






 
 

РЕФЕРАТ 

 

Тема дипломної роботи: «Метод керування групою безпілотних літальних 

апаратів на основі нечіткого мурашиного алгоритму». 

Автор роботи: Ковальчук Павло Сергійович 

Керівник роботи: д.т.н., професор Лисенко С.М. 

Пояснювальна записка: 89 с., 38 рис., 6 табл., 3 дод., 62 джерела. 

ACO, БПЛА, ФЕРОМОНИ, КВАДРОТОР, МУРАШИНІ КОЛОНІЇ, MMAS, 

АСИНХРОННИЙ АЛГОРИТМ  

Об’єктом дослідження є процес керування групою безпілотних літальних 

апаратів в тому числі процес оптимізації методу керування групи БПЛА з метою 

досягнення кінцевої точки призначення за найкоротший час. 

Предметом дослідження є математичні моделі, удосконалений метод та 

програмно-технічні засоби для реалізації системи та методу керування групою 

безпілотних літальних апаратів на основі  нечіткого мурашиного алгоритму. 

Метою дипломної роботи є розробка програмно-технічного засобу, методу та 

системи керування групою безпілотних літальних апаратів на основі  нечіткого 

мурашиного алгоритму для підвищення ефективності виконання групових завдань. 

Для розв’язання поставлених задач у роботі використовуються методи 

аналізу даних, системний аналіз, теорії комп’ютерних систем, та аналіз алгоритмів 

пошуку найкоротшого шляху. 

Наукова новизна отриманих результатів: 

− набув подальшого розвитку метод суть роботи якого полягає в тому, щоб 

представити ієрархічну модель прийняття рішень для спільного планування місій 

безпілотників для місії розвідки шляхом інтеграції розподілу місії та планування 

маршруту; 

− набула подальшого розвитку інформаційна технологія керування групою 

безпілотних літальних апаратів, модель реалізації якої буде відбуватись без 

критично-довгих навчань та з відносно очікуваним результатом. 

Практична цінність проекту полягає в розробленому програмно-технічному 

продукті, який дозволяє організувати оптимальну систему керування групою 

безпілотних літальних апаратів на основі нечіткого мурашиного алгоритму та 

виконання місій цими БПЛА у найкоротший термін та з високою ефективністю.  

Під час виконання досліджень було опубліковано статтю на тему «Метод 

керування групою безпілотних літальних апаратів на основі нечіткого мурашиного 

алгоритму» в збірнику наукових праць за матеріалами XIII Всеукраїнської науково-

практичної конференції «Актуальні проблеми комп’ютерних наук АПКН-2021». 

Хмельницький – 2021. С.117-119. 
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ɋɄɈɊɈɑȿɇɇə�ɌȺ�ɍɆɈȼɇȱ�ɉɈɁɇȺɄɂ 

 

ȻɉɅȺ�± ɛɟɡɩɿɥɨɬɧɢɣ�ɥɿɬɚɥɶɧɢɣ�ɚɩɚɪɚɬ 

PID ± ɩɪɨɩɨɪɰɿɣɧɚ�ɿɧɬɟɝɪɚɥɶɧɚ�ɩɨɯɿɞɧɚ 

LQR ± ɥɿɧɿɣɧɢɣ�ɤɜɚɞɪɚɬɢɱɧɢɣ�ɪɟɝɭɥɹɬɨɪ 

ȺɋɈ�± ɨɩɬɢɦɿɡɚɰɿɹ�ɞɿɹɥɶɧɨɫɬɿ�ɤɨɥɨɧɿʀ�ɦɭɪɚɯ 

TSP ± ɡɚɞɚɱɚ�ɤɨɦɿɜɨɹɠɟɪɚ 

MAX-MIN ± ɦɚɤɫɢɦɚɥɶɧɨɝɨ�ɬɚ�ɦɿɧɿɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɧɹ 

MMAS ± MAX-MIN $QW� 6\VWHP� �ɦɭɪɚɲɢɧɚ� ɫɢɫɬɟɦɚ� ɩɨɲɭɤɭ�

ɦɚɤɫɢɦɚɥɶɧɨɝɨ�ɬɚ�ɦɿɧɿɦɚɥɶɧɨɝɨ� 

ACS ± ɟɥɿɬɚɪɧɚ�ɦɭɪɚɲɢɧɚ�ɫɢɫɬɟɦɚ 

ETA (Estimated time of arrival) ± ɡɚɩɥɚɧɨɜɚɧɢɣ�ɱɚɫ�ɩɪɢɛɭɬɬɹ 

SDK (Software development kit) ± ɧɚɛɿɪ�ɿɡ�ɡɚɫɨɛɿɜ�ɪɨɡɪɨɛɤɢ 
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ȼɋɌɍɉ 

 

ɋɬɪɿɦɤɢɣ�ɧɚɭɤɨɜɨ-ɬɟɯɧɿɱɧɢɣ�ɪɨɡɜɢɬɨɤ��ɲɜɢɞɤɨ� ɡɦɿɧɸɽ�ɫɭɱɚɫɧɟ�ɠɢɬɬɹ�ɬɚ�

ɦɨɞɟɪɧɿɡɭɽ� ɭɫɬɚɜɥɟɧɿ� ɫɢɫɬɟɦɢ� ɡɝɿɞɧɨ� ɧɨɜɢɯ� ɬɟɯɧɿɱɧɢɯ� ɪɨɡɪɨɛɨɤ�� ɬɚɤ� ɿ� ȻɉɅȺ�

ɩɨɱɢɧɚɸɬɶ� ɡɚɦɿɧɸɜɚɬɢ� ɛɚɝɚɬɨ� ɨɫɧɨɜɧɢɯ� ɡɚɫɬɚɪɿɥɢɯ� ɬɟɯɧɨɥɨɝɿɣ�� ɿ� ɩɨɱɢɧɚɸɬɶ�

ɦɚɫɨɜɨ�ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢɫɶ�� 

ɋɮɟɪɢ�ɡɚɫɬɨɫɭɜɚɧɧɹ�ȻɉɅȺ�ɪɨɫɬɭɬɶ�ɡ�ɤɨɠɧɢɦ�ɪɨɤɨɦ�ɬɚ�ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ�

ɹɤ�ɭ�ɰɢɜɿɥɶɧɢɯ��ɞɨɫɬɚɜɤɚ��ɜɿɞɟɨɡɣɨɦɤɚ�ɬɚ�ɿɧ����ɬɚɤ�ɿ�ɜɿɣɫɶɤɨɜɢɯ�ɫɮɟɪɚɯ��ɪɨɡɜɿɞɤɚ��

ɦɚɧɟɜɪɢ��ɞɨɫɬɚɜɤɚ�.  

Ⱥɤɬɭɚɥɶɧɿɫɬɶ� ɪɨɛɨɬɢ� ɩɨɥɹɝɚɽ� ɜ ɪɨɡɪɨɛɰɿ� ɦɟɬɨɞɭ ɬɚ� ɫɢɫɬɟɦɢ ɤɟɪɭɜɚɧɧɹ�

ɝɪɭɩɨɸ� ɛɟɡɩɿɥɨɬɧɢɯ� ɥɿɬɚɥɶɧɢɯ� ɚɩɚɪɚɬɿɜ� ɧɚ� ɨɫɧɨɜɿ� � ɧɟɱɿɬɤɨɝɨ� ɦɭɪɚɲɢɧɨɝɨ�

ɚɥɝɨɪɢɬɦɭ�� ɹɤɢɣ� ɹɜɥɹɽ� ɫɨɛɨɸ� ɜɢɫɨɤɨɟɮɟɤɬɢɜɧɭ� ɦɨɞɟɥɶ� ɤɟɪɭɜɚɧɧɹ� ȻɉɅȺ�� ɿɡ�

ɦɨɠɥɢɜɿɫɬɸ�ɞɨɫɹɝɧɟɧɧɹ�ɜɢɫɨɤɢɯ�ɨɰɿɧɨɤ�ɭ�ɩɨɫɬɚɜɥɟɧɢɯ�ɡɚɞɚɱɚɯ� 

Ɇɟɬɨɸ�ɤɜɚɥɿɮɿɤɚɰɿɣɧɨʀ�ɪɨɛɨɬɢ�ɦɚɝɿɫɬɪɚ�ɽ�ɪɨɡɪɨɛɤɚ�ɩɪɨɝɪɚɦɧɨ-ɬɟɯɧɿɱɧɨɝɨ�

ɡɚɫɨɛɭ��ɦɟɬɨɞɭ�ɬɚ�ɫɢɫɬɟɦɢ�ɤɟɪɭɜɚɧɧɹ�ɝɪɭɩɨɸ�ɛɟɡɩɿɥɨɬɧɢɯ�ɥɿɬɚɥɶɧɢɯ�ɚɩɚɪɚɬɿɜ�ɧɚ�

ɨɫɧɨɜɿ� � ɧɟɱɿɬɤɨɝɨ� ɦɭɪɚɲɢɧɨɝɨ� ɚɥɝɨɪɢɬɦɭ� ɞɥɹ� ɩɿɞɜɢɳɟɧɧɹ� ɟɮɟɤɬɢɜɧɨɫɬɿ�

ɜɢɤɨɧɚɧɧɹ�ɝɪɭɩɨɜɢɯ�ɡɚɜɞɚɧɶ�  

ɉɨɫɬɚɜɥɟɧɚ�ɦɟɬɚ�ɞɨɫɹɝɚɽɬɶɫɹ�ɪɨɡɜ¶ɹɡɚɧɧɹɦ�ɧɚɫɬɭɩɧɢɯ�ɡɚɞɚɱ�� 

1. ɉɪɨɜɟɞɟɧɧɹ ɚɧɚɥɿɡɭ ɬɚ�ɞɨɫɥɿɞɠɟɧɧɹ�ɩɪɟɞɦɟɬɧɨʀ�ɨɛɥɚɫɬɿ�ɬɚ�ɞɨɫɬɭɩɧɢɯ�

ɦɟɬɨɞɿɜ�ɪɿɲɟɧɧɹ�ɡɚɞɚɱɿ� 

2. Ɋɨɡɪɨɛɥɟɧɧɹ ɦɚɬɟɦɚɬɢɱɧɨʀ ɦɨɞɟɥɿ� ɫɤɨɨɪɞɢɧɨɜɚɧɨɝɨ� ɩɥɚɧɭɜɚɧɧɹ�

ɨɩɬɢɦɚɥɶɧɨʀ�ɬɪɚɽɤɬɨɪɿʀ�ɪɭɯɭ�ȻɉɅȺ� 

3.  ɉɪɨɟɤɬɭɜɚɧɧɹ ɭɞɨɫɤɨɧɚɥɟɧɨɝɨ ACO Max-Min ɚɥɝɨɪɢɬɦɭ ɞɥɹ�

ɪɨɡɪɚɯɭɧɤɭ� ɨɩɬɢɦɚɥɶɧɨɝɨ� ɦɚɪɲɪɭɬɭ� ȻɉɅȺ� ɡ� ɭɪɚɯɭɜɚɧɧɹɦ� ɭɧɢɤɧɟɧɧɹ�

ɫɩɥɢɜɚɸɱɢɯ�ɩɟɪɟɲɤɨɞ. 

4. Ɋɨɡɪɨɛɥɟɧɧɹ ɬɚ� ɞɨɫɥɿɞɠɟɧɧɹ ɩɪɨɝɪɚɦɧɨ-ɚɩɚɪɚɬɧɨʀ ɪɟɚɥɿɡɚɰɿʀ 

ɤɟɪɭɜɚɧɧɹ� ɝɪɭɩɨɸ� ɛɟɡɩɿɥɨɬɧɢɯ� ɥɿɬɚɥɶɧɢɯ� ɚɩɚɪɚɬɿɜ� ɧɚ� ɨɫɧɨɜɿ� � ɧɟɱɿɬɤɨɝɨ�

ɦɭɪɚɲɢɧɨɝɨ�ɚɥɝɨɪɢɬɦɭ ɬɚ�ɩɪɨɜɟɞɟɧɧɹ ɪɹɞɭ ɿɦɿɬɚɰɿɣɧɢɯ�ɬɟɫɬɿɜ� 

Ɉɛ¶ɽɤɬɨɦ�ɞɨɫɥɿɞɠɟɧɧɹ�ɽ�ɩɪɨɰɟɫ�ɤɟɪɭɜɚɧɧɹ�ɝɪɭɩɨɸ�ɛɟɡɩɿɥɨɬɧɢɯ�ɥɿɬɚɥɶɧɢɯ�

ɚɩɚɪɚɬɿɜ�ɜ�ɬɨɦɭ�ɱɢɫɥɿ�ɩɪɨɰɟɫ�ɨɩɬɢɦɿɡɚɰɿʀ�ɦɟɬɨɞɭ�ɤɟɪɭɜɚɧɧɹ�ɝɪɭɩɢ�ȻɉɅȺ�ɡ�ɦɟɬɨɸ�

ɞɨɫɹɝɧɟɧɧɹ�ɤɿɧɰɟɜɨʀ�ɬɨɱɤɢ�ɩɪɢɡɧɚɱɟɧɧɹ�ɡɚ�ɧɚɣɤɨɪɨɬɲɢɣ�ɱɚɫ�� 
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ɉɪɟɞɦɟɬɨɦ� ɞɨɫɥɿɞɠɟɧɧɹ� ɽ ɦɚɬɟɦɚɬɢɱɧɿ ɦɨɞɟɥɿ�� ɭɞɨɫɤɨɧɚɥɟɧɢɣ� ɦɟɬɨɞ� ɬɚ�

ɩɪɨɝɪɚɦɧɨ-ɬɟɯɧɿɱɧɿ�ɡɚɫɨɛɢ�ɞɥɹ�ɪɟɚɥɿɡɚɰɿʀ�ɫɢɫɬɟɦɢ�ɬɚ�ɦɟɬɨɞɭ�ɤɟɪɭɜɚɧɧɹ�ɝɪɭɩɨɸ�

ɛɟɡɩɿɥɨɬɧɢɯ�ɥɿɬɚɥɶɧɢɯ�ɚɩɚɪɚɬɿɜ�ɧɚ�ɨɫɧɨɜɿ��ɧɟɱɿɬɤɨɝɨ�ɦɭɪɚɲɢɧɨɝɨ�ɚɥɝɨɪɢɬɦɭ� 

Ⱦɥɹ� ɪɨɡɜ¶ɹɡɚɧɧɹ� ɩɨɫɬɚɜɥɟɧɢɯ ɡɚɞɚɱ� ɭ� ɪɨɛɨɬɿ� ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ� ɦɟɬɨɞɢ�

ɚɧɚɥɿɡɭ� ɞɚɧɢɯ�� ɫɢɫɬɟɦɧɢɣ� ɚɧɚɥɿɡ�� ɬɟɨɪɿʀ� ɤɨɦɩ¶ɸɬɟɪɧɢɯ� ɫɢɫɬɟɦ�� ɬɚ� ɚɧɚɥɿɡ�

ɚɥɝɨɪɢɬɦɿɜ�ɩɨɲɭɤɭ�ɧɚɣɤɨɪɨɬɲɨɝɨ�ɲɥɹɯɭ�� 

ɇɚɭɤɨɜɚ�ɧɨɜɢɡɧɚ�ɨɬɪɢɦɚɧɢɯ�ɪɟɡɭɥɶɬɚɬɿɜ� 

í�ɧɚɛɭɜ�ɩɨɞɚɥɶɲɨɝɨ�ɪɨɡɜɢɬɤɭ�ɦɟɬɨɞ�ɫɭɬɶ�ɪɨɛɨɬɢ�ɹɤɨɝɨ�ɩɨɥɹɝɚɽ�ɜ�ɬɨɦɭ��ɳɨɛ�

ɩɪɟɞɫɬɚɜɢɬɢ� ɿɽɪɚɪɯɿɱɧɭ� ɦɨɞɟɥɶ� ɩɪɢɣɧɹɬɬɹ� ɪɿɲɟɧɶ� ɞɥɹ� ɫɩɿɥɶɧɨɝɨ� ɩɥɚɧɭɜɚɧɧɹ�

ɦɿɫɿɣ� ɛɟɡɩɿɥɨɬɧɢɤɿɜ� ɞɥɹ� ɦɿɫɿʀ� ɪɨɡɜɿɞɤɢ� ɲɥɹɯɨɦ� ɿɧɬɟɝɪɚɰɿʀ� ɪɨɡɩɨɞɿɥɭ� ɦɿɫɿʀ� ɬɚ�

ɩɥɚɧɭɜɚɧɧɹ�ɦɚɪɲɪɭɬɭ� 

í�ɧɚɛɭɥɚ�ɩɨɞɚɥɶɲɨɝɨ�ɪɨɡɜɢɬɤɭ�ɿɧɮɨɪɦɚɰɿɣɧɚ�ɬɟɯɧɨɥɨɝɿɹ�ɤɟɪɭɜɚɧɧɹ�ɝɪɭɩɨɸ�

ɛɟɡɩɿɥɨɬɧɢɯ� ɥɿɬɚɥɶɧɢɯ� ɚɩɚɪɚɬɿɜ�� ɦɨɞɟɥɶ� ɪɟɚɥɿɡɚɰɿʀ� ɹɤɨʀ� ɛɭɞɟ� ɜɿɞɛɭɜɚɬɢɫɶ� ɛɟɡ�

ɤɪɢɬɢɱɧɨ-ɞɨɜɝɢɯ�ɧɚɜɱɚɧɶ�ɬɚ�ɡ�ɜɿɞɧɨɫɧɨ�ɨɱɿɤɭɜɚɧɢɦ�ɪɟɡɭɥɶɬɚɬɨɦ� 

ɉɪɚɤɬɢɱɧɚ� ɰɿɧɧɿɫɬɶ� ɩɪɨɟɤɬɭ� ɩɨɥɹɝɚɽ� ɜ� ɪɨɡɪɨɛɥɟɧɨɦɭ� ɩɪɨɝɪɚɦɧɨ-

ɬɟɯɧɿɱɧɨɦɭ�ɩɪɨɞɭɤɬɿ��ɹɤɢɣ�ɞɨɡɜɨɥɹɽ�ɨɪɝɚɧɿɡɭɜɚɬɢ�ɨɩɬɢɦɚɥɶɧɭ�ɫɢɫɬɟɦɭ�ɤɟɪɭɜɚɧɧɹ�

ɝɪɭɩɨɸ� ɛɟɡɩɿɥɨɬɧɢɯ� ɥɿɬɚɥɶɧɢɯ� ɚɩɚɪɚɬɿɜ� ɧɚ� ɨɫɧɨɜɿ� ɧɟɱɿɬɤɨɝɨ� ɦɭɪɚɲɢɧɨɝɨ�

ɚɥɝɨɪɢɬɦɭ�ɬɚ�ɜɢɤɨɧɚɧɧɹ�ɦɿɫɿɣ�ɰɢɦɢ�ȻɉɅȺ�ɭ�ɧɚɣɤɨɪɨɬɲɢɣ�ɬɟɪɦɿɧ�ɬɚ�ɡ�ɜɢɫɨɤɨɸ�

ɟɮɟɤɬɢɜɧɿɫɬɸ. 

ɉɿɞ�ɱɚɫ�ɜɢɤɨɧɚɧɧɹ�ɞɨɫɥɿɞɠɟɧɶ�ɛɭɥɨ�ɨɩɭɛɥɿɤɨɜɚɧɨ�ɫɬɚɬɬɸ�ɧɚ�ɬɟɦɭ�©Ɇɟɬɨɞ�

ɤɟɪɭɜɚɧɧɹ� ɝɪɭɩɨɸ� ɛɟɡɩɿɥɨɬɧɢɯ� ɥɿɬɚɥɶɧɢɯ� ɚɩɚɪɚɬɿɜ� ɧɚ� ɨɫɧɨɜɿ� ɧɟɱɿɬɤɨɝɨ�

ɦɭɪɚɲɢɧɨɝɨ� ɚɥɝɨɪɢɬɦɭª� ɜ ɡɛɿɪɧɢɤɭ ɧɚɭɤɨɜɢɯ� ɩɪɚɰɶ� ɡɚ� ɦɚɬɟɪɿɚɥɚɦɢ� ;,,,�

ȼɫɟɭɤɪɚʀɧɫɶɤɨʀ� ɧɚɭɤɨɜɨ-ɩɪɚɤɬɢɱɧɨʀ� ɤɨɧɮɟɪɟɧɰɿʀ� ©Ⱥɤɬɭɚɥɶɧɿ� ɩɪɨɛɥɟɦɢ�

ɤɨɦɩ¶ɸɬɟɪɧɢɯ�ɧɚɭɤ�ȺɉɄɇ-����ª [1]. 
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��ɏȺɊȺɄɌȿɊɂɋɌɂɄȺ�ɉɊȿȾɆȿɌɇɈȲ�ɈȻɅȺɋɌȱ�ɌȺ�ɉɈɋɌȺɇɈȼɄȺ�

ɁȺȾȺɑȱ 

1.1 Ⱥɧɚɥɿɡ�ɩɪɟɞɦɟɬɧɨʀ�ɨɛɥɚɫɬɿ 

 

ɇɚ�ɫɶɨɝɨɞɧɿ�ȻɉɅȺ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ�ɜ�ɛɚɝɚɬɶɨɯ�ɫɮɟɪɚɯ�ɞɿɹɥɶɧɨɫɬɿ�ɬɚ�ɦɚɽ�

ɧɟɣɦɨɜɿɪɧɿ�ɩɟɪɫɩɟɤɬɢɜɢ [2]��ɋɟɪɟɞ�ɫɮɟɪ�ɜɢɤɨɪɢɫɬɚɧɧɹ�ɦɨɠɧɚ�ɜɢɞɿɥɢɬɢ 

1. ȼɿɣɫɶɤɨɜɿ� ± ɣɦɨɜɿɪɧɨ�� ɧɚɣɞɚɜɧɿɲɟ�� ɧɚɣɜɿɞɨɦɿɲɟ� ɿ� ɫɭɩɟɪɟɱɥɢɜɟ�

ɜɢɤɨɪɢɫɬɚɧɧɹ�ɛɟɡɩɿɥɨɬɧɢɤɿɜ�± ɭ�ɜɿɣɫɶɤɨɜɢɯ��Ȼɪɢɬɚɧɫɶɤɿ�ɬɚ�ɚɦɟɪɢɤɚɧɫɶɤɿ�ɜɿɣɫɶɤɨɜɿ�

ɩɨɱɚɥɢ� ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ� ɧɚɣɩɪɨɫɬɿɲɿ� ɮɨɪɦɢ� ɛɟɡɩɿɥɨɬɧɢɤɿɜ� ɧɚ� ɩɨɱɚɬɤɭ� ����-ɯ�

ɪɨɤɿɜ��ɳɨɛ�ɲɩɢɝɭɜɚɬɢ�ɡɚ�ɞɟɪɠɚɜɚɦɢ�Ɉɫɿ��ɋɭɱɚɫɧɿ�ȻɉɅȺ ɧɚɛɚɝɚɬɨ�ɞɨɫɤɨɧɚɥɿɲɿ��

ɧɿɠ� ȻɉɅȺ� ɦɢɧɭɥɢɯ� ɪɨɤɿɜ�� ɨɫɧɚɳɟɧɿ� ɬɟɩɥɨɜɿɡɨɪɨɦ�� ɥɚɡɟɪɧɢɦɢ� ɞɚɥɟɤɨɦɿɪɚɦɢ� ɿ�

ɧɚɜɿɬɶ� ɿɧɫɬɪɭɦɟɧɬɚɦɢ� ɞɥɹ� ɧɚɧɟɫɟɧɧɹ� ɚɜɿɚɭɞɚɪɿɜ�� ɇɚɣɜɿɞɨɦɿɲɢɦ� ɜɿɣɫɶɤɨɜɢɦ�

ɛɟɡɩɿɥɨɬɧɢɤɨɦ�� ɹɤɢɣ� ɜɢɤɨɪɢɫɬɨɜɭɽɬɶɫɹ� ɫɶɨɝɨɞɧɿ�� ɽ� 04-�� 5HDSHU�� Ʌɿɬɚɤ� ɦɚɽ�

ɞɨɜɠɢɧɭ����ɮɭɬɿɜ��ɦɨɠɟ�ɥɿɬɚɬɢ�ɧɚ�ɜɢɫɨɬɿ��������ɮɭɬɿɜ�ɭ�ɩɨɜɿɬɪɿ�ɧɟɩɨɦɿɱɟɧɢɦ�ɿ�

ɨɫɧɚɳɟɧɢɣ�ɤɨɦɛɿɧɚɰɿɽɸ�ɪɚɤɟɬ�ɿ�ɡɚɫɨɛɿɜ�ɡɛɨɪɭ�ɪɨɡɜɿɞɭɜɚɥɶɧɢɯ�ɞɚɧɢɯ [3]. 

2. Ⱦɨɫɬɚɜɤɚ�± ɛɟɡɩɿɥɨɬɧɢɤɢ�ɞɥɹ�ɞɨɫɬɚɜɤɢ��ɹɤ�ɩɪɚɜɢɥɨ��ɽ�ɚɜɬɨɧɨɦɧɢɦɢ�

ȻɉɅȺ�� ɹɤɿ� ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ�ɞɥɹ� ɬɪɚɧɫɩɨɪɬɭɜɚɧɧɹ� ʀɠɿ��ɩɚɤɟɬɿɜ� ɚɛɨ� ɬɨɜɚɪɿɜ�ɞɨ�

ɜɚɲɨɝɨ�ɩɿɞ¶ʀɡɞɭ��ɐɿ�ɥɿɬɚɥɶɧɿ�ɚɩɚɪɚɬɢ�ɜɿɞɨɦɿ�ɹɤ�ɞɪɨɧɢ�ɞɨɫɬɚɜɤɢ�©ɨɫɬɚɧɧɶɨʀ�ɦɢɥɿª��

ɨɫɤɿɥɶɤɢ�ɜɨɧɢ�ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ�ɞɥɹ�ɞɨɫɬɚɜɤɢ�ɡ�ɦɚɝɚɡɢɧɿɜ�ɚɛɨ�ɫɤɥɚɞɿɜ�ɩɨɛɥɢɡɭ��

Ɋɨɡɞɪɿɛɧɿ� ɬɨɪɝɨɜɰɿ� ɬɚ� ɩɪɨɞɭɤɬɨɜɿ� ɦɟɪɟɠɿ� � ɡɜɟɪɬɚɸɬɶɫɹ� ɞɨ� ɞɪɨɧɿɜ� ɹɤ� ɞɨ� ɛɿɥɶɲ�

ɟɮɟɤɬɢɜɧɨʀ� ɚɥɶɬɟɪɧɚɬɢɜɢ� ɞɨɫɬɚɜɤɢ�� ɡɚɦɿɫɬɶ� ɬɨɝɨ�� ɳɨɛ� ɩɨɤɥɚɞɚɬɢɫɹ� ɧɚ� ɜɨɞɿʀɜ�

ɞɨɫɬɚɜɤɢ� ɡ� ɧɟɟɮɟɤɬɢɜɧɢɦɢ� ɜɚɧɬɚɠɿɜɤɚɦɢ [4]�� ɐɿ� ȻɉɅȺ ɦɨɠɭɬɶ� ɞɨɫɬɚɜɢɬɢ�

ɜɪɚɠɚɸɱɿ���� ɤɿɥɨɝɪɚɦ ɬɨɜɚɪɿɜ�ɞɨ� ɜɚɲɢɯ�ɞɜɟɪɟɣ��ɧɟ� ɜɢɯɨɞɹɱɢ� ɡ�ɞɨɦɭ��$PD]RQ��

:DOPDUW��*RRJOH��)HG([��836�ɬɚ�ɛɚɝɚɬɨ� ɿɧɲɢɯ�ɜɟɥɢɤɢɯ�ɛɪɟɧɞɿɜ� ɡɚɪɚɡ� ɬɟɫɬɭɸɬɶ�

ɪɿɡɧɿ�ɜɟɪɫɿʀ�ɞɪɨɧɿɜ�ɞɥɹ�ɞɨɫɬɚɜɤɢ. 

3. Ⱥɜɚɪɿɣɧɨ�ɪɹɬɭɜɚɥɶɧɚ�ɞɨɩɨɦɨɝɚ�± ɿɧɨɞɿ�ɩɪɨɫɬɨ�ɧɟɞɨɫɬɚɬɧɶɨ�ɛɟɡɩɟɱɧɨ�

ɜɿɞɩɪɚɜɢɬɢ� ɥɸɞɟɣ� ɭ� ɪɹɬɭɜɚɥɶɧɭ� ɦɿɫɿɸ� ɱɟɪɟɡ� ɦɚɫɲɬɚɛɢ� ɚɛɨ� ɫɟɪɣɨɡɧɿɫɬɶ�

ɤɚɬɚɫɬɪɨɮɢ��Ɉɫɶ�ɬɭɬ�ɧɚ�ɞɨɩɨɦɨɝɭ�ɩɪɢɯɨɞɹɬɶ�ɞɪɨɧɢ��ɍ�ɪɚɡɿ�ɩɟɪɟɤɢɞɚɧɧɹ�ɱɨɜɧɚ�ɚɛɨ�

ɥɸɞɢɧɢ�� ɹɤɚ� ɬɨɧɟ�� ɪɹɬɿɜɧɢɤɢ�ɦɨɠɭɬɶ� ɡɚɩɭɫɬɢɬɢ� ɭ� ɜɨɞɭ� ɚɜɬɨɧɨɦɧɢɣ�ɩɿɞɜɨɞɧɢɣ�

ɚɩɚɪɚɬ��Ⱥɇɉ���ɳɨɛ�ɞɨɩɨɦɨɝɬɢ�ɜ�ɩɨɪɹɬɭɧɤɭ��ɉɪɢ�ɥɚɜɢɧɿ�ȻɉɅȺ�ɪɨɡɝɨɪɬɚɸɬɶɫɹ�ɞɥɹ�

ɩɨɲɭɤɭ� ɬɢɯ�� ɯɬɨ� ɩɨɬɪɚɩɢɜ� ɭ� ɫɧɿɝ�� Ⱥɜɿɚ� ɜɢɪɨɛɧɢɤ .DPDQ� ɧɚɜɿɬɶ� ɪɨɡɪɨɛɢɜ�
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ɛɟɡɩɿɥɨɬɧɢɣ�ɝɟɥɿɤɨɩɬɟɪ�ɩɿɞ�ɧɚɡɜɨɸ�.-0$;��ɩɪɢɡɧɚɱɟɧɢɣ�ɞɥɹ�ɩɟɪɟɜɟɡɟɧɧɹ�ɩɨɧɚɞ�

�����ɤɿɥɨɝɪɚɦ�ɜɚɧɬɚɠɭ��.-0$;�ɜɠɟ�ɜɢɤɨɪɢɫɬɨɜɭɜɚɜɫɹ�ɜ�Ʉɢɬɚʀ�ɬɚ�Ⱥɜɫɬɪɚɥɿʀ�ɞɥɹ�

ɞɨɩɨɦɨɝɢ�ɜ�ɝɚɫɿɧɧɿ�ɩɨɠɟɠ. 

4. ɋɿɥɶɫɶɤɟ�ɝɨɫɩɨɞɚɪɫɬɜɨ�± ɛɟɡɩɿɥɨɬɧɢɤɢ�ɬɚɤɨɠ�ɜɢɹɜɢɥɢɫɹ�ɤɨɪɢɫɧɢɦɢ�

ɞɥɹ� ɫɿɥɶɫɶɤɨɝɨ� ɝɨɫɩɨɞɚɪɫɬɜɚ�� ɧɚɞɚɜɲɢ� ɮɟɪɦɟɪɚɦ� ɤɿɥɶɤɚ� ɫɩɨɫɨɛɿɜ� ɨɩɬɢɦɿɡɚɰɿʀ�

ɫɜɨʀɯ�ɮɟɪɦ��ɳɨɛ�ɦɚɤɫɢɦɿɡɭɜɚɬɢ�ɟɮɟɤɬɢɜɧɿɫɬɶ�ɿ�ɡɦɟɧɲɢɬɢ�ɮɿɡɢɱɧɟ�ɧɚɜɚɧɬɚɠɟɧɧɹ��

ɉɪɨɜɟɞɟɧɧɹ�ɩɨɥɶɨɜɢɯ�ɨɛɫɬɟɠɟɧɶ��ɩɨɫɿɜ�ɧɚ�ɩɨɥɹɯ��ɜɿɞɫɬɟɠɟɧɧɹ�ɯɭɞɨɛɢ�ɬɚ�ɨɰɿɧɤɚ�

ɜɪɨɠɚɣɧɨɫɬɿ�± ɜɫɟ�ɰɟ�ɩɨɥɟɝɲɭɽɬɶɫɹ�ɡɚɜɞɹɤɢ�ɜɢɤɨɪɢɫɬɚɧɧɸ�ȻɉɅȺ��ɡɚɨɳɚɞɠɭɸɱɢ�

ɩɪɢ�ɰɶɨɦɭ�ɞɨɪɨɝɨɰɿɧɧɢɣ�ɱɚɫ�ɫɩɟɰɿɚɥɿɫɬɿɜ�ɫɿɥɶɫɶɤɨɝɨ�ɝɨɫɩɨɞɚɪɫɬɜɚ� 

5. Ʉɨɫɦɨɫ� ± 1$6$� ɬɚ� ȼɉɋ� ɋɒȺ� ɬɚɽɦɧɨ� ɜɢɩɪɨɛɨɜɭɸɬɶ� ɛɟɡɩɿɥɨɬɧɿ�

ɥɿɬɚɤɢ��ɩɪɢɡɧɚɱɟɧɿ�ɞɥɹ�ɤɨɫɦɿɱɧɢɯ�ɩɨɞɨɪɨɠɟɣ��ȻɉɅȺ�;-37B ± ɰɟ�ɧɚɞɫɟɤɪɟɬɧɢɣ�

ɛɟɡɩɿɥɨɬɧɢɤ�ȼɉɋ��ɹɤɢɣ�ɜɢɝɥɹɞɚɽ�ɹɤ�ɦɿɧɿɚɬɸɪɧɢɣ�ɤɨɫɦɿɱɧɢɣ�ɱɨɜɧɢɤ��Ɉɫɬɚɧɧɿ�ɞɜɚ�

ɪɨɤɢ�ɜɿɧ�ɬɢɯɨ�ɤɪɭɠɥɹɽ�ɧɚɜɤɨɥɨ�Ɂɟɦɥɿ��ɜɫɬɚɧɨɜɢɜɲɢ�ɪɟɤɨɪɞ�ɧɚɣɞɨɜɲɨɝɨ�ɩɨɥɶɨɬɭ�

ɡ�ɛɟɡɩɿɥɨɬɧɨɝɨ�ɥɿɬɚɤɚ��ɛɿɥɶɲɟ�����ɞɧɿɜ� [5]��ɇɟɡɜɚɠɚɸɱɢ�ɧɚ�ɧɟɜɢɡɧɚɱɟɧɿɫɬɶ��ȼɉɋ�

ɡɚɹɜɢɥɢ�� ɳɨ� ©ɨɫɧɨɜɧɿ� ɰɿɥɿ� ;-��%� ɦɚɸɬɶ� ɩɨɞɜɿɣɧɟ� ɡɧɚɱɟɧɧɹ�� ɬɟɯɧɨɥɨɝɿʀ�

ɛɚɝɚɬɨɪɚɡɨɜɨɝɨ� ɜɢɤɨɪɢɫɬɚɧɧɹ� ɤɨɫɦɿɱɧɢɯ� ɚɩɚɪɚɬɿɜ� ɞɥɹ� ɦɚɣɛɭɬɧɶɨɝɨ�Ⱥɦɟɪɢɤɢ� ɜ�

ɤɨɫɦɨɫɿ� ɬɚ� ɟɤɫɩɥɭɚɬɚɰɿɣɧɿ� ɟɤɫɩɟɪɢɦɟɧɬɢ�� ɹɤɿ�ɦɨɠɧɚ�ɩɨɜɟɪɧɭɬɢ�ɣ�ɞɨɫɥɿɞɢɬɢ�ɧɚ�

Ɂɟɦɥɿª��ɋɯɨɠɟ��ɳɨ�ɞɪɨɧɢ�ɫɬɚɥɢ�ɩɪɿɨɪɢɬɟɬɨɦ��ɤɨɥɢ�ɦɨɜɚ�ɡɚɯɨɞɢɬɶ�ɩɪɨ�ɦɚɣɛɭɬɧɽ�

ɞɨɫɥɿɞɠɟɧɧɹ�ɤɨɫɦɨɫɭ�ɬɚ�ɿɧɧɨɜɚɰɿɣ� 

6. Ⱦɢɤɚ� ɩɪɢɪɨɞɚ� ɬɚ� ɨɯɨɪɨɧɚ� ɿɫɬɨɪɿʀ� ± ȻɉɅȺ ɽ� ɞɟɲɟɜɲɨɸ� ɬɚ�

ɟɮɟɤɬɢɜɧɿɲɨɸ� ɚɥɶɬɟɪɧɚɬɢɜɨɸ� ɡɛɟɪɟɠɟɧɧɸ� ɞɢɤɨʀ� ɩɪɢɪɨɞɢ�� ȼɿɞɫɬɟɠɟɧɧɹ�

ɩɨɩɭɥɹɰɿɣ�ɞɢɤɨʀ�ɩɪɢɪɨɞɢ�ɦɚɣɠɟ�ɧɟɦɨɠɥɢɜɨ��ɹɤɳɨ�ɥɸɞɢɧɚ�ɡɧɚɯɨɞɢɬɶɫɹ�ɧɚ�ɡɟɦɥɿ��

ɇɚɹɜɧɿɫɬɶ�©ɨɤɨ�ɜ�ɧɟɛɿª�ɞɨɡɜɨɥɹɽ�ɮɚɯɿɜɰɹɦ�ɡ�ɨɯɨɪɨɧɢ�ɞɢɤɨʀ�ɩɪɢɪɨɞɢ�ɜɿɞɫɬɟɠɭɜɚɬɢ�

ɛɪɨɞɹɱɿ� ɝɪɭɩɢ� ɬɜɚɪɢɧ�� ɩɨɱɢɧɚɸɱɢ� ɜɿɞ� ɨɪɚɧɝɭɬɚɧɿɜ� ɧɚ� Ȼɨɪɧɟɨ� ɿ� ɡɚɤɿɧɱɭɸɱɢ�

ɛɿɡɨɧɚɦɢ�ɧɚ�ȼɟɥɢɤɢɯ�ɪɿɜɧɢɧɚɯ��ɳɨɛ�ɨɬɪɢɦɚɬɢ�ɤɪɚɳɟ�ɭɹɜɥɟɧɧɹ�ɩɪɨ�ɡɞɨɪɨɜ¶ɹ�ʀɯɧɿɯ�

ɜɢɞɿɜ�ɬɚ�ɟɤɨɫɢɫɬɟɦ��Ⱦɪɨɧɢ��ɳɨ�ɨɯɨɪɨɧɹɸɬɶ��ɬɚɤɨɠ�ɽ�ɿɞɟɚɥɶɧɢɦɢ�ɿɧɫɬɪɭɦɟɧɬɚɦɢ�

ɞɥɹ�ɛɨɪɨɬɶɛɢ� ɡ�ɛɪɚɤɨɧɶɽɪɫɬɜɨɦ�ɜ�Ⱥɡɿʀ� ɬɚ�Ⱥɮɪɢɰɿ��ɍ�ɜɫɶɨɦɭ� ɫɜɿɬɿ�ɞɪɨɧɢ� ɬɚɤɨɠ�

ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ� ɞɥɹ� ɥɿɫɨɜɿɞɧɨɜɥɟɧɧɹ�� ɐɿ� ɛɟɡɩɿɥɨɬɧɿ� ɥɿɬɚɥɶɧɿ� ɚɩɚɪɚɬɢ�

ɧɢɲɩɨɪɹɬɶ� ɥɿɫɨɜɿ� ɩɿɞɫɬɢɥɤɢ� ɥɿɫɿɜ�� ɡɧɢɳɟɧɢɯ� ɩɨɠɟɠɟɸ�� ɿ� ɫɤɢɞɚɸɬɶ� ɧɚɫɿɧɧɽɜɿ�

ɫɭɞɢɧɢ�� ɧɚɩɨɜɧɟɧɿ� ɧɚɫɿɧɧɹɦ�� ɞɨɛɪɢɜɚɦɢ� ɬɚ� ɩɨɠɢɜɧɢɦɢ� ɪɟɱɨɜɢɧɚɦɢ�� ɹɤɿ�

ɞɨɩɨɦɨɠɭɬɶ�ɞɟɪɟɜɭ�ɜɢɪɨɫɬɢ�ɡ�ɩɨɩɟɥɭ��Ɂ�ɩɨɱɚɬɤɭ�����-ɯ�ɪɨɤɿɜ�ɛɭɥɨ�ɛɥɢɡɶɤɨ�����
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ɦɿɥɶɣɨɧɿɜ�ɚɤɪɿɜ�ɜɢɪɭɛɚɧɢɯ�ɥɿɫɿɜ [6]��Ɍɟ��ɳɨ�ɥɸɞɢɧɿ�ɡɧɚɞɨɛɢɥɨɫɹ�ɛ�ɩɪɢɛɥɢɡɧɨ�����

ɪɨɤɿɜ� ɞɥɹ� ɜɿɞɧɨɜɥɟɧɧɹ� ɥɿɫɭ�� ɦɨɠɧɚ� ɟɮɟɤɬɢɜɧɿɲɟ� ɜɢɤɨɧɚɬɢ� ɡɚ� ɞɨɩɨɦɨɝɨɸ�

ɬɟɯɧɨɥɨɝɿʀ� ȻɉɅȺ�� ɳɨ� ɜɢɫɚɞɠɭɸɬɶ� ɧɚɫɿɧɧɹ�� ɇɚɪɟɲɬɿ�� ɛɟɡɩɿɥɨɬɧɢɤɢ� ɫɬɚɸɬɶ�

ɜɚɠɥɢɜɢɦɢ� ɜ� ɡɭɫɢɥɥɹɯ� ɡɿ� ɡɛɟɪɟɠɟɧɧɹ� ɿɫɬɨɪɿʀ�� ȻɉɅȺ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ� ɞɥɹ�

ɜɿɞɨɛɪɚɠɟɧɧɹ� �'-ɜɿɞɨɛɪɚɠɟɧɧɹ� ɿɫɬɨɪɢɱɧɢɯ� ɦɿɫɰɶ�� ɬɚɤɢɯ� ɹɤ� ɑɨɪɧɨɛɢɥɶ��

ɫɬɚɪɨɞɚɜɧɿ� ɝɪɟɰɶɤɿ� ɦɿɫɰɹ� ȿɮɟɫɭ�� Ɍɭɪɟɱɱɢɧɢ� ɬɚ� ɽɜɪɟɣɫɶɤɿ� ɤɥɚɞɨɜɢɳɚ� ɩɨ� ɜɫɿɣ�

ȯɜɪɨɩɿ� 

7. Ʌɿɤɢ� ± ɹɤ� ɞɨɫɬɚɜɢɬɢ� ɦɟɞɢɱɧɿ� ɡɚɫɨɛɢ� ɥɸɞɹɦ� ɭ� ɜɚɠɤɨɞɨɫɬɭɩɧɢɯ�

ɪɚɣɨɧɚɯ"� əɤɢɣ� ɿɧɫɬɪɭɦɟɧɬ� ɦɨɠɧɚ� ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ� ɞɥɹ� ɞɨɫɬɚɜɤɢ� ɨɪɝɚɧɿɜ�

ɩɚɰɿɽɧɬɚɦ�ɿɡ�ɬɪɚɧɫɩɥɚɧɬɚɰɿɽɸ"�ȻɉɅȺ ± ɰɟ�ɜɿɞɩɨɜɿɞɶ�ɧɚ�ɨɛɢɞɜɚ�ɰɿ�ɩɢɬɚɧɧɹ��ɇɚɪɚɡɿ�

ɛɟɡɩɿɥɨɬɧɿ� ɥɿɬɚɥɶɧɿ� ɚɩɚɪɚɬɢ� ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ� ɞɥɹ� ɞɨɫɬɚɜɤɢ� ɧɟɜɿɞɤɥɚɞɧɢɯ�

ɦɟɞɢɱɧɢɯ� ɦɚɬɟɪɿɚɥɿɜ� ɬɚ� ɜɚɧɬɚɠɿɜ� ɞɨ� ɧɚɫɟɥɟɧɢɯ� ɩɭɧɤɬɿɜ� ɭ� ɫɿɥɶɫɶɤɿɣ ɦɿɫɰɟɜɨɫɬɿ�

Ⱥɥɹɫɤɢ��Ɂɚɦɿɫɬɶ�ɬɨɝɨ��ɳɨɛ�ɩɨɤɥɚɞɚɬɢɫɹ�ɧɚ�ɫɨɛɚɱɿ�ɭɩɪɹɠɤɢ��ɫɧɿɝɨɯɨɞɢ�ɚɛɨ�ɦɚɲɢɧɢ�

ɲɜɢɞɤɨʀ� ɞɨɩɨɦɨɝɢ�� ɹɤɿ� ɧɟ� ɦɨɠɭɬɶ� ɜɩɨɪɚɬɢɫɹ� ɡɿ� ɫɧɿɝɨɦ�� ɠɢɬɟɥɿ� Ⱥɥɹɫɤɢ�

ɩɨɤɥɚɞɚɸɬɶɫɹ�ɧɚ�ɞɪɨɧɢ��ɳɨɛ�ɲɜɢɞɤɨ�ɨɬɪɢɦɚɬɢ�ɪɹɬɿɜɧɿ�ɦɟɞɢɱɧɿ� ɡɚɫɨɛɢ��Ɍɚɤɨɠ�

ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ� ɞɪɨɧɢ� ɞɥɹ� ɞɨɫɬɚɜɤɢ� ɞɨɧɨɪɫɶɤɢɯ� ɨɪɝɚɧɿɜ� ɩɚɰɿɽɧɬɚɦ� ɿɡ�

ɬɪɚɧɫɩɥɚɧɬɚɰɿɽɸ��Ɂɨɜɫɿɦ�ɧɟɳɨɞɚɜɧɨ�ɛɭɜ�ɜɢɩɚɞɨɤ��ɤɨɥɢ�ɫɩɟɰɿɚɥɶɧɨ�ɜɢɝɨɬɨɜɥɟɧɢɣ�

ɛɟɡɩɿɥɨɬɧɢɤ�ɞɨɫɬɚɜɢɜ�ɧɢɪɤɭ�ɡ�ɨɞɧɿɽʀ�ɥɿɤɚɪɧɿ�ɜ�Ɇɟɪɿɥɟɧɞ�ɡɚ�ɩ¶ɹɬɶ�ɯɜɢɥɢɧ [7]��ɐɟ�

ɦɨɠɟ� ɡɦɟɧɲɢɬɢ� ɬɪɢɜɨɠɧɨ� ɩɨɜɿɥɶɧɭ� ɲɜɢɞɤɿɫɬɶ�� ɡ� ɹɤɨɸ� ɡɚɡɜɢɱɚɣ� ɧɚɞɯɨɞɹɬɶ�

ɩɨɠɟɪɬɜɭɜɚɧɧɹ� �ɹɤɳɨ� ɜɨɧɢ� ɧɚɞɯɨɞɹɬɶ� ɜɡɚɝɚɥɿ��� Ɂɚɡɜɢɱɚɣ� ɨɪɝɚɧɢ� ɞɨɫɬɚɜɥɹɸɬɶ�

ɱɚɪɬɟɪɧɢɦɢ� ɚɛɨ� ɤɨɦɟɪɰɿɣɧɢɦɢ� ɪɟɣɫɚɦɢ�� Ɂɚɬɪɢɦɤɢ� ɬɚ� ɩɪɨɩɭɫɤɢ� ɜ� ɫɭɞɠɟɧɧɹɯ�

ɜɢɤɥɢɤɚɸɬɶ�ɧɟɛɟɡɩɟɱɧɿ�ɡɚɬɪɢɦɤɢ�ɧɚ�ɞɜɿ�ɝɨɞɢɧɢ�ɚɛɨ�ɛɿɥɶɲɟ�ɞɥɹ����ɭɫɿɯ�ɞɨɫɬɚɜɨɤ�

ɨɪɝɚɧɿɜ�� ȻɉɅȺ ɦɨɠɭɬɶ� ɡɧɚɱɧɨ� ɫɤɨɪɨɬɢɬɢ� ɱɚɫ�� ɩɪɨɩɨɧɭɸɱɢ� ɛɿɥɶɲ� ɛɟɡɩɟɱɧɢɣ� ɿ�

ɛɟɡɩɟɱɧɢɣ�ɫɩɨɫɿɛ�ɬɪɚɧɫɩɨɪɬɭɜɚɧɧɹ�ɨɪɝɚɧɿɜ� 

8. Ɏɨɬɨɝɪɚɮɿɹ� ± ɛɟɡɩɿɥɨɬɧɢɤɢ� ɽ� ɛɥɚɝɨɦ� ɞɥɹ� ɮɨɬɨɝɪɚɮɿɜ�� ɹɤɿ�

ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ� ɛɟɡɩɿɥɨɬɧɿ� ɚɩɚɪɚɬɢ�� ɳɨɛ� ɪɨɛɢɬɢ� ɜɟɥɢɤɿ� ɚɟɪɨɮɨɬɨɡɧɿɦɤɢ�� ȼɢ�

ɤɨɥɢ-ɧɟɛɭɞɶ�ɡɚɦɢɫɥɸɜɚɥɢɫɹ�ɩɪɨ�ɬɟ��ɹɤ�ɰɟ�ɞɢɜɢɬɢɫɹ�ɧɚ�ɭɥɸɛɥɟɧɟ�ɦɿɫɬɨ��ɩɥɹɠ�ɱɢ�

ɛɭɞɿɜɥɸ�ɡ�ɜɢɫɨɬɢ�ɩɬɚɲɢɧɨɝɨ�ɩɨɥɶɨɬɭ"�ȱɫɧɭɸɬɶ�ȻɉɅȺ��ɫɬɜɨɪɟɧɿ�ɫɩɟɰɿɚɥɶɧɨ�ɞɥɹ�

ɮɨɬɨɡɣɨɦɤɢ�� ɹɤɿ� ɩɪɨɩɨɧɭɸɬɶ� ɧɨɜɢɣ� ɫɩɨɫɿɛ� ɮɨɬɨɝɪɚɮɭɜɚɬɢ� ɞɟɹɤɿ� ɡ� ɜɚɲɢɯ�

ɭɥɸɛɥɟɧɢɯ�ɦɿɫɰɶ�ɡɜɟɪɯɭ� 
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ɐɹ� ɪɿɡɧɨɦɚɧɿɬɧɿɫɬɶ� ɩɨɹɫɧɸɽɬɶɫɹ� ɬɢɦ�� ɳɨ� ȻɉɅȺ� ɦɚɸɬɶ� ɞɨɫɢɬɶ� ɜɟɥɢɤɢɣ�

ɮɭɧɤɰɿɨɧɚɥ� ɬɚ� ɦɨɠɭɬɶ� ɥɟɝɤɨ� ɦɨɞɟɪɧɿɡɭɜɚɬɢɫɶ� ɜ� ɡɚɥɟɠɧɨɫɬɿ� ɜɿɞ� ɫɮɟɪɢ�

ɜɢɤɨɪɢɫɬɚɧɧɹ�� ɐɹ� ɬɟɯɧɨɥɨɝɿɱɧɿɫɬɶ� ɯɚɪɚɤɬɟɪɢɡɭɽɬɶɫɹ� ɹɜɧɢɦɢ� ɨɡɧɚɤɚɦɢ�� ɹɤɿ�

ɜɢɡɧɚɱɚɸɬɶ� ɜɢɞɢ� ȻɉɅȺ�� � Ɇɨɠɧɚ� ɨɯɚɪɚɤɬɟɪɢɡɭɜɚɬɢ� ȻɉɅȺ� ɡɚ� ɪɿɡɧɢɦɢ� ʀɯ�

ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɬɚ�ɫɮɟɪɨɸ�ɜɢɤɨɪɢɫɬɚɧɧɹ��ɡɚɝɚɥɶɧɢɣ�ɩɨɞɿɥ�ɦɨɠɧɚ�ɩɟɪɟɝɥɹɧɭɬɢ 

ɭ�ɬɚɛɥɢɰɿ���1. 

 

Ɍɚɛɥɢɰɹ��.1 ± Ɍɢɩɢ�ɛɟɡɩɿɥɨɬɧɢɯ�ɥɿɬɚɥɶɧɢɯ�ɚɩɚɪɚɬɿɜ 

Ɉɡɧɚɤɚ ȼɢɞɢ 

Ɂɚ� ɦɚɫɲɬɚɛɨɦ� ɡɚɜɞɚɧɶ� ɳɨ�

ɜɢɪɿɲɭɸɬɶɫɹ 

Ɍɚɤɬɢɱɧɿ 

Ɉɩɟɪɚɬɢɜɧɨ-ɬɚɤɬɢɱɧɿ 

Ɉɩɟɪɚɬɢɜɧɨ-ɫɬɪɚɬɟɝɿɱɧɿ 

Ɂɚ�ɦɚɫɨɸ Ɇɚɥɨɪɨɡɦɿɪɧɿɦ 

ɋɟɪɟɞɧɶɨɪɨɡɦɿɪɧɿ 

ȼɟɥɢɤɨɪɨɡɦɿɪɧɿ 

ȼɚɠɤɿ 

Ɂɚ�ɪɚɞɿɭɫɨɦ�ɞɿʀ Ȼɥɢɠɧɶɨɝɨ�ɪɚɞɿɭɫɭ 

Ɇɚɥɨɝɨ�ɪɚɞɿɭɫɭ 

ɋɟɪɟɞɧɶɨɝɨ�ɪɚɞɿɭɫɭ 

Ⱦɚɥɶɧɶɨɝɨ�ɪɚɞɿɭɫɭ 

ȼɟɥɢɤɨʀ�ɞɚɥɶɧɨɫɬɿ 

Ɂɚ�ɤɿɥɶɤɿɫɬɸ 

ɜɢɤɨɪɢɫɬɚɧɶ 

Ɉɞɧɨɪɚɡɨɜɿ 

Ȼɚɝɚɬɨɪɚɡɨɜɿ 

Ɂɚ�ɬɪɢɜɚɥɿɫɬɸ ɩɨɥɶɨɬɭ Ɇɚɥɨʀ�ɬɪɢɜɚɥɨɫɬɿ 

ɋɟɪɟɞɧɶɨʀ�ɬɪɢɜɚɥɨɫɬɿ 

ȼɟɥɢɤɨʀ�ɬɪɢɜɚɥɨɫɬɿ 
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ɉɪɨɞɨɜɠɟɧɧɹ�ɬɚɛɥɢɰɿ�����± Ɍɢɩɢ�ɛɟɡɩɿɥɨɬɧɢɯ�ɥɿɬɚɥɶɧɢɯ�ɚɩɚɪɚɬɿɜ 

Ɂɚ�ɬɢɩɨɦ ɩɚɥɢɜɧɨɝɨ�ɛɚɤɚ Ȼɚɡɨɜɿ 

Ȼɚɡɨɜɨ-ɪɟɡɟɪɜɧɿ 

Ɂɚ�ɩɚɥɢɜɧɨɸ ɫɢɫɬɟɦɨɸ Ɇɨɧɨɡɚɩɪɚɜɧɿ 

ɉɨɥɿɡɚɩɪɚɜɧɿ� �ɧɚɡɟɦɧɚ�� ɩɥɚɬɮɨɪɦɧɚ�

�ɦɨɪɫɶɤɚ� ɛɨɪɬɨɜɚ�� 

Ɂɚ�ɬɢɩɨɦ ɥɿɬɚɥɶɧɨɝɨ�ɚɩɚɪɚɬɭ Ɂɚ�ɥɿɬɚɤɨɜɨɸ�ɚɟɪɨɞɢɧɚɦɿɱɧɨɸ�ɫɯɟɦɨɸ 

Ɂɚ� ɝɟɥɿɤɨɩɬɟɪɧɨɸ� ɚɟɪɨɞɢɧɚɦɿɱɧɨɸ�

ɫɯɟɦɨɸ 

Ʌɟɝɲɿ�ɡɚ�ɩɨɜɿɬɪɹ 

Ɂɚ�ɩɪɚɤɬɢɱɧɨɸ ɫɬɟɥɟɸ�ɩɨɥɶɨɬɭ Ɇɚɥɨɜɢɫɨɤɿ 

ɋɟɪɟɞɧɶɨɜɢɫɨɤɿ 

ȼɢɫɨɬɧɿ 

ɋɬɪɚɬɨɫɮɟɪɧɿ 

Ɂɚ�ɬɢɩɨɦ Ɂɚ� ɩɿɞɣɨɦɨɦ� �ɚɟɪɨɞɪɨɦɧɿ�� ɡɚɩɭɫɤɧɿ��

ɩɚɥɭɛɧɿ�� ɜɨɞɧɿ� ɪɭɱɧɿ�� ɧɟɬɢɩɨɜɨ�

ɩɿɞɣɨɦɧɿ��ɦɭɥɶɬɢɩɿɞɣɨɦɧɿ� 

Ɂɚ� ɩɨɫɚɞɤɨɸ� �ɚɟɪɨɞɪɨɦɧɿ�� ɬɨɱɤɨɜɿ��

ɩɚɥɭɛɧɿ��ɜɨɞɧɿ� ɛɟɡɩɨɫɚɞɤɨɜɿ��ɧɟɬɢɩɨɜɨ�

ɩɨɫɚɞɤɨɜɿ��ɦɭɥɶɬɢɩɨɫɚɞɤɨɜɿ� 

Ɂɚ�ɧɚɩɪɹɦɤɨɦ Ɂɚ�ɧɚɩɪɹɦɤɨɦ�ɩɿɞɣɨɦɭ��ɝɨɪɢɡɨɧɬɚɥɶɧɿ��

ɜɟɪɬɢɤɚɥɶɧɿ� ɦɭɥɶɬɢɩɿɞɣɨɦɧɿ� 

Ɂɚ�ɧɚɩɪɹɦɤɨɦ�ɩɨɫɚɞɤɢ��ɝɨɪɢɡɨɧɬɚɥɶɧɿ��

ɜɟɪɬɢɤɚɥɶɧɿ� ɩɚɪɚɲɭɬɧɿ�� ɦɚɱɬɨɜɿ��

ɛɟɡɩɨɫɚɞɤɨɜɿ��ɦɭɥɶɬɢɫɩɭɫɤɨɜɿ� 
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Ʉɿɧɟɰɶ ɬɚɛɥɢɰɿ�����± Ɍɢɩɢ�ɛɟɡɩɿɥɨɬɧɢɯ�ɥɿɬɚɥɶɧɢɯ�ɚɩɚɪɚɬɿɜ 

Ɂɚ�ɛɚɡɭɜɚɧɧɹɦ ɇɚɡɟɦɧɿ 

Ɇɨɪɫɶɤɿ 

Ʉɨɫɦɿɱɧɿ 

Ɂɚ�ɜɢɤɨɪɢɫɬɚɧɧɹɦ ȼɿɣɫɶɤɨɜɿ 

ɐɢɜɿɥɶɧɿ� �ɞɟɪɠɚɜɧɿ� ɩɪɢɜɚɬɧɿ��

ɤɨɦɟɪɰɿɣɧɿ� 

Ⱥɧɬɢɬɟɪɨɪɢɫɬɢɱɧɿ 

Ɂɚ�ɬɢɩɨɦ�ɤɪɢɥɚ Ɏɿɤɫɨɜɚɧɿ 

ɉɥɚɜɚɸɱɿ 

Ɂɚ�ɩɪɚɜɢɥɚɦɢ 

ɩɨɥɶɨɬɭ 

ȼɿɡɭɚɥɶɧɿ 

ɉɪɢɥɚɞɨɜɿ 

ȼɿɡɭɚɥɶɧɨ-ɩɪɢɥɚɞɨɜɿ 

Ɂɚ�ɬɢɩɨɦ�ɫɢɫɬɟɦɢ 

ɤɟɪɭɜɚɧɧɹ 

Ⱦɢɫɬɚɧɰɿɣɧɨ�ɩɿɥɨɬɨɜɚɧɿ 

Ⱦɢɫɬɚɧɰɿɣɧɨ�ɤɟɪɨɜɚɧɿ 

Ⱥɜɬɨɦɚɬɢɱɧɿ 

Ⱦɢɫɬɚɧɰɿɣɧɨ� ɤɟɪɨɜɚɧɿ� ɚɜɿɚɰɿɣɧɨɸ�

ɫɢɫɬɟɦɨɸ 

 

Ⱦɟɬɚɥɶɧɿɲɟ�ɦɨɠɧɚ�ɪɨɡɝɥɹɧɭɬɢ�ɬɢɩɢ�ȻɉɅȺ�ɡɝɿɞɧɨ�ʀɯ�ɤɨɧɫɬɪɭɤɰɿʀ��ɡɚɝɚɥɨɦ�

ɦɨɠɧɚ�ɜɢɞɿɥɢɬɢ�ɧɚɫɬɭɩɧɿ�ɬɢɩɢ�ɞɪɨɧɿɜ� 

1. Ȼɚɝɚɬɨɪɨɬɨɪɧɢɣ� �ɪɢɫɭɧɨɤ� �.1) ± ɧɚɣɩɪɨɫɬɿɲɢɦ� ɿ� ɧɚɣɞɟɲɟɜɲɢɦ�

ɜɚɪɿɚɧɬɨɦ� ɞɥɹ� ɨɬɪɢɦɚɧɧɹ� ©ɨɤɨ� ɜ� ɧɟɛɿª�� ɚ� ɨɫɤɿɥɶɤɢ� ɜɨɧɢ� ɞɚɸɬɶ� ɜɚɦ� ɱɭɞɨɜɢɣ�

ɤɨɧɬɪɨɥɶ�ɧɚɞ�ɩɨɥɨɠɟɧɧɹɦ�ɿ�ɤɚɞɪɭɜɚɧɧɹɦ��ɜɨɧɢ�ɿɞɟɚɥɶɧɨ�ɩɿɞɯɨɞɹɬɶ�ɞɥɹ�ɪɨɛɨɬɢ�ɡ�

ɚɟɪɨɮɨɬɨɡɣɨɦɤɨɸ [8]�� ɇɟɡɜɚɠɚɸɱɢ� ɧɚ� ɬɟ�� ɳɨ� ɬɟɯɧɨɥɨɝɿɹ� ɩɨɫɬɿɣɧɨ�

ɜɞɨɫɤɨɧɚɥɸɽɬɶɫɹ�� ɛɚɝɚɬɨɪɨɬɨɪɢ� ɩɪɢɧɰɢɩɨɜɨ� ɞɭɠɟ� ɧɟɟɮɟɤɬɢɜɧɿ� ɿ� ɜɢɦɚɝɚɸɬɶ�

ɛɚɝɚɬɨ�ɟɧɟɪɝɿʀ��ɳɨɛ�ɛɨɪɨɬɢɫɹ�ɡ�ɝɪɚɜɿɬɚɰɿɽɸ�ɬɚ�ɭɬɪɢɦɭɜɚɬɢ�ʀɯ�ɭ�ɩɨɜɿɬɪɿ� 
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Ɋɢɫɭɧɨɤ��.1 ± Ȼɚɝɚɬɨɦɨɬɨɪɧɢɣ�ȻɉɅȺ 

 

2. Ɂ� ɮɿɤɫɨɜɚɧɢɦ� ɤɪɢɥɨɦ� �ɪɢɫɭɧɨɤ� 1.2) ± ɛɟɡɩɿɥɨɬɧɢɤɢ� ɡ� ɧɟɪɭɯɨɦɢɦ�

ɤɪɢɥɨɦ��ɧɚ�ɜɿɞɦɿɧɭ�ɜɿɞ�©ɩɨɜɨɪɨɬɧɨɝɨ�ɤɪɢɥɚª��ɬɨɛɬɨ�ɜɟɪɬɨɥɶɨɬɿɜ��ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ�

ɤɪɢɥɨ�� ɹɤ� ɡɜɢɱɚɣɧɢɣ� ɥɿɬɚɤ��ɳɨɛ� ɡɚɛɟɡɩɟɱɢɬɢ� ɩɿɞɣɨɦɧɭ� ɫɢɥɭ�� ɚ� ɧɟ� ɜɟɪɬɢɤɚɥɶɧɿ�

ɩɿɞɣɨɦɧɿ�ɪɨɬɨɪɢ [9]��ɑɟɪɟɡ�ɰɟ�ʀɦ�ɩɨɬɪɿɛɧɨ�ɥɢɲɟ�ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ�ɟɧɟɪɝɿɸ��ɳɨɛ�

ɪɭɯɚɬɢɫɹ�ɜɩɟɪɟɞ��ɚ�ɧɟ�ɬɪɢɦɚɬɢɫɹ�ɜ�ɩɨɜɿɬɪɿ��ɬɨɦɭ�ɜɨɧɢ�ɧɚɛɚɝɚɬɨ�ɟɮɟɤɬɢɜɧɿɲɿ� 

 

 
Ɋɢɫɭɧɨɤ�1.2 ± ȻɉɅȺ�ɡ�ɮɿɤɫɨɜɚɧɢɦ�ɤɪɢɥɨɦ 

 

3. Ɉɞɧɨɪɨɬɨɪɧɢɣ��ɪɢɫɭɧɨɤ�1.3) ± ɨɞɧɨɪɨɬɨɪɧɿ�ɦɚɸɬɶ�ɩɟɪɟɜɚɝɭ�ɡɧɚɱɧɨ�

ɛɿɥɶɲɨʀ�ɟɮɟɤɬɢɜɧɨɫɬɿ�ɩɨɪɿɜɧɹɧɨ�ɡ�ɛɚɝɚɬɨɪɨɬɨɪɧɢɦɢ��ɚ�ɬɚɤɨɠ�ɬɟ��ɳɨ�ɜɨɧɢ�ɦɨɠɭɬɶ�

ɠɢɜɢɬɢɫɹ� ɜɿɞ� ɝɚɡɨɜɨɝɨ� ɞɜɢɝɭɧɚ� ɞɥɹ� ɳɟ� ɛɿɥɶɲɨʀ� ɜɢɬɪɢɜɚɥɨɫɬɿ�� Ɂɚɝɚɥɶɧɢɦ�

ɩɪɚɜɢɥɨɦ�ɚɟɪɨɞɢɧɚɦɿɤɢ�ɽ� ɬɟ��ɳɨ�ɱɢɦ�ɛɿɥɶɲɚ�ɥɨɩɚɬɤɚ�ɪɨɬɨɪɚ� ɿ�ɱɢɦ�ɩɨɜɿɥɶɧɿɲɟ�

ɜɨɧɚ�ɨɛɟɪɬɚɽɬɶɫɹ��ɬɢɦ�ɜɨɧɚ�ɟɮɟɤɬɢɜɧɿɲɚ��Ɉɫɶ�ɱɨɦɭ�ɤɜɚɞɪɨɤɨɩɬɟɪ�ɟɮɟɤɬɢɜɧɿɲɢɣ�
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ɡɚ� ɨɤɬɨɤɨɩɬɟɪ�� ɚ� ɫɩɟɰɿɚɥɶɧɿ� ɞɨɜɝɨɜɿɱɧɿ� ɤɜɚɞɪɨɰɢɤɥɢ� ɦɚɸɬɶ� ɜɟɥɢɤɢɣ� ɞɿɚɦɟɬɪ�

ɨɩɨɪɢ [10].  

 

 
Ɋɢɫɭɧɨɤ�1.3 ± Ɉɞɧɨɪɨɬɨɪɧɢɣ�ȻɉɅȺ 

 

4. Ƚɿɛɪɢɞɧɢɣ�ȻɉɅȺ�ɡ�ɮɿɤɫɨɜɚɧɢɦ�ɤɪɢɥɨɦ� � �ɪɢɫɭɧɨɤ�1.4). Ɉɛ¶ɽɞɧɚɧɧɹ�

ɩɟɪɟɜɚɝ�ȻɉɅȺ�ɡ�ɮɿɤɫɨɜɚɧɢɦ�ɤɪɢɥɨɦ�ɿ�ɦɨɠɥɢɜɿɫɬɸ�ɡɚɜɢɫɚɧɧɹ�± ɰɟ�ɧɨɜɚ�ɤɚɬɟɝɨɪɿɹ�

ɝɿɛɪɢɞɿɜ��ɹɤɿ�ɬɚɤɨɠ�ɦɨɠɭɬɶ�ɡɥɿɬɚɬɢ�ɿ�ɩɪɢɡɟɦɥɹɬɢɫɹ�ɜɟɪɬɢɤɚɥɶɧɨ [11].  

 

 
Ɋɢɫɭɧɨɤ�1.4 ± Ƚɿɛɪɢɞɧɢɣ�ȻɉɅɋ 

 

Ⱦɥɹ� ɞɟɦɨɧɫɬɪɚɰɿʀ ɦɨɠɧɚ� ɩɟɪɟɝɥɹɧɭɬɢ ɨɫɧɨɜɧɿ� ɩɟɪɟɜɚɝɢ� ɬɚ� ɧɟɞɨɥɿɤɢ�

ɤɨɠɧɨɝɨ�ɬɢɩɭ�ȻɉɅȺ�ɭ�ɬɚɛɥɢɰɿ�1.2. 
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Ɍɚɛɥɢɰɹ���± ɉɟɪɟɜɚɝɢ�ɬɚ�ɧɟɞɨɥɿɤɢ�ɤɨɧɫɬɪɭɤɰɿɣ�ȻɉɅȺ 

 ɉɥɸɫɢ Ɇɿɧɭɫɢ Ʉɨɪɢɫɬɭɜɚɱɿ 

Ȼɚɝɚɬɨɪɨɬɨɪɧɢɣ Ⱦɨɫɬɭɩɧɿɫɬɶ 

ɉɪɨɫɬɨɬɚ 

ɜɢɤɨɪɢɫɬɚɧɧɹ 

ɏɨɪɨɲɟ�

ɭɩɪɚɜɥɿɧɧɹ�

ɤɚɦɟɪɨɸ 

Ɇɨɠɟ� ɩɪɚɰɸɜɚɬɢ�

ɜ�ɨɛɦɟɠɟɧɿɣ�ɡɨɧɿ 

Ⱥɟɪɨɮɨɬɨɡɣɨɦɤɚ�

ɬɚ�ɜɿɞɟɨ 

ɉɨɛɭɬɨɜɿ�

ɤɨɪɢɫɬɭɜɚɱɿ 

Ɂ� ɮɿɤɫɨɜɚɧɢɦ�

ɤɪɢɥɨɦ 

Ⱦɨɜɝɚ�

ɜɢɬɪɢɜɚɥɿɫɬɶ 

ȼɟɥɢɤɚ� ɩɥɨɳɚ�

ɨɯɨɩɥɟɧɧɹ 

ɒɜɢɞɤɚ�

ɲɜɢɞɤɿɫɬɶ�

ɩɨɥɶɨɬɭ 

Ɂɚɩɭɫɤ� ɿ�

ɜɿɞɧɨɜɥɟɧɧɹ 

Ʌɿɬɚɬɢ� ɜɚɠɱɟ��

ɩɨɬɪɿɛɧɨ� ɛɿɥɶɲɟ�

ɬɪɟɧɭɜɚɧɧɹ 

Ⱦɨɪɨɝɨ 

Ⱥɟɪɨɤɚɪɬɨɝɪɚɮɿɹ, 

ɩɟɪɟɜɿɪɤɚ�

ɬɪɭɛɨɩɪɨɜɨɞɿɜ� ɬɚ�

ɥɿɧɿɣ�

ɟɥɟɤɬɪɨɩɟɪɟɞɚɱ 

Ɉɞɧɨɪɨɬɨɪɧɢɣ Ⱦɨɜɝɚ�

ɜɢɬɪɢɜɚɥɿɫɬɶ� �ɡ�

ɝɚɡɨɦ� 

Ɇɨɠɥɢɜɿɫɬɶ�ɛɿɥɶɲ�

ɜɚɠɤɨɝɨ�

ɧɚɜɚɧɬɚɠɟɧɧɹ 

ɇɟɛɟɡɩɟɱɧɿɲɟ 

Ʌɿɬɚɬɢ� ɜɚɠɱɟ��

ɩɨɬɪɿɛɧɨ� ɛɿɥɶɲɟ�

ɬɪɟɧɭɜɚɧɧɹ 

Ⱦɨɪɨɝɨ 

ɉɨɜɿɬɪɹɧɟ�

ɥɚɡɟɪɧɟ�

ɫɤɚɧɭɜɚɧɧɹ�

LIDAR 

Ƚɿɛɪɢɞɧɢɣ�

ȻɉɅȺ� ɡ�

ɮɿɤɫɨɜɚɧɢɦ�

ɤɪɢɥɨɦ 

Ɍɪɢɜɚɥɢɣ�ɩɨɥɿɬ ɇɟ�ɿɞɟɚɥɶɧɢɣ�ɧɿ�ɞɥɹ�

ɡɚɜɢɫɚɧɧɹ�� ɧɿ� ɞɥɹ�

ɩɪɹɦɨɝɨ�ɩɨɥɶɨɬɭ 

ɓɟ�ɜ�ɪɨɡɪɨɛɰɿ 

Ⱦɨɫɬɚɜɤɚ�ɞɪɨɧɨɦ 
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1.2 Ⱥɧɚɥɿɡ�ɿɫɧɭɸɱɢɯ�ɚɥɝɨɪɢɬɦɿɜ�ɤɟɪɭɜɚɧɧɹ�ȻɉɅȺ 

1.2.1 Ɉɫɧɨɜɧɿ�ɦɟɬɨɞɢ�ɜɢɪɿɲɟɧɧɹ�ɩɪɨɛɥɟɦɢ�ɤɟɪɭɜɚɧɧɹ�ȻɉɅȺ 

 

Ȼɟɡɩɿɥɨɬɧɢɣ� ɥɿɬɚɥɶɧɢɣ� ɚɩɚɪɚɬ� ɽ� ɱɭɞɨɜɨɸ� ɩɥɚɬɮɨɪɦɨɸ� ɞɥɹ� ɞɨɫɥɿɞɠɟɧɧɹ�

ɫɢɫɬɟɦ� ɭɩɪɚɜɥɿɧɧɹ�� ɣɨɝɨ� � ɧɟɥɿɧɿɣɧɚ� ɩɪɢɪɨɞɚ� ɪɿɡɧɚ� ɤɨɧɮɿɝɭɪɚɰɿɹ� ɪɨɛɥɹɬɶ� ɣɨɝɨ�

ɿɞɟɚɥɶɧɢɦ�ɜɚɪɿɚɧɬɨɦ�ɞɥɹ�ɩɪɨɝɪɚɦɭɜɚɧɧɹ�ɬɚ�ɚɧɚɥɿɡɭ�ɚɥɝɨɪɢɬɦɿɜ�ɤɟɪɭɜɚɧɧɹ�� 

 ɉɿɫɥɹ� ɤɨɪɨɬɤɨɝɨ� ɨɩɢɫɭ� ɫɢɫɬɟɦ� ɬɚ� ȻɉɅȺ�� ɛɭɥɨ� ɩɪɨɚɧɚɥɿɡɨɜɚɧɨ� ɞɟɤɿɥɶɤɚ�

ɚɥɝɨɪɢɬɦɿɜ��ɭ�ɬɨɦɭ�ɱɢɫɥɿ�ʀɯ�ɩɟɪɟɜɚɝɢ�ɬɚ�ɧɟɞɨɥɿɤɢ��3,'��Ʌɿɧɿɣɧɢɣ�ɤɜɚɞɪɚɬɢɱɧɢɣ�

ɪɟɝɭɥɹɬɨɪ� �/45���ɤɨɜɡɧɢɣ�ɪɟɠɢɦ��ɛɟɤɫɬɟɩɿɧɝ��ɥɿɧɟɚɪɢɡɚɰɿɹ� ɡɜɨɪɨɬɧɨɝɨ� ɡɜ¶ɹɡɤɭ��

ɚɞɚɩɬɢɜɧɢɣ��ɧɚɞɿɣɧɢɣ��ɨɩɬɢɦɚɥɶɧɢɣ ɬɚ�ɧɟɣɪɨɧɧɿ�ɦɟɪɟɠɿ.  

 

1.2.2  ɉɪɨɩɨɪɰɿɣɧɚ�ɿɧɬɟɝɪɚɥɶɧɚ�ɩɨɯɿɞɧɚ��3,'� 

 

PID-ɪɟɝɭɥɹɬɨɪ� ɡɚɫɬɨɫɨɜɭɜɚɜɫɹ� ɜ� ɲɢɪɨɤɨɦɭ� ɞɿɚɩɚɡɨɧɿ� ɡɚɫɬɨɫɭɜɚɧɶ�

ɪɟɝɭɥɹɬɨɪɿɜ��ɐɟ�ɞɿɣɫɧɨ�ɧɚɣɛɿɥɶɲ�ɡɚɫɬɨɫɨɜɭɜɚɧɢɣ�ɤɨɧɬɪɨɥɟɪ�ɭ�ɩɪɨɦɢɫɥɨɜɨɫɬɿ� 

ɍ�ɤɥɚɫɢɱɧɢɣ�ɥɿɧɿɣɧɨɝɨ�3,'-ɪɟɝɭɥɹɬɨɪɚ�ɤɨɟɮɿɰɿɽɧɬ�ɩɨɫɢɥɟɧɧɹ�ɩɚɪɚɦɟɬɪɿɜ�

ɥɟɝɤɨ�ɪɟɝɭɥɸɽɬɶɫɹ��ɜɿɧ�ɩɪɨɫɬɢɣ�ɭ�ɩɪɨɟɤɬɭɜɚɧɧɿ�ɬɚ�ɦɚɽ�ɯɨɪɨɲɭ�ɧɚɞɿɣɧɿɫɬɶ��Ɉɞɧɚɤ�

ɞɟɹɤɿ� ɡ� ɨɫɧɨɜɧɢɯ� ɩɪɨɛɥɟɦ� ɿɡ� ȻɉɅȺ� ɜɤɥɸɱɚɸɬɶ� ɧɟɥɿɧɿɣɧɿɫɬɶ�� ɩɨɜ
ɹɡɚɧɭ� ɡ�

ɦɚɬɟɦɚɬɢɱɧɨɸ�ɦɨɞɟɥɥɸ��ɿ�ɧɟɬɨɱɧɭ�ɩɪɢɪɨɞɭ�ɦɨɞɟɥɿ�ɱɟɪɟɡ�ɧɟɦɨɞɟɥɶɧɟ�ɚɛɨ�ɧɟɬɨɱɧɟ�

ɦɚɬɟɦɚɬɢɱɧɟ�ɦɨɞɟɥɸɜɚɧɧɹ�ɱɚɫɬɢɧɢ�ɞɢɧɚɦɿɤɢ�� 

Ɍɨɦɭ� ɡɚɫɬɨɫɭɜɚɧɧɹ� 3,'-ɪɟɝɭɥɹɬɨɪɚ� ɞɨ� ȻɉɅȺ� ɨɛɦɟɠɭɽ� ɣɨɝɨ 

ɩɪɨɞɭɤɬɢɜɧɿɫɬɶ�� ɑɚɫɬɨ� ɞɥɹ� ɪɟɝɭɥɸɜɚɧɧɹ� ɩɨɥɨɠɟɧɧɹ� ȻɉɅȺ� ɜɢɤɨɪɢɫɬɨɜɭɜɚɜɫɹ�

PID-ɪɟɝɭɥɹɬɨɪ�� ɚ� ɞɥɹ� ɤɨɧɬɪɨɥɸ� ɜɢɫɨɬɢ ± ɞɢɧɚɦɿɱɧɢɣ� ɩɨɜɟɪɯɧɟɜɢɣ� ɤɨɧɬɪɨɥɶ�

�'6&��� Ɂɚɫɬɨɫɨɜɭɸɱɢ� ɤɪɢɬɟɪɿʀ� ɫɬɚɛɿɥɶɧɨɫɬɿ� Ʌɹɩɭɧɨɜɚ�� ɛɭɥɨ� ɞɨɜɟɞɟɧɨ�� ɳɨ� ɜɫɿ�

ɫɢɝɧɚɥɢ� ȻɉɅȺ� ɛɭɥɢ� ɪɿɜɧɨɦɿɪɧɨ� ɨɛɦɟɠɟɧɢɦɢ�� ɐɟ� ɨɡɧɚɱɚɥɨ�� ɳɨ� ȻɉɅȺ� ɛɭɜ�

ɫɬɿɣɤɢɦ� ɞɨ� ɭɦɨɜ� ɡɚɜɢɫɚɧɧɹ�� Ɉɞɧɚɤ� ɿɡ� ɫɢɦɭɥɹɰɿɣɧɢɯ� ɬɚ� ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ�

ɝɪɚɮɿɤɿɜ�ɜɢɞɧɨ��ɳɨ�3,'-ɪɟɝɭɥɹɬɨɪ�ɤɪɚɳɟ�ɩɪɚɰɸɜɚɜ�ɭ�ɜɿɞɫɬɟɠɟɧɧɿ�ɤɭɬɚ�ɧɚɯɢɥɭ��

ɬɨɞɿ� ɹɤ�ɩɪɢ�ɜɿɞɫɬɟɠɟɧɧɿ�ɤɭɬɚ�ɧɚɯɢɥɭ�ɦɨɠɧɚ�ɛɭɥɨ�ɫɩɨɫɬɟɪɿɝɚɬɢ�ɜɟɥɢɤɿ�ɩɨɯɢɛɤɢ�

ɭɫɬɚɥɟɧɨɝɨ�ɫɬɚɧɭ�  
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ȼ�ɿɧɲɨɦɭ�ɜɚɪɿɚɧɬɿ��ɞɥɹ�ɪɟɝɭɥɸɜɚɧɧɹ�ɩɨɥɨɠɟɧɧɹ�ɬɚ�ɨɪɿɽɧɬɚɰɿʀ�ɤɜɚɞɪɨɬɨɪɚ�

ɛɭɜ� ɡɚɫɬɨɫɨɜɚɧɢɣ� 3,'-ɪɟɝɭɥɹɬɨɪ [12]��ɉɿɞɫɢɥɟɧɧɹ� ɩɚɪɚɦɟɬɪɚ� 3,'� ɛɭɥɨ� ɨɛɪɚɧɨ�

ɿɧɬɭʀɬɢɜɧɨ�� ɉɪɨɞɭɤɬɢɜɧɿɫɬɶ� 3,'-ɪɟɝɭɥɹɬɨɪɚ� ɜɤɚɡɭɽ� ɧɚ� ɜɿɞɧɨɫɧɨ� ɯɨɪɨɲɭ�

ɫɬɚɛɿɥɿɡɚɰɿɸ�ɩɨɥɨɠɟɧɧɹ��ɑɚɫ�ɜɿɞɝɭɤɭ�ɛɭɜ�ɯɨɪɨɲɢɦ��ɦɚɣɠɟ�ɡ�ɧɭɥɶɨɜɨɸ�ɩɨɦɢɥɤɨɸ�

ɭɫɬɚɥɟɧɨɝɨ� ɪɟɠɢɦɭ� ɬɚ� ɡ� ɧɟɜɟɥɢɤɢɦ� ɩɟɪɟɜɢɳɟɧɧɹɦ�� ɍ� ɥɿɬɟɪɚɬɭɪɿ� ɡɚɝɚɥɨɦ�

ɜɫɬɚɧɨɜɥɟɧɨ�� ɳɨ� 3,'-ɪɟɝɭɥɹɬɨɪ� ɭɫɩɿɲɧɨ� ɡɚɫɬɨɫɨɜɭɜɚɜɫɹ� ɞɨ� ȻɉɅȺ�� ɯɨɱɚ� ɡ�

ɞɟɹɤɢɦɢ� ɨɛɦɟɠɟɧɧɹɦɢ�� ɇɚɥɚɲɬɭɜɚɧɧɹ� 3,'-ɪɟɝɭɥɹɬɨɪɚ� ɦɨɠɟ� ɫɬɜɨɪɢɬɢ� ɩɟɜɧɿ�

ɩɪɨɛɥɟɦɢ��ɨɫɤɿɥɶɤɢ�ɜɫɟ�ɦɚɽ�ɛɭɬɢ� �ɫɮɨɪɦɨɜɚɧɨ� �ɧɚɜɤɨɥɨ�ɬɨɱɤɢ�ɪɿɜɧɨɜɚɝɢ��ɹɤɚ�ɽ�

ɬɨɱɤɨɸ�ɜɢɫɿɧɧɹ��ɳɨɛ�ɡɚɛɟɡɩɟɱɢɬɢ�ɯɨɪɨɲɭ�ɩɪɨɞɭɤɬɢɜɧɿɫɬɶ [13]��ɇɚ�ɪɢɫɭɧɤɭ�1.5 

ɩɨɤɚɡɚɧɚ�ɡɚɝɚɥɶɧɚ�ɛɥɨɤ-ɫɯɟɦɚ�ɉȱȾ-ɪɟɝɭɥɹɬɨɪɚ�ɞɥɹ�ɤɜɚɞɪɨɬɨɪɚ� 

 

 
Ɋɢɫɭɧɨɤ�1.5 ± ɋɬɪɭɤɬɭɪɧɚ�ɫɯɟɦɚ�3,'-ɪɟɝɭɥɹɬɨɪɚ��ɧɚɧɟɫɟɧɨɝɨ�ɧɚ�ȻɉɅȺ 

 

1.2.3 Ʌɿɧɿɣɧɢɣ�ɤɜɚɞɪɚɬɢɱɧɢɣ�ɪɟɝɭɥɹɬɨɪ��/45� 

 

Ⱥɥɝɨɪɢɬɦ� ɨɩɬɢɦɚɥɶɧɨɝɨ� ɤɟɪɭɜɚɧɧɹ� /45� ɤɟɪɭɽ� ɞɢɧɚɦɿɱɧɨɸ� ɫɢɫɬɟɦɨɸ�

ɲɥɹɯɨɦ�ɦɿɧɿɦɿɡɚɰɿʀ�ɜɿɞɩɨɜɿɞɧɨʀ�ɮɭɧɤɰɿʀ�ɜɢɬɪɚɬ��ȼɱɟɧɿ�ɡɚɫɬɨɫɭɜɚɥɢ�ɚɥɝɨɪɢɬɦ�/45�

ɞɨ�ȻɉɅȺ�ɿ�ɩɨɪɿɜɧɹɥɢ�ɣɨɝɨ�ɩɪɨɞɭɤɬɢɜɧɿɫɬɶ�ɡ�ɩɪɨɞɭɤɬɢɜɧɿɫɬɸ�3,'-ɪɟɝɭɥɹɬɨɪɚ�ɜ��

Ɉɞɧɚɤ�3,'� ɡɚɫɬɨɫɨɜɭɽɬɶɫɹ�ɞɨ� ɫɩɪɨɳɟɧɨʀ� ɞɢɧɚɦɿɤɢ�ȻɉɅȺ� �� ɚ�/45� ± ɞɨ�ɩɨɜɧɨʀ�

ɦɨɞɟɥɿ��Ɉɛɢɞɜɚ�ɩɿɞɯɨɞɢ�ɞɚɥɢ�ɫɟɪɟɞɧɿ�ɪɟɡɭɥɶɬɚɬɢ��ɚɥɟ�ɧɟɹɜɧɨ�ɛɭɥɨ�ɡɪɨɡɭɦɿɥɨ��ɳɨ�

ɩɿɞɯɿɞ� /45� ɦɚɜ� ɤɪɚɳɭ� ɩɪɨɞɭɤɬɢɜɧɿɫɬɶ�� ɜɪɚɯɨɜɭɸɱɢ� ɬɨɣ� ɮɚɤɬ�� ɳɨ� ɜɿɧ�

ɡɚɫɬɨɫɨɜɭɜɚɜɫɹ�ɞɨ�ɛɿɥɶɲ�ɩɨɜɧɨʀ�ɞɢɧɚɦɿɱɧɨʀ�ɦɨɞɟɥɿ�� 

ɉɨɤɚɡɚɧɨ��ɳɨ�ɩɪɢ�ɦɨɞɟɥɸɜɚɧɧɿ�ɡ�ɜɢɤɨɪɢɫɬɚɧɧɹɦ�ɨɩɬɢɦɚɥɶɧɢɯ�ɬɪɚɽɤɬɨɪɿɣ�

ɭ� ɪɟɚɥɶɧɨɦɭ� ɱɚɫɿ�� ɧɟɡɜɚɠɚɸɱɢ� ɧɚ� ɧɚɹɜɧɿɫɬɶ� ɜɿɬɪɭ� ɬɚ� ɿɧɲɢɯ� ɡɛɭɪɟɧɶ�� ɛɭɥɨ�
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ɞɨɫɹɝɧɭɬɨ� ɬɨɱɧɨɝɨ� ɩɪɨɯɨɞɠɟɧɧɹ� ɲɥɹɯɭ�� Ɂɞɚɜɚɥɨɫɹ�� ɤɨɧɬɪɨɥɟɪ� ɜɬɪɚɬɢɜ�

ɜɿɞɫɬɟɠɭɜɚɧɿɫɬɶ� ɩɿɫɥɹ� ɬɨɝɨ�� ɹɤ� ɭɧɢɤɧɭɜ� ɩɟɪɟɲɤɨɞɭ�� Ƀɨɝɨ� ɩɪɚɰɟɡɞɚɬɧɿɫɬɶ� ɡɚ�

ɧɚɹɜɧɨɫɬɿ� ɛɚɝɚɬɶɨɯ� ɩɟɪɟɲɤɨɞ� ɳɟ� ɩɨɬɪɿɛɧɨ� ɩɪɨɚɧɚɥɿɡɭɜɚɬɢ�� ɍ� ɩɨɽɞɧɚɧɧɿ� ɡ�

ɥɿɧɿɣɧɢɦ�ɤɜɚɞɪɚɬɢɱɧɢɦ�ɨɰɿɧɸɜɚɱɟɦ� �/4(�� ɿ�ɮɿɥɶɬɪɨɦ�Ʉɚɥɦɚɧɚ� ɚɥɝɨɪɢɬɦ�/45�

ɩɟɪɟɬɜɨɪɸɽɬɶɫɹ�ɧɚ�ɥɿɧɿɣɧɢɣ�ɤɜɚɞɪɚɬɢɱɧɢɣ��ɚɥɝɨɪɢɬɦ�Ƚɚɭɫɚ��/4*� [14-16].  

ɐɟɣ� ɚɥɝɨɪɢɬɦ� ɩɪɢɡɧɚɱɟɧɢɣ� ɞɥɹ� ɫɢɫɬɟɦ� ɡ� ɝɚɭɫɨɜɢɦ�ɲɭɦɨɦ� ɬɚ� ɧɟɩɨɜɧɨɸ�

ɿɧɮɨɪɦɚɰɿɽɸ�ɩɪɨ�ɫɬɚɧ��ɇɚ�ɪɢɫɭɧɤɭ�1.��ɩɨɤɚɡɚɧɚ�ɡɚɝɚɥɶɧɚ�ɛɥɨɤ-ɫɯɟɦɚ�ɤɨɧɬɪɨɥɟɪɚ�

/4*�ɞɥɹ�ȻɉɅȺ� 

 

 
Ɋɢɫɭɧɨɤ�1.6 ± ɋɬɪɭɤɬɭɪɧɚ�ɫɯɟɦɚ�ɤɨɧɬɪɨɥɟɪɚ�/4*��ɧɚɧɟɫɟɧɨɝɨ�ɧɚ��ȻɉɅȺ 

 

1.2.4 Ⱥɞɚɩɬɢɜɧɢɣ�ɚɥɝɨɪɢɬɦ 

 

Ⱥɞɚɩɬɢɜɧɿ ɚɥɝɨɪɢɬɦɢ� ɤɟɪɭɜɚɧɧɹ� ɫɩɪɹɦɨɜɚɧɿ� ɧɚ� ɚɞɚɩɬɚɰɿɸ� ɞɨ� ɡɦɿɧ�

ɩɚɪɚɦɟɬɪɿɜ� ɫɢɫɬɟɦɢ�� ɉɚɪɚɦɟɬɪɢ� ɚɛɨ� ɧɟɜɢɡɧɚɱɟɧɿ�� ɚɛɨ� ɡɦɿɧɸɸɬɶɫɹ� ɡ� ɱɚɫɨɦ��

Ȼɟɡɩɟɪɟɪɜɧɢɣ� ɡɦɿɧɧɢɣ� ɭ� ɱɚɫɿ� ɚɞɚɩɬɢɜɧɢɣ� ɤɨɧɬɪɨɥɟɪ�� ɹɤɢɣ� ɞɟɦɨɧɫɬɪɭɽ� ɯɨɪɨɲɿ�

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ��ɛɭɜ�ɪɟɚɥɿɡɨɜɚɧɢɣ�ɧɚɭɤɨɜɰɹɦɢ�ɡ�ɜɿɞɨɦɢɦɢ�ɧɟɜɢɡɧɚɱɟɧɿɫɬɸ�ɦɚɫɢ��

ɦɨɦɟɧɬɿɜ�ɿɧɟɪɰɿʀ�ɬɚ�ɚɟɪɨɞɢɧɚɦɿɱɧɢɯ�ɤɨɟɮɿɰɿɽɧɬɿɜ�ɞɟɦɩɮɭɜɚɧɧɹ�� 

Ɍɚɤɨɠ�ɧɚɭɤɨɜɰɿ�ɪɟɚɥɿɡɭɜɚɥɢ�ɚɞɚɩɬɢɜɧɭ�ɫɯɟɦɭ�ɤɟɪɭɜɚɧɧɹ�ɡ�ɜɢɤɨɪɢɫɬɚɧɧɹɦ�

ɥɿɧɟɚɪɢɡɚɰɿʀ� ɡɜɨɪɨɬɧɨɝɨ�ɡɜ¶ɹɡɤɭ� �)%/��ɞɥɹ�ɤɜɚɞɪɨɬɨɪɿɜ�ɡ�ɞɢɧɚɦɿɱɧɢɦɢ�ɡɦɿɧɚɦɢ�

ɰɟɧɬɪɭ�ɜɚɝɢ [17]��Ȼɭɥɨ�ɩɨɦɿɱɟɧɨ��ɳɨ�ɤɨɥɢ�ɰɟɧɬɪ�ɜɚɝɢ�ɡɦɿɧɸɽɬɶɫɹ��3'�ɬɚ�ɪɟɝɭɥɹɪɧɿ�

ɦɟɬɨɞɢ� ɥɿɧɟɚɪɢɡɚɰɿʀ� ɡɜɨɪɨɬɧɨɝɨ� ɡɜ¶ɹɡɤɭ� ɧɟ� ɡɦɨɝɥɢ� ɫɬɚɛɿɥɿɡɭɜɚɬɢ� ɫɢɫɬɟɦɭ�� ɚɥɟ�

ɚɞɚɩɬɢɜɧɢɣ�ɤɨɧɬɪɨɥɟɪ�ɡɦɿɝ�ʀʀ�ɫɬɚɛɿɥɿɡɭɜɚɬɢ�� 
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Ɇɟɬɨɞ�ɚɞɚɩɬɢɜɧɨɝɨ�ɤɟɪɭɜɚɧɧɹ��ɡɚɫɧɨɜɚɧɢɣ�ɧɚ�ɧɨɪɦɿ�ɩɪɹɦɨɥɿɧɿɣɧɨʀ�ɜɿɞɫɬɚɧɿ�

ɡ� ɤɨɦɩɪɨɦɿɫɨɦ� ɦɿɠ� ɩɪɨɞɭɤɬɢɜɧɿɫɬɸ� ɤɟɪɭɜɚɧɧɹ� ɬɚ� ɧɚɞɿɣɧɿɫɬɸ�� Ɇɨɞɢɮɿɤɨɜɚɧɚ�

�ɥɿɧɟɚɪɢɡɨɜɚɧɚ��ɦɨɞɟɥɶ�ɡɦɨɝɥɚ�ɤɨɦɩɟɧɫɭɜɚɬɢ�ɩɨɫɬɿɣɧɿ�ɬɚ�ɩɨɦɿɪɧɿ�ɩɨɪɢɜɢ�ɜɿɬɪɭ��

 ɇɚ�ɪɢɫɭɧɤɭ�1.��ɩɨɤɚɡɚɧɚ�ɡɚɝɚɥɶɧɚ�ɛɥɨɤ-ɫɯɟɦɚ�ɚɞɚɩɬɢɜɧɨɝɨ�ɤɨɧɬɪɨɥɟɪɚ�ɞɥɹ�

ɨɱɢɳɟɧɧɹ�ȻɉɅȺ��ɳɨ�ɩɨɤɚɡɭɽ�ɨɰɿɧɸɜɚɱ�ɩɚɪɚɦɟɬɪɿɜ�ɿ�ɦɨɞɟɥɶ�ȻɉɅȺ� 

 

 
Ɋɢɫɭɧɨɤ�1.7 ± ɋɬɪɭɤɬɭɪɧɚ�ɫɯɟɦɚ�ɤɨɧɬɪɨɥɟɪɚ�/4*��ɧɚɧɟɫɟɧɨɝɨ�ɧɚ��ȻɉɅȺ� 

 

1.2.5 ɇɚɞɿɣɧɢɣ�ɚɥɝɨɪɢɬɦ 

 

ɇɚɞɿɣɧɿ�ɚɥɝɨɪɢɬɦɢ�ɤɟɪɭɜɚɧɧɹ�ɪɨɡɪɨɛɥɟɧɿ�ɞɥɹ�ɛɨɪɨɬɶɛɢ�ɡ�ɧɟɜɢɡɧɚɱɟɧɿɫɬɸ�

ɩɚɪɚɦɟɬɪɿɜ�ɫɢɫɬɟɦɢ�ɚɛɨ�ɩɨɪɭɲɟɧɧɹɦɢ��ɐɟ�ɝɚɪɚɧɬɭɽ�ɪɨɛɨɬɭ�ɤɨɧɬɪɨɥɟɪɚ�ɜ�ɦɟɠɚɯ�

ɩɪɢɣɧɹɬɧɢɯ�ɞɿɚɩɚɡɨɧɿɜ�ɩɟɪɟɲɤɨɞ�ɚɛɨ�ɧɟɦɨɞɟɥɶɨɜɚɧɢɯ�ɩɚɪɚɦɟɬɪɿɜ�ɫɢɫɬɟɦɢ [18]. 

 Ɉɫɧɨɜɧɢɦ� ɨɛɦɟɠɟɧɧɹɦ�� ɹɤɟ� ɡɚɡɜɢɱɚɣ� ɫɩɨɫɬɟɪɿɝɚɽɬɶɫɹ� ɡ� ɧɚɞɿɣɧɢɦɢ�

ɤɨɧɬɪɨɥɟɪɚɦɢ�� ɽ� ɩɨɝɚɧɚ� ɡɞɚɬɧɿɫɬɶ� ɜɿɞɫɬɟɠɟɧɧɹ�� ɇɚɞɿɣɧɢɣ� ɤɨɧɬɪɨɥɟɪ� ɛɭɜ�

ɪɟɚɥɿɡɨɜɚɧɢɣ� ɧɚɭɤɨɜɰɹɦɢ� ɞɥɹ� ɩɿɞɫɢɫɬɟɦɢ� ɪɟɝɭɥɹɬɨɪɚ ɨɪɿɽɧɬɚɰɿʀ�� ɡɚɫɧɨɜɚɧɨʀ� ɧɚ�

ɥɿɧɿɣɧɨɦɭ�ɭɩɪɚɜɥɿɧɧɿ�ɬɚ�ɧɚɞɿɣɧɿɣ�ɤɨɦɩɟɧɫɚɰɿʀ�� 

Ɋɟɡɭɥɶɬɚɬɢ� ɟɤɫɩɟɪɢɦɟɧɬɭ� ɩɿɞɬɜɟɪɞɢɥɢ� ɟɮɟɤɬɢɜɧɿɫɬɶ� ɤɨɧɬɪɨɥɟɪɚ� ɞɥɹ�

ɤɨɧɬɪɨɥɸ�ɩɨɡɢɰɿʀ��Ɍɚɤɨɠ�ɩɪɟɞɫɬɚɜɥɟɧɢɣ�ɧɚɞɿɣɧɢɣ�ɚɥɝɨɪɢɬɦ�ɜɿɞɫɬɟɠɟɧɧɹ���ɹɤɢɣ�

ɞɨɫɹɝɚɽ� ɚɫɢɦɩɬɨɬɢɱɧɨʀ� ɫɬɚɛɿɥɶɧɨɫɬɿ� ɡɚ� ɧɚɹɜɧɨɫɬɿ� ɩɚɪɚɦɟɬɪɢɱɧɢɯ�

ɧɟɜɢɡɧɚɱɟɧɨɫɬɟɣ� ɬɚ� ɧɟɜɿɞɨɦɢɯ� ɧɟɥɿɧɿɣɧɢɯ� ɡɛɭɪɟɧɶ�� ɐɟ� ɛɭɥɨ� ɞɨɫɹɝɧɭɬɨ� ɡɚ�

ɞɨɩɨɦɨɝɨɸ� ɧɟɡɚɬɪɚɬɧɨɝɨ� ɡɚɤɨɧɭ� ɤɟɪɭɜɚɧɧɹ�� ɜɿɞɫɭɬɧɨɫɬɿ� ɫɩɨɫɬɟɪɿɝɚɱɿɜ��

ɮɭɧɤɰɿɨɧɚɥɶɧɢɯ�ɚɩɪɨɤɫɢɦɚɬɨɪɿɜ�ɱɢ�ɡɚɤɨɧɿɜ�ɚɞɚɩɬɢɜɧɨɝɨ�ɨɧɥɚɣɧ�ɨɧɨɜɥɟɧɧɹ. 
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1.2.6 Ɉɩɬɢɦɚɥɶɧɢɣ�ɚɥɝɨɪɢɬɦ 

 

Ⱥɥɝɨɪɢɬɦɢ�ɨɩɬɢɦɿɡɚɰɿʀ� ɪɨɡɪɨɛɥɟɧɿ� ɞɥɹ�ɦɿɧɿɦɿɡɚɰɿʀ� ɡɦɿɧɧɢɯ� ɬɚ�ɨɬɪɢɦɚɧɧɹ�

ɧɚɣɤɪɚɳɨʀ� ɮɭɧɤɰɿɨɧɚɥɶɧɢɯ� ɡɚɬɪɚɬ� ɡ� ɧɚɛɨɪɭ� ɚɥɶɬɟɪɧɚɬɢɜ�� ɋɩɟɰɿɚɥɿɡɨɜɚɧɢɣ�

ɜɢɩɚɞɨɤ� ɨɩɬɢɦɿɡɚɰɿʀ� ɜɿɞɨɦɢɣ� ɹɤ� ɨɩɭɤɥɚ� ɨɩɬɢɦɿɡɚɰɿɹ�� ɐɟ� ɦɟɬɨɞ� ɦɚɬɟɦɚɬɢɱɧɨʀ�

ɨɩɬɢɦɿɡɚɰɿʀ�� ɹɤɢɣ� ɫɬɨɫɭɽɬɶɫɹ� ɦɿɧɿɦɿɡɚɰɿʀ� ɨɩɭɤɥɨʀ� ɡɦɿɧɧɨʀ� ɜ� ɨɩɭɤɥɨɦɭ� ɧɚɛɨɪɿ��

ɉɨɲɢɪɟɧɿ�ɨɩɬɢɦɚɥɶɧɿ�ɚɥɝɨɪɢɬɦɢ�ɜɤɥɸɱɚɸɬɶ�/45��/���+��ɿ�ɮɿɥɶɬɪ�Ʉɚɥɦɚɧɚ�� 

Ɉɫɧɨɜɧɢɦ� ɨɛɦɟɠɟɧɧɹɦ� ɚɥɝɨɪɢɬɦɿɜ� ɨɩɬɢɦɿɡɚɰɿʀ�� ɹɤ� ɩɪɚɜɢɥɨ�� ɽ� ʀɯ� ɧɢɡɶɤɚ�

ɧɚɞɿɣɧɿɫɬɶ��Ʉɨɧɬɪɨɥɟɪ��ɹɤɢɣ�ɽ�ɨɞɧɨɱɚɫɧɨ�ɜɿɞɧɨɫɧɨ�ɧɚɞɿɣɧɢɦ�ɿ�ɨɩɬɢɦɚɥɶɧɢɦ�ɧɚ�/��

ɚɥɝɨɪɢɬɦɿ� ɛɭɜ� ɡɚɫɬɨɫɨɜɚɧɢɣ� ɞɥɹ� ɜɿɞɫɬɟɠɟɧɧɹ� ɹɤ� ɩɨɥɨɠɟɧɧɹ�� ɬɚɤ� ɿ� ɤɭɪɫɭ��

ɉɪɨɞɭɤɬɢɜɧɿɫɬɶ� ɤɨɧɬɪɨɥɟɪɚ� ɛɭɥɚ� ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ� ɩɟɪɟɜɿɪɟɧɚ� ɿ� ɛɭɥɚ�

ɟɮɟɤɬɢɜɧɨɸ� ɜ� ɦɿɧɿɦɿɡɚɰɿʀ� ɩɨɦɢɥɨɤ� ɿ� ɜɿɞɯɢɥɟɧɧɿ� ɩɨɫɬɿɣɧɢɯ� ɡɛɭɪɟɧɶ�� Ⱥɥɝɨɪɢɬɦ�

ɨɩɬɢɦɿɡɚɰɿʀ� ɧɚ� ɨɫɧɨɜɿ� ɰɢɤɥɭ� +�� ɛɭɜ� ɡɚɫɬɨɫɨɜɚɧɢɣ� ɞɨ� ȻɉɅȺ ɡɿ� ɫɩɪɨɳɟɧɨɸ�

ɞɢɧɚɦɿɤɨɸ� ɞɥɹ� ɿɬɟɪɚɰɿɣɧɨʀ� ɿɞɟɧɬɢɮɿɤɚɰɿʀ� ɩɚɪɚɦɟɬɪɿɜ� ɬɚ� ɤɨɧɬɪɨɥɸ� ɩɨɥɨɠɟɧɧɹ��

 Ⱥɥɝɨɪɢɬɦ�ɦɚɜ�ɤɪɚɳɭ�ɩɪɨɞɭɤɬɢɜɧɿɫɬɶ�ɳɨɞɨ�ɜɿɞɯɢɥɟɧɧɹ�ɡɛɭɪɟɧɧɹ�ɧɚɜɿɬɶ�ɜ�

ɭɦɨɜɚɯ� ɧɚɫɢɱɟɧɧɹ� ɡɛɭɪɟɧɧɹ�� Ɉɞɧɚɤ� ɤɨɦɩɟɧɫɚɬɨɪ� ³ɦɭɪɚɯɚ´�� ɡɚɫɧɨɜɚɧɢɣ� ɧɚ�

ɪɿɜɧɹɧɧɹɯ�Ɋɿɤɤɚɬɿ [19]��ɧɟ�ɩɨɤɚɡɚɜ�ɨɛɱɢɫɥɸɜɚɥɶɧɨʀ�ɟɮɟɤɬɢɜɧɨɫɬɿ�� ȱɧɬɟɝɪɚɥɶɧɢɣ�

ɨɩɬɢɦɚɥɶɧɢɣ� ɩɪɨɝɧɨɡɧɢɣ� +�� ɪɟɝɭɥɹɬɨɪ� ɛɭɜ� ɪɟɚɥɿɡɨɜɚɧɢɣ� ɞɥɹ� ɫɬɚɛɿɥɿɡɚɰɿʀ�

ɨɛɟɪɬɚɥɶɧɨɝɨ� ɪɭɯɭ� ȻɉɅȺ� ɬɚ� ɞɥɹ� ɫɥɿɞɭɜɚɧɧɹ� ɡɚ� ɬɪɚɽɤɬɨɪɿɽɸ� �ɡ� ɜɢɤɨɪɢɫɬɚɧɧɹɦ�

ɩɪɨɝɧɨɡɨɜɚɧɨɝɨ� ɤɟɪɭɜɚɧɧɹɦ� ɦɨɞɟɥɥɸ��� Ʉɨɧɬɪɨɥɟɪ� ɞɨɫɹɝ� ɫɬɿɣɤɨɝɨ� ɡɦɟɧɲɟɧɧɹ�

ɩɟɪɟɲɤɨɞ�ɿ�ɯɨɪɨɲɨʀ�ɧɚɞɿɣɧɨɫɬɿ��Ʉɨɦɩɥɟɤɫɧɚ�ɞɿɹ�ɛɭɥɚ�ɤɥɸɱɨɜɨɸ�ɞɥɹ�ɞɨɫɹɝɧɟɧɧɹ�

ɯɨɪɨɲɨɝɨ�ɜɿɞɫɬɟɠɟɧɧɹ�ɜ�ɰɶɨɦɭ�ɚɥɝɨɪɢɬɦɿ� 

 

1.2.7  ɇɟɣɪɨɧɧɿ�ɦɟɪɟɠɿ 

 

ȱɧɬɟɥɟɤɬɭɚɥɶɧɿ� ɚɥɝɨɪɢɬɦɢ� ɤɟɪɭɜɚɧɧɹ� ɡɚɫɬɨɫɨɜɭɸɬɶ� ɤɿɥɶɤɚ� ɩɿɞɯɨɞɿɜ�

ɲɬɭɱɧɨɝɨ� ɿɧɬɟɥɟɤɬɭ�� ɞɟɹɤɿ� ɡ� ɹɤɢɯ� ɽ� ɛɿɨɥɨɝɿɱɧɢɦɢ�� ɞɥɹ� ɤɟɪɭɜɚɧɧɹ� ɫɢɫɬɟɦɨɸ��

ɉɪɢɤɥɚɞɢ� ɜɤɥɸɱɚɸɬɶ� ɧɟɱɿɬɤɭ� ɥɨɝɿɤɭ�� ɧɟɣɪɨɧɧɿ� ɦɟɪɟɠɿ�� ɦɚɲɢɧɧɟ� ɧɚɜɱɚɧɧɹ� ɬɚ�

ɝɟɧɟɬɢɱɧɢɣ� ɚɥɝɨɪɢɬɦ�� ȼɨɧɢ�� ɹɤ� ɩɪɚɜɢɥɨ�� ɦɿɫɬɹɬɶ� ɡɧɚɱɧɭ� ɧɟɜɢɡɧɚɱɟɧɿɫɬɶ� ɿ�

ɦɚɬɟɦɚɬɢɱɧɭ� ɫɤɥɚɞɧɿɫɬɶ�� ɐɹ� ɫɤɥɚɞɧɿɫɬɶ� ɿ� ɧɟɨɛɯɿɞɧɿ� ɨɛɱɢɫɥɸɜɚɥɶɧɿ� ɪɟɫɭɪɫɢ�

ɨɛɦɟɠɭɸɬɶ�ɜɢɤɨɪɢɫɬɚɧɧɹ�ɿɧɬɟɥɟɤɬɭɚɥɶɧɢɯ�ɫɢɫɬɟɦ��ȱɧɬɟɥɟɤɬɭɚɥɶɧɟ�ɤɟɪɭɜɚɧɧɹ�ɧɟ�



22 

 

ɨɛɦɟɠɭɽɬɶɫɹ� ɧɟɱɿɬɤɨɸ� ɥɨɝɿɤɨɸ� ɬɚ� ɧɟɣɪɨɧɧɢɦɢ� ɦɟɪɟɠɚɦɢ�� ɚɥɟ� ɜɨɧɢ� ɧɚɣɛɿɥɶɲ�

ɲɢɪɨɤɨ� ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ�� Ȼɚɝɚɬɨ� ɿɧɲɢɯ� ɚɥɝɨɪɢɬɦɿɜ� ɿɫɧɭɸɬɶ� ɿ� ɩɪɨɞɨɜɠɭɸɬɶ�

ɮɨɪɦɭɥɸɜɚɬɢɫɹ�� 

Ⱥɥɝɨɪɢɬɦɢ�ɧɟɱɿɬɤɨʀ�ɥɨɝɿɤɢ�ɦɚɸɬɶ�ɫɩɪɚɜɭ�ɡ�ɛɚɝɚɬɨɡɧɚɱɧɨɸ�ɥɨɝɿɤɨɸ��ɚ�ɧɟ�ɡ�

ɞɢɫɤɪɟɬɧɢɦɢ� ɪɿɜɧɹɦɢ� ɿɫɬɢɧɢ�� ȱɧɬɟɥɟɤɬɭɚɥɶɧɢɣ� ɧɟɱɿɬɤɢɣ� ɤɨɧɬɪɨɥɟɪ� ɛɭɜ�

ɡɚɫɬɨɫɨɜɚɧɢɣ��ɞɥɹ�ɤɨɧɬɪɨɥɸ�ɩɨɥɨɠɟɧɧɹ�ɬɚ�ɨɪɿɽɧɬɚɰɿʀ�ȻɉɅȺ�ɡ�ɯɨɪɨɲɨɸ�ɪɟɚɤɰɿɽɸ�

ɩɪɢ�ɦɨɞɟɥɸɜɚɧɧɿ��Ɉɞɧɚɤ�ɨɫɧɨɜɧɢɦ�ɨɛɦɟɠɟɧɧɹɦ�ɰɿɽʀ�ɪɨɛɨɬɢ�ɛɭɜ�ɩɿɞɯɿɞ�ɦɟɬɨɞɨɦ�

ɩɪɨɛ� ɿ� ɩɨɦɢɥɨɤ� ɞɥɹ� ɧɚɥɚɲɬɭɜɚɧɧɹ� ɜɯɿɞɧɢɯ� ɡɦɿɧɧɢɯ��ɒɬɭɱɧɿ� ɧɟɣɪɨɧɧɿ� ɦɟɪɟɠɿ�

ɛɿɨɥɨɝɿɱɧɨ�ɧɚɬɯɧɟɧɧɿ�ɰɟɧɬɪɚɥɶɧɨɸ�ɧɟɪɜɨɜɨɸ�ɫɢɫɬɟɦɨɸ�ɬɚ�ɦɨɡɤɨɦ��ɐɟɣ�ɚɥɝɨɪɢɬɦ�

ɛɭɜ� ɨɩɬɢɦɿɡɨɜɚɧɢɣ� ɞɥɹ� � ɫɬɚɛɿɥɿɡɚɰɿʀ� ɩɪɨɬɢ� ɩɨɦɢɥɨɤ� ɦɨɞɟɥɸɜɚɧɧɹ� ɬɚ� ɡɧɚɱɧɨɝɨ�

ɜɿɬɪɨɜɨɝɨ� ɡɛɭɪɟɧɧɹ�� ɋɩɨɫɿɛ� ɩɪɨɞɟɦɨɧɫɬɪɭɜɚɜ� ɩɨɤɪɚɳɟɧɧɹ� ɳɨɞɨ� ɞɨɫɹɝɧɟɧɧɹ�

ɛɚɠɚɧɨɝɨ�ɩɨɡɢɰɿɨɧɭɜɚɧɧɿ�ɬɚ�ɡɦɟɧɲɟɧɧɹ�ɞɪɟɣɮɭ�ɜɚɝɢ�� 

ɍɩɪɚɜɥɿɧɧɹ� ɜɢɯɿɞɧɢɦ� ɡɜɨɪɨɬɧɢɦ� ɡɜ
ɹɡɤɨɦ� ɛɭɥɨ� ɪɟɚɥɿɡɨɜɚɧɨ� ɧɚ� ȻɉɅȺ� ɡ�

ɜɢɤɨɪɢɫɬɚɧɧɹɦ� ɧɟɣɪɨɧɧɢɯ� ɦɟɪɟɠ� � ɞɥɹ� ɮɨɪɦɭɜɚɧɧɹ� ȻɉɅȺ-ɥɿɞɟɪɿɜ� ɬɚ� ȻɉɅȺ-

ɩɨɫɥɿɞɨɜɧɢɤɿɜ��ɳɨɛ�ɞɿɡɧɚɬɢɫɹ�ɩɨɜɧɭ�ɞɢɧɚɦɿɤɭ�ȻɉɅȺ��ɜɤɥɸɱɚɸɱɢ�ɧɟɦɨɞɟɥɶɨɜɚɧɭ�

ɞɢɧɚɦɿɤɭ��Ⱦɥɹ�ɤɟɪɭɜɚɧɧɹ�ɜɫɿɦɚ�ɲɿɫɬɶɦɚ�ɫɬɭɩɟɧɹɦɢ�ɫɜɨɛɨɞɢ�ɡ�ɱɨɬɢɪɶɨɯ�ɤɟɪɭɸɱɢɯ�

ɜɯɨɞɿɜ� ɛɭɥɨ� ɪɟɚɥɿɡɨɜɚɧɨ� ɭɩɪɚɜɥɿɧɧɹ� ɜɿɪɬɭɚɥɶɧɨɸ� ɧɟɣɪɨɧɧɨɸ� ɦɟɪɟɠɟɸ��

ȼɢɤɨɪɢɫɬɨɜɭɸɱɢ�ɬɟɨɪɿɸ�ɫɬɿɣɤɨɫɬɿ�Ʌɹɩɭɧɨɜɚ [20]��ɛɭɥɨ�ɩɨɤɚɡɚɧɨ��ɳɨ�ɩɨɥɨɠɟɧɧɹ��

ɨɪɿɽɧɬɚɰɿɹ�� ɩɨɦɢɥɤɢ� ɫɬɟɠɟɧɧɹ� ɡɚ� ɲɜɢɞɤɿɫɬɸ�� ɩɨɦɢɥɤɢ� ɨɰɿɧɤɢ� ɫɩɨɫɬɟɪɿɝɚɱɚ� ɬɚ�

ɜɿɪɬɭɚɥɶɧɟ�ɤɟɪɭɜɚɧɧɹ�ɛɭɥɢ�ɧɚɩɿɜ ɝɥɨɛɚɥɶɧɨ ɪɿɜɧɨɦɿɪɧɨ�ɨɛɦɟɠɟɧɿ�ɨɫɬɚɬɨɱɧɨ��Ⱦɥɹ�

ɫɬɚɛɿɥɿɡɚɰɿʀ� ȻɉɅȺ� ɡɚ� ɧɚɹɜɧɨɫɬɿ� ɫɢɧɭɫɨʀɞɚɥɶɧɨɝɨ� ɡɛɭɪɟɧɧɹ� ɜ� ɪɨɛɨɬɿ� � ɛɭɥɚ�

ɡɚɫɬɨɫɨɜɚɧɚ�ɫɯɟɦɚ�ɚɞɚɩɬɢɜɧɨʀ�ɧɟɣɪɨɧɧɨʀ�ɦɟɪɟɠɿ�� Ɂɚɩɪɨɩɨɧɨɜɚɧɟ� ɪɿɲɟɧɧɹ�

ɞɜɨɯ� ɩɚɪɚɥɟɥɶɧɢɯ� ɨɞɢɧɢɱɧɢɯ� ɩɪɢɯɨɜɚɧɢɯ� ɲɚɪɿɜ� ɜɢɹɜɢɥɨɫɹ� ɩɥɿɞɧɢɦ�� ɨɫɤɿɥɶɤɢ�

ɛɭɥɨ�ɞɨɫɹɝɧɭɬɨ�ɡɦɟɧɲɟɧɧɹ�ɩɨɯɢɛɤɢ�ɜɿɞɫɬɟɠɟɧɧɹ�ɬɚ�ɜɿɞɫɭɬɧɨɫɬɿ�ɞɪɟɣɮɭ�ɜɚɝɢ [21-

22].  

ɇɚ�ɪɢɫɭɧɤɭ�1.��ɩɨɤɚɡɚɧɚ�ɡɚɝɚɥɶɧɚ�ɛɥɨɤ-ɫɯɟɦɚ�ɤɨɧɬɪɨɥɟɪɚ�ɧɟɱɿɬɤɨʀ�ɥɨɝɿɤɢ��

ɪɟɚɥɿɡɨɜɚɧɨɝɨ�ɧɚ�ȻɉɅȺ� 
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Ɋɢɫɭɧɨɤ�1.8 ±  Ȼɥɨɤ-ɫɯɟɦɚ�ɤɨɧɬɪɨɥɟɪɚ�ɧɟɱɿɬɤɨʀ�ɥɨɝɿɤɢ��ɡɚɫɬɨɫɨɜɚɧɨɝɨ�ɞɨ�ȻɉɅȺ� 

 

1.3 ɉɨɫɬɚɧɨɜɤɚ�ɡɚɞɚɱɿ 

 

ȼɧɚɫɥɿɞɨɤ�ɜɢɜɱɟɧɧɹ�ɨɬɪɢɦɚɧɨɝɨ�ɦɚɬɟɪɿɚɥɭ�ɬɚ�ɚɧɚɥɿɡɭ�ɩɪɟɞɦɟɬɧɨʀ�ɨɛɥɚɫɬɿ��

ɦɨɠɟɦɨ� ɡɪɨɛɢɬɢ� ɜɢɫɧɨɜɨɤ�� ɩɪɨ� ɿɫɧɭɸɱɿ� ɩɪɨɛɥɟɦɢ� ɜ� ɡɚɞɚɧɢɯ� ɚɥɝɨɪɢɬɦɚɯ� ɬɚ� ʀɯ�

ɡɚɫɬɨɫɭɜɚɧɧɹ� ɞɨ� ɨɤɪɟɦɢɯ� ɜɢɞɿɜ� ȻɉɅȺ�� ȼɢɡɧɚɱɢɬɢ� ɦɟɬɨɞɢ� ɩɨɤɪɚɳɟɧɧɹ�� ɬɚ�

ɜɢɩɪɚɜɥɟɧɧɹ� ɨɫɧɨɜɧɢɯ� ɩɨɦɢɥɨɤ� ɭ� ɧɨɜɨɦɭ� ɩɪɨɝɪɚɦɧɨ-ɚɩɚɪɚɬɧɨɦɭ� ɡɚɫɨɛɿ� ɧɚ�

ɨɫɧɨɜɿ�ɦɭɪɚɲɢɧɨɝɨ�ɚɥɝɨɪɢɬɦɭ��� 

Ɉɛ¶ɽɤɬɨɦ�ɞɨɫɥɿɞɠɟɧɧɹ�ɽ�ɝɪɭɩɚ ɛɟɡɩɿɥɨɬɧɢɯ�ɥɿɬɚɥɶɧɢɯ�ɚɩɚɪɚɬɿɜ� 

Ɇɟɬɨɸ�ɞɨɫɥɿɞɠɟɧɧɹ� ɽ�ɦɨɞɟɪɧɿɡɚɰɿɹ� ɬɚ� ɨɩɬɢɦɿɡɚɰɿɹ� ɚɥɝɨɪɢɬɦɭ� ɤɟɪɭɜɚɧɧɹ�

ɝɪɭɩɨɸ�ȻɉɅȺ�ɡ�ɦɟɬɨɸ�ɲɜɢɞɤɨɝɨ�ɬɚ�ɛɟɡɩɟɱɧɨɝɨ�ɜɢɤɨɧɚɧɧɹ�ɧɢɦɢ�ɦɿɫɿɣ��Ɂɚɪɚɞɢ�

ɞɨɫɹɝɧɟɧɧɹ�ɦɟɬɢ�ɩɨɬɪɿɛɧɨ�ɜɢɤɨɧɚɬɢ�ɩɨɫɬɚɜɥɟɧɿ�ɡɚɜɞɚɧɧɹ: 

1. ɉɪɨɜɟɫɬɢ�ɚɧɚɥɿɡ� ɿɫɧɭɸɱɢɯ�ɚɥɝɨɪɢɬɦɿɜ�ɤɟɪɭɜɚɧɧɹ�ȻɉɅȺ��ɜɢɹɜɢɬɢ�ʀɯ�

ɧɟɞɨɥɿɤɢ. 

2. ɉɪɨɜɟɫɬɢ� ɚɧɚɥɿɡ� ɧɟɱɿɬɤɨɝɨ� ɦɭɪɚɲɢɧɨɝɨ� ɚɥɝɨɪɢɬɦɭ�� ɹɤɢɣ� ɛɭɞɟ�

ɡɚɫɬɨɫɨɜɭɜɚɬɢɫɶ�ɞɥɹ�ɪɟɚɥɿɡɚɰɿʀ. 

3. Ɋɨɡɪɨɛɢɬɢ� ɩɪɨɟɤɬɭɜɚɧɧɹ� ɩɪɨɝɪɚɦɧɨ-ɬɟɯɧɿɱɧɨʀ� ɫɢɫɬɟɦɢ� ɧɚ� ɨɫɧɨɜɿ�

ɞɨɫɥɿɞɠɟɧɧɹ. 

4. ɋɬɜɨɪɢɬɢ�ɫɢɦɭɥɹɰɿɸ�ɫɢɫɬɟɦɢ�ɝɪɭɩɢ�ɤɟɪɭɜɚɧɧɹ�ȻɉɅȺ. 

5. ɉɪɨɜɟɫɬɢ�ɬɟɫɬɢ�ɪɟɚɥɿɡɚɰɿʀ�ɫɢɫɬɟɦɢ. 

6. ɉɪɨɜɟɫɬɢ� ɚɧɚɥɿɡ� ɨɬɪɢɦɚɧɢɯ� ɪɟɡɭɥɶɬɚɬɿɜ� ɬɚ� ɨɰɿɧɢɬɢ� ʀɯ� ɩɪɚɤɬɢɱɧɟ�

ɡɚɫɬɨɫɭɜɚɧɧɹ� 



24 

 

Ⱥɤɬɭɚɥɶɧɿɫɬɶ�ɞɚɧɨɝɨ�ɞɨɫɥɿɞɠɟɧɧɹ�ɩɨɹɫɧɸɽɬɶɫɹ ɧɟɨɛɯɿɞɧɿɫɬɸ�ɩɪɨɝɪɚɦɧɨ-

ɬɟɯɧɿɱɧɨɝɨ� ɡɚɫɨɛɭ� ɹɤɢɣ� ɡɦɿɝ� ɛɢ� ɩɪɢɲɜɢɞɲɢɬɢ� ɜɢɤɨɧɚɧɧɹ� ɦɿɫɿɣ� ȻɉɅȺ�� ɿɡ�

ɧɚɣɦɟɧɲɨɸ�ɱɚɫɬɤɨɸ�ɩɨɯɢɛɨɤ�ɧɚ�ɤɨɥɿɡɿɣ�ɩɿɞ�ɱɚɫ�ɩɪɨɰɟɫɭ��ɬɚ�ɦɚɥɢɦɢ�ɡɚɬɪɚɬɚɦɢ�ɭ�

ɧɚɜɱɚɧɧɿ�ɚɥɝɨɪɢɬɦɭ�� 

Ɂɚɫɬɨɫɨɜɭɸɱɢ� ɬɟɨɪɟɬɢɱɧɭ� ɫɤɥɚɞɨɜɭ� ɧɟɱɿɬɤɨɝɨ� ɦɭɪɚɲɢɧɨɝɨ� ɚɥɝɨɪɢɬɦɭ�

ɡɚɫɧɨɜɚɧɨɝɨ� ɧɚ� ɞɿʀ� ɮɟɪɨɦɨɧɿɜ� ɦɭɪɚɯ�� ɜɡɚɽɦɨɞɿɹ� ɟɥɟɦɟɧɬɿɜ� ɫɢɫɬɟɦɢ� ɛɭɞɟ�

ɜɿɞɛɭɜɚɬɢɫɶ�ɛɟɡ�ɤɪɢɬɢɱɧɨ-ɞɨɜɝɢɯ�ɧɚɜɱɚɧɶ�ɬɚ�ɜɿɞɧɨɫɧɨ�ɨɱɿɤɭɜɚɧɢɦ�ɪɟɡɭɥɶɬɚɬɨɦ��

Ɍɚɤ�ɹɤ�ɞɚɧɿ�ɫɯɨɠɿ�ɫɢɫɬɟɦɢ�ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ�ɩɪɢ�ɤɨɨɪɞɢɧɚɰɿʀ�ɥɿɬɚɥɶɧɢɯ�ɚɩɚɪɚɬɿɜ�

ɞɥɹ�ɩɨɫɚɞɤɢ�ɤɨɫɦɿɱɧɢɯ�ɦɨɞɭɥɿɜ�ɱɢ�ɥɿɬɚɤɿɜ��ɩɪɢ�ɩɨɫɚɞɰɿ��ɩɪɨɜɨɞɹɱɢ�ɚɧɚɥɨɝɿɸ�ɿɡ�

ɧɢɦɢ�ɦɨɠɧɚ� ɜɢɡɧɚɱɢɬɢ�ɳɨ�ɞɚɧɢɣ� ɚɥɝɨɪɢɬɦ�ɛɭɞɟ� ɚɤɬɭɚɥɶɧɢɦ� ɬɚ�ɦɚɬɢɦɟ�ɦɿɫɰɟ�

ɜɢɤɨɪɢɫɬɚɧɧɹɦ�ɚ ɭ�ɛɚɝɚɬɶɨɯ�ɫɮɟɪɚɯ�ɞɟ�ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ�ɝɪɭɩɢ�ȻɉɅȺ� 

 

1.4 ȼɢɫɧɨɜɤɢ 

 
ɍ�ɞɚɧɨɦɭ�ɪɨɡɞɿɥɿ�ɞɨɫɥɿɞɠɟɧɨ�ɦɟɬɨɞɢ�ɬɚ�ɚɥɝɨɪɢɬɦɢ��ɹɤɿ�ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ�

ɞɥɹ� ɤɟɪɭɜɚɧɧɹ� ɝɪɭɩɨɸ� ɛɟɡɩɿɥɨɬɧɢɯ� ɥɿɬɚɥɶɧɢɯ� ɚɩɚɪɚɬɿɜ�� ɡ� ɦɟɬɨɸ� ɜɢɤɨɧɚɧɧɹ�

ɡɚɜɞɚɧɶ�ɡɚ�ɧɚɣɤɨɪɨɬɲɢɣ�ɱɚɫ�ɿɡ�ɧɚɣɜɢɳɨɸ�ɟɮɟɤɬɢɜɧɿɫɬɸ� 

ȼ�ɪɟɡɭɥɶɬɚɬɿ�ɩɪɨɜɟɞɟɧɨɝɨ�ɚɧɚɥɿɡɭ��ɛɭɥɨ�ɜɢɜɟɞɟɧɨ�ɜɢɫɧɨɜɨɤ��ɳɨ�ɞɚɧɿ�ɦɟɬɨɞɢ�

ɦɚɸɬɶ�ɡɧɚɱɧɿ�ɧɟɞɨɥɿɤɢ��ɚ�ɫɚɦɟ: 

1. ɇɢɡɶɤɚ�ɲɜɢɞɤɨɞɿɹ� 

2. Ʉɨɧɮɥɿɤɬɧɚ�ɪɨɛɨɬɚ�ȻɉɅȺ� 

3. ɇɢɡɶɤɚ�ɟɮɟɤɬɢɜɧɿɫɬɶ�ɜ�ɪɟɚɝɭɜɚɧɧɿ�ɧɚ�ɫɩɥɢɜɚɸɱɿ�ɩɟɪɟɲɤɨɞɢ� 

4. Ⱦɨɜɝɟ�ɧɚɜɱɚɧɧɹ�ɚɥɝɨɪɢɬɦɭ� 

Ʉɨɠɟɧ�ɿɡ�ɩɪɢɜɟɞɟɧɢɯ�ɭ�ɪɨɡɞɿɥɿ�ɚɥɝɨɪɢɬɦɿɜ��ɦɚɽ�ɬɿ�ɱɢ�ɿɧɲɿ�ɧɟɞɨɥɿɤɢ��ɿ�ɦɨɠɟ�

ɛɭɬɢ�ɜɞɨɫɤɨɧɚɥɟɧɢɦ� 

Ɍɨɦɭ� ɧɟɨɛɯɿɞɧɨ� ɪɨɡɪɨɛɢɬɢ� ɜɿɞɩɨɜɿɞɧɢɣ� ɦɚɬɟɦɚɬɢɱɧɭ� ɦɨɞɟɥɶ� ɬɚ�

ɫɤɨɧɫɬɪɭɸɜɚɬɢ� ɚɥɝɨɪɢɬɦ� ɿɡ� ɩɨɤɪɚɳɟɧɢɦɢ� ɜɥɚɫɬɢɜɨɫɬɹɦɢ�� Ɉɫɧɨɜɧɢɦɢ�

ɩɨɤɪɚɳɟɧɧɹɦɢ�ɹɤɨɝɨ�ɛɭɞɭɬɶ��ɩɨɤɪɚɳɟɧɚ�ɲɜɢɞɤɨɞɿɹ��ɟɮɟɤɬɢɜɧɚ�ɝɪɭɩɨɜɚ�ɪɨɛɨɬɚ�

ɬɚ�ɲɜɢɞɤɟ�ɪɟɚɝɭɜɚɧɧɹ�ɧɚ�ɩɟɪɟɲɤɨɞɢ� 
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2 ɆȺɌȿɆȺɌɂɑɇȺ� ɆɈȾȿɅɖ� ɋɄɈɈɊȾɂɇɈȼȺɇɈȽɈ�

ɉɅȺɇɍȼȺɇɇə�ɈɉɌɂɆȺɅɖɇɈȲ�ɌɊȺȯɄɌɈɊȱȲ�Ɋɍɏɍ�ȻɉɅȺ� 

2.1  Ɇɨɞɟɥɶ�ɪɨɛɨɬɢ�ɱɨɬɢɪɶɨɯ�ɪɨɬɨɪɧɨɝɨ�ȻɉɅȺ�ɿɡ�PID ɤɨɧɬɪɨɥɥɟɪɨɦ 

 

Ⱦɥɹ� ɪɟɚɥɿɡɚɰɿʀ� ɦɟɬɨɞɭ� ɤɨɧɬɪɨɥɸ� ɝɪɭɩɢ� ȻɉɅȺ�� ɜɢɯɨɞɹɱɢ� ɿɡ� ɦɚɬɟɪɿɚɥɶɧɨʀ�

ɫɤɥɚɞɨɜɨʀ�� ɬɚ� ɨɩɬɢɦɚɥɶɧɨɝɨ� ɨɛɥɚɞɧɚɧɧɹ� ȻɉɅȺ�� ɜɪɚɯɨɜɭɸɱɢ� ɫɯɟɦɢ� ɤɨɧɬɪɨɥɸ�

ɛɭɥɨ�ɨɛɪɚɧɨ�ȻɉɅȺ�ɬɢɩɭ�ɤɜɚɞɨɬɨɪ�� 

Ʉɜɚɞɪɨɬɨɪ� ɽ� ɧɟɥɿɧɿɣɧɨɸ� ɫɢɫɬɟɦɨɸ� ɡ� ɲɿɫɬɶɦɚ� ɫɬɭɩɟɧɹɦɢ� ɫɜɨɛɨɞɢ�� ɦɚɽ�

ɛɚɝɚɬɨ�ɜɯɿɞɧɭ�ɬɚ�ɛɚɝɚɬɨ�ɜɢɯɿɞɧɭ�ɫɢɫɬɟɦɭ�ɩɿɞ�ɩɪɢɜɨɞɭ��ȼɿɧ�ɤɟɪɭɽɬɶɫɹ�ɡɦɿɧɨɸ�ɫɢɥ�

ɬɹɝɢ�ɤɨɠɧɨɝɨ�ɪɨɬɨɪɚ�ɬɚ�ɛɚɥɚɧɫɭɜɚɧɧɹɦ�ɤɪɭɬɧɨɝɨ�ɦɨɦɟɧɬɭ�ɨɩɨɪɭ�� 

Ʉɜɚɞɪɨɬɨɪ�ɦɚɽ�ɞɜɚ�ɤɨɦɩɥɟɤɬɢ�ɩɪɨɩɟɥɟɪɿɜ��ɹɤɿ ɨɛɟɪɬɚɸɬɶɫɹ�ɩɪɨɬɢɥɟɠɧɨ��ɳɨ�

ɧɟɣɬɪɚɥɿɡɭɽ� ɟɮɟɤɬɢɜɧɢɣ� ɚɟɪɨɞɢɧɚɦɿɱɧɢɣ� ɨɩɿɪ�� ȼɿɧ� ɦɚɽ� ɬɪɢ� ɨɫɧɨɜɧɢɯ� ɪɟɠɢɦɢ�

ɪɨɛɨɬɢ��ɪɢɫɭɧɨɤ 2.1). 

 

 
Ɋɢɫɭɧɨɤ�����± Ɉɫɧɨɜɧɿ�ɦɨɞɟɥɿ�ɩɨɥɶɨɬɭ�ɤɜɚɞɪɨɬɨɪɚ. (ɚ��ɡɚɜɢɫɚɸɱɢɣ�ɪɭɯ�ɿ�

ɜɟɪɬɢɤɚɥɶɧɢɣ�ɪɭɯ�ɡɚɜɞɹɤɢ�ɡɛɚɥɚɧɫɨɜɚɧɢɦ�ɤɪɭɬɧɢɦ�ɦɨɦɟɧɬɚɦ���ɛ��ɪɿɡɧɢɰɹ�ɜ�ɬɹɝɿ�

ɞɥɹ�ɫɬɜɨɪɟɧɧɹ�ɦɨɦɟɧɬɭ�ɤɪɟɧɭ���ɤɪɨɤɭ���ɜ��ɪɿɡɧɢɰɹ�ɜ�ɤɪɭɬɧɨɦɭ�ɦɨɦɟɧɬɿ�ɞɥɹ�

ɫɬɜɨɪɟɧɧɹ�ɦɨɦɟɧɬɭ�ɩɨɜɨɪɨɬɭ 
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ɐɿ�ɨɫɧɨɜɧɿ�ɬɪɢ�ɩɪɢɧɰɢɩɢ��ɦɚɸɬɶ�ɧɚɫɬɭɩɧɿ�ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ� 

1. ȼɟɪɬɢɤɚɥɶɧɟ�ɩɟɪɟɦɿɳɟɧɧɹ�ɤɨɧɬɪɨɥɸɽɬɶɫɹ�ɨɞɧɨɱɚɫɧɢɦ�ɡɛɿɥɶɲɟɧɧɹɦ�

ɚɛɨ�ɡɦɟɧɲɟɧɧɹɦ�ɬɹɝɢ�ɜɫɿɯ�ɪɨɬɨɪɿɜ. 

2. ɉɨɜɨɪɨɬɧɢɣ� ɦɨɦɟɧɬ� ɫɬɜɨɪɸɽɬɶɫɹ� ɲɥɹɯɨɦ� ɩɪɨɩɨɪɰɿɣɧɨɝɨ� ɡɦɿɧɢ�

ɲɜɢɞɤɨɫɬɟɣ�ɞɟɬɚɥɟɣ��ɳɨ�ɨɛɟɪɬɚɸɬɶɫɹ�ɩɪɨɬɢɥɟɠɧɨ. 

3. Ʉɭɬɢ� ɤɪɟɧɭ� ɬɚ� ɧɚɯɢɥɭ� ɦɨɠɧɚ� ɤɟɪɭɜɚɬɢ� ɲɥɹɯɨɦ� ɡɚɫɬɨɫɭɜɚɧɧɹ�

ɞɢɮɟɪɟɧɰɿɚɥɶɧɢɯ�ɫɢɥ�ɬɹɝɢ�ɞɨ�ɩɪɨɬɢɥɟɠɧɢɯ�ɪɨɬɨɪɿɜ�ɤɜɚɞɪɨɬɨɪɚ. 

Ⱦɥɹ� L-ɝɨ� ɪɨɬɨɪɚ� ɡ� ɤɭɬɨɜɨɸ� ɲɜɢɞɤɿɫɬɸ� Wi ɩɿɞɣɨɦɧɚ� ɫɢɥɚ ɡɚɞɚɽɬɶɫɹ�

ɮɨɪɦɭɥɨɸ������ ɿ�ɦɨɦɟɧɬ�ɨɩɨɪɭ�ɡɨɛɪɚɠɟɧɨ�ɧɚ�ɮɨɪɦɭɥɿ (2.2). 

 

௜ܨ ൌ ܾ ௜ܹ
ଶ, (2.1) 

 

߬௜ ൌ ݀ ௜ܹ
ଶ (2.2) 

 

ɞɟ�E�ɿ�G�± ɦɨɦɟɧɬɢ�ɬɹɝɢ�ɿ�ɨɩɨɪɭ�ɜɿɞɩɨɜɿɞɧɨ. 

Ɂɚɝɚɥɶɧɚ�ɫɢɥɚ�ɬɹɝɢ�ɦɨɠɟ�ɛɭɬɢ�ɩɪɟɞɫɬɚɜɥɟɧɚ�ɹɤ: 

 

݂ ൌ �σ ௜ସܨ
௜ୀ଴ . (2.3) 

 

Ɂɚ�ɨɫɧɨɜɭ�ɞɨɫɥɿɞɠɭɜɚɧɨɝɨ�ɨɛ¶ɽɤɬɚ�ɞɥɹ�ɪɨɡɛɨɪɭ�ɨɫɧɨɜ�ɤɿɧɟɦɚɬɢɤɢ�ɬɚ�ɫɯɟɦɨ�

ɬɟɯɧɿɤɢ�ɜɿɡɶɦɟɦɨ�ȻɉɅȺ�ɧɚ�ɦɿɤɪɨɤɨɦɩ¶ɸɬɟɪɿ��Odroid-XU4 [22]��ɹɤɢɣ�ɩɨɛɭɞɨɜɚɧɢɣ�

ɧɚ�ɧɚ�ɩɪɨɰɟɫɨɪɿ�6DPVXQJ�([\QRV�������ɐɟɣ�ɜɢɪɿɛ�ɜɢɤɨɧɚɧɢɣ�ɧɚ�ɚɪɯɿɬɟɤɬɭɪɿ�$50�

big.LITTLE, ɜɿɧ�ɦɿɫɬɢɬɶ�ɱɨɬɢɪɢ�ɹɞɪɚ�&RUWH[-$���ɡ�ɬɚɤɬɨɜɨɸ�ɱɚɫɬɨɬɨɸ�����ȽȽɰ�ɿ�

ɬɚɤɭ� ɤɿɥɶɤɿɫɬɶ� ɹɞɟɪ�&RUWH[-$�� ɡ� ɱɚɫɬɨɬɨɸ� �.��ȽȽɰ��Ɉɛɪɨɛɤɨɸ� ɝɪɚɮɿɤɢ� ɩɪɚɰɸɽ�

ɿɧɬɟɝɪɨɜɚɧɢɣ�ɤɨɧɬɪɨɥɟɪ�0DOL-7����03���Ⱦɥɹ�ɨɯɨɥɨɞɠɟɧɧɹ�ɱɿɩɚ�ɡɚɫɬɨɫɨɜɭɽɬɶɫɹ�

ɦɚɥɟɧɶɤɢɣ�ɜɟɧɬɢɥɹɬɨɪ�  

Ɉɩɢɫ� ɥɢɰɟɜɨʀ� ɱɚɫɬɢɧɢ� ɩɥɚɬɢ� ɡɨɛɪɚɠɟɧɨ� ɧɚ� ɪɢɫɭɧɤɭ� ����� ɚ� ɨɩɢɫ� ɬɢɥɨɜɨʀ�

ɱɚɫɬɢɧɢ�ɩɥɚɬɢ�ɤɨɦɩ¶ɸɬɟɪɚ�ɡɨɛɪɚɠɟɧɚ�ɧɚ�ɪɢɫɭɧɤɭ����� 
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Ɋɢɫɭɧɨɤ�����± ɋɢɫɬɟɦɧɚ�ɩɥɚɬɚ�Odroid-XU4 ɥɢɰɟɜɚ�ɱɚɫɬɢɧɚ 

 

 
Ɋɢɫɭɧɨɤ�����± ɋɢɫɬɟɦɧɚ�ɩɥɚɬɚ�Odroid-XU4 ɬɢɥɨɜɚ�ɱɚɫɬɢɧɚ 
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Ɂɚ� ɨɫɧɨɜɭ� ©ɦɨɡɤɭª� ȻɉɅȺ� ɛɭɞɟ� ɜɜɚɠɚɬɢɫɶ� ɦɿɤɪɨɤɨɦɩ¶ɸɬɟɪ Odroid-XU4, 

ɫɚɦɢɣ� ɠ� ɤɚɪɤɚɫ� ȻɉɅȺ� ɿɡ� ɱɨɬɢɪɶɨɯ� ɪɨɬɨɪɧɨɸ� ɨɫɧɨɜɨɸ� ɬɚ� ɩɿɞ¶ɽɞɧɚɧɢɦ 

ɤɨɦɩ¶ɸɬɟɪɨɦ ɡɨɛɪɚɠɟɧɢɣ�ɧɚ�ɪɢɫɭɧɤɭ����� 

 

 
Ɋɢɫɭɧɨɤ�����± Odroid-XU4 ɩɿɞ¶ɽɞɧɚɧɢɣ�ɞɨ�ɤɚɪɤɚɫɭ�ɤɜɚɞɪɨɬɨɪɚ 

 

ȼɪɚɯɨɜɭɸɱɢ� ɨɫɨɛɥɢɜɨɫɬɿ� ɛɭɞɨɜɢ� ȻɉɅȺ�� ɬɚ� ɪɨɛɨɬɭ� ɣɨɝɨ� ɪɨɬɨɪɿɜ�� ɦɨɠɧɚ�

ɨɩɢɫɚɬɢ�ɪɨɛɨɬɭ�ɤɿɧɟɦɚɬɢɤɢ�ɚɩɚɪɚɬɭ� 

ɉɪɢɩɭɫɬɢɦɨ�ɳɨ� (u; c; p) ± ɰɟ�ɥɿɧɿɣɧɚ�ɲɜɢɞɤɿɫɬɶ�ɭɡɞɨɜɠ�ɧɚɩɪɹɦɤɭ�ɨɫɿ�ɤɪɟɧɭ��

ɤɭɬ� ɩɨɜɨɪɨɬɭ� ɬɚ� ɤɭɬɨɜɚ� ɲɜɢɞɤɿɫɬɶ� ɧɚɜɤɨɥɨ� ɨɫɿ� ɤɪɟɧɭ�� �Z� h; r) ± ɰɟ� ɥɿɧɿɣɧɚ�

ɲɜɢɞɤɿɫɬɶ� ɭɡɞɨɜɠ� ɧɚɩɪɹɦɤɭ� ɨɫɿ� ɪɢɫɤɚɧɧɹ�� ɤɭɬ� ɩɨɜɨɪɨɬɭ� ɬɚ� ɤɭɬɨɜɚ� ɲɜɢɞɤɿɫɬɶ�

ɧɚɜɤɨɥɨ� ɨɫɿ�� �Y� o; q) ± ɥɿɧɿɣɧɚ� ɲɜɢɞɤɿɫɬɶ� ɭɡɞɨɜɠ� ɧɚɩɪɹɦɤɭ� ɨɫɿ� ɤɪɨɤɭ�� ɤɭɬ�

ɩɨɜɨɪɨɬɭ� ɬɚ� ɤɭɬɨɜɚ� ɲɜɢɞɤɿɫɬɶ� ɧɚɜɤɨɥɨ� ɨɫɿ� ɤɪɨɤɭ. (x; y; z) ± ɩɨɥɨɠɟɧɧɹ�

ɤɜɚɞɪɨɤɨɩɬɟɪɚ�ɜɡɞɨɜɠ�ɨɫɟɣ�L��M�ɬɚ k ɿɧɟɪɬɧɨʀ ɫɢɫɬɟɦɢ�ɜɿɞɥɿɤɭ� 
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ȼɫɶɨɝɨ� ɿɫɧɭɽ ɩ¶ɹɬɶ� ɫɢɫɬɟɦ�ɤɨɨɪɞɢɧɚɬ [23]��Ⱥ� ɫɚɦɟ�� ɿɧɟɪɰɿɣɧɚ� ɪɚɦɚ�� ɪɚɦɚ�

ɬɪɚɧɫɩɨɪɬɧɨɝɨ�ɡɚɫɨɛɭ��ɪɚɦɚ�ɡ�ɪɟɝɭɥɸɜɚɧɧɹɦ�ɩɨ�ɪɢɫɤɚɧɧɸ��ɪɚɦɚ�ɡ�ɪɟɝɭɥɸɜɚɧɧɹɦ�

ɧɚɯɢɥɭ�ɬɚ�ɪɚɦɚ�ɤɭɡɨɜɚ�� 

ȱɧɟɪɰɿɣɧɚ� ɪɚɦɚ� ɡɚɤɪɿɩɥɟɧɚ� ɧɚ� ɡɟɦɥɿ� ɜ� ɩɨɩɟɪɟɞɧɶɨ� ɜɢɡɧɚɱɟɧɨɦɭ� ɦɿɫɰɿ��

Ɉɞɢɧɢɱɧɢɣ� ɜɟɤɬɨɪ� i ɫɩɪɹɦɨɜɚɧɢɣ� ɧɚ� ɩɿɜɧɿɱ�� j ɧɚ� ɫɯɿɞ�� ɚ� k ± ɧɚ� Ɂɟɦɥɸ�� Ɋɚɦɚ�

ɬɪɚɧɫɩɨɪɬɧɨɝɨ� ɡɚɫɨɛɭ� ɦɚɽ� ɨɫɿ�� ɩɚɪɚɥɟɥɶɧɿ� ɿɧɟɪɰɿɚɥɶɧɿɣ� ɪɚɦɿ�� ɚɥɟ� ɩɨɱɚɬɨɤ�

ɤɨɨɪɞɢɧɚɬ�ɡɦɿɳɟɧɢɣ�ɞɨ�ɰɟɧɬɪɭ�ɜɚɝɢ�ɤɜɚɞɪɨɤɨɩɬɟɪɚ�� 

ɉɨɜɨɪɨɬ� ɪɚɦɢ� ɬɪɚɧɫɩɨɪɬɧɨɝɨ� ɡɚɫɨɛɭ� ɧɚɥɚɲɬɨɜɭɽɬɶɫɹ� ɜɿɞɩɨɜɿɞɧɨ� ɞɨ�

ɩɨɜɨɪɨɬɭ�ɤɜɚɞɪɨɤɨɩɬɟɪɚ��ɳɨɛ�ɨɬɪɢɦɚɬɢ�ɪɚɦɭ�ɡ�ɤɨɪɢɝɭɜɚɧɧɹɦ�ɧɚɯɢɥɭ��ɹɤɚ�ɩɨɬɿɦ�

ɪɟɝɭɥɸɽɬɶɫɹ��ɳɨɛ�ɨɬɪɢɦɚɬɢ�ɪɚɦɭ�ɡ�ɧɚɯɢɥɨɦ�� 

ɇɚɪɟɲɬɿ�� ɤɚɪɤɚɫ� ɤɭɡɨɜɚ� ɨɬɪɢɦɭɸɬɶ� ɲɥɹɯɨɦ� ɪɟɝɭɥɸɜɚɧɧɹ� ɤɪɟɧɭ� ɪɚɦɢ� ɡ�

ɪɟɝɭɥɸɜɚɧɢɦ�ɤɪɨɤɨɦ��ɉɟɪɟɬɜɨɪɟɧɧɹ�ɡ�ɿɧɟɪɰɿɣɧɨʀ�ɧɚ�ɪɚɦɭ�ɬɪɚɧɫɩɨɪɬɧɨɝɨ�ɡɚɫɨɛɭ�

ɽ�ɥɢɲɟ�ɩɪɨɫɬɢɦ�ɩɟɪɟɯɨɞɨɦ��ɉɟɪɟɬɜɨɪɟɧɧɹ�ɜɿɞ�ɬɪɚɧɫɩɨɪɬɧɨɝɨ�ɡɚɫɨɛɭ�ɞɨ� ɤɭɡɨɜɚ�

ɡɚɞɚɽɬɶɫɹ�ɧɚɫɬɭɩɧɨɸ�ɦɚɬɪɢɰɟɸ�ɨɛɟɪɬɚɧɧɹ� 

 

ܴ௩௕ሺܿǡ ǡ݋ ݄ሻ ൌ �ܴ௣௕ሺܿሻ�ܴ௬
௣ሺ݋ሻ�ܴ௩

௬ሺ݄ሻ. (2.4) 

 

Ⱦɟ�ܴ௣௕ ± ɰɟ�ɩɟɪɟɬɜɨɪɟɧɧɹ�ɜɿɞ�ɪɚɦɢ�ɡ�ɤɨɪɢɝɭɜɚɧɧɹɦ�ɧɚɯɢɥɭ�ɜ�ɪɚɦɭ�ɤɭɡɨɜɚ��

�ܴ௬
௣  ± ɩɟɪɟɬɜɨɪɟɧɧɹ� ɜɿɞ� ɪɚɦɢ� ɡ� ɤɨɪɢɝɭɜɚɧɧɹɦ� ɧɚɯɢɥɭ� ɞɨ� ɪɚɦɢ� ɡ� ɤɨɪɢɝɭɜɚɧɧɹɦ�

ɧɚɯɢɥɭ� �ܴ௩
௬ ± ɩɟɪɟɬɜɨɪɟɧɧɹ� ɜɿɞ� ɪɚɦɢ� ɬɪɚɧɫɩɨɪɬɧɨɝɨ� ɡɚɫɨɛɭ� ɞɨ� ɪɚɦɢ� ɡ�

ɤɨɪɢɝɭɜɚɧɧɹɦ� ɧɚɯɢɥɭ� ɿ�ܴ௩௕  ɽ� ɩɟɪɟɬɜɨɪɟɧɧɹ� ɡ� ɤɭɡɨɜɚ� ȻɉɅȺ ɧɚ� ɪɚɦɭ� ɤɭɡɨɜɚ��

Ɉɫɤɿɥɶɤɢ� ɤɨɠɟɧ� ɡ� ɩɚɪɚɦɟɬɪɿɜ� ɤɜɚɞɪɨɬɨɪɚ�� ɤɪɟɧ�� ɤɪɨɤ� ɿ� ɪɢɫɤɚɧɧɹ� ɜɢɦɿɪɸɸɬɶɫɹ�

ɜɿɞɧɨɫɧɨ�ɪɿɡɧɢɯ�ɤɚɞɪɿɜ��ɰɿ�ɩɟɪɟɬɜɨɪɟɧɧɹ�ɞɨɩɨɦɚɝɚɸɬɶ�ɭ�ɜɡɚɽɦɨɞɿʀ�ɡɦɿɧɧɢɯ� 

ɓɨ�ɠ�ɞɨ�ɫɚɦɨʀ�ɤɿɧɟɦɚɬɢɤɢ��ɬɨ�ʀʀ�ɦɨɠɧɚ�ɪɨɡɞɿɥɢɬɢ�ɧɚ�ɞɜɚ�ɬɢɩɢ��ɩɨɫɬɭɩɚɥɶɧɚ�

ɤɿɧɟɦɚɬɢɤɚ�ɬɚ�ɤɿɧɟɦɚɬɢɤɚ�ɨɛɟɪɬɚɧɧɹ�� 

Ⱦɥɹ�ɩɨɫɬɭɩɚɥɶɧɨʀ�ɤɿɧɟɦɚɬɢɤɢ�ɦɨɠɧɚ�ɜɢɞɿɥɢɬɢ ɧɚɫɬɭɩɧɿ�ɡɦɿɧɧɿ��x, y, z)��ɹɤɿ�

ɽ� ɩɚɪɚɦɟɬɪɚɦɢ� ɿɧɟɪɰɿɚɥɶɧɨʀ� ɫɢɫɬɟɦɢ�� ɬɨɞɿ� ɹɤ�   ɡɧɚɱɟɧɧɹ�  ɲɜɢɞɤɨɫɬɿ� �u,v,w�� ɽ�

ɩɚɪɚɦɟɬɪɚɦɢ�ɪɚɦɤɢ�ɬɿɥɚ [24]. ȼɨɧɢ�ɦɨɠɭɬɶ�ɛɭɬɢ�ɩɨɜ
ɹɡɚɧɿ�ɡɚ�ɞɨɩɨɦɨɝɨɸ�ɦɚɬɪɢɰɿ�

ɩɟɪɟɬɜɨɪɟɧɧɹ�ɧɚɫɬɭɩɧɢɦ�ɱɢɧɨɦ� 
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ቆ
ݔ
ݕ
ݖ
ቇ ൌ �ܴ௕௩ ቆ

ݑ
ݒ
ݓ
ቇ ൌ ሺܴ௩௕ሻ் ቆ

ݑ
ݒ
ݓ
ቇ�. (2.5) 

 

ȼ�ɤɿɧɟɦɚɬɢɰɿ�ɨɛɟɪɬɚɧɧɹ��ɨɫɤɿɥɶɤɢ�ɪɢɫɤɚɧɧɹ��ɜɿɞɧɨɫɧɨ�ɪɚɦɢ�ɬɪɚɧɫɩɨɪɬɧɨɝɨ�

ɡɚɫɨɛɭ���ɧɚɯɢɥ��ɜɿɞɧɨɫɧɨ�ɪɚɦɢ�ɡ�ɤɨɪɢɝɭɜɚɧɧɹɦ�ɧɚɯɢɥɭ��ɿ�ɤɪɟɧ��ɜɿɞɧɨɫɧɨ�ɪɚɦɢ�ɡ�

ɧɚɯɢɥɨɦ�� ɜɢɦɿɪɸɸɬɶɫɹ� ɜɿɞɧɨɫɧɨ� ɪɿɡɧɢɯ� ɫɢɫɬɟɦ� ɤɨɨɪɞɢɧɚɬ�� ɩɟɪɟɬɜɨɪɟɧɧɹ� ɞɥɹ�

ɤɨɠɧɨʀ�ɡ�ɧɢɯ�ɽ�ɪɿɡɧɢɦɢ��Ɉɬɠɟ��ɤɭɬɨɜɿ�ɲɜɢɞɤɨɫɬɿ��S��T��U��ɨɬɪɢɦɭɸɬɶ�ɬɚɤɢɦ�ɱɢɧɨɦ� 

 

ቆ
݌
ݍ
ݎ
ቇ ൌ ቆ

ܿ
Ͳ
Ͳ
ቇ ൅�ܴ௣௕ሺܿሻ ൭

Ͳ
݋
Ͳ
൱ ൅ ܴ௣௕ሺܿሻܴ௬

௣ሺ݋ሻ൭
Ͳ
Ͳ
݄
൱�. (2.6) 

 

Ⱥɧɚɥɨɝɿɱɧɢɦ� ɱɢɧɨɦ� ɩɨɬɪɿɛɧɨ� ɨɩɢɫɚɬɢ� ɞɢɧɚɦɿɤɭ�� ɹɤɭ� ɬɚɤɨɠ� ɦɨɠɧɚ�

ɪɨɡɞɿɥɢɬɢ�ɧɚ�ɩɨɫɬɭɩɚɥɶɧɭ�ɬɚ�ɨɛɟɪɬɚɥɶɧɭ� 

ȼ�ɩɨɫɬɭɩɚɥɶɧɿɣ�ɤɿɧɟɦɚɬɢɰɿ�ɜɢɤɨɪɢɫɬɨɜɭɸɱɢ�ɞɪɭɝɢɣ ɡɚɤɨɧ�ɇɸɬɨɧɚ��ɦɨɠɧɚ�

ɨɬɪɢɦɚɬɢ� 

 

ܨ ൌ �݉ ௗ௩
ௗ௧
ൌ ݉ ቀௗ௩

ௗ௧
൅ ௕ݓ ൈ  ቁ (2.7)ݒ

 

ɞɟݒ�� ൌ ሺݑǡ ǡݒ ௕ݓ�ሻ் ɿݓ ൌ ሺ݌ǡ ǡݍ  .ሻ்ݎ

ɉɪɢ� ɡɚɫɬɨɫɭɜɚɧɧɿ� ɡɚɤɨɧɸ� ɇɸɬɨɧɭ� ɞɥɹ� ɨɛɟɪɬɚɥɶɧɨʀ� ɞɢɧɚɦɿɤɢ� ɦɨɠɧɚ 

ɨɬɪɢɦɚɬɢ� 

 

߬ ൌ � ௗ௅
ௗ௧
ൌ ቀௗ௅

ௗ௧
൅ ௕ݓ ൈ  ቁ (2.8)ܮ

 

ɞɟܮ� ൌ ௕ݓܬ  ± ɤɭɬɨɜɢɣ ɦɨɦɟɧɬɭ�� ɚ ߬  ± ɩɪɢɤɥɚɞɟɧɢɣ� ɦɨɦɟɧɬ�� ɚ� J ɨɫɧɨɜɧɚ�

ɦɚɬɪɢɰɹ�� 
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2.2 Ɂɚɫɬɨɫɭɜɚɧɧɹ� ɦɨɞɟɥɿ� ɨɩɬɢɦɿɡɚɰɿʀ� ɞɿɹɥɶɧɨɫɬɿ� ɤɨɥɨɧɿʀ� ɦɭɪɚɯ ɞɥɹ�

ɜɢɪɿɲɟɧɧɹ� ɡɚɞɚɱɿ� ɫɤɨɨɪɞɢɧɨɜɚɧɨɝɨ� ɩɥɚɧɭɜɚɧɧɹ� ɨɩɬɢɦɚɥɶɧɨʀ� ɬɪɚɽɤɬɨɪɿʀ� ɪɭɯɭ�

ȻɉɅȺ 

 

Ⱦɥɹ�ɜɢɪɿɲɟɧɧɹ�ɩɨɫɬɚɜɥɟɧɨʀ�ɡɚɞɚɱɿ�ɛɭɥɨ�ɜɢɤɨɪɢɫɬɚɧɨ�ɦɨɞɟɥɶ��ɹɤɚ� ɨɫɧɨɜɚɧɚ�

ɧɚ� ɨɩɬɢɦɿɡɚɰɿʀ� ɞɿɹɥɶɧɨɫɬɿ� ɤɨɥɨɧɿʀ� ɦɭɪɚɯ� �$&2��� ɬɚ ɧɚɡɢɜɚɽɬɶɫɹ� ɦɭɪɚɲɢɧɨɸ�

ɫɢɫɬɟɦɨɸ�� Ʉɨɥɨɧɿɹ� ɦɭɪɚɯ� ɽ� � ɜɢɫɨɤɨɨɪɝɚɧɿɡɨɜɚɧɨɸ� ɫɢɫɬɟɦɨɸ� ɜ� ɹɤɿɣ� ɨɞɢɧ�

ɜɡɚɽɦɨɞɿɽ� ɡ� ɿɧɲɢɦɢ� ɡɚ� ɞɨɩɨɦɨɝɨɸ� ɮɟɪɨɦɨɧɿɜ� ɭ� ɩɨɜɧɿɣ� ɝɚɪɦɨɧɿʀ�� ɉɪɨɛɥɟɦɢ�

ɨɩɬɢɦɿɡɚɰɿʀ�ɦɨɠɧɚ�ɜɢɪɿɲɢɬɢ�ɡɚ�ɞɨɩɨɦɨɝɨɸ�ɦɨɞɟɥɸɜɚɧɧɹ�ɩɨɜɟɞɿɧɤɢ�ɦɭɪɚɯ��Ɂ�ɬɢɯ�

ɩɿɪ��ɹɤ�ɛɭɜ�ɡɚɩɪɨɩɨɧɨɜɚɧɢɣ�ɩɟɪɲɢɣ�ɚɥɝɨɪɢɬɦ�ɦɭɪɚɲɢɧɨʀ�ɫɢɫɬɟɦɢ��ɜ�$&2�ɛɭɥɨ�

ɛɚɝɚɬɨ�ɦɨɞɟɥɟɣ�� 

ȼ� ɚɥɝɨɪɢɬɦɿ� ɫɢɫɬɟɦɢ� ɦɭɪɚɲɢɧɢɯ� ɤɨɥɨɧɿɣ� ɥɨɤɚɥɶɧɢɣ� ɮɟɪɨɦɨɧ�

ɜɢɤɨɪɢɫɬɨɜɭɽɬɶɫɹ�ɞɥɹ�ɦɭɪɚɯ�ɞɥɹ�ɩɨɲɭɤɭ�ɨɩɬɢɦɚɥɶɧɨɝɨ�ɪɟɡɭɥɶɬɚɬɭ��Ɉɞɧɚɤ�ɜɟɥɢɤɚ�

ɤɿɥɶɤɿɫɬɶ� ɨɛɱɢɫɥɟɧɶ� ɽ� ʀʀ� ɧɟɞɨɥɿɤɨɦ�� ɚ� ɿɧɨɞɿ� ɩɪɢɡɜɨɞɢɬɶ� ɞɨ� ɧɟɟɮɟɤɬɢɜɧɨɫɬɿ�

ɫɢɫɬɟɦɢ��Ɍɨɦɚɫ�ɒɬɭɰɥɟ�ɬɚ�ɿɧ��ɩɪɟɞɫɬɚɜɢɜ�0$;-0,1�$QW�6\VWHP��00$6��ɭ������

ɪɨɰɿ��ɐɟ�ɨɞɢɧ�ɡ�ɧɚɣɤɪɚɳɢɯ�ɚɥɝɨɪɢɬɦɿɜ�$&2 [25].  

ȼɿɧ� ɨɛɦɟɠɭɽ� ɡɚɝɚɥɶɧɭ� ɤɿɥɶɤɿɫɬɶ� ɮɟɪɨɦɨɧɿɜ� ɭ� ɤɨɠɧɿɣ� ɫɩɪɨɛɿ� ɪɭɯɭ� ɚɛɨ�

ɩɿɞɡ¶ɽɞɧɚɧɧɿ�� ɳɨɛ� ɭɧɢɤɧɭɬɢ� ɥɨɤɚɥɶɧɨʀ� ɤɨɧɜɟɪɝɟɧɰɿʀ�� Ɉɞɧɚɤ� ɨɛɦɟɠɟɧɧɹ�

ɮɟɪɨɦɨɧɿɜ�ɭɩɨɜɿɥɶɧɸɽ�ɲɜɢɞɤɿɫɬɶ�ɡɛɥɢɠɟɧɧɹ�ɜ�00$6� 

Ⱦɨɛɪɟ� ɜɿɞɨɦɨ�� ɳɨ� ɜ� � ɚɥɝɨɪɢɬɦɿ� ɨɩɬɢɦɿɡɚɰɿʀ� ɩɪɢ� ɩɨɲɭɤɭ� ɥɨɤɚɥɶɧɨɝɨ�

ɨɩɬɢɦɚɥɶɧɨɝɨ� ɪɿɲɟɧɧɹ� ɚɛɨ� ɤɨɥɢ�ɦɭɪɚɯɢ� ɩɪɢɯɨɞɹɬɶ� ɭ� ɫɬɚɧ� ɫɬɚɝɧɚɰɿʀ�� ɚɥɝɨɪɢɬɦ�

ɦɨɠɟ�ɛɿɥɶɲɟ�ɧɟ�ɲɭɤɚɬɢ�ɝɥɨɛɚɥɶɧɟ�ɧɚɣɤɪɚɳɟ�ɨɩɬɢɦɚɥɶɧɟ�ɡɧɚɱɟɧɧɹ��Ɍɨɦɭ�ɿɫɧɭɽ�

ɦɨɞɟɪɧɿɡɨɜɚɧɢɣ�ɚɥɝɨɪɢɬɦ� 

Ʉɨɥɢ�ɦɭɪɚɯɢ�ɩɪɢɯɨɞɹɬɶ�ɞɨ�ɥɨɤɚɥɶɧɨɝɨ�ɨɩɬɢɦɚɥɶɧɨɝɨ�ɪɿɲɟɧɧɹ�ɚɛɨ�ɞɨ ɫɬɚɧɭ�

ɫɬɚɝɧɚɰɿʀ�� ɜɨɧɢ� ɧɟ� ɧɚɛɥɢɠɚɸɬɶɫɹ ɞɨ� ɝɥɨɛɚɥɶɧɨɝɨ� ɧɚɣɤɪɚɳɨɝɨ� ɨɩɬɢɦɚɥɶɧɨɝɨ�

ɪɿɲɟɧɧɹ��ɍ�ɪɨɛɨɬɿ�Ⱦɠɭɧ�Ɉɭɹɧɝɚ��ɩɪɨɩɨɧɭɽɬɶɫɹ�ɦɨɞɢɮɿɤɨɜɚɧɢɣ�ɚɥɝɨɪɢɬɦ��ɫɢɫɬɟɦɚ�

ɦɭɥɶɬɢɤɨɥɨɧɿɣ ɦɭɪɚɯ� ɧɚ� ɨɫɧɨɜɿ� ɮɟɪɨɦɨɧɧɨɝɨ� ɚɪɢɮɦɟɬɢɱɧɨɝɨ� ɤɪɨɫɨɜɟɪɚ� ɬɚ�

ɨɩɟɪɚɬɨɪɚ�ɜɿɞɲɬɨɜɯɭɜɚɧɧɹ��ɳɨɛ�ɭɧɢɤɧɭɬɢ�ɬɚɤɨɝɨ�ɫɬɚɧɭ�ɫɬɚɝɧɚɰɿʀ [26]��ɍ�ɰɶɨɦɭ�

ɚɥɝɨɪɢɬɦɿ�ɫɩɨɱɚɬɤɭ�ɫɬɜɨɪɸɽɬɶɫɹ�ɤɿɥɶɤɚ�ɤɨɥɨɧɿɣ�ɦɭɪɚɲɢɧɨʀ�ɫɢɫɬɟɦɢ��ɚ�ɩɨɬɿɦ�ɜɨɧɢ�

ɜɢɤɨɧɭɸɬɶ�ɿɬɟɪɚɰɿɸ�ɬɚ�ɨɧɨɜɥɟɧɧɹ�ɫɜɨʀɯ�ɮɟɪɨɦɨɧɧɢɯ�ɦɚɫɢɜɿɜ�ɜɿɞɩɨɜɿɞɧɨ�ɞɨ�ɬɢɯ�
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ɩɿɪ��ɩɨɤɢ�ɨɞɧɚ�ɫɢɫɬɟɦɚ�ɤɨɥɨɧɿɣ�ɦɭɪɚɯ�ɧɟ�ɞɨɫɹɝɧɟ�ɫɜɨɝɨ�ɥɨɤɚɥɶɧɨɝɨ�ɨɩɬɢɦɚɥɶɧɨɝɨ�

ɪɿɲɟɧɧɹ�  

Ʉɨɠɧɚ� ɫɢɫɬɟɦɚ� ɤɨɥɨɧɿʀ� ɦɭɪɚɯ� ɜɨɥɨɞɿɽ� ɫɜɨʀɦ� ɦɚɫɢɜɨɦ� ɮɟɪɨɦɨɧɿɜ� ɿ�

ɩɚɪɚɦɟɬɪɚɦɢ�ɿ�ɡɚɩɢɫɭɽ�ɫɜɨɽ�ɨɩɬɢɦɚɥɶɧɟ�ɥɨɤɚɥɶɧɟ�ɪɿɲɟɧɧɹ��Ȼɿɥɶɲɟ�ɬɨɝɨ��ɹɤ�ɬɿɥɶɤɢ�

ɫɢɫɬɟɦɚ�ɤɨɥɨɧɿɣ�ɦɭɪɚɯ�ɩɪɢɯɨɞɢɬɶ�ɞɨ�ɫɜɨɝɨ�ɥɨɤɚɥɶɧɨɝɨ�ɨɩɬɢɦɚɥɶɧɨɝɨ�ɪɿɲɟɧɧɹ��

ɜɨɧɚ� ɨɧɨɜɥɸɽ� ɣɨɝɨ ɿ� ɧɚɞɫɢɥɚɽ� ɰɟ� ɪɿɲɟɧɧɹ ɞɨ� ɝɥɨɛɚɥɶɧɨɝɨ� ɰɟɧɬɪɭ ɧɚɣɤɪɚɳɢɯ�

ɡɧɚɱɟɧɶ.  

ɉɨ-ɬɪɟɬɽ��ɤɨɥɢ�ɫɬɚɪɭ�ɫɢɫɬɟɦɭ�ɤɨɥɨɧɿʀ�ɦɭɪɚɲɨɤ�ɜɢɛɢɪɚɸɬɶ�ɜɿɞɩɨɜɿɞɧɨ�ɞɨ�

ɩɪɚɜɢɥ�ɟɥɿɦɿɧɚɰɿʀ��ɜɨɧɚ�ɛɭɞɟ�ɡɧɢɳɟɧɚ�ɬɚ�ɩɨɜɬɨɪɧɨ�ɿɧɿɰɿɚɥɿɡɨɜɚɧɚ�ɡɚ�ɞɨɩɨɦɨɝɨɸ�

ɡɚɫɬɨɫɭɜɚɧɧɹ� ɮɟɪɨɦɨɧɧɨɝɨ� ɚɪɢɮɦɟɬɢɱɧɨɝɨ� ɤɪɨɫɨɜɟɪɚ� ɬɚ� ɨɩɟɪɚɬɨɪɚ�

ɜɿɞɲɬɨɜɯɭɜɚɧɧɹ��ɡɚɫɧɨɜɚɧɨɝɨ�ɧɚ�ɤɿɥɶɤɨɯ�ɝɥɨɛɚɥɶɧɢɯ�ɧɚɣɤɪɚɳɢɯ�ɧɚ�ɫɶɨɝɨɞɧɿɲɧɿɣ�

ɞɟɧɶ�ɨɩɬɢɦɚɥɶɧɢɯ�ɪɿɲɟɧɧɹɯ��ȼɟɫɶ�ɚɥɝɨɪɢɬɦ�ɪɟɚɥɿɡɭɽ�ɿɬɟɪɚɰɿʀ�ɞɨ�ɬɢɯ�ɩɿɪ��ɩɨɤɢ�ɧɟ�

ɛɭɞɟ� ɡɧɚɣɞɟɧɨ� ɨɩɬɢɦɚɥɶɧɟ� ɝɥɨɛɚɥɶɧɟ� ɪɿɲɟɧɧɹ�� ɍ� ɧɚɫɬɭɩɧɢɯ� ɪɨɡɞɿɥɚɯ� ɛɭɞɭɬɶ�

ɩɪɟɞɫɬɚɜɥɟɧɿ� ɞɟɹɤɿ� ɤɨɧɰɟɩɰɿʀ� ɬɚ� ɩɪɚɜɢɥɚ� ɰɿɽʀ� ɫɢɫɬɟɦɢ� ɡ� ɛɚɝɚɬɶɦɚ� ɤɨɥɨɧɿɹɦɢ�

ɦɭɪɚɯ� 

 

2.3 Ɉɩɢɫ�ɨɫɧɨɜ�ɧɟɱɿɬɤɨɝɨ�ɦɭɪɚɲɢɧɨɝɨ�ɚɥɝɨɪɢɬɦɭ ɦɨɞɟɥɿ�ACO ɞɥɹ�ȻɉɅȺ 

 

ɉɪɢɧɰɢɩ� ɧɟɱɿɬɤɨɝɨ� ɦɭɪɚɲɢɧɨɝɨ� ɚɥɝɨɪɢɬɦɭ� ɩɨɥɹɝɚɽ� ɜ� ɬɨɦɭ�� ɳɨ� ɩɿɞ� ɱɚɫ�

ɩɨɞɨɪɨɠɿ�ɦɭɪɚɯ�ɧɚ�ɡɟɦɥɿ�ɡɚɥɢɲɚɽɬɶɫɹ�ɫɩɟɰɿɚɥɶɧɢɣ�ɯɿɦɿɱɧɢɣ�ɫɥɿɞ��ɮɟɪɨɦɨɧ���ɹɤɢɣ�

ɫɩɪɹɦɨɜɭɽ� ɿɧɲɢɯ� ɦɭɪɚɯ� ɞɨ� ɰɿɥɿ�� Ȼɿɥɶɲɟ� ɮɟɪɨɦɨɧɿɜ� ɡɚɥɢɲɚɽɬɶɫɹ�� ɤɨɥɢ� ɛɿɥɶɲɟ�

ɦɭɪɚɯ� ɩɪɨɯɨɞɢɬɶ� ɡɚɞɚɧɢɣ� ɦɚɪɲɪɭɬ�� ɳɨ� ɩɿɞɜɢɳɭɽ� ɣɦɨɜɿɪɧɿɫɬɶ� ɬɨɝɨ�� ɳɨ� ɿɧɲɿ�

ɦɭɪɚɯɢ� ɜɢɛɟɪɭɬɶ� ɰɟɣ� ɲɥɹɯ�� Ʉɪɿɦ� ɬɨɝɨ�� ɰɟɣ� ɯɿɦɿɱɧɢɣ� ɫɥɿɞ� �ɮɟɪɨɦɨɧ�� ɡ� ɱɚɫɨɦ�

ɡɦɟɧɲɭɽɬɶɫɹ� ɱɟɪɟɡ� ɜɢɩɚɪɨɜɭɜɚɧɧɹ� ɫɥɿɞɿɜ�� Ʉɪɿɦ� ɬɨɝɨ�� ɤɿɥɶɤɿɫɬɶ ɮɟɪɨɦɨɧɿɜ�� ɹɤɭ�

ɡɚɥɢɲɚɸɬɶ� ɦɭɪɚɯɢ�� ɡɚɥɟɠɢɬɶ� ɜɿɞ� ɤɿɥɶɤɨɫɬɿ� ɦɭɪɚɯ�� ɹɤɿ� ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ� ɰɟɣ�

ɦɚɪɲɪɭɬ.  

ɇɚ�ɪɢɫɭɧɤɭ�2.5 ɩɪɟɞɫɬɚɜɥɟɧɨ�ɩɪɨɰɟɫ�ɩɪɢɣɧɹɬɬɹ�ɪɿɲɟɧɧɹ�ɦɭɪɚɯɚɦɢ�ɳɨɞɨ�

ɜɢɛɨɪɭ�ɫɜɨʀɯ�ɦɚɪɲɪɭɬɿɜ��Ʉɨɥɢ�ɦɭɪɚɯɢ�ɡɭɫɬɪɿɱɚɸɬɶɫɹ�ɜ�ɬɨɱɰɿ�ɩɪɢɣɧɹɬɬɹ�ɪɿɲɟɧɶ 

©Ⱥª��ɞɟɹɤɿ�ɜɢɛɢɪɚɸɬɶ�ɨɞɧɭ�ɫɬɨɪɨɧɭ��ɚ�ɿɧɲɿ�ɨɛɢɪɚɸɬɶ�ɜɢɩɚɞɤɨɜɢɦ�ɱɢɧɨɦ�ɿɡ�ɬɨɝɨ�

ɳɨ�ɡɚɥɢɲɢɥɨɫɶ��ɉɪɢɩɭɫɬɢɦɨ��ɳɨ�ɰɿ�ɦɭɪɚɯɢ�ɩɨɜɡɚɸɬɶ�ɡ�ɨɞɧɚɤɨɜɨɸ�ɲɜɢɞɤɿɫɬɸ��ɬɿ��
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ɯɬɨ� ɜɢɛɢɪɚɽ� ɤɨɪɨɬɤɭ� ɫɬɨɪɨɧɭ�� ɩɪɢɯɨɞɹɬɶ� ɞɨ� ɬɨɱɤɢ� ɩɪɢɣɧɹɬɬɹ� ɪɿɲɟɧɧɹ� ©Bª 

ɲɜɢɞɲɟ��ɧɿɠ�ɬɿ��ɯɬɨ�ɜɢɛɢɪɚɽ�ɞɨɜɝɭ�ɫɬɨɪɨɧɭ�� 

Ɇɭɪɚɯɢ�� ɜɢɩɚɞɤɨɜɨ� ɜɢɛɪɚɜɲɢ� ɤɨɪɨɬɤɭ� ɫɬɨɪɨɧɭ�� ɩɟɪɲɢɦɢ� ɞɿɫɬɚɸɬɶɫɹ� ɞɨ�

ɦɿɫɰɹ� ɡɭɫɬɪɿɱɿ�� Ɍɚɤɢɦ� ɱɢɧɨɦ�� ɤɨɪɨɬɤɚ� ɫɬɨɪɨɧɚ� ɨɬɪɢɦɭɽ� ɮɟɪɨɦɨɧ� ɪɚɧɿɲɟ�� ɧɿɠ�

ɞɨɜɝɚ��ɿ�ɰɟɣ�ɮɚɤɬ�ɩɿɞɜɢɳɭɽ�ɣɦɨɜɿɪɧɿɫɬɶ�ɬɨɝɨ��ɳɨ�ɩɨɞɚɥɶɲɿ�ɦɭɪɚɯɢ�ɜɢɛɢɪɚɸɬɶ�ʀʀ��

ɚ� ɧɟ ɞɨɜɝɭ�� ȼ� ɪɟɡɭɥɶɬɚɬɿ� ɤɿɥɶɤɿɫɬɶ� ɮɟɪɨɦɨɧɿɜ� ɮɨɪɦɭɽɬɶɫɹ� ɲɜɢɞɲɟ� ɜ ɤɨɪɨɬɤɿɣ�

ɫɬɨɪɨɧɿ��ɧɿɠ�ɧɚ�ɞɨɜɝɿɣ��ɬɨɦɭ�ɳɨ�ɛɿɥɶɲɟ�ɦɭɪɚɯ�ɜɢɛɢɪɚɸɬɶ�ɤɨɪɨɬɤɭ�ɫɬɨɪɨɧɭ��ɧɿɠ�

ɞɨɜɝɭ�� 

Ʉɿɥɶɤɿɫɬɶ� ɥɚɦɚɧɢɯ� ɧɚ� ɪɢɫɭɧɤɭ� ��5 ɦɚɽ� ɩɪɢɛɥɢɡɧɨ� ɩɪɹɦɟ� ɜɿɞɧɨɲɟɧɧɹ� ɞɨ�

ɤɿɥɶɤɨɫɬɿ� ɦɭɪɚɯ�� ɋɢɫɬɟɦɚ� ɲɬɭɱɧɢɯ� ɦɭɪɚɲɨɤ� ɫɬɜɨɪɟɧɚ� ɡɚ� ɩɪɢɧɰɢɩɨɦ� ɫɢɫɬɟɦɢ�

ɦɭɪɚɲɢɧɢɯ�ɤɨɥɨɧɿɣ�ɞɥɹ�ɜɢɪɿɲɟɧɧɹ�ɪɿɡɧɨɝɨ�ɪɨɞɭ� ɡɚɞɚɱ�ɨɩɬɢɦɿɡɚɰɿʀ��Ɏɟɪɨɦɨɧ�ɽ�

ɤɥɸɱɟɦ�ɞɨ�ɩɪɢɣɧɹɬɬɹ�ɪɿɲɟɧɶ�ɦɭɪɚɯɚɦɢ� 

 

 
Ɋɢɫɭɧɨɤ�2.5 - ɉɪɨɰɟɫ�ɜɢɛɨɪɭ�ɦɚɪɲɪɭɬɭ�ɦɭɪɚɯɚɦɢ��ɡɚ�ɤɿɥɶɤɿɫɬɸ�ɮɟɪɨɦɨɧɿɜ 

 

$&2� ɫɩɨɱɚɬɤɭ� ɡɚɫɬɨɫɨɜɭɜɚɜɫɹ� ɞɨ� ɡɚɞɚɱɿ� ɤɨɦɿɜɨɹɠɟɪɚ� �763��� 763� ɽ�

ɤɥɚɫɢɱɧɨɸ� ɡɚɞɚɱɟɸ� ɨɩɬɢɦɿɡɚɰɿʀ� ɿ� ɽ� ɨɞɧɿɽɸ� ɡ� ɤɥɚɫɭ� 13-ɩɪɨɛɥɟɦ [27-29]. 

ȼɪɚɯɨɜɭɸɱɢ� ɧɚɛɿɪ� ɡ� 1� ɦɿɫɬ�� 763� ɦɨɠɧɚ� ɫɮɨɪɦɭɥɸɜɚɬɢ� ɹɤ� ɩɪɨɛɥɟɦɭ� ɩɨɲɭɤɭ�

ɦɿɧɿɦɚɥɶɧɨʀ� ɬɪɢɜɚɥɨɫɬɿ� ɡɚɤɪɢɬɨɝɨ� ɪɭɯɭ�� ɹɤɢɣ� ɜɿɞɜɿɞɭɽ� ɤɨɠɧɟ� ɦɿɫɬɨ� ɨɞɢɧ� ɪɚɡ��

Ʉɨɠɧɟ�ɦɿɫɬɨ�± ɰɟ�ɬɨɱɤɚ�ɩɪɢɣɧɹɬɬɹ�ɪɿɲɟɧɶ�ɦɭɪɚɯ��ȼɢɡɧɚɱɟɧɧɹ��L�M��ɤɪɚɣ�ɦɿɫɬɚ�-  i, 

ɬɚ� ɦɿɫɬɚ� � - M�� Ʉɨɠɧɨɦɭ� ɤɪɚɸ� �L�M�� ɩɪɢɫɜɨɸɽɬɶɫɹ� ɡɧɚɱɟɧɧɹ� �ɞɨɜɠɢɧɚ�� Gij�� ɳɨ� ɽ�

ɜɿɞɫɬɚɧɧɸ�ɦɿɠ�ɦɿɫɬɚɦɢ�L�ɬɚ�M�� 
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2.3.1 Ɉɧɨɜɥɟɧɧɹ�ɮɟɪɨɦɨɧɿɜ 

Ɇɭɪɚɯɢ�ɡɚɥɢɲɚɸɬɶ�ɫɜɿɣ�ɮɟɪɨɦɨɧ�ɧɚ�ɤɪɚɹɯ�ɩɿɞ�ɱɚɫ�ɤɨɠɧɨʀ�ɩɨɞɨɪɨɠɿ��ɩɪɢ�

ɡɚɜɟɪɲɟɧɧɿ��ɨɞɧɿɽʀ�ɿɬɟɪɚɰɿʀ��ɋɭɦɚ�ɮɟɪɨɦɨɧɚ�ɨɞɧɨɝɨ�ɪɟɛɪɚ�ɜɢɡɧɚɱɚɽɬɶɫɹ�ɬɚɤ� 

 

߬௜௝�ሺݐ� ൅ ͳሻ �ൌ ௜௝߬߂� �൅�ሺͳ െ  ሻ                                   (2.9)ݐሻ߬௜௝�ሺߩ�

 

ɞɟ� ȡ 1 ,(0,1) א-ȡ� ± ɲɜɢɞɤɿɫɬɶ� ɡɛɟɪɟɠɟɧɧɹ� ɩɨɩɟɪɟɞɧɶɨɝɨ� ɮɟɪɨɦɨɧɚ�� ȡ�

ɜɢɡɧɚɱɚɽɬɶɫɹ�ɹɤ�ɲɜɢɞɤɿɫɬɶ�ɜɢɩɚɪɨɜɭɜɚɧɧɹ�ɮɟɪɨɦɨɧɚ�� 

ɍ�00$6� ɥɢɲɟ� ɧɚɣɤɪɚɳɚ� ɦɭɪɚɯɚ� ɨɧɨɜɥɸɽ� ɫɥɿɞɢ� ɮɟɪɨɦɨɧɿɜ� ɿ� ɡɧɚɱɟɧɧɹ�

ɮɟɪɨɦɨɧɭ�ɩɪɢɜɹɡɚɧɟ�ɞɨ�ɧɟʀ�� 

Ɉɬɠɟ��ɩɪɚɜɢɥɨ�ɨɧɨɜɥɟɧɧɹ�ɮɟɪɨɦɨɧɿɜ�ɡɚɞɚɽɬɶɫɹ� 

 

߬௜௝�ሺݐ� ൅ ͳሻ �ൌ � ௜௝௕௘௦௧߬߂ൣ �൅�ሺͳ െ ሻఛ೘೔೙ݐሻ߬௜௝�ሺߩ�
ఛ೘ೌೣ൧  (2.10) 

 

ɞɟ�ɒ୫ୟ୶ ɿ�ɒ୫୧୬ ± ɜɿɞɩɨɜɿɞɧɨ�ɜɟɪɯɧɹ�ɬɚ�ɧɢɠɧɹ�ɦɟɠɿ��ɧɚɤɥɚɞɟɧɿ�ɧɚ�ɮɟɪɨɦɨɧ��ɿ�

ǻ�ɧɚɣɤɪɚɳɢɣ�ȟɒ୧୨ୠୣୱ୲ɽ� 

 

௜௝௕௘௦௧߬߂ �ൌ � ቊ
ଵ

௅್೐ೞ೟
ǡ ˢˍ˜ˑ�ሺ݅ǡ ݆ሻ�˅�ː˃ˌˍ˓˃˜˪ˌ�˅ˋ˄˪˓˙˪

Ͳǡ���˖�˪ː˛ˋ˘�˅˃˓˪˃ː˕˃˘
  (2.11) 

 

ɞɟ��ୠୣୱ୲  - ɰɟ� ɜɚɪɬɿɫɬɶ� ɪɿɲɟɧɧɹ� ɚɛɨ� ɧɚɣɤɪɚɳɨʀ� ɿɬɟɪɚɰɿʀ�� ɚɛɨ� ɧɚɣɤɪɚɳɨʀ� ɧɚ�

ɞɚɧɢɣ�ɦɨɦɟɧɬ��ɚɛɨ�ɤɨɦɛɿɧɚɰɿʀ�ɨɛɨɯ� 

 

2.3.2 ɉɪɚɜɢɥɨ�ɪɭɯɭ�ɦɭɪɚɯ 

 

Ɇɭɪɚɯɢ� ɩɟɪɟɯɨɞɹɬɶ� ɡ� ɨɞɧɨɝɨ� ɦɿɫɬɚ� �ɤɨɥɨɧɿʀ� ɜ� ɿɧɲɟ� ɜɿɞɩɨɜɿɞɧɨ� ɞɨ�

ɣɦɨɜɿɪɧɨɫɬɿ�� ɉɨ-ɩɟɪɲɟ�� ɦɿɫɬɚ�� ɞɨ� ɹɤɢɯ� ɡɞɿɣɫɧɸɽɬɶɫɹ� ɞɨɫɬɭɩ�� ɩɨɜɢɧɧɿ� ɛɭɬɢ�

ɩɨɦɿɳɟɧɿ�ɜ�ɬɚɛɥɢɰɸ�ɬɚɛɭ�� 
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ɉɨɬɪɿɛɧɨ�ɜɢɡɧɚɱɢɬɢ�ɧɚɛɿɪ�ɦɿɫɬ��ɞɨ�ɹɤɢɯ�ɧɿɤɨɥɢ�ɧɟ�ɡɜɟɪɬɚɜɫɹ�N-ɣ�ɦɭɪɚɯɚ�ɹɤ�

ɞɨɡɜɨɥɟɧɢɣ� N�� ɉɨ-ɞɪɭɝɟ�� ɩɨɬɪɿɛɧɨ� ɜɢɡɧɚɱɢɬɢ� ɜɢɞɢɦɢɣ� ɝɪɚɞɭɫ� ᐭ୧୨ , ᐭ୧୨ ൌ
ଵ
ୢ౟ౠ

. 

ȱɦɨɜɿɪɧɿɫɬɶ�ɬɨɝɨ��ɳɨ�N-ɣ�ɦɭɪɚɯɚ�ɜɢɛɟɪɟ�ɦɿɫɬɨ��ɜɢɡɧɚɱɚɽɬɶɫɹ�ɹɤ� 

 

௜௝௞݌ ሺݐሻ �ൌ �ቐ
ൣఛ೔ೕሺ௧ሻ൧

ഀൣᐭ೔ೕ൧
ഁ

σ ሾఛ೔ೖሺ௧ሻሿഀሾᐭ೔ೖሿഁೖאˇˑ˔˕˖˒ː˪ೖ
ǡ ݆ א ˇˑ˔˕˖˒ː˪௞

Ͳǡ���˖�˪ː˛ˋ˘�˅˃˓˪˃ː˕˃˘
  (2.12) 

 

ɞɟ�Ƚ ɬɚ�Ⱦ ± ɜɚɠɥɢɜɿ�ɩɚɪɚɦɟɬɪɢ��ɹɤɿ�ɜɢɡɧɚɱɚɸɬɶ�ɜɿɞɧɨɫɧɢɣ�ɜɩɥɢɜ�ɮɟɪɨɦɨɧɚ�

ɫɥɿɞɭ�ɬɚ�ɟɜɪɢɫɬɢɱɧɨʀ�ɿɧɮɨɪɦɚɰɿʀ��ɚ�j: 

 

݆� ൌ � ቊܽ݃ݎ௞אˇˑ˔˕˖˒ː˪ೖ� ሻሿఈሾᐭ௜௞ሿఉൟǡݐ൛ሾ߬௜௞ሺݔܽ݉ ˢˍ˜ˑߩ� ൑ ଴ߩ
˘˃˕ǡ���˖�˪ː˛ˋ˘�˅˃˓˪˃ːܬ

 . (2.13) 

 

2.3.3 ȱɧɿɰɿɚɥɿɡɚɰɿɹ�ɮɟɪɨɦɨɧɧɨɝɨ�ɫɥɿɞɭ�ɬɚ�ɣɨɝɨ�ɡɭɩɢɧɤɚ 

 

ɇɚ� ɩɨɱɚɬɤɭ� ɩɪɨɝɨɧɭ� ɦɢ� ɜɫɬɚɧɨɜɥɸɽɦɨ�ɒ୫ୟ୶ �ൌ ͳ�Ȁ�ሺሺͳ െ �ɏሻ�୬୬ሻ , ɒ୫୧୬ ൌ

�ɒ୫ୟ୶Ȁʹ� ɿ ɩɨɱɚɬɤɨɜɿ� ɡɧɚɱɟɧɧɹ� ɮɟɪɨɦɨɧɿɜ�ɒ୧୨ሺͲሻ ൌ � ɒ୫ୟ୶ , ɞɟ��୬୬   ± ɬɪɢɜɚɥɿɫɬɶ�

ɦɚɪɲɪɭɬɭ��ɫɬɜɨɪɟɧɨɝɨ�ɟɜɪɢɫɬɢɱɧɢɣ�ɧɚɣɛɥɢɠɱɢɣ�ɫɭɫɿɞ��ɚ�1�± ɡɚɝɚɥɶɧɚ�ɤɿɥɶɤɿɫɬɶ�

ɦɿɫɬ� 

ȱɫɧɭɽ� ɛɚɝɚɬɨ� ɭɦɨɜ�� ɳɨɛ� ɦɭɪɚɯɢ� ɡɭɩɢɧɢɥɢ� ɫɜɨɸ� ɩɨɞɨɪɨɠ�� ɧɚɩɪɢɤɥɚɞ��

ɨɛɦɟɠɟɧɧɹ� ɤɿɥɶɤɨɫɬɿ� ɿɬɟɪɚɰɿɣ�� ɨɛɦɟɠɟɧɧɹ� ɱɚɫɭ� ɰɟɧɬɪɚɥɶɧɨɝɨ� ɩɪɨɰɟɫɨɪɚ ɚɛɨ�

ɡɧɚɯɨɞɠɟɧɧɹ�ɧɚɣɤɪɚɳɨɝɨ�ɪɿɲɟɧɧɹ�� 

Ɉɩɢɫɚɦɢ�ɜɢɳɟ��ɦɢ�ɦɨɠɟɦɨ�ɨɬɪɢɦɚɬɢ�ɞɟɬɚɥɶɧɭ�ɩɪɨɰɟɞɭɪɭ�00$6��00$6�

ɽ� ɨɞɧɢɦ� ɡ� ɧɚɣɛɿɥɶɲ� ɜɢɜɱɟɧɢɯ� ɚɥɝɨɪɢɬɦɿɜ� $&2� ɿ� ɨɞɧɢɦ� ɿɡ� ɧɚɣɭɫɩɿɲɧɿɲɢɯ�

ɜɚɪɿɚɧɬɿɜ� 
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2.4 Ɇɭɪɚɲɢɧɚ� ɫɢɫɬɟɦɚ� ɡ� ɛɚɝɚɬɶɦɚ� ɤɨɥɨɧɿɹɦɢ� ɧɚ� ɨɫɧɨɜɿ� ɚɪɢɮɦɟɬɢɱɧɨɝɨ�

ɤɪɨɫɨɜɟɪɚ�ɮɟɪɨɦɨɧɿɜ�ɿ�ɨɩɟɪɚɬɨɪɚ�ɜɿɞɲɬɨɜɯɭɜɚɧɧɹ 

2.4.1 Ʉɨɧɰɟɩɬ�ɦɟɯɚɧɿɡɦɭ 

 

ɉɟɪɲɢɦ� ɤɪɨɤɨɦ ɽ� ɿɧɿɰɿɚɰɿɹ� ɫɢɫɬɟɦɢ� ɦɭɥɶɬɢɤɨɥɨɧɿɣɧɢɯ� ɦɭɪɚɯ� Ʉɨɠɧɚ�

ɫɢɫɬɟɦɚ�ɤɨɥɨɧɿʀ�ɦɭɪɚɲɨɤ�ɜɨɥɨɞɿɽ�ɫɜɨʀɦ�ɦɚɫɢɜɨɦ�ɮɟɪɨɦɨɧɿɜ�ɿ�ɩɚɪɚɦɟɬɪɚɦɢ�Ƚ, Ⱦ 

ɬɚ� ȡ�� Ɂɨɤɪɟɦɚ�� ɤɨɠɧɚ� ɤɨɥɨɧɿɹ� ɦɨɠɟ� ɦɚɬɢ� ɜɥɚɫɧɭ� ɚɪɢɮɦɟɬɢɱɧɭ� ɩɨɥɿɬɢɤɭ��

ɇɚɩɪɢɤɥɚɞ��ɭɫɿ�ɤɨɥɨɧɿʀ�ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ�ɪɿɡɧɿ�ɚɥɝɨɪɢɬɦɢ�$&2�ɜɿɞɩɨɜɿɞɧɨ��Ⱦɟɹɤɿ�

ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ�ɛɚɡɨɜɭ�ɦɭɪɚɲɢɧɭ�ɫɢɫɬɟɦɭ.  

Ⱦɟɹɤɿ� ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ� ɟɥɿɬɚɪɧɭ� ɦɭɪɚɲɢɧɭ� ɫɢɫɬɟɦɭ�� $&6�� 00$6� ɚɛɨ�

ɜɟɪɫɿɸ� ɦɭɪɚɲɢɧɨʀ� ɫɢɫɬɟɦɢ ɧɚ� ɨɫɧɨɜɿ� ɪɚɧɝɭ� ɬɨɳɨ�� ȱɧɲɿ�� ɦɨɠɥɢɜɨ��

ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ� ɫɬɪɭɤɬɭɪɭ� ɝɿɩɟɪɤɭɛɿɜ� ɞɥɹ� $&2 [30]�� Ʉɨɠɧɚ� ɫɢɫɬɟɦɚ� ɤɨɥɨɧɿɣ�

ɦɭɪɚɯ�ɩɨɱɢɧɚɽ�ɿɬɟɪɭɜɚɬɢ�ɬɚ�ɨɧɨɜɥɸɜɚɬɢ�ɫɜɿɣ�ɦɚɫɢɜ�ɮɟɪɨɦɨɧɿɜ�ɜɿɞɩɨɜɿɞɧɨ��ɩɨɤɢ�

ɧɟ�ɞɨɫɹɝɧɟ�ɫɜɨɝɨ�ɥɨɤɚɥɶɧɨɝɨ�ɨɩɬɢɦɚɥɶɧɨɝɨ�ɪɿɲɟɧɧɹ� ȼɢɤɨɪɢɫɬɨɜɭɽɬɶɫɹ ɜɥɚɫɧɚ 

ɩɨɥɿɬɢɤɚ ɩɨɲɭɤɭ�� ɉɨɬɿɦ� ɜɿɧ� ɧɚɞɫɢɥɚɽ� ɰɟ� ɥɨɤɚɥɶɧɟ� ɨɩɬɢɦɚɥɶɧɟ� ɪɿɲɟɧɧɹ� ɞɨ�

ɧɚɣɤɪɚɳɨɝɨ�ɝɥɨɛɚɥɶɧɨɝɨ�ɰɟɧɬɪɭ�� 

ɍ�ɝɥɨɛɚɥɶɧɨɦɭ�ɧɚɣɤɪɚɳɨɦɭ�ɰɟɧɬɪɿ�ɡɛɟɪɿɝɚɸɬɶɫɹ�ɬɨɩɨɜɿ�ɝɥɨɛɚɥɶɧɿ�ɪɿɲɟɧɧɹ�

Ɇ�� ɹɤɿ� ɞɨɫɿ� ɲɭɤɚɸɬɶ� ɭɫɿ� ɤɨɥɨɧɿʀ� ɦɭɪɚɲɢɧɨʀ� ɫɢɫɬɟɦɢ�� Ƚɥɨɛɚɥɶɧɢɣ� ɰɟɧɬɪ�

ɧɚɣɤɪɚɳɢɯ�ɪɟɡɭɥɶɬɚɬɿɜ�ɬɚɤɨɠ�ɦɿɫɬɢɬɶ�ɩɚɪɚɦɟɬɪɢ�Ƚ, Ⱦ ɬɚ�ȡ ɞɥɹ�ɤɨɠɧɨɝɨ�ɪɿɲɟɧɧɹ��

ɐɿ� ɩɚɪɚɦɟɬɪɢ� ɞɨɪɿɜɧɸɸɬɶ� ɩɚɪɚɦɟɬɪɚɦ� ɤɨɥɨɧɿʀ�� ɩɨɤɢ� ɤɨɥɨɧɿɹ� ɡɧɚɯɨɞɢɬɶ� ɰɟ�

ɪɿɲɟɧɧɹ��Ɂɚɡɜɢɱɚɣ�Ɇ�ɛɿɥɶɲɟ��ɧɿɠ�ɤɿɥɶɤɿɫɬɶ�ɤɨɥɨɧɿɣ� 

Ⱦɪɭɝɢɦ�ɤɪɨɤɨɦ ɽ�ɩɪɚɜɢɥɨ�ɥɿɤɜɿɞɚɰɿʀ�ɫɬɚɪɨʀ�ɤɨɥɨɧɿʀ�ɦɭɪɚɯ��Ɂɧɢɳɟɧɧɹ�ɨɞɧɿɽʀ�

ɡɿ�ɫɬɚɪɢɯ�ɤɨɥɨɧɿɣ�ɜɿɞɛɭɜɚɽɬɶɫɹ�ɡɚ�ɬɚɤɢɦɢ�ɩɪɚɜɢɥɚɦɢ� 

1. Ʉɨɥɨɧɿɹ�� ɹɤɚ� ɜɨɥɨɞɿɽ� ɧɚɣɦɟɧɲɢɦ� ɥɨɤɚɥɶɧɢɦ� ɨɩɬɢɦɚɥɶɧɢɦ�

ɪɿɲɟɧɧɹɦ�ɫɟɪɟɞ�ɭɫɿɯ�ɤɨɥɨɧɿɣ� 

2. ɤɨɥɨɧɿɹ�� ɹɤɚ� ɜɨɥɨɞɿɽ� ɧɚɣɛɿɥɶɲɢɦɢ� ɩɨɤɨɥɿɧɧɹɦɢ� ɡ� ɦɨɦɟɧɬɭ� ʀʀ�

ɨɫɬɚɧɧɶɨɝɨ�ɥɨɤɚɥɶɧɨɝɨ�ɨɩɬɢɦɚɥɶɧɨɝɨ�ɪɿɲɟɧɧɹ� 

3. ɤɨɥɨɧɿɹ��ɹɤɚ�ɜɬɪɚɬɢɥɚ�ɪɿɡɧɨɦɚɧɿɬɧɿɫɬɶ��Ɂɚɝɚɥɨɦ��ɩɟɪɟɞɛɚɱɚɽɬɶɫɹ��

ɳɨ�ɜ�$&2�ɿɫɧɭɽ�ɩɪɢɧɚɣɦɧɿ�ɞɜɚ�ɬɢɩɢ�ɪɿɡɧɨɦɚɧɿɬɧɨɫɬɿ��ɪɿɡɧɨɦɚɧɿɬɧɿɫɬɶ�ɭ�ɩɨɲɭɤɭ�

ɦɚɪɲɪɭɬɿɜ�ɬɚ�ɪɿɡɧɨɦɚɧɿɬɧɿɫɬɶ�ɭ�ɜɿɞɤɥɚɞɟɧɧɿ�ɮɟɪɨɦɨɧɿɜ� 
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Ɍɪɟɬɿɦ�ɤɪɨɤɨɦ�ɽ�ɫɬɜɨɪɟɧɧɹ�ɧɨɜɨʀ�ɤɨɥɨɧɿʀ�ɦɭɪɚɯ�ɡɚ�ɞɨɩɨɦɨɝɨɸ�ɮɟɪɨɦɨɧɧɨɝɨ�

ɤɪɨɫɨɜɟɪɚ� ɉɨ-ɩɟɪɲɟ��ɦɢ�ɜɢɛɢɪɚɽɦɨ�ɜɢɩɚɞɤɨɜɢɦ�ɱɢɧɨɦ�P��P��0��ɪɿɲɟɧɶ�ɿɡ�0�

ɝɥɨɛɚɥɶɧɢɯ�ɧɚɣɤɪɚɳɢɯ�ɧɚ�ɫɶɨɝɨɞɧɿɲɧɿɣ�ɞɟɧɶ�ɨɩɬɢɦɭɦɿɜ�ɭ�ɝɥɨɛɚɥɶɧɨɦɭ�ɰɟɧɬɪɿ�

ɧɚɣɤɪɚɳɢɯ�ɡɧɚɣɞɟɧɢɯ�ɪɿɲɟɧɶ�� 

ɉɨ-ɞɪɭɝɟ��ɦɢ�ɧɚɜɦɢɫɧɨ�ɿɧɿɰɿɚɥɿɡɭɽɦɨ�ɫɥɿɞɢ�ɮɟɪɨɦɨɧɿɜ�ɰɿɽʀ�ɧɨɜɨʀ�ɤɨɥɨɧɿʀ�ɞɨ�

ȡ�W��� ɹɤɟ� ɩɨɱɢɧɚɽɬɶɫɹ� ɡ�ɏሺ�ሻ ൌ ɒ୫ୟ୶ሺ�ሻ ൌ
ଵ

ሺሺଵି஡ሻ൉୐ౘ౛౩౪ሺ୲ሻሻ
�� ɞɨɫɹɝɚɸɱɢ� ɬɚɤɢɦ� ɱɢɧɨɦ�

ɛɿɥɶɲ� ɜɢɫɨɤɨɝɨ� ɪɿɜɧɹ� ɞɨɫɥɿɞɠɟɧɧɹ� ɪɿɲɟɧɶ� ɧɚ� ɩɨɱɚɬɤɭ� ɚɥɝɨɪɢɬɦɭ� ɿ� ɛɿɥɶɲ�

ɜɢɫɨɤɨɬɨɱɧɟ� ɜɢɤɨɪɢɫɬɚɧɧɹ� ɩɨɛɥɢɡɭ� P� ɝɥɨɛɚɥɶɧɢɯ� ɨɩɬɢɦɚɥɶɧɢɯ� ɪɿɲɟɧɶ�

ɧɚɩɪɢɤɿɧɰɿ� ɚɥɝɨɪɢɬɦɭ�� Ⱦɟ��ୠୣୱ୲ሺ�ሻሻ  ± ɰɟ� ɧɚɣɤɪɚɳɚ� ɜɚɪɬɿɫɬɶ� ɪɿɲɟɧɧɹ� ɞɥɹ� ɜɫɿɯ�

ɤɨɥɨɧɿɣ� ɡɚ� ɩɨɬɨɱɧɢɣ� ɱɚɫ� W�� ɉɨɬɿɦ� ɰɿ� ɦɚɪɲɪɭɬɢ� ɦɨɞɢɮɿɤɭɸɬɶɫɹ� ɡɚ� ɞɨɩɨɦɨɝɨɸ�

ɚɪɢɮɦɟɬɢɱɧɨɝɨ�ɤɪɨɫɨɜɟɪɭ� 

 

߬௜௝ �ൌ ሻݐሺߩ� ൅�σ ܿ௞݀݊ܽݎ௞ሺሻο௠
௞ୀଵ ߬௜௝௞  . (2.14) 

 

Ⱦɟ� οɒ��� ൌ
ͳ

�����
� �� ɜ� ɹɤɨɦɭ� ɪɟɛɪɨ� �L�M�� ɡɧɚɯɨɞɢɬɶɫɹ� ɧɚ� N-ɦɭ� ɧɚɣɤɪɚɳɨɦɭ�

ɝɥɨɛɚɥɶɧɨɦɭ� ɪɿɲɟɧɧɿ�� ɚ��ୠୣୱ୲୩ ɩɨɡɧɚɱɚɽ� N-ɦɭ� ɧɚɣɤɪɚɳɟ� ɝɥɨɛɚɥɶɧɟ� ɪɿɲɟɧɧɹ� ɜ� P�

ɜɢɛɪɚɧɢɯ�ɪɿɲɟɧɧɹɯ������୩ሺሻ± ɰɟ�ɜɢɩɚɞɤɨɜɚ�ɮɭɧɤɰɿɹ��ɪɿɜɧɨɦɿɪɧɨ�ɪɨɡɩɨɞɿɥɟɧɚ�ɜ�

ɞɿɚɩɚɡɨɧɿ� >���@�� �୩  ± ɜɚɝɚ� οɒ���  ɿ�σ �୩ ൌ ʹ୫
୩ୀଵ ɨɫɤɿɥɶɤɢ� ɦɚɬɟɦɚɬɢɱɧɟ� ɨɱɿɤɭɜɚɧɧɹ�

����୩ሺሻ ɞɨɪɿɜɧɸɽ� 1/�� �� ɇɚɪɟɲɬɿ�� ɩɚɪɚɦɟɬɪɢ� Ƚ , Ⱦ  ɬɚ� ȡ ɜɫɬɚɧɨɜɥɸɸɬɶɫɹ� ɡɚ�

ɞɨɩɨɦɨɝɨɸ�ɚɪɢɮɦɟɬɢɱɧɨɝɨ�ɤɪɨɫɨɜɟɪɚ� 

 

�ߙ ൌ σ ܿ௞݀݊ܽݎ௞ሺሻߙ௞௠
௞ୀଵ  , 

�ߚ� ൌ σ ܿ௞݀݊ܽݎ௞ሺሻߚ௞௠
௞ୀଵ , (2.15) 

�ߩ� ൌ σ ܿ௞݀݊ܽݎ௞ሺሻߩ௞௠
௞ୀଵ   

 

ɞɟ�Ƚ୩, Ⱦ୩ ɿ�ɏ୩ ɧɚɥɟɠɚɬɶ�N-ɦɭ�ɝɥɨɛɚɥɶɧɨ�ɧɚɣɤɪɚɳɨɦɭ�ɪɨɡɜ¶ɹɡɤɭ�ɡ�P�ɜɢɛɪɚɧɢɯ�

ɪɿɲɟɧɶ��ɉɿɫɥɹ�ɰɢɯ�ɨɩɟɪɚɰɿɣ�ɤɨɥɨɧɿɹ�ɩɨɱɢɧɚɽ�ɩɨɜɬɨɪɸɜɚɬɢ� ɬɚ�ɨɧɨɜɥɸɜɚɬɢ� ɫɜɿɣ�

ɥɨɤɚɥɶɧɢɣ�ɮɟɪɨɦɨɧ�ɡɚɧɨɜɨ� 

ɑɟɬɜɟɪɬɢɦ�ɤɪɨɤɨɦ�ɽ�ɫɬɜɨɪɟɧɧɹ�ɨɩɟɪɚɬɨɪɭ�ɜɿɞɲɬɨɜɯɭɜɚɧɧɹ� 
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əɤ�ɭ�ɚɥɝɨɪɢɬɦɿ�©6KHSKHUG�DQG�6KHHSGRJª�[31]��ɬɭɬ�ɜɜɨɞɢɬɶɫɹ�ɩɪɢɜɚɛɥɢɜɢɣ�ɿ�

ɜɿɞɪɚɡɥɢɜɢɣ�$&2��ɧɚɦɚɝɚɸɱɢɫɶ�ɳɟ�ɛɿɥɶɲɟ� ɡɦɟɧɲɢɬɢ�ɣɦɨɜɿɪɧɿɫɬɶ�ɩɟɪɟɞɱɚɫɧɨʀ�

ɤɨɧɜɟɪɝɟɧɰɿʀ��Ɇɢ�ɜɢɡɧɚɱɚɽɦɨ�ɮɚɡɭ�ɡɚɥɭɱɟɧɧɹ�ɥɢɲɟ�ɹɤ�ɨɫɧɨɜɧɢɣ�ɚɥɝɨɪɢɬɦ�$&2��

ɇɚ�ɰɶɨɦɭ�ɟɬɚɩɿ�ɯɨɪɨɲɿ�ɪɿɲɟɧɧɹ�ɮɭɧɤɰɿɨɧɭɸɬɶ�ɹɤ�©ɩɪɢɜɚɛɥɸɜɚɱɿª�� 

ɍ�ɤɨɥɨɧɿʀ� ɰɿɽʀ�ɮɚɡɢ�ɦɭɪɚɯɢ�ɛɭɞɭɬɶ�ɩɪɢɬɹɝɭɜɚɬɢɫɹ�ɞɨ�ɦɿɫɰɹ� ɡɧɚɯɨɞɠɟɧɧɹ�

ɯɨɪɨɲɨɝɨ�ɪɿɲɟɧɧɹ��Ɉɞɧɚɤ�ɧɨɜɚ�ɤɨɥɨɧɿɹ��ɹɤɚ�ɳɨɣɧɨ�ɛɭɥɚ�ɩɨɜɬɨɪɧɨ�ɿɧɿɰɿɚɥɿɡɨɜɚɧɚ�

ɡɚ� ɞɨɩɨɦɨɝɨɸ� ɮɟɪɨɦɨɧɧɨɝɨ� ɚɪɢɮɦɟɬɢɱɧɨɝɨ� ɤɪɨɫɨɜɟɪɚ�� ɦɨɠɥɢɜɨ�� ɡɧɨɜɭ� ɛɭɞɟ�

ɩɟɪɟɦɚɥɶɨɜɚɧɚ�ɞɨ�ɬɨɝɨ�ɫɚɦɨɝɨ�ɧɚɣɤɪɚɳɨɝɨ�ɥɨɤɚɥɶɧɨɝɨ� ɨɩɬɢɦɚɥɶɧɨɝɨ�ɪɿɲɟɧɧɹ��

ɹɤɟ�ɛɭɥɨ�ɡɧɚɣɞɟɧɨ�ɥɢɲɟ�ɯɜɢɥɢɧɭ�ɬɨɦɭ�� 

ȼ�ɪɟɡɭɥɶɬɚɬɿ�ɰɟ�ɜɢɬɪɚɱɚɽ�ɛɚɝɚɬɨ�ɨɛɱɢɫɥɸɜɚɥɶɧɢɯ�ɪɟɫɭɪɫɿɜ��Ɍɨɦɭ�ɩɨɬɪɿɛɧɨ�

ɜɢɡɧɚɱɢɬɢ ɞɪɭɝɭ� ɮɚɡɭ� ɜɿɞɲɬɨɜɯɭɜɚɧɧɹ�� ɜɿɞɧɿɦɚɸɱɢ� ɬɟɪɦɿɧ� ȟɒ୧୨ୠୣୱ୲  ɭ� ɡɜ¶ɹɡɤɭ� ɡ�

ɧɚɣɤɪɚɳɢɦ�ɧɚ�ɞɚɧɢɣ�ɦɨɦɟɧɬ�ɪɿɲɟɧɧɹɦ�ɭ�ɮɨɪɦɭɥɿ�ɨɧɨɜɥɟɧɧɹ�ɮɟɪɨɦɨɧɿɜ��ɤɨɥɢ�

ɩɨɜɬɨɪɧɨ�ɿɧɿɰɿɚɥɿɡɭɽɬɶɫɹ ɧɨɜɚ ɤɨɥɨɧɿɹ��Ɍɨɞɿ�ɪɿɜɧɹɧɧɹ��2.���ɛɭɞɟ�ɦɚɬɢ�ɜɢɝɥɹɞ� 

 

߬௜௝ �ൌ ሻݐሺߩ� ൅�σ ܿ௞݀݊ܽݎ௞ሺሻο௠
௞ୀଵ ߬௜௝௞ െ ʠ௕௘௦௧ο߬௜௝௕௘௦௧ . (2.16) 

 

Ⱦɟ� ɧɚɣɤɪɚɳɢɣ� οɒ୧୨ୠୣୱ୲ ൌ ͳȀ�ୠୣୱ୲ �� ɭ� ɹɤɨɦɭ� ɪɟɛɪɨ� �L�M�� ɡɧɚɯɨɞɢɬɶɫɹ� ɧɚ�

ɧɚɣɤɪɚɳɨɦɭ� ɧɚ� ɞɚɧɢɣ� ɦɨɦɟɧɬ� ɪɿɲɟɧɧɿ�� �ୠୣୱ୲  ɩɨɡɧɚɱɚɽ� ɧɚɣɤɪɚɳɭ� ɜɚɪɬɿɫɬɶ�

ɪɿɲɟɧɧɹ��ʠୠୣୱ୲ ± ɰɟ�ɜɚɝɚ�ɧɚɣɤɪɚɳɨɝɨ�οɒ୧୨ୠୣୱ୲ ��ɚ�ɿɧɲɿ�ɤɨɟɮɿɰɿɽɧɬɢ�± ɰɟ�ɬɟ�ɫɚɦɟ��ɳɨ�ɣ�

ɭ�ɪɿɜɧɹɧɧɿ��2.14���ɇɚ�ɰɿɣ�ɮɚɡɿ�ɧɚɣɤɪɚɳɟ�ɧɚ�ɫɶɨɝɨɞɧɿɲɧɿɣ�ɞɟɧɶ�ɪɿɲɟɧɧɹ�ɮɭɧɤɰɿɨɧɭɽ�

ɹɤ� ©ɜɿɞɥɹɤɭɜɚɱª�� ɳɨɛ� ɦɭɪɚɯɢ� ɦɨɝɥɢ� ɜɿɞɞɚɥɹɬɢɫɹ� ɜɿɞ� ɧɚɣɤɪɚɳɨɝɨ� ɪɿɲɟɧɧɹ��

ȱɞɟɧɬɢɮɿɤɭɽɬɶɫɹ ɰɹ ɪɟɚɥɿɡɚɰɿɹ ɦɨɞɟɥɿ� ɧɚ� ɨɫɧɨɜɿ� ɮɟɪɨɦɨɧɧɨɝɨ� ɤɪɨɫɨɜɟɪɚ� ɬɚ�

ɨɩɟɪɚɬɨɪɚ�ɜɿɞɲɬɨɜɯɭɜɚɧɧɹ�ɡ�ɚɤɪɨɧɿɦɨɦ�0&$ [32]. 

 

2.4.2 Ɉɩɢɫ ɩɚɪɚɥɟɥɶɧɨɝɨ� ɚɫɢɧɯɪɨɧɧɨɝɨ� ɚɥɝɨɪɢɬɦɭ� ɞɥɹ� ɚɥɝɨɪɢɬɦɿɜ� ɡ�

ɤɿɥɶɤɨɦɚ�ɤɨɥɨɧɿɹɦɢ 

 

ȱɫɧɭɽ� ɩɚɪɚɥɟɥɶɧɢɣ� ɚɫɢɧɯɪɨɧɧɢɣ� ɚɥɝɨɪɢɬɦ� ɞɥɹ� ɚɥɝɨɪɢɬɦɭ� ɡ� ɤɿɥɶɤɨɦɚ�

ɤɨɥɨɧɿɹɦɢ� ɦɭɪɚɯ�� ɳɨɛ� ɟɮɟɤɬɢɜɧɨ� ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ� ɜɫɿ� ɞɨɫɬɭɩɧɿ� ɩɪɨɰɟɫɨɪɢ� ɜ�

ɝɟɬɟɪɨɝɟɧɧɨɦɭ� ɤɥɚɫɬɟɪɿ� ɚɛɨ� ɝɟɬɟɪɨɝɟɧɧɢɯ� ɨɛɱɢɫɥɸɜɚɥɶɧɢɯ� ɫɟɪɟɞɨɜɢɳɚɯ�� ɐɟɣ�

ɩɪɨɰɟɫ�ɩɪɨɟɤɬɭɜɚɧɧɹ�ɫɥɿɞɭɽ�ɩɚɪɚɞɢɝɦɿ�ɜɟɞɭɱɢɣ�ɩɿɞɩɨɪɹɞɤɨɜɚɧɢɣ�� 
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Ƚɨɥɨɜɧɢɣ� ɩɪɨɰɟɫɨɪ� ɭɬɪɢɦɭɽ� ɝɥɨɛɚɥɶɧɢɣ� ɧɚɣɤɪɚɳɢɣ� ɰɟɧɬɪ�� ɧɚɞɫɢɥɚɽ�

ɩɚɪɚɦɟɬɪɢ� ɿɧɿɰɿɚɥɿɡɚɰɿʀ� ɤɨɥɨɧɿʀ� ɞɨ� ɩɿɞɩɨɪɹɞɤɨɜɚɧɢɯ� ɩɪɨɰɟɫɨɪɿɜ� ɿ� ɜɢɤɨɧɭɽ� ɜɫɿ�

ɩɪɨɰɟɫɢ� ɩɪɢɣɧɹɬɬɹ� ɪɿɲɟɧɶ�� ɬɚɤɿ� ɹɤ� ɨɧɨɜɥɟɧɧɹ� ɬɚ� ɫɨɪɬɭɜɚɧɧɹ� ɝɥɨɛɚɥɶɧɨɝɨ�

ɧɚɣɤɪɚɳɨɝɨ� ɰɟɧɬɪɭ�� ɩɟɪɟɜɿɪɤɚ� ɡɛɿɠɧɨɫɬɿ�� ȼɿɧ� ɧɟ� ɜɢɤɨɧɭɽ� ɠɨɞɧɨʀ� ɿɬɟɪɚɰɿʀ�

ɚɥɝɨɪɢɬɦɭ� ɤɨɥɨɧɿʀ� ɦɭɪɚɯ�� Ɉɞɧɚɤ� ɩɿɞɩɨɪɹɞɤɨɜɚɧɿ� ɩɪɨɰɟɫɨɪɢ� ɛɚɝɚɬɨɪɚɡɨɜɨ�

ɜɢɤɨɧɭɸɬɶ�ɿɬɟɪɚɰɿɸ�ɚɥɝɨɪɢɬɦɭ�ɦɭɪɚɲɢɧɨʀ�ɤɨɥɨɧɿʀ��ɜɢɤɨɪɢɫɬɨɜɭɸɱɢ�ɩɚɪɚɦɟɬɪɢ��

ɩɪɢɡɧɚɱɟɧɿ�ʀɦ�� 

Ɂɚɜɞɚɧɧɹ��ɳɨ�ɜɢɤɨɧɭɸɬɶɫɹ�ɝɨɥɨɜɧɢɦ�ɿ�ɩɿɞɩɨɪɹɞɤɨɜɚɧɢɦ�ɩɪɨɰɟɫɨɪɚɦɢ��ɬɚɤɿ� 

1. Ƚɨɥɨɜɧɢɣ�ɩɪɨɰɟɫɨɪ: 

a) ȱɧɿɰɿɚɥɿɡɚɰɿɹ� ɜɫɿɯ� ɩɚɪɚɦɟɬɪɿɜ� ɤɨɥɨɧɿɣ� ɬɚ� ɧɚɞɫɢɥɚɧɧɹ� ʀɯ�

ɩɿɞɩɨɪɹɞɤɨɜɚɧɢɦ�ɩɪɨɰɟɫɨɪɚɦ. 

b) Ɉɬɪɢɦɚɧɧɹ� ɝɥɨɛɚɥɶɧɨ ɧɚɣɤɪɚɳɨɝɨ� ɰɟɧɬɪɚ� ɡɧɚɱɟɧɶ�� ɹɤɢɣ� ɡɛɟɪɿɝɚɽ�

ɧɚɣɤɪɚɳɿ�ɝɥɨɛɚɥɶɧɿ�ɪɿɲɟɧɧɹ�0�ɬɚ�ʀɯ�ɩɚɪɚɦɟɬɪɢ. 

c) Ɉɬɪɢɦɭɜɚɧɧɹ� ɥɨɤɚɥɶɧɨɝɨ� ɨɩɬɢɦɚɥɶɧɨɝɨ� ɪɿɲɟɧɧɹ� ɬɚ� ɩɚɪɚɦɟɬɪɿɜ� ɜɿɞ�

ɩɿɞɩɨɪɹɞɤɨɜɚɧɢɯ�ɩɪɨɰɟɫɨɪɿɜ�ɿ�ɨɧɨɜɥɟɧɧɹ�ɫɜɨɝɨ�ɝɥɨɛɚɥɶɧɨɝɨ�ɧɚɣɤɪɚɳɢɣ�ɰɟɧɬɪɚ�

ɡɧɚɱɟɧɶ. 

d) Ɉɰɿɧɤɚ ɟɮɟɤɬɢɜɧɨɫɬɿ�ɤɨɥɨɧɿɣ�ɦɭɪɚɯ�ɭ�ɩɿɞɩɨɪɹɞɤɨɜɚɧɢɯ�ɩɪɨɰɟɫɨɪɚɯ. 

e) ȱɧɿɰɿɚɥɿɡɚɰɿɹ ɧɚɛɿɪɭ�ɩɚɪɚɦɟɬɪɿɜ�ɧɨɜɨʀ�ɤɨɥɨɧɿʀ��ɜɢɤɨɪɢɫɬɨɜɭɸɱɢ�ʀɯ�ɹɤ�

ɮɟɪɨɦɨɧɧɢɣ� ɤɪɨɫɨɜɟɪ�� ɬɚɤ� ɿ� ɹɤ� ɨɩɟɪɚɬɨɪ� ɞɥɹ� ɜɿɞɲɬɨɜɯɭɜɚɧɧɹ� ɧɚ� ɨɫɧɨɜɿ�

ɦɭɥɶɬɢɨɩɬɢɦɭɦɭ�ɞɥɹ�ɧɚɣɝɿɪɲɨʀ�ɤɨɥɨɧɿʀ�ɦɭɪɚɯ. 

f) ȼɢɛɿɪ�ɨɞɧɿɽʀ�ɡ�ɧɚɣɝɿɪɲɢɯ�ɤɨɥɨɧɿɣ�ɦɭɪɚɯ�ɞɥɹ�ɡɧɢɳɟɧɧɹ�ɬɚ�ɧɚɞɫɢɥɚɧɧɹ�

ɧɨɜɢɯ� ɩɚɪɚɦɟɬɪɿɜ� ɤɨɥɨɧɿʀ� ɬɚ� ɤɨɦɚɧɞɢ� ɡɧɢɳɟɧɧɹ� ɩɿɞɩɨɪɹɞɤɨɜɚɧɨɦɭ� ɩɪɨɰɟɫɨɪɭ��

ɹɤɨɦɭ�ɧɚɥɟɠɢɬɶ�ɭɛɢɬɚ�ɤɨɥɨɧɿɹ. 

g) ɉɟɪɟɜɿɪɤɚ�ɧɚ�ɡɛɿɠɧɿɫɬɶ� 

2. ɉɿɞɩɨɪɹɞɤɨɜɚɧɢɣ�ɩɪɨɰɟɫɨɪ: 

1. Ɉɬɪɢɦɭɜɚɧɧɹ�ɧɚɛɨɪɭ�ɩɚɪɚɦɟɬɪɿɜ�ɤɨɥɨɧɿʀ�ɜɿɞ�ɝɨɥɨɜɧɨɝɨ�ɩɪɨɰɟɫɨɪɚ� 

2. ȱɧɿɰɿɚɥɿɡɚɰɿɹ�ɤɨɥɨɧɿʀ�ɦɭɪɚɯ�ɿ�ɩɨɱɚɬɨɤ�ɿɬɟɪɚɰɿʀ; 

3. ȼɿɞɩɪɚɜɤɚ� ɫɜɨɝɨ� ɥɨɤɚɥɶɧɨɝɨ� ɨɩɬɢɦɚɥɶɧɨɝɨ� ɪɿɲɟɧɧɹ� ɬɚ� ɩɚɪɚɦɟɬɪɿɜ�

ɝɨɥɨɜɧɨɦɭ�ɩɪɨɰɟɫɨɪɭ� 
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4. Ɉɬɪɢɦɭɽ�ɤɨɦɚɧɞɭ�ɡɧɢɳɟɧɧɹ�ɬɚ�ɩɚɪɚɦɟɬɪɢ�ɜɿɞ�ɝɨɥɨɜɧɨɝɨ�ɩɪɨɰɟɫɨɪɚ��ɚ�

ɩɨɬɿɦ�ɜɢɤɨɪɢɫɬɨɜɭɽ�ɰɿ�ɩɚɪɚɦɟɬɪɢ�ɞɥɹ�ɩɨɜɬɨɪɧɨʀ�ɿɧɿɰɿɚɥɿɡɚɰɿʀ�ɬɚ�ɩɨɱɚɬɤɭ�ɿɬɟɪɚɰɿʀ�

ɜɿɞɩɨɜɿɞɧɨ�ɞɨ�ɪɿɜɧɹɧɧɹ� 

ɉɿɫɥɹ� ɬɨɝɨ�� ɹɤ� ɝɨɥɨɜɧɢɣ� ɩɪɨɰɟɫɨɪ� ɜɢɤɨɧɚɜ� ɤɪɨɤ� ɿɧɿɰɿɚɥɿɡɚɰɿʀ�� ɩɚɪɚɦɟɬɪɢ�

ɿɧɿɰɿɚɥɿɡɚɰɿʀ� ɧɚɞɫɢɥɚɸɬɶɫɹ� ɞɨ� ɩɿɞɥɟɝɥɢɯ� ɩɪɨɰɟɫɨɪɿɜ� ɞɥɹ� ɜɢɤɨɧɚɧɧɹ� ɿɬɟɪɚɰɿʀ�

ɚɥɝɨɪɢɬɦɭ�ɦɭɪɚɲɢɧɨʀ�ɤɨɥɨɧɿʀ�� 

Ɉɫɤɿɥɶɤɢ� ɜɦɿɫɬ� ɡɜ¶ɹɡɤɭ� ɦɿɠ� ɝɨɥɨɜɧɢɦ� ɩɪɨɰɟɫɨɪɨɦ ɿ� ɩɿɞɥɟɝɥɢɦɢ�

ɩɪɨɰɟɫɨɪɚɦɢ� ɽ� ɥɢɲɟ� ɞɟɹɤɢɦɢ� ɩɚɪɚɦɟɬɪɚɦɢ� ɿ� ɧɟɨɩɬɢɦɚɥɶɧɢɦɢ� ɪɿɲɟɧɧɹɦɢ��

ɜɿɞɧɨɲɟɧɧɹ� ɱɚɫɭ� ɡɜ¶ɹɡɤɭ� ɦɿɠ� ɝɨɥɨɜɧɢɦ� ɿ� ɩɿɞɥɟɝɥɢɦɢ� ɩɪɨɰɟɫɨɪɚɦɢ� ɞɨ� ɱɚɫɭ�

ɨɛɱɢɫɥɟɧɶ�ɩɪɨɰɟɫɨɪɿɜ�ɰɿɽʀ�ɫɢɫɬɟɦɢ�ɽ�ɜɿɞɧɨɫɧɨ�ɦɚɥɢɦ�� 

Ɂɜ
ɹɡɨɤ�ɦɨɠɟ�ɛɭɬɢ�ɡɞɿɣɫɧɟɧɢɣ�ɡɚ�ɞɨɩɨɦɨɝɨɸ�ɫɯɟɦɢ�ɡɜ
ɹɡɤɭ��ɬɨɱɤɚ-ɬɨɱɤɚ���

ɪɟɚɥɿɡɨɜɚɧɨʀ�ɡɚ�ɞɨɩɨɦɨɝɨɸ�ɿɧɬɟɪɮɟɣɫɭ�ɩɟɪɟɞɚɱɿ�ɩɨɜɿɞɨɦɥɟɧɶ��03,� [33].  

Ɍɿɥɶɤɢ� ɩɿɫɥɹ� ɨɬɪɢɦɚɧɧɹ� ɫɜɨɝɨ� ɥɨɤɚɥɶɧɨɝɨ� ɨɩɬɢɦɚɥɶɧɨɝɨ� ɪɿɲɟɧɧɹ�

ɩɿɞɩɨɪɹɞɤɨɜɚɧɢɣ�ɩɪɨɰɟɫɨɪ�ɡɚɞɚɽ�ɩɨɜɿɞɨɦɥɟɧɧɹ�ɝɨɥɨɜɧɨɦɭ�ɩɪɨɰɟɫɨɪɭ� �ɪɢɫɭɧɨɤ 

2.6).  

ɉɪɨɬɹɝɨɦ� ɰɶɨɝɨ� ɩɟɪɿɨɞɭ� ɩɿɞɩɨɪɹɞɤɨɜɚɧɢɣ� ɩɪɨɰɟɫɨɪ� ɩɪɨɞɨɜɠɭɽ� ɫɜɨɸ�

ɿɬɟɪɚɰɿɸ��ɩɨɤɢ�ɧɟ�ɨɬɪɢɦɚɽ�ɤɨɦɚɧɞɭ�ɡɧɢɳɟɧɧɹ�ɜɿɞ�ɝɨɥɨɜɧɨɝɨ�ɩɪɨɰɟɫɨɪɚ�� 

ɉɨɬɿɦ� ɩɿɞɩɨɪɹɞɤɨɜɚɧɢɣ� ɩɪɨɰɟɫɨɪ� ɿɧɿɰɿɚɥɿɡɭɽ� ɧɨɜɭ� ɤɨɥɨɧɿɸ� ɦɭɪɚɯ� ɿ�

ɩɨɜɬɨɪɸɽ�ɚɥɝɨɪɢɬɦ�ɡɧɨɜɭ� 
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Ɋɢɫɭɧɨɤ�2.6 - Ȼɥɨɤ-ɫɯɟɦɚ�ɞɥɹ�ɩɚɪɚɥɟɥɶɧɨɝɨ�ɚɫɢɧɯɪɨɧɧɨɝɨ�ɚɥɝɨɪɢɬɦɭ��ɋɿɪɿ�

ɩɨɥɹ�ɜɤɚɡɭɸɬɶ�ɧɚ�ɞɿʀ�ɧɚ�ɝɨɥɨɜɧɨɦɭ�ɩɪɨɰɟɫɨɪɿ� 

 

ɉɫɟɜɞɨɤɨɞ� ɩɚɪɚɥɟɥɶɧɨɝɨ� ɚɫɢɧɯɪɨɧɧɨɝɨ� ɚɥɝɨɪɢɬɦɭ� 0&$� ɩɪɟɞɫɬɚɜɥɟɧɢɣ�

ɚɥɝɨɪɢɬɦɨɦ����� 

 

Ⱥɥɝɨɪɢɬɦ�����± ɉɫɟɜɞɨɤɨɞ�ɩɚɪɚɥɟɥɶɧɨɝɨ�ɚɫɢɧɯɪɨɧɧɨɝɨ�ɚɥɝɨɪɢɬɦɭ�0&$ 

Ƚɨɥɨɜɧɢɣ�ɩɪɨɰɟɫɨɪ� 

ȱɧɿɰɿɚɥɿɡɚɰɿɹ�ɨɩɬɢɦɿɡɚɰɿʀ� 

ȱɧɿɰɿɚɥɿɡɚɰɿɹ�ɩɚɪɚɦɟɬɪɿɜ�ɜɫɿɯ�ɤɨɥɨɧɿɣ 

ȼɿɞɩɪɚɜɢɬɢ�ʀɯ�ɞɨ�ɩɿɞɩɨɪɹɞɤɨɜɚɧɢɯ�ɩɪɨɰɟɫɨɪɿɜ�� 

ȼɢɤɨɧɚɧɧɹ�ɨɫɧɨɜɧɨɝɨ�ɰɢɤɥɭ� 

Ɉɬɪɢɦɚɧɧɹ� ɥɨɤɚɥɶɧɨɝɨ� ɨɩɬɢɦɚɥɶɧɨɝɨ� ɪɿɲɟɧɧɹ ɿ� ɩɚɪɚɦɟɬɪɢ� ɜɿɞ�

ɩɿɞɩɨɪɹɞɤɨɜɚɧɢɯ�ɩɪɨɰɟɫɨɪɿɜ� 

Ɉɧɨɜɥɟɧɧɹ�ɝɥɨɛɚɥɶɧɨɝɨ�ɧɚɣɤɪɚɳɨɝɨ�ɰɟɧɬɪɭ� 

ɉɟɪɟɜɿɪɤɚ�ɡɛɿɠɧɨɫɬɿ 
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If �ɩɪɚɜɢɥɨ�ɜɢɤɥɸɱɟɧɧɹ�ɜɢɤɨɧɚɧɨ���than  

Ɂɧɚɯɨɞɠɟɧɧɹ�ɧɚɣɝɿɪɲɨʀ�ɤɨɥɨɧɿʀ� 

ȼɿɞɩɪɚɜɤɚ�ʀɣ�ɤɨɦɚɧɞɢ�ɡɧɢɳɟɧɧɹ�ɿ�ɜɫɬɚɧɨɜɥɟɧɧɹ�ɧɚɛɿɪ�ɧɨɜɢɯ�ɩɚɪɚɦɟɬɪɿɜ 

Ɂɜɿɬ�ɩɪɨ�ɪɟɡɭɥɶɬɚɬɢ� 

ɉɿɞɩɨɪɹɞɤɨɜɚɧɢɣ�ɩɪɨɰɟɫɨɪ� 

Ɉɬɪɢɦɚɧɧɹ�ɩɚɪɚɦɟɬɪɚ�ɿɧɿɰɿɚɥɿɡɚɰɿʀ�ɜɿɞ�ɝɨɥɨɜɧɨɝɨ�ɩɪɨɰɟɫɨɪɚ� 

ȱɧɿɰɿɚɥɿɡɨɜɭɜɚɧɧɹ�ɧɨɜɨʀ�ɦɿɫɰɟɜɨʀ�ɤɨɥɨɧɿʀ�ɦɭɪɚɯ 

ȼɢɤɨɧɚɧɧɹ ɨɩɬɢɦɿɡɚɰɿʀ 

For N� ���ɤɿɥɶɤɿɫɬɶ�ɿɬɟɪɚɰɿɣ 

For L� ���ɤɿɥɶɤɿɫɬɶ�ɦɭɪɚɯ 

ɉɨɛɭɞɨɜɚ ɧɨɜɨɝɨ ɪɿɲɟɧɧɹ 

əɤɳɨ��ɨɬɪɢɦɚɧɨ�ɤɨɦɚɧɞɭ�ɡɧɢɳɟɧɧɹ ɿ�ɧɚɛɿɪ�ɧɨɜɢɯ�ɩɚɪɚɦɟɬɪɿɜ���ɬɨɞɿ  

ɉɟɪɟɯɿɞ ɞɨ�ɿɧɿɰɿɚɥɿɡɚɰɿʀ�ɧɨɜɨʀ�ɥɨɤɚɥɶɧɨʀ�ɤɨɥɨɧɿʀ�ɦɭɪɚɯ�� 

Endfor  

Ɂɦɿɧɚ�ɥɨɤɚɥɶɧɨɝɨ ɦɚɫɢɜɭ ɮɟɪɨɦɨɧɿɜ 

ȼɿɞɩɪɚɜɤɚ ɥɨɤɚɥɶɧɨɝɨ ɨɩɬɢɦɚɥɶɧɨɝɨ ɪɿɲɟɧɧɹ� ɬɚ�ɩɚɪɚɦɟɬɪɿɜ ɧɚ� ɝɨɥɨɜɧɢɣ�

ɩɪɨɰɟɫɨɪ 

Endfor  

Ʉɿɧɟɰɶ 
 

2.5 ȿɤɫɩɟɪɢɦɟɧɬɚɥɶɧɿ�ɪɟɡɭɥɶɬɚɬɢ�ɬɟɫɬɭɜɚɧɧɹ�ɚɥɝɨɪɢɬɦɭ 

2.5.1 ɉɚɪɚɥɟɥɶɧɿ�ɧɟɡɚɥɟɠɧɿ�ɡɚɩɭɫɤɢ�ɬɚ�ɩɨɫɥɿɞɨɜɧɢɣ�ɚɥɝɨɪɢɬɦ 

 

ɍ�ɰɿɣ�ɩɚɪɚɥɟɥɶɧɿɣ�ɦɨɞɟɥɿ�N�ɤɨɩɿɣ�ɨɞɧɨɝɨ�ɿ�ɬɨɝɨ�ɠ�ɩɨɫɥɿɞɨɜɧɨɝɨ�ɚɥɝɨɪɢɬɦɭ�

00$6�ɨɞɧɨɱɚɫɧɨ�ɿ�ɧɟɡɚɥɟɠɧɨ�ɜɢɤɨɧɭɸɬɶɫɹ�ɡ�ɜɢɤɨɪɢɫɬɚɧɧɹɦ�ɪɿɡɧɢɯ�ɜɢɩɚɞɤɨɜɢɯ�

ɩɨɱɚɬɤɨɜɢɯ� ɞɚɧɢɯ�� Ʉɿɧɰɟɜɢɦ ɪɟɡɭɥɶɬɚɬɨɦ ɽ� ɧɚɣɤɪɚɳɟ ɪɿɲɟɧɧɹ ɫɟɪɟɞ� ɭɫɿɯ 

ɨɬɪɢɦɚɧɢɯ�� ȼɢɤɨɪɢɫɬɚɧɧɹ� ɩɚɪɚɥɟɥɶɧɢɯ� ɧɟɡɚɥɟɠɧɢɯ� ɡɚɩɭɫɤɿɜ� ɽ� ɩɪɿɨɪɢɬɟɬɧɢɦ, 

ɨɫɤɿɥɶɤɢ� ɜ� ɛɿɥɶɲɨɫɬɿ� ɜɢɩɚɞɤɿɜ� ɧɟ� ɩɨɬɪɿɛɧɿ� ɤɨɦɭɧɿɤɚɰɿɣɧɿ� ɜɢɬɪɚɬɢ� ɿ� ɦɚɣɠɟ� ɧɟ�

ɩɨɬɪɿɛɧɿ� ɞɨɞɚɬɤɨɜɿ� ɡɭɫɢɥɥɹ� ɳɨɞɨ� ɜɩɪɨɜɚɞɠɟɧɧɹ ɚɥɝɨɪɢɬɦɭ. ȱɞɟɧɬɢɮɿɤɚɰɿɹ 

ɪɟɚɥɿɡɚɰɿʀ ɰɿɽʀ�ɦɨɞɟɥɿ�ɡɚ�ɞɨɩɨɦɨɝɨɸ�ɚɛɪɟɜɿɚɬɭɪɢ�3,5 [34]. Ȼɭɥɨ�ɜɢɹɜɥɟɧɨ��ɳɨ�3,5�

ɜɨɥɨɞɿɽ�ɤɪɚɳɨɸ�ɩɪɨɞɭɤɬɢɜɧɿɫɬɸ��ɧɿɠ�ɛɭɞɶ-ɹɤɚ�ɿɧɲɚ�ɩɚɪɚɥɟɥɶɧɚ�ɦɨɞɟɥɶ [35].  
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ɓɨɛ�ɦɚɬɢ�ɟɬɚɥɨɧɧɢɣ�ɚɥɝɨɪɢɬɦ�ɞɥɹ�ɩɨɪɿɜɧɹɧɧɹ��ɛɭɥɨ�ɬɚɤɨɠ�ɩɪɨɬɟɫɬɨɜɚɧɨ 

ɟɤɜɿɜɚɥɟɧɬɧɢɣ� ɩɨɫɥɿɞɨɜɧɢɣ� ɚɥɝɨɪɢɬɦ�00$6 [36]�� ȼɿɧ� ɩɪɚɰɸɽ� ɞɥɹ� ɬɢɯ� ɫɚɦɢɯ�

ɩɨɤɨɥɿɧɶ��ɳɨ�ɣ�ɩɚɪɚɥɟɥɶɧɢɣ�ɚɥɝɨɪɢɬɦ��N-ɬɢɯ ɩɨɤɨɥɿɧɶ�ɩɚɪɚɥɟɥɶɧɨɝɨ�ɚɥɝɨɪɢɬɦɭ���

ȱɞɟ ɿɞɟɧɬɢɮɿɤɚɰɿɹ ɪɟɚɥɿɡɚɰɿʀ ɰɿɽʀ�ɦɨɞɟɥɿ�ɡɚ�ɞɨɩɨɦɨɝɨɸ�ɚɛɪɟɜɿɚɬɭɪɢ�6(4 [37]. 

ȼɢɤɨɪɢɫɬɚɜɲɢ� ɬɟɫɬɨɜɿ� ɞɚɧɿ� ɡɚ� ɡɚɩɭɫɬɢɜɲɢ� ɫɢɦɭɥɹɰɿɸ� ɞɚɧɢɯ� ɜɚɪɿɚɰɿɣ�

ɚɥɝɨɪɢɬɦɭ� ɩɨ� ɟɜɨɥɸɰɿɣɧɿɣ� ɦɨɞɟɥɿ� ɠɢɬɬɹ� ɬɚ� ɧɚɤɨɩɢɱɟɧɧɹ� ɤɨɥɨɧɿɣ� ɦɭɪɚɯ�

ɨɬɪɢɦɭɽɦɨ�ɪɟɡɭɥɶɬɚɬ�ɡɨɛɪɚɠɟɧɢɣ�ɧɚ�ɪɢɫɭɧɤɭ�2.7. 

 

 
Ɋɢɫɭɧɨɤ�2.7 ± ɋɭɤɭɩɧɢɣ�ɪɨɡɩɨɞɿɥ�ɱɚɫɭ�ɜɢɤɨɧɚɧɧɹ�ɩɿɞ�ɱɚɫ�ɬɟɫɬɭɜɚɧɧɹ 

 

2.5.2 Ɋɟɡɭɥɶɬɚɬɢ�ɬɚ�ɜɢɫɧɨɜɤɢ�ɬɟɫɬɭɜɚɧɧɹ�ɚɥɝɨɪɢɬɦɭ 

 

Ɉɫɧɨɜɧɚ�ɦɟɬɚ�ɦɟɬɨɞɭ�ɦɭɥɶɬɢɤɨɥɨɧɿɣ ɦɭɪɚɲɢɧɨɝɨ�ɚɥɝɨɪɢɬɦɭ�ɽ�± ɩɿɞɜɢɳɢɬɢ�

ɡɞɚɬɧɿɫɬɶ�ɤɨɥɨɧɿɣ�ɦɭɪɚɲɨɤ�ɜɢɯɨɞɢɬɢ�ɡ�ɡɚɫɬɿɣɧɨɝɨ�ɫɬɚɧɭ�� 

ɐɟɣ�ɚɥɝɨɪɢɬɦ�ɫɬɜɨɪɸɽ�ɧɨɜɭ�ɤɨɥɨɧɿɸ�ɦɭɪɚɯ�ɞɥɹ� ɿɬɟɪɚɰɿʀ��ɳɨ�ɞɨɫɹɝɚɽɬɶɫɹ�

ɲɥɹɯɨɦ� ɡɚɫɬɨɫɭɜɚɧɧɹ� ɚɪɢɮɦɟɬɢɱɧɨɝɨ� ɤɪɨɫɨɜɟɪɚ� ɮɟɪɨɦɨɧɿɜ� ɿ� ɨɩɟɪɚɬɨɪɚ�

ɜɿɞɲɬɨɜɯɭɜɚɧɧɹ��ɡɚɫɧɨɜɚɧɨɝɨ�ɧɚ�ɦɭɥɶɬɢɨɩɬɢɦɭɦɿ�ɩɪɢ�ɡɭɫɬɪɿɱɿ�ɜ�ɫɬɚɧɿ�ɫɬɚɝɧɚɰɿʀ�

ɿɬɟɪɚɰɿʀ�ɚɛɨ�ɥɨɤɚɥɶɧɨɝɨ�ɨɩɬɢɦɭɦɭ�� 
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ɍ�ɬɨɣ�ɠɟ�ɱɚɫ�ɨɫɧɨɜɧɿ�ɩɚɪɚɦɟɬɪɢ�Ƚ, Ⱦ ɬɚ�ȡ�ɚɥɝɨɪɢɬɦɭ�ɽ�ɫɚɦɨ�ɚɞɚɩɬɢɜɧɢɦɢ. 

Ɍɚɤɨɠ�ɿɫɧɭɽ�ɩɚɪɚɥɟɥɶɧɢɣ�ɚɫɢɧɯɪɨɧɧɢɣ�ɚɥɝɨɪɢɬɦ� 

Ⱥɧɚɥɿɡ� ɜɿɞɨɦɢɯ� ɪɟɡɭɥɶɬɚɬɿɜ� ɟɤɫɩɟɪɢɦɟɧɬɿɜ ɩɨɤɚɡɚɜ�� ɳɨ� ɚɥɝɨɪɢɬɦ�

ɦɭɥɶɬɢɤɨɥɨɧɿɣɧɢɯ�ɦɭɪɚɯ�ɽ�ɬɨɱɧɢɦ�ɦɟɬɨɞɨɦ�ɞɥɹ�ɬɪɚɧɫɩɨɪɬɧɢɯ�ɡɚɞɚɱ.  

Ɉɬɠɟ�ɽ�ɪɿɡɧɿ�ɜɟɪɫɿʀ�ɧɟɱɿɬɤɨɝɨ�ɦɭɪɚɲɢɧɨɝɨ�ɚɥɝɨɪɢɬɦɭ�ɨɫɧɨɜɚɧɨʀ�ɧɚ�ɤɿɥɶɤɨɫɬɿ�

ɟɥɟɦɟɧɬɿɜ�ɜɡɚɽɦɨɞɿʀ�ɫɢɫɬɟɦɢ��ɹɤ�ɤɿɥɶɤɿɫɬɶ�ɦɭɪɚɯ��ɳɨ�ɞɚɽ ɦɨɠɥɢɜɿɫɬɶ�ɜɢɛɢɪɚɬɢ�ɬɚ�

ɭɞɨɫɤɨɧɚɥɸɜɚɬɢ�ɦɟɬɨɞ�ɜ�ɡɚɥɟɠɧɨɫɬɿ�ɜɿɞ�ɩɨɬɪɟɛ�ɿ�ɧɚɹɜɧɢɯ�ɜɢɦɨɝ�ɫɢɫɬɟɦ� 

 

2.6 ȼɢɫɧɨɜɤɢ 

 

ȼ� ɪɨɡɞɿɥɿ� ɛɭɥɨ� ɩɪɟɞɫɬɚɜɥɟɧɨ� ɬɚ� ɨɩɢɫɚɧɨ� ɤɨɧɤɪɟɬɧɭ� ɦɨɞɟɥɶ�� ȻɉɅȺ�

ɤɜɚɞɪɨɬɨɪɚ� ɧɚ� ɨɫɧɨɜɿ� ɦɿɤɪɨɤɨɦɩ¶ɸɬɟɪɚ Odroid-XU4�� ɿɡ� ɨɩɢɫɨɦ� ɣɨɝɨ�

ɯɚɪɚɤɬɟɪɢɫɬɢɤ�� ɫɯɟɦɨɬɟɯɧɿɤɢ� ɬɚ� ɨɫɧɨɜɧɨʀ� ɮɭɧɤɰɿɨɧɚɥɶɧɨɫɬɿ�� ɉɪɟɞɫɬɚɜɥɟɧɨ�

ɦɚɬɟɦɚɬɢɱɧɭ ɦɨɞɟɥɶ�ɪɨɛɢɬɢ�ɚɩɚɪɚɬɭ�ɧɚ�ɨɫɧɨɜɿ�ɪɨɛɨɬɢ�ɪɨɬɨɪɿɜ��ɿɡ�ɤɿɧɟɦɚɬɢɤɨɸ�ɬɚ�

ɞɢɧɚɦɿɤɨɸ� 

Ɍɚɤɨɠ� ɛɭɥɨ� ɨɩɢɫɚɧɨ� ɦɚɬɟɦɚɬɢɱɧɭ� ɦɨɞɟɥɶ� ɚɫɢɧɯɪɨɧɧɨɝɨ� ɦɭɪɚɲɢɧɨɝɨ�

ɚɥɝɨɪɢɬɦɭ� ACO ɞɥɹ� ɤɨɧɬɪɨɥɸ� ɡɚ� ɝɪɭɩɨɸ� ȻɉɅȺ�� Ⱥ� ɫɚɦɟ� ɨɩɢɫɚɧɨ� ɪɨɛɨɬɭ�

ɚɥɝɨɪɢɬɦɭ�� �ɩɪɟɞɫɬɚɜɥɟɧɿ�ɤɪɨɤɢ�ɦɨɠɥɢɜɨʀ�ɪɟɚɥɿɡɚɰɿʀ� ɬɚ�ɜɡɚɽɦɨɞɿʀ� ɿɡ�ɬɟɯɧɿɱɧɨɸ�

ɱɚɫɬɢɧɨɸ� ɚɩɚɪɚɬɭ�� � ȼ� ɪɟɡɭɥɶɬɚɬɿ� ɱɨɝɨ� ɛɭɥɨ� ɫɮɨɪɦɨɜɚɧɨ�� ɛɥɨɤ� ɫɯɟɦɭ� ɪɨɛɨɬɢ�

ɩɚɪɚɥɟɥɶɧɨɝɨ�ɚɫɢɧɯɪɨɧɧɨɝɨ�ɚɥɝɨɪɢɬɦɭ��ɞɟ�ɩɪɨɞɟɦɨɧɫɬɪɨɜɚɧɨ�ɪɨɛɨɬɭ�ɝɨɥɨɜɧɨɝɨ�

ɿ�ɩɨɛɿɱɧɢɯ�ɩɪɨɰɟɫɿɜ�ɝɪɭɩɢ�ȻɉɅȺ��ɇɚ�ɨɫɧɨɜɿ�ɞɚɧɨʀ�ɛɥɨɤ�ɫɯɟɦɢ�ɛɭɥɨ�ɫɮɨɪɦɨɜɚɧɨ�

ɜɿɞɩɨɜɿɞɧɢɣ� ɚɥɝɨɪɢɬɦ�� ɬɚ� ɩɪɨɝɧɨɡɨɜɚɧɨ� ɦɨɠɥɢɜɿ� ɪɟɡɭɥɶɬɚɬɢ� ɪɨɛɨɬɢ� ɹɤ�

ɚɥɝɨɪɢɬɦɭ��ɬɚɤ�ɿ�ɰɿɥɤɨɦ�ɦɨɠɥɢɜɨɝɨ�ɩɪɨɝɪɚɦɧɨ�-ɬɟɯɧɿɱɧɨɝɨ�ɡɚɫɨɛɭ�� 
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3  ɆȿɌɈȾ� ɄȿɊɍȼȺɇɇə� ȽɊɍɉɈɘ� ȻȿɁɉȱɅɈɌɇɂɏ� ɅȱɌȺɅɖɇɂɏ�

ȺɉȺɊȺɌȱȼ�ɇȺ�ɈɋɇɈȼȱ�ɇȿɑȱɌɄɈȽɈ ɆɍɊȺɒɂɇɈȽɈ ȺɅȽɈɊɂɌɆɍ 

3.1 Ɇɨɞɟɥɶ� ɫɤɨɨɪɞɢɧɨɜɚɧɨɝɨ� ɩɥɚɧɭɜɚɧɧɹ� ɨɩɬɢɦɚɥɶɧɨʀ� ɬɪɚɽɤɬɨɪɿʀ� ɪɭɯɭ�

ȻɉɅȺ 

3.1.1 Ɉɩɢɫ�ɫɤɨɨɪɞɢɧɨɜɚɧɨɝɨ�ɩɥɚɧɭɜɚɧɧɹ�ɨɩɬɢɦɚɥɶɧɨʀ�ɬɪɚɽɤɬɨɪɿʀ�ɡ�ɤɿɥɶɤɨɦɚ�

ȻɉɅȺ 

 

ɋɤɨɨɪɞɢɧɨɜɚɧɟ� ɩɥɚɧɭɜɚɧɧɹ� ɬɪɚɽɤɬɨɪɿʀ� ɞɥɹ� ɤɿɥɶɤɨɯ� ȻɉɅȺ� ɩɨɥɹɝɚɽ� ɭ�

ɫɬɜɨɪɟɧɧɿ� ɛɟɡɩɟɱɧɨʀ� ɬɚ� ɤɨɪɨɬɤɨʀ� ɬɪɚɽɤɬɨɪɿʀ� ɞɥɹ� ɤɨɠɧɨɝɨ� ȻɉɅȺ�� Ʉɪɿɦ� ɬɨɝɨ��

ɬɪɚɽɤɬɨɪɿɹ� ɩɨɜɢɧɧɚ� ɡɚɞɨɜɨɥɶɧɹɬɢ� ɜɢɦɨɝɚɦ� ɳɨɞɨ� ɤɨɨɪɞɢɧɚɰɿʀ� ɤɿɥɶɤɨɯ� ȻɉɅȺ��

Ɍɨɦɭ�ɜ�ɩɢɬɚɧɧɿ�ɤɨɨɪɞɢɧɚɰɿʀ�ɤɿɥɶɤɨɯ�ȻɉɅȺ�ɡɚɩɥɚɧɨɜɚɧɿ�ɬɪɚɽɤɬɨɪɿʀ�ɦɨɠɭɬɶ�ɛɭɬɢ�

ɧɟ� ɨɩɬɢɦɚɥɶɧɢɦɢ� ɞɥɹ� ɨɤɪɟɦɨɝɨ� ɬɪɚɧɫɩɨɪɬɧɨɝɨ� ɡɚɫɨɛɭ�� ɚɥɟ� ɜɨɧɢ� ɩɨɜɢɧɧɿ� ɛɭɬɢ�

ɨɩɬɢɦɚɥɶɧɢɦɢ�ɚɛɨ�ɦɚɣɠɟ�ɨɩɬɢɦɚɥɶɧɢɦɢ�ɞɥɹ�ɜɫɿɽʀ�ɤɨɦɚɧɞɢ� 

ɉɪɢɩɭɫɬɢɦɨ��ɳɨ�ɞɥɹ�ɩɪɨɥɶɨɬɭ�ɜɨɪɨɠɨʀ�ɬɟɪɢɬɨɪɿʀ�ɬɚ�ɞɥɹ�ɧɚɩɚɞɭ�ɧɚ�ɬɿ�ɫɚɦɿ�

ɚɛɨ� ɪɿɡɧɿ� ɜɿɞɨɦɿ� ɰɿɥɿ� ɧɟɨɛɯɿɞɧɟ� ɮɨɪɦɭɜɚɧɧɹ� ɡ� ɤɿɥɶɤɨɯ� ȻɉɅȺ�� ɍ� ɩɨɥɶɨɬɧɨɦɭ�

ɫɟɪɟɞɨɜɢɳɿ�ɿɫɧɭɽ�ɪɹɞ�ɡɚɝɪɨɡ��ɞɟɹɤɿ�ɡ�ɧɢɯ�ɜɿɞɨɦɿ�ɚɩɪɿɨɪɿ��ɚ�ɿɧɲɿ�ɡ¶ɹɜɥɹɸɬɶɫɹ�ɚɛɨ�

ɫɬɚɸɬɶ�ɜɿɞɨɦɢɦɢ�ɥɢɲɟ�ɬɨɞɿ��ɤɨɥɢ�ȻɉɅȺ�ɦɚɧɟɜɪɭɽ�ɜ�ɛɟɡɩɨɫɟɪɟɞɧɿɣ�ɛɥɢɡɶɤɨɫɬɿ�ɞɨ�

ɡɚɝɪɨɡɢ��Ɇɢ� ɩɪɢɩɭɫɤɚɽɦɨ�� ɳɨ� ɤɨɠɟɧ� ȻɉɅȺ� ɨɫɧɚɳɟɧɢɣ� ɞɚɬɱɢɤɚɦɢ�� ɳɨɛ� ɜɨɧɢ�

ɦɨɝɥɢ�ɜɢɹɜɥɹɬɢ�ɫɩɥɢɜɚɸɱɿ�ɡɚɝɪɨɡɢ�ɜ�ɫɜɨɽɦɭ�ɨɬɨɱɟɧɧɿ�� 

Ɍɚɤɨɠ�ɩɪɢɩɭɫɤɚɽɬɶɫɹ��ɳɨ�ɛɚɝɚɬɨɪɚɡɨɜɿ�ȻɉɅȺ�ɨɛɥɚɞɧɚɧɿ�ɦɟɪɟɠɟɸ�ɡɜ¶ɹɡɤɭ��

ɳɨɛ�ɜɨɧɢ�ɦɨɝɥɢ�ɿɧɮɨɪɦɭɜɚɬɢ�ɿɧɲɿ�ȻɉɅȺ�ɩɪɨ�ɿɧɮɨɪɦɚɰɿɸ�ɩɪɨ�ɫɩɥɢɜɚɸɱɿ�ɡɚɝɪɨɡɢ��

ɹɤɿ�ɜɨɧɢ�ɳɨɣɧɨ�ɜɢɹɜɢɥɢ��əɤ�ɩɨɤɚɡɚɧɨ�ɧɚ�ɪɢɫɭɧɤɭ 3.1��ɮɨɪɦɭɜɚɧɧɹ�ȻɉɅȺ�ɨɬɪɢɦɭɽ�

ɤɨɦɚɧɞɭ�ɚɬɚɤɭɜɚɬɢ�ɨɛ
ɽɤɬ�ɩɪɨɬɢɜɧɢɤɚ�� 

ȻɉɅȺ� ɥɟɬɹɬɶ� ɡɚ� ɡɚɡɞɚɥɟɝɿɞɶ� ɫɩɥɚɧɨɜɚɧɢɦɢ� ɬɪɚɽɤɬɨɪɿɹɦɢ� ɡ� ɜɿɞɩɨɜɿɞɧɨɸ�

ɲɜɢɞɤɿɫɬɸ�ɩɨɥɶɨɬɭ�� ɿ� ɜɨɧɢ� ɩɨɜɢɧɧɿ� ɩɪɢɛɭɬɢ� ɜ� ɨɞɢɧ� ɿ� ɬɨɣ�ɠɟ� ɱɚɫ�� ɜɢɡɧɚɱɟɧɢɣ�

ɩɥɚɧɨɦ��Ʉɨɥɢ�ɫɩɥɢɜɚɸɱɚ�ɡɚɝɪɨɡɚ�ɡ¶ɹɜɥɹɽɬɶɫɹ�ɥɢɲɟ�ɧɚ�ɦɚɪɲɪɭɬɿ�ɩɨɥɶɨɬɭ�ɨɞɧɨɝɨ�

ȻɉɅȺ�ɿ�ɫɬɚɧɨɜɢɬɶ�ɞɥɹ�ɧɶɨɝɨ�ɡɚɝɪɨɡɭ��ɩɨɬɨɱɧɚ�ɬɪɚɽɤɬɨɪɿɹ�ɧɟɦɨɠɥɢɜɚ��ɚɛɨ�ɧɚɜɿɬɶ�

ɧɟɛɟɡɩɟɱɧɚ�� 

ȼ�ɰɟɣ�ɦɨɦɟɧɬ�ȻɉɅȺ�ɦɚɽ�ɡɧɚɣɬɢ�ɿɧɲɭ�ɧɨɜɭ�ɬɪɚɽɤɬɨɪɿɸ��ȼɨɞɧɨɱɚɫ��ɩɨɬɪɿɛɧɨ�

ɡɚɛɟɡɩɟɱɢɬɢ��ɳɨɛ�ɮɨɪɦɭɜɚɧɧɹ� ɡ� ɤɿɥɶɤɨɯ� ȻɉɅȺ� ɪɨɡɩɨɱɚɥɨ� ɚɬɚɤɭ� ɨɞɧɨɱɚɫɧɨ� ɬɚ�

ɭɧɢɤɧɭɬɢ�ɡɿɬɤɧɟɧɧɹ��ɬɚɤɨɠ�ɧɟɨɛɯɿɞɧɨ��ɳɨɛ�ɿɧɲɿ�ȻɉɅȺ�ɜ�ɡ
ɽɞɧɚɧɧɿ�ɜɿɞɪɟɝɭɥɸɜɚɥɢ�
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ɫɜɨʀ� ɜɿɞɩɨɜɿɞɧɿ� ɬɪɚɽɤɬɨɪɿʀ�� ɿ�� ɬɚɤɢɦ� ɱɢɧɨɦ�� ɫɤɨɨɪɞɢɧɨɜɚɧɟ� ɩɟɪɟɩɥɚɧɭɜɚɧɧɹ�

ɬɪɚɽɤɬɨɪɿʀ� ɞɥɹ� ɜɫɶɨɝɨ� ɮɨɪɦɭɜɚɧɧɹ� ɽ� ɧɟɦɢɧɭɱɢɦ�� Ʉɪɿɦ� ɬɨɝɨ�� ɩɨɪɹɞ� ɡɿ� ɡɦɿɧɨɸ�

ɬɪɚɽɤɬɨɪɿʀ� ɤɿɥɶɤɨɯ� ȻɉɅȺ�� ɜɿɞɩɨɜɿɞɧɨ� ɞɨ� ɰɶɨɝɨ� ɡɧɨɜɭ� ɩɿɞɬɜɟɪɞɠɭɽɬɶɫɹ� (7$�� ɚ�

ɬɚɤɨɠ�ɲɜɢɞɤɿɫɬɶ�ɩɨɥɶɨɬɭ�ɤɨɠɧɨɝɨ�ȻɉɅȺ� 

 

 
Ɋɢɫɭɧɨɤ�3.1 ± Ɉɩɢɫ�ɫɤɨɨɪɞɢɧɨɜɚɧɨɝɨ�ɩɟɪɟɩɥɚɧɭɜɚɧɧɹ�ɬɪɚɽɤɬɨɪɿʀ�ɡ�ɤɿɥɶɤɨɦɚ�

ȻɉɅȺ 
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3.1.2 Ɇɨɞɟɥɸɜɚɧɧɹ�ɞɠɟɪɟɥ�ɡɚɝɪɨɡ 

 

Ɇɨɞɟɥɸɜɚɧɧɹ� ɞɠɟɪɟɥ� ɡɚɝɪɨɡ� ɽ� ɤɥɸɱɨɜɢɦ� ɡɚɜɞɚɧɧɹɦ� ɭ� ɩɟɪɟɩɥɚɧɭɜɚɧɧɿ�

ɨɩɬɢɦɚɥɶɧɨʀ� ɬɪɚɽɤɬɨɪɿʀ� ɡ� ɤɿɥɶɤɨɦɚ� ȻɉɅȺ [38]�� ɓɨɛ� ɫɩɪɨɫɬɢɬɢ� ɩɪɨɛɥɟɦɭ�

ɩɟɪɟɩɥɚɧɭɜɚɧɧɹ� ɬɪɚɽɤɬɨɪɿʀ� ɛɚɝɚɬɨɪɚɡɨɜɢɯ� ȻɉɅȺ�� ɭ� ɡɚɝɪɨɡɥɢɜɢɯ� ɞɿɚɩɚɡɨɧɚɯ�

ɪɚɞɿɨɥɨɤɚɰɿɣɧɨʀ� ɬɚ� ɡɟɧɿɬɧɨʀ� ɡɛɪɨʀ� ɩɪɨɬɢɜɧɢɤɚ ɩɨɬɪɿɛɧɨ� ɜɢɡɧɚɱɢɬɢ ɜɚɪɬɿɫɬɶ�

ɡɚɝɪɨɡɢ�� ɹɤɭ�ɧɟɨɛɯɿɞɧɨ�ɦɿɧɿɦɿɡɭɜɚɬɢ�ɩɪɢ�ɩɥɚɧɭɜɚɧɧɿ� ɬɪɚɽɤɬɨɪɿʀ�� ± ɰɟ�ɨɬɪɢɦɚɧɚ�

ɪɚɞɿɨɥɨɤɚɰɿɣɧɚ� ɟɧɟɪɝɿɹ� ɜɿɞ� ɪɚɞɿɨɥɨɤɚɰɿɣɧɢɯ�ɦɿɫɰɶ�� ɚ� ɫɚɦɟ�� ɩɨɜɿɬɪɹɧɢɣ� ɩɪɨɫɬɿɪ 

ɩɨɥɹ ɛɨɸ� ɦɨɠɧɚ� ɪɨɡɞɿɥɢɬɢ� ɧɚ� ɞɜɨɜɢɦɿɪɧɭ� ɦɟɪɟɠɟɜɭ� ɞɿɚɝɪɚɦɭ�� ɳɨ� ɡ
ɽɞɧɭɽ�

ɩɨɱɚɬɤɨɜɭ�ɬɨɱɤɭ�ɬɚ�ɬɨɱɤɭ�ɦɟɬɢ��ɩɨɤɚɡɚɧɨ�ɧɚ�ɪɢɫ��3.2���Ɍɚɤɢɦ�ɱɢɧɨɦ��ɩɪɨɛɥɟɦɭ�

ɨɩɬɢɦɚɥɶɧɨɝɨ�ɩɥɚɧɭɜɚɧɧɹ�ɬɪɚɽɤɬɨɪɿʀ�ȻɉɅȺ�ɦɨɠɧɚ�ɪɨɡɝɥɹɞɚɬɢ�ɹɤ�ɡɚɝɚɥɶɧɭ�ɡɚɞɚɱɭ�

ɨɩɬɢɦɿɡɚɰɿʀ�ɬɪɚɽɤɬɨɪɿʀ�ɩɨ�ɫɭɬɿ� 

 

 
Ɋɢɫɭɧɨɤ�3.2 ± Ɍɢɩɨɜɚ�ɦɨɞɟɥɶ�ɩɨɥɹ�ɛɢɬɜɢ�ȻɉɅȺ 

 

ɉɪɢɩɭɫɬɢɦɨ��ɳɨ�ɧɚ�ɪɢɫɭɧɤɭ�3.2��ɩɨɥɿɬ�ȻɉɅȺ�ɜɢɤɨɧɭɽɬɶɫɹ�ɜɿɞ�ɜɭɡɥɚ�ȼ�ɞɨ�

ɜɭɡɥɚ� Ⱥ�� ɇɚ� ɩɨɥɿ� ɛɨɸ� ɽ� ɞɟɹɤɿ� ɡɚɝɪɨɡɥɢɜɿ� ɡɨɧɢ�� Ɇɨɠɧɚ� ɜɫɬɚɧɨɜɢɬɢ� ɫɢɫɬɟɦɭ�

ɤɨɨɪɞɢɧɚɬ� ɡ� 2;� ɹɤ� ɜɿɫɶ� [� ɿ� 2<� ɹɤ� ɜɿɫɶ� \�� ɹɤɚ� ɨɯɨɩɥɸɽ� ɜɟɫɶ� ɪɟɝɿɨɧ� ɡɚɜɞɚɧɧɹ��
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ɜɤɥɸɱɚɸɱɢ�ɜɢɯɿɞɧɿ�ɬɨɱɤɢ��ɰɿɥɿ�ɬɚ�ɜɫɿ�ɡɚɝɪɨɡɥɢɜɿ�ɪɟɝɿɨɧɢ��ɹɤɿ�ɦɨɠɭɬɶ�ɫɬɚɧɨɜɢɬɢ�

ɡɚɝɪɨɡɭ� ɞɥɹ� ȻɉɅȺ��ɉɨɬɿɦ�ɦɢ� ɞɿɥɢɦɨ�2;� ɧɚ�P� ɩɿɞɪɨɡɞɿɥɿɜ�� ɚ�2<� ɞɿɥɢɦɨ� ɧɚ� Q�

ɩɿɞɪɨɡɞɿɥɿɜ� ɩɨɪɿɜɧɭ�� Ɍɚɤɢɦ� ɱɢɧɨɦ�� ɿɫɧɭɽ� P��� ɜɟɪɬɢɤɚɥɶɧɢɯ� ɥɿɧɿɣ� ɿ� Q���

ɝɨɪɢɡɨɧɬɚɥɶɧɢɯ�ɥɿɧɿɣ [39-42]��Ⱦɟ�P���ɜɟɪɬɢɤɚɥɶɧɢɯ�ɥɿɧɿɣ�ɦɨɠɧɚ�ɩɨɡɧɚɱɢɬɢ�/���

/���«��/P����P���ɜɟɪɬɢɤɚɥɶɧɢɯ�ɥɿɧɿɣ�ɿ�Q���ɝɨɪɢɡɨɧɬɚɥɶɧɢɯ�ɩɟɪɟɯɪɟɫɧɢɯ�ɥɿɧɿɣ�

ɫɤɥɚɞɚɸɬɶ� ሺ� ൅ ͳሻ כ ሺ� ൅ ͳሻ  ɜɭɡɥɢ�� ɇɚɡɜɟɦɨ� ɰɿ� ɜɭɡɥɢ�

�ଵሺ�ଵǡ �ଵሻǡ �ଵሺ�ଵǡ �ଵሻǡ ǥ��୫ାଵሺ�୫ାଵǡ �ଵሻǡǥ ǡ �ଵሺ�ଵǡ �୬ାଵሻǡ ǥ�ǡ �୫ାଵሺ�୫ାଵǡ �୬ାଵሻ  ɞɟ�

�୧ሺ�୧ǡ �୧ሻ ɩɨɡɧɚɱɚɽ�ɬɨɱɤɭ�ɩɟɪɟɬɢɧɭ�L-ʀ�ɜɟɪɬɢɤɚɥɶɧɨʀ�ɥɿɧɿʀ�ɬɚ�M-ʀ�ɝɨɪɢɡɨɧɬɚɥɶɧɨʀ�ɥɿɧɿʀ��

Ɍɚɤɢɦ�ɱɢɧɨɦ��ɲɥɹɯ�ɜɿɞ�ɩɨɱɚɬɤɨɜɨʀ�ɬɨɱɤɢ�%�ɞɨ�ɰɿɥɶɨɜɨʀ�ɬɨɱɤɢ�$�ɦɨɠɧɚ�ɨɩɢɫɚɬɢ�

ɬɚɤɢɦ�ɱɢɧɨɦ� 

 

݄ݐܽܲ ൌ ൛ܤǡ ௜భǡݔܮ௜భ൫ܮ ௝భ൯ǡݕ ௜మǡݔܮ௜మ൫ܮ ௝మ൯ǡǥݕ ǡ ௜ೖǡݔܮ௜ೖ൫ܮ ௝ೖ൯ǡݕ  ൟ�����  (3.1)ܣ

 

ɞɟ��୩ ൌ ͳǡ ʹǡǥ ǡ� ൅ ͳǡ �୩ ൌ ͳǡ ʹǡǥ ǡ � ൅ ͳ�. 

ɉɿɫɥɹ�ɩɨɛɭɞɨɜɢ�ɞɜɨɜɢɦɿɪɧɨʀ�ɫɿɬɤɢ��ɳɨ�ɨɯɨɩɥɸɽ�ɜɫɸ�ɨɛɥɚɫɬɶ�ɡɚɜɞɚɧɧɹ��ɫɥɿɞ�

ɪɨɡɪɚɯɭɜɚɬɢ� ɜɚɪɬɿɫɬɶ� ɡɚɝɪɨɡɢ� ɞɥɹ� ɤɨɠɧɨɝɨ� ɤɪɚɸ�� ɓɨ� ɫɬɨɫɭɽɬɶɫɹ� ɰɢɯ� ɦɟɠ� ɭ�

ɡɚɝɪɨɡɥɢɜɢɯ�ɞɿɚɩɚɡɨɧɚɯ�ɪɚɞɿɨɥɨɤɚɰɿɣɧɨʀ�ɬɚ�ɡɟɧɿɬɧɨʀ�ɡɛɪɨʀ�ɩɪɨɬɢɜɧɢɤɚ��ɬɨ�ɜɚɪɬɿɫɬɶ�

ɡɚɝɪɨɡɢ�� ɹɤɭ�ɧɟɨɛɯɿɞɧɨ�ɦɿɧɿɦɿɡɭɜɚɬɢ�ɩɪɢ�ɩɥɚɧɭɜɚɧɧɿ� ɬɪɚɽɤɬɨɪɿʀ�� ± ɰɟ�ɨɬɪɢɦɚɧɚ�

ɪɚɞɿɨɥɨɤɚɰɿɣɧɚ�ɟɧɟɪɝɿɹ�ɜɿɞ�ɪɚɞɿɨɥɨɤɚɰɿɣɧɢɯ�ɦɿɫɰɶ��ɹɤɚ�ɫɬɚɧɨɜɢɬɶ� 

 

௜௝ǡ௧௛௥௘௔௧ܬ ൌ ׬ σ ଵ
ሺሺ௫ି௫ೖሻమାሺሺ௬ି௬ೖሻమሻమ

ே೟
௞ୀଶ ݈݀௅೔ೕ

଴ ����  (3.2) 

 

ɞɟ��୧୨� ɩɨɡɧɚɱɚɽ�ɞɨɜɠɢɧɭ�ɤɪɚɸ��ɳɨ�ɡɜ
ɹɡɭɽ�L-ɣ�ɿ�M-ɣ�ɜɭɡɥɢ�ɭ�ɫɬɜɨɪɟɧɿɣ�ɫɿɬɰɿ; 

(xk, yk) ± ɤɨɨɪɞɢɧɚɬɚ�N-ɝɨ�ɞɠɟɪɟɥɚ�ɡɚɝɪɨɡɢ�� 

Nt ± ɤɿɥɶɤɿɫɬɶ� ɡɚɝɪɨɡ�� ɜɤɥɸɱɚɸɱɢ� ɪɚɞɚɪɢ�� ɪɚɤɟɬɢ� ɬɚ� ɡɟɧɿɬɧɿ� ɝɚɪɦɚɬɢ�� ɹɤɿ�

ɦɨɠɭɬɶ�ɫɬɚɧɨɜɢɬɢ�ɡɚɝɪɨɡɭ�ɤɪɚɸ��L��M��� 

Ɉɞɧɚɤ� ɰɟ� ɪɿɜɧɹɧɧɹ� ɜɚɠɤɨ� ɨɛɱɢɫɥɢɬɢ�� ɬɨɦɭ� ɨɛɱɢɫɥɸɜɚɥɶɧɨɸ ɛɿɥɶɲ�

ɟɮɟɤɬɢɜɧɢɦ� ɿ� ɩɪɢɣɧɹɬɧɨɸ ɬɨɱɧɢɦ� ɧɚɛɥɢɠɟɧɧɹɦ� ɞɨ� ɬɨɱɧɨɝɨ� ɪɿɲɟɧɧɹ� ɽ�

ɨɛɱɢɫɥɟɧɧɹ� ɜɚɪɬɨɫɬɿ� ɡɚɝɪɨɡɢ� ɜ� ɤɿɥɶɤɨɯ� ɦɿɫɰɹɯ� ɭɡɞɨɜɠ� ɤɪɚɸ� ɬɚ� ɜɪɚɯɭɜɚɧɧɹ�
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ɞɨɜɠɢɧɢ� ɤɪɚɸ�� ȼɚɪɬɿɫɬɶ� ɡɚɝɪɨɡɢ� ɞɥɹ� ɩɪɢɤɥɚɞɭ� ɛɭɞɟ� ɪɨɡɪɚɯɨɜɭɜɚɬɢɫɶ� ɜ� ɩ¶ɹɬɢ�

ɬɨɱɤɚɯ�ɭɡɞɨɜɠ�ɤɨɠɧɨɝɨ�ɤɪɚɸ��ɹɤ�ɩɨɤɚɡɚɧɨ�ɧɚ�ɪɢɫ��3.3. 

 

 
Ɋɢɫɭɧɨɤ�3.3 ± ȼɚɪɬɿɫɬɶ�ɡɚɝɪɨɡɢ�ɜ�ɩ¶ɹɬɢ�ɬɨɱɤɚɯ�ɭɡɞɨɜɠ�ɤɪɚɸ 

 

ȼɚɪɬɿɫɬɶ� ɡɚɝɪɨɡɢ�� ɩɨɜ¶ɹɡɚɧɚ� ɡ� ɪɟɛɪɨɦ� �L�� M��� ɜɢɡɧɚɱɚɽɬɶɫɹ� ɧɚɫɬɭɩɧɢɦ�

ɪɿɜɧɹɧɧɹɦ� 

 

௜௝ǡ௧௛௥௘௔௧ܬ ൌ ௜௝ܮ σ ௞ܹሺ
ଵ

ௗబǤభǡೖ
ర

ே೟
௞ୀଵ ൅ ଵ

ௗబǤయǡೖ
ర

ଵ
ௗబǤఱǡೖ
ర

ଵ
ௗబǤళǡೖ
ర

ଵ
ௗబǤవǡೖ
ర ሻ (3.3) 

 

ɞɟ��଴Ǥଵǡ୩ ɜɿɞɫɬɚɧɶ�ɜɿɞ�ɬɨɱɤɢ������ɧɚ�ɤɪɚɸ��L�� M��ɞɨ�N-ʀ� ɡɚɝɪɨɡɢ��Zk ɩɨɡɧɚɱɚɽ�

ɜɚɝɨɜɢɣ�ɤɨɟɮɿɰɿɽɧɬ�ɡɚɝɪɨɡɢ��ɹɤɢɣ�ɜɢɤɨɪɢɫɬɨɜɭɽɬɶɫɹ�ɞɥɹ�ɨɰɿɧɤɢ�ɪɿɜɧɹ�ɡɚɝɪɨɡɢ�ɞɥɹ�

ɤɨɠɧɨɝɨ�ɞɠɟɪɟɥɚ�ɡɚɝɪɨɡɢ [43]. 

Ȼɿɥɶɲɟ� ɬɨɝɨ�� ɦɨɠɟ� ɩɪɨɫɬɨ� ɜɜɚɠɚɬɢɫɶ�� ɳɨ� ɜɚɪɬɿɫɬɶ� ɩɚɥɢɜɚ�
୤୳ୣ୪  ɞɨɪɿɜɧɸɽ�

ɞɨɜɠɢɧɿ�ɲɥɹɯɭ�/��ɿ��ɬɚɤɢɦ�ɱɢɧɨɦ��ɜɚɪɬɿɫɬɶ�ɩɚɥɢɜɚ��ɩɨɜ¶ɹɡɚɧɚ�ɡ�ɤɨɠɧɢɦ�ɪɟɛɪɨɦ�


୧୨ǡ୤୳ୣ୪��ɞɨɪɿɜɧɸɽ�/ij��Ɂɚɝɚɥɶɧɚ�ɜɚɪɬɿɫɬɶ�ɩɪɨʀɡɞɭ�ɭɡɞɨɜɠ�ɤɪɚɸ��L�� M��ɫɤɥɚɞɚɽɬɶɫɹ�ɿɡ�

ɡɜɚɠɟɧɨʀ�ɫɭɦɢ�ɡɚɝɪɨɡɢ�ɬɚ�ɜɢɬɪɚɬ�ɧɚ�ɩɚɥɢɜɨ� 

 

௜௝ܬ ൌ ݂ ή � ௜௝ǡ௧௛௥௘௔௧ܬ ൅ ሺͳ െ ݂ሻ ή � �௜௝ǡ௙௨௘௟ሺͲܬ ൑ ݂ ൑ ͳሻ. (3.4) 
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ȼɢɛɿɪ� �  ɦɿɠ� �� ɿ� �� ɞɚɽ� ɪɨɡɪɨɛɧɢɤɭ� ɩɟɜɧɭ� ɝɧɭɱɤɿɫɬɶ� ɭ� ɪɨɡɩɨɪɹɞɠɟɧɧɿ�

ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ�ɦɿɠ�ɫɬɭɩɟɧɟɦ�ɡɚɝɪɨɡɢ�ɬɚ�ɜɢɬɪɚɬɨɸ�ɩɚɥɢɜɚ��Ʉɨɥɢ�� ɛɥɢɠɱɟ�ɞɨ����

ɩɨɬɪɿɛɟɧ� ɤɨɪɨɬɲɢɣ� ɲɥɹɯ�� ɳɨɛ� ɡɦɟɧɲɢɬɢ� ɜɢɬɪɚɬɭ� ɩɚɥɢɜɚ�� ɩɪɢɞɿɥɹɸɱɢ� ɦɟɧɲɟ�

ɭɜɚɝɢ�ɡɚɝɪɨɡɿ�ɡ�ɪɚɞɚɪɚ��ɇɚɜɩɚɤɢ��ɤɨɥɢ�� ɛɥɢɠɱɟ�ɞɨ��� ɰɟ�ɜɢɦɚɝɚɽ�ɭɧɢɤɚɬɢ�ɡɚɝɪɨɡɢ��

ɧɚɫɤɿɥɶɤɢ�ɰɟ�ɦɨɠɥɢɜɨ�� ɡɚ�ɪɚɯɭɧɨɤ�ɜɬɪɚɬɢ�ɞɨɜɠɢɧɢ�ɬɪɚɽɤɬɨɪɿʀ��Ⱦɥɹ�ɰɿɽʀ�ɪɨɛɨɬɢ�

ɛɭɥɨ�ɡɧɚɣɞɟɧɨ�ɡɧɚɱɟɧɧɹ������ɞɥɹ�ɫɬɜɨɪɟɧɧɹ�ɲɥɹɯɿɜ��ɹɤɿ�ɛɭɥɢ�ɡɛɚɥɚɧɫɨɜɚɧɿ�ɡ�ɬɨɱɤɢ�

ɡɨɪɭ�ɭɧɢɤɧɟɧɧɹ�ɡɚɝɪɨɡ�ɿ�ɞɨɜɠɢɧɢ�ɲɥɹɯɭ� 

 

3.1.3 Ɉɛɦɟɠɟɧɧɹ�ɭɦɨɜ�ɡɦɿɧɢ�ɬɪɚɽɤɬɨɪɿʀ ɤɿɥɶɤɨɯ�ɫɤɨɨɪɞɢɧɨɜɚɧɢɯ�ȻɉɅȺ 

 

ɍ� ɩɨɪɿɜɧɹɧɧɿ� ɡ� ɩɥɚɧɭɜɚɧɧɹɦ� ɬɪɚɽɤɬɨɪɿʀ� ɨɞɧɨɝɨ� ȻɉɅȺ�� ɜɿɞɦɿɧɧɿɫɬɶ�

ɫɤɨɨɪɞɢɧɨɜɚɧɨɝɨ� ɩɥɚɧɭɜɚɧɧɹ� ɬɪɚɽɤɬɨɪɿʀ� ɡ� ɤɿɥɶɤɨɦɚ� ȻɉɅȺ� ɬɚɤɨɠ� ɩɨɥɹɝɚɽ� ɜ�

ɨɛɦɟɠɟɧɧɹɯ��ɹɤɿ�ɫɥɿɞ�ɜɪɚɯɨɜɭɜɚɬɢ�� 

Ɉɤɪɿɦ� ɮɿɡɢɱɧɢɯ� ɜɥɚɫɬɢɜɨɫɬɟɣ� ɬɚ� ɜɢɦɨɝ� ɦɿɫɿʀ� ɨɤɪɟɦɨɝɨ� ɬɪɚɧɫɩɨɪɬɧɨɝɨ�

ɡɚɫɨɛɭ�� ɤɨɨɪɞɢɧɚɰɿɹ� ɬɚ� ɫɩɿɜɩɪɚɰɹ� ɦɿɠ� ɪɿɡɧɢɦɢ� ȻɉɅȺ� ɧɚɤɥɚɞɚɸɬɶ� ɤɿɥɶɤɚ�

ɞɨɞɚɬɤɨɜɢɯ� ɫɭɩɭɬɧɿɯ� ɨɛɦɟɠɟɧɶ�� ɜɤɥɸɱɚɸɱɢ� ɨɛɦɟɠɟɧɧɹ� ɱɚɫɭ�� ɤɨɥɢ� ȻɉɅȺ�

ɩɨɜɢɧɧɿ� ɞɨɫɹɝɚɬɢ� ɰɿɥɟɣ� ɨɞɧɨɱɚɫɧɨ�� ɭɧɢɤɧɟɧɧɹ� ɡɿɬɤɧɟɧɶ� ɬɨɳɨ�� ȼ� ɨɫɧɨɜɧɨɦɭ�

ɜɤɥɸɱɚɸɬɶɫɹ ɬɪɢ�ɨɛɦɟɠɟɧɧɹ [44]. 

ɉɟɪɲɟ� ɨɛɦɟɠɟɧɧɹ� ɰɟ ± ɨɛɦɟɠɟɧɧɹ� ɦɿɧɿɦɚɥɶɧɨɝɨ� ɪɚɞɿɭɫɚ� ɪɨɡɜɨɪɨɬɭ�

ɩɨɥɶɨɬɭ�� ɜɪɚɯɨɜɭɸɱɢ� ɦɚɧɟɜɪɟɧɿɫɬɶ� ȻɉɅȺ�� ɪɚɞɿɭɫ� ɩɨɜɨɪɨɬɭ� ɜ� ɫɬɜɨɪɟɧɿɣ�

ɬɪɚɽɤɬɨɪɿʀ�ɦɚɽ�ɛɭɬɢ�ɛɿɥɶɲɢɦ�ɡɚ�ɦɿɧɿɦɚɥɶɧɢɣ�ɪɚɞɿɭɫ�ɩɨɜɨɪɨɬɭ�ɤɨɠɧɨɝɨ�ȻɉɅȺ��ɳɨ�

ɨɡɧɚɱɚɽ��ɳɨ�ɡɚɩɥɚɧɨɜɚɧɚ�ɬɪɚɽɤɬɨɪɿɹ�ɩɨɜɢɧɧɚ�ɭɧɢɤɚɬɢ�ɛɿɥɶɲɨɝɨ�ɩɨɜɨɪɨɬɭ�� 

ȼɫɬɚɧɨɜɥɸɽɬɶɫɹ� ɨɛɦɟɠɟɧɧɹ� ɧɚ� ɜɢɛɿɪ� ɦɚɪɲɪɭɬɧɨʀ� ɬɨɱɤɢ� �ɜɭɡɥɚ��� ɹɤ�

ɩɨɤɚɡɚɧɨ� ɧɚ� ɪɢɫɭɧɤɭ 3.4. ɇɚ� ɪɢɫɭɧɤɭ 3.4 ɰɟɧɬɪɚɥɶɧɢɣ� ɜɭɡɨɥ� ɭ� ɤɜɚɞɪɚɬɿ� ɽ�

ɩɨɬɨɱɧɢɦ�ɦɿɫɰɟɦ�ɪɨɡɬɚɲɭɜɚɧɧɹ�ȻɉɅȺ: 

1. (b) ± ɨɫɬɚɧɧɹ�ɬɨɱɤɚ�ɲɥɹɯɭ�ɛɟɡɩɨɫɟɪɟɞɧɶɨ�ɩɟɪɟɞ�ɩɨɬɨɱɧɨɸ� 

2. (a) ± ɜɪɚɯɨɜɭɸɱɢ� ɳɨ� ȻɉɅȺ� ɧɟ� ɦɨɠɟ� ɪɨɛɢɬɢ� ɡɚɧɚɞɬɨ� ɜɟɥɢɤɢɣ�

ɩɨɜɨɪɨɬ��ɧɚɫɬɭɩɧɭ�ɬɨɱɤɭ�ɦɨɠɧɚ�ɜɢɛɪɚɬɢ�ɥɢɲɟ�ɡ�ɬɚɤɢɯ�ɬɨɱɨɤ. 
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Ɋɢɫɭɧɨɤ�3.4 ± Ɉɛɦɟɠɟɧɧɹ�ɧɚ�ɜɢɛɿɪ�ɜɭɡɥɚ 

 

Ⱦɪɭɝɟ� ɨɛɦɟɠɟɧɧɹ� ɰɟ� ± ɨɛɦɟɠɟɧɧɹ� ɤɨɨɪɞɢɧɚɰɿʀ� ɱɚɫɭ�� ɡɚ� ɬɚɤɨɝɨ� ɬɢɩɭ�

ɨɛɦɟɠɟɧɧɹ�ɤɨɨɪɞɢɧɚɰɿʀ�ɦɟɬɚ�ɩɨɥɹɝɚɽ�ɜ�ɬɨɦɭ��ɳɨɛ�ɜɢɡɧɚɱɢɬɢ�ɫɤɨɨɪɞɢɧɨɜɚɧɢɣ�ɱɚɫ�

ɩɪɢɛɭɬɬɹ� ɞɥɹ� ɤɿɥɶɤɨɯ� ȻɉɅȺ [45]�� Ɍɪɚɽɤɬɨɪɿɹ�� ɫɬɜɨɪɟɧɚ� ɞɥɹ� ɤɿɥɶɤɨɯ� ȻɉɅȺ��

ɩɨɜɢɧɧɚ�ɡɚɛɟɡɩɟɱɭɜɚɬɢ�ɨɞɧɨɱɚɫɧɟ�ɩɪɢɛɭɬɬɹ�ɤɿɥɶɤɨɯ�ȻɉɅȺ�ɞɨ�ɫɜɨʀɯ�ɜɿɞɩɨɜɿɞɧɢɯ�

ɰɿɥɟɣ��ɹɤ�ɩɨɤɚɡɚɧɨ�ɧɚ�ɪɢɫɭɧɤɭ 3.5���Ȼɚɝɚɬɨ�ȻɉɅȺ�ɩɨɜɢɧɧɿ�ɦɿɧɿɦɿɡɭɜɚɬɢ�ɫɜɿɣ�ɜɩɥɢɜ�

ɡɚɝɪɨɡ� ɱɟɪɟɡ� ɨɛɦɟɠɟɧɧɹ� ɨɞɧɨɱɚɫɧɨɝɨ� ɩɪɢɛɭɬɬɹ�� Ɍɨɦɭ� ɦɢ� ɩɨɜɢɧɧɿ� ɜɫɟɛɿɱɧɨ�

ɪɨɡɝɥɹɧɭɬɢ� ɹɤ� ɞɨɜɠɢɧɭ� ɬɪɚɽɤɬɨɪɿʀ�� ɬɚɤ� ɿ� ɲɜɢɞɤɿɫɬɶ� ɩɨɥɶɨɬɭ� ȻɉɅȺ�� ɳɨɛ�

ɩɪɢɡɧɚɱɢɬɢ�ɨɩɬɢɦɚɥɶɧɢɣ�ɞɥɹ�ɤɨɦɚɧɞɢ�(7$�ɞɥɹ�ɮɨɪɦɭɜɚɧɧɹ�ɤɿɥɶɤɨɯ�ȻɉɅȺ�  

 

 
Ɋɢɫɭɧɨɤ�3.5 ± Ɇɨɠɥɢɜɚ�ɡɨɧɚ�ɩɪɢɛɭɬɬɹ 
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ɉɪɢɩɭɫɬɢɦɨ�� ɳɨ� ɜ� ɥɶɨɬɧɿɣ� ɦɿɫɿʀ� ɛɟɪɭɬɶ� ɭɱɚɫɬɶ� 1� ȻɉɅȺ�� Ʉɨɠɟɧ�

ɬɪɚɧɫɩɨɪɬɧɢɣ�ɡɚɫɿɛ�ɥɟɬɢɬɶ�ɩɨ�ɫɜɨɽɦɭ�ɦɚɪɲɪɭɬɭ�ɡ�ɨɛɦɟɠɟɧɧɹɦɢ�ɲɜɢɞɤɨɫɬɿ�� א

ሾ�୫୧୬ǡ �୫ୟ୶ሿ �� Ⱦɥɹ� M-ʀ� ɬɪɚɽɤɬɨɪɿʀ�� ɡɚɩɥɚɧɨɜɚɧɨʀ� ɞɥɹ� L-ɝɨ� ȻɉɅȺ�� ɞɨɜɠɢɧɚ� ɹɤɨɝɨ�

ɩɨɡɧɚɱɟɧɚ�ɹɤ�/i,j��ɜɢɡɧɚɱɚɽɦɨ�ɞɚɥɶɧɿɫɬɶ�ɣɨɝɨ�(7$�ɹɤ� 

 

௜ܶ௝ א ቂ ௅೔ǡೕ
௏೘ೌೣ

ǡ ௅೔ǡೕ
௏೘೔೙

�ቃ . (3.5) 

 

ȱɫɧɭɽ� ɩɪɢɩɭɳɟɧɧɹ�� ɳɨ� L-ɣ� ȻɉɅȺ� ɫɮɨɪɦɭɜɚɜ� ɤɿɥɶɤɿɫɬɶ� ɬɪɚɽɤɬɨɪɿɣ-

ɤɚɧɞɢɞɚɬɿɜ [46]��ɿ��ɬɚɤɢɦ�ɱɢɧɨɦ��ɣɨɝɨ�ɨɱɿɤɭɜɚɧɢɣ�ɱɚɫ�ɩɪɢɛɭɬɬɹ�ɽ�ɨɛ¶ɽɞɧɚɧɧɹɦ�6i, 

ɜɢɡɧɚɱɟɧɢɦ�ɹɤ� 

 

௜ܵ ൌ ቂ ௅೔ǡభ
௏೘ೌೣ

ǡ ௅೔ǡభ
௏೘೔೙

�ቃ ׫ ቂ ௅೔ǡమ
௏೘ೌೣ

ǡ ௅೔ǡమ
௏೘೔೙

�ቃ ׫ ǥ׫�� ቂ௅೔ǡ೙ೠ೘
௏೘ೌೣ

ǡ ௅೔ǡ೙ೠ೘
௏೘೔೙

�ቃ . (3.6) 

 

ɓɨ� ɫɬɨɫɭɽɬɶɫɹ� ɮɨɪɦɭɜɚɧɧɹ� ȻɉɅȺ� ɡ� 1� ɬɪɚɧɫɩɨɪɬɧɢɯ� ɡɚɫɨɛɿɜ�� ɬɨ� ɱɚɫ�

ɩɪɢɛɭɬɬɹ�ɦɚɽ�ɦɿɫɬɢɬɢɫɹ�ɧɚ�ɩɟɪɟɬɢɧɿ�ɱɚɫɭ�ɬɚɤɢɦ�ɱɢɧɨɦ� 

 

ܵ ൌ � ଵܵ ת ܵଶ ת ǥܵ�ת�௡ . (3.7) 

 

əɤɳɨ�6�ɧɟ� ɽ�ɩɨɪɨɠɧɟɱɟɸ��ɩɪɢɩɭɫɬɢɦɨ� ɬɚɤɢɣ�ɱɚɫ��ୟ א� ��� ɿ� ɤɨɠɟɧ�ȻɉɅȺ�

ɩɨɜɢɧɟɧ�ɦɚɬɢ�ɩɪɢɧɚɣɦɧɿ� ɨɞɧɭ� ɬɪɚɽɤɬɨɪɿɸ��ɳɨ� ɡɚɞɨɜɨɥɶɧɹɽ� ɱɚɫ�ɩɪɢɛɭɬɬɹ��ୟ�� ɿ��

ɬɚɤɢɦ�ɱɢɧɨɦ���ୟ� ɦɨɠɧɚ�ɩɪɨɫɬɨ�ɪɨɡɝɥɹɞɚɬɢ�ɹɤ�(7$��Ɂɚ�ɞɨɩɨɦɨɝɨɸ�ɰɶɨɝɨ�ɦɟɬɨɞɭ�

ɜɿɧ� ɞɨɫɬɭɩɧɢɣ� ɞɥɹ� ɤɿɥɶɤɨɯ� ȻɉɅȺ�� ɳɨɛ� ɡɚɞɨɜɨɥɶɧɢɬɢ� ɜɢɦɨɝɭ� ɨɞɧɨɱɚɫɧɨɝɨ�

ɩɪɢɛɭɬɬɹ� 

Ɍɪɟɬɽ� ɨɛɦɟɠɟɧɧɹ� ɰɟ� ɭɧɢɤɧɟɧɧɹ� ɩɨɜɿɬɪɹɧɢɯ� ɡɿɬɤɧɟɧɶ�� ȱɧɲɚ� ɜɢɦɨɝɚ�ɳɨɞɨ�

ɤɨɨɪɞɢɧɚɰɿʀ�� ɹɤɚ� ɫɬɨɫɭɽɬɶɫɹ� ɩɟɪɟɩɥɚɧɭɜɚɧɧɹ� ɬɪɚɽɤɬɨɪɿʀ� ɤɨɨɪɞɢɧɚɰɿʀ� ɤɿɥɶɤɨɯ�

ȻɉɅȺ��ɩɨɥɹɝɚɽ�ɜ� ɡɦɟɧɲɟɧɧɿ�ɪɢɡɢɤɭ� ɡɿɬɤɧɟɧɧɹ��ɳɨ�ɽ� ɬɚɤ� ɡɜɚɧɨɸ�ɤɨɨɪɞɢɧɚɰɿɽɸ�

ɩɨɜɿɬɪɹɧɨɝɨ�ɩɪɨɫɬɨɪɭ [47].  

Ɉɫɤɿɥɶɤɢ�ɞɚɧɚ�ɪɨɛɨɬɚ�ɡɚɫɧɨɜɚɧɚ�ɧɚ�ɞɜɨɜɢɦɿɪɧɨɦɭ�ɩɪɨɫɬɨɪɿ�ɡ�ɩɪɢɩɭɳɟɧɧɹɦ��

ɳɨ�ɜɫɿ�ɨɤɪɟɦɿ�ȻɉɅȺ�ɥɿɬɚɸɬɶ�ɧɚ�ɨɞɧɚɤɨɜɿɣ�ɜɢɫɨɬɿ��ɩɪɚɜɢɥɶɧɢɣ�ɩɿɞɯɿɞ�ɞɥɹ�ɬɨɝɨ��

ɳɨɛ� ɝɚɪɚɧɬɭɜɚɬɢ�� ɳɨ� ɡɿɬɤɧɟɧɧɹ� ɧɟ� ɜɿɞɛɭɞɟɬɶɫɹ�� ɩɨɥɹɝɚɽ� ɜ� ɬɨɦɭ�� ɳɨɛ� ɭɫɭɧɭɬɢ�
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ɛɭɞɶ-ɹɤɟ�ɩɟɪɟɤɪɢɬɬɹ�ɦɿɠ�ɬɪɚɽɤɬɨɪɿɹɦɢ�ɞɜɨɯ�ȻɉɅȺ��Ɂɪɨɡɭɦɿɥɨ��ɳɨ�ɹɤɳɨ�ɱɚɫɬɤɚ�

ɩɟɪɟɤɪɢɬɬɿɜ� ɭ� ɜɫɿɣ� ɬɪɚɽɤɬɨɪɿʀ� ɛɿɥɶɲɚ�� ɬɨ� ɣɦɨɜɿɪɧɿɫɬɶ� ɡɿɬɤɧɟɧɧɹ� ɛɿɥɶɲɚ�� Ɍɚɤɢɦ�

ɱɢɧɨɦ�� ɤɨɨɪɞɢɧɨɜɚɧɚ� ɬɪɚɽɤɬɨɪɿɹ� ɛɚɝɚɬɶɨɯ� ȻɉɅȺ� ɩɨɜɢɧɧɚ� ɡɚɛɟɡɩɟɱɭɜɚɬɢ��

ɧɚɫɤɿɥɶɤɢ�ɰɟ�ɦɨɠɥɢɜɨ��ɧɟ�ɩɟɪɟɤɪɢɜɚɧɧɹ�ɞɥɹ�ɪɟɚɥɿɡɚɰɿʀ�ɤɨɨɪɞɢɧɚɰɿʀ�ɩɨɜɿɬɪɹɧɨɝɨ�

ɩɪɨɫɬɨɪɭ� 

 

3.1.4 Ɏɭɧɤɰɿɹ�ɤɨɨɪɞɢɧɚɰɿʀ 

 

ɍ� ɫɤɨɨɪɞɢɧɨɜɚɧɨɦɭ� ɩɟɪɟɩɥɚɧɭɜɚɧɧɿ� ɬɪɚɽɤɬɨɪɿʀ� ɤɿɥɶɤɨɦɚ� ȻɉɅȺ� ɨɫɧɨɜɧɚ�

ɿɞɟɹ�ɩɨɥɹɝɚɽ�ɜ�ɬɨɦɭ��ɳɨ�ɹɤɳɨ�ɤɨɠɟɧ�ɬɪɚɧɫɩɨɪɬɧɢɣ�ɡɚɫɿɛ�ɡɧɚɽ�ɡɦɿɧɧɭ�ɤɨɨɪɞɢɧɚɰɿʀ�

ɿ�ɪɟɚɝɭɽ�ɧɚɥɟɠɧɢɦ�ɱɢɧɨɦ�ɿ�ɫɤɨɨɪɞɢɧɨɜɚɧɚ�ɩɨɜɟɞɿɧɤɚ�ɦɨɠɟ�ɛɭɬɢ�ɞɨɫɹɝɧɭɬɚ��Ⱦɥɹ�

ɨɛɦɟɠɟɧɧɹ� ɫɢɧɯɪɨɧɿɡɚɰɿʀ� ɱɚɫɭ� ɨɞɧɨɱɚɫɧɨɝɨ� ɩɪɢɛɭɬɬɹ�� ɤɥɸɱɨɜɨɸ� ɡɦɿɧɧɨɸ�

ɤɨɨɪɞɢɧɚɰɿʀ�ɽ�ɱɚɫ�ɩɪɢɛɭɬɬɹ�� 

Ɍɨɛɬɨ��ɤɥɸɱɨɜɨɸ�ɪɨɛɨɬɨɸ�ɤɨɨɪɞɢɧɚɰɿʀ�ɤɿɥɶɤɨɯ�ȻɉɅȺ�ɽ�ɜɢɛɿɪ�ɧɚɥɟɠɧɨɝɨ�

ɤɨɟɮɿɰɿɽɧɬɚ� ɡ� ɱɚɫɨɜɨɝɨ� ɩɟɪɟɬɢɧɭ� 6�� ɜɢɡɧɚɱɟɧɨɝɨ� ɜ� ɪɿɜɧɹɧɧɿ� ������� ɹɤ� ɡɧɚɱɟɧɧɹ�

ɤɨɨɪɞɢɧɚɰɿɣɧɨʀ� ɡɦɿɧɧɨʀ�� Ⱦɥɹ� ɰɶɨɝɨ� ɧɟɨɛɯɿɞɧɨ� ɩɨɛɭɞɭɜɚɬɢ� ɤɨɨɪɞɢɧɚɰɿɣɧɭ�

ɮɭɧɤɰɿɸ��
ୡ୭ ɞɥɹ�ɜɢɡɧɚɱɟɧɧɹ�ɤɨɨɪɞɢɧɚɰɿɣɧɨʀ�ɡɦɿɧɧɨʀ� 

 

௖௢ǡ௜ǡ௝ܬ ൌ � ଵ݂ ή � ௜ǡ௝ܬ ൅ ଶ݂ ή ௜ܶǡ௝ . (3.8) 

 

Ⱦɟ��ଵ  ɬɚ��ଶ  ɞɜɿ� ɤɨɧɫɬɚɧɬɢ�� ɹɤɿ� ɦɨɠɭɬɶ� ɛɭɬɢ� ɨɞɧɚɤɨɜɢɦɢ� ɚɛɨ� ɪɿɡɧɢɦɢ� ɞɥɹ�

ɪɿɡɧɢɯ�ȻɉɅȺ� Ɂɦɿɧɧɚ�
୧ǡ୨ ɩɨɡɧɚɱɚɽ�ɜɚɪɬɿɫɬɶ�M-ʀ�ɬɪɚɽɤɬɨɪɿʀ��ɡɚɩɥɚɧɨɜɚɧɨʀ�L-ɦ�ȻɉɅȺ��

ɹɤɚ� ɜɢɡɧɚɱɚɽɬɶɫɹ� ɪɿɜɧɹɧɧɹɦ� � ή � 
୧ǡ୨ǡ୲୦୰ୣୟ୲ ൅ ሺͳ െ �ሻ ή 
୧ǡ୨ǡ୲୦୰ୣୟ୲�ሺͲ ൑ � ൑ ͳሻ , ɳɨ� ɽ�

ɜɢɡɧɚɱɟɧɢɦ�ɞɥɹ�ɩɟɜɧɨʀ�ɬɪɚɽɤɬɨɪɿʀ [48]. Ɍɚɤɢɦ�ɱɢɧɨɦ��ɱɚɫ�ɩɪɢɛɭɬɬɹ��୧ǡ୨ ɽ�ɽɞɢɧɨɸ�

ɧɟɡɚɥɟɠɧɨɸ� ɡɦɿɧɧɨɸ�� ɳɨ� ɜɢɡɧɚɱɚɽ� 
ୡ୭ǡ୧ǡ୨  ɉɨɜɧɿ ɡɚɬɪɚɬɢ� ɛɚɝɚɬɨɪɚɡɨɜɢɯ� ȻɉɅȺ�

ɫɬɚɧɨɜɢɬɶ� 

 

௖௢ܬ ൌ �σ σ ௖௢ǡ௜ǡ௝ே௨௠ܬ
௝ୀଵ

ே
௜ୀଵ ሺ ௜ܶǡ௝ሻ . (3.9) 
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ɇɚ� ɪɢɫɭɧɤɭ� 3.6 ɩɨɤɚɡɚɧɨ� ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ� ɦɿɠ� 
ୡ୭ǡ୧ǡ୨ ɬɚ� �୧ǡ୨ ɞɥɹ� ɤɨɠɧɨʀ�

ɬɪɚɽɤɬɨɪɿʀ�� əɤ� ɩɨɤɚɡɚɧɨ� ɧɚ� ɪɢɫɭɧɤɭ 3.6�� ɳɨɛ� ɦɿɧɿɦɿɡɭɜɚɬɢ� ɜɫɸ� ɮɭɧɤɰɿɸ�

ɤɨɨɪɞɢɧɚɰɿʀ�� ɤɨɨɪɞɢɧɨɜɚɧɢɣ� ɱɚɫ� ɩɪɢɛɭɬɬɹ��ୟ ɱɚɫɬɨ� ɜɢɛɢɪɚɽ�ɦɿɧɿɦɭɦ�ɦɨɠɥɢɜɨʀ�

ɨɛɥɚɫɬɿ��ɬɨɛɬɨ���ୟ ൌ ��� �. 

 

 
Ɋɢɫɭɧɨɤ�3.6 ± ȼɢɡɧɚɱɟɧɧɹ�ɤɨɨɪɞɢɧɚɰɿɣɧɨʀ�ɡɦɿɧɧɨʀ 

 

3.1.5 Ʉɨɨɪɞɢɧɚɰɿɣɧɢɣ� ɦɟɯɚɧɿɡɦ� ɩɟɪɟɩɥɚɧɭɜɚɧɧɹ� ɬɪɚɽɤɬɨɪɿʀ�

ɛɚɝɚɬɨɩɥɚɧɨɜɢɯ�ȻɉɅȺ 

 

ɋɬɪɭɤɬɭɪɚ�ɩɥɚɧɭɜɚɧɧɹ�ɬɪɚɽɤɬɨɪɿʀ�ɞɥɹ�ɨɤɪɟɦɨɝɨ�ȻɉɅȺ�ɫɤɥɚɞɚɽɬɶɫɹ�ɡ�ɬɪɶɨɯ�

ɨɫɧɨɜɧɢɯ� ɲɚɪɿɜ�� ɤɨɨɪɞɢɧɚɰɿɣɧɨɝɨ� ɜɢɪɿɲɭɜɚɱɚ�� ɩɥɚɧɭɜɚɥɶɧɢɤɚ� ɬɪɚɽɤɬɨɪɿʀ� ɬɚ�

ɡɝɥɚɠɭɜɚɱɚ�ɬɪɚɽɤɬɨɪɿʀ [49-53]��ɉɥɚɧɭɜɚɥɶɧɢɤ�ɬɪɚɽɤɬɨɪɿɣ�ɲɜɢɞɤɨ�ɨɛɱɢɫɥɸɽ�ɫɟɪɿɸ�

ɞɨɫɢɬɶ�ɛɟɡɩɟɱɧɢɯ�ɩɪɹɦɨɥɿɧɿɣɧɢɯ�ɬɪɚɽɤɬɨɪɿɣ�� 

Ɂɜ¶ɹɡɨɤ�ɦɿɠ�ɩɥɚɧɭɜɚɥɶɧɢɤɨɦ�ɬɪɚɽɤɬɨɪɿʀ� ɬɚ� ɤɨɨɪɞɢɧɚɰɿɣɧɢɦ�ɜɢɪɿɲɭɜɚɱɟɦ�

ɦɨɠɟ� ɞɨɩɨɦɨɝɬɢ� ɝɟɧɟɪɭɜɚɬɢ� ɤɚɧɞɢɞɚɬɫɶɤɿ� ɬɪɚɽɤɬɨɪɿʀ�� ɭɧɢɤɚɸɱɢ� ɡɛɿɝɭ� ɡ�

ɬɪɚɽɤɬɨɪɿɹɦɢ�ɿɧɲɢɯ�ȻɉɅȺ�� 

ɐɿ�ɤɚɧɞɢɞɚɬɫɶɤɿ� ɬɪɚɽɤɬɨɪɿʀ� ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ�ɤɨɨɪɞɢɧɚɰɿɣɧɢɦ�ɪɿɲɟɧɧɹɦ�

ɞɥɹ� ɜɢɡɧɚɱɟɧɧɹ� ɤɨɨɪɞɢɧɚɰɿɣɧɨʀ� ɿɧɮɨɪɦɚɰɿʀ�� ɬɚɤɨʀ� ɹɤ� ɤɨɨɪɞɢɧɨɜɚɧɢɣ� ɱɚɫ��
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Ɉɫɤɿɥɶɤɢ� ɩɪɹɦɨɥɿɧɿɣɧɿ� ɬɪɚɽɤɬɨɪɿʀ�� ɫɬɜɨɪɟɧɿ� ɩɥɚɧɭɜɚɥɶɧɢɤɨɦ� ɬɪɚɽɤɬɨɪɿʀ��

ɞɢɧɚɦɿɱɧɨ� ɧɟɦɨɠɥɢɜɿ� ɞɥɹ� ɩɨɥɶɨɬɭ� ȻɉɅȺ�� ɡɝɥɚɠɭɜɚɱ� ɬɪɚɽɤɬɨɪɿʀ�

ɜɢɤɨɪɢɫɬɨɜɭɽɬɶɫɹ� ɞɥɹ� ɝɟɧɟɪɭɜɚɧɧɹ� ɥɶɨɬɧɢɯ� ɬɪɚɽɤɬɨɪɿɣ� ɿ� ɧɚɞɫɢɥɚɧɧɹ� ɤɨɦɚɧɞ�

ɚɜɬɨɩɿɥɨɬɭ� ȻɉɅȺ�� Ɏɭɧɤɰɿɹ� ɞɢɧɚɦɿɱɧɨɝɨ� ɡɝɥɚɞɠɭɜɚɱɚ� ɬɪɚɽɤɬɨɪɿʀ� ɩɨɥɹɝɚɽ� ɜ�

ɡɝɥɚɞɠɭɜɚɧɧɿ�ɩɟɪɟɯɨɞɿɜ�ɧɚ�ɬɪɚɽɤɬɨɪɿʀ� ɡ�ɩɨɫɥɿɞɨɜɧɿɫɬɸ�ɪɚɞɿɚɥɶɧɢɯ�ɞɭɝ��ɩɨ�ɹɤɢɯ�

ȻɉɅȺ� ɦɨɠɟ� ɥɟɬɿɬɢ [54]�� Ⱦɥɹ ɦɿɫɿɣ�� ɹɤɿ� ɦɚɸɬɶ� ɜɚɠɥɢɜɟ� ɡɧɚɱɟɧɧɹ� ɞɥɹ� ɱɚɫɭ��

ɜɚɠɥɢɜɨ�� ɳɨɛ� ɞɨɜɠɢɧɚ� ɜɢɯɿɞɧɨʀ� ɩɪɹɦɨɥɿɧɿɣɧɨʀ� ɬɪɚɽɤɬɨɪɿʀ� ɛɭɥɚ� ɡɛɟɪɟɠɟɧɚ� ɜ�

ɩɪɨɰɟɫɿ�ɡɝɥɚɞɠɭɜɚɧɧɹ��ɇɚ�ɪɢɫɭɧɤɭ�3.7 ɩɨɤɚɡɚɧɢɣ�ɰɟɣ�ɦɟɯɚɧɿɡɦ� 

 

 
Ɋɢɫɭɧɨɤ�3.7 ± Ɇɟɯɚɧɿɡɦ�ɩɥɚɧɭɜɚɧɧɹ�ɬɪɚɽɤɬɨɪɿʀ�ɞɥɹ�ɨɤɪɟɦɨɝɨ�ȻɉɅȺ 

 

ɇɚ� ɪɢɫɭɧɤɭ� 3.8 ɨɩɢɫɭɽɬɶɫɹ� ɦɟɯɚɧɿɡɦ� ɤɨɨɪɞɢɧɚɰɿʀ� ɩɟɪɟɩɥɚɧɭɜɚɧɧɹ�

ɬɪɚɽɤɬɨɪɿʀ�ɤɿɥɶɤɨɯ�ȻɉɅȺ��ɋɬɪɭɤɬɭɪɚ�ɪɨɡɩɨɞɿɥɟɧɚ��ɳɨ�ɞɨɡɜɨɥɹɽ�ɤɨɠɧɨɦɭ�ȻɉɅȺ�

ɜɢɤɨɧɭɜɚɬɢ�ɜɥɚɫɧɿ�ɩɿɞɫɢɫɬɟɦɢ�ɩɥɚɧɭɜɚɧɧɹ�ɬɪɚɽɤɬɨɪɿʀ��Ⱥɥɝɨɪɢɬɦ��ɪɟɚɥɿɡɨɜɚɧɢɣ�ɧɚ�

ɤɨɠɧɨɦɭ� ȻɉɅȺ� ɜ� ɤɨɨɪɞɢɧɚɰɿɣɧɨɦɭ� ɜɢɪɿɲɭɜɚɱɿ�� ɿɞɟɧɬɢɱɧɢɣ�� Ȼɚɝɚɬɨ ȻɉɅȺ�
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ɩɟɪɟɞɚɸɬɶ�ɿɧɮɨɪɦɚɰɿɸ�ɩɪɨ�ɤɨɨɪɞɢɧɚɰɿɸ�ɭ�ɮɨɪɦɿ�ɮɭɧɤɰɿʀ�ɤɨɨɪɞɢɧɚɰɿʀ�ɬɚ�ɡɦɿɧɧɨʀ�

ɤɨɨɪɞɢɧɚɰɿʀ�ɧɚ� ɪɿɜɧɿ� ɜɢɪɿɲɭɜɚɱɚ� ɤɨɨɪɞɢɧɚɰɿʀ��ȼɢɤɨɪɢɫɬɨɜɭɸɱɢ�ɤɨɨɪɞɢɧɚɰɿɣɧɭ�

ɿɧɮɨɪɦɚɰɿɸ�� ɛɚɝɚɬɨ� ȻɉɅȺ� ɨɛɱɢɫɥɸɸɬɶ� ɫɤɨɨɪɞɢɧɨɜɚɧɢɣ� ɱɚɫ� ɩɪɢɛɭɬɬɹ� ɞɥɹ�

ɮɨɪɦɭɜɚɧɧɹ�ȻɉɅȺ��ɹɤɢɣ�ɽ�ɥɢɲɟ�(7$�� 

ɉɿɫɥɹ�ɰɶɨɝɨ�ɤɨɨɪɞɢɧɚɰɿɣɧɢɣ�ɞɟɲɢɮɪɚɬɨɪ�ɨɛɱɢɫɥɸɽ�ɲɜɢɞɤɿɫɬɶ�ɩɨɥɶɨɬɭ�ɞɥɹ�

ɤɨɠɧɨɝɨ�ȻɉɅȺ�ɜɿɞɩɨɜɿɞɧɨ�ɞɨ�ɡɝɟɧɟɪɨɜɚɧɨʀ�ɬɪɚɽɤɬɨɪɿʀ�ɬɚ�(7$��ɏɨɱɚ�ɧɚ�ɪɢɫ��3.8 

ɩɨɤɚɡɚɧɨ�ɥɢɲɟ�ɬɪɢ�ȻɉɅȺ��ɪɨɡɩɨɞɿɥɟɧɚ�ɫɬɪɭɤɬɭɪɚ�ɤɚɪɤɚɫɚ��ɨɱɟɜɢɞɧɨ��ɫɬɨɫɭɽɬɶɫɹ�

ɛɿɥɶɲɨʀ�ɤɿɥɶɤɨɫɬɿ�ɛɚɝɚɬɨɪɚɡɨɜɢɯ�ȻɉɅȺ� 

 

 
Ɋɢɫɭɧɨɤ�3.8 ± Ʉɨɨɪɞɢɧɚɰɿɣɧɢɣ�ɦɟɯɚɧɿɡɦ�ɩɟɪɟɩɥɚɧɭɜɚɧɧɹ�ɬɪɚɽɤɬɨɪɿʀ�

ɛɚɝɚɬɨɪɚɡɨɜɢɯ�ȻɉɅȺ 

 

Ʉɪɿɦ�ɬɨɝɨ��ɫɭɱɚɫɧɿ�ȻɉɅȺ�ɨɫɧɚɳɟɧɿ�ɦɨɠɥɢɜɿɫɬɸ�ɜɢɹɜɥɹɬɢ�ɫɜɨɽ�ɨɬɨɱɟɧɧɹ��

ɳɨɛ� ɜɨɧɢ� ɦɨɝɥɢ� ɜɿɞɱɭɜɚɬɢ� ɫɩɥɢɜɚɸɱɿ� ɡɚɝɪɨɡɢ�� ɳɨ� ɜɢɧɢɤɚɸɬɶ� ɭ� ɪɟɝɿɨɧɿ� ɦɿɫɿʀ��

ɉɪɢɱɢɧɚ�ɩɟɪɟɩɥɚɧɭɜɚɧɧɹ� ɬɪɚɽɤɬɨɪɿʀ� ɩɨɥɹɝɚɽ� ɜ�ɧɚɫɬɭɩɧɢɯ� ɚɫɩɟɤɬɚɯ�� ɫɩɥɢɜɚɸɱɚ�
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ɡɚɝɪɨɡɚ�ɜɢɹɜɥɹɽɬɶɫɹ�ɬɿɥɶɤɢ�ɧɚ�ɦɚɪɲɪɭɬɿ�ɩɨɥɶɨɬɭ�ɩɨɩɟɪɟɞɭ��ɿ�ɬɪɚɧɫɩɨɪɬɧɢɣ�ɡɚɫɿɛ�

ɩɨɜɢɧɟɧ� ɡɦɿɧɢɬɢ� ɫɜɿɣ� ɦɚɪɲɪɭɬ� ɞɥɹ� ɛɟɡɩɟɤɢ�� ȻɉɅȺ� ɧɟ� ɡɚɝɪɨɠɭɽ� ɫɩɥɢɜɚɸɱɨɸ�

ɡɚɝɪɨɡɨɸ�� ɚɥɟ� ɡ� ɨɝɥɹɞɭ� ɧɚ� ɤɨɨɪɞɢɧɚɰɿɸ� ɜɿɧ� ɬɚɤɨɠ� ɨɬɪɢɦɭɽ� ɤɨɦɚɧɞɭ�

ɩɟɪɟɩɥɚɧɭɜɚɧɧɹ��ɦɿɫɿɹ�ɡɦɿɧɸɽɬɶɫɹ� 

Ʉɨɥɢ� ɩɟɪɟɩɥɚɧɭɜɚɧɧɹ� ɫɬɚɧɟ� ɧɟɦɢɧɭɱɢɦ�� ɿɧɮɨɪɦɚɰɿɹ� ɩɪɨ� ɫɩɥɢɜɚɸɱɿ�

ɡɚɝɪɨɡɢ�� ɜɤɥɸɱɧɨ� ɡ� ɪɨɡɬɚɲɭɜɚɧɧɹɦ� ɿ� ɤɥɚɫɚɦɢ� ɡɚɝɪɨɡ�� ɧɟɡɚɛɚɪɨɦ� ɛɭɞɟ� ɧɚɞɚɧɚ�

ɤɿɥɶɤɨɦɚ�ȻɉɅȺ��ɉɨɬɿɦ�ɤɨɠɟɧ�ȻɉɅȺ�ɭɩɨɜɿɥɶɧɸɽ�ɚɛɨ�ɩɪɢɫɤɨɪɸɽɬɶɫɹ�ɿ�ɥɟɬɢɬɶ�ɞɨ�

ɫɭɫɿɞɧɶɨɝɨ�ɛɟɡɩɟɱɧɨɝɨ�ɜɭɡɥɚ��ɹɤɢɣ�ɫɥɭɠɢɬɶ�ɜɿɞɩɪɚɜɧɨɸ�ɬɨɱɤɨɸ�ɞɥɹ�ɧɚɫɬɭɩɧɨɝɨ�

ɩɟɪɟɩɥɚɧɭɜɚɧɧɹ�� 

ɉɪɨɬɹɝɨɦ�ɰɶɨɝɨ�ɩɪɨɦɿɠɤɭ�ɧɨɜɚ�ɩɟɪɟɩɥɚɧɨɜɚɧɚ�ɬɪɚɽɤɬɨɪɿɹ�ɝɟɧɟɪɭɽɬɶɫɹ�ɞɥɹ�

ɤɿɥɶɤɨɯ� ȻɉɅȺ�� ɚ� ɬɚɤɨɠ� ɧɨɜɢɣ� (7$�� ɍ� ɩɪɨɰɟɞɭɪɿ� ɩɟɪɟɩɥɚɧɭɜɚɧɧɹ�� ɧɚ� ɨɫɧɨɜɿ�

ɩɨɱɚɬɤɨɜɨʀ� ɜɚɪɬɨɫɬɿ� ɤɪɚɸ� ɞɜɨɜɢɦɿɪɧɨʀ� ɫɿɬɤɢ�� ɩɟɪɲɢɦ� ɤɪɨɤɨɦ� ɽ� ɨɧɨɜɥɟɧɧɹ�

ɩɨɱɚɬɤɨɜɨʀ� ɜɚɪɬɨɫɬɿ� ɡɚɝɪɨɡ� ɬɢɯ� ɤɪɚʀɜ�� ɹɤɢɦ� ɡɚɝɪɨɠɭɸɬɶ� ɫɩɥɢɜɚɸɱɿ� ɡɚɝɪɨɡɢ�� ɬɚ�

ɩɟɪɟɪɚɯɭɧɨɤ�ʀɯ�ɡɧɚɱɟɧɧɹ�ɮɭɧɤɰɿʀ�ɜɚɪɬɨɫɬɿ [55]. 

ɉɨɬɿɦ� ɛɚɝɚɬɨɪɚɡɨɜɿ� ȻɉɅȺ� ɩɨɱɢɧɚɸɬɶ� ɪɟɚɥɿɡɨɜɭɜɚɬɢ� ɭɡɝɨɞɠɟɧɟ�

ɩɟɪɟɩɥɚɧɭɜɚɧɧɹ ɬɪɚɽɤɬɨɪɿʀ�ɜɿɞ�ɧɨɜɢɯ�ɜɢɯɿɞɧɢɯ�ɬɨɱɨɤ�ɞɨ�ɜɩɨɪɹɞɤɨɜɚɧɢɯ�ɰɿɥɟɣ��ɍ�

ɰɿɣ� ɩɪɨɰɟɞɭɪɿ�� ɹɤ� ɩɨɤɚɡɚɧɨ� ɧɚ� ɪɢɫɭɧɤɭ 3.9�� ɧɟɨɛɯɿɞɧɨ� ɜɿɞɬɜɨɪɢɬɢ�ɧɚɛɿɪ� ɧɨɜɢɯ�

ɬɪɚɽɤɬɨɪɿɣ��ɿ�ȻɉɅȺ�ɬɚɤɨɠ�ɩɨɜɢɧɧɿ�ɩɟɪɟɪɚɯɭɜɚɬɢ�(7$�ɬɚ�ɩɨɜɬɨɪɧɨ�ɜɿɞɪɟɝɭɥɸɜɚɬɢ�

ɜɿɞɩɨɜɿɞɧɭ�ɲɜɢɞɤɿɫɬɶ�ɩɨɥɶɨɬɭ��ɉɪɨɰɟɞɭɪɚ�ɩɟɪɟɩɥɚɧɭɜɚɧɧɹ�ɬɪɚɽɤɬɨɪɿʀ��ɦɨɠɥɢɜɨ��

ɛɭɞɟ� ɩɪɨɜɨɞɢɬɢɫɹ� ɧɟ� ɨɞɢɧ� ɪɚɡ� ɱɟɪɟɡ� ɧɟɩɟɜɧɭ� ɡɦɿɧɭ� ɫɤɥɚɞɧɨɝɨ� ɛɨɣɨɜɨɝɨ�

ɫɟɪɟɞɨɜɢɳɚ [56]. 

ȼɪɚɯɨɜɭɸɱɢ� ɧɨɜɟ� ɩɟɪɟɩɥɚɧɭɜɚɧɧɹ�� ȻɉɅȺ� ɛɭɞɭɬɶ� ɚɧɚɥɿɡɭɜɚɬɢ� ɡɨɜɧɿɲɧɽ�

ɫɟɪɟɞɨɜɢɳɟ�ɧɚ� ɹɜɧɿ� ɡɚɝɪɨɡɢ�� ɬɚ� ɜɢɪɿɲɭɜɚɬɢ� ʀɯ�ɩɪɿɨɪɢɬɟɬɧɿɫɬɶ� ɜ� ɡɚɥɟɠɧɨɫɬɿ� ɜɿɞ�

ɬɢɩɭ�ɡɚɝɪɨɡɢ��ȼ�ɛɭɞɶ�ɹɤɨɦɭ�ɜɢɩɚɞɤɭ�ɮɟɪɨɦɨɧɧɢɣ�ɫɥɿɞ�ɦɭɪɚɯ�ɛɭɞɟ�ɡɦɿɧɸɜɚɬɢɫɶ�ɿ�

ɧɚɫɬɭɩɧɿ�ȻɉɅȺ�ɛɭɞɭɬɶ�ɪɭɯɚɬɢɫɶ�ɩɨ�ɧɨɜɿɣ�ɬɪɚɽɤɬɨɪɿʀ�ɜɪɚɯɨɜɭɸɱɢ�ɧɨɜɿ�ɡɚɝɪɨɡɢ�� 

Ɍɚɤɨɠ�ɧɨɜɿ�ɡɚɝɪɨɡɢ�ɛɭɞɭɬɶ�ɤɥɚɫɢɮɿɤɭɜɚɬɢɫɶ�ɜ�ɡɚɥɟɠɧɨɫɬɿ�ʀɯɧɶɨʀ�ɱɚɫɬɢɬɢ�ɬɚ�

ɲɤɨɞɢ�ɞɥɹ�ɝɪɭɩɢ�ȻɉɅȺ�ɿ�ɡɚɝɪɨɡɿ�ɡɪɢɜɭ�ɦɿɫɿʀ��Ʉɨɠɧɿɣ�ɡɚɝɪɨɡɿ�ɛɭɞɟ�ɤɜɚɥɿɮɿɤɨɜɚɧɚ�

ɨɰɿɧɤɚ�ɡɚɝɪɨɡɢ��ɡɝɿɞɧɨ�ɹɤɨʀ�ɛɭɞɟ�ɡɦɿɧɸɜɚɬɢɫɶ�ɩɨɜɟɞɿɧɤɚ�ɬɚ�ɬɪɚɽɤɬɨɪɿɹ�ɪɭɯɭ�ȻɉɅȺ��

ɜɪɚɯɨɜɭɸɱɢ�ɭɫɿ�ɦɨɠɥɢɜɿ�ɡɦɿɧɢ�ɦɚɪɲɪɭɬɿɜ�ɩɨ�ɡɚɞɚɧɿɣ�ɬɪɚɽɤɬɨɪɿʀ� 
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Ɋɢɫɭɧɨɤ�3.9 ± ɉɪɨɰɟɞɭɪɚ�ɩɟɪɟɩɥɚɧɭɜɚɧɧɹ�ɬɪɚɽɤɬɨɪɿʀ�ȻɉɅȺ 
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3.2 ȼɢɪɿɲɟɧɧɹ�ɩɪɨɛɥɟɦɢ�ɩɨɜɿɬɪɹɧɨɝɨ�ɬɪɚɮɿɤɭ 

3.2.1 Ɇɨɞɟɥɸɜɚɧɧɹ�ɩɪɨɛɥɟɦɢ 

 

Ɍɢɩɨɜɚ� ɡɚɞɚɱɚ�� ɜɢɤɨɪɢɫɬɚɧɚ� ɩɪɢɤɥɚɞɭ�� ɨɩɢɫɚɧɚ� ɧɚ� ɪɢɫɭɧɤɭ 3.10. 

Ɋɨɡɝɥɹɧɟɦɨ� ɞɚɧɭ� ɩɪɨɛɥɟɦɨ� ɨɤɪɟɦɨ� ɜɿɞ� ɦɢɧɭɥɨɝɨ� ɩɿɞɪɨɡɞɿɥɭ� ɿɡ� ɩɨɞɚɥɶɲɨɸ�

ɿɦɩɥɟɦɟɧɬɚɰɿɽɸ� ɩɪɨɛɥɟɦɢ� ɭ� ɜɢɪɿɲɟɧɧɹ� ɝɥɨɛɚɥɶɧɨʀ� ɡɚɞɚɱɿ� ɉɟɜɧɚ� ɤɿɥɶɤɿɫɬɶ� �Q��

ȻɉɅȺ� ɪɨɡɬɚɲɨɜɚɧɿ� ɧɚ� ɤɨɥɿ� ɪɚɞɿɭɫɚ� 5� ɿ� ɥɟɬɹɬɶ� ɞɨ� ɰɟɧɬɪɭ� ɤɨɥɚ� ɡ� ɨɞɧɚɤɨɜɨɸ�

ɲɜɢɞɤɿɫɬɸ�� Ȳɯɧɽ� ɩɪɢɡɧɚɱɟɧɧɹ� ± ɰɟ� ɬɨɱɤɚ� ɤɨɥɚ�� ɪɨɡɬɚɲɨɜɚɧɚ� ɧɚ� ɿɧɲɨɦɭ� ɤɿɧɰɿ�

ɞɿɚɦɟɬɪɚ�ɤɨɥɚ��ɧɚ�ɹɤɨɦɭ�ɜɨɧɢ�ɥɟɬɹɬɶ��ȼɿɞɨɦɨ��ɳɨ�ɰɸ�ɩɪɨɛɥɟɦɭ�ɜɚɠɤɨ�ɪɨɡɜ¶ɹɡɚɬɢ��

ɨɫɤɿɥɶɤɢ�ɤɨɠɟɧ�ȻɉɅȺ�ɱɢ�ʀɯ�ɝɪɭɩɚ��ɤɨɧɮɥɿɤɬɭɽ�ɡ�ɤɨɠɧɢɦ�ɿɧɲɢɦ��Ɇɟɬɚ�ɩɨɥɹɝɚɽ�ɜ�

ɬɨɦɭ�� ɳɨɛ� ɡɧɚɣɬɢ� ɧɨɜɿ� ɬɪɚɽɤɬɨɪɿʀ� ɞɥɹ� ɤɨɠɧɨɝɨ� ȻɉɅȺ�� ɹɤɿ� ɜɢɪɿɲɭɸɬɶ� ɤɨɠɟɧ�

ɤɨɧɮɥɿɤɬ�ɿ�ɦɿɧɿɦɿɡɭɸɬɶ�ɞɨɞɚɬɤɨɜɭ�ɜɿɞɫɬɚɧɶ�� 

 ɉɪɢ� ɦɨɞɟɥɸɜɚɧɧɿ� ɧɚ� ȻɉɅȺ� ɞɚɽɬɶɫɹ� ɨɞɢɧ� ɦɚɧɟɜɪ�� ɑɚɫ� ɞɢɫɤɪɟɬɢɡɨɜɚɧɨ��

Ɇɚɧɟɜɪ�ɩɨɱɢɧɚɽɬɶɫɹ�ɜ�ɩɟɜɧɢɣ�ɱɚɫ��ଵɿ� ɡɚɤɿɧɱɭɽɬɶɫɹ�ɜ�ɞɟɹɤɢɣ�ɱɚɫ��ଶ��Ʉɨɧɮɥɿɤɬɢ�

ɜɢɪɿɲɭɸɬɶɫɹ� ɝɨɪɢɡɨɧɬɚɥɶɧɨ�� ȻɉɅȺ� ɧɚɞɚɽɬɶɫɹ� ɡɦɿɧɚ� ɤɭɪɫɭ� ɧɚ� ���� ��� ɚɛɨ� ���

ɝɪɚɞɭɫɿɜ�ɜɩɪɚɜɨ�ɚɛɨ�ɜɥɿɜɨ��ɪɢɫɭɧɨɤ�����).  

 

 
Ɋɢɫɭɧɨɤ�3.10 ± Ʉɨɧɮɥɿɤɬ�ɬɪɚɮɿɤɭ�ȻɉɅȺ�ɧɚ�ɩɪɢɤɥɚɞɿ�ɦɭɪɚɯ 

 

Ɍɪɚɽɤɬɨɪɿɸ� ɉȻɅȺ� ɦɨɠɧɚ� ɡɦɨɞɟɥɸɜɚɬɢ� ɡɚ� ɞɨɩɨɦɨɝɨɸ� ɝɪɚɮɿɤɚ�� ɑɚɫ�

ɞɢɫɤɪɟɬɢɡɨɜɚɧɨ�ɜ��୲ ɱɚɫɨɜɢɯ�ɤɪɨɤɿɜ��Ƚɪɚɮɿɤ�ɩɨɡɢɰɿʀ�ȻɉɅȺ�ɦɨɠɧɚ�ɜɢɡɧɚɱɢɬɢ�ɬɚɤ��
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ɤɨɠɟɧ� ɜɭɡɨɥ� ɩɪɟɞɫɬɚɜɥɹɽ� ɱɚɫ� ɿ� ɩɨɡɢɰɿɸ� ȻɉɅȺ�� ɉɟɪɟɯɿɞ� ɿɡ� ɩɨɥɨɠɟɧɧɹ� L� ɜ�

ɩɨɥɨɠɟɧɧɹ�L���ɩɪɟɞɫɬɚɜɥɟɧɨ�ɪɟɛɪɨɦ��ɧɚ�ɹɤɨɦɭ�ɦɭɪɚɯɢ ɜɿɞɤɥɚɞɚɸɬɶ�ɮɟɪɨɦɨɧɢ��

ȻɉɅȺ�ɦɨɠɟ�ɩɟɪɟɛɭɜɚɬɢ�ɩɨɫɥɿɞɨɜɧɨ�ɜ�ɬɪɶɨɯ�ɫɬɚɧɚɯ��ȻɉɅȺ�ɩɟɪɟɛɭɜɚɽ�ɜ�ɫɬɚɧɿ�8�

ɩɟɪɟɞ�ɛɭɞɶ-ɹɤɢɦ�ɦɚɧɟɜɪɨɦ [57-58].  

Ʉɨɥɢ�ɦɚɧɟɜɪ�ɩɨɱɢɧɚɽɬɶɫɹ�ɜ��ଵ��ɜɿɧ�ɡɧɚɯɨɞɢɬɶɫɹ�ɜ�ɫɬɚɧɿ�9��ɇɚɪɟɲɬɿ��ɤɨɥɢ�

ɦɚɧɟɜɪ�ɡɚɤɿɧɱɭɽɬɶɫɹ�ɜ��ଶ��ȻɉɅȺ�ɩɟɪɟɛɭɜɚɽ�ɜ�ɫɬɚɧɿ�:��əɤɳɨ��୧, �୧ ɿ��୧ ɽ�ɱɢɫɥɨɦ�

ɦɨɠɥɢɜɢɯ�ɩɨɡɢɰɿɣ�ȻɉɅȺ�ɜɿɞɩɨɜɿɞɧɨ�ɜ�ɫɬɚɧɿ�8��9�ɿ�:�ɭ�ɦɨɦɟɧɬ�ɱɚɫɭ�L��ɬɨɞɿ� 

 

௜ܷାଵ ൌ ௜ܷǡ ௜ܸାଵ ൌ � ௜ܸ ൅ ͸Ǥ�� ௜ܹ ൌ ௜ܸ . (3.10) 

 

əɤɳɨ�ɜɜɚɠɚɬɢ��ɳɨ�ɨɞɧɚ�ɦɭɪɚɯɚ�ɹɜɥɹɽ�ɫɨɛɨɸ�ɨɞɧɟ�ɪɿɲɟɧɧɹ�ɤɨɧɮɥɿɤɬɭ�$&2, 

ɬɨ�ɞɥɹ��ୟ ɥɿɬɚɤɚ�ɬɚ��୲ ɤɪɨɤɿɜ�ɱɚɫɭ�ɤɿɥɶɤɿɫɬɶ�ɦɨɠɥɢɜɢɯ�ɫɥɿɞɿɜ�ɭ�ɦɨɦɟɧɬ�L�ɞɨɪɿɜɧɸɽ�

ሺͳʹ� െ ͷሻ୬౗ �� ɚ� ɡɚɝɚɥɶɧɚ� ɤɿɥɶɤɿɫɬɶ� ɦɨɠɥɢɜɢɯ� ɫɥɿɞɿɜ� ɽ�ሺͳʹ�୲ െ ͷሻ୬౗ �� Ⱦɥɹ��ୟ ൌ ͷ ɿ�

�ୟ ൌ ͳͲ ɦɨɠɧɚ�ɨɬɪɢɦɚɬɢ�ɛɿɥɶɲɟ������ɫɥɿɞɿɜ��Ⱦɚɧɟ�ɦɨɞɟɥɸɜɚɧɧɹ�ɪɨɡɝɥɹɞɚɽ�ɝɪɭɩɭ�

ɜɚɪɿɚɧɬɿɜ�ɞɥɹ�ɜɢɪɿɲɟɧɧɹ�ɤɨɧɮɥɿɤɬɧɨʀ�ɩɪɨɛɥɟɦɢ�ȻɉɅȺ.  

Ɇɭɪɚɯɢ� ɨɛɪɨɛɥɹɸɬɶɫɹ� ɧɟɡɚɥɟɠɧɨ�� ɡɚ� ɜɢɧɹɬɤɨɦ� ɨɛɱɢɫɥɟɧɧɹ� ɤɿɥɶɤɨɫɬɿ�

ɮɟɪɨɦɨɧɿɜ�� ɹɤɿ� ɜɿɞɤɥɚɞɚɸɬɶɫɹ�� ɳɨ� ɡɚɥɟɠɢɬɶ� ɜɿɞ� ɤɿɥɶɤɨɫɬɿ� ɤɨɧɮɥɿɤɬɿɜ�� ɹɤɿ� ɡɦɿɝ�

ɜɢɪɿɲɢɬɢ�ɤɨɠɟɧ�ɦɭɪɚɯɚ�ɡ�ɝɪɭɩɢ��ɐɟ�ɦɨɞɟɥɸɜɚɧɧɹ�ɡɦɟɧɲɭɽ�ɤɿɥɶɤɿɫɬɶ�ɫɥɿɞɿɜ�ɞɥɹ�

ɨɧɨɜɥɟɧɧɹ� ɞɨ� ሺͳʹ�୲ െ ͷሻ୬౗ ��� Ⱦɥɹ� �ୟ ൌ ͷ   ɿ� �ୟ ൌ ͳͲ   ɤɿɥɶɤɿɫɬɶ� ɫɥɿɞɿɜ� ɞɥɹ�

ɨɧɨɜɥɟɧɧɹ�ɫɬɚɧɨɜɢɬɶ������ɳɨ�ɧɚɛɚɝɚɬɨ�ɦɟɧɲɟ��ɧɿɠ�������Ⱦɥɹ��ୟ ൌ ͵Ͳ  ɿ��ୟ ൌ ʹͲ  

ɤɿɥɶɤɿɫɬɶ�ɫɥɿɞɿɜ�ɞɥɹ�ɨɧɨɜɥɟɧɧɹ�ɫɬɚɧɨɜɢɬɶ�ɥɢɲɟ������ɡɚɦɿɫɬɶ������ɡɚ�ɩɨɩɟɪɟɞɧɿɦ�

ɦɨɞɟɥɸɜɚɧɧɹɦ [59]. 

 
3.2.2 ɑɚɫɬɤɨɜɚ�ɿɦɩɥɟɦɟɧɬɚɰɿɹ�ɚɥɝɨɪɢɬɦɭ� 

 

Ⱥɥɝɨɪɢɬɦ�$&2� ± ɰɟ� ɿɦɨɜɿɪɧɿɫɧɢɣ�ɦɟɬɨɞ� ɪɨɡɜ¶ɹɡɭɜɚɧɧɹ� ɨɛɱɢɫɥɸɜɚɥɶɧɢɯ�

ɡɚɞɚɱ��ɹɤɢɣ�ɦɨɠɧɚ�ɡɜɟɫɬɢ�ɞɨ�ɩɨɲɭɤɭ�ɯɨɪɨɲɢɯ�ɲɥɹɯɿɜ�ɡɚ�ɞɨɩɨɦɨɝɨɸ�ɝɪɚɮɿɜ��əɤ�

ɜɠɟ� ɛɭɥɨ� ɡɚɝɚɞɚɧɨ� ɪɚɧɿɲɟ� ɩɟɪɲɿ� ɚɥɝɨɪɢɬɦɢ� ɛɭɥɢ� ɩɪɨɬɟɫɬɨɜɚɧɿ� ɧɚ� ɡɚɞɚɱɿ�

ɤɨɦɿɜɨɹɠɟɪɚ�  
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Ⱥɥɝɨɪɢɬɦ�ɿɦɿɬɭɽ�ɩɨɜɟɞɿɧɤɭ�ɦɭɪɚɯ��ɹɤɿ�ɲɭɤɚɸɬɶ�ɲɥɹɯ�ɦɿɠ�ɫɜɨɽɸ�ɤɨɥɨɧɿɽɸ�

ɬɚ�ɞɠɟɪɟɥɨɦ�ɨɞɧɿɽʀ�ɦɭɪɚɯɢ�ɞɥɹ�Q�ȻɉɅȺ��ɨɞɧɚ�ɦɭɪɚɯɚ�ɧɚ�ȻɉɅȺ��ɇɚ�ɪɢɫɭɧɤɭ�3.10 

± ɨɞɧɚ�ɦɭɪɚɯɚ�ɧɚ�ɤɥɚɫɬɟɪ�ɚɛɨ�ɨɞɧɚ�ɦɭɪɚɯɚ�ɧɚ�ȻɉɅȺ� 

 əɤ�ɛɭɥɨ� ɫɤɚɡɚɧɨ�ɭ�ɦɢɧɭɥɨɦɭ�ɪɨɡɞɿɥɿ�� ɭ� ɨɩɢɫɿ� ɪɨɛɨɬɢ� ɚɥɝɨɪɢɬɦɭ�ɦɭɪɚɯɢ�

ɧɚɦɚɝɚɸɬɶɫɹ� ɞɿɫɬɚɬɢɫɶ ɰɿɥɿ�� ɦɢɧɭɸɱɢ� ɩɟɪɟɲɤɨɞɢ�� Ɂ� ɬɢɯ� ɩɿɪ� ɰɹ� ɿɞɟɹ� ɛɭɥɚ�

ɭɪɿɡɧɨɦɚɧɿɬɧɟɧɚ�ɞɥɹ�ɜɢɪɿɲɟɧɧɹ�ɛɿɥɶɲ�ɲɢɪɨɤɨɝɨ�ɤɥɚɫɭ�ɱɢɫɟɥɶɧɢɯ�ɡɚɞɚɱ� 

Ɇɭɪɚɯɢ� ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ� ɧɚɜɤɨɥɢɲɧɽ� ɫɟɪɟɞɨɜɢɳɟ� ɹɤ� ɡɚɫɿɛ� ɫɩɿɥɤɭɜɚɧɧɹ��

ȼɨɧɢ� ɨɛɦɿɧɸɸɬɶɫɹ� ɿɧɮɨɪɦɚɰɿɽɸ�� ɜɿɞɤɥɚɞɚɸɱɢ� ɮɟɪɨɦɨɧɢ�� Ɉɛɦɿɧ� ɿɧɮɨɪɦɚɰɿɽɸ�

ɦɚɽ� ɥɨɤɚɥɶɧɢɣ� ɦɚɫɲɬɚɛ�� ɍ� ɡɚɞɚɱɿ� ɤɨɦɿɜɨɹɠɟɪɚ� ɩɟɪɲɿ� ɦɭɪɚɯɢ� ɜɢɛɢɪɚɸɬɶ� ɫɜɿɣ�

ɲɥɹɯ�ɜɢɩɚɞɤɨɜɢɦ�ɱɢɧɨɦ�ɿ�ɜɿɞɤɥɚɞɚɸɬɶ�ɜɫɟ�ɛɿɥɶɲɟ�ɮɟɪɨɦɨɧɿɜ��ɨɫɤɿɥɶɤɢ�ɨɛɪɚɧɢɣ�

ɲɥɹɯ�ɤɨɪɨɬɤɢɣ�� 

ɉɨɬɿɦ�ɧɨɜɿ�ɦɭɪɚɯɢ�ɨɛɢɪɚɸɬɶ�ɫɜɿɣ�ɲɥɹɯ��ɜɪɚɯɨɜɭɸɱɢ�ɤɿɥɶɤɿɫɬɶ�ɮɟɪɨɦɨɧɿɜ��

ɹɤɿ�ɜɨɧɢ�ɡɧɚɯɨɞɹɬɶ�ɥɨɤɚɥɶɧɨ��ɑɢɦ�ɛɿɥɶɲɟ�ɮɟɪɨɦɨɧɿɜ�ɜɨɧɢ�ɡɧɚɣɞɭɬɶ�ɧɚ�ɡɚɞɚɧɨɦɭ�

ɲɥɹɯɭ�� ɬɢɦ� ɿɦɨɜɿɪɧɿɲɟ�� ɳɨ� ɜɨɧɢ� ɣɨɝɨ� ɨɛɟɪɭɬɶ�� Ɋɨɡɫɿɸɜɚɧɧɹ� ɲɥɹɯɭ�

ɜɢɩɚɪɨɜɭɜɚɧɧɹɦ�ɮɟɪɨɦɨɧɿɜ�ɡɚɩɨɛɿɝɚɽ�ɩɟɪɟɞɱɚɫɧɿɣ�ɤɨɧɜɟɪɝɟɧɰɿʀ�ɚɥɝɨɪɢɬɦɭ��$&2��

ɹɤɢɣ�ɬɭɬ�ɜɢɤɨɪɢɫɬɨɜɭɽɬɶɫɹ��ɽ�ɤɥɚɫɢɱɧɢɦ�$&2��ȼɿɞɦɿɧɧɿɫɬɶ�ɩɨɥɹɝɚɽ�ɜ�ɬɨɦɭ��ɳɨ�

ɦɭɪɚɯɚ� ɡɚɦɿɧɸɽɬɶɫɹ�ɤɭɩɨɸ�ɧɚ�ɦɭɪɚɯ��ɳɨ�ɩɪɟɞɫɬɚɜɥɹɸɬɶ�ȻɉɅȺ��Ɇɭɪɚɯɚ�ɦɨɠɟ�

ɩɟɪɟɛɭɜɚɬɢ�ɜ�ɬɪɶɨɯ�ɪɿɡɧɢɯ�ɫɬɚɧɚɯ��ɹɤ�ɩɨɤɚɡɚɧɨ�ɧɚ�ɪɢɫɭɧɤɭ�3.11. 

 

 
Ɋɢɫɭɧɨɤ�3.11 ± Ɇɨɞɟɥɸɜɚɧɧɹ�ɪɭɯɭ�ȻɉɅȺ 
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ɐɿ�ɫɬɚɧɢ�ɦɨɠɧɚ�ɨɩɢɫɚɬɢ�ɧɚɫɬɭɩɧɢɦ�ɱɢɧɨɦ� 

1. ɉɟɪɟɞ�ɛɭɞɶ-ɹɤɢɦ�ɦɚɧɟɜɪɨɦ�ɦɭɪɚɯɚ�ɡɧɚɯɨɞɢɬɶɫɹ�ɜ�ɫɬɚɧɿ�8. 

2. ɉɿɫɥɹ��଴ ɜɿɧ�ɡɦɿɧɸɽ�ɫɜɿɣ�ɡɚɝɨɥɨɜɨɤ�ɿ�ɩɟɪɟɯɨɞɢɬɶ�ɭ�ɫɬɚɧ�9. 

3. ɉɿɫɥɹ��ଵ ɜɿɧ�ɡɦɿɧɸɽ�ɫɜɿɣ�ɡɚɝɨɥɨɜɨɤ�ɿ�ɩɟɪɟɯɨɞɢɬɶ�ɭ�ɫɬɚɧ�:� 

ɍ� ɤɨɠɧɨɦɭ� ɜɭɡɥɿ� ɝɪɚɮɿɤɚ�� ɳɨ� ɩɪɟɞɫɬɚɜɥɹɽ� ɦɨɠɥɢɜɿ� ɬɪɚɽɤɬɨɪɿʀ� ȻɉɅȺ��

ɦɭɪɚɯɚ� ɜɢɛɢɪɚɽ� ɧɚɫɬɭɩɧɢɣ� ɜɭɡɨɥ� ɡ� ɿɦɨɜɿɪɧɿɫɬɸ�� ɳɨ� ɡɚɥɟɠɢɬɶ� ɜɿɞ� ɤɿɥɶɤɨɫɬɿ�

ɮɟɪɨɦɨɧɿɜ��ɳɨ�ɡɚɥɢɲɢɥɢɫɹ�ɧɚ�ɤɪɚɸ��ɳɨ�ɡ
ɽɞɧɭɽ�ɞɜɚ�ɜɭɡɥɢ�� 

ɉɨɬɿɦ� ɬɪɚɽɤɬɨɪɿʀ� ɩɟɪɟɜɿɪɹɸɬɶɫɹ�� ɳɨɛ� ɩɟɪɟɜɿɪɢɬɢ� ɧɚɹɜɧɿ� ɤɨɧɮɥɿɤɬɢ��

Ɇɭɪɚɯɢ�� ɳɨ� ɩɪɟɞɫɬɚɜɥɹɸɬɶ� ɤɨɧɮɥɿɤɬɧɿ� ȻɉɅȺ�� ɧɟ� ɜɿɞɤɥɚɞɚɸɬɶ� ɠɨɞɧɢɯ�

ɮɟɪɨɦɨɧɿɜ��ɬɨɞɿ�ɹɤ�ɦɭɪɚɯɢ��ɹɤɿ�ɩɪɟɞɫɬɚɜɥɹɸɬɶ�ȻɉɅȺ�ɛɟɡ�ɤɨɧɮɥɿɤɬɭ��ɜɿɞɤɥɚɞɚɸɬɶ�

ɮɟɪɨɦɨɧɢ��Ʉɿɥɶɤɿɫɬɶ�ɮɟɪɨɦɨɧɿɜ��ɳɨ�ɜɿɞɤɥɚɞɚɸɬɶɫɹ�� ɡɦɟɧɲɭɽɬɶɫɹ� ɿɡ� ɡɚɬɪɢɦɤɨɸ�

ɱɟɪɟɡ�ɦɚɧɟɜɪ�ȻɉɅȺ� 

Ƚɪɚɮɿɤ�ɦɨɠɥɢɜɢɯ�ɲɥɹɯɿɜ�ɛɭɞɭɽɬɶɫɹ�ɞɥɹ�ɬɨɝɨ��ɳɨɛ�ɩɪɢɣɧɹɬɢ�ɦɚɤɫɢɦɚɥɶɧɭ�

ɡɚɬɪɢɦɤɭ� ɞɥɹ� ɤɨɠɧɨɝɨ� ȻɉɅȺ�� ɇɚ ɩɨɱɚɬɤɭ� ɚɥɝɨɪɢɬɦɭ� ɩɨɱɚɬɤɨɜɿ� ɮɟɪɨɦɨɧɢ�

ɪɨɡɩɨɞɿɥɹɸɬɶɫɹ� ɩɨ� ɝɪɚɮɿɤɭ�� ɳɨɛ� ɡɚɛɟɡɩɟɱɢɬɢ� ɪɿɜɧɭ� ɣɦɨɜɿɪɧɿɫɬɶ� ɞɥɹ� ɤɨɠɧɨɝɨ�

ɨɛɪɚɧɨɝɨ�ɲɥɹɯɭ [60].  

ɇɚ�ɪɢɫɭɧɤɭ�3.12 ɧɚɜɟɞɟɧɨ�ɩɪɢɤɥɚɞ�ɪɨɡɩɨɞɿɥɭ�ɩɨɱɚɬɤɨɜɢɯ�ɮɟɪɨɦɨɧɿɜ��ɳɨ�

ɡɚɛɟɡɩɟɱɭɽ�ɪɿɜɧɿ�ɲɚɧɫɢ�ɞɥɹ�ɤɨɠɧɨɝɨ�ɲɥɹɯɭ��ɍ�ɰɶɨɦɭ�ɩɪɨɫɬɨɦɭ�ɩɪɢɤɥɚɞɿ�ȻɉɅȺ�

ɦɨɠɟ�ɩɨɜɟɪɧɭɬɢ�ɜɥɿɜɨ�ɚɛɨ�ɜɩɪɚɜɨ� ����ɝɪɚɞɭɫɿɜ��ɚɛɨ�ɣɬɢ�ɩɪɹɦɨ�� ɿ�ɩɪɟɞɫɬɚɜɥɟɧɨ�

ɥɢɲɟ�ɤɿɥɶɤɚ�ɤɪɨɤɿɜ�� 

Ɍɚɤɢɦ�ɱɢɧɨɦ��ɤɿɥɶɤɿɫɬɶ�ɮɟɪɨɦɨɧɿɜ�ɧɚ�ɤɨɠɧɨɦɭ�ɤɪɚɸ�ɩɪɨɩɨɪɰɿɣɧɚ�ɤɿɥɶɤɨɫɬɿ�

ɦɨɠɥɢɜɨɝɨ�ɲɥɹɯɭ��ɳɨ�ɡɚɥɢɲɢɜɫɹ�ɩɿɫɥɹ�ɩɪɨɯɨɞɠɟɧɧɹ�ɱɟɪɟɡ�ɰɟ�ɪɟɛɪɨ��ɉɨɱɢɧɚɸɱɢ�

ɡ�(1'��ɫɬɚɧ�:�ɨɬɪɢɦɭɽ�ɨɞɢɧɢɰɸ�ɮɟɪɨɦɨɧɿɜ�� ɚ�ɩɨɬɿɦ�ɮɟɪɨɦɨɧɢ�ɞɨɞɚɸɬɶɫɹ�ɞɨ�

ɤɨɠɧɨɝɨ�ɜɭɡɥɚ��ɳɨɛ�ɡɚɩɨɜɧɢɬɢ�ɜɟɫɶ�ɝɪɚɮɿɤ� 

Ʉɨɠɧɢɣ� ɤɪɨɤ� ɜɭɡɥɚ� ɦɚɽ� ɫɬɚɥɢɣ� ɝɪɚɞɭɫ� ɡɦɿɧ�� ɚɥɟ� ɦɨɠɟ� ɜɚɪɿɸɜɚɬɢɫɶ� ɜ�

ɡɚɥɟɠɧɨɫɬɿ� ɜɿɞ� ɭɦɨɜ�� ɩɨɱɚɬɤɨɜɢɯ� ɞɚɧɢɯ� ɬɚ� ɞɨɩɭɫɬɢɦɢɯ� ɜɬɪɚɬɚɯ� ɩɪɢ� ɜɢɤɨɧɚɧɧɿ�

ɦɿɫɿʀ�� 

ɉɿɞɫɭɦɨɜɭɸɱɢ�ɤɿɥɶɤɿɫɬɶ�ɮɟɪɨɦɨɧɿɜ�ȻɉɅȺ�ɜɢɛɢɪɚɽ�ɨɩɬɢɦɚɥɶɧɢɣ�ɦɚɪɲɪɭɬ��

ɚɛɨ�ɫɬɜɨɪɸɽ�ɧɨɜɢɣ�ɜɢɤɢɞɚɸɱɢ�ɧɟɨɛɯɿɞɧɭ�ɤɿɥɶɤɿɫɬɶ�ɧɨɜɢɯ�ɮɟɪɨɦɨɧɿɜ� 
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Ɋɢɫɭɧɨɤ�3.12 ± Ʉɿɥɶɤɿɫɬɶ�ɮɟɪɨɦɨɧɿɜ�ɡɝɿɞɧɨ�ɝɪɚɮɭ 

 

əɤɳɨ��ୟ   ± ɤɿɥɶɤɿɫɬɶ� ȻɉɅȺ�� ɫɬɜɨɪɸɽɬɶɫɹ� ɝɪɭɩɚ��� ൈ �ୟ   ɦɭɪɚɲɨɤ�� ɳɨɛ�

ɩɪɟɞɫɬɚɜɢɬɢ�ɤɨɠɟɧ�ȻɉɅȺ ɭ�ɤɨɠɧɨɦɭ�ɩɨɤɨɥɿɧɧɿ��Ɍɚɤɢɦ�ɱɢɧɨɦ��ɡɚɝɚɥɶɧɚ�ɤɿɥɶɤɿɫɬɶ�

ɦɭɪɚɯ�ɞɨɪɿɜɧɸɽ��� ൈ �ୟଶ  D��ɭ�ɩɪɢɤɥɚɞɿ�S� ����� 

Ʉɨɠɟɧ�ɲɥɹɯ�ɨɬɪɢɦɭɽ�ɛɚɥ��ɑɢɦ�ɦɟɧɲɢɣ�ɛɚɥ��ɬɢɦ�ɤɪɚɳɢɣ�ɲɥɹɯ��Ɉɫɤɿɥɶɤɢ�

ɩɪɹɦɚ� ɥɿɧɿɹ� ɽ� ɧɚɣɤɨɪɨɬɲɢɦ� ɲɥɹɯɨɦ�� ɩɪɨɯɨɞɠɟɧɧɹ� ɱɟɪɟɡ� ɫɬɚɧ� 8� ɧɟ� ɡɦɿɧɸɽ�

ɪɚɯɭɧɨɤ��ɋɬɚɧ�9�ɞɨɞɚɽ ��ɛɚɥɢ��ɚ�ɫɬɚɧ�:�± ��ɛɚɥ��ɐɹ�ɨɰɿɧɤɚ�ɞɚɽ�ɩɟɪɟɜɚɝɭ�ɦɚɧɟɜɪɚɦ��

ɹɤɿ� ɩɨɱɢɧɚɸɬɶɫɹ� ɿɡ� ɡɚɩɿɡɧɟɧɧɹɦ�� ɤɨɥɢ� ȻɉɅȺ� ɩɟɪɟɛɭɜɚɽ� ɜ� ɫɬɚɧɿ� :�� ɛɚɥ�

ɡɛɿɥɶɲɭɽɬɶɫɹ��ɬɨɞɿ�ɹɤ�ɭ�ɫɬɚɧɿ�8�± ɧɿ�� 

ɍ� ɤɨɠɧɨɦɭ� ɜɭɡɥɿ� ɦɭɪɚɯɚ� ɜɢɛɢɪɚɽ� ɧɚɫɬɭɩɧɟ� ɪɟɛɪɨ� ɡ� ɿɦɨɜɿɪɧɿɫɬɸ�� ɳɨ�

ɡɚɥɟɠɢɬɶ�ɜɿɞ�ɤɿɥɶɤɨɫɬɿ�ɮɟɪɨɦɨɧɿɜ��ɳɨ� ɡɚɥɢɲɢɥɢɫɹ�ɧɚ�ɧɚɫɬɭɩɧɨɦɭ�ɪɟɛɪɿ��əɤɳɨ�

ɦɭɪɚɯɚ� ɤɨɧɮɥɿɤɬɭɽ� ɡ� ɿɧɲɨɸ� ɦɭɪɚɯɨɸ�� ɜɨɧɚ� ɧɟ� ɜɿɞɤɥɚɞɚɽ� ɧɿɹɤɢɯ� ɮɟɪɨɦɨɧɿɜ��

Ɉɞɧɚɤ��ɤɨɥɢ�ɤɨɧɮɥɿɤɬɭ�ɧɟɦɚɽ��ɜɿɧ�ɡɚɥɢɲɚɽ�ɡɚ�ɫɨɛɨɸ�ɤɿɥɶɤɿɫɬɶ�ɮɟɪɨɦɨɧɿɜ��ɪɿɜɧɭ� 

  

ο߬ ൌ � ௡ೌି௡೚ೠ೟
௡ೌ

� ή � ఛబ
௦೛ೌ೟೓

 (3.11) 
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ɞɟ� �୭୳୲ ± ɰɟ ɤɿɥɶɤɿɫɬɶ� ©ɜɬɪɚɱɟɧɢɯª� ɦɭɪɚɯ�� ɒ଴  ± ɩɨɱɚɬɤɨɜɚ� ɤɿɥɶɤɿɫɬɶ�

ɮɟɪɨɦɨɧɿɜ��ɚ��୮ୟ୲୦ ± ɨɰɿɧɤɚ�ɲɥɹɯɭ��ɹɤɢɦ�ɣɞɟ�ɦɭɪɚɯɚ��ɐɹ�ɫɭɦɚ�ɜɪɚɯɨɜɭɽ�ɤɿɥɶɤɿɫɬɶ�

ɦɭɪɚɯ��ɹɤɿ�ɧɚɪɟɲɬɿ�ɡɧɚɣɲɥɢ�ɞɿɣɫɧɢɣ�ɲɥɹɯ� 

ɉɿɫɥɹ�ɤɨɠɧɨɝɨ�ɩɨɤɨɥɿɧɧɹ�ɿ�ɩɟɪɟɞ�ɡɚɩɭɫɤɨɦ�ɧɨɜɨɝɨ�ɩɨɤɨɥɿɧɧɹ�ɧɚ�ɿɫɧɭɸɱɢɯ�

ɬɪɚɫɚɯ� ɡɚɫɬɨɫɨɜɭɽɬɶɫɹ� ɩɪɢɧɰɢɩ� ɜɢɩɚɪɨɜɭɜɚɧɧɹ�� Ʉɿɥɶɤɿɫɬɶ� ɮɟɪɨɦɨɧɿɜ�

ɡɦɟɧɲɭɽɬɶɫɹ�ɧɚ�[���ɭ�ɩɪɢɤɥɚɞɚɯ�[� ������ɜ�ɤɿɧɰɿ�ɤɨɠɧɨɝɨ�ɩɨɤɨɥɿɧɧɹ��Ⱥɥɝɨɪɢɬɦ�

ɡɚɤɿɧɱɭɽɬɶɫɹ��ɤɨɥɢ�ɨɰɿɧɤɚ��ɨɬɪɢɦɚɧɚ�ɤɨɠɧɨɸ�ɝɪɭɩɨɸ�ɦɭɪɚɯ��ɳɨ�ɩɪɟɞɫɬɚɜɥɹɸɬɶ�

ɤɨɠɟɧ�ȻɉɅȺ��ɧɟ�ɡɦɟɧɲɭɽɬɶɫɹ�ɞɟɹɤɢɣ�ɱɚɫ�ɚɛɨ�ɤɨɥɢ�ɡɚɤɿɧɱɭɽɬɶɫɹ�ɱɚɫ��ɜɿɞɜɟɞɟɧɢɣ�

ɞɥɹ�ɚɥɝɨɪɢɬɦɭ� 

ȼɪɚɯɨɜɭɸɱɢ� ɰɸ� ɡɚɝɚɥɶɧɭ� ɬɟɨɪɿɸ�� ɭɧɿɮɿɤɨɜɚɧɢɣ� ɚɥɝɨɪɢɬɦ�� ɬɚ� ɞɟɬɚɥɶɧɨ�

ɨɩɢɫɚɧɢɣ�ɩɪɢɧɰɢɩ�ɤɟɪɭɜɚɧɧɹɦ�ɝɪɭɩɨɸ�ȻɉɅȺ�ɞɥɹ�ɞɨɫɹɝɧɟɧɧɹ�ɰɿɥɿ�ɧɚɣɲɜɢɞɲɢɦ�

ɲɥɹɯɨɦ� ɦɨɠɟɦɨ� � ɩɟɪɟɣɬɢ� ɞɨ� ɪɟɚɥɿɡɚɰɿʀ� ɚɥɝɨɪɢɬɦɭ�� ɚɥɟ� ɩɟɪɟɞ� ɰɢɦ� ɩɨɬɪɿɛɧɨ�

ɨɩɢɫɚɬɢ�ɩɪɢɧɰɢɩ�ɩɨɫɚɞɤɢ�ȻɉɅȺ� 

 
3.3 ȼɢɪɿɲɟɧɧɹ�ɡɚɞɚɱɿ ɩɨɫɚɞɨɤ�ȻɉɅȺ 

 

Ⱦɥɹ�ɬɨɝɨ��ɳɨɛ�ɡɚɫɬɨɫɭɜɚɬɢ�ɚɥɝɨɪɢɬɦ�ɤɨɥɨɧɿʀ�ɦɭɪɚɯ�ɞɥɹ�ɩɪɨɛɥɟɦɢ�ɩɨɫɚɞɨɤ�

ȻɉɅȺ��ɜɢɤɨɪɢɫɬɚɽɦɨ�ɝɪɚɮ�ɡɨɛɪɚɠɟɧɢɣ�ɧɚ�ɪɢɫɭɧɤɭ�3.13��ɐɟɣ�ɪɢɫɭɧɨɤ�ɛɚɡɨɜɚɧɨ 

ɧɚ� ɞɜɨɪɿɜɧɟɜɨɦɭ� ɝɪɚɮɿɤɭ��ɇɚ� ɩɟɪɲɨɦɭ� ɪɿɜɧɿ�ɮɿɤɫɭɽɦɨ� ɧɚɹɜɧɿ� ɡɥɿɬɧɨ-ɩɨɫɚɞɤɨɜɿ�

ɫɦɭɝɢ��ɚ�ɧɚ�ɞɪɭɝɨɦɭ�± ȻɉɅȺ��Ⱦɨɞɚɽɦɨ�ɞɜɚ�ɮɿɤɬɢɜɧɿ�ɜɭɡɥɢ�'�ɿ�)��ɳɨ�ɜɿɞɩɨɜɿɞɚɸɬɶ�

ɜɿɞɩɨɜɿɞɧɨ�ɞɨ�ɩɨɱɚɬɤɭ�ɿ�ɤɿɧɰɹ�ɝɪɚɮɚ� 

Ʉɨɠɧɢɣ�ȻɉɅȺ�ɦɚɽ�ɧɟɨɛɦɟɠɟɧɭ�ɦɨɠɥɢɜɿɫɬɶ�ɜɢɛɨɪɭ�ɦɚɪɲɪɭɬɿɜ��ɧɚ�ɩɨɱɚɬɤɭ�

ɜɢɤɨɪɢɫɬɚɧɧɹ�ɚɥɝɨɪɢɬɦɭ��ɩɪɢ�ɫɬɜɨɪɟɧɧɿ�ɧɨɜɢɯ�ɮɟɪɨɦɨɧɿɜ ɦɚɪɲɪɭɬ�ɨɛɢɪɚɽɬɶɫɹ�

ɜɢɩɚɞɤɨɜɨ�� ɚɛɨ� ɡɝɿɞɧɨ� ɡɚɞɚɧɢɯ� ɩɨɱɚɬɤɨɜɢɯ� ɞɚɧɢɯ�� ɹɤɿ� ɨɫɧɨɜɚɧɿ� ɧɚ� ɦɢɧɭɥɢɯ�

ɞɨɫɥɿɞɠɟɧɧɹɯ�� 

ɉɪɢ� ɰɶɨɦɭ� ɩɨɬɪɿɛɧɨ� ɧɟ� ɡɚɛɭɜɚɬɢ� ɩɪɢ� ɫɭɩɭɬɧɿ� ɡɚɝɪɨɡɢ�� ɉɪɢ� ɞɨɫɬɚɬɧɿɣ�

ɤɨɦɭɧɿɤɚɰɿʀ�ɦɿɠ�ȻɉɅȺ��ɩɪɨɛɥɟɦ�ɜɢɧɢɤɚɬɢ�ɧɟ�ɛɭɞɟ��ɚɥɟ�ɡɚ�ɧɚɹɜɧɨɫɬɿ�ɨɛɦɟɠɟɧɨʀ�

ɤɿɥɶɤɨɫɬɿ�ɞɚɧɢɯ��ɿɧɲɿ�ȻɉɅȺ�ɦɨɠɭɬɶ�ɜɜɚɠɚɬɢɫɶ�ɹɤ�ɞɨɫɬɟɦɟɧɧɨ�ɜɿɞɨɦɿ�ɡɚɝɪɨɡɢ�ɿɡ�

ɧɢɡɶɤɢɦ�ɩɪɿɨɪɢɬɟɬɨɦ� 
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Ɋɢɫɭɧɨɤ�3.13 ± Ƚɪɚɮɿɱɧɚ�ɪɟɩɪɟɡɟɧɬɚɰɿɹ�ɩɪɨɛɥɟɦɢ�ɩɨɫɚɞɨɤ�ȻɉɅȺ 

 

Ɇɭɪɚɯɚ� ɩɨɱɢɧɚɽ� ɫɜɨɸ� ɬɪɚɽɤɬɨɪɿɸ� ɡ� ɩɨɱɚɬɤɭ� ɝɪɚɮɿɤɚ�� ɳɨ� ɜɿɞɩɨɜɿɞɚɽ�

ɮɿɤɬɢɜɧɨɦɭ� ɜɭɡɥɭ� '�� ɋɩɨɱɚɬɤɭ� ɜɿɧ� ɜɢɛɢɪɚɽ� ɡɥɿɬɧɨ-ɩɨɫɚɞɤɨɜɭ� ɫɦɭɝɭ�� ɤɭɞɢ�

ɜɫɬɚɜɢɬɶ�ɧɚɫɬɭɩɧɢɣ�ȻɉɅȺ��ɰɟɣ�ɜɢɛɿɪ�ɦɨɠɟ�ɡɚɥɟɠɚɬɢ�ɜɿɞ�ɡɚɣɧɹɬɨɫɬɿ�ɧɚ�ɡɥɿɬɧɨ-

ɩɨɫɚɞɤɨɜɿɣ�ɫɦɭɡɿ�ɚɛɨ�ɡɥɿɬɧɨ-ɩɨɫɚɞɤɨɜɨʀ�ɫɦɭɝɢ��ɹɤɚ�ɲɜɢɞɲɟ�ɫɬɚɧɟ�ɜɿɥɶɧɨɸ�� 

ɉɿɫɥɹ� ɜɢɛɨɪɭ� ɡɥɿɬɧɨ-ɩɨɫɚɞɤɨɜɨʀ� ɫɦɭɝɢ� ɦɭɪɚɯɚ� ɦɚɽ� ɜɢɛɪɚɬɢ� ɧɚɫɬɭɩɧɢɣ�

ȻɉɅȺ�ɞɥɹ�ɩɨɫɚɞɤɢ�ɧɚ�ɰɸ�ɡɥɿɬɧɨ-ɩɨɫɚɞɤɨɜɭ�ɫɦɭɝɭ��ɰɟɣ�ɜɢɛɿɪ�ɫɭɬɬɽɜɨ�ɡɚɥɟɠɢɬɶ�ɜɿɞ�

ɩɪɿɨɪɢɬɟɬɭ�ȻɉɅȺ�ɜ�ɩɨɪɿɜɧɹɧɧɿ� ɡ� ɿɧɲɢɦ�ɥɿɬɚɥɶɧɢɦ�ɚɩɚɪɚɬɨɦ�ɬɚ�ɩɚɦ
ɹɬɿ�ɤɨɥɨɧɿʀ�

ɦɭɪɚɯ��ɐɟɣ�ɩɪɨɰɟɫ�ɩɨɜɬɨɪɸɽɬɶɫɹ�ɞɨ�ɬɢɯ�ɩɿɪ��ɩɨɤɢ�ɧɟ�ɛɭɞɟ�ɞɨɫɬɭɩɧɢɯ�ɞɥɹ�ɩɨɫɚɞɤɢ�

ȻɉɅȺ� 
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ɋɩɨɱɚɬɤɭ� ɣɞɟ� ɜɢɛɿɪ� ɩɨɫɚɞɤɨɜɨʀ� ɨɛɥɚɫɬɿ�� ɉɪɚɜɢɥɨ� ɣɦɨɜɿɪɧɨɫɬɿ� ɜɢɛɨɪɭ�

ɡɥɿɬɧɨ-ɩɨɫɚɞɤɨɜɨʀ� ɫɦɭɝɢ� U� ɡ� ɩɨɱɚɬɤɭ� ɝɪɚɮɿɤɚ� '� ɦɨɠɧɚ� ɜɢɪɚɡɢɬɢ� ɧɚɫɬɭɩɧɢɦ�

ɪɿɜɧɹɧɧɹɦ� 

 

஽௥௞݌ ൌ ൜ܽ݊݅݉݃ݎ௥ୀଵǡǥǡோሺˍ˪ˎ˟ˍ˪˔˕˟�˄˒ˎ˃ሻǡ ˢˍ˜ˑݍ� ൏ ଴ݍ
ˈ˛ˍ˃଴ǡ���˪ːݎ

 (3.12) 

 

ɞɟ '�ɹɜɥɹɽ�ɫɨɛɨɸ�ɜɭɡɨɥ��ɳɨ�ɜɿɞɩɨɜɿɞɚɽ�ɩɨɱɚɬɤɭ�ɝɪɚɮɿɤɚ; 

0 < �଴ ����ɽ�ɤɨɧɫɬɚɧɬɨɸ�ɚɥɝɨɪɢɬɦɭ�ɡɚɛɟɡɩɟɱɟɧɧɹ�ɞɢɜɟɪɫɢɮɿɤɚɰɿʀ; 

q ± ɡɧɚɱɟɧɧɹ��ɜɢɩɚɞɤɨɜɨ�ɜɡɹɬɟ�ɜ�>���@; 

�଴ ± ɿɧɞɟɤɫ��ɜɢɛɪɚɧɢɣ�ɜɢɩɚɞɤɨɜɢɦ�ɱɢɧɨɦ�ɭ�^���«��5`. 

ɍ� ɰɶɨɦɭ� ɜɢɩɚɞɤɭ� ɦɢ� ɜɢɛɢɪɚɽɦɨ� ɡɥɿɬɧɨ-ɩɨɫɚɞɤɨɜɭ� ɫɦɭɝɭ� ɡ� ɧɚɣɦɟɧɲɨɸ�

ɤɿɥɶɤɿɫɬɸ� ȻɉɅȺ�� ɧɟ� ɜɪɚɯɨɜɭɸɱɢ� ɿɧɬɟɪɜɚɥɿɜ� ɛɟɡɩɟɤɢ�� ɐɟ� ɩɪɚɜɢɥɨ� ɣɦɨɜɿɪɧɨɫɬɿ�

ɦɨɠɟ� ɛɭɬɢ� ɤɨɪɢɫɧɢɦ�� ɹɤɳɨ� ɿɧɬɟɪɜɚɥɢ� ɛɟɡɩɟɤɢ� ɨɞɧɚɤɨɜɿ� ɞɥɹ� ɜɫɿɯ� ȻɉɅȺ�� ɚɥɟ�

ɧɚɫɩɪɚɜɞɿ�ɜɨɧɢ�ɡɚɥɟɠɚɬɶ�ɜɿɞ�ɩɪɢɪɨɞɢ�ȻɉɅȺ��Ɍɨɦɭ�ɩɪɨɩɨɧɭɽɬɶɫɹ��ɿɧɲɟ�ɩɪɚɜɢɥɨ�

ɣɦɨɜɿɪɧɨɫɬɿ��ɹɤɟ�ɜɢɛɢɪɚɽ�ɡɥɿɬɧɨ-ɩɨɫɚɞɤɨɜɭ�ɫɦɭɝɭ�ɜɿɞɩɨɜɿɞɧɨ�ɞɨ�ɱɚɫɭ�ʀʀ�ɝɨɬɨɜɧɨɫɬɿ�

ɞɥɹ�ɩɪɢɣɨɦɭ�ɧɨɜɢɯ�ȻɉɅȺ [61]��ɐɟ�ɜɢɪɚɠɚɽɬɶɫɹ�ɬɚɤɢɦ�ɪɿɜɧɹɧɧɹɦ� 

 

஽௥௞݌ ൌ ቊܽ݊݅݉݃ݎ௥ୀଵǡǥǡோ൫݉݅ ௝݊אˍ˃ːˇˋˇ˃˕ˋ�ሺݔ௜଴௥ ൅ ௜ܵబ௝ሻ൯ǡ ˢˍ˜ˑݍ� ൏ ଴ݍ
˖ˍˇ˃˒ˋ˅�˖ˏ଴ǡ���˖�˪ː˛ˑݎ

 (3.13) 

 

ɞɟ ɤɚɧɞɢɞɚɬɢ�± ɰɟ�ɫɩɢɫɨɤ�ɥɿɬɚɤɿɜ��ɹɤɿ�ɱɟɤɚɸɬɶ�ɧɚ�ɩɨɫɚɞɤɭ; 

�଴ ɨɫɬɚɧɧɽ�ɩɨɜɿɬɪɹɧɟ�ɫɭɞɧɨ��ɹɤɟ�ɡɚɥɟɠɢɬɶ�ɜɿɞ�ɡɥɿɬɧɨ-ɩɨɫɚɞɤɨɜɨʀ�ɫɦɭɝɢ�U; 

�୧଴୰  ±  ɱɚɫ�ɩɪɢɡɟɦɥɟɧɧɹ�ɨɫɬɚɧɧɶɨɝɨ�ɩɨɜɿɬɪɹɧɨɝɨ�ɫɭɞɧɚ�� ɹɤɢɣ� ɡɚɥɟɠɢɬɶ�ɜɿɞ�

ɡɥɿɬɧɨ-ɩɨɫɚɞɤɨɜɨʀ�ɫɦɭɝɢ�U�ɞɥɹ�ɦɭɪɚɯɢ�N� 

ɉɿɫɥɹ�ɜɢɛɨɪɭ�ɩɨɫɚɞɤɨɜɨʀ ɨɛɥɚɫɬɿ� ɱɢ� ɫɦɭɝɢ��ɩɨɬɪɿɛɧɨ�ɨɛɪɚɬɢ� ɹɤɢɣ�ȻɉɅȺ�

ɛɭɞɟ�ɫɿɞɚɬɢ��ɐɟɣ�ɜɢɛɿɪ�ɡɚɥɟɠɢɬɶ�ɜɿɞ�ɞɜɨɯ�ɩɚɪɚɦɟɬɪɿɜ� 

 ɉɟɪɲɢɣ�± ɰɟ�ɩɪɿɨɪɢɬɟɬ�ȻɉɅȺ��ɬɚɤɢɣ�ɹɤ�ɱɚɫ�ɧɚɣɪɚɧɿɲɨʀ�ɩɨɫɚɞɤɢ��ɰɿɥɶɨɜɢɣ�

ɱɚɫ��ɲɬɪɚɮɧɚ�ɜɚɪɬɿɫɬɶ�ȻɉɅȺ��ɉɨ-ɞɪɭɝɟ��ɜɚɪɬɿɫɬɶ��ɪɨɡɪɚɯɨɜɚɧɚ�ɩɿɫɥɹ�ɬɨɝɨ��ɹɤ�ɦɢ�

ɩɪɢɡɧɚɱɢɥɢ�ȻɉɅȺ�ɱɚɫ�ɧɚ�ɩɨɫɚɞɤɭ�ɡɚ�ɚɥɝɨɪɢɬɦɨɦ�ɩɪɢɡɧɚɱɟɧɧɹ��ȼɚɝɨɸ�ɰɢɯ�ɞɜɨɯ�

ɩɚɪɚɦɟɬɪɿɜ�ɽ�©ɿɧɮɨɪɦɚɰɿɣɧɚ�ɟɜɪɢɫɬɢɤɚª�ɚɥɝɨɪɢɬɦɭ�ɦɭɪɚɲɢɧɨʀ�ɤɨɥɨɧɿʀ� 
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ᐭ௥௝ ൌ ሺ ଵ
ሺ˒˓˪ˑ˓˪˕ˈ˕ሺ௝ሻାଵ

ሻఉభ ή � ሺ ଵ
ሺ˙˪ː˃̴˓ˋˊˋˍ˖ሺ௝ሻାଵ

ሻఉమ (3.14) 

 

ɞɟ ɩɪɿɨɪɿɬɟɬ�M��± ɩɪɿɨɪɿɬɟɬ�ȻɉɅȺ�M; 

ɰɿɧɚBɪɢɡɢɤɭ�M��± ɰɿɧɚ�ɪɢɡɢɤɭ�ɞɥɹ�ȻɉɅȺ; 

Ⱦଵ�˕˃�Ⱦଶ ± ɤɨɟɮɿɰɿɽɧɬɢ�ɡɜɚɠɭɜɚɧɧɹ� 

ȱɧɲɢɦ�ɩɚɪɚɦɟɬɪɨɦ��ɹɤɢɣ�ɜɩɥɢɜɚɽ�ɧɚ�ɜɢɛɿɪ�ɦɭɪɚɯɢ��ɽ�ɩɚɦ¶ɹɬɶ�ɤɨɥɨɧɿʀ��ɬɨɛɬɨ�

ɫɥɿɞɢ�ɮɟɪɨɦɨɧɿɜ��ɡɚɡɧɚɱɟɧɿ�Ĳij��ɫɩɨɱɚɬɤɭ�ɮɿɤɫɭɜɚɥɢɫɹ�ɧɚ�ɡɧɚɱɟɧɧɿ�Ĳ0���ɉɿɞɜɨɞɹɱɢ�

ɩɿɞɫɭɦɨɤ��ɩɪɚɜɢɥɨ�ɣɦɨɜɿɪɧɨɫɬɿ�ɜɢɛɨɪɭ�ȻɉɅȺ�ɜɢɪɚɠɚɽɬɶɫɹ�ɬɚɤ� 

 

௥௝௞݌ ሺݐሻ ൌ � ൝
ሺఛೝೕሻഀήሺᐭೝೕሻഁ

σ ሺఛೝೕሻഀή೗ ሺᐭೝೕሻഁ
ǡ���ˢˍ˜ˑ�݆� א ˍ˃ːˇˋˇ˃˕ˋ

Ͳǡ ˖�˪ː˛ˑˏ˖�˅ˋ˒˃ˇˍ˖
 (3.15) 

 

ɍ�ɰɶɨɦɭ�ɜɢɩɚɞɤɭ�Į� ɿ�ȕ�ɜɢɡɧɚɱɚɸɬɶ�ɜɿɞɧɨɫɧɭ�ɜɚɠɥɢɜɿɫɬɶ�ɮɟɪɨɦɨɧɚ�ɫɥɿɞ� ɿ�

ɜɢɞɢɦɿɫɬɶ�ɦɭɪɚɯ� 

ɉɿɫɥɹ�ɰɶɨɝɨ�ɧɟɨɛɯɿɞɧɨ�ɜɢɡɧɚɱɢɬɢ�ɱɚɫ�ɩɨɫɚɞɤɢ�ȻɉɅȺ��ɐɟɣ�ɤɪɨɤ�ɩɨɥɹɝɚɽ�ɜ�

ɬɨɦɭ��ɳɨɛ�ɩɪɢɡɧɚɱɢɬɢ�ɥɿɬɚɤɚɦ�ɱɚɫ�ɩɪɢɡɟɦɥɟɧɧɹ��ɞɨɬɪɢɦɭɸɱɢɫɶ�ɞɜɨɯ�ɨɛɦɟɠɟɧɶ� 

1. ɑɚɫ�ɩɨɫɚɞɤɢ�ɦɚɽ�ɛɭɬɢ�ɜ�ɦɟɠɚɯ�ɩɨɫɚɞɤɢ�ɨɤɪɟɦɨɝɨ�ȻɉɅȺ�>Hi, li]. 

2. ɇɟɨɛɯɿɞɧɨ�ɞɨɬɪɢɦɭɜɚɬɢɫɶ�ɿɧɬɟɪɜɚɥɭ�ɛɟɡɩɟɤɢ� 

ɉɨɬɪɿɛɧɨ�ɜɢɤɨɪɢɫɬɚɬɢ�ɞɜɿ�ɟɜɪɢɫɬɢɤɢ�ɞɥɹ�ɜɢɡɧɚɱɟɧɧɹ�ɱɚɫɭ�ɩɨɫɚɞɤɢ�ɥɿɬɚɤɚ��

ɉɟɪɲɚ�ɟɜɪɢɫɬɢɤɚ�ɩɪɢɡɧɚɱɚɽ�ɰɿɥɶɨɜɢɣ�ɱɚɫ�ɩɪɢɡɟɦɥɟɧɧɹ��ɹɤɳɨ�ɜɨɧɚ�ɞɨɬɪɢɦɭɽɬɶɫɹ�

ɿɧɬɟɪɜɚɥɿɜ�ɛɟɡɩɟɤɢ�ɦɿɠ�ɩɨɩɟɪɟɞɧɿɦɢ�ȻɉɅȺ��ɜ� ɿɧɲɨɦɭ�ɜɢɩɚɞɤɭ�ɜɨɧɚ�ɩɪɢɡɧɚɱɚɽ�

ɧɚɣɛɿɥɶɲ� ɪɚɧɧɿɣ� ɱɚɫ�� ɹɤɢɣ� ɞɨɬɪɢɦɭɽɬɶɫɹ� ɿɧɬɟɪɜɚɥɿɜ� ɛɟɡɩɟɤɢ�� Ƀɨɝɨ� ɦɨɠɧɚ�

ɜɢɪɚɡɢɬɢ�ɬɚɤ� 

 

௝ݐ ൌ ݐ�ሺݔܽ݉ ௝ܽǡ ௜ݐை൫א௜ݔܽ݉ ൅ ௜ܵ௝൯ሻ. (3.16) 

 

ɍ� ɞɚɧɿɣ� ɮɨɪɦɭɥɿ� Ɉ� ± ɧɚɛɿɪ� ɥɿɬɚɤɿɜ�� ɹɤɢɦ� ɪɚɧɿɲɟ� ɛɭɜ� ɩɪɢɡɧɚɱɟɧɢɣ� ɱɚɫ�

ɩɨɫɚɞɤɢ� 
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Ⱦɪɭɝɚ� ɟɜɪɢɫɬɢɤɚ�� ɹɤɚ� ɜɢɤɨɪɢɫɬɨɜɭɽɬɶɫɹ�� ɫɬɨɫɭɽɬɶɫɹ� ɥɢɲɟ� ɿɧɬɟɪɜɚɥɿɜ�

ɛɟɡɩɟɤɢ�ɦɿɠ�ɿɧɲɢɦɢ�ȻɉɅȺ�ɬɚ�ɞɨɬɪɢɦɚɧɧɹ�ɱɚɫɨɜɨɝɨ�ɜɿɤɧɚ�ɩɪɢɡɟɦɥɟɧɧɹ: 

 

௝ݐ ൌ �ሺݔܽ݉ ௝݁ǡ݉ܽݔ௜אை൫ݐ௜ ൅ ௜ܵ௝൯ሻ. (3.17) 

 

Ɉɛɢɞɜɚ�ɜɢɪɚɡɢ�ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ�ɞɥɹ�ɩɪɢɡɧɚɱɟɧɧɹ�ɱɚɫɭ�ɩɨɫɚɞɤɢ�ȻɉɅȺ�ɧɚ�

ɨɞɧɿɣ�ɡɥɿɬɧɨ-ɩɨɫɚɞɤɨɜɿɣ�ɫɦɭɡɿ��ɳɨ�ɩɨɹɫɧɸɽ�ɜɢɤɨɪɢɫɬɚɧɧɹ�ɦɚɬɪɢɰɿ�ɛɟɡɩɟɤɢ��6ij). 

ɒɥɹɯ� ɮɟɪɨɦɨɧɿɜ� ɨɧɨɜɥɸɽɬɶɫɹ� ɜ� ɤɿɧɰɿ� ɤɨɠɧɨʀ� ɿɬɟɪɚɰɿʀ� ɜɿɞɩɨɜɿɞɧɨ� ɞɨ�

ɧɚɫɬɭɩɧɨɝɨ�ɪɿɜɧɹɧɧɹ� 

 

߬௜௝ሺݐ ൅ ͳሻ ൌ ሻݐ௜௝ሺ߬ߩ ൅ ο߬௜௝ሺݐሻ. (3.18) 

 

ɍ�ɪɿɜɧɹɧɧɿ (3.18)  ɫɥɿɞ�ɜɢɞɿɥɢɬɢ�� 

1. ɏ ± ɤɨɟɮɿɰɿɽɧɬ�ɜɢɩɚɪɨɜɭɜɚɧɧɹ���ȡ������ɳɨɛ�ɭɧɢɤɧɭɬɢ�ɧɟɨɛɦɟɠɟɧɨɝɨ�

ɧɚɤɨɩɢɱɟɧɧɹ�ɫɥɿɞɿɜ�. 

2. οɒ୧୨  ± ɤɿɥɶɤɿɫɬɶ� ɫɥɿɞɭ�� ɡɚɥɢɲɟɧɨɝɨ� ɧɚ� ɤɪɚɸ� �L�� M�� ɤɨɥɨɧɿɽɸ� ɜ� ɤɿɧɰɿ�

ɿɬɟɪɚɰɿʀ��ɞɟ��οɒ୧୨ ൌ
୕
େ
��ɩɪɢ�ɧɚɣɤɪɚɳɨɦɭ�ɪɿɲɟɧɧɿ��ɬɚ���ɭ�ɿɧɲɨɦɭ��4�± ɨɧɨɜɥɸɜɚɧɚ�

ɤɨɧɫɬɚɧɬɚ��ɋ�± ɲɬɪɚɮɧɚ�ɜɚɪɬɿɫɬɶ�ɧɚɣɤɪɚɳɨɝɨ�ɪɿɲɟɧɧɹ�ɜ�ɿɬɟɪɚɰɿʀ�W� 

Ɇɨɠɧɚ� � ɩɿɞɫɭɦɭɜɚɬɢ� ɚɥɝɨɪɢɬɦ� ɤɨɥɨɧɿʀ� ɦɭɪɚɯ� ɞɥɹ� ɩɨɫɚɞɤɢ� ȻɉɅȺ�

ɧɚɫɬɭɩɧɢɦ�ɱɢɧɨɦ� 

1. ȱɧɿɰɿɚɥɿɡɚɰɿɹ�ɦɚɬɪɢɰɿ�ɮɟɪɨɦɨɧɿɜ. 

2. Ⱦɥɹ� ɤɨɠɧɨɝɨ� ȻɉɅȺ� ± ɿɧɿɰɿɚɥɿɡɚɰɿɹ� ɤɚɧɞɢɞɚɬɭɪɢ�ɩɨɫɚɞɤɢ�ɧɚ� ɤɨɠɧɟ�

ɦɿɫɰɟ�ɩɨɫɚɞɤɢ. 

3. ȱɧɿɰɿɚɥɿɡɚɰɿɹ�ɭɫɿɯ�ȻɉɅȺ. 

4. ȼɢɤɨɧɚɧɧɹ�ɪɨɡɪɚɯɭɧɤɿɜ�ɡɝɿɞɧɨ�ɧɚɜɟɞɟɧɢɯ�ɜɢɳɟ�ɮɨɪɦɭɥ��ɞɨ�ɩɨɫɚɞɤɢ�

ɭɫɿɯ�ȻɉɅȺ. 

5. ɍɬɢɥɿɡɚɰɿɹ�ɮɟɪɨɦɨɧɿɜ� 
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3.4 ȼɢɫɧɨɜɤɢ 

 

ɍ� ɪɨɡɞɿɥɿ� ɩɪɟɞɫɬɚɜɥɟɧɨ� ɦɟɬɨɞ� ɤɟɪɭɜɚɧɧɹ� ɝɪɭɩɨɸ� ɛɟɡɩɿɥɨɬɧɢɯ� ɥɿɬɚɥɶɧɢɯ�

ɚɩɚɪɚɬɿɜ�ɧɚ�ɨɫɧɨɜɿ�ɧɟɱɿɬɤɨɝɨ�ɦɭɪɚɲɢɧɨɝɨ�ɚɥɝɨɪɢɬɦɭ 

ȼ�ɪɟɡɭɥɶɬɚɬɿ�ɪɨɛɨɬɢ�ɛɭɥɚ�ɫɮɨɪɦɨɜɚɧɚ�ɦɨɞɟɥɶ�ɫɤɨɨɪɞɢɧɨɜɚɧɨɝɨ�ɩɥɚɧɭɜɚɧɧɹ�

ɨɩɬɢɦɚɥɶɧɨʀ� ɬɪɚɽɤɬɨɪɿʀ� ɤɿɥɶɤɨɯ� � ȻɉɅȺ�� ɹɤɚ� ɜɤɥɸɱɚɽ� ɜ� ɫɟɛɟ� ɦɨɞɟɥɸɜɚɧɧɹ�

ɦɨɠɥɢɜɢɯ� ɡɚɝɪɨɡ� ɞɥɹ� ȻɉɅȺ�� ɪɨɡɩɨɞɿɥɟɧɧɹ� ʀɯ� ɩɨ� ɬɢɩɭ� ɩɪɨɝɧɨɡɨɜɚɧɢɯ� ɬɚ� ɧɟ�

ɩɪɨɝɧɨɡɨɜɚɧɢɯ��ɬɚ�ɦɨɠɥɢɜɿ�ɦɟɬɨɞɢ�ɭɧɢɤɚɧɧɹ�ɰɢɯ�ɡɚɝɪɨɡ� 

Ɍɚɤɨɠ�ɛɭɥɨ� ɨɩɢɫɚɧɨ�ɦɨɠɥɢɜɿ�ɮɭɧɤɰɿʀ� ɤɨɨɪɞɢɧɚɰɿʀ� � ȻɉɅȺ�ɦɿɠ� ɫɨɛɨɸ�� ɜ�

ɪɟɡɭɥɶɬɚɬɿ�ɱɨɝɨ�ɛɭɥɨ�ɨɩɢɫɚɧɨ�ɩɪɨɛɥɟɦɭ�ɜɢɪɿɲɟɧɧɹ�ɩɨɜɿɬɪɹɧɨɝɨ�ɬɪɚɮɿɤɭ�ȻɉɅȺ��

ɬɚ�ɫɩɨɫɨɛɢ�ɭɧɢɤɧɟɧɧɹ�ɤɨɧɮɥɿɤɬɿɜ�ɭ�ɩɨɜɿɬɪɿ� 

Ⱦɥɹ� ɜɢɪɿɲɟɧɧɹ� ɩɪɨɛɥɟɦɢ� ɩɨɫɚɞɨɤ� ȻɉɅȺ� ɛɭɥɨ� ɨɩɢɫɚɧɨ� ɚɥɝɨɪɢɬɦ� ɞɿɣ�

ȻɉɅȺ��ɬɚ�ɩɪɨɚɧɚɥɿɡɨɜɚɧɨ�ɦɨɠɥɢɜɿ�ɜɢɩɚɞɤɢ�ɬɚ�ɫɩɨɫɨɛɢ�ʀɯ�ɪɿɲɟɧɧɹ� 

ȼ� ɪɟɡɭɥɶɬɚɬɿ� � ɞɨɫɥɿɞɠɟɧɶ�� ɛɭɥɨ� ɜɢɪɿɲɟɧɨ� ɨɫɧɨɜɧɿ� ɩɪɨɛɥɟɦɢ� ɤɨɧɬɪɨɥɸ�

ɝɪɭɩɢ�ȻɉɅȺ�ɭ�ɩɨɜɿɬɪɿ��ɞɥɹ�ɲɜɢɞɤɨɝɨ�ɜɢɤɨɧɚɧɧɹ�ɦɿɫɿɣ�ɿɡ�ɦɨɠɥɢɜɿɫɬɸ�ɭɧɢɤɚɧɧɹ�

ɡɚɝɪɨɡ�ɹɤ�ɜ�ɩɨɜɿɬɪɿ�ɬɚɤ�ɿ�ɧɚ�ɩɨɫɚɞɤɨɜɨɦɭ�ɦɚɣɞɚɧɱɢɤɭ� 
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4  ɉɊɈȽɊȺɆɇɈ-ɌȿɏɇȱɑɇɂɃ�ɁȺɋȱȻ�ȾɅə�ɄȿɊɍȼȺɇɇə�ȽɊɍɉɈɘ�

ȻȿɁɉȱɅɈɌɇɂɏ� ɅȱɌȺɅɖɇɂɏ� ȺɉȺɊȺɌȱȼ� ɇȺ� ɈɋɇɈȼȱ� ɇȿɑȱɌɄɈȽɈ 

ɆɍɊȺɒɂɇɈȽɈ ȺɅȽɈɊɂɌɆɍ 

4.1 Ɂɚɫɬɨɫɭɜɚɧɧɹ� ɚɞɚɩɬɢɜɧɨɝɨ� $&2� 0D[-0LQ� ɞɥɹ� ɫɤɨɨɪɞɢɧɨɜɚɧɨɝɨ�

ɩɟɪɟɩɥɚɧɭɜɚɧɧɹ�ɬɪɚɽɤɬɨɪɿʀ�ɤɿɥɶɤɨɯ�ȻɉɅȺ 

4.1.1 ɉɪɢɧɰɢɩɨɜɚ�ɦɨɞɟɥɶ�$&2�ɡ�ɜɞɨɫɤɨɧɚɥɟɧɢɦɢ�ɫɬɪɚɬɟɝɿɹɦɢ 

 

ɉɚɪɚɥɟɥɶɧɢɣ�ɦɟɯɚɧɿɡɦ�$&2�ɜ�ɨɫɧɨɜɧɨɦɭ�ɦɿɫɬɢɬɶ�ɞɜɚ�ɨɫɧɨɜɧɢɯ�ɩɪɨɰɟɫɢ��

ɚɞɚɩɬɚɰɿɸ�ɬɚ�ɤɨɨɩɟɪɚɰɿɸ��ɍ�ɩɪɨɰɟɫɿ�ɚɞɚɩɬɚɰɿʀ�ɪɿɲɟɧɧɹ-ɤɚɧɞɢɞɚɬɢ�ɩɪɨɞɨɜɠɭɸɬɶ�

ɩɟɪɟɛɭɞɨɜɭɜɚɬɢ�ɫɜɨʀ�ɫɬɪɭɤɬɭɪɢ�ɧɚ�ɨɫɧɨɜɿ�ɧɚɤɨɩɢɱɟɧɧɹ�ɿɧɮɨɪɦɚɰɿʀ��ɉɟɪɟɛɭɜɚɸɱɢ�

ɧɚ�ɫɬɚɞɿʀ�ɫɩɿɜɩɪɚɰɿ��ɪɿɲɟɧɧɹ-ɤɚɧɞɢɞɚɬɢ�ɨɛɦɿɧɸɸɬɶɫɹ�ɿɧɮɨɪɦɚɰɿɽɸ��ɳɨɛ�ɫɬɜɨɪɢɬɢ�

ɤɪɚɳɿ�ɪɿɲɟɧɧɹ�� 

Ⱥɥɝɨɪɢɬɦ�$&2� ɛɭɜ� ɧɚɬɯɧɟɧɧɢɣ� ɫɩɨɫɬɟɪɟɠɟɧɧɹɦ� ɡɚ� ɩɨɜɟɞɿɧɤɨɸ� ɤɨɥɨɧɿɣ�

ɦɭɪɚɲɨɤ� ɜ� ɩɨɲɭɤɭ� ʀɠɿ�� ɿ� ɧɚ� ɰɶɨɦɭ�ɦɭɪɚɯɿ� ɱɚɫɬɨ�ɦɨɠɭɬɶ� ɡɧɚɣɬɢ� ɧɚɣɤɨɪɨɬɲɢɣ�

ɲɥɹɯ�ɦɿɠ�ɞɠɟɪɟɥɨɦ�ʀɠɿ�ɬɚ�ɫɜɨʀɦ�ɝɧɿɡɞɨɦ��ɉɪɢɧɰɢɩ�ɰɶɨɝɨ�ɹɜɢɳɚ�ɩɨɥɹɝɚɽ�ɜ�ɬɨɦɭ��

ɳɨ�ɦɭɪɚɯɢ�ɜɿɞɤɥɚɞɚɸɬɶ�ɧɚ�ɡɟɦɥɸ�ɯɿɦɿɱɧɭ�ɪɟɱɨɜɢɧɭ��ɡɜɚɧɭ�ɮɟɪɨɦɨɧɨɦ���ɬɚɤɢɦ�

ɱɢɧɨɦ�ɜɨɧɢ�ɩɨɡɧɚɱɚɸɬɶ�ɲɥɹɯ�ɩɨ�ɮɟɪɨɦɨɧɧɨɦɭ�ɫɥɿɞɭ�� 

ɍ� ɰɶɨɦɭ� ɩɪɨɰɟɫɿ� ɜɢɤɨɪɢɫɬɨɜɭɽɬɶɫɹ� ɫɜɨɝɨ� ɪɨɞɭ� ɦɟɯɚɧɿɡɦ� ɩɨɡɢɬɢɜɧɨɝɨ�

ɡɜɨɪɨɬɧɨɝɨ� ɡɜ¶ɹɡɤɭ�� Ɇɭɪɚɯɚ�� ɳɨ� ɡɭɫɬɪɿɱɚɽ� ɪɚɧɿɲɟ� ɩɪɨɤɥɚɞɟɧɢɣ� ɫɥɿɞ�� ɦɨɠɟ�

ɜɢɹɜɢɬɢ�ɤɨɧɰɟɧɬɪɚɰɿɸ�ɫɥɿɞɭ�ɮɟɪɨɦɨɧɿɜ��ȼɿɧ�ɡ�ɜɟɥɢɤɨɸ�ɣɦɨɜɿɪɧɿɫɬɸ�ɜɢɪɿɲɭɽ�ɩɿɬɢ�

ɧɚɣɤɨɪɨɬɲɢɦ�ɲɥɹɯɨɦ�ɿ�ɩɿɞɤɪɿɩɢɬɢ�ɫɥɿɞ�ɜɥɚɫɧɢɦ�ɮɟɪɨɦɨɧɨɦ�� 

ɑɢɦ�ɛɿɥɶɲɚ�ɤɿɥɶɤɿɫɬɶ�ɮɟɪɨɦɨɧɚ�ɡɧɚɯɨɞɢɬɶɫɹ�ɧɚ�ɩɟɜɧɨɦɭ�ɲɥɹɯɭ��ɬɢɦ�ɜɢɳɟ�

ɣɦɨɜɿɪɧɿɫɬɶ� ɬɨɝɨ�� ɳɨ� ɦɭɪɚɯɚ� ɜɢɛɟɪɟ� ɰɟɣ� ɲɥɹɯ�� ɿ� ɜɢɩɪɨɛɭɜɚɧɧɹ� ɮɟɪɨɦɨɧɿɜ� ɧɚ�

ɰɶɨɦɭ� ɲɥɹɯɭ� ɫɬɚɧɟ� ɛɿɥɶɲ� ɳɿɥɶɧɢɦ�� ɇɚɪɟɲɬɿ�� ɤɨɥɨɧɿɹ� ɦɭɪɚɯ� ɪɚɡɨɦ� ɩɨɡɧɚɱɚɽ�

ɧɚɣɤɨɪɨɬɲɢɣ� ɲɥɹɯ�� ɹɤɢɣ� ɦɚɽ� ɧɚɣɛɿɥɶɲɭ� ɤɿɥɶɤɿɫɬɶ� ɮɟɪɨɦɨɧɿɜ�� Ɍɚɤɢɣ� ɩɪɨɫɬɢɣ�

ɧɟɩɪɹɦɢɣ� ɫɩɨɫɿɛ� ɫɩɿɥɤɭɜɚɧɧɹ� ɦɿɠ� ɦɭɪɚɯɚɦɢ� ɧɚɫɩɪɚɜɞɿ ɜɬɿɥɸɽ� ɦɟɯɚɧɿɡɦ�

ɤɨɥɟɤɬɢɜɧɨɝɨ�ɧɚɜɱɚɧɧɹ [62]��ɇɚ� ɪɢɫɭɧɤɭ� ����� ɡɦɨɞɟɥɸɽɦɨ� ɞɿɚɝɪɚɦɭ ɩɪɢɧɰɢɩɭ, 

ɡɝɿɞɧɨ�ɡ�ɹɤɢɦ�ɦɭɪɚɯɢ�ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ�ɮɟɪɨɦɨɧ�ɞɥɹ�ɜɫɬɚɧɨɜɥɟɧɧɹ�ɧɚɣɤɨɪɨɬɲɨɝɨ�

ɲɥɹɯɭ�ɜɿɞ�ɝɧɿɡɞɚ�ɞɨ�ɞɠɟɪɟɥɚ�ʀɠɿ�ɿ�ɧɚɡɚɞ� 
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Ɋɢɫɭɧɨɤ�����± Ⱦɿɚɝɪɚɦɚ�ɪɭɯɭ�ɧɚ�ɩɪɢɤɥɚɞɿ�ɬɪɶɨɯ�ɩɟɪɟɲɤɨɞ 

 

Ɇɨɞɟɥɶ� $&2� ɜɩɟɪɲɟ� ɛɭɥɚ� ɡɚɫɬɨɫɨɜɚɧɚ� ɞɨ� 763�� ɹɤɚ� ɩɨɥɹɝɚɽ� ɜ� ɩɨɲɭɤɭ�

ɧɚɣɤɨɪɨɬɲɨɝɨ�ɡɚɦɤɧɭɬɨɝɨ�ɰɢɤɥɭ��ɹɤɢɣ�ɩɪɨɯɨɞɢɬɶ�ɭɫɿ�ɜɤɥɸɱɟɧɿ�ɦɿɫɰɹ�ɪɿɜɧɨ�ɨɞɢɧ�

ɪɚɡ��ɍ�ɬɨɣ�ɱɚɫ�ɹɤ�ɩɥɚɧɭɜɚɧɧɹ�ɬɪɚɽɤɬɨɪɿʀ�ȻɉɅȺ�ɩɨɥɹɝɚɽ�ɭ�ɩɨɲɭɤɭ�ɨɩɬɢɦɚɥɶɧɨʀ�ɚɛɨ�

ɧɟɨɩɬɢɦɚɥɶɧɨʀ� ɛɟɡɩɟɱɧɨʀ� ɬɪɚɽɤɬɨɪɿʀ� ɩɨɥɶɨɬɭ�� ɡɚ� ɹɤɨɸ� ȻɉɅȺ� ɡɦɨɠɟ� ɜɢɤɨɧɚɬɢ�

ɡɚɡɞɚɥɟɝɿɞɶ� ɨɛɭɦɨɜɥɟɧɟ� ɡɚɜɞɚɧɧɹ� ɬɚ� ɭɧɢɤɧɭɬɢ� ɜɨɪɨɠɢɯ� ɡɚɝɪɨɡ�� Ɇɿɠ� 763� ɬɚ�

ɩɥɚɧɭɜɚɧɧɹɦ�ɬɪɚɽɤɬɨɪɿʀ�ȻɉɅȺ�ɽ�ɞɟɹɤɿ�ɫɩɿɥɶɧɿ�ɬɨɱɤɢ��ɿ�$&2�ɽ�ɦɨɠɥɢɜɢɦ�ɫɩɨɫɨɛɨɦ�

ɜɢɪɿɲɟɧɧɹ�ɩɪɨɛɥɟɦɢ�ɩɥɚɧɭɜɚɧɧɹ�ɬɪɚɽɤɬɨɪɿʀ�ȻɉɅȺ�ɭ�ɫɤɥɚɞɧɢɯ�ɭɦɨɜɚɯ�ɛɨɣɨɜɨɝɨ�

ɩɨɥɹ� 

Ⱦɥɹ�L-ɝɨ�ɬɪɚɧɫɩɨɪɬɧɨɝɨ�ɡɚɫɨɛɭ�ɭ�ɮɨɪɦɭɜɚɧɧɿ�1�ȻɉɅȺ��ɧɟɯɚɣ�P�ɦɭɪɚɯ�ɛɭɞɟ�

ɜ�ɣɨɝɨ�ɩɨɱɚɬɤɨɜɿɣ�ɬɨɱɰɿ��ɦɭɪɚɯɢ�ɜɢɛɟɪɭɬɶ�ɧɚɫɬɭɩɧɿ�ɜɭɡɥɢ�ɦɟɪɟɠɿ�ɫɿɬɤɢ�ɜɿɞɩɨɜɿɞɧɨ�

ɞɨ�ɩɪɚɜɢɥɚ�ɩɟɪɟɯɨɞɭ��ɉɿɫɥɹ�ɜɿɞɯɨɞɭ�ɦɭɪɚɯɢ�ɜɿɞ�ɮɟɪɨɦɨɧɭ�� ɹɤɢɣ�ɦɨɠɟ�ɜɿɞɱɭɬɢ�

ɧɚɫɬɭɩɧɚ� ɦɭɪɚɯɚ� ɹɤ� ɫɢɝɧɚɥ� ɜɩɥɢɜɭ� ɧɚ� ɣɨɝɨ� ɞɿɸ�� � ɮɟɪɨɦɨɧ�� ɹɤɢɣ� ɡɚɥɢɲɢɜ�

ɧɚɫɬɭɩɧɢɣ�� ɩɨɫɢɥɢɬɶ� ɩɨɱɚɬɤɨɜɢɣ� ɮɟɪɨɦɨɧ�� Ɍɚɤɢɦ� ɱɢɧɨɦ�� ɱɢɦ� ɛɿɥɶɲɟ� ɦɭɪɚɯ�

ɩɪɨɯɨɞɢɬɶ�ɤɪɚɣ�ɫɿɬɤɢ��ɬɢɦ�ɜɢɳɟ�ɣɦɨɜɿɪɧɿɫɬɶ�ɬɨɝɨ��ɳɨ�ɤɪɚɣ�ɦɨɠɟ�ɛɭɬɢ�ɨɛɪɚɧɢɣ�

ɿɧɲɢɦɢ�ɦɭɪɚɯɚɦɢ��ɐɟɣ�ɩɪɨɰɟɫ�ɦɨɠɟ�ɝɚɪɚɧɬɭɜɚɬɢ��ɳɨ�ɦɚɣɠɟ�ɜɫɿ�ɦɭɪɚɯɢ�ɩɪɨɣɞɭɬɶ�

ɧɚɣɤɨɪɨɬɲɢɦ�ɲɥɹɯɨɦ�ȻɉɅȺ� 

Ʉɥɸɱɨɜɢɦɢ� ɮɚɤɬɨɪɚɦɢ� ɜ� $&2�� ɳɨ� ɜɩɥɢɜɚɸɬɶ� ɧɚ� ɩɨɜɟɞɿɧɤɭ� ɦɭɪɚɯ�� ɽ�

ɮɟɪɨɦɨɧ�Ĳ�ɿ�ɟɜɪɢɫɬɢɱɧɚ�ɛɚɠɚɧɿɫɬɶ�Ș��Ɉɩɢɲɟɦɨ�ɟɜɪɢɫɬɢɱɧɭ�ɛɚɠɚɧɿɫɬɶ�ɜɿɞ�ɜɭɡɥɚ�V�

ɞɨ�ɜɭɡɥɚ�X�ɹɤ� 
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௦௨ߟ ൌ ଵ
௃ೞೠ�ή�ௗೠǡ˙˪ˎ˟

 . (4.1) 

 

Ⱦɟ�-su ± ɡɚɝɚɥɶɧɚ ɜɚɪɬɿɫɬɶ�ɤɪɚɸ��V��X���ɚ�Gu��ɰɿɥɶ�ɹɜɥɹɽ�ɫɨɛɨɸ�ɜɿɞɫɬɚɧɶ�ɜɿɞ�

ɜɭɡɥɚ�X�ɞɨ�ɰɿɥɿ��ɹɤɚ�ɜɢɤɨɪɢɫɬɨɜɭɽɬɶɫɹ�ɞɥɹ�ɬɨɝɨ��ɳɨɛ�ɦɭɪɚɯɢ��ɪɨɡɬɚɲɨɜɚɧɿ�ɭ�ɜɭɡɥɿ�

V��ɩɪɚɝɧɭɥɢ�ɜɢɛɢɪɚɬɢ�ɬɿ�ɜɭɡɥɢ��ɹɤɿ�ɡɧɚɯɨɞɹɬɶɫɹ�ɛɥɢɠɱɟ�ɞɨ�ɰɿɥɿ� 

Ʉɿɥɶɤɿɫɬɶ� ɮɟɪɨɦɨɧɧɨɝɨ� ɫɥɿɞɭ� Ĳ�� ɳɨ� ɡɦɭɲɭɽ� ɦɭɪɚɯ� ɜɢɛɢɪɚɬɢ� ɧɚɫɬɭɩɧɢɣ�

ɜɭɡɨɥ��ɭ�ɫɤɥɚɞɚɽɬɶɫɹ�ɡ�ɞɜɨɯ�ɱɚɫɬɢɧ��ɨɞɧɚ�± ɰɟ�ɬɪɚɞɢɰɿɣɧɢɣ�ɤɪɚɣɨɜɢɣ�ɮɟɪɨɦɨɧ�Ĳe, 

ɿɧɲɚ�± ɬɨɱɤɨɜɢɣ�ɮɟɪɨɦɨɧ�Ĳp��ɜɢɡɧɚɱɟɧɢɣ�ɞɥɹ�ɭɧɢɤɧɟɧɧɹ�ɡɿɬɤɧɟɧɧɹ��Ʉɨɥɨɧɿʀ�ɦɭɪɚɯ�

ɧɟ�ɬɿɥɶɤɢ�ɡɚɥɢɲɚɸɬɶ�ɫɜɿɣ�ɮɟɪɨɦɨɧ�ɧɚ�ɤɪɚɹɯ��ɹɤɿ�ɜɨɧɢ�ɩɪɨɣɲɥɢ��ɚɥɟ�ɣ�ɜɿɞɤɥɚɞɚɸɬɶ�

ɮɟɪɨɦɨɧ�ɧɚ�ɰɢɯ�ɜɭɡɥɚɯ�ɧɚ�ɫɜɨɽɦɭ�ɲɥɹɯɭ��Ɇɭɪɚɯɢ��ɹɤɿ�ɫɥɭɠɚɬɶ�ɞɥɹ�L-ɝɨ�ȻɉɅȺ��

ɛɭɞɭɬɶ� ɩɪɚɝɧɭɬɢ� ɜɢɛɢɪɚɬɢ� ɬɿ� ɤɪɚʀ�� ɛɚɝɚɬɲɿ� ɧɚ� ɜɥɚɫɧɢɣ� ɤɪɚɣɨɜɢɣ�ɮɟɪɨɦɨɧ�ɒ୧ୣ  ɿ�

ɭɧɢɤɚɬɢ� ɜɭɡɥɿɜ� ɡ� ɛɿɥɶɲɢɦ� ɬɨɱɤɨɜɢɦ� ɮɟɪɨɦɨɧɨɦ� ɿɧɲɢɯ� ȻɉɅȺ�� Ɍɚɤɢɦ� ɱɢɧɨɦ��

ɡɚɝɚɥɶɧɢɣ� ɮɟɪɨɦɨɧ�� ɹɤɢɣ� ɪɨɡɝɥɹɞɚɸɬɶ� ɦɭɪɚɯɢ� L-ɝɨ� ȻɉɅȺ� ɜɿɞ� ɜɭɡɥɚ� V� ɞɨ� X��

ɜɢɡɧɚɱɚɽɬɶɫɹ� 

 

߬௜ǡ௦௨ ൌ ߬௜ǡ௦௨௘ ή ேିଵ
σ ఛೕǡೠ

೛
ೕಯ೔

Ǥ (4.2) 

 

ȼɢɡɧɚɱɢɦɨ�ɣɦɨɜɿɪɧɿɫɬɶ�ɩɟɪɟɯɨɞɭ�ɜɿɞ�ɜɭɡɥɚ�V�ɞɨ�ɜɭɡɥɚ�X�ɞɥɹ�N-ʀ�ɦɭɪɚɯɢ�ɹɤ: 

 

ሻݐ௜ǡ௦௨ሺ݌ ൌ ቐ
ൣ߬݅ǡݑݏሺݐሻ൧

ഀሾఎೞೠሿഁ

σ ൣ߬݅ǡݑݏሺݐሻ൧
ഀሾఎೞೠሿഁೡא�ˇˑ˔˕˖˒ː˪ೖ

ǡ ˢˍ˜ˑݑ�� א ˇˑ˔˕˖˒ː˪௞

Ͳǡ ˖�˪ː˛ˑˏ˖�˅ˋ˒˃ˇˍ˖
Ǥ (4.3) 

 

Ⱦɟ� ɞɨɫɬɭɩɧɢɣ k ɩɨɡɧɚɱɚɽ� ɞɨɩɭɫɬɢɦɭ� ɨɛɥɚɫɬɶ� k-ʀ� ɦɭɪɚɯɢ�� Į ɬɚ� ȕ ± ɰɟ�

ɩɚɪɚɦɟɬɪɢ��ɹɤɿ�ɤɨɧɬɪɨɥɸɸɬɶ�ɜɿɞɧɨɫɧɭ�ɜɚɠɥɢɜɿɫɬɶ�ɫɥɿɞɭ�ɬɚ�ɜɢɞɢɦɿɫɬɶ� 

ɉɿɫɥɹ�ɬɨɝɨ�ɹɤ�ɦɭɪɚɯɢ�ɜ�ɚɥɝɨɪɢɬɦɿ�ɩɨɛɭɞɭɸɬɶ�ɫɜɨʀ�ɲɥɹɯɢ��ɡɧɚɱɟɧɧɹ�ɫɥɿɞɭ�

ɮɟɪɨɦɨɧɿɜ� ɤɪɚɸ� ɤɨɠɧɨɝɨ� ɪɟɛɪɚ� �s, u�� ɿ� ɬɨɱɤɨɜɨɝɨ� ɮɟɪɨɦɨɧɚ� ɤɨɠɧɨʀ� ɬɨɱɤɢ� u 

ɨɧɨɜɥɸɸɬɶɫɹ�ɜɿɞɩɨɜɿɞɧɨ�ɞɨ�ɬɚɤɢɯ�ɪɿɜɧɹɧɶ� 
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߬௜ǡ௦௨௘ ሺݐ ൅ ͳሻ ൌ ሺͳ െ ሻߩ ή ߬௜ǡ௦௨௘ ሺݐሻ ൅ ο߬௜ǡ௦௨௘ ǡ (4.4) 

 

߬௜ǡ௨
௣ ሺݐ ൅ ͳሻ ൌ ሺͳ െ ሻߩ ή ߬௜ǡ௨

௣ ሺݐሻ ൅ ο߬௜ǡ௨
௣ Ǥ (4.5) 

 

Ⱦɟ�ȡ(1 ,0) ؿ ± ɩɚɪɚɦɟɬɪ�ɥɨɤɚɥɶɧɨɝɨ�ɪɨɡɩɚɞɭ�ɮɟɪɨɦɨɧɿɜ��ɹɤɢɣ�ɩɪɟɞɫɬɚɜɥɹɽ�

ɲɜɢɞɤɿɫɬɶ�ɜɢɩɚɪɨɜɭɜɚɧɧɹ�ɫɥɿɞɭ�ɦɿɠ�ɱɚɫɨɦ�t ɿ�t+1. 

 

ο߬௜ǡ௦௨ǡ௞௘ ൌ ቊ
ܳ

ǡ݇݅ܬ
ǡ ˢˍ˜ˑ�݇ െ ǡݏˑ˓ˋ˔˕ˑ˅˖˦�ሺˍˋ˅�˃˘˃˓˖ˏ�݄ݐ ሻݑ

Ͳǡ ˖�˪ː˛ˑˏ˖�˅ˋ˒˃ˇˍ˖
, (4.6) 

 

ο߬௜ǡ௨ǡ௞
௣ ൌ ቊ

ܳ

ǡ݇݅ܬ
ǡ ˢˍ˜ˑ�݇ െ ݑ�˖ˍ˕˪˅�˦˖˅ˑ˓ˋ˔˕ˑˍˋ˅�˃˘˃˓˖ˏ�݄ݐ

Ͳǡ ˖�˪ː˛ˑˏ˖�˅ˋ˒˃ˇˍ˖
 (4.7) 

 

ɞɟ�4�ɽ�ɤɨɧɫɬɚɧɬɨɸ��ɚܬ�௜ǡ௞ ɩɨɡɧɚɱɚɽ�ɜɚɪɬɿɫɬɶ�ɲɥɹɯɭ�N-ʀ�ɦɭɪɚɯɢ� 

 

4.1.2 ɋɬɜɨɪɟɧɧɹ�ɚɞɚɩɬɢɜɧɨɝɨ�Max-Min ACO 

 

ɓɨɛ�ɩɿɞɜɢɳɢɬɢ� ɩɪɨɞɭɤɬɢɜɧɿɫɬɶ�ɦɭɪɚɲɢɧɨʀ� ɫɢɫɬɟɦɢ�� ɭɫɭɧɭɬɢ� ɩɪɨɛɥɟɦɢ��

ɩɨɜ¶ɹɡɚɧɿ� ɡ� ɪɚɧɧɶɨɸ� ɫɬɚɝɧɚɰɿɽɸ� ɬɚ� ɩɪɢɫɤɨɪɢɬɢ� ɲɜɢɞɤɿɫɬɶ� ɤɨɧɜɟɪɝɟɧɰɿʀ�� ɜ�

ɚɥɝɨɪɢɬɦ�$&2�ɜɜɟɞɢɦɨ ɧɚɫɬɭɩɧɿ�ɫɬɪɚɬɟɝɿʀ� 

ɉɨ-ɩɟɪɲɟ� ɞɥɹ�m ɦɭɪɚɯ��ɳɨ� ɨɛɫɥɭɝɨɜɭɸɬɶ� L-ɣ� ȻɉɅȺ�� ɧɚ� ɤɨɠɧɿɣ� ɿɬɟɪɚɰɿʀ�

ɛɭɞɭɽɬɶɫɹ�ɡɚɝɚɥɶɧɚ�ɤɿɥɶɤɿɫɬɶ�P�ɲɥɹɯɿɜ��ɋɟɪɟɞɧɹ�ɜɚɪɬɿɫɬɶ�ɰɢɯ�ɲɥɹɯɿɜ�ɫɬɚɧɨɜɢɬɶ:  

 

ሻݐ௜ǡ௔௩௘ሺܬ ൌ � ଵ
௠
σ ሻ௠ݐ௜ǡ௞ሺܬ
௞ୀଵ . (4.8) 

 

ɐɹ�ɮɨɪɦɭɥɚ�ɞɿɽ�ɬɨɞɿ� ɿ�ɬɿɥɶɤɢ�ɬɨɞɿ��ɤɨɥɢ�ɜɚɪɬɿɫɬɶ�ɲɥɹɯɭ�N-ʀ�ɦɭɪɚɯɢ�ɧɚ�W-ɣ�

ɿɬɟɪɚɰɿʀ� ɡɚɞɨɜɨɥɶɧɹɽ� ሻݐ௜ǡ௞ሺܬ ൑ ሻݐ௜ǡ௠௜௡ሺܬ , k-ɬɚ� ɦɭɪɚɯɚ� ɦɨɠɟ� ɨɧɨɜɢɬɢ� ɹɤ� ɫɜɿɣ�

ɤɪɚɣɨɜɢɣ��ɬɚɤ�ɿ�ɬɨɱɤɨɜɢɣ�ɮɟɪɨɦɨɧ�ɡɚ�ɞɨɩɨɦɨɝɨɸ ɪɚɧɿɲɟ�ɧɚɜɟɞɟɧɢɯ�ɪɿɜɧɹɧɶ�����ɬɚ�

4.7. 
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ɇɚɫɬɭɩɧɢɦ� ɤɪɨɤɨɦ�� ɧɟɡɚɥɟɠɧɨ� ɜɿɞ� ɜɢɛɨɪɭ� ɦɿɠ� ɧɚɣɤɪɚɳɨɸ� ɿɬɟɪɚɰɿɽɸ� ɬɚ�

ɝɥɨɛɚɥɶɧɨɸ�ɧɚɣɤɪɚɳɨɸ�ɦɭɪɚɯɨɸ�ɞɥɹ�ɨɧɨɜɥɟɧɧɹ�ɫɥɿɞɭ�ɮɟɪɨɦɨɧɿɜ�ɦɨɠɟ�ɫɬɚɬɢɫɹ�

ɡɚɫɬɿɣ�ɩɨɲɭɤɭ��Ɍɚɤɨʀ�ɫɢɬɭɚɰɿʀ�ɫɥɿɞ�ɭɧɢɤɚɬɢ�� 

Ɉɞɧɢɦ� ɿɡ� ɫɩɨɫɨɛɿɜ� ɞɨɫɹɝɧɟɧɧɹ� ɰɶɨɝɨ� ɽ� ɜɩɥɢɜ� ɧɚ� ɣɦɨɜɿɪɧɿɫɬɶ� ɜɢɛɨɪɭ�

ɧɚɫɬɭɩɧɨɝɨ� ɤɨɦɩɨɧɟɧɬɚ� ɪɿɲɟɧɧɹ�� ɳɨ� ɛɟɡɩɨɫɟɪɟɞɧɶɨ� ɡɚɥɟɠɢɬɶ� ɜɿɞ� ɫɥɿɞɿɜ�

ɮɟɪɨɦɨɧɿɜ� ɬɚ� ɟɜɪɢɫɬɢɱɧɨʀ� ɿɧɮɨɪɦɚɰɿʀ�� ȿɜɪɢɫɬɢɱɧɚ� ɿɧɮɨɪɦɚɰɿɹ�� ɹɤ� ɩɪɚɜɢɥɨ��

ɡɚɥɟɠɢɬɶ�ɜɿɞ�ɩɪɨɛɥɟɦɢ�ɬɚ�ɽ�ɫɬɚɬɢɱɧɨɸ�ɩɪɨɬɹɝɨɦ�ɭɫɶɨɝɨ�ɡɚɫɬɨɫɭɜɚɧɧɹ�ɚɥɝɨɪɢɬɦɭ�� 

Ⱥɥɟ� ɨɛɦɟɠɢɜɲɢ� ɜɩɥɢɜ� ɮɟɪɨɦɨɧɧɢɯ� ɫɥɿɞɿɜ�� ɦɨɠɧɚ� ɥɟɝɤɨ� ɭɧɢɤɧɭɬɢ�

ɜɿɞɧɨɫɧɢɯ� ɜɿɞɦɿɧɧɨɫɬɟɣ� ɦɿɠ� ɮɟɪɨɦɨɧɧɢɦɢ� ɫɥɿɞɚɦɢ� ɩɿɞ� ɱɚɫ� ɜɢɤɨɪɢɫɬɚɧɧɹ�

ɚɥɝɨɪɢɬɦɭ��Ⱦɥɹ�ɞɨɫɹɝɧɟɧɧɹ�ɰɿɽʀ�ɦɟɬɢ�$&2�ɧɚɤɥɚɞɚɽ�ɬɚ�ɹɜɧɨ�ɨɛɦɟɠɭɽ�Ĳmax ɿ�Ĳmin ɧɚ�

ɦɿɧɿɦɚɥɶɧɢɣ�ɿ�ɦɚɤɫɢɦɚɥɶɧɢɣ�ɫɥɿɞɢ�ɮɟɪɨɦɨɧɿɜ�ɬɚɤ��ɳɨ�ɞɥɹ�ɜɫɿɯ�ɫɥɿɞɿɜ�ɮɟɪɨɦɨɧɿɜ�� 

ɉɿɫɥɹ�ɨɧɨɜɥɟɧɧɹ�ɮɟɪɨɦɨɧɚ�ɜ�ɤɿɧɰɿ�ɿɬɟɪɚɰɿʀ�ɞɨ�ɮɟɪɨɦɨɧɚ�ɛɭɞɟ�ɡɚɫɬɨɫɨɜɚɧɨ�

ɧɚɫɬɭɩɧɭ�ɨɩɟɪɚɰɿɸ�ɧɚ�ɨɛɨɯ�ɤɪɚɹɯ�ɿ�ɬɨɱɤɚɯ: 

 

߬௡௘௪ሺݐሻ ൌ
߬௠௜௡ǡ ߬௢௟ௗሺݐሻ ൏ ߬௠௜௡

߬௢௟ௗሺݐሻǡ �߬௠௜௡ ൑ ߬௢௟ௗሺݐሻ ൑ ߬௠௔௫
߬௠௔௫ǡ �߬௢௟ௗሺݐሻ ൐ ߬௠௔௫

. (4.9) 

 

4.1.3 Ɂɚɫɬɨɫɭɜɚɧɧɹ� ɚɞɚɩɬɢɜɧɨɝɨ� $&2� 0D[-0LQ� ɞɥɹ� ɫɤɨɨɪɞɢɧɨɜɚɧɨɝɨ�

ɩɟɪɟɩɥɚɧɭɜɚɧɧɹ�ɬɪɚɽɤɬɨɪɿʀ�ɤɿɥɶɤɨɯ�ȻɉɅȺ 

 

Ȼɥɨɤ-ɫɯɟɦɚ� ɧɚ� ɪɢɫɭɧɤɭ� 4.�� ɨɩɢɫɭɽ� ɞɟɬɚɥɶɧɭ� ɩɪɨɰɟɞɭɪɭ� ɡɚɫɬɨɫɭɜɚɧɧɹ�

ɡɚɩɪɨɩɨɧɨɜɚɧɨɝɨ� ɚɞɚɩɬɢɜɧɨɝɨ�$&2�0D[-0LQ�ɞɨ� ɨɞɧɨɝɨ�ȻɉɅȺ�ɜ�ɩɪɚɤɬɢɱɧɨɦɭ�

ɩɢɬɚɧɧɿ�ɩɟɪɟɩɥɚɧɭɜɚɧɧɹ�ɫɤɨɨɪɞɢɧɨɜɚɧɨʀ�ɬɪɚɽɤɬɨɪɿʀ�ɤɿɥɶɤɨɯ�ȻɉɅȺ��Ɇɭɪɚɯɢ�L-ɝɨ�

ȻɉɅȺ� ɩɨɛɭɞɭɜɚɥɢ� ɫɜɨʀ� ɲɥɹɯɢ� ɬɚ� ɡɚɜɟɪɲɢɥɢ� ɨɧɨɜɥɟɧɧɹ� ɹɤ� ɤɪɚɣɨɜɢɯ�� ɬɚɤ� ɿ�

ɬɨɱɤɨɜɢɯ�ɮɟɪɨɦɨɧɧɢɯ�ɲɥɹɯɿɜ��ɉɨɬɿɦ�ɧɨɜɢɣ�ɨɧɨɜɥɟɧɢɣ�ɮɟɪɨɦɨɧ�ɩɟɪɟɞɚɽɬɶɫɹ�ɞɨ�

ɧɚɫɬɭɩɧɨʀ� ɿɬɟɪɚɰɿʀ�� Ɍɢɦ� ɱɚɫɨɦ� ɬɨɱɤɨɜɢɣ� ɮɟɪɨɦɨɧ� ɩɟɪɟɞɚɽɬɶɫɹ� ɿɧɲɢɦ� ȻɉɅȺ��

Ʉɨɨɪɞɢɧɚɰɿɹ�ɩɨɜɿɬɪɹɧɨɝɨ�ɩɪɨɫɬɨɪɭ�ɤɿɥɶɤɨɯ�ȻɉɅȺ��ɹɤɚ�ɜ�ɨɫɧɨɜɧɨɦɭ�ɫɩɪɹɦɨɜɚɧɚ�

ɧɚ�ɭɧɢɤɧɟɧɧɹ�ɡɿɬɤɧɟɧɧɹ��ɡɚɥɟɠɢɬɶ�ɥɢɲɟ�ɜɿɞ�ɬɨɱɤɨɜɨɝɨ�ɮɟɪɨɦɨɧɚ�� 

Ɍɨɦɭ� ɱɟɪɟɡ� ɡɜ¶ɹɡɤɭ� ɬɨɱɤɨɜɨɝɨ� ɮɟɪɨɦɨɧɚ� ɤɨɠɧɨɝɨ� ȻɉɅȺ�� ɤɨɨɪɞɢɧɚɰɿɹ�

ɩɨɜɿɬɪɹɧɨɝɨ�ɩɪɨɫɬɨɪɭ�ɦɨɠɟ�ɛɭɬɢ�ɜɫɬɚɧɨɜɥɟɧɚ�ɧɚ�ɪɿɜɧɿ�ɩɥɚɧɭɜɚɥɶɧɢɤɚ�ɬɪɚɽɤɬɨɪɿʀ� 
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ɍɡɝɨɞɠɟɧɢɦ�$&2�ɞɥɹ�ɤɨɠɧɨɝɨ�ȻɉɅȺ�ɜɢɡɧɚɱɟɧɨ�ɪɹɞ�ɦɨɠɥɢɜɢɯ�ɦɚɪɲɪɭɬɿɜ-

ɤɚɧɞɢɞɚɬɿɜ�� ɚɥɟ� ɡɚɥɢɲɚɽɬɶɫɹ� ɜɢɛɪɚɬɢ�� ɡɚ� ɹɤɨɸ� ɬɪɚɽɤɬɨɪɿɽɸ� ɤɨɠɟɧ� ȻɉɅȺ� ɛɭɞɟ�

ɥɟɬɿɬɢ�� 

 

 
Ɋɢɫɭɧɨɤ�����± Ȼɥɨɤ-ɫɯɟɦɚ�ɚɞɚɩɬɢɜɧɨɝɨ�$&2�0D[-0LQ��ɡɚɫɬɨɫɨɜɚɧɨɝɨ�ɞɨ�ɨɞɧɨɝɨ�

ȻɉɅȺ�ɡ�ɜ�ɫɢɫɬɟɦɿ�ɤɿɥɶɤɨɯ�ȻɉɅȺ 
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Ɍɨɦɭ� ɡ� ɤɨɠɧɨʀ� ɫɭɛɩɨɩɭɥɹɰɿʀ� ɜɢɛɢɪɚɽɬɶɫɹ ɱɨɬɢɪɢ� ɨɩɬɢɦɚɥɶɧɿ� ɬɪɚɽɤɬɨɪɿʀ-

ɤɚɧɞɢɞɚɬɢ�ɞɥɹ�ɤɨɠɧɨɝɨ�ȻɉɅȺ��ɚ�ɩɨɬɿɦ�ɜɢɡɧɚɱɢɥɢ�ɨɩɬɢɦɚɥɶɧɢɣ�ɤɨɨɪɞɢɧɚɰɿɣɧɢɣ�

(7$� ɡɚ� ɞɨɩɨɦɨɝɨɸ� ɡɧɚɯɨɞɠɟɧɧɹ� ɤɨɨɪɞɢɧɚɰɿɣɧɨʀ� ɡɦɿɧɧɨʀ� 7a�� ɹɤɚ� ɦɿɧɿɦɿɡɭɽ�

ɡɚɝɚɥɶɧɭ�ɜɚɪɬɿɫɬɶ�ɤɨɨɪɞɢɧɚɰɿʀ��ɉɿɫɥɹ�ɨɬɪɢɦɚɧɧɹ�ɫɤɨɨɪɞɢɧɨɜɚɧɨʀ�ɤɨɦɚɧɞɨɸ�(7$�

ɬɪɚɽɤɬɨɪɿʀ�� ɡɚ� ɹɤɢɦɢ� ɛɭɞɭɬɶ� ɥɿɬɚɬɢ� ɛɚɝɚɬɨ� ȻɉɅȺ�� ɞɨɫɬɭɩɧɿ� ɬɚɤɨɠ� ɿ�ɲɜɢɞɤɨɫɬɿ�

ɩɨɥɶɨɬɭ�ȻɉɅȺ��ɉɨɜɧɚ�ɩɪɨɰɟɞɭɪɚ� ɡɚɫɬɨɫɭɜɚɧɧɹ�$&2�ɞɨ�ɩɪɨɛɥɟɦɢ�ɤɨɨɪɞɢɧɚɰɿʀ�

ɤɿɥɶɤɨɯ�ȻɉɅȺ�ɩɨɤɚɡɚɧɚ�ɧɚ�ɪɢɫɭɧɤɭ����� 

 

 
Ɋɢɫɭɧɨɤ���2 ± Ɂɚɫɬɨɫɭɜɚɧɧɹ�$&2�ɞɨ�ɩɪɨɛɥɟɦɢ�ɤɨɨɪɞɢɧɚɰɿʀ�ɤɿɥɶɤɨɯ�ȻɉɅȺ 
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Ⱦɚɧɿ�ɟɬɚɩɢ�ɡɨɛɪɚɠɟɧɿ�ɧɚ�ɩɪɨɞɟɦɨɧɫɬɪɨɜɚɧɢɯ�ɪɢɫɭɧɤɚɯ��ɦɨɠɧɚ�ɨɩɢɫɚɬɢ�ɭ�

ɜɢɝɥɹɞɿ�ɬɟɤɫɬɨɜɨɝɨ�ɚɥɝɨɪɢɬɦɭ�ɿɡ�ɞɟɬɚɥɶɧɢɦ�ɩɨɹɫɧɟɧɧɹɦ�ɤɪɨɤɿɜ�ɬɚ�ɧɟɨɛɯɿɞɧɢɯ�ɞɿɣ�� 

ȿɬɚɩɢ� ɩɪɨɝɪɚɦɭɜɚɧɧɹ� ɚɞɚɩɬɢɜɧɨɝɨ� ɚɥɝɨɪɢɬɦɭ� ACO Max-Min ɞɥɹ�

ɜɢɪɿɲɟɧɧɹ�ɩɟɪɟɩɥɚɧɭɜɚɧɧɹ�ɬɪɚɽɤɬɨɪɿʀ�ɦɨɠɧɚ�ɨɩɢɫɚɬɢ�ɬɚɤ� 

1. ɉɨɛɭɞɨɜɚ ɞɜɨɜɢɦɿɪɧɨʀ ɫɿɬɤɢ��ɳɨ�ɨɯɨɩɥɸɽ�ɨɛɥɚɫɬɶ�ɦɿɫɿʀ��ɿ�ɪɨɡɪɚɯɭɝɥɤ 

ɜɚɪɬɿɫɬɨɫɬɿ ɤɪɚʀɜ� 

2. ȱɧɿɰɿɚɥɿɡɚɰɿɹ ɩɚɪɚɦɟɬɪɿɜ ɚɥɝɨɪɢɬɦɭ��ɜɤɥɸɱɚɸɱɢ�Į, ȕ, ȡ, Q, Ĳmax, Ĳmin��ɚ�

ɬɚɤɨɠ�ɤɿɥɶɤɿɫɬɶ�ɦɭɪɚɯ�m ɿ�ɤɿɥɶɤɿɫɬɶ�ɿɬɟɪɚɰɿɣ�Ncmax. 

3. ȱɧɿɰɿɚɥɿɡɚɰɿɹ ɤɪɚɣɨɜɢɯ ɬɚ� ɬɨɱɤɨɜɢɯ ɮɟɪɨɦɨɧɿɜ ɞɥɹ� ɤɨɠɧɨʀ�

ɫɭɛɩɨɩɭɥɹɰɿʀ�ɬɚ�ɩɨɦɿɳɟɧɧɹ ɦɭɪɚɯ�ɭ�ɜɿɞɩɨɜɿɞɧɭ�ɩɨɱɚɬɤɨɜɭ�ɬɨɱɤɭ� 

4. Ⱦɥɹ�ɤɨɠɧɨɝɨ�ȻɉɅȺ�ɦɭɪɚɯɢ�ɜɢɛɢɪɚɸɬɶ�ɜɭɡɨɥ�ɜɿɞɩɨɜɿɞɧɨ�ɞɨ�ɪɿɜɧɹɧɧɹ�

3.7 ɞɨ�ɞɨɫɹɝɧɟɧɧɹ�ɰɿɥɿ��ɚ�ɩɨɬɿɦ�ɧɚɪɟɲɬɿ�ɛɭɞɭɸɬɶɫɹ�ɞɟɹɤɿ�ɦɨɠɥɢɜɿ�ɬɪɚɽɤɬɨɪɿʀ� 

5. Ɉɛɱɢɫɥɟɧɧɹ ɡɧɚɱɟɧɧɹ�ɮɭɧɤɰɿʀ�ɜɚɪɬɨɫɬɿ�-i,k k-ʀ�ɦɭɪɚɯɢ��ɳɨ�ɧɚɥɟɠɢɬɶ�

i-ɦɭ�ȻɉɅȺ��ɬɚ�ɨɧɨɜɥɟɧɧɹ ɬɨɱɤɨɜɢɯ ɬɚ�ɤɪɚɣɧɿɯ ɮɟɪɨɦɨɧɿɜ ɜɿɞɩɨɜɿɞɧɨ�ɞɨ�ɪɿɜɧɹɧɶ 

(4.4) ± (4.9). 

6. ɉɟɪɟɞɚɧɧɹ ɮɟɪɨɦɨɧɭ ɞɨ� ɧɚɫɬɭɩɧɨɝɨ� ɨɛɱɢɫɥɟɧɧɹ� ɿɬɟɪɚɰɿʀ� ɬɚ�

ɩɟɪɟɞɚɧɧɹ ɬɨɱɤɨɜɨɝɨ ɮɟɪɨɦɨɧɭ ɿɧɲɢɦ�ȻɉɅȺ��ɩɨɬɿɦ�ɩɨɜɟɪɧɟɧɧɹ ɞɨ�ɤɪɨɤɭ����ɩɨɤɢ�

ɜɿɧ�ɧɟ�ɡɚɞɨɜɨɥɶɧɢɬɶ�ɤɿɧɰɟɜɿɣ�ɭɦɨɜɿ�Nc > Ncmax. 

7. ȼɢɛɿɪ ɤɿɥɶɤɚ�ɦɨɠɥɢɜɢɯ�ɦɚɪɲɪɭɬɿɜ-ɤɚɧɞɢɞɚɬɿɜ�ɞɥɹ�ɤɨɠɧɨɝɨ�ȻɉɅȺ�ɬɚ�

ɜɢɡɧɚɱɟɧɧɹ ɨɩɬɢɦɚɥɶɧɨʀ ɫɤɨɨɪɞɢɧɨɜɚɧɨʀ ɩɪɢɛɥɢɡɧɨ ETA ɞɥɹ�ɤɨɦɚɧɞɢ� 

Ʉɨɥɢ� ɫɩɥɢɜɚɸɱɿ� ɡɚɝɪɨɡɢ� ɜɢɹɜɥɟɧɿ�� ɚ� ɜɢɯɿɞɧɚ� ɬɪɚɽɤɬɨɪɿɹ� ɡɧɚɯɨɞɢɬɶɫɹ� ɜ�

ɧɟɛɟɡɩɟɰɿ��ɟɤɫɬɪɟɧɿ�ɞɿʀ�ɛɚɝɚɬɨɪɚɡɨɜɢɯ�ȻɉɅȺ�ɛɭɞɭɬɶ�ɜɠɢɬɿ�ɜɿɞɩɨɜɿɞɧɨ�ɞɨ�ɬɚɤɢɯ�

ɤɪɨɤɿɜ� 

1. ȼɢɡɧɚɱɟɧɧɹ ɿɧɮɨɪɦɚɰɿʀ ɩɪɨ� ɫɩɥɢɜɚɸɱɿ� ɡɚɝɪɨɡɢ�� ɜɤɥɸɱɚɸɱɢ�

ɪɨɡɬɚɲɭɜɚɧɧɹ��ɞɿɚɩɚɡɨɧ�ɡɚɝɪɨɡɢ�ɬɚ�ɪɿɜɟɧɶ�ɡɚɝɪɨɡɢ� 

2. Ɉɛɱɢɫɥɟɧɧɹ ɜɚɪɬɿɫɬɿ ɡɚɝɪɨɡ� ɞɥɹ� ɤɪɚʀɜ�� ɞɥɹ� ɹɤɢɯ� ɫɬɜɨɪɸɸɬɶɫɹ�

ɫɩɥɢɜɚɸɱɿ�ɡɚɝɪɨɡɢ��ɚ�ɩɨɬɿɦ�ɨɧɨɜɥɟɧɧɹ ɡɧɚɱɟɧɧɹ�ɮɭɧɤɰɿʀ�ɜɚɪɬɨɫɬɿ�ɤɨɠɧɨɝɨ�ɪɟɛɪɚ�

ɜ�ɞɜɨɯɜɢɦɿɪɧɿɣ ɫɿɬɰɿ� 

3. ɋɩɪɹɦɨɜɭɜɚɧɧɹ�ɤɨɠɧɨɝɨ�ȻɉɅȺ ɧɚ�ɫɭɫɿɞɧɿɣ�ɿ�ɞɨɫɢɬɶ�ɛɟɡɩɟɱɧɢɣ�ɜɭɡɨɥ��

ɹɤɢɣ�ɛɭɞɟ�ɩɪɢɣɧɹɬɢɣ�ɡɚ�ɧɨɜɭ�ɜɿɞɩɪɚɜɧɭ�ɬɨɱɤɭ�ɩɟɪɟɩɥɚɧɭɜɚɧɧɹ�ɬɪɚɽɤɬɨɪɿʀ� 
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4. Ʉɨɥɢ� ɛɚɝɚɬɨ� ȻɉɅȺ� ɪɭɯɚɸɬɶɫɹ� ɹɤ� ɤɪɨɤ� ��� ɳɨɣɧɨ� ɩɟɪɟɩɥɚɧɨɜɚɧɚ�

ɬɪɚɽɤɬɨɪɿɹ�ɪɨɡɪɚɯɨɜɭɽɬɶɫɹ�ɜɿɞɩɨɜɿɞɧɨ�ɞɨ�ɩɪɨɰɟɞɭɪɢ��ɩɨɤɚɡɚɧɨʀ�ɧɚ�ɪɢɫɭɧɤɭ���1 ɬɚ�

ɪɢɫɭɧɤɭ 4.2. 

 

4.2 ɉɪɨɝɪɚɦɧɨ-ɬɟɯɧɿɱɧɚ ɪɟɚɥɿɡɚɰɿɹ�ɦɭɪɚɲɢɧɨɝɨ�ɚɥɝɨɪɢɬɦɭ ɞɥɹ�ɤɨɧɬɪɨɥɸ�

ɜɢɡɧɚɱɟɧɨɝɨ�ȻɉɅȺ 

4.2.1 Ɉɛɝɪɭɧɬɭɜɚɧɧɹ�ɜɢɛɨɪɭ�ɬɟɯɧɿɱɧɢɯ�ɬɚ�ɩɪɨɝɪɚɦɧɢɯ�ɡɚɫɨɛɿɜ�ɪɨɡɪɨɛɤɢ 

 

Ⱦɥɹ� ɫɬɜɨɪɟɧɧɹ� ɩɪɨɝɪɚɦɧɨ� ɬɟɯɧɿɱɧɨɝɨ� ɡɚɫɨɛɭ� ɛɭɥɨ� ɜɢɛɪɚɧɨ� ɦɨɜɭ�

ɩɪɨɝɪɚɦɭɜɚɧɧɹ�Python ɜɟɪɫɿʀ���10��Ⱦɚɧɚ�ɦɨɜɚ�ɩɪɨɝɪɚɦɭɜɚɧɧɹ�ɩɿɞɯɨɞɢɬɶ� ɹɤ�ɞɥɹ�

ɜɢɫɨɤɨɪɿɜɧɟɜɨɝɨ�ɩɪɨɝɪɚɦɭɜɚɧɧɹ��ɬɚɤ�ɿ�ɨɩɟɪɭɜɚɧɧɹ�ɧɢɡɶɤɨɪɿɜɧɟɜɢɦ��ɞɥɹ�ɨɛɪɨɛɤɢ�

ɞɚɧɢɯ��ɬɚ�ɩɟɪɟɞɚɜɚɧɧɹ�ɬɿɽʀ�ɱɢ�ɿɧɲɨʀ�ɬɟɯɧɿɱɧɨʀ�ɿɧɮɨɪɦɚɰɿʀ�� 

Ɉɫɧɨɜɧɿ�ɦɚɬɟɦɚɬɢɱɧɿ�ɮɭɧɤɰɿʀ�ɬɚ�ɞɨɞɚɬɤɨɜɿ�ɮɭɧɤɰɿʀ�ɞɥɹ�ɪɨɛɨɬɢ�ɿɡ�ɱɢɫɥɚɦɢ�

ɬɚ� ɝɪɚɮɚɦɢ� ɦɿɫɬɹɬɶɫɹ� ɜ� ɿɦɩɨɪɬɨɜɚɧɢɯ� ɦɨɞɭɥɹɯ. ɇɚɩɪɢɤɥɚɞ�� ɞɥɹ� ɪɨɛɨɬɢ� ɿɡ�

ɦɚɬɟɦɚɬɢɱɧɢɦɢ�ɮɭɧɤɰɿɹɦɢ�ɛɭɜ�ɿɦɩɨɪɬɨɜɚɧɢɣ�ɦɨɞɭɥɶ� 

import math 

Ⱦɥɹ�ɨɩɪɚɰɸɜɚɧɧɹ�ɞɨɞɚɬɤɨɜɢɯ�ɦɚɬɟɦɚɬɢɱɧɢɯ�ɮɭɧɤɰɿɣ�ɬɚ�ɮɭɧɤɰɿɣ�ɪɨɛɨɬɢ�ɿɡ�

ɱɢɫɥɚɦɢ�� ɜ� ɬɨɦɭ� ɱɢɫɥɿ� ɨɫɧɨɜɧɢɯ� ɚɥɝɨɪɢɬɦɿɜ� ɫɨɪɬɭɜɚɧɧɹ�� ɬɚ� ɨɛɪɨɛɤɢ� ɱɢɫɥɨɜɢɯ�

ɦɚɫɢɜɿɜ��ɜɢɤɨɪɢɫɬɨɜɭɽɬɶɫɹ�ɦɨɞɭɥɶ�numpy: 

import numpy as np 

ȼɪɚɯɨɜɭɸɱɢ� ɫɩɟɰɢɮɿɤɭ� ɩɪɨɟɤɬɭ� ɬɚ� ɨɛɪɨɛɤɭ� ɫɬɚɬɢɫɬɢɱɧɢɯ� ɞɚɧɢɯ�� ɹɤɿ�

ɨɬɪɢɦɭɸɬɶɫɹ�ɜ�ɩɪɨɰɟɫɿ�ɪɨɡɪɨɛɤɢ�ɩɪɨɝɪɚɦɢ��ɬɚ�ɜ�ʀʀ�ɪɟɡɭɥɶɬɚɬɚɯ��ɞɥɹ�ɜɢɜɨɞɭ�ɬɟɫɬɿɜ�

ɬɚ�ɪɟɡɭɥɶɬɚɬɿɜ�ɜɢɤɨɪɢɫɬɨɜɭɽɬɶɫɹ�ɦɨɞɭɥɶ�ɩɨɛɭɞɨɜɢ�ɝɪɚɮɿɜ�mathplotlib: 

import matplotlib.pyplot as plt 

Ɋɟɡɭɥɶɬɚɬɨɦ� ɬɟɫɬɿɜ�� ɬɚ� ɩɥɚɜɚɸɱɨɝɨ� ɚɧɚɥɿɡɭ� ɞɚɧɢɯ�� ɜɪɚɯɨɜɭɸɱɢ� ɬɟɫɬɨɜɿ�

ɧɚɛɨɪɢ� ɞɚɧɢɯ� ɦɚɪɲɪɭɬɿɜ� ɛɭɞɭɬɶ� ɪɿɡɧɿ� ɝɪɚɮɿɤɢ�� ɜɢɤɨɧɚɧɿ� ɭ� ɬɨɦɭ� ɱɢ� ɿɧɲɨɦɭ�

ɜɢɝɥɹɞɿ�� ɧɚ� ɪɿɡɧɢɯ� ɪɟɫɭɪɫɚɯ�� ɜɢɤɨɪɢɫɬɨɜɭɸɱɢ� ɪɟɡɭɥɶɬɚɬɢ� ɪɨɛɨɬɢ� ɩɪɨɝɪɚɦɢ��

ɡɨɤɪɟɦɚ� ɦɚɫɢɜɢ�� ɞɚɧɢɯ�� ɳɨ� ɨɫɧɨɜɚɧɿ� ɧɚ� ɝɪɚɮɚɯ� ɬɚ� ɪɟɛɪɚɯ�� ɨɩɬɢɦɚɥɶɧɢɯ�

ɦɚɪɲɪɭɬɿɜ�ȻɉɅȺ� 
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Ⱦɥɹ�ɩɪɨɝɪɚɦɭɜɚɧɧɹ� ɬɟɯɧɿɱɧɨɝɨ� ɡɚɫɨɛɭ�� ɚ� ɫɚɦɟ��ȻɉɅȺ� ɬɚ� ɤɨɧɬɪɨɥɥɟɪ� ɞɥɹ�

ɤɟɪɭɜɚɧɧɹ�ɧɢɦ��ɛɭɥɨ�ɨɛɪɚɧɨ�ɬɟɯɧɿɱɧɢɣ�ɮɪɟɣɦɜɨɪɤ��ɿɡ�ɦɨɠɥɢɜɿɫɬɸ�ɧɚɥɚɲɬɭɜɚɧɧɹ�

ɚɜɬɨɩɿɥɨɬɚ�ȻɉɅȺ�PX4.   

 

4.2.2 Ɉɩɢɫ�ɨɫɧɨɜɧɢɯ�ɩɚɪɚɦɟɬɪɿɜ��ɡɦɿɧɧɢɯ�ɬɚ�ɮɭɧɤɰɿɣ�ɚɥɝɨɪɢɬɦɭ 

 

ȼɪɚɯɨɜɭɸɱɢ� ɫɩɟɰɢɮɿɤɚɰɿɸ� ɚɥɝɨɪɢɬɦɭ�� ɬɚ� ɿɡ� ɪɚɧɿɲɟ� ɧɚɜɟɞɟɧɢɯ� ɮɨɪɦɭɥ��

ɨɩɢɫɿɜ�ɬɚ�ɛɥɨɤ�ɫɯɟɦ�ɦɨɠɧɚ�ɜɢɡɧɚɱɢɬɢ�ɨɫɧɨɜɧɿ�ɩɚɪɚɦɟɬɪɢ��ɹɤɿ�ɛɭɞɭɬɶ�ɜɩɥɢɜɚɬɢ�ɧɚ�

ɪɨɛɨɬɭ�ɚɥɝɨɪɢɬɦɭ��ɬɚ�ɜɢɡɧɚɱɚɬɢ�ɨɫɧɨɜɧɭ�ɪɨɛɨɬɭ�ȻɉɅȺ� 

Ɂɧɚɸɱɢ ɫɩɟɰɢɮɿɤɭ� ɦɨɜɢ� Python�� ɬɚ� ɨɛ¶ɽɤɬɧɨ� ɨɪɿɽɧɬɨɜɚɧɨʀ� ɫɬɪɭɤɬɭɪɢ�

ɩɪɨɟɤɬɭ��ɩɟɪɲɨɱɟɪɝɨɜɨ�ɜɢɡɧɚɱɚɽɬɶɫɹ�ɤɨɧɫɬɪɭɤɬɨɪ�ɨɫɧɨɜɧɨɝɨ�ɤɥɚɫɭ�ɚɥɝɨɪɢɬɦɭ��ɭ�

ɧɶɨɦɭ� ɿ� ɜɢɡɧɚɱɦɨ� ɨɫɧɨɜɧɿ� ɡɦɿɧɧɿ�� ɬɚɤɨɠ� ɜɪɚɯɭɽɦɨ� ɨɩɬɢɦɿɡɨɜɚɧɢɣ� ɜɚɪɿɚɧɬ�

ɚɥɝɨɪɢɬɦɭ�ɞɥɹ�ɤɨɧɤɪɟɬɧɨʀ�ɡɚɞɚɱɿ�ɿɡ�ȻɉɅȺ� 

ɉɟɪɲɨɱɟɪɝɨɜɢɦ� ɩɚɪɚɦɟɬɪɨɦ� ɪɨɛɨɬɢ� ɽ� ɤɿɥɶɤɿɫɬɶ� ɪɨɛɨɱɢɯ� ȻɉɅȺ� ɭ� ɝɪɭɩɿ��

ɬɨɛɬɨ�ɤɿɥɶɤɿɫɬɶ�ɦɭɪɚɯ�ɞɥɹ�ɩɪɨɯɨɞɠɟɧɧɹ�ɝɪɚɮɿɤɚ� 

self.ants = ants 

ɉɪɢ�ɩɨɫɬɚɧɨɜɰɿ ɡɚɞɚɱɿ�ɞɥɹ��ȻɉɅȺ ɿɡ�ɪɨɡɪɚɯɭɧɤɭ�ɨɩɬɢɦɚɥɶɧɨɝɨ�ɚɥɝɨɪɢɬɦɭ, 

ɩɨɬɪɿɛɧɨ� ɜɫɬɚɧɨɜɢɬɢ� ɬɨɱɤɭ� ɜɿɞɩɪɚɜɥɟɧɧɹ�� ɦɿɫɰɟ� ɧɚ� ɤɚɪɬɿ�� ɞɟ� ɩɨɱɢɧɚɽɬɶɫɹ� ɪɭɯ�

ɦɭɪɚɯ�� 

self.init_location = init_location 

Ⱥɧɚɥɨɝɿɱɧɢɦ� ɱɢɧɨɦ�� ɜɢɛɢɪɚɸɬɶɫɹ� ɨɪɿɽɧɬɨɜɧɿ� ɤɿɧɰɟɜɿ� ɬɨɱɤɢ� ɦɚɪɲɪɭɬɭ��

ɫɩɢɫɨɤ� ɦɨɠɥɢɜɢɯ� ɜɭɡɥɿɜ�� ɞɨ� ɹɤɢɯ� ɦɭɪɚɯɚ� ɦɨɠɟ� ɩɟɪɟɣɬɢ� ɩɪɢ� ɜɧɭɬɪɿɲɧɶɨɦɭ�

ɜɢɤɨɪɢɫɬɚɧɧɿ�� ɫɩɢɫɨɤ�ɦɨɠɥɢɜɢɯ�ɦɿɫɰɶ�� ɞɨ� ɹɤɢɯ�ɦɭɪɚɯɚ�ɦɨɠɟ�ɩɪɨɣɬɢ��ɦɿɧɭɫ� ɬɿ�

ɜɭɡɥɢ��ɹɤɿ�ɜɠɟ�ɜɿɞɜɿɞɚɥɢ� 

self.possible_locations = possible_locations 

ȼɢɡɧɚɱɟɧɢɣ� ɦɚɪɲɪɭɬ�� ɹɤɢɣ� ɛɭɜ� ɱɢ� ɛɭɞɟ� ɪɨɡɪɚɯɨɜɚɧɢɣ� ɡɚ� ɞɨɩɨɦɨɝɨɸ�

ɚɥɝɨɪɢɬɦɭ� ɩɟɜɧɢɣ ɫɩɢɫɨɤ ɞɨɪɿɝ��ɹɤɢɣ�ɨɧɨɜɥɸɽɬɶɫɹ�ɦɿɬɤɚɦɢ�ɜɭɡɥɿɜ��ɹɤɿ�ɩɪɨɣɲɨɜ�

ɦɭɪɚɯɚ: 

self.route = [] 



80 

 

Ɂɧɚɸɱɢ�ɩɨɱɚɬɤɨɜɭ�ɬɚ�ɨɪɿɽɧɬɨɜɧɭ�ɤɿɧɰɟɜɭ�ɬɨɱɤɭ�ɦɚɪɲɪɭɬɭ��ɩɨɬɪɿɛɧɨ�ɛɭɞɟ�

ɪɨɡɪɚɯɨɜɭɜɚɬɢ� ɞɨɜɠɢɧɭ� ɤɨɠɧɨɝɨ� ɦɚɪɲɪɭɬɭ�� ɡɚɝɚɥɶɧɭ� ɜɿɞɫɬɚɧɶ�� ɩɪɨɣɞɟɧɭ� ɩɨ�

ɤɪɨɤɚɯ�ɧɚ�ɦɚɪɲɪɭɬɿ� 

self.distance_traveled = 0.0 

ȼɫɬɚɧɨɜɢɜɲɢ� ɩɨɱɚɬɤɨɜɢɣ� ɫɬɚɧ� ȻɉɅȺ� ɬɚ� ɣɨɝɨ� ɦɚɪɲɪɭɬɭ�� ɩɨɬɪɿɛɧɨ� ɛɭɞɟ�

ɪɨɡɪɚɯɭɜɚɬɢ�ɤɚɪɬɭ�ɮɟɪɨɦɨɧɿɜ��ɞɥɹ�ɤɨɠɧɨɝɨ�ɨɛɯɨɞɭ�ɦɿɠ�ɤɨɠɧɢɦ�ɜɭɡɥɨɦ� 

self.pheromone_map = pheromone_map 

ɍ� ɨɩɬɢɦɿɡɨɜɚɧɨɦɭ� ɠ� ɜɚɪɿɚɧɬɿ� ɚɥɝɨɪɢɬɦɭ� ɤɪɚɳɟ� ɜɢɤɨɪɢɫɬɚɬɢ� ɛɿɥɶɲ�

ɞɟɬɚɥɶɧɢɣ� ɜɚɪɿɚɧɬ� ɨɩɢɫɭ� ɦɚɪɲɪɭɬɿɜ� ɦɭɪɚɯ�� ɚ� ɫɚɦɟ� ɜɢɤɨɪɢɫɬɚɬɢ� ɦɚɬɪɢɰɸ�

ɮɟɪɨɦɨɧɿɜ� 

self.pheromone_matrix = None 

Ɋɨɡɪɚɯɨɜɚɧɭ�ɟɜɪɢɫɬɢɱɧɭ�ɦɚɬɪɢɰɸ� 

self.heuristic_matrix = None 

Ɍɚ�ɦɚɬɪɢɰɸ�ɪɨɡɪɚɯɨɜɧɢɯ�ɜɚɝ�ɦɚɪɲɪɭɬɿɜ� 

self.probability_matrix = None 

Ⱦɥɹ� ɜɧɭɬɪɿɲɧɿʀ ɪɨɡɪɚɯɭɧɤɿɜ�� ɭ� � ɰɢɤɥɚɯ� ɩɪɨɝɪɚɦɢ�� ɩɪɢ� ɩɪɨɯɨɞɠɟɧɧɿ�

ɦɚɪɲɪɭɬɿɜ��ɩɨɬɪɿɛɧɨ�ɜɢɤɨɪɢɫɬɚɬɢ�ɿ�ɿɧɲɿ�ɜɿɞɨɦɨɫɬɿ�ɩɪɨ�ɫɬɚɧ�ɦɭɪɚɯ�ɬɚ�ʀɯ�ɭɱɚɫɬɶ�ɭ�

ɪɨɛɨɬɿ� ɮɟɪɨɦɨɧɿɜ�� ɚ� ɫɚɦɟ� GLVWDQFHBFDOOEDFN� ± ɳɨ� ɽ� ɮɭɧɤɰɿɽɸ� ɞɥɹ� ɨɛɱɢɫɥɟɧɧɹ�

ɜɿɞɫɬɚɧɿ�ɦɿɠ�ɞɜɨɦɚ�ɜɭɡɥɚɦɢ��DOSKD ±  ɩɚɪɚɦɟɬɪ�ɡ�ɚɥɝɨɪɢɬɦɭ�$&2�ɞɥɹ�ɤɨɧɬɪɨɥɸ�

ɜɩɥɢɜɭ�ɤɿɥɶɤɨɫɬɿ�ɮɟɪɨɦɨɧɿɜ�ɩɿɞ�ɱɚɫ�ɜɢɛɨɪɭ�ɲɥɹɯɭ��EHWD�±  ɩɚɪɚɦɟɬɪ�ɜɿɞ�$&2��ɹɤɢɣ�

ɤɨɧɬɪɨɥɸɽ�ɜɩɥɢɜ�ɜɿɞɫɬɚɧɿ�ɞɨ�ɧɚɫɬɭɩɧɨɝɨ�ɜɭɡɥɚ�ɜ�ɜɢɛɨɪɿ�ɲɥɹɯɭ�� 

Ɍɚɤɨɠ�ɧɟɨɛɯɿɞɧɨ�ɜɢɡɧɚɱɢɬɢ�ɩɚɪɚɦɟɬɪ�ɹɤɢɣ�ɛɭɞɟ�ɡɚɩɚɦ¶ɹɬɨɜɭɜɚɬɢ�ɩɟɪɲɢɣ�

ɦɨɠɥɢɜɢɣ�ɩɪɨɯɿɞ�ȻɉɅȺ�ɩɨ�ɦɚɪɲɪɭɬɭ��ɬɚ�ɪɨɡɩɢɥɸɜɚɬɢ�ɮɟɪɨɦɨɧɢ��ɧɟɨɛɯɿɞɧɨ�ɰɟ�

ɞɥɹ�ɧɚɫɬɭɩɧɢɯ�ɩɨɪɿɜɧɹɧɶ� 

ȼɫɬɚɧɨɜɢɜɲɢ� ɩɟɪɲɨɱɟɪɝɨɜɿ� ɧɟɨɛɯɿɞɧɿ� ɡɦɿɧɧɿ� ɞɥɹ� ɨɛɪɨɛɤɢ� ɞɚɧɢɯ� ɦɨɠɧɚ�

ɨɩɢɫɚɬɢ�� ɨɫɧɨɜɧɿ� ɦɟɬɨɞɢ�� ɹɤɿ� ɜɩɥɢɜɚɸɬɶ� ɧɚ� ɪɨɡɪɚɯɭɧɤɭ� ɬɪɚɽɤɬɨɪɿʀ� ɬɚ� ɜɢɛɿɪ�

ɨɩɬɢɦɚɥɶɧɨɝɨ�ɲɥɹɯɭ� 

Ɉɫɧɨɜɧɢɦ�ɦɟɬɨɞɨɦ� ɽ� ɜɢɛɿɪ ɨɩɬɢɦɚɥɶɧɨɝɨ�ɲɥɹɯɭ� ɞɥɹ� ȻɉɅȺ�� ɜɢɡɧɚɱɟɧɧɹ�

ɞɚɧɨʀ�ɮɭɧɤɰɿʀ�ɦɚɽ�ɧɚɫɬɭɩɧɢɣ�ɜɢɝɥɹɞ� 

def _pick_path(self) 
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Ⱦɚɧɢɣ� ɦɟɬɨɞ� ɦɚɽ� ɞɟɤɿɥɶɤɚ� ɩɿɞ� ɜɢɡɧɚɱɟɧɢɯ� ɮɭɧɤɰɿɣ�� ɡɨɤɪɟɦɚ� ɩɟɪɟɜɿɪɤɭ�

ɩɟɪɲɨɝɨ�ɩɪɨɯɨɞɠɟɧɧɹ��ɜɢɡɧɚɱɟɧɧɹ�ɧɚɫɬɭɩɧɨɝɨ�ɦɚɪɲɪɭɬɭ�ɧɚ�ɞɚɧɢɯ�ɿɡ�ɿɫɧɭɸɱɢɯ��

ɹɤɳɨ�ɦɚɪɲɪɭɬ�ɧɟ�ɩɟɪɲɢɣ. 

ɉɟɪɲɢɣ� ɬɟɫɬɨɜɢɣ� ɩɪɨɯɿɞ� ɜɢɡɧɚɱɚɽɬɶɫɹ� ɜɢɩɚɞɤɨɜɢɦ� ɱɢɧɨɦ� ɿɡ� ɦɚɫɢɜɭ�

ɞɨɫɬɭɩɧɢɯ�ɥɨɤɚɰɿɣ� 

return random.choice(self.possible_locations) 

Ⱦɚɧɢɣ� ɦɟɬɨɞ� ɪɟɚɥɿɡɭɽ� ɚɥɝɨɪɢɬɦ� ɜɢɛɨɪɭ� ɲɥɹɯɭ� $&2�� ɨɛɱɢɫɥɸɽ�

ɩɪɢɜɚɛɥɢɜɿɫɬɶ�ɤɨɠɧɨɝɨ�ɦɨɠɥɢɜɨɝɨ�ɩɟɪɟɯɨɞɭ�ɡ�ɩɨɬɨɱɧɨɝɨ�ɪɨɡɬɚɲɭɜɚɧɧɹ��ɚ�ɩɨɬɿɦ�

ɜɢɩɚɞɤɨɜɢɦ�ɱɢɧɨɦ�ɜɢɛɢɪɚɽ�ɧɚɫɬɭɩɧɢɣ�ɲɥɹɯ�ɧɚ�ɨɫɧɨɜɿ�ɣɨɝɨ�ɩɪɢɜɚɛɥɢɜɨɫɬɿ� 

Ɉɧɨɜɥɟɧɧɹ� ɮɟɪɨɦɨɧɿɜ� ɦɭɪɚɯ� ɜɿɞɛɭɜɚɽɬɶɫɹ� ɭ� ɩɨɫɬɿɣɧɨɦɭ� ɰɢɤɥɿ�� ɩɨɤɢ� ɧɟ�

ɜɢɛɟɪɟɬɶɫɹ� ɧɚɣɤɪɚɳɢɣ� ɦɚɪɲɪɭɬ�� ɜɚɠɥɢɜɨ� ɭɬɨɱɧɢɬɢ�� ɳɨ� ɞɚɧɢɣ� ɦɟɬɨɞ� ɦɿɫɬɢɬɶ�

ɛɚɝɚɬɨ�ɮɭɧɤɰɿɣ��ɱɚɫɬɢɧɚ�ɿɡ�ɹɤɢɯ�ɬɟɯɧɿɱɧɿ��ɬɚɤɿ�ɹɤ�ɨɧɨɜɥɟɧɧɹ�ɦɚɬɪɢɰɶ��ɩɨɛɭɞɨɜɚ�

ɧɨɜɢɯ�ɦɚɪɲɪɭɬɿɜ��ɧɚ�ɨɫɧɨɜɿ�ɫɬɚɪɢɯ��ɜɢɞɚɥɟɧɧɹ�ɦɚɪɲɪɭɬɿɜ�ɿ�ɬɨɦɭ�ɩɨɞɿɛɧɟ��ɭɫɿ�ɞɚɧɿ�

ɮɭɧɤɰɿʀ�ɛɭɞɭɬɶ�ɧɚɜɟɞɟɧɿ�ɭ�ɤɨɞɿ�ɩɪɨɝɪɚɦɢ�ɿɡ�ɜɿɞɩɨɜɿɞɧɢɦɢ�ɨɩɢɫɚɦɢ� 

ɉɨɬɪɿɛɧɨ� ɳɟ� ɞɟɬɚɥɶɧɿɲɟ� ɪɨɡɿɛɪɚɬɢ� ɨɫɧɨɜɧɿ� ɮɭɧɤɰɿʀ� ɪɨɛɨɬɢ� ɩɪɨɝɪɚɦɧɨ-

ɬɟɯɧɿɱɧɨɝɨ�ɡɚɫɨɛɭ��ȼɚɠɥɢɜɨ�ɡɜɟɪɧɭɬɢ�ɭɜɚɝɭ�ɧɚ�ɧɚɫɬɭɩɧɿ�ɜɚɠɥɢɜɿ�ɮɭɧɤɰɿʀ� 

1. Ɉɧɨɜɥɟɧɧɹ�ɤɚɪɬɢ�ɮɟɪɨɦɨɧɿɜ� 

2. ȼɢɡɧɚɱɟɧɧɹ�ɞɢɫɬɚɧɰɿʀ� 

3. ɉɪɢɜ¶ɹɡɤɚ ɦɭɪɚɯ�ɞɨ�ɜɢɛɪɚɧɨɝɨ�ɲɥɹɯɭ� 

Ɉɧɨɜɥɟɧɧɹ� ɤɚɪɬɢ�ɮɟɪɨɦɨɧɿɜ� ± VHOI�SKHURPRQHBPDS�� ɜɿɞɛɭɜɚɽɬɶɫɹ�ɲɥɹɯɨɦ�

ɡɦɟɧɲɟɧɧɹ� ɡɧɚɱɟɧɶ�� ɳɨ� ɦɿɫɬɹɬɶɫɹ� ɜ� ɧɶɨɦɭ�� ɡɚ� ɞɨɩɨɦɨɝɨɸ� ɚɥɝɨɪɢɬɦɭ� $&2��

Ⱦɨɞɚɸɬɶɫɹ�ɡɧɚɱɟɧɧɹ�ɮɟɪɨɦɨɧɿɜ�ɜɿɞ�ɭɫɿɯ�ɦɭɪɚɯ�ɿɡ�DQWBXSGDWHGBSKHURPRQHBPDS� 

ȼɢɡɧɚɱɟɧɧɹ� ɞɢɫɬɚɧɰɿʀ� ɜɢɤɨɪɢɫɬɨɜɭɽ� GLVWDQFHBFDOOEDFN� ɞɥɹ� ɩɨɜɟɪɧɟɧɧɹ�

ɜɿɞɫɬɚɧɿ� ɦɿɠ� ɜɭɡɥɚɦɢ�� ɹɤɳɨ� ɜɿɞɫɬɚɧɶ� ɧɟ� ɛɭɥɚ� ɨɛɱɢɫɥɟɧɚ� ɪɚɧɿɲɟ�� ɩɨɬɿɦ� ɜɨɧɚ�

ɡɚɩɨɜɧɸɽɬɶɫɹ� ɜ� GLVWDQFHBPDWUL[� ɿ� ɩɨɜɟɪɬɚɽɬɶɫɹ�� ɹɤɳɨ� ɜɿɞɫɬɚɧɶ� ɛɭɥɚ� ɜɢɤɥɢɤɚɧɚ�

ɪɚɧɿɲɟ��ɜ�ɤɿɧɰɿ�ɤɿɧɰɿɜ ʀʀ�ɡɧɚɱɟɧɧɹ�ɩɨɜɟɪɬɚɽɬɶɫɹ�ɡ�GLVWDQFHBPDWUL[. 

ɉɪɢɜ¶ɹɡɤɚ� ɦɭɪɚɯ� ɜɿɞɛɭɜɚɽɬɶɫɹ� ɩɟɪɟɞ� ɨɧɨɜɥɟɧɧɹɦ� ɤɚɪɬɢ� ɮɟɪɨɦɨɧɿɜ�� ɚɥɟ�

ɩɿɫɥɹ� ɜɢɡɧɚɱɟɧɧɹ�ɞɢɫɬɚɧɰɿʀ�� ɡɨɤɪɟɦɚ��ɩɨɬɨɱɧɟ� ɡɧɚɱɟɧɧɹ�ɮɟɪɨɦɨɧɿɜ�ɞɿɥɢɬɶɫɹ�ɧɚ�

ɜɢɛɪɚɧɭ� ɞɢɫɬɚɧɰɿɸ�� ɿ� ɡ� ɰɶɨɝɨ� ɮɨɪɦɭɽɬɶɫɹ� ɤɨɨɮɿɰɿɽɧɬ� ɮɟɪɨɦɨɧɭ�� Ʉɨɟɮɿɰɿɽɧɬ�

ɮɟɪɨɦɨɧɭ�QHZBSKHURPRQHBYDOXH��ɜɢɤɨɪɢɫɬɨɜɭɽɬɶɫɹ�ɩɿɡɧɿɲɟ�ɞɥɹ�ɨɧɨɜɥɟɧɧɹ�ɤɚɪɬɢ�

ɮɟɪɨɦɨɧɿɜ� 
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ɉɿɫɥɹ� ɰɶɨɝɨ� ɡɚɩɭɫɤɚɽɬɶɫɹ� ɨɫɧɨɜɧɢɣ� ɰɢɤɥ� ɩɪɨɝɪɚɦɢ�� ɿɡ� ɡɚɫɬɨɫɭɜɚɧɧɹɦ�

ɧɚɜɟɞɟɧɢɯ� ɦɢɧɭɥɢɯ� ɮɭɧɤɰɿɣ�� ɬɚ� ɚɜɬɨɦɚɬɢɡɨɜɚɧɢɯ� ɦɟɬɨɞɿɜ� ɪɨɡɪɚɯɭɧɤɭ� ɬɚ�

ɨɧɨɜɥɟɧɧɹ�ɩɨɬɨɱɧɢɯ�ɬɚ�ɦɚɣɛɭɬɧɿɯ�ɦɚɬɪɢɰɶ�ɞɚɧɢɯ� 

Ɉɫɧɨɜɧɢɣ�ɰɢɤɥ�ɭ�ɜɢɝɥɹɞɿ�ɛɥɨɤ�ɫɯɟɦɢ�ɬɚ�ɜɫɬɚɧɨɜɥɟɧɨʀ�ɩɨɫɥɿɞɨɜɧɨɫɬɿ�ɞɿɣ�ɛɭɜ�

ɧɚɜɟɞɟɧɢɣ�ɭ�ɩɭɧɤɬɿ������ɚɥɟ�ɦɨɠɧɚ�ɫɮɨɪɦɭɜɚɬɢ�ɛɿɥɶɲ�ɞɟɬɚɥɶɧɭ�ɩɨɫɥɿɞɨɜɧɿɫɬɶ�ɞɿɣ��

ɹɤɚ�ɦɨɠɟ�ɛɭɬɢ�ɡɚɫɬɨɫɨɜɚɧɚ�ɞɥɹ�ɮɨɪɦɭɜɚɧɧɹ�ɮɭɧɤɰɿʀ� 

1. Ɂɚɩɭɫɤ�ɛɚɝɚɬɨ�ɩɨɬɨɤɨɜɢɯ ɦɭɪɚɯ��ɜɢɤɥɢɤ�ɪɭɯɭ�ɦɭɪɚɯ�ɭ�ɧɨɜɨɦɭ�ɩɨɬɨɰɿ� 

2. Ɉɩɟɪɚɬɢɜɧɚ�ɩɚɭɡɚ��ɩɨɤɢ�ɦɭɪɚɯɢ�ɡɚɤɿɧɱɚɬɶ�ɪɭɯ��ɩɟɪɲ�ɧɿɠ�ɩɟɪɟɯɨɞɢɬɢ�

ɞɨ�ɡɦɿɧɢ�ɫɩɿɥɶɧɢɯ�ɪɟɫɭɪɫɿɜ� 

3. Ɉɧɨɜɥɟɧɧɹ�ɤɚɪɬɢ�ɮɟɪɨɦɨɧɿɜ ɿɡ�ɜɦɿɫɬɨɦ�ɮɟɪɨɦɨɧɿɜ�ɦɭɪɚɯɢ�ɧɚ�ɫɜɨɽɦɭ�

ɦɚɪɲɪɭɬɿ� 

4. əɤɳɨ� ɳɟ� ɧɟ� ɛɭɥɨ� ɠɨɞɧɢɯ� ɲɥɹɯɿɜ�� ɡɚɩɨɜɧɟɧɧɹ� ʀɯ� ɞɥɹ� ɩɨɪɿɜɧɹɧɧɹ�

ɩɿɡɧɿɲɟ� 

5. əɤɳɨ�ɽ�ɤɨɪɨɬɲɢɣ�ɲɥɹɯ��ɬɨ�ɡɛɟɪɟɠɟɧɧɹ�ɣɨɝɨ�ɞɥɹ�ɩɨɜɟɪɧɟɧɧɹ� 

6. Ɂɦɟɧɲɟɧɧɹ� ɩɨɬɨɱɧɢɯ� ɡɧɚɱɟɧɧɹ� ɮɟɪɨɦɨɧɿɜ� ɿ� ɞɨɞɚɧɧɹ ɜɫɿɯ ɡɧɚɱɟɧɶ 

ɮɟɪɨɦɨɧɿɜ��ɛɭɥɢ�ɩɨɦɿɱɟɧɿ� ɩɿɞ�ɱɚɫ�ɨɛɯɨɞɭ. 

7. ɉɨɦɿɬɤɚ��ɩɪɨ�ɡɚɜɟɪɲɟɧɧɹ�ɩɟɪɲɨɝɨ�ɩɪɨɯɨɞɠɟɧɧɹ�ɦɭɪɚɯ� 

8. ɋɤɢɞɚɧɧɹ�ɫɬɚɧɭ�ɭɫɿɯ�ɦɭɪɚɯ��ɞɨ�ɩɨɱɚɬɤɭ�ɧɚɫɬɭɩɧɨʀ�ɿɬɟɪɚɰɿʀ� 

9. ɋɤɢɞɚɧɧɹ� ɨɧɨɜɥɹɽɦɨʀ� ɤɚɪɬɢ� ɮɟɪɨɦɨɧɿɜ�� ɞɥɹ� ɧɚɫɬɭɩɧɨɝɨ�

ɩɪɨɯɨɞɠɟɧɧɹ� 

10. ɉɟɪɟɜɟɞɟɧɧɹ�ɧɚɣɤɨɪɨɬɲɨɝɨ�ɲɥɹɯɭ�ɞɨ�ɿɞɟɧɬɢɮɿɤɚɬɨɪɿɜ�ɜɭɡɥɚ� 

 

4.2.3 ȼɢɡɧɚɱɟɧɧɹ�ɬɚ�ɧɚɥɚɲɬɭɜɚɧɧɹ�ȻɉɅȺ 

 

ȼɢɡɧɚɱɟɧɧɹ� ɤɥɚɫɭ� ɥɿɬɚɥɶɧɨɝɨ� ɚɩɚɪɚɬɭ� ɛɭɥɨ� ɡɚɡɧɚɱɟɧɨ� ɭ� ɞɪɭɝɨɦɭ� ɪɨɡɞɿɥɿ��

ɬɢɩɨɦ�ɩɪɢɫɬɪɨɸ��ɳɨ�ɞɨɫɥɿɞɠɭɽɬɶɫɹ�ɽ� ɤɜɚɞɪɨɬɨɪ��ȻɉɅȺ�ɿɡ�ɱɨɬɢɪɦɚ�ɦɨɬɨɪɚɦɢ��ɬɚ�

ɜɫɿɦɚ�ɧɟɨɛɯɿɞɧɢɦɢ�ɞɚɬɱɢɤɚɦɢ�ɞɥɹ�ɞɨɫɥɿɞɠɟɧɧɹ�ɧɚɜɤɨɥɢɲɧɶɨɝɨ�ɫɟɪɟɞɨɜɢɳɚ�ɧɚ�

ɡɚɝɪɨɡɢ��ɬɚ�ɡɚɫɨɛɢ�ɤɨɦɭɧɿɤɚɰɿʀ�ɦɿɠ�ɿɧɲɢɦɢ�ȻɉɅȺ� 

Ⱦɥɹ� � ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ� ɡɨɛɪɚɠɟɧɧɹ� ȻɉɅȺ� ɧɚ� ɚɧɿɦɨɜɚɧɨɦɭ� ɝɪɚɮɿ��

ɧɟɨɛɯɿɞɧɨ�ɜɢɡɧɚɱɢɬɢ�ɜɿɪɬɭɚɥɶɧɢɣ�ɨɛ¶ɽɤɬɚ�ɞɚɧɨɝɨ�ȻɉɅȺ��ɬɚ�ɫɮɨɪɦɭɜɚɬɢ�ɤɥɚɫ�ɿɡ�

ɧɟɨɛɯɿɞɧɢɦɢ�ɦɟɬɨɞɚɦɢ� 



83 

 

Ɉɫɧɨɜɧɢɦɢ�ɩɚɪɚɦɟɬɪɚɦɢ�ɤɥɚɫɭ�ɤɜɚɞɪɨɬɨɪɭ�ɽ�ɣɨɝɨ�ɤɨɨɪɞɢɧɚɬɢ ɜ�ɩɪɨɫɬɨɪɿ��

ɚ�ɫɚɦɟ�ɜɿɞɧɨɫɧɨ�ɨɫɟɣ�x, y, z.  

Ɉɫɧɨɜɧɢɦɢ� ɦɟɬɨɞɚɦɢ� ɽ� ɩɨɛɭɞɨɜɚ� ɦɚɬɪɢɰɿ� ɬɪɚɧɫɩɨɪɬɭɜɚɧɧɹ�� ɞɟ� ɛɭɞɟ�

ɡɨɛɪɚɠɟɧɨ�ɪɭɯ�ȻɉɅȺ� 

def transformation_matrix(self) 

Ɍɚ�ɦɟɬɨɞ�ɨɧɨɜɥɟɧɧɹ�ɩɨɡɢɰɿʀ�ȻɉɅȺ�ɧɚ�ɦɚɬɪɢɰɿ� 

def update_pose(self, x, y, z, roll, pitch, yaw) 

 

4.2.4 Ƚɟɧɟɪɚɰɿɹ�ɦɚɪɲɪɭɬɭ 

 

Ƚɟɧɟɪɚɰɿɸ� ɦɚɪɲɪɭɬɭ� ɦɨɠɧɚ� ɩɨɞɿɥɢɬɢ� ɧɚ� �� ɟɬɚɩɢ�� ɚ� ɫɚɦɟ�� ɝɟɧɟɪɚɬɨɪ�

ɬɪɚɽɤɬɨɪɿʀ��ɹɤɢɣ�ɜɢɤɨɪɢɫɬɨɜɭɽɬɶɫɹ�ɞɥɹ�ɩɨɛɭɞɨɜɢ�ɨɩɬɢɦɚɥɶɧɢɯ�ɦɚɪɲɪɭɬɿɜ�ɡɝɿɞɧɨ�

ɚɥɝɨɪɢɬɦɭ��ɬɚ�ɩɨɛɭɞɨɜɚ�ɬɪɚɽɤɬɨɪɿɹ�ȻɉɅȺ�ɭ�ɬɪɶɨɯ�ɜɢɦɿɪɧɿɣ�ɦɨɞɟɥɿ�ɩɪɟɞɫɬɚɜɥɟɧɧɹ�

ɪɭɯɭ�ȻɉɅȺ� 

ɉɟɪɲɢɣ� ɜɚɪɿɚɧɬ�� ɩɨɛɭɞɨɜɢ� ɦɚɪɲɪɭɬɭ� ɹɜɥɹɽ� ɫɨɛɨɸ� ɫɭɤɭɩɧɿɫɬɶ�

ɦɚɬɟɦɚɬɢɱɧɢɯ� ɮɭɧɤɰɿɣ� ɿɡ� ɪɨɡɪɚɯɭɧɤɨɦ� ɤɨɨɪɞɢɧɚɬ� ȻɉɅȺ� ɜ� ɡɚɥɟɠɧɨɫɬɿ� ɜɿɞ�

ɫɬɚɪɬɨɜɨʀ�ɩɨɡɢɰɿʀ�ɬɚ�ɤɿɧɰɟɜɨɝɨ�ɦɿɫɰɹ�ɩɪɢɡɧɚɱɟɧɧɹ���ɧɚɡɜɚ�ɦɟɬɨɞɭ�ɤɨɧɫɬɪɭɤɬɨɪɚ��ɿɡ�

ɩɚɪɚɦɟɬɪɚɦɢ�ɦɚɽ�ɜɢɝɥɹɞ� 

    def __init__(self, start_pos, des_pos, T, start_vel=[0,0,0], des_vel=[0,0,0], 

start_acc=[0,0,0], des_acc=[0,0,0]) 

Ⱦɪɭɝɢɣ� ɟɬɚɩ� ɽ� ɩɪɨɟɤɬɭɜɚɧɧɹ� ɬɪɶɨɯ� ɜɢɦɿɪɧɨɝɨ� ɩɪɨɫɬɨɪɚ� ɞɥɹ�

ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ� ɩɪɟɞɫɬɚɜɥɟɧɧɹ� ɪɭɯɭ� ȻɉɅȺ�� Ⱦɥɹ� ɰɶɨɝɨ� ɩɨɱɚɬɤɨɜɿ� ɞɚɧɿ�

ɫɢɦɭɥɹɰɿʀ�ɡɚɞɚɸɬɶɫɹ�ɫɬɚɥɢɦɢ�ɩɚɪɚɦɟɬɪɚɦɢ��Ⱥ�ɮɭɧɤɰɿʀ�ɨɩɢɫɭɸɬɶɫɹ�ɡ�ɬɨɱɤɢ�ɡɨɪɭ�

ɫɢɦɭɥɹɰɿɣɧɨɝɨ�ɩɪɨɰɟɫɭ� 

ɉɟɪɲɨɱɟɪɝɨɜɢɦ� ɽ� ɪɨɡɪɚɯɭɧɨɤ� ɧɟɨɛɯɿɞɧɨʀ� ɬɹɝɢ� ɬɚ� ɤɪɭɝɨɜɢɣ� ɦɨɦɟɧɬ� ɞɥɹ�

ɤɜɚɞɪɨɞɜɢɝɭɧɚ�ɫɥɿɞɭɜɚɬɢ� ɡɚ�ɬɪɚɽɤɬɨɪɿɽɸ��ɨɩɢɫɚɧɨɸ�ɧɚɛɨɪɚɦɢ�ɤɨɟɮɿɰɿɽɧɬɿɜ�� ɹɤɿ�

ɛɭɥɢ� ɡɚɞɚɧɿ� ɩɨɱɚɬɤɨɜɢɦɢ� ɞɚɧɢɦɢ�� ɚɛɨ� ɪɨɡɪɚɯɨɜɚɧɢɦɢ� ɜɧɚɫɥɿɞɨɤ� ɡɚɞɚɧɨɝɨ�

ɚɥɝɨɪɢɬɦɭ� 

ɉɿɫɥɹ� ɰɶɨɝɨ� ɪɨɡɪɚɯɨɜɭɽɬɶɫɹ� ɩɨɡɢɰɿɹ� ȻɉɅȺ� ɡ� ɭɪɚɯɭɜɚɧɧɹɦ� ɧɚɛɨɪɭ�

ɤɨɨɮɿɰɿɽɧɬɿɜ�ɤɜɿɧɬɢɱɧɨɝɨ�ɩɨɥɿɧɨɦɭ�ɬɚ�ɱɚɫɭ�ɧɟɨɛɯɿɞɧɨɝɨ�ɞɥɹ�ɨɛɱɢɫɥɟɧɧɹ�ɩɨɡɢɰɿʀ��

ɡɚɝɨɥɨɜɨɤ�ɜɿɞɩɨɜɿɞɧɨʀ�ɮɭɧɤɰɿʀ�ɦɚɽ�ɜɢɝɥɹɞ� 
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def calculate_position(c, t): 

Ⱦɟ� ɜɿɞɩɨɜɿɞɧɨ� ɫ� ± ɰɟ ɤɜɚɧɬɭɦ�� ɚ� t ± ɱɚɫ� ɞɥɹ� ɨɛɱɢɫɥɟɧɧɹ�� ɋɚɦɚ� ɮɭɧɤɰɿɹ�

ɩɨɜɟɪɬɚɽ�ɩɨɡɢɰɿɸ� 

ȱɧɲɿ� ɠ� ɮɭɧɤɰɿʀ� ɜɿɞɩɨɜɿɞɚɸɬɶ� ɡɚ� ɩɨɛɭɞɨɜɭ� ɦɚɬɪɢɰɿ� ɩɪɨɫɬɨɪɭ�� ɬɚ� ɪɭɯ� ɿ�

ɜɡɚɽɦɨɞɿɸ�ȻɉɅȺ�ɿɡ�ɰɿɽɸ�ɦɚɬɪɢɰɟɸ�� 

Ɋɚɡɨɦ� ɿɡ� ɜɢɤɨɪɢɫɬɚɧɧɹɦ� ɰɢɯ� ɮɭɧɤɰɿɣ� ɬɚ� ɝɪɚɮɿɱɧɨɝɨ� ɦɨɞɭɥɹ� ɦɨɠɧɚ��

ɜɿɞɨɛɪɚɡɢɬɢ� ɪɭɯ� ȻɉɅȺ� ɭ� ɬɪɶɨɯ� ɜɢɦɿɪɧɨɦɭ� ɩɪɨɫɬɨɪɿ�� ɡɝɿɞɧɨ� ɦɭɪɚɲɢɧɨɝɨ�

ɚɥɝɨɪɢɬɦɭ��ɡ�ɧɚɩɟɪɟɞ�ɡɚɞɚɧɢɦɢ�ɞɚɧɢɦɢ��ɪɢɫɭɧɨɤ������ 

 

 
Ɋɢɫɭɧɨɤ�����± Ƚɪɚɮɿɱɧɚ�ɫɢɦɭɥɹɰɿɹ�ɪɭɯɭ�ȻɉɅȺ�ɭ�ɬɪɶɨɯ�ɜɢɦɿɪɧɨɦɭ�ɩɪɨɫɬɨɪɿ 

 

4.3 ȼɢɤɨɪɢɫɬɚɧɧɹ�MAVSDK ɬɚ�3;� 

 

ȼɢɤɨɪɢɫɬɚɧɧɹ� MAVSDK ɞɨɡɜɨɥɹɽ� ɡɦɿɧɸɜɚɬɢ� ɩɪɨɲɢɜɤɭ� ɞɪɨɧɿɜ�� ɬɚ� ʀɯ�

ɤɨɧɬɪɨɥɟɪɿɜ, ɚ�PX4 ɦɚɽ� ɩɨɬɭɠɧɿ� ɿɧɫɬɪɭɦɟɧɬɢ� ɞɥɹ� ɤɟɪɭɜɚɧɧɹ� ɬɚ� ɧɚɥɚɲɬɭɜɚɧɧɹ�

ɚɜɬɨɩɿɥɨɬɭ�ȻɉɅȺ��ɿɡ�ɤɨɪɢɫɬɭɜɚɰɶɤɨɸ�ɩɪɨɝɪɚɦɨɸ�� 

Ɍɚɤɨɠ�ɡɚ�ɧɟɨɛɯɿɞɧɨɫɬɿ�ɪɟɫɭɪɫ�ɦɿɫɢɬɶ�ɜɿɡɭɚɥɶɧɢɣ�ɿɧɬɟɪɩɪɟɬɚɬɨɪ�ɩɨɥɶɨɬɭ��ɚɥɟ�

ɰɹ�ɦɨɠɥɢɜɿɫɬɶ�ɧɟ�ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɚɫɶ�ɧɚɪɚɡɿ�ɭ�ɪɨɛɨɬɿ� 
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Ⱦɥɹ�ɿɧɫɬɚɥɹɰɿʀ�ɞɚɧɨɝɨ�SDK ɛɭɥɨ�ɜɢɤɨɧɚɧɨ�ɭ�ɦɟɧɟɞɠɟɪɿ�ɜɫɬɚɧɨɜɥɟɧɶ�Python 

ɧɚɫɬɭɩɧɢɣ�ɪɹɞɨɤ�ɤɨɞɭ� 

pip3 install mavsdk 

Ⱦɥɹ� ɜɢɤɨɪɢɫɬɚɧɧɹ� ɞɚɧɨɝɨ� ɦɨɞɭɥɸ� ɧɟɨɛɯɿɞɧɨ� ɥɢɲɟ ɿɦɩɨɪɬɭɜɚɬɢ� ɣɨɝɨ� ɭ�

ɩɪɨɟɤɬ� 

from mavsdk import System 

ɉɿɫɥɹ� ɰɶɨɝɨ� ɛɭɞɭɬɶ� ɞɨɫɬɭɩɧɿ� ɤɨɦɚɧɞɢ� ɞɥɹ� ɤɟɪɭɜɚɧɧɹ� ɫɢɦɭɥɹɰɿɣɧɢɦ�

ɞɪɨɧɨɦ�� ɚɛɨ� ɩɿɞɤɥɸɱɟɧɢɦ� ɞɪɨɧɨɦ�� ȼ� ɪɟɡɭɥɶɬɚɬɿ� ɦɨɠɧɚ� ɩɟɪɟɞɚɜɚɬɢ� ɞɚɧɿ�

ɤɨɨɪɞɢɧɚɬ�� ɬɚ� ɬɪɚɽɤɬɨɪɿɣ�� ɿɧɲɢɣ� ɞɪɨɧɿɜ�� ɹɤɿ� ɛɭɥɢ� ɪɨɡɪɚɡɨɜɚɧɿ� ɜɧɚɫɥɿɞɨɤ�

ɜɢɤɨɧɚɧɨɝɨ�ɚɥɝɨɪɢɬɦɭ� 

PX4 ɦɚɽ� ɫɯɨɠɢɣ� ɮɭɧɤɰɿɨɧɚɥ�� ɚɥɟ� ɩɪɚɰɸɽ� ɧɚ� ɦɨɜɿ� ɩɪɨɝɪɚɦɭɜɚɧɧɹ C++, 

ɩɪɨɬɟ� ɬɚɤɨɠ� ɦɚɽ� ɬɚɛɥɢɰɿ� ɞɚɧɢɯ ɤɨɨɪɞɢɧɚɬ�� ɬɚ� ɦɨɠɟ� ɩɪɚɰɸɜɚɬɢ� ɿɡ� ɫɬɨɪɨɧɧɿɦɢ�

ɦɨɞɭɥɹɦɢ� 

Ⱦɥɹ�ɜɫɬɚɧɨɜɥɟɧɧɹ�ɦɨɞɢɮɿɤɨɜɚɧɨʀ�ɩɪɨɲɢɜɤɢ�ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɚɫɶ�ɩɪɨɝɪɚɦɚ�

QGroundControl ɡɨɛɪɚɠɟɧɚ�ɧɚ�ɪɢɫɭɧɤɭ����� 

 

 
Ɋɢɫɭɧɨɤ�����± ȱɧɬɟɪɮɟɣɫ�ɩɪɨɝɪɚɦɢ�ɜɫɬɚɧɨɜɥɟɧɧɹ�ɩɪɨɲɢɜɤɢ�QGroundControl 

 

4.4 ȱɦɿɬɚɰɿɣɧɿ�ɟɤɫɩɟɪɢɦɟɧɬɢ 

 

ȼɢɤɨɪɢɫɬɨɜɭɸɱɢ� ɿɧɮɨɪɦɚɰɿɸ� ɿɡ� ɦɢɧɭɥɢɯ� ɪɨɡɞɿɥɿɜ�� ɞɟ� ɩɪɢɜɨɞɢɥɢɫɶ�

ɩɪɢɤɥɚɞɢ� ɫɬɢɦɭɥɹɰɿɣɧɨɝɨ� ɩɨɥɶɨɬɭ� ȻɉɅȺ� �ɪɢɫɭɧɨɤ� ����� ɬɚ� ɨɩɢɫɚɧɿ� ɮɨɪɦɭɥɢ�

ɪɨɡɪɚɯɭɧɤɿɜ�ɨɫɧɨɜɧɢɯ�ɤɨɨɪɞɢɧɚɬ��ɬɚ�ɩɨɜɟɞɿɧɤɨɜɢɯ�ɞɿɣ�ȻɉɅȺ��Ɇɨɠɧɚ�ɩɪɢɫɬɭɩɢɬɢ�

ɞɨ�ɦɚɬɟɦɚɬɢɱɧɢɯ�ɫɢɦɭɥɹɰɿɣ�ɩɨɥɶɨɬɭ�ȻɉɅȺ� 



86 

 

ɋɚɦɿ�ɦɚɬɟɦɚɬɢɱɧɿ�ɫɢɦɭɥɹɰɿʀ�ɛɭɥɢ�ɜɢɤɨɧɚɧɿ�ɭ�ɫɟɪɟɞɨɜɢɳɿ�MATLAB ɬɚ�ɡɚ�

ɞɨɩɨɦɨɝɨɸ�ɦɨɞɭɥɹ�Python ± matplotlib.pyplot. 

Ⱦɥɹ� ɬɨɝɨ�� ɳɨɛ� ɞɨɫɥɿɞɢɬɢ� ɞɨɰɿɥɶɧɿɫɬɶ� ɬɚ� ɟɮɟɤɬɢɜɧɿɫɬɶ� ɡɚɩɪɨɩɨɧɨɜɚɧɨɝɨ�

ɚɞɚɩɬɢɜɧɨɝɨ� ɩɿɞɯɨɞɭ Max-Min ACO ɞɨ� ɫɤɨɨɪɞɢɧɨɜɚɧɨɝɨ� ɩɟɪɟɩɥɚɧɭɜɚɧɧɹ�

ɬɪɚɽɤɬɨɪɿʀ�ɤɿɥɶɤɨɦɚ�ȻɉɅȺ��ɛɭɥɨ�ɩɪɨɜɟɞɟɧɨ�ɫɟɪɿɸ�ɿɦɿɬɚɰɿɣɧɢɯ�ɟɤɫɩɟɪɢɦɟɧɬɿɜ�� 

ɍ� ɰɢɯ� ɿɦɿɬɚɰɿɣɧɢɯ� ɟɤɫɩɟɪɢɦɟɧɬɚɯ� ɨɛɥɚɫɬɶ� ɦɿɫɿʀ� ɦɚɽ� ɞɨɜɠɢɧɭ� ��� ɤɦ� ɿ�

ɲɢɪɢɧɭ� ��� ɤɦ� ɡ� ɩ¶ɹɬɶɦɚ� ɜɿɞɨɦɢɦɢ� ɜɨɪɨɠɢɦɢ� ɡɚɝɪɨɡɚɦɢ�� ȱɧɮɨɪɦɚɰɿɹ� ɩɪɨ� ɰɿ�

ɧɟɛɟɡɩɟɱɧɿ�ɡɚɝɪɨɡɢ�ɧɚɜɟɞɟɧɚ�ɜ�ɬɚɛɥɢɰɿ����� 

 

Ɍɚɛɥɢɰɹ�����± ȱɧɮɨɪɦɚɰɿɹ�ɩɪɨ�ɜɿɞɨɦɿ�ɡɚɝɪɨɡɢ 

ʋ Ʌɨɤɚɰɿɹ��ɤɦ� Ɋɚɞɿɭɫ� ɡɚɝɪɨɡɢ�

�ɤɦ� 

Ɉɰɿɧɤɚ�ɡɚɝɪɨɡɢ 

1 52,32 10 2 

2 36,26 6 1.2 

3 22,48 8 1.6 

4 26,56 12 1.4 

5 30,30 9 2 

 

ɍ�ɩɟɪɲɨɦɭ�ɟɤɫɩɟɪɢɦɟɧɬɿ�ɞɜɚ�ȻɉɅȺ�ɩɪɢɡɧɚɱɟɧɿ�ɞɥɹ�ɞɨɫɹɝɧɟɧɧɹ�ɨɞɧɿɽʀ�ɦɟɬɢ�

ɿɡ�ɫɭɫɿɞɧɿɯ�ɜɭɡɥɿɜ��ɍ�ɰɶɨɦɭ�ɫɰɟɧɚɪɿʀ�ɪɨɡɝɥɹɞɚɥɚɫɹ�ɥɢɲɟ�ɤɨɨɪɞɢɧɚɰɿɹ�ɩɨɜɿɬɪɹɧɨɝɨ�

ɩɪɨɫɬɨɪɭ��ɳɨɛ�ɩɟɪɟɜɿɪɢɬɢ�ɟɮɟɤɬɢɜɧɿɫɬɶ�ɭɧɢɤɧɟɧɧɹ�ɡɿɬɤɧɟɧɧɹ�ɚɞɚɩɬɢɜɧɨʀ�ɦɨɞɟɥɿ�

ACO Max-Min��Ɍɪɚɽɤɬɨɪɿʀ��ɨɩɬɢɦɿɡɨɜɚɧɿ�ɜ�ɰɢɯ�ɟɤɫɩɟɪɢɦɟɧɬɚɯ��ɩɪɟɞɫɬɚɜɥɟɧɿ�ɧɚ�

ɪɢɫɭɧɤɭ������ ɿ�ɜɢɞɧɨ��ɳɨ�ɦɿɠ�ɞɜɨɦɚ�ɫɭɫɿɞɧɿɦɢ�ɬɪɚɽɤɬɨɪɿɹɦɢ�ɧɟɦɚɽ�ɩɟɪɟɤɪɢɬɬɹ��

ɬɚɤɢɦ�ɱɢɧɨɦ�ɞɨɫɹɝɚɽɬɶɫɹ�ɭɧɢɤɧɟɧɧɹ�ɡɿɬɤɧɟɧɧɹ� 

 ɇɚ�ɪɢɫɭɧɤɭ 4.6 ɩɨɤɚɡɚɧɨ� ɟɜɨɥɸɰɿɸ� ɜɚɪɬɨɫɬɿ� ɞɜɨɯ� ɬɪɚɽɤɬɨɪɿɣ�ȻɉɅȺ�� ɹɤɿ�

ɫɯɨɞɹɬɶɫɹ� ɩɿɫɥɹ� ɤɿɥɶɤɨɯ� ɿɬɟɪɚɰɿɣ�� Ɋɟɡɭɥɶɬɚɬɢ� ɦɨɞɟɥɸɜɚɧɧɹ� ɞɟɦɨɧɫɬɪɭɸɬɶ�� ɳɨ�

ACO�� ɪɨɡɝɥɹɞɚɸɱɢ� ɬɨɱɤɨɜɢɣ� ɮɟɪɨɦɨɧ� ɹɤ� ɤɨɟɮɿɰɿɽɧɬ� ɤɨɨɪɞɢɧɚɰɿʀ� ɩɨɜɿɬɪɹɧɨɝɨ�

ɩɪɨɫɬɨɪɭ�� ɦɨɠɥɢɜɢɣ� ɞɥɹ� ɫɬɜɨɪɟɧɧɹ� ɬɪɚɽɤɬɨɪɿɣ�� ɹɤɿ� ɡɚɞɨɜɨɥɶɧɹɸɬɶ� ɭɧɢɤɧɟɧɧɹ�

ɡɿɬɤɧɟɧɧɹ� 
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Ɋɢɫɭɧɨɤ�����± Ɍɪɚɽɤɬɨɪɿɹ�ɞɜɨɯ�ȻɉɅȺ 

 

 
Ɋɢɫɭɧɨɤ�����± Ʉɪɢɜɿ�ɟɜɨɥɸɰɿʀ�ɜɢɬɪɚɬ�ɧɚ�ɬɪɚɽɤɬɨɪɿʀ�ɞɜɨɯ�ȻɉɅȺ�ɡ�ɜɢɤɨɪɢɫɬɚɧɧɹɦ�

ɚɞɚɩɬɢɜɧɨɝɨ�$&2�0D[-Min 
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ɍ�ɞɪɭɝɨɦɭ�ɟɤɫɩɟɪɢɦɟɧɬɿ�ɩɨɜɿɬɪɹɧɢɣ�ɛɨɣɨɜɢɣ�ɩɨɪɹɞɨɤ�ɫɤɥɚɞɚɽɬɶɫɹ�ɡ�ɬɪɶɨɯ�

ȻɉɅȺ�ɿ�ɪɨɡɬɚɲɨɜɚɧɢɣ�ɧɚ�ɪɿɡɧɢɯ�ɦɚɣɞɚɧɱɢɤɚɯ��ɩɪɢɡɧɚɱɟɧɢɣ�ɞɥɹ�ɨɞɧɨɱɚɫɧɨʀ�ɚɬɚɤɢ�

ɪɿɡɧɢɯ�ɰɿɥɟɣ��ɍ�ɬɚɛɥɢɰɿ�����ɩɨɤɚɡɚɧɨ�ɩɨɱɚɬɤɨɜɿ�ɬɨɱɤɢ�ɦɿɫɿʀ�ɬɚ�ɰɿɥɿ�ɚɬɚɤɢ� 

 

Ɍɚɛɥɢɰɹ���2 ± ɉɨɱɚɬɤɨɜɿ�ɬɨɱɤɢ�ɦɿɫɿʀ�ɬɚ�ɚɬɚɤɭɸɱɿ�ɰɿɥɿ 

 ȻɉɅȺ-1 ȻɉɅȺ-2 ȻɉɅȺ-3 

ɉɨɱɚɬɤɨɜɚ�

ɩɨɡɢɰɿɹ��ɤɦ� 

6,20 24,20 40,20 

ɐɿɥɶ��ɤɦ� 10,68 40,60 50,68 

 

ɒɜɢɞɤɿɫɬɶ� ɩɨɥɶɨɬɭ� ɡɧɚɯɨɞɢɬɶɫɹ� ɦɿɠ��୫ୟ୶ ൌ ͵ͲͲ�� ή �ିଵ  ɿ��୫୧୬ ൌ ʹͲͲ�� ή

�ିଵ��ɉɨɱɚɬɤɨɜɿ�ɩɚɪɚɦɟɬɪɢ��Ƚ ൌ���ȕ� ����ȡ� ������4� �����1Fmax  �����P� �����Ĳmax = 10 

ɿ�Ĳmin = 0,1. 

ɉɿɫɥɹ�ɩɨɜɬɨɪɧɨɝɨ�ɪɨɡɪɚɯɭɧɤɭ�ɤɨɠɟɧ�ȻɉɅȺ�ɨɬɪɢɦɭɽ�ɱɨɬɢɪɢ�ɤɚɧɞɢɞɚɬɫɶɤɿ�

ɬɪɚɽɤɬɨɪɿʀ��ȼɢɡɧɚɱɟɧɢɣ�ɱɚɫ�ɩɪɢɛɭɬɬɹ�(7$�ɩɨɤɚɡɚɧɨ�ɧɚ�ɪɢɫɭɧɤɭ������ɧɚ�ɹɤɨɦɭ�7a 

 � ���� ɫɟɤɭɧɞ�� ȼɿɞɩɨɜɿɞɧɨ� ɞɨ� ɰɶɨɝɨ� (7$�� ɤɨɠɟɧ� ȻɉɅȺ� ɦɨɠɟ� ɜɢɛɪɚɬɢ� ɫɜɨɸ�

ɨɩɬɢɦɿɡɨɜɚɧɭ� ɬɪɚɽɤɬɨɪɿɸ� ɬɚ� ɧɚɥɟɠɧɭ� ɲɜɢɞɤɿɫɬɶ� ɩɨɥɶɨɬɭ�� ȼɢɛɪɚɧɚ� ɞɨɜɠɢɧɚ�

ɬɪɚɽɤɬɨɪɿʀ�ɬɚ�ɲɜɢɞɤɿɫɬɶ�ɩɨɥɶɨɬɭ�ɧɚɜɟɞɟɧɿ�ɜ�ɬɚɛɥɢɰɿ����� 

 

Ɍɚɛɥɢɰɹ���3 ±  ɱɚɫ�ɩɪɢɛɭɬɬɹ��ɞɨɜɠɢɧɚ�ɬɪɚɽɤɬɨɪɿʀ�ɬɚ�ɲɜɢɞɤɿɫɬɶ�ɩɨɥɶɨɬɭ�ɞɥɹ�

ɛɚɝɚɬɨɪɚɡɨɜɢɯ�ȻɉɅȺ 

 ȻɉɅȺ-1 ȻɉɅȺ-2 ȻɉɅȺ-3 

Ɋɨɡɪɚɯɭɧɤɨɜɢɣ�

ɱɚɫ��ɫ� 

 174  

Ⱦɨɜɠɢɧɚ�

ɬɪɚɽɤɬɨɪɿʀ��ɤɦ� 

51.31 47.80 52.14 

ɒɜɢɞɤɿɫɬɶ�

ɩɨɥɶɨɬɭ��ɤɦ�ǜ�ɫ-1) 

295 275 300 
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Ɋɢɫɭɧɨɤ���� ± Ɋɨɡɜ¶ɹɡɨɤ�ETA 

 

ɇɚ�ɪɢɫɭɧɤɭ������ɩɨɤɚɡɚɧɨ� ɞɜɿ�ɫɩɥɢɜɚɸɱɿ�ɡɚɝɪɨɡɢ��ɹɤɿ�ɜɢɹɜɥɹɸɬɶɫɹ�ɤɿɥɶɤɨɦɚ�

ȻɉɅȺ��ȱɧɮɨɪɦɚɰɿɹ�ɩɪɨ�ɰɿ�ɫɩɥɢɜɚɸɱɿ�ɡɚɝɪɨɡɢ� ɡɨɛɪɚɠɟɧɚ�ɭ�ɬɚɛɥɢɰɿ���4. 

ɉɨɬɿɦ�ɤɨɠɟɧ�ȻɉɅȺ�ɩɟɪɟɧɚɩɪɚɜɥɹɽɬɶɫɹ�ɧɚ�ɫɭɫɿɞɧɿɣ�ɡɚɯɢɳɟɧɢɣ�ɜɭɡɨɥ��ɹɤɢɣ�

ɩɪɢɣɦɚɽɬɶɫɹ�ɡɚ�ɧɨɜɭ�ɜɿɞɩɪɚɜɧɭ�ɬɨɱɤɭ��Ɍɢɦ�ɱɚɫɨɦ ɩɪɨɝɪɚɦɚ ȻɉɅȺ��ɩɟɪɟɩɥɚɧɨɜɭɽ 

ɿ�ɝɟɧɟɪɭɽ ɧɨɜɿ�ɬɪɚɽɤɬɨɪɿʀ�ɞɥɹ�ȻɉɅȺ� 

 

Ɍɚɛɥɢɰɹ���4 ±  ȱɧɮɨɪɦɚɰɿɹ�ɩɪɨ�ɫɩɥɢɜɚɸɱɿ ɡɚɝɪɨɡɢ 

ʋ Ʌɨɤɚɰɿɹ��ɤɦ� Ɋɚɞɿɭɫ� ɡɚɝɪɨɡɢ�

�ɤɦ� 

Ɉɰɿɧɤɚ�ɡɚɝɪɨɡɢ 

1 12,40 6 2.5 

2 40,40 6 2 
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Ɋɢɫɭɧɨɤ�����± ɋɩɥɢɜɚɸɱɿ�ɡɚɝɪɨɡɢ�ɩɪɢ�ɪɭɯɭ�ȻɉɅȺ 

 

Ɂɦɿɧɟɧɚ�ɬɪɚɽɤɬɨɪɿɹ�ɪɭɯɭ�ȻɉɅȺ��ɡɝɿɞɧɨ�ɦɭɪɚɲɢɧɨɝɨ�ɚɥɝɨɪɢɬɦɭ�ɡɨɛɪɚɠɟɧɚ�

ɧɚ�ɪɢɫɭɧɤɭ����� 

 

 
Ɋɢɫɭɧɨɤ���8 ± Ɂɦɿɧɟɧɚ�ɬɪɚɽɤɬɨɪɿɹ�ɪɭɯɭ�ȻɉɅȺ 
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ȿɤɫɩɟɪɢɦɟɧɬɚɥɶɧɿ� ɪɟɡɭɥɶɬɚɬɢ�ɩɨɤɚɡɭɸɬɶ��ɳɨ� ɚɞɚɩɬɢɜɧɢɣ� ɚɥɝɨɪɢɬɦ�$&2�

Max-0LQ�ɦɨɠɟ�ɟɮɟɤɬɢɜɧɨ�ɜɢɪɿɲɭɜɚɬɢ�ɩɪɨɛɥɟɦɢ�ɩɟɪɟɩɥɚɧɭɜɚɧɧɹ�ɤɨɨɪɞɢɧɨɜɚɧɨʀ�

ɬɪɚɽɤɬɨɪɿʀ�ɤɿɥɶɤɨɦɚ�ȻɉɅȺ��ɚ�ɱɚɫ�ɩɪɢɛɭɬɬɹ�ɬɚɤɨɠ�ɞɨɫɢɬɶ�ɤɨɪɨɬɤɢɣ� 

 

4.5 ȼɢɫɧɨɜɤɢ 

 

ɍ� ɞɚɧɨɦɭ� ɪɨɡɞɿɥɿ� ɩɪɟɞɫɬɚɜɥɟɧɨ� ɪɟɚɥɿɡɚɰɿɸ� ɩɪɨɝɪɚɦɧɨ-ɬɟɯɧɿɱɧɨɝɨ� ɡɚɫɨɛɭ�

ɦɟɬɨɞɭ� ɤɟɪɭɜɚɧɧɹ� ɝɪɭɩɨɸ�ɛɟɡɩɿɥɨɬɧɢɯ� ɥɿɬɚɥɶɧɢɯ� ɚɩɚɪɚɬɿɜ� ɧɚ� ɨɫɧɨɜɿ� ɧɟɱɿɬɤɨɝɨ 

ɦɭɪɚɲɢɧɨɝɨ ɚɥɝɨɪɢɬɦɭ� 

Ɋɟɚɥɿɡɚɰɿɹ�ɩɪɨɝɪɚɦɧɨ-ɬɟɯɧɿɱɧɨɝɨ� ɡɚɫɨɛɭ� ɛɚɡɭɽɬɶɫɹ� ɧɚ� ɜɢɤɨɪɢɫɬɚɧɧɿ�ɦɨɜɢ�

ɩɪɨɝɪɚɦɭɜɚɧɧɹ�Python ɿɡ�ɜɢɤɨɪɢɫɬɚɧɧɹɦ�ɞɨɩɨɦɿɠɧɢɯ�ɛɿɛɥɿɨɬɟɤ�numpy ɬɚ�math. 

Ⱦɥɹ�ɬɪɶɨɯ�ɜɢɦɿɪɧɨɝɨ�ɩɪɟɞɫɬɚɜɥɟɧɧɹ�ɦɨɞɟɥɿ�ȻɉɅȺ��ɬɚ�ɣɨɝɨ�ɪɭɯɭ�ɭ�ɩɪɨɫɬɨɪɿ�ɛɭɥɨ�

ɜɢɤɨɪɢɫɬɚɧɨ�ɦɨɞɭɥɶ�matplotlib.pyplot. 

Ɍɟɯɧɿɱɧɚ�ɫɤɥɚɞɨɜɚ�ɩɪɨɟɤɬɭ�ɬɚ�ɛɟɡɩɨɫɟɪɟɞɧɶɨ�ɤɟɪɭɜɚɧɧɹ�ɟɥɟɦɟɧɬɚɦɢ�ȻɉɅȺ��

ɛɭɥɨ�ɞɨɫɹɝɧɭɬɨ�ɡɚ�ɞɨɩɨɦɨɝɨɸ�ɜɢɤɨɪɢɫɬɚɧɧɹ�MAVSDK ɬɚ�ɮɪɟɣɦɜɨɪɤɭ�PX4��ɳɨ�

ɞɨɡɜɨɥɹɽ�ɟɮɟɤɬɢɜɧɨ�ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ�ɮɭɧɤɰɿʀ�ɤɟɪɭɜɚɧɧɹ�ȻɉɅȺ�ɬɚ�ɜɫɬɚɧɨɜɥɟɧɧɹ�

ɫɬɨɪɨɧɧɶɨɝɨ� ɩɪɨɝɪɚɦɧɨɝɨ� ɡɚɫɨɛɭ� �ɜ� ɬɨɦɭ� ɱɢɫɥɿ� ɦɨɞɢɮɿɤɨɜɚɧɨɝɨ�� ɧɚ� ɚɩɚɪɚɬɧɭ�

ɱɚɫɬɢɧɭ�ɩɪɢɫɬɪɨɸ� 

ȼ�ɪɨɡɞɿɥɿ�ɨɩɢɫɚɧɨ�ɨɫɧɨɜɧɭ�ɥɨɝɿɤɭ�ɪɨɛɨɬɢ�ɚɥɝɨɪɢɬɦɭ��ɹɤɚ�ɚɞɚɩɬɨɜɚɧɚ��ɞɥɹ�

ɩɪɨɝɪɚɦɧɨʀ�ɪɟɚɥɿɡɚɰɿʀ�ɧɚ�ɫɢɫɬɟɦɧɨɦɭ�ɪɿɜɧɿ� 

Ɉɫɨɛɥɢɜɨʀ�ɭɜɚɝɢ�ɩɪɢɞɿɥɹɸɬɶɫɹ�ɨɫɧɨɜɧɿ�ɩɚɪɚɦɟɬɪɢ�ɬɚ�ɮɭɧɤɰɿʀ��ɹɤɢɦɢ�ɨɩɟɪɭɽ�

ɩɪɨɝɪɚɦɧɨ-ɬɟɯɧɿɱɧɢɣ ɡɚɫɿɛ� ɬɚ� ɞɨɡɜɨɥɹɽ� ɪɟɚɥɿɡɭɜɚɬɢ� ɩɨɫɬɚɜɥɟɧɢɣ� ɮɭɧɤɰɿɨɧɚɥ�

ɚɥɝɨɪɢɬɦɭ�ɧɚ�ɩɪɚɤɬɢɱɧɨɦɭ�ɪɿɜɧɿ� 

ȼ�ɪɟɡɭɥɶɬɚɬɿ� ɪɨɛɨɬɢ� ɛɭɥɨ� ɫɮɨɪɦɨɜɚɧɨ� ɬɪɶɨɯ� ɜɢɦɿɪɧɭ�ɦɨɞɟɥɶ� ɫɢɦɭɥɹɰɿɸ�

ɪɭɯɭ�ȻɉɅȺ�ɭ�ɩɪɨɫɬɨɪɿ�ɡɝɿɞɧɨ�ɚɥɝɨɪɢɬɦɭ��ɬɚ�ɩɪɨɜɟɞɟɧɨ�ɪɹɞ�ɦɚɬɟɦɚɬɢɱɧɢɯ�ɬɟɫɬɿɜ��

ɞɥɹ�ɡɚɬɜɟɪɞɠɟɧɧɹ�ɟɮɟɤɬɢɜɧɨɫɬɿ�ACO Max-Min ɚɥɝɨɪɢɬɦɭ� 
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ȼɂɋɇɈȼɄɂ 

 

ɍ� ɞɚɧɿɣ� ɪɨɛɨɬɿ� ɡɚ� ɪɟɡɭɥɶɬɚɬɚɦɢ� ɩɪɚɤɬɢɱɧɢɯ� ɬɚ� ɬɟɨɪɟɬɢɱɧɢɯ� ɞɨɫɥɿɞɠɟɧɶ�

ɛɭɥɨ� ɫɬɜɨɪɟɧɨ  ɬɚ� ɨɩɢɫɚɧɨ� ɦɟɬɨɞ� ɿ�  ɫɢɫɬɟɦɭ ɤɟɪɭɜɚɧɧɹ� ɝɪɭɩɨɸ� ɛɟɡɩɿɥɨɬɧɢɯ�

ɥɿɬɚɥɶɧɢɯ�ɚɩɚɪɚɬɿɜ�ɧɚ�ɨɫɧɨɜɿ�ɧɟɱɿɬɤɨɝɨ�ɦɭɪɚɲɢɧɨɝɨ�ɚɥɝɨɪɢɬɦɭ. 

ɍ�ɩɟɪɲɨɦɭ�ɪɨɡɞɿɥɿ��ɛɭɥɨ�ɞɨɫɥɿɞɠɟɧɨ�ɩɪɟɞɦɟɬɧɭ�ɨɛɥɚɫɬɶ���ɨɩɢɫɚɧɿ�ɞɨɫɬɭɩɧɿ�

ɬɢɩɢ� ȻɉɅȺ�� ʀɯ� ɫɯɟɦɢ� ɤɨɧɬɪɨɥɸ� ɬɚ� ɫɮɟɪɢ� ɡɚɫɬɨɫɭɜɚɧɧɹ�� ȼ� ɬɨɦɭ� ɱɢɫɥɿ� ɛɭɥɨ�

ɜɢɡɧɚɱɟɧɨ�ɨɫɧɨɜɧɿ�ɧɟɨɛɯɿɞɧɿ�ɬɟɯɧɿɱɧɿ�ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ�ȻɉɅȺ��ɞɥɹ�ʀɯ�ɨɩɬɢɦɚɥɶɧɨʀ�

ɤɨɨɪɞɢɧɚɰɿɣɧɨʀ�ɪɨɛɨɬɢ�ɩɪɢ�ɫɩɿɥɶɧɢɯ�ɦɿɫɿɹɯ��Ɍɚɤɨɠ�ɛɭɥɨ�ɩɪɨɚɧɚɥɿɡɨɜɚɧɨ�ɞɨɫɬɭɩɧɿ�

ɦɟɬɨɞɢ�ɪɿɲɟɧɧɹ�ɩɨɫɬɚɜɥɟɧɨʀ�ɡɚɞɚɱɿ��ɤɨɪɨɬɤɨ�ɨɩɢɫɚɧɿ�ɨɫɧɨɜɧɿ�ɧɟɞɨɥɿɤɢ�ɧɚɹɜɧɢɯ�

ɚɥɝɨɪɢɬɦɿɜ�� ɬɚ� ɬɟɯɧɨɥɨɝɿɣ�� ȼ� ɪɟɡɭɥɶɬɚɬɿ� ɚɧɚɥɿɡɭ� ɛɭɥɨ� ɡɪɨɛɥɟɧɨ� ɜɢɫɧɨɜɨɤ�� ɳɨ�

ɧɚɹɜɧɿ� ɚɥɝɨɪɢɬɦɢ� ɬɚ� ɬɟɯɧɨɥɨɝɿʀ� ɦɚɸɬɶ� ɛɚɝɚɬɨ� ɧɟɞɨɥɿɤɿɜ� ɭ� ɜɢɝɥɹɞɿ� ɧɢɡɶɤɨʀ�

ɲɜɢɞɤɨɞɿʀ�� ɩɨɝɚɧɨʀ� ɤɨɨɪɞɢɧɚɰɿʀ�� ɱɢ� ɩɪɨɛɥɟɦ� ɭ� ɜɢɹɜɥɟɧɧɿ� ɫɭɩɭɬɧɿɯ� ɡɚɝɪɨɡ�� ȼ�

ɪɨɡɞɿɥɿ� ɩɪɟɞɫɬɚɜɥɟɧɨ� ɩɨɞɚɥɶɲɿ� ɤɪɨɤɢ� ɞɥɹ� ɜɢɪɿɲɟɧɧɹ� ɜɤɚɡɚɧɢɯ� ɩɪɨɛɥɟɦ� � ɬɚ�

ɫɮɨɪɦɨɜɚɧɨ�ɩɨɫɬɚɧɨɜɤɭ�ɡɚɞɚɱɿ� 

ɍ�ɞɪɭɝɨɦɭ�ɪɨɡɞɿɥɿ�ɞɟɬɚɥɶɧɨ�ɨɩɢɫɭɽɬɶɫɹ�ɜɢɛɿɪ�ɬɢɩɭ�ȻɉɅȺ��ɞɥɹ�ɩɪɨɜɟɞɟɧɧɹ�

ɞɨɫɥɿɞɠɟɧɶ��ɧɚɜɟɞɟɧɿ�ɣɨɝɨ� ɬɟɯɧɿɱɧɿ�ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ�� ɬɚ� ɫɩɟɰɢɮɿɤɚɰɿʀ� ɪɨɛɨɬɢ��ȼ�

ɬɨɦɭ ɱɢɫɥɿ�ɛɭɥɚ�ɫɮɨɪɦɨɜɚɧɚ�ɦɚɬɟɦɚɬɢɱɧɚ�ɦɨɞɟɥɶ�ɫɤɨɨɪɞɢɧɨɜɚɧɨɝɨ�ɩɥɚɧɭɜɚɧɧɹ�

ɨɩɬɢɦɚɥɶɧɨʀ� ɬɪɚɽɤɬɨɪɿʀ� ɪɭɯɭ� ȻɉɅȺ�� ɹɤɚ� ɜɤɥɸɱɚɽ� ɜ� ɫɟɛɟ� ɦɨɞɟɥɶ� ɬɚ� ɩɪɢɧɰɢɩɢ�

ɪɨɛɨɬɢ�ɜɢɛɪɚɧɨɝɨ�ȻɉɅȺ�� ɜɤɥɸɱɧɨ� ɿɡ�ɨɫɧɨɜɧɢɦɢ�ɣɨɝɨ�ɦɟɯɚɧɿɡɦɚɦɢ�� ɬɚ�ɦɨɞɟɥɶ�

ɪɨɛɨɬɢ� ɨɩɬɢɦɿɡɨɜɚɧɨɝɨ� ɚɫɢɧɯɪɨɧɧɨɝɨ� ɚɥɝɨɪɢɬɦɭ� ɞɥɹ� ɤɨɪɟɝɭɜɚɧɧɹ� ȻɉɅȺ� ɩɪɢ�

ɜɢɤɨɧɚɧɧɿ�ɦɿɫɿɣ� 

ɍ� ɬɪɟɬɶɨɦɭ� ɪɨɡɞɿɥɿ ɛɭɥɨ� ɩɪɟɞɫɬɚɜɥɟɧɨ� ɦɟɬɨɞ� ɤɟɪɭɜɚɧɧɹ� ɝɪɭɩɨɸ�

ɛɟɡɩɿɥɨɬɧɢɯ�ɥɿɬɚɥɶɧɢɯ�ɚɩɚɪɚɬɿɜ�ɧɚ�ɨɫɧɨɜɿ�ɧɟɱɿɬɤɨɝɨ�ɦɭɪɚɲɢɧɨɝɨ�ɚɥɝɨɪɢɬɦɭ��Ȼɭɥɨ�

ɨɩɢɫɚɧɨ�ɦɟɬɨɞ�ɫɤɨɨɪɞɢɧɨɜɚɧɨɝɨ�ɩɥɚɧɭɜɚɧɧɹ�ɨɩɬɢɦɚɥɶɧɨɝɨ�ɦɚɪɲɪɭɬɭ�ȻɉɅȺ�ɞɥɹ�

ɡɚɜɟɪɲɟɧɧɹ� ɦɿɫɿɣ�� ɨɩɢɫɚɧɨ� ɦɨɠɥɢɜɿ� ɡɚɝɪɨɡɢ� ɬɚ� ɫɩɨɫɨɛɢ� ʀɯ� ɨɛɿɣɬɢ�� Ɇɟɬɨɞ�

ɡɨɛɪɚɠɚɽ� ɨɛɦɟɠɟɧɧɹ� ɭɦɨɜ� ɩɪɢ� ɤɨɨɪɞɢɧɚɰɿʀ� ȻɉɅȺ� ɩɪɢ� ɩɟɪɟɩɥɚɧɭɜɚɧɧɿ� ʀɯ�

ɦɚɪɲɪɭɬɭ�ɬɚ ɨɩɢɫɭɽ�ɫɯɟɦɭ�ʀɯ�ɤɨɨɪɞɢɧɚɰɿʀ�ɡɚ�ɮɟɪɨɦɨɧɚɦɢ�ɦɭɪɚɯ�ɞɥɹ�ɜɢɪɿɲɟɧɧɹ�

ɰɢɯ�ɩɪɨɛɥɟɦ��Ɋɟɡɭɥɶɬɚɬɨɦ�ɞɚɧɢɯ�ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ�ɞɨɫɥɿɞɠɟɧɶ��ɛɭɥɨ�ɨɬɪɢɦɚɧɨ�

ɩɨɤɪɚɳɟɧɭ� ɲɜɢɞɤɨɞɿɸ� ɤɨɨɪɞɢɧɚɰɿʀ� ȻɉɅȺ� ɧɚ� ɦɚɪɲɪɭɬɿ�� ɜɞɚɥɟ� ɪɟɚɝɭɜɚɧɧɹ� ɧɚ�
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ɩɪɨɝɧɨɡɨɜɚɧɿ� ɬɚ� ɫɩɥɢɜɚɸɱɿ� ɩɟɪɟɲɤɨɞɢ� ɿɡ� ɨɩɬɢɦɚɥɶɧɢɦ� ɜɚɪɿɚɧɬɨɦ� ɩɨɫɚɞɤɢ� ɧɚ�

ɡɥɿɬɧɭ�ɩɨɥɨɫɭ�ɱɢ�ɩɟɪɟɫɿɱɧɭ�ɦɿɫɰɟɜɿɫɬɶ� 

ɍ� ɱɟɬɜɟɪɬɨɦɭ� ɪɨɡɞɿɥɿ� ɩɪɟɞɫɬɚɜɥɟɧɨ� ɪɟɚɥɿɡɚɰɿɸ ɩɪɨɝɪɚɦɧɨ-ɬɟɯɧɿɱɧɨɝɨ�

ɡɚɫɨɛɭ�ɤɟɪɭɜɚɧɧɹ� � ɝɪɭɩɢ�ɛɟɡɩɿɥɨɬɧɢɯ�ɚɩɚɪɚɬɿɜ�ɦɟɬɨɞɨɦ�ɧɟɱɿɬɤɨɝɨ�ɦɭɪɚɲɢɧɨɝɨ�

ɚɥɝɨɪɢɬɦɭ� 

Ɋɟɚɥɿɡɚɰɿɹ� ɦɿɫɬɢɬɶ� ɭ� ɫɨɛɿ� ɦɨɞɢɮɿɤɨɜɚɧɢɣ� ɦɭɪɚɲɢɧɢɣ� ɚɥɝɨɪɢɬɦ� ɿɡ�

ɩɚɪɚɥɟɥɶɧɨ� ɚɫɢɧɯɪɨɧɧɢɦɢ� ɤɨɥɨɧɿɹɦɢ� ɦɭɪɚɯ�� ɜ� ɹɤɨɦɭ� ɩɪɨɞɟɦɨɧɫɬɪɨɜɚɧɚ�

ɩɪɢɧɰɢɩɨɜɚ�ɦɨɞɟɥɶ�  ɚɞɚɩɬɢɜɧɨɝɨ�Max-Min ACO, ɞɥɹ�ɲɜɢɞɤɨɝɨ� ɬɚ�ɛɟɡɩɟɱɧɨɝɨ�

ɜɢɤɨɧɚɧɧɹ�ɦɿɫɿɣ� ɝɪɭɩɚɦɢ�ȻɉɅȺ��ɍ� ɪɨɡɞɿɥɿ�ɩɪɟɞɫɬɚɜɥɟɧɨ�ɛɥɨɤ-ɫɯɟɦɢ�Max-Min 

ACO��ɞɟ�ɩɪɟɞɫɬɚɜɥɟɧɨ�ɨɫɧɨɜɧɢɣ�ɚɥɝɨɪɢɬɦ�ɛɿɣ�ȻɉɅȺ�ɩɪɢ�ɬɢɯ�ɱɢ�ɿɧɲɢɯ�ɭɦɨɜɚɯ��

ɜɤɥɸɱɚɸɱɢ�ɤɨɦɭɧɿɤɚɰɿɸ�ȻɉɅȺ�ɦɿɠ�ɫɨɛɨɸ��ɬɚ�ɪɟɚɝɭɜɚɧɧɹ�ɧɚ�ɝɪɭɩɢ�ɮɟɪɨɦɨɧɿɜ�ɧɚ�

ɦɚɪɲɪɭɬɿ� 

ȼ� ɪɨɡɞɿɥɿ� ɨɩɢɫɚɧɨ� ɨɛɭɦɨɜɥɟɧɧɹ� ɜɢɛɨɪɭ� ɬɟɯɧɨɥɨɝɿɣ� ɪɨɡɪɨɛɤɢ�� ɡɨɤɪɟɦɚ�

Python 3.10, ɞɨɞɚɬɤɨɜɢɯ� ɩɪɨɝɪɚɦɧɢɯ� ɛɿɛɥɿɨɬɟɤ� matplotlib.pyplot ɬɚ� numpy, ɹɤɿ�

ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ� ɞɥɹ� ɦɚɬɟɦɚɬɢɱɧɢɯ� ɨɛɱɢɫɥɟɧɶ� ɬɚ� ɩɨɛɭɞɨɜɢ� ɬɪɶɨɯ� ɜɢɦɿɪɧɨɝɨ�

ɩɪɨɫɬɨɪɭ�ɞɥɹ�ɬɟɫɬɭɜɚɧɧɹ�ɡɦɨɞɟɥɶɨɜɚɧɨɝɨ�ȻɉɅȺ��Ɉɩɢɫɚɧɨ�ɨɫɧɨɜɧɿ�ɮɭɧɤɰɿʀ�ɬɚ�ʀɯ�

ɩɪɢɡɧɚɱɟɧɧɹ�� ɹɤɿ� ɛɭɥɢ� ɫɬɜɨɪɟɧɧɿ� ɜ� ɩɪɨɰɟɫɿ� ɜɢɤɨɧɚɧɧɹ� ɪɨɛɨɬɢ�� ɞɥɹ� ɪɟɚɥɿɡɚɰɿʀ�

ɩɨɫɬɚɜɥɟɧɢɯ� ɡɚɞɚɱ�� Ɍɚɤɨɠ� ɛɭɥɨ� ɨɩɢɫɚɧɨ� ɜɢɤɨɪɢɫɬɚɧɧɹ� ɫɬɨɪɨɧɧɶɨɝɨ� SDK ɬɚ�

ɩɥɚɬɮɨɪɦɢ� PX4 ɞɥɹ� ɫɭɦɿɠɧɨʀ� ɿɦɩɥɟɦɟɧɬɚɰɿʀ� ɩɪɨɝɪɚɦɢ� ɭ� ɬɟɯɧɿɱɧɨɦɭ� ɬɚ�

ɫɢɫɬɟɦɧɨɦɭ�ɜɚɪɿɚɧɬɿ�ɧɚ�ɩɪɚɤɬɢɱɧɿɣ�ɨɫɧɨɜɿ� 

ȼ� ɪɟɡɭɥɶɬɚɬɿ� ɜɢɤɨɧɚɧɧɹ� ɛɭɥɨ� ɡɦɨɞɟɥɶɨɜɚɧɢɣ� ɬɟɫɬɨɜɢɣ� ɬɪɶɨɯ� ɜɢɦɿɪɧɢɣ�

ɩɪɨɫɬɿɪ�ɞɥɹ�ɫɢɦɭɥɹɰɿʀ�ɪɭɯɭ�ȻɉɅȺ��ɡɚ�ɞɨɩɨɦɨɝɨɸ�ɭɬɢɥɿɬɢ�QGroundControl��ɛɭɥɚ��

ɫɬɜɨɪɟɧɚ�ɦɨɠɥɢɜɿɫɬɶ�ɿɦɩɥɟɦɟɧɬɚɰɿʀ�ɬɟɯɧɿɱɧɨʀ�ɩɪɨɲɢɜɤɢ�ɞɥɹ�ɨɛɪɚɧɨɝɨ�ȻɉɅȺ�ɧɚ�

ɨɫɧɨɜɿ� ɦɿɤɪɨɤɨɦɩ¶ɸɬɟɪɚ� Odroid-XU4 ɬɚ� ɩɪɨɜɟɞɟɧɨ� ɪɹɞ� ɦɚɬɟɦɚɬɢɱɢɯ� ɬɟɫɬɿɜ� ɭ�

MATLAB ɞɥɹ�ɩɿɞɬɜɟɪɞɠɟɧɧɹ�ɟɮɟɤɬɢɜɧɨɫɬɿ�ɚɥɝɨɪɢɬɦɭ� 

ɇɚɭɤɨɜɚ�ɧɨɜɢɡɧɚ�ɨɬɪɢɦɚɧɢɯ�ɪɟɡɭɥɶɬɚɬɿɜ� 

í�ɧɚɛɭɜ�ɩɨɞɚɥɶɲɨɝɨ�ɪɨɡɜɢɬɤɭ�ɦɟɬɨɞ�ɫɭɬɶ�ɪɨɛɨɬɢ�ɹɤɨɝɨ�ɩɨɥɹɝɚɽ�ɜ�ɬɨɦɭ��ɳɨɛ�

ɩɪɟɞɫɬɚɜɢɬɢ� ɿɽɪɚɪɯɿɱɧɭ� ɦɨɞɟɥɶ� ɩɪɢɣɧɹɬɬɹ� ɪɿɲɟɧɶ� ɞɥɹ� ɫɩɿɥɶɧɨɝɨ� ɩɥɚɧɭɜɚɧɧɹ�

ɦɿɫɿɣ� ɛɟɡɩɿɥɨɬɧɢɤɿɜ� ɞɥɹ� ɦɿɫɿʀ� ɪɨɡɜɿɞɤɢ� ɲɥɹɯɨɦ� ɿɧɬɟɝɪɚɰɿʀ� ɪɨɡɩɨɞɿɥɭ� ɦɿɫɿʀ� ɬɚ�

ɩɥɚɧɭɜɚɧɧɹ�ɦɚɪɲɪɭɬɭ� 
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í�ɧɚɛɭɥɚ�ɩɨɞɚɥɶɲɨɝɨ�ɪɨɡɜɢɬɤɭ�ɿɧɮɨɪɦɚɰɿɣɧɚ�ɬɟɯɧɨɥɨɝɿɹ�ɤɟɪɭɜɚɧɧɹ�ɝɪɭɩɨɸ�
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ɤɪɢɬɢɱɧɨ-ɞɨɜɝɢɯ�ɧɚɜɱɚɧɶ�ɬɚ�ɡ�ɜɿɞɧɨɫɧɨ�ɨɱɿɤɭɜɚɧɢɦ�ɪɟɡɭɥɶɬɚɬɨɦ� 

ɉɪɚɤɬɢɱɧɚ� ɰɿɧɧɿɫɬɶ� ɩɪɨɟɤɬɭ� ɩɨɥɹɝɚɽ� ɜ� ɪɨɡɪɨɛɥɟɧɨɦɭ� ɩɪɨɝɪɚɦɧɨ-

ɬɟɯɧɿɱɧɨɦɭ�ɩɪɨɞɭɤɬɿ��ɹɤɢɣ�ɞɨɡɜɨɥɹɽ�ɨɪɝɚɧɿɡɭɜɚɬɢ�ɨɩɬɢɦɚɥɶɧɭ�ɫɢɫɬɟɦɭ�ɤɟɪɭɜɚɧɧɹ�

ɝɪɭɩɨɸ� ɛɟɡɩɿɥɨɬɧɢɯ� ɥɿɬɚɥɶɧɢɯ� ɚɩɚɪɚɬɿɜ� ɧɚ� ɨɫɧɨɜɿ� ɧɟɱɿɬɤɨɝɨ� ɦɭɪɚɲɢɧɨɝɨ�

ɚɥɝɨɪɢɬɦɭ�ɬɚ�ɜɢɤɨɧɚɧɧɹ�ɦɿɫɿɣ�ɰɢɦɢ�ȻɉɅȺ�ɭ�ɧɚɣɤɨɪɨɬɲɢɣ�ɬɟɪɦɿɧ�ɬɚ�ɡ�ɜɢɫɨɤɨɸ�

ɟɮɟɤɬɢɜɧɿɫɬɸ.  
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from threading import Thread 

 

class ant_colony: 

   class ant(Thread): 

      def __init__(self, init_location, possible_locations, pheromone_map, 

distance_callback, alpha, beta, first_pass=False): 

         """ 

         initialized an ant, to traverse the map 

         init_location -> marks where in the map that the ant starts 

         possible_locations -> a list of possible nodes the ant can go to 

            when used internally, gives a list of possible locations the ant can 

traverse to _minus those nodes already visited_ 

         pheromone_map -> map of pheromone values for each traversal between 

each node 

         distance_callback -> is a function to calculate the distance between two 

nodes 

         alpha -> a parameter from the ACO algorithm to control the influence of 

the amount of pheromone when making a choice in _pick_path() 

         beta -> a parameters from ACO that controls the influence of the distance 

to the next node in _pick_path() 

         first_pass -> if this is a first pass on a map, then do some steps differently, 

noted in methods below 
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         route -> a list that is updated with the labels of the nodes that the ant has 

traversed 

         pheromone_trail -> a list of pheromone amounts deposited along the ants 

trail, maps to each traversal in route 

         distance_traveled -> total distance tranveled along the steps in route 

         location -> marks where the ant currently is 

         tour_complete -> flag to indicate the ant has completed its traversal 

            used by get_route() and get_distance_traveled() 

         """ 

         Thread.__init__(self) 

          

         self.init_location = init_location 

         self.possible_locations = possible_locations          

         self.route = [] 

         self.distance_traveled = 0.0 

         self.location = init_location 

         self.pheromone_map = pheromone_map 

         self.distance_callback = distance_callback 

         self.alpha = alpha 

         self.beta = beta 

         self.first_pass = first_pass 

          

         #append start location to route, before doing random walk 

         self._update_route(init_location) 

          

         self.tour_complete = False 

          

      def run(self): 

         """ 

         until self.possible_locations is empty (the ant has visited all nodes) 
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           _pick_path() to find a next node to traverse to 

            _traverse() to: 

               _update_route() (to show latest traversal) 

               _update_distance_traveled() (after traversal) 

         return the ants route and its distance, for use in ant_colony: 

            do pheromone updates 

            check for new possible optimal solution with this ants latest tour 

         """ 

         while self.possible_locations: 

            next = self._pick_path() 

            self._traverse(self.location, next) 

             

         self.tour_complete = True 

       

      def _pick_path(self): 

         """ 

         implements the path selection algorithm of ACO 

         calculate the attractiveness of each possible transition from the current 

location 

         then randomly choose a next path, based on its attractiveness 

         """ 

         #on the first pass (no pheromones), then we can just choice() to find the 

next one 

         if self.first_pass: 

            import random 

            return random.choice(self.possible_locations) 

          

         attractiveness = dict() 

         sum_total = 0.0 

         #for each possible location, find its attractiveness (it's (pheromone 

amount)*1/distance [tau*eta, from the algortihm]) 
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         #sum all attrativeness amounts for calculating probability of each route in 

the next step 

         for possible_next_location in self.possible_locations: 

            #NOTE: do all calculations as float, otherwise we get integer division at 

times for really hard to track down bugs 

            pheromone_amount = 

float(self.pheromone_map[self.location][possible_next_location]) 

            distance = float(self.distance_callback(self.location, 

possible_next_location)) 

             

            #tau^alpha * eta^beta 

            attractiveness[possible_next_location] = pow(pheromone_amount, 

self.alpha)*pow(1/distance, self.beta) 

            sum_total += attractiveness[possible_next_location] 

          

         #it is possible to have small values for pheromone amount / distance, such 

that with rounding errors this is equal to zero 

         #rare, but handle when it happens 

         if sum_total == 0.0: 

            #increment all zero's, such that they are the smallest non-zero values 

supported by the system 

            def next_up(x): 

               import math 

               import struct 

               # NaNs and positive infinity map to themselves. 

               if math.isnan(x) or (math.isinf(x) and x > 0): 

                  return x 

               # 0.0 and -0.0 both map to the smallest +ve float. 

               if x == 0.0: 

                  x = 0.0 

               n = struct.unpack('<q', struct.pack('<d', x))[0] 
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               if n >= 0: 

                  n += 1 

               else: 

                  n -= 1 

               return struct.unpack('<d', struct.pack('<q', n))[0] 

                

            for key in attractiveness: 

               attractiveness[key] = next_up(attractiveness[key]) 

            sum_total = next_up(sum_total) 

          

         #randomly choose the next path 

         import random 

         toss = random.random() 

                

         cummulative = 0 

         for possible_next_location in attractiveness: 

            weight = (attractiveness[possible_next_location] / sum_total) 

            if toss <= weight + cummulative: 

               return possible_next_location 

            cummulative += weight 

       

      def _traverse(self, start, end): 

         """ 

         _update_route() to show new traversal 

         _update_distance_traveled() to record new distance traveled 

         self.location update to new location 

         called from run() 

         """ 

         self._update_route(end) 

         self._update_distance_traveled(start, end) 
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         self.location = end 

       

      def _update_route(self, new): 

         """ 

         add new node to self.route 

         remove new node form self.possible_location 

         called from _traverse() & __init__() 

         """ 

         self.route.append(new) 

         self.possible_locations.remove(new) 

          

      def _update_distance_traveled(self, start, end): 

         """ 

         use self.distance_callback to update self.distance_traveled 

         """ 

         self.distance_traveled += float(self.distance_callback(start, end)) 

    

      def get_route(self): 

         if self.tour_complete: 

            return self.route 

         return None 

          

      def get_distance_traveled(self): 

         if self.tour_complete: 

            return self.distance_traveled 

         return None 

       

   def __init__(self, nodes, distance_callback, start=None, ant_count=50, 

alpha=.5, beta=1.2,  pheromone_evaporation_coefficient=.40, 

pheromone_constant=1000.0, iterations=80): 

      """ 
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      nodes -> is assumed to be a dict() mapping node ids to values  

         that are understandable by distance_callback 

          

      distance_callback -> is assumed to take a pair of coordinates and return the 

distance between them 

         populated into distance_matrix on each call to get_distance() 

          

      start -> if set, then is assumed to be the node where all ants start their 

traversal 

         if unset, then assumed to be the first key of nodes when sorted() 

       

      distance_matrix -> holds values of distances calculated between nodes 

         populated on demand by _get_distance() 

       

      pheromone_map -> holds final values of pheromones 

         used by ants to determine traversals 

         pheromone dissipation happens to these values first, before adding 

pheromone values from the ants during their traversal 

         (in ant_updated_pheromone_map) 

          

      ant_updated_pheromone_map -> a matrix to hold the pheromone values 

that the ants lay down 

         not used to dissipate, values from here are added to pheromone_map after 

dissipation step 

         (reset for each traversal) 

          

      alpha -> a parameter from the ACO algorithm to control the influence of the 

amount of pheromone when an ant makes a choice 
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      beta -> a parameters from ACO that controls the influence of the distance to 

the next node in ant choice making 

       

      pheromone_constant -> a parameter used in depositing pheromones on the 

map (Q in ACO algorithm) 

         used by _update_pheromone_map() 

          

      pheromone_evaporation_coefficient -> a parameter used in removing 

pheromone values from the pheromone_map (rho in ACO algorithm) 

         used by _update_pheromone_map() 

       

      ants -> holds worker ants 

         they traverse the map as per ACO 

         notable properties: 

            total distance traveled 

            route 

          

      first_pass -> flags a first pass for the ants, which triggers unique behavior 

       

      iterations -> how many iterations to let the ants traverse the map 

       

      shortest_distance -> the shortest distance seen from an ant traversal 

       

      shortets_path_seen -> the shortest path seen from a traversal 

(shortest_distance is the distance along this path) 

     """ 

      #nodes 

      if type(nodes) is not dict: 

         raise TypeError("nodes must be dict") 

       

      if len(nodes) < 1: 
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         raise ValueError("there must be at least one node in dict nodes") 

       

      #create internal mapping and mapping for return to caller 

      self.id_to_key, self.nodes = self._init_nodes(nodes) 

      #create matrix to hold distance calculations between nodes 

      self.distance_matrix = self._init_matrix(len(nodes)) 

      #create matrix for master pheromone map, that records pheromone amounts 

along routes 

      self.pheromone_map = self._init_matrix(len(nodes)) 

      #create a matrix for ants to add their pheromones to, before adding those to 

pheromone_map during the update_pheromone_map step 

      self.ant_updated_pheromone_map = self._init_matrix(len(nodes)) 

       

      #distance_callback 

      if not callable(distance_callback): 

         raise TypeError("distance_callback is not callable, should be method") 

          

      self.distance_callback = distance_callback 

       

      #start 

     if start is None: 

         self.start = 0 

      else: 

         self.start = None 

         #init start to internal id of node id passed 

         for key, value in self.id_to_key.items(): 

            if value == start: 

               self.start = key 

          

         #if we didn't find a key in the nodes passed in, then raise 

         if self.start is None: 
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            raise KeyError("Key: " + str(start) + " not found in the nodes dict 

passed.") 

       

      #ant_count 

      if type(ant_count) is not int: 

         raise TypeError("ant_count must be int") 

          

      if ant_count < 1: 

         raise ValueError("ant_count must be >= 1") 

       

      self.ant_count = ant_count       

      #alpha  

      if (type(alpha) is not int) and type(alpha) is not float: 

         raise TypeError("alpha must be int or float") 

       

      if alpha < 0: 

         raise ValueError("alpha must be >= 0") 

       

      self.alpha = float(alpha) 

       

      #beta 

      if (type(beta) is not int) and type(beta) is not float: 

         raise TypeError("beta must be int or float") 

          

      if beta < 1: 

         raise ValueError("beta must be >= 1") 

          

      self.beta = float(beta) 

       

      #pheromone_evaporation_coefficient 
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      if (type(pheromone_evaporation_coefficient) is not int) and 

type(pheromone_evaporation_coefficient) is not float: 

         raise TypeError("pheromone_evaporation_coefficient must be int or 

float") 

       

      self.pheromone_evaporation_coefficient = 

float(pheromone_evaporation_coefficient) 

       

      #pheromone_constant 

      if (type(pheromone_constant) is not int) and type(pheromone_constant) is 

not float: 

         raise TypeError("pheromone_constant must be int or float") 

       

      self.pheromone_constant = float(pheromone_constant) 

       

      #iterations 

      if (type(iterations) is not int): 

         raise TypeError("iterations must be int") 

       

      if iterations < 0: 

         raise ValueError("iterations must be >= 0") 

          

      self.iterations = iterations 

       

      #other internal variable init 

      self.first_pass = True 

      self.ants = self._init_ants(self.start) 

      self.shortest_distance = None 

      self.shortest_path_seen = None 

       

   def _get_distance(self, start, end): 
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      """ 

      uses the distance_callback to return the distance between nodes 

      if a distance has not been calculated before, then it is populated in 

distance_matrix and returned 

      if a distance has been called before, then its value is returned from 

distance_matrix 

      """ 

      if not self.distance_matrix[start][end]: 

         distance = self.distance_callback(self.nodes[start], self.nodes[end]) 

          

         if (type(distance) is not int) and (type(distance) is not float): 

            raise TypeError("distance_callback should return either int or float, saw: 

"+ str(type(distance))) 

          

         self.distance_matrix[start][end] = float(distance) 

         return distance 

      return self.distance_matrix[start][end] 

   def _init_nodes(self, nodes): 

      """ 

      create a mapping of internal id numbers (0 .. n) to the keys in the nodes 

passed 

      create a mapping of the id's to the values of nodes 

      we use id_to_key to return the route in the node names the caller expects in 

mainloop() 

      """ 

      id_to_key = dict() 

      id_to_values = dict() 

      id = 0 

      for key in sorted(nodes.keys()): 

         id_to_key[id] = key 

         id_to_values[id] = nodes[key] 
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         id += 1 

 

      return id_to_key, id_to_values 

   def _init_matrix(self, size, value=0.0): 

      """ 

      setup a matrix NxN (where n = size) 

      used in both self.distance_matrix and self.pheromone_map 

      as they require identical matrixes besides which value to initialize to 

      """ 

      ret = [] 

      for row in range(size): 

         ret.append([float(value) for x in range(size)]) 

      return ret 

    

   def _init_ants(self, start): 

      """ 

      on first pass: 

         create a number of ant objects 

      on subsequent passes, just call __init__ on each to reset them 

      by default, all ants start at the first node, 0 

      """ 

      #allocate new ants on the first pass 

      if self.first_pass: 

         return [self.ant(start, self.nodes.keys(), self.pheromone_map, 

self._get_distance, 

            self.alpha, self.beta, first_pass=True) for x in range(self.ant_count)] 

      #else, just reset them to use on another pass 

      for ant in self.ants: 

         ant.__init__(start, self.nodes.keys(), self.pheromone_map, 

self._get_distance, self.alpha, self.beta) 
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   def _update_pheromone_map(self): 

      """ 

      1) Update self.pheromone_map by decaying values contained therein via the 

ACO algorithm 

      2) Add pheromone_values from all ants from ant_updated_pheromone_map 

      called by: 

         mainloop() 

         (after all ants have traveresed) 

      """ 

      #always a square matrix 

      for start in range(len(self.pheromone_map)): 

         for end in range(len(self.pheromone_map)): 

            #decay the pheromone value at this location 

            #tau_xy <- (1-rho)*tau_xy  (ACO) 

            self.pheromone_map[start][end] = (1-

self.pheromone_evaporation_coefficient)*self.pheromone_map[start][end] 

             

            #then add all contributions to this location for each ant that travered it 

            #(ACO) 

            #tau_xy <- tau_xy + delta tau_xy_k 

            #  delta tau_xy_k = Q / L_k 

            self.pheromone_map[start][end] += 

self.ant_updated_pheromone_map[start][end] 

    

   def _populate_ant_updated_pheromone_map(self, ant): 

      """ 

      given an ant, populate ant_updated_pheromone_map with pheromone 

values according to ACO 

      along the ant's route 

      called from: 

         mainloop() 
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         ( before _update_pheromone_map() ) 

      """ 

      route = ant.get_route() 

      for i in range(len(route)-1): 

         #find the pheromone over the route the ant traversed 

         current_pheromone_value = 

float(self.ant_updated_pheromone_map[route[i]][route[i+1]]) 

       

         #update the pheromone along that section of the route 

         #(ACO) 

         #  delta tau_xy_k = Q / L_k 

         new_pheromone_value = 

self.pheromone_constant/ant.get_distance_traveled() 

          

         self.ant_updated_pheromone_map[route[i]][route[i+1]] = 

current_pheromone_value + new_pheromone_value 

         self.ant_updated_pheromone_map[route[i+1]][route[i]] = 

current_pheromone_value + new_pheromone_value 

       

   def mainloop(self): 

      """ 

      Runs the worker ants, collects their returns and updates the pheromone map 

with pheromone values from workers 

         calls: 

         _update_pheromones() 

         ant.run() 

      runs the simulation self.iterations times 

      """ 

       

      for _ in range(self.iterations): 

         #start the multi-threaded ants, calls ant.run() in a new thread 
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         for ant in self.ants: 

            ant.start() 

 

         #wait until the ants are finished, before moving on to modifying shared 

resources 

         for ant in self.ants: 

            ant.join() 

          

         for ant in self.ants:   

            #update ant_updated_pheromone_map with this ant's constribution of 

pheromones along its route 

            self._populate_ant_updated_pheromone_map(ant) 

             

            #if we haven't seen any paths yet, then populate for comparisons later 

            if not self.shortest_distance: 

               self.shortest_distance = ant.get_distance_traveled() 

             

            if not self.shortest_path_seen: 

               self.shortest_path_seen = ant.get_route() 

                

            #if we see a shorter path, then save for return 

            if ant.get_distance_traveled() < self.shortest_distance: 

               self.shortest_distance = ant.get_distance_traveled() 

               self.shortest_path_seen = ant.get_route() 

          

         #decay current pheromone values and add all pheromone values we saw 

during traversal (from ant_updated_pheromone_map) 

         self._update_pheromone_map() 

          

         #flag that we finished the first pass of the ants traversal 

         if self.first_pass: 
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            self.first_pass = False 

          

         #reset all ants to default for the next iteration 

         self._init_ants(self.start) 

          

         #reset ant_updated_pheromone_map to record pheromones for ants on 

next pass 

         self.ant_updated_pheromone_map = self._init_matrix(len(self.nodes), 

value=0) 

       

      #translate shortest path back into callers node id's 

      ret = [] 

      for id in self.shortest_path_seen: 

         ret.append(self.id_to_key[id]) 

       

      return ret 
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import numpy as np 

import matplotlib.pyplot as plt 

import time 

 

import warnings 

 

warnings.filterwarnings("ignore") 

 

 

class AntColonyOptimizer: 
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    def __init__(self, ants, evaporation_rate, intensification, alpha=1.0, beta=0.0, 

beta_evaporation_rate=0, 

                 choose_best=.1): 

        """ 

        Ant colony optimizer.  Traverses a graph and finds either the max or min 

distance between nodes. 

        :param ants: number of ants to traverse the graph 

        :param evaporation_rate: rate at which pheromone evaporates 

        :param intensification: constant added to the best path 

        :param alpha: weighting of pheromone 

        :param beta: weighting of heuristic (1/distance) 

        :param beta_evaporation_rate: rate at which beta decays (optional) 

        :param choose_best: probability to choose the best route 

        """ 

        # Parameters 

        self.ants = ants 

        self.evaporation_rate = evaporation_rate 

        self.pheromone_intensification = intensification 

        self.heuristic_alpha = alpha 

        self.heuristic_beta = beta 

        self.beta_evaporation_rate = beta_evaporation_rate 

        self.choose_best = choose_best 

 

        # Internal representations 

        self.pheromone_matrix = None 

        self.heuristic_matrix = None 

        self.probability_matrix = None 

 

        self.map = None 

        self.set_of_available_nodes = None 
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        # Internal stats 

        self.best_series = [] 

        self.best = None 

        self.fitted = False 

        self.best_path = None 

        self.fit_time = None 

 

        # Plotting values 

        self.stopped_early = False 

 

    def __str__(self): 

        string = "Ant Colony Optimizer" 

        string += "\n--------------------" 

        string += "\nDesigned to optimize either the minimum or maximum 

distance between nodes in a square matrix that behaves like a distance matrix." 

        string += "\n--------------------" 

        string += "\nNumber of ants:\t\t\t\t{}".format(self.ants) 

        string += "\nEvaporation rate:\t\t\t{}".format(self.evaporation_rate) 

        string += "\nIntensification 

factor:\t\t{}".format(self.pheromone_intensification) 

        string += "\nAlpha Heuristic:\t\t\t{}".format(self.heuristic_alpha) 

        string += "\nBeta Heuristic:\t\t\t\t{}".format(self.heuristic_beta) 

        string += "\nBeta Evaporation 

Rate:\t\t{}".format(self.beta_evaporation_rate) 

        string += "\nChoose Best Percentage:\t\t{}".format(self.choose_best) 

        string += "\n--------------------" 

        string += "\nUSAGE:" 

        string += "\nNumber of ants influences how many paths are explored each 

iteration." 

        string += "\nThe alpha and beta heuristics affect how much influence the 

pheromones or the distance heuristic weigh an ants' decisions." 
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        string += "\nBeta evaporation reduces the influence of the heuristic over 

time." 

        string += "\nChoose best is a percentage of how often an ant will choose 

the best route over probabilistically choosing a route based on pheromones." 

        string += "\n--------------------" 

        if self.fitted: 

            string += "\n\nThis optimizer has been fitted." 

        else: 

            string += "\n\nThis optimizer has NOT been fitted." 

        return string 

 

    def _initialize(self): 

        """ 

        Initializes the model by creating the various matrices and generating the 

list of available nodes 

        """ 

        assert self.map.shape[0] == self.map.shape[1], "Map is not a distance 

matrix!" 

        num_nodes = self.map.shape[0] 

        self.pheromone_matrix = np.ones((num_nodes, num_nodes)) 

        # Remove the diagonal since there is no pheromone from node i to itself 

        self.pheromone_matrix[np.eye(num_nodes) == 1] = 0 

        self.heuristic_matrix = 1 / self.map 

        self.probability_matrix = (self.pheromone_matrix ** self.heuristic_alpha) 

* ( 

                self.heuristic_matrix ** self.heuristic_beta)  # element by element 

multiplcation 

        self.set_of_available_nodes = list(range(num_nodes)) 

 

    def _reinstate_nodes(self): 

        """ 
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        Resets available nodes to all nodes for the next iteration 

        """ 

        self.set_of_available_nodes = list(range(self.map.shape[0])) 

 

    def _update_probabilities(self): 

        """ 

        After evaporation and intensification, the probability matrix needs to be 

updated.  This function 

        does that. 

        """ 

        self.probability_matrix = (self.pheromone_matrix ** self.heuristic_alpha) 

* ( 

                self.heuristic_matrix ** self.heuristic_beta) 

 

    def _choose_next_node(self, from_node): 

        """ 

        Chooses the next node based on probabilities.  If p < p_choose_best, then 

the best path is chosen, otherwise 

        it is selected from a probability distribution weighted by the pheromone. 

        :param from_node: the node the ant is coming from 

        :return: index of the node the ant is going to 

        """ 

        numerator = self.probability_matrix[from_node, 

self.set_of_available_nodes] 

        if np.random.random() < self.choose_best: 

            next_node = np.argmax(numerator) 

        else: 

            denominator = np.sum(numerator) 

            probabilities = numerator / denominator 

            next_node = np.random.choice(range(len(probabilities)), 

p=probabilities) 
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        return next_node 

 

    def _remove_node(self, node): 

        self.set_of_available_nodes.remove(node) 

 

    def _evaluate(self, paths, mode): 

        """ 

        Evaluates the solutions of the ants by adding up the distances between 

nodes. 

        :param paths: solutions from the ants 

        :param mode: max or min 

        :return: x and y coordinates of the best path as a tuple, the best path, and 

the best score 

        """ 

        scores = np.zeros(len(paths)) 

        coordinates_i = [] 

        coordinates_j = [] 

        for index, path in enumerate(paths): 

            score = 0 

            coords_i = [] 

            coords_j = [] 

            for i in range(len(path) - 1): 

                coords_i.append(path[i]) 

                coords_j.append(path[i + 1]) 

                score += self.map[path[i], path[i + 1]] 

            scores[index] = score 

            coordinates_i.append(coords_i) 

            coordinates_j.append(coords_j) 

        if mode == 'min': 

            best = np.argmin(scores) 

        elif mode == 'max': 
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            best = np.argmax(scores) 

        return (coordinates_i[best], coordinates_j[best]), paths[best], scores[best] 

 

    def _evaporation(self): 

        """ 

        Evaporate some pheromone as the inverse of the evaporation rate.  Also 

evaporates beta if desired. 

        """ 

        self.pheromone_matrix *= (1 - self.evaporation_rate) 

        self.heuristic_beta *= (1 - self.beta_evaporation_rate) 

 

    def _intensify(self, best_coords): 

        """ 

        Increases the pheromone by some scalar for the best route. 

        :param best_coords: x and y (i and j) coordinates of the best route 

        """ 

        i = best_coords[0] 

        j = best_coords[1] 

        self.pheromone_matrix[i, j] += self.pheromone_intensification 

 

    def fit(self, map_matrix, iterations=100, mode='min', 

early_stopping_count=20, verbose=True): 

        """ 

        Fits the ACO to a specific map.  This was designed with the Traveling 

Salesman problem in mind. 

        :param map_matrix: Distance matrix or some other matrix with similar 

properties 

        :param iterations: number of iterations 

        :param mode: whether to get the minimum path or maximum path 

        :param early_stopping_count: how many iterations of the same score to 

make the algorithm stop early 
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        :return: the best score 

        """ 

        if verbose: print("Beginning ACO Optimization with {} 

iterations...".format(iterations)) 

        self.map = map_matrix 

        start = time.time() 

        self._initialize() 

        num_equal = 0 

 

        for i in range(iterations): 

            start_iter = time.time() 

            paths = [] 

            path = [] 

 

            for ant in range(self.ants): 

                current_node = self.set_of_available_nodes[np.random.randint(0, 

len(self.set_of_available_nodes))] 

                start_node = current_node 

                while True: 

                    path.append(current_node) 

                    self._remove_node(current_node) 

                    if len(self.set_of_available_nodes) != 0: 

                        current_node_index = self._choose_next_node(current_node) 

                        current_node = 

self.set_of_available_nodes[current_node_index] 

                    else: 

                        break 

 

                path.append(start_node)  # go back to start 

                self._reinstate_nodes() 

                paths.append(path) 
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                path = [] 

 

            best_path_coords, best_path, best_score = self._evaluate(paths, mode) 

 

            if i == 0: 

                best_score_so_far = best_score 

            else: 

                if mode == 'min': 

                    if best_score < best_score_so_far: 

                        best_score_so_far = best_score 

                        self.best_path = best_path 

                elif mode == 'max': 

                    if best_score > best_score_so_far: 

                        best_score_so_far = best_score 

                        self.best_path = best_path 

 

            if best_score == best_score_so_far: 

                num_equal += 1 

            else: 

                num_equal = 0 

 

            self.best_series.append(best_score) 

            self._evaporation() 

            self._intensify(best_path_coords) 

            self._update_probabilities() 

 

            if verbose: print("Best score at iteration {}: {}; overall: {} ({}s)" 

                              "".format(i, round(best_score, 2), round(best_score_so_far, 

2), 

                                        round(time.time() - start_iter))) 
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            if best_score == best_score_so_far and num_equal == 

early_stopping_count: 

                self.stopped_early = True 

                print("Stopping early due to {} iterations of the same 

score.".format(early_stopping_count)) 

                break 

 

        self.fit_time = round(time.time() - start) 

        self.fitted = True 

 

        if mode == 'min': 

            self.best = self.best_series[np.argmin(self.best_series)] 

            if verbose: print( 

                "ACO fitted.  Runtime: {} minutes.  Best score: 

{}".format(self.fit_time // 60, self.best)) 

            return self.best 

        elif mode == 'max': 

            self.best = self.best_series[np.argmax(self.best_series)] 

            if verbose: print( 

                "ACO fitted.  Runtime: {} minutes.  Best score: 

{}".format(self.fit_time // 60, self.best)) 

            return self.best 

        else: 

            raise ValueError("Invalid mode!  Choose 'min' or 'max'.") 

 

    def plot(self): 

        """ 

        Plots the score over time after the model has been fitted. 

        :return: None if the model isn't fitted yet 

        """ 

        if not self.fitted: 
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            print("Ant Colony Optimizer not fitted!  There exists nothing to plot.") 

            return None 

        else: 

            fig, ax = plt.subplots(figsize=(20, 15)) 

            ax.plot(self.best_series, label="Best Run") 

            ax.set_xlabel("Iteration") 

            ax.set_ylabel("Performance") 

            ax.text(.8, .6, 

                    'Ants: {}\nEvap Rate: {}\nIntensify: {}\nAlpha: {}\nBeta: {}\nBeta 

Evap: {}\nChoose Best: {}\n\nFit Time: {}m{}'.format( 

                        self.ants, self.evaporation_rate, self.pheromone_intensification, 

self.heuristic_alpha, 

                        self.heuristic_beta, self.beta_evaporation_rate, self.choose_best, 

self.fit_time // 60, 

                        ["\nStopped Early!" if self.stopped_early else ""][0]), 

                    bbox={'facecolor': 'gray', 'alpha': 0.8, 'pad': 10}, 

transform=ax.transAxes) 

            ax.legend() 

            plt.title("Ant Colony Optimization Results (best: 

{})".format(np.round(self.best, 2))) 

            plt.show() 

import numpy as np 

import matplotlib.pyplot as plt 

import time 

 

import warnings 

 

warnings.filterwarnings("ignore") 

 

 

class AntColonyOptimizer: 
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    def __init__(self, ants, evaporation_rate, intensification, alpha=1.0, beta=0.0, 

beta_evaporation_rate=0, 

                 choose_best=.1): 

        """ 

        Ant colony optimizer.  Traverses a graph and finds either the max or min 

distance between nodes. 

        :param ants: number of ants to traverse the graph 

        :param evaporation_rate: rate at which pheromone evaporates 

        :param intensification: constant added to the best path 

        :param alpha: weighting of pheromone 

        :param beta: weighting of heuristic (1/distance) 

        :param beta_evaporation_rate: rate at which beta decays (optional) 

        :param choose_best: probability to choose the best route 

        """ 

        # Parameters 

        self.ants = ants 

        self.evaporation_rate = evaporation_rate 

        self.pheromone_intensification = intensification 

        self.heuristic_alpha = alpha 

        self.heuristic_beta = beta 

        self.beta_evaporation_rate = beta_evaporation_rate 

        self.choose_best = choose_best 

 

        # Internal representations 

        self.pheromone_matrix = None 

        self.heuristic_matrix = None 

        self.probability_matrix = None 

 

        self.map = None 

        self.set_of_available_nodes = None 
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        # Internal stats 

        self.best_series = [] 

        self.best = None 

        self.fitted = False 

        self.best_path = None 

        self.fit_time = None 

 

        # Plotting values 

        self.stopped_early = False 

 

    def __str__(self): 

        string = "Ant Colony Optimizer" 

        string += "\n--------------------" 

        string += "\nDesigned to optimize either the minimum or maximum 

distance between nodes in a square matrix that behaves like a distance matrix." 

        string += "\n--------------------" 

        string += "\nNumber of ants:\t\t\t\t{}".format(self.ants) 

        string += "\nEvaporation rate:\t\t\t{}".format(self.evaporation_rate) 

        string += "\nIntensification 

factor:\t\t{}".format(self.pheromone_intensification) 

        string += "\nAlpha Heuristic:\t\t\t{}".format(self.heuristic_alpha) 

        string += "\nBeta Heuristic:\t\t\t\t{}".format(self.heuristic_beta) 

        string += "\nBeta Evaporation 

Rate:\t\t{}".format(self.beta_evaporation_rate) 

        string += "\nChoose Best Percentage:\t\t{}".format(self.choose_best) 

        string += "\n--------------------" 

        string += "\nUSAGE:" 

        string += "\nNumber of ants influences how many paths are explored each 

iteration." 

        string += "\nThe alpha and beta heuristics affect how much influence the 

pheromones or the distance heuristic weigh an ants' decisions." 
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        string += "\nBeta evaporation reduces the influence of the heuristic over 

time." 

        string += "\nChoose best is a percentage of how often an ant will choose 

the best route over probabilistically choosing a route based on pheromones." 

        string += "\n--------------------" 

        if self.fitted: 

            string += "\n\nThis optimizer has been fitted." 

        else: 

            string += "\n\nThis optimizer has NOT been fitted." 

        return string 

 

    def _initialize(self): 

        """ 

        Initializes the model by creating the various matrices and generating the 

list of available nodes 

        """ 

        assert self.map.shape[0] == self.map.shape[1], "Map is not a distance 

matrix!" 

        num_nodes = self.map.shape[0] 

        self.pheromone_matrix = np.ones((num_nodes, num_nodes)) 

        # Remove the diagonal since there is no pheromone from node i to itself 

        self.pheromone_matrix[np.eye(num_nodes) == 1] = 0 

        self.heuristic_matrix = 1 / self.map 

        self.probability_matrix = (self.pheromone_matrix ** self.heuristic_alpha) 

* ( 

                self.heuristic_matrix ** self.heuristic_beta)  # element by element 

multiplcation 

        self.set_of_available_nodes = list(range(num_nodes)) 

 

    def _reinstate_nodes(self): 

        """ 
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        Resets available nodes to all nodes for the next iteration 

        """ 

        self.set_of_available_nodes = list(range(self.map.shape[0])) 

 

    def _update_probabilities(self): 

        """ 

        After evaporation and intensification, the probability matrix needs to be 

updated.  This function 

        does that. 

        """ 

        self.probability_matrix = (self.pheromone_matrix ** self.heuristic_alpha) 

* ( 

                self.heuristic_matrix ** self.heuristic_beta) 

 

    def _choose_next_node(self, from_node): 

        """ 

        Chooses the next node based on probabilities.  If p < p_choose_best, then 

the best path is chosen, otherwise 

        it is selected from a probability distribution weighted by the pheromone. 

        :param from_node: the node the ant is coming from 

        :return: index of the node the ant is going to 

        """ 

        numerator = self.probability_matrix[from_node, 

self.set_of_available_nodes] 

        if np.random.random() < self.choose_best: 

            next_node = np.argmax(numerator) 

        else: 

            denominator = np.sum(numerator) 

            probabilities = numerator / denominator 

            next_node = np.random.choice(range(len(probabilities)), 

p=probabilities) 



133 

 

        return next_node 

 

    def _remove_node(self, node): 

        self.set_of_available_nodes.remove(node) 

 

    def _evaluate(self, paths, mode): 

        """ 

        Evaluates the solutions of the ants by adding up the distances between 

nodes. 

        :param paths: solutions from the ants 

        :param mode: max or min 

        :return: x and y coordinates of the best path as a tuple, the best path, and 

the best score 

        """ 

        scores = np.zeros(len(paths)) 

        coordinates_i = [] 

        coordinates_j = [] 

        for index, path in enumerate(paths): 

            score = 0 

            coords_i = [] 

            coords_j = [] 

            for i in range(len(path) - 1): 

                coords_i.append(path[i]) 

                coords_j.append(path[i + 1]) 

                score += self.map[path[i], path[i + 1]] 

            scores[index] = score 

            coordinates_i.append(coords_i) 

            coordinates_j.append(coords_j) 

        if mode == 'min': 

            best = np.argmin(scores) 

        elif mode == 'max': 
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            best = np.argmax(scores) 

        return (coordinates_i[best], coordinates_j[best]), paths[best], scores[best] 

 

    def _evaporation(self): 

        """ 

        Evaporate some pheromone as the inverse of the evaporation rate.  Also 

evaporates beta if desired. 

        """ 

        self.pheromone_matrix *= (1 - self.evaporation_rate) 

        self.heuristic_beta *= (1 - self.beta_evaporation_rate) 

 

    def _intensify(self, best_coords): 

        """ 

        Increases the pheromone by some scalar for the best route. 

        :param best_coords: x and y (i and j) coordinates of the best route 

        """ 

        i = best_coords[0] 

        j = best_coords[1] 

        self.pheromone_matrix[i, j] += self.pheromone_intensification 

 

    def fit(self, map_matrix, iterations=100, mode='min', 

early_stopping_count=20, verbose=True): 

        """ 

        Fits the ACO to a specific map.  This was designed with the Traveling 

Salesman problem in mind. 

        :param map_matrix: Distance matrix or some other matrix with similar 

properties 

        :param iterations: number of iterations 

        :param mode: whether to get the minimum path or maximum path 

        :param early_stopping_count: how many iterations of the same score to 

make the algorithm stop early 
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        :return: the best score 

        """ 

        if verbose: print("Beginning ACO Optimization with {} 

iterations...".format(iterations)) 

        self.map = map_matrix 

        start = time.time() 

        self._initialize() 

        num_equal = 0 

 

        for i in range(iterations): 

            start_iter = time.time() 

            paths = [] 

            path = [] 

 

            for ant in range(self.ants): 

                current_node = self.set_of_available_nodes[np.random.randint(0, 

len(self.set_of_available_nodes))] 

                start_node = current_node 

                while True: 

                    path.append(current_node) 

                    self._remove_node(current_node) 

                    if len(self.set_of_available_nodes) != 0: 

                        current_node_index = self._choose_next_node(current_node) 

                        current_node = 

self.set_of_available_nodes[current_node_index] 

                    else: 

                        break 

 

                path.append(start_node)  # go back to start 

                self._reinstate_nodes() 

                paths.append(path) 



136 

 

                path = [] 

 

            best_path_coords, best_path, best_score = self._evaluate(paths, mode) 

 

            if i == 0: 

                best_score_so_far = best_score 

            else: 

                if mode == 'min': 

                    if best_score < best_score_so_far: 

                        best_score_so_far = best_score 

                        self.best_path = best_path 

                elif mode == 'max': 

                    if best_score > best_score_so_far: 

                        best_score_so_far = best_score 

                        self.best_path = best_path 

 

            if best_score == best_score_so_far: 

                num_equal += 1 

            else: 

                num_equal = 0 

 

            self.best_series.append(best_score) 

            self._evaporation() 

            self._intensify(best_path_coords) 

            self._update_probabilities() 

 

            if verbose: print("Best score at iteration {}: {}; overall: {} ({}s)" 

                              "".format(i, round(best_score, 2), round(best_score_so_far, 

2), 

                                        round(time.time() - start_iter))) 
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            if best_score == best_score_so_far and num_equal == 

early_stopping_count: 

                self.stopped_early = True 

                print("Stopping early due to {} iterations of the same 

score.".format(early_stopping_count)) 

                break 

 

        self.fit_time = round(time.time() - start) 

        self.fitted = True 

 

        if mode == 'min': 

            self.best = self.best_series[np.argmin(self.best_series)] 

            if verbose: print( 

                "ACO fitted.  Runtime: {} minutes.  Best score: 

{}".format(self.fit_time // 60, self.best)) 

            return self.best 

        elif mode == 'max': 

            self.best = self.best_series[np.argmax(self.best_series)] 

            if verbose: print( 

                "ACO fitted.  Runtime: {} minutes.  Best score: 

{}".format(self.fit_time // 60, self.best)) 

            return self.best 

        else: 

            raise ValueError("Invalid mode!  Choose 'min' or 'max'.") 

 

    def plot(self): 

        """ 

        Plots the score over time after the model has been fitted. 

        :return: None if the model isn't fitted yet 

        """ 

        if not self.fitted: 
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            print("Ant Colony Optimizer not fitted!  There exists nothing to plot.") 

            return None 

        else: 

            fig, ax = plt.subplots(figsize=(20, 15)) 

            ax.plot(self.best_series, label="Best Run") 

            ax.set_xlabel("Iteration") 

            ax.set_ylabel("Performance") 

            ax.text(.8, .6, 

                    'Ants: {}\nEvap Rate: {}\nIntensify: {}\nAlpha: {}\nBeta: {}\nBeta 

Evap: {}\nChoose Best: {}\n\nFit Time: {}m{}'.format( 

                        self.ants, self.evaporation_rate, self.pheromone_intensification, 

self.heuristic_alpha, 

                        self.heuristic_beta, self.beta_evaporation_rate, self.choose_best, 

self.fit_time // 60, 

                        ["\nStopped Early!" if self.stopped_early else ""][0]), 

                    bbox={'facecolor': 'gray', 'alpha': 0.8, 'pad': 10}, 

transform=ax.transAxes) 

            ax.legend() 

            plt.title("Ant Colony Optimization Results (best: 

{})".format(np.round(self.best, 2))) 

            plt.show() 
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""" 
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""" 

 

from math import cos, sin 
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import numpy as np 

import matplotlib.pyplot as plt 

 

class Quadrotor(): 

    def __init__(self, x=0, y=0, z=0, roll=0, pitch=0, yaw=0, size=0.25, 

show_animation=True): 

        self.p1 = np.array([size / 2, 0, 0, 1]).T 

        self.p2 = np.array([-size / 2, 0, 0, 1]).T 

        self.p3 = np.array([0, size / 2, 0, 1]).T 

        self.p4 = np.array([0, -size / 2, 0, 1]).T 

 

        self.x_data = [] 

        self.y_data = [] 

        self.z_data = [] 

        self.show_animation = show_animation 

 

        if self.show_animation: 

            plt.ion() 

            fig = plt.figure() 

            ��ɞɥɹ�ɡɭɩɢɧɤɢ�ɫɢɦɭɥɹɰɿʀ�ɤɥɚɜɿɲɨɸ�(6& 

            fig.canvas.mpl_connect('key_release_event', 

                    lambda event: [exit(0) if event.key == 'escape' else None]) 

 

            self.ax = fig.add_subplot(111, projection='3d') 

 

        self.update_pose(x, y, z, roll, pitch, yaw) 

 

    def update_pose(self, x, y, z, roll, pitch, yaw): 

        self.x = x 

        self.y = y 

        self.z = z 



140 

 

        self.roll = roll 

        self.pitch = pitch 

        self.yaw = yaw 

        self.x_data.append(x) 

        self.y_data.append(y) 

        self.z_data.append(z) 

 

        if self.show_animation: 

            self.plot() 

 

    def transformation_matrix(self): 

        x = self.x 

        y = self.y 

        z = self.z 

        roll = self.roll 

        pitch = self.pitch 

        yaw = self.yaw 

        return np.array( 

            [[cos(yaw) * cos(pitch), -sin(yaw) * cos(roll) + cos(yaw) * sin(pitch) * 

sin(roll), sin(yaw) * sin(roll) + cos(yaw) * sin(pitch) * cos(roll), x], 

             [sin(yaw) * cos(pitch), cos(yaw) * cos(roll) + sin(yaw) * sin(pitch) 

              * sin(roll), -cos(yaw) * sin(roll) + sin(yaw) * sin(pitch) * cos(roll), y], 

             [-sin(pitch), cos(pitch) * sin(roll), cos(pitch) * cos(yaw), z] 

             ]) 

 

    def plot(self):  # pragma: no cover 

        T = self.transformation_matrix() 

 

        p1_t = np.matmul(T, self.p1) 

        p2_t = np.matmul(T, self.p2) 

        p3_t = np.matmul(T, self.p3) 
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        p4_t = np.matmul(T, self.p4) 

 

        plt.cla() 

 

        self.ax.plot([p1_t[0], p2_t[0], p3_t[0], p4_t[0]], 

                     [p1_t[1], p2_t[1], p3_t[1], p4_t[1]], 

                     [p1_t[2], p2_t[2], p3_t[2], p4_t[2]], 'k.') 

 

        self.ax.plot([p1_t[0], p2_t[0]], [p1_t[1], p2_t[1]], 

                     [p1_t[2], p2_t[2]], 'r-') 

        self.ax.plot([p3_t[0], p4_t[0]], [p3_t[1], p4_t[1]], 

                     [p3_t[2], p4_t[2]], 'r-') 

 

        self.ax.plot(self.x_data, self.y_data, self.z_data, 'b:') 

 

        plt.xlim(-10, 10) 

        plt.ylim(-10, 10) 

        self.ax.set_zlim(0, 20) 

 

        plt.pause(0.001) 

 

Ɇɨɞɭɥɶ�©Ƚɟɧɟɪɚɰɿɹ�ɤɜɿɧɬɢɱɧɨʀ�ɩɨɥɿɧɨɦɿɚɥɶɧɨʀ�ɬɪɚɽɤɬɨɪɿʀ�ȻɉɅȺª� 

 

""" 

Ƚɟɧɟɪɚɰɿɹ�ɤɜɿɧɬɢɱɧɨʀ�ɩɨɥɿɧɨɦɿɚɥɶɧɨʀ�ɬɪɚɽɤɬɨɪɿʀ 

 

""" 

 

import numpy as np 

 

class TrajectoryGenerator(): 
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    def __init__(self, start_pos, des_pos, T, start_vel=[0,0,0], des_vel=[0,0,0], 

start_acc=[0,0,0], des_acc=[0,0,0]): 

        self.start_x = start_pos[0] 

        self.start_y = start_pos[1] 

        self.start_z = start_pos[2] 

 

        self.des_x = des_pos[0] 

        self.des_y = des_pos[1] 

        self.des_z = des_pos[2] 

 

        self.start_x_vel = start_vel[0] 

        self.start_y_vel = start_vel[1] 

        self.start_z_vel = start_vel[2] 

 

        self.des_x_vel = des_vel[0] 

        self.des_y_vel = des_vel[1] 

        self.des_z_vel = des_vel[2] 

 

        self.start_x_acc = start_acc[0] 

        self.start_y_acc = start_acc[1] 

        self.start_z_acc = start_acc[2] 

 

        self.des_x_acc = des_acc[0] 

        self.des_y_acc = des_acc[1] 

        self.des_z_acc = des_acc[2] 

 

        self.T = T 

 

    def solve(self): 

        A = np.array( 

            [[0, 0, 0, 0, 0, 1], 
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             [self.T**5, self.T**4, self.T**3, self.T**2, self.T, 1], 

             [0, 0, 0, 0, 1, 0], 

             [5*self.T**4, 4*self.T**3, 3*self.T**2, 2*self.T, 1, 0], 

             [0, 0, 0, 2, 0, 0], 

             [20*self.T**3, 12*self.T**2, 6*self.T, 2, 0, 0] 

            ]) 

 

        b_x = np.array( 

            [[self.start_x], 

             [self.des_x], 

             [self.start_x_vel], 

             [self.des_x_vel], 

             [self.start_x_acc], 

             [self.des_x_acc] 

            ]) 

 

        b_y = np.array( 

            [[self.start_y], 

             [self.des_y], 

             [self.start_y_vel], 

             [self.des_y_vel], 

             [self.start_y_acc], 

             [self.des_y_acc] 

            ]) 

 

        b_z = np.array( 

            [[self.start_z], 

             [self.des_z], 

             [self.start_z_vel], 

             [self.des_z_vel], 

             [self.start_z_acc], 
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             [self.des_z_acc] 

            ]) 

 

        self.x_c = np.linalg.solve(A, b_x) 

        self.y_c = np.linalg.solve(A, b_y) 

        self.z_c = np.linalg.solve(A, b_z) 

 

Ɇɨɞɭɥɶ�©ɋɢɦɭɥɹɰɿɹ�ɪɭɛɭ�ɤɜɚɞɪɨɬɨɪɚ�ɩɨ�ɬɪɶɨɯ�ɜɢɦɿɪɧɿɣ�ɬɪɚɟɤɬɨɪɿʀª� 

 

""" 

 

ɋɢɦɭɥɹɰɿɹ�ɪɭɯɭ�ɤɜɚɞɪɨɬɨɪɭ�ɩɨ��ɞ�ɬɪɚɟɤɬɨɪɿʀ 

 

""" 

 

from math import cos, sin 

import numpy as np 

from Quadrotor import Quadrotor 

from TrajectoryGenerator import TrajectoryGenerator 

from mpl_toolkits.mplot3d import Axes3D 

 

show_animation = True 

 

# Simulation parameters 

g = 9.81 

m = 0.2 

Ixx = 1 

Iyy = 1 

Izz = 1 

T = 5 
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# Proportional coefficients 

Kp_x = 1 

Kp_y = 1 

Kp_z = 1 

Kp_roll = 25 

Kp_pitch = 25 

Kp_yaw = 25 

 

# Derivative coefficients 

Kd_x = 10 

Kd_y = 10 

Kd_z = 1 

 

 

def quad_sim(x_c, y_c, z_c): 

    """ 

    Calculates the necessary thrust and torques for the quadrotor to 

    follow the trajectory described by the sets of coefficients 

    x_c, y_c, and z_c. 

     

    """ 

    x_pos = -5 

    y_pos = -5 

    z_pos = 5 

    x_vel = 0 

    y_vel = 0 

    z_vel = 0 

    x_acc = 0 

    y_acc = 0 

    z_acc = 0 

    roll = 0 
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    pitch = 0 

    yaw = 0 

    roll_vel = 0 

    pitch_vel = 0 

    yaw_vel = 0 

 

    des_yaw = 0 

 

    dt = 0.1 

    t = 0 

 

    q = Quadrotor(x=x_pos, y=y_pos, z=z_pos, roll=roll, 

                  pitch=pitch, yaw=yaw, size=1, show_animation=show_animation) 

 

    i = 0 

    n_run = 8 

    irun = 0 

 

    while True: 

        while t <= T: 

            des_x_pos = calculate_position(x_c[i], t) 

            des_y_pos = calculate_position(y_c[i], t) 

            des_z_pos = calculate_position(z_c[i], t) 

            des_x_vel = calculate_velocity(x_c[i], t) 

            des_y_vel = calculate_velocity(y_c[i], t) 

            des_z_vel = calculate_velocity(z_c[i], t) 

            des_x_acc = calculate_acceleration(x_c[i], t) 

            des_y_acc = calculate_acceleration(y_c[i], t) 

            des_z_acc = calculate_acceleration(z_c[i], t) 

 

            thrust = m * (g + des_z_acc + Kp_z * (des_z_pos - 
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                                                  z_pos) + Kd_z * (des_z_vel - z_vel)) 

 

            roll_torque = Kp_roll * \ 

                (((des_x_acc * sin(des_yaw) - des_y_acc * cos(des_yaw)) / g) - roll) 

            pitch_torque = Kp_pitch * \ 

                (((des_x_acc * cos(des_yaw) - des_y_acc * sin(des_yaw)) / g) - pitch) 

            yaw_torque = Kp_yaw * (des_yaw - yaw) 

 

            roll_vel += roll_torque * dt / Ixx 

            pitch_vel += pitch_torque * dt / Iyy 

            yaw_vel += yaw_torque * dt / Izz 

 

            roll += roll_vel * dt 

            pitch += pitch_vel * dt 

            yaw += yaw_vel * dt 

 

            R = rotation_matrix(roll, pitch, yaw) 

            acc = (np.matmul(R, np.array( 

                [0, 0, thrust.item()]).T) - np.array([0, 0, m * g]).T) / m 

            x_acc = acc[0] 

            y_acc = acc[1] 

            z_acc = acc[2] 

            x_vel += x_acc * dt 

            y_vel += y_acc * dt 

            z_vel += z_acc * dt 

            x_pos += x_vel * dt 

            y_pos += y_vel * dt 

            z_pos += z_vel * dt 

 

            q.update_pose(x_pos, y_pos, z_pos, roll, pitch, yaw) 
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            t += dt 

 

        t = 0 

        i = (i + 1) % 4 

        irun += 1 

        if irun >= n_run: 

            break 

 

    print("Done") 

 

 

def calculate_position(c, t): 

    """ 

    Calculates a position given a set of quintic coefficients and a time. 

 

    Args 

        c: List of coefficients generated by a quintic polynomial  

            trajectory generator. 

        t: Time at which to calculate the position 

 

    Returns 

        Position 

    """ 

    return c[0] * t**5 + c[1] * t**4 + c[2] * t**3 + c[3] * t**2 + c[4] * t + c[5] 

 

 

def calculate_velocity(c, t): 

    """ 

    Calculates a velocity given a set of quintic coefficients and a time. 

 

    Args 
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        c: List of coefficients generated by a quintic polynomial  

            trajectory generator. 

        t: Time at which to calculate the velocity 

 

    Returns 

        Velocity 

    """ 

    return 5 * c[0] * t**4 + 4 * c[1] * t**3 + 3 * c[2] * t**2 + 2 * c[3] * t + c[4] 

 

 

def calculate_acceleration(c, t): 

    """ 

    Calculates an acceleration given a set of quintic coefficients and a time. 

 

    Args 

        c: List of coefficients generated by a quintic polynomial  

            trajectory generator. 

        t: Time at which to calculate the acceleration 

 

    Returns 

        Acceleration 

    """ 

    return 20 * c[0] * t**3 + 12 * c[1] * t**2 + 6 * c[2] * t + 2 * c[3] 

 

 

def rotation_matrix(roll, pitch, yaw): 

    """ 

    Calculates the ZYX rotation matrix. 

 

    Args 

        Roll: Angular position about the x-axis in radians. 
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        Pitch: Angular position about the y-axis in radians. 

        Yaw: Angular position about the z-axis in radians. 

 

    Returns 

        3x3 rotation matrix as NumPy array 

    """ 

    return np.array( 

        [[cos(yaw) * cos(pitch), -sin(yaw) * cos(roll) + cos(yaw) * sin(pitch) * 

sin(roll), sin(yaw) * sin(roll) + cos(yaw) * sin(pitch) * cos(roll)], 

         [sin(yaw) * cos(pitch), cos(yaw) * cos(roll) + sin(yaw) * sin(pitch) * 

          sin(roll), -cos(yaw) * sin(roll) + sin(yaw) * sin(pitch) * cos(roll)], 

         [-sin(pitch), cos(pitch) * sin(roll), cos(pitch) * cos(yaw)] 

         ]) 

 

 

def main(): 

    """ 

    Calculates the x, y, z coefficients for the four segments  

    of the trajectory 

    """ 

    x_coeffs = [[], [], [], []] 

    y_coeffs = [[], [], [], []] 

    z_coeffs = [[], [], [], []] 

    waypoints = [[-5, -5, 5], [5, -5, 5], [5, 5, 5], [-5, 5, 5]] 

 

    for i in range(4): 

        traj = TrajectoryGenerator(waypoints[i], waypoints[(i + 1) % 4], T) 

        traj.solve() 

        x_coeffs[i] = traj.x_c 

        y_coeffs[i] = traj.y_c 

        z_coeffs[i] = traj.z_c 
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    quad_sim(x_coeffs, y_coeffs, z_coeffs) 

 

 

if __name__ == "__main__": 

    main() 

 

Ɇɨɞɭɥɶ�©Ɋɟɚɥɿɡɚɰɿɹ�ACO ɞɥɹ�ɬɟɫɬɨɜɨɝɨ�ɧɚɛɨɪɭ�ɞɚɧɢɯª� 

 

""" 

 

Ɉɩɬɢɦɿɡɨɜɚɧɢɣ�ɦɭɪɚɲɢɧɢɣ�ɚɥɝɨɪɢɬɦ�ɞɥɹ�ȻɉɅȺ 

 

""" 

 

import sys 

sys.path.append("/Users/pasha/Workspace/AntColonyOptimization/ant-

colony-optimization") 

import ant_colony 

import math 

from enum import Enum 

import numpy as np 

 

��ɜɫɬɚɧɨɜɥɟɧɧɹ�ɬɟɫɬɨɜɢɯ�ɜɿɬɨɤ�ɬɚ�ɥɨɤɚɰɿɣ 

test_nodes = {0: (0, 7), 1: (3, 9), 2: (12, 4), 3: (14, 11), 4: (8, 11), 5: (15, 6), 6: 

(6, 15), 7: (15, 9), 8: (12, 10), 9: (10, 7)} 

 

��ɮɭɧɤɰɿɹ�ɜɢɡɧɚɱɟɧɧɹ�ɞɢɫɬɚɧɰɿʀ�ɦɿɠ�ɜɿɬɤɚɦɢ 

def distance(start, end): 

   x_distance = abs(start[0] - end[0]) 

   y_distance = abs(start[1] - end[1]) 

    



152 

 

   # c = sqrt(a^2 + b^2) 

   import math 

   return math.sqrt(pow(x_distance, 2) + pow(y_distance, 2)) 

 

��ɫɬɜɨɪɟɧɧɹ�ɤɨɥɨɧɨʀ 

colony = ant_colony.ant_colony(test_nodes, distance) 

 

��ɡɧɚɯɨɞɠɟɧɧɹ�ɨɩɬɢɦɚɥɶɧɨɝɨ�ɦɚɪɲɪɭɬɭ�ɡ�$&2 

answer = colony.mainloop() 

 

print(answer) 
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ȾɈȾȺɌɈɄ�Ȼ 

�ɨɛɨɜ¶ɹɡɤɨɜɢɣ� 

ɉɊȿɁȿɇɌȺɐȱə�ȼɂɋɌɍɉɍ 

 

 

 
 

 

 

 

?ɆȱɇȱɋɌȿɊɋɌȼɈ�ɈɋȼȱɌɂ�ȱ�ɇȺɍɄɂ�ɍɄɊȺȲɇɂ
ɏɆȿɅɖɇɂɐɖɄɂɃ�ɇȺɐȱɈɇȺɅɖɇɂɃ�ɍɇȱȼȿɊɋɂɌȿɌ

Ʉɚɮɟɞɪɚ�ɤɨɦɩ¶ɸɬɟɪɧɨʀ�ɿɧɠɟɧɟɪɿʀ�ɬɚ�ɫɢɫɬɟɦɧɨɝɨ�ɩɪɨɝɪɚɦɭɜɚɧɧɹ

Ʉɨɜɚɥɶɱɭɤ�ɉɚɜɥɨ�ɋɟɪɝɿɣɨɜɢɱ

Ɇɟɬɨɞ�ɤɟɪɭɜɚɧɧɹ�ɝɪɭɩɨɸ�ɛɟɡɩɿɥɨɬɧɢɯ�
ɥɿɬɚɥɶɧɢɯ�ɚɩɚɪɚɬɿɜ�ɧɚ�ɨɫɧɨɜɿ�ɧɟɱɿɬɤɨɝɨ�

ɦɭɪɚɲɢɧɨɝɨ�ɚɥɝɨɪɢɬɦɭ

ɇɚɭɤɨɜɢɣ�ɤɟɪɿɜɧɢɤ�± ɞ��ɬ��ɧ��ɩɪɨɮ��Ʌɢɫɟɧɤɨ�ɋ�Ɇ�

ɏɦɟɥɶɧɢɰɶɤɢɣ�� ����

Ɇɟɬɚ�ɿ�ɡɚɞɚɱɿ�ɞɨɫɥɿɞɠɟɧɧɹ

X Ɇɟɬɨɸ�ɤɜɚɥɿɮɿɤɚɰɿɣɧɨʀ�ɪɨɛɨɬɢ ɦɚɝɿɫɬɪɚ ɽ�ɪɨɡɪɨɛɤɚ�
ɩɪɨɝɪɚɦɧɨ�ɬɟɯɧɿɱɧɨɝɨ�ɡɚɫɨɛɭ��ɦɟɬɨɞɭ�ɬɚ�ɫɢɫɬɟɦɢ�ɤɟɪɭɜɚɧɧɹ�
ɝɪɭɩɨɸ�ɛɟɡɩɿɥɨɬɧɢɯ�ɥɿɬɚɥɶɧɢɯ�ɚɩɚɪɚɬɿɜ�ɧɚ�ɨɫɧɨɜɿ�ɧɟɱɿɬɤɨɝɨ�
ɦɭɪɚɲɢɧɨɝɨ�ɚɥɝɨɪɢɬɦɭ�ɞɥɹ�ɩɿɞɜɢɳɟɧɧɹ�ɟɮɟɤɬɢɜɧɨɫɬɿ�
ɜɢɤɨɧɚɧɧɹ�ɝɪɭɩɨɜɢɯ�ɡɚɜɞɚɧɶ�

X Ɉɛ¶ɽɤɬɨɦ�ɞɨɫɥɿɞɠɟɧɧɹ�ɽ�ɩɪɨɰɟɫ�ɤɟɪɭɜɚɧɧɹ�ɝɪɭɩɨɸ�
ɛɟɡɩɿɥɨɬɧɢɯ�ɥɿɬɚɥɶɧɢɯ�ɚɩɚɪɚɬɿɜ�ɜ�ɬɨɦɭ�ɱɢɫɥɿ�ɩɪɨɰɟɫ�
ɨɩɬɢɦɿɡɚɰɿʀ�ɦɟɬɨɞɭ�ɤɟɪɭɜɚɧɧɹ�ɝɪɭɩɢ�ȻɉɅȺ�ɡ�ɦɟɬɨɸ�
ɞɨɫɹɝɧɟɧɧɹ�ɤɿɧɰɟɜɨʀ�ɬɨɱɤɢ�ɩɪɢɡɧɚɱɟɧɧɹ�ɡɚ�ɧɚɣɤɨɪɨɬɲɢɣ�ɱɚɫ�

X ɉɪɟɞɦɟɬɨɦ�ɞɨɫɥɿɞɠɟɧɧɹ�ɽ�ɦɚɬɟɦɚɬɢɱɧɿ�ɦɨɞɟɥɿ��
ɭɞɨɫɤɨɧɚɥɟɧɢɣ�ɦɟɬɨɞ�ɬɚ�ɩɪɨɝɪɚɦɧɨ�ɬɟɯɧɿɱɧɿ�ɡɚɫɨɛɢ�ɞɥɹ�
ɪɟɚɥɿɡɚɰɿʀ�ɫɢɫɬɟɦɢ�ɬɚ�ɦɟɬɨɞɭ�ɤɟɪɭɜɚɧɧɹ�ɝɪɭɩɨɸ�ɛɟɡɩɿɥɨɬɧɢɯ�
ɥɿɬɚɥɶɧɢɯ�ɚɩɚɪɚɬɿɜ�ɧɚ�ɨɫɧɨɜɿ�ɧɟɱɿɬɤɨɝɨ�ɦɭɪɚɲɢɧɨɝɨ�
ɚɥɝɨɪɢɬɦɭ�
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Ɇɟɬɚ�ɿ�ɡɚɞɚɱɿ�ɞɨɫɥɿɞɠɟɧɧɹ

X ɉɨɫɬɚɜɥɟɧɚ ɦɟɬɚ ɞɨɫɹɝɚɽɬɶɫɹ ɪɨɡɜ¶ɹɡɚɧɧɹɦ ɧɚɫɬɭɩɧɢɯ ɡɚɞɚɱ�

�� ɉɪɨɜɟɞɟɧɧɹ ɚɧɚɥɿɡɭ ɬɚ ɞɨɫɥɿɞɠɟɧɧɹ ɩɪɟɞɦɟɬɧɨʀ ɨɛɥɚɫɬɿ ɬɚ

ɞɨɫɬɭɩɧɢɯ ɦɟɬɨɞɿɜ ɪɿɲɟɧɧɹ ɡɚɞɚɱɿ�

�� Ɋɨɡɪɨɛɢɬɢ ɦɚɬɟɦɚɬɢɱɧɨʀ ɦɨɞɟɥɿ ɫɤɨɨɪɞɢɧɨɜɚɧɨɝɨ ɩɥɚɧɭɜɚɧɧɹ

ɨɩɬɢɦɚɥɶɧɨʀ ɬɪɚɽɤɬɨɪɿʀ ɪɭɯɭ ȻɉɅȺ�

Ɇɟɬɚ�ɿ�ɡɚɞɚɱɿ�ɞɨɫɥɿɞɠɟɧɧɹ

�� ɋɩɪɨɟɤɬɭɜɚɬɢ ɭɞɨɫɤɨɧɚɥɟɧɢɣ $&2 0D[�0LQ ɚɥɝɨɪɢɬɦ ɞɥɹ

ɪɨɡɪɚɯɭɧɤɭ ɨɩɬɢɦɚɥɶɧɨɝɨ ɦɚɪɲɪɭɬɭ ȻɉɅȺ ɡ ɭɪɚɯɭɜɚɧɧɹɦ

ɭɧɢɤɧɟɧɧɹ ɫɩɥɢɜɚɸɱɢɯɩɟɪɟɲɤɨɞ�

�� Ɋɨɡɪɨɛɢɬɢ ɬɚ ɞɨɫɥɿɞɢɬɢ ɩɪɨɝɪɚɦɧɨ�ɚɩɚɪɚɬɧɭ ɪɟɚɥɿɡɚɰɿɸ

ɤɟɪɭɜɚɧɧɹ ɝɪɭɩɨɸ ɛɟɡɩɿɥɨɬɧɢɯ ɥɿɬɚɥɶɧɢɯ ɚɩɚɪɚɬɿɜ ɧɚ ɨɫɧɨɜɿ

ɧɟɱɿɬɤɨɝɨ ɦɭɪɚɲɢɧɨɝɨ ɚɥɝɨɪɢɬɦɭ ɬɚ ɩɪɨɜɟɫɬɢ ɪɹɞ

ɿɦɿɬɚɰɿɣɧɢɯɬɟɫɬɿɜ�
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ɇɚɭɤɨɜɚ�ɧɨɜɢɡɧɚ�ɨɬɪɢɦɚɧɢɯ�ɪɟɡɭɥɶɬɚɬɿɜ

ɇɚɭɤɨɜɚ ɧɨɜɢɡɧɚɨɬɪɢɦɚɧɢɯ ɪɟɡɭɥɶɬɚɬɿɜ �

X ɧɚɛɭɜ ɩɨɞɚɥɶɲɨɝɨ ɪɨɡɜɢɬɤɭ ɦɟɬɨɞ ɫɭɬɶ ɪɨɛɨɬɢ ɹɤɨɝɨ
ɩɨɥɹɝɚɽ ɜ ɬɨɦɭ� ɳɨɛ ɩɪɟɞɫɬɚɜɢɬɢ ɿɽɪɚɪɯɿɱɧɭ ɦɨɞɟɥɶ
ɩɪɢɣɧɹɬɬɹ ɪɿɲɟɧɶ ɞɥɹ ɫɩɿɥɶɧɨɝɨ ɩɥɚɧɭɜɚɧɧɹ ɦɿɫɿɣ
ɛɟɡɩɿɥɨɬɧɢɤɿɜ ɞɥɹ ɦɿɫɿʀ ɪɨɡɜɿɞɤɢ ɲɥɹɯɨɦ ɿɧɬɟɝɪɚɰɿʀ ɪɨɡɩɨɞɿɥɭ
ɦɿɫɿʀ ɬɚ ɩɥɚɧɭɜɚɧɧɹ ɦɚɪɲɪɭɬɭ�

X ɧɚɛɭɥɚ ɩɨɞɚɥɶɲɨɝɨ ɪɨɡɜɢɬɤɭ ɿɧɮɨɪɦɚɰɿɣɧɚ ɬɟɯɧɨɥɨɝɿɹ
ɤɟɪɭɜɚɧɧɹ ɝɪɭɩɨɸ ɛɟɡɩɿɥɨɬɧɢɯ ɥɿɬɚɥɶɧɢɯ ɚɩɚɪɚɬɿɜ� ɦɨɞɟɥɶ
ɪɟɚɥɿɡɚɰɿʀ ɹɤɨʀ ɛɭɞɟ ɜɿɞɛɭɜɚɬɢɫɶ ɛɟɡ ɤɪɢɬɢɱɧɨ�ɞɨɜɝɢɯ ɧɚɜɱɚɧɶ
ɬɚ ɡ ɜɿɞɧɨɫɧɨ ɨɱɿɤɭɜɚɧɢɦ ɪɟɡɭɥɶɬɚɬɨɦ

ɉɪɚɤɬɢɱɧɟ�ɡɧɚɱɟɧɧɹ�ɨɬɪɢɦɚɧɢɯ�
ɪɟɡɭɥɶɬɚɬɿɜ

X ɉɪɚɤɬɢɱɧɚ ɰɿɧɧɿɫɬɶ ɩɪɨɟɤɬɭ ɩɨɥɹɝɚɽ ɜ ɪɨɡɪɨɛɥɟɧɨɦɭ

ɩɪɨɝɪɚɦɧɨ�ɬɟɯɧɿɱɧɨɦɭ ɩɪɨɞɭɤɬɿ� ɹɤɢɣ ɞɨɡɜɨɥɹɽ ɨɪɝɚɧɿɡɭɜɚɬɢ

ɨɩɬɢɦɚɥɶɧɭ ɫɢɫɬɟɦɭ ɤɟɪɭɜɚɧɧɹ ɝɪɭɩɨɸ ɛɟɡɩɿɥɨɬɧɢɯ

ɥɿɬɚɥɶɧɢɯ ɚɩɚɪɚɬɿɜ ɧɚ ɨɫɧɨɜɿ ɧɟɱɿɬɤɨɝɨ ɦɭɪɚɲɢɧɨɝɨ

ɚɥɝɨɪɢɬɦɭ ɬɚ ɜɢɤɨɧɚɧɧɹ ɦɿɫɿɣ ɰɢɦɢ ȻɉɅȺ ɭ ɧɚɣɤɨɪɨɬɲɢɣ

ɬɟɪɦɿɧ ɬɚ ɡ ɜɢɫɨɤɨɸ ɟɮɟɤɬɢɜɧɿɫɬɸ�
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ƈƲƺƻƨƳǄƵǍƹƺǄ�ƬƶƹƳǍƬƮƭƵƵǇ

ƊǍƱƹǄƲƶƪƨ�ƹƼƭƸƨ

ƌƶƹƺƨƪƲƨ

ƘǇƺƻƪƨƳǄƵƨ�ƬƶƷƶƴƶƫƨ

ƜƶƺƶƯƱƶƴƲƨ�ƺƨ�ƲǍƵƶ

ƒƶƹƴǍƿƵƨ�ƹƼƭƸƨ

ƒƳƨƹưƼǍƲƨƾǍǇ�ƉƗƓƈ

ƉƨƫƨƺƶƸƶƺƶƸƵưƱ
�ƌƪƨ�ƨƩƶ�ƩǍƳǄǀƭ�ƸƶƺƶƸư

ƖƬƵƶƸƶƺƶƸƵưƱ
�ƖƬưƵ�ƸƶƺƶƸ

Ə�ƼǍƲƹƶƪƨƵưƴ�ƲƸưƳƶƴ
� ſƯ�ƬƪưƫƻƵƶƴ�ƺƨ�ƹƻƾǍƳǄƵưƴ�
ƲƸưƳƶƴ
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ƕƭƬƶƳǍƲư�ƪǍƬƶƴưƽ�ƴƭƺƶƬǍƪ�ƲƭƸƻƪƨƵƵǇ�
ƹƲƶƶƸƬưƵƶƪƨƵƶǆ�ƫƸƻƷƶǆ�ƉƗƓƈ

X ȼ ɪɟɡɭɥɶɬɚɬɿ ɞɨɫɥɿɞɠɟɧɧɹ ɛɭɥɨ ɜɢɹɜɥɟɧɨ� ɳɨ ɜɿɞɨɦɿ

ɦɟɬɨɞɢ �Ʌɿɧɿɣɧɢɣ ɤɜɚɞɪɚɬɢɱɧɢɣ ɪɟɝɭɥɹɬɨɪ �/45��

ɥɿɧɟɚɪɢɡɚɰɿɹ ɡɜɨɪɨɬɧɨɝɨ ɡɜ¶ɹɡɤɭ� ɚɞɚɩɬɢɜɧɢɣ� ɧɚɞɿɣɧɢɣ�

ɨɩɬɢɦɚɥɶɧɢɣ ɬɚ ɧɟɣɪɨɧɧɿ ɦɟɪɟɠɿ� ɦɚɸɬɶ ɩɟɜɧɿ ɧɟɞɨɥɿɤɢ�

ɇɢɡɶɤɚ�ɲɜɢɞɤɨɞɿɹ�

Ⱦɨɜɝɟ�ɧɚɜɱɚɧɧɹ�ɚɥɝɨɪɢɬɦɭ

ɇɢɡɶɤɚ�ɟɮɟɤɬɢɜɧɿɫɬɶ�ɜ�
ɪɟɚɝɭɜɚɧɧɿ�ɧɚ�ɫɩɥɢɜɚɸɱɿ�

ɩɟɪɟɲɤɨɞɢ�

ƊưƩǍƸ�ƺưƷƻ�ƉƗƓƈ��ƒƪƨƬƸƶƺƶƸ�

ƖƹƵƶƪƵǍ�ƴƶƬƭƳǍ�ƷƶƳǄƶƺƻ�

X �ɚ� ɡɚɜɢɫɚɸɱɢɣ ɪɭɯ ɿ ɜɟɪɬɢɤɚɥɶɧɢɣ ɪɭɯ ɡɚɜɞɹɤɢ

ɡɛɚɥɚɧɫɨɜɚɧɢɦ ɤɪɭɬɧɢɦ ɦɨɦɟɧɬɚɦ

X �ɛ� ɪɿɡɧɢɰɹ ɜ ɬɹɝɿ ɞɥɹ ɫɬɜɨɪɟɧɧɹ ɦɨɦɟɧɬɭ ɤɪɟɧɭ

� ɤɪɨɤɭ

X �ɜ� ɪɿɡɧɢɰɹ ɜ ɤɪɭɬɧɨɦɭ ɦɨɦɟɧɬɿ ɞɥɹ ɫɬɜɨɪɟɧɧɹ

ɦɨɦɟɧɬɭ ɩɨɜɨɪɨɬɭ
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2GURLG�;8��ɬɚ�ɤɚɪɤɚɫ�ȻɉɅȺ

ɆȺɌȿɆȺɌɂɑɇȺ�ɆɈȾȿɅɖ�ɋɄɈɈɊȾɂɇɈȼȺɇɈȽɈ�
ɉɅȺɇɍȼȺɇɇə�ɈɉɌɂɆȺɅɖɇɈȲ�ɌɊȺȯɄɌɈɊȱȲ�
Ɋɍɏɍ�ȻɉɅȺ��ɈɇɈȼɅȿɇɇə�ɎȿɊɈɆɈɇȱȼ �
X Ɇɭɪɚɯɢ ɡɚɥɢɲɚɸɬɶ ɫɜɿɣ ɮɟɪɨɦɨɧ ɧɚ ɤɪɚɹɯ ɩɿɞ ɱɚɫ ɤɨɠɧɨʀ ɩɨɞɨɪɨɠɿ�

ɩɪɢ ɡɚɜɟɪɲɟɧɧɿ ɨɞɧɿɽʀ ɿɬɟɪɚɰɿʀ� ɋɭɦɚ ɮɟɪɨɦɨɧɚ ɨɞɧɨɝɨ ɪɟɛɪɚ ɜɢɡɧɚɱɚɽɬɶɫɹ

ɬɚɤ�

X ɞɟ ȡ א ������ ��ȡ ± ɲɜɢɞɤɿɫɬɶ ɡɛɟɪɟɠɟɧɧɹ ɩɨɩɟɪɟɞɧɶɨɝɨ ɮɟɪɨɦɨɧɚ� ȡ

ɜɢɡɧɚɱɚɽɬɶɫɹ ɹɤ ɲɜɢɞɤɿɫɬɶ ɜɢɩɚɪɨɜɭɜɚɧɧɹ ɮɟɪɨɦɨɧɚ�

X ɍ 00$6 ɥɢɲɟ ɧɚɣɤɪɚɳɚ ɦɭɪɚɯɚ ɨɧɨɜɥɸɽ ɫɥɿɞɢ ɮɟɪɨɦɨɧɿɜ ɿ ɡɧɚɱɟɧɧɹ

ɮɟɪɨɦɨɧɭ ɩɪɢɜɹɡɚɧɟ ɞɨ ɧɟʀ�

���
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ɉɪɚɜɢɥɨ�ɪɭɯɭ�ɦɭɪɚɯ�

Ɇɭɪɚɯɢ ɩɟɪɟɯɨɞɹɬɶ ɡ ɨɞɧɨɝɨ ɦɿɫɬɚ �ɤɨɥɨɧɿʀ� ɜ ɿɧɲɟ ɜɿɞɩɨɜɿɞɧɨ ɞɨ

ɣɦɨɜɿɪɧɨɫɬɿ� ɉɨ�ɩɟɪɲɟ� ɦɿɫɬɚ� ɞɨ ɹɤɢɯ ɡɞɿɣɫɧɸɽɬɶɫɹ ɞɨɫɬɭɩ� ɩɨɜɢɧɧɿ ɛɭɬɢ

ɩɨɦɿɳɟɧɿ ɜ ɬɚɛɥɢɰɸ ɬɚɛɭ�

ɉɨɬɪɿɛɧɨ ɜɢɡɧɚɱɢɬɢ ɧɚɛɿɪ ɦɿɫɬ� ɞɨ ɹɤɢɯ ɧɿɤɨɥɢ ɧɟ ɡɜɟɪɬɚɜɫɹ N�ɣ ɦɭɪɚɯɚ

ɹɤ ɞɨɡɜɨɥɟɧɢɣ N� ɉɨ�ɞɪɭɝɟ� ɩɨɬɪɿɛɧɨ ɜɢɡɧɚɱɢɬɢ ɜɢɞɢɦɢɣ ɝɪɚɞɭɫ ᐭ�� � ᐭ�� ൌ
ͳ
���
�

ȱɦɨɜɿɪɧɿɫɬɶ ɬɨɝɨ� ɳɨ N�ɣ ɦɭɪɚɯɚ ɜɢɛɟɪɟ ɦɿɫɬɨ� ɜɢɡɧɚɱɚɽɬɶɫɹ ɹɤ�

���

ɆȿɌɈȾ�ɄȿɊɍȼȺɇɇə�ȽɊɍɉɈɘ�ȻȿɁɉȱɅɈɌɇɂɏ�
ɅȱɌȺɅɖɇɂɏ�ȺɉȺɊȺɌȱȼ�ɇȺ�ɈɋɇɈȼȱ�ɇȿɑȱɌɄɈȽɈ�
ɆɍɊȺɒɂɇɈȽɈ�ȺɅȽɈɊɂɌɆɍ

Ʉɨɨɪɞɢɧɚɰɿɣɧɢɣ�ɦɟɯɚɧɿɡɦ�
ɩɟɪɟɩɥɚɧɭɜɚɧɧɹ�ɬɪɚɽɤɬɨɪɿʀ�
ɛɚɝɚɬɨɪɚɡɨɜɢɯ�ȻɉɅȺ��
Ʉɨɦɭɧɿɤɚɰɿɹ�
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ƏƨƫƸƶƯư�ƺƨ�ǎƽ�ƪƨƸƺǍƹƺǄ�

Xɓɨ�ɫɬɨɫɭɽɬɶɫɹ�ɰɢɯ�ɦɟɠ�± ɰɟ�ɨɬɪɢɦɚɧɚ�
ɪɚɞɿɨɥɨɤɚɰɿɣɧɚ�ɟɧɟɪɝɿɹ�ɜɿɞ�ɪɚɞɿɨɥɨɤɚɰɿɣɧɢɯ
ɦɿɫɰɶ��ɹɤɚ�ɫɬɚɧɨɜɢɬɶ�

ȼɚɪɬɿɫɬɶ�ɡɚɝɪɨɡɢ

���

���

ƗƸƶƩƳƭƴƨ�ƷƶƪǍƺƸǇƵƶƫƶ�ƺƸƨƼǍƲƻ�

X ɍ�ɤɨɠɧɨɦɭ�ɜɭɡɥɿ ɦɭɪɚɯɚ�ɜɢɛɢɪɚɽ�ɧɚɫɬɭɩɧɟ�ɪɟɛɪɨ�ɡ�
ɿɦɨɜɿɪɧɿɫɬɸ��ɳɨ�ɡɚɥɟɠɢɬɶ�ɜɿɞ�ɤɿɥɶɤɨɫɬɿ�ɮɟɪɨɦɨɧɿɜ��ɳɨ�
ɡɚɥɢɲɢɥɢɫɹ�ɧɚ�ɧɚɫɬɭɩɧɨɦɭ�ɪɟɛɪɿ��əɤɳɨ�ɦɭɪɚɯɚ�ɤɨɧɮɥɿɤɬɭɽ�ɡ�
ɿɧɲɨɸ�ɦɭɪɚɯɨɸ��ɜɨɧɚ�ɧɟ�ɜɿɞɤɥɚɞɚɽ�ɧɿɹɤɢɯ�ɮɟɪɨɦɨɧɿɜ��Ɉɞɧɚɤ��
ɤɨɥɢ�ɤɨɧɮɥɿɤɬɭ�ɧɟɦɚɽ��ɜɿɧ�ɡɚɥɢɲɚɽ�ɡɚ�ɫɨɛɨɸ�ɤɿɥɶɤɿɫɬɶ�
ɮɟɪɨɦɨɧɿɜ��ɪɿɜɧɭ�

X ɞɟ ���� ± ɰɟ ɤɿɥɶɤɿɫɬɶ ©ɜɬɪɚɱɟɧɢɯª ɦɭɪɚɯ� ɒͲ ± ɩɨɱɚɬɤɨɜɚ
ɤɿɥɶɤɿɫɬɶ ɮɟɪɨɦɨɧɿɜ� ɚ ����� ± ɨɰɿɧɤɚ ɲɥɹɯɭ� ɹɤɢɦ ɣɞɟ ɦɭɪɚɯɚ�
ɐɹ ɫɭɦɚ ɜɪɚɯɨɜɭɽ ɤɿɥɶɤɿɫɬɶ ɦɭɪɚɯ� ɹɤɿ ɧɚɪɟɲɬɿ ɡɧɚɣɲɥɢ
ɞɿɣɫɧɢɣ ɲɥɹɯ�

���
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ƊưƸǍǀƭƵƵǇ�ƯƨƬƨƿǍ�ƷƶƹƨƬƶƲ�ƉƗƓƈ�

X ɉɟɪɲɢɣ�± ɰɟ�ɩɪɿɨɪɢɬɟɬ�ȻɉɅȺ��ɬɚɤɢɣ�ɹɤ�ɱɚɫ�ɧɚɣɪɚɧɿɲɨʀ
ɩɨɫɚɞɤɢ��ɰɿɥɶɨɜɢɣ�ɱɚɫ��ɲɬɪɚɮɧɚ�ɜɚɪɬɿɫɬɶ�ȻɉɅȺ��ɉɨ�ɞɪɭɝɟ��
ɜɚɪɬɿɫɬɶ��ɪɨɡɪɚɯɨɜɚɧɚ�ɩɿɫɥɹ�ɬɨɝɨ��ɹɤ�ɦɢ�ɩɪɢɡɧɚɱɢɥɢ�ȻɉɅȺ�ɱɚɫ�
ɧɚ�ɩɨɫɚɞɤɭ�ɡɚ�ɚɥɝɨɪɢɬɦɨɦ�ɩɪɢɡɧɚɱɟɧɧɹ��ȼɚɝɨɸ�ɰɢɯ�ɞɜɨɯ�
ɩɚɪɚɦɟɬɪɿɜ�ɽ�©ɿɧɮɨɪɦɚɰɿɣɧɚ�ɟɜɪɢɫɬɢɤɚª�ɚɥɝɨɪɢɬɦɭ�
ɦɭɪɚɲɢɧɨʀ�ɤɨɥɨɧɿʀ�

X ɞɟ ɩɪɿɨɪɿɬɟɬ�M� ± ɩɪɿɨɪɿɬɟɬ ȻɉɅȺ M�

X ɰɿɧɚBɪɢɡɢɤɭ�M� ± ɰɿɧɚ ɪɢɡɢɤɭ ɞɥɹ ȻɉɅȺ�

X Ⱦͳ�˕˃�Ⱦʹ ± ɤɨɟɮɿɰɿɽɧɬɢ ɡɜɚɠɭɜɚɧɧɹ�

���

ƘƭƨƳǍƯƨƾǍǇ�ƴƭƺƶƬƻ�
ƲƭƸƻƪƨƵƵǇ�ƫƸƻƷƶǆ�
ƩƭƯƷǍƳƶƺƵưƽ�ƳǍƺƨƳǄƵưƽ�
ƨƷƨƸƨƺǍƪ�Ƶƨ�ƶƹƵƶƪǍ�
ƵƭƿǍƺƲƶƫƶ�ƴƻƸƨǀưƵƶƫƶ�
ƨƳƫƶƸưƺƴƻ�

Ⱥɞɚɩɬɢɜɧɢɣ�$&2�0D[�
0LQ��ɡɚɫɬɨɫɨɜɚɧɢɣ�ɞɨ�
ɨɞɧɨɝɨ�ȻɉɅȺ�ɡ�ɜ�ɫɢɫɬɟɦɿ�
ɤɿɥɶɤɨɯ�ȻɉɅȺ
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ƘƭƨƳǍƯƨƾǍǇ�ƴƭƺƶƬƻ�
ƲƭƸƻƪƨƵƵǇ�ƫƸƻƷƶǆ�
ƩƭƯƷǍƳƶƺƵưƽ�ƳǍƺƨƳǄƵưƽ�
ƨƷƨƸƨƺǍƪ�Ƶƨ�ƶƹƵƶƪǍ�ƵƭƿǍƺƲƶƫƶ�
ƴƻƸƨǀưƵƶƫƶ�ƨƳƫƶƸưƺƴƻ�

Ɂɚɫɬɨɫɭɜɚɧɧɹ�$&2�
ɞɨ�ɩɪɨɛɥɟɦɢ�
ɤɨɨɪɞɢɧɚɰɿʀ�ɤɿɥɶɤɨɯ�
ȻɉɅȺ�

X ȼɚɠɥɢɜɨ ɡɜɟɪɧɭɬɢ ɭɜɚɝɭ ɧɚ ɧɚɫɬɭɩɧɿ ɜɚɠɥɢɜɿ ɮɭɧɤɰɿʀ�

�� Ɉɧɨɜɥɟɧɧɹ ɤɚɪɬɢ ɮɟɪɨɦɨɧɿɜ�

�� ȼɢɡɧɚɱɟɧɧɹ ɞɢɫɬɚɧɰɿʀ�

�� ɉɪɢɜ¶ɹɡɤɚ ɦɭɪɚɯ ɞɨ ɜɢɛɪɚɧɨɝɨ ɲɥɹɯɭ�

X Ɉɧɨɜɥɟɧɧɹ ɤɚɪɬɢ ɮɟɪɨɦɨɧɿɜ ± VHOI�SKHURPRQHBPDS �

ɜɿɞɛɭɜɚɽɬɶɫɹ ɲɥɹɯɨɦ ɡɦɟɧɲɟɧɧɹ ɡɧɚɱɟɧɶ� ɳɨ ɦɿɫɬɹɬɶɫɹ ɜ ɧɶɨɦɭ�

ɡɚ ɞɨɩɨɦɨɝɨɸ ɚɥɝɨɪɢɬɦɭ $&2� Ⱦɨɞɚɸɬɶɫɹ ɡɧɚɱɟɧɧɹ ɮɟɪɨɦɨɧɿɜ

ɜɿɞ ɭɫɿɯ ɦɭɪɚɯ ɿɡ DQWBXSGDWHGBSKHURPRQHBPDS �
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X ȼɢɡɧɚɱɟɧɧɹ ɞɢɫɬɚɧɰɿʀ ɜɢɤɨɪɢɫɬɨɜɭɽ GLVWDQFHBFDOOEDFN ɞɥɹ

ɩɨɜɟɪɧɟɧɧɹ ɜɿɞɫɬɚɧɿ ɦɿɠ ɜɭɡɥɚɦɢ� ɹɤɳɨ ɜɿɞɫɬɚɧɶ ɧɟ ɛɭɥɚ

ɨɛɱɢɫɥɟɧɚ ɪɚɧɿɲɟ� ɩɨɬɿɦ ɜɨɧɚ ɡɚɩɨɜɧɸɽɬɶɫɹ ɜ GLVWDQFHBPDWUL[

ɿ ɩɨɜɟɪɬɚɽɬɶɫɹ� ɹɤɳɨ ɜɿɞɫɬɚɧɶ ɛɭɥɚ ɜɢɤɥɢɤɚɧɚ ɪɚɧɿɲɟ� ɜ ɤɿɧɰɿ

ɤɿɧɰɿɜ ʀʀ ɡɧɚɱɟɧɧɹ ɩɨɜɟɪɬɚɽɬɶɫɹɡ GLVWDQFHBPDWUL[�

X ɉɪɢɜ¶ɹɡɤɚ ɦɭɪɚɯ ɜɿɞɛɭɜɚɽɬɶɫɹ ɩɟɪɟɞ ɨɧɨɜɥɟɧɧɹɦ ɤɚɪɬɢ

ɮɟɪɨɦɨɧɿɜ� ɚɥɟ ɩɿɫɥɹ ɜɢɡɧɚɱɟɧɧɹ ɞɢɫɬɚɧɰɿʀ� ɡɨɤɪɟɦɚ� ɩɨɬɨɱɧɟ

ɡɧɚɱɟɧɧɹ ɮɟɪɨɦɨɧɿɜ ɞɿɥɢɬɶɫɹ ɧɚ ɜɢɛɪɚɧɭ ɞɢɫɬɚɧɰɿɸ� ɿ ɡ ɰɶɨɝɨ

ɮɨɪɦɭɽɬɶɫɹ ɤɨɨɮɿɰɿɽɧɬ ɮɟɪɨɦɨɧɭ� Ʉɨɟɮɿɰɿɽɧɬ ɮɟɪɨɦɨɧɭ

QHZBSKHURPRQHBYDOXH � ɜɢɤɨɪɢɫɬɨɜɭɽɬɶɫɹ ɩɿɡɧɿɲɟ ɞɥɹ

ɨɧɨɜɥɟɧɧɹ ɤɚɪɬɢ ɮɟɪɨɦɨɧɿɜ�

Ƚɪɚɮɿɱɧɚ�ɫɢɦɭɥɹɰɿɹ�ɪɭɯɭ�ȻɉɅȺ�ɭ�ɬɪɶɨɯ�
ɜɢɦɿɪɧɨɦɭ�ɩɪɨɫɬɨɪɿ
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Ɋɟɡɭɥɶɬɚɬɢ�ɿɦɿɬɚɰɿɣɧɨɝɨ�ɬɟɫɬɭɜɚɧɧɹ�

ɋɩɥɢɜɚɸɱɿ�ɡɚɝɪɨɡɢ�ɩɪɢ�ɪɭɯɭ�ȻɉɅȺ�ɬɚ�ɡɦɿɧɟɧɚ�ɬɪɚɽɤɬɨɪɿɹ�ɪɭɯɭ�ȻɉɅȺ

Ɂɿɬɤɧɟɧɧɹ�ɿɡ�ɡɚɝɪɨɡɨɸ ɉɨɛɭɞɨɜɚ�ɧɨɜɨʀ�ɬɪɚɽɤɬɨɪɿʀ

ƗƻƩƳǍƲƨƾǍǎ�Ưƨ�ƴƨƺƭƸǍƨƳƨƴư�ƬưƷƳƶƴƵƶǎ�
ƸƶƩƶƺư�

X Ʉɨɜɚɥɶɱɭɤ ɉ�ɋ�� Ʌɢɫɟɧɤɨ ɋ�Ɇ�� Ɇɟɬɨɞ ɤɟɪɭɜɚɧɧɹ ɝɪɭɩɨɸ
ɛɟɡɩɿɥɨɬɧɢɯ ɥɿɬɚɥɶɧɢɯ ɚɩɚɪɚɬɿɜ ɧɚ ɨɫɧɨɜɿ ɧɟɱɿɬɤɨɝɨ ɦɭɪɚɲɢɧɨɝɨ
ɚɥɝɨɪɢɬɦɭ� Ɂɛɿɪɧɢɤ ɧɚɭɤɨɜɢɯ ɩɪɚɰɶ ɡɚ ɦɚɬɟɪɿɚɥɚɦɢ ;,,,
ȼɫɟɭɤɪɚʀɧɫɶɤɨʀ ɧɚɭɤɨɜɨ�ɩɪɚɤɬɢɱɧɨʀ ɤɨɧɮɟɪɟɧɰɿʀ ©Ⱥɤɬɭɚɥɶɧɿ
ɩɪɨɛɥɟɦɢ ɤɨɦɩ¶ɸɬɟɪɧɢɯ ɧɚɭɤ ȺɉɄɇ�����ª� ɏɦɟɥɶɧɢɰɶɤɢɣ ± �����
± �������ɫ��
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ƊưƹƵƶƪƲư�
X ɍ ɞɚɧɿɣ ɪɨɛɨɬɿ ɡɚ ɪɟɡɭɥɶɬɚɬɚɦɢ ɩɪɚɤɬɢɱɧɢɯ ɬɚ ɬɟɨɪɟɬɢɱɧɢɯ ɞɨɫɥɿɞɠɟɧɶ ɛɭɥɨ ɫɬɜɨɪɟɧɨ ɬɚ ɨɩɢɫɚɧɨ

ɦɟɬɨɞ ɿ ɫɢɫɬɟɦɭ ɤɟɪɭɜɚɧɧɹ ɝɪɭɩɨɸ ɛɟɡɩɿɥɨɬɧɢɯ ɥɿɬɚɥɶɧɢɯ ɚɩɚɪɚɬɿɜ ɧɚ ɨɫɧɨɜɿ ɧɟɱɿɬɤɨɝɨ ɦɭɪɚɲɢɧɨɝɨ

ɚɥɝɨɪɢɬɦɭ�

X ɍ ɩɟɪɲɨɦɭ ɪɨɡɞɿɥɿ ɛɭɥɨ ɞɨɫɥɿɞɠɟɧɨ ɩɪɟɞɦɟɬɧɭ ɨɛɥɚɫɬɶ� ɨɩɢɫɚɧɿ ɞɨɫɬɭɩɧɿ ɬɢɩɢ ȻɉɅȺ� ʀɯ ɫɯɟɦɢ

ɤɨɧɬɪɨɥɸ ɬɚ ɫɮɟɪɢ ɡɚɫɬɨɫɭɜɚɧɧɹ� ȼ ɬɨɦɭ ɱɢɫɥɿ ɛɭɥɨ ɜɢɡɧɚɱɟɧɨ ɨɫɧɨɜɧɿ ɧɟɨɛɯɿɞɧɿ ɬɟɯɧɿɱɧɿ

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ȻɉɅȺ� ɞɥɹ ʀɯ ɨɩɬɢɦɚɥɶɧɨʀ ɤɨɨɪɞɢɧɚɰɿɣɧɨʀ ɪɨɛɨɬɢ ɩɪɢ ɫɩɿɥɶɧɢɯ ɦɿɫɿɹɯ� Ɍɚɤɨɠ ɛɭɥɨ

ɩɪɨɚɧɚɥɿɡɨɜɚɧɨ ɞɨɫɬɭɩɧɿ ɦɟɬɨɞɢɪɿɲɟɧɧɹ ɩɨɫɬɚɜɥɟɧɨʀ ɡɚɞɚɱɿ� ɤɨɪɨɬɤɨ ɨɩɢɫɚɧɿ ɨɫɧɨɜɧɿ ɧɟɞɨɥɿɤɢ ɧɚɹɜɧɢɯ

ɚɥɝɨɪɢɬɦɿɜ� ɬɚ ɬɟɯɧɨɥɨɝɿɣ� ȼ ɪɟɡɭɥɶɬɚɬɿ ɚɧɚɥɿɡɭ ɛɭɥɨ ɡɪɨɛɥɟɧɨ ɜɢɫɧɨɜɨɤ� ɳɨ ɧɚɹɜɧɿ ɚɥɝɨɪɢɬɦɢ ɬɚ

ɬɟɯɧɨɥɨɝɿʀ ɦɚɸɬɶ ɛɚɝɚɬɨ ɧɟɞɨɥɿɤɿɜ ɭ ɜɢɝɥɹɞɿ ɧɢɡɶɤɨʀ ɲɜɢɞɤɨɞɿʀ� ɩɨɝɚɧɨʀ ɤɨɨɪɞɢɧɚɰɿʀ� ɱɢ ɩɪɨɛɥɟɦ ɭ

ɜɢɹɜɥɟɧɧɿ ɫɭɩɭɬɧɿɯ ɡɚɝɪɨɡ� ȼ ɪɨɡɞɿɥɿ ɩɪɟɞɫɬɚɜɥɟɧɨ ɩɨɞɚɥɶɲɿ ɤɪɨɤɢ ɞɥɹ ɜɢɪɿɲɟɧɧɹ ɜɤɚɡɚɧɢɯ ɩɪɨɛɥɟɦ ɬɚ

ɫɮɨɪɦɨɜɚɧɨ ɩɨɫɬɚɧɨɜɤɭ ɡɚɞɚɱɿ�

ƊưƹƵƶƪƲư�
X ɍ ɞɪɭɝɨɦɭ ɪɨɡɞɿɥɿ ɞɟɬɚɥɶɧɨ ɨɩɢɫɭɽɬɶɫɹ ɜɢɛɿɪ ɬɢɩɭ ȻɉɅȺ� ɞɥɹ ɩɪɨɜɟɞɟɧɧɹ ɞɨɫɥɿɞɠɟɧɶ�

ɧɚɜɟɞɟɧɿ ɣɨɝɨ ɬɟɯɧɿɱɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ� ɬɚ ɫɩɟɰɢɮɿɤɚɰɿʀ ɪɨɛɨɬɢ� ȼ ɬɨɦɭ ɱɢɫɥɿ ɛɭɥɚ ɫɮɨɪɦɨɜɚɧɚ

ɦɚɬɟɦɚɬɢɱɧɚ ɦɨɞɟɥɶ ɫɤɨɨɪɞɢɧɨɜɚɧɨɝɨ ɩɥɚɧɭɜɚɧɧɹ ɨɩɬɢɦɚɥɶɧɨʀ ɬɪɚɽɤɬɨɪɿʀ ɪɭɯɭ ȻɉɅȺ� ɹɤɚ

ɜɤɥɸɱɚɽ ɜ ɫɟɛɟ ɦɨɞɟɥɶ ɬɚ ɩɪɢɧɰɢɩɢ ɪɨɛɨɬɢ ɜɢɛɪɚɧɨɝɨ ȻɉɅȺ� ɜɤɥɸɱɧɨ ɿɡ ɨɫɧɨɜɧɢɦɢ ɣɨɝɨ

ɦɟɯɚɧɿɡɦɚɦɢ� ɬɚ ɦɨɞɟɥɶ ɪɨɛɨɬɢ ɨɩɬɢɦɿɡɨɜɚɧɨɝɨ ɚɫɢɧɯɪɨɧɧɨɝɨ ɚɥɝɨɪɢɬɦɭ ɞɥɹ ɤɨɪɟɝɭɜɚɧɧɹ

ȻɉɅȺɩɪɢ ɜɢɤɨɧɚɧɧɿ ɦɿɫɿɣ�
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ƊưƹƵƶƪƲư�
X ɍ ɬɪɟɬɶɨɦɭ ɪɨɡɞɿɥɿ ɛɭɥɨ ɩɪɟɞɫɬɚɜɥɟɧɨ ɦɟɬɨɞ ɤɟɪɭɜɚɧɧɹ ɝɪɭɩɨɸ ɛɟɡɩɿɥɨɬɧɢɯ ɥɿɬɚɥɶɧɢɯ

ɚɩɚɪɚɬɿɜ ɧɚ ɨɫɧɨɜɿ ɧɟɱɿɬɤɨɝɨ ɦɭɪɚɲɢɧɨɝɨ ɚɥɝɨɪɢɬɦɭ� Ȼɭɥɨ ɨɩɢɫɚɧɨ ɦɟɬɨɞ ɫɤɨɨɪɞɢɧɨɜɚɧɨɝɨ

ɩɥɚɧɭɜɚɧɧɹ ɨɩɬɢɦɚɥɶɧɨɝɨ ɦɚɪɲɪɭɬɭ ȻɉɅȺ ɞɥɹ ɡɚɜɟɪɲɟɧɧɹ ɦɿɫɿɣ� ɨɩɢɫɚɧɨ ɦɨɠɥɢɜɿ ɡɚɝɪɨɡɢ ɬɚ

ɫɩɨɫɨɛɢ ʀɯ ɨɛɿɣɬɢ� Ɇɟɬɨɞ ɡɨɛɪɚɠɚɽ ɨɛɦɟɠɟɧɧɹ ɭɦɨɜ ɩɪɢ ɤɨɨɪɞɢɧɚɰɿʀ ȻɉɅȺ ɩɪɢ

ɩɟɪɟɩɥɚɧɭɜɚɧɧɿ ʀɯ ɦɚɪɲɪɭɬɭ ɬɚ ɨɩɢɫɭɽ ɫɯɟɦɭ ʀɯ ɤɨɨɪɞɢɧɚɰɿʀ ɡɚ ɮɟɪɨɦɨɧɚɦɢ ɦɭɪɚɯ ɞɥɹ

ɜɢɪɿɲɟɧɧɹ ɰɢɯ ɩɪɨɛɥɟɦ� Ɋɟɡɭɥɶɬɚɬɨɦ ɞɚɧɢɯ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɞɨɫɥɿɞɠɟɧɶ� ɛɭɥɨ ɨɬɪɢɦɚɧɨ

ɩɨɤɪɚɳɟɧɭ ɲɜɢɞɤɨɞɿɸ ɤɨɨɪɞɢɧɚɰɿʀ ȻɉɅȺ ɧɚ ɦɚɪɲɪɭɬɿ� ɜɞɚɥɟ ɪɟɚɝɭɜɚɧɧɹ ɧɚ ɩɪɨɝɧɨɡɨɜɚɧɿ ɬɚ

ɫɩɥɢɜɚɸɱɿ ɩɟɪɟɲɤɨɞɢ ɿɡ ɨɩɬɢɦɚɥɶɧɢɦ ɜɚɪɿɚɧɬɨɦ ɩɨɫɚɞɤɢ ɧɚ ɡɥɿɬɧɭ ɩɨɥɨɫɭ ɱɢ ɩɟɪɟɫɿɱɧɭ

ɦɿɫɰɟɜɿɫɬɶ�

X ɍ ɱɟɬɜɟɪɬɨɦɭ ɪɨɡɞɿɥɿ ɩɪɟɞɫɬɚɜɥɟɧɨ ɪɟɚɥɿɡɚɰɿɸ ɩɪɨɝɪɚɦɧɨ�ɬɟɯɧɿɱɧɨɝɨ ɡɚɫɨɛɭ ɤɟɪɭɜɚɧɧɹ

ɝɪɭɩɢ ɛɟɡɩɿɥɨɬɧɢɯ ɚɩɚɪɚɬɿɜ ɦɟɬɨɞɨɦɧɟɱɿɬɤɨɝɨɦɭɪɚɲɢɧɨɝɨ ɚɥɝɨɪɢɬɦɭ�

ƊưƹƵƶƪƲư�
X Ɋɟɚɥɿɡɚɰɿɹ ɦɿɫɬɢɬɶ ɭ ɫɨɛɿ ɦɨɞɢɮɿɤɨɜɚɧɢɣ ɦɭɪɚɲɢɧɢɣ ɚɥɝɨɪɢɬɦ ɿɡ ɩɚɪɚɥɟɥɶɧɨ ɚɫɢɧɯɪɨɧɧɢɦɢ

ɤɨɥɨɧɿɹɦɢ ɦɭɪɚɯ� ɜ ɹɤɨɦɭ ɩɪɨɞɟɦɨɧɫɬɪɨɜɚɧɚ ɩɪɢɧɰɢɩɨɜɚ ɦɨɞɟɥɶ ɚɞɚɩɬɢɜɧɨɝɨ 0D[�0LQ $&2� ɞɥɹ

ɲɜɢɞɤɨɝɨ ɬɚ ɛɟɡɩɟɱɧɨɝɨ ɜɢɤɨɧɚɧɧɹ ɦɿɫɿɣ ɝɪɭɩɚɦɢ ȻɉɅȺ� ɍ ɪɨɡɞɿɥɿ ɩɪɟɞɫɬɚɜɥɟɧɨ ɛɥɨɤ�ɫɯɟɦɢ0D[�

0LQ $&2� ɞɟ ɩɪɟɞɫɬɚɜɥɟɧɨ ɨɫɧɨɜɧɢɣ ɚɥɝɨɪɢɬɦ ɛɿɣ ȻɉɅȺ ɩɪɢ ɬɢɯ ɱɢ ɿɧɲɢɯ ɭɦɨɜɚɯ� ɜɤɥɸɱɚɸɱɢ

ɤɨɦɭɧɿɤɚɰɿɸ ȻɉɅȺɦɿɠ ɫɨɛɨɸ�ɬɚ ɪɟɚɝɭɜɚɧɧɹ ɧɚ ɝɪɭɩɢ ɮɟɪɨɦɨɧɿɜɧɚ ɦɚɪɲɪɭɬɿ�

X ȼ ɪɨɡɞɿɥɿ ɨɩɢɫɚɧɨ ɨɛɭɦɨɜɥɟɧɧɹ ɜɢɛɨɪɭ ɬɟɯɧɨɥɨɝɿɣ ɪɨɡɪɨɛɤɢ� ɡɨɤɪɟɦɚ 3\WKRQ ����� ɞɨɞɚɬɤɨɜɢɯ

ɩɪɨɝɪɚɦɧɢɯ ɛɿɛɥɿɨɬɟɤ PDWSORWOLE�S\SORW ɬɚ QXPS\� ɹɤɿ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɞɥɹ ɦɚɬɟɦɚɬɢɱɧɢɯ

ɨɛɱɢɫɥɟɧɶ ɬɚ ɩɨɛɭɞɨɜɢ ɬɪɶɨɯ ɜɢɦɿɪɧɨɝɨ ɩɪɨɫɬɨɪɭ ɞɥɹ ɬɟɫɬɭɜɚɧɧɹ ɡɦɨɞɟɥɶɨɜɚɧɨɝɨȻɉɅȺ� Ɉɩɢɫɚɧɨ

ɨɫɧɨɜɧɿ ɮɭɧɤɰɿʀ ɬɚ ʀɯ ɩɪɢɡɧɚɱɟɧɧɹ� ɹɤɿ ɛɭɥɢ ɫɬɜɨɪɟɧɧɿ ɜ ɩɪɨɰɟɫɿ ɜɢɤɨɧɚɧɧɹ ɪɨɛɨɬɢ� ɞɥɹ ɪɟɚɥɿɡɚɰɿʀ

ɩɨɫɬɚɜɥɟɧɢɯ ɡɚɞɚɱ� Ɍɚɤɨɠ ɛɭɥɨ ɨɩɢɫɚɧɨ ɜɢɤɨɪɢɫɬɚɧɧɹ ɫɬɨɪɨɧɧɶɨɝɨ 6'. ɬɚ ɩɥɚɬɮɨɪɦɢ 3;� ɞɥɹ

ɫɭɦɿɠɧɨʀ ɿɦɩɥɟɦɟɧɬɚɰɿʀ ɩɪɨɝɪɚɦɢ ɭ ɬɟɯɧɿɱɧɨɦɭ ɬɚ ɫɢɫɬɟɦɧɨɦɭɜɚɪɿɚɧɬɿ ɧɚ ɩɪɚɤɬɢɱɧɿɣ ɨɫɧɨɜɿ�



167 

 

 

 
  

ƊưƹƵƶƪƲư�

X ȼ ɪɟɡɭɥɶɬɚɬɿ ɜɢɤɨɧɚɧɧɹ ɛɭɥɨ ɡɦɨɞɟɥɶɨɜɚɧɢɣ ɬɟɫɬɨɜɢɣ ɬɪɶɨɯ ɜɢɦɿɪɧɢɣ ɩɪɨɫɬɿɪ ɞɥɹ ɫɢɦɭɥɹɰɿʀ

ɪɭɯɭ ȻɉɅȺ� ɡɚ ɞɨɩɨɦɨɝɨɸ ɭɬɢɥɿɬɢ 4*URXQG&RQWURO� ɛɭɥɚ ɫɬɜɨɪɟɧɚ ɦɨɠɥɢɜɿɫɬɶ ɿɦɩɥɟɦɟɧɬɚɰɿʀ

ɬɟɯɧɿɱɧɨʀ ɩɪɨɲɢɜɤɢ ɞɥɹ ɨɛɪɚɧɨɝɨ ȻɉɅȺ ɧɚ ɨɫɧɨɜɿ ɦɿɤɪɨɤɨɦɩ¶ɸɬɟɪɚ 2GURLG�;8� ɬɚ ɩɪɨɜɟɞɟɧɨ ɪɹɞ

ɦɚɬɟɦɚɬɢɱɢɯɬɟɫɬɿɜ ɭ 0$7/$% ɞɥɹ ɩɿɞɬɜɟɪɞɠɟɧɧɹ ɟɮɟɤɬɢɜɧɨɫɬɿ ɚɥɝɨɪɢɬɦɭ�

X ɇɚɭɤɨɜɚ ɧɨɜɢɡɧɚ ɨɬɪɢɦɚɧɢɯ ɪɟɡɭɥɶɬɚɬɿɜ ɩɨɥɹɝɚɽ ɭ ɭɞɨɫɤɨɧɚɥɟɧɨɦɭ ɦɟɬɨɞɿ ɩɪɟɞɫɬɚɜɥɟɧɧɹ

ɿɽɪɚɪɯɿɱɧɨʀ ɦɨɞɟɥɶ ɩɪɢɣɧɹɬɬɹ ɪɿɲɟɧɶ ɞɥɹ ɫɩɿɥɶɧɨɝɨ ɩɥɚɧɭɜɚɧɧɹ ɦɿɫɿɣ ɛɟɡɩɿɥɨɬɧɢɤɿɜ ɞɥɹ ɦɿɫɿʀ

ɪɨɡɜɿɞɤɢ ɲɥɹɯɨɦ ɿɧɬɟɝɪɚɰɿʀ ɪɨɡɩɨɞɿɥɭ ɦɿɫɿʀ ɬɚ ɩɥɚɧɭɜɚɧɧɹ ɦɚɪɲɪɭɬɭ� Ɇɨɞɟɥɶ ɞɚɧɨʀ ɪɟɚɥɿɡɚɰɿʀ

ɫɢɫɬɟɦɢɛɭɞɟ ɜɿɞɛɭɜɚɬɢɫɶ ɛɟɡ ɤɪɢɬɢɱɧɨ �ɞɨɜɝɢɯ ɧɚɜɱɚɧɶ ɬɚ ɡ ɜɿɞɧɨɫɧɨ ɨɱɿɤɭɜɚɧɢɦ ɪɟɡɭɥɶɬɚɬɨɦ�

ƊưƹƵƶƪƲư�

X ɉɪɚɤɬɢɱɧɚ ɰɿɧɧɿɫɬɶ ɩɪɨɟɤɬɭ ɩɨɥɹɝɚɽ ɜ ɪɨɡɪɨɛɥɟɧɨɦɭ ɩɪɨɝɪɚɦɧɨ�ɬɟɯɧɿɱɧɨɦɭ ɩɪɨɞɭɤɬɿ� ɹɤɢɣ

ɞɨɡɜɨɥɹɽ ɨɪɝɚɧɿɡɭɜɚɬɢ ɨɩɬɢɦɚɥɶɧɭ ɫɢɫɬɟɦɭ ɤɟɪɭɜɚɧɧɹ ɝɪɭɩɨɸ ɛɟɡɩɿɥɨɬɧɢɯ ɥɿɬɚɥɶɧɢɯ ɚɩɚɪɚɬɿɜ ɧɚ

ɨɫɧɨɜɿ ɧɟɱɿɬɤɨɝɨɦɭɪɚɲɢɧɨɝɨ ɚɥɝɨɪɢɬɦɭ ɬɚ ɜɢɤɨɧɚɧɧɹ ɦɿɫɿɣ ɰɢɦɢ ȻɉɅȺ ɭ ɧɚɣɤɨɪɨɬɲɢɣ ɬɟɪɦɿɧ ɬɚ ɡ

ɜɢɫɨɤɨɸɟɮɟɤɬɢɜɧɿɫɬɸ�
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