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План

Å ʇʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʠʥʞʝʥʝʨʥʳʭ ʠʟʜʝʣʠʡ

Å ʄʥʦʛʦʜʠʩʮʠʧʣʠʥʘʨʥʳʡ ʘʥʘʣʠʟ ʠ ʦʧʪʠʤʠʟʘʮʠʷ

Å ʄʦʜʝʣʴ ʧʦʪʦʢʘ ʨʘʙʦʪ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʝʪʦʚ
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Процесс разработки инженерных изделий



Пример: демпфер

Изменение 
геометрии

Изменение сетки Расчет Характеристики
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ʉɸʇʈ

CAD
CAE-ʩʠʩʪʝʤʳ



Пример: используемое ПО

САПР
Построитель

сетки
Расчет Постпроцессор
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ʧʦʜʛʦʪʦʚʢʘ 

ʪʚʝʨʜʦʪʝʣʴʥʦʡ 

ʤʦʜʝʣʠ

ʨʘʟʙʠʝʥʠʝ ʥʘ 

ʂʕ ʩʝʪʢʫ
ʨʝʰʝʥʠʝ

ʦʙʨʘʙʦʪʢʘ 

ʨʝʟʫʣʴʪʘʪʦʚ

Gambit

ICEM

AutoMesh

Fluent

CFX

Nastran

HFSS

LS_DYNA

CFD-Post

CFView

Mechanical



Схема процесса ручного подбора параметров изделия
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ʊʨʝʙʦʚʘʥʠʷ ʢ 

ʠʟʜʝʣʠʶ (ʊɿ)

ɺʥʝʰʥʠʡ ʚʠʜ 

ʠʟʜʝʣʠʷ

ʇʦʜʙʦʨ 

ʢʦʥʬʠʛʫʨʘʮʠʠ

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʝʣʝʡ 

ʜʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ 

ʧʦʚʝʜʝʥʠʷ

ʇʨʝʜʩʢʘʟʘʥʠʷ 

ʫʜʦʚʣʝʪʚʦʨʷʶʪ 

ʪʨʝʙʦʚʘʥʠʷʤ?

ʨʝʰʝʥʠʝ

ʥʝʪ

ʜʘ



Недостатки процесса ручного подбора параметров изделия
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ʊʨʝʙʦʚʘʥʠʷ ʢ 

ʠʟʜʝʣʠʶ (ʊɿ)

ɺʥʝʰʥʠʡ ʚʠʜ 

ʠʟʜʝʣʠʷ

ʇʦʜʙʦʨ 

ʢʦʥʬʠʛʫʨʘʮʠʠ

ʀʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʜʝʣʝʡ, 

ʜʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ 

ʧʦʚʝʜʝʥʠʷ

ʇʨʝʜʩʢʘʟʘʥʠʷ 

ʫʜʦʚʣʝʪʚʦʨʷʶʪ 

ʪʨʝʙʦʚʘʥʠʷʤ?

ʨʝʰʝʥʠʝ

ʥʝʪ

ʜʘ
ʏʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ

ᵼ
ʚʳʩʦʢʘ ʚʝʨʦʷʪʥʦʩʪʴ ʪʝʭʥʠʯʝʩʢʦʡ ʦʰʠʙʢʠ

ʅʝʚʦʟʤʦʞʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʦʥʬʠʛʫʨʘʮʠʡ,

ʥʝʪ ʬʦʨʤʘʣʴʥʳʭ ʢʨʠʪʝʨʠʠ ʦʧʪʠʤʘʣʴʥʦʩʪʠ

ᵼ
ʢʦʥʬʠʛʫʨʘʮʠʷ ʠʟʜʝʣʠʷ ʥʝ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʦʡ



Схема автоматизированной оптимизации изделия
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ʊʨʝʙʦʚʘʥʠʷ ʢ ʠʟʜʝʣʠʶ

(ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʚʠʜʝ)

ʉʦʟʜʘʥʠʝ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, 

ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʨʘʩʯʝʪʥʳʭ 

ʤʦʜʝʣʝʡ

ʇʨʦʮʝʜʫʨʘ 

ʘʥʘʣʠʟʘ ʤʦʜʝʣʠ, 

ʦʧʪʠʤʠʟʘʮʠʷ

(ʧʨʦʛʨʘʤʤʘ)

ʈʘʩʯʝʪʥʘʷ ʤʦʜʝʣʴ

çʏʝʨʥʳʡ ʷʱʠʢè

ʈʝʰʝʥʠʝ 

ʫʜʦʚʣʝʪʚʦʨʷʝʪ 

ʪʨʝʙʦʚʘʥʠʷʤ?

ʅʝʪ

ʜʘ

ᴆὼ

ᴆὊ

ʨʝʰʝʥʠʝ

Ὂ

ὼ

3D ʉʝʪʢʘ ʈʘʩʯʝʪ ɸʥʘʣʠʟ



Å ʉʦʩʪʘʚʣʝʥʠʝ ʧʨʦʛʨʘʤʤʳ (Fortran, MATLAB, Pythoné)

Å ʊʨʝʙʫʶʪʩʷ ʥʘʚʳʢʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ

Å ʉʦʩʪʘʚʣʝʥʠʝ ʠ ʦʪʣʘʜʢʘ ʧʨʦʛʨʘʤʤ ïʧʨʦʮʝʩʩ ʜʣʠʪʝʣʴʥʳʡ

Å ʊʨʫʜʥʦʩʪʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ

Å ɿʘʪʨʫʜʥʝʥʦ ʧʦʚʪʦʨʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʨʘʙʦʪʦʢ

Å ɻʠʙʢʦʩʪʴ,ʧʦʪʝʥʮʠʘʣʴʥʦ ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, é

Å ɺʠʟʫʘʣʴʥʦʝ ʩʦʩʪʘʚʣʝʥʠʝ ʙʣʦʢ-ʩʭʝʤʳ, ʦʧʠʩʳʚʘʶʱʝʡ ʧʦʪʦʢ ʨʘʙʦʪ

Å ʅʝ ʪʨʝʙʫʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʥʘʚʳʢʠ (ʥʠʟʢʠʡ ʧʦʨʦʛ ʚʭʦʞʜʝʥʠʷ)

Å ɹʳʩʪʨʦʝ ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʝʧʨʦʮʝʩʩʦʚ

Å ʃʝʛʢʦʩʪʴ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʭʝʤ

Å ʇʦʪʝʥʮʠʘʣʴʥʦ ʚʳʩʦʢʠʝ ʥʘʢʣʘʜʥʳʝ ʨʘʩʭʦʜʳ

Способы автоматизации расчетов
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Модели потока работ в автоматизации инженерных расчетов

Å ʉʭʝʤʘ ʧʦʪʦʢʘ ʨʘʙʦʪ ïʥʘʧʨʘʚʣʝʥʥʳʡ ʛʨʘʬ

Å ʚʝʨʰʠʥʳ ïʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʤʦʜʫʣʠ

Å ʨʝʙʨʘ

Å ʦʙʦʟʥʘʯʘʶʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʦʜʫʣʝʡ ïʤʦʜʝʣʠ 

ʧʦʪʦʢʘ ʫʧʨʘʚʣʝʥʠʷ (control flow);

Å ʦʙʦʟʥʘʯʘʶʪ ʢʘʥʘʣʳ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ïʤʦʜʝʣʠ ʧʦʪʦʢʘ ʜʘʥʥʳʭ (data flow).

Å ʇʦʪʦʢ ʫʧʨʘʚʣʝʥʠʷ (control flow)

Å ʅʝʪ ʪʨʫʜʥʦʩʪʝʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʮʠʢʣʦʚ, ʩʭʝʤʘ ïʥʘʧʨʘʚʣʝʥʥʳʡ ʛʨʘʬ (ʚ 

ʦʙʱʝʤ ʩʣʫʯʘʝ ʩ ʮʠʢʣʘʤʠ)

Å ʆʙʱʘʷ ʧʘʤʷʪʴ ᵼʪʨʫʜʥʦʩʪʠ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʷ ʨʘʩʯʝʪʦʚ

Å ʇʦʪʦʢ ʜʘʥʥʳʭ (data-flow)

Å ʅʝʪ ʦʙʱʝʡ ʧʘʤʷʪʠ + ʟʘʜʘʥʳ ʷʚʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦ ʜʘʥʥʳʤ ᵼʣʝʛʢʦʩʪʴ 
ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʷ ʨʘʩʯʝʪʦʚ

Å ʅʝ ʜʦʧʫʩʢʘʝʪ ʮʠʢʣʦʚ, ʩʭʝʤʘ ïʘʮʠʢʣʠʯʝʩʢʠʡ ʥʘʧʨʘʚʣʝʥʥʳʡ ʛʨʘʬ
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Примеры реализации моделей потока работ

Isight–Dassault Systèmes(Франция)

Å ʄʦʜʝʣʴ ʧʦʪʦʢʘ ʫʧʨʘʚʣʝʥʠʷ (control flow)

Å ʅʝʪ ʧʨʦʙʣʝʤ ʩ ʮʠʢʣʘʤʠ

Å ʆʙʱʘʷ ʧʘʤʷʪʴ

Å ʈʫʯʥʦʝ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʝ

Å ʄʦʜʫʣʴ ʦʧʪʠʤʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ 

ʨʘʩʯʝʪʥʦʡ ʮʝʧʦʯʢʠ

11

ModelCenter–Phoenix Integration(США)

Å ʄʦʜʝʣʴ ʧʦʪʦʢʘ ʜʘʥʥʳʭ (data flow)

Å ʆʪʩʫʪʩʪʚʫʝʪ ʦʙʱʘʷ ʧʘʤʷʪʴ

Å ɸʚʪʦʤʘʪʠʯʝʩʢʦʝ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʝ

Å ʆʪʩʫʪʩʪʚʫʶʪ ʮʠʢʣʳ

Å ʄʦʜʫʣʴ ʦʧʪʠʤʠʟʘʮʠʠ ʥʝ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ 

ʨʘʩʯʝʪʥʦʡ ʮʝʧʦʯʢʠ



Многодисциплинарный анализ и оптимизация



Многодисциплинарный анализ и оптимизация: зачем?

Å ʉʦʚʨʝʤʝʥʥʳʝ ʠʥʞʝʥʝʨʥʳʝ ʠʟʜʝʣʠʷʦʯʝʥʴʩʣʦʞʥʦ ʫʣʫʯʰʠʪʴ ʧʫʪʝʤ 

ʧʨʦʚʝʜʝʥʠʷ ʦʧʪʠʤʠʟʘʮʠʠ ʚ ʨʘʤʢʘʭ ʦʪʜʝʣʴʥʳʭ ʜʠʩʮʠʧʣʠʥ

Å ʊʨʝʙʦʚʘʥʠʷ ʨʳʥʢʘ ïʩʥʠʟʠʪʴ ʩʪʦʠʤʦʩʪʴ ʠ ʩʨʦʢʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ

Å ʄʥʦʛʦʜʠʩʮʠʧʣʠʥʘʨʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʥʘʭʦʜʠʪʴ ʩʦʚʝʨʰʝʥʥʦ ʥʦʚʳʝ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʠʟʜʝʣʠʷ
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Многодисциплинарный анализ и оптимизация: как?

Å ɿʘʜʘʯʘʤʥʦʛʦʜʠʩʮʠʧʣʠʥʘʨʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʜʣʷ ʜʚʫʭ ʜʠʩʮʠʧʣʠʥ

Å ʄʝʪʦʜʳ ʤʥʦʛʦʜʠʩʮʠʧʣʠʥʘʨʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ

Å Multi-Disciplinary Feasible (MDF) approach

Å Individual Discipline Feasible (IDF) method

Å All-At-Once (AAO) method

Å Bi-Level Integrated System Synthesis (BLISS)

Å Disciplinary Analysis Optimization (DAO) method

Å Collaborative Optimization (CO) method

Å Collaborative Sub-Space Optimization (CSSO) method

Å Disciplinary Interaction Variable Elimination (DIVE) method
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Совместная оптимизация (Collaborative Optimization)
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Модель потока работ для автоматизации инженерных 
расчетов



Задача

ʈʘʟʨʘʙʦʪʘʪʴ ʤʦʜʝʣʴ ʧʦʪʦʢʘ ʨʘʙʦʪʳ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʚ 

ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʦʩʪʦʤ ʠ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʦʤʚʠʜʝ ʦʧʠʩʘʪʴ ʧʨʦʮʝʩʩ 

ʤʥʦʛʦʜʠʩʮʠʧʣʠʥʘʨʥʦʛʦʠʥʞʝʥʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʦʧʪʠʤʠʟʘʮʠʠ
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Требования

Å ʀʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝʩʭʝʤʳ ʧʦʪʦʢʘ ʨʘʙʦʪ

Å ʇʘʨʘʣʣʝʣʴʥʦʝ ʚʳʧʦʣʥʝʥʠʷ ʧʦʪʦʢʘ ʨʘʙʦʪ

Å ʇʦʜʜʝʨʞʢʘ ʚʣʦʞʝʥʥʳʭ ʮʠʢʣʦʚ

Å ʄʦʜʫʣʴ ʦʧʪʠʤʠʟʘʮʠʠ ʜʦʣʞʝʥ ʙʳʪʴ ʯʘʩʪʴʶ ʨʘʩʯʝʪʥʦʡ ʮʝʧʦʯʢʠ
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Разработка модели

Å ʄʦʜʝʣʴ ʧʦʪʦʢʘ ʜʘʥʥʳʭ (data flow)

Å ɿʘʜʘʚʘʪʴ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦ ʜʘʥʥʳʤ ʜʣʷ ʯʝʣʦʚʝʢʘ ïʝʩʪʝʩʪʚʝʥʥʦ

Å ʗʚʥʦ ʟʘʜʘʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦ ʜʘʥʥʳʤ ʧʦʟʚʦʣʷʶʪ ʚʳʧʦʣʥʷʪʴ ʥʝʟʘʚʠʩʠʤʳʝ 

ʯʘʩʪʠ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ ʧʘʨʘʣʣʝʣʴʥʦ

Å ʇʨʦʙʣʝʤʳ

Å ɸʣʛʦʨʠʪʤ ʚʳʧʦʣʥʝʥʠʷ ʩʭʝʤʳ ʧʦʪʦʢʘ ʜʘʥʥʳʭ

1. ʅʘʡʪʠ ʠ ʟʘʧʫʩʪʠʪʴ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʤʦʜʫʣʠ ʥʘ ʚʭʦʜʝ ʢʦʪʦʨʳʭ ʝʩʪʴ ʜʘʥʥʳʝ

2. ʇʨʠ ʟʘʚʝʨʰʝʥʠʠ ʨʘʙʦʪʳ ʣʶʙʦʛʦ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʤʦʜʫʣʷ ʚʝʨʥʫʪʴʩʷ ʢ ʧ.1

Å ʂʘʢ ʦʨʛʘʥʠʟʦʚʘʪʴ ʢʦʥʝʯʥʳʡʮʠʢʣ?

Å ʇʨʦʙʣʝʤʘ çʮʠʢʣ ʚ ʮʠʢʣʝè.
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Схема потока работ

20

Å ʉʭʝʤʘ ïʚʠʟʫʘʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʨʦʮʝʩʩʘ, ʦʥʘ 

ʩʦʩʪʦʠʪ ʠʟ ʙʣʦʢʦʚ ʠ ʩʚʷʟʝʡ

Å ɹʣʦʢʠ ïʥʝʟʘʚʠʩʠʤʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʤʦʜʫʣʠ

Å ɹʣʦʢ ʠʤʝʝʪ ʧʨʦʠʟʚʦʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʭʦʜʥʳʭ ʠ 

ʚʳʭʦʜʥʳʭ ʧʦʨʪʦʚ

Å ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʙʣʦʢʠ ʧʦʣʫʯʘʝʪ ʜʘʥʥʳʝ ʯʝʨʝʟ 

ʚʭʦʜʥʳʝ ʧʦʨʪʳ ʠ ʚʳʜʘʶʪ ʜʘʥʥʳʝ ʯʝʨʝʟ ʚʳʭʦʜʥʳʝ 

ʧʦʨʪʳ

Å ʉʚʷʟʠ ïʢʘʥʘʣʳ ʜʘʥʥʳʭ,ʩʦʝʜʠʥʷʶʱʠʝ ʚʭʦʜʥʳʝ ʠ 

ʚʳʭʦʜʥʳʝ ʧʦʨʪʳ ʙʣʦʢʦʚ.

Å ʉʚʷʟʠ ʥʝʷʚʥʦʦʧʨʝʜʝʣʷʶʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʚʳʧʦʣʥʝʥʠʷ ʙʣʦʢʦʚ



Особенность предлагаемой модели

Å ʋʩʣʦʚʠʝ ʧʝʨʚʦʛʦ ʟʘʧʫʩʢʘ ʙʣʦʢʘ ïʥʘʙʦʨ ʧʦʨʪʦʚ, ʥʘ ʢʦʪʦʨʳʝ 

ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʘʪʴ ʜʘʥʥʳʝ

Å ʋʩʣʦʚʠʝ ʩʣʝʜʫʶʱʝʛʦ ʟʘʧʫʩʢʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʙʣʦʢʦʤ ʧʦ ʟʘʚʝʨʰʝʥʠʶ 

ʪʝʢʫʱʝʛʦ

Å ʇʨʦʙʣʝʤʘ ʦʨʛʘʥʠʟʘʮʠʠ ʢʦʥʝʯʥʦʛʦ ʮʠʢʣʘ ʨʝʰʝʥʘ
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Пример цикла в потоке данных: функция «MAP»
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1. ʋʩʣʦʚʠʝ ʧʝʨʚʦʛʦ ʟʘʧʫʩʢʘ: çʧʦʨʪ Xè

2. ɹʣʦʢ ʟʘʧʦʤʠʥʘʝʪ ʧʦʣʫʯʝʥʥʳʡ ʩʧʠʩʦʢ ʧʘʨʘʤʝʪʨʦʚ, ʚʳʜʘʝʪ ʧʝʨʚʳʡ ʝʛʦ ʵʣʝʤʝʥʪ 

ʚ ʚʳʭʦʜʥʦʡ ʧʦʨʪ Xʠi  ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʥʦʚʦʝ ʫʩʣʦʚʠʝ ʟʘʧʫʩʢʘ ïçʧʦʨʪ Fèi.

3. ɹʣʦʢ ʟʘʧʦʤʠʥʘʝʪ ʟʥʘʯʝʥʠʝ ʧʦʣʫʯʝʥʥʦʝ ʚ ʧʦʨʪ Fʠi ʣʠʙʦ ʚʳʜʘʝʪ ʥʘʢʦʧʣʝʥʥʳʡ 

ʩʧʠʩʦʢ ʟʥʘʯʝʥʠʡ ʚ ʧʦʨʪ Fʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʫʩʣʦʚʠʝ ʟʘʧʫʩʢʘ çʧʦʨʪ Xè, ʣʠʙʦ 

ʚʳʜʘʝʪ ʦʯʝʨʝʜʥʦʡ ʵʣʝʤʝʥʪ ʚʭʦʜʥʦʛʦ ʩʧʠʩʢʘ ʚ ʧʦʨʪ Xʠi ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʫʩʣʦʚʠʝ 

ʟʘʧʫʩʢʘ çʧʦʨʪ Fèi.

Блок MAP

ɺʭʦʜʥʳʝ ʧʦʨʪʳ

Å X

ÅFᵢ

ɺʳʭʦʜʥʳʝ ʧʦʨʪʳ

Å F

ÅXᵢ



Проблема «цикл в цикле»: пример

Пример задачи

Å çObjectiveè -ʬʫʥʢʮʠʷ ʩ ʧʘʨʘʤʝʪʨʦʤ: f 

= Objective(a, x)

Å ɼʣʷ ʢʘʞʜʦʛʦ ʠʟ ʧʘʨʘʤʝʪʨʦʚ {A }

ʪʨʝʙʫʝʪʩʷ ʥʘʡʪʠ ʤʠʥʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ çObjectiveè.

Проблема

Å ʇʨʦʮʝʩʩ ʦʩʪʘʥʦʚʠʪʩʷ ʥʘ ʚʪʦʨʦʡ 

ʠʪʝʨʘʮʠʠ ʙʣʦʢʘ çOptimizerè ïʫʩʣʦʚʠʝ 

ʟʘʧʫʩʢʘ ʙʣʦʢʘ çObjectiveè ʥʝ 

ʚʳʧʦʣʥʝʥʦ, ʥʝʪ ʜʘʥʥʳʭ ʥʘ ʚʭʦʜʝ çʘè.
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Проблема «цикл в цикле»: решение

Å ɹʣʦʢ, ʫʧʨʘʚʣʷʶʱʠʡ ʮʠʢʣʦʤ, ʧʦʤʝʯʘʝʪ 

ʧʦʨʪʳ ʥʘʯʘʣʘ ʠ ʢʦʥʮʘ ʮʠʢʣʘ.

Å ʉʚʷʟʠ,ʚʳʭʦʜʷʱʠʝ ʟʘ ʧʨʝʜʝʣʳ ʮʠʢʣʘ,

ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʤ 

ʦʙʨʘʟʦʤ.

Å ɺʭʦʜʥʳʝ ʩʚʷʟʠ ʜʫʙʣʠʨʫʶʪ ʩʚʦʸ 

ʟʥʘʯʝʥʠʝ ʢʘʞʜʳʡ ʨʘʟ, ʢʦʛʜʘ ʙʣʦʢ 

ʚʳʧʠʩʳʚʘʝʪ ʜʘʥʥʳʝ ʚ ʧʦʨʪ ʥʘʯʘʣʘ 

ʮʠʢʣʘ.

Å ɺʳʭʦʜʥʳʝ ʩʚʷʟʠ ʥʘʢʘʧʣʠʚʘʶʪ ʜʘʥʥʳʝ, 

ʧʦʢʘ ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʮʠʢʣʦʤ ʥʝ 

ʚʳʧʠʰʝʪ ʜʘʥʥʳʭ ʚ ʧʦʨʪ, ʥʝ 

ʷʚʣʷʶʱʠʡʩʷ ʧʦʨʪʦʤ ʥʘʯʘʣʘ ʮʠʢʣʘ.

24



Проблема «цикл в цикле»: решение

Å ɹʣʦʢ, ʫʧʨʘʚʣʷʶʱʠʡ ʮʠʢʣʦʤ, ʧʦʤʝʯʘʝʪ 

ʧʦʨʪʳ ʥʘʯʘʣʘ ʠ ʢʦʥʮʘ ʮʠʢʣʘ.

Å ʉʚʷʟʠ ʚʳʭʦʜʷʱʠʝ ʟʘ ʧʨʝʜʝʣʳ ʮʠʢʣʘ 

ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʤ 

ʦʙʨʘʟʦʤ.

Å ɺʭʦʜʥʳʝ ʩʚʷʟʠ ʜʫʙʣʠʨʫʶʪ ʩʚʦʸ 

ʟʥʘʯʝʥʠʝ ʢʘʞʜʳʡ ʨʘʟ, ʢʦʛʜʘ ʙʣʦʢ 

ʚʳʧʠʩʳʚʘʝʪ ʜʘʥʥʳʝ ʚ ʧʦʨʪ ʥʘʯʘʣʘ 

ʮʠʢʣʘ.

Å ɺʳʭʦʜʥʳʝ ʩʚʷʟʠ ʥʘʢʘʧʣʠʚʘʶʪ ʜʘʥʥʳʝ, 

ʧʦʢʘ ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʮʠʢʣʦʤ ʥʝ 

ʚʳʧʠʰʝʪ ʜʘʥʥʳʭ ʚ ʧʦʨʪ, ʥʝ 

ʷʚʣʷʶʱʠʡʩʷ ʧʦʨʪʦʤ ʥʘʯʘʣʘ ʮʠʢʣʘ.

Å Любая глубина вложенности.

25



Схема потока работ совместной оптимизации
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Результаты

Å ʇʦʩʪʘʚʣʝʥʥʘʷ ʟʘʜʘʯʘ ʨʝʰʝʥʘ ïʨʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ ʧʦʪʦʢʘ ʨʘʙʦʪ, 

ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʚ ʧʨʦʩʪʦʤ,ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʦʤ ʚʠʜʝ ʦʧʠʩʘʪʴ 

ʧʨʦʮʝʩʩ ʤʥʦʛʦʜʠʩʮʠʧʣʠʥʘʨʥʦʛʦ ʠʥʞʝʥʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʦʧʪʠʤʠʟʘʮʠʠ.

Å ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʦʜʝʣʴ ʧʦʪʦʢʘ ʨʘʙʦʪ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʘʚʪʦʨʘʤʠ ʚ 

ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ pSevenʧʨʝʜʥʘʟʥʘʯʝʥʥʦʤ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʝʪʦʚ ʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ.
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Контакты
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