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1.˿˿˿ Описание˿функциональных˿характеристик˿системы˿по˿модулям˿
1.1. Система интегрированного планирования Растениеводства (далее по тексту – СИПР) предназначена 

для автоматизированной поддержки бизнес-процессов долгосрочного и производственного 
планирования сезона в сегменте растениеводства. Функционал системы включает:
1.1.1. Проведение оптимизационного моделирования в части:

модели оптимального размещения культур (структуры посевных площадей);
алгоритмов формирования плана посевных работ;
проведения моделирования балансировки сельскохозяйственной техники.

1.1.2. Единый интерфейс планирования производства, основанный на ведении технологических 
карт культур.

1.1.3. Формирование производственных задач.
1.1.4. Отслеживание выполнения задач в реальном времени, с возможностью просмотров отчетов 

за прошлые периоды.
1.1.5. Интеграцию с производственным оборудованием для получения/передачи информации.
1.1.6. Инструменты оркестрации для запуска и мониторинга работы алгоритмов в среде 

оптимизации.
1.1.7. Проведение расчетов для формирования показателей отчетности.
1.1.8. Набор механизмов проверки входных данных (сценария) перед запуском моделирования:

полноты данных;
корректности данных;
логических проверок.

1.1.9. Набор пользовательских интерфейсов для выполнения шагов планирования в соответствии 
с бизнес-ролью пользователя:

области планирования и формы ввода данных для подготовки входных данных;
пульт управления интегрированным планированием для запуска процесса 
моделирования и мониторинга процессов расчета;
формирование отчетности и анализ результатов;
факторный анализ и сравнение сценариев.

1.1.10. Механизмы интеграции c внешними системами (системы оперативного контроля, 
корпоративные хранилища данных).

Рисунок № 1. Функциональная архитектура решения СИПР
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1.2. Формирование производственной программы – единая платформа интегрированного 
планирования для поддержки принятия стратегических решений и согласованного с ними 
оперативного управления. В основе решения лежит создание оптимизационной платформы для 
автоматизации сквозных расчетов, учитывающих как процессы стратегического планирования, 
так и процессы производственного планирования сезона, с поддержкой возможности анализа 
различных сценариев развития Растениеводства.

Подход к автоматизации задач долгосрочного планирования и планирования производственной 
программы на сезон представляет собой использование единого вычислительного графа, 
состоящего из набора взаимосвязанных оптимизационных моделей, выполняемых по цепочке. 
При этом результат работы одной модели является входными данными для работы следующей по 
цепочке модели.

Общая схема связей и порядка выполнения оптимизационных моделей в вычислительном графе 
приведена на Схеме № 1, где:
СПП – Структура посевных площадей
ППР – План полевых работ
ГП – Готовая продукция

Схема № 1. Связь и порядок выполнения оптимизационных моделей

Автоматизированный подход поддержки процессов планирования включает:
1.2.1. Формирование сценария для моделирования:

входные данные;
параметры сценария.

1.2.2. Подготовку и расчет сценария.
1.2.3. Анализ результатов.

Процесс планирования производственной программы выполняется в несколько шагов. Каждый 
шаг – это сценарий модели конкретного вида (СПП, ППР и пр.). Иерархическая последовательность 
сценариев формирует цепочку оптимизационных моделей, результатом которой является вариант 
производственного плана.

Пользователи СИПР формируют несколько вариантов производственного плана, сравнивают 
их, анализируют финансовый показатели и выбирают план, который утверждается в качестве 
«производственной программы». Утвержденная производственная программа может быть 
передана в систему оперативного контроля или сезонного планирования растениеводства для 
реализации.

1.3. Оптимизационное моделирование – в основе цепочки моделей находится оптимизационная 
модель СПП, задача которой спланировать посевы на полях. Результатом моделирования СПП 
являются следующие данные:
1.3.1. структура посевных площадей;
1.3.2. плановая урожайность культур на полях;
1.3.3. оценка потребности в наемной уборочной технике с учетом имеющегося парка 

сельскохозяйственной техники и оборудования.

СПП Размещение ГП и логистикаППР и Балансировка техники
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Результаты моделирования СПП используются в качестве входных данных для оптимизационной 
модели ППР. В результате моделирования ППР определяются сроки и ресурсы для работ по 
выращиванию культур и графику уборки урожая. Реализация вычислительного графа поддерживает 
возможность пересчета модели ППР без пересчета модели СПП.

Результаты моделирования ППР будут использоваться в качестве входных данных для следующей 
по цепочке группы оптимизационных моделей по размещению готовой продукции, задача которой 
на основе уточненного плана полевых работ сформировать план размещения продукции на местах 
хранения и соответствующую логистику от полей до мест размещения.
Подготовка к запуску процесса моделирования заключается в подготовке входных данных, задании 
параметров сценария, а также в выполнении проверки качества входных данных.

Вне зависимости от того, запускал ли пользователь проверку качества данных вручную, при 
запуске расчета модели (процесса оптимизации) предварительным шагом в обязательном 
порядке автоматически запускается проверка данных. При наличии критических ошибок процесс 
останавливается, уведомляя пользователя о перечне замечаний к данным. Пользователь обязан 
устранить критические ошибки. Некритичные замечания к данным не обязательны к устранению, 
пользователь может запустить расчёт без их устранения.

Если проверка качества данных не выявила критичных замечаний, то осуществляется запуск 
оптимизационного расчета, при этом сценарий переходит в статус «В процессе расчета». Во время 
расчета ведется журнал расчета, в котором отражается текущая стадия расчета. По завершении 
расчета сценарий переходит в один из статусов: «Расчет завершен успешно. Решение найдено», 
«Расчет завершен успешно. Решение не найдено», «Расчет завершен неуспешно».

1.4. Аналитическая отчетность – в системе реализуется возможность формирования следующих 
отчетов:
1.4.1. производственные отчеты (выполняется на базе результатов расчета соответствующих 

оптимизационных моделей);
1.4.2. экономические отчеты (выполняется на базе результатов расчета всей цепочки моделей);
1.4.3. отчеты по сравнению базового сценария и сценария с инвестициями в технику и места 

хранения (выполняется на базе результатов расчетов всей цепочки моделей двух сценариев).

Производственные отчеты формируются по мере выполнения каждого из блоков моделей. В состав 
производственных отчетов системы входят следующие:

Структура посевных площадей; 
Сводная производственная программа; 
План работ сельскохозяйственной техники в формате отчета и гант-диаграммы;
Отчет по потребности в технике для сезонов долгосрочного планирования (с оценкой 
дефицита техники);
План потребности в персонале (с оценкой дефицита); 
План размещения собственной и наемной техники по филиалам; 
План перемещения техники между филиалами; 
Сводная таблица по валовому сбору для очереди уборки; 
Схема размещения готовой продукции (с оценкой дефицита техники);
Расчет потребности в грузовом автотранспорте для уборочной кампании. 

1.5. Уровни доступа к информационным ресурсам – встроенные средства системы позволяют ограничить 
доступ пользователей СИПР к информационным ресурсам как на уровне доступа к компонентам, 
так и на уровне объектов полномочий каждого компонента системы. Объектами полномочий в 
компонентах системы являются:
1.5.1. Компонент Dashboards:
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аналитические отчеты;
датасеты.

1.5.2. Компонент формы ввода:
пользовательские формы;
сценарии запуска оптимизации;
датасеты.

1.5.3. Компонент Analytics:
OLAP-кубы.

1.5.4. Компонент ML:
оптимизационные модели.

Доступ пользователей к информационным ресурсам СИПР предполагает выполнение процедур 
аутентификации и авторизации. Процедуры аутентификации и авторизации пользователей 
выполняются в СИПР с использованием решения для управления идентификацией и доступами 
Keycloak с возможностью подключения к службе Active Directory. 

Предоставляемые на данном уровне полномочия обеспечивают доступ пользователей СИПР 
непосредственно к информации, обрабатываемой и хранящейся в СИПР, а также к средствам 
автоматизированной обработки этой информации.

Полномочия на доступ к функциональности и информационным ресурсам Системы определяются 
ролевой моделью доступа. Ролевая модель обеспечивает разграничение доступа пользователей к 
информационным ресурсам.

Полномочия пользователей СИПР определяются с учетом:
типов пользователей системы;
уровней доступа к информационным ресурсам системы посредствам прикладного 
программного обеспечения (далее по тексту – ПО);
разделения функциональных обязанностей.

Управление полномочиями доступа пользователей (предоставление, изменение, аннулирование) 
обеспечивается средствами прикладного ПО Polymatica в интерфейсе пользователя с правами 
администратора.

2.˿˿˿ Информация˿об˿условиях˿использования˿программного˿обеспечения
2.1. Стоимость использования программного обеспечения на условиях неисключительной бессрочной 

лицензии для одного юридического лица – 15 000 000 (пятнадцать миллионов) рублей 00 копеек. 
2.2. Для полнофункциональной работы Системы интегрированного планирования Растениеводства 

требуется наличие лицензий на ПО Полиматика. 

3.˿˿˿ Установка˿необходимого˿программного˿обеспечения˿(Инструкция˿по˿
инсталляции)˿

3.1. Для работы СИПР необходима установка СУБД PostgreSQL а также распределенной системы 
хранения SeaweedFS. Установку рекомендуется выполнять на один или несколько выделенных 
серверов. 
Установка СУБД PostgreSQL выполняется согласно инструкции для соответствующего дистрибутива, 
расположенной в сети интернет по адресу https://www.postgresql.org/download/.

Последовательность установки SeaweedFS представлена и доступна на ресурсе по адресу https://
github.com/chrislusf/seaweedfs/wiki/Getting-Started. 

https://www.postgresql.org/download/.
https://github.com/chrislusf/seaweedfs/wiki/Getting-Started.  
https://github.com/chrislusf/seaweedfs/wiki/Getting-Started.  


7Cистема˿интегрированного˿планирования˿растениеводства

После установки указанного программного обеспечения, для работы системы требуется запустить 
сервисы master, filer, s3, volume, предварительно сконфигурировав SeaweedFS. 

3.2. Конфигурация SeaweedFS – настроить роль для S3 API с полными правами, создав файл /etc/
seaweedfs/s3-config.json со следующим содержимым: 
{ 
“identities”: [ 
{ 
“name”: “anonymous”, 
“actions”: [ 
“Read”, 
“List” 
] 
}, 
{ 
“name”: “admin”, 
“credentials”: [ 
{ 
“accessKey”: “qwerty”, 
“secretKey”: “qwerty” 
} 
], 
“actions”: [ 
“Admin”, 
“Read”, 
“List”, 
“Tagging”, 
“Write” 
] 
} 
] 
}

Данную конфигурацию следует указывать при запуске сервиса S3 через параметр config:-config=/
etc/seaweedfs/s3-config.json. Также необходимо создать необходимые бакеты хранения S3, 
выполнив на сервере SeaweedFS команды: 
echo “s3.bucket.create -name mm” | weed shell 
echo “s3.bucket.create -name md” | weed shell 
echo “s3.bucket.create -name cs” | weed shell 
echo “s3.bucket.create -name cnf” | weed shell 

3.3. Установка компонента Polymatica (конфигурация Polymatica ML). Перед установкой следует указать 
основные параметры развертывания в файле charts/polymatica-ml/values.yaml в следующих 
разделах: 
3.3.1. Раздел global 

RegistryUrl – адрес для доступа к docker registry в виде <ip-адрес или DNS-имя сервера 
polymatica ml>:5000 
DomainName – ip-адрес или DNS-имя для доступа к серверу
GatewayUrl – адрес для доступа к публикуемым сервисам в виде http://<ip-адрес или 
DNS-имя сервера polymatica ml>/
MetadataServerUrl – адрес для доступа к сервису метаданных в виде http://<ip-адрес или 
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DNS-имя сервера polymatica ml>
Подраздел postgres:

host – адрес или имя хоста PostgreSQL 
port – порт PostgreSQL 
user – пользователь для подключения к БД PostgreSQL 
password – пароль для подключения к БД PostgreSQL 
databaseMeta – имя БД сервиса метаданных в PostgreSQL 
databaseDD – имя БД сервиса datadiscovery в PostgreSQL 
databaseMD – имя БД сервиса modeldesigner в PostgreSQL 

Подраздел s3: 
url – адрес сервиса S3 API в развернутой SeawedFS в виде http://<ip-адрес или DNS-
имя сервера sraweedfs>:<порт>

 
3.3.2. Раздел modelmanager 

Подраздел postgres 
user – пользователь для подключения к БД PostgreSQL 
password – пароль для подключения к БД PostgreSQL 
databaseMM – имя БД сервиса modelmanager в PostgreSQL 

 Подраздел smtp 
username – пользователь для подключения к SMTP-серверу 
password – пароль для подключения к SMTP-серверу 
from – адрес отправителя 
port – порт SMTP-сервера 
server – ip-адрес или DNS-имя SMTP-сервера 

Подраздел camunda 
jdbcUrl – строка подлючения к БД camunda в виде jdbc:postgresql://<ip-адрес или 
DNS-имя сервера PostgreSQL>:<порт>/cs_dev1?sslmode=disable 
jdbcUser – пользователь для подключения к БД PostgreSQL 
jdbcPassword – пароль для подключения к БД PostgreSQL 
keycloakUrl – адрес для доступа к сервису keycloak в виде http://<ip-адрес или DNS-
имя сервера polymatica ml> 

Подраздел modellauncher 
devpi_host – адрес для доступа к репозиторию devpi в виде http://<ip-адрес или DNS-
имя сервера polymatica ml>:3141 

3.3.3. Раздел keycloak 
Подраздел postgres 

user – пользователь для подключения к БД PostgreSQL 
password – пароль для подключения к БД PostgreSQL 
databaseName – имя БД сервиса keycloak в PostgreSQL 

3.4. Установку Polymatica ML следует выполнять под непривилегированным пользователем с правами 
sudo. Для установки запустить install.sh из каталога с дистрибутивом: DOMAINNAME=<ip-адрес или 
DNS-имя сервера polymatica-ml> ./install.sh В переменной DOMAINNAME указывается сетевой адрес 
или DNS-имя сервера, которые будут использоваться для доступа к серверу Polymatica ML. После 
установки рекомендуется перезапустить службу k3s: sudo systemctl restart k3s
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1. ǶȉȡȈȧ ȟȈșȚȤ 

1.1. ǨȘȝȐȚȍȒȚțȘȈ 

ǹȐșȚȍȔȈ ȗȘȍȌșȚȈȊȓȧȍȚ șȖȉȖȑ ȚȖȕȒȐȑ ȒȓȐȍȕȚ (thin client) ș Ȋȍȉ-ȐȕȚȍȘȜȍȑșȖȔ. 
Ǫ ȖșȕȖȊț șȍȘȊȍȘȕȖȑ ȟȈșȚȐ (Backend) ǴȖȌțȓȧ ȏȈȓȖȎȍȕȈ ȔȐȒȘȖșȍȘȊȐșȕȈȧ 
ȈȘȝȐȚȍȒȚțȘȈ. 

ǵȈ ȘȐșțȕȒȍ ȗȘȐȊȍȌȍȕȈ ȞȍȓȍȊȈȧ ȜțȕȒȞȐȖȕȈȓȤȕȈȧ ȈȘȝȐȚȍȒȚțȘȈ ǴȖȌțȓȧ. 

 

ǸȐșțȕȖȒ 1 ǼțȕȒȞȐȖȕȈȓȤȕȈȧ ȈȘȝȐȚȍȒȚțȘȈ ǴȖȌțȓȧ 

ǶșȕȖȊȕȣȔȐ ȒȖȔȗȖȕȍȕȚȈȔȐ ȈȘȝȐȚȍȒȚțȘȣ ȧȊȓȧȦȚșȧ: 

 ǰȕȚȍȘȜȍȑș ȗȖȓȤȏȖȊȈȚȍȓȧ (Frontend/Backend). ǪȣȌȍȓȧȦȚșȧ șȓȍȌțȦȡȐȍ 
ȗȖȌȒȖȔȗȖȕȍȕȚȣ ȗȖȓȤȏȖȊȈȚȍȓȤșȒȖȋȖ ȐȕȚȍȘȜȍȑșȈ: 

o ǰșșȓȍȌȖȊȈȕȐȍ ȌȈȕȕȣȝ (Data Discovery) — ȗȖȓȤȏȖȊȈȚȍȓȤșȒȐȑ 
ȐȕȚȍȘȜȍȑș Ȍȓȧ ȊȣȉȖȘȈ ȐșșȓȍȌțȍȔȣȝ ȌȈȕȕȣȝ Ȑ Ȑȝ ȗȖșȓȍȌțȦȡȍȋȖ 
ȐȕȚȍȘȈȒȚȐȊȕȖȋȖ ȈȕȈȓȐȏȈ. Ǫ ȚȍȒțȡȍȑ ȊȍȘșȐȐ ǴȖȌțȓȧ ȖȉȍșȗȍȟȐȊȈȍȚșȧ 
ȗȖȌȌȍȘȎȒȈ șȓȍȌțȦȡȐȝ ȖȗȍȘȈȞȐȑ: 

 ȊȣȉȖȘ ȐșȚȖȟȕȐȒȈ ȌȈȕȕȣȝ Ȑ ȜȖȘȔȐȘȖȊȈȕȐȧ ȊȣȉȖȘȒȐ; 
 ȊȐȏțȈȓȐȏȈȞȐȧ ȊȣȉȖȘȒȐ ȐȓȐ ȍȍ ȟȈșȚȐ; 
 ȗȘȖȜȐȓȐȘȖȊȈȕȐȍ ȌȈȕȕȣȝ Ȑ ȖȞȍȕȒȈ ȊȣȉȖȘȒȐ ȗȖ ȖșȕȖȊȕȣȔ 

șȚȈȚȐșȚȐȟȍșȒȐȔ ȒȘȐȚȍȘȐȧȔ; 
 ȖȚȉȖȘ Ȑ ȗȘȍȖȉȘȈȏȖȊȈȕȐȍ ȗȘȐȏȕȈȒȖȊ; 
 ȚȍșȚȐȘȖȊȈȕȐȍ șȚȈȚȐșȚȐȟȍșȒȐȝ ȋȐȗȖȚȍȏ Ȗ ȊȐȌȍ ȘȈșȗȘȍȌȍȓȍȕȐȧ 

ȕȍȗȘȍȘȣȊȕȣȝ Ȑ ȌȐșȒȘȍȚȕȣȝ ȕȈȉȓȦȌȍȕȐȑ. 
 

o ǷȖșȚȘȖȍȕȐȍ ȔȖȌȍȓȍȑ ȔȈȠȐȕȕȖȋȖ ȖȉțȟȍȕȐȧ (Model Designer) — 

ȗȖȓȤȏȖȊȈȚȍȓȤșȒȐȑ ȐȕȚȍȘȜȍȑș, ȗȖȏȊȖȓȧȦȡȐȑ ȗȖȓȤȏȖȊȈȚȍȓȦ Ȋ 
ȋȘȈȜȐȟȍșȒȖȔ ȘȍȎȐȔȍ Ȋ ȊȐȌȍ ȗȖșȓȍȌȖȊȈȚȍȓȤȕȖșȚȐ ȠȈȋȖȊ (pipeline) 
ȗȖșȚȘȖȐȚȤ ȔȖȌȍȓȐ ȔȈȠȐȕȕȖȋȖ ȖȉțȟȍȕȐȧ, ȗȘȖȊȍșȚȐ ȖȞȍȕȒȐ ȚȖȟȕȖșȚȐ 
ȔȖȌȍȓȍȑ Ȑ șȖȝȘȈȕȐȚȤ ȔȖȌȍȓȐ Ȋ ȘȍȗȖȏȐȚȖȘȐȐ Ȍȓȧ ȌȈȓȤȕȍȑȠȍȋȖ 
ȐșȗȖȓȤȏȖȊȈȕȐȧ.  
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Ǫ ȚȍȒțȡȍȑ ȊȍȘșȐȐ ǴȖȌțȓȧ ȖȉȍșȗȍȟȐȊȈȍȚșȧ ȗȖȌȌȍȘȎȒȈ șȓȍȌțȦȡȐȝ 
ȜțȕȒȞȐȑ: 

 ȖȚȉȖȘ Ȑ ȗȘȍȖȉȘȈȏȖȊȈȕȐȍ ȗȘȐȏȕȈȒȖȊ; 
 ȘȈȏȌȍȓȍȕȐȍ ȊȣȉȖȘȒȐ ȕȈ ȖȉțȟȈȦȡțȦ, ȊȈȓȐȌȈȞȐȖȕȕțȦ Ȑ 

ȗȘȖȊȍȘȖȟȕțȦ; 
 ȗȖșȚȘȖȍȕȐȍ ȔȖȌȍȓȍȑ ȔȈȠȐȕȕȖȋȖ ȖȉțȟȍȕȐȧ ȘȈȏȓȐȟȕȣȔȐ ȔȍȚȖȌȈȔȐ; 
 ȈȊȚȖȗȖȌȉȖȘ ȋȐȗȍȘȗȈȘȈȔȍȚȘȖȊ ȔȖȌȍȓȐ; 
 ȒȘȖșș-ȊȈȓȐȌȈȞȐȧ; 
 ȚȍșȚȐȘȖȊȈȕȐȍ ȔȖȌȍȓȍȑ; 
 ȐȕȚȍȘȗȘȍȚȈȞȐȧ ȔȖȌȍȓȍȑ; 
 șȒȖȘȐȕȋ Ȑ ȖȞȍȕȒȈ ȒȈȟȍșȚȊȈ ȔȖȌȍȓȍȑ — ȘȈșȟȍȚ, ȚȈȉȓȐȟȕȈȧ Ȑ 

ȋȘȈȜȐȟȍșȒȈȧ ȊȐȏțȈȓȐȏȈȞȐȧ ȘȈȏȓȐȟȕȣȝ ȝȈȘȈȒȚȍȘȐșȚȐȒ ȔȖȌȍȓȐ; 
 ȊȣȉȖȘ ȓțȟȠȍȑ ȔȖȌȍȓȐ ȗȖ ȏȈȌȈȕȕȖȔț ȒȘȐȚȍȘȐȦ; 
 ȊȖȏȔȖȎȕȖșȚȤ ȗȍȘȍȖȉțȟȍȕȐȧ ȔȖȌȍȓȍȑ ȗȘȐ ȗȖȧȊȓȍȕȐȐ ȕȖȊȣȝ 

ȌȈȕȕȣȝ; 
 șȖȝȘȈȕȍȕȐȍ Ȑ ȘȍȋȐșȚȘȈȞȐȧ ȔȖȌȍȓȍȑ Ȋ ȘȍȗȖȏȐȚȖȘȐȐ. 

 

o ǻȗȘȈȊȓȍȕȐȍ ȎȐȏȕȍȕȕȣȔ ȞȐȒȓȖȔ ȔȖȌȍȓȍȑ (Model Manager) — 

ȐȕȚȍȘȜȍȑș ȗȖȓȤȏȖȊȈȚȍȓȧ Ȍȓȧ țȗȘȈȊȓȍȕȐȧ ȘȍȗȖȏȐȚȖȘȐȍȔ ȔȖȌȍȓȍȑ. 
ǷȖȏȊȖȓȧȍȚ ȗțȉȓȐȒȖȊȈȚȤ ȔȖȌȍȓȐ Ȍȓȧ ȗȘȐȔȍȕȍȕȐȧ Ȋ ȗȈȒȍȚȕȖȔ ȘȍȎȐȔȍ 
ȐȓȐ ȘȍȎȐȔȍ șȍȘȊȐșȈ, Ȉ ȚȈȒȎȍ ȕȈșȚȘȈȐȊȈȚȤ ȗȘȖȞȍșșȣ șȖȋȓȈșȖȊȈȕȐȧ 
ȔȖȌȍȓȍȑ. Ǫ ȚȍȒțȡȍȑ ȊȍȘșȐȐ ǴȖȌțȓȧ ȖȉȍșȗȍȟȐȊȈȍȚșȧ ȗȖȌȌȍȘȎȒȈ 
șȓȍȌțȦȡȐȝ ȖȗȍȘȈȞȐȑ: 

 ȊȍȌȍȕȐȍ ȍȌȐȕȖȋȖ ȘȍȗȖȏȐȚȖȘȐȧ Ȑ ȊȍȘșȐȖȕȕȖșȚȐ ȔȖȌȍȓȍȑ; 
 ȗțȉȓȐȒȈȞȐȧ ȔȖȌȍȓȍȑ Ȍȓȧ ȗȘȐȔȍȕȍȕȐȧ Ȋ ȗȈȒȍȚȕȖȔ ȘȍȎȐȔȍ — 

ȜȖȘȔȐȘȖȊȈȕȐȍ șȒȘȐȗȚȈ Ȍȓȧ ȗȘȐȔȍȕȍȕȐȧ ȔȖȌȍȓȐ ȕȈ ȌȈȕȕȣȝ Ȋ ǩǬ; 
 ȗțȉȓȐȒȈȞȐȧ ȔȖȌȍȓȍȑ Ȋ ȒȈȟȍșȚȊȍ șȍȘȊȐșȈ; 
 ȗțȉȓȐȒȈȞȐȧ ȔȖȌȍȓȍȑ Ȑȏ ȘȍȗȖȏȐȚȖȘȐȧ Ȋ șȘȍȌț Polymatica; 
 șȘȈȊȕȍȕȐȍ ȔȖȌȍȓȍȑ Ȑ ȊȣȉȖȘ ȓțȟȠȍȑ; 
 șȕȧȚȐȍ ȔȖȌȍȓȍȑ ș ȗțȉȓȐȒȈȞȐȐ. 

 

o ǻȗȘȈȊȓȍȕȐȍ ȘȍȠȍȕȐȧȔȐ (Decision Manager) – ȐȕȚȍȘȜȍȑș 
ȗȖȓȤȏȖȊȈȚȍȓȧ Ȍȓȧ șȖȏȌȈȕȐȧ ȞȍȗȖȟȍȒ ȘȍȠȍȕȐȑ. Ǫ ȚȍȒțȡȍȑ ȊȍȘșȐȐ 
ǴȖȌțȓȧ ȖȉȍșȗȍȟȐȊȈȍȚșȧ ȗȖȌȌȍȘȎȒȈ șȓȍȌțȦȡȐȝ ȜțȕȒȞȐȑ: 

 ǷȖșȚȘȖȍȕȐȍ ȞȍȗȖȟȍȒ ȘȍȠȍȕȐȑ Ȋ ȋȘȈȜȐȟȍșȒȖȔ ȐȕȚȍȘȜȍȑșȍ ș 
ȊȖȏȔȖȎȕȖșȚȤȦ ȒȖȔȉȐȕȐȘȖȊȈȕȐȧ ȔȖȌȍȓȍȑ ǰǰ Ȑ ȥȒșȗȍȘȚȕȣȝ 
ȗȘȈȊȐȓ; 

 ǹȖȏȌȈȕȐȍ ȥȒșȗȍȘȚȕȣȝ ȗȘȈȊȐȓ Ȋ ȋȘȈȜȐȟȍșȒȖȔ ȘȍȎȐȔȍ; 
 ǺȍșȚȐȘȖȊȈȕȐȍ ȞȍȗȖȟȍȒ ȘȍȠȍȕȐȑ. 

 

 ǹȍȘȊȐș țȗȘȈȊȓȍȕȐȧ ȔȍȚȈȌȈȕȕȣȔȐ (Metadata Rep. Svc.) — ȒȖȔȗȖȕȍȕȚ ȖȚȊȍȟȈȍȚ 
ȏȈ ȝȘȈȕȍȕȐȍ Ȑ țȗȘȈȊȓȍȕȐȍ ȊȕțȚȘȍȕȕȐȔȐ ȔȍȚȈȌȈȕȕȣȔȐ ȔȖȌțȓȧ, ȚȈȒȐȔȐ ȒȈȒ 
ȗȈȘȈȔȍȚȘȣ ȗȖȌȒȓȦȟȍȕȐȧ Ȓ ȐșȚȖȟȕȐȒȈȔ ȌȈȕȕȣȝ, ȗȘȖȍȒȚȣ ȗȖ ȗȖșȚȘȖȍȕȐȦ 
ȔȖȌȍȓȍȑ, ȗȈȘȈȔȍȚȘȣ Ȍȓȧ ȗțȉȓȐȒȈȞȐȐ ȔȖȌȍȓȍȑ Ȑ Ț.Ȍ. ǶșȚȈȓȤȕȣȍ ȒȖȔȗȖȕȍȕȚȣ 
ȘȍȠȍȕȐȧ ȐșȗȖȓȤȏțȦȚ șȍȘȊȐș țȗȘȈȊȓȍȕȐȧ ȔȍȚȈȌȈȕȕȣȔȐ Ȍȓȧ șȖȝȘȈȕȍȕȐȧ, 
ȟȚȍȕȐȧ, ȐȏȔȍȕȍȕȐȧ ȊȕțȚȘȍȕȕȐȝ ȔȍȚȈȌȈȕȕȣȝ. 
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 ǹȍȘȊȐș țȗȘȈȊȓȍȕȐȧ ȉȍȏȖȗȈșȕȖșȚȤȦ (Security Svc.) — ȒȖȔȗȖȕȍȕȚ ȖȚȊȍȟȈȍȚ ȏȈ 
țȗȘȈȊȓȍȕȐȍ ȗȘȈȊȈȔȐ ȌȖșȚțȗȈ, ȐȕȚȍȋȘȈȞȐȦ ș ȒȈȚȈȓȖȋȈȔȐ ȗȖȓȤȏȖȊȈȚȍȓȍȑ (Open 
LDAP, MS ActiveDirectory), ȈțȚȍȕȚȐȜȐȒȈȞȐȦ Ȑ ȈȊȚȖȘȐȏȈȞȐȦ ȗȖȓȤȏȖȊȈȚȍȓȍȑ. 

 ǹȍȘȊȐș ȗȖ ȌȖșȚțȗț Ȓ ȐșȚȖȟȕȐȒȈȔ ȌȈȕȕȣȝ (Data Access Svc.) — ȌȈȕȕȣȑ 
ȒȖȔȗȖȕȍȕȚ ȖȚȊȍȟȈȍȚ ȏȈ ȌȖșȚțȗ Ȓ ȘȈȏȓȐȟȕȣȔ ȐșȚȖȟȕȐȒȈȔ Ȑ ȗȖȓțȟȍȕȐȍ Ȑȏ ȕȐȝ 
ȌȈȕȕȣȝ. 

 ǹȍȘȊȐș ȗȖ ȋȍȕȍȘȈȞȐȐ Ȑ ȏȈȗțșȒț ȊȣȟȐșȓȍȕȐȑ (Code Generation and Execution 
Svc.) — ȌȈȕȕȣȑ ȒȖȔȗȖȕȍȕȚ ȗȘȍȌȕȈȏȕȈȟȍȕ Ȍȓȧ ȗȍȘȍȊȖȌȈ ȒȖȔȈȕȌ Ȋ 
ȊȣȗȖȓȕȧȍȔȣȑ ȒȖȌ ȕȈ ȧȏȣȒȍ Python. Ǫ ȘȍȠȍȕȐȐ ȗȘȍȌȗȖȓȈȋȈȍȚșȧ ȔȍȝȈȕȐȏȔ 
ȘȍȋȐșȚȘȈȞȐȐ ȘȈȏȓȐȟȕȣȝ ȉȐȉȓȐȖȚȍȒ Python (scikit-learn Ȑ ȌȘ.), șȖȌȍȘȎȈȡȐȝ 
ȈȓȋȖȘȐȚȔȣ ȔȈȠȐȕȕȖȋȖ ȖȉțȟȍȕȐȧ. ǷȘȐ ȘȈȉȖȚȍ ș ȌȈȕȕȣȔȐ Ȋ ȒȖȔȗȖȕȍȕȚȍ Data 
Discovery, Ȉ ȚȈȒȎȍ ȗȘȐ șȖȏȌȈȕȐȐ ȗȘȖȍȒȚȈ Ȑ ȗȖșȚȘȖȍȕȐȐ ȔȖȌȍȓȍȑ Ȋ ȒȖȔȗȖȕȍȕȚȍ 
Model Designer — ȊȣȗȖȓȕȧȍȚșȧ ȋȍȕȍȘȈȞȐȧ ȒȖȌȈ Python Ȋ șȖȖȚȊȍȚșȚȊȐȐ ș 
ȏȈȌȈȕȕȣȔȐ ȕȈșȚȘȖȑȒȈȔȐ. 

 ǹȍȘȊȐș ȗȖ țȗȘȈȊȓȍȕȐȦ Ȑ ȗțȉȓȐȒȈȞȐȐ ȔȖȌȍȓȍȑ (Model Repository Svc.) — 

ȒȖȔȗȖȕȍȕȚ șȖȌȍȘȎȐȚ ȗȘȖȞȍȌțȘȣ, ȕȍȖȉȝȖȌȐȔȣȍ Ȍȓȧ țȗȘȈȊȓȍȕȐȧ ȎȐȏȕȍȕȕȣȔ 
ȞȐȒȓȖȔ ȔȖȌȍȓȍȑ — ȊȍȌȍȕȐȍ ȘȍȍșȚȘȈ ȔȖȌȍȓȍȑ, ȗȘȖȞȍșșȣ șȖȋȓȈșȖȊȈȕȐȧ, 
ȗȘȖȞȍșșȣ ȗțȉȓȐȒȈȞȐȐ. 

 ǹȍȘȊȐș(ȣ) ȐșȗȖȓȕȍȕȐȧ ȔȖȌȍȓȍȑ (Model Execution Svc.) — ȥȚȖ șȍȘȊȐș(ȣ) 
ȐșȗȖȓȕȍȕȐȧ ȔȖȌȍȓȍȑ, Ț.ȍ. ȒȈȎȌȈȧ ȖȗțȉȓȐȒȖȊȈȕȕȈȧ ȔȖȌȍȓȤ — ȥȚȖ 
ȐșȗȖȓȕȧȍȔȣȑ șȍȘȊȐș. 

1.2. ǰȕȚȍȘȜȍȑș 

1.2.1. ǨȊȚȖȘȐȏȈȞȐȧ 

ǷȘȐ ȏȈȗțșȒȍ ǴȖȌțȓȧ ȖȚȒȘȣȊȈȍȚșȧ ȥȒȘȈȕ ȈȊȚȖȘȐȏȈȞȐȐ Ȋ șȐșȚȍȔȍ. 

ǳȖȋȐȕ Ȑ ȗȈȘȖȓȤ țȟȍȚȕȖȑ ȏȈȗȐșȐ ǷȖȓȤȏȖȊȈȚȍȓȤ ȌȖȓȎȍȕ ȗȖȓțȟȐȚȤ ț șȊȖȍȋȖ șȐșȚȍȔȕȖȋȖ 
ȈȌȔȐȕȐșȚȘȈȚȖȘȈ. 
ǷȘȐ ȒȖȘȘȍȒȚȕȖȑ ȈȊȚȖȘȐȏȈȞȐȐ Ȋ șȐșȚȍȔȍ Ȋ ȏȈȊȐșȐȔȖșȚȐ ȖȚ ȊȣȌȈȕȕȣȝ ȗȖȓȤȏȖȊȈȚȍȓȦ 
ȗȘȈȊ ȖȚȒȘȖȍȚșȧ ȖȌȐȕ Ȑȏ ȒȖȔȗȖȕȍȕȚȖȊ ǴȖȌțȓȧ. 

1.2.2. ǶșȕȖȊȕȖȍ ȔȍȕȦ 

ǶșȕȖȊȕȣȔ ȥȓȍȔȍȕȚȖȔ ȐȕȚȍȘȜȍȑșȈ ȧȊȓȧȍȚșȧ ȗȈȕȍȓȤ ȔȍȕȦ, ȘȈșȗȖȓȖȎȍȕȕȈȧ Ȋ ȊȍȘȝȕȍȑ 
ȟȈșȚȐ ȥȒȘȈȕȈ (ȘȐșțȕȖȒ ȕȐȎȍ). ǶȕȈ ȕȍȐȏȔȍȕȕȈ Ȍȓȧ Ȋșȍȝ ȒȖȔȗȖȕȍȕȚȖȊ ǴȖȌțȓȧ. 
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ǸȐșțȕȖȒ 2 ǰȕȚȍȘȜȍȑș ȔȖȌțȓȧ. ǴȍȕȦ 

Ǫ ȓȍȊȖȑ ȟȈșȚȐ ȗȈȕȍȓȐ ȔȍȕȦ ȘȈșȗȖȓȖȎȍȕȣ ȖȉȢȍȒȚȣ, ȒȖȚȖȘȣȍ ȗȖȏȊȖȓȧȦȚ: 

 ǪȣȉȖȘ ȐȒȖȕȒȐ  ȖȚȒȘȣȊȈȍȚ ȒȖȔȗȖȕȍȕȚ ǰșșȓȍȌȖȊȈȕȐȍ ȌȈȕȕȣȝ (Data 
Discovery, DD). 

 ǪȣȉȖȘ ȐȒȖȕȒȐ  ȖȚȒȘȣȊȈȍȚ ȒȖȔȗȖȕȍȕȚ ǷȖșȚȘȖȍȕȐȍ ȔȖȌȍȓȐ (Model 
Designer, MD). 

 ǪȣȉȖȘ ȐȒȖȕȒȐ  ȖȚȒȘȣȊȈȍȚ ȒȖȔȗȖȕȍȕȚ ǸȈȏȘȈȉȖȚȒȈ ȘȍȠȍȕȐȑ (Decision 
Manager, DM). 

 ǪȣȉȖȘ ȐȒȖȕȒȐ  ȖȚȒȘȣȊȈȍȚ ȒȖȔȗȖȕȍȕȚ ǻȗȘȈȊȓȍȕȐȍ ȔȖȌȍȓȧȔȐ Ȑ ȘȍȠȍȕȐȧȔȐ 
(Model Manager, MM). 

 ǪȣȉȖȘ ȐȒȖȕȒȐ  ȖȚȒȘȣȊȈȍȚ ȐȕȚȍȘȜȍȑș ȋȓȖȉȈȓȤȕȖȋȖ ȗȖȐșȒȈ. 

Ǫ ȗȘȈȊȖȑ ȟȈșȚȐ ȔȍȕȦ ȘȈșȗȖȓȖȎȍȕȣ ȖȉȢȍȒȚȣ, ȒȖȚȖȘȣȍ ȗȖȏȊȖȓȧȦȚ: 

 Ǭȓȧ ȊȣȉȖȘȈ ȧȏȣȒȈ ȖȚȖȉȘȈȎȍȕȐȧ ȐȕȚȍȘȜȍȑșȈ ȗȘȍȌțșȔȖȚȘȍȕ șȗȐșȖȒ  ș 
ȌȖșȚțȗȕȣȔȐ ȧȏȣȒȈȔȐ. 

 ǪȣȉȖȘ ȐȒȖȕȒȐ  ȖȚȒȘȣȊȈȍȚ ȉȖȒȖȊțȦ ȗȈȕȍȓȤ ș țȊȍȌȖȔȓȍȕȐȧȔȐ Ȗ 
ȏȈȊȍȘȠȍȕȐȐ ȘȈșȟȍȚȈ ȘȍȏțȓȤȚȈȚȖȊ ǰșșȓȍȌȖȊȈȕȐȑ Ȋ DD (ǸȐșțȕȖȒ Ȉ). 

 ǪȣȉȖȘ ȐȒȖȕȒȐ  ȖȚȒȘȣȊȈȍȚ ȉȖȒȖȊțȦ ȗȈȕȍȓȤ ș ȐȕȚȍȘȈȒȚȐȊȕȖȑ șȗȘȈȊȒȖȑ 
(ǸȐșțȕȖȒ ȉ). 
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 ǪȣȉȖȘ ȐȒȖȕȒȐ  ȖȚȒȘȣȊȈȍȚ ȘȈȏȌȍȓ ǨȌȔȐȕȐșȚȘȐȘȖȊȈȕȐȧ. 

 ǪȣȉȖȘ ȐȒȖȕȒȐ  ȖȚȒȘȣȊȈȍȚ ȉȖȒȖȊțȦ ȗȈȕȍȓȤ ș ȐȕȜȖȘȔȈȞȐȍȑ Ȗȉ țȟȍȚȕȖȑ 
ȏȈȗȐșȐ ȗȖȓȤȏȖȊȈȚȍȓȧ, Ȗ ȓȐȞȍȕȏȐȐ Ȑ ȒȕȖȗȒȖȑ ȊȣȝȖȌȈ Ȑȏ ǴȖȌțȓȧ (ǸȐșțȕȖȒ Ȋ). 

 

 

ǸȐșțȕȖȒ 3 ǩȖȒȖȊȈȧ ȗȈȕȍȓȤ ǻȊȍȌȖȔȓȍȕȐȧ (Ȉ), ȉȖȒȖȊȈȧ ȗȈȕȍȓȤ ǷȖȔȖȡȤ (ȉ), ȉȖȒȖȊȈȧ 
ȗȈȕȍȓȤ ǷȖȓȤȏȖȊȈȚȍȓȤ (Ȋ) 

1.2.3. ǸȖȓȐ ȗȖȓȤȏȖȊȈȚȍȓȍȑ 

Ǫ ȏȈȊȐșȐȔȖșȚȐ ȖȚ ȊȣȌȈȕȕȣȝ ȗȖȓȤȏȖȊȈȚȍȓȦ ȗȘȈȊ Ȋ ȐȕȚȍȘȜȍȑșȍ ȖȚȖȉȘȈȎȈȦȚșȧ 
șȖȖȚȊȍȚșȚȊțȦȡȐȍ ȒȖȔȗȖȕȍȕȚȣ: 

 ǨȕȈȓȐȚȐȒ ȐȔȍȍȚ ȌȖșȚțȗ Ȓ ȜțȕȒȞȐȖȕȈȓț ȒȖȔȗȖȕȍȕȚȖȊ ǰșșȓȍȌȖȊȈȕȐȍ ȌȈȕȕȣȝ 
(DD) Ȑ ǷȖșȚȘȖȍȕȐȍ ȔȖȌȍȓȍȑ (MD). 

 ǴȍȕȍȌȎȍȘ ȔȖȌȍȓȍȑ ȐȔȍȍȚ ȌȖșȚțȗ ȒȖ ȊșȍȔț ȜțȕȒȞȐȖȕȈȓț ȒȖȔȗȖȕȍȕȚȈ 
ǻȗȘȈȊȓȍȕȐȍ ȔȖȌȍȓȧȔȐ (MM). 

 ǷȖȓȤȏȖȊȈȚȍȓȤ ȔȖȌȍȓȍȑ ȐȔȍȍȚ ȌȖșȚțȗ Ȓ ȘȈȏȌȍȓț ǶȗțȉȓȐȒȖȊȈȕȕȣȍ ȔȖȌȍȓȐ 
MM. 

 ǹȖȋȓȈșțȦȡȐȑ ȐȔȍȍȚ ȌȖșȚțȗ Ȓ ȘȈȏȌȍȓț ǹȖȋȓȈșȖȊȈȕȐȍ MM. 

 ǹțȗȍȘȗȖȓȤȏȖȊȈȚȍȓȤ ȐȔȍȍȚ ȗȖȓȕȣȑ ȌȖșȚțȗ Ȓ ȜțȕȒȞȐȖȕȈȓț ǴȖȌțȓȧ. 

 ǹȐșȚȍȔȕȣȑ ȈȌȔȐȕȐșȚȘȈȚȖȘ ȐȔȍȍȚ ȌȖșȚțȗ ȚȖȓȤȒȖ Ȓ ȘȈȏȌȍȓț 
ǨȌȔȐȕȐșȚȘȐȘȖȊȈȕȐȍ. 
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 DD MD MM Admin 
ǨȕȈȓȐȚȐȒ      
ǴȍȕȍȌȎȍȘ ȔȖȌȍȓȍȑ     
ǷȖȓȤȏȖȊȈȚȍȓȤ ȔȖȌȍȓȍȑ     
ǹȖȋȓȈșțȦȡȐȑ      
ǹțȗȍȘȗȖȓȤȏȖȊȈȚȍȓȤ      
ǹȐșȚȍȔȕȣȑ ȈȌȔȐȕȐșȚȘȈȚȖȘ     

ǺȈȉȓȐȞȈ 1 ǬȖșȚțȗ Ȓ ȒȖȔȗȖȕȍȕȚȈȔ ȗȖ ȘȖȓȧȔ 
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2. ǲȖȔȗȖȕȍȕȚ ǰșșȓȍȌȖȊȈȕȐȍ ȌȈȕȕȣȝ (Data 
Discovery, DD) 

ЭȚȈȗ ȐșșȓȍȌȖȊȈȕȐȧ ȌȈȕȕȣȝ ȗȘȍȌșȚȈȊȓȧȍȚ șȖȉȖȑ ȗȘȖȞȍșș ȋȘȈȜȐȟȍșȒȖȋȖ Ȑ 
șȚȈȚȐșȚȐȟȍșȒȖȋȖ ȈȕȈȓȐȏȈ, ȕȍȖȉȝȖȌȐȔȣȑ Ȍȓȧ ȗȘȖȊȍȘȒȐ ȖȉȡȍȋȖ ȒȈȟȍșȚȊȈ ȌȈȕȕȣȝ Ȑ 
ȗȖȐșȒȈ ȊȏȈȐȔȖșȊȧȏȍȑ ȈȚȘȐȉțȚȖȊ, ȚȍȕȌȍȕȞȐȑ Ȑ ȈȕȖȔȈȓȐȑ. ǷȖȓțȟȍȕȕȈȧ ȕȈ ȌȈȕȕȖȔ 
ȥȚȈȗȍ ȐȕȜȖȘȔȈȞȐȧ ȗȖȏȊȖȓȧȍȚ șȜȖȘȔțȓȐȘȖȊȈȚȤ ȋȐȗȖȚȍȏȣ Ȗ ȚȖȔ, ȒȈȒ ȌȈȕȕȣȍ ȗȖȔȖȋțȚ 
ȘȍȠȐȚȤ ȗȖșȚȈȊȓȍȕȕțȦ ȏȈȌȈȟț. 

Ǭȓȧ ȥȚȖȋȖ Ȋ ȒȖȔȗȖȕȍȕȚȍ ǰșșȓȍȌȖȊȈȕȐȍ ȌȈȕȕȣȝ ȗȘȍȌțșȔȖȚȘȍȕȣ șȓȍȌțȦȡȐȍ 
ȐȕșȚȘțȔȍȕȚȣ: 

 ǫȘȈȜȐȟȍșȒȖȍ ȗȘȍȌșȚȈȊȓȍȕȐȍ ȌȈȕȕȣȝ (ȖȌȕȖȔȍȘȕȣȍ Ȑ ȔȕȖȋȖȔȍȘȕȣȍ ȋȘȈȜȐȒȐ Ȑ 
ȚȈȉȓȐȞȣ). 

 ǷȘȖȜȐȓȐȘȖȊȈȕȐȍ ȌȈȕȕȣȝ (șȚȈȚȐșȚȐȟȍșȒȐȍ ȝȈȘȈȒȚȍȘȐșȚȐȒȐ). 
 ǲȖȘȘȍȓȧȞȐȖȕȕȣȍ ȔȈȚȘȐȞȣ. 
 ǲȓȈșȚȍȘȕȣȑ ȈȕȈȓȐȏ. 
 ǹȚȈȚȐșȚȐȟȍșȒȐȍ ȚȍșȚȣ. 
 ǷȍȘȐȖȌȐȟȍșȒȐȑ ȏȈȗțșȒ ȐșșȓȍȌȖȊȈȕȐȧ ȌȈȕȕȣȝ (ȗȖșȚȈȕȖȊȒȈ ȐșșȓȍȌȖȊȈȕȐȑ ȕȈ 

ȘȈșȗȐșȈȕȐȍ). 
 

ǲȖȔȗȖȕȍȕȚ ȊȒȓȦȟȈȍȚ: 

 ǫȓȈȊȕȣȑ ȥȒȘȈȕ șȖ șȗȐșȒȖȔ ȌȖșȚțȗȕȣȝ ȐșșȓȍȌȖȊȈȕȐȑ. 
 ǴȈșȚȍȘ ȕȈșȚȘȖȑȒȐ ȐșșȓȍȌȖȊȈȕȐȧ. 
 ЭȒȘȈȕ ș ȘȍȏțȓȤȚȈȚȈȔȐ ȐșșȓȍȌȖȊȈȕȐȧ. 
 ǶȒȕȖ ȗȖșȚȈȕȖȊȒȐ ȐșșȓȍȌȖȊȈȕȐȧ ȕȈ ȘȈșȗȐșȈȕȐȍ. 
 ǪșȗȖȔȖȋȈȚȍȓȤȕȣȍ ȖȒȕȈ ȕȈșȚȘȖȑȒȐ ȊȐȌȈ, ȗȘȐȔȍȘ ȌȈȕȕȣȝ Ȑ Ț.Ȍ. 

2.1. ǫȓȈȊȕȣȑ ȥȒȘȈȕ 

2.1.1. ǰȕȚȍȘȜȍȑș ȋȓȈȊȕȖȋȖ ȥȒȘȈȕȈ DD 

ǫȓȈȊȕȣȑ ȥȒȘȈȕ ȘȈȏȌȍȓȈ ǰșșȓȍȌȖȊȈȕȐȍ ȌȈȕȕȣȝ ȖȚȒȘȣȊȈȍȚșȧ ȗȘȐ ȊȣȉȖȘȍ ȐȒȖȕȒȐ 

 Ȋ ȓȍȊȖȔ ȊȍȘȝȕȍȔ ȔȍȕȦ Ȑ ȗȘȍȌșȚȈȊȓȧȍȚ șȖȉȖȑ șȗȐșȖȒ ȌȖșȚțȗȕȣȝ ȗȖȓȤȏȖȊȈȚȍȓȦ 
ȕȈȉȖȘȖȊ ȌȈȕȕȣȝ Ȑ ȐșșȓȍȌȖȊȈȕȐȑ Ȋ ȚȈȉȓȐȟȕȖȔ ȊȐȌȍ (ȘȐșțȕȖȒ ȕȐȎȍ). 
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ǸȐșțȕȖȒ 4 ǫȓȈȊȕȣȑ ȥȒȘȈȕ ȒȖȔȗȖȕȍȕȚȈ ǰșșȓȍȌȖȊȈȕȐȍ ȌȈȕȕȣȝ (Data Discovery) 

ǶȉȢȍȒȚȣ Ȋ ȚȈȉȓȐȞȍ ȐȔȍȦȚ ǰȍȘȈȘȝȐȦ Ȋ șȖȖȚȊȍȚșȚȊȐȐ ș ȘȐșțȕȒȖȔ ȕȐȎȍ. 

 

ǸȐșțȕȖȒ 5 ǷȘȐȔȍȘ ȐȍȘȈȘȝȐȐ ȖȉȢȍȒȚȖȊ Ȋ ȚȈȉȓȐȞȍ ǫȓȈȊȕȖȋȖ ȥȒȘȈȕȈ ȒȖȔȗȖȕȍȕȚȈ 
ǰșșȓȍȌȖȊȈȕȐȍ ȌȈȕȕȣȝ 

Ǭȓȧ ȖȌȕȖȋȖ ǵȈȉȖȘȈ ȌȈȕȕȣȝ (ȐȔȍȍȚ șȐȔȊȖȓȤȕȖȍ ȖȉȖȏȕȈȟȍȕȐȍ  ) ȔȖȎȍȚ 
ȗȘȖȊȖȌȐȚȤșȧ ȕȍșȒȖȓȤȒȖ ǰșșȓȍȌȖȊȈȕȐȑ (ȖȉȖȏȕȈȟȈȍȚșȧ  ), ȕȈȗȘȐȔȍȘ, ș ȘȈȏȕȣȔ 
ȕȈȉȖȘȖȊ ȊȐȏțȈȓȐȏȈȞȐȑ Ȑ ȖȉȢȍȒȚȖȊ. Ǫ ȘȈȔȒȈȝ ȖȌȕȖȋȖ ǰșșȓȍȌȖȊȈȕȐȧ ȔȖȎȍȚ ȉȣȚȤ 

ȕȍșȒȖȓȤȒȖ ǸȍȏțȓȤȚȈȚȖȊ (ȖȉȖȏȕȈȟȈȍȚșȧ  ) — ȕȈȗȘȐȔȍȘ, ȗȘȐ ȗȖșȚȈȕȖȊȒȍ 
ǰșșȓȍȌȖȊȈȕȐȧ ȕȈ ȘȈșȗȐșȈȕȐȍ. 

ǺȈȉȓȐȞȈ ș ȌȖșȚțȗȕȣȔȐ ȐșșȓȍȌȖȊȈȕȐȧȔȐ ȐȔȍȍȚ ȋȐȉȒȐȍ ȕȈșȚȘȖȑȒȐ ȖȚȖȉȘȈȎȍȕȐȧ. ǺȈȒ 
ȗȖȓȤȏȖȊȈȚȍȓȤ ȔȖȎȍȚ: 
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 ȐȏȔȍȕȐȚȤ ȠȐȘȐȕț ȓȦȉȖȋȖ șȚȖȓȉȞȈ (Ȍȓȧ ȥȚȖȋȖ ȕȍȖȉȝȖȌȐȔȖ ȗȍȘȍȚȈȡȐȚȤ ȋȘȈȕȐȞț 

ȍȋȖ ȏȈȋȖȓȖȊȒȈ  ȌȖ ȕțȎȕȖȑ ȠȐȘȐȕȣ); 

 șȖȘȚȐȘȖȊȈȚȤ ȚȈȉȓȐȞț (Ȍȓȧ ȥȚȖȋȖ ȕȍȖȉȝȖȌȐȔȖ ȊȣȉȘȈȚȤ ȐȒȖȕȒț  ȘȧȌȖȔ ș 
ȏȈȋȖȓȖȊȒȖȔ șȖȘȚȐȘțȍȔȖȋȖ șȚȖȓȉȞȈ); 

 șȒȘȣȊȈȚȤ/ȖȚȖȉȘȈȎȈȚȤ șȚȖȓȉȞȣ Ȑ ȐȏȔȍȕȧȚȤ Ȑȝ ȗȖȘȧȌȖȒ Ȋ ȖȒȕȍ ǪȐȌ ȚȈȉȓȐȞȣ 

(Ȍȓȧ ȖȚȒȘȣȚȐȧ ȖȒȕȈ ȕȍȖȉȝȖȌȐȔȖ ȊȣȉȘȈȚȤ  Ȋ ȗȘȈȊȖȔ 
ȊȍȘȝȕȍȔ țȋȓț ȚȈȉȓȐȞȣ; ȗȘȐ ȊȣȉȖȘȍ ȐȒȖȕȒȐ  șȚȖȓȉȍȞ șȒȘȖȍȚșȧ, ȗȘȐ 
ȕȈȊȍȌȍȕȐȐ ȕȈ ȐȒȖȕȒț  ȈȒȚȐȊȐȘțȍȚșȧ ȊȖȏȔȖȎȕȖșȚȤ ȗȍȘȍȔȍȡȍȕȐȧ șȚȖȓȉȞȈ); 

 șȉȘȖșȐȚȤ Ȋȕȍșȍȕȕȣȍ ȐȏȔȍȕȍȕȐȧ ȚȈȒȎȍ Ȋ ȖȒȕȍ ǪȐȌ ȚȈȉȓȐȞȣ (Ȍȓȧ ȥȚȖȋȖ 
ȊȣȉȘȈȚȤ ȒȕȖȗȒț «ǹȉȘȖșȐȚȤ»). 

Ǭȓȧ ȉȣșȚȘȖȋȖ ȗȖȐșȒȈ ȖȉȢȍȒȚȈ Ȋ ȚȈȉȓȐȞȍ ȗȘȍȌțșȔȖȚȘȍȕȖ ȗȖȓȍ  Ȋ 
ȗȘȈȊȖȑ ȊȍȘȝȕȍȑ ȟȈșȚȐ ȚȈȉȓȐȞȣ. 
ǶȉȢȍȒȚȣ ȚȈȉȓȐȞȣ ȔȖȎȕȖ ȊȣȋȘțȏȐȚȤ Ȋ ȜȖȘȔȈȚȍ Excel. Ǭȓȧ ȥȚȖȋȖ ȕțȎȕȖ ȊȣȉȘȈȚȤ 

ȐȒȖȕȒț ЭȒșȗȖȘȚȈ Ȋ excel  . 

ǬȘțȋȐȍ ȗȖȌșȒȈȏȒȐ ȗȖ ȐȕȚȍȘȜȍȑșț ǫȓȈȊȕȖȋȖ ȥȒȘȈȕȈ: 

 ǶȗȐșȈȕȐȍ ȕȈȉȖȘȈ ȌȈȕȕȣȝ ȗȖȌȚȧȋȐȊȈȍȚșȧ ȗȘȐ ȍȋȖ ȘȍȋȐșȚȘȈȞȐȐ (ȗȖȌȘȖȉȕȍȍ Ȋ 
ǸțȒȖȊȖȌșȚȊȍ ǨȌȔȐȕȐșȚȘȈȚȖȘȈ), Ȍȓȧ ǰșșȓȍȌȖȊȈȕȐȧ ȏȈȌȈȍȚșȧ Ȋ ȖȒȕȍ ǴȈșȚȍȘȈ 
ȕȈșȚȘȖȑȒȐ. 

 ǰșșȓȍȌȖȊȈȕȐȍ ȔȖȎȍȚ ȐȔȍȚȤ ǹȚȈȚțș, șȊȧȏȈȕȕȣȑ ș ȗȖșȚȈȕȖȊȒȖȑ ȕȈ ȘȈșȗȐșȈȕȐȍ 

(ȐȒȖȕȒȈ  — ǯȈȗȓȈȕȐȘȖȊȈȕȖ), ȘȍȏțȓȤȚȈȚ ȐșșȓȍȌȖȊȈȕȐȧ ȔȖȎȍȚ ȐȔȍȚȤ ǹȚȈȚțș, 

șȊȧȏȈȕȕȣȑ ș ȝȖȌȖȔ ȊȣȗȖȓȕȍȕȐȧ ȐșșȓȍȌȖȊȈȕȐȧ (ȐȒȖȕȒȈ  — ǶȉȘȈȉȈȚȣȊȈȍȚșȧ, 

ȐȒȖȕȒȈ  — ǫȖȚȖȊȖ). 

 ǰȒȖȕȒȈ  ȘȧȌȖȔ ș ȌȈȚȖȑ șȖȏȌȈȕȐȧ Ȑ ȐȏȔȍȕȍȕȐȧ ȗȖȏȊȖȓȧȍȚ țȏȕȈȚȤ, ȒȚȖ 
ȧȊȓȧȍȚșȧ ȈȊȚȖȘȖȔ ȐșșȓȍȌȖȊȈȕȐȧ/ȐȏȔȍȕȍȕȐȧ ȐșșȓȍȌȖȊȈȕȐȧ. 

 ǰȒȖȕȒȈ  ȗȖȏȊȖȓȧȍȚ ȖȚȒȘȣȚȤ ȊȣȗȈȌȈȦȡȍȍ ȔȍȕȦ, Ȋ ȒȖȚȖȘȖȔ ǷȖȓȤȏȖȊȈȚȍȓȤ 
ȔȖȎȍȚ ǯȈȗțșȚȐȚȤ ȐșșȓȍȌȖȊȈȕȐȍ. 

2.1.2. ǹȖȏȌȈȕȐȍ ȐșșȓȍȌȖȊȈȕȐȧ 

Ǭȓȧ șȖȏȌȈȕȐȧ ȕȖȊȖȋȖ ǰșșȓȍȌȖȊȈȕȐȧ ȕȍȖȉȝȖȌȐȔȖ ȊȣȗȖȓȕȐȚȤ șȓȍȌțȦȡȐȍ ȠȈȋȐ: 

 ǪȣȉȘȈȚȤ ȕȍȖȉȝȖȌȐȔȣȑ ȕȈȉȖȘ ȌȈȕȕȣȝ Ȑȏ șȗȐșȒȈ ȌȖșȚțȗȕȣȝ. 

 Ǫ ȖȚȒȘȣȊȠȍȔșȧ ǴȈșȚȍȘȍ ȕȈșȚȘȖȑȒȐ ȊȣȉȘȈȚȤ Ȑ ȏȈȌȈȚȤ ȕȈșȚȘȖȑȒȐ: 

o ȊȐȏțȈȓȐȏȈȞȐȑ (ȗȖȌȘȖȉȕȍȍ Ȋ ȘȈȏȌȍȓȍ ǪȐȏțȈȓȐȏȈȞȐȐ), 
o ȒȖȘȘȍȓȧȞȐȐ (ȗȖȌȘȖȉȕȍȍ Ȋ ȘȈȏȌȍȓȍ ǲȖȘȘȍȓȧȞȐȧ), 
o ȒȓȈșȚȍȘȐȏȈȞȐȐ (ȗȖȌȘȖȉȕȍȍ Ȋ ȘȈȏȌȍȓȍ ǲȓȈșȚȍȘȐȏȈȞȐȧ), 
o șȚȈȚȐșȚȐȟȍșȒȐȝ ȚȍșȚȖȊ (ȗȖȌȘȖȉȕȍȍ Ȋ ȘȈȏȌȍȓȍ ǹȚȈȚȐșȚȐȟȍșȒȐȍ ȚȍșȚȣ). 
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 ǯȈȗțșȚȐȚȤ ȘȈșȟȍȚ ǰșșȓȍȌȖȊȈȕȐȧ, ȊȣȉȘȈȊ ȗțȕȒȚ ǯȈȗțșȚȐȚȤ Ȋ ȊȣȗȈȌȈȦȡȍȔ 

ȔȍȕȦ  ȘȧȌȖȔ ș ȕȍȖȉȝȖȌȐȔȣȔ ǰșșȓȍȌȖȊȈȕȐȍȔ. 

 ǷȖșȓȍ țșȗȍȠȕȖȋȖ ȊȣȗȖȓȕȍȕȐȧ ǰșșȓȍȌȖȊȈȕȐȧ (șȚȈȚțș «ǫȖȚȖȊȖ»  ) ȖȚȒȘȣȚȤ 
ȘȍȏțȓȤȚȈȚȣ ǰșșȓȍȌȖȊȈȕȐȧ, ȊȣȉȘȈȊ Ȑȏ șȗȐșȒȈ ȕȍȖȉȝȖȌȐȔȣȑ. 

2.1.3. ǻȌȈȓȍȕȐȍ ȐșșȓȍȌȖȊȈȕȐȧ 

Ǭȓȧ țȌȈȓȍȕȐȧ ǰșșȓȍȌȖȊȈȕȐȧ (ȘȍȏțȓȤȚȈȚȈ ǰșșȓȍȌȖȊȈȕȐȧ) ȕȍȖȉȝȖȌȐȔȖ ȊȣȗȖȓȕȐȚȤ 
șȓȍȌțȦȡȐȍ ȠȈȋȐ: 

 ǪȣȉȘȈȚȤ ȟȍȒȉȖȒș ȘȧȌȖȔ ș țȌȈȓȧȍȔȣȔ ȖȉȢȍȒȚȖȔ (ȗȘȐ ȊȣȉȖȘȍ ȟȍȒȉȖȒșȈ ȘȧȌȖȔ ș 
ǵȈȉȖȘȖȔ ȌȈȕȕȣȝ ȊȣȉȐȘȈȦȚșȧ Ȋșȍ ȖȉȢȍȒȚȣ, ȕȐȎȍșȚȖȧȡȐȍ Ȋ ȐȍȘȈȘȝȐȐ — ȥȚȖ 
Ȋșȍ ǰșșȓȍȌȖȊȈȕȐȧ ȌȈȕȕȖȋȖ ȕȈȉȖȘȈ Ȑ Ȑȝ ȘȍȏțȓȤȚȈȚȣ). 

 ǪȣȉȘȈȚȤ ȒȕȖȗȒț «ǻȌȈȓȐȚȤ». 

2.2. ǴȈșȚȍȘ ȕȈșȚȘȖȑȒȐ 

2.2.1. ǰȕȚȍȘȜȍȑș ǴȈșȚȍȘȈ ȕȈșȚȘȖȑȒȐ 

ǷȘȐ șȖȏȌȈȕȐȐ ȕȖȊȖȋȖ ȐșșȓȍȌȖȊȈȕȐȧ ȖȚȒȘȣȊȈȍȚșȧ ȖȒȕȖ ǴȈșȚȍȘ ȕȈșȚȘȖȑȒȐ, ȒȖȚȖȘȣȑ 
ȊȒȓȦȟȈȍȚ Ȋ șȍȉȧ șȓȍȌțȦȡȐȍ ȊȒȓȈȌȒȐ: 

 ǷȈȘȈȔȍȚȘȣ. 
 ǸȖȓȐ ȈȚȘȐȉțȚȖȊ. 
 ǪȐȏțȈȓȐȏȈȞȐȐ. 
 ǲȖȘȘȍȓȧȞȐȧ. 
 ǲȓȈșȚȍȘȐȏȈȞȐȧ. 
 ǹȚȈȚȐșȚȐȟȍșȒȐȍ ȚȍșȚȣ. 

2.2.2. ǷȈȘȈȔȍȚȘȣ 

ǪȖ ȊȒȓȈȌȒȍ ǷȈȘȈȔȍȚȘȣ ȗȖȓȤȏȖȊȈȚȍȓȤ ȔȖȎȍȚ ȏȈȌȈȚȤ ǵȈȏȊȈȕȐȍ ȐșșȓȍȌȖȊȈȕȐȧ Ȑ 
ǶȗȐșȈȕȐȍ (ȘȐșțȕȖȒ ȕȐȎȍ), ȒȖȚȖȘȣȍ ȖȚȖȉȘȈȎȈȦȚșȧ Ȋ ȚȈȉȓȐȞȍ ȕȈ ǫȓȈȊȕȖȔ ȥȒȘȈȕȍ 
ȒȖȔȗȖȕȍȕȚȈ. 
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ǸȐșțȕȖȒ 6 ǪȒȓȈȌȒȈ «ǷȈȘȈȔȍȚȘȣ» ǴȈșȚȍȘȈ ȕȈșȚȘȖȑȒȐ 

2.2.3. ǸȖȓȐ ȈȚȘȐȉțȚȖȊ 

ǪȖ ȊȒȓȈȌȒȍ ǸȖȓȐ ȈȚȘȐȉțȚȖȊ ǷȖȓȤȏȖȊȈȚȍȓȤ ȔȖȎȍȚ ȖȏȕȈȒȖȔȐȚȤșȧ ș ȗȈȘȈȔȍȚȘȈȔȐ 
ȈȚȘȐȉțȚȖȊ ȕȈȉȖȘȈ ȌȈȕȕȣȝ Ȑ ȐȏȔȍȕȐȚȤ ȚȐȗ ȗȍȘȍȔȍȕȕȖȑ. 

 

ǸȐșțȕȖȒ 7 ǪȒȓȈȌȒȈ «ǸȖȓȐ ȈȚȘȐȉțȚȖȊ» ǴȈșȚȍȘȈ ȕȈșȚȘȖȑȒȐ 

ǷȖȓȤȏȖȊȈȚȍȓȤșȒȖȍ ȐȔȧ ȏȈȌȈȍȚșȧ ȗȘȐ ȌȖȉȈȊȓȍȕȐȐ ǵȈȉȖȘȈ ȌȈȕȕȣȝ Ȋ ȘȈȏȌȍȓȍ 
ǨȌȔȐȕȐșȚȘȐȘȖȊȈȕȐȧ (ȗȖȌȘȖȉȕȍȍ ǸțȒȖȊȖȌșȚȊȖ ȈȌȔȐȕȐșȚȘȈȚȖȘȈ). 
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Ǫ ȒȖȔȗȖȕȍȕȚȍ ȗȘȍȌțșȔȖȚȘȍȕȣ șȓȍȌțȦȡȐȍ ȚȐȗȣ ȗȍȘȍȔȍȕȕȣȝ Ȑ ȚȐȗȣ ȌȈȕȕȣȝ 
(ȏȈȌȈȦȚșȧ ȗȖ țȔȖȓȟȈȕȐȦ): 

 ǼȈȒȚ: 

o Numeric (ȊȒȓȦȟȈȍȚ Ȑ Ȟȍȓȣȍ ȟȐșȓȈ, Ȑ ȟȐșȓȈ ș ȗȓȈȊȈȦȡȍȑ ȚȖȟȒȖȑ). 
o Date (ȌȈȚȈ). 
o DateTime (ȌȈȚȈ Ȑ ȊȘȍȔȧ). 

 

 ǸȈȏȔȍȘȕȖșȚȤ: 

o String (șȚȘȖȒȈ). 

Ǻ.Ȓ. ȊȐȏțȈȓȐȏȈȞȐȐ ȔȖȋțȚ șȚȘȖȐȚșȧ ȓȐȠȤ ș ȖȗȘȍȌȍȓȍȕȕȣȔȐ ȚȐȗȈȔȐ ȗȍȘȍȔȍȕȕȣȝ 
(ȗȖȌȘȖȉȕȍȍ ǪȐȏțȈȓȐȏȈȞȐȐ), ȗȘȍȌțșȔȖȚȘȍȕȖ ȐȏȔȍȕȍȕȐȍ ǺȐȗȈ ȗȍȘȍȔȍȕȕȖȑ. Ǭȓȧ ȥȚȖȋȖ 
ȕȍȖȉȝȖȌȐȔȖ ȡȍȓȒȕțȚȤ ȓȍȊȖȑ ȒȕȖȗȒȖȑ ȔȣȠȐ ȗȖ ȊȣȉȘȈȕȕȖȔț ȈȚȘȐȉțȚț Ȑ Ȋ 
ȖȚȒȘȣȊȠȍȔșȧ ȔȍȕȦ ȊȣȉȘȈȚȤ ȕȍȖȉȝȖȌȐȔȣȑ ȚȐȗ. ǺȐȗ ȌȈȕȕȣȝ ȐȏȔȍȕȐȚȤ ȕȍȓȤȏȧ. 

ǰȏȔȍȕȐȚȤ ǺȐȗ ȗȍȘȍȔȍȕȕȣȝ ȚȈȒȎȍ ȔȖȎȕȖ ȊȣȋȘțȏȐȊ Excel Ȑȏ șȐșȚȍȔȣ, ȊȕȍșȚȐ 
ȐȏȔȍȕȍȕȐȧ, Ȑ ȏȈȋȘțȏȐȚȤ ȖȉȘȈȚȕȖ. Ǭȓȧ ȥȚȖȋȖ ȕțȎȕȖ ȊȣȉȘȈȚȤ ȐȒȖȕȒȐ ЭȒșȗȖȘȚȈ Ȋ 

Excel  Ȑ ǰȔȗȖȘȚȈ Ȑȏ Excel  . 

2.2.4. ǪȐȏțȈȓȐȏȈȞȐȐ 

ǬȈȕȕȈȧ ȊȒȓȈȌȒȈ ȗȘȍȌșȚȈȊȓȧȍȚ șȖȉȖȑ șȗȐșȖȒ ȊȐȏțȈȓȐȏȈȞȐȑ, ȒȖȚȖȘȣȍ ȉțȌțȚ 
ȘȈșșȟȐȚȈȕȣ Ȋ ȝȖȌȍ ǰșșȓȍȌȖȊȈȕȐȧ. 

 

ǸȐșțȕȖȒ 8 ǪȒȓȈȌȒȈ «ǪȐȏțȈȓȐȏȈȞȐȐ» ǴȈșȚȍȘȈ ȕȈșȚȘȖȑȒȐ 

Ǭȓȧ șȖȏȌȈȕȐȧ ȕȖȊȖȑ ǪȐȏțȈȓȐȏȈȞȐȐ ȕȍȖȉȝȖȌȐȔȖ ȊȣȉȘȈȚȤ «ǬȖȉȈȊȐȚȤ 
ȊȐȏțȈȓȐȏȈȞȐȦ». Ǫ ȘȍȏțȓȤȚȈȚȍ ȖȚȒȘȖȍȚșȧ ȖȒȕȖ ǵȈșȚȘȖȑȒȐ ȊȐȏțȈȓȐȏȈȞȐȐ. 
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Ǫ ȒȖȔȗȖȕȍȕȚȍ ȗȘȍȌțșȔȖȚȘȍȕȣ șȓȍȌțȦȡȐȍ ȚȐȗȣ ȊȐȏțȈȓȐȏȈȞȐȑ: 

 ǹȚȖȓȉȟȈȚȈȧ ȌȐȈȋȘȈȔȔȈ (Bar Chart). 
 ǬȐȈȋȘȈȔȔȈ ș ȕȈȒȖȗȓȍȕȐȍȔ (Stacked Bar Chart). 
 ǲȘțȋȖȊȈȧ ȌȐȈȋȘȈȔȔȈ (Pie Chart). 
 ǲȖȓȤȞȍȊȈȧ ȌȐȈȋȘȈȔȔȈ (Donut Chart). 
 ǳȐȕȍȑȕȣȑ ȋȘȈȜȐȒ (Line Chart). 
 ǺȖȟȍȟȕȣȑ ȋȘȈȜȐȒ (Scatter Plot). 
 ǺȖȟȍȟȕȣȑ 3D ȋȘȈȜȐȒ (Scatter Plot 3D). 
 ǬȐȈȋȘȈȔȔȈ ȘȈȏȔȈȝȈ (BoxPlot). 
 ǬȘȍȊȖȊȐȌȕȈȧ ȌȐȈȋȘȈȔȔȈ (Tree). 
 ǺȍȗȓȖȊȈȧ ȒȈȘȚȈ (HeatMap). 
 ǴȈȚȘȐȞȈ șȖȗȘȧȎȍȕȕȖșȚȐ. 

2.2.4.1. ǹȚȖȓȉȟȈȚȈȧ ȌȐȈȋȘȈȔȔȈ (Bar Chart) 

ǹȚȖȓȉȟȈȚȈȧ ȌȐȈȋȘȈȔȔȈ ȖȚȖȉȘȈȎȈȍȚ ȟȐșȓȖȊȖȍ șȘȈȊȕȍȕȐȍ ȔȍȎȌț ȘȈȏȕȣȔȐ 
ȒȈȚȍȋȖȘȐȧȔȐ. ǵȈ ȖȌȕȖȑ ȖșȐ (ȗȈȘȈȔȍȚȘ ǶșȤ X) ȗȘȍȌșȚȈȊȓȍȕȣ ȒȖȕȒȘȍȚȕȣȍ 
șȘȈȊȕȐȊȈȍȔȣȍ ȒȈȚȍȋȖȘȐȐ, Ȉ ȕȈ ȌȘțȋȖȑ (ȗȈȘȈȔȍȚȘ ǶșȤ Y) — ȠȒȈȓȈ ȟȐșȓȖȊȣȝ 
ȏȕȈȟȍȕȐȑ. ǬȐȈȋȘȈȔȔȈ ȚȈȒȎȍ ȗȖȏȊȖȓȧȍȚ ȖȚȘȈȎȈȚȤ ȋȘțȗȗȐȘȖȊȒț ȗȖ ȌȘțȋȖȑ ȒȈȚȍȋȖȘȐȐ 
ȗȘȐ ȗȖȔȖȡȐ ȞȊȍȚȈ (ȗȈȘȈȔȍȚȘ ǫȘțȗȗȐȘȖȊȒȈ). 

 

 

ǸȐșțȕȖȒ 9 ǹȚȖȓȉȟȈȚȈȧ ȌȐȈȋȘȈȔȔȈ ș ȊȍȘȚȐȒȈȓȤȕȣȔ ȕȈȗȘȈȊȓȍȕȐȍȔ șȚȖȓȉȞȖȊ Ȑ 
ȋȘțȗȗȐȘȖȊȒȖȑ 
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ǹȚȖȓȉȞȣ ȔȖȋțȚ ȉȣȚȤ ȘȈșȗȖȓȖȎȍȕȣ ȊȍȘȚȐȒȈȓȤȕȖ ȐȓȐ ȋȖȘȐȏȖȕȚȈȓȤȕȖ (ȗȈȘȈȔȍȚȘ 
ǵȈȗȘȈȊȓȍȕȐȍ). 

ǴȖȎȕȖ ȊȣȉȘȈȚȤ ȕȍșȒȖȓȤȒȖ ȈȚȘȐȉțȚȖȊ (ȗȈȘȈȔȍȚȘ ǶșȤ Y), ȕȖ ȚȖȋȌȈ ȉțȌȍȚ ȕȍȌȖșȚțȗȕȈ 
ǫȘțȗȗȐȘȖȊȒȈ. 

 

ǸȐșțȕȖȒ 10 ǹȚȖȓȉȟȈȚȈȧ ȌȐȈȋȘȈȔȔȈ ș ȕȍșȒȖȓȤȒȐȔȐ ȈȚȘȐȉțȚȈȔȐ 

2.2.4.2. ǬȐȈȋȘȈȔȔȈ ș ȕȈȒȖȗȓȍȕȐȍȔ (Stacked Bar Chart) 

ǬȐȈȋȘȈȔȔȈ ș ȕȈȒȖȗȓȍȕȐȍȔ ȗȖȒȈȏȣȊȈȍȚ ȊȒȓȈȌ ȕȍșȒȖȓȤȒȐȝ ȥȓȍȔȍȕȚȖȊ ȌȈȕȕȣȝ 
(ȗȈȘȈȔȍȚȘ ǶșȤ Y) Ȋ șțȔȔȐȘțȦȡȐȑ ȘȍȏțȓȤȚȈȚ Ȋ ȊȐȌȍ șȚȖȓȉȞȖȊ, ȘȈșȗȖȓȖȎȍȕȕȣȝ ȌȘțȋ 
ȕȈȌ ȌȘțȋȖȔ. ǪȣșȖȚȈ ȒȈȎȌȖȋȖ șȚȖȓȉȞȈ ȗȘȖȗȖȘȞȐȖȕȈȓȤȕȈ ȏȕȈȟȍȕȐȦ șȖȖȚȊȍȚșȚȊțȦȡȍȋȖ 
ȥȓȍȔȍȕȚȈ ȌȈȕȕȣȝ. ǹȘȈȊȕȍȕȐȍ ȗȘȖȐșȝȖȌȐȚ ȔȍȎȌț ȘȈȏȕȣȔȐ ȒȈȚȍȋȖȘȐȧȔȐ (ȗȈȘȈȔȍȚȘ 
ǶșȤ X). ǴȖȎȕȖ ȊȣȉȘȈȚȤ ȕȍșȒȖȓȤȒȖ ȈȚȘȐȉțȚȖȊ (ȗȈȘȈȔȍȚȘ ǶșȤ Y), ȕȖ ȚȖȋȌȈ ȉțȌȍȚ 
ȕȍȌȖșȚțȗȕȈ ǫȘțȗȗȐȘȖȊȒȈ (ȗȈȘȈȔȍȚȘ ǫȘțȗȗȐȘȖȊȒȈ). 

ǹȚȖȓȉȞȣ ȔȖȋțȚ ȉȣȚȤ ȘȈșȗȖȓȖȎȍȕȣ ȊȍȘȚȐȒȈȓȤȕȖ ȐȓȐ ȋȖȘȐȏȖȕȚȈȓȤȕȖ (ȗȈȘȈȔȍȚȘ 
ǵȈȗȘȈȊȓȍȕȐȍ). 
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ǸȐșțȕȖȒ 11 ǬȐȈȋȘȈȔȔȈ ș ȕȈȒȖȗȓȍȕȐȍȔ Ȑ ȕȍșȒȖȓȤȒȐȔȐ ȈȚȘȐȉțȚȈȔȐ ǶșȤ Y 

 

 

ǸȐșțȕȖȒ 12 ǬȐȈȋȘȈȔȔȈ ș ȕȈȒȖȗȓȍȕȐȍȔ Ȑ ȗȈȘȈȔȍȚȘȖȔ ǫȘțȗȗȐȘȖȊȒȈ 

2.2.4.3. ǫȐșȚȖȋȘȈȔȔȈ ș ȋȘțȗȗȐȘȖȊȒȖȑ (Grouped Histogram) 

ǫȐșȚȖȋȘȈȔȔȈ ȈȋȘȍȋȐȘțȍȚ ȟȐșȓȖȊȣȍ ȌȈȕȕȣȍ (ȗȈȘȈȔȍȚȘ ǶșȤ X) ȗȖ ȋȘțȗȗȈȔ ș 
ȘȈȊȕȣȔȐ ȐȕȚȍȘȊȈȓȈȔȐ, ȒȖȚȖȘȣȍ ȕȈȏȣȊȈȦȚ ȉȐȕȈȔȐ, Ȑ ȖȚȖȉȘȈȎȈȍȚ ȟȈșȚȖȚț 
ȊșȚȘȍȟȈȍȔȖșȚȐ ȏȕȈȟȍȕȐȑ Ȋ ȒȈȎȌȖȔ Ȑȏ ȉȐȕȖȊ (ȗȈȘȈȔȍȚȘ ǲȖȓȐȟȍșȚȊȖ ȉȐȕȖȊ). 
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ǸȐșțȕȖȒ 13 ǫȐșȚȖȋȘȈȔȔȈ 

Ǭȓȧ ȗȖșȚȘȖȍȕȐȧ ȋȐșȚȖȋȘȈȔȔȣ ș ȋȘțȗȗȐȘȖȊȒȖȑ ȕȍȖȉȝȖȌȐȔȖ ȏȈȌȈȚȤ ȈȚȘȐȉțȚ Ȍȓȧ 
ǫȘțȗȗȐȘȖȊȒȐ (ȗȈȘȈȔȍȚȘ ǫȘțȗȗȐȘȖȊȒȈ). 

 

 

ǸȐșțȕȖȒ 14 ǹȋȘțȗȗȐȘȖȊȈȕȕȈȧ ȋȐșȚȖȋȘȈȔȔȈ 

2.2.4.4. ǲȘțȋȖȊȈȧ ȌȐȈȋȘȈȔȔȈ (Pie Chart) 

ǲȘțȋȖȊȈȧ ȌȐȈȋȘȈȔȔȈ ȗȖȒȈȏȣȊȈȍȚ ȗȘȖȞȍȕȚȕȖȍ șȖȖȚȕȖȠȍȕȐȍ ȔȍȎȌț ȒȈȚȍȋȖȘȐȧȔȐ 
(ȗȈȘȈȔȍȚȘ ǲȈȚȍȋȖȘȐȧ). ǬȓȐȕȈ ȒȈȎȌȖȑ ȌțȋȐ ȗȘȍȌșȚȈȊȓȧȍȚ șȖȉȖȑ ȗȘȖȗȖȘȞȐȖȕȈȓȤȕțȦ 
ȌȓȐȕț ȒȈȚȍȋȖȘȐȐ (ȗȈȘȈȔȍȚȘ ǯȕȈȟȍȕȐȍ) ȖȚ ȌȓȐȕȣ Ȋșȍȑ ȖȒȘțȎȕȖșȚȐ, ȘȈȊȕȖȑ 100%. 
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ǸȐșțȕȖȒ 15 ǲȘțȋȖȊȈȧ ȌȐȈȋȘȈȔȔȈ 

ǭșȓȐ ȌȈȕȕȣȍ șȖȌȍȘȎȈȚ ȔȕȖȎȍșȚȊȖ ȒȈȚȍȋȖȘȐȑ, ȗȖȓȤȏȖȊȈȚȍȓȤ ȔȖȎȍȚ șȖȒȘȈȚȐȚȤ 
ȒȖȓȐȟȍșȚȊȖ ȖȚȖȉȘȈȎȈȍȔȣȝ ȕȈ ȌȐȈȋȘȈȔȔȍ ȒȈȚȍȋȖȘȐȑ Ȍȓȧ țȌȖȉșȚȊȈ ȐȕȚȍȘȗȘȍȚȈȞȐȐ 
(ȗȈȘȈȔȍȚȘ ǲȖȓȐȟȍșȚȊȖ ȒȈȚȍȋȖȘȐȑ). ǵȍ ȊȖȠȍȌȠȐȍ ȒȈȚȍȋȖȘȐȐ (șȖȋȓȈșȕȖ șȖȘȚȐȘȖȊȒȐ 
ȗȖ țȉȣȊȈȕȐȦ) ȖȉȢȍȌȐȕȧȦȚșȧ Ȋ ȍȌȐȕțȦ ȒȈȚȍȋȖȘȐȦ. 

2.2.4.5. ǲȖȓȤȞȍȊȈȧ ȌȐȈȋȘȈȔȔȈ (Donut Chart) 

ǲȖȓȤȞȍȊȈȧ ȌȐȈȋȘȈȔȔȈ ȗȘȍȌșȚȈȊȓȧȍȚ șȖȉȖȑ ȒȘțȋȖȊțȦ ȌȐȈȋȘȈȔȔț, ȕȖ ș ȊȣȘȍȏȈȕȕȖȑ 
ȞȍȕȚȘȈȓȤȕȖȑ ȟȈșȚȤȦ. ЭȚȖ ȗȖȏȊȖȓȧȍȚ ȗȖȓȤȏȖȊȈȚȍȓȦ șȖșȘȍȌȖȚȖȟȐȚȤ ȊȕȐȔȈȕȐȍ ȕȈ 
ȌȓȐȕȍ Ȍțȋ, Ȉ ȕȍ ȕȈ șȖȗȖșȚȈȊȓȍȕȐȐ ȗȘȖȗȖȘȞȐȑ șȍȋȔȍȕȚȖȊ. 

 

 

ǸȐșțȕȖȒ 16 ǲȖȓȤȞȍȊȈȧ ȌȐȈȋȘȈȔȔȈ 
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ǨȕȈȓȖȋȐȟȕȖ ȒȘțȋȖȊȖȑ ȌȐȈȋȘȈȔȔȍ ȗȖȓȤȏȖȊȈȚȍȓȤ ȔȖȎȍȚ șȖȒȘȈȚȐȚȤ ȒȖȓȐȟȍșȚȊȖ 
ȖȚȖȉȘȈȎȈȍȔȣȝ ȕȈ ȌȐȈȋȘȈȔȔȍ ȒȈȚȍȋȖȘȐȑ (ȗȈȘȈȔȍȚȘ ǲȖȓȐȟȍșȚȊȖ ȒȈȚȍȋȖȘȐȑ). ǵȍ 
ȊȖȠȍȌȠȐȍ ȒȈȚȍȋȖȘȐȐ (șȖȋȓȈșȕȖ șȖȘȚȐȘȖȊȒȐ ȗȖ țȉȣȊȈȕȐȦ) ȖȉȢȍȌȐȕȧȦȚșȧ Ȋ ȍȌȐȕțȦ 
ȒȈȚȍȋȖȘȐȦ. 

2.2.4.6. ǳȐȕȍȑȕȣȑ ȋȘȈȜȐȒ (Line Chart) 

ǳȐȕȍȑȕȣȑ ȋȘȈȜȐȒ ȖȚȖȉȘȈȎȈȍȚ ȐȏȔȍȕȍȕȐȍ ȗȖȒȈȏȈȚȍȓȍȑ (ȗȈȘȈȔȍȚȘ ǶșȤ Y) ȏȈ 
ȕȍȒȖȚȖȘȣȑ ȐȕȚȍȘȊȈȓ (ȗȈȘȈȔȍȚȘ ǶșȤ X). ǲȈȒ ȗȘȈȊȐȓȖ, ȕȈ ȖșȐ Y ȖȚȔȍȟȈȦȚșȧ 
ȒȖȓȐȟȍșȚȊȍȕȕȣȍ ȏȕȈȟȍȕȐȧ, Ȉ ȕȈ ȖșȐ X ȠȒȈȓȈ ȗȖșȓȍȌȖȊȈȚȍȓȤȕȖșȚȍȑ. 

 

 

ǸȐșțȕȖȒ 17 ǳȐȕȍȑȕȣȑ ȋȘȈȜȐȒ 

ǺȈȒȎȍ ȗȘȍȌțșȔȖȚȘȍȕȈ ȊȖȏȔȖȎȕȖșȚȤ ȋȘțȗȗȐȘȖȊȒȐ ȕȈȉȓȦȌȍȕȐȑ ȗȖ ȞȊȍȚț (ȗȈȘȈȔȍȚȘ 
ǫȘțȗȗȐȘȖȊȒȈ). 

ǪȣȉȘȈȊ ȟȍȒȉȖȒș ǯȈȗȖȓȕȧȚȤ, ȗȖȓȤȏȖȊȈȚȍȓȤ ȔȖȎȍȚ ȗȖșȚȘȖȐȚȤ ȕȈȒȖȗȐȚȍȓȤȕțȦ 
ȌȐȈȋȘȈȔȔț, Ȋ ȒȖȚȖȘȖȑ ȖȉȓȈșȚȤ ȕȐȎȍ ȓȐȕȐȐ ȏȈȗȖȓȕȍȕȈ ȖȗȘȍȌȍȓёȕȕȣȔ ȞȊȍȚȖȔ. 

 

 

ǸȐșțȕȖȒ 18 ǳȐȕȍȑȕȣȑ ȋȘȈȜȐȒ ș ȕȈȒȖȗȓȍȕȐȍȔ 
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ǴȕȖȋȖȖșȍȊȈȧ ȌȐȈȋȘȈȔȔȈ ȗȖȏȊȖȓȧȍȚ șȘȈȊȕȐȚȤ ȕȍșȒȖȓȤȒȖ ȗȖȒȈȏȈȚȍȓȍȑ ș ȘȈȏȓȐȟȕȣȔȐ 
ȌȐȈȗȈȏȖȕȈȔȐ ȏȕȈȟȍȕȐȑ Ȑ ȐșȗȖȓȤȏțȍȚ Ȍȓȧ ȥȚȖȋȖ ȌȊȍ ȐȓȐ ȉȖȓȍȍ ȖșȐ Y Ȑ ȖȌȕț ȖȉȡțȦ 
ȖșȤ X (ȟȍȒȉȖȒș ǸȈȏȉȐȊȈȚȤ ȗȖ ȖșȐ Y). 

 

 

ǸȐșțȕȖȒ 19 ǴȕȖȋȖȖșȍȊȖȑ ȓȐȕȍȑȕȣȑ ȋȘȈȜȐȒ 

2.2.4.7. ǺȖȟȍȟȕȣȑ ȋȘȈȜȐȒ (Scatter Plot) 

ǺȖȟȍȟȕȣȑ ȋȘȈȜȐȒ ȈȒȚȐȊȕȖ ȐșȗȖȓȤȏțȍȚșȧ Ȍȓȧ: 

 ǶȞȍȕȒȐ ȒȖȘȘȍȓȧȞȐȐ ȗȍȘȍȔȍȕȕȣȝ; 

 ǶȉȕȈȘțȎȍȕȐȧ ȊȣȉȘȖșȖȊ Ȑ ȖȠȐȉȖȒ Ȋ ȌȈȕȕȣȝ; 

 ǶȞȍȕȒȐ șȒțȟȍȕȕȖșȚȐ ȕȈȉȓȦȌȍȕȐȑ. 

Ǭȓȧ ȗȖșȚȘȖȍȕȐȧ ȋȘȈȜȐȒȈ ȗȖȓȤȏȖȊȈȚȍȓȦ ȕȍȖȉȝȖȌȐȔȖ ȏȈȌȈȚȤ ȌȊȍ ȒȖȓȐȟȍșȚȊȍȕȕȣȍ 
ȗȍȘȍȔȍȕȕȣȍ (ȗȈȘȈȔȍȚȘȣ ǶșȤ X Ȑ ǶșȤ Y). 

 

 

ǸȐșțȕȖȒ 20 ǺȖȟȍȟȕȣȑ ȋȘȈȜȐȒ 
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ǷȘȐ ȕȍȖȉȝȖȌȐȔȖșȚȐ ȔȖȎȕȖ ȔȈșȠȚȈȉȐȘȖȊȈȚȤ ȕȈȉȓȦȌȍȕȐȧ șȖȋȓȈșȕȖ ȏȕȈȟȍȕȐȦ ȚȘȍȚȤȍȑ 
ȒȖȓȐȟȍșȚȊȍȕȕȖȑ ȗȍȘȍȔȍȕȕȖȑ (ȗȈȘȈȔȍȚȘ ǸȈȏȔȍȘ). 

 

ǸȐșțȕȖȒ 21 ǺȖȟȍȟȕȣȑ ȋȘȈȜȐȒ ș ȏȈȌȈȕȕȣȔ ȗȈȘȈȔȍȚȘȖȔ ǸȈȏȔȍȘ 

ǷȖȓȤȏȖȊȈȚȍȓȤ ȚȈȒȎȍ ȔȖȎȍȚ ȗȘȐșȊȖȐȚȤ ȞȊȍȚ ȕȈȉȓȦȌȍȕȐȧȔ șȖȋȓȈșȕȖ ȏȕȈȟȍȕȐȦ 
ȕȍȒȖȚȖȘȖȑ ȒȈȚȍȋȖȘȐȈȓȤȕȖȑ ȗȍȘȍȔȍȕȕȖȑ (ȗȈȘȈȔȍȚȘ ǫȘțȗȗȐȘȖȊȒȈ). 

 

 

ǸȐșțȕȖȒ 22 ǺȖȟȍȟȕȣȑ ȋȘȈȜȐȒ ș ȏȈȌȈȕȕȣȔȐ ȗȈȘȈȔȍȚȘȈȔȐ ǸȈȏȔȍȘ Ȑ ǫȘțȗȗȐȘȖȊȒȈ 

2.2.4.8. ǺȖȟȍȟȕȣȑ 3D ȋȘȈȜȐȒ (Scatter Plot 3D) 

ǺȖȟȍȟȕȣȑ 3D ȋȘȈȜȐȒ ȖȚȖȉȘȈȎȈȍȚ ȖȚȕȖȠȍȕȐȍ ȚȘȍȝ ȒȖȓȐȟȍșȚȊȍȕȕȣȝ ȗȍȘȍȔȍȕȕȣȝ 
(ȗȈȘȈȔȍȚȘȣ ǶșȤ X, ǶșȤ Y Ȑ ǶșȤ Z) Ȋ ȚȘȍȝȔȍȘȕȖȔ ȗȘȖșȚȘȈȕșȚȊȍ, ȗȖȏȊȖȓȧȍȚ 
ȔȈșȠȚȈȉȐȘȖȊȈȚȤ ȕȈȉȓȦȌȍȕȐȧ șȖȋȓȈșȕȖ ȟȍȚȊȍȘȚȖȑ ȒȖȓȐȟȍșȚȊȍȕȕȖȑ ȗȍȘȍȔȍȕȕȖȑ 
(ȗȈȘȈȔȍȚȘ ǸȈȏȔȍȘ) Ȑ ȞȊȍȚȖȊȣȔ ȋȘȈȌȐȍȕȚȖȔ ȊȣȌȍȓȐȚȤ ȘȈȏȓȐȟȐȧ ȗȖ ȗȧȚȖȑ 
ȒȖȓȐȟȍșȚȊȍȕȕȖȑ ȗȍȘȍȔȍȕȕȖȑ (ȗȈȘȈȔȍȚȘ ǾȊȍȚ). 
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ǸȐșțȕȖȒ 23 ǺȖȟȍȟȕȣȑ 3D ȋȘȈȜȐȒ ș ȏȈȌȈȕȕȣȔȐ ȗȈȘȈȔȍȚȘȈȔȐ ǸȈȏȔȍȘ Ȑ ǾȊȍȚ 

2.2.4.9. ǬȐȈȋȘȈȔȔȈ ȘȈȏȔȈȝȈ (Boxplot) 

ǬȐȈȋȘȈȔȔȈ ȘȈȏȔȈȝȈ («ȧȡȐȒ ș țșȈȔȐ») — țȌȖȉȕȣȑ șȗȖșȖȉ ȊȐȏțȈȓȤȕȖȋȖ 
ȗȘȍȌșȚȈȊȓȍȕȐȧ ȕȍȗȘȍȘȣȊȕȣȝ ȗȍȘȍȔȍȕȕȣȝ (ȗȈȘȈȔȍȚȘ ǷȍȘȍȔȍȕȕȈȧ), ȒȖȚȖȘȣȑ 
ȗȖȏȊȖȓȧȍȚ: 

 ǶȚȖȉȘȈȏȐȚȤ ȏȕȈȟȍȕȐȍ ȒȓȦȟȍȊȣȝ șȚȈȚȐșȚȐȒ: ȔȍȌȐȈȕȈ, ȊȍȘȝȕȐȑ/ȕȐȎȕȐȑ 
ȒȊȈȘȚȐȓȐ, ȔȈȒșȐȔȈȓȤȕȖȍ Ȑ ȔȐȕȐȔȈȓȤȕȖȍ ȏȕȈȟȍȕȐȍ ȊȣȉȖȘȒȐ. 

 ǪȣȧȊȐȚȤ ȊȣȉȘȖșȣ. 

 ǶȗȘȍȌȍȓȐȚȤ șȚȍȗȍȕȤ ȘȈȏȉȘȖșȈ (ȌȐșȗȍȘșȐȐ) Ȑ ȈșȐȔȔȍȚȘȐȐ ȌȈȕȕȣȝ. 

ǵȍșȒȖȓȤȒȖ ȚȈȒȐȝ ȌȐȈȋȘȈȔȔ ȔȖȎȕȖ ȕȈȘȐșȖȊȈȚȤ ȉȖȒ Ȗ ȉȖȒ, ȟȚȖȉȣ ȊȐȏțȈȓȤȕȖ 
șȘȈȊȕȐȊȈȚȤ ȘȈșȗȘȍȌȍȓȍȕȐȍ ȗȍȘȍȔȍȕȕȖȑ Ȋ ȘȈȏȕȣȝ ȋȘțȗȗȈȝ 
(ȗȈȘȈȔȍȚȘ ǫȘțȗȗȐȘȖȊȒȈ). ǬȐȈȋȘȈȔȔȣ ȔȖȎȕȖ ȘȈșȗȖȓȈȋȈȚȤ ȒȈȒ ȋȖȘȐȏȖȕȚȈȓȤȕȖ, ȚȈȒ Ȑ 
ȊȍȘȚȐȒȈȓȤȕȖ (ȗȈȘȈȔȍȚȘ ǵȈȗȘȈȊȓȍȕȐȍ). 

 

ǸȐșțȕȖȒ 24 ǬȐȈȋȘȈȔȔȈ ȘȈȏȔȈȝȈ 
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ǷȘȐ ȕȈȊȍȌȍȕȐȐ ȕȈ ȧȡȐȒ ȗȖȧȊȓȧȍȚșȧ ȗȈȕȍȓȤ șȖ șȓȍȌțȦȡȐȔȐ șȚȈȚȐșȚȐȒȈȔȐ: 

 Min — ȔȐȕȐȔȈȓȤȕȖȍ ȏȕȈȟȍȕȐȍ; 
 Q1 — ȕȐȎȕȐȑ ȒȊȈȘȚȐȓȤ; 
 Median — ȔȍȌȐȈȕȕȖȍ ȏȕȈȟȍȕȐȍ; 
 Q3 — ȊȍȘȝȕȐȑ ȒȊȈȘȚȐȓȤ; 
 Max — ȔȈȒșȐȔȈȓȤȕȖȍ ȏȕȈȟȍȕȐȍ. 

 

ǷȖȔȐȔȖ șȈȔȐȝ ȧȡȐȒȖȊ ȕȈ ȌȐȈȋȘȈȔȔȍ ȘȈȏȔȈȝȈ ȖȚȖȉȘȈȎȈȦȚșȧ ȊȣȗȈȌȈȦȡȐȍ ȏȕȈȟȍȕȐȧ 
Ȋ ȊȐȌȍ ȜȐȖȓȍȚȖȊȣȝ ȚȖȟȍȒ (ȏȈ ȗȘȍȌȍȓȈȔȐ ȗȖȓțȚȖȘȈ ȔȍȎȒȊȈȘȚȐȓȤȕȣȝ ȐȕȚȍȘȊȈȓȖȊ). 

2.2.4.10. ǬȘȍȊȖȊȐȌȕȈȧ ȌȐȈȋȘȈȔȔȈ (Tree) 

ǬȘȍȊȖȊȐȌȕȈȧ ȌȐȈȋȘȈȔȔȈ — ȥȚȖ ȔȍȚȖȌ ȊȐȏțȈȓȤȕȖȋȖ ȗȘȍȌșȚȈȊȓȍȕȐȧ ȐȍȘȈȘȝȐȐ Ȋ 
ȌȘȍȊȖȊȐȌȕȖȑ șȚȘțȒȚțȘȍ. 

ǹȚȘțȒȚțȘȈ ȌȘȍȊȖȊȐȌȕȖȑ ȌȐȈȋȘȈȔȔȣ șȖșȚȖȐȚ Ȑȏ șȓȍȌțȦȡȐȝ ȥȓȍȔȍȕȚȖȊ: 

 ǲȖȘȕȍȊȖȑ țȏȍȓ — ȥȓȍȔȍȕȚ, ȕȍ ȐȔȍȦȡȐȑ ȊȣȠȍșȚȖȧȡȍȋȖ ȥȓȍȔȍȕȚȈ, 
 ǻȏȓȣ Ȑ șȖȍȌȐȕȧȦȡȐȍ Ȑȝ ȓȐȕȐȐ — ȊȍȚȊȐ, ȒȖȚȖȘȣȍ ȖȉȖȏȕȈȟȈȦȚ ȊȏȈȐȔȖșȊȧȏȐ Ȑ 

ȖȚȕȖȠȍȕȐȧ ȔȍȎȌț ȥȓȍȔȍȕȚȈȔȐ, 
 ǳȐșȚȖȊȣȍ țȏȓȣ — ȥȓȍȔȍȕȚȣ, ț ȒȖȚȖȘȣȝ ȕȍȚ ȌȖȟȍȘȕȐȝ ȥȓȍȔȍȕȚȖȊ. 

 

Ǭȓȧ șȖȏȌȈȕȐȧ ȌȈȕȕȖȑ ȌȐȈȋȘȈȔȔȣ ȕȍȖȉȝȖȌȐȔȖ ȗȖșȓȍȌȖȊȈȚȍȓȤȕȖ țȒȈȏȈȚȤ 
ȒȈȚȍȋȖȘȐȈȓȤȕȣȍ ȗȍȘȍȔȍȕȕȣȍ (ȗȈȘȈȔȍȚȘ ǲȈȚȍȋȖȘȐȐ) Ȑ ȒȖȓȐȟȍșȚȊȍȕȕțȦ 
ȗȍȘȍȔȍȕȕțȦ, ȒȖȚȖȘȈȧ ȉțȌȍȚ ȖȚȘȈȎȈȚȤșȧ Ȋ ȒȈȎȌȖȔ țȏȓȍ (ȗȈȘȈȔȍȚȘ ǯȕȈȟȍȕȐȍ). 

 

 

ǸȐșțȕȖȒ 25 ǬȘȍȊȖȊȐȌȕȈȧ ȌȐȈȋȘȈȔȔȈ 

2.2.4.11. ǺȍȗȓȖȊȈȧ ȒȈȘȚȈ (Heat Map) 

ǺȍȗȓȖȊȣȍ ȒȈȘȚȣ ȗȖȏȊȖȓȧȦȚ ȈȕȈȓȐȏȐȘȖȊȈȚȤ ȔȕȖȋȖȔȍȘȕȣȍ ȌȈȕȕȣȍ ȏȈ șȟȍȚ 
ȘȈșȗȘȍȌȍȓȍȕȐȧ ȗȍȘȍȔȍȕȕȣȝ ȗȖ ȘȧȌȈȔ Ȑ șȚȖȓȉȞȈȔ Ȑ ȏȈȒȘȈȠȐȊȈȕȐȧ ȞȊȍȚȖȔ ȧȟȍȍȒ 
ȚȈȉȓȐȞȣ. 

ǸȧȌȣ ȖȚȖȉȘȈȎȈȦȚ ȖȌȕț ȒȈȚȍȋȖȘȐȦ (ȗȈȘȈȔȍȚȘ ǹȚȘȖȒȐ), Ȉ Ȋșȍ șȚȖȓȉȞȣ — ȌȘțȋțȦ 
(ȗȈȘȈȔȍȚȘȣ ǹȚȖȓȉȞȣ). ǶȚȌȍȓȤȕȣȍ ȘȧȌȣ Ȑ șȚȖȓȉȞȣ ȌȍȓȧȚșȧ ȕȈ ȗȖȌȒȈȚȍȋȖȘȐȐ, 
ȗȍȘȍșȍȒȈȦȡȐȍșȧ ȌȘțȋ ș ȌȘțȋȖȔ Ȋ ȘȈȔȒȈȝ ȔȈȚȘȐȞȣ. Ǫ ȧȟȍȑȒȈȝ ȚȈȉȓȐȞȣ șȖȌȍȘȎȈȚșȧ 
ȖȚȖȉȘȈȎȈȍȔȣȍ Ȋ ȞȊȍȚȍ ȒȖȓȐȟȍșȚȊȍȕȕȣȍ ȌȈȕȕȣȍ (ȗȈȘȈȔȍȚȘ ǾȊȍȚ). ǬȈȕȕȣȍ ȒȈȎȌȖȑ 
ȧȟȍȑȒȐ ȖșȕȖȊȈȕȣ ȕȈ ȊȏȈȐȔȖșȊȧȏȐ ȌȊțȝ ȗȍȘȍȔȍȕȕȣȝ: Ȋ șȚȘȖȒȍ Ȑ Ȋ șȚȖȓȉȞȍ. 
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ǸȐșțȕȖȒ 26 ǺȍȗȓȖȊȈȧ ȒȈȘȚȈ 

2.2.4.12. ǴȈȚȘȐȞȈ șȖȗȘȧȎȍȕȕȖșȚȐ (Pivot) 

ǺȈȉȓȐȞȈ șȖȗȘȧȎȍȕȕȖșȚȐ șȓțȎȐȚ Ȍȓȧ ȖȗȐșȈȕȐȧ șȊȧȏȐ ȌȊțȝ ȕȖȔȐȕȈȓȤȕȣȝ 
ȗȍȘȍȔȍȕȕȣȝ, ȕȈ ȗȍȘȍșȍȟȍȕȐȍ șȚȖȓȉȖȊ (ȗȈȘȈȔȍȚȘ ǹȚȖȓȉȞȣ) Ȑ șȚȘȖȒ (ȗȈȘȈȔȍȚȘ 
ǹȚȘȖȒȐ) ȒȖȚȖȘȖȑ țȒȈȏȣȊȈȍȚșȧ ȟȈșȚȖȚȈ șȖȊȔȍșȚȕȖȋȖ ȗȖȧȊȓȍȕȐȧ șȖȖȚȊȍȚșȚȊțȦȡȐȝ 
ȏȕȈȟȍȕȐȑ ȌȊțȝ ȗȘȐȏȕȈȒȖȊ. 

 

ǸȐșțȕȖȒ 27 ǴȈȚȘȐȞȈ șȖȗȘȧȎȍȕȕȖșȚȐ 

2.2.4.13. ǬȐȈȋȘȈȔȔȈ-ȘȈȌȈȘ (Radar) 

ǬȐȈȋȘȈȔȔȈ-ȘȈȌȈȘ ȗȘȍȌșȚȈȊȓȧȍȚ șȖȉȖȑ ȓȐȕȍȑȕȣȍ ȋȘȈȜȐȒȐ, Ȋ ȒȖȚȖȘȣȝ ȏȕȈȟȍȕȐȧ ǶșȐ 
X ȖȉȍȘȕțȚȣ ȕȈ 360 ȋȘȈȌțșȖȊ Ȑ Ȍȓȧ ȒȈȎȌȖȋȖ ȏȕȈȟȍȕȐȧ x ȐȔȍȦȚșȧ ȏȕȈȟȍȕȐȧ ǶșȐ Y. 

Ǭȓȧ ȒȖȘȘȍȒȚȕȖȋȖ ȖȚȖȉȘȈȎȍȕȐȧ ȋȘȈȜȐȒȈ ȕȍȖȉȝȖȌȐȔȖ ȏȈȌȈȚȤ ȕȍ Ȕȍȕȍȍ 3 ȈȋȘȍȋȈȞȐȑ ȗȖ 
ǶșȐ Y. 
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ǸȐșțȕȖȒ 28 ǬȐȈȋȘȈȔȔȈ-ȘȈȌȈȘ 

ǷȘȐ ȊȣȉȖȘȍ ȟȍȒȉȖȒșȈ ǸȈȏȌȍȓȐȚȤ ȕȈ ȕȍșȒȖȓȤȒȖ ȋȘȈȜȐȒȖȊ ȉțȌțȚ ȗȖșȚȘȖȍȕȣ 
ȋȘȈȜȐȒȐ, ȒȖȓȐȟȍșȚȊȖȔ șȖȊȗȈȌȈȦȡȐȍ ș ȟȐșȓȖȔ țȕȐȒȈȓȤȕȣȝ ȏȕȈȟȍȕȐȑ ȗȍȘȍȔȍȕȕȖȑ 
ǶșȐ X. 

 

 

ǸȐșțȕȖȒ 29 ǬȐȈȋȘȈȔȔȈ-ȘȈȌȈȘ ș ȘȈȏȌȍȓȍȕȐȍȔ ȕȈ 2 ȋȘȈȜȐȒȈ 
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2.2.5. ǲȖȘȘȍȓȧȞȐȧ 

ǬȈȕȕȈȧ ȊȒȓȈȌȒȈ ȗȘȍȌșȚȈȊȓȧȍȚ șȖȉȖȑ șȗȐșȖȒ ȒȖȘȘȍȓȧȞȐȖȕȕȣȝ ȔȈȚȘȐȞ, ȒȖȚȖȘȣȍ 
ȉțȌțȚ ȘȈșșȟȐȚȈȕȣ Ȋ ȝȖȌȍ ǰșșȓȍȌȖȊȈȕȐȧ. 

 

ǸȐșțȕȖȒ 30 ǪȒȓȈȌȒȈ «ǲȖȘȘȍȓȧȞȐȧ» ǴȈșȚȍȘȈ ȕȈșȚȘȖȑȒȐ 

ǲȖȘȘȍȓȧȞȐȖȕȕȈȧ ȔȈȚȘȐȞȈ — ȥȚȖ ȒȊȈȌȘȈȚȕȈȧ ȚȈȉȓȐȞȈ, Ȋ ȒȖȚȖȘȖȑ ȕȈ ȗȍȘȍșȍȟȍȕȐȐ 
șȖȖȚȊȍȚșȚȊțȦȡȐȝ șȚȘȖȒȐ Ȑ șȚȖȓȉȞȈ ȕȈȝȖȌȐȚșȧ ȒȖȥȜȜȐȞȐȍȕȚ ȒȖȘȘȍȓȧȞȐȐ Ȍȓȧ 
șȖȖȚȊȍȚșȚȊțȦȡȍȑ ȗȈȘȣ ȗȘȐȏȕȈȒȖȊ. ǲȖȥȜȜȐȞȐȍȕȚ ȒȖȘȘȍȓȧȞȐȐ — șȚȈȚȐșȚȐȟȍșȒȈȧ 
ȔȍȘȈ, ȒȖȚȖȘȈȧ ȖȚȘȈȎȈȍȚ șȐȓț șȊȧȏȐ ȔȍȎȌț ȗȘȐȏȕȈȒȈȔȐ. 

Ǭȓȧ șȖȏȌȈȕȐȧ ȕȖȊȖȑ ȒȖȘȘȍȓȧȞȐȖȕȕȖȑ ȔȈȚȘȐȞȣ ȕȍȖȉȝȖȌȐȔȖ: 

 ǪȣȉȘȈȚȤ «ǬȖȉȈȊȐȚȤ ȒȖȘȘȍȓȧȞȐȦ». 

 Ǫ ȖȚȒȘȣȊȠȍȔșȧ ȖȒȕȍ ǵȈșȚȘȖȑȒȐ ȒȖȘȘȍȓȧȞȐȐ ȏȈȌȈȚȤ ǵȈȏȊȈȕȐȍ ȒȖȘȘȍȓȧȞȐȐ. 

 ǬȖȉȈȊȐȚȤ ȕȍȖȉȝȖȌȐȔȣȍ Ȍȓȧ ȈȕȈȓȐȏȈ ȗȘȐȏȕȈȒȐ, ȊȣȉȘȈȊ șȖȖȚȊȍȚșȚȊțȦȡȐȍ 
ȟȍȒȉȖȒșȣ ȘȧȌȖȔ, Ȑ ȕȈȎȈȚȤ ȕȈ șȚȘȍȓȒț ȗȍȘȍȕȖșȈ Ȋ ȗȘȈȊȖȍ ȗȖȓȍ (Ȍȓȧ 
ȌȖȉȈȊȓȍȕȐȧ Ȋșȍȝ ȐȔȍȦȡȐȝșȧ ȈȚȘȐȉțȚȖȊ ȊȣȉȘȈȚȤ ȟȍȒȉȖȒș ȘȧȌȖȔ ș ǬȖȉȈȊȐȚȤ Ȋ 
ȒȖȘȘȍȓȧȞȐȦ Ȋ ȓȍȊȖȔ ȗȖȓȍ. 

 CȖȝȘȈȕȐȚȤ ȗȈȘȈȔȍȚȘȣ. 
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ǸȐșțȕȖȒ 31 ǶȒȕȖ ǵȈșȚȘȖȑȒȐ ȒȖȘȘȍȓȧȞȐȐ 

2.2.6. ǲȓȈșȚȍȘȐȏȈȞȐȧ 

ǬȈȕȕȈȧ ȊȒȓȈȌȒȈ ȗȘȍȌșȚȈȊȓȧȍȚ șȖȉȖȑ șȗȐșȖȒ ș ȗȘȖȞȍȌțȘȈȔȐ ȒȓȈșȚȍȘȕȖȋȖ ȈȕȈȓȐȏȈ, 
ȒȖȚȖȘȣȍ ȉțȌțȚ ȘȈșșȟȐȚȈȕȣ Ȋ ȝȖȌȍ ǰșșȓȍȌȖȊȈȕȐȧ. 

 

ǸȐșțȕȖȒ 32 ǪȒȓȈȌȒȈ «ǲȓȈșȚȍȘȐȏȈȞȐȧ» ǴȈșȚȍȘȈ ȕȈșȚȘȖȑȒȐ 
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ǲȓȈșȚȍȘȐȏȈȞȐȧ — ȥȚȖ ȘȈȏȉȐȍȕȐȍ ȔȕȖȎȍșȚȊȈ ȖȉȢȍȒȚȖȊ ȕȈ ȗȖȌȔȕȖȎȍșȚȊȈ (ȒȓȈșȚȍȘȣ) 
ȗȖ ȏȈȌȈȕȕȖȔț ȒȘȐȚȍȘȐȦ. 

ǵȈ ȥȚȈȗȍ ȐșșȓȍȌȖȊȈȕȐȧ ȗȖȓȍȏȕȖ ȗȖȓțȟȐȚȤ ȈȗȘȐȖȘȕțȦ ȐȕȜȖȘȔȈȞȐȦ Ȗȉ ȐșȝȖȌȕȣȝ 
ȌȈȕȕȣȝ, ȟȚȖȉȣ ȕȈ ȥȚȈȗȍ ȗȖșȚȘȖȍȕȐȧ ȔȖȌȍȓȐ k-șȘȍȌȕȐȝ țȒȈȏȈȚȤ ȗȈȘȈȔȍȚȘ, ȒȖȚȖȘȣȑ 
ȉțȌȍȚ țȊȍȓȐȟȐȊȈȚȤ ȍȍ ȗȘȍȌșȒȈȏȈȚȍȓȤȕțȦ șȗȖșȖȉȕȖșȚȤ. 

Ǭȓȧ șȖȏȌȈȕȐȧ ȕȖȊȖȑ ȗȘȖȞȍȌțȘȣ ȒȓȈșȚȍȘȕȖȋȖ ȈȕȈȓȐȏȈ ȕȍȖȉȝȖȌȐȔȖ: 

 ǪȣȉȘȈȚȤ «ǬȖȉȈȊȐȚȤ ȒȓȈșȚȍȘ». 

 Ǫ ȖȚȒȘȣȊȠȍȔșȧ ȖȒȕȍ ǵȈșȚȘȖȑȒȐ ȒȓȈșȚȍȘȐȏȈȞȐȐ ȏȈȌȈȚȤ ȗȈȘȈȔȍȚȘȣ 
(ȗȖȌȘȖȉȕȍȍ Ȋ ȚȈȉȓȐȞȍ ȕȐȎȍ). 

 ǹȖȝȘȈȕȐȚȤ ȗȈȘȈȔȍȚȘȣ. 

 

ǸȐșțȕȖȒ 33 ǶȒȕȖ ǵȈșȚȘȖȑȒȐ ȒȓȈșȚȍȘȐȏȈȞȐȐ 

ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ 

ǵȈȏȊȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ 
ȏȕȈȟȍȕȐȍ ȕȍȚ 

ǵȈȏȊȈȕȐȍ, ȒȖȚȖȘȖȍ ȉțȌȍȚ ȖȚȖȉȘȈȎȈȚȤșȧ Ȋ 
ȘȍȏțȓȤȚȈȚȈȝ ȐșșȓȍȌȖȊȈȕȐȧ 

ǲȖȓȐȟȍșȚȊȖ 
ȒȓȈșȚȍȘȖȊ 

ǸțȟȕȖȑ ȊȊȖȌ 
ȞȍȓȖȟȐșȓȍȕȕȖȋȖ 
ȏȕȈȟȍȕȐȧ ȉȖȓȤȠȍ 0 
ǷȖ țȔȖȓȟȈȕȐȦ — 5 

ǯȈȌȈȕȐȍ ȟȐșȓȈ ȒȓȈșȚȍȘȖȊ, ȕȈ ȒȖȚȖȘȣȍ 
ȉțȌȍȚ ȌȍȓȐȚȤșȧ ȊȍȒȚȖȘȕȖȍ ȗȘȖșȚȘȈȕșȚȊȖ. 

Random Seed ǸțȟȕȖȑ ȊȊȖȌ ȟȐșȓȖȊȖȋȖ 
ȏȕȈȟȍȕȐȧ 
ǷȖ țȔȖȓȟȈȕȐȦ — 42 

ǵȈȟȈȓȤȕȖȍ ȟȐșȓȖȊȖȍ ȏȕȈȟȍȕȐȍ Ȍȓȧ 
ȋȍȕȍȘȈȚȖȘȈ șȓțȟȈȑȕȣȝ ȟȐșȍȓ 
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ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ 

ǺȐȗ 
ȐȕȐȞȐȈȓȐȏȈȞȐȐ 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ 
șȗȐșȖȒ șȖ șȓȍȌțȦȡȐȔȐ 
ȏȕȈȟȍȕȐȧȔȐ: 

 k-means++ (ǷȖ 
țȔȖȓȟȈȕȐȦ) 

 Forgy 
 Random 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȖȚȊȍȟȈȍȚ ȏȈ ȊȣȉȖȘ 
ȔȍȚȖȌȈ ȐȕȐȞȐȈȓȐȏȈȞȐȐ ȕȈȟȈȓȤȕȣȝ ȚȖȟȍȒ 
ȒȓȈșȚȍȘȖȊ. ǷȘȍȌțșȔȖȚȘȍȕȣ: 

 k-means++ 
ǰȌȍȧ ȔȍȚȖȌȈ k-means++ șȖșȚȖȐȚ Ȋ 
ȚȖȔ, ȟȚȖȉȣ ȊȣȉȘȈȚȤ ȕȈȟȈȓȤȕȣȍ 
ȚȖȟȒȐ, ȒȖȚȖȘȣȍ ȕȈȝȖȌȧȚșȧ ȒȈȒ 
ȔȖȎȕȖ ȌȈȓȤȠȍ ȌȘțȋ ȖȚ ȌȘțȋȈ. 

 Forgy  
ǴȍȚȖȌ Forgy șȓțȟȈȑȕȣȔ ȖȉȘȈȏȖȔ 
ȊȣȉȐȘȈȍȚ k ȕȈȉȓȦȌȍȕȐȑ (ȗȖ ȟȐșȓț 
ȏȈȌȈȕȕȣȝ ȒȓȈșȚȍȘȖȊ) Ȑȏ ȕȈȉȖȘȈ 
ȌȈȕȕȣȝ Ȑ ȐșȗȖȓȤȏțȍȚ Ȑȝ Ȋ 
ȒȈȟȍșȚȊȍ ȕȈȟȈȓȤȕȣȝ ȏȕȈȟȍȕȐȑ. 

 Random 
ǴȍȚȖȌ Random șȕȈȟȈȓȈ șȓțȟȈȑȕȣȔ 
ȖȉȘȈȏȖȔ ȕȈȏȕȈȟȈȍȚ ȒȓȈșȚȍȘ 
ȒȈȎȌȖȔț ȕȈȉȓȦȌȍȕȐȦ, Ȉ ȏȈȚȍȔ 
ȗȍȘȍȝȖȌȐȚ Ȓ ȥȚȈȗț ȖȉȕȖȊȓȍȕȐȧ, 
ȚȈȒȐȔ ȖȉȘȈȏȖȔ ȊȣȟȐșȓȧȧ 
ȕȈȟȈȓȤȕȖȍ șȘȍȌȕȍȍ ȏȕȈȟȍȕȐȍ ȒȈȒ 
ȞȍȕȚȘȖȐȌ șȓțȟȈȑȕȖ ȕȈȏȕȈȟȍȕȕȣȝ 
ȚȖȟȍȒ ȒȓȈșȚȍȘȈ. 

ǺȐȗ 
șȚȈȕȌȈȘȚȐȏȈȞȐȐ 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ 
șȗȐșȖȒ șȖ șȓȍȌțȦȡȐȔȐ 
ȏȕȈȟȍȕȐȧȔȐ: 

 ǵȍ ȊȣȉȘȈȕȖ 
 ǹȚȈȕȌȈȘȚȕȖȍ 

ȖȚȒȓȖȕȍȕȐȍ (ǷȖ 
țȔȖȓȟȈȕȐȦ) 

 ǵȖȘȔȈȓȐȏȈȞȐȧ 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȚȐȗ 
șȚȈȕȌȈȘȚȐȏȈȞȐȐ ȌȈȕȕȣȝ. ǷȘȍȌțșȔȖȚȘȍȕȣ: 

 ǵȍ ȊȣȉȘȈȕȖ 
ǵȍ șȚȈȕȌȈȘȚȐȏȐȘȖȊȈȚȤ 

 ǹȚȈȕȌȈȘȚȕȖȍ ȖȚȒȓȖȕȍȕȐȍ  
ǰȏ ȒȈȎȌȖȑ ȏȈȗȐșȐ ȊȣȟȐȚȈȍȚșȧ 
șȘȍȌȕȍȍ ȏȕȈȟȍȕȐȍ Ȑ ȘȍȏțȓȤȚȈȚ 
ȌȍȓȐȚșȧ ȕȈ șȚȈȕȌȈȘȚȕȖȍ 
ȖȚȒȓȖȕȍȕȐȍ 

 ǵȖȘȔȈȓȐȏȈȞȐȧ  
ǰȏ ȒȈȎȌȖȑ ȏȈȗȐșȐ ȊȣȟȐȚȈȍȚșȧ 
ȔȐȕȐȔȈȓȤȕȖȍ ȏȕȈȟȍȕȐȍ Ȑ 
ȘȍȏțȓȤȚȈȚ ȌȍȓȐȚșȧ ȕȈ ȘȈȏȕȐȞț 
ȔȍȎȌț ȔȈȒșȐȔȈȓȤȕȣȔ Ȑ 
ȔȐȕȐȔȈȓȤȕȣȔ ȏȕȈȟȍȕȐȍȔ 

ǷȖȌȋȖȚȖȊȐȚȤ 
ȌȈȕȕȣȍ 

ǿȍȒȉȖȒș ǪȣȉȖȘ ȌȈȕȕȖȋȖ ȟȍȒȉȖȒșȈ țȒȈȏȣȊȈȍȚ ȕȈ 
ȕȍȖȉȝȖȌȐȔȖșȚȤ: 

 ǯȈȔȍȕȐȚȤ ȗȘȖȗțȡȍȕȕȣȍ ȏȕȈȟȍȕȐȧ 
ȒȖȓȐȟȍșȚȊȍȕȕȖȑ ȗȍȘȍȔȍȕȕȖȑ ȕȈ 
mean 

 ǯȈȔȍȕȐȚȤ ȗȘȖȗțȡȍȕȕȣȍ ȏȕȈȟȍȕȐȧ 
ȒȈȚȍȋȖȘȐȈȓȤȕȖȑ ȗȍȘȍȔȍȕȕȖȑ ȕȈ 
ȚȍȒșȚȖȊȣȑ None 

ǲȖȓȐȟȍșȚȊȖ ȉȐȕȖȊ 
Ȋ ȋȘȈȜȐȒȍ Ȋ 
ȗȈȘȈȓȓȍȓȤȕȣȝ 
ȒȖȖȘȌȐȕȈȚȈȝ 

ǸțȟȕȖȑ ȊȊȖȌ 
ȞȍȓȖȟȐșȓȍȕȕȖȋȖ 
ȏȕȈȟȍȕȐȧ 
ǩȖȓȤȠȍ 0 
ǷȖ țȔȖȓȟȈȕȐȦ — 10 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȒȖȓȐȟȍșȚȊȖ 
ȉȐȕȖȊ, ȕȈ ȒȖȚȖȘȖȍ ȌȍȓȧȚșȧ ȕȈȉȓȦȌȍȕȐȧ 
Ȍȓȧ ȖȚȖȉȘȈȎȍȕȐȧ ȕȈ ȋȘȈȜȐȒȍ Ȋ 
ȗȈȘȈȓȓȍȓȤȕȣȝ ȒȖȖȘȌȐȕȈȚȈȝ 

ǨȚȘȐȉțȚȣ ǹȗȐșȖȒ ȈȚȘȐȉțȚȖȊ, 
ȌȖșȚțȗȕȣȝ Ȋ ȕȈȉȖȘȍ 
ȌȈȕȕȣȝ 

ǪȣȉȖȘ ȈȚȘȐȉțȚȖȊ ȕȈȉȖȘȈ ȌȈȕȕȣȝ Ȍȓȧ 
ȗȘȖȊȍȌȍȕȐȧ ȒȓȈșȚȍȘȕȖȋȖ ȈȕȈȓȐȏȈ 

ǺȈȉȓȐȞȈ 2 ǷȈȘȈȔȍȚȘȣ ȒȓȈșȚȍȘȐȏȈȞȐȐ 
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2.2.7. ǹȚȈȚȐșȚȐȟȍșȒȐȍ ȚȍșȚȣ 

ǬȈȕȕȈȧ ȊȒȓȈȌȒȈ ȗȘȍȌșȚȈȊȓȧȍȚ șȖȉȖȑ șȗȐșȖȒ șȚȈȚȐșȚȐȟȍșȒȐȝ ȚȍșȚȖȊ, ȒȖȚȖȘȣȍ ȉțȌțȚ 
ȘȈșșȟȐȚȈȕȣ Ȋ ȝȖȌȍ ǰșșȓȍȌȖȊȈȕȐȧ. 

 

ǸȐșțȕȖȒ 34 ǪȒȓȈȌȒȈ «ǹȚȈȚȐșȚȐȟȍșȒȐȍ ȚȍșȚȣ» ǴȈșȚȍȘȈ ȕȈșȚȘȖȑȒȐ 

ǹȚȈȚȐșȚȐȟȍșȒȐȍ ȚȍșȚȣ ȐșȗȖȓȤȏțȦȚșȧ Ȍȓȧ ȚȍșȚȐȘȖȊȈȕȐȧ șȚȈȚȐșȚȐȟȍșȒȐȝ ȋȐȗȖȚȍȏ Ȗ 
ȊȐȌȍ ȘȈșȗȘȍȌȍȓȍȕȐȧ ȕȈȉȓȦȌȍȕȐȑ: 

 ǵțȓȍȊȈȧ ȋȐȗȖȚȍȏȈ: ȊȣȉȖȘȒȈ ȗȘȐȕȈȌȓȍȎȐȚ ȕȍȒȖȚȖȘȖȔț ȏȈȒȖȕț ȘȈșȗȘȍȌȍȓȍȕȐȧ; 
 ǨȓȤȚȍȘȕȈȚȐȊȕȈȧ ȋȐȗȖȚȍȏȈ: ȕțȓȍȊȈȧ ȋȐȗȖȚȍȏȈ ȕȍ ȊȍȘȕȈ. 

 

Ǫ ȒȖȔȗȖȕȍȕȚȍ ǰșșȓȍȌȖȊȈȕȐȍ ȌȈȕȕȣȝ ȗȘȍȌțșȔȖȚȘȍȕȣ șȓȍȌțȦȡȐȍ șȚȈȚȐșȚȐȟȍșȒȐȍ 
ȚȍșȚȣ. 

Ǭȓȧ ȕȍȗȘȍȘȣȊȕȣȝ ȕȈȉȓȦȌȍȕȐȑ: 

 ǺȍșȚ ǲȖȓȔȖȋȖȘȖȊȈ-ǹȔȐȘȕȖȊȈ. 
 ǺȍșȚ ǲȘȈȔȍȘȈ-ȜȖȕ-ǴȐȏȍșȈ. 
 ǺȍșȚ ǨȕȌȍȘșȖȕȈ-ǬȈȘȓȐȕȋȈ. 

 

Ǭȓȧ ȌȐșȒȘȍȚȕȣȝ ȕȈȉȓȦȌȍȕȐȑ: 

 ǲȘȐȚȍȘȐȑ șȖȋȓȈșȐȧ ȝȐ-ȒȊȈȌȘȈȚ ǷȐȘșȖȕȈ. 

Ǭȓȧ ȘȈșȟȍȚȈ șȚȈȚȐșȚȐȟȍșȒȖȋȖ ȚȍșȚȈ ȕȍȖȉȝȖȌȐȔȖ: 

 ǪȣȉȘȈȚȤ «ǬȖȉȈȊȐȚȤ». 
 Ǫ ȖȚȒȘȣȊȠȍȔșȧ ȖȒȕȍ ǵȖȊȣȑ șȚȈȚȐșȚȐȟȍșȒȐȑ ȚȍșȚ ȏȈȌȈȚȤ ȕȈȏȊȈȕȐȍ Ȑ ȚȐȗ 

ȚȍșȚȈ (ȗȖȌȘȖȉȕȍȍ Ȋ ȚȈȉȓȐȞȍ ȕȐȎȍ), Ȉ ȚȈȒȎȍ ȗȈȘȈȔȍȚȘȣ, șȗȍȞȐȜȐȟȕȣȍ Ȍȓȧ 
ȒȈȎȌȖȋȖ Ȑȏ șȚȈȚȐșȚȐȟȍșȒȐȝ ȚȍșȚȖȊ. 
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 ǹȖȝȘȈȕȐȚȤ ȗȈȘȈȔȍȚȘȣ. 

 

ǸȐșțȕȖȒ 35 ǶȒȕȖ ǵȖȊȣȑ șȚȈȚȐșȚȐȟȍșȒȐȑ ȚȍșȚ 

ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ 

ǵȈȏȊȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ ȏȕȈȟȍȕȐȍ ȕȍȚ 

ǵȈȏȊȈȕȐȍ, ȒȖȚȖȘȖȍ ȉțȌȍȚ 
ȖȚȖȉȘȈȎȈȚȤșȧ Ȋ ȘȍȏțȓȤȚȈȚȈȝ 
ȐșșȓȍȌȖȊȈȕȐȧ 

ǺȐȗ ǸȈșȒȘȣȊȈȦȡȐȑșȧ șȗȐșȖȒ șȖ 
șȓȍȌțȦȡȐȔȐ ȏȕȈȟȍȕȐȧȔȐ: 

 ǵȍȗȘȍȘȣȊȕȣȍ ȕȈȉȓȦȌȍȕȐȧ. ǺȍșȚ 
ǲȖȓȔȖȋȖȘȖȊȈ-ǹȔȐȘȕȖȊȈ 

 ǵȍȗȘȍȘȣȊȕȣȍ ȕȈȉȓȦȌȍȕȐȧ. ǺȍșȚ 
ǲȘȈȔȍȘȈ-ȜȖȕ-ǴȐȏȍșȈ 

 ǵȍȗȘȍȘȣȊȕȣȍ ȕȈȉȓȦȌȍȕȐȧ. ǺȍșȚ 
ǨȕȌȍȘșȖȕȈ-ǬȈȘȓȐȕȋȈ 

 ǬȐșȒȘȍȚȕȣȍ ȕȈȉȓȦȌȍȕȐȧ. 
ǲȘȐȚȍȘȐȑ șȖȋȓȈșȐȧ ȝȐ-ȒȊȈȌȘȈȚ 
ǷȐȘșȖȕȈ 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȚȐȗ 
ȘȈșșȟȐȚȣȊȈȍȔȖȋȖ șȚȈȚȐșȚȐȟȍșȒȖȋȖ 
ȚȍșȚȈ 

ǺȈȉȓȐȞȈ 3 ǷȈȘȈȔȍȚȘȣ șȚȈȚȐșȚȐȟȍșȒȖȋȖ ȚȍșȚȈ 

Ǫ ȖȒȕȍ ǵȈșȚȘȖȑȒȐ șȚȈȚȐșȚȐȟȍșȒȖȋȖ ȚȍșȚȈ ȖȚȖȉȘȈȎȈȍȚșȧ ȘȈȏȓȐȟȕȣȑ ȕȈȉȖȘ 
ȗȈȘȈȔȍȚȘȖȊ, ȏȈȊȐșȧȡȐȑ ȖȚ ȚȐȗȈ șȚȈȚȐșȚȐȟȍșȒȖȋȖ ȚȍșȚȈ. 

Ǭȓȧ ȘȈșȟȍȚȈ ǺȍșȚȈ ǲȖȓȔȖȋȖȘȖȊȈ-ǹȔȐȘȕȖȊȈ ȕțȎȕȖ țȒȈȏȈȚȤ șȓȍȌțȦȡȐȍ 
ȗȈȘȈȔȍȚȘȣ: 

 ǷȍȘȍȔȍȕȕȈȧ, ȜțȕȒȞȐȧ ȘȈșȗȘȍȌȍȓȍȕȐȧ F(x) ȒȖȚȖȘȖȑ ȉțȌȍȚ ȗȘȖȊȍȘȧȚȤșȧ ȕȈ 
ȗȘȐȕȈȌȓȍȎȕȖșȚȤ ȕȍȒȖȚȖȘȖȔț ȏȈȒȖȕț ȘȈșȗȘȍȌȍȓȍȕȐȧ. 

 șdf — ȚȍȖȘȍȚȐȟȍșȒȖȍ ȘȈșȗȘȍȌȍȓȍȕȐȍ G(x). 

 Alternative — ȊȈȘȐȈȕȚȣ ȕțȓȍȊȖȑ Ȑ șȖȖȚȊȍȚșȚȊțȦȡȍȑ ȈȓȤȚȍȘȕȈȚȐȊȕȖȑ 
ȋȐȗȖȚȍȏȣ: 
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o two-sided (ȌȊțșȚȖȘȖȕȕȧȧ) — ȕțȓȍȊȈȧ ȋȐȗȖȚȍȏȈ șȖșȚȖȐȚ Ȋ ȚȖȔ, ȟȚȖ ȌȊȈ 
ȘȈșȗȘȍȌȍȓȍȕȐȧ ȐȌȍȕȚȐȟȕȣ, F(x) = G(x) Ȍȓȧ Ȋșȍȝ x; ȈȓȤȚȍȘȕȈȚȐȊȕȈȧ — 

ȖȕȐ ȕȍ ȐȌȍȕȚȐȟȕȣ; 

o less (ȓȍȊȖșȚȖȘȖȕȕȧȧ) — ǵțȓȍȊȈȧ ȋȐȗȖȚȍȏȈ șȖșȚȖȐȚ Ȋ ȚȖȔ, ȟȚȖ F(x)> = 
G(x) Ȍȓȧ Ȋșȍȝ x; ȈȓȤȚȍȘȕȈȚȐȊȕȈȧ — F(x) <G(x) ȝȖȚȧ ȉȣ Ȍȓȧ ȖȌȕȖȋȖ x; 

o greater (ȗȘȈȊȖșȚȖȘȖȕȕȧȧ) — ǵțȓȍȊȈȧ ȋȐȗȖȚȍȏȈ șȖșȚȖȐȚ Ȋ ȚȖȔ, ȟȚȖ F(x) 
<= G(x) Ȍȓȧ Ȋșȍȝ x; ȈȓȤȚȍȘȕȈȚȐȊȕȈȧ — F(x)> G(x) ȝȖȚȧ ȉȣ Ȍȓȧ ȖȌȕȖȋȖ 
x. 

 ǸȍȎȐȔ — ȖȗȘȍȌȍȓȧȍȚ ȘȈșȗȘȍȌȍȓȍȕȐȍ, ȐșȗȖȓȤȏțȍȔȖȍ Ȍȓȧ ȘȈșȟȍȚȈ p-ȏȕȈȟȍȕȐȧ: 

o auto — ȈȊȚȖȔȈȚȐȟȍșȒȐȑ ȗȖȌȉȖȘ; 

o exact — ȐșȗȖȓȤȏțȍȚ ȘȈșȗȘȍȌȍȓȍȕȐȍ ȚȍșȚȖȊȖȑ șȚȈȚȐșȚȐȒȐ; 

o approx — ȗȘȐȉȓȐȎȈȍȚ ȌȊțșȚȖȘȖȕȕȦȦ ȊȍȘȖȧȚȕȖșȚȤ ș țȌȊȖȍȕȕȖȑ 
ȖȌȕȖșȚȖȘȖȕȕȍȑ ȊȍȘȖȧȚȕȖșȚȤȦ; 

o asymp — ȐșȗȖȓȤȏțȍȚ ȈșȐȔȗȚȖȚȐȟȍșȒȖȍ ȘȈșȗȘȍȌȍȓȍȕȐȍ ȚȍșȚȖȊȖȑ 
șȚȈȚȐșȚȐȒȐ. 

Ǭȓȧ ȘȈșȟȍȚȈ ǺȍșȚȈ ǲȘȈȔȍȘȈ-ȜȖȕ-ǴȐȏȍșȈ ȕȍȖȉȝȖȌȐȔȖ țȒȈȏȈȚȤ șȓȍȌțȦȡȐȍ 
ȗȈȘȈȔȍȚȘȣ: 

 ǷȍȘȍȔȍȕȕȈȧ, ȜțȕȒȞȐȧ ȘȈșȗȘȍȌȍȓȍȕȐȧ ȒȖȚȖȘȖȑ ȉțȌȍȚ ȗȘȖȊȍȘȧȚȤșȧ ȕȈ 
ȗȘȐȕȈȌȓȍȎȕȖșȚȤ ȕȍȒȖȚȖȘȖȔț ȏȈȒȖȕț ȘȈșȗȘȍȌȍȓȍȕȐȧ. 

 șdf — ȚȍȖȘȍȚȐȟȍșȒȖȍ ȘȈșȗȘȍȌȍȓȍȕȐȍ. 

Ǭȓȧ ȘȈșȟȍȚȈ ǺȍșȚȈ ǨȕȌȍȘșȖȕȈ-ǬȈȘȓȐȕȋȈ ȕțȎȕȖ țȒȈȏȈȚȤ șȓȍȌțȦȡȐȍ ȗȈȘȈȔȍȚȘȣ: 

 ǷȍȘȍȔȍȕȕȈȧ, ȜțȕȒȞȐȧ ȘȈșȗȘȍȌȍȓȍȕȐȧ ȒȖȚȖȘȖȑ ȉțȌȍȚ ȗȘȖȊȍȘȧȚȤșȧ ȕȈ 
ȗȘȐȕȈȌȓȍȎȕȖșȚȤ ȕȍȒȖȚȖȘȖȔț ȏȈȒȖȕț ȘȈșȗȘȍȌȍȓȍȕȐȧ. 

 Dist — ȚȍȖȘȍȚȐȟȍșȒȖȍ ȘȈșȗȘȍȌȍȓȍȕȐȍ. 

Ǭȓȧ ȘȈșȟȍȚȈ ǲȘȐȚȍȘȐȧ șȖȋȓȈșȐȧ ȝȐ-ȒȊȈȌȘȈȚ ǷȐȘșȖȕȈ ȕțȎȕȖ țȒȈȏȈȚȤ șȓȍȌțȦȡȐȍ 
ȗȈȘȈȔȍȚȘȣ: 

 ǲȈȚȍȋȖȘȐȈȓȤȕȈȧ ȗȍȘȍȔȍȕȕȈȧ, ȖȎȐȌȈȍȔȣȍ ȟȈșȚȖȚȣ ȒȖȚȖȘȖȑ ȗȘȍȌȗȖȓȈȋȈȦȚșȧ 
ȖȌȕȖȘȖȌȕȣȔȐ Ȑ ȖȗȘȍȌȍȓȧȦȚșȧ ȒȈȒ șȘȍȌȕȍȍ ȏȕȈȟȍȕȐȍ ȕȈȉȓȦȌȈȍȔȣȝ ȟȈșȚȖȚ. 

 ddof — ȗȖȗȘȈȊȒȈ ȕȈ ȟȐșȓȖ șȚȍȗȍȕȍȑ șȊȖȉȖȌȣ. 
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2.3. ǸȈșȗȐșȈȕȐȍ 

ǬȈȕȕȈȧ ȜțȕȒȞȐȧ ȗȖȏȊȖȓȧȍȚ șȜȖȘȔȐȘȖȊȈȚȤ șȗȐșȖȒ ȘȈșȗȐșȈȕȐȑ, șȖȋȓȈșȕȖ ȒȖȚȖȘȣȔ 
ȉțȌȍȚ ȏȈȗțșȒȈȚȤșȧ ȘȈșȟȍȚ ǰșșȓȍȌȖȊȈȕȐȑ. 

 

ǸȐșțȕȖȒ 36 ǼțȕȒȞȐȧ ȕȈșȚȘȖȑȒȐ ȘȈșȗȐșȈȕȐȧ ȏȈȗțșȒȈ ǰșșȓȍȌȖȊȈȕȐȑ 

Ǭȓȧ ȗȖșȚȈȕȖȊȒȐ ǰșșȓȍȌȖȊȈȕȐȧ ȕȈ ȘȈșȗȐșȈȕȐȍ ȕȍȖȉȝȖȌȐȔȖ: 

 ǵȈȎȈȚȤ ȒȕȖȗȒț «ǵȈșȚȘȖȐȚȤ ȘȈșȗȐșȈȕȐȍ». 

 ǪȣȉȘȈȚȤ ǬȖȉȈȊȐȚȤ ǷȘȈȊȐȓȖ. 

 Ǫ ȖȚȒȘȣȊȠȍȔșȧ ȖȒȕȍ ǵȈșȚȘȖȑȒȈ ȘȈșȗȐșȈȕȐȧ ȏȈȌȈȚȤ: 

o ǵȈȏȊȈȕȐȍ, ȒȖȚȖȘȖȍ ȌȈȓȍȍ ȉțȌȍȚ ȖȚȖȉȘȈȎȈȚȤșȧ Ȋ șȐșȚȍȔȍ. 

o ǪȣȉȘȈȚȤ ȌȈȚț Ȑ ȊȘȍȔȧ ȗȍȘȊȖȋȖ ȏȈȗțșȒȈ. 

o ǵȈșȚȘȖȐȚȤ ȗȖȊȚȖȘȍȕȐȍ (ȗȍȘȐȖȌ — ȍȎȍȌȕȍȊȕȖ, ȍȎȍȕȍȌȍȓȤȕȖ, 
ȍȎȍȔȍșȧȟȕȖ Ȑ ȊȘȍȔȧ ȗȖȊȚȖȘȕȖȋȖ ȏȈȗțșȒȈ). 

o ǶȒȖȕȟȈȕȐȍ ȘȈșȗȐșȈȕȐȧ (ǪșȍȋȌȈ ȏȈȗțșȒȈȚȤ/ǿȐșȓȖ ȊȣȗȖȓȕȍȕȐȑ (țȒȈȏȈȚȤ 
ȟȐșȓȖ ȏȈȗțșȒȖȊ)/ǬȈȚȈ ȖȒȖȕȟȈȕȐȧ (țȒȈȏȈȚȤ ȗȖșȓȍȌȕȦȦ ȌȈȚț ȏȈȗțșȒȈ)). 

o ǹȖȝȘȈȕȐȚȤ ȕȈșȚȘȖȑȒȐ. 
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ǸȐșțȕȖȒ 37 ǶȒȕȖ ǵȈșȚȘȖȑȒȈ ȘȈșȗȐșȈȕȐȧ 

 

ǸȐșțȕȖȒ 38 ǶȒȕȖ ǵȈșȚȘȖȑȒȈ ȘȈșȗȐșȈȕȐȧ 
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ǷȖșȓȍ ȗȖșȚȈȕȖȊȒȐ ǰșșȓȍȌȖȊȈȕȐȧ ȕȈ ȘȈșȗȐșȈȕȐȍ Ȋ ȒȖȓȖȕȒȍ ǹȚȈȚțș ȗȖȧȊȐȚșȧ șȚȈȚțș 
ǯȈȗȓȈȕȐȘȖȊȈȕȖ  Ȑ ȗȖșȓȍ ȒȈȎȌȖȋȖ ȘȈșȟȍȚȈ ȘȍȏțȓȤȚȈȚȣ ȉțȌțȚ ȖȚȖȉȘȈȎȈȚȤșȧ ȕȐȎȍ 
ȗȖ ȐȍȘȈȘȝȐȐ, ȕȐȒȈȒ ȕȍ ȊȓȐȧȧ ȕȈ ȗȘȍȌȣȌțȡȐȍ Ȑ ȗȖșȓȍȌțȦȡȐȍ ȘȈșȟȍȚȣ. 

 

 

ǸȐșțȕȖȒ 39 ǷȘȐȔȍȘ ǰșșȓȍȌȖȊȈȕȐȧ, ȗȖșȚȈȊȓȍȕȕȖȋȖ ȕȈ ȘȈșȗȐșȈȕȐȍ 

2.4. ǸȍȏțȓȤȚȈȚȣ ȐșșȓȍȌȖȊȈȕȐȧ 

2.4.1. ǰȕȚȍȘȜȍȑș ȥȒȘȈȕȈ ǸȍȏțȓȤȚȈȚȣ ǰșșȓȍȌȖȊȈȕȐȧ 

ǵȈ ȥȒȘȈȕȍ ǸȍȏțȓȤȚȈȚȣ ǰșșȓȍȌȖȊȈȕȐȧ ȗȘȍȌșȚȈȊȓȍȕȣ ȗȖșȚȘȖȍȕȕȣȍ ȗȘȐ ȗȖȔȖȡȐ 
ǴȈșȚȍȘȈ ȕȈșȚȘȖȑȒȐ ȊȐȏțȈȓȐȏȈȞȐȐ, ȒȖȘȘȍȓȧȞȐȖȕȕȣȍ ȔȈȚȘȐȞȣ Ȑ ȌȘțȋȐȍ ȖȉȢȍȒȚȣ. 

Ǭȓȧ ȗȍȘȍȝȖȌȈ ȕȈ ȥȒȘȈȕ ǸȍȏțȓȤȚȈȚȣ ǰșșȓȍȌȖȊȈȕȐȧ ȕȍȖȉȝȖȌȐȔȖ ȕȈ ȋȓȈȊȕȖȔ ȥȒȘȈȕȍ 
ȒȖȔȗȖȕȍȕȚȈ ǰșșȓȍȌȖȊȈȕȐȍ ȌȈȕȕȣȝ ȊȣȉȘȈȚȤ ȕȍȖȉȝȖȌȐȔȣȑ ȘȍȏțȓȤȚȈȚ 
ȐșșȓȍȌȖȊȈȕȐȧ. 

 

ǸȐșțȕȖȒ 40 ǷȘȐȔȍȘ ȥȒȘȈȕȈ ș ȘȍȏțȓȤȚȈȚȈȔȐ ȐșșȓȍȌȖȊȈȕȐȧ Ȑ ȊȣȌȍȓȍȕȕȣȔȐ 
ȖșȕȖȊȕȣȔȐ ȥȓȍȔȍȕȚȈȔȐ 

ǵȈ ȥȒȘȈȕȍ ș ȘȍȏțȓȤȚȈȚȈȔȐ ȐșșȓȍȌȖȊȈȕȐȧ ȒȈȎȌȣȑ ȖȉȢȍȒȚ ȘȈșȗȖȓȖȎȍȕ Ȋ ȖȚȌȍȓȤȕȖȔ 
ȒȖȕȚȍȑȕȍȘȍ. Ǭȓȧ ȒȈȎȌȖȋȖ Ȑȏ ȕȐȝ ȗȘȍȌțșȔȖȚȘȍȕȣ ȐȏȔȍȕȍȕȐȍ ȘȈȏȔȍȘȈ Ȑ ȗȖȓȖȎȍȕȐȧ — 

Ȋ ȊȍȘȝȕȍȑ ȟȈșȚȐ ȒȖȕȚȍȑȕȍȘȈ ȐȒȖȕȒȐ  Ȑ  , șȖȖȚȊȍȚșȚȊȍȕȕȖ. ǶȚȘȍȋțȓȐȘȖȊȈȚȤ ȘȈȏȔȍȘ 
ȒȖȕȚȍȑȕȍȘȈ ȚȈȒȎȍ ȔȖȎȕȖ țȝȊȈȚȐȊ ȓȍȊȖȑ ȒȕȖȗȒȖȑ ȔȣȠȐ ȗȘȈȊȣȑ ȕȐȎȕȐȑ țȋȖȓ. 
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ǺȈȒȎȍ ȗȘȍȌțșȔȖȚȘȍȕȈ ȊȖȏȔȖȎȕȖșȚȤ șȖȝȘȈȕȐȚȤ ȊȐȏțȈȓȐȏȈȞȐȦ Ȋ ȜȖȘȔȈȚȍ .png. Ǭȓȧ 

ȥȚȖȋȖ ȕȍȖȉȝȖȌȐȔȖ ȊȣȉȘȈȚȤ ȐȒȖȕȒț  Ȋ ȊȍȘȝȕȍȑ ȟȈșȚȐ ȒȖȕȚȍȑȕȍȘȈ, ȓȐȉȖ ȗȘȐ 
ȕȈȎȈȚȐȐ ȕȈ ȒȖȕȚȍȑȕȍȘ ȗȘȈȊȖȑ ȒȕȖȗȒȖȑ ȔȣȠȐ Ȋ ȊȣȗȈȌȈȦȡȍȔ ȔȍȕȦ ȊȣȉȘȈȚȤ 
ǹȖȝȘȈȕȐȚȤ ȒȈȘȚȐȕȒț ȒȈȒ... ǲȖȗȐȘȖȊȈȚȤ ȊȐȏțȈȓȐȏȈȞȐȦ Ȋ ȉțȜȍȘ ȖȉȔȍȕȈ ȔȖȎȕȖ Ȋ 
ȚȖȔ Ȏȍ ȊȣȗȈȌȈȦȡȍȔ ȔȍȕȦ ȗȖ ȗțȕȒȚț ǲȖȗȐȘȖȊȈȚȤ ȒȈȘȚȐȕȒț. 

ǷȖșȔȖȚȘȍȚȤ ȕȈ ȌȈȕȕȣȍ, ȒȖȚȖȘȣȍ ȓȍȎȈȚ Ȋ ȖșȕȖȊȍ ȊȐȏțȈȓȐȏȈȞȐȐ, ȔȖȎȕȖ ȊȣȉȘȈȊ 
ȐȒȖȕȒț Ȋ ȊȍȘȝȕȍȑ ȟȈșȚȐ ȒȖȕȚȍȑȕȍȘȈ. 

ǬȖȗȖȓȕȐȚȍȓȤȕȖ ȕȈșȚȘȖȐȚȤ ȒȖȕȚȍȑȕȍȘ ȔȖȎȕȖ Ȋ ȊȣȗȈȌȈȦȡȍȔ ȔȍȕȦ  Ȋ ȗȘȈȊȖȔ 

ȕȐȎȕȍȔ țȋȓț (ȥȓȍȔȍȕȚ ǵȈșȚȘȖȑȒȈ ȊȐȌȈ  ). ǺȈȔ Ȏȍ ȔȖȎȕȖ ȖȏȕȈȒȖȔȐȚȤșȧ ș 

ȗȘȐȔȍȘȖȔ ȐșȝȖȌȕȖȋȖ ȕȈȉȖȘȈ ȌȈȕȕȣȝ (ȥȓȍȔȍȕȚ ǷȘȐȔȍȘ ȌȈȕȕȣȝ  ) Ȑ ȊȣȋȘțȏȐȚȤ ȍȋȖ 
ȓȖȒȈȓȤȕȖ (Ȍȓȧ ȥȚȖȋȖ Ȋ ȊȍȘȝȕȍȑ ȟȈșȚȐ ȚȈȉȓȐȞȣ ȕțȎȕȖ ȊȣȉȘȈȚȤ ȐȒȖȕȒț ȥȒșȗȖȘȚȈ Ȋ 

Excel  ). 

ǪȐȏțȈȓȤȕȣȍ ȖȉȢȍȒȚȣ ȘȍȏțȓȤȚȈȚȖȊ ȐșșȓȍȌȖȊȈȕȐȧ ȌȐȕȈȔȐȟȍșȒȐ ȕȈșȚȘȈȐȊȈȍȔȣ. ǶȕȐ 
ȐȏȔȍȕȧȦȚ șȊȖȑ ȘȈȏȔȍȘ Ȋ șȖȖȚȊȍȚșȚȊȐȐ ș ȘȈȏȔȍȘȖȔ ȒȖȕȚȍȑȕȍȘȈ. Ǭȓȧ ȔȕȖȋȐȝ ȚȐȗȖȊ 
ȊȐȏțȈȓȐȏȈȞȐȑ ȗȘȍȌțșȔȖȚȘȍȕȣ șȒȘȣȚȐȍ ȒȈȚȍȋȖȘȐȑ/ȥȓȍȔȍȕȚȖȊ. ǷȘȐ ȕȈȊȍȌȍȕȐȐ ȕȈ 
ȥȓȍȔȍȕȚȣ ȋȘȈȜȐȒȖȊ ȊȣȊȖȌȧȚșȧ ȊșȗȓȣȊȈȦȡȐȍ ȗȖȌșȒȈȏȒȐ ș ȗȖȌȘȖȉȕȖȑ ȐȕȜȖȘȔȈȞȐȍȑ 
Ȗ șȖȌȍȘȎȐȔȖȔ. 

Ǭȓȧ ȗȍȘȍȝȖȌȈ ȔȍȎȌț ȘȍȏțȓȤȚȈȚȈȔȐ ȐșșȓȍȌȖȊȈȕȐȑ ȖȌȕȖȋȖ ȕȈȉȖȘȈ ȌȈȕȕȣȝ 
ȗȘȍȌțșȔȖȚȘȍȕȈ ȕȈȊȐȋȈȞȐȖȕȕȈȧ ȞȍȗȖȟȒȈ Ȋ ȊȍȘȝȕȍȑ ȟȈșȚȐ ȥȒȘȈȕȈ. ǷȍȘȊȈȧ ȒȈȚȍȋȖȘȐȧ 
ȊȖȏȊȘȈȡȈȍȚ ǷȖȓȤȏȖȊȈȚȍȓȧ ȕȈ ȋȓȈȊȕțȦ șȚȘȈȕȐȞț ȒȖȔȗȖȕȍȕȚȈ ǰșșȓȍȌȖȊȈȕȐȍ ȌȈȕȕȣȝ, 
ȊȚȖȘȈȧ – ȗȖȏȊȖȓȧȍȚ ȊȣȉȘȈȚȤ ȐȕȚȍȘȍșțȦȡȍȍ ȐșșȓȍȌȖȊȈȕȐȍ Ȋ ȘȈȔȒȈȝ ȖȌȕȖȋȖ ȕȈȉȖȘȈ 
ȌȈȕȕȣȝ Ȋ ȊȣȗȈȌȈȦȡȍȔ ȔȍȕȦ, ȚțȚ Ȏȍ ȔȖȎȕȖ ȊȣȉȘȈȚȤ Ȑ ȐȕȚȍȘȍșțȦȡȐȑ ȘȍȏțȓȤȚȈȚ, 
ȚȘȍȚȤȧ ȒȈȚȍȋȖȘȐȧ ȗȖȏȊȖȓȧȍȚ ȊȣȉȘȈȚȤ ȘȍȏțȓȤȚȈȚ Ȋ ȘȈȔȒȈȝ ȐȕȚȍȘȍșțȦȡȍȋȖ 
ȐșșȓȍȌȖȊȈȕȐȧ. 

 

 

ǸȐșțȕȖȒ 41 ЭȒȘȈȕ ș ȘȍȏțȓȤȚȈȚȈȔȐ ȕȍșȒȖȓȤȒȐȝ ȐșșȓȍȌȖȊȈȕȐȑ 
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ǵȈ ȥȒȘȈȕȍ ș ȘȍȏțȓȤȚȈȚȈȔȐ ǰșșȓȍȌȖȊȈȕȐȧ ȔȖȎȕȖ ȖȚȖȉȘȈȏȐȚȤ ȕȍșȒȖȓȤȒȖ ȘȍȏțȓȤȚȈȚȖȊ. 

Ǭȓȧ ȥȚȖȋȖ ȕȈ ǫȓȈȊȕȖȔ ȥȒȘȈȕȍ ȒȖȔȗȖȕȍȕȚȈ ȕȍȖȉȝȖȌȐȔȖ ȊȣȉȘȈȚȤ ȟȍȒȉȖȒșȣ  ȘȧȌȖȔ ș 
ȌȊțȔȧ ȐȕȚȍȘȍșțȦȡȐȔȐ ȘȈșȟȍȚȈȔȐ Ȑ ȊȣȉȘȈȚȤ «ǹȘȈȊȕȐȚȤ» Ȋ ȕȐȎȕȍȑ ȟȈșȚȐ ȚȈȉȓȐȞȣ 
(ǸȐșțȕȖȒ 39). ǺȈȒȐȔ ȖȉȘȈȏȖȔ, ȖȚȒȘȖȍȚșȧ ȥȒȘȈȕ, șȖȌȍȘȎȈȡȐȑ ȌȊȈ ȘȍȏțȓȤȚȈȚȈ 
ȐșșȓȍȌȖȊȈȕȐȧ. 

 

ǸȐșțȕȖȒ 42 ǷȘȐȔȍȘ ȊȣȉȖȘȈ ȌȊțȝ ȘȍȏțȓȤȚȈȚȖȊ Ȍȓȧ șȘȈȊȕȍȕȐȧ 

 

ǸȐșțȕȖȒ 43 ЭȒȘȈȕ ș ȘȍȏțȓȤȚȈȚȈȔȐ ȕȍșȒȖȓȤȒȐȝ ȐșșȓȍȌȖȊȈȕȐȑ 
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2.4.2. ǷȘȖȜȐȓȐȘȖȊȈȕȐȍ 

ǵȈ ȥȒȘȈȕȍ ș ȘȍȏțȓȤȚȈȚȈȔȐ ȐșșȓȍȌȖȊȈȕȐȧ ȚȈȒȎȍ ȗȘȍȌșȚȈȊȓȍȕ ȗȖșȟȐȚȈȕȕȣȑ Ȋ 
ȈȊȚȖȔȈȚȐȟȍșȒȖȔ ȘȍȎȐȔȍ ǷȘȖȜȐȓȤ ȌȈȕȕȣȝ. 

 

ǸȐșțȕȖȒ 44 ǷȘȐȔȍȘ ǷȘȖȜȐȓȧ ȌȈȕȕȣȝ 

ǷȘȖȜȐȓȐȘȖȊȈȕȐȍ ȗȘȍȌșȚȈȊȓȧȍȚ șȖȉȖȑ ȈȕȈȓȐȏ ȌȈȕȕȣȝ ș ȞȍȓȤȦ ȊȣȧșȕȍȕȐȧ 
șȚȈȚȐșȚȐȟȍșȒȐȝ ȝȈȘȈȒȚȍȘȐșȚȐȒ ȗȍȘȍȔȍȕȕȣȝ, ȚȈȒȐȝ ȒȈȒ ȝȈȘȈȒȚȍȘ ȘȈșȗȘȍȌȍȓȍȕȐȧ, 
ȕȈȓȐȟȐȍ ȊȣȉȘȖșȖȊ, ȗȈȘȈȔȍȚȘȣ ȊȣȉȖȘȒȐ, ȗȘȖȗțȡȍȕȕȣȍ ȏȕȈȟȍȕȐȧ Ȑ ȌȘțȋȐȍ. 

ǹȚȈȚȐșȚȐȒȐ șȟȐȚȈȦȚșȧ ȗȖ ȊșȍȔț ȕȈȉȖȘț ȌȈȕȕȣȝ Ȑ ȗȖ ȒȈȎȌȖȑ Ȑȏ ȗȍȘȍȔȍȕȕȣȝ Ȑ 
ȏȈȊȐșȧȚ ȖȚ ȍȍ ȚȐȗȈ. 

2.4.2.1. ǵȈȉȖȘ ȌȈȕȕȣȝ 

ǸȍȏțȓȤȚȈȚ ȗȘȖȜȐȓȐȘȖȊȈȕȐȧ Ȍȓȧ ȊșȍȋȖ ȕȈȉȖȘȈ ȌȈȕȕȣȝ ȏȈȊȐșȐȚ ȖȚ ȘȈȏȔȍȘȈ 
ȈȕȈȓȐȏȐȘțȍȔȖȋȖ ȜȈȑȓȈ. 

ǺȈȒ Ȍȓȧ ȕȈȉȖȘȈ ȌȈȕȕȣȝ ȘȈȏȔȍȘȖȔ Ȕȍȕȍȍ 1 ǫȉ șȟȐȚȈȍȚșȧ șȓȍȌțȦȡȐȑ ȕȈȉȖȘ 
șȚȈȚȐșȚȐȒ: 

 ǲȖȓȐȟȍșȚȊȖ ȕȈȉȓȦȌȍȕȐȑ. 
 ǲȖȓȐȟȍșȚȊȖ țȕȐȒȈȓȤȕȣȝ ȕȈȉȓȦȌȍȕȐȑ. 
 ǷȘȖȞȍȕȚ țȕȐȒȈȓȤȕȣȝ ȕȈȉȓȦȌȍȕȐȑ (Ȋ ȗȘȖȞȍȕȚȈȝ). 
 ǲȖȓȐȟȍșȚȊȖ ȌțȉȓȐȘțȦȡȐȝ șȚȘȖȒ. 
 ǷȘȖȞȍȕȚ ȌțȉȓȐȘțȦȡȐȝ șȚȘȖȒ (Ȋ ȗȘȖȞȍȕȚȈȝ). 
 ǲȖȓȐȟȍșȚȊȖ ȒȖȓȐȟȍșȚȊȍȕȕȣȝ ȗȍȘȍȔȍȕȕȣȝ. 
 ǲȖȓȐȟȍșȚȊȖ ȒȈȚȍȋȖȘȐȈȓȤȕȣȝ ȗȍȘȍȔȍȕȕȣȝ. 
 ǲȖȓȐȟȍșȚȊȖ ȗȍȘȍȔȍȕȕȣȝ ȌȈȚ. 

Ǭȓȧ ȕȈȉȖȘȈ ȌȈȕȕȣȝ ȘȈȏȔȍȘȖȔ ȉȖȓȍȍ 1 ǫȉ: 
 ǲȖȓȐȟȍșȚȊȖ ȕȈȉȓȦȌȍȕȐȑ. 
 ǲȖȓȐȟȍșȚȊȖ ȒȖȓȐȟȍșȚȊȍȕȕȣȝ ȗȍȘȍȔȍȕȕȣȝ. 
 ǲȖȓȐȟȍșȚȊȖ ȒȈȚȍȋȖȘȐȈȓȤȕȣȝ ȗȍȘȍȔȍȕȕȣȝ. 
 ǲȖȓȐȟȍșȚȊȖ ȗȍȘȍȔȍȕȕȣȝ ȌȈȚ. 
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2.4.2.2. ǲȈȚȍȋȖȘȐȈȓȤȕȣȍ ȗȍȘȍȔȍȕȕȣȍ (ǺȐȗ ȌȈȕȕȣȝ String) 

Ǭȓȧ ȒȈȚȍȋȖȘȐȈȓȤȕȣȝ ȗȍȘȍȔȍȕȕȣȝ șȟȐȚȈȍȚșȧ ȕȈȉȖȘ șȚȈȚȐșȚȐȒ Ȋ șȖȖȚȊȍȚșȚȊȐȐ ș 
ȚȈȉȓȐȞȍȑ ȕȐȎȍ. 

ǹȚȈȚȐșȚȐȒȈ ǶȗȐșȈȕȐȍ 
ǲȖȓȐȟȍșȚȊȖ țȕȐȒȈȓȤȕȣȝ 
ȏȕȈȟȍȕȐȑ 

ǲȖȓȐȟȍșȚȊȖ ȕȍȗȖȊȚȖȘȧȦȡȐȝșȧ ȏȕȈȟȍȕȐȑ 

ǷȘȖȞȍȕȚ țȕȐȒȈȓȤȕȣȝ ȏȕȈȟȍȕȐȑ ǷȘȖȞȍȕȚ țȕȐȒȈȓȤȕȣȝ ȏȕȈȟȍȕȐȑ ȖȚ ȖȉȡȍȋȖ ȒȖȓȐȟȍșȚȊȈ 
ȏȕȈȟȍȕȐȑ 

ǲȖȓȐȟȍșȚȊȖ ȗȘȖȗțȡȍȕȕȣȝ 
ȏȕȈȟȍȕȐȑ 

ǲȖȓȐȟȍșȚȊȖ ȗȘȖȗțȡȍȕȕȣȝ ȏȕȈȟȍȕȐȑ 

ǷȘȖȞȍȕȚ ȗȘȖȗțȡȍȕȕȣȝ 
ȏȕȈȟȍȕȐȑ 

ǷȘȖȞȍȕȚ ȗȘȖȗțȡȍȕȕȣȝ ȏȕȈȟȍȕȐȑ ȖȚ ȖȉȡȍȋȖ 
ȒȖȓȐȟȍșȚȊȈ ȏȕȈȟȍȕȐȑ 

ǴȈȒșȐȔȈȓȤȕȈȧ ȌȓȐȕȈ ǲȖȓȐȟȍșȚȊȖ ȏȕȈȒȖȊ ȔȈȒșȐȔȈȓȤȕȖȋȖ ȗȖ ȌȓȐȕȍ ȏȕȈȟȍȕȐȧ 
ǴȐȕȐȔȈȓȤȕȈȧ ȌȓȐȕȈ ǲȖȓȐȟȍșȚȊȖ ȏȕȈȒȖȊ ȔȐȕȐȔȈȓȤȕȖȋȖ ȗȖ ȌȓȐȕȍ ȏȕȈȟȍȕȐȧ 
Top 3 ȏȕȈȟȍȕȐȧ ș ȔȈȒșȐȔȈȓȤȕȖȑ ȟȈșȚȖȚȖȑ 
Bottom 3 ȏȕȈȟȍȕȐȧ ș ȔȐȕȐȔȈȓȤȕȖȑ ȟȈșȚȖȚȖȑ 

ǺȈȉȓȐȞȈ 4 ǵȈȉȖȘ șȚȈȚȐșȚȐȒ, ȘȈșșȟȐȚȣȊȈȍȔȣȝ Ȍȓȧ ȒȈȚȍȋȖȘȐȈȓȤȕȣȝ ȗȍȘȍȔȍȕȕȣȝ 

Ǭȓȧ țȌȖȉșȚȊȈ ȐȕȚȍȘȗȘȍȚȈȞȐȐ Ȑ ȈȕȈȓȐȏȈ ȚȈȒȎȍ ȗȘȍȌțșȔȖȚȘȍȕȖ ȗȖșȚȘȖȍȕȐȍ ǶȉȓȈȒȈ 
șȓȖȊ. 

ǶȉȓȈȒȖ șȓȖȊ (ȐȓȐ ȖȉȓȈȒȖ ȚȍȋȖȊ) ȌȍȔȖȕșȚȘȐȘțȍȚ ȟȈșȚȖȚȕȖșȚȤ ȗȖȧȊȓȍȕȐȧ ȏȕȈȟȍȕȐȧ 
ȗȍȘȍȔȍȕȕȖȑ. ǸȈȏȔȍȘ ȖȉȓȈȒȈ ȖȚȘȈȎȈȍȚ ȟȈșȚȖȚț ȗȖȧȊȓȍȕȐȧ ȏȕȈȟȍȕȐȧ. ǾȊȍȚȖȊȈȧ ȋȈȔȔȈ 
ȕȍ ȕȍșȍȚ Ȋ șȍȉȍ ȌȖȗȖȓȕȐȚȍȓȤȕȖȋȖ șȔȣșȓȈ Ȑ ȊȣȗȖȓȕȧȍȚ ȐșȒȓȦȟȐȚȍȓȤȕȖ ȥșȚȍȚȐȟȍșȒțȦ 
ȜțȕȒȞȐȦ. 

ǷȖșȔȖȚȘȍȚȤ ǶȉȓȈȒȖ șȓȖȊ ȔȖȎȕȖ Ȋ ȚȖȔ Ȏȍ ȒȖȕȚȍȑȕȍȘȍ ș ȗȘȖȜȐȓȐȘȖȊȈȕȐȍȔ, ȊȣȉȘȈȊ 

Ȋ ȗȘȈȊȖȔ ȊȍȘȝȕȍȔ țȋȓț ȐȒȖȕȒț  . 

 

ǸȐșțȕȖȒ 45 ǷȘȐȔȍȘ ǶȉȓȈȒȈ șȓȖȊ 
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2.4.2.3. ǲȖȓȐȟȍșȚȊȍȕȕȣȍ ȗȍȘȍȔȍȕȕȣȍ (ǺȐȗ ȌȈȕȕȣȝ Numeric) 

Ǭȓȧ ȒȖȓȐȟȍșȚȊȍȕȕȣȝ ȗȍȘȍȔȍȕȕȣȝ șȟȐȚȈȍȚșȧ ȕȈȉȖȘ șȚȈȚȐșȚȐȒ Ȋ șȖȖȚȊȍȚșȚȊȐȐ ș 
ȚȈȉȓȐȞȍȑ ȕȐȎȍ. 

ǹȚȈȚȐșȚȐȒȈ ǶȗȐșȈȕȐȍ 
ǲȖȓȐȟȍșȚȊȖ 
țȕȐȒȈȓȤȕȣȝ 
ȏȕȈȟȍȕȐȑ 

ȒȖȓȐȟȍșȚȊȖ ȕȍȗȖȊȚȖȘȧȦȡȐȝșȧ ȏȕȈȟȍȕȐȑ ȗȍȘȍȔȍȕȕȖȑ 

ǷȘȖȞȍȕȚ 
țȕȐȒȈȓȤȕȣȝ 
ȏȕȈȟȍȕȐȑ 

ȗȘȖȞȍȕȚ ȕȍȗȖȊȚȖȘȧȦȡȐȝșȧ ȏȕȈȟȍȕȐȑ ȗȍȘȍȔȍȕȕȖȑ 

ǲȖȓȐȟȍșȚȊȖ 
ȗȘȖȗțȡȍȕȕȣȝ 
ȏȕȈȟȍȕȐȑ 

ȒȖȓȐȟȍșȚȊȖ ȗȘȖȗțȡȍȕȕȣȝ ȏȕȈȟȍȕȐȑ ȗȍȘȍȔȍȕȕȖȑ 

ǷȘȖȞȍȕȚ 
ȗȘȖȗțȡȍȕȕȣȝ 
ȏȕȈȟȍȕȐȑ 

ȗȘȖȞȍȕȚ ȗȘȖȗțȡȍȕȕȣȝ ȏȕȈȟȍȕȐȑ 

ǴȐȕȐȔȈȓȤȕȖȍ 
ȏȕȈȟȍȕȐȍ 

ȕȈȐȔȍȕȤȠȍȍ ȏȕȈȟȍȕȐȍ ȗȍȘȍȔȍȕȕȖȑ 

ǴȈȒșȐȔȈȓȤȕȖȍ 
ȏȕȈȟȍȕȐȍ 

ȕȈȐȉȖȓȤȠȍȍ ȏȕȈȟȍȕȐȍ ȗȍȘȍȔȍȕȕȖȑ 

ǹȘȍȌȕȍȍ ȏȕȈȟȍȕȐȍ șțȔȔȈ Ȋșȍȝ ȏȕȈȟȍȕȐȑ ȗȍȘȍȔȍȕȕȖȑ, ȘȈȏȌȍȓȍȕȕȈȧ ȕȈ ȟȐșȓȖ ȥȚȐȝ 
ȏȕȈȟȍȕȐȑ 

5-ȧ ȗȍȘșȍȕȚȐȓȤ ȥȚȖ ȕȍȒȖȚȖȘȖȍ ȏȕȈȟȍȕȐȍ X Ȑȏ ȌȈȕȕȖȋȖ ȘȧȌȈ, ȒȖȚȖȘȖȍ ȌȍȓȐȚ Ȋșȍ 
ȐȔȍȦȡȐȍșȧ Ȋ ȕȍȔ ȏȕȈȟȍȕȐȧ ȕȈ ȌȊȍ ȋȘțȗȗȣ: 5% ȏȕȈȟȍȕȐȑ, 
ȒȖȚȖȘȣȍ ȔȍȕȤȠȍ X, Ȑ ȖșȚȈȊȠȐȍșȧ ȏȕȈȟȍȕȐȧ (ȚȖ ȍșȚȤ 95%), 
ȒȖȚȖȘȣȍ ȗȘȍȊȣȠȈȦȚ X. 

95-ȧ ȗȍȘșȍȕȚȐȓȤ ȥȚȖ ȕȍȒȖȚȖȘȖȍ ȏȕȈȟȍȕȐȍ X Ȑȏ ȌȈȕȕȖȋȖ ȘȧȌȈ, ȒȖȚȖȘȖȍ ȌȍȓȐȚ Ȋșȍ 
ȐȔȍȦȡȐȍșȧ Ȋ ȕȍȔ ȏȕȈȟȍȕȐȧ ȕȈ ȌȊȍ ȋȘțȗȗȣ: 95% ȏȕȈȟȍȕȐȑ, 
ȒȖȚȖȘȣȍ ȔȍȕȤȠȍ X, Ȑ ȖșȚȈȊȠȐȍșȧ ȏȕȈȟȍȕȐȧ (ȚȖ ȍșȚȤ 5%), 
ȒȖȚȖȘȣȍ ȗȘȍȊȣȠȈȦȚ X. 

1-ȧ ȒȊȈȘȚȐȓȤ 25-ȧ ȗȍȘșȍȕȚȐȓȤ 
3-ȧ ȒȊȈȘȚȐȓȤ 75-ȧ ȗȍȘșȍȕȚȐȓȤ 
ǴȍȌȐȈȕȈ ȏȕȈȟȍȕȐȍ, ȒȖȚȖȘȖȍ ȌȍȓȐȚ ȘȈșȗȘȍȌȍȓȍȕȐȍ ȗȖȗȖȓȈȔ (ȍȋȖ ȗȓȖȡȈȌȤ Ȋ 

Ț.ȟ.): ȗȖȓȖȊȐȕȈ ȏȕȈȟȍȕȐȑ ȉȖȓȤȠȍ ȔȍȌȐȈȕȣ, ȗȖȓȖȊȐȕȈ — ȕȍ 
ȉȖȓȤȠȍ. 

ǴȍȎȒȊȈȘȚȐȓȤȕȣȑ 
ȘȈȏȔȈȝ 

ȘȈȏȕȐȞȈ ȔȍȎȌț 3-Ȕ Ȑ 1-Ȕ ȒȊȈȘȚȐȓȧȔȐ 

ǲȖȓȐȟȍșȚȊȖ 
ȊȣȉȘȖșȖȊ 

ǪȣȉȘȖșȈȔȐ șȟȐȚȈȦȚșȧ ȕȈȉȓȦȌȍȕȐȧ, ȒȖȚȖȘȣȍ ȖȚȒȓȖȕȧȦȚșȧ ȖȚ 
șȊȖȍȋȖ ȔȈȚȍȔȈȚȐȟȍșȒȖȋȖ ȖȎȐȌȈȕȐȧ ȉȖȓȍȍ ȟȍȔ ȕȈ ȚȘȐ 
șȘȍȌȕȍȒȊȈȌȘȈȚȐȟȍșȒȐȝ ȖȚȒȓȖȕȍȕȐȧ (ȗȘȈȊȐȓȖ ȚȘȍȝ șȐȋȔ). 

ǲȖȥȜȜȐȞȐȍȕȚ 
ȊȈȘȐȈȞȐȐ 

ȊȍȓȐȟȐȕȈ, ȘȈȊȕȈȧ ȖȚȕȖȠȍȕȐȦ șȚȈȕȌȈȘȚȕȖȋȖ 
(șȘȍȌȕȍȒȊȈȌȘȈȚȐȟȕȖȋȖ) ȖȚȒȓȖȕȍȕȐȧ șȓțȟȈȑȕȖȑ ȊȍȓȐȟȐȕȣ Ȓ ȍȍ 
ȔȈȚȍȔȈȚȐȟȍșȒȖȔț ȖȎȐȌȈȕȐȦ. Ƕȕ ȗȘȐȔȍȕȧȍȚșȧ Ȍȓȧ șȘȈȊȕȍȕȐȧ 
ȊȈȘȐȈȚȐȊȕȖșȚȐ ȖȌȕȖȋȖ Ȑ ȚȖȋȖ Ȏȍ ȗȘȐȏȕȈȒȈ Ȋ ȕȍșȒȖȓȤȒȐȝ 
șȖȊȖȒțȗȕȖșȚȧȝ ș ȘȈȏȓȐȟȕȣȔ șȘȍȌȕȐȔ ȈȘȐȜȔȍȚȐȟȍșȒȐȔ. 
ǭșȓȐ ȏȕȈȟȍȕȐȍ ȒȖȥȜȜȐȞȐȍȕȚȈ ȊȈȘȐȈȞȐȐ ȕȍ ȗȘȍȊȣȠȈȍȚ 33%, ȚȖ 
șȖȊȖȒțȗȕȖșȚȤ șȟȐȚȈȍȚșȧ ȖȌȕȖȘȖȌȕȖȑ, Ȉ ȍșȓȐ ȉȖȓȤȠȍ 33%, ȚȖ — 
ȕȍȖȌȕȖȘȖȌȕȖȑ. 

ǲȖȥȜȜȐȞȐȍȕȚ 
ȥȒșȞȍșșȈ 

ȝȈȘȈȒȚȍȘȐȏțȍȚ ȔȍȘț ȊȣșȖȚȣ ȋȘȈȜȐȒȈ. 
ǭșȓȐ ȒȖȥȜȜȐȞȐȍȕȚ ȉȖȓȤȠȍ ȕțȓȧ, ȚȖ ȘȈșȗȘȍȌȍȓȍȕȐȍ ȧȊȓȧȍȚșȧ 
ȉȖȓȍȍ ȊȣșȖȒȐȔ («ȖșȚȘȖȊȍȘȠȐȕȕȣȔ») ȖȚȕȖșȐȚȍȓȤȕȖ «ȥȚȈȓȖȕȕȖȋȖ» 
ȕȖȘȔȈȓȤȕȖȋȖ ȘȈșȗȘȍȌȍȓȍȕȐȧ. ǭșȓȐ ȒȖȥȜȜȐȞȐȍȕȚ ȕȐȎȍ ȕțȓȧ, ȚȖ 
ȉȖȓȍȍ ȕȐȏȒȐȔ Ȑ ȗȖȓȖȋȐȔ. 
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ǹȚȈȚȐșȚȐȒȈ ǶȗȐșȈȕȐȍ 
ǴȍȌȐȈȕȕȖȍ 
ȈȉșȖȓȦȚȕȖȍ 
ȖȚȒȓȖȕȍȕȐȍ 

ȊȣȟȐșȓȧȍȚșȧ ȒȈȒ ȔȍȌȐȈȕȈ ȈȉșȖȓȦȚȕȖȋȖ ȏȕȈȟȍȕȐȧ Ȍȓȧ ȒȈȎȌȖȋȖ 
ȏȕȈȟȍȕȐȧ ȔȐȕțș ȔȍȌȐȈȕȕȖȍ ȏȕȈȟȍȕȐȍ ȋȘțȗȗȣ. 
ȇȊȓȧȍȚșȧ șȚȈȚȐșȚȐȒȖȑ, ȉȖȓȍȍ țșȚȖȑȟȐȊȖȑ Ȓ ȊȣȉȘȖșȈȔ Ȋ ȕȈȉȖȘȍ 
ȌȈȕȕȣȝ, ȟȍȔ șȚȈȕȌȈȘȚȕȖȍ ȖȚȒȓȖȕȍȕȐȍ 

ǨșȐȔȔȍȚȘȐȧ ȝȈȘȈȒȚȍȘȐȏțȍȚ ȔȍȘț șȒȖȠȍȕȕȖșȚȐ ȋȘȈȜȐȒȈ ȊȓȍȊȖ/ȊȗȘȈȊȖ. 
ǭșȓȐ ȒȖȥȜȜȐȞȐȍȕȚ ȈșȐȔȔȍȚȘȐȐ ȖȚȘȐȞȈȚȍȓȍȕ, ȚȖ șȒȖș 
ȓȍȊȖșȚȖȘȖȕȕȐȑ. ǭșȓȐ ȒȖȥȜȜȐȞȐȍȕȚ ȗȖȓȖȎȐȚȍȓȍȕ, ȚȖ șȒȖș 
ȗȘȈȊȖșȚȖȘȖȕȕȐȑ. ǰ ȟȍȔ ȒȖȥȜȜȐȞȐȍȕȚ ȉȖȓȤȠȍ ȗȖ ȔȖȌțȓȦ, ȚȍȔ 
șȐȓȤȕȍȍ șȒȖș ȘȈșȗȘȍȌȍȓȍȕȐȧ. 

ǹȚȈȕȌȈȘȚȕȖȍ 
ȖȚȒȓȖȕȍȕȐȍ 

șȚȈȚȐșȚȐȟȍșȒȈȧ ȝȈȘȈȒȚȍȘȐșȚȐȒȈ ȘȈșȗȘȍȌȍȓȍȕȐȧ șȓțȟȈȑȕȖȑ 
ȊȍȓȐȟȐȕȣ, ȗȖȒȈȏȣȊȈȦȡȈȧ șȘȍȌȕȦȦ șȚȍȗȍȕȤ ȘȈȏȉȘȖșȈ ȏȕȈȟȍȕȐȑ 
ȊȍȓȐȟȐȕȣ ȖȚȕȖșȐȚȍȓȤȕȖ ȔȈȚȍȔȈȚȐȟȍșȒȖȋȖ ȖȎȐȌȈȕȐȧ. 
ǩȖȓȤȠȍȍ ȏȕȈȟȍȕȐȍ șȘȍȌȕȍȒȊȈȌȘȈȚȐȟȍșȒȖȋȖ ȖȚȒȓȖȕȍȕȐȧ 
ȗȖȒȈȏȣȊȈȍȚ ȉȖȓȤȠȐȑ ȘȈȏȉȘȖș ȕȈȉȓȦȌȈȍȔȣȝ ȏȕȈȟȍȕȐȑ ȗȘȐȏȕȈȒȈ 
ȖȚȕȖșȐȚȍȓȤȕȖ șȘȍȌȕȍȋȖ; ȔȍȕȤȠȍȍ ȏȕȈȟȍȕȐȍ, șȖȖȚȊȍȚșȚȊȍȕȕȖ, 
ȗȖȒȈȏȣȊȈȍȚ, ȟȚȖ ȊȍȓȐȟȐȕȣ Ȋ ȔȕȖȎȍșȚȊȍ șȋȘțȗȗȐȘȖȊȈȕȣ ȊȖȒȘțȋ 
șȘȍȌȕȍȋȖ. 

ǬȐșȗȍȘșȐȧ ȊȍȓȐȟȐȕȈ, ȒȖȚȖȘȈȧ ȝȈȘȈȒȚȍȘȐȏțȍȚ ȔȍȘț ȘȈȏȉȘȖșȈ ȏȕȈȟȍȕȐȑ 
șȓțȟȈȑȕȖȑ ȊȍȓȐȟȐȕȣ ȖȚȕȖșȐȚȍȓȤȕȖ ȍȍ ȔȈȚȍȔȈȚȐȟȍșȒȖȋȖ 
ȖȎȐȌȈȕȐȧ. 

Ǻ-șȚȈȚȐșȚȐȒȈ T-șȚȈȚȐșȚȐȒȈ — ȥȚȖ ȘȈȏȕȐȞȈ ȔȍȎȌț șȘȍȌȕȐȔ ȗȖ ȊȣȉȖȘȒȍ Ȑ 
ȋȐȗȖȚȍȚȐȟȍșȒȐȔ șȘȍȌȕȐȔ (ȗȘȍȌȗȖȓȈȋȈȍȔȣȔ ȘȈȊȕȣȔ ȕțȓȦ), 
ȌȍȓȍȕȕȈȧ ȕȈ ȘȈșȟȍȚȕțȦ șȚȈȕȌȈȘȚȕțȦ ȖȠȐȉȒț șȘȍȌȕȍȋȖ. 

ǷȐ-ȏȕȈȟȍȕȐȍ ǻȘȖȊȍȕȤ ȏȕȈȟȐȔȖșȚȐ — ȊȍȘȖȧȚȕȖșȚȤ ȗȖȓțȟȐȚȤ T-ȏȕȈȟȍȕȐȍ, ȘȈȊȕȖȍ 
ȐȓȐ ȗȘȍȊȣȠȈȦȡȍȍ ȚȖ ȏȕȈȟȍȕȐȍ, ȒȖȚȖȘȖȍ Ȕȣ Ȋ ȌȍȑșȚȊȐȚȍȓȤȕȖșȚȐ 
ȘȈșșȟȐȚȈȓȐ ȗȖ ȐȔȍȦȡȐȔșȧ ȊȣȉȖȘȖȟȕȣȔ ȌȈȕȕȣȔ (ȗȘȐ țșȓȖȊȐȐ, 
ȟȚȖ ȕțȓȍȊȈȧ ȋȐȗȖȚȍȏȈ ȊȍȘȕȈ) 

ǺȈȉȓȐȞȈ 5 ǵȈȉȖȘ șȚȈȚȐșȚȐȒ, ȘȈșșȟȐȚȣȊȈȍȔȣȝ Ȍȓȧ ȒȖȓȐȟȍșȚȊȍȕȕȣȝ ȗȍȘȍȔȍȕȕȣȝ 

Ǭȓȧ țȌȖȉșȚȊȈ ȐȕȚȍȘȗȘȍȚȈȞȐȐ Ȑ ȈȕȈȓȐȏȈ ȗȘȍȌțșȔȖȚȘȍȕȖ ȗȖșȚȘȖȍȕȐȍ ǫȐșȚȖȋȘȈȔȔȣ. 

ǫȐșȚȖȋȘȈȔȔȈ ȊȐȏțȈȓȐȏȐȘțȍȚ ȘȈșȗȘȍȌȍȓȍȕȐȍ ȌȈȕȕȣȝ Ȋ ȘȈȔȒȈȝ ȕȍȗȘȍȘȣȊȕȖȋȖ 
ȐȕȚȍȘȊȈȓȈ. ǲȈȎȌȈȧ ȗȖȓȖșȈ ȗȘȍȌșȚȈȊȓȧȍȚ Ȋ ȚȈȉȓȐȟȕȖȑ ȜȖȘȔȍ ȟȈșȚȖȚȕȖșȚȤ ȏȈ 
ȖȗȘȍȌȍȓȍȕȕȣȑ ȉȐȕ. ǲȖȓȐȟȍșȚȊȖ ȉȐȕȖȊ ȕȍ ȐȏȔȍȕȧȍȔȖ Ȑ ȗȖ țȔȖȓȟȈȕȐȦ ȘȈȊȕȖ 50. 
ǷȖșȔȖȚȘȍȚȤ ȋȐșȚȖȋȘȈȔȔț ȔȖȎȕȖ Ȋ ȚȖȔ Ȏȍ ȒȖȕȚȍȑȕȍȘȍ, ȊȣȉȘȈȊ Ȋ ȗȘȈȊȖȔ ȊȍȘȝȕȍȔ 

țȋȓț ȐȒȖȕȒț . 

 

ǸȐșțȕȖȒ 46 ǷȘȐȔȍȘ ǫȐșȚȖȋȘȈȔȔȣ 
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2.4.3. ǸȍȏțȓȤȚȈȚ ȘȈșȟȍȚȈ ȒȖȘȘȍȓȧȞȐȐ 

ǸȍȏțȓȤȚȈȚȖȔ ȘȈșȟȍȚȈ ȧȊȓȧȍȚșȧ ȒȖȘȘȍȓȧȞȐȖȕȕȈȧ ȔȈȚȘȐȞȈ, ȗȘȍȌșȚȈȊȓȧȦȡȈȧ șȖȉȖȑ 
ȒȊȈȌȘȈȚȕțȦ ȚȍȗȓȖȊțȦ ȒȈȘȚț, Ȋ ȒȖȚȖȘȖȑ ȕȈ ȗȍȘȍșȍȟȍȕȐȐ ȊȣȉȘȈȕȕȣȝ ȗȘȐȏȕȈȒȖȊ 
(ȖȌȐȕȈȒȖȊȣȑ ȕȈȉȖȘ Ȍȓȧ șȚȖȓȉȞȖȊ Ȑ șȚȘȖȒ) ȕȈȝȖȌȐȚșȧ ȏȕȈȟȍȕȐȍ ȒȖȥȜȜȐȞȐȍȕȚȈ 
ȒȖȘȘȍȓȧȞȐȐ, ȏȈȒȖȌȐȘȖȊȈȕȕȖȋȖ ȗȘȐ ȗȖȔȖȡȐ ȋȘȈȌȐȍȕȚȕȖȑ ȠȒȈȓȣ. ǹȐȕȐȑ ȞȊȍȚ 
ȖȚȘȈȎȈȍȚ ȔȈȒșȐȔȈȓȤȕȖȍ ȏȕȈȟȍȕȐȍ ȒȖȥȜȜȐȞȐȍȕȚȈ ȒȖȘȘȍȓȧȞȐȐ (ȘȈȊȕȣȑ 1), ȒȘȈșȕȣȑ 
— ȔȐȕȐȔȈȓȤȕȖȍ (ȘȈȊȕȣȑ -1).  

ǴȈȚȘȐȞȈ ȧȊȓȧȍȚșȧ șȐȔȔȍȚȘȐȟȕȖȑ, ș ȍȌȐȕȐȟȕȖȑ ȌȐȈȋȖȕȈȓȤȦ. ǷȘȐ ȕȈȊȍȌȍȕȐȐ 
țȒȈȏȈȚȍȓȧ ȔȣȠȐ ȕȈ ȧȟȍȑȒț ȔȖȎȕȖ ȗȖȓțȟȐȚȤ ȌȍȚȈȓȐȏȐȘȖȊȈȕȕțȦ ȐȕȜȖȘȔȈȞȐȦ: 

 ǲȖȥȜȜȐȞȐȍȕȚ ȒȖȘȘȍȓȧȞȐȐ. 
 ǲȖȥȜȜȐȞȐȍȕȚ ȒȖȊȈȘȐȈȞȐȐ. 
 p-value — țȘȖȊȍȕȤ ȏȕȈȟȐȔȖșȚȐ. 

 

ǲȖȥȜȜȐȞȐȍȕȚ ȒȖȊȈȘȐȈȞȐȐ — ȥȚȖ ȔȍȘȈ ȓȐȕȍȑȕȖȑ ȏȈȊȐșȐȔȖșȚȐ ȌȊțȝ șȓțȟȈȑȕȣȝ 
ȊȍȓȐȟȐȕ. ǶȕȈ ȧȊȓȧȍȚșȧ ȕȍȕȖȘȔȐȘȖȊȈȕȕȖȑ ȊȍȘșȐȍȑ ȒȖȥȜȜȐȞȐȍȕȚȈ ȒȖȘȘȍȓȧȞȐȐ. 

ǲȖȥȜȜȐȞȐȍȕȚ ȒȖȘȘȍȓȧȞȐȐ — șȚȈȚȐșȚȐȟȍșȒȈȧ ȔȍȘȈ, ȒȖȚȖȘȈȧ ȖȚȘȈȎȈȍȚ șȐȓț șȊȧȏȐ 
ȔȍȎȌț ȌȊțȔȧ ȗȖȘȧȌȒȖȊȣȔȐ ȗȘȐȏȕȈȒȈȔȐ. ǲȖȥȜȜȐȞȐȍȕȚ ȒȖȘȘȍȓȧȞȐȐ ȔȖȎȍȚ 
ȗȘȐȕȐȔȈȚȤ ȏȕȈȟȍȕȐȧ ȖȚ −1 ȌȖ +1. ǭșȓȐ ȏȕȈȟȍȕȐȍ ȗȖ ȔȖȌțȓȦ ȕȈȝȖȌȐȚșȧ ȉȓȐȎȍ Ȓ 1, 
ȚȖ ȥȚȖ ȖȏȕȈȟȈȍȚ ȕȈȓȐȟȐȍ șȐȓȤȕȖȑ șȊȧȏȐ, Ȉ ȍșȓȐ ȉȓȐȎȍ Ȓ 0 — șȊȧȏȤ șȓȈȉȈȧ ȐȓȐ 
ȊȖȖȉȡȍ ȖȚșțȚșȚȊțȍȚ. 

ǪȣȟȐșȓȍȕȐȍ ȒȖȥȜȜȐȞȐȍȕȚȈ ȒȖȘȘȍȓȧȞȐȐ ȗȘȖȐȏȊȖȌȐȚșȧ ȚȘȍȔȧ ȔȍȚȖȌȈȔȐ: 
 ǲȖȘȘȍȓȧȞȐȧ ǷȐȘșȖȕȈ. 
 ǲȖȘȘȍȓȧȞȐȧ ǹȗȐȘȔȍȕȈ. 
 ǲȖȘȘȍȓȧȞȐȧ ǲȍȕȌȈȓȓȈ. 

 

Ǭȓȧ ȒȈȎȌȖȋȖ ȔȍȚȖȌȈ ȗȘȍȌțșȔȖȚȘȍȕȖ ȗȖșȚȘȖȍȕȐȍ șȊȖȍȑ ȒȖȘȘȍȓȧȞȐȖȕȕȖȑ ȔȈȚȘȐȞȣ. 
ǪȣȉȘȈȚȤ ȚȘȍȉțȍȔțȦ ȔȖȎȕȖ Ȋ ȊȣȗȈȌȈȦȡȍȔ ȔȍȕȦ Ȋ ȊȍȘȝȕȍȑ ȟȈșȚȐ ȗȈȕȍȓȐ. 
ǷȖȓȏțȕȒȐ ȉȖȒȖȊȖȑ ȋȘȈȌȐȍȕȚȕȖȑ ȠȒȈȓȣ ȗȖȏȊȖȓȧȦȚ ȜȐȓȤȚȘȖȊȈȚȤ ȧȟȍȑȒȐ 
ȒȖȘȘȍȓȧȞȐȖȕȕȖȑ ȔȈȚȘȐȞȣ. 

 

ǸȐșțȕȖȒ 47 ǸȍȏțȓȤȚȈȚ ȘȈșȟȍȚȈ ȒȖȘȘȍȓȧȞȐȖȕȕȖȑ ȔȈȚȘȐȞȣ 
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2.4.4. ǸȍȏțȓȤȚȈȚ ȘȈșȟȍȚȈ ȒȓȈșȚȍȘȐȏȈȞȐȐ 

ǸȍȏțȓȤȚȈȚȖȔ ȘȈșȟȍȚȈ ȧȊȓȧȍȚșȧ ȘȈȏȉȐȍȕȐȍ șȖȊȖȒțȗȕȖșȚȐ ȕȈȉȓȦȌȍȕȐȑ ȕȈ ȖȌȕȖȘȖȌȕȣȍ 
ȋȘțȗȗȣ, ȐȓȐ ȒȓȈșȚȍȘȣ. 

Ǭȓȧ țȌȖȉșȚȊȈ ȐȕȚȍȘȗȘȍȚȈȞȐȐ ȘȍȏțȓȤȚȈȚȣ ȒȓȈșȚȍȘȕȖȋȖ ȈȕȈȓȐȏȈ ȗȘȍȌșȚȈȊȓȍȕȣ Ȋ 
ȖȚȌȍȓȤȕȖȔ ȒȖȕȚȍȑȕȍȘȍ șȖ șȓȍȌțȦȡȐȔȐ ȖȉȢȍȒȚȈȔȐ: 

 ǲȘțȋȖȊȈȧ ȌȐȈȋȘȈȔȔȈ ș ȒȖȓȐȟȍșȚȊȖȔ ȕȈȉȓȦȌȍȕȐȑ Ȋ ȒȈȎȌȖȔ ȒȓȈșȚȍȘȍ. 

ǷȘȐ ȕȈȊȍȌȍȕȐȐ ȒțȘșȖȘȈ ȔȣȠȐ ȕȈ șȍȒȚȖȘ ȒȓȈșȚȍȘȈ ȔȖȎȕȖ țȏȕȈȚȤ ȒȖȓȐȟȍșȚȊȖ 
ȕȈȉȓȦȌȍȕȐȑ Ȋ ȕȍȔ. 

 

ǸȐșțȕȖȒ 48 ǷȘȐȔȍȘ ǲȘțȋȖȊȖȑ ȌȐȈȋȘȈȔȔȣ ș ȘȍȏțȓȤȚȈȚȈȔȐ ȒȓȈșȚȍȘȐȏȈȞȐȐ 

 ǫȘȈȜȐȒ Ȋ ȗȈȘȈȓȓȍȓȤȕȣȝ ȒȖȖȘȌȐȕȈȚȈȝ — Parallel Coordinates Plot. 

ǬȐȈȋȘȈȔȔȈ ș ȗȈȘȈȓȓȍȓȤȕȣȔȐ ȒȖȖȘȌȐȕȈȚȈȔȐ ȗȖȏȊȖȓȧȍȚ ȐȕȚȍȘȗȘȍȚȐȘȖȊȈȚȤ 
ȗȖșȚȘȖȍȕȕȣȍ ȒȓȈșȚȍȘȣ. 

ǵȈ ȌȐȈȋȘȈȔȔȍ ș ȗȈȘȈȓȓȍȓȤȕȣȔȐ ȒȖȖȘȌȐȕȈȚȈȔȐ ȒȈȎȌȖȑ ȗȍȘȍȔȍȕȕȖȑ ȗȘȐșȊȈȐȊȈȍȚșȧ 
șȖȉșȚȊȍȕȕȈȧ ȖșȤ. ǶșȐ ȘȈșȗȖȓȈȋȈȦȚșȧ ȗȈȘȈȓȓȍȓȤȕȖ ȌȘțȋ ȌȘțȋț, Ȑ ȒȈȎȌȈȧ ȐȔȍȦȚ șȊȖȦ 
șȖȉșȚȊȍȕȕțȦ ȠȒȈȓț. ǵȈȟȈȓȤȕȈȧ ȖșȤ ȖȚȘȈȎȈȍȚ ȒȓȈșȚȍȘ, Ȓ ȒȖȚȖȘȖȔț ȔȖȌȍȓȤ ȖȚȕȍșȓȈ 
ȕȈȉȓȦȌȍȕȐȍ. ǲȈȎȌȖȍ ȕȈȉȓȦȌȍȕȐȍ ȕȈȕȖșȐȚșȧ ȕȈ ȋȘȈȜȐȒ Ȋ ȊȐȌȍ ȓȐȕȐȐ, 
ȗȍȘȍșȍȒȈȦȡȍȑșȧ ș ȒȈȎȌȖȑ Ȑȏ Ȗșȍȑ. ǺȈȒȐȔ ȖȉȘȈȏȖȔ, ȗȖȓȤȏȖȊȈȚȍȓȤ ȔȖȎȍȚ ȊȣȧȊȐȚȤ 
ȗȈȚȚȍȘȕȣ Ȑ ȒȖȘȘȍȓȧȞȐȐ ȔȍȎȌț ȘȈȏȕȣȔȐ ȗȍȘȍȔȍȕȕȣȔȐ. 
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ǸȐșțȕȖȒ 49 ǷȘȐȔȍȘ ǫȘȈȜȐȒȈ Ȋ ȗȈȘȈȓȓȍȓȤȕȣȝ ȒȖȖȘȌȐȕȈȚȈȝ 

 ǹȐȓțȥȚ — Silhouette Plot. 

ǯȕȈȟȍȕȐȍ Silhouette Ȍȓȧ ȒȈȎȌȖȋȖ ȕȈȉȓȦȌȍȕȐȧ ȧȊȓȧȍȚșȧ ȔȍȘȖȑ ȚȖȋȖ, ȕȈșȒȖȓȤȒȖ ȥȚȖ 
ȕȈȉȓȦȌȍȕȐȍ ȗȖȝȖȎȍ ȕȈ ȕȈȉȓȦȌȍȕȐȧ Ȋ șȖȉșȚȊȍȕȕȖȔ ȒȓȈșȚȍȘȍ ȗȖ șȘȈȊȕȍȕȐȦ ș 
ȕȈȉȓȦȌȍȕȐȧȔȐ Ȋ ȌȘțȋȐȝ ȒȓȈșȚȍȘȈȝ. 

ǯȕȈȟȍȕȐȍ Silhouette ȕȈȝȖȌȐȚșȧ Ȋ ȌȐȈȗȈȏȖȕȍ ȖȚ -1 ȌȖ 1. ǪȣșȖȒȖȍ ȏȕȈȟȍȕȐȍ 
țȒȈȏȣȊȈȍȚ ȕȈ ȚȖ, ȟȚȖ ȕȈȉȓȦȌȍȕȐȍ ȝȖȘȖȠȖ șȖȖȚȊȍȚșȚȊțȍȚ șȖȉșȚȊȍȕȕȖȔț ȒȓȈșȚȍȘț Ȑ 
ȗȓȖȝȖ șȖȖȚȊȍȚșȚȊțȍȚ ȌȘțȋȐȔ ȒȓȈșȚȍȘȈȔ. 
ǭșȓȐ ȉȖȓȤȠȐȕșȚȊȖ ȕȈȉȓȦȌȍȕȐȑ ȐȔȍȦȚ ȕȐȏȒȖȍ ȐȓȐ ȖȚȘȐȞȈȚȍȓȤȕȖȍ ȏȕȈȟȍȕȐȍ 
Silhouette, ȚȖȋȌȈ ȗȖȓȤȏȖȊȈȚȍȓȤ ȌȖȓȎȍȕ ȗȍȘȍșȚȘȖȐȚȤ ȒȓȈșȚȍȘȐȏȈȞȐȦ ș ȉȖȓȤȠȐȔ ȐȓȐ 
ȔȍȕȤȠȐȔ ȒȖȓȐȟȍșȚȊȖȔ ȒȓȈșȚȍȘȖȊ. 

 

ǸȐșțȕȖȒ 50 ǷȘȐȔȍȘ Silhouette Plot 
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 ǺȈȉȓȐȞȈ ș ȒȖȖȘȌȐȕȈȚȈȔȐ ȞȍȕȚȘȖȐȌȖȊ, ȋȌȍ Ȋ ȒȈȟȍșȚȊȍ șȚȘȖȒ ȊȣșȚțȗȈȦȚ 
ȕȖȔȍȘȈ ȒȓȈșȚȍȘȖȊ Ȑ ȏȕȈȟȍȕȐȧ ȗȍȘȍȔȍȕȕȣȝ, Ȋ ȒȖȚȖȘȣȝ ȕȈȝȖȌȧȚșȧ ȞȍȕȚȘȖȐȌȣ 
ȥȚȐȝ ȒȓȈșȚȍȘȖȊ. 

 

ǸȐșțȕȖȒ 51 ǷȘȐȔȍȘ ȚȈȉȓȐȞȣ ș ȒȖȖȘȌȐȕȈȚȈȔȐ ȞȍȕȚȘȖȐȌȖȊ 

 ǺȈȉȓȐȞȈ șȖ șȚȈȚȐșȚȐȒȈȔȐ ȗȖ ȒȓȈșȚȍȘȈȔ. ǹȖȌȍȘȎȐȚ șȓȍȌțȦȡȐȍ 
șȚȈȚȐșȚȐȒȐ: 

o ǵȖȔȍȘ ȒȓȈșȚȍȘȈ. 
o ǲȖȓȐȟȍșȚȊȖ ȕȈȉȓȦȌȍȕȐȑ. 
o ǹȘȍȌȕȍȒȊȈȌȘȈȚȐȟȕȖȍ ȘȈșșȚȖȧȕȐȍ ȔȍȎȌț ȕȈȉȓȦȌȍȕȐȧȔȐ ȊȕțȚȘȐ 

ȒȓȈșȚȍȘȈ. 
o ǹțȔȔȈ ȘȈșșȚȖȧȕȐȑ ȔȍȎȌț ȕȈȉȓȦȌȍȕȐȧȔȐ ȊȕțȚȘȐ ȒȓȈșȚȍȘȈ. 
o ǸȈșșȚȖȧȕȐȍ ȔȍȎȌț ȞȍȕȚȘȖȐȌȖȔ Ȑ ȉȓȐȎȈȑȠȐȔ ȕȈȉȓȦȌȍȕȐȍȔ. 
o ǸȈșșȚȖȧȕȐȍ ȔȍȎȌț ȞȍȕȚȘȖȐȌȖȔ Ȑ ȕȈȐȉȖȓȍȍ țȌȈȓȍȕȕȣȔ ȕȈȉȓȦȌȍȕȐȍȔ. 
o ǸȈșșȚȖȧȕȐȍ ȔȍȎȌț ȞȍȕȚȘȖȐȌȖȔ Ȑ ȊȚȖȘȣȔ ȗȖ țȌȈȓȍȕȕȖșȚȐ ȕȈȉȓȦȌȍȕȐȍȔ. 
o ǸȈșșȚȖȧȕȐȍ ȔȍȎȌț ȞȍȕȚȘȖȐȌȖȔ Ȑ ȚȘȍȚȤȐȔ ȗȖ țȌȈȓȍȕȕȖșȚȐ ȕȈȉȓȦȌȍȕȐȍȔ. 
o ǩȓȐȎȈȑȠȐȑ ȒȓȈșȚȍȘ. 
o ǸȈșșȚȖȧȕȐȍ ȌȖ ȉȓȐȎȈȑȠȍȋȖ ȞȍȕȚȘȖȐȌȈ. 
o ǹȘȍȌȕȍȍ ȘȈșșȚȖȧȕȐȍ ȔȍȎȌț ȞȍȕȚȘȖȐȌȖȔ Ȑ ȕȈȉȓȦȌȍȕȐȧȔȐ Ȋ ȒȓȈșȚȍȘȍ. 
o ǹțȔȔȈ ȘȈșșȚȖȧȕȐȑ ȔȍȎȌț ȕȈȉȓȦȌȍȕȐȧȔȐ Ȑ ȞȍȕȚȘȖȐȌȖȔ. 

 

ǸȐșțȕȖȒ 52 ǷȘȐȔȍȘ ȚȈȉȓȐȞȣ șȖ șȚȈȚȐșȚȐȒȈȔȐ ȒȓȈșȚȍȘȖȊ 
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 ǰȕȜȖȘȔȈȞȐȧ ȗȖ ȗȈȘȈȔȍȚȘȈȔ ȏȈȗțșȒȈ. ǹȖȖȚȊȍȚșȚȊțȍȚ ȐȕȚȍȘȜȍȑșț ȖȒȕȈ 
ǷȈȘȈȔȍȚȘȣ ȒȓȈșȚȍȘȐȏȈȞȐȐ Ȋ ǴȈșȚȍȘȍ ȕȈșȚȘȖȑȒȐ. 

 

ǸȐșțȕȖȒ 53 ǷȘȐȔȍȘ ȊȒȓȈȌȒȐ ș ȗȈȘȈȔȍȚȘȈȔȐ ȏȈȗțșȒȈ ȒȓȈșȚȍȘȕȖȋȖ ȈȕȈȓȐȏȈ 

 ǺȈȉȓȐȞȈ șȖ șȚȈȚȐșȚȐȒȈȔȐ ȗȖ ȗȍȘȍȔȍȕȕȣȔ ȒȓȈșȚȍȘȈ. ǷȖ ȒȈȎȌȖȔț 
ȒȓȈșȚȍȘț ȖȚȘȈȎȍȕȣ șȘȍȌȕȍȍ Ȑ șȚȈȕȌȈȘȚȕȖȍ ȖȚȒȓȖȕȍȕȐȍ Ȍȓȧ ȒȈȎȌȖȑ 
ȗȍȘȍȔȍȕȕȖȑ. 

 

ǸȐșțȕȖȒ 54 ǷȘȐȔȍȘ ȚȈȉȓȐȞȣ șȖ șȚȈȚȐșȚȐȒȈȔȐ ȗȍȘȍȔȍȕȕȣȝ ȗȖ ȒȓȈșȚȍȘȈȔ 
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2.4.5. ǸȍȏțȓȤȚȈȚ ȘȈșȟȍȚȈ șȚȈȚȐșȚȐȟȍșȒȐȝ ȚȍșȚȖȊ 

ǸȍȏțȓȤȚȈȚȣ Ȋșȍȝ ȘȈșșȟȐȚȈȕȕȣȝ Ȋ ȐșșȓȍȌȖȊȈȕȐȐ șȚȈȚȐșȚȐȟȍșȒȐȝ ȚȍșȚȖȊ 
ȖȚȖȉȘȈȎȈȦȚșȧ Ȋ ȍȌȐȕȖȔ ȒȖȕȚȍȑȕȍȘȍ. 

ǲȈȎȌȣȑ Ȑȏ șȚȈȚȐșȚȐȟȍșȒȐȝ ȚȍșȚȖȊ ȐȔȍȍȚ șȊȖȐ ȘȍȏțȓȤȚȈȚȣ. ǪȣȉȘȈȚȤ ȘȍȏțȓȤȚȈȚȣ 
ȐȕȚȍȘȍșțȦȡȍȋȖ ȔȖȎȕȖ Ȋ ȊȣȗȈȌȈȦȡȍȔ ȔȍȕȦ Ȋ ȊȍȘȝȕȍȑ ȟȈșȚȐ ȒȖȕȚȍȑȕȍȘȈ. 

 

ǸȐșțȕȖȒ 55 ǲȖȕȚȍȑȕȍȘ ș ȘȍȏțȓȤȚȈȚȈȔȐ șȚȈȚȐșȚȐȟȍșȒȐȝ ȚȍșȚȖȊ 

ǷȖȔȐȔȖ ȘȈșȟȍȚȕȣȝ ȗȈȘȈȔȍȚȘȖȊ, ȏȈȌȈȕȕȣȝ ȗȘȐ șȖȏȌȈȕȐȐ șȚȈȚȐșȚȐȟȍșȒȖȋȖ ȚȍșȚȈ, Ȋ 
ȌȈȕȕȖȔ ȒȖȕȚȍȑȕȍȘȍ ȖȚȘȈȎȈȦȚșȧ șȓȍȌțȦȡȐȍ ȘȍȏțȓȤȚȈȚȣ: 

 ǺȍșȚ ǲȖȓȔȖȋȖȘȖȊȈ-ǹȔȐȘȕȖȊȈ. 

o statistic — șȚȈȚȐșȚȐȒȈ ǲȖȓȔȖȋȖȘȖȊȈ-ǹȔȐȘȕȖȊȈ. 
o p-value — țȘȖȊȍȕȤ ȏȕȈȟȐȔȖșȚȐ. 

 

 ǺȍșȚ ǲȘȈȔȍȘȈ-ȜȖȕ-ǴȐȏȍșȈ. 

o statistic — șȚȈȚȐșȚȐȒȈ ȚȍșȚȈ ǲȘȈȔȍȘȈ-ȜȖȕ-ǴȐȏȍșȈ. 
o p-value — țȘȖȊȍȕȤ ȏȕȈȟȐȔȖșȚȐ. 

 

 ǺȍșȚ ǨȕȌȍȘșȖȕȈ-ǬȈȘȓȐȕȋȈ. 

o statistic — șȚȈȚȐșȚȐȒȈ ȚȍșȚȈ ǨȕȌȍȘșȖȕȈ-ǬȈȘȓȐȕȋȈ. 
o critical_values — ȒȘȐȚȐȟȍșȒȐȍ ȏȕȈȟȍȕȐȧ Ȍȓȧ ȥȚȖȋȖ ȘȈșȗȘȍȌȍȓȍȕȐȧ. 
o significance_level — țȘȖȊȕȐ ȏȕȈȟȐȔȖșȚȐ Ȍȓȧ șȖȖȚȊȍȚșȚȊțȦȡȐȝ 

ȒȘȐȚȐȟȍșȒȐȝ ȏȕȈȟȍȕȐȑ Ȋ ȗȘȖȞȍȕȚȈȝ. ǼțȕȒȞȐȧ ȊȖȏȊȘȈȡȈȍȚ ȒȘȐȚȐȟȍșȒȐȍ 
ȏȕȈȟȍȕȐȧ Ȍȓȧ ȘȈȏȓȐȟȕȖȋȖ ȕȈȉȖȘȈ țȘȖȊȕȍȑ ȏȕȈȟȐȔȖșȚȐ Ȋ ȏȈȊȐșȐȔȖșȚȐ ȖȚ 
ȚȍșȚȐȘțȍȔȖȋȖ ȘȈșȗȘȍȌȍȓȍȕȐȧ. (ǭșȓȐ ȊȖȏȊȘȈȡȈȍȔȈȧ șȚȈȚȐșȚȐȒȈ 
ȗȘȍȊȣȠȈȍȚ ȥȚȐ ȒȘȐȚȐȟȍșȒȐȍ ȏȕȈȟȍȕȐȧ, ȚȖ Ȍȓȧ șȖȖȚȊȍȚșȚȊțȦȡȍȋȖ țȘȖȊȕȧ 
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ȏȕȈȟȐȔȖșȚȐ ȕțȓȍȊȈȧ ȋȐȗȖȚȍȏȈ Ȗ ȚȖȔ, ȟȚȖ ȌȈȕȕȣȍ ȗȘȐȕȈȌȓȍȎȈȚ 
ȊȣȉȘȈȕȕȖȔț ȘȈșȗȘȍȌȍȓȍȕȐȦ, ȔȖȎȍȚ ȉȣȚȤ ȖȚȒȓȖȕȍȕȈ.). 

 normal/exponential — 15%, 10%, 5%, 2.5%, 1%. 

 logistic — 25%, 10%, 5%, 2.5%, 1%, 0.5%. 

 Gumbel — 25%, 10%, 5%, 2.5%, 1%. 

 

 ǲȘȐȚȍȘȐȑ șȖȋȓȈșȐȧ ȝȐ-ȒȊȈȌȘȈȚ ǷȐȘșȖȕȈ. 

o statistic — șȚȈȚȐșȚȐȒȈ ȒȘȐȚȍȘȐȑ șȖȋȓȈșȐȧ ȝȐ-ȒȊȈȌȘȈȚ ǷȐȘșȖȕȈ. 
o p-value — țȘȖȊȍȕȤ ȏȕȈȟȐȔȖșȚȐ. 

2.4.6. ǨȊȚȖȔȈȚȐȟȍșȒȖȍ ȗȖșȚȘȖȍȕȐȍ ȔȖȌȍȓȐ Ȋ MD 

Ǫ ȘȈȔȒȈȝ ȔȖȌțȓȧ DD șțȡȍșȚȊțȍȚ ȊȖȏȔȖȎȕȖșȚȤ ȉȣșȚȘȖȋȖ ȗȖșȚȘȖȍȕȐȧ ȗȈȑȗȓȈȑȕȈ 
ȔȖȌȍȓȐȘȖȊȈȕȐȧ Ȋ MD. 

Ǭȓȧ ȥȚȖȋȖ ȕȈ ȋȓȈȊȕȖȔ ȥȒȘȈȕȍ ȕȍȖȉȝȖȌȐȔȖ ȊȣȉȘȈȚȤ ȘȍȏțȓȤȚȈȚ ȐȕȚȍȘȍșțȦȡȍȋȖ ȕȈȉȖȘȈ 
ȌȈȕȕȣȝ Ȑ ȕȈ ȖȚȒȘȣȊȠȍȔșȧ ȥȒȘȈȕȍ ȊȣȉȘȈȚȤ ȒȕȖȗȒț ǷȖșȚȘȖȐȚȤ ȔȖȌȍȓȤ. 

 

ǸȐșțȕȖȒ 56 ǸȈșȗȖȓȖȎȍȕȐȍ ȒȕȖȗȒȐ ǷȖșȚȘȖȐȚȤ ȔȖȌȍȓȤ 

Ǫ ȖȒȕȍ ǷȖșȚȘȖȐȚȤ ȔȖȌȍȓȤ ȕȍȖȉȝȖȌȐȔȖ ȏȈȌȈȚȤ ǵȈȏȊȈȕȐȍ, ǶȗȐșȈȕȐȍ ȉțȌțȡȍȋȖ 
ȗȘȖȍȒȚȈ MD, Ȉ ȚȈȒȎȍ ȊȣȉȘȈȚȤ ǾȍȓȍȊțȦ ȗȍȘȍȔȍȕȕțȦ Ȑ ȖȚȖȉȘȈȚȤ ȕȍȖȉȝȖȌȐȔȣȍ Ȍȓȧ 
ȔȖȌȍȓȐȘȖȊȈȕȐȧ ȈȚȘȐȉțȚȣ Ȑȏ ȐșȝȖȌȕȖȋȖ ȕȈȉȖȘȈ ȌȈȕȕȣȝ. ǵȈȎȈȚȤ ȒȕȖȗȒț ǹȖȝȘȈȕȐȚȤ. 
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ǸȐșțȕȖȒ 57 ǶȒȕȖ ǷȖșȚȘȖȐȚȤ ȔȖȌȍȓȤ 

ǷȖșȓȍ ȊȣȗȖȓȕȍȕȐȧ ȕȍȖȉȝȖȌȐȔȣȝ ȘȈșȟȍȚȖȊ ȉțȌȍȚ ȌȖșȚțȗȕȈ ȒȕȖȗȒȈ ǷȍȘȍȑȚȐ ȗȖ 
șșȣȓȒȍ, ȒȖȚȖȘȈȧ ȗȍȘȍȊȍȌȍȚ ǷȖȓȤȏȖȊȈȚȍȓȧ Ȓ șȖȏȌȈȕȕȖȔț ȗȘȖȍȒȚț MD. 

 

ǸȐșțȕȖȒ 58 ǲȕȖȗȒȈ ǷȍȘȍȑȚȐ ȗȖ șșȣȓȒȍ 
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Ǫ ȈȊȚȖȔȈȚȐȟȍșȒȐ șȖȏȌȈȕȕȖȔ ȗȘȖȍȒȚȍ ȗȘȍȌțșȔȖȚȘȍȕȣ șȓȍȌțȦȡȐȍ țȏȓȣ 

ȔȖȌȍȓȐȘȖȊȈȕȐȧ: 
 ǻȏȍȓ "ǵȈȉȖȘ ȌȈȕȕȣȝ" (ȗȖȌȘȖȉȕȍȍ ǻȏȍȓ «ǵȈȉȖȘ ȌȈȕȕȣȝ»). 

 ǻȏȍȓ "ǴȍȚȈȌȈȕȕȣȍ" (ȗȖȌȘȖȉȕȍȍ ǻȏȍȓ «ǴȍȚȈȌȈȕȕȣȍ»). 

 ǻȏȍȓ "ǸȈȏȌȍȓȍȕȐȍ ȊȣȉȖȘȒȐ" (ȗȖȌȘȖȉȕȍȍ ǻȏȍȓ «ǸȈȏȌȍȓȍȕȐȍ ȊȣȉȖȘȒȐ»). 

 ǻȏȍȓ "AutoML" (ȗȖȌȘȖȉȕȍȍ ǻȏȍȓ «AutoML»). 

 

 

ǸȐșțȕȖȒ 59 ǷȘȐȔȍȘ șȖȏȌȈȕȕȖȋȖ ȗȘȖȍȒȚȈ MD 
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3. ǲȖȔȗȖȕȍȕȚ ǷȖșȚȘȖȍȕȐȍ ȔȖȌȍȓȍȑ (Model Designer, 
MD) 

ЭȚȈȗ ȗȖșȚȘȖȍȕȐȧ ȔȖȌȍȓȍȑ ȊȒȓȦȟȈȍȚ Ȋ șȍȉȧ ȖȉȠȐȘȕȣȑ ȗȓȈșȚ ȘȈȉȖȚ. ǷȍȘȊȖȕȈȟȈȓȤȕȖ 
ȕȍȖȉȝȖȌȐȔȖ ȕȖȘȔȈȓȐȏȖȊȈȚȤ Ȑ ȌȖȘȈȉȖȚȈȚȤ ȌȈȕȕȣȍ șȖȋȓȈșȕȖ ȗȖȓțȟȍȕȕȖȑ ȕȈ ȥȚȈȗȍ Ȑȝ 
ȐșșȓȍȌȖȊȈȕȐȧ ȐȕȜȖȘȔȈȞȐȐ Ȑ ȘȍȠȈȍȔȖȑ ȏȈȌȈȟȐ. ǹȈȔ ȗȘȖȞȍșș ȖȉțȟȍȕȐȧ ȗȘȖȐșȝȖȌȐȚ 
ȐȚȍȘȈȞȐȖȕȕȖ — ȗȘȖȉțȦȚșȧ ȘȈȏȕȣȍ ȔȖȌȍȓȐ, ȗȍȘȍȉȐȘȈȦȚșȧ ȋȐȗȍȘȗȈȘȈȔȍȚȘȣ, 
șȘȈȊȕȐȊȈȦȚșȧ ȏȕȈȟȍȕȐȧ ȊȣȉȘȈȕȕȖȑ ȔȍȚȘȐȒȐ ȒȈȟȍșȚȊȈ Ȑ ȊȣȉȐȘȈȍȚșȧ ȓțȟȠȈȧ 
ȒȖȔȉȐȕȈȞȐȧ. ǺȈȒȎȍ ȗȍȘȍȌ ȗȍȘȍȝȖȌȖȔ Ȓ ȊȕȍȌȘȍȕȐȦ ȕțȎȕȖ țȉȍȌȐȚȤșȧ, ȟȚȖ ȘȍȏțȓȤȚȈȚ 
ȔȖȌȍȓȐȘȖȊȈȕȐȧ ȗȖȕȧȚȍȕ Ȑ ȓȖȋȐȟȍȕ. 

ǹ țȟȍȚȖȔ ȥȚȐȝ ȠȈȋȖȊ Ȋ ȒȖȔȗȖȕȍȕȚȍ ǷȖșȚȘȖȍȕȐȍ ȔȖȌȍȓȍȑ ȗȘȍȌțșȔȖȚȘȍȕȣ 
ȐȕșȚȘțȔȍȕȚȣ: 

 ǷȖȌȋȖȚȖȊȒȐ ȌȈȕȕȣȝ (ȖȉȘȈȉȖȚȒȈ ȗȘȖȗțșȒȖȊ, ȘȈșȟȍȚ ȕȖȊȣȝ ȗȖȒȈȏȈȚȍȓȍȑ, 
ȜȐȓȤȚȘȈȞȐȧ Ȑ Ț.Ȍ.). 

 ǨȓȋȖȘȐȚȔȣ ȔȈȠȐȕȕȖȋȖ ȖȉțȟȍȕȐȧ (ȊȒȓȦȟȈȦȡȐȍ Ȋ șȍȉȧ ȠȐȘȖȒȐȑ șȗȐșȖȒ 
ȔȍȚȖȌȖȊ ȖȉțȟȍȕȐȧ ș țȟȐȚȍȓȍȔ Ȑ ȖȉțȟȍȕȐȧ ȉȍȏ țȟȐȚȍȓȧ). 

 ǸȈȏȌȍȓȍȕȐȍ ȕȈȉȖȘȈ ȌȈȕȕȣȝ ȕȈ ȊȣȉȖȘȒȐ Ȍȓȧ ȖȉțȟȍȕȐȧ, ȊȈȓȐȌȈȞȐȐ Ȑ 
ȚȍșȚȐȘȖȊȈȕȐȧ. 

 ǲȘȖșș-ȊȈȓȐȌȈȞȐȧ. 
 ǨȊȚȖȗȖȌȉȖȘ ȗȈȘȈȔȍȚȘȖȊ. 
 ǶȞȍȕȒȐ ȘȍȏțȓȤȚȈȚȖȊ (ȔȍȚȘȐȒȐ Ȑ ȌȐȈȋȘȈȔȔȣ ȖȞȍȕȒȐ ș țȟȍȚȖȔ ȚȐȗȈ ȏȈȌȈȟȐ). 
 ǹȘȈȊȕȍȕȐȧ ȔȖȌȍȓȍȑ. 
 ǰȕȚȍȘȗȘȍȚȈȞȐȐ ȔȖȌȍȓȍȑ. 
 ǸȍȋȐșȚȘȈȞȐȧ ȔȖȌȍȓȍȑ Ȋ ǸȍȗȖȏȐȚȖȘȐȑ. 

 

ǲȖȔȗȖȕȍȕȚ ȊȒȓȦȟȈȍȚ Ȋ șȍȉȧ: 
 ǫȓȈȊȕȣȑ ȥȒȘȈȕ șȖ șȗȐșȒȖȔ ȌȖșȚțȗȕȣȝ ȗȘȖȍȒȚȖȊ ȔȖȌȍȓȐȘȖȊȈȕȐȧ (ȗȘȖȍȒȚȖȊ 

MD). 

 ǲȖȕșȚȘțȒȚȖȘ șȞȍȕȈȘȐȍȊ. 
 ǪșȗȖȔȖȋȈȚȍȓȤȕȣȍ ȖȒȕȈ ȕȈșȚȘȖȑȒȐ ȊȐȌȈ, șȖȏȌȈȕȐȧ ȗȘȖȍȒȚȈ Ȑ Ț.Ȍ. 

3.1. ǫȓȈȊȕȣȑ ȥȒȘȈȕ MD 

3.1.1. ǰȕȚȍȘȜȍȑș ȋȓȈȊȕȖȋȖ ȥȒȘȈȕȈ MD 

ǫȓȈȊȕȣȑ ȥȒȘȈȕ ȒȖȔȗȖȕȍȕȚȈ ǷȖșȚȘȖȍȕȐȍ ȔȖȌȍȓȍȑ ȖȚȒȘȣȊȈȍȚșȧ ȗȘȐ ȊȣȉȖȘȍ ȐȒȖȕȒȐ 

 Ȋ ȓȍȊȖȔ ȊȍȘȝȕȍȔ ȔȍȕȦ Ȑ ȗȘȍȌșȚȈȊȓȧȍȚ șȖȉȖȑ șȗȐșȖȒ ȌȖșȚțȗȕȣȝ ȗȖȓȤȏȖȊȈȚȍȓȦ 
ǷȘȖȍȒȚȖȊ Ȋ ȚȈȉȓȐȟȕȖȔ ȊȐȌȍ. 
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ǸȐșțȕȖȒ 60 ǫȓȈȊȕȣȑ ȥȒȘȈȕ ȒȖȔȗȖȕȍȕȚȈ ǷȖșȚȘȖȍȕȐȍ ȔȖȌȍȓȍȑ (Model Designer) 

ǷȘȖȍȒȚ MD — ȥȚȖ șȞȍȕȈȘȐȑ ȔȖȌȍȓȐȘȖȊȈȕȐȧ, ȕȈșȚȘȈȐȊȈȍȔȣȑ ȗȖȓȤȏȖȊȈȚȍȓȍȔ Ȍȓȧ 
ȘȍȠȍȕȐȧ ȒȖȕȒȘȍȚȕȖȑ ȏȈȌȈȟȐ. 
ǺȈȉȓȐȞȈ ș ȌȖșȚțȗȕȣȔȐ ȗȘȖȍȒȚȈȔȐ ȐȔȍȍȚ ȋȐȉȒȐȍ ȕȈșȚȘȖȑȒȐ ȖȚȖȉȘȈȎȍȕȐȧ. ǺȈȒ, 
ȗȖȓȤȏȖȊȈȚȍȓȤ ȔȖȎȍȚ. 

 ǰȏȔȍȕȐȚȤ ȠȐȘȐȕț ȓȦȉȖȋȖ șȚȖȓȉȞȈ (Ȍȓȧ ȥȚȖȋȖ ȕȍȖȉȝȖȌȐȔȖ ȗȍȘȍȚȈȡȐȚȤ 

ȋȘȈȕȐȞț ȍȋȖ ȏȈȋȖȓȖȊȒȈ ȌȖ ȕțȎȕȖȑ ȠȐȘȐȕȣ). 

 ǹȖȘȚȐȘȖȊȈȚȤ ȚȈȉȓȐȞț (Ȍȓȧ ȥȚȖȋȖ ȕȍȖȉȝȖȌȐȔȖ ȊȣȉȘȈȚȤ ȐȒȖȕȒț  ȘȧȌȖȔ ș 
ȏȈȋȖȓȖȊȒȖȔ șȖȘȚȐȘțȍȔȖȋȖ șȚȖȓȉȞȈ). 

 ǹȒȘȣȊȈȚȤ/ȖȚȖȉȘȈȎȈȚȤ șȚȖȓȉȞȣ Ȑ ȐȏȔȍȕȧȚȤ Ȑȝ ȗȖȘȧȌȖȒ Ȋ ȖȒȕȍ ǪȐȌ ȚȈȉȓȐȞȣ 

(Ȍȓȧ ȖȚȒȘȣȚȐȧ ȖȒȕȈ ȕȍȖȉȝȖȌȐȔȖ ȊȣȉȘȈȚȤ  Ȋ ȗȘȈȊȖȔ 
ȊȍȘȝȕȍȔ țȋȓț ȚȈȉȓȐȞȣ; ȗȘȐ ȊȣȉȖȘȍ ȐȒȖȕȒȐ  șȚȖȓȉȍȞ șȒȘȖȍȚșȧ, ȗȘȐ 
ȕȈȊȍȌȍȕȐȐ ȕȈ ȐȒȖȕȒț  ȈȒȚȐȊȐȘțȍȚșȧ ȊȖȏȔȖȎȕȖșȚȤ ȗȍȘȍȔȍȡȍȕȐȧ șȚȖȓȉȞȈ). 

 ǹȉȘȖșȐȚȤ Ȋȕȍșȍȕȕȣȍ ȐȏȔȍȕȍȕȐȧ ȚȈȒȎȍ Ȋ ȖȒȕȍ ǪȐȌ ȚȈȉȓȐȞȣ (Ȍȓȧ ȥȚȖȋȖ 
ȊȣȉȘȈȚȤ ȒȕȖȗȒț «ǹȉȘȖșȐȚȤ»). 

Ǭȓȧ ȉȣșȚȘȖȋȖ ȗȖȐșȒȈ ȖȉȢȍȒȚȈ Ȋ ȚȈȉȓȐȞȍ ȗȘȍȌțșȔȖȚȘȍȕȖ ȗȖȓȍ  Ȋ 
ȗȘȈȊȖȑ ȊȍȘȝȕȍȑ ȟȈșȚȐ ȚȈȉȓȐȞȣ. 
ǶȉȢȍȒȚȣ ȚȈȉȓȐȞȣ ȔȖȎȕȖ ȊȣȋȘțȏȐȚȤ Ȋ ȜȖȘȔȈȚȍ Excel. Ǭȓȧ ȥȚȖȋȖ ȕțȎȕȖ ȊȣȉȘȈȚȤ 

ȐȒȖȕȒț ЭȒșȗȖȘȚȈ Ȋ excel  . 

3.1.2. ǹȖȏȌȈȕȐȍ ȗȘȖȍȒȚȈ MD 

Ǭȓȧ șȖȏȌȈȕȐȧ ȕȖȊȖȋȖ ȗȘȖȍȒȚȈ ȕȍȖȉȝȖȌȐȔȖ ȊȣȗȖȓȕȐȚȤ șȓȍȌțȦȡȐȍ ȠȈȋȐ: 
 ǪȣȉȘȈȚȤ ȒȕȖȗȒț «ǬȖȉȈȊȐȚȤ» Ȋ ȊȍȘȝȕȍȑ ȟȈșȚȐ ȚȈȉȓȐȞȣ ș ǷȘȖȍȒȚȈȔȐ. 
 Ǫ ȖȚȒȘȣȊȠȍȔșȧ ȖȒȕȍ ǹȖȏȌȈȕȐȍ ȗȘȖȍȒȚȈ ȏȈȌȈȚȤ ȕȈȏȊȈȕȐȍ Ȑ ȖȗȐșȈȕȐȍ. 
 ǹȖȝȘȈȕȐȚȤ ȐȏȔȍȕȍȕȐȧ. 
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3.1.3. ǻȌȈȓȍȕȐȍ ȗȘȖȍȒȚȈ MD 

Ǭȓȧ țȌȈȓȍȕȐȧ ȗȘȖȍȒȚȈ ȕȍȖȉȝȖȌȐȔȖ ȊȣȗȖȓȕȐȚȤ șȓȍȌțȦȡȐȍ ȠȈȋȐ: 
 ǪȣȉȘȈȚȤ ȟȍȒȉȖȒș ȘȧȌȖȔ ș țȌȈȓȧȍȔȣȔ ȗȘȖȍȒȚȖȔ. 
 ǪȣȉȘȈȚȤ ȒȕȖȗȒț «ǻȌȈȓȐȚȤ». 

3.1.4. ǲȖȗȐȘȖȊȈȕȐȍ ȗȘȖȍȒȚȈ MD 

Ǭȓȧ ȒȖȗȐȘȖȊȈȕȐȧ ȗȘȖȍȒȚȈ ȕȍȖȉȝȖȌȐȔȖ ȊȣȗȖȓȕȐȚȤ șȓȍȌțȦȡȐȍ ȠȈȋȐ: 
 ǹ ȗȘȈȊȖȑ șȚȖȘȖȕȣ ȖȚ ȗȘȖȍȒȚȈ ȊȣȉȘȈȚȤ ȐȒȖȕȒț Ȋ ȊȐȌȍ ȚȘȍȝ ȊȍȘȚȐȒȈȓȤȕȣȝ 

ȚȖȟȍȒ Ȑ Ȋ ȊȣȗȈȌȈȦȡȍȔ ȔȍȕȦ ȊȣȉȘȈȚȤ ǲȖȗȐȘȖȊȈȚȤ. 
 Ǫ ȖȚȒȘȣȊȠȍȔșȧ ȖȒȕȍ ǲȖȗȐȘȖȊȈȕȐȍ ȗȘȖȍȒȚȈ ȏȈȌȈȚȤ ȕȈȏȊȈȕȐȍ Ȑ ȖȗȐșȈȕȐȍ 

ȕȖȊȖȋȖ ȗȘȖȍȒȚȈ. 
 ǹȖȝȘȈȕȐȚȤ ȐȏȔȍȕȍȕȐȧ. 

3.1.5. ǸȍȌȈȒȚȐȘȖȊȈȕȐȍ ȗȘȖȍȒȚȈ MD 

Ǭȓȧ ȗȍȘȍȐȔȍȕȖȊȈȕȐȧ Ȑ ȐȏȔȍȕȍȕȐȧ ȖȗȐșȈȕȐȧ ȗȘȖȍȒȚȈ ȕȍȖȉȝȖȌȐȔȖ ȊȣȗȖȓȕȐȚȤ 
șȓȍȌțȦȡȐȍ ȠȈȋȐ: 

 ǹ ȗȘȈȊȖȑ șȚȖȘȖȕȣ ȖȚ ȗȘȖȍȒȚȈ ȊȣȉȘȈȚȤ ȐȒȖȕȒț Ȋ ȊȐȌȍ ȚȘȍȝ ȊȍȘȚȐȒȈȓȤȕȣȝ 
ȚȖȟȍȒ Ȑ Ȋ ȊȣȗȈȌȈȦȡȍȔ ȔȍȕȦ ȊȣȉȘȈȚȤ ǸȍȌȈȒȚȐȘȖȊȈȚȤ. 

 Ǫ ȖȚȒȘȣȊȠȍȔșȧ ȖȒȕȍ ǸȍȌȈȒȚȐȘȖȊȈȕȐȍ ȗȘȖȍȒȚȈ ȊȕȍșȚȐ ȕȍȖȉȝȖȌȐȔȣȍ 
ȐȏȔȍȕȍȕȐȧ Ȋ ȕȈȏȊȈȕȐȐ Ȑ ȖȗȐșȈȕȐȐ ȗȘȖȍȒȚȈ. 

 ǹȖȝȘȈȕȐȚȤ ȐȏȔȍȕȍȕȐȧ. 

3.1.6. ǸȈȉȖȚȈ ș ȗȘȖȍȒȚȖȔ MD 

Ǭȓȧ ȕȈȟȈȓȈ ȘȈȉȖȚȣ ș ȗȘȖȍȒȚȖȔ ȕȍȖȉȝȖȌȐȔȖ ȊȣȉȘȈȚȤ ȍȋȖ Ȑȏ șȗȐșȒȈ ȌȖșȚțȗȕȣȝ. 

3.2. ǲȖȕșȚȘțȒȚȖȘ șȞȍȕȈȘȐȍȊ 

ǷȘȐ ȊȣȉȖȘȍ ȗȘȖȍȒȚȈ ȕȈ ȋȓȈȊȕȖȑ șȚȘȈȕȐȞȍ ȒȖȔȗȖȕȍȕȚȈ ȖȚȒȘȣȊȈȍȚșȧ ǲȖȕșȚȘțȒȚȖȘ 
șȞȍȕȈȘȐȍȊ. 

 

ǸȐșțȕȖȒ 61 ЭȓȍȔȍȕȚȣ ǲȖȕșȚȘțȒȚȖȘȈ șȞȍȕȈȘȐȍȊ 
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ǹȞȍȕȈȘȐȑ — ȥȚȖ ȒȖȔȉȐȕȈȞȐȧ țȏȓȖȊ ȔȖȌȍȓȐȘȖȊȈȕȐȧ, ȕȈșȚȘȈȐȊȈȍȔȈȧ ȗȖȓȤȏȖȊȈȚȍȓȍȔ 
Ȋ ȏȈȊȐșȐȔȖșȚȐ ȖȚ ȘȍȠȈȍȔȖȑ ȏȈȌȈȟȐ. 

3.2.1. ǰȕȚȍȘȜȍȑș ȒȖȕșȚȘțȒȚȖȘȈ șȞȍȕȈȘȐȍȊ 

ǰȕȚȍȘȜȍȑș ǲȖȕșȚȘțȒȚȖȘȈ șȞȍȕȈȘȐȍȊ șȖșȚȖȐȚ Ȑȏ șȓȍȌțȦȡȐȝ ȥȓȍȔȍȕȚȖȊ: 
1. ǸȈȉȖȟȍȑ ȖȉȓȈșȚȐ, Ȋ ȒȖȚȖȘțȦ ȗȖȔȍȡȈȦȚșȧ țȏȓȣ ȔȖȌȍȓȐȘȖȊȈȕȐȧ. 
2. ǳȍȊȖȑ ȉȖȒȖȊȖȑ ȗȈȕȍȓȐ ș țȏȓȈȔȐ ȔȖȌȍȓȐȘȖȊȈȕȐȧ. 
3. ǷȘȈȊȖȑ ȉȖȒȖȊȖȑ ȗȈȕȍȓȐ ș ȕȈșȚȘȖȑȒȈȔȐ țȏȓȈ (ȖȚȒȘȣȊȈȍȚșȧ ȗȘȐ ȊȣȉȖȘȍ țȏȓȈ, 

ȘȈȏȔȍȡȍȕȕȖȋȖ Ȋ ȘȈȉȖȟȍȔ ȗȖȓȍ). 
4. ǪȍȘȝȕȍȑ ȗȈȕȍȓȐ ș ȒȕȖȗȒȈȔȐ ȏȈȗțșȒȈ țȏȓȖȊ, ȖȉȕȖȊȓȍȕȐȧ șȚȈȚțșȖȊ Ȑ 

ȔȍȚȈȌȈȕȕȣȝ Ȑ ȘȈșȒȘȣȚȐȍȔ ȎțȘȕȈȓȈ ȓȖȋȐȘȖȊȈȕȐȧ. 
5. ǷȈȕȍȓȤ șȖȏȌȈȕȐȧ ȕȍșȒȖȓȤȒȐȝ șȞȍȕȈȘȐȍȊ Ȋ ȘȈȔȒȈȝ ȖȌȕȖȋȖ ȗȘȖȍȒȚȈ 

 

Ǭȓȧ țȌȖȉșȚȊȈ ȗȖȓȤȏȖȊȈȕȐȧ ȘȈȉȖȟȍȑ ȖȉȓȈșȚȤȦ Ȋ ȓȍȊȖȔ ȕȐȎȕȍȔ țȋȓț ȗȘȍȌțșȔȖȚȘȍȕȣ 
ȒȕȖȗȒȐ ȔȈșȠȚȈȉȐȘȖȊȈȕȐȧ (ȒȕȖȗȒȐ  Ȑ  Ȍȓȧ ȗȘȐȉȓȐȎȍȕȐȧ Ȑ ȖȚȌȈȓȍȕȐȧ, 

șȖȖȚȊȍȚșȚȊȍȕȕȖ, ȒȕȖȗȒȈ  Ȍȓȧ ȔȈșȠȚȈȉȐȘȖȊȈȕȐȧ ȕȈ ȖȉȢȍȒȚȈȝ, ȘȈșȗȖȓȖȎȍȕȕȣȝ Ȋ 
ȘȈȉȖȟȍȔ ȗȖȓȍ) Ȑ ȒȕȖȗȒȈ, ȉȓȖȒȐȘțȦȡȈȧ ȗȍȘȍȔȍȡȍȕȐȍ ȖȉȢȍȒȚȖȊ Ȋ ȘȈȉȖȟȍȔ 
ȗȘȖșȚȘȈȕșȚȊȍ (  ). 

 

ǳȍȊțȦ ȉȖȒȖȊțȦ ȗȈȕȍȓȤ ȔȖȎȕȖ șȒȘȣȚȤ, ȊȣȉȘȈȊ ȒȕȖȗȒț  Ȋ ȕȐȎȕȍȑ ȟȈșȚȐ ȗȈȕȍȓȐ. 
ǸȈșȒȘȣȚȤ șȒȘȣȚțȦ ȗȈȕȍȓȤ ȔȖȎȕȖ ȊȣȉȘȈȊ  ȚȈȒȎȍ Ȋ ȕȐȎȕȍȑ ȟȈșȚȐ ȗȈȕȍȓȐ. 
ǷȘȈȊȈȧ ȉȖȒȖȊȈȧ ȗȈȕȍȓȤ ȖȚȒȘȣȊȈȍȚșȧ ȗȘȐ ȊȣȉȖȘȍ țȏȓȈ Ȑȏ ȘȈȉȖȟȍȋȖ ȗȖȓȧ. ǹȒȘȣȚȤ ȥȚț 
ȗȈȕȍȓȤ ȔȖȎȕȖ ȊȣȉȘȈȊ ȐȒȖȕȒț  Ȋ ȗȘȈȊȖȔ ȊȍȘȝȕȍȔ țȋȓț. 
 

ǷȈȕȍȓȤ ș ȒȕȖȗȒȈȔȐ ȊȒȓȦȟȈȍȚ Ȋ șȍȉȧ: 
 ǲȕȖȗȒț «ǯȈȗțșȚȐȚȤ», ȒȖȚȖȘȈȧ ȏȈȗțșȒȈȍȚ ȗȘȖȞȍșș ȘȈșȟȍȚȈ șȞȍȕȈȘȐȧ. 
 ǲȕȖȗȒț «ǶȉȕȖȊȐȚȤ ǹȚȈȚțșȣ», ȒȖȚȖȘȈȧ ȖȉȕȖȊȓȧȍȚ șȚȈȚțșȣ țȏȓȖȊ. 
 ǲȕȖȗȒț «ǶȉȕȖȊȐȚȤ ǴȍȚȈȌȈȕȕȣȍ», ȒȖȚȖȘȈȧ ȖȉȕȖȊȓȧȍȚ ȔȍȚȈȌȈȕȕȣȍ țȏȓȖȊ. 
 ǲȕȖȗȒț «ǷȖȒȈȏȈȚȤ ǳȖȋ», ȒȖȚȖȘȈȧ ȘȈșȒȘȣȊȈȍȚ ȗȈȕȍȓȤ ș ȓȖȋȈȔȐ șȞȍȕȈȘȐȧ. 
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3.2.2. ǳȖȋȐȘȖȊȈȕȐȍ 

Ǭȓȧ țȌȖȉșȚȊȈ ȘȈȉȖȚȣ Ȋ ȒȖȔȗȖȕȍȕȚȍ ȗȘȍȌțșȔȖȚȘȍȕ ȗȘȖșȔȖȚȘ ȓȖȋȈ șȖȉȣȚȐȑ, 
șȊȧȏȈȕȕȣȝ ș ȘȈșȟȍȚȖȔ șȞȍȕȈȘȐȧ ȔȖȌȍȓȐȘȖȊȈȕȐȧ. 
ǷȘȐ ȊȣȉȖȘȍ ȒȕȖȗȒȐ «ǷȖȒȈȏȈȚȤ ǳȖȋ» Ȋ ȕȐȎȕȍȑ ȟȈșȚȐ șȚȘȈȕȐȞȣ ȖȚȒȘȖȍȚșȧ ȗȈȕȍȓȤ. 

 

ǸȐșțȕȖȒ 62 ǮțȘȕȈȓ ȓȖȋȐȘȖȊȈȕȐȧ 

Ǫ ȥȚȖȑ ȗȈȕȍȓȐ ȖȚȖȉȘȈȎȍȕȈ ȐȕȜȖȘȔȈȞȐȧ Ȗ șȖȉȣȚȐȧȝ șȞȍȕȈȘȐȧ, Ȉ ȐȔȍȕȕȖ: 

 id șȖȉȣȚȐȧ. 

 ǹȖȖȉȡȍȕȐȍ — ȖȗȐșȈȕȐȍ șȖȉȣȚȐȧ. 

 ǵȈȐȔȍȕȖȊȈȕȐȍ – ȕȈȐȔȍȕȖȊȈȕȐȍ țȏȓȈ MD. 

 ǬȈȚȈ Ȑ ȊȘȍȔȧ șȖȉȣȚȐȧ. 

 ǺȐȗ șȖȉȣȚȐȧ. Ǫ ȓȖȋ ȏȈȗȐșȣȊȈȦȚșȧ șȖȉȣȚȐȧ ȚȐȗȖȊ INFO, DEBUG Ȑ ERROR. 

Ǫ șȓțȟȈȍ șȖȉȣȚȐȑ ȚȐȗȈ ERROR Ȋ ȖȗȐșȈȕȐȍ ȚȈȒȎȍ ȊȒȓȦȟȍȕ traceback. Ǭȓȧ 
ȖȚȖȉȘȈȎȍȕȐȧ ȕȍȖȉȝȖȌȐȔȖ ȊȣȉȘȈȚȤ ȐȒȖȕȒț  ȘȧȌȖȔ ș șȖȉȣȚȐȍȔ. 

 

ǸȐșțȕȖȒ 63 ǷȘȐȔȍȘ ȖȚȖȉȘȈȎȍȕȐȧ traceback 

Ǭȓȧ țȌȖȉșȚȊȈ ȗȖȐșȒȈ ȏȈȗȐșȍȑ Ȋ ȓȖȋȍ ȔȖȎȕȖ ȐșȗȖȓȤȏȖȊȈȚȤ ȜȐȓȤȚȘȣ. ǼȐȓȤȚȘȣ 
ȗȘȍȌțșȔȖȚȘȍȕȣ Ȍȓȧ ȒȈȎȌȖȑ Ȑȏ ȒȖȓȖȕȖȒ ȚȈȉȓȐȞȣ. 
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3.2.3. ǹȖȏȌȈȕȐȍ șȞȍȕȈȘȐȧ 

Ǭȓȧ șȖȏȌȈȕȐȧ șȞȍȕȈȘȐȧ ȕȍȖȉȝȖȌȐȔȖ: 

 ǷȖȔȍșȚȐȚȤ Ȋ ȘȈȉȖȟțȦ ȖȉȓȈșȚȤ țȏȍȓ ǵȈȉȖȘ ȌȈȕȕȣȝ. Ƕȕ ȧȊȓȧȍȚșȧ 
ȗȍȘȊȖȕȈȟȈȓȤȕȣȔ țȏȓȖȔ ȓȦȉȖȋȖ șȞȍȕȈȘȐȧ, Ț.Ȓ. ȗȖȌȋȘțȎȈȍȚ ȕȈȉȖȘ ȌȈȕȕȣȝ, ȕȈ 
ȖșȕȖȊȍ ȒȖȚȖȘȖȋȖ ȉțȌȍȚ șȚȘȖȐȚȤșȧ ȔȖȌȍȓȤ. 

 ǪȣȉȘȈȚȤ ȕȍȖȉȝȖȌȐȔȣȑ ȕȈȉȖȘ ȌȈȕȕȣȝ, ȏȈȌȈȚȤ ȖșȚȈȓȤȕȣȍ ȗȈȘȈȔȍȚȘȣ țȏȓȈ Ȑ 
ȏȈȗțșȚȐȚȤ ȘȈșȟȍȚ, ȊȣȉȘȈȊ ȒȕȖȗȒț «ǯȈȗțșȚȐȚȤ». 

 ǷȖȔȍșȚȐȚȤ șȓȍȌțȦȡȐȑ ȕȍȖȉȝȖȌȐȔȣȑ țȏȍȓ, șȖȏȌȈȚȤ șȊȧȏȤ ș ȗȘȍȌȣȌțȡȐȔ, 
ȏȈȌȈȚȤ ȗȈȘȈȔȍȚȘȣ Ȑ ȏȈȗțșȚȐȚȤ. 

 ǷȖșȓȍȌȖȊȈȚȍȓȤȕȖ ȗȘȖȌȍȓȈȚȤ ȈȕȈȓȖȋȐȟȕȣȍ ȠȈȋȐ șȖ ȊșȍȔȐ ȕȍȖȉȝȖȌȐȔȣȔȐ 
țȏȓȈȔȐ (Ȗ ȗȖșȓȍȌȖȊȈȚȍȓȤȕȖșȚȐ țȏȓȖȊ ȗȖȌȘȖȉȕȍȍ Ȋ ȘȈȏȌȍȓȍ ǷȘȐȔȍȘ ȉȈȏȖȊȖȋȖ 
șȞȍȕȈȘȐȧ). 

3.2.4. ǹȖȏȌȈȕȐȍ ȕȍșȒȖȓȤȒȐȝ șȞȍȕȈȘȐȍȊ 

Ǫ ȘȈȔȒȈȝ ȔȖȌȍȓȐȘȖȊȈȕȐȧ ȔȖȎȍȚ ȊȖȏȕȐȒȕțȚȤ ȕȍȖȉȝȖȌȐȔȖșȚȤ ȗȖșȚȘȖȐȚȤ ȕȍșȒȖȓȤȒȖ 
șȞȍȕȈȘȐȍȊ ș ȘȈȏȕȣȔȐ ȕȈșȚȘȖȑȒȈȔȐ. Ǭȓȧ șȖȏȌȈȕȐȧ ȕȖȊȖȋȖ șȞȍȕȈȘȐȧ Ȋ ȘȈȔȒȈȝ ȖȌȕȖȋȖ 
ȗȘȖȍȒȚȈ ȕȍȖȉȝȖȌȐȔȖ: 

 Ǫ ȊȍȘȝȕȍȑ ȟȈșȚȐ ȒȖȕșȚȘțȒȚȖȘȈ ȘȧȌȖȔ ș ȕȈȏȊȈȕȐȍȔ ȗȘȖȍȒȚȈ ȊȣȉȘȈȚȤ ȐȒȖȕȒț 
. 

 Ǫ ȖȚȒȘȣȊȠȍȔșȧ ȖȒȕȍ ǹȖȏȌȈȕȐȍ șȞȍȕȈȘȐȧ ȏȈȌȈȚȤ ȕȈȏȊȈȕȐȍ Ȑ ȖȗȐșȈȕȐȍ 
ȕȖȊȖȋȖ șȞȍȕȈȘȐȑ Ȑ șȖȝȘȈȕȐȚȤ ȐȏȔȍȕȍȕȐȧ. 

 Ǫ ȗȈȕȍȓȐ ȘȧȌȖȔ ș ȕȈȏȊȈȕȐȍȔ ȗȘȖȍȒȚȈ ȗȖȧȊȐȚșȧ ȕȈȏȊȈȕȐȍ șȖȏȌȈȕȕȖȋȖ 
șȞȍȕȈȘȐȧ. 

ǷȍȘȍȒȓȦȟȍȕȐȍ ȔȍȎȌț șȞȍȕȈȘȐȧȔȐ ȗȘȖȐȏȊȖȌȐȚșȧ Ȋ ȗȈȕȍȓȐ ȘȧȌȖȔ ș ȕȈȏȊȈȕȐȍȔ 
ȗȘȖȍȒȚȈ ȔȖȌȍȓȐȘȖȊȈȕȐȧ. 

3.2.5. ǻȏȓȣ 

ǲȈȎȌȣȑ țȏȍȓ ȖȚȊȍȟȈȍȚ ȏȈ ȖȗȘȍȌȍȓȍȕȕȣȑ ȥȚȈȗ ȔȈȠȐȕȕȖȋȖ ȖȉțȟȍȕȐȧ. 
Ǭȓȧ ȘȈȉȖȚȣ ș țȏȓȖȔ ȕȍȖȉȝȖȌȐȔȖ ȊȣȉȘȈȚȤ ȍȋȖ ȓȍȊȖȑ ȒȕȖȗȒȖȑ ȔȣȠȐ Ȋ ȗȈȕȍȓȐ ș 
țȏȓȈȔȐ Ȑ ȗȖȔȍșȚȐȚȤ Ȋ ȘȈȉȖȟȍȍ ȗȖȓȍ. 

 

ǸȐșțȕȖȒ 64 ǸȈȏȔȍȡȍȕȐȍ țȏȓȈ Ȋ ȘȈȉȖȟȍȍ ȗȖȓȍ 
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3.2.5.1. ǹȚȈȚțș ǻȏȓȈ 

ǲȈȎȌȣȑ țȏȍȓ ȐȔȍȍȚ șȚȈȚțș. ǶȚȖȉȘȈȎȈȍȚșȧ Ȗȕ ș ȗȘȈȊȖȑ șȚȖȘȖȕȣ țȏȓȈ, Ȉ ȚȈȒȎȍ Ȋ 
ȊȍȘȝȕȍȑ ȟȈșȚȐ ȉȖȒȖȊȖȑ ȗȈȕȍȓȐ ș ȕȈșȚȘȖȑȒȈȔȐ țȏȓȈ. 

 

ǸȐșțȕȖȒ 65 ǷȘȐȔȍȘ șȚȈȚțșȈ țȏȓȈ ǵȈȉȖȘ ȌȈȕȕȣȝ 

ǻȏȓȣ ȔȖȋțȚ ȐȔȍȚȤ șȓȍȌțȦȡȐȍ șȚȈȚțșȣ: 

  — ȕȍȖȉȝȖȌȐȔȖ ȖȉȘȈȚȐȚȤ ȊȕȐȔȈȕȐȍ ȕȈ țȏȍȓ (ȗȘȐ ȕȈȊȍȌȍȕȐȐ ȕȈ ȐȒȖȕȒț 
ȗȖȧȊȐȚșȧ ȊșȗȓȣȊȈȦȡȈȧ ȗȖȌșȒȈȏȒȈ). 

  — ǻȏȍȓ ȋȖȚȖȊ Ȓ ȏȈȗțșȒț. 

  — ǶȠȐȉȒȈ ȊȣȗȖȓȕȍȕȐȧ țȏȓȈ (ȗȖȕȧȚȤ ȗȘȐȟȐȕț ȖȠȐȉȒȐ ȔȖȎȕȖ Ȋ ȎțȘȕȈȓȍ 
ȓȖȋȐȘȖȊȈȕȐȧ). 

  — ǻȏȍȓ ȊȣȗȖȓȕȍȕ. 

  — ǻȏȍȓ Ȋ ȗȘȖȞȍșșȍ ȊȣȗȖȓȕȍȕȐȧ. 

3.2.5.2. ǬȍȑșȚȊȐȧ ȕȈȌ țȏȓȖȔ 

ǷȖșȓȍ ȘȈȏȔȍȡȍȕȐȧ țȏȓȈ Ȋ ȘȈȉȖȟȍȔ ȗȖȓȍ ȕȈȌ ȕȐȔ ȔȖȎȕȖ șȖȊȍȘȠȐȚȤ ȌȍȑșȚȊȐȧ. 
Ǭȓȧ ȥȚȖȋȖ ȕțȎȕȖ ȕȈȎȈȚȤ ȗȘȈȊȖȑ ȒȕȖȗȒȖȑ ȔȣȠȐ ȕȈ țȏȍȓ Ȑ Ȋ ȊȣȗȈȌȈȦȡȍȔ ȔȍȕȦ 
ȊȣȉȘȈȚȤ ȕȍȖȉȝȖȌȐȔȖȍ. ǻȏȍȓ ȔȖȎȕȖ: 

 ǯȈȗțșȚȐȚȤ. 
 ǲȖȗȐȘȖȊȈȚȤ. 
 ǷȖșȔȖȚȘȍȚȤ ȘȍȏțȓȤȚȈȚ ȊȣȗȖȓȕȍȕȐȧ (Ǫ ȘȍȏțȓȤȚȈȚȍ ȊȣȉȖȘȈ ȖȚȒȘȖȍȚșȧ ȖȒȕȖ ș 

ȘȍȏțȓȤȚȈȚȈȔȐ ȘȈșȟȍȚȈ. Ǭȓȧ ȒȈȎȌȖȋȖ țȏȓȈ ȗȘȍȌțșȔȖȚȘȍȕȣ șȊȖȐ ȘȍȏțȓȤȚȈȚȣ). 
 ǻȌȈȓȐȚȤ. 
 ǶȉȕȖȊȐȚȤ șȚȈȚțș. 
 ǯȈȋȘțȏȐȚȤ pickle (ǳȖȒȈȓȤȕȈȧ ȊȣȋȘțȏȒȈ pickle ȜȈȑȓȈ). 
 ǯȈȋȘțȏȐȚȤ CSV (ǳȖȒȈȓȤȕȈȧ ȊȣȋȘțȏȒȈ ȘȍȏțȓȤȚȈȚȖȊ țȏȓȈ Ȋ ȊȐȌȍ csv-ȜȈȑȓȈ). 
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ǸȐșțȕȖȒ 66 ǷȘȐȔȍȘ ȊȣȗȈȌȈȦȡȍȋȖ ȔȍȕȦ 

3.2.5.3. ǹȊȧȏȤ ȔȍȎȌț țȏȓȈȔȐ 

Ǭȓȧ șȖȏȌȈȕȐȧ șȊȧȏȐ ȔȍȎȌț țȏȓȈȔȐ ȕȍȖȉȝȖȌȐȔȖ ȗȘȈȊȖȑ ȒȕȖȗȒȖȑ ȔȣȠȐ ȊȣȉȘȈȚȤ 
ȖȉȓȈșȚȤ ș ȗȘȈȊȖȑ șȚȖȘȖȕȣ țȏȓȈ Ȑ ȗȘȖȚȧȕțȚȤ ȗȖȧȊȐȊȠțȦșȧ ȓȐȕȐȦ șȊȧȏȐ ȌȖ ȓȍȊȖȑ 
șȚȖȘȖȕȣ șȓȍȌțȦȡȍȋȖ țȏȓȈ. 

 

ǸȐșțȕȖȒ 67 ǹȖȏȌȈȕȐȍ șȊȧȏȐ ȔȍȎȌț țȏȓȈȔȐ 

Ǭȓȧ țȌȈȓȍȕȐȧ șȊȧȏȐ ȕȍȖȉȝȖȌȐȔȖ ȓȍȊȖȑ ȒȕȖȗȒȖȑ ȔȣȠȐ ȊȣȉȘȈȚȤ ȓȐȕȐȦ șȊȧȏȐ Ȑ 
ȕȈȎȈȚȤ ȕȈ ȒȓȈȊȐȈȚțȘȍ ȒȓȈȊȐȠț Delete. 

Ǫ ȚȈȉȓȐȞȍ ȕȐȎȍ ȗȘȍȌșȚȈȊȓȍȕ șȗȐșȖȒ țȏȓȖȊ, ȔȍȎȌț ȒȖȚȖȘȣȔȐ ȔȖȎȕȖ șȖȏȌȈȊȈȚȤ 
șȊȧȏȤ. 
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ǰșȝȖȌȕȣȑ țȏȍȓ ǰșȝȖȌȧȡȐȑ țȏȍȓ 
(Ȋ ȒȖȚȖȘȣȑ ȊȝȖȌȐȚ șȊȧȏȤ 
Ȑȏ ȐșȝȖȌȕȖȋȖ țȏȓȈ) 

ǪȝȖȌȧȡȐȑ țȏȍȓ 
(Ȑȏ ȒȖȚȖȘȖȋȖ ȊȣȝȖȌȐȚ 
șȊȧȏȤ Ȋ ȐșȝȖȌȕȣȑ țȏȍȓ) 

ǵȈȉȖȘ ȌȈȕȕȣȝ ǸȈȏȌȍȓȍȕȐȍ ȊȣȉȖȘȒȐ 
Sample 
ǼȐȓȤȚȘ 
ǴȍȚȈȌȈȕȕȣȍ 
ǯȈȗȖȓȕȍȕȐȍ ȗȘȖȗțșȒȖȊ 
ǺȘȈȕșȜȖȘȔȈȞȐȧ 
ǩȐȕȐȕȋ/ȥȕȒȖȌȐȕȋ 
ǹȚȈȕȌȈȘȚȐȏȈȞȐȧ 
ǪȍșȈ ȒȓȈșșȖȊ 

– 

ǸȈȏȌȍȓȍȕȐȍ ȊȣȉȖȘȒȐ Sample 
ǼȐȓȤȚȘ 
ǴȍȚȈȌȈȕȕȣȍ 
One-hot encoding 
ǯȈȗȖȓȕȍȕȐȍ ȗȘȖȗțșȒȖȊ 
ǺȘȈȕșȜȖȘȔȈȞȐȧ 
ǩȐȕȐȕȋ/ȥȕȒȖȌȐȕȋ 
ǬȐșȗȍȘșȐȖȕȕȣȑ ȈȕȈȓȐȏ 
ǹȚȈȕȌȈȘȚȐȏȈȞȐȧ 
ǪȍșȈ ȒȓȈșșȖȊ 
ǲȓȈșȚȍȘȕȣȑ ȈȕȈȓȐȏ (k-means) 
ǰȍȘȈȘȝȐȟȍșȒȈȧ 
ȒȓȈșȚȍȘȐȏȈȞȐȧ 
ǬȍȘȍȊȖ ȘȍȠȍȕȐȑ 
ǹȓțȟȈȑȕȣȑ ȓȍș 
ǩȈȑȍșȖȊșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȈȧ ȘȍȋȘȍșșȐȧ 
ǳȖȋȐșȚȐȟȍșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȣȍ ȔȖȌȍȓȐ 
ǵȍȑȘȖȕȕȈȧ șȍȚȤ 
LDA 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(XGBoost) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(LightGBM) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(CatBoost) 
GLM 

ǵȈȉȖȘ ȌȈȕȕȣȝ 
Sample 
ǼȐȓȤȚȘ 
ǴȍȚȈȌȈȕȕȣȍ 
One-hot encoding 
ǯȈȗȖȓȕȍȕȐȍ ȗȘȖȗțșȒȖȊ 
ǺȘȈȕșȜȖȘȔȈȞȐȧ 
ǩȐȕȐȕȋ/ȥȕȒȖȌȐȕȋ 
ǹȚȈȕȌȈȘȚȐȏȈȞȐȧ 
ǪȍșȈ ȒȓȈșșȖȊ 
ǲȓȈșȚȍȘȕȣȑ ȈȕȈȓȐȏ (k-means) 
ǰȍȘȈȘȝȐȟȍșȒȈȧ ȒȓȈșȚȍȘȐȏȈȞȐȧ 
ǬȍȘȍȊȖ ȘȍȠȍȕȐȑ 
ǹȓțȟȈȑȕȣȑ ȓȍș 
ǩȈȑȍșȖȊșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȈȧ ȘȍȋȘȍșșȐȧ 
ǳȖȋȐșȚȐȟȍșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȣȍ ȔȖȌȍȓȐ 
LDA 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(XGBoost) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(LightGBM) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(CatBoost) 
GLM 
ǹȘȈȊȕȍȕȐȍ ȔȖȌȍȓȍȑ 
ǷȖȌȉȖȘ ȖȚșȍȟȒȐ (Cut off) 

Sample ǸȈȏȌȍȓȍȕȐȍ ȊȣȉȖȘȒȐ 
Sample 
ǼȐȓȤȚȘ 
ǴȍȚȈȌȈȕȕȣȍ 
One-hot encoding 
ǯȈȗȖȓȕȍȕȐȍ ȗȘȖȗțșȒȖȊ 
ǺȘȈȕșȜȖȘȔȈȞȐȧ 
ǩȐȕȐȕȋ/ȥȕȒȖȌȐȕȋ 
ǬȐșȗȍȘșȐȖȕȕȣȑ ȈȕȈȓȐȏ 
ǹȚȈȕȌȈȘȚȐȏȈȞȐȧ 
ǪȍșȈ ȒȓȈșșȖȊ 
ǲȓȈșȚȍȘȕȣȑ ȈȕȈȓȐȏ (k-means) 
ǰȍȘȈȘȝȐȟȍșȒȈȧ 
ȒȓȈșȚȍȘȐȏȈȞȐȧ 
ǬȍȘȍȊȖ ȘȍȠȍȕȐȑ 
ǹȓțȟȈȑȕȣȑ ȓȍș 
ǩȈȑȍșȖȊșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȈȧ ȘȍȋȘȍșșȐȧ 

ǵȈȉȖȘ ȌȈȕȕȣȝ 
ǸȈȏȌȍȓȍȕȐȍ ȊȣȉȖȘȒȐ 
Sample 
ǼȐȓȤȚȘ 
ǴȍȚȈȌȈȕȕȣȍ 
One-hot encoding 
ǯȈȗȖȓȕȍȕȐȍ ȗȘȖȗțșȒȖȊ 
ǺȘȈȕșȜȖȘȔȈȞȐȧ 
ǩȐȕȐȕȋ/ȥȕȒȖȌȐȕȋ 
ǹȚȈȕȌȈȘȚȐȏȈȞȐȧ 
ǪȍșȈ ȒȓȈșșȖȊ 
ǲȓȈșȚȍȘȕȣȑ ȈȕȈȓȐȏ (k-means) 
ǰȍȘȈȘȝȐȟȍșȒȈȧ ȒȓȈșȚȍȘȐȏȈȞȐȧ 
ǬȍȘȍȊȖ ȘȍȠȍȕȐȑ 
ǹȓțȟȈȑȕȣȑ ȓȍș 
ǩȈȑȍșȖȊșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȈȧ ȘȍȋȘȍșșȐȧ 
ǳȖȋȐșȚȐȟȍșȒȈȧ ȘȍȋȘȍșșȐȧ 
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ǰșȝȖȌȕȣȑ țȏȍȓ ǰșȝȖȌȧȡȐȑ țȏȍȓ 
(Ȋ ȒȖȚȖȘȣȑ ȊȝȖȌȐȚ șȊȧȏȤ 
Ȑȏ ȐșȝȖȌȕȖȋȖ țȏȓȈ) 

ǪȝȖȌȧȡȐȑ țȏȍȓ 
(Ȑȏ ȒȖȚȖȘȖȋȖ ȊȣȝȖȌȐȚ 
șȊȧȏȤ Ȋ ȐșȝȖȌȕȣȑ țȏȍȓ) 

ǳȖȋȐșȚȐȟȍșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȣȍ ȔȖȌȍȓȐ 
ǵȍȑȘȖȕȕȈȧ șȍȚȤ 
LDA 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(XGBoost) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(LightGBM) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(CatBoost) 
GLM 

ǳȐȕȍȑȕȣȍ ȔȖȌȍȓȐ 
ǵȍȑȘȖȕȕȈȧ șȍȚȤ 
LDA 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(XGBoost) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(LightGBM) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(CatBoost) 
GLM 
ǹȘȈȊȕȍȕȐȍ ȔȖȌȍȓȍȑ 
ǰȕȚȍȘȗȘȍȚȈȞȐȧ 
ǷȖȌȉȖȘ ȖȚșȍȟȒȐ (Cut off) 

ǼȐȓȤȚȘ ǸȈȏȌȍȓȍȕȐȍ ȊȣȉȖȘȒȐ 
Sample 
ǼȐȓȤȚȘ 
ǴȍȚȈȌȈȕȕȣȍ 
One-hot encoding 
ǯȈȗȖȓȕȍȕȐȍ ȗȘȖȗțșȒȖȊ 
ǺȘȈȕșȜȖȘȔȈȞȐȧ 
ǩȐȕȐȕȋ/ȥȕȒȖȌȐȕȋ 
ǬȐșȗȍȘșȐȖȕȕȣȑ ȈȕȈȓȐȏ 
ǹȚȈȕȌȈȘȚȐȏȈȞȐȧ 
ǪȍșȈ ȒȓȈșșȖȊ 
ǲȓȈșȚȍȘȕȣȑ ȈȕȈȓȐȏ (k-means) 
ǰȍȘȈȘȝȐȟȍșȒȈȧ 
ȒȓȈșȚȍȘȐȏȈȞȐȧ 
ǬȍȘȍȊȖ ȘȍȠȍȕȐȑ 
ǹȓțȟȈȑȕȣȑ ȓȍș 
ǩȈȑȍșȖȊșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȈȧ ȘȍȋȘȍșșȐȧ 
ǳȖȋȐșȚȐȟȍșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȣȍ ȔȖȌȍȓȐ 
ǵȍȑȘȖȕȕȈȧ șȍȚȤ 
LDA 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(XGBoost) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(LightGBM) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(CatBoost) 
GLM 
ǰȕȚȍȘȗȘȍȚȈȞȐȧ 

ǵȈȉȖȘ ȌȈȕȕȣȝ 
ǸȈȏȌȍȓȍȕȐȍ ȊȣȉȖȘȒȐ 
Sample 
ǼȐȓȤȚȘ 
ǴȍȚȈȌȈȕȕȣȍ 
One-hot encoding 
ǯȈȗȖȓȕȍȕȐȍ ȗȘȖȗțșȒȖȊ 
ǺȘȈȕșȜȖȘȔȈȞȐȧ 
ǩȐȕȐȕȋ/ȥȕȒȖȌȐȕȋ 
ǬȐșȗȍȘșȐȖȕȕȣȑ ȈȕȈȓȐȏ 
ǹȚȈȕȌȈȘȚȐȏȈȞȐȧ 
ǪȍșȈ ȒȓȈșșȖȊ 
ǲȓȈșȚȍȘȕȣȑ ȈȕȈȓȐȏ (k-means) 
ǰȍȘȈȘȝȐȟȍșȒȈȧ ȒȓȈșȚȍȘȐȏȈȞȐȧ 
ǬȍȘȍȊȖ ȘȍȠȍȕȐȑ 
ǹȓțȟȈȑȕȣȑ ȓȍș 
ǩȈȑȍșȖȊșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȈȧ ȘȍȋȘȍșșȐȧ 
ǳȖȋȐșȚȐȟȍșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȣȍ ȔȖȌȍȓȐ 
ǵȍȑȘȖȕȕȈȧ șȍȚȤ 
LDA 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(XGBoost) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(LightGBM) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(CatBoost) 
GLM 
ǹȘȈȊȕȍȕȐȍ ȔȖȌȍȓȍȑ 
ǷȖȌȉȖȘ ȖȚșȍȟȒȐ (Cut off) 

ǴȍȚȈȌȈȕȕȣȍ ǸȈȏȌȍȓȍȕȐȍ ȊȣȉȖȘȒȐ 
Sample 
ǼȐȓȤȚȘ 
ǴȍȚȈȌȈȕȕȣȍ 
One-hot encoding 
ǯȈȗȖȓȕȍȕȐȍ ȗȘȖȗțșȒȖȊ 
ǺȘȈȕșȜȖȘȔȈȞȐȧ 
ǩȐȕȐȕȋ/ȥȕȒȖȌȐȕȋ 
ǬȐșȗȍȘșȐȖȕȕȣȑ ȈȕȈȓȐȏ 
ǹȚȈȕȌȈȘȚȐȏȈȞȐȧ 
ǪȍșȈ ȒȓȈșșȖȊ 

ǵȈȉȖȘ ȌȈȕȕȣȝ 
ǸȈȏȌȍȓȍȕȐȍ ȊȣȉȖȘȒȐ 
Sample 
ǼȐȓȤȚȘ 
ǴȍȚȈȌȈȕȕȣȍ 
One-hot encoding 
ǯȈȗȖȓȕȍȕȐȍ ȗȘȖȗțșȒȖȊ 
ǺȘȈȕșȜȖȘȔȈȞȐȧ 
ǩȐȕȐȕȋ/ȥȕȒȖȌȐȕȋ 
ǬȐșȗȍȘșȐȖȕȕȣȑ ȈȕȈȓȐȏ 
ǲȓȈșȚȍȘȕȣȑ ȈȕȈȓȐȏ (k-means) 
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ǰșȝȖȌȕȣȑ țȏȍȓ ǰșȝȖȌȧȡȐȑ țȏȍȓ 
(Ȋ ȒȖȚȖȘȣȑ ȊȝȖȌȐȚ șȊȧȏȤ 
Ȑȏ ȐșȝȖȌȕȖȋȖ țȏȓȈ) 

ǪȝȖȌȧȡȐȑ țȏȍȓ 
(Ȑȏ ȒȖȚȖȘȖȋȖ ȊȣȝȖȌȐȚ 
șȊȧȏȤ Ȋ ȐșȝȖȌȕȣȑ țȏȍȓ) 

ǲȓȈșȚȍȘȕȣȑ ȈȕȈȓȐȏ (k-means) 
ǰȍȘȈȘȝȐȟȍșȒȈȧ 
ȒȓȈșȚȍȘȐȏȈȞȐȧ 
ǬȍȘȍȊȖ ȘȍȠȍȕȐȑ 
ǹȓțȟȈȑȕȣȑ ȓȍș 
ǩȈȑȍșȖȊșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȈȧ ȘȍȋȘȍșșȐȧ 
ǳȖȋȐșȚȐȟȍșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȣȍ ȔȖȌȍȓȐ 
ǵȍȑȘȖȕȕȈȧ șȍȚȤ 
LDA 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(XGBoost) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(LightGBM) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(CatBoost) 
GLM 

ǰȍȘȈȘȝȐȟȍșȒȈȧ ȒȓȈșȚȍȘȐȏȈȞȐȧ 
ǬȍȘȍȊȖ ȘȍȠȍȕȐȑ 
ǹȓțȟȈȑȕȣȑ ȓȍș 
ǩȈȑȍșȖȊșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȈȧ ȘȍȋȘȍșșȐȧ 
ǳȖȋȐșȚȐȟȍșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȣȍ ȔȖȌȍȓȐ 
ǵȍȑȘȖȕȕȈȧ șȍȚȤ 
LDA 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(XGBoost) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(LightGBM) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(CatBoost) 
GLM 
ǹȘȈȊȕȍȕȐȍ ȔȖȌȍȓȍȑ 
ǷȖȌȉȖȘ ȖȚșȍȟȒȐ (Cut off) 

One-hot encoding ǵȈȉȖȘ ȌȈȕȕȣȝ 
ǸȈȏȌȍȓȍȕȐȍ ȊȣȉȖȘȒȐ 
Sample 
ǼȐȓȤȚȘ 
ǴȍȚȈȌȈȕȕȣȍ 
One-hot encoding 
ǯȈȗȖȓȕȍȕȐȍ ȗȘȖȗțșȒȖȊ 
ǺȘȈȕșȜȖȘȔȈȞȐȧ 
ǩȐȕȐȕȋ/ȥȕȒȖȌȐȕȋ 
ǹȚȈȕȌȈȘȚȐȏȈȞȐȧ 
ǪȍșȈ ȒȓȈșșȖȊ 
ǲȓȈșȚȍȘȕȣȑ ȈȕȈȓȐȏ (k-means) 
ǰȍȘȈȘȝȐȟȍșȒȈȧ 
ȒȓȈșȚȍȘȐȏȈȞȐȧ 
ǬȍȘȍȊȖ ȘȍȠȍȕȐȑ 
ǹȓțȟȈȑȕȣȑ ȓȍș 
ǩȈȑȍșȖȊșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȈȧ ȘȍȋȘȍșșȐȧ 
ǳȖȋȐșȚȐȟȍșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȣȍ ȔȖȌȍȓȐ 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(XGBoost) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(LightGBM) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(CatBoost) 
GLM 
ǹȘȈȊȕȍȕȐȍ ȔȖȌȍȓȍȑ 

ǸȈȏȌȍȓȍȕȐȍ ȊȣȉȖȘȒȐ 
Sample 
ǼȐȓȤȚȘ 
ǴȍȚȈȌȈȕȕȣȍ 
One-hot encoding 
ǺȘȈȕșȜȖȘȔȈȞȐȧ 
ǩȐȕȐȕȋ/ȥȕȒȖȌȐȕȋ 
ǹȚȈȕȌȈȘȚȐȏȈȞȐȧ 
ǪȍșȈ ȒȓȈșșȖȊ 
ǲȓȈșȚȍȘȕȣȑ ȈȕȈȓȐȏ (k-means) 
ǰȍȘȈȘȝȐȟȍșȒȈȧ ȒȓȈșȚȍȘȐȏȈȞȐȧ 
ǬȍȘȍȊȖ ȘȍȠȍȕȐȑ 
ǹȓțȟȈȑȕȣȑ ȓȍș 
ǩȈȑȍșȖȊșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȈȧ ȘȍȋȘȍșșȐȧ 
ǳȖȋȐșȚȐȟȍșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȣȍ ȔȖȌȍȓȐ 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(XGBoost) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(LightGBM) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(CatBoost) 
GLM 
ǹȘȈȊȕȍȕȐȍ ȔȖȌȍȓȍȑ 
ǰȕȚȍȘȗȘȍȚȈȞȐȧ 

ǯȈȗȖȓȕȍȕȐȍ ȗȘȖȗțșȒȖȊ ǸȈȏȌȍȓȍȕȐȍ ȊȣȉȖȘȒȐ 
Sample 
ǼȐȓȤȚȘ 
ǴȍȚȈȌȈȕȕȣȍ 
ǺȘȈȕșȜȖȘȔȈȞȐȧ 
ǩȐȕȐȕȋ/ȥȕȒȖȌȐȕȋ 
ǹȚȈȕȌȈȘȚȐȏȈȞȐȧ 
ǪȍșȈ ȒȓȈșșȖȊ 
ǲȓȈșȚȍȘȕȣȑ ȈȕȈȓȐȏ (k-means) 

ǵȈȉȖȘ ȌȈȕȕȣȝ 
ǸȈȏȌȍȓȍȕȐȍ ȊȣȉȖȘȒȐ 
Sample 
ǼȐȓȤȚȘ 
ǴȍȚȈȌȈȕȕȣȍ 
One-hot encoding 
ǺȘȈȕșȜȖȘȔȈȞȐȧ 
ǩȐȕȐȕȋ/ȥȕȒȖȌȐȕȋ 
ǹȚȈȕȌȈȘȚȐȏȈȞȐȧ 
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ǰșȝȖȌȕȣȑ țȏȍȓ ǰșȝȖȌȧȡȐȑ țȏȍȓ 
(Ȋ ȒȖȚȖȘȣȑ ȊȝȖȌȐȚ șȊȧȏȤ 
Ȑȏ ȐșȝȖȌȕȖȋȖ țȏȓȈ) 

ǪȝȖȌȧȡȐȑ țȏȍȓ 
(Ȑȏ ȒȖȚȖȘȖȋȖ ȊȣȝȖȌȐȚ 
șȊȧȏȤ Ȋ ȐșȝȖȌȕȣȑ țȏȍȓ) 

ǰȍȘȈȘȝȐȟȍșȒȈȧ 
ȒȓȈșȚȍȘȐȏȈȞȐȧ 
ǬȍȘȍȊȖ ȘȍȠȍȕȐȑ 
ǹȓțȟȈȑȕȣȑ ȓȍș 
ǩȈȑȍșȖȊșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȈȧ ȘȍȋȘȍșșȐȧ 
ǳȖȋȐșȚȐȟȍșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȣȍ ȔȖȌȍȓȐ 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(XGBoost) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(LightGBM) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(CatBoost) 
GLM 
ǹȘȈȊȕȍȕȐȍ ȔȖȌȍȓȍȑ 

ǪȍșȈ ȒȓȈșșȖȊ 
ǲȓȈșȚȍȘȕȣȑ ȈȕȈȓȐȏ (k-means) 
ǰȍȘȈȘȝȐȟȍșȒȈȧ ȒȓȈșȚȍȘȐȏȈȞȐȧ 
ǬȍȘȍȊȖ ȘȍȠȍȕȐȑ 
ǹȓțȟȈȑȕȣȑ ȓȍș 
ǩȈȑȍșȖȊșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȈȧ ȘȍȋȘȍșșȐȧ 
ǳȖȋȐșȚȐȟȍșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȣȍ ȔȖȌȍȓȐ 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(XGBoost) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(LightGBM) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(CatBoost) 
GLM 
ǹȘȈȊȕȍȕȐȍ ȔȖȌȍȓȍȑ 
ǰȕȚȍȘȗȘȍȚȈȞȐȧ 
ǸȍȋȐșȚȘȈȞȐȧ ȔȖȌȍȓȐ 

ǺȘȈȕșȜȖȘȔȈȞȐȧ ǸȈȏȌȍȓȍȕȐȍ ȊȣȉȖȘȒȐ 
Sample 
ǼȐȓȤȚȘ 
ǴȍȚȈȌȈȕȕȣȍ 
One-hot encoding 
ǯȈȗȖȓȕȍȕȐȍ ȗȘȖȗțșȒȖȊ 
ǩȐȕȐȕȋ/ȥȕȒȖȌȐȕȋ 
ǲȓȈșȚȍȘȕȣȑ ȈȕȈȓȐȏ (k-means) 
ǰȍȘȈȘȝȐȟȍșȒȈȧ 
ȒȓȈșȚȍȘȐȏȈȞȐȧ 
ǬȍȘȍȊȖ ȘȍȠȍȕȐȑ 
ǹȓțȟȈȑȕȣȑ ȓȍș 
ǩȈȑȍșȖȊșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȈȧ ȘȍȋȘȍșșȐȧ 
ǳȖȋȐșȚȐȟȍșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȣȍ ȔȖȌȍȓȐ 
ǵȍȑȘȖȕȕȈȧ șȍȚȤ 
LDA 
ǹȘȈȊȕȍȕȐȍ ȔȖȌȍȓȍȑ 

ǵȈȉȖȘ ȌȈȕȕȣȝ 
ǸȈȏȌȍȓȍȕȐȍ ȊȣȉȖȘȒȐ 
Sample 
ǼȐȓȤȚȘ 
ǴȍȚȈȌȈȕȕȣȍ 
One-hot encoding 
ǯȈȗȖȓȕȍȕȐȍ ȗȘȖȗțșȒȖȊ 
ǩȐȕȐȕȋ/ȥȕȒȖȌȐȕȋ 
ǲȓȈșȚȍȘȕȣȑ ȈȕȈȓȐȏ (k-means) 
ǰȍȘȈȘȝȐȟȍșȒȈȧ ȒȓȈșȚȍȘȐȏȈȞȐȧ 
ǬȍȘȍȊȖ ȘȍȠȍȕȐȑ 
ǹȓțȟȈȑȕȣȑ ȓȍș 
ǩȈȑȍșȖȊșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȈȧ ȘȍȋȘȍșșȐȧ 
ǳȖȋȐșȚȐȟȍșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȣȍ ȔȖȌȍȓȐ 
ǵȍȑȘȖȕȕȈȧ șȍȚȤ 
LDA 
ǹȘȈȊȕȍȕȐȍ ȔȖȌȍȓȍȑ 
ǷȖȌȉȖȘ ȖȚșȍȟȒȐ (Cut off) 

ǩȐȕȐȕȋ/ȥȕȒȖȌȐȕȋ ǸȈȏȌȍȓȍȕȐȍ ȊȣȉȖȘȒȐ 
Sample 
ǼȐȓȤȚȘ 
ǴȍȚȈȌȈȕȕȣȍ 
One-hot encoding 
ǯȈȗȖȓȕȍȕȐȍ ȗȘȖȗțșȒȖȊ 
ǺȘȈȕșȜȖȘȔȈȞȐȧ 
ǩȐȕȐȕȋ/ȥȕȒȖȌȐȕȋ 
ǲȓȈșȚȍȘȕȣȑ ȈȕȈȓȐȏ (k-means) 
ǰȍȘȈȘȝȐȟȍșȒȈȧ 
ȒȓȈșȚȍȘȐȏȈȞȐȧ 
ǬȍȘȍȊȖ ȘȍȠȍȕȐȑ 
ǹȓțȟȈȑȕȣȑ ȓȍș 
ǩȈȑȍșȖȊșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȈȧ ȘȍȋȘȍșșȐȧ 
ǳȖȋȐșȚȐȟȍșȒȈȧ ȘȍȋȘȍșșȐȧ 

 
ǵȈȉȖȘ ȌȈȕȕȣȝ 
ǸȈȏȌȍȓȍȕȐȍ ȊȣȉȖȘȒȐ 
Sample 
ǼȐȓȤȚȘ 
ǴȍȚȈȌȈȕȕȣȍ 
One-hot encoding 
ǯȈȗȖȓȕȍȕȐȍ ȗȘȖȗțșȒȖȊ 
ǺȘȈȕșȜȖȘȔȈȞȐȧ 
ǩȐȕȐȕȋ/ȥȕȒȖȌȐȕȋ 
ǬȐșȗȍȘșȐȖȕȕȣȑ ȈȕȈȓȐȏ 
ǲȓȈșȚȍȘȕȣȑ ȈȕȈȓȐȏ (k-means) 
ǰȍȘȈȘȝȐȟȍșȒȈȧ ȒȓȈșȚȍȘȐȏȈȞȐȧ 
ǬȍȘȍȊȖ ȘȍȠȍȕȐȑ 
ǹȓțȟȈȑȕȣȑ ȓȍș 
ǩȈȑȍșȖȊșȒȈȧ ȘȍȋȘȍșșȐȧ 
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ǰșȝȖȌȕȣȑ țȏȍȓ ǰșȝȖȌȧȡȐȑ țȏȍȓ 
(Ȋ ȒȖȚȖȘȣȑ ȊȝȖȌȐȚ șȊȧȏȤ 
Ȑȏ ȐșȝȖȌȕȖȋȖ țȏȓȈ) 

ǪȝȖȌȧȡȐȑ țȏȍȓ 
(Ȑȏ ȒȖȚȖȘȖȋȖ ȊȣȝȖȌȐȚ 
șȊȧȏȤ Ȋ ȐșȝȖȌȕȣȑ țȏȍȓ) 

ǳȐȕȍȑȕȣȍ ȔȖȌȍȓȐ 
ǵȍȑȘȖȕȕȈȧ șȍȚȤ 
LDA 
ǹȘȈȊȕȍȕȐȍ ȔȖȌȍȓȍȑ 

ǳȐȕȍȑȕȈȧ ȘȍȋȘȍșșȐȧ 
ǳȖȋȐșȚȐȟȍșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȣȍ ȔȖȌȍȓȐ 
ǵȍȑȘȖȕȕȈȧ șȍȚȤ 
LDA 
ǹȘȈȊȕȍȕȐȍ ȔȖȌȍȓȍȑ 
ǷȖȌȉȖȘ ȖȚșȍȟȒȐ (Cut off) 

ǬȐșȗȍȘșȐȖȕȕȣȑ 
ȈȕȈȓȐȏ 

ǩȐȕȐȕȋ/ȥȕȒȖȌȐȕȋ 
ǼȐȓȤȚȘ 

ǸȈȏȌȍȓȍȕȐȍ ȊȣȉȖȘȒȐ 
Sample 
ǼȐȓȤȚȘ 
ǴȍȚȈȌȈȕȕȣȍ 
ǲȓȈșȚȍȘȕȣȑ ȈȕȈȓȐȏ (k-means) 
ǰȍȘȈȘȝȐȟȍșȒȈȧ ȒȓȈșȚȍȘȐȏȈȞȐȧ 
ǬȍȘȍȊȖ ȘȍȠȍȕȐȑ 
ǹȓțȟȈȑȕȣȑ ȓȍș 
ǩȈȑȍșȖȊșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȈȧ ȘȍȋȘȍșșȐȧ 
ǳȖȋȐșȚȐȟȍșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȣȍ ȔȖȌȍȓȐ 
LDA 
ǹȘȈȊȕȍȕȐȍ ȔȖȌȍȓȍȑ 

ǹȚȈȕȌȈȘȚȐȏȈȞȐȧ ǸȈȏȌȍȓȍȕȐȍ ȊȣȉȖȘȒȐ 
Sample 
ǼȐȓȤȚȘ 
ǴȍȚȈȌȈȕȕȣȍ 
One-hot encoding 
ǯȈȗȖȓȕȍȕȐȍ ȗȘȖȗțșȒȖȊ 
ǪȍșȈ ȒȓȈșșȖȊ 
ǲȓȈșȚȍȘȕȣȑ ȈȕȈȓȐȏ (k-means) 
ǰȍȘȈȘȝȐȟȍșȒȈȧ 
ȒȓȈșȚȍȘȐȏȈȞȐȧ 
ǬȍȘȍȊȖ ȘȍȠȍȕȐȑ 
ǹȓțȟȈȑȕȣȑ ȓȍș 
ǩȈȑȍșȖȊșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȈȧ ȘȍȋȘȍșșȐȧ 
ǳȖȋȐșȚȐȟȍșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȣȍ ȔȖȌȍȓȐ 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(XGBoost) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(LightGBM) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(CatBoost) 
GLM 
ǹȘȈȊȕȍȕȐȍ ȔȖȌȍȓȍȑ 
ǷȖȌȉȖȘ ȖȚșȍȟȒȐ (Cut off) 

ǵȈȉȖȘ ȌȈȕȕȣȝ 
ǸȈȏȌȍȓȍȕȐȍ ȊȣȉȖȘȒȐ 
Sample 
ǼȐȓȤȚȘ 
ǴȍȚȈȌȈȕȕȣȍ 
One-hot encoding 
ǯȈȗȖȓȕȍȕȐȍ ȗȘȖȗțșȒȖȊ 
ǪȍșȈ ȒȓȈșșȖȊ 
ǲȓȈșȚȍȘȕȣȑ ȈȕȈȓȐȏ (k-means) 
ǰȍȘȈȘȝȐȟȍșȒȈȧ ȒȓȈșȚȍȘȐȏȈȞȐȧ 
ǬȍȘȍȊȖ ȘȍȠȍȕȐȑ 
ǹȓțȟȈȑȕȣȑ ȓȍș 
ǩȈȑȍșȖȊșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȈȧ ȘȍȋȘȍșșȐȧ 
ǳȖȋȐșȚȐȟȍșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȣȍ ȔȖȌȍȓȐ 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(XGBoost) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(LightGBM) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(CatBoost) 
GLM 
ǹȘȈȊȕȍȕȐȍ ȔȖȌȍȓȍȑ 
ǷȖȌȉȖȘ ȖȚșȍȟȒȐ (Cut off) 

ǪȍșȈ ȒȓȈșșȖȊ ǸȈȏȌȍȓȍȕȐȍ ȊȣȉȖȘȒȐ 
Sample 
ǼȐȓȤȚȘ 
ǴȍȚȈȌȈȕȕȣȍ 
One-hot encoding 
ǯȈȗȖȓȕȍȕȐȍ ȗȘȖȗțșȒȖȊ 
ǹȚȈȕȌȈȘȚȐȏȈȞȐȧ 
ǲȓȈșȚȍȘȕȣȑ ȈȕȈȓȐȏ (k-means) 
ǰȍȘȈȘȝȐȟȍșȒȈȧ 

ǵȈȉȖȘ ȌȈȕȕȣȝ 
ǸȈȏȌȍȓȍȕȐȍ ȊȣȉȖȘȒȐ 
Sample 
ǼȐȓȤȚȘ 
ǴȍȚȈȌȈȕȕȣȍ 
One-hot encoding 
ǯȈȗȖȓȕȍȕȐȍ ȗȘȖȗțșȒȖȊ 
ǹȚȈȕȌȈȘȚȐȏȈȞȐȧ 
ǲȓȈșȚȍȘȕȣȑ ȈȕȈȓȐȏ (k-means) 
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ǰșȝȖȌȕȣȑ țȏȍȓ ǰșȝȖȌȧȡȐȑ țȏȍȓ 
(Ȋ ȒȖȚȖȘȣȑ ȊȝȖȌȐȚ șȊȧȏȤ 
Ȑȏ ȐșȝȖȌȕȖȋȖ țȏȓȈ) 

ǪȝȖȌȧȡȐȑ țȏȍȓ 
(Ȑȏ ȒȖȚȖȘȖȋȖ ȊȣȝȖȌȐȚ 
șȊȧȏȤ Ȋ ȐșȝȖȌȕȣȑ țȏȍȓ) 

ȒȓȈșȚȍȘȐȏȈȞȐȧ 
ǬȍȘȍȊȖ ȘȍȠȍȕȐȑ 
ǹȓțȟȈȑȕȣȑ ȓȍș 
ǩȈȑȍșȖȊșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȈȧ ȘȍȋȘȍșșȐȧ 
ǳȖȋȐșȚȐȟȍșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȣȍ ȔȖȌȍȓȐ 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(XGBoost) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(LightGBM) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(CatBoost) 
GLM 
ǹȘȈȊȕȍȕȐȍ ȔȖȌȍȓȍȑ 
ǷȖȌȉȖȘ ȖȚșȍȟȒȐ (Cut off) 

ǰȍȘȈȘȝȐȟȍșȒȈȧ ȒȓȈșȚȍȘȐȏȈȞȐȧ 
ǬȍȘȍȊȖ ȘȍȠȍȕȐȑ 
ǹȓțȟȈȑȕȣȑ ȓȍș 
ǩȈȑȍșȖȊșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȈȧ ȘȍȋȘȍșșȐȧ 
ǳȖȋȐșȚȐȟȍșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȣȍ ȔȖȌȍȓȐ 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(XGBoost) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(LightGBM) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(CatBoost) 
GLM 
ǹȘȈȊȕȍȕȐȍ ȔȖȌȍȓȍȑ 
ǷȖȌȉȖȘ ȖȚșȍȟȒȐ (Cut off) 

ǲȓȈșȚȍȘȕȣȑ ȈȕȈȓȐȏ 
(k-means) 

ǸȈȏȌȍȓȍȕȐȍ ȊȣȉȖȘȒȐ 
Sample 
ǼȐȓȤȚȘ 
ǴȍȚȈȌȈȕȕȣȍ 
One-hot encoding 
ǯȈȗȖȓȕȍȕȐȍ ȗȘȖȗțșȒȖȊ 
ǺȘȈȕșȜȖȘȔȈȞȐȧ 
ǩȐȕȐȕȋ/ȥȕȒȖȌȐȕȋ 
ǬȐșȗȍȘșȐȖȕȕȣȑ ȈȕȈȓȐȏ 
ǹȚȈȕȌȈȘȚȐȏȈȞȐȧ 
ǪȍșȈ ȒȓȈșșȖȊ 
ǲȓȈșȚȍȘȕȣȑ ȈȕȈȓȐȏ (k-means) 
ǰȍȘȈȘȝȐȟȍșȒȈȧ 
ȒȓȈșȚȍȘȐȏȈȞȐȧ 
ǬȍȘȍȊȖ ȘȍȠȍȕȐȑ 
ǹȓțȟȈȑȕȣȑ ȓȍș 
ǩȈȑȍșȖȊșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȈȧ ȘȍȋȘȍșșȐȧ 
ǳȖȋȐșȚȐȟȍșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȣȍ ȔȖȌȍȓȐ 
LDA 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(XGBoost) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(LightGBM) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(CatBoost) 
GLM 
ǸȍȋȐșȚȘȈȞȐȧ ȔȖȌȍȓȐ 

ǸȈȏȌȍȓȍȕȐȍ ȊȣȉȖȘȒȐ 
Sample 
ǼȐȓȤȚȘ 
ǴȍȚȈȌȈȕȕȣȍ 
One-hot encoding 
ǯȈȗȖȓȕȍȕȐȍ ȗȘȖȗțșȒȖȊ 
ǺȘȈȕșȜȖȘȔȈȞȐȧ 
ǩȐȕȐȕȋ/ȥȕȒȖȌȐȕȋ 
ǹȚȈȕȌȈȘȚȐȏȈȞȐȧ 
ǪȍșȈ ȒȓȈșșȖȊ 
ǲȓȈșȚȍȘȕȣȑ ȈȕȈȓȐȏ (k-means) 
ǰȍȘȈȘȝȐȟȍșȒȈȧ ȒȓȈșȚȍȘȐȏȈȞȐȧ 
ǬȍȘȍȊȖ ȘȍȠȍȕȐȑ 
ǹȓțȟȈȑȕȣȑ ȓȍș 
ǩȈȑȍșȖȊșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȈȧ ȘȍȋȘȍșșȐȧ 
ǳȖȋȐșȚȐȟȍșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȣȍ ȔȖȌȍȓȐ 
LDA 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(XGBoost) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(LightGBM) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(CatBoost) 
GLM 
ǷȖȌȉȖȘ ȖȚșȍȟȒȐ (Cut off) 

ǰȍȘȈȘȝȐȟȍșȒȈȧ 
ȒȓȈșȚȍȘȐȏȈȞȐȧ 

ǸȈȏȌȍȓȍȕȐȍ ȊȣȉȖȘȒȐ 
Sample 
ǼȐȓȤȚȘ 
ǴȍȚȈȌȈȕȕȣȍ 
One-hot encoding 
ǯȈȗȖȓȕȍȕȐȍ ȗȘȖȗțșȒȖȊ 
ǺȘȈȕșȜȖȘȔȈȞȐȧ 
ǩȐȕȐȕȋ/ȥȕȒȖȌȐȕȋ 
ǬȐșȗȍȘșȐȖȕȕȣȑ ȈȕȈȓȐȏ 
ǹȚȈȕȌȈȘȚȐȏȈȞȐȧ 

ǸȈȏȌȍȓȍȕȐȍ ȊȣȉȖȘȒȐ 
Sample 
ǼȐȓȤȚȘ 
ǴȍȚȈȌȈȕȕȣȍ 
One-hot encoding 
ǯȈȗȖȓȕȍȕȐȍ ȗȘȖȗțșȒȖȊ 
ǺȘȈȕșȜȖȘȔȈȞȐȧ 
ǩȐȕȐȕȋ/ȥȕȒȖȌȐȕȋ 
ǹȚȈȕȌȈȘȚȐȏȈȞȐȧ 
ǪȍșȈ ȒȓȈșșȖȊ 
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ǰșȝȖȌȕȣȑ țȏȍȓ ǰșȝȖȌȧȡȐȑ țȏȍȓ 
(Ȋ ȒȖȚȖȘȣȑ ȊȝȖȌȐȚ șȊȧȏȤ 
Ȑȏ ȐșȝȖȌȕȖȋȖ țȏȓȈ) 

ǪȝȖȌȧȡȐȑ țȏȍȓ 
(Ȑȏ ȒȖȚȖȘȖȋȖ ȊȣȝȖȌȐȚ 
șȊȧȏȤ Ȋ ȐșȝȖȌȕȣȑ țȏȍȓ) 

ǪȍșȈ ȒȓȈșșȖȊ 
ǲȓȈșȚȍȘȕȣȑ ȈȕȈȓȐȏ (k-means) 
ǰȍȘȈȘȝȐȟȍșȒȈȧ 
ȒȓȈșȚȍȘȐȏȈȞȐȧ 
ǬȍȘȍȊȖ ȘȍȠȍȕȐȑ 
ǹȓțȟȈȑȕȣȑ ȓȍș 
ǩȈȑȍșȖȊșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȈȧ ȘȍȋȘȍșșȐȧ 
ǳȖȋȐșȚȐȟȍșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȣȍ ȔȖȌȍȓȐ 
LDA 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(XGBoost) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(LightGBM) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(CatBoost) 
GLM 

ǲȓȈșȚȍȘȕȣȑ ȈȕȈȓȐȏ (k-means) 
ǰȍȘȈȘȝȐȟȍșȒȈȧ ȒȓȈșȚȍȘȐȏȈȞȐȧ 
ǬȍȘȍȊȖ ȘȍȠȍȕȐȑ 
ǹȓțȟȈȑȕȣȑ ȓȍș 
ǩȈȑȍșȖȊșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȈȧ ȘȍȋȘȍșșȐȧ 
ǳȖȋȐșȚȐȟȍșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȣȍ ȔȖȌȍȓȐ 
LDA 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(XGBoost) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(LightGBM) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(CatBoost) 
GLM 
ǷȖȌȉȖȘ ȖȚșȍȟȒȐ (Cut off) 

ǬȍȘȍȊȖ ȘȍȠȍȕȐȑ ǸȈȏȌȍȓȍȕȐȍ ȊȣȉȖȘȒȐ 
Sample 
ǼȐȓȤȚȘ 
ǴȍȚȈȌȈȕȕȣȍ 
One-hot encoding 
ǯȈȗȖȓȕȍȕȐȍ ȗȘȖȗțșȒȖȊ 
ǺȘȈȕșȜȖȘȔȈȞȐȧ 
ǩȐȕȐȕȋ/ȥȕȒȖȌȐȕȋ 
ǬȐșȗȍȘșȐȖȕȕȣȑ ȈȕȈȓȐȏ 
ǹȚȈȕȌȈȘȚȐȏȈȞȐȧ 
ǪȍșȈ ȒȓȈșșȖȊ 
ǲȓȈșȚȍȘȕȣȑ ȈȕȈȓȐȏ (k-means) 
ǰȍȘȈȘȝȐȟȍșȒȈȧ 
ȒȓȈșȚȍȘȐȏȈȞȐȧ 
ǬȍȘȍȊȖ ȘȍȠȍȕȐȑ 
ǹȓțȟȈȑȕȣȑ ȓȍș 
ǩȈȑȍșȖȊșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȈȧ ȘȍȋȘȍșșȐȧ 
ǳȖȋȐșȚȐȟȍșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȣȍ ȔȖȌȍȓȐ 
ǵȍȑȘȖȕȕȈȧ șȍȚȤ 
LDA 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(XGBoost) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(LightGBM) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(CatBoost) 
GLM 
ǹȘȈȊȕȍȕȐȍ ȔȖȌȍȓȍȑ 
ǸȍȋȐșȚȘȈȞȐȧ ȔȖȌȍȓȍȑ 
ǰȕȚȍȘȗȘȍȚȈȞȐȧ 
ǷȖȌȉȖȘ ȖȚșȍȟȒȐ (Cut off) 

ǸȈȏȌȍȓȍȕȐȍ ȊȣȉȖȘȒȐ 
Sample 
ǼȐȓȤȚȘ 
ǴȍȚȈȌȈȕȕȣȍ 
One-hot encoding 
ǯȈȗȖȓȕȍȕȐȍ ȗȘȖȗțșȒȖȊ 
ǺȘȈȕșȜȖȘȔȈȞȐȧ 
ǩȐȕȐȕȋ/ȥȕȒȖȌȐȕȋ 
ǹȚȈȕȌȈȘȚȐȏȈȞȐȧ 
ǪȍșȈ ȒȓȈșșȖȊ 
ǲȓȈșȚȍȘȕȣȑ ȈȕȈȓȐȏ (k-means) 
ǰȍȘȈȘȝȐȟȍșȒȈȧ ȒȓȈșȚȍȘȐȏȈȞȐȧ 
ǬȍȘȍȊȖ ȘȍȠȍȕȐȑ 
ǹȓțȟȈȑȕȣȑ ȓȍș 
ǩȈȑȍșȖȊșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȈȧ ȘȍȋȘȍșșȐȧ 
ǳȖȋȐșȚȐȟȍșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȣȍ ȔȖȌȍȓȐ 
ǵȍȑȘȖȕȕȈȧ șȍȚȤ 
LDA 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(XGBoost) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(LightGBM) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(CatBoost) 
GLM 
ǷȖȌȉȖȘ ȖȚșȍȟȒȐ (Cut off) 

ǹȓțȟȈȑȕȣȑ ȓȍș ǸȈȏȌȍȓȍȕȐȍ ȊȣȉȖȘȒȐ 
Sample 
ǼȐȓȤȚȘ 
ǴȍȚȈȌȈȕȕȣȍ 

ǸȈȏȌȍȓȍȕȐȍ ȊȣȉȖȘȒȐ 
Sample 
ǼȐȓȤȚȘ 
ǴȍȚȈȌȈȕȕȣȍ 



 

 

 69 

ǰșȝȖȌȕȣȑ țȏȍȓ ǰșȝȖȌȧȡȐȑ țȏȍȓ 
(Ȋ ȒȖȚȖȘȣȑ ȊȝȖȌȐȚ șȊȧȏȤ 
Ȑȏ ȐșȝȖȌȕȖȋȖ țȏȓȈ) 

ǪȝȖȌȧȡȐȑ țȏȍȓ 
(Ȑȏ ȒȖȚȖȘȖȋȖ ȊȣȝȖȌȐȚ 
șȊȧȏȤ Ȋ ȐșȝȖȌȕȣȑ țȏȍȓ) 

One-hot encoding 
ǯȈȗȖȓȕȍȕȐȍ ȗȘȖȗțșȒȖȊ 
ǺȘȈȕșȜȖȘȔȈȞȐȧ 
ǩȐȕȐȕȋ/ȥȕȒȖȌȐȕȋ 
ǬȐșȗȍȘșȐȖȕȕȣȑ ȈȕȈȓȐȏ 
ǹȚȈȕȌȈȘȚȐȏȈȞȐȧ 
ǪȍșȈ ȒȓȈșșȖȊ 
ǲȓȈșȚȍȘȕȣȑ ȈȕȈȓȐȏ (k-means) 
ǰȍȘȈȘȝȐȟȍșȒȈȧ 
ȒȓȈșȚȍȘȐȏȈȞȐȧ 
ǬȍȘȍȊȖ ȘȍȠȍȕȐȑ 
ǹȓțȟȈȑȕȣȑ ȓȍș 
ǩȈȑȍșȖȊșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȈȧ ȘȍȋȘȍșșȐȧ 
ǳȖȋȐșȚȐȟȍșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȣȍ ȔȖȌȍȓȐ 
ǵȍȑȘȖȕȕȈȧ șȍȚȤ 
LDA 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(XGBoost) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(LightGBM) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(CatBoost) 
GLM 
ǹȘȈȊȕȍȕȐȍ ȔȖȌȍȓȍȑ 
ǸȍȋȐșȚȘȈȞȐȧ ȔȖȌȍȓȍȑ 
ǰȕȚȍȘȗȘȍȚȈȞȐȧ 
ǷȖȌȉȖȘ ȖȚșȍȟȒȐ (Cut off) 

One-hot encoding 
ǯȈȗȖȓȕȍȕȐȍ ȗȘȖȗțșȒȖȊ 
ǺȘȈȕșȜȖȘȔȈȞȐȧ 
ǩȐȕȐȕȋ/ȥȕȒȖȌȐȕȋ 
ǹȚȈȕȌȈȘȚȐȏȈȞȐȧ 
ǪȍșȈ ȒȓȈșșȖȊ 
ǲȓȈșȚȍȘȕȣȑ ȈȕȈȓȐȏ (k-means) 
ǰȍȘȈȘȝȐȟȍșȒȈȧ ȒȓȈșȚȍȘȐȏȈȞȐȧ 
ǬȍȘȍȊȖ ȘȍȠȍȕȐȑ 
ǹȓțȟȈȑȕȣȑ ȓȍș 
ǩȈȑȍșȖȊșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȈȧ ȘȍȋȘȍșșȐȧ 
ǳȖȋȐșȚȐȟȍșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȣȍ ȔȖȌȍȓȐ 
ǵȍȑȘȖȕȕȈȧ șȍȚȤ 
LDA 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(XGBoost) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(LightGBM) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(CatBoost) 
GLM 
ǷȖȌȉȖȘ ȖȚșȍȟȒȐ (Cut off) 

ǩȈȑȍșȖȊșȒȈȧ 
ȘȍȋȘȍșșȐȧ 

ǸȈȏȌȍȓȍȕȐȍ ȊȣȉȖȘȒȐ 
Sample 
ǼȐȓȤȚȘ 
ǴȍȚȈȌȈȕȕȣȍ 
One-hot encoding 
ǯȈȗȖȓȕȍȕȐȍ ȗȘȖȗțșȒȖȊ 
ǺȘȈȕșȜȖȘȔȈȞȐȧ 
ǩȐȕȐȕȋ/ȥȕȒȖȌȐȕȋ 
ǬȐșȗȍȘșȐȖȕȕȣȑ ȈȕȈȓȐȏ 
ǹȚȈȕȌȈȘȚȐȏȈȞȐȧ 
ǪȍșȈ ȒȓȈșșȖȊ 
ǲȓȈșȚȍȘȕȣȑ ȈȕȈȓȐȏ (k-means) 
ǰȍȘȈȘȝȐȟȍșȒȈȧ 
ȒȓȈșȚȍȘȐȏȈȞȐȧ 
ǬȍȘȍȊȖ ȘȍȠȍȕȐȑ 
ǹȓțȟȈȑȕȣȑ ȓȍș 
ǩȈȑȍșȖȊșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȈȧ ȘȍȋȘȍșșȐȧ 
ǳȖȋȐșȚȐȟȍșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȣȍ ȔȖȌȍȓȐ 
ǵȍȑȘȖȕȕȈȧ șȍȚȤ 
LDA 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(XGBoost) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(LightGBM) 

ǸȈȏȌȍȓȍȕȐȍ ȊȣȉȖȘȒȐ 
Sample 
ǼȐȓȤȚȘ 
ǴȍȚȈȌȈȕȕȣȍ 
One-hot encoding 
ǯȈȗȖȓȕȍȕȐȍ ȗȘȖȗțșȒȖȊ 
ǺȘȈȕșȜȖȘȔȈȞȐȧ 
ǩȐȕȐȕȋ/ȥȕȒȖȌȐȕȋ 
ǹȚȈȕȌȈȘȚȐȏȈȞȐȧ 
ǪȍșȈ ȒȓȈșșȖȊ 
ǲȓȈșȚȍȘȕȣȑ ȈȕȈȓȐȏ (k-means) 
ǰȍȘȈȘȝȐȟȍșȒȈȧ ȒȓȈșȚȍȘȐȏȈȞȐȧ 
ǬȍȘȍȊȖ ȘȍȠȍȕȐȑ 
ǹȓțȟȈȑȕȣȑ ȓȍș 
ǩȈȑȍșȖȊșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȈȧ ȘȍȋȘȍșșȐȧ 
ǳȖȋȐșȚȐȟȍșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȣȍ ȔȖȌȍȓȐ 
ǵȍȑȘȖȕȕȈȧ șȍȚȤ 
LDA 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(XGBoost) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(LightGBM) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(CatBoost) 
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ǰșȝȖȌȕȣȑ țȏȍȓ ǰșȝȖȌȧȡȐȑ țȏȍȓ 
(Ȋ ȒȖȚȖȘȣȑ ȊȝȖȌȐȚ șȊȧȏȤ 
Ȑȏ ȐșȝȖȌȕȖȋȖ țȏȓȈ) 

ǪȝȖȌȧȡȐȑ țȏȍȓ 
(Ȑȏ ȒȖȚȖȘȖȋȖ ȊȣȝȖȌȐȚ 
șȊȧȏȤ Ȋ ȐșȝȖȌȕȣȑ țȏȍȓ) 

ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(CatBoost) 
GLM 
ǹȘȈȊȕȍȕȐȍ ȔȖȌȍȓȍȑ 
ǸȍȋȐșȚȘȈȞȐȧ ȔȖȌȍȓȍȑ 
ǰȕȚȍȘȗȘȍȚȈȞȐȧ 
ǷȖȌȉȖȘ ȖȚșȍȟȒȐ (Cut off) 

GLM 
ǹȘȈȊȕȍȕȐȍ ȔȖȌȍȓȍȑ 
ǰȕȚȍȘȗȘȍȚȈȞȐȧ 
ǷȖȌȉȖȘ ȖȚșȍȟȒȐ (Cut off) 

ǳȐȕȍȑȕȈȧ ȘȍȋȘȍșșȐȧ ǸȈȏȌȍȓȍȕȐȍ ȊȣȉȖȘȒȐ 
Sample 
ǼȐȓȤȚȘ 
ǴȍȚȈȌȈȕȕȣȍ 
One-hot encoding 
ǯȈȗȖȓȕȍȕȐȍ ȗȘȖȗțșȒȖȊ 
ǺȘȈȕșȜȖȘȔȈȞȐȧ 
ǩȐȕȐȕȋ/ȥȕȒȖȌȐȕȋ 
ǬȐșȗȍȘșȐȖȕȕȣȑ ȈȕȈȓȐȏ 
ǹȚȈȕȌȈȘȚȐȏȈȞȐȧ 
ǪȍșȈ ȒȓȈșșȖȊ 
ǲȓȈșȚȍȘȕȣȑ ȈȕȈȓȐȏ (k-means) 
ǰȍȘȈȘȝȐȟȍșȒȈȧ 
ȒȓȈșȚȍȘȐȏȈȞȐȧ 
ǬȍȘȍȊȖ ȘȍȠȍȕȐȑ 
ǹȓțȟȈȑȕȣȑ ȓȍș 
ǩȈȑȍșȖȊșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȈȧ ȘȍȋȘȍșșȐȧ 
ǳȖȋȐșȚȐȟȍșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȣȍ ȔȖȌȍȓȐ 
ǵȍȑȘȖȕȕȈȧ șȍȚȤ 
LDA 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(XGBoost) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(LightGBM) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(CatBoost) 
GLM 
ǹȘȈȊȕȍȕȐȍ ȔȖȌȍȓȍȑ 
ǸȍȋȐșȚȘȈȞȐȧ ȔȖȌȍȓȍȑ 
ǰȕȚȍȘȗȘȍȚȈȞȐȧ 

ǸȈȏȌȍȓȍȕȐȍ ȊȣȉȖȘȒȐ 
Sample 
ǼȐȓȤȚȘ 
ǴȍȚȈȌȈȕȕȣȍ 
One-hot encoding 
ǯȈȗȖȓȕȍȕȐȍ ȗȘȖȗțșȒȖȊ 
ǺȘȈȕșȜȖȘȔȈȞȐȧ 
ǩȐȕȐȕȋ/ȥȕȒȖȌȐȕȋ 
ǹȚȈȕȌȈȘȚȐȏȈȞȐȧ 
ǪȍșȈ ȒȓȈșșȖȊ 
ǲȓȈșȚȍȘȕȣȑ ȈȕȈȓȐȏ (k-means) 
ǰȍȘȈȘȝȐȟȍșȒȈȧ ȒȓȈșȚȍȘȐȏȈȞȐȧ 
ǬȍȘȍȊȖ ȘȍȠȍȕȐȑ 
ǹȓțȟȈȑȕȣȑ ȓȍș 
ǩȈȑȍșȖȊșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȈȧ ȘȍȋȘȍșșȐȧ 
ǳȖȋȐșȚȐȟȍșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȣȍ ȔȖȌȍȓȐ 
ǵȍȑȘȖȕȕȈȧ șȍȚȤ 
LDA 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(XGBoost) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(LightGBM) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(CatBoost) 
GLM 
ǹȘȈȊȕȍȕȐȍ ȔȖȌȍȓȍȑ 
ǷȖȌȉȖȘ ȖȚșȍȟȒȐ (Cut off) 

ǳȖȋȐșȚȐȟȍșȒȈȧ 
ȘȍȋȘȍșșȐȧ 

ǸȈȏȌȍȓȍȕȐȍ ȊȣȉȖȘȒȐ 
Sample 
ǼȐȓȤȚȘ 
ǴȍȚȈȌȈȕȕȣȍ 
One-hot encoding 
ǯȈȗȖȓȕȍȕȐȍ ȗȘȖȗțșȒȖȊ 
ǺȘȈȕșȜȖȘȔȈȞȐȧ 
ǩȐȕȐȕȋ/ȥȕȒȖȌȐȕȋ 
ǬȐșȗȍȘșȐȖȕȕȣȑ ȈȕȈȓȐȏ 
ǹȚȈȕȌȈȘȚȐȏȈȞȐȧ 
ǪȍșȈ ȒȓȈșșȖȊ 
ǲȓȈșȚȍȘȕȣȑ ȈȕȈȓȐȏ (k-means) 
ǰȍȘȈȘȝȐȟȍșȒȈȧ 
ȒȓȈșȚȍȘȐȏȈȞȐȧ 
ǬȍȘȍȊȖ ȘȍȠȍȕȐȑ 
ǹȓțȟȈȑȕȣȑ ȓȍș 

ǸȈȏȌȍȓȍȕȐȍ ȊȣȉȖȘȒȐ 
Sample 
ǼȐȓȤȚȘ 
ǴȍȚȈȌȈȕȕȣȍ 
One-hot encoding 
ǯȈȗȖȓȕȍȕȐȍ ȗȘȖȗțșȒȖȊ 
ǺȘȈȕșȜȖȘȔȈȞȐȧ 
ǩȐȕȐȕȋ/ȥȕȒȖȌȐȕȋ 
ǹȚȈȕȌȈȘȚȐȏȈȞȐȧ 
ǪȍșȈ ȒȓȈșșȖȊ 
ǲȓȈșȚȍȘȕȣȑ ȈȕȈȓȐȏ (k-means) 
ǰȍȘȈȘȝȐȟȍșȒȈȧ ȒȓȈșȚȍȘȐȏȈȞȐȧ 
ǬȍȘȍȊȖ ȘȍȠȍȕȐȑ 
ǹȓțȟȈȑȕȣȑ ȓȍș 
ǩȈȑȍșȖȊșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȈȧ ȘȍȋȘȍșșȐȧ 
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ǰșȝȖȌȕȣȑ țȏȍȓ ǰșȝȖȌȧȡȐȑ țȏȍȓ 
(Ȋ ȒȖȚȖȘȣȑ ȊȝȖȌȐȚ șȊȧȏȤ 
Ȑȏ ȐșȝȖȌȕȖȋȖ țȏȓȈ) 

ǪȝȖȌȧȡȐȑ țȏȍȓ 
(Ȑȏ ȒȖȚȖȘȖȋȖ ȊȣȝȖȌȐȚ 
șȊȧȏȤ Ȋ ȐșȝȖȌȕȣȑ țȏȍȓ) 

ǩȈȑȍșȖȊșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȈȧ ȘȍȋȘȍșșȐȧ 
ǳȖȋȐșȚȐȟȍșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȣȍ ȔȖȌȍȓȐ 
ǵȍȑȘȖȕȕȈȧ șȍȚȤ 
LDA 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(XGBoost) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(LightGBM) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(CatBoost) 
GLM 
ǹȘȈȊȕȍȕȐȍ ȔȖȌȍȓȍȑ 
ǸȍȋȐșȚȘȈȞȐȧ ȔȖȌȍȓȍȑ 
ǰȕȚȍȘȗȘȍȚȈȞȐȧ 
ǷȖȌȉȖȘ ȖȚșȍȟȒȐ (Cut off) 

ǳȖȋȐșȚȐȟȍșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȣȍ ȔȖȌȍȓȐ 
ǵȍȑȘȖȕȕȈȧ șȍȚȤ 
LDA 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(XGBoost) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(LightGBM) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(CatBoost) 
GLM 
ǹȘȈȊȕȍȕȐȍ ȔȖȌȍȓȍȑ 
ǷȖȌȉȖȘ ȖȚșȍȟȒȐ (Cut off) 

ǳȐȕȍȑȕȣȍ ȔȖȌȍȓȐ ǸȈȏȌȍȓȍȕȐȍ ȊȣȉȖȘȒȐ 
Sample 
ǼȐȓȤȚȘ 
ǴȍȚȈȌȈȕȕȣȍ 
One-hot encoding 
ǯȈȗȖȓȕȍȕȐȍ ȗȘȖȗțșȒȖȊ 
ǺȘȈȕșȜȖȘȔȈȞȐȧ 
ǩȐȕȐȕȋ/ȥȕȒȖȌȐȕȋ 
ǬȐșȗȍȘșȐȖȕȕȣȑ ȈȕȈȓȐȏ 
ǹȚȈȕȌȈȘȚȐȏȈȞȐȧ 
ǪȍșȈ ȒȓȈșșȖȊ 
ǲȓȈșȚȍȘȕȣȑ ȈȕȈȓȐȏ (k-means) 
ǰȍȘȈȘȝȐȟȍșȒȈȧ 
ȒȓȈșȚȍȘȐȏȈȞȐȧ 
ǬȍȘȍȊȖ ȘȍȠȍȕȐȑ 
ǹȓțȟȈȑȕȣȑ ȓȍș 
ǩȈȑȍșȖȊșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȈȧ ȘȍȋȘȍșșȐȧ 
ǳȖȋȐșȚȐȟȍșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȣȍ ȔȖȌȍȓȐ 
ǵȍȑȘȖȕȕȈȧ șȍȚȤ 
LDA 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(XGBoost) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(LightGBM) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(CatBoost) 
GLM 
ǹȘȈȊȕȍȕȐȍ ȔȖȌȍȓȍȑ 
ǸȍȋȐșȚȘȈȞȐȧ ȔȖȌȍȓȍȑ 
ǰȕȚȍȘȗȘȍȚȈȞȐȧ 
ǷȖȌȉȖȘ ȖȚșȍȟȒȐ (Cut off) 

ǸȈȏȌȍȓȍȕȐȍ ȊȣȉȖȘȒȐ 
Sample 
ǼȐȓȤȚȘ 
ǴȍȚȈȌȈȕȕȣȍ 
One-hot encoding 
ǯȈȗȖȓȕȍȕȐȍ ȗȘȖȗțșȒȖȊ 
ǺȘȈȕșȜȖȘȔȈȞȐȧ 
ǩȐȕȐȕȋ/ȥȕȒȖȌȐȕȋ 
ǹȚȈȕȌȈȘȚȐȏȈȞȐȧ 
ǪȍșȈ ȒȓȈșșȖȊ 
ǲȓȈșȚȍȘȕȣȑ ȈȕȈȓȐȏ (k-means) 
ǰȍȘȈȘȝȐȟȍșȒȈȧ ȒȓȈșȚȍȘȐȏȈȞȐȧ 
ǬȍȘȍȊȖ ȘȍȠȍȕȐȑ 
ǹȓțȟȈȑȕȣȑ ȓȍș 
ǩȈȑȍșȖȊșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȈȧ ȘȍȋȘȍșșȐȧ 
ǳȖȋȐșȚȐȟȍșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȣȍ ȔȖȌȍȓȐ 
ǵȍȑȘȖȕȕȈȧ șȍȚȤ 
LDA 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(XGBoost) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(LightGBM) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(CatBoost) 
GLM 
ǹȘȈȊȕȍȕȐȍ ȔȖȌȍȓȍȑ 
ǷȖȌȉȖȘ ȖȚșȍȟȒȐ (Cut off) 

ǵȍȑȘȖȕȕȈȧ șȍȚȤ Sample 
ǼȐȓȤȚȘ 
ǴȍȚȈȌȈȕȕȣȍ 
ǺȘȈȕșȜȖȘȔȈȞȐȧ 
ǩȐȕȐȕȋ/ȥȕȒȖȌȐȕȋ 

ǸȈȏȌȍȓȍȕȐȍ ȊȣȉȖȘȒȐ 
Sample 
ǼȐȓȤȚȘ 
ǴȍȚȈȌȈȕȕȣȍ 
ǺȘȈȕșȜȖȘȔȈȞȐȧ 
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ǰșȝȖȌȕȣȑ țȏȍȓ ǰșȝȖȌȧȡȐȑ țȏȍȓ 
(Ȋ ȒȖȚȖȘȣȑ ȊȝȖȌȐȚ șȊȧȏȤ 
Ȑȏ ȐșȝȖȌȕȖȋȖ țȏȓȈ) 

ǪȝȖȌȧȡȐȑ țȏȍȓ 
(Ȑȏ ȒȖȚȖȘȖȋȖ ȊȣȝȖȌȐȚ 
șȊȧȏȤ Ȋ ȐșȝȖȌȕȣȑ țȏȍȓ) 

ǬȍȘȍȊȖ ȘȍȠȍȕȐȑ 
ǹȓțȟȈȑȕȣȑ ȓȍș 
ǩȈȑȍșȖȊșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȈȧ ȘȍȋȘȍșșȐȧ 
ǳȖȋȐșȚȐȟȍșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȣȍ ȔȖȌȍȓȐ 
ǵȍȑȘȖȕȕȈȧ șȍȚȤ 
ǹȘȈȊȕȍȕȐȍ ȔȖȌȍȓȍȑ 
ǸȍȋȐșȚȘȈȞȐȧ ȔȖȌȍȓȍȑ 
ǰȕȚȍȘȗȘȍȚȈȞȐȧ 
ǷȖȌȉȖȘ ȖȚșȍȟȒȐ (Cut off) 

ǩȐȕȐȕȋ/ȥȕȒȖȌȐȕȋ 
ǬȍȘȍȊȖ ȘȍȠȍȕȐȑ 
ǹȓțȟȈȑȕȣȑ ȓȍș 
ǩȈȑȍșȖȊșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȈȧ ȘȍȋȘȍșșȐȧ 
ǳȖȋȐșȚȐȟȍșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȣȍ ȔȖȌȍȓȐ 
ǵȍȑȘȖȕȕȈȧ șȍȚȤ 
ǹȘȈȊȕȍȕȐȍ ȔȖȌȍȓȍȑ 

LDA ǸȈȏȌȍȓȍȕȐȍ ȊȣȉȖȘȒȐ 
Sample 
ǼȐȓȤȚȘ 
ǴȍȚȈȌȈȕȕȣȍ 
ǺȘȈȕșȜȖȘȔȈȞȐȧ 
ǩȐȕȐȕȋ/ȥȕȒȖȌȐȕȋ 
ǬȐșȗȍȘșȐȖȕȕȣȑ ȈȕȈȓȐȏ 
ǲȓȈșȚȍȘȕȣȑ ȈȕȈȓȐȏ (k-means) 
ǰȍȘȈȘȝȐȟȍșȒȈȧ 
ȒȓȈșȚȍȘȐȏȈȞȐȧ 
ǬȍȘȍȊȖ ȘȍȠȍȕȐȑ 
ǹȓțȟȈȑȕȣȑ ȓȍș 
ǩȈȑȍșȖȊșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȈȧ ȘȍȋȘȍșșȐȧ 
ǳȖȋȐșȚȐȟȍșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȣȍ ȔȖȌȍȓȐ 
LDA 
ǹȘȈȊȕȍȕȐȍ ȔȖȌȍȓȍȑ 
ǸȍȋȐșȚȘȈȞȐȧ ȔȖȌȍȓȍȑ 
ǰȕȚȍȘȗȘȍȚȈȞȐȧ 
ǷȖȌȉȖȘ ȖȚșȍȟȒȐ (Cut off) 

ǸȈȏȌȍȓȍȕȐȍ ȊȣȉȖȘȒȐ 
Sample 
ǼȐȓȤȚȘ 
ǴȍȚȈȌȈȕȕȣȍ 
ǺȘȈȕșȜȖȘȔȈȞȐȧ 
ǩȐȕȐȕȋ/ȥȕȒȖȌȐȕȋ 
ǲȓȈșȚȍȘȕȣȑ ȈȕȈȓȐȏ (k-means) 
ǰȍȘȈȘȝȐȟȍșȒȈȧ ȒȓȈșȚȍȘȐȏȈȞȐȧ 
ǬȍȘȍȊȖ ȘȍȠȍȕȐȑ 
ǹȓțȟȈȑȕȣȑ ȓȍș 
ǩȈȑȍșȖȊșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȈȧ ȘȍȋȘȍșșȐȧ 
ǳȖȋȐșȚȐȟȍșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȣȍ ȔȖȌȍȓȐ 
LDA 
ǹȘȈȊȕȍȕȐȍ ȔȖȌȍȓȍȑ 
ǸȍȋȐșȚȘȈȞȐȧ ȔȖȌȍȓȍȑ 
ǰȕȚȍȘȗȘȍȚȈȞȐȧ 

ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(XGBoost) 

ǸȈȏȌȍȓȍȕȐȍ ȊȣȉȖȘȒȐ 
Sample 
ǼȐȓȤȚȘ 
ǴȍȚȈȌȈȕȕȣȍ 
One-hot encoding 
ǯȈȗȖȓȕȍȕȐȍ ȗȘȖȗțșȒȖȊ 
ǹȚȈȕȌȈȘȚȐȏȈȞȐȧ 
ǪȍșȈ ȒȓȈșșȖȊ 
ǲȓȈșȚȍȘȕȣȑ ȈȕȈȓȐȏ (k-means) 
ǰȍȘȈȘȝȐȟȍșȒȈȧ 
ȒȓȈșȚȍȘȐȏȈȞȐȧ 
ǬȍȘȍȊȖ ȘȍȠȍȕȐȑ 
ǹȓțȟȈȑȕȣȑ ȓȍș 
ǩȈȑȍșȖȊșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȈȧ ȘȍȋȘȍșșȐȧ 
ǳȖȋȐșȚȐȟȍșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȣȍ ȔȖȌȍȓȐ 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(LightGBM) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(CatBoost) 
GLM 
ǹȘȈȊȕȍȕȐȍ ȔȖȌȍȓȍȑ 

ǸȈȏȌȍȓȍȕȐȍ ȊȣȉȖȘȒȐ 
Sample 
ǼȐȓȤȚȘ 
ǴȍȚȈȌȈȕȕȣȍ 
One-hot encoding 
ǯȈȗȖȓȕȍȕȐȍ ȗȘȖȗțșȒȖȊ 
ǹȚȈȕȌȈȘȚȐȏȈȞȐȧ 
ǪȍșȈ ȒȓȈșșȖȊ 
ǲȓȈșȚȍȘȕȣȑ ȈȕȈȓȐȏ (k-means) 
ǰȍȘȈȘȝȐȟȍșȒȈȧ ȒȓȈșȚȍȘȐȏȈȞȐȧ 
ǬȍȘȍȊȖ ȘȍȠȍȕȐȑ 
ǹȓțȟȈȑȕȣȑ ȓȍș 
ǩȈȑȍșȖȊșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȈȧ ȘȍȋȘȍșșȐȧ 
ǳȖȋȐșȚȐȟȍșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȣȍ ȔȖȌȍȓȐ 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(LightGBM) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(CatBoost) 
GLM 
ǹȘȈȊȕȍȕȐȍ ȔȖȌȍȓȍȑ 
ǸȍȋȐșȚȘȈȞȐȧ ȔȖȌȍȓȍȑ 
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ǰșȝȖȌȕȣȑ țȏȍȓ ǰșȝȖȌȧȡȐȑ țȏȍȓ 
(Ȋ ȒȖȚȖȘȣȑ ȊȝȖȌȐȚ șȊȧȏȤ 
Ȑȏ ȐșȝȖȌȕȖȋȖ țȏȓȈ) 

ǪȝȖȌȧȡȐȑ țȏȍȓ 
(Ȑȏ ȒȖȚȖȘȖȋȖ ȊȣȝȖȌȐȚ 
șȊȧȏȤ Ȋ ȐșȝȖȌȕȣȑ țȏȍȓ) 

ǸȍȋȐșȚȘȈȞȐȧ ȔȖȌȍȓȍȑ 
ǰȕȚȍȘȗȘȍȚȈȞȐȧ 
ǷȖȌȉȖȘ ȖȚșȍȟȒȐ (Cut off) 

ǰȕȚȍȘȗȘȍȚȈȞȐȧ 
ǷȖȌȉȖȘ ȖȚșȍȟȒȐ (Cut off) 

ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(LightGBM) 

ǸȈȏȌȍȓȍȕȐȍ ȊȣȉȖȘȒȐ 
Sample 
ǼȐȓȤȚȘ 
ǴȍȚȈȌȈȕȕȣȍ 
One-hot encoding 
ǯȈȗȖȓȕȍȕȐȍ ȗȘȖȗțșȒȖȊ 
ǹȚȈȕȌȈȘȚȐȏȈȞȐȧ 
ǪȍșȈ ȒȓȈșșȖȊ 
ǲȓȈșȚȍȘȕȣȑ ȈȕȈȓȐȏ (k-means) 
ǰȍȘȈȘȝȐȟȍșȒȈȧ 
ȒȓȈșȚȍȘȐȏȈȞȐȧ 
ǬȍȘȍȊȖ ȘȍȠȍȕȐȑ 
ǹȓțȟȈȑȕȣȑ ȓȍș 
ǩȈȑȍșȖȊșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȈȧ ȘȍȋȘȍșșȐȧ 
ǳȖȋȐșȚȐȟȍșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȣȍ ȔȖȌȍȓȐ 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(XGBoost) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(CatBoost) 
GLM 
ǹȘȈȊȕȍȕȐȍ ȔȖȌȍȓȍȑ 
ǸȍȋȐșȚȘȈȞȐȧ ȔȖȌȍȓȍȑ 
ǰȕȚȍȘȗȘȍȚȈȞȐȧ 
ǷȖȌȉȖȘ ȖȚșȍȟȒȐ (Cut off) 

ǸȈȏȌȍȓȍȕȐȍ ȊȣȉȖȘȒȐ 
Sample 
ǼȐȓȤȚȘ 
ǴȍȚȈȌȈȕȕȣȍ 
One-hot encoding 
ǯȈȗȖȓȕȍȕȐȍ ȗȘȖȗțșȒȖȊ 
ǹȚȈȕȌȈȘȚȐȏȈȞȐȧ 
ǪȍșȈ ȒȓȈșșȖȊ 
ǲȓȈșȚȍȘȕȣȑ ȈȕȈȓȐȏ (k-means) 
ǰȍȘȈȘȝȐȟȍșȒȈȧ ȒȓȈșȚȍȘȐȏȈȞȐȧ 
ǬȍȘȍȊȖ ȘȍȠȍȕȐȑ 
ǹȓțȟȈȑȕȣȑ ȓȍș 
ǩȈȑȍșȖȊșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȈȧ ȘȍȋȘȍșșȐȧ 
ǳȖȋȐșȚȐȟȍșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȣȍ ȔȖȌȍȓȐ 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(XGBoost) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(CatBoost) 
GLM 
ǹȘȈȊȕȍȕȐȍ ȔȖȌȍȓȍȑ 
ǸȍȋȐșȚȘȈȞȐȧ ȔȖȌȍȓȍȑ 
ǰȕȚȍȘȗȘȍȚȈȞȐȧ 
ǷȖȌȉȖȘ ȖȚșȍȟȒȐ (Cut off) 

ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(CatBoost) 

ǸȈȏȌȍȓȍȕȐȍ ȊȣȉȖȘȒȐ 
Sample 
ǼȐȓȤȚȘ 
ǴȍȚȈȌȈȕȕȣȍ 
One-hot encoding 
ǯȈȗȖȓȕȍȕȐȍ ȗȘȖȗțșȒȖȊ 
ǹȚȈȕȌȈȘȚȐȏȈȞȐȧ 
ǪȍșȈ ȒȓȈșșȖȊ 
ǲȓȈșȚȍȘȕȣȑ ȈȕȈȓȐȏ (k-means) 
ǰȍȘȈȘȝȐȟȍșȒȈȧ 
ȒȓȈșȚȍȘȐȏȈȞȐȧ 
ǬȍȘȍȊȖ ȘȍȠȍȕȐȑ 
ǹȓțȟȈȑȕȣȑ ȓȍș 
ǩȈȑȍșȖȊșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȈȧ ȘȍȋȘȍșșȐȧ 
ǳȖȋȐșȚȐȟȍșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȣȍ ȔȖȌȍȓȐ 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(XGBoost) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(LightGBM) 
GLM 
ǹȘȈȊȕȍȕȐȍ ȔȖȌȍȓȍȑ 
ǸȍȋȐșȚȘȈȞȐȧ ȔȖȌȍȓȍȑ 
ǰȕȚȍȘȗȘȍȚȈȞȐȧ 
ǷȖȌȉȖȘ ȖȚșȍȟȒȐ (Cut off) 

ǸȈȏȌȍȓȍȕȐȍ ȊȣȉȖȘȒȐ 
Sample 
ǼȐȓȤȚȘ 
ǴȍȚȈȌȈȕȕȣȍ 
One-hot encoding 
ǯȈȗȖȓȕȍȕȐȍ ȗȘȖȗțșȒȖȊ 
ǹȚȈȕȌȈȘȚȐȏȈȞȐȧ 
ǪȍșȈ ȒȓȈșșȖȊ 
ǲȓȈșȚȍȘȕȣȑ ȈȕȈȓȐȏ (k-means) 
ǰȍȘȈȘȝȐȟȍșȒȈȧ ȒȓȈșȚȍȘȐȏȈȞȐȧ 
ǬȍȘȍȊȖ ȘȍȠȍȕȐȑ 
ǹȓțȟȈȑȕȣȑ ȓȍș 
ǩȈȑȍșȖȊșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȈȧ ȘȍȋȘȍșșȐȧ 
ǳȖȋȐșȚȐȟȍșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȣȍ ȔȖȌȍȓȐ 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(XGBoost) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(LightGBM) 
GLM 
ǹȘȈȊȕȍȕȐȍ ȔȖȌȍȓȍȑ 
ǷȖȌȉȖȘ ȖȚșȍȟȒȐ (Cut off) 
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ǰșȝȖȌȕȣȑ țȏȍȓ ǰșȝȖȌȧȡȐȑ țȏȍȓ 
(Ȋ ȒȖȚȖȘȣȑ ȊȝȖȌȐȚ șȊȧȏȤ 
Ȑȏ ȐșȝȖȌȕȖȋȖ țȏȓȈ) 

ǪȝȖȌȧȡȐȑ țȏȍȓ 
(Ȑȏ ȒȖȚȖȘȖȋȖ ȊȣȝȖȌȐȚ 
șȊȧȏȤ Ȋ ȐșȝȖȌȕȣȑ țȏȍȓ) 

GLM ǸȈȏȌȍȓȍȕȐȍ ȊȣȉȖȘȒȐ 
Sample 
ǼȐȓȤȚȘ 
ǴȍȚȈȌȈȕȕȣȍ 
One-hot encoding 
ǯȈȗȖȓȕȍȕȐȍ ȗȘȖȗțșȒȖȊ 
ǹȚȈȕȌȈȘȚȐȏȈȞȐȧ 
ǪȍșȈ ȒȓȈșșȖȊ 
ǲȓȈșȚȍȘȕȣȑ ȈȕȈȓȐȏ (k-means) 
ǰȍȘȈȘȝȐȟȍșȒȈȧ 
ȒȓȈșȚȍȘȐȏȈȞȐȧ 
ǬȍȘȍȊȖ ȘȍȠȍȕȐȑ 
ǹȓțȟȈȑȕȣȑ ȓȍș 
ǩȈȑȍșȖȊșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȈȧ ȘȍȋȘȍșșȐȧ 
ǳȖȋȐșȚȐȟȍșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȣȍ ȔȖȌȍȓȐ 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(XGBoost) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(LightGBM) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(CatBoost) 
ǹȘȈȊȕȍȕȐȍ ȔȖȌȍȓȍȑ 
ǸȍȋȐșȚȘȈȞȐȧ ȔȖȌȍȓȍȑ 
ǰȕȚȍȘȗȘȍȚȈȞȐȧ 
ǷȖȌȉȖȘ ȖȚșȍȟȒȐ (Cut off) 

ǸȈȏȌȍȓȍȕȐȍ ȊȣȉȖȘȒȐ 
Sample 
ǼȐȓȤȚȘ 
ǴȍȚȈȌȈȕȕȣȍ 
One-hot encoding 
ǯȈȗȖȓȕȍȕȐȍ ȗȘȖȗțșȒȖȊ 
ǹȚȈȕȌȈȘȚȐȏȈȞȐȧ 
ǪȍșȈ ȒȓȈșșȖȊ 
ǲȓȈșȚȍȘȕȣȑ ȈȕȈȓȐȏ (k-means) 
ǰȍȘȈȘȝȐȟȍșȒȈȧ ȒȓȈșȚȍȘȐȏȈȞȐȧ 
ǬȍȘȍȊȖ ȘȍȠȍȕȐȑ 
ǹȓțȟȈȑȕȣȑ ȓȍș 
ǩȈȑȍșȖȊșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȈȧ ȘȍȋȘȍșșȐȧ 
ǳȖȋȐșȚȐȟȍșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȣȍ ȔȖȌȍȓȐ 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(XGBoost) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(LightGBM) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(CatBoost) 
ǹȘȈȊȕȍȕȐȍ ȔȖȌȍȓȍȑ 
ǷȖȌȉȖȘ ȖȚșȍȟȒȐ (Cut off) 

ǹȘȈȊȕȍȕȐȍ ȔȖȌȍȓȍȑ ǸȈȏȌȍȓȍȕȐȍ ȊȣȉȖȘȒȐ 
Sample 
ǼȐȓȤȚȘ 
ǴȍȚȈȌȈȕȕȣȍ 
One-hot encoding 
ǺȘȈȕșȜȖȘȔȈȞȐȧ 
ǯȈȗȖȓȕȍȕȐȍ ȗȘȖȗțșȒȖȊ 
ǩȐȕȐȕȋ/ȥȕȒȖȌȐȕȋ 
ǬȐșȗȍȘșȐȖȕȕȣȑ ȈȕȈȓȐȏ 
ǹȚȈȕȌȈȘȚȐȏȈȞȐȧ 
ǪȍșȈ ȒȓȈșșȖȊ 
ǩȈȑȍșȖȊșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȈȧ ȘȍȋȘȍșșȐȧ 
ǳȖȋȐșȚȐȟȍșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȣȍ ȔȖȌȍȓȐ 
ǵȍȑȘȖȕȕȈȧ șȍȚȤ 
LDA 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(XGBoost) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(LightGBM) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(CatBoost) 
GLM 
ǸȍȋȐșȚȘȈȞȐȧ ȔȖȌȍȓȍȑ 
ǰȕȚȍȘȗȘȍȚȈȞȐȧ 

One-hot encoding 
ǺȘȈȕșȜȖȘȔȈȞȐȧ 
ǯȈȗȖȓȕȍȕȐȍ ȗȘȖȗțșȒȖȊ 
ǩȐȕȐȕȋ/ȥȕȒȖȌȐȕȋ 
ǹȚȈȕȌȈȘȚȐȏȈȞȐȧ 
ǪȍșȈ ȒȓȈșșȖȊ 
ǬȍȘȍȊȖ ȘȍȠȍȕȐȑ 
ǹȓțȟȈȑȕȣȑ ȓȍș 
ǩȈȑȍșȖȊșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȈȧ ȘȍȋȘȍșșȐȧ 
ǳȖȋȐșȚȐȟȍșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȣȍ ȔȖȌȍȓȐ 
ǵȍȑȘȖȕȕȈȧ șȍȚȤ 
LDA 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(XGBoost) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(LightGBM) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(CatBoost) 
GLM 
ǷȖȌȉȖȘ ȖȚșȍȟȒȐ (Cut off) 

ǸȍȋȐșȚȘȈȞȐȧ ȔȖȌȍȓȐ - ǲȓȈșȚȍȘȕȣȑ ȈȕȈȓȐȏ (k-means) 
ǬȍȘȍȊȖ ȘȍȠȍȕȐȑ 
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ǰșȝȖȌȕȣȑ țȏȍȓ ǰșȝȖȌȧȡȐȑ țȏȍȓ 
(Ȋ ȒȖȚȖȘȣȑ ȊȝȖȌȐȚ șȊȧȏȤ 
Ȑȏ ȐșȝȖȌȕȖȋȖ țȏȓȈ) 

ǪȝȖȌȧȡȐȑ țȏȍȓ 
(Ȑȏ ȒȖȚȖȘȖȋȖ ȊȣȝȖȌȐȚ 
șȊȧȏȤ Ȋ ȐșȝȖȌȕȣȑ țȏȍȓ) 
ǹȓțȟȈȑȕȣȑ ȓȍș 
ǩȈȑȍșȖȊșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȈȧ ȘȍȋȘȍșșȐȧ 
ǳȖȋȐșȚȐȟȍșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȣȍ ȔȖȌȍȓȐ 
ǵȍȑȘȖȕȕȈȧ șȍȚȤ 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(XGBoost) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(LightGBM) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(CatBoost) 
GLM 
ǹȘȈȊȕȍȕȐȍ ȔȖȌȍȓȍȑ 

ǰȕȚȍȘȗȘȍȚȈȞȐȧ Sample 
ǼȐȓȤȚȘ 
ǬȍȘȍȊȖ ȘȍȠȍȕȐȑ 
ǹȓțȟȈȑȕȣȑ ȓȍș 
ǩȈȑȍșȖȊșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȈȧ ȘȍȋȘȍșșȐȧ 
ǳȖȋȐșȚȐȟȍșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȣȍ ȔȖȌȍȓȐ 
ǵȍȑȘȖȕȕȈȧ șȍȚȤ 
LDA 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(XGBoost) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(LightGBM) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(CatBoost) 
GLM 
ǹȘȈȊȕȍȕȐȍ ȔȖȌȍȓȍȑ 
ǷȖȌȉȖȘ ȖȚșȍȟȒȐ (Cut off) 

ǼȐȓȤȚȘ 
ǬȍȘȍȊȖ ȘȍȠȍȕȐȑ 
ǹȓțȟȈȑȕȣȑ ȓȍș 
ǩȈȑȍșȖȊșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȈȧ ȘȍȋȘȍșșȐȧ 
ǳȖȋȐșȚȐȟȍșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȣȍ ȔȖȌȍȓȐ 
ǵȍȑȘȖȕȕȈȧ șȍȚȤ 
LDA 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(XGBoost) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(LightGBM) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(CatBoost) 
GLM 
ǹȘȈȊȕȍȕȐȍ ȔȖȌȍȓȍȑ 

ǷȖȌȉȖȘ ȖȚșȍȟȒȐ (Cut 
off) 

ǸȈȏȌȍȓȍȕȐȍ ȊȣȉȖȘȒȐ 
Sample 
ǴȍȚȈȌȈȕȕȣȍ 
ǼȐȓȤȚȘ 
ǺȘȈȕșȜȖȘȔȈȞȐȧ 
ǩȐȕȐȕȋ/ȥȕȒȖȌȐȕȋ 
ǹȚȈȕȌȈȘȚȐȏȈȞȐȧ 
ǪȍșȈ ȒȓȈșșȖȊ 
ǲȓȈșȚȍȘȕȣȑ ȈȕȈȓȐȏ (k-means) 
ǰȍȘȈȘȝȐȟȍșȒȈȧ 
ȒȓȈșȚȍȘȐȏȈȞȐȧ 
ǬȍȘȍȊȖ ȘȍȠȍȕȐȑ 
ǹȓțȟȈȑȕȣȑ ȓȍș 
ǩȈȑȍșȖȊșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȈȧ ȘȍȋȘȍșșȐȧ 
ǳȖȋȐșȚȐȟȍșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȣȍ ȔȖȌȍȓȐ 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(XGBoost) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(LightGBM) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 

ǹȚȈȕȌȈȘȚȐȏȈȞȐȧ 
ǪȍșȈ ȒȓȈșșȖȊ 
ǬȍȘȍȊȖ ȘȍȠȍȕȐȑ 
ǹȓțȟȈȑȕȣȑ ȓȍș 
ǩȈȑȍșȖȊșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȖȋȐșȚȐȟȍșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǳȐȕȍȑȕȣȍ ȔȖȌȍȓȐ 
ǵȍȑȘȖȕȕȈȧ șȍȚȤ 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(XGBoost) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(LightGBM) 
ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ 
(CatBoost) 
GLM 
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ǰșȝȖȌȕȣȑ țȏȍȓ ǰșȝȖȌȧȡȐȑ țȏȍȓ 
(Ȋ ȒȖȚȖȘȣȑ ȊȝȖȌȐȚ șȊȧȏȤ 
Ȑȏ ȐșȝȖȌȕȖȋȖ țȏȓȈ) 

ǪȝȖȌȧȡȐȑ țȏȍȓ 
(Ȑȏ ȒȖȚȖȘȖȋȖ ȊȣȝȖȌȐȚ 
șȊȧȏȤ Ȋ ȐșȝȖȌȕȣȑ țȏȍȓ) 

(CatBoost) 
GLM 
ǹȘȈȊȕȍȕȐȍ ȔȖȌȍȓȍȑ 

ǺȈȉȓȐȞȈ 6 ǹȗȐșȖȒ ȊȖȏȔȖȎȕȖȑ șȊȧȏȐ țȏȓȖȊ 

3.2.5.4. ǪȝȖȌȕȣȍ Ȑ ȊȣȝȖȌȕȣȍ ȌȈȕȕȣȍ țȏȓȈ 

ǲȈȎȌȣȑ țȏȍȓ ȗȖȓțȟȈȍȚ ȌȈȕȕȣȍ ȕȈ ȊȝȖȌ, ȗȘȍȖȉȘȈȏțȍȚ Ȑȝ Ȑ ȗȖȌȈȍȚ ȕȈ ȊȣȝȖȌ. ǪȝȖȌȖȔ 
ȚȍȒțȡȍȋȖ țȏȓȈ ȧȊȓȧȍȚșȧ ȊȣȝȖȌ ȗȘȍȌȣȌțȡȍȋȖ. ǶȏȕȈȒȖȔȐȚȤșȧ ș ȊȝȖȌȕȣȔȐ Ȑ 
ȊȣȝȖȌȕȣȔȐ ȗȈȘȈȔȍȚȘȈȔȐ ȔȖȎȕȖ Ȋ ȗȘȈȊȖȑ ȗȈȕȍȓȐ ș ȕȈșȚȘȖȑȒȈȔȐ țȏȓȈ, ȡȍȓȒȕțȊ ȗȖ 
șșȣȓȒȈȔ «ǪȝȖȌȕȣȍ ȗȍȘȍȔȍȕȕȣȍ» Ȑ «ǪȣȝȖȌȕȣȍ ȗȍȘȍȔȍȕȕȣȍ». 

Ǭȓȧ țȏȓȈ «ǵȈȉȖȘ ȌȈȕȕȣȝ» ȕȍ ȗȘȍȌțșȔȖȚȘȍȕȣ șșȣȓȒȐ (Ȑ 
șȖȖȚȊȍȚșȚȊȍȕȕȖ ȖȒȕȈ) «ǪȝȖȌȕȣȍ ȗȍȘȍȔȍȕȕȣȍ» Ȑ «ǪȣȝȖȌȕȣȍ 
ȗȍȘȍȔȍȕȕȣȍ». ǶȏȕȈȒȖȔȐȚȤșȧ ș ȊȝȖȌȕȣȔȐ ȗȍȘȍȔȍȕȕȣȔȐ țȏȓȈ «ǵȈȉȖȘ 
ȌȈȕȕȣȝ» ȔȖȎȕȖ Ȋ ȖȒȕȍ «ǲȖȕȜȐȋțȘȈȞȐȧ ȗȍȘȍȔȍȕȕȣȝ» (ȗȖȌȘȖȉȕȍȍ 
Ȋ ȘȈȏȌȍȓȍ ǻȏȍȓ «ǵȈȉȖȘ ȌȈȕȕȣȝ») 

 

 

ǸȐșțȕȖȒ 68 ǸȈșȗȖȓȖȎȍȕȐȍ șșȣȓȖȒ Ȍȓȧ ȗȘȖșȔȖȚȘȈ ǪȝȖȌȕȣȝ Ȑ ǪȣȝȖȌȕȣȝ 
ȗȍȘȍȔȍȕȕȣȝ țȏȓȈ 

ǷȘȐ ȊȣȉȖȘȍ șșȣȓȒȐ «ǪȝȖȌȕȣȍ ȗȍȘȍȔȍȕȕȣȍ» ȖȚȒȘȖȍȚșȧ ȖȌȕȖȐȔȍȕȕȖȍ ȖȒȕȖ, Ȋ 
ȒȖȚȖȘȖȔ ȉțȌțȚ ȖȚȘȈȎȍȕȣ ȗȖȌȈȦȡȐȍșȧ ȕȈ ȊȝȖȌ țȏȓȈ ȗȍȘȍȔȍȕȕȣȍ Ȑ Ȑȝ ȔȍȚȈȌȈȕȕȣȍ. 
ǷȘȐ ȊȣȉȖȘȍ Ȏȍ șșȣȓȒȐ «ǪȣȝȖȌȕȣȍ ȗȍȘȍȔȍȕȕȣȍ» ȖȚȒȘȖȍȚșȧ ȈȕȈȓȖȋȐȟȕȖȍ ȖȒȕȖ, 
ȕȖ ș ȐȏȔȍȕȍȕȕȣȔȐ Ȑ șȖȏȌȈȕȕȣȔȐ ȗȍȘȍȔȍȕȕȣȔȐ ȕȈ ȊȣȝȖȌȍ țȏȓȈ. 
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ǸȐșțȕȖȒ 69 ǷȘȐȔȍȘ ǪȝȖȌȕȣȝ Ȑ ȊȣȝȖȌȕȣȝ ȗȍȘȍȔȍȕȕȣȝ țȏȓȈ «ǴȍȚȈȌȈȕȕȣȍ» 

ǲ ȔȍȚȈȌȈȕȕȣȔ ȗȍȘȍȔȍȕȕȖȑ ȖȚȕȖșȧȚșȧ ǸȖȓȤ, ǺȐȗ Ȑ ǾȍȓȍȊȖȑ ȒȓȈșș. 

Ǫ ǴȖȌțȓȍ ȗȘȍȌțșȔȖȚȘȍȕȣ șȓȍȌțȦȡȐȍ ǸȖȓȐ ȗȍȘȍȔȍȕȕȖȑ: 

 Target — ǾȍȓȍȊȈȧ ȗȍȘȍȔȍȕȕȈȧ — ȏȈȊȐșȐȔȈȧ ȗȍȘȍȔȍȕȕȈȧ, ȐșȗȖȓȤȏțȍȔȈȧ Ȋ 
ȒȈȟȍșȚȊȍ ȞȍȓȐ ȔȖȌȍȓȐȘȖȊȈȕȐȧ. 

 Predictor — ǷȘȍȌȐȒȚȖȘ — ȕȍȏȈȊȐșȐȔȈȧ ȗȍȘȍȔȍȕȕȈȧ, ȐșȗȖȓȤȏțȍȔȈȧ Ȋ 
ȒȈȟȍșȚȊȍ ȗȘȖȋȕȖȏȐȘțȦȡȍȑ ȞȍȓȍȊțȦ ȗȍȘȍȔȍȕȕțȦ. 

 Excluded — ǰșȒȓȦȟȍȕ — ȌȈȕȕȈȧ ȘȖȓȤ ȗȖȏȊȖȓȧȍȚ ȐșȒȓȦȟȐȚȤ ȗȍȘȍȔȍȕȕțȦ Ȑȏ 
ȗȘȖȞȍșșȈ ȔȖȌȍȓȐȘȖȊȈȕȐȧ. 

 Weight — Ǫȍș— ȌȈȕȕȈȧ ȘȖȓȤ ȏȈȌȈȍȚșȧ ȗȍȘȍȔȍȕȕȖȑ, ȒȖȚȖȘȈȧ țȒȈȏȣȊȈȍȚ 
ȔȖȌȍȓȐ ȕȈ ȊȈȎȕȖșȚȤ ȕȈȉȓȦȌȍȕȐȑ. ǷȘȐȔȍȘ: Ȍȓȧ ȗȘȖȋȕȖȏȈ ȔȖȋțȚ ȉȣȚȤ ȊȈȎȕȣ 
ȚȍȕȌȍȕȞȐȐ ȏȈ ȗȖșȓȍȌȕȐȑ ȗȍȘȐȖȌ (ȕȈȗȘȐȔȍȘ, șȍȏȖȕ). 

 Cluster_ID — ǹȍȋȔȍȕȚ — ȗȍȘȍȔȍȕȕȈȧ ș ȌȈȕȕȖȑ ȘȖȓȤȦ ȘȈșșȟȐȚȣȊȈȍȚșȧ ȗȘȐ 
ȘȍȠȍȕȐȐ ȏȈȌȈȟȐ ȒȓȈșȚȍȘȐȏȈȞȐȐ. 

 Prediction — ǷȘȖȋȕȖȏ — ȗȍȘȍȔȍȕȕȈȧ ș ȌȈȕȕȖȑ ȘȖȓȤȦ ȘȈșșȟȐȚȣȊȈȍȚșȧ ȗȘȐ 
ȘȍȠȍȕȐȐ ȏȈȌȈȟȐ ȘȍȋȘȍșșȐȐ. 

 Classification — ǷȘȖȋȕȖȏ ȒȓȈșș — ȗȍȘȍȔȍȕȕȈȧ ș ȌȈȕȕȖȑ ȘȖȓȤȦ 
ȘȈșșȟȐȚȣȊȈȍȚșȧ ȗȘȐ ȘȍȠȍȕȐȐ ȏȈȌȈȟȐ ȒȓȈșșȐȜȐȒȈȞȐȐ. 

 Partition — ǸȈȏȌȍȓȍȕȐȍ — ȗȍȘȍȔȍȕȕȈȧ ș ȌȈȕȕȖȑ ȘȖȓȤȦ ȏȈȌȈȍȚ ȘȈȏȌȍȓȍȕȐȍ 
ȕȈȉȖȘȈ ȌȈȕȕȣȝ ȕȈ ȖȉțȟȈȦȡțȦ, ȊȈȓȐȌȈȞȐȖȕȕțȦ Ȑ ȚȍșȚȖȊțȦ ȊȣȉȖȘȒȐ 
(ȘȈșșȟȐȚȣȊȈȍȚșȧ Ȋ țȏȓȍ «ǸȈȏȌȍȓȍȕȐȍ ȊȣȉȖȘȒȐ»). 

 ClassWeight — Ǫȍș ȒȓȈșșȈ — ȗȍȘȍȔȍȕȕȈȧ ș ȌȈȕȕȖȑ ȘȖȓȤȦ ȒȖȘȘȍȒȚȐȘțȍȚ 
ȕȍșȉȈȓȈȕșȐȘȖȊȈȕȕȖșȚȤ ȒȓȈșșȖȊ (ȏȈȌȈȍȚșȧ Ȋ țȏȓȍ «ǪȍșȈ ȒȓȈșșȖȊ»). 

ǷȍȘȊȖȕȈȟȈȓȤȕȖ ȗȘȐ ȊȣȉȖȘȍ ȕȈȉȖȘȈ ȌȈȕȕȣȝ Ȋ țȏȓȍ «ǵȈȉȖȘ ȌȈȕȕȣȝ» Ȋșȍ ȈȚȘȐȉțȚȣ 
ȐȔȍȦȚ ȘȖȓȤ ǷȘȍȌȐȒȚȖȘ. 

ǷȘȍȌțșȔȖȚȘȍȕȣ șȓȍȌțȦȡȐȍ ǺȐȗȣ ȗȍȘȍȔȍȕȕȖȑ: 

 ǵȖȔȐȕȈȓȤȕȣȑ (Nominal) — ȌȐșȒȘȍȚȕȣȍ ȏȕȈȟȍȕȐȧ ȉȍȏ ȟȐșȓȖȊȖȑ șȊȧȏȐ 
ȔȍȎȌț ȒȈȚȍȋȖȘȐȧȔȐ. 
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 ǷȖȘȧȌȒȖȊȣȑ (Ordinal) — ȌȐșȒȘȍȚȕȣȍ ȏȕȈȟȍȕȐȧ, ȒȖȚȖȘȣȍ ȔȖȎȕȖ 
ȘȈȕȎȐȘȖȊȈȚȤ ȐȓȐ șȖȘȚȐȘȖȊȈȚȤ (ǷȘȐȔȍȘ — ȝȖȘȖȠȖ, ȊȍȓȐȒȖȓȍȗȕȖ, 
ȗȘȍȊȖșȝȖȌȕȖ). 

 ǬȊȖȐȟȕȣȑ (Binary) — ȥȚȖ ȌȐșȒȘȍȚȕȣȍ ȌȈȕȕȣȍ, ȒȖȚȖȘȣȍ ȔȖȋțȚ ȖȚȕȖșȐȚȤșȧ 
ȚȖȓȤȒȖ Ȓ ȖȌȕȖȑ Ȑȏ ȌȊțȝ ȒȈȚȍȋȖȘȐȑ: 0 Ȑ 1. 

 ǰȕȚȍȘȊȈȓȤȕȣȑ (Interval) — ȟȐșȓȖȊȣȍ ȏȕȈȟȍȕȐȧ. 

ǾȍȓȍȊȖȑ ȒȓȈșș ȐșȗȖȓȤȏțȍȚșȧ Ȋ ȗȘȖȞȍșșȍ ȔȖȌȍȓȐȘȖȊȈȕȐȧ Ȑ ȔȖȎȍȚ ȉȣȚȤ țȒȈȏȈȕ 
ȚȖȓȤȒȖ Ȍȓȧ ǾȍȓȍȊȖȑ ȗȍȘȍȔȍȕȕȖȑ. 

ǪȘțȟȕțȦ ȐȏȔȍȕȐȚȤ ȔȍȚȈȌȈȕȕȣȍ ȈȚȘȐȉțȚȖȊ ȔȖȎȕȖ ȗȘȐ ȗȖȔȖȡȐ țȏȓȈ «ǴȍȚȈȌȈȕȕȣȍ». 

3.2.5.5. ǶȗȐșȈȕȐȍ țȏȓȖȊ 

ǲȈȎȌȣȑ ǻȏȍȓ ȊȣȗȖȓȕȧȍȚ ȖȚȌȍȓȤȕțȦ ȖȗȍȘȈȞȐȦ. Ǭȓȧ țȌȖȉșȚȊȈ Ȋșȍ țȏȓȣ ȘȈȏȌȍȓȍȕȣ 
ȕȈ ȋȘțȗȗȣ Ȋ ȏȈȊȐșȐȔȖșȚȐ ȖȚ ȊȣȗȖȓȕȧȍȔȣȝ ȜțȕȒȞȐȑ: 

 ǫȘțȗȗȈ «ǵȈȉȖȘ ȌȈȕȕȣȝ» ȊȒȓȦȟȈȍȚ Ȋ șȍȉȧ țȏȓȣ Ȍȓȧ ȗȖȌȋȖȚȖȊȒȐ Ȑ 
ȗȘȍȖȉȘȈȏȖȊȈȕȐȧ ȌȈȕȕȣȝ ȗȍȘȍȌ ȗȖșȚȘȖȍȕȐȍȔ ȔȖȌȍȓȍȑ. 

 ǫȘțȗȗȣ «ǶȉțȟȍȕȐȍ ș țȟȐȚȍȓȍȔ» Ȑ «ǶȉțȟȍȕȐȍ ȉȍȏ țȟȐȚȍȓȧ» ȗȘȍȌșȚȈȊȓȍȕȣ 
țȏȓȈȔȐ-ȈȓȋȖȘȐȚȔȈȔȐ ȔȈȠȐȕȕȖȋȖ ȖȉțȟȍȕȐȧ. 

 ǻȏȓȣ ȋȘțȗȗȣ «ǸȈȉȖȚȈ ș ȔȖȌȍȓȧȔȐ» ȐșȗȖȓȤȏțȦȚșȧ ȕȈ ȏȈȊȍȘȠȈȦȡȐȝ ȥȚȈȗȈȝ 
ȔȖȌȍȓȐȘȖȊȈȕȐȧ Ȍȓȧ ȐȕȚȍȘȗȘȍȚȈȞȐȐ, ȖȚșȍȟȒȐ, șȘȈȊȕȍȕȐȧ ȔȖȌȍȓȍȑ Ȑ 
ȘȍȋȐșȚȘȈȞȐȐ Ȋ ǸȍȗȖȏȐȚȖȘȐȑ. 

ǹȊȍȌȍȕȐȧ Ȗ ȒȖȕȒȘȍȚȕȖȔ țȏȓȍ ȔȖȎȕȖ ȗȖȓțȟȐȚȤ Ȋ ȍȋȖ ǹȗȘȈȊȒȍ, ȒȖȚȖȘȈȧ ȕȈȝȖȌȐȚșȧ Ȋ 
ȕȐȎȕȍȑ ȟȈșȚȐ ȉȖȒȖȊȖȑ ȗȈȕȍȓȐ ș ȕȈșȚȘȖȑȒȈȔȐ țȏȓȈ. Ǭȓȧ ȗȖȓțȟȍȕȐȧ ȗȖȌȘȖȉȕȖȑ 
ȐȕȜȖȘȔȈȞȐȐ Ȗȉ țȏȓȍ ȕȍȖȉȝȖȌȐȔȖ ȡȍȓȒȕțȚȤ șșȣȓȒț «ǷȖȌȘȖȉȕȍȍ». Ǫ ȘȍȏțȓȤȚȈȚȍ 
ȖȚȒȘȖȍȚșȧ ȕȖȊȈȧ ȊȒȓȈȌȒȈ Ȋ ȉȘȈțȏȍȘȍ ș ȖȗȐșȈȕȐȍȔ țȏȓȈ Ȑȏ ȕȈșȚȖȧȡȍȋȖ ȘțȒȖȊȖȌșȚȊȈ 
ȗȖȓȤȏȖȊȈȚȍȓȧ. 

 

ǸȐșțȕȖȒ 70 ǹȗȘȈȊȒȈ țȏȓȈ «ǵȈȉȖȘ ȌȈȕȕȣȝ» 
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Ǫ ȚȍȒțȡȍȑ ȊȍȘșȐȐ ǴȖȌțȓȧ ȗȘȍȌțșȔȖȚȘȍȕȣ 37 țȏȓȖȊ. ǶȏȕȈȒȖȔȐȚȤșȧ ș ȒȘȈȚȒȐȔ 
ȖȗȐșȈȕȐȍȔ ȒȈȎȌȖȋȖ țȏȓȈ ȔȖȎȕȖ Ȋ ȚȈȉȓȐȞȍ ȕȐȎȍ. 

ǲȘȈȚȒȖȍ ȖȗȐșȈȕȐȍ țȏȓȖȊ 

ǫȘțȗȗȈ 
țȏȓȖȊ 

ǵȈȏȊȈȕȐȍ țȏȓȈ ǲȘȈȚȒȖȍ ȖȗȐșȈȕȐȍ 

ǵȈȉȖȘ 
ȌȈȕȕȣȝ 
 
 
 
 
 
 
 
 
 
 
 
 

ǻȏȍȓ «ǵȈȉȖȘ ȌȈȕȕȣȝ» ǬȈȕȕȣȑ țȏȍȓ ȗȖȏȊȖȓȧȍȚ ȊȣȉȘȈȚȤ ȕȍȖȉȝȖȌȐȔȣȑ 
Ȍȓȧ ȔȖȌȍȓȐȘȖȊȈȕȐȧ ȕȈȉȖȘ ȌȈȕȕȣȝ Ȑȏ șȗȐșȒȈ 
ȏȈȘȍȋȐșȚȘȐȘȖȊȈȕȕȣȝ 

ǻȏȍȓ «ǸȈȏȌȍȓȍȕȐȍ 
ȊȣȉȖȘȒȐ» 

ǬȈȕȕȣȑ țȏȍȓ ȘȈȏȉȐȊȈȍȚ ȕȈȉȖȘ ȌȈȕȕȣȝ ȕȈ 
ȖȉțȟȈȦȡțȦ, ȊȈȓȐȌȈȞȐȖȕȕțȦ Ȑ ȚȍșȚȖȊțȦ 
ȊȣȉȖȘȒȐ 

ǻȏȍȓ «Sample» ǬȈȕȕȣȑ țȏȍȓ ȒȖȘȘȍȒȚȐȘțȍȚ ȕȍȘȈȊȕȖȔȍȘȕȖȍ 
ȘȈșȗȘȍȌȍȓȍȕȐȍ ȒȓȈșșȖȊ Ȋ ȐșȝȖȌȕȖȔ ȕȈȉȖȘȍ 
ȌȈȕȕȣȝ 

ǻȏȍȓ «ǼȐȓȤȚȘ» ǬȈȕȕȣȑ țȏȍȓ ȗȖȏȊȖȓȧȍȚ ȗȖ ȏȈȌȈȕȕȣȔ 
țșȓȖȊȐȧȔ țȌȈȓȐȚȤ ȕȈȉȓȦȌȍȕȐȧ Ȑȏ ȗȘȖȞȍșșȈ 
ȔȖȌȍȓȐȘȖȊȈȕȐȧ 

ǻȏȍȓ «ǴȍȚȈȌȈȕȕȣȍ» ǬȈȕȕȣȑ țȏȍȓ ȗȖȏȊȖȓȧȍȚ ȐȏȔȍȕȐȚȤ ȔȍȚȈȌȈȕȕȣȍ 
ȗȍȘȍȔȍȕȕȣȝ 

ǻȏȍȓ «One-hot 

encoding» 
ǬȈȕȕȣȑ țȏȍȓ ȗȘȍȖȉȘȈȏțȍȚ ȒȈȚȍȋȖȘȐȈȓȤȕȣȍ 
ȗȍȘȍȔȍȕȕȣȍ Ȋ ȟȐșȓȖȊȣȍ ȌȈȕȕȣȍ 

ǻȏȍȓ «ǯȈȗȖȓȕȍȕȐȍ 
ȗȘȖȗțșȒȖȊ» 

ǬȈȕȕȣȑ țȏȍȓ ȖȉȘȈȉȈȚȣȊȈȍȚ ȗȘȖȗțȡȍȕȕȣȍ 
ȏȕȈȟȍȕȐȧ 

ǻȏȍȓ «ǺȘȈȕșȜȖȘȔȈȞȐȧ» ǬȈȕȕȣȑ țȏȍȓ ȗȖȏȊȖȓȧȍȚ ȘȈșșȟȐȚȈȚȤ ȕȖȊȣȍ 
ȗȍȘȍȔȍȕȕȣȍ 

ǻȏȍȓ 
«ǩȐȕȕȐȕȋ/ȥȕȒȖȌȐȕȋ» 

ǬȈȕȕȣȑ țȏȍȓ ȊȒȓȦȟȈȍȚ Ȋ șȍȉȧ ȔȍȚȖȌȣ 
ȉȐȕȈȘȐȏȈȞȐȐ ȐȕȚȍȘȊȈȓȤȕȣȝ ȗȍȘȍȔȍȕȕȣȝ Ȑ 
ȒȖȌȐȘȖȊȈȕȐȧ ȒȈȚȍȋȖȘȐȈȓȤȕȣȝ ȗȍȘȍȔȍȕȕȣȝ. 

ǻȏȍȓ «ǬȐșȗȍȘșȐȖȕȕȣȑ 
ȈȕȈȓȐȏ» 

ǬȈȕȕȣȑ țȏȍȓ ȗȖȏȊȖȓȧȍȚ ȐșșȓȍȌȖȊȈȚȤ 
ȏȕȈȟȐȔȖșȚȤ ȘȈȏȓȐȟȐȧ ȔȍȎȌț șȘȍȌȕȐȔȐ 
ȏȕȈȟȍȕȐȧȔȐ ȏȈȊȐșȐȔȖȑ ȒȖȓȐȟȍșȚȊȍȕȕȖȑ 
ȗȍȘȍȔȍȕȕȖȑ ȗȖ ȋȘțȗȗȈȔ ȜȈȒȚȖȘȈ 
(ȕȍȏȈȊȐșȐȔȖȑ ȗȍȘȍȔȍȕȕȖȑ). 

ǻȏȍȓ «ǹȚȈȕȌȈȘȚȐȏȈȞȐȧ» ǬȈȕȕȣȑ țȏȍȓ ȗȘȐȊȖȌȐȚ ȗȘȐȏȕȈȒȐ Ȋ ȘȈȏȕȣȝ 
ȍȌȐȕȐȞȈȝ ȐȏȔȍȘȍȕȐȧ Ȑ ȌȐȈȗȈȏȖȕȈȝ ȏȕȈȟȍȕȐȑ Ȓ 
ȍȌȐȕȖȔț ȊȐȌț, ȒȖȚȖȘȣȑ ȗȖȏȊȖȓȐȚ șȘȈȊȕȐȊȈȚȤ 
Ȑȝ ȔȍȎȌț șȖȉȖȑ ȐȓȐ ȐșȗȖȓȤȏȖȊȈȚȤ Ȍȓȧ ȘȈșȟȍȚȈ 
șȝȖȎȍșȚȐ ȖȉȢȍȒȚȖȊ. 

ǻȏȍȓ «ǪȍșȈ ȒȓȈșșȖȊ» ǬȈȕȕȣȑ țȏȍȓ ȒȖȘȘȍȒȚȐȘțȍȚ 
ȕȍșȉȈȓȈȕșȐȘȖȊȈȕȕȖșȚȤ ȒȓȈșșȖȊ (Ȋ ȖȉțȟȈȦȡȍȑ 
ȊȣȉȖȘȒȍ ȌȖȓȐ ȖȉȢȍȒȚȖȊ ȘȈȏȕȣȝ ȒȓȈșșȖȊ 
șțȡȍșȚȊȍȕȕȖ ȘȈȏȓȐȟȈȦȚșȧ) 

ǻȏȍȓ «ǨȊȚȖȥȕȒȖȌȍȘ 
(PyTorch)» 

 

ǻȏȍȓ «PCA»  
ǻȏȍȓ 
«ǷȘȖȜȐȓȐȘȖȊȈȕȐȍ» 

 

ǶȉțȟȍȕȐȍ 
ȉȍȏ 
țȟȐȚȍȓȧ 
 

ǻȏȍȓ «ǲȓȈșȚȍȘȕȣȑ 
ȈȕȈȓȐȏ (k-means)» 

ǬȈȕȕȣȑ țȏȍȓ ȋȘțȗȗȐȘțȍȚ ȕȈȉȓȦȌȍȕȐȧ Ȋ 
ȗȖȌȔȕȖȎȍșȚȊȈ (ȒȓȈșȚȍȘȣ) ȚȈȒȐȔ ȖȉȘȈȏȖȔ, 
ȟȚȖȉȣ ȕȈȉȓȦȌȍȕȐȧ ȊȕțȚȘȐ ȖȌȕȖȋȖ ȒȓȈșȚȍȘȈ 
ȉȣȓȐ ȗȖȝȖȎȐ ȌȘțȋ ȕȈ ȌȘțȋȈ, ȕȖ ȘȈȏȓȐȟȈȓȐșȤ ș 
ȕȈȉȓȦȌȍȕȐȧȔȐ Ȑȏ ȌȘțȋȐȝ ȒȓȈșȚȍȘȖȊ. 

ǻȏȍȓ «ǰȍȘȈȘȝȐȟȍșȒȈȧ 
ȒȓȈșȚȍȘȐȏȈȞȐȧ» 

ǬȈȕȕȣȑ țȏȍȓ șȖȏȌȈȍȚ ȐȍȘȈȘȝȐȐ ȊȓȖȎȍȕȕȣȝ 
ȗȖȌȔȕȖȎȍșȚȊ (ȒȓȈșȚȍȘȖȊ). 
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ǫȘțȗȗȈ 
țȏȓȖȊ 

ǵȈȏȊȈȕȐȍ țȏȓȈ ǲȘȈȚȒȖȍ ȖȗȐșȈȕȐȍ 

ǻȏȍȓ «ǬȍȚȍȒȞȐȧ 
ȈȕȖȔȈȓȐȑ (PyTorch)» 

 

ǻȏȍȓ «ǨșșȖȞȐȈȚȐȊȕȣȍ 
ȗȘȈȊȐȓȈ» 

 

ǶȉțȟȍȕȐȍ 
ș țȟȐȚȍȓȍȔ 
 
 
 
 
 
 
 
 
 
 
 
 
 

ǻȏȍȓ «ǬȍȘȍȊȖ 
ȘȍȠȍȕȐȑ» 

ǬȈȕȕȣȑ țȏȍȓ ȖȉȖȉȡȈȍȚ ȕȈȉȓȦȌȍȕȐȧ 
ȗȘȈȊȐȓȈȔȐ ȊȐȌȈ «ǭșȓȐ…, ȚȖ…» Ȋ 
ȐȍȘȈȘȝȐȟȍșȒțȦ, ȗȖșȓȍȌȖȊȈȚȍȓȤȕțȦ șȚȘțȒȚțȘț 
Ȋ ȊȐȌȍ ȌȍȘȍȊȈ. 
ǰșȗȖȓȤȏțȍȚșȧ Ȍȓȧ ȘȍȠȍȕȐȧ ȏȈȌȈȟ 
ȒȓȈșșȐȜȐȒȈȞȐȐ Ȑ ȘȍȋȘȍșșȐȐ 

ǻȏȍȓ «ǹȓțȟȈȑȕȣȑ ȓȍș» Ǫ ȖșȕȖȊȍ ȌȈȕȕȖȋȖ țȏȓȈ ȓȍȎȐȚ ȈȓȋȖȘȐȚȔ, 
ȒȖȚȖȘȣȑ ȗȘȍȌșȚȈȊȓȧȍȚ șȖȉȖȑ ȈȕșȈȔȉȓȤ 
ȌȍȘȍȊȤȍȊ ȘȍȠȍȕȐȑ. 
ǰșȗȖȓȤȏțȍȚșȧ Ȍȓȧ ȘȍȠȍȕȐȧ ȏȈȌȈȟ 
ȒȓȈșșȐȜȐȒȈȞȐȐ Ȑ ȘȍȋȘȍșșȐȐ 

ǻȏȍȓ «ǩȈȑȍșȖȊșȒȈȧ 
ȘȍȋȘȍșșȐȧ» 

ǬȈȕȕȣȑ țȏȍȓ ȗȘȍȌșȚȈȊȓȧȍȚ șȖȉȖȑ ȓȐȕȍȑȕțȦ 
ȘȍȋȘȍșșȐȦ ș ȗȘȐȔȍȕȍȕȐȍȔ ȘȈșȗȘȍȌȍȓȍȕȐȧ 
ȊȍȘȖȧȚȕȖșȚȍȑ ȗȈȘȈȔȍȚȘȖȊ, Ȉ ȕȍ ȚȖȟȍȟȕȣȝ 
ȖȞȍȕȖȒ 
ǰșȗȖȓȤȏțȍȚșȧ Ȍȓȧ ȘȍȠȍȕȐȧ ȏȈȌȈȟ ȘȍȋȘȍșșȐȐ 

ǻȏȍȓ «ǳȐȕȍȑȕȈȧ 
ȘȍȋȘȍșșȐȧ» 

Ǫ ȘȍȏțȓȤȚȈȚȍ ȌȈȕȕȖȋȖ țȏȓȈ șȚȘȖȐȚșȧ ȔȖȌȍȓȤ 
ȏȈȊȐșȐȔȖșȚȐ ȔȍȎȌț ȊȝȖȌȕȣȔȐ Ȑ ȊȣȝȖȌȕȣȔȐ 
ȗȍȘȍȔȍȕȕȣȔȐ ș ȓȐȕȍȑȕȖȑ ȜțȕȒȞȐȍȑ șȊȧȏȐ 
ǰșȗȖȓȤȏțȍȚșȧ Ȍȓȧ ȘȍȠȍȕȐȧ ȏȈȌȈȟ ȘȍȋȘȍșșȐȐ 

ǻȏȍȓ «ǳȖȋȐșȚȐȟȍșȒȈȧ 
ȘȍȋȘȍșșȐȧ» 

Ǫ ȖșȕȖȊȍ ȌȈȕȕȖȋȖ țȏȓȈ ȓȍȎȐȚ ȔȍȚȖȌ 
ȗȖșȚȘȖȍȕȐȧ ȓȐȕȍȑȕȖȋȖ ȒȓȈșșȐȜȐȒȈȚȖȘȈ, 
ȗȖȏȊȖȓȧȦȡȐȑ ȖȞȍȕȐȊȈȚȤ ȈȗȖșȚȍȘȐȖȘȕȣȍ 
ȊȍȘȖȧȚȕȖșȚȐ ȗȘȐȕȈȌȓȍȎȕȖșȚȐ ȖȉȢȍȒȚȖȊ 
ȒȓȈșșȈȔ. 
ǰșȗȖȓȤȏțȍȚșȧ Ȍȓȧ ȘȍȠȍȕȐȧ ȏȈȌȈȟ 
ȒȓȈșșȐȜȐȒȈȞȐȐ 

ǻȏȍȓ «ǳȐȕȍȑȕȣȍ 
ȔȖȌȍȓȐ» 

ǬȈȕȕȣȑ țȏȍȓ ȖȉȢȍȌȐȕȧȍȚ Ȋ șȍȉȍ ȓȐȕȍȑȕȣȍ 
ȒȓȈșșȐȜȐȒȈȚȖȘȣ Ȑ ȘȍȋȘȍșșȖȘȣ 

ǻȏȍȓ «ǵȍȑȘȖȕȕȈȧ șȍȚȤ» Ǫ ȖșȕȖȊȍ ȌȈȕȕȖȋȖ țȏȓȈ ȓȍȎȐȚ țȗȘȖȡȍȕȕȈȧ 
ȔȖȌȍȓȤ ȉȐȖȓȖȋȐȟȍșȒȖȑ ȕȍȑȘȖȕȕȖȑ șȍȚȐ. 
ǰșȗȖȓȤȏțȍȚșȧ Ȍȓȧ ȘȍȠȍȕȐȧ ȏȈȌȈȟ 
ȒȓȈșșȐȜȐȒȈȞȐȐ Ȑ ȘȍȋȘȍșșȐȐ 

ǻȏȍȓ «LDA» (ǳȐȕȍȑȕȣȑ 
ȌȐșȒȘȐȔȐȕȈȕȚȕȣȑ 
ȈȕȈȓȐȏ) 

ǬȈȕȕȣȑ țȏȍȓ ȗȘȐȔȍȕȧȍȚșȧ Ȍȓȧ ȕȈȝȖȎȌȍȕȐȧ 
ȓȐȕȍȑȕȣȝ ȒȖȔȉȐȕȈȞȐȑ ȗȘȐȏȕȈȒȖȊ, ȕȈȐȓțȟȠȐȔ 
ȖȉȘȈȏȖȔ ȘȈȏȌȍȓȧȦȡȐȝ ȌȊȈ ȐȓȐ ȉȖȓȍȍ ȒȓȈșșȈ 
ȖȉȢȍȒȚȖȊ ȐȓȐ șȖȉȣȚȐȑ. 

ǻȏȍȓ «ǫȘȈȌȐȍȕȚȕȣȑ 
ȉțșȚȐȕȋ (XGBOOST)» 

Ǫ ȖșȕȖȊȍ ȌȈȕȕȖȋȖ țȏȓȈ ȓȍȎȐȚ ȈȓȋȖȘȐȚȔ 
ȋȘȈȌȐȍȕȚȕȖȋȖ ȉțșȚȐȕȋȈ ȕȈ ȌȍȘȍȊȤȧȝ ȗȖȐșȒȈ 
ȘȍȠȍȕȐȑ. 
ǰșȗȖȓȤȏțȍȚșȧ Ȍȓȧ ȘȍȠȍȕȐȧ ȏȈȌȈȟ 
ȒȓȈșșȐȜȐȒȈȞȐȐ Ȑ ȘȍȋȘȍșșȐȐ. 

ǻȏȍȓ «ǫȘȈȌȐȍȕȚȕȣȑ 
ȉțșȚȐȕȋ (XGBOOST)» 

Ǫ ȖșȕȖȊȍ țȏȓȈ ȓȍȎȐȚ ȘȍȈȓȐȏȈȞȐȧ ȈȓȋȖȘȐȚȔȈ 
ȋȘȈȌȐȍȕȚȕȖȋȖ ȉțșȚȐȕȋȈ ȕȈ ȌȍȘȍȊȤȧȝ ȗȖȐșȒȈ 
ȘȍȠȍȕȐȑ, ȒȖȚȖȘȣȑ ȊȒȓȦȟȈȍȚ Ȋ șȍȉȧ ȌȊȍ 
ȒȓȦȟȍȊȣȍ ȐȌȍȐ: ǫȘȈȌȐȍȕȚȕȈȧ ȖȌȕȖșȚȖȘȖȕȕȧȧ 
ȊȣȉȖȘȒȈ (GOSS) Ȑ ǶȉȢȍȌȐȕȍȕȐȍ 
ȊȏȈȐȔȖȐșȒȓȦȟȈȦȡȐȝ ȗȘȐȏȕȈȒȖȊ (EFB). 
ǰșȗȖȓȤȏțȍȚșȧ Ȍȓȧ ȘȍȠȍȕȐȧ ȏȈȌȈȟ 
ȒȓȈșșȐȜȐȒȈȞȐȐ Ȑ ȘȍȋȘȍșșȐȐ. 
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ǫȘțȗȗȈ 
țȏȓȖȊ 

ǵȈȏȊȈȕȐȍ țȏȓȈ ǲȘȈȚȒȖȍ ȖȗȐșȈȕȐȍ 

ǻȏȍȓ «ǫȘȈȌȐȍȕȚȕȣȑ 
ȉțșȚȐȕȋ (XGBOOST)» 

Ǫ ȖșȕȖȊȍ țȏȓȈ ȓȍȎȐȚ ȘȍȈȓȐȏȈȞȐȧ ȈȓȋȖȘȐȚȔȈ 
ȋȘȈȌȐȍȕȚȕȖȋȖ ȉțșȚȐȕȋȈ, ȒȖȚȖȘȈȧ 
ȖȗȚȐȔȐȏȐȘȖȊȈȕȈ ȗȖȌ ȘȈȉȖȚț ș 
ȒȈȚȍȋȖȘȐȈȓȤȕȣȔȐ ȗȘȐȏȕȈȒȈȔȐ Ȑ ȝȖȘȖȠȖ 
ȘȈȉȖȚȈȍȚ ș ȗȈȘȈȔȍȚȘȈȔȐ ȗȖ țȔȖȓȟȈȕȐȦ. 
ǰșȗȖȓȤȏțȍȚșȧ Ȍȓȧ ȘȍȠȍȕȐȧ ȏȈȌȈȟ 
ȒȓȈșșȐȜȐȒȈȞȐȐ Ȑ ȘȍȋȘȍșșȐȐ. 

ǻȏȍȓ «GLM» ǬȈȕȕȣȑ țȏȍȓ ȖȉȖȉȡȈȍȚ ȓȐȕȍȑȕțȦ ȘȍȋȘȍșșȐȦ Ȑ 
ȌȖȗțșȒȈȍȚ ȕȈȓȐȟȐȍ ț ȏȈȊȐșȐȔȖȑ ȗȍȘȍȔȍȕȕȖȑ 
ȘȈșȗȘȍȌȍȓȍȕȐȧ, ȖȚȓȐȟȈȦȡȍȋȖșȧ ȖȚ 
ȕȖȘȔȈȓȤȕȖȋȖ. GLM șȊȧȏȣȊȈȍȚ ȏȈȊȐșȐȔțȦ 
ȗȍȘȍȔȍȕȕțȦ ș ȜȈȒȚȖȘȈȔȐ ȗȖșȘȍȌșȚȊȖȔ 
ȏȈȌȈȊȈȍȔȖȑ ȜțȕȒȞȐȐ șȊȧȏȐ. 

ǻȏȍȓ «ǵȍȑȘȖȕȕȈȧ șȍȚȤ 
(PyTorch)» 

 

ǻȏȍȓ «AutoML»  
ǸȈȉȖȚȈ ș 
ȔȖȌȍȓȧȔȐ 
 
 
 

ǻȏȍȓ «ǹȘȈȊȕȍȕȐȍ 
ȔȖȌȍȓȍȑ» 

ǬȈȕȕȣȑ țȏȍȓ ȖȞȍȕȐȊȈȍȚ ȗȖșȚȘȖȍȕȕȣȍ ȔȖȌȍȓȐ 
Ȑ ȊȣȉȐȘȈȍȚ ȓțȟȠțȦ. 

ǻȏȍȓ «ǸȍȋȐșȚȘȈȞȐȧ 
ȔȖȌȍȓȐ» 

ǬȈȕȕȣȑ țȏȍȓ șȖȝȘȈȕȧȍȚ ȗȖșȚȘȖȍȕȕțȦ ȔȖȌȍȓȤ Ȋ 
ȊȣȉȘȈȕȕȖȔ ȗȘȖȍȒȚȍ ȘȍȗȖȏȐȚȖȘȐȧ Model 
Manager. 

ǻȏȍȓ «ǰȕȚȍȘȗȘȍȚȈȞȐȧ» ǬȈȕȕȣȑ țȏȍȓ, ȊȒȓȦȟȈȍȚ Ȋ șȍȉȧ ȔȍȚȖȌȣ, 
ȒȖȚȖȘȣȍ ȗȖȏȊȖȓȧȦȚ ȖȉȢȧșȕȐȚȤ ȗȘȐȕȞȐȗȣ Ȑ 
ȏȈȒȖȕȖȔȍȘȕȖșȚȐ, ȒȖȚȖȘȣȍ ȐșȗȖȓȤȏțȍȚ ȔȖȌȍȓȤ 
Ȋ ȝȖȌȍ ȗȘȖȋȕȖȏȐȘȖȊȈȕȐȧ. 

ǻȏȍȓ «ǷȖȌȉȖȘ ȖȚșȍȟȒȐ 
(Cut off)» 

ǬȈȕȕȣȑ țȏȍȓ ȗȖȏȊȖȓȧȍȚ ȖȗȘȍȌȍȓȐȚȤ 
ȖȗȚȐȔȈȓȤȕȣȑ ȗȖȘȖȋ ȖȚșȍȟȍȕȐȧ Ȍȓȧ ȊȣșȖȒȖȋȖ 
șȖȖȚȕȖȠȍȕȐȧ ȐșȚȐȕȕȣȝ Ȑ ȓȖȎȕȣȝ 
șȘȈȉȈȚȣȊȈȕȐȑ ȔȖȌȍȓȐ 

3.2.5.6. ǫȘțȗȗȈ țȏȓȖȊ «ǵȈȉȖȘ ȌȈȕȕȣȝ» 

3.2.5.6.1. ǻȏȍȓ «ǵȈȉȖȘ ȌȈȕȕȣȝ» 

ǻȏȍȓ «ǵȈȉȖȘ ȌȈȕȕȣȝ» ȧȊȓȧȍȚșȧ ȕȈȟȈȓȤȕȣȔ țȏȓȖȔ ȓȦȉȖȋȖ șȞȍȕȈȘȐȧ 
ȔȖȌȍȓȐȘȖȊȈȕȐȧ, ȗȖȏȊȖȓȧȍȚ ȊȣȉȘȈȚȤ ȕȍȖȉȝȖȌȐȔȣȑ Ȍȓȧ ȔȖȌȍȓȐȘȖȊȈȕȐȧ ȕȈȉȖȘ ȌȈȕȕȣȝ 
Ȑȏ șȗȐșȒȈ ȏȈȘȍȋȐșȚȘȐȘȖȊȈȕȕȣȝ Ȑ ȏȈȌȈȚȤ ȒȖȕȜȐȋțȘȈȞȐȦ ȗȍȘȍȔȍȕȕȣȝ. 

ǷȘȐ ȒȖȕȜȐȋțȘȐȘȖȊȈȕȐȐ ȗȍȘȍȔȍȕȕȣȝ ǷȖȓȤȏȖȊȈȚȍȓȤ ȔȖȎȍȚ țȒȈȏȈȚȤ ȕȍȖȉȝȖȌȐȔȈ ȓȐ 
ȗȍȘȍȔȍȕȕȈȧ ȌȈȓȍȍ Ȋ ȗȘȖȞȍșșȍ ȔȖȌȍȓȐȘȖȊȈȕȐȧ, Ȉ ȚȈȒȎȍ țȒȈȏȈȚȤ ȕȍȖȉȝȖȌȐȔȖ ȓȐ 
ȘȍȋȐșȚȘȐȘȖȊȈȚȤ ȗȍȘȍȔȍȕȕțȦ ȗȘȐ ȘȍȋȐșȚȘȈȞȐȐ ȔȖȌȍȓȐ. 

ǷȖȔȐȔȖ ȥȚȖȋȖ, ǷȖȓȤȏȖȊȈȚȍȓȤ ȔȖȎȍȚ ȖȚȜȐȓȤȚȘȖȊȈȚȤ, Ȉ ȚȈȒȎȍ șȓțȟȈȑȕȣȔ ȖȉȘȈȏȖȔ 
ȖȚȖȉȘȈȚȤ ȕȈȉȓȦȌȍȕȐȧ, ȒȖȚȖȘȣȍ ȌȈȓȍȍ ȉțȌțȚ ȐșȗȖȓȤȏȖȊȈȚȤșȧ Ȋ șȞȍȕȈȘȐȐ 
ȔȖȌȍȓȐȘȖȊȈȕȐȧ. 

ǹȗȐșȖȒ ȗȈȘȈȔȍȚȘȖȊ țȏȓȈ ȗȘȍȌșȚȈȊȓȍȕ Ȋ ȚȈȉȓȐȞȍ ȕȐȎȍ. 

ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ 

ǵȈȏȊȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ 
ȏȕȈȟȍȕȐȍ ȕȍȚ 

ǵȈȏȊȈȕȐȍ țȏȓȈ, ȒȖȚȖȘȖȍ ȉțȌȍȚ 
ȖȚȖȉȘȈȎȈȚȤșȧ Ȋ ȐȕȚȍȘȜȍȑșȍ 
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ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ 

ǶȗȐșȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ 
ȏȕȈȟȍȕȐȍ ȕȍȚ 

ǶȗȐșȈȕȐȍ țȏȓȈ 

ǰȔȧ ȕȈȉȖȘȈ ȌȈȕȕȣȝ ǸȈșȒȘȣȊȈȦȡȐȑșȧ șȗȐșȖȒ 
ș ȕȈȏȊȈȕȐȧȔȐ ȕȈȉȖȘȖȊ 
ȌȈȕȕȣȝ 

ǹȗȐșȖȒ ȌȖșȚțȗȕȣȝ ȗȖȓȤȏȖȊȈȚȍȓȦ 
ȕȈȉȖȘȖȊ ȌȈȕȕȣȝ 

ǲȖȕȜȐȋțȘȈȞȐȧ 
ȗȍȘȍȔȍȕȕȣȝ 

ǲȕȖȗȒȈ ǷȘȐ ȊȣȉȖȘȍ ȒȕȖȗȒȐ ȖȚȒȘȖȍȚșȧ ȖȒȕȖ 
ǲȖȕȜȐȋțȘȈȞȐȧ ȗȍȘȍȔȍȕȕȣȝ 
(ȗȖȌȘȖȉȕȖȍ ȖȗȐșȈȕȐȍ ȕȐȎȍ). 

ǼȐȓȤȚȘ ǷȖȓȍ ȊȊȖȌȈ țșȓȖȊȐȧ 
ȜȐȓȤȚȘȈȞȐȐ 

ǷȘȐ ȊȣȉȖȘȍ ȗȖȓȧ ȊȊȖȌȈ ȖȚȒȘȖȍȚșȧ 
ȖȒȕȖ ǼȖȘȔțȓȈ (ȗȖȌȘȖȉȕȖȍ ȖȗȐșȈȕȐȍ 
ȕȐȎȍ). 
 

ǬȖȓȧ ȕȈȉȓȦȌȍȕȐȑ 
Ȍȓȧ ȊȣȉȖȘȒȐ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǯȕȈȟȍȕȐȍ ȉȖȓȤȠȍ 0 Ȑ 
ȔȍȕȤȠȍ ȐȓȐ ȘȈȊȕȖ 1 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȌȖȓȦ 
ȕȈȉȓȦȌȍȕȐȑ ȐșȝȖȌȕȖȋȖ ȕȈȉȖȘȈ 
ȌȈȕȕȣȝ, ȒȖȚȖȘȣȍ ȉțȌțȚ ȊȒȓȦȟȍȕȣ Ȋ 
ȐȚȖȋȖȊȣȑ ȕȈȉȖȘ ȌȈȕȕȣȝ 

ǴȈȒșȐȔȈȓȤȕȖȍ 
ȒȖȓȐȟȍșȚȊȖ 
ȏȈȋȘțȎȈȍȔȣȝ șȚȘȖȒ 

ǸțȟȕȖȑ ȊȊȖȌ 
ȞȍȓȖȟȐșȓȍȕȕȖȋȖ 
ȏȕȈȟȍȕȐȧ 
ǷȖ țȔȖȓȟȈȕȐȦ – 100000 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȖȋȘȈȕȐȟȐȊȈȍȚ 
ȒȖȓȐȟȍșȚȊȖ șȚȘȖȒ, ȒȖȚȖȘȣȍ ȉțȌțȚ 
ȐșȗȖȓȤȏȖȊȈȚȤșȧ Ȋ ȝȖȌȍ 
ȔȖȌȍȓȐȘȖȊȈȕȐȧ 

ǺȈȉȓȐȞȈ 7 ǷȈȘȈȔȍȚȘȣ țȏȓȈ "ǵȈȉȖȘ ȌȈȕȕȣȝ" 

ǶȒȕȖ ǲȖȕȜȐȋțȘȈȞȐȧ ȗȍȘȍȔȍȕȕȣȝ 

Ǫ ȖȒȕȍ ǲȖȕȜȐȋțȘȈȞȐȧ ȗȍȘȍȔȍȕȕȣȝ ǷȖȓȤȏȖȊȈȚȍȓȤ ȔȖȎȍȚ ȖȏȕȈȒȖȔȐȚȤșȧ ș 
ȊȝȖȌȕȣȔȐ ȗȍȘȍȔȍȕȕȣȔȐ țȏȓȈ Ȑ țȒȈȏȈȚȤ ȕȈ ȕȍȖȉȝȖȌȐȔȖșȚȤ ȘȍȋȐșȚȘȐȘȖȊȈȚȤ 
ȗȍȘȍȔȍȕȕțȦ ȗȘȐ șȖȝȘȈȕȍȕȐȐ ȔȖȌȍȓȐ Ȋ ȘȍȗȖȏȐȚȖȘȐȑ (șȚȖȓȉȍȞ ǸȍȋȐșȚȘȈȞȐȧ) Ȑ 
ȕȍȖȉȝȖȌȐȔȖșȚȤ ȌȈȕȕȖȑ ȗȍȘȍȔȍȕȕȖȑ ȗȘȐ ȗȖșȚȘȖȍȕȐȐ ȌȈȓȤȕȍȑȠȍȋȖ șȞȍȕȈȘȐȧ 
(șȚȖȓȉȍȞ ǬȘȖȗ). 

ǷȘȐ ȊȣȉȖȘȍ ǸȍȋȐșȚȘȈȞȐȧ (ȏȕȈȟȍȕȐȍ ǬȈ) ȌȈȕȕȈȧ ȗȍȘȍȔȍȕȕȈȧ ȉțȌȍȚ 
ȏȈȘȍȋȐșȚȘȐȘȖȊȈȕȈ ȗȘȐ șȖȝȘȈȕȍȕȐȐ ȔȖȌȍȓȐ Ȋ ȘȍȗȖȏȐȚȖȘȐȑ MM. 

ǷȘȐ ȊȣȉȖȘȍ ǬȘȖȗ (ȏȕȈȟȍȕȐȍ ǬȈ) ȌȈȓȍȍ Ȋ șȞȍȕȈȘȐȐ ȌȈȕȕȈȧ ȗȍȘȍȔȍȕȕȈȧ 
ȐșȗȖȓȤȏȖȊȈȚȤșȧ ȕȍ ȉțȌȍȚ Ȑ ȊȍȘȕțȚȤ ȍȍ Ȋ ȗȘȖȞȍșș ȉțȌȍȚ ȕȍȊȖȏȔȖȎȕȖ. Ǭȓȧ 
ȊȘȍȔȍȕȕȖȋȖ ȐșȒȓȦȟȍȕȐȧ ȈȚȘȐȉțȚȈ ȕȍȖȉȝȖȌȐȔȖ ȕȈȏȕȈȟȐȚȤ ȍȔț ȘȖȓȤ ǰșȒȓȦȟȍȕ 
(ȗȖȌȘȖȉȕȍȍ țȏȍȓ «ǴȍȚȈȌȈȕȕȣȍ»). 

ǪǨǮǵǶ: ǾȍȓȍȊȖȑ ȗȍȘȍȔȍȕȕȖȑ ȕȈ ȌȈȕȕȖȔ ȠȈȋȍ ȕȍȖȉȝȖȌȐȔȖ ȏȈȌȈȚȤ 
ȏȕȈȟȍȕȐȍ ǵȍȚ Ȋ șȚȖȓȉȞȍ ǸȍȋȐșȚȘȈȞȐȧ. ЭȚȖ ȕȍȖȉȝȖȌȐȔȖ, ȟȚȖȉȣ ȌȈȓȍȍ 
ȌȈȕȕȈȧ ȗȍȘȍȔȍȕȕȈȧ ȕȍ ȜȐȋțȘȐȘȖȊȈȓȈ ȗȘȐ ȘȍȋȐșȚȘȈȞȐȐ Ȑ ȗȘȐ 
ȗțȉȓȐȒȈȞȐȐ Ȋ MM. 

ǸȖȓȤ Ȑ ǺȐȗ ȗȍȘȍȔȍȕȕȖȑ ȔȖȎȕȖ ȐȏȔȍȕȐȚȤ Ȋ țȏȓȍ "ǴȍȚȈȌȈȕȕȣȍ". ǺȐȗ 
ȐșȚȖȟȕȐȒȈ ȏȈȌȈȍȚșȧ ȈȊȚȖȔȈȚȐȟȍșȒȐ: ȍșȓȐ ȗȍȘȍȔȍȕȕȈȧ Ȑȏ ȐșȝȖȌȕȖȋȖ ȕȈȉȖȘȈ 
ȌȈȕȕȣȝ, ȚȖ țȒȈȏȈȕȖ ȏȕȈȟȍȕȐȍ Base, ȍșȓȐ ȘȈșșȟȐȚȈȕȈ Ȋ șȐșȚȍȔȍ - 
ȏȕȈȟȍȕȐȍ Computed. 
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ǸȐșțȕȖȒ 71 ǶȒȕȖ ǲȖȕȜȐȋțȘȈȞȐȧ ȗȍȘȍȔȍȕȕȣȝ 

ǶȒȕȖ ǼȖȘȔțȓȈ 

Ǫ ȖȒȕȍ ǼȖȘȔțȓȈ ȏȈȌȈȍȚșȧ țșȓȖȊȐȍ ȖȚȉȖȘȈ ȕȈȉȓȦȌȍȕȐȑ Ȑȏ ȐșȝȖȌȕȖȋȖ ȕȈȉȖȘȈ 
ȌȈȕȕȣȝ. 

ǶșȕȖȊȕȣȔȐ ȥȓȍȔȍȕȚȈȔȐ ȖȒȕȈ ǼȖȘȔțȓȈ ȧȊȓȧȦȚșȧ: 

 

ǸȐșțȕȖȒ 72 ǶȒȕȖ ǼȖȘȔțȓȈ 
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1. ǹȚȘȖȒȈ ȊȊȖȌȈ ȚȍȒșȚȖȊȖȋȖ ȗȘȍȌșȚȈȊȓȍȕȐȧ țșȓȖȊȐȧ. 

2. ǸȈȉȖȟȍȍ ȗȖȓȍ, Ȋ ȒȖȚȖȘȖȔ șȚȘȖȐȚșȧ ȋȘȈȜȐȟȍșȒȖȍ ȗȘȍȌșȚȈȊȓȍȕȐȍ țșȓȖȊȐȧ. 

3. ǪȒȓȈȌȒȈ, ȒȖȚȖȘȈȧ ȖȚȒȘȣȊȈȍȚșȧ ȗȘȐ ȡȍȓȟȒȍ ȗȘȈȊȖȑ ȒȕȖȗȒȖȑ ȔȣȠȐ Ȋ șȚȘȖȒȍ 
ȊȊȖȌȈ, Ȑ ȊȒȓȦȟȈȍȚ Ȋ șȍȉȧ: 

o ǷȍȘȍȔȍȕȕȣȍ Ȑȏ ȕȈȉȖȘȈ ȌȈȕȕȣȝ. 

o ǶȗȍȘȈȚȖȘȣ Ȑ ȜțȕȒȞȐȐ, ȗȘȍȌșȚȈȊȓȍȕȕȣȍ Ȋ ȚȈȉȓȐȞȍ ȕȐȎȍ. 

ǷȖȏȊȖȓȧȍȚ ȗȘȖșȔȈȚȘȐȊȈȚȤ ȗȍȘȍȔȍȕȕȣȍ ȕȈȉȖȘȈ ȌȈȕȕȣȝ Ȑ șȚȘȖȐȚȤ ȒȖȕșȚȘțȒȞȐȐ 
țșȓȖȊȐȑ. 
Ǭȓȧ ȏȈȌȈȕȐȧ țșȓȖȊȐȧ ȕȍȖȉȝȖȌȐȔȖ: 

 Ǫ șȚȘȖȒț ȚȍȒșȚȖȊȖȋȖ ȗȘȍȌșȚȈȊȓȍȕȐȧ ȊȊȍșȚȐ țșȓȖȊȐȍ, ȐșȗȖȓȤȏțȧ ȖȗȍȘȈȚȖȘȣ, 
ȜțȕȒȞȐȐ Ȑ ȗȍȘȍȔȍȕȕȣȍ ȕȈȉȖȘȈ ȌȈȕȕȣȝ. 

o ǵȈȏȊȈȕȐȍ ȗȍȘȍȔȍȕȕȖȑ ȌȖȓȎȕȖ ȉȣȚȤ țȒȈȏȈȕȖ Ȋ ȖȉȘȈȚȕȣȝ ȖȌȐȕȈȘȕȣȝ 
ȒȈȊȣȟȒȈȝ (` `). ǷȘȐȔȍȘ: `ǫȖȌ` > 1996. 

o Ǫ ȒȈȟȍșȚȊȍ ȌȍșȧȚȐȟȕȖȋȖ ȘȈȏȌȍȓȐȚȍȓȧ ȐșȗȖȓȤȏțȍȚșȧ ȚȖȟȒȈ. 

o ǹȚȘȖȒȈ ȌȖȓȎȕȈ țȒȈȏȣȊȈȚȤșȧ Ȋ ȌȊȖȑȕȣȝ ȒȈȊȣȟȒȈȝ. ǷȘȐȔȍȘ: `ǷȖȓ` = 
"ȔțȎșȒȖȑ". 

 ǷȖșȔȖȚȘȍȚȤ șȗȐșȖȒ ȖȗȍȘȈȚȖȘȖȊ, ȜțȕȒȞȐȑ Ȑ ȗȍȘȍȔȍȕȕȣȝ, Ȉ ȚȈȒȎȍ ȌȖȉȈȊȐȚȤ Ȑȝ 
Ȋ țșȓȖȊȐȍ ȔȖȎȕȖ Ȑ Ȋ ȗȈȕȍȓȐ, ȒȖȚȖȘȈȧ ȖȚȒȘȣȊȈȍȚșȧ ȗȘȐ ȡȍȓȟȒȍ ȗȘȈȊȖȑ 
ȒȕȖȗȒȖȑ ȔȣȠȐ ȗȖ șȚȘȖȒȍ ȊȊȖȌȈ. 

ǶȗȍȘȈȚȖȘ/ǼțȕȒȞȐȧ ǶȗȐșȈȕȐȍ ǺȍȒșȚȖȊȖȍ ȗȘȍȌșȚȈȊȓȍȕȐȍ 
(ȜȖȘȔțȓȈ) 

And ǳȖȋȐȟȍșȒȈȧ ȖȗȍȘȈȞȐȧ 
«ǰ» 

true and true 
ǪȔȍșȚȖ true ȕțȎȕȖ ȊșȚȈȊȐȚȤ țșȓȖȊȐȍ 
ǷȘȐȔȍȘ: `ǫȖȌ` > 1996 and `ǷȖȓ`= 
"ǮȍȕșȒȐȑ" 

Or ǳȖȋȐȟȍșȒȈȧ ȖȗȍȘȈȞȐȧ 
«ǰǳǰ» 

true or true 
ǪȔȍșȚȖ true ȕțȎȕȖ ȊșȚȈȊȐȚȤ țșȓȖȊȐȍ 
ǷȘȐȔȍȘ: `ǫȖȌ` > 1996 or `ǷȖȓ`= 
"ǮȍȕșȒȐȑ" 

+ ǶȗȍȘȈȞȐȧ șȓȖȎȍȕȐȧ 0 + 0 
ǪȔȍșȚȖ 0 ȕțȎȕȖ ȊșȚȈȊȐȚȤ ȟȐșȓȖȊȖȍ 
ȏȕȈȟȍȕȐȍ/ȟȐșȓȖȊțȦ ȗȍȘȍȔȍȕȕțȦ 
ǷȘȐȔȍȘ: `ǾȍȕȈ ȗȘȖȌțȒȚȈ M`+ ` ǾȍȕȈ 
ȗȘȖȌțȒȚȈ M` 

– ǶȗȍȘȈȞȐȧ ȊȣȟȐȚȈȕȐȧ 0 - 0 
ǪȔȍșȚȖ 0 ȕțȎȕȖ ȊșȚȈȊȐȚȤ ȟȐșȓȖȊȖȍ 
ȏȕȈȟȍȕȐȍ/ȟȐșȓȖȊțȦ ȗȍȘȍȔȍȕȕțȦ 
ǷȘȐȔȍȘ: `ǾȍȕȈ ȗȘȖȌțȒȚȈ M`- 1000 

× ǶȗȍȘȈȞȐȧ țȔȕȖȎȍȕȐȧ 0 * 0 
ǪȔȍșȚȖ 0 ȕțȎȕȖ ȊșȚȈȊȐȚȤ ȟȐșȓȖȊȖȍ 
ȏȕȈȟȍȕȐȍ/ȟȐșȓȖȊțȦ ȗȍȘȍȔȍȕȕțȦ 
ǷȘȐȔȍȘ: `ǾȍȕȈ ȗȘȖȌțȒȚȈ M` * 
`ǹȒȐȌȒȈ` 

/ ǶȗȍȘȈȞȐȧ ȌȍȓȍȕȐȧ 0 / 0 
ǪȔȍșȚȖ 0 ȕțȎȕȖ ȊșȚȈȊȐȚȤ ȟȐșȓȖȊȖȍ 
ȏȕȈȟȍȕȐȍ/ȟȐșȓȖȊțȦ ȗȍȘȍȔȍȕȕțȦ 
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ǶȗȍȘȈȚȖȘ/ǼțȕȒȞȐȧ ǶȗȐșȈȕȐȍ ǺȍȒșȚȖȊȖȍ ȗȘȍȌșȚȈȊȓȍȕȐȍ 
(ȜȖȘȔțȓȈ) 
ǷȘȐȔȍȘ: `ǪȣȘțȟȒȈ ȏȈ ȗȍȘȊȣȑ 
ȒȊȈȘȚȈȓ` / `ǪȣȘțȟȒȈ ȏȈ ȋȖȌ` 

<  ǴȍȕȤȠȍ "" < "" 
ǪȔȍșȚȖ "" ȕțȎȕȖ ȊșȚȈȊȐȚȤ 
ȗȍȘȍȔȍȕȕțȦ/ȏȕȈȟȍȕȐȍ 
ǷȘȐȔȍȘ: `ǪȖȏȘȈșȚ` < 32 

≤ ǴȍȕȤȠȍ ȐȓȐ ȘȈȊȕȖ "" <= "" 
ǪȔȍșȚȖ "" ȕțȎȕȖ ȊșȚȈȊȐȚȤ 
ȗȍȘȍȔȍȕȕțȦ/ȏȕȈȟȍȕȐȍ 
ǷȘȐȔȍȘ: `ǺȍȔȗȍȘȈȚțȘȈ` <= 120 

>  ǩȖȓȤȠȍ "" > "" 
ǪȔȍșȚȖ "" ȕțȎȕȖ ȊșȚȈȊȐȚȤ 
ȗȍȘȍȔȍȕȕțȦ/ȏȕȈȟȍȕȐȍ 
ǷȘȐȔȍȘ: `ǪȖȏȘȈșȚ` > “32” 

≥ ǩȖȓȤȠȍ ȐȓȐ ȘȈȊȕȖ "" >= "" 
ǪȔȍșȚȖ "" ȕțȎȕȖ ȊșȚȈȊȐȚȤ 
ȗȍȘȍȔȍȕȕțȦ/ȏȕȈȟȍȕȐȍ 
ǷȘȐȔȍȘ: `ǺȍȔȗȍȘȈȚțȘȈ` >= 120 

= ǸȈȊȕȖ "" = "" 
ǪȔȍșȚȖ "" ȕțȎȕȖ ȊșȚȈȊȐȚȤ 
ȗȍȘȍȔȍȕȕțȦ/ȏȕȈȟȍȕȐȍ 
ǷȘȐȔȍȘ: `ǺȍȔȗȍȘȈȚțȘȈ` = 120 

≠ ǵȍ ȘȈȊȕȖ "" != "" 
ǪȔȍșȚȖ "" ȕțȎȕȖ ȊșȚȈȊȐȚȤ 
ȗȍȘȍȔȍȕȕțȦ/ȏȕȈȟȍȕȐȍ 
ǷȘȐȔȍȘ: `ǺȍȔȗȍȘȈȚțȘȈ` != 120 

like ǷȘȖȊȍȘȧȍȚ, 
țȌȖȊȓȍȚȊȖȘȧȍȚ ȓȐ 
șȐȔȊȖȓȤȕȈȧ șȚȘȖȒȈ 
ȏȈȌȈȕȕȖȔț ȖȉȘȈȏȞț, 
ȒȖȚȖȘȣȑ ȔȖȎȍȚ 
șȖȌȍȘȎȈȚȤ ȗȖȐșȒȖȊȣȍ 
șȐȔȊȖȓȣ. ǻȟȐȚȣȊȈȍȚ 
ȘȍȋȐșȚȘ 

"" like "" 
ǪȔȍșȚȖ "" ȕțȎȕȖ ȊșȚȈȊȐȚȤ 
ȗȍȘȍȔȍȕȕțȦ/ȏȕȈȟȍȕȐȍ 
ǷȘȐȔȍȘ: `ǫȖȘȖȌ` like "ǴȖșȒȊȈ" 

ilike ǷȘȖȊȍȘȧȍȚ, 
țȌȖȊȓȍȚȊȖȘȧȍȚ ȓȐ 
șȐȔȊȖȓȤȕȈȧ șȚȘȖȒȈ 
ȏȈȌȈȕȕȖȔț ȖȉȘȈȏȞț, 
ȒȖȚȖȘȣȑ ȔȖȎȍȚ 
șȖȌȍȘȎȈȚȤ ȗȖȐșȒȖȊȣȍ 
șȐȔȊȖȓȣ. 

"" ilike "" 
ǪȔȍșȚȖ "" ȕțȎȕȖ ȊșȚȈȊȐȚȤ 
ȗȍȘȍȔȍȕȕțȦ/ȏȕȈȟȍȕȐȍ 
ǷȘȐȔȍȘ: `ǫȖȘȖȌ` ilike "ǴȖșȒȊȈ" 

startswith ǷȘȖȊȍȘȧȍȚ, ȍșȚȤ ȓȐ Ȋ 
ȕȈȟȈȓȍ ȖȌȕȖȑ 
ȚȍȒșȚȖȊȖȑ șȚȘȖȒȐ 
ȌȘțȋȈȧ ȚȍȒșȚȖȊȈȧ 
șȚȘȖȒȈ 

"" startswith "" 
ǪȔȍșȚȖ "" ȕțȎȕȖ ȊșȚȈȊȐȚȤ 
ȗȍȘȍȔȍȕȕțȦ/ȏȕȈȟȍȕȐȍ 
ǷȘȐȔȍȘ: `ǫȖȘȖȌ` startswith "ǹȈȕ" 

endswith ǷȘȖȊȍȘȧȍȚ, ȍșȚȤ ȓȐ Ȋ 
ȒȖȕȞȍ ȖȌȕȖȑ ȚȍȒșȚȖȊȖȑ 
șȚȘȖȒȐ ȌȘțȋȈȧ 
ȚȍȒșȚȖȊȈȧ șȚȘȖȒȈ 

"" endswith "" 
ǪȔȍșȚȖ "" ȕțȎȕȖ ȊșȚȈȊȐȚȤ 
ȗȍȘȍȔȍȕȕțȦ/ȏȕȈȟȍȕȐȍ 
ǷȘȐȔȍȘ: `ǫȖȘȖȌ` endswith "ȉțȘȋ" 

contains ǷȘȖȊȍȘȧȍȚ, ȊșȚȘȍȟȈȍȚș
ȧ ȓȐ țȒȈȏȈȕȕȈȧ șȚȘȖȒȈ 
ȊȕțȚȘȐ ȌȘțȋȖȑ șȚȘȖȒȐ 

"" contains "" 
ǪȔȍșȚȖ "" ȕțȎȕȖ ȊșȚȈȊȐȚȤ 
ȗȍȘȍȔȍȕȕțȦ/ȏȕȈȟȍȕȐȍ 
ǷȘȐȔȍȘ: `ǵȈȏȊȈȕȐȍ` contains 
"consulting" 
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ǶȗȍȘȈȚȖȘ/ǼțȕȒȞȐȧ ǶȗȐșȈȕȐȍ ǺȍȒșȚȖȊȖȍ ȗȘȍȌșȚȈȊȓȍȕȐȍ 
(ȜȖȘȔțȓȈ) 

between ǷȘȖȊȍȘȧȍȚ, ȊȝȖȌȐȚ ȓȐ 
ȏȕȈȟȍȕȐȍ Ȋ ȏȈȌȈȕȕȣȑ 
ȌȐȈȗȈȏȖȕ 

0 between(0,0) 
ǪȔȍșȚȖ 0 ȕțȎȕȖ ȊșȚȈȊȐȚȤ ȟȐșȓȖȊțȦ 
ȗȍȘȍȔȍȕȕțȦ/ȏȕȈȟȍȕȐȍ 
ǷȘȐȔȍȘ: `ID` between (1, 100500) 

in ǷȘȖȊȍȘȧȍȚ ȕȈȓȐȟȐȍ 
ȥȓȍȔȍȕȚȈ Ȋ 
ȗȖșȓȍȌȖȊȈȚȍȓȤȕȖșȚȐ 

"" in("") 
ǪȔȍșȚȖ "" ȕțȎȕȖ ȊșȚȈȊȐȚȤ 
ȗȍȘȍȔȍȕȕțȦ/ȏȕȈȟȍȕȐȍ 
ǷȘȐȔȍȘ: `ǸȍȋȐȖȕ` in ("ǴȖșȒȊȈ", 
"ǴȖșȒȖȊșȒȈȧ ȖȉȓȈșȚȤ") 

not in ǷȘȖȊȍȘȧȍȚ ȖȚșțȚșȚȊȐȍ 
ȥȓȍȔȍȕȚȈ Ȋ 
ȗȖșȓȍȌȖȊȈȚȍȓȤȕȖșȚȐ 

"" not_in("") 
ǪȔȍșȚȖ "" ȕțȎȕȖ ȊșȚȈȊȐȚȤ 
ȗȍȘȍȔȍȕȕțȦ/ȏȕȈȟȍȕȐȍ 
ǷȘȐȔȍȘ: `ǸȍȋȐȖȕ` not_in ("ǴȖșȒȊȈ", 
"ǴȖșȒȖȊșȒȈȧ ȖȉȓȈșȚȤ") 

coalesce ǪȖȏȊȘȈȡȈȍȚ ȌȈȕȕȣȍ Ȑȏ 
ȗȍȘȊȖȋȖ șȚȖȓȉȞȈ, 
șȖȌȍȘȎȈȡȍȋȖ 
ȏȕȈȟȍȕȐȍ, ȖȚȓȐȟȕȖȍ ȖȚ 
NULL 

coalesce("") 
ǪȔȍșȚȖ "" ȕțȎȕȖ ȊșȚȈȊȐȚȤ 
ȗȍȘȍȔȍȕȕțȦ/ȏȕȈȟȍȕȐȍ 
ǷȘȐȔȍȘ: coalesce(`ProductNumber`, 
`ProductName`) 

not ǯȈȌȈȍȚ 
ȗȘȖȚȐȊȖȗȖȓȖȎȕȖȍ 
țșȓȖȊȐȍ 

not(true) 
ǪȔȍșȚȖ true ȕțȎȕȖ ȊșȚȈȊȐȚȤ țșȓȖȊȐȍ 
ǷȘȐȔȍȘ: not(`ǫȖȌ` > 1996) 

create_date ǹȖȏȌȈȍȚ ȗȍȘȍȔȍȕȕțȦ 
ȌȈȚȣ Ȑȏ 
ȗȖșȓȍȌȖȊȈȚȍȓȤȕȖ 
ȊȊȍȌȍȕȕȣȝ ȋȖȌȈ, 
ȔȍșȧȞȈ Ȑ Ȍȕȧ 

create_date(0,0,0) 
ǪȔȍșȚȖ 0 ȕțȎȕȖ ȊșȚȈȊȐȚȤ ȟȐșȓȖȊȖȍ 
ȏȕȈȟȍȕȐȍ/ȟȐșȓȖȊțȦ ȗȍȘȍȔȍȕȕțȦ 
ǷȘȐȔȍȘ: create_date(2016,10,25) 

current_date ǪȖȏȊȘȈȡȈȍȚ ȚȍȒțȡțȦ 
ȌȈȚț 

current_date() 
ǪȊȖȌȐȚșȧ ȉȍȏ ȌȖȗȖȓȕȐȚȍȓȤȕȣȝ 
ȗȈȘȈȔȍȚȘȖȊ 

current_timestamp ǪȖȏȊȘȈȡȈȍȚ ȚȍȒțȡȐȍ 
ȌȈȚț Ȑ ȊȘȍȔȧ 

current_timestamp() 
ǪȊȖȌȐȚșȧ ȉȍȏ ȌȖȗȖȓȕȐȚȍȓȤȕȣȝ 
ȗȈȘȈȔȍȚȘȖȊ 

now ǪȖȏȊȘȈȡȈȍȚ ȚȍȒțȡȐȍ 
ȌȈȚț Ȑ ȊȘȍȔȧ 

now() 
ǪȊȖȌȐȚșȧ ȉȍȏ ȌȖȗȖȓȕȐȚȍȓȤȕȣȝ 
ȗȈȘȈȔȍȚȘȖȊ 

create_datetime ǹȖȏȌȈȍȚ ȗȍȘȍȔȍȕȕțȦ 
ȌȈȚȣ ȊȘȍȔȍȕȐ Ȑȏ 
ȗȖșȓȍȌȖȊȈȚȍȓȤȕȖ 
ȊȊȍȌȍȕȕȣȝ ȋȖȌȈ 
ȔȍșȧȞȈ Ȍȕȧ ȟȈșȈ ȔȐȕțȚ 
Ȑ șȍȒțȕȌ 

create_datetime(0,0,0,0,0,0) 
ǪȔȍșȚȖ 0 ȕțȎȕȖ ȊșȚȈȊȐȚȤ ȟȐșȓȖȊȖȍ 
ȏȕȈȟȍȕȐȍ/ȟȐșȓȖȊțȦ ȗȍȘȍȔȍȕȕțȦ 
ǷȘȐȔȍȘ: 
create_datetime(2016,10,25,12,18,0) 

char_length ǪȖȏȊȘȈȡȈȍȚ ȌȓȐȕț 
șȚȘȖȒȐ 

char_length("") 
ǪȔȍșȚȖ "" ȕțȎȕȖ ȊșȚȈȊȐȚȤ 
șȚȘȖȒț/șȚȘȖȒȖȊțȦ ȗȍȘȍȔȍȕȕțȦ 
ǷȘȐȔȍȘ: char_length(`ǲȖȌ_ȗȘȖȌțȒȚȈ`) 

random ǪȖȏȊȘȈȡȈȍȚ șȓțȟȈȑȕȖȍ 
ȟȐșȓȖ 

random() 
ǪȊȖȌȐȚșȧ ȉȍȏ ȌȖȗȖȓȕȐȚȍȓȤȕȣȝ 
ȗȈȘȈȔȍȚȘȖȊ 

In ǵȈȚțȘȈȓȤȕȣȑ 
ȓȖȋȈȘȐȜȔ 

ln(0) 
ǪȔȍșȚȖ 0 ȕțȎȕȖ ȊșȚȈȊȐȚȤ ȟȐșȓȖȊȖȍ 
ȏȕȈȟȍȕȐȍ/ȟȐșȓȖȊțȦ ȗȍȘȍȔȍȕȕțȦ 
ǷȘȐȔȍȘ: ln(`ǿȐșȓȖȊȈȧ ȗȍȘȍȔȍȕȕȈȧ`) 

exp ЭȒșȗȖȕȍȕȚȈ exp(0) 
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ǶȗȍȘȈȚȖȘ/ǼțȕȒȞȐȧ ǶȗȐșȈȕȐȍ ǺȍȒșȚȖȊȖȍ ȗȘȍȌșȚȈȊȓȍȕȐȍ 
(ȜȖȘȔțȓȈ) 
ǪȔȍșȚȖ 0 ȕțȎȕȖ ȊșȚȈȊȐȚȤ ȟȐșȓȖȊȖȍ 
ȏȕȈȟȍȕȐȍ/ȟȐșȓȖȊțȦ ȗȍȘȍȔȍȕȕțȦ 
ǷȘȐȔȍȘ: exp (`ǿȐșȓȖȊȈȧ 
ȗȍȘȍȔȍȕȕȈȧ`) 

power ǪȖȏȊȍȌȍȕȐȍ Ȋ șȚȍȗȍȕȤ power(0,0) 
ǪȔȍșȚȖ 0 ȕțȎȕȖ ȊșȚȈȊȐȚȤ ȟȐșȓȖȊȖȍ 
ȏȕȈȟȍȕȐȍ/ȟȐșȓȖȊțȦ ȗȍȘȍȔȍȕȕțȦ 
ǷȘȐȔȍȘ: power(`ǿȐșȓȖȊȈȧ 
ȗȍȘȍȔȍȕȕȈȧ`,2) 

sqrt ǲȊȈȌȘȈȚȕȣȑ ȒȖȘȍȕȤ sqrt(0) 
ǪȔȍșȚȖ 0 ȕțȎȕȖ ȊșȚȈȊȐȚȤ ȟȐșȓȖȊȖȍ 
ȏȕȈȟȍȕȐȍ/ȟȐșȓȖȊțȦ ȗȍȘȍȔȍȕȕțȦ 
ǷȘȐȔȍȘ: sqrt (`ǿȐșȓȖȊȈȧ 
ȗȍȘȍȔȍȕȕȈȧ`) 

abs ǨȉșȖȓȦȚȕȖȍ ȏȕȈȟȍȕȐȍ abs(0) 
 
ǪȔȍșȚȖ 0 ȕțȎȕȖ ȊșȚȈȊȐȚȤ ȟȐșȓȖȊȖȍ 
ȏȕȈȟȍȕȐȍ/ȟȐșȓȖȊțȦ ȗȍȘȍȔȍȕȕțȦ 
ǷȘȐȔȍȘ: abs (`ǿȐșȓȖȊȈȧ 
ȗȍȘȍȔȍȕȕȈȧ`) 

ceil ǪȖȏȊȘȈȡȈȍȚ 
ȕȈȐȔȍȕȤȠȍȍ ȞȍȓȖȍ 
ȟȐșȓȖ, ȒȖȚȖȘȖȍ 
ȉȖȓȤȠȍ ȐȓȐ ȘȈȊȕȖ 
ȚȍȒțȡȍȔț ȏȕȈȟȍȕȐȦ 

ceil(0) 
ǪȔȍșȚȖ 0 ȕțȎȕȖ ȊșȚȈȊȐȚȤ ȟȐșȓȖȊȖȍ 
ȏȕȈȟȍȕȐȍ/ȟȐșȓȖȊțȦ ȗȍȘȍȔȍȕȕțȦ 
ǷȘȐȔȍȘ: ceil(25.1) 
ǪȍȘȕȍȚ ȏȕȈȟȍȕȐȍ 26 

floor ǪȖȏȊȘȈȡȈȍȚ 
ȕȈȐȉȖȓȤȠȍȍ ȞȍȓȖȍ 
ȟȐșȓȖ, ȒȖȚȖȘȖȍ 
ȔȍȕȤȠȍ ȐȓȐ ȘȈȊȕȖ 
ȚȍȒțȡȍȔț ȏȕȈȟȍȕȐȦ 

floor(0) 
ǪȔȍșȚȖ 0 ȕțȎȕȖ ȊșȚȈȊȐȚȤ ȟȐșȓȖȊȖȍ 
ȏȕȈȟȍȕȐȍ/ȟȐșȓȖȊțȦ ȗȍȘȍȔȍȕȕțȦ 
ǷȘȐȔȍȘ: floor(25.1) 
ǪȍȘȕȍȚ ȏȕȈȟȍȕȐȍ 25 

extract_from_datetim

e 
ǷȖȓțȟȈȍȚ țȒȈȏȈȕȕțȦ 
ȟȈșȚȤ (ȌȍȕȤ, ȔȍșȧȞ, 
ȋȖȌ, ȟȈș, ȔȐȕțȚȈ, 
șȍȒțȕȌȈ) Ȑȏ ȏȕȈȟȍȕȐȧ 
ȌȈȚȣ Ȑ ȊȘȍȔȍȕȐ 

extract_from_datetime("","") 
ǪȔȍșȚȖ ȗȍȘȊȣȝ ȒȈȊȣȟȍȒ ȕțȎȕȖ țȒȈȏȈȚȤ 
ȕȍȖȉȝȖȌȐȔțȦ ȟȈșȚȤ Ȍȓȧ ȐȏȊȓȍȟȍȕȐȧ: 
·         SECOND 
·         MINUTE 
·         HOUR 
·         DAY 
·         MONTH 
·         YEAR 
ǪȔȍșȚȖ ȊȚȖȘȣȝ ȒȈȊȣȟȍȒ ȕțȎȕȖ țȒȈȏȈȚȤ 
ȗȍȘȍȔȍȕȕțȦ ȚȐȗȈ datetime 
ǷȘȐȔȍȘ: 
extract_from_datetime("DAY",`datetime
`) 

extract_from_date ǷȖȓțȟȈȍȚ țȒȈȏȈȕȕțȦ 
ȟȈșȚȤ (ȌȍȕȤ, ȔȍșȧȞ, 
ȋȖȌ) Ȑȏ ȏȕȈȟȍȕȐȧ ȌȈȚȣ 

extract_from_date("","") 
Ǫ ȗȍȘȊȣȍ ȒȈȊȣȟȒȐ ȕțȎȕȖ ȊȗȐșȈȚȤ 
ȕȍȖȉȝȖȌȐȔțȦ ȟȈșȚȤ Ȍȓȧ ȐȏȊȓȍȟȍȕȐȧ: 
·         DAY 
·         MONTH 
·         YEAR 
ǪȔȍșȚȖ ȊȚȖȘȣȝ ȒȈȊȣȟȍȒ ȕțȎȕȖ țȒȈȏȈȚȤ 
ȗȍȘȍȔȍȕȕțȦ ȚȐȗȈ date 
ǷȘȐȔȍȘ: 
extract_from_date("DAY",`date`) 
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ǶȗȍȘȈȚȖȘ/ǼțȕȒȞȐȧ ǶȗȐșȈȕȐȍ ǺȍȒșȚȖȊȖȍ ȗȘȍȌșȚȈȊȓȍȕȐȍ 
(ȜȖȘȔțȓȈ) 

concat ǶȉȢȍȌȐȕȧȍȚ Ȋ ȍȌȐȕțȦ 
șȚȘȖȒț țȒȈȏȈȕȕȣȍ 
ȏȕȈȟȍȕȐȧ 

concat("") 
ǪȔȍșȚȖ "" ȕțȎȕȖ ȊșȚȈȊȐȚȤ 
șȚȘȖȒȐ/șȚȘȖȒȖȊȣȍ ȗȍȘȍȔȍȕȕȣȍ 
ǷȘȐȔȍȘ: 
concat (`ǼȈȔȐȓȐȧ`, " ", `ǰȔȧ`) 

ǺȈȉȓȐȞȈ 8 ǶȗȍȘȈȚȖȘȣ Ȑ ȜțȕȒȞȐȐ 

ǸȍȏțȓȤȚȈȚȣ ȊȣȗȖȓȕȍȕȐȧ țȏȓȈ: 

 ǺȈȉȓȐȞȈ ș ȗȘȐȔȍȘȖȔ ȌȈȕȕȣȝ. ǶȚȖȉȘȈȎȈȦȚșȧ ȗȍȘȊȣȍ 100 ȕȈȉȓȦȌȍȕȐȑ. 

 

ǸȐșțȕȖȒ 73 ǺȈȉȓȐȞȈ ș ȗȘȐȔȍȘȖȔ ȌȈȕȕȣȝ 

 ǺȈȉȓȐȞȈ ș ȘȍȏțȓȤȚȈȚȈȔȐ șȥȔȗȓȐȘȖȊȈȕȐȧ. 

 

ǸȐșțȕȖȒ 74 ǺȈȉȓȐȞȈ ș ȘȍȏțȓȤȚȈȚȈȔȐ șȥȔȗȓȐȘȖȊȈȕȐȧ 
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3.2.5.6.2. ǻȏȍȓ «ǸȈȏȌȍȓȍȕȐȍ ȊȣȉȖȘȒȐ» 

ǻȏȍȓ «ǸȈȏȌȍȓȍȕȐȍ ȊȣȉȖȘȒȐ» ȘȈȏȉȐȊȈȍȚ ȕȈȉȖȘ ȌȈȕȕȣȝ ȕȈ ȟȈșȚȐ: ȖȉțȟȈȦȡțȦ 
(ȐșȗȖȓȤȏțȍȔțȦ Ȋ ȗȘȖȞȍșșȍ ȖȉțȟȍȕȐȧ ȔȖȌȍȓȐ), ȊȈȓȐȌȈȞȐȖȕȕțȦ (ȐșȗȖȓȤȏțȍȔțȦ Ȍȓȧ 
ȗȖȌȉȖȘȈ ȖȗȚȐȔȈȓȤȕȖȋȖ ȕȈȉȖȘȈ ȋȐȗȍȘȗȈȘȈȔȍȚȘȖȊ ȔȖȌȍȓȐ) Ȑ ȚȍșȚȖȊțȦ șȖȋȓȈșȕȖ 
ȏȈȌȈȕȕȣȔ ǷȖȓȤȏȖȊȈȚȍȓȍȔ ȗȘȖȗȖȘȞȐȧȔ. 

 

ǸȐșțȕȖȒ 75 ǷȘȐȕȞȐȗ ȘȈȉȖȚȣ țȏȓȈ «ǸȈȏȌȍȓȍȕȐȍ ȊȣȉȖȘȒȐ» 

ǸȈȏȉȐȍȕȐȍ ȔȖȎȕȖ ȗȘȖȐȏȊȍșȚȐ ȌȊțȔȧ șȗȖșȖȉȈȔȐ: 

 ǷȘȖșȚȈȧ șȓțȟȈȑȕȈȧ ȊȣȉȖȘȒȈ — Ȋșȍ ȕȈȉȓȦȌȍȕȐȧ ȐȔȍȦȚ ȖȌȐȕȈȒȖȊțȦ 
ȊȍȘȖȧȚȕȖșȚȤ ȉȣȚȤ ȖȚȖȉȘȈȕȕȣȔȐ. 

 ǪȣȉȖȘȒȈ șȖ șȚȘȈȚȐȜȐȒȈȞȐȍȑ — șȓțȟȈȑȕȣȑ ȖȚȉȖȘ ȕȈȉȓȦȌȍȕȐȑ 
ȗȘȖȐȏȊȖȌȐȚșȧ Ȋ ȗȘȍȌȍȓȈȝ ȒȈȎȌȖȋȖ ȒȓȈșșȈ (Ț.ȍ. ș ȗȖȔȖȡȤȦ șȚȘȈȚȐȜȐȒȈȞȐȐ 
ȔȖȎȕȖ ȐȏȉȍȎȈȚȤ "ȕȍȗȘȍȌșȚȈȊȐȚȍȓȤȕȖȑ" ȊȣȉȖȘȒȐ (ȒȖȋȌȈ Ȋ ȊȣȉȖȘȒț ȗȖȗȈȌȈȦȚ 
ȕȈȉȓȦȌȍȕȐȧ ȚȖȓȤȒȖ ȖȌȕȖȑ șȚȘȈȚȣ/ȒȓȈșșȈ) ȟȚȖ ȕȍ ȋȈȘȈȕȚȐȘțȍȚșȧ ȗȘȖșȚȖȑ 
șȓțȟȈȑȕȖȑ ȊȣȉȖȘȒȖȑ) 

ǹȗȐșȖȒ ȗȈȘȈȔȍȚȘȖȊ țȏȓȈ ȗȘȍȌșȚȈȊȓȍȕ Ȋ ȚȈȉȓȐȞȍ ȕȐȎȍ. 

ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ 

ǵȈȏȊȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ 
ȏȕȈȟȍȕȐȍ ȕȍȚ 

ǵȈȏȊȈȕȐȍ țȏȓȈ, ȒȖȚȖȘȖȍ ȉțȌȍȚ ȖȚȖȉȘȈȎȈȚȤșȧ Ȋ 
ȐȕȚȍȘȜȍȑșȍ 

ǶȗȐșȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ 
ȏȕȈȟȍȕȐȍ ȕȍȚ 

ǶȗȐșȈȕȐȍ țȏȓȈ 

ǸȈȏȌȍȓȍȕȐȍ 
ȊȣȉȖȘȒȐ ȕȈ 
ȟȈșȚȐ 

ǸțȟȕȖȑ ȊȊȖȌ ȌȖȓȐ (Ȋ 
%) Ȍȓȧ ȒȈȎȌȖȑ ȟȈșȚȐ 
ǹțȔȔȈ ȌȖȓȍȑ ȌȖȓȎȕȈ 
ȉȣȚȤ ȘȈȊȕȈ 100% 

ǬȖȓȐ ȖȉțȟȈȦȡȍȑ, ȊȈȓȐȌȈȞȐȖȕȕȖȑ Ȑ ȚȍșȚȖȊȖȑ 
ȊȣȉȖȘȖȒ Ȋ ȐșȝȖȌȕȖȔ ȕȈȉȖȘȍ ȌȈȕȕȣȝ 

ǴȍȚȖȌ 
ȘȈȏȉȐȍȕȐȧ 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ 
șȗȐșȖȒ șȖ 
șȓȍȌțȦȡȐȔȐ 
ȏȕȈȟȍȕȐȧȔȐ: 

 Simple Random 
(ȗȖ țȔȖȓȟȈȕȐȦ) 

 Stratified 

ǴȍȚȖȌ ȘȈȏȉȐȍȕȐȧ ȐșȝȖȌȕȖȋȖ ȕȈȉȖȘȈ ȌȈȕȕȣȝ. 
ǷȘȍȌțșȔȖȚȘȍȕȣ: 

 Simple Random — Ȋșȍ ȕȈȉȓȦȌȍȕȐȧ 
ȐȔȍȦȚ ȖȌȐȕȈȒȖȊȣȑ ȠȈȕș ȉȣȚȤ 
ȖȚȖȉȘȈȕȕȣȔȐ 

 Stratified — șȓțȟȈȑȕȣȑ ȖȚȉȖȘ 
ȕȈȉȓȦȌȍȕȐȑ ȊȣȗȖȓȕȧȍȚșȧ Ȋ ȗȘȍȌȍȓȈȝ 
ȒȈȎȌȖȋȖ ȒȓȈșșȈ (ȗȘȐ ȊȣȉȖȘȍ ȌȈȕȕȖȋȖ 
ȔȍȚȖȌȈ ȗȖȧȊȐȚșȧ ȗȖȓȍ «ǹȗȐșȖȒ 
ȊȝȖȌȕȣȝ ȗȍȘȍȔȍȕȕȣȝ» Ȍȓȧ țȒȈȏȈȕȐȧ 
ȗȍȘȍȔȍȕȕȖȑ, ȗȖ ȒȖȚȖȘȖȑ ȉțȌȍȚ 
ȗȘȖȊȖȌȐȚȤșȧ șȚȘȈȚȐȜȐȒȈȞȐȧ) 



 

 

 90 

ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ 

Seed ǸțȟȕȖȑ ȊȊȖȌ 
ȟȐșȓȖȊȖȋȖ ȏȕȈȟȍȕȐȧ 
ǷȖ țȔȖȓȟȈȕȐȦ — 
12345 

ǵȈȟȈȓȤȕȖȍ ȟȐșȓȖȊȖȍ ȏȕȈȟȍȕȐȍ Ȍȓȧ ȋȍȕȍȘȈȚȖȘȈ 
șȓțȟȈȑȕȣȝ ȟȐșȍȓ 
ǰșȗȖȓȤȏțȍȚșȧ Ȍȓȧ ȊȖșȗȘȖȐȏȊȍȌȍȕȐȧ ȘȍȏțȓȤȚȈȚȖȊ 
ȗȘȐ ȗȖȊȚȖȘȕȖȔ ȏȈȗțșȒȍ 

ǺȈȉȓȐȞȈ 9 ǷȈȘȈȔȍȚȘȣ țȏȓȈ «ǸȈȏȌȍȓȍȕȐȍ ȊȣȉȖȘȒȐ» 

ǸȍȏțȓȤȚȈȚȣ ȊȣȗȖȓȕȍȕȐȧ țȏȓȈ: 

 ǺȈȉȓȐȞȈ ș ȗȘȐȔȍȘȖȔ ȌȈȕȕȣȝ. ǶȚȖȉȘȈȎȈȦȚșȧ ȗȍȘȊȣȍ 100 ȕȈȉȓȦȌȍȕȐȑ. 

 

ǸȐșțȕȖȒ 76 ǺȈȉȓȐȞȈ ș ȗȘȐȔȍȘȖȔ ȌȈȕȕȣȝ 

Ǫ ȘȍȏțȓȤȚȈȚȍ ȊȣȗȖȓȕȍȕȐȧ țȏȓȈ ȉțȌȍȚ ȘȈșșȟȐȚȈȕȈ ȕȖȊȈȧ ȗȍȘȍȔȍȕȕȈȧ, ȗȖ ȒȖȚȖȘȖȑ 
ȌȈȓȍȍ ȉțȌȍȚ ȗȘȖȐȏȊȖȌȐȚȤșȧ ȘȈȏȌȍȓȍȕȐȍ ȕȈȉȖȘȈ ȌȈȕȕȣȝ ȕȈ ȊȣȉȖȘȒȐ (ȗȍȘȍȔȍȕȕȈȧ 
_partid_0). 

 ǺȈȉȓȐȞȈ ș țȒȈȏȈȕȐȍȔ ȌȖȓȍȑ Ȑ ȒȖȓȐȟȍșȚȊȈ ȕȈȉȓȦȌȍȕȐȑ, ȗȖȗȈȊȠȐȝ Ȋ 
șȖȖȚȊȍȚșȚȊțȦȡțȦ ȊȣȉȖȘȒț. 

 

ǸȐșțȕȖȒ 77 ǷȘȐȔȍȘ ȚȈȉȓȐȞȣ ș țȒȈȏȈȕȐȍȔ ȊȣȉȖȘȖȒ Ȑ ȒȖȓȐȟȍșȚȊȈ ȕȈȉȓȦȌȍȕȐȑ 
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3.2.5.6.3. ǻȏȍȓ «Sample» 

ǻȏȍȓ «Sample» ȗȖȏȊȖȓȧȍȚ șȜȖȘȔȐȘȖȊȈȚȤ ȘȍȗȘȍȏȍȕȚȈȚȐȊȕțȦ ȊȣȉȖȘȒț Ȑȏ ȐșȝȖȌȕȖȋȖ 
ȕȈȉȖȘȈ ȌȈȕȕȣȝ, Ȉ ȚȈȒȎȍ șȒȖȘȘȍȒȚȐȘȖȊȈȚȤ ȕȍȘȈȊȕȖȔȍȘȕȖȍ ȘȈșȗȘȍȌȍȓȍȕȐȍ ȒȓȈșșȖȊ. 
ǷȘȍȌțșȔȖȚȘȍȕȣ ȌȊȈ ȔȍȚȖȌȈ ȗȖșȚȘȖȍȕȐȧ ȊȣȉȖȘȒȐ: 

 ǷȘȖșȚȈȧ șȓțȟȈȑȕȈȧ ȊȣȉȖȘȒȈ — Ȋșȍ ȕȈȉȓȦȌȍȕȐȧ ȐȔȍȦȚ ȖȌȐȕȈȒȖȊțȦ 
ȊȍȘȖȧȚȕȖșȚȤ ȉȣȚȤ ȖȚȖȉȘȈȕȕȣȔȐ. 

 ǪȣȉȖȘȒȈ șȖ șȚȘȈȚȐȜȐȒȈȞȐȍȑ — șȓțȟȈȑȕȣȑ ȖȚȉȖȘ ȕȈȉȓȦȌȍȕȐȑ 
ȗȘȖȐȏȊȖȌȐȚșȧ Ȋ ȗȘȍȌȍȓȈȝ ȒȈȎȌȖȋȖ ȒȓȈșșȈ (Ț.ȍ. ș ȗȖȔȖȡȤȦ șȚȘȈȚȐȜȐȒȈȞȐȐ 
ȔȖȎȕȖ ȐȏȉȍȎȈȚȤ "ȕȍȗȘȍȌșȚȈȊȐȚȍȓȤȕȖȑ" ȊȣȉȖȘȒȐ (ȒȖȋȌȈ Ȋ ȊȣȉȖȘȒț ȗȖȗȈȌȈȦȚ 
ȕȈȉȓȦȌȍȕȐȧ ȚȖȓȤȒȖ ȖȌȕȖȑ șȚȘȈȚȣ/ȒȓȈșșȈ) ȟȚȖ ȕȍ ȋȈȘȈȕȚȐȘțȍȚșȧ ȗȘȖșȚȖȑ 
șȓțȟȈȑȕȖȑ ȊȣȉȖȘȒȖȑ). 
 

Ǫ ȏȈȌȈȟȍ ȒȓȈșșȐȜȐȒȈȞȐȐ ȌȈȕȕȣȍ ȕȈȏȣȊȈȦȚșȧ ȕȍșȉȈȓȈȕșȐȘȖȊȈȕȕȣȔȐ, ȒȖȋȌȈ Ȋ 
ȖȉțȟȈȦȡȍȑ ȊȣȉȖȘȒȍ ȌȖȓȐ ȖȉȢȍȒȚȖȊ ȘȈȏȕȣȝ ȒȓȈșșȖȊ șțȡȍșȚȊȍȕȕȖ ȘȈȏȓȐȟȈȦȚșȧ. 

Ǭȓȧ ȒȖȘȘȍȒȚȐȘȖȊȒȐ ȕȍȘȈȊȕȖȔȍȘȕȖȋȖ ȘȈșȗȘȍȌȍȓȍȕȐȧ ȒȓȈșșȖȊ ȗȘȍȌțșȔȖȚȘȍȕȈ 
șțȉȌȐșȒȘȍȚȐȏȈȞȐȧ (undersampling), ȒȖȚȖȘȈȧ ȏȈȔȍȕȧȍȚ ȉȖȓȤȠȐȑ ȒȓȈșș 
ȗȖȌȊȣȉȖȘȒȖȑ ȗȖ ȔȖȡȕȖșȚȐ ȘȈȊȕȖȑ ȔȈȓȖȔț ȒȓȈșșț. 

 

ǸȐșțȕȖȒ 78 ǷȘȐȕȞȐȗ ȘȈȉȖȚȣ ȔȍȚȖȌȈ Undersampling 

ǷȘȐ ȊȣȉȖȘȍ ȟȍȒȉȖȒșȈ ǰșȗȖȓȤȏȖȊȈȚȤ undersampling ȗȈȘȈȔȍȚȘ ǬȖȓȧ 
ȕȈȉȓȦȌȍȕȐȑ Ȋ ȊȣȉȖȘȒȍ ȐȋȕȖȘȐȘțȍȚșȧ. 

ǭșȓȐ ȊȣȉȘȈȕȣ ǪȣȉȖȘȒȈ șȖ șȚȘȈȚȐȜȐȒȈȞȐȍȑ Ȑ ȟȍȒȉȖȒș ǰșȗȖȓȤȏȖȊȈȚȤ 

undersampling, ȚȖ șȚȘȈȚȐȜȐȒȈȞȐȧ ȌȍȓȈȍȚșȧ ȖȚȌȍȓȤȕȖ Ȍȓȧ ȊȣȉȖȘȒȐ ș ȞȍȓȍȊȣȔ 
ȒȓȈșșȖȔ Ȑ ȖȚȌȍȓȤȕȖ Ȍȓȧ ȊȣȉȖȘȒȐ ș ȗȘȖȟȐȔȐ ȒȓȈșșȈȔȐ. ǷȘȐ ȥȚȖȔ ȔȖȎȍȚ ȗȖȓțȟȐȚȤșȧ Ȋ 
ȞȍȓȖȔ ȕȍșȚȘȈȚȐȜȐȞȐȘȖȊȈȕȕȈȧ ȊȣȉȖȘȒȈ, Ț.Ȓ. ȘȈșȗȘȍȌȍȓȍȕȐȧ ȗȍȘȍȔȍȕȕȣȝ Ȋ ȊȣȉȖȘȒȍ 
ȗȖ ȞȍȓȍȊȖȔț ȒȓȈșșț ȔȖȎȍȚ ȖȚȓȐȟȈȚȤșȧ ȖȚ ȘȈșȗȘȍȌȍȓȍȕȐȑ ȊȖ Ȋșȍȑ ȊȣȉȖȘȒȍ. 

ǾȍȓȍȊȖȑ ȒȓȈșș ȏȈȌȈȍȚșȧ Ȋ țȏȓȍ «ǴȍȚȈȌȈȕȕȣȍ». 

ǭșȓȐ ȊȣȉȘȈȚȤ ȟȍȒȉȖȒș ǰșȗȖȓȤȏȖȊȈȚȤ Undersampling Ȑ ǬȖȓȦ ȞȍȓȍȊȖȋȖ ȒȓȈșșȈ Ȋ 
ȊȣȉȖȘȒȍ ȏȈȌȈȚȤ ȔȍȕȤȠȍ ȌȖȓȐ ȞȍȓȍȊȖȋȖ ȒȓȈșșȈ ȊȖ ȊȝȖȌȕȣȝ ȌȈȕȕȣȝ, ȚȖ ȊȖȏȕȐȒȕȍȚ 
ȖȠȐȉȒȈ. ЭȚȖ șȊȧȏȈȕȖ ș ȚȍȔ, ȟȚȖ ȊȖȏȔȖȎȕȈ șȐȚțȈȞȐȧ, ȒȖȋȌȈ Ȋ ȊȣȉȖȘȒȍ ȌȖȓȎȕȖ ȉȣȚȤ 
ȉȖȓȤȠȍ ȕȈȉȓȦȌȍȕȐȑ ș ȗȘȖȟȐȔȐ ȒȓȈșșȈȔȐ, ȟȍȔ Ȑȝ ȍșȚȤ ȊȖ ȊșȍȔ ȐșȝȖȌȕȖȔ ȕȈȉȖȘȍ. 
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ǹȗȐșȖȒ ȗȈȘȈȔȍȚȘȖȊ țȏȓȈ ȗȘȍȌșȚȈȊȓȍȕ Ȋ ȚȈȉȓȐȞȍ ȕȐȎȍ. 

ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ ȏȕȈȟȍȕȐȧ 
Ȑ ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ 

ǵȈȏȊȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ ȏȕȈȟȍȕȐȧ 
ȕȍȚ 

ǵȈȏȊȈȕȐȍ țȏȓȈ, ȒȖȚȖȘȖȍ ȉțȌȍȚ 
ȖȚȖȉȘȈȎȈȚȤșȧ Ȋ ȐȕȚȍȘȜȍȑșȍ 

ǶȗȐșȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ ȏȕȈȟȍȕȐȧ 
ȕȍȚ 

ǶȗȐșȈȕȐȍ țȏȓȈ 

ǴȍȚȖȌ ȗȖșȚȘȖȍȕȐȧ 
ȊȣȉȖȘȒȐ 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ șȗȐșȖȒ 
șȖ șȓȍȌțȦȡȐȔȐ 
ȏȕȈȟȍȕȐȧȔȐ: 

 ǷȘȖșȚȈȧ șȓțȟȈȑȕȈȧ 
ȊȣȉȖȘȒȈ 

 ǪȣȉȖȘȒȈ șȖ 
șȚȘȈȚȐȜȐȒȈȞȐȍȑ 

ǴȍȚȖȌ ȘȈȏȉȐȍȕȐȧ ȐșȝȖȌȕȖȋȖ ȕȈȉȖȘȈ 
ȌȈȕȕȣȝ. ǷȘȍȌțșȔȖȚȘȍȕȣ: 

 ǷȘȖșȚȈȧ șȓțȟȈȑȕȈȧ 

ȊȣȉȖȘȒȈ — Ȋșȍ ȕȈȉȓȦȌȍȕȐȧ 
ȐȔȍȦȚ ȖȌȐȕȈȒȖȊțȦ 
ȊȍȘȖȧȚȕȖșȚȤ ȉȣȚȤ 
ȖȚȖȉȘȈȕȕȣȔȐ 

 ǪȣȉȖȘȒȈ șȖ 
șȚȘȈȚȐȜȐȒȈȞȐȍȑ — 
șȓțȟȈȑȕȣȑ ȖȚȉȖȘ ȕȈȉȓȦȌȍȕȐȑ 
ȗȘȖȐȏȊȖȌȐȚșȧ Ȋ ȗȘȍȌȍȓȈȝ 
ȒȈȎȌȖȋȖ ȒȓȈșșȈ 

ǬȖȓȧ ȕȈȉȓȦȌȍȕȐȑ 
Ȋ ȊȣȉȖȘȒȍ 

ǸțȟȕȖȑ ȊȊȖȌ ȟȐșȓȖȊȖȋȖ 
ȏȕȈȟȍȕȐȧ 
ǯȕȈȟȍȕȐȍ ȕȍ ȌȖȓȎȕȖ ȉȣȚȤ 
ȉȖȓȤȠȍ 1 Ȑ ȔȍȕȤȠȍ ȐȓȐ 
ȘȈȊȕȖ 0 
ǷȖ țȔȖȓȟȈȕȐȦ — 0,5 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȌȖȓȦ 
ȕȈȉȓȦȌȍȕȐȑ, ȒȖȚȖȘȣȍ ȗȖȗȈȌțȚ Ȋ 
ȊȣȉȖȘȒț Ȑȏ ȊȝȖȌȕȣȝ ȌȈȕȕȣȝ 

Seed ǸțȟȕȖȑ ȊȊȖȌ ȟȐșȓȖȊȖȋȖ 
ȏȕȈȟȍȕȐȧ 
ǷȖ țȔȖȓȟȈȕȐȦ — 42 

ǵȈȟȈȓȤȕȖȍ ȟȐșȓȖȊȖȍ ȏȕȈȟȍȕȐȍ Ȍȓȧ 
ȋȍȕȍȘȈȚȖȘȈ șȓțȟȈȑȕȣȝ ȟȐșȍȓ. 
ǰșȗȖȓȤȏțȍȚșȧ Ȍȓȧ ȊȖșȗȘȖȐȏȊȍȌȍȕȐȧ 
ȘȍȏțȓȤȚȈȚȖȊ ȗȘȐ ȗȖȊȚȖȘȕȖȔ ȏȈȗțșȒȍ 

ǷȍȘȍȔȍȕȕȣȍ Ȍȓȧ 
șȚȘȈȚȐȜȐȒȈȞȐȐ 

ǷȖȓȍ ȊȣȉȖȘȈ șȖ șȗȐșȒȖȔ 
ȗȍȘȍȔȍȕȕȣȝ 

Ǫ șȓțȟȈȍ ȊȣȉȖȘȈ ǪȣȉȖȘȒȐ șȖ 
șȚȘȈȚȐȜȐȒȈȞȐȍȑ ȕțȎȕȖ țȒȈȏȈȚȤ 
ȗȍȘȍȔȍȕȕțȦ, ȗȖ ȒȖȚȖȘȖȑ ȉțȌȍȚ 
ȗȘȖȊȖȌȐȚȤșȧ șȚȘȈȚȐȜȐȒȈȞȐȧ 

ǰșȗȖȓȤȏȖȊȈȚȤ 
Undersampling 

ǿȍȒȉȖȒș ǪȣȉȖȘ ȌȈȕȕȖȋȖ ȟȍȒȉȖȒșȈ țȒȈȏȣȊȈȍȚ 
ȕȈ șȚȘȈȚȍȋȐȦ șȥȔȗȓȐȘȖȊȈȕȐȧ — 
șțȉȌȐșȒȘȍȚȐȏȈȞȐȧ, ȒȖȚȖȘȈȧ 
țȌȈȓȧȍȚ ȕȈȉȓȦȌȍȕȐȧ Ȑȏ ȉȖȓȤȠȍȋȖ 
ȒȓȈșșȈ. 

ǬȖȓȧ ȞȍȓȍȊȖȋȖ 
ȒȓȈșșȈ 
ȖȚȕȖșȐȚȍȓȤȕȖ 
ȊȝȖȌȕȣȝ ȌȈȕȕȣȝ 

ǸțȟȕȖȑ ȊȊȖȌ ȟȐșȓȖȊȖȋȖ 
ȏȕȈȟȍȕȐȧ 
ǯȕȈȟȍȕȐȍ ȕȍ ȌȖȓȎȕȖ ȉȣȚȤ 
ȉȖȓȤȠȍ 1 Ȑ ȔȍȕȤȠȍ ȐȓȐ 
ȘȈȊȕȖ 0 
ǷȖ țȔȖȓȟȈȕȐȦ — 1 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȌȖȓȦ 
ȞȍȓȍȊȖȋȖ ȒȓȈșșȈ ȖȚȕȖșȐȚȍȓȤȕȖ 
ȊȝȖȌȕȣȝ ȌȈȕȕȣȝ 

ǬȖȓȧ ȞȍȓȍȊȖȋȖ 
ȒȓȈșșȈ Ȋ ȊȣȉȖȘȒȍ 

ǸțȟȕȖȑ ȊȊȖȌ ȟȐșȓȖȊȖȋȖ 
ȏȕȈȟȍȕȐȧ 
ǯȕȈȟȍȕȐȍ ȕȍ ȌȖȓȎȕȖ ȉȣȚȤ 
ȉȖȓȤȠȍ 1 Ȑ ȔȍȕȤȠȍ ȐȓȐ 
ȘȈȊȕȖ 0 
ǷȖ țȔȖȓȟȈȕȐȦ — 0,2 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȌȖȓȦ 
ȞȍȓȍȊȖȋȖ ȒȓȈșșȈ Ȋ ȊȣȉȖȘȒȍ 

ǺȈȉȓȐȞȈ 10 ǷȈȘȈȔȍȚȘȣ țȏȓȈ «Sample» 
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ǸȍȏțȓȤȚȈȚȣ ȊȣȗȖȓȕȍȕȐȧ țȏȓȈ: 

 ǺȈȉȓȐȞȈ ș ȗȘȐȔȍȘȖȔ ȌȈȕȕȣȝ. ǶȚȖȉȘȈȎȈȦȚșȧ ȗȍȘȊȣȍ 100 ȕȈȉȓȦȌȍȕȐȑ. 

 

 ǺȈȉȓȐȞȈ ș ȘȍȏțȓȤȚȈȚȈȔȐ șȥȔȗȓȐȘȖȊȈȕȐȧ. 

 

ǸȐșțȕȖȒ 79  ǷȘȐȔȍȘ ȚȈȉȓȐȞȣ ș ȘȍȏțȓȤȚȈȚȈȔȐ șȥȔȗȓȐȘȖȊȈȕȐȧ 

 

ǸȐșțȕȖȒ 80 ǷȘȐȔȍȘ ȚȈȉȓȐȞȣ ș ȘȍȏțȓȤȚȈȚȈȔȐ șȥȔȗȓȐȘȖȊȈȕȐȧ (ș undersampling) 
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 ǺȈȉȓȐȞȈ ș ȘȍȏțȓȤȚȈȚȈȔȐ șȚȘȈȚȐȜȐȒȈȞȐȐ (ȖȚȖȉȘȈȎȈȍȚșȧ ȗȘȐ ȊȣȉȖȘȍ ȔȍȚȖȌȈ 
ȗȖșȚȘȖȍȕȐȧ ȊȣȉȖȘȒȐ ǪȣȉȖȘȒȈ șȖ șȚȘȈȚȐȜȐȒȈȞȐȍȑ). 

 

ǸȐșțȕȖȒ 81 ǷȘȐȔȍȘ ȚȈȉȓȐȞȣ ș ȘȍȏțȓȤȚȈȚȈȔȐ șȚȘȈȚȐȜȐȒȈȞȐȐ 

 ǺȈȉȓȐȞȈ ș ȘȍȏțȓȤȚȈȚȈȔȐ șȚȘȈȚȐȜȐȒȈȞȐȐ Ȍȓȧ ȞȍȓȍȊȖȋȖ ȒȓȈșșȈ (ȖȚȖȉȘȈȎȈȍȚșȧ 
ȗȘȐ ȊȣȉȖȘȍ ȟȍȒȉȖȒșȈ ǰșȗȖȓȤȏȖȊȈȚȤ Undersampling Ȑ ǪȣȉȖȘȒȍ șȖ 
șȚȘȈȚȐȜȐȒȈȞȐȍȑ). 

 

ǸȐșțȕȖȒ 82 ǷȘȐȔȍȘ ȚȈȉȓȐȞȣ ș ȘȍȏțȓȤȚȈȚȈȔȐ șȚȘȈȚȐȜȐȒȈȞȐȐ Ȍȓȧ ȞȍȓȍȊȖȋȖ ȒȓȈșșȈ 

 ǺȈȉȓȐȞȈ ș ȘȍȏțȓȤȚȈȚȈȔȐ șȚȘȈȚȐȜȐȒȈȞȐȐ Ȍȓȧ ȗȘȖȟȐȝ ȒȓȈșșȖȊ (ȖȚȖȉȘȈȎȈȍȚșȧ 
ȗȘȐ ȊȣȉȖȘȍ ȟȍȒȉȖȒșȈ ǰșȗȖȓȤȏȖȊȈȚȤ Undersampling Ȑ ǪȣȉȖȘȒȍ șȖ 
șȚȘȈȚȐȜȐȒȈȞȐȍȑ). 

 

ǸȐșțȕȖȒ 83 ǷȘȐȔȍȘ ȚȈȉȓȐȞȣ ș ȘȍȏțȓȤȚȈȚȈȔȐ șȚȘȈȚȐȜȐȒȈȞȐȐ Ȍȓȧ ȗȘȖȟȐȝ ȒȓȈșșȖȊ 
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3.2.5.6.4. ǻȏȍȓ «ǼȐȓȤȚȘ» 

ǻȏȍȓ «ǼȐȓȤȚȘ» ȗȖȏȊȖȓȧȍȚ ȗȖ ȏȈȌȈȕȕȣȔ țșȓȖȊȐȧȔ țȌȈȓȐȚȤ ȟȈșȚȤ ȕȈȉȓȦȌȍȕȐȑ Ȑȏ 
ȗȘȖȞȍșșȈ ȔȖȌȍȓȐȘȖȊȈȕȐȧ. ǶȚȜȐȓȤȚȘȖȊȈȕȕȣȍ (ȕȍ șȖȖȚȊȍȚșȚȊțȦȡȐȍ ȒȘȐȚȍȘȐȧȔ 
ȜȐȓȤȚȘȈȞȐȐ) ȌȈȕȕȣȍ ȕȍ ȗȖȗȈȌțȚ ȕȈ ȊȝȖȌ ȗȖșȓȍȌțȦȡȐȝ țȏȓȖȊ. 

ǹȗȐșȖȒ ȗȈȘȈȔȍȚȘȖȊ țȏȓȈ ȗȘȍȌșȚȈȊȓȍȕ Ȋ ȚȈȉȓȐȞȍ ȕȐȎȍ. 

ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ ȏȕȈȟȍȕȐȧ 
Ȑ ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ 

ǵȈȏȊȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ ȏȕȈȟȍȕȐȍ 
ȕȍȚ 

ǵȈȏȊȈȕȐȍ țȏȓȈ, ȒȖȚȖȘȖȍ ȉțȌȍȚ 
ȖȚȖȉȘȈȎȈȚȤșȧ Ȋ ȐȕȚȍȘȜȍȑșȍ 

ǶȗȐșȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ ȏȕȈȟȍȕȐȍ 
ȕȍȚ 

ǶȗȐșȈȕȐȍ țȏȓȈ 

ǷȖȓȍ Ȍȓȧ ȊȊȖȌȈ 
ȜȖȘȔțȓȣ 

ǷȖȓȍ ȊȊȖȌȈ țșȓȖȊȐȧ 
ȜȐȓȤȚȘȈȞȐȐ 

ǷȘȐ ȊȣȉȖȘȍ ȗȖȓȧ ȊȊȖȌȈ ȖȚȒȘȖȍȚșȧ ȖȒȕȖ 
ǼȖȘȔțȓȈ (ȗȖȌȘȖȉȕȖȍ ȖȗȐșȈȕȐȍ ȕȐȎȍ). 

ǺȈȉȓȐȞȈ 11 ǷȈȘȈȔȍȚȘȣ țȏȓȈ «ǼȐȓȤȚȘ» 

ǶȒȕȖ ǼȖȘȔțȓȈ 

Ǫ ȖȒȕȍ ǼȖȘȔțȓȈ ȏȈȌȈȍȚșȧ țșȓȖȊȐȍ ȖȚȉȖȘȈ ȕȈȉȓȦȌȍȕȐȑ Ȑȏ ȐșȝȖȌȕȖȋȖ ȕȈȉȖȘȈ 
ȌȈȕȕȣȝ. 

ǶșȕȖȊȕȣȔȐ ȥȓȍȔȍȕȚȈȔȐ ȖȒȕȈ ǼȖȘȔțȓȈ ȧȊȓȧȦȚșȧ: 

 

ǸȐșțȕȖȒ 84 ǶȒȕȖ ǼȖȘȔțȓȈ 
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1. ǹȚȘȖȒȈ ȊȊȖȌȈ ȚȍȒșȚȖȊȖȋȖ ȗȘȍȌșȚȈȊȓȍȕȐȧ țșȓȖȊȐȧ. 

2. ǸȈȉȖȟȍȍ ȗȖȓȍ, Ȋ ȒȖȚȖȘȖȔ șȚȘȖȐȚșȧ ȋȘȈȜȐȟȍșȒȖȍ ȗȘȍȌșȚȈȊȓȍȕȐȍ țșȓȖȊȐȧ. 

3. ǪȒȓȈȌȒȈ, ȒȖȚȖȘȈȧ ȖȚȒȘȣȊȈȍȚșȧ ȗȘȐ ȡȍȓȟȒȍ ȗȘȈȊȖȑ ȒȕȖȗȒȖȑ ȔȣȠȐ Ȋ șȚȘȖȒȍ 
ȊȊȖȌȈ, Ȑ ȊȒȓȦȟȈȍȚ Ȋ șȍȉȧ: 

o ǷȍȘȍȔȍȕȕȣȍ Ȑȏ ȕȈȉȖȘȈ ȌȈȕȕȣȝ. 

o ǶȗȍȘȈȚȖȘȣ Ȑ ȜțȕȒȞȐȐ, ȗȘȍȌșȚȈȊȓȍȕȕȣȍ Ȋ ȚȈȉȓȐȞȍ ȕȐȎȍ. 

ǷȖȏȊȖȓȧȍȚ ȗȘȖșȔȈȚȘȐȊȈȚȤ ȗȍȘȍȔȍȕȕȣȍ ȕȈȉȖȘȈ ȌȈȕȕȣȝ Ȑ șȚȘȖȐȚȤ ȒȖȕșȚȘțȒȞȐȐ 
țșȓȖȊȐȑ. 

Ǭȓȧ ȏȈȌȈȕȐȧ țșȓȖȊȐȧ ȕȍȖȉȝȖȌȐȔȖ: 

 Ǫ șȚȘȖȒț ȚȍȒșȚȖȊȖȋȖ ȗȘȍȌșȚȈȊȓȍȕȐȧ ȊȊȍșȚȐ țșȓȖȊȐȍ, ȐșȗȖȓȤȏțȧ ȖȗȍȘȈȚȖȘȣ, 
ȜțȕȒȞȐȐ (ǺȈȉȓȐȞȈ 8) Ȑ ȗȍȘȍȔȍȕȕȣȍ ȕȈȉȖȘȈ ȌȈȕȕȣȝ. 

o ǵȈȏȊȈȕȐȍ ȗȍȘȍȔȍȕȕȖȑ ȌȖȓȎȕȖ ȉȣȚȤ țȒȈȏȈȕȖ Ȋ ȖȉȘȈȚȕȣȝ ȖȌȐȕȈȘȕȣȝ 
ȒȈȊȣȟȒȈȝ (` `). ǷȘȐȔȍȘ: `ǫȖȌ` > 1996. 

o Ǫ ȒȈȟȍșȚȊȍ ȌȍșȧȚȐȟȕȖȋȖ ȘȈȏȌȍȓȐȚȍȓȧ ȐșȗȖȓȤȏțȍȚșȧ ȚȖȟȒȈ. 

o ǹȚȘȖȒȈ ȌȖȓȎȕȈ țȒȈȏȣȊȈȚȤșȧ Ȋ ȌȊȖȑȕȣȝ ȒȈȊȣȟȒȈȝ. ǷȘȐȔȍȘ: `ǷȖȓ` = 
"ȔțȎșȒȖȑ". 

 ǷȖșȔȖȚȘȍȚȤ șȗȐșȖȒ ȖȗȍȘȈȚȖȘȖȊ, ȜțȕȒȞȐȑ Ȑ ȗȍȘȍȔȍȕȕȣȝ, Ȉ ȚȈȒȎȍ ȌȖȉȈȊȐȚȤ Ȑȝ 
Ȋ țșȓȖȊȐȍ ȔȖȎȕȖ Ȑ Ȋ ȗȈȕȍȓȐ, ȒȖȚȖȘȈȧ ȖȚȒȘȣȊȈȍȚșȧ ȗȘȐ ȡȍȓȟȒȍ ȗȘȈȊȖȑ 
ȒȕȖȗȒȖȑ ȔȣȠȐ ȗȖ șȚȘȖȒȍ ȊȊȖȌȈ. 

ǹȗȐșȖȒ ȜțȕȒȞȐȑ Ȑ ȖȗȍȘȈȚȖȘȖȊ 

ǶȗȍȘȈȚȖȘ/ǼțȕȒȞȐȧ ǶȗȐșȈȕȐȍ ǺȍȒșȚȖȊȖȍ ȗȘȍȌșȚȈȊȓȍȕȐȍ 
(ȜȖȘȔțȓȈ) 

And ǳȖȋȐȟȍșȒȈȧ ȖȗȍȘȈȞȐȧ 
«ǰ» 

true and true 
ǪȔȍșȚȖ true ȕțȎȕȖ ȊșȚȈȊȐȚȤ țșȓȖȊȐȍ 
ǷȘȐȔȍȘ: `ǫȖȌ` > 1996 and `ǷȖȓ`= 
"ǮȍȕșȒȐȑ" 

Or ǳȖȋȐȟȍșȒȈȧ ȖȗȍȘȈȞȐȧ 
«ǰǳǰ» 

true or true 
ǪȔȍșȚȖ true ȕțȎȕȖ ȊșȚȈȊȐȚȤ țșȓȖȊȐȍ 
ǷȘȐȔȍȘ: `ǫȖȌ` > 1996 or `ǷȖȓ`= 
"ǮȍȕșȒȐȑ" 

+ ǶȗȍȘȈȞȐȧ șȓȖȎȍȕȐȧ 0 + 0 
ǪȔȍșȚȖ 0 ȕțȎȕȖ ȊșȚȈȊȐȚȤ ȟȐșȓȖȊȖȍ 
ȏȕȈȟȍȕȐȍ/ȟȐșȓȖȊțȦ ȗȍȘȍȔȍȕȕțȦ 
ǷȘȐȔȍȘ: `ǾȍȕȈ ȗȘȖȌțȒȚȈ M`+ ` ǾȍȕȈ 
ȗȘȖȌțȒȚȈ M` 

– ǶȗȍȘȈȞȐȧ ȊȣȟȐȚȈȕȐȧ 0 - 0 
ǪȔȍșȚȖ 0 ȕțȎȕȖ ȊșȚȈȊȐȚȤ ȟȐșȓȖȊȖȍ 
ȏȕȈȟȍȕȐȍ/ȟȐșȓȖȊțȦ ȗȍȘȍȔȍȕȕțȦ 
ǷȘȐȔȍȘ: `ǾȍȕȈ ȗȘȖȌțȒȚȈ M`- 1000 

× ǶȗȍȘȈȞȐȧ țȔȕȖȎȍȕȐȧ 0 * 0 
ǪȔȍșȚȖ 0 ȕțȎȕȖ ȊșȚȈȊȐȚȤ ȟȐșȓȖȊȖȍ 
ȏȕȈȟȍȕȐȍ/ȟȐșȓȖȊțȦ ȗȍȘȍȔȍȕȕțȦ 
ǷȘȐȔȍȘ: `ǾȍȕȈ ȗȘȖȌțȒȚȈ M` * 
`ǹȒȐȌȒȈ` 

/ ǶȗȍȘȈȞȐȧ ȌȍȓȍȕȐȧ 0 / 0 
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ǶȗȍȘȈȚȖȘ/ǼțȕȒȞȐȧ ǶȗȐșȈȕȐȍ ǺȍȒșȚȖȊȖȍ ȗȘȍȌșȚȈȊȓȍȕȐȍ 
(ȜȖȘȔțȓȈ) 
ǪȔȍșȚȖ 0 ȕțȎȕȖ ȊșȚȈȊȐȚȤ ȟȐșȓȖȊȖȍ 
ȏȕȈȟȍȕȐȍ/ȟȐșȓȖȊțȦ ȗȍȘȍȔȍȕȕțȦ 
ǷȘȐȔȍȘ: `ǪȣȘțȟȒȈ ȏȈ ȗȍȘȊȣȑ 
ȒȊȈȘȚȈȓ` / `ǪȣȘțȟȒȈ ȏȈ ȋȖȌ` 

<  ǴȍȕȤȠȍ "" < "" 
ǪȔȍșȚȖ "" ȕțȎȕȖ ȊșȚȈȊȐȚȤ 
ȗȍȘȍȔȍȕȕțȦ/ȏȕȈȟȍȕȐȍ 
ǷȘȐȔȍȘ: `ǪȖȏȘȈșȚ` < 32 

≤ ǴȍȕȤȠȍ ȐȓȐ ȘȈȊȕȖ "" <= "" 
ǪȔȍșȚȖ "" ȕțȎȕȖ ȊșȚȈȊȐȚȤ 
ȗȍȘȍȔȍȕȕțȦ/ȏȕȈȟȍȕȐȍ 
ǷȘȐȔȍȘ: `ǺȍȔȗȍȘȈȚțȘȈ` <= 120 

>  ǩȖȓȤȠȍ "" > "" 
ǪȔȍșȚȖ "" ȕțȎȕȖ ȊșȚȈȊȐȚȤ 
ȗȍȘȍȔȍȕȕțȦ/ȏȕȈȟȍȕȐȍ 
ǷȘȐȔȍȘ: `ǪȖȏȘȈșȚ` > “32” 

≥ ǩȖȓȤȠȍ ȐȓȐ ȘȈȊȕȖ "" >= "" 
ǪȔȍșȚȖ "" ȕțȎȕȖ ȊșȚȈȊȐȚȤ 
ȗȍȘȍȔȍȕȕțȦ/ȏȕȈȟȍȕȐȍ 
ǷȘȐȔȍȘ: `ǺȍȔȗȍȘȈȚțȘȈ` >= 120 

= ǸȈȊȕȖ "" = "" 
ǪȔȍșȚȖ "" ȕțȎȕȖ ȊșȚȈȊȐȚȤ 
ȗȍȘȍȔȍȕȕțȦ/ȏȕȈȟȍȕȐȍ 
ǷȘȐȔȍȘ: `ǺȍȔȗȍȘȈȚțȘȈ` = 120 

≠ ǵȍ ȘȈȊȕȖ "" != "" 
ǪȔȍșȚȖ "" ȕțȎȕȖ ȊșȚȈȊȐȚȤ 
ȗȍȘȍȔȍȕȕțȦ/ȏȕȈȟȍȕȐȍ 
ǷȘȐȔȍȘ: `ǺȍȔȗȍȘȈȚțȘȈ` != 120 

like ǷȘȖȊȍȘȧȍȚ, 
țȌȖȊȓȍȚȊȖȘȧȍȚ ȓȐ 
șȐȔȊȖȓȤȕȈȧ șȚȘȖȒȈ 
ȏȈȌȈȕȕȖȔț ȖȉȘȈȏȞț, 
ȒȖȚȖȘȣȑ ȔȖȎȍȚ 
șȖȌȍȘȎȈȚȤ ȗȖȐșȒȖȊȣȍ 
șȐȔȊȖȓȣ. ǻȟȐȚȣȊȈȍȚ 
ȘȍȋȐșȚȘ 

"" like "" 
ǪȔȍșȚȖ "" ȕțȎȕȖ ȊșȚȈȊȐȚȤ 
ȗȍȘȍȔȍȕȕțȦ/ȏȕȈȟȍȕȐȍ 
ǷȘȐȔȍȘ: `ǫȖȘȖȌ` like "ǴȖșȒȊȈ" 

ilike ǷȘȖȊȍȘȧȍȚ, 
țȌȖȊȓȍȚȊȖȘȧȍȚ ȓȐ 
șȐȔȊȖȓȤȕȈȧ șȚȘȖȒȈ 
ȏȈȌȈȕȕȖȔț ȖȉȘȈȏȞț, 
ȒȖȚȖȘȣȑ ȔȖȎȍȚ 
șȖȌȍȘȎȈȚȤ ȗȖȐșȒȖȊȣȍ 
șȐȔȊȖȓȣ. 

"" ilike "" 
ǪȔȍșȚȖ "" ȕțȎȕȖ ȊșȚȈȊȐȚȤ 
ȗȍȘȍȔȍȕȕțȦ/ȏȕȈȟȍȕȐȍ 
ǷȘȐȔȍȘ: `ǫȖȘȖȌ` ilike "ǴȖșȒȊȈ" 

startswith ǷȘȖȊȍȘȧȍȚ, ȍșȚȤ ȓȐ Ȋ 
ȕȈȟȈȓȍ ȖȌȕȖȑ 
ȚȍȒșȚȖȊȖȑ șȚȘȖȒȐ 
ȌȘțȋȈȧ ȚȍȒșȚȖȊȈȧ 
șȚȘȖȒȈ 

"" startswith "" 
ǪȔȍșȚȖ "" ȕțȎȕȖ ȊșȚȈȊȐȚȤ 
ȗȍȘȍȔȍȕȕțȦ/ȏȕȈȟȍȕȐȍ 
ǷȘȐȔȍȘ: `ǫȖȘȖȌ` startswith "ǹȈȕ" 

endswith ǷȘȖȊȍȘȧȍȚ, ȍșȚȤ ȓȐ Ȋ 
ȒȖȕȞȍ ȖȌȕȖȑ ȚȍȒșȚȖȊȖȑ 
șȚȘȖȒȐ ȌȘțȋȈȧ 
ȚȍȒșȚȖȊȈȧ șȚȘȖȒȈ 

"" endswith "" 
ǪȔȍșȚȖ "" ȕțȎȕȖ ȊșȚȈȊȐȚȤ 
ȗȍȘȍȔȍȕȕțȦ/ȏȕȈȟȍȕȐȍ 
ǷȘȐȔȍȘ: `ǫȖȘȖȌ` endswith "ȉțȘȋ" 

contains ǷȘȖȊȍȘȧȍȚ, ȊșȚȘȍȟȈȍȚș
ȧ ȓȐ țȒȈȏȈȕȕȈȧ șȚȘȖȒȈ 
ȊȕțȚȘȐ ȌȘțȋȖȑ șȚȘȖȒȐ 

"" contains "" 
ǪȔȍșȚȖ "" ȕțȎȕȖ ȊșȚȈȊȐȚȤ 
ȗȍȘȍȔȍȕȕțȦ/ȏȕȈȟȍȕȐȍ 
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ǶȗȍȘȈȚȖȘ/ǼțȕȒȞȐȧ ǶȗȐșȈȕȐȍ ǺȍȒșȚȖȊȖȍ ȗȘȍȌșȚȈȊȓȍȕȐȍ 
(ȜȖȘȔțȓȈ) 
ǷȘȐȔȍȘ: `ǵȈȏȊȈȕȐȍ` contains 
"consulting" 

between ǷȘȖȊȍȘȧȍȚ, ȊȝȖȌȐȚ ȓȐ 
ȏȕȈȟȍȕȐȍ Ȋ ȏȈȌȈȕȕȣȑ 
ȌȐȈȗȈȏȖȕ 

0 between(0,0) 
ǪȔȍșȚȖ 0 ȕțȎȕȖ ȊșȚȈȊȐȚȤ ȟȐșȓȖȊțȦ 
ȗȍȘȍȔȍȕȕțȦ/ȏȕȈȟȍȕȐȍ 
ǷȘȐȔȍȘ: `ID` between (1, 100500) 

in ǷȘȖȊȍȘȧȍȚ ȕȈȓȐȟȐȍ 
ȥȓȍȔȍȕȚȈ Ȋ 
ȗȖșȓȍȌȖȊȈȚȍȓȤȕȖșȚȐ 

"" in("") 
ǪȔȍșȚȖ "" ȕțȎȕȖ ȊșȚȈȊȐȚȤ 
ȗȍȘȍȔȍȕȕțȦ/ȏȕȈȟȍȕȐȍ 
ǷȘȐȔȍȘ: `ǸȍȋȐȖȕ` in ("ǴȖșȒȊȈ", 
"ǴȖșȒȖȊșȒȈȧ ȖȉȓȈșȚȤ") 

not in ǷȘȖȊȍȘȧȍȚ ȖȚșțȚșȚȊȐȍ 
ȥȓȍȔȍȕȚȈ Ȋ 
ȗȖșȓȍȌȖȊȈȚȍȓȤȕȖșȚȐ 

"" not_in("") 
ǪȔȍșȚȖ "" ȕțȎȕȖ ȊșȚȈȊȐȚȤ 
ȗȍȘȍȔȍȕȕțȦ/ȏȕȈȟȍȕȐȍ 
ǷȘȐȔȍȘ: `ǸȍȋȐȖȕ` not_in ("ǴȖșȒȊȈ", 
"ǴȖșȒȖȊșȒȈȧ ȖȉȓȈșȚȤ") 

coalesce ǪȖȏȊȘȈȡȈȍȚ ȌȈȕȕȣȍ Ȑȏ 
ȗȍȘȊȖȋȖ șȚȖȓȉȞȈ, 
șȖȌȍȘȎȈȡȍȋȖ 
ȏȕȈȟȍȕȐȍ, ȖȚȓȐȟȕȖȍ ȖȚ 
NULL 

coalesce("") 
ǪȔȍșȚȖ "" ȕțȎȕȖ ȊșȚȈȊȐȚȤ 
ȗȍȘȍȔȍȕȕțȦ/ȏȕȈȟȍȕȐȍ 
ǷȘȐȔȍȘ: coalesce(`ProductNumber`, 
`ProductName`) 

not ǯȈȌȈȍȚ 
ȗȘȖȚȐȊȖȗȖȓȖȎȕȖȍ 
țșȓȖȊȐȍ 

not(true) 
ǪȔȍșȚȖ true ȕțȎȕȖ ȊșȚȈȊȐȚȤ țșȓȖȊȐȍ 
ǷȘȐȔȍȘ: not(`ǫȖȌ` > 1996) 

create_date ǹȖȏȌȈȍȚ ȗȍȘȍȔȍȕȕțȦ 
ȌȈȚȣ Ȑȏ 
ȗȖșȓȍȌȖȊȈȚȍȓȤȕȖ 
ȊȊȍȌȍȕȕȣȝ ȋȖȌȈ, 
ȔȍșȧȞȈ Ȑ Ȍȕȧ 

create_date(0,0,0) 
ǪȔȍșȚȖ 0 ȕțȎȕȖ ȊșȚȈȊȐȚȤ ȟȐșȓȖȊȖȍ 
ȏȕȈȟȍȕȐȍ/ȟȐșȓȖȊțȦ ȗȍȘȍȔȍȕȕțȦ 
ǷȘȐȔȍȘ: create_date(2016,10,25) 

current_date ǪȖȏȊȘȈȡȈȍȚ ȚȍȒțȡțȦ 
ȌȈȚț 

current_date() 
ǪȊȖȌȐȚșȧ ȉȍȏ ȌȖȗȖȓȕȐȚȍȓȤȕȣȝ 
ȗȈȘȈȔȍȚȘȖȊ 

current_timestamp ǪȖȏȊȘȈȡȈȍȚ ȚȍȒțȡȐȍ 
ȌȈȚț Ȑ ȊȘȍȔȧ 

current_timestamp() 
ǪȊȖȌȐȚșȧ ȉȍȏ ȌȖȗȖȓȕȐȚȍȓȤȕȣȝ 
ȗȈȘȈȔȍȚȘȖȊ 

now ǪȖȏȊȘȈȡȈȍȚ ȚȍȒțȡȐȍ 
ȌȈȚț Ȑ ȊȘȍȔȧ 

now() 
ǪȊȖȌȐȚșȧ ȉȍȏ ȌȖȗȖȓȕȐȚȍȓȤȕȣȝ 
ȗȈȘȈȔȍȚȘȖȊ 

create_datetime ǹȖȏȌȈȍȚ ȗȍȘȍȔȍȕȕțȦ 
ȌȈȚȣ ȊȘȍȔȍȕȐ Ȑȏ 
ȗȖșȓȍȌȖȊȈȚȍȓȤȕȖ 
ȊȊȍȌȍȕȕȣȝ ȋȖȌȈ 
ȔȍșȧȞȈ Ȍȕȧ ȟȈșȈ ȔȐȕțȚ 
Ȑ șȍȒțȕȌ 

create_datetime(0,0,0,0,0,0) 
ǪȔȍșȚȖ 0 ȕțȎȕȖ ȊșȚȈȊȐȚȤ ȟȐșȓȖȊȖȍ 
ȏȕȈȟȍȕȐȍ/ȟȐșȓȖȊțȦ ȗȍȘȍȔȍȕȕțȦ 
ǷȘȐȔȍȘ: 
create_datetime(2016,10,25,12,18,0) 

char_length ǪȖȏȊȘȈȡȈȍȚ ȌȓȐȕț 
șȚȘȖȒȐ 

char_length("") 
ǪȔȍșȚȖ "" ȕțȎȕȖ ȊșȚȈȊȐȚȤ 
șȚȘȖȒț/șȚȘȖȒȖȊțȦ ȗȍȘȍȔȍȕȕțȦ 
ǷȘȐȔȍȘ: char_length(`ǲȖȌ_ȗȘȖȌțȒȚȈ`) 

random ǪȖȏȊȘȈȡȈȍȚ șȓțȟȈȑȕȖȍ 
ȟȐșȓȖ 

random() 
ǪȊȖȌȐȚșȧ ȉȍȏ ȌȖȗȖȓȕȐȚȍȓȤȕȣȝ 
ȗȈȘȈȔȍȚȘȖȊ 

In ǵȈȚțȘȈȓȤȕȣȑ 
ȓȖȋȈȘȐȜȔ 

ln(0) 
ǪȔȍșȚȖ 0 ȕțȎȕȖ ȊșȚȈȊȐȚȤ ȟȐșȓȖȊȖȍ 
ȏȕȈȟȍȕȐȍ/ȟȐșȓȖȊțȦ ȗȍȘȍȔȍȕȕțȦ 
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ǶȗȍȘȈȚȖȘ/ǼțȕȒȞȐȧ ǶȗȐșȈȕȐȍ ǺȍȒșȚȖȊȖȍ ȗȘȍȌșȚȈȊȓȍȕȐȍ 
(ȜȖȘȔțȓȈ) 
ǷȘȐȔȍȘ: ln(`ǿȐșȓȖȊȈȧ ȗȍȘȍȔȍȕȕȈȧ`) 

exp ЭȒșȗȖȕȍȕȚȈ exp(0) 
ǪȔȍșȚȖ 0 ȕțȎȕȖ ȊșȚȈȊȐȚȤ ȟȐșȓȖȊȖȍ 
ȏȕȈȟȍȕȐȍ/ȟȐșȓȖȊțȦ ȗȍȘȍȔȍȕȕțȦ 
ǷȘȐȔȍȘ: exp (`ǿȐșȓȖȊȈȧ 
ȗȍȘȍȔȍȕȕȈȧ`) 

power ǪȖȏȊȍȌȍȕȐȍ Ȋ șȚȍȗȍȕȤ power(0,0) 
ǪȔȍșȚȖ 0 ȕțȎȕȖ ȊșȚȈȊȐȚȤ ȟȐșȓȖȊȖȍ 
ȏȕȈȟȍȕȐȍ/ȟȐșȓȖȊțȦ ȗȍȘȍȔȍȕȕțȦ 
ǷȘȐȔȍȘ: power(`ǿȐșȓȖȊȈȧ 
ȗȍȘȍȔȍȕȕȈȧ`,2) 

sqrt ǲȊȈȌȘȈȚȕȣȑ ȒȖȘȍȕȤ sqrt(0) 
ǪȔȍșȚȖ 0 ȕțȎȕȖ ȊșȚȈȊȐȚȤ ȟȐșȓȖȊȖȍ 
ȏȕȈȟȍȕȐȍ/ȟȐșȓȖȊțȦ ȗȍȘȍȔȍȕȕțȦ 
ǷȘȐȔȍȘ: sqrt (`ǿȐșȓȖȊȈȧ 
ȗȍȘȍȔȍȕȕȈȧ`) 

abs ǨȉșȖȓȦȚȕȖȍ ȏȕȈȟȍȕȐȍ abs(0) 
ǪȔȍșȚȖ 0 ȕțȎȕȖ ȊșȚȈȊȐȚȤ ȟȐșȓȖȊȖȍ 
ȏȕȈȟȍȕȐȍ/ȟȐșȓȖȊțȦ ȗȍȘȍȔȍȕȕțȦ 
ǷȘȐȔȍȘ: abs (`ǿȐșȓȖȊȈȧ 
ȗȍȘȍȔȍȕȕȈȧ`) 

ceil ǪȖȏȊȘȈȡȈȍȚ 
ȕȈȐȔȍȕȤȠȍȍ ȞȍȓȖȍ 
ȟȐșȓȖ, ȒȖȚȖȘȖȍ 
ȉȖȓȤȠȍ ȐȓȐ ȘȈȊȕȖ 
ȚȍȒțȡȍȔț ȏȕȈȟȍȕȐȦ 

ceil(0) 
ǪȔȍșȚȖ 0 ȕțȎȕȖ ȊșȚȈȊȐȚȤ ȟȐșȓȖȊȖȍ 
ȏȕȈȟȍȕȐȍ/ȟȐșȓȖȊțȦ ȗȍȘȍȔȍȕȕțȦ 
ǷȘȐȔȍȘ: ceil(25.1) 
ǪȍȘȕȍȚ ȏȕȈȟȍȕȐȍ 26 

floor ǪȖȏȊȘȈȡȈȍȚ 
ȕȈȐȉȖȓȤȠȍȍ ȞȍȓȖȍ 
ȟȐșȓȖ, ȒȖȚȖȘȖȍ 
ȔȍȕȤȠȍ ȐȓȐ ȘȈȊȕȖ 
ȚȍȒțȡȍȔț ȏȕȈȟȍȕȐȦ 

floor(0) 
ǪȔȍșȚȖ 0 ȕțȎȕȖ ȊșȚȈȊȐȚȤ ȟȐșȓȖȊȖȍ 
ȏȕȈȟȍȕȐȍ/ȟȐșȓȖȊțȦ ȗȍȘȍȔȍȕȕțȦ 
ǷȘȐȔȍȘ: floor(25.1) 
ǪȍȘȕȍȚ ȏȕȈȟȍȕȐȍ 25 

extract_from_datetim

e 
ǷȖȓțȟȈȍȚ țȒȈȏȈȕȕțȦ 
ȟȈșȚȤ (ȌȍȕȤ, ȔȍșȧȞ, 
ȋȖȌ, ȟȈș, ȔȐȕțȚȈ, 
șȍȒțȕȌȈ) Ȑȏ ȏȕȈȟȍȕȐȧ 
ȌȈȚȣ Ȑ ȊȘȍȔȍȕȐ 

extract_from_datetime("","") 
ǪȔȍșȚȖ ȗȍȘȊȣȝ ȒȈȊȣȟȍȒ ȕțȎȕȖ țȒȈȏȈȚȤ 
ȕȍȖȉȝȖȌȐȔțȦ ȟȈșȚȤ Ȍȓȧ ȐȏȊȓȍȟȍȕȐȧ: 
·         SECOND 
·         MINUTE 
·         HOUR 
·         DAY 
·         MONTH 
·         YEAR 
ǪȔȍșȚȖ ȊȚȖȘȣȝ ȒȈȊȣȟȍȒ ȕțȎȕȖ țȒȈȏȈȚȤ 
ȗȍȘȍȔȍȕȕțȦ ȚȐȗȈ datetime 
ǷȘȐȔȍȘ: 
extract_from_datetime("DAY",`datetime
`) 

extract_from_date ǷȖȓțȟȈȍȚ țȒȈȏȈȕȕțȦ 
ȟȈșȚȤ (ȌȍȕȤ, ȔȍșȧȞ, 
ȋȖȌ) Ȑȏ ȏȕȈȟȍȕȐȧ ȌȈȚȣ 

extract_from_date("","") 
Ǫ ȗȍȘȊȣȍ ȒȈȊȣȟȒȐ ȕțȎȕȖ ȊȗȐșȈȚȤ 
ȕȍȖȉȝȖȌȐȔțȦ ȟȈșȚȤ Ȍȓȧ ȐȏȊȓȍȟȍȕȐȧ: 
·         DAY 
·         MONTH 
·         YEAR 
ǪȔȍșȚȖ ȊȚȖȘȣȝ ȒȈȊȣȟȍȒ ȕțȎȕȖ țȒȈȏȈȚȤ 
ȗȍȘȍȔȍȕȕțȦ ȚȐȗȈ date 
ǷȘȐȔȍȘ: 
extract_from_date("DAY",`date`) 
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ǶȗȍȘȈȚȖȘ/ǼțȕȒȞȐȧ ǶȗȐșȈȕȐȍ ǺȍȒșȚȖȊȖȍ ȗȘȍȌșȚȈȊȓȍȕȐȍ 
(ȜȖȘȔțȓȈ) 

concat ǶȉȢȍȌȐȕȧȍȚ Ȋ ȍȌȐȕțȦ 
șȚȘȖȒț țȒȈȏȈȕȕȣȍ 
ȏȕȈȟȍȕȐȧ 

concat("") 
ǪȔȍșȚȖ "" ȕțȎȕȖ ȊșȚȈȊȐȚȤ 
șȚȘȖȒȐ/șȚȘȖȒȖȊȣȍ ȗȍȘȍȔȍȕȕȣȍ 
ǷȘȐȔȍȘ: 
concat (`ǼȈȔȐȓȐȧ`, " ", `ǰȔȧ`) 

ǺȈȉȓȐȞȈ 12 ǶȗȍȘȈȚȖȘȣ Ȑ ȜțȕȒȞȐȐ 

ǸȍȏțȓȤȚȈȚȣ ȊȣȗȖȓȕȍȕȐȧ țȏȓȈ: 

 ǺȈȉȓȐȞȈ ș ȗȘȐȔȍȘȖȔ ȖȚȜȐȓȤȚȘȖȊȈȕȕȖȋȖ ȕȈȉȖȘȈ ȌȈȕȕȣȝ. ǶȚȖȉȘȈȎȈȦȚșȧ 
ȗȍȘȊȣȍ 100 ȕȈȉȓȦȌȍȕȐȑ. 

 

ǸȐșțȕȖȒ 85 ǷȘȐȔȍȘ ȚȈȉȓȐȞȣ ș ȖȚȜȐȓȤȚȘȖȊȈȕȕȣȔ ȕȈȉȖȘȖȔ ȌȈȕȕȣȝ (țșȓȖȊȐȍ id 
<10) 

3.2.5.6.5. ǻȏȍȓ «ǴȍȚȈȌȈȕȕȣȍ» 

ǻȏȍȓ «ǴȍȚȈȌȈȕȕȣȍ» ȗȖȏȊȖȓȧȍȚ ȐȏȔȍȕȐȚȤ ȔȍȚȈȌȈȕȕȣȍ ȗȍȘȍȔȍȕȕȣȝ. 

ǲ ȔȍȚȈȌȈȕȕȣȔ ȗȍȘȍȔȍȕȕȖȑ ȖȚȕȖșȧȚșȧ ǸȖȓȤ, ǺȐȗ Ȑ ǾȍȓȍȊȖȑ ȒȓȈșș. 

Ǫ ǴȖȌțȓȍ ȗȘȍȌțșȔȖȚȘȍȕȣ șȓȍȌțȦȡȐȍ ǸȖȓȐ ȗȍȘȍȔȍȕȕȖȑ: 
 Target — ǾȍȓȍȊȈȧ ȗȍȘȍȔȍȕȕȈȧ — ȏȈȊȐșȐȔȈȧ ȗȍȘȍȔȍȕȕȈȧ, ȐșȗȖȓȤȏțȍȔȈȧ Ȋ 

ȒȈȟȍșȚȊȍ ȞȍȓȐ ȔȖȌȍȓȐȘȖȊȈȕȐȧ. 
 Predictor — ǷȘȍȌȐȒȚȖȘ — ȕȍȏȈȊȐșȐȔȈȧ ȗȍȘȍȔȍȕȕȈȧ, ȐșȗȖȓȤȏțȍȔȈȧ Ȋ 

ȒȈȟȍșȚȊȍ ȗȘȖȋȕȖȏȐȘțȦȡȍȑ ȞȍȓȍȊțȦ ȗȍȘȍȔȍȕȕțȦ. 
 Excluded — ǰșȒȓȦȟȍȕ — ȌȈȕȕȈȧ ȘȖȓȤ ȗȖȏȊȖȓȧȍȚ ȐșȒȓȦȟȐȚȤ ȗȍȘȍȔȍȕȕțȦ Ȑȏ 

ȗȘȖȞȍșșȈ ȔȖȌȍȓȐȘȖȊȈȕȐȧ. ǪȍȘȕțȚȤ ȍȍ ȖȉȘȈȚȕȖ Ȋ ȗȘȖȞȍșș ȔȖȎȕȖ ȚȈȒȎȍ ȗȘȐ 
ȗȖȔȖȡȐ țȏȓȈ «ǴȍȚȈȌȈȕȕȣȍ», țșȚȈȕȖȊȓȍȕȕȖȋȖ ȌȈȓȍȍ Ȋ șȞȍȕȈȘȐȐ. 

 Weight — Ǫȍș— ȌȈȕȕȈȧ ȘȖȓȤ ȏȈȌȈȍȚșȧ ȗȍȘȍȔȍȕȕȖȑ, ȒȖȚȖȘȈȧ țȒȈȏȣȊȈȍȚ 
ȔȖȌȍȓȐ ȕȈ ȊȈȎȕȖșȚȤ ȕȈȉȓȦȌȍȕȐȑ. ǷȘȐȔȍȘ: Ȍȓȧ ȗȘȖȋȕȖȏȈ ȔȖȋțȚ ȉȣȚȤ ȊȈȎȕȣ 
ȚȍȕȌȍȕȞȐȐ ȏȈ ȗȖșȓȍȌȕȐȑ ȗȍȘȐȖȌ (ȕȈȗȘȐȔȍȘ, șȍȏȖȕ). 

 Cluster_ID — ǹȍȋȔȍȕȚ — ȗȍȘȍȔȍȕȕȈȧ ș ȌȈȕȕȖȑ ȘȖȓȤȦ ȘȈșșȟȐȚȣȊȈȍȚșȧ ȗȘȐ 
ȘȍȠȍȕȐȐ ȏȈȌȈȟȐ ȒȓȈșȚȍȘȐȏȈȞȐȐ. 
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 Prediction — ǷȘȖȋȕȖȏ — ȗȍȘȍȔȍȕȕȈȧ ș ȌȈȕȕȖȑ ȘȖȓȤȦ ȘȈșșȟȐȚȣȊȈȍȚșȧ ȗȘȐ 
ȘȍȠȍȕȐȐ ȏȈȌȈȟȐ ȘȍȋȘȍșșȐȐ. 

 Classification — ǷȘȖȋȕȖȏ ȒȓȈșș — ȗȍȘȍȔȍȕȕȈȧ ș ȌȈȕȕȖȑ ȘȖȓȤȦ 
ȘȈșșȟȐȚȣȊȈȍȚșȧ ȗȘȐ ȘȍȠȍȕȐȐ ȏȈȌȈȟȐ ȒȓȈșșȐȜȐȒȈȞȐȐ. 

 Partition — ǸȈȏȌȍȓȍȕȐȍ — ȗȍȘȍȔȍȕȕȈȧ ș ȌȈȕȕȖȑ ȘȖȓȤȦ ȏȈȌȈȍȚ ȘȈȏȌȍȓȍȕȐȍ 
ȕȈȉȖȘȈ ȌȈȕȕȣȝ ȕȈ ȖȉțȟȈȦȡțȦ, ȊȈȓȐȌȈȞȐȖȕȕțȦ Ȑ ȚȍșȚȖȊțȦ ȊȣȉȖȘȒȐ 
(ȘȈșșȟȐȚȣȊȈȍȚșȧ Ȋ țȏȓȍ «ǸȈȏȌȍȓȍȕȐȍ ȊȣȉȖȘȒȐ»). 

 ClassWeight — Ǫȍș ȒȓȈșșȈ — ȗȍȘȍȔȍȕȕȈȧ ș ȌȈȕȕȖȑ ȘȖȓȤȦ ȒȖȘȘȍȒȚȐȘțȍȚ 
ȕȍșȉȈȓȈȕșȐȘȖȊȈȕȕȖșȚȤ ȒȓȈșșȖȊ (ȏȈȌȈȍȚșȧ Ȋ țȏȓȍ «ǪȍșȈ ȒȓȈșșȖȊ»). 

ǷȍȘȊȖȕȈȟȈȓȤȕȖ ȗȘȐ ȊȣȉȖȘȍ ȕȈȉȖȘȈ ȌȈȕȕȣȝ Ȋ țȏȓȍ «ǵȈȉȖȘ ȌȈȕȕȣȝ» Ȋșȍ ȈȚȘȐȉțȚȣ 
ȐȔȍȦȚ ȘȖȓȤ ǷȘȍȌȐȒȚȖȘ. 

ǷȘȍȌțșȔȖȚȘȍȕȣ șȓȍȌțȦȡȐȍ ǺȐȗȣ ȗȍȘȍȔȍȕȕȖȑ: 
 ǵȖȔȐȕȈȓȤȕȣȑ (Nominal) — ȌȐșȒȘȍȚȕȣȍ ȏȕȈȟȍȕȐȧ ȉȍȏ ȟȐșȓȖȊȖȑ șȊȧȏȐ 

ȔȍȎȌț ȒȈȚȍȋȖȘȐȧȔȐ. 
 ǷȖȘȧȌȒȖȊȣȑ (Ordinal) — ȌȐșȒȘȍȚȕȣȍ ȏȕȈȟȍȕȐȧ, ȒȖȚȖȘȣȍ ȔȖȎȕȖ 

ȘȈȕȎȐȘȖȊȈȚȤ ȐȓȐ șȖȘȚȐȘȖȊȈȚȤ (ǷȘȐȔȍȘ — ȝȖȘȖȠȖ, ȊȍȓȐȒȖȓȍȗȕȖ, 
ȗȘȍȊȖșȝȖȌȕȖ). 

 ǬȊȖȐȟȕȣȑ (Binary) — ȥȚȖ ȌȐșȒȘȍȚȕȣȍ ȌȈȕȕȣȍ, ȒȖȚȖȘȣȍ ȔȖȋțȚ ȖȚȕȖșȐȚȤșȧ 
ȚȖȓȤȒȖ Ȓ ȖȌȕȖȑ Ȑȏ ȌȊțȝ ȒȈȚȍȋȖȘȐȑ: 0 Ȑ 1. 

 ǰȕȚȍȘȊȈȓȤȕȣȑ (Interval) — ȟȐșȓȖȊȣȍ ȏȕȈȟȍȕȐȧ. 
 

ǾȍȓȍȊȖȑ ȒȓȈșș ȐșȗȖȓȤȏțȍȚșȧ Ȋ ȗȘȖȞȍșșȍ ȔȖȌȍȓȐȘȖȊȈȕȐȧ (ȕȈȗȘȐȔȍȘ, ȗȘȐ 
șȚȘȈȚȐȜȐȒȈȞȐȐ) Ȑ ȔȖȎȍȚ ȉȣȚȤ țȒȈȏȈȕ ȚȖȓȤȒȖ Ȍȓȧ ǾȍȓȍȊȖȑ ȗȍȘȍȔȍȕȕȖȑ. 

ǹȗȐșȖȒ ȗȈȘȈȔȍȚȘȖȊ țȏȓȈ ȗȘȍȌșȚȈȊȓȍȕ Ȋ ȚȈȉȓȐȞȍ ȕȐȎȍ. 

ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ 

ǵȈȏȊȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ ȏȕȈȟȍȕȐȍ ȕȍȚ 

ǵȈȏȊȈȕȐȍ țȏȓȈ, ȒȖȚȖȘȖȍ ȉțȌȍȚ 
ȖȚȖȉȘȈȎȈȚȤșȧ Ȋ ȐȕȚȍȘȜȍȑșȍ 

ǶȗȐșȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ ȏȕȈȟȍȕȐȍ ȕȍȚ 

ǶȗȐșȈȕȐȍ țȏȓȈ 

ǰȏȔȍȕȍȕȐȍ 
ȔȍȚȈȌȈȕȕȣȝ 

ǲȕȖȗȒȈ ǷȘȐ ȊȣȉȖȘȍ ȒȕȖȗȒȐ ȖȚȒȘȖȍȚșȧ ȖȒȕȖ 
ǰȏȔȍȕȍȕȐȍ ȔȍȚȈȌȈȕȕȣȝ. 

ǺȈȉȓȐȞȈ 13 ǷȈȘȈȔȍȚȘȣ țȏȓȈ «ǴȍȚȈȌȈȕȕȣȍ» 

ǶȒȕȖ ǰȏȔȍȕȍȕȐȍ ȔȍȚȈȌȈȕȕȣȝ 

Ǫ ȖȒȕȍ ǰȏȔȍȕȍȕȐȍ ȔȍȚȈȌȈȕȕȣȝ ǷȖȓȤȏȖȊȈȚȍȓȤ ȐȔȍȍȚ ȊȖȏȔȖȎȕȖșȚȤ ȐȏȔȍȕȐȚȤ ǸȖȓȤ, 

ǺȐȗ ȗȍȘȍȔȍȕȕȖȑ Ȑ țȒȈȏȈȚȤ ǾȍȓȍȊȖȑ ȒȓȈșș. Ǭȓȧ ȥȚȖȋȖ ȕȍȖȉȝȖȌȐȔȖ: 

 ǸȧȌȖȔ ș ȐȕȚȍȘȍșțȦȡȍȑ ȗȍȘȍȔȍȕȕȖȑ ȊȣȉȘȈȚȤ ȐȒȖȕȒț  . 

 Ǫ ȊȣȗȈȌȈȦȡȐȝ ȔȍȕȦ ȊȣȉȘȈȚȤ ǸȖȓȤ Ȑ/ȐȓȐ ǺȐȗ, țȒȈȏȈȚȤ ǾȍȓȍȊȖȑ ȒȓȈșș 

(ȌȖșȚțȗȕȖ ȚȖȓȤȒȖ Ȍȓȧ ȗȍȘȍȔȍȕȕȖȑ ȚȐȗȈ ǾȍȓȍȊȈȧ ȗȍȘȍȔȍȕȕȈȧ –Target). 

 ǹȖȝȘȈȕȐȚȤ ȐȏȔȍȕȍȕȐȧ, ȊȣȉȘȈȊ ȐȒȖȕȒț  . 
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ǸȐșțȕȖȒ 86 ǶȒȕȖ ǰȏȔȍȕȍȕȐȍ ȔȍȚȈȌȈȕȕȣȝ 

ǸȍȏțȓȤȚȈȚȣ ȊȣȗȖȓȕȍȕȐȧ țȏȓȈ: 

 ǺȈȉȓȐȞȈ ș ȗȘȐȔȍȘȖȔ ȌȈȕȕȣȝ. ǶȚȖȉȘȈȎȈȦȚșȧ ȗȍȘȊȣȍ 100 ȕȈȉȓȦȌȍȕȐȑ. 

 

ǸȐșțȕȖȒ 87  ǺȈȉȓȐȞȈ ș ȗȘȐȔȍȘȖȔ ȌȈȕȕȣȝ  
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3.2.5.6.6. ǻȏȍȓ «One-hot encoding» 

ǻȏȍȓ «One-hot encoding» ȗȘȍȖȉȘȈȏțȍȚ ȒȈȚȍȋȖȘȐȈȓȤȕȣȍ ȌȈȕȕȣȍ Ȋ ȟȐșȓȖȊțȦ 
ȜȖȘȔț. 

ǴȕȖȋȐȍ ȈȓȋȖȘȐȚȔȣ ȕȍ ȔȖȋțȚ ȕȈȗȘȧȔțȦ ȘȈȉȖȚȈȚȤ ș ȒȈȚȍȋȖȘȐȈȓȤȕȣȔȐ ȗȍȘȍȔȍȕȕȣȔȐ. 
Ǭȓȧ ȥȚȖȋȖ ȗȘȍȌțșȔȖȚȘȍȕ ȔȍȚȖȌ One-hot encoding, ȒȖȚȖȘȣȑ ȗȘȍȖȉȘȈȏțȍȚ 
ȒȈȚȍȋȖȘȐȈȓȤȕȣȍ ȌȈȕȕȣȍ Ȋ ȟȐșȓȖȊțȦ ȜȖȘȔț. Ǭȓȧ ȥȚȖȋȖ șȖȏȌȈȦȚșȧ ȌȖȗȖȓȕȐȚȍȓȤȕȣȍ 
șȚȖȓȉȞȣ-ȐȕȌȐȒȈȚȖȘȣ ȕȈȓȐȟȐȧ/ȖȚșțȚșȚȊȐȧ ȒȈȚȍȋȖȘȐȐ ș ȗȖȔȖȡȤȦ ȏȕȈȟȍȕȐȑ 1 ȐȓȐ 0 
șȖȖȚȊȍȚșȚȊȍȕȕȖ. ǺȈȒȐȔ ȖȉȘȈȏȖȔ, ȍșȓȐ ȒȈȚȍȋȖȘȐȈȓȤȕȈȧ ȗȍȘȍȔȍȕȕȈȧ ȐȔȍȍȚ k 
ȊȖȏȔȖȎȕȣȝ ȏȕȈȟȍȕȐȑ, ȚȖ ȕȈ ȊȣȝȖȌȍ ȗȖȓțȟȐȚșȧ k șȚȖȓȉȞȖȊ Ȍȓȧ ȍȍ ȗȘȍȌșȚȈȊȓȍȕȐȧ. 
ǨȓȋȖȘȐȚȔȣ ȔȈȠȐȕȕȖȋȖ ȖȉțȟȍȕȐȧ ȔȖȋțȚ ȗȘȐȕȐȔȈȚȤ ȥȚȐ șȚȖȓȉȞȣ Ȋ ȒȈȟȍșȚȊȍ ȊȝȖȌȕȣȝ 
ȌȈȕȕȣȝ. 

 

ǸȐșțȕȖȒ 88 ǷȘȐȕȞȐȗ ȘȈȉȖȚȣ țȏȓȈ «One-hot encoding» 

Ǫ ȒȖȌȐȘȖȊȈȕȐȐ One-Hot ȍșȚȤ ȕȍȒȖȚȖȘȈȧ ȐȏȉȣȚȖȟȕȖșȚȤ. ǵȈȗȘȐȔȍȘ, ȗȍȘȍȔȍȕȕȈȧ 
«ǷȖȓ» ȔȖȎȍȚ ȗȘȐȕȐȔȈȚȤ ȌȊȈ ȏȕȈȟȍȕȐȧ - ȔțȎȟȐȕȈ ȐȓȐ ȎȍȕȡȐȕȈ. ǷȘȐ ȒȖȌȐȘȖȊȈȕȐȐ 
ȌȖșȚȈȚȖȟȕȖ ȐșȗȖȓȤȏȖȊȈȚȤ Ȋ ȒȈȟȍșȚȊȍ ȗȘȍȌȐȒȚȖȘȈ ȓȐȠȤ ȖȌȕț Ȑȏ ȥȚȐȝ ȌȊțȝ ȜȐȒȚȐȊȕȣȝ 
ȗȍȘȍȔȍȕȕȣȝ. Ǭȓȧ ȥȚȖȋȖ 

ǷȖȓȤȏȖȊȈȚȍȓȦ ȕțȎȕȖ ȊȣȉȘȈȚȤ ȟȍȒȉȖȒș ǰșȒȓȦȟȐȚȤ ȗȍȘȊțȦ ȒȈȚȍȋȖȘȐȦ ȐȓȐ 
ȊȘțȟȕțȦ țȒȈȏȈȚȤ ȐșȒȓȦȟȈȍȔțȦ ȗȍȘȍȔȍȕȕțȦ Ȋ ȖȒȕȍ ǪȣȉȖȘ ȒȈȚȍȋȖȘȐȐ. 

ǹȗȐșȖȒ ȗȈȘȈȔȍȚȘȖȊ țȏȓȈ ȗȘȍȌșȚȈȊȓȍȕ Ȋ ȚȈȉȓȐȞȍ ȕȐȎȍ. 

ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ 

ǵȈȏȊȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ 
ȏȕȈȟȍȕȐȍ ȕȍȚ 

ǵȈȏȊȈȕȐȍ țȏȓȈ, ȒȖȚȖȘȖȍ ȉțȌȍȚ ȖȚȖȉȘȈȎȈȚȤșȧ Ȋ 
ȐȕȚȍȘȜȍȑșȍ 

ǶȗȐșȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ 
ȏȕȈȟȍȕȐȍ ȕȍȚ 

ǶȗȐșȈȕȐȍ țȏȓȈ 

ǰșȒȓȦȟȐȚȤ 
ȗȍȘȊțȦ 
ȒȈȚȍȋȖȘȐȦ 

ǿȍȒȉȖȒș ǪȣȉȖȘ ȌȈȕȕȖȋȖ ȟȍȒȉȖȒșȈ țȒȈȏȣȊȈȍȚ ȔȍȚȖȌț ȕȈ 
ȕȍȖȉȝȖȌȐȔȖșȚȤ ȐșȒȓȦȟȐȚȤ ȗȍȘȊțȦ ȒȈȚȍȋȖȘȐȦ 

ǰșȒȓȦȟȐȚȤ 
ȖȘȐȋȐȕȈȓȤȕțȦ 
ȗȍȘȍȔȍȕȕțȦ 

ǿȍȒȉȖȒș ǪȣȉȖȘ ȌȈȕȕȖȋȖ ȟȍȒȉȖȒșȈ țȒȈȏȣȊȈȍȚ ȔȍȚȖȌț ȕȈ 
ȕȍȖȉȝȖȌȐȔȖșȚȤ ȐșȒȓȦȟȐȚȤ ȖȘȐȋȐȕȈȓȤȕțȦ 
ȗȍȘȍȔȍȕȕțȦ, ȕȈ ȖșȕȖȊȍ ȒȖȚȖȘȖȑ ȉȣȓȐ 
ȊȣȟȐșȓȍȕȣ ȜȐȒȚȐȊȕȣȍ, Ȑȏ ȌȈȓȤȕȍȑȠȍȋȖ 
ȗȘȖȞȍșșȈ ȔȖȌȍȓȐȘȖȊȈȕȐȧ. Ǫ ȖȒȕȍ ǪȣȝȖȌȕȣȍ 
ȗȍȘȍȔȍȕȕȣȍ ǸȖȓȤ ȌȈȕȕȖȋȖ ȈȚȘȐȉțȚȈ ȐȏȔȍȕȐȚșȧ 
ȕȈ ǰșȒȓȦȟȍȕ (Excluded) (ȗȘȖ ǸȖȓȐ ȗȍȘȍȔȍȕȕȖȑ 
ȗȖȌȘȖȉȕȍȍ ǻȏȍȓ «ǴȍȚȈȌȈȕȕȣȍ»). 

ǪȣȉȖȘ ȒȈȚȍȋȖȘȐȐ ǲȕȖȗȒȈ ǷȘȐ ȊȣȉȖȘȍ ȒȕȖȗȒȐ ȖȚȒȘȖȍȚșȧ ȖȒȕȖ ǪȣȉȖȘ 
ȒȈȚȍȋȖȘȐȐ. 

ǺȈȉȓȐȞȈ 14 ǷȈȘȈȔȍȚȘȣ țȏȓȈ «One-hot encoding» 
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ǶȒȕȖ ǪȣȉȖȘ ȒȈȚȍȋȖȘȐȐ 

Ǫ ȖȒȕȍ ǪȣȉȖȘ ȒȈȚȍȋȖȘȐȐ ǷȖȓȤȏȖȊȈȚȍȓȤ ȐȔȍȍȚ ȊȖȏȔȖȎȕȖșȚȤ ȊȣȉȘȈȚȤ 
ȒȈȚȍȋȖȘȐȈȓȤȕțȦ ȗȍȘȍȔȍȕȕțȦ Ȍȓȧ ȒȖȌȐȘȖȊȈȕȐȧ (ǸȐșțȕȖȒ 83). Ǭȓȧ ȥȚȖȋȖ 
ȕȍȖȉȝȖȌȐȔȖ: 

 ǸȧȌȖȔ ș ȐȕȚȍȘȍșțȦȡȍȑ ȗȍȘȍȔȍȕȕȖȑ ȊȣȉȘȈȚȤ ȐȒȖȕȒț  . 

 Ǫ șȚȖȓȉȞȍ ǪȣȉȘȈȚȤ ȊȣȉȘȈȚȤ ȟȍȒȉȖȒș Ȑ ȗȘȐ ȕȍȖȉȝȖȌȐȔȖșȚȐ țȒȈȏȈȚȤ 
ȐșȒȓȦȟȈȍȔȣȍ Ȑȏ ȒȖȌȐȘȖȊȈȕȐȧ ȏȕȈȟȍȕȐȧ (ȗȍȘȍȟȐșȓȐȚȤ ȟȍȘȍȏ ȏȈȗȧȚțȦ). 

 ǹȖȝȘȈȕȐȚȤ ȐȏȔȍȕȍȕȐȧ, ȊȣȉȘȈȊ ȐȒȖȕȒț  . 

 

ǸȐșțȕȖȒ 89 ǶȒȕȖ ǪȣȉȖȘ ȒȈȚȍȋȖȘȐȐ 

ǸȍȏțȓȤȚȈȚȣ ȊȣȗȖȓȕȍȕȐȧ țȏȓȈ: 

 ǺȈȉȓȐȞȈ ș ȗȘȐȔȍȘȖȔ ȌȈȕȕȣȝ. ǶȚȖȉȘȈȎȈȦȚșȧ ȗȍȘȊȣȍ 100 ȕȈȉȓȦȌȍȕȐȑ. 

 

ǸȐșțȕȖȒ 90 ǺȈȉȓȐȞȈ ș ȗȘȐȔȍȘȖȔ ȗȖșȟȐȚȈȕȕȣȝ ȚȘȍȝ ȜȐȒȚȐȊȕȣȝ ȗȍȘȍȔȍȕȕȣȝ 
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 ǺȈȉȓȐȞȈ ș ȘȍȏțȓȤȚȈȚȈȔȐ ȒȖȌȐȘȖȊȈȕȐȧ. 

 

ǸȐșțȕȖȒ 91 ǷȘȐȔȍȘ ȚȈȉȓȐȞȣ ș ȘȍȏțȓȤȚȈȚȈȔȐ ȒȖȌȐȘȖȊȈȕȐȧ 

Ǫ ȘȍȏțȓȤȚȈȚȍ ȊȣȗȖȓȕȍȕȐȧ Ȋ ȊȣȝȖȌȕȣȝ ȗȈȘȈȔȍȚȘȈȝ țȏȓȈ ȗȖȧȊȧȚșȧ șȚȖȓȉȞȣ-

ȐȕȌȐȒȈȚȖȘȣ ș ȘȖȓȤȦ ȗȍȘȊȖȕȈȟȈȓȤȕȖȋȖ șȚȖȓȉȞȈ. 

3.2.5.6.7. ǻȏȍȓ «ǯȈȗȖȓȕȍȕȐȍ ȗȘȖȗțșȒȖȊ» 

ǻȏȍȓ «ǯȈȗȖȓȕȍȕȐȍ ȗȘȖȗțșȒȖȊ» ȖȉȘȈȉȈȚȣȊȈȍȚ ȗȘȖȗțȡȍȕȕȣȍ ȏȕȈȟȍȕȐȧ. 

Ǫ ȏȈȊȐșȐȔȖșȚȐ ȖȚ ȏȈȌȈȟȐ ǷȖȓȤȏȖȊȈȚȍȓȤ ȔȖȎȍȚ ȐșȗȖȓȤȏȖȊȈȚȤ ȚȖȚ ȐȓȐ ȐȕȖȑ ȔȍȚȖȌ 
ȏȈȗȖȓȕȍȕȐȧ ȖȚșțȚșȚȊțȦȡȐȝ ȥȓȍȔȍȕȚȖȊ. ǯȈȔȍȕȐȚȤ ȗȘȖȗțșȒȐ ȔȖȎȕȖ ȕȈ: 

 ǴȖȌț – ȕȈȐȉȖȓȍȍ ȟȈșȚȖ ȊșȚȘȍȟȈȦȡȍȍșȧ ȏȕȈȟȍȕȐȍ (ȗȖȌȝȖȌȐȚ Ȍȓȧ 
ȒȈȚȍȋȖȘȐȈȓȤȕȣȝ ȗȍȘȍȔȍȕȕȣȝ). 

 ǲȖȕșȚȈȕȚț – ȊȣȉȘȈȕȕȖȍ ǷȖȓȤȏȖȊȈȚȍȓȍȔ ȒȖȕȒȘȍȚȕȖȍ ȏȕȈȟȍȕȐȍ. 

 ǹȘȍȌȕȍȍ – ȕȈȝȖȌȐȚșȧ șțȔȔȐȘȖȊȈȕȐȍȔ Ȋșȍȝ ȟȐșȍȓ Ȋ ȊȣȉȖȘȒȍ Ȑ ȌȍȓȍȕȐȍȔ 
ȗȖȓțȟȍȕȕȖȑ șțȔȔȣ ȕȈ ȒȖȓȐȟȍșȚȊȖ ȟȐșȍȓ. 

 ǴȍȌȐȈȕț – ȍșȓȐ ȊȏȧȚȤ Ȋșȍ ȥȓȍȔȍȕȚȣ ȔȕȖȎȍșȚȊȈ Ȑ ȖȚșȖȘȚȐȘȖȊȈȚȤ, ȚȖ ȥȚȖ 
ȟȐșȓȖ ȌȍȓȐȚ ȔȕȖȎȍșȚȊȖ ȗȖȗȖȓȈȔ. ǶȌȕȈ ȗȖȓȖȊȐȕȈ ȔȕȖȎȍșȚȊȈ ȘȈȊȕȈ ȐȓȐ 
ȉȖȓȤȠȍ ȥȚȖȋȖ ȟȐșȓȈ, Ȉ ȌȘțȋȈȧ ȔȍȕȤȠȍ ȐȓȐ ȘȈȊȕȈ ȥȚȖȔț ȟȐșȓț. 

 ǴȐȕȐȔțȔ. 

 ǴȈȒșȐȔțȔ. 

ǹȗȐșȖȒ ȗȈȘȈȔȍȚȘȖȊ țȏȓȈ ȗȘȍȌșȚȈȊȓȍȕ Ȋ ȚȈȉȓȐȞȍ ȕȐȎȍ. 

ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ 

ǵȈȏȊȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ 
ȏȕȈȟȍȕȐȍ ȕȍȚ 

ǵȈȏȊȈȕȐȍ țȏȓȈ, ȒȖȚȖȘȖȍ ȉțȌȍȚ ȖȚȖȉȘȈȎȈȚȤșȧ 
Ȋ ȐȕȚȍȘȜȍȑșȍ 

ǶȗȐșȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ 
ȏȕȈȟȍȕȐȍ ȕȍȚ 

ǶȗȐșȈȕȐȍ țȏȓȈ 

ǹȖȏȌȈȚȤ ȖȉȡȐȑ 
ȐȕȌȐȒȈȚȖȘ 

ǿȍȒȉȖȒș ǪȣȉȖȘ ȌȈȕȕȖȋȖ ȟȍȒȉȖȒșȈ țȒȈȏȣȊȈȍȚ ȕȈ 
ȕȍȖȉȝȖȌȐȔȖșȚȤ ȘȈșȟȍȚȈ ȖȉȡȍȋȖ Ȍȓȧ Ȋșȍȝ 
ȗȍȘȍȔȍȕȕȣȝ ȕȈȉȖȘȈ ȌȈȕȕȣȝ ȐȕȌȐȒȈȚȖȘȈ 
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ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ 

ȗȘȖȗțȡȍȕȕȣȝ 
ȏȕȈȟȍȕȐȑ 

ȗȘȖȗțȡȍȕȕȣȝ ȏȕȈȟȍȕȐȑ (șȚȖȓȉȞȈ, Ȋ ȒȖȚȖȘȖȔ 
ȉțȌȍȚ țȒȈȏȈȕȖ ȕȈȓȐȟȐȍ ȐȓȐ ȖȚșțȚșȚȊȐȍ 
ȗȘȖȗțȡȍȕȕȣȝ ȏȕȈȟȍȕȐȑ Ȋ ȕȈȉȓȦȌȍȕȐȐ). 
ǷȖșȓȍ țșȗȍȠȕȖȋȖ ȊȣȗȖȓȕȍȕȐȧ țȏȓȈ 
șȖȏȌȈȕȕȣȑ ȐȕȌȐȒȈȚȖȘ ȔȖȎȕȖ ȕȈȑȚȐ ȗȖ 
șșȣȓȒȍ «ǪȣȝȖȌȕȣȍ ȗȈȘȈȔȍȚȘȣ». ǭȔț 
ȉțȌȍȚ ȕȈȏȕȈȟȍȕȈ ȘȖȓȤ ǷȘȍȌȐȒȚȖȘȈ ș ȚȐȗȖȔ 
Binary. 

ǹȖȏȌȈȚȤ 
ȐȕȌȐȊȐȌțȈȓȤȕȣȍ 
ȐȕȌȐȒȈȚȖȘȣ 
ȗȘȖȗțȡȍȕȕȣȝ 
ȏȕȈȟȍȕȐȑ 

ǿȍȒȉȖȒș ǪȣȉȖȘ ȌȈȕȕȖȋȖ ȟȍȒȉȖȒșȈ țȒȈȏȣȊȈȍȚ ȕȈ 
ȕȍȖȉȝȖȌȐȔȖșȚȤ ȘȈșȟȍȚȈ ȐȕȌȐȊȐȌțȈȓȤȕȣȝ 
ȐȕȌȐȒȈȚȖȘȖȊ ȗȘȖȗțȡȍȕȕȣȝ ȏȕȈȟȍȕȐȑ Ȍȓȧ 
ȊȣȉȘȈȕȕȖȑ ȌȈȓȍȍ ȗȍȘȍȔȍȕȕȖȑ (Ȍȓȧ ȒȈȎȌȖȑ 
Ȑȏ ȊȣȉȘȈȕȕȣȝ ȗȍȘȍȔȍȕȕȣȝ ȉțȌȍȚ ȗȖșȟȐȚȈȕ 
șȊȖȑ șȚȖȓȉȍȞ). 
ǷȖșȓȍ țșȗȍȠȕȖȋȖ ȊȣȗȖȓȕȍȕȐȧ țȏȓȈ 
șȖȏȌȈȕȕȣȑ ȐȕȌȐȒȈȚȖȘ ȔȖȎȕȖ ȕȈȑȚȐ ȗȖ 
șșȣȓȒȍ «ǪȣȝȖȌȕȣȍ ȗȈȘȈȔȍȚȘȣ». ǭȔț 
ȉțȌȍȚ ȕȈȏȕȈȟȍȕȈ ȘȖȓȤ ǷȘȍȌȐȒȚȖȘȈ ș ȚȐȗȖȔ 
Binary. 

ǴȈȒșȐȔȈȓȤȕȈȧ ȌȖȓȧ 
ȗȘȖȗțșȒȖȊ 

ǸțȟȕȖȑ ȊȊȖȌ ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ țȒȈȏȣȊȈȍȚ ȔȈȒșȐȔȈȓȤȕțȦ 
ȌȖȓȦ ȗȘȖȗțșȒȖȊ 

ǪȣȉȖȘ ȗȍȘȍȔȍȕȕȣȝ 
Ȍȓȧ ȏȈȗȖȓȕȍȕȐȧ 
ȗȘȖȗțșȒȖȊ 

ǲȕȖȗȒȈ ǷȘȐ ȊȣȉȖȘȍ ȒȕȖȗȒȐ ȖȚȒȘȖȍȚșȧ ȖȒȕȖ ǪȣȉȖȘ 
ȗȍȘȍȔȍȕȕȣȝ Ȍȓȧ ȏȈȗȖȓȕȍȕȐȧ 
ȗȘȖȗțșȒȖȊ. 

ǺȈȉȓȐȞȈ 15 ǷȈȘȈȔȍȚȘȣ țȏȓȈ «ǯȈȗȖȓȕȍȕȐȍ ȗȘȖȗțșȒȖȊ» 

ǶȒȕȖ ǪȣȉȖȘ ȗȍȘȍȔȍȕȕȣȝ Ȍȓȧ ȏȈȗȖȓȕȍȕȐȧ ȗȘȖȗțșȒȖȊ 

Ǫ ȖȒȕȍ ǪȣȉȖȘ ȗȍȘȍȔȍȕȕȣȝ Ȍȓȧ ȏȈȗȖȓȕȍȕȐȧ ȗȘȖȗțșȒȖȊ ǷȖȓȤȏȖȊȈȚȍȓȤ ȔȖȎȍȚ 
ȏȈȌȈȚȤ ȔȍȚȖȌ ȏȈȔȍȕȣ ȗȘȖȗțȡȍȕȕȣȝ ȌȈȕȕȣȝ (ǸȐșțȕȖȒ 86). Ǭȓȧ ȥȚȖȋȖ ȕȍȖȉȝȖȌȐȔȖ: 

 ǸȧȌȖȔ ș ȐȕȚȍȘȍșțȦȡȍȑ ȗȍȘȍȔȍȕȕȖȑ ȊȣȉȘȈȚȤ ȐȒȖȕȒț  . 

 Ǫ șȚȖȓȉȞȍ ǪȣȉȘȈȚȤ ȕȈȎȈȚȤ ȕȈ ȟȍȒȉȖȒș Ȑ ȗȘȐ ȕȍȖȉȝȖȌȐȔȖșȚȐ ȐȏȔȍȕȐȚȤ 
ǹȚȘȈȚȍȋȐȦ ȏȈȗȖȓȕȍȕȐȧ. 

o ǷȘȐ ȊȣȉȖȘȍ ǹȚȘȈȚȍȋȐȐ ȏȈȗȖȓȕȍȕȐȧ ȒȖȕșȚȈȕȚȖȑ ȕțȎȕȖ țȒȈȏȈȚȤ 
ȏȕȈȟȍȕȐȍ Ȋ șȖȖȚȊȍȚșȚȊțȦȡȍȔ șȚȖȓȉȞȍ ǲȖȕșȚȈȕȚȈ. 

 ǹȖȝȘȈȕȐȚȤ ȐȏȔȍȕȍȕȐȧ, ȊȣȉȘȈȊ ȐȒȖȕȒț  . 
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ǸȐșțȕȖȒ 92 ǶȒȕȖ ǪȣȉȖȘ ȗȍȘȍȔȍȕȕȣȝ Ȍȓȧ ȏȈȗȖȓȕȍȕȐȧ ȗȘȖȗțșȒȖȊ 

ǸȍȏțȓȤȚȈȚȣ ȊȣȗȖȓȕȍȕȐȧ țȏȓȈ: 

 ǺȈȉȓȐȞȈ ș ȗȘȐȔȍȘȖȔ ȌȈȕȕȣȝ. ǶȚȖȉȘȈȎȈȦȚșȧ ȗȍȘȊȣȍ 100 ȕȈȉȓȦȌȍȕȐȑ. 

 

ǸȐșțȕȖȒ 93 ǶȒȕȖ ǪȣȉȖȘ ȗȍȘȍȔȍȕȕȣȝ Ȍȓȧ ȏȈȗȖȓȕȍȕȐȧ ȗȘȖȗțșȒȖȊ 
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Ǫ ȘȍȏțȓȤȚȈȚȍ ȊȣȗȖȓȕȍȕȐȧ țȏȓȈ Ȋ ȕȈȉȖȘȍ ȌȈȕȕȣȝ ȉțȌțȚ ȘȈșșȟȐȚȈȕȣ ȕȖȊȣȍ 
ȗȍȘȍȔȍȕȕȣȍ ș ȏȈȗȖȓȕȍȕȕȣȔȐ ȗȘȖȗțȡȍȕȕȣȔȐ ȏȕȈȟȍȕȐȧȔȐ (ș ȗȘȍȜȐȒșȖȔ IMP_). 

 ǺȈȉȓȐȞȈ ș ȒȖȓȐȟȍșȚȊȖȔ ȗȘȖȗțșȒȖȊ ȗȖ ȒȈȎȌȖȑ ȗȍȘȍȔȍȕȕȖȑ ȕȈȉȖȘȈ ȌȈȕȕȣȝ. 

 

ǸȐșțȕȖȒ 94 ǷȘȐȔȍȘ ȚȈȉȓȐȞȣ ș ȒȖȓȐȟȍșȚȊȖȔ ȗȘȖȗțȡȍȕȕȣȝ ȏȕȈȟȍȕȐȑ ȗȖ ȒȈȎȌȖȑ 
ȗȍȘȍȔȍȕȕȖȑ 

 ǺȈȉȓȐȞȈ ȏȈȔȍȕȍȕȕȣȝ ȏȕȈȟȍȕȐȑ. 

 

ǸȐșțȕȖȒ 95 ǷȘȐȔȍȘ ȚȈȉȓȐȞȣ ș ȏȈȔȍȕȕȣȔȐ ȏȕȈȟȍȕȐȧȔȐ 

3.2.5.6.8. ǻȏȍȓ «ǺȘȈȕșȜȖȘȔȈȞȐȧ» 

ǻȏȍȓ «ǺȘȈȕșȜȖȘȔȈȞȐȧ» ȗȖȏȊȖȓȧȍȚ ȘȈșșȟȐȚȈȚȤ ȕȖȊȣȍ ȗȍȘȍȔȍȕȕȣȍ. 

ǷȖȓȤȏȖȊȈȚȍȓȤ ȔȖȎȍȚ ȗȖȓțȟȐȚȤ ȌȖȗȖȓȕȐȚȍȓȤȕȣȍ șȊȍȌȍȕȐȧ Ȍȓȧ ȔȖȌȍȓȐȘȖȊȈȕȐȧ, 
ȊȣȗȖȓȕȐȊ ȊȣȟȐșȓȍȕȐȧ ȕȈ ȖșȕȖȊȍ ȐȔȍȦȡȐȝșȧ ȗȍȘȍȔȍȕȕȣȝ. Ǭȓȧ ȥȚȖȋȖ Ȋ țȏȓȍ 
«ǺȘȈȕșȜȖȘȔȈȞȐȧ» ȗȘȍȌțșȔȖȚȘȍȕȖ șȖȏȌȈȕȐȍ ȊȣȟȐșȓȧȍȔȣȝ ȗȖȒȈȏȈȚȍȓȍȑ ȗȘȐ ȗȖȔȖȡȐ 
ȘȈșȟȍȚȕȣȝ ȜȖȘȔțȓ. 

ǹȗȐșȖȒ ȗȈȘȈȔȍȚȘȖȊ țȏȓȈ ȗȘȍȌșȚȈȊȓȍȕ Ȋ ȚȈȉȓȐȞȍ ȕȐȎȍ. 

ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ 

ǵȈȏȊȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ ȏȕȈȟȍȕȐȍ ȕȍȚ 

ǵȈȏȊȈȕȐȍ țȏȓȈ, ȒȖȚȖȘȖȍ ȉțȌȍȚ 
ȖȚȖȉȘȈȎȈȚȤșȧ Ȋ ȐȕȚȍȘȜȍȑșȍ 

ǶȗȐșȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ ȏȕȈȟȍȕȐȍ ȕȍȚ 

ǶȗȐșȈȕȐȍ țȏȓȈ 

ǸȈșȟȍȚȕȣȍ 
ȈȚȘȐȉțȚȣ 

ǲȕȖȗȒȈ ǷȘȐ ȊȣȉȖȘȍ ȒȕȖȗȒȐ ȖȚȒȘȖȍȚșȧ ȖȒȕȖ 
ǸȈșȟȍȚȕȣȍ ȈȚȘȐȉțȚȣ. 

ǺȈȉȓȐȞȈ 16 ǷȈȘȈȔȍȚȘȣ țȏȓȈ «ǺȘȈȕșȜȖȘȔȈȞȐȧ» 
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ǶȒȕȖ ǸȈșȟȍȚȕȣȍ ȈȚȘȐȉțȚȣ 

Ǫ ȖȒȕȍ ǸȈșȟȍȚȕȣȍ ȈȚȘȐȉțȚȣ ǷȖȓȤȏȖȊȈȚȍȓȤ ȐȔȍȍȚ ȊȖȏȔȖȎȕȖșȚȤ șȖȏȌȈȚȤ ȕȖȊȣȍ 
ȗȍȘȍȔȍȕȕȣȍ. Ǭȓȧ ȥȚȖȋȖ ȕȍȖȉȝȖȌȐȔȖ: 

 ǪȣȉȘȈȚȤ ȐȒȖȕȒț  . 

 ǯȈȌȈȚȤ șȓȍȌțȦȡȐȍ ȗȈȘȈȔȍȚȘȣ: 

o ǰȔȧ ȈȚȘȐȉțȚȈ. 

o ǼȖȘȔțȓț. Ǭȓȧ ȥȚȖȋȖ ȕțȎȕȖ ȕȈȎȈȚȤ ȕȈ ȗȖȓȍ ȊȊȖȌȈ, ȖȚȒȘȖȍȚșȧ ȖȒȕȖ 
ǼȖȘȔțȓȈ Ȋ ȒȖȚȖȘȖȔ Ȑ ȏȈȌȈȍȚșȧ ȜȖȘȔțȓȈ ȘȈșȟȍȚȈ. 

o ǺȐȗ (ȗȖȌȘȖȉȕȍȍ Ȋ ȘȈȏȌȍȓȍ ǪȝȖȌȕȣȍ Ȑ ȊȣȝȖȌȕȣȍ ȌȈȕȕȣȍ țȏȓȈ). 

ǯȈȌȈȍȚșȧ ȈȊȚȖȔȈȚȐȟȍșȒȐ ȗȖșȓȍ ȏȈȌȈȕȐȧ ȘȈșȟȍȚȕȖȑ ȜȖȘȔțȓȣ. 

o ǸȖȓȤ (ȗȖȌȘȖȉȕȍȍ Ȋ ȘȈȏȌȍȓȍ ǪȝȖȌȕȣȍ Ȑ ȊȣȝȖȌȕȣȍ ȌȈȕȕȣȍ țȏȓȈ). 

 ǹȖȝȘȈȕȐȚȤ ȐȏȔȍȕȍȕȐȧ, ȊȣȉȘȈȊ ȐȒȖȕȒț  . 

 

ǸȐșțȕȖȒ 96 ǶȒȕȖ ǸȈșȟȍȚȕȣȍ ȈȚȘȐȉțȚȣ 

ǶȒȕȖ ǼȖȘȔțȓȈ 

Ǫ ȖȒȕȍ ǼȖȘȔțȓȈ ȏȈȌȈȍȚșȧ ȘȈșȟȍȚȕȈȧ ȜȖȘȔțȓȈ. 
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ǶșȕȖȊȕȣȔȐ ȥȓȍȔȍȕȚȈȔȐ ȖȒȕȈ ǼȖȘȔțȓȈ ȧȊȓȧȦȚșȧ: 

 

ǸȐșțȕȖȒ 97  ǶȒȕȖ ǼȖȘȔțȓȈ 

1. ǹȚȘȖȒȈ ȊȊȖȌȈ ȚȍȒșȚȖȊȖȋȖ ȗȘȍȌșȚȈȊȓȍȕȐȧ țșȓȖȊȐȧ. 

2. ǸȈȉȖȟȍȍ ȗȖȓȍ, Ȋ ȒȖȚȖȘȖȔ șȚȘȖȐȚșȧ ȋȘȈȜȐȟȍșȒȖȍ ȗȘȍȌșȚȈȊȓȍȕȐȍ țșȓȖȊȐȧ. 

3. ǪȒȓȈȌȒȈ, ȒȖȚȖȘȈȧ ȖȚȒȘȣȊȈȍȚșȧ ȗȘȐ ȡȍȓȟȒȍ ȗȘȈȊȖȑ ȒȕȖȗȒȖȑ ȔȣȠȐ Ȋ șȚȘȖȒȍ 
ȊȊȖȌȈ, Ȑ ȊȒȓȦȟȈȍȚ Ȋ șȍȉȧ: 

o ǷȍȘȍȔȍȕȕȣȍ Ȑȏ ȕȈȉȖȘȈ ȌȈȕȕȣȝ. 

o ǶȗȍȘȈȚȖȘȣ Ȑ ȜțȕȒȞȐȐ, ȗȘȍȌșȚȈȊȓȍȕȕȣȍ Ȋ ȚȈȉȓȐȞȍ ȕȐȎȍ. 

ǷȖȏȊȖȓȧȍȚ ȗȘȖșȔȈȚȘȐȊȈȚȤ ȗȍȘȍȔȍȕȕȣȍ ȕȈȉȖȘȈ ȌȈȕȕȣȝ Ȑ șȚȘȖȐȚȤ ȘȈșȟȍȚȕȣȍ 
ȜȖȘȔțȓȣ. 

Ǭȓȧ ȏȈȌȈȕȐȧ țșȓȖȊȐȧ ȕȍȖȉȝȖȌȐȔȖ: 

 Ǫ șȚȘȖȒț ȚȍȒșȚȖȊȖȋȖ ȗȘȍȌșȚȈȊȓȍȕȐȧ ȊȊȍșȚȐ ȜȖȘȔțȓț, ȐșȗȖȓȤȏțȧ ȖȗȍȘȈȚȖȘȣ, 
ȜțȕȒȞȐȐ Ȑ ȗȍȘȍȔȍȕȕȣȍ ȕȈȉȖȘȈ ȌȈȕȕȣȝ. 

o ǵȈȏȊȈȕȐȍ ȗȍȘȍȔȍȕȕȖȑ ȌȖȓȎȕȖ ȉȣȚȤ țȒȈȏȈȕȖ Ȋ ȖȉȘȈȚȕȣȝ ȖȌȐȕȈȘȕȣȝ 
ȒȈȊȣȟȒȈȝ (` `). ǷȘȐȔȍȘ: `ǫȖȌ` > 1996. 

o Ǫ ȒȈȟȍșȚȊȍ ȌȍșȧȚȐȟȕȖȋȖ ȘȈȏȌȍȓȐȚȍȓȤ ȐșȗȖȓȤȏțȍȚșȧ ȚȖȟȒȈ. 

o ǹȚȘȖȒȈ ȌȖȓȎȕȈ țȒȈȏȣȊȈȚȤșȧ Ȋ ȌȊȖȑȕȣȝ ȒȈȊȣȟȒȈȝ. ǷȘȐȔȍȘ: `ǷȖȓ` = 
"ȔțȎșȒȖȑ". 

 ǷȖșȔȖȚȘȍȚȤ șȗȐșȖȒ ȖȗȍȘȈȚȖȘȖȊ, ȜțȕȒȞȐȑ Ȑ ȗȍȘȍȔȍȕȕȣȝ, Ȉ ȚȈȒȎȍ ȌȖȉȈȊȐȚȤ Ȑȝ 
Ȋ țșȓȖȊȐȍ ȔȖȎȕȖ Ȑ Ȋ ȗȈȕȍȓȐ, ȒȖȚȖȘȈȧ ȖȚȒȘȣȊȈȍȚșȧ ȗȘȐ ȡȍȓȟȒȍ ȗȘȈȊȖȑ 
ȒȕȖȗȒȖȑ ȔȣȠȐ ȗȖ șȚȘȖȒȍ ȊȊȖȌȈ. 
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ǶȗȍȘȈȚȖȘ/ǼțȕȒȞȐȧ ǶȗȐșȈȕȐȍ ǺȍȒșȚȖȊȖȍ ȗȘȍȌșȚȈȊȓȍȕȐȍ 
(ȜȖȘȔțȓȈ) 

And ǳȖȋȐȟȍșȒȈȧ ȖȗȍȘȈȞȐȧ 
«ǰ» 

true and true 
ǪȔȍșȚȖ true ȕțȎȕȖ ȊșȚȈȊȐȚȤ țșȓȖȊȐȍ 
ǷȘȐȔȍȘ: `ǫȖȌ` > 1996 and `ǷȖȓ`= 
"ǮȍȕșȒȐȑ" 

Or ǳȖȋȐȟȍșȒȈȧ ȖȗȍȘȈȞȐȧ 
«ǰǳǰ» 

true or true 
ǪȔȍșȚȖ true ȕțȎȕȖ ȊșȚȈȊȐȚȤ țșȓȖȊȐȍ 
ǷȘȐȔȍȘ: `ǫȖȌ` > 1996 or `ǷȖȓ`= 
"ǮȍȕșȒȐȑ" 

+ ǶȗȍȘȈȞȐȧ șȓȖȎȍȕȐȧ 0 + 0 
ǪȔȍșȚȖ 0 ȕțȎȕȖ ȊșȚȈȊȐȚȤ ȟȐșȓȖȊȖȍ 
ȏȕȈȟȍȕȐȍ/ȟȐșȓȖȊțȦ ȗȍȘȍȔȍȕȕțȦ 
ǷȘȐȔȍȘ: `ǾȍȕȈ ȗȘȖȌțȒȚȈ M`+ ` ǾȍȕȈ 
ȗȘȖȌțȒȚȈ M` 

– ǶȗȍȘȈȞȐȧ ȊȣȟȐȚȈȕȐȧ 0 - 0 
ǪȔȍșȚȖ 0 ȕțȎȕȖ ȊșȚȈȊȐȚȤ ȟȐșȓȖȊȖȍ 
ȏȕȈȟȍȕȐȍ/ȟȐșȓȖȊțȦ ȗȍȘȍȔȍȕȕțȦ 
ǷȘȐȔȍȘ: `ǾȍȕȈ ȗȘȖȌțȒȚȈ M`- 1000 

× ǶȗȍȘȈȞȐȧ țȔȕȖȎȍȕȐȧ 0 * 0 
ǪȔȍșȚȖ 0 ȕțȎȕȖ ȊșȚȈȊȐȚȤ ȟȐșȓȖȊȖȍ 
ȏȕȈȟȍȕȐȍ/ȟȐșȓȖȊțȦ ȗȍȘȍȔȍȕȕțȦ 
ǷȘȐȔȍȘ: `ǾȍȕȈ ȗȘȖȌțȒȚȈ M` * 
`ǹȒȐȌȒȈ` 

/ ǶȗȍȘȈȞȐȧ ȌȍȓȍȕȐȧ 0 / 0 
ǪȔȍșȚȖ 0 ȕțȎȕȖ ȊșȚȈȊȐȚȤ ȟȐșȓȖȊȖȍ 
ȏȕȈȟȍȕȐȍ/ȟȐșȓȖȊțȦ ȗȍȘȍȔȍȕȕțȦ 
ǷȘȐȔȍȘ: `ǪȣȘțȟȒȈ ȏȈ ȗȍȘȊȣȑ 
ȒȊȈȘȚȈȓ` / `ǪȣȘțȟȒȈ ȏȈ ȋȖȌ` 

<  ǴȍȕȤȠȍ "" < "" 
ǪȔȍșȚȖ "" ȕțȎȕȖ ȊșȚȈȊȐȚȤ 
ȗȍȘȍȔȍȕȕțȦ/ȏȕȈȟȍȕȐȍ 
ǷȘȐȔȍȘ: `ǪȖȏȘȈșȚ` < 32 

≤ ǴȍȕȤȠȍ ȐȓȐ ȘȈȊȕȖ "" <= "" 
ǪȔȍșȚȖ "" ȕțȎȕȖ ȊșȚȈȊȐȚȤ 
ȗȍȘȍȔȍȕȕțȦ/ȏȕȈȟȍȕȐȍ 
ǷȘȐȔȍȘ: `ǺȍȔȗȍȘȈȚțȘȈ` <= 120 

>  ǩȖȓȤȠȍ "" > "" 
ǪȔȍșȚȖ "" ȕțȎȕȖ ȊșȚȈȊȐȚȤ 
ȗȍȘȍȔȍȕȕțȦ/ȏȕȈȟȍȕȐȍ 
ǷȘȐȔȍȘ: `ǪȖȏȘȈșȚ` > “32” 

≥ ǩȖȓȤȠȍ ȐȓȐ ȘȈȊȕȖ "" >= "" 
ǪȔȍșȚȖ "" ȕțȎȕȖ ȊșȚȈȊȐȚȤ 
ȗȍȘȍȔȍȕȕțȦ/ȏȕȈȟȍȕȐȍ 
ǷȘȐȔȍȘ: `ǺȍȔȗȍȘȈȚțȘȈ` >= 120 

= ǸȈȊȕȖ "" = "" 
ǪȔȍșȚȖ "" ȕțȎȕȖ ȊșȚȈȊȐȚȤ 
ȗȍȘȍȔȍȕȕțȦ/ȏȕȈȟȍȕȐȍ 
ǷȘȐȔȍȘ: `ǺȍȔȗȍȘȈȚțȘȈ` = 120 

≠ ǵȍ ȘȈȊȕȖ "" != "" 
ǪȔȍșȚȖ "" ȕțȎȕȖ ȊșȚȈȊȐȚȤ 
ȗȍȘȍȔȍȕȕțȦ/ȏȕȈȟȍȕȐȍ 
ǷȘȐȔȍȘ: `ǺȍȔȗȍȘȈȚțȘȈ` != 120 

like ǷȘȖȊȍȘȧȍȚ, 
țȌȖȊȓȍȚȊȖȘȧȍȚ ȓȐ 
șȐȔȊȖȓȤȕȈȧ șȚȘȖȒȈ 

"" like "" 
ǪȔȍșȚȖ "" ȕțȎȕȖ ȊșȚȈȊȐȚȤ 
ȗȍȘȍȔȍȕȕțȦ/ȏȕȈȟȍȕȐȍ 
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ȏȈȌȈȕȕȖȔț ȖȉȘȈȏȞț, 
ȒȖȚȖȘȣȑ ȔȖȎȍȚ 
șȖȌȍȘȎȈȚȤ ȗȖȐșȒȖȊȣȍ 
șȐȔȊȖȓȣ. ǻȟȐȚȣȊȈȍȚ 
ȘȍȋȐșȚȘ 

ǷȘȐȔȍȘ: `ǫȖȘȖȌ` like "ǴȖșȒȊȈ" 

ilike ǷȘȖȊȍȘȧȍȚ, 
țȌȖȊȓȍȚȊȖȘȧȍȚ ȓȐ 
șȐȔȊȖȓȤȕȈȧ șȚȘȖȒȈ 
ȏȈȌȈȕȕȖȔț ȖȉȘȈȏȞț, 
ȒȖȚȖȘȣȑ ȔȖȎȍȚ 
șȖȌȍȘȎȈȚȤ ȗȖȐșȒȖȊȣȍ 
șȐȔȊȖȓȣ. 

"" ilike "" 
ǪȔȍșȚȖ "" ȕțȎȕȖ ȊșȚȈȊȐȚȤ 
ȗȍȘȍȔȍȕȕțȦ/ȏȕȈȟȍȕȐȍ 
ǷȘȐȔȍȘ: `ǫȖȘȖȌ` ilike "ǴȖșȒȊȈ" 

startswith ǷȘȖȊȍȘȧȍȚ, ȍșȚȤ ȓȐ Ȋ 
ȕȈȟȈȓȍ ȖȌȕȖȑ 
ȚȍȒșȚȖȊȖȑ șȚȘȖȒȐ 
ȌȘțȋȈȧ ȚȍȒșȚȖȊȈȧ 
șȚȘȖȒȈ 

"" startswith "" 
ǪȔȍșȚȖ "" ȕțȎȕȖ ȊșȚȈȊȐȚȤ 
ȗȍȘȍȔȍȕȕțȦ/ȏȕȈȟȍȕȐȍ 
ǷȘȐȔȍȘ: `ǫȖȘȖȌ` startswith "ǹȈȕ" 

endswith ǷȘȖȊȍȘȧȍȚ, ȍșȚȤ ȓȐ Ȋ 
ȒȖȕȞȍ ȖȌȕȖȑ ȚȍȒșȚȖȊȖȑ 
șȚȘȖȒȐ ȌȘțȋȈȧ 
ȚȍȒșȚȖȊȈȧ șȚȘȖȒȈ 

"" endswith "" 
ǪȔȍșȚȖ "" ȕțȎȕȖ ȊșȚȈȊȐȚȤ 
ȗȍȘȍȔȍȕȕțȦ/ȏȕȈȟȍȕȐȍ 
ǷȘȐȔȍȘ: `ǫȖȘȖȌ` endswith "ȉțȘȋ" 

contains ǷȘȖȊȍȘȧȍȚ, ȊșȚȘȍȟȈȍȚș
ȧ ȓȐ țȒȈȏȈȕȕȈȧ șȚȘȖȒȈ 
ȊȕțȚȘȐ ȌȘțȋȖȑ șȚȘȖȒȐ 

"" contains "" 
ǪȔȍșȚȖ "" ȕțȎȕȖ ȊșȚȈȊȐȚȤ 
ȗȍȘȍȔȍȕȕțȦ/ȏȕȈȟȍȕȐȍ 
ǷȘȐȔȍȘ: `ǵȈȏȊȈȕȐȍ` contains 
"consulting" 

between ǷȘȖȊȍȘȧȍȚ, ȊȝȖȌȐȚ ȓȐ 
ȏȕȈȟȍȕȐȍ Ȋ ȏȈȌȈȕȕȣȑ 
ȌȐȈȗȈȏȖȕ 

0 between(0,0) 
ǪȔȍșȚȖ 0 ȕțȎȕȖ ȊșȚȈȊȐȚȤ ȟȐșȓȖȊțȦ 
ȗȍȘȍȔȍȕȕțȦ/ȏȕȈȟȍȕȐȍ 
ǷȘȐȔȍȘ: `ID` between (1, 100500) 

in ǷȘȖȊȍȘȧȍȚ ȕȈȓȐȟȐȍ 
ȥȓȍȔȍȕȚȈ Ȋ 
ȗȖșȓȍȌȖȊȈȚȍȓȤȕȖșȚȐ 

"" in("") 
ǪȔȍșȚȖ "" ȕțȎȕȖ ȊșȚȈȊȐȚȤ 
ȗȍȘȍȔȍȕȕțȦ/ȏȕȈȟȍȕȐȍ 
ǷȘȐȔȍȘ: `ǸȍȋȐȖȕ` in ("ǴȖșȒȊȈ", 
"ǴȖșȒȖȊșȒȈȧ ȖȉȓȈșȚȤ") 

not in ǷȘȖȊȍȘȧȍȚ ȖȚșțȚșȚȊȐȍ 
ȥȓȍȔȍȕȚȈ Ȋ 
ȗȖșȓȍȌȖȊȈȚȍȓȤȕȖșȚȐ 

"" not_in("") 
ǪȔȍșȚȖ "" ȕțȎȕȖ ȊșȚȈȊȐȚȤ 
ȗȍȘȍȔȍȕȕțȦ/ȏȕȈȟȍȕȐȍ 
ǷȘȐȔȍȘ: `ǸȍȋȐȖȕ` not_in ("ǴȖșȒȊȈ", 
"ǴȖșȒȖȊșȒȈȧ ȖȉȓȈșȚȤ") 

CASE ǷȖȏȊȖȓȧȍȚ ȗȘȖȊȍȘȐȚȤ 
ȕȍșȒȖȓȤȒȖ țșȓȖȊȐȑ Ȑ 
ȊȣȗȖȓȕȐȚȤ ȘȈȏȕȣȍ 
ȖȗȍȘȈȞȐȐ ȕȈ ȖșȕȖȊȍ 
ȥȚȐȝ țșȓȖȊȐȑ 

case when true then "" else "" end 
ǪȔȍșȚȖ true ȕțȎȕȖ ȊșȚȈȊȐȚȤ țșȓȖȊȐȍ, 
ȊȔȍșȚȖ "" – ȏȕȈȟȍȕȐȍ 
Ǭȓȧ ȗȘȖȊȍȘȒȐ ȌȖȗȖȓȕȐȚȍȓȤȕȣȝ țșȓȖȊȐȑ 
ȕȍȖȉȝȖȌȐȔȖ ȌȖȉȈȊȐȚȤ ȌȖȗȖȓȕȐȚȍȓȤȕȣȍ 
«when true then ""» 
ǷȘȐȔȍȘ: case when `ǪȖȏȘȈșȚ` > 32 
then 0 else 1 end 

coalesce ǪȖȏȊȘȈȡȈȍȚ ȌȈȕȕȣȍ Ȑȏ 
ȗȍȘȊȖȋȖ șȚȖȓȉȞȈ, 
șȖȌȍȘȎȈȡȍȋȖ 
ȏȕȈȟȍȕȐȍ, ȖȚȓȐȟȕȖȍ ȖȚ 
NULL 

coalesce("") 
ǪȔȍșȚȖ "" ȕțȎȕȖ ȊșȚȈȊȐȚȤ 
ȗȍȘȍȔȍȕȕțȦ/ȏȕȈȟȍȕȐȍ 
ǷȘȐȔȍȘ: coalesce(`ProductNumber`, 
`ProductName`) 
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(ȜȖȘȔțȓȈ) 

not ǯȈȌȈȍȚ 
ȗȘȖȚȐȊȖȗȖȓȖȎȕȖȍ 
țșȓȖȊȐȍ 

not(true) 
ǪȔȍșȚȖ true ȕțȎȕȖ ȊșȚȈȊȐȚȤ țșȓȖȊȐȍ 
ǷȘȐȔȍȘ: not(`ǫȖȌ` > 1996) 

create_date ǹȖȏȌȈȍȚ ȗȍȘȍȔȍȕȕțȦ 
ȌȈȚȣ Ȑȏ 
ȗȖșȓȍȌȖȊȈȚȍȓȤȕȖ 
ȊȊȍȌȍȕȕȣȝ ȋȖȌȈ, 
ȔȍșȧȞȈ Ȑ Ȍȕȧ 

create_date(0,0,0) 
ǪȔȍșȚȖ 0 ȕțȎȕȖ ȊșȚȈȊȐȚȤ ȟȐșȓȖȊȖȍ 
ȏȕȈȟȍȕȐȍ/ȟȐșȓȖȊțȦ ȗȍȘȍȔȍȕȕțȦ 
ǷȘȐȔȍȘ: create_date(2016,10,25) 

current_date ǪȖȏȊȘȈȡȈȍȚ ȚȍȒțȡțȦ 
ȌȈȚț 

current_date() 
ǪȊȖȌȐȚșȧ ȉȍȏ ȌȖȗȖȓȕȐȚȍȓȤȕȣȝ 
ȗȈȘȈȔȍȚȘȖȊ 

current_timestamp ǪȖȏȊȘȈȡȈȍȚ ȚȍȒțȡȐȍ 
ȌȈȚț Ȑ ȊȘȍȔȧ 

current_timestamp() 
ǪȊȖȌȐȚșȧ ȉȍȏ ȌȖȗȖȓȕȐȚȍȓȤȕȣȝ 
ȗȈȘȈȔȍȚȘȖȊ 

now ǪȖȏȊȘȈȡȈȍȚ ȚȍȒțȡȐȍ 
ȌȈȚț Ȑ ȊȘȍȔȧ 

now() 
ǪȊȖȌȐȚșȧ ȉȍȏ ȌȖȗȖȓȕȐȚȍȓȤȕȣȝ 
ȗȈȘȈȔȍȚȘȖȊ 

create_datetime ǹȖȏȌȈȍȚ ȗȍȘȍȔȍȕȕțȦ 
ȌȈȚȣ ȊȘȍȔȍȕȐ Ȑȏ 
ȗȖșȓȍȌȖȊȈȚȍȓȤȕȖ 
ȊȊȍȌȍȕȕȣȝ ȋȖȌȈ 
ȔȍșȧȞȈ Ȍȕȧ ȟȈșȈ ȔȐȕțȚ 
Ȑ șȍȒțȕȌ 

create_datetime(0,0,0,0,0,0) 
ǪȔȍșȚȖ 0 ȕțȎȕȖ ȊșȚȈȊȐȚȤ ȟȐșȓȖȊȖȍ 
ȏȕȈȟȍȕȐȍ/ȟȐșȓȖȊțȦ ȗȍȘȍȔȍȕȕțȦ 
ǷȘȐȔȍȘ: 
create_datetime(2016,10,25,12,18,0) 

char_length ǪȖȏȊȘȈȡȈȍȚ ȌȓȐȕț 
șȚȘȖȒȐ 

char_length("") 
ǪȔȍșȚȖ "" ȕțȎȕȖ ȊșȚȈȊȐȚȤ 
șȚȘȖȒț/șȚȘȖȒȖȊțȦ ȗȍȘȍȔȍȕȕțȦ 
ǷȘȐȔȍȘ: char_length(`ǲȖȌ_ȗȘȖȌțȒȚȈ`) 

random ǪȖȏȊȘȈȡȈȍȚ șȓțȟȈȑȕȖȍ 
ȟȐșȓȖ 

random() 
ǪȊȖȌȐȚșȧ ȉȍȏ ȌȖȗȖȓȕȐȚȍȓȤȕȣȝ 
ȗȈȘȈȔȍȚȘȖȊ 

In ǵȈȚțȘȈȓȤȕȣȑ 
ȓȖȋȈȘȐȜȔ 

ln(0) 
ǪȔȍșȚȖ 0 ȕțȎȕȖ ȊșȚȈȊȐȚȤ ȟȐșȓȖȊȖȍ 
ȏȕȈȟȍȕȐȍ/ȟȐșȓȖȊțȦ ȗȍȘȍȔȍȕȕțȦ 
ǷȘȐȔȍȘ: ln(`ǿȐșȓȖȊȈȧ ȗȍȘȍȔȍȕȕȈȧ`) 

exp ЭȒșȗȖȕȍȕȚȈ exp(0) 
ǪȔȍșȚȖ 0 ȕțȎȕȖ ȊșȚȈȊȐȚȤ ȟȐșȓȖȊȖȍ 
ȏȕȈȟȍȕȐȍ/ȟȐșȓȖȊțȦ ȗȍȘȍȔȍȕȕțȦ 
ǷȘȐȔȍȘ: exp (`ǿȐșȓȖȊȈȧ 
ȗȍȘȍȔȍȕȕȈȧ`) 

power ǪȖȏȊȍȌȍȕȐȍ Ȋ șȚȍȗȍȕȤ power(0,0) 
ǪȔȍșȚȖ 0 ȕțȎȕȖ ȊșȚȈȊȐȚȤ ȟȐșȓȖȊȖȍ 
ȏȕȈȟȍȕȐȍ/ȟȐșȓȖȊțȦ ȗȍȘȍȔȍȕȕțȦ 
ǷȘȐȔȍȘ: power(`ǿȐșȓȖȊȈȧ 
ȗȍȘȍȔȍȕȕȈȧ`,2) 

sqrt ǲȊȈȌȘȈȚȕȣȑ ȒȖȘȍȕȤ sqrt(0) 
ǪȔȍșȚȖ 0 ȕțȎȕȖ ȊșȚȈȊȐȚȤ ȟȐșȓȖȊȖȍ 
ȏȕȈȟȍȕȐȍ/ȟȐșȓȖȊțȦ ȗȍȘȍȔȍȕȕțȦ 
ǷȘȐȔȍȘ: sqrt (`ǿȐșȓȖȊȈȧ 
ȗȍȘȍȔȍȕȕȈȧ`) 

abs ǨȉșȖȓȦȚȕȖȍ ȏȕȈȟȍȕȐȍ abs(0) 
ǪȔȍșȚȖ 0 ȕțȎȕȖ ȊșȚȈȊȐȚȤ ȟȐșȓȖȊȖȍ 
ȏȕȈȟȍȕȐȍ/ȟȐșȓȖȊțȦ ȗȍȘȍȔȍȕȕțȦ 
ǷȘȐȔȍȘ: abs (`ǿȐșȓȖȊȈȧ 
ȗȍȘȍȔȍȕȕȈȧ`) 
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ceil ǪȖȏȊȘȈȡȈȍȚ 
ȕȈȐȔȍȕȤȠȍȍ ȞȍȓȖȍ 
ȟȐșȓȖ, ȒȖȚȖȘȖȍ 
ȉȖȓȤȠȍ ȐȓȐ ȘȈȊȕȖ 
ȚȍȒțȡȍȔț ȏȕȈȟȍȕȐȦ 

ceil(0) 
ǪȔȍșȚȖ 0 ȕțȎȕȖ ȊșȚȈȊȐȚȤ ȟȐșȓȖȊȖȍ 
ȏȕȈȟȍȕȐȍ/ȟȐșȓȖȊțȦ ȗȍȘȍȔȍȕȕțȦ 
ǷȘȐȔȍȘ: ceil(25.1) 
ǪȍȘȕȍȚ ȏȕȈȟȍȕȐȍ 26 

floor ǪȖȏȊȘȈȡȈȍȚ 
ȕȈȐȉȖȓȤȠȍȍ ȞȍȓȖȍ 
ȟȐșȓȖ, ȒȖȚȖȘȖȍ 
ȔȍȕȤȠȍ ȐȓȐ ȘȈȊȕȖ 
ȚȍȒțȡȍȔț ȏȕȈȟȍȕȐȦ 

floor(0) 
ǪȔȍșȚȖ 0 ȕțȎȕȖ ȊșȚȈȊȐȚȤ ȟȐșȓȖȊȖȍ 
ȏȕȈȟȍȕȐȍ/ȟȐșȓȖȊțȦ ȗȍȘȍȔȍȕȕțȦ 
ǷȘȐȔȍȘ: floor(25.1) 
ǪȍȘȕȍȚ ȏȕȈȟȍȕȐȍ 25 

extract_from_datetim

e 
ǷȖȓțȟȈȍȚ țȒȈȏȈȕȕțȦ 
ȟȈșȚȤ (ȌȍȕȤ, ȔȍșȧȞ, 
ȋȖȌ, ȟȈș, ȔȐȕțȚȈ, 
șȍȒțȕȌȈ) Ȑȏ ȏȕȈȟȍȕȐȧ 
ȌȈȚȣ Ȑ ȊȘȍȔȍȕȐ 

extract_from_datetime("","") 
ǪȔȍșȚȖ ȗȍȘȊȣȝ ȒȈȊȣȟȍȒ ȕțȎȕȖ țȒȈȏȈȚȤ 
ȕȍȖȉȝȖȌȐȔțȦ ȟȈșȚȤ Ȍȓȧ ȐȏȊȓȍȟȍȕȐȧ: 
·         SECOND 
·         MINUTE 
·         HOUR 
·         DAY 
·         MONTH 
·         YEAR 
ǪȔȍșȚȖ ȊȚȖȘȣȝ ȒȈȊȣȟȍȒ ȕțȎȕȖ țȒȈȏȈȚȤ 
ȗȍȘȍȔȍȕȕțȦ ȚȐȗȈ datetime 
ǷȘȐȔȍȘ: 
extract_from_datetime("DAY",`datetime
`) 

extract_from_date ǷȖȓțȟȈȍȚ țȒȈȏȈȕȕțȦ 
ȟȈșȚȤ (ȌȍȕȤ, ȔȍșȧȞ, 
ȋȖȌ) Ȑȏ ȏȕȈȟȍȕȐȧ ȌȈȚȣ 

extract_from_date("","") 
Ǫ ȗȍȘȊȣȍ ȒȈȊȣȟȒȐ ȕțȎȕȖ ȊȗȐșȈȚȤ 
ȕȍȖȉȝȖȌȐȔțȦ ȟȈșȚȤ Ȍȓȧ ȐȏȊȓȍȟȍȕȐȧ: 
·         DAY 
·         MONTH 
·         YEAR 
ǪȔȍșȚȖ ȊȚȖȘȣȝ ȒȈȊȣȟȍȒ ȕțȎȕȖ țȒȈȏȈȚȤ 
ȗȍȘȍȔȍȕȕțȦ ȚȐȗȈ date 
ǷȘȐȔȍȘ: 
extract_from_date("DAY",`date`) 

concat ǶȉȢȍȌȐȕȧȍȚ Ȋ ȍȌȐȕțȦ 
șȚȘȖȒț țȒȈȏȈȕȕȣȍ 
ȏȕȈȟȍȕȐȧ 

concat("") 
ǪȔȍșȚȖ "" ȕțȎȕȖ ȊșȚȈȊȐȚȤ 
șȚȘȖȒȐ/șȚȘȖȒȖȊȣȍ ȗȍȘȍȔȍȕȕȣȍ 
ǷȘȐȔȍȘ: 
concat (`ǼȈȔȐȓȐȧ`, " ", `ǰȔȧ`) 

ǺȈȉȓȐȞȈ 17 ǶȗȍȘȈȚȖȘȣ Ȑ ȜțȕȒȞȐȐ 

ǸȍȏțȓȤȚȈȚȣ ȊȣȗȖȓȕȍȕȐȧ țȏȓȈ: 

 ǺȈȉȓȐȞȈ c ȗȘȐȔȍȘȖȔ ȕȈȉȖȘȈ ȌȈȕȕȣȝ ș ȗȖșȟȐȚȈȕȕȣȔȐ ȈȚȘȐȉțȚȈȔȐ. 
ǶȚȖȉȘȈȎȈȦȚșȧ ȗȍȘȊȣȍ 100 ȕȈȉȓȦȌȍȕȐȑ. 
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ǸȐșțȕȖȒ 98 ǷȘȐȔȍȘ ȚȈȉȓȐȞȣ ș ȕȈȉȖȘȖȔ ȌȈȕȕȣȝ ș ȘȈșșȟȐȚȈȕȕȣȔ ȈȚȘȐȉțȚȖȔ 
ǺȍșȚȖȊȣȑ ȈȚȘȐȉțȚ 

3.2.5.6.9. ǻȏȍȓ «ǩȐȕȕȐȕȋ/ȥȕȒȖȌȐȕȋ» 

ǻȏȍȓ «ǩȐȕȕȐȕȋ/ȥȕȒȖȌȐȕȋ» ȊȒȓȦȟȈȍȚ Ȋ șȍȉȧ ȔȍȚȖȌȣ ȉȐȕȕȐȕȋȈ ȐȕȚȍȘȊȈȓȤȕȣȝ 
ȗȍȘȍȔȍȕȕȣȝ Ȑ ȒȖȌȐȘȖȊȈȕȐȧ ȒȈȚȍȋȖȘȐȈȓȤȕȣȝ ȗȍȘȍȔȍȕȕȣȝ. 

ǩȐȕȕȐȕȋ – ȗȘȖȞȍșș ȘȈȏȌȍȓȍȕȐȧ ȌȐȈȗȈȏȖȕȈ ȕȍȗȘȍȘȣȊȕȖȑ ȗȍȘȍȔȍȕȕȖȑ ȕȈ k 
ȐȕȚȍȘȊȈȓȖȊ. ǴȖȎȍȚ ȐșȗȖȓȤȏȖȊȈȚȤșȧ Ȍȓȧ șȖȒȘȈȡȍȕȐȧ ȘȈȏȔȍȘȕȖșȚȐ ȌȈȕȕȣȝ, ȟȚȖ ȟȈșȚȖ 
ȗȖȊȣȠȈȍȚ ȚȖȟȕȖșȚȤ ȔȖȌȍȓȐ. 

 

ǸȐșțȕȖȒ 99 ǷȘȐȔȍȘ ȉȐȕȕȐȕȋȈ ȗȖ ȏȕȈȟȍȕȐȧȔ ȗȍȘȍȔȍȕȕȖȑ Y 

ǷȘȍȌțșȔȖȚȘȍȕȣ șȓȍȌțȦȡȐȍ ȔȍȚȖȌȣ ȉȐȕȈȘȐȏȈȞȐȐ ȗȍȘȍȔȍȕȕȖȑ: 

 ǶȌȐȕȈȒȖȊȈȧ ȠȐȘȐȕȈ. ǬȈȕȕȈȧ șȚȘȈȚȍȋȐȧ ȘȈȏȌȍȓȧȍȚ ȌȐȈȗȈȏȖȕ ȏȕȈȟȍȕȐȑ 
ȗȍȘȍȔȍȕȕȖȑ ȕȈ țȒȈȏȈȕȕȖȍ ȒȖȓȐȟȍșȚȊȖ ȘȈȊȕȣȝ ȐȕȚȍȘȊȈȓȖȊ. 

 ǲȊȈȕȚȐȓȤȕȣȑ. ǬȈȕȕȈȧ șȚȘȈȚȍȋȐȧ ȘȈȏȌȍȓȧȍȚ ȌȐȈȗȈȏȖȕ ȏȕȈȟȍȕȐȑ ȗȍȘȍȔȍȕȕȖȑ 
ȚȈȒȐȔ ȖȉȘȈȏȖȔ, ȟȚȖȉȣ Ȋ ȒȈȎȌȣȑ Ȑȏ ȕȐȝ ȗȖȗȈȓȖ ȗȘȐȔȍȘȕȖ ȖȌȐȕȈȒȖȊȖȍ 
ȒȖȓȐȟȍșȚȊȖ ȏȕȈȟȍȕȐȑ. 

 ǬȍȘȍȊȖ. ǬȈȕȕȈȧ șȚȘȈȚȍȋȐȧ ȘȈȏȌȍȓȧȍȚ ȌȐȈȗȈȏȖȕ ȏȕȈȟȍȕȐȑ ȗȍȘȍȔȍȕȕȖȑ ș 
ȗȖȔȖȡȤȦ ȌȍȘȍȊȈ ȘȍȠȍȕȐȑ, ȟȚȖ ȗȘȍȌȗȖȓȈȋȈȍȚ șȊȧȏȤ ș ȞȍȓȍȊȖȑ ȗȍȘȍȔȍȕȕȖȑ. 
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ǸȈȏȉȐȍȕȐȍ ȕȈȟȐȕȈȍȚșȧ șȖ Ȋșȍȝ ȕȈȉȓȦȌȍȕȐȑ, ȒȖȚȖȘȣȍ ȗȘȍȌșȚȈȊȓȍȕȣ ȒȖȘȕȍȊȣȔ țȏȓȖȔ 
ȌȍȘȍȊȈ. ǨȓȋȖȘȐȚȔ ȘȈȏȉȐȊȈȍȚ ȥȚȖȚ ȘȖȌȐȚȍȓȤșȒȐȑ țȏȍȓ ȕȈ ȌȖȟȍȘȕȐȍ țȏȓȣ (Ȑ ȓȐșȚȤȧ) 
ȚȈȒȐȔ ȖȉȘȈȏȖȔ, ȟȚȖȉȣ ȏȕȈȟȍȕȐȧ (țȘȖȊȕȐ) ȞȍȓȍȊȖȑ ȗȍȘȍȔȍȕȕȖȑ Ȋ ȗȘȍȌȍȓȈȝ ȒȈȎȌȖȋȖ 
ȌȖȟȍȘȕȍȋȖ ȘȍȋȐȖȕȈ ȉȣȓȐ ȔȈȒșȐȔȈȓȤȕȖ ȗȖȝȖȎȐ (ȒȘȐȚȍȘȐȑ ȘȈȏȉȐȍȕȐȧ ȏȈȌȈȍȚșȧ Ȋ 
ȗȈȘȈȔȍȚȘȈȝ ǲȘȐȚȍȘȐȑ ȘȈȏȉȐȍȕȐȧ Ȍȓȧ ȘȍȋȘȍșșȐȐ Ȑ ǲȘȐȚȍȘȐȑ ȘȈȏȉȐȍȕȐȧ Ȍȓȧ 
ȒȓȈșșȐȜȐȒȈȞȐȐ). 

ǹȖȖȚȊȍȚșȚȊȍȕȕȖ, ȗȈȘȈȔȍȚȘ ǲȖȓȐȟȍșȚȊȖ ȉȐȕȖȊ ȘȈȊȍȕ ǴȈȒșȐȔȈȓȤȕȖȑ ȋȓțȉȐȕȍ 
ȌȍȘȍȊȈ Ȋ ȐșȝȖȌȕȖȔ ȈȓȋȖȘȐȚȔȍ ȌȍȘȍȊȈ ȘȍȠȍȕȐȑ, Ȉ ȗȈȘȈȔȍȚȘ ǴȐȕȐȔȈȓȤȕȖȍ 
ȒȖȓȐȟȍșȚȊȖ ȕȈȉȓȦȌȍȕȐȑ – ǴȐȕȐȔȈȓȤȕȖȔț ȒȖȓȐȟȍșȚȊȖ ȕȈȉȓȦȌȍȕȐȑ Ȋ ȓȐșȚȍ 

ȌȍȘȍȊȈ (ȗȖȌȘȖȉȕȍȍ ȗȘȖ ȘȈȉȖȚț ȈȓȋȖȘȐȚȔȈ Ȋ șȗȘȈȊȒȍ țȏȓȈ «ǬȍȘȍȊȖ ȘȍȠȍȕȐȑ»). 

ǭșȓȐ ȝȖȚȧ ȉȣ Ȍȓȧ ȖȌȕȖȑ ȗȍȘȍȔȍȕȕȖȑ ȐșȗȖȓȤȏțȍȚșȧ ȉȐȕȈȘȐȏȈȞȐȧ ȕȈ ȖșȕȖȊȍ ȌȍȘȍȊȈ, 
ȚȖ ȌȖȓȎȕȈ ȉȣȚȤ ȏȈȌȈȕȈ ȞȍȓȍȊȈȧ ȗȍȘȍȔȍȕȕȈȧ (ȏȈȌȈȍȚșȧ Ȋ țȏȓȍ «ǴȍȚȈȌȈȕȕȣȍ»). 

ǷȘȍȌțșȔȖȚȘȍȕȣ ȖȚȌȍȓȤȕȣȍ ȉȐȕȣ Ȍȓȧ ȗȘȖȗțȡȍȕȕȣȝ ȏȕȈȟȍȕȐȑ Ȑ ȏȕȈȟȍȕȐȑ Ȋȕȍ 
ȌȐȈȗȈȏȖȕȈ (ȗȈȘȈȔȍȚȘȣ ǶȉȘȈȉȖȚȒȈ ȗȘȖȗțȡȍȕȕȣȝ ȏȕȈȟȍȕȐȑ Ȑ ǶȉȘȈȉȖȚȒȈ 
ȏȕȈȟȍȕȐȑ Ȋȕȍ ȌȐȈȗȈȏȖȕȈ). 

ǩȖȓȤȠȐȕșȚȊȖ ȈȓȋȖȘȐȚȔȖȊ ȔȈȠȐȕȕȖȋȖ ȖȉțȟȍȕȐȧ ȕȍ ȔȖȋțȚ ȖȉȘȈȉȈȚȣȊȈȚȤ 
ȒȈȚȍȋȖȘȐȈȓȤȕȣȍ ȗȍȘȍȔȍȕȕȣȍ. ЭȕȒȖȌȐȕȋ – ȗȘȖȞȍșș ȗȘȍȖȉȘȈȏȖȊȈȕȐȧ ȚȍȒșȚȖȊȣȝ 
ȈȚȘȐȉțȚȖȊ Ȋ ȟȐșȓȖȊȣȍ ȏȕȈȟȍȕȐȧ. 

ǯȈȒȖȌȐȘȖȊȈȚȤ ȒȈȚȍȋȖȘȐȈȓȤȕȣȍ ȗȍȘȍȔȍȕȕȣȍ Ȋ ȟȐșȓȖȊȣȍ ȔȖȎȕȖ ȟȍȚȣȘȤȔȧ ȔȍȚȖȌȈȔȐ: 

 ǲȖȓȐȟȍșȚȊȖ (Count Encoding) – Ȍȓȧ ȒȈȎȌȖȑ ȒȈȚȍȋȖȘȐȐ șȚȈȊȐȚșȧ ȒȖȓȐȟȍșȚȊȖ 
ȕȈȉȓȦȌȍȕȐȑ ș ȥȚȖȑ ȒȈȚȍȋȖȘȐȍȑ. 

 ǿȈșȚȖȚȈ (Freq Encoding) – Ȍȓȧ ȒȈȎȌȖȑ ȒȈȚȍȋȖȘȐȐ șȚȈȊȐȚșȧ ȟȈșȚȖȚȈ 
ȕȈȉȓȦȌȍȕȐȑ ș ȥȚȖȑ ȒȈȚȍȋȖȘȐȍȑ. 

 ǾȍȓȍȊȈȧ (Target Encoding) – Ȍȓȧ ȒȈȎȌȖȑ ȒȈȚȍȋȖȘȐȐ șȚȈȊȐȚșȧ 
șȘȍȌȕȍȊȏȊȍȠȍȕȕȖȍ șȘȍȌȕȍȋȖ ȞȍȓȍȊȖȑ ȕȈ ȗȖȌȊȣȉȖȘȒȍ șȖȖȚȊȍȚșȚȊțȦȡȍȑ 
ȏȈȌȈȕȕȖȑ ȒȈȚȍȋȖȘȐȐ Ȑ șȘȍȌȕȍȋȖ ȞȍȓȍȊȖȑ ȕȈ Ȋșȍȑ ȖȉțȟȈȦȡȍȑ ȊȣȉȖȘȒȍ (train). 

ǷȈȘȈȔȍȚȘ ȊȍșȈ ȘȈșșȟȐȚȣȊȈȍȚșȧ ȟȍȘȍȏ ȒȖȓȐȟȍșȚȊȖ ȕȈȉȓȦȌȍȕȐȑ Ȋ ȗȖȌȊȣȉȖȘȒȍ, 
șȖȖȚȊȍȚșȚȊțȦȡȍȑ ȏȈȌȈȕȕȖȑ ȒȈȚȍȋȖȘȐȐ, Ȑ ȗȈȘȈȔȍȚȘȣ ǹȌȊȐȋȈ Ȑ ǴȈșȠȚȈȉȈ. 

Ǭȓȧ ȒȖȘȘȍȒȚȕȖȑ ȘȈȉȖȚȣ ȕȍȖȉȝȖȌȐȔȖ țȒȈȏȈȚȤ ȞȍȓȍȊțȦ ȗȍȘȍȔȍȕȕțȦ 
(ȏȈȌȈȍȚșȧ Ȋ țȏȓȍ «ǴȍȚȈȌȈȕȕȣȍ»). 

 WOE (Weight of Evidence) – Ȍȓȧ ȒȈȎȌȖȑ ȒȈȚȍȋȖȘȐȐ șȚȈȊȐȚșȧ WOE, 
ȘȈșșȟȐȚȈȕȕȣȑ Ȍȓȧ ȗȖȌȊȣȉȖȘȒȐ, șȖȖȚȊȍȚșȚȊțȦȡȍȑ ȊȣȉȘȈȕȕȖȑ ȒȈȚȍȋȖȘȐȐ. 
ǴȈȚȍȔȈȚȐȟȍșȒȐ WOE ȖȗȘȍȌȍȓȧȍȚșȧ ȒȈȒ ȓȖȋȈȘȐȜȔ ȖȚȕȖȠȍȕȐȧ ȌȖȓȐ «ȝȖȘȖȠȐȝ» 
ȕȈȉȓȦȌȍȕȐȑ Ȓ ȌȖȓȍ «ȗȓȖȝȐȝ» ȕȈȉȓȦȌȍȕȐȑ. 

Ǭȓȧ ȒȖȘȘȍȒȚȕȖȑ ȘȈȉȖȚȣ ȕȍȖȉȝȖȌȐȔȖ țȒȈȏȈȚȤ ȞȍȓȍȊțȦ ȗȍȘȍȔȍȕȕțȦ (ȏȈȌȈȍȚșȧ Ȋ țȏȓȍ 
«ǴȍȚȈȌȈȕȕȣȍ»). 

ǷȘȍȌțșȔȖȚȘȍȕȣ ǶȉȘȈȉȖȚȒȈ ȗȘȖȗțȡȍȕȕȣȝ ȏȕȈȟȍȕȐȑ Ȑ ǶȉȘȈȉȖȚȒȈ ȕȍȐȏȊȍșȚȕȣȝ 
ȏȕȈȟȍȕȐȑ, ȒȖȚȖȘȣȍ ȏȈȊȐșȧȚ ȖȚ ȊȣȉȘȈȕȕȖȋȖ ȔȍȚȖȌȈ ȥȕȒȖȌȐȕȋȈ (ȗȖȌȘȖȉȕȍȍ Ȋ 
ȖȗȐșȈȕȐȐ șȖȖȚȊȍȚșȚȊțȦȡȐȝ ȗȈȘȈȔȍȚȘȖȊ). 

ǭșȓȐ ȞȍȓȍȊȈȧ ȗȍȘȍȔȍȕȕȈȧ ȒȈȚȍȋȖȘȐȈȓȤȕȈȧ Ȑ Ȋ ȕȍȑ ȉȖȓȤȠȍ 2-ȝ ȒȈȚȍȋȖȘȐȑ, ȚȖ 
ȒȖȌȐȘȖȊȡȐȒȐ, ȖșȕȖȊȈȕȕȣȍ ȕȈ ȞȍȓȍȊȖȑ ȗȍȘȍȔȍȕȕȖȑ (Target Encoding Ȑ WOE), 
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ȐșȒȓȦȟȈȦȚ ȖȌȕț Ȑȏ ȒȈȚȍȋȖȘȐȑ ȞȍȓȍȊȖȑ ȗȍȘȍȔȍȕȕȖȑ Ȑ Ȍȓȧ ȒȈȎȌȖȑ Ȑȏ ȖșȚȈȊȠȐȝșȧ 
ȘȈșșȔȈȚȘȐȊȈȦȚ șȖȖȚȊȍȚșȚȊțȦȡțȦ ȏȈȌȈȟț ȉȐȕȈȘȕȖȑ ȒȓȈșșȐȜȐȒȈȞȐȐ (1 – ȊȣȉȘȈȕȕȈȧ 
ȒȈȚȍȋȖȘȐȧ, 0 – Ȋșȍ ȖșȚȈȓȤȕȣȍ) Ȑ șȚȘȖȧȚșȧ ȗȖ ȕȍȑ. ǺȈȒȐȔ ȖȉȘȈȏȖȔ, ȍșȓȐ ț ȞȍȓȍȊȖȑ 
ȗȍȘȍȔȍȕȕȖȑ K ȒȈȚȍȋȖȘȐȑ, K > 2, ȚȖ ȒȈȎȌȣȑ ȒȖȌȐȘȖȊȡȐȒ, ȖșȕȖȊȈȕȕȣȑ ȕȈ ȞȍȓȍȊȖȑ 
ȗȍȘȍȔȍȕȕȖȑ, ȋȍȕȍȘȐȘțȍȚ K - 1 șȚȖȓȉȞȖȊ Ȋ ȘȍȏțȓȤȚȈȚȈȝ. 

ǹȗȐșȖȒ ȗȈȘȈȔȍȚȘȖȊ țȏȓȈ ȗȘȍȌșȚȈȊȓȍȕ Ȋ ȚȈȉȓȐȞȍ. 

ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ 

ǵȈȏȊȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ 
ȏȕȈȟȍȕȐȍ ȕȍȚ 

ǵȈȏȊȈȕȐȍ țȏȓȈ, ȒȖȚȖȘȖȍ ȉțȌȍȚ ȖȚȖȉȘȈȎȈȚȤșȧ 
Ȋ ȐȕȚȍȘȜȍȑșȍ 

ǶȗȐșȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ 
ȏȕȈȟȍȕȐȍ ȕȍȚ 

ǶȗȐșȈȕȐȍ țȏȓȈ 

ǷȘȍȜȐȒș 
ȊȣȝȖȌȕȣȝ 
ȗȍȘȍȔȍȕȕȣȝ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǷȖ țȔȖȓȟȈȕȐȦ — BIN_ 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȗȘȍȜȐȒș Ȍȓȧ 
ȊȣȝȖȌȕȣȝ ȗȍȘȍȔȍȕȕȣȝ țȏȓȈ 
ǰșȗȖȓȤȏțȍȚșȧ Ȍȓȧ ȉȐȕȕȐȕȋȈ ȐȕȚȍȘȊȈȓȤȕȣȝ 
ȗȍȘȍȔȍȕȕȣȝ 

ǶȉȘȈȉȖȚȒȈ 
ȏȕȈȟȍȕȐȑ Ȋȕȍ 
ȌȐȈȗȈȏȖȕȈ 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ 
șȗȐșȖȒ șȖ 
șȓȍȌțȦȡȐȔȐ 
ȏȕȈȟȍȕȐȧȔȐ: 

 ǪȒȓȦȟȐȚȤ Ȋ 
ȒȘȈȑȕȐȍ ȉȐȕȣ 
(ȗȖ țȔȖȓȟȈȕȐȦ) 

 ǶȚȌȍȓȤȕȣȍ 
ȉȐȕȣ 

 ǰȋȕȖȘȐȘȖȊȈȚȤ 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ țȒȈȏȣȊȈȍȚ ȟȚȖ ȌȍȓȈȚȤ șȖ 
ȏȕȈȟȍȕȐȧȔȐ Ȋȕȍ ȌȐȈȗȈȏȖȕȈ. 
ǰșȗȖȓȤȏțȍȚșȧ Ȍȓȧ ȉȐȕȕȐȕȋȈ ȐȕȚȍȘȊȈȓȤȕȣȝ 
ȗȍȘȍȔȍȕȕȣȝ 

ǩȐȕ Ȍȓȧ 
ȗȘȖȗțȡȍȕȕȣȝ 
ȏȕȈȟȍȕȐȑ 

ǿȍȒȉȖȒș ǪȣȉȖȘ ȌȈȕȕȖȋȖ ȟȍȒȉȖȒșȈ țȒȈȏȣȊȈȍȚ, ȟȚȖ 
ȕȍȖȉȝȖȌȐȔȖ ȗȖșȟȐȚȈȚȤ ȖȚȌȍȓȤȕȣȑ ȉȐȕ Ȍȓȧ 
ȗȘȖȗțȡȍȕȕȣȝ ȏȕȈȟȍȕȐȑ 
ǰșȗȖȓȤȏțȍȚșȧ Ȍȓȧ ȉȐȕȕȐȕȋȈ ȐȕȚȍȘȊȈȓȤȕȣȝ 
ȗȍȘȍȔȍȕȕȣȝ 

ǷȍȘȍȔȍȕȕȣȍ ǲȕȖȗȒȈ ǰșȗȖȓȤȏțȍȚșȧ Ȍȓȧ ȉȐȕȕȐȕȋȈ ȐȕȚȍȘȊȈȓȤȕȣȝ 
ȗȍȘȍȔȍȕȕȣȝ 
ǷȘȐ ȊȣȉȖȘȍ ȒȕȖȗȒȐ «ǷȍȘȍȔȍȕȕȣȍ» 
ȖȚȒȘȣȊȈȍȚșȧ ȖȒȕȖ ǷȍȘȍȔȍȕȕȣȍ, Ȋ ȒȖȚȖȘȖȔ 
ȕȍȖȉȝȖȌȐȔȖ ȊȣȉȘȈȚȤ ȗȍȘȍȔȍȕȕȣȍ Ȍȓȧ 
ȉȐȕȕȐȕȋȈ Ȑ țȒȈȏȈȚȤ ȕȍȖȉȝȖȌȐȔȣȍ 
ȗȈȘȈȔȍȚȘȣ. 
ǷȈȘȈȔȍȚȘ ǴȍȚȖȌ ȏȈȌȈȍȚ ȔȍȚȖȌ, ȒȖȚȖȘȣȑ 
ȉțȌȍȚ ȐșȗȖȓȤȏȖȊȈȚȤșȧ Ȍȓȧ ȉȐȕȈȘȐȏȈȞȐȐ 
ȗȍȘȍȔȍȕȕȖȑ. ǷȘȍȌțșȔȖȚȘȍȕȣ șȓȍȌțȦȡȐȍ 
ȔȍȚȖȌȣ: 

 ǶȌȐȕȈȒȖȊȈȧ ȠȐȘȐȕȈ (ȗȖ 
țȔȖȓȟȈȕȐȦ) 

 ǲȊȈȕȚȐȓȤȕȣȑ 
 ǬȍȘȍȊȖ 

ǷȈȘȈȔȍȚȘ ǲȖȓȐȟȍșȚȊȖ ȉȐȕȖȊ ȐȔȍȍȚ 
ȏȕȈȟȍȕȐȍ ȗȖ țȔȖȓȟȈȕȐȦ, ȘȈȊȕȖȍ 10. 
Ǭȓȧ ȔȍȚȖȌȈ ǬȍȘȍȊȖ ȏȕȈȟȍȕȐȍ 
ȌȖȓȎȕȖ ȉȣȚȤ ȉȖȓȤȠȍ ȐȓȐ ȘȈȊȕȖ 2. 
Ǭȓȧ ȖșȚȈȓȤȕȣȝ ȔȍȚȖȌȖȊ – ȉȖȓȤȠȍ 
ȐȓȐ ȘȈȊȕȖ 1. 



 

 

 118 

ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ 

ǴȐȕȐȔȈȓȤȕȖȍ 
ȒȖȓȐȟȍșȚȊȖ 
ȕȈȉȓȦȌȍȕȐȑ Ȋ 
ȉȐȕȍ 

ǸțȟȕȖȑ ȊȊȖȌ 
ȞȍȓȖȟȐșȓȍȕȕȖȋȖ 
ȏȕȈȟȍȕȐȧ ȉȖȓȤȠȍ ȓȐ 
ȘȈȊȕȖ 1 
ǷȖ țȔȖȓȟȈȕȐȦ — 1 

ȇȊȓȧȍȚșȧ ȌȖȗȖȓȕȐȚȍȓȤȕȣȔ ȗȈȘȈȔȍȚȘȖȔ Ȍȓȧ 
ȉȐȕȕȐȕȋȈ ȕȈ ȖșȕȖȊȍ ȌȍȘȍȊȈ Ȑ ȏȈȌȈȍȚ 
ȔȐȕȐȔȈȓȤȕȖȍ ȒȖȓȐȟȍșȚȊȖ ȕȈȉȓȦȌȍȕȐȑ Ȋ 
ȉȐȕȍ 

ǲȘȐȚȍȘȐȑ 
ȘȈȏȉȐȍȕȐȧ Ȍȓȧ 
ȘȍȋȘȍșșȐȐ 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ 
șȗȐșȖȒ șȖ 
șȓȍȌțȦȡȐȔȐ 
ȏȕȈȟȍȕȐȧȔȐ: 

 squared error 
(ȗȖ țȔȖȓȟȈȕȐȦ) 

 friedman mse 
 absolute error 
 poisson 

ȇȊȓȧȍȚșȧ ȌȖȗȖȓȕȐȚȍȓȤȕȣȔ ȗȈȘȈȔȍȚȘȖȔ Ȍȓȧ 
ȉȐȕȕȐȕȋȈ ȕȈ ȖșȕȖȊȍ ȌȍȘȍȊȈ Ȑ ȏȈȌȈȍȚ 
ȒȘȐȚȍȘȐȑ ȘȈȏȉȐȍȕȐȧ Ȍȓȧ ȘȍȋȘȍșșȐȐ. 
ǷȘȍȌțșȔȖȚȘȍȕȣ șȓȍȌțȦȡȐȍ ȒȘȐȚȍȘȐȐ: 

 squared error (șȘȍȌȕȍȒȊȈȌȘȈȚȐȟȕȈȧ 
ȖȠȐȉȒȈ) 

 friedman mse (șȘȍȌȕȍȒȊȈȌȘȈȚȐȟȕȈȧ 
ȖȠȐȉȒȈ ș ȖȞȍȕȒȖȑ țȓțȟȠȍȕȐȧ 
ǼȘȐȌȔȈȕȈ) 

 absolute error (șȘȍȌȕȧȧ ȈȉșȖȓȦȚȕȈȧ 
ȖȠȐȉȒȈ) 

 poisson (ȖȚȒȓȖȕȍȕȐȍ ǷțȈșșȖȕȈ) 
ǲȘȐȚȍȘȐȑ 
ȘȈȏȉȐȍȕȐȧ Ȍȓȧ 
ȒȓȈșșȐȜȐȒȈȞȐȐ 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ 
șȗȐșȖȒ șȖ 
șȓȍȌțȦȡȐȔȐ 
ȏȕȈȟȍȕȐȧȔȐ: 

 gini (ȗȖ 
țȔȖȓȟȈȕȐȦ) 

 entropy 

ȇȊȓȧȍȚșȧ ȌȖȗȖȓȕȐȚȍȓȤȕȣȔ ȗȈȘȈȔȍȚȘȖȔ Ȍȓȧ 
ȉȐȕȕȐȕȋȈ ȕȈ ȖșȕȖȊȍ ȌȍȘȍȊȈ Ȑ ȏȈȌȈȍȚ 
ȒȘȐȚȍȘȐȑ ȘȈȏȉȐȍȕȐȧ Ȍȓȧ ȒȓȈșșȐȜȐȒȈȞȐȐ. 
ǷȘȍȌțșȔȖȚȘȍȕȣ șȓȍȌțȦȡȐȍ ȒȘȐȚȍȘȐȐ: 

 gini (ȒȖȥȜȜȐȞȐȍȕȚ ǬȎȐȕȐ) 
 entropy (ȒȘȐȚȍȘȐȑ ȗȘȐȘȖșȚȈ 

ȐȕȜȖȘȔȈȞȐȐ, ȥȕȚȘȖȗȐȧ) 
ǷȘȍȜȐȒș 
ȊȣȝȖȌȕȣȝ 
ȗȍȘȍȔȍȕȕȣȝ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǷȖ țȔȖȓȟȈȕȐȦ — ENC_ 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȐșȗȖȓȤȏțȍȚșȧ Ȍȓȧ 
ȒȖȌȐȘȖȊȈȕȐȧ ȒȈȚȍȋȖȘȐȈȓȤȕȣȝ ȗȍȘȍȔȍȕȕȣȝ Ȑ 
ȏȈȌȈȍȚ ȗȘȍȜȐȒș Ȍȓȧ ȊȣȝȖȌȕȣȝ ȗȍȘȍȔȍȕȕȣȝ 
țȏȓȈ 

ǶȉȘȈȉȖȚȒȈ 
ȗȘȖȗțȡȍȕȕȣȝ 
ȏȕȈȟȍȕȐȑ 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ 
șȗȐșȖȒ șȖ 
șȓȍȌțȦȡȐȔȐ 
ȏȕȈȟȍȕȐȧȔȐ: 

 ǯȕȈȟȍȕȐȍ 
 ǷȘȖȗțșȒ 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȐșȗȖȓȤȏțȍȚșȧ Ȍȓȧ 
ȒȖȌȐȘȖȊȈȕȐȧ ȒȈȚȍȋȖȘȐȈȓȤȕȣȝ ȗȍȘȍȔȍȕȕȣȝ Ȑ 
ȏȈȌȈȍȚ ȔȍȚȖȌ ȖȉȘȈȉȖȚȒȐ ȗȘȖȗțȡȍȕȕȣȝ 
ȏȕȈȟȍȕȐȑ. ǷȘȍȌțșȔȖȚȘȍȕȣ șȓȍȌțȦȡȐȍ 
ȔȍȚȖȌȣ: 

 ǷȘȖȗțșȒ – ȉțȌȍȚ ȗȖșȚȈȊȓȍȕȖ NaN. 
 ǯȕȈȟȍȕȐȍ – ȏȈȊȐșȐȚ ȖȚ ȊȣȉȘȈȕȕȖȋȖ 

ȔȍȚȖȌȈ ȥȕȒȖȌȐȕȋȈ. Ǭȓȧ Count Ȑ Freq 
Encoding – ȗȘȖȗțșȒ ȒȈȒ ȖȚȌȍȓȤȕȈȧ 
ȒȈȚȍȋȖȘȐȧ, Target Encoding – șȘȍȌȕȍȍ 
ȏȕȈȟȍȕȐȍ ȞȍȓȍȊȖȑ ȗȍȘȍȔȍȕȕȖȑ ȕȈ 
ȖȉțȟȈȦȡȍȑ ȊȣȉȖȘȒȍ (train), WOE 
Encoding – ȏȕȈȟȍȕȐȍ 0. 

ǶȉȘȈȉȖȚȒȈ 
ȕȍȐȏȊȍșȚȕȣȝ 
ȏȕȈȟȍȕȐȑ 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ 
șȗȐșȖȒ șȖ 
șȓȍȌțȦȡȐȔȐ 
ȏȕȈȟȍȕȐȧȔȐ: 

 ǯȕȈȟȍȕȐȍ 
 ǷȘȖȗțșȒ 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȐșȗȖȓȤȏțȍȚșȧ Ȍȓȧ 
ȒȖȌȐȘȖȊȈȕȐȧ ȒȈȚȍȋȖȘȐȈȓȤȕȣȝ ȗȍȘȍȔȍȕȕȣȝ Ȑ 
ȏȈȌȈȍȚ ȔȍȚȖȌ ȖȉȘȈȉȖȚȒȐ ȕȍȐȏȊȍșȚȕȣȝ 
ȏȕȈȟȍȕȐȑ. ǷȘȍȌțșȔȖȚȘȍȕȣ șȓȍȌțȦȡȐȍ 
ȔȍȚȖȌȣ: 

 ǷȘȖȗțșȒ – ȉțȌȍȚ ȗȖșȚȈȊȓȍȕȖ NaN. 
 ǯȕȈȟȍȕȐȍ – ȏȈȊȐșȐȚ ȖȚ ȊȣȉȘȈȕȕȖȋȖ 

ȔȍȚȖȌȈ ȥȕȒȖȌȐȕȋȈ. Ǭȓȧ Count, Freq Ȑ 
WOE Encoding – ȏȕȈȟȍȕȐȍ 0, Target 
Encoding – șȘȍȌȕȍȍ ȏȕȈȟȍȕȐȍ 
ȞȍȓȍȊȖȑ ȗȍȘȍȔȍȕȕȖȑ ȕȈ ȖȉțȟȈȦȡȍȑ 
ȊȣȉȖȘȒȍ (train). 

ǴȐȕȐȔȈȓȤȕȈȧ 
ȟȈșȚȖȚȈ ȏȕȈȟȍȕȐȑ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǿȐșȓȖ ȉȖȓȤȠȍ ȐȓȐ 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȐșȗȖȓȤȏțȍȚșȧ Ȍȓȧ 
ȒȖȌȐȘȖȊȈȕȐȧ ȒȈȚȍȋȖȘȐȈȓȤȕȣȝ ȗȍȘȍȔȍȕȕȣȝ Ȑ 
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ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ 

ȘȈȊȕȖ 0 Ȑ ȔȍȕȤȠȍ ȐȓȐ 
ȘȈȊȕȖ 1 
ǷȖ țȔȖȓȟȈȕȐȦ — 0 

ȏȈȌȈёȚ ȔȐȕȐȔȈȓȤȕȣȑ % ȏȕȈȟȍȕȐȑ ș 
ȒȈȚȍȋȖȘȐȍȑ Ȍȓȧ ȚȖȋȖ, ȟȚȖȉȣ ȕȍ șȟȐȚȈȚȤ ȍё 
ȘȍȌȒȖȑ. Ǫșȍ ȘȍȌȒȐȍ ȒȈȚȍȋȖȘȐȐ șȖȉȐȘȈȦȚșȧ Ȋ 
ȖȌȕț ȒȈȚȍȋȖȘȐȦ Ȑ ȗȘȐ șȒȖȘȐȕȋȍ Ȍȓȧ Ȋșȍȝ 
ȘȍȌȒȐȝ ȒȈȚȍȋȖȘȐȑ ȉțȌȍȚ ȗȘȖșȚȈȊȓȍȕȖ ȖȌȕȖ Ȑ 
ȚȖ Ȏȍ ȏȕȈȟȍȕȐȍ. ǷȘȖȗțȡȍȕȕȣȍ ȏȕȈȟȍȕȐȧ ȕȍ 
ȊȝȖȌȧȚ Ȋ ȘȍȌȒȐȍ ȒȈȚȍȋȖȘȐȐ. 

ǲȖȓȐȟȍșȚȊȖ 
ȐȚȍȘȈȞȐȑ ȒȘȖșș-

ȊȈȓȐȌȈȞȐȐ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǿȐșȓȖ ȉȖȓȤȠȍ ȐȓȐ 
ȘȈȊȕȖ 0 
ǷȖ țȔȖȓȟȈȕȐȦ — 0 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȐșȗȖȓȤȏțȍȚșȧ Ȍȓȧ 
ȒȖȌȐȘȖȊȈȕȐȧ ȒȈȚȍȋȖȘȐȈȓȤȕȣȝ ȗȍȘȍȔȍȕȕȣȝ Ȑ 
ȏȈȌȈȍȚ ȒȖȓȐȟȍșȚȊȖ ȐȚȍȘȈȞȐȑ ȒȘȖșș-
ȊȈȓȐȌȈȞȐȐ. ǲȘȖșș-ȊȈȓȐȌȈȞȐȧ ȐșȗȖȓȤȏțȍȚșȧ 
Ȍȓȧ ȉȖȘȤȉȣ ș ȗȍȘȍȖȉțȟȍȕȐȍȔ ȗȘȐ 
ȐșȗȖȓȤȏȖȊȈȕȐȐ ȒȖȌȐȘȖȊȡȐȒȖȊ, ȖșȕȖȊȈȕȕȣȝ 
ȕȈ ȞȍȓȍȊȖȑ ȗȍȘȍȔȍȕȕȖȑ (ȔȍȚȖȌȣ Target 
Encoding Ȑ WOE). 

ǷȍȘȍȔȍȕȕȣȍ ǲȕȖȗȒȈ ǰșȗȖȓȤȏțȍȚșȧ Ȍȓȧ ȒȖȌȐȘȖȊȈȕȐȧ 
ȒȈȚȍȋȖȘȐȈȓȤȕȣȝ ȗȍȘȍȔȍȕȕȣȝ 
ǷȘȐ ȊȣȉȖȘȍ ȒȕȖȗȒȐ «ǷȍȘȍȔȍȕȕȣȍ» 
ȖȚȒȘȣȊȈȍȚșȧ ȖȒȕȖ ǷȍȘȍȔȍȕȕȣȍ, Ȋ ȒȖȚȖȘȖȔ 
ȕȍȖȉȝȖȌȐȔȖ ȊȣȉȘȈȚȤ ȗȍȘȍȔȍȕȕȣȍ Ȍȓȧ 
ȥȕȒȖȌȐȕȋȈ Ȑ țȒȈȏȈȚȤ ȕȍȖȉȝȖȌȐȔȣȍ 
ȗȈȘȈȔȍȚȘȣ. 
ǷȈȘȈȔȍȚȘ ǴȍȚȖȌ ȏȈȌȈȍȚ ȔȍȚȖȌ, ȒȖȚȖȘȣȑ 
ȉțȌȍȚ ȐșȗȖȓȤȏȖȊȈȚȤșȧ Ȍȓȧ ȥȕȒȖȌȐȕȋȈ. 
ǷȘȍȌțșȔȖȚȘȍȕȣ șȓȍȌțȦȡȐȍ ȔȍȚȖȌȣ: 

 ǲȖȓȐȟȍșȚȊȖ (Count Encoding) 
 ǿȈșȚȖȚȈ (Freq Encoding) 
 ǾȍȓȍȊȈȧ (Target Encoding) 
 WOE (Weight of Evidence) 

ǹȌȊȐȋ ǸțȟȕȖȑ ȊȊȖȌ 
ǷȖ țȔȖȓȟȈȕȐȦ — 1 

ǷȈȘȈȔȍȚȘ Ȍȓȧ Target Encoding 
ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȐșȗȖȓȤȏțȍȚșȧ Ȍȓȧ 
ȒȖȌȐȘȖȊȈȕȐȧ ȒȈȚȍȋȖȘȐȈȓȤȕȣȝ ȗȍȘȍȔȍȕȕȣȝ Ȑ 
ȏȈȌȈȍȚ șȌȊȐȋ 

ǴȈșȠȚȈȉ ǸțȟȕȖȑ ȊȊȖȌ 
ǿȐșȓȖ ȉȖȓȤȠȍ 0 
ǷȖ țȔȖȓȟȈȕȐȦ — 
0,001 

ǷȈȘȈȔȍȚȘ Ȍȓȧ Target Encoding 
ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȐșȗȖȓȤȏțȍȚșȧ Ȍȓȧ 
ȒȖȌȐȘȖȊȈȕȐȧ ȒȈȚȍȋȖȘȐȈȓȤȕȣȝ ȗȍȘȍȔȍȕȕȣȝ Ȑ 
ȏȈȌȈȍȚ ȔȈșȠȚȈȉ 

ǸȈȕȌȖȔȐȏȈȞȐȧ ǿȍȒȉȖȒș ǷȈȘȈȔȍȚȘ Ȍȓȧ WOE Encoding 
ǪȣȉȖȘ ȟȍȒȉȖȒșȈ țȒȈȏȣȊȈȍȚ ȕȈ 
ȕȍȖȉȝȖȌȐȔȖșȚȤ ȘȈȕȌȖȔȐȏȈȞȐȐ 

ǹȚȈȕȌȈȘȚȕȖȍ 
ȖȚȒȓȖȕȍȕȐȍ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǿȐșȓȖ ȉȖȓȤȠȍ ȐȓȐ 
ȘȈȊȕȖ 0 
ǷȖ țȔȖȓȟȈȕȐȦ — 0,05 

ǷȈȘȈȔȍȚȘ Ȍȓȧ WOE Encoding 
ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȐșȗȖȓȤȏțȍȚșȧ Ȍȓȧ 
ȒȖȌȐȘȖȊȈȕȐȧ ȒȈȚȍȋȖȘȐȈȓȤȕȣȝ ȗȍȘȍȔȍȕȕȣȝ Ȑ 
ȏȈȌȈȍȚ șȚȈȕȌȈȘȚȕȖȍ ȖȚȒȓȖȕȍȕȐȍ 

ǸȍȋțȓȧȘȐȏȈȞȐȧ ǸțȟȕȖȑ ȊȊȖȌ 
ǿȐșȓȖ ȉȖȓȤȠȍ ȐȓȐ 
ȘȈȊȕȖ 0 
ǷȖ țȔȖȓȟȈȕȐȦ — 1 

ǷȈȘȈȔȍȚȘ Ȍȓȧ WOE encoding 
ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȐșȗȖȓȤȏțȍȚșȧ Ȍȓȧ 
ȒȖȌȐȘȖȊȈȕȐȧ ȒȈȚȍȋȖȘȐȈȓȤȕȣȝ ȗȍȘȍȔȍȕȕȣȝ Ȑ 
ȏȈȌȈȍȚ ȏȕȈȟȍȕȐȍ ȘȍȋțȓȧȘȐȏȈȞȐȐ 

ǺȈȉȓȐȞȈ 18 ǷȈȘȈȔȍȚȘȣ țȏȓȈ «ǩȐȕȕȐȕȋ» 
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ǸȍȏțȓȤȚȈȚȣ ȊȣȗȖȓȕȍȕȐȧ țȏȓȈ: 

 ǺȈȉȓȐȞȈ ș ȗȘȐȔȍȘȖȔ ȌȈȕȕȣȝ. ǶȚȖȉȘȈȎȈȦȚșȧ ȗȍȘȊȣȍ 100 ȕȈȉȓȦȌȍȕȐȑ. 

 

ǸȐșțȕȖȒ 100 ǺȈȉȓȐȞȈ ș ȗȘȐȔȍȘȖȔ ȌȈȕȕȣȝ 

Ǫ ȘȍȏțȓȤȚȈȚȍ ȊȣȗȖȓȕȍȕȐȧ țȏȓȈ Ȋ ȕȈȉȖȘȍ ȌȈȕȕȣȝ ȉțȌțȚ ȘȈșșȟȐȚȈȕȣ ȕȖȊȣȍ 
ȗȍȘȍȔȍȕȕȣȍ ș țȒȈȏȈȕȕȣȔȐ Ȋ ȗȈȘȈȔȍȚȘȈȝ ȗȘȍȜȐȒșȈȔȐ Ȑ ȘȖȓȤȦ ǷȘȍȌȐȒȚȖȘ. 
ǷȍȘȍȔȍȕȕȈȧ, ȗȖȓțȟȍȕȕȈȧ Ȋ ȝȖȌȍ ȉȐȕȕȐȕȋȈ, ȉțȌȍȚ ȐȔȍȚȤ ȚȐȗ Nominal, Ȋ ȝȖȌȍ 
ȒȖȌȐȘȖȊȈȕȐȧ – Interval. 

 ǺȈȉȓȐȞȈ șȖ șȚȈȚȐșȚȐȒȈȔȐ ȉȐȕȕȐȕȋȈ. 

 

ǸȐșțȕȖȒ 101 ǷȘȐȔȍȘ ȚȈȉȓȐȞȣ șȖ șȚȈȚȐșȚȐȒȈȔȐ ȉȐȕȈȘȐȏȈȞȐȐ 
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 ǺȈȉȓȐȞȈ șȖ șȚȈȚȐșȚȐȒȈȔȐ ȒȖȌȐȘȖȊȈȕȐȧ. 

 

ǸȐșțȕȖȒ 102 ǷȘȐȔȍȘ ȚȈȉȓȐȞȣ șȖ șȚȈȚȐșȚȐȒȈȔȐ ȒȖȌȐȘȖȊȈȕȐȧ 

3.2.5.6.10. ǻȏȍȓ «ǬȐșȗȍȘșȐȖȕȕȣȑ ȈȕȈȓȐȏ» 

ǻȏȍȓ «ǬȐșȗȍȘșȐȖȕȕȣȑ ȈȕȈȓȐȏ» ȗȘȐȔȍȕȧȍȚșȧ Ȍȓȧ ȐșșȓȍȌȖȊȈȕȐȧ ȊȓȐȧȕȐȧ ȖȌȕȖȑ 
ȐȓȐ ȕȍșȒȖȓȤȒȐȝ ȒȈȟȍșȚȊȍȕȕȣȝ ȗȍȘȍȔȍȕȕȣȝ (ȜȈȒȚȖȘȖȊ) ȕȈ ȖȌȕț ȏȈȊȐșȐȔțȦ 
ȒȖȓȐȟȍșȚȊȍȕȕțȦ ȗȍȘȍȔȍȕȕțȦ. 

Ǫ ȝȖȌȍ ȌȐșȗȍȘșȐȖȕȕȖȋȖ ȈȕȈȓȐȏȈ ȚȍșȚȐȘțȍȚșȧ ȋȐȗȖȚȍȏȈ Ȗ ȘȈȊȍȕșȚȊȍ șȘȍȌȕȐȝ 
(ȞȍȓȍȊȖȑ ȕȍȗȘȍȘȣȊȕȖȑ ȗȍȘȍȔȍȕȕȖȑ) Ȋ ȋȘțȗȗȈȝ (ȒȖȚȖȘȣȍ ȏȈȌȈȦȚșȧ ȖȌȕȖȑ ȐȓȐ 
ȕȍșȒȖȓȤȒȐȔȐ ȒȈȚȍȋȖȘȐȈȓȤȕȣȔȐ ȗȍȘȍȔȍȕȕȣȔȐ) ș ȗȖȔȖȡȤȦ șȘȈȊȕȍȕȐȧ (ȈȕȈȓȐȏȈ) 
ȌȐșȗȍȘșȐȑ.  

ǬȐșȗȍȘșȐȧ șȓțȟȈȑȕȖȑ ȊȍȓȐȟȐȕȣ — ȔȍȘȈ ȘȈȏȉȘȖșȈ ȏȕȈȟȍȕȐȑ șȓțȟȈȑȕȖȑ ȊȍȓȐȟȐȕȣ 
ȖȚȕȖșȐȚȍȓȤȕȖ ȍё ȔȈȚȍȔȈȚȐȟȍșȒȖȋȖ ȖȎȐȌȈȕȐȧ. ǸȈȏȌȍȓȍȕȐȍ Ȗȉȡȍȑ ȌȐșȗȍȘșȐȐ ȕȈ 
ȕȍșȒȖȓȤȒȖ ȐșȚȖȟȕȐȒȖȊ, ȗȖȏȊȖȓȧȍȚ șȘȈȊȕȐȚȤ ȌȐșȗȍȘșȐȦ, ȊȣȏȊȈȕȕțȦ ȘȈȏȓȐȟȐȍȔ 
ȔȍȎȌț ȋȘțȗȗȈȔȐ, ș ȌȐșȗȍȘșȐȍȑ, ȊȣȏȊȈȕȕȖȑ ȊȕțȚȘȐȋȘțȗȗȖȊȖȑ ȐȏȔȍȕȟȐȊȖșȚȤȦ. 
 

ǪǨǮǵǶ! Ǭȓȧ ȘȈȉȖȚȣ țȏȓȈ ȕȍȖȉȝȖȌȐȔȖ, ȟȚȖȉȣ ȞȍȓȍȊȈȧ ȗȍȘȍȔȍȕȕȈȧ ȉȣȓȈ 
ȐȕȚȍȘȊȈȓȤȕȖȋȖ ȚȐȗȈ (Interval). 

 

ǹȗȐșȖȒ ȗȈȘȈȔȍȚȘȖȊ țȏȓȈ ȗȘȍȌșȚȈȊȓȍȕ Ȋ ȚȈȉȓȐȞȍ ȕȐȎȍ. 

ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ 

ǵȈȏȊȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ ȏȕȈȟȍȕȐȍ ȕȍȚ 

ǵȈȏȊȈȕȐȍ țȏȓȈ, ȒȖȚȖȘȖȍ ȉțȌȍȚ 
ȖȚȖȉȘȈȎȈȚȤșȧ Ȋ ȐȕȚȍȘȜȍȑșȍ 

ǶȗȐșȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ ȏȕȈȟȍȕȐȍ ȕȍȚ 

ǶȗȐșȈȕȐȍ țȏȓȈ 

ǺȈȉȓȐȞȈ 19  ǷȈȘȈȔȍȚȘȣ țȏȓȈ «ǬȐșȗȍȘșȐȖȕȕȣȑ ȈȕȈȓȐȏ» 
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ǸȍȏțȓȤȚȈȚȣ ȊȣȗȖȓȕȍȕȐȧ țȏȓȈ: 

 ǺȈȉȓȐȟȕȖȍ ȗȘȍȌșȚȈȊȓȍȕȐȍ ȘȍȏțȓȤȚȈȚȖȊ ȌȐșȗȍȘșȐȖȕȕȖȋȖ ȈȕȈȓȐȏȈ. ǶșȕȖȊȕȣȍ 
ȗȖȕȧȚȐȧ ȚȈȉȓȐȞȣ ș ȘȍȏțȓȤȚȈȚȈȔȐ ȌȐșȗȍȘșȐȖȕȕȖȋȖ ȈȕȈȓȐȏȈ: 

o Intercept — ȒȖȥȜȜȐȞȐȍȕȚ β0. 
o Grouping — ȔȍȎȋȘțȗȗȖȊȈȧ ȌȐșȗȍȘșȐȧ. 
o Residual — ȊȕțȚȘȐȋȘțȗȗȖȊȈȧ ȌȐșȗȍȘșȐȧ. 
o ǹțȔȔȈ ȒȊȈȌȘȈȚȖȊ — șțȔȔȣ ȒȊȈȌȘȈȚȖȊ ȖȚȒȓȖȕȍȕȐȑ. 
o ǹȚȍȗȍȕȐ șȊȖȉȖȌȣ – ȒȖȓȐȟȍșȚȊȖ ȏȕȈȟȍȕȐȑ, ȒȖȚȖȘȣȍ ȔȖȋțȚ șȊȖȉȖȌȕȖ 

ȐȏȔȍȕȧȚȤșȧ. 
o F-șȚȈȚȐșȚȐȒȈ — ȏȕȈȟȍȕȐȍ ȒȘȐȚȍȘȐȧ ǼȐȠȍȘȈ 

o p-value — ȊȍȘȖȧȚȕȖșȚȤ ȗȖȓțȟȐȚȤ F-ȏȕȈȟȍȕȐȍ, ȘȈȊȕȖȍ ȐȓȐ 
ȗȘȍȊȣȠȈȦȡȍȍ ȚȖ ȏȕȈȟȍȕȐȍ, ȒȖȚȖȘȖȍ ȘȈșșȟȐȚȈȕȖ ȗȖ ȐȔȍȦȡȐȔșȧ 
ȊȣȉȖȘȖȟȕȣȔ ȌȈȕȕȣȔ (ȗȘȐ țșȓȖȊȐȐ, ȟȚȖ ȕțȓȍȊȈȧ ȋȐȗȖȚȍȏȈ ȊȍȘȕȈ). 

 

ǸȐșțȕȖȒ 103 ǷȘȐȔȍȘ ȚȈȉȓȐȞȣ ș ȘȍȏțȓȤȚȈȚȈȔȐ ȌȐșȗȍȘșȐȖȕȕȖȋȖ ȈȕȈȓȐȏȈ 

 ǺȈȉȓȐȟȕȖȍ ȗȘȍȌșȚȈȊȓȍȕȐȍ șȘȍȌȕȐȝ ȏȕȈȟȍȕȐȑ ȏȈȊȐșȐȔȖȑ ȗȍȘȍȔȍȕȕȖȑ Ȍȓȧ 
ȒȈȎȌȖȑ ȋȘțȗȗȣ. 

 

ǸȐșțȕȖȒ 104 ǷȘȐȔȍȘ ȚȈȉȓȐȞȣ șȖ șȘȍȌȕȐȔȐ ȏȕȈȟȍȕȐȧȔȐ ȞȍȓȍȊȖȑ ȗȍȘȍȔȍȕȕȖȑ 
(density) ȗȖ ȋȘțȗȗȈȔ (Type) 
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3.2.5.6.11. ǻȏȍȓ «ǹȚȈȕȌȈȘȚȐȏȈȞȐȧ» 

ǻȏȍȓ «ǹȚȈȕȌȈȘȚȐȏȈȞȐȧ» ȗȘȐȊȖȌȐȚ ȗȘȐȏȕȈȒȐ Ȋ ȘȈȏȕȣȝ ȍȌȐȕȐȞȈȝ ȐȏȔȍȘȍȕȐȧ Ȑ 
ȌȐȈȗȈȏȖȕȈȝ ȏȕȈȟȍȕȐȑ Ȓ Ȗȉȡȍȑ ȠȒȈȓȍ. 

ǹȚȈȕȌȈȘȚȐȏȈȞȐȧ – ȗȘȍȖȉȘȈȏȖȊȈȕȐȍ ȟȐșȓȖȊȣȝ ȕȈȉȓȦȌȍȕȐȑ ș ȞȍȓȤȦ ȗȘȐȊȍȌȍȕȐȧ Ȑȝ 
Ȓ ȕȍȒȖȚȖȘȖȑ Ȗȉȡȍȑ ȠȒȈȓȍ. ǵȍȖȉȝȖȌȐȔȖșȚȤ șȚȈȕȌȈȘȚȐȏȈȞȐȐ ȊȣȏȊȈȕȈ ȚȍȔ, ȟȚȖ ȘȈȏȕȣȍ 
ȗȘȐȏȕȈȒȐ Ȑȏ ȖȉțȟȈȦȡȍȋȖ ȕȈȉȖȘȈ ȔȖȋțȚ ȉȣȚȤ ȗȘȍȌșȚȈȊȓȍȕȣ Ȋ ȘȈȏȕȣȝ ȔȈșȠȚȈȉȈȝ Ȑ 
ȐȏȔȍȕȧȚȤșȧ Ȋ ȘȈȏȕȣȝ ȌȐȈȗȈȏȖȕȈȝ, ȟȚȖ ȊȓȐȧȍȚ ȕȈ ȊȣȧȊȓȍȕȐȍ ȕȍȒȖȘȘȍȒȚȕȣȝ 
ȏȈȊȐșȐȔȖșȚȍȑ ȔȖȌȍȓȤȦ. 
ǷȘȍȌțșȔȖȚȘȍȕȣ șȓȍȌțȦȡȐȍ ȔȍȚȖȌȣ: 

 ǹȚȈȕȌȈȘȚȕȖȍ ȖȚȒȓȖȕȍȕȐȍ (std) – ȗȘȍȖȉȘȈȏțȍȚ ȕȈȉȓȦȌȍȕȐȧ ȚȈȒȐȔ ȖȉȘȈȏȖȔ, 
ȟȚȖȉȣ Ȑȝ șȘȍȌȕȍȍ ȏȕȈȟȍȕȐȍ ȘȈȊȕȧȓȖșȤ ȕțȓȦ, Ȉ șȚȈȕȌȈȘȚȕȖȍ ȖȚȒȓȖȕȍȕȐȍ 
ȘȈȊȕȧȓȖșȤ 1. 

 ǬȐȈȗȈȏȖȕ (range) – ȓȐȕȍȑȕȖ ȗȘȍȖȉȘȈȏțȍȚ ȏȕȈȟȍȕȐȧ ȗȍȘȍȔȍȕȕȣȝ Ȋ ȌȐȈȗȈȏȖȕ 
[0, 1]. 

ǹȗȐșȖȒ ȗȈȘȈȔȍȚȘȖȊ țȏȓȈ ȗȘȍȌșȚȈȊȓȍȕ Ȋ ȚȈȉȓȐȞȍ ȕȐȎȍ. 

ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ 

ǵȈȏȊȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ 
ȏȕȈȟȍȕȐȍ ȕȍȚ 

ǵȈȏȊȈȕȐȍ țȏȓȈ, ȒȖȚȖȘȖȍ ȉțȌȍȚ ȖȚȖȉȘȈȎȈȚȤșȧ Ȋ 
ȐȕȚȍȘȜȍȑșȍ 

ǶȗȐșȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ 
ȏȕȈȟȍȕȐȍ ȕȍȚ 

ǶȗȐșȈȕȐȍ țȏȓȈ 

ǷȘȍȜȐȒș 
ȊȣȝȖȌȕȣȝ 
ȗȍȘȍȔȍȕȕȣȝ 

ǸțȟȕȖȑ ȊȊȖȌ ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȗȘȍȜȐȒș 
șȚȈȕȌȈȘȚȐȏȐȘȖȊȈȕȕȣȔ ȊȣȝȖȌȕȣȔ ȗȍȘȍȔȍȕȕȣȔ 

ǪȣȉȖȘ 
ȗȍȘȍȔȍȕȕȣȝ 

ǲȕȖȗȒȈ ǷȘȐ ȊȣȉȖȘȍ ȒȕȖȗȒȐ «ǪȣȉȖȘ ȗȍȘȍȔȍȕȕȣȝ» 
ȖȚȒȘȣȊȈȍȚșȧ ȖȒȕȖ ǪȣȉȖȘ ȗȍȘȍȔȍȕȕȣȝ, Ȋ 
ȒȖȚȖȘȖȔ ȕȍȖȉȝȖȌȐȔȖ ȊȣȉȘȈȚȤ ȗȍȘȍȔȍȕȕȣȍ Ȍȓȧ 
șȚȈȕȌȈȘȚȐȏȈȞȐȐ. 

ǺȈȉȓȐȞȈ 20 ǷȈȘȈȔȍȚȘȣ țȏȓȈ «ǹȚȈȕȌȈȘȚȐȏȈȞȐȧ» 

Ǫ ȖȒȕȍ ǪȣȉȖȘ ȗȍȘȍȔȍȕȕȣȝ ǷȖȓȤȏȖȊȈȚȍȓȤ ȐȔȍȍȚ ȊȖȏȔȖȎȕȖșȚȤ ȊȣȉȘȈȚȤ ȈȚȘȐȉțȚ Ȍȓȧ 
șȚȈȕȌȈȘȚȐȏȈȞȐȐ Ȑ țȒȈȏȈȚȤ ȔȍȚȖȌ. Ǭȓȧ ȥȚȖȋȖ ȕȍȖȉȝȖȌȐȔȖ: 

 ǸȧȌȖȔ ș ȐȕȚȍȘȍșțȦȡȍȑ ȗȍȘȍȔȍȕȕȖȑ ȊȣȉȘȈȚȤ ȐȒȖȕȒț  

 Ǫ ȊȣȗȈȌȈȦȡȐȝ ȔȍȕȦ ȊȣȉȘȈȚȤ ǴȍȚȖȌ (std ȐȓȐ range) Ȑ ȖȋȘȈȕȐȟȐȚȤ ȌȐȈȗȈȏȖȕ 
ȗȘȐ șȚȈȕȌȈȘȚȐȏȈȞȐȐ Ȋ [0, 1] ȕȈ șȒȖȘȐȕȋȍ (șȚȖȓȉȍȞ Clip). ǭșȓȐ Ȋ șȚȖȓȉȞȍ Clip 

șȚȖȐȚ ȕȍȚ, ȚȖ ȗȘȐ șȚȈȕȌȈȘȚȐȏȈȞȐȐ Ȋ [0, 1] ȕȈ ȖȉțȟȈȦȡȍȑ ȊȣȉȖȘȒȍ Ȋșё ȚȖȟȕȖ 
ȉțȌȍȚ Ȋ [0, 1], Ȉ ȕȈ ȌȘțȋȐȝ ȊȣȉȖȘȒȈȝ ȕȍ ȖȉȧȏȈȚȍȓȤȕȖ. 

 ǹȖȝȘȈȕȐȚȤ ȐȏȔȍȕȍȕȐȧ, ȊȣȉȘȈȊ ȐȒȖȕȒț . 
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ǸȐșțȕȖȒ 105  ǶȒȕȖ ǪȣȉȖȘ ȗȍȘȍȔȍȕȕȣȝ 

ǸȍȏțȓȤȚȈȚȣ ȊȣȗȖȓȕȍȕȐȧ țȏȓȈ: 

 ǺȈȉȓȐȞȈ ș ȗȘȐȔȍȘȖȔ ȗȖȓțȟȍȕȕȣȝ ȌȈȕȕȣȝ. ǶȚȖȉȘȈȎȈȦȚșȧ ȗȍȘȊȣȍ 100 
ȕȈȉȓȦȌȍȕȐȑ. 

 

ǸȐșțȕȖȒ 106 ǺȈȉȓȐȞȈ ș ȗȘȐȔȍȘȖȔ ȗȖȓțȟȍȕȕȣȝ ȌȈȕȕȣȝ 

Ǫ ȘȍȏțȓȤȚȈȚȍ ȊȣȗȖȓȕȍȕȐȧ țȏȓȈ Ȋ ȕȈȉȖȘȍ ȌȈȕȕȣȝ ȉțȌțȚ ȘȈșșȟȐȚȈȕȣ ȕȖȊȣȍ 
șȚȈȕȌȈȘȚȐȏȐȘȖȊȈȕȕȣȍ ȗȍȘȍȔȍȕȕȣȍ (ș ȗȘȍȜȐȒșȖȔ STD_). 
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3.2.5.6.12. ǻȏȍȓ «ǪȍșȈ ȒȓȈșșȖȊ» 

ǻȏȍȓ «ǪȍșȈ ȒȓȈșșȖȊ» ȗȖȏȊȖȓȧȍȚ șȒȖȘȘȍȒȚȐȘȖȊȈȚȤ ȌȐșȉȈȓȈȕș ȒȓȈșșȖȊ ȗȘȐ ȗȖȔȖȡȐ 
ȏȈȌȈȕȐȧ ȊȍșȖȊ. 

Ǫ ȏȈȌȈȟȍ ȒȓȈșșȐȜȐȒȈȞȐȐ ȌȈȕȕȣȍ ȕȈȏȣȊȈȦȚșȧ ȕȍșȉȈȓȈȕșȐȘȖȊȈȕȕȣȔȐ, ȒȖȋȌȈ Ȋ 
ȖȉțȟȈȦȡȍȑ ȊȣȉȖȘȒȍ ȌȖȓȐ ȖȉȢȍȒȚȖȊ ȘȈȏȕȣȝ ȒȓȈșșȖȊ șțȡȍșȚȊȍȕȕȖ ȘȈȏȓȐȟȈȦȚșȧ. Ǭȓȧ 
ȚȈȒȖȑ șȐȚțȈȞȐȐ șțȡȍșȚȊțȦȚ ȘȈȏȕȣȍ șȚȘȈȚȍȋȐȐ ȗȍȘȍȉȈȓȈȕșȐȘȖȊȒȐ ȌȈȕȕȣȝ 
(ȕȈȗȘȐȔȍȘ, ȏȈȔȍȕȈ ȉȖȓȤȠȖȋȖ ȒȓȈșșȈ ȗȖȌȊȣȉȖȘȒȖȑ ȗȖ ȔȖȡȕȖșȚȐ ȘȈȊȕȖȑ ȔȈȓȖȔț 
ȒȓȈșșț, ȐȓȐ undersampling, ȒȖȚȖȘȣȑ ȗȘȍȌțșȔȖȚȘȍȕ Ȋ țȏȓȍ «Sample»). 

Ǫ țȏȓȍ «ǪȍșȈ ȒȓȈșșȖȊ» ǷȖȓȤȏȖȊȈȚȍȓȤ ȔȖȎȍȚ ȏȈȌȈȚȤ ȊȍșȈ Ȍȓȧ ȖȉȢȍȒȚȖȊ ȒȈȎȌȖȋȖ Ȑȏ 
ȒȓȈșșȖȊ ȊȘțȟȕțȦ, ȓȐȉȖ șȉȈȓȈȕșȐȘȖȊȈȚȤ ȈȊȚȖȔȈȚȐȟȍșȒȐ. 

ǹȗȐșȖȒ ȗȈȘȈȔȍȚȘȖȊ țȏȓȈ ȗȘȍȌșȚȈȊȓȍȕ Ȋ ȚȈȉȓȐȞȍ. 

ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ 

ǵȈȏȊȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ 
ȏȕȈȟȍȕȐȍ ȕȍȚ 

ǵȈȏȊȈȕȐȍ țȏȓȈ, ȒȖȚȖȘȖȍ ȉțȌȍȚ ȖȚȖȉȘȈȎȈȚȤșȧ Ȋ 
ȐȕȚȍȘȜȍȑșȍ 

ǶȗȐșȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ 
ȏȕȈȟȍȕȐȍ ȕȍȚ 

ǶȗȐșȈȕȐȍ țȏȓȈ 

ǹȉȈȓȈȕșȐȘȖȊȈȚȤ 
ȊȍșȈ 

ǿȍȒȉȖȒș ǪȣȉȖȘ ȌȈȕȕȖȋȖ ȟȍȒȉȖȒșȈ țȒȈȏȣȊȈȍȚ, ȟȚȖ 
ȕȍȖȉȝȖȌȐȔȖ ȐșȗȖȓȤȏȖȊȈȚȤ ȈȊȚȖȔȈȚȐȟȍșȒțȦ 
ȒȖȘȘȍȒȚȐȘȖȊȒț ȊȍșȖȊ, ȒȖȚȖȘȈȧ șȟȐȚȈȍȚșȧ 
ȖȉȘȈȚȕȖ ȗȘȖȗȖȘȞȐȖȕȈȓȤȕȖ ȟȈșȚȖȚȈȔ ȒȓȈșșȖȊ 
ȊȖ ȊȝȖȌȕȣȝ ȌȈȕȕȣȝ. 

ǯȈȌȈȚȤ ȊȍșȈ ǲȕȖȗȒȈ ǷȘȐ ȊȣȉȖȘȍ ȒȕȖȗȒȐ ȖȚȒȘȣȊȈȍȚșȧ ȖȒȕȖ ǯȈȌȈȚȤ 
ȊȍșȈ, Ȋ ȒȖȚȖȘȖȔ ȕȍȖȉȝȖȌȐȔȖ ȏȈȌȈȚȤ Ȋȍș 
ȒȈȎȌȖȔț Ȑȏ ȒȓȈșșȖȊ. 

ǺȈȉȓȐȞȈ 21 ǷȈȘȈȔȍȚȘȣ țȏȓȈ «ǪȍșȈ ȒȓȈșșȖȊ» 

Ǫ ȖȒȕȍ ǯȈȌȈȚȤ ȊȍșȈ ǷȖȓȤȏȖȊȈȚȍȓȤ ȔȖȎȍȚ ȊȘțȟȕțȦ ȏȈȌȈȚȤ ȊȍșȈ ȒȈȎȌȖȔț Ȑȏ ȒȓȈșșȖȊ. 
Ǭȓȧ ȥȚȖȋȖ ȕȍȖȉȝȖȌȐȔȖ: 

 ǸȧȌȖȔ ș ȐȕȚȍȘȍșțȦȡȍȑ ȗȍȘȍȔȍȕȕȖȑ ȊȣȉȘȈȚȤ ȐȒȖȕȒț  . 

 Ǫ șȚȖȓȉȞȍ Ǫȍș ȏȈȌȈȚȤ ȕȍȖȉȝȖȌȐȔȖȍ ȏȕȈȟȍȕȐȍ. 

 ǹȖȝȘȈȕȐȚȤ ȐȏȔȍȕȍȕȐȧ, ȊȣȉȘȈȊ ȐȒȖȕȒț  . 
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ǸȐșțȕȖȒ 107 ǶȒȕȖ ǪȣȉȖȘ ȗȍȘȍȔȍȕȕȣȝ 

Ǭȓȧ ȘȈȉȖȚȣ țȏȓȈ ȌȖșȚȈȚȖȟȕȖ ȊȣȉȘȈȚȤ ȟȍȒȉȖȒș ǹȉȈȓȈȕșȐȘȖȊȈȚȤ ȊȍșȈ Ȑ ȏȈȗțșȚȐȚȤ 
ȘȈșȟȍȚ țȏȓȈ. Ǫȍșȣ ȒȓȈșșȖȊ ȗȖșȟȐȚȈȦȚșȧ ȈȊȚȖȔȈȚȐȟȍșȒȐ (ȉȍȏ ȕȍȖȉȝȖȌȐȔȖșȚȐ 
țȒȈȏȣȊȈȚȤ Ȑȝ ȊȘțȟȕțȦ Ȋ ȖȒȕȍ ǯȈȌȈȚȤ Ȋȍș). 

ǸȍȏțȓȤȚȈȚȣ ȊȣȗȖȓȕȍȕȐȧ țȏȓȈ: 

 ǺȈȉȓȐȞȈ ș ȗȘȐȔȍȘȖȔ ȗȖȓțȟȍȕȕȣȝ ȌȈȕȕȣȝ. ǶȚȖȉȘȈȎȈȦȚșȧ ȗȍȘȊȣȍ 100 
ȕȈȉȓȦȌȍȕȐȑ. 

 

ǸȐșțȕȖȒ 108 ǺȈȉȓȐȞȈ ș ȗȘȐȔȍȘȖȔ ȗȖȓțȟȍȕȕȣȝ ȌȈȕȕȣȝ 

Ǫ ȘȍȏțȓȤȚȈȚȍ ȊȣȗȖȓȕȍȕȐȧ țȏȓȈ Ȋ ȕȈȉȖȘȍ ȌȈȕȕȣȝ ȉțȌȍȚ ȘȈșșȟȐȚȈȕȈ ȕȖȊȈȧ 
ȗȍȘȍȔȍȕȕȈȧ ș ȊȍșȈȔȐ Ȑ ȘȖȓȤȦ ClassWeight (ȐȔȧ ȗȍȘȍȔȍȕȕȖȑ _class_weight_0). 
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 ǺȈȉȓȐȞȈ ș ȊȍșȈȔȐ ȒȓȈșșȖȊ. 

 

ǸȐșțȕȖȒ 109  ǺȈȉȓȐȞȈ ș ȊȍșȈȔȐ ȒȓȈșșȖȊ 

3.2.5.6.13. ǻȏȍȓ «ǨȊȚȖȥȕȒȖȌȍȘ (PyTorch)» 

ǻȏȍȓ "ǨȊȚȖȥȕȒȖȌȍȘ (PyTorch)" ȗȖȏȊȖȓȧȍȚ șȖȏȌȈȚȤ șȎȈȚȖȍ ȗȘȍȌșȚȈȊȓȍȕȐȍ ȌȈȕȕȣȝ 
(Ț.ȍ. șȖȒȘȈȚȐȚȤ ȘȈȏȔȍȘȕȖșȚȤ) Ȋ șȒȘȣȚȖȔ șȓȖȍ ȏȈ șȟȍȚ șȗȍȞȐȈȓȤȕȖȑ ȈȘȝȐȚȍȒȚțȘȣ 
ȕȍȑȘȖȕȕȖȑ șȍȚȐ. 

ǹȗȐșȖȒ ȗȈȘȈȔȍȚȘȖȊ țȏȓȈ ȗȘȍȌșȚȈȊȓȍȕ Ȋ ȚȈȉȓȐȞȍ ȕȐȎȍ. 

ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ ǫȘțȗȗȈ 
ȗȈȘȈȔȍȚȘȖ
Ȋ 

ǵȈȏȊȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ 
ȏȕȈȟȍȕȐȍ ȕȍȚ 

ǵȈȏȊȈȕȐȍ țȏȓȈ, ȒȖȚȖȘȖȍ ȉțȌȍȚ 
ȖȚȖȉȘȈȎȈȚȤșȧ Ȋ ȐȕȚȍȘȜȍȑșȍ 

ǶȉȡȐȍ 
ȗȈȘȈȔȍȚȘȣ 

ǶȗȐșȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ 
ȏȕȈȟȍȕȐȍ ȕȍȚ 

ǶȗȐșȈȕȐȍ țȏȓȈ ǶȉȡȐȍ 
ȗȈȘȈȔȍȚȘȣ 

ǲȖȕȜȐȋțȘȈȞȐȧ 
șȓȖȍȊ 
ȈȊȚȖȥȕȒȖȌȍȘȈ 

ǲȕȖȗȒȈ ǷȘȐ ȊȣȉȖȘȍ ȌȈȕȕȖȑ ȒȕȖȗȒȐ 
ȖȚȒȘȖȍȚșȧ ȖȒȕȖ ǲȖȕȜȐȋțȘȈȞȐȧ 
șȓȖȍȊ ȕȍȑȘȖșȍȚȐ, ȋȌȍ ȔȖȎȕȖ 
ȏȈȌȈȊȈȚȤ șȓȖȐ, ȒȖȓȐȟȍșȚȊȖ 
ȕȍȑȘȖȕȖȊ Ȋ șȓȖȧȝ Ȑ ȜțȕȒȞȐȐ 
ȈȒȚȐȊȈȞȐȐ Ȍȓȧ ȒȈȎȌȖȋȖ țȏȓȈ. Ǭȓȧ 
ȥȚȖȋȖ ȕȍȖȉȝȖȌȐȔȖ ȊȣȉȘȈȚȤ ȒȕȖȗȒț 
ǬȖȉȈȊȐȚȤ Ȑ Ȋ ȗȖȧȊȐȊȠȍȔșȧ șȗȐșȒȍ 
ȊȣȉȘȈȚȤ ȕȍȖȉȝȖȌȐȔțȦ ȜțȕȒȞȐȦ 
ȈȒȚȐȊȈȞȐȐ Ȑ ȕȈșȚȘȖȐȚȤ ȗȈȘȈȔȍȚȘȣ. 
ǷȘȍȌțșȔȖȚȘȍȕȣ: 

 ǼțȕȒȞȐȧ ȈȒȚȐȊȈȞȐȐ ReLU 
(Rectified Linear Unit) –   fሺxሻ = maxሺͲ, xሻ 

 ǼțȕȒȞȐȧ ȈȒȚȐȊȈȞȐȐ CELU 
–  fሺxሻ = maxሺͲ, xሻ + minሺͲ, 𝛼 ∗ ሺexpሺx/𝛼ሻ − ͳሻሻ 

ǬȖȗȖȓȕȐȚȍȓȤȕȖ ȕȍȖȉȝȖȌȐȔȖ 
ȏȈȌȈȚȤ 𝛼 

 ǼțȕȒȞȐȧ ȈȒȚȐȊȈȞȐȐ ELU 
–  fሺxሻ = {𝛼 ∗ ሺ𝑒𝑥𝑝ሺ𝑥ሻ − ͳሻ for 𝑥 ≤ Ͳ𝑥 for 𝑥 > Ͳ 

ǶȉȡȐȍ 
ȗȈȘȈȔȍȚȘȣ 
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ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ ǫȘțȗȗȈ 
ȗȈȘȈȔȍȚȘȖ
Ȋ 

ǬȖȗȖȓȕȐȚȍȓȤȕȖ ȕȍȖȉȝȖȌȐȔȖ 
ȏȈȌȈȚȤ 𝛼 

 ǼțȕȒȞȐȧ ȈȒȚȐȊȈȞȐȐ 
Sigmoid – 𝜎ሺxሻ = ͳͳ + e−x 

 ǼțȕȒȞȐȧ ȈȒȚȐȊȈȞȐȐ 
Softmax – 𝜎ሺx୧ሻ = ex౟∑୨=ଵK exౠ    for i = ͳ,ʹ, … , K 

 ǳȐȕȍȑȕȣȑ șȓȖȑ – 
ȓȐȕȍȑȕȈȧ ȜțȕȒȞȐȧ, 
ȘȍȏțȓȤȚȈȚ ȗȘȖȗȖȘȞȐȖȕȈȓȍȕ 
ȗȍȘȍȌȈȕȕȖȔț ȈȘȋțȔȍȕȚț fሺxሻ = x 

ǬȖȗȖȓȕȐȚȍȓȤȕȖ ȕȍȖȉȝȖȌȐȔȖ ȏȈȌȈȚȤ 
ǲȖȓȐȟȍșȚȊȖ ȊȣȝȖȌȕȣȝ 

ȗȍȘȍȔȍȕȕȣȝ Ȑ ȗȘȐ ȕȍȖȉȝȖȌȐȔȖșȚȐ 
ȊȣȉȘȈȚȤ ȟȍȒȉȖȒș ǬȖȉȈȊȐȚȤ 
ȒȖȕșȚȈȕȚț 

 ǼțȕȒȞȐȧ ȈȒȚȐȊȈȞȐȐ 
Logsigmoid –  LogSigmoidሺxሻ = logሺ ͳͳ + e−xሻ 

 ǰșȒȓȦȟȍȕȐȍ (Dropout) – 
ǪȖ ȊȘȍȔȧ ȖȉțȟȍȕȐȧ 
șȓțȟȈȑȕȣȔ ȖȉȘȈȏȖȔ 
ȖȉȕțȓȧȍȚ ȕȍȒȖȚȖȘȣȍ 
ȥȓȍȔȍȕȚȣ ȊȝȖȌȕȖȋȖ ȚȍȕȏȖȘȈ 
ș ȊȍȘȖȧȚȕȖșȚȤȦ p, ȐșȗȖȓȤȏțȧ ȊȣȉȖȘȒȐ Ȑȏ 
ȘȈșȗȘȍȌȍȓȍȕȐȧ ǩȍȘȕțȓȓȐ. 

ǬȖȗȖȓȕȐȚȍȓȤȕȖ ȕȍȖȉȝȖȌȐȔȖ ȏȈȌȈȚȤ 
ǪȍȘȖȧȚȕȖșȚȤ ȐșȒȓȦȟȍȕȐȧ 

 Tanh – ȜțȕȒȞȐȧ 
ȋȐȗȍȘȉȖȓȐȟȍșȒȖȋȖ ȚȈȕȋȍȕșȈ fሺxሻ = tanhሺxሻ = ex − e−xex + e−x = ͳ − e−ଶxͳ + e−ଶx 

ǷȖșȓȍ ȕȈșȚȘȖȑȒȐ ȕȍȖȉȝȖȌȐȔȖȑ 
ȒȖȕȜȐȋțȘȈȞȐȐ șȓȖȍȊ ȕȍȑȘȖșȍȚȐ 
ȊȣȉȘȈȚȤ ȒȕȖȗȒț ǹȖȝȘȈȕȐȚȤ. 

ǼțȕȒȞȐȧ 
ȗȖȚȍȘȤ 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ 
șȗȐșȖȒ șȖ 
șȓȍȌțȦȡȐȔȐ 
ȏȕȈȟȍȕȐȧȔȐ: 

 MAE 
 MSE 
 Poisson 

loss 
 Negative 

log 
likelihood 

 Cross 
entropy 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȜțȕȒȞȐȦ 
ȗȖȚȍȘȤ. ǷȘȍȌțșȔȖȚȘȍȕȣ: 

 MAE (șȘȍȌȕȧȧ ȈȉșȖȓȦȚȕȈȧ 
ȖȠȐȉȒȈ) 

 MSE (șȘȍȌȕȍȒȊȈȌȘȈȚȐȟȍșȒȈȧ 
ȖȠȐȉȒȈ) 

 Poisson loss 
 Negative log likelihood 

(ȖȚȘȐȞȈȚȍȓȤȕȖȍ 
ȓȖȋȈȘȐȜȔȐȟȍșȒȖȍ 
ȗȘȈȊȌȖȗȖȌȖȉȐȍ) 

 Cross entropy 
(ȗȍȘȍȒȘȍșȚȕȈȧ ȥȕȚȘȖȗȐȧ) 

ǶȉȡȐȍ 
ȗȈȘȈȔȍȚȘȣ 
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ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ ǫȘțȗȗȈ 
ȗȈȘȈȔȍȚȘȖ
Ȋ 

ǨȓȋȖȘȐȚȔ 
ȖȗȚȐȔȐȏȈȞȐȐ 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ 
șȗȐșȖȒ șȖ 
șȓȍȌțȦȡȐȔȐ 
ȏȕȈȟȍȕȐȧȔȐ: 

 SGD 
 Adam (ȗȖ 

țȔȖȓȟȈȕȐȦ
) 

 Adadelta 
 Adamax 
 LBFGS 
 AdamW 
 ASGD 
 NAdam 
 RAdam 
 Rprop 
 RMSprop 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȔȍȚȖȌ 
ȖȗȚȐȔȐȏȈȞȐȐ, ȒȖȚȖȘȣȑ ȉțȌȍȚ 
ȐșȗȖȓȤȏȖȊȈȚȤșȧ Ȍȓȧ ȖȉȕȖȊȓȍȕȐȧ 
ȊȍșȖȊ ȕȍȑȘȖȕȖȊ șȒȘȣȚȣȝ șȓȖȍȊ 
ȕȍȑȘȖȕȕȖȑ șȍȚȐ. ǷȘȍȌțșȔȖȚȘȍȕȣ 
șȓȍȌțȦȡȐȍ ȔȍȚȖȌȣ: 

 SGD (stochastic gradient 

descent) – șȚȖȝȈșȚȐȟȍșȒȐȑ 
ȋȘȈȌȐȍȕȚȕȣȑ șȗțșȒ. ǬȈȕȕȣȑ 
ȔȍȚȖȌ ȌȍȓȈȍȚ ȠȈȋ 
ȗȖșȚȖȧȕȕȖȑ ȊȍȓȐȟȐȕȣ Ȋ 
ȕȈȗȘȈȊȓȍȕȐȐ, țȒȈȏȈȕȕȖȔ 
ȋȘȈȌȐȍȕȚȖȔ Ȋ ȚȍȒțȡȍȑ ȚȖȟȒȍ 

 Adam (adaptive moment 

estimation) – ȈȌȈȗȚȐȊȕȈȧ 
ȖȞȍȕȒȈ ȔȖȔȍȕȚȈ. ǬȈȕȕȣȑ 
ȔȍȚȖȌ șȖȟȍȚȈȍȚ Ȋ șȍȉȍ ȐȌȍȦ 
ȔȍȚȖȌȈ Momentum Ȗ 
ȕȈȒȖȗȓȍȕȐȐ ȋȘȈȌȐȍȕȚȈ Ȑ 
ȐȌȍȦ ȔȍȚȖȌȖȊ Adadelta Ȑ 
RMSProp Ȗȉ 
ȥȒșȗȖȕȍȕȞȐȈȓȤȕȖȔ 
șȋȓȈȎȐȊȈȕȐȐ ȐȕȜȖȘȔȈȞȐȐ Ȗ 
ȗȘȍȌȣȌțȡȐȝ ȏȕȈȟȍȕȐȧȝ 
ȒȊȈȌȘȈȚȖȊ ȋȘȈȌȐȍȕȚȖȊ.  

 Adadelta (adaptive 

learning rate) – ȔȍȚȖȌ 
ȈȌȈȗȚȐȊȕȖȑ șȒȖȘȖșȚȐ 
ȖȉțȟȍȕȐȧ 

 Adamax – ȔȖȌȐȜȐȒȈȞȐȧ 
ȔȍȚȖȌȈ Adam, ȖșȕȖȊȈȕȕȈȧ ȕȈ 
ȉȍșȒȖȕȍȟȕȖȑ ȕȖȘȔȍ (max) 

 LBFGS (limited-memory 

BFGS) – BFGS ș 
ȖȋȘȈȕȐȟȍȕȕȖȑ ȗȈȔȧȚȤȦ. 

 AdamW. ǬȈȕȕȣȑ ȔȍȚȖȌ 
ȖșȕȖȊȈȕ ȕȈ ȈȌȈȗȚȐȊȕȖȑ 
ȖȞȍȕȒȍ ȔȖȔȍȕȚȖȊ ȗȍȘȊȖȋȖ Ȑ 
ȊȚȖȘȖȋȖ ȗȖȘȧȌȒȈ ș 
ȌȖȉȈȊȓȍȕȕȣȔ ȔȍȚȖȌȖȔ 
țȔȍȕȤȠȍȕȐȧ ȊȍșȖȊ 

 ASGD (average stochastic 

gradient descent) – 
țșȘȍȌȕȍȕȕȣȑ 
șȚȖȝȈșȚȐȟȍșȒȐȑ ȋȘȈȌȐȍȕȚȕȣȑ 
șȗțșȒ. ǬȈȕȕȣȑ ȔȍȚȖȌ 
țșȘȍȌȕȧȍȚ ȊȍșȈ, 
ȊȣȟȐșȓȧȍȔȣȍ ȕȈ ȒȈȎȌȖȑ 
ȐȚȍȘȈȞȐȐ. 

 Nadam (Nesterov-

accelerated adaptive 

momentum). ǬȈȕȕȣȑ ȔȍȚȖȌ 
ȗȘȍȌșȚȈȊȓȧȍȚ șȖȉȖȑ 

ȔȖȌȐȜȐȒȈȞȐȦ ȖȗȚȐȔȐȏȈȚȖȘȈ 
Adam ș ȌȖȉȈȊȓȍȕȐȍȔ 

ǶȉȡȐȍ 
ȗȈȘȈȔȍȚȘȣ 
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ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ ǫȘțȗȗȈ 
ȗȈȘȈȔȍȚȘȖ
Ȋ 

ȔȖȔȍȕȚȈ ǵȍșȚȍȘȖȊȈ ȗȘȐ 
ȊȣȟȐșȓȍȕȐȐ ȋȘȈȌȐȍȕȚȖȊ. 

 RAdam (Rectified Adam). 

ǬȈȕȕȣȑ ȔȍȚȖȌ ȧȊȓȧȍȚșȧ 
ȔȖȌȐȜȐȒȈȞȐȍȑ Adam, ȉȖȓȍȍ 
țșȚȖȑȟȐȊȖȑ Ȓ ȐȏȔȍȕȍȕȐȦ 
ȏȕȈȟȍȕȐȑ șȒȖȘȖșȚȐ 
ȖȉțȟȍȕȐȧ. 

 Rprop (resilient 

backpropagation) – 
țșȚȖȑȟȐȊȣȑ ȈȓȋȖȘȐȚȔ 
ȖȉȘȈȚȕȖȋȖ ȘȈșȗȘȖșȚȘȈȕȍȕȐȧ. 
ǬȈȕȕȣȑ ȔȍȚȖȌ ȐșȗȖȓȤȏțȍȚ 
ȚȖȓȤȒȖ ȏȕȈȒȐ ȟȈșȚȕȣȝ 
ȗȘȖȐȏȊȖȌȕȣȝ Ȍȓȧ 
ȗȖȌșȚȘȖȑȒȐ ȊȍșȖȊȣȝ 
ȒȖȥȜȜȐȞȐȍȕȚȖȊ. ǺȈȒȎȍ 
Rprop ȗȖȌȌȍȘȎȐȊȈȍȚ 
ȖȚȌȍȓȤȕȣȍ ȌȍȓȤȚȣ Ȍȓȧ 
ȒȈȎȌȖȋȖ ȊȍșȈ Ȑ șȔȍȡȍȕȐȧ Ȑ 
ȈȌȈȗȚȐȘțȍȚ ȥȚȐ ȌȍȓȤȚȣ ȊȖ 
ȊȘȍȔȧ ȖȉțȟȍȕȐȧ. 

 RMSPROP (root mean 

square propagation) – 
șȘȍȌȕȍȒȊȈȌȘȈȚȐȟȕȖȍ 
ȘȈșȗȘȖșȚȘȈȕȍȕȐȍ ȒȖȘȕȧ. 
ǬȈȕȕȣȑ ȔȍȚȖȌ ȐșȗȖȓȤȏțȍȚ 
țșȘȍȌȕȍȕȕȣȑ ȗȖ ȐșȚȖȘȐȐ 
ȒȊȈȌȘȈȚ ȋȘȈȌȐȍȕȚȈ. 

ǹȒȖȘȖșȚȤ 
ȖȉțȟȍȕȐȧ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǷȖ țȔȖȓȟȈȕȐȦ - 
0,001 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ șȒȖȘȖșȚȤ 
ȖȉțȟȍȕȐȧ, ȒȖȚȖȘȈȧ țȗȘȈȊȓȧȍȚ 
ȘȈȏȔȍȘȖȔ ȠȈȋȈ ȗȘȐ ȖȉȕȖȊȓȍȕȐȐ 
ȊȍșȖȊ. 

ǶȉȡȐȍ 
ȗȈȘȈȔȍȚȘȣ 

ǲȖȓȐȟȍșȚȊȖ 
ȥȗȖȝ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǷȖ țȔȖȓȟȈȕȐȦ - 
10 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ șȒȖȓȤȒȖ 
ȘȈȏ ȈȓȋȖȘȐȚȔ ȖȉțȟȍȕȐȧ ȉțȌȍȚ 
ȖȉȘȈȉȈȚȣȊȈȚȤ ȊȍșȤ ȕȈȉȖȘ 
ȖȉțȟȈȦȡȐȝ ȌȈȕȕȣȝ. 

ǶȉȡȐȍ 
ȗȈȘȈȔȍȚȘȣ 

ǸȈȏȔȍȘ ȗȈȒȍȚȈ ǸțȟȕȖȑ ȊȊȖȌ 
ǷȖ țȔȖȓȟȈȕȐȦ - 
128 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȖȗȘȍȌȍȓȧȍȚ 
ȒȖȓȐȟȍșȚȊȖ ȊȣȉȖȘȖȒ, ȒȖȚȖȘȣȍ 
ȕȍȖȉȝȖȌȐȔȖ ȖȉȘȈȉȖȚȈȚȤ ȗȍȘȍȌ 
ȖȉȕȖȊȓȍȕȐȍȔ ȗȈȘȈȔȍȚȘȖȊ ȔȖȌȍȓȐ. 

ǶȉȡȐȍ 
ȗȈȘȈȔȍȚȘȣ 

Seed ǸțȟȕȖȑ ȊȊȖȌ 
ǷȖ țȔȖȓȟȈȕȐȦ - 
42 

ǵȈȟȈȓȤȕȖȍ ȟȐșȓȖȊȖȍ ȏȕȈȟȍȕȐȍ Ȍȓȧ 
ȋȍȕȍȘȈȚȖȘȈ șȓțȟȈȑȕȣȝ ȟȐșȍȓ. 
ǰșȗȖȓȤȏțȍȚșȧ Ȍȓȧ ȊȖșȗȘȖȐȏȊȍȌȍȕȐȧ 
ȘȍȏțȓȤȚȈȚȖȊ ȗȘȐ ȗȖȊȚȖȘȕȖȔ ȏȈȗțșȒȍ 
țȏȓȈ. 

ǶȉȡȐȍ 
ȗȈȘȈȔȍȚȘȣ 

L2 

ȘȍȋțȓȧȘȐȏȈȞȐȧ 
ǸțȟȕȖȑ ȊȊȖȌ 
ǷȖ țȔȖȓȟȈȕȐȦ - 
0,1 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȏȕȈȟȍȕȐȍ 
L2-ȘȍȋțȓȧȘȐȏȈȞȐȐ 

ǶȉȡȐȍ 
ȗȈȘȈȔȍȚȘȣ 

ǬȖȓȧ 
ȊȈȓȐȌȈȞȐȖȕȕȖ
ȑ ȊȣȉȖȘȒȐ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǷȖ țȔȖȓȟȈȕȐȦ - 
0,1 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȌȖȓȦ 
ȊȈȓȐȌȈȞȐȖȕȕȖȑ ȊȣȉȖȘȒȐ, ȒȖȚȖȘȈȧ 
ȉțȌȍȚ ȖȚȖȉȘȈȕȈ Ȑȏ ȐșȝȖȌȕȖȑ 
ȚȍșȚȖȊȖȑ 

ǶȉȡȐȍ 
ȗȈȘȈȔȍȚȘȣ 

ǲȖȓȐȟȍșȚȊȖ 
ȐȚȍȘȈȞȐȑ ȉȍȏ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǷȖ țȔȖȓȟȈȕȐȦ - 5 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȒȖȓȐȟȍșȚȊȖ ȥȗȖȝ ȉȍȏ țȓțȟȠȍȕȐȧ, 

ǶȉȡȐȍ 
ȗȈȘȈȔȍȚȘȣ 



 

 

 131 

ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ ǫȘțȗȗȈ 
ȗȈȘȈȔȍȚȘȖ
Ȋ 

șțȡȍșȚȊȍȕȕȖȋȖ 
țȓțȟȠȍȕȐȧ 

ȗȖșȓȍ ȒȖȚȖȘȣȝ șȒȖȘȖșȚȤ ȖȉțȟȍȕȐȧ 
ȉțȌȍȚ șȕȐȎȍȕȈ. 
ǷȘȐȔȍȘ: ȍșȓȐ ȏȕȈȟȍȕȐȍ ȗȈȘȈȔȍȚȘȈ 
= 2, ȚȖ ȗȍȘȊȣȍ 2 ȥȗȖȝȐ ȉȍȏ 
țȓțȟȠȍȕȐȑ loss ȉțȌțȚ 
ȗȘȖȐȋȕȖȘȐȘȖȊȈȕȣ, Ȑ ȚȖȓȤȒȖ ȗȖșȓȍ 
3-ȑ ȥȗȖȝȐ șȒȖȘȖșȚȤ ȖȉțȟȍȕȐȧ 
țȔȍȕȤȠȐȚșȧ. 

ǸȍȎȐȔ 
ȌȐȕȈȔȐȟȍșȒȖȋȖ 
ȘȈșȟȍȚȈ ȗȖȘȖȋȈ 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ 
șȗȐșȖȒ șȖ 
șȓȍȌțȦȡȐȔȐ 
ȏȕȈȟȍȕȐȧȔȐ: 

 rel 
 abs 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȍȚ ȘȍȎȐȔ 
ȘȈșȟȍȚȈ ȗȖȘȖȋȈ 
ǷȘȍȌțșȔȖȚȘȍȕȣ: 

 rel –  dynamic_threshold = 
best * ( 1 - threshold ) 

 abs –  dynamic_threshold = 
best - threshold 

ǶȉȡȐȍ 
ȗȈȘȈȔȍȚȘȣ 

ǷȖȘȖȋ ǸțȟȕȖȑ ȊȊȖȌ 
ǷȖ țȔȖȓȟȈȕȐȦ - 
0,0001 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȗȖȘȖȋ 
ȘȈșȟȍȚȈ ȕȖȊȖȋȖ ȖȗȚȐȔțȔȈ, ȟȚȖȉȣ 
șȖșȘȍȌȖȚȖȟȐȚȤșȧ ȚȖȓȤȒȖ ȕȈ 
ȏȕȈȟȐȚȍȓȤȕȣȝ ȐȏȔȍȕȍȕȐȧȝ 

ǶȉȡȐȍ 
ȗȈȘȈȔȍȚȘȣ 

ǹȚȈȕȌȈȘȚȐȏȈȞȐ
ȧ 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ 
șȗȐșȖȒ șȖ 
șȓȍȌțȦȡȐȔȐ 
ȏȕȈȟȍȕȐȧȔȐ: 

 no 
 std (ȗȖ 

țȔȖȓȟȈȕȐȦ
) 

 range 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȖȚȊȍȟȈȍȚ ȏȈ 
ȊȣȉȖȘ ȔȍȚȖȌȈ șȚȈȕȌȈȘȚȐȏȈȞȐȐ 
ȟȐșȓȖȊȣȝ ȗȍȘȍȔȍȕȕȣȝ. 
ǹȚȈȕȌȈȘȚȐȏȈȞȐȧ – 
ȗȘȍȖȉȘȈȏȖȊȈȕȐȍ ȟȐșȓȖȊȣȝ 
ȕȈȉȓȦȌȍȕȐȑ ș ȞȍȓȤȦ ȗȘȐȊȍȌȍȕȐȧ 
Ȑȝ Ȓ ȕȍȒȖȚȖȘȖȑ Ȗȉȡȍȑ ȠȒȈȓȍ. 
ǵȍȖȉȝȖȌȐȔȖșȚȤ șȚȈȕȌȈȘȚȐȏȈȞȐȐ 
ȊȣȏȊȈȕȈ ȚȍȔ, ȟȚȖ ȘȈȏȕȣȍ ȗȘȐȏȕȈȒȐ 
Ȑȏ ȖȉțȟȈȦȡȍȋȖ ȕȈȉȖȘȈ ȔȖȋțȚ ȉȣȚȤ 
ȗȘȍȌșȚȈȊȓȍȕȣ Ȋ ȘȈȏȕȣȝ ȔȈșȠȚȈȉȈȝ 
Ȑ ȐȏȔȍȕȧȚȤșȧ Ȋ ȘȈȏȕȣȝ ȌȐȈȗȈȏȖȕȈȝ, 
ȟȚȖ ȊȓȐȧȍȚ ȕȈ ȊȣȧȊȓȍȕȐȍ 
ȕȍȒȖȘȘȍȒȚȕȣȝ ȏȈȊȐșȐȔȖșȚȍȑ 
ȔȖȌȍȓȤȦ. 
ǷȘȍȌțșȔȖȚȘȍȕȣ șȓȍȌțȦȡȐȍ 
ȔȍȚȖȌȣ: 

 no — șȚȈȕȌȈȘȚȐȏȈȞȐȧ ȕȍ 
ȕțȎȕȈ 

 std — șȚȈȕȌȈȘȚȕȖȍ 
ȖȚȒȓȖȕȍȕȐȍ - ȗȘȍȖȉȘȈȏțȍȚ 
ȕȈȉȓȦȌȍȕȐȧ ȚȈȒȐȔ ȖȉȘȈȏȖȔ, 
ȟȚȖȉȣ Ȑȝ șȘȍȌȕȍȍ ȏȕȈȟȍȕȐȍ 
ȘȈȊȕȧȓȖșȤ ȕțȓȦ, Ȉ 
șȚȈȕȌȈȘȚȕȖȍ ȖȚȒȓȖȕȍȕȐȍ 
ȘȈȊȕȧȓȖșȤ 1. 

 range — ȌȐȈȗȈȏȖȕ 
- ȓȐȕȍȑȕȖ ȗȘȍȖȉȘȈȏțȍȚ 
ȏȕȈȟȍȕȐȧ ȗȍȘȍȔȍȕȕȣȝ Ȋ 
ȌȐȈȗȈȏȖȕ [0, 1]. 

ǶȉȡȐȍ 
ȗȈȘȈȔȍȚȘȣ 

Beta1 ǸțȟȕȖȑ ȊȊȖȌ 
ȟȐșȓȈ ș 
ȗȓȈȊȈȦȡȍȑ 
ȚȖȟȒȖȑ 
ǷȖ țȔȖȓȟȈȕȐȦ - 
0,9 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȒȖȥȜȜȐȞȐȍȕȚ, ȐșȗȖȓȤȏțȍȔȣȑ Ȍȓȧ 
țȗȘȈȊȓȍȕȐȧ șȒȖȘȖșȚȤȦ ȏȈȚțȝȈȕȐȧ 
șȒȖȓȤȏȧȡȐȝ șȘȍȌȕȐȝ ȏȕȈȟȍȕȐȑ 
ȋȘȈȌȐȍȕȚȈ (ȗȍȘȊȖȋȖ ȔȖȔȍȕȚȈ) 

ǷȈȘȈȔȍȚȘȣ 
ȈȓȋȖȘȐȚȔȈ 
ȖȗȚȐȔȐȏȈȞȐȐ 
Adam, 

Adamax, 

AdamW, 



 

 

 132 

ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ ǫȘțȗȗȈ 
ȗȈȘȈȔȍȚȘȖ
Ȋ 
RAdam, 

Nadam 
Beta2 ǸțȟȕȖȑ ȊȊȖȌ 

ȟȐșȓȈ ș 
ȗȓȈȊȈȦȡȍȑ 
ȚȖȟȒȖȑ 
ǷȖ țȔȖȓȟȈȕȐȦ - 
0,999 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȒȖȥȜȜȐȞȐȍȕȚ, ȐșȗȖȓȤȏțȍȔȣȑ Ȍȓȧ 
țȗȘȈȊȓȍȕȐȧ șȒȖȘȖșȚȤȦ ȏȈȚțȝȈȕȐȧ 
șȘȍȌȕȐȝ ȏȕȈȟȍȕȐȑ ȊȚȖȘȣȝ ȔȖȔȍȕȚȖȊ 
ȋȘȈȌȐȍȕȚȖȊ (ȕȍȞȍȕȚȘȐȘȖȊȈȕȕȖȑ 
ȌȐșȗȍȘșȐȐ) 

ǷȈȘȈȔȍȚȘȣ 
ȈȓȋȖȘȐȚȔȈ 
ȖȗȚȐȔȐȏȈȞȐȐ 
Adam, 

Adamax, 

AdamW, 

RAdam, 

Nadam 
Epsilon ǸțȟȕȖȑ ȊȊȖȌ 

ȟȐșȓȈ ș 
ȗȓȈȊȈȦȡȍȑ 
ȚȖȟȒȖȑ 
ǷȖ țȔȖȓȟȈȕȐȦ - 
1e-8 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȏȕȈȟȍȕȐȍ, 
ȌȖȉȈȊȓȧȍȔȖȍ Ȓ ȏȕȈȔȍȕȈȚȍȓȦ Ȍȓȧ 
țȓțȟȠȍȕȐȧ ȟȐșȓȖȊȖȑ șȚȈȉȐȓȤȕȖșȚȐ 
Minimal decay applied to lr. If the 
difference between new and old lr is 
smaller than eps, the update is 
ignored. Default: 1e-8. 

ǷȈȘȈȔȍȚȘȣ 
ȈȓȋȖȘȐȚȔȈ 
ȖȗȚȐȔȐȏȈȞȐȐ 
Adam, 

Adamax, 

AdamW, 

RAdam, 

Nadam 
ǰșȗȖȓȤȏȖȊȈȚȤ 
ȈȓȋȖȘȐȚȔ 
AMSGrad 

ǿȍȒȉȖȒș ǪȣȉȖȘ ȌȈȕȕȖȋȖ ȟȍȒȉȖȒșȈ 
țȒȈȏȣȊȈȍȚ, ȟȚȖ ȕȍȖȉȝȖȌȐȔȖ 
ȐșȗȖȓȤȏȖȊȈȚȤ ȊȈȘȐȈȕȚ AMSGrad 
ȥȚȖȋȖ ȈȓȋȖȘȐȚȔȈ. 
ǸȈȏȕȐȞȈ ȔȍȎȌț AMSgrad Ȑ Adam 
ȏȈȒȓȦȟȈȍȚșȧ Ȋ ȘȈșșȟȐȚȈȕȕȖȔ 
ȊȍȒȚȖȘȍ ȊȚȖȘȖȋȖ ȔȖȔȍȕȚȈ, ȒȖȚȖȘȣȑ 
ȐșȗȖȓȤȏțȍȚșȧ Ȍȓȧ ȖȉȕȖȊȓȍȕȐȧ 
ȗȈȘȈȔȍȚȘȖȊ. 

ǷȈȘȈȔȍȚȘȣ 
ȈȓȋȖȘȐȚȔȈ 
ȖȗȚȐȔȐȏȈȞȐȐ 
Adam, 
AdamW 

ǰȔȗțȓȤș 
(Momentum) 

ǸțȟȕȖȑ ȊȊȖȌ 
ȟȐșȓȈ ș 
ȗȓȈȊȈȦȡȍȑ 
ȚȖȟȒȖȑ 
ǷȖ țȔȖȓȟȈȕȐȦ - 0 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȒȖȥȜȜȐȞȐȍȕȚ ȐȔȗțȓȤșȈ 
(ȏȈȗȖȔȐȕȈȍȚ șȒȖȘȖșȚȤ ȕȈ 
ȗȘȍȌȣȌțȡȍȔ ȠȈȋȍ Ȑ ȌȖȉȈȊȓȧȍȚ Ȋ 
țȒȈȏȈȕȕȖȍ ȟȐșȓȖ ȘȈȏ ȔȍȕȤȠțȦ 
ȊȍȓȐȟȐȕț ȕȈ șȓȍȌțȦȡȍȔ ȠȈȋȍ) 

ǷȈȘȈȔȍȚȘȣ 
ȈȓȋȖȘȐȚȔȈ 
ȖȗȚȐȔȐȏȈȞȐȐ 
SGD, 

RMSProp 

Dampening ǸțȟȕȖȑ ȊȊȖȌ 
ȟȐșȓȈ ș 
ȗȓȈȊȈȦȡȍȑ 
ȚȖȟȒȖȑ 
ǷȖ țȔȖȓȟȈȕȐȦ - 0 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȌȍȔȗȜȐȘȖȊȈȕȐȍ ȐȔȗțȓȤșȈ. 
ǬȍȔȗȜȐȘȖȊȈȕȐȍ ȋȈȘȈȕȚȐȘțȍȚ, ȟȚȖ 
ȖȗȚȐȔȐȏȈȚȖȘ ȕȍ șȌȍȓȈȍȚ șȓȐȠȒȖȔ 
ȉȖȓȤȠȐȝ ȠȈȋȖȊ, ȟȚȖ ȔȖȎȍȚ 
ȗȘȖȐȏȖȑȚȐ, ȍșȓȐ ȐșȗȖȓȤȏȖȊȈȚȤ 
ȚȖȓȤȒȖ ȐȔȗțȓȤș. 
ǿȍȔ ȊȣȠȍ ȋȘȈȌȐȍȕȚ, ȚȍȔ ȉȖȓȤȠȍ 
ȌȍȔȗȜȐȘȖȊȈȕȐȍ țȔȍȕȤȠȈȍȚ ȘȈȏȔȍȘ 
ȠȈȋȈ. 

ǷȈȘȈȔȍȚȘȣ 
ȈȓȋȖȘȐȚȔȈ 
ȖȗȚȐȔȐȏȈȞȐȐ 
SGD 

ǴȖȔȍȕȚ 
ǵȍșȚȍȘȖȊȈ 

ǿȍȒȉȖȒș ǪȣȉȖȘ ȌȈȕȕȖȋȖ ȟȍȒȉȖȒșȈ ȊȒȓȦȟȈȍȚ 
ȐȔȗțȓȤș ǵȍșȚȍȘȖȊȈ (ȐșȗȖȓȤȏțȍȚ 
ȗȘȖȐȏȊȖȌȕțȦ ȕȍ Ȋ ȚȍȒțȡȍȑ ȚȖȟȒȍ, Ȉ 
Ȋ șȓȍȌțȦȡȍȑ, ȍșȓȐ ȉȣ Ȕȣ 
ȗȘȖȌȖȓȎȈȓȐ ȌȊȐȋȈȚȤșȧ Ȋ ȥȚȖȔ Ȏȍ 
ȕȈȗȘȈȊȓȍȕȐȐ ȉȍȏ ȐȏȔȍȕȍȕȐȑ) 

ǷȈȘȈȔȍȚȘȣ 
ȈȓȋȖȘȐȚȔȈ 
ȖȗȚȐȔȐȏȈȞȐȐ 
SGD 

Rho ǸțȟȕȖȑ ȊȊȖȌ 
ǷȖ țȔȖȓȟȈȕȐȦ - 
0,9 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȒȖȥȜȜȐȞȐȍȕȚ, ȐșȗȖȓȤȏțȍȔȣȑ Ȍȓȧ 
ȊȣȟȐșȓȍȕȐȧ șȒȖȓȤȏȧȡȍȋȖ șȘȍȌȕȍȋȖ 
ȒȊȈȌȘȈȚȖȊ ȋȘȈȌȐȍȕȚȖȊ 
 

ǷȈȘȈȔȍȚȘȣ 
ȈȓȋȖȘȐȚȔȈ 
ȖȗȚȐȔȐȏȈȞȐȐ 
Adadelta 



 

 

 133 

ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ ǫȘțȗȗȈ 
ȗȈȘȈȔȍȚȘȖ
Ȋ 

Epsilon ǷȖ țȔȖȓȟȈȕȐȦ - 
1e-8 

ǬȈȕȕȣȑ șȋȓȈȎȐȊȈȦȡȐȑ ȗȈȘȈȔȍȚȘ 
ȏȈȌȈȍȚ ȏȕȈȟȍȕȐȍ, 
ȗȘȍȌȖȚȊȘȈȡȈȦȡȍȍ ȌȍȓȍȕȐȍ ȕȈ 0.  

ǷȈȘȈȔȍȚȘȣ 
ȈȓȋȖȘȐȚȔȈ 
ȖȗȚȐȔȐȏȈȞȐȐ 
Adadelta, 

RMSProp 
ǴȈȒșȐȔțȔ 
ȐȚȍȘȈȞȐȑ ȏȈ 
ȠȈȋ 
ȖȗȚȐȔȐȏȈȞȐȐ 

ǸțȟȕȖȑ ȊȊȖȌ 
ȞȍȓȖȟȐșȓȍȕȕȖȋȖ 
ȏȕȈȟȍȕȐȧ 
ǷȖ țȔȖȓȟȈȕȐȦ - 
20 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȔȈȒșȐȔȈȓȤȕȖȍ ȟȐșȓȖ ȐȚȍȘȈȞȐȑ ȏȈ 
ȠȈȋ ȖȗȚȐȔȐȏȈȞȐȐ 

ǷȈȘȈȔȍȚȘȣ 
ȈȓȋȖȘȐȚȔȈ 
ȖȗȚȐȔȐȏȈȞȐȐ 
LBFGS 
 

ǴȈȒșȐȔțȔ 
ȊȣȟȐșȓȍȕȐȑ ȏȈ 
ȠȈȋ 
ȖȗȚȐȔȐȏȈȞȐȐ 

ǸțȟȕȖȑ ȊȊȖȌ 
ȞȍȓȖȟȐșȓȍȕȕȖȋȖ 
ȏȕȈȟȍȕȐȧ 
ǷȖ țȔȖȓȟȈȕȐȦ - 1 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȔȈȒșȐȔȈȓȤȕȖȍ ȟȐșȓȖ ȊȣȟȐșȓȍȕȐȑ 
ȜțȕȒȞȐȐ ȏȈ ȠȈȋ ȖȗȚȐȔȐȏȈȞȐȐ 

ǷȈȘȈȔȍȚȘȣ 
ȈȓȋȖȘȐȚȔȈ 
ȖȗȚȐȔȐȏȈȞȐȐ 
LBFGS 
 

Tolerance grad ǸțȟȕȖȑ ȊȊȖȌ 
ȟȐșȓȈ ș 
ȗȓȈȊȈȦȡȍȑ 
ȚȖȟȒȖȑ 
ǷȖ țȔȖȓȟȈȕȐȦ - 
0,00001 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȌȖȗțșȒ 
ȏȈȊȍȘȠȍȕȐȧ ȗȘȐ ȖȗȚȐȔȈȓȤȕȖșȚȐ 
ȗȍȘȊȖȋȖ ȗȖȘȧȌȒȈ 

ǷȈȘȈȔȍȚȘȣ 
ȈȓȋȖȘȐȚȔȈ 
ȖȗȚȐȔȐȏȈȞȐȐ 
LBFGS 
 

Tolerance 

change 
ǸțȟȕȖȑ ȊȊȖȌ 
ȟȐșȓȈ ș 
ȗȓȈȊȈȦȡȍȑ 
ȚȖȟȒȖȑ 
ǷȖ țȔȖȓȟȈȕȐȦ - 
1e-9 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȌȖȗțșȒ 
ȏȈȊȍȘȠȍȕȐȧ ȗȘȐ ȐȏȔȍȕȍȕȐȐ 
ȏȕȈȟȍȕȐȧ/ȗȈȘȈȔȍȚȘȈ ȜțȕȒȞȐȐ 

ǷȈȘȈȔȍȚȘȣ 
ȈȓȋȖȘȐȚȔȈ 
ȖȗȚȐȔȐȏȈȞȐȐ 
LBFGS 
 

ǲȖȓȐȟȍșȚȊȖ 
ȏȈȗȖȔȐȕȈȍȔȣȝ 
ȠȈȋȖȊ 
ȖȗȚȐȔȐȏȈȞȐȐ 

ǸțȟȕȖȑ ȊȊȖȌ 
ȞȍȓȖȟȐșȓȍȕȕȖȋȖ 
ȏȕȈȟȍȕȐȧ 
ǷȖ țȔȖȓȟȈȕȐȦ - 
100 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȒȖȓȐȟȍșȚȊȖ ȏȈȗȖȔȐȕȈȍȔȣȝ ȠȈȋȖȊ 
ȖȗȚȐȔȐȏȈȞȐȐ 

ǷȈȘȈȔȍȚȘȣ 
ȈȓȋȖȘȐȚȔȈ 
ȖȗȚȐȔȐȏȈȞȐȐ 
LBFGS 
 

Line search ǹȗȐșȖȒ: 
 no (ȗȖ 

țȔȖȓȟȈȕȐȦ
) 

 strong 
wolfe 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȔȍȚȖȌ 
ȓȐȕȍȑȕȖȋȖ ȗȖȐșȒȈ 

ǷȈȘȈȔȍȚȘȣ 
ȈȓȋȖȘȐȚȔȈ 
ȖȗȚȐȔȐȏȈȞȐȐ 
LBFGS 
 

Lambda ǸțȟȕȖȑ ȊȊȖȌ 
ȟȐșȓȈ ș 
ȗȓȈȊȈȦȡȍȑ 
ȚȖȟȒȖȑ 
ǷȖ țȔȖȓȟȈȕȐȦ - 
0,0001 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȏȈȚțȝȈȕȐȍ ǷȈȘȈȔȍȚȘȣ 
ȈȓȋȖȘȐȚȔȈ 
ȖȗȚȐȔȐȏȈȞȐȐ 
ASGD 
 

Alpha ǸțȟȕȖȑ ȊȊȖȌ 
ȟȐșȓȈ ș 
ȗȓȈȊȈȦȡȍȑ 
ȚȖȟȒȖȑ 
ǷȖ țȔȖȓȟȈȕȐȦ - 
0,75 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȔȖȡȕȖșȚȤ 
Ȍȓȧ ȖȉȕȖȊȓȍȕȐȧ șȒȖȘȖșȚȐ ȖȉțȟȍȕȐȧ 

ǷȈȘȈȔȍȚȘȣ 
ȈȓȋȖȘȐȚȔȈ 
ȖȗȚȐȔȐȏȈȞȐȐ 
ASGD 
 

t0 ǸțȟȕȖȑ ȊȊȖȌ 
ȟȐșȓȈ ș 
ȗȓȈȊȈȦȡȍȑ 
ȚȖȟȒȖȑ 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȚȖȟȒț, ș 
ȒȖȚȖȘȖȑ ȕȈȟȐȕȈȍȚșȧ țșȘȍȌȕȍȕȐȍ. 
ǭșȓȐ ȚȘȍȉțȍȔȖȍ ȒȖȓȐȟȍșȚȊȖ 
ȐȚȍȘȈȞȐȑ ȔȍȕȤȠȍ ȌȈȕȕȖȋȖ 

ǷȈȘȈȔȍȚȘȣ 
ȈȓȋȖȘȐȚȔȈ 
ȖȗȚȐȔȐȏȈȞȐȐ 
ASGD 
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ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ ǫȘțȗȗȈ 
ȗȈȘȈȔȍȚȘȖ
Ȋ 

ǷȖ țȔȖȓȟȈȕȐȦ - 
100000 

ȏȕȈȟȍȕȐȧ, ȚȖ țșȘȍȌȕȍȕȐȍ ȕȍ 
ȗȘȖȐȏȖȑȌȍȚ. 

ǹȖȒȘȈȡȍȕȐȍ 
ȐȔȗțȓȤșȈ 
 
 

ǸțȟȕȖȑ ȊȊȖȌ 
ǷȖ țȔȖȓȟȈȕȐȦ - 
0,004 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȏȕȈȟȍȕȐȍ 
șȖȒȘȈȡȍȕȐȧ ȐȔȗțȓȤșȈ 

ǷȈȘȈȔȍȚȘȣ 
ȈȓȋȖȘȐȚȔȈ 
ȖȗȚȐȔȐȏȈȞȐȐ 
Nadam 

ǲȖȥȜȜȐȞȐȍȕȚ 
țȔȍȕȤȠȍȕȐȧ 
(eta minus) 

ǸțȟȕȖȑ ȊȊȖȌ 
ǿȐșȓȖ ȉȖȓȤȠȍ 0 Ȑ 
ȔȍȕȤȠȍ 1 
ǷȖ țȔȖȓȟȈȕȐȦ - 
0,5 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȔțȓȤȚȐȗȓȐȒȈȚȐȊȕȣȑ ȒȖȥȜȜȐȞȐȍȕȚ 
țȔȍȕȤȠȍȕȐȧ. 
ǭșȓȐ ȕȈ ȚȍȒțȡȍȔ ȠȈȋȍ ȟȈșȚȕȈȧ 
ȗȘȖȐȏȊȖȌȕȈȧ ȗȖ șȖȖȚȊȍȚșȚȊțȦȡȍȔț 
Ȋȍșț ȗȖȔȍȕȧȓȈ șȊȖȑ ȏȕȈȒ, ȏȕȈȟȐȚ 
ȗȖșȓȍȌȕȍȍ ȐȏȔȍȕȍȕȐȍ ȉȣȓȖ 
ȉȖȓȤȠȐȔ, Ȑ ȈȓȋȖȘȐȚȔ ȗȘȖșȒȖȟȐȓ 
ȓȖȒȈȓȤȕȣȑ ȔȐȕȐȔțȔ. 
ǹȓȍȌȖȊȈȚȍȓȤȕȖ, ȊȍȓȐȟȐȕț 
ȒȖȘȘȍȒȞȐȐ ȕȍȖȉȝȖȌȐȔȖ țȔȍȕȤȠȐȚȤ 
ȕȈ ȏȕȈȟȍȕȐȍ ȌȈȕȕȖȋȖ ȗȈȘȈȔȍȚȘȈ Ȑ 
ȊȍȘȕțȚȤ ȗȘȍȌȣȌțȡȍȍ ȏȕȈȟȍȕȐȍ 
ȊȍșȖȊȖȋȖ ȒȖȥȜȜȐȞȐȍȕȚȈ. 

ǷȈȘȈȔȍȚȘȣ 
ȈȓȋȖȘȐȚȔȈ 
ȖȗȚȐȔȐȏȈȞȐȐ 
Rprop 

ǲȖȥȜȜȐȞȐȍȕȚ 
țȊȍȓȐȟȍȕȐȧ 
(eta plus) 

ǸțȟȕȖȑ ȊȊȖȌ 
ǿȐșȓȖ ȉȖȓȤȠȍ 1 
ǷȖ țȔȖȓȟȈȕȐȦ - 
1,2 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȔțȓȤȚȐȗȓȐȒȈȚȐȊȕȣȑ ȒȖȥȜȜȐȞȐȍȕȚ 
țȊȍȓȐȟȍȕȐȧ. 
ǭșȓȐ ȕȈ ȚȍȒțȡȍȔ ȠȈȋȍ ȟȈșȚȕȈȧ 
ȗȘȖȐȏȊȖȌȕȈȧ ȗȖ șȖȖȚȊȍȚșȚȊțȦȡȍȔț 
Ȋȍșț ȕȍ ȗȖȔȍȕȧȓȈ șȊȖȑ ȏȕȈȒ, 
ȏȕȈȟȐȚ ȕțȎȕȖ țȊȍȓȐȟȐȚȤ ȊȍȓȐȟȐȕț 
ȒȖȘȘȍȒȞȐȐ ȕȈ ȏȕȈȟȍȕȐȍ ȌȈȕȕȖȋȖ 
ȗȈȘȈȔȍȚȘȈ Ȍȓȧ ȌȖșȚȐȎȍȕȐȧ ȉȖȓȍȍ 
ȉȣșȚȘȖȑ șȝȖȌȐȔȖșȚȐ. 

ǷȈȘȈȔȍȚȘȣ 
ȈȓȋȖȘȐȚȔȈ 
ȖȗȚȐȔȐȏȈȞȐȐ 
Rprop 
 

ǴȐȕȐȔȈȓȤȕȣȑ 
ȘȈȏȔȍȘ ȠȈȋȈ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǷȖ țȔȖȓȟȈȕȐȦ - 
0,000001 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȔȐȕȐȔȈȓȤȕȣȑ ȘȈȏȔȍȘ ȠȈȋȈ. 
Ƕȕ ȕȍȖȉȝȖȌȐȔ, ȟȚȖȉȣ ȕȍ ȌȖȗțșȚȐȚȤ 
șȓȐȠȒȖȔ ȔȈȓȍȕȤȒȐȝ ȏȕȈȟȍȕȐȑ 
ȊȍșȖȊ, ȖȋȘȈȕȐȟȐȊȈȍȚ ȊȍȓȐȟȐȕț 
ȒȖȘȘȍȒȞȐȐ șȕȐȏț. 

ǷȈȘȈȔȍȚȘȣ 
ȈȓȋȖȘȐȚȔȈ 
ȖȗȚȐȔȐȏȈȞȐȐ 
Rprop 
 

ǴȈȒșȐȔȈȓȤȕȣȑ 
ȘȈȏȔȍȘ ȠȈȋȈ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǷȖ țȔȖȓȟȈȕȐȦ - 
50 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȔȈȒșȐȔȈȓȤȕȣȑ ȘȈȏȔȍȘ ȠȈȋȈ. 
Ƕȕ ȕȍȖȉȝȖȌȐȔ, ȟȚȖȉȣ ȕȍ ȌȖȗțșȚȐȚȤ 
șȓȐȠȒȖȔ ȉȖȓȤȠȐȝ ȏȕȈȟȍȕȐȑ ȊȍșȖȊ, 
ȖȋȘȈȕȐȟȐȊȈȍȚ ȊȍȓȐȟȐȕț ȒȖȘȘȍȒȞȐȐ 
șȊȍȘȝț. 

ǷȈȘȈȔȍȚȘȣ 
ȈȓȋȖȘȐȚȔȈ 
ȖȗȚȐȔȐȏȈȞȐȐ 
Rprop 
 

Alpha ǸțȟȕȖȑ ȊȊȖȌ 
ǷȖ țȔȖȓȟȈȕȐȦ - 
0,99 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȒȖȕșȚȈȕȚț 
șȋȓȈȎȐȊȈȕȐȧ 

ǷȈȘȈȔȍȚȘȣ 
ȈȓȋȖȘȐȚȔȈ 
ȖȗȚȐȔȐȏȈȞȐȐ 
RMSProp 
 

ǾȍȕȚȘȐȘȖȊȈȚȤ ǿȍȒȉȖȒș ǪȣȉȖȘ ȌȈȕȕȖȋȖ ȟȍȒȉȖȒșȈ 
țȒȈȏȣȊȈȍȚ, ȟȚȖ ȕȍȖȉȝȖȌȐȔȖ 
ȊȣȟȐșȓȐȚȤ ȞȍȕȚȘȐȘȖȊȈȕȕȣȑ 
RMSProp, ȋȘȈȌȐȍȕȚ ȒȖȚȖȘȖȋȖ 
ȕȖȘȔȈȓȐȏțȍȚșȧ ȗȖ ȖȞȍȕȒȍ ȍȋȖ 
ȌȐșȗȍȘșȐȐ 

ǷȈȘȈȔȍȚȘȣ 
ȈȓȋȖȘȐȚȔȈ 
ȖȗȚȐȔȐȏȈȞȐȐ 
RMSProp 
 

ǺȈȉȓȐȞȈ 22 ǷȈȘȈȔȍȚȘȣ țȏȓȈ «ǨȊȚȖȥȕȒȖȌȍȘ (PyTorch)» 
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ǸȍȏțȓȤȚȈȚȣ ȊȣȗȖȓȕȍȕȐȧ țȏȓȈ: 

 ǺȈȉȓȐȞȈ ș ȗȘȐȔȍȘȖȔ ȌȈȕȕȣȝ. ǶȚȖȉȘȈȎȈȦȚșȧ ȗȍȘȊȣȍ 100 ȕȈȉȓȦȌȍȕȐȑ. 

 

ǸȐșțȕȖȒ 110 ǺȈȉȓȐȞȈ ș ȗȘȐȔȍȘȖȔ ȌȈȕȕȣȝ 

3.2.5.6.14. ǻȏȍȓ «PCA» 

ǨȕȈȓȐȏ ȋȓȈȊȕȣȝ ȒȖȔȗȖȕȍȕȚ (PCA – Principal component analysis) – ȥȚȖ ȔȍȚȖȌ, 
ȒȖȚȖȘȣȑ ȗȘȍȖȉȘȈȏțȍȚ ȉȖȓȤȠȖȑ ȕȈȉȖȘ ȗȍȘȍȔȍȕȕȣȝ Ȋ ȔȍȕȤȠȐȑ ș ȔȐȕȐȔȈȓȤȕȣȔȐ 
ȗȖȚȍȘȧȔȐ ȐȕȜȖȘȔȈȚȐȊȕȖșȚȐ. ǰșȗȖȓȤȏȖȊȈȕȐȍ PCA ȗȖȏȊȖȓȧȍȚ țșȒȖȘȐȚȤ ȘȈșȟȍȚ ȔȖȌȍȓȐ 
ȏȈ șȟȍȚ țȔȍȕȤȠȍȕȐȧ ȒȖȓȐȟȍșȚȊȈ ȊȝȖȌȕȣȝ ȗȍȘȍȔȍȕȕȣȝ. 

PCA ȐșȗȖȓȤȏțȍȚșȧ Ȍȓȧ ȘȈȏȓȖȎȍȕȐȧ ȔȕȖȋȖȔȍȘȕȖȋȖ ȕȈȉȖȘȈ ȌȈȕȕȣȝ ȕȈ ȕȈȉȖȘ 
ȗȖșȓȍȌȖȊȈȚȍȓȤȕȣȝ ȖȘȚȖȋȖȕȈȓȤȕȣȝ ȒȖȔȗȖȕȍȕȚȖȊ, ȒȖȚȖȘȣȍ ȖȉȢȧșȕȧȦȚ ȔȈȒșȐȔȈȓȤȕțȦ 
ȊȍȓȐȟȐȕț ȌȐșȗȍȘșȐȐ (ȌȐșȗȍȘșȐȧ – șȚȍȗȍȕȤ ȘȈȏȉȘȖșȈ ȌȈȕȕȣȝ). 
ǹȕȐȎȍȕȐȍ ȘȈȏȔȍȘȕȖșȚȐ ȌȖșȚȐȋȈȍȚșȧ ș ȗȖȔȖȡȤȦ SVD (Singular Value Decomposition, 

șȐȕȋțȓȧȘȕȖȍ ȘȈȏȓȖȎȍȕȐȍ). 
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Ǫ țȏȓȍ ȗȘȍȌțșȔȖȚȘȍȕȣ șȓȍȌțȦȡȐȍ ǨȓȋȖȘȐȚȔȣ ȋȓȈȊȕȣȝ ȒȖȔȗȖȕȍȕȚ: 

 auto – ȈȓȋȖȘȐȚȔ ȗȖȌȉȐȘȈȍȚșȧ ȈȊȚȖȔȈȚȐȟȍșȒȐ ȐșȝȖȌȧ Ȑȏ ȟȐșȓȈ ȗȍȘȍȔȍȕȕȣȝ Ȑ 
ȒȖȓȐȟȍșȚȊȈ ȕȈȉȓȦȌȍȕȐȑ Ȋ ȕȈȉȖȘȍ ȌȈȕȕȣȝ: ȍșȓȐ ȊȝȖȌȕȣȍ ȌȈȕȕȣȍ ȉȖȓȤȠȍ 
500x500, Ȉ ȒȖȓȐȟȍșȚȊȖ ȐȏȊȓȍȒȈȍȔȣȝ ȒȖȔȗȖȕȍȕȚȖȊ ȔȍȕȤȠȍ 80% ȕȈȐȔȍȕȤȠȍȋȖ 
ȘȈȏȔȍȘȈ ȌȈȕȕȣȝ, ȚȖ ȉțȌȍȚ ȊȣȉȘȈȕ ȔȍȚȖȌ randomized. Ǫ ȖșȚȈȓȤȕȣȝ șȓțȟȈȧȝ 
ȉțȌȍȚ ȊȣȉȘȈȕ full. 

 full – ȚȖȟȕȣȑ ȗȖȓȕȣȑ SVD (șȚȈȕȌȈȘȚȕȣȑ ȘȍȠȈȚȍȓȤ LAPACK) Ȑ ȖȚȉȖȘ 
ȒȖȔȗȖȕȍȕȚ ș ȗȖȔȖȡȤȦ ȗȖșȚȖȉȘȈȉȖȚȒȐ (ȗȈȘȈȔȍȚȘ ǴȍȚȖȌȣ ȖȗȘȍȌȍȓȍȕȐȧ 
ȒȖȓȐȟȍșȚȊȈ ȒȖȔȗȖȕȍȕȚ) 

 arpack – SVD, țșȍȟȍȕȕȣȑ ȒȖȓȐȟȍșȚȊȖȔ ȒȖȔȗȖȕȍȕȚ Ȋ ȗȘȍȌȍȓȍ șȚȘȖȋȖ ȉȖȓȤȠȍ 0 
Ȑ șȚȘȖȋȖ ȔȍȕȤȠȍ min(ȒȖȓȐчȍșȚȊȖ ȕȈȉȓюȌȍȕȐȑ, ȒȖȓȐчȍșȚȊȖ 
ȗȍȘȍȔȍȕȕых) (ȘȍȠȈȚȍȓȤ ARPACK). 

 randomized – ȈȓȋȖȘȐȚȔ ȕȈȝȖȌȐȚ ȗȘȐȉȓȐȎȍȕȕȖȍ țșȍȟȍȕȕȖȍ SVD, ȐșȗȖȓȤȏțȧ 
ȘȈȕȌȖȔȐȏȈȞȐȦ Ȍȓȧ țșȒȖȘȍȕȐȧ ȊȣȟȐșȓȍȕȐȑ (ȗȖ ȔȍȚȖȌț Halko). 

ǸȍȒȖȔȍȕȌțȍȚșȧ ȕȖȘȔȈȓȐȏȖȊȈȚȤ ȌȈȕȕȣȍ ȗȍȘȍȌ ȐșȗȖȓȤȏȖȊȈȕȐȍȔ PCA, ȐȕȈȟȍ ȔȖȎȕȖ 
ȗȖȓțȟȐȚȤ ȊȊȖȌȧȡȐȍ Ȋ ȏȈȉȓțȎȌȍȕȐȍ ȒȖȔȗȖȕȍȕȚȣ (ȟȍȒȉȖȒș ǵȖȘȔȈȓȐȏȈȞȐȧ 
ȒȖȔȗȖȕȍȕȚ). 

PCA ȘȈȉȖȚȈȍȚ c ȟȐșȓȖȊȣȔȐ ȌȈȕȕȣȔȐ. ǷȖȥȚȖȔț ȍșȓȐ Ȋ ȕȈȉȖȘȍ ȌȈȕȕȣȝ ȗȘȐșțȚșȚȊțȍȚ 
ȒȈȚȍȋȖȘȐȈȓȤȕȈȧ ȗȍȘȍȔȍȕȕȈȧ, ȚȖ ȖȕȈ ȒȖȌȐȘțȍȚșȧ ȔȍȚȖȌȖȔ One-hot encoding Ȑ 
ȒȖȓȐȟȍșȚȊȖ ȘȈșșȟȐȚȈȕȕȣȝ ȋȓȈȊȕȣȝ ȒȖȔȗȖȕȍȕȚ ȉțȌȍȚ ȘȈȊȕȖ (ȐșȝȖȌȕȖȍ ȒȖȓ-ȊȖ 
ȕȍȒȈȚȍȋȖȘȐȈȓȤȕȣȝ ȈȚȘȐȉțȚȖȊ) + (șȚȖȓȉȞȣ One-hot encoding). 

ǷȘȐȔȍȘ: ȐȏȕȈȟȈȓȤȕȖ ȉȣȓȖ 14 ȈȚȘȐȉțȚȖȊ ȖȌȐȕ Ȑȏ ȒȖȚȖȘȣȝ ȒȈȚȍȋȖȘȐȈȓȤȕȣȑ (ș 3 
ȒȈȚȍȋȖȘȐȧȔȐ), ȚȖ Ȋ ȘȍȏțȓȤȚȈȚȈȝ ȗȖȓțȟȐȚșȧ 15 (ȗȖȌȘȖȉȕȍȍ ȗȘȖ One-hot encoding Ȋ 
ȖȗȐșȈȕȐȐ ȖȌȕȖȐȔȍȕȕȖȋȖ țȏȓȈ). 

Ǭȓȧ ȖȚȉȖȘȈ ȒȖȔȗȖȕȍȕȚ ȗȘȍȌțșȔȖȚȘȍȕȣ șȓȍȌțȦȡȐȍ ǴȍȚȖȌȣ ȖȗȘȍȌȍȓȍȕȐȧ 
ȒȖȓȐȟȍșȚȊȈ ȒȖȔȗȖȕȍȕȚ: 

 full – ȖȚȉȐȘȈȍȚșȧ ȒȖȓȐȟȍșȚȊȖ ȒȖȔȗȖȕȍȕȚ Ȋ șȖȖȚȊȍȚșȚȊȐȐ ș ȜȖȘȔțȓȖȑ 
min(ȒȖȓȐчȍșȚȊȖ ȕȈȉȓюȌȍȕȐȑ, ȒȖȓȐчȍșȚȊȖ ȗȍȘȍȔȍȕȕых) – 1. 

 number – ȖȚȉȐȘȈȍȔȖȍ ȒȖȓȐȟȍșȚȊȖ ȒȖȔȗȖȕȍȕȚ ȏȈȌȈȍȚșȧ ȊȘțȟȕțȦ. 

 variance – ȉțȌțȚ ȖȚȖȉȘȈȕȣ ȒȖȔȗȖȕȍȕȚȣ, ȒȖȚȖȘȣȍ ȘȈȊȕȣ ȐȓȐ ȗȘȍȊȣȠȈȦȚ 
ȏȈȌȈȕȕȣȑ ȗȘȖȞȍȕȚ ȖȉȢȧșȕȍȕȕȖȑ ȌȐșȗȍȘșȐȐ. 

 mle –Ȍȓȧ ȖȚȉȖȘȈ ȒȖȔȗȖȕȍȕȚȖȊ ȐșȗȖȓȤȏțȍȚșȧ MLE ǴȐȕȒȈ. 

ǹȗȐșȖȒ ȗȈȘȈȔȍȚȘȖȊ țȏȓȈ ȗȘȍȌșȚȈȊȓȍȕ Ȋ ȚȈȉȓȐȞȍ ȕȐȎȍ. 
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ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ 

ǵȈȏȊȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ 
ȏȕȈȟȍȕȐȍ ȕȍȚ 

ǵȈȏȊȈȕȐȍ țȏȓȈ, ȒȖȚȖȘȖȍ ȉțȌȍȚ 
ȖȚȖȉȘȈȎȈȚȤșȧ Ȋ ȐȕȚȍȘȜȍȑșȍ 

ǶȗȐșȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ 
ȏȕȈȟȍȕȐȍ ȕȍȚ 

ǶȗȐșȈȕȐȍ țȏȓȈ 

ǴȍȚȖȌ 
ȖȗȘȍȌȍȓȍȕȐȧ 
ȒȖȓȐȟȍșȚȊȈ 
ȒȖȔȗȖȕȍȕȚ 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ 
șȗȐșȖȒ șȖ 
șȓȍȌțȦȡȐȔȐ 
ȏȕȈȟȍȕȐȧȔȐ: 

 full (ȗȖ 
țȔȖȓȟȈȕȐȦ) 

 number 
 variance 
 mle 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȔȍȚȖȌ 
ȖȗȘȍȌȍȓȍȕȐȧ ȒȖȓȐȟȍșȚȊȈ ȒȖȔȗȖȕȍȕȚ. 
ǷȘȍȌțșȔȖȚȘȍȕȣ: 

 full 
 number 
 variance 
 mle 

ǲȖȓȐȟȍșȚȊȖ 
ȒȖȔȗȖȕȍȕȚ 

ǸțȟȕȖȑ ȊȊȖȌ 
ȞȍȓȖȟȐșȓȍȕȕȖȋȖ 
ȏȕȈȟȍȕȐȧ 
ǷȖ țȔȖȓȟȈȕȐȦ - 1 

ǨȒȚțȈȓȍȕ ȗȘȐ ȊȣȉȖȘȍ ǴȍȚȖȌȈ 
ȖȗȘȍȌȍȓȍȕȐȧ ȒȖȓȐȟȍșȚȊȈ ȒȖȔȗȖȕȍȕȚ = 
number. 
ǯȈȌȈȍȚ ȖȋȘȈȕȐȟȍȕȐȍ ȕȈ ȒȖȓȐȟȍșȚȊȖ 
ȒȖȔȗȖȕȍȕȚ, ȒȖȚȖȘȣȍ Ȋ ȒȖȕȍȟȕȖȔ ȐȚȖȋȍ 
ȉțȌțȚ ȖȚȖȉȘȈȕȣ ȈȓȋȖȘȐȚȔȖȔ. 

ǷȘȖȞȍȕȚ 
ȖȉȢȧșȕȍȕȕȖȑ 
ȌȐșȗȍȘșȐȐ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǯȕȈȟȍȕȐȍ ȉȖȓȤȠȍ 0 Ȑ 
ȔȍȕȤȠȍ ȐȓȐ ȘȈȊȕȖ 1 
ǷȖ țȔȖȓȟȈȕȐȦ – 0,95 

ǨȒȚțȈȓȍȕ ȗȘȐ ȊȣȉȖȘȍ ǴȍȚȖȌȈ 
ȖȗȘȍȌȍȓȍȕȐȧ ȒȖȓȐȟȍșȚȊȈ ȒȖȔȗȖȕȍȕȚ = 
variance. 
ǯȈȌȈȍȚ ȖȋȘȈȕȐȟȍȕȐȍ ȕȈ ȗȘȖȞȍȕȚ 
ȖȉȢȧșȕȍȕȕȖȑ ȌȐșȗȍȘșȐȐ ȒȖȔȗȖȕȍȕȚȈȔȐ, 
ȒȖȚȖȘȣȍ Ȋ ȒȖȕȍȟȕȖȔ ȐȚȖȋȍ ȉțȌțȚ ȖȚȖȉȘȈȕȣ 
ȈȓȋȖȘȐȚȔȖȔ. 

ǵȖȘȔȈȓȐȏȈȞȐȧ 
ȒȖȔȗȖȕȍȕȚ 

ǿȍȒȉȖȒș ǬȈȕȕȣȑ ȟȍȒȉȖȒș ȖȚȊȍȟȈȍȚ ȏȈ 
ȗȘȍȖȉȘȈȏȖȊȈȕȐȍ ȟȐșȓȖȊȣȝ ȕȈȉȓȦȌȍȕȐȑ 
ș ȞȍȓȤȦ ȗȘȐȊȍȌȍȕȐȧ Ȑȝ Ȓ Ȗȉȡȍȑ ȠȒȈȓȍ. 
ǵȍȖȉȝȖȌȐȔȖșȚȤ ȕȖȘȔȈȓȐȏȈȞȐȐ ȊȣȏȊȈȕȈ 
ȚȍȔ, ȟȚȖ ȘȈȏȕȣȍ ȗȘȐȏȕȈȒȐ Ȑȏ ȐșȝȖȌȕȖȋȖ 
ȕȈȉȖȘȈ ȔȖȋțȚ ȉȣȚȤ ȗȘȍȌșȚȈȊȓȍȕȣ Ȋ ȘȈȏȕȣȝ 
ȔȈșȠȚȈȉȈȝ Ȑ ȐȏȔȍȕȧȚȤșȧ Ȋ ȘȈȏȕȣȝ 
ȌȐȈȗȈȏȖȕȈȝ 

ǨȓȋȖȘȐȚȔ ȋȓȈȊȕȣȝ 
ȒȖȔȗȖȕȍȕȚ 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ 
șȗȐșȖȒ șȖ 
șȓȍȌțȦȡȐȔȐ 
ȏȕȈȟȍȕȐȧȔȐ: 

 auto (ȗȖ 
țȔȖȓȟȈȕȐȦ) 

 full 
 arpack 
 randomized 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȈȓȋȖȘȐȚȔ ȋȓȈȊȕȣȝ 
ȒȖȔȗȖȕȍȕȚ. ǷȘȍȌțșȔȖȚȘȍȕȣ șȓȍȌțȦȡȐȍ 
ȊȈȘȐȈȕȚȣ: 

 auto 
 full 
 arpack 
 randomized 

ǷȖȋȘȍȠȕȖșȚȤ ǸțȟȕȖȑ ȊȊȖȌ 
ȟȐșȓȖȊȖȋȖ ȏȕȈȟȍȕȐȧ 
ǯȕȈȟȍȕȐȍ ȌȖȓȎȕȖ 
ȉȣȚȤ Ȋ ȌȐȈȗȈȏȖȕȍ 
[0.0, inf) 
ǷȖ țȔȖȓȟȈȕȐȦ – 0 

ǨȒȚțȈȓȍȕ ȗȘȐ ȊȣȉȖȘȍ ǨȓȋȖȘȐȚȔȈ 
ȋȓȈȊȕȣȝ ȒȖȔȗȖȕȍȕȚ = arpack 
ǯȈȌȈȍȚ ȌȖȗțșȚȐȔțȦ ȗȖȋȘȍȠȕȖșȚȤ Ȍȓȧ 
șȐȕȋțȓȧȘȕȣȝ ȏȕȈȟȍȕȐȑ. 

ǯȈȌȈȚȤ ȒȖȓȐȟȍșȚȊȖ 
ȐȚȍȘȈȞȐȑ 
șȚȍȗȍȕȕȖȋȖ ȔȍȚȖȌȈ 

ǿȍȒȉȖȒș ǨȒȚțȈȓȍȕ ȗȘȐ ȊȣȉȖȘȍ ǨȓȋȖȘȐȚȔȈ 
ȋȓȈȊȕȣȝ ȒȖȔȗȖȕȍȕȚ = randomized 
ǪȣȉȖȘ ȌȈȕȕȖȋȖ ȟȍȒȉȖȒșȈ țȒȈȏȣȊȈȍȚ, ȟȚȖ 
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ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ 

ȕȍȖȉȝȖȌȐȔȖ ȏȈȌȈȚȤ ȒȖȓȐȟȍșȚȊȖ ȐȚȍȘȈȞȐȑ 
șȚȍȗȍȕȕȖȋȖ ȔȍȚȖȌȈ 

ǲȖȓȐȟȍșȚȊȖ 
ȐȚȍȘȈȞȐȑ 
șȚȍȗȍȕȕȖȋȖ ȔȍȚȖȌȈ 

ǸțȟȕȖȑ ȊȊȖȌ 
ȟȐșȓȖȊȖȋȖ ȏȕȈȟȍȕȐȧ 
ǯȕȈȟȍȕȐȍ ȌȖȓȎȕȖ 
ȉȣȚȤ Ȋ ȌȐȈȗȈȏȖȕȍ [0, 
inf) 
ǷȖ țȔȖȓȟȈȕȐȦ – 10 

ǨȒȚțȈȓȍȕ ȗȘȐ ȊȣȉȖȘȍ ǨȓȋȖȘȐȚȔȈ 
ȋȓȈȊȕȣȝ ȒȖȔȗȖȕȍȕȚ = randomized 
ǷȍȘȍȌ țȊȍȓȐȟȍȕȐȍȔ ǲȖȓȐȟȍșȚȊȈ 
ȐȚȍȘȈȞȐȑ șȚȍȗȍȕȕȖȋȖ ȔȍȚȖȌȈ șȓȍȌțȍȚ 
țȊȍȓȐȟȐȊȈȚȤ ǲȖȓȐȟȍșȚȊȖ 
ȌȖȗȖȓȕȐȚȍȓȤȕȣȝ șȓțȟȈȑȕȣȝ ȊȍȒȚȖȘȖȊ, 
ȗȖșȒȖȓȤȒț ȗȘȐȕȞȐȗ ȘȈȕȌȖȔȐȏȐȘȖȊȈȕȕȖȋȖ 
ȔȍȚȖȌȈ ȏȈȒȓȦȟȈȍȚșȧ Ȋ ȚȖȔ, ȟȚȖȉȣ ȐȏȉȍȎȈȚȤ 
ȐșȗȖȓȤȏȖȊȈȕȐȧ ȥȚȐȝ ȉȖȓȍȍ ȌȖȘȖȋȖșȚȖȧȡȐȝ 
ȠȈȋȖȊ ȐȚȍȘȈȞȐȐ. 

ǲȖȓȐȟȍșȚȊȖ 
ȌȖȗȖȓȕȐȚȍȓȤȕȣȝ 
șȓțȟȈȑȕȣȝ 
ȊȍȒȚȖȘȖȊ 

ǷȖ țȔȖȓȟȈȕȐȦ – 10 ǨȒȚțȈȓȍȕ ȗȘȐ ȊȣȉȖȘȍ ǨȓȋȖȘȐȚȔȈ 
ȋȓȈȊȕȣȝ ȒȖȔȗȖȕȍȕȚ = randomized 
ǯȈȌȈȍȚ ȌȖȗȖȓȕȐȚȍȓȤȕȖȍ ȒȖȓȐȟȍșȚȊȖ 
șȓțȟȈȑȕȣȝ ȊȍȒȚȖȘȖȊ, ȟȚȖ ȖȉȍșȗȍȟȐȊȈȍȚ 
ȓțȟȠțȦ ȈȗȗȘȖȒșȐȔȈȞȐȦ șȐȕȋțȓȧȘȕȣȝ 
ȊȍȒȚȖȘȖȊ Ȑ șȐȕȋțȓȧȘȕȣȝ ȏȕȈȟȍȕȐȑ. 

ǵȖȘȔȈȓȐȏȈȞȐȧ 
ȐȚȍȘȈȞȐȑ 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ 
șȗȐșȖȒ șȖ 
șȓȍȌțȦȡȐȔȐ 
ȏȕȈȟȍȕȐȧȔȐ: 

 auto (ȗȖ 
țȔȖȓȟȈȕȐȦ) 

 QR 
 LU 
 randomized 

ǨȒȚțȈȓȍȕ ȗȘȐ ȊȣȉȖȘȍ ǨȓȋȖȘȐȚȔȈ 
ȋȓȈȊȕȣȝ ȒȖȔȗȖȕȍȕȚ = randomized 
ǷȘȍȌțșȔȖȚȘȍȕȣ șȓȍȌțȦȡȐȍ ȔȍȚȖȌȣ: 

 auto – ȕȍ ȗȘȐȔȍȕȧȍȚ ȕȖȘȔȈȓȐȏȈȞȐȦ, 
ȍșȓȐ ǲȖȓȐȟȍșȚȊȖ ȐȚȍȘȈȞȐȑ 
șȚȍȗȍȕȕȖȋȖ ȔȍȚȖȌȈ <=2, Ȑ 
ȗȍȘȍȒȓȦȟȈȍȚșȧ ȕȈ LU ȘȈȏȓȖȎȍȕȐȍ Ȋ 
ȗȘȖȚȐȊȕȖȔ șȓțȟȈȍ 

 QR – ȗȖȠȈȋȖȊȖȍ ȘȈȏȓȖȎȍȕȐȍ 
ȔȈȚȘȐȞȣ. ǹȈȔȖȍ ȔȍȌȓȍȕȕȖȍ, ȕȖ 
ȕȈȐȉȖȓȍȍ ȚȖȟȕȖȍ 

 LU – LU ȘȈȏȓȖȎȍȕȐȍ ȔȈȚȘȐȞȣ. 
ǿȐșȓȍȕȕȖ șȚȈȉȐȓȤȕȖȍ, ȕȖ ȔȖȎȍȚ 
ȚȍȘȧȚȤ Ȋ ȚȖȟȕȖșȚȐ 

 randomized – ȕȈȐȉȖȓȍȍ ȉȣșȚȘȣȑ 
ȔȍȚȖȌ, ȕȖ ȕȍșȚȈȉȐȓȤȕȣȑ, ȍșȓȐ 
ǲȖȓȐȟȍșȚȊȖ ȐȚȍȘȈȞȐȑ 
șȚȍȗȍȕȕȖȋȖ ȔȍȚȖȌȈ ȉȖȓȤȠȖȍ (5 Ȑ 
ȉȖȓȤȠȍ) 

Seed ǸțȟȕȖȑ ȊȊȖȌ 
ȟȐșȓȖȊȖȋȖ ȏȕȈȟȍȕȐȧ 
ǯȕȈȟȍȕȐȍ ȉȖȓȤȠȍ 0 
ǷȖ țȔȖȓȟȈȕȐȦ — 42 

ǵȈȟȈȓȤȕȖȍ ȟȐșȓȖȊȖȍ ȏȕȈȟȍȕȐȍ Ȍȓȧ 
ȋȍȕȍȘȈȚȖȘȈ șȓțȟȈȑȕȣȝ ȟȐșȍȓ. 
ǰșȗȖȓȤȏțȍȚșȧ Ȍȓȧ ȊȖșȗȘȖȐȏȊȍȌȍȕȐȧ 
ȘȍȏțȓȤȚȈȚȖȊ ȗȘȐ ȗȖȊȚȖȘȕȖȔ ȏȈȗțșȒȍ 

ǰșȒȓȦȟȐȚȤ 
ȖȘȐȋȐȕȈȓȤȕȣȍ 
ȗȘȍȌȐȒȚȖȘȣ 

ǿȍȒȉȖȒș ǪȣȉȖȘ ȌȈȕȕȖȋȖ ȟȍȒȉȖȒșȈ țȒȈȏȣȊȈȍȚ, ȟȚȖ 
ȕȍȖȉȝȖȌȐȔȖ țȌȈȓȐȚȤ ȖȘȐȋȐȕȈȓȤȕȣȍ 
ȗȘȍȌȐȒȚȖȘȣ 

ǺȈȉȓȐȞȈ 23 ǷȈȘȈȔȍȚȘȣ țȏȓȈ «PCA» 
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ǸȍȏțȓȤȚȈȚȣ ȊȣȗȖȓȕȍȕȐȧ țȏȓȈ: 

 ǺȈȉȓȐȞȈ ș ȗȘȐȔȍȘȖȔ ȌȈȕȕȣȝ. ǶȚȖȉȘȈȎȈȦȚșȧ ȗȍȘȊȣȍ 100 ȕȈȉȓȦȌȍȕȐȑ. 

 

ǸȐșțȕȖȒ 111 ǺȈȉȓȐȞȈ ș ȗȘȐȔȍȘȖȔ ȌȈȕȕȣȝ 

Ǫ ȌȈȕȕȖȑ ȚȈȉȓȐȞȍ ȉțȌțȚ ȖȚȖȉȘȈȎȍȕȣ ȊȣȟȐșȓȍȕȕȣȍ ȒȖȔȗȖȕȍȕȚȣ (ȗȍȘȍȔȍȕȕȣȍ PC_1, 

PC_2 Ȑ Ț.Ȍ.). 

 ǹȚȖȓȉȟȈȚȈȧ ȌȐȈȋȘȈȔȔȈ, ȕȈ ȒȖȚȖȘȖȑ ȖȚȖȉȘȈȎȍȕȣ ȒȖȔȗȖȕȍȕȚȣ (Ȑȝ ȕȖȔȍȘȈ) Ȑ 
ȏȕȈȟȍȕȐȧ ȖȉȢȧșȕȍȕȕȖȑ ȐȔȐ ȌȐșȗȍȘșȐȐ (ȒȈȒȈȧ ȌȖȓȧ ȖȉȡȍȋȖ ȘȈȏȉȘȖșȈ ȚȖȟȍȒ 
ȗȘȐȝȖȌȐȚșȧ ȕȈ ȒȈȎȌțȦ Ȑȏ ȕȖȊȣȝ ȒȖȖȘȌȐȕȈȚ). 

 

ǸȐșțȕȖȒ 112 ǷȘȐȔȍȘ șȚȖȓȉȟȈȚȖȑ ȌȐȈȋȘȈȔȔȣ 
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 ǹȚȖȓȉȟȈȚȈȧ ȌȐȈȋȘȈȔȔȈ ȈȕȈȓȖȋȐȟȕȈȧ ȗȍȘȊȖȑ, ȕȖ ș ȒțȔțȓȧȚȐȊȕȖȑ șțȔȔȖȑ. 

 

ǸȐșțȕȖȒ 113 ǷȘȐȔȍȘ șȚȖȓȉȟȈȚȖȑ ȌȐȈȋȘȈȔȔȣ ș ȒțȔțȓȧȚȐȊȕȖȑ șțȔȔȖȑ 

3.2.5.6.15. ǻȏȍȓ «ǷȘȖȜȐȓȐȘȖȊȈȕȐȍ» 

ǻȏȍȓ «ǷȘȖȜȐȓȐȘȖȊȈȕȐȍ» ȗȖȏȊȖȓȧȍȚ ȐșșȓȍȌȖȊȈȚȤ ȌȈȕȕȣȍ ș ȞȍȓȤȦ ȊȣȧșȕȍȕȐȧ 
șȚȈȚȐșȚȐȟȍșȒȐȝ ȝȈȘȈȒȚȍȘȐșȚȐȒ ȗȍȘȍȔȍȕȕȣȝ. 

ǹȗȐșȖȒ ȗȈȘȈȔȍȚȘȖȊ țȏȓȈ ȗȘȍȌșȚȈȊȓȍȕ Ȋ ȚȈȉȓȐȞȍ ȕȐȎȍ. 

ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ 

ǵȈȏȊȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ ȏȕȈȟȍȕȐȍ ȕȍȚ 

ǵȈȏȊȈȕȐȍ țȏȓȈ, ȒȖȚȖȘȖȍ ȉțȌȍȚ 
ȖȚȖȉȘȈȎȈȚȤșȧ Ȋ ȐȕȚȍȘȜȍȑșȍ 

ǶȗȐșȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ ȏȕȈȟȍȕȐȍ ȕȍȚ 

ǶȗȐșȈȕȐȍ țȏȓȈ 

ǺȈȉȓȐȞȈ 24 ǷȈȘȈȔȍȚȘȣ țȏȓȈ «ǪȍșȈ ȒȓȈșșȖȊ» 

ǸȍȏțȓȤȚȈȚȣ ȊȣȗȖȓȕȍȕȐȧ țȏȓȈ: 

 ǺȈȉȓȐȞȈ ș ȗȘȐȔȍȘȖȔ ȌȈȕȕȣȝ. ǶȚȖȉȘȈȎȈȦȚșȧ ȗȍȘȊȣȍ 100 ȕȈȉȓȦȌȍȕȐȑ. 

 

ǸȐșțȕȖȒ 114 ǺȈȉȓȐȞȈ ș ȗȘȐȔȍȘȖȔ ȌȈȕȕȣȝ 
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 ǷȘȖȜȐȓȤ ȌȈȕȕȣȝ. 

ǷȘȖȜȐȓȤ ȌȈȕȕȣȝ ȘȈșșȟȐȚȣȊȈȍȚșȧ ȗȖ ȊșȍȔț ȕȈȉȖȘț ȌȈȕȕȣȝ Ȑ ȗȖ ȒȈȎȌȖȑ Ȑȏ 
ȗȍȘȍȔȍȕȕȣȝ Ȑ ȏȈȊȐșȐȚ ȖȚ ȍȍ ȚȐȗȈ (Ȍȓȧ ȒȈȚȍȋȖȘȐȈȓȤȕȣȝ Ȑ ȒȖȓȐȟȍșȚȊȍȕȕȣȝ 
ȗȍȘȍȔȍȕȕȣȝ ȘȈȏȕȣȑ ȕȈȉȖȘ șȚȈȚȐșȚȐȒ). 

Ǭȓȧ ȚȖȋȖ, ȟȚȖȉȣ ȖȚȖȉȘȈȏȐȚȤ șȚȈȚȐșȚȐȒȐ ȗȖ ȕțȎȕȖȑ ȗȍȘȍȔȍȕȕȖȑ, ȕȍȖȉȝȖȌȐȔȖ 
ȊȣȉȘȈȚȤ ȍȍ Ȋ șȗȐșȒȍ. 

 

ǸȐșțȕȖȒ 115 ǷȘȐȔȍȘ ȗȘȖȜȐȓȧ ȌȈȕȕȣȝ 

ǶȉȡȐȍ șȚȈȚȐșȚȐȒȐ 

Ǭȓȧ Ȋșȍȝ ȕȈȉȓȦȌȍȕȐȑ ȕȈȉȖȘȈ ȌȈȕȕȣȝ șȟȐȚȈȍȚșȧ șȓȍȌțȦȡȐȑ ȕȈȉȖȘ șȚȈȚȐșȚȐȒ (ȗțȕȒȚ 
ǹȚȈȚȐșȚȐȒȈ ȗȖ ȕȈȉȖȘț ȌȈȕȕȣȝ): 

 ǲȖȓȐȟȍșȚȊȖ ȏȕȈȟȍȕȐȑ. 

 ǲȖȓȐȟȍșȚȊȖ țȕȐȒȈȓȤȕȣȝ ȏȕȈȟȍȕȐȑ. 

 ǷȘȖȞȍȕȚ țȕȐȒȈȓȤȕȣȝ ȏȕȈȟȍȕȐȑ (Ȋ ȗȘȖȞȍȕȚȈȝ). 

 ǲȖȓȐȟȍșȚȊȖ ȌțȉȓȐȘțȦȡȐȝ șȚȘȖȒ. 

 ǷȘȖȞȍȕȚ ȌțȉȓȐȘțȦȡȐȝ șȚȘȖȒ (Ȋ ȗȘȖȞȍȕȚȈȝ). 

ǲȈȚȍȋȖȘȐȈȓȤȕȣȍ ȗȍȘȍȔȍȕȕȣȍ 

Ǭȓȧ ȒȈȚȍȋȖȘȐȈȓȤȕȣȝ ȗȍȘȍȔȍȕȕȣȝ ȘȈșșȟȐȚȣȊȈȍȚșȧ ȕȈȉȖȘ șȚȈȚȐșȚȐȒ Ȋ șȖȖȚȊȍȚșȚȊȐȐ ș 
ȚȈȉȓȐȞȍȑ ȕȐȎȍ. 

ǹȚȈȚȐșȚȐȒȈ ǶȗȐșȈȕȐȍ 
ǲȖȓȐȟȍșȚȊȖ țȕȐȒȈȓȤȕȣȝ 
ȏȕȈȟȍȕȐȑ 

ǲȖȓȐȟȍșȚȊȖ ȕȍȗȖȊȚȖȘȧȦȡȐȝșȧ ȏȕȈȟȍȕȐȑ 

ǷȘȖȞȍȕȚ țȕȐȒȈȓȤȕȣȝ ȏȕȈȟȍȕȐȑ ǷȘȖȞȍȕȚ țȕȐȒȈȓȤȕȣȝ ȏȕȈȟȍȕȐȑ ȖȚ ȖȉȡȍȋȖ ȒȖȓȐȟȍșȚȊȈ 
ȏȕȈȟȍȕȐȑ 

ǲȖȓȐȟȍșȚȊȖ ȗȘȖȗțȡȍȕȕȣȝ 
ȏȕȈȟȍȕȐȑ 

ǲȖȓȐȟȍșȚȊȖ ȗȘȖȗțȡȍȕȕȣȝ ȏȕȈȟȍȕȐȑ 

ǷȘȖȞȍȕȚ ȗȘȖȗțȡȍȕȕȣȝ 
ȏȕȈȟȍȕȐȑ 

ǷȘȖȞȍȕȚ ȗȘȖȗțȡȍȕȕȣȝ ȏȕȈȟȍȕȐȑ ȖȚ ȖȉȡȍȋȖ 
ȒȖȓȐȟȍșȚȊȈ ȏȕȈȟȍȕȐȑ 

ǴȈȒșȐȔȈȓȤȕȈȧ ȌȓȐȕȈ ǲȖȓȐȟȍșȚȊȖ ȏȕȈȒȖȊ ȔȈȒșȐȔȈȓȤȕȖȋȖ ȗȖ ȌȓȐȕȍ ȏȕȈȟȍȕȐȧ 
ǴȐȕȐȔȈȓȤȕȈȧ ȌȓȐȕȈ ǲȖȓȐȟȍșȚȊȖ ȏȕȈȒȖȊ ȔȐȕȐȔȈȓȤȕȖȋȖ ȗȖ ȌȓȐȕȍ ȏȕȈȟȍȕȐȧ 
Top 3 ȏȕȈȟȍȕȐȧ ș ȔȈȒșȐȔȈȓȤȕȖȑ ȟȈșȚȖȚȖȑ 
Bottom 3 ȏȕȈȟȍȕȐȧ ș ȔȐȕȐȔȈȓȤȕȖȑ ȟȈșȚȖȚȖȑ 

ǺȈȉȓȐȞȈ 25 ǵȈȉȖȘ șȚȈȚȐșȚȐȒ, ȘȈșșȟȐȚȣȊȈȍȔȣȝ Ȍȓȧ ȒȈȚȍȋȖȘȐȈȓȤȕȣȝ ȗȍȘȍȔȍȕȕȣȝ 
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Ǭȓȧ țȌȖȉșȚȊȈ ȐȕȚȍȘȗȘȍȚȈȞȐȐ Ȑ ȈȕȈȓȐȏȈ ȚȈȒȎȍ ȗȘȍȌțșȔȖȚȘȍȕȖ ȗȖșȚȘȖȍȕȐȍ ǶȉȓȈȒȈ 
șȓȖȊ. 

ǶȉȓȈȒȖ șȓȖȊ (ȐȓȐ ȖȉȓȈȒȖ ȚȍȋȖȊ) ȊȐȏțȈȓȐȏȐȘțȍȚ ȟȈșȚȖȚț ȗȖȧȊȓȍȕȐȧ ȏȕȈȟȍȕȐȧ 
ȗȍȘȍȔȍȕȕȖȑ. ǸȈȏȔȍȘ ȖȉȓȈȒȈ ȖȚȘȈȎȈȍȚ ȟȈșȚȖȚț ȗȖȧȊȓȍȕȐȧ ȏȕȈȟȍȕȐȧ. ǾȊȍȚȖȊȈȧ ȋȈȔȔȈ 
ȕȍ ȕȍșȍȚ Ȋ șȍȉȍ șȔȣșȓȈ Ȑ ȊȣȗȖȓȕȧȍȚ ȐșȒȓȦȟȐȚȍȓȤȕȖ ȥșȚȍȚȐȟȍșȒțȦ ȜțȕȒȞȐȦ. 

ǷȖșȔȖȚȘȍȚȤ ǶȉȓȈȒȖ șȓȖȊ ȔȖȎȕȖ Ȋ ȚȖȔ Ȏȍ ȒȖȕȚȍȑȕȍȘȍ ș ȗȘȖȜȐȓȐȘȖȊȈȕȐȍȔ, ȊȣȉȘȈȊ 

Ȋ ȗȘȈȊȖȔ ȊȍȘȝȕȍȔ țȋȓț ȐȒȖȕȒț  . 

 

ǸȐșțȕȖȒ 116 ǷȘȐȔȍȘ ǶȉȓȈȒȈ șȓȖȊ 

ǲȖȓȐȟȍșȚȊȍȕȕȣȍ ȗȍȘȍȔȍȕȕȣȍ 

Ǭȓȧ ȒȖȓȐȟȍșȚȊȍȕȕȣȝ ȗȍȘȍȔȍȕȕȣȝ ȗȖșȟȐȚȣȊȈȍȚșȧ ȕȈȉȖȘ șȚȈȚȐșȚȐȒ Ȋ șȖȖȚȊȍȚșȚȊȐȐ ș 
ȚȈȉȓȐȞȍȑ ȕȐȎȍ. 

ǹȚȈȚȐșȚȐȒȈ ǶȗȐșȈȕȐȍ 
ǲȖȓȐȟȍșȚȊȖ 
țȕȐȒȈȓȤȕȣȝ 
ȏȕȈȟȍȕȐȑ 

ȒȖȓȐȟȍșȚȊȖ ȕȍȗȖȊȚȖȘȧȦȡȐȝșȧ ȏȕȈȟȍȕȐȑ ȗȍȘȍȔȍȕȕȖȑ 

ǷȘȖȞȍȕȚ 
țȕȐȒȈȓȤȕȣȝ 
ȏȕȈȟȍȕȐȑ 

ȗȘȖȞȍȕȚ ȕȍȗȖȊȚȖȘȧȦȡȐȝșȧ ȏȕȈȟȍȕȐȑ ȗȍȘȍȔȍȕȕȖȑ 

ǲȖȓȐȟȍșȚȊȖ 
ȗȘȖȗțȡȍȕȕȣȝ 
ȏȕȈȟȍȕȐȑ 

ȒȖȓȐȟȍșȚȊȖ ȗȘȖȗțȡȍȕȕȣȝ ȏȕȈȟȍȕȐȑ ȗȍȘȍȔȍȕȕȖȑ 

ǷȘȖȞȍȕȚ 
ȗȘȖȗțȡȍȕȕȣȝ 
ȏȕȈȟȍȕȐȑ 

ȗȘȖȞȍȕȚ ȗȘȖȗțȡȍȕȕȣȝ ȏȕȈȟȍȕȐȑ 

ǴȐȕȐȔȈȓȤȕȖȍ 
ȏȕȈȟȍȕȐȍ 

ȕȈȐȔȍȕȤȠȍȍ ȏȕȈȟȍȕȐȍ ȗȍȘȍȔȍȕȕȖȑ 
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ǹȚȈȚȐșȚȐȒȈ ǶȗȐșȈȕȐȍ 
ǴȈȒșȐȔȈȓȤȕȖȍ 
ȏȕȈȟȍȕȐȍ 

ȕȈȐȉȖȓȤȠȍȍ ȏȕȈȟȍȕȐȍ ȗȍȘȍȔȍȕȕȖȑ 

ǹȘȍȌȕȍȍ ȏȕȈȟȍȕȐȍ șțȔȔȈ Ȋșȍȝ ȏȕȈȟȍȕȐȑ ȗȍȘȍȔȍȕȕȖȑ, ȘȈȏȌȍȓȍȕȕȈȧ ȕȈ ȟȐșȓȖ ȥȚȐȝ 
ȏȕȈȟȍȕȐȑ 

5-ȧ ȗȍȘșȍȕȚȐȓȤ ȥȚȖ ȕȍȒȖȚȖȘȖȍ ȏȕȈȟȍȕȐȍ X Ȑȏ ȌȈȕȕȖȋȖ ȘȧȌȈ, ȒȖȚȖȘȖȍ ȌȍȓȐȚ Ȋșȍ 
ȐȔȍȦȡȐȍșȧ Ȋ ȕȍȔ ȏȕȈȟȍȕȐȧ ȕȈ ȌȊȍ ȋȘțȗȗȣ: 5% ȏȕȈȟȍȕȐȑ, 
ȒȖȚȖȘȣȍ ȔȍȕȤȠȍ X, Ȑ ȖșȚȈȊȠȐȍșȧ ȏȕȈȟȍȕȐȧ (ȚȖ ȍșȚȤ 95%), 
ȒȖȚȖȘȣȍ ȗȘȍȊȣȠȈȦȚ X. 

95-ȧ ȗȍȘșȍȕȚȐȓȤ ȥȚȖ ȕȍȒȖȚȖȘȖȍ ȏȕȈȟȍȕȐȍ X Ȑȏ ȌȈȕȕȖȋȖ ȘȧȌȈ, ȒȖȚȖȘȖȍ ȌȍȓȐȚ Ȋșȍ 
ȐȔȍȦȡȐȍșȧ Ȋ ȕȍȔ ȏȕȈȟȍȕȐȧ ȕȈ ȌȊȍ ȋȘțȗȗȣ: 95% ȏȕȈȟȍȕȐȑ, 
ȒȖȚȖȘȣȍ ȔȍȕȤȠȍ X, Ȑ ȖșȚȈȊȠȐȍșȧ ȏȕȈȟȍȕȐȧ (ȚȖ ȍșȚȤ 5%), 
ȒȖȚȖȘȣȍ ȗȘȍȊȣȠȈȦȚ X. 

1-ȧ ȒȊȈȘȚȐȓȤ 25-ȧ ȗȍȘșȍȕȚȐȓȤ 

3-ȧ ȒȊȈȘȚȐȓȤ 75-ȧ ȗȍȘșȍȕȚȐȓȤ 
ǴȍȌȐȈȕȈ ȏȕȈȟȍȕȐȍ, ȒȖȚȖȘȖȍ ȌȍȓȐȚ ȘȈșȗȘȍȌȍȓȍȕȐȍ ȗȖȗȖȓȈȔ (ȍȋȖ ȗȓȖȡȈȌȤ Ȋ 

Ț.ȟ.): ȗȖȓȖȊȐȕȈ ȏȕȈȟȍȕȐȑ ȉȖȓȤȠȍ ȔȍȌȐȈȕȣ, ȗȖȓȖȊȐȕȈ — ȕȍ 
ȉȖȓȤȠȍ. 

ǴȍȎȒȊȈȘȚȐȓȤȕȣȑ 
ȘȈȏȔȈȝ 

ȘȈȏȕȐȞȈ ȔȍȎȌț 3-Ȕ Ȑ 1-Ȕ ȒȊȈȘȚȐȓȧȔȐ 

ǲȖȓȐȟȍșȚȊȖ 
ȊȣȉȘȖșȖȊ 

ǪȣȉȘȖșȈȔȐ șȟȐȚȈȦȚșȧ ȕȈȉȓȦȌȍȕȐȧ, ȒȖȚȖȘȣȍ ȖȚȒȓȖȕȧȦȚșȧ ȖȚ 
șȊȖȍȋȖ ȔȈȚȍȔȈȚȐȟȍșȒȖȋȖ ȖȎȐȌȈȕȐȧ ȉȖȓȍȍ ȟȍȔ ȕȈ ȚȘȐ 
șȘȍȌȕȍȒȊȈȌȘȈȚȐȟȍșȒȐȝ ȖȚȒȓȖȕȍȕȐȧ (ȗȘȈȊȐȓȖ ȚȘȍȝ șȐȋȔ). 

ǲȖȥȜȜȐȞȐȍȕȚ 
ȊȈȘȐȈȞȐȐ 

ȊȍȓȐȟȐȕȈ, ȘȈȊȕȈȧ ȖȚȕȖȠȍȕȐȦ șȚȈȕȌȈȘȚȕȖȋȖ 
(șȘȍȌȕȍȒȊȈȌȘȈȚȐȟȕȖȋȖ) ȖȚȒȓȖȕȍȕȐȧ șȓțȟȈȑȕȖȑ ȊȍȓȐȟȐȕȣ Ȓ ȍȍ 
ȔȈȚȍȔȈȚȐȟȍșȒȖȔț ȖȎȐȌȈȕȐȦ. Ƕȕ ȗȘȐȔȍȕȧȍȚșȧ Ȍȓȧ șȘȈȊȕȍȕȐȧ 
ȊȈȘȐȈȚȐȊȕȖșȚȐ ȖȌȕȖȋȖ Ȑ ȚȖȋȖ Ȏȍ ȗȘȐȏȕȈȒȈ Ȋ ȕȍșȒȖȓȤȒȐȝ 
șȖȊȖȒțȗȕȖșȚȧȝ ș ȘȈȏȓȐȟȕȣȔ șȘȍȌȕȐȔ ȈȘȐȜȔȍȚȐȟȍșȒȐȔ. 
ǭșȓȐ ȏȕȈȟȍȕȐȍ ȒȖȥȜȜȐȞȐȍȕȚȈ ȊȈȘȐȈȞȐȐ ȕȍ ȗȘȍȊȣȠȈȍȚ 33%, ȚȖ 
șȖȊȖȒțȗȕȖșȚȤ șȟȐȚȈȍȚșȧ ȖȌȕȖȘȖȌȕȖȑ, Ȉ ȍșȓȐ ȉȖȓȤȠȍ 33%, ȚȖ — 
ȕȍȖȌȕȖȘȖȌȕȖȑ. 

ǲȖȥȜȜȐȞȐȍȕȚ 
ȥȒșȞȍșșȈ 

ȝȈȘȈȒȚȍȘȐȏțȍȚ ȔȍȘț ȊȣșȖȚȣ ȋȘȈȜȐȒȈ. 
ǭșȓȐ ȒȖȥȜȜȐȞȐȍȕȚ ȉȖȓȤȠȍ ȕțȓȧ, ȚȖ ȘȈșȗȘȍȌȍȓȍȕȐȍ ȧȊȓȧȍȚșȧ 
ȉȖȓȍȍ ȊȣșȖȒȐȔ («ȖșȚȘȖȊȍȘȠȐȕȕȣȔ») ȖȚȕȖșȐȚȍȓȤȕȖ «ȥȚȈȓȖȕȕȖȋȖ» 
ȕȖȘȔȈȓȤȕȖȋȖ ȘȈșȗȘȍȌȍȓȍȕȐȧ. ǭșȓȐ ȒȖȥȜȜȐȞȐȍȕȚ ȕȐȎȍ ȕțȓȧ, ȚȖ 
ȉȖȓȍȍ ȕȐȏȒȐȔ Ȑ ȗȖȓȖȋȐȔ. 

ǴȍȌȐȈȕȕȖȍ 
ȈȉșȖȓȦȚȕȖȍ 
ȖȚȒȓȖȕȍȕȐȍ 

ȊȣȟȐșȓȧȍȚșȧ ȒȈȒ ȔȍȌȐȈȕȈ ȈȉșȖȓȦȚȕȖȋȖ ȏȕȈȟȍȕȐȧ Ȍȓȧ ȒȈȎȌȖȋȖ 
ȏȕȈȟȍȕȐȧ ȔȐȕțș ȔȍȌȐȈȕȕȖȍ ȏȕȈȟȍȕȐȍ ȋȘțȗȗȣ. 
ȇȊȓȧȍȚșȧ șȚȈȚȐșȚȐȒȖȑ, ȉȖȓȍȍ țșȚȖȑȟȐȊȖȑ Ȓ ȊȣȉȘȖșȈȔ Ȋ ȕȈȉȖȘȍ 
ȌȈȕȕȣȝ, ȟȍȔ șȚȈȕȌȈȘȚȕȖȍ ȖȚȒȓȖȕȍȕȐȍ 

ǨșȐȔȔȍȚȘȐȧ ȝȈȘȈȒȚȍȘȐȏțȍȚ ȔȍȘț șȒȖȠȍȕȕȖșȚȐ ȋȘȈȜȐȒȈ ȊȓȍȊȖ/ȊȗȘȈȊȖ. 
ǭșȓȐ ȒȖȥȜȜȐȞȐȍȕȚ ȈșȐȔȔȍȚȘȐȐ ȖȚȘȐȞȈȚȍȓȍȕ, ȚȖ șȒȖș 
ȓȍȊȖșȚȖȘȖȕȕȐȑ. ǭșȓȐ ȒȖȥȜȜȐȞȐȍȕȚ ȗȖȓȖȎȐȚȍȓȍȕ, ȚȖ șȒȖș 
ȗȘȈȊȖșȚȖȘȖȕȕȐȑ. ǰ ȟȍȔ ȒȖȥȜȜȐȞȐȍȕȚ ȉȖȓȤȠȍ ȗȖ ȔȖȌțȓȦ, ȚȍȔ 
șȐȓȤȕȍȍ șȒȖș ȘȈșȗȘȍȌȍȓȍȕȐȧ. 

ǹȚȈȕȌȈȘȚȕȖȍ 
ȖȚȒȓȖȕȍȕȐȍ 

șȚȈȚȐșȚȐȟȍșȒȈȧ ȝȈȘȈȒȚȍȘȐșȚȐȒȈ ȘȈșȗȘȍȌȍȓȍȕȐȧ șȓțȟȈȑȕȖȑ 
ȊȍȓȐȟȐȕȣ, ȗȖȒȈȏȣȊȈȦȡȈȧ șȘȍȌȕȦȦ șȚȍȗȍȕȤ ȘȈȏȉȘȖșȈ ȏȕȈȟȍȕȐȑ 
ȊȍȓȐȟȐȕȣ ȖȚȕȖșȐȚȍȓȤȕȖ ȔȈȚȍȔȈȚȐȟȍșȒȖȋȖ ȖȎȐȌȈȕȐȧ. 
ǩȖȓȤȠȍȍ ȏȕȈȟȍȕȐȍ șȘȍȌȕȍȒȊȈȌȘȈȚȐȟȍșȒȖȋȖ ȖȚȒȓȖȕȍȕȐȧ 
ȗȖȒȈȏȣȊȈȍȚ ȉȖȓȤȠȐȑ ȘȈȏȉȘȖș ȕȈȉȓȦȌȈȍȔȣȝ ȏȕȈȟȍȕȐȑ ȗȘȐȏȕȈȒȈ 
ȖȚȕȖșȐȚȍȓȤȕȖ șȘȍȌȕȍȋȖ; ȔȍȕȤȠȍȍ ȏȕȈȟȍȕȐȍ, șȖȖȚȊȍȚșȚȊȍȕȕȖ, 
ȗȖȒȈȏȣȊȈȍȚ, ȟȚȖ ȊȍȓȐȟȐȕȣ Ȋ ȔȕȖȎȍșȚȊȍ șȋȘțȗȗȐȘȖȊȈȕȣ ȊȖȒȘțȋ 
șȘȍȌȕȍȋȖ. 

ǬȐșȗȍȘșȐȧ ȊȍȓȐȟȐȕȈ, ȒȖȚȖȘȈȧ ȝȈȘȈȒȚȍȘȐȏțȍȚ ȔȍȘț ȘȈȏȉȘȖșȈ ȏȕȈȟȍȕȐȑ 
șȓțȟȈȑȕȖȑ ȊȍȓȐȟȐȕȣ ȖȚȕȖșȐȚȍȓȤȕȖ ȍȍ ȔȈȚȍȔȈȚȐȟȍșȒȖȋȖ 
ȖȎȐȌȈȕȐȧ. 
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ǹȚȈȚȐșȚȐȒȈ ǶȗȐșȈȕȐȍ 
Ǻ-șȚȈȚȐșȚȐȒȈ T-șȚȈȚȐșȚȐȒȈ — ȥȚȖ ȘȈȏȕȐȞȈ ȔȍȎȌț șȘȍȌȕȐȔ ȗȖ ȊȣȉȖȘȒȍ Ȑ 

ȋȐȗȖȚȍȚȐȟȍșȒȐȔ șȘȍȌȕȐȔ (ȗȘȍȌȗȖȓȈȋȈȍȔȣȔ ȘȈȊȕȣȔ ȕțȓȦ), 
ȌȍȓȍȕȕȈȧ ȕȈ ȘȈșȟȍȚȕțȦ șȚȈȕȌȈȘȚȕțȦ ȖȠȐȉȒț șȘȍȌȕȍȋȖ. 

ǷȐ-ȏȕȈȟȍȕȐȍ ǻȘȖȊȍȕȤ ȏȕȈȟȐȔȖșȚȐ — ȊȍȘȖȧȚȕȖșȚȤ ȗȖȓțȟȐȚȤ T-ȏȕȈȟȍȕȐȍ, ȘȈȊȕȖȍ 
ȐȓȐ ȗȘȍȊȣȠȈȦȡȍȍ ȚȖ ȏȕȈȟȍȕȐȍ, ȒȖȚȖȘȖȍ Ȕȣ Ȋ ȌȍȑșȚȊȐȚȍȓȤȕȖșȚȐ 
ȘȈșșȟȐȚȈȓȐ ȗȖ ȐȔȍȦȡȐȔșȧ ȊȣȉȖȘȖȟȕȣȔ ȌȈȕȕȣȔ (ȗȘȐ țșȓȖȊȐȐ, 
ȟȚȖ ȕțȓȍȊȈȧ ȋȐȗȖȚȍȏȈ ȊȍȘȕȈ) 

ǺȈȉȓȐȞȈ 26 ǵȈȉȖȘ șȚȈȚȐșȚȐȒ, ȘȈșșȟȐȚȣȊȈȍȔȣȝ Ȍȓȧ ȒȖȓȐȟȍșȚȊȍȕȕȣȝ ȗȍȘȍȔȍȕȕȣȝ 

Ǭȓȧ țȌȖȉșȚȊȈ ȐȕȚȍȘȗȘȍȚȈȞȐȐ Ȑ ȈȕȈȓȐȏȈ ȗȘȍȌțșȔȖȚȘȍȕȖ ȗȖșȚȘȖȍȕȐȍ ǫȐșȚȖȋȘȈȔȔȣ. 

ǫȐșȚȖȋȘȈȔȔȈ ȊȐȏțȈȓȐȏȐȘțȍȚ ȘȈșȗȘȍȌȍȓȍȕȐȍ ȌȈȕȕȣȝ Ȋ ȘȈȔȒȈȝ ȕȍȗȘȍȘȣȊȕȖȋȖ 
ȐȕȚȍȘȊȈȓȈ. ǵȈ ȋȖȘȐȏȖȕȚȈȓȤȕȖȑ ȖșȐ ȖȚȔȍȟȈȦȚșȧ ȐȕȚȍȘȊȈȓȣ (ȉȐȕȣ), Ȉ ȕȈ 
ȊȍȘȚȐȒȈȓȤȕȖȑ ȖșȐ ȖȚȔȍȟȈȍȚșȧ ȟȈșȚȖȚȈ ȗȖȗȈȌȈȕȐȑ ȕȈȉȓȦȌȍȕȐȑ Ȋ ȒȈȎȌȣȑ ȐȕȚȍȘȊȈȓ. 
ǲȖȓȐȟȍșȚȊȖ ȉȐȕȖȊ ȕȍ ȐȏȔȍȕȧȍȔȖ Ȑ ȗȖ țȔȖȓȟȈȕȐȦ ȘȈȊȕȖ 50. 

ǷȖșȔȖȚȘȍȚȤ ȋȐșȚȖȋȘȈȔȔț ȔȖȎȕȖ Ȋ ȚȖȔ Ȏȍ ȒȖȕȚȍȑȕȍȘȍ, ȊȣȉȘȈȊ Ȋ ȗȘȈȊȖȔ ȊȍȘȝȕȍȔ 

țȋȓț ȐȒȖȕȒț  . 

 

ǸȐșțȕȖȒ 117 ǷȘȐȔȍȘ ǫȐșȚȖȋȘȈȔȔȣ 

3.2.5.7. ǫȘțȗȗȈ țȏȓȖȊ «ǶȉțȟȍȕȐȍ ȉȍȏ țȟȐȚȍȓȧ» 

3.2.5.7.1. ǻȏȍȓ «ǲȓȈșȚȍȘȕȣȑ ȈȕȈȓȐȏ (k-means)» 

ǻȏȍȓ «ǲȓȈșȚȍȘȕȣȑ ȈȕȈȓȐȏ (k-means)» ȐșȗȖȓȤȏțȍȚșȧ Ȍȓȧ ȒȓȈșȚȍȘȐȏȈȞȐȐ ȕȈȉȖȘȈ 
ȌȈȕȕȣȝ Ȋ ȖȚȌȍȓȤȕȣȍ ȋȘțȗȗȣ (ȒȓȈșȚȍȘȣ) ȐșȝȖȌȧ Ȑȏ ȊȣȧȊȓȍȕȕȣȝ ȠȈȉȓȖȕȖȊ ȊȖ 
ȊȝȖȌȕȖȔ ȕȈȉȖȘȍ ȌȈȕȕȣȝ. ǵȈȉȓȦȌȍȕȐȧ ȋȘțȗȗȐȘțȦȚșȧ ȚȈȒȐȔ ȖȉȘȈȏȖȔ, ȟȚȖȉȣ ȖȕȐ 
ȉȣȓȐ ȗȖȝȖȎȐ ȌȘțȋ ȕȈ ȌȘțȋȈ ȊȕțȚȘȐ ȒȓȈșȚȍȘȈ, ȕȖ ȘȈȏȓȐȟȈȓȐșȤ ș ȕȈȉȓȦȌȍȕȐȧȔȐ Ȑȏ 
ȌȘțȋȐȝ ȒȓȈșȚȍȘȖȊ. 

ǨȓȋȖȘȐȚȔ ȘȈȉȖȚȣ: ǴȖȌȍȓȤ k-șȘȍȌȕȐȝ ȖȗȘȍȌȍȓȧȍȚ ȕȈȟȈȓȤȕȣȑ ȕȈȉȖȘ ȞȍȕȚȘȖȐȌȖȊ 
Ȍȓȧ ȒȓȈșȚȍȘȖȊ (ȐșȝȖȌȧ Ȑȏ ȗȈȘȈȔȍȚȘȖȊ ǲȖȓȐȟȍșȚȊȖ ȒȓȈșȚȍȘȖȊ Ȑ ǴȍȚȖȌ 
ȐȕȐȞȐȈȓȐȏȈȞȐȐ ȒȓȈșȚȍȘȖȊ). ǯȈȚȍȔ ȒȈȎȌȖȍ ȕȈȉȓȦȌȍȕȐȍ ȖȗȘȍȌȍȓȧȍȚșȧ Ȋ ȒȓȈșȚȍȘ ș 
ȕȈȐȉȖȓȍȍ ȉȓȐȏȒȐȔ ȞȍȕȚȘȖȐȌȖȔ. ǾȍȕȚȘȖȐȌȣ ȒȓȈșȚȍȘȖȊ ȖȉȕȖȊȓȧȦȚșȧ Ȋ șȖȖȚȊȍȚșȚȊȐȐ ș 
ȕȈȉȖȘȖȔ ȕȈȉȓȦȌȍȕȐȑ, ȕȈȏȕȈȟȍȕȕȣȔ Ȋ ȒȈȎȌȣȑ ȒȓȈșȚȍȘ. ǬȈȓȍȍ ȐȚȍȘȈȞȐȖȕȕȖ 
ȗȘȖȊȍȘȧȍȚșȧ ȕȍȖȉȝȖȌȐȔȖ ȓȐ ȗȍȘȍȕȈȏȕȈȟȐȚȤ ȕȈȉȓȦȌȍȕȐȍ Ȋ ȌȘțȋȖȑ ȒȓȈșȚȍȘ. ǬȈȕȕȣȑ 
ȗȘȖȞȍșș ȗȘȖȌȖȓȎȈȍȚșȧ ȌȖ ȔȖȔȍȕȚȈ ȌȖșȚȐȎȍȕȐȧ ȔȈȒșȐȔȈȓȤȕȖȋȖ ȟȐșȓȈ ȐȚȍȘȈȞȐȑ 
(ȗȈȘȈȔȍȚȘ ǴȈȒșȐȔȈȓȤȕȖȍ ȒȖȓȐȟȍșȚȊȖ ȐȚȍȘȈȞȐȑ). 
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ǸȐșțȕȖȒ 118 ǷȘȐȕȞȐȗ ȘȈȉȖȚȣ țȏȓȈ «ǲȓȈșȚȍȘȕȣȑ ȈȕȈȓȐȏ (k-means)» 

ǯȈȗțșȒ ȈȓȋȖȘȐȚȔȈ ș ȖȗȘȍȌȍȓȍȕȐȍȔ ȕȈȟȈȓȤȕȖȋȖ ȕȈȉȖȘȈ ȞȍȕȚȘȖȐȌȖȊ ȗȘȖȐșȝȖȌȐȚ 
ȖȋȘȈȕȐȟȍȕȕȖȍ ȒȖȓȐȟȍșȚȊȖ ȘȈȏ (Ȋ șȖȖȚȊȍȚșȚȊȐȐ ș ȏȈȌȈȕȕȣȔ ȗȈȘȈȔȍȚȘȖȔ ǲȖȓȐȟȍșȚȊȖ 
ȏȈȗțșȒȖȊ). ǷȖșȓȍ ȊȣȗȖȓȕȍȕȐȧ Ȋșȍȝ ȏȈȗțșȒȖȊ ȊȣȉȐȘȈȍȚșȧ ȏȈȗțșȒ ș ȔȐȕȐȔȈȓȤȕȣȔ 
ȒȘȐȚȍȘȐȍȔ ȐȕȍȘȞȐȐ (șțȔȔȖȑ ȒȊȈȌȘȈȚȖȊ ȘȈșșȚȖȧȕȐȑ ȔȍȎȌț ȚȖȟȒȈȔȐ Ȑ ȞȍȕȚȘȖȐȌȖȔ 
ȊȕțȚȘȐ ȒȓȈșȚȍȘȖȊ). 

 

ǸȐșțȕȖȒ 119 ǷȘȐȕȞȐȗ ȘȈȉȖȚȣ țȏȓȈ «ǲȓȈșȚȍȘȕȣȑ ȈȕȈȓȐȏ (k-means)» 
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ǹȗȐșȖȒ ȗȈȘȈȔȍȚȘȖȊ țȏȓȈ ȗȘȍȌșȚȈȊȓȍȕ Ȋ ȚȈȉȓȐȞȍ ȕȐȎȍ. 

ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ 

ǵȈȏȊȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ 
ȏȕȈȟȍȕȐȍ ȕȍȚ 

ǵȈȏȊȈȕȐȍ țȏȓȈ, ȒȖȚȖȘȖȍ ȉțȌȍȚ ȖȚȖȉȘȈȎȈȚȤșȧ 
Ȋ ȐȕȚȍȘȜȍȑșȍ 

ǶȗȐșȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ 
ȏȕȈȟȍȕȐȍ ȕȍȚ 

ǶȗȐșȈȕȐȍ țȏȓȈ 

ǲȖȓȐȟȍșȚȊȖ 
ȒȓȈșȚȍȘȖȊ 

ǸțȟȕȖȑ ȊȊȖȌ 
ȞȍȓȖȟȐșȓȍȕȕȖȋȖ 
ȏȕȈȟȍȕȐȧ 
ǷȖ țȔȖȓȟȈȕȐȦ — 5 

ǯȈȌȈȕȐȍ ȟȐșȓȈ ȒȓȈșȚȍȘȖȊ, ȕȈ ȒȖȚȖȘȣȍ ȉțȌȍȚ 
ȌȍȓȐȚȤșȧ ȗȘȖșȚȘȈȕșȚȊȖ ȗȘȐȏȕȈȒȖȊ. 
Ǭȓȧ ȖȗȘȍȌȍȓȍȕȐȧ ȒȖȓȐȟȍșȚȊȈ ȒȓȈșȚȍȘȖȊ 
ȔȖȎȕȖ ȊȖșȗȖȓȤȏȖȊȈȚȤșȧ ȈȗȘȐȖȘȕȖȑ 
ȐȕȜȖȘȔȈȞȐȍȑ Ȗȉ ȐșȝȖȌȕȣȝ ȌȈȕȕȣȝ Ȋ 
ȘȈȏȌȍȓȍ ǰșșȓȍȌȖȊȈȕȐȧ ȌȈȕȕȣȝ ȗȘȐ 
ǲȓȈșȚȍȘȐȏȈȞȐȐ ȐșȝȖȌȕȖȋȖ ȕȈȉȖȘȈ ȌȈȕȕȣȝ. 

Seed ǸțȟȕȖȑ ȊȊȖȌ 
ȞȍȓȖȟȐșȓȍȕȕȖȋȖ 
ȏȕȈȟȍȕȐȧ 
ǷȖ țȔȖȓȟȈȕȐȦ — 42 

ǵȈȟȈȓȤȕȖȍ ȟȐșȓȖȊȖȍ ȏȕȈȟȍȕȐȍ Ȍȓȧ 
ȋȍȕȍȘȈȚȖȘȈ șȓțȟȈȑȕȣȝ ȟȐșȍȓ. 
ǰșȗȖȓȤȏțȍȚșȧ Ȍȓȧ ȊȖșȗȘȖȐȏȊȍȌȍȕȐȧ 
ȘȍȏțȓȤȚȈȚȖȊ ȗȘȐ ȗȖȊȚȖȘȕȖȔ ȏȈȗțșȒȍ țȏȓȈ 

ǴȍȚȖȌ 
ȐȕȐȞȐȈȓȐȏȈȞȐȐ 
ȒȓȈșȚȍȘȖȊ 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ 
șȗȐșȖȒ șȖ 
șȓȍȌțȦȡȐȔȐ 
ȏȕȈȟȍȕȐȧȔȐ: 

 k-means++ (ȗȖ 
țȔȖȓȟȈȕȐȦ) 

 Forgy 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȖȚȊȍȟȈȍȚ ȏȈ ȊȣȉȖȘ ȔȍȚȖȌȈ 
ȐȕȐȞȐȈȓȐȏȈȞȐȐ ȕȈȟȈȓȤȕȣȝ ȚȖȟȍȒ ȒȓȈșȚȍȘȖȊ. 
ǷȘȍȌțșȔȖȚȘȍȕȣ șȓȍȌțȦȡȐȍ ȔȍȚȖȌȣ: 

 k-means++ 
ǰȌȍȧ ȔȍȚȖȌȈ k-means++ șȖșȚȖȐȚ Ȋ 
ȚȖȔ, ȟȚȖȉȣ șȓțȟȈȑȕȣȔ ȖȉȘȈȏȖȔ 
ȊȣȉȘȈȚȤ ȕȈȟȈȓȤȕȣȍ ȚȖȟȒȐ, ȒȖȚȖȘȣȍ 
ȕȈȝȖȌȧȚșȧ ȒȈȒ ȔȖȎȕȖ ȌȈȓȤȠȍ ȌȘțȋ ȖȚ 
ȌȘțȋȈ. 

 Forgy 
ǴȍȚȖȌ Forgy șȓțȟȈȑȕȣȔ ȖȉȘȈȏȖȔ 
ȊȣȉȐȘȈȍȚ k ȕȈȉȓȦȌȍȕȐȑ (ȗȖ ȟȐșȓț 
ȏȈȌȈȕȕȣȝ ȒȓȈșȚȍȘȖȊ) Ȑȏ ȕȈȉȖȘȈ 
ȌȈȕȕȣȝ Ȑ ȐșȗȖȓȤȏțȍȚ Ȑȝ Ȋ ȒȈȟȍșȚȊȍ 
ȕȈȟȈȓȤȕȣȝ ȏȕȈȟȍȕȐȑ. 

ǹȚȈȕȌȈȘȚȐȏȈȞȐȧ ǸȈșȒȘȣȊȈȦȡȐȑșȧ 
șȗȐșȖȒ șȖ 
șȓȍȌțȦȡȐȔȐ 
ȏȕȈȟȍȕȐȧȔȐ: 

 ǵȍȚ 
 ǹȚȈȕȌȈȘȚȕȖȍ 

ȖȚȒȓȖȕȍȕȐȍ (ȗȖ 
țȔȖȓȟȈȕȐȦ) 

 ǬȐȈȗȈȏȖȕ 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȖȚȊȍȟȈȍȚ ȏȈ ȊȣȉȖȘ ȔȍȚȖȌȈ 
șȚȈȕȌȈȘȚȐȏȈȞȐȐ ȟȐșȓȖȊȣȝ ȗȍȘȍȔȍȕȕȣȝ. 
ǹȚȈȕȌȈȘȚȐȏȈȞȐȧ – ȗȘȍȖȉȘȈȏȖȊȈȕȐȍ 
ȟȐșȓȖȊȣȝ ȕȈȉȓȦȌȍȕȐȑ ș ȞȍȓȤȦ ȗȘȐȊȍȌȍȕȐȧ 
Ȑȝ Ȓ ȕȍȒȖȚȖȘȖȑ Ȗȉȡȍȑ ȠȒȈȓȍ. 
ǵȍȖȉȝȖȌȐȔȖșȚȤ șȚȈȕȌȈȘȚȐȏȈȞȐȐ ȊȣȏȊȈȕȈ 
ȚȍȔ, ȟȚȖ ȘȈȏȕȣȍ ȗȘȐȏȕȈȒȐ Ȑȏ ȖȉțȟȈȦȡȍȋȖ 
ȕȈȉȖȘȈ ȔȖȋțȚ ȉȣȚȤ ȗȘȍȌșȚȈȊȓȍȕȣ Ȋ ȘȈȏȕȣȝ 
ȔȈșȠȚȈȉȈȝ Ȑ ȐȏȔȍȕȧȚȤșȧ Ȋ ȘȈȏȕȣȝ 
ȌȐȈȗȈȏȖȕȈȝ, ȟȚȖ ȊȓȐȧȍȚ ȕȈ ȊȣȧȊȓȍȕȐȍ 
ȕȍȒȖȘȘȍȒȚȕȣȝ ȏȈȊȐșȐȔȖșȚȍȑ ȔȖȌȍȓȤȦ. 
ǷȘȍȌțșȔȖȚȘȍȕȣ șȓȍȌțȦȡȐȍ ȔȍȚȖȌȣ: 

 ǵȍȚ. 
 ǹȚȈȕȌȈȘȚȕȖȍ ȖȚȒȓȖȕȍȕȐȍ – 

ȗȘȍȖȉȘȈȏțȍȚ ȕȈȉȓȦȌȍȕȐȧ ȚȈȒȐȔ 
ȖȉȘȈȏȖȔ, ȟȚȖȉȣ Ȑȝ șȘȍȌȕȍȍ ȏȕȈȟȍȕȐȍ 
ȘȈȊȕȧȓȖșȤ ȕțȓȦ, Ȉ șȚȈȕȌȈȘȚȕȖȍ 
ȖȚȒȓȖȕȍȕȐȍ ȘȈȊȕȧȓȖșȤ 1. 

 ǬȐȈȗȈȏȖȕ – ȓȐȕȍȑȕȖ ȗȘȍȖȉȘȈȏțȍȚ 
ȏȕȈȟȍȕȐȧ ȗȍȘȍȔȍȕȕȣȝ Ȋ ȌȐȈȗȈȏȖȕ [0, 
1]. 
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ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ 

ǲȖȓȐȟȍșȚȊȖ 
ȏȈȗțșȒȖȊ 

ǸțȟȕȖȑ ȊȊȖȌ 
ȞȍȓȖȟȐșȓȍȕȕȖȋȖ 
ȏȕȈȟȍȕȐȧ 
ǷȖ țȔȖȓȟȈȕȐȦ — 10 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȟȐșȓȖ ȏȈȗțșȒȖȊ 
ȈȓȋȖȘȐȚȔȈ ș ȘȈȏȕȣȔȐ ȕȈȟȈȓȤȕȣȔȐ 
ȞȍȕȚȘȖȐȌȈȔȐ 

ǴȈȒșȐȔȈȓȤȕȖȍ 
ȒȖȓȐȟȍșȚȊȖ 
ȐȚȍȘȈȞȐȑ 

ǸțȟȕȖȑ ȊȊȖȌ 
ȞȍȓȖȟȐșȓȍȕȕȖȋȖ 
ȏȕȈȟȍȕȐȧ 
ǷȖ țȔȖȓȟȈȕȐȦ — 300 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȔȈȒșȐȔȈȓȤȕȖȍ 
ȒȖȓȐȟȍșȚȊȖ ȐȚȍȘȈȞȐȑ Ȋ ȘȈȔȒȈȝ ȖȌȕȖȋȖ 
ȏȈȗțșȒȈ 

ǨȓȋȖȘȐȚȔ K-

șȘȍȌȕȐȝ 
ǸȈșȒȘȣȊȈȦȡȐȑșȧ 
șȗȐșȖȒ șȖ 
șȓȍȌțȦȡȐȔȐ 
ȏȕȈȟȍȕȐȧȔȐ: 

 elkan 
 full 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȖȚȊȍȟȈȍȚ ȏȈ ȊȣȉȖȘ 
ȈȓȋȖȘȐȚȔȈ k-șȘȍȌȕȐȝ. 

 elkan – ȔȖȎȍȚ ȉȣȚȤ ȉȖȓȍȍ 
ȥȜȜȍȒȚȐȊȕȣȔ Ȍȓȧ ȕȍȒȖȚȖȘȣȝ 
ȕȈȉȖȘȖȊ ȌȈȕȕȣȝ ș ȟȍȚȒȖ 
ȖȗȘȍȌȍȓȍȕȕȣȔȐ ȒȓȈșȚȍȘȈȔȐ ȏȈ șȟȍȚ 
ȐșȗȖȓȤȏȖȊȈȕȐȧ ȕȍȘȈȊȍȕșȚȊȈ 
ȚȘȍțȋȖȓȤȕȐȒȈ. ǶȌȕȈȒȖ ȚȘȍȉțȍȚ 
ȉȖȓȤȠȍ ȗȈȔȧȚȐ 

 full – ȒȓȈșșȐȟȍșȒȐȑ ȈȓȋȖȘȐȚȔ 
ǸȈȏȔȍȘ ȊȣȉȖȘȒȐ ǸțȟȕȖȑ ȊȊȖȌ 

ȞȍȓȖȟȐșȓȍȕȕȖȋȖ 
ȏȕȈȟȍȕȐȧ 
ǷȖ țȔȖȓȟȈȕȐȦ — 1000 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȘȈȏȔȍȘ ȊȣȉȖȘȒȐ, 
ȒȖȚȖȘȈȧ ȉțȌȍȚ ȖȚȖȉȘȈȎȍȕȈ ȕȈ ȋȘȈȜȐȒȍ 
ǹȐȓțȥȚ Ȋ ȘȍȏțȓȤȚȈȚȈȝ țȏȓȈ 

ǸȈșșȚȖȧȕȐȍ 
ȔȍȎȌț 
ȒȓȈșȚȍȘȈȔȐ 

ǸțȟȕȖȑ ȊȊȖȌ 
ȞȍȓȖȟȐșȓȍȕȕȖȋȖ 
ȏȕȈȟȍȕȐȧ 
ǷȖ țȔȖȓȟȈȕȐȦ — 25 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȘȈșșȚȖȧȕȐȍ ȔȍȎȌț 
ȒȓȈșȚȍȘȈȔȐ ȕȈ ȋȘȈȜȐȒȍ ǹȐȓțȥȚ Ȋ 
ȘȍȏțȓȤȚȈȚȈȝ țȏȓȈ 

ǲȖȓȐȟȍșȚȊȖ 
ȉȐȕȖȊ 

ǸțȟȕȖȑ ȊȊȖȌ 
ȞȍȓȖȟȐșȓȍȕȕȖȋȖ 
ȏȕȈȟȍȕȐȧ 
ǷȖ țȔȖȓȟȈȕȐȦ — 10 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȒȖȓȐȟȍșȚȊȖ ȉȐȕȖȊ, 
ȕȈ ȒȖȚȖȘȖȍ ȉțȌȍȚ ȌȍȓȐȚȤșȧ ȒȖȓȐȟȍșȚȊȍȕȕȈȧ 
ȗȍȘȍȔȍȕȕȈȧ ȕȈ ȋȘȈȜȐȒȍ ș 
ȗȈȘȈȓȓȍȓȤȕȣȔȐ ȖșȧȔȐ Ȋ ȘȍȏțȓȤȚȈȚȈȝ 
țȏȓȈ 

ǷȍȘȍȔȍȕȕȣȍ, ȗȖ 
ȒȖȚȖȘȣȔ ȌȍȓȈȚȤ 
ȖșȐ 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ 
șȗȐșȖȒ ș ȊȣȉȖȘȖȔ 
ȕȍșȒȖȓȤȒȐȝ 
ȗȍȘȍȔȍȕȕȣȝ 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȗȍȘȍȔȍȕȕȣȍ, 
ȒȖȚȖȘȣȍ ȉțȌțȚ ȖȚȘȈȎȍȕȣ ȕȈ ȋȘȈȜȐȒȍ ș 
ȗȈȘȈȓȓȍȓȤȕȣȔȐ ȖșȧȔȐ Ȋ ȘȍȏțȓȤȚȈȚȈȝ 
țȏȓȈ 

ǴȈȒșȐȔȈȓȤȕȖȍ 
ȒȖȓȐȟȍșȚȊȖ 
ȓȐȕȐȑ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǷȖ țȔȖȓȟȈȕȐȦ — 50 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȔȈȒșȐȔȈȓȤȕȖȍ 
ȒȖȓȐȟȍșȚȊȖ ȓȐȕȐȑ, ȒȖȚȖȘȣȍ ȉțȌțȚ 
ȖȚȖȉȘȈȎȈȚȤșȧ ȕȈ ȋȘȈȜȐȒȍ ș 
ȗȈȘȈȓȓȍȓȤȕȣȔȐ ȖșȧȔȐ Ȋ ȘȍȏțȓȤȚȈȚȈȝ 
țȏȓȈ 

ǺȈȉȓȐȞȈ 27    ǷȈȘȈȔȍȚȘȣ țȏȓȈ «ǲȓȈșȚȍȘȕȣȑ ȈȕȈȓȐȏ (k-means)» 
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ǸȍȏțȓȤȚȈȚȣ ȊȣȗȖȓȕȍȕȐȧ țȏȓȈ: 

 ǲȘțȋȖȊȈȧ ȌȐȈȋȘȈȔȔȈ ș ȒȖȓȐȟȍșȚȊȖȔ ȕȈȉȓȦȌȍȕȐȑ ȗȖ ȒȓȈșȚȍȘȈȔ. 

 

ǸȐșțȕȖȒ 120 ǷȘȐȔȍȘ ǲȘțȋȖȊȖȑ ȌȐȈȋȘȈȔȔȣ ș ȘȍȏțȓȤȚȈȚȈȔȐ ȒȓȈșȚȍȘȐȏȈȞȐȐ 

ǷȘȐ ȕȈȊȍȌȍȕȐȐ ȒțȘșȖȘȈ ȔȣȠȐ ȕȈ șȍȒȚȖȘ ȒȓȈșȚȍȘȈ ȔȖȎȕȖ țȏȕȈȚȤ ȒȖȓȐȟȍșȚȊȖ 
ȕȈȉȓȦȌȍȕȐȑ Ȋ ȕȍȔ. 

 ǹȐȓțȥȚ – Silhouette Plot 

 

ǸȐșțȕȖȒ 121 ǷȘȐȔȍȘ Silhouette Plot 
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ǯȕȈȟȍȕȐȍ Silhouette Ȍȓȧ ȒȈȎȌȖȋȖ ȕȈȉȓȦȌȍȕȐȧ (ȕȈ ȋȘȈȜȐȒȍ ȖȚȖȉȘȈȎȈȍȚșȧ 
țȒȈȏȈȕȕȖȍ Ȋ ȗȈȘȈȔȍȚȘȍ ǸȈȏȔȍȘ ȊȣȉȖȘȒȐ ȟȐșȓȖ ȕȈȉȓȦȌȍȕȐȑ) ȧȊȓȧȍȚșȧ ȔȍȘȖȑ 
ȚȖȋȖ, ȕȈșȒȖȓȤȒȖ ȥȚȖ ȕȈȉȓȦȌȍȕȐȍ ȗȖȝȖȎȍ ȕȈ ȕȈȉȓȦȌȍȕȐȧ Ȋ șȖȉșȚȊȍȕȕȖȔ ȒȓȈșȚȍȘȍ ȗȖ 
șȘȈȊȕȍȕȐȦ ș ȕȈȉȓȦȌȍȕȐȧȔȐ Ȋ ȌȘțȋȐȝ ȒȓȈșȚȍȘȈȝ. 

ǯȕȈȟȍȕȐȍ Silhouette ȕȈȝȖȌȐȚșȧ Ȋ ȌȐȈȗȈȏȖȕȍ ȖȚ -1 ȌȖ 1. ǪȣșȖȒȖȍ ȏȕȈȟȍȕȐȍ 
țȒȈȏȣȊȈȍȚ ȕȈ ȚȖ, ȟȚȖ ȕȈȉȓȦȌȍȕȐȍ ȝȖȘȖȠȖ șȖȖȚȊȍȚșȚȊțȍȚ șȖȉșȚȊȍȕȕȖȔț ȒȓȈșȚȍȘț Ȑ 
ȗȓȖȝȖ șȖȖȚȊȍȚșȚȊțȍȚ ȌȘțȋȐȔ ȒȓȈșȚȍȘȈȔ. 

ǭșȓȐ ȉȖȓȤȠȐȕșȚȊȖ ȕȈȉȓȦȌȍȕȐȑ ȐȔȍȦȚ ȕȐȏȒȖȍ ȐȓȐ ȖȚȘȐȞȈȚȍȓȤȕȖȍ ȏȕȈȟȍȕȐȍ 
Silhouette, ȚȖȋȌȈ ȗȖȓȤȏȖȊȈȚȍȓȤ ȌȖȓȎȍȕ ȗȍȘȍșȚȘȖȐȚȤ ȒȓȈșȚȍȘȐȏȈȞȐȦ ș ȉȖȓȤȠȐȔ ȐȓȐ 
ȔȍȕȤȠȐȔ ȒȖȓȐȟȍșȚȊȖȔ ȒȓȈșȚȍȘȖȊ. 

 ǫȘȈȜȐȒ Ȋ ȗȈȘȈȓȓȍȓȤȕȣȝ ȒȖȖȘȌȐȕȈȚȈȝ. 

 

ǸȐșțȕȖȒ 122 ǷȘȐȔȍȘ ȋȘȈȜȐȒȈ Ȋ ȗȈȘȈȓȓȍȓȤȕȣȝ ȒȖȖȘȌȐȕȈȚȈȝ 

ǫȘȈȜȐȒ Ȋ ȗȈȘȈȓȓȍȓȤȕȣȝ ȒȖȖȘȌȐȕȈȚȈȝ ȗȖȏȊȖȓȧȍȚ ȐȕȚȍȘȗȘȍȚȐȘȖȊȈȚȤ ȗȖșȚȘȖȍȕȕȣȍ 
ȒȓȈșȚȍȘȣ. 

ǵȈ ȌȈȕȕȖȔ ȋȘȈȜȐȒȍ ȒȈȎȌȖȑ ȗȍȘȍȔȍȕȕȖȑ ȗȘȐșȊȈȐȊȈȍȚșȧ șȖȉșȚȊȍȕȕȈȧ ȖșȤ (șȖȋȓȈșȕȖ 
ȗȈȘȈȔȍȚȘț ǷȍȘȍȔȍȕȕȣȍ, ȗȖ ȒȖȚȖȘȣȔ ȌȍȓȈȚȤ ȖșȐ). ǶșȐ ȘȈșȗȖȓȈȋȈȦȚșȧ 
ȗȈȘȈȓȓȍȓȤȕȖ ȌȘțȋ ȌȘțȋț, Ȑ ȒȈȎȌȈȧ ȐȔȍȍȚ șȊȖȦ șȖȉșȚȊȍȕȕțȦ ȠȒȈȓț. ǵȈȟȈȓȤȕȈȧ ȖșȤ 
ȖȚȘȈȎȈȍȚ ȒȓȈșȚȍȘ, Ȓ ȒȖȚȖȘȖȔț ȔȖȌȍȓȤ ȖȚȕȍșȓȈ ȕȈȉȓȦȌȍȕȐȍ. ǲȈȎȌȖȍ ȕȈȉȓȦȌȍȕȐȍ 
ȕȈȕȖșȐȚșȧ ȕȈ ȋȘȈȜȐȒ Ȋ ȊȐȌȍ ȓȐȕȐȐ (ȗȈȘȈȔȍȚȘ ǴȈȒșȐȔȈȓȤȕȖȍ ȒȖȓȐȟȍșȚȊȖ 
ȓȐȕȐȑ), ȗȍȘȍșȍȒȈȦȡȍȑșȧ ș ȒȈȎȌȖȑ Ȑȏ Ȗșȍȑ. ǺȈȒȐȔ ȖȉȘȈȏȖȔ, ȗȖȓȤȏȖȊȈȚȍȓȤ ȔȖȎȍȚ 
ȊȣȧȊȐȚȤ ȗȈȚȚȍȘȕȣ Ȑ ȒȖȘȘȍȓȧȞȐȐ ȔȍȎȌț ȘȈȏȕȣȔȐ ȗȍȘȍȔȍȕȕȣȔȐ. 

 ǺȈȉȓȐȞȈ ș ȗȘȐȔȍȘȖȔ ȌȈȕȕȣȝ. ǶȚȖȉȘȈȎȈȦȚșȧ ȗȍȘȊȣȍ 100 ȕȈȉȓȦȌȍȕȐȑ. 

 

ǸȐșțȕȖȒ 123 ǺȈȉȓȐȞȈ ș ȗȘȐȔȍȘȖȔ ȌȈȕȕȣȝ 
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Ǫ ȘȍȏțȓȤȚȈȚȍ ȊȣȗȖȓȕȍȕȐȧ țȏȓȈ ȉțȌȍȚ ȘȈșșȟȐȚȈȕȈ ȕȖȊȈȧ ȗȍȘȍȔȍȕȕȈȧ ș ȘȍȏțȓȤȚȈȚȈȔȐ 
ȒȓȈșȚȍȘȐȏȈȞȐȐ (ȗȍȘȍȔȍȕȕȈȧ Cluster_ID0). 

 ǺȈȉȓȐȞȈ ș ȒȖȖȘȌȐȕȈȚȈȔȐ ȞȍȕȚȘȖȐȌȖȊ, ȋȌȍ Ȋ ȒȈȟȍșȚȊȍ șȚȘȖȒ ȊȣșȚțȗȈȦȚ ȕȖȔȍȘȈ 
ȒȓȈșȚȍȘȖȊ Ȑ ȏȕȈȟȍȕȐȧ ȗȍȘȍȔȍȕȕȣȝ, Ȋ ȒȖȚȖȘȣȝ ȕȈȝȖȌȧȚșȧ ȞȍȕȚȘȖȐȌȣ ȥȚȐȝ 
ȒȓȈșȚȍȘȖȊ. 

 

ǸȐșțȕȖȒ 124 ǷȘȐȔȍȘ ȚȈȉȓȐȞȣ ș ȒȖȖȘȌȐȕȈȚȈȔȐ ȞȍȕȚȘȖȐȌȖȊ ȒȓȈșȚȍȘȖȊ 

 ǺȈȉȓȐȞȈ șȖ șȚȈȚȐșȚȐȒȈȔȐ ȗȖ ȒȓȈșȚȍȘȈȔ 

o ǵȖȔȍȘ ȒȓȈșȚȍȘȈ. 

o ǲȖȓȐȟȍșȚȊȖ ȕȈȉȓȦȌȍȕȐȑ. 

o ǹȘȍȌȕȍȒȊȈȌȘȈȚȐȟȕȖȍ ȘȈșșȚȖȧȕȐȍ ȔȍȎȌț ȕȈȉȓȦȌȍȕȐȧȔȐ ȊȕțȚȘȐ 
ȒȓȈșȚȍȘȈ. 

o ǹțȔȔȈ ȘȈșșȚȖȧȕȐȑ ȔȍȎȌț ȕȈȉȓȦȌȍȕȐȧȔȐ ȊȕțȚȘȐ ȒȓȈșȚȍȘȈ. 

o ǸȈșșȚȖȧȕȐȍ ȔȍȎȌț ȞȍȕȚȘȖȐȌȖȔ Ȑ ȉȓȐȎȈȑȠȐȔ ȕȈȉȓȦȌȍȕȐȍȔ. 

o ǸȈșșȚȖȧȕȐȍ ȔȍȎȌț ȞȍȕȚȘȖȐȌȖȔ Ȑ ȕȈȐȉȖȓȍȍ țȌȈȓȍȕȕȣȔ ȕȈȉȓȦȌȍȕȐȍȔ. 

o ǸȈșșȚȖȧȕȐȍ ȔȍȎȌț ȞȍȕȚȘȖȐȌȖȔ Ȑ ȊȚȖȘȣȔ ȗȖ țȌȈȓȍȕȕȖșȚȐ ȕȈȉȓȦȌȍȕȐȍȔ. 

o ǸȈșșȚȖȧȕȐȍ ȔȍȎȌț ȞȍȕȚȘȖȐȌȖȔ Ȑ ȚȘȍȚȤȐȔ ȗȖ țȌȈȓȍȕȕȖșȚȐ ȕȈȉȓȦȌȍȕȐȍȔ. 

o ǩȓȐȎȈȑȠȐȑ ȒȓȈșȚȍȘ. 

o ǸȈșșȚȖȧȕȐȍ ȌȖ ȉȓȐȎȈȑȠȍȋȖ ȞȍȕȚȘȖȐȌȈ. 

o ǹȘȍȌȕȍȍ ȘȈșșȚȖȧȕȐȍ ȔȍȎȌț ȞȍȕȚȘȖȐȌȖȔ Ȑ ȕȈȉȓȦȌȍȕȐȧȔȐ Ȋ ȒȓȈșȚȍȘȍ. 

o ǹțȔȔȈ ȘȈșșȚȖȧȕȐȑ ȔȍȎȌț ȕȈȉȓȦȌȍȕȐȧȔȐ Ȑ ȞȍȕȚȘȖȐȌȖȔ. 

 

ǸȐșțȕȖȒ 125 ǷȘȐȔȍȘ șȖ șȚȈȚȐșȚȐȒȈȔȐ ȗȖ ȒȓȈșȚȍȘȈȔ 
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 ǺȈȉȓȐȞȈ șȖ șȚȈȚȐșȚȐȒȈȔȐ ȗȖ ȗȍȘȍȔȍȕȕȣȔ ȒȓȈșȚȍȘȈ. ǷȖ ȒȈȎȌȖȔț ȒȓȈșȚȍȘț 
ȖȚȘȈȎȍȕȣ șȘȍȌȕȍȍ Ȑ șȚȈȕȌȈȘȚȕȖȍ ȖȚȒȓȖȕȍȕȐȍ Ȍȓȧ ȒȈȎȌȖȑ ȗȍȘȍȔȍȕȕȖȑ. 

 

ǸȐșțȕȖȒ 126 ǷȘȐȔȍȘ ȚȈȉȓȐȞȣ șȖ șȚȈȚȐșȚȐȒȈȔȐ ȗȖ ȗȍȘȍȔȍȕȕȣȔ ȒȓȈșȚȍȘȈ 

3.2.5.7.2. ǻȏȍȓ «ǰȍȘȈȘȝȐȟȍșȒȈȧ ȒȓȈșȚȍȘȐȏȈȞȐȧ» 

Ǫ ȖșȕȖȊȍ țȏȓȈ «ǰȍȘȈȘȝȐȟȍșȒȈȧ ȒȓȈșȚȍȘȐȏȈȞȐȧ» ȓȍȎȐȚ ȈȓȋȖȘȐȚȔ 
ȒȓȈșȚȍȘȐȏȈȞȐȐ, ȕȈȗȘȈȊȓȍȕȕȣȑ ȕȈ șȖȏȌȈȕȐȍ ȐȍȘȈȘȝȐȐ ȊȓȖȎȍȕȕȣȝ ȒȓȈșȚȍȘȖȊ. 

ǨȓȋȖȘȐȚȔ ȘȈȉȖȚȣ: ǲȈȎȌȖȍ ȕȈȉȓȦȌȍȕȐȍ ȕȈȟȐȕȈȍȚșȧ Ȋ șȊȖȍȔ șȖȉșȚȊȍȕȕȖȔ ȒȓȈșȚȍȘȍ 
(ШȈȋ 0), ȌȈȓȍȍ ȒȓȈșȚȍȘȣ ȗȖșȓȍȌȖȊȈȚȍȓȤȕȖ ȖȉȢȍȌȐȕȧȦȚșȧ. ǺȈȒ, ȗȍȘȊȖȕȈȟȈȓȤȕȖ 
ȘȈșșȟȐȚȣȊȈȦȚșȧ ȘȈșșȚȖȧȕȐȧ (ȘȈșȟȍȚ ȘȈșșȚȖȧȕȐȧ ȏȈȌȈȍȚ ȗȈȘȈȔȍȚȘ ǴȍȚȘȐȒȈ) ȔȍȎȌț 
ȕȈȉȓȦȌȍȕȐȧȔȐ, ȉȓȐȎȈȑȠȐȍ Ȑȏ ȕȐȝ ȖȉȢȍȌȐȕȧȦȚșȧ Ȋ ȖȌȐȕ ȒȓȈșȚȍȘ. ǷȈȘȈȔȍȚȘ 
ǲȘȐȚȍȘȐȑ ȖȉȢȍȌȐȕȍȕȐȧ ȖȗȘȍȌȍȓȧȍȚ șȚȘȈȚȍȋȐȦ șȓȐȧȕȐȧ ȒȓȈșȚȍȘȖȊ. ǯȈȚȍȔ 
ȊȣȟȐșȓȧȍȚșȧ ȘȈșșȚȖȧȕȐȍ ȔȍȎȌț ȒȓȈșȚȍȘȈȔȐ Ȑ ȉȓȐȎȈȑȠȐȍ ȖȉȢȍȌȐȕȧȦȚșȧ Ȋ ȖȌȐȕ 
ȉȖȓȤȠȖȑ ȒȓȈșȚȍȘ. ǹȓȐȧȕȐȍ ȒȓȈșȚȍȘȖȊ ȗȘȖȐșȝȖȌȐȚ ȌȖ Țȍȝ ȗȖȘ, ȗȖȒȈ ȕȍ ȉțȌȍȚ 
șȐȕȚȍȏȐȘȖȊȈȕ ȖȌȐȕ ȍȌȐȕȣȑ ȒȓȈșȚȍȘ (ШȈȋ N). 

 

ǸȐșțȕȖȒ 127 ǹȝȍȔȈ ȘȈȉȖȚȣ ȈȓȋȖȘȐȚȔȈ ǰȍȘȈȘȝȐȟȍșȒȖȑ ȒȓȈșȚȍȘȐȏȈȞȐȐ 

Ǭȓȧ ȖșȚȈȕȖȊȒȐ ȈȓȋȖȘȐȚȔȈ ȕȍȖȉȝȖȌȐȔȖ țȒȈȏȈȚȤ Ȋ ȗȈȘȈȔȍȚȘȍ ǲȘȐȚȍȘȐȑ ȖșȚȈȕȖȊȒȐ 

ȚȘȍȉțȍȔȣȑ ȊȈȘȐȈȕȚ – ȗȖ ȌȖșȚȐȎȍȕȐȦ ȏȈȌȈȕȕȖȋȖ ȒȖȓȐȟȍșȚȊȈ ȒȓȈșȚȍȘȖȊ, ȓȐȉȖ ȗȖ 
ȔȐȕȐȔȈȓȤȕȖȔț ȘȈșșȚȖȧȕȐȦ ȔȍȎȌț ȒȓȈșȚȍȘȈȔȐ. 

Ǭȓȧ ȖȗȘȍȌȍȓȍȕȐȧ ȏȕȈȟȍȕȐȧ ȒȖȓȐȟȍșȚȊȈ ȒȓȈșȚȍȘȖȊ ȐȓȐ ȘȈșșȚȖȧȕȐȧ ȔȍȎȌț 
ȒȓȈșȚȍȘȈȔȐ ȘȍȒȖȔȍȕȌțȍȚșȧ ȊȖșȗȖȓȤȏȖȊȈȚȤșȧ ȌȍȕȌȘȖȋȘȈȔȔȖȑ Ȋ ȘȍȏțȓȤȚȈȚȈȝ țȏȓȈ. 

ǹȗȐșȖȒ ȗȈȘȈȔȍȚȘȖȊ țȏȓȈ ȗȘȍȌșȚȈȊȓȍȕ Ȋ ȚȈȉȓȐȞȍ ȕȐȎȍ. 
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ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ ȏȕȈȟȍȕȐȧ 
Ȑ ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ 

ǵȈȏȊȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ ȏȕȈȟȍȕȐȍ 
ȕȍȚ 

ǵȈȏȊȈȕȐȍ țȏȓȈ, ȒȖȚȖȘȖȍ ȉțȌȍȚ 
ȖȚȖȉȘȈȎȈȚȤșȧ Ȋ ȐȕȚȍȘȜȍȑșȍ 

ǶȗȐșȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ ȏȕȈȟȍȕȐȍ 
ȕȍȚ 

ǶȗȐșȈȕȐȍ țȏȓȈ 

ǲȘȐȚȍȘȐȑ 

ȖșȚȈȕȖȊȒȐ 
ǸȈșȒȘȣȊȈȦȡȐȑșȧ șȗȐșȖȒ șȖ 
șȓȍȌțȦȡȐȔȐ ȏȕȈȟȍȕȐȧȔȐ: 

 ǲȖȓȐȟȍșȚȊȖ 
ȒȓȈșȚȍȘȖȊ (ȗȖ 
țȔȖȓȟȈȕȐȦ) 

 ǸȈșșȚȖȧȕȐȍ 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȖȚȊȍȟȈȍȚ ȏȈ ȊȣȉȖȘ 
ȒȘȐȚȍȘȐȧ ȖșȚȈȕȖȊȒȐ ȈȓȋȖȘȐȚȔȈ. 
ǷȘȍȌțșȔȖȚȘȍȕȣ șȓȍȌțȦȡȐȍ ȔȍȚȖȌȣ: 

 ǲȖȓȐȟȍșȚȊȖ ȒȓȈșȚȍȘȖȊ 
ǬȖșȚȐȋȕțȚȖ țȒȈȏȈȕȕȖȍ Ȋ 
ȗȈȘȈȔȍȚȘȍ ǲȖȓȐȟȍșȚȊȖ 
ȒȓȈșȚȍȘȖȊ ȏȕȈȟȍȕȐȍ 

 ǸȈșșȚȖȧȕȐȍ 
ǬȖșȚȐȋȕțȚȖ țȒȈȏȈȕȕȖȍ Ȋ 
ȗȈȘȈȔȍȚȘȍ ǴȐȕȐȔȈȓȤȕȖȍ 
ȘȈșșȚȖȧȕȐȍ ȏȕȈȟȍȕȐȍ. 

ǲȖȓȐȟȍșȚȊȖ 
ȒȓȈșȚȍȘȖȊ 

ǸțȟȕȖȑ ȊȊȖȌ 
ȞȍȓȖȟȐșȓȍȕȕȖȋȖ ȏȕȈȟȍȕȐȧ 
ǿȐșȓȖ ȉȖȓȤȠȍ ȐȓȐ ȘȈȊȕȖ 1 
ǷȖ țȔȖȓȟȈȕȐȦ — 5 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȟȐșȓȖ 
ȒȓȈșȚȍȘȖȊ, ȕȈ ȒȖȚȖȘȣȍ ȉțȌȍȚ ȌȍȓȐȚȤșȧ 
ȗȘȖșȚȘȈȕșȚȊȖ ȗȘȐȏȕȈȒȖȊ. ǬȍȑșȚȊȐȚȍȓȍȕ 
ȗȘȐ ȊȣȉȘȈȕȕȖȔ ǲȘȐȚȍȘȐȐ ȖșȚȈȕȖȊȒȐ 
ǲȖȓȐȟȍșȚȊȖ ȒȓȈșȚȍȘȖȊ 

ǴȐȕȐȔȈȓȤȕȖȍ 
ȘȈșșȚȖȧȕȐȍ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǿȐșȓȖ ȉȖȓȤȠȍ ȐȓȐ ȘȈȊȕȖ 0 
ǷȖ țȔȖȓȟȈȕȐȦ — 0 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȔȐȕȐȔȈȓȤȕȖȍ 
ȘȈșșȚȖȧȕȐȍ ȔȍȎȌț ȒȓȈșȚȍȘȈȔȐ Ȍȓȧ 
ȖșȚȈȕȖȊȒȐ ȈȓȋȖȘȐȚȔȈ. ǬȍȑșȚȊȐȚȍȓȍȕ 
ȗȘȐ ȊȣȉȘȈȕȕȖȔ ǲȘȐȚȍȘȐȐ ȖșȚȈȕȖȊȒȐ 
ǸȈșșȚȖȧȕȐȍ 
Ǭȓȧ ȖȗȘȍȌȍȓȍȕȐȧ ȏȕȈȟȍȕȐȧ 
ȔȐȕȐȔȈȓȤȕȖȋȖ ȘȈșșȚȖȧȕȐȧ ȔȖȎȕȖ 
ȊȖșȗȖȓȤȏȖȊȈȚȤșȧ ǬȍȕȌȘȖȋȘȈȔȔȖȑ Ȋ 
ȘȍȏțȓȤȚȈȚȈȝ țȏȓȈ. 

ǹȚȈȕȌȈȘȚȐȏȈȞȐȧ ǸȈșȒȘȣȊȈȦȡȐȑșȧ șȗȐșȖȒ șȖ 
șȓȍȌțȦȡȐȔȐ ȏȕȈȟȍȕȐȧȔȐ: 

 ǵȍȚ 
 ǹȚȈȕȌȈȘȚȕȖȍ 

ȖȚȒȓȖȕȍȕȐȍ 
 ǬȐȈȗȈȏȖȕ 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȖȚȊȍȟȈȍȚ ȏȈ ȊȣȉȖȘ 
ȔȍȚȖȌȈ șȚȈȕȌȈȘȚȐȏȈȞȐȐ ȟȐșȓȖȊȣȝ 
ȗȍȘȍȔȍȕȕȣȝ. 
ǹȚȈȕȌȈȘȚȐȏȈȞȐȧ – ȗȘȍȖȉȘȈȏȖȊȈȕȐȍ 
ȟȐșȓȖȊȣȝ ȕȈȉȓȦȌȍȕȐȑ ș ȞȍȓȤȦ 
ȗȘȐȊȍȌȍȕȐȧ Ȑȝ Ȓ ȕȍȒȖȚȖȘȖȑ Ȗȉȡȍȑ 
ȠȒȈȓȍ. ǵȍȖȉȝȖȌȐȔȖșȚȤ șȚȈȕȌȈȘȚȐȏȈȞȐȐ 
ȊȣȏȊȈȕȈ ȚȍȔ, ȟȚȖ ȘȈȏȕȣȍ ȗȘȐȏȕȈȒȐ Ȑȏ 
ȖȉțȟȈȦȡȍȋȖ ȕȈȉȖȘȈ ȔȖȋțȚ ȉȣȚȤ 
ȗȘȍȌșȚȈȊȓȍȕȣ Ȋ ȘȈȏȕȣȝ ȔȈșȠȚȈȉȈȝ Ȑ 
ȐȏȔȍȕȧȚȤșȧ Ȋ ȘȈȏȕȣȝ ȌȐȈȗȈȏȖȕȈȝ, ȟȚȖ 
ȊȓȐȧȍȚ ȕȈ ȊȣȧȊȓȍȕȐȍ ȕȍȒȖȘȘȍȒȚȕȣȝ 
ȏȈȊȐșȐȔȖșȚȍȑ ȔȖȌȍȓȤȦ. 
ǷȘȍȌțșȔȖȚȘȍȕȣ șȓȍȌțȦȡȐȍ ȔȍȚȖȌȣ: 

 ǵȍȚ. 
 ǹȚȈȕȌȈȘȚȕȖȍ ȖȚȒȓȖȕȍȕȐȍ – 

ȗȘȍȖȉȘȈȏțȍȚ ȕȈȉȓȦȌȍȕȐȧ ȚȈȒȐȔ 
ȖȉȘȈȏȖȔ, ȟȚȖȉȣ Ȑȝ șȘȍȌȕȍȍ 
ȏȕȈȟȍȕȐȍ ȘȈȊȕȧȓȖșȤ ȕțȓȦ, Ȉ 
șȚȈȕȌȈȘȚȕȖȍ ȖȚȒȓȖȕȍȕȐȍ 
ȘȈȊȕȧȓȖșȤ 1. 

 ǬȐȈȗȈȏȖȕ – ȓȐȕȍȑȕȖ 
ȗȘȍȖȉȘȈȏțȍȚ ȏȕȈȟȍȕȐȧ 
ȗȍȘȍȔȍȕȕȣȝ Ȋ ȌȐȈȗȈȏȖȕ [0, 1]. 
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ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ ȏȕȈȟȍȕȐȧ 
Ȑ ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ 

ǴȍȚȘȐȒȈ ǸȈșȒȘȣȊȈȦȡȐȑșȧ șȗȐșȖȒ șȖ 
șȓȍȌțȦȡȐȔȐ ȏȕȈȟȍȕȐȧȔȐ: 

 ǭȊȒȓȐȌȖȊȈ ȔȍȚȘȐȒȈ 
 ǴȈȕȝȥȚȚȍȕșȒȈȧ 

ȔȍȚȘȐȒȈ 
 ǲȖșȐȕțș 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȖȚȊȍȟȈȍȚ ȏȈ ȊȣȉȖȘ 
ȔȍȚȘȐȒȐ, ȒȖȚȖȘȈȧ ȏȈȌȈȍȚ ȘȈșȟȍȚ 
ȘȈșșȚȖȧȕȐȧ ȔȍȎȌț ȕȈȉȓȦȌȍȕȐȧȔȐ. 
ǪȣȉȖȘ ȔȍȚȘȐȒȐ ȊȓȐȧȍȚ ȕȈ ȜȖȘȔț 
ȒȓȈșȚȍȘȖȊ, ȗȖșȒȖȓȤȒț ȕȍȒȖȚȖȘȣȍ 
ȥȓȍȔȍȕȚȣ ȔȖȋțȚ ȉȣȚȤ ȖȚȕȖșȐȚȍȓȤȕȖ 
ȉȓȐȎȍ ȌȘțȋ Ȓ ȌȘțȋț ȗȖ ȖȌȕȖȑ ȔȍȚȘȐȒȍ, 
ȟȍȔ ȗȖ ȌȘțȋȖȑ. 
ǷȘȍȌțșȔȖȚȘȍȕȣ șȓȍȌțȦȡȐȍ ȔȍȚȘȐȒȐ: 

 ǭȊȒȓȐȌȖȊȈ ȔȍȚȘȐȒȈ 
 ǴȈȕȝȥȚȚȍȕșȒȈȧ ȔȍȚȘȐȒȈ 
 ǲȖșȐȕțș 

ǲȘȐȚȍȘȐȑ 
ȖȉȢȍȌȐȕȍȕȐȧ 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ șȗȐșȖȒ șȖ 
șȓȍȌțȦȡȐȔȐ ȏȕȈȟȍȕȐȧȔȐ: 

 Ward (ȔȖȎȕȖ 
ȐșȗȖȓȤȏȖȊȈȚȤ ȚȖȓȤȒȖ 
ȍșȓȐ Ȋ ȒȈȟȍșȚȊȍ 
ȔȍȚȘȐȒȐ ȉȓȐȏȖșȚȐ 
ȕȈȉȓȦȌȍȕȐȑ 
ȊȣȉȘȈȕȈ ǭȊȒȓȐȌȖȊȈ 
ȔȍȚȘȐȒȈ) 

 Average 
 Maximum 
 Minimum 

ǴȍȚȘȐȒȈ, ȐșȗȖȓȤȏțȍȔȈȧ Ȍȓȧ 
ȖȉȢȍȌȐȕȍȕȐȧ ȒȓȈșȚȍȘȖȊ. 
ǷȘȍȌțșȔȖȚȘȍȕȣ șȓȍȌțȦȡȐȍ ȔȍȚȘȐȒȐ 
ȉȓȐȏȖșȚȐ ȒȓȈșȚȍȘȖȊ: 

 Ward 
ȔȐȕȐȔȐȏȐȘțȍȚ șțȔȔț ȒȊȈȌȘȈȚȖȊ 
ȘȈȏȕȖșȚȍȑ ȊȖ Ȋșȍȝ ȒȓȈșȚȍȘȈȝ 

 Average 
ȔȐȕȐȔȐȏȐȘțȍȚ șȘȍȌȕȍȍ 
ȘȈșșȚȖȧȕȐȍ ȔȍȎȌț ȊșȍȔȐ 
ȕȈȉȓȦȌȍȕȐȧȔȐ ȗȈȘ ȒȓȈșȚȍȘȖȊ. 

 Maximum 
șȊȖȌȐȚ Ȓ ȔȐȕȐȔțȔț 
ȔȈȒșȐȔȈȓȤȕȖȍ ȘȈșșȚȖȧȕȐȍ ȔȍȎȌț 
ȕȈȉȓȦȌȍȕȐȧȔȐ ȗȈȘ ȒȓȈșȚȍȘȖȊ 

 Minimum 
ȔȐȕȐȔȐȏȐȘțȍȚ ȘȈșșȚȖȧȕȐȍ 
ȔȍȎȌț ȉȓȐȎȈȑȠȐȔȐ 
ȕȈȉȓȦȌȍȕȐȧȔȐ ȗȈȘ ȒȓȈșȚȍȘȖȊ 

Seed ǸțȟȕȖȑ ȊȊȖȌ 
ȞȍȓȖȟȐșȓȍȕȕȖȋȖ ȏȕȈȟȍȕȐȧ 
ǷȖ țȔȖȓȟȈȕȐȦ — 42 

ǵȈȟȈȓȤȕȖȍ ȟȐșȓȖȊȖȍ ȏȕȈȟȍȕȐȍ Ȍȓȧ 
ȋȍȕȍȘȈȚȖȘȈ șȓțȟȈȑȕȣȝ ȟȐșȍȓ. 
ǰșȗȖȓȤȏțȍȚșȧ Ȍȓȧ ȊȖșȗȘȖȐȏȊȍȌȍȕȐȧ 
ȘȍȏțȓȤȚȈȚȖȊ ȗȘȐ ȗȖȊȚȖȘȕȖȔ ȏȈȗțșȒȍ 
țȏȓȈ 

ǸȈȏȔȍȘ ȊȣȉȖȘȒȐ ǸțȟȕȖȑ ȊȊȖȌ 
ȞȍȓȖȟȐșȓȍȕȕȖȋȖ ȏȕȈȟȍȕȐȧ 
ǯȕȈȟȍȕȐȍ ȉȖȓȤȠȍ ȐȓȐ 
ȘȈȊȕȖ 2 
ǷȖ țȔȖȓȟȈȕȐȦ — 1000 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȘȈȏȔȍȘ 
ȊȣȉȖȘȒȐ, ȒȖȚȖȘȈȧ ȉțȌȍȚ ȖȚȖȉȘȈȎȍȕȈ ȕȈ 
ȋȘȈȜȐȒȍ ǹȐȓțȥȚ Ȋ ȘȍȏțȓȤȚȈȚȈȝ țȏȓȈ 

ǸȈșșȚȖȧȕȐȍ 
ȔȍȎȌț 
ȒȓȈșȚȍȘȈȔȐ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǯȕȈȟȍȕȐȍ ȉȖȓȤȠȍ ȐȓȐ 
ȘȈȊȕȖ 0 
ǷȖ țȔȖȓȟȈȕȐȦ — 25 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȘȈșșȚȖȧȕȐȍ 
ȔȍȎȌț ȒȓȈșȚȍȘȈȔȐ ȕȈ ȋȘȈȜȐȒȍ ǹȐȓțȥȚ 
Ȋ ȘȍȏțȓȤȚȈȚȈȝ țȏȓȈ 

ǲȖȓȐȟȍșȚȊȖ 
ȉȐȕȖȊ 

ǸțȟȕȖȑ ȊȊȖȌ 
ȞȍȓȖȟȐșȓȍȕȕȖȋȖ ȏȕȈȟȍȕȐȧ 
ǯȕȈȟȍȕȐȍ ȉȖȓȤȠȍ ȐȓȐ 
ȘȈȊȕȖ 1 
ǷȖ țȔȖȓȟȈȕȐȦ — 10 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȒȖȓȐȟȍșȚȊȖ 
ȉȐȕȖȊ, ȕȈ ȒȖȚȖȘȖȍ ȉțȌȍȚ ȌȍȓȐȚȤșȧ 
ȒȖȓȐȟȍșȚȊȍȕȕȈȧ ȗȍȘȍȔȍȕȕȈȧ ȕȈ 
ȋȘȈȜȐȒȍ ș ȗȈȘȈȓȓȍȓȤȕȣȔȐ ȖșȧȔȐ Ȋ 
ȘȍȏțȓȤȚȈȚȈȝ țȏȓȈ 

ǷȍȘȍȔȍȕȕȣȍ, ȗȖ 
ȒȖȚȖȘȣȔ ȌȍȓȈȚȤ 
ȖșȐ 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ șȗȐșȖȒ ș 
ȊȣȉȖȘȖȔ ȕȍșȒȖȓȤȒȐȝ 
ȗȍȘȍȔȍȕȕȣȝ 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȗȍȘȍȔȍȕȕȣȍ, 
ȒȖȚȖȘȣȍ ȉțȌțȚ ȖȚȘȈȎȍȕȣ ȕȈ ȋȘȈȜȐȒȍ 
ș ȗȈȘȈȓȓȍȓȤȕȣȔȐ ȖșȧȔȐ Ȋ 
ȘȍȏțȓȤȚȈȚȈȝ țȏȓȈ 
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ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ ȏȕȈȟȍȕȐȧ 
Ȑ ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ 

ǴȈȒșȐȔȈȓȤȕȖȍ 
ȒȖȓȐȟȍșȚȊȖ 
ȓȐȕȐȑ 

ǸțȟȕȖȑ ȊȊȖȌ 
ȞȍȓȖȟȐșȓȍȕȕȖȋȖ ȏȕȈȟȍȕȐȧ 
ǯȕȈȟȍȕȐȍ ȉȖȓȤȠȍ ȐȓȐ 
ȘȈȊȕȖ 1 
ǷȖ țȔȖȓȟȈȕȐȦ — 50 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȔȈȒșȐȔȈȓȤȕȖȍ 
ȒȖȓȐȟȍșȚȊȖ ȓȐȕȐȑ, ȒȖȚȖȘȣȍ ȉțȌțȚ 
ȖȚȘȈȎȍȕȣ ȕȈ ȋȘȈȜȐȒȍ ș 
ȗȈȘȈȓȓȍȓȤȕȣȔȐ ȖșȧȔȐ Ȋ ȘȍȏțȓȤȚȈȚȈȝ 
țȏȓȈ 

ǺȈȉȓȐȞȈ 28 ǹȗȐșȖȒ ȗȈȘȈȔȍȚȘȖȊ țȏȓȈ "ǰȍȘȈȘȝȐȟȍșȒȈȧ ȒȓȈșȚȍȘȐȏȈȞȐȧ" 

ǷȈȘȈȔȍȚȘȣ țȏȓȈ «ǰȍȘȈȘȝȐȟȍșȒȈȧ ȒȓȈșȚȍȘȐȏȈȞȐȧ» 

ǸȍȏțȓȤȚȈȚȣ ȊȣȗȖȓȕȍȕȐȧ țȏȓȈ: 

 ǲȘțȋȖȊȈȧ ȌȐȈȋȘȈȔȔȈ ș ȒȖȓȐȟȍșȚȊȖȔ ȕȈȉȓȦȌȍȕȐȑ ȗȖ ȒȓȈșȚȍȘȈȔ. 

 

ǸȐșțȕȖȒ 128 ǷȘȐȔȍȘ ȒȘțȋȖȊȖȑ ȌȐȈȋȘȈȔȔȣ 

ǷȘȐ ȕȈȊȍȌȍȕȐȐ ȒțȘșȖȘȈ ȔȣȠȐ ȕȈ șȍȒȚȖȘ ȒȓȈșȚȍȘȈ ȔȖȎȕȖ țȏȕȈȚȤ ȒȖȓȐȟȍșȚȊȖ 
ȕȈȉȓȦȌȍȕȐȑ Ȋ ȕȍȔ. 

 ǹȐȓțȥȚ – Silhouette Plot. 

 

ǸȐșțȕȖȒ 129 ǷȘȐȔȍȘ Silhouette Plot 
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ǯȕȈȟȍȕȐȍ Silhouette Ȍȓȧ ȒȈȎȌȖȋȖ ȕȈȉȓȦȌȍȕȐȧ (ȕȈ ȋȘȈȜȐȒȍ ȖȚȖȉȘȈȎȈȍȚșȧ 
țȒȈȏȈȕȕȖȍ Ȋ ȗȈȘȈȔȍȚȘȍ ǸȈȏȔȍȘ ȊȣȉȖȘȒȐ ȟȐșȓȖ ȕȈȉȓȦȌȍȕȐȑ) ȧȊȓȧȍȚșȧ ȔȍȘȖȑ 
ȚȖȋȖ, ȕȈșȒȖȓȤȒȖ ȥȚȖ ȕȈȉȓȦȌȍȕȐȍ ȗȖȝȖȎȍ ȕȈ ȕȈȉȓȦȌȍȕȐȧ Ȋ șȖȉșȚȊȍȕȕȖȔ ȒȓȈșȚȍȘȍ ȗȖ 
șȘȈȊȕȍȕȐȦ ș ȕȈȉȓȦȌȍȕȐȧȔȐ Ȋ ȌȘțȋȐȝ ȒȓȈșȚȍȘȈȝ. 

ǯȕȈȟȍȕȐȍ Silhouette ȕȈȝȖȌȐȚșȧ Ȋ ȌȐȈȗȈȏȖȕȍ ȖȚ -1 ȌȖ 1. ǪȣșȖȒȖȍ ȏȕȈȟȍȕȐȍ 
țȒȈȏȣȊȈȍȚ ȕȈ ȚȖ, ȟȚȖ ȕȈȉȓȦȌȍȕȐȍ ȝȖȘȖȠȖ șȖȖȚȊȍȚșȚȊțȍȚ șȖȉșȚȊȍȕȕȖȔț ȒȓȈșȚȍȘț Ȑ 
ȗȓȖȝȖ șȖȖȚȊȍȚșȚȊțȍȚ ȌȘțȋȐȔ ȒȓȈșȚȍȘȈȔ. 

ǭșȓȐ ȉȖȓȤȠȐȕșȚȊȖ ȕȈȉȓȦȌȍȕȐȑ ȐȔȍȦȚ ȕȐȏȒȖȍ ȐȓȐ ȖȚȘȐȞȈȚȍȓȤȕȖȍ ȏȕȈȟȍȕȐȍ 
Silhouette, ȚȖȋȌȈ ȗȖȓȤȏȖȊȈȚȍȓȤ ȌȖȓȎȍȕ ȗȍȘȍșȚȘȖȐȚȤ ȒȓȈșȚȍȘȐȏȈȞȐȦ ș ȉȖȓȤȠȐȔ ȐȓȐ 
ȔȍȕȤȠȐȔ ȒȖȓȐȟȍșȚȊȖȔ ȒȓȈșȚȍȘȖȊ. 

 ǫȘȈȜȐȒ Ȋ ȗȈȘȈȓȓȍȓȤȕȣȝ ȒȖȖȘȌȐȕȈȚȈȝ. 

 

ǸȐșțȕȖȒ 130 ǷȘȐȔȍȘ ȋȘȈȜȐȒȈ Ȋ ȗȈȘȈȓȓȍȓȤȕȣȝ ȒȖȖȘȌȐȕȈȚȈȝ 

ǫȘȈȜȐȒ Ȋ ȗȈȘȈȓȓȍȓȤȕȣȝ ȒȖȖȘȌȐȕȈȚȈȝ ȗȖȏȊȖȓȧȍȚ ȐȕȚȍȘȗȘȍȚȐȘȖȊȈȚȤ ȗȖșȚȘȖȍȕȕȣȍ 
ȒȓȈșȚȍȘȣ. 

ǵȈ ȌȈȕȕȖȔ ȋȘȈȜȐȒȍ ȒȈȎȌȖȑ ȗȍȘȍȔȍȕȕȖȑ ȗȘȐșȊȈȐȊȈȍȚșȧ șȖȉșȚȊȍȕȕȈȧ ȖșȤ (șȖȋȓȈșȕȖ 
ȗȈȘȈȔȍȚȘț ǷȍȘȍȔȍȕȕȣȍ, ȗȖ ȒȖȚȖȘȣȔ ȌȍȓȈȚȤ ȖșȐ). ǶșȐ ȘȈșȗȖȓȈȋȈȦȚșȧ 
ȗȈȘȈȓȓȍȓȤȕȖ ȌȘțȋ ȌȘțȋț, Ȑ ȒȈȎȌȈȧ ȐȔȍȍȚ șȊȖȦ șȖȉșȚȊȍȕȕțȦ ȠȒȈȓț. ǵȈȟȈȓȤȕȈȧ ȖșȤ 
ȖȚȘȈȎȈȍȚ ȒȓȈșȚȍȘ, Ȓ ȒȖȚȖȘȖȔț ȔȖȌȍȓȤ ȖȚȕȍșȓȈ ȕȈȉȓȦȌȍȕȐȍ. ǲȈȎȌȖȍ ȕȈȉȓȦȌȍȕȐȍ 
ȕȈȕȖșȐȚșȧ ȕȈ ȋȘȈȜȐȒ Ȋ ȊȐȌȍ ȓȐȕȐȐ (ȗȈȘȈȔȍȚȘ ǴȈȒșȐȔȈȓȤȕȖȍ ȒȖȓȐȟȍșȚȊȖ 
ȓȐȕȐȑ), ȗȍȘȍșȍȒȈȦȡȍȑșȧ ș ȒȈȎȌȖȑ Ȑȏ Ȗșȍȑ. ǺȈȒȐȔ ȖȉȘȈȏȖȔ, ȗȖȓȤȏȖȊȈȚȍȓȤ ȔȖȎȍȚ 
ȊȣȧȊȐȚȤ ȗȈȚȚȍȘȕȣ Ȑ ȒȖȘȘȍȓȧȞȐȐ ȔȍȎȌț ȘȈȏȕȣȔȐ ȗȍȘȍȔȍȕȕȣȔȐ. 
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 ǬȍȕȌȘȖȋȘȈȔȔȈ ȒȓȈșȚȍȘȐȏȈȞȐȐ. 

 

ǸȐșțȕȖȒ 131 ǷȘȐȔȍȘ ȌȍȕȌȖȋȘȈȔȔȣ 

ǬȍȕȌȘȖȋȘȈȔȔȈ ȗȖȒȈȏȣȊȈȍȚ ȉȓȐȏȖșȚȤ ȖȚȌȍȓȤȕȣȝ ȕȈȉȓȦȌȍȕȐȑ Ȑ ȒȓȈșȚȍȘȖȊ, Ȉ ȚȈȒȎȍ 
ȗȖșȓȍȌȖȊȈȚȍȓȤȕȖșȚȤ Ȑȝ ȖȉȢȍȌȐȕȍȕȐȧ. ǲȖȓȐȟȍșȚȊȖ țȘȖȊȕȍȑ șȖȖȚȊȍȚșȚȊțȍȚ 
ȒȖȓȐȟȍșȚȊț șȓȐȧȕȐȑ ȒȓȈșȚȍȘȖȊ. ǷȖ ȖșȐ Y ȘȈșȗȖȓȖȎȍȕȈ ȠȒȈȓȈ, ȕȈ ȒȖȚȖȘȖȑ 
ȖȚȒȓȈȌȣȊȈȍȚșȧ ȘȈșșȚȖȧȕȐȍ ȔȍȎȌț ȖȉȢȍȒȚȈȔȐ Ȋ ȗȘȖșȚȘȈȕșȚȊȍ ȗȘȐȏȕȈȒȖȊ. 

 ǺȈȉȓȐȞȈ ș ȗȘȐȔȍȘȖȔ ȌȈȕȕȣȝ. ǶȚȖȉȘȈȎȈȦȚșȧ ȗȍȘȊȣȍ 100 ȕȈȉȓȦȌȍȕȐȑ. 

 

ǸȐșțȕȖȒ 132 ǷȘȐȔȍȘ ȚȈȉȓȐȞȣ 

Ǫ ȘȍȏțȓȤȚȈȚȍ ȊȣȗȖȓȕȍȕȐȧ țȏȓȈ ȉțȌȍȚ ȘȈșșȟȐȚȈȕȈ ȕȖȊȈȧ ȗȍȘȍȔȍȕȕȈȧ ș ȘȍȏțȓȤȚȈȚȈȔȐ 
ȒȓȈșȚȍȘȐȏȈȞȐȐ (ȗȍȘȍȔȍȕȕȈȧ Cluster_ID0). 
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 ǺȈȉȓȐȞȈ șȖ șȚȈȚȐșȚȐȒȈȔȐ ȗȖ ȗȍȘȍȔȍȕȕȣȔ ȒȓȈșȚȍȘȈ. ǷȖ ȒȈȎȌȖȔț ȒȓȈșȚȍȘț 
ȖȚȘȈȎȍȕȣ șȘȍȌȕȍȍ Ȑ șȚȈȕȌȈȘȚȕȖȍ ȖȚȒȓȖȕȍȕȐȍ Ȍȓȧ ȒȈȎȌȖȑ ȗȍȘȍȔȍȕȕȖȑ. 

 

ǸȐșțȕȖȒ 133 ǷȘȐȔȍȘ ȚȈȉȓȐȞȣ șȖ șȚȈȚȐșȚȐȒȈȔȐ ȗȖ ȗȍȘȍȔȍȕȕȣȔ ȒȓȈșȚȍȘȈ 

3.2.5.8. ǫȘțȗȗȈ țȏȓȖȊ «ǶȉțȟȍȕȐȍ ș țȟȐȚȍȓȍȔ» 

3.2.5.8.1. ǻȏȍȓ «ǬȍȘȍȊȖ ȘȍȠȍȕȐȑ» 

Ǫ ȖșȕȖȊȍ țȏȓȈ «ǬȍȘȍȊȖ ȘȍȠȍȕȐȑ» ȓȍȎȐȚ ȈȓȋȖȘȐȚȔ, ȖȉȖȉȡȈȦȡȐȑ ȕȈȉȓȦȌȍȕȐȧ 
ȗȘȈȊȐȓȈȔȐ ȊȐȌȈ «ǭșȓȐ…, ȚȖ…» Ȋ ȐȍȘȈȘȝȐȟȍșȒțȦ, ȗȖșȓȍȌȖȊȈȚȍȓȤȕțȦ șȚȘțȒȚțȘț Ȋ 
ȊȐȌȍ ȌȍȘȍȊȈ. ǷȘȈȊȐȓȈ ȋȍȕȍȘȐȘțȦȚșȧ Ȋ ȗȘȖȞȍșșȍ ȖȉțȟȍȕȐȧ. 

ǨȓȋȖȘȐȚȔ ȘȈȉȖȚȣ: ǷȘȖȞȍșș ȗȖșȚȘȖȍȕȐȧ ȌȍȘȍȊȤȍȊ ȘȍȠȍȕȐȑ ȗȘȍȌșȚȈȊȓȧȍȚ șȖȉȖȑ 
ȗȖșȓȍȌȖȊȈȚȍȓȤȕȖȍ, ȘȍȒțȘșȐȊȕȖȍ ȘȈȏȉȐȍȕȐȍ ȔȕȖȎȍșȚȊȈ ȕȈȉȓȦȌȍȕȐȑ ȕȈ 
ȗȖȌȔȕȖȎȍșȚȊȈ ș ȗȘȐȔȍȕȍȕȐȍȔ ȘȍȠȈȦȡȐȝ ȗȘȈȊȐȓ Ȋ țȏȓȈȝ. ǸȈȏȉȐȍȕȐȍ ȗȘȖȌȖȓȎȈȍȚșȧ 
ȌȖ ȔȖȔȍȕȚȈ, ȗȖȒȈ ȕȍ ȉțȌȍȚ ȌȖșȚȐȋȕțȚȖ țșȓȖȊȐȍ ȖșȚȈȕȖȊȒȐ ȈȓȋȖȘȐȚȔȈ. ǷȖșȓȍȌȕȐȑ 
țȏȍȓ, ȒȖȚȖȘȣȑ ȕȍ ȖșțȡȍșȚȊȓȧȍȚ ȗȘȖȊȍȘȒț Ȑ ȘȈȏȉȐȍȕȐȍ, șȚȈȕȖȊȐȚșȧ ȓȐșȚȖȔ. 

Ǫ ȖșȕȖȊȍ ȈȓȋȖȘȐȚȔȈ ȗȖșȚȘȖȍȕȐȧ ȌȍȘȍȊȈ ȘȍȠȍȕȐȑ ȓȍȎȐȚ ȗȘȐȕȞȐȗ ȎȈȌȕȖȑ 
ȔȈȒșȐȔȐȏȈȞȐȐ ȗȘȐȘȖșȚȈ ȐȕȜȖȘȔȈȞȐȐ – ȕȈ ȒȈȎȌȖȔ ȠȈȋȍ ȊȣȉȐȘȈȍȚșȧ ȚȖȚ ȗȘȐȏȕȈȒ, 
ȗȘȐ ȘȈȏȌȍȓȍȕȐȐ ȗȖ ȒȖȚȖȘȖȔț ȗȘȐȘȖșȚ ȐȕȜȖȘȔȈȞȐȐ ȖȒȈȏȣȊȈȍȚșȧ ȕȈȐȉȖȓȤȠȐȔ. 
ǬȈȓȤȠȍ ȗȘȖȞȍȌțȘȈ ȗȖȊȚȖȘȧȍȚșȧ ȘȍȒțȘșȐȊȕȖ, ȗȖȒȈ ȥȕȚȘȖȗȐȧ ȕȍ ȖȒȈȎȍȚșȧ ȘȈȊȕȖȑ 
ȕțȓȦ ȐȓȐ ȒȈȒȖȑ-ȚȖ ȔȈȓȖȑ ȊȍȓȐȟȐȕȍ. 
  

ǩȖȘȤȉȈ ș ȗȍȘȍȖȉțȟȍȕȐȍȔ: 

 ǶȋȘȈȕȐȟȐȚȤ ȔȈȒșȐȔȈȓȤȕțȦ ȋȓțȉȐȕț ȌȍȘȍȊȈ (ȗȈȘȈȔȍȚȘ ǴȈȒșȐȔȈȓȤȕȈȧ 
ȋȓțȉȐȕȈ) 
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 ǶȋȘȈȕȐȟȐȚȤ ȔȐȕȐȔȈȓȤȕȖȍ ȟȐșȓȖ ȖȉȢȍȒȚȖȊ ȓȐșȚȍ (ȗȈȘȈȔȍȚȘ ǴȐȕȐȔȈȓȤȕȖȍ 
ȒȖȓȐȟȍșȚȊȖ ȕȈȉȓȦȌȍȕȐȑ Ȋ ȓȐșȚȍ) 

 ǶȋȘȈȕȐȟȐȚȤ ȔȈȒșȐȔȈȓȤȕȖȍ ȒȖȓȐȟȍșȚȊȈ ȓȐșȚȤȍȊ Ȋ ȌȍȘȍȊȍ (ȗȈȘȈȔȍȚȘ 
ǴȈȒșȐȔȈȓȤȕȖȍ ȒȖȓȐȟȍșȚȊȖ ȓȐșȚȖȊ) 

ǹȗȐșȖȒ ȗȈȘȈȔȍȚȘȖȊ țȏȓȈ ȗȘȍȌșȚȈȊȓȍȕ Ȋ ȚȈȉȓȐȞȍ ȕȐȎȍ. 

ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ 

ǵȈȏȊȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ 
ȏȕȈȟȍȕȐȍ ȕȍȚ 

ǵȈȏȊȈȕȐȍ țȏȓȈ, ȒȖȚȖȘȖȍ ȉțȌȍȚ 
ȖȚȖȉȘȈȎȈȚȤșȧ Ȋ ȐȕȚȍȘȜȍȑșȍ 

ǶȗȐșȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ 
ȏȕȈȟȍȕȐȍ ȕȍȚ 

ǶȗȐșȈȕȐȍ țȏȓȈ 

ǲȘȐȚȍȘȐȑ 
ȘȈȏȉȐȍȕȐȧ Ȍȓȧ 
ȒȓȈșșȐȜȐȒȈȞȐȐ 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ 
șȗȐșȖȒ șȖ 
șȓȍȌțȦȡȐȔȐ 
ȏȕȈȟȍȕȐȧȔȐ: 

 gini (ȗȖ 
țȔȖȓȟȈȕȐȦ) 

 entropy 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȒȘȐȚȍȘȐȑ 
ȘȈȏȉȐȍȕȐȧ ȕȈ țȏȓȣ Ȍȓȧ ȒȓȈșșȐȜȐȒȈȞȐȐ. 
ǷȘȍȌțșȔȖȚȘȍȕȣ șȓȍȌțȦȡȐȍ ȒȘȐȚȍȘȐȐ: 

 gini (ȕȍȖȗȘȍȌȍȓȍȕȕȖșȚȤ ǬȎȐȕȐ) –
ȕȈȗȘȈȊȓȍȕ ȕȈ ȔȈȒșȐȔȐȏȈȞȐȦ 
ȒȖȓȐȟȍșȚȊȈ ȗȈȘ ȖȉȢȍȒȚȖȊ, ȖȌȕȖȋȖ 
ȒȓȈșșȈ, ȖȒȈȏȈȊȠȐȝșȧ Ȋ ȖȌȕȖȔ 
ȗȖȌȌȍȘȍȊȍ. 

 entropy (ȒȘȐȚȍȘȐȑ ȗȘȐȘȖșȚȈ 
ȐȕȜȖȘȔȈȞȐȐ, ȥȕȚȘȖȗȐȧ) – 
ȕȈȗȘȈȊȓȍȕ ȕȈ ȔȈȒșȐȔȐȏȈȞȐȦ 
ȗȘȐȘȖșȚȈ ȐȕȜȖȘȔȈȞȐȐ 

ǲȘȐȚȍȘȐȑ 
ȘȈȏȉȐȍȕȐȧ Ȍȓȧ 
ȘȍȋȘȍșșȐȐ 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ 
șȗȐșȖȒ șȖ 
șȓȍȌțȦȡȐȔȐ 
ȏȕȈȟȍȕȐȧȔȐ: 

 squared error 
(ȗȖ 
țȔȖȓȟȈȕȐȦ) 

 friedman mse 
 absolute error 
 poisson 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȒȘȐȚȍȘȐȑ 
ȘȈȏȉȐȍȕȐȧ Ȍȓȧ ȘȍȋȘȍșșȐȖȕȕȖȑ ȏȈȌȈȟȐ. 
ǷȘȍȌțșȔȖȚȘȍȕȣ șȓȍȌțȦȡȐȍ ȒȘȐȚȍȘȐȐ: 

 squared error (șȘȍȌȕȍȒȊȈȌȘȈȚȐȟȕȈȧ 
ȖȠȐȉȒȈ) 

 friedman mse (șȘȍȌȕȍȒȊȈȌȘȈȚȐȟȕȈȧ 
ȖȠȐȉȒȈ ș ȖȞȍȕȒȖȑ țȓțȟȠȍȕȐȧ 
ǼȘȐȌȔȈȕȈ) 

 absolute error (șȘȍȌȕȧȧ 
ȈȉșȖȓȦȚȕȈȧ ȖȠȐȉȒȈ) 

 poisson (ȖȚȒȓȖȕȍȕȐȍ ǷțȈșșȖȕȈ) 
ǹȚȘȈȚȍȋȐȧ 
ȘȈȏȉȐȍȕȐȧ 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ 
șȗȐșȖȒ șȖ 
șȓȍȌțȦȡȐȔȐ 
ȏȕȈȟȍȕȐȧȔȐ: 

 best (ȗȖ 
țȔȖȓȟȈȕȐȦ) 

 random 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ șȚȘȈȚȍȋȐȦ 
ȘȈȏȌȍȓȍȕȐȧ ȕȈ ȒȈȎȌȖȔ țȏȓȍ. 
ǷȘȍȌțșȔȖȚȘȍȕȣ șȓȍȌțȦȡȐȍ șȚȘȈȚȍȋȐȐ: 

 best – ȊȣȉȖȘ ȕȈȐȓțȟȠȍȑ ȜțȕȒȞȐȐ 
șȍȋȔȍȕȚȈȞȐȐ Ȑ ȚȖȟȒȐ șȍȋȔȍȕȚȈȞȐȐ 

 random – șȓțȟȈȑȕȖȍ ȘȈȏȌȍȓȍȕȐȍ 

ǴȈȒșȐȔȈȓȤȕȈȧ 
ȋȓțȉȐȕȈ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǵȍȖȚȘȐȞȈȚȍȓȤȕȖȍ 
ȟȐșȓȖ 
ǷȖ țȔȖȓȟȈȕȐȦ — 5 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȔȈȒșȐȔȈȓȤȕțȦ 
ȋȓțȉȐȕț ȌȍȘȍȊȈ, ȗȖșȓȍ ȌȖșȚȐȎȍȕȐȧ 
ȒȖȚȖȘȖȑ ȈȓȋȖȘȐȚȔ ȖșȚȈȕȈȊȓȐȊȈȍȚ ȘȈȉȖȚț 

ǴȐȕȐȔȈȓȤȕȖȍ 
ȒȖȓȐȟȍșȚȊȖ 
ȕȈȉȓȦȌȍȕȐȑ Ȍȓȧ 
ȘȈȏȉȐȍȕȐȧ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǵȍȖȚȘȐȞȈȚȍȓȤȕȖȍ 
ȟȐșȓȖ 
ǷȖ țȔȖȓȟȈȕȐȦ — 2 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȔȐȕȐȔȈȓȤȕȖȍ 
ȒȖȓȐȟȍșȚȊȖ ȕȈȉȓȦȌȍȕȐȑ, ȒȖȚȖȘȖȍ ȌȖȓȎȕȖ 
ȉȣȚȤ Ȋ ȘȈȏȉȐȍȕȐȐ 

ǴȐȕȐȔȈȓȤȕȖȍ 
ȒȖȓȐȟȍșȚȊȖ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǵȍȖȚȘȐȞȈȚȍȓȤȕȖȍ 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȔȐȕȐȔȈȓȤȕȖȍ 
ȒȖȓȐȟȍșȚȊȖ ȕȈȉȓȦȌȍȕȐȑ, ȒȖȚȖȘȖȍ ȔȖȎȍȚ 
ȉȣȚȤ Ȋ ȓȐșȚȍ 
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ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ 

ȕȈȉȓȦȌȍȕȐȑ Ȋ 
ȓȐșȚȍ 

ȟȐșȓȖ 
ǷȖ țȔȖȓȟȈȕȐȦ — 5 

ǴȐȕȐȔȈȓȤȕȈȧ ȌȖȓȧ 
ȊȍșȈ ȕȈȉȓȦȌȍȕȐȑ Ȋ 
ȓȐșȚȍ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǵȍȖȚȘȐȞȈȚȍȓȤȕȖȍ 
ȟȐșȓȖ 
ǷȖ țȔȖȓȟȈȕȐȦ — 0 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȖȗȘȍȌȍȓȧȍȚ 
ȔȐȕȐȔȈȓȤȕȣȑ ȊȍșȖȊȖȑ ȒȖȥȜȜȐȞȐȍȕȚ 
ȊȣȉȖȘȒȐ Ȋ ȓȐșȚȖȊȖȔ țȏȓȍ. ǷȖ țȔȖȓȟȈȕȐȦ 
ȕȈȉȓȦȌȍȕȐȧ ȐȔȍȦȚ ȖȌȐȕȈȒȖȊȣȑ Ȋȍș 

ǴȈȒșȐȔȈȓȤȕȖȍ 
ȒȖȓȐȟȍșȚȊȖ 
ȗȘȐȏȕȈȒȖȊ 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ 
șȗȐșȖȒ șȖ 
șȓȍȌțȦȡȐȔȐ 
ȏȕȈȟȍȕȐȧȔȐ: 

 all (ȗȖ 
țȔȖȓȟȈȕȐȦ) 

 sqrt 
 log2 
 number 
 frac 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȖȗȘȍȌȍȓȧȍȚ 
ȔȈȒșȐȔȈȓȤȕȖȍ ȒȖȓȐȟȍșȚȊȖ ȗȘȐȏȕȈȒȖȊ, 
ȒȖȚȖȘȖȍ ȉțȌȍȚ țȟȐȚȣȊȈȚȤșȧ ȗȘȐ ȗȖȐșȒȍ 
ȓțȟȠȍȋȖ ȘȈȏȌȍȓȍȕȐȧ. ǷȘȍȌțșȔȖȚȘȍȕȣ 
șȓȍȌțȦȡȐȍ ȊȈȘȐȈȕȚȣ: 

 all – țȟȐȚȣȊȈȚȤ Ȋșȍ ȌȖșȚțȗȕȣȍ 
ȗȘȐȏȕȈȒȐ 

 sqrt – țȟȐȚȣȊȈȚȤ sqrt(ȟȐșȓȖ Ȋșȍȝ 
ȌȖșȚțȗȕȣȝ ȗȘȐȏȕȈȒȖȊ) 

 log2 – țȟȐȚȣȊȈȚȤ log2(ȟȐșȓȖ Ȋșȍȝ 
ȌȖșȚțȗȕȣȝ ȗȘȐȏȕȈȒȖȊ) 

 number – țȟȐȚȣȊȈȚȤ țȒȈȏȈȕȕȖȍ 
ȟȐșȓȖ ȗȘȐȏȕȈȒȖȊ 

 frac – țȟȐȚȣȊȈȚȤ int(țȒȈȏȈȕȕȖȍ 
ȟȐșȓȖ * ȟȐșȓȖ Ȋșȍȝ ȌȖșȚțȗȕȣȝ 
ȗȘȐȏȕȈȒȖȊ) 
ǷȘȐ ȊȣȉȖȘȍ number ȐȓȐ frac 
ȗȖȧȊȐȚșȧ ȌȖȗȖȓȕȐȚȍȓȤȕȣȑ 
ȗȈȘȈȔȍȚȘ ǿȐșȓȖ (ȊȊȖȌȐȚșȧ int) Ȑ 
Frac (ȊȊȖȌȐȚșȧ float) 
șȖȖȚȊȍȚșȚȊȍȕȕȖ. 

Seed ǸțȟȕȖȑ ȊȊȖȌ 
ǷȖ țȔȖȓȟȈȕȐȦ — 
12345 

ǵȈȟȈȓȤȕȖȍ ȟȐșȓȖȊȖȍ ȏȕȈȟȍȕȐȍ Ȍȓȧ 
ȋȍȕȍȘȈȚȖȘȈ șȓțȟȈȑȕȣȝ ȟȐșȍȓ 

ǴȈȒșȐȔȈȓȤȕȖȍ 
ȒȖȓȐȟȍșȚȊȖ ȓȐșȚȖȊ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǵȍȖȚȘȐȞȈȚȍȓȤȕȖȍ 
ȟȐșȓȖ 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȖȗȘȍȌȍȓȧȍȚ 
ȔȈȒșȐȔȈȓȤȕȖȍ ȒȖȓȐȟȍșȚȊȖ ȓȐșȚȖȊ Ȋ 
ȌȍȘȍȊȍ 

ǴȐȕȐȔȈȓȤȕȖȍ 
șȕȐȎȍȕȐȍ 
ȕȍȖȌȕȖȘȖȌȕȖșȚȐ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǵȍȖȚȘȐȞȈȚȍȓȤȕȖȍ 
ȟȐșȓȖ 
ǷȖ țȔȖȓȟȈȕȐȦ — 0 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȖȗȘȍȌȍȓȧȍȚ 
ȔȐȕȐȔȈȓȤȕȖȍ șȕȐȎȍȕȐȍ ȕȍȖȌȕȖȘȖȌȕȖșȚȐ 
ǻȏȍȓ ȉțȌȍȚ ȘȈȏȌȍȓȍȕ, ȍșȓȐ ȥȚȖ 
ȘȈȏȌȍȓȍȕȐȍ ȊȣȏȖȊȍȚ țȔȍȕȤȠȍȕȐȍ 
ȕȍȖȌȕȖȘȖȌȕȖșȚȐ ȉȖȓȤȠȍȍ ȐȓȐ ȘȈȊȕȖȍ 
țȒȈȏȈȕȕȖȔț ȏȕȈȟȍȕȐȦ 

ccp_alpha  
(ȖȚșȍȟȍȕȐȍ ș 
ȔȐȕȐȔȐȏȈȞȐȍȑ 
șȚȖȐȔȖșȚȐ-

șȓȖȎȕȖșȚȐ)  
ǴȍȚȖȌ ȖȚșȍȟȍȕȐȧ 
ȌȍȘȍȊȈ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǷȖ țȔȖȓȟȈȕȐȦ — 0 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȘȍȋțȓȐȘțȍȚ ȒȖȓȐȟȍșȚȊȖ 
ȖȚșȍȒȈȍȔȣȝ țȏȓȖȊ. ǿȍȔ ȉȖȓȤȠȍ ȏȕȈȟȍȕȐȍ 
ccp_alpha, ȚȍȔ ȉȖȓȤȠȍȍ ȒȖȓȐȟȍșȚȊȖ țȏȓȖȊ 
țȌȈȓȧȍȚșȧ Ȑȏ ȌȍȘȍȊȈ 

ǺȈȉȓȐȞȈ 29 ǷȈȘȈȔȍȚȘȣ țȏȓȈ «ǬȍȘȍȊȖ ȘȍȠȍȕȐȑ» 

ǸȍȏțȓȤȚȈȚȣ ȊȣȗȖȓȕȍȕȐȧ țȏȓȈ: 

ǻȏȍȓ «ǬȍȘȍȊȖ ȘȍȠȍȕȐȑ» ȐȔȍȍȚ ȘȈȏȕȣȍ ȘȍȏțȓȤȚȈȚȣ Ȋ ȏȈȊȐșȐȔȖșȚȐ ȖȚ ȘȍȠȈȍȔȖȑ 
ȏȈȌȈȟȐ. 
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ǸȍȏțȓȤȚȈȚȣ ȉȐȕȈȘȕȖȑ ȒȓȈșșȐȜȐȒȈȞȐȐ ȗȘȍȌșȚȈȊȓȍȕȣ șȓȍȌțȦȡȐȔȐ ȖȉȢȍȒȚȈȔȐ: 

 ǫȘȈȜȐȒ ROC . 

 

ǸȐșțȕȖȒ 134 ǷȘȐȔȍȘ ȋȘȈȜȐȒȈ ROC 

 ǫȘȈȜȐȒ Lift. 

 

ǸȐșțȕȖȒ 135 ǷȘȐȔȍȘ ȋȘȈȜȐȒȈ Lift 
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 ǫȘȈȜȐȒ Cumulative Lift. 

 

ǸȐșțȕȖȒ 136 ǷȘȐȔȍȘ ȋȘȈȜȐȒȈ Cumulative Lift 

 ǫȘȈȜȐȒ Gain. 

 

ǸȐșțȕȖȒ 137  ǷȘȐȔȍȘ ȋȘȈȜȐȒȈ Gain 
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 ǫȘȈȜȐȒ Cumulative Gain. 

 

ǸȐșțȕȖȒ 138 ǷȘȐȔȍȘ ȋȘȈȜȐȒȈ Cumulative Gain 

 ǬȐȈȋȘȈȔȔȈ ȌȍȘȍȊȈ ȘȍȠȍȕȐȑ. 

 

ǸȐșțȕȖȒ 139 ǷȘȐȔȍȘ ȋȘȈȜȐȒȈ ȌȍȘȍȊȈ ȘȍȠȍȕȐȑ 
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 ǺȈȉȓȐȞȈ ș ȔȍȚȘȐȒȈȔȐ ȒȈȟȍșȚȊȈ ȔȖȌȍȓȐ. 

 

ǸȐșțȕȖȒ 140  ǷȘȐȔȍȘ ȚȈȉȓȐȞȣ ș ȔȍȚȘȐȒȈȔȐ ȒȈȟȍșȚȊȈ ȔȖȌȍȓȐ 

 ǺȈȉȓȐȞȈ ș ȔȍȚȘȐȒȈȔȐ ȒȈȟȍșȚȊȈ ȔȖȌȍȓȐ Ȍȓȧ ȏȈȌȈȟȐ ȒȓȈșșȐȜȐȒȈȞȐȐ. 

 

ǸȐșțȕȖȒ 141 ǷȘȐȔȍȘ ȚȈȉȓȐȞȣ ș ȔȍȚȘȐȒȈȔȐ ȒȈȟȍșȚȊȈ ȔȖȌȍȓȐ Ȍȓȧ ȏȈȌȈȟȐ 
ȒȓȈșșȐȜȐȒȈȞȐȐ 

 ǺȈȉȓȐȞȈ șȖ șȗȐșȒȖȔ ȗȍȘȍȔȍȕȕȣȝ, șȖȘȚȐȘȖȊȈȕȕȣȝ ȗȖ ȊȈȎȕȖșȚȐ. 

 

ǸȐșțȕȖȒ 142  ǷȘȐȔȍȘ ȚȈȉȓȐȞȣ șȖ șȗȐșȒȖȔ ȗȍȘȍȔȍȕȕȣȝ, ȖȚșȖȘȚȐȘȖȊȈȕȕȣȝ ȗȖ 
ȊȈȎȕȖșȚȐ 
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ǸȍȏțȓȤȚȈȚȣ ȔȕȖȋȖȒȓȈșșȖȊȖȑ ȒȓȈșșȐȜȐȒȈȞȐȐ ȗȘȍȌșȚȈȊȓȍȕȣ șȓȍȌțȦȡȐȔȐ 
ȖȉȢȍȒȚȈȔȐ: 

 ǬȐȈȋȘȈȔȔȈ ȌȍȘȍȊȈ ȘȍȠȍȕȐȑ. 

 ǺȈȉȓȐȞȈ ș ȔȍȚȘȐȒȈȔȐ ȒȈȟȍșȚȊȈ ȔȖȌȍȓȐ. 

 

ǸȐșțȕȖȒ 143  ǷȘȐȔȍȘ ȚȈȉȓȐȞȣ ș ȔȍȚȘȐȒȈȔȐ ȒȈȟȍșȚȊȈ ȔȖȌȍȓȐ 

 ǺȈȉȓȐȞȈ ș ȔȍȚȘȐȒȈȔȐ ȒȈȟȍșȚȊȈ ȔȖȌȍȓȐ Ȍȓȧ ȏȈȌȈȟȐ ȒȓȈșșȐȜȐȒȈȞȐȐ. 

 

ǸȐșțȕȖȒ 144     ǷȘȐȔȍȘ ȚȈȉȓȐȞȣ ș ȔȍȚȘȐȒȈȔȐ ȒȈȟȍșȚȊȈ ȔȖȌȍȓȐ Ȍȓȧ ȏȈȌȈȟȐ 
ȒȓȈșșȐȜȐȒȈȞȐȐ 
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 ǺȈȉȓȐȞȈ șȖ șȗȐșȒȖȔ ȗȍȘȍȔȍȕȕȣȝ, șȖȘȚȐȘȖȊȈȕȕȣȝ ȗȖ ȊȈȎȕȖșȚȐ. 

 

ǸȐșțȕȖȒ 145 ǷȘȐȔȍȘ ȚȈȉȓȐȞȣ șȖ șȗȐșȒȖȔ ȗȍȘȍȔȍȕȕȣȝ, șȖȘȚȐȘȖȊȈȕȕȣȝ ȗȖ 
ȊȈȎȕȖșȚȐ 

ǸȍȏțȓȤȚȈȚȣ ȘȍȋȘȍșșȐȐ ȗȘȍȌșȚȈȊȓȍȕȣ șȓȍȌțȦȡȐȔȐ ȖȉȢȍȒȚȈȔȐ: 

 ǺȍȗȓȖȊȣȍ ȒȈȘȚȣ ȖȉțȟȈȦȡȍȑ, ȚȍșȚȖȊȖȑ Ȑ ȊȈȓȐȌȈȞȐȖȕȕȖȑ ȊȣȉȖȘȖȒ. 

 

ǸȐșțȕȖȒ 146  ǷȘȐȔȍȘ ȚȍȗȓȖȊȖȑ ȒȈȘȚȣ ȕȈ ȌȈȕȕȣȝ ȖȉțȟȈȦȡȍȑ ȊȣȉȖȘȒȐ 
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«ǺȍȗȓȖȊȣȍ» ȒȈȘȚȣ, ȖȚȘȈȎȈȦȡȐȍ ȒȖȘȘȍȓȧȞȐȦ ȐȓȐ ȈșșȖȞȐȈȞȐȦ ȚȐȗȈ ȝȐ-ȒȊȈȌȘȈȚ 
ȗȍȘȊȖȕȈȟȈȓȤȕȣȝ ȏȕȈȟȍȕȐȑ ș ȞȍȓȍȊȣȔȐ ȗȘȐȏȕȈȒȈȔȐ ȗȖ șȍȋȔȍȕȚȈȔ. 

 ǬȐȈȋȘȈȔȔȈ ȌȍȘȍȊȈ ȘȍȠȍȕȐȑ. 

 

ǸȐșțȕȖȒ 147  ǷȘȐȔȍȘ ȌȐȈȋȘȈȔȔȣ ȌȍȘȍȊȈ ȘȍȠȍȕȐȑ Ȍȓȧ ȏȈȌȈȟȐ ȘȍȋȘȍșșȐȐ 

 ǺȈȉȓȐȞȈ ș ȔȍȚȘȐȒȈȔȐ ȒȈȟȍșȚȊȈ ȔȖȌȍȓȐ. 

 

 

ǸȐșțȕȖȒ 148 ǷȘȐȔȍȘ ȚȈȉȓȐȞȣ ș ȔȍȚȘȐȒȈȔȐ ȒȈȟȍșȚȊȈ ȔȖȌȍȓȐ 

 

 ǺȈȉȓȐȞȈ șȖ șȗȐșȒȖȔ ȗȍȘȍȔȍȕȕȣȝ, șȖȘȚȐȘȖȊȈȕȕȣȝ ȗȖ ȊȈȎȕȖșȚȐ (ȘȐșțȕȖȒ 
ȊȣȠȍ). 
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3.2.5.8.2. ǻȏȍȓ «ǹȓțȟȈȑȕȣȑ ȓȍș» 

Ǫ ȖșȕȖȊȍ țȏȓȈ «ǹȓțȟȈȑȕȣȑ ȓȍș» ȓȍȎȐȚ ȈȓȋȖȘȐȚȔ ȔȈȠȐȕȕȖȋȖ ȖȉțȟȍȕȐȧ, ȒȖȚȖȘȣȑ 
ȗȘȍȌșȚȈȊȓȧȍȚ șȖȉȖȑ ȈȕșȈȔȉȓȤ ȌȍȘȍȊȤȍȊ ȘȍȠȍȕȐȑ. 

ǨȓȋȖȘȐȚȔ ȘȈȉȖȚȣ: ǨȕșȈȔȉȓȐȘȖȊȈȕȐȍ — ȥȚȖ ȚȐȗ ȖȉțȟȍȕȐȧ, ȗȘȐ ȒȖȚȖȘȖȔ 
ȖȉȢȍȌȐȕȧȦȚșȧ ȘȈȏȓȐȟȕȣȍ ȚȐȗȣ ȈȓȋȖȘȐȚȔȖȊ ȐȓȐ ȚȖȚ Ȏȍ ȈȓȋȖȘȐȚȔ ȕȍșȒȖȓȤȒȖ ȘȈȏ, ȟȚȖ 
ȗȖȏȊȖȓȧȍȚ șȜȖȘȔȐȘȖȊȈȚȤ ȉȖȓȍȍ ȔȖȡȕțȦ ȗȘȖȋȕȖȏȕțȦ ȔȖȌȍȓȤ. ǺȈȒ, Ȋ ȈȓȋȖȘȐȚȔȍ 
ǹȓțȟȈȑȕȖȋȖ ȓȍșȈ ȒȈȎȌȖȍ ȌȍȘȍȊȖ ȗȘȍȌșȒȈȏȣȊȈȍȚ ȒȓȈșș (Ȋ șȓțȟȈȍ ȏȈȌȈȟȐ 
ȒȓȈșșȐȜȐȒȈȞȐȐ) ȐȓȐ ȏȕȈȟȍȕȐȍ (Ȋ șȓțȟȈȍ ȏȈȌȈȟȐ ȘȍȋȘȍșșȐȐ) ȕȈ ȖșȕȖȊȈȕȐȐ șȊȖȍȋȖ 
ȘȈȏȉȐȍȕȐȧ, Ȑ ȊȣȉȐȘȈȍȚșȧ ȚȖ ȗȘȍȌșȒȈȏȈȕȐȍ, ȒȖȚȖȘȖȍ ȗȖȓțȟȐȓȖ ȕȈȐȉȖȓȤȠȍȍ 
ȒȖȓȐȟȍșȚȊȖ ȋȖȓȖșȖȊ (Ȋ șȓțȟȈȍ ȏȈȌȈȟȐ ȒȓȈșșȐȜȐȒȈȞȐȐ) ȐȓȐ șȘȍȌȕȍȍ ȏȕȈȟȍȕȐȍ Ȋșȍȝ 
ȗȘȍȌșȒȈȏȈȕȕȣȝ ȏȕȈȟȍȕȐȑ (Ȋ șȓțȟȈȍ ȏȈȌȈȟȐ ȘȍȋȘȍșșȐȐ). 

ǹȗȐșȖȒ ȗȈȘȈȔȍȚȘȖȊ țȏȓȈ ȗȘȍȌșȚȈȊȓȍȕ Ȋ ȚȈȉȓȐȞȍ ȕȐȎȍ. 

ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ 

ǵȈȏȊȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ 
ȏȕȈȟȍȕȐȍ ȕȍȚ 

ǵȈȏȊȈȕȐȍ țȏȓȈ, ȒȖȚȖȘȖȍ ȉțȌȍȚ 
ȖȚȖȉȘȈȎȈȚȤșȧ Ȋ ȐȕȚȍȘȜȍȑșȍ 

ǶȗȐșȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ 
ȏȕȈȟȍȕȐȍ ȕȍȚ 

ǶȗȐșȈȕȐȍ țȏȓȈ 

ǲȖȓȐȟȍșȚȊȖ 
ȌȍȘȍȊȤȍȊ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǵȍȖȚȘȐȞȈȚȍȓȤȕȖȍ ȟȐșȓȖ 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȖȗȘȍȌȍȓȧȍȚ ȒȖȓȐȟȍșȚȊȖ 
ȌȍȘȍȊȤȍȊ Ȋ șȓțȟȈȑȕȖȔ ȓȍșț 

ǲȘȐȚȍȘȐȑ 
ȘȈȏȉȐȍȕȐȧ Ȍȓȧ 
ȒȓȈșșȐȜȐȒȈȞȐȐ 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ 
șȗȐșȖȒ șȖ șȓȍȌțȦȡȐȔȐ 
ȏȕȈȟȍȕȐȧȔȐ: 

 Gini 
 entropy 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȒȘȐȚȍȘȐȑ 
ȘȈȏȉȐȍȕȐȧ ȕȈ țȏȓȣ Ȍȓȧ ȒȓȈșșȐȜȐȒȈȞȐȐ. 
ǷȘȍȌțșȔȖȚȘȍȕȣ șȓȍȌțȦȡȐȍ ȒȘȐȚȍȘȐȐ: 

 gini (ȒȖȥȜȜȐȞȐȍȕȚ ǬȎȐȕȐ) 
 entropy (ȒȘȐȚȍȘȐȑ ȗȘȐȘȖșȚȈ 

ȐȕȜȖȘȔȈȞȐȐ, ȥȕȚȘȖȗȐȧ) 
ǲȘȐȚȍȘȐȑ 
ȘȈȏȉȐȍȕȐȧ Ȍȓȧ 
ȘȍȋȘȍșșȐȐ 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ 
șȗȐșȖȒ șȖ șȓȍȌțȦȡȐȔȐ 
ȏȕȈȟȍȕȐȧȔȐ: 

 squared error 
 friedman mse 
 absolute error 
 poisson 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȒȘȐȚȍȘȐȑ 
ȘȈȏȉȐȍȕȐȧ Ȍȓȧ ȘȍȋȘȍșșȐȖȕȕȖȑ ȏȈȌȈȟȐ. 
ǷȘȍȌțșȔȖȚȘȍȕȣ șȓȍȌțȦȡȐȍ ȒȘȐȚȍȘȐȐ: 

 squared error (șȘȍȌȕȍȒȊȈȌȘȈȚȐȟȕȈȧ 
ȖȠȐȉȒȈ) 

 friedman mse (șȘȍȌȕȍȒȊȈȌȘȈȚȐȟȕȈȧ 
ȖȠȐȉȒȈ ș ȖȞȍȕȒȖȑ țȓțȟȠȍȕȐȧ 
ǼȘȐȌȔȈȕȈ) 

 absolute error (șȘȍȌȕȧȧ ȈȉșȖȓȦȚȕȈȧ 
ȖȠȐȉȒȈ) 

 poisson (ȖȚȒȓȖȕȍȕȐȍ ǷțȈșșȖȕȈ) 
ǴȈȒșȐȔȈȓȤȕȈȧ 
ȋȓțȉȐȕȈ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǵȍȖȚȘȐȞȈȚȍȓȤȕȖȍ ȟȐșȓȖ 
ǷȖ țȔȖȓȟȈȕȐȦ — 5 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȔȈȒșȐȔȈȓȤȕțȦ 
ȋȓțȉȐȕț ȌȍȘȍȊȈ, ȗȖșȓȍ ȌȖșȚȐȎȍȕȐȧ 
ȒȖȚȖȘȖȑ ȈȓȋȖȘȐȚȔ ȖșȚȈȕȈȊȓȐȊȈȍȚ ȘȈȉȖȚț. 

ǴȐȕȐȔȈȓȤȕȖȍ 
ȒȖȓȐȟȍșȚȊȖ 
ȕȈȉȓȦȌȍȕȐȑ Ȍȓȧ 
ȘȈȏȉȐȍȕȐȧ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǵȍȖȚȘȐȞȈȚȍȓȤȕȖȍ ȟȐșȓȖ 
ǷȖ țȔȖȓȟȈȕȐȦ — 2 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȔȐȕȐȔȈȓȤȕȖȍ 
ȒȖȓȐȟȍșȚȊȖ ȕȈȉȓȦȌȍȕȐȑ, ȒȖȚȖȘȖȍ ȌȖȓȎȕȖ 
ȉȣȚȤ Ȋ ȘȈȏȉȐȍȕȐȐ 

ǴȐȕȐȔȈȓȤȕȖȍ 
ȒȖȓȐȟȍșȚȊȖ 
ȕȈȉȓȦȌȍȕȐȑ Ȋ 
ȓȐșȚȍ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǵȍȖȚȘȐȞȈȚȍȓȤȕȖȍ ȟȐșȓȖ 
ǷȖ țȔȖȓȟȈȕȐȦ — 5 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȔȐȕȐȔȈȓȤȕȖȍ 
ȒȖȓȐȟȍșȚȊȖ ȕȈȉȓȦȌȍȕȐȑ, ȒȖȚȖȘȖȍ ȔȖȎȍȚ 
ȉȣȚȤ Ȋ ȓȐșȚȍ 
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ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ 

ǴȈȒșȐȔȈȓȤȕȖȍ 
ȒȖȓȐȟȍșȚȊȖ 
ȗȘȐȏȕȈȒȖȊ 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ 
șȗȐșȖȒ șȖ șȓȍȌțȦȡȐȔȐ 
ȏȕȈȟȍȕȐȧȔȐ: 

 all 
 sqrt 
 log2 
 number 
 frac 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȖȗȘȍȌȍȓȧȍȚ 
ȔȈȒșȐȔȈȓȤȕȖȍ ȒȖȓȐȟȍșȚȊȖ ȗȘȐȏȕȈȒȖȊ, 
ȒȖȚȖȘȖȍ ȉțȌȍȚ țȟȐȚȣȊȈȚȤșȧ ȗȘȐ ȗȖȐșȒȍ 
ȓțȟȠȍȋȖ ȘȈȏȌȍȓȍȕȐȧ. ǷȘȍȌțșȔȖȚȘȍȕȣ 
șȓȍȌțȦȡȐȍ ȊȈȘȐȈȕȚȣ: 

 all – țȟȐȚȣȊȈȚȤ Ȋșȍ ȌȖșȚțȗȕȣȍ 
ȗȘȐȏȕȈȒȐ 

 sqrt – țȟȐȚȣȊȈȚȤ sqrt(ȟȐșȓȖ Ȋșȍȝ 
ȌȖșȚțȗȕȣȝ ȗȘȐȏȕȈȒȖȊ) 

 log2 – țȟȐȚȣȊȈȚȤ log2(ȟȐșȓȖ Ȋșȍȝ 
ȌȖșȚțȗȕȣȝ ȗȘȐȏȕȈȒȖȊ) 

 number – țȟȐȚȣȊȈȚȤ țȒȈȏȈȕȕȖȍ 
ȟȐșȓȖ ȗȘȐȏȕȈȒȖȊ 

 frac – țȟȐȚȣȊȈȚȤ int(țȒȈȏȈȕȕȖȍ 
ȟȐșȓȖ * ȟȐșȓȖ Ȋșȍȝ ȌȖșȚțȗȕȣȝ 
ȗȘȐȏȕȈȒȖȊ) 
ǷȘȐ ȊȣȉȖȘȍ number ȐȓȐ frac 
ȗȖȧȊȐȚșȧ ȌȖȗȖȓȕȐȚȍȓȤȕȣȑ ȗȈȘȈȔȍȚȘ 
ǿȐșȓȖ (ȊȊȖȌȐȚșȧ int) Ȑ Frac 
(ȊȊȖȌȐȚșȧ float) șȖȖȚȊȍȚșȚȊȍȕȕȖ. 

Seed ǸțȟȕȖȑ ȊȊȖȌ ȟȐșȓȖȊȖȋȖ 
ȏȕȈȟȍȕȐȧ 
ǷȖ țȔȖȓȟȈȕȐȦ — 12345 

ǵȈȟȈȓȤȕȖȍ ȟȐșȓȖȊȖȍ ȏȕȈȟȍȕȐȍ Ȍȓȧ 
ȋȍȕȍȘȈȚȖȘȈ șȓțȟȈȑȕȣȝ ȟȐșȍȓ 

ǴȈȒșȐȔȈȓȤȕȖȍ 
ȒȖȓȐȟȍșȚȊȖ 
ȓȐșȚȖȊ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǵȍȖȚȘȐȞȈȚȍȓȤȕȖȍ ȟȐșȓȖ 
ǷȖ țȔȖȓȟȈȕȐȦ — 0 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȖȗȘȍȌȍȓȧȍȚ 
ȔȈȒșȐȔȈȓȤȕȖȍ ȒȖȓȐȟȍșȚȊȖ ȓȐșȚȖȊ Ȋ ȌȍȘȍȊȍ 

ǴȐȕȐȔȈȓȤȕȖȍ 
șȕȐȎȍȕȐȍ 
ȕȍȖȌȕȖȘȖȌȕȖșȚȐ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǵȍȖȚȘȐȞȈȚȍȓȤȕȖȍ ȟȐșȓȖ 
ǷȖ țȔȖȓȟȈȕȐȦ — 0 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȖȗȘȍȌȍȓȧȍȚ 
ȔȐȕȐȔȈȓȤȕȖȍ șȕȐȎȍȕȐȍ ȕȍȖȌȕȖȘȖȌȕȖșȚȐ 
ǻȏȍȓ ȉțȌȍȚ ȘȈȏȌȍȓȍȕ, ȍșȓȐ ȥȚȖ ȘȈȏȌȍȓȍȕȐȍ 
ȊȣȏȖȊȍȚ țȔȍȕȤȠȍȕȐȍ ȕȍȖȌȕȖȘȖȌȕȖșȚȐ 
ȉȖȓȤȠȍȍ ȐȓȐ ȘȈȊȕȖȍ țȒȈȏȈȕȕȖȔț ȏȕȈȟȍȕȐȦ 

ǰșȗȖȓȤȏȖȊȈȚȤ 
ȉțȚșȚȘȍȗ 

ǿȍȒȉȖȒș ǬȈȕȕȣȑ ȟȍȒȉȖȒș țȒȈȏȣȊȈȍȚ ȕȈ 
ȕȍȖȉȝȖȌȐȔȖșȚȤ ȐșȗȖȓȤȏȖȊȈȕȐȧ ȔȍȚȖȌȈ 
ȗȖȊȚȖȘȕȖȑ ȊȣȉȖȘȒȐ ȕȈȉȓȦȌȍȕȐȑ 

ǸȈȏȔȍȘ ȉțȚșȚȘȍȗ-

ȊȣȉȖȘȖȒ 
ǸțȟȕȖȑ ȊȊȖȌ 
ǵȍȖȚȘȐȞȈȚȍȓȤȕȖȍ ȟȐșȓȖ 
ǷȖ țȔȖȓȟȈȕȐȦ — 1 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȘȈȏȔȍȘ ȉțȚșȚȘȍȗ-
ȊȣȉȖȘȖȒ 

ǴȐȕȐȔȈȓȤȕȈȧ 
ȌȖȓȧ ȊȍșȈ 
ȕȈȉȓȦȌȍȕȐȑ Ȋ 
ȓȐșȚȍ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǵȍȖȚȘȐȞȈȚȍȓȤȕȖȍ ȟȐșȓȖ 
ǷȖ țȔȖȓȟȈȕȐȦ — 0 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȖȗȘȍȌȍȓȧȍȚ 
ȔȐȕȐȔȈȓȤȕȣȑ ȊȍșȖȊȖȑ ȒȖȥȜȜȐȞȐȍȕȚ 
ȊȣȉȖȘȒȐ Ȋ ȓȐșȚȖȊȖȔ țȏȓȍ. ǷȖ țȔȖȓȟȈȕȐȦ 
ȕȈȉȓȦȌȍȕȐȧ ȐȔȍȦȚ ȖȌȐȕȈȒȖȊȣȑ Ȋȍș 

ǲȖȓȐȟȍșȚȊȖ 
ȗȈȘȈȓȓȍȓȤȕȣȝ 
șȍșșȐȑ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǵȍȖȚȘȐȞȈȚȍȓȤȕȖȍ ȟȐșȓȖ 
ǷȖ țȔȖȓȟȈȕȐȦ — 0 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȒȖȓȐȟȍșȚȊȖ 
ȗȈȘȈȓȓȍȓȤȕȣȝ șȍșșȐȑ 

ccp_alpha ǸțȟȕȖȑ ȊȊȖȌ 
ǷȖ țȔȖȓȟȈȕȐȦ — 0 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȘȍȋțȓȐȘțȍȚ ȒȖȓȐȟȍșȚȊȖ 
ȖȚșȍȒȈȍȔȣȝ țȏȓȖȊ. ǿȍȔ ȉȖȓȤȠȍ ȏȕȈȟȍȕȐȍ 
ccp_alpha, ȚȍȔ ȉȖȓȤȠȍȍ ȒȖȓȐȟȍșȚȊȖ țȏȓȖȊ 
țȌȈȓȧȍȚșȧ Ȑȏ ȌȍȘȍȊȈ 

ǺȈȉȓȐȞȈ 30 ǷȈȘȈȔȍȚȘȣ țȏȓȈ «ǹȓțȟȈȑȕȣȑ ȓȍș» 

ǸȍȏțȓȤȚȈȚȣ ȊȣȗȖȓȕȍȕȐȧ țȏȓȈ: 
ǻȏȍȓ «ǹȓțȟȈȑȕȣȑ ȓȍș» ȐȔȍȍȚ ȘȈȏȕȣȍ ȘȍȏțȓȤȚȈȚȣ Ȋ ȏȈȊȐșȐȔȖșȚȐ ȖȚ ȘȍȠȈȍȔȖȑ 
ȏȈȌȈȟȐ. 
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ǸȍȏțȓȤȚȈȚȣ ȉȐȕȈȘȕȖȑ ȒȓȈșșȐȜȐȒȈȞȐȐ ȗȘȍȌșȚȈȊȓȍȕȣ șȓȍȌțȦȡȐȔȐ ȖȉȢȍȒȚȈȔȐ: 

 ǫȘȈȜȐȒ ROC (ȈȕȈȓȖȋȐȟȕȖ țȏȓț «ǬȍȘȍȊȖ ȘȍȠȍȕȐȑ»). 

 ǫȘȈȜȐȒ Lift (ȈȕȈȓȖȋȐȟȕȖ țȏȓț «ǬȍȘȍȊȖ ȘȍȠȍȕȐȑ»). 

 ǫȘȈȜȐȒ Cumulative Lift (ȈȕȈȓȖȋȐȟȕȖ țȏȓț «ǬȍȘȍȊȖ ȘȍȠȍȕȐȑ»). 

 ǫȘȈȜȐȒ Gain (ȈȕȈȓȖȋȐȟȕȖ țȏȓț «ǬȍȘȍȊȖ ȘȍȠȍȕȐȑ»). 

 ǫȘȈȜȐȒ Cumulative Gain (ȈȕȈȓȖȋȐȟȕȖ țȏȓț «ǬȍȘȍȊȖ ȘȍȠȍȕȐȑ»). 

 ǺȈȉȓȐȞȈ ș ȔȍȚȘȐȒȈȔȐ ȒȈȟȍșȚȊȈ ȔȖȌȍȓȐ (ȈȕȈȓȖȋȐȟȕȖ țȏȓț «ǬȍȘȍȊȖ ȘȍȠȍȕȐȑ»). 

 ǺȈȉȓȐȞȈ ș ȔȍȚȘȐȒȈȔȐ ȒȈȟȍșȚȊȈ ȔȖȌȍȓȐ Ȍȓȧ ȏȈȌȈȟȐ ȒȓȈșșȐȜȐȒȈȞȐȐ 
(ȈȕȈȓȖȋȐȟȕȖ țȏȓț «ǬȍȘȍȊȖ ȘȍȠȍȕȐȑ»). 

 ǺȈȉȓȐȞȈ șȖ șȗȐșȒȖȔ ȗȍȘȍȔȍȕȕȣȝ, șȖȘȚȐȘȖȊȈȕȕȣȝ ȗȖ ȊȈȎȕȖșȚȐ (ȈȕȈȓȖȋȐȟȕȖ 
țȏȓț «ǬȍȘȍȊȖ ȘȍȠȍȕȐȑ»). 

ǸȍȏțȓȤȚȈȚȣ ȔȕȖȋȖȒȓȈșșȖȊȖȑ ȒȓȈșșȐȜȐȒȈȞȐȐ ȗȘȍȌșȚȈȊȓȍȕȣ șȓȍȌțȦȡȐȔȐ 
ȖȉȢȍȒȚȈȔȐ: 

 ǺȈȉȓȐȞȈ ș ȔȍȚȘȐȒȈȔȐ ȒȈȟȍșȚȊȈ ȔȖȌȍȓȐ (ȈȕȈȓȖȋȐȟȕȖ țȏȓț «ǬȍȘȍȊȖ ȘȍȠȍȕȐȑ»). 

 ǺȈȉȓȐȞȈ ș ȔȍȚȘȐȒȈȔȐ ȒȈȟȍșȚȊȈ ȔȖȌȍȓȐ Ȍȓȧ ȏȈȌȈȟȐ ȒȓȈșșȐȜȐȒȈȞȐȐ 
(ȈȕȈȓȖȋȐȟȕȖ țȏȓț «ǬȍȘȍȊȖ ȘȍȠȍȕȐȑ»). 

 ǺȈȉȓȐȞȈ șȖ șȗȐșȒȖȔ ȗȍȘȍȔȍȕȕȣȝ, șȖȘȚȐȘȖȊȈȕȕȣȝ ȗȖ ȊȈȎȕȖșȚȐ (ȈȕȈȓȖȋȐȟȕȖ 
țȏȓț «ǬȍȘȍȊȖ ȘȍȠȍȕȐȑ»). 

ǸȍȏțȓȤȚȈȚȣ ȘȍȋȘȍșșȐȐ ȗȘȍȌșȚȈȊȓȍȕȣ șȓȍȌțȦȡȐȔȐ ȖȉȢȍȒȚȈȔȐ: 

 ǺȍȗȓȖȊȣȍ ȒȈȘȚȣ ȖȉțȟȈȦȡȍȑ, ȚȍșȚȖȊȖȑ Ȑ ȊȈȓȐȌȈȞȐȖȕȕȖȑ ȊȣȉȖȘȖȒ 
(ȈȕȈȓȖȋȐȟȕȖ țȏȓț «ǬȍȘȍȊȖ ȘȍȠȍȕȐȑ»). 

 ǺȈȉȓȐȞȈ ș ȔȍȚȘȐȒȈȔȐ ȒȈȟȍșȚȊȈ ȔȖȌȍȓȐ (ȈȕȈȓȖȋȐȟȕȖ țȏȓț «ǬȍȘȍȊȖ ȘȍȠȍȕȐȑ»). 

 ǺȈȉȓȐȞȈ șȖ șȗȐșȒȖȔ ȗȍȘȍȔȍȕȕȣȝ, șȖȘȚȐȘȖȊȈȕȕȣȝ ȗȖ ȊȈȎȕȖșȚȐ (ȈȕȈȓȖȋȐȟȕȖ 
țȏȓț «ǬȍȘȍȊȖ ȘȍȠȍȕȐȑ»). 

3.2.5.8.3. ǻȏȍȓ «ǩȈȑȍșȖȊșȒȈȧ ȘȍȋȘȍșșȐȧ» 

ǻȏȍȓ «ǩȈȑȍșȖȊșȒȈȧ ȘȍȋȘȍșșȐȧ» ȗȘȍȌșȚȈȊȓȧȍȚ șȖȉȖȑ ȓȐȕȍȑȕțȦ ȘȍȋȘȍșșȐȦ ș 
ȗȘȐȔȍȕȍȕȐȍȔ ȘȈșȗȘȍȌȍȓȍȕȐȧ ȊȍȘȖȧȚȕȖșȚȍȑ ȗȈȘȈȔȍȚȘȖȊ, Ȉ ȕȍ ȚȖȟȍȟȕȣȝ ȖȞȍȕȖȒ. 

ǨȓȋȖȘȐȚȔ ȘȈȉȖȚȣ: Ǫ ȖșȕȖȊȍ țȏȓȈ ȓȍȎȐȚ ǩȈȑȍșȖȊșȒȈȧ ȋȘȍȉȕȍȊȈȧ ȘȍȋȘȍșșȐȧ, ȋȌȍ 
ȖȗȚȐȔȐȏȐȘțȦȚșȧ ȗȈȘȈȔȍȚȘȣ ȘȍȋțȓȧȘȐȏȈȞȐȐ lambda (ȚȖȟȕȖșȚȤ ȊȍșȖȊ) Ȑ alpha 
(ȚȖȟȕȖșȚȤ ȠțȔȈ). 

ǹȗȐșȖȒ ȗȈȘȈȔȍȚȘȖȊ țȏȓȈ ȗȘȍȌșȚȈȊȓȍȕ Ȋ ȚȈȉȓȐȞȍ ȕȐȎȍ. 

ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ 

ǵȈȏȊȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ 
ȏȕȈȟȍȕȐȍ ȕȍȚ 

ǵȈȏȊȈȕȐȍ țȏȓȈ, ȒȖȚȖȘȖȍ ȉțȌȍȚ 
ȖȚȖȉȘȈȎȈȚȤșȧ Ȋ ȐȕȚȍȘȜȍȑșȍ 
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ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ 

ǶȗȐșȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ 
ȏȕȈȟȍȕȐȍ ȕȍȚ 

ǶȗȐșȈȕȐȍ țȏȓȈ 

ǲȖȓȐȟȍșȚȊȖ 
ȐȚȍȘȈȞȐȑ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǵȍȖȚȘȐȞȈȚȍȓȤȕȖȍ 
ȟȐșȓȖ, ȉȖȓȤȠȍ ȐȓȐ 
ȘȈȊȕȖ 1 
ǷȖ țȔȖȓȟȈȕȐȦ — 300 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȒȖȓȐȟȍșȚȊȖ 
ȐȚȍȘȈȞȐȑ, ȗȖșȓȍ ȌȖșȚȐȎȍȕȐȧ ȒȖȚȖȘȖȋȖ 
ȈȓȋȖȘȐȚȔ ȖșȚȈȕȈȊȓȐȊȈȍȚșȧ 

ǬȖȉȈȊȐȚȤ 
ȒȖȕșȚȈȕȚț Ȋ 
ȔȖȌȍȓȤ 

ǿȍȒȉȖȒș ǪȣȉȖȘ ȌȈȕȕȖȋȖ ȟȍȒȉȖȒșȈ ȌȖȉȈȊȐȚ 
ȒȖȕșȚȈȕȚț Ȋ ȔȖȌȍȓȤ 

ǬȖȗțșȚȐȔȈȧ 
ȗȖȋȘȍȠȕȖșȚȤ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǵȍȖȚȘȐȞȈȚȍȓȤȕȖȍ ȟȐșȓȖ 
ǷȖ țȔȖȓȟȈȕȐȦ — 
0,0001 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȌȖȗțșȚȐȔțȦ 
ȗȖȋȘȍȠȕȖșȚȤ, ȗȖșȓȍ ȌȖșȚȐȎȍȕȐȧ ȒȖȚȖȘȖȑ 
ȈȓȋȖȘȐȚȔ ȖșȚȈȕȈȊȓȐȊȈȍȚșȧ 

ǹȚȈȕȌȈȘȚȐȏȈȞȐȧ ǸȈșȒȘȣȊȈȦȡȐȑșȧ 
șȗȐșȖȒ șȖ șȓȍȌțȦȡȐȔȐ 
ȏȕȈȟȍȕȐȧȔȐ: 

 no (ȗȖ 
țȔȖȓȟȈȕȐȦ) 

 std 
 range 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȖȚȊȍȟȈȍȚ ȏȈ ȊȣȉȖȘ 
ȔȍȚȖȌȈ șȚȈȕȌȈȘȚȐȏȈȞȐȐ ȌȈȕȕȣȝ. 
ǷȘȍȌțșȔȖȚȘȍȕȣ șȓȍȌțȦȡȐȍ ȔȍȚȖȌȣ: 

 no — ȕȍȚ 
  std — șȚȈȕȌȈȘȚȕȖȍ ȖȚȒȓȖȕȍȕȐȍ - 

ȗȘȍȖȉȘȈȏțȍȚ ȕȈȉȓȦȌȍȕȐȧ ȚȈȒȐȔ 
ȖȉȘȈȏȖȔ, ȟȚȖȉȣ Ȑȝ șȘȍȌȕȍȍ 
ȏȕȈȟȍȕȐȍ ȘȈȊȕȧȓȖșȤ ȕțȓȦ, Ȉ 
șȚȈȕȌȈȘȚȕȖȍ ȖȚȒȓȖȕȍȕȐȍ ȘȈȊȕȧȓȖșȤ 
1. 

 range — ȌȐȈȗȈȏȖȕ - ȓȐȕȍȑȕȖ 
ȗȘȍȖȉȘȈȏțȍȚ ȏȕȈȟȍȕȐȧ ȗȍȘȍȔȍȕȕȣȝ 
Ȋ ȌȐȈȗȈȏȖȕ [0, 1]. 

Alpha 1 ǸțȟȕȖȑ ȊȊȖȌ 
ǵȍȖȚȘȐȞȈȚȍȓȤȕȖȍ ȟȐșȓȖ 
ǷȖ țȔȖȓȟȈȕȐȦ — 
0,000001 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȗȘȍȌșȚȈȊȓȧȍȚ șȖȉȖȑ 
ȗȈȘȈȔȍȚȘ ȜȖȘȔȣ Ȍȓȧ ȗȘȍȌȊȈȘȐȚȍȓȤȕȖȋȖ 
ȘȈșȗȘȍȌȍȓȍȕȐȧ ǫȈȔȔȈ ȕȈȌ ȗȈȘȈȔȍȚȘȖȔ 
ȈȓȤȜȈ 

Alpha 2 ǸțȟȕȖȑ ȊȊȖȌ 
ǵȍȖȚȘȐȞȈȚȍȓȤȕȖȍ ȟȐșȓȖ 
ǷȖ țȔȖȓȟȈȕȐȦ — 
0,000001 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȗȘȍȌșȚȈȊȓȧȍȚ șȖȉȖȑ 
ȖȉȘȈȚȕȣȑ ȗȈȘȈȔȍȚȘ ȔȈșȠȚȈȉȈ (ȗȈȘȈȔȍȚȘ 
șȒȖȘȖșȚȐ) Ȍȓȧ ȗȘȍȌȊȈȘȐȚȍȓȤȕȖȋȖ 
ȘȈșȗȘȍȌȍȓȍȕȐȧ ǫȈȔȔȈ ȕȈȌ ȗȈȘȈȔȍȚȘȖȔ 
ȈȓȤȜȈ 

Alpha init ǸțȟȕȖȑ ȊȊȖȌ 
ǵȍȖȚȘȐȞȈȚȍȓȤȕȖȍ ȟȐșȓȖ 
ǷȖ țȔȖȓȟȈȕȐȦ — 0 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȗȘȍȌșȚȈȊȓȧȍȚ șȖȉȖȑ 
ȕȈȟȈȓȤȕȖȍ ȏȕȈȟȍȕȐȍ Ȍȓȧ alpha (ȚȖȟȕȖșȚȤ 
ȠțȔȈ) 

Lambda 1 ǸțȟȕȖȑ ȊȊȖȌ 
ǵȍȖȚȘȐȞȈȚȍȓȤȕȖȍ ȟȐșȓȖ 
ǷȖ țȔȖȓȟȈȕȐȦ — 
0,000001 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȗȘȍȌșȚȈȊȓȧȍȚ șȖȉȖȑ 
ȗȈȘȈȔȍȚȘ ȜȖȘȔȣ Ȍȓȧ ȗȘȍȌȊȈȘȐȚȍȓȤȕȖȋȖ 
ȘȈșȗȘȍȌȍȓȍȕȐȧ ǫȈȔȔȈ ȕȈȌ ȗȈȘȈȔȍȚȘȖȔ 
ȓȧȔȉȌȈ 

Lambda 2 ǸțȟȕȖȑ ȊȊȖȌ 
ǵȍȖȚȘȐȞȈȚȍȓȤȕȖȍ ȟȐșȓȖ 
ǷȖ țȔȖȓȟȈȕȐȦ — 
0,000001 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȗȘȍȌșȚȈȊȓȧȍȚ șȖȉȖȑ 
ȖȉȘȈȚȕȣȑ ȗȈȘȈȔȍȚȘ ȔȈșȠȚȈȉȈ (ȗȈȘȈȔȍȚȘ 
șȒȖȘȖșȚȐ) Ȍȓȧ ȗȘȍȌȊȈȘȐȚȍȓȤȕȖȋȖ 
ȘȈșȗȘȍȌȍȓȍȕȐȧ ǫȈȔȔȈ ȕȈȌ ȗȈȘȈȔȍȚȘȖȔ 
ȓȧȔȉȌȈ 

Lambda init ǸțȟȕȖȑ ȊȊȖȌ 
ǵȍȖȚȘȐȞȈȚȍȓȤȕȖȍ ȟȐșȓȖ 
ǷȖ țȔȖȓȟȈȕȐȦ — 1 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȗȘȍȌșȚȈȊȓȧȍȚ șȖȉȖȑ 
ȕȈȟȈȓȤȕȖȍ ȏȕȈȟȍȕȐȍ Ȍȓȧ ȓȧȔȉȌȣ 
(ȚȖȟȕȖșȚȤ ȊȍșȖȊ) 

ǺȈȉȓȐȞȈ 31 ǷȈȘȈȔȍȚȘȣ țȏȓȈ «ǩȈȑȍșȖȊșȒȈȧ ȘȍȋȘȍșșȐȧ» 
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ǸȍȏțȓȤȚȈȚȣ ȊȣȗȖȓȕȍȕȐȧ țȏȓȈ: 

 ǺȍȗȓȖȊȣȍ ȒȈȘȚȣ Ȍȓȧ ȖȉțȟȈȦȡȍȑ, ȊȈȓȐȌȈȞȐȖȕȕȖȑ Ȑ ȚȍșȚȖȊȖȑ ȊȣȉȖȘȖȒ. 

 

ǸȐșțȕȖȒ 149 ǷȘȐȔȍȘ ȚȍȗȓȖȊȖȑ ȒȈȘȚȣ ȕȈ ȌȈȕȕȣȝ ȖȉțȟȈȦȡȍȑ ȊȣȉȖȘȒȐ 

 ǺȈȉȓȐȞȈ ș ȔȍȚȘȐȒȈȔȐ ȒȈȟȍșȚȊȈ ȔȖȌȍȓȐ. 

 

 

ǸȐșțȕȖȒ 150 ǷȘȐȔȍȘ ȚȈȉȓȐȞȣ ș ȔȍȚȘȐȒȈȔȐ ȒȈȟȍșȚȊȈ ȔȖȌȍȓȐ 
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 ǺȈȉȓȐȞȈ ș ȒȖȥȜȜȐȞȐȍȕȚȈȔȐ ȗȍȘȍȔȍȕȕȣȝ. 

 

ǸȐșțȕȖȒ 151 ǷȘȐȔȍȘ ȚȈȉȓȐȞȣ ș ȒȖȥȜȜȐȞȐȍȕȚȈȔȐ ȗȍȘȍȔȍȕȕȣȝ 

3.2.5.8.4. ǻȏȍȓ «ǳȐȕȍȑȕȈȧ ȘȍȋȘȍșșȐȧ» 

Ǫ ȖșȕȖȊȍ țȏȓȈ «ǳȐȕȍȑȕȈȧ ȘȍȋȘȍșșȐȧ» ȓȍȎȐȚ ȔȖȌȍȓȤ ȏȈȊȐșȐȔȖșȚȐ ȔȍȎȌț 
ȊȝȖȌȕȣȔȐ Ȑ ȊȣȝȖȌȕȣȔȐ ȗȍȘȍȔȍȕȕȣȔȐ ș ȓȐȕȍȑȕȖȑ ȜțȕȒȞȐȍȑ șȊȧȏȐ. 

ǹȗȐșȖȒ ȗȈȘȈȔȍȚȘȖȊ țȏȓȈ ȗȘȍȌșȚȈȊȓȍȕ Ȋ ȚȈȉȓȐȞȍ ȕȐȎȍ. 

ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ 

ǵȈȏȊȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ 
ȏȕȈȟȍȕȐȍ ȕȍȚ 

ǵȈȏȊȈȕȐȍ țȏȓȈ, ȒȖȚȖȘȖȍ ȉțȌȍȚ 
ȖȚȖȉȘȈȎȈȚȤșȧ Ȋ ȐȕȚȍȘȜȍȑșȍ 

ǶȗȐșȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ 
ȏȕȈȟȍȕȐȍ ȕȍȚ 

ǶȗȐșȈȕȐȍ țȏȓȈ 

ǬȖȉȈȊȐȚȤ ȒȖȕșȚȈȕȚț 
Ȋ ȔȖȌȍȓȤ 

ǿȍȒȉȖȒș ǪȣȉȖȘ ȌȈȕȕȖȋȖ ȟȍȒȉȖȒșȈ ȌȖȉȈȊȐȚ 
ȒȖȕșȚȈȕȚț Ȋ ȔȖȌȍȓȤ 

L1 ǸțȟȕȖȑ ȊȊȖȌ 
ǵȍȖȚȘȐȞȈȚȍȓȤȕȖȍ ȟȐșȓȖ 
ǷȖ țȔȖȓȟȈȕȐȦ — 0,5 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȏȕȈȟȍȕȐȍ L1-
ȘȍȋțȓȧȘȐȏȈȞȐȐ 

L2 ǸțȟȕȖȑ ȊȊȖȌ 
ǵȍȖȚȘȐȞȈȚȍȓȤȕȖȍ ȟȐșȓȖ 
ǷȖ țȔȖȓȟȈȕȐȦ — 0,5 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȏȕȈȟȍȕȐȍ L2-
ȘȍȋțȓȧȘȐȏȈȞȐȐ 

Seed ǸțȟȕȖȑ ȊȊȖȌ ȟȐșȓȖȊȖȋȖ 
ȏȕȈȟȍȕȐȧ 
ǷȖ țȔȖȓȟȈȕȐȦ — 42 

ǵȈȟȈȓȤȕȖȍ ȟȐșȓȖȊȖȍ ȏȕȈȟȍȕȐȍ Ȍȓȧ 
ȋȍȕȍȘȈȚȖȘȈ șȓțȟȈȑȕȣȝ ȟȐșȍȓ 
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ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ 

ǲȖȓȐȟȍșȚȊȖ 
ȐȚȍȘȈȞȐȑ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǵȍȖȚȘȐȞȈȚȍȓȤȕȖȍ ȟȐșȓȖ 
ǷȖ țȔȖȓȟȈȕȐȦ — 100 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȒȖȓȐȟȍșȚȊȖ 
ȐȚȍȘȈȞȐȑ, ȗȖșȓȍ ȌȖșȚȐȎȍȕȐȧ ȈȓȋȖȘȐȚȔ 
ȖșȚȈȕȈȊȓȐȊȈȍȚșȧ 

ǴȍȚȖȌ ȖȗȚȐȔȐȏȈȞȐȐ 
Ȍȓȧ ȋȘȍȉȕȍȊȖȑ 
ȘȍȋȘȍșșȐȐ 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ 
șȗȐșȖȒ șȖ șȓȍȌțȦȡȐȔȐ 
ȏȕȈȟȍȕȐȧȔȐ: 

 svd 
 cholesky 
 lsqr (ȗȖ 

țȔȖȓȟȈȕȐȦ) 
 sparse_cg 
 sag 
 saga 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȔȍȚȖȌ 
ȖȗȚȐȔȐȏȈȞȐȐ Ȍȓȧ ȋȘȍȉȕȍȊȖȑ 
ȘȍȋȘȍșșȐȐ. ǷȘȍȌțșȔȖȚȘȍȕȣ șȓȍȌțȦȡȐȍ 
ȊȈȘȐȈȕȚȣ: 

 svd - ȐșȗȖȓȤȏțȍȚ șȐȕȋțȓȧȘȕȖȍ 
ȘȈȏȓȖȎȍȕȐȍ 

 cholesky 
 lsqr - ȐșȗȖȓȤȏțȍȚ șȗȍȞȐȈȓȤȕțȦ 

ȗȘȖȞȍȌțȘț țȗȖȘȧȌȖȟȍȕȕȣȝ 
ȕȈȐȔȍȕȤȠȐȝ ȒȊȈȌȘȈȚȖȊ 

 sparse_cg - ȐșȗȖȓȤȏțȍȚ 
ȘȍȠȈȚȍȓȤ șȖȗȘȧȎȍȕȕȣȝ 
ȋȘȈȌȐȍȕȚȖȊ 

 sag - ȐșȗȖȓȤȏțȍȚ stochastic 
average gradient descent 

 saga - ȐșȗȖȓȤȏțȍȚ țȓțȟȠȍȕȕțȦ 
ȊȍȘșȐȦ stochastic average 
gradient descent 

ǬȖȗțșȚȐȔȈȧ 
ȗȖȋȘȍȠȕȖșȚȤ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǵȍȖȚȘȐȞȈȚȍȓȤȕȖȍ ȟȐșȓȖ 
ǷȖ țȔȖȓȟȈȕȐȦ — 0,0001 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȌȖȗțșȚȐȔțȦ 
ȗȖȋȘȍȠȕȖșȚȤ, ȗȖșȓȍ ȌȖșȚȐȎȍȕȐȧ 
ȒȖȚȖȘȖȑ ȈȓȋȖȘȐȚȔ ȖșȚȈȕȈȊȓȐȊȈȍȚșȧ 

ǷȘȈȊȐȓȖ 
ȖȉȕȖȊȓȍȕȐȧ 
ȒȖȥȜȜȐȞȐȍȕȚȖȊ 
ȔȖȌȍȓȐ 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ 
șȗȐșȖȒ șȖ șȓȍȌțȦȡȐȔȐ 
ȏȕȈȟȍȕȐȧȔȐ: 

 cyclic (ȗȖ 
țȔȖȓȟȈȕȐȦ) 

 random 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȗȘȈȊȐȓȖ 
ȖȉȕȖȊȓȍȕȐȧ ȒȖȥȜȜȐȞȐȍȕȚȖȊ ȔȖȌȍȓȐ. 
ǷȘȍȌțșȔȖȚȘȍȕȣ șȓȍȌțȦȡȐȍ ȊȈȘȐȈȕȚȣ: 

 cyclic  - ȗȖșȓȍȌȖȊȈȚȍȓȤȕȣȑ 
ȗȍȘȍȉȖȘ 

 random - șȓțȟȈȑȕȣȍ 
ȒȖȥȜȜȐȞȐȍȕȚȣ ȖȉȕȖȊȓȧȦȚșȧ 
ȒȈȎȌțȦ ȐȚȍȘȈȞȐȦ 

ǺȈȉȓȐȞȈ 32 ǷȈȘȈȔȍȚȘȣ țȏȓȈ «ǳȐȕȍȑȕȈȧ ȘȍȋȘȍșșȐȧ» 

ǸȍȏțȓȤȚȈȚȣ ȊȣȗȖȓȕȍȕȐȧ țȏȓȈ: 

 ǺȍȗȓȖȊȣȍ ȒȈȘȚȣ Ȍȓȧ ȖȉțȟȈȦȡȍȑ, ȊȈȓȐȌȈȞȐȖȕȕȖȑ Ȑ ȚȍșȚȖȊȖȑ ȊȣȉȖȘȖȒ 
(ǨȕȈȓȖȋȐȟȕȖ țȏȓț «ǩȈȑȍșȖȊșȒȈȧ ȘȍȋȘȍșșȐȧ»). 

 ǺȈȉȓȐȞȈ ș ȔȍȚȘȐȒȈȔȐ ȒȈȟȍșȚȊȈ ȔȖȌȍȓȐ (ǨȕȈȓȖȋȐȟȕȖ țȏȓț «ǩȈȑȍșȖȊșȒȈȧ 
ȘȍȋȘȍșșȐȧ»). 

 ǺȈȉȓȐȞȈ ș ȒȖȥȜȜȐȞȐȍȕȚȈȔȐ ȗȍȘȍȔȍȕȕȣȝ (ǨȕȈȓȖȋȐȟȕȖ țȏȓț «ǩȈȑȍșȖȊșȒȈȧ 
ȘȍȋȘȍșșȐȧ»). 

3.2.5.8.5. ǻȏȍȓ «ǳȖȋȐșȚȐȟȍșȒȈȧ ȘȍȋȘȍșșȐȧ» 

Ǫ ȖșȕȖȊȍ țȏȓȈ «ǳȖȋȐșȚȐȟȍșȒȈȧ ȘȍȋȘȍșșȐȧ» ȓȍȎȐȚ ȔȍȚȖȌ ȗȖșȚȘȖȍȕȐȧ ȓȐȕȍȑȕȖȋȖ 
ȒȓȈșșȐȜȐȒȈȚȖȘȈ, ȗȖȏȊȖȓȧȦȡȐȑ ȖȞȍȕȐȊȈȚȤ ȈȗȖșȚȍȘȐȖȘȕȣȍ ȊȍȘȖȧȚȕȖșȚȐ 
ȗȘȐȕȈȌȓȍȎȕȖșȚȐ ȖȉȢȍȒȚȖȊ ȒȓȈșșȈȔ. 

ǹȗȐșȖȒ ȗȈȘȈȔȍȚȘȖȊ țȏȓȈ ȗȘȍȌșȚȈȊȓȍȕ Ȋ ȚȈȉȓȐȞȍ ȕȐȎȍ. 
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ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ 

ǵȈȏȊȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ 
ȏȕȈȟȍȕȐȍ ȕȍȚ 

ǵȈȏȊȈȕȐȍ țȏȓȈ, ȒȖȚȖȘȖȍ ȉțȌȍȚ 
ȖȚȖȉȘȈȎȈȚȤșȧ Ȋ ȐȕȚȍȘȜȍȑșȍ 

ǶȗȐșȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ 
ȏȕȈȟȍȕȐȍ ȕȍȚ 

ǶȗȐșȈȕȐȍ țȏȓȈ 

ǺȐȗ 
ȔȕȖȋȖȒȓȈșșȖȊȖȑ 
ȒȓȈșșȐȜȐȒȈȞȐȐ 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ șȗȐșȖȒ 
șȖ șȓȍȌțȦȡȐȔȐ 
ȏȕȈȟȍȕȐȧȔȐ: 

 ǩȐȕȈȘȕȈȧ 
ȒȓȈșșȐȜȐȒȈȞȐȧ 
(ȗȖ țȔȖȓȟȈȕȐȦ) 

 ǴȕȖȋȖȒȓȈșșȖȊȈȧ 
ȒȓȈșșȐȜȐȒȈȞȐȧ 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȚȐȗ 
ȔȕȖȋȖȒȓȈșșȖȊȖȑ ȒȓȈșșȐȜȐȒȈȞȐȐ. 
ǷȘȍȌțșȔȖȚȘȍȕȣ șȓȍȌțȦȡȐȍ ȔȍȚȖȌȣ: 

 ǩȐȕȈȘȕȈȧ ȒȓȈșșȐȜȐȒȈȞȐȧ – ȔȍȚȖȌ 
«ȖȌȐȕ ȗȘȖȚȐȊ ȖșȚȈȓȤȕȣȝ» 

 ǴȕȖȋȖȒȓȈșșȖȊȈȧ ȒȓȈșșȐȜȐȒȈȞȐȧ 
– ȔȍȚȖȌ «ȔȕȖȋȐȍ ȗȘȖȚȐȊ ȔȕȖȋȐȝ» 
ǭșȓȐ ȘȍȠȈȍȚșȧ ȉȐȕȈȘȕȈȧ 
ȓȖȋȐșȚȐȟȍșȒȈȧ ȘȍȋȘȍșșȐȧ, 
ȘȈȏȕȐȞȣ ȔȍȎȌț 
ȘȈșșȔȈȚȘȐȊȈȍȔȣȔȐ ȔȍȚȖȌȈȔȐ ȕȍȚ. 

ǬȖȉȈȊȐȚȤ 
ȒȖȕșȚȈȕȚț Ȋ 
ȔȖȌȍȓȤ 

ǿȍȒȉȖȒș ǪȣȉȖȘ ȌȈȕȕȖȋȖ ȟȍȒȉȖȒșȈ ȌȖȉȈȊȐȚ 
ȒȖȕșȚȈȕȚț Ȋ ȔȖȌȍȓȤ 

L1 ǸțȟȕȖȑ ȊȊȖȌ 
ǿȐșȓȖ ȉȖȓȤȠȍ ȐȓȐ 
ȘȈȊȕȖȍ 0 
ǷȖ țȔȖȓȟȈȕȐȦ — 0,5 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȏȕȈȟȍȕȐȍ L1-
ȘȍȋțȓȧȘȐȏȈȞȐȐ 

L2 ǸțȟȕȖȑ ȊȊȖȌ 
ǿȐșȓȖ ȉȖȓȤȠȍ ȐȓȐ 
ȘȈȊȕȖȍ 0 
ǷȖ țȔȖȓȟȈȕȐȦ — 0,5 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȏȕȈȟȍȕȐȍ L2-
ȘȍȋțȓȧȘȐȏȈȞȐȐ 

Seed ǸțȟȕȖȑ ȊȊȖȌ ȟȐșȓȖȊȖȋȖ 
ȏȕȈȟȍȕȐȧ 
ǷȖ țȔȖȓȟȈȕȐȦ — 42 

ǵȈȟȈȓȤȕȖȍ ȟȐșȓȖȊȖȍ ȏȕȈȟȍȕȐȍ Ȍȓȧ 
ȋȍȕȍȘȈȚȖȘȈ șȓțȟȈȑȕȣȝ ȟȐșȍȓ 

ǲȖȓȐȟȍșȚȊȖ 
ȐȚȍȘȈȞȐȑ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǵȍȖȚȘȐȞȈȚȍȓȤȕȖȍ ȟȐșȓȖ 
ǷȖ țȔȖȓȟȈȕȐȦ — 100 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȒȖȓȐȟȍșȚȊȖ 
ȐȚȍȘȈȞȐȑ, ȗȖșȓȍ ȌȖșȚȐȎȍȕȐȧ ȈȓȋȖȘȐȚȔ 
ȖșȚȈȕȈȊȓȐȊȈȍȚșȧ 

ǴȍȚȖȌ 
ȖȗȚȐȔȐȏȈȞȐȐ 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ șȗȐșȖȒ 
șȖ șȓȍȌțȦȡȐȔȐ 
ȏȕȈȟȍȕȐȧȔȐ: 

 lbfgs (ȗȖ 
țȔȖȓȟȈȕȐȦ) 

 newton-cg 
 liblinear 
 sag 
 saga 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȔȍȚȖȌ 
ȖȗȚȐȔȐȏȈȞȐȐ. ǷȘȍȌțșȔȖȚȘȍȕȣ 
șȓȍȌțȦȡȐȍ ȔȍȚȖȌȣ: 

 lbfgs – ȐșȗȖȓȤȏțȍȚ ȊȚȖȘțȦ 
ȗȘȖȐȏȊȖȌȕțȦ ȔȈȚȘȐȞț ȜțȕȒȞȐȐ 
ȗȖȚȍȘȤ Ȍȓȧ ȐȚȍȘȈȞȐȖȕȕȖȑ 
ȖȗȚȐȔȐȏȈȞȐȐ ȜțȕȒȞȐȐ ȗȖȚȍȘȤ 

 newton-cg – ȐșȗȖȓȤȏțȍȚ ȈȓȋȖȘȐȚȔ 
Newton-Conjugate-Gradient 

 liblinear – ȐșȗȖȓȤȏțȍȚ ȔȍȚȖȌ 
șȗțșȒȈ ȖșȐ ȒȖȖȘȌȐȕȈȚ Ȍȓȧ 
ȐȚȍȘȈȚȐȊȕȖȑ ȖȗȚȐȔȐȏȈȞȐȐ 
ȜțȕȒȞȐȐ ȗȖȚȍȘȤ 

 sag – șȚȖȝȈșȚȐȟȍșȒȐȑ șȘȍȌȕȐȑ 
ȋȘȈȌȐȍȕȚȕȣȑ șȗțșȒ 

 saga – ȐșȗȖȓȤȏțȍȚ țȓțȟȠȍȕȕțȦ 
ȊȍȘșȐȦ șȚȖȝȈșȚȐȟȍșȒȖȋȖ șȘȍȌȕȍȋȖ 
ȋȘȈȌȐȍȕȚȕȖȋȖ șȗțșȒȈ 

ǴȍȚȖȌ liblinear ȌȖșȚțȗȍȕ ȚȖȓȤȒȖ ȗȘȐ 
ȊȣȉȖȘȍ ȉȐȕȈȘȕȖȑ ȒȓȈșșȐȜȐȒȈȞȐȐ. 
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ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ 

ǴȍȚȖȌȣ newton-cg, lbfgs, sag Ȑ saga 
ȖȉȘȈȉȈȚȣȊȈȦȚ L2 ȐȓȐ ȉȍȏ ȠȚȘȈȜȈ. 
ǴȍȚȖȌȣ liblinear Ȑ saga ȚȈȒȎȍ 
ȖȉȘȈȉȈȚȣȊȈȦȚ ȠȚȘȈȜ L1. ǴȍȚȖȌ saga 
ȚȈȒȎȍ ȗȖȌȌȍȘȎȐȊȈȍȚ ȠȚȘȈȜ elasticnet 
(L1 + L2). 
Ǭȓȧ ȕȍȉȖȓȤȠȐȝ ȕȈȉȖȘȖȊ ȌȈȕȕȣȝ ȔȍȚȖȌ 
liblinear - ȝȖȘȖȠȐȑ ȊȣȉȖȘ, ȚȖȋȌȈ ȒȈȒ sag 
Ȑ saga ȉȣșȚȘȍȍ Ȍȓȧ ȉȖȓȤȠȐȝ. 
Ǫ șȓțȟȈȍ ȕȍȗȘȈȊȐȓȤȕȖ ȊȣșȚȈȊȓȍȕȕȣȝ 
ȗȖȓȤȏȖȊȈȚȍȓȍȔ ȔȍȚȖȌȖȊ ȖȗȚȐȔȐȏȈȞȐȐ, 
ȈȊȚȖȔȈȚȐȟȍșȒȐ ȉțȌȍȚ ȗȘȖȐȏȊȍȌȍȕȈ 
ȏȈȔȍȕȈ. 

ǬȖȗțșȚȐȔȈȧ 
ȗȖȋȘȍȠȕȖșȚȤ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǵȍȖȚȘȐȞȈȚȍȓȤȕȖȍ ȟȐșȓȖ 
ǷȖ țȔȖȓȟȈȕȐȦ — 0,0001 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȌȖȗțșȚȐȔțȦ 
ȗȖȋȘȍȠȕȖșȚȤ Ȍȓȧ ȖȗȚȐȔȐȏȈȞȐȐ, ȗȖșȓȍ 
ȌȖșȚȐȎȍȕȐȧ ȒȖȚȖȘȖȑ ȈȓȋȖȘȐȚȔ 
ȖșȚȈȕȈȊȓȐȊȈȍȚșȧ 

ǺȈȉȓȐȞȈ 33 ǷȈȘȈȔȍȚȘȣ țȏȓȈ «ǳȖȋȐșȚȐȟȍșȒȈȧ ȘȍȋȘȍșșȐȧ» 

ǸȍȏțȓȤȚȈȚȣ ȊȣȗȖȓȕȍȕȐȧ țȏȓȈ: 

 ǺȈȉȓȐȞȈ ș ȔȍȚȘȐȒȈȔȐ ȒȈȟȍșȚȊȈ ȔȖȌȍȓȐ. 

 

ǸȐșțȕȖȒ 152  ǷȘȐȔȍȘ ȚȈȉȓȐȞȣ ș ȔȍȚȘȐȒȈȔȐ ȒȈȟȍșȚȊȈ ȔȖȌȍȓȐ 
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 ǺȈȉȓȐȞȈ ș ȔȍȚȘȐȒȈȔȐ ȒȈȟȍșȚȊȈ ȔȖȌȍȓȐ ȏȈȌȈȟȐ ȒȓȈșșȐȜȐȒȈȞȐȐ. 

 

ǸȐșțȕȖȒ 153 ǷȘȐȔȍȘ ȚȈȉȓȐȞȣ ș ȔȍȚȘȐȒȈȔȐ ȒȈȟȍșȚȊȈ ȔȖȌȍȓȐ ȏȈȌȈȟȐ 
ȒȓȈșșȐȜȐȒȈȞȐȐ 

 ǺȈȉȓȐȞȈ ș ȒȖȥȜȜȐȞȐȍȕȚȈȔȐ ȗȍȘȍȔȍȕȕȣȝ. 

 

ǸȐșțȕȖȒ 154  ǷȘȐȔȍȘ ȚȈȉȓȐȞȣ ș ȒȖȥȜȜȐȞȐȍȕȚȈȔȐ ȗȍȘȍȔȍȕȕȣȝ 

3.2.5.8.6. ǻȏȍȓ «ǳȐȕȍȑȕȣȍ ȔȖȌȍȓȐ» 

ǻȏȍȓ «ǳȐȕȍȑȕȣȍ ȔȖȌȍȓȐ» ȖȉȢȍȌȐȕȧȍȚ Ȋ șȍȉȍ ȓȐȕȍȑȕȣȍ ȒȓȈșșȐȜȐȒȈȚȖȘȣ Ȑ 
ȘȍȋȘȍșșȖȘȣ ș ȖȉțȟȍȕȐȍȔ ȔȍȚȖȌȖȔ șȚȖȝȈșȚȐȟȍșȒȖȋȖ ȋȘȈȌȐȍȕȚȕȖȋȖ șȗțșȒȈ Ȑ 
ȗȖȌȌȍȘȎȐȊȈȍȚ ȘȈȏȓȐȟȕȣȍ ȜțȕȒȞȐȐ ȗȖȚȍȘȤ Ȑ ȠȚȘȈȜȣ. 

ǹȗȐșȖȒ ȗȈȘȈȔȍȚȘȖȊ țȏȓȈ ȗȘȍȌșȚȈȊȓȍȕ Ȋ ȚȈȉȓȐȞȍ ȕȐȎȍ 
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ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ 

ǵȈȏȊȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ ȏȕȈȟȍȕȐȍ ȕȍȚ 

ǵȈȏȊȈȕȐȍ țȏȓȈ, ȒȖȚȖȘȖȍ ȉțȌȍȚ 
ȖȚȖȉȘȈȎȈȚȤșȧ Ȋ ȐȕȚȍȘȜȍȑșȍ 

ǶȗȐșȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ ȏȕȈȟȍȕȐȍ ȕȍȚ 

ǶȗȐșȈȕȐȍ țȏȓȈ 

ǼțȕȒȞȐȧ ȗȖȚȍȘȤ 
Ȍȓȧ 
ȒȓȈșșȐȜȐȒȈȞȐȐ 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ șȗȐșȖȒ șȖ 
șȓȍȌțȦȡȐȔȐ ȏȕȈȟȍȕȐȧȔȐ: 

 hinge (ȗȖ țȔȖȓȟȈȕȐȦ) 
 log 
 modified_huber 
 squared_hinge 
 perceptron 
 squared_loss 
 huber 
 epsilon_insensitive 
 squared_epsilon_insensitive 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȜțȕȒȞȐȦ 
ȗȖȚȍȘȤ Ȍȓȧ ȒȓȈșșȐȜȐȒȈȞȐȖȕȕȖȑ 
ȏȈȌȈȟȐ. ǷȘȍȌțșȔȖȚȘȍȕȣ 
șȓȍȌțȦȡȐȍ ȜțȕȒȞȐȐ: 

 hinge – șȘȍȌȕȧȧ ȗȖȚȍȘȧ 
ȗȍȚȍȓȤ 

 log – ȓȖȋȐșȚȐȟȍșȒȈȧ 
ȘȍȋȘȍșșȐȧ 

 modified_huber – 
șȋȓȈȎȍȕȕȈȧ ȗȖȚȍȘȧ ȗȍȚȓȐ 

 squared_hinge – ȗȖȝȖȎ ȕȈ 
hinge, ȕȖ ȍȋȖ ȠȚȘȈȜ 
ȊȖȏȊȍȌȍȕ Ȋ ȒȊȈȌȘȈȚ 

 perceptron – ȗȍȘȞȍȗȚȘȖȕ 
 squared_loss – ȔȍȚȖȌ 

ȕȈȐȔȍȕȤȠȐȝ ȒȊȈȌȘȈȚȖȊ 
 huber – ȗȖȚȍȘȧ ǽțȉȍȘȈ 
 epsilon_insensitive 
 squared_epsilon_insensitive 

ǼțȕȒȞȐȧ ȗȖȚȍȘȤ 
Ȍȓȧ ȘȍȋȘȍșșȐȐ 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ șȗȐșȖȒ șȖ 
șȓȍȌțȦȡȐȔȐ ȏȕȈȟȍȕȐȧȔȐ: 

 squared_error (ȗȖ 
țȔȖȓȟȈȕȐȦ) 

 huber 
 epsilon_insensitive 
 squared_epsilon_insensitive 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȜțȕȒȞȐȦ 
ȗȖȚȍȘȤ Ȍȓȧ ȘȍȋȘȍșșȐȖȕȕȖȑ ȏȈȌȈȟȐ. 
ǷȘȍȌțșȔȖȚȘȍȕȣ șȓȍȌțȦȡȐȍ 
ȜțȕȒȞȐȐ: 

 squared_error – ȔȍȚȖȌ 
ȕȈȐȔȍȕȤȠȐȝ ȒȊȈȌȘȈȚȖȊ 

 huber – ȗȖȚȍȘȧ ǽțȉȍȘȈ 
 epsilon_insensitive 
 squared_epsilon_insensitive 

Epsilon ǸțȟȕȖȑ ȊȊȖȌ 
ǵȍȖȚȘȐȞȈȚȍȓȤȕȖȍ ȟȐșȓȖ 
ǷȖ țȔȖȓȟȈȕȐȦ — 0,1 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ Epsilon Ȋ 
ȜțȕȒȞȐȦ ȗȖȚȍȘȤ 

L1 ǸțȟȕȖȑ ȊȊȖȌ 
ǿȐșȓȖ ȉȖȓȤȠȍ ȐȓȐ ȘȈȊȕȖ 0 
ǷȖ țȔȖȓȟȈȕȐȦ — 0,5 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȏȕȈȟȍȕȐȍ 
L1-ȘȍȋțȓȧȘȐȏȈȞȐȐ 

L2 ǸțȟȕȖȑ ȊȊȖȌ 
ǿȐșȓȖ ȉȖȓȤȠȍ ȐȓȐ ȘȈȊȕȖ 0 
ǷȖ țȔȖȓȟȈȕȐȦ — 0,5 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȏȕȈȟȍȕȐȍ 
L2-ȘȍȋțȓȧȘȐȏȈȞȐȐ 

ǷȘȈȊȐȓȖ 
ȖȗȘȍȌȍȓȍȕȐȧ 
șȒȖȘȖșȚȐ 
ȖȉțȟȍȕȐȧ 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ șȗȐșȖȒ șȖ 
șȓȍȌțȦȡȐȔȐ ȏȕȈȟȍȕȐȧȔȐ: 

 constant 
 optimal (ȗȖ țȔȖȓȟȈȕȐȦ) 
 invscaling 
 adaptive 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȗȘȈȊȐȓȖ 
ȖȗȘȍȌȍȓȍȕȐȧ șȒȖȘȖșȚȐ ȖȉțȟȍȕȐȧ. 
ǷȘȍȌțșȔȖȚȘȍȕȣ șȓȍȌțȦȡȐȍ: 

 constant – ȗȖșȚȖȧȕȕȈȧ 
șȒȖȘȖșȚȤ ȖȉțȟȍȕȐȧ 

 optimal – ȖȗȘȍȌȍȓȧȍȚșȧ ȕȈ 
ȖșȕȖȊȍ ȥȊȘȐșȚȐȒȐ, 
ȗȘȍȌȓȖȎȍȕȕȖȑ ǳȍȖȕȖȔ 
ǩȖȚȚț 

 invscaling – ȖȉȘȈȚȕȖȍ 
ȔȈșȠȚȈȉȐȘȖȊȈȕȐȍ 

 adaptive – ȈȌȈȗȚȐȊȕȖȍ 
țȔȍȕȤȠȍȕȐȍ șȒȖȘȖșȚȐ 
ȖȉțȟȍȕȐȧ 
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ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ 

ǵȈȟȈȓȤȕȈȧ 
șȒȖȘȖșȚȤ 
ȖȉțȟȍȕȐȧ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǵȍȖȚȘȐȞȈȚȍȓȤȕȖȍ ȟȐșȓȖ 
ǷȖ țȔȖȓȟȈȕȐȦ — 0,001 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȕȈȟȈȓȤȕțȦ șȒȖȘȖșȚȤ ȖȉțȟȍȕȐȧ 

ǹȚȈȕȌȈȘȚȐȏȈȞȐȧ ǸȈșȒȘȣȊȈȦȡȐȑșȧ șȗȐșȖȒ șȖ 
șȓȍȌțȦȡȐȔȐ ȏȕȈȟȍȕȐȧȔȐ: 

 no (ȗȖ țȔȖȓȟȈȕȐȦ) 
 std 
 range 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȖȚȊȍȟȈȍȚ ȏȈ 
ȊȣȉȖȘ ȔȍȚȖȌȈ șȚȈȕȌȈȘȚȐȏȈȞȐȐ 
ȌȈȕȕȣȝ. ǷȘȍȌțșȔȖȚȘȍȕȣ 
șȓȍȌțȦȡȐȍ ȔȍȚȖȌȣ: 

 no — ȕȍȚ 
 std — șȚȈȕȌȈȘȚȕȖȍ 

ȖȚȒȓȖȕȍȕȐȍ - ȗȘȍȖȉȘȈȏțȍȚ 
ȕȈȉȓȦȌȍȕȐȧ ȚȈȒȐȔ 
ȖȉȘȈȏȖȔ, ȟȚȖȉȣ Ȑȝ șȘȍȌȕȍȍ 
ȏȕȈȟȍȕȐȍ ȘȈȊȕȧȓȖșȤ ȕțȓȦ, 
Ȉ șȚȈȕȌȈȘȚȕȖȍ ȖȚȒȓȖȕȍȕȐȍ 
ȘȈȊȕȧȓȖșȤ 1. 

 range — ȌȐȈȗȈȏȖȕ - 
ȓȐȕȍȑȕȖ ȗȘȍȖȉȘȈȏțȍȚ 
ȏȕȈȟȍȕȐȧ ȗȍȘȍȔȍȕȕȣȝ Ȋ 
ȌȐȈȗȈȏȖȕ [0, 1]. 

ǴȍȚȖȌ 
ȗȖșȚȘȖȍȕȐȧ 
ȊȍȘȖȧȚȕȖșȚȍȑ 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ șȗȐșȖȒ șȖ 
șȓȍȌțȦȡȐȔȐ ȏȕȈȟȍȕȐȧȔȐ: 

 linear (ȗȖ țȔȖȓȟȈȕȐȦ) 
 logistic 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȔȍȚȖȌ 
ȗȖșȚȘȖȍȕȐȧ ȊȍȘȖȧȚȕȖșȚȍȑ 

ǷȖȒȈȏȈȚȍȓȤ 
șȚȍȗȍȕȐ Ȍȓȧ 
ȐȏȔȍȕȍȕȐȧ 
șȒȖȘȖșȚȐ 
ȖȉțȟȍȕȐȧ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǵȍȖȚȘȐȞȈȚȍȓȤȕȖȍ ȟȐșȓȖ 
ǷȖ țȔȖȓȟȈȕȐȦ — 0,5 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȗȖȒȈȏȈȚȍȓȤ șȚȍȗȍȕȐ Ȍȓȧ 
ȐȏȔȍȕȍȕȐȧ șȒȖȘȖșȚȐ ȖȉțȟȍȕȐȧ 

ǬȖȉȈȊȐȚȤ 
ȒȖȕșȚȈȕȚț Ȋ 
ȔȖȌȍȓȤ 

ǿȍȒȉȖȒș ǪȣȉȖȘ ȌȈȕȕȖȋȖ ȟȍȒȉȖȒșȈ ȌȖȉȈȊȐȚ 
ȒȖȕșȚȈȕȚț Ȋ ȔȖȌȍȓȤ 

ǷȍȘȍȔȍȠȈȚȤ 
ȕȈȉȓȦȌȍȕȐȧ 

ǿȍȒȉȖȒș ǪȣȉȖȘ ȌȈȕȕȖȋȖ ȟȍȒȉȖȒșȈ 
țȒȈȏȣȊȈȍȚ ȕȈ ȕȍȖȉȝȖȌȐȔȖșȚȤ 
ȗȍȘȍȔȍȠȈȚȤ ȕȈȉȓȦȌȍȕȐȧ 

Seed ǸțȟȕȖȑ ȊȊȖȌ ȟȐșȓȖȊȖȋȖ ȏȕȈȟȍȕȐȧ 
ǷȖ țȔȖȓȟȈȕȐȦ — 42 

ǵȈȟȈȓȤȕȖȍ ȟȐșȓȖȊȖȍ ȏȕȈȟȍȕȐȍ Ȍȓȧ 
ȋȍȕȍȘȈȚȖȘȈ șȓțȟȈȑȕȣȝ ȟȐșȍȓ 

ǻșȘȍȌȕȍȕȐȍ 
ȒȖȥȜȜȐȞȐȍȕȚȖȊ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǿȐșȓȖ ȉȖȓȤȠȍ ȐȓȐ ȘȈȊȕȖ 0 
ǷȖ țȔȖȓȟȈȕȐȦ — 0 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȊȣȟȐșȓȍȕȐȍ țșȘȍȌȕȍȕȕȣȝ 
ȒȖȥȜȜȐȞȐȍȕȚȖȊ Ȋ 
ȘȍȏțȓȤȚȐȘțȦȡȍȑ ȓȐȕȍȑȕȖȑ 
ȔȖȌȍȓȐ 

ǲȖȓȐȟȍșȚȊȖ 
ȐȚȍȘȈȞȐȑ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǵȍȖȚȘȐȞȈȚȍȓȤȕȖȍ ȟȐșȓȖ 
ǷȖ țȔȖȓȟȈȕȐȦ — 1000 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȒȖȓȐȟȍșȚȊȖ ȐȚȍȘȈȞȐȑ, ȗȖșȓȍ 
ȌȖșȚȐȎȍȕȐȧ ȈȓȋȖȘȐȚȔ 
ȖșȚȈȕȈȊȓȐȊȈȍȚșȧ 

ǸȈȕȕȧȧ 
ȖșȚȈȕȖȊȒȈ 

ǿȍȒȉȖȒș ǪȣȉȖȘ ȌȈȕȕȖȋȖ ȟȍȒȉȖȒșȈ 
țȒȈȏȣȊȈȍȚ ȕȈ ȕȍȖȉȝȖȌȐȔȖșȚȤ 
ȘȈȕȕȍȑ ȖșȚȈȕȖȊȒȐ ȈȓȋȖȘȐȚȔȈ, ȍșȓȐ 
ȊȈȓȐȌȈȞȐȖȕȕȈȧ ȖȞȍȕȒȈ ȕȍ 
țȓțȟȠȈȍȚșȧ 

ǸȈȏȔȍȘ % 
ȊȈȓȐȌȈȞȐȖȕȕȖȑ 
ȊȣȉȖȘȒȐ Ȍȓȧ 
ȘȈȕȕȍȑ 
ȖșȚȈȕȖȊȒȐ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǿȐșȓȖ ȉȖȓȤȠȍ 0 Ȑ ȔȍȕȤȠȍ 1 
ǷȖ țȔȖȓȟȈȕȐȦ — 0,1 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȌȖȓȦ 
ȖȉțȟȈȦȡȐȝ ȌȈȕȕȣȝ, ȒȖȚȖȘȣȍ 
ȕțȎȕȖ ȖȚȓȖȎȐȚȤ Ȋ ȒȈȟȍșȚȊȍ 
ȊȈȓȐȌȈȞȐȖȕȕȖȋȖ ȕȈȉȖȘȈ Ȍȓȧ 
ȘȈȕȕȍȑ ȖșȚȈȕȖȊȒȐ 
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ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ 

ǬȖȗțșȚȐȔȈȧ 
ȗȖȋȘȍȠȕȖșȚȤ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǵȍȖȚȘȐȞȈȚȍȓȤȕȖȍ ȟȐșȓȖ 
ǷȖ țȔȖȓȟȈȕȐȦ — 0,0001 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȌȖȗțșȚȐȔțȦ ȗȖȋȘȍȠȕȖșȚȤ Ȍȓȧ 
ȖȗȚȐȔȐȏȈȞȐȐ 

ǺȈȉȓȐȞȈ 34 ǷȈȘȈȔȍȚȘȣ țȏȓȈ «ǳȐȕȍȑȕȣȍ ȔȖȌȍȓȐ» 

ǸȍȏțȓȤȚȈȚȣ ȊȣȗȖȓȕȍȕȐȧ țȏȓȈ: 

ǻȏȍȓ «ǳȐȕȍȑȕȣȍ ȔȖȌȍȓȐ» ȐȔȍȍȚ ȘȈȏȕȣȍ ȘȍȏțȓȤȚȈȚȣ Ȋ ȏȈȊȐșȐȔȖșȚȐ ȖȚ ȘȍȠȈȍȔȖȑ 
ȏȈȌȈȟȐ. 

ǸȍȏțȓȤȚȈȚȣ ȘȍȋȘȍșșȐȐ ȗȘȍȌșȚȈȊȓȍȕȣ șȓȍȌțȦȡȐȔȐ ȖȉȢȍȒȚȈȔȐ: 
 ǺȍȗȓȖȊȣȍ ȒȈȘȚȣ Ȍȓȧ ȖȉțȟȈȦȡȍȑ, ȊȈȓȐȌȈȞȐȖȕȕȖȑ Ȑ ȚȍșȚȖȊȖȑ ȊȣȉȖȘȖȒ 

(ǨȕȈȓȖȋȐȟȕȖ țȏȓț «ǩȈȑȍșȖȊșȒȈȧ ȘȍȋȘȍșșȐȧ»). 
 ǺȈȉȓȐȞȈ ș ȔȍȚȘȐȒȈȔȐ ȒȈȟȍșȚȊȈ ȔȖȌȍȓȐ (ǨȕȈȓȖȋȐȟȕȖ țȏȓț «ǩȈȑȍșȖȊșȒȈȧ 

ȘȍȋȘȍșșȐȧ»). 
 ǺȈȉȓȐȞȈ ș ȒȖȥȜȜȐȞȐȍȕȚȈȔȐ ȗȍȘȍȔȍȕȕȣȝ (ǨȕȈȓȖȋȐȟȕȖ țȏȓț «ǩȈȑȍșȖȊșȒȈȧ 

ȘȍȋȘȍșșȐȧ»). 
 

ǸȍȏțȓȤȚȈȚȣ ȉȐȕȈȘȕȖȑ ȒȓȈșșȐȜȐȒȈȞȐȐ ȗȘȍȌșȚȈȊȓȍȕȣ șȓȍȌțȦȡȐȔȐ ȖȉȢȍȒȚȈȔȐ: 
 ǫȘȈȜȐȒ ROC. 
 ǫȘȈȜȐȒ Lift. 
 ǫȘȈȜȐȒ Cumulative Lift. 
 ǫȘȈȜȐȒ Gain. 
 ǫȘȈȜȐȒ Cumulative Gain. 
 ǺȈȉȓȐȞȈ ș ȔȍȚȘȐȒȈȔȐ ȒȈȟȍșȚȊȈ ȔȖȌȍȓȐ. 
 ǺȈȉȓȐȞȈ ș ȔȍȚȘȐȒȈȔȐ ȒȈȟȍșȚȊȈ ȔȖȌȍȓȐ ȏȈȌȈȟȐ ȒȓȈșșȐȜȐȒȈȞȐȐ. 
 ǺȈȉȓȐȞȈ ș ȒȖȥȜȜȐȞȐȍȕȚȈȔȐ ȗȍȘȍȔȍȕȕȣȝ. 

ǸȍȏțȓȤȚȈȚȣ ȔȕȖȋȖȒȓȈșșȖȊȖȑ ȒȓȈșșȐȜȐȒȈȞȐȐ ȗȘȍȌșȚȈȊȓȍȕȣ șȓȍȌțȦȡȐȔȐ 
ȖȉȢȍȒȚȈȔȐ: 

 ǺȈȉȓȐȞȈ ș ȔȍȚȘȐȒȈȔȐ ȒȈȟȍșȚȊȈ ȔȖȌȍȓȐ (ǨȕȈȓȖȋȐȟȕȖ țȏȓț «ǳȖȋȐșȚȐȟȍșȒȈȧ 
ȘȍȋȘȍșșȐȧ»). 

 ǺȈȉȓȐȞȈ ș ȔȍȚȘȐȒȈȔȐ ȒȈȟȍșȚȊȈ ȔȖȌȍȓȐ ȏȈȌȈȟȐ ȒȓȈșșȐȜȐȒȈȞȐȐ (ǨȕȈȓȖȋȐȟȕȖ 
țȏȓț «ǳȖȋȐșȚȐȟȍșȒȈȧ ȘȍȋȘȍșșȐȧ»). 

 ǺȈȉȓȐȞȈ ș ȒȖȥȜȜȐȞȐȍȕȚȈȔȐ ȗȍȘȍȔȍȕȕȣȝ (ǨȕȈȓȖȋȐȟȕȖ țȏȓț «ǳȖȋȐșȚȐȟȍșȒȈȧ 
ȘȍȋȘȍșșȐȧ»). 

3.2.5.8.7. ǻȏȍȓ «ǵȍȑȘȖȕȕȈȧ șȍȚȤ» 

ǻȏȍȓ «ǵȍȑȘȖȕȕȈȧ șȍȚȤ» ȗȖȏȊȖȓȧȍȚ șȚȘȖȐȚȤ ȕȍȑȘȖșȍȚȤ ȚȐȗȈ MLP (multilayer 

perceptron, ȔȕȖȋȖșȓȖȑȕȣȑ ȗȍȘȞȍȗȚȘȖȕ), Ȋ ȒȖȚȖȘȖȑ ȊȝȖȌȕȖȑ șȐȋȕȈȓ 
ȗȘȍȖȉȘȈȏțȍȚșȧ Ȋ ȊȣȝȖȌȕȖȑ, ȗȘȖȝȖȌȧ ȗȖșȓȍȌȖȊȈȚȍȓȤȕȖ ȟȍȘȍȏ șȒȘȣȚȣȍ șȓȖȐ. 

ǰșȒțșșȚȊȍȕȕȈȧ ȕȍȑȘȖȕȕȈȧ șȍȚȤ ȗȘȍȌșȚȈȊȓȧȍȚ șȖȉȖȑ șȓȖȎȕțȦ 
ȌȐȜȜȍȘȍȕȞȐȘțȍȔțȦ ȜțȕȒȞȐȦ, ȒȖȚȖȘȈȧ Ȋ ȗȘȖȞȍșșȍ ȖȉțȟȍȕȐȧ șȗȖșȖȉȕȈ ȊȣȧȊȓȧȚȤ 
șȓȖȎȕȣȍ ȏȈȊȐșȐȔȖșȚȐ ȔȍȎȌț ȊȝȖȌȕȣȔȐ Ȑ ȊȣȝȖȌȕȣȔȐ ȌȈȕȕȣȔȐ Ȑ ȊȣȗȖȓȕȧȚȤ 
ȖȉȖȉȡȍȕȐȍ. 
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3.2.5.8.7.1. ǨȘȝȐȚȍȒȚțȘȈ ȕȍȑȘȖȕȕȖȑ șȍȚȐ 

ǵȍȑȘȖȕ – ȉȈȏȖȊȣȑ ȥȓȍȔȍȕȚ Ȍȓȧ ȗȖșȚȘȖȍȕȐȧ ȐșȒțșșȚȊȍȕȕȖȑ ȕȍȑȘȖȕȕȖȑ șȍȚȐ (ȌȈȓȍȍ 
ȗȘȖșȚȖ ȕȍȑȘȖȕȕȖȑ șȍȚȐ). ǷȘȍȌșȚȈȊȓȧȍȚ șȖȉȖȑ ȊȣȟȐșȓȐȚȍȓȤȕȣȑ ȥȓȍȔȍȕȚ, ȒȖȚȖȘȣȑ 
ȐȔȍȍȚ ȕȍșȒȖȓȤȒȖ ȊȝȖȌȖȊ Ȑ ȖȌȐȕ ȊȣȝȖȌ. ǲȈȎȌȣȑ ȊȝȖȌ ȐȔȍȍȚ ȕȍȒȖȚȖȘȣȑ Ȋȍș, ȕȈ 
ȒȖȚȖȘȣȑ țȔȕȖȎȈȍȚșȧ ȗȖșȚțȗȐȊȠȍȍ ȕȈ ȌȈȕȕȣȑ ȊȝȖȌ ȏȕȈȟȍȕȐȍ. ǬȈȓȍȍ Ȋ ȕȍȑȘȖȕȍ 
ȗȘȖȐșȝȖȌȐȚ șțȔȔȐȘȖȊȈȕȐȍ ȊȏȊȍȠȍȕȕȣȝ ȊȝȖȌȕȣȝ ȌȈȕȕȣȝ, Ȑ ȗȖȓțȟȍȕȕȈȧ șțȔȔȈ 
ȗȘȍȖȉȘȈȏțȍȚșȧ ș ȗȖȔȖȡȤȦ ȜțȕȒȞȐȐ ȈȒȚȐȊȈȞȐȐ Ȋ ȏȕȈȟȍȕȐȍ, ȒȖȚȖȘȖȍ Ȑ ȉțȌȍȚ 
ȧȊȓȧȚȤșȧ ȊȣȝȖȌȖȔ ȕȍȑȘȖȕȈ. 

 

ǸȐșțȕȖȒ 155 ǹȚȘȖȍȕȐȍ ȐșȒțșșȚȊȍȕȕȖȋȖ ȕȍȑȘȖȕȈ 

Ǫ ȔȕȖȋȖșȓȖȑȕȣȝ șȍȚȧȝ ȕȍȑȘȖȕȣ șȋȘțȗȗȐȘȖȊȈȕȣ Ȋ șȓȖȐ, ȗȘȐȟȍȔ ȒȈȎȌȣȑ ȕȍȑȘȖȕ 
ȗȘȍȌȣȌțȡȍȋȖ șȓȖȧ șȊȧȏȈȕ șȖ ȊșȍȔȐ ȕȍȑȘȖȕȈȔȐ șȓȍȌțȦȡȍȋȖ șȓȖȧ, Ȉ ȊȕțȚȘȐ șȓȖȍȊ 
șȊȧȏȤ ȔȍȎȌț ȕȍȑȘȖȕȈȔȐ ȖȚșțȚșȚȊțȍȚ. 

 

ǸȐșțȕȖȒ 156 ǹȓȖȐ ȕȍȑȘȖȕȕȖȑ șȍȚȐ 
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ǷȍȘȊȣȑ șȓȖȑ șȍȚȐ ȕȈȏȣȊȈȍȚșȧ ȊȝȖȌȕȣȔ: ȍȋȖ ȕȍȑȘȖȕȣ ȗȘȐȕȐȔȈȦȚ ȥȓȍȔȍȕȚȣ 
ȊȍȒȚȖȘȈ ȗȘȐȏȕȈȒȖȊ Ȑ ȗȍȘȍȌȈȦȚ Ȑȝ ȕȍȑȘȖȕȈȔ șȓȍȌțȦȡȍȋȖ șȓȖȧ ȉȍȏ ȒȈȒȖȑ-ȓȐȉȖ 
ȖȉȘȈȉȖȚȒȐ. 

ǬȈȓȍȍ ȘȈșȗȖȓȈȋȈȦȚșȧ ȖȌȐȕ ȐȓȐ ȕȍșȒȖȓȤȒȖ șȒȘȣȚȣȝ șȓȖȍȊ (ȟȐșȓȖ șȒȘȣȚȣȝ șȓȖȍȊ Ȑ 
ȒȖȓȐȟȍșȚȊȖ ȕȍȑȘȖȕȖȊ Ȋ ȕȐȝ ȏȈȌȈȍȚșȧ ȗȈȘȈȔȍȚȘȖȔ ǲȖȓȐȟȍșȚȊȖ ȕȍȑȘȖȕȖȊ Ȋ 
șȒȘȣȚȖȔ șȓȖȍ, ȗȖȌȘȖȉȕȍȍ Ȋ ȚȈȉȓȐȞȍ ș ȖȗȐșȈȕȐȍȔ ȗȈȘȈȔȍȚȘȖȊ ȕȐȎȍ). ǲȈȎȌȣȑ 
ȕȍȑȘȖȕ Ȋ șȒȘȣȚȖȔ șȓȖȍ ȗȘȍȖȉȘȈȏțȍȚ ȏȕȈȟȍȕȐȧ Ȑȏ ȗȘȍȌȣȌțȡȍȋȖ șȓȖȧ ș ȊȏȊȍȠȍȕȕȣȔ 
ȓȐȕȍȑȕȣȔ șțȔȔȐȘȖȊȈȕȐȍȔ ȜțȕȒȞȐȍȑ ȈȒȚȐȊȈȞȐȐ, ȒȖȚȖȘȈȧ ȗȖȘȖȎȌȈȍȚ ȉȖȓȍȍ 
ȐȕȜȖȘȔȈȚȐȊȕȣȍ ȗȘȐȏȕȈȒȖȊȣȍ ȖȗȐșȈȕȐȧ, ȗȘȍȖȉȘȈȏțȦ ȌȈȕȕȣȍ ȕȍȓȐȕȍȑȕȣȔ ȖȉȘȈȏȖȔ 
(ȜțȕȒȞȐȧ ȈȒȚȐȊȈȞȐȐ Ȍȓȧ șȒȘȣȚȣȝ șȓȖȍȊ ȏȈȌȈȍȚșȧ ȗȈȘȈȔȍȚȘȖȔ ǼțȕȒȞȐȧ 
ȈȒȚȐȊȈȞȐȐ). 

ǷȖșȓȍȌȕȐȑ șȓȖȑ – ȊȣȝȖȌȕȖȑ, ȗȖȓțȟȈȍȚ ȏȕȈȟȍȕȐȧ Ȑȏ ȗȖșȓȍȌȕȍȋȖ șȒȘȣȚȖȋȖ șȓȖȧ Ȑ 
ȗȘȍȖȉȘȈȏțȍȚ Ȑȝ Ȋ ȊȣȝȖȌȕȣȍ ȏȕȈȟȍȕȐȧ șȍȚȐ ȐșȝȖȌȧ Ȑȏ ȘȍȠȈȍȔȖȑ ȏȈȌȈȟȐ. 

3.2.5.8.7.2. ǶȉțȟȍȕȐȍ ȕȍȑȘȖȕȕȖȑ șȍȚȐ 

ǶȉțȟȍȕȐȍ ȕȍȑȘȖȕȕȖȑ șȍȚȐ ȧȊȓȧȍȚșȧ ȐȚȍȘȈȞȐȖȕȕȣȔ ȗȘȖȞȍșșȖȔ (ȏȈȌȈȍȚșȧ ȗȈȘȈȔȍȚȘȖȔ 
ǲȖȓȐȟȍșȚȊȖ ȐȚȍȘȈȞȐȑ), ȒȖȚȖȘȖȍ ȏȈȒȓȦȟȈȍȚșȧ Ȋ ȕȈȝȖȎȌȍȕȐȐ ȗȈȘȈȔȍȚȘȖȊ ȔȖȌȍȓȐ 
(ȊȍșȖȊ Ȑ șȔȍȡȍȕȐȑ). ǵȈ ȒȈȎȌȖȑ ȐȚȍȘȈȞȐȐ ȗȘȖȐșȝȖȌȐȚ ȌȊȈ ȗȘȖȝȖȌȈ șȍȚȐ: 

1. ǵȈșȚȘȖȑȒȈ ȕȍȑȘȖȕȕȖȑ șȍȚȐ ȕȈȟȐȕȈȍȚșȧ ș ǷȘȧȔȖȋȖ 
ȘȈșȗȘȖșȚȘȈȕȍȕȐȧ.  ǬȈȕȕȣȍ (ȏȈȌȈȍȚșȧ ȗȈȘȈȔȍȚȘȖȔ ǲȖȓȐȟȍșȚȊȖ 
ȕȈȉȓȦȌȍȕȐȑ Ȍȓȧ ȖȌȕȖȑ ȐȚȍȘȈȞȐȐ) ȗȖȌȈȦȚșȧ ȕȈ ȊȝȖȌ șȍȚȐ, ȟȍȘȍȏ Ȋșȍ șȓȖȐ 
ȘȈșȗȘȖșȚȘȈȕȧȦȚșȧ Ȋ ȕȈȗȘȈȊȓȍȕȐȐ ȊȣȝȖȌȖȊ, Ȋ ȝȖȌȍ ȟȍȋȖ șȓțȟȈȑȕȣȔ ȖȉȘȈȏȖȔ 
ȋȍȕȍȘȐȘțȦȚșȧ ȏȕȈȟȍȕȐȧ ȊȍșȖȊȣȝ ȒȖȥȜȜȐȞȐȍȕȚȖȊ Ȑ șȔȍȡȍȕȐȑ ȔȖȌȍȓȐ. ǺȈȒȐȔ 
ȖȉȘȈȏȖȔ, ȜȖȘȔȐȘțȦȚșȧ ȊȣȝȖȌȕȣȍ ȏȕȈȟȍȕȐȧ. ǬȈȓȍȍ ȜаȒȚȐȟȍșȒȐȍ выȝȖȌȕыȍ 
ȏȕаȟȍȕȐя ȖȞȍȕȐȊȈȦȚșȧ ȖȚȕȖșȐȚȍȓȤȕȖ ȖȎȐȌаȍȔыȝ выȝȖȌȕыȝ ȏȕаȟȍȕȐȑ 
(Ȟȍȓȍвыȝ ȏȕаȟȍȕȐȑ, target) ș ȗȖȔȖȡȤȦ ȜțȕȒȞȐȐ ȗȖȚȍȘȤ (ȏȈȌȈȍȚșȧ 
ȗȈȘȈȔȍȚȘȈȔȐ ǴȍȚȘȐȒȈ Ȍȓȧ ȘȈȕȕȍȑ ȖșȚȈȕȖȊȒȐ (ȘȍȋȘȍșșȐȧ) ȐȓȐ ǴȍȚȘȐȒȈ 
Ȍȓȧ ȘȈȕȕȍȑ ȖșȚȈȕȖȊȒȐ (ȒȓȈșșȐȜȐȒȈȞȐȧ) Ȋ ȏȈȊȐșȐȔȖșȚȐ ȖȚ ȘȍȠȈȍȔȖȑ 
ȏȈȌȈȟȐ). 

2. ǶȉȘȈȚȕȖȍ ȘȈșȗȘȖșȚȘȈȕȍȕȐȍ ȖȠȐȉȒȐ (Backward propagation) 
ȕȈȗȘȈȊȓȍȕȖ ȕȈ ȔȐȕȐȔȐȏȈȞȐȦ ȜțȕȒȞȐȐ ȗȖȚȍȘȤ ȗțȚȍȔ ȒȖȘȘȍȒȚȐȘȖȊȒȐ 
ȗȈȘȈȔȍȚȘȖȊ ȕȍȑȘȖȕȕȖȑ șȍȚȐ (ȊȍșȖȊ Ȑ șȔȍȡȍȕȐȑ ȕȍȑȘȖȕȖȊ). ǹȒȖȘȘȍȒȚȐȘȖȊȈȚȤ 
ȥȚȐ ȗȈȘȈȔȍȚȘȣ ȗȖȏȊȖȓȧȦȚ ȔȍȚȖȌȣ ȖȗȚȐȔȐȏȈȞȐȐ ȕȈ ȖșȕȖȊȍ ȋȘȈȌȐȍȕȚȕȖȋȖ 
șȗțșȒȈ (ȏȈȌȈȍȚșȧ ȗȈȘȈȔȍȚȘȖȔ ǴȍȚȖȌ ȖȗȚȐȔȐȏȈȞȐȐ). 

ǷȘȖȞȍșș ȖȗȚȐȔȐȏȈȞȐȐ ȉțȌȍȚ ȊȣȗȖȓȕȧȚȤșȧ ȌȖ Țȍȝ ȗȖȘ, ȗȖȒȈ ȕȍ ȉțȌȍȚ ȌȖșȚȐȋȕțȚ 
ȒȘȐȚȍȘȐȑ ȖșȚȈȕȖȊȒȐ (ȏȈȌȈȍȚșȧ ȗȈȘȈȔȍȚȘȈȔȐ ǸȈȕȕȧȧ ȖșȚȈȕȖȊȒȈ, ǷȖȋȘȍȠȕȖșȚȤ 
ȖȗȚȐȔȐȏȈȞȐȐ Ȑ ǲȖȓȐȟȍșȚȊȖ ȐȚȍȘȈȞȐȑ). 
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3.2.5.8.7.3. ǹȗȐșȖȒ ȗȈȘȈȔȍȚȘȖȊ țȏȓȈ 

ǹȗȐșȖȒ ȗȈȘȈȔȍȚȘȖȊ țȏȓȈ ȗȘȍȌșȚȈȊȓȍȕ Ȋ ȚȈȉȓȐȞȍ ȕȐȎȍ. 

ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ 

ǵȈȏȊȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ 
ȏȕȈȟȍȕȐȍ ȕȍȚ 

ǵȈȏȊȈȕȐȍ țȏȓȈ, ȒȖȚȖȘȖȍ ȉțȌȍȚ 
ȖȚȖȉȘȈȎȈȚȤșȧ Ȋ ȐȕȚȍȘȜȍȑșȍ 

ǶȗȐșȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ 
ȏȕȈȟȍȕȐȍ ȕȍȚ 

ǶȗȐșȈȕȐȍ țȏȓȈ 

ǲȖȓȐȟȍșȚȊȖ 
ȕȍȑȘȖȕȖȊ Ȋ 
șȒȘȣȚȖȔ șȓȖȍ 

Ǭȓȧ ȐȏȔȍȕȍȕȐȧ 
ȒȖȓȐȟȍșȚȊȈ ȕȍȑȘȖȕȖȊ Ȑ 
șȓȖȍȊ ȕȍȖȉȝȖȌȐȔȖ: 

 ǪȣȉȘȈȚȤ ȒȕȖȗȒț 
ǰȏȔȍȕȐȚȤ 

 ǬȖȉȈȊȐȚȤ 
ȕȍȖȉȝȖȌȐȔȖȍ 
ȒȖȓȐȟȍșȚȊȖ 
șȓȖȍȊ (ǰȒȖȕȒȈ  
ȗȖȏȊȖȓȧȍȚ 
ȌȖȉȈȊȐȚȤ 
șȒȘȣȚȣȑ șȓȖȑ) 

 ǻȒȈȏȈȚȤ 
ȕȍȖȉȝȖȌȐȔȖȍ 
ȟȐșȓȖ ȕȍȑȘȖȕȖȊ 
Ȋ ȒȈȎȌȖȔ șȓȖȍ 

 ǪȣȉȘȈȚȤ ȒȕȖȗȒț 
«ǹȖȝȘȈȕȐȚȤ» 
ǷȖ țȔȖȓȟȈȕȐȦ — 
1 șȓȖȑ, Ȋ 
ȒȖȚȖȘȖȔ 100 
ȕȍȑȘȖȕȖȊ 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȒȖȓȐȟȍșȚȊȖ 
șȒȘȣȚȣȝ șȓȖȍȊ Ȑ ȕȍȑȘȖȕȖȊ Ȋ șȒȘȣȚȣȝ 
șȓȖȧȝ 

ǼțȕȒȞȐȧ 
ȈȒȚȐȊȈȞȐȐ 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ 
șȗȐșȖȒ șȖ șȓȍȌțȦȡȐȔȐ 
ȏȕȈȟȍȕȐȧȔȐ: 

 Identity 
 logistic 
 tanh 
 relu (ȗȖ 

țȔȖȓȟȈȕȐȦ) 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȜțȕȒȞȐȦ 
ȈȒȚȐȊȈȞȐȐ Ȍȓȧ șȒȘȣȚȣȝ șȓȖȍȊ. 
ǷȘȍȌțșȔȖȚȘȍȕȣ șȓȍȌțȦȡȐȍ ȜțȕȒȞȐȐ: 

 Identity –  ȓȐȕȍȑȕȈȧ ȜțȕȒȞȐȧ, 
ȘȍȏțȓȤȚȈȚ ȗȘȖȗȖȘȞȐȖȕȈȓȍȕ 
ȗȍȘȍȌȈȕȕȖȔț ȈȘȋțȔȍȕȚț fሺxሻ = x 

 logistic – șȐȋȔȖȐȌȕȈȧ 
(ȓȖȋȐșȚȐȟȍșȒȈȧ) ȜțȕȒȞȐȧ 𝜎ሺxሻ = ͳͳ + e−x 

 tanh – ȜțȕȒȞȐȧ ȋȐȗȍȘȉȖȓȐȟȍșȒȖȋȖ 
ȚȈȕȋȍȕșȈ  

 fሺxሻ = tanhሺxሻ = ex−e−xex+e−x = ଵ−e−2xଵ+e−2x 
 relu – ȜțȕȒȞȐȧ ȈȒȚȐȊȈȞȐȐ ReLu 

(Rectified Linear Unit) fሺxሻ = maxሺͲ, xሻ 
ǴȍȚȖȌ 
ȖȗȚȐȔȐȏȈȞȐȐ 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ 
șȗȐșȖȒ șȖ șȓȍȌțȦȡȐȔȐ 
ȏȕȈȟȍȕȐȧȔȐ: 

 lbfgs 
 sgd 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȔȍȚȖȌ 
ȖȗȚȐȔȐȏȈȞȐȐ, ȒȖȚȖȘȣȑ ȉțȌȍȚ 
ȐșȗȖȓȤȏȖȊȈȚȤșȧ Ȍȓȧ ȖȉȕȖȊȓȍȕȐȧ ȊȍșȖȊ 
ȕȍȑȘȖȕȖȊ șȒȘȣȚȣȝ șȓȖȍȊ ȕȍȑȘȖȕȕȖȑ 
șȍȚȐ. ǷȘȍȌțșȔȖȚȘȍȕȣ șȓȍȌțȦȡȐȍ 
ȔȍȚȖȌȣ: 
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ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ 

 adam (ȗȖ 
țȔȖȓȟȈȕȐȦ) 

 sgd – șȚȖȝȈșȚȐȟȍșȒȐȑ 
ȋȘȈȌȐȍȕȚȕȣȑ șȗțșȒ. 

 lbfgs – ȈȓȋȖȘȐȚȔ ȖȗȚȐȔȐȏȈȞȐȐ Ȑȏ 
șȍȔȍȑșȚȊȈ ȒȊȈȏȐȕȤȦȚȖȕȖȊșȒȐȝ 
ȔȍȚȖȌȖȊ, ȒȖȚȖȘȣȑ ȈȗȗȘȖȒșȐȔȐȘțȍȚ 
ȈȓȋȖȘȐȚȔ ǩȘȖȑȌȍȕȈ–ǼȓȍȚȟȍȘȈ–
ǫȖȓȤȌȜȈȘȉȈ–ШȈȕȕȖ (BFGS) ș 
ȐșȗȖȓȤȏȖȊȈȕȐȍȔ ȖȋȘȈȕȐȟȍȕȕȖȋȖ 
ȖȉȢȍȔȈ ȗȈȔȧȚȐ. 

 adam – ȔȍȚȖȌ ȈȌȈȗȚȐȊȕȖȑ ȖȞȍȕȒȐ 
ȔȖȔȍȕȚȖȊ 

ǷȘȐȔȍȟȈȕȐȍ 
ǴȍȚȖȌ SGD șȚȖȐȚ 
ȐșȗȖȓȤȏȖȊȈȚȤ ȕȈ ȕȍȉȖȓȤȠȐȝ 
șȉȈȓȈȕșȐȘȖȊȈȕȕȣȝ ȕȈȉȖȘȈȝ 
ȌȈȕȕȣȝ, Ȋ ȒȖȚȖȘȣȝ 
ȌȖșȚȈȚȖȟȕȖ ȘȈȊȕȖȔȍȘȕȖ 
ȗȘȍȌșȚȈȊȓȍȕȣ ȥȓȍȔȍȕȚȣ 
ȒȈȎȌȖȋȖ ȒȓȈșșȈ. Ǫ șȓțȟȈȍ 
ȕȍșȉȈȓȈȕșȐȘȖȊȈȕȕȖșȚȐ 
ȐșȝȖȌȕȖȑ ȊȣȉȖȘȒȐ, 
șȚȖȝȈșȚȐȟȍșȒȐȑ ȋȘȈȌȐȍȕȚ ȕȍ 
ȗȘȖȐȏȊȖȌȐȚ ȒȈȟȍșȚȊȍȕȕȖȋȖ 
ȘȈșȗȖȏȕȈȊȈȕȐȧ ȘȍȌȒȐȝ 
ȏȕȈȟȍȕȐȑ ȗȘȐȏȕȈȒȖȊ, ȚȈȒȎȍ 
ȕȐȏȒȈȧ șȒȖȘȖșȚȤ șȝȖȌȐȔȖșȚȐ 
ȗȘȖȧȊȓȧȍȚșȧ ȕȈ ȉȖȓȤȠȖȔ 
ȖȉȢȍȔȍ ȌȈȕȕȣȝ. 
ǴȍȚȖȌ adam ȌȖȊȖȓȤȕȖ 
ȝȖȘȖȠȖ ȘȈȉȖȚȈȍȚ ș ȉȖȓȤȠȐȔȐ 
ȕȈȉȖȘȈȔȐ ȌȈȕȕȣȝ ș ȚȖȟȒȐ 
ȏȘȍȕȐȧ ȒȈȒ ȊȘȍȔȍȕȐ 
ȖȉțȟȍȕȐȧ, ȚȈȒ Ȑ 
ȊȈȓȐȌȈȞȐȖȕȕȖȑ ȖȞȍȕȒȐ. 
ǶȌȕȈȒȖ Ȍȓȧ ȕȍȉȖȓȤȠȐȝ 
ȕȈȉȖȘȖȊ ȌȈȕȕȣȝ ȔȍȚȖȌ lbfgs 
ȔȖȎȍȚ șȝȖȌȐȚȤșȧ ȉȣșȚȘȍȍ Ȑ 
ȘȈȉȖȚȈȚȤ ȓțȟȠȍ. 

 

L2 ȘȍȋțȓȧȘȐȏȈȞȐȧ ǸțȟȕȖȑ ȊȊȖȌ 
ǵȍȖȚȘȐȞȈȚȍȓȤȕȖȍ ȟȐșȓȖ 
ǷȖ țȔȖȓȟȈȕȐȦ — 
0,0001 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȏȕȈȟȍȕȐȍ L2-
ȘȍȋțȓȧȘȐȏȈȞȐȐ 

ǷȘȈȊȐȓȖ 
ȖȗȘȍȌȍȓȍȕȐȧ 
șȒȖȘȖșȚȐ 
ȖȉțȟȍȕȐȧ 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ 
șȗȐșȖȒ șȖ șȓȍȌțȦȡȐȔȐ 
ȏȕȈȟȍȕȐȧȔȐ: 

 constant (ȗȖ 
țȔȖȓȟȈȕȐȦ) 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȗȘȈȊȐȓȖ 
ȖȗȘȍȌȍȓȍȕȐȧ șȒȖȘȖșȚȐ ȖȉțȟȍȕȐȧ Ȍȓȧ 
ȖȉȕȖȊȓȍȕȐȧ ȊȍșȈ. ǷȘȍȌțșȔȖȚȘȍȕȣ 
șȓȍȌțȦȡȐȍ ȊȈȘȐȈȕȚȣ: 
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ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ 

 invscalling 
 adaptive 

 constant – ȗȖșȚȖȧȕȕȈȧ șȒȖȘȖșȚȤ 
ȖȉțȟȍȕȐȧ, ȒȖȚȖȘȈȧ ȏȈȌȈȍȚșȧ Ȋ 
ȗȈȘȈȔȍȚȘȍ ǵȈȟȈȓȤȕȈȧ șȒȖȘȖșȚȤ 
ȖȉțȟȍȕȐȧ 

 invscalling – ȗȖșȚȍȗȍȕȕȖ șȕȐȎȈȍȚ 
șȒȖȘȖșȚȤ ȖȉțȟȍȕȐȧ ȕȈ ȒȈȎȌȖȔ 
ȠȈȋȍ, ȐșȗȖȓȤȏțȧ ȗȖȒȈȏȈȚȍȓȤ 
ȖȉȘȈȚȕȣȑ țȒȈȏȈȕȕȖȔț Ȋ 
ȗȈȘȈȔȍȚȘȍ ǷȖȒȈȏȈȚȍȓȤ șȚȍȗȍȕȐ 
Ȍȓȧ ȐȏȔȍȕȍȕȐȧ șȒȖȘȖșȚȐ 
ȖȉțȟȍȕȐȧ 

 adaptive – ȗȖȌȌȍȘȎȐȊȈȍȚ 
șȒȖȘȖșȚȤ ȖȉțȟȍȕȐȧ ȗȖșȚȖȧȕȕȖȑ ȕȈ 
țȘȖȊȕȍ ȏȕȈȟȍȕȐȧ, țȒȈȏȈȕȕȖȋȖ Ȋ 
ȗȈȘȈȔȍȚȘȍ ǵȈȟȈȓȤȕȈȧ șȒȖȘȖșȚȤ 
ȖȉțȟȍȕȐȧ, ȗȖȒȈ ȗȖȚȍȘȐ ȗȘȐ 
ȖȉțȟȍȕȐȐ ȗȘȖȌȖȓȎȈȦȚ 
țȔȍȕȤȠȈȚȤșȧ. ǲȈȎȌȣȑ ȘȈȏ, ȒȖȋȌȈ 
ȌȊȍ ȗȖșȓȍȌȖȊȈȚȍȓȤȕȣȍ ȥȗȖȝȐ ȕȍ 
ȔȖȋțȚ țȔȍȕȤȠȐȚȤ ȗȖȚȍȘȐ ȗȘȐ 
ȖȉțȟȍȕȐȐ ȗȖ ȒȘȈȑȕȍȑ ȔȍȘȍ ȕȈ 
ȏȕȈȟȍȕȐȍ, țȒȈȏȈȕȕȖȍ Ȋ ȗȈȘȈȔȍȚȘȍ 
ǷȖȋȘȍȠȕȖșȚȤ ȖȗȚȐȔȐȏȈȞȐȐ, ȐȓȐ 
ȕȍ ȔȖȋțȚ țȊȍȓȐȟȐȚȤ ȖȞȍȕȒț 
ȗȘȖȊȍȘȒȐ ȗȖ ȒȘȈȑȕȍȑ ȔȍȘȍ ȕȈ ȥȚȖ 
Ȏȍ ȏȕȈȟȍȕȐȍ, ȍșȓȐ ȊȒȓȦȟȍȕȈ 
ǸȈȕȕȧȧ ȖșȚȈȕȖȊȒȈ, ȚȍȒțȡȈȧ 
șȒȖȘȖșȚȤ ȖȉțȟȍȕȐȧ ȌȍȓȐȚșȧ ȕȈ 5. 

ǷȘȐȔȍȟȈȕȐȍ 
ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȔȖȎȕȖ 
ȏȈȌȈȚȤ ȚȖȓȤȒȖ Ȋ șȓțȟȈȍ 
ȊȣȉȘȈȕȕȖȋȖ ȔȍȚȖȌȈ 
ȖȗȚȐȔȐȏȈȞȐȐ sgd. 

 

ǵȈȟȈȓȤȕȈȧ 
șȒȖȘȖșȚȤ ȖȉțȟȍȕȐȧ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǿȐșȓȖ ȉȖȓȤȠȍ 0 
ǷȖ țȔȖȓȟȈȕȐȦ — 0,001 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȕȈȟȈȓȤȕțȦ 
șȒȖȘȖșȚȤ ȖȉțȟȍȕȐȧ, ȒȖȚȖȘȈȧ țȗȘȈȊȓȧȍȚ 
ȘȈȏȔȍȘȖȔ ȠȈȋȈ ȗȘȐ ȖȉȕȖȊȓȍȕȐȐ ȊȍșȖȊ. 

ǷȘȐȔȍȟȈȕȐȍ 
ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȔȖȎȕȖ 
ȏȈȌȈȚȤ ȚȖȓȤȒȖ Ȋ șȓțȟȈȍ 
ȊȣȉȘȈȕȕȖȋȖ ȔȍȚȖȌȈ 
ȖȗȚȐȔȐȏȈȞȐȐ sgd ȐȓȐ 
adam. 

 

ǷȖȒȈȏȈȚȍȓȤ 
șȚȍȗȍȕȐ Ȍȓȧ 
ȐȏȔȍȕȍȕȐȧ 
șȒȖȘȖșȚȐ 
ȖȉțȟȍȕȐȧ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǿȐșȓȖ ȉȖȓȤȠȍ 0 
ǷȖ țȔȖȓȟȈȕȐȦ — 0,5 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȗȖȒȈȏȈȚȍȓȤ 
șȚȍȗȍȕȐ Ȍȓȧ ȐȏȔȍȕȍȕȐȧ șȒȖȘȖșȚȐ 
ȖȉțȟȍȕȐȧ, ȒȖȚȖȘȣȑ ȐșȗȖȓȤȏțȍȚșȧ Ȍȓȧ 
ȖȉȕȖȊȓȍȕȐȧ șȒȖȘȖșȚȐ ȖȉțȟȍȕȐȧ, ȒȖȋȌȈ 
Ȍȓȧ ȗȈȘȈȔȍȚȘȈ ǷȘȈȊȐȓȖ ȖȗȘȍȌȍȓȍȕȐȧ 
șȒȖȘȖșȚȐ ȖȉțȟȍȕȐȧ țȒȈȏȈȕȖ ȏȕȈȟȍȕȐȍ 
invscalling. 
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ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ 

ǷȘȐȔȍȟȈȕȐȍ 
ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȔȖȎȕȖ 
ȏȈȌȈȚȤ ȚȖȓȤȒȖ Ȋ șȓțȟȈȍ 
ȊȣȉȘȈȕȕȖȋȖ ȔȍȚȖȌȈ 
ȖȗȚȐȔȐȏȈȞȐȐ sgd. 

 

ǷȍȘȍȔȍȠȐȊȈȕȐȍ 
ȕȈȉȓȦȌȍȕȐȑ 

ǿȍȒȉȖȒș ǪȣȉȖȘ ȌȈȕȕȖȋȖ ȟȍȒȉȖȒșȈ țȒȈȏȣȊȈȍȚ ȕȈ 
ȕȍȖȉȝȖȌȐȔȖșȚȤ ȗȍȘȍȔȍȠȈȚȤ ȕȈȉȓȦȌȍȕȐȧ 
Ȋ ȒȈȎȌȖȑ ȐȚȍȘȈȞȐȐ. 

ǷȘȐȔȍȟȈȕȐȍ 
ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȔȖȎȕȖ 
ȏȈȌȈȚȤ ȚȖȓȤȒȖ Ȋ șȓțȟȈȍ 
ȊȣȉȘȈȕȕȖȋȖ ȔȍȚȖȌȈ 
ȖȗȚȐȔȐȏȈȞȐȐ sgd ȐȓȐ 
adam. 

 

Seed ǸțȟȕȖȑ ȊȊȖȌ ȟȐșȓȖȊȖȋȖ 
ȏȕȈȟȍȕȐȧ 
ǷȖ țȔȖȓȟȈȕȐȦ — 42 

ǵȈȟȈȓȤȕȖȍ ȟȐșȓȖȊȖȍ ȏȕȈȟȍȕȐȍ Ȍȓȧ 
ȋȍȕȍȘȈȚȖȘȈ șȓțȟȈȑȕȣȝ ȟȐșȍȓ. 
ǰșȗȖȓȤȏțȍȚșȧ Ȍȓȧ ȊȖșȗȘȖȐȏȊȍȌȍȕȐȧ 
ȘȍȏțȓȤȚȈȚȖȊ ȗȘȐ ȗȖȊȚȖȘȕȖȔ ȏȈȗțșȒȍ țȏȓȈ 

ǴȈȒșȐȔȈȓȤȕȖȍ 
ȒȖȓȐȟȍșȚȊȖ 
ȐȚȍȘȈȞȐȑ (ȥȗȖȝ) 

ǸțȟȕȖȑ ȊȊȖȌ 
ǿȐșȓȖ ȉȖȓȤȠȍ 0 
ǷȖ țȔȖȓȟȈȕȐȦ — 200 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȔȈȒșȐȔȈȓȤȕȖȍ 
ȒȖȓȐȟȍșȚȊȖ ȐȚȍȘȈȞȐȑ. ǶȗȚȐȔȐȏȈȚȖȘ 
ȊȣȗȖȓȕȧȍȚ ȐȚȍȘȈȞȐȐ ȌȖ șȝȖȌȐȔȖșȚȐ 
(ȖȗȘȍȌȍȓȧȍȔȖȑ ȏȕȈȟȍȕȐȍȔ ȗȈȘȈȔȍȚȘȈ 
ǷȖȋȘȍȠȕȖșȚȤ ȖȗȚȐȔȐȏȈȞȐȐ) ȐȓȐ ȌȖ 
țȒȈȏȈȕȕȖȋȖ ȒȖȓȐȟȍșȚȊȈ ȐȚȍȘȈȞȐȑ. 

ǲȖȓȐȟȍșȚȊȖ 
ȕȈȉȓȦȌȍȕȐȑ Ȍȓȧ 
ȖȌȕȖȑ ȐȚȍȘȈȞȐȐ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǿȐșȓȖ ȉȖȓȤȠȍ 0 
ǷȖ țȔȖȓȟȈȕȐȦ — 200 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȒȖȓȐȟȍșȚȊȖ 
ȕȈȉȓȦȌȍȕȐȑ Ȍȓȧ ȖȌȕȖȑ ȐȚȍȘȈȞȐȐ 

ǸȈȕȕȧȧ ȖșȚȈȕȖȊȒȈ ǿȍȒȉȖȒș ǪȣȉȖȘ ȌȈȕȕȖȋȖ ȟȍȒȉȖȒșȈ țȒȈȏȣȊȈȍȚ ȕȈ 
ȕȍȖȉȝȖȌȐȔȖșȚȤ ȘȈȕȕȍȑ ȖșȚȈȕȖȊȒȐ 
ȈȓȋȖȘȐȚȔȈ, ȍșȓȐ ȊȈȓȐȌȈȞȐȖȕȕȈȧ ȖȞȍȕȒȈ 
ȕȍ țȓțȟȠȈȍȚșȧ ȕȈ ȏȕȈȟȍȕȐȍ, țȒȈȏȈȕȕȖȍ Ȋ 
ȗȈȘȈȔȍȚȘȍ ǷȖȋȘȍȠȕȖșȚȤ ȖȗȚȐȔȐȏȈȞȐȐ, 
Ȋ ȚȍȟȍȕȐȍ țȒȈȏȈȕȕȖȋȖ Ȋ ȗȈȘȈȔȍȚȘȍ 
ǲȖȓȐȟȍșȚȊȖ ȐȚȍȘȈȞȐȑ ȉȍȏ 
șțȡȍșȚȊȍȕȕȖȋȖ țȓțȟȠȍȕȐȧ ȏȕȈȟȍȕȐȧ. 

ǷȘȐȔȍȟȈȕȐȍ 
ǸȈȕȕȧȧ ȖșȚȈȕȖȊȒȈ 
ȥȜȜȍȒȚȐȊȕȈ ȚȖȓȤȒȖ Ȋ șȓțȟȈȍ 
ȊȣȉȘȈȕȕȖȋȖ ȔȍȚȖȌȈ 
ȖȗȚȐȔȐȏȈȞȐȐ sgd ȐȓȐ 
adam. 

 

ǴȍȚȘȐȒȈ Ȍȓȧ 
ȘȈȕȕȍȑ ȖșȚȈȕȖȊȒȐ 
(ȘȍȋȘȍșșȐȧ) 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ 
șȗȐșȖȒ șȖ șȓȍȌțȦȡȐȔȐ 
ȏȕȈȟȍȕȐȧȔȐ: 

 MSE (ȗȖ 
țȔȖȓȟȈȕȐȦ) 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȔȍȚȘȐȒț Ȍȓȧ 
ȘȈȕȕȍȑ ȖșȚȈȕȖȊȒȐ (ȏȈȌȈȟȈ ȘȍȋȘȍșșȐȐ). 
ǷȘȍȌțșȔȖȚȘȍȕȣ șȓȍȌțȦȡȐȍ ȔȍȚȘȐȒȐ: 

 MSE – șȘȍȌȕȍȒȊȈȌȘȈȚȐȟȕȈȧ 
ȖȠȐȉȒȈ 
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ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ 

 MAE 
 MAPE 
 R2 

 MAE – șȘȍȌȕȧȧ ȈȉșȖȓȦȚȕȈȧ 
ȖȠȐȉȒȈ 

 MAPE – șȘȍȌȕȧȧ ȈȉșȖȓȦȚȕȈȧ 
ȖȠȐȉȒȈ Ȋ ȗȘȖȞȍȕȚȈȝ 

 R2 – ȒȖȥȜȜȐȞȐȍȕȚ ȌȍȚȍȘȔȐȕȈȞȐȐ 
ǴȍȚȘȐȒȈ Ȍȓȧ 
ȘȈȕȕȍȑ ȖșȚȈȕȖȊȒȐ 
(ȒȓȈșșȐȜȐȒȈȞȐȧ) 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ 
șȗȐșȖȒ șȖ șȓȍȌțȦȡȐȔȐ 
ȏȕȈȟȍȕȐȧȔȐ: 

 Logloss (ȗȖ 
țȔȖȓȟȈȕȐȦ) 

 Accuracy 
 MCC 
 AUC ROC 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȔȍȚȘȐȒț Ȍȓȧ 
ȘȈȕȕȍȑ ȖșȚȈȕȖȊȒȐ (ȏȈȌȈȟȈ 
ȒȓȈșșȐȜȐȒȈȞȐȐ). ǷȘȍȌțșȔȖȚȘȍȕȣ 
șȓȍȌțȦȡȐȍ ȔȍȚȘȐȒȐ: 

 Logloss – ȓȖȋȐșȚȐȟȍșȒȈȧ ȜțȕȒȞȐȧ 
ȗȖȚȍȘȤ 

 Accuracy – ȌȖȓȧ ȗȘȈȊȐȓȤȕȣȝ 
ȖȚȊȍȚȖȊ ȈȓȋȖȘȐȚȔȈ 

 MCC – ȒȖȥȜȜȐȞȐȍȕȚ ȒȖȘȘȍȓȧȞȐȐ 
ǴȥȚȤȦȏȈ 

 AUC ROC – ȗȓȖȡȈȌȤ ȗȖȌ ROC-
ȒȘȐȊȖȑ 

ǸȈȏȔȍȘ 
ȊȈȓȐȌȈȞȐȖȕȕȖȑ 
ȊȣȉȖȘȒȐ Ȍȓȧ 
ȘȈȕȕȍȑ ȖșȚȈȕȖȊȒȐ 
(%) 

ǸțȟȕȖȑ ȊȊȖȌ 
ǿȐșȓȖ ȉȖȓȤȠȍ 0 Ȑ 
ȔȍȕȤȠȍ 1 
ǷȖ țȔȖȓȟȈȕȐȦ — 0,1 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȌȖȓȦ 
ȖȉțȟȈȦȡȐȝ ȌȈȕȕȣȝ, ȒȖȚȖȘȣȍ ȕțȎȕȖ 
ȖȚȓȖȎȐȚȤ Ȋ ȒȈȟȍșȚȊȍ ȊȈȓȐȌȈȞȐȖȕȕȖȋȖ 
ȕȈȉȖȘȈ Ȍȓȧ ȘȈȕȕȍȑ ȖșȚȈȕȖȊȒȐ. 
ǰșȗȖȓȤȏțȍȚșȧ ȚȖȓȤȒȖ Ȋ șȓțȟȈȍ ȊȣȉȖȘȈ 
ȟȍȒȉȖȒșȈ ǸȈȕȕȧȧ ȖșȚȈȕȖȊȒȈ. 

ǲȖȓȐȟȍșȚȊȖ 
ȐȚȍȘȈȞȐȑ ȉȍȏ 
șțȡȍșȚȊȍȕȕȖȋȖ 
țȓțȟȠȍȕȐȧ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǿȐșȓȖ ȉȖȓȤȠȍ 0 
ǷȖ țȔȖȓȟȈȕȐȦ — 10 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȒȖȓȐȟȍșȚȊȖ 
ȐȚȍȘȈȞȐȑ ȉȍȏ șțȡȍșȚȊȍȕȕȖȋȖ țȓțȟȠȍȕȐȧ 

ǷȘȐȔȍȟȈȕȐȍ 
ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȔȖȎȕȖ 
ȏȈȌȈȚȤ ȚȖȓȤȒȖ Ȋ șȓțȟȈȍ 
ȊȣȉȘȈȕȕȖȋȖ ȔȍȚȖȌȈ 
ȖȗȚȐȔȐȏȈȞȐȐ sgd ȐȓȐ 
adam. 

 

ǷȖȋȘȍȠȕȖșȚȤ 
ȖȗȚȐȔȐȏȈȞȐȐ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǿȐșȓȖ ȉȖȓȤȠȍ 0 
ǷȖ țȔȖȓȟȈȕȐȦ — 
0,0001 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȌȖȗțșȚȐȔțȦ 
ȗȖȋȘȍȠȕȖșȚȤ Ȍȓȧ ȖȗȚȐȔȐȏȈȞȐȐ. Ǫ șȓțȟȈȍ, 
ȍșȓȐ ȗȖȚȍȘȐ ȕȍ țȓțȟȠȈȦȚșȧ ȕȈ 
țȒȈȏȈȕȕȖȍ ȏȕȈȟȍȕȐȍ Ȋ ȚȍȟȍȕȐȍ 
țȒȈȏȈȕȕȖȋȖ Ȋ ȗȈȘȈȔȍȚȘȍ ǲȖȓȐȟȍșȚȊȖ 
ȐȚȍȘȈȞȐȑ ȉȍȏ șțȡȍșȚȊȍȕȕȖȋȖ țȓțȟȠȍȕȐȧ 
ȟȐșȓȈ, ȚȖ șȟȐȚȈȍȚșȧ, ȟȚȖ șȝȖȌȐȔȖșȚȤ 
ȌȖșȚȐȋȕțȚȈ, Ȑ ȖȉțȟȍȕȐȍ ȖșȚȈȕȈȊȓȐȊȈȍȚșȧ. 

ǰȕȍȘȞȐȧ ǸțȟȕȖȑ ȊȊȖȌ 
ǿȐșȓȖ ȉȖȓȤȠȍ ȐȓȐ 
ȘȈȊȕȖ 0 Ȑ ȔȍȕȤȠȍ ȐȓȐ 
ȘȈȊȕȖ 1 
ǷȖ țȔȖȓȟȈȕȐȦ — 0,9 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȐȕȍȘȞȐȦ Ȍȓȧ 
ȖȉȕȖȊȓȍȕȐȧ ȋȘȈȌȐȍȕȚȕȖȋȖ șȗțșȒȈ 

ǷȘȐȔȍȟȈȕȐȍ 
ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȔȖȎȕȖ 
ȏȈȌȈȚȤ ȚȖȓȤȒȖ Ȋ șȓțȟȈȍ 
ȊȣȉȘȈȕȕȖȋȖ ȔȍȚȖȌȈ 
ȖȗȚȐȔȐȏȈȞȐȐ sgd 

 

ǰșȗȖȓȤȏȖȊȈȚȤ 
ȐȕȍȘȞȐȦ 
ǵȍșȚȍȘȖȊȈ 

ǿȍȒȉȖȒș ǪȣȉȖȘ ȌȈȕȕȖȋȖ ȟȍȒȉȖȒșȈ țȒȈȏȣȊȈȍȚ ȕȈ 
ȕȍȖȉȝȖȌȐȔȖșȚȤ ȐșȗȖȓȤȏȖȊȈȚȤ ȐȕȍȘȞȐȦ 
ǵȍșȚȍȘȖȊȈ 
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ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ 

ǷȘȐȔȍȟȈȕȐȍ 
ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȔȖȎȕȖ 
ȏȈȌȈȚȤ ȚȖȓȤȒȖ Ȋ șȓțȟȈȍ 
ȊȣȉȘȈȕȕȖȋȖ ȔȍȚȖȌȈ 
ȖȗȚȐȔȐȏȈȞȐȐ sgd Ȑ 
ȏȕȈȟȍȕȐȧ ǰȕȍȘȞȐȐ > 0 

 

Beta 1 ǸțȟȕȖȑ ȊȊȖȌ 
ǿȐșȓȖ ȉȖȓȤȠȍ 0 Ȑ 
ȔȍȕȤȠȍ 1 
ǷȖ țȔȖȓȟȈȕȐȦ — 0,9 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ șȒȖȘȖșȚȤ 
ȥȒșȗȖȕȍȕȞȐȈȓȤȕȖȋȖ țȉȣȊȈȕȐȧ Ȍȓȧ ȖȞȍȕȖȒ 
ȊȍȒȚȖȘȈ ȗȍȘȊȖȋȖ ȔȖȔȍȕȚȈ ȗȘȐ ȔȍȚȖȌȍ 
ȖȗȚȐȔȐȏȈȞȐȐ adam 

Beta 2 ǸțȟȕȖȑ ȊȊȖȌ 
ǿȐșȓȖ ȉȖȓȤȠȍ 0 Ȑ 
ȔȍȕȤȠȍ 1 
ǷȖ țȔȖȓȟȈȕȐȦ — 0,999 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ șȒȖȘȖșȚȤ 
ȥȒșȗȖȕȍȕȞȐȈȓȤȕȖȋȖ țȉȣȊȈȕȐȧ Ȍȓȧ ȖȞȍȕȖȒ 
ȊȍȒȚȖȘȈ ȊȚȖȘȖȋȖ ȔȖȔȍȕȚȈ ȗȘȐ ȔȍȚȖȌȍ 
ȖȗȚȐȔȐȏȈȞȐȐ adam 

Epsilon ǸțȟȕȖȑ ȊȊȖȌ 
ǿȐșȓȖ ȉȖȓȤȠȍ 0 
ǷȖ țȔȖȓȟȈȕȐȦ — 1e-8 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȏȕȈȟȍȕȐȍ 
ȟȐșȓȖȊȖȑ țșȚȖȑȟȐȊȖșȚȐ ȗȘȐ ȔȍȚȖȌȍ 
ȖȗȚȐȔȐȏȈȞȐȐ adam 

ǹȚȈȕȌȈȘȚȐȏȈȞȐȧ ǸȈșȒȘȣȊȈȦȡȐȑșȧ 
șȗȐșȖȒ șȖ șȓȍȌțȦȡȐȔȐ 
ȏȕȈȟȍȕȐȧȔȐ: 

 No (ȗȖ 
țȔȖȓȟȈȕȐȦ) 

 std 
 range 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȖȚȊȍȟȈȍȚ ȏȈ ȊȣȉȖȘ 
ȔȍȚȖȌȈ șȚȈȕȌȈȘȚȐȏȈȞȐȐ ȟȐșȓȖȊȣȝ 
ȗȍȘȍȔȍȕȕȣȝ. 
ǹȚȈȕȌȈȘȚȐȏȈȞȐȧ – ȗȘȍȖȉȘȈȏȖȊȈȕȐȍ 
ȟȐșȓȖȊȣȝ ȕȈȉȓȦȌȍȕȐȑ ș ȞȍȓȤȦ 
ȗȘȐȊȍȌȍȕȐȧ Ȑȝ Ȓ ȕȍȒȖȚȖȘȖȑ Ȗȉȡȍȑ 
ȠȒȈȓȍ. ǵȍȖȉȝȖȌȐȔȖșȚȤ șȚȈȕȌȈȘȚȐȏȈȞȐȐ 
ȊȣȏȊȈȕȈ ȚȍȔ, ȟȚȖ ȘȈȏȕȣȍ ȗȘȐȏȕȈȒȐ Ȑȏ 
ȖȉțȟȈȦȡȍȋȖ ȕȈȉȖȘȈ ȔȖȋțȚ ȉȣȚȤ 
ȗȘȍȌșȚȈȊȓȍȕȣ Ȋ ȘȈȏȕȣȝ ȔȈșȠȚȈȉȈȝ Ȑ 
ȐȏȔȍȕȧȚȤșȧ Ȋ ȘȈȏȕȣȝ ȌȐȈȗȈȏȖȕȈȝ, ȟȚȖ 
ȊȓȐȧȍȚ ȕȈ ȊȣȧȊȓȍȕȐȍ ȕȍȒȖȘȘȍȒȚȕȣȝ 
ȏȈȊȐșȐȔȖșȚȍȑ ȔȖȌȍȓȤȦ. 
ǷȘȍȌțșȔȖȚȘȍȕȣ șȓȍȌțȦȡȐȍ ȔȍȚȖȌȣ: 

 no — șȚȈȕȌȈȘȚȐȏȈȞȐȧ ȕȍ ȕțȎȕȈ 
 std — șȚȈȕȌȈȘȚȕȖȍ ȖȚȒȓȖȕȍȕȐȍ - 

ȗȘȍȖȉȘȈȏțȍȚ ȕȈȉȓȦȌȍȕȐȧ ȚȈȒȐȔ 
ȖȉȘȈȏȖȔ, ȟȚȖȉȣ Ȑȝ șȘȍȌȕȍȍ 
ȏȕȈȟȍȕȐȍ ȘȈȊȕȧȓȖșȤ ȕțȓȦ, Ȉ 
șȚȈȕȌȈȘȚȕȖȍ ȖȚȒȓȖȕȍȕȐȍ 
ȘȈȊȕȧȓȖșȤ 1. 

 range — ȌȐȈȗȈȏȖȕ - ȓȐȕȍȑȕȖ 
ȗȘȍȖȉȘȈȏțȍȚ ȏȕȈȟȍȕȐȧ 
ȗȍȘȍȔȍȕȕȣȝ Ȋ ȌȐȈȗȈȏȖȕ [0, 1]. 

ǴȈȒșȐȔȈȓȤȕȖȍ 
ȒȖȓȐȟȍșȚȊȖ 
ȊȣȏȖȊȖȊ ȞȍȓȍȊȖȑ 
ȜțȕȒȞȐȐ 

ǸțȟȕȖȑ ȊȊȖȌ 
ȞȍȓȖȟȐșȓȍȕȕȖȋȖ 
ȏȕȈȟȍȕȐȧ ȉȖȓȤȠȍ 0 
ǷȖ ȔȖȓȟȈȕȐȦ - 15000 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȔȈȒșȐȔȈȓȤȕȖȍ 
ȒȖȓȐȟȍșȚȊȖ ȊȣȏȖȊȖȊ ȜțȕȒȞȐȐ ȗȖȚȍȘȤ. 
Ǻ.ȍ. ȈȓȋȖȘȐȚȔ ȊȣȗȖȓȕȧȍȚ ȐȚȍȘȈȞȐȐ ȌȖ 
șȝȖȌȐȔȖșȚȐ (ȗȈȘȈȔȍȚȘ ǷȖȋȘȍȠȕȖșȚȤ 
ȖȗȚȐȔȐȏȈȞȐȐ), ȍșȓȐ ȒȖȓȐȟȍșȚȊȖ 
ȐȚȍȘȈȞȐȑ ȌȖșȚȐȋȈȍȚ ȏȕȈȟȍȕȐȧ ȗȈȘȈȔȍȚȘȈ 
ǴȈȒșȐȔȈȓȤȕȖȍ ȒȖȓȐȟȍșȚȊȖ ȐȚȍȘȈȞȐȑ ȐȓȐ 
ȏȈȌȈȕȕȖȋȖ ȏȕȈȟȍȕȐȧ ȗȈȘȈȔȍȚȘȈ ȊȣȏȖȊȈ 
ȜțȕȒȞȐȐ ȗȖȚȍȘȤ. 
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ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ 

ǷȘȐȔȍȟȈȕȐȍ 
ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȔȖȎȕȖ 
ȏȈȌȈȚȤ ȚȖȓȤȒȖ Ȋ șȓțȟȈȍ 
ȊȣȉȘȈȕȕȖȋȖ ȔȍȚȖȌȈ 
ȖȗȚȐȔȐȏȈȞȐȐ lbfgs 

 

ǺȈȉȓȐȞȈ 35 ǷȈȘȈȔȍȚȘȣ țȏȓȈ «ǵȍȑȘȖȕȕȈȧ șȍȚȤ» 

3.2.5.8.7.4. ǸȍȏțȓȤȚȈȚȣ ȊȣȗȖȓȕȍȕȐȧ țȏȓȈ 
 

ǻȏȍȓ «ǵȍȑȘȖȕȕȈȧ șȍȚȤ» ȐȔȍȍȚ ȘȈȏȕȣȍ ȘȍȏțȓȤȚȈȚȣ Ȋ ȏȈȊȐșȐȔȖșȚȐ ȖȚ ȘȍȠȈȍȔȖȑ 
ȏȈȌȈȟȐ. 

ǸȍȏțȓȤȚȈȚȣ ȉȐȕȈȘȕȖȑ ȒȓȈșșȐȜȐȒȈȞȐȐ ȗȘȍȌșȚȈȊȓȍȕȣ șȓȍȌțȦȡȐȔȐ 
ȖȉȢȍȒȚȈȔȐ: 

 ǫȘȈȜȐȒ ROC. 

 

 ǫȘȈȜȐȒ Lift. 
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 ǫȘȈȜȐȒ Cumulative Lift. 

 

 ǫȘȈȜȐȒ Gain. 
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 ǫȘȈȜȐȒ Cumulative Gain. 

 

 ǫȘȈȜȐȒ ȗȖȚȍȘȐ ȚȖȟȕȖșȚȐ. 
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 ǺȈȉȓȐȞȈ ș ȔȍȚȘȐȒȈȔȐ ȒȈȟȍșȚȊȈ ȔȖȌȍȓȐ. 

 

 ǺȈȉȓȐȞȈ ș ȔȍȚȘȐȒȈȔȐ ȒȈȟȍșȚȊȈ ȔȖȌȍȓȐ ȏȈȌȈȟȐ ȒȓȈșșȐȜȐȒȈȞȐȐ. 
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ǸȍȏțȓȤȚȈȚȣ ȔȕȖȋȖȒȓȈșșȖȊȖȑ ȒȓȈșșȐȜȐȒȈȞȐȐ ȗȘȍȌșȚȈȊȓȍȕȣ șȓȍȌțȦȡȐȔȐ 
ȖȉȢȍȒȚȈȔȐ: 

 ǫȘȈȜȐȒ ȗȖȚȍȘȐ ȚȖȟȕȖșȚȐ. 

 

 

 ǺȈȉȓȐȞȈ ș ȔȍȚȘȐȒȈȔȐ ȒȈȟȍșȚȊȈ ȔȖȌȍȓȐ. 

 

 

 

 

 

 



 

 

 193 

 ǺȈȉȓȐȞȈ ș ȔȍȚȘȐȒȈȔȐ ȒȈȟȍșȚȊȈ ȔȖȌȍȓȐ ȏȈȌȈȟȐ ȒȓȈșșȐȜȐȒȈȞȐȐ. 

 

ǸȍȏțȓȤȚȈȚȣ ȘȍȋȘȍșșȐȐ ȗȘȍȌșȚȈȊȓȍȕȣ șȓȍȌțȦȡȐȔȐ ȖȉȢȍȒȚȈȔȐ: 
 ǺȍȗȓȖȊȣȍ ȒȈȘȚȣ Ȍȓȧ ȖȉțȟȈȦȡȍȑ, ȊȈȓȐȌȈȞȐȖȕȕȖȑ Ȑ ȚȍșȚȖȊȖȑ ȊȣȉȖȘȖȒ. 
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 ǫȘȈȜȐȒ ȗȖȚȍȘȐ ȚȖȟȕȖșȚȐ. 

 

 ǺȈȉȓȐȞȈ ș ȔȍȚȘȐȒȈȔȐ ȒȈȟȍșȚȊȈ ȔȖȌȍȓȐ. 

 

 ǺȈȉȓȐȞȣ ș ȔȍȚȘȐȒȈȔȐ ȒȈȟȍșȚȊȈ Ȋ ȘȈȏȉȐȍȕȐȧȝ ȖȉțȟȈȦȡȍȑ Ȑ ȊȈȓȐȌȈȞȐȖȕȕȖȑ 
ȊȣȉȖȘȒȈȝ. 
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3.2.5.8.8. ǻȏȍȓ «LDA» 

ǻȏȍȓ «LDA» ȗȘȍȌșȚȈȊȓȧȍȚ ȓȐȕȍȑȕȣȑ ȌȐșȒȘȐȔȐȕȈȕȚȕȣȑ ȈȕȈȓȐȏ, ȒȖȚȖȘȣȑ 
ȗȘȐȔȍȕȧȍȚșȧ Ȍȓȧ ȕȈȝȖȎȌȍȕȐȧ ȓȐȕȍȑȕȣȝ ȒȖȔȉȐȕȈȞȐȑ ȗȘȐȏȕȈȒȖȊ, ȕȈȐȓțȟȠȐȔ 
ȖȉȘȈȏȖȔ ȘȈȏȌȍȓȧȦȡȐȝ ȌȊȈ ȐȓȐ ȉȖȓȍȍ ȒȓȈșșȈ ȖȉȢȍȒȚȖȊ ȐȓȐ șȖȉȣȚȐȑ. 

ǹȗȐșȖȒ ȗȈȘȈȔȍȚȘȖȊ țȏȓȈ ȗȘȍȌșȚȈȊȓȍȕ Ȋ ȚȈȉȓȐȞȍ ȕȐȎȍ. 

ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ 

ǵȈȏȊȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ 
ȏȕȈȟȍȕȐȍ ȕȍȚ 

ǵȈȏȊȈȕȐȍ țȏȓȈ, ȒȖȚȖȘȖȍ ȉțȌȍȚ 
ȖȚȖȉȘȈȎȈȚȤșȧ Ȋ ȐȕȚȍȘȜȍȑșȍ 

ǶȗȐșȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ 
ȏȕȈȟȍȕȐȍ ȕȍȚ 

ǶȗȐșȈȕȐȍ țȏȓȈ 

ǴȍȚȖȌ 
ȖȗȚȐȔȐȏȈȞȐȐ 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ șȗȐșȖȒ 
șȖ șȓȍȌțȦȡȐȔȐ 
ȏȕȈȟȍȕȐȧȔȐ: 

 svd (ȗȖ 
țȔȖȓȟȈȕȐȦ) 

 lsqr 
 eigen 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȔȍȚȖȌ, 
ȐșȗȖȓȤȏțȍȔȣȑ Ȍȓȧ ȗȖȐșȒȈ ȔȈȚȘȐȞȣ 
ȖȉȢȍȒȚȖȊ ȋȐȗȍȘȗȓȖșȒȖșȚȐ LDA. 
ǷȘȍȌțșȔȖȚȘȍȕȣ șȓȍȌțȦȡȐȍ ȔȍȚȖȌȣ: 

 svd – ȘȈȏȓȖȎȍȕȐȍ ȗȖ șȐȕȋțȓȧȘȕȣȔ 
ȏȕȈȟȍȕȐȧȔ 

 lsqr – ȔȍȚȖȌ ȕȈȐȔȍȕȤȠȐȝ 
ȒȊȈȌȘȈȚȖȊ 

 eigen – ȘȈȏȓȖȎȍȕȐȍ ȗȖ 
șȖȉșȚȊȍȕȕȣȔ ȏȕȈȟȍȕȐȧȔ 

ǯȈȌȈȚȤ ȊȍȓȐȟȐȕț 
șȎȈȚȐȧ 
ȈȊȚȖȔȈȚȐȟȍșȒȐ 

ǿȍȒȉȖȒș ǪȣȉȖȘ ȌȈȕȕȖȋȖ ȟȍȒȉȖȒșȈ țȒȈȏȣȊȈȍȚ ȕȈ 
ȕȍȖȉȝȖȌȐȔȖșȚȤ ȏȈȌȈȚȤ ȊȍȓȐȟȐȕț șȎȈȚȐȧ 
ȈȊȚȖȔȈȚȐȟȍșȒȐ 

ǹȎȈȚȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǿȐșȓȖ ȉȖȓȤȠȍ 0 Ȑ 
ȔȍȕȤȠȍ 1 
ǷȖ țȔȖȓȟȈȕȐȦ — 0 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȏȕȈȟȍȕȐȍ 
șȎȈȚȐȧ 

ǬȖȗțșȚȐȔȈȧ 
ȗȖȋȘȍȠȕȖșȚȤ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǵȍȖȚȘȐȞȈȚȍȓȤȕȖȍ ȟȐșȓȖ 
ǷȖ țȔȖȓȟȈȕȐȦ — 0,0001 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȌȖȗțșȚȐȔțȦ 
ȗȖȋȘȍȠȕȖșȚȤ Ȍȓȧ ȖȗȚȐȔȐȏȈȞȐȐ 
ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȔȖȎȕȖ ȏȈȌȈȚȤ ȚȖȓȤȒȖ Ȋ 
șȓțȟȈȍ ȊȣȉȘȈȕȕȖȋȖ ȔȍȚȖȌȈ ȖȗȚȐȔȐȏȈȞȐȐ 
svd 

ǺȈȉȓȐȞȈ 36 ǷȈȘȈȔȍȚȘȣ țȏȓȈ «LDA» 

ǸȍȏțȓȤȚȈȚȣ ȊȣȗȖȓȕȍȕȐȧ țȏȓȈ: 
ǻȏȍȓ «LDA» ȐȔȍȍȚ ȘȈȏȕȣȍ ȘȍȏțȓȤȚȈȚȣ Ȋ ȏȈȊȐșȐȔȖșȚȐ ȖȚ ȘȍȠȈȍȔȖȑ ȏȈȌȈȟȐ. 
ǸȍȏțȓȤȚȈȚȣ ȔȕȖȋȖȒȓȈșșȖȊȖȑ ȒȓȈșșȐȜȐȒȈȞȐȐ ȗȘȍȌșȚȈȊȓȍȕȣ șȓȍȌțȦȡȐȔȐ 
ȖȉȢȍȒȚȈȔȐ: 

 ǺȈȉȓȐȞȈ ș ȔȍȚȘȐȒȈȔȐ ȒȈȟȍșȚȊȈ ȔȖȌȍȓȐ. 

 ǺȈȉȓȐȞȈ ș ȔȍȚȘȐȒȈȔȐ ȒȈȟȍșȚȊȈ ȔȖȌȍȓȐ ȏȈȌȈȟȐ ȒȓȈșșȐȜȐȒȈȞȐȐ. 

 ǺȈȉȓȐȞȈ ș ȒȖȥȜȜȐȞȐȍȕȚȈȔȐ ȗȍȘȍȔȍȕȕȣȝ. 

ǸȍȏțȓȤȚȈȚȣ ȉȐȕȈȘȕȖȑ ȒȓȈșșȐȜȐȒȈȞȐȐ ȗȘȍȌșȚȈȊȓȍȕȣ șȓȍȌțȦȡȐȔȐ ȖȉȢȍȒȚȈȔȐ: 

 ǫȘȈȜȐȒ ROC. 

 ǫȘȈȜȐȒ Lift. 
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 ǫȘȈȜȐȒ Cumulative Lift. 

 ǫȘȈȜȐȒ Gain. 

 ǫȘȈȜȐȒ Cumulative Gain. 

 ǺȈȉȓȐȞȈ ș ȔȍȚȘȐȒȈȔȐ ȒȈȟȍșȚȊȈ ȔȖȌȍȓȐ. 

 ǺȈȉȓȐȞȈ ș ȔȍȚȘȐȒȈȔȐ ȒȈȟȍșȚȊȈ ȔȖȌȍȓȐ ȏȈȌȈȟȐ ȒȓȈșșȐȜȐȒȈȞȐȐ. 

 ǺȈȉȓȐȞȈ ș ȒȖȥȜȜȐȞȐȍȕȚȈȔȐ ȗȍȘȍȔȍȕȕȣȝ. 

3.2.5.8.9. ǻȏȍȓ «ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ (XGBOOST)» 

Ǫ ȖșȕȖȊȍ țȏȓȈ "XGBoost" ȓȍȎȐȚ ȈȓȋȖȘȐȚȔ ȋȘȈȌȐȍȕȚȕȖȋȖ ȉțșȚȐȕȋȈ ȕȈ ȌȍȘȍȊȤȧȝ 
ȗȖȐșȒȈ ȘȍȠȍȕȐȑ ȐȓȐ ȓȐȕȍȑȕȣȝ ȔȖȌȍȓȧȝ. ǰșȗȖȓȤȏțȍȚșȧ Ȍȓȧ ȘȍȠȍȕȐȧ ȏȈȌȈȟ 
ȒȓȈșșȐȜȐȒȈȞȐȐ Ȑ ȘȍȋȘȍșșȐȐ. 

ǨȓȋȖȘȐȚȔ ȘȈȉȖȚȣ ȋȘȈȌȐȍȕȚȕȖȋȖ ȉțșȚȐȕȋȈ: 

ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ – ȈȓȋȖȘȐȚȔ ȔȈȠȐȕȕȖȋȖ ȖȉțȟȍȕȐȧ, ȒȖȚȖȘȣȑ șȚȘȖȐȚ ȔȖȌȍȓȤ 
ȗȘȍȌșȒȈȏȈȕȐȧ Ȋ ȊȐȌȍ ȈȕșȈȔȉȓȧ șȓȈȉȣȝ ȗȘȍȌșȒȈȏȣȊȈȦȡȐȝ ȔȖȌȍȓȍȑ (Ȋ ȖșȕȖȊȕȖȔ 
ǬȍȘȍȊȖ ȘȍȠȍȕȐȑ, ȕȖ ȚȈȒȎȍ ȍșȚȤ ȊȈȘȐȈȕȚ ș ȓȐȕȍȑȕȣȔȐ ȔȖȌȍȓȧȔȐ). ǵȈ ȒȈȎȌȖȑ 
ȐȚȍȘȈȞȐȐ ȊȣȟȐșȓȧȍȚșȧ ȖȚȒȓȖȕȍȕȐȍ ȗȘȍȌșȒȈȏȈȕȐȑ țȎȍ ȖȉțȟȍȕȕȖȋȖ ȈȕșȈȔȉȓȧ (Ȋșȍȝ 
ȗȘȍȌȣȌțȡȐȝ ȗȖșȚȘȖȍȕȕȣȝ ȔȖȌȍȓȍȑ) ȕȈ ȖȉțȟȈȦȡȍȑ ȊȣȉȖȘȒȍ. ǹȓȍȌțȦȡȈȧ 
ȌȖȉȈȊȓȧȍȔȈȧ Ȋ ȈȕșȈȔȉȓȤ ȔȖȌȍȓȤ ȉțȌȍȚ șȊȖȌȐȚȤ șȘȍȌȕȍȍ ȖȚȒȓȖȕȍȕȐȍ ȗȘȍȌȣȌțȡȍȑ Ȓ 
ȔȐȕȐȔțȔț. 
ǵȖȊȣȍ ȌȍȘȍȊȤȧ ȌȖȉȈȊȓȧȦȚșȧ Ȋ ȈȕșȈȔȉȓȤ ȌȖ Țȍȝ ȗȖȘ, ȗȖȒȈ țȔȍȕȤȠȈȍȚșȧ ȖȠȐȉȒȈ, 
ȓȐȉȖ ȗȖȒȈ ȕȍ ȊȣȗȖȓȕȐȚșȧ ȖȌȕȖ Ȑȏ ȗȘȈȊȐȓ «ȘȈȕȕȍȑ ȖșȚȈȕȖȊȒȐ». 

ǶșȖȉȍȕȕȖșȚȐ ȘȍȈȓȐȏȈȞȐȐ XGBoost (Extreme Gradient Boosting) Ȋ șȘȈȊȕȍȕȐȐ 
șȖ șȚȈȕȌȈȘȚȕȣȔ ȈȓȋȖȘȐȚȔȖȔ ȋȘȈȌȐȍȕȚȕȖȋȖ ȉțșȚȐȕȋȈ: 

XGBoost ȗȖȌȌȍȘȎȐȊȈȍȚ ȒȈȒ ȈȓȋȖȘȐȚȔ ȗȘȍȌȊȈȘȐȚȍȓȤȕȖȑ șȖȘȚȐȘȖȊȒȐ, ȚȈȒ Ȑ ȈȓȋȖȘȐȚȔ 
ȕȈ ȖșȕȖȊȍ ȋȐșȚȖȋȘȈȔȔȣ. 

1. Ǫ ȌȈȕȕȖȑ ȘȍȈȓȐȏȈȞȐȐ ȒȈȎȌȣȑ ȓȐșȚ ȌȍȘȍȊȈ ȕȍ ȗȘȖȊȍȘȧȍȚșȧ ȕȈ ȗȘȍȌȔȍȚ ȚȖȋȖ, 
ȟȚȖ ȔȖȎȕȖ ȓȐ ȍȋȖ ȘȈȏȌȍȓȐȚȤ ȌȈȓȤȠȍ. ǯȌȍșȤ ȏȈȘȈȕȍȍ ȏȈȌȈȍȚșȧ ȔȈȒșȐȔȈȓȤȕȈȧ 
ȋȓțȉȐȕȈ ȌȍȘȍȊȈ, ȋȓțȉȎȍ ȒȖȚȖȘȖȑ țȏȓȣ Ȑ ȓȐșȚȤȧ ȕȍ șȚȘȖȧȚșȧ. ǬȈȓȍȍ ȗȖșȓȍ 
ȗȖșȚȘȖȍȕȐȧ Ȋșȍȝ ȓȐșȚȤȍȊ ȌȖ ȏȈȌȈȕȕȖȑ ȋȓțȉȐȕȣ ȗȘȖȊȍȘȧȍȚșȧ ȌȈȍȚ ȓȐ șȗȓȐȚ 
(ȌȍȓȍȕȐȍ) Ȋ ȒȖȕȒȘȍȚȕȖȔ țȏȓȍ ȗȘȐȘȖșȚ ȐȕȜȖȘȔȈȞȐȐ (Information Gain). Ǭȓȧ 
ȥȚȖȋȖ Information Gain șȘȈȊȕȐȊȈȍȚșȧ ș ȏȈȌȈȕȕȣȔ ȗȖȘȖȋȖȔ, ȒȖȚȖȘȣȑ 
ȕȈșȚȘȈȐȊȈȍȚșȧ ȥȒșȗȍȘȐȔȍȕȚȈȓȤȕȣȔ ȗțȚȍȔ. ǭșȓȐ ȏȕȈȟȍȕȐȍ ȔȍȕȤȠȍ ȗȖȘȖȋȈ, ȚȖ 
ȓȐșȚȤȧ ȥȚȖȋȖ țȏȓȈ ȖȚșȍȒȈȦȚșȧ. ǺȈȒȐȔ ȖȉȘȈȏȖȔ ȐȏȉȍȋȈȍȚșȧ ȗȍȘȍȖȉțȟȍȕȐȍ 

2. ǰșȗȖȓȤȏțȍȚșȧ ȘȍȋțȓȧȘȐȏȈȞȐȧ Ȍȓȧ ȐȏȉȍȎȈȕȐȧ ȔȈȓȖȋȖ ȒȖȓȐȟȍșȚȊȈ ȕȈȉȓȦȌȍȕȐȑ 
Ȋ ȓȐșȚȍ, ȟȚȖ ȚȈȒȎȍ ȗȖȏȊȖȓȧȍȚ ȉȖȘȖȚȤșȧ ș ȗȍȘȍȖȉțȟȍȕȐȍȔ. 

ǹȗȐșȖȒ ȗȈȘȈȔȍȚȘȖȊ țȏȓȈ ȗȘȍȌșȚȈȊȓȍȕ Ȋ ȚȈȉȓȐȞȍ ȕȐȎȍ. 
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ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ ǫȘțȗȗȈ 
ȗȈȘȈȔȍȚȘȖȊ 

ǵȈȏȊȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ 
ȏȕȈȟȍȕȐȍ ȕȍȚ 

ǵȈȏȊȈȕȐȍ țȏȓȈ, ȒȖȚȖȘȖȍ 
ȉțȌȍȚ ȖȚȖȉȘȈȎȈȚȤșȧ Ȋ 
ȐȕȚȍȘȜȍȑșȍ 

ǶȉȡȐȑ ȗȈȘȈȔȍȚȘ 

ǶȗȐșȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ 
ȏȕȈȟȍȕȐȍ ȕȍȚ 

ǶȗȐșȈȕȐȍ țȏȓȈ ǶȉȡȐȑ ȗȈȘȈȔȍȚȘ 

ǩțșȚȍȘ ǸȈșȒȘȣȊȈȦȡȐȑșȧ 
șȗȐșȖȒ șȖ 
șȓȍȌțȦȡȐȔȐ 
ȏȕȈȟȍȕȐȧȔȐ: 

 gbtree (ȗȖ 
țȔȖȓȟȈȕȐȦ) 

 gblinear 
 DART 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȚȐȗ ȉȈȏȖȊȖȋȖ ȈȓȋȖȘȐȚȔȈ 
Ȍȓȧ ȉțșȚȐȕȋȈ. 
ǷȘȍȌțșȔȖȚȘȍȕȣ 
șȓȍȌțȦȡȐȍ ȚȐȗȣ: 

 gbtree – ȉțșȚȐȕȋ ȕȈ 
ȖșȕȖȊȍ ȌȍȘȍȊȤȍȊ 

 gblinear – ȉțșȚȐȕȋ 
ȕȈ ȖșȕȖȊȍ 
ȓȐȕȍȑȕȣȝ ȔȖȌȍȓȍȑ 

 DART – 
ȔȖȌȐȜȐȒȈȞȐȧ 
gbtree 
(ȖȚȉȘȈșȣȊȈȍȚ 
ȌȍȘȍȊȤȧ, Ȍȓȧ 
ȗȘȍȌȖȚȊȘȈȡȍȕȐȧ 
ȗȍȘȍȖȉțȟȍȕȐȧ) 

ǶȉȡȐȑ ȗȈȘȈȔȍȚȘ 

ǲȖȓȐȟȍșȚȊȖ 
ȖȞȍȕȖȟȕȣȝ 
ȜțȕȒȞȐȑ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǿȐșȓȖ ȉȖȓȤȠȍ 0 
ǷȖ țȔȖȓȟȈȕȐȦ — 100 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȟȐșȓȖ ȐȚȍȘȈȞȐȑ 
ȋȘȈȌȐȍȕȚȕȖȋȖ ȉțșȚȐȕȋȈ 

ǶȉȡȐȑ ȗȈȘȈȔȍȚȘ 

ǹȒȖȘȖșȚȤ 
ȖȉțȟȍȕȐȧ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǿȐșȓȖ ȉȖȓȤȠȍ 0 Ȑ 
ȔȍȕȤȠȍ 1 
ǷȖ țȔȖȓȟȈȕȐȦ — 0,3 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
șȒȖȘȖșȚȤ ȖȉțȟȍȕȐȧ 
ȔȖȌȍȓȐ Ȑ ȒȖȕȚȘȖȓȐȘțȍȚ, ș 
ȒȈȒȐȔ ȊȍșȖȔ 
ȗȘȍȌșȒȈȏȈȕȐȧ ȒȈȎȌȖȑ 
șȓȍȌțȦȡȍȑ ȔȖȌȍȓȐ 
șțȔȔȐȘțȦȚșȧ ș 
ȗȘȍȌșȒȈȏȈȕȐȧȔȐ 
ȈȕșȈȔȉȓȧ. 
ǯȕȈȟȍȕȐȍ ȗȖ țȔȖȓȟȈȕȐȦ 
(0,3) ȧȊȓȧȍȚșȧ șȓȐȠȒȖȔ 
ȉȖȓȤȠȐȔ, ȖȉȣȟȕȖ ȝȖȘȖȠȖ 
ȘȈȉȖȚȈȦȚ ȏȕȈȟȍȕȐȧ 
ȔȍȕȤȠȍ 0.1 

ǶȉȡȐȑ ȗȈȘȈȔȍȚȘ 

ǾȍȓȤ 
ȖȉțȟȍȕȐȧ Ȍȓȧ 
ȘȍȋȘȍșșȐȐ 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ 
șȗȐșȖȒ șȖ 
șȓȍȌțȦȡȐȔȐ 
ȏȕȈȟȍȕȐȧȔȐ: 

 ǲȊȈȌȘȈȚ 
ȖȠȐȉȒȐ (ȗȖ 
țȔȖȓȟȈȕȐȦ) 

 ǼțȕȒȞȐȧ 
ȗȖȚȍȘȤ 
ǽȤȦȉȍȘȈ 

 ǷțȈșșȖȕȖȊșȒȈ
ȧ ȘȍȋȘȍșșȐȧ 

 ǸȍȋȘȍșșȐȧ 
ǺȊȐȌȐ 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȐșȗȖȓȤȏțȍȔțȦ ȗȘȐ 
ȖȉțȟȍȕȐȐ ȜțȕȒȞȐȦ 
ȗȖȚȍȘȤ. ǷȘȍȌțșȔȖȚȘȍȕȣ 
șȓȍȌțȦȡȐȍ: 

 ǲȊȈȌȘȈȚ ȖȠȐȉȒȐ – 
ȒȊȈȌȘȈȚȐȟȕȈȧ 
ȜțȕȒȞȐȧ ȗȖȚȍȘȤ 

 ǼțȕȒȞȐȧ ȗȖȚȍȘȤ 
ǽȤȦȉȍȘȈ – 
ȜțȕȒȞȐȧ 
ȒȊȈȌȘȈȚȐȟȕȈ Ȍȓȧ 
ȔȈȓȣȝ ȏȕȈȟȍȕȐȑ 
ȖșȚȈȚȒȈ (ȘȈȏȕȐȞȈ 
ȔȍȎȌț 

ǶȉȡȐȑ ȗȈȘȈȔȍȚȘ 
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ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ ǫȘțȗȗȈ 
ȗȈȘȈȔȍȚȘȖȊ 

 ǫȈȔȔȈ 
ȘȍȋȘȍșșȐȧ 

ȕȈȉȓȦȌȈȍȔȣȔ Ȑ 
ȗȘȍȌșȒȈȏȈȕȕȣȔ 
ȏȕȈȟȍȕȐȍȔ), Ȑ 
ȓȐȕȍȑȕȈ Ȍȓȧ 
ȉȖȓȤȠȐȝ ȏȕȈȟȍȕȐȑ 
ȖșȚȈȚȒȈ 

 ǷțȈșșȖȕȖȊșȒȈȧ 
ȘȍȋȘȍșșȐȧ – 
ȗȘȍȌȕȈȏȕȈȟȍȕȈ Ȍȓȧ 
ȗȘȖȋȕȖȏȐȘȖȊȈȕȐȧ 
șȟȍȚȟȐȒȖȊ 
(ȕȍȖȚȘȐȞȈȚȍȓȤȕȣȝ 
Ȟȍȓȣȝ ȟȐșȍȓ) 
(ȕȈȗȘȐȔȍȘ, 
ȒȖȓȐȟȍșȚȊȖ 
ȌȖȎȌȍȊȣȝ ȧȊȓȍȕȐȑ 
Ȋ ȋȖȌ ȐȓȐ 
ȒȖȓȐȟȍșȚȊȖ 
șȖȉȣȚȐȑ 
ȗȘȍȘȣȊȈȕȐȧ 
ȗȘȖȐȏȊȖȌșȚȊȈ Ȋ 
ȋȖȌ). ǷȖȥȚȖȔț 
ȐșȗȖȓȤȏȖȊȈȚȤ 
ȌȈȕȕțȦ ȜțȕȒȞȐȦ 
șȓȍȌțȍȚ Ȋ șȓțȟȈȍ 
șȖȖȚȊȍȚșȚȊȐȧ 
șȓȍȌțȦȡȐȔ 
țșȓȖȊȐȧȔ: 

 ȗȍȘȍȔȍȕȕȈȧ ȖȚȊȍȚȈ 
ȐȔȍȍȚ 
ȘȈșȗȘȍȌȍȓȍȕȐȍ 
ǷțȈșșȖȕȈ, 

 ȔȍȚȒȐ ȕȍ ȌȖȓȎȕȣ 
ȉȣȚȤ 
ȖȚȘȐȞȈȚȍȓȤȕȣȔȐ 

 ȉȍșșȔȣșȓȍȕȕȖ 
ȐșȗȖȓȤȏȖȊȈȚȤ Ȍȓȧ 
ȌȘȖȉȕȣȝ ȟȐșȍȓ 

 ǸȍȋȘȍșșȐȧ ǺȊȐȌȐ – 
ȗȘȍȌȕȈȏȕȈȟȍȕȈ Ȍȓȧ 
ȗȘȖȋȕȖȏȐȘȖȊȈȕȐȧ 
ȞȍȓȍȊȖȑ 
ȗȍȘȍȔȍȕȕȖȑ, 
ȐȔȍȦȡȍȑ 
ȘȈșȗȘȍȌȍȓȍȕȐȍ 
ǺȊȐȌȐ (ȕȈȗȘȐȔȍȘ, 
Ȗȉȡȍȍ ȒȖȓȐȟȍșȚȊȖ 
ȖșȈȌȒȖȊ Ȋ ȋȖȌ ȐȓȐ 
Ȗȉȡȍȍ ȊȘȍȔȧ 
ȗȘȍȘȣȊȈȕȐȧ Ȋ ȋȖȌ) 

 ǫȈȔȔȈ ȘȍȋȘȍșșȐȧ – 
ȗȘȍȌȕȈȏȕȈȟȍȕȈ Ȍȓȧ 
ȗȘȖȋȕȖȏȐȘȖȊȈȕȐȧ 
ȞȍȓȍȊȖȑ 
ȗȍȘȍȔȍȕȕȖȑ, 
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ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ ǫȘțȗȗȈ 
ȗȈȘȈȔȍȚȘȖȊ 

ȐȔȍȦȡȍȑ ȋȈȔȔȈ-
ȘȈșȗȘȍȌȍȓȍȕȐȍ 
(ȕȈȗȘȐȔȍȘ, 
ȒȖȓȐȟȍșȚȊȖ 
ȖșȈȌȒȖȊ ȕȈ ȖȌȕȖ 
șȖȉȣȚȐȍ ȐȓȐ 
ȗȘȖȌȖȓȎȐȚȍȓȤȕȖșȚȤ 
ȗȘȍȘȣȊȈȕȐȧ) 

ǾȍȓȤ 

ȖȉțȟȍȕȐȧ Ȍȓȧ 
ȒȓȈșșȐȜȐȒȈȞ
ȐȐ 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ 
șȗȐșȖȒ șȖ 
șȓȍȌțȦȡȐȔȐ 
ȏȕȈȟȍȕȐȧȔȐ: 

 ǩȐȕȈȘȕȈȧ 
ȓȖȋȐșȚȐȟȍșȒȈȧ 
ȘȍȋȘȍșșȐȧ (ȗȖ 
țȔȖȓȟȈȕȐȦ) 

 ǩȐȕȈȘȕȈȧ ș 
hinge loss 

 ǴțȓȤȚȐȒȓȈșșȖ
ȊȈȧ ș softprob 

 ǴțȓȤȚȐȒȓȈșșȖ
ȊȈȧ ș softmax 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȐșȗȖȓȤȏțȍȔțȦ ȗȘȐ 
ȖȉțȟȍȕȐȐ ȜțȕȒȞȐȦ 
ȗȖȚȍȘȤ. ǷȘȍȌțșȔȖȚȘȍȕȣ 
șȓȍȌțȦȡȐȍ: 

 ǩȐȕȈȘȕȈȧ 
ȓȖȋȐșȚȐȟȍșȒȈȧ 
ȘȍȋȘȍșșȐȧ – 
ȊȖȏȊȘȈȡȈȍȚ 
ȗȘȖȋȕȖȏȐȘțȍȔțȦ 
ȊȍȘȖȧȚȕȖșȚȤ (ȕȍ 
ȒȓȈșș) 

 ǩȐȕȈȘȕȈȧ ș hinge 
loss – ȒțșȖȟȕȖ-
ȓȐȕȍȑȕȈȧ ȜțȕȒȞȐȧ 
ȗȖȚȍȘȤ Ȍȓȧ 
ȉȐȕȈȘȕȖȑ 
ȒȓȈșșȐȜȐȒȈȞȐȐ. 
ǪȖȏȊȘȈȡȈȍȚ 
ȗȘȐȕȈȌȓȍȎȕȖșȚȤ 
ȖȌȕȖȔț Ȑȏ ȌȊțȝ 
ȒȓȈșșȖȊ – 0 ȐȓȐ 1 

 ǴțȓȤȚȐȒȓȈșșȖȊȈȧ ș 
softprob – ȜțȕȒȞȐȧ 
softprob Ȍȓȧ 
ȔțȓȤȚȐȒȓȈșșȖȊȖȑ 
ȒȓȈșșȐȜȐȒȈȞȐȐ, 
ȊȖȏȊȘȈȡȈȍȚ 
ȔȈȚȘȐȞț șȖ 
ȏȕȈȟȍȕȐȧȔȐ 
ȊȍȘȖȧȚȕȖșȚȐ 
ȒȈȎȌȖȋȖ ȒȓȈșșȈ 

 ǴțȓȤȚȐȒȓȈșșȖȊȈȧ ș 
softmax – ȜțȕȒȞȐȧ 
softmax Ȍȓȧ 
ȔțȓȤȚȐȒȓȈșșȖȊȖȑ 
ȒȓȈșșȐȜȐȒȈȞȐȐ, 
ȊȖȏȊȘȈȡȈȍȚ ȒȓȈșș ș 
ȔȈȒșȐȔȈȓȤȕȖȑ 
ȊȍȘȖȧȚȕȖșȚȤȦ 
ȗȘȐȕȈȌȓȍȎȕȖșȚȐ 

ǶȉȡȐȑ ȗȈȘȈȔȍȚȘ 

ǬȐșȗȍȘșȐȧ 
ȘȈșȗȘȍȌȍȓȍȕȐ
ȧ ǺȊȐȌȐ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǿȐșȓȖ ȉȖȓȤȠȍ 1 Ȑ 
ȔȍȕȤȠȍ 2 
ǷȖ țȔȖȓȟȈȕȐȦ — 1,5 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ 
ȐșȗȖȓȤȏțȍȚșȧ Ȍȓȧ 
țȗȘȈȊȓȍȕȐȧ ȌȐșȗȍȘșȐȍȑ 
ȘȈșȗȘȍȌȍȓȍȕȐȧ ǺȊȐȌȐ. 
ǯȕȈȟȍȕȐȍ ȉȓȐȎȍ Ȓ 2 
ȗȍȘȍȝȖȌȐȚ Ȋ ȋȈȔȔȈ-

ǷȈȘȈȔȍȚȘ ȈȒȚțȈȓȍȕ 
ȗȘȐ ȏȈȌȈȕȕȣȝ ǾȍȓȐ 
ȖȉțȟȍȕȐȧ Ȍȓȧ 
ȘȍȋȘȍșșȐȐ = 
ǸȍȋȘȍșșȐȧ ǺȊȐȌȐ Ȑ 
ǴȍȚȘȐȒȈȝ Ȍȓȧ 
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ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ ǫȘțȗȗȈ 
ȗȈȘȈȔȍȚȘȖȊ 

ȘȈșȗȘȍȌȍȓȍȕȐȍ, ȏȕȈȟȍȕȐȍ 
ȉȓȐȎȍ Ȓ 1 – 
ȘȈșȗȘȍȌȍȓȍȕȐȍ ǷțȈșșȖȕȈ. 

ȊȈȓȐȌȈȞȐȐ 
ȘȍȋȘȍșșȐȐ, 
șȊȧȏȈȕȕȣȔȐ ș 
ȘȈșȗȘȍȌȍȓȍȕȐȍȔ 
ǺȊȐȌȐ. 

ǸȈȏȔȍȘ (%) 
ȊȈȓȐȌȈȞȐȖȕȕ
Ȗȑ ȊȣȉȖȘȒȐ 
Ȍȓȧ ȘȈȕȕȍȑ 
ȖșȚȈȕȖȊȒȐ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǿȐșȓȖ ȉȖȓȤȠȍ 0 Ȑ 
ȔȍȕȤȠȍ 1 
ǷȖ țȔȖȓȟȈȕȐȦ – 0,1 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȘȈȏȔȍȘ (%) 
ȊȈȓȐȌȈȞȐȖȕȕȖȑ ȊȣȉȖȘȒȐ 
Ȍȓȧ ȘȈȕȕȍȑ ȖșȚȈȕȖȊȒȐ 

ǶȉȡȐȑ ȗȈȘȈȔȍȚȘ 

ǲȖȓȐȟȍșȚȊȖ 
ȐȚȍȘȈȞȐȑ ȌȖ 
ȘȈȕȕȍȑ 
ȖșȚȈȕȖȊȒȐ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǷȖ țȔȖȓȟȈȕȐȦ – 0 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȒȖȓȐȟȍșȚȊȖ ȐȚȍȘȈȞȐȑ ȌȖ 
ȘȈȕȕȍȑ ȖșȚȈȕȖȊȒȐ 

ǶȉȡȐȑ ȗȈȘȈȔȍȚȘ 

ǴȍȚȘȐȒȈ Ȍȓȧ 
ȊȈȓȐȌȈȞȐȐ 
ȘȍȋȘȍșșȐȐ 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ 
șȗȐșȖȒ șȖ 
șȓȍȌțȦȡȐȔȐ 
ȏȕȈȟȍȕȐȧȔȐ: 

 RMSE (ȗȖ 
țȔȖȓȟȈȕȐȦ) 

 MAE 
 MAPE 
 poisson nloglik 
 gamma nloglik 
 gamma 

deviance 
 tweedie nloglik 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȔȍȚȘȐȒț ȒȈȟȍșȚȊȈ ȕȈ 
ȊȈȓȐȌȈȞȐȖȕȕȖȑ ȊȣȉȖȘȒȍ. 
ǷȘȍȌțșȔȖȚȘȍȕȣ 
șȓȍȌțȦȡȐȍ ȔȍȚȘȐȒȐ: 

 RMSE – 
ǹȘȍȌȕȍȒȊȈȌȘȈȚȐȟȍș
ȒȈȧ ȖȠȐȉȒȈ 

 MAE – ǹȘȍȌȕȧȧ 
ȈȉșȖȓȦȚȕȈȧ 
ȖȠȐȉȒȈ 

 MAPE – ǹȘȍȌȕȧȧ 
ȈȉșȖȓȦȚȕȈȧ 
ȖȠȐȉȒȈ Ȋ 
ȗȘȖȞȍȕȚȈȝ 

 poisson nloglik – 
ȖȚȘȐȞȈȚȍȓȤȕȈȧ 
ȓȖȋȈȘȐȜȔȐȟȍșȒȈȧ 
ȜțȕȒȞȐȧ 
ȗȘȈȊȌȖȗȖȌȖȉȐȧ Ȍȓȧ 
ȘȍȋȘȍșșȐȐ 
ǷțȈșșȖȕȈ 

 gamma nloglik – 
ȖȚȘȐȞȈȚȍȓȤȕȈȧ 
ȓȖȋȈȘȐȜȔȐȟȍșȒȈȧ 
ȜțȕȒȞȐȧ 
ȗȘȈȊȌȖȗȖȌȖȉȐȧ Ȍȓȧ 
ȋȈȔȔȈ-ȘȍȋȘȍșșȐȐ 

 gamma deviance – 
ȖșȚȈȚȖȟȕȖȍ 
ȖȚȒȓȖȕȍȕȐȍ Ȍȓȧ 
ȋȈȔȔȈ-ȘȍȋȘȍșșȐȐ 

 tweedie nloglik – 
ȖȚȘȐȞȈȚȍȓȤȕȈȧ 
ȓȖȋȈȘȐȜȔȐȟȍșȒȈȧ 
ȜțȕȒȞȐȧ 
ȗȘȈȊȌȖȗȖȌȖȉȐȧ Ȍȓȧ 
ȘȍȋȘȍșșȐȐ ǺȊȐȌȐ 

ǶȉȡȐȍ ȗȈȘȈȔȍȚȘȣ 

ǴȍȚȘȐȒȈ Ȍȓȧ 
ȊȈȓȐȌȈȞȐȐ 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ 
șȗȐșȖȒ șȖ 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȔȍȚȘȐȒț ȒȈȟȍșȚȊȈ ȕȈ 
ȊȈȓȐȌȈȞȐȖȕȕȖȑ ȊȣȉȖȘȒȍ. 

ǶȉȡȐȍ ȗȈȘȈȔȍȚȘȣ 
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ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ ǫȘțȗȗȈ 
ȗȈȘȈȔȍȚȘȖȊ 

ȒȓȈșșȐȜȐȒȈȞ
ȐȐ 

șȓȍȌțȦȡȐȔȐ 
ȏȕȈȟȍȕȐȧȔȐ: 

 logloss (ȗȖ 
țȔȖȓȟȈȕȐȦ) 

 error 
 merror 
 mlogloss 
 auc 
 aucpr 

ǷȘȍȌțșȔȖȚȘȍȕȣ 
șȓȍȌțȦȡȐȍ ȔȍȚȘȐȒȐ: 

 logloss – 
ȓȖȋȐșȚȐȟȍșȒȈȧ 
ȜțȕȒȞȐȧ ȖȠȐȉȒȐ 

 error – ȟȈșȚȖȚȈ 
ȖȠȐȉȖȒ ȉȐȕȈȘȕȖȑ 
ȒȓȈșșȐȜȐȒȈȞȐȐ, 
ȘȈșșȟȐȚȣȊȈȍȚșȧ 
ȒȈȒ ȕȍȗȘȈȊȐȓȤȕȖ 
ȒȓȈșșȐȜȐȞȐȘȖȊȈȕȕ
ȣȍ ȖȉȢȍȒȚȣ/Ȋșȍ 
ȖȉȢȍȒȚȣ. ǷȘȐ 
ȗȘȖȋȕȖȏȐȘȖȊȈȕȐȐ 
ȗȖȓȖȎȐȚȍȓȤȕȣȔȐ 
ȥȒȏȍȔȗȓȧȘȈȔȐ 
ȉțȌțȚ șȟȐȚȈȚȤșȧ 
ȕȈȉȓȦȌȍȕȐȧ șȖ 
ȏȕȈȟȍȕȐȍȔ 
ȗȘȖȋȕȖȏȈ ȉȖȓȤȠȍ 
0,5, ȖșȚȈȓȤȕȣȍ – 
ȒȈȒ ȖȚȘȐȞȈȚȍȓȤȕȣȍ 

 merror – ȟȈșȚȖȚȈ 
ȖȠȐȉȖȒ 
ȔțȓȤȚȐȒȓȈșșșȖȊȖȑ 
ȒȓȈșșȐȜȐȒȈȞȐȐ, 
ȘȈșșȟȐȚȣȊȈȍȚșȧ 
ȒȈȒ ȕȍȗȘȈȊȐȓȤȕȖ 
ȒȓȈșșȐȜȐȞȐȘȖȊȈȕȕ
ȣȍ ȖȉȢȍȒȚȣ/Ȋșȍ 
ȖȉȢȍȒȚȣ 

 mlogloss – 
ȔțȓȤȚȐȒȓȈșșȖȊȈȧ 
ȓȖȋȐșȚȐȟȍșȒȈȧ 
ȜțȕȒȞȐȧ ȖȠȐȉȒȐ 

 auc – 
ȒȖȓȐȟȍșȚȊȍȕȕȈȧ 
ȐȕȚȍȘȗȘȍȚȈȞȐȧ 
ȒȘȐȊȖȑ ȖȠȐȉȖȒ, 
ȗȓȖȡȈȌȤ, 
ȖȋȘȈȕȐȟȍȕȕȈȧ ROC-
ȒȘȐȊȖȑ Ȑ ȖșȤȦ 
ȌȖȓȐ ȓȖȎȕȣȝ 
ȗȖȓȖȎȐȚȍȓȤȕȣȝ 
ȒȓȈșșȐȜȐȒȈȞȐȑ 

 aucpr – ȗȓȖȡȈȌȤ 
ȗȖȌ PR-ȒȘȐȊȖȑ 
(Precision-Recall 
curve) 

Cutoff Ȍȓȧ 
ȔȍȚȘȐȒȐ error 

ǸțȟȕȖȑ ȊȊȖȌ 
ǷȖ țȔȖȓȟȈȕȐȦ – 0,5 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȗȖȘȖȋ ȖȚșȍȟȍȕȐȧ, ȟȚȖȉȣ 
ȖȚȕȖșȐȚȤ ȕȖȊȣȍ ȗȘȐȔȍȘȣ 
Ȓ ȖȌȕȖȔț Ȑȏ ȌȊțȝ ȒȓȈșșȖȊ 
(ȏȈȌȈȟȈ ȉȐȕȈȘȕȖȑ 
ȒȓȈșșȐȜȐȒȈȞȐȐ). 

ǶȉȡȐȍ ȗȈȘȈȔȍȚȘȣ 
ǨȒȚțȈȓȍȕ ȗȘȐ 
ȊȣȉȘȈȕȕȖȑ ȔȍȚȘȐȒȍ 
error Ȍȓȧ ȊȈȓȐȌȈȞȐȐ 
ȒȓȈșșȐȜȐȒȈȞȐȐ. 
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ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ ǫȘțȗȗȈ 
ȗȈȘȈȔȍȚȘȖȊ 

ǹȗȖșȖȉ 
ȖȗȘȍȌȍȓȍȕȐȧ 
ȊȈȎȕȖșȚȐ 
ȗȍȘȍȔȍȕȕȣȝ 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ 
șȗȐșȖȒ șȖ 
șȓȍȌțȦȡȐȔȐ 
ȏȕȈȟȍȕȐȧȔȐ: 

 gain (ȗȖ 
țȔȖȓȟȈȕȐȦ) 

 weight 
 cover 
 total gain 
 total cover 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ 
ȖȗȘȍȌȍȓȧȍȚ ȔȍȚȖȌ ȖȞȍȕȒȐ 
ȊȈȎȕȖșȚȐ ȗȍȘȍȔȍȕȕȣȝ. 
ǷȘȍȌțșȔȖȚȘȍȕȣ 
șȓȍȌțȦȡȐȍ ȔȍȚȖȌȣ: 

 gain – șȘȍȌȕȐȑ 
ȊȣȐȋȘȣȠ ȗȖ ȊșȍȔ 
ȘȈȏȌȍȓȍȕȐȧȔ 
(splits), Ȋ ȒȖȚȖȘȣȝ 
ȐșȗȖȓȤȏțȍȚșȧ 
ȗȍȘȍȔȍȕȕȈȧ 

 weight – 
ȒȖȓȐȟȍșȚȊȖ ȘȈȏ, 
ȒȖȋȌȈ ȗȍȘȍȔȍȕȕȈȧ 
ȐșȗȖȓȤȏțȍȚșȧ Ȍȓȧ 
ȘȈȏȌȍȓȍȕȐȧ ȌȈȕȕȣȝ 
ȗȖ ȊșȍȔ ȌȍȘȍȊȤȧȔ 

 cover – șȘȍȌȕȍȍ 
ȒȖȓȐȟȍșȚȊȖ 
ȕȈȉȓȦȌȍȕȐȑ Ȍȓȧ 
ȒȈȎȌȖȑ ȜȐȟȐ ȗȖ 
ȊșȍȔ ȘȈȏȌȍȓȍȕȐȧȔ, 
Ȋ ȒȖȚȖȘȣȝ 
ȐșȗȖȓȤȏțȍȚșȧ 
ȗȍȘȍȔȍȕȕȈȧ 

 total gain – ȖȉȡȐȑ 
ȊȣȐȋȘȣȠ ȗȖ ȊșȍȔ 
ȘȈȏȌȍȓȍȕȐȧȔ, Ȋ 
ȒȖȚȖȘȣȝ 
ȐșȗȖȓȤȏțȍȚșȧ 
ȗȍȘȍȔȍȕȕȈȧ 

 total cover – Ȗȉȡȍȍ 
ȒȖȓȐȟȍșȚȊȖ 
ȕȈȉȓȦȌȍȕȐȑ Ȍȓȧ 
ȒȈȎȌȖȑ ȜȐȟȐ Ȋșȍȝ 
ȘȈȏȌȍȓȍȕȐȑ, Ȋ 
ȒȖȚȖȘȣȝ 
ȐșȗȖȓȤȏțȍȚșȧ 
ȗȍȘȍȔȍȕȕȈȧ 

ǷȈȘȈȔȍȚȘȣ Ȍȓȧ Tree 
Booster (ǩțșȚȍȘ = 
gbtree). 
Ǭȓȧ ǩțșȚȍȘ = 
gblinear ȏȕȈȟȍȕȐȍ 
ȗȈȘȈȔȍȚȘȈ = 'weight' 

ǲȖȓȐȟȍșȚȊȖ 
ȗȈȘȈȓȓȍȓȤȕȣ
ȝ ȗȖȚȖȒȖȊ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǿȐșȓȖ ȉȖȓȤȠȍ ȐȓȐ 
ȘȈȊȕȖ 0 
ǷȖ țȔȖȓȟȈȕȐȦ – 0 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȒȖȓȐȟȍșȚȊȖ ȗȈȘȈȓȓȍȓȤȕȣȝ 
ȗȖȚȖȒȖȊ, ȐșȗȖȓȤȏțȍȔȣȝ 
Ȍȓȧ ȏȈȗțșȒȈ xgboost 
0 ȖȏȕȈȟȈȍȚ ȐșȗȖȓȤȏȖȊȈȕȐȍ 
Ȋșȍȝ ȌȖșȚțȗȕȣȝ ȗȖȚȖȒȖȊ 
(CPU) 

ǶȉȡȐȍ ȗȈȘȈȔȍȚȘȣ 

Seed ǸțȟȕȖȑ ȊȊȖȌ 
ȟȐșȓȖȊȖȋȖ ȏȕȈȟȍȕȐȧ 
ǷȖ țȔȖȓȟȈȕȐȦ — 42 

ǵȈȟȈȓȤȕȖȍ ȟȐșȓȖȊȖȍ 
ȏȕȈȟȍȕȐȍ Ȍȓȧ ȋȍȕȍȘȈȚȖȘȈ 
șȓțȟȈȑȕȣȝ ȟȐșȍȓ 

ǶȉȡȐȍ ȗȈȘȈȔȍȚȘȣ 

ǴȍȚȖȌ 
ȗȖșȚȘȖȍȕȐȧ 
ȌȍȘȍȊȈ 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ 
șȗȐșȖȒ șȖ 
șȓȍȌțȦȡȐȔȐ 
ȏȕȈȟȍȕȐȧȔȐ: 

 auto (ȗȖ 
țȔȖȓȟȈȕȐȦ) 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȔȍȚȖȌ ȗȖșȚȘȖȍȕȐȧ ȌȍȘȍȊȈ. 
ǷȘȍȌțșȔȖȚȘȍȕȣ 
șȓȍȌțȦȡȐȍ ȔȍȚȖȌȣ: 

 auto – Ȍȓȧ 
ȕȍȉȖȓȤȠȖȋȖ ȕȈȉȖȘȈ 

ǷȈȘȈȔȍȚȘȣ Ȍȓȧ Tree 
Booster Ȑ DART 
(ǩțșȚȍȘ = gbtree ȐȓȐ 
dart) 
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ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ ǫȘțȗȗȈ 
ȗȈȘȈȔȍȚȘȖȊ 

 exact 
 approx 
 hist 

ȌȈȕȕȣȝ ȉțȌȍȚ 
ȐșȗȖȓȤȏȖȊȈȕ exact, 
Ȍȓȧ ȉȖȓȤȠȖȋȖ 
ȕȈȉȖȘȈ ȌȈȕȕȣȝ – 
approx 

 exact – ȎȈȌȕȣȑ 
ȈȓȋȖȘȐȚȔ, ȒȖȚȖȘȣȑ 
ȗȍȘȍȉȐȘȈȍȚ Ȋșȍ 
ȕȈȉȓȦȌȍȕȐȧ 
ȊȝȖȌȕȖȋȖ ȕȈȉȖȘȈ Ȋ 
ȝȖȌȍ ȗȘȖȞȍȌțȘȣ 
ȗȖȐșȒȈ 
ȘȈȏȌȍȓȍȕȐȧ. 
ǬȈȕȕȣȑ ȔȍȚȖȌ 
ȉȖȓȍȍ ȚȖȟȍȕ șȘȍȌȐ 
ȌȘțȋȐȝ ȎȈȌȕȣȝ 
ȔȍȚȖȌȖȊ, ȕȖ 
ȔȍȌȓȍȕȕȍȍ Ȋ 
ȊȣȟȐșȓȐȚȍȓȤȕȖȑ 
ȗȘȖȐȏȊȖȌȐȚȍȓȤȕȖșȚ
Ȑ 

 approx – 
ȗȘȐȉȓȐȎȍȕȕȣȑ 
ȎȈȌȕȣȑ ȈȓȋȖȘȐȚȔ, 
ȒȖȚȖȘȣȑ 
ȐșȗȖȓȤȏțȍȚ quantile 
sketch 
(ȒȊȈȕȚȐȓȤȕȣȍ 
ȕȈȉȘȖșȒȐ) Ȑ 
gradient histogram 
(ȗȘȐȉȓȐȎȍȕȕȣȍ 
ȋȐșȚȖȋȘȈȔȔȣ 
șȚȈȚȐșȚȐȒȐ 
ȋȘȈȌȐȍȕȚȈ) 

 hist – ȉȖȓȍȍ 
ȉȣșȚȘȣȑ 
ȗȘȐȉȓȐȎȍȕȕȣȑ 
ȎȈȌȕȣȑ ȈȓȋȖȘȐȚȔ, 
ȖȗȚȐȔȐȏȐȘȖȊȈȕȕȣȑ 
Ȍȓȧ histogram. 

ǴȍȚȖȌ 
ȌȖȉȈȊȓȍȕȐȧ 
țȏȓȖȊ Ȓ 
ȌȍȘȍȊț 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ 
șȗȐșȖȒ șȖ 
șȓȍȌțȦȡȐȔȐ 
ȏȕȈȟȍȕȐȧȔȐ: 

 depthwise (ȗȖ 
țȔȖȓȟȈȕȐȦ) 

 lossguide 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
șȗȖșȖȉ ȌȖȉȈȊȓȍȕȐȧ ȕȖȊȣȝ 
țȏȓȖȊ Ȓ ȌȍȘȍȊț. 
ǷȘȍȌțșȔȖȚȘȍȕȣ 
șȓȍȌțȦȡȐȍ ȔȍȚȖȌȣ: 

 depthwise – 
ȘȈȏȌȍȓȍȕȐȍ Ȋ 
țȏȓȈȝ, ȉȓȐȎȈȑȠȐȝ 
Ȓ ȒȖȘȕȦ 

 lossguide – 
ȘȈȏȌȍȓȍȕȐȍ ȕȈ 
țȏȓȣ ș ȕȈȐȉȖȓȤȠȐȔ 
ȐȏȔȍȕȍȕȐȍȔ 
ȏȕȈȟȍȕȐȧ ȜțȕȒȞȐȐ 
ȗȖȚȍȘȤ 

ǷȈȘȈȔȍȚȘȣ Ȍȓȧ Tree 
Booster Ȑ DART 
(ǩțșȚȍȘ = gbtree ȐȓȐ 
dart) 
ǷȖȌȌȍȘȎȐȊȈȍȚșȧ 
ȚȖȓȤȒȖ ȍșȓȐ ȔȍȚȖȌ 
ȗȖșȚȘȖȍȕȐȧ ȌȍȘȍȊȈ 
ȊȣȉȘȈȕ ȒȈȒ hist 
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ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ ǫȘțȗȗȈ 
ȗȈȘȈȔȍȚȘȖȊ 

ǲȖȓȐȟȍșȚȊȖ 
ȗȈȘȈȓȓȍȓȤȕȣ
ȝ ȌȍȘȍȊȤȍȊ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǿȐșȓȖ ȉȖȓȤȠȍ ȐȓȐ 
ȘȈȊȕȖ 0 
ǷȖ țȔȖȓȟȈȕȐȦ – 1 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȒȖȓȐȟȍșȚȊȖ ȗȈȘȈȓȓȍȓȤȕȣȝ 
ȌȍȘȍȊȤȍȊ, ȗȖșȚȘȖȍȕȕȣȝ ȕȈ 
ȒȈȎȌȖȑ ȐȚȍȘȈȞȐȐ 

ǷȈȘȈȔȍȚȘȣ Ȍȓȧ Tree 
Booster Ȑ DART 
(ǩțșȚȍȘ = gbtree ȐȓȐ 
dart) 

ǴȈȒșȐȔȈȓȤȕȈ
ȧ ȋȓțȉȐȕȈ 
ȌȍȘȍȊȈ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǿȐșȓȖ ȉȖȓȤȠȍ 0 
ǷȖ țȔȖȓȟȈȕȐȦ – 6 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȔȈȒșȐȔȈȓȤȕțȦ ȋȓțȉȐȕț 
ȌȍȘȍȊȈ 

ǷȈȘȈȔȍȚȘȣ Ȍȓȧ Tree 
Booster Ȑ DART 
(ǩțșȚȍȘ = gbtree ȐȓȐ 
dart) 

ǴȐȕȐȔȈȓȤȕȖȍ 
șȕȐȎȍȕȐȍ 
ȗȖȚȍȘȐ Ȍȓȧ 
ȘȈȏȉȐȍȕȐȧ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǿȐșȓȖ ȉȖȓȤȠȍ ȐȓȐ 
ȘȈȊȕȖ 0, float 
ǷȖ țȔȖȓȟȈȕȐȦ – 0 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȏȕȈȟȍȕȐȍ ȔȐȕȐȔȈȓȤȕȖȋȖ 
țȔȍȕȤȠȍȕȐȧ ȜțȕȒȞȐȐ 
ȗȖȚȍȘȤ Ȍȓȧ ȘȈȏȉȐȍȕȐȧ 

ǷȈȘȈȔȍȚȘȣ Ȍȓȧ Tree 
Booster Ȑ DART 
(ǩțșȚȍȘ = gbtree ȐȓȐ 
dart) 

ǴȈȒșȐȔȈȓȤȕȖ
ȍ ȒȖȓȐȟȍșȚȊȖ 
ȓȐșȚȖȊ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǿȐșȓȖ ȉȖȓȤȠȍ ȐȓȐ 
ȘȈȊȕȖ 0 
ǷȖ țȔȖȓȟȈȕȐȦ – 0 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȔȈȒșȐȔȈȓȤȕȖȍ ȒȖȓȐȟȍșȚȊȖ 
ȓȐșȚȖȊ. 

ǷȈȘȈȔȍȚȘȣ Ȍȓȧ Tree 
Booster Ȑ DART 
(ǩțșȚȍȘ = gbtree ȐȓȐ 
dart) 
ǨȒȚțȈȓȍȕ, ȍșȓȐ 
ȊȣȉȘȈȕ ǴȍȚȖȌ 
ȌȖȉȈȊȓȍȕȐȧ țȏȓȖȊ Ȓ 
ȌȍȘȍȊț = lossguide 

ǴȈȒșȐȔȈȓȤȕȖ
ȍ ȒȖȓȐȟȍșȚȊȖ 
ȉȐȕȖȊ Ȍȓȧ 
ȐȕȚȍȘȊȈȓȤȕȣ
ȝ 
ȗȍȘȍȔȍȕȕȣȝ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǿȐșȓȖ ȉȖȓȤȠȍ 0 
ǷȖ țȔȖȓȟȈȕȐȦ – 256 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȔȈȒșȐȔȈȓȤȕȖȍ ȒȖȓȐȟȍșȚȊȖ 
ȉȐȕȖȊ Ȍȓȧ ȐȕȚȍȘȊȈȓȤȕȣȝ 
ȗȍȘȍȔȍȕȕȣȝ. 
ǻȊȍȓȐȟȍȕȐȍ ȥȚȖȋȖ ȟȐșȓȈ 
ȗȖȊȣȠȈȍȚ ȖȗȚȐȔȈȓȤȕȖȍ 
ȘȈȏȌȍȓȍȕȐȍ ȏȈ șȟȍȚ 
țȊȍȓȐȟȍȕȐȧ ȊȘȍȔȍȕȐ 
ȊȣȟȐșȓȍȕȐȑ. 

ǷȈȘȈȔȍȚȘȣ Ȍȓȧ Tree 
Booster Ȑ DART 
(ǩțșȚȍȘ = gbtree ȐȓȐ 
dart) 
ǨȒȚțȈȓȍȕ, ȍșȓȐ 
ȊȣȉȘȈȕ ȔȍȚȖȌ 
ȗȖșȚȘȖȍȕȐȧ ȌȍȘȍȊȈ = 
hist 

ǶȚȕȖșȐȚȍȓȤȕȖ
ȍ ȒȖȓȐȟȍșȚȊȖ 
ȉȐȕȖȊ 
(sketch_eps) 

ǸțȟȕȖȑ ȊȊȖȌ 
ǿȐșȓȖ ȉȖȓȤȠȍ 0 Ȑ 
ȔȍȕȤȠȍ 1 
ǷȖ țȔȖȓȟȈȕȐȦ – 0,03 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȖȚȕȖșȐȚȍȓȤȕȖȍ ȒȖȓȐȟȍșȚȊȖ 
ȉȐȕȖȊ, ȗȘȐȔȍȘȕȖ 
șȖȖȚȊȍȚșȚȊțȦȡȍȍ 1 / 
sketch_eps. ǷȖ șȘȈȊȕȍȕȐȦ 
ș ȗȘȧȔȣȔ ȊȣȉȖȘȖȔ 
ȒȖȓȐȟȍșȚȊȈ ȉȐȕȖȊ ȌȈȍȚ 
ȚȍȖȘȍȚȐȟȍșȒțȦ ȋȈȘȈȕȚȐȦ 
ȚȖȟȕȖșȚȐ ȕȈȉȘȖșȒȖȊ 
(sketch). 

ǷȈȘȈȔȍȚȘȣ Ȍȓȧ Tree 
Booster Ȑ DART 
(ǩțșȚȍȘ = gbtree ȐȓȐ 
dart) 
ǨȒȚțȈȓȍȕ, ȍșȓȐ 
ȊȣȉȘȈȕ ȔȍȚȖȌ 
ȗȖșȚȘȖȍȕȐȧ ȌȍȘȍȊȈ = 
approx 

ǹȖȖȚȕȖȠȍȕȐȍ 
ȒȖȓȖȕȖȒ Ȍȓȧ 
ȒȈȎȌȖȋȖ 
ȌȍȘȍȊȈ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǿȐșȓȖ ȉȖȓȤȠȍ 0 Ȑ 
ȔȍȕȤȠȍ ȐȓȐ ȘȈȊȕȖ 1 
ǷȖ țȔȖȓȟȈȕȐȦ – 1 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȌȖȓȦ ȗȍȘȍȔȍȕȕȣȝ, 
ȐșȗȖȓȤȏțȍȔȣȝ ȕȈ ȒȈȎȌȖȑ 
ȐȚȍȘȈȞȐȐ (ȗȘȐ 
ȗȖșȚȘȖȍȕȐȐ ȒȈȎȌȖȋȖ 
ȌȍȘȍȊȈ). 
ǷȖȌȊȣȉȖȘȒȈ ȗȘȖȐșȝȖȌȐȚ 
ȖȌȐȕ ȘȈȏ Ȍȓȧ ȒȈȎȌȖȋȖ 
ȗȖșȚȘȖȍȕȕȖȋȖ ȌȍȘȍȊȈ 

ǷȈȘȈȔȍȚȘȣ Ȍȓȧ Tree 
Booster Ȑ DART 
(ǩțșȚȍȘ = gbtree ȐȓȐ 
dart) 
ǬȈȕȕȣȍ ȗȈȘȈȔȍȚȘȣ 
ȘȈȉȖȚȈȦȚ 
ȒțȔțȓȧȚȐȊȕȖ. 
ǵȈȗȘȐȔȍȘ, 
ȒȖȔȉȐȕȈȞȐȧ 
{'colsample_bytree':0
,5, 
'colsample_bylevel':0
,5, 
'colsample_bynode':0
,5} ș 64 ȜțȕȒȞȐȧȔȐ 
ȖșȚȈȊȐȚ 8 ȜțȕȒȞȐȑ 
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ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ ǫȘțȗȗȈ 
ȗȈȘȈȔȍȚȘȖȊ 

ȕȈ ȊȣȉȖȘ ȗȘȐ 
ȒȈȎȌȖȔ ȘȈȏȉȐȍȕȐȐ. 

ǹȖȖȚȕȖȠȍȕȐȍ 
ȒȖȓȖȕȖȒ Ȍȓȧ 
ȒȈȎȌȖȋȖ 
țȘȖȊȕȧ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǿȐșȓȖ ȉȖȓȤȠȍ 0 Ȑ 
ȔȍȕȤȠȍ ȐȓȐ ȘȈȊȕȖ 1 
ǷȖ țȔȖȓȟȈȕȐȦ – 1 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȌȖȓȦ ȗȖȌȊȣȉȖȘȒȐ 
ȗȘȐȏȕȈȒȖȊ, ȒȖȚȖȘȣȍ ȉțȌțȚ 
ȐșȗȖȓȤȏȖȊȈȕȣ Ȍȓȧ 
ȖȉțȟȍȕȐȧ ȒȈȎȌȖȋȖ țȘȖȊȕȧ. 
ǷȖȌȊȣȉȖȘȒȈ ȗȘȖȐșȝȖȌȐȚ 
ȖȌȐȕ ȘȈȏ Ȍȓȧ ȒȈȎȌȖȋȖ 
ȕȖȊȖȋȖ țȘȖȊȕȧ ȋȓțȉȐȕȣ, 
ȌȖșȚȐȋȕțȚȖȋȖ Ȋ ȌȍȘȍȊȍ. 
ǲȖȓȖȕȒȐ ȊȣȉȐȘȈȦȚșȧ Ȑȏ 
ȕȈȉȖȘȈ ȒȖȓȖȕȖȒ, 
ȊȣȉȘȈȕȕȣȝ Ȍȓȧ ȚȍȒțȡȍȋȖ 
ȌȍȘȍȊȈ. 

 

ǹȖȖȚȕȖȠȍȕȐȍ 
ȒȖȓȖȕȖȒ Ȍȓȧ 
ȒȈȎȌȖȋȖ 
ȘȈȏȉȐȍȕȐȧ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǿȐșȓȖ ȉȖȓȤȠȍ 0 Ȑ 
ȔȍȕȤȠȍ ȐȓȐ ȘȈȊȕȖ 1 
ǷȖ țȔȖȓȟȈȕȐȦ – 1 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȌȖȓȦ ȗȖȌȊȣȉȖȘȒȐ 
ȗȘȐȏȕȈȒȖȊ, ȒȖȚȖȘȣȍ ȉțȌțȚ 
ȐșȗȖȓȤȏȖȊȈȕȣ Ȍȓȧ 
ȒȈȎȌȖȋȖ ȘȈȏȌȍȓȍȕȐȧ 
(țȏȓȈ). 
ǷȖȌȊȣȉȖȘȒȈ ȗȘȖȐșȝȖȌȐȚ 
ȒȈȎȌȣȑ ȘȈȏ, ȒȖȋȌȈ 
ȖȞȍȕȐȊȈȍȚșȧ ȕȖȊȖȍ 
ȘȈȏȉȐȍȕȐȍ. ǲȖȓȖȕȒȐ 
(șȚȖȓȉȞȣ) ȊȣȉȐȘȈȦȚșȧ Ȑȏ 
ȕȈȉȖȘȈ ȒȖȓȖȕȖȒ, 
ȊȣȉȘȈȕȕȖȋȖ Ȍȓȧ ȚȍȒțȡȍȋȖ 
țȘȖȊȕȧ 

 

ǴȐȕȐȔȈȓȤȕȣ
ȑ Ȋȍș Ȍȓȧ 
ȗȖȚȖȔȒȈ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǿȐșȓȖ ȉȖȓȤȠȍ ȐȓȐ 
ȘȈȊȕȖ 0 
ǷȖ țȔȖȓȟȈȕȐȦ – 0 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȔȐȕȐȔȈȓȤȕȣȑ Ȋȍș 
ȗȖȚȖȔȒȈ, ȕȍȖȉȝȖȌȐȔȣȑ 
Ȍȓȧ ȘȈȏȌȍȓȍȕȐȧ. 
ǭșȓȐ ȠȈȋ ȘȈȏȌȍȓȍȕȐȧ 
ȌȍȘȍȊȈ ȗȘȐȊȖȌȐȚ Ȓ ȓȐșȚț ș 
șțȔȔȖȑ ȊȍșȖȊ ȔȍȕȤȠȍ, 
ȟȍȔ ȏȈȌȈȕȕȖȍ ȌȈȕȕȣȔ 
ȗȈȘȈȔȍȚȘȖȔ ȏȕȈȟȍȕȐȍ, ȚȖ 
ȗȘȖȞȍșș ȗȖșȚȘȖȍȕȐȧ 
ȖȚȒȈȎȍȚșȧ ȖȚ 
ȌȈȓȤȕȍȑȠȍȋȖ ȘȈȏȌȍȓȍȕȐȧ. 
Ǫ ȏȈȌȈȟȍ ȓȐȕȍȑȕȖȑ 
ȘȍȋȘȍșșȐȐ ȥȚȖ 
șȖȖȚȊȍȚșȚȊțȍȚ 
ȔȐȕȐȔȈȓȤȕȖȔț ȒȖȓȐȟȍșȚȊț 
ȕȈȉȓȦȌȍȕȐȑ, ȒȖȚȖȘȣȍ 
ȌȖȓȎȕȣ ȉȣȚȤ Ȋ ȒȈȎȌȖȔ 
țȏȓȍ. 
ǿȍȔ ȉȖȓȤȠȍ ȏȕȈȟȍȕȐȍ, 
ȚȍȔ ȉȖȓȍȍ ȒȖȕșȍȘȊȈȚȐȊȍȕ 
ȈȓȋȖȘȐȚȔ. 

ǷȈȘȈȔȍȚȘȣ Ȍȓȧ Tree 
Booster Ȑ DART 
(ǩțșȚȍȘ = gbtree ȐȓȐ 
dart) 

ǴȈȒșȐȔȈȓȤȕȣ
ȑ ȠȈȋ Ȋ ȓȐșȚȍ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǿȐșȓȖ ȉȖȓȤȠȍ ȐȓȐ 
ȘȈȊȕȖ 0 
ǷȖ țȔȖȓȟȈȕȐȦ – 0 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȔȈȒșȐȔȈȓȤȕȣȑ ȠȈȋ 
ȖȉȕȖȊȓȍȕȐȧ Ȍȓȧ ȒȈȎȌȖȋȖ 
ȊȣȝȖȌȕȖȋȖ ȓȐșȚȈ. 

ǷȈȘȈȔȍȚȘȣ Ȍȓȧ Tree 
Booster Ȑ DART 
(ǩțșȚȍȘ = gbtree ȐȓȐ 
dart) 
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ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ ǫȘțȗȗȈ 
ȗȈȘȈȔȍȚȘȖȊ 

ǭșȓȐ ȏȕȈȟȍȕȐȍ ȘȈȊȕȖ 0, 
ȥȚȖ ȖȏȕȈȟȈȍȚ, ȟȚȖ 
ȖȋȘȈȕȐȟȍȕȐȧ ȖȚșțȚșȚȊțȦȚ. 
ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȔȖȎȍȚ 
ȗȖȔȖȟȤ ȗȘȐ ȓȖȋȐșȚȐȟȍșȒȖȑ 
ȘȍȋȘȍșșȐȐ, ȒȖȋȌȈ ȒȓȈșșȣ 
ȕȍșȉȈȓȈȕșȐȘȖȊȈȕȣ. 

ǹȖȖȚȕȖȠȍȕȐȍ 
șȓțȟȈȑȕȖȑ 
ȗȖȌȊȣȉȖȘȒȐ Ȋ 
ȖȉțȟȈȦȡȍȑ 
ȊȣȉȖȘȒȍ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǿȐșȓȖ ȉȖȓȤȠȍ 0 ȐȓȐ 
ȔȍȕȤȠȍ ȐȓȐ ȘȈȊȕȖ 1 
ǷȖ țȔȖȓȟȈȕȐȦ – 1 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȌȖȓȦ ȖȉȢȍȒȚȖȊ 
ȖȉțȟȈȦȡȍȑ ȊȣȉȖȘȒȐ, 
ȐșȗȖȓȤȏțȍȔȣȝ ȕȈ ȒȈȎȌȖȑ 
ȐȚȍȘȈȞȐȐ. 
ǷȘȐ ȏȕȈȟȍȕȐȐ ȘȈȊȕȖȔ 0,5 
XGBoost ȉțȌȍȚ șȓțȟȈȑȕȣȔ 
ȖȉȘȈȏȖȔ ȖȚȉȐȘȈȚȤ 
ȗȖȓȖȊȐȕț ȖȉțȟȈȦȡȐȝ 
ȌȈȕȕȣȝ ȗȍȘȍȌ ȖȉțȟȍȕȐȍȔ 
(growing) ȌȍȘȍȊȈ, ȟȚȖ 
ȗȘȍȌȖȚȊȘȈȡȈȍȚ 
ȗȍȘȍȖȉțȟȍȕȐȍ. 
ǷȖȌȊȣȉȖȘȒȈ ȉțȌȍȚ 
ȗȘȖȐșȝȖȌȐȚȤ ȖȌȐȕ ȘȈȏ Ȋ 
ȒȈȎȌȖȑ ȐȚȍȘȈȞȐȐ 
ȉțșȚȐȕȋȈ 

ǩȥȋȋȐȕȋ 

ǴȍȚȖȌ 
șȥȔȗȓȐȕȋȈ 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ 
șȗȐșȖȒ șȖ 
șȓȍȌțȦȡȐȔȐ 
ȏȕȈȟȍȕȐȧȔȐ: 

 uniform (ȗȖ 
țȔȖȓȟȈȕȐȦ) 

 gradient based 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȔȍȚȖȌ șȥȔȗȓȐȕȋȈ. 
ǷȘȍȌțșȔȖȚȘȍȕȣ 
șȓȍȌțȦȡȐȍ ȔȍȚȖȌȣ: 

 uniform – ȒȈȎȌȖȍ 
ȕȈȉȓȦȌȍȕȐȍ ȐȔȍȍȚ 
ȘȈȊȕțȦ 
ȊȍȘȖȧȚȕȖșȚȤ ȉȣȚȤ 
ȊȣȉȘȈȕȕȣȔ. Ǭȓȧ 
ȝȖȘȖȠȐȝ 
ȘȍȏțȓȤȚȈȚȖȊ 
ȕȍȖȉȝȖȌȐȔȖ 
ȊȣȉȘȈȚȤ 
șȖȖȚȕȖȠȍȕȐȍ 
șȓțȟȈȑȕȖȑ 
ȗȖȌȊȣȉȖȘȒȐ Ȋ 
ȖȉțȟȈȦȡȍȑ 
ȊȣȉȖȘȒȍ = 0,5 

 gradient based – 
ȊȍȘȖȧȚȕȖșȚȤ 
ȊȣȉȖȘȈ 
ȕȈȉȓȦȌȍȕȐȧ 
ȗȘȖȗȖȘȞȐȖȕȈȓȤȕȈ 
ȘȍȋțȓȧȘȐȏȖȊȈȕȕȖȔț 
ȈȉșȖȓȦȚȕȖȔț 
ȏȕȈȟȍȕȐȦ 
ȋȘȈȌȐȍȕȚȖȊ 

ǩȥȋȋȐȕȋ 

L1 

ȘȍȋțȓȧȘȐȏȈȚȖ
Ș 

ǸțȟȕȖȑ ȊȊȖȌ 
ǷȖ țȔȖȓȟȈȕȐȦ – 0 

ǸȍȋțȓȧȘȐȏȈȞȐȧ ȌȖȉȈȊȓȧȍȚ 
ȖȋȘȈȕȐȟȍȕȐȧ ȈȓȋȖȘȐȚȔȈ 
ȖȚȕȖșȐȚȍȓȤȕȖ ȈșȗȍȒȚȖȊ 
ȔȖȌȍȓȐ, ȒȖȚȖȘȣȍ ȕȍ 

ǸȍȋțȓȧȘȐȏȈȞȐȧ 
ǷȈȘȈȔȍȚȘȣ Ȍȓȧ 
Linear Booster Ȑ Tree 
Booster (ǩțșȚȍȘ = 
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ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ ǫȘțȗȗȈ 
ȗȈȘȈȔȍȚȘȖȊ 

ȏȈȊȐșȧȚ ȖȚ ȌȈȕȕȣȝ Ȍȓȧ 
ȖȉțȟȍȕȐȧ. ǸȍȋțȓȧȘȐȏȈȞȐȧ 
ȖȉȣȟȕȖ ȐșȗȖȓȤȏțȍȚșȧ, 
ȟȚȖȉȣ ȐȏȉȍȎȈȚȤ 
ȗȍȘȍȖȉțȟȍȕȐȧ. 
ǸȍȋțȓȧȘȐȏȈȞȐȧ L1 
ȗȘȐȔȍȕȧȍȚșȧ Ȍȓȧ 
ȗȖȓțȟȍȕȐȧ ȔȈȒșȐȔȈȓȤȕȖ 
ȘȈȏȘȍȎȍȕȕȖȑ ȔȖȌȍȓȐ 

gblinear ȐȓȐ ǩțșȚȍȘ 
= gbtree) 

L2 

ȘȍȋțȓȧȘȐȏȈȚȖ
Ș 

ǸțȟȕȖȑ ȊȊȖȌ 
ǷȖ țȔȖȓȟȈȕȐȦ – 1 

ǸȍȋțȓȧȘȐȏȈȞȐȧ L2 
ȖȋȘȈȕȐȟȐȊȈȍȚ ȟȘȍȏȔȍȘȕȣȑ 
ȘȖșȚ ȒȈȒȖȑ-ȓȐȉȖ 
ȖȚȌȍȓȤȕȖȑ ȒȖȖȘȌȐȕȈȚȣ 
ȊȍșȖȊȖȋȖ ȊȍȒȚȖȘȈ. 
ǸȍȋțȓȧȘȐȏȈȞȐȧ L2 ȗȖȓȍȏȕȈ 
Ȋ ȚȖȔ șȓțȟȈȍ, ȍșȓȐ ȞȍȓȤȦ 
ȧȊȓȧȍȚșȧ șȖȏȌȈȕȐȍ 
ȔȖȌȍȓȐ, ȐȔȍȦȡȍȑ Ȋ ȞȍȓȖȔ 
ȔȈȓȣȍ ȏȕȈȟȍȕȐȧ ȊȍșȈ. 

ǸȍȋțȓȧȘȐȏȈȞȐȧ 
ǷȈȘȈȔȍȚȘȣ Ȍȓȧ 
Linear Booster Ȑ Tree 
Booster (ǩțșȚȍȘ = 
gblinear ȐȓȐ ǩțșȚȍȘ 
= gbtree) 

ǺȐȗ 
șȥȔȗȓȐȕȋȈ 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ 
șȗȐșȖȒ șȖ 
șȓȍȌțȦȡȐȔȐ 
ȏȕȈȟȍȕȐȧȔȐ: 

 uniform (ȗȖ 
țȔȖȓȟȈȕȐȦ) 

 weighted 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȚȐȗ ȈȓȋȖȘȐȚȔȈ șȥȔȗȓȐȕȋȈ. 
ǷȘȍȌțșȔȖȚȘȍȕȣ 
șȓȍȌțȦȡȐȍ: 

 uniform –ȌȍȘȍȊȤȧ 
ȐȔȍȦȚ ȖȌȐȕȈȒȖȊțȦ 
ȊȍȘȖȧȚȕȖșȚȤ ȉȣȚȤ 
ȖȚȉȘȖȠȍȕȕȣȔȐ 

 weighted – 
ȖȚȉȘȈșȣȊȈȍȔȣȍ 
ȌȍȘȍȊȤȧ 
ȊȣȉȐȘȈȦȚșȧ 
ȗȘȖȗȖȘȞȐȖȕȈȓȤȕȖ 
Ȋȍșț 

ǷȈȘȈȔȍȚȘȣ Ȍȓȧ DART 
(ǩțșȚȍȘ = dart) 

ǺȐȗ 
ȈȓȋȖȘȐȚȔȈ 
ȕȖȘȔȈȓȐȏȈȞȐ
Ȑ 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ 
șȗȐșȖȒ șȖ 
șȓȍȌțȦȡȐȔȐ 
ȏȕȈȟȍȕȐȧȔȐ: 

 ǬȍȘȍȊȖ (ȗȖ 
țȔȖȓȟȈȕȐȦ) 

 ǳȍș 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȚȐȗ ȈȓȋȖȘȐȚȔȈ 
ȕȖȘȔȈȓȐȏȈȞȐȐ. 
ǷȘȍȌțșȔȖȚȘȍȕȣ 
șȓȍȌțȦȡȐȍ ȊȈȘȐȈȕȚȣ: 

 ǬȍȘȍȊȖ – ȕȖȊȣȍ 
ȌȍȘȍȊȤȧ ȐȔȍȦȚ 
ȚȈȒȖȑ Ȏȍ Ȋȍș, ȒȈȒ Ȑ 
ȒȈȎȌȖȍ Ȑȏ 
ȖȚȉȘȈșȣȊȈȍȔȣȝ 
ȌȍȘȍȊȤȍȊ. Ǫȍș 
ȕȖȊȣȝ ȌȍȘȍȊȤȍȊ 
ȘȈȊȍȕ 1/(k + 
șȒȖȘȖșȚȤ 
ȖȉțȟȍȕȐȧ). 
ǶȚȉȘȈșȣȊȈȍȔȣȍ 
ȌȍȘȍȊȤȧ 
ȔȈșȠȚȈȉȐȘțȦȚșȧ ș 
ȒȖȥȜȜȐȞȐȍȕȚȖȔ k 
/(k + șȒȖȘȖșȚȤ 
ȖȉțȟȍȕȐȧ) 

ǷȈȘȈȔȍȚȘȣ Ȍȓȧ DART 
(ǩțșȚȍȘ = dart) 
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ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ ǫȘțȗȗȈ 
ȗȈȘȈȔȍȚȘȖȊ 

 ǳȍș – ȕȖȊȣȍ 
ȌȍȘȍȊȤȧ ȐȔȍȦȚ ȚȖȚ 
Ȏȍ Ȋȍș, ȟȚȖ Ȑ 
șțȔȔȈ 
ȖȚȉȘȈșȣȊȈȍȔȣȝ 
ȌȍȘȍȊȤȍȊ (ȓȍșȈ). 
Ǫȍș ȕȖȊȣȝ 
ȌȍȘȍȊȤȍȊ ȘȈȊȍȕ 
1/(k + șȒȖȘȖșȚȤ 
ȖȉțȟȍȕȐȧ). 
ǶȚȉȘȈșȣȊȈȍȔȣȍ 
ȌȍȘȍȊȤȧ 
ȔȈșȠȚȈȉȐȘțȦȚșȧ ș 
ȒȖȥȜȜȐȞȐȍȕȚȖȔ k 
/(k + șȒȖȘȖșȚȤ 
ȖȉțȟȍȕȐȧ) 

ǬȖȓȧ 
ȖȚȉȘȈșȣȊȈȍȔ
ȣȝ ȌȍȘȍȊȤȍȊ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǿȐșȓȖ ȉȖȓȤȠȍ ȐȓȐ 
ȘȈȊȕȖ 0 Ȑ ȔȍȕȤȠȍ 
ȐȓȐ ȘȈȊȕȖ 1 
ǷȖ țȔȖȓȟȈȕȐȦ – 0 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȌȖȓȦ ȖȚȉȘȈșȣȊȈȍȔȣȝ 
ȌȍȘȍȊȤȍȊ 

ǷȈȘȈȔȍȚȘȣ Ȍȓȧ DART 
(ǩțșȚȍȘ = dart) 

ǶȚȉȘȈșȣȊȈȚȤ 
ȝȖȚȧ ȉȣ ȖȌȕȖ 
ȌȍȘȍȊȖ 

ǿȍȒȉȖȒș ǪȣȉȖȘ ȌȈȕȕȖȋȖ ȟȍȒȉȖȒșȈ 
țȒȈȏȣȊȈȍȚ ȕȈ ȚȖ, ȟȚȖ ȗȖ 
ȒȘȈȑȕȍȑ ȔȍȘȍ ȖȌȕȖ 
ȌȍȘȍȊȖ ȉțȌȍȚ 
ȖȚȉȘȈșȣȊȈȚȤșȧ 

ǷȈȘȈȔȍȚȘȣ Ȍȓȧ DART 
(ǩțșȚȍȘ = dart) 

ǪȍȘȖȧȚȕȖșȚȤ 
ȗȘȖȗțșȒȈ 
ȖȚȉȘȈșȣȊȈȕȐ
ȧ ȌȍȘȍȊȤȍȊ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǿȐșȓȖ ȉȖȓȤȠȍ ȐȓȐ 
ȘȈȊȕȖ 0 Ȑ ȔȍȕȤȠȍ 
ȐȓȐ ȘȈȊȕȖ 1 
ǷȖ țȔȖȓȟȈȕȐȦ – 0 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȊȍȘȖȧȚȕȖșȚȤ ȗȘȖȗțșȒȈ 
ȗȘȖȞȍȌțȘȣ ȖȚȉȘȈșȣȊȈȕȐȧ 
ȌȍȘȍȊȤȍȊ. 
ǭșȓȐ ȗȘȖȞȍȌțȘȈ 
ȖȚȉȘȈșȣȊȈȕȐȧ ȌȍȘȍȊȤȍȊ 
ȗȘȖȗțȡȍȕȈ, ȕȖȊȣȍ 
ȌȍȘȍȊȤȧ ȌȖȉȈȊȓȧȦȚșȧ ȚȈȒ 
Ȏȍ, ȒȈȒ Ȑ gbtree. 

ǷȈȘȈȔȍȚȘȣ Ȍȓȧ DART 
(ǩțșȚȍȘ = dart) 

ǨȓȋȖȘȐȚȔ ǸȈșȒȘȣȊȈȦȡȐȑșȧ 
șȗȐșȖȒ șȖ 
șȓȍȌțȦȡȐȔȐ 
ȏȕȈȟȍȕȐȧȔȐ: 

 shortgun (ȗȖ 
țȔȖȓȟȈȕȐȦ) 

 coord descent 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȈȓȋȖȘȐȚȔ Ȍȓȧ ȖȉțȟȍȕȐȧ 
ȓȐȕȍȑȕȖȑ ȔȖȌȍȓȐ. 
ǷȘȍȌțșȔȖȚȘȍȕȣ 
șȓȍȌțȦȡȐȍ ȈȓȋȖȘȐȚȔȣ: 

 shortgun – 
ȈȓȋȖȘȐȚȔ șȗțșȒȈ ș 
ȗȈȘȈȓȓȍȓȤȕȣȔȐ 
ȒȖȖȘȌȐȕȈȚȈȔȐ 

 coord descent – 
ȈȓȋȖȘȐȚȔ șȗțșȒȈ ȗȖ 
ȖȉȣȟȕȣȔ 
ȒȖȖȘȌȐȕȈȚȈȔ 

ǷȈȘȈȔȍȚȘȣ Ȍȓȧ 
Linear Booster 
(ǩțșȚȍȘ = gblinear) 

ǴȍȚȖȌ 
ȊȣȉȖȘȈ 
ȗȍȘȍȔȍȕȕȣȝ 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ 
șȗȐșȖȒ șȖ 
șȓȍȌțȦȡȐȔȐ 
ȏȕȈȟȍȕȐȧȔȐ: 

 cyclic (ȗȖ 
țȔȖȓȟȈȕȐȦ) 

 shuffle 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȔȍȚȖȌ ȊȣȉȖȘȈ 
ȗȍȘȍȔȍȕȕȣȝ. 
ǷȘȍȌțșȔȖȚȘȍȕȣ 
șȓȍȌțȦȡȐȍ ȔȍȚȖȌȣ: 

 cyclic – 
ȌȍȚȍȘȔȐȕȐȘȖȊȈȕȕȣ

ǷȈȘȈȔȍȚȘȣ Ȍȓȧ 
Linear Booster 
(ǩțșȚȍȘ = gblinear) 
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ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ ǫȘțȗȗȈ 
ȗȈȘȈȔȍȚȘȖȊ 

 random 
 greedy 
 thrifty 

ȑ ȊȣȉȖȘ ȗțȚȍȔ 
ȞȐȒȓȐȟȍșȒȖȋȖ 
ȗȍȘȍȉȖȘȈ 
ȗȘȐȏȕȈȒȖȊ ȗȖ 
ȖȌȕȖȔț 

 shuffle – ȗȖȝȖȎȍ ȕȈ 
cyclic, ȕȖ șȖ 
șȓțȟȈȑȕȣȔ 
ȗȍȘȍȔȍȠȐȊȈȕȐȍȔ 
ȜțȕȒȞȐȑ ȗȍȘȍȌ 
ȒȈȎȌȣȔ 
ȖȉȕȖȊȓȍȕȐȍȔ 

 random – 
șȓțȟȈȑȕȣȑ (ș 
ȏȈȔȍȕȖȑ) șȍȓȍȒȚȖȘ 
ȒȖȖȘȌȐȕȈȚ 

 greedy – 
ȊȣȉȐȘȈȍȚșȧ 
ȒȖȖȘȌȐȕȈȚȈ ș 
ȕȈȐȉȖȓȤȠȍȑ 
ȊȍȓȐȟȐȕȖȑ 
ȋȘȈȌȐȍȕȚȈ. 

 thrifty – ȗȍȘȍȌ 
ȞȐȒȓȐȟȍșȒȐȔȐ 
ȖȉȕȖȊȓȍȕȐȧȔȐ 
ȜțȕȒȞȐȐ 
ȗȍȘȍțȗȖȘȧȌȖȟȐȊȈȦ
Țșȧ ȗȖ țȉȣȊȈȕȐȦ 
ȊȍȓȐȟȐȕȣ Ȑȝ 
ȖȌȕȖȔȍȘȕȣȝ 
ȐȏȔȍȕȍȕȐȑ ȊȍșȈ 

ǲȖȓȐȟȍșȚȊȖ 
ȖȚȉȐȘȈȍȔȣȝ 
ȗȍȘȍȔȍȕȕȣȝ 
Ȍȓȧ ȎȈȌȕȣȝ 
ȈȓȋȖȘȐȚȔȖȊ 

ǿȐșȓȖȊȖȍ ȏȕȈȟȍȕȐȍ 
ǷȖ țȔȖȓȟȈȕȐȦ – 0 

 
ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȒȖȓȐȟȍșȚȊȖ ȖȚȉȐȘȈȍȔȣȝ 
ȗȍȘȍȔȍȕȕȣȝ Ȍȓȧ ȎȈȌȕȣȝ 
ȈȓȋȖȘȐȚȔȖȊ. 
ǯȕȈȟȍȕȐȍ, ȘȈȊȕȖȍ 0, 
ȖȏȕȈȟȈȍȚ ȐșȗȖȓȤȏȖȊȈȕȐȍ 
Ȋșȍȝ ȜțȕȒȞȐȑ. 

ǷȈȘȈȔȍȚȘȣ Ȍȓȧ 
Linear Booster 
(ǩțșȚȍȘ = gblinear) 
ǨȒȚțȈȓȍȕ, ȍșȓȐ 
ȊȣȉȘȈȕȣ ȔȍȚȖȌ 
ȊȣȉȖȘȈ ȗȍȘȍȔȍȕȕȣȝ 
= greedy ȐȓȐ thrifty 

ǺȈȉȓȐȞȈ 37 ǷȈȘȈȔȍȚȘȣ țȏȓȈ «ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ (XGBOOST)» 

ǸȍȏțȓȤȚȈȚȣ ȊȣȗȖȓȕȍȕȐȧ țȏȓȈ: 

ǻȏȍȓ «ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ (XGBOOST)» ȐȔȍȍȚ ȘȈȏȕȣȍ ȘȍȏțȓȤȚȈȚȣ Ȋ ȏȈȊȐșȐȔȖșȚȐ 
ȖȚ ȘȍȠȈȍȔȖȑ ȏȈȌȈȟȐ. 

ǸȍȏțȓȤȚȈȚȣ ȘȍȋȘȍșșȐȐ ȗȘȍȌșȚȈȊȓȍȕȣ șȓȍȌțȦȡȐȔȐ ȖȉȢȍȒȚȈȔȐ: 

 ǺȍȗȓȖȊȣȍ ȒȈȘȚȣ ȖȉțȟȈȦȡȍȑ, ȊȈȓȐȌȈȞȐȖȕȕȖȑ Ȑ ȚȍșȚȖȊȖȑ ȊȣȉȖȘȖȒ. 

 ǺȈȉȓȐȞȈ ș ȔȍȚȘȐȒȈȔȐ ȒȈȟȍșȚȊȈ ȔȖȌȍȓȐ. 

 ǺȈȉȓȐȞȈ șȖ șȗȐșȒȖȔ ȗȍȘȍȔȍȕȕȣȝ, șȖȘȚȐȘȖȊȈȕȕȣȝ ȗȖ ȊȈȎȕȖșȚȐ. 
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ǸȍȏțȓȤȚȈȚȣ ȔȕȖȋȖȒȓȈșșȖȊȖȑ ȒȓȈșșȐȜȐȒȈȞȐȐ ȗȘȍȌșȚȈȊȓȍȕȣ șȓȍȌțȦȡȐȔȐ 
ȖȉȢȍȒȚȈȔȐ: 

 ǺȈȉȓȐȞȈ ș ȔȍȚȘȐȒȈȔȐ ȒȈȟȍșȚȊȈ ȔȖȌȍȓȐ. 

 ǺȈȉȓȐȞȈ ș ȔȍȚȘȐȒȈȔȐ ȒȈȟȍșȚȊȈ ȔȖȌȍȓȐ ȏȈȌȈȟȐ ȒȓȈșșȐȜȐȒȈȞȐȐ. 

 ǺȈȉȓȐȞȈ șȖ șȗȐșȒȖȔ ȗȍȘȍȔȍȕȕȣȝ, șȖȘȚȐȘȖȊȈȕȕȣȝ ȗȖ ȊȈȎȕȖșȚȐ. 

ǸȍȏțȓȤȚȈȚȣ ȉȐȕȈȘȕȖȑ ȒȓȈșșȐȜȐȒȈȞȐȐ ȗȘȍȌșȚȈȊȓȍȕȣ șȓȍȌțȦȡȐȔȐ ȖȉȢȍȒȚȈȔȐ: 

 ǫȘȈȜȐȒ ROC. 

 ǫȘȈȜȐȒ Lift. 

 ǫȘȈȜȐȒ Cumulative Lift. 

 ǫȘȈȜȐȒ Gain. 

 ǫȘȈȜȐȒ Cumulative Gain. 

 ǺȈȉȓȐȞȈ ș ȔȍȚȘȐȒȈȔȐ ȒȈȟȍșȚȊȈ ȔȖȌȍȓȐ. 

 ǺȈȉȓȐȞȈ ș ȔȍȚȘȐȒȈȔȐ ȒȈȟȍșȚȊȈ ȔȖȌȍȓȐ ȏȈȌȈȟȐ ȒȓȈșșȐȜȐȒȈȞȐȐ. 

 ǺȈȉȓȐȞȈ șȖ șȗȐșȒȖȔ ȗȍȘȍȔȍȕȕȣȝ, șȖȘȚȐȘȖȊȈȕȕȣȝ ȗȖ ȊȈȎȕȖșȚȐ. 

3.2.5.8.10. ǻȏȍȓ «ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ (LightGBM)» 

Ǫ ȖșȕȖȊȍ țȏȓȈ «LightGBM» ȓȍȎȐȚ ȘȍȈȓȐȏȈȞȐȧ ȈȓȋȖȘȐȚȔȈ ȋȘȈȌȐȍȕȚȕȖȋȖ ȉțșȚȐȕȋȈ 
ȕȈ ȌȍȘȍȊȤȧȝ ȗȖȐșȒȈ ȘȍȠȍȕȐȑ, ȒȖȚȖȘȣȑ ȊȒȓȦȟȈȍȚ Ȋ șȍȉȧ ȌȊȍ ȒȓȦȟȍȊȣȍ ȐȌȍȐ: GOSS 

Ȑ EFB. 

ǰșȗȖȓȤȏțȍȚșȧ Ȍȓȧ ȘȍȠȍȕȐȧ ȏȈȌȈȟ ȒȓȈșșȐȜȐȒȈȞȐȐ Ȑ ȘȍȋȘȍșșȐȐ. 

ǨȓȋȖȘȐȚȔ ȘȈȉȖȚȣ ȋȘȈȌȐȍȕȚȕȖȋȖ ȉțșȚȐȕȋȈ: 

ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ – ȈȓȋȖȘȐȚȔ ȔȈȠȐȕȕȖȋȖ ȖȉțȟȍȕȐȧ, ȒȖȚȖȘȣȑ șȚȘȖȐȚ ȔȖȌȍȓȤ 
ȗȘȍȌșȒȈȏȈȕȐȧ Ȋ ȊȐȌȍ ȈȕșȈȔȉȓȧ șȓȈȉȣȝ ȗȘȍȌșȒȈȏȣȊȈȦȡȐȝ ȔȖȌȍȓȍȑ (Ȋ ȖșȕȖȊȕȖȔ 
ǬȍȘȍȊȖ ȘȍȠȍȕȐȑ). ǵȈ ȒȈȎȌȖȑ ȐȚȍȘȈȞȐȐ ȊȣȟȐșȓȧȍȚșȧ ȖȚȒȓȖȕȍȕȐȍ ȗȘȍȌșȒȈȏȈȕȐȑ țȎȍ 
ȖȉțȟȍȕȕȖȋȖ ȈȕșȈȔȉȓȧ ȕȈ ȖȉțȟȈȦȡȍȑ ȊȣȉȖȘȒȍ. ǹȓȍȌțȦȡȈȧ ȌȖȉȈȊȓȧȍȔȈȧ Ȋ ȈȕșȈȔȉȓȤ 
ȔȖȌȍȓȤ ȉțȌȍȚ șȊȖȌȐȚȤ șȘȍȌȕȍȍ ȖȚȒȓȖȕȍȕȐȍ ȗȘȍȌȣȌțȡȍȑ Ȓ ȔȐȕȐȔțȔț. 
ǵȖȊȣȍ ȌȍȘȍȊȤȧ ȌȖȉȈȊȓȧȦȚșȧ Ȋ ȈȕșȈȔȉȓȤ ȌȖ Țȍȝ ȗȖȘ, ȗȖȒȈ ȖȠȐȉȒȈ țȔȍȕȤȠȈȍȚșȧ, 
ȓȐȉȖ ȗȖȒȈ ȕȍ ȊȣȗȖȓȕȧȍȚșȧ ȖȌȕȖ Ȑȏ ȗȘȈȊȐȓ «ȘȈȕȕȍȑ ȖșȚȈȕȖȊȒȐ». 

ǶșȖȉȍȕȕȖșȚȐ ȘȍȈȓȐȏȈȞȐȐ LightGBM: 

 ǰșȗȖȓȤȏțȍȚșȧ ȈȓȋȖȘȐȚȔ ȘȖșȚȈ ȌȍȘȍȊȈ ȗȖ ȓȐșȚȤȧȔ (Ȋ ȒȈȎȌȖȔ țȏȓȍ 
ȘȈșșȟȐȚȣȊȈȍȚșȧ ȌȈȍȚ ȓȐ ȘȈȏȌȍȓȍȕȐȍ ȓȐșȚȈ ȗȘȐȘȖșȚ ȐȕȜȖȘȔȈȞȐȐ – inf gain), 

ȗȖȥȚȖȔț ȚȈȒȎȍ ȕȍȖȉȝȖȌȐȔȖ ȖȋȘȈȕȐȟȐȊȈȚȤ ȗȖșȚȘȖȍȕȐȍ ȌȍȘȍȊȈ ȔȈȒșȐȔȈȓȤȕȖȑ 
ȋȓțȉȐȕȖȑ Ȍȓȧ ȗȘȍȌȖȚȊȘȈȡȍȕȐȧ ȗȍȘȍȖȉțȟȍȕȐȧ. 

 LightGBM ȐșȗȖȓȤȏțȍȚ ȈȓȋȖȘȐȚȔȣ ȕȈ ȖșȕȖȊȍ ȋȐșȚȖȋȘȈȔȔ, ȒȖȚȖȘȣȍ 
ȘȈȏȉȐȊȈȦȚ ȏȕȈȟȍȕȐȧ ȕȍȗȘȍȘȣȊȕȣȝ ȗȘȐȏȕȈȒȖȊ (ȈȚȘȐȉțȚȖȊ) ȕȈ ȌȐșȒȘȍȚȕȣȍ 
ȧȟȍȑȒȐ. 

 ǫȘȈȌȐȍȕȚȕȈȧ ȖȌȕȖșȚȖȘȖȕȕȧȧ ȊȣȉȖȘȒȈ (Gradient-based One-Side 

Sampling - GOSS) 
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Ǭȓȧ ȘȈșȟȍȚȈ ȉȍȘțȚșȧ ȕȍ Ȋșȍ ȕȈȉȓȦȌȍȕȐȧ, Ȉ ȓȐȠȤ ș ȉȖȓȤȠȖȑ ȖȠȐȉȒȖȑ Ȑ ȕȍȉȖȓȤȠȈȧ 
ȟȈșȚȤ ȕȈȉȓȦȌȍȕȐȑ ș ȔȈȓȍȕȤȒȖȑ ȖȠȐȉȒȖȑ. ǬȈȕȕȣȑ ȗȖȌȝȖȌ ȗȖȏȊȖȓȧȍȚ țȔȍȕȤȠȐȚȤ 
ȘȈșȟȍȚȕțȦ ȟȈșȚȤ ȈȓȋȖȘȐȚȔȈ, ȏȈ șȟȍȚ ȟȍȋȖ ȘȈșȚȍȚ șȒȖȘȖșȚȤ ȘȈșȟȍȚȈ. 
ǷȘȐ ȘȈșȟȍȚȍ ȗȘȐȘȖșȚȈ ȐȕȜȖȘȔȈȞȐȐ GOSS ȊȊȖȌȐȚ ȗȖșȚȖȧȕȕȣȑ ȔȕȖȎȐȚȍȓȤ Ȍȓȧ 
ȥȒȏȍȔȗȓȧȘȖȊ ȌȈȕȕȣȝ ș ȕȍȉȖȓȤȠȐȔȐ ȋȘȈȌȐȍȕȚȈȔȐ. Ǻ. ȍ. GOSS șȕȈȟȈȓȈ șȖȘȚȐȘțȍȚ 
ȕȈȉȓȦȌȍȕȐȧ Ȋ șȖȖȚȊȍȚșȚȊȐȐ ș ȈȉșȖȓȦȚȕȣȔȐ ȏȕȈȟȍȕȐȧȔȐ Ȑȝ ȋȘȈȌȐȍȕȚȖȊ Ȑ ȊȣȉȐȘȈȍȚ 
ȊȍȘȝȕȐȍ ȥȒȏȍȔȗȓȧȘȣ a*100% (a - ȒȖȥȜȜȐȞȐȍȕȚ șȖȝȘȈȕȍȕȐȧ ȉȖȓȤȠȖȋȖ 
ȋȘȈȌȐȍȕȚȈ). ǯȈȚȍȔ Ȗȕ șȓțȟȈȑȕȣȔ ȖȉȘȈȏȖȔ ȖȚȉȐȘȈȍȚ ȕȈȉȓȦȌȍȕȐȧ b*100% (b - 
ȒȖȥȜȜȐȞȐȍȕȚ șȖȝȘȈȕȍȕȐȧ ȉȖȓȤȠȖȋȖ ȋȘȈȌȐȍȕȚȈ) Ȑȏ ȖșȚȈȓȤȕȣȝ ȌȈȕȕȣȝ. ǷȖșȓȍ 
ȥȚȖȋȖ GOSS țșȐȓȐȊȈȍȚ ȊȣȉȖȘȖȟȕȣȍ ȌȈȕȕȣȍ ș ȕȍȉȖȓȤȠȐȔȐ ȋȘȈȌȐȍȕȚȈȔȐ ȕȈ 
ȒȖȕșȚȈȕȚț (1-a)/b ȗȘȐ ȘȈșȟȍȚȍ ȗȘȐȘȖșȚȈ ȐȕȜȖȘȔȈȞȐȐ. ЭȚȖ ȗȖȏȊȖȓȧȍȚ țȟȐȚȣȊȈȚȤ 
ȐșȝȖȌȕȖȍ ȘȈșȗȘȍȌȍȓȍȕȐȍ ȌȈȕȕȣȝ. 

 ǪșȚȘȖȍȕȕȈȧ ȒȖȌȐȘȖȊȒȈ ȒȈȚȍȋȖȘȐȈȓȤȕȣȝ ȗȍȘȍȔȍȕȕȣȝ: 

ǹȟȐȚȈȍȚșȧ șțȔȔȈ ȋȘȈȌȐȍȕȚȖȊ ȗȖ ȒȈȎȌȖȑ ȒȈȚȍȋȖȘȐȐ Ȑ ȒȈȚȍȋȖȘȐȐ ȖȉȢȍȌȐȕȧȦȚșȧ Ȋ 
ȋȘțȗȗȣ. 

 ǶȉȢȍȌȐȕȍȕȐȍ ȊȏȈȐȔȖȐșȒȓȦȟȈȦȡȐȝ ȗȘȐȏȕȈȒȖȊ (Exclusive Feature 

Bundling - EFB) 

ǬȈȕȕȣȑ ȗȖȌȝȖȌ ȗȖȌȘȈȏțȔȍȊȈȍȚ ȖȉȢȍȌȐȕȍȕȐȍ ȘȈȏȘȍȎȍȕȕȣȝ (Ȋ ȖșȕȖȊȕȖȔ ȕțȓȍȊȣȝ 
ȊȏȈȐȔȖȐșȒȓȦȟȈȦȡȐȝ ȗȘȐȏȕȈȒȖȊ, ȚȈȒȐȝ ȒȈȒ ȒȈȚȍȋȖȘȐȈȓȤȕȣȍ ȗȍȘȍȔȍȕȕȣȍ, 
ȏȈȒȖȌȐȘȖȊȈȕȕȣȍ țȕȐȚȈȘȕȣȔ ȒȖȌȐȘȖȊȈȕȐȍȔ. 
ǷȍȘȍȔȍȕȕȣȍ, ȒȖȚȖȘȣȍ ȕȍ ȗȘȐȕȐȔȈȦȚ ȖȌȕȖȊȘȍȔȍȕȕȖ ȕȍȕțȓȍȊȣȍ ȏȕȈȟȍȕȐȧ, ȔȖȎȕȖ 
«șȊȧȏȈȚȤ». ǻȔȍȕȤȠȈȍȔ ȒȖȓȐȟȍșȚȊȖ ȗȍȘȍȔȍȕȕȣȝ, ȖȉȢȍȌȐȕȧȧ ȊȏȈȐȔȖȐșȒȓȦȟȈȦȡȐȍ Ȋ 1 
ȗȍȘȍȔȍȕȕțȦ, țȊȍȓȐȟȐȊȈȍȚșȧ șȒȖȘȖșȚȤ ȘȈșȟȍȚȈ. 

ǹȗȐșȖȒ ȗȈȘȈȔȍȚȘȖȊ țȏȓȈ ȗȘȍȌșȚȈȊȓȍȕ Ȋ ȚȈȉȓȐȞȍ ȕȐȎȍ. 

ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ ǫȘțȗȗȈ 
ȗȈȘȈȔȍȚȘȖ
Ȋ 

ǵȈȏȊȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ 
ȏȕȈȟȍȕȐȍ ȕȍȚ 

ǵȈȏȊȈȕȐȍ țȏȓȈ, ȒȖȚȖȘȖȍ 
ȉțȌȍȚ ȖȚȖȉȘȈȎȈȚȤșȧ Ȋ 
ȐȕȚȍȘȜȍȑșȍ 

ǶȉȡȐȑ 
ȗȈȘȈȔȍȚȘ 

ǶȗȐșȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ 
ȏȕȈȟȍȕȐȍ ȕȍȚ 

ǶȗȐșȈȕȐȍ țȏȓȈ ǶȉȡȐȑ 
ȗȈȘȈȔȍȚȘ 

ǩțșȚȍȘ ǸȈșȒȘȣȊȈȦȡȐȑșȧ șȗȐșȖȒ 
șȖ șȓȍȌțȦȡȐȔȐ 
ȏȕȈȟȍȕȐȧȔȐ: 

 gbtree (ȗȖ 
țȔȖȓȟȈȕȐȦ) 

 DART 
 GOSS 
 random forest 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȚȐȗ ȉȈȏȖȊȖȋȖ ȈȓȋȖȘȐȚȔȈ 
Ȍȓȧ ȉțșȚȐȕȋȈ. 
ǷȘȍȌțșȔȖȚȘȍȕȣ 
șȓȍȌțȦȡȐȍ ȚȐȗȣ: 

 gbtree – ȉțșȚȐȕȋ 
ȕȈ ȖșȕȖȊȍ 
ȌȍȘȍȊȤȍȊ 

 DART – 
ȔȖȌȐȜȐȒȈȞȐȧ 
gbtree 
(ȖȚȉȘȈșȣȊȈȍȚ 
ȌȍȘȍȊȤȧ, Ȍȓȧ 
ȗȘȍȌȖȚȊȘȈȡȍȕȐȧ 
ȗȍȘȍȖȉțȟȍȕȐȧ) 

ǶȉȡȐȑ 
ȗȈȘȈȔȍȚȘ 
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ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ ǫȘțȗȗȈ 
ȗȈȘȈȔȍȚȘȖ
Ȋ 

 GOSS – 
ȐșȗȖȓȤȏțȦȚșȧ 
ȚȖȓȤȒȖ Țȍ 
ȥȒȏȍȔȗȓȧȘȣ, 
ȒȖȚȖȘȣȍ ȗȘȐȊȖȌȧȚ 
Ȓ ȉȖȓȤȠȖȔț 
ȋȘȈȌȐȍȕȚț 
ȖȠȐȉȒȐ, Ȍȓȧ 
ȖȉȕȖȊȓȍȕȐȧ 
ȔȖȌȍȓȐ Ȑ 
țȌȈȓȍȕȐȧ 
ȖșȚȈȓȤȕȣȝ 
ȥȒȏȍȔȗȓȧȘȖȊ. 

 random forest – 
ǹȓțȟȈȑȕȣȑ ȓȍș 

ǳȐȕȍȑȕȣȍ 
ȔȖȌȍȓȐ Ȋ ȓȐșȚȈȝ 

ǿȍȒȉȖȒș ǪȣȉȖȘ ȌȈȕȕȖȋȖ ȟȍȒȉȖȒșȈ 
țȒȈȏȣȊȈȍȚ ȕȈ 
ȕȍȖȉȝȖȌȐȔȖșȚȤ ȖȉțȟȍȕȐȧ 
ȓȐȕȍȑȕȣȝ ȔȖȌȍȓȍȑ Ȋ 
ȓȐșȚȈȝ ȒȈȎȌȖȋȖ ȌȍȘȍȊȈ 

ǶȉȡȐȑ 
ȗȈȘȈȔȍȚȘ 

ǲȖȓȐȟȍșȚȊȖ 
ȖȞȍȕȖȟȕȣȝ 
ȜțȕȒȞȐȑ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǾȍȓȖȟȐșȓȍȕȕȖȍ ȏȕȈȟȍȕȐȍ 
ȉȖȓȤȠȍ ȐȓȐ ȘȈȊȕȖ 0 
ǷȖ țȔȖȓȟȈȕȐȦ - 100 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȟȐșȓȖ ȐȚȍȘȈȞȐȑ 
ȋȘȈȌȐȍȕȚȕȖȋȖ ȉțșȚȐȕȋȈ 

ǶȉȡȐȑ 
ȗȈȘȈȔȍȚȘ 

ǹȒȖȘȖșȚȤ 
ȖȉțȟȍȕȐȧ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǿȐșȓȖ ȉȖȓȤȠȍ 0 Ȑ 
ȔȍȕȤȠȍ 1 
ǷȖ țȔȖȓȟȈȕȐȦ — 0,3 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
șȒȖȘȖșȚȤ ȖȉțȟȍȕȐȧ 
ȔȖȌȍȓȐ Ȑ ȒȖȕȚȘȖȓȐȘțȍȚ, 
ș ȒȈȒȐȔ ȊȍșȖȔ 
ȗȘȍȌșȒȈȏȈȕȐȧ ȒȈȎȌȖȑ 
șȓȍȌțȦȡȍȑ ȔȖȌȍȓȐ 
șțȔȔȐȘțȦȚșȧ ș 
ȗȘȍȌșȒȈȏȈȕȐȧȔȐ 
ȈȕșȈȔȉȓȧ. 

ǶȉȡȐȑ 
ȗȈȘȈȔȍȚȘ 

ǾȍȓȤ ȖȉțȟȍȕȐȧ 
Ȍȓȧ ȘȍȋȘȍșșȐȐ 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ șȗȐșȖȒ 
șȖ șȓȍȌțȦȡȐȔȐ 
ȏȕȈȟȍȕȐȧȔȐ: 

 ǹȘȍȌȕȍȒȊȈȌȘȈȚȐȟȍ
șȒȈȧ ȖȠȐȉȒȈ (ȗȖ 
țȔȖȓȟȈȕȐȦ) 

 ǹȘȍȌȕȧȧ 
ȈȉșȖȓȦȚȕȈȧ 
ȖȠȐȉȒȈ 

 ǼțȕȒȞȐȧ ȗȖȚȍȘȤ 
ǽȤȦȉȍȘȈ 

 ǸȍȋȘȍșșȐȧ ǺȊȐȌȐ 
 ǫȈȔȔȈ ȘȍȋȘȍșșȐȧ 
 ǷțȈșșȖȕȖȊșȒȈȧ 

ȘȍȋȘȍșșȐȧ 
 ǲȊȈȕȚȐȓȤȕȈȧ 

ȘȍȋȘȍșșȐȧ 
 MAPE 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȐșȗȖȓȤȏțȍȔțȦ ȗȘȐ 
ȖȉțȟȍȕȐȐ ȜțȕȒȞȐȦ 
ȗȖȚȍȘȤ. ǷȘȍȌțșȔȖȚȘȍȕȣ 
șȓȍȌțȦȡȐȍ: 

 ǹȘȍȌȕȍȒȊȈȌȘȈȚȐȟȍ
șȒȈȧ ȖȠȐȉȒȈ 

 ǹȘȍȌȕȧȧ 
ȈȉșȖȓȦȚȕȈȧ 
ȖȠȐȉȒȈ 

 ǼțȕȒȞȐȧ ȗȖȚȍȘȤ 
ǽȤȦȉȍȘȈ – 
ȜțȕȒȞȐȧ 
ȒȊȈȌȘȈȚȐȟȕȈ Ȍȓȧ 
ȔȈȓȣȝ ȏȕȈȟȍȕȐȑ 
ȖșȚȈȚȒȈ (ȘȈȏȕȐȞȈ 
ȔȍȎȌț 
ȕȈȉȓȦȌȈȍȔȣȔ Ȑ 
ȗȘȍȌșȒȈȏȈȕȕȣȔ 
ȏȕȈȟȍȕȐȍȔ), Ȑ 
ȓȐȕȍȑȕȈ Ȍȓȧ 

ǶȉȡȐȑ 
ȗȈȘȈȔȍȚȘ 
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ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ ǫȘțȗȗȈ 
ȗȈȘȈȔȍȚȘȖ
Ȋ 

ȉȖȓȤȠȐȝ ȏȕȈȟȍȕȐȑ 
ȖșȚȈȚȒȈ 

 ǸȍȋȘȍșșȐȧ ǺȊȐȌȐ – 
ȗȘȍȌȕȈȏȕȈȟȍȕȈ 
Ȍȓȧ 
ȗȘȖȋȕȖȏȐȘȖȊȈȕȐȧ 
ȞȍȓȍȊȖȑ 
ȗȍȘȍȔȍȕȕȖȑ, 
ȐȔȍȦȡȍȑ 
ȘȈșȗȘȍȌȍȓȍȕȐȍ 
ǺȊȐȌȐ (ȕȈȗȘȐȔȍȘ, 
Ȗȉȡȍȍ ȒȖȓȐȟȍșȚȊȖ 
ȖșȈȌȒȖȊ Ȋ ȋȖȌ ȐȓȐ 
Ȗȉȡȍȍ ȊȘȍȔȧ 
ȗȘȍȘȣȊȈȕȐȧ Ȋ 
ȋȖȌ). 

 ǫȈȔȔȈ ȘȍȋȘȍșșȐȧ – 
ȗȘȍȌȕȈȏȕȈȟȍȕȈ 
Ȍȓȧ 
ȗȘȖȋȕȖȏȐȘȖȊȈȕȐȧ 
ȞȍȓȍȊȖȑ 
ȗȍȘȍȔȍȕȕȖȑ, 
ȐȔȍȦȡȍȑ ȋȈȔȔȈ-
ȘȈșȗȘȍȌȍȓȍȕȐȍ 
(ȕȈȗȘȐȔȍȘ, 
ȒȖȓȐȟȍșȚȊȖ 
ȖșȈȌȒȖȊ ȕȈ ȖȌȕȖ 
șȖȉȣȚȐȍ ȐȓȐ 
ȗȘȖȌȖȓȎȐȚȍȓȤȕȖșȚ
Ȥ ȗȘȍȘȣȊȈȕȐȧ) 

 ǷțȈșșȖȕȖȊșȒȈȧ 
ȘȍȋȘȍșșȐȧ – 
ȗȘȍȌȕȈȏȕȈȟȍȕȈ 
Ȍȓȧ 
ȗȘȖȋȕȖȏȐȘȖȊȈȕȐȧ 
șȟȍȚȟȐȒȖȊ 
(ȕȍȖȚȘȐȞȈȚȍȓȤȕȣȝ 
Ȟȍȓȣȝ ȟȐșȍȓ) 
(ȕȈȗȘȐȔȍȘ, 
ȒȖȓȐȟȍșȚȊȖ 
ȌȖȎȌȍȊȣȝ 
ȧȊȓȍȕȐȑ Ȋ ȋȖȌ ȐȓȐ 
ȒȖȓȐȟȍșȚȊȖ 
șȖȉȣȚȐȑ 
ȗȘȍȘȣȊȈȕȐȧ 
ȗȘȖȐȏȊȖȌșȚȊȈ Ȋ 
ȋȖȌ). 

 ǲȊȈȕȚȐȓȤȕȈȧ 
ȘȍȋȘȍșșȐȧ – 
ȗȘȍȌȕȈȏȕȈȟȍȕȈ 
Ȍȓȧ 
ȔȖȌȍȓȐȘȖȊȈȕȐȧ 
ȊȏȈȐȔȖșȊȧȏȐ 
ȔȍȎȌț ȕȈȉȖȘȖȔ 
ȗȘȍȌȐȒȚȖȘȖȊ Ȑ 
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ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ ǫȘțȗȗȈ 
ȗȈȘȈȔȍȚȘȖ
Ȋ 

ȖȗȘȍȌȍȓȍȕȕȣȔȐ 
ȗȘȖȞȍȕȚȐȓȧȔȐ 
(ȒȊȈȕȚȐȓȧȔȐ) 
ȞȍȓȍȊȖȑ 
ȗȍȘȍȔȍȕȕȖȑ 

 MAPE - șȘȍȌȕȧȧ 
ȈȉșȖȓȦȚȕȈȧ 
ȖȠȐȉȒȈ Ȋ 
ȗȘȖȞȍȕȚȈȝ 

ǾȍȓȤ ȖȉțȟȍȕȐȧ 
Ȍȓȧ 
ȒȓȈșșȐȜȐȒȈȞȐȐ 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ șȗȐșȖȒ 
șȖ șȓȍȌțȦȡȐȔȐ 
ȏȕȈȟȍȕȐȧȔȐ: 

 ǩȐȕȈȘȕȈȧ 
ȓȖȋȐșȚȐȟȍșȒȈȧ 
ȘȍȋȘȍșșȐȧ (ȗȖ 
țȔȖȓȟȈȕȐȦ) 

 ǴțȓȤȚȐȒȓȈșșȖȊȈȧ 
ș softmax 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȐșȗȖȓȤȏțȍȔțȦ ȗȘȐ 
ȖȉțȟȍȕȐȐ ȜțȕȒȞȐȦ 
ȗȖȚȍȘȤ. ǷȘȍȌțșȔȖȚȘȍȕȣ 
șȓȍȌțȦȡȐȍ: 

 ǩȐȕȈȘȕȈȧ 
ȓȖȋȐșȚȐȟȍșȒȈȧ 
ȘȍȋȘȍșșȐȧ – 
ȊȖȏȊȘȈȡȈȍȚ 
ȗȘȖȋȕȖȏȐȘțȍȔțȦ 
ȊȍȘȖȧȚȕȖșȚȤ (ȕȍ 
ȒȓȈșș) 

 ǴțȓȤȚȐȒȓȈșșȖȊȈȧ 
ș softmax – 
ȜțȕȒȞȐȧ softmax 
Ȍȓȧ 
ȔțȓȤȚȐȒȓȈșșȖȊȖȑ 
ȒȓȈșșȐȜȐȒȈȞȐȐ, 
ȊȖȏȊȘȈȡȈȍȚ ȒȓȈșș 
ș ȔȈȒșȐȔȈȓȤȕȖȑ 
ȊȍȘȖȧȚȕȖșȚȤȦ 
ȗȘȐȕȈȌȓȍȎȕȖșȚȐ 

ǶȉȡȐȑ 
ȗȈȘȈȔȍȚȘ 

ǴȍȚȘȐȒȈ Ȍȓȧ 
ȊȈȓȐȌȈȞȐȐ 
ȘȍȋȘȍșșȐȐ 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ șȗȐșȖȒ 
șȖ șȓȍȌțȦȡȐȔȐ 
ȏȕȈȟȍȕȐȧȔȐ: 
ǹȘȍȌȕȍȒȊȈȌȘȈȚȐȟȍșȒȈȧ 
ȖȠȐȉȒȈ (ȗȖ țȔȖȓȟȈȕȐȦ) 
ǹȘȍȌȕȧȧ ȈȉșȖȓȦȚȕȈȧ 
ȖȠȐȉȒȈ 
RMSE 
MAPE 
ǷțȈșșȖȕȖȊșȒȈȧ ȘȍȋȘȍșșȐȧ 
ǼțȕȒȞȐȧ ȗȖȚȍȘȤ ǽȤȦȉȍȘȈ 
ǲȊȈȕȚȐȓȤȕȈȧ ȘȍȋȘȍșșȐȧ 
ǫȈȔȔȈ ȘȍȋȘȍșșȐȧ 
ǫȈȔȔȈ-ȖȚȒȓȖȕȍȕȐȍ 
ǸȍȋȘȍșșȐȧ ǺȊȐȌȐ 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȔȍȚȘȐȒț ȒȈȟȍșȚȊȈ ȕȈ 
ȊȈȓȐȌȈȞȐȖȕȕȖȑ ȊȣȉȖȘȒȍ. 
ǷȘȍȌțșȔȖȚȘȍȕȣ 
șȓȍȌțȦȡȐȍ ȔȍȚȘȐȒȐ: 

 ǹȘȍȌȕȍȒȊȈȌȘȈȚȐȟȍ
șȒȈȧ ȖȠȐȉȒȈ (ȗȖ 
țȔȖȓȟȈȕȐȦ) 

 ǹȘȍȌȕȧȧ 
ȈȉșȖȓȦȚȕȈȧ 
ȖȠȐȉȒȈ 

 RMSE 
 MAPE 
 ǷțȈșșȖȕȖȊșȒȈȧ 

ȘȍȋȘȍșșȐȧ 
 ǼțȕȒȞȐȧ ȗȖȚȍȘȤ 

ǽȤȦȉȍȘȈ 
 ǲȊȈȕȚȐȓȤȕȈȧ 

ȘȍȋȘȍșșȐȧ 
 ǫȈȔȔȈ ȘȍȋȘȍșșȐȧ 
 ǫȈȔȔȈ-ȖȚȒȓȖȕȍȕȐȍ 
 ǸȍȋȘȍșșȐȧ ǺȊȐȌȐ 

ǶȉȡȐȑ 
ȗȈȘȈȔȍȚȘ 
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ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ ǫȘțȗȗȈ 
ȗȈȘȈȔȍȚȘȖ
Ȋ 

ǴȍȚȘȐȒȈ Ȍȓȧ 
ȊȈȓȐȌȈȞȐȐ 
ȒȓȈșșȐȜȐȒȈȞȐȐ 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ șȗȐșȖȒ 
șȖ șȓȍȌțȦȡȐȔȐ 
ȏȕȈȟȍȕȐȧȔȐ: 

 ǩȐȕȈȘȕȈȧ 
ȓȖȋȐșȚȐȟȍșȒȈȧ 
ȘȍȋȘȍșșȐȧ (ȗȖ 
țȔȖȓȟȈȕȐȦ) 

 ǩȐȕȈȘȕȈȧ ȖȠȐȉȒȈ 
 ǴțȓȤȚȐȒȓȈșșȖȊȈȧ 

ȓȖȋȐșȚȐȟȍșȒȈȧ 
ȘȍȋȘȍșșȐȧ 

 ǴțȓȤȚȐȒȓȈșșȖȊȈȧ 
ȖȠȐȉȒȈ 

 AUC 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȔȍȚȘȐȒț ȒȈȟȍșȚȊȈ ȕȈ 
ȊȈȓȐȌȈȞȐȖȕȕȖȑ ȊȣȉȖȘȒȍ. 
ǷȘȍȌțșȔȖȚȘȍȕȣ 
șȓȍȌțȦȡȐȍ ȔȍȚȘȐȒȐ: 

 ǩȐȕȈȘȕȈȧ 
ȓȖȋȐșȚȐȟȍșȒȈȧ 
ȘȍȋȘȍșșȐȧ – 
ȓȖȋȐșȚȐȟȍșȒȈȧ 
ȜțȕȒȞȐȧ ȖȠȐȉȒȐ 

 ǩȐȕȈȘȕȈȧ ȖȠȐȉȒȈ 
– ȟȈșȚȖȚȈ ȖȠȐȉȖȒ 
ȉȐȕȈȘȕȖȑ 
ȒȓȈșșȐȜȐȒȈȞȐȐ, 
ȘȈșșȟȐȚȣȊȈȍȚșȧ 
ȒȈȒ ȕȍȗȘȈȊȐȓȤȕȖ 
ȒȓȈșșȐȜȐȞȐȘȖȊȈȕ
ȕȣȍ ȖȉȢȍȒȚȣ/Ȋșȍ 
ȖȉȢȍȒȚȣ. ǷȘȐ 
ȗȘȖȋȕȖȏȐȘȖȊȈȕȐȐ 
ȗȖȓȖȎȐȚȍȓȤȕȣȔȐ 
ȥȒȏȍȔȗȓȧȘȈȔȐ 
ȉțȌțȚ șȟȐȚȈȚȤșȧ 
ȕȈȉȓȦȌȍȕȐȧ șȖ 
ȏȕȈȟȍȕȐȍȔ 
ȗȘȖȋȕȖȏȈ ȉȖȓȤȠȍ 
0,5, ȖșȚȈȓȤȕȣȍ – 
ȒȈȒ 
ȖȚȘȐȞȈȚȍȓȤȕȣȍ 

 ǴțȓȤȚȐȒȓȈșșȖȊȈȧ 
ȓȖȋȐșȚȐȟȍșȒȈȧ 
ȘȍȋȘȍșșȐȧ – 
ȔțȓȤȚȐȒȓȈșșȖȊȈȧ 
ȓȖȋȐșȚȐȟȍșȒȈȧ 
ȜțȕȒȞȐȧ ȖȠȐȉȒȐ 

 ǴțȓȤȚȐȒȓȈșșȖȊȈȧ 
ȖȠȐȉȒȈ – ȟȈșȚȖȚȈ 
ȖȠȐȉȖȒ 
ȔțȓȤȚȐȒȓȈșșșȖȊȖȑ 
ȒȓȈșșȐȜȐȒȈȞȐȐ, 
ȘȈșșȟȐȚȣȊȈȍȚșȧ 
ȒȈȒ ȕȍȗȘȈȊȐȓȤȕȖ 
ȒȓȈșșȐȜȐȞȐȘȖȊȈȕ
ȕȣȍ ȖȉȢȍȒȚȣ/Ȋșȍ 
ȖȉȢȍȒȚȣ 

 AUC – 
ȒȖȓȐȟȍșȚȊȍȕȕȈȧ 
ȐȕȚȍȘȗȘȍȚȈȞȐȧ 
ȒȘȐȊȖȑ ȖȠȐȉȖȒ, 
ȗȓȖȡȈȌȤ, 
ȖȋȘȈȕȐȟȍȕȕȈȧ 
ROC-ȒȘȐȊȖȑ Ȑ 
ȖșȤȦ ȌȖȓȐ ȓȖȎȕȣȝ 
ȗȖȓȖȎȐȚȍȓȤȕȣȝ 
ȒȓȈșșȐȜȐȒȈȞȐȑ 

ǶȉȡȐȑ 
ȗȈȘȈȔȍȚȘ 
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ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ ǫȘțȗȗȈ 
ȗȈȘȈȔȍȚȘȖ
Ȋ 

ǲȖȓȐȟȍșȚȊȖ 
ȐȚȍȘȈȞȐȑ ȌȖ 
ȘȈȕȕȍȑ 
ȖșȚȈȕȖȊȒȐ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǷȖ țȔȖȓȟȈȕȐȦ - 0 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȒȖȓȐȟȍșȚȊȖ ȐȚȍȘȈȞȐȑ ȌȖ 
ȘȈȕȕȍȑ ȖșȚȈȕȖȊȒȐ 

ǶȉȡȐȑ 
ȗȈȘȈȔȍȚȘ 

ǸȈȏȔȍȘ (%) 
ȊȈȓȐȌȈȞȐȖȕȕȖȑ 
ȊȣȉȖȘȒȐ Ȍȓȧ 
ȘȈȕȕȍȑ 
ȖșȚȈȕȖȊȒȐ 

ǸțȟȕȖȑ ȊȊȖȌ ǿȐșȓȖ 
ȉȖȓȤȠȍ 0 Ȑ ȔȍȕȤȠȍ 1 
ǷȖ țȔȖȓȟȈȕȐȦ – 0,1 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȘȈȏȔȍȘ (%) 
ȊȈȓȐȌȈȞȐȖȕȕȖȑ ȊȣȉȖȘȒȐ 
Ȍȓȧ ȘȈȕȕȍȑ ȖșȚȈȕȖȊȒȐ 

ǶȉȡȐȑ 
ȗȈȘȈȔȍȚȘ 

Seed ǸțȟȕȖȑ ȊȊȖȌ ȟȐșȓȖȊȖȋȖ 
ȏȕȈȟȍȕȐȧ 
ǷȖ țȔȖȓȟȈȕȐȦ – 42 

ǵȈȟȈȓȤȕȖȍ ȟȐșȓȖȊȖȍ 
ȏȕȈȟȍȕȐȍ Ȍȓȧ ȋȍȕȍȘȈȚȖȘȈ 
șȓțȟȈȑȕȣȝ ȟȐșȍȓ 

ǶȉȡȐȑ 
ȗȈȘȈȔȍȚȘ 

ǲȖȓȐȟȍșȚȊȖ 
ȗȈȘȈȓȓȍȓȤȕȣȝ 
ȗȖȚȖȒȖȊ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǷȖ țȔȖȓȟȈȕȐȦ – -1 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȒȖȓȐȟȍșȚȊȖ 
ȗȈȘȈȓȓȍȓȤȕȣȝ ȗȖȚȖȒȖȊ, 
ȐșȗȖȓȤȏțȍȔȣȝ Ȍȓȧ 
ȏȈȗțșȒȈ 

ǶȉȡȐȑ 
ȗȈȘȈȔȍȚȘ 

ǴȈȒșȐȔȈȓȤȕȈȧ 
ȋȓțȉȐȕȈ ȌȍȘȍȊȈ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǷȖ țȔȖȓȟȈȕȐȦ – -1 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȔȈȒșȐȔȈȓȤȕțȦ ȋȓțȉȐȕț 
ȌȍȘȍȊȈ. 
ǯȕȈȟȍȕȐȍ ȔȍȕȤȠȍ ȐȓȐ 
ȘȈȊȕȖ 0 ȖȏȕȈȟȈȍȚ 
ȖȚșțȚșȚȊȐȍ ȖȋȘȈȕȐȟȍȕȐȑ 

ǷȖșȚȘȖȍȕȐȍ 
ȌȍȘȍȊȈ 

ǴȈȒșȐȔȈȓȤȕȖȍ 
ȒȖȓȐȟȍșȚȊȖ 
ȓȐșȚȖȊ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǾȍȓȖȟȐșȓȍȕȕȖȍ ȏȕȈȟȍȕȐȍ 
ȉȖȓȤȠȍ 0 
ǷȖ țȔȖȓȟȈȕȐȦ - 31 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȔȈȒșȐȔȈȓȤȕȖȍ 
ȒȖȓȐȟȍșȚȊȖ ȓȐșȚȖȊ Ȋ 
ȌȍȘȍȊȍ 

ǷȖșȚȘȖȍȕȐȍ 
ȌȍȘȍȊȈ 

ǴȐȕȐȔȈȓȤȕȖȍ 
ȒȖȓȐȟȍșȚȊȖ 
ȕȈȉȓȦȌȍȕȐȑ Ȍȓȧ 
șȖȏȌȈȕȐȧ ȉȐȕȈ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǾȍȓȖȟȐșȓȍȕȕȖȍ ȏȕȈȟȍȕȐȍ 
ȉȖȓȤȠȍ 0 
ǷȖ țȔȖȓȟȈȕȐȦ – 200000 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȒȖȓȐȟȍșȚȊȖ ȕȈȉȓȦȌȍȕȐȑ 
Ȍȓȧ șȖȏȌȈȕȐȧ ȉȐȕȈ 

ǷȖșȚȘȖȍȕȐȍ 
ȌȍȘȍȊȈ 

ǴȈȒșȐȔȈȓȤȕȖȍ 
ȒȖȓȐȟȍșȚȊȖ 
ȉȐȕȖȊ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǾȍȓȖȟȐșȓȍȕȕȖȍ ȏȕȈȟȍȕȐȍ 
ȉȖȓȤȠȍ 1 
ǷȖ țȔȖȓȟȈȕȐȦ – 255 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȔȈȒșȐȔȈȓȤȕȖȍ 
ȒȖȓȐȟȍșȚȊȖ ȉȐȕȖȊ, Ȋ 
ȒȖȚȖȘȣȍ ȉțȌțȚ 
ȋȘțȗȗȐȘȖȊȈȚȤșȧ ȏȕȈȟȍȕȐȧ 
ȗȘȐȏȕȈȒȖȊ 

ǷȖșȚȘȖȍȕȐȍ 
ȌȍȘȍȊȈ 

ǴȐȕȐȔȈȓȤȕȖȍ 
ȒȖȓȐȟȍșȚȊȖ 
ȕȈȉȓȦȌȍȕȐȑ Ȋ 
ȉȐȕȍ 

ǷȖ țȔȖȓȟȈȕȐȦ – 3 ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȔȐȕȐȔȈȓȤȕȖȍ ȟȐșȓȖ 
ȕȈȉȓȦȌȍȕȐȑ Ȋ ȉȐȕȍ 

ǷȖșȚȘȖȍȕȐȍ 
ȌȍȘȍȊȈ 

ǰșȗȖȓȤȏȖȊȈȚȤ 
EFB 

ǿȍȒȉȖȒș ǪȣȉȖȘ ȌȈȕȕȖȋȖ ȟȍȒȉȖȒșȈ 
țȒȈȏȣȊȈȍȚ ȕȈ 
ȕȍȖȉȝȖȌȐȔȖșȚȤ 
ȐșȗȖȓȤȏȖȊȈȚȤ EFB 

ǷȖșȚȘȖȍȕȐȍ 
ȌȍȘȍȊȈ 

ǴȐȕȐȔȈȓȤȕȣȑ 
gain Ȍȓȧ 
ȘȈȏȉȐȍȕȐȧ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǷȖ țȔȖȓȟȈȕȐȦ – 0 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȔȐȕȐȔȈȓȤȕȖȍ șȕȐȎȍȕȐȍ 
ȗȖȚȍȘȤ, ȕȍȖȉȝȖȌȐȔȖȍ Ȍȓȧ 
șȖȏȌȈȕȐȧ ȌȈȓȤȕȍȑȠȍȋȖ 
ȘȈȏȌȍȓȈ ȕȈ ȓȐșȚȖȊȖȔ 
țȏȓȍ ȌȍȘȍȊȈ 

ǷȖșȚȘȖȍȕȐȍ 
ȌȍȘȍȊȈ 

ǴȐȕȐȔȈȓȤȕȣȑ 
Ȋȍș Ȍȓȧ 
ȘȈȏȉȐȍȕȐȧ 

ǷȖ țȔȖȓȟȈȕȐȦ – 0,0001 ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȔȐȕȐȔȈȓȤȕțȦ șțȔȔț 
ȊȍșȖȊ ȥȒȏȍȔȗȓȧȘȖȊ 

ǷȖșȚȘȖȍȕȐȍ 
ȌȍȘȍȊȈ 



 

 

 217 

ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ ǫȘțȗȗȈ 
ȗȈȘȈȔȍȚȘȖ
Ȋ 

(ǫȍșșȐȈȕ), ȕȍȖȉȝȖȌȐȔțȦ 
Ȍȓȧ ȌȖȟȍȘȕȍȋȖ ȥȓȍȔȍȕȚȈ 
(ȓȐșȚȈ) 

ǴȐȕȐȔȈȓȤȕȖȍ 
ȒȖȓȐȟȍșȚȊȖ 
ȕȈȉȓȦȌȍȕȐȑ Ȋ 
ȓȐșȚȍ 

ǷȖ țȔȖȓȟȈȕȐȦ – 20 ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȔȐȕȐȔȈȓȤȕȖȍ ȒȖȓȐȟȍșȚȊȖ 
ȕȈȉȓȦȌȍȕȐȑ Ȋ ȓȐșȚȍ 

ǷȖșȚȘȖȍȕȐȍ 
ȌȍȘȍȊȈ 

ǬȖȓȧ ȊȣȉȖȘȒȐ 
ȗȘȐȏȕȈȒȖȊ Ȋ 
ȒȈȎȌȖȑ ȐȚȍȘȈȞȐȐ 

ǷȖ țȔȖȓȟȈȕȐȦ – 1 ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȌȖȓȦ ȗȍȘȍȔȍȕȕȣȝ, 
ȐșȗȖȓȤȏțȍȔȣȝ ȕȈ ȒȈȎȌȖȑ 
ȐȚȍȘȈȞȐȐ (ȗȘȐ 
ȗȖșȚȘȖȍȕȐȐ ȒȈȎȌȖȋȖ 
ȌȍȘȍȊȈ). 

ǷȖșȚȘȖȍȕȐȍ 
ȌȍȘȍȊȈ 

ǬȖȓȧ ȊȣȉȖȘȒȐ 
ȗȘȐȏȕȈȒȖȊ Ȋ 
ȒȈȎȌȖȔ țȏȓȍ 
ȌȍȘȍȊȈ 

ǷȖ țȔȖȓȟȈȕȐȦ – 1 ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȌȖȓȦ ȗȖȌȊȣȉȖȘȒȐ 
ȗȘȐȏȕȈȒȖȊ, ȒȖȚȖȘȣȍ 
ȉțȌțȚ ȐșȗȖȓȤȏȖȊȈȕȣ Ȍȓȧ 
ȒȈȎȌȖȋȖ ȘȈȏȌȍȓȍȕȐȧ 
(țȏȓȈ). 

ǷȖșȚȘȖȍȕȐȍ 
ȌȍȘȍȊȈ 

ǰșȗȖȓȤȏȖȊȈȚȤ 
ȥȒșȚȘȍȔȈȓȤȕȖ 
ȘȈȕȌȖȔȐȏȐȘȖȊȈȕ
ȕȣȍ ȌȍȘȍȊȤȧ 

ǿȍȒȉȖȒș ǪȣȉȖȘ ȌȈȕȕȖȋȖ ȟȍȒȉȖȒșȈ 
țȒȈȏȣȊȈȍȚ ȕȈ 
ȕȍȖȉȝȖȌȐȔȖșȚȤ 
ȐșȗȖȓȤȏȖȊȈȕȐȧ 
ȥȒșȚȘȍȔȈȓȤȕȖ 
ȘȈȕȌȖȔȐȏȐȘȖȊȈȕȕȣȝ 
ȌȍȘȍȊȤȍȊ. 
 
Ǫ ȥȒșȚȘȍȔȈȓȤȕȖ 
ȘȈȕȌȖȔȐȏȐȘȖȊȈȕȕȣȝ 
ȌȍȘȍȊȤȧȝ ȐșȗȖȓȤȏțȍȚșȧ 
șȓțȟȈȑȕȖȍ ȗȖȌȔȕȖȎȍșȚȊȖ 
ȖȉȢȍȒȚȖȊ-ȒȈȕȌȐȌȈȚȖȊ, ȕȖ 
ȊȔȍșȚȖ ȗȖȐșȒȈ ȕȈȐȉȖȓȍȍ 
ȖȚȓȐȟȐȚȍȓȤȕȣȝ 
ȗȖȘȖȋȖȊȣȝ ȏȕȈȟȍȕȐȑ 
ȗȖȘȖȋȐ ȊȣȉȐȘȈȦȚșȧ 
șȓțȟȈȑȕȣȔ ȖȉȘȈȏȖȔ Ȍȓȧ 
ȒȈȎȌȖȋȖ ȖȉȢȍȒȚȈ-
ȒȈȕȌȐȌȈȚȈ, Ȑ ȓțȟȠȐȑ Ȑȏ 
ȥȚȐȝ șȓțȟȈȑȕȖ 
șȋȍȕȍȘȐȘȖȊȈȕȕȣȝ 
ȗȖȘȖȋȖȊȣȝ ȏȕȈȟȍȕȐȑ 
ȊȣȉȐȘȈȍȚșȧ Ȋ ȒȈȟȍșȚȊȍ 
ȗȘȈȊȐȓȈ ȘȈȏȌȍȓȍȕȐȧ. 
ǶȉȣȟȕȖ ȥȚȖ ȗȖȏȊȖȓȧȍȚ 
ȍȡȍ ȕȍȔȕȖȋȖ țȔȍȕȤȠȐȚȤ 
ȌȐșȗȍȘșȐȦ ȔȖȌȍȓȐ ȏȈ 
șȟȍȚ ȟțȚȤ ȉȖȓȤȠȍȋȖ 
țȊȍȓȐȟȍȕȐȧ șȔȍȡȍȕȐȧ 

ǷȖșȚȘȖȍȕȐȍ 
ȌȍȘȍȊȈ 

ǬȖȓȧ 
ȖȚȉȘȈșȣȊȈȍȔȣȝ 
ȌȍȘȍȊȤȍȊ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǿȐșȓȖ ȉȖȓȤȠȍ ȐȓȐ ȘȈȊȕȖ 
0 Ȑ ȔȍȕȤȠȍ ȐȓȐ ȘȈȊȕȖ 1 
ǷȖ țȔȖȓȟȈȕȐȦ – 0,1 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȌȖȓȦ ȖȚȉȘȈșȣȊȈȍȔȣȝ 
ȌȍȘȍȊȤȍȊ 

ǷȈȘȈȔȍȚȘȣ 
Ȍȓȧ DART 
(ǩțșȚȍȘ = 
dart) 
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ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ ǫȘțȗȗȈ 
ȗȈȘȈȔȍȚȘȖ
Ȋ 

ǴȈȒșȐȔȈȓȤȕȖȍ 
ȒȖȓȐȟȍșȚȊȖ 
ȖȚȉȘȈșȣȊȈȍȔȣȝ 
ȌȍȘȍȊȤȍȊ 

ǷȖ țȔȖȓȟȈȕȐȦ – 50 ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȔȈȒșȐȔȈȓȤȕȖȍ ȟȐșȓȖ 
ȖȚȉȘȈșȣȊȈȍȔȣȝ ȌȍȘȍȊȤȍȊ 

ǷȈȘȈȔȍȚȘȣ 
Ȍȓȧ DART 
(ǩțșȚȍȘ = 
dart) 

ǪȍȘȖȧȚȕȖșȚȤ 
ȖȚșțȚșȚȊȐȧ 
ȖȚȉȘȈșȣȊȈȕȐȧ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǿȐșȓȖ ȉȖȓȤȠȍ ȐȓȐ ȘȈȊȕȖ 
0 Ȑ ȔȍȕȤȠȍ ȐȓȐ ȘȈȊȕȖ 1 
ǷȖ țȔȖȓȟȈȕȐȦ – 0,5 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȊȍȘȖȧȚȕȖșȚȤ ȗȘȖȗțșȒȈ 
ȗȘȖȞȍȌțȘȣ ȖȚȉȘȈșȣȊȈȕȐȧ 
ȌȍȘȍȊȤȍȊ. 
ǭșȓȐ ȗȘȖȞȍȌțȘȈ 
ȖȚȉȘȈșȣȊȈȕȐȧ ȌȍȘȍȊȤȍȊ 
ȗȘȖȗțȡȍȕȈ, ȕȖȊȣȍ 
ȌȍȘȍȊȤȧ ȌȖȉȈȊȓȧȦȚșȧ ȚȈȒ 
Ȏȍ, ȒȈȒ Ȑ gbtree 

ǷȈȘȈȔȍȚȘȣ 
Ȍȓȧ DART 
(ǩțșȚȍȘ = 
dart) 

ǰșȗȖȓȤȏȖȊȈȚȤ 
XGBoost DART 

ǿȍȒȉȖȒș ǪȣȉȖȘ ȌȈȕȕȖȋȖ ȟȍȒȉȖȒșȈ 
țȒȈȏȣȊȈȍȚ ȕȈ 
ȕȍȖȉȝȖȌȐȔȖșȚȤ 
ȐșȗȖȓȤȏȖȊȈȕȐȧ XGBoost 
DART 

ǷȈȘȈȔȍȚȘȣ 
Ȍȓȧ DART 
(ǩțșȚȍȘ = 
dart) 

ǰșȗȖȓȤȏȖȊȈȚȤ 
uniform drop 

ǿȍȒȉȖȒș ǪȣȉȖȘ ȌȈȕȕȖȋȖ ȟȍȒȉȖȒșȈ 
țȒȈȏȣȊȈȍȚ ȕȈ ȚȖ, ȟȚȖ 
ȖȚȉȘȈșȣȊȈȍȔȣȍ ȌȍȘȍȊȤȧ 
ȊȣȉȐȘȈȦȚșȧ ȘȈȊȕȖȔȍȘȕȖ. 

ǷȈȘȈȔȍȚȘȣ 
Ȍȓȧ DART 
(ǩțșȚȍȘ = 
dart) 

ǲȖȥȜȜȐȞȐȍȕȚ 
șȖȝȘȈȕȍȕȐȧ 
ȉȖȓȤȠȖȋȖ 
ȋȘȈȌȐȍȕȚȈ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǿȐșȓȖ ȉȖȓȤȠȍ ȐȓȐ ȘȈȊȕȖ 
0 Ȑ ȔȍȕȤȠȍ ȐȓȐ ȘȈȊȕȖ 1 
ǷȖ țȔȖȓȟȈȕȐȦ – 0,2 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȒȖȥȜȜȐȞȐȍȕȚ 
șȖȝȘȈȕȍȕȐȧ ȕȈȉȓȦȌȍȕȐȑ 
ș ȉȖȓȤȠȐȔ ȋȘȈȌȐȍȕȚȖȔ 

ǷȈȘȈȔȍȚȘȣ 
Ȍȓȧ GOSS 
(ǩțșȚȍȘ = 
GOSS) 

ǲȖȥȜȜȐȞȐȍȕȚ 
șȖȝȘȈȕȍȕȐȧ 
ȔȈȓȍȕȤȒȖȋȖ 
ȋȘȈȌȐȍȕȚȈ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǿȐșȓȖ ȉȖȓȤȠȍ ȐȓȐ ȘȈȊȕȖ 
0 Ȑ ȔȍȕȤȠȍ ȐȓȐ ȘȈȊȕȖ 1 
ǷȖ țȔȖȓȟȈȕȐȦ – 0,1 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȒȖȥȜȜȐȞȐȍȕȚ 
șȖȝȘȈȕȍȕȐȧ ȕȈȉȓȦȌȍȕȐȑ 
ș ȔȈȓȍȕȤȒȐȔ ȋȘȈȌȐȍȕȚȖȔ 

ǷȈȘȈȔȍȚȘȣ 
Ȍȓȧ GOSS 
(ǩțșȚȍȘ = 
GOSS) 

ǹȖȖȚȕȖȠȍȕȐȍ 
șȓțȟȈȑȕȖȑ 
ȗȖȌȊȣȉȖȘȒȐ Ȋ 
ȖȉțȟȈȦȡȍȑ 
ȊȣȉȖȘȒȍ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǿȐșȓȖ ȉȖȓȤȠȍ ȐȓȐ ȘȈȊȕȖ 
0 Ȑ ȔȍȕȤȠȍ ȐȓȐ ȘȈȊȕȖ 1 
ǷȖ țȔȖȓȟȈȕȐȦ – 1 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
șȖȖȚȕȖȠȍȕȐȍ șȓțȟȈȑȕȖȑ 
ȗȖȌȊȣȉȖȘȒȐ Ȋ 
ȖȉțȟȈȦȡȍȑ ȊȣȉȖȘȒȍ. 
 
Ǭȓȧ ȚȖȋȖ, ȟȚȖȉȣ ȗȘȖȞȍșș 
ȉȥȋȋȐȕȋȈ ȉȣȓ ȏȈȗțȡȍȕ 
ȕȍȖȉȝȖȌȐȔȖ țȒȈȏȈȚȤ 
ȏȕȈȟȍȕȐȍ ȔȍȕȤȠȍ 1. 

ǷȈȘȈȔȍȚȘȣ 
ȉȥȋȋȐȕȋȈ 

ǿȈșȚȖȚȈ 
șȓțȟȈȑȕȖȑ 
ȗȖȌȊȣȉȖȘȒȐ 

ǸțȟȕȖȑ ȊȊȖȌ 
ȞȍȓȖȟȐșȓȍȕȕȖȋȖ 
ȏȕȈȟȍȕȐȧ 
ǷȖ țȔȖȓȟȈȕȐȦ – 0 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȊȣȗȖȓȕȍȕȐȍ ȉȥȋȋȐȕȋȈ ȕȈ 
ȒȈȎȌȖȑ k (ȏȈȌȈȕȕȖȑ 
ȏȕȈȟȍȕȐȍȔ) ȐȚȍȘȈȞȐȐ. 
ǲȈȎȌȈȧ k-ȧ ȐȚȍȘȈȞȐȧ 
LightGBM ȉțȌȍȚ 
șȓțȟȈȑȕȣȔ ȖȉȘȈȏȖȔ 
ȖȚȉȐȘȈȚȤ 'ǹȖȖȚȕȖȠȍȕȐȍ 
șȓțȟȈȑȕȖȑ 
ȗȖȌȊȣȉȖȘȒȐ Ȋ 
ȖȉțȟȈȦȡȍȑ 
ȊȣȉȖȘȒȍ'*100% ȌȈȕȕȣȝ 
Ȍȓȧ ȐșȗȖȓȤȏȖȊȈȕȐȧ Ȋ 
șȓȍȌțȦȡȐȝ k ȐȚȍȘȈȞȐȧȝ. 
 
ǯȕȈȟȍȕȐȍ ȗȈȘȈȔȍȚȘȈ 

ǷȈȘȈȔȍȚȘȣ 
ȉȥȋȋȐȕȋȈ 
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ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ ǫȘțȗȗȈ 
ȗȈȘȈȔȍȚȘȖ
Ȋ 

ȘȈȊȕȖȍ 0 ȖȏȕȈȟȈȍȚ 
ȖȚȒȓȦȟȍȕȐȍ ȉȥȋȋȐȕȋȈ 

L1 ȘȍȋțȓȧȘȐȏȈȚȖȘ ǷȖ țȔȖȓȟȈȕȐȦ – 0 ǸȍȋțȓȧȘȐȏȈȞȐȧ ȌȖȉȈȊȓȧȍ
Ț ȖȋȘȈȕȐȟȍȕȐȧ ȈȓȋȖȘȐȚȔȈ 
ȖȚȕȖșȐȚȍȓȤȕȖ ȈșȗȍȒȚȖȊ 
ȔȖȌȍȓȐ, ȒȖȚȖȘȣȍ ȕȍ 
ȏȈȊȐșȧȚ ȖȚ ȌȈȕȕȣȝ Ȍȓȧ 
ȖȉțȟȍȕȐȧ. ǸȍȋțȓȧȘȐȏȈȞȐȧ 
ȖȉȣȟȕȖ ȐșȗȖȓȤȏțȍȚșȧ, 
ȟȚȖȉȣ ȐȏȉȍȎȈȚȤ 
ȗȍȘȍȖȉțȟȍȕȐȧ. 
ǸȍȋțȓȧȘȐȏȈȞȐȧ L1 
ȗȘȐȔȍȕȧȍȚșȧ Ȍȓȧ 
ȗȖȓțȟȍȕȐȧ ȔȈȒșȐȔȈȓȤȕȖ 
ȘȈȏȘȍȎȍȕȕȖȑ ȔȖȌȍȓȐ 

ǷȈȘȈȔȍȚȘȣ 
ȘȍȋțȓȧȘȐȏȈȞȐ
Ȑ 

L2 ȘȍȋțȓȧȘȐȏȈȚȖȘ ǷȖ țȔȖȓȟȈȕȐȦ – 1 ǸȍȋțȓȧȘȐȏȈȞȐȧ L2 
ȖȋȘȈȕȐȟȐȊȈȍȚ 
ȟȘȍȏȔȍȘȕȣȑ ȘȖșȚ ȒȈȒȖȑ-
ȓȐȉȖ ȖȚȌȍȓȤȕȖȑ 
ȒȖȖȘȌȐȕȈȚȣ ȊȍșȖȊȖȋȖ 
ȊȍȒȚȖȘȈ. ǸȍȋțȓȧȘȐȏȈȞȐȧ 
L2 ȗȖȓȍȏȕȈ Ȋ ȚȖȔ șȓțȟȈȍ, 
ȍșȓȐ ȞȍȓȤȦ ȧȊȓȧȍȚșȧ 
șȖȏȌȈȕȐȍ ȔȖȌȍȓȐ, 
ȐȔȍȦȡȍȑ Ȋ ȞȍȓȖȔ ȔȈȓȣȍ 
ȏȕȈȟȍȕȐȧ ȊȍșȈ 

ǷȈȘȈȔȍȚȘȣ 
ȘȍȋțȓȧȘȐȏȈȞȐ
Ȑ 

L2 ȘȍȋțȓȧȘȐȏȈȚȖȘ 
Ȍȓȧ ȓȐȕȍȑȕȖȑ 
ȘȍȋȘȍșșȐȐ 

ǷȖ țȔȖȓȟȈȕȐȦ – 0 ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȓȐȕȍȑȕțȦ 
ȘȍȋțȓȧȘȐȏȈȞȐȦ ȌȍȘȍȊȈ 

ǷȈȘȈȔȍȚȘȣ 
ȘȍȋțȓȧȘȐȏȈȞȐ
Ȑ 

L2 ȘȍȋțȓȧȘȐȏȈȚȖȘ 
Ȋ 
ȒȈȚȍȋȖȘȐȈȓȤȕȖȔ 
ȘȈȏȉȐȍȕȐȐ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǿȐșȓȖ ȉȖȓȤȠȍ ȐȓȐ ȘȈȊȕȖ 
0 
ǷȖ țȔȖȓȟȈȕȐȦ – 10 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ 
ȐșȗȖȓȤȏțȍȚșȧ Ȍȓȧ 
ȏȈȌȈȕȐȧ ȘȍȋțȓȧȘȐȏȈȞȐȐ 
ȒȈȚȍȋȖȘȐȈȓȤȕȖȋȖ 
ȘȈȏȌȍȓȍȕȐȧ (șȗȓȐȚȈ) 

ǷȈȘȈȔȍȚȘȣ 
ȘȍȋțȓȧȘȐȏȈȞȐ
Ȑ 

ǴȐȕȐȔȈȓȤȕȖȍ 
ȒȖȓȐȟȍșȚȊȖ 
ȕȈȉȓȦȌȍȕȐȑ Ȋ 
ȒȈȚȍȋȖȘȐȈȓȤȕȖȑ 
ȗȍȘȍȔȍȕȕȖȑ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǿȐșȓȖ ȉȖȓȤȠȍ 0 
ǷȖ țȔȖȓȟȈȕȐȦ – 100 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȔȐȕȐȔȈȓȤȕȖȍ ȒȖȓȐȟȍșȚȊȖ 
ȕȈȉȓȦȌȍȕȐȑ Ȋ 
ȒȈȚȍȋȖȘȐȈȓȤȕȖȑ 
ȗȍȘȍȔȍȕȕȖȑ 

ǷȈȘȈȔȍȚȘȣ 
Ȍȓȧ 
ȖȉȘȈȉȖȚȒȐ 
ȒȈȚȍȋȖȘȐȈȓȤȕ
ȣȝ ȗȘȐȏȕȈȒȖȊ 

ǳȐȔȐȚ 
ȒȖȓȐȟȍșȚȊȈ 
ȘȈȏȉȐȍȕȐȑ Ȍȓȧ 
ȒȈȚȍȋȖȘȐȈȓȤȕȖȑ 
ȗȍȘȍȔȍȕȕȖȑ 

ǷȖ țȔȖȓȟȈȕȐȦ – 32 ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȖȋȘȈȕȐȟȍȕȐȍ ȕȈ 
ȒȖȓȐȟȍșȚȊȖ ȘȈȏȉȐȍȕȐȑ 
(șȗȓȐȚȖȊ) Ȍȓȧ 
ȒȈȚȍȋȖȘȐȈȓȤȕȖȑ 
ȗȍȘȍȔȍȕȕȖȑ 

ǷȈȘȈȔȍȚȘȣ 
Ȍȓȧ 
ȖȉȘȈȉȖȚȒȐ 
ȒȈȚȍȋȖȘȐȈȓȤȕ
ȣȝ ȗȘȐȏȕȈȒȖȊ 

ǷșȍȊȌȖșȟȍȚ Ȋ 
șȋȓȈȎȐȊȈȕȐȐ 
ǳȈȗȓȈșȈ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǿȐșȓȖ ȉȖȓȤȠȍ ȐȓȐ ȘȈȊȕȖ 
0 
ǷȖ țȔȖȓȟȈȕȐȦ – 10 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ 
ȗȖȏȊȖȓȧȍȚ țȔȍȕȤȠȐȚȤ 
ȊȓȐȧȕȐȍ ȠțȔȖȊ ȕȈ 
ȒȈȚȍȋȖȘȐȈȓȤȕȣȍ 
ȗȍȘȍȔȍȕȕȣȍ, ȖșȖȉȍȕȕȖ 
Ȍȓȧ ȒȈȚȍȋȖȘȐȑ ș 
ȕȍȉȖȓȤȠȐȔ ȒȖȓȐȟȍșȚȊȖȔ 
ȌȈȕȕȣȝ. 

ǷȈȘȈȔȍȚȘȣ 
Ȍȓȧ 
ȖȉȘȈȉȖȚȒȐ 
ȒȈȚȍȋȖȘȐȈȓȤȕ
ȣȝ ȗȘȐȏȕȈȒȖȊ 
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ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ ǫȘțȗȗȈ 
ȗȈȘȈȔȍȚȘȖ
Ȋ 

ǴȈȒșȐȔȈȓȤȕȖȍ 
ȒȖȓȐȟȍșȚȊȖ 
ȒȈȚȍȋȖȘȐȐ Ȍȓȧ 
One-Hot Encoding 

ǸțȟȕȖȑ ȊȊȖȌ 
ǿȐșȓȖ ȉȖȓȤȠȍ 0 
ǷȖ țȔȖȓȟȈȕȐȦ – 4 

ǲȖȋȌȈ ȒȖȓȐȟȍșȚȊȖ 
ȒȈȚȍȋȖȘȐȑ ȖȌȕȖȑ 
ȗȍȘȍȔȍȕȕȖȑ ȔȍȕȤȠȍ ȐȓȐ 
ȘȈȊȕȖ ȌȈȕȕȖȔț 
ȏȕȈȟȍȕȐȦ, ȉțȌȍȚ 
ȐșȗȖȓȤȏȖȊȈȚȤșȧ ȈȓȋȖȘȐȚȔ 
ȘȈȏȌȍȓȍȕȐȧ one-vs-other 
(«ȖȌȐȕ ȗȘȖȚȐȊ ȌȘțȋȖȋȖ») 

ǷȈȘȈȔȍȚȘȣ 
Ȍȓȧ 
ȖȉȘȈȉȖȚȒȐ 
ȒȈȚȍȋȖȘȐȈȓȤȕ
ȣȝ ȗȘȐȏȕȈȒȖȊ 

ǺȈȉȓȐȞȈ 38 ǷȈȘȈȔȍȚȘȣ țȏȓȈ «LightGBM» 

ǸȍȏțȓȤȚȈȚȣ ȊȣȗȖȓȕȍȕȐȧ țȏȓȈ: 

ǻȏȍȓ «LightGBM» ȐȔȍȍȚ ȘȈȏȕȣȍ ȘȍȏțȓȤȚȈȚȣ Ȋ ȏȈȊȐșȐȔȖșȚȐ ȖȚ ȘȍȠȈȍȔȖȑ ȏȈȌȈȟȐ. 

ǸȍȏțȓȤȚȈȚȣ ȘȍȋȘȍșșȐȐ ȗȘȍȌșȚȈȊȓȍȕȣ șȓȍȌțȦȡȐȔȐ ȖȉȢȍȒȚȈȔȐ: 

 ǺȍȗȓȖȊȣȍ ȒȈȘȚȣ ȖȉțȟȈȦȡȍȑ, ȊȈȓȐȌȈȞȐȖȕȕȖȑ Ȑ ȚȍșȚȖȊȖȑ ȊȣȉȖȘȖȒ. 

 ǺȈȉȓȐȞȈ ș ȔȍȚȘȐȒȈȔȐ ȒȈȟȍșȚȊȈ ȔȖȌȍȓȐ. 

 ǺȈȉȓȐȞȈ șȖ șȗȐșȒȖȔ ȗȍȘȍȔȍȕȕȣȝ, șȖȘȚȐȘȖȊȈȕȕȣȝ ȗȖ ȊȈȎȕȖșȚȐ. 

ǸȍȏțȓȤȚȈȚȣ ȔȕȖȋȖȒȓȈșșȖȊȖȑ ȒȓȈșșȐȜȐȒȈȞȐȐ ȗȘȍȌșȚȈȊȓȍȕȣ șȓȍȌțȦȡȐȔȐ 
ȖȉȢȍȒȚȈȔȐ: 

 ǺȈȉȓȐȞȈ ș ȔȍȚȘȐȒȈȔȐ ȒȈȟȍșȚȊȈ ȔȖȌȍȓȐ. 

 ǺȈȉȓȐȞȈ ș ȔȍȚȘȐȒȈȔȐ ȒȈȟȍșȚȊȈ ȔȖȌȍȓȐ ȏȈȌȈȟȐ ȒȓȈșșȐȜȐȒȈȞȐȐ. 

 ǺȈȉȓȐȞȈ șȖ șȗȐșȒȖȔ ȗȍȘȍȔȍȕȕȣȝ, șȖȘȚȐȘȖȊȈȕȕȣȝ ȗȖ ȊȈȎȕȖșȚȐ. 

ǸȍȏțȓȤȚȈȚȣ ȉȐȕȈȘȕȖȑ ȒȓȈșșȐȜȐȒȈȞȐȐ ȗȘȍȌșȚȈȊȓȍȕȣ șȓȍȌțȦȡȐȔȐ ȖȉȢȍȒȚȈȔȐ: 

 ǫȘȈȜȐȒ ROC. 

 ǫȘȈȜȐȒ Lift. 

 ǫȘȈȜȐȒ Cumulative Lift. 

 ǫȘȈȜȐȒ Gain. 

 ǫȘȈȜȐȒ Cumulative Gain. 

 ǺȈȉȓȐȞȈ ș ȔȍȚȘȐȒȈȔȐ ȒȈȟȍșȚȊȈ ȔȖȌȍȓȐ. 

 ǺȈȉȓȐȞȈ ș ȔȍȚȘȐȒȈȔȐ ȒȈȟȍșȚȊȈ ȔȖȌȍȓȐ ȏȈȌȈȟȐ ȒȓȈșșȐȜȐȒȈȞȐȐ. 

 ǺȈȉȓȐȞȈ șȖ șȗȐșȒȖȔ ȗȍȘȍȔȍȕȕȣȝ, șȖȘȚȐȘȖȊȈȕȕȣȝ ȗȖ ȊȈȎȕȖșȚȐ. 

3.2.5.8.11. ǻȏȍȓ «ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ (CatBoost)» 

Ǫ ȖșȕȖȊȍ țȏȓȈ «CatBoost» ȓȍȎȐȚ ȘȍȈȓȐȏȈȞȐȧ ȈȓȋȖȘȐȚȔȈ ȋȘȈȌȐȍȕȚȕȖȋȖ ȉțșȚȐȕȋȈ, 
ȒȖȚȖȘȈȧ ȖȗȚȐȔȐȏȐȘȖȊȈȕȈ ȗȖȌ ȘȈȉȖȚț ș ȒȈȚȍȋȖȘȐȈȓȤȕȣȔȐ ȗȘȐȏȕȈȒȈȔȐ Ȑ ȝȖȘȖȠȖ 
ȘȈȉȖȚȈȍȚ ș ȗȈȘȈȔȍȚȘȈȔȐ ȗȖ țȔȖȓȟȈȕȐȦ. 

ǰșȗȖȓȤȏțȍȚșȧ Ȍȓȧ ȘȍȠȍȕȐȧ ȏȈȌȈȟ ȒȓȈșșȐȜȐȒȈȞȐȐ Ȑ ȘȍȋȘȍșșȐȐ. 
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ǨȓȋȖȘȐȚȔ ȘȈȉȖȚȣ ȋȘȈȌȐȍȕȚȕȖȋȖ ȉțșȚȐȕȋȈ: 

ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ – ȈȓȋȖȘȐȚȔ ȔȈȠȐȕȕȖȋȖ ȖȉțȟȍȕȐȧ, ȒȖȚȖȘȣȑ șȚȘȖȐȚ ȔȖȌȍȓȤ 
ȗȘȍȌșȒȈȏȈȕȐȧ Ȋ ȊȐȌȍ ȈȕșȈȔȉȓȧ șȓȈȉȣȝ ȗȘȍȌșȒȈȏȣȊȈȦȡȐȝ ȔȖȌȍȓȍȑ (Ȋ ȖșȕȖȊȕȖȔ 
ǬȍȘȍȊȖ ȘȍȠȍȕȐȑ). ǵȈ ȒȈȎȌȖȑ ȐȚȍȘȈȞȐȐ ȊȣȟȐșȓȧȍȚșȧ ȖȚȒȓȖȕȍȕȐȍ ȗȘȍȌșȒȈȏȈȕȐȑ țȎȍ 
ȖȉțȟȍȕȕȖȋȖ ȈȕșȈȔȉȓȧ ȕȈ ȖȉțȟȈȦȡȍȑ ȊȣȉȖȘȒȍ. ǹȓȍȌțȦȡȈȧ ȌȖȉȈȊȓȧȍȔȈȧ Ȋ ȈȕșȈȔȉȓȤ 
ȔȖȌȍȓȤ ȉțȌȍȚ șȊȖȌȐȚȤ șȘȍȌȕȍȍ ȖȚȒȓȖȕȍȕȐȍ ȗȘȍȌȣȌțȡȍȑ Ȓ ȔȐȕȐȔțȔț. 
ǵȖȊȣȍ ȌȍȘȍȊȤȧ ȌȖȉȈȊȓȧȦȚșȧ Ȋ ȈȕșȈȔȉȓȤ ȌȖ Țȍȝ ȗȖȘ, ȗȖȒȈ ȖȠȐȉȒȈ țȔȍȕȤȠȈȍȚșȧ, 
ȓȐȉȖ ȗȖȒȈ ȕȍ ȊȣȗȖȓȕȧȍȚșȧ ȖȌȕȖ Ȑȏ ȗȘȈȊȐȓ «ȘȈȕȕȍȑ ȖșȚȈȕȖȊȒȐ». 
ǶșȖȉȍȕȕȖșȚȐ ȘȍȈȓȐȏȈȞȐȐ CatBoost: 

 CatBoost șȚȘȖȐȚ șȐȔȔȍȚȘȐȟȕȣȍ (șȉȈȓȈȕșȐȘȖȊȈȕȕȣȍ) ȌȍȘȍȊȤȧ, Ț.ȍ. ȕȈ ȒȈȎȌȖȔ 
ȠȈȋȍ ȓȐșȚȤȧ ȗȘȍȌȣȌțȡȍȋȖ ȌȍȘȍȊȈ ȘȈȏȌȍȓȧȦȚșȧ ȗȖ ȖȌȕȖȔț Ȑ ȚȖȔț Ȏȍ țșȓȖȊȐȦ. 

 ǨȓȋȖȘȐȚȔ șȈȔ ȊȣȉȐȘȈȍȚ ȓțȟȠȐȑ șȗȖșȖȉ ȖȉȘȈȉȖȚȒȐ ȒȈȚȍȋȖȘȐȈȓȤȕȣȝ ȗȘȐȏȕȈȒȖȊ 
Ȋ ȏȈȊȐșȐȔȖșȚȐ ȖȚ ȘȍȠȈȍȔȖȑ ȏȈȌȈȟȐ 

 ǽȖȘȖȠȖ ȘȈȉȖȚȈȍȚ ș ȋȐȗȍȘȗȈȘȈȔȍȚȘȈȔȐ ȗȖ țȔȖȓȟȈȕȐȦ 

 

ǹȗȐșȖȒ ȗȈȘȈȔȍȚȘȖȊ țȏȓȈ ȗȘȍȌșȚȈȊȓȍȕ Ȋ ȚȈȉȓȐȞȍ ȕȐȎȍ. 

ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ ǫȘțȗȗȈ 
ȗȈȘȈȔȍȚȘȖȊ 

ǵȈȏȊȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ 
ȏȕȈȟȍȕȐȍ ȕȍȚ 

ǵȈȏȊȈȕȐȍ țȏȓȈ, ȒȖȚȖȘȖȍ 
ȉțȌȍȚ ȖȚȖȉȘȈȎȈȚȤșȧ Ȋ 
ȐȕȚȍȘȜȍȑșȍ 

ǶȉȡȐȑ ȗȈȘȈȔȍȚȘ 

ǶȗȐșȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ 
ȏȕȈȟȍȕȐȍ ȕȍȚ 

ǶȗȐșȈȕȐȍ țȏȓȈ ǶȉȡȐȑ ȗȈȘȈȔȍȚȘ 

ǲȖȓȐȟȍșȚȊȖ 
ȌȍȘȍȊȤȍȊ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǷȖ țȔȖȓȟȈȕȐȦ - 100 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȔȈȒșȐȔȈȓȤȕȖȍ 
ȒȖȓȐȟȍșȚȊȖ ȌȍȘȍȊȤȍȊ 

ǶȉȡȐȑ ȗȈȘȈȔȍȚȘ 

ǹȒȖȘȖșȚȤ 
ȖȉțȟȍȕȐȧ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǷȖ țȔȖȓȟȈȕȐȦ – 0,03 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
șȒȖȘȖșȚȤ ȖȉțȟȍȕȐȧ, 
ȒȖȚȖȘȈȧ ȖȗȘȍȌȍȓȧȍȚ 
ȕȈșȒȖȓȤȒȖ ȉȣșȚȘȖ ȐȓȐ 
ȔȍȌȓȍȕȕȖ ȔȖȌȍȓȤ ȉțȌȍȚ 
țȟȐȚȤșȧ 

ǶȉȡȐȑ ȗȈȘȈȔȍȚȘ 

ǾȍȓȤ ȖȉțȟȍȕȐȧ 
Ȍȓȧ ȘȍȋȘȍșșȐȐ 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ șȗȐșȖȒ 
șȖ șȓȍȌțȦȡȐȔȐ 
ȏȕȈȟȍȕȐȧȔȐ: 

 ǹȘȍȌȕȍȒȊȈȌȘȈȚȐȟ
ȍșȒȈȧ ȖȠȐȉȒȈ 

 ǹȘȍȌȕȧȧ 
ȈȉșȖȓȦȚȕȈȧ 
ȖȠȐȉȒȈ 

 ǼțȕȒȞȐȧ ȗȖȚȍȘȤ 
ǽȤȦȉȍȘȈ 

 ǸȍȋȘȍșșȐȧ ǺȊȐȌȐ 
 ǷțȈșșȖȕȖȊșȒȈȧ 

ȘȍȋȘȍșșȐȧ 
 ǲȊȈȕȚȐȓȤȕȈȧ 

ȘȍȋȘȍșșȐȧ 
 MAPE 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȘȍȋȘȍșșȐȖȕȕȣȑ 
ȗȖȒȈȏȈȚȍȓȤ, 
ȐșȗȖȓȤȏțȍȔȣȑ Ȍȓȧ 
ȖȉțȟȍȕȐȧ. 
ǷȘȍȌțșȔȖȚȘȍȕȣ 
șȓȍȌțȦȡȐȍ ȗȖȒȈȏȈȚȍȓȐ: 

 ǹȘȍȌȕȍȒȊȈȌȘȈȚȐȟ
ȍșȒȈȧ ȖȠȐȉȒȈ 

 ǹȘȍȌȕȧȧ 
ȈȉșȖȓȦȚȕȈȧ 
ȖȠȐȉȒȈ 

 ǼțȕȒȞȐȧ ȗȖȚȍȘȤ 
ǽȤȦȉȍȘȈ 

 ǸȍȋȘȍșșȐȧ ǺȊȐȌȐ 
 ǷțȈșșȖȕȖȊșȒȈȧ 

ȘȍȋȘȍșșȐȧ 

ǶȉȡȐȑ ȗȈȘȈȔȍȚȘ 
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ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ ǫȘțȗȗȈ 
ȗȈȘȈȔȍȚȘȖȊ 

 ǲȊȈȕȚȐȓȤȕȈȧ 
ȘȍȋȘȍșșȐȧ 

 MAPE 
ǾȍȓȤ ȖȉțȟȍȕȐȧ 
Ȍȓȧ 
ȒȓȈșșȐȜȐȒȈȞȐ
Ȑ 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ șȗȐșȖȒ 
șȖ șȓȍȌțȦȡȐȔȐ 
ȏȕȈȟȍȕȐȧȔȐ: 

 Logloss (ȗȖ 
țȔȖȓȟȈȕȐȦ) 

 CrossEntropy 
 MultiClass 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȒȓȈșșȐȜȐȒȈȞȐȖȕȕȣȑ 
ȗȖȒȈȏȈȚȍȓȤ, 
ȐșȗȖȓȤȏțȍȔȣȑ Ȍȓȧ 
ȖȉțȟȍȕȐȧ. 
ǷȘȍȌțșȔȖȚȘȍȕȣ 
șȓȍȌțȦȡȐȍ ȗȖȒȈȏȈȚȍȓȐ: 

 Logloss 
 CrossEntropy 
 MultiClass 

ǶȉȡȐȑ ȗȈȘȈȔȍȚȘ 

ǴȍȚȘȐȒȈ Ȍȓȧ 
ȊȈȓȐȌȈȞȐȐ 
ȘȍȋȘȍșșȐȐ 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ șȗȐșȖȒ 
șȖ șȓȍȌțȦȡȐȔȐ 
ȏȕȈȟȍȕȐȧȔȐ: 

 ǹȘȍȌȕȍȒȊȈȌȘȈȚȐȟ
ȍșȒȈȧ ȖȠȐȉȒȈ (ȗȖ 
țȔȖȓȟȈȕȐȦ) 

 ǹȘȍȌȕȧȧ 
ȈȉșȖȓȦȚȕȈȧ 
ȖȠȐȉȒȈ 

 MAPE 
 SMAPE 
 R2 
 ǷțȈșșȖȕȖȊșȒȈȧ 

ȘȍȋȘȍșșȐȧ 
 ǼțȕȒȞȐȧ ȗȖȚȍȘȤ 

ǽȤȦȉȍȘȈ 
 ǲȊȈȕȚȐȓȤȕȈȧ 

ȘȍȋȘȍșșȐȧ 
 ǸȍȋȘȍșșȐȧ ǺȊȐȌȐ 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȔȍȚȘȐȒț, ȐșȗȖȓȤȏțȍȔțȦ 
Ȍȓȧ ȖȉȕȈȘțȎȍȕȐȧ 
ȗȍȘȍȖȉțȟȍȕȐȧ. 
ǷȘȍȌțșȔȖȚȘȍȕȣ 
șȓȍȌțȦȡȐȍ: 

 ǹȘȍȌȕȍȒȊȈȌȘȈȚȐȟ
ȍșȒȈȧ ȖȠȐȉȒȈ 

 ǹȘȍȌȕȧȧ 
ȈȉșȖȓȦȚȕȈȧ 
ȖȠȐȉȒȈ 

 MAPE 
 SMAPE 
 R2 
 ǷțȈșșȖȕȖȊșȒȈȧ 

ȘȍȋȘȍșșȐȧ 
 ǼțȕȒȞȐȧ ȗȖȚȍȘȤ 

ǽȤȦȉȍȘȈ 
 ǲȊȈȕȚȐȓȤȕȈȧ 

ȘȍȋȘȍșșȐȧ 
 ǸȍȋȘȍșșȐȧ ǺȊȐȌȐ 

ǶȉȡȐȑ ȗȈȘȈȔȍȚȘ 

ǴȍȚȘȐȒȈ Ȍȓȧ 
ȊȈȓȐȌȈȞȐȐ 
ȒȓȈșșȐȜȐȒȈȞȐ
Ȑ 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ șȗȐșȖȒ 
șȖ șȓȍȌțȦȡȐȔȐ 
ȏȕȈȟȍȕȐȧȔȐ: 

 Logloss (ȗȖ 
țȔȖȓȟȈȕȐȦ) 

 CrossEntropy 
 MultiClass 
 Precision 
 F1 
 Accuracy 
 AUC 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȔȍȚȘȐȒț, ȐșȗȖȓȤȏțȍȔțȦ 
Ȍȓȧ ȖȉȕȈȘțȎȍȕȐȧ 
ȗȍȘȍȖȉțȟȍȕȐȧ 

ǶȉȡȐȑ ȗȈȘȈȔȍȚȘ 

L2 

ȘȍȋțȓȧȘȐȏȈȚȖȘ 
ǸțȟȕȖȑ ȊȊȖȌ 
ǷȖ țȔȖȓȟȈȕȐȦ – 3 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȒȖȥȜȜȐȞȐȍȕȚ ȗȘȐ ȟȓȍȕȍ 
ȘȍȋțȓȧȘȐȏȈȞȐȐ L2 
ȜțȕȒȞȐȐ ȗȖȚȍȘȤ 

ǶȉȡȐȑ ȗȈȘȈȔȍȚȘ 

ǬȍȚȍȒȚȖȘ 
ȗȍȘȍȖȉțȟȍȕȐȧ 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ șȗȐșȖȒ 
șȖ șȓȍȌțȦȡȐȔȐ 
ȏȕȈȟȍȕȐȧȔȐ: 

 IncToDec (ȗȖ 
țȔȖȓȟȈȕȐȦ) 

 Iter 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȚȐȗ ȌȍȚȍȒȚȖȘȈ 
ȗȍȘȍȖȉțȟȍȕȐȧ. 
ǷȘȍȌțșȔȖȚȘȍȕȣ: 

 IncToDec – 
ȖȉțȟȍȕȐȍ 

ǷȈȘȈȔȍȚȘ ȘȈȕȕȍȑ 
ȖșȚȈȕȖȊȒȐ 
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ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ ǫȘțȗȗȈ 
ȗȈȘȈȔȍȚȘȖȊ 

ȖșȚȈȕȈȊȓȐȊȈȍȚșȧ 
ȗȘȐ ȌȖșȚȐȎȍȕȐȐ 
ȗȖȘȖȋȈ 

 Iter –ȖȉțȟȍȕȐȍ 
ȖșȚȈȕȈȊȓȐȊȈȍȚșȧ 
ȗȘșȓȍ țȒȈȏȈȕȕȖȋȖ 
ȒȖȓȐȟȍșȚȊȈ 
ȐȚȍȘȈȞȐȑ, 
ȕȈȟȐȕȈȧ ș 
ȐȚȍȘȈȞȐȐ ș 
ȖȗȚȐȔȈȓȤȕȣȔ 
ȏȕȈȟȍȕȐȍȔ 
ȔȍȚȘȐȒȐ 

ǷȖȘȖȋ Ȍȓȧ 
IncToDec 

ȌȍȚȍȒȚȖȘȈ 
ȗȍȘȍȖȉțȟȍȕȐȧ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǷȖ țȔȖȓȟȈȕȐȦ - 0 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȗȖȘȖȋ Ȍȓȧ IncToDec 
ȌȍȚȍȒȚȖȘȈ ȗȍȘȍȖȉțȟȍȕȐȧ. 

ǷȈȘȈȔȍȚȘ ȘȈȕȕȍȑ 
ȖșȚȈȕȖȊȒȐ 
ǨȒȚțȈȓȍȕ ȗȘȐ 
ȏȈȌȈȕȕȖȔ 
ǬȍȚȍȒȚȖȘȍ 
ȗȍȘȍȖȉțȟȍȕȐȧ = 
IncToDec 

ǲȖȓȐȟȍșȚȊȖ 
ȐȚȍȘȈȞȐȑ ȌȖ 
ȘȈȕȕȍȑ 
ȖșȚȈȕȖȊȒȐ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǷȖ țȔȖȓȟȈȕȐȦ - 0 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȒȖȓȐȟȍșȚȊȖ ȐȚȍȘȈȞȐȑ ȌȖ 
ȘȈȕȕȍȑ ȖșȚȈȕȖȊȒȐ 

ǷȈȘȈȔȍȚȘ ȘȈȕȕȍȑ 
ȖșȚȈȕȖȊȒȐ 

ǲȖȓȐȟȍșȚȊȖ 
ȗȖȚȖȒȖȊ Ȍȓȧ 
ȖȉțȟȍȕȐȧ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǷȖ țȔȖȓȟȈȕȐȦ - 0 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȒȖȓȐȟȍșȚȊȖ ȗȖȚȖȒȖȊ Ȍȓȧ 
ȖȉțȟȍȕȐȧ 

ǷȈȘȈȔȍȚȘ 
ȗȘȖȐȏȊȖȌȐȚȍȓȤȕȖ
șȚȐ 

ǲȖȥȜȜȐȞȐȍȕȚ 
ȘȍȋțȓȧȘȐȏȈȞȐȐ 
ȘȈȏȔȍȘȈ 
ȔȖȌȍȓȐ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǾȍȓȖȍ ȟȐșȓȖ ȉȖȓȤȠȍ ȐȓȐ 
ȘȈȊȕȖ 0 
ǷȖ țȔȖȓȟȈȕȐȦ – 0,5 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȒȖȥȜȜȐȞȐȍȕȚ 
ȘȍȋțȓȧȘȐȏȈȞȐȐ ȔȖȌȍȓȐ. 
ǿȍȔ ȉȖȓȤȠȍ ȏȕȈȟȍȕȐȍ, 
ȚȍȔ ȔȍȕȤȠȍ ȘȈȏȔȍȘ 
ȔȖȌȍȓȐ 

ǷȈȘȈȔȍȚȘ 
ȗȘȖȐȏȊȖȌȐȚȍȓȤȕȖ
șȚȐ 

Seed ǸțȟȕȖȑ ȊȊȖȌ 
ǾȍȓȖȟȐșȓȍȕȕȖȍ ȏȕȈȟȍȕȐȍ 
ǷȖ țȔȖȓȟȈȕȐȦ - 42 

ǵȈȟȈȓȤȕȖȍ ȟȐșȓȖȊȖȍ 
ȏȕȈȟȍȕȐȍ Ȍȓȧ ȋȍȕȍȘȈȚȖȘȈ 
șȓțȟȈȑȕȣȝ ȟȐșȍȓ 

ǶȉȡȐȑ ȗȈȘȈȔȍȚȘ 

ǴȈȒșȐȔȈȓȤȕȈȧ 
ȋȓțȉȐȕȈ 
ȌȍȘȍȊȈ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǾȍȓȖȟȐșȓȍȕȕȖȍ ȏȕȈȟȍȕȐȍ 
ǷȖ țȔȖȓȟȈȕȐȦ - 6 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȔȈȒșȐȔȈȓȤȕțȦ ȋȓțȉȐȕț 
ȌȍȘȍȊȈ 

ǷȈȘȈȔȍȚȘȣ 
ȗȖșȚȘȖȍȕȐȧ 
ȌȍȘȍȊȈ 

ǹȚȘȈȚȍȋȐȧ 
ȗȖșȚȘȖȍȕȐȧ 
ȌȍȘȍȊȈ 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ șȗȐșȖȒ 
șȖ șȓȍȌțȦȡȐȔȐ 
ȏȕȈȟȍȕȐȧȔȐ: 

 SymmetricTree 
(ȗȖ țȔȖȓȟȈȕȐȦ) 

 Depthwise 
 Lossguide 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ 
ȖȗȘȍȌȍȓȧȍȚ, ȒȈȒ ȉțȌȍȚ 
ȗȘȐȔȍȕȧȚȤșȧ ȎȈȌȕȣȑ 
ȈȓȋȖȘȐȚȔ ȗȖȐșȒȈ. 
ǷȘȍȌțșȔȖȚȘȍȕȣ: 

 SymmetricTree – 
ȌȍȘȍȊȖ șȚȘȖȐȚșȧ 
țȘȖȊȍȕȤ ȏȈ 
țȘȖȊȕȍȔ, ȗȖȒȈ ȕȍ 
ȌȖșȚȐȋȕȍȚ 
ȕȍȖȉȝȖȌȐȔȖȑ 
ȋȓțȉȐȕȣ. ǵȈ 
ȒȈȎȌȖȔ ȠȈȋȍ 
ȓȐșȚȤȧ ș 
ȗȘȍȌȣȌțȡȍȋȖ 
ȌȍȘȍȊȈ 

ǷȈȘȈȔȍȚȘȣ 
ȗȖșȚȘȖȍȕȐȧ 
ȌȍȘȍȊȈ 
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ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ ǫȘțȗȗȈ 
ȗȈȘȈȔȍȚȘȖȊ 

ȘȈȏȌȍȓȧȦȚșȧ ș ȚȍȔ 
Ȏȍ țșȓȖȊȐȍȔ. 

 Depthwise – 
ȌȍȘȍȊȖ șȚȘȖȐȚșȧ 
ȠȈȋ ȏȈ ȠȈȋȖȔ, 
ȗȖȒȈ ȕȍ ȌȖșȚȐȋȕȍȚ 
ȕȍȖȉȝȖȌȐȔȖȑ 
ȋȓțȉȐȕȣ. ǳȐșȚȤȧ 
ȘȈȏȌȍȓȧȦȚșȧ ș 
ȐșȗȖȓȤȏȖȊȈȕȐȍȔ 
țșȓȖȊȐȧ, ȒȖȚȖȘȖȍ 
ȗȘȐȊȖȌȐȚ Ȓ 
ȓțȟȠȍȔț 
țȔȍȕȤȠȍȕȐȦ 
ȗȖȚȍȘȤ. 

 Lossguide – 
ȌȍȘȍȊȖ șȚȘȖȐȚșȧ 
ȗȖ ȓȐșȚȤȧȔ ȌȖ Țȍȝ 
ȗȖȘ, ȗȖȒȈ ȕȍ 
ȉțȌȍȚ ȌȖșȚȐȋȕțȚȖ 
ȏȈȌȈȕȕȖȍ 
ȒȖȓȐȟȍșȚȊȖ 
ȓȐșȚȤȍȊ. ǵȈ 
ȒȈȎȌȖȔ ȠȈȋȍ 
ȘȈȏȌȍȓȧȍȚșȧ 
ȕȍȚȍȘȔȐȕȈȓȤȕȣȑ 
ȓȐșȚ ș ȓțȟȠȐȔ 
țȔȍȕȤȠȍȕȐȍȔ 
ȗȖȚȍȘȤ. 

ǴȐȕȐȔȈȓȤȕȖȍ 
ȒȖȓȐȟȍșȚȊȖ 
ȕȈȉȓȦȌȍȕȐȑ Ȋ 
ȓȐșȚȍ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǷȖ țȔȖȓȟȈȕȐȦ – 1 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȔȐȕȐȔȈȓȤȕȖȍ ȒȖȓȐȟȍșȚȊȖ 
ȖȉțȟȈȦȡȐȝ ȕȈȉȓȦȌȍȕȐȑ 
Ȋ ȓȐșȚȍ 

ǷȈȘȈȔȍȚȘȣ 
ȗȖșȚȘȖȍȕȐȧ 
ȌȍȘȍȊȈ 

ǹȒȖȘȐȕȋȖȊȈȧ 
ȜțȕȒȞȐȧ 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ șȗȐșȖȒ 
șȖ șȓȍȌțȦȡȐȔȐ 
ȏȕȈȟȍȕȐȧȔȐ: 

 Cosine (ȗȖ 
țȔȖȓȟȈȕȐȦ) 

 L2 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȚȐȗ ȖȞȍȕȒȐ, 
ȐșȗȖȓȤȏțȍȔȣȑ Ȍȓȧ 
ȊȣȉȖȘȈ șȓȍȌțȦȡȍȋȖ 
ȘȈȏȉȐȍȕȐȧ ȗȘȐ 
ȗȖșȚȘȖȍȕȐȐ ȌȍȘȍȊȈ. 
ǷȘȍȌțșȔȖȚȘȍȕȣ 
șȓȍȌțȦȡȐȍ: 

 Cosine 
 L2 

ǷȈȘȈȔȍȚȘȣ 
ȗȖșȚȘȖȍȕȐȧ 
ȌȍȘȍȊȈ 

ǬȖȓȧ ȊȣȉȖȘȒȐ 
ȗȘȐȏȕȈȒȖȊ Ȋ 
ȒȈȎȌȖȔ 

ȘȈȏȉȐȍȕȐȐ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǷȖ țȔȖȓȟȈȕȐȦ – 1 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȌȖȓȦ ȗȍȘȍȔȍȕȕȣȝ, 
ȐșȗȖȓȤȏțȍȔȣȝ Ȋ ȒȈȎȌȖȔ 
ȘȈȏȉȐȍȕȐȐ 

ǷȈȘȈȔȍȚȘȣ 
ȗȖșȚȘȖȍȕȐȧ 
ȌȍȘȍȊȈ 

ǴȈȒșȐȔȈȓȤȕȖȍ 
ȒȖȓȐȟȍșȚȊȖ 
ȉȐȕȖȊ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǷȖ țȔȖȓȟȈȕȐȦ – 254 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȔȈȒșȐȔȈȓȤȕȖȍ 
ȒȖȓȐȟȍșȚȊȖ ȉȐȕȖȊ, Ȋ 
ȒȖȚȖȘȣȍ ȉțȌțȚ 
ȋȘțȗȗȐȘȖȊȈȚȤșȧ 
ȏȕȈȟȍȕȐȧ ȗȘȐȏȕȈȒȖȊ 

ǷȈȘȈȔȍȚȘȣ 
ȗȖșȚȘȖȍȕȐȧ 
ȌȍȘȍȊȈ 
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ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ ǫȘțȗȗȈ 
ȗȈȘȈȔȍȚȘȖȊ 

ǺȐȗ 
ȒȊȈȕȚȐȓȐȏȈȞȐ
Ȑ 
ȐȕȚȍȘȊȈȓȤȕȣȝ 
ȗȍȘȍȔȍȕȕȣȝ 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ șȗȐșȖȒ 
șȖ șȓȍȌțȦȡȐȔȐ 
ȏȕȈȟȍȕȐȧȔȐ: 

 GreedyLogSum 
(ȗȖ țȔȖȓȟȈȕȐȦ) 

 Median 
 Uniform 
 UniformAndQuantil

es 
 MaxLogSum 
 MinEntropy 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȚȐȗ ȒȊȈȕȚȖȊȈȕȐȧ 
ȐȕȚȍȘȊȈȓȤȕȣȝ 
ȗȍȘȍȔȍȕȕȣȝ. 
ǷȘȍȌțșȔȖȚȘȍȕȣ 
șȓȍȌțȦȡȐȍ: 

 GreedyLogSum 
 Median – 

ȊȒȓȦȟȍȕȐȍ 
ȗȘȐȔȍȘȕȖ 
ȖȌȐȕȈȒȖȊȖȋȖ 
ȒȖȓȐȟȍșȚȊȈ 
ȖȉȢȍȒȚȖȊ Ȋ bucket 

 Uniform – 
ȘȈȏȉȐȍȕȐȍ 
ȗȘȖȐșȝȖȌȐȚ 
ȘȈȏȌȍȓȍȕȐȍȔ 
șȍȋȔȍȕȚȈ 
(ȔȐȕȐȔȈȓȤȕȖȍ 
ȏȕȈȟȍȕȐȍ 
ȗȍȘȍȔȍȕȕȖȑ – 
ȔȈȒșȐȔȈȓȤȕȖȍ 
ȏȕȈȟȍȕȐȍ 
ȗȍȘȍȔȍȕȕȖȑ) ȕȈ 
ȗȖȌșȍȋȔȍȕȚȣ 
ȖȌȐȕȈȒȖȊȖȑ 
ȌȓȐȕȣ. Ǫ ȥȚȖȔ 
șȓțȟȈȍ 
ȐșȗȖȓȤȏțȦȚșȧ 
ȈȉșȖȓȦȚȕȣȍ 
ȏȕȈȟȍȕȐȧ 
ȗȘȐȏȕȈȒȈ 

 UniformAndQuantil
es – 
ȒȖȔȉȐȕȐȘțȦȚșȧ 
șȗȓȐȚȣ, 
ȗȖȓțȟȍȕȕȣȍ Ȋ 
ȚȐȗȈȝ Median Ȑ 
Uniform, 
ȗȘȍȌȊȈȘȐȚȍȓȤȕȖ 
țȔȍȕȤȠȐȊ ȘȈȏȔȍȘ 
ȒȊȈȕȚȖȊȈȕȐȧ ȌȊȖȍ 

 MaxLogSum 
 MinEntropy 

ǷȈȘȈȔȍȚȘȣ 
ȗȖșȚȘȖȍȕȐȧ 
ȌȍȘȍȊȈ 

ǴȈȒșȐȔȈȓȤȕȖȍ 
ȒȖȓȐȟȍșȚȊȖ 
ȓȐșȚȖȊ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǷȖ țȔȖȓȟȈȕȐȦ – 31 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȔȈȒșȐȔȈȓȤȕȖȍ 
ȒȖȓȐȟȍșȚȊȖ ȓȐșȚȤȍȊ Ȋ 
ȘȍȏțȓȤȚȐȘțȦȡȍȔ ȌȍȘȍȊȍ. 
ǨȒȚțȈȓȍȕ, ȍșȓȐ 
ǹȚȘȈȚȍȋȐȧ ȗȖșȚȘȖȍȕȐȧ 
ȌȍȘȍȊȈ = Lossguide 

ǷȈȘȈȔȍȚȘȣ 
ȗȖșȚȘȖȍȕȐȧ 
ȌȍȘȍȊȈ 

ǴȍȚȖȌ 
ȖȉȘȈȉȖȚȒȐ 
ȗȘȖȗțșȒȖȊ 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ șȗȐșȖȒ 
șȖ șȓȍȌțȦȡȐȔȐ 
ȏȕȈȟȍȕȐȧȔȐ: 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȔȍȚȖȌ ȘȈȉȖȚȣ ș 
ȗȘȖȗțȡȍȕȕȣȔȐ 
ȏȕȈȟȍȕȐȧȔȐ. 

ǷȈȘȈȔȍȚȘȣ 
ȗȖșȚȘȖȍȕȐȧ 
ȌȍȘȍȊȈ 
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ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ ǫȘțȗȗȈ 
ȗȈȘȈȔȍȚȘȖȊ 

 Forbidden (ȗȖ 
țȔȖȓȟȈȕȐȦ) 

 Min 
 Max 

ǷȘȍȌțșȔȖȚȘȍȕȣ 
șȓȍȌțȦȡȐȍ: 

 Forbidden – 
ȕȈȓȐȟȐȍ 
ȗȘȖȗțȡȍȕȕȣȝ 
ȏȕȈȟȍȕȐȑ ȊȣȏȖȊȍȚ 
ȖȠȐȉȒț 

 Min – 
ȗȘȖȗțȡȍȕȕȣȍ 
ȏȕȈȟȍȕȐȧ ȉțȌțȚ 
ȗȘȐȕȧȚȣ ȏȈ 
ȔȈȒșȐȔȈȓȤȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȍȓȧ 
ȌȈȕȕȖȋȖ ȗȘȐȏȕȈȒȈ 

 Max – 
ȗȘȖȗțȡȍȕȕȣȍ 
ȏȕȈȟȍȕȐȧ ȉțȌțȚ 
ȗȘȐȕȧȚȣ ȒȈȒ 
ȔȐȕȐȔȈȓȤȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȍȓȧ 
ȌȈȕȕȖȋȖ 
ȗȘȐȏȕȈȒȈ. 

ǴȍȚȖȌ 
ȊȣȟȐșȓȍȕȐȧ 
ȏȕȈȟȍȕȐȑ Ȋ 
ȓȐșȚȈȝ 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ șȗȐșȖȒ 
șȖ șȓȍȌțȦȡȐȔȐ 
ȏȕȈȟȍȕȐȧȔȐ: 

 Auto (ȗȖ 
țȔȖȓȟȈȕȐȦ) 

 Newton 
 Gradient 
 Exact 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȔȍȚȖȌ ȊȣȟȐșȓȍȕȐȧ 
ȏȕȈȟȍȕȐȑ Ȋ ȓȐșȚȈȝ. 
ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ 
ȏȈȊȐșȐȚ ȖȚ ȘȍȎȐȔȈ Ȑ 
ȊȣȉȘȈȕȕȖȑ ȜțȕȒȞȐȐ 
ȗȖȚȍȘȤ: 

 ǸȍȋȘȍșșȐȧ ș 
ȜțȕȒȞȐȧȔȐ 
ȗȖȚȍȘȤ Quantile 
ȐȓȐ MAE — ȖȌȕȈ 
ȚȖȟȕȈȧ ȐȚȍȘȈȞȐȧ 
(Exact). 

 ǸȍȋȘȍșșȐȧ ș 
ȓȦȉȖȑ ȜțȕȒȞȐȍȑ 
ȗȖȚȍȘȤ, ȒȘȖȔȍ 
Quantile ȐȓȐ MAE 
— ȖȌȕȈ ȐȚȍȘȈȞȐȧ 
ȋȘȈȌȐȍȕȚȈ 
(Gradient). 

 ǸȍȎȐȔ 
ȒȓȈșșȐȜȐȒȈȞȐȐ – 
ǬȍșȧȚȤ 
ȕȤȦȚȖȕȖȊșȒȐȝ 
ȐȚȍȘȈȞȐȑ 
(Newton). 

 ǸȍȎȐȔ 
ȔțȓȤȚȐȒȓȈșșȐȜȐȒ
ȈȞȐȐ – ȖȌȕȈ 
ȐȚȍȘȈȞȐȧ ȗȖ 
ǵȤȦȚȖȕț 
(Newton). 

ǷȈȘȈȔȍȚȘȣ 
ȗȖșȚȘȖȍȕȐȧ 
ȌȍȘȍȊȈ 
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ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ ǫȘțȗȗȈ 
ȗȈȘȈȔȍȚȘȖȊ 

ǲȖȓȐȟȍșȚȊȖ 
ȐȚȍȘȈȞȐȑ Ȋ 
ȓȐșȚȈȝ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǷȖ țȔȖȓȟȈȕȐȦ – 0 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ 
ȘȍȋțȓȐȘțȍȚ ȒȖȓȐȟȍșȚȊȖ 
ȠȈȋȖȊ, ȊȣȗȖȓȕȧȍȔȣȝ Ȋ 
ȒȈȎȌȖȔ ȌȍȘȍȊȍ ȗȘȐ 
ȊȣȟȐșȓȍȕȐȐ ȏȕȈȟȍȕȐȑ 
ȓȐșȚȤȍȊ 

ǷȈȘȈȔȍȚȘȣ 
ȗȖșȚȘȖȍȕȐȧ 
ȌȍȘȍȊȈ 

ǺȐȗ ȖȚșȚțȗȈ 
ȗȘȐ 
ȊȣȟȐșȓȍȕȐȐ 
ȏȕȈȟȍȕȐȑ Ȋ 
ȓȐșȚȈȝ 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ șȗȐșȖȒ 
șȖ șȓȍȌțȦȡȐȔȐ 
ȏȕȈȟȍȕȐȧȔȐ: 

 AnyImprovement 
(ȗȖ țȔȖȓȟȈȕȐȦ) 

 No 
 Armijo 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȚȐȗ ȉȥȒȚȘȍȒȐȕȋȈ, 
ȐșȗȖȓȤȏțȦȡȐȑșȧ ȗȘȐ 
ȋȘȈȌȐȍȕȚȕȖȔ șȗțșȒȍ. 
ǷȘȍȌțșȔȖȚȘȍȕȣ 
șȓȍȌțȦȡȐȍ: 

 AnyImprovement 
– țȔȍȕȤȠȈȍȚ ȠȈȋ 
șȗțșȒȈ ȌȖ ȚȖȋȖ, 
ȒȈȒ ȏȕȈȟȍȕȐȍ 
ȜțȕȒȞȐȐ ȗȖȚȍȘȤ 
ȉțȌȍȚ ȔȍȕȤȠȐȔ, 
ȟȍȔ ȖȕȖ ȉȣȓȖ ȕȈ 
ȗȖșȓȍȌȕȍȑ 
ȐȚȍȘȈȞȐȐ. 

 No 
 Armijo – 

țȔȍȕȤȠȈȍȚ ȠȈȋ 
șȗțșȒȈ ȌȖ Țȍȝ ȗȖȘ, 
ȗȖȒȈ ȕȍ ȉțȌȍȚ 
ȊȣȗȖȓȕȍȕȖ țșȓȖȊȐ
ȍ ǪȖȓȤȜȍ. 

ǷȈȘȈȔȍȚȘȣ 
ȗȖșȚȘȖȍȕȐȧ 
ȌȍȘȍȊȈ 

ǺȐȗ Bootstrap ǸȈșȒȘȣȊȈȦȡȐȑșȧ șȗȐșȖȒ 
șȖ șȓȍȌțȦȡȐȔȐ 
ȏȕȈȟȍȕȐȧȔȐ: 

 Bernoulli (ȗȖ 
țȔȖȓȟȈȕȐȦ) 

 Bayesian 
 MVS 
 No 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ 
ȖȗȘȍȌȍȓȧȍȚ ȔȍȚȖȌ 
șȍȔȗȓȐȕȋȈ ȊȍșȖȊ 
ȖȉȢȍȒȚȖȊ 

ǩȥȋȋȐȕȋ 

ǹȖȖȚȕȖȠȍȕȐȍ 
șȓțȟȈȑȕȖȑ 
ȗȖȌȊȣȉȖȘȒȐ Ȋ 
ȖȉțȟȈȦȡȍȑ 
ȊȣȉȖȘȒȍ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǷȖ țȔȖȓȟȈȕȐȦ – 0,8 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
șȖȖȚȕȖȠȍȕȐȍ șȓțȟȈȑȕȖȑ 
ȗȖȌȊȣȉȖȘȒȐ Ȋ 
ȖȉțȟȈȦȡȍȑ ȊȣȉȖȘȒȍ 

ǩȥȋȋȐȕȋ 

ǿȈșȚȖȚȈ 
șȥȔȓȐȘȖȊȈȕȐȧ 
ȊȍșȖȊ ȗȘȐ 
ȗȖșȚȘȖȍȕȐȐ 
ȌȍȘȍȊȤȍȊ 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ șȗȐșȖȒ 
șȖ șȓȍȌțȦȡȐȔȐ 
ȏȕȈȟȍȕȐȧȔȐ: 

 PerTreeLevel (ȗȖ 
țȔȖȓȟȈȕȐȦ) 

 PerTree 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȟȈșȚȖȚț ȊȣȉȖȘȒȐ ȊȍșȖȊ Ȑ 
ȖȉȢȍȒȚȖȊ ȗȘȐ 
ȗȖșȚȘȖȍȕȐȐ ȌȍȘȍȊȤȍȊ. 
ǷȘȍȌțșȔȖȚȘȍȕȣ: 

 PerTreeLevel – 
ȗȍȘȍȌ 
ȗȖșȚȘȖȍȕȐȍȔ 
ȒȈȎȌȖȋȖ ȕȖȊȖȋȖ 
ȌȍȘȍȊȈ 

 PerTree – ȗȍȘȍȌ 
ȊȣȉȖȘȖȔ ȒȈȎȌȖȋȖ 
ȕȖȊȖȋȖ 

ǩȥȋȋȐȕȋ 
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ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ ǫȘțȗȗȈ 
ȗȈȘȈȔȍȚȘȖȊ 

ȘȈȏȌȍȓȍȕȐȧ 
ȌȍȘȍȊȈ 

ǸȈșȗȘȍȌȍȓȍȕȐ
ȍ ȊȍșȖȊ Ȋ 
ǩȈȑȍșȖȊșȒȖȔ 
Bootstrap 

ǸțȟȕȖȑ ȊȊȖȌ 
ǾȍȓȖȍ ȟȐșȓȖ ȉȖȓȤȠȍ ȐȓȐ 
ȘȈȊȕȖ 0 
ǷȖ țȔȖȓȟȈȕȐȦ – 1 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ 
ȖȗȘȍȌȍȓȧȍȚ 
ȘȈșȗȘȍȌȍȓȍȕȐȍ Ȑȏ 
ȒȖȚȖȘȖȋȖ ȊȣȉȐȘȈȦȚșȧ 
ȊȍșȈ Ȍȓȧ ȉȈȑȍșȖȊșȒȖȋȖ 
ȚȐȗȈ Bootstrap. 
ǪȍșȈ ȊȣȉȐȘȈȦȚșȧ Ȑȏ 
ȥȒșȗȖȕȍȕȞȐȈȓȤȕȖȋȖ 
ȘȈșȗȘȍȌȍȓȍȕȐȧ, ȍșȓȐ 
ȏȕȈȟȍȕȐȍ ȥȚȖȋȖ 
ȗȈȘȈȔȍȚȘȈ țșȚȈȕȖȊȓȍȕȖ 
ȕȈ 1. Ǫșȍ ȊȍșȈ ȘȈȊȕȣ 1, 
ȍșȓȐ ȏȕȈȟȍȕȐȍ ȥȚȖȋȖ 
ȗȈȘȈȔȍȚȘȈ țșȚȈȕȖȊȓȍȕȖ 
ȕȈ 0. 

ǩȥȋȋȐȕȋ 

Ǫȍș 
ȏȕȈȔȍȕȈȚȍȓȧ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǿȐșȓȖ ȉȖȓȤȠȍ ȐȓȐ ȘȈȊȕȖ 
0 
ǷȖ țȔȖȓȟȈȕȐȦ – 1 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȊȓȐȧȍȚ 
ȕȈ Ȋȍș ȏȕȈȔȍȕȈȚȍȓȧ Ȑ 
ȔȖȎȍȚ ȐșȗȖȓȤȏȖȊȈȚȤșȧ 
Ȍȓȧ ȉȈȓȈȕșȐȘȖȊȒȐ ȔȍȎȌț 
șȥȔȗȓȐȕȋȈ ȕȈ ȖșȕȖȊȍ 
ȊȈȎȕȖșȚȐ Ȑ ǩȍȘȕțȓȓȐ 
șȥȔȗȓȐȕȋ. 
ǯȕȈȟȍȕȐȍ ȗȘȐȉȓȐȎȍȕȕȖȍ 
Ȓ 0 ȗȖȌȘȈȏțȔȍȊȈȍȚ 
ȐșȗȖȓȤȏȖȊȈȕȐȍ 
șȥȔȗȓȐȕȋȈ ȕȈ ȖșȕȖȊȍ 
ȊȈȎȕȖșȚȐ. 

ǩȥȋȋȐȕȋ 

ǺȐȗ ȉțșȚȐȕȋȈ ǸȈșȒȘȣȊȈȦȡȐȑșȧ șȗȐșȖȒ 
șȖ șȓȍȌțȦȡȐȔȐ 
ȏȕȈȟȍȕȐȧȔȐ: 

 Ordered (ȗȖ 
țȔȖȓȟȈȕȐȦ) 

 Plain 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
șȝȍȔț ȉțșȚȐȕȋȈ. 
ǷȘȍȌțșȔȖȚȘȍȕȣ 
șȓȍȌțȦȡȐȍ: 

 Ordered – 
țȗȖȘȧȌȖȟȍȕȕȈȧ 
șȝȍȔȈ, 
ȖȉȍșȗȍȟȐȊȈȍȚ 
ȓțȟȠȍȍ ȒȈȟȍșȚȊȖ 
ȕȈ ȕȍȉȖȓȤȠȐȝ 
ȕȈȉȖȘȈȝ ȌȈȕȕȣȝ 

 Plain – ȗȘȖșȚȈȧ 
Ȍȓȧ ȒȓȈșșȐȟȍșȒȖȑ 
șȝȍȔȣ 
ȋȘȈȌȐȍȕȚȕȖȋȖ 
ȉțșȚȐȕȋȈ 

ǷȈȘȈȔȍȚȘȣ 
ȉțșȚȐȕȋȈ 

ǺȐȗ șȎȈȚȐȧ 
ȔȖȌȍȓȐ 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ șȗȐșȖȒ 
șȖ șȓȍȌțȦȡȐȔȐ 
ȏȕȈȟȍȕȐȧȔȐ: 

 Constant (ȗȖ 
țȔȖȓȟȈȕȐȦ) 

 Decreasing 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ 
ȖȗȘȍȌȍȓȧȍȚ ȒȈȒ 
ȜȈȒȚȐȟȍșȒȐȑ 
ȒȖȥȜȜȐȞȐȍȕȚ șȎȈȚȐȧ 
ȔȖȌȍȓȐ ȘȈșșȟȐȚȣȊȈȍȚșȧ 
ȕȈ ȒȈȎȌȖȑ ȐȚȍȘȈȞȐȐ. 

ǷȈȘȈȔȍȚȘȣ 
ȉțșȚȐȕȋȈ 

ǲȖȥȜȜȐȞȐȍȕȚ 
șȎȈȚȐȧ 
ȔȖȌȍȓȐ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǿȐșȓȖ Ȋ ȌȐȈȗȈȏȖȕȍ (0, 1] 
ǷȖ țȔȖȓȟȈȕȐȦ – 1 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȒȖȕșȚȈȕȚț, 
ȐșȗȖȓȤȏțȍȔțȦ Ȍȓȧ 
ȘȈșȟȍȚȈ ȒȖȥȜȜȐȞȐȍȕȚȈ 

ǷȈȘȈȔȍȚȘȣ 
ȉțșȚȐȕȋȈ 
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ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ ǫȘțȗȗȈ 
ȗȈȘȈȔȍȚȘȖȊ 

țȔȕȖȎȍȕȐȧ ȔȖȌȍȓȐ ȕȈ 
ȒȈȎȌȖȑ ȐȚȍȘȈȞȐȐ. 

ǴȈȒșȐȔȈȓȤȕȖȍ 
ȒȖȓȐȟȍșȚȊȖ 
ȒȈȚȍȋȖȘȐȑ Ȍȓȧ 
One-hot 

encoding 

ǸțȟȕȖȑ ȊȊȖȌ 
ǷȖ țȔȖȓȟȈȕȐȦ – 2 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȐșȗȖȓȤȏȖȊȈȕȐȍ one-hot 
encoding Ȍȓȧ Ȋșȍȝ 
ȒȈȚȍȋȖȘȐȈȓȤȕȣȝ 
ȗȘȐȏȕȈȒȖȊ ș ȒȖȓȐȟȍșȚȊȖȔ 
țȕȐȒȈȓȤȕȣȝ ȏȕȈȟȍȕȐȑ 
ȔȍȕȤȠȐȔ ȐȓȐ ȘȈȊȕȣȔ 
ȏȈȌȈȕȕȖȔț ȏȕȈȟȍȕȐȦ. 

ǷȈȘȈȔȍȚȘȣ Ȍȓȧ 
ȖȉȘȈȉȖȚȒȐ 
ȒȈȚȍȋȖȘȐȈȓȤȕȣȝ 
ȗȍȘȍȔȍȕȕȣȝ 

ǴȈȒșȐȔȈȓȤȕȖȍ 
ȒȖȓȐȟȍșȚȊȖ 
ȖȉȢȍȌȐȕȧȍȔȣȝ 
ȒȈȚȍȋȖȘȐȑ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǾȍȓȖȍ ȟȐșȓȖ ȉȖȓȤȠȍ ȐȓȐ 
ȘȈȊȕȖȍ 1 Ȑ ȔȍȕȤȠȍ ȐȓȐ 
ȘȈȊȕȖ 16 
ǷȖ țȔȖȓȟȈȕȐȦ – 4 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȔȈȒșȐȔȈȓȤȕȖȍ 
ȒȖȓȐȟȍșȚȊȖ 
ȖȉȢȍȌȐȕȧȍȔȣȝ ȒȈȚȍȋȖȘȐȑ 

ǷȈȘȈȔȍȚȘȣ Ȍȓȧ 
ȖȉȘȈȉȖȚȒȐ 
ȒȈȚȍȋȖȘȐȈȓȤȕȣȝ 
ȗȍȘȍȔȍȕȕȣȝ 

ǴȈȒșȐȔȈȓȤȕȖȍ 
ȒȖȓȐȟȍșȚȊȖ 
ȓȐșȚȖȊ ș 
ȒȈȚȍȋȖȘȐȈȓȤȕ
ȣȔȐ 
ȗȍȘȍȔȍȕȕȣȔȐ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǾȍȓȖȍ ȟȐșȓȖ ȉȖȓȤȠȍ ȐȓȐ 
ȘȈȊȕȖ 0 
ǷȖ țȔȖȓȟȈȕȐȦ – 0 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȔȈȒșȐȔȈȓȤȕȖȍ 
ȒȖȓȐȟȍșȚȊȖ ȓȐșȚȤȍȊ ș 
ȒȈȚȍȋȖȘȐȈȓȤȕȣȔȐ 
ȗȘȐȏȕȈȒȈȔȐ. ǭșȓȐ 
ȒȖȓȐȟȍșȚȊȖ ȗȘȍȊȣȠȈȍȚ 
țȒȈȏȈȕȕȖȍ ȏȕȈȟȍȕȐȍ, 
ȟȈșȚȤ ȓȐșȚȤȍȊ 
ȖȚȉȘȈȒȖȊȣȊȈȍȚșȧ 

ǷȈȘȈȔȍȚȘȣ Ȍȓȧ 
ȖȉȘȈȉȖȚȒȐ 
ȒȈȚȍȋȖȘȐȈȓȤȕȣȝ 
ȗȍȘȍȔȍȕȕȣȝ 

ǺȈȉȓȐȞȈ 39 ǷȈȘȈȔȍȚȘȣ țȏȓȈ «LightGBM» 

ǸȍȏțȓȤȚȈȚȣ ȊȣȗȖȓȕȍȕȐȧ țȏȓȈ: 

ǻȏȍȓ «CatBoost» ȐȔȍȍȚ ȘȈȏȕȣȍ ȘȍȏțȓȤȚȈȚȣ Ȋ ȏȈȊȐșȐȔȖșȚȐ ȖȚ ȘȍȠȈȍȔȖȑ ȏȈȌȈȟȐ. 

ǸȍȏțȓȤȚȈȚȣ ȘȍȋȘȍșșȐȐ ȗȘȍȌșȚȈȊȓȍȕȣ șȓȍȌțȦȡȐȔȐ ȖȉȢȍȒȚȈȔȐ: 

 ǺȍȗȓȖȊȣȍ ȒȈȘȚȣ ȖȉțȟȈȦȡȍȑ, ȊȈȓȐȌȈȞȐȖȕȕȖȑ Ȑ ȚȍșȚȖȊȖȑ ȊȣȉȖȘȖȒ. 

 ǺȈȉȓȐȞȈ ș ȔȍȚȘȐȒȈȔȐ ȒȈȟȍșȚȊȈ ȔȖȌȍȓȐ. 

 ǺȈȉȓȐȞȈ șȖ șȗȐșȒȖȔ ȗȍȘȍȔȍȕȕȣȝ, șȖȘȚȐȘȖȊȈȕȕȣȝ ȗȖ ȊȈȎȕȖșȚȐ. 

ǸȍȏțȓȤȚȈȚȣ ȔȕȖȋȖȒȓȈșșȖȊȖȑ ȒȓȈșșȐȜȐȒȈȞȐȐ ȗȘȍȌșȚȈȊȓȍȕȣ șȓȍȌțȦȡȐȔȐ 
ȖȉȢȍȒȚȈȔȐ: 

 ǺȈȉȓȐȞȈ ș ȔȍȚȘȐȒȈȔȐ ȒȈȟȍșȚȊȈ ȔȖȌȍȓȐ. 

 ǺȈȉȓȐȞȈ ș ȔȍȚȘȐȒȈȔȐ ȒȈȟȍșȚȊȈ ȔȖȌȍȓȐ ȏȈȌȈȟȐ ȒȓȈșșȐȜȐȒȈȞȐȐ. 

 ǺȈȉȓȐȞȈ șȖ șȗȐșȒȖȔ ȗȍȘȍȔȍȕȕȣȝ, șȖȘȚȐȘȖȊȈȕȕȣȝ ȗȖ ȊȈȎȕȖșȚȐ. 

ǸȍȏțȓȤȚȈȚȣ ȉȐȕȈȘȕȖȑ ȒȓȈșșȐȜȐȒȈȞȐȐ ȗȘȍȌșȚȈȊȓȍȕȣ șȓȍȌțȦȡȐȔȐ ȖȉȢȍȒȚȈȔȐ: 

 ǫȘȈȜȐȒ ROC. 

 ǫȘȈȜȐȒ Lift. 

 ǫȘȈȜȐȒ Cumulative Lift. 

 ǫȘȈȜȐȒ Gain. 
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 ǫȘȈȜȐȒ Cumulative Gain. 

 ǺȈȉȓȐȞȈ ș ȔȍȚȘȐȒȈȔȐ ȒȈȟȍșȚȊȈ ȔȖȌȍȓȐ. 

3.2.5.8.12. ǻȏȍȓ «GLM» 

ǶȉȖȉȡȍȕȕȈȧ ȓȐȕȍȑȕȈȧ ȔȖȌȍȓȤ (GLM), ȒȖȚȖȘȈȧ ȓȍȎȐȚ Ȋ ȖșȕȖȊȍ ȌȈȕȕȖȋȖ țȏȓȈ, 
ȖȉȖȉȡȈȍȚ ȓȐȕȍȑȕțȦ ȘȍȋȘȍșșȐȦ Ȑ ȌȖȗțșȒȈȍȚ ȕȈȓȐȟȐȍ ț ȏȈȊȐșȐȔȖȑ ȗȍȘȍȔȍȕȕȖȑ 
ȘȈșȗȘȍȌȍȓȍȕȐȧ, ȖȚȓȐȟȈȦȡȍȋȖșȧ ȖȚ ȕȖȘȔȈȓȤȕȖȋȖ. GLM șȊȧȏȣȊȈȍȚ ȏȈȊȐșȐȔțȦ 
ȗȍȘȍȔȍȕȕțȦ ș ȜȈȒȚȖȘȈȔȐ ȗȖșȘȍȌșȚȊȖȔ ȏȈȌȈȊȈȍȔȖȑ ȜțȕȒȞȐȐ șȊȧȏȐ. 

ǹȗȐșȖȒ ȗȈȘȈȔȍȚȘȖȊ țȏȓȈ ȗȘȍȌșȚȈȊȓȍȕ Ȋ ȚȈȉȓȐȞȍ ȕȐȎȍ. 

ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ 

ǵȈȏȊȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ ȏȕȈȟȍȕȐȍ 
ȕȍȚ 

ǵȈȏȊȈȕȐȍ țȏȓȈ, ȒȖȚȖȘȖȍ ȉțȌȍȚ 
ȖȚȖȉȘȈȎȈȚȤșȧ Ȋ ȐȕȚȍȘȜȍȑșȍ 

ǶȗȐșȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ ȏȕȈȟȍȕȐȍ 
ȕȍȚ 

ǶȗȐșȈȕȐȍ țȏȓȈ 

ǺȐȗ 
ȘȈșȗȘȍȌȍȓȍȕȐȧ 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ șȗȐșȖȒ 
șȖ șȓȍȌțȦȡȐȔȐ 
ȏȕȈȟȍȕȐȧȔȐ: 

 ǸȈșȗȘȍȌȍȓȍȕȐȍ 
ǷțȈșșȖȕȈ 

 ǫȈȔȔȈ 
ȘȈșȗȘȍȌȍȓȍȕȐȍ 

 ǸȈșȗȘȍȌȍȓȍȕȐȍ 
ǺȊȐȌȐ 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȚȐȗ 
ȘȈșȗȘȍȌȍȓȍȕȐȧ ȖȉȖȉȡȍȕȕȖȑ ȓȐȕȍȑȕȖȑ 
ȔȖȌȍȓȐ. ǷȘȍȌțșȔȖȚȘȍȕȣ șȓȍȌțȦȡȐȍ: 

 ǸȈșȗȘȍȌȍȓȍȕȐȍ ǷțȈșșȖȕȈ 
 ǫȈȔȔȈ ȘȈșȗȘȍȌȍȓȍȕȐȍ 
 ǸȈșȗȘȍȌȍȓȍȕȐȍ ǺȊȐȌȐ 

ǼțȕȒȞȐȧ șȊȧȏȐ ǸȈșȒȘȣȊȈȦȡȐȑșȧ șȗȐșȖȒ 
șȖ șȓȍȌțȦȡȐȔȐ 
ȏȕȈȟȍȕȐȧȔȐ: 

 auto 
 identity 
 log 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȜțȕȒȞȐȦ 
șȊȧȏȐ. ǷȘȍȌțșȔȖȚȘȍȕȣ șȓȍȌțȦȡȐȍ: 

 auto 
 identity – Ȍȓȧ ȕȖȘȔȈȓȤȕȖȋȖ 

ȘȈșȗȘȍȌȍȓȍȕȐȧ 
 log – Ȍȓȧ ȚȐȗȈ ȘȈșȗȘȍȌȍȓȍȕȐȧ 

ǷțȈșșȖȕȈ Ȑ ȋȈȔȔȈ 
ȘȈșȗȘȍȌȍȓȍȕȐȧ 

ǸȈșȗȘȍȌȍȓȍȕȐȍ 
ȞȍȓȍȊȖȑ 
ȗȍȘȍȔȍȕȕȖȑ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǿȐșȓȖ ȉȖȓȤȠȍ ȐȓȐ ȘȈȊȕȖȍ 
0 Ȑ ȔȍȕȤȠȍ ȐȓȐ ȘȈȊȕȖȍ 3 
ǷȖ țȔȖȓȟȈȕȐȦ - 0 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȘȈșȗȘȍȌȍȓȍȕȐȍ ȞȍȓȍȊȖȑ ȗȍȘȍȔȍȕȕȖȑ, 
ȋȌȍ: 

 0 ȏȈȌȈȍȚ ȕȖȘȔȈȓȤȕȖȍ 
ȘȈșȗȘȍȌȍȓȍȕȐȍ 

 1 ȏȈȌȈȍȚ ȘȈșȗȘȍȌȍȓȍȕȐȍ 
ǷțȈșșȖȕȈ 

 (1,2) ȏȈȌȈȍȚ șȖșȚȈȊȕȖȍ 
ȘȈșȗȘȍȌȍȓȍȕȐȍ ǷțȈșșȖȕȈ - ȋȈȔȔȈ 

 2 ȏȈȌȈȍȚ ȋȈȔȔȈ ȘȈșȗȘȍȌȍȓȍȕȐȍ 
 3 ȏȈȌȈȍȚ ȖȉȘȈȚȕȖȍ ȋȈțșșȖȊȖ 

ȘȈșȗȘȍȌȍȓȍȕȐȍ 
ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȌȖșȚțȗȍȕ ȗȘȐ 
ȊȣȉȖȘȍ ǺȐȗȈ ȘȈșȗȘȍȌȍȓȍȕȐȧ = 
ǸȈșȗȘȍȌȍȓȍȕȐȍ ǺȊȐȌȐ 

ǬȖȉȈȊȐȚȤ 
ȒȖȕșȚȈȕȚț Ȋ 
ȔȖȌȍȓȤ 

ǿȍȒȉȖȒș ǪȣȉȖȘ ȌȈȕȕȖȋȖ ȟȍȒȉȖȒșȈ ȌȖȉȈȊȐȚ 
ȒȖȕșȚȈȕȚț Ȋ ȔȖȌȍȓȤ 
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ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ 

ǹȚȈȕȌȈȘȚȐȏȈȞȐȧ ǸȈșȒȘȣȊȈȦȡȐȑșȧ șȗȐșȖȒ 
șȖ șȓȍȌțȦȡȐȔȐ 
ȏȕȈȟȍȕȐȧȔȐ: 

 ǵȍȚ 
 ǹȚȈȕȌȈȘȚȕȖȍ 

ȖȚȒȓȖȕȍȕȐȍ (ȗȖ 
țȔȖȓȟȈȕȐȦ) 

 ǬȐȈȗȈȏȖȕ 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȖȚȊȍȟȈȍȚ ȏȈ ȊȣȉȖȘ 
ȔȍȚȖȌȈ șȚȈȕȌȈȘȚȐȏȈȞȐȐ ȌȈȕȕȣȝ. 
ǷȘȍȌțșȔȖȚȘȍȕȣ șȓȍȌțȦȡȐȍ ȔȍȚȖȌȣ: 

 ǵȍȚ. 
 ǹȚȈȕȌȈȘȚȕȖȍ ȖȚȒȓȖȕȍȕȐȍ – 

ȗȘȍȖȉȘȈȏțȍȚ ȕȈȉȓȦȌȍȕȐȧ ȚȈȒȐȔ 
ȖȉȘȈȏȖȔ, ȟȚȖȉȣ Ȑȝ șȘȍȌȕȍȍ 
ȏȕȈȟȍȕȐȍ ȘȈȊȕȧȓȖșȤ ȕțȓȦ, Ȉ 
șȚȈȕȌȈȘȚȕȖȍ ȖȚȒȓȖȕȍȕȐȍ 
ȘȈȊȕȧȓȖșȤ 1. 

 ǬȐȈȗȈȏȖȕ – ȓȐȕȍȑȕȖ 
ȗȘȍȖȉȘȈȏțȍȚ ȏȕȈȟȍȕȐȧ 
ȗȍȘȍȔȍȕȕȣȝ Ȋ ȌȐȈȗȈȏȖȕ [0, 1]. 

L2 ǸțȟȕȖȑ ȊȊȖȌ 
ǿȐșȓȖ ȉȖȓȤȠȍ ȐȓȐ ȘȈȊȕȖȍ 
0 
ǷȖ țȔȖȓȟȈȕȐȦ – 0 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȒȖȕșȚȈȕȚț, 
ȒȖȚȖȘȈȧ ȖȗȘȍȌȍȓȧȍȚ șȐȓț 
ȘȍȋțȓȧȘȐȏȈȞȐȐ. 
L2 = 0 ȥȒȊȐȊȈȓȍȕȚȕȈ GLM ȉȍȏ ȠȚȘȈȜȖȊ 

ǲȖȓȐȟȍșȚȊȖ 
ȐȚȍȘȈȞȐȑ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǾȍȓȖȍ ȟȐșȓȖ ȉȖȓȤȠȍ ȐȓȐ 
ȘȈȊȕȖ 1 
ǷȖ țȔȖȓȟȈȕȐȦ - 100 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȔȈȒșȐȔȈȓȤȕȖȍ 
ȒȖȓȐȟȍșȚȊȖ ȐȚȍȘȈȞȐȑ ȗȖșȓȍ 
ȌȖșȚȐȎȍȕȐȧ ȒȖȚȖȘȖȋȖ ȈȓȋȖȘȐȚȔ 
ȖșȚȈȕȈȊȓȐȊȈȍȚșȧ 

ǬȖȗțșȚȐȔȈȧ 
ȗȖȋȘȍȠȕȖșȚȤ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǿȐșȓȖ ȉȖȓȤȠȍ 0 
ǷȖ țȔȖȓȟȈȕȐȦ – 0,0001 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȌȖȗțșȚȐȔțȦ 
ȗȖȋȘȍȠȕȖșȚȤ, ȗȖșȓȍ ȌȖșȚȐȎȍȕȐȧ 
ȒȖȚȖȘȖȑ ȈȓȋȖȘȐȚȔ ȖșȚȈȕȈȊȓȐȊȈȍȚșȧ 

ǺȈȉȓȐȞȈ 40 ǷȈȘȈȔȍȚȘȣ țȏȓȈ «LightGBM» 

ǸȍȏțȓȤȚȈȚȣ ȊȣȗȖȓȕȍȕȐȧ țȏȓȈ: 

 ǺȍȗȓȖȊȣȍ ȒȈȘȚȣ ȖȉțȟȈȦȡȍȑ, ȊȈȓȐȌȈȞȐȖȕȕȖȑ Ȑ ȚȍșȚȖȊȖȑ ȊȣȉȖȘȖȒ. 

 ǺȈȉȓȐȞȈ ș ȔȍȚȘȐȒȈȔȐ ȒȈȟȍșȚȊȈ ȔȖȌȍȓȐ. 

 ǺȈȉȓȐȞȈ ș ȒȖȥȜȜȐȞȐȍȕȚȈȔȐ ȗȍȘȍȔȍȕȕȣȝ 

3.2.5.8.13. ǻȏȍȓ «ǵȍȑȘȖȕȕȈȧ șȍȚȤ (PyTorch)» 

ǻȏȍȓ "ǵȍȑȘȖȕȕȈȧ șȍȚȤ (PyTorch)" ȗȖȏȊȖȓȧȍȚ șȚȘȖȐȚȤ ȕȍȑȘȖșȍȚȤ ȚȐȗȈ MLP 

(multilayer perceptron, ȔȕȖȋȖșȓȖȑȕȣȑ ȗȍȘȞȍȗȚȘȖȕ), Ȋ ȒȖȚȖȘȖȑ ȊȝȖȌȕȖȑ șȐȋȕȈȓ 
ȗȘȍȖȉȘȈȏțȍȚșȧ Ȋ ȊȣȝȖȌȕȖȑ, ȗȘȖȝȖȌȧ ȗȖșȓȍȌȖȊȈȚȍȓȤȕȖ ȟȍȘȍȏ șȒȘȣȚȣȍ șȓȖȐ. 

ǬȈȕȕȣȑ țȏȍȓ ȖȚȓȐȟȈȍȚșȧ ȖȚ țȏȓȈ "ǵȍȑȘȖȕȕȈȧ șȍȚȤ" (ȗȖȌȘȖȉȕȍȍ  ǻȏȍȓ «ǵȍȑȘȖȕȕȈȧ 
șȍȚȤ») ȊȖȏȔȖȎȕȖșȚȤȦ ȉȖȓȍȍ ȋȓțȉȖȒȖȑ ȕȈșȚȘȖȑȒȐ ȒȖȕȜȐȋțȘȈȞȐȐ șȓȖȍȊ ȕȍȑȘȖșȍȚȐ Ȑ 
ȠȐȘȖȒȐȔ ȊȣȉȖȘȖȔ ȖȗȚȐȔȐȏȈȚȖȘȖȊ. 

ǹȗȐșȖȒ ȗȈȘȈȔȍȚȘȖȊ țȏȓȈ ȗȘȍȌșȚȈȊȓȍȕ Ȋ ȚȈȉȓȐȞȍ ȕȐȎȍ. 

ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ ǫȘțȗȗȈ 
ȗȈȘȈȔȍȚȘȖ
Ȋ 

ǵȈȏȊȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ 
ȏȕȈȟȍȕȐȍ ȕȍȚ 

ǵȈȏȊȈȕȐȍ țȏȓȈ, ȒȖȚȖȘȖȍ ȉțȌȍȚ 
ȖȚȖȉȘȈȎȈȚȤșȧ Ȋ ȐȕȚȍȘȜȍȑșȍ 

ǶȉȡȐȍ 
ȗȈȘȈȔȍȚȘȣ 
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ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ ǫȘțȗȗȈ 
ȗȈȘȈȔȍȚȘȖ
Ȋ 

ǶȗȐșȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ 
ȏȕȈȟȍȕȐȍ ȕȍȚ 

ǶȗȐșȈȕȐȍ țȏȓȈ ǶȉȡȐȍ 
ȗȈȘȈȔȍȚȘȣ 

ǲȖȕȜȐȋțȘȈȞȐȧ 
șȓȖȍȊ 
ȕȍȑȘȖșȍȚȐ 

ǲȕȖȗȒȈ ǷȘȐ ȊȣȉȖȘȍ ȌȈȕȕȖȑ ȒȕȖȗȒȐ 
ȖȚȒȘȖȍȚșȧ ȖȒȕȖ ǲȖȕȜȐȋțȘȈȞȐȧ 
șȓȖȍȊ ȕȍȑȘȖșȍȚȐ, ȋȌȍ ȔȖȎȕȖ 
ȏȈȌȈȊȈȚȤ șȓȖȐ, ȒȖȓȐȟȍșȚȊȖ 
ȕȍȑȘȖȕȖȊ Ȋ șȓȖȧȝ Ȑ ȜțȕȒȞȐȐ 
ȈȒȚȐȊȈȞȐȐ Ȍȓȧ ȒȈȎȌȖȋȖ țȏȓȈ. Ǭȓȧ 
ȥȚȖȋȖ ȕȍȖȉȝȖȌȐȔȖ ȊȣȉȘȈȚȤ ȒȕȖȗȒț 
ǬȖȉȈȊȐȚȤ Ȑ Ȋ ȗȖȧȊȐȊȠȍȔșȧ șȗȐșȒȍ 
ȊȣȉȘȈȚȤ ȕȍȖȉȝȖȌȐȔțȦ ȜțȕȒȞȐȦ 
ȈȒȚȐȊȈȞȐȐ Ȑ ȕȈșȚȘȖȐȚȤ ȗȈȘȈȔȍȚȘȣ. 
ǷȘȍȌțșȔȖȚȘȍȕȣ: 

 ǼțȕȒȞȐȧ ȈȒȚȐȊȈȞȐȐ ReLU 
(Rectified Linear Unit) –   fሺxሻ = maxሺͲ, xሻ 

 ǼțȕȒȞȐȧ ȈȒȚȐȊȈȞȐȐ CELU 
–  fሺxሻ = maxሺͲ, xሻ + minሺͲ, 𝛼 ∗ ሺexpሺx/𝛼ሻ − ͳሻሻ 

ǬȖȗȖȓȕȐȚȍȓȤȕȖ ȕȍȖȉȝȖȌȐȔȖ 
ȏȈȌȈȚȤ 𝛼 

 ǼțȕȒȞȐȧ ȈȒȚȐȊȈȞȐȐ ELU 
–  fሺxሻ = {𝛼 ∗ ሺ𝑒𝑥𝑝ሺ𝑥ሻ − ͳሻ for 𝑥 ≤ Ͳ𝑥 for 𝑥 > Ͳ 

ǬȖȗȖȓȕȐȚȍȓȤȕȖ ȕȍȖȉȝȖȌȐȔȖ 
ȏȈȌȈȚȤ 𝛼 

 ǼțȕȒȞȐȧ ȈȒȚȐȊȈȞȐȐ 
Sigmoid – 𝜎ሺxሻ = ͳͳ + e−x 

 ǼțȕȒȞȐȧ ȈȒȚȐȊȈȞȐȐ 
Softmax – 𝜎ሺx୧ሻ = ex౟∑୨=ଵK exౠ    for i = ͳ,ʹ, … , K 

 ǳȐȕȍȑȕȣȑ șȓȖȑ – 
ȓȐȕȍȑȕȈȧ ȜțȕȒȞȐȧ, 
ȘȍȏțȓȤȚȈȚ ȗȘȖȗȖȘȞȐȖȕȈȓȍȕ 
ȗȍȘȍȌȈȕȕȖȔț ȈȘȋțȔȍȕȚț fሺxሻ = x 

ǬȖȗȖȓȕȐȚȍȓȤȕȖ ȕȍȖȉȝȖȌȐȔȖ ȏȈȌȈȚȤ 
ǲȖȓȐȟȍșȚȊȖ ȊȣȝȖȌȕȣȝ 
ȗȍȘȍȔȍȕȕȣȝ Ȑ ȗȘȐ ȕȍȖȉȝȖȌȐȔȖșȚȐ 
ȊȣȉȘȈȚȤ ȟȍȒȉȖȒș ǬȖȉȈȊȐȚȤ 
ȒȖȕșȚȈȕȚț 

 ǼțȕȒȞȐȧ ȈȒȚȐȊȈȞȐȐ 
Logsigmoid –  LogSigmoidሺxሻ = logሺ ͳͳ + e−xሻ 

 ǰșȒȓȦȟȍȕȐȍ (Dropout) – 
ǪȖ ȊȘȍȔȧ ȖȉțȟȍȕȐȧ 
șȓțȟȈȑȕȣȔ ȖȉȘȈȏȖȔ 
ȖȉȕțȓȧȍȚ ȕȍȒȖȚȖȘȣȍ 

ǶȉȡȐȍ 
ȗȈȘȈȔȍȚȘȣ 
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ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ ǫȘțȗȗȈ 
ȗȈȘȈȔȍȚȘȖ
Ȋ 

ȥȓȍȔȍȕȚȣ ȊȝȖȌȕȖȋȖ ȚȍȕȏȖȘȈ 
ș ȊȍȘȖȧȚȕȖșȚȤȦ p, ȐșȗȖȓȤȏțȧ ȊȣȉȖȘȒȐ Ȑȏ 
ȘȈșȗȘȍȌȍȓȍȕȐȧ ǩȍȘȕțȓȓȐ. 

ǬȖȗȖȓȕȐȚȍȓȤȕȖ ȕȍȖȉȝȖȌȐȔȖ ȏȈȌȈȚȤ 
ǪȍȘȖȧȚȕȖșȚȤ ȐșȒȓȦȟȍȕȐȧ 

 Tanh – ȜțȕȒȞȐȧ 
ȋȐȗȍȘȉȖȓȐȟȍșȒȖȋȖ ȚȈȕȋȍȕșȈ fሺxሻ = tanhሺxሻ = ex − e−xex + e−x = ͳ − e−ଶxͳ + e−ଶx 

ǷȖșȓȍ ȕȈșȚȘȖȑȒȐ ȕȍȖȉȝȖȌȐȔȖȑ 
ȒȖȕȜȐȋțȘȈȞȐȐ șȓȖȍȊ ȕȍȑȘȖșȍȚȐ 
ȊȣȉȘȈȚȤ ȒȕȖȗȒț ǹȖȝȘȈȕȐȚȤ. 

ǼțȕȒȞȐȧ 
ȗȖȚȍȘȤ 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ 
șȗȐșȖȒ șȖ 
șȓȍȌțȦȡȐȔȐ 
ȏȕȈȟȍȕȐȧȔȐ: 

 MAE 
 MSE 
 Poisson 

loss 
 Negative 

log 
likelihood 

 Cross 
entropy 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȜțȕȒȞȐȦ 
ȗȖȚȍȘȤ. ǷȘȍȌțșȔȖȚȘȍȕȣ: 

 MAE (șȘȍȌȕȧȧ ȈȉșȖȓȦȚȕȈȧ 
ȖȠȐȉȒȈ) 

 MSE (șȘȍȌȕȍȒȊȈȌȘȈȚȐȟȍșȒȈȧ 
ȖȠȐȉȒȈ) 

 Poisson loss 
 Negative log likelihood 

(ȖȚȘȐȞȈȚȍȓȤȕȖȍ 
ȓȖȋȈȘȐȜȔȐȟȍșȒȖȍ 
ȗȘȈȊȌȖȗȖȌȖȉȐȍ) 

 Cross entropy 
(ȗȍȘȍȒȘȍșȚȕȈȧ ȥȕȚȘȖȗȐȧ) 

ǶȉȡȐȍ 
ȗȈȘȈȔȍȚȘȣ 

ǨȓȋȖȘȐȚȔ 
ȖȗȚȐȔȐȏȈȞȐȐ 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ 
șȗȐșȖȒ șȖ 
șȓȍȌțȦȡȐȔȐ 
ȏȕȈȟȍȕȐȧȔȐ: 

 SGD 
 Adam (ȗȖ 

țȔȖȓȟȈȕȐȦ
) 

 Adadelta 
 Adamax 
 LBFGS 
 AdamW 
 ASGD 
 NAdam 
 RAdam 
 Rprop 
 RMSprop 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȔȍȚȖȌ 
ȖȗȚȐȔȐȏȈȞȐȐ, ȒȖȚȖȘȣȑ ȉțȌȍȚ 
ȐșȗȖȓȤȏȖȊȈȚȤșȧ Ȍȓȧ ȖȉȕȖȊȓȍȕȐȧ 
ȊȍșȖȊ ȕȍȑȘȖȕȖȊ șȒȘȣȚȣȝ șȓȖȍȊ 
ȕȍȑȘȖȕȕȖȑ șȍȚȐ. ǷȘȍȌțșȔȖȚȘȍȕȣ 
șȓȍȌțȦȡȐȍ ȔȍȚȖȌȣ: 

 SGD (stochastic gradient 

descent) – șȚȖȝȈșȚȐȟȍșȒȐȑ 
ȋȘȈȌȐȍȕȚȕȣȑ șȗțșȒ. ǬȈȕȕȣȑ 
ȔȍȚȖȌ ȌȍȓȈȍȚ ȠȈȋ 
ȗȖșȚȖȧȕȕȖȑ ȊȍȓȐȟȐȕȣ Ȋ 
ȕȈȗȘȈȊȓȍȕȐȐ, țȒȈȏȈȕȕȖȔ 
ȋȘȈȌȐȍȕȚȖȔ Ȋ ȚȍȒțȡȍȑ ȚȖȟȒȍ 

 Adam (adaptive moment 

estimation) – ȈȌȈȗȚȐȊȕȈȧ 
ȖȞȍȕȒȈ ȔȖȔȍȕȚȈ. ǬȈȕȕȣȑ 
ȔȍȚȖȌ șȖȟȍȚȈȍȚ Ȋ șȍȉȍ ȐȌȍȦ 
ȔȍȚȖȌȈ Momentum Ȗ 
ȕȈȒȖȗȓȍȕȐȐ ȋȘȈȌȐȍȕȚȈ Ȑ 
ȐȌȍȦ ȔȍȚȖȌȖȊ Adadelta Ȑ 
RMSProp Ȗȉ 
ȥȒșȗȖȕȍȕȞȐȈȓȤȕȖȔ 
șȋȓȈȎȐȊȈȕȐȐ ȐȕȜȖȘȔȈȞȐȐ Ȗ 
ȗȘȍȌȣȌțȡȐȝ ȏȕȈȟȍȕȐȧȝ 
ȒȊȈȌȘȈȚȖȊ ȋȘȈȌȐȍȕȚȖȊ.  

 Adadelta (adaptive 

learning rate) – ȔȍȚȖȌ 
ȈȌȈȗȚȐȊȕȖȑ șȒȖȘȖșȚȐ 
ȖȉțȟȍȕȐȧ 

ǶȉȡȐȍ 
ȗȈȘȈȔȍȚȘȣ 
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ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ ǫȘțȗȗȈ 
ȗȈȘȈȔȍȚȘȖ
Ȋ 

 Adamax – ȔȖȌȐȜȐȒȈȞȐȧ 
ȔȍȚȖȌȈ Adam, ȖșȕȖȊȈȕȕȈȧ ȕȈ 
ȉȍșȒȖȕȍȟȕȖȑ ȕȖȘȔȍ (max) 

 LBFGS (limited-memory 

BFGS) – BFGS ș 
ȖȋȘȈȕȐȟȍȕȕȖȑ ȗȈȔȧȚȤȦ. 

 AdamW. ǬȈȕȕȣȑ ȔȍȚȖȌ 
ȖșȕȖȊȈȕ ȕȈ ȈȌȈȗȚȐȊȕȖȑ 
ȖȞȍȕȒȍ ȔȖȔȍȕȚȖȊ ȗȍȘȊȖȋȖ Ȑ 
ȊȚȖȘȖȋȖ ȗȖȘȧȌȒȈ ș 
ȌȖȉȈȊȓȍȕȕȣȔ ȔȍȚȖȌȖȔ 
țȔȍȕȤȠȍȕȐȧ ȊȍșȖȊ 

 ASGD (average stochastic 

gradient descent) – 
țșȘȍȌȕȍȕȕȣȑ 
șȚȖȝȈșȚȐȟȍșȒȐȑ ȋȘȈȌȐȍȕȚȕȣȑ 
șȗțșȒ. ǬȈȕȕȣȑ ȔȍȚȖȌ 
țșȘȍȌȕȧȍȚ ȊȍșȈ, 
ȊȣȟȐșȓȧȍȔȣȍ ȕȈ ȒȈȎȌȖȑ 
ȐȚȍȘȈȞȐȐ. 

 Nadam (Nesterov-

accelerated adaptive 

momentum). ǬȈȕȕȣȑ ȔȍȚȖȌ 
ȗȘȍȌșȚȈȊȓȧȍȚ șȖȉȖȑ 

ȔȖȌȐȜȐȒȈȞȐȦ ȖȗȚȐȔȐȏȈȚȖȘȈ 
Adam ș ȌȖȉȈȊȓȍȕȐȍȔ 
ȔȖȔȍȕȚȈ ǵȍșȚȍȘȖȊȈ ȗȘȐ 
ȊȣȟȐșȓȍȕȐȐ ȋȘȈȌȐȍȕȚȖȊ. 

 RAdam (Rectified Adam). 

ǬȈȕȕȣȑ ȔȍȚȖȌ ȧȊȓȧȍȚșȧ 
ȔȖȌȐȜȐȒȈȞȐȍȑ Adam, ȉȖȓȍȍ 
țșȚȖȑȟȐȊȖȑ Ȓ ȐȏȔȍȕȍȕȐȦ 
ȏȕȈȟȍȕȐȑ șȒȖȘȖșȚȐ 
ȖȉțȟȍȕȐȧ. 

 Rprop (resilient 

backpropagation) – 
țșȚȖȑȟȐȊȣȑ ȈȓȋȖȘȐȚȔ 
ȖȉȘȈȚȕȖȋȖ ȘȈșȗȘȖșȚȘȈȕȍȕȐȧ. 
ǬȈȕȕȣȑ ȔȍȚȖȌ ȐșȗȖȓȤȏțȍȚ 
ȚȖȓȤȒȖ ȏȕȈȒȐ ȟȈșȚȕȣȝ 
ȗȘȖȐȏȊȖȌȕȣȝ Ȍȓȧ 
ȗȖȌșȚȘȖȑȒȐ ȊȍșȖȊȣȝ 
ȒȖȥȜȜȐȞȐȍȕȚȖȊ. ǺȈȒȎȍ 
Rprop ȗȖȌȌȍȘȎȐȊȈȍȚ 
ȖȚȌȍȓȤȕȣȍ ȌȍȓȤȚȣ Ȍȓȧ 
ȒȈȎȌȖȋȖ ȊȍșȈ Ȑ șȔȍȡȍȕȐȧ Ȑ 
ȈȌȈȗȚȐȘțȍȚ ȥȚȐ ȌȍȓȤȚȣ ȊȖ 
ȊȘȍȔȧ ȖȉțȟȍȕȐȧ. 

 RMSPROP (root mean 

square propagation) – 
șȘȍȌȕȍȒȊȈȌȘȈȚȐȟȕȖȍ 
ȘȈșȗȘȖșȚȘȈȕȍȕȐȍ ȒȖȘȕȧ. 
ǬȈȕȕȣȑ ȔȍȚȖȌ ȐșȗȖȓȤȏțȍȚ 
țșȘȍȌȕȍȕȕȣȑ ȗȖ ȐșȚȖȘȐȐ 
ȒȊȈȌȘȈȚ ȋȘȈȌȐȍȕȚȈ. 
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ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ ǫȘțȗȗȈ 
ȗȈȘȈȔȍȚȘȖ
Ȋ 

ǹȒȖȘȖșȚȤ 
ȖȉțȟȍȕȐȧ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǷȖ țȔȖȓȟȈȕȐȦ - 
0,001 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ șȒȖȘȖșȚȤ 
ȖȉțȟȍȕȐȧ, ȒȖȚȖȘȈȧ țȗȘȈȊȓȧȍȚ 
ȘȈȏȔȍȘȖȔ ȠȈȋȈ ȗȘȐ ȖȉȕȖȊȓȍȕȐȐ 
ȊȍșȖȊ. 

ǶȉȡȐȍ 
ȗȈȘȈȔȍȚȘȣ 

ǲȖȓȐȟȍșȚȊȖ 
ȥȗȖȝ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǷȖ țȔȖȓȟȈȕȐȦ - 
10 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ șȒȖȓȤȒȖ 
ȘȈȏ ȈȓȋȖȘȐȚȔ ȖȉțȟȍȕȐȧ ȉțȌȍȚ 
ȖȉȘȈȉȈȚȣȊȈȚȤ ȊȍșȤ ȕȈȉȖȘ 
ȖȉțȟȈȦȡȐȝ ȌȈȕȕȣȝ. 

ǶȉȡȐȍ 
ȗȈȘȈȔȍȚȘȣ 

ǸȈȏȔȍȘ ȗȈȒȍȚȈ ǸțȟȕȖȑ ȊȊȖȌ 
ǷȖ țȔȖȓȟȈȕȐȦ - 
128 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȖȗȘȍȌȍȓȧȍȚ 
ȒȖȓȐȟȍșȚȊȖ ȊȣȉȖȘȖȒ, ȒȖȚȖȘȣȍ 
ȕȍȖȉȝȖȌȐȔȖ ȖȉȘȈȉȖȚȈȚȤ ȗȍȘȍȌ 
ȖȉȕȖȊȓȍȕȐȍȔ ȗȈȘȈȔȍȚȘȖȊ ȔȖȌȍȓȐ. 

ǶȉȡȐȍ 
ȗȈȘȈȔȍȚȘȣ 

Seed ǸțȟȕȖȑ ȊȊȖȌ 
ǷȖ țȔȖȓȟȈȕȐȦ - 
42 

ǵȈȟȈȓȤȕȖȍ ȟȐșȓȖȊȖȍ ȏȕȈȟȍȕȐȍ Ȍȓȧ 
ȋȍȕȍȘȈȚȖȘȈ șȓțȟȈȑȕȣȝ ȟȐșȍȓ. 
ǰșȗȖȓȤȏțȍȚșȧ Ȍȓȧ ȊȖșȗȘȖȐȏȊȍȌȍȕȐȧ 
ȘȍȏțȓȤȚȈȚȖȊ ȗȘȐ ȗȖȊȚȖȘȕȖȔ ȏȈȗțșȒȍ 
țȏȓȈ. 

ǶȉȡȐȍ 
ȗȈȘȈȔȍȚȘȣ 

L2 

ȘȍȋțȓȧȘȐȏȈȞȐȧ 
ǸțȟȕȖȑ ȊȊȖȌ 
ǷȖ țȔȖȓȟȈȕȐȦ - 
0,1 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȏȕȈȟȍȕȐȍ 
L2-ȘȍȋțȓȧȘȐȏȈȞȐȐ 

ǶȉȡȐȍ 
ȗȈȘȈȔȍȚȘȣ 

ǬȖȓȧ 
ȊȈȓȐȌȈȞȐȖȕȕȖ
ȑ ȊȣȉȖȘȒȐ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǷȖ țȔȖȓȟȈȕȐȦ - 
0,1 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȌȖȓȦ 
ȊȈȓȐȌȈȞȐȖȕȕȖȑ ȊȣȉȖȘȒȐ, ȒȖȚȖȘȈȧ 
ȉțȌȍȚ ȖȚȖȉȘȈȕȈ Ȑȏ ȐșȝȖȌȕȖȑ 
ȚȍșȚȖȊȖȑ 

ǶȉȡȐȍ 
ȗȈȘȈȔȍȚȘȣ 

ǲȖȓȐȟȍșȚȊȖ 
ȐȚȍȘȈȞȐȑ ȉȍȏ 
șțȡȍșȚȊȍȕȕȖȋȖ 
țȓțȟȠȍȕȐȧ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǷȖ țȔȖȓȟȈȕȐȦ - 5 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȒȖȓȐȟȍșȚȊȖ ȥȗȖȝ ȉȍȏ țȓțȟȠȍȕȐȧ, 
ȗȖșȓȍ ȒȖȚȖȘȣȝ șȒȖȘȖșȚȤ ȖȉțȟȍȕȐȧ 
ȉțȌȍȚ șȕȐȎȍȕȈ. 
ǷȘȐȔȍȘ: ȍșȓȐ ȏȕȈȟȍȕȐȍ ȗȈȘȈȔȍȚȘȈ 
= 2, ȚȖ ȗȍȘȊȣȍ 2 ȥȗȖȝȐ ȉȍȏ 
țȓțȟȠȍȕȐȑ loss ȉțȌțȚ 
ȗȘȖȐȋȕȖȘȐȘȖȊȈȕȣ, Ȑ ȚȖȓȤȒȖ ȗȖșȓȍ 
3-ȑ ȥȗȖȝȐ șȒȖȘȖșȚȤ ȖȉțȟȍȕȐȧ 
țȔȍȕȤȠȐȚșȧ. 

ǶȉȡȐȍ 
ȗȈȘȈȔȍȚȘȣ 

ǸȍȎȐȔ 
ȌȐȕȈȔȐȟȍșȒȖȋȖ 
ȘȈșȟȍȚȈ ȗȖȘȖȋȈ 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ 
șȗȐșȖȒ șȖ 
șȓȍȌțȦȡȐȔȐ 
ȏȕȈȟȍȕȐȧȔȐ: 

 rel 
 abs 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȍȚ ȘȍȎȐȔ 
ȘȈșȟȍȚȈ ȗȖȘȖȋȈ 
ǷȘȍȌțșȔȖȚȘȍȕȣ: 

 rel –  dynamic_threshold = 
best * ( 1 - threshold ) 

 abs –  dynamic_threshold = 
best - threshold 

ǶȉȡȐȍ 
ȗȈȘȈȔȍȚȘȣ 

ǷȖȘȖȋ ǸțȟȕȖȑ ȊȊȖȌ 
ǷȖ țȔȖȓȟȈȕȐȦ - 
0,0001 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȗȖȘȖȋ 
ȘȈșȟȍȚȈ ȕȖȊȖȋȖ ȖȗȚȐȔțȔȈ, ȟȚȖȉȣ 
șȖșȘȍȌȖȚȖȟȐȚȤșȧ ȚȖȓȤȒȖ ȕȈ 
ȏȕȈȟȐȚȍȓȤȕȣȝ ȐȏȔȍȕȍȕȐȧȝ 

ǶȉȡȐȍ 
ȗȈȘȈȔȍȚȘȣ 

ǹȚȈȕȌȈȘȚȐȏȈȞȐ
ȧ 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ 
șȗȐșȖȒ șȖ 
șȓȍȌțȦȡȐȔȐ 
ȏȕȈȟȍȕȐȧȔȐ: 

 no 
 std (ȗȖ 

țȔȖȓȟȈȕȐȦ
) 

 range 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȖȚȊȍȟȈȍȚ ȏȈ 
ȊȣȉȖȘ ȔȍȚȖȌȈ șȚȈȕȌȈȘȚȐȏȈȞȐȐ 
ȟȐșȓȖȊȣȝ ȗȍȘȍȔȍȕȕȣȝ. 
ǹȚȈȕȌȈȘȚȐȏȈȞȐȧ – 
ȗȘȍȖȉȘȈȏȖȊȈȕȐȍ ȟȐșȓȖȊȣȝ 
ȕȈȉȓȦȌȍȕȐȑ ș ȞȍȓȤȦ ȗȘȐȊȍȌȍȕȐȧ 
Ȑȝ Ȓ ȕȍȒȖȚȖȘȖȑ Ȗȉȡȍȑ ȠȒȈȓȍ. 
ǵȍȖȉȝȖȌȐȔȖșȚȤ șȚȈȕȌȈȘȚȐȏȈȞȐȐ 
ȊȣȏȊȈȕȈ ȚȍȔ, ȟȚȖ ȘȈȏȕȣȍ ȗȘȐȏȕȈȒȐ 

ǶȉȡȐȍ 
ȗȈȘȈȔȍȚȘȣ 
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ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ ǫȘțȗȗȈ 
ȗȈȘȈȔȍȚȘȖ
Ȋ 

Ȑȏ ȖȉțȟȈȦȡȍȋȖ ȕȈȉȖȘȈ ȔȖȋțȚ ȉȣȚȤ 
ȗȘȍȌșȚȈȊȓȍȕȣ Ȋ ȘȈȏȕȣȝ ȔȈșȠȚȈȉȈȝ 
Ȑ ȐȏȔȍȕȧȚȤșȧ Ȋ ȘȈȏȕȣȝ ȌȐȈȗȈȏȖȕȈȝ, 
ȟȚȖ ȊȓȐȧȍȚ ȕȈ ȊȣȧȊȓȍȕȐȍ 
ȕȍȒȖȘȘȍȒȚȕȣȝ ȏȈȊȐșȐȔȖșȚȍȑ 
ȔȖȌȍȓȤȦ. 
ǷȘȍȌțșȔȖȚȘȍȕȣ șȓȍȌțȦȡȐȍ 
ȔȍȚȖȌȣ: 

 no — șȚȈȕȌȈȘȚȐȏȈȞȐȧ ȕȍ 
ȕțȎȕȈ 

 std — șȚȈȕȌȈȘȚȕȖȍ 
ȖȚȒȓȖȕȍȕȐȍ - ȗȘȍȖȉȘȈȏțȍȚ 
ȕȈȉȓȦȌȍȕȐȧ ȚȈȒȐȔ ȖȉȘȈȏȖȔ, 
ȟȚȖȉȣ Ȑȝ șȘȍȌȕȍȍ ȏȕȈȟȍȕȐȍ 
ȘȈȊȕȧȓȖșȤ ȕțȓȦ, Ȉ 
șȚȈȕȌȈȘȚȕȖȍ ȖȚȒȓȖȕȍȕȐȍ 
ȘȈȊȕȧȓȖșȤ 1. 

 range — ȌȐȈȗȈȏȖȕ 
- ȓȐȕȍȑȕȖ ȗȘȍȖȉȘȈȏțȍȚ 
ȏȕȈȟȍȕȐȧ ȗȍȘȍȔȍȕȕȣȝ Ȋ 
ȌȐȈȗȈȏȖȕ [0, 1]. 

Beta1 ǸțȟȕȖȑ ȊȊȖȌ 
ȟȐșȓȈ ș 
ȗȓȈȊȈȦȡȍȑ 
ȚȖȟȒȖȑ 
ǷȖ țȔȖȓȟȈȕȐȦ - 
0,9 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȒȖȥȜȜȐȞȐȍȕȚ, ȐșȗȖȓȤȏțȍȔȣȑ Ȍȓȧ 
țȗȘȈȊȓȍȕȐȧ șȒȖȘȖșȚȤȦ ȏȈȚțȝȈȕȐȧ 
șȒȖȓȤȏȧȡȐȝ șȘȍȌȕȐȝ ȏȕȈȟȍȕȐȑ 
ȋȘȈȌȐȍȕȚȈ (ȗȍȘȊȖȋȖ ȔȖȔȍȕȚȈ) 

ǷȈȘȈȔȍȚȘȣ 
ȈȓȋȖȘȐȚȔȈ 
ȖȗȚȐȔȐȏȈȞȐȐ 
Adam, 

Adamax, 

AdamW, 

RAdam, 

Nadam 
Beta2 ǸțȟȕȖȑ ȊȊȖȌ 

ȟȐșȓȈ ș 
ȗȓȈȊȈȦȡȍȑ 
ȚȖȟȒȖȑ 
ǷȖ țȔȖȓȟȈȕȐȦ - 
0,999 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȒȖȥȜȜȐȞȐȍȕȚ, ȐșȗȖȓȤȏțȍȔȣȑ Ȍȓȧ 
țȗȘȈȊȓȍȕȐȧ șȒȖȘȖșȚȤȦ ȏȈȚțȝȈȕȐȧ 
șȘȍȌȕȐȝ ȏȕȈȟȍȕȐȑ ȊȚȖȘȣȝ ȔȖȔȍȕȚȖȊ 
ȋȘȈȌȐȍȕȚȖȊ (ȕȍȞȍȕȚȘȐȘȖȊȈȕȕȖȑ 
ȌȐșȗȍȘșȐȐ) 

ǷȈȘȈȔȍȚȘȣ 
ȈȓȋȖȘȐȚȔȈ 
ȖȗȚȐȔȐȏȈȞȐȐ 
Adam, 

Adamax, 

AdamW, 

RAdam, 

Nadam 
Epsilon ǸțȟȕȖȑ ȊȊȖȌ 

ȟȐșȓȈ ș 
ȗȓȈȊȈȦȡȍȑ 
ȚȖȟȒȖȑ 
ǷȖ țȔȖȓȟȈȕȐȦ - 
1e-8 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȏȕȈȟȍȕȐȍ, 
ȌȖȉȈȊȓȧȍȔȖȍ Ȓ ȏȕȈȔȍȕȈȚȍȓȦ Ȍȓȧ 
țȓțȟȠȍȕȐȧ ȟȐșȓȖȊȖȑ șȚȈȉȐȓȤȕȖșȚȐ 
Minimal decay applied to lr. If the 
difference between new and old lr is 
smaller than eps, the update is 
ignored. Default: 1e-8. 

ǷȈȘȈȔȍȚȘȣ 
ȈȓȋȖȘȐȚȔȈ 
ȖȗȚȐȔȐȏȈȞȐȐ 
Adam, 

Adamax, 

AdamW, 

RAdam, 

Nadam 
ǰșȗȖȓȤȏȖȊȈȚȤ 
ȈȓȋȖȘȐȚȔ 

AMSGrad 

ǿȍȒȉȖȒș ǪȣȉȖȘ ȌȈȕȕȖȋȖ ȟȍȒȉȖȒșȈ 
țȒȈȏȣȊȈȍȚ, ȟȚȖ ȕȍȖȉȝȖȌȐȔȖ 
ȐșȗȖȓȤȏȖȊȈȚȤ ȊȈȘȐȈȕȚ AMSGrad 
ȥȚȖȋȖ ȈȓȋȖȘȐȚȔȈ. 
ǸȈȏȕȐȞȈ ȔȍȎȌț AMSgrad Ȑ Adam 
ȏȈȒȓȦȟȈȍȚșȧ Ȋ ȘȈșșȟȐȚȈȕȕȖȔ 
ȊȍȒȚȖȘȍ ȊȚȖȘȖȋȖ ȔȖȔȍȕȚȈ, ȒȖȚȖȘȣȑ 
ȐșȗȖȓȤȏțȍȚșȧ Ȍȓȧ ȖȉȕȖȊȓȍȕȐȧ 
ȗȈȘȈȔȍȚȘȖȊ. 

ǷȈȘȈȔȍȚȘȣ 
ȈȓȋȖȘȐȚȔȈ 
ȖȗȚȐȔȐȏȈȞȐȐ 
Adam, 
AdamW 
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ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ ǫȘțȗȗȈ 
ȗȈȘȈȔȍȚȘȖ
Ȋ 

ǰȔȗțȓȤș 
(Momentum) 

ǸțȟȕȖȑ ȊȊȖȌ 
ȟȐșȓȈ ș 
ȗȓȈȊȈȦȡȍȑ 
ȚȖȟȒȖȑ 
ǷȖ țȔȖȓȟȈȕȐȦ - 0 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȒȖȥȜȜȐȞȐȍȕȚ ȐȔȗțȓȤșȈ 
(ȏȈȗȖȔȐȕȈȍȚ șȒȖȘȖșȚȤ ȕȈ 
ȗȘȍȌȣȌțȡȍȔ ȠȈȋȍ Ȑ ȌȖȉȈȊȓȧȍȚ Ȋ 
țȒȈȏȈȕȕȖȍ ȟȐșȓȖ ȘȈȏ ȔȍȕȤȠțȦ 
ȊȍȓȐȟȐȕț ȕȈ șȓȍȌțȦȡȍȔ ȠȈȋȍ) 

ǷȈȘȈȔȍȚȘȣ 
ȈȓȋȖȘȐȚȔȈ 
ȖȗȚȐȔȐȏȈȞȐȐ 
SGD, 

RMSProp 

Dampening ǸțȟȕȖȑ ȊȊȖȌ 
ȟȐșȓȈ ș 
ȗȓȈȊȈȦȡȍȑ 
ȚȖȟȒȖȑ 
ǷȖ țȔȖȓȟȈȕȐȦ - 0 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȌȍȔȗȜȐȘȖȊȈȕȐȍ ȐȔȗțȓȤșȈ. 
ǬȍȔȗȜȐȘȖȊȈȕȐȍ ȋȈȘȈȕȚȐȘțȍȚ, ȟȚȖ 
ȖȗȚȐȔȐȏȈȚȖȘ ȕȍ șȌȍȓȈȍȚ șȓȐȠȒȖȔ 
ȉȖȓȤȠȐȝ ȠȈȋȖȊ, ȟȚȖ ȔȖȎȍȚ 
ȗȘȖȐȏȖȑȚȐ, ȍșȓȐ ȐșȗȖȓȤȏȖȊȈȚȤ 
ȚȖȓȤȒȖ ȐȔȗțȓȤș. 
ǿȍȔ ȊȣȠȍ ȋȘȈȌȐȍȕȚ, ȚȍȔ ȉȖȓȤȠȍ 
ȌȍȔȗȜȐȘȖȊȈȕȐȍ țȔȍȕȤȠȈȍȚ ȘȈȏȔȍȘ 
ȠȈȋȈ. 

ǷȈȘȈȔȍȚȘȣ 
ȈȓȋȖȘȐȚȔȈ 
ȖȗȚȐȔȐȏȈȞȐȐ 
SGD 

ǴȖȔȍȕȚ 
ǵȍșȚȍȘȖȊȈ 

ǿȍȒȉȖȒș ǪȣȉȖȘ ȌȈȕȕȖȋȖ ȟȍȒȉȖȒșȈ ȊȒȓȦȟȈȍȚ 
ȐȔȗțȓȤș ǵȍșȚȍȘȖȊȈ (ȐșȗȖȓȤȏțȍȚ 
ȗȘȖȐȏȊȖȌȕțȦ ȕȍ Ȋ ȚȍȒțȡȍȑ ȚȖȟȒȍ, Ȉ 
Ȋ șȓȍȌțȦȡȍȑ, ȍșȓȐ ȉȣ Ȕȣ 
ȗȘȖȌȖȓȎȈȓȐ ȌȊȐȋȈȚȤșȧ Ȋ ȥȚȖȔ Ȏȍ 
ȕȈȗȘȈȊȓȍȕȐȐ ȉȍȏ ȐȏȔȍȕȍȕȐȑ) 

ǷȈȘȈȔȍȚȘȣ 
ȈȓȋȖȘȐȚȔȈ 
ȖȗȚȐȔȐȏȈȞȐȐ 
SGD 

Rho ǸțȟȕȖȑ ȊȊȖȌ 
ǷȖ țȔȖȓȟȈȕȐȦ - 
0,9 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȒȖȥȜȜȐȞȐȍȕȚ, ȐșȗȖȓȤȏțȍȔȣȑ Ȍȓȧ 
ȊȣȟȐșȓȍȕȐȧ șȒȖȓȤȏȧȡȍȋȖ șȘȍȌȕȍȋȖ 
ȒȊȈȌȘȈȚȖȊ ȋȘȈȌȐȍȕȚȖȊ 
 

ǷȈȘȈȔȍȚȘȣ 
ȈȓȋȖȘȐȚȔȈ 
ȖȗȚȐȔȐȏȈȞȐȐ 
Adadelta 

Epsilon ǷȖ țȔȖȓȟȈȕȐȦ - 
1e-8 

ǬȈȕȕȣȑ șȋȓȈȎȐȊȈȦȡȐȑ ȗȈȘȈȔȍȚȘ 
ȏȈȌȈȍȚ ȏȕȈȟȍȕȐȍ, 
ȗȘȍȌȖȚȊȘȈȡȈȦȡȍȍ ȌȍȓȍȕȐȍ ȕȈ 0.  

ǷȈȘȈȔȍȚȘȣ 
ȈȓȋȖȘȐȚȔȈ 
ȖȗȚȐȔȐȏȈȞȐȐ 
Adadelta, 

RMSProp 
ǴȈȒșȐȔțȔ 
ȐȚȍȘȈȞȐȑ ȏȈ 
ȠȈȋ 
ȖȗȚȐȔȐȏȈȞȐȐ 

ǸțȟȕȖȑ ȊȊȖȌ 
ȞȍȓȖȟȐșȓȍȕȕȖȋȖ 
ȏȕȈȟȍȕȐȧ 
ǷȖ țȔȖȓȟȈȕȐȦ - 
20 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȔȈȒșȐȔȈȓȤȕȖȍ ȟȐșȓȖ ȐȚȍȘȈȞȐȑ ȏȈ 
ȠȈȋ ȖȗȚȐȔȐȏȈȞȐȐ 

ǷȈȘȈȔȍȚȘȣ 
ȈȓȋȖȘȐȚȔȈ 
ȖȗȚȐȔȐȏȈȞȐȐ 
LBFGS 
 

ǴȈȒșȐȔțȔ 
ȊȣȟȐșȓȍȕȐȑ ȏȈ 
ȠȈȋ 
ȖȗȚȐȔȐȏȈȞȐȐ 

ǸțȟȕȖȑ ȊȊȖȌ 
ȞȍȓȖȟȐșȓȍȕȕȖȋȖ 
ȏȕȈȟȍȕȐȧ 
ǷȖ țȔȖȓȟȈȕȐȦ - 1 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȔȈȒșȐȔȈȓȤȕȖȍ ȟȐșȓȖ ȊȣȟȐșȓȍȕȐȑ 
ȜțȕȒȞȐȐ ȏȈ ȠȈȋ ȖȗȚȐȔȐȏȈȞȐȐ 

ǷȈȘȈȔȍȚȘȣ 
ȈȓȋȖȘȐȚȔȈ 
ȖȗȚȐȔȐȏȈȞȐȐ 
LBFGS 
 

Tolerance grad ǸțȟȕȖȑ ȊȊȖȌ 
ȟȐșȓȈ ș 
ȗȓȈȊȈȦȡȍȑ 
ȚȖȟȒȖȑ 
ǷȖ țȔȖȓȟȈȕȐȦ - 
0,00001 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȌȖȗțșȒ 
ȏȈȊȍȘȠȍȕȐȧ ȗȘȐ ȖȗȚȐȔȈȓȤȕȖșȚȐ 
ȗȍȘȊȖȋȖ ȗȖȘȧȌȒȈ 

ǷȈȘȈȔȍȚȘȣ 
ȈȓȋȖȘȐȚȔȈ 
ȖȗȚȐȔȐȏȈȞȐȐ 
LBFGS 
 

Tolerance 

change 
ǸțȟȕȖȑ ȊȊȖȌ 
ȟȐșȓȈ ș 
ȗȓȈȊȈȦȡȍȑ 
ȚȖȟȒȖȑ 
ǷȖ țȔȖȓȟȈȕȐȦ - 
1e-9 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȌȖȗțșȒ 
ȏȈȊȍȘȠȍȕȐȧ ȗȘȐ ȐȏȔȍȕȍȕȐȐ 
ȏȕȈȟȍȕȐȧ/ȗȈȘȈȔȍȚȘȈ ȜțȕȒȞȐȐ 

ǷȈȘȈȔȍȚȘȣ 
ȈȓȋȖȘȐȚȔȈ 
ȖȗȚȐȔȐȏȈȞȐȐ 
LBFGS 
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ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ ǫȘțȗȗȈ 
ȗȈȘȈȔȍȚȘȖ
Ȋ 

ǲȖȓȐȟȍșȚȊȖ 
ȏȈȗȖȔȐȕȈȍȔȣȝ 
ȠȈȋȖȊ 
ȖȗȚȐȔȐȏȈȞȐȐ 

ǸțȟȕȖȑ ȊȊȖȌ 
ȞȍȓȖȟȐșȓȍȕȕȖȋȖ 
ȏȕȈȟȍȕȐȧ 
ǷȖ țȔȖȓȟȈȕȐȦ - 
100 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȒȖȓȐȟȍșȚȊȖ ȏȈȗȖȔȐȕȈȍȔȣȝ ȠȈȋȖȊ 
ȖȗȚȐȔȐȏȈȞȐȐ 

ǷȈȘȈȔȍȚȘȣ 
ȈȓȋȖȘȐȚȔȈ 
ȖȗȚȐȔȐȏȈȞȐȐ 
LBFGS 
 

Line search ǹȗȐșȖȒ: 
 no (ȗȖ 

țȔȖȓȟȈȕȐȦ
) 

 strong 
wolfe 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȔȍȚȖȌ 
ȓȐȕȍȑȕȖȋȖ ȗȖȐșȒȈ 

ǷȈȘȈȔȍȚȘȣ 
ȈȓȋȖȘȐȚȔȈ 
ȖȗȚȐȔȐȏȈȞȐȐ 
LBFGS 
 

Lambda ǸțȟȕȖȑ ȊȊȖȌ 
ȟȐșȓȈ ș 
ȗȓȈȊȈȦȡȍȑ 
ȚȖȟȒȖȑ 
ǷȖ țȔȖȓȟȈȕȐȦ - 
0,0001 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȏȈȚțȝȈȕȐȍ ǷȈȘȈȔȍȚȘȣ 
ȈȓȋȖȘȐȚȔȈ 
ȖȗȚȐȔȐȏȈȞȐȐ 
ASGD 
 

Alpha ǸțȟȕȖȑ ȊȊȖȌ 
ȟȐșȓȈ ș 
ȗȓȈȊȈȦȡȍȑ 
ȚȖȟȒȖȑ 
ǷȖ țȔȖȓȟȈȕȐȦ - 
0,75 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȔȖȡȕȖșȚȤ 
Ȍȓȧ ȖȉȕȖȊȓȍȕȐȧ șȒȖȘȖșȚȐ ȖȉțȟȍȕȐȧ 

ǷȈȘȈȔȍȚȘȣ 
ȈȓȋȖȘȐȚȔȈ 
ȖȗȚȐȔȐȏȈȞȐȐ 
ASGD 
 

t0 ǸțȟȕȖȑ ȊȊȖȌ 
ǷȖ țȔȖȓȟȈȕȐȦ - 
100000 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȚȖȟȒț, ș 
ȒȖȚȖȘȖȑ ȕȈȟȐȕȈȍȚșȧ țșȘȍȌȕȍȕȐȍ. 
ǭșȓȐ ȚȘȍȉțȍȔȖȍ ȒȖȓȐȟȍșȚȊȖ 
ȐȚȍȘȈȞȐȑ ȔȍȕȤȠȍ ȌȈȕȕȖȋȖ 
ȏȕȈȟȍȕȐȧ, ȚȖ țșȘȍȌȕȍȕȐȍ ȕȍ 
ȗȘȖȐȏȖȑȌȍȚ. 

ǷȈȘȈȔȍȚȘȣ 
ȈȓȋȖȘȐȚȔȈ 
ȖȗȚȐȔȐȏȈȞȐȐ 
ASGD 

ǹȖȒȘȈȡȍȕȐȍ 
ȐȔȗțȓȤșȈ 
 
 

ǸțȟȕȖȑ ȊȊȖȌ 
ǷȖ țȔȖȓȟȈȕȐȦ - 
0,004 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȏȕȈȟȍȕȐȍ 
șȖȒȘȈȡȍȕȐȧ ȐȔȗțȓȤșȈ 

ǷȈȘȈȔȍȚȘȣ 
ȈȓȋȖȘȐȚȔȈ 
ȖȗȚȐȔȐȏȈȞȐȐ 
Nadam 

ǲȖȥȜȜȐȞȐȍȕȚ 
țȔȍȕȤȠȍȕȐȧ 
(eta minus) 

ǸțȟȕȖȑ ȊȊȖȌ 
ǿȐșȓȖ ȉȖȓȤȠȍ 0 Ȑ 
ȔȍȕȤȠȍ 1 
ǷȖ țȔȖȓȟȈȕȐȦ - 
0,5 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȔțȓȤȚȐȗȓȐȒȈȚȐȊȕȣȑ ȒȖȥȜȜȐȞȐȍȕȚ 
țȔȍȕȤȠȍȕȐȧ. 
ǭșȓȐ ȕȈ ȚȍȒțȡȍȔ ȠȈȋȍ ȟȈșȚȕȈȧ 
ȗȘȖȐȏȊȖȌȕȈȧ ȗȖ șȖȖȚȊȍȚșȚȊțȦȡȍȔț 
Ȋȍșț ȗȖȔȍȕȧȓȈ șȊȖȑ ȏȕȈȒ, ȏȕȈȟȐȚ 
ȗȖșȓȍȌȕȍȍ ȐȏȔȍȕȍȕȐȍ ȉȣȓȖ 
ȉȖȓȤȠȐȔ, Ȑ ȈȓȋȖȘȐȚȔ ȗȘȖșȒȖȟȐȓ 
ȓȖȒȈȓȤȕȣȑ ȔȐȕȐȔțȔ. 
ǹȓȍȌȖȊȈȚȍȓȤȕȖ, ȊȍȓȐȟȐȕț 
ȒȖȘȘȍȒȞȐȐ ȕȍȖȉȝȖȌȐȔȖ țȔȍȕȤȠȐȚȤ 
ȕȈ ȏȕȈȟȍȕȐȍ ȌȈȕȕȖȋȖ ȗȈȘȈȔȍȚȘȈ Ȑ 
ȊȍȘȕțȚȤ ȗȘȍȌȣȌțȡȍȍ ȏȕȈȟȍȕȐȍ 
ȊȍșȖȊȖȋȖ ȒȖȥȜȜȐȞȐȍȕȚȈ. 

ǷȈȘȈȔȍȚȘȣ 
ȈȓȋȖȘȐȚȔȈ 
ȖȗȚȐȔȐȏȈȞȐȐ 
Rprop 

ǲȖȥȜȜȐȞȐȍȕȚ 
țȊȍȓȐȟȍȕȐȧ 
(eta plus) 

ǸțȟȕȖȑ ȊȊȖȌ 
ǿȐșȓȖ ȉȖȓȤȠȍ 1 
ǷȖ țȔȖȓȟȈȕȐȦ - 
1,2 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȔțȓȤȚȐȗȓȐȒȈȚȐȊȕȣȑ ȒȖȥȜȜȐȞȐȍȕȚ 
țȊȍȓȐȟȍȕȐȧ. 
ǭșȓȐ ȕȈ ȚȍȒțȡȍȔ ȠȈȋȍ ȟȈșȚȕȈȧ 
ȗȘȖȐȏȊȖȌȕȈȧ ȗȖ șȖȖȚȊȍȚșȚȊțȦȡȍȔț 
Ȋȍșț ȕȍ ȗȖȔȍȕȧȓȈ șȊȖȑ ȏȕȈȒ, 
ȏȕȈȟȐȚ ȕțȎȕȖ țȊȍȓȐȟȐȚȤ ȊȍȓȐȟȐȕț 
ȒȖȘȘȍȒȞȐȐ ȕȈ ȏȕȈȟȍȕȐȍ ȌȈȕȕȖȋȖ 

ǷȈȘȈȔȍȚȘȣ 
ȈȓȋȖȘȐȚȔȈ 
ȖȗȚȐȔȐȏȈȞȐȐ 
Rprop 
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ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ ǫȘțȗȗȈ 
ȗȈȘȈȔȍȚȘȖ
Ȋ 

ȗȈȘȈȔȍȚȘȈ Ȍȓȧ ȌȖșȚȐȎȍȕȐȧ ȉȖȓȍȍ 
ȉȣșȚȘȖȑ șȝȖȌȐȔȖșȚȐ. 

ǴȐȕȐȔȈȓȤȕȣȑ 
ȘȈȏȔȍȘ ȠȈȋȈ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǷȖ țȔȖȓȟȈȕȐȦ - 
0,000001 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȔȐȕȐȔȈȓȤȕȣȑ ȘȈȏȔȍȘ ȠȈȋȈ. 
Ƕȕ ȕȍȖȉȝȖȌȐȔ, ȟȚȖȉȣ ȕȍ ȌȖȗțșȚȐȚȤ 
șȓȐȠȒȖȔ ȔȈȓȍȕȤȒȐȝ ȏȕȈȟȍȕȐȑ 
ȊȍșȖȊ, ȖȋȘȈȕȐȟȐȊȈȍȚ ȊȍȓȐȟȐȕț 
ȒȖȘȘȍȒȞȐȐ șȕȐȏț. 

ǷȈȘȈȔȍȚȘȣ 
ȈȓȋȖȘȐȚȔȈ 
ȖȗȚȐȔȐȏȈȞȐȐ 
Rprop 
 

ǴȈȒșȐȔȈȓȤȕȣȑ 
ȘȈȏȔȍȘ ȠȈȋȈ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǷȖ țȔȖȓȟȈȕȐȦ - 
50 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȔȈȒșȐȔȈȓȤȕȣȑ ȘȈȏȔȍȘ ȠȈȋȈ. 
Ƕȕ ȕȍȖȉȝȖȌȐȔ, ȟȚȖȉȣ ȕȍ ȌȖȗțșȚȐȚȤ 
șȓȐȠȒȖȔ ȉȖȓȤȠȐȝ ȏȕȈȟȍȕȐȑ ȊȍșȖȊ, 
ȖȋȘȈȕȐȟȐȊȈȍȚ ȊȍȓȐȟȐȕț ȒȖȘȘȍȒȞȐȐ 
șȊȍȘȝț. 

ǷȈȘȈȔȍȚȘȣ 
ȈȓȋȖȘȐȚȔȈ 
ȖȗȚȐȔȐȏȈȞȐȐ 
Rprop 
 

Alpha ǸțȟȕȖȑ ȊȊȖȌ 
ǷȖ țȔȖȓȟȈȕȐȦ - 
0,99 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȒȖȕșȚȈȕȚț 
șȋȓȈȎȐȊȈȕȐȧ 

ǷȈȘȈȔȍȚȘȣ 
ȈȓȋȖȘȐȚȔȈ 
ȖȗȚȐȔȐȏȈȞȐȐ 
RMSProp 
 

ǾȍȕȚȘȐȘȖȊȈȚȤ ǿȍȒȉȖȒș ǪȣȉȖȘ ȌȈȕȕȖȋȖ ȟȍȒȉȖȒșȈ 
țȒȈȏȣȊȈȍȚ, ȟȚȖ ȕȍȖȉȝȖȌȐȔȖ 
ȊȣȟȐșȓȐȚȤ ȞȍȕȚȘȐȘȖȊȈȕȕȣȑ 
RMSProp, ȋȘȈȌȐȍȕȚ ȒȖȚȖȘȖȋȖ 
ȕȖȘȔȈȓȐȏțȍȚșȧ ȗȖ ȖȞȍȕȒȍ ȍȋȖ 
ȌȐșȗȍȘșȐȐ 

ǷȈȘȈȔȍȚȘȣ 
ȈȓȋȖȘȐȚȔȈ 
ȖȗȚȐȔȐȏȈȞȐȐ 
RMSProp 
 

ǺȈȉȓȐȞȈ 41 ǷȈȘȈȔȍȚȘȣ țȏȓȈ «ǵȍȑȘȖȕȕȈȧ șȍȚȤ (PyTorch)» 

3.2.5.8.13.1. ǸȍȏțȓȤȚȈȚȣ ȊȣȗȖȓȕȍȕȐȧ țȏȓȈ 
 

ǻȏȍȓ «ǵȍȑȘȖȕȕȈȧ șȍȚȤ» ȐȔȍȍȚ ȘȈȏȕȣȍ ȘȍȏțȓȤȚȈȚȣ Ȋ ȏȈȊȐșȐȔȖșȚȐ ȖȚ ȘȍȠȈȍȔȖȑ 
ȏȈȌȈȟȐ. 

ǸȍȏțȓȤȚȈȚȣ ȉȐȕȈȘȕȖȑ ȒȓȈșșȐȜȐȒȈȞȐȐ ȗȘȍȌșȚȈȊȓȍȕȣ șȓȍȌțȦȡȐȔȐ 
ȖȉȢȍȒȚȈȔȐ: 

 ǫȘȈȜȐȒ ROC. 
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 ǫȘȈȜȐȒ Lift. 

 

 ǫȘȈȜȐȒ Cumulative Lift. 
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 ǫȘȈȜȐȒ Gain. 

 

 ǫȘȈȜȐȒ Cumulative Gain. 
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 ǫȘȈȜȐȒ ȗȖȚȍȘȐ ȚȖȟȕȖșȚȐ. 

 

 ǺȈȉȓȐȞȈ ș ȔȍȚȘȐȒȈȔȐ ȒȈȟȍșȚȊȈ ȔȖȌȍȓȐ. 
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 ǺȈȉȓȐȞȈ ș ȔȍȚȘȐȒȈȔȐ ȒȈȟȍșȚȊȈ ȔȖȌȍȓȐ ȏȈȌȈȟȐ ȒȓȈșșȐȜȐȒȈȞȐȐ. 

 

ǸȍȏțȓȤȚȈȚȣ ȔȕȖȋȖȒȓȈșșȖȊȖȑ ȒȓȈșșȐȜȐȒȈȞȐȐ ȗȘȍȌșȚȈȊȓȍȕȣ șȓȍȌțȦȡȐȔȐ 
ȖȉȢȍȒȚȈȔȐ: 

 ǫȘȈȜȐȒ ȗȖȚȍȘȐ ȚȖȟȕȖșȚȐ. 
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 ǺȈȉȓȐȞȈ ș ȔȍȚȘȐȒȈȔȐ ȒȈȟȍșȚȊȈ ȔȖȌȍȓȐ. 

 

 ǺȈȉȓȐȞȈ ș ȔȍȚȘȐȒȈȔȐ ȒȈȟȍșȚȊȈ ȔȖȌȍȓȐ ȏȈȌȈȟȐ ȒȓȈșșȐȜȐȒȈȞȐȐ. 

 

ǸȍȏțȓȤȚȈȚȣ ȘȍȋȘȍșșȐȐ ȗȘȍȌșȚȈȊȓȍȕȣ șȓȍȌțȦȡȐȔȐ ȖȉȢȍȒȚȈȔȐ: 
 ǺȍȗȓȖȊȣȍ ȒȈȘȚȣ Ȍȓȧ ȖȉțȟȈȦȡȍȑ, ȊȈȓȐȌȈȞȐȖȕȕȖȑ Ȑ ȚȍșȚȖȊȖȑ ȊȣȉȖȘȖȒ. 
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 ǫȘȈȜȐȒ ȗȖȚȍȘȐ ȚȖȟȕȖșȚȐ. 

 

 ǺȈȉȓȐȞȈ ș ȔȍȚȘȐȒȈȔȐ ȒȈȟȍșȚȊȈ ȔȖȌȍȓȐ. 

 

 ǺȈȉȓȐȞȣ ș ȔȍȚȘȐȒȈȔȐ ȒȈȟȍșȚȊȈ Ȋ ȘȈȏȉȐȍȕȐȧȝ ȖȉțȟȈȦȡȍȑ Ȑ ȊȈȓȐȌȈȞȐȖȕȕȖȑ 
ȊȣȉȖȘȒȈȝ. 
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3.2.5.8.14. ǻȏȍȓ «AutoML» 

ǻȏȍȓ "AutoML" ȗȖȏȊȖȓȧȍȚ Ȋ ȈȊȚȖȔȈȚȐȏȐȘȖȊȈȕȕȖȔ ȘȍȎȐȔȍ ȗȖșȚȘȖȐȚȤ ȈȓȋȖȘȐȚȔȣ 
ȔȈȠȐȕȕȖȋȖ ȖȉțȟȍȕȐȧ ș ȘȈȏȓȐȟȕȣȔȐ ȗȈȘȈȔȍȚȘȈȔȐ Ȑ ȊȣȉȘȈȚȤ Ȑȏ ȕȐȝ ȓțȟȠțȦ, ȐșȝȖȌȧ 
Ȑȏ ȏȈȌȈȕȕȖȑ ȔȍȚȘȐȒȐ ȒȈȟȍșȚȊȈ. 

ǨȊȚȖȔȈȚȐȟȍșȒȖȍ ȔȈȠȐȕȕȖȍ ȖȉțȟȍȕȐȍ (AutoML) ȗȖȏȊȖȓȧȍȚ ȈȊȚȖȔȈȚȐȏȐȘȖȊȈȚȤ ȗȘȖȞȍșș 
ȌȐȏȈȑȕȈ ML-ȗȈȑȗȓȈȑȕȖȊ. ЭȚȖ ȗȖȏȊȖȓȧȍȚ șȖȒȘȈȚȐȚȤ ȚȘȍȉțȍȔȣȍ ȘȍșțȘșȣ ȕȈ ȗȘȖȞȍșș 
ȖȚȉȖȘȈ ȖȗȚȐȔȈȓȤȕȣȝ ȋȐȗȍȘȗȈȘȈȔȍȚȘȖȊ ȔȖȌȍȓȐ Ȑ ȕȈ ȚȍșȚȐȘȖȊȈȕȐȍ. 

AutoML șȖșȚȖȐȚ Ȑȏ ȚȘȍȝ ȠȈȋȖȊ: 

 ȗȘȍȌȖȉȘȈȉȖȚȒȈ ȌȈȕȕȣȝ; 

 ȗȘȍȌȖȉȘȈȉȖȚȒȈ ȗȘȐȏȕȈȒȖȊ; 

 ȖȉțȟȍȕȐȍ Ȑ ȚȍșȚȐȘȖȊȈȕȐȍ ȔȖȌȍȓȐ 

 

ǸȐșțȕȖȒ 157 ǷȘȐȕȞȐȗ ȘȈȉȖȚȣ țȏȓȈ "AutoML" 

Ǫ ȘȍȏțȓȤȚȈȚȍ ȏȈȗțșȒȈ țȏȓȈ AutoML ǹȐșȚȍȔȈ ȈȊȚȖȔȈȚȐȟȍșȒȐ ȗȍȘȍȉȐȘȈȍȚ ȘȈȏȓȐȟȕȣȍ 
ȔȍȚȖȌȣ ȉȈȓȈȕșȐȘȖȊȒȐ, ȗȘȍȌȖȉȘȈȉȖȚȒȐ Ȑ ȔȖȌȍȓȐȘȖȊȈȕȐȧ Ȑ ȖȉȢȍȌȐȕȧȍȚ ȔȖȌȍȓȐ Ȋ 
ȈȕșȈȔȉȓȐ. 

ǷȘȐ ȕȍȖȉȝȖȌȐȔȖșȚȐ ȗȖȓȤȏȖȊȈȚȍȓȤ ȔȖȎȍȚ ȗȖșȔȖȚȘȍȚȤ, ȒȈȒȐȍ ȔȖȌȍȓȐ ȊȣȉȘȈȓȈ 
șȐșȚȍȔȈ Ȑ ȒȈȒȐȍ ȔȖȌȍȓȐ ȚȍșȚȐȘȖȊȈȓȐșȤ. 

ǵȈ ȘȐșțȕȒȍ ȕȐȎȍ ȗȘȍȌșȚȈȊȓȍȕ ȗȘȐȔȍȘ ȘȍȏțȓȤȚȈȚȈ AutoML. 
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ǸȐșțȕȖȒ 158 ǷȘȐȔȍȘ ȘȍȏțȓȤȚȈȚȈ țȏȓȈ AutoML 

Ǫ ȗȘȍȌșȚȈȊȓȍȕȕȖȔ ȗȘȐȔȍȘȍ ȐȚȖȋȖȊȈȧ ȔȖȌȍȓȤ șȖșȚȖȐȚ Ȑȏ 5 ȔȖȌȍȓȍȑ ș ȘȈȏȓȐȟȕȣȔȐ 
ȗȘȍȌȖȉȘȈȉȖȚȒȈȔȐ Ȑ ȉȈȓȈȕșȐȘȖȊȒȈȔȐ. ǸȍȏțȓȤȚȈȚȣ ȒȈȎȌȖȑ ȔȖȌȍȓȐ ȐȔȍȦȚ Ȋȍș 0,2. 

 

 

ǸȐșțȕȖȒ 159 ǷȘȐȔȍȘ ȐȚȖȋȖȊȖȑ ȔȖȌȍȓȐ 

ǹȗȐșȖȒ ȗȈȘȈȔȍȚȘȖȊ țȏȓȈ ȗȘȍȌșȚȈȊȓȍȕ Ȋ ȚȈȉȓȐȞȍ ȕȐȎȍ. 

ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ 

ǵȈȏȊȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ ȏȕȈȟȍȕȐȍ ȕȍȚ 

ǵȈȏȊȈȕȐȍ țȏȓȈ, ȒȖȚȖȘȖȍ ȉțȌȍȚ 
ȖȚȖȉȘȈȎȈȚȤșȧ Ȋ ȐȕȚȍȘȜȍȑșȍ 

ǶȗȐșȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ ȏȕȈȟȍȕȐȍ ȕȍȚ 

ǶȗȐșȈȕȐȍ țȏȓȈ 

ǪȘȍȔȧ ȕȈ 
ȗȖșȚȘȖȍȕȐȍ Ȋșȍȝ 
ȔȖȌȍȓȍȑ, ș 

ǷȖ țȔȖȓȟȈȕȐȦ - 300 ǲȖȓȐȟȍșȚȊȖ ȊȘȍȔȍȕȐ Ȋ șȍȒțȕȌȈȝ, 
ȒȖȚȖȘȣȔ ȖȋȘȈȕȐȟȍȕȖ ȊȣȗȖȓȕȍȕȐȍ 
ȌȈȕȕȖȋȖ țȏȓȈ 

ǪȘȍȔȧ ȕȈ 
ȗȖșȚȘȖȍȕȐȍ ȖȌȕȖȑ 
ȔȖȌȍȓȐ, ș 

ǷȖ țȔȖȓȟȈȕȐȦ - 30 ǲȖȓȐȟȍșȚȊȖ ȊȘȍȔȍȕȐ Ȋ șȍȒțȕȌȈȝ, 
ȒȖȚȖȘȣȔ ȖȋȘȈȕȐȟȍȕȖ ȊȘȍȔȧ 
ȗȖșȚȘȖȍȕȐȧ ȖȌȕȖȑ ȔȖȌȍȓȐ 

ǲȖȓȐȟȍșȚȊȖ 
ȒȖȕȜȐȋțȘȈȞȐȑ 
ȗȖȌȉȖȘȈ 
ȋȐȗȍȘȗȈȘȈȔȍȚȘȖȊ 

ǷȖ țȔȖȓȟȈȕȐȦ - 25 ǲȖȓȐȟȍșȚȊȖ ȒȖȕȜȐȋțȘȈȞȐȑ 
ȗȖȌȉȖȘȈ ȋȐȗȍȘȗȈȘȈȔȍȚȘȖȊ Ȍȓȧ 
țșȒȖȘȍȕȐȧ ȗȖȌȉȖȘȈ ș ȗȖȔȖȡȤȦ 
ȈȓȋȖȘȐȚȔȈ SMAC 
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ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ 

ǸȈȏȔȍȘ 
ȈȕșȈȔȉȓȍȊȣȝ 
ȔȖȌȍȓȍȑ 

ǷȖ țȔȖȓȟȈȕȐȦ - 5 ǴȈȒșȐȔȈȓȤȕȖȍ ȒȖȓȐȟȍșȚȊȖ 
ȔȖȌȍȓȍȑ Ȋ ȈȕșȈȔȉȓȍ 

ǲȖȓȐȟȍșȚȊȖ 
ȓțȟȠȐȝ ȔȖȌȍȓȍȑ 
Ȋ ȈȕșȈȔȉȓȍ 

ǷȖ țȔȖȓȟȈȕȐȦ - 50 ǲȖȓȐȟȍșȚȊȖ ȓțȟȠȐȝ ȔȖȌȍȓȍȑ, 
țȟȈșȚȊțȦȡȐȝ Ȋ ȖȚȉȖȘȍ Ȋ 
ȈȕșȈȔȉȓȤ 

ǴȈȒșȐȔȈȓȤȕȖȍ 
ȒȖȓȐȟȍșȚȊȖ 
ȔȖȌȍȓȍȑ ȕȈ ȌȐșȒȍ 

ǷȖ țȔȖȓȟȈȕȐȦ - 50 ǴȈȒșȐȔȈȓȤȕȖȍ ȒȖȓȐȟȍșȚȊȖ 
ȔȖȌȍȓȍȑ, ȒȖȚȖȘȖȍ ȉțȌȍȚ 
ȗȖșȚȘȖȍȕȖ Ȋ ȘȈȔȒȈȝ ȊȘȍȔȍȕȕȣȝ 
ȖȋȘȈȕȐȟȍȕȐȑ 

Seed ǷȖ țȔȖȓȟȈȕȐȦ - 42 ǵȈȟȈȓȤȕȖȍ ȟȐșȓȖȊȖȍ ȏȕȈȟȍȕȐȍ 
Ȍȓȧ ȋȍȕȍȘȈȚȖȘȈ șȓțȟȈȑȕȣȝ ȟȐșȍȓ 

ǳȐȔȐȚ ȗȈȔȧȚȐ 
ȔȖȌȍȓȐ 

ǷȖ țȔȖȓȟȈȕȐȦ - 3072 ǳȐȔȐȚ ȗȈȔȧȚȐ Ȍȓȧ ȖȉțȟȍȕȐȧ 
ȔȖȌȍȓȐ 

ǺȐȗȣ 
ȗȘȍȌȖȉȘȈȉȖȚȒȐ 
ȗȍȘȍȔȍȕȕȣȝ 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ șȗȐșȖȒ șȖ 
șȓȍȌțȦȡȐȔȐ ȏȕȈȟȍȕȐȧȔȐ: 

 densifier 
 extra_trees_preproc 
 fast_ica 
 feature_agglomeration 
 kernel_pca 
 kitchen_sinks 
 no_preprocessing 
 nystroem_sampler 
 pca 
 polynomial 
 random_trees_embedding 
 select_percentile 
 select_rates 
 truncatedSVD 

ǵȈȉȖȘ ȔȍȚȖȌȖȊ ȗȘȍȌȖȉȘȈȉȖȚȒȐ 
ȗȍȘȍȔȍȕȕȣȝ, ȒȖȚȖȘȣȑ ȉțȌȍȚ 
ȐșȗȖȓȤȏȖȊȈȕ ȗȘȐ ȗȍȘȍȉȖȘȍ 
ȊȈȘȐȈȕȚȖȊ ȔȖȌȍȓȍȑ. 
ǷȘȍȌțșȔȖȚȘȍȕȣ: 

 densifier (ǷȍȘȍȊȖȌ ȌȈȕȕȣȝ 
Ȑȏ ȘȈȏȘȍȎȍȕȕȖȋȖ 
ȗȘȍȌșȚȈȊȓȍȕȐȧ Ȋ ȗȓȖȚȕȖȍ) 

 extra_trees_preproc (ǶȚȉȖȘ 
ȗȘȐȏȕȈȒȖȊ ș ȗȖȔȖȡȤȦ 
ȈȕșȈȔȉȓȧ șȐȓȤȕȖ 
ȘȈȕȌȖȔȐȏȐȘȖȊȈȕȕȣȝ 
ȌȍȘȍȊȤȍȊ) 

 fast_ica (ǩȣșȚȘȣȑ ȔȍȚȖȌ 
ȕȍȏȈȊȐșȐȔȣȝ ȒȖȔȗȖȕȍȕȚ) 

 feature_agglomeration 
(ǲȓȈșȚȍȘȐȏȈȞȐȧ 
ȗȘȐȏȕȈȒȖȊ) 

 kernel_pca (ȇȌȍȘȕȣȑ 
ȔȍȚȖȌ ȋȓȈȊȕȣȝ ȒȖȔȗȖȕȍȕȚ) 

 kitchen_sinks 
(ǨȗȗȘȖȒșȐȔȈȞȐȧ ȧȌȍȘȕȖȑ 
ȜțȕȒȞȐȐ ȔȍȚȖȌȖȔ 
șȓțȟȈȑȕȣȝ ȗȘȐȏȕȈȒȖȊ 
ǼțȘȤȍ (ȔȍȚȖȌ ȒțȝȖȕȕȣȝ 
ȘȈȒȖȊȐȕ)) 

 no_preprocessing (ǩȍȏ 
ȗȘȍȌȖȉȘȈȉȖȚȒȐ) 

 nystroem_sampler 
(ǨȗȗȘȖȒșȐȔȈȞȐȧ ȧȌȍȘȕȖȑ 
ȜțȕȒȞȐȐ ȔȍȚȖȌȖȔ 
Nyström’Ȉ) 

 pca (ǴȍȚȖȌ ȋȓȈȊȕȣȝ 
ȒȖȔȗȖȕȍȕȚ) 

 polynomial 
(ǷȖȓȐȕȖȔȐȕȈȓȤȕȣȍ 
ȗȘȍȌȐȒȚȖȘȣ) 

 random_trees_embedding 
(ǩȐȕȈȘȕȖȍ ȒȖȌȐȘȖȊȈȕȐȍ 
șȐȓȤȕȖ 
ȘȈȕȌȖȔȐȏȐȘȖȊȈȕȕȣȔȐ 
ȌȍȘȍȊȤȧȔȐ) 
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ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ 

 select_percentile (ǶȚȉȖȘ 
ȗȘȐȏȕȈȒȖȊ ȗȖ ȗȍȘȞȍȕȚȐȓȦ) 

 select_rates (ǶȚȉȖȘ 
ȗȘȐȏȕȈȒȖȊ ȗȖ ȟȈșȚȖȚȈȔ 
ȖȠȐȉȖȒ) 

 truncatedSVD (ǻșȍȟёȕȕȖȍ 
șȐȕȋțȓȧȘȕȖȍ ȘȈȏȓȖȎȍȕȐȍ) 

ǺȐȗȣ 
ȐșȗȖȓȤȏțȍȔȣȝ 
ȔȖȌȍȓȍȑ 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ șȗȐșȖȒ șȖ 
șȓȍȌțȦȡȐȔȐ ȏȕȈȟȍȕȐȧȔȐ: 

 adaboost 
 ard_regression 
 bernoulli_nb 
 decision_tree 
 extra_trees 
 gaussian_nb 
 gausssian_process 
 gradient_boosting 
 k_nearest_neigbors 
 Ida 
 liblinear_svm 
 libsvm_svc 
 mlp 
 multinomial_nb 
 passive_aggressive 
 qda 
 random_forest 
 sgd 

ǵȈȉȖȘ ȈȓȋȖȘȐȚȔȖȊ, ȒȖȚȖȘȣȑ ȉțȌȍȚ 
ȐșȗȖȓȤȏȖȊȈȕ ȗȘȐ ȗȖșȚȘȖȍȕȐȐ 
ȊȈȘȐȈȕȚȖȊ ȔȖȌȍȓȍȑ. 
ǷȘȍȌțșȔȖȚȘȍȕȣ: 

 adaboost (ǨȌȈȗȚȐȊȕȣȑ 
ȉțșȚȐȕȋ (AdaBoost)) 

 ard_regression 
(ǩȈȑȍșȖȊșȒȈȧ ȓȐȕȍȑȕȈȧ 
ȘȍȋȘȍșșȐȧ ș 
ȈȊȚȖȔȈȚȐȟȍșȒȐȔ 
ȖȗȘȍȌȍȓȍȕȐȍȔ 
ȈȒȚțȈȓȤȕȖșȚȐ (ARD 
Regression)) 

 bernoulli_nb (ǵȈȐȊȕȣȑ 
ȉȈȑȍșȖȊșȒȐȑ 
ȒȓȈșșȐȜȐȒȈȚȖȘ ș 
ȘȈșȗȘȍȌȍȓȍȕȐȍȔ 
ǩȍȘȕțȓȓȐ) 

 decision_tree (ǬȍȘȍȊȖ 
ȘȍȠȍȕȐȑ) 

 extra_trees (ǨȕșȈȔȉȓȤ 
șȐȓȤȕȖ 
ȘȈȕȌȖȔȐȏȐȘȖȊȈȕȕȣȝ 
ȌȍȘȍȊȤȍȊ ȘȍȠȍȕȐȑ) 

 gaussian_nb (ǵȈȐȊȕȣȑ 
ȉȈȑȍșȖȊșȒȐȑ 
ȒȓȈșșȐȜȐȒȈȚȖȘ ș 
ȕȖȘȔȈȓȤȕȣȔ 
ȘȈșȗȘȍȌȍȓȍȕȐȍȔ) 

 gausssian_process 
(ǫȈțșșȖȊșȒȐȑ ȗȘȖȞȍșș) 

 gradient_boosting 
(ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ) 

 k_nearest_neigbors (ǴȍȚȖȌ 
K-ȉȓȐȎȈȑȠȐȝ șȖșȍȌȍȑ) 

 Ida (ǳȐȕȍȑȕȣȑ 
ȌȐșȒȘȐȔȐȕȈȕȚȕȣȑ ȈȕȈȓȐȏ) 

 liblinear_svm (ǳȐȕȍȑȕȈȧ 
ȔȈȠȐȕȈ ȖȗȖȘȕȣȝ 
ȊȍȒȚȖȘȖȊ) 

 libsvm_svc (ǴȈȠȐȕȈ 
ȖȗȖȘȕȣȝ ȊȍȒȚȖȘȖȊ) 

 mlp (ǴȕȖȋȖșȓȖȑȕȣȑ 
ȗȍȘȞȍȗȚȘȖȕ) 

 multinomial_nb (ǵȈȐȊȕȣȑ 
ȉȈȑȍșȖȊșȒȐȑ 
ȒȓȈșșȐȜȐȒȈȚȖȘ ș 
ȗȖȓȐȕȖȔȐȈȓȤȕȣȔ 
ȘȈșȗȘȍȌȍȓȍȕȐȍȔ) 
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ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ 

 passive_aggressive 
(ǷȈșșȐȊȕȖ-ȈȋȘȍșșȐȊȕȣȑ 
ȈȓȋȖȘȐȚȔ) 

 qda (ǲȊȈȌȘȈȚȐȟȕȣȑ 
ȌȐșȒȘȐȔȐȕȈȕȚȕȣȑ ȈȕȈȓȐȏ) 

 random_forest (ǹȓțȟȈȑȕȣȑ 
ȓȍș) 

 sgd (ǳȐȕȍȑȕȈȧ ȔȖȌȍȓȤ, 
ȖȉțȟȈȍȔȈȧ ȔȍȚȖȌȖȔ 
șȚȖȝȈșȚȐȟȍșȒȖȋȖ 
ȋȘȈȌȐȍȕȚȕȖȋȖ șȗțșȒȈ) 

 
ǺȐȗ ȘȍșȍȔȗȓȐȕȋȈ ǸȈșȒȘȣȊȈȦȡȐȑșȧ șȗȐșȖȒ șȖ 

șȓȍȌțȦȡȐȔȐ ȏȕȈȟȍȕȐȧȔȐ: 
 holdout 
 cv 

ǺȐȗ ȘȍșȍȔȗȓȐȕȋȈ ȊȣȉȖȘȒȐ. 
ǷȘȍȌțșȔȖȚȘȍȕȣ: 

 holdout (ǶȚȓȖȎȍȕȕȈȧ 
ȊȣȉȖȘȒȈ) 

 cv (ǲȘȖșș-ȊȈȓȐȌȈȞȐȧ) 
% ȖȉțȟȈȦȡȍȑ 
ȊȣȉȖȘȒȐ Ȍȓȧ 
AutoML 

ǷȖ țȔȖȓȟȈȕȐȦ - 0,67 % ǶȉțȟȈȦȡȍȑ ȊȣȉȖȘȒȐ, ȒȖȚȖȘȣȑ 
ȉțȌȍȚ ȐșȗȖȓȤȏȖȊȈȕ Ȍȓȧ AutoML 

ǷȍȘȍȔȍȠȈȚȤ 
ȕȈȉȓȦȌȍȕȐȧ 

ǿȍȒȉȖȒș ǷȘȐ ȊȣȉȖȘȍ ȥȚȖȑ ȖȗȞȐȐ 
ȕȈȉȓȦȌȍȕȐȧ ȉțȌțȚ ȗȍȘȍȔȍȠȈȕȣ 
ȏȈȕȖȊȖ 

ǲȖȓȐȟȍșȚȊȖ 
ȗȈȘȈȓȓȍȓȤȕȣȝ 
ȗȖȚȖȒȖȊ 

ǷȖ țȔȖȓȟȈȕȐȦ - 0 ǷȈȘȈȓȓȍȓȤȕȖȍ ȐșȗȖȓȕȍȕȐȍ 

ǴȍȚȘȐȒȈ ǸȈșȒȘȣȊȈȦȡȐȑșȧ șȗȐșȖȒ șȖ 
șȓȍȌțȦȡȐȔȐ ȏȕȈȟȍȕȐȧȔȐ: 

 AUC ROC 
 Logloss 
 Accuracy 
 Balanced accuracy 
 F1 
 Logloss 
 MSE 
 MAE 
 R2 

ǴȍȚȘȐȒȈ, ȒȖȚȖȘțȦ ȖȗȚȐȔȐȏȐȘțȍȚ 
AutoML. ǷȘȌțșȔȖȚȘȍȕȣ: 
Ǭȓȧ ȏȈȌȈȟȐ ȉȐȕȈȘȕȖȑ 
ȒȓȈșșȐȜȐȒȈȞȐȐ: 

 AUC ROC 
 Logloss 
 Accuracy 
 Balanced accuracy 
 F1 

Ǭȓȧ ȏȈȌȈȟȐ ȔȕȖȋȖȒȓȈșșȖȊȖȑ 
ȒȓȈșșȐȜȐȒȈȞȐȐ: 

 Logloss 
Ǭȓȧ ȏȈȌȈȟȐ ȘȍȋȘȍșșȐȐ: 

 MSE 
 MAE 
 R2 

ǲȖȥȜȜȐȞȐȍȕȚ 
șȎȈȚȐȧ ȌȈȚȈșȍȚȈ 

ǷȖ țȔȖȓȟȈȕȐȦ - 1 ǹȎȈȚȐȍ ȌȈȚȈșȍȚȈ Ȍȓȧ 
ȖȗȚȐȔȐȏȈȞȐȐ ȗȈȔȧȚȐ. ǹȎȈȚȐȍ 
ȊȣȗȖȓȕȧȍȚșȧ ȏȈ șȟёȚ șȖȒȘȈȡȍȕȐȧ 
ȚȖȟȕȖșȚȐ ȟȐșȍȓ ș ȗȓȈȊȈȦȡȍȑ 
ȚȖȟȒȖȑ. 

ǺȈȉȓȐȞȈ 42 ǷȈȘȈȔȍȚȘȣ țȏȓȈ «AutoML» 
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3.2.5.9. ǫȘțȗȗȈ țȏȓȖȊ «ǸȈȉȖȚȈ ș ȔȖȌȍȓȧȔȐ» 

3.2.5.9.1. ǻȏȍȓ «ǹȘȈȊȕȍȕȐȍ ȔȖȌȍȓȍȑ» 

ǻȏȍȓ «ǹȘȈȊȕȍȕȐȍ ȔȖȌȍȓȍȑ» ȖȞȍȕȐȊȈȍȚ ȗȖșȚȘȖȍȕȕȣȍ ȔȖȌȍȓȐ ȗȖ ȔȍȚȘȐȒȈȔ 
ȒȈȟȍșȚȊȈ Ȑ ȊȣȉȐȘȈȍȚ ȓțȟȠțȦ. 

ǹȗȐșȖȒ ȗȈȘȈȔȍȚȘȖȊ țȏȓȈ ȗȘȍȌșȚȈȊȓȍȕ Ȋ ȚȈȉȓȐȞȍ ȕȐȎȍ. 

ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ 

ǵȈȏȊȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ ȏȕȈȟȍȕȐȍ ȕȍȚ 

ǵȈȏȊȈȕȐȍ țȏȓȈ, ȒȖȚȖȘȖȍ 
ȉțȌȍȚ ȖȚȖȉȘȈȎȈȚȤșȧ Ȋ 
ȐȕȚȍȘȜȍȑșȍ 

ǶȗȐșȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ ȏȕȈȟȍȕȐȍ ȕȍȚ 

ǶȗȐșȈȕȐȍ țȏȓȈ 

ǴȍȚȘȐȒȈ Ȍȓȧ 
șȘȈȊȕȍȕȐȧ. 
ǸȍȋȘȍșșȐȧ 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ șȗȐșȖȒ șȖ 
șȓȍȌțȦȡȐȔȐ ȏȕȈȟȍȕȐȧȔȐ: 

 MSE 
 RMSE 
 MAE 
 MAPE 
 R2 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȔȍȚȘȐȒț, ȗȖ ȒȖȚȖȘȖȑ 
ȉțȌȍȚ ȗȘȖȐȏȊȖȌȐȚȤșȧ 
șȘȈȊȕȍȕȐȍ ȘȍȋȘȍșșȐȖȕȕȣȝ 
ȔȖȌȍȓȍȑ 

ǴȍȚȘȐȒȈ Ȍȓȧ 
șȘȈȊȕȍȕȐȧ. 
ǲȓȈșșȐȜȐȒȈȞȐȧ 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ șȗȐșȖȒ șȖ 
șȓȍȌțȦȡȐȔȐ ȏȕȈȟȍȕȐȧȔȐ: 

 log loss 
 Gini 
 AUC ROC 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȔȍȚȘȐȒț, ȗȖ ȒȖȚȖȘȖȑ 
ȉțȌȍȚ ȗȘȖȐȏȊȖȌȐȚȤșȧ 
șȘȈȊȕȍȕȐȍ ȔȖȌȍȓȍȑ 
ȒȓȈșșȐȜȐȒȈȞȐȐ 

ǪȣȉȖȘȒȈ Ȍȓȧ 
șȘȈȊȕȍȕȐȧ 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ șȗȐșȖȒ șȖ 
șȓȍȌțȦȡȐȔȐ ȏȕȈȟȍȕȐȧȔȐ: 

 ǶȉțȟȈȦȡȈȧ 
 ǪȈȓȐȌȈȞȐȖȕȕȈȧ 
 ǺȍșȚȖȊȈȧ 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȊȣȉȖȘȒț Ȍȓȧ șȘȈȊȕȍȕȐȧ 

ǺȈȉȓȐȞȈ 43 ǷȈȘȈȔȍȚȘȣ țȏȓȈ «ǹȘȈȊȕȍȕȐȍ ȔȖȌȍȓȍȑ» 

ǸȍȏțȓȤȚȈȚȣ ȊȣȗȖȓȕȍȕȐȧ țȏȓȈ: 

 ǺȈȉȓȐȞȈ ȖȚȘȈȕȎȐȘȖȊȈȕȕȣȝ ȗȖ ȊȣȉȘȈȕȕȖȑ ȔȍȚȘȐȒȍ ȔȖȌȍȓȍȑ ș țȒȈȏȈȕȐȍȔ 
ȔȖȌȍȓȐ-ȗȖȉȍȌȐȚȍȓȧ. 

 

ǸȐșțȕȖȒ 160 ǷȘȐȔȍȘ ȚȈȉȓȐȞȣ ș ȘȍȏțȓȤȚȈȚȈȔȐ șȘȈȊȕȍȕȐȧ ȔȖȌȍȓȍȑ 
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3.2.5.9.2. ǻȏȍȓ «ǸȍȋȐșȚȘȈȞȐȧ ȔȖȌȍȓȐ» 

ǻȏȍȓ «ǸȍȋȐșȚȘȈȞȐȧ ȔȖȌȍȓȐ» ȗȖȏȊȖȓȧȍȚ șȖȝȘȈȕȐȚȤ ȗȖșȚȘȖȍȕȕțȦ ȔȖȌȍȓȤ Ȋ 
ȊȣȉȘȈȕȕȖȔ ȗȘȖȍȒȚȍ ȘȍȗȖȏȐȚȖȘȐȧ Model Manager. 

ǪǨǮǵǶ! ǷȍȘȍȌ ȚȍȔ ȒȈȒ ȘȍȋȐșȚȘȐȘȖȊȈȚȤ ȔȖȌȍȓȤ Ȑȏ MD Ȋ ǸȍȗȖȏȐȚȖȘȐȑ 
(ȗȘȐ ȗȖȔȖȡȐ țȏȓȈ «ǸȍȋȐșȚȘȈȞȐȧ ȔȖȌȍȓȐ») ȕȍȖȉȝȖȌȐȔȖ șȖȏȌȈȚȤ ǷȘȖȍȒȚ 
MM. 

ȇȊȓȧȍȚșȧ ȒȖȕȍȟȕȣȔ țȏȓȖȔ șȞȍȕȈȘȐȧ ȔȖȌȍȓȐȘȖȊȈȕȐȧ. 

ǹȗȐșȖȒ ȗȈȘȈȔȍȚȘȖȊ țȏȓȈ ȗȘȍȌșȚȈȊȓȍȕ Ȋ ȚȈȉȓȐȞȍ ȕȐȎȍ. 

ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ 

ǵȈȏȊȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ ȏȕȈȟȍȕȐȍ ȕȍȚ 

ǵȈȏȊȈȕȐȍ țȏȓȈ, ȒȖȚȖȘȖȍ ȉțȌȍȚ 
ȖȚȖȉȘȈȎȈȚȤșȧ Ȋ ȐȕȚȍȘȜȍȑșȍ 

ǶȗȐșȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ ȏȕȈȟȍȕȐȍ ȕȍȚ 

ǶȗȐșȈȕȐȍ țȏȓȈ 

ǰȔȧ 
ȔȖȌȍȓȐ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ ȏȕȈȟȍȕȐȍ ȕȍȚ 

ǵȈȐȔȍȕȖȊȈȕȐȍ ȔȖȌȍȓȐ, ȒȖȚȖȘȖȍ ȉțȌȍȚ 
ȖȚȖȉȘȈȎȈȚȤșȧ Ȋ ȘȍȗȖȏȐȚȖȘȐȐ 

ǷȘȖȍȒȚ MM ǸȈșȒȘȣȊȈȦȡȐȑșȧ șȗȐșȖȒ ș 
ȌȖșȚțȗȕȣȔȐ ȗȘȖȍȒȚȈȔȐ 

ǪȣȉȖȘ ȗȘȖȍȒȚȈ MM, Ȋ ȒȖȚȖȘȖȔ ȉțȌȍȚ 
șȖȝȘȈȕȍȕȈ ȔȖȌȍȓȤ 

ǺȈȉȓȐȞȈ 44    ǷȈȘȈȔȍȚȘȣ țȏȓȈ «ǸȍȋȐșȚȘȈȞȐȧ ȔȖȌȍȓȐ» 

ǸȍȏțȓȤȚȈȚȣ ȊȣȗȖȓȕȍȕȐȧ țȏȓȈ: 
 ǫȘȈȜȐȟȍșȒȐȍ Ȑ ȚȈȉȓȐȟȕȣȍ ȗȘȍȌșȚȈȊȓȍȕȐȧ ȕȍ ȗȘȍȌțșȔȖȚȘȍȕȣ. 

3.2.5.9.3. ǻȏȍȓ «ǰȕȚȍȘȗȘȍȚȈȞȐȧ» 

ǴȍȚȖȌȣ țȏȓȈ «ǰȕȚȍȘȗȘȍȚȈȞȐȧ» ȗȖȏȊȖȓȧȦȚ ȖȉȢȧșȕȐȚȤ, ȒȈȒ ȖȚȌȍȓȤȕȣȍ ȗȘȐȏȕȈȒȐ Ȑ 
ȥȓȍȔȍȕȚȣ ȔȖȌȍȓȐ ȊȓȐȧȦȚ ȕȈ ȞȍȓȍȊțȦ ȗȍȘȍȔȍȕȕțȦ. ǸȍȒȖȔȍȕȌțȍȚșȧ țșȚȈȕȈȊȓȐȊȈȚȤ 
țȏȍȓ «ǼȐȓȤȚȘ» ȗȍȘȍȌ țȏȓȖȔ «ǰȕȚȍȘȗȘȍȚȈȞȐȧ» Ȍȓȧ ȖȚȉȖȘȈ ȕȈȉȓȦȌȍȕȐȑ, ȒȖȚȖȘȣȍ 
ȕȍȖȉȝȖȌȐȔȖ ȐȕȚȍȘȗȘȍȚȐȘȖȊȈȚȤ. ǩȖȓȤȠȖȍ ȒȖȓȐȟȍșȚȊȖ ȕȈȉȓȦȌȍȕȐȑ ȏȕȈȟȐȚȍȓȤȕȖ 
țȊȍȓȐȟȐȊȈȍȚ ȊȘȍȔȧ ȘȈșȟȍȚȈ. 

ǹȗȐșȖȒ ȗȈȘȈȔȍȚȘȖȊ țȏȓȈ ȗȘȍȌșȚȈȊȓȍȕ Ȋ ȚȈȉȓȐȞȍ ȕȐȎȍ. 

ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ 

ǵȈȏȊȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ 
ȏȕȈȟȍȕȐȍ ȕȍȚ 

ǵȈȏȊȈȕȐȍ țȏȓȈ, ȒȖȚȖȘȖȍ ȉțȌȍȚ ȖȚȖȉȘȈȎȈȚȤșȧ 
Ȋ ȐȕȚȍȘȜȍȑșȍ 

ǶȗȐșȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ 
ȏȕȈȟȍȕȐȍ ȕȍȚ 

ǶȗȐșȈȕȐȍ țȏȓȈ 

ǺȐȗ 
ȐȕȚȍȘȗȘȍȚȈȞȐȐ 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ șȗȐșȖȒ 
șȖ șȓȍȌțȦȡȐȔȐ 
ȏȕȈȟȍȕȐȧȔȐ: 

 LIME 
 PD 
 SHAP 
 ICE 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȍȚ ȚȐȗ ȐȕȚȍȘȗȘȍȚȈȞȐȐ. 
ǷȘȍȌțșȔȖȚȘȍȕȣ șȓȍȌțȦȡȐȍ ȔȍȚȖȌȣ: 
 LIME – ǳȖȒȈȓȤȕȣȍ ȐȕȚȍȘȗȘȍȚȐȘțȍȔȣȍ 

ȖȉȢȧșȕȍȕȐȧ ȔȖȌȍȓȐ 
 PD – ǿȈșȚȐȟȕȈȧ ȏȈȊȐșȐȔȖșȚȤ 
 SHAP – ǨȌȌȐȚȐȊȕȣȍ ȖȉȢȧșȕȍȕȐȧ ШȥȗȓȐ 
 ICE – ǰȕȌȐȊȐȌțȈȓȤȕȣȍ țșȓȖȊȕȣȍ 

ȖȎȐȌȈȕȐȧ 

ǺȈȉȓȐȞȈ 45 ǷȈȘȈȔȍȚȘȣ țȏȓȈ «ǰȕȚȍȘȗȘȍȚȈȞȐȧ» 
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ǲȈȎȌȣȑ Ȑȏ țȒȈȏȈȕȕȣȝ ȔȍȚȖȌȖȊ ȐȕȚȍȘȗȘȍȚȈȞȐȐ ȐȔȍȍȚ șȊȖȐ ȗȈȘȈȔȍȚȘȣ Ȑ ȘȍȏțȓȤȚȈȚȣ. 

 ǴȍȚȖȌ LIME (ȓȖȒȈȓȤȕȖ ȐȕȚȍȘȗȘȍȚȐȘțȍȔȖȍ ȖȉȢȧșȕȍȕȐȍ ȔȖȌȍȓȐ). 

ǬȈȕȕȣȑ ȔȍȚȖȌ șȚȘȖȐȚ ȔȖȌȍȓȤ ȓȐȕȍȑȕȖȑ ȘȍȋȘȍșșȐȐ, ȟȚȖȉȣ ȈȗȗȘȖȒșȐȔȐȘȖȊȈȚȤ 
ȗȘȍȌșȒȈȏȈȕȐȧ ȐșȝȖȌȕȖȑ ȕȍȐȕȚȍȘȗȘȍȚȐȘțȍȔȖȑ ȔȖȌȍȓȐ ȓȖȒȈȓȤȕȖ, Ȉ ȕȍ ȋȓȖȉȈȓȤȕȖ. 

Ǭȓȧ ȥȚȖȋȖ șȖȏȌȈȍȚșȧ ȕȖȊȣȑ ȕȈȉȖȘ ȌȈȕȕȣȝ Ȑȏ ȕȈȉȓȦȌȍȕȐȑ, ȒȖȚȖȘȣȍ ȕȈȝȖȌȧȚșȧ 
ȊȖȒȘțȋ ȊȣȉȘȈȕȕȖȋȖ Ȍȓȧ ȐȕȚȍȘȗȘȍȚȈȞȐȐ ȕȈȉȓȦȌȍȕȐȧ. ǯȈȚȍȔ ȥȚȖȚ ȕȖȊȣȑ ȕȈȉȖȘ 
ȌȈȕȕȣȝ ȐșȗȖȓȤȏțȍȚșȧ Ȍȓȧ ȖȉțȟȍȕȐȧ ȐȕȚȍȘȗȘȍȚȐȘțȍȔȖȑ ȓȐȕȍȑȕȖȑ ȔȖȌȍȓȐ. 

ǲȖȥȜȜȐȞȐȍȕȚȣ ȥȚȖȑ ȓȐȕȍȑȕȖȑ ȘȍȋȘȍșșȐȐ ȗȖȏȊȖȓȧȦȚ ȖȞȍȕȐȚȤ ȊȈȎȕȖșȚȤ Ȑ 
ȕȈȗȘȈȊȓȍȕȐȍ ȊȓȐȧȕȐȧ ȒȈȎȌȖȋȖ Ȑȏ ȗȘȍȌȐȒȚȖȘȖȊ ȗȘȐ ȗȖșȚȘȖȍȕȐȐ ȗȘȖȋȕȖȏȈ Ȍȓȧ 
ȊȣȉȘȈȕȕȖȋȖ ȕȈȉȓȦȌȍȕȐȧ. 

ǹȗȐșȖȒ ȗȈȘȈȔȍȚȘȖȊ ȔȍȚȖȌȈ LIME ȗȘȍȌșȚȈȊȓȍȕ Ȋ ȚȈȉȓȐȞȍ ȕȐȎȍ. 

ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ ȏȕȈȟȍȕȐȧ 
Ȑ ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ 

ǲȖȓȐȟȍșȚȊȖ 
ȗȘȐȏȕȈȒȖȊ 

ǸțȟȕȖȑ ȊȊȖȌ 
ȞȍȓȖȟȐșȓȍȕȕȖȋȖ ȏȕȈȟȍȕȐȧ 
ǷȖ țȔȖȓȟȈȕȐȦ — 5 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȒȖȓȐȟȍșȚȊȖ ȗȘȐȏȕȈȒȖȊ 

ǸȈȏȔȍȘ ȊȣȉȖȘȒȐ ǸțȟȕȖȑ ȊȊȖȌ 
ȞȍȓȖȟȐșȓȍȕȕȖȋȖ ȏȕȈȟȍȕȐȧ 
ǷȖ țȔȖȓȟȈȕȐȦ — 5000 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȘȈȏȔȍȘ 
ȊȣȉȖȘȒȐ 

ǲȖȓȐȟȍșȚȊȖ 
ȖȉȢȧșȕȧȍȔȣȝ ȒȓȈșșȖȊ 

ǸțȟȕȖȑ ȊȊȖȌ 
ȞȍȓȖȟȐșȓȍȕȕȖȋȖ ȏȕȈȟȍȕȐȧ 
ǷȖ țȔȖȓȟȈȕȐȦ — 0 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȒȖȓȐȟȍșȚȊȖ ȖȉȢȧșȕȧȍȔȣȝ ȒȓȈșșȖȊ 

Seed ǸțȟȕȖȑ ȊȊȖȌ ȟȐșȓȖȊȖȋȖ 
ȏȕȈȟȍȕȐȧ 
ǷȖ țȔȖȓȟȈȕȐȦ — 42 

ǵȈȟȈȓȤȕȖȍ ȟȐșȓȖȊȖȍ ȏȕȈȟȍȕȐȍ 
Ȍȓȧ ȋȍȕȍȘȈȚȖȘȈ șȓțȟȈȑȕȣȝ ȟȐșȍȓ 

ǺȈȉȓȐȞȈ 46 ǷȈȘȈȔȍȚȘȣ ȔȍȚȖȌȈ LIME 

ǸȍȏțȓȤȚȈȚȣ ȊȣȗȖȓȕȍȕȐȧ ȔȍȚȖȌȈ: 
Ǫ ȖȒȕȍ ș ȘȍȏțȓȤȚȈȚȈȔȐ ȊȖ ȊȒȓȈȌȒȍ ǪȣȉȖȘ ȕȈȉȓȦȌȍȕȐȑ ȕȍȖȉȝȖȌȐȔȖ țȒȈȏȈȚȤ 
ȕȈȉȓȦȌȍȕȐȍ Ȍȓȧ ȐȕȚȍȘȗȘȍȚȈȞȐȐ. ǪȖ ȊȒȓȈȌȒȈȝ ǫȘȈȜȐȟȍșȒȐȍ ȘȍȏțȓȤȚȈȚȣ Ȑ 
ǺȈȉȓȐȟȕȣȍ ȘȍȏțȓȤȚȈȚȣ ȉțȌțȚ ȖȚȖȉȘȈȎȍȕȣ șȗȐșȖȒ ȖȉȢȧșȕȍȕȐȑ, ȖȚȘȈȎȈȦȡȐȝ 
ȊȒȓȈȌ ȒȈȎȌȖȑ ȜțȕȒȞȐȐ Ȋ ȗȘȖȋȕȖȏ ȊȣȉȖȘȒȐ ȌȈȕȕȣȝ Ȋ ȊȐȌȍ ȋȘȈȜȐȒȖȊ Ȑ ȚȈȉȓȐȞȣ 
șȖȖȚȊȍȚșȚȊȍȕȕȖ (ȘȐșțȕȖȒ ȕȐȎȍ). ЭȚȖ ȖȉȍșȗȍȟȐȊȈȍȚ ȓȖȒȈȓȤȕțȦ ȐȕȚȍȘȗȘȍȚȐȘțȍȔȖșȚȤ, 
Ȉ ȚȈȒȎȍ ȗȖȏȊȖȓȧȍȚ ȖȗȘȍȌȍȓȐȚȤ, ȒȈȒȐȍ ȐȏȔȍȕȍȕȐȧ ȝȈȘȈȒȚȍȘȐșȚȐȒ ȖȒȈȎțȚ ȕȈȐȉȖȓȤȠȍȍ 
ȊȓȐȧȕȐȍ ȕȈ ȗȘȖȋȕȖȏ. 

 

 

ǸȐșțȕȖȒ 161 ǷȘȐȔȍȘ ȋȘȈȜȐȟȍșȒȐȝ Ȑ ȚȈȉȓȐȟȕȣȝ ȘȍȏțȓȤȚȈȚȖȊ ȔȍȚȖȌȈ LIME 
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 ǴȍȚȖȌ PD. 

ǫȘȈȜȐȒ ȟȈșȚȐȟȕȖȑ ȏȈȊȐșȐȔȖșȚȐ (Partial Dependence Plots – PDP) ȗȖȒȈȏȣȊȈȍȚ, ȒȈȒ 
ȔȍȕȧȍȚșȧ șȘȍȌȕȐȑ ȗȘȖȋȕȖȏ ȗȘȐ ȐȏȔȍȕȍȕȐȐ ȖȌȕȖȋȖ Ȑȏ ȗȘȍȌȐȒȚȖȘȖȊ. 

ǨȓȋȖȘȐȚȔ ȘȈȉȖȚȣ ȔȍȚȖȌȈ PD: ȊȣȉȐȘȈȍȚșȧ ȗȍȘȍȔȍȕȕȈȧ Ȑ ȕȍȗȘȍȘȣȊȕȖ ȐȏȔȍȕȧȍȚșȧ 
ȍȍ ȏȕȈȟȍȕȐȍ. ǵȈ ȋȘȈȜȐȒ ȕȈȕȖșȧȚșȧ ȥȚȐ ȏȕȈȟȍȕȐȧ ȗȍȘȍȔȍȕȕȖȑ Ȑ șȖȖȚȊȍȚșȚȊțȦȡȍȍ 
șȘȍȌȕȍȍ ȏȕȈȟȍȕȐȍ ȗȘȖȋȕȖȏȈ ȗȖ ȊȣȉȖȘȒȍ. ǺȈȒȐȔ ȖȉȘȈȏȖȔ ȗȖȓțȟȈȍȚșȧ ȋȘȈȜȐȒ 
ȏȈȊȐșȐȔȖșȚȐ ȗȘȖȋȕȖȏȐȘțȍȔȣȝ ȘȍȏțȓȤȚȈȚȖȊ ȖȚ ȏȕȈȟȍȕȐȑ ȗȍȘȍȔȍȕȕȖȑ. 

ǬȈȕȕȣȑ ȋȘȈȜȐȒ ȟȈșȚȐȟȕȖȑ ȏȈȊȐșȐȔȖșȚȐ ȔȖȎȍȚ ȗȖȒȈȏȈȚȤ, ȧȊȓȧȍȚșȧ ȓȐ ȖȚȕȖȠȍȕȐȍ 
ȔȍȎȌț ȞȍȓȤȦ Ȑ ȗȘȐȏȕȈȒȖȔ ȓȐȕȍȑȕȣȔ, ȔȖȕȖȚȖȕȕȣȔ ȐȓȐ ȉȖȓȍȍ șȓȖȎȕȣȔ. ǵȈȗȘȐȔȍȘ, 
ȗȘȐ ȗȘȐȔȍȕȍȕȐȐ Ȓ ȔȖȌȍȓȐ ȓȐȕȍȑȕȖȑ ȘȍȋȘȍșșȐȐ ȋȘȈȜȐȒȐ ȟȈșȚȐȟȕȖȑ ȏȈȊȐșȐȔȖșȚȐ 
ȊșȍȋȌȈ ȗȖȒȈȏȣȊȈȦȚ ȓȐȕȍȑȕțȦ ȏȈȊȐșȐȔȖșȚȤ. 

ǹȗȐșȖȒ ȗȈȘȈȔȍȚȘȖȊ ȔȍȚȖȌȈ PD ȗȘȍȌșȚȈȊȓȍȕ Ȋ ȚȈȉȓȐȞȍ ȕȐȎȍ. 

ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ 

ǸȈȏȔȍȘ 
ȊȣȉȖȘȒȐ 

ǸțȟȕȖȑ ȊȊȖȌ 
ȞȍȓȖȟȐșȓȍȕȕȖȋȖ 
ȏȕȈȟȍȕȐȧ 
ǷȖ țȔȖȓȟȈȕȐȦ — 5000 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȘȈȏȔȍȘ ȊȣȉȖȘȒȐ 

ǲȖȓȐȟȍșȚȊȖ 
ȉȐȕȖȊ 

ǸțȟȕȖȑ ȊȊȖȌ 
ȞȍȓȖȟȐșȓȍȕȕȖȋȖ 
ȏȕȈȟȍȕȐȧ 
ǷȖ țȔȖȓȟȈȕȐȦ — 5 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȒȖȓȐȟȍșȚȊȖ ȉȐȕȖȊ 

ǲȊȈȕȚȐȓȐ ǺȈȉȓȐȞȈ șȖ ȏȕȈȟȍȕȐȧȔȐ 
ȓȍȊȖȋȖ Ȑ ȗȘȈȊȖȋȖ 
ȒȊȈȕȚȐȓȍȑ 

Ǭȓȧ ȘȍȌȈȒȚȐȘȖȊȈȕȐȧ ȏȕȈȟȍȕȐȑ ȒȊȈȕȚȐȓȍȑ 
ȕȍȖȉȝȖȌȐȔȖ ȊȣȉȘȈȚȤ șșȣȓȒț ǸȍȌȈȒȚȐȘȖȊȈȚȤ. 
Ǫ ȖȚȒȘȣȊȠȍȔșȧ ȖȒȕȍ ȏȈȌȈȚȤ ȕȖȊȣȍ ȏȕȈȟȍȕȐȧ 
ȒȊȈȕȚȐȓȍȑ. 

Seed ǸțȟȕȖȑ ȊȊȖȌ ȟȐșȓȖȊȖȋȖ 
ȏȕȈȟȍȕȐȧ 
ǷȖ țȔȖȓȟȈȕȐȦ — 42 

ǵȈȟȈȓȤȕȖȍ ȟȐșȓȖȊȖȍ ȏȕȈȟȍȕȐȍ Ȍȓȧ ȋȍȕȍȘȈȚȖȘȈ 
șȓțȟȈȑȕȣȝ ȟȐșȍȓ 

ǷȖȓȕȣȑ 
ȉȐȕȕȐȕȋ 

ǿȍȒȉȖȒș ǪȣȉȖȘ ȌȈȕȕȖȋȖ ȟȍȒȉȖȒșȈ țȒȈȏȣȊȈȍȚ ȕȈ 
ȕȍȖȉȝȖȌȐȔȖșȚȤ ȗȖȓȕȖȋȖ ȉȐȕȕȐȕȋȈ 

ǺȈȉȓȐȞȈ 47 ǷȈȘȈȔȍȚȘȣ ȔȍȚȖȌȈ PD 

ǸȍȏțȓȤȚȈȚȣ ȊȣȗȖȓȕȍȕȐȧ ȔȍȚȖȌȈ: 
Ǫ ȖȒȕȍ ș ȘȍȏțȓȤȚȈȚȈȔȐ ȊȖ ȊȒȓȈȌȒȍ ǫȘȈȜȐȟȍșȒȐȍ ȘȍȏțȓȤȚȈȚȣ ȊȣȉȘȈȚȤ ȗȘȍȌȐȒȚȖȘ Ȑ 
ȒȓȈșș, ȟȚȖȉȣ ȋȘȈȜȐȒ ȖȚȘȈȏȐȓ șȊȧȏȤ ȔȍȎȌț ȗȘȍȌȐȒȚȖȘȖȔ Ȑ ȗȘȖȋȕȖȏȖȔ. 

 

ǸȐșțȕȖȒ 162 ǷȘȐȔȍȘ ȋȘȈȜȐȟȍșȒȐȝ ȘȍȏțȓȤȚȈȚȖȊ ȔȍȚȖȌȈ PD 
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 ǴȍȚȖȌ SHAP (Shapley Additive Explanation). 

SHAP value ȗȖȒȈȏȣȊȈȍȚ șȘȍȌȕȐȑ ȊȒȓȈȌ ȒȈȎȌȖȋȖ ȗȘȍȌȐȒȚȖȘȈ Ȋ ȜȖȘȔȐȘȖȊȈȕȐȍ 
ȗȘȖȋȕȖȏȈ Ȍȓȧ ȕȈȉȓȦȌȍȕȐȧ, ȊȣȉȘȈȕȕȖȋȖ Ȍȓȧ ȐȕȚȍȘȗȘȍȚȈȞȐȐ. ǻșȘȍȌȕȍȕȐȍ ȌȍȓȈȍȚșȧ ȗȖ 
ȊșȍȊȖȏȔȖȎȕȣȔ ȒȖȔȉȐȕȈȞȐȧȔ Ȋșȍȝ ȖșȚȈȓȤȕȣȝ ȗȘȍȌȐȒȚȖȘȖȊ. 

ǨȓȋȖȘȐȚȔ ȘȈșȟȍȚȈ SHAP values: Ǭȓȧ ȒȈȎȌȖȋȖ ȊȖȏȔȖȎȕȖȋȖ țȗȖȘȧȌȖȟȐȊȈȕȐȧ 
ȗȘȐȏȕȈȒȖȊ ȉȍȘțȚșȧ Ȋșȍ ȗȘȐȏȕȈȒȐ, șȚȖȧȡȐȍ ȗȍȘȍȌ i-Ȕ ȗȘȐȏȕȈȒȖȔ, Ȑ șȟȐȚȈȍȚșȧ 
ȊȍȓȐȟȐȕȈ (ȗȘȐȘȖșȚ ȥȜȜȍȒȚȐȊȕȖșȚȐ ȖȚ ȌȖȉȈȊȓȍȕȐȧ ȗȘȐȏȕȈȒȈ i Ȋ ȒȖȔȉȐȕȈȞȐȦ 
ȗȘȐȏȕȈȒȖȊ), ȘȈȊȕȈȧ ȘȈȏȕȖșȚȐ ȔȍȎȌț ȜȈȒȚȐȟȍșȒȐȔ ȗȘȖȋȕȖȏȖȔ Ȑ ȗȘȖȋȕȖȏȖȔ ș țȟȍȚȖȔ 
ȚȍȒțȡȍȋȖ ȕȈȉȖȘȈ ȏȕȈȟȍȕȐȑ ȗȘȐȏȕȈȒȈ. ǷȖșȓȍ ȟȍȋȖ ȗȖȓțȟȍȕȕȣȍ ȏȕȈȟȍȕȐȧ 
țșȘȍȌȕȧȦȚșȧ ȗȖ ȊșȍȔ țȗȖȘȧȌȖȟȐȊȈȕȐȧȔ. ЭȚȖ ȖȏȕȈȟȈȍȚ, ȟȚȖ SHAP values 
ȖȗȐșȣȊȈȦȚ ȖȎȐȌȈȍȔȣȑ ȗȘȐȘȖșȚ ȊȣȝȖȌȕȖȋȖ ȏȕȈȟȍȕȐȧ ȔȖȌȍȓȐ ȗȘȐ ȌȖȉȈȊȓȍȕȐȐ i-ȋȖ 

ȗȘȐȏȕȈȒȈ Ȋ ȚȍȒțȡȍȔ ȗȘȐȔȍȘȍ. 

ǹȗȐșȖȒ ȗȈȘȈȔȍȚȘȖȊ ȔȍȚȖȌȈ SHAP ȗȘȍȌșȚȈȊȓȍȕ Ȋ ȚȈȉȓȐȞȍ ȕȐȎȍ. 

ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ 

ǸȈȏȔȍȘ ȊȣȉȖȘȒȐ ǸțȟȕȖȑ ȊȊȖȌ ȞȍȓȖȟȐșȓȍȕȕȖȋȖ 
ȏȕȈȟȍȕȐȧ 
ǷȖ țȔȖȓȟȈȕȐȦ — 100 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȘȈȏȔȍȘ 
ȊȣȉȖȘȒȐ 

ǲȖȓȐȟȍșȚȊȖ 
ȗȍȘȍșȚȈȕȖȊȖȒ 

ǸțȟȕȖȑ ȊȊȖȌ ȞȍȓȖȟȐșȓȍȕȕȖȋȖ 
ȏȕȈȟȍȕȐȧ 
ǷȖ țȔȖȓȟȈȕȐȦ — 10 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȒȖȓȐȟȍșȚȊȖ ȗȍȘȍșȚȈȕȖȊȖȒ 

ǺȈȉȓȐȞȈ 48 ǷȈȘȈȔȍȚȘȣ ȔȍȚȖȌȈ SHAP 

ǸȍȏțȓȤȚȈȚȣ ȊȣȗȖȓȕȍȕȐȧ ȔȍȚȖȌȈ: 
Ǫ ȖȒȕȍ ș ȘȍȏțȓȤȚȈȚȈȔȐ ȊȖ ȊȒȓȈȌȒȍ ǪȣȉȖȘ ȕȈȉȓȦȌȍȕȐȑ ȕȍȖȉȝȖȌȐȔȖ țȒȈȏȈȚȤ 
ȕȈȉȓȦȌȍȕȐȍ Ȍȓȧ ȐȕȚȍȘȗȘȍȚȈȞȐȐ. ǪȖ ȊȒȓȈȌȒȈȝ ǫȘȈȜȐȟȍșȒȐȍ ȘȍȏțȓȤȚȈȚȣ Ȑ 
ǺȈȉȓȐȟȕȣȍ ȘȍȏțȓȤȚȈȚȣ ȉțȌțȚ ȖȚȖȉȘȈȎȍȕȣ șȗȐșȖȒ ȖȉȢȧșȕȍȕȐȑ, ȖȚȘȈȎȈȦȡȐȝ 
ȊȒȓȈȌ ȒȈȎȌȖȑ ȜțȕȒȞȐȐ Ȋ ȗȘȖȋȕȖȏ ȊȣȉȖȘȒȐ ȌȈȕȕȣȝ Ȋ ȊȐȌȍ ȋȘȈȜȐȒȖȊ Ȑ ȚȈȉȓȐȞȣ 
șȖȖȚȊȍȚșȚȊȍȕȕȖ. 
  

 

ǸȐșțȕȖȒ 163 ǷȘȐȔȍȘ ȋȘȈȜȐȟȍșȒȐȝ Ȑ ȚȈȉȓȐȟȕȣȝ ȘȍȏțȓȤȚȈȚȖȊ ȔȍȚȖȌȈ SHAP 

 

 



 

 

 256 

 ǴȍȚȖȌ ICE — ǰȕȌȐȊȐȌțȈȓȤȕȣȍ țșȓȖȊȕȣȍ ȖȎȐȌȈȕȐȧ. 

ǫȘȈȜȐȒ ȐȕȌȐȊȐȌțȈȓȤȕȖȋȖ țșȓȖȊȕȖȋȖ ȖȎȐȌȈȕȐȧ (ICE) ȗȖȒȈȏȣȊȈȍȚ, ȒȈȒ 
ȔȍȕȧȍȚșȧ ȗȘȖȋȕȖȏ ȔȖȌȍȓȐ ȕȈ ȖȌȕȖȔ ȐȓȐ ȕȍșȒȖȓȤȒȐȝ ȕȈȉȓȦȌȍȕȐȧȝ ȗȘȐ ȐȏȔȍȕȍȕȐȐ 
ȖȌȕȖȋȖ Ȑȏ ȗȘȍȌȐȒȚȖȘȖȊ. ǶȌȕȈȒȖ, Ȋ ȖȚȓȐȟȐȍ ȖȚ PDP, ȒȖȚȖȘȣȑ ȗȖȒȈȏȣȊȈȍȚ șȘȍȌȕȐȑ 
ȥȜȜȍȒȚ ȊȝȖȌȕȖȑ ȝȈȘȈȒȚȍȘȐșȚȐȒȐ, ȋȘȈȜȐȒ ICE ȊȐȏțȈȓȐȏȐȘțȍȚ ȏȈȊȐșȐȔȖșȚȤ ȗȘȖȋȕȖȏȈ 
ȖȚ ȝȈȘȈȒȚȍȘȐșȚȐȒȐ Ȍȓȧ ȒȈȎȌȖȑ ȊȣȉȖȘȒȐ ȖȚȌȍȓȤȕȖ ș ȖȌȕȖȑ șȚȘȖȒȖȑ ȕȈ ȊȣȉȖȘȒț. 

ǹȗȐșȖȒ ȗȈȘȈȔȍȚȘȖȊ ȔȍȚȖȌȈ ICE ȗȘȍȌșȚȈȊȓȍȕ Ȋ ȚȈȉȓȐȞȍ ȕȐȎȍ. 

ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ 

ǸȈȏȔȍȘ 
ȊȣȉȖȘȒȐ 

ǸțȟȕȖȑ ȊȊȖȌ 
ȞȍȓȖȟȐșȓȍȕȕȖȋȖ 
ȏȕȈȟȍȕȐȧ 
ǷȖ țȔȖȓȟȈȕȐȦ — 5000 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȘȈȏȔȍȘ ȊȣȉȖȘȒȐ 

ǲȖȓȐȟȍșȚȊȖ 
ȉȐȕȖȊ 

ǸțȟȕȖȑ ȊȊȖȌ 
ȞȍȓȖȟȐșȓȍȕȕȖȋȖ 
ȏȕȈȟȍȕȐȧ 
ǷȖ țȔȖȓȟȈȕȐȦ — 5 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȒȖȓȐȟȍșȚȊȖ ȉȐȕȖȊ 

ǲȊȈȕȚȐȓȐ ǺȈȉȓȐȞȈ șȖ ȏȕȈȟȍȕȐȧȔȐ 
ȓȍȊȖȋȖ Ȑ ȗȘȈȊȖȋȖ 
ȒȊȈȕȚȐȓȍȑ 

Ǭȓȧ ȘȍȌȈȒȚȐȘȖȊȈȕȐȧ ȏȕȈȟȍȕȐȑ ȒȊȈȕȚȐȓȍȑ 
ȕȍȖȉȝȖȌȐȔȖ ȊȣȉȘȈȚȤ șșȣȓȒț ǸȍȌȈȒȚȐȘȖȊȈȚȤ. Ǫ 
ȖȚȒȘȣȊȠȍȔșȧ ȖȒȕȍ ȏȈȌȈȚȤ ȕȖȊȣȍ ȏȕȈȟȍȕȐȧ 
ȒȊȈȕȚȐȓȍȑ. 

Seed ǸțȟȕȖȑ ȊȊȖȌ ȟȐșȓȖȊȖȋȖ 
ȏȕȈȟȍȕȐȧ 
ǷȖ țȔȖȓȟȈȕȐȦ — 42 

ǵȈȟȈȓȤȕȖȍ ȟȐșȓȖȊȖȍ ȏȕȈȟȍȕȐȍ Ȍȓȧ ȋȍȕȍȘȈȚȖȘȈ 
șȓțȟȈȑȕȣȝ ȟȐșȍȓ 

ǷȖȓȕȣȑ 
ȉȐȕȕȐȕȋ 

ǿȍȒȉȖȒș ǪȣȉȖȘ ȌȈȕȕȖȋȖ ȟȍȒȉȖȒșȈ țȒȈȏȣȊȈȍȚ ȕȈ 
ȕȍȖȉȝȖȌȐȔȖșȚȤ ȗȖȓȕȖȋȖ ȉȐȕȕȐȕȋȈ 

ǺȈȉȓȐȞȈ 49 ǷȈȘȈȔȍȚȘȣ ȔȍȚȖȌȈ ICE 

ǸȍȏțȓȤȚȈȚȣ ȊȣȗȖȓȕȍȕȐȧ ȔȍȚȖȌȈ: 
Ǫ ȖȒȕȍ ș ȘȍȏțȓȤȚȈȚȈȔȐ ȊȖ ȊȒȓȈȌȒȍ ǫȘȈȜȐȟȍșȒȐȍ ȘȍȏțȓȤȚȈȚȣ ȊȣȉȘȈȚȤ ȗȘȍȌȐȒȚȖȘ Ȑ 
ȒȓȈșș, ȟȚȖȉȣ ȋȘȈȜȐȒ ȖȚȘȈȏȐȓ șȊȧȏȤ ȔȍȎȌț ȗȘȍȌȐȒȚȖȘȖȔ Ȑ ȏȕȈȟȍȕȐȍȔ. 

 

ǸȐșțȕȖȒ 164  ǷȘȐȔȍȘ ȋȘȈȜȐȟȍșȒȐȝ ȘȍȏțȓȤȚȈȚȖȊ ȔȍȚȖȌȈ ICE 
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3.2.5.9.4. ǻȏȍȓ «ǷȖȌȉȖȘ ȖȚșȍȟȒȐ (Cut off)» 

ǻȏȍȓ «ǷȖȌȉȖȘ ȖȚșȍȟȒȐ» ȗȖȏȊȖȓȧȍȚ ȖȗȘȍȌȍȓȐȚȤ ȖȗȚȐȔȈȓȤȕȣȑ ȗȖȘȖȋ ȖȚșȍȟȍȕȐȧ. 
ǷȖȘȖȋ ȖȚșȍȟȍȕȐȧ ȕțȎȍȕ Ȍȓȧ ȚȖȋȖ, ȟȚȖȉȣ ȖȚȕȖșȐȚȤ ȕȖȊȣȍ ȗȘȐȔȍȘȣ Ȓ ȖȌȕȖȔț Ȑȏ ȌȊțȝ 
ȒȓȈșșȖȊ (ȏȈȌȈȟȈ ȉȐȕȈȘȕȖȑ ȒȓȈșșȐȜȐȒȈȞȐȐ). 
ǹȗȐșȖȒ ȗȈȘȈȔȍȚȘȖȊ țȏȓȈ ȗȘȍȌșȚȈȊȓȍȕ Ȋ ȚȈȉȓȐȞȍ ȕȐȎȍ. 

ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ 

ǵȈȏȊȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ ȏȕȈȟȍȕȐȍ ȕȍȚ 

ǵȈȏȊȈȕȐȍ țȏȓȈ, ȒȖȚȖȘȖȍ ȉțȌȍȚ 
ȖȚȖȉȘȈȎȈȚȤșȧ Ȋ ȐȕȚȍȘȜȍȑșȍ 

ǶȗȐșȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ ȏȕȈȟȍȕȐȍ ȕȍȚ 

ǶȗȐșȈȕȐȍ țȏȓȈ 

ǲȖȓȐȟȍșȚȊȖ 
ȘȈȏȉȐȍȕȐȑ 

ǸțȟȕȖȑ ȊȊȖȌ ȞȍȓȖȟȐșȓȍȕȕȖȋȖ 
ȏȕȈȟȍȕȐȧ 
ǷȖ țȔȖȓȟȈȕȐȦ — 100 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȒȖȓȐȟȍșȚȊȖ ȘȈȏȉȐȍȕȐȑ 

ǸȈȏȔȍȘ ȉȐȕȈ 
Ȍȓȧ Lift 

ǸțȟȕȖȑ ȊȊȖȌ ȞȍȓȖȟȐșȓȍȕȕȖȋȖ 
ȏȕȈȟȍȕȐȧ 
ǷȖ țȔȖȓȟȈȕȐȦ — 20 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȘȈȏȔȍȘ 
ȉȐȕȈ Ȍȓȧ ȘȈșȟȍȚȈ Lift 

ǲȘȐȚȍȘȐȑ 
ȖȚșȍȟȒȐ 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ șȗȐșȖȒ șȖ 
șȓȍȌțȦȡȐȔȐ ȏȕȈȟȍȕȐȧȔȐ: 

 ǿȐșȓȖ (ȗȖ țȔȖȓȟȈȕȐȦ) 
 ǲȖȓȔȖȋȖȘȖȊȈ-ǹȔȐȘȕȖȊȈ 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȒȘȐȚȍȘȐȑ ȊȣȉȖȘȈ ȗȖȘȖȋȈ 
ȖȚșȍȟȍȕȐȧ 

ǶȚșȍȟȒȈ ǸțȟȕȖȑ ȊȊȖȌ 
ǿȐșȓȖ ȉȖȓȤȠȍ 0 ȔȍȕȤȠȍ 1 
ǷȖ țȔȖȓȟȈȕȐȦ — 0,5 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ ȗȖȘȖȋ 
ȖȚșȍȟȒȐ 

ǺȈȉȓȐȞȈ 50 ǷȈȘȈȔȍȚȘȣ țȏȓȈ «ǷȖȌȉȖȘ ȖȚșȍȟȒȐ (Cut off)» 

ǸȍȏțȓȤȚȈȚȣ ȊȣȗȖȓȕȍȕȐȧ țȏȓȈ: 

 ǺȈȉȓȐȞȈ șȖ șȚȈȚȐșȚȐȒȖȑ ȘȈȏȉȐȍȕȐȧ, Ȋ ȒȖȚȖȘȖȑ ȖȚȘȈȎȍȕȣ șȓȍȌțȦȡȐȍ 
ȗȖȒȈȏȈȚȍȓȐ: 

o Cutoff value – ȏȕȈȟȍȕȐȍ ȗȖȘȖȋȈ ȖȚșȍȟȍȕȐȧ (șȟȐȚȈȍȚșȧ Ȋ șȖȖȚȊȍȚșȚȊȐȐ ș 
ȏȈȌȈȕȕȣȔ ȗȈȘȈȔȍȚȘȖȔ ǲȖȓȐȟȍșȚȊȖ ȘȈȏȉȐȍȕȐȑ). 

o True Positives – ȒȖȓȐȟȍșȚȊȖ ȊȍȘȕȖ ȒȓȈșșȐȜȐȞȐȘȖȊȈȕȕȣȝ 
ȗȖȓȖȎȐȚȍȓȤȕȣȝ ȗȘȐȔȍȘȖȊ. 

o False Positives – ȒȖȓȐȟȍșȚȊȖ ȕȍȊȍȘȕȖ ȒȓȈșșȐȜȐȞȐȘȖȊȈȕȕȣȝ 
ȗȖȓȖȎȐȚȍȓȤȕȣȝ ȗȘȐȔȍȘȖȊ. 

o True Negatives – ȒȖȓȐȟȍșȚȊȖ ȊȍȘȕȖ ȒȓȈșșȐȜȐȞȐȘȖȊȈȕȕȣȝ 
ȖȚȘȐȞȈȚȍȓȤȕȣȝ ȗȘȐȔȍȘȖȊ. 

o False Negatives – ȒȖȓȐȟȍșȚȊȖ ȕȍȊȍȘȕȖ ȒȓȈșșȐȜȐȞȐȘȖȊȈȕȕȣȝ 
ȖȚȘȐȞȈȚȍȓȤȕȣȝ ȗȘȐȔȍȘȖȊ. 

o Predicted Positive – șțȔȔȈ True Positives Ȑ False Positives. 

o Predicted Negative – șțȔȔȈ True Negatives Ȑ False Negatives. 

o False Positives and Negatives – șțȔȔȈ False Positives Ȑ False Negatives 

o True Positives and Negatives – șțȔȔȈ True Positives Ȑ True Negatives 
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o Accuracy – ȘȍȏțȓȤȚȈȚ ȌȍȓȍȕȐȧ șțȔȔȣ True Positive Ȑ True Negative ȕȈ 
șțȔȔț Ȋșȍȝ ȏȕȈȟȍȕȐȑ (ȌȖȓȧ ȗȘȈȊȐȓȤȕȣȝ ȖȚȊȍȚȖȊ). 

o True Positive Rate (Recall, ȗȖȓȕȖȚȈ) – ȌȖȓȧ ȕȈȑȌȍȕȕȣȝ ȖȉȢȍȒȚȖȊ ȒȓȈșșȈ 
Ȓ ȖȉȡȍȔț ȟȐșȓț ȖȉȢȍȒȚȖȊ ȒȓȈșșȈ. ǷȖȒȈȏȣȊȈȍȚ, ȕȈșȒȖȓȤȒȖ ȝȖȘȖȠȖ 
ȒȓȈșșȐȜȐȒȈȚȖȘ ȕȈȝȖȌȐȚ ȖȉȢȍȒȚȣ Ȑȏ ȒȓȈșșȈ. 

o True Negative Rate – ȌȖȓȧ ȊȍȘȕȖ ȒȓȈșșȐȜȐȞȐȘȖȊȈȕȕȣȝ ȖȚȘȐȞȈȚȍȓȤȕȣȝ 
ȗȘȐȔȍȘȖȊ ȖȚ ȖȉȡȍȋȖ ȒȖȓȐȟȍșȚȊȈ ȖȚȘȐȞȈȚȍȓȤȕȣȝ ȗȘȐȔȍȘȖȊ. 

o False Positive Rate – ȌȖȓȧ ȕȍȊȍȘȕȣȝ șȘȈȉȈȚȣȊȈȕȐȑ ȒȓȈșșȐȜȐȒȈȚȖȘȈ Ȓ 
ȖȉȡȍȔț ȟȐșȓț ȖȉȢȍȒȚȖȊ ȏȈ ȗȘȍȌȍȓȈȔȐ ȒȓȈșșȈ. ǷȖȒȈȏȣȊȈȍȚ, ȕȈșȒȖȓȤȒȖ 
ȟȈșȚȖ ȒȓȈșșȐȜȐȒȈȚȖȘ ȖȠȐȉȈȍȚșȧ ȗȘȐ ȖȚȕȍșȍȕȐȐ ȚȖȋȖ ȐȓȐ ȐȕȖȋȖ ȖȉȢȍȒȚȈ 
Ȓ ȒȓȈșșț. 

o Precision (ȚȖȟȕȖșȚȤ) – ȗȖȒȈȏȣȊȈȍȚ ȌȖȓȦ ȖȉȢȍȒȚȖȊ ȒȓȈșșȈ șȘȍȌȐ 
ȖȉȢȍȒȚȖȊ, ȊȣȌȍȓȍȕȕȣȝ ȒȓȈșșȐȜȐȒȈȚȖȘȖȔ. 

o F-score – ȋȈȘȔȖȕȐȟȍșȒȖȍ șȘȍȌȕȍȍ ȔȍȎȌț ȚȖȟȕȖșȚȤȦ Ȑ ȗȖȓȕȖȚȖȑ. 

o KS (Kolmogorov-Smirnov statistic). 

o partition_id (ȍșȓȐ ȉȣȓ Ȋ ȊȣȉȖȘȒȍ). 

 

ǸȐșțȕȖȒ 165 ǷȘȐȔȍȘ ȚȈȉȓȐȞȣ șȖ șȚȈȚȐșȚȐȒȖȑ ȘȈȏȉȐȍȕȐȧ 

 ǺȈȉȓȐȞȈ ș ȔȍȚȘȐȒȈȔȐ. 

 

 

ǸȐșțȕȖȒ 166 ǷȘȐȔȍȘ ȚȈȉȓȐȞȣ ș ȔȍȚȘȐȒȈȔȐ 
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3.2.6. ǲȘȖșș-ȊȈȓȐȌȈȞȐȧ 

Ǭȓȧ ȗȖȊȣȠȍȕȐȧ ȕȈȌȍȎȕȖșȚȐ ȔȖȌȍȓȍȑ ȗȘȍȌțșȔȖȚȘȍȕȈ ȒȘȖșș-ȊȈȓȐȌȈȞȐȧ. 

ǲȘȖșș-ȊȈȓȐȌȈȞȐȧ (ȗȍȘȍȒȘȍșȚȕȈȧ ȗȘȖȊȍȘȒȈ) — ȔȍȚȖȌ ȖȉțȟȍȕȐȧ Ȑ ȖȞȍȕȒȐ 
ȔȖȌȍȓȐ, ȗȘȐ ȒȖȚȖȘȖȔ ȐșȝȖȌȕȖȍ ȔȕȖȎȍșȚȊȖ ȌȈȕȕȣȝ ȘȈȏȌȍȓȧȍȚșȧ ȕȈ ȕȍșȒȖȓȤȒȖ ȉȓȖȒȖȊ 
Ȑ ȔȖȌȍȓȤ ȖȉțȟȈȍȚșȧ ȕȈ ȥȚȐȝ ȉȓȖȒȈȝ. 

Ǭȓȧ ȐșȗȖȓȤȏȖȊȈȕȐȧ ȒȘȖșș-ȊȈȓȐȌȈȞȐȐ ȕȍȖȉȝȖȌȐȔȖ ȕȈȑȚȐ Ȋ ȉȖȒȖȊȖȑ ȗȈȕȍȓȐ ȘȈȏȌȍȓ 
ǲȘȖșș-ȊȈȓȐȌȈȞȐȧ Ȑ ȊȣȉȘȈȚȤ ȟȍȒȉȖȒș ǰșȗȖȓȤȏȖȊȈȚȤ ȒȘȖșș-ȊȈȓȐȌȈȞȐȦ. Ǫ 
ȘȍȏțȓȤȚȈȚȍ ȌȖȓȎȕȣ ȗȖȧȊȐȚȤșȧ șȓȍȌțȦȡȐȍ ȗȈȘȈȔȍȚȘȣ Ȋ șȖȖȚȊȍȚșȚȊȐȐ ș ȚȈȉȓȐȞȍȑ 
ȕȐȎȍ. 

ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ 

ǲȖȓȐȟȍșȚȊȖ 
ȘȈȏȉȐȍȕȐȑ 

ǸțȟȕȖȑ ȊȊȖȌ 
ǵȍȖȚȘȐȞȈȚȍȓȤȕȖȍ ȞȍȓȖȍ 
ȟȐșȓȖ 

ǯȈȌȈȍȚ ȒȖȓȐȟȍșȚȊȖ ȉȓȖȒȖȊ, ȕȈ 
ȒȖȚȖȘȣȍ ȉțȌȍȚ ȘȈȏȌȍȓȍȕȖ ȐșȝȖȌȕȖȍ 
ȔȕȖȎȍșȚȊȖ ȌȈȕȕȣȝ 

ǰșȗȖȓȤȏȖȊȈȚȤ 
șȚȘȈȚȐȜȐȒȈȞȐȦ 

ǿȍȒȉȖȒș ǪȣȉȖȘ ȌȈȕȕȖȋȖ ȟȍȒȉȖȒșȈ țȒȈȏȣȊȈȍȚ 
ȕȈ ȕȍȖȉȝȖȌȐȔȖșȚȤ ȐșȗȖȓȤȏȖȊȈȚȤ 
șȚȘȈȚȐȜȐȒȈȞȐȦ 

ǷȍȘȍȔȍȕȕȣȍ Ȍȓȧ 
șȚȘȈȚȐȜȐȒȈȞȐȐ 

ǹȗȐșȖȒ ȗȍȘȍȔȍȕȕȣȝ 
ȕȈȉȖȘȈ ȌȈȕȕȣȝ 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȗȖȏȊȖȓȧȍȚ ȊȣȉȘȈȚȤ 
ȗȍȘȍȔȍȕȕȣȍ Ȍȓȧ șȚȘȈȚȐȜȐȒȈȞȐȐ. 

ǺȈȉȓȐȞȈ 51 ǷȈȘȈȔȍȚȘȣ ȒȘȖșș-ȊȈȓȐȌȈȞȐȐ 

3.2.7. ǨȊȚȖȗȖȌȉȖȘ ȋȐȗȍȘȗȈȘȈȔȍȚȘȖȊ 

ǷȖȌȉȖȘ ȗȈȘȈȔȍȚȘȖȊ — ȖȌȕȈ Ȑȏ ȊȈȎȕȣȝ ȏȈȌȈȟ Ȍȓȧ ȗȖșȚȘȖȍȕȐȧ ȔȖȌȍȓȐ ȔȈȠȐȕȕȖȋȖ 
ȖȉțȟȍȕȐȧ. ǰȏȔȍȕȍȕȐȍ ȗȈȘȈȔȍȚȘȖȊ ȔȖȌȍȓȐ ȔȖȎȍȚ ȗȘȐȕȞȐȗȐȈȓȤȕȖ ȗȖȊȓȐȧȚȤ ȕȈ ȍȍ 
ȒȈȟȍșȚȊȖ. ǷȍȘȍȉȖȘ ȥȚȐȝ ȗȈȘȈȔȍȚȘȖȊ ȊȘțȟȕțȦ ȔȖȎȍȚ ȏȈȕȧȚȤ ȒȖȓȖșșȈȓȤȕȖȍ 
ȒȖȓȐȟȍșȚȊȖ ȊȘȍȔȍȕȐ. Ǭȓȧ ȥȚȖȋȖ ȗȘȍȌțșȔȖȚȘȍȕ ȈȊȚȖȗȖȌȉȖȘ ȗȈȘȈȔȍȚȘȖȊ ȔȖȌȍȓȐ. 

Ǭȓȧ ȐșȗȖȓȤȏȖȊȈȕȐȧ ȈȊȚȖȗȖȌȉȖȘȈ ȗȈȘȈȔȍȚȘȖȊ ȕȍȖȉȝȖȌȐȔȖ ȕȈȑȚȐ Ȋ ȉȖȒȖȊȖȑ ȗȈȕȍȓȐ 
ȘȈȏȌȍȓ ǨȊȚȖȗȖȌȉȖȘ ȋȐȗȍȘȗȈȘȈȔȍȚȘȖȊ (Ȗȉȡȍȍ) Ȑ ȊȣȉȘȈȚȤ ȟȍȒȉȖȒș ǨȊȚȖȗȖȌȉȖȘ 
ȗȈȘȈȔȍȚȘȖȊ. Ǫ ȘȍȏțȓȤȚȈȚȍ ȌȖȓȎȕȣ ȗȖȧȊȐȚȤșȧ șȓȍȌțȦȡȐȍ ȗȈȘȈȔȍȚȘȣ Ȋ 
șȖȖȚȊȍȚșȚȊȐȐ ș ȚȈȉȓȐȞȍȑ ȕȐȎȍ. 

ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ 

ǲȖȓȐȟȍșȚȊȖ 
ȘȈȏȉȐȍȕȐȑ ȒȘȖșș-

ȊȈȓȐȌȈȞȐȐ 

ǸțȟȕȖȑ ȊȊȖȌ ȞȍȓȖȟȐșȓȍȕȕȖȋȖ 
ȏȕȈȟȍȕȐȧ 
ǷȖ țȔȖȓȟȈȕȐȦ — 5 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȒȖȓȐȟȍșȚȊȖ ȘȈȏȉȐȍȕȐȑ ȒȘȖșș-
ȊȈȓȐȌȈȞȐȐ 

ǰșȗȖȓȤȏȖȊȈȚȤ 
șȚȘȈȚȐȜȐȒȈȞȐȦ 

ǿȍȒȉȖȒș ǪȣȉȖȘ ȌȈȕȕȖȋȖ ȟȍȒȉȖȒșȈ 
țȒȈȏȣȊȈȍȚ ȕȈ ȕȍȖȉȝȖȌȐȔȖșȚȤ 
ȐșȗȖȓȤȏȖȊȈȚȤ șȚȘȈȚȐȜȐȒȈȞȐȦ 

ǷȍȘȍȔȍȕȕȣȍ Ȍȓȧ 
șȚȘȈȚȐȜȐȒȈȞȐȐ 

ǶȚȒȘȣȊȈȍȚșȧ Ȋ șȓțȟȈȍ ȊȣȉȖȘȈ 
ȟȍȒȉȖȒșȈ ǰșȗȖȓȤȏȖȊȈȚȤ 
șȚȘȈȚȐȜȐȒȈȞȐȦ 
ǹȗȐșȖȒ ȗȍȘȍȔȍȕȕȣȝ ȕȈȉȖȘȈ 
ȌȈȕȕȣȝ 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȗȖȏȊȖȓȧȍȚ 
ȊȣȉȘȈȚȤ ȗȍȘȍȔȍȕȕȣȍ Ȍȓȧ 
șȚȘȈȚȐȜȐȒȈȞȐȐ 

ǲȖȓȐȟȍșȚȊȖ 
ȐȚȍȘȈȞȐȑ ȗȖȌȉȖȘȈ 

ǸțȟȕȖȑ ȊȊȖȌ ȞȍȓȖȟȐșȓȍȕȕȖȋȖ 
ȏȕȈȟȍȕȐȧ 
ǷȖ țȔȖȓȟȈȕȐȦ — 10 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȒȖȓȐȟȍșȚȊȖ ȐȚȍȘȈȞȐȑ 
ȗȖȌȉȖȘȈ 
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ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ 

ǴȍȚȘȐȒȈ Ȍȓȧ 
ȖȗȚȐȔȐȏȈȞȐȐ 
ȒȓȈșșȐȜȐȒȈȞȐȐ 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ șȗȐșȖȒ șȖ 
șȓȍȌțȦȡȐȔȐ ȏȕȈȟȍȕȐȧȔȐ: 

 LoglossNominal 
 LoglossBinary 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȔȍȚȘȐȒț Ȍȓȧ ȖȗȚȐȔȐȏȈȞȐȐ 
ȒȓȈșșȐȜȐȒȈȞȐȐ 

ǴȍȚȘȐȒȈ Ȍȓȧ 
ȖȗȚȐȔȐȏȈȞȐȐ 
ȘȍȋȘȍșșȐȐ 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ șȗȐșȖȒ șȖ 
șȓȍȌțȦȡȐȔȐ ȏȕȈȟȍȕȐȧȔȐ: 

 MSE 
 MAPE 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȔȍȚȘȐȒț Ȍȓȧ ȖȗȚȐȔȐȏȈȞȐȐ 
ȘȍȋȘȍșșȐȐ 

ǶȞȍȕȒȈ ȚȖȟȕȖșȚȐ 
ȈȊȚȖȗȖȌȉȖȘȈ 

ǸȈșȒȘȣȊȈȦȡȐȑșȧ șȗȐșȖȒ șȖ 
șȓȍȌțȦȡȐȔȐ ȏȕȈȟȍȕȐȧȔȐ: 

 ǯȈȌȈȕȕȈȧ ȊȈȓȐȌȈȞȐȖȕȕȈȧ 
ȊȣȉȖȘȒȈ 

 ǵȖȊȈȧ ȊȈȓȌȈȞȐȖȕȕȈȧ 
ȊȣȉȖȘȒȈ 

 ǲȘȖșș-ȊȈȓȐȌȈȞȐȧ 

ǬȈȕȕȣȑ ȗȈȘȈȔȍȚȘ ȏȈȌȈȍȚ 
ȖȞȍȕȒț ȚȖȟȕȖșȚȐ ȈȊȚȖȗȖȌȉȖȘȈ 

Seed ǸțȟȕȖȑ ȊȊȖȌ ȟȐșȓȖȊȖȋȖ ȏȕȈȟȍȕȐȧ 
ǷȖ țȔȖȓȟȈȕȐȦ — 42 

ǵȈȟȈȓȤȕȖȍ ȟȐșȓȖȊȖȍ 
ȏȕȈȟȍȕȐȍ Ȍȓȧ ȋȍȕȍȘȈȚȖȘȈ 
șȓțȟȈȑȕȣȝ ȟȐșȍȓ 

ǺȈȉȓȐȞȈ 52 ǷȈȘȈȔȍȚȘȣ ȈȊȚȖȗȖȌȉȖȘȈ ȗȈȘȈȔȍȚȘȖȊ ȔȖȌȍȓȐ 

ǷȈȘȈȔȍȚȘȣ ȗȖșȓȍȌțȦȡȍȑ șȍȒȞȐȐ ǨȊȚȖȗȖȌȉȖȘ ȋȐȗȍȘȗȈȘȈȔȍȚȘȖȊ ȏȈȊȐșȐȚ ȖȚ ȚȐȗȈ 
ȔȖȌȍȓȐ. Ǭȓȧ ȕȐȝ ȏȈȌȈȍȚșȧ ȌȐȈȗȈȏȖȕ ȗȈȘȈȔȍȚȘȖȊ, Ȋ ȒȖȚȖȘȖȔ Ȑ ȗȘȖȐȏȊȖȌȐȚȤșȧ 
ȈȊȚȖȗȖȌȉȖȘ. 
ǹ ȗȖȌȘȖȉȕȣȔ ȖȗȐșȈȕȐȍȔ ȗȈȘȈȔȍȚȘȖȊ ȔȖȌȍȓȍȑ ȔȖȎȕȖ ȖȏȕȈȒȖȔȐȚȤșȧ Ȋ ȖȗȐșȈȕȐȐ 
ȒȖȕȒȘȍȚȕȖȋȖ țȏȓȈ. 

3.2.8. ǸȍȏțȓȤȚȈȚȣ ȔȖȌȍȓȐȘȖȊȈȕȐȧ 

ǸȍȏțȓȤȚȈȚȣ ȗȘȍȌțșȔȖȚȘȍȕȣ Ȍȓȧ șȓȍȌțȦȡȐȝ țȏȓȖȊ: 

 ǸȈȏȌȍȓȍȕȐȍ ȊȣȉȖȘȒȐ. 

 Sample. 

 ǼȐȓȤȚȘ. 

 One-hot encoding. 

 ǯȈȗȖȓȕȍȕȐȍ ȗȘȖȗțșȒȖȊ. 

 ǺȘȈȕșȜȖȘȔȈȞȐȧ. 

 ǩȐȕȕȐȕȋ/ЭȕȒȖȌȐȕȋ. 

 ǬȐșȗȍȘșȐȖȕȕȣȑ ȈȕȈȓȐȏ. 

 ǹȚȈȕȌȈȘȚȐȏȈȞȐȧ. 

 ǪȍșȈ ȒȓȈșșȖȊ. 

 ǲȓȈșȚȍȘȕȣȑ ȈȕȈȓȐȏ (k-means). 

 ǰȍȘȈȘȝȐȟȍșȒȈȧ ȒȓȈșȚȍȘȐȏȈȞȐȧ. 

 ǬȍȘȍȊȖ ȘȍȠȍȕȐȑ. 

 ǹȓțȟȈȑȕȣȑ ȓȍș. 
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 ǩȈȑȍșȖȊșȒȈȧ ȘȍȋȘȍșșȐȧ. 

 ǳȐȕȍȑȕȈȧ ȘȍȋȘȍșșȐȧ. 

 ǳȖȋȐșȚȐȟȍșȒȈȧ ȘȍȋȘȍșșȐȧ. 

 ǳȐȕȍȑȕȣȍ ȔȖȌȍȓȐ. 

 ǵȍȑȘȖȕȕȈȧ șȍȚȤ. 

 LDA. 

 ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ (XGBoost). 

 ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ (LightGBM). 

 ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ (CatBoost). 

 GLM 

 ǹȘȈȊȕȍȕȐȍ ȔȖȌȍȓȍȑ. 

 ǰȕȚȍȘȗȘȍȚȈȞȐȧ. 

 ǷȖȌȉȖȘ ȖȚșȍȟȒȐ (Cut off). 

Ǭȓȧ ȗȘȖșȔȖȚȘȈ ȘȍȏțȓȤȚȈȚȖȊ ȊȣȗȖȓȕȍȕȐȧ țȏȓȈ ȕȍȖȉȝȖȌȐȔȖ: 

 ǷȘȈȊȖȑ ȒȕȖȗȒȖȑ ȔȣȠȐ ȕȈȎȈȚȤ ȗȖ ȐȕȚȍȘȍșțȦȡȍȔț țȏȓț. 

 Ǫ ȖȚȒȘȣȊȠȍȔșȧ șȗȐșȒȍ ȊȣȉȘȈȚȤ «ǷȖșȔȖȚȘȍȚȤ ȘȍȏțȓȤȚȈȚ». 

 ǶȚȒȘȖȍȚșȧ ȖȒȕȖ ǸȍȏțȓȤȚȈȚȣ ȊȣȗȖȓȕȍȕȐȧ țȏȓȈ ș ȚȈȉȓȐȟȕȣȔ Ȑ/ȐȓȐ 
ȋȘȈȜȐȟȍșȒȐȔ ȗȘȍȌșȚȈȊȓȍȕȐȍȔ ȘȍȏțȓȤȚȈȚȖȊ (ȕȈȗȖȓȕȍȕȐȍ ȖȒȕȈ ȏȈȊȐșȐȚ ȖȚ țȏȓȈ, 
ȗȖȌȘȖȉȕȍȍ Ȗ ȘȍȏțȓȤȚȈȚȈȝ ȔȖȎȕȖ țȏȕȈȚȤ Ȋ ȘȈȏȌȍȓȍ ș ȖȗȐșȈȕȐȍȔ ȒȈȎȌȖȋȖ țȏȓȈ). 

3.3. ǷȘȐȔȍȘ ȉȈȏȖȊȖȋȖ șȞȍȕȈȘȐȧ 

Ǫ ȚȈȉȓȐȞȍ ȕȐȎȍ ȗȘȍȌșȚȈȊȓȍȕ ȗȘȐȔȍȘ ȉȈȏȖȊȖȋȖ șȞȍȕȈȘȐȧ ș ȘȈȏȉȐȊȒȖȑ ȗȖ ȠȈȋȈȔ. 

№ ШȈȋ ǻȏȓȣ 
1 ǷȖȌȒȓȦȟȍȕȐȍ 

ȕȈȉȖȘȈ ȌȈȕȕȣȝ 
Ǫ ȓȦȉȖȔ Ȑȏ șȞȍȕȈȘȐȍȊ ȗȍȘȊȖȕȈȟȈȓȤȕȣȔ țȏȓȖȔ ȊșȍȋȌȈ ȌȖȓȎȍȕ 
ȉȣȚȤ «ǵȈȉȖȘ ȌȈȕȕȣȝ». 
Ƕȕ ȏȈȌȈȍȚ ȕȈȉȖȘ ȌȈȕȕȣȝ, ș ȒȖȚȖȘȣȔ ȌȈȓȍȍ ȉțȌȍȚ ȗȘȖȐȏȊȖȌȐȚȤșȧ 
ȔȖȌȍȓȐȘȖȊȈȕȐȍ. 

2 ǯȈȌȈȕȐȍ 
ȔȍȚȈȌȈȕȕȣȝ 

ǻȏȍȓ «ǴȍȚȈȌȈȕȕȣȍ» ȗȖȏȊȖȓȧȍȚ ȐȏȔȍȕȐȚȤ ȔȍȚȈȌȈȕȕȣȍ 
(ȕȈȗȘȐȔȍȘ, ȏȈȌȈȚȤ ȗȘȍȌȐȒȚȖȘȣ Ȑ ȞȍȓȍȊțȦ ȗȍȘȍȔȍȕȕțȦ).  
ǾȍȓȍȊȈȧ ȗȍȘȍȔȍȕȕȈȧ ȖȗȘȍȌȍȓȧȍȚ ȘȍȠȈȍȔțȦ ȏȈȌȈȟț: 

 ǲȓȈșșȐȜȐȒȈȞȐȧ (Binary – ȉȐȕȈȘȕȈȧ ȒȓȈșșȐȜȐȒȈȞȐȧ, 
Nominal – ȔȕȖȋȖȒȓȈșșȖȊȈȧ ȒȓȈșșȐȜȐȒȈȞȐȧ) 

 ǸȍȋȘȍșșȐȧ (Interval) 
 ǲȓȈșȚȍȘȐȏȈȞȐȧ - ȕȍȚ ȕȍȖȉȝȖȌȐȔȖșȚȐ țȒȈȏȣȊȈȚȤ ȞȍȓȍȊțȦ 

ȗȍȘȍȔȍȕȕțȦ 
 ǨșșȖȞȐȈȚȐȊȕȣȍ ȗȘȈȊȐȓȈ (ȕȍȖȉȝȖȌȐȔȖ ȏȈȌȈȚȤ ȗȍȘȍȔȍȕȕȣȍ 

ș ȘȖȓȧȔȐ ǰȌȍȕȚȐȜȐȒȈȚȖȘ Ȑ ǷȘȍȌȔȍȚ) 
ǺȈȒȎȍ țȏȍȓ «ǴȍȚȈȌȈȕȕȣȍ» ȔȖȎȍȚ ȐșȗȖȓȤȏȖȊȈȚȤșȧ ȕȈ 
ȗȖșȓȍȌțȦȡȐȝ ȥȚȈȗȈȝ ȔȖȌȍȓȐȘȖȊȈȕȐȧ (ȕȈȗȘȐȔȍȘ, ȗȘȐ ȗȖȌȋȖȚȖȊȒȍ 
ȌȈȕȕȣȝ), ȍșȓȐ ȕȍȖȉȝȖȌȐȔȖ ȗȘȈȊȐȚȤ ȔȍȚȈȌȈȕȕȣȍ (ȕȈȗȘȐȔȍȘ, 
țȉȘȈȚȤ ȈȚȘȐȉțȚ Ȑȏ șȞȍȕȈȘȐȧ ȐȓȐ ȐȏȔȍȕȐȚȤ ȚȐȗ ȈȚȘȐȉțȚȈ). 
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№ ШȈȋ ǻȏȓȣ 
3 ǷȖȌȋȖȚȖȊȒȈ 

ȌȈȕȕȣȝ 
ǬȈȕȕȣȑ ȥȚȈȗ ȊȒȓȦȟȈȍȚ Ȋ șȍȉȧ ȗȘȖȞȍșșȣ ȗȖȌȋȖȚȖȊȒȐ ȌȈȕȕȣȝ: 

 ǯȈȗȖȓȕȍȕȐȍ ȗȘȖȗțȡȍȕȕȣȝ ȏȕȈȟȍȕȐȑ (țȏȍȓ «ǯȈȗȖȓȕȍȕȐȍ 
ȗȘȖȗțșȒȖȊ») 

 ǼȐȓȤȚȘȈȞȐȧ ȌȈȕȕȣȝ (țȏȍȓ «ǼȐȓȤȚȘ») 
 ǹȖȏȌȈȕȐȍ ȕȖȊȣȝ ȘȈșȟȍȚȕȣȝ ȈȚȘȐȉțȚȖȊ (țȏȍȓ 

«ǺȘȈȕșȜȖȘȔȈȞȐȧ») 
 ǷȘȍȖȉȘȈȏȖȊȈȕȐȍ ȒȈȚȍȋȖȘȐȈȓȤȕȣȝ ȗȍȘȍȔȍȕȕȣȝ Ȋ ȟȐșȓȖȊȣȍ 

(țȏȍȓ «One-hot encoding») 
 ǩȐȕȈȘȐȏȈȞȐȧ ȐȕȚȍȘȊȈȓȤȕȣȝ ȗȍȘȍȔȍȕȕȣȝ Ȑ ȒȖȌȐȘȖȊȈȕȐȍ 

ȒȈȚȍȋȖȘȐȈȓȤȕȣȝ (țȏȍȓ «ǩȐȕȕȐȕȋ/ȥȕȒȖȌȐȕȋ») 
 ǬȐșȗȍȘșȐȖȕȕȣȑ ȈȕȈȓȐȏ 
 ǲȖȘȘȍȒȚȐȘȖȊȒȈ ȕȍȘȈȊȕȖȔȍȘȕȖȋȖ ȘȈșȗȘȍȌȍȓȍȕȐȧ ȒȓȈșșȖȊ Ȋ 

ȐșȝȖȌȕȖȔ ȕȈȉȖȘȍ ȌȈȕȕȣȝ (țȏȍȓ «Sample») 
 ǸȈȏȌȍȓȍȕȐȍ ȕȈȉȖȘȈ ȌȈȕȕȣȝ ȕȈ ȖȉțȟȈȦȡțȦ, 

ȊȈȓȐȌȈȞȐȖȕȕțȦ Ȑ ȚȍșȚȖȊțȦ ȊȣȉȖȘȒȐ (țȏȍȓ «ǸȈȏȌȍȓȍȕȐȍ 
ȊȣȉȖȘȒȐ») 

 ǰșșȓȍȌȖȊȈȕȐȍ ȌȈȕȕȣȝ Ȍȓȧ ȊȣȧșȕȍȕȐȧ șȚȈȚȐșȚȐȟȍșȒȐȝ 
ȝȈȘȈȒȚȍȘȐșȚȐȒ ȗȍȘȍȔȍȕȕȣȝ (țȏȍȓ «ǷȘȖȜȐȓȐȘȖȊȈȕȐȍ») 

 ǷȘȍȖȉȘȈȏȖȊȈȕȐȍ ȟȐșȓȖȊȣȝ ȕȈȉȓȦȌȍȕȐȑ ș ȞȍȓȤȦ 
ȗȘȐȊȍȌȍȕȐȧ Ȑȝ Ȓ Ȗȉȡȍȑ ȠȒȈȓȍ (țȏȍȓ «ǹȚȈȕȌȈȘȚȐȏȈȞȐȧ») 

 ǲȖȘȘȍȒȚȐȘȖȊȒȈ ȌȐșȉȈȓȈȕșȈ ȒȓȈșșȖȊ ȗȘȐ ȗȖȔȖȡȐ ȏȈȌȈȕȐȧ 
ȊȍșȖȊ (țȏȍȓ «ǪȍșȈ ȒȓȈșșȖȊ») 

 ǻȔȍȕȤȠȍȕȐȍ ȘȈȏȔȍȘȕȖșȚȐ - ȗȘȍȖȉȘȈȏȖȊȈȕȐȍ ȉȖȓȤȠȖȋȖ 
ȕȈȉȖȘȈ ȗȍȘȍȔȍȕȕȣȝ Ȋ ȔȍȕȤȠȐȑ (țȏȓȣ «PCA» Ȑ 
«ǨȊȚȖȥȕȒȖȌȍȘ (PyTorch)») 

4 ǷȖșȚȘȖȍȕȐȍ ML 
ȔȖȌȍȓȍȑ 

ǻȏȓȣ ȔȖȌȍȓȐȘȖȊȈȕȐȧ ȗȖȌȘȈȏȌȍȓȧȦȚșȧ Ȋ ȏȈȊȐșȐȔȖșȚȐ ȖȚ 
ȘȍȠȈȍȔȖȑ ȏȈȌȈȟȐ: 

 ǲȓȈșșȐȜȐȒȈȞȐȧ 
ǻȏȍȓ «ǬȍȘȍȊȖ ȘȍȠȍȕȐȑ» 
ǻȏȍȓ «ǹȓțȟȈȑȕȣȑ ȓȍș» 
ǻȏȍȓ «ǳȖȋȐșȚȐȟȍșȒȈȧ ȘȍȋȘȍșșȐȧ» 
ǻȏȍȓ «ǳȐȕȍȑȕȣȍ ȔȖȌȍȓȐ» 
ǻȏȍȓ «ǵȍȑȘȖȕȕȈȧ șȍȚȤ» 
ǻȏȍȓ «LDA» 
ǻȏȍȓ «ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ (XGBoost)» 
ǻȏȍȓ «ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ (LightGBM)» 
ǻȏȍȓ «ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ (CatBoost)» 
ǻȏȍȓ «ǵȍȑȘȖȕȕȈȧ șȍȚȤ (PyTorch)»  
ǻȏȍȓ «AutoML» 

Ǫ ȘȍȏțȓȤȚȈȚȍ ȊȣȗȖȓȕȍȕȐȧ ȌȈȕȕȣȝ țȏȓȖȊ ȘȈșșȟȐȚȣȊȈȦȚșȧ ȕȖȊȣȍ 
ȗȍȘȍȔȍȕȕȣȍ, ȖȌȕȈ Ȑȏ ȒȖȚȖȘȣȝ – ȒȓȈșș ȕȈȉȓȦȌȍȕȐȧ, ȖșȚȈȓȤȕȣȍ – 
ȊȍȘȖȧȚȕȖșȚȤ ȗȘȐȕȈȌȓȍȎȕȖșȚȐ Ȓ ȖȌȕȖȔț Ȑȏ ȒȓȈșșȖȊ (Ȍȓȧ ȒȈȎȌȖȋȖ 
ȒȓȈșșȈ ȘȈșșȟȐȚȣȊȈȍȚșȧ șȊȖȧ ȊȍȘȖȧȚȕȖșȚȤ). 

 ǸȍȋȘȍșșȐȧ 
ǻȏȍȓ «ǬȍȘȍȊȖ ȘȍȠȍȕȐȑ» 
ǻȏȍȓ «ǹȓțȟȈȑȕȣȑ ȓȍș» 
ǻȏȍȓ «ǩȈȑȍșȖȊșȒȈȧ ȘȍȋȘȍșșȐȧ» 
ǻȏȍȓ «ǳȐȕȍȑȕȈȧ ȘȍȋȘȍșșȐȧ» 
ǻȏȍȓ «ǳȐȕȍȑȕȣȍ ȔȖȌȍȓȐ» 
ǻȏȍȓ «ǵȍȑȘȖȕȕȈȧ șȍȚȤ» 
ǻȏȍȓ «ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ (XGBoost)» 
ǻȏȍȓ «ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ (LightGBM)» 
ǻȏȍȓ «ǫȘȈȌȐȍȕȚȕȣȑ ȉțșȚȐȕȋ (CatBoost)» 
ǻȏȍȓ «GLM» 
ǻȏȍȓ «ǵȍȑȘȖȕȕȈȧ șȍȚȤ (PyTorch)»  
ǻȏȍȓ «AutoML» 
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№ ШȈȋ ǻȏȓȣ 
Ǫ ȘȍȏțȓȤȚȈȚȍ ȘȍȠȍȕȐȧ ȏȈȌȈȟȐ ȘȍȋȘȍșșȐȐ Ȋ ȌȈȕȕȣȝ țȏȓȈȝ 
ȘȈșșȟȐȚȣȊȈȍȚșȧ ȗȍȘȍȔȍȕȕȈȧ ș ȘȍȏțȓȤȚȐȘțȦȡȐȔ ȏȕȈȟȍȕȐȍȔ. 

 ǲȓȈșȚȍȘȐȏȈȞȐȧ 
ǻȏȍȓ «ǲȓȈșȚȍȘȕȣȑ ȈȕȈȓȐȏ (k-means)» 
ǻȏȍȓ «ǰȍȘȈȘȝȐȟȍșȒȈȧ ȒȓȈșȚȍȘȐȏȈȞȐȧ» 

Ǫ ȘȍȏțȓȤȚȈȚȍ ȘȍȠȍȕȐȧ ȏȈȌȈȟȐ ȒȓȈșȚȍȘȐȏȈȞȐȐ ȘȈșșȟȐȚȣȊȈȍȚșȧ 
ȗȍȘȍȔȍȕȕȈȧ, Ȋ ȒȖȚȖȘȖȑ țȒȈȏȣȊȈȍȚșȧ ȒȓȈșȚȍȘ, Ȓ ȒȖȚȖȘȖȔț 
ȖȚȕȖșȐȚșȧ ȌȈȕȕȖȍ ȕȈȉȓȦȌȍȕȐȍ. 

 ǨșșȖȞȐȈȚȐȊȕȣȍ ȗȘȈȊȐȓȈ 
ǻȏȍȓ «ǨșșȖȞȐȈȚȐȊȕȣȍ ȗȘȈȊȐȓȈ» 

 ǶȉȕȈȘțȎȍȕȐȍ ȈȕȖȔȈȓȐȑ 
ǻȏȍȓ «ǬȍȚȍȒȞȐȧ ȈȕȖȔȈȓȐȑ» 

 
ǲȈȎȌȣȑ țȏȍȓ Ȑȏ ȋȘțȗȗȣ «ǶȉțȟȍȕȐȍ ș țȟȐȚȍȓȍȔ» ȐȔȍȍȚ ȚȈȒȎȍ 
ȗȈȘȈȔȍȚȘȣ Ȍȓȧ ȒȘȖșș-ȊȈȓȐȌȈȞȐȐ (ȔȍȚȖȌ ȖȞȍȕȒȐ ȔȖȌȍȓȐ) Ȑ 
ȈȊȚȖȗȖȌȉȖȘț ȋȐȗȍȘȗȈȘȈȔȍȚȘȖȊ. 

5 ǸȈȉȖȚȈ ș 
ȔȖȌȍȓȧȔȐ 

ǷȖșȓȍ ȗȘȖȞȍșșȈ ȗȖșȚȘȖȍȕȐȧ ȔȖȌȍȓȍȑ Ȑ ȗȍȘȍȉȖȘȈ 
ȋȐȗȍȘȗȈȘȈȔȍȚȘȖȊ, ȐȌȍȚ ȥȚȈȗ ȐȕȚȍȘȗȘȍȚȈȞȐȐ Ȑ șȘȈȊȕȍȕȐȧ 
ȗȖșȚȘȖȍȕȕȣȝ ȔȖȌȍȓȍȑ. Ǭȓȧ ȥȚȖȋȖ ȗȘȍȌțșȔȖȚȘȍȕȣ șȓȍȌțȦȡȐȍ 
țȏȓȣ: 

 ǻȏȍȓ «ǹȘȈȊȕȍȕȐȍ ȔȖȌȍȓȍȑ» – șȘȈȊȕȍȕȐȍ ȗȖȓțȟȍȕȕȣȝ 
ȔȖȌȍȓȍȑ Ȑ ȊȣȉȖȘ ȓțȟȠȍȑ 

 ǻȏȍȓ «ǰȕȚȍȘȗȘȍȚȈȞȐȧ» ȊȒȓȦȟȈȍȚ Ȋ șȍȉȧ ȔȍȚȖȌȣ Ȍȓȧ 
ȐȕȚȍȘȗȘȍȚȈȞȐȐ ȗȘȍȌșȒȈȏȈȕȐȑ ȔȖȌȍȓȐ – PD, LIME, ICE, 
SHAP 

 ǻȏȍȓ «ǷȖȌȉȖȘ ȖȚșȍȟȒȐ (Cut off)» ȗȖȏȊȖȓȧȍȚ ȗȖȌȖȉȘȈȚȤ 
ȖȚșȍȟȒț Ȍȓȧ ȘȈȏȌȍȓȍȕȐȧ ȕȈ ȒȓȈșșȣ ȗȘȐ ȉȐȕȈȘȕȖȑ 
ȒȓȈșșȐȜȐȒȈȞȐȐ 

6 ǸȍȋȐșȚȘȈȞȐȧ 
ȔȖȌȍȓȐ 

ǵȈ ȒȖȕȍȟȕȖȔ ȥȚȈȗȍ ȔȖȌȍȓȤ-ȗȖȉȍȌȐȚȍȓȤ ȔȖȎȕȖ ȏȈȘȍȋȐșȚȘȐȘȖȊȈȚȤ 
Ȋ ǸȍȗȖȏȐȚȖȘȐȐ MM (țȏȍȓ «ǸȍȋȐșȚȘȈȞȐȧ ȔȖȌȍȓȐ»). 

ǺȈȉȓȐȞȈ 53 ǷȘȐȔȍȘ ȉȈȏȖȊȖȋȖ șȞȍȕȈȘȐȧ 
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4. ǲȖȔȗȖȕȍȕȚ ǸȈȏȘȈȉȖȚȒȈ ȘȍȠȍȕȐȑ (Decision 
Manager, DM) 

ǸȈȏȘȈȉȖȚȒȈ ȘȍȠȍȕȐȑ ȊȒȓȦȟȈȍȚ Ȋ șȍȉȧ ȖȉȠȐȘȕȣȑ ȗȓȈșȚ ȘȈȉȖȚ. ǷȍȘȊȖȕȈȟȈȓȤȕȖ 
ȕȍȖȉȝȖȌȐȔȖ șȖȏȌȈȚȤ ȗȍȘȍȔȍȕȕȣȍ ȘȍȠȍȕȐȧ, țȒȈȏȈȚȤ ȌȖșȚțȗȕȣȍ Ȍȓȧ ȞȍȗȖȟȒȐ 
ǷȖȌȒȓȦȟȍȕȐȧ, Ȉ ȏȈȚȍȔ ȕȈșȚȘȖȐȚȤ ȗȖșȓȍȌȖȊȈȚȍȓȤȕȖșȚȤ ȠȈȋȖȊ ȘȍȠȍȕȐȧ, ȐșȗȖȓȤȏțȧ 
ȘȈȏȓȐȟȕȣȍ ȚȐȗȣ țȏȓȖȊ. ǷȍȘȍȌ ȘȍȋȐșȚȘȈȞȐȍȑ ȘȍȠȍȕȐȧ ȕȍȖȉȝȖȌȐȔȖ ȊȣȗȖȓȕȐȚȤ 
ȚȍșȚȐȘȖȊȈȕȐȧ Ȑ țȉȍȌȐȚȤșȧ, ȟȚȖ ȘȍȏțȓȤȚȈȚ șȖȖȚȊȍȚșȚȊțȍȚ ȖȎȐȌȈȕȐȧȔ. 

ǲȖȔȗȖȕȍȕȚ ȊȒȓȦȟȈȍȚ Ȋ șȍȉȧ: 

 ǫȓȈȊȕȣȑ ȥȒȘȈȕ șȖ șȗȐșȒȖȔ ȌȖșȚțȗȕȣȝ ȗȘȖȍȒȚȖȊ ȘȍȠȍȕȐȑ (ȗȘȖȍȒȚȖȊ DM). 

 ǲȖȕșȚȘțȒȚȖȘ ȞȍȗȖȟȍȒ ȘȍȠȍȕȐȑ. 

 ǪșȗȖȔȖȋȈȚȍȓȤȕȣȍ ȖȒȕȈ ȕȈșȚȘȖȑȒȐ ȊȐȌȈ, șȖȏȌȈȕȐȧ ȗȘȖȍȒȚȈ Ȑ Ț.Ȍ. 

4.1. ǫȓȈȊȕȣȑ ȥȒȘȈȕ DM 

4.1.1. ǰȕȚȍȘȜȍȑș ȋȓȈȊȕȖȋȖ ȥȒȘȈȕȈ DM 

ǫȓȈȊȕȣȑ ȥȒȘȈȕ ȒȖȔȗȖȕȍȕȚȈ ǸȈȏȘȈȉȖȚȒȈ ȘȍȠȍȕȐȑ ȖȚȒȘȣȊȈȍȚșȧ ȗȘȐ ȊȣȉȖȘȍ ȐȒȖȕȒȐ 

 Ȋ ȓȍȊȖȔ ȊȍȘȝȕȍȔ ȔȍȕȦ Ȑ ȗȘȍȌșȚȈȊȓȧȍȚ șȖȉȖȑ șȗȐșȖȒ ȌȖșȚțȗȕȣȝ ȗȖȓȤȏȖȊȈȚȍȓȦ 
ǷȘȖȍȒȚȖȊ Ȋ ȚȈȉȓȐȟȕȖȔ ȊȐȌȍ. 

 

ǸȐșțȕȖȒ 167  ǫȓȈȊȕȣȑ ȥȒȘȈȕ ȒȖȔȗȖȕȍȕȚȈ ǸȈȏȘȈȉȖȚȒȈ ȘȍȠȍȕȐȑ (Decision Manager) 

ǷȘȖȍȒȚ DM — ȥȚȖ ȕȈȉȖȘ ȞȍȗȖȟȍȒ ȘȍȠȍȕȐȑ, ȕȈșȚȘȈȐȊȈȍȔȣȝ ȗȖȓȤȏȖȊȈȚȍȓȍȔ Ȍȓȧ 
ȘȍȠȍȕȐȧ ȒȖȕȒȘȍȚȕȖȑ ȏȈȌȈȟȐ. 
ǺȈȉȓȐȞȈ ș ȌȖșȚțȗȕȣȔȐ ȗȘȖȍȒȚȈȔȐ ȐȔȍȍȚ ȋȐȉȒȐȍ ȕȈșȚȘȖȑȒȐ ȖȚȖȉȘȈȎȍȕȐȧ. ǺȈȒ, 
ȗȖȓȤȏȖȊȈȚȍȓȤ ȔȖȎȍȚ: 

 ǰȏȔȍȕȐȚȤ ȠȐȘȐȕț ȓȦȉȖȋȖ șȚȖȓȉȞȈ (Ȍȓȧ ȥȚȖȋȖ ȕȍȖȉȝȖȌȐȔȖ ȗȍȘȍȚȈȡȐȚȤ 

ȋȘȈȕȐȞț ȍȋȖ ȏȈȋȖȓȖȊȒȈ  ȌȖ ȕțȎȕȖȑ ȠȐȘȐȕȣ). 
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 ǹȖȘȚȐȘȖȊȈȚȤ ȚȈȉȓȐȞț (Ȍȓȧ ȥȚȖȋȖ ȕȍȖȉȝȖȌȐȔȖ ȊȣȉȘȈȚȤ ȐȒȖȕȒț  ȘȧȌȖȔ ș 
ȏȈȋȖȓȖȊȒȖȔ șȖȘȚȐȘțȍȔȖȋȖ șȚȖȓȉȞȈ). 

 ǹȒȘȣȊȈȚȤ/ȖȚȖȉȘȈȎȈȚȤ șȚȖȓȉȞȣ Ȑ ȐȏȔȍȕȧȚȤ Ȑȝ ȗȖȘȧȌȖȒ Ȋ ȖȒȕȍ ǪȐȌ ȚȈȉȓȐȞȣ 

(Ȍȓȧ ȖȚȒȘȣȚȐȧ ȖȒȕȈ ȕȍȖȉȝȖȌȐȔȖ ȊȣȉȘȈȚȤ  Ȋ ȗȘȈȊȖȔ 
ȊȍȘȝȕȍȔ țȋȓț ȚȈȉȓȐȞȣ; ȗȘȐ ȊȣȉȖȘȍ ȐȒȖȕȒȐ  șȚȖȓȉȍȞ șȒȘȖȍȚșȧ, ȗȘȐ 

ȕȈȊȍȌȍȕȐȐ ȕȈ ȐȒȖȕȒț  ȈȒȚȐȊȐȘțȍȚșȧ ȊȖȏȔȖȎȕȖșȚȤ ȗȍȘȍȔȍȡȍȕȐȧ șȚȖȓȉȞȈ). 

 ǹȉȘȖșȐȚȤ Ȋȕȍșȍȕȕȣȍ ȐȏȔȍȕȍȕȐȧ ȚȈȒȎȍ Ȋ ȖȒȕȍ ǪȐȌ ȚȈȉȓȐȞȣ (Ȍȓȧ ȥȚȖȋȖ 
ȊȣȉȘȈȚȤ ȒȕȖȗȒț «ǹȉȘȖșȐȚȤ»). 

Ǭȓȧ ȉȣșȚȘȖȋȖ ȗȖȐșȒȈ ȖȉȢȍȒȚȈ Ȋ ȚȈȉȓȐȞȍ ȗȘȍȌțșȔȖȚȘȍȕȖ ȗȖȓȍ  Ȋ 
ȗȘȈȊȖȑ ȊȍȘȝȕȍȑ ȟȈșȚȐ ȚȈȉȓȐȞȣ. 
ǶȉȢȍȒȚȣ ȚȈȉȓȐȞȣ ȔȖȎȕȖ ȊȣȋȘțȏȐȚȤ Ȋ ȜȖȘȔȈȚȍ Excel. Ǭȓȧ ȥȚȖȋȖ ȕțȎȕȖ ȊȣȉȘȈȚȤ 

ȐȒȖȕȒț ЭȒșȗȖȘȚȈ Ȋ excel  . 

4.1.2. ǹȖȏȌȈȕȐȍ ȗȘȖȍȒȚȈ DM 

Ǭȓȧ șȖȏȌȈȕȐȧ ȕȖȊȖȋȖ ȗȘȖȍȒȚȈ ȕȍȖȉȝȖȌȐȔȖ ȊȣȗȖȓȕȐȚȤ șȓȍȌțȦȡȐȍ ȠȈȋȐ: 

 ǪȣȉȘȈȚȤ ȒȕȖȗȒț «ǬȖȉȈȊȐȚȤ» Ȋ ȊȍȘȝȕȍȑ ȟȈșȚȐ ȚȈȉȓȐȞȣ ș ǷȘȖȍȒȚȈȔȐ. 

 Ǫ ȖȚȒȘȣȊȠȍȔșȧ ȖȒȕȍ ǹȖȏȌȈȕȐȍ ȗȘȖȍȒȚȈ ȏȈȌȈȚȤ ȕȈȏȊȈȕȐȍ Ȑ ȖȗȐșȈȕȐȍ. 

 ǹȖȝȘȈȕȐȚȤ ȐȏȔȍȕȍȕȐȧ. 

4.1.3. ǻȌȈȓȍȕȐȍ ȗȘȖȍȒȚȈ DM 

Ǭȓȧ țȌȈȓȍȕȐȧ ȗȘȖȍȒȚȈ ȕȍȖȉȝȖȌȐȔȖ ȊȣȗȖȓȕȐȚȤ șȓȍȌțȦȡȐȍ ȠȈȋȐ: 

 ǪȣȉȘȈȚȤ ȟȍȒȉȖȒș ȘȧȌȖȔ ș țȌȈȓȧȍȔȣȔ ȗȘȖȍȒȚȖȔ. 

 ǪȣȉȘȈȚȤ ȒȕȖȗȒț «ǻȌȈȓȐȚȤ». 

4.1.4. ǲȖȗȐȘȖȊȈȕȐȍ ȗȘȖȍȒȚȈ DM 

Ǭȓȧ ȒȖȗȐȘȖȊȈȕȐȧ ȗȘȖȍȒȚȈ ȕȍȖȉȝȖȌȐȔȖ ȊȣȗȖȓȕȐȚȤ șȓȍȌțȦȡȐȍ ȠȈȋȐ: 

 ǹ ȗȘȈȊȖȑ șȚȖȘȖȕȣ ȖȚ ȗȘȖȍȒȚȈ ȊȣȉȘȈȚȤ ȐȒȖȕȒț Ȋ ȊȐȌȍ ȚȘȍȝ ȊȍȘȚȐȒȈȓȤȕȣȝ 
ȚȖȟȍȒ Ȑ Ȋ ȊȣȗȈȌȈȦȡȍȔ ȔȍȕȦ ȊȣȉȘȈȚȤ ǲȖȗȐȘȖȊȈȚȤ. 

 Ǫ ȖȚȒȘȣȊȠȍȔșȧ ȖȒȕȍ ǲȖȗȐȘȖȊȈȕȐȍ ȗȘȖȍȒȚȈ ȏȈȌȈȚȤ ȕȈȏȊȈȕȐȍ Ȑ ȖȗȐșȈȕȐȍ 
ȕȖȊȖȋȖ ȗȘȖȍȒȚȈ. 

 ǹȖȝȘȈȕȐȚȤ ȐȏȔȍȕȍȕȐȧ. 

4.1.5. ǸȍȌȈȒȚȐȘȖȊȈȕȐȍ ȗȘȖȍȒȚȈ DM 

Ǭȓȧ ȗȍȘȍȐȔȍȕȖȊȈȕȐȧ Ȑ ȐȏȔȍȕȍȕȐȧ ȖȗȐșȈȕȐȧ ȗȘȖȍȒȚȈ ȕȍȖȉȝȖȌȐȔȖ ȊȣȗȖȓȕȐȚȤ 
șȓȍȌțȦȡȐȍ ȠȈȋȐ: 

 ǹ ȗȘȈȊȖȑ șȚȖȘȖȕȣ ȖȚ ȗȘȖȍȒȚȈ ȊȣȉȘȈȚȤ ȐȒȖȕȒț Ȋ ȊȐȌȍ ȚȘȍȝ ȊȍȘȚȐȒȈȓȤȕȣȝ 
ȚȖȟȍȒ Ȑ Ȋ ȊȣȗȈȌȈȦȡȍȔ ȔȍȕȦ ȊȣȉȘȈȚȤ ǸȍȌȈȒȚȐȘȖȊȈȚȤ. 
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 Ǫ ȖȚȒȘȣȊȠȍȔșȧ ȖȒȕȍ ǸȍȌȈȒȚȐȘȖȊȈȕȐȍ ȗȘȖȍȒȚȈ ȊȕȍșȚȐ ȕȍȖȉȝȖȌȐȔȣȍ 
ȐȏȔȍȕȍȕȐȧ Ȋ ȕȈȏȊȈȕȐȐ Ȑ ȖȗȐșȈȕȐȐ ȗȘȖȍȒȚȈ. 

 ǹȖȝȘȈȕȐȚȤ ȐȏȔȍȕȍȕȐȧ. 

4.1.6. ǸȈȉȖȚȈ ș ȗȘȖȍȒȚȖȔ DM 

Ǭȓȧ ȕȈȟȈȓȈ ȘȈȉȖȚȣ ș ȗȘȖȍȒȚȖȔ ȕȍȖȉȝȖȌȐȔȖ ȊȣȉȘȈȚȤ ȍȋȖ Ȑȏ șȗȐșȒȈ ȌȖșȚțȗȕȣȝ. 

4.2. ǲȖȕșȚȘțȒȚȖȘ ȞȍȗȖȟȍȒ ȘȍȠȍȕȐȑ 

4.2.1. ǰȕȚȍȘȜȍȑș ǲȖȕșȚȘțȒȚȖȘȈ ȞȍȗȖȟȍȒ ȘȍȠȍȕȐȑ 

ǬȈȕȕȣȑ ȥȒȘȈȕ ȖȚȒȘȣȊȈȍȚșȧ ȗȘȐ ȊȣȉȖȘȍ ȓȦȉȖȋȖ Ȑȏ ȌȖșȚțȗȕȣȝ ȗȘȖȍȒȚȖȊ Ȑ 
ȗȘȍȌșȚȈȊȓȧȍȚ șȖȉȖȑ ǲȖȕșȚȘțȒȚȖȘ ȞȍȗȖȟȍȒ ȘȍȠȍȕȐȑ. 

 

 

ǸȐșțȕȖȒ 168 ЭȓȍȔȍȕȚȣ ǲȖȕșȚȘțȒȚȖȘȈ ȞȍȗȖȟȍȒ ȘȍȠȍȕȐȑ 

ǰȕȚȍȘȜȍȑș ǲȖȕșȚȘțȒȚȖȘȈ ȞȍȗȖȟȍȒ ȘȍȠȍȕȐȑ șȖșȚȖȐȚ Ȑȏ șȓȍȌțȦȡȐȝ ȥȓȍȔȍȕȚȖȊ: 

1. ǸȈȉȖȟȍȑ ȖȉȓȈșȚȐ, Ȋ ȒȖȚȖȘțȦ ȗȖȔȍȡȈȦȚșȧ țȏȓȣ ȘȍȠȍȕȐȑ ȔȍȎȌț ȐșȝȖȌȕȣȔȐ 
țȏȓȈȔȐ ǵȈȟȈȓȖ Ȑ ǶȒȖȕȟȈȕȐȍ. 

2. ǳȍȊȖȑ ȉȖȒȖȊȖȑ ȗȈȕȍȓȐ ș țȏȓȈȔȐ ȘȍȠȍȕȐȑ. 

3. ǷȘȈȊȖȑ ȉȖȒȖȊȖȑ ȗȈȕȍȓȐ ș ȕȈșȚȘȖȑȒȈȔȐ țȏȓȈ (ȖȚȒȘȣȊȈȍȚșȧ ȗȘȐ ȊȣȉȖȘȍ țȏȓȈ, 
ȘȈȏȔȍȡȍȕȕȖȋȖ Ȋ ȘȈȉȖȟȍȔ ȗȖȓȍ). 

4. ǪȍȘȝȕȍȑ ȗȈȕȍȓȐ ș ȒȕȖȗȒȈȔȐ Ȍȓȧ ȕȈșȚȘȖȑȒȐ ȞȍȗȖȟȒȐ ȘȍȠȍȕȐȧ. 

5. ǲȕȖȗȒȈ-ȗȍȘȍȒȓȦȟȈȚȍȓȤ ȘȍȎȐȔȈ ǺȍșȚȐȘȖȊȈȕȐȧ. 

6. ǷȈȕȍȓȤ șȖȏȌȈȕȐȧ ȕȍșȒȖȓȤȒȐȝ șȞȍȕȈȘȐȍȊ Ȋ ȘȈȔȒȈȝ ȖȌȕȖȋȖ ȗȘȖȍȒȚȈ DM. 

Ǭȓȧ țȌȖȉșȚȊȈ ȗȖȓȤȏȖȊȈȕȐȧ ȘȈȉȖȟȍȑ ȖȉȓȈșȚȤȦ Ȋ ȓȍȊȖȔ ȕȐȎȕȍȔ țȋȓț ȗȘȍȌțșȔȖȚȘȍȕȣ 
ȒȕȖȗȒȐ ȔȈșȠȚȈȉȐȘȖȊȈȕȐȧ (ȒȕȖȗȒȐ  
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 Ȑ  

 

 Ȍȓȧ ȗȘȐȉȓȐȎȍȕȐȧ Ȑ ȖȚȌȈȓȍȕȐȧ, șȖȖȚȊȍȚșȚȊȍȕȕȖ, ȒȕȖȗȒȈ  

 

 Ȍȓȧ ȔȈșȠȚȈȉȐȘȖȊȈȕȐȧ ȕȈ ȖȉȢȍȒȚȈȝ, ȘȈșȗȖȓȖȎȍȕȕȣȝ Ȋ ȘȈȉȖȟȍȔ ȗȖȓȍ) Ȑ ȒȕȖȗȒȈ, 
ȉȓȖȒȐȘțȦȡȈȧ ȗȍȘȍȔȍȡȍȕȐȍ ȖȉȢȍȒȚȖȊ Ȋ ȘȈȉȖȟȍȔ ȗȘȖșȚȘȈȕșȚȊȍ (  

 

 ). 

ǳȍȊțȦ ȉȖȒȖȊțȦ ȗȈȕȍȓȤ ȔȖȎȕȖ șȒȘȣȚȤ, ȊȣȉȘȈȊ ȒȕȖȗȒț  

 

 Ȋ ȕȐȎȕȍȑ ȟȈșȚȐ ȗȈȕȍȓȐ. ǸȈșȒȘȣȚȤ șȒȘȣȚțȦ ȗȈȕȍȓȤ ȔȖȎȕȖ ȊȣȉȘȈȊ  

 

 ȚȈȒȎȍ Ȋ ȕȐȎȕȍȑ ȟȈșȚȐ ȗȈȕȍȓȐ. 
ǷȘȈȊȈȧ ȉȖȒȖȊȈȧ ȗȈȕȍȓȤ ȖȚȒȘȣȊȈȍȚșȧ ȗȘȐ ȊȣȉȖȘȍ țȏȓȈ Ȑȏ ȘȈȉȖȟȍȋȖ ȗȖȓȧ. ǹȒȘȣȚȤ ȥȚț 
ȗȈȕȍȓȤ ȔȖȎȕȖ ȊȣȉȘȈȊ ȐȒȖȕȒț  

 

 Ȋ ȗȘȈȊȖȔ ȊȍȘȝȕȍȔ țȋȓț. 
ǷȈȕȍȓȤ ș ȒȕȖȗȒȈȔȐ ȊȒȓȦȟȈȍȚ Ȋ șȍȉȧ: 

 ǲȕȖȗȒț «ǹȖȝȘȈȕȐȚȤ», Ȍȓȧ șȖȝȘȈȕȍȕȐȧ ȐȏȔȍȕȍȕȐȑ Ȋ ȗȖșȚȘȖȍȕȕȖȑ ȞȍȗȖȟȒȍ 
ȘȍȠȍȕȐȧ. 

 ǲȕȖȗȒț «ǷȍȘȍȔȍȕȕȣȍ», Ȍȓȧ ȌȖȉȈȊȓȍȕȐȧ ȗȍȘȍȔȍȕȕȣȝ, ȒȖȚȖȘȣȍ ȉțȌțȚ 
ȜȐȋțȘȐȘȖȊȈȚȤ Ȋ ȞȍȗȖȟȒȍ ȘȍȠȍȕȐȑ. 

 ǲȕȖȗȒț «ǷȖȌȒȓȦȟȍȕȐȧ», Ȍȓȧ ȏȈȌȈȕȐȧ Ȑ ȖȚȖȉȘȈȎȍȕȐȧ ȐșȗȖȓȤȏțȍȔȣȝ Ȋ 
ȞȍȗȖȟȒȍ ȘȍȠȍȕȐȑ ȗȖȌȒȓȦȟȍȕȐȑ Ȓ ǩǬ. 

 ǲȕȖȗȒț «ǺȍșȚȖȊȣȍ ȌȈȕȕȣȍ», Ȍȓȧ ȏȈȌȈȕȐȧ ȚȍșȚȖȊȣȝ ȌȈȕȕȣȝ ȕȈ ȖșȕȖȊȍ 
ȒȖȚȖȘȣȝ ȉțȌȍȚ ȗȘȖȐȏȊȖȌȐȚȤșȧ ȚȍșȚȐȘȖȊȈȕȐȍ ȞȍȗȖȟȒȐ (șȞȍȕȈȘȐȧ). 

 ǲȕȖȗȒț «ǺȈȉȓȐȞȈ șȊȧȏȍȑ», Ȍȓȧ ȒȖȘȘȍȒȚȐȘȖȊȈȕȐȧ șȊȧȏȍȑ ȔȍȎȌț țȏȓȈȔȐ 
ȘȍȠȍȕȐȑ. 

 ǲȕȖȗȒț «ǷȘȖșȔȖȚȘ ȒȖȌȈ», Ȍȓȧ ȗȘȖșȔȖȚȘȈ ȒȖȌȈ, ȓȍȎȈȡȍȋȖ ȏȈ ȞȍȗȖȟȒȖȑ 
ȘȍȠȍȕȐȧ. 

 ǲȕȖȗȒț «ǸȍȋȐșȚȘȈȞȐȧ», Ȍȓȧ ȘȍȋȐșȚȘȈȞȐȐ ȘȍȠȍȕȐȧ Ȋ ǸȍȗȖȏȐȚȖȘȐȑ MM. 
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4.2.2. ǻȏȓȣ ȘȍȠȍȕȐȑ 

4.2.2.1. ǶȗȐșȈȕȐȍ țȏȓȖȊ ȘȍȠȍȕȐȑ 

4.2.2.1.1. ǻȏȍȓ "ǵȈȟȈȓȖ" 

ǻȏȍȓ «ǵȈȟȈȓȖ» ȧȊȓȧȍȚșȧ ȉȈȏȖȊȣȔ țȏȓȖȔ ȞȍȗȖȟȒȐ ȘȍȠȍȕȐȧ. 

ǹȗȐșȖȒ ȗȈȘȈȔȍȚȘȖȊ țȏȓȈ ȗȘȍȌșȚȈȊȓȍȕ Ȋ ȚȈȉȓȐȞȍ ȕȐȎȍ. 

ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ 

ǵȈȏȊȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ ȏȕȈȟȍȕȐȍ ȕȍȚ 

ǵȈȏȊȈȕȐȍ țȏȓȈ, ȒȖȚȖȘȖȍ ȉțȌȍȚ 
ȖȚȖȉȘȈȎȈȚȤșȧ Ȋ ȐȕȚȍȘȜȍȑșȍ 

ǶȗȐșȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ ȏȕȈȟȍȕȐȍ ȕȍȚ 

ǶȗȐșȈȕȐȍ țȏȓȈ 

ǶȟȍȘȍȌȤ ǸțȟȕȖȑ ȊȊȖȌ  
ǿȐșȓȖȊȖȍ ȕȍȖȚȘȐȞȈȚȍȓȤȕȖȍ 
ȏȕȈȟȍȕȐȍ 

ǷȖȘȧȌȖȒ ȖȚȖȉȘȈȎȍȕȐȧ ȗȘȐ ȚȍșȚȐȘȖȊȈȕȐȐ 
ȘȍȠȍȕȐȧ 

ǺȈȉȓȐȞȈ 54 ǷȈȘȈȔȍȚȘȣ țȏȓȈ "ǵȈȟȈȓȖ" 

4.2.2.1.2. ǻȏȍȓ "ǩȐȏȕȍș-ȗȘȈȊȐȓȖ" 

ǻȏȍȓ "ǩȐȕȍș-ȗȘȈȊȐȓȈ" ȐșȗȖȓȤȏțȍȚșȧ Ȍȓȧ ȘȍȈȓȐȏȈȞȐȐ ȉȐȏȕȍș-ȓȖȋȐȒȐ Ȋ ȗȘȖȞȍșșȍ 
ȗȘȐȕȧȚȐȧ ȘȍȠȍȕȐȧ. 

ǹȗȐșȖȒ ȗȈȘȈȔȍȚȘȖȊ țȏȓȈ ȗȘȍȌșȚȈȊȓȍȕ Ȋ ȚȈȉȓȐȞȍ ȕȐȎȍ. 

ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ 

ǵȈȏȊȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ ȏȕȈȟȍȕȐȍ ȕȍȚ 

ǵȈȏȊȈȕȐȍ țȏȓȈ, ȒȖȚȖȘȖȍ ȉțȌȍȚ 
ȖȚȖȉȘȈȎȈȚȤșȧ Ȋ ȐȕȚȍȘȜȍȑșȍ 

ǶȗȐșȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ ȏȕȈȟȍȕȐȍ ȕȍȚ 

ǶȗȐșȈȕȐȍ țȏȓȈ 

ǶȟȍȘȍȌȤ ǸțȟȕȖȑ ȊȊȖȌ  
ǿȐșȓȖȊȖȍ ȕȍȖȚȘȐȞȈȚȍȓȤȕȖȍ 
ȏȕȈȟȍȕȐȍ 

ǷȖȘȧȌȖȒ ȖȚȖȉȘȈȎȍȕȐȧ ȗȘȐ ȚȍșȚȐȘȖȊȈȕȐȐ 
ȘȍȠȍȕȐȧ 

ǷȘȈȊȐȓȈ ǲȕȖȗȒȈ ǷȘȐ ȊȣȉȖȘȍ ȒȕȖȗȒȐ ȖȚȒȘȣȊȈȍȚșȧ ȖȒȕȖ 
ǷȘȈȊȐȓȈ Ȍȓȧ ȏȈȌȈȕȐȧ țșȓȖȊȐȑ. 

ǺȈȉȓȐȞȈ 55 ǷȈȘȈȔȍȚȘȣ țȏȓȈ "ǩȐȏȕȍș-ȗȘȈȊȐȓȖ" 

4.2.2.1.3. ǻȏȍȓ "ǴȖȌȍȓȤ" 

ǻȏȍȓ "ǴȖȌȍȓȤ" ȗȖȏȊȖȓȧȍȚ ȐȕȚȍȋȘȐȘȖȊȈȚȤ ȗțȉȓȐȒȈȞȐȦ ȊȍȘșȐȐ ȔȖȌȍȓȐ Ȑȏ 
ȒȖȔȗȖȕȍȕȚȈ ǻȗȘȈȊȓȍȕȐȍ ȔȖȌȍȓȧȔȐ Ȑ ȘȍȠȍȕȐȧȔȐ (MM). 

ǹȗȐșȖȒ ȗȈȘȈȔȍȚȘȖȊ țȏȓȈ ȗȘȍȌșȚȈȊȓȍȕ Ȋ ȚȈȉȓȐȞȍ ȕȐȎȍ. 

ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ 

ǵȈȏȊȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ 
ȏȕȈȟȍȕȐȍ ȕȍȚ 

ǵȈȏȊȈȕȐȍ țȏȓȈ, ȒȖȚȖȘȖȍ ȉțȌȍȚ ȖȚȖȉȘȈȎȈȚȤșȧ Ȋ 
ȐȕȚȍȘȜȍȑșȍ 
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ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ 

ǶȗȐșȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ 
ȏȕȈȟȍȕȐȍ ȕȍȚ 

ǶȗȐșȈȕȐȍ țȏȓȈ 

ǶȟȍȘȍȌȤ ǸțȟȕȖȑ ȊȊȖȌ  
ǿȐșȓȖȊȖȍ 
ȕȍȖȚȘȐȞȈȚȍȓȤȕȖȍ 
ȏȕȈȟȍȕȐȍ 

ǷȖȘȧȌȖȒ ȖȚȖȉȘȈȎȍȕȐȧ ȗȘȐ ȚȍșȚȐȘȖȊȈȕȐȐ 
ȘȍȠȍȕȐȧ 

ǵȈșȚȘȖȑȒȈ 

ȔȖȌȍȓȐ 
ǲȕȖȗȒȈ ǷȘȐ ȊȣȉȖȘȍ ȒȕȖȗȒȐ ȖȚȒȘȣȊȈȍȚșȧ ȖȒȕȖ 

ǵȈșȚȘȖȑȒȈ ȔȖȌȍȓȐ Ȍȓȧ ȊȣȉȖȘȈ ȕȍȖȉȝȖȌȐȔȖȑ 
ȗțȉȓȐȒȈȞȐȐ Ȑ ȔȥȗȗȐȕȋȈ ȗȍȘȍȔȍȕȕȣȝ 

ǺȈȉȓȐȞȈ 56 ǷȈȘȈȔȍȚȘȣ țȏȓȈ "ǴȖȌȍȓȤ" 

4.2.2.1.4. ǻȏȍȓ "ǪȍȚȊȓȍȕȐȍ" 

ǻȏȍȓ "ǪȍȚȊȓȍȕȐȍ" ȐșȗȖȓȤȏțȍȚșȧ Ȍȓȧ ȖȉȘȈȉȖȚȒȐ ȘȈȏȓȐȟȕȣȝ șȞȍȕȈȘȐȍȊ ȗȘȐȕȧȚȐȧ 
ȘȍȠȍȕȐȧ. 

ǹȗȐșȖȒ ȗȈȘȈȔȍȚȘȖȊ țȏȓȈ ȗȘȍȌșȚȈȊȓȍȕ Ȋ ȚȈȉȓȐȞȍ ȕȐȎȍ. 

ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ ȏȕȈȟȍȕȐȧ 
Ȑ ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ 

ǵȈȏȊȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ ȏȕȈȟȍȕȐȍ 
ȕȍȚ 

ǵȈȏȊȈȕȐȍ țȏȓȈ, ȒȖȚȖȘȖȍ ȉțȌȍȚ ȖȚȖȉȘȈȎȈȚȤșȧ 
Ȋ ȐȕȚȍȘȜȍȑșȍ 

ǶȗȐșȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ ȏȕȈȟȍȕȐȍ 
ȕȍȚ 

ǶȗȐșȈȕȐȍ țȏȓȈ 

ǶȟȍȘȍȌȤ ǸțȟȕȖȑ ȊȊȖȌ  
ǿȐșȓȖȊȖȍ 
ȕȍȖȚȘȐȞȈȚȍȓȤȕȖȍ 
ȏȕȈȟȍȕȐȍ 

ǷȖȘȧȌȖȒ ȖȚȖȉȘȈȎȍȕȐȧ ȗȘȐ ȚȍșȚȐȘȖȊȈȕȐȐ 
ȘȍȠȍȕȐȧ 

ǷȘȈȊȐȓȈ 
ȊȍȚȊȓȍȕȐȧ 

ǲȕȖȗȒȈ ǷȘȐ ȊȣȉȖȘȍ ȒȕȖȗȒȐ ȖȚȒȘȣȊȈȍȚșȧ ȖȒȕȖ 
ǷȘȈȊȐȓȈ ȊȍȚȊȓȍȕȐȧ Ȍȓȧ șȖȏȌȈȕȐȧ 
ȕȍșȒȖȓȤȒȐȝ ȊȍȚȖȒ șȞȍȕȈȘȐȧ. 

ǺȈȉȓȐȞȈ 57 ǷȈȘȈȔȍȚȘȣ țȏȓȈ "ǪȍȚȊȓȍȕȐȍ" 

4.2.2.1.5. ǻȏȍȓ "SQL" 

ǻȏȍȓ "SQL" ȐșȗȖȓȤȏțȍȚșȧ Ȍȓȧ ȕȈȗȐșȈȕȐȧ sql-ȏȈȗȘȖșȖȊ Ȓ ȉȈȏȍ ȌȈȕȕȣȝ Ȍȓȧ 
ȖȉȖȋȈȡȍȕȐȧ ȌȈȕȕȣȝ Ȋ ȗȘȖȞȍșșȍ ȗȘȐȕȧȚȐȧ ȘȍȠȍȕȐȑ. 

ǹȗȐșȖȒ ȗȈȘȈȔȍȚȘȖȊ țȏȓȈ ȗȘȍȌșȚȈȊȓȍȕ Ȋ ȚȈȉȓȐȞȍ ȕȐȎȍ. 

ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ 

ǵȈȏȊȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ 
ȏȕȈȟȍȕȐȍ ȕȍȚ 

ǵȈȏȊȈȕȐȍ țȏȓȈ, ȒȖȚȖȘȖȍ ȉțȌȍȚ ȖȚȖȉȘȈȎȈȚȤșȧ 
Ȋ ȐȕȚȍȘȜȍȑșȍ 

ǶȗȐșȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ 
ȏȕȈȟȍȕȐȍ ȕȍȚ 

ǶȗȐșȈȕȐȍ țȏȓȈ 

ǶȟȍȘȍȌȤ ǸțȟȕȖȑ ȊȊȖȌ  ǷȖȘȧȌȖȒ ȖȚȖȉȘȈȎȍȕȐȧ ȗȘȐ ȚȍșȚȐȘȖȊȈȕȐȐ 
ȘȍȠȍȕȐȧ 
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ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ 

ǿȐșȓȖȊȖȍ 
ȕȍȖȚȘȐȞȈȚȍȓȤȕȖȍ 
ȏȕȈȟȍȕȐȍ 

ǹȖȗȖșȚȈȊȓȍȕȐȍ ǲȕȖȗȒȈ ǷȘȐ ȊȣȉȖȘȍ ȒȕȖȗȒȐ ȖȚȒȘȣȊȈȍȚșȧ ȖȒȕȖ 
ǹȖȗȖșȚȈȊȓȍȕȐȍ Ȍȓȧ ȕȈȗȐșȈȕȐȧ sql-
ȏȈȗȘȖșȖȊ (ȗȖȌȘȖȉȕȖȍ ȖȗȐșȈȕȐȍ ȕȐȎȍ) 

ǺȈȉȓȐȞȈ 58 ǷȈȘȈȔȍȚȘȣ țȏȓȈ "SQL" 

ǶȒȕȖ ǹȖȗȖșȚȈȊȓȍȕȐȍ 

Ǫ ȖȒȕȍ ǹȖȗȖșȚȈȊȓȍȕȐȍ ǷȖȓȤȏȖȊȈȚȍȓȤ ȔȖȎȍȚ ȕȈȗȐșȈȚȤ sql-ȏȈȗȘȖș. 

ǶșȕȖȊȕȣȔȐ ȥȓȍȔȍȕȚȈȔȐ ȖȒȕȈ ǹȖȗȖșȚȈȊȓȍȕȐȍ ȧȊȓȧȦȚșȧ: 

 

ǸȐșțȕȖȒ 169 ǶȒȕȖ ǹȖȗȖșȚȈȊȓȍȕȐȍ 

1. ǹȗȐșȖȒ Ȍȓȧ ȊȣȉȖȘȈ ȕȍȖȉȝȖȌȐȔȖȋȖ ǷȖȌȒȓȦȟȍȕȐȧ. 
2. ǷȖȓȍ ȊȊȖȌȈ sql-ȏȈȗȘȖșȈ. 
3. ǴȥȗȗȐȕȋ ȗȍȘȍȔȍȕȕȣȝ ǩǬ Ȑ ȗȍȘȍȔȍȕȕȣȝ șȞȍȕȈȘȐȧ. 

Ǭȓȧ ȏȈȌȈȕȐȧ sql-ȏȈȗȘȖșȈ ȕȍȖȉȝȖȌȐȔȖ: 

1. ǪȣȉȘȈȚȤ ǷȖȌȒȓȦȟȍȕȐȍ Ȑȏ șȗȐșȒȈ ȌȖșȚțȗȕȣȝ Ȍȓȧ șȞȍȕȈȘȐȧ (ȏȈȌȈȍȚșȧ ȕȈ 
ȥȒȘȈȕȍ ǲȖȕșȚȘțȒȚȖȘȈ șȞȍȕȈȘȐȧ ȗȖ ȒȕȖȗȒȍ ǷȖȌȒȓȦȟȍȕȐȧ). 

2. ǪȊȍșȚȐ ȕȍȖȉȝȖȌȐȔȣȑ ȏȈȗȘȖș Ȋ ȗȖȓȍ ȊȊȖȌȈ Ȑ ȕȈȎȈȚȤ ǷȘȖȊȍȘȐȚȤ. 
3. ǭșȓȐ ȏȈȗȘȖș ȒȖȘȘȍȒȚȕȣȑ, ȚȖ ȖȚȖȉȘȈȏȐȚșȧ ȚȈȉȓȐȞȈ, Ȋ ȒȖȚȖȘȖȑ ȕȍȖȉȝȖȌȐȔȖ 

ȏȈȌȈȚȤ ȔȥȗȗȐȕȋ ȗȍȘȍȔȍȕȕȣȝ ǩǬ Ȑ ȗȍȘȍȔȍȕȕȣȝ șȞȍȕȈȘȐȧ. 
4. ǹȖȝȘȈȕȐȚȤ. 
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4.2.2.1.6. ǻȏȍȓ "ǸȍȠȍȕȐȍ" 

ǻȏȍȓ "ǸȍȠȍȕȐȍ" ȐșȗȖȓȤȏțȍȚșȧ Ȍȓȧ ȊȣȏȖȊȈ ȌȘțȋȖȋȖ ȘȍȠȍȕȐȧ Ȑ ȐȕȚȍȋȘȈȞȐȐ ȍȋȖ Ȋ 
ȥȚț ȞȍȗȖȟȒț ȗȘȐȕȧȚȐȧ ȘȍȠȍȕȐȑ. 

ǹȗȐșȖȒ ȗȈȘȈȔȍȚȘȖȊ țȏȓȈ ȗȘȍȌșȚȈȊȓȍȕ Ȋ ȚȈȉȓȐȞȍ ȕȐȎȍ. 

ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ 
ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ 

ǵȈȏȊȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ 
ȏȕȈȟȍȕȐȍ ȕȍȚ 

ǵȈȏȊȈȕȐȍ țȏȓȈ, ȒȖȚȖȘȖȍ ȉțȌȍȚ ȖȚȖȉȘȈȎȈȚȤșȧ Ȋ 
ȐȕȚȍȘȜȍȑșȍ 

ǶȗȐșȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ 
ȏȕȈȟȍȕȐȍ ȕȍȚ 

ǶȗȐșȈȕȐȍ țȏȓȈ 

ǶȟȍȘȍȌȤ ǸțȟȕȖȑ ȊȊȖȌ  
ǿȐșȓȖȊȖȍ 
ȕȍȖȚȘȐȞȈȚȍȓȤȕȖȍ 
ȏȕȈȟȍȕȐȍ 

ǷȖȘȧȌȖȒ ȖȚȖȉȘȈȎȍȕȐȧ ȗȘȐ ȚȍșȚȐȘȖȊȈȕȐȐ 
ȘȍȠȍȕȐȧ 

ǹȖȗȖșȚȈȊȓȍȕȐȍ ǲȕȖȗȒȈ ǷȘȐ ȊȣȉȖȘȍ ȒȕȖȗȒȐ ȖȚȒȘȣȊȈȍȚșȧ ȖȒȕȖ 
ǹȖȗȖșȚȈȊȓȍȕȐȍ Ȍȓȧ ȊȣȉȖȘȈ ȊșȚȘȈȐȊȈȍȔȖȋȖ 
ȘȍȠȍȕȐȧ Ȑȏ șȗȐșȒȈ șțȡȍșȚȊțȦȡȐȝ Ȑ ȔȥȗȗȐȕȋȈ 
ȗȍȘȍȔȍȕȕȣȝ. 

ǺȈȉȓȐȞȈ 59 ǷȈȘȈȔȍȚȘȣ țȏȓȈ "ǸȍȠȍȕȐȍ" 

4.2.2.1.7. ǻȏȍȓ "Python" 

ǻȏȍȓ "Python" ȗȖȏȊȖȓȧȍȚ ȐȕȚȍȋȘȐȘȖȊȈȚȤ ȗȘȖȐȏȊȖȓȤȕȣȑ python-ȒȖȌ Ȍȓȧ ȘȍȈȓȐȏȈȞȐȐ 
șȈȔȣȝ șȓȖȎȕȣȝ ȕȍȚȐȗȖȊȣȝ ȏȈȌȈȟ. 

ǹȗȐșȖȒ ȗȈȘȈȔȍȚȘȖȊ țȏȓȈ ȗȘȍȌșȚȈȊȓȍȕ Ȋ ȚȈȉȓȐȞȍ ȕȐȎȍ. 

ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ ȏȕȈȟȍȕȐȧ 
Ȑ ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ 

ǵȈȏȊȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ ȏȕȈȟȍȕȐȍ 
ȕȍȚ 

ǵȈȏȊȈȕȐȍ țȏȓȈ, ȒȖȚȖȘȖȍ ȉțȌȍȚ ȖȚȖȉȘȈȎȈȚȤșȧ Ȋ 
ȐȕȚȍȘȜȍȑșȍ 

ǶȗȐșȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ ȏȕȈȟȍȕȐȍ 
ȕȍȚ 

ǶȗȐșȈȕȐȍ țȏȓȈ 

ǶȟȍȘȍȌȤ ǸțȟȕȖȑ ȊȊȖȌ  
ǿȐșȓȖȊȖȍ 
ȕȍȖȚȘȐȞȈȚȍȓȤȕȖȍ 
ȏȕȈȟȍȕȐȍ 

ǷȖȘȧȌȖȒ ȖȚȖȉȘȈȎȍȕȐȧ ȗȘȐ ȚȍșȚȐȘȖȊȈȕȐȐ 
ȘȍȠȍȕȐȧ 

ǲȖȌ ǲȕȖȗȒȈ ǷȘȐ ȊȣȉȖȘȍ ȒȕȖȗȒȐ ȖȚȒȘȣȊȈȍȚșȧ ȖȒȕȖ ǲȖȌ ș 
ȘȍȌȈȒȚȖȘȖȔ, ȒțȌȈ ȕȍȖȉȝȖȌȐȔȖ ȌȖȉȈȊȐȚȤ 
ȗȘȖȐȏȊȖȓȤȕȣȑ python-ȒȖȌ. 

ǺȈȉȓȐȞȈ 60 ǷȈȘȈȔȍȚȘȣ țȏȓȈ "Python" 

4.2.2.1.8. ǻȏȍȓ "ǶȒȖȕȟȈȕȐȍ" 

ǻȏȍȓ «ǶȒȖȕȟȈȕȐȍ» ȧȊȓȧȍȚșȧ ȉȈȏȖȊȣȔ țȏȓȖȔ ȞȍȗȖȟȒȐ ȘȍȠȍȕȐȧ. 

ǹȗȐșȖȒ ȗȈȘȈȔȍȚȘȖȊ țȏȓȈ ȗȘȍȌșȚȈȊȓȍȕ Ȋ ȚȈȉȓȐȞȍ ȕȐȎȍ. 
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ǷȈȘȈȔȍȚȘ ǪȖȏȔȖȎȕȣȍ ȏȕȈȟȍȕȐȧ Ȑ 
ȖȋȘȈȕȐȟȍȕȐȧ 

ǶȗȐșȈȕȐȍ 

ǵȈȏȊȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ ȏȕȈȟȍȕȐȍ ȕȍȚ 

ǵȈȏȊȈȕȐȍ țȏȓȈ, ȒȖȚȖȘȖȍ ȉțȌȍȚ 
ȖȚȖȉȘȈȎȈȚȤșȧ Ȋ ȐȕȚȍȘȜȍȑșȍ 

ǶȗȐșȈȕȐȍ ǸțȟȕȖȑ ȊȊȖȌ 
ǶȋȘȈȕȐȟȍȕȐȑ ȕȈ ȏȕȈȟȍȕȐȍ ȕȍȚ 

ǶȗȐșȈȕȐȍ țȏȓȈ 

ǶȟȍȘȍȌȤ ǸțȟȕȖȑ ȊȊȖȌ  
ǿȐșȓȖȊȖȍ ȕȍȖȚȘȐȞȈȚȍȓȤȕȖȍ 
ȏȕȈȟȍȕȐȍ 

ǷȖȘȧȌȖȒ ȖȚȖȉȘȈȎȍȕȐȧ ȗȘȐ ȚȍșȚȐȘȖȊȈȕȐȐ 
ȘȍȠȍȕȐȧ 

ǺȈȉȓȐȞȈ 61 ǷȈȘȈȔȍȚȘȣ țȏȓȈ "ǶȒȖȕȟȈȕȐȍ" 
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5. ǲȖȔȗȖȕȍȕȚ ǻȗȘȈȊȓȍȕȐȍ ȔȖȌȍȓȧȔȐ Ȑ ȘȍȠȍȕȐȧȔȐ 
(Model Manager, MM) 

ǶșȕȖȊȕȈȧ ȏȈȌȈȟȈ, ȘȍȠȈȍȔȈȧ ȒȖȔȗȖȕȍȕȚȖȔ ǻȗȘȈȊȓȍȕȐȍ ȔȖȌȍȓȧȔȐ Ȑ 
ȘȍȠȍȕȐȧȔȐ — ȊȊȖȌ ȔȖȌȍȓȍȑ Ȋ ȥȒșȗȓțȈȚȈȞȐȦ Ȑ țȗȘȈȊȓȍȕȐȍ Ȑȝ ȎȐȏȕȍȕȕȣȔ ȞȐȒȓȖȔ. 
Ǫ ȒȖȔȗȖȕȍȕȚȍ ȗȘȍȌțșȔȖȚȘȍȕ șȓȍȌțȦȡȐȑ ȜțȕȒȞȐȖȕȈȓ: 

 ǸȍȗȖȏȐȚȖȘȐȑ ȔȖȌȍȓȍȑ. 

 ǰȔȗȖȘȚ șȚȖȘȖȕȕȐȝ python ȔȖȌȍȓȍȑ. 

 ǷțȉȓȐȒȈȞȐȧ ȔȖȌȍȓȍȑ. 

 ǹȖȋȓȈșȖȊȈȕȐȍ ȔȖȌȍȓȍȑ. 

 ǴȖȕȐȚȖȘȐȕȋ ȒȈȟȍșȚȊȈ ȘȈȉȖȚȣ ȔȖȌȍȓȍȑ. 

5.1. ǰȕȚȍȘȜȍȑș MM 

ǸȈȏȌȍȓ ǻȗȘȈȊȓȍȕȐȍ ȔȖȌȍȓȧȔȐ Ȑ ȘȍȠȍȕȐȧȔȐ ȖȚȒȘȣȊȈȍȚșȧ ȗȘȐ ȊȣȉȖȘȍ ȐȒȖȕȒȐ 

 Ȋ ȓȍȊȖȔ ȊȍȘȝȕȍȔ ȔȍȕȦ. 

 

ǸȐșțȕȖȒ 170 ǰȕȚȍȘȜȍȑș ȒȖȔȗȖȕȍȕȚȈ ǻȗȘȈȊȓȍȕȐȍ ȔȖȌȍȓȧȔȐ 

ǶșȕȖȊȕȣȔ ȥȓȍȔȍȕȚȖȔ ȕȈȊȐȋȈȞȐȐ Ȋ ȘȈȏȌȍȓȍ ǻȗȘȈȊȓȍȕȐȍ ȔȖȌȍȓȧȔȐ Ȑ ȘȍȠȍȕȐȧȔȐ 

ȧȊȓȧȍȚșȧ ȉȖȒȖȊȈȧ ȗȈȕȍȓȤ, ȒȖȚȖȘȈȧ șȖȌȍȘȎȐȚ șȓȍȌțȦȡȐȍ ȗȖȌȘȈȏȌȍȓȣ: 

 ǻȗȘȈȊȓȍȕȐȍ ȔȖȌȍȓȧȔȐ Ȑ ȘȍȠȍȕȐȧȔȐ. 

o ǸȍȗȖȏȐȚȖȘȐȑ — ȗȘȍȌșȚȈȊȓȧȍȚ șȖȉȖȑ ȞȍȕȚȘȈȓȐȏȖȊȈȕȕȖȍ ȝȘȈȕȐȓȐȡȍ 
ȔȖȌȍȓȍȑ. 

o ǶȗțȉȓȐȒȖȊȈȕȕȣȍ ȔȖȌȍȓȐ — ȗȘȍȌșȚȈȊȓȧȍȚ șȖȉȖȑ șȗȐșȖȒ ȔȖȌȍȓȍȑ, 
ȒȖȚȖȘȣȍ ȉȣȓȐ ȖȗțȉȓȐȒȖȊȈȕȣ. 

o ǹȖȋȓȈșȖȊȈȕȐȍ — ȊȒȓȦȟȈȍȚ Ȋ șȍȉȧ ȜțȕȒȞȐȖȕȈȓ, ȕȍȖȉȝȖȌȐȔȣȑ Ȍȓȧ 
șȖȋȓȈșȖȊȈȕȐȧ ȔȖȌȍȓȍȑ. 
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 ǵȈșȚȘȖȑȒȐ. 

o ǷȘȖȍȒȚȣ — ȗȘȍȌșȚȈȊȓȧȍȚ șȗȐșȖȒ ȗȘȖȍȒȚȖȊ. 

o ǩȐȉȓȐȖȚȍȒȐ — ȗȘȍȌșȚȈȊȓȧȍȚ șȖȉȖȑ șȗȐșȖȒ Python ȉȐȉȓȐȖȚȍȒ, 
ȐșȗȖȓȤȏțȍȔȣȝ Ȋ ȔȖȌȍȓȧȝ. 

o ШȈȉȓȖȕȣ — ȗȘȍȌșȚȈȊȓȧȍȚ șȖȉȖȑ șȗȐșȖȒ ȌȖșȚțȗȕȣȝ Ȍȓȧ ȊȣȗȖȓȕȍȕȐȧ 
ȗȘȖȞȍșșȖȊ șȖȋȓȈșȖȊȈȕȐȧ ȔȖȌȍȓȍȑ. 

o ǷȖȓȤȏȖȊȈȚȍȓȤșȒȐȍ ȈȚȘȐȉțȚȣ — ȗȖȏȊȖȓȧȦȚ ȗȖȓȤȏȖȊȈȚȍȓȦ ȏȈȌȈȚȤ 
ȓȦȉțȦ ȌȖȗȖȓȕȐȚȍȓȤȕțȦ ȐȕȜȖȘȔȈȞȐȦ Ȗ ȊȍȘșȐȐ ȔȖȌȍȓȐ. 

Ǭȓȧ țȌȖȉșȚȊȈ ȗȖȓȤȏȖȊȈȕȐȧ ȓȍȊțȦ ȉȖȒȖȊțȦ ȗȈȕȍȓȤ ȔȖȎȕȖ șȒȘȣȚȤ, ȊȣȉȘȈȊ ȒȕȖȗȒț  

 

 Ȋ ȕȐȎȕȍȑ ȟȈșȚȐ ȗȈȕȍȓȐ. ǸȈșȒȘȣȚȤ șȒȘȣȚțȦ ȗȈȕȍȓȤ ȔȖȎȕȖ ȊȣȉȘȈȊ  

 

 ȚȈȒȎȍ Ȋ ȕȐȎȕȍȑ ȟȈșȚȐ ȗȈȕȍȓȐ. 
ǺȈȉȓȐȞȣ Ȋ ȘȈȏȌȍȓȍ ǻȗȘȈȊȓȍȕȐȍ ȔȖȌȍȓȧȔȐ Ȑ ȘȍȠȍȕȐȧȔȐ ȐȔȍȦȚ ȋȐȉȒȐȍ 
ȕȈșȚȘȖȑȒȐ ȖȚȖȉȘȈȎȍȕȐȧ. ǺȈȒ, ȗȖȓȤȏȖȊȈȚȍȓȤ ȔȖȎȍȚ: 

 ȐȏȔȍȕȐȚȤ ȠȐȘȐȕț ȓȦȉȖȋȖ șȚȖȓȉȞȈ (Ȍȓȧ ȥȚȖȋȖ ȕȍȖȉȝȖȌȐȔȖ ȗȍȘȍȚȈȡȐȚȤ ȋȘȈȕȐȞț 

ȍȋȖ ȏȈȋȖȓȖȊȒȈ  ȌȖ ȕțȎȕȖȑ ȠȐȘȐȕȣ). 

 șȖȘȚȐȘȖȊȈȚȤ ȚȈȉȓȐȞț (Ȍȓȧ ȥȚȖȋȖ ȕȍȖȉȝȖȌȐȔȖ ȊȣȉȘȈȚȤ ȐȒȖȕȒț  ȘȧȌȖȔ ș 
ȏȈȋȖȓȖȊȒȖȔ șȖȘȚȐȘțȍȔȖȋȖ șȚȖȓȉȞȈ). 

 șȒȘȣȊȈȚȤ/ȖȚȖȉȘȈȎȈȚȤ șȚȖȓȉȞȣ Ȑ ȐȏȔȍȕȧȚȤ Ȑȝ ȗȖȘȧȌȖȒ Ȋ ȖȒȕȍ ǪȐȌ ȚȈȉȓȐȞȣ 

(Ȍȓȧ ȖȚȒȘȣȚȐȧ ȖȒȕȈ ȕȍȖȉȝȖȌȐȔȖ ȊȣȉȘȈȚȤ  Ȋ ȗȘȈȊȖȔ 
ȊȍȘȝȕȍȔ țȋȓț ȚȈȉȓȐȞȣ; ȗȘȐ ȊȣȉȖȘȍ ȐȒȖȕȒȐ  șȚȖȓȉȍȞ șȒȘȖȍȚșȧ, ȗȘȐ 
ȕȈȊȍȌȍȕȐȐ ȕȈ ȐȒȖȕȒț  ȈȒȚȐȊȐȘțȍȚșȧ ȊȖȏȔȖȎȕȖșȚȤ ȗȍȘȍȔȍȡȍȕȐȧ șȚȖȓȉȞȈ). 

 șȉȘȖșȐȚȤ Ȋȕȍșȍȕȕȣȍ ȐȏȔȍȕȍȕȐȧ ȚȈȒȎȍ Ȋ ȖȒȕȍ ǪȐȌ ȚȈȉȓȐȞȣ (Ȍȓȧ ȥȚȖȋȖ 

ȊȣȉȘȈȚȤ ȒȕȖȗȒț «ǹȉȘȖșȐȚȤ»). 

Ǭȓȧ ȉȣșȚȘȖȋȖ ȗȖȐșȒȈ ȖȉȢȍȒȚȈ Ȋ ȚȈȉȓȐȞȍ ȗȘȍȌțșȔȖȚȘȍȕȖ ȗȖȓȍ  Ȋ 
ȗȘȈȊȖȑ ȊȍȘȝȕȍȑ ȟȈșȚȐ ȚȈȉȓȐȞȣ. 
ǶȉȢȍȒȚȣ ȚȈȉȓȐȞȣ ȔȖȎȕȖ ȊȣȋȘțȏȐȚȤ Ȋ ȜȖȘȔȈȚȍ Excel. Ǭȓȧ ȥȚȖȋȖ ȕțȎȕȖ ȊȣȉȘȈȚȤ 

ȐȒȖȕȒț ЭȒșȗȖȘȚȈ Ȋ excel  . 
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5.2. ǸȍȗȖȏȐȚȖȘȐȑ 

ǸȍȗȖȏȐȚȖȘȐȑ ȗȘȍȌșȚȈȊȓȧȍȚ șȖȉȖȑ ȞȍȕȚȘȈȓȐȏȖȊȈȕȕȖȍ ȝȘȈȕȐȓȐȡȍ ȔȖȌȍȓȍȑ Ȑ Ȑȝ 
ȊȍȘșȐȑ Ȑ ȗȖȏȊȖȓȧȍȚ țȗȘȈȊȓȧȚȤ Ȑȝ ȎȐȏȕȍȕȕȣȔ ȞȐȒȓȖȔ. 
ǷȍȘȍȑȚȐ Ȋ ǸȍȗȖȏȐȚȖȘȐȑ ȔȖȎȕȖ, ȊȣȉȘȈȊ ȖȌȕȖȐȔȍȕȕȣȑ ȘȈȏȌȍȓ ȉȖȒȖȊȖȑ ȗȈȕȍȓȐ. 

 

ǸȐșțȕȖȒ 171 ǪȣȉȖȘ ȘȈȏȌȍȓȈ ǸȍȗȖȏȐȚȖȘȐȑ ȉȖȒȖȊȖȑ ȗȈȕȍȓȐ 

ǸȍȗȖȏȐȚȖȘȐȑ șȖșȚȖȐȚ Ȑȏ ȌȊțȝ ȖșȕȖȊȕȣȝ ȥȓȍȔȍȕȚȖȊ: 

1. ǲȖȓȤȞȍȊȣȍ ȌȐȈȋȘȈȔȔȣ, ȖȚȘȈȎȈȦȡȐȍ ȝȈȘȈȒȚȍȘȐșȚȐȒȐ ȔȖȌȍȓȍȑ Ȋ ǸȍȗȖȏȐȚȖȘȐȐ 

(ȖȚȒȘȣȊȈȍȚșȧ ȗȘȐ ȊȣȉȖȘȍ ȒȕȖȗȒȐ  Ȋ ȊȍȘȝȕȍȑ ȟȈșȚȐ 
ȘȈȏȌȍȓȈ): 

a. ǹȚȈȚțșȣ șȖȋȓȈșȖȊȈȕȐȧ ȊȍȘșȐȐ ȔȖȌȍȓȐ (ȊȖȏȔȖȎȕȣȍ ȏȕȈȟȍȕȐȧ — Draft 

(ȟȍȘȕȖȊȐȒ), Approved (șȖȋȓȈșȖȊȈȕȖ), Rejected (ȖȚȒȈȏȈȕȖ Ȋ 
șȖȋȓȈșȖȊȈȕȐȐ), Awaiting (Ȋ ȗȘȖȞȍșșȍ șȖȋȓȈșȖȊȈȕȐȧ)). 

b. ǰșȗȖȓȤȏțȍȔȣȍ ȈȓȋȖȘȐȚȔȣ. 
c. ǩȐȉȓȐȖȚȍȒȐ. 
d. ǹȚȈȚțșȣ șȉȖȘȖȒ Ȍȓȧ ȗțȉȓȐȒȈȞȐȐ (ȊȖȏȔȖȎȕȣȍ ȏȕȈȟȍȕȐȧ — Ready 

(ȋȖȚȖȊȖ), Error (ȖȠȐȉȒȈ), InProgress (Ȋ ȗȘȖȞȍșșȍ)). 

2. ǹȗȐșȖȒ ȌȖșȚțȗȕȣȝ ȗȖȓȤȏȖȊȈȚȍȓȦ ȔȖȌȍȓȍȑ Ȋ ȚȈȉȓȐȟȕȖȔ ȊȐȌȍ. 

 

ǸȐșțȕȖȒ 172 ǸȈȏȌȍȓ ǸȍȗȖȏȐȚȖȘȐȑ 
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Ǫ ȚȈȉȓȐȞȍ ȖȚȖȉȘȈȎȈȍȚșȧ ȐȍȘȈȘȝȐȟȍșȒȈȧ șȚȘțȒȚțȘȈ ǸȍȗȖȏȐȚȖȘȐȧ Ȋ șȖȖȚȊȍȚșȚȊȐȐ ș 
ȘȐșțȕȒȖȔ ȕȐȎȍ. ǷȘȐ ȕȈȎȈȚȐȐ ȕȈ ȒȕȖȗȒț  șȗȐșȖȒ ȘȈșȒȘȣȊȈȍȚșȧ Ȑ șȊȖȘȈȟȐȊȈȍȚșȧ. 

 

ǸȐșțȕȖȒ 173 ǷȘȐȔȍȘ ȐȍȘȈȘȝȐȐ ȖȉȢȍȒȚȖȊ Ȋ ǸȍȗȖȏȐȚȖȘȐȐ 

ǷȘȖȍȒȚ MM ȗȘȍȌșȚȈȊȓȧȍȚ șȖȉȖȑ ȓȖȋȐȟȍșȒȖȍ ȗȘȖșȚȘȈȕșȚȊȖ, ȖȉȢȍȌȐȕȧȦȡȍȍ 
ȕȍșȒȖȓȤȒȖ ȔȖȌȍȓȍȑ ȗȖ ȒȖȕȒȘȍȚȕȖȑ ȉȐȏȕȍș-ȏȈȌȈȟȍ. 
ǴȖȌȍȓȤ — ȔȍȚȈȐȕȜȖȘȔȈȞȐȧ, ȖȗȐșȣȊȈȦȡȈȧ ȗȘȖȋȘȈȔȔȕȖȍ ȘȍȠȍȕȐȍ, ȗȖȏȊȖȓȧȦȡȍȍ 
ȗȘȖȐȏȊȍșȚȐ ȚȘȈȕșȜȖȘȔȈȞȐȦ ȐȓȐ ȈȕȈȓȐȏ ȗȍȘȍȔȍȕȕȣȝ, ȒȖȚȖȘȣȍ ȖȕȈ ȖȎȐȌȈȍȚ ȕȈ ȊȝȖȌ 
(ǪȝȖȌȕȣȍ ǷȍȘȍȔȍȕȕȣȍ) Ȑ ȊȍȘȕțȚȤ ȘȍȏțȓȤȚȈȚȣ (ǪȣȝȖȌȕȣȍ ǷȍȘȍȔȍȕȕȣȍ). 
ǪȍȘșȐȧ ȔȖȌȍȓȐ — ȐȚȍȘȈȚȐȊȕȈȧ ȘȍȈȓȐȏȈȞȐȧ ȔȖȌȍȓȐ. 
Ǫ ȘȈȔȒȈȝ ǷȘȖȍȒȚȈ ȔȖȎȍȚ ȉȣȚȤ ȕȍșȒȖȓȤȒȖ ǴȖȌȍȓȍȑ Ȑ ǪȍȘșȐȑ ȔȖȌȍȓȐ (ȕȈȗȘȐȔȍȘ, 
ȗȍȘȊȖȕȈȟȈȓȤȕȈȧ ȊȍȘșȐȧ ȔȖȌȍȓȐ Ȑ ȊȍȘșȐȧ ȔȖȌȍȓȐ, ȗȖȓțȟȍȕȕȈȧ ȗȖșȓȍ ȌȖȖȉțȟȍȕȐȧ ȕȈ 
ȕȖȊȖȑ ȗȖȘȞȐȐ ȌȈȕȕȣȝ). 
Ǭȓȧ ȚȖȋȖ, ȟȚȖȉȣ ȘȈșȠȐȘȐȚȤ ȚȈȉȓȐȞț ș ȔȖȌȍȓȧȔȐ Ȑ ȗȘȖȍȒȚȈȔȐ, ȕȍȖȉȝȖȌȐȔȖ țȉȘȈȚȤ 

ȗȈȕȍȓȤ ș ȋȘȈȜȐȒȈȔȐ, ȊȣȉȘȈȊ ȒȕȖȗȒț  . 

Ǫ ǸȍȗȖȏȐȚȖȘȐȐ ȔȖȎȕȖ ȝȘȈȕȐȚȤ ȒȈȒ ȔȖȌȍȓȐ ȗȖșȚȘȖȍȕȕȣȍ Ȑ 
ȏȈȘȍȋȐșȚȘȐȘȖȊȈȕȕȣȍ Ȑȏ Model Designer Ȑ Decision Manager, ȚȈȒ Ȑ 
șȚȖȘȖȕȕȐȍ python ȔȖȌȍȓȐ (Ȑ Ȑȝ ȊȍȘșȐȐ). 

5.3. ǷȘȖȍȒȚ 

Ǭȓȧ ȐȔȗȖȘȚȈ ȔȖȌȍȓȐ Ȋ ǸȍȗȖȏȐȚȖȘȐȑ ȕȍȖȉȝȖȌȐȔȖ ȗȍȘȊȖȕȈȟȈȓȤȕȖ șȖȏȌȈȚȤ ǷȘȖȍȒȚ. 

ǷȘȖȍȒȚ ȗȘȍȌșȚȈȊȓȧȍȚ șȖȉȖȑ ȓȖȋȐȟȍșȒȖȍ ȗȘȖșȚȘȈȕșȚȊȖ, ȖȉȢȍȌȐȕȧȦȡȍȍ ȕȍșȒȖȓȤȒȖ 
ȔȖȌȍȓȍȑ ȗȖ ȒȖȕȒȘȍȚȕȖȑ ȉȐȏȕȍș-ȏȈȌȈȟȍ. ǷȈȘȈȔȍȚȘȣ ǷȘȖȍȒȚȈ ȏȈȌȈȦȚ ȔȐȕȐȔȈȓȤȕȣȍ 
ȊȣȟȐșȓȐȚȍȓȤȕȣȍ ȘȍșțȘșȣ, ș ȒȖȚȖȘȣȔȐ ȏȈȗțșȚȐȚșȧ ȕȍșȖȋȓȈșȖȊȈȕȕȈȧ ȔȖȌȍȓȤ 
(ȒȖȓȐȟȍșȚȊȖ ȗȈȔȧȚȐ (Ȋ Ǵȉ) Ȑ ȧȌȍȘ), Ȑ ȠȈȉȓȖȕȣ șȖȋȓȈșȖȊȈȕȐȧ ȊȍȘșȐȑ ȔȖȌȍȓȐ Ȑ Ȑȝ 
ȗțȉȓȐȒȈȞȐȑ. 

ǷȘȐ ȊȣȉȖȘȍ ȗțȕȒȚȈ ǷȘȖȍȒȚȣ ȉȖȒȖȊȖȑ ȗȈȕȍȓȐ ȖȚȒȘȣȊȈȍȚșȧ ȖȌȕȖȐȔȍȕȕȣȑ ȘȈȏȌȍȓ șȖ 
șȗȐșȒȖȔ șȖȏȌȈȕȕȣȝ ǷȘȖȍȒȚȖȊ ǴǴ. 
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ǸȐșțȕȖȒ 174 ǸȈȏȌȍȓ ȗȘȖȍȒȚȣ 

5.3.1. ǹȖȏȌȈȕȐȍ ȗȘȖȍȒȚȈ MM 

Ǭȓȧ șȖȏȌȈȕȐȧ ȕȖȊȖȋȖ ǷȘȖȍȒȚȈ ȕȍȖȉȝȖȌȐȔȖ: 

 ǪȣȉȘȈȚȤ «ǬȖȉȈȊȐȚȤ» Ȋ ȊȍȘȝȕȍȑ ȟȈșȚȐ ȚȈȉȓȐȞȣ ȘȈȏȌȍȓȈ ǷȘȖȍȒȚȣ. 

 Ǫ ȖȚȒȘȣȊȠȍȔșȧ ȖȒȕȍ ǹȖȏȌȈȕȐȍ ȗȘȖȍȒȚȈ ȏȈȌȈȚȤ: 

o ȗȈȘȈȔȍȚȘȣ – ǰȔȧ ȗȘȖȍȒȚȈ, ǶȗȐșȈȕȐȍ, ǲȖȌ (ǰȌȍȕȚȐȜȐȒȈȚȖȘ), 
ǴȐȕȐȔȈȓȤȕȖȍ ȒȖȓȐȟȍșȚȊȖ ȗȈȔȧȚȐ, ǴȐȕȐȔȈȓȤȕȖȍ ȒȖȓȐȟȍșȚȊȖ 
ȧȌȍȘ; 

o ȠȈȉȓȖȕȣ șȖȋȓȈșȖȊȈȕȐȧ ȊȍȘșȐȐ ȔȖȌȍȓȐ Ȑ ȗțȉȓȐȒȈȞȐȑ Ȑȏ șȗȐșȒȈ 

 ǹȖȝȘȈȕȐȚȤ ȐȏȔȍȕȍȕȐȧ. 

ǵȖȊȣȑ ȗȘȖȍȒȚ ȖȚȖȉȘȈȏȐȚșȧ Ȋ șȗȐșȒȍ șȖȏȌȈȕȕȣȝ ȗȘȖȍȒȚȖȊ ȘȈȏȌȍȓȈ ǷȘȖȍȒȚȣ. 

ǹȖȏȌȈȕȕȣȑ ȗȘȖȍȒȚ ȖȚȖȉȘȈȏȐȚșȧ Ȋ ǸȍȗȖȏȐȚȖȘȐȐ ȚȖȓȤȒȖ ȗȖșȓȍ ȐȔȗȖȘȚȈ Ȋ 
ȕȍȋȖ ǴȖȌȍȓȐ. 

 

ǸȐșțȕȖȒ 175 ǶȒȕȖ ǹȖȏȌȈȕȐȍ ȗȘȖȍȒȚȈ 
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ǶȏȕȈȒȖȔȐȚȤșȧ ș ȊȣȉȘȈȕȕȣȔ ȠȈȉȓȖȕȖȔ șȖȋȓȈșȖȊȈȕȐȧ ȔȖȎȕȖ, ȊȣȉȘȈȊ ȒȕȖȗȒț  

ȘȧȌȖȔ ș ȗȖȓȍȔ ȊȣȉȖȘȈ ȠȈȉȓȖȕȈ, Ȉ ȚȈȒȎȍ Ȋ ȘȈȏȌȍȓȍ ШȈȉȓȖȕȣ ȉȖȒȖȊȖȑ ȗȈȕȍȓȐ 
(ȗȖȌȘȖȉȕȍȍ Ȋ ȘȈȏȌȍȓȍ ШȈȉȓȖȕ șȖȋȓȈșȖȊȈȕȐȧ). 

5.3.2. ǻȌȈȓȍȕȐȍ ȗȘȖȍȒȚȈ MM 

Ǭȓȧ țȌȈȓȍȕȐȧ ǷȘȖȍȒȚȈ ȕȍȖȉȝȖȌȐȔȖ: 

 ǪȣȉȘȈȚȤ ȟȍȒȉȖȒș ȘȧȌȖȔ ș țȌȈȓȧȍȔȣȔ ȗȘȖȍȒȚȖȔ. 

 ǪȣȉȘȈȚȤ ȒȕȖȗȒț «ǻȌȈȓȐȚȤ». 

 

ǸȐșțȕȖȒ 176  ǻȌȈȓȍȕȐȍ ȗȘȖȍȒȚȈ MM 

Ǫ șȓțȟȈȍ, ȍșȓȐ Ȋ ǷȘȖȍȒȚȍ ȐȔȍȦȚșȧ ǴȖȌȍȓȐ, ǷȖȓȤȏȖȊȈȚȍȓȤ ȕȍ șȔȖȎȍȚ ȍȋȖ 
țȌȈȓȐȚȤ. Ǭȓȧ țȌȈȓȍȕȐȧ ǷȘȖȍȒȚȈ șȕȈȟȈȓȈ ȕȍȖȉȝȖȌȐȔȖ țȌȈȓȐȚȤ ǴȖȌȍȓȐ. 

5.3.3. ǸȍȌȈȒȚȐȘȖȊȈȕȐȍ ȗȘȖȍȒȚȈ MM 

ǷȈȘȈȔȍȚȘȣ ȘȈȕȍȍ șȖȏȌȈȕȕȖȋȖ ǷȘȖȍȒȚȈ ȔȖȎȕȖ ȘȍȌȈȒȚȐȘȖȊȈȚȤ. ǷȖȔȐȔȖ ȐȏȔȍȕȍȕȐȧ 
ȠȈȉȓȖȕȖȊ șȖȋȓȈșȖȊȈȕȐȧ Ȑ ȔȐȕȐȔȈȓȤȕȣȝ ȊȣȟȐșȓȐȚȍȓȤȕȣȝ ȘȍșțȘșȖȊ, ȔȖȎȕȖ ȏȈȌȈȚȤ 
ǴȖȌȍȓȤ-ȟȍȔȗȐȖȕ Ȑȏ șȖȖȚȊȍȚșȚȊțȦȡȍȋȖ șȗȐșȒȈ ș ȔȖȌȍȓȧȔȐ ǷȘȖȍȒȚȈ. 
Ǭȓȧ ȘȍȌȈȒȚȐȘȖȊȈȕȐȧ ȗȈȘȈȔȍȚȘȖȊ ȗȘȖȍȒȚȈ ȕȍȖȉȝȖȌȐȔȖ: 

 ǪȣȉȘȈȚȤ ȐȕȚȍȘȍșțȦȡȐȑ ȗȘȖȍȒȚ Ȑȏ șȗȐșȒȈ. 

 Ǫ ȖȚȒȘȣȊȠȍȔșȧ ȖȒȕȍ ǶȉȕȖȊȓȍȕȐȍ ȗȘȖȍȒȚȈ ȊȕȍșȚȐ ȕȍȖȉȝȖȌȐȔȣȍ ȐȏȔȍȕȍȕȐȧ. 

 ǹȖȝȘȈȕȐȚȤ ȐȏȔȍȕȍȕȐȧ. 
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ǸȐșțȕȖȒ 177 ǶȒȕȖ ǶȉȕȖȊȓȍȕȐȍ ȗȘȖȍȒȚȈ 

5.4. ǴȖȌȍȓȤ 

ǴȖȌȍȓȤ — ȔȍȚȈȐȕȜȖȘȔȈȞȐȧ, ȖȗȐșȣȊȈȦȡȈȧ ȗȘȖȋȘȈȔȔȕȖȍ ȘȍȠȍȕȐȍ, ȗȖȏȊȖȓȧȦȡȍȍ 
ȗȘȖȐȏȊȍșȚȐ ȚȘȈȕșȜȖȘȔȈȞȐȦ ȐȓȐ ȈȕȈȓȐȏ ȗȍȘȍȔȍȕȕȣȝ, ȒȖȚȖȘȣȍ ȖȕȈ ȖȎȐȌȈȍȚ ȕȈ ȊȝȖȌ 
(ǪȝȖȌȕȣȍ ǷȍȘȍȔȍȕȕȣȍ) Ȑ ȊȍȘȕțȚȤ ȘȍȏțȓȤȚȈȚȣ (ǪȣȝȖȌȕȣȍ ǷȍȘȍȔȍȕȕȣȍ). 

5.4.1. ǰȔȗȖȘȚ ȔȖȌȍȓȐ 

ǯȈȘȍȋȐșȚȘȐȘȖȊȈȚȤ ȔȖȌȍȓȤ Ȋ ǸȍȗȖȏȐȚȖȘȐȑ ȔȖȎȕȖ Ȑȏ ȒȖȔȗȖȕȍȕȚȖȊ ǷȖșȚȘȖȍȕȐȍ 
ȔȖȌȍȓȍȑ (MD) Ȑ ǻȗȘȈȊȓȍȕȐȍ ȔȖȌȍȓȧȔȐ Ȑ ȘȍȠȍȕȐȧȔȐ (DM), Ȉ ȚȈȒȎȍ ȐȔȗȖȘȚȐȘȖȊȈȚȤ 
ȐȏȊȕȍ. 

ǪǨǮǵǶ! ǷȍȘȍȌ ȚȍȔ ȒȈȒ ȐȔȗȖȘȚȐȘȖȊȈȚȤ ȔȖȌȍȓȤ ȕȍȖȉȝȖȌȐȔȖ șȖȏȌȈȚȤ 
ǷȘȖȍȒȚ MM. 

5.4.1.1. ǸȍȋȐșȚȘȈȞȐȧ ȔȖȌȍȓȐ Ȑȏ MD 
ǸȍȋȐșȚȘȈȞȐȧ ȔȖȌȍȓȐ Ȑȏ ȒȖȔȗȖȕȍȕȚȈ ǷȖșȚȘȖȍȕȐȍ ȔȖȌȍȓȍȑ (Model Designer) 

ȗȘȖȐȏȊȖȌȐȚșȧ ȗȘȐ ȗȖȔȖȡȐ țȏȓȈ «ǸȍȋȐșȚȘȈȞȐȧ ȔȖȌȍȓȐ» (ȗȖȌȘȖȉȕȍȍ ȘȈȏȌȍȓ ǻȏȍȓ 
«ǸȍȋȐșȚȘȈȞȐȧ ȔȖȌȍȓȐ»), ȗȘȐ ȥȚȖȔ ǪȝȖȌȕȣȍ Ȑ ǪȣȝȖȌȕȣȍ ȗȍȘȍȔȍȕȕȣȍ 

ȗȖȌȚȧȋȐȊȈȦȚșȧ ȈȊȚȖȔȈȚȐȟȍșȒȐ. 

ǴȖȌȍȓȤ ȚȐȗȈ MD Ȋ ǸȍȗȖȏȐȚȖȘȐȐ ȐȔȍȍȚ ȐȒȖȕȒț  Ȋ șȖȖȚȊȍȚșȚȊțȦȡȍȔ șȚȖȓȉȞȍ. 
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5.4.1.2. ǸȍȋȐșȚȘȈȞȐȧ ȔȖȌȍȓȐ Ȑȏ DM 
ǸȍȋȐșȚȘȈȞȐȧ ȔȖȌȍȓȐ Ȑȏ ȒȖȔȗȖȕȍȕȚȈ ǸȈȏȘȈȉȖȚȒȈ ȘȍȠȍȕȐȑ (Decision Manager) 

ȗȘȖȐȏȊȖȌȐȚșȧ ȗȘȐ ȗȖȔȖȡȐ ȒȕȖȗȒȐ ǸȍȋȐșȚȘȈȞȐȧ Ȋ ǲȖȕșȚȘțȒȚȖȘȍ ȘȍȠȍȕȐȑ. 

ǴȖȌȍȓȤ ȚȐȗȈ DM Ȋ ǸȍȗȖȏȐȚȖȘȐȐ ȐȔȍȍȚ ȐȒȖȕȒț  Ȋ șȖȖȚȊȍȚșȚȊțȦȡȍȔ șȚȖȓȉȞȍ. 

5.4.1.3. ǰȔȗȖȘȚ ȊȕȍȠȕȍȑ ȔȖȌȍȓȐ 

ǰȔȗȖȘȚȐȘȖȊȈȚȤ Ȋ ǴȖȌțȓȤ ȔȖȎȕȖ ȓȐȠȤ ȔȖȌȍȓȐ, ȘȍȈȓȐȏȖȊȈȕȕȣȍ ȕȈ 
Python. 

 

Ǭȓȧ ȐȔȗȖȘȚȈ ȊȕȍȠȕȍȑ ȔȖȌȍȓȐ ȕȍȖȉȝȖȌȐȔȖ: 

1. Ǫ ǸȍȗȖȏȐȚȖȘȐȐ ȒȖȔȗȖȕȍȕȚȈ ǻȗȘȈȊȓȍȕȐȍ ȔȖȌȍȓȧȔȐ Ȑ ȘȍȠȍȕȐȧȔȐ 

ȊȣȉȘȈȚȤ ȒȕȖȗȒț ǰȔȗȖȘȚȐȘȖȊȈȚȤ Ȑ Ȋ ȊȣȗȈȌȈȦȡȍȔ ȔȍȕȦ ȊȣȉȘȈȚȤ ȗțȕȒȚ 
ǰȔȗȖȘȚ ȔȖȌȍȓȐ. 

 

ǸȐșțȕȖȒ 178 ǪȣȉȖȘ ȒȕȖȗȒȐ ǰȔȗȖȘȚȈ ȔȖȌȍȓȐ 

2. Ǫ ȖȚȒȘȣȊȠȍȔșȧ ȥȒȘȈȕȍ ȗȖșȓȍȌȖȊȈȚȍȓȤȕȖ ȏȈȌȈȚȤ: 

o ǷȈȘȈȔȍȚȘȣ ȔȖȌȍȓȐ – ǰȔȧ Ȑ ǶȗȐșȈȕȐȍ ȔȖȌȍȓȐ, ȊȣȉȘȈȚȤ șțȡȍșȚȊțȦȡȐȑ 
ǷȘȖȍȒȚ. 

o ǷȈȘȈȔȍȚȘȣ ȊȍȘșȐȐ ȗȘȖȍȒȚȈ – ǰȔȧ Ȑ ǶȗȐșȈȕȐȍ ȊȍȘșȐȐ; ȗȘȖȍȒȚ MD; 
ǨȓȋȖȘȐȚȔ, ȓȍȎȈȡȐȑ Ȋ ȖșȕȖȊȍ Ȑ ȉȐȉȓȐȖȚȍȒȐ, Ȋ ȒȖȚȖȘȣȝ ȘȍȈȓȐȏȖȊȈȕ 
ȐșȗȖȓȤȏțȍȔȣȑ ȈȓȋȖȘȐȚȔ. 
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ǸȐșțȕȖȒ 179 ǷȘȐȔȍȘ ȥȒȘȈȕȈ ȐȔȗȖȘȚȈ ș ȗȈȘȈȔȍȚȘȈȔȐ ȔȖȌȍȓȐ 

o ǪȝȖȌȕȣȍ Ȑ ǪȣȝȖȌȕȣȍ ȗȍȘȍȔȍȕȕȣȍ. 

 

ǸȐșțȕȖȒ 180 ǷȘȐȔȍȘ ȥȒȘȈȕȈ ș ȊȝȖȌȕȣȔȐ ȗȍȘȍȔȍȕȕȣȔȐ 

3. ǯȈȊȍȘȠȐȚȤ ȐȔȗȖȘȚ. ǴȖȌȍȓȤ ȗȖȧȊȐȚșȧ Ȋ șȗȐșȒȍ ǸȍȗȖȏȐȚȖȘȐȧ Ȋ 
șȖȖȚȊȍȚșȚȊțȦȡȍȔ ǷȘȖȍȒȚȍ ș ȚȐȗȖȔ MD. 

 

ǸȐșțȕȖȒ 181 ǰȔȗȖȘȚȐȘȖȊȈȕȕȈȧ Ȋ ȘȍȗȖȏȐȚȖȘȐȑ ȊȕȍȠȕȧȧ ȔȖȌȍȓȤ 
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4. ǪȣȉȘȈȚȤ șȖȏȌȈȕȕțȦ ȊȍȘșȐȦ ȔȖȌȍȓȐ, ȘȈșȒȘȣȊ ȐȍȘȈȘȝȐȦ ǷȘȖȍȒȚȈ Ȑ șȖȏȌȈȕȕȖȑ 
ȔȖȌȍȓȐ. 

5. Ǫ ȖȚȒȘȣȊȠȍȔșȧ ȖȒȕȍ ȗȍȘȍȑȚȐ ȊȖ ȊȒȓȈȌȒț ǹȒȖȘȐȕȋȖȊȣȑ ȒȖȌ Ȑ ȏȈȋȘțȏȐȚȤ 
ȈȘȝȐȊ. ǨȘȝȐȊ ȌȖȓȎȍȕ șȖȌȍȘȎȈȚȤ: 

o pkl-ȜȈȑȓȣ ȔȖȌȍȓȐ. 

o ȜȈȑȓ șȖ șȒȖȘȐȕȋȖȊȣȔ ȒȖȌȖȔ score.py. 

o ȜȈȑȓ ȐȕȐȞȐȈȓȐȏȈȞȐȐ ȔȖȌȍȓȐ __init__.py. 

 

ǸȐșțȕȖȒ 182 ǪȒȓȈȌȒȈ șȒȖȘȐȕȋȖȊȣȑ ȒȖȌ ȊȕȍȠȕȍȑ ȐȔȗȖȘȚȐȘȖȊȈȕȕȖȑ ȔȖȌȍȓȐ 

5.4.2. ǻȌȈȓȍȕȐȍ ȔȖȌȍȓȐ 

Ǭȓȧ țȌȈȓȍȕȐȧ ǴȖȌȍȓȐ ȕȍȖȉȝȖȌȐȔȖ: 

 ǻȉȍȌȐȚȤșȧ Ȋ ȚȖȔ, ȟȚȖ ț țȌȈȓȧȍȔȖȑ ǴȖȌȍȓȐ ȕȍȚ ǷțȉȓȐȒȈȞȐȑ. ǭșȓȐ ǷțȉȓȐȒȈȞȐȐ 
ȍșȚȤ – ȗȍȘȊȖȕȈȟȈȓȤȕȖ țȌȈȓȐȚȤ Ȑȝ. 

 ǪȣȉȘȈȚȤ ȟȍȒȉȖȒș ȘȧȌȖȔ ș țȌȈȓȧȍȔȖȑ ǴȖȌȍȓȤȦ. 

 ǪȣȉȘȈȚȤ ȒȕȖȗȒț «ǻȌȈȓȐȚȤ». 

ǪȣȉȘȈȕȕȈȧ ǴȖȌȍȓȤ șȖȊȔȍșȚȕȖ ș ȍȍ ǪȍȘșȐȧȔȐ ȗȘȖȗȈȌțȚ Ȑȏ șȗȐșȒȈ ǸȍȗȖȏȐȚȖȘȐȧ. 

ǪǨǮǵǶ! ǪȔȍșȚȍ ș ǴȖȌȍȓȤȦ țȌȈȓȧȦȚșȧ Ȑ ȍȍ ȊȍȘșȐȐ. 
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5.4.3. ǸȈȉȖȚȈ ș ȔȖȌȍȓȤȦ 

Ǭȓȧ ȘȍȌȈȒȚȐȘȖȊȈȕȐȧ Ȑ ȘȈȉȖȚȣ ș ȔȖȌȍȓȤȦ ȕȍȖȉȝȖȌȐȔȖ ȊȣȉȘȈȚȤ ȍȍ Ȑȏ șȗȐșȒȈ 
ǸȍȗȖȏȐȚȖȘȐȧ. 

 

ǸȐșțȕȖȒ 183 ǷȘȐȔȍȘ ȊȣȉȖȘȈ ȔȖȌȍȓȐ 

ǶȚȒȘȣȊȠȐȑșȧ ȥȒȘȈȕ ȗȘȍȌșȚȈȊȓȧȍȚ șȖȉȖȑ ȕȈȉȖȘ ȊȒȓȈȌȖȒ, ȒȖȚȖȘȣȍ ȗȖȏȊȖȓȧȦȚ 
ȕȈșȚȘȈȐȊȈȚȤ ǴȖȌȍȓȤ. 

ǵȈșȚȘȖȑȒȐ ȘȈȏȕȣȝ ȚȐȗȖȊ ȔȖȌȍȓȍȑ (MD ȐȓȐ DM) ȕȍșȒȖȓȤȒȖ ȖȚȓȐȟȈȦȚșȧ - 
ț ȔȖȌȍȓȍȑ DM ȖȚșțȚșȚȊțȍȚ ȊȒȓȈȌȒȈ ǬȖȗȖȓȕȐȚȍȓȤȕȣȍ ȜțȕȒȞȐȐ. 

 

ǷȍȘȊȈȧ ȊȒȓȈȌȒȈ ǷȈȘȈȔȍȚȘȣ ȖȚȖȉȘȈȎȈȍȚ ȚȐȗ (MD ȐȓȐ DM), ȐȔȧ Ȑ ȖȗȐșȈȕȐȍ ǴȖȌȍȓȐ, 
Ȉ ȚȈȒȎȍ ȐȔȍȦȡȐȍșȧ ǪȍȘșȐȐ ȔȖȌȍȓȐ. 

 

ǸȐșțȕȖȒ 184 ǷȘȐȔȍȘ ȥȒȘȈȕȈ ș ȕȈșȚȘȖȑȒȈȔȐ ǴȖȌȍȓȐ ȚȐȗȈ MD 

ǪȒȓȈȌȒȈ ǷȖȓȤȏȖȊȈȚȍȓȤșȒȐȍ ȈȚȘȐȉțȚȣ ȗȖȏȊȖȓȧȍȚ țȒȈȏȈȚȤ șȗȐșȖȒ ȈȚȘȐȉțȚȖȊ Ȍȓȧ 
ȊȍȘșȐȑ ȚȍȒțȡȍȑ ȔȖȌȍȓȐ. ǬȖȉȈȊȐȚȤ ȕȍȖȉȝȖȌȐȔȣȍ ȈȚȘȐȉțȚȣ Ȍȓȧ ȖȚȖȉȘȈȎȍȕȐȧ Ȋ 
ȌȈȕȕȖȑ ȊȒȓȈȌȒȍ ȔȖȎȕȖ Ȋ ȘȈȏȌȍȓȍ ǷȖȓȤȏȖȊȈȚȍȓȤșȒȐȍ ȈȚȘȐȉțȚȣ ȉȖȒȖȊȖȋȖ ȥȒȘȈȕȈ 
MD (ȗȖȌȘȖȉȕȍȍ Ȋ ȘȈȏȌȍȓȍ ǷȖȓȤȏȖȊȈȚȍȓȤșȒȐȍ ȈȚȘȐȉțȚȣ). 
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ǸȐșțȕȖȒ 185 ǷȘȐȔȍȘ ȊȒȓȈȌȒȐ ǷȖȓȤȏȖȊȈȚȍȓȤșȒȐȍ ȈȚȘȐȉțȚȣ 

ǪȒȓȈȌȒȐ ǪȝȖȌȕȣȍ Ȑ ǪȣȝȖȌȕȣȍ ȗȍȘȍȔȍȕȕȣȍ ȐȔȍȦȚ ȖȌȐȕȈȒȖȊȣȑ ȐȕȚȍȘȜȍȑș, Ȋ 
ȒȖȚȖȘȖȔ ȖȚȖȉȘȈȎȈȦȚșȧ ȈȊȚȖȔȈȚȐȟȍșȒȐ ȗȖȌȚȧȕțȚȣȍ Ȑȏ MD ȐȓȐ DM 
ȊȝȖȌȕȣȍ/ȊȣȝȖȌȕȣȍ ȗȍȘȍȔȍȕȕȣȍ ȐȓȐ ȏȈȌȈȕȕȣȍ ȗȘȐ ȐȔȗȖȘȚȍ șȚȖȘȖȕȕȍȑ ȔȖȌȍȓȐ. ǶȕȐ 
ȉțȌțȚ ȖȌȐȕȈȒȖȊȣ Ȍȓȧ Ȋșȍȝ ȊȍȘșȐȑ ȚȍȒțȡȍȑ ȔȖȌȍȓȐ. 

 

ǸȐșțȕȖȒ 186 ǷȘȐȔȍȘ ȊȒȓȈȌȒȐ ǪȝȖȌȕȣȍ ȗȍȘȍȔȍȕȕȣȍ 

ǷȖșȓȍȌȕȧȧ ȊȒȓȈȌȒȈ ǬȖȗȖȓȕȐȚȍȓȤȕȣȍ ȜțȕȒȞȐȐ ȗȖȏȊȖȓȧȍȚ ȌȖȉȈȊȐȚȤ pre- Ȑ post- 
score ȜțȕȒȞȐȐ Ȓ ȐșȝȖȌȕȖȔț score ȒȖȌț ȊȍȘșȐȑ ȔȖȌȍȓȐ MD. 
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ǸȐșțȕȖȒ 187 ǷȘȐȔȍȘ ȊȒȓȈȌȒȐ ǬȖȗȖȓȕȐȚȍȓȤȕȣȍ ȜțȕȒȞȐȐ 

Ǭȓȧ ȌȖȉȈȊȓȍȕȐȧ ȜțȕȒȞȐȐ ȕȍȖȉȝȖȌȐȔȖ: 

 ǪȣȉȘȈȚȤ ȒȕȖȗȒț ǬȖȉȈȊȐȚȤ (ȕȐȎȍ ȗȈȕȍȓȐ ș ȊȒȓȈȌȒȈȔȐ). 

 Ǫ ȖȚȒȘȣȊȠȍȔșȧ ȖȒȕȍ ǹȖȏȌȈȕȐȍ ȜțȕȒȞȐȐ ȏȈȌȈȚȤ ǵȈȐȔȍȕȖȊȈȕȐȍ Ȑ ǶȗȐșȈȕȐȍ 
ȜțȕȒȞȐȐ, ȊȣȉȘȈȚȤ ȍȍ ǺȐȗ (pre-score ȐȓȐ post-score), Ȉ ȚȈȒȎȍ ȏȈȌȈȚȤ ȍȍ ȐȔȧ. 
ǬȖȉȈȊȐȚȤ ȐȏȔȍȕȍȕȐȧ. 

 

ǸȐșțȕȖȒ 188 ǶȒȕȖ ǹȖȏȌȈȕȐȍ ȜțȕȒȞȐȐ 

 Ǫ șȗȐșȒȍ ȊȒȓȈȌȒȐ ǬȖȗȖȓȕȐȚȍȓȤȕȣȍ ȜțȕȒȞȐȐ ȖȚȖȉȘȈȏȐȚșȧ șȖȏȌȈȕȕȈȧ 

ȜțȕȒȞȐȧ. Ǫ șȚȖȓȉȞȍ ǯȈȋȘțȏȐȚȤ ȕȍȖȉȝȖȌȐȔȖ ȊȣȉȘȈȚȤ ȐȒȖȕȒț , ȊȣȉȘȈȚȤ 
ȕȍȖȉȝȖȌȐȔȣȑ ȜȈȑȓ ș ȘȈșȠȐȘȍȕȐȍȔ .py Ȑ ȊȕȖȊȤ ȕȈȎȈȚȤ ȕȈ ȥȚț Ȏȍ ȐȒȖȕȒț.  
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ǸȐșțȕȖȒ 189 ǷȘȐȔȍȘ ȏȈȋȘțȏȒȐ ȜțȕȒȞȐȐ ȗȖșȚ-ȖȉȘȈȉȖȚȒȐ 

 ǷȖșȓȍ ȏȈȋȘțȏȒȐ ȜȈȑȓȈ ș ȜțȕȒȞȐȍȑ ȈȒȚȐȊȐȏȐȘțȍȚșȧ ȐȒȖȕȒȈ  Ȋ șȚȖȓȉȞȍ 
ǹȒȈȟȈȚȤ. 

 

ǸȐșțȕȖȒ 190 ǷȘȐȔȍȘ ȊȣȋȘțȏȒȐ ȜțȕȒȞȐȐ ȗȖșȚ-ȖȉȘȈȉȖȚȒȐ 

5.5. ǪȍȘșȐȧ ȔȖȌȍȓȐ 

ǪȍȘșȐȧ ȔȖȌȍȓȐ ȧȊȓȧȍȚșȧ ȐȚȍȘȈȚȐȊȕȖȑ ȘȍȈȓȐȏȈȞȐȍȑ ȔȖȌȍȓȐ. 

5.5.1. ǰȔȗȖȘȚ ȊȍȘșȐȐ ȔȖȌȍȓȐ 

ǯȈȘȍȋȐșȚȘȐȘȖȊȈȚȤ ǪȍȘșȐȦ ȔȖȌȍȓȐ Ȋ ǸȍȗȖȏȐȚȖȘȐȑ ȔȖȎȕȖ ȈȕȈȓȖȋȐȟȕȖ ǴȖȌȍȓȐ - 

Ȑȏ ȒȖȔȗȖȕȍȕȚȖȊ ǷȖșȚȘȖȍȕȐȍ ȔȖȌȍȓȍȑ (MD) Ȑ ǻȗȘȈȊȓȍȕȐȍ ȔȖȌȍȓȧȔȐ Ȑ 
ȘȍȠȍȕȐȧȔȐ (DM), Ȉ ȚȈȒȎȍ ȐȔȗȖȘȚȐȘȖȊȈȚȤ ȐȏȊȕȍ. 

5.5.2. ǻȌȈȓȍȕȐȍ ȊȍȘșȐȐ ȔȖȌȍȓȐ 

Ǭȓȧ țȌȈȓȍȕȐȧ ǪȍȘșȐȐ ȔȖȌȍȓȐ ȕȍȖȉȝȖȌȐȔȖ: 
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 ǻȉȍȌȐȚȤșȧ Ȋ ȚȖȔ, ȟȚȖ ț țȌȈȓȧȍȔȖȑ ǪȍȘșȐȐ ȔȖȌȍȓȐ ȕȍȚ ǷțȉȓȐȒȈȞȐȑ. ǭșȓȐ 
ǷțȉȓȐȒȈȞȐȐ ȍșȚȤ – șȕȧȚȤ Ȑȝ ș ȗțȉȓȐȒȈȞȐȐ Ȑ țȌȈȓȐȚȤ. 

 ǪȣȉȘȈȚȤ ȟȍȒȉȖȒș ȘȧȌȖȔ ș țȌȈȓȧȍȔȖȑ ǪȍȘșȐȦ ȔȖȌȍȓȐ. 

 ǪȣȉȘȈȚȤ ȒȕȖȗȒț «ǻȌȈȓȐȚȤ». 

5.5.3. ǸȈȉȖȚȈ ș ȊȍȘșȐȍȑ ȔȖȌȍȓȐ 

Ǭȓȧ ȘȍȌȈȒȚȐȘȖȊȈȕȐȧ Ȑ ȘȈȉȖȚȣ ș ȔȖȌȍȓȤȦ ȕȍȖȉȝȖȌȐȔȖ ȊȣȉȘȈȚȤ ȍȍ Ȑȏ șȗȐșȒȈ 
ǸȍȗȖȏȐȚȖȘȐȧ. 

 

ǸȐșțȕȖȒ 191 ǷȘȐȔȍȘ ȊȣȉȖȘȈ ȊȍȘșȐȐ ȔȖȌȍȓȐ 

ǶȚȒȘȣȊȠȐȑșȧ ȥȒȘȈȕ ȗȘȍȌșȚȈȊȓȧȍȚ șȖȉȖȑ ȕȈȉȖȘ ȊȒȓȈȌȖȒ, ȒȖȚȖȘȣȍ ȗȖȏȊȖȓȧȦȚ 
ȕȈșȚȘȈȐȊȈȚȤ ǪȍȘșȐȦ ȔȖȌȍȓȐ. ǶȕȐ ȘȈȏȓȐȟȈȦȚșȧ Ȍȓȧ ǪȍȘșȐȑ ȔȖȌȍȓȐ MD Ȑ DM. 

ǵȈȉȖȘ ȊȒȓȈȌȖȒ Ȍȓȧ ǪȍȘșȐȐ ȔȖȌȍȓȐ MD: 

 ǷȈȘȈȔȍȚȘȣ 

 ǷȖȓȤȏȖȊȈȚȍȓȤșȒȐȍ ȈȚȘȐȉțȚȣ 

 ǪȓȖȎȍȕȐȧ 

 ǵȈșȚȘȖȑȒȐ ȗțȉȓȐȒȈȞȐȐ 

 ǽȈȘȈȒȚȍȘȐșȚȐȒȐ 

 ǹȒȖȘȐȕȋȖȊȣȑ ȒȖȌ 

ǵȈȉȖȘ ȊȒȓȈȌȖȒ Ȍȓȧ ǪȍȘșȐȐ ȔȖȌȍȓȐ DM: 

 ǷȈȘȈȔȍȚȘȣ 

 ǷȖȓȤȏȖȊȈȚȍȓȤșȒȐȍ ȈȚȘȐȉțȚȣ 

 ǷȖȌȒȓȦȟȍȕȐȧ 

 ǪȓȖȎȍȕȐȧ 

 ǵȈșȚȘȖȑȒȐ ȗțȉȓȐȒȈȞȐȐ 

 ǹȒȖȘȐȕȋȖȊȣȑ ȒȖȌ 

ǵȈ ȊȒȓȈȌȒȍ ǷȈȘȈȔȍȚȘȣ ȖȚȖȉȘȈȎȍȕȣ ǺȐȗ, ǰȔȧ, ǶȗȐșȈȕȐȍ Ȑ ȕȖȔȍȘ ȊȍȘșȐȐ ȔȖȌȍȓȐ, Ȉ 
ȚȈȒȎȍ ȐșȗȖȓȤȏțȍȔȣȍ ȈȓȋȖȘȐȚȔȣ Ȑ ȉȐȉȓȐȖȚȍȒȐ. ǷȖȔȐȔȖ ȥȚȖȋȖ ȏȌȍșȤ ȍșȚȤ 
ȊȖȏȔȖȎȕȖșȚȤ ȗȍȘȍȑȚȐ Ȋ ȗȘȖȍȒȚ MD, Ȑȏ ȒȖȚȖȘȖȋȖ ȉȣȓȈ ȏȈȘȍȋȐșȚȘȐȘȖȊȈȕȈ ȊȍȘșȐȧ 
(ȒȕȖȗȒȈ ǷȍȘȍȑȚȐ Ȋ Model Designer), Ȉ ȚȈȒȎȍ ȖȚȗȘȈȊȐȚȤ ȊȍȘșȐȦ ȔȖȌȍȓȐ ȕȈ 
șȖȋȓȈșȖȊȈȕȐȍ (ȒȕȖȗȒȈ ǶȎȐȌȈȍȚ ȖȚȗȘȈȊȒȐ ȕȈ șȖȋȓȈșȖȊȈȕȐȍ, ȗȖȌȘȖȉȕȍȍ Ȗ 
ȗȘȖȞȍșșȍ șȖȋȓȈșȖȊȈȕȐȧ Ȋ ȘȈȏȌȍȓȍ ǹȖȋȓȈșȖȊȈȕȐȍ ȊȍȘșȐȑ ȔȖȌȍȓȐ Ȑ ȗțȉȓȐȒȈȞȐȑ). 
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ǸȐșțȕȖȒ 192 ǪȒȓȈȌȒȈ ǷȈȘȈȔȍȚȘȣ 

ǪȒȓȈȌȒȈ ǷȖȓȤȏȖȊȈȚȍȓȤșȒȐȍ ȈȚȘȐȉțȚȣ ȗȖȏȊȖȓȧȍȚ ȏȈȌȈȚȤ ȒȖȕȒȘȍȚȕȣȍ ȏȕȈȟȍȕȐȧ Ȍȓȧ 
ȊȣȉȘȈȕȕȣȝ ȈȚȘȐȉțȚȖȊ. Ǭȓȧ ȥȚȖȋȖ ȕțȎȕȖ ȕȈȎȈȚȤ ȕȈ ȗțșȚȖȍ ȗȖȓȍ șȚȖȓȉȞȈ ǯȕȈȟȍȕȐȍ 
Ȑ ȊȊȍșȚȐ ȕȍȖȉȝȖȌȐȔȖȍ ȏȕȈȟȍȕȐȍ. 

 

ǸȐșțȕȖȒ 193 ǪȒȓȈȌȒȈ ǷȖȓȤȏȖȊȈȚȍȓȤșȒȐȍ ȈȚȘȐȉțȚȣ 

ǪȒȓȈȌȒȈ ǪȓȖȎȍȕȐȧ ȗȖȏȊȖȓȧȍȚ ȌȖȉȈȊȐȚȤ ȕȍȖȉȝȖȌȐȔȣȍ ȈȘȚȍȜȈȒȚȣ (ȌȖȒțȔȍȕȚȈȞȐȦ, 
ȐȕșȚȘțȒȞȐȐ, șȗȐșȖȒ Ȑ ȖȉȢȧșȕȍȕȐȍ ȈȚȘȐȉțȚȖȊ Ȑ Ț.Ȍ.) Ȓ ȊȍȘșȐȐ ȔȖȌȍȓȐ. Ǭȓȧ ȥȚȖȋȖ 

ȕȍȖȉȝȖȌȐȔȖ ȊȣȉȘȈȚȤ ȐȒȖȕȒț Ȑ ȏȈȋȘțȏȐȚȤ ȕȍȖȉȝȖȌȐȔȣȍ ȜȈȑȓȣ. ǬȈȓȍȍ ȓȦȉȖȑ 
ǷȖȓȤȏȖȊȈȚȍȓȤ, ȐȔȍȦȡȐȑ ȌȖșȚțȗ Ȓ ȌȈȕȕȖȑ ȊȍȘșȐȐ ȔȖȌȍȓȐ, șȔȖȎȍȚ șȒȈȟȈȚȤ 

ȕȍȖȉȝȖȌȐȔȣȑ ȜȈȑȓ, ȊȣȉȘȈȊ ȐȒȖȕȒț ȘȧȌȖȔ. 
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ǸȐșțȕȖȒ 194 ǪȒȓȈȌȒȈ ǪȓȖȎȍȕȐȧ 

ǪȒȓȈȌȒȈ ǵȈșȚȘȖȑȒȐ ȗțȉȓȐȒȈȞȐȐ ȗȖȏȊȖȓȧȍȚ ȖȗțȉȓȐȒȖȊȈȚȤ ȊȍȘșȐȦ ȔȖȌȍȓȐ Ȋ ȊȐȌȍ: 

 ǹȍȘȊȐșȈ. 

 ǷȈȒȍȚȕȖȋȖ ȖȉȘȈȉȖȚȟȐȒȈ (ǷȈȒȍȚȕȈȧ ȗțȉȓȐȒȈȞȐȧ). 

 ǹȒȘȐȗȚȈ (ȚȖȓȤȒȖ Ȍȓȧ ȚȐȗȈ ȔȖȌȍȓȐ MD). 

 ǶȞȍȕȐȚȤ ȒȈȟȍșȚȊȖ ȔȖȌȍȓȐ (ǶȞȍȕȒȈ ȝȈȘȈȒȚȍȘȐșȚȐȒ) (ȚȖȓȤȒȖ Ȍȓȧ ȚȐȗȈ ȔȖȌȍȓȐ 
MD). 

 Polymatica Analytics (ȚȖȓȤȒȖ Ȍȓȧ ȚȐȗȈ ȔȖȌȍȓȐ MD). 

ǷȖȌȘȖȉȕȍȍ ȗȘȖ ȗțȉȓȐȒȈȞȐȦ ȔȖȌȍȓȐ Ȋ ȘȈȏȌȍȓȍ ǷțȉȓȐȒȈȞȐȧ ȊȍȘșȐȐ ȔȖȌȍȓȐ. 

ǺȈȒȎȍ Ȋ ȔȍȕȦ  ȘȧȌȖȔ ș ȗțȉȓȐȒȈȞȐȍȑ ȔȖȎȕȖ ȐȕȐȞȐȐȘȖȊȈȚȤ ȗȘȖȞȍșș șȖȋȓȈșȖȊȈȕȐȧ 
ȗțȉȓȐȒȈȞȐȐ ȊȍȘșȐȐ ȔȖȌȍȓȐ (ȗȖȌȘȖȉȕȍȍ Ȋ ȘȈȏȌȍȓȍ ǹȖȋȓȈșȖȊȈȕȐȍ ȊȍȘșȐȑ ȔȖȌȍȓȐ Ȑ 
ȗțȉȓȐȒȈȞȐȑ). 

 

ǸȐșțȕȖȒ 195 ǪȒȓȈȌȒȈ ǵȈșȚȘȖȑȒȐ ȗțȉȓȐȒȈȞȐȐ 
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ǪȒȓȈȌȒȈ ǽȈȘȈȒȚȍȘȐșȚȐȒȐ ȈȒȚțȈȓȤȕȈ ȚȖȓȤȒȖ Ȍȓȧ ȔȖȌȍȓȍȑ ȚȐȗȈ MD Ȑ șȖȌȍȘȎȐȚ Ȋ 
șȍȉȍ ȘȍȏțȓȤȚȈȚȣ ȖȞȍȕȒȐ ȒȈȟȍșȚȊȈ ȔȖȌȍȓȐ ȗȘȐ ȘȈșȟȍȚȈȝ Ȋ MD (Ȋ șȚȖȓȉȞȍ ǺȐȗ 
ȊȣȉȖȘȒȐ - ǶȉțȟȍȕȐȍ, ǺȍșȚ, ǪȈȓȐȌȈȞȐȧ), Ȉ ȚȈȒȎȍ ȗȘȐ ȗțȉȓȐȒȈȞȐȐ ȔȖȌȍȓȐ ȚȐȗȈ 
ǶȞȍȕȒȈ ȝȈȘȈȒȚȍȘȐșȚȐȒ (Ȋ șȚȖȓȉȞȍ ǺȐȗ ȊȣȉȖȘȒȐ - ǹȒȖȘȐȕȋ). 

 

ǸȐșțȕȖȒ 196 ǪȒȓȈȌȒȈ ǽȈȘȈȒȚȍȘȐșȚȐȒȐ 

ǪȖ ȊȒȓȈȌȒȍ ǹȒȖȘȐȕȋȖȊȣȑ ȒȖȌ ȖȚȖȉȘȈȎȍȕ ȒȖȌ ȔȖȌȍȓȐ. Ǭȓȧ ȘȈșȒȘȣȚȐȧ ȈȘȝȐȊȈ ș 

ȔȖȌȍȓȤȦ ȕȍȖȉȝȖȌȐȔȖ ȊȣȉȘȈȚȤ ȐȒȖȕȒț . Ǫ ȘȈșȒȘȣȊȠȍȔșȧ șȗȐșȒȍ ȔȖȎȕȖ 
țȊȐȌȍȚȤ pkl-ȜȈȑȓȣ (ȗȘȖșȔȖȚȘ ȌȈȕȕȣȝ ȜȈȑȓȖȊ ȕȍ ȗȘȍȌțșȔȖȚȘȍȕ), ȜȈȑȓ 
ȐȕȐȞȐȈȓȐȏȈȞȐȐ ȔȖȌȍȓȐ, Ȉ ȚȈȒȎȍ ȜȈȑȓ șȖ șȒȖȘȐȕȋȖȊȣȔ ȒȖȌȖȔ score.py. ǬȊȈ 
ȗȖșȓȍȌȕȐȝ ȜȈȑȓȈ ȔȖȎȕȖ ȖȚȒȘȣȚȤ Ȑ ȗȖșȔȖȚȘȍȚȤ Ȑȝ șȖȌȍȘȎȐȔȖȍ (ȐȏȔȍȕȐȚȤ 
șȖȌȍȘȎȐȔȖȍ Ȋ ȌȈȕȕȖȔ ȘȍȌȈȒȚȖȘȍ ȕȍȊȖȏȔȖȎȕȖ). 

Ǫ ȜȈȑȓȍ score.py ȔȖȎȕȖ ȏȈȔȍȕȐȚȤ ȜțȕȒȞȐȐ pre_score Ȑ post_score. ǰȔȍȕȕȖ șȦȌȈ 
ȌȖȉȈȊȓȧȦȚșȧ ȗȖȓȤȏȖȊȈȚȍȓȤșȒȐȍ ȜțȕȒȞȐȐ, ȏȈȋȘțȎȍȕȕȣȍ Ȋ ȔȖȌȍȓȤ (ȗȖȌȘȖȉȕȍȍ Ȋ 
ȘȈȏȌȍȓȍ ǸȈȉȖȚȈ ș ȔȖȌȍȓȤȦ). 

 

ǸȐșțȕȖȒ 197 ǪȒȓȈȌȒȈ ǹȒȖȘȐȕȋȖȊȣȑ ȒȖȌ 
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ǪȒȓȈȌȒȈ ǷȖȌȒȓȦȟȍȕȐȧ  ȈȒȚțȈȓȤȕȈ ȚȖȓȤȒȖ Ȍȓȧ ȔȖȌȍȓȍȑ ȚȐȗȈ DM. Ǫ ȕȍȑ ȖȚȖȉȘȈȎȍȕ 
șȗȐșȖȒ Ȋșȍȝ ǷȖȌȒȓȦȟȍȕȐȑ (Ȓ ǩǬ), ȒȖȚȖȘȣȍ ȐșȗȖȓȤȏțȦȚșȧ Ȋ ȘȍȠȍȕȐȐ. 

 

ǸȐșțȕȖȒ 198 ǪȒȓȈȌȒȈ ǷȖȌȒȓȦȟȍȕȐȧ 

5.6. ǷțȉȓȐȒȈȞȐȧ ȊȍȘșȐȐ ȔȖȌȍȓȐ 

ǴȖȌȍȓȤ ȔȖȎȍȚ ȉȣȚȤ ȖȗțȉȓȐȒȖȊȈȕȈ Ȋ ȊȐȌȍ: 
 ǹȍȘȊȐșȈ. 
 ǷȈȒȍȚȕȖȑ ȗțȉȓȐȒȈȞȐȐ. 
 ǹȒȘȐȗȚȈ (ȚȖȓȤȒȖ Ȍȓȧ ȚȐȗȈ ȔȖȌȍȓȐ MD). 
 ǶȞȍȕȐȚȤ ȒȈȟȍșȚȊȖ ȔȖȌȍȓȐ (ǶȞȍȕȒȈ ȝȈȘȈȒȚȍȘȐșȚȐȒ) (ȚȖȓȤȒȖ Ȍȓȧ ȚȐȗȈ ȔȖȌȍȓȐ 

MD). 

 Polymatica Analytics (ȚȖȓȤȒȖ Ȍȓȧ ȚȐȗȈ ȔȖȌȍȓȐ MD). 

5.6.1. ǹȍȘȊȐș 

Ǭȓȧ ȗțȉȓȐȒȈȞȐȐ ȔȖȌȍȓȐ Ȋ ȊȐȌȍ ǹȍȘȊȐșȈ ȕȍȖȉȝȖȌȐȔȖ: 

1. ǪȣȉȘȈȚȤ ȕȈȐȔȍȕȖȊȈȕȐȍ ȐȕȚȍȘȍșțȦȡȍȑ ǪȍȘșȐȐ ȔȖȌȍȓȐ Ȋ ǸȍȗȖȏȐȚȖȘȐȐ. 

2. ǪȖ ȊȒȓȈȌȒȍ ǵȈșȚȘȖȑȒȐ ȗțȉȓȐȒȈȞȐȐ ȕȈȎȈȚȤ ȕȈ ȒȕȖȗȒț ǬȖȉȈȊȐȚȤ Ȑ Ȋ 
ȊȣȗȈȌȈȦȡȍȔ șȗȐșȒȍ ȊȣȉȘȈȚȤ ȗțȕȒȚ ǹȍȘȊȐș. 

 

ǸȐșțȕȖȒ 199 ǹȖȏȌȈȕȐȍ ȗțȉȓȐȒȈȞȐȐ ȚȐȗȈ ǹȍȘȊȐș 
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3. Ǫ ȖȚȒȘȣȊȠȍȔșȧ ȖȒȕȍ ǹȖȏȌȈȕȐȍ ȥȒȏȍȔȗȓȧȘȈ ȊȖ ȊȒȓȈȌȒȍ ǷȈȘȈȔȍȚȘȣ ȏȈȌȈȚȤ 
șȓȍȌțȦȡȐȍ ȕȈșȚȘȖȑȒȐ: 

o ǵȈȐȔȍȕȖȊȈȕȐȍ. 

o ǻȘȖȊȍȕȤ ȓȖȋȐȘȖȊȈȕȐȧ — ȒȈȒȐȍ șȖȉȣȚȐȧ ȌȖȉȈȊȓȧȚȤ Ȋ ȓȖȋ (All, Debug, 
Info, Warn, Error, Fatal, Off). 

o ǲȖȓȐȟȍșȚȊȖ ȘȍȗȓȐȒ. 

o ǵȈȏȊȈȕȐȍ ȥȕȌȗȖȐȕȚȈ (ȏȈȋȓȈȊȕȣȔȐ ȓȈȚȐȕșȒȐȔȐ ȉțȒȊȈȔȐ ȉȍȏ ȗȘȖȉȍȓȖȊ) 

o ǴȈȒșȐȔȈȓȤȕȖȍ ȒȖȓȐȟȍșȚȊȖ ȧȌȍȘ. 

o ǴȈȒșȐȔȈȓȤȕȖȍ ȒȖȓȐȟȍșȚȊȖ ȖȗȍȘȈȚȐȊȕȖȑ ȗȈȔȧȚȐ (Ȋ Ǵȉ). 

o Pre score — ȜțȕȒȞȐȧ ȗȘȍȌȖȉȘȈȉȖȚȒȐ (ȗȘȐ ȕȍȖȉȝȖȌȐȔȖșȚȐ). 

o Post score — ȜțȕȒȞȐȧ ȗȖșȚȖȉȘȈȉȖȚȒȐ (ȗȘȐ ȕȍȖȉȝȖȌȐȔȖșȚȐ). 

 

ǸȐșțȕȖȒ 200 ǶȒȕȖ ǹȖȏȌȈȕȐȍ ȥȒȏȍȔȗȓȧȘȈ 

4. ǷȘȐ ȕȍȖȉȝȖȌȐȔȖșȚȐ ȐȏȔȍȕȐȚȤ ȐȔȍȕȈ ȗȍȘȍȔȍȕȕȣȔ (șȚȖȓȉȍȞ ǰȔȧ ȗȍȘȍȔȍȕȕȖȑ 
ȔȥȗȗȐȕȋȈ) ȊȖ ȊȒȓȈȌȒȍ ǴȥȗȗȐȕȋ. 

5. ǹȖȝȘȈȕȐȚȤ ȐȏȔȍȕȍȕȐȧ. 

6. ǷȖșȓȍ țșȗȍȠȕȖȑ șȉȖȘȒȐ ȔȖȌȍȓȐ (ȐȒȖȕȒȈ   Ȋ șȚȖȓȉȞȍ ǹȚȈȚțș) ȊȣȉȘȈȚȤ ȔȍȕȦ 

 Ȑ Ȋ ȊȣȗȈȌȈȦȡȍȔ șȗȐșȒȍ ȊȣȉȘȈȚȤ ȗțȕȒȚ ǯȈȗțșȚȐȚȤ șȍȘȊȐș. 
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ǸȐșțȕȖȒ 201 ǯȈȗțșȒ șȍȘȊȐșȈ 

7. ǶȗțȉȓȐȒȖȊȈȕȕȣȑ șȍȘȊȐș ȗȖȧȊȐȚșȧ Ȋ ȘȈȏȌȍȓȍ ǷțȉȓȐȒȈȞȐȐ ȉȖȒȖȊȖȑ ȗȈȕȍȓȐ 
ȒȖȔȗȖȕȍȕȚȈ ǻȗȘȈȊȓȍȕȐȍ ȔȖȌȍȓȧȔȐ Ȑ ȘȍȠȍȕȐȧȔȐ (MM). ǷȖșȓȍ ȐȏȔȍȕȍȕȐȧ 

șȚȈȚțșȈ ȗțȉȓȐȒȈȞȐȐ ȕȈ ǸȈȉȖȚȈȍȚ (ȐȒȖȕȒȈ ) ȊȣȉȘȈȚȤ ȔȍȕȦ  Ȑ Ȋ ȊȣȗȈȌȈȦȡȍȔ 
șȗȐșȒȍ ȊȣȉȘȈȚȤ ȗțȕȒȚ ǷȍȘȍȑȚȐ Ȓ șȍȘȊȐșț. 

 

ǸȐșțȕȖȒ 202 ǷȍȘȍȝȖȌ Ȓ șȍȘȊȐșț 

Ǭȓȧ șȕȧȚȐȧ ș ȗțȉȓȐȒȈȞȐȐ ȔȖȌȍȓȐ Ȋ ȊȐȌȍ ǹȍȘȊȐșȈ ȕȍȖȉȝȖȌȐȔȖ: 

 Ǫ ȘȈȏȌȍȓȍ ǷțȉȓȐȒȈȞȐȐ ȉȖȒȖȊȖȑ ȗȈȕȍȓȐ ȒȖȔȗȖȕȍȕȚȈ ǻȗȘȈȊȓȍȕȐȍ 
ȔȖȌȍȓȧȔȐ Ȑ ȘȍȠȍȕȐȧȔȐ (MM) ȊȣȉȘȈȚȤ ȔȍȕȦ ȘȧȌȖȔ ș șȖȏȌȈȕȕȖȑ 
ȗțȉȓȐȒȈȞȐȍȑ Ȑ Ȋ ȊȣȗȈȌȈȦȡȍȔ șȗȐșȒȍ ȕȈȎȈȚȤ ȕȈ ǶșȚȈȕȖȊȐȚȤ șȍȘȊȐș. 
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ǸȐșțȕȖȒ 203 ǹȕȧȚȐȍ șȍȘȊȐșȈ ș ȗțȉȓȐȒȈȞȐȐ 

5.6.2. ǷȈȒȍȚȕȈȧ ȗțȉȓȐȒȈȞȐȧ 

Ǭȓȧ șȖȏȌȈȕȐȧ ȗȈȒȍȚȕȖȑ ȗțȉȓȐȒȈȞȐȐ ȔȖȌȍȓȐ ȕȍȖȉȝȖȌȐȔȖ: 

1. ǪȣȉȘȈȚȤ ȕȈȐȔȍȕȖȊȈȕȐȍ ȐȕȚȍȘȍșțȦȡȍȑ ǪȍȘșȐȐ ȔȖȌȍȓȐ Ȋ ǸȍȗȖȏȐȚȖȘȐȐ. 

2. ǪȖ ȊȒȓȈȌȒȍ ǵȈșȚȘȖȑȒȐ ȗțȉȓȐȒȈȞȐȐ ȕȈȎȈȚȤ ȕȈ ȒȕȖȗȒț ǬȖȉȈȊȐȚȤ Ȑ Ȋ 
ȊȣȗȈȌȈȦȡȍȔ șȗȐșȒȍ ȊȣȉȘȈȚȤ ȗțȕȒȚ ǷȈȒȍȚȕȈȧ ȗțȉȓȐȒȈȞȐȧ. 

 

ǸȐșțȕȖȒ 204 ǹȖȏȌȈȕȐȍ ȗȈȒȍȚȕȖȑ ȗțȉȓȐȒȈȞȐȐ 

3. Ǫ ȖȚȒȘȣȊȠȍȔșȧ ȖȒȕȍ ǹȖȏȌȈȕȐȍ ȥȒȏȍȔȗȓȧȘȈ ȊȖ ȊȒȓȈȌȒȍ ǷȈȘȈȔȍȚȘȣ ȏȈȌȈȚȤ 
șȓȍȌțȦȡȐȍ ȕȈșȚȘȖȑȒȐ: 

o ǵȈȐȔȍȕȖȊȈȕȐȍ. 

o ǷȖȌȒȓȦȟȍȕȐȍ — țȒȈȏȈȚȤ ȗȖȌȒȓȦȟȍȕȐȍ, Ȋ ȒȖȚȖȘȖȔ ȕȈȝȖȌȐȚșȧ 
ȕȍȖȉȝȖȌȐȔȣȑ Ȍȓȧ șȒȖȘȐȕȋȈ ȕȈȉȖȘ ȌȈȕȕȣȝ. 

o input_table_name — ȕȈȏȊȈȕȐȍ ȊȝȖȌȕȖȋȖ ȕȈȉȖȘȈ ȌȈȕȕȣȝ. 
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o ǷȖȌȒȓȦȟȍȕȐȍ — țȒȈȏȈȚȤ ȗȖȌȒȓȦȟȍȕȐȍ, Ȋ ȒȖȚȖȘȖȍ ȕȍȖȉȝȖȌȐȔȖ 
ȗȖȓȖȎȐȚȤ ȘȍȏțȓȤȚȈȚȣ șȒȖȘȐȕȋȈ. 

o output_table_name — ȕȈȏȊȈȕȐȍ ȊȣȝȖȌȕȖȋȖ ȕȈȉȖȘȈ ȌȈȕȕȣȝ. 

o exit_code_column (ȗȘȐ ȕȍȖȉȝȖȌȐȔȖșȚȐ ȏȈȗȐșȐ ȖȠȐȉȖȒ Ȑ ȐȕȜȖȘȔȈȞȐȐ 
Ȗȉ ȖȉȘȈȉȖȚȒȍ Ȋ ȖȚȌȍȓȤȕțȦ ȒȖȓȖȕȒț). 

o ǻȘȖȊȍȕȤ ȓȖȋȐȘȖȊȈȕȐȧ — ȒȈȒȐȍ șȖȉȣȚȐȧ ȌȖȉȈȊȓȧȚȤ Ȋ ȓȖȋ (All, Debug, 
Info, Warn, Error, Fatal, Off). 

o ǿȍȒȉȖȒș ǶȉȘȈȉȖȚȒȈ Ȋ ȕȍșȒȖȓȤȒȖ ȗȖȚȖȒȖȊ (ȗȘȐ ȊȣȉȖȘȍ ȟȍȒȉȖȒșȈ 
ȖȚȖȉȘȈȏȐȚșȧ ȗȈȘȈȔȍȚȘ ǲȖȓȐȟȍșȚȊȖ ȘȍȗȓȐȒ, Ȋ ȒȖȚȖȘȖȔ ȔȖȎȕȖ țȒȈȏȈȚȤ 
ȕȍȖȉȝȖȌȐȔȖȍ ȟȐșȓȖ ȗȖȚȖȒȖȊ) 

o ǴȈȒșȐȔȈȓȤȕȖȍ ȒȖȓȐȟȍșȚȊȖ ȧȌȍȘ. 

o ǴȈȒșȐȔȈȓȤȕȖȍ ȒȖȓȐȟȍșȚȊȖ ȖȗȍȘȈȚȐȊȕȖȑ ȗȈȔȧȚȐ (Ȋ Ǵȉ). 

o Pre score — ȜțȕȒȞȐȧ ȗȘȍȌȖȉȘȈȉȖȚȒȐ (ȗȘȐ ȕȍȖȉȝȖȌȐȔȖșȚȐ). 

o Post score — ȜțȕȒȞȐȧ ȗȖșȚȖȉȘȈȉȖȚȒȐ (ȗȘȐ ȕȍȖȉȝȖȌȐȔȖșȚȐ). 

 

ǸȐșțȕȖȒ 205 ǶȒȕȖ ǹȖȏȌȈȕȐȍ ȥȒȏȍȔȗȓȧȘȈ 

4. ǯȈȌȈȚȤ ȐȔȍȕȈ ȗȍȘȍȔȍȕȕȣȔ ȊȖ ȊȒȓȈȌȒȍ ǴȥȗȗȐȕȋ. 

ǯȕȈȟȍȕȐȧ șȚȖȓȉȞȈ ǰȔȧ ȗȍȘȍȔȍȕȕȖȑ ȔȥȗȗȐȕȋȈ Ȍȓȧ 
ȊȝȖȌȕȣȝ ȗȍȘȍȔȍȕȕȣȝ ȌȖȓȎȕȖ șȖȊȗȈȌȈȚȤ ș 
ȕȈȐȔȍȕȖȊȈȕȐȍȔ șȖȖȚȊȍȚșȚȊțȦȡȍȋȖ șȚȖȓȉȞȈ Ȋ ȚȈȉȓȐȞȍ. 
Ǭȓȧ ȊȣȝȖȌȕȣȝ ȗȍȘȍȔȍȕȕȣȝ ȔȖȎȕȖ ȖșȚȈȊȐȚȤ 
ȖȗȘȍȌȍȓȍȕȕȖȍ șȐșȚȍȔȖȑ ȐȔȧ. 
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ǸȐșțȕȖȒ 206 ǴȥȗȗȐȕȋ ȗȍȘȍȔȍȕȕȣȝ 

5. ǹȖȝȘȈȕȐȚȤ ȐȏȔȍȕȍȕȐȧ. 

6. ǷȖșȓȍ țșȗȍȠȕȖȑ șȉȖȘȒȐ ȔȖȌȍȓȐ (ȐȒȖȕȒȈ  Ȋ șȚȖȓȉȞȍ ǹȚȈȚțș) ȊȣȉȘȈȚȤ ȔȍȕȦ 

 Ȑ Ȋ ȊȣȗȈȌȈȦȡȍȔ șȗȐșȒȍ ȊȣȉȘȈȚȤ ȗțȕȒȚ ǯȈȗțșȚȐȚȤ ȗȈȒȍȚȕțȦ ȖȉȘȈȉȖȚȒț. 

 

ǸȐșțȕȖȒ 207 ǯȈȗțșȒ ȗȈȒȍȚȕȖȑ ȖȉȘȈȉȖȚȒȐ 

7. ǷțȉȓȐȒȈȞȐȧ ȗȖȧȊȐȚșȧ Ȋ ȘȈȏȌȍȓȍ ǷțȉȓȐȒȈȞȐȐ ȉȖȒȖȊȖȑ ȗȈȕȍȓȐ ȒȖȔȗȖȕȍȕȚȈ 
ǻȗȘȈȊȓȍȕȐȍ ȔȖȌȍȓȧȔȐ Ȑ ȘȍȠȍȕȐȧȔȐ (MM). ǷȖșȓȍ ȏȈȊȍȘȠȍȕȐȧ ȗȈȒȍȚȕȖȑ 
ȖȉȘȈȉȖȚȒȐ ȗțȉȓȐȒȈȞȐȧ ȗȘȖȗȈȌȍȚ Ȑȏ ȘȈȏȌȍȓȈ ǷțȉȓȐȒȈȞȐȐ. ǹ ȘȍȏțȓȤȚȈȚȈȔȐ 
ȘȈșȟȍȚȖȊ ǷȖȓȤȏȖȊȈȚȍȓȤ ȔȖȎȍȚ ȖȏȕȈȒȖȔȐȚȤșȧ Ȋ ȊȣȝȖȌȕȖȔ ȜȈȑȓȍ (ȗȈȘȈȔȍȚȘ 
output_table_name) Ȋ șȖȖȚȊȍȚșȚȊțȦȡȍȑ ǩǬ (ȗȈȘȈȔȍȚȘ ǷȖȌȒȓȦȟȍȕȐȍ). Ǫ 
ȊȣȝȖȌȕȖȑ ȚȈȉȓȐȞȍ ȗȖȔȐȔȖ ȐșȝȖȌȕȣȝ șȚȖȓȉȞȖȊ ȗȖȧȊȧȚșȧ șȚȖȓȉȍȞ 
exit_code_column (ȏȕȈȟȍȕȐȍ ȒȖȚȖȘȖȋȖ Ȋ șȓțȟȈȍ ȖȚșțȚșȚȊȐȧ ȖȠȐȉȖȒ ȌȖȓȎȕȖ 
ȉȣȚȤ ȘȈȊȕȣȔ 1), Ȉ ȚȈȒȎȍ ȊȣȝȖȌȕȣȍ șȚȖȓȉȞȣ ȔȖȌȍȓȐ (ȒȖȓȐȟȍșȚȊȖ ȏȈȊȐșȐȚ ȖȚ 
ȘȍȠȈȍȔȖȑ ȏȈȌȈȟȐ). 
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ǯȈȗțșȒ ȗȈȒȍȚȕȖȑ ȖȉȘȈȉȖȚȒȐ ȔȖȎȕȖ ȗȖșȚȈȊȐȚȤ ȕȈ ȘȈșȗȐșȈȕȐȍ. Ǭȓȧ ȥȚȖȋȖ 
ȕȍȖȉȝȖȌȐȔȖ: 

 ǸȧȌȖȔ ș ȐȕȚȍȘȍșțȦȡȍȑ ȗțȉȓȐȒȈȞȐȍȑ Ȋ ȔȍȕȦ  ȊȣȉȘȈȚȤ ȗțȕȒȚ ǵȈșȚȘȖȐȚȤ 
ȘȈșȗȐșȈȕȐȍ. 

 ǪȣȉȘȈȚȤ ǬȖȉȈȊȐȚȤ ǷȘȈȊȐȓȖ. 

 Ǫ ȖȚȒȘȣȊȠȍȔșȧ ȖȒȕȍ ǵȈșȚȘȖȑȒȈ ȘȈșȗȐșȈȕȐȧ ȏȈȌȈȚȤ: 

o ǵȈȏȊȈȕȐȍ, ȒȖȚȖȘȖȍ ȌȈȓȍȍ ȉțȌȍȚ ȖȚȖȉȘȈȎȈȚȤșȧ Ȋ șȐșȚȍȔȍ. 

o ǪȣȉȘȈȚȤ ȌȈȚț Ȑ ȊȘȍȔȧ ȗȍȘȊȖȋȖ ȏȈȗțșȒȈ. 

o ǵȈșȚȘȖȐȚȤ ȗȖȊȚȖȘȍȕȐȍ (ȗȍȘȐȖȌ — ȍȎȍȌȕȍȊȕȖ, ȍȎȍȕȍȌȍȓȤȕȖ, 
ȍȎȍȔȍșȧȟȕȖ Ȑ ȊȘȍȔȧ ȗȖȊȚȖȘȕȖȋȖ ȏȈȗțșȒȈ). 

o ǶȒȖȕȟȈȕȐȍ ȘȈșȗȐșȈȕȐȧ (ǪșȍȋȌȈ ȏȈȗțșȒȈȚȤ/ǿȐșȓȖ ȊȣȗȖȓȕȍȕȐȑ (țȒȈȏȈȚȤ 
ȟȐșȓȖ ȏȈȗțșȒȖȊ)/ǬȈȚȈ ȖȒȖȕȟȈȕȐȧ (țȒȈȏȈȚȤ ȗȖșȓȍȌȕȦȦ ȌȈȚț ȏȈȗțșȒȈ)). 

o ǹȖȝȘȈȕȐȚȤ ȕȈșȚȘȖȑȒȐ. 

5.6.3. ǶȞȍȕȒȈ ȝȈȘȈȒȚȍȘȐșȚȐȒ 

Ǭȓȧ ȖȞȍȕȒȐ ȒȈȟȍșȚȊȈ ȔȖȌȍȓȐ ȕȍȖȉȝȖȌȐȔȖ: 

1. ǪȣȉȘȈȚȤ ȕȈȐȔȍȕȖȊȈȕȐȍ ȐȕȚȍȘȍșțȦȡȍȑ ǪȍȘșȐȐ ȔȖȌȍȓȐ Ȋ ǸȍȗȖȏȐȚȖȘȐȐ. 

2. ǪȖ ȊȒȓȈȌȒȍ ǵȈșȚȘȖȑȒȐ ȗțȉȓȐȒȈȞȐȐ ȕȈȎȈȚȤ ȕȈ ȒȕȖȗȒț ǬȖȉȈȊȐȚȤ Ȑ Ȋ 
ȊȣȗȈȌȈȦȡȍȔ șȗȐșȒȍ ȊȣȉȘȈȚȤ ȗțȕȒȚ ǶȞȍȕȒȈ ȝȈȘȈȒȚȍȘȐșȚȐȒ.  

 

ǸȐșțȕȖȒ 208 ǹȖȏȌȈȕȐȍ ȗțȉȓȐȒȈȞȐȐ ȚȐȗȈ ǶȞȍȕȒȈ 

3. Ǫ ȖȚȒȘȣȊȠȍȔșȧ ȖȒȕȍ ǹȖȏȌȈȕȐȍ ȥȒȏȍȔȗȓȧȘȈ ȊȖ ȊȒȓȈȌȒȍ ǷȈȘȈȔȍȚȘȣ ȏȈȌȈȚȤ 
șȓȍȌțȦȡȐȍ ȕȈșȚȘȖȑȒȐ: 

o ǵȈȐȔȍȕȖȊȈȕȐȍ. 

o ǷȖȌȒȓȦȟȍȕȐȍ — țȒȈȏȈȚȤ ȗȖȌȒȓȦȟȍȕȐȍ, Ȋ ȒȖȚȖȘȖȔ ȕȈȝȖȌȐȚșȧ 
ȕȍȖȉȝȖȌȐȔȣȑ Ȍȓȧ șȒȖȘȐȕȋȈ ȕȈȉȖȘ ȌȈȕȕȣȝ. 
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o input_table_name — ȕȈȏȊȈȕȐȍ ȊȝȖȌȕȖȋȖ ȕȈȉȖȘȈ ȌȈȕȕȣȝ. 

o ǷȖȌȒȓȦȟȍȕȐȍ — țȒȈȏȈȚȤ ȗȖȌȒȓȦȟȍȕȐȍ, Ȋ ȒȖȚȖȘȖȍ ȕȍȖȉȝȖȌȐȔȖ 
ȗȖȓȖȎȐȚȤ ȘȍȏțȓȤȚȈȚȣ șȒȖȘȐȕȋȈ. 

o output_table_name — ȕȈȏȊȈȕȐȍ ȊȣȝȖȌȕȖȋȖ ȕȈȉȖȘȈ ȌȈȕȕȣȝ. 

o ǻȘȖȊȍȕȤ ȓȖȋȐȘȖȊȈȕȐȧ — ȒȈȒȐȍ șȖȉȣȚȐȧ ȌȖȉȈȊȓȧȚȤ Ȋ ȓȖȋ (All, Debug, 
Info, Warn, Error, Fatal, Off). 

o ǴȈȒșȐȔȈȓȤȕȖȍ ȒȖȓȐȟȍșȚȊȖ ȧȌȍȘ. 

o ǴȈȒșȐȔȈȓȤȕȖȍ ȒȖȓȐȟȍșȚȊȖ ȖȗȍȘȈȚȐȊȕȖȑ ȗȈȔȧȚȐ (Ȋ Ǵȉ). 

o Pre score — ȜțȕȒȞȐȧ ȗȘȍȌȖȉȘȈȉȖȚȒȐ (ȗȘȐ ȕȍȖȉȝȖȌȐȔȖșȚȐ). 

o Post score — ȜțȕȒȞȐȧ ȗȖșȚȖȉȘȈȉȖȚȒȐ (ȗȘȐ ȕȍȖȉȝȖȌȐȔȖșȚȐ). 

o ǾȍȓȍȊȈȧ ȗȍȘȍȔȍȕȕȈȧ — ȗȍȘȍȔȍȕȕȈȧ Ȋ ȐșȝȖȌȕȖȔ ȕȈȉȖȘȍ ȌȈȕȕȣȝ, 
ȖȚȕȖșȐȚȍȓȤȕȖ ȒȖȚȖȘȖȑ ȉțȌȍȚ ȘȈșșȟȐȚȣȊȈȚȤșȧ ȖȞȍȕȒȈ. 

ǯȈȌȈȕȐȍ ȗȈȘȈȔȍȚȘȈ ǾȍȓȍȊȈȧ ȗȍȘȍȔȍȕȕȈȧ 
ȏȈȊȐșȐȚ ȖȚ ȘȍȠȈȍȔȖȑ ȏȈȌȈȟȐ. 
Ǭȓȧ ȏȈȌȈȟȐ ȘȍȋȘȍșșȐȐ: Ǭȓȧ ȍȌȐȕșȚȊȍȕȕȖȑ 
ȊȣȝȖȌȕȖȑ ȗȍȘȍȔȍȕȕȖȑ ȕȍȖȉȝȖȌȐȔȖ ȊȣȉȘȈȚȤ ǺȐȗ 
ȔȍȚȘȐȒȐ = interval. 
 

 
ǸȐșțȕȖȒ 209 ǷȘȐȔȍȘ ȏȈȌȈȕȐȧ ǾȍȓȍȊȖȑ ȗȍȘȍȔȍȕȕȖȑ 
Ȍȓȧ ȏȈȌȈȟȐ ȘȍȋȘȍșșȐȐ 

 
 
Ǭȓȧ ȏȈȌȈȟȐ ȉȐȕȈȘȕȖȑ ȒȓȈșșȐȜȐȒȈȞȐȐ: Ǭȓȧ 
ȌȊțȝ ȗȍȘȍȔȍȕȕȣȝ ș ȗȘȍȜȐȒșȖȔ P_ ȕȍȖȉȝȖȌȐȔȖ 
ȊȣȉȘȈȚȤ ǺȐȗ ȔȍȚȘȐȒȐ = binary_prob (Ț.Ȓ. ȖȕȐ 
ȖȚȘȈȎȈȦȚ ȊȍȘȖȧȚȕȖșȚȤ ȗȘȐȕȈȌȓȍȎȕȖșȚȐ 
ȕȈȉȓȦȌȍȕȐȧ Ȓ ȒȓȈșșț), Ȍȓȧ ȗȍȘȍȔȍȕȕȖȑ ș 
ȗȘȍȜȐȒșȖȔ C_ ȕȍȖȉȝȖȌȐȔȖ ȊȣȉȘȈȚȤ ǺȐȗ ȔȍȚȘȐȒȐ 
= nominal_class (Ț.Ȓ. ȖȕȈ ȖȚȘȈȎȈȍȚ 
ȗȘȐȕȈȌȓȍȎȕȖșȚȤ Ȓ ȖȌȕȖȔț Ȑȏ ȒȓȈșșȖȊ). 
 

 
ǸȐșțȕȖȒ 210 ǷȘȐȔȍȘ ȏȈȌȈȕȐȧ ǾȍȓȍȊȖȑ ȗȍȘȍȔȍȕȕȖȑ 
Ȍȓȧ ȏȈȌȈȟȐ ȉȐȕȈȘȕȖȑ ȒȓȈșșȐȜȐȒȈȞȐȐ 

 
 
Ǭȓȧ ȏȈȌȈȟȐ ȔȕȖȋȖȒȓȈșșȖȊȖȑ ȒȓȈșșȐȜȐȒȈȞȐȐ: 
Ǭȓȧ Ȋșȍȝ ȗȍȘȍȔȍȕȕȣȝ (ȒȖȓȐȟȍșȚȊȖ șȖȊȗȈȌȈȍȚ ș 
ȒȖȓȐȟȍșȚȊȖȔ ȒȓȈșșȖȊ) ș ȗȘȍȜȐȒșȖȔ P_ ȕȍȖȉȝȖȌȐȔȖ 
ȊȣȉȘȈȚȤ ǺȐȗ ȔȍȚȘȐȒȐ = nominal_prob (Ț.Ȓ. ȖȕȐ 
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ȖȚȘȈȎȈȦȚ ȊȍȘȖȧȚȕȖșȚȤ ȗȘȐȕȈȌȓȍȎȕȖșȚȐ 
ȕȈȉȓȦȌȍȕȐȧ Ȓ ȒȓȈșșț), Ȍȓȧ ȗȍȘȍȔȍȕȕȖȑ ș 
ȗȘȍȜȐȒșȖȔ C_ ȕȍȖȉȝȖȌȐȔȖ ȊȣȉȘȈȚȤ ǺȐȗ ȔȍȚȘȐȒȐ 
= nominal_class (Ț.Ȓ. ȖȕȈ ȖȚȘȈȎȈȍȚ 
ȗȘȐȕȈȌȓȍȎȕȖșȚȤ Ȓ ȖȌȕȖȔț Ȑȏ ȒȓȈșșȖȊ). 
 

 
ǸȐșțȕȖȒ 211 ǷȘȐȔȍȘ ȏȈȌȈȕȐȧ ǾȍȓȍȊȖȑ ȗȍȘȍȔȍȕȕȖȑ 
Ȍȓȧ ȏȈȌȈȟȐ ȔȕȖȋȖȒȓȈșșȖȊȖȑ ȒȓȈșșȐȜȐȒȈȞȐȐ 

 
 

 

 

ǸȐșțȕȖȒ 212 ǶȒȕȖ ǹȖȏȌȈȕȐȍ ȥȒȏȍȗȓȧȘȈ 

4. ǯȈȌȈȚȤ ȐȔȍȕȈ ȗȍȘȍȔȍȕȕȣȔ ȊȖ ȊȒȓȈȌȒȍ ǴȥȗȗȐȕȋ. 

ǯȕȈȟȍȕȐȧ șȚȖȓȉȞȈ ǰȔȧ ȗȍȘȍȔȍȕȕȖȑ ȔȥȗȗȐȕȋȈ Ȍȓȧ 
ȊȝȖȌȕȣȝ ȗȍȘȍȔȍȕȕȣȝ ȌȖȓȎȕȖ șȖȊȗȈȌȈȚȤ ș 
ȕȈȐȔȍȕȖȊȈȕȐȍȔ șȖȖȚȊȍȚșȚȊțȦȡȍȋȖ șȚȖȓȉȞȈ Ȋ ȚȈȉȓȐȞȍ. 
Ǭȓȧ ȊȣȝȖȌȕȣȝ ȗȍȘȍȔȍȕȕȣȝ ȔȖȎȕȖ ȖșȚȈȊȐȚȤ 
ȖȗȘȍȌȍȓȍȕȕȖȍ șȐșȚȍȔȖȑ ȐȔȧ. 
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ǸȐșțȕȖȒ 213 ǯȈȌȈȕȐȍ ȔȥȗȗȐȕȋȈ ȗȍȘȍȔȍȕȕȣȝ 

5. ǹȖȝȘȈȕȐȚȤ ȐȏȔȍȕȍȕȐȧ. 

6. ǷȖșȓȍ țșȗȍȠȕȖȑ șȉȖȘȒȐ ȔȖȌȍȓȐ (ȐȒȖȕȒȈ  Ȋ șȚȖȓȉȞȍ ǹȚȈȚțș) ȊȣȉȘȈȚȤ ȔȍȕȦ 

 Ȑ Ȋ ȊȣȗȈȌȈȦȡȍȔ șȗȐșȒȍ ȊȣȉȘȈȚȤ ȗțȕȒȚ ǯȈȗțșȚȐȚȤ ȖȞȍȕȒț ȔȍȚȘȐȒ. 

7. ǷțȉȓȐȒȈȞȐȧ ȗȖȧȊȐȚșȧ Ȋ ȘȈȏȌȍȓȍ ǷțȉȓȐȒȈȞȐȐ ȉȖȒȖȊȖȑ ȗȈȕȍȓȐ ȒȖȔȗȖȕȍȕȚȈ 
ǻȗȘȈȊȓȍȕȐȍ ȔȖȌȍȓȧȔȐ Ȑ ȘȍȠȍȕȐȧȔȐ (MM). ǷȖșȓȍ ȏȈȊȍȘȠȍȕȐȧ ȖȞȍȕȒȐ 
ȗțȉȓȐȒȈȞȐȧ ȗȘȖȗȈȌȍȚ Ȑȏ ȘȈȏȌȍȓȈ ǷțȉȓȐȒȈȞȐȐ. ǹ ȘȍȏțȓȤȚȈȚȈȔȐ ȘȈșȟȍȚȖȊ 
ǷȖȓȤȏȖȊȈȚȍȓȤ ȔȖȎȍȚ ȖȏȕȈȒȖȔȐȚȤșȧ Ȋ ȊȖ ȊȒȓȈȌȒȍ ǽȈȘȈȒȚȍȘȐșȚȐȒȐ ȔȖȌȍȓȐ. 

 

ǸȐșțȕȖȒ 214 ǸȍȏțȓȤȚȈȚȣ ȘȈșȟȍȚȈ ȖȞȍȕȒȐ ȔȖȌȍȓȐ 
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ǯȈȗțșȒ ȖȞȍȕȒȐ ȝȈȘȈȒȚȍȘȐșȚȐȒ ȔȖȌȍȓȐ ȔȖȎȕȖ ȗȖșȚȈȊȐȚȤ ȕȈ ȘȈșȗȐșȈȕȐȍ. Ǭȓȧ ȥȚȖȋȖ 
ȕȍȖȉȝȖȌȐȔȖ: 

 ǸȧȌȖȔ ș ȐȕȚȍȘȍșțȦȡȍȑ ȗțȉȓȐȒȈȞȐȍȑ Ȋ ȔȍȕȦ  ȊȣȉȘȈȚȤ ȗțȕȒȚ ǵȈșȚȘȖȐȚȤ 
ȘȈșȗȐșȈȕȐȍ. 

 ǪȣȉȘȈȚȤ ǬȖȉȈȊȐȚȤ ǷȘȈȊȐȓȖ. 

 Ǫ ȖȚȒȘȣȊȠȍȔșȧ ȖȒȕȍ ǵȈșȚȘȖȑȒȈ ȘȈșȗȐșȈȕȐȧ ȏȈȌȈȚȤ: 

o ǵȈȏȊȈȕȐȍ, ȒȖȚȖȘȖȍ ȌȈȓȍȍ ȉțȌȍȚ ȖȚȖȉȘȈȎȈȚȤșȧ Ȋ șȐșȚȍȔȍ. 

o ǪȣȉȘȈȚȤ ȌȈȚț Ȑ ȊȘȍȔȧ ȗȍȘȊȖȋȖ ȏȈȗțșȒȈ. 

o ǵȈșȚȘȖȐȚȤ ȗȖȊȚȖȘȍȕȐȍ (ȗȍȘȐȖȌ — ȍȎȍȌȕȍȊȕȖ, ȍȎȍȕȍȌȍȓȤȕȖ, 
ȍȎȍȔȍșȧȟȕȖ Ȑ ȊȘȍȔȧ ȗȖȊȚȖȘȕȖȋȖ ȏȈȗțșȒȈ). 

o ǶȒȖȕȟȈȕȐȍ ȘȈșȗȐșȈȕȐȧ (ǪșȍȋȌȈ ȏȈȗțșȒȈȚȤ/ǿȐșȓȖ ȊȣȗȖȓȕȍȕȐȑ (țȒȈȏȈȚȤ 
ȟȐșȓȖ ȏȈȗțșȒȖȊ)/ǬȈȚȈ ȖȒȖȕȟȈȕȐȧ (țȒȈȏȈȚȤ ȗȖșȓȍȌȕȦȦ ȌȈȚț ȏȈȗțșȒȈ)). 

o ǹȖȝȘȈȕȐȚȤ ȕȈșȚȘȖȑȒȐ. 

5.6.4. ǹȒȘȐȗȚ 

Ǭȓȧ ȗțȉȓȐȒȈȞȐȐ ȔȖȌȍȓȐ Ȋ ȊȐȌȍ ǹȒȘȐȗȚȈ ȕȍȖȉȝȖȌȐȔȖ: 

1. ǪȣȉȘȈȚȤ ȕȈȐȔȍȕȖȊȈȕȐȍ ȐȕȚȍȘȍșțȦȡȍȑ ǪȍȘșȐȐ ȔȖȌȍȓȐ Ȋ ǸȍȗȖȏȐȚȖȘȐȐ. 

2. ǪȖ ȊȒȓȈȌȒȍ ǵȈșȚȘȖȑȒȐ ȗțȉȓȐȒȈȞȐȐ ȕȈȎȈȚȤ ȕȈ ȒȕȖȗȒț ǬȖȉȈȊȐȚȤ Ȑ Ȋ 
ȊȣȗȈȌȈȦȡȍȔ șȗȐșȒȍ ȊȣȉȘȈȚȤ ȗțȕȒȚ ǹȒȘȐȗȚ. 

3. Ǫ ȖȚȒȘȣȊȠȍȔșȧ ȖȒȕȍ ǹȖȏȌȈȕȐȍ ȥȒȏȍȔȗȓȧȘȈ ȊȖ ȊȒȓȈȌȒȍ ǷȈȘȈȔȍȚȘȣ ȏȈȌȈȚȤ 
ǵȈȐȔȍȕȖȊȈȕȐȍ. 

4. ǹȖȝȘȈȕȐȚȤ ȐȏȔȍȕȍȕȐȧ. 

5. ǷȖșȓȍ țșȗȍȠȕȖȑ șȉȖȘȒȐ ȔȖȌȍȓȐ (ȐȒȖȕȒȈ 

 

Ȋ șȚȖȓȉȞȍ ǹȚȈȚțș) ȊȣȉȘȈȚȤ ȔȍȕȦ 

 

 Ȑ Ȋ ȊȣȗȈȌȈȦȡȍȔ șȗȐșȒȍ ȊȣȉȘȈȚȤ ȗțȕȒȚ ǹȒȈȟȈȚȤ. Ǫ șȒȈȟȍȕȕȖȔ ȈȘȝȐȊȍ ȔȖȎȕȖ 
ȕȈȑȚȐ Ȋșȍ ȕȍȖȉȝȖȌȐȔȣȍ Ȍȓȧ ȏȈȗțșȒȈ ȜȈȑȓȣ, Ȉ ȚȈȒȎȍ ȐȕșȚȘțȒȞȐȦ ȗȖ 
ȐșȗȖȓȤȏȖȊȈȕȐȦ (ȜȈȑȓ README.md). 

5.6.5. ǷțȉȓȐȒȈȞȐȧ Ȍȓȧ șȒȖȘȐȕȋȈ ȔțȓȤȚȐșȜȍȘ (Polymatica 

Analytics) 

Ǭȓȧ ȗțȉȓȐȒȈȞȐȐ ȔȖȌȍȓȐ Ȍȓȧ șȒȖȘȐȕȋȈ ȔțȓȤȚȐșȜȍȘ (Polymatica Analytics) 

ȕȍȖȉȝȖȌȐȔȖ: 

1. ǪȣȉȘȈȚȤ ȕȈȐȔȍȕȖȊȈȕȐȍ ȐȕȚȍȘȍșțȦȡȍȑ ǪȍȘșȐȐ ȔȖȌȍȓȐ Ȋ ǸȍȗȖȏȐȚȖȘȐȐ. 
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2. ǪȖ ȊȒȓȈȌȒȍ ǵȈșȚȘȖȑȒȐ ȗțȉȓȐȒȈȞȐȐ ȕȈȎȈȚȤ ȕȈ ȒȕȖȗȒț ǬȖȉȈȊȐȚȤ Ȑ Ȋ 
ȊȣȗȈȌȈȦȡȍȔ șȗȐșȒȍ ȊȣȉȘȈȚȤ ȗțȕȒȚ Polymatica Analytics. 

3. Ǫ ȖȚȒȘȣȊȠȍȔșȧ ȖȒȕȍ ǹȖȏȌȈȕȐȍ ȥȒȏȍȔȗȓȧȘȈ ȊȖ ȊȒȓȈȌȒȍ ǷȈȘȈȔȍȚȘȣ ȏȈȌȈȚȤ 
șȓȍȌțȦȡȐȍ ȕȈșȚȘȖȑȒȐ: 

 ǵȈȐȔȍȕȖȊȈȕȐȍ. 

 ǻȘȖȊȍȕȤ ȓȖȋȐȘȖȊȈȕȐȧ — ȒȈȒȐȍ șȖȉȣȚȐȧ ȌȖȉȈȊȓȧȚȤ Ȋ ȓȖȋ (All, Debug, Info, 
Warn, Error, Fatal, Off). 

 ǲȖȓȐȟȍșȚȊȖ ȘȍȗȓȐȒ. 

 ǵȈȏȊȈȕȐȍ ȥȕȌȗȖȐȕȚȈ (ȏȈȋȓȈȊȕȣȔȐ ȓȈȚȐȕșȒȐȔȐ ȉțȒȊȈȔȐ ȉȍȏ ȗȘȖȉȍȓȖȊ) 

 ǴȈȒșȐȔȈȓȤȕȖȍ ȒȖȓȐȟȍșȚȊȖ ȧȌȍȘ. 

 ǴȈȒșȐȔȈȓȤȕȖȍ ȒȖȓȐȟȍșȚȊȖ ȖȗȍȘȈȚȐȊȕȖȑ ȗȈȔȧȚȐ (Ȋ Ǵȉ). 

 Pre score — ȜțȕȒȞȐȧ ȗȘȍȌȖȉȘȈȉȖȚȒȐ (ȗȘȐ ȕȍȖȉȝȖȌȐȔȖșȚȐ). 

 Post score — ȜțȕȒȞȐȧ ȗȖșȚȖȉȘȈȉȖȚȒȐ (ȗȘȐ ȕȍȖȉȝȖȌȐȔȖșȚȐ). 

1. ǷȘȐ ȕȍȖȉȝȖȌȐȔȖșȚȐ ȗȖȗȘȈȊȐȚȤ ǰȔȧ ȗȍȘȍȔȍȕȕȖȑ ȔȥȗȗȐȕȋȈ ȊȖ ȊȒȓȈȌȒȍ 
ǴȥȗȗȐȕȋ. 

2. ǹȖȝȘȈȕȐȚȤ ȐȏȔȍȕȍȕȐȧ. 

3. ǷȖșȓȍ țșȗȍȠȕȖȑ șȉȖȘȒȐ ȔȖȌȍȓȐ (ȐȒȖȕȒȈ  Ȋ șȚȖȓȉȞȍ ǹȚȈȚțș) ȊȣȉȘȈȚȤ ȔȍȕȦ 

 Ȑ Ȋ ȊȣȗȈȌȈȦȡȍȔ șȗȐșȒȍ ȊȣȉȘȈȚȤ ȗțȕȒȚ ǯȈȗțșȚȐȚȤ. 

4. ǷțȉȓȐȒȈȞȐȧ ȗȖȧȊȐȚșȧ Ȋ ȘȈȏȌȍȓȍ ǷțȉȓȐȒȈȞȐȐ ȉȖȒȖȊȖȑ ȗȈȕȍȓȐ ȒȖȔȗȖȕȍȕȚȈ 
ǻȗȘȈȊȓȍȕȐȍ ȔȖȌȍȓȧȔȐ Ȑ ȘȍȠȍȕȐȧȔȐ (MM). ǷȖșȓȍ ȐȏȔȍȕȍȕȐȧ șȚȈȚțșȈ 
ȗțȉȓȐȒȈȞȐȐ ȕȈ ǸȈȉȖȚȈȍȚ (ȐȒȖȕȒȈ ) ȊȣȉȘȈȚȤ ȔȍȕȦ Ȑ Ȋ ȊȣȗȈȌȈȦȡȍȔ șȗȐșȒȍ 
ȊȣȉȘȈȚȤ ȗțȕȒȚ ǷȍȘȍȑȚȐ Ȓ șȒȖȘȐȕȋț ȔțȓȤȚȐșȜȍȘ. 

5.7. ǹȖȋȓȈșȖȊȈȕȐȍ ȊȍȘșȐȑ ȔȖȌȍȓȐ Ȑ ȗțȉȓȐȒȈȞȐȑ 

5.7.1. ШȈȉȓȖȕ șȖȋȓȈșȖȊȈȕȐȧ 

ШȈȉȓȖȕ ȗȘȍȌșȚȈȊȓȧȍȚ șȖȉȖȑ BPMN-ȗȘȖȞȍșș, Ȋ șȖȖȚȊȍȚșȚȊȐȐ ș ȒȖȚȖȘȣȔ ȉțȌȍȚ 
ȊȣȗȖȓȕȧȚȤșȧ șȖȋȓȈșȖȊȈȕȐȍ ȊȍȘșȐȐ ȔȖȌȍȓȐ ȐȓȐ ȗțȉȓȐȒȈȞȐȐ. 

ШȈȉȓȖȕȣ ȔȖȋțȚ ȉȣȚȤ ȗȘȖȐȏȊȖȓȤȕȣȔȐ Ȑ ȉȈȏȐȘțȦȚșȧ ȕȈ ȘȖȓȍȊȣȝ ȔȖȌȍȓȧȝ 
ȗȖȓȤȏȖȊȈȚȍȓȍȑ. ǹȖȏȌȈȦȚșȧ ȠȈȉȓȖȕȣ ǨȌȔȐȕȐșȚȘȈȚȖȘȖȔ. 

ǷȘȐ ȊȣȉȖȘȍ ȗțȕȒȚȈ ШȈȉȓȖȕȣ ȉȖȒȖȊȖȑ ȗȈȕȍȓȐ ȖȚȒȘȣȊȈȍȚșȧ ȖȌȕȖȐȔȍȕȕȣȑ ȘȈȏȌȍȓ 
șȖ șȗȐșȒȖȔ ШȈȉȓȖȕȖȊ șȖȋȓȈșȖȊȈȕȐȧ. 
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ǸȐșțȕȖȒ 215 ǸȈȏȌȍȓ ШȈȉȓȖȕȣ șȖȋȓȈșȖȊȈȕȐȧ 

ǷȘȐ ȕȈȎȈȚȐȐ ȕȈ ȕȈȐȔȍȕȖȊȈȕȐȍ ȠȈȉȓȖȕȈ ȖȚȒȘȣȊȈȍȚșȧ ȖȒȕȖ ȗȘȖșȔȖȚȘȈ ȠȈȉȓȖȕȈ. 

 

ǸȐșțȕȖȒ 216 ǶȒȕȖ ȗȘȖșȔȖȚȘȈ ȠȈȉȓȖȕȈ șȖȋȓȈșȖȊȈȕȐȧ 

5.7.2. ǷȘȖȞȍșș șȖȋȓȈșȖȊȈȕȐȧ 

ǷȘȖȞȍșș șȖȋȓȈșȖȊȈȕȐȧ ȗȘȖȐșȝȖȌȐȚ Ȋ șȖȖȚȊȍȚșȚȊȐȐ ș ȠȈȉȓȖȕȈȔȐ, ȒȖȚȖȘȣȍ ȉȣȓȐ 
țȒȈȏȈȕȣ ǷȖȓȤȏȖȊȈȚȍȓȍȔ Ȋ ǷȘȖȍȒȚȍ MM. 
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ǸȐșțȕȖȒ 217 ǯȈȌȈȕȐȍ ȠȈȉȓȖȕȖȊ șȖȋȓȈșȖȊȈȕȐȧ Ȋ ȗȘȖȍȒȚȍ MM 

Ǭȓȧ ȏȈȗțșȒȈ șȖȋȓȈșȖȊȈȕȐȧ ȊȍȘșȐȐ ȔȖȌȍȓȐ: 

1. ǪȣȉȘȈȚȤ ȕȈȐȔȍȕȖȊȈȕȐȍ ȐȕȚȍȘȍșțȦȡȍȑ ǪȍȘșȐȐ ȔȖȌȍȓȐ Ȋ ǸȍȗȖȏȐȚȖȘȐȐ. 

2. ǪȖ ȊȒȓȈȌȒȍ ǷȈȘȈȔȍȚȘȣ ȕȈȎȈȚȤ ȕȈ ȒȕȖȗȒț ǶȎȐȌȈȍȚ ȖȚȗȘȈȊȒȐ ȕȈ 
șȖȋȓȈșȖȊȈȕȐȍ Ȑ ȊȣȗȈȌȈȦȡȍȔ șȗȐșȒȍ ȊȣȉȘȈȚȤ ȗțȕȒȚ ǶȚȗȘȈȊȐȚȤ ȕȈ 
șȖȋȓȈșȖȊȈȕȐȍ.  

 

ǸȐșțȕȖȒ 218 ǯȈȗțșȒ ȗȘȖȞȍșșȈ șȖȋȓȈșȖȊȈȕȐȧ 

3. ǷȘȖȞȍșș șȖȋȓȈșȖȊȈȕȐȧ ȏȈȗțȡȍȕ. ǹȚȈȚțș ȊȍȘșȐȐ ȔȖȌȍȓȐ ȐȏȔȍȕȐȓșȧ ȕȈ Ǫ 
ȗȘȖȞȍșșȍ șȖȋȓȈșȖȊȈȕȐȧ. Ǫ șȖȖȚȊȍȚșȚȊȐȐ ș ȠȈȉȓȖȕȖȔ șȖȋȓȈșȖȊȈȕȐȧ ȊșȍȔ 
ȏȈȐȕȚȍȘȍșȖȊȈȕȕȣȔ ȗȖȓȤȏȖȊȈȚȍȓȧȔ ȗȘȐȌȍȚ șȖȖȉȡȍȕȐȍ Ȗ ǹȖȋȓȈșȖȊȈȕȐȐ 
ȊȍȘșȐȐ ȔȖȌȍȓȐ. Ǭȓȧ șȖȋȓȈșȖȊȈȕȐȧ (ȐȓȐ ȖȚȗȘȈȊȒȐ ȕȈ ȌȖȘȈȉȖȚȒț) 
ǷȖȓȤȏȖȊȈȚȍȓȦ ș șȖȖȚȊȍȚșȚȊțȦȡȐȔȐ ȗȘȈȊȈȔȐ ȕȍȖȉȝȖȌȐȔȖ ȗȍȘȍȑȚȐ Ȋ ȘȈȏȌȍȓ 
ǹȖȋȓȈșȖȊȈȕȐȍ, ȊȣȉȘȈȚȤ șȖȖȚȊȍȚșȚȊțȦȡȍȍ șȖȖȉȡȍȕȐȍ, ȕȈȏȕȈȟȐȚȤ șȍȉȧ Ȋ 
ȒȈȟȍșȚȊȍ ǹȖȋȓȈșțȦȡȍȋȖ, ȗȘȖȊȍȘȐȚȤ ȝȈȘȈȒȚȍȘȐșȚȐȒȐ ȔȖȌȍȓȐ Ȑ șȖȋȓȈșȖȊȈȚȤ 
(ȐȓȐ ȖȚȗȘȈȊȐȚȤ ȕȈ ȌȖȘȈȉȖȚȒț ȊȍȘșȐȦ ȔȖȌȍȓȐ). 
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ǸȐșțȕȖȒ 219 ǷȘȖȞȍșș șȖȋȓȈșȖȊȈȕȐȧ ǪȍȘșȐȐ ȔȖȌȍȓȐ 

 

ǸȐșțȕȖȒ 220 ǷȘȖȞȍșș șȖȋȓȈșȖȊȈȕȐȧ ǪȍȘșȐȐ ȔȖȌȍȓȐ 

4. Ǫ ȏȈȊȐșȐȔȖșȚȐ ȖȚ ȘȍȠȍȕȐȧ ǹȖȋȓȈșțȦȡȍȋȖ Ȋ ǸȍȗȖȏȐȚȖȘȐȐ Ȋ șȚȘȖȒȍ ș ǪȍȘșȐȍȑ 
ȔȖȌȍȓȐ Ȋ șȚȖȓȉȞȍ ǹȖȋȓȈșȖȊȈȕȐȍ ȖȚȖȉȘȈȏȐȚșȧ șȖȖȚȊȍȚșȚȊțȦȡȐȑ șȚȈȚțș 
(ǹȖȋȓȈșȖȊȈȕȖ/ǵȍ șȖȋȓȈșȖȊȈȕȖ).  
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ǸȐșțȕȖȒ 221 ǹȚȈȚțș șȖȋȓȈșȖȊȈȕȐȧ ǪȍȘșȐȐ ȔȖȌȍȓȐ 

Ǭȓȧ ȏȈȗțșȒȈ șȖȋȓȈșȖȊȈȕȐȧ ȗțȉȓȐȒȈȞȐȐ: 

1. ǪȣȉȘȈȚȤ ȕȈȐȔȍȕȖȊȈȕȐȍ ȐȕȚȍȘȍșțȦȡȍȑ ǪȍȘșȐȐ ȔȖȌȍȓȐ Ȋ ǸȍȗȖȏȐȚȖȘȐȐ. 

2. ǪȖ ȊȒȓȈȌȒȍ ǵȈșȚȘȖȑȒȐ ȗțȉȓȐȒȈȞȐȐ ȊȣȉȘȈȚȤ ȐȕȚȍȘȍșțȦȡțȦ ȗțȉȓȐȒȈȞȐȦ Ȑ 

Ȋ ȔȍȕȦ  ȊȣȉȘȈȚȤ ȗțȕȒȚ ǯȈȗțșȚȐȚȤ șȖȋȓȈșȖȊȈȕȐȍ.  

 

ǸȐșțȕȖȒ 222 ǯȈȗțșȒ ȗȘȖȞȍșșȈ șȖȋȓȈșȖȊȈȕȐȧ ȗțȉȓȐȒȈȞȐȐ 

3. ǷȘȖȞȍșș șȖȋȓȈșȖȊȈȕȐȧ ȏȈȗțȡȍȕ. ǹȚȈȚțș ȊȍȘșȐȐ ȔȖȌȍȓȐ ȐȏȔȍȕȐȓșȧ ȕȈ Ǫ 
ȗȘȖȞȍșșȍ șȖȋȓȈșȖȊȈȕȐȧ. Ǫ șȖȖȚȊȍȚșȚȊȐȐ ș ȠȈȉȓȖȕȖȔ șȖȋȓȈșȖȊȈȕȐȧ ȊșȍȔ 
ȏȈȐȕȚȍȘȍșȖȊȈȕȕȣȔ ȗȖȓȤȏȖȊȈȚȍȓȧȔ ȗȘȐȌȍȚ șȖȖȉȡȍȕȐȍ Ȗ ǹȖȋȓȈșȖȊȈȕȐȐ 
ȊȍȘșȐȐ ȔȖȌȍȓȐ. Ǭȓȧ șȖȋȓȈșȖȊȈȕȐȧ (ȐȓȐ ȖȚȗȘȈȊȒȐ ȕȈ ȌȖȘȈȉȖȚȒț) 
ǷȖȓȤȏȖȊȈȚȍȓȦ ș șȖȖȚȊȍȚșȚȊțȦȡȐȔȐ ȗȘȈȊȈȔȐ ȕȍȖȉȝȖȌȐȔȖ ȗȍȘȍȑȚȐ Ȋ ȘȈȏȌȍȓ 
ǹȖȋȓȈșȖȊȈȕȐȍ, ȊȣȉȘȈȚȤ șȖȖȚȊȍȚșȚȊțȦȡȍȍ șȖȖȉȡȍȕȐȍ, ȕȈȏȕȈȟȐȚȤ șȍȉȧ Ȋ 
ȒȈȟȍșȚȊȍ ǹȖȋȓȈșțȦȡȍȋȖ, ȗȘȖȊȍȘȐȚȤ ȝȈȘȈȒȚȍȘȐșȚȐȒȐ ȔȖȌȍȓȐ Ȑ șȖȋȓȈșȖȊȈȚȤ 
(ȐȓȐ ȖȚȗȘȈȊȐȚȤ ȕȈ ȌȖȘȈȉȖȚȒț ȊȍȘșȐȦ ȔȖȌȍȓȐ). 
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4. Ǫ ȏȈȊȐșȐȔȖșȚȐ ȖȚ ȘȍȠȍȕȐȧ ǹȖȋȓȈșțȦȡȍȋȖ ȊȖ ȊȒȓȈȌȒȍ ǵȈșȚȘȖȑȒȐ 
ȗțȉȓȐȒȈȞȐȐ Ȋ șȚȘȖȒȍ ș ǷțȉȓȐȒȈȞȐȍȑ Ȋ șȚȖȓȉȞȍ ǹȖȋȓȈșȖȊȈȕȐȍ ȖȚȖȉȘȈȏȐȚșȧ 
șȖȖȚȊȍȚșȚȊțȦȡȐȑ șȚȈȚțș (ǹȖȋȓȈșȖȊȈȕȖ/ǵȍ șȖȋȓȈșȖȊȈȕȖ).  

 

ǸȐșțȕȖȒ 223 ǹȚȈȚțș șȖȋȓȈșȖȊȈȕȐȧ ȗțȉȓȐȒȈȞȐȐ 

5.8. ǩȐȉȓȐȖȚȍȒȐ 

ǩȐȉȓȐȖȚȍȒȐ ȐșȗȖȓȤȏțȦȚșȧ ȗȘȐ șȉȖȘȒȍ ȗțȉȓȐȒȈȞȐȑ ȊȍȘșȐȐ ȔȖȌȍȓȐ. 

Ǭȓȧ ȖȏȕȈȒȖȔȓȍȕȐȧ șȖ șȗȐșȒȖȔ ȉȐȉȓȐȖȚȍȒ ȕȍȖȉȝȖȌȐȔȖ ȊȣȉȘȈȚȤ ȖȌȕȖȐȔȍȕȕȣȑ ȗțȕȒȚ 
ȉȖȒȖȊȖȑ ȗȈȕȍȓȐ ȒȖȔȗȖȕȍȕȚȈ ǻȗȘȈȊȓȍȕȐȍ ȔȖȌȍȓȧȔȐ Ȑ ȘȍȠȍȕȐȧȔȐ (MM). 

 

ǸȐșțȕȖȒ 224 ǸȈȏȌȍȓ ǩȐȉȓȐȖȚȍȒȐ ȉȖȒȖȊȖȋȖ ȔȍȕȦ 

Ǭȓȧ șȖȏȌȈȕȐȧ ǩȐȉȓȐȖȚȍȒȐ ȕȍȖȉȝȖȌȐȔȖ: 

1. ǪȣȉȘȈȚȤ ȒȕȖȗȒț ǬȖȉȈȊȐȚȤ Ȋ ȊȍȘȝȕȍȑ ȟȈșȚȐ ȚȈȉȓȐȞȣ. 

2. Ǫ ȖȚȒȘȣȊȠȍȔșȧ ȖȒȕȍ ǹȖȏȌȈȕȐȍ ȉȐȉȓȐȖȚȍȒȐ ȊȊȍșȚȐ șȓȍȌțȦȡȐȍ ȗȈȘȈȔȍȚȘȣ: 
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o ǵȈȐȔȍȕȖȊȈȕȐȍ (Ȋ șȖȖȚȊȍȚșȚȊȐȐ ș ȘȍȈȓȤȕȣȔ ȕȈȏȊȈȕȐȍȔ ȐșȗȖȓȤȏțȍȔȖȑ 
ȉȐȉȓȐȖȚȍȒȐ). 

o ǶȗȐșȈȕȐȍ. 

o ǪȍȘșȐȦ ȉȐȉȓȐȖȚȍȒȐ. 

o ǹșȣȓȒț. 

3. ǪȣȉȘȈȚȤ ȒȕȖȗȒț ǹȖȝȘȈȕȐȚȤ. 

Ǭȓȧ țȌȈȓȍȕȐȧ ǩȐȉȓȐȖȚȍȒȐ ȕȍȖȉȝȖȌȐȔȖ: 

1. ǪȣȉȘȈȚȤ ȟȍȒȉȖȒș ȘȧȌȖȔ ș ȕȈȐȔȍȕȖȊȈȕȐȍȔ țȌȈȓȧȍȔȖȑ ȉȐȉȓȐȖȚȍȒȐ. 

2. ǪȣȉȘȈȚȤ ȒȕȖȗȒț ǻȌȈȓȐȚȤ. 

Ǭȓȧ ȖȉȕȖȊȓȍȕȐȧ ȗȈȘȈȔȍȚȘȖȊ ȉȐȉȓȐȖȚȍȒȐ ȕȍȖȉȝȖȌȐȔȖ: 

1. ǵȈȎȈȚȤ ȕȈ ȕȈȐȔȍȕȖȊȈȕȐȍ ȉȐȉȓȐȖȚȍȒȐ. 

2. Ǫ ȖȚȒȘȣȊȠȍȔșȧ ȖȒȕȍ ǷȘȖșȔȖȚȘ ȉȐȉȓȐȖȚȍȒȐ ȊȊȍșȚȐ ȕȍȖȉȝȖȌȐȔȣȍ 
ȐȏȔȍȕȍȕȐȧ. 

3. ǹȖȝȘȈȕȐȚȤ ȘȍȌȈȒȚȐȘȖȊȈȕȕȣȍ ȗȈȘȈȔȍȚȘȣ, ȊȣȉȘȈȊ ȒȕȖȗȒț ǹȖȝȘȈȕȐȚȤ. 

5.9. ǷȖȓȤȏȖȊȈȚȍȓȤșȒȐȍ ȈȚȘȐȉțȚȣ 

ǨȚȘȐȉțȚȣ ȗȘȍȌțșȔȖȚȘȍȕȣ Ȍȓȧ țȒȈȏȈȕȐȧ ȌȖȗȖȓȕȐȚȍȓȤȕȖȑ ȐȕȜȖȘȔȈȞȐȐ Ȗ ȊȍȘșȐȐ 
ȔȖȌȍȓȐ - ȐȕȐȞȐȈȓȣ ȈȊȚȖȘȈ, ȔȍȕȍȌȎȍȘȈ ȔȖȌȍȓȐ, ȌȈȚȈ ȘȈȏȘȈȉȖȚȒȐ/ȊȈȎȕȣȝ 
ȐȏȔȍȕȍȕȐȑ, ȗȘȐȖȘȐȚȍȚ ȊȍȘșȐȐ Ȑ Ȋșȍ ȚȖ, ȟȚȖ ȗȖșȟȐȚȈȍȚ ȊȈȎȕȣȔ ǷȖȓȤȏȖȊȈȚȍȓȤ. 

Ǭȓȧ șȖȏȌȈȕȐȧ ȕȖȊȖȋȖ ȗȖȓȤȏȖȊȈȚȍȓȤșȒȖȋȖ ȈȚȘȐȉțȚȈ ȕȍȖȉȝȖȌȐȔȖ: 

1. ǪȣȉȘȈȚȤ ȖȌȕȖȐȔȍȕȕȣȑ ȗțȕȒȚ Ȋ ȉȖȒȖȊȖȑ ȗȈȕȍȓȐ ȒȖȔȗȖȕȍȕȚȈ ǻȗȘȈȊȓȍȕȐȍ 
ȔȖȌȍȓȧȔȐ Ȑ ȘȍȠȍȕȐȧȔȐ (MM). 

2. ǵȈ ȖȚȒȘȣȊȠȍȔșȧ ȥȒȘȈȕȍ ǷȖȓȤȏȖȊȈȚȍȓȤșȒȐȍ ȈȚȘȐȉțȚȣ ȊȣȉȘȈȚȤ ȒȕȖȗȒț 
ǬȖȉȈȊȐȚȤ Ȋ ȊȍȘȝȕȍȑ ȟȈșȚȐ șȗȐșȒȈ ȈȚȘȐȉțȚȖȊ. 
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ǸȐșțȕȖȒ 225 ǹȖȏȌȈȕȐȍ ȕȖȊȖȋȖ ǷȖȓȤȏȖȊȈȚȍȓȤșȒȖȋȖ ȈȚȘȐȉțȚȈ 

3. Ǫ ȖȚȒȘȣȊȠȍȔșȧ ȖȒȕȍ ǹȖȏȌȈȕȐȍ ȈȚȘȐȉțȚȈ ȏȈȌȈȚȤ ȕȈȏȊȈȕȐȍ, ȖȗȐșȈȕȐȍ Ȑ ȚȐȗ. 
ǹȖȝȘȈȕȐȚȤ Ȋȕȍșȍȕȕȣȍ ȐȏȔȍȕȍȕȐȧ 

4. ǹȖȏȌȈȕȕȣȑ ȈȚȘȐȉțȚ ȗȖȧȊȐȚșȧ Ȋ șȗȐșȒȍ ȥȒȘȈȕȈ ǷȖȓȤȏȖȊȈȚȍȓȤșȒȐȍ ȈȚȘȐȉțȚȣ Ȑ 
ȍȋȖ ȔȖȎȕȖ ȉțȌȍȚ țȒȈȏȈȚȤ Ȋ ǴȖȌȍȓȐ Ȋ ǸȍȗȖȏȐȚȖȘȐȐ Ȑ ȏȈȌȈȚȤ ȒȖȕȒȘȍȚȕȖȍ 
ȏȕȈȟȍȕȐȍ Ȍȓȧ ǪȍȘșȐȑ ȔȖȌȍȓȐ. 

Ǭȓȧ țȌȈȓȍȕȐȧ ȗȖȓȤȏȖȊȈȚȍȓȤșȒȖȋȖ ȈȚȘȐȉțȚȈ ȕȍȖȉȝȖȌȐȔȖ: 

1. ǪȣȉȘȈȚȤ ȟȍȒȉȖȒș ȘȧȌȖȔ ș țȌȈȓȧȍȔȣȔ ȈȚȘȐȉțȚȖȔ. 

2. ǵȈȎȈȚȤ ȒȕȖȗȒț ǻȌȈȓȐȚȤ Ȋ ȕȐȎȕȍȑ ȟȈșȚȐ ȥȒȘȈȕȈ. 

 

ǸȐșțȕȖȒ 226 ǻȌȈȓȍȕȐȍ ȗȖȓȤȏȖȊȈȚȍȓȤșȒȖȋȖ ȈȚȘȐȉțȚȈ 
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6. ǫȓȖȉȈȓȤȕȣȑ ȗȖȐșȒ 

6.1. ǰȕȚȍȘȜȍȑș ȥȒȘȈȕȈ ǫȓȖȉȈȓȤȕȖȋȖ ȗȖȐșȒȈ 

ЭȒȘȈȕ ǷȖȐșȒȈ ȖȚȒȘȣȊȈȍȚșȧ ȗȘȐ ȊȣȉȖȘȍ ȐȒȖȕȒȐ  Ȋ ȓȍȊȖȔ ȊȍȘȝȕȍȔ ȔȍȕȦ Ȑ 
ȗȘȍȌșȚȈȊȓȧȍȚ șȖȉȖȑ șȗȐșȖȒ ȌȖșȚțȗȕȣȝ ȗȖȓȤȏȖȊȈȚȍȓȦ ȖȉȢȍȒȚȖȊ șȐșȚȍȔȣ. 

 

ǸȐșțȕȖȒ 227 ЭȒȘȈȕ ȋȓȖȉȈȓȤȕȖȋȖ ȗȖȐșȒȈ 

ǷȘȐ ȊȣȉȖȘȍ ȕȈȐȔȍȕȖȊȈȕȐȧ ȖȉȢȍȒȚȈ ȖȚȒȘȖȍȚșȧ șȖȖȚȊȍȚșȚȊțȦȡȐȑ ȘȈȏȌȍȓ ǴȖȌțȓȧ ș 
ȊȣȉȘȈȕȕȣȔ ȖȉȢȍȒȚȖȔ Ȍȓȧ ȌȈȓȤȕȍȑȠȍȑ ȘȈȉȖȚȣ. ǷȖȔȐȔȖ ȕȈȐȔȍȕȖȊȈȕȐȧ șȈȔȐȝ 
ȖȉȢȍȒȚȖȊ Ȋ ȚȈȉȓȐȞȍ ȚȈȒȎȍ ȖȚȖȉȘȈȎȍȕȣ: 

 ǺȐȗ ȖȉȢȍȒȚȈ – DataSet, MDProject, MMProject. 

 ǪȍȘșȐȧ 

 ǶȗȐșȈȕȐȍ ȖȉȢȍȒȚȈ 

 ǬȈȚȈ șȖȏȌȈȕȐȧ Ȑ ȐȏȔȍȕȍȕȐȧ ȖȉȢȍȒȚȈ 

 ǨȊȚȖȘ 

 GUID 

ǺȈȉȓȐȞȈ ș ȌȖșȚțȗȕȣȔȐ ȗȖȓȤȏȖȊȈȚȍȓȦ ȖȉȢȍȒȚȈȔȐ șȐșȚȍȔȣ ȐȔȍȍȚ ȋȐȉȒȐȍ ȕȈșȚȘȖȑȒȐ 
ȖȚȖȉȘȈȎȍȕȐȧ. ǷȖȓȤȏȖȊȈȚȍȓȤ ȔȖȎȍȚ: 

 ȐȏȔȍȕȐȚȤ ȠȐȘȐȕț ȓȦȉȖȋȖ șȚȖȓȉȞȈ (Ȍȓȧ ȥȚȖȋȖ ȕȍȖȉȝȖȌȐȔȖ ȗȍȘȍȚȈȡȐȚȤ ȋȘȈȕȐȞț 

ȍȋȖ ȏȈȋȖȓȖȊȒȈ  ȌȖ ȕțȎȕȖȑ ȠȐȘȐȕȣ); 

 șȖȘȚȐȘȖȊȈȚȤ ȚȈȉȓȐȞț (Ȍȓȧ ȥȚȖȋȖ ȕȍȖȉȝȖȌȐȔȖ ȊȣȉȘȈȚȤ ȐȒȖȕȒț  ȘȧȌȖȔ ș 
ȏȈȋȖȓȖȊȒȖȔ șȖȘȚȐȘțȍȔȖȋȖ șȚȖȓȉȞȈ); 

 șȒȘȣȊȈȚȤ/ȖȚȖȉȘȈȎȈȚȤ șȚȖȓȉȞȣ Ȑ ȐȏȔȍȕȧȚȤ Ȑȝ ȗȖȘȧȌȖȒ Ȋ ȖȒȕȍ ǪȐȌ ȚȈȉȓȐȞȣ 

(Ȍȓȧ ȖȚȒȘȣȚȐȧ ȖȒȕȈ ȕȍȖȉȝȖȌȐȔȖ ȊȣȉȘȈȚȤ  Ȋ ȗȘȈȊȖȔ 
ȊȍȘȝȕȍȔ țȋȓț ȚȈȉȓȐȞȣ; ȗȘȐ ȊȣȉȖȘȍ ȐȒȖȕȒȐ  șȚȖȓȉȍȞ șȒȘȖȍȚșȧ, ȗȘȐ 
ȕȈȊȍȌȍȕȐȐ ȕȈ ȐȒȖȕȒț  ȈȒȚȐȊȐȘțȍȚșȧ ȊȖȏȔȖȎȕȖșȚȤ ȗȍȘȍȔȍȡȍȕȐȧ șȚȖȓȉȞȈ); 

 șȉȘȖșȐȚȤ Ȋȕȍșȍȕȕȣȍ ȐȏȔȍȕȍȕȐȧ ȚȈȒȎȍ Ȋ ȖȒȕȍ ǪȐȌ ȚȈȉȓȐȞȣ (Ȍȓȧ ȥȚȖȋȖ 
ȊȣȉȘȈȚȤ ȒȕȖȗȒț «ǹȉȘȖșȐȚȤ»). 
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Ǭȓȧ ȉȣșȚȘȖȋȖ ȗȖȐșȒȈ ȖȉȢȍȒȚȈ Ȋ ȚȈȉȓȐȞȍ ȗȘȍȌțșȔȖȚȘȍȕȖ ȗȖȓȍ  Ȋ 
ȗȘȈȊȖȑ ȊȍȘȝȕȍȑ ȟȈșȚȐ ȚȈȉȓȐȞȣ. 
ǶȉȢȍȒȚȣ ȚȈȉȓȐȞȣ ȔȖȎȕȖ ȊȣȋȘțȏȐȚȤ Ȋ ȜȖȘȔȈȚȍ Excel. Ǭȓȧ ȥȚȖȋȖ ȕțȎȕȖ ȊȣȉȘȈȚȤ 

ȐȒȖȕȒț ЭȒșȗȖȘȚȈ Ȋ excel  . 

ǷȖȔȐȔȖ ȥȚȖȋȖ, ȘȍȈȓȐȏȖȊȈȕȈ ȘȈȉȖȚȈ ș ȚȥȋȈȔȐ Ȍȓȧ ȉȣșȚȘȖȋȖ ȗȖȐșȒȈ ȖȉȢȍȒȚȖȊ. 

6.2. ǸȈȉȖȚȈ ș ȚȥȋȈȔȐ 

ǹȒȘȣȚȈȧ ȓȍȊȈȧ ȉȖȒȖȊȈȧ ȗȈȕȍȓȤ șȖȌȍȘȎȐȚ ȚȥȋȐ, ȗȘȐ ȗȖȔȖȡȐ ȒȖȚȖȘȣȝ ȔȖȎȕȖ ȉȣșȚȘȖ 
ȕȈȑȚȐ ȐȕȚȍȘȍșțȦȡȐȑ ȖȉȢȍȒȚ. 
Ǭȓȧ ȘȈșȒȘȣȚȐȧ ȗȈȕȍȓȐ ȕȍȖȉȝȖȌȐȔȖ ȊȣȉȘȈȚȤ  Ȋ ȕȐȎȕȍȑ ȟȈșȚȐ ȐȕȚȍȘȜȍȑșȈ. 

 

ǸȐșțȕȖȒ 228 ǩȖȒȖȊȈȧ ȗȈȕȍȓȤ șȖ șȗȐșȒȖȔ ȚȥȋȖȊ 

6.2.1. ǬȖȉȈȊȓȍȕȐȍ ȚȥȋȈ 

Ǭȓȧ ȏȈȌȈȕȐȧ ȖȉȢȍȒȚț ȚȥȋȈ ȕȍȖȉȝȖȌȐȔȖ: 

 Ǫ șȚȘȖȒȍ ș ȐȕȚȍȘȍșțȦȡȐȔ ȖȉȢȍȒȚȖȔ ȊȣȉȘȈȚȤ ȔȍȕȦ Ȋ ȊȐȌȍ ȚȘȍȝ ȊȍȘȚȐȒȈȓȤȕȣȝ 

ȚȖȟȍȒ  Ȑ Ȋ ȘȈșȒȘȣȊȠȍȑșȧ ȗȈȕȍȓȐ ȊȣȉȘȈȚȤ ȗțȕȒȚ ǸȈȉȖȚȈ ș ǺȥȋȈȔȐ. 

 Ǫ ȖȚȒȘȣȊȠȍȔșȧ ȖȒȕȍ ǸȈȉȖȚȈ ș ǺȥȋȈȔȐ Ȋ șȚȘȖȒț ȊȊȖȌȈ ȊȊȍșȚȐ Țȥȋ Ȑ ȊȣȉȘȈȚȤ 
ȒȕȖȗȒț ǬȖȉȈȊȐȚȤ. 

6.2.2. ǼȐȓȤȚȘȈȞȐȧ ȗȘȐ ȗȖȔȖȡȐ ȚȥȋȖȊ 

Ǭȓȧ ȜȐȓȤȚȘȈȞȐȐ ȖȉȢȍȒȚȖȊ ȗȘȐ ȗȖȔȖȡȐ ȚȥȋȖȊ ȕȍȖȉȝȖȌȐȔȖ: 

 ǸȈșȒȘȣȚȤ ȓȍȊțȦ ȉȖȒȖȊțȦ ȗȈȕȍȓȤ. 

 Ǫ șȗȐșȒȍ ș ȚȥȋȈȔȐ ȕȈȑȚȐ ȐȕȚȍȘȍșțȦȡȐȑ Ȑ ȊȣȉȘȈȚȤ ȍȋȖ (ȔȖȎȕȖ ȊȣȉȘȈȚȤ 
ȕȍșȒȖȓȤȒȖ ȚȥȋȖȊ ț ȖȌȕȖȋȖ ȖȉȢȍȒȚȈ). 
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 ǺȈȉȓȐȞȈ ș ȌȖșȚțȗȕȣȔȐ ȖȉȢȍȒȚȈȔȐ ȖȚșȖȘȚȐȘțȍȚșȧ Ȋ șȖȖȚȊȍȚșȚȊȐȐ ș 
ȊȣȉȘȈȕȕȣȔȐ ȚȥȋȈȔȐ. 

6.3. ǹȊȧȏȈȕȕȣȍ ȖȉȢȍȒȚȣ 

ǷȖȔȐȔȖ ȗȘȖȟȍȋȖ ȕȈ ȥȒȘȈȕȍ ȋȓȖȉȈȓȤȕȖȋȖ ȗȖȐșȒȈ ȔȖȎȕȖ țȏȕȈȚȤ șȊȧȏȤ ȔȍȎȌț 
ȖȉȢȍȒȚȈȔȐ. Ǭȓȧ ȥȚȖȋȖ ȕȍȖȉȝȖȌȐȔȖ: 

 Ǫ șȚȘȖȒȍ ș ȐȕȚȍȘȍșțȦȡȐȔ ȖȉȢȍȒȚȖȔ ȊȣȉȘȈȚȤ ȔȍȕȦ Ȑ Ȋ ȘȈșȒȘȣȊȠȍȑșȧ 
ȗȈȕȍȓȐ ȊȣȉȘȈȚȤ ȗțȕȒȚ ǹȊȧȏȈȕȕȣȍ ǶȉȢȍȒȚȣ. 

 Ǫ ȖȚȒȘȣȊȠȍȔșȧ ȖȒȕȍ șȖȌȍȘȎȐȚșȧ șȗȐșȖȒ șȖ șȊȧȏȈȕȕȣȔȐ ȖȉȢȍȒȚȈȔȐ. ǷȘȐ 
ȊȣȉȖȘȍ ȕȈȐȔȍȕȖȊȈȕȐȧ ȖȉȢȍȒȚȈ Ȑȏ ȌȈȕȕȖȋȖ șȗȐșȒȈ ȖȚȒȘȖȍȚșȧ șȖȖȚȊȍȚșȚȊțȦȡȐȑ 
ȘȈȏȌȍȓ ǴȖȌțȓȧ ș ȊȣȉȘȈȕȕȣȔ ȖȉȢȍȒȚȖȔ Ȍȓȧ ȌȈȓȤȕȍȑȠȍȑ ȘȈȉȖȚȣ. 
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