬�−â¨ç¥áª¨© ¯®¨áª ¯® Š‘, �¢â®¬�â¨ç¥áª¨ ¢ë¤¥«¥−−ë¬ á ¯®¬®éìî
®à¨£¨−�«ì−®£® ¯à®æ¥áá®à� BREF (Book Reference). BREF (á®§¤�−
−� ¡�§¥ á¨áâ¥¬ë Pullenti [3] ¢ë¤¥«ï¥â ¢ ¢¨¤¥ XML-áâàãªâãàë á�¬¨
â¥ªáâë, ¨å ¯�à�¬¥âàë: ¨¬¥−� �¢â®à®¢ | �ªª�ã−âë, −�§¢�−¨ï áâ�â¥©
(¥á«¨ ¥áâì), «®ª�æ¨¨ ¨ ¤à., � â�ª¦¥ íªá¯«¨æ¨â−ë¥ ááë«ª¨.

1.4. ‘¥¬�−â¨ç¥áª¨© ¯®¨áª ¯® Š‘, �¢â®¬�â¨ç¥áª¨ ¢ë¤¥«¥−−ë¬ ¨§ ¯¥à¢ëå
®¡ãç�îé¨å ª®à¯ãá®¢ ¨ â¥ªáâ®¢ëå ª®««¥ªæ¨© á ¯®¬®éìî ¬¥â®¤®¢ áâ�-
â¨áâ¨ª¨ (−�¯à¨¬¥à, ¯® ¨å ç�áâ®â−ë¬ å�à�ªâ¥à¨áâ¨ª�¬).

2. ‘®áâ�¢«¥−¨¥ ç�áâ®â−®£® á«®¢�àï −�¨¡®«¥¥ §−�ç¨¬ëå Š‘ ¨ äà�£¬¥−â®¢ â¥ªáâ�
¤«ï ª�¦¤®© ¯à¥¤¬¥â−®© ®¡«�áâ¨. ‚ ª�ç¥áâ¢¥ ¬¥àë â¥¬�â¨ç¥áª®© ¡«¨§®áâ¨
áâ�−¤�àâ−® ¨á¯®«ì§ã¥âáï ª®á¨−ãá−�ï ¬¥à� ¤«ï ¢¥ªâ®à®¢ ¯à¨§−�ª®¢ (¢ ¤�−−®¬
á«ãç�¥ Š‘), ¢ëç¨á«ï¥¬�ï ¯® ä®à¬ã«¥:

xy

|x||y| =

∑n

i=1
xiyi

√

∑n

i=1
x2i

√

∑n

i=1
y2i

,

£¤¥ x ¨ y | ¢¥ªâ®àë ¢ ¯à®áâà�−áâ¢¥ ¯à¨§−�ª®¢, ª®â®àë¬¨ á«ã¦�â á�¬¨
§−�ç¨¬ë¥ á«®¢®á®ç¥â�−¨ï ¨§ ¤�−−®£® á¥¬�−â¨ç¥áª®£® ª®−â¥ªáâ−®£® ¯à®áâà�−-
áâ¢�; i | ¨−¤¥ªá, ¯à®¡¥£�îé¨© ç¨á«® ¯à¨§−�ª®¢. ’�ª¦¥ ¯à¨¬¥−ïîâáï
ä®à¬ã«ë à�áç¥â� log-likelihood score, silhouette-score ¨ ¤à.

3. �¢â®¬�â¨ç¥áª¨© ®â¡®à Š‘ ¨§ ¯®«−®â¥ªáâ®¢ëå ª®à¯ãá®¢, §−�ç¨¬ëå ¤«ï æ¥«¥©
â¥¬�â¨ç¥áª®© ª«�áâ¥à¨§�æ¨¨, á ¯®¬®éìî ¬¥â®¤®¢ ’Œ (LDA). �� ®á−®¢¥
¢ë¤¥«ï¥¬ëå ¯à¨§−�ª®¢ áâ�¢ïâáï íªá¯¥à¨¬¥−âë á ª«�áâ¥à¨§�æ¨¥© ¨ ’Œ, ¢ à¥-
§ã«ìâ�â¥ ª®â®àëå ¢®§¬®¦−®: (�) �¢â®¬�â¨§¨à®¢�−−®¥ à�§¡¨¥−¨¥ ª®à¯ãá� −�
â¥¬�â¨ç¥áª¨¥ ª®««¥ªæ¨¨; (¡) à�áè¨à¥−¨¥ ¯®áâà®¥−−®© á¨áâ¥¬ë â¥¬�â¨ç¥áª¨å
ª�â¥£®à¨© ¯à¨ ¯®¯®«−¥−¨¨ ª®à¯ãá� −®¢ë¬¨ â¥ªáâ�¬¨.

4. �¢â®¬�â¨§¨à®¢�−−®¥ à�§¡¨¥−¨¥ ¯®«ãç¥−−ëå ¢ë¡®à®ª ¨§ ¨−â¥à−¥â� ¨ �„
(¢ à¥§ã«ìâ�â¥ ¢ëè¥¯¥à¥ç¨á«¥−−ëå ¢¨¤®¢ ¯®¨áª�) −� â¥¬�â¨ç¥áª¨¥ ª®à¯ãá�
¨ ª®««¥ªæ¨¨ â¥ªáâ®¢ ®¯à¥¤¥«¥−−®© â¥¬�â¨ª¨ ¬¥â®¤�¬¨ áâ�â¨áâ¨ª¨, ª«�áâ¥à¨-
§�æ¨¨ ¨ ’Œ.
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5. �à®¢¥¤¥−¨¥ ®ä«�©−-íªá¯¥à¨¬¥−â®¢ −� ¯®«ãç¥−−ëå â¥¬�â¨ç¥áª¨å ª®à¯ãá�å
¤«ï ¢ëç«¥−¥−¨ï ª®««¥ªæ¨© ï¢−® á¢ï§�−−ëå â¥ªáâ®¢ ¯à®æ¥áá®à®¬ BREF,
ª®â®àë© ¢ë¤¥«ï¥â ¯àï¬ë¥ á¢ï§¨ (ááë«ª¨, æ¨â¨à®¢�−¨¥) ¢ ¢¨¤¥ −�¯à�¢«¥−-
−®£® £à�ä� ¨ ¯®¤áç¨âë¢�¥â ç¨á«® ï¢−ëå ááë«®ª (¢å®¤ïé¨å ¤ã£ £à�ä�) −�
ª�¦¤ë© â¥ªáâ.

6. ÷�áç¥â ¨−¤¥ªá� áâ¥¯¥−¨ â¥àà®à¨áâ¨ç¥áª®© ã£à®§ë (ˆ‘’“) −� ®á−®¢�−¨¨
ª®««¥ªâ¨¢−®£® à¥è¥−¨ï íªá¯¥àâ®¢. ˆ−¤¥ªá áâ¥¯¥−¨ â¥àà®à¨áâ¨ç¥áª®© ã£à®§ë
¬®¤¥«¨àã¥âáï ¬¥â®¤®¬ ¬�è¨−−®£® ®¡ãç¥−¨ï ¯® «¥ªá¨ç¥áª¨¬ å�à�ªâ¥à¨áâ¨ª�¬
‘�©â� ¨ ¯®¤áç¥â®¬ ¢ë¤¥«¥−−ëå ï¢−ëå á¢ï§¥©. �® ¯à¨ �¢â®¬�â¨ç¥áª®¬
�−�«¨§¥ â¥ªáâ®¢ á«®¦−® ®¤−®§−�ç−® ®¯à¥¤¥«¨âì ¨å íªáâà¥¬¨áâáªãî −�¯à�¢-
«¥−−®áâì. ‘«ãç�¨, £¤¥ ú¨−â¥««¥ªâ�û á¨áâ¥¬ë −¥¤®áâ�â®ç−®, ¯¥à¥¤�îâáï
íªá¯¥àâ�¬ ¤«ï ¤�«ì−¥©è¥£® �−�«¨§�.

7. �à®¢¥¤¥−¨¥ íªá¯¥à¨¬¥−â®¢ −� â¥¬�â¨ç¥áª¨å ª®à¯ãá�å á æ¥«ìî ¢ëç¨á«¥−¨ï
á¥¬�−â¨ç¥áª®© ¬¥àë ¯®¤®¡¨ï (¬¥àë −¥ï¢−®© á¢ï§�−−®áâ¨) ¬¥¦¤ã â¥ªáâ�-
¬¨. Œ¥à� ¯®¤®¡¨ï | �¢â®àáª¨© ¯®ª�§�â¥«ì; ®−� ®á−®¢�−� −� á®®â−®è¥−¨¨
ï¢−ëå ¨ −¥ï¢−ëå ááë«®ª, ª®£¤� â¥ªáâë á¢ï§�−ë ç¥à¥§ ®¡é¨¥ (¨«¨ áå®¤−ë¥)
â¥ªáâ®¢ë¥ äà�£¬¥−âë. ”®à¬ã«� íâ®© ¬¥àë:

M =
Sinterset

min (S1, S2)
· 100% ,

£¤¥ Sinterset | áã¬¬� ¢¥á®¢ ¢á¥å §−�ç¨¬ëå ª«îç¥¢ëå á«®¢ ¨ ¨å á¥¬�−â¨-
ç¥áª¨å íª¢¨¢�«¥−â®¢, ¢å®¤ïé¨å ¢ ®¡� â¥ªáâ�; S1 | áã¬¬� ¢¥á®¢ Š‘ ¨ ¨å
íª¢¨¢�«¥−â®¢ ¯¥à¢®£® â¥ªáâ�, � S2 | ¢â®à®£®.

Œ¥à� ¯®¤®¡¨ï â¥ªáâ� á�¬®¬ã á¥¡¥ à�¢−� 100%. ‚ ¯à®áâ¥©è¥¬ á«ãç�¥ ¢¥á Š‘
à�¢¥− ç¨á«ã á¨¬¢®«®¢ ¢ −¨å. —¥¬ ¡®«ìè¥ ¬¥à� ¯®¤®¡¨ï â¥ªáâ®¢, â¥¬ ¢ëè¥
¢¥à®ïâ−®áâì −�«¨ç¨ï ï¢−®© ááë«ª¨ ¬¥¦¤ã −¨¬¨. ‡�¢¨á¨¬®áâì ¡ë«� ¨§¬¥à¥−�
íªá¯¥à¨¬¥−â�«ì−® ¨ ¯à¥¤áâ�¢«¥−� −� £à�ä¨ª¥ §�¢¨á¨¬®áâ¨ ¬¥àë á¢ï§�−−®áâ¨
®â ¬¥àë ¯®¤®¡¨ï | −¥«¨−¥©−�ï èª�«� ¯®¤®¡¨ï á à�¢−®¬¥à−ë¬ à�§¬¥é¥−¨¥¬
¯�à.

8. �à®¢¥¤¥−¨¥ íªá¯¥à¨¬¥−â®¢ −� ¯®«ãç¥−−ëå â¥¬�â¨ç¥áª¨å ª®««¥ªæ¨ïå á æ¥«ìî
®¡−�àã¦¥−¨ï ¨¬¯«¨æ¨â−ëå á¢ï§¥© â¥ªáâ®¢ á ¯®¬®éìî â¥ªãé¥© ¢¥àá¨¨ «¨−-
£¢¨áâ¨ç¥áª®£® ¯à®æ¥áá®à� −¥ï¢−ëå ááë«®ª (‹��‘), ®¡−�àã¦¨¢�îé¥£® −¥-
ï¢−ë¥ ááë«ª¨ á §�¤�−−ë¬¨ ¯�à�¬¥âà�¬¨ (¯®à®£¨ ¬¨−¨¬�«ì−®£® ¨ ¬�ªá¨¬�«ì-
−®£® á¥¬�−â¨ç¥áª®£® ¯®¤®¡¨ï, ãç¥â ¢à¥¬¥−¨ áâ�â¥© ¨ â. ¤.). ‹¨−£¢¨áâ¨ç¥áª¨©
¯à®æ¥áá®à −¥ï¢−ëå ááë«®ª, ª�ª ¨ BREF, à�§à�¡®â�− −� ¡�§¥ Pullenti [3].

‚¥á®¢�ï äã−ªæ¨ï ¢ ‹��‘ ¯®¤¡¨à�«�áì ¯® ¬�ªá¨¬ã¬ã ª®àà¥«ïæ¨¨ ¬¥¦¤ã
ï¢−ë¬¨ ¨ −¥ï¢−ë¬¨ ááë«ª�¬¨, ¯à¨ íâ®¬ −�¨¡®«¥¥ §−�ç¨¬ë¥ Š‘ ¯®«ãç¨«¨
−�¨¡®«ìè¨© ¢¥á ¨ ¯®¯�«¨ ¢ −�ç�«® á¯¨áª�. ‘ ¯®¬®éìî ‹��‘ ¡ë« ¯à®¢¥¤¥−
�−�«¨§ â¥ªáâ®¢ ¨ á¤¥«�−ë á«¥¤ãîé¨¥ ¢ë¢®¤ë:

(1) −¥ï¢−ë¥ á¢ï§¨ ¬®£ãâ ¡ëâì ¢ë¤¥«¥−ë ¨§ â¥ªáâ®¢ ¯ãâ¥¬ áà�¢−¥−¨ï ¨å
«¥ªá¨ª¨ á «¥ªá¨ª®© ¯®áâ®à®−−¨å ª®««¥ªæ¨©;
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‡�¢¨á¨¬®áâì ä®à¬�«ì−®© á¢ï§�−−®áâ¨ ®â ¬¥àë ¯®¤®¡¨ï: 1 | ¬¥à� ¯®å®¦¥áâ¨; 2 |
¢¥à®ïâ−®áâì á¢ï§¨

(2) ï¢−�ï ááë«ª� ¯®çâ¨ ¢á¥£¤� á®¯à®¢®¦¤�¥âáï £àã¯¯®© −¥ï¢−ëå ááë«®ª;

(3) ¬®¦¥â ¡ëâì ¯®áâà®¥− à¥©â¨−£ Š‘ ¨ á«®¢®á®ç¥â�−¨©/äà�§, ¯®â¥−æ¨�«ì−®
ï¢«ïîé¨åáï −¥ï¢−ë¬¨ ááë«ª�¬¨, £¤¥ −�¨¡®«¥¥ ¢¥à®ïâ−ë¥ ª�−¤¨¤�âë
¡ã¤ãâ §�−¨¬�âì «¨¤¨àãîé¨¥ ¯®§¨æ¨¨.

9. �¢â®¬�â¨§¨à®¢�−−ë© à�áç¥â ˆˆ‚ −� ®á−®¢¥ ‹��‘ ¯® ç¨á«ã −¥ï¢−ëå á¢ï-
§¥© ¬¥¦¤ã â¥ªáâ�¬¨ ¨§ â¥¬�â¨ç¥áª¨å ª®««¥ªæ¨©. �¥ï¢−�ï ááë«ª� ¬®¦¥â ¡ëâì
¯à¥¤áâ�¢«¥−� ®¤−¨¬ Š‘ ¨«¨ äà�£¬¥−â®¬ â¥ªáâ� «¨¡® á¥¬�−â¨ç¥áª¨ à¥«¥-
¢�−â−ë¬ ¨¬ −�¡®à®¬ (á¨−®−¨¬ë, ¯¥à¥¢®¤, á¨−â�ªá¨ç¥áª�ï âà�−áä®à¬�æ¨ï,
¯¥à¨äà�§� ¨ â. ¤.).

�¯â¨¬�«ì−ë¥ ¯�à�¬¥âàë �«£®à¨â¬� ¢ëï¢«¥−¨ï −¥ï¢−ëå ááë«®ª ¨§−�ç�«ì−®
¯®¤¡¨à�«¨áì −� ª®««¥ªæ¨¨ ¯® ª®¬¯ìîâ¥à−®© £à�ä¨ª¥ [2]. �à¨ ¢ëç¨á«¥−¨¨ ¨−¤¥ª-
á� ª®−â¥ªáâ−®£® −�ãç−®£® æ¨â¨à®¢�−¨ï (ˆŠ�–) −� íâ®© â¥¬�â¨ª¥ ¡ë« −�©¤¥− ®¤¨−
¨§ ¯�à�¬¥âà®¢ �«£®à¨â¬� (¬¨−¨¬�«ì−�ï ¤«¨−� �−�«¨§¨àã¥¬ëå á«®¢), ¯à¨ ª®â®-
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à®¬ ª®àà¥«ïæ¨ï ¤®áâ¨£�¥â ¬�ªá¨¬ã¬�. �«£®à¨â¬ à�áç¥â� ˆˆ‚ à�¡®â�¥â áå®¤−ë¬
á ˆŠ�– ®¡à�§®¬, � ¨¬¥−−®: ¢¥à®ïâ−®áâ−�ï ¬�â¥¬�â¨ç¥áª�ï ¬®¤¥«ì §�¢¨á¨¬®áâ¨
íªá¯¥àâ−®© ®æ¥−ª¨ ˆ‘’“ (¢ ¯à®áâ¥©è¥¬ á«ãç�¥ | ç¨á«® ï¢−ëå á¢ï§¥©) ®â ª®-
«¨ç¥áâ¢� −¥ï¢−ëå á¢ï§¥© ¨ ¨å ¯�à�¬¥âà®¢ áâà®¨âáï −� ¡�§¥ ‹��‘ ¯® ¬¥â®¤ã
¯®¨áª� à¥«¥¢�−â−ëå äà�§ (¯®¤áç¥â� ¢áâà¥ç�¥¬®áâ¨ äà�§ë ¨ ¥¥ á¥¬�−â¨ç¥áª¨å
íª¢¨¢�«¥−â®¢) ¨ á ¯®¬®éìî ¬¥àë á¥¬�−â¨ç¥áª®£® ¯®¤®¡¨ï. ‹¨−£¢¨áâ¨ç¥áª¨©
¯à®æ¥áá®à −¥ï¢−ëå ááë«®ª −�áâà�¨¢�¥âáï â�ª, çâ®¡ë ª®àà¥«ïæ¨ï ¬¥¦¤ã ¨−¤¥ªá�-
¬¨ ˆˆ‚ ¨ ˆ‘’“ ¡ë«� ¬�ªá¨¬�«ì−®©. ’¥ªáâë (‘�©âë) áç¨â�îâáï á¢ï§�−−ë¬¨,
¥á«¨ ¬¥¦¤ã −¨¬¨ ¥áâì ¯àï¬�ï ááë«ª� (¬¥à� á¢ï§�−−®áâ¨ à�¢−� 100%) ¨«¨ ¥á«¨
®−¨ á¢ï§�−ë ç¥à¥§ ¤àã£®© â¥ªáâ (¬¥à� á¢ï§�−−®áâ¨ à�¢−� 80%). „�−−ë¥ ¢¥«¨-
ç¨−ë ¬¥àë á¢ï§�−−®áâ¨ ¢ë¡à�−ë ¯à¨ ¬�ªá¨¬¨§�æ¨¨ ª®àà¥«ïæ¨¨. �ªá¯¥à¨¬¥−â
¯®ª�§�«, çâ® ¬�ªá¨¬ã¬ ª®àà¥«ïæ¨¨ 55,7% ¤®áâ¨£�¥âáï, ¥á«¨ ¯à¨ à�áç¥â¥ ¬¥àë
¯®¤®¡¨ï ¨£−®à¨àãîâáï Š‘ ¤«¨−®© ¬¥−¥¥ 8 ¡ãª¢. ˆ£−®à¨à®¢�−¨¥ ¡®«¥¥ ¤«¨−−ëå
á«®¢®á®ç¥â�−¨© ¯à¨¢®¤¨â ª ã¬¥−ìè¥−¨î ª®àà¥«ïæ¨¨.

„«ï �¯à®¡�æ¨¨ ¨−¤¥ªá� ˆˆ‚ ¨ ¯à¥¤«®¦¥−−®© ¬¥àë ¯®¤®¡¨ï ¡ë« ¯à®¢¥¤¥−
àï¤ íªá¯¥à¨¬¥−â®¢ ¢ ®âªàëâ®¬ ¨−â¥à−¥â¥. Š ¯à¨¬¥àã, ¡ë«� á®¡à�−� ª®««¥ªæ¨ï
−� Š‘ úª�ä¨àëû. Š®««¥ªæ¨ï ¨§ 25 ¤®ªã¬¥−â®¢ á®¤¥à¦¨â (25 · 25 − 25)/2 =
= 300 à�§«¨ç−ëå ¯�à ¤®ªã¬¥−â®¢. „«ï ¥¥ �−�«¨§� ¡ë«� à�ááç¨â�−� ¬¥à� ¯®¤®¡¨ï
ª�¦¤®© ¯�àë ¤®ªã¬¥−â®¢. „¢� ¤®ªã¬¥−â� ¨§ 25 ¨¬¥«¨ ¬¥àã ¯®¤®¡¨ï 100%, â�ª ª�ª
®¤¨− ¤®ªã¬¥−â á®áâ�¢«ï« ç�áâì ¤àã£®£®. ‘ç¨â�«®áì, çâ® ¯�à� ¤®ªã¬¥−â®¢ −¥ï¢−®
á¢ï§�−�, ¥á«¨ ®−� ¨¬¥¥â ¬¥àã ¯®¤®¡¨ï ¡®«¥¥ 0,5%. ‚á¥£® 12 ¯�à ¤®ªã¬¥−â®¢ ¨¬¥«¨
¬¥àã ¯®¤®¡¨ï ¡®«¥¥ 1% ¨ 26 ¯�à ¤®ªã¬¥−â®¢ ¨¬¥«¨ ¬¥àã ¯®¤®¡¨ï ¡®«¥¥ 0,5%. �â¨
£àã¯¯ë ¤®ªã¬¥−â®¢ ä�ªâ¨ç¥áª¨ ï¢«ïîâáï ª«�áâ¥à�¬¨ á¥¬�−â¨ç¥áª¨ ¡«¨§ª¨å â¥ªá-
â®¢. ‚ á®áâ�¢ 26 ¯�à á ¬¥à®© ¯®¤®¡¨ï ¡®«¥¥ 0,5% ¢å®¤ïâ 14 à�§«¨ç−ëå â¥ªáâ®¢.
�à¨ ¨å áà�¢−¥−¨¨ ¯® ç¨á«ã −¥ï¢−ëå ááë«®ª (çâ® á®¢¯�¤�¥â á ˆˆ‚) ¡ë« ¢ëï¢«¥−
â¥ªáâ, ¨¬¥îé¨© ¬�ªá¨¬�«ì−®¥ ç¨á«® (7) á¢ï§¥© á ¯à®ç¨¬¨ â¥ªáâ�¬¨, ª®â®àë©
«ãçè¥ ¢á¥£® ®âà�¦�¥â ®¡é¨¥ á¬ëá«®¢ë¥ ç¥àâë ¢á¥© ª®««¥ªæ¨¨. �â®â â¥ªáâ
áç¨â�¥âáï æ¥−âà�«ì−ë¬ ¢ à�áá¬�âà¨¢�¥¬®¬ ª«�áâ¥à¥ ¨ ¨¬¥¥â −�¨¢ëáè¨© ˆˆ‚.

2 База данных, кластеризация и тематическое моделирование

„«ï åà�−¥−¨ï ª®««¥ªæ¨¨ â¥ªáâ®¢ ¨á¯®«ì§ã¥âáï �„, ª®â®à�ï â�ª¦¥ åà�−¨â
á¯¨áª¨ â¥¬, á«®¢�à¨ â¥à¬¨−®¢, Š‘ ¨ ª«îç¥¢ë¥ äà�§ë, á®áâ�¢«ïîé¨¥ ¢ á®¢®-
ªã¯−®áâ¨ «¥ªá¨ç¥áª¨¥ à¥áãàáë ¯à®¥ªâ�. ‘¢ï§¨ ¢ �„ ¬¥¦¤ã â¥¬�¬¨, â¥à¬¨−�¬¨
¨ äà�§�¬¨ ®à£�−¨§®¢�−ë ¢ ¢¨¤¥ â¥§�ãàãá� ¨¤¥©. ‚ ª�¦¤®© â¥¬¥ ¢ë¤¥«ïîâáï
£«�¢−ë¥ â¥à¬¨−ë, ¨§ ª®â®àëå áâà®¨âáï ¨¥à�àå¨ï â¥¬ −� ®á−®¢¥ �áá®æ¨�â¨¢−ëå
á¢ï§¥© £«�¢−ëå â¥à¬¨−®¢ [8]. ’�ª¦¥ ®¯à¥¤¥«ïîâáï ª«îç¥¢ë¥ äà�§ë ¤«ï ª�¦¤®©
â¥¬ë.

�à£�−¨§�æ¨ï â¥ªáâ®¢ ¢ ¢¨¤¥ ª«�áâ¥à®¢ ¯à®¢®¤¨âáï â�ª, çâ®¡ë â¥ªáâë ¢ ¯à¥-
¤¥«�å ª�¦¤®£® ª«�áâ¥à� ¡ë«¨ ¯®å®¦¨. ’¥ªáâ ®â®¡à�¦�¥âáï ¢ ¢¥ªâ®à−®¬ ¯à®-
áâà�−áâ¢¥ (¢ ¢¨¤¥ ú¬¥èª� á«®¢û) ¨ ¯à¥¤áâ�¢«ï¥âáï ª�ª ¢¥ªâ®à ¯à¨§−�ª®¢ á ¨á-
¯®«ì§®¢�−¨¥¬ áå¥¬ë ¢§¢¥è¨¢�−¨ï. ‡�â¥¬ ¢ë¯®«−ï¥âáï ª«�áâ¥à¨§�æ¨ï ¯ãâ¥¬
¨§¬¥à¥−¨ï à�ááâ®ï−¨ï ¬¥¦¤ã ¢¥ªâ®à�¬¨ ¯à¨§−�ª®¢. ’¥¬�â¨ç¥áª¨¥ ¬®¤¥«¨ ®á−®-
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¢�−ë −� ¨¤¥¥, çâ® ¤®ªã¬¥−âë ¯à¥¤áâ�¢«ïîâ á®¡®© á¬¥á¨ â¥¬, £¤¥ â¥¬� ï¢«ï¥âáï
à�á¯à¥¤¥«¥−¨¥¬ ¢¥à®ïâ−®áâ¥© ¯® á«®¢�¬. ‘¯¨á®ª ª«îç¥¢ëå á«®¢ â¥¬ë ¬®¦¥â
¡ëâì ¯®«ãç¥− â�ª¨¬ ¯ãâ¥¬, −® ¨§¢«¥ª�¥¬ë¥ â¥¬ë −�¤® á®¯à®¢®¦¤�âì ¯à®æ¥¤ãà®©
ª«�áâ¥à¨§�æ¨¨, â�ª ª�ª â¥¬�â¨ç¥áª¨¥ ¬®¤¥«¨, ¢ ¯à¨−æ¨¯¥, −¥ ¯à¥¤−�§−�ç¥−ë ¤«ï
ª«�áâ¥à¨§�æ¨¨.

‚ å®¤¥ íªá¯¥à¨¬¥−â®¢ ¡ë«� ®¯à®¡®¢�−� ¬¥â®¤¨ª� ’Œ á ¨á¯®«ì§®¢�−¨¥¬ ˆˆ‚
¤«ï ®¡−�àã¦¥−¨ï íªáâà¥¬¨áâáª¨å ‘�©â®¢. ��©¤¥−ë ¤¨−�¬¨ç¥áª¨¥ §�ª®−®¬¥à−®-
áâ¨ ã¯®âà¥¡«¥−¨ï â¥à¬¨−®¢ à�§−ëå â¥¬ [1, 5, 6]. ’�ª, á ¯®¬®éìî IQbuzz ¡ë«¨
áä®à¬¨à®¢�−ë ¤¢¥ ª®««¥ªæ¨¨ â¥ªáâ®¢ à¥�«ì−ëå £àã¯¯: à�¤¨ª�«ì−ëå ¬ãáã«ì¬�−
¨ ãªà�¨−áª¨å −�æ¨®−�«¨áâ®¢. ˆá¯®«ì§®¢�−¨¥ ¨¬¨ á¥¬�−â¨ª¨ â¥à¬¨−®¢-�−â�£®-
−¨áâ®¢ ¤�−−®© ¨¤¥®«®£¨¨ (ú¬®áª�«¨û ¨ ¤à.) | ®á−®¢�−¨¥, ¯® ª®â®à®¬ã á®¡¨à�«¨áì
ª®à¯ãá�. �ë«¨ ¢ë¤¥«¥−ë ®¡é¨¥ Š‘ ¨ á¯¥æ¨ä¨ç¥áª¨¥ ª«îç¥¢ë¥ á«®¢�, ¯à¥®¡-
«�¤�îé¨¥ ¢ ª�¦¤®© ¨§ ª®««¥ªæ¨©. ‚ à¥§ã«ìâ�â¥ ¡ë«¨ ¢ë¤¥«¥−ë á«¥¤ãîé¨¥
â¥¬ë, ãª�§ë¢�îé¨¥ −� ¤¥ïâ¥«ì−®áâì £àã¯¯ë: ä®à¬¨à®¢�−¨¥ ª®««¥ªâ¨¢−®© í«¨-
â�à−®áâ¨; ®áª®à¡«¥−¨¥ �−â�£®−¨áâ®¢; ¯à¨§ë¢ë ª −�á¨«¨î ¯® ®â−®è¥−¨î ª −¨¬;
¯à¥¤áâ�¢«¥−¨¥ á¢®¥© ¤¥ïâ¥«ì−®áâ¨ ª�ª á¯à�¢¥¤«¨¢®© ¢®©−ë §� ¢ëáè¨¥ ¨¤¥�«ë |
à¥«¨£¨®§−ë¥ ¨ ¯®«¨â¨ç¥áª¨¥ á®®â¢¥âáâ¢¥−−®.

‚ ®¤−®¬ ¨§ íªá¯¥à¨¬¥−â®¢ [5] ¡ë«¨ §�¤¥©áâ¢®¢�−ë ¤¢� ª®à¯ãá� â¥ªáâ®¢,
¯®áâà®¥−−ëå á ¯®¬®éìî IQBuzz: iqbuzzK (æ¥«¥¢®© §�¯à®á úª�ä¨àëû), ¢ª«îç�-
îé¨© 100 âëá. ¤®ªã¬¥−â®¢ ¨ 25 ¬«− á«®¢, ¨ iqbuzzV (æ¥«¥¢®© §�¯à®á ú¢�â−¨ª¨û),
á®¤¥à¦�é¨© ®ª®«® 200 âëá. ¤®ªã¬¥−â®¢ ¨ 70 ¬«− á«®¢. ’¥ªáâë á®¡¨à�«¨áì ¨§
á®æá¥â¥© (vk.com, odnoklassniki.ru, livejournal.com, facebook.com, twitter.com ¨ ¯à.)
¨ ¯à¥¤áâ�¢«ï«¨áì ¢ ¢¨¤¥ ú¬¥èª� á«®¢û ¢ á¨«ã ¯à¨−¨¬�¥¬®© £¨¯®â¥§ë ® −¥áãé¥-
áâ¢¥−−®áâ¨ ¯®àï¤ª� á«®¢ ¤«ï ®¯à¥¤¥«¥−¨ï â¥¬ë â¥ªáâ�. ˆ§ â¥ªáâ®¢ ã¤�«ï«¨áì
¯ã−ªâã�æ¨ï, æ¨äàë, á¯¥æ¨�«ì−ë¥ á¨¬¢®«ë, áâ®¯-á«®¢� ¨ ¤à., â�ª¦¥ ¡ë«¨ ¨á-
ª«îç¥−ë 50 −�¨¡®«¥¥ ç�áâ®â−ëå á«®¢. ‡�â¥¬ ¯à®¢®¤¨«¨áì íªá¯¥à¨¬¥−âë ª�ª á®
¢á¥¬¨ ¤®áâã¯−ë¬¨ á«®¢�¬¨, â�ª ¨ á® á«®¢�¬¨, ®â®¡à�−−ë¬¨ á ¨á¯®«ì§®¢�−¨¥¬
«®£à¨ä¬¨ç¥áª®£® ªà¨â¥à¨ï ¯à�¢¤®¯®¤®¡¨ï (log-likelihood score) ¤«ï ¯®à®£®¢ëå
§−�ç¥−¨© 10,83 ¤«ï ãà®¢−ï §−�ç¨¬®áâ¨ 0,001. ‚ë¡®à ªà¨â¥à¨ï ®á−®¢�− −� ¥£®
«ãçè¥© ãáâ®©ç¨¢®áâ¨ ¢ á«ãç�¥ −¨§ª®ç�áâ®â−ëå á«®¢ ¯® áà�¢−¥−¨î á �«ìâ¥à−�-
â¨¢�¬¨. ‚ à¥§ã«ìâ�â¥ ®áâ�«®áì −¥ ¡®«¥¥ 15 000 ª«îç¥¢ëå á«®¢ á −�¨¡®«ìè¨¬
§−�ç¥−¨¥¬ log-likelihood score. �â¡®à á«®¢ ¯® log-likelihood score á ¯®à®£®¬ 15,13
¤«ï ãà®¢−ï §−�ç¨¬®áâ¨ 0,0001 ¢ íªá¯¥à¨¬¥−â�å −¥ ¯à¨¬¥−ï«áï, â�ª ª�ª ®áâ�¢«ï«
¡®«ìè¨−áâ¢® ®¯¨á�−¨© â¥ªáâ®¢ ª®à¯ãá� ¯ãáâë¬¨ ¢ á¨«ã −¥¤®áâ�â®ç−®£® ç¨á«�
¯®«ãç�¥¬ëå ¯à¨§−�ª®¢.

�ë«� ¯à®¢¥¤¥−� ª«�áâ¥à¨§�æ¨ï ¯®«ãç�¥¬ëå −� −�ç�«ì−®¬ íâ�¯¥ ¢¥ªâ®à®¢
ª«îç¥¢ëå á«®¢, ®¯¨áë¢�îé¨å ª�¦¤ë© ¨§ â¥ªáâ®¢ ª®à¯ãá�, á æ¥«ìî ¢ë¤¥«¨âì
£«®¡�«ì−ë¥ ª�â¥£®à¨¨, ¯® ª®â®àë¬ ¬®¦−® ª«�áá¨ä¨æ¨à®¢�âì â¥ªáâë ª®à¯ãá®¢.
�á−®¢−ë¬ �«£®à¨â¬®¬ ª«�áâ¥à¨§�æ¨¨ ¢ë¡à�− �«£®à¨â¬ Repeated Bisections ¨§
¯�ª¥â� CLUTO, ¯à¥¤áâ�¢«ïîé¨© á®¡®© à¥�«¨§�æ¨î ¬¥â®¤� ¤¨¢¨§¨¢−®© ¨¥à�àå¨-
ç¥áª®© ª«�áâ¥à¨§�æ¨¨ Bisecting K-means. ‚ ª�ç¥áâ¢¥ ¬¥àë ¡«¨§®áâ¨ áâ�−¤�àâ−®
¨á¯®«ì§®¢�«�áì ª®á¨−ãá−�ï ¬¥à� ¤«ï ¢¥ªâ®à®¢ ¯à¨§−�ª®¢ (¢ ¤�−−®¬ á«ãç�¥ |
ª«îç¥¢ëå á«®¢).
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�¥ª®â®àë¥ �á¯¥ªâë �¢â®¬�â¨§�æ¨¨ ¯®¨áª� ¢¥¡-â¥ªáâ®¢ íªáâà¥¬¨áâáª®© á¥¬�−â¨ª¨

�ë«¨ ¯®áâ�¢«¥−ë íªá¯¥à¨¬¥−âë Š®«¨ç¥áâ¢® â¥ªáâ®¢ ¢ 20 ª«�áâ¥à�å
¤«ï �«£®à¨â¬� RB (iqbuzzK)

�®¬¥à
ª«�áâ¥à�

Š®«¨ç¥áâ¢®
â¥ªáâ®¢

„®«ï
ª«�áâ¥à�

1 1244 0,0123
2 4406 0,0438
3 799 0,0079
4 2522 0,0249
5 1989 0,0196
6 1169 0,0115
7 1863 0,0184
8 2667 0,0263
9 1948 0,0192

10 2538 0,0251
11 3128 0,0309
12 2115 0,0209
13 4286 0,0423
14 4219 0,0416
15 8831 0,0871
16 8172 0,0806
17 9145 0,0902
18 16757 0,1654
19 13152 0,1298
20 10392 0,1025

¤«ï 10, 15 ¨ 20 ª«�áâ¥à®¢. ’¥ªáâë
à�á¯à¥¤¥«¨«¨áì ¤®áâ�â®ç−® à�¢−®¬¥à-
−®, çâ® ï¢«ï¥âáï ®â«¨ç¨â¥«ì−®© ®á®-
¡¥−−®áâìî ¨á¯®«ì§ã¥¬®£® �«£®à¨â¬�
ª«�áâ¥à¨§�æ¨¨ (á¬. â�¡«¨æã).

„«ï �−�«¨§� ª�ç¥áâ¢� ª«�áâ¥à¨§�-
æ¨¨ ¤®¯®«−¨â¥«ì−® ¯à¨¬¥−ï«�áì ¬¥-
à� à�§¤¥«¨¬®áâ¨ ª«�áâ¥à®¢ silhouette-
score ¨§ ¯�ª¥â� Sci-Kit Learn, −¥
âà¥¡ãîé�ï −�«¨ç¨ï íâ�«®−−®© ª«�á-
â¥à¨§�æ¨¨. Š á®¦�«¥−¨î, ¤«ï íªá-
¯¥à¨¬¥−â®¢ á ç¨áâ®© ª«�áâ¥à¨§�æ¨¥©
�«£®à¨â¬ silhouette-score ®ª�§ë¢�¥âáï
−¥ã¤®¢«¥â¢®à¨â¥«ì−ë¬.

„«ï ®¯¨á�−¨© â¥ªáâ®¢ ª«îç¥¢ë¬¨
á«®¢�¬¨, ®â®¡à�−−ë¬¨ ¯® ãª�§�−−®©
¬¥â®¤¨ª¥, ¡ë«¨ ¯®áâà®¥−ë â¥¬�â¨ç¥-
áª¨¥ ¬®¤¥«¨ LDA −� 20 ¨ 250 â¥¬
¤«ï ª®à¯ãá� iqbuzzK, � â�ª¦¥ −� 20
¨ 130 â¥¬ ¤«ï ª®à¯ãá� iqbuzzV.
’¥¬�â¨ç¥áª�ï ¬®¤¥«ì, ¢ ®â«¨ç¨¥ ®â
ç¨áâ®© ª«�áâ¥à¨§�æ¨¨, ¯à¥¤áâ�¢«ï¥â
á®¡®© ¢¥à®ïâ−®áâ−ãî ¬®¤¥«ì, ¯®§¢®-
«ïîéãî ¤«ï ª�¦¤®£® â¥ªáâ� ª®à¯ãá� ¯®«ãç¨âì áâ¥¯¥−ì ¥£® �áá®æ¨�æ¨¨ á −¥ª®-
â®àë¬ −�¡®à®¬ â¥¬, ç¨á«® ª®â®àëå §�¤�¥âáï ¯à¥¤¢�à¨â¥«ì−®. ‚ íªá¯¥à¨¬¥−â�å
á ’Œ ¨á¯®«ì§®¢�«áï ¯�ª¥â TMT (Topic Modelling Toolbox). „«ï −�áâà®©ª¨ ¯�à�-
¬¥âà®¢ á£«�¦¨¢�−¨ï (®â¤¥«ì−® ¤«ï ª�¦¤®£® −�¡®à� ª«îç¥¢ëå á«®¢) ¯à¨¬¥−ï«�áì
¬¥à� ª�ç¥áâ¢� perplexity, ª®â®à�ï ®¯à¥¤¥«ï¥âáï ç¥à¥§ «®£�à¨ä¬ ¯à�¢¤®¯®¤®¡¨ï
¢¥à®ïâ−®áâ−®© ¬®¤¥«¨ −� ¤�−−ëå â¥áâ®¢®© ¢ë¡®àª¨:

L(w) = ln p(w|�, α) =
∑

wd /∈S

ln p (wd|�, α) ; perplexity (w) = e−L(w)/C .

‡¤¥áì w | ¬−®¦¥áâ¢® ¢á¥å â¥ªáâ®¢ ®¡ãç�îé¥© ¨ â¥áâ®¢®© ç�áâ¥© ª®à¯ãá�;
� | à�á¯à¥¤¥«¥−¨ï á«®¢ ¤«ï â¥¬; α | ¯�à�¬¥âà á¨¬¬¥âà¨ç−®£® à�á¯à¥¤¥«¥−¨ï
„¨à¨å«¥; S | ¬−®¦¥áâ¢® â¥ªáâ®¢ ®¡ãç�îé¥© ¢ë¡®àª¨; C | ç¨á«® à�§«¨ç−ëå
â®ª¥−®¢ ¢® ¢á¥å â¥ªáâ�å.

‚® ¢á¥å íªá¯¥à¨¬¥−â�å ¡ë«® ¢ë¤¥«¥−® ¯® 30 â¥ªáâ®¢ á −�¨¡®«ìè¥© ¢¥à®ïâ-
−®áâìî ¯à¨−�¤«¥¦−®áâ¨ ª ª�¦¤®© ¨§ â¥¬. �®«ãç¥−−ë¥ ®¯¨á�−¨ï ¬®¦−® ¢®á¯à¨-
−¨¬�âì ª�ª �−−®â�æ¨î ¤«ï á®®â¢¥âáâ¢ãîé¨å â¥¬ ¬®¤¥«¨ LDA. „«ï ª�¦¤®© ¨§
â¥¬ â�ª¦¥ áâà®¨«áï á¯¨á®ª −�¨¡®«¥¥ ç�áâ®â−ëå á«®¢, ª®â®àë¥, ª�ª ¨ �−−®â�æ¨¨
¢ ¢¨¤¥ ¢ë¡®àª¨ −�¨¡®«¥¥ å�à�ªâ¥à−ëå â¥ªáâ®¢, ¢ ¤�«ì−¥©è¥¬ ¬®¦−® ¨á¯®«ì§®-
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¢�âì ¤«ï àãç−®© ¨−â¥à¯à¥â�æ¨¨ â¥¬ ¢ â¥à¬¨−�å ¯à¥¤¬¥â−®© ®¡«�áâ¨ ª®à¯ãá�. �à¨
¯à®¢¥¤¥−¨¨ ¤�«ì−¥©è¨å íªá¯¥à¨¬¥−â®¢ ®¯¨á�−¨ï¬¨ â¥ªáâ®¢ ¯®«�£�«¨áì ¢¥ªâ®àë
à�á¯à¥¤¥«¥−¨© â¥¬ â¥¬�â¨ç¥áª®© ¬®¤¥«¨. �à¨¬¥−ï«¨áì à�−¥¥ ¯®áâà®¥−−ë¥ ¬®¤¥-
«¨ LDA −� 250 â¥¬ ¤«ï ª®à¯ãá� iqbuzzK ¨ −� 130 â¥¬ ¤«ï ª®à¯ãá� iqbuzzV á æ¥«ìî
¯®«ãç¨âì ¬�ªá¨¬�«ì−® ¢®§¬®¦−®¥ ç¨á«® ¯à¨§−�ª®¢. ‚¥ªâ®àë à�á¯à¥¤¥«¥−¨© â¥¬
ª«�áâ¥à¨§®¢�«¨áì �«£®à¨â¬®¬ Repeated Bisections �−�«®£¨ç−® ¢¥ªâ®à�¬ Š‘.

‚ ª�ç¥áâ¢¥ ¬¥àë ª�ç¥áâ¢� ¯à¨¬¥−ï«áï silhouette-score, ãáà¥¤−¥−−ë© ¯® 10 ¨â¥-
à�æ¨ï¬, −� ª�¦¤®© ¨§ ª®â®àëå ¤«ï ¯®¤áç¥â� §−�ç¥−¨ï ¬¥àë ä®à¬¨à®¢�«�áì
á«ãç�©−�ï ¯®¤¢ë¡®àª� ¢ 15 000 í«¥¬¥−â®¢. ��¨«ãçè¨© à¥§ã«ìâ�â ¤«ï ª®à¯ãá�
iqbuzzK ¡ë« ¯®ª�§�− ¢ íªá¯¥à¨¬¥−â¥ á ª«�áâ¥à¨§�æ¨¥© −� 200 ª«�áâ¥à®¢, £¤¥ ¯à¨
¯®áâà®¥−¨¨ ¬®¤¥«¨ LDA ¡ë«¨ ¨á¯®«ì§®¢�−ë ®¯¨á�−¨ï â¥ªáâ®¢ ª®à¯ãá� ¢ ¢¨¤¥ Š‘,
®â®¡à�−−ëå á ¨á¯®«ì§®¢�−¨¥¬ log-likelihood score á ¯®à®£®¢ë¬ §−�ç¥−¨¥¬ 10,83.
‘à¥¤−¨© silhouette-score á®áâ�¢¨« 0,404, ¥£® ¬¥¤¨�−� ¯® ¢á¥¬ ¤®ªã¬¥−â�¬ ª®à-
¯ãá� | 0,502. „®«ï ï¤¥à ª«�áâ¥à®¢ (silhouette-score > 0,4) á®áâ�¢¨«� 0,574,
çâ® ¯à¥¤áâ�¢«ï¥â á®¡®© ¤®«î ãáâ®©ç¨¢® ª«�áâ¥à¨§ã¥¬ëå ®¯¨á�−−ë¬ �«£®à¨â¬®¬
â¥ªáâ®¢ ª®à¯ãá�.

3 Заключение

�¢â®àáª¨¬ ª®««¥ªâ¨¢®¬ ¯®«ãç¥−ë á«¥¤ãîé¨¥ à¥§ã«ìâ�âë:

(1) ®¯à¥¤¥«¥− á®áâ�¢ ¡�§®¢ëå ¬®¤ã«¥© â¥å−®«®£¨¨ ®¡−�àã¦¥−¨ï ¨ �−�«¨§� íªá-
âà¥¬¨áâáª¨å â¥ªáâ®¢;

(2) ¯®áâà®¥−ë ¨ ¯®áâ®ï−−® ¯®¯®«−ïîâáï �„ ¨ ®¡ãç�îé¨¥ â¥¬�â¨ç¥áª¨¥ ª®«-
«¥ªæ¨¨;

(3) ¯®áâà®¥−ë ª®««¥ªæ¨¨ ¢¥¡-â¥ªáâ®¢ ®¡ê¥¬®¬ > 10 ƒ�, ¢ â®¬ ç¨á«¥ ª®««¥ªæ¨¨
> 10 000 ¤�â¨à®¢�−−ëå â¥ªáâ®¢ ¨§ á®æá¥â¥©;

(4) à�§à�¡®â�− ‹��‘ ¤«ï ¢ëï¢«¥−¨ï −¥ï¢−ëå ááë«®ª á §�¤�−−ë¬¨ ¯�à�¬¥â-
à�¬¨;

(5) ¯à¥¤«®¦¥−� ¨ �¯à®¡¨à®¢�−� −®¢�ï ¬¥à� á¥¬�−â¨ç¥áª®£® ¯®¤®¡¨ï â¥ªáâ®¢;

(6) ¯à¥¤«®¦¥− ¨ ç�áâ¨ç−® �¯à®¡¨à®¢�− �«£®à¨â¬ à�áç¥â� ˆˆ‚ ‘�©â®¢.

„�«¥¥ ¯«�−¨àã¥âáï ã«ãçè¨âì ®æ¥−ªã ˆˆ‚, ¨á¯®«ì§ãï ¬¥â®¤ë ¯®¨áª� á¥¬�−-
â¨ç¥áª¨å á¢ï§¥© ¬¥¦¤ã á«®¢�¬¨ | Word2Vec, WMD ¨ ¨¬ ¯®¤®¡−ë¥.
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Abstract: The questions of automation of thematic modeling methods for
monitoring and studying extremist sites on the Internet are considered. The
authors study the texts of sites and social networks. The basic elements of the

Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2019 vol 29 no 1 215



M. M. Charnine and I. V. Galina

technology realized as a unified process from data collection to obtaining the result
are considered. The examples of experiments are given. The technology includes
the automated construction of the author's index | the index of ideological
impact, calculated by implicit references between texts. The optimal parameters
of the algorithm for calculating implicit references are calculated automatically
on the basis of maximum correlation between explicit and implicit references.
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áª®£® 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 ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£®
¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª
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�¡ �¢â®à�å

�¤¨−�¥¢ ÷�¨¬ ��§�à®¢¨ç (à. 1964) | ª�−¤¨¤�â ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å −�ãª,
¤®æ¥−â, ¤¥ª�− ¬¥å�−¨ª®-¬�â¥¬�â¨ç¥áª®£® ä�ªã«ìâ¥â� ’�¤¦¨ªáª®£® −�æ¨®−�«ì-
−®£® ã−¨¢¥àá¨â¥â�
÷ã¤�ª �−−� �«¥£®¢−� (à. 1996) | áâã¤¥−âª� ¬�£¨áâà�âãàë ��æ¨®−�«ì−®£®
¨áá«¥¤®¢�â¥«ìáª®£® ã−¨¢¥àá¨â¥â� ú‚ëáè�ï èª®«� íª®−®¬¨ª¨û
‘¨−¨æë− ‚«�¤¨¬¨à ˆ£®à¥¢¨ç (à. 1968) | ¤®ªâ®à ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å −�ãª,
¤®æ¥−â, £«�¢−ë© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥-
à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®©
�ª�¤¥¬¨¨ −�ãª
‘¨−¨æë− ˆ£®àì �¨ª®«�¥¢¨ç (à. 1940) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¯à®ä¥áá®à,
§�á«ã¦¥−−ë© ¤¥ïâ¥«ì −�ãª¨ ÷”, £«�¢−ë© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬
¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢-
«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
‘ãçª®¢ �«¥ªá�−¤à ��¢«®¢¨ç (à. 1954) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¢¥¤ãé¨©
−�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�-
â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
’¨¬®−¨−� …«¥−� …¢£¥−ì¥¢−� (à. 1952) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¯à®ä¥áá®à,
¢¥¤ãé¨© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£®
¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª
’¨â®¢� �−�áâ�á¨ï ˆ£®à¥¢−� (à. 1995) | áâã¤¥−âª� ä�ªã«ìâ¥â� ¢ëç¨á«¨â¥«ì-
−®© ¬�â¥¬�â¨ª¨ ¨ ª¨¡¥à−¥â¨ª¨ Œ®áª®¢áª®£® £®áã¤�àáâ¢¥−−®£® ã−¨¢¥àá¨â¥â� ¨¬.
Œ. ‚. ‹®¬®−®á®¢�
˜�à−¨− Œ¨å�¨« Œ¨å�©«®¢¨ç (à. 1959) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, áâ�àè¨©
−�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�-
â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
˜−ãàª®¢ �¥âà ‚¨ªâ®à®¢¨ç (à. 1953) | ª�−¤¨¤�â ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å
−�ãª, ¤®æ¥−â ��æ¨®−�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® ã−¨¢¥àá¨â¥â� ú‚ëáè�ï èª®«�
íª®−®¬¨ª¨û
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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¥ 15 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/2012 22 02 rus/authors.asp ¨
http://www.ipiran.ru/journal/collected/2012 22 02 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¯®¬¨−�−¨©.
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�à�¢¨«� ¯®¤£®â®¢ª¨ àãª®¯¨á¥© áâ�â¥©

‘¯¨áª¨ «¨â¥à�âãàë ¯à¥¤áâ�¢«ïîâáï ¢ ¤¢ãå ¢�à¨�−â�å:

(1) ‘¯¨á®ª «¨â¥à�âãàë ª àãááª®ï§ëç−®© ç�áâ¨. ÷ãááª¨¥ ¨ �−£«¨©áª¨¥ à�¡®âë |
−� ï§ëª¥ ¨ ¢ �«ä�¢¨â¥ ®à¨£¨−�«�.

(2) References. ÷ãááª¨¥ à�¡®âë ¨ à�¡®âë −� ¤àã£¨å ï§ëª�å | ¢ «�â¨−áª®© âà�−á-
«¨â¥à�æ¨¨ á ¯¥à¥¢®¤®¬ −� �−£«¨©áª¨© ï§ëª; �−£«¨©áª¨¥ à�¡®âë ¨ à�¡®âë −�
¤àã£¨å ï§ëª�å | −� ï§ëª¥ ®à¨£¨−�«�.

�¥®¡å®¤¨¬® ¤«ï á®áâ�¢«¥−¨ï á¯¨áª� \References" ¯®«ì§®¢�âìáï à�§¬¥é¥−−®© −�
á�©â¥ http://www.translit.net/ru/bgn/ ¡¥á¯«�â−®© ¯à®£à�¬¬®© âà�−á«¨â¥à�æ¨¨ àãá-
áª®£® â¥ªáâ� ¢ «�â¨−¨æã.

‘¯¨á®ª «¨â¥à�âãàë \References" ¯à¨¢®¤¨âáï ¯®«−®áâìî ®â¤¥«ì−ë¬ ¡«®ª®¬, ¯®¢â®-
àïï ¢á¥ ¯®§¨æ¨¨ ¨§ á¯¨áª� «¨â¥à�âãàë ª àãááª®ï§ëç−®© ç�áâ¨, −¥§�¢¨á¨¬® ®â â®£®,
¨¬¥îâáï ¨«¨ −¥â ¢ −¥¬ ¨−®áâà�−−ë¥ ¨áâ®ç−¨ª¨. …á«¨ ¢ á¯¨áª¥ «¨â¥à�âãàë ª àãááª®-
ï§ëç−®© ç�áâ¨ ¥áâì ááë«ª¨ −� ¨−®áâà�−−ë¥ ¯ã¡«¨ª�æ¨¨, −�¡à�−−ë¥ «�â¨−¨æ¥©, ®−¨
¯®«−®áâìî ¯®¢â®àïîâáï ¢ á¯¨áª¥ \References".

�à¨¬¥àë ááë«®ª −� à�§«¨ç−ë¥ ¢¨¤ë ¯ã¡«¨ª�æ¨© ¢ á¯¨áª¥ \References":

�¯¨á�−¨¥ áâ�âì¨ ¨§ ¦ãà−�«�:

Zhang, Z., and D. Zhu. 2008. Experimental research on the localized electro-
chemical micromachining. Rus. J. Electrochem. 44(8):926{930. doi:10.1134/
S1023193508080077.

�¯¨á�−¨¥ áâ�âì¨ ¨§ í«¥ªâà®−−®£® ¦ãà−�«�:
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