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AIMS AND SCOPE 

 
The aim of the Journal is to advance the research and practice in structural engineering 

through the application of computational methods. The Journal will publish original papers and 
educational articles of general value to the field that will bridge the gap between high-performance 
construction materials, large-scale engineering systems and advanced methods of analysis. 

The scope of the Journal includes papers on computer methods in the areas of structural 
engineering, civil engineering materials and problems concerned with multiple physical processes 
interacting at multiple spatial and temporal scales. The Journal is intended to be of interest and use 
to researches and practitioners in academic, governmental and industrial communities. 

 

 

 

 

 

ǸǾАȀǸИǳ ǿВǳǲǳǻИЯ Ǽ ǴȁǾǻАǹǳ 

INTERNATIONAL JOURNAL FOR COMPUTATIONAL CIVIL AND 

STRUCTURAL ENGINEERING 

 

Жɭɪɧаɥ International Journal for Computational Civil and Structural Engineering яɜɥя-
ɟɬɫя ɦɟɠɞɭɧаɪɨɞɧыɦ ɩɟɪɢɨɞɢчɟɫɤɢɦ ɢɡɞаɧɢɟɦ, ɭчɪɟɞɢɬɟɥяɦɢ ɢ ɢɡɞаɬɟɥяɦɢ ɤɨɬɨɪɨɝɨ ɜыɫɬɭ-
ɩаɸɬ Иɡɞаɬɟɥьɫɬɜɨ Аɫɫɨцɢацɢɢ ɫɬɪɨɢɬɟɥьɧых ɜɭɡɨɜ (АСВ) /Рɨɫɫɢя, ɝ. Мɨɫɤɜа/ ɢ Иɡɞаɬɟɥьɫɬ-
ɜɨ Begell House Inc. /США, ɝ. Ньɸ-Ƀɨɪɤ/. 

В ɪɟɞаɤцɢɨɧɧыɣ ɫɨɜɟɬ ɠɭɪɧаɥа ɜхɨɞяɬ ɢɡɜɟɫɬɧыɟ ɪɨɫɫɢɣɫɤɢɟ ɢ ɡаɪɭɛɟɠɧыɟ ɞɟяɬɟɥɢ 
ɧаɭɤɢ ɢ ɬɟхɧɢɤɢ. Оɫɧɨɜɧɨɣ ɤɪɢɬɟɪɢɣ ɨɬɛɨɪа ɫɬаɬɟɣ ɞɥя ɩɭɛɥɢɤацɢɢ ɜ ɠɭɪɧаɥɟ − ɢх ɜыɫɨɤɢɣ 
ɧаɭчɧыɣ ɭɪɨɜɟɧь, ɫɨɨɬɜɟɬɫɬɜɢɟ ɤɨɬɨɪɨɦɭ ɨɩɪɟɞɟɥяɟɬɫя ɜ хɨɞɟ ɜыɫɨɤɨɤɜаɥɢɮɢцɢɪɨɜаɧɧɨɝɨ 
ɪɟцɟɧɡɢɪɨɜаɧɢя ɢ ɨɛъɟɤɬɢɜɧɨɣ эɤɫɩɟɪɬɢɡы, ɩɨɫɬɭɩаɸщɢх ɜ ɪɟɞаɤцɢɸ ɦаɬɟɪɢаɥɨɜ. 

Жɭɪɧаɥ ɜхɨɞɢɬ ɜ Пɟɪɟчɟɧь ɜɟɞɭщɢх ɪɟцɟɧɡɢɪɭɟɦых ɧаɭчɧых ɠɭɪɧаɥɨɜ ɢ ɢɡɞаɧɢɣ, ɜ 
ɤɨɬɨɪых ɞɨɥɠɧы ɛыɬь ɨɩɭɛɥɢɤɨɜаɧы ɨɫɧɨɜɧыɟ ɧаɭчɧыɟ ɪɟɡɭɥьɬаɬы ɞɢɫɫɟɪɬацɢɣ.  

Жɭɪɧаɥ ɡаɪɟɝɢɫɬɪɢɪɨɜаɧ ɜ Фɟɞɟɪаɥьɧɨɦ аɝɟɧɬɫɬɜɟ ɩɨ ɫɪɟɞɫɬɜаɦ ɦаɫɫɨɜɨɣ ɢɧɮɨɪɦа-
цɢɢ ɢ ɨхɪаɧы ɤɭɥьɬɭɪɧɨɝɨ ɧаɫɥɟɞɢя Рɨɫɫɢɣɫɤɨɣ Фɟɞɟɪацɢɢ. Иɧɞɟɤɫ ɜ ɨɛщɟɪɨɫɫɢɣɫɤɨɦ ɤаɬа-
ɥɨɝɟ РОСПЕЧАТЬ − 18076. 



International Journal for Computational Civil and Structural Engineering 

Volume 9, Issue 4, 2013 7

GUIDELINES FOR PREPARATION OF MANUSCRIPT 
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1
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ABSTRACT: Each paper must be typed on snow white paper sheets of A4 (210x297mm) size only on one side 

in boxes as shown on this sample. The abstract must be typed in 16 cm width box. The text of paper in the first 

page must be written in two columns 8.25 cm in width. All next pages must also have two columns 8.25 cm in 

width. Each page should have margins: 32 mm top, 32 mm bottom and 20 mm right and left. The paper should 

be typed using 12 point size Times New Roman type-face, or very similar, using single spacing between text 

lines applying word processor and printed on laser printer. It can be here pointed such editors as Word for Win-

dows (preferable), Word Perfect, Tex or LaTeX. The appearance of manuscript of paper should be similar as far 

as possible to this sample. The paper should be submitted by traditional post: the original with 2 copies for re-

view and the electronic version on diskette or on CD. 

 

Key words: International Journal for Computational Civil and Structural Engineering, IJCCSE, 

preparation of manuscripts, electronic image preparation, submission of peer reviews and accepted articles 

 

 

1. PREPARATION OF MANUSCRIPTS 

 

This document is typed by Microsoft Word 2003 

and Times New Roman 12 point size type-face. 

 

The material of the paper should be arranged 

as follows: Title (16 points), Author(s) (14 

point), Affiliation(s), Abstract, key words, Intro-

duction, Main body of paper, Acknowledgements 

(if any), References (if any, 10 points), Appendi-

ces (if any), full authors addresses as endnote (10 

points, spacing within endnote=1, style for num-

bering=numbers, line separating text and end-

notes=line – margin to margin in right column). 

 

The title, author’s name(s) and affiliation(s) 

should be given in a style similar to that shown 

above in this sample and centered. The head-

ings should be bold and aligned to left. First-

order headings and parts of the text should be 

separated by one free line from the text. Second-

order headings should have capital first letters. 

 

The both columns of each page, including clos-

ing page, should be of equal length. At the bot-

tom of the last right column of last page is end-

note with author’s address(es). 

The figures can be embedded in word processor 

or must be drawn in black ink. Drawings can be 

produced directly on manuscript sheet or may 

be produced on separate piece of white paper 

and then stuck at the appropriate position. Pho-

tographs must be glossy black and white prints 

and stuck at the appropriate position. This also 

applies to other items such as tables. The best – 

drawings, photographs and tables should be 

typed by word processor. All symbols includ-

ing equations should be typed. 

 

ijijij  2 .                    (1) 

 

However, sometimes embedding figure files in 

Microsoft Word is not acceptable for final 

output, because of the loss of resolution. In this 

connection author may save in addiction all or 

selected files with figures separately on diskette 

or CD. Acceptable formats for figures are 

JPEG, TIFF or EPS files saved from original 

application at 300-600 dpi. 

 

The Figures, line drawings, photographs, tables 

may be positioned either within the one column, 

or large centered exactly across the full width of 

the page. The equations should be numbered at 
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the right side of the column. The references 

should be given at the end of the paper. 

The Figures, Tables and Equations should be sepa-

rated from the text by minimum one single free line. 
 

 
Figure 1 

 

The manuscript is expected to be written in 

correct and easily readable English. An au-

thor who is not proficient in English is advised 

to take help of linguist before typing. It should 

be thoroughly checked for spelling mistakes. 
 

2. SUBMISSION FOR PEER REVIEW 
 

Authors in all countries, at their opinion, 

should send three (3) copies of their manuscript 

to Editors-in-Chief professor Vladimir N. Si-

dorov (see chapter 4 Correspondence) or Tech-

nical editor associate professor Taymuraz B. 

Kaytukov. Electronic submissions are en-

couraged. Email a PDF or DOC (Microsoft 

Word) file with manuscript to the Editor-in-

Chief or technical editor. The Editor-in-Chief 

will seek reviews of the paper from experts and 

will assure rapid turnaround within six months 

of submission. Each manuscript will receive 

at least 2 reviews. In deciding on acceptance 

of the paper, experts will examine originality, 

quality of contents, neatness of presentation and 

readability of the submitted text. The Editor-in-

Chief will correspond with the author in the 

light of these reviews. Submission implies that 

the author will be willing to make any necessary 

revisions. Retain all original figures until con-

clusion of the review process.  
 

3. SUBMISSION OF ACCEPTED ARTICLE 
 

After manuscript has been accepted and all re-

quired revisions have been incorporated, mail 

manuscripts (black & white) and two copies 

to Editor-in-Chief by traditional post. The en-

velope for A4 sheets with stiffener may be used. 

The electronic version of the manuscript on 

diskette or CD must be mailed to Editor-in-

Chief as well. Label CD or diskette with au-

thor’s last name(s), title of the article, abbrevi-

ated journal name and date. Please provide a list 

of the software programs used for the art and 

text and the file names on the disk. 
 

4. CORRESPONDENCE 
 

Enquires regarding International Journal for 

Computational Civil and Structural Engineering 

and manuscripts should be addressed to the 
  Editor-in-Chief 

Professor Vladimir N. Sidorov  

Department of Applied Mathematics  

and Computer Science 

Moscow State University of Civil Engineering,  

26, Yaroslavskoe Shosse, 129337 Moscow, Russia 

e-mail: sidorov.vladimir@gmail.com 
  Technical Editor 

Associate Professor Taymuraz B. Kaytukov 

Research & Educational Center  

of Computational Simulation 

Moscow State University of Civil Engineering,  

26, Yaroslavskoe Shosse, 129337 Moscow, Russia 

e-mail: niccm@mgsu.ru 
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ɉɊАȼɂɅА ɈɎɈɊɆɅȿɇɂə ɋɌАɌȿɃ ȾɅə ɀɍɊɇАɅА 

INTERNATIONAL JOURNAL FOR COMPUTATIONAL CIVIL 

AND STRUCTURAL ENGINEERING 
 

В.Н. Сидоров1
, П.А. Акимов2

, Т.Б. Кайтуков3
 

1Ƚɥаɜɧыɣ ɪɟɞаɤɬɨɪ ɠɭɪɧаɥа International Journal for Computational Civil and Structural Engineering 
2Заɦɟɫɬɢɬɟɥь ɝɥаɜɧɨɝɨ ɪɟɞаɤɬɨɪа ɠɭɪɧаɥа of International Journal for Computational Civil and Structural Engineering 

3Тɟхɧɢчɟɫɤɢɣ ɪɟɞаɤɬɨɪ ɠɭɪɧаɥа of International Journal for Computational Civil and Structural Engineering 
 

АɇɇɈɌАЦɂə: Каɠɞая ɫɬаɬья ɩɪɟɞɫɬаɜɥяɟɬɫя ɜ эɥɟɤɬɪɨɧɧɨɦ ɢ ɩɟчаɬɧɨɦ ɜɢɞɟ (ɛɭɦаɝа ɛɟɥая, ɪаɡɦɟɪ А4 
(210х297 ɦɦ), ɩɟчаɬь ɨɞɧɨɫɬɨɪɨɧɧяя – ɫɦ. ɧаɫɬɨящɢɣ ɨɛɪаɡɟц). əɡыɤ ɩɭɛɥɢɤацɢɢ ɫɬаɬɟɣ – аɧɝɥɢɣɫɤɢɣ 
(ɩɪɟɞɩɨчɬɢɬɟɥьɧɨ) ɢɥɢ ɪɭɫɫɤɢɣ, ɩɪɢ эɬɨɦ ɜ ɫɥɭчаɟ ɩɭɛɥɢɤацɢɢ ɫɬаɬьɢ ɧа ɪɭɫɫɤɨɦ яɡыɤɟ аɧɧɨɬацɢя ɫɬа-
ɬьɢ, ɤɥɸчɟɜыɟ ɫɥɨɜа, ɫɜɟɞɟɧɢя ɨɛ аɜɬɨɪах ɢ ɧаɡɜаɧɢɟ ɫɬаɬьɢ ɞɨɥɠɧы ɛыɬь ɩɪɟɞɫɬаɜɥɟɧы аɜɬɨɪаɦɢ ɧа 
аɧɝɥɢɣɫɤɨɦ яɡыɤɟ. Тɟɤɫɬ ɞɨɥɠɟɧ ɛыɬь ɩɨɞɝɨɬɨɜɥɟɧ ɜ ɩɪɨɝɪаɦɦɟ Microsoft Word (ɮɨɪɦаɬ ɮаɣɥа – DOC), 
ɠɟɥаɬɟɥьɧɨ ɬаɤɠɟ ɩɪɟɞɨɫɬаɜɥɟɧɢɟ ɤɨɩɢɢ ɫɬаɬьɢ ɜ ɮɨɪɦаɬɟ PDF. Аɧɧɨɬацɢя ɩɟчаɬаɟɬɫя ɜ ɩɨɥɟ шɢɪɢɧɨɣ 
16 ɫɦ. Тɟɤɫɬ ɧа ɩɟɪɜɨɣ ɫɬɪаɧɢцɟ ɫɬаɬьɢ ɩɟчаɬаɟɬɫя ɜ ɞɜɟ ɤɨɥɨɧɤɢ, шɢɪɢɧɨɣ 8.25 ɫɦ ɤаɠɞая. Пɨɥя: ɜɟɪх-
ɧɟɟ – 32 ɦɦ., ɧɢɠɧɟɟ – 32 ɦɦ., ɩɪаɜɨɟ – 20 ɦɦ., ɥɟɜɨɟ – 20 ɦɦ. Оɫɧɨɜɧɨɣ шɪɢɮɬ ɞɥя ɧаɛɨɪа ɫɬаɬьɢ – 
Times New Roman, 12 ɩɬ., ɦɟɠɫɬɪɨчɧыɣ ɢɧɬɟɪɜаɥ – ɨɞɢɧаɪɧыɣ. Вɧɟшɧɢɣ ɜɢɞ ɫɬаɬьɢ ɩɨ ɮɨɪɦɟ ɨɮɨɪɦɥɟ-
ɧɢя ɞɨɥɠɟɧ ɫɨɨɬɜɟɬɫɬɜɨɜаɬь ɧаɫɬɨящɟɦɭ ɨɛɪаɡцɭ. Пɟчаɬɧыɟ эɤɡɟɦɩɥяɪы ɫɬаɬьɢ (ɨɪɢɝɢɧаɥ ɢ ɞɜɟ ɤɨɩɢɢ) ɢ 
ɟɟ эɥɟɤɬɪɨɧɧая ɮɨɪɦа (ɧа ɞɢɫɤɟɬɟ ɢɥɢ ɤɨɦɩаɤɬ-ɞɢɫɤɟ) ɞɨɥɠɧы ɩɟɪɟɫыɥаɬьɫя ɩɨ ɩɨчɬɟ. Дɥя ɩɟɪɟɫыɥɤɢ 
эɥɟɤɬɪɨɧɧɨɣ ɮɨɪɦы ɞɨɩɨɥɧɢɬɟɥьɧɨ ɧɟɨɛхɨɞɢɦɨ ɢɫɩɨɥьɡɨɜаɬь эɥɟɤɬɪɨɧɧɭɸ ɩɨчɬɭ. 
 

Ʉлючевые словɚ: International Journal for Computational Civil and Structural Engineering, IJCCSE, 
ɩɨɞɝɨɬɨɜɤа ɫɬаɬьɢ, ɩɨɞɝɨɬɨɜɤа эɥɟɤɬɪɨɧɧых ɜɟɪɫɢɣ, ɪɟцɟɧɡɢɪɨɜаɧɢɟ 
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1. ɉɈȾȽɈɌɈȼɄА ɋɌАɌȿɃ 

 

Наɫɬɨящɢɣ ɨɛɪаɡɟц ɩɨɞɝɨɬɨɜɥɟɧ ɜ ɬɟɤɫɬɨɜɨɦ 
ɩɪɨцɟɫɫɨɪɟ Microsoft Word 2003, ɢɫɩɨɥьɡɭ-
ɟɬɫя шɪɢɮɬ Times New Roman, 12 ɩɬ. 

Ɇɚɬеɪиɚл сɬɚɬɶи ɞолɠеɧ ɪɚсɩолɚɝɚɬɶсɹ 

слеɞующиɦ оɛɪɚɡоɦ: Заɝɨɥɨɜɨɤ (Times New 
Roman, 16 ɩɬ.), аɜɬɨɪы (Times New Roman, 
14 ɩɬ.), ɫɜɟɞɟɧɢя ɨɛ аɜɬɨɪах, аɧɧɨɬацɢя, 
ɤɥɸчɟɜыɟ ɫɥɨɜа (Times New Roman, 10 ɩɬ.). 
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Пɪɢ ɩɭɛɥɢɤацɢɢ ɫɬаɬьɢ ɧа ɪɭɫɫɤɨɦ яɡыɤɟ 
ɞаɥɟɟ ɪаɫɩɨɥаɝаɸɬɫя Заɝɨɥɨɜɨɤ (Times New 
Roman, 16 ɩɬ.), аɜɬɨɪы (Times New Roman, 
14 ɩɬ.), ɫɜɟɞɟɧɢя ɨɛ аɜɬɨɪах, аɧɧɨɬацɢя, 
ɤɥɸчɟɜыɟ ɫɥɨɜа (Times New Roman, 10 ɩɬ.) 
ɧа аɧɝɥɢɣɫɤɨɦ яɡыɤɟ). Вɜɟɞɟɧɢɟ, ɨɫɧɨɜɧɨɣ 
ɬɟɤɫɬ ɫɬаɬьɢ, ɩɪɢɥɨɠɟɧɢя ɢ ɡаɦɟчаɧɢя ɩɟча-
ɬаɸɬɫя ɫ ɢɫɩɨɥьɡɨɜаɧɢɟ шɪɢɮɬа Times New 
Roman, 12 ɩɬ.; ɫɩɢɫɤɨ ɥɢɬɟɪаɬɭɪы, ɪаɡɜɟɪɧɭ-
ɬыɟ ɫɜɟɞɟɧɢя ɨɛ аɜɬɨɪах – Times New Roman, 
10 ɩɬ. Мɟɠɫɬɪɨчɧыɣ ɢɧɬɟɪɜаɥ – ɨɞɢɧаɪɧыɣ. 
Выɪаɜɧɢɜаɧɢɟ ɜ ɬɟɤɫɬɟ – ɩɨ шɢɪɢɧɟ, ɜыɪаɜ-
ɧɢɜаɧɢɟ ɮɨɪɦɭɥ – ɩɨ ɩɪаɜɨɦɭ ɤɪаɸ, ɮɨɪɦɭ-
ɥы ɠɟɥаɬɟɥьɧɨ ɧɭɦɟɪɨɜаɬь. 
 
Ɂɚɝоловоɤ сɬɚɬɶи, свеɞеɧиɹ оɛ ɚвɬоɪɚх 
ɩɪɟɞɫɬаɜɥяɸɬɫя ɜ ɮɨɪɦɟ, ɩɪɢɜɟɞɟɧɧɨɣ ɜ ɧа-
ɫɬɨящɟɦ ɨɛɪаɡцɟ, ɜыɪаɜɧɢɜаɧɢɟ ɩɨ цɟɧɬɪɭ. 
ɉоɞɡɚɝоловɤи в сɬɚɬɶе ɜыɞɟɥяɸɬɫя ɩɨɥɭ-
ɠɢɪɧыɦ шɪɢɮɬɨɦ ɫ ɜыɪаɜɧɢɜаɧɢɟɦ ɩɨ ɥɟ-
ɜɨɦɭ ɤɪаɸ. Пɨɞɡаɝɨɥɨɜɤɢ ɩɟɪɜɨɝɨ ɭɪɨɜɧя 
ɞɨɥɠɧы ɛыɬь ɨɬɞɟɥɟɧы ɨɬ ɨɫɧɨɜɧɨɝɨ ɬɟɤɫɬа 
ɨɞɧɨɣ ɩɭɫɬɨɣ ɫɬɪɨɤɨɣ, ɩɨɞɡаɝɨɥɨɜɤɢ ɜɬɨɪɨɝɨ 
ɭɪɨɜɧя ɜыɞɟɥяɸɬɫя ɤɭɪɫɢɜɨɦ. 
 
Оɛɟ ɤɨɥɨɧɤɢ ɧа ɤаɠɞɨɣ ɫɬɪаɧɢцɟ, ɜɤɥɸчая ɩɨ-
ɫɥɟɞɧɸɸ, ɞɨɥɠɧы ɢɦɟɬь ɨɞɢɧаɤɨɜɭɸ ɞɥɢɧɭ. В 
ɤɨɧцɟ ɫɬаɬьɢ ɞɨɥɠɧы ɛыɬь ɩɪɢɜɟɞɟɧы ɪаɡɜɟɪ-
ɧɭɬыɟ ɫɜɟɞɟɧɢя ɨɛ аɜɬɨɪах, ɫɨɞɟɪɠащɢɟ ɜ ɬɨɦ 
чɢɫɥɟ ɢх ɤɨɧɬаɤɬɧыɟ ɞаɧɧыɟ (ɧа ɞɜɭх яɡыɤах 
ɩɪɢ ɩɭɛɥɢɤацɢɢ ɫɬаɬьɢ ɧа ɪɭɫɫɤɨɦ яɡыɤɟ). 
 

Ɋисуɧɤи (чɟɪɧɨ-ɛɟɥыɟ) ɞɨɥɠɧы ɛыɬь ɜɫɬаɜ-
ɥɟɧы ɜ ɬɟɤɫɬ ɫɬаɬьɢ ɢɥɢ ɩɪɢɥɨɠɟɧы ɜ ɛɭɦаɠ-
ɧɨɦ ɜɢɞɟ ɧа ɨɬɞɟɥьɧых ɥɢɫɬах, ɫ ɭɤаɡаɧɢɟɦ ɜ 
ɤаɤɢх ɦɟɫɬах ɫɬаɬьɢ ɢх ɫɥɟɞɭɟɬ ɪаɫɩɨɥɨɠɢɬь. 
Тɨɠɟ ɤаɫаɟɬɫя ɢ ɮоɬоɝɪɚɮиɣ, ɮɨɪɦаɬ ɮɨɬɨ-
ɝɪаɮɢɣ – чɟɪɧɨ-ɛɟɥыɣ. Жɟɥаɬɟɥьɧɨ ɩɪɢɥа-
ɝаɬь эɥɟɤɬɪɨɧɧыɟ ɜɟɪɫɢɢ ɪɢɫɭɧɤɨɜ ɢ ɮɨɬɨ-
ɝɪаɮɢɣ! Аɧаɥɨɝɢчɧыɟ ɬɪɟɛɨɜаɧɢя ɤаɫаɸɬɫя 
ɬɚɛлиɰ. Наɢɥɭчшɢɣ ɜаɪɢаɧɬ ɬаɤɨɣ, ɤɨɝɞа ɪɢ-
ɫɭɧɤɢ, ɮɨɬɨɝɪаɮɢɢ ɢ ɬаɛɥɢцы ɜɫɬаɜɥɟɧы ɜ 
ɮаɣɥ, ɩɨɞɝɨɬɨɜɥɟɧɧыɣ ɜ Microsoft Word. ȼсе 
сиɦволы, в ɬоɦ числе исɩолɶɡуеɦые в 

уɪɚвɧеɧиɹх, ɞолɠɧы ɛыɬɶ ɩечɚɬɧыɦи.  

 

ijijij  2 .                    (1) 

Оɞɧаɤɨ, ɪисуɧɤи и ɮоɬоɝɪɚɮии, всɬɚвлеɧ-

ɧые в ɮɚɣл ɬеɤсɬовоɝо ɩɪоɰессоɪɚ Micro-

soft Word ɧе всеɝɞɚ иɦеюɬ ɩɪиеɦлеɦое 
ɞлɹ ɩечɚɬи ɤɚчесɬво ɢɡ-ɡа ɢх ɧɢɡɤɨɝɨ ɪаɡ-
ɪɟшɟɧɢя. В эɬɨɣ ɫɜяɡɢ аɜɬɨɪɭ ɧаɫɬɨяɬɟɥьɧɨ 
ɪɟɤɨɦɟɧɞɭɟɬɫя ɞɨɩɨɥɧɢɬɟɥьɧɨ ɩɪɢɥɨɠɢɬь 
(ɧа ɞɢɫɤɟɬɟ ɢɥɢ ɤɨɦɩаɤɬ-ɞɢɫɤɟ) ɤ ɫɬаɬьɟ ɮаɣ-
ɥы, ɫɨɞɟɪɠащɢɟ ɪɢɫɭɧɤɢ. Ⱦоɩусɬиɦые 
ɮоɪɦɚɬы ɞлɹ ɪисуɧɤов – JPEG, TIFF ɢɥɢ 
EPS, ɪаɡɪɟшɟɧɢɟ – 300-600 dpi. 
 
Рɢɫɭɧɤɢ, ɮɨɬɨɝɪаɮɢɢ ɢ ɬаɛɥɢцы, ɜ ɫɥɭчаɟ ɢх 
ɛɨɥьшɢх ɪаɡɦɟɪɨɜ, ɬаɤɠɟ ɦɨɝɭɬ ɪаɫɩɨɥаɝаɬь-
ɫя ɜ ɨɞɧɭ ɤɨɥɨɧɤɭ ɫ ɜыɪаɜɧɢɜаɧɢɟɦ ɩɨ шɢ-
ɪɢɧɟ. Фɨɪɦɭɥы ɜ ɫɬаɬьɟ ɧɭɦɟɪɭɸɬɫя ɫ ɜы-
ɪаɜɧɢɜаɧɢɟɦ ɩɨ ɩɪаɜɨɦɭ ɤɪаɸ. ɋɩисоɤ ли-

ɬеɪɚɬуɪы ɞɨɥɠɟɧ ɛыɬь ɩɪɢɜɟɞɟɧ ɜ ɤɨɧцɟ 
ɫɬаɬьɢ. Рɢɫɭɧɤɢ, ɮɨɬɨɝɪаɮɢɢ ɢ ɬаɛɥɢцы 
ɞɨɥɠɧы ɛыɬь ɨɬɞɟɥɟɧы ɨɬ ɨɫɧɨɜɧɨɝɨ ɬɟɤɫɬа 
ɤаɤ ɦɢɧɢɦɭɦ ɨɞɧɨɣ ɩɭɫɬɨɣ ɫɬɪɨɤɨɣ.  
 

 
Рɢɫɭɧɨɤ 1 

 
ɉɪеɞɩолɚɝɚеɬсɹ, чɬо сɬɚɬɶɹ ɧɚɩисɚɧɚ ɧɚ 
ɝɪɚɦоɬɧоɦ и хоɪоɲо чиɬɚеɦоɦ ɚɧɝлиɣ-

сɤоɦ или ɪуссɤоɦ ɹɡыɤе. Пɪɢ ɧɟɨɛхɨɞɢɦɨ-
ɫɬɢ, ɩɟɪɟɞ ɨɬɩɪаɜɤɨɣ ɫɬаɬьɢ аɜɬɨɪаɦ ɫɥɟɞɭɟɬ 
ɩɪɨɤɨɧɫɭɥьɬɢɪɨɜаɬьɫя ɭ ɩɟɪɟɜɨɞчɢɤɨɜ. Сɬа-
ɬья ɧɟ ɛɭɞɟɬ ɩɨɞɪɨɛɧɨ ɩɪɨɜɟɪяɬьɫя ɪɟɞаɤцɢ-
ɟɣ ɧа ɩɪɟɞɦɟɬ ɧаɥɢчɢя ɥɢɧɝɜɢɫɬɢчɟɫɤɢх 
ɨшɢɛɨɤ. В ɬɨɠɟ ɜɪɟɦя ɪɟɞаɤцɢя ɨɫɬаɜɥяɟɬ ɡа 
ɫɨɛɨɣ ɩɪаɜɨ ɨɬɤɥɨɧɢɬь ɫɬаɬьɸ, ɩɪɢ ɧаɥɢчɢɢ 
ɜ ɩɨɫɥɟɞɧɟɣ ɛɨɥьшɨɝɨ ɤɨɥɢчɟɫɬɜа ɨшɢɛɨɤ 
ɥɢɧɝɜɢɫɬɢчɟɫɤɨɝɨ хаɪаɤɬɟɪа. 
 
2. ɈɌɉɊАȼɄА ɋɌАɌɖɂ ɇА  

ɊȿЦȿɇɁɂɊɈȼАɇɂȿ 
 

Авɬоɪы (иɡ Ɋоссии и ɞɪуɝих сɬɪɚɧ) ɞолɠ-

ɧы выслɚɬɶ в ɚɞɪес ɪеɞɚɤɰии ɬɪɢ ɩɟчаɬ-
ɧых эɤɡɟɦɩɥяɪа ɫɬаɬьɢ ɧа ɢɦя ɝɥаɜɧɨɝɨ ɪɟ-
ɞаɤɬɨɪа ɠɭɪɧаɥа, ɩɪɨɮɟɫɫɨɪа Сɢɞɨɪɨɜа Вɥа-
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ɞɢɦɢɪа Нɢɤɨɥаɟɜɢча (ɤɨɧɬаɤɬɧая ɢɧɮɨɪɦа-
цɢя ɩɪɢɜɟɞɟɧа ɜ ɪаɡɞɟɥɟ «Кɨɧɬаɤɬɧыɟ ɞаɧ-
ɧыɟ») ɢɥɢ ɬɟхɧɢчɟɫɤɨɦɭ ɪɟɞаɤɬɨɪɭ ɠɭɪɧаɥа, 
ɞɨцɟɧɬɭ Каɣɬɭɤɨɜɭ Таɣɦɭɪаɡɭ Баɬɪаɡɨɜɢчɭ.  
Эɥɟɤɬɪɨɧɧыɟ ɜɟɪɫɢɢ ɫɬаɬɟɣ ɧɟɨɛхɨɞɢɦɨ ɜы-
ɫɥаɬь ɬаɤɠɟ ɩɨ эɥɟɤɬɪɨɧɧɨɣ ɩɨчɬɟ ɝɥаɜɧɨɦɭ 
ɪɟɞаɤɬɨɪɭ ɠɭɪɧаɥа. Эɥɟɤɬɪɨɧɧыɟ ɢ ɩɟчаɬɧыɟ 
ɮɨɪɦы ɧɟ ɜɨɡɜɪащаɸɬɫя. Каɠɞая ɩɪɢхɨɞя-
щая ɜ ɪɟɞаɤцɢɸ ɠɭɪɧаɥа ɫɬаɬья ɧаɩɪаɜɥяɟɬ-
ɫя ɞɥя ɪаɫɫɦɨɬɪɟɧɢя эɤɫɩɟɪɬаɦ ɫɨɨɬɜɟɬɫɬ-
ɜɭɸщɟɝɨ ɩɪɨɮɢɥя. Ʉɚɤ ɩɪɚвило, ɩо ɤɚɠɞоɣ 

сɬɚɬɶе ɧɚɡɧɚчɚюɬсɹ ɞвɚ ɷɤсɩеɪɬɚ. Вɪɟɦя 
ɩɪɨɜɟɞɟɧɢя эɤɫɩɟɪɬɢɡы ɫɬаɬьɢ ɧɟ ɦɨɠɟɬ ɩɪɟ-
ɜышаɬь 6 ɦɟɫяцɟɜ. Сɜɨɢ ɡаɤɥɸчɟɧɢя ɢ ɨцɟɧ-
ɤɢ ɩɨ ɫɬаɬьɟ эɤɫɩɟɪɬы ɫɨɨɛщаɸɬ ɝɥаɜɧɨɦɭ 
ɪɟɞаɤɬɨɪɭ ɠɭɪɧаɥа, ɩɪɢ эɬɨɦ ɧа ɤаɠɞɭɸ ɫɬа-
ɬьɸ ɞɨɥɠɧɨ ɩɪɢɣɬɢ ɧɟ ɦɟɧɟɟ ɞɜɭх ɡаɤɥɸчɟ-
ɧɢɣ. Заɦɟчаɧɢя ɢ ɩɪɟɞɥɨɠɟɧɢя эɤɫɩɟɪɬɨɜ 
ɞɨɜɨɞяɬɫя ɞɨ ɫɜɟɞɟɧɢя аɜɬɨɪа ɫɬаɬьɢ, ɩɨɫɥɟ 
чɟɝɨ ɨɧ ɜɧɨɫɢɬ ɜɫɟ ɧɟɨɛхɨɞɢɦыɟ ɢɡɦɟɧɟɧɢя. 
 
3. ɈɌɉɊАȼɄА ɋɄɈɊɊȿɄɌɂɊɈȼАɇɇɈɃ 

ɋɌАɌɖɂ 
 
Пɨɫɥɟ ɨɞɨɛɪɟɧɢя эɤɫɩɟɪɬаɦɢ ɫɬаɬьɢ ɢ ɜɧɟɫɟ-
ɧɢя аɜɬɨɪаɦɢ ɜɫɟх ɧɟɨɛхɨɞɢɦых ɢɡɦɟɧɟɧɢɣ, 
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АɇɇɈɌАЦɂə: Раɛɨɬа ɩɨɫɜящɟɧа ɪаɡɪаɛɨɬɤɟ ɢ ɢɫɫɥɟɞɨɜаɧɢɸ ɦɟɬɨɞɨɜ ɫɬаɬɢчɟɫɤɨɝɨ ɢ ɞɢɧаɦɢчɟɫɤɨɝɨ 
ɪаɫчɟɬа ɫɨɨɪɭɠɟɧɢɣ АЭС, ɨɫɧɨɜаɧɧых ɧа ɩɪɢɦɟɧɟɧɢɢ ɝɢɛɤɢх ɢɟɪаɪхɢчɟɫɤɢх ɦɨɞɟɥɟɣ ɩɨɞɤɨɧɫɬɪɭɤцɢɣ 
"ɨɫɧɨɜаɧɢɟ – ɫɬɪɨɢɬɟɥьɧыɟ ɤɨɧɫɬɪɭɤцɢɢ – ɨɛɨɪɭɞɨɜаɧɢɟ – ɬɪɭɛɨɩɪɨɜɨɞы", ɪɟаɥɢɡɨɜаɧɧых ɜ ɪаɡɜɢɬых 
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ɭɧɢɜɟɪɫаɥьɧыɟ – ANSYS, ABAQUS; ɢɫɫɥɟɞɨɜаɬɟɥьɫɤɢɟ ɢ ɨɛъɟɤɬɧɨ-ɨɪɢɟɧɬɢɪɨɜаɧɧыɟ – STADYO ɢ AS-
TRA-NOVA. 
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1. INTRODUCTION 

 

Complexity of designed finite element models of 
NPP systems has significantly increased. It has 
become common, when several firms and/or 
teams, using diverse software, participate in de-
sign and numerical investigations of subsystems 

of multiple-unit systems (“foundation – structure 
– equipment – pipelines”, in particular). Dy-
namic substructure synthesis methods enunci-
ated in the present article and implemented in 
certain software allow one to correctly solve 
problems, arising during intuitively engineering 
coupling of the subsystems models. 
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2. DYNAMIC SUBSTRUCTURES  

SYNTHESIS METHODS 

 
In dynamic substructure synthesis methods 
computational domain is partitioned into “sub-
structures”. For each substructure, uniquely de-
fined by displacement {u}, stiffness matrix [K], 
mass matrix [M] and forces {f}, the system of 
equations of motion is written as [5, 6, 7] 
 

       M u K u f 
 (1) 

 
We divide these equations in accordance with 
coupling (boundary) {ub} and internal {ui} de-
grees of freedom:  
 

b b bbb bi bb bi

ib ii ib iii i i

u u fM M K K

M M K Ku u f

                         

 (2) 

 
The basic idea of dynamic substructure synthesis 
methods is to change from full set of degrees of 
freedom to reduced set of generalized coordi-
nates, i.e. for substructure displacement presen-
tation Rayleigh-Ritz procedure, in which dis-
placement is represented as superposition of ba-
sic vectors (forms), is used: 
 

    u q 
 (3) 

 
where    – a set of basic vectors for substruc-

ture, and  q  is corresponding generalized modal 
coordinates.  
Therefore, equation (2) can be written as 
 

               T T T
M q K q f       (4) 

 
or   
                                   

     ˆˆ ˆM q K q f       
 

(5) 

 

where         
                                       

         

ˆ

ˆ

ˆ

T

T

T

M M

K K

f f

     
     

 
 

 

 
Eventually after coupling of substructures, de-
fined by reduced stiffness and mass matrices, we 
receive the full model of significantly smaller 
dimensionality. 
It should be stated, which way coupling degrees 
of freedom will be constrained during computa-
tion (or measurement) of substructure eigen-
modes. 
Three ways of coupling are possible: 
1) all coupling degrees of freedom are con-
strained; 
2) all coupling degrees of freedom are uncon-
strained;  
3) some coupling degrees of freedom are uncon-
strained, while others are constrained. 
Depending on coupling degrees of freedom con-
straining technique dynamic substructure syn-
thesis methods can be divided into: 
1) fixed boundary methods (Hurty/Craig-
Bampton method); 
2) free boundary methods (Rubin method, Hintz 
free-boundary method); 
3) mixed-boundary method (residual flexibility 
mixed-boundary method, Hintz mixed-boundary 
method). 
Degrees of freedom sets definition. Let us de-
note general set of physical degrees of freedom 

as P . Set of internal degrees of freedom will be 

denoted as I , full set of coupling coordinates – 

as T . These coordinates sets include, respec-
tively, p, i, and t degrees of freedom. For mixed-

boundary use let the set T  be composed as sum 

of sets B  and C . During eigenfrequencies and 
eigenmodes calculation degrees of freedom from 
the set B  are fixed, and degrees of freedom from 

the set C  are unconstrained. 
Basic forms sets definition. Normal modes are 
eigenmodes corresponding to non-zero eigenfre-
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quencies during partial eigenvalue problem solu-

tion    2N N
k kK M             . Reduced set of the 

normal modes is denoted as 
N
k    and include k 

normal modes. 
Constraint modes are defined as displacements 
of substructure internal degrees of freedom due 
to unit displacements of each boundary degree of 

freedom from the set B  when all other degrees 

of freedom from the set B  are fixed. Constraint 
modes computation technique is equivalent to 
Guyan reduction (static condensation) for inter-
nal degrees of freedom: 
 

1

bbC
b

ii ib

I

K K
 

          
(6) 

 

Constraint modes set is denoted as 
C
b    and in-

clude b vectors; C index means constraint 
modes. 
Rigid body modes. If substructure is not suffi-
ciently constrained, rigid body modes, when the 
substructure moves as rigid body, exist: 
 

    0rK  
 

(7) 

 
Rigid body modes can be defined in different 
ways: 
1) geometrically as set of linearly independent 

displacements of the form       0r d R r  , 

where  r  – new position of the substructure;  d  – general linear displacement;  R  – rotation 

matrix;  0r  – initial coordinates of the substruc-
ture. 
2) as eigenmodes corresponding to zero eigen 
frequencies during partial eigenvalue problem 
solution: 
 

     2K M       
(8) 

 
3) through Guyan static condensation. 

3. DYNAMIC SUBSTRUCTURES  

SYNTHESIS METHODS  

IMPLEMENTAITON 

 
Residual flexibility mixed-boundary (RFMB) 
method. RFMB method uses three sets of ei-
genmodes: 

1) constraint modes 
C
b   , defined in the set B ; 

2) residual flexibility modes 
R
cg   , defined in the 

set C ; 

3) reduced set of normal modes 
N
k   . 

As in Hurty/Craig-Bampton method the set B  is 
at least sufficient to eliminate rigid body dis-
placement components. For free boundary case, 
i.e. when all boundary coordinates are contained 
in the C , calculation of residual flexibility re-
quires inertial compensation procedure as in 
Rubin method [3], [1] and [4]. 
Coordinates conversion derivation. When 
Rayleigh-Ritz approximation is used physical 
coordinates components {x} can be written as 
linear superposition of components of the three 
mode sets as 
 

       C C R R N N
b c kx q g q q               (9) 

 
where generalized coordinates, coupled with 
each mode set, are denoted as {q}. Equation (9) 
can be divided into three equations the following 
way: 
    
       
       

C
b

C C R R N N
c cb cc ck

C C R R N N
c ib ic ik

x q

x q g q q

x q g q q

 
 


            
              

(10)

 
or in more compact form 
 

    1 1x T q
 (11)

where    1

TR N
bq x q q  is a vector in general-

ized coordinate space. It is evident from the first 
equation (10), that boundary modes provide 
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physical coordinates for the set B ; however, the 
second and the third equations (10) do not pro-
vide physical coordinates for the set C . This 

problem can be solved as 
R
ccg    is not singular, 

that allows one to write other generalized coor-
dinates in terms of the set C , leading to 
    
           

1

b b

R R C N N
cc cb b c ck

N N

x x

q g x x q

q q

 


             
  

(12)

 
or in more compact form 
 

    1 2 2q T q  (13)

 

where    2

T

b c kq x x q  is representation of 
components in mixed-boundary space.  
Hence, coordinates conversion of the presented 
method from physical to mixed-boundary can be 
written as 
 

     1 2 2x T T q  (14)

 
or in expanded form 
 

     1 1 1

0 0

0 0
b b b

c с c

C R R C R R N R R Ni k
ib ic cc cb ic cc ik ic cc ck

x I x

x I x

x qg g g g g g     

                      
 

(15) 

 

The sets B  and C  of degrees of freedom are 
statically complete in physical terms. 
Fixed boundary: exact reduction to Hurty/Craig-
Bampton method. For fixed boundary, i.e. when 
there are no degrees of freedom in the set C , co-
ordinates conversion in the RFMB method di-
rectly leads to Hurty/Craig-Bampton method: 
 

0b b b

C N
i ib ik k

x I x

x q 
              

(16)

Free boundary: exact reduction to Rubin 
method. For free boundary, i.e. when there are 
no degrees of freedom in the set B , coordinates 
conversion in the RFMB method directly leads 
to Rubin method: 
 

   1 1

0сc c

R R N R R N
i kic cc ik ic cc ck

Ix x

x qg g g g  
                

(17)

 
Hence, conversion (15) represents generalization 
of reliable and widely used Hurty/Craig-
Bampton and Rubin methods. 
Hintz mixed-boundary method [2]. Set of 
boundary modes of the HMB method includes 
rigid body modes, extra boundary constraint 
modes and inertia compensation modes. Then, 
this statically complete boundary modes set is 
added to normal modes with any boundary con-
ditions. Although HMB method requires specific 
assembling procedure, this difficulty can be 
overcome through the same technique, as de-
scribed in RFMB method. Combining rigid body 
modes with extra boundary constraint modes in 
a unique set of constraint modes, we can write 
HMB method coordinates conversion as 
 

0 0 0

0 0 0

b
b b

c
c c

rC C I N C N
ib ic ir ik ic cki

k

x
x I

x
x I

q
x

q
     

                         

(18)

 

where 
I
r    – set of inertia compensation modes, 

composed of r columns corresponding to number 
of rigid body modes. 
 
 
4. DYNAMIC SUBSTRUCTURES   

SYNTHESIS METHODS  

VERIFICATION 

 

Within set of test problems verification of dy-
namic substructures synthesis methods, pre-
sented above and implemented in certain soft-
ware, was performed. Laws of definition and 
consideration of meaningful parameters of sub-
structures were obtained numerically. 
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Thus, the neglect of a sufficient number of 
internal degrees of freedom of the subsystem 
leads to predictable errors in determining the 
dynamic characteristics of the system. These 
results again show the real cost of forced 
simplified approaches to the dynamic synthesis 
of sub-structures, which do not normally take 
full account of their dynamic performance. It is 
necessary to note that oscillations of the system 
is not sensitive to missing forms of partial 
subsystems, bearing distinct local character (it is 
physically tangible numerical result). 
 
 
5. DYNAMIC SUBSTRUCTURES  

SYNTHESIS METHODS  

APPROBATION ON THE NPP SYSTEM 

"FOUNDATION - STRUCTURE - 

EQUIPMENT - PIPELINES". 

 
Dynamic characteristics of the NPP system 
“foundation – structure – equipment – pipelines” 
were determined in ANSYS FEA software 
through two various techniques: 
1) on joint FE-model of the system; 
2) on the model of the system with substructures. 
Physical and mechanical properties of materials 
are presented in Table 1, and data about types of 
finite elements used – in Table 2.  
For the model with substructures the following 
substructures were used: Sub 1 – pipelines, Sub 
2 – reactor, Sub 3 – structure (confinement with 
auxiliary building), Sub 4 – foundation. Sub-
structures characteristics are presented in Table 
3. Comparison of joint FE-model eigenfre-
quency spectrum and corresponding spectrum of 
model with substructures is represented in Table 
4. For meaningful part of the spectrum equality 
of eigenmodes and eigenfrequencies is obtained. 
 

 

6. CONCLUSIONS 

 
The distinctive paper is devoted to research and 
development of methods of advanced dynamic 
analysis of NPP structures, based on application 
of flexible hierarchical substructure models 

“foundation – structure – equipment – 
pipelines”, implemented in certified software 
application packages, convenient for practical 
industrial use. 
Contemporary finite element software 
application packages are used for justification of 
nuclear power facilities. These software 
application packages contain the special options 
for imports and exports of the reduced influence 
matrices (stiffness matrix, mass matrix, 
damping matrix and load matrix) in text formats 
and in compact binary files as well in order to 
provide possibilities, in particular, for joint 
development and advanced analysis of complex 
multifactor dynamically loaded engineering 
structures and buildings. 
Recommendations for the formation and 
application of the matrix substructure are based 
on the results of solutions of various verification 
samples and fits results of other authors, in 
particular, obtained with the use of popular 
software application packages.  
Special pilot analysis of reactor building of a 
new generation of nuclear power plants will be 
done in order to demonstrate capabilities and 
features of the proposed method and 
corresponding technologies of substructure 
simulation of system “foundation – structure – 
equipment – pipelines”. 
Creation, research, development and application 
of substructures "database" (stiffness matrix, 
mass matrix, damping matrix and load matrix, 
"individual" loads of standard elements, details 
and assemblies) are rather effective for large-
scale construction projects, objects of mechani-
cal engineering and quiet natural in the spirit of 
integration with CAD. 
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Table 1. Physical and mechanical material proerties. 

Material 
Young’s 

modulus, MPa 

Pois-
son’s 
ratio 

Density, 
kg/m3 

Concrete 31 000  0,2 2 500 
Soil 30 0,3 0 
Steel 210 000 0,3 7 850 

Steel for 
upstanding 

tanks 
210 000 0,3 1 950* 

* conventionally taken for approbation 
 

Table 2.  Types of finite elements used. 
Element type Number of elements 

Shell281 1 724 
Pipe289 5 120 
Pipe288 354 
Solid185 165 304 
Solid186 4 864 

 
Table 3. Characteristics of the substructures. 

 
Number 

of FE 

Num-
ber of 
nodes 

Number 
of DOFs 

Number 
of cou-
pling 
DOFs 

Sub 
1 

5 000 9 948 59 688 768 

Sub 
2 

1 724 5 110 30 660 720 

Sub 
3 

88 374 
135 
232 

407 838 14 832 

Sub 
4 

82 268 92 595 258 504 13 440 

 
Table 4. Comparison of eigen frequency spectrums (Hz).  

No. 
Joint FE-

model 
Model with 

substructures 
Error, 

% 
1 0.542331605 0.542358154 0.005 
2 0.542546109 0.542567804 0.004 
3 0.909263966 0.909529696 0.029 
4 1.013468619 1.013581681 0.011 
5 1.192671665 1.193069917 0.033 
6 1.194033323 1.194412834 0.032 
... ... ... ... 
27 4.804192569 4.808042313 0.080 
28 4.813404347 4.817033808 0.075 
29 5.273983639 5.274055675 0.001 
30 5.364038351 5.364760011 0.013 

 
 

 

 
Figure 1. Joint FE-model of the system  

(quarter of the model is cut off for better  
visualization). 

 

 
 

 

 

 
Figure 2. Model of the system with  

substructures. 1st eigenmodes. f1=0.5424 Hz. 
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Figure 3. Model of the system with  

substructures. 27th eigenmodes. f27=4.808 Hz. 
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COMPUTATIONAL SIMULATION OF EXTERNAL EXTREME 

IMPACTS ON NPP CONSTRUCTIONS.  

DEVELOPMENTS AND INVESTIGATIONS 
 

Alexander M. Belostotsky, Sergey I. Dubinsky, Irina N. Afanasyeva,  

Fedor M. Kotov, Vladislav V. Vershinin, Sergey V. Scherbina,  

Sergey O. Petryashev, Nicolay O. Petryashev
 

Moscow State University of Civil Engineering, Moscow, RUSSIA 
 

ABSTRACT: In accordance with results of analysis of state-of-the-art theoretical and experimental research 
works, analysis and synthesis of data on the impact of extreme impacts on structures of existing nuclear power 
plants (including NPP "Fukushima-1", Japan), and other unique objects, the existing regulations, corresponding 
design codes and procedures do not fully take into account the specific definition of extreme (special) external 
loads and impacts on the main building of NPP, and, therefore, require clarification and development. The dis-
tinctive paper is devoted to advanced methods of analysis, choice of appropriate and correct methods and soft-
ware application packages for numerical simulation of external loads and impacts on the basic structures of nu-
clear power plants (wind hurricane, tornado, plane crash, the impact of the shock wave, seismic and tsunami ef-
fect). Results of development, adaptation and verification (with the use of universal software application pack-
ages) within representative number of sample problems, dealing with advanced methods of analysis, definition 
of loads and impacts on the basic structures of nuclear power plants are presented. The results of analysis 
showed correctness and effectiveness of the developed numerical methods of advanced analysis and definition of 
extreme external loads and impacts on NPP structures of a new generation. 

 
Key words: Numerical simulation, external extreme loads and impacts, nuclear power plants (NPP),  

wind hurricane, tornado, plane crash, the impact of the shock wave, seismic loads, tsunami,  
ANSYS Mechanical, ANSYS CFD, ANSYS AUTODYN, ABAQUS Standard\Explicit, LS-DYNA  

 

 

ЧɂɋɅȿɇɇɈȿ ɆɈȾȿɅɂɊɈȼАɇɂȿ ȼɇȿɒɇɂɏ  

ЭɄɋɌɊȿɆАɅɖɇЫɏ ȼɈɁȾȿɃɋɌȼɂɃ ɇА ɋɈɈɊɍɀȿɇɂə АЭɋ 

ɊАɁɊАȻɈɌɄɂ ɂ ɂɋɋɅȿȾɈȼАɇɂə 
 

А.М. Белостоцкий, С.И. Дубинский, И.Н. Аɮанасьева, Ф.М. Котов, 
В.В. Вершинин, С.В. Щербина, С.Ɉ. Петряшев, Н.Ɉ. Петряшев 

Мɨɫɤɨɜɫɤɢɣ ɝɨɫɭɞаɪɫɬɜɟɧɧыɣ ɫɬɪɨɢɬɟɥьɧыɣ ɭɧɢɜɟɪɫɢɬɟɬ, Мɨɫɤɜа, РОССИə 
 

АɇɇɈɌАЦɂə: Пɨ ɪɟɡɭɥьɬаɬаɦ аɧаɥɢɡа ɫɨɜɪɟɦɟɧɧых ɬɟɨɪɟɬɢчɟɫɤɢх ɢ эɤɫɩɟɪɢɦɟɧɬаɥьɧых ɢɫɫɥɟɞɨɜа-
ɧɢɣ, ɞаɧɧых ɩɨ эɤɫɬɪɟɦаɥьɧыɦ ɧаɝɪɭɡɤаɦ ɢ ɜɨɡɞɟɣɫɬɜɢяɦ ɧа ɫɨɨɪɭɠɟɧɢя ɫɭщɟɫɬɜɭɸщɢх АЭС (ɜ ɬɨɦ 
чɢɫɥɟ АЭС "Фɭɤɭɫɢɦа-1", əɩɨɧɢя) ɫɞɟɥаɧ ɜыɜɨɞ ɨ ɬɨɦ, чɬɨ ɫɭщɟɫɬɜɭɸщɢɟ ɧɨɪɦаɬɢɜɧыɟ ɦɟɬɨɞɢɤɢ ɧɟ ɜ 
ɩɨɥɧɨɣ ɦɟɪɟ ɭчɢɬыɜаɸɬ ɫɩɟцɢɮɢɤɭ ɨɩɪɟɞɟɥɟɧɢя ɜɧɟшɧɢх эɤɫɬɪɟɦаɥьɧых (ɨɫɨɛых) ɧаɝɪɭɡɨɤ ɢ ɜɨɡɞɟɣɫɬ-
ɜɢɣ ɧа ɨɫɧɨɜɧыɟ ɫɨɨɪɭɠɟɧɢя АЭС. Наɫɬɨящая ɫɬаɬья ɩɨɫɜящɟɧа ɪаɡɜɢɬыɦ ɦɟɬɨɞаɦ чɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢ-
ɪɨɜаɧɢя эɤɫɬɪɟɦаɥьɧых ɧаɝɪɭɡɨɤ ɢ ɜɨɡɞɟɣɫɬɜɢɣ ɧа ɨɫɧɨɜɧыɟ ɫɨɨɪɭɠɟɧɢя АЭС (ɭɪаɝаɧɧыɣ ɜɟɬɟɪ, ɬɨɪɧа-
ɞɨ, ɤɪɭшɟɧɢɟ ɫаɦɨɥɟɬа, ɜɨɡɞɟɣɫɬɜɢɟ ɭɞаɪɧɨɣ ɜɨɥɧы, ɫɟɣɫɦɢчɟɫɤɢɟ ɜɨɡɞɟɣɫɬɜɢя ɢ цɭɧаɦɢ) ɢ ɜыɛɨɪɭ ɫɨ-
ɩɭɬɫɬɜɭɸщɟɝɨ ɩɪɨɝɪаɦɦɧɨɝɨ ɨɛɟɫɩɟчɟɧɢя. Пɪɟɞɫɬаɜɥɟɧы ɪаɡɪаɛɨɬаɧɧыɟ ɦɟɬɨɞɢɤɢ, ɪɟɡɭɥьɬаɬы ɢх ɜɟɪɢ-
ɮɢɤацɢɢ ɧа ɩɪɟɞɫɬаɜɢɬɟɥьɧɨɦ ɤɨɥɢчɟɫɬɜɟ ɬɟɫɬɨɜых ɡаɞач ɢ аɩɪɨɛацɢɢ ɧа ɨɛъɟɤɬах АЭС. Рɟɡɭɥьɬаɬы 
аɧаɥɢɡа ɩɨɤаɡаɥɢ аɞɟɤɜаɬɧɨɫɬь ɢ эɮɮɟɤɬɢɜɧɨɫɬь ɪаɡɪаɛɨɬаɧɧых ɦɟɬɨɞɢɤ чɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜаɧɢя 
ɜɧɟшɧɢх эɤɫɬɪɟɦаɥьɧых ɧаɝɪɭɡɨɤ ɢ ɜɨɡɞɟɣɫɬɜɢɣ ɧа ɨɫɧɨɜɧыɟ ɫɨɨɪɭɠɟɧɢя АЭС. 
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1. INTRODUCTION 

 

Significant numbers of actual theoretical and ex-
perimental research works and data devoted to the 
influence of extreme impacts on structures of ex-
isting nuclear power plants (including NPP "Fu-
kushima-1", Japan) and other unique objects were 
studied. Analyze showed that the existing regula-
tions, corresponding design codes and procedures 
require clarification and development, because 
they do not fully take into account the specific 
definition of extreme (special) external loads and 
impacts on the main building of NPP. 
The present paper is devoted to advanced analy-
sis methods, choice of appropriate and correct 
methods and software application packages for 
the numerical simulation of external loads and 
impacts (wind hurricane, snow loads, tornado, 
plane crash, the impact of the shock wave, 
seismic and tsunami effect) on the basic struc-
tures of nuclear power plants. The results of the 
development of appropriate methodic of defini-
tion of loads and impacts on the basic structures 
of nuclear power plants, its approbation and 
verification (with the use of universal software 
application packages) are presented below. 
 
 
2. NUMERICAL METHODS 
 

The implementation of the finite element 

method (FEM) in the form of displacements 

For most structural dynamics problems of a me-
chanical system, the spatial discretization for the 
principle of virtual work using the finite element 
method gives the finite element semi-discrete 
equation of motion as follows [2]: 
                       uuRtF

tuKKtuCtuM G




,


 (1) 

 
Linear structural static analysis 
The overall equilibrium equations for linear 
structural static analysis are: 
      FuK   or        ra FFuK   (2) 
 

where:     N

m
eKK

1

 – total stiffness matrix;  eK  – 

element stiffness matrix;  rF  – reaction load 

vector;             N

m

pr
e

th
e

acnda FFFFF
1

 – the to-

tal applied load vector;  ndF  – applied nodal 
load vector;      c

ac aMF   – acceleration load 

vector;     N

m
eMM

1

 – total mass matrix;  eM  – 

element mass matrix;  ca  – total acceleration 

vector;  th
eF  – element thermal load vector;  pr

eF  – element pressure load vector. 
 
Mode-Frequency Analysis 
The equation of motion for an undamped sys-
tem, expressed in matrix notation using the 
above assumptions is: 
          0 uKuM   (3) 
 
For a linear system, free vibrations will be har-
monic of the form: 
     tu ii  cos  (4) 
 
where:  i  – eigenvector representing the 

mode shape of the ith natural frequency; i  – ith 

natural circular frequency (radians per unit 
time); t – time. 
Thus, (3) becomes: 
         02  ii KM   (5) 
 
The not trivial solution is [10, 11, 12]: 
     02  MK   (6) 
 
Rather than outputting the natural circular fre-
quencies {ω} , the natural frequencies (f) are 

output; where: 

2

i
if   – ith natural frequency 

(cycles per unit time). 
 
Thermal analysis 
The governing equation of interest is as follows:        QTKTC      (7) 
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where: [C] – damping matrix; [K] – coefficient 
matrix; {T} – temperature;   T  – time rate of 
the temperature; {Q} – heat flow. 
 
The mathematical formulation of the fluid 

dynamics 
To calculate the velocity and pressure fields of 
fluid flow the nonlinear systems of second order 
partial differential equations – Reynolds-
averaged Navier-Stokes equations (RANS) (8) 
and continuity equations (9) are solved [2]: 
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,0
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i

i

x

u
0

' 


i

i

x

u  (9) 

 
where: ρ – the fluid density (ρ = const for an in-
compressible fluid or gas); μ – dynamic viscos-
ity; p – the average pressure, the indices i = 1,2,3 
and j = 1,2,3 correspond to the coordinates x, y, 
z. Shear (Reynolds) stress 

ji uu ''  are additional 

six unknowns ( iu , p ) which are approximated 

as a rule by the Boussinesq's assumption: 
 

ij
i

j

j

i
tji k

x

u

x

u
uu 

3

2
'' 








  (10)

 
where: μt – additional viscosity caused by fluctua-
tions; k – averaged turbulent kinetic energy (TKE). 
The system of equations (8, 9, 10) is not closed. 
To close this system semi-empirical relations 
(turbulence models) connecting additional un-
knowns (Reynolds stress) with time-averaged 
velocity components are imposed. 
 
 
3. BASIC SOFTWARE FOR RESEARCH  

PURPOSES 
 
For the purposes of this research the following 
universal software application packages for nu-

merical simulation of continuum mechanics 
were used:  ANSYS Mechanical, ABAQUS Stan-

dard\Explicit– solving of temperature field, 
static, thermal and dynamic stress-strain 
state, dynamics and stability of arbitrary con-
structions and structures based on advanced 
finite element models and techniques.  ANSYS CFD - the numerical simulation of 
three-dimensional steady and unsteady fluid 
dynamics problems of high computational 
dimension.  ANSYS AUTODYN and LS-DYNA – simu-
lation of the non-linear high-speed processes, 
including non-linear dynamic analysis on the 
explicit integration scheme, which allows to 
analyze the physical processes: the impact and 
penetration, explosions, destruction, aerohy-
droelasticity - with an extensive library of 
models and materials properties. 

 
 
4. DEVELOPED TECHNIQUES 

 

Numerical modeling technique of the wind 

loads and effects 

Numerical modeling technique of the wind loads 
and effects on the basic structures of nuclear power 
plants was developed. It is based on numerical so-
lution of steady and unsteady three-dimensional 
equations of fluid dynamics and devoted to the 
definition and analysis of extreme wind loads (av-
erage and fluctuating components of the loads on 
structures, peak pressures on the building enve-
lope, evaluation of resonance phenomena). Verifi-
cation of this technique on representative number 
of verification tests were carried out. Approbation 
of this developed technique on sample problems, 
dealing with advanced methods of analysis, defini-
tion of loads and impacts on the basic structures of 
nuclear power plants was done as well. 
 
Numerical simulation technique of snow loads 

Numerical modeling technique of the snow loads 
(the height of the snow cover after a snowfall 
with specified intensity and duration) on the ba-
sic structures of nuclear power plants was devel-
oped. It is based on the Euler-Eulerian approach 
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to modeling of multiphase flows. Unsteady three-
dimensional equations of fluid dynamics for each 
of the phases ("snow" and "air") and the multi-
phase equations are solved numerically with the 
dynamic changes in the computational grid de-
pending on the height of the snow cover. That 
allows adequately take into account important 
factors - the direction and profile of wind flow, 
topography, existing buildings and sequence of 
constructions erection. Verification and approba-
tion of this technique were carried out. 
 

 

 
Figure 1. Lower envelope of the minimum values 
of wind pressure on the cooling tower (from the 
bottom) and on the main building NPP (from the 

bottom) [Pa] 
 

  
Figure 2. The form of snow cover and snow  

concentration on the roof 
 
Numerical simulation technique of the plane 

crash loads and impacts 

Numerical modeling technique of plane crash 
loads and impacts on NPP structures was devel-
oped. It is based on numerical solutions of three-
dimensional equations of solid mechanics with 

the use of finite element method or smoothed 
particle hydrodynamics method /SPH-method/ 
(nonlinear properties of reinforced concrete 
structures, soil foundations, equipment, plane 
properties (including the analysis of engines be-
havior, fuel spillage and fire caused by these fac-
tors) can be taken into account within coupled 
design model). Verification of this technique on 
representative number of verification tests were 
carried out. Approbation of this developed tech-
nique was done as well. 
 

 
 

 
Figure 3. Contour plots of equivalent 

stresses [Pa] at time t = 0.2 s 
 

Numerical modeling technique of the impact 

of the shock wave 

Numerical modeling technique of the impact of 
the shock wave on NPP structures was developed. 
It is based on three-dimensional numerical solu-
tions of equations of fluid dynamics and solid me-
chanics with the use of finite element method and 
the particle hydrodynamics method /SPH-method/ 
in terms of Lagrangian and Eulerian formulations 
(nonlinear properties of reinforced concrete struc-
tures, soil foundations, equipment, screening or 
amplifying effects from surrounding structures 
and the behavior of the shock waves in the air can 
be taken into account). Verification of this tech-
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nique on representative number of verification 
tests were carried out. Approbation of this devel-
oped technique was done as well. 
 

 
Figure 4. Distribution of pressure [Pa] from the 
source of the explosion (Novovoronezh NPP-2) 
at t = 0.378 sec. Green hemisphere – pressure 

iso-surfaces 10 [kPa] 
 
Numerical modeling technique of seismic loads 
Numerical modeling technique of seismic loads 
and impacts described by accelerograms on NPP 
structures was developed. It is based on the finite 
element solutions of three-dimensional dynami-
cal equations of solid mechanics (dynamic and 
dissipative properties of foundations can be taken 
into account within coupled design model "foun-
dation – building"). Verification and approbation 
of this developed technique was carried out. 
 
Numerical modeling technique of tsunamis 

and loads of it 

Numerical modeling technique of tsunami loads 
and impacts on NPP structures was developed. 
It is based on numerical solutions of three-
dimensional steady and unsteady fluid dynamics 
equations within multiphase formulation, (bot-
tom topography and terrain can be adequately 
taken into account). Verification and approba-
tion of this developed technique was carried out. 
 

Numerical modeling technique of tornado 

and loads of it 

Numerical modeling technique of the tornado 
impact on NPP structures. It is based on nu-
merical solutions of steady and unsteady three-
dimensional equations of fluid dynamics (such 
important factors as the direction of the class 
tornado relief can be taken into account). Veri-

fication and approbation of this developed tech-
nique was carried out and showed below. 
 

 

 
Figure 5. Building reactions on two types of 
loads: top - the harmonic load in accordance 

with SNIP, bottom - wave impacts 
 

 
Figure 6. NPP "Fukushima-1" (Japan). Wave 

height [m] at t = 50.3 s 
 

 
Figure 7. Top - velocities on the vorticity 

isosurfaces at time t = 13.5 s; bottom - lower 
envelope of pressure from a tornado 
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Table 1. Verification matrix of the numerical modeling technique of the wind loads and effects. 

 
 
 
 

Name of task 
Reference 

[1] 
Turbulence 

model 

Number 
of cells,  
thousand 
of cells 

Controlled parameters Time, hours Error, % 

Square prism,  
two-dimensional simulation 

Experiment. Lyn DES 20 
Mean Сх, Сy, Сɪ, St, Vx, 

Vy 
10 5-20% 

Two square prisms  interfer-
ence, 

two-dimensional  simulation 

Experiment. 
S.G. Kuznetsov 

DES 50 
Mean Сх 

and fluctuations of Сy 
20 

5% for mean; 
15% for  fluct. 

Cylinder, two-dimensional  
simulation (Re=3900) 

Simulations.  
Liaw 

Experiment. 
Norberg 

DES 40 
Mean Сх, Сy, Cp, 

St, Vx, Vy, 
20 

5-10% 
(for Сɪ 5-20%) 

Prism 2:1:1 Experiment.Tamura SST 220 
Vped, TKE 

Сɪ 0.5 
3-5% (for V) 

10-30% (for TKE) 

Cube 

Measurements. 
Silsoe 

Experiment. 
Castro 

DES 120 Cp 40...80 
10-30% (mesur.) 

10-20% (exp.) 

The high-rise building in 
low-rise buildings 

Experiment. AIJ SST 
200 
450 

Vped  
(mean and peak values) 

1 
2 

5-10%, for mean 
10-20%, for peak 

Shinjuku, Tokyo 
Measurements. Ex-

periment. AIJ 
SST 19 700 

Vped 
( peak values ) 

15 
10-50% ( mesur.) 
10-30% ( exp.) 

MFC «City-Palas» 
ММДЦ «Мɨɫɤɜа-Сɢɬɢ» 

Experiment . 
BMT 

SST 
DES 

3 200 
Cp (mean), CX, CY 

( mean and peak values ) 
6 - SST 

200 - DES 
5-10% for mean  
10-30% for fluct. 

МФК «Фɟɞɟɪацɢя» 
 MIBC «Moscow-City» 

Experiment. 
RWDI 

SST 
DES 

2 400 Cp ( mean and std.) 
4 - SST 

160- DES 
5-10% for mean  
10-30% for fluct. 
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Table 2. Verification matrix of the numerical modeling technique of the snow loads. 

Name of task 
Reference 

[1] 
Sortware Method Criterion Error, % 

Shape of snow drifts 
under flow around 

the cube 
Measurements ANSYS FLUENT 

FVM, 
Euler-Euler model of 

multiphase flow 

Snow cover topol-
ogy 

< 50% 

 
Table 3. Part of the Verification matrix of the numerical modeling technique of the plane crash loads and impacts. 

Name of task Reference [9] Sortware Method Criterion Error, % 

Collision of non-deformable 
shell with a reinforced concrete 

wall 

Experiment VTT and em-
piric formulas 

LS-DYNA, 
ABAQUS/ 

Explicit 
ANSYS 

AUTODYN 

explicit Penetration 10-30% 

Wall penetration by the rigid 
projectile 

Measurements LS-DYNA explicit Penetration < 50% 

Collision of F4 with rigid wall. Riera technique LS-DYNA explicit Overall reaction < 15% 

Stability of spatial geodesic 
dome 

Hangai, Jagannathan, 
Papadrakakis 

LS-DYNA explicit Critical loads 0.22–0.5% 

Temperature field in reinforced 
concrete column at a fire 

МДС 21-2.2000 ANSYS Mechanical
Newton-
Raphson 

Temperature < 9,0% 
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Table 4. Part of the Verification matrix of the numerical modeling technique of the plane crash loads and impacts 

Name of task Reference [1] Software Method Criterion Error, % 

Spherical explosion of 
blast waves 

Kingery\ Bulmash] 
CONWEP 
Sadowski 

AUTODYN Euler multimaterial 
Peak pressure at dif-

ferent radius 

For R <10 m 
up to 40%, 

For R >10 m, less than 
5% 

Shock-explosive im-
pact on the sphere 

Experiment FLUENT 
Model Shear Stress 

Transport (SST) with 
wall functions, VOF 

Full resistance force 
FX; sensor pressure 

< 15% 

The explosion in the 
model of typical 

building 
Experiments AUTODYN Euler's method 

The peak value of the 
overpressure 

< 15% 

The supersonic air  
flow air in the shock 

tube 
Analytical solution FLUENT Navier-Stokes equations 

The pressure and tem-
perature along the 

central line of the pipe 
Up to 1% 

 
Table 5. Part of the Verification matrix of the numerical modeling technique of seismic loads. 

Name of task 
Reference 

[1] 
Method Elements 

Number of 
elements 

Controlled paramaters Error, % 

External Lamb 
problem 

Verification exam-
ple from ANSYS 

Mechanical 

Abaqus/Standard: Hilbert-
Hughes-Taylor method; 
Abaqus/Explicit: explicit 

integration scheme 

CAX4R 750000 
Stresses and displace-

ments in the monitoring 
points 

5.3 - for peak 
values, 

4.7 - for mean 
values 

Internal Lamb 
problem 

Verification exam-
ple from ANSYS 

Mechanical 

Abaqus/Explicit: explicit 
integration scheme 

CAX4R 999792 
Stresses and displace-

ments in the monitoring 
points 

< 7 - for peak 
values, 

< 4 - for mean 
values 

Seismic analysis 
of concrete 
gravity dam 

[1] 

Abaqus/Standard: 
1) Newton-Raphson 

method; 
2) Lanczos method; 

3) Hilbert-Hughes-Taylor 
method; 

Abaqus/Explicit: explicit 
integration scheme 

CPS4R 760 
Stresses, displacements, 

eigenfrequencies 
< 3 

 



C
o

m
p

u
ta

ti
o

n
al

 S
im

u
la

ti
o

n
 o

f 
E

x
te

rn
al

 E
x

tr
em

e 
Im

p
ac

ts
 o

n
 N

P
P

 C
o
n

st
ru

ct
io

n
s.

 D
ev

el
o

p
m

en
t 

an
d
 I

n
v

es
ti

g
at

io
n

s 
 

V
o

lu
m

e 
9

, 
Is

su
e 

4
, 
2
0
1

3
 

3
1

                                               

 

 
Table 6. Part of the Verification matrix of the numerical modeling technique of tsunami loads. 

Name of task Reference [1] Software Method Criterion Error, % 

Landwash on the obstacle Experiment ANSYS FLUENT 
RNG k-e 

VOF 
Water level 

Up to 40% 
Averaged – less than 10% 

Dam break Experiment] 
LS-DYNA, 

CFX 
SPH Water level Up to 15% 

Load on the prism at the 
dam break 

Experiment] ANSYS FLUENT 
RNG k-e 

VOF 
Sensors pres-

sure 
Up to 15% 

Surface waves caused by 
landslides in the Gulf of 

Lituya, Alaska 
Experiment] ANSYS FLUENT 

RNG k-e DES 
VOF 

Water level Up to 40% 

 

Table 7. Part of the Verification matrix of the numerical modeling technique of tornado loads. 
Name of task Reference [1] Software Method Criterion Error, % 

Tornado creation ex-
periment 

Measurements 
Experiment 

ANSYS FLUENT 
URANS 
RNG k-e 

Wind velociyties 
Up to 30% 

Averaged - < 15% 

Project «Shelter» Expert estimates ANSYS CFX 
URANS 

SST 
The peak pressure Up to 30% 

Impact of the car into the 
wall 

Experiment LS-DYNA Explicit Displacement in points Up to 10% 

Multiphase flow in the 
pipe 

Analytical solution Fluent 

Stationary flow. Inlet 
flow is fully developed 
and laminar. The equa-
tions of phase transfer 

are solved. 

Comparison of mass 
fractions of phases A 
along the axis of the 

tube 

< 0.01% 

Impact of metal cylinder 
in the concrete wall 

Experiment AUTODYN Explicit Penetration depth < 2 % 
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4. CONCLUSIONS 

 
Considerable number of verification samples, 
specific to the nuclear industry (Russian nuclear 
power plants, NPP "Fukushima-1") were used 
for multistage testing of developed methods and 
software application packages. The results of 
analysis showed correctness and effectiveness 
of the developed numerical methods of ad-
vanced analysis and definition of extreme exter-
nal loads and impacts on NPP structures of a 
new generation. 
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NUMERICAL ANALYSIS OF WIND LOADING, STRESS-STRAIN 

STATE, STRENGTH AND STABILITY OF CONCRETE STRUC-

TURES OF NPP EVAPORATIVE COOLING TOWERS 
 

Alexander M. Belostotsky, Sergey I. Dubinsky, Sergey O. Petryashev, 

Nicolay O. Petryashev, Irina N. Afanasyeva, Fedor M. Kotov
 

Moscow State University of Civil Engineering, Moscow, RUSSIA 
 

ABSTRACT: This paper describes the methodology and the some results of computational studies of stress-
strain state, dynamics, strength and stability of the load-bearing reinforced concrete (RC) evaporative cooling 
towers Novovoronezh NPP-2 with standard regulated combinations of basic and special loads and impacts using 
advanced technologies of finite element (FE) method. To determine the wind, hurricane and tornado loads (in 
addition to standard approaches) three-dimensional technologies of numerical simulation of steady and unsteady 
fluid dynamics problems were used. The spatial shell and solid finite element models of the combined system 
"soil foundation – RC structures of evaporative cooling towers" and its sub-systems, which describes geometric 
stiffness, inertia and load characteristics and the resulting stress-strain state, parameters of the dynamics, strength 
and stability adequately, were developed and verified. Also performed validation calculations required rein-
forcement. 

 
Key words: numerical simulation, external extreme loads and impacts, nuclear power plants (NPP),  

stress-strain state, dynamics, strength, stability, evaporative cooling towers, 
ANSYS Mechanical, ANSYS CFD, OM SNiP RC 
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АɇɇɈɌАЦɂə: В ɫɬаɬьɟ ɨɩɢɫаɧы ɦɟɬɨɞɢɤа ɢ ɧɟɤɨɬɨɪыɟ ɪɟɡɭɥьɬаɬы ɪаɫчɟɬɧых ɢɫɫɥɟɞɨɜаɧɢɣ ɧаɩɪя-
ɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜаɧɧɨɝɨ ɫɨɫɬɨяɧɢя, ɞɢɧаɦɢɤɢ, ɩɪɨчɧɨɫɬɢ ɢ ɭɫɬɨɣчɢɜɨɫɬɢ ɧɟɫɭщɢх ɠɟɥɟɡɨɛɟɬɨɧɧых 
ɤɨɧɫɬɪɭɤцɢɣ ɛашɟɧɧых ɢɫɩаɪɢɬɟɥьɧых ɝɪаɞɢɪɟɧ Нɨɜɨɜɨɪɨɧɟɠɫɤɨɣ АЭС–2 ɩɪɢ ɧɨɪɦаɬɢɜɧɨ ɪɟɝɥаɦɟɧɬɢ-
ɪɨɜаɧɧых ɫɨчɟɬаɧɢях ɨɫɧɨɜɧых ɢ ɨɫɨɛых ɧаɝɪɭɡɨɤ ɢ ɜɨɡɞɟɣɫɬɜɢɣ ɫ ɢɫɩɨɥьɡɨɜаɧɢɟɦ ɫɨɜɪɟɦɟɧɧых ɬɟхɧɨ-
ɥɨɝɢɣ ɦɟɬɨɞа ɤɨɧɟчɧых эɥɟɦɟɧɬɨɜ. Дɥя ɨɩɪɟɞɟɥɟɧɢя ɜɟɬɪɨɜых, ɭɪаɝаɧɧых ɢ ɫɦɟɪчɟɜых ɧаɝɪɭɡɨɤ ɢɫɩɨɥь-
ɡɨɜаɥɢɫь (ɩɨɦɢɦɨ ɧɨɪɦаɬɢɜɧых ɩɨɞхɨɞɨɜ) ɬɟхɧɨɥɨɝɢɢ чɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜаɧɢя ɬɪɟхɦɟɪɧых ɫɬацɢɨ-
ɧаɪɧых ɢ ɧɟɫɬацɢɨɧаɪɧых ɡаɞач ɝɢɞɪɨɝаɡɨɞɢɧаɦɢɤɢ. Раɡɪаɛɨɬаɧы ɢ ɜɟɪɢɮɢцɢɪɨɜаɧы ɩɪɨɫɬɪаɧɫɬɜɟɧɧыɟ 
ɨɛɨɥɨчɟчɧыɟ ɢ ɨɛъɟɦɧыɟ ɤɨɧɟчɧɨ-эɥɟɦɟɧɬɧыɟ ɦɨɞɟɥɢ ɤɨɦɛɢɧɢɪɨɜаɧɧɨɣ ɫɢɫɬɟɦы “ɝɪɭɧɬɨɜɨɟ ɨɫɧɨɜаɧɢɟ 
– ɠ/ɛ ɤɨɧɫɬɪɭɤцɢɢ ɝɪаɞɢɪɧɢ” ɢ ɟɟ ɩɨɞɫɢɫɬɟɦ, аɞɟɤɜаɬɧɨ ɨɬɪаɠаɸщɢɟ ɢх ɝɟɨɦɟɬɪɢɤɨ-ɠɟɫɬɤɨɫɬɧыɟ, ɢɧɟɪ-
цɢɨɧɧыɟ ɢ ɧаɝɪɭɡɨчɧыɟ хаɪаɤɬɟɪɢɫɬɢɤɢ ɢ ɪɟɡɭɥьɬɢɪɭɸщɟɟ ɧаɩɪяɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜаɧɧɨɟ ɫɨɫɬɨяɧɢɟ, 
ɩаɪаɦɟɬɪы ɞɢɧаɦɢɤɢ, ɩɪɨчɧɨɫɬɢ ɢ ɭɫɬɨɣчɢɜɨɫɬɢ. Выɩɨɥɧɟɧы ɬаɤɠɟ ɩɪɨɜɟɪɨчɧыɟ ɪаɫчɟɬы ɧɟɨɛхɨɞɢɦɨɝɨ 
аɪɦɢɪɨɜаɧɢя. 
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1. INTRODUCTION 

 

Evaporative cooling tower Novovoronezh NPP-
2 (the NV NPP-2) are the highest in Russia. Top 
mark of the stack is +171.00 m, the radius of the 
tower at the level +171.00 m equal to 37.65 m, 
at the level +9.70m - 61.10 m. The project pro-
vides two towers, one for each power block. 
Currently, the construction of the first tower is 
completed, work is underway on the construc-
tion of a second one. 
Evaporative cooling tower stack consist of an 
inclined support colonnade (44 columns), sup-
port ring, reinforced concrete shell of variable 
thickness and internal structures. The columns 
based on the strip foundation via a special sup-
port base. 
In the design phase loads and impacts were de-
termined according to standard procedures. It 
was necessary to perform the calculations for 
validation of refined loads determined with the 
use of modern technologies of computational 
modeling. 
One of the most important impacts on the struc-
ture of such height are wind and tornado. In re-
lation to the NV NPP-2 calculations for the ba-
sic and specific (extreme) wind loads and im-
pacts (including the tornado) based on three-
dimensional numerical simulation of fluid dy-
namics problems without relief for three vari-
ants: an isolated tower, two twin cooling towers 
with buildings and without buildings,- were per-
formed using the software package ANSYS 
CFD. 
For the design version of evaporative cooling 
towers estimation of the strength and suffi-
ciency of reinforcement at the design combina-
tions of loads and impacts, as well as dynamic 
parameters and critical loads / modes of buck-
ling was performed with using of finite element 
application package ANSYS Mechanical [8, 9, 
10]. Seismic calculations were carried out in the 
spectral formulation and on the impact given by 
the accelerograms (taking into account the non-
linearity of the contact of soil foundation and 
the support ring). To perform verification calcu-
lations of reinforcement was required. 
 

2. AERODYNAMIC CALCULATIONS 
 

Calculation method of basic and specific (ex-
treme) wind loads and impacts based on the 
numerical simulation of three-dimensional 
steady and unsteady fluid dynamics problems 
(Reynolds-averaged Navier-Stokes equations 
RANS, URANS) has been implemented and 
verified by authors earlier. As a spatial discreti-
zation finite volume method was used. This 
methodic allows to adequately estimate impor-
tant factors: the direction and profile of wind 
flow, topography, building site and sequence of 
construction works. 
Three-dimensional geometric model of evapora-
tive cooling tower with support colonnade, but 
without the internal equipment and the direct simu-
lation of surface roughness on the outer surface of 
the cooling tower, was developed by authors. 
Evaluation of equivalent roughness was made on 
a two-dimensional model of the tower sections, 
selected at height 120 m (where radius is 36.2 
m). Wind velocity 32 m/s, the turbulence inten-
sity 1% were imposed as the "inlet" boundary 
conditions. The calculations were carried out for 
three models: a) smooth cylinder, b) cylinder 
with a specified roughness (0.04 m) on the outer 
surface, c) section of the cooling tower with di-
rect modeling ribs (roughness). If the specified 
equivalent roughness (parameter "Wall rough-
ness") equal to 0.04 m (case b)), then the results 
for this case with the practical accuracy consis-
tent with the results for the case c). Mismatching 
of results does not exceed 10% (see Fig.1). 
Steady and unsteady three-dimensional calcula-
tions of one and two cooling towers at the stan-
dard wind and hurricane wind were carried out 
using SST and DES turbulence models. As a 
"inlet" boundary conditions wind velocity, tur-
bulence kinetic energy and dissipation energy, 
varying in height and corresponding to the 2nd 
wind region and type area A ("open area") ac-
cording to the Russian design codes [3], were 
set. Mean velocity at height of 10 m for the 
standard wind is 25.9 m/s, for the hurricane 
wind - 40.95 m/s. The physical time equal 500 
s. For the transient simulations the time step 
equal 0.05 s. 



Alexander M. Belostotsky, Sergey I. Dubinsky, Sergey O. Petryashev,  

Nicolay O. Petryashev, Irina N. Afanasyeva, Fedor M. Kotov  

International Journal for Computational Civil and Structural Engineering 36 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. Average Cp on the angular  

coordinates for the model: with a specified 
roughness - the red line, modeled ribs - the 

green line. SST turbulence model 
 
Average wind loads on the cooling tower (in 
case of twin towers) due to cross interference at 
certain wind angles of attack may as increase by 
14%, so decrease by 18%, compared with a sin-
gle cooling tower. As a result of the cross inter-
ference between twin towers transient simula-
tions showed the increasing of the fluctuating 
component of wind load in the time compared 
to a single cooling tower. 
Numerical experiments showed that the effect 
of "development" (buildings of reactor com-
partment and turbine hall) and topography on 
the distribution of the wind pressure on the 
tower surface is negligible and affects only at 
the lower elevations (up to 50 m). Positive aver-
age pressure varies by no more than 2%, and a 
negative - no more than 7% in the most "sensi-
tive" wind direction for the case without build-
ing site. 
Comparison of the results of numerical simula-
tion and design calculation of aerodynamic 
pressure (the pressure coefficient Cp) showed 
enough "good" matching (error is not exceeding 
5%) at height of 20 m and 160 m. Minimum 
value of the coefficient Cp according to stan-
dards is -1.1 and implemented with the angular 
coordinate 70°. Calculated minimum value of 
the coefficient Cp ranges from -2.4 (at height of 
100 m) to -1.0 (at height of 20 m and 160 m) 
and implemented with the angular coordinate 
80-85°. Diagrams of aerodynamic pressure co-
efficient Cp for hurricane wind are identical to 

those obtained for the standard wind. For the 
ease of comparison the aerodynamic pressure 
coefficient Cp is defined with respect to the ve-
locity at the infinity for the appropriate height. 
As a result of aerodynamic calculations for 
standard wind maximum positive values of 
mean wind pressure on the surface of the cool-
ing tower does not exceed 1200 Pa, local nega-
tive pressure (vacuum-gauge pressure) up to -
2700 Pa, for hurricane wind maximum positive 
values of mean pressure on the surface of the 
cooling tower does not exceed 3000 Pa, local 
negative pressure (vacuum-gauge pressure) up 
to -6250 Pa. 
Three-dimensional unsteady calculations of one 
and two cooling towers at the tornado class 3.16 
by Fujita scale were carried out. Tornado center 
"moved" with speed about 21.2 m/s, the radius 
of the "wall" (the region of maximum tangential 
velocity Vmax = 84.8 m/s) was 45 m. Length of 
tornado straight-line trajectory is assumed to be 
300 m. 
Transient simulations were performed using the 
turbulence model SAS-SST. The physical time 
equal 25 s. For the transient simulations the time 
step equal 0.05 s. 
Overall aerodynamic loads (vector sum of Fx 
and Fy) up to 6000 tnf. Maximum positive pres-
sure on the surface of the cooling tower does not 
exceed 3000 Pa, local negative pressure (vac-
uum-gauge pressure) up to 7200 Pa. The great-
est influence is realized for the one of the con-
sidered scenarios when tornado is moving along 
the line connecting the two towers. 
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Figure 2. Aerodynamic pressure coefficient Cp 
at the outer (top) and the inner (bottom) of the 
tower at various heights (from 20 m to 160 m). 

 
 
3. CALCULATION MODELS  

FOR DETERMINING THE STRAIN-

STRESS STATE, THE STRENGTH  

AND STABILITY 
 
FE models cooling tower NV NPP-2 were de-
veloped based on the design and space-planning 
solutions (see table 1). 
Shell model. For the multivariate resource-
intensive calculations (seismic, exhaustive 
search of wind and tornado impacts) and evalua-
tion of the design reinforcement cooling tower 
shell models were developed. 

 
 

 
Figure 3. Pressure (Pa) on the surface of the 

cooling tower and the streamlines. 
Physical time T=7 s. 

 
Shell finite elements with variable thickness 
SHELL181 (4-node) and SHELL281 (8-node) 
were used referred to as Mindlin-Reissner shell 
theory. FE shell corresponds to the tier height 
(1.5 m) and along the arc it does not exceed 
1/88 of the circumference. Columns are mod-
eled by shell finite element with varying cross-
sectional dimensions (constant thickness and the 
width varies according to the section of the col-
umn). Element SURF154 were used to model 
the bottom surface of the base plate taking into 
account the coefficient of soil reaction. 
Solid model. 1/88 part of the model was de-
signed due to of the symmetry of the structure. 
The input data are the thickness and radius of 
curvature of the shell with a step height of 1.5 
m. The linear approximation was used for the 
construction of geometry at the intermediate 
points. 
Reinforcement was taken into account by the 
"spread" schemes setting the percentage of rein-
forcement in material for each of the orthogonal 
directions. Zone thickness of 70-100 mm have 
been "cut off" in the three-dimensional model 
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near the outer surfaces. At least three finite ele-
ments were entered along the shell thickness 
(two "outside" layers with specified reinforce-
ment). 
When design solid finite element model of 
evaporative cooling tower (non-linear analysis 
on wind, tornado, "emergency" situation) were 
creating, the model of typical sector were cop-
ied many times as necessary. 
The case of a complete failure of the support 
structure considers, in this case - the removal of 
one of 44-inclined columns from the calculation 
model. Preliminary calculations showed that the 
inclusion of the three sectors around the column 
allows to determine the resultant "emergency" 
strain-stress state of cooling tower with the 
lower computational cost. Removal of columns 
was performed by a tenfold decreasing of the 
stiffness of the removed column in 8 steps to 
improve the convergence of nonlinear numerical 
calculations. 
 
 
4. COMPUTATIONAL ANALYSIS  

OF STRESS-STRAIN STATE 

 
The calculation of the cooling tower model sec-
tor (1/88 part) taking into account the founda-
tion soil (Table 1. Model number 2) was carried 
out at a preliminary stage to determine the coef-
ficient of soil reaction. The calculation was per-
formed taking into account stage erection. Soil 
properties were averaged and ranged for the bet-
ter reproduction of the results of geotechnical 
monitoring of settlement. The coefficient of soil 
reaction was determined as a calculation result 
(Fig. 4). In further calculations the averaged co-
efficient of soil reaction is assumed as 10 
MN/m3  
Next research calculations were performed for 
weight, temperature, wind, hurricane, tornado 
and seismic loads and impacts. 
 

 
Figure 4. The coefficient of soil reaction 
(tnf/m3) by solving the contact problem.  

Permanent loads. (Scale of 0, 300, 500, 750, 
1000, 1500 tnf/m3). 

 
Analysis of the results of computational re-
search showed the overall picture of the ex-
pected distribution of the stress-strain parame-
ters of cooling tower. In particular, the follow-
ing facts were found out: the absence of signifi-
cant effects of geometric nonlinearity in the de-
formation of the cooling tower shell; noticeable 
effect of support contour compliances (base 
plate and columns - the “weak link”) on the 
static state, dynamics and stability of the sys-
tem; significant eigenmodes for the wind and 
seismic loads (total offset deformable shell on 
the columns) are characterized by low frequen-
cies and bend (bent fracture) in the area of the 
lower support ring; sufficient strength and sta-
bility of the shell. 
As a result of calculations of alternative finite 
element models the following facts were found 
out (for initial geometry, material properties, 
size and mix of core and special loads and im-
pacts) that radial displacements of the shell for 
standard wind at 72-directions (using the results 
of numerical simulation of aerodynamics) are 
54 mm ( Fig. 5) and characterized by low dy-
namics. 
The load-carrying ability of the structure under 
wind action according to design hurricane winds 
as a result of physically and geometrically 
nonlinear analysis is provided conservative of 
1.6. 
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Table 1. Developed design FE models of the evaporative cooling tower NV NPP-2. 

№ 
FE models of the sys-

tem/subsystem 
Figure 

N
um

be
r 

of
 n

od
es

 

N
um

be
r 

of
 e

le
-

m
en

ts
 

Types FE 
(ANSYS) 

Calculations type 

1 
shell finite element model 

of the cooling tower 

  1
4
 0

0
0

 (
4
0

 0
0

0
) 

1
4
 0

0
0

 

SHELL181 
SHELL281 
SURF154 

The calculation of frequencies and modes of vi-
bration; Calculation of the constant load; 

Calculation of the temperature of strain-stress 
state; Calculation of strain-stress state on wind 

impacts; Calculation of strain-stress state on the 
impacts of tornado loads ; Calculation for the 
seismic action; The calculation of the overall 

stability, "according to Euler" 

2 

solid finite element model 
of the sector (1/88 part) 
"soil foundation – RC 

evaporative cooling tow-
ers" in the contact setting  

3
6
 0

0
0

 

2
7
 0

0
0

 SOLID65 
SOLID45 

CONTA173 
TARGET170 

Calculation taking into account the nonlinear 
behavior of the soil base in the contact formula-
tion to determine the effective coefficient of soil 

reaction 

3 

simplified combined finite 
element model of system 

"dynamic foundation soil - 
RC evaporative cooling 

towers" in the formulation 
of the contact 

 

3
5
 0

0
0

 

3
3
 0

0
0

 

SHELL181 
SOLID45 

CONTA173 
TARGET170 

 

Calculation for the seismic action, taking into 
account the interaction with the subsoil 

4 
solid finite element model 

of the cooling towers 
 7

2
4

 0
0

0
 

5
9
8

 0
0

0
 

SOLID65 
SURF154 

The calculation of frequencies and modes of 
vibration; the calculation for a given project rein-

forcement on:  the weight and wind load (at 
SPX) or action of load weight and the tornado in 
a physically and geometrically nonlinear formu-
lation with the cracking of concrete; the calcula-

tion of an emergency situation - resistance 
against the "progressive collapse" 

5 

solid finite element model 
of system "soil foundation 
– RC evaporative cooling 

towers"  1
 3

1
0

 0
0

0
 

2
 7

0
0

 0
0

0
 

SOLID65 
SOLID45 

CONTA173 
TARGET170 

Calculation of contact pressure, the rationale for 
the mutual influence of cooling towers through 

the soil 
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Figure 5. Cooling tower NV NPP-2 on elastic 

foundation. The basic load combinations.  
Radial displacement (m). The maximum value of 
4.5 (cm). Minimum value -5.4 (cm). The angle 

of attack of the wind 220°. 

 
Figure 6. Summary seismic displacement (m) 

upon exposure in all directions simultaneously. 
The spectral method. Maximum value 0.039 (m), 

the minimum value of 0.747·10-4 (m) 

The most dangerous variant of tornado moving 
(the intensity of 3.16 on a scale of Fujita) is the 
scenario of impact on an isolated tower. Results 
of physically linear analysis and verification of 
the design of reinforcement showed that the re-
quired safety is provided. Additional physical 
and geometric nonlinear analysis in a quasi-
static setting for this scenario of tornado demon-
strated a significant cracking, plastic deforma-
tion of the reinforcement and destruction in the 
"right" (relative to the direction of motion of a 
tornado) area of the shell on the positive pres-
sure in the "tightening" of the vortex (Fig. 9). 

 
Figure 7. Displacement UX, UY, UZ (mm) for 

nodes at a height of 63 m relative to the  
foundation for three cases. Blue line –  

"indissociable" MPC contact, the red line - on a 
rigid foundation, the green dotted line –  

a standard contact. A special combination  
of loads. 

 
Analysis for a specified 6-intensity earthquake 
[4, 7] impact with the using of linear-spectral 
method for the more than 2000 eigen modes in 
the frequency range up to 33 Hz showed a 
maximum total seismic movement up to 39 mm, 
which were defined by the dominant modes of 
frequencies 1,517 Hz and 2,526 Hz. 
Figure 7 shows comparison graphs of depend-
ence of displacement on time in monitoring 
points. The largest amplitude of displacement 
UX, UY in monitoring points is achieved in the 
case of account "indissociable" contact between 
the cooling tower and the soil foundation. The 
largest amplitude of displacement UZ is 
achieved when taking into account the standard 
of contact between the cooling tower and the 
soil foundation. Analysis for a specified 6-
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intensity earthquake [4, 7] impact, described by 
three-component accelerograms, wave and plat-
form (including the behavior of the soil founda-
tion) schemes showed the maximum total dis-
placement of nodes 30 mm and 27 mm, respec-
tively. 
The overall Euler’s structure stability for the 
current loads and impacts (weight, temperature, 
wind, hurricane, tornado, seismic) is provided 
with sufficient supplies (5 and above). 
 

Figure 8. Displacement UZ (mm) of nodes at a 
height of 0.45 m (under the deleted column in 

base of column), 10.8 m (above the deleted  
column in the lower support ring), 170 m (above 

the deleted column in the upper support ring). 
Load step: 1 corresponds to the displacement of 
its own weight in the whole column, 2 column 
leaving stiffness reduction of 10, 3 – 102 times,  

9 – 108. 
 

Results showed that for the emergency situation 
("progressive collapse") after removal of the 
column structure movements stabilized (Fig. 8). 
This indicates the necessity to ensure the level 
of the bearing capacity at the considered emer-
gency. Analysis for an emergency situation in 
the nonlinear formulation for the considered 
scenario with  initiation of local failure substan-
tiated the stability of the support structure to 
progressive collapse when one of the columns is 
removed. 
 
 
5. VERIFICATION CALCULATION  

OF REINFORCEMENT 

 

Analysis of reinforcement in accordance with 
Russian design codes, performed by a certified 

program "OM SNiP RC" shows that specifica-
tions of the ring and meridian reinforcement 
shell adopted in the project, and the parameters 
of radial and ring reinforcement of the founda-
tion plate are enough (Fig. 10). The columns 
and wall of cooling pond strength at design rein-
forcement are confirmed by non-linear calcula-
tions in a three-dimensional finite element for-
mulation. 
 

 

Figure 9. The scheme of cracks formation. 
Tornado impacts. 

 
 

6. CONCLUSIONS 

 
The complex method of calculating the external 
loads, strength, dynamics and stability of the 
evaporative cooling towers was developed and 
verified. The calculations of the strength and 
stability of the structure at the calculated com-
binations loads were carry out with using AN-
SYS CFD and ANSYS Mechanical packages. 
Parameters of the reinforcement shell, columns 
and foundation plate were confirmed. 
It is necessary to develop and implement a pro-
gram to monitor the status of supporting struc-
tures for the evaporative cooling tower con-
struction and operational phases, based both on 
the results of the analysis, as well as a specially 
developed adaptive forward-looking monitoring 
of mathematical models. 
 



Alexander M. Belostotsky, Sergey I. Dubinsky, Sergey O. Petryashev,  

Nicolay O. Petryashev, Irina N. Afanasyeva, Fedor M. Kotov  

International Journal for Computational Civil and Structural Engineering 42 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 
Figure 10. The required total ring and meridian 

reinforcement for the basic load combination 
and the total project reinforcement. The blue 
line - a necessary, green-final according to 

SPX, red - design reinforcement. 
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ɄɈɇȿЧɇЫɏ ЭɅȿɆȿɇɌɈȼ 

ЧАɋɌɖ 1: ȾɂɋɄɊȿɌɇɈ-ɄɈɇɌɂɇɍАɅɖɇАə ɉɈɋɌАɇɈȼɄА 
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АɇɇɈɌАЦɂə: Наɫɬɨящая ɫɬаɬья ɨɬɤɪыɜаɟɬ ɫɟɪɢɸ ɪаɛɨɬ, ɩɨɫɜящɟɧɧɭɸ ɜɨɩɪɨɫаɦ чɢɫɥɟɧɧɨɣ ɪɟаɥɢɡа-
цɢɢ ɞɢɫɤɪɟɬɧɨ-ɤɨɧɬɢɧɭаɥьɧɨɝɨ ɦɟɬɨɞа ɤɨɧɟчɧых эɥɟɦɟɧɬɨɜ ɞɥя ɪɟшɟɧɢя ɬɪɟхɦɟɪɧых ɡаɞач ɪаɫчɟɬа ɤɨɧ-
ɫɬɪɭɤцɢɢ ɫ ɤɭɫɨчɧɨ-ɩɨɫɬɨяɧɧыɦɢ ɮɢɡɢɤɨ-ɝɟɨɦɟɬɪɢчɟɫɤɢɦɢ ɩаɪаɦɟɬɪаɦɢ (хаɪаɤɬɟɪɢɫɬɢɤаɦɢ) ɜ ɫɥɭчаях 
ɢɫɩɨɥьɡɨɜаɧɢя ɧɟɪɟɝɭɥяɪɧых (ɪаɡɥɢчɧых ɧа ɪаɡɥɢчɧых ɭчаɫɬɤах ɩɨɫɬɨяɧɫɬɜа ɮɢɡɢɤɨ-ɝɟɨɦɟɬɪɢчɟɫɤɢх 
ɩаɪаɦɟɬɪɨɜ ɤɨɧɫɬɪɭɤцɢɢ) аɩɩɪɨɤɫɢɦɢɪɭɸщɢх ɫɟɬɨɤ. Нɢɠɟ ɨɩɢɫыɜаɟɬɫя ɩɟɪɟхɨɞ ɨɬ ɤɨɧɬɢɧɭаɥьɧɨɣ ɨɩɟ-
ɪаɬɨɪɧɨɣ ɩɨɫɬаɧɨɜɤɢ ɡаɞачɢ ɤ ɫɨɨɬɜɟɬɫɬɜɭɸщɟɣ ɞɢɫɤɪɟɬɧɨ-ɤɨɧɬɢɧɭаɥьɧɨɣ, ɩɪɟɞɫɬаɜɥяɸщɟɣ ɫɨɛɨɣ ɧа-
ɛɨɪ ɞɜɭхɬɨчɟчɧых ɤɪаɟɜых ɡаɞач ɞɥя ɫɢɫɬɟɦ ɨɛыɤɧɨɜɟɧɧых ɞɢɮɮɟɪɟɧцɢаɥьɧых ɭɪаɜɧɟɧɢɣ ɩɟɪɜɨɝɨ ɩɨ-
ɪяɞɤа ɫ ɩɨɫɬɨяɧɧыɦɢ ɤɨэɮɮɢцɢɟɧɬаɦɢ (ɨɛɨɛщɟɧɧая ɦɧɨɝɨɬɨчɟчɧая ɤɪаɟɜая ɡаɞача). 
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SEVERAL ALGORITHMIC PROPERTIES ASSOCIATED 

WITH THE USE OF IRREGULAR MESHES WITHIN 

DISCRETE-CONTINUAL FINITE ELEMENT METHOD  

FOR THREE-DIMENSIONAL STRUCTURAL ANALYSIS 
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ABSTRACT: The distinctive paper is devoted to numerical implementation of discrete-continual finite element 
method for analysis of three-dimensional structures with piecewise-constant physical and geometrical parameters 
with the use of irregular meshes. Discrete-continual formulation of the corresponding problem (so-called multi-
point boundary problem) is presented. 
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Рɢɫɭɧɨɤ 1.1. Пɪɢɦɟɪ ɜыɛɨɪа ɫɟɬɤɢ, аɩɩɪɨɤɫɢɦɢɪɭɸщɟɣ «ɩɨɩɟɪɟчɧɨɟ»  
ɩɨ ɨɬɧɨшɟɧɢɸ ɤ ɨɫɧɨɜɧɨɦɭ ɧаɩɪаɜɥɟɧɢɸ ɫɟчɟɧɢɟ ɤɨɧɫɬɪɭɤцɢɢ. 

 

1. ȾɂɋɄɊȿɌɇɈ-ɄɈɇɌɂɇɍАɅɖɇАə 

АɉɉɊɈɄɋɂɆɂɊɍɘЩАə ɆɈȾȿɅɖ 

ɄɈɇɋɌɊɍɄЦɂɂ. ȾɂɋɄɊȿɌɇɈ-

ɄɈɇɌɂɇɍАɅɖɇЫɃ ɄɈɇȿЧɇЫɃ 

ЭɅȿɆȿɇɌ (ȾɄɄЭ) 
 
Пɭɫɬь 3x  – ɩɟɪɟɦɟɧɧая, ɫɨɨɬɜɟɬɫɬɜɭɸщая 
ɨɫɧɨɜɧɨɦɭ ɧаɩɪаɜɥɟɧɢɸ (ɬ.ɟ. ɧаɩɪаɜɥɟɧɢɸ 
ɜɞɨɥь ɤɨɬɨɪɨɝɨ ɮɢɡɢɤɨ-ɝɟɨɦɟɬɪɢчɟɫɤɢɟ ɩа-
ɪаɦɟɬɪы ɤɨɧɫɬɪɭɤцɢɢ ɢɡɦɟɧяɸɬɫя ɤɭɫɨчɧɨ-
ɩɨɫɬɨяɧɧɨ (ɡаɦɟɬɢɦ, чɬɨ ɩɨ ɩɟɪɟɦɟɧɧыɦ 1x  

ɢ 2x  ɮɢɡɢɤɨ-ɝɟɨɦɟɬɪɢчɟɫɤɢɟ ɩаɪаɦɟɬɪы ɤɨɧ-
ɫɬɪɭɤцɢɢ ɦɨɝɭɬ ɢɡɦɟɧяɬьɫя ɩɪɨɢɡɜɨɥьɧɨ)); 

k
S  – ɨɛɥаɫɬь, ɡаɧɢɦаɟɦая «ɩɨɩɟɪɟчɧыɦ» ɩɨ 
ɨɬɧɨшɟɧɢɸ ɤ ɨɫɧɨɜɧɨɦɭ ɧаɩɪаɜɥɟɧɢɸ ɫɟчɟ-
ɧɢɟɦ ɤɨɧɫɬɪɭɤцɢɢ (ɜ ɨɛщɟɦ ɫɥɭчаɟ ɤɭɫɨчɧɨ 
ɩɨɫɬɨяɧɧа ɜɞɨɥь 3x ); k

b
k nkx  ..., 1,=   ,,3  – ɤɨ-

ɨɪɞɢɧаɬы ɫɟчɟɧɢɣ, ɜ ɤɨɬɨɪых ɡаɞаɸɬɫя ɝɪа-
ɧɢчɧыɟ ɭɫɥɨɜɢя (ɜ чаɫɬɧɨɫɬɢ, ɤɨɨɪɞɢɧаɬы 
ɫɟчɟɧɢɣ, ɝɞɟ ɩɪɨɢɫхɨɞɢɬ «ɫɤачɤɨɨɛɪаɡɧɨɟ» 
(ɪаɡɪыɜы ɩɟɪɜɨɝɨ ɪɨɞа) ɢɡɦɟɧɟɧɢɟ ɩаɪаɦɟɬ-
ɪɨɜ ɤɨɧɫɬɪɭɤцɢɢ); 1 ..., 1,=   ,  kk nk  – ɫɨɨɬ-
ɜɟɬɫɬɜɭɸщɢɟ ɮɪаɝɦɟɧɬы, ɧа ɤɨɬɨɪыɟ ɪаɡɞɟ-
ɥяɟɬɫя ɤɨɧɫɬɪɭɤцɢя, 
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  (1.1) 

 
1 ..., 1,=   , kk nkГ  – ɫɨɨɬɜɟɬɫɬɜɭɸщɢɟ ɝɪа-

ɧɢцы ɩɟɪɟчɢɫɥɟɧɧых ɮɪаɝɦɟɧɬɨɜ. 
Дɥя ɩɨɫɬаɧɨɜɤɢ ɢ ɪɟшɟɧɢя ɡаɞачɢ ɤаɠɞая ɢɫ-
хɨɞɧая ɨɛɥаɫɬь 1 ..., 1,=   ,  b

kk nk  ɨɤаɣɦɥя-
ɟɬɫя ɫɨɨɬɜɟɬɫɬɜɭɸщɟɣ ɪаɫшɢɪɟɧɧɨɣ ɨɛɥа-

ɫɬьɸ 1 ..., 1,=   , b
kk nk  [1,2]. Пɪɢɧɢɦаɟɬɫя 

ɫɥɟɞɭɸщая ɞɢɫɤɪɟɬɧɨ-ɤɨɧɬɢɧɭаɥьɧая ɦɨɞɟɥь: 
ɩɨ ɨɫɧɨɜɧɨɦɭ ɧаɩɪаɜɥɟɧɢɸ (ɜɞɨɥь ɨɫɢ 3Ox ) 
ɪɟшаɟɬɫя ɤɨɧɬɢɧɭаɥьɧая ɡаɞача, а ɩɨ ɞɪɭɝɢɦ 
ɧаɩɪаɜɥɟɧɢяɦ (ɜɞɨɥь ɨɫɟɣ 1Ox  ɢ 2Ox ) ɩɪɨ-
ɢɡɜɨɞɢɬɫя ɤɨɧɟчɧɨэɥɟɦɟɧɬɧая аɩɩɪɨɤɫɢɦа-
цɢя. Заɦɟɬɢɦ, чɬɨ аɩɩɪɨɤɫɢɦацɢя ɩɨɩɟɪɟч-
ɧɨɝɨ ɩɨ ɨɬɧɨшɟɧɢɸ ɤ ɨɫɧɨɜɧɨɦɭ ɧаɩɪаɜɥɟ-
ɧɢɸ ɫɟчɟɧɢя ɫɬаɧɞаɪɬɧɨɣ ɨɛɥаɫɬɢ ɫɨɫɬɨɢɬ ɜ 
ɡаɞаɧɢɢ ɫɟɬɤɢ, ɬɨɩɨɥɨɝɢчɟɫɤɢ эɤɜɢɜаɥɟɧɬɧɨɣ 
ɩɪяɦɨɭɝɨɥьɧɨɣ ɬаɤ, чɬɨɛы ɨɧа ɤаɤ ɦɨɠɧɨ 
ɥɭчшɟ ɫɨɨɬɜɟɬɫɬɜɨɜаɥа ɨчɟɪɬаɧɢяɦ ɩɨɩɟɪɟч-
ɧɨɝɨ ɫɟчɟɧɢя ɤɨɧɫɬɪɭɤцɢɢ (ɪɢɫ. 1.1).  
Пɨɧяɬɢɟ ɬɨɩɨɥɨɝɢчɟɫɤɨɣ эɤɜɢɜаɥɟɧɬɧɨɫɬɢ ɜ 
ɞаɧɧɨɦ ɫɥɭчаɟ ɨɡɧачаɟɬ, чɬɨ ɨɧа ɦɨɠɟɬ ɛыɬь 
ɩɨɥɭчɟɧа ɢɡ ɩɪяɦɨɭɝɨɥьɧɨɣ ɫɟɬɤɢ ɜ ɪɟɡɭɥь-
ɬаɬɟ ɧɟɤɨɬɨɪɨɣ ɧɟɜыɪɨɠɞɟɧɧɨɣ ɞɟɮɨɪɦацɢɢ 
ячɟɟɤ ɩɨɫɥɟɞɧɟɣ ɛɟɡ ɢх «ɩɟɪɟɤɪɭчɢɜаɧɢя». 
Выɛɨɪ ɬаɤɨɝɨ ɤɥаɫɫа ɫɟɬɨɤ, ɫ ɨɞɧɨɣ ɫɬɨɪɨɧы, 
ɞаɟɬ ɜɨɡɦɨɠɧɨɫɬь аɩɩɪɨɤɫɢɦɢɪɨɜаɬь ɛɨɥь-
шɨɟ ɤɨɥɢчɟɫɬɜɨ ɪаɡɧɨɨɛɪаɡɧых ɤɨɧɫɬɪɭɤцɢɣ, 
а ɫ ɞɪɭɝɨɣ – ɩɨɡɜɨɥяɟɬ ɢɫɩɨɥьɡɨɜаɬь ɩɪɨɫɬɭɸ 
ɪɟɝɭɥяɪɧɭɸ ɧɭɦɟɪацɢɸ ɭɡɥɨɜ, чɬɨ ɩɪɢɜɨɞɢɬ 
ɜ ɞаɥьɧɟɣшɟɦ ɤ ɭɞɨɛɧыɦ ɦаɬɟɦаɬɢчɟɫɤɢɦ 
ɮɨɪɦɭɥаɦ, эɮɮɟɤɬɢɜɧыɦ ɜычɢɫɥɢɬɟɥьɧыɦ 
ɫхɟɦаɦ ɢ аɥɝɨɪɢɬɦаɦ, а ɬаɤɠɟ ɫɭщɟɫɬɜɟɧɧɨ 
ɭɩɪɨщаɟɬ ɫɛɨɪ ɢɫхɨɞɧɨɣ ɢɧɮɨɪɦацɢɢ ɢ ɜы-
ɜɨɞ ɪɟɡɭɥьɬаɬɨɜ. Пɟɪɟхɨɞ ɤ ɩɪяɦɨɭɝɨɥьɧɨɣ 
ɫɟɬɤɟ ɫ ɟɞɢɧɢчɧыɦ шаɝɨɦ ɥɟɝɤɨ ɨɫɭщɟɫɬɜɥя-
ɟɬɫя ɥɨɤаɥьɧɨɣ ɡаɦɟɧɨɣ ɤɨɨɪɞɢɧаɬ ɜɧɭɬɪɢ 
ɫɟɬɨчɧɨɣ ячɟɣɤɢ. Пɪɢ «ɜыɩɪяɦɥɟɧɢɢ» ɫɟɬɤɢ 
ɨɛщɢɣ ɜɢɞ ɭɪаɜɧɟɧɢɣ ɫɨхɪаɧяɟɬɫя – ɦɟɧяɸɬ-
ɫя ɥɢшь  эɥɟɦɟɧɬы ɦаɬɪɢцы ɤɨэɮɮɢцɢɟɧɬɨɜ 
ɢɫхɨɞɧɨɣ ɫɢɫɬɟɦы. Вɨ ɦɧɨɝɢх ɫɥɭчаях эɮ-
ɮɟɤɬɢɜɧɨ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɟ ɩɪɢɦɟɧɟɧɢɟ 
ɩɪяɦɨɭɝɨɥьɧых ɫɟɬɨɤ, ɩɨɫɤɨɥьɤɭ эɬɨ ɡɧачɢ-
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ɬɟɥьɧɨ ɭɩɪɨщаɟɬ ɢ ɭɫɤɨɪяɟɬ аɥɝɨɪɢɬɦы, а 
ɫɥɟɞɨɜаɬɟɥьɧɨ, ɩɨɡɜɨɥяɟɬ ɢɫɩɨɥьɡɨɜаɬь 
ɛɨɥьшɨɟ ɤɨɥɢчɟɫɬɜɨ ɭɡɥɨɜ, чɬɨ ɜ ɪɟɡɭɥьɬаɬɟ 
ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢчɟɧɢɸ ɬɨчɧɨɫɬɢ. Дɨɩɭɫɤа-
ɟɬɫя ɧɟɫɨɝɥаɫɨɜаɧɧɨɫɬь ɫɟɬɤɢ ɢ ɨчɟɪɬаɧɢя 
«ɩɨɩɟɪɟчɧɨɝɨ» ɫɟчɟɧɢя ɤɨɧɫɬɪɭɤцɢɢ (ɪɢɫ. 
1.1). Заɦɟɬɢɦ, чɬɨ ɫхɟɦа ɪаɡɛɢɟɧɢя ɧа ɞɢɫ-
ɤɪɟɬɧɨ-ɤɨɧɬɢɧɭаɥьɧыɟ ɤɨɧɟчɧыɟ эɥɟɦɟɧɬы ɜ 
ɨɛщɟɦ ɫɥɭчаɟ ɦɨɠɟɬ ɛыɬь ɪаɡɥɢчɧɨɣ ɞɥя 
ɪаɡɥɢчɧых ɩɨɞɨɛɥаɫɬɟɣ 1 ..., 1,=   , kk nk ). 

Иɬаɤ, ɤаɠɞɭɸ ɨɛɥаɫɬь k  ɪаɡɛɢɜаɟɦ ɧа ɩɨ-
ɞɨɛɥаɫɬɢ – ɞɢɫɤɪɟɬɧɨ-ɤɨɧɬɢɧɭаɥьɧыɟ ɤɨɧɟч-
ɧыɟ эɥɟɦɟɧɬы (ДККЭ) jik ,,  (ɪɢɫ. 1.2, 1.3): 
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S  – ɨɛɥаɫɬь, ɨɩɢɫаɧɧая ɞɢɫɤɪɟɬɧɨ-

ɤɨɧɬɢɧɭаɥьɧыɦ ɤɨɧɟчɧыɦ эɥɟɦɟɧɬɨɦ jik ,,  ɜ 
ɩɨɩɟɪɟчɧɨɦ ɧаɩɪаɜɥɟɧɢɢ ɤɨɧɫɬɪɭɤцɢɢ; 

kk NN ,2,1  ,  – ɩɪɢɧяɬɨɟ ɤɨɥɢчɟɫɬɜɨ ɭɡɥɨɜ ɩɨ 
ɧаɩɪаɜɥɟɧɢɸ ɨɫɟɣ 1Ox , 2Ox  ɧа ɭчаɫɬɤɟ k ; 
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ɤɨɨɪɞɢɧаɬы ɭɡɥɨɜ ɫɟɬɤɢ; kkk NNN 2,,1   . 

Даɥɟɟ ɨɩɪɟɞɟɥяɟɦ хаɪаɤɬɟɪɢɫɬɢчɟɫɤɭɸ 
ɮɭɧɤцɢɸ эɥɟɦɟɧɬа ɢ ɫɟɬɨчɧыɟ ɮɭɧɤцɢɢ, ха-
ɪаɤɬɟɪɢɡɭɸщɢɟ ɫɜɨɣɫɬɜа ɦаɬɟɪɢаɥа ɤɨɧɫɬ-
ɪɭɤцɢɢ: 
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Раɫɫɦɨɬɪɢɦ ɩɪɨɢɡɜɨɥьɧыɣ эɥɟɦɟɧɬ ɦɨɞɟɥɢ 

jik ,,  (ɪɢɫ. 1.4).  

Пɪɨɢɡɜɟɞɟɦ ɥɨɤаɥьɧɭɸ ɡаɦɟɧɭ ɩɟɪɟɦɟɧɧых 
ɜɧɭɬɪɢ эɥɟɦɟɧɬа, ɜɜɟɞя ɜ ɩɪɨɢɡɜɨɥьɧɨɦ «ɩɨ-
ɩɟɪɟчɧɨɦ» (ɩɨ ɨɬɧɨшɟɧɢɸ ɤ ɨɫɧɨɜɧɨɦɭ ɧа-
ɩɪаɜɥɟɧɢɸ) ɫɟчɟɧɢɢ ɪаɫɫɦаɬɪɢɜаɟɦɨɝɨ эɥɟ-

ɦɟɧɬа ɥɨɤаɥьɧɭɸ ɫɢɫɬɟɦɭ ɤɨɨɪɞɢɧаɬ 1Ot  ɢ 

2Ot  (ɪɢɫ. 1.4), ɩɪɢ эɬɨɦ ]1 ,0[   1]; ,0[ 21  tt . 
Дɥя «ɩɨɩɟɪɟчɧɨɝɨ» (ɩɨ ɨɬɧɨшɟɧɢɸ ɤ ɨɫɧɨɜ-
ɧɨɦɭ ɧаɩɪаɜɥɟɧɢɸ) ɫɟчɟɧɢя ɤɨɧɫɬɪɭɤцɢɢ 
ɜɟɤɬɨɪы ɤɨɨɪɞɢɧаɬ ɩɪɨɢɡɜɨɥьɧɨɣ ɬɨчɤɢ 
ДККЭ ɜ эɥɟɦɟɧɬɧɨɣ ɢ ɢɫхɨɞɧɨɣ ɫɢɫɬɟɦах 
ɢɦɟɸɬ ɜɢɞ: 
 

Tttt ]  [ 21 ;     Txxx ]     [ 21 .       (1.6) 
 
Сɨɨɬɜɟɬɫɬɜɭɸщая ɮɨɪɦɭɥа ɩɪɟɨɛɪаɡɨɜаɧɢя 
ɤɨɨɪɞɢɧаɬ: 
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Зɞɟɫь ),,( jik

nx , ),( ji
nt  – ɜɟɤɬɨɪы ɤɨɨɪɞɢɧаɬ ɭɡɥа 

эɥɟɦɟɧɬа ɜ ɢɫхɨɞɧɨɣ ɢ эɥɟɦɟɧɬɧɨɣ ɫɢɫɬɟɦах 
ɤɨɨɪɞɢɧаɬ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, kNi 1,2,..., 1, ; 

kNj 2,2,...,1, . 

В ɪɟɡɭɥьɬаɬɟ ɡаɦɟɧы ɩɟɪɟɦɟɧɧых ɜычɢɫɥɟ-
ɧɢɟ ɩɪɨɢɡɜɨɞɧых ɩɨ 1x  ɢ 2x   ɩɪɨɢɡɜɨɞɢɬɫя 
ɫɨɝɥаɫɧɨ ɮɨɪɦɭɥаɦ ɞɢɮɮɟɪɟɧцɢɪɨɜаɧɢя 
ɫɥɨɠɧɨɣ ɮɭɧɤцɢɢ: 
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Вɟɥɢчɢɧы sk xt  /  ɢɡ (1.9) ɨɛɪаɡɭɸɬ яɤɨɛɢаɧ 

ɫɢɫɬɟɦы.  
Маɬɪɢца əɤɨɛɢ ɧа эɥɟɦɟɧɬɟ jik ,,  ɨɩɪɟɞɟɥя-
ɟɬɫя ɫɥɟɞɭɸщɢɦ ɨɛɪаɡɨɦ: 
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Рɢсɭɧɨɤ 1.2. ɋхɟɦа ɞɢсɤɪɟɬɢɡаɰɢɢ ɤɨɧсɬɪɭɤɰɢɢ. 

 

 
Рɢсɭɧɨɤ 1.3. Тɢɩɨвɨɣ ɞɢсɤɪɟɬɧɨ-ɤɨɧɬɢɧɭаɥьɧыɣ ɤɨɧɟчɧыɣ ɷɥɟɦɟɧɬ. 

 

 
Рɢсɭɧɨɤ 1.4. ɉɟɪɟхɨɞ ɤ ɥɨɤаɥьɧɨɣ сɢсɬɟɦɟ ɤɨɨɪɞɢɧаɬ ɧа ДККЭ. 
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Эɥɟɦɟɧɬы ɦаɬɪɢцы ɫɨɨɬɜɟɬɫɬɜɭɸщɟɝɨ ɮɭɧɤ-
цɢɨɧаɥьɧɨɝɨ ɨɩɪɟɞɟɥɢɬɟɥя tDxDjik /),,(   
ɧахɨɞяɬɫя ɤаɤ 
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Маɬɪɢцы ɮɭɧɤцɢɨɧаɥьɧых ɨɩɪɟɞɟɥɢɬɟɥɟɣ 

tDxD /  ɢ xDtD /  ɜɡаɢɦɨɫɜяɡаɧы: 
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ɢɥɢ ɜ ɩɨэɥɟɦɟɧɬɧɨɦ ɩɪɟɞɫɬаɜɥɟɧɢɢ ɢɦɟɟɦ: 
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2. АɉɉɊɈɄɋɂɆАЦɂə ɇȿɂɁȼȿɋɌɇЫɏ 

ɎɍɇɄЦɂɃ 

 

В ɤачɟɫɬɜɟ ɨɫɧɨɜɧых ɧɟɢɡɜɟɫɬɧых ɜ ɭɡɥах 
ɩɪɢɧɢɦаɸɬɫя  ɫɨɫɬаɜɥяɸщɢɟ ɩɟɪɟɦɟщɟɧɢɣ 
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а ɜɟɤɬɨɪ ɧɟɢɡɜɟɫɬɧых ɜɨ ɜɫɟх ɭɡɥах эɥɟɦɟɧɬа 
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ɪɭɸɬɫя ɩɨɥɢɧɨɦаɦɢ ɩɟɪɜɨɝɨ ɩɨɪяɞɤа, ɡаɜɢɫя-
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ɩɪɨɤɫɢɦацɢя), ɬ.ɟ. ɢɦɟɟɦ: 
 

;),,(   3, 2, ,1                        

  ,     

),,(),,(

,,321

21
),,(

,1,12
),,(

,1,01
),,(

,0,1
),,(

,0,0

321
),,(

321
),,(),,(

jik

jik
p

jik
p

jik
p

jik
p

jik
p

jik
p

jik
p

xxxp

tttt

xttuxxxuu








 

 (2.9) 

jik

jik
p

jik
p

jik
p

jik
p

jik
p

jik
p

jik
p

xxxp

tttt

xttvxxxvv

,,321

21
),,(

,1,12
),,(

,1,01
),,(

,0,1
),,(

,0,0

321
),,(

321
),,(),,(

),,(   3, 2, ,1                       

 ,     

),,(),,(








 

  (2.10) 
 

ɢɥɢ ɢɧачɟ ɜ ɦаɬɪɢчɧɨ-ɜɟɤɬɨɪɧɨɣ ɮɨɪɦɟ 
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– ɦаɬɪɢца ɮɭɧɤцɢɣ ɮɨɪɦы («ɩɨɩɟɪɟчɧых» 
ɩɨ ɨɬɧɨшɟɧɢɸ ɤ ɨɫɧɨɜɧɨɦɭ ɧаɩɪаɜɥɟɧɢɸ) ɩɨ 
ɫɟчɟɧɢɸ ДККЭ ɫ эɥɟɦɟɧɬаɦɢ 
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Маɬɪɢца (2.18) ɩɨɫɥɟ ɩɟɪɟɨɛɨɡɧачɟɧɢɣ ɬаɤɠɟ 
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Фɨɪɦɭɥы (2.16)-(2.17) ɦɨɠɧɨ ɢɧачɟ ɩɟɪɟɩɢ-
ɫаɬь ɫɥɟɞɭɸщɢɦ ɨɛɪаɡɨɦ: 
 

3; ,2 ,1   ,   ),,(
1221

),,(
22

),,(
11

),,(
,

),,(




puttut

utuu
jik

p
jik

p

jik
p

jik
np

jik
p (2.21) 

3; ,2 ,1   ,   ),,(
1221

),,(
22

),,(
11

),,(
,

),,(




pvttvt

vtvv
jik

p
jik

p

jik
p

jik
np

jik
p  (2.22) 

ɝɞɟ    ),,(),1,(),,(
1

jik
p

jik
p

jik
p uuu   ;   

),,()1,,(),,(
2

jik
p

jik
p

jik
p uuu   ; 

)(
2

),1,()1,1,(),,(
12

k
p

jik
p

jik
p

jik
p uuuu   ;   (2.23) 



П.А. Аɤɢɦɨɜ, М.Л. Мɨɡɝаɥɟɜа, В.Н. Сɢɞɨɪɨɜ  

International Journal for Computational Civil and Structural Engineering 50 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

),,(),1,(),,(
1

jik
p

jik
p

jik
p vvv   ;   

),,()1,,(),,(
2

jik
p

jik
p

jik
p vvv   ; 

)(
2

),1,()1,1,(),,(
12

k
p

jik
p

jik
p

jik
p vvvv   . (2.24) 

 
Таɤɠɟ ɦɨɠɧɨ ɨɛɨɫɧɨɜаɬь ɫɩɪаɜɟɞɥɢɜɨɫɬь 
ɜаɠɧых ɞɥя ɩɨɫɥɟɞɭɸщɟɝɨ ɢɡɥɨɠɟɧɢя ɫɨɨɬ-
ɧɨшɟɧɢɣ (ɧɢɠɟ jikxxx ,,321 ),,(  ): 
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   – ɫɢɦɜɨɥ, ɨɛɨɡɧачаɸщɢɣ ɨɩɟɪацɢɸ ɩɪя-

ɦɨɝɨ ɩɪɨɢɡɜɟɞɟɧɢя ɦаɬɪɢц; 
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Рɭɤɨɜɨɞɫɬɜɭяɫь (2.18) ɢ (2.27) ɦɨɠɟɦ ɡаɩɢ-
ɫаɬь: 
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3. АɉɉɊɈɄɋɂɆАЦɂə ЧАɋɌɇЫɏ 

ɉɊɈɂɁȼɈȾɇЫɏ ɈɌ ɂɋɄɈɆЫɏ 

ɎɍɇɄЦɂɃ 

 
Вɜɟɞɟɦ ɨɛɨɡɧачɟɧɢя: 
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На ɨɫɧɨɜаɧɢɢ ɮɨɪɦɭɥ (1.9), (1.12) ɢ (2.16)-
(2.17) ɜыɪаɠɟɧɢя ɞɥя чаɫɬɧых ɩɪɨɢɡɜɨɞɧых 
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Пɪɨɢɡɜɨɞɧыɟ (3.7) ɨɬ (2.19) ɧахɨɞяɬɫя ɩɨ-
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Вɜɟɞɟɦ ɫɥɟɞɭɸщɢɟ ɨɛɨɡɧачɟɧɢя: 
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С ɭчɟɬɨɦ (3.9)-(3.10) ɦɨɠɟɦ ɩɟɪɟɩɢɫаɬь (3.2), 
(3.3), (3.5) ɢ (3.6) ɜ ɜɢɞɟ 
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Сɨɨɬɜɟɬɫɬɜɭɸщɢɟ ɭɡɥɨɜыɟ ɮɭɧɤцɢɢ ɨɩɪɟɞɟ-
ɥяɸɬɫя ɫ ɭчɟɬɨɦ ɨɩɟɪацɢɣ ɨɫɪɟɞɧɟɧɢя ɩɨ 
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– эɥɟɦɟɧɬы «ɥɟɜɨɣ ɜɟɪɬɢɤаɥьɧɨɣ ɝɪаɧɢцы» 
( 1i ; 1 ..., 3, ,2 ,2  kNj ): 
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– эɥɟɦɟɧɬы «ɩɪаɜɨɣ ɜɟɪɬɢɤаɥьɧɨɣ ɝɪаɧɢцы» 
( kNi ,1 ; 1 ..., 3, ,2 ,2  kNj ): 
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– эɥɟɦɟɧɬы «ɧɢɠɧɟɣ ɝɨɪɢɡɨɧɬаɥьɧɨɣ ɝɪаɧɢцы» 
( 1 ..., 3, ,2 ,1  kNi ; 1j ): 
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– эɥɟɦɟɧɬы «ɜɟɪхɧɟɣ ɝɨɪɢɡɨɧɬаɥьɧɨɣ ɝɪаɧɢ-
цы» ( 1 ..., 3, ,2 ,1  kNi ; kNj ,2 ): 
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Нɟɤɨɬɨɪыɟ аɥɝɨɪɢɬɦɢчɟɫɤɢɟ ɨɫɨɛɟɧɧɨɫɬɢ, ɫɜяɡаɧɧыɟ ɫ ɢɫɩɨɥьɡɨɜаɧɢɟɦ ɧɟɪɟɝɭɥяɪɧых аɩɩɪɨɤɫɢɦɢɪɭɸщɢх 
ɫɟɬɨɤ ɩɪɢ чɢɫɥɟɧɧɨɦ ɪɟшɟɧɢɢ ɬɪɟхɦɟɪɧых ɤɪаɟɜых ɡаɞач ɪаɫчɟɬа ɤɨɧɫɬɪɭɤцɢɣ ɜ ɪаɦɤах ɞɢɫɤɪɟɬɧɨ-
ɤɨɧɬɢɧɭаɥьɧɨɝɨ ɦɟɬɨɞа ɤɨɧɟчɧых эɥɟɦɟɧɬɨɜ. Чаɫɬь 1: Дɢɫɤɪɟɬɧɨ-ɤɨɧɬɢɧɭаɥьɧая ɩɨɫɬаɧɨɜɤа ɡаɞачɢ. 
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– «ɭɝɥɨɜая ɬɨчɤа ɝɪаɧɢцы»  1i ;  1j : 
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– «ɭɝɥɨɜая ɬɨчɤа ɝɪаɧɢцы»  1i ;  kNj ,2 : 
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– «ɭɝɥɨɜая ɬɨчɤа ɝɪаɧɢцы»  kNi ,1 ;  1j : 
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– «ɭɝɥɨɜая ɬɨчɤа ɝɪаɧɢцы» kNi ,1 ; kNj ,2 : 
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4. АɉɉɊɈɄɋɂɆАЦɂə ȾȿɎɈɊɆАЦɂɃ 

ɂ ɇАɉɊəɀȿɇɂɃ 

 

Выɪаɠɟɧɢя ɞɥя ɞɟɮɨɪɦацɢɣ ɢ ɧаɩɪяɠɟɧɢɣ 
ɧа эɥɟɦɟɧɬɟ jik ,,  ɧа ɨɫɧɨɜаɧɢɢ ɢɡɜɟɫɬɧых 
ɫɨɨɬɧɨшɟɧɢɣ [9-15] ɡаɩɢɫыɜаɸɬɫя ɫɥɟɞɭɸ-
щɢɦ ɨɛɪаɡɨɦ: 
– ɞɟɮɨɪɦацɢɢ 
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– ɧаɩɪяɠɟɧɢя 
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Пɪɢɜɟɞɟɧɧыɟ ɤ ɭɡɥаɦ ɞɟɮɨɪɦацɢɢ 

3 2, ,1  3; 2, ,1  ,),,(
,,  qpjik
nqp  ɢ ɧаɩɪяɠɟɧɢя 

3 2, ,1  3; 2, ,1  ,),,(
,,  qpjik
nqp  ɨɩɪɟɞɟɥяɸɬɫя 

аɧаɥɨɝɢчɧɨ чаɫɬɧыɦ ɩɪɨɢɡɜɨɞɧых ɨɬ ɢɫɤɨ-
ɦых ɮɭɧɤцɢɣ (ɫɦ. ɮɨɪɦɭɥы ɩɭɧɤɬа 3) ɫ ɭчɟ-
ɬɨɦ ɫɨɨɬɜɟɬɫɬɜɭɸщɢх ɨɩɟɪацɢɣ ɨɫɪɟɞɧɟɧɢя. 

 
 

5. ɉɈɋɌɊɈȿɇɂȿ ɅɈɄАɅɖɇɈȽɈ 

ȼȿɄɌɈɊА ɍɁɅɈȼЫɏ ɇАȽɊɍɁɈɄ 

ȾɂɋɄɊȿɌɇɈ-ɄɈɇɌɂɇɍАɅɖɇɈȽɈ 

ɄɈɇȿЧɇɈȽɈ ЭɅȿɆȿɇɌА 

 

Раɫɫɦɨɬɪɢɦ ɩɪɨɢɡɜɨɥьɧыɣ эɥɟɦɟɧɬ ɦɨɞɟɥɢ 

jik ,, .  

Вɟɤɬɨɪ ɧаɝɪɭɡɨɤ (ɫɨɫɪɟɞɨɬɨчɟɧɧыɟ ɫɢɥы) ɜ 
),( qp -ɨɦ ɭɡɥɟ ɢɦɟɟɬ ɜɢɞ: 
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ɩɪɢчɟɦ                          
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u,R  – ɡɧачɟɧɢя ɫɨɫɪɟɞɨ-
ɬɨчɟɧɧых ɧаɝɪɭɡɨɤ, ɩɪɢɥɨɠɟɧɧых ɜ ),( qp -

ɨɦ ɭɡɥɟ ɩɨ ɧаɩɪаɜɥɟɧɢɸ ɨɫɟɣ 1Ox , 2Ox  ɢ 

3Ox  ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 



Нɟɤɨɬɨɪыɟ аɥɝɨɪɢɬɦɢчɟɫɤɢɟ ɨɫɨɛɟɧɧɨɫɬɢ, ɫɜяɡаɧɧыɟ ɫ ɢɫɩɨɥьɡɨɜаɧɢɟɦ ɧɟɪɟɝɭɥяɪɧых аɩɩɪɨɤɫɢɦɢɪɭɸщɢх 
ɫɟɬɨɤ ɩɪɢ чɢɫɥɟɧɧɨɦ ɪɟшɟɧɢɢ ɬɪɟхɦɟɪɧых ɤɪаɟɜых ɡаɞач ɪаɫчɟɬа ɤɨɧɫɬɪɭɤцɢɣ ɜ ɪаɦɤах ɞɢɫɤɪɟɬɧɨ-
ɤɨɧɬɢɧɭаɥьɧɨɝɨ ɦɟɬɨɞа ɤɨɧɟчɧых эɥɟɦɟɧɬɨɜ. Чаɫɬь 1: Дɢɫɤɪɟɬɧɨ-ɤɨɧɬɢɧɭаɥьɧая ɩɨɫɬаɧɨɜɤа ɡаɞачɢ. 
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Вɟɤɬɨɪ ɧаɝɪɭɡɨɤ ɜɨ ɜɫɟх ɭɡɥах ДККЭ ɨɩɪɟɞɟ-
ɥяɟɬɫя ɜ ɫɥɟɞɭɸщɟɣ ɮɨɪɦɟ: 
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6. ɉɈɋɌɊɈȿɇɂȿ ɅɈɄАɅɖɇЫɏ 

ɆАɌɊɂЦ ɀȿɋɌɄɈɋɌɂ ȾɂɋɄɊȿɌɇɈ-

ɄɈɇɌɂɇɍАɅɖɇɈȽɈ ɄɈɇȿЧɇɈȽɈ 

ЭɅȿɆȿɇɌА 

 
Пɪɟɠɞɟ ɜɫɟɝɨ, ɨɬɦɟɬɢɦ, чɬɨ ɦɟɬɨɞɢɤа ɩɨ-
ɫɬɪɨɟɧɢя ɦаɬɪɢц ɠɟɫɬɤɨɫɬɢ ɞɥя ДККЭ ɜ ча-
ɫɬɧɨɦ ɫɥɭчаɟ ɩɪяɦɨɭɝɨɥьɧɨɝɨ ɩɨɩɟɪɟчɧɨɝɨ 
(ɩɨ ɨɬɧɨшɟɧɢɸ ɤ ɨɫɧɨɜɧɨɦɭ ɧаɩɪаɜɥɟɧɢɸ) 
ɫɟчɟɧɢя ɞɨɫɬаɬɨчɧɨ ɩɨɞɪɨɛɧɨ ɨɩɢɫаɧа ɜ [2]. 
Нɢɠɟ ɛɭɞɟɬ ɪаɫɫɦаɬɪɢɜаɬьɫя ɛɨɥɟɟ ɨɛщɢɣ 
ɫɥɭчаɣ, ɤɨɝɞа ɩɨɩɟɪɟчɧɨɟ ɫɟчɟɧɢɟ ДККЭ 
ɩɪɟɞɫɬаɜɥяɟɬ ɫɨɛɨɣ ɩɪɨɢɡɜɨɥьɧыɣ чɟɬыɪɟх-
ɭɝɨɥьɧɢɤ. 
Иɫхɨɞɧыɣ ɮɭɧɤцɢɨɧаɥ Лаɝɪаɧɠа [9-13] 
ɦɨɠɧɨ ɩɪɟɞɫɬаɜɢɬь ɜ ɜɢɞɟ ɫɭɦɦы ɮɭɧɤцɢɨ-
ɧаɥɨɜ, ɨɩɪɟɞɟɥɟɧɧых ɧа ɩɨɥɭчɟɧɧых ɞɢɫ-
ɤɪɟɬɧɨ-ɤɨɧɬɢɧɭаɥьɧых ɤɨɧɟчɧых эɥɟɦɟɧɬах 
ɧа ɫɨɨɬɜɟɬɫɬɜɭɸщɢх ɮɪаɝɦɟɧɬах ɤɨɧɫɬɪɭɤ-
цɢɢ: 
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),,( jikK  – (ɥɨɤаɥьɧая) ɦаɬɪɢца ɠɟɫɬɤɨɫɬɢ 
ɞɢɫɤɪɟɬɧɨ-ɤɨɧɬɢɧɭаɥьɧɨɝɨ ɤɨɧɟчɧɨɝɨ эɥɟ-
ɦɟɧɬа jik ,, . 

Фɨɪɦɭɥɭ (6.3) ɞɥя ɞаɥьɧɟɣшɟɝɨ ɢɡɥɨɠɟɧɢя 
ɭɞɨɛɧɨ ɩɟɪɟɩɢɫаɬь ɜ ɜɢɞɟ 
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– ɫɨɨɬɜɟɬɫɬɜɭɸщая ɤɜаɞɪаɬɢчɧая чаɫɬь. 
Фɨɪɦɢɪɨɜаɧɢɟ ɭɤаɡаɧɧɨɣ ɦаɬɪɢцы ɠɟɫɬɤɨ-
ɫɬɢ ДККЭ ɩɪɨɢɡɜɨɞɢɬɫя ɦɟɬɨɞɨɦ ɛаɡɢɫɧых 
ɜаɪɢацɢɣ. Фɨɪɦɭɥа ɞɥя ɨɩɪɟɞɟɥɟɧɢя ɟɟ эɥɟ-
ɦɟɧɬɨɜ: 
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Рɢсɭɧɨɤ 6.1. ɋɬɪɭɤɬɭɪа ɦаɬɪɢɰы ɠɟсɬɤɨсɬɢ ),( ji
kK  ДККЭ. 

 
ɝɞɟ je , 0e  – 24-х ɦɟɪɧыɟ ɜɟɤɬɨɪы, эɥɟɦɟɧɬы 

ɤɨɬɨɪых ɨɩɪɟɞɟɥяɸɬɫя ɩɨ ɮɨɪɦɭɥɟ 
 

24 ..., 2, 1,   ,0)(   ;)( 0,  lee lljlj  ;    (6.11) 

 

lj ,  – ɫɢɦɜɨɥ Кɪɨɧɟɤɟɪа, 
 


 


.  ɟɫɥɢ   0, 

  ɟɫɥɢ   1, 
, lj

lj
lj  

 
Сɬɪɭɤɬɭɪа ɦаɬɪɢцы ɠɟɫɬɤɨɫɬɢ ),( ji

kK  ДККЭ 

ɩɨɤаɡаɧа ɧа ɪɢɫ. 6.1, ɝɞɟ 
4 3, 2, 1, ,   , , , , ,,, mKKKK ml

vv
ml
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ml
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m

uu lk,k,k,l,k,  – 

ɦаɬɪɢцы ɬɪɟɬьɟɝɨ ɩɨɪяɞɤа. 
На ɨɫɧɨɜɟ ɦаɬɪɢцы ɠɟɫɬɤɨɫɬɢ ДККЭ (6.12) 
ɮɨɪɦɢɪɭɸɬɫя ɫɨɨɬɜɟɬɫɬɜɭɸщɢɟ ɩɨэɥɟɦɟɧɬ-
ɧыɟ ɦаɬɪɢцы ),,(),,(),,(  , , jik

vu
jik
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uu KKK , ),,( jik
vvK  

12-ɝɨ ɩɨɪяɞɤа: 
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7. ɎɈɊɆɂɊɈȼАɇɂȿ ȽɅɈȻАɅɖɇЫɏ 

ɆАɌɊɂЦ ɂ ȼȿɄɌɈɊɈȼ 

 

Фɨɪɦɢɪɨɜаɧɢɟ ɝɥɨɛаɥьɧых  ɦаɬɪɢц  
)()()( ,, k

vu
k

uv
k

uu KKK  ɢ )(k
vvK  kk NN ,2,13 -ɝɨ ɩɨɪяɞɤа 

( 1 ..., ,2 ,1  knk ) ɜɫɟɣ ɫɢɫɬɟɦы ɞɢɫɤɪɟɬɧɨ-
ɤɨɧɬɢɧɭаɥьɧых эɥɟɦɟɧɬɨɜ, аɩɩɪɨɤɫɢɦɢɪɭɸ-
щɢх ɤɨɧɫɬɪɭɤцɢɸ ɨɫɭщɟɫɬɜɥяɟɬɫя аɧаɥɨɝɢч-
ɧɨ ɫɬаɧɞаɪɬɧɨɣ ɦɟɬɨɞɢɤɟ ɮɨɪɦɢɪɨɜаɧɢя 
ɝɥɨɛаɥьɧɨɣ ɦаɬɪɢцы ɠɟɫɬɤɨɫɬɢ (ɦɟɬɨɞ ɤɨ-
ɧɟчɧых ɜɤɥаɞɨɜ – ɫɭɦɦɢɪɨɜаɧɢɟ ɫ ɧаɤɨɩɥɟ-
ɧɢɟɦ [6-8, 13]). 
Заɦɟɬɢɦ, чɬɨ ɩɪɢ ɧаɥɢчɢɢ ɜ ɪаɫɫɦаɬɪɢɜаɟ-
ɦɨɣ ɤɨɧɫɬɪɭɤцɢɢ «ɩɭɫɬɨɬ» (ɬ.ɟ. ɞɢɫɤɪɟɬɧɨ-
ɤɨɧɬɢɧɭаɥьɧых эɥɟɦɟɧɬɨɜ ɫ ɧɭɥɟɜыɦɢ ɡɧа-
чɟɧɢяɦɢ хаɪаɤɬɟɪɢɫɬɢчɟɫɤɨɣ ɮɭɧɤцɢɢ) ɦаɬ-
ɪɢца )(k

vvK  ɛɭɞɟɬ ɜыɪɨɠɞɟɧɧɨɣ, чɬɨ, ɨчɟɜɢɞ-

ɧɨ, ɩɪɢɜɟɞɟɬ ɤ ɧɟɜɨɡɦɨɠɧɨɫɬɢ ɜычɢɫɥɟɧɢя 
1)( )( k

vvK . В эɬɨɣ ɫɜяɡɢ ɧɟɨɛхɨɞɢɦа ɤɨɪɪɟɤцɢя 
ɦаɬɪɢцы )(k

vvK . Аɥɝɨɪɢɬɦ эɬɨɣ ɤɨɪɪɟɤцɢɢ 

ɫɥɟɞɭɸщɢɣ:  
1. Пɨɫɥɟɞɨɜаɬɟɥьɧɨ ɩɟɪɟɛɢɪаɟɦ 



Нɟɤɨɬɨɪыɟ аɥɝɨɪɢɬɦɢчɟɫɤɢɟ ɨɫɨɛɟɧɧɨɫɬɢ, ɫɜяɡаɧɧыɟ ɫ ɢɫɩɨɥьɡɨɜаɧɢɟɦ ɧɟɪɟɝɭɥяɪɧых аɩɩɪɨɤɫɢɦɢɪɭɸщɢх 
ɫɟɬɨɤ ɩɪɢ чɢɫɥɟɧɧɨɦ ɪɟшɟɧɢɢ ɬɪɟхɦɟɪɧых ɤɪаɟɜых ɡаɞач ɪаɫчɟɬа ɤɨɧɫɬɪɭɤцɢɣ ɜ ɪаɦɤах ɞɢɫɤɪɟɬɧɨ-
ɤɨɧɬɢɧɭаɥьɧɨɝɨ ɦɟɬɨɞа ɤɨɧɟчɧых эɥɟɦɟɧɬɨɜ. Чаɫɬь 1: Дɢɫɤɪɟɬɧɨ-ɤɨɧɬɢɧɭаɥьɧая ɩɨɫɬаɧɨɜɤа ɡаɞачɢ. 
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kk NNi ,2,13 ..., 2, ,1 . 

 
2. Дɥя ɤаɠɞɨɝɨ ɡɧачɟɧɢя i  ɫɥɟɞɭɸщɟɟ: ɟɫɥɢ 
ɜɫɟ эɥɟɦɟɧɬы i -ɣ ɫɬɪɨɤɢ ɦаɬɪɢцы )(k

vvK  ɧɭ-
ɥɟɜыɟ ɢ ɜɫɟ эɥɟɦɟɧɬы i -ɝɨ ɫɬɨɥɛца ɦаɬɪɢцы 

)(k
vvK  ɬаɤɠɟ ɧɭɥɟɜыɟ, ɬɨ ɫɥɟɞɭɟɬ ɩɨɥɨɠɢɬь 

1)( ,
)( ii

k
vvK , ɝɞɟ ii

k
vvK ,

)( )(  – эɥɟɦɟɧɬ ɦаɬɪɢцы 
)(k

vvK , ɪаɫɩɨɥɨɠɟɧɧыɣ ɜ i -ɣ ɫɬɪɨɤɟ ɢ i -ɦ 

ɫɬɨɥɛцɟ. 
Кɨɧɬɢɧɭаɥьɧыɟ ɨɩɟɪаɬɨɪы [3-5] ɢ ɦаɬɪɢцы 
ɫɨɩɨɫɬаɜɥɟɧы ɬаɤ: 
 

)(k
uuk,uu KL ;   )(k

uvk,uv KL ;   )(k
vuk,vu KL ;    

)(~~ k
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 (7.2) 

 
ɝɞɟ E  – ɬɨɠɞɟɫɬɜɟɧɧыɣ ɨɩɟɪаɬɨɪ ɢ ɟɞɢɧɢч-
ɧая ɦаɬɪɢца ɫɨɨɬɜɟɬɫɬɜɭɸщɟɝɨ ɩɨɪяɞɤа;  
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k
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k
uv KKK  .                (7.3) 

 
Ƚɥɨɛаɥьɧыɣ ɜɟɤɬɨɪ ɭɡɥɨɜых ɧаɝɪɭɡɨɤ ɮɨɪ-
ɦɢɪɭɟɬɫя ɩɨ ɮɨɪɦɭɥɟ 
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ɬ.ɟ.                         0)(

, k
nvR .                        (7.7) 

Пɭɫɬь )(
,,3  ..., 2, 1,  , k

q
f

kq nqx   – ɤɨɨɪɞɢɧаɬы ɧа-
ɝɪɭɠɟɧɧых ɩɨɩɟɪɟчɧых ɫɟчɟɧɢɣ ɪаɫɫɦаɬɪɢ-
ɜаɟɦɨɣ ɤɨɧɫɬɪɭɤцɢɢ. Сɥɟɞɨɜаɬɟɥьɧɨ, ɦɨɠɟɦ 
ɡаɩɢɫаɬь: 
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ɝɞɟ )(

,,
k

nuqR  – ɜɟɤɬɨɪ ɡɧачɟɧɢɣ ɭɡɥɨɜых ɧаɝɪɭ-
ɡɨɤ, ɩɪɢɥɨɠɟɧɧых ɜ ɫɟчɟɧɢɢ ɫ ɤɨɨɪɞɢɧаɬɨɣ 

f
kqx ,,3 , ɫɬɪɭɤɬɭɪа ɤɨɬɨɪɨɝɨ аɧаɥɨɝɢчɧа ɜɟɤɬɨ-

ɪɭ )(
,
k
nuR . 

 

 

8. ɍЧȿɌ ȽɊАɇɂЧɇЫɏ ɍɋɅɈȼɂɃ 

 
Сɬаɬɢчɟɫɤɢɟ ɝɪаɧɢчɧыɟ ɭɫɥɨɜɢя ɧа чаɫɬɢ 
ɝɪаɧɢцы, ɪаɫɩɨɥɨɠɟɧɧɨɣ ɜɞɨɥь ɨɫɧɨɜɧɨɝɨ 
ɧаɩɪаɜɥɟɧɢя ɤɨɧɫɬɪɭɤцɢɢ, ɭчɢɬыɜаɸɬɫя, ɤаɤ 
ɩɪаɜɢɥɨ, ɜ ɜɟɤɬɨɪɟ ɭɡɥɨɜых ɧаɝɪɭɡɨɤ. Дɥя 
ɪɟшɟɧɢя ɡаɞачɢ ɬаɤɠɟ ɞɨɥɠɧы ɛыɬь ɩɪɢɧяɬы 
ɜɨ ɜɧɢɦаɧɢɟ ɫɬаɬɢчɟɫɤɢɟ ɝɪаɧɢчɧыɟ ɭɫɥɨɜɢя 
ɧа ɨɫɬаɥьɧых эɥɟɦɟɧɬах ɝɪаɧɢцы (ɟɫɥɢ ɡаɞа-
ɧы) ɢ ɤɢɧɟɦаɬɢчɟɫɤɢɟ ɝɪаɧɢчɧыɟ ɭɫɥɨɜɢя.  
Пɭɫɬь k

b
k nkx  ..., 2, ,1  ,,3   – ɤɨɨɪɞɢɧаɬы ɝɪа-

ɧɢчɧых ɩɨɩɟɪɟчɧых ɫɟчɟɧɢɣ ɤɨɧɫɬɪɭɤцɢɢ. 
Ƚɪаɧɢчɧыɟ ɭɫɥɨɜɢя ɜ ɧɢх ɡаɩɢɫыɜаɸɬɫя ɜ ɜɢ-
ɞɟ 
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ɝɞɟ 

kk BB  ,  – ɡаɞаɧɧыɟ ɦаɬɪɢцы ɤɨэɮɮɢцɢ-

ɟɧɬɨɜ ɝɪаɧɢчɧых ɭɫɥɨɜɢɣ ɩɪɢ 1 ..., 2,= knk  

ɢɦɟɸщɢɟ ɪаɡɦɟɪ 
1,21,1,2,11,21,1 6)(3   kkkkkk NNNNNN  ɢ 

kkkkkk NNNNNN ,2,1,2,11,21,1 6)(3   ɫɨɨɬɜɟɬɫɬ-

ɜɟɧɧɨ; 1 ..., 2,=   , , 
kkk nkgg  – ɡаɞаɧɧыɟ 

ɜɟɤɬɨɪы ɩɪаɜых чаɫɬɟɣ ɝɪаɧɢчɧых ɭɫɥɨɜɢɣ 
ɞɥɢɧɨɣ )(3 ,2,11,21,1 kkkk NNNN  ; 

1B , 
knB  – 
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ɡаɞаɧɧыɟ ɦаɬɪɢцы ɤɨэɮɮɢцɢɟɧɬɨɜ ɝɪаɧɢч-
ɧых ɭɫɥɨɜɢɣ, ɢɦɟɸщɢɟ ɪаɡɦɟɪы 

1,21,11,21,11,21,1 6)(3 NNNNNN
kk nn    ɢ 

1,21,11,21,11,21,1 6)(3  
kkkk nnnn NNNNNN ; 


kngg  ,1 – ɡаɞаɧɧыɟ ɜɟɤɬɨɪы ɩɪаɜых чаɫɬɟɣ 

ɝɪаɧɢчɧых ɭɫɥɨɜɢɣ ɞɥɢɧɨɣ 
)(3 1,21,11,21,1 

kk nn NNNN . 

 
 

9. ɎɈɊɆɂɊɈȼАɇɂȿ ɊАɁɊȿɒАɘЩȿɃ 

ɆɇɈȽɈɌɈЧȿЧɇɈɃ ɄɊАȿȼɈɃ 

ɁАȾАЧɂ 

 
Иɬаɤ, ɫɨɝɥаɫɧɨ (7.1)-(7.3) ɤɨɧɬɢɧɭаɥьɧɨɣ ɩɨ-
ɫɬаɧɨɜɤɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɞɢɫɤɪɟɬɧɨ-
ɤɨɧɬɢɧɭаɥьɧая ɩɨɫɬаɧɨɜɤа ɜ ɜɢɞɟ ɫɢɫɬɟɦ 
ɨɛыɤɧɨɜɟɧɧых ɞɢɮɮɟɪɟɧцɢаɥьɧых ɭɪаɜɧɟ-
ɧɢɣ: 
 







,
~

)( 

)( 
)(

,
)()()()()()(

)()(

k
nu

k
n

k
uv

k
n

k
uu

k
n

k
vv

k
n

k
n

RvKuKvK

vu
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Сɢɫɬɟɦы (9.1) ɦɨɝɭɬ ɛыɬь ɡаɩɢɫаɧы ɢɧачɟ ɜ 
ɛɨɥɟɟ ɭɞɨɛɧɨɣ ɮɨɪɦɟ 
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        (9.4) 
 
Вɜɨɞя ɨɛɨɡɧачɟɧɢя 
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ɢ ɪаɫɫɦаɬɪɢɜая ɫɨɨɬɧɨшɟɧɢя (9.4) ɫɨɜɦɟɫɬɧɨ 
ɫ ɝɪаɧɢчɧыɦɢ ɭɫɥɨɜɢяɦɢ (8.1)-(8.2), ɡаɤɥɸ-
чаɟɦ, чɬɨ ɪаɫчɟɬ ɬɪɟхɦɟɪɧɨɣ ɤɨɧɫɬɪɭɤцɢɢ ɜ 
ɪаɦɤах ɞɢɫɤɪɟɬɧɨ-ɤɨɧɬɢɧɭаɥьɧɨɝɨ ɦɟɬɨɞа 
ɤɨɧɟчɧых эɥɟɦɟɧɬɨɜ ɫɜɨɞɢɬɫя ɤ ɪɟшɟɧɢɸ 
ɧаɛɨɪа ( 1 ..., 1,= knk ) ɦɧɨɝɨɬɨчɟчɧых ɤɪаɟ-
ɜых ɡаɞач ɞɥя ɫɢɫɬɟɦ kk NN ,2,16  ɨɛыɤɧɨɜɟɧ-

ɧых ɞɢɮɮɟɪɟɧцɢаɥьɧых ɭɪаɜɧɟɧɢɣ ɩɟɪɜɨɝɨ 
ɩɨɪяɞɤа: 
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      (9.8) 
 

 
10. ɈȻ ɍЧȿɌȿ ɍɉɊɍȽɈɉɈȾАɌɅɂȼЫɏ 

ɈɉɈɊ 

 
Пɭɫɬь jikɋ ,,  – ɦаɬɪɢца хаɪаɤɬɟɪɢɫɬɢɤ ɭɩɪɭ-
ɝɨɩɨɞаɬɥɢɜых ɨɩɨɪ ɞɥя ),( ji -ɝɨ ɭɡɥа ɦɨɞɟɥɢ 

ɧа ɩɨɞɨɛɥаɫɬɢ k , 

 
} , ,{ ,,,3,,,2,,,1,, jikjikjikjik cccdiagɋ  .      (10.1) 

 
Мɨɞɢɮɢцɢɪɨɜаɧɧая ɦаɬɪɢца ɤɨэɮɮɢцɢɟɧɬɨɜ 
ɪаɡɪɟшаɸщɟɣ ɦɧɨɝɨɬɨчɟчɧɨɣ ɤɪаɟɜɨɣ ɡаɞа-
чɢ ɢ ɝɥɨɛаɥьɧая ɦаɬɪɢца G

kɋ  хаɪаɤɬɟɪɢɫɬɢɤ 
ɭɩɪɭɝɨɩɨɞаɬɥɢɜых ɨɩɨɪ ɜɫɟɣ эɥɟɦɟɧɬɧɨɣ 
ɦɨɞɟɥɢ ɧа ɩɨɞɨɛɥаɫɬɢ k  ɮɨɪɦɢɪɭɸɬɫя ɫɥɟ-
ɞɭɸщɢɦ ɨɛɪаɡɨɦ (ɫɦ. ɬаɤɠɟ ɪɢɫ. 10.1): 
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 (10.2) 



Нɟɤɨɬɨɪыɟ аɥɝɨɪɢɬɦɢчɟɫɤɢɟ ɨɫɨɛɟɧɧɨɫɬɢ, ɫɜяɡаɧɧыɟ ɫ ɢɫɩɨɥьɡɨɜаɧɢɟɦ ɧɟɪɟɝɭɥяɪɧых аɩɩɪɨɤɫɢɦɢɪɭɸщɢх 
ɫɟɬɨɤ ɩɪɢ чɢɫɥɟɧɧɨɦ ɪɟшɟɧɢɢ ɬɪɟхɦɟɪɧых ɤɪаɟɜых ɡаɞач ɪаɫчɟɬа ɤɨɧɫɬɪɭɤцɢɣ ɜ ɪаɦɤах ɞɢɫɤɪɟɬɧɨ-
ɤɨɧɬɢɧɭаɥьɧɨɝɨ ɦɟɬɨɞа ɤɨɧɟчɧых эɥɟɦɟɧɬɨɜ. Чаɫɬь 1: Дɢɫɤɪɟɬɧɨ-ɤɨɧɬɢɧɭаɥьɧая ɩɨɫɬаɧɨɜɤа ɡаɞачɢ. 
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Рɢсɭɧɨɤ 10.1. ɋɬɪɭɤɬɭɪа ɦаɬɪɢɰы G
kɋ . 

 

 
Рɢсɭɧɨɤ 11.1. К ɡаɞаɧɢɸ ɝɪаɧɢчɧых ɭсɥɨвɢɣ ɧа свɨɛɨɞɧɨɦ ɤɪаɟ. 

 
11. ɍЧȿɌ ȽɊАɇɂЧɇЫɏ ɍɋɅɈȼɂɃ 

ȼȾɈɅɖ ɈɋɇɈȼɇɈȽɈ 

ɇАɉɊАȼɅȿɇɂə. ɁАȾАɇɂȿ  

ɋɌАɇȾАɊɌɇЫɏ ɌɂɉɈȼ 

ȽɊАɇɂЧɇЫɏ ɍɋɅɈȼɂɃ 

 

Оɩɢшɟɦ ɜɨɩɪɨɫы ɭчɟɬа ɝɪаɧɢчɧых ɭɫɥɨɜɢɣ 
ɜɞɨɥь ɨɫɧɨɜɧɨɝɨ ɧаɩɪаɜɥɟɧɢя ɫ ɩɨɡɢцɢɣ ɭɤа-
ɡаɧɢя ɤɨɪɪɟɤɬɢɪɨɜɨɤ, ɤɨɬɨɪыɟ ɜɧɨɫяɬɫя ɜ 
ɩɪɢɜɟɞɟɧɧɭɸ ɪаɧɟɟ ɩɨɫɬаɧɨɜɤɭ (9.7). Оɩɢɫа-
ɧɢɟ ɛɭɞɟɦ ɜɟɫɬɢ ɧа ɩɪɢɦɟɪах ɞɜɭх ɩɪɨɫɬɟɣ-
шɢх ɬɢɩɨɜых ɫɥɭчаɟɜ: шаɪɧɢɪɧɨɟ ɡаɤɪɟɩɥɟ-

ɧɢɟ ɢ ɫɜɨɛɨɞɧыɣ ɤɪаɣ. Пɭɫɬь ɞɥя ɨɩɪɟɞɟɥɟɧ-

ɧɨɫɬɢ b
k

b
k xxx 1,33,3  . 

 
ɋвɨɛɨɞɧыɣ ɤɪаɣ.  
Иɦɟɟɦ ɤɨɧɬɢɧɭаɥьɧыɟ ɝɪаɧɢчɧыɟ ɭɫɥɨɜɢя 
(ɪɢɫ. 11.1): 
 

0)()( ,,23
),,(

,2,1,,13
),,(

,1,1  ji
jik

nji
jik

n lxlx  ;   (11.1) 

0)()( ,,23
),,(

,2,2,,13
),,(

,1,2  ji
jik

nji
jik

n lxlx  ,   (11.2) 

ɝɞɟ   jijiji xl ,1,,,1 cos),cos(   ; 

    jijiji xl ,2,,,2 sin),cos(   ;   (11.3) 
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ji,  – ɜɧɟшɧяя ɧɨɪɦаɥь ɤ ɝɪаɧɢцɟ Г , ɩɪɨхɨ-
ɞящɟɣ чɟɪɟɡ ɫɨɨɬɜɟɬɫɬɜɭɸщɭɸ ɝɪаɧь ɪаɫ-
ɫɦаɬɪɢɜаɟɦɨɝɨ ɞɢɫɤɪɟɬɧɨ-ɤɨɧɬɢɧɭаɥьɧɨɝɨ 
ɤɨɧɟчɧɨɝɨ эɥɟɦɟɧɬа; ji,,1  ɢ ji ,,2  – ɫɨɨɬɜɟɬɫɬ-
ɜɭɸщɢɟ ɫɨɫɬаɜɥяɸщɢɟ эɬɨɣ ɧɨɪɦаɥɢ; jil ,,1  ɢ 

jil ,,2  – ɧаɩɪаɜɥяɸщɢɟ ɤɨɫɢɧɭɫы ɧɨɪɦаɥɢ ji , . 

Даɧɧыɣ ɬɢɩ ɝɪаɧɢчɧых ɭɫɥɨɜɢɣ ɜɞɨɥь ɨɫ-
ɧɨɜɧɨɝɨ ɧаɩɪаɜɥɟɧɢя яɜɥяɟɬɫя ɩɪɨɫɬɟɣшɢɦ ɫ 
ɬɨчɤɢ ɡɪɟɧɢя ɭчɟɬа, а ɢɦɟɧɧɨ, ɧɢɤаɤɢх ɦɨ-
ɞɢɮɢɤацɢɣ ɜ ɩɨɫɬаɧɨɜɤɭ (9.7) ɜɧɨɫɢɬь ɧɟ 
ɬɪɟɛɭɟɬɫя, ɬаɤɢɟ ɝɪаɧɢчɧыɟ ɭɫɥɨɜɢя ɜɞɨɥь 
ɨɫɧɨɜɧɨɝɨ ɧаɩɪаɜɥɟɧɢя ɛɭɞɭɬ ɭчɬɟɧы аɜɬɨ-
ɦаɬɢчɟɫɤɢ. 
 
Шаɪɧɢɪɧɨɟ ɡаɤɪɟɩɥɟɧɢɟ.  
Кɨɧɬɢɧɭаɥьɧыɟ ɝɪаɧɢчɧыɟ ɭɫɥɨɜɢя, ɜɨ ɜɫɟх 
ɫɨɨɬɜɟɬɫɬɜɭɸщɢх ɬɨчɤах ɝɪаɧɢцы (ɬ.ɟ. ɜɨ 
ɜɫɟх ɭɡɥах ),( ),,(

2
),,(

1
jikjik xx  ɞɢɫɤɪɟɬɧɨ-

ɤɨɧɬɢɧɭаɥьɧɨɣ ɦɨɞɟɥɢ ɬаɤɢх, чɬɨ 
Гxx jikjik ),( ),,(
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1 ), ɨчɟɜɢɞɧɨ, ɡаɩɢɫыɜаɸɬɫя 
ɜ ɫɥɟɞɭɸщɟɦ ɜɢɞɟ:  
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В ɞаɧɧɨɦ ɫɥɭчаɟ ɜɦɟɫɬɨ (9.7) ɫɥɟɞɭɟɬ ɢɫ-
ɩɨɥьɡɨɜаɬь ɩɨɫɬаɧɨɜɤɭ 
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(11.5) 
 

ɝɞɟ k  – ɦаɬɪɢца kk NN ,2,16 -ɝɨ ɩɨɪяɞɤа, эɥɟ-
ɦɟɧɬы ɤɨɬɨɪɨɣ ɨɩɪɟɞɟɥяɸɬɫя ɩɨ ɫɥɟɞɭɸщɟɣ 
ɮɨɪɦɭɥɟ (ɧɢɠɟ ),( ji  – ɧɨɦɟɪа ɭɩɨɦяɧɭɬых 
ɜышɟ ɭɡɥɨɜ): 
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  (11.6) 
 
Иɡ ɫɨɨɛɪаɠɟɧɢɣ ɫɨɜɦɟɫɬɧɨɫɬɢ ɧɟɢɡɜɟɫɬɧых 
ɩɪɢ ɡаɞаɧɢɢ ɝɪаɧɢчɧых ɭɫɥɨɜɢɣ ɜ ɫɟчɟɧɢях, 
ɩɨɩɟɪɟчɧых ɩɨ ɨɬɧɨшɟɧɢɸ ɤ ɨɫɧɨɜɧɨɦɭ ɧа-
ɩɪаɜɥɟɧɢɸ, ɩɟɪɟɦɟщɟɧɢя ɫɨɨɬɜɟɬɫɬɜɭɸщɢх 
ɭɡɥɨɜ ɫɥɟɞɭɟɬ ɡаɞаɬь ɧɭɥɟɜыɦɢ, ɬ.ɟ. 
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12. ɉȿɊȿɏɈȾ Ʉ ɇАȻɈɊɍ 

ɆɇɈȽɈɌɈЧȿЧɇЫɏ ɄɊАȿȼЫɏ 

ɁАȾАЧ ɋ ȻɅɈЧɇɈ-

ȾɂАȽɈɇАɅɖɇЫɆɂ ɆАɌɊɂЦАɆɂ 

ɄɈЭɎɎɂЦɂȿɇɌɈȼ 

 

Маɬɪɢцы ɤɨэɮɮɢцɢɟɧɬɨɜ 1 ..., 1,=  , kk nkA  

ɦɨɠɧɨ ɩɪɢɜɟɫɬɢ ɤ ɛɥɨчɧɨ-ɞɢаɝɨɧаɥьɧɨɦɭ 
ɜɢɞɭ, ɜыɩɨɥɧɢɜ ɫɥɟɞɭɸщɭɸ ɩɟɪɟɫɬаɧɨɜɤɭ 
ɧɟɢɡɜɟɫɬɧых: 
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Тɨɝɞа ɩɪɟɨɛɪаɡɨɜаɧɧыɣ ɧаɛɨɪ ɦɧɨɝɨɬɨчɟчɧых 
ɤɪаɟɜых ɡаɞач ɢɦɟɟɬ ɜɢɞ: 



Нɟɤɨɬɨɪыɟ аɥɝɨɪɢɬɦɢчɟɫɤɢɟ ɨɫɨɛɟɧɧɨɫɬɢ, ɫɜяɡаɧɧыɟ ɫ ɢɫɩɨɥьɡɨɜаɧɢɟɦ ɧɟɪɟɝɭɥяɪɧых аɩɩɪɨɤɫɢɦɢɪɭɸщɢх 
ɫɟɬɨɤ ɩɪɢ чɢɫɥɟɧɧɨɦ ɪɟшɟɧɢɢ ɬɪɟхɦɟɪɧых ɤɪаɟɜых ɡаɞач ɪаɫчɟɬа ɤɨɧɫɬɪɭɤцɢɣ ɜ ɪаɦɤах ɞɢɫɤɪɟɬɧɨ-
ɤɨɧɬɢɧɭаɥьɧɨɝɨ ɦɟɬɨɞа ɤɨɧɟчɧых эɥɟɦɟɧɬɨɜ. Чаɫɬь 1: Дɢɫɤɪɟɬɧɨ-ɤɨɧɬɢɧɭаɥьɧая ɩɨɫɬаɧɨɜɤа ɡаɞачɢ. 

Volume 9, Issue 4, 2013 61

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  




























.~~                                                

)0(
~~

)0(
~~

 

1 ..., 2,=   ,~~                    

)0(
~~

)0(
~~

 

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

~~
)(

~~
)()

~
( 

1

,3
)1(

1,3
)1(

1

,3
)(

,3
)1(

3
)(

3
)(

3
)(

k

k

k

k

n

b
n

n
nn

b
n

kkk

b
k

k
nk

b
k

k
nk

k

k
n

k
nk

k
n

gg

xUBxUB

nkgg

xUBxUB

nk
xRxUAxU

 

      (12.3) 
 

ɝɞɟ GI  – ɦаɬɪɢца ɩɟɪɟɫɬаɧɨɜɨɤ, эɥɟɦɟɧɬы ɤɨ-
ɬɨɪɨɣ ɨɩɪɟɞɟɥяɸɬɫя ɬаɛɥɢцɟɣ 12.1. 
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Маɬɪɢцы ɤɨэɮɮɢцɢɟɧɬɨɜ 1 ..., 1,=  ,

~ kk nkA  

ɜ ɫɢɫɬɟɦах (12.3) ɩɨ аɧаɥɨɝɢɢ ɫ ɦаɬɪɢцаɦɢ 
ɠɟɫɬɤɨɫɬɢ ɜ ɬɪаɞɢцɢɨɧɧɨɦ ɦɟɬɨɞɟ ɤɨɧɟчɧых 
эɥɟɦɟɧɬɨɜ ɢɦɟɸɬ ɛɥɨчɧɨ-ɞɢаɝɨɧаɥьɧɭɸ 
ɫɬɪɭɤɬɭɪɭ. 
 
 
13. Ɉ ɄɈɊɊȿɄɌɇɈɆ 

АɇАɅɂɌɂЧȿɋɄɈɆ Ɋȿɒȿɇɂɂ 

ɆɇɈȽɈɌɈЧȿЧɇЫɏ ɄɊАȿȼЫɏ 

ɁАȾАЧ ȾɅə ɋɂɋɌȿɆ 

ɈȻЫɄɇɈȼȿɇɇЫɏ 

ȾɂɎɎȿɊȿɇЦɂАɅɖɇЫɏ 

ɍɊАȼɇȿɇɂɃ ɋ ɄɍɋɈЧɇɈ-

ɉɈɋɌɈəɇɇЫɆɂ  

ɄɈЭɎɎɂЦɂȿɇɌАɆɂ 

 

Кɨɪɪɟɤɬɧɨɟ аɧаɥɢɬɢчɟɫɤɨɟ ɪɟшɟɧɢɟ ɦɧɨɝɨ-
ɬɨчɟчɧых ɤɪаɟɜых ɡаɞач ɞɥя ɫɢɫɬɟɦ ɨɛыɤɧɨ-
ɜɟɧɧых ɞɢɮɮɟɪɟɧцɢаɥьɧых ɭɪаɜɧɟɧɢɣ ɫ ɤɭ-
ɫɨчɧɨ-ɩɨɫɬɨяɧɧыɦɢ ɤɨэɮɮɢцɢɟɧɬаɦɢ ɩɪɨɢɡ-
ɜɨɞɢɬɫя ɩɨ ɦɟɬɨɞɭ, ɨɩɢɫаɧɧɨɦɭ ɜ [7-8]. Пɨ-
ɫɥɟ ɨɩɪɟɞɟɥɟɧɢя ɭɡɥɨɜых ɩɟɪɟɦɟщɟɧɢɣ ɢ ɢх 

ɩɪɨɢɡɜɨɞɧых ɩɨ ɩɟɪɟɦɟɧɧɨɣ 3x  ɩɨ ɮɨɪɦɭ-
ɥаɦ (4.1)-(4.12) ɜычɢɫɥяɸɬɫя ɞɟɮɨɪɦацɢɢ ɢ 
ɧаɩɪяɠɟɧɢя. 

 
 

ɁАɆȿЧАɇɂə 

 

Иɫɫɥɟɞɨɜаɧɢя ɩɪɨɜɨɞɢɥɢɫь ɜ ɪаɦɤах ɫɥɟ-
ɞɭɸщɢх ɪаɛɨɬ: 
1. Ƚɪаɧɬ 3.1.7 Рɨɫɫɢɣɫɤɨɣ аɤаɞɟɦɢɢ аɪхɢ-
ɬɟɤɬɭɪы ɢ ɫɬɪɨɢɬɟɥьɧых ɧаɭɤ «Раɡɪаɛɨɬ-
ɤа, ɢɫɫɥɟɞɨɜаɧɢɟ ɢ ɜɟɪɢɮɢɤацɢя ɤɨɪɪɟɤɬ-
ɧых чɢɫɥɟɧɧых ɦɟɬɨɞɨɜ ɪɟшɟɧɢя ɝɟɨɦɟɬ-
ɪɢчɟɫɤɢ, ɮɢɡɢчɟɫɤɢ ɢ ɤɨɧɫɬɪɭɤɬɢɜɧɨ ɧɟ-
ɥɢɧɟɣɧых ɡаɞач ɞɟɮɨɪɦɢɪɨɜаɧɢя, ɭɫɬɨɣ-
чɢɜɨɫɬɢ ɢ ɡаɤɪɢɬɢчɟɫɤɨɝɨ ɩɨɜɟɞɟɧɢя ɬɨɧ-
ɤɨɫɬɟɧɧых ɨɛɨɥɨчɟчɧɨ-ɫɬɟɪɠɧɟɜых ɤɨɧ-
ɫɬɪɭɤцɢɣ» ɧа 2013-2015 ɝɝ. 

2. Ƚɪаɧɬ 3.1.8 Рɨɫɫɢɣɫɤɨɣ аɤаɞɟɦɢɢ аɪхɢ-
ɬɟɤɬɭɪы ɢ ɫɬɪɨɢɬɟɥьɧых ɧаɭɤ «Раɡɪаɛɨɬ-
ɤа, ɢɫɫɥɟɞɨɜаɧɢɟ ɢ ɜɟɪɢɮɢɤацɢя ɤɨɪɪɟɤɬ-
ɧых ɦɧɨɝɨɭɪɨɜɧɟɜых чɢɫɥɟɧɧых ɢ чɢɫ-
ɥɟɧɧɨ-аɧаɥɢɬɢчɟɫɤɢх ɦɟɬɨɞɨɜ ɥɨɤаɥьɧɨɝɨ 
ɪаɫчɟɬа ɫɬɪɨɢɬɟɥьɧых ɤɨɧɫɬɪɭɤцɢɣ ɧа ɨɫ-
ɧɨɜɟ ɤɪаɬɧɨɦаɫшɬаɛɧɨɝɨ ɜɟɣɜɥɟɬ-
аɧаɥɢɡа» ɧа 2013-2015 ɝɝ. 

3. НИР «Раɡɪаɛɨɬɤа, ɢɫɫɥɟɞɨɜаɧɢɟ, ɩɪɨ-
ɝɪаɦɦɧɨ-аɥɝɨɪɢɬɦɢчɟɫɤая ɪɟаɥɢɡацɢя ɢ 
ɜɟɪɢɮɢɤацɢя ɦɧɨɝɨɭɪɨɜɧɟɜых ɦɟɬɨɞɨɜ 
ɩɪɨɝɧɨɡɧɨɝɨ ɦаɬɟɦаɬɢчɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨ-
ɜаɧɢя ɫɨɫɬɨяɧɢя ɢ ɬɟхɧɨɝɟɧɧɨɣ ɛɟɡɨɩаɫ-
ɧɨɫɬɢ ɨɬɜɟɬɫɬɜɟɧɧых ɨɛъɟɤɬɨɜ ɢ ɤɨɦ-
ɩɥɟɤɫɨɜ ɦɟɝаɩɨɥɢɫа», ɜыɩɨɥɧяɟɦая ɜ 
ɪаɦɤах ɝɨɫɭɞаɪɫɬɜɟɧɧɨɝɨ ɡаɞаɧɢя Мɢɧɢ-
ɫɬɟɪɫɬɜа ɨɛɪаɡɨɜаɧɢя ɢ ɧаɭɤɢ Рɨɫɫɢɣɫɤɨɣ 
Фɟɞɟɪацɢɢ ɧа ɨɤаɡаɧɢɟ ɭɫɥɭɝ (ɜыɩɨɥɧɟ-
ɧɢɟ ɪаɛɨɬ) ɧа 2013 ɝɨɞ. 
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Таɛɥɢɰа 12.1. Аɥɝɨɪɢɬɦ ɡаɩɨɥɧɟɧɢя ɦаɬɪɢɰы ɩɟɪɟсɬаɧɨвɨɤ GI . 
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ɩ/ɩ 

Нɨɦɟɪа ɡаɩɨɥɧяɟɦых  
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Пɪɢɦɟчаɧɢɟ: Вɫɟ эɥɟɦɟɧɬы ɦаɬɪɢцы GI  ɧɟ ɭɤаɡаɧɧыɟ ɜ ɬаɛɥɢцɟ ɪаɜɧы ɧɭɥɸ. 

 
ɨɫɧɨɜɧɨɦɭ ɧаɩɪаɜɥɟɧɢɸ. // «Вɨɩɪɨɫы 
ɩɪɢɤɥаɞɧɨɣ ɦаɬɟɦаɬɢɤɢ ɢ ɜычɢɫɥɢ-
ɬɟɥьɧɨɣ ɦɟхаɧɢɤɢ». Сɛ. ɧаɭч. ɬɪ. №14, 
Чаɫɬь 1. – М.: МȽСУ, 2011, ɫ. 42-63. 

2. Аɤиɦов ɉ.А., Ɇоɡɝɚлевɚ Ɇ.Ʌ. О ɩɨ-
ɫɬɪɨɟɧɢɢ ɦаɬɪɢц ɠɟɫɬɤɨɫɬɢ ɬɪɟхɦɟɪɧɨ-
ɝɨ ɞɢɫɤɪɟɬɧɨ-ɤɨɧɬɢɧɭаɥьɧɨɝɨ ɤɨɧɟчɧɨ-
ɝɨ эɥɟɦɟɧɬа ɫ ɩɪяɦɨɭɝɨɥьɧыɦ ɩɨɩɟɪɟч-
ɧыɦ ɫɟчɟɧɢɟɦ. // «Вɨɩɪɨɫы ɩɪɢɤɥаɞɧɨɣ 
ɦаɬɟɦаɬɢɤɢ ɢ ɜычɢɫɥɢɬɟɥьɧɨɣ ɦɟхаɧɢ-
ɤɢ». Сɛ. ɧаɭч. ɬɪ. №14, Чаɫɬь 1. – М.: 
МȽСУ, 2011, ɫ. 64-75. 

3. Аɤиɦов ɉ.А., Ɇоɡɝɚлевɚ Ɇ.Ʌ., ɋиɞо-
ɪов ȼ.ɇ. Оɛ ɨɩɟɪаɬɨɪɧɨɣ ɢ ɜаɪɢацɢɨɧ-
ɧɨɣ ɩɨɫɬаɧɨɜɤах ɤɪаɟɜɨɣ ɡаɞачɢ ɨ ɫɬа-
ɬɢчɟɫɤɨɦ ɪаɫчɟɬɟ ɬɪɟхɦɟɪɧɨɣ ɤɨɧɫɬ-
ɪɭɤцɢɢ ɫ ɤɭɫɨчɧɨ-ɩɨɫɬɨяɧɧыɦɢ ɮɢɡɢ-
ɤɨ-ɝɟɨɦɟɬɪɢчɟɫɤɢɦɢ ɩаɪаɦɟɬɪаɦɢ ɩɨ 
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1. ɈȻЩɂɃ ȼɂȾ ȽɊАɇɂЧɇЫɏ 

ɍɋɅɈȼɂɃ 

 
Пɭɫɬь k

b
k nkx  ..., 2, ,1  ,,3   – ɤɨɨɪɞɢɧаɬы ɝɪа-

ɧɢчɧых ɩɨɩɟɪɟчɧых ɫɟчɟɧɢɣ ɤɨɧɫɬɪɭɤцɢɢ. 

Ƚɪаɧɢчɧыɟ ɭɫɥɨɜɢя ɜ эɬɢх ɫɟчɟɧɢях ɡаɩɢɫы-
ɜаɸɬɫя ɜ ɜɢɞɟ [1-7, 8, 9] 
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ɫɟɬɨɤ ɩɪɢ чɢɫɥɟɧɧɨɦ ɪɟшɟɧɢɢ ɬɪɟхɦɟɪɧых ɤɪаɟɜых ɡаɞач ɪаɫчɟɬа ɤɨɧɫɬɪɭɤцɢɣ ɜ ɪаɦɤах ɞɢɫɤɪɟɬɧɨ-
ɤɨɧɬɢɧɭаɥьɧɨɝɨ ɦɟɬɨɞа ɤɨɧɟчɧых эɥɟɦɟɧɬɨɜ. Чаɫɬь 2: Аɥɝɨɪɢɬɦ ɡаɞаɧɢя ɫɬаɧɞаɪɬɧых ɬɢɩɨɜ ɝɪаɧɢчɧых ɭɫɥɨɜɢɣ. 

Volume 9, Issue 4, 2013 65

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

,                                                 

)0()0(

1

,3
)1(

1,3
)1(

1







k

k

k

k

n

b
n

n
nn

b
n

gg

xUBxUB
 (1.2) 

 

ɝɞɟ 
kk BB  ,  – ɡаɞаɧɧыɟ ɦаɬɪɢцы ɤɨэɮɮɢцɢ-

ɟɧɬɨɜ ɝɪаɧɢчɧых ɭɫɥɨɜɢɣ ɩɪɢ 1 ..., 2,= knk  

ɪаɡɦɟɪа 1,21,1,2,11,21,1 6)(3   kkkkkk NNNNNN  

ɢ kkkkkk NNNNNN ,2,1,2,11,21,1 6)(3   ɫɨɨɬɜɟɬ-

ɫɬɜɟɧɧɨ; 1 ..., 2,=   , , 
kkk nkgg  – ɡаɞаɧɧыɟ 

ɜɟɤɬɨɪы ɩɪаɜых чаɫɬɟɣ ɝɪаɧɢчɧых ɭɫɥɨɜɢɣ 
ɞɥɢɧɨɣ )(3 ,2,11,21,1 kkkk NNNN  ; 

1B , 
knB  – 

ɡаɞаɧɧыɟ ɦаɬɪɢцы ɤɨэɮɮɢцɢɟɧɬɨɜ ɝɪаɧɢч-
ɧых ɭɫɥɨɜɢɣ, ɢɦɟɸщɢɟ ɪаɡɦɟɪы 

1,21,11,21,11,21,1 6)(3 NNNNNN
kk nn    ɢ 
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kkkk nnnn NNNNNN ; 


kngg  ,1 – ɡаɞаɧɧыɟ ɜɟɤɬɨɪы ɩɪаɜых чаɫɬɟɣ 

ɝɪаɧɢчɧых ɭɫɥɨɜɢɣ ɞɥɢɧɨɣ 
)(3 1,21,11,21,1 

kk nn NNNN . 

 
TTk

n
Tk

n
k

n
k

n vuxUU ] )(   )( [)( )()(
3

)()(  ,   (1.3) 

;] )(

)()(   

   )()()(   

   )()()( [

)(

),,(

),2,(),1,(

)2,,()2,2,()2,1,(

)1,,()1,2,()1,1,(

3
)()(

,2,1

,2,2

,1

,1

TTNNk
n

TNk
n

TNk
n

TNk
n

Tk
n

Tk
n

TNk
n

Tk
n

Tk
n

k
n

k
n

kk

kk

k

k

u                                           

   ...  u   u

u   ...   u   u

u   ...   u   u

xuu







 

 (1.4) 

;] )(

)()(   

   )()()(   

   )()()( [

)(

),,(

),2,(),1,(

)2,,()2,2,()2,1,(

)1,,()1,2,()1,1,(

3
)()(

,2,1

,2,2

,1

,1

TTNNk
n

TNk
n

TNk
n

TNk
n

Tk
n

Tk
n

TNk
n

Tk
n

Tk
n

k
n

k
n

kk

kk

k

k

v                                            

   ... v   v

v   ...   v   v

v   ...   v   v

xvv







  

(1.5) 













),,(
,3

),,(
,2

),,(
,1

3
),,(),,( )(

qpk
n

qpk
n

qpk
n

qpk
n

qpk
n

u

u

u

xuu ;          (1.6) 













),,(
,3

),,(
,2

),,(
,1

3
),,(),,( )(

qpk
n

qpk
n

qpk
n

qpk
n

qpk
n

v

v

v

xvv ;           (1.7) 

),,(
,3

),,(
,2

),,(
,1  , , jik

n
jik

n
jik

n uuu  ɢ ),,(
,3

),,(
,2

),,(
,1  , , jik

n
jik

n
jik

n vvv  – ɫɨ-
ɫɬаɜɥяɸщɢɟ ɩɟɪɟɦɟщɟɧɢɣ ɢ ɢх ɩɪɨɢɡɜɨɞɧыɟ 
ɩɨ ɩɟɪɟɦɟɧɧɨɣ 3x  ɞɥя ),,( jik -ɝɨ ɭɡɥа ɞɢɫ-
ɤɪɟɬɧɨ-ɤɨɧɬɢɧɭаɥьɧɨɝɨ ɤɨɧɟчɧɨɝɨ эɥɟɦɟɧɬа. 
 

 

2. АɉɉɊɈɄɋɂɆАЦɂə 

ɉȿɊȿɆȿЩȿɇɂɃ, ȾȿɎɈɊɆАЦɂɃ ɂ 

ɇАɉɊəɀȿɇɂɃ ȼ ɉɊȿȾȿɅАɏ 

ȾɂɋɄɊȿɌɇɈ-ɄɈɇɌɂɇɍАɅɖɇɈȽɈ 

ɄɈɇȿЧɇɈȽɈ ЭɅȿɆȿɇɌА 

 

2.1. ɇеɤоɬоɪые ɡɚɦечɚɧиɹ. 

Раɫɫɦɨɬɪɢɦ ɩɪɨɢɡɜɨɥьɧыɣ ɞɢɫɤɪɟɬɧɨ-
ɤɨɧɬɢɧɭаɥьɧыɣ ɤɨɧɟчɧыɣ эɥɟɦɟɧɬ (ДККЭ) 

jik ,,  (ɪɢɫ. 2.1). Пɪɨɢɡɜɟɞɟɦ ɥɨɤаɥьɧɭɸ ɡа-
ɦɟɧɭ ɩɟɪɟɦɟɧɧых ɜɧɭɬɪɢ эɥɟɦɟɧɬа, ɜɜɟɞя ɜ 
ɩɪɨɢɡɜɨɥьɧɨɦ «ɩɨɩɟɪɟчɧɨɦ» (ɩɨ ɨɬɧɨшɟɧɢɸ 
ɤ ɨɫɧɨɜɧɨɦɭ ɧаɩɪаɜɥɟɧɢɸ) ɫɟчɟɧɢɢ ɪаɫɫɦаɬ-
ɪɢɜаɟɦɨɝɨ эɥɟɦɟɧɬа ɥɨɤаɥьɧɭɸ ɫɢɫɬɟɦɭ ɤɨ-
ɨɪɞɢɧаɬ 1Ot  ɢ 2Ot  (ɪɢɫ. 2.2), ɩɪɢ эɬɨɦ 

]1 ,0[   1]; ,0[ 21  tt . 
Дɥя «ɩɨɩɟɪɟчɧɨɝɨ» (ɩɨ ɨɬɧɨшɟɧɢɸ ɤ ɨɫɧɨɜ-
ɧɨɦɭ ɧаɩɪаɜɥɟɧɢɸ) ɫɟчɟɧɢя ɤɨɧɫɬɪɭɤцɢɢ 
ɜɟɤɬɨɪы ɤɨɨɪɞɢɧаɬ ɩɪɨɢɡɜɨɥьɧɨɣ ɬɨчɤɢ 
ДККЭ ɜ эɥɟɦɟɧɬɧɨɣ ɢ ɢɫхɨɞɧɨɣ ɫɢɫɬɟɦах 
ɢɦɟɸɬ ɜɢɞ: 
 

Tttt ]  [ 21 ;     Txxx ]     [ 21 .         (2.1) 
 

Сɨɨɬɜɟɬɫɬɜɭɸщая ɮɨɪɦɭɥа ɩɪɟɨɛɪаɡɨɜаɧɢя 
ɤɨɨɪɞɢɧаɬ: 
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Зɞɟɫь ),,( jik

nx  – ɜɟɤɬɨɪ ɤɨɨɪɞɢɧаɬ ɭɡɥа эɥɟ-
ɦɟɧɬа ɜ ɢɫхɨɞɧɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧаɬ, 

kNi 1,2,...,1, ; kNj 2,2,...,1, , ɬ.ɟ. 
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2
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1
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Рɢсɭɧɨɤ 2.1. Тɢɩɨвɨɣ ɞɢсɤɪɟɬɧɨ-ɤɨɧɬɢɧɭаɥьɧыɣ ɤɨɧɟчɧыɣ ɷɥɟɦɟɧɬ. 

 

 
Рɢсɭɧɨɤ 2.2. ɉɟɪɟхɨɞ ɤ ɥɨɤаɥьɧɨɣ сɢсɬɟɦɟ ɤɨɨɪɞɢɧаɬ ɧа ДККЭ. 

 
Оɩɪɟɞɟɥяɟɦ хаɪаɤɬɟɪɢɫɬɢчɟɫɤɭɸ ɮɭɧɤцɢɸ 
эɥɟɦɟɧɬа ɢ ɫɟɬɨчɧыɟ ɮɭɧɤцɢɢ, хаɪаɤɬɟɪɢ-
ɡɭɸщɢɟ ɫɜɨɣɫɬɜа ɦаɬɟɪɢаɥа ɤɨɧɫɬɪɭɤцɢɢ: 
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В ɪɟɡɭɥьɬаɬɟ ɡаɦɟɧы ɩɟɪɟɦɟɧɧых ɜычɢɫɥɟ-
ɧɢɟ ɩɪɨɢɡɜɨɞɧых ɩɨ 1x  ɢ 2x   ɩɪɨɢɡɜɨɞɢɬɫя 
ɫɨɝɥаɫɧɨ ɮɨɪɦɭɥаɦ ɞɢɮɮɟɪɟɧцɢɪɨɜаɧɢя 
ɫɥɨɠɧɨɣ ɮɭɧɤцɢɢ: 
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Вɟɥɢчɢɧы sk xt  /  ɢɡ (2.6) ɨɛɪаɡɭɸɬ яɤɨɛɢаɧ 

ɫɢɫɬɟɦы. Маɬɪɢца əɤɨɛɢ ɧа эɥɟɦɟɧɬɟ jik ,,  

ɨɩɪɟɞɟɥяɟɬɫя ɫɥɟɞɭɸщɢɦ ɨɛɪаɡɨɦ: 
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Нɟɤɨɬɨɪыɟ аɥɝɨɪɢɬɦɢчɟɫɤɢɟ ɨɫɨɛɟɧɧɨɫɬɢ, ɫɜяɡаɧɧыɟ ɫ ɢɫɩɨɥьɡɨɜаɧɢɟɦ ɧɟɪɟɝɭɥяɪɧых аɩɩɪɨɤɫɢɦɢɪɭɸщɢх 
ɫɟɬɨɤ ɩɪɢ чɢɫɥɟɧɧɨɦ ɪɟшɟɧɢɢ ɬɪɟхɦɟɪɧых ɤɪаɟɜых ɡаɞач ɪаɫчɟɬа ɤɨɧɫɬɪɭɤцɢɣ ɜ ɪаɦɤах ɞɢɫɤɪɟɬɧɨ-
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2. 1,   2; 1,                                
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2.2. Аɩɩɪоɤсиɦɚɰиɹ ɩеɪеɦещеɧиɣ и чɚсɬ-
ɧых ɩɪоиɡвоɞɧых оɬ ɩеɪеɦещеɧиɣ. 

Пɨɥя )(
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1  , , kkk uuu  ɢ )(

3
)(

2
)(

1  , , kkk vvv  ɩɨ «ɩɨɩɟ-
ɪɟчɧɨɦɭ» (ɩɨ ɨɬɧɨшɟɧɢɸ ɤ ɨɫɧɨɜɧɨɦɭ ɧа-
ɩɪаɜɥɟɧɢɸ) ɫɟчɟɧɢɸ ),,( jik -ɝɨ ɞɢɫɤɪɟɬɧɨ-
ɤɨɧɬɢɧɭаɥьɧɨɝɨ ɤɨɧɟчɧɨɝɨ эɥɟɦɟɧɬа аɩɩɪɨɤ-
ɫɢɦɢɪɭɸɬɫя ɥɢɧɟɣɧɨ (ɧɢɠɟ jikxxx ,,321 ),,(  , 

1] [0,1 t ; 1] [0,2 t ): 
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jikxxxp ,,321 ),,(   3, 2, ,1  ,  (2.11) 
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                         (2.12) 
 
– ɦаɬɪɢца ɮɭɧɤцɢɣ ɮɨɪɦы («ɩɨɩɟɪɟчɧых» 
ɩɨ ɨɬɧɨшɟɧɢɸ ɤ ɨɫɧɨɜɧɨɦɭ ɧаɩɪаɜɥɟɧɢɸ) ɩɨ 
ɫɟчɟɧɢɸ ДККЭ ɫ эɥɟɦɟɧɬаɦɢ 
 

2121211 1),( ttttttN  ;   211212 ),( tttttN  ; 

212213 ),( tttttN  ;   21214 ),( ttttN  ;   (2.13) 
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),,( qpk -ɝɨ ɭɡɥа ɞɢɫɤɪɟɬɧɨ-ɤɨɧɬɢɧɭаɥьɧɨɝɨ 

ɤɨɧɟчɧɨɝɨ эɥɟɦɟɧɬа (ɭɡɥɨɜыɟ ɮɭɧɤцɢɢ). 

2.3. Аɩɩɪоɤсиɦɚɰиɹ ɞеɮоɪɦɚɰиɣ. 

На ɨɫɧɨɜаɧɢɢ ɢɡɜɟɫɬɧых ɫɨɨɬɧɨшɟɧɢɣ ɬɟɨ-
ɪɢɢ ɭɩɪɭɝɨɫɬɢ  [7-14] ɢɦɟɟɦ ɫɥɟɞɭɸщɢɟ ɜы-
ɪаɠɟɧɢя ɞɥя ɞɟɮɨɪɦацɢɣ ɜ ɩɪɟɞɟɥах ɪаɫ-
ɫɦаɬɪɢɜаɟɦɨɝɨ ),,( jik -ɝɨ ДККЭ: 
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– эɥɟɦɟɧɬы «ɩɪаɜɨɣ ɜɟɪɬɢɤаɥьɧɨɣ ɝɪаɧɢцы» 
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– эɥɟɦɟɧɬы «ɧɢɠɧɟɣ ɝɨɪɢɡɨɧɬаɥьɧɨɣ ɝɪаɧɢцы» 
( 1 ..., 3, ,2 ,1  kNi ; 1j ): 
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– «ɭɝɥɨɜая ɬɨчɤа ɝɪаɧɢцы»  1i ;  1j : 
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– «ɭɝɥɨɜая ɬɨчɤа ɝɪаɧɢцы»  1i ;  kNj ,2 : 
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– «ɭɝɥɨɜая ɬɨчɤа ɝɪаɧɢцы»  kNi ,1 ;  1j : 
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– «ɭɝɥɨɜая ɬɨчɤа ɝɪаɧɢцы»  kNi ,1 ;  kNj ,2 : 

 
)( )1,1(

~
3

),,(
,

)1,1,(
1

),,(
1

,2,1,2,1,2,1 xuFu kkkkkk NNk
np

NNkNNk
p

 ; 

                  (2.68) 
)( )1,1(

~
3

),,(
,

)1,1,(
2

),,(
2

,2,1,2,1,2,1 xuFu kkkkkk NNk
np

NNkNNk
p

 , 

                 (2.69) 
ɝɞɟ 

2. ,1                                                      

 ),1,1(      

)1,1(
~

)1,1,(
1,1,

)1,1,(

,2,1

,2,1

,2,1











q

F

F
kk

kk

kk

NNk
qNNk

NNk
q

 (2.70) 

 

2.4. Аɩɩɪоɤсиɦɚɰиɹ ɧɚɩɪɹɠеɧиɣ. 

На ɨɫɧɨɜаɧɢɢ ɢɡɜɟɫɬɧых ɫɨɨɬɧɨшɟɧɢɣ ɬɟɨ-
ɪɢɢ ɭɩɪɭɝɨɫɬɢ  [7-17] ɢɦɟɟɦ ɫɥɟɞɭɸщɢɟ ɜы-
ɪаɠɟɧɢя ɞɥя ɧаɩɪяɠɟɧɢɣ ɜ ɩɪɟɞɟɥах ɪаɫ-
ɫɦаɬɪɢɜаɟɦɨɝɨ ),,( jik -ɝɨ ДККЭ: 
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ɝɞɟ ɤɨɦɩɨɧɟɧɬы ɞɟɮɨɪɦацɢɣ ),,( 321
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ɫя ɩɨ ɮɨɪɦɭɥаɦ (2.14)-(2.27). 
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(ɡɞɟɫь kNi ,1 ..., 2, ,1 , kNj ,2 ..., 2, ,1 ), ɨɬɧɟ-
ɫɟɧɧыɟ ɤ ɭɡɥɭ ),,( jik  ɫɨɨɬɜɟɬɫɬɜɭɸщɢɟ 
ɮɭɧɤцɢɢ ɞɟɮɨɪɦацɢɣ (2.71)-(2.76), ɬ.ɟ. 
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ɝɞɟ ɤɨɦɩɨɧɟɧɬы )( 3
),,(

,1,1 xjik
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ɨɩɪɟɞɟɥяɸɬɫя ɩɨ ɮɨɪɦɭɥаɦ (2.28)-(2.70). 
 

 

3. ɇȿɄɈɌɈɊЫȿ ȼɋɉɈɆɈȽАɌȿɅɖɇЫȿ 

ɉɈɋɌɊɈȿɇɂə 

 

3.1. ɉеɪехоɞ оɬ ɝлоɛɚлɶɧоɣ иɧɞеɤсɚɰии 

ɧеиɡвесɬɧых ɤ лоɤɚлɶɧоɣ иɧɞеɤсɚɰии. 

Очɟɜɢɞɧɨ, чɬɨ ɦɨɠɟɦ ɩɪɟɞɫɬаɜɢɬь ɝɥɨɛаɥь-
ɧыɣ ɜɟɤɬɨɪ ɧɟɢɡɜɟɫɬɧых (1.3) ɜ ɫɥɟɞɭɸщɟɦ 
ɜɢɞɟ: 
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ɝɞɟ )( ..., 2, ,1 k

glNl   – ɝɥɨɛаɥьɧыɣ ɢɧɞɟɤɫ; 
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Нɟɤɨɬɨɪыɟ аɥɝɨɪɢɬɦɢчɟɫɤɢɟ ɨɫɨɛɟɧɧɨɫɬɢ, ɫɜяɡаɧɧыɟ ɫ ɢɫɩɨɥьɡɨɜаɧɢɟɦ ɧɟɪɟɝɭɥяɪɧых аɩɩɪɨɤɫɢɦɢɪɭɸщɢх 
ɫɟɬɨɤ ɩɪɢ чɢɫɥɟɧɧɨɦ ɪɟшɟɧɢɢ ɬɪɟхɦɟɪɧых ɤɪаɟɜых ɡаɞач ɪаɫчɟɬа ɤɨɧɫɬɪɭɤцɢɣ ɜ ɪаɦɤах ɞɢɫɤɪɟɬɧɨ-
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Сɨɩɨɫɬаɜɥяя (3.1) ɢ (1.3) ɦɨɠɧɨ ɨɬɦɟɬɢɬь, 
чɬɨ ɤаɠɞɨɦɭ эɥɟɦɟɧɬɭ )(k

lU  ɜɟɤɬɨɪа (3.1) ɫɨ-
ɨɬɜɟɬɫɬɜɭɟɬ ɤаɤɨɣ-ɥɢɛɨ эɥɟɦɟɧɬ ),,(

,
jik

npu  ɢɥɢ 
),,(

,
jik

npv  ɜɟɤɬɨɪа (1.3). Нɢɠɟ ɩɪɢɜɨɞяɬɫя ɮɨɪ-
ɦɭɥы ɩɟɪɟхɨɞа ɨɬ ɝɥɨɛаɥьɧɨɣ ɢɧɞɟɤɫацɢɢ 

) ,( lk  ɤ ɥɨɤаɥьɧɨɣ ) , ,, ,( pjisk , ɝɞɟ s  – ɢɞɟɧ-

ɬɢɮɢɤаɬɨɪ ɬɢɩа ɩɟɪɟɦɟɧɧɨɣ (ɞɥя ),,(
,

jik
npu  ɢɦɟ-

ɟɦ 1s , а ɞɥя ),,(
,

jik
npv  ɢɦɟɟɦ 2s ). 
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)1(3)1(3)1(3 ,1,2,1  iNjNNslp kkk , 

                          (3.5) 
 

ɝɞɟ ɡаɩɢɫь ɬɢɩа ]/[ ba  ɨɛɨɡɧачаɟɬ цɟɥɭɸ 
чаɫɬь чаɫɬɧɨɝɨ ɨɬ ɞɟɥɟɧɢя a  ɧа b . 
 

3.2. ɉеɪехоɞ оɬ лоɤɚлɶɧоɣ иɧɞеɤсɚɰии ɧе-
иɡвесɬɧых ɤ ɝлоɛɚлɶɧоɣ иɧɞеɤсɚɰии. 

Фɨɪɦɭɥа ɩɟɪɟхɨɞа ɨɬ ɥɨɤаɥьɧɨɣ ɢɧɞɟɤɫацɢɢ 
) , , , ,( pjisk  ɤ ɝɥɨɛаɥьɧɨɣ ɢɧɞɟɤɫацɢɢ ) ,( lk  

(ɬ.ɟ. ɩɟɪɟхɨɞа ɨɛɪаɬɧɨɝɨ ɬɨɦɭ, чɬɨ ɛыɥ ɨɩɢ-
ɫаɧ ɜ ɩɭɧɤɬɟ 3.1 ɧаɫɬɨящɟɝɨ ɪаɡɞɟɥа) ɢɦɟɟɬ 
ɜɢɞ: 
 

kkk NNsNjipl ,2,1,1 )1(3)1(3)1(3  . 

                          (3.6) 
 

 

4. АɅȽɈɊɂɌɆ ɁАȾАɇɂə ȽɊАɇɂЧɇЫɏ 

ɍɋɅɈȼɂɃ ɌɂɉА «ɂȾȿАɅɖɇЫɃ 

ɄɈɇɌАɄɌ»  

 

4.1. ɇеɤоɬоɪые ɩɪеɞвɚɪиɬелɶɧые ɡɚɦечɚ-
ɧиɹ и оɛоɡɧɚчеɧиɹ. 

Сɥɭчаɢ  1k  ɢ knk    ɡɞɟɫь, ɨчɟɜɢɞɧɨ, ɧɟаɤ-
ɬɭаɥьɧы. 

Раɫɫɦɨɬɪɢɦ ɨɛщɢɣ ɫɥɭчаɣ ɫɬыɤɨɜɤɢ ɩɨ ɫɟ-
чɟɧɢɸ b

kxx ,33    аɩɩɪɨɤɫɢɦɢɪɭɸщɢх ɫɟɬɨɤ 
ɧа ɞɜɭх ɫɨɫɟɞɧɢх ( knk  1  ) ɩɨ ɨɫɧɨɜɧɨɦɭ 

ɧаɩɪаɜɥɟɧɢɸ ɭчаɫɬɤах. Пɨ аɧаɥɨɝɢɢ ɫ [3] 
ɡɞɟɫь, ɨчɟɜɢɞɧɨ, ɫɭщɟɫɬɜɭɟɬ ɞɜа ɨɫɧɨɜɧых 
ɜɢɞа ɫɬыɤɨɜɤɢ «ɭɡɟɥ – эɥɟɦɟɧɬ» (ɫɬаɧɞаɪɬ-
ɧыɣ ɜɢɞ ɫɬыɤɨɜɤɢ) ɢ «ɭɡɟɥ – ɭɡɟɥ» (ɨɫɨɛыɣ 
ɫɥɭчаɣ ɫɬыɤɨɜɤɢ). 
Бɭɞɟɦ ɩɨɥаɝаɬь, чɬɨ ɫɩɪаɜɟɞɥɢɜы ɫɥɟɞɭɸ-
щɢɟ ɪаɜɟɧɫɬɜа 
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ɬ.ɟ. ɞɥя ɤɪаɣɧɢх ɝɪаɧɢчɧых ɬɨчɟɤ ɫɨɨɬɜɟɬɫɬ-
ɜɭɸщɟɝɨ ɩɨɩɟɪɟчɧɨɝɨ ɩɨ ɨɬɧɨшɟɧɢɸ ɤ ɨɫ-
ɧɨɜɧɨɦɭ ɧаɩɪаɜɥɟɧɢɸ ɫɟчɟɧɢя ɢɦɟɟɦ ɨɫɨɛыɟ 
ɫɥɭчаɢ ɫɬыɤɨɜɤɢ. 
Вɜɟɞɟɦ ɜ ɪаɫɫɦɨɬɪɟɧɢɟ ɩɟɪɟчɢɫɥɟɧɧыɟ ɧɢɠɟ 
ɮɭɧɤцɢɢ. 
1) )),( ),,((),( 2,1, jiqjiqjiq kkk

   – ɮɭɧɤцɢя, 
ɫɬаɜящая ɜ ɫɨɨɬɜɟɬɫɬɜɢɟ ɤаɠɞɨɦɭ ɭɡɥɭ 
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jikjik xx   аɩɩɪɨɤɫɢɦɢɪɭɸщɟɣ ɫɟɬɤɢ 

ɧа ɭчаɫɬɤɟ 1k  ɧɨɦɟɪ ɫɬыɤɭɟɦɨɝɨ ɫ ɧɢɦ ɩɨ 
ɫɟчɟɧɢɸ b

kxx ,33   ɞɢɫɤɪɟɬɧɨ-ɤɨɧɬɢɧɭаɥьɧɨɝɨ 
ɤɨɧɟчɧɨɝɨ эɥɟɦɟɧɬа jik ,,  аɩɩɪɨɤɫɢɦɢɪɭɸ-

щɟɣ ɫɟɬɤɢ ɧа ɭчаɫɬɤɟ k , ɬ.ɟ. ) ,(),( nmjiqk   

(ɫɬаɧɞаɪɬɧыɣ ɫɥɭчаɣ ɫɬыɤɨɜɤɢ). К ɨɫɨɛыɦ 
ɫɥɭчаяɦ ɫɬыɤɨɜɤɢ ɨɬɧɨɫяɬɫя ɫɢɬɭацɢɢ, ɤɨɝɞа 
ɭɡɟɥ ) ,( ),,1(
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ɭчаɫɬɤɟ k  ɧɨɦɟɪ ɫɬыɤɭɟɦɨɝɨ ɫ ɧɢɦ ɩɨ ɫɟ-
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чɟɧɢɸ b
kxx ,33   ɞɢɫɤɪɟɬɧɨ-ɤɨɧɬɢɧɭаɥьɧɨɝɨ 

ɤɨɧɟчɧɨɝɨ эɥɟɦɟɧɬа jik ,,1  аɩɩɪɨɤɫɢɦɢɪɭɸ-

щɟɣ ɫɟɬɤɢ ɧа ɭчаɫɬɤɟ 1k , ɬ.ɟ. 
),(),( nmjiqk   (ɫɬаɧɞаɪɬɧыɣ ɫɥɭчаɣ ɫɬыɤɨɜ-

ɤɢ). К ɨɫɨɛыɦ ɫɥɭчаяɦ ɫɬыɤɨɜɤɢ ɨɬɧɨɫяɬɫя 
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2

),,1(
1

jikjik xx   аɩɩɪɨɤɫɢɦɢɪɭɸщɟɣ ɫɟɬɤɢ 

ɧа ɭчаɫɬɤɟ 1k  ɥɨɤаɥьɧыɟ ɤɨɨɪɞɢɧаɬы 

) ,( 21 tt  ɫɬыɤɭɟɦɨɝɨ ɫ ɧɢɦ ɩɨ ɫɟчɟɧɢɸ 
b

kxx ,33   ɞɢɫɤɪɟɬɧɨ-ɤɨɧɬɢɧɭаɥьɧɨɝɨ ɤɨɧɟч-
ɧɨɝɨ эɥɟɦɟɧɬа nmk ,,  аɩɩɪɨɤɫɢɦɢɪɭɸщɟɣ 

ɫɟɬɤɢ ɧа ɭчаɫɬɤɟ k , ɬ.ɟ. ) ,(),( 21 ttjitk   

(ɫɬаɧɞаɪɬɧыɣ ɫɥɭчаɣ ɫɬыɤɨɜɤɢ). К ɨɫɨɛыɦ 
ɫɥɭчаяɦ ɫɬыɤɨɜɤɢ ɨɬɧɨɫяɬɫя ɫɢɬɭацɢɢ, ɤɨɝɞа 
ɭɡɟɥ ) ,( ),,1(

2
),,1(

1
jikjik xx   ɫɬыɤɭɟɬɫя ɫ ɤаɤɢɦ-

ɥɢɛɨ ɭɡɥɨɦ ) ,( ),,(
2

),,(
1

qpkqpk xx . 

4) )),( ),,((),( 2,1, jitjitjit kkk
   – ɮɭɧɤцɢя, ɫɬа-

ɜящая ɜ ɫɨɨɬɜɟɬɫɬɜɢɟ ɤаɠɞɨɦɭ ɭɡɥɭ 
) ,( ),,(

2
),,(

1
jikjik xx  аɩɩɪɨɤɫɢɦɢɪɭɸщɟɣ ɫɟɬɤɢ ɧа 

ɭчаɫɬɤɟ k  ɥɨɤаɥьɧыɟ ɤɨɨɪɞɢɧаɬы ) ,( 21 tt  

ɫɬыɤɭɟɦɨɝɨ ɫ ɧɢɦ ɩɨ ɫɟчɟɧɢɸ b
kxx ,33   ɞɢɫ-

ɤɪɟɬɧɨ-ɤɨɧɬɢɧɭаɥьɧɨɝɨ ɤɨɧɟчɧɨɝɨ эɥɟɦɟɧɬа 
nmk ,,1  аɩɩɪɨɤɫɢɦɢɪɭɸщɟɣ ɫɟɬɤɢ ɧа ɭчаɫɬɤɟ 

1k , ɬ.ɟ. ) ,(),( 21 ttjitk   (ɫɬаɧɞаɪɬɧыɣ ɫɥɭ-
чаɣ ɫɬыɤɨɜɤɢ). К ɨɫɨɛыɦ ɫɥɭчаяɦ ɫɬыɤɨɜɤɢ 
ɨɬɧɨɫяɬɫя ɫɢɬɭацɢɢ, ɤɨɝɞа ɭɡɟɥ 

) ,( ),,(
2

),,(
1

jikjik xx  ɫɬыɤɭɟɬɫя ɫ ɤаɤɢɦ-ɥɢɛɨ ɭɡɥɨɦ 

) ,( ),,1(
2

),,1(
1

qpkqpk xx  . 
 
4.2. Ʉоɧɬиɧуɚлɶɧɚɹ ɮоɪɦɚ ɝɪɚɧичɧых ус-
ловиɣ ɬиɩɚ «иɞеɚлɶɧыɣ ɤоɧɬɚɤɬ». 

Дɥя ɫɥɭчая knk  1   ɢɦɟɟɦ ɫɥɟɞɭɸщɢɟ ɝɪа-
ɧɢчɧыɟ ɭɫɥɨɜɢя: 
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Sxx  ;   (4.10) 

ɝɞɟ ),,( 321
)(

3,1 xxxk , ),,( 321
)(

3,2 xxxk , ),,,( 321
)(

3,3 xxxk  

– ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɤɨɦɩɨɧɟɧɬы ɧаɩɪяɠɟɧɢɣ 

3,1 , 3,2 , ɢ 3,3  ɜ ɬɨчɤɟ ɫ ɤɨɨɪɞɢɧаɬаɦɢ 

),,( 321 xxx , ɩɪɢɧаɞɥɟɠащɟɣ ɨɛɥаɫɬɢ k . 

 
4.3. Ⱦисɤɪеɬɧо-ɤоɧɬиɧуɚлɶɧɚɹ ɮоɪɦɚ ɝɪɚ-
ɧичɧых условиɣ ɬиɩɚ «иɞеɚлɶɧыɣ ɤоɧ-

ɬɚɤɬ». 

4.3.1. Алгоритм аɩɩроксимации граничного 
условия тиɩа (4.5). 

1) Пɨɫɥɟɞɨɜаɬɟɥьɧɨ ɩɟɪɟɛɢɪаɟɦ ɡɧачɟɧɢя 
1,1 ..., 2, 1,= kNi ,   1,2 ..., 2, 1,= kNj . 

Еɫɥɢ ɞɥя ɪаɫɫɦаɬɪɢɜаɟɦɨɝɨ ɡɧачɟɧɢя ),( ji  
ɢɦɟɟɦ ɫɬаɧɞаɪɬɧыɣ ɫɥɭчаɣ ɫɬыɤɨɜɤɢ, ɬɨ 
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(4.11) 
 
Еɫɥɢ ɞɥя ɪаɫɫɦаɬɪɢɜаɟɦɨɝɨ ɡɧачɟɧɢя ),( ji  
ɢɦɟɟɦ ɨɫɨɛыɣ ɫɥɭчаɣ ɫɬыɤɨɜɤɢ, ɬɨ ɩɪɢ ɫɬы-
ɤɨɜɤɟ ɭɡɥа ) ,( ),,1(

2
),,1(

1
jikjik xx   ɫ ɤаɤɢɦ-ɥɢɛɨ 

ɭɡɥɨɦ ) ,( ),,(
2

),,(
1

qpkqpk xx  ɛɭɞɟɦ ɢɦɟɬь: 
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В чаɫɬɧɨɫɬɢ, ɨчɟɜɢɞɧɨ, чɬɨ ɧа ɨɫɧɨɜаɧɢɢ 
(4.1)-(4.4) ɩɨɥɭчɢɦ: 
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k
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)0()0( ,3
)1,,(

,1,3
)1,,1(

,1
,11,1  b

k
Nk

n
b

k
Nk

n xuxu kk ;  (4.15) 
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n xuxu kkkk ;   

(4.16) 
 
2) Пɨɫɥɟɞɨɜаɬɟɥьɧɨ ɩɟɪɟɛɢɪаɟɦ ɡɧачɟɧɢя 

kNi ,1 ..., 2, 1,= ,   kNj ,2 ..., 2, 1,= . 

Еɫɥɢ ɞɥя ɪаɫɫɦаɬɪɢɜаɟɦɨɝɨ ɡɧачɟɧɢя ),( ji  
ɢɦɟɟɦ ɫɬаɧɞаɪɬɧыɣ ɫɥɭчаɣ ɫɬыɤɨɜɤɢ, ɬɨ 
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Еɫɥɢ ɞɥя ɪаɫɫɦаɬɪɢɜаɟɦɨɝɨ ɡɧачɟɧɢя ),( ji  
ɢɦɟɟɦ ɨɫɨɛыɣ ɫɥɭчаɣ ɫɬыɤɨɜɤɢ, ɬɨ ɩɪɢ ɫɬы-
ɤɨɜɤɟ ɭɡɥа ) ,( ),,(

2
),,(

1
jikjik xx  ɫ ɤаɤɢɦ-ɥɢɛɨ ɭɡɥɨɦ 

) ,( ),,1(
2

),,1(
1

qpkqpk xx   ɛɭɞɟɦ ɢɦɟɬь: 
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Очɟɜɢɞɧɨ, чɬɨ, ɫɥɟɞɭя (4.1)-(4.4), ɡɞɟɫь ɬаɤɠɟ 
ɦɨɠɧɨ ɩɨɥɭчɢɬь ɪаɜɟɧɫɬɜа (4.13)-(4.16). 
 
4.3.2. Алгоритм аɩɩроксимации граничного 
условия тиɩа (4.6). 

1) Пɨɫɥɟɞɨɜаɬɟɥьɧɨ ɩɟɪɟɛɢɪаɟɦ ɡɧачɟɧɢя 
1,1 ..., 2, 1,= kNi ,   1,2 ..., 2, 1,= kNj . 

Еɫɥɢ ɞɥя ɪаɫɫɦаɬɪɢɜаɟɦɨɝɨ ɡɧачɟɧɢя ),( ji  
ɢɦɟɟɦ ɫɬаɧɞаɪɬɧыɣ ɫɥɭчаɣ ɫɬыɤɨɜɤɢ, ɬɨ 
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         (4.19) 
 
Еɫɥɢ ɞɥя ɪаɫɫɦаɬɪɢɜаɟɦɨɝɨ ɡɧачɟɧɢя ),( ji  
ɢɦɟɟɦ ɨɫɨɛыɣ ɫɥɭчаɣ ɫɬыɤɨɜɤɢ, ɬɨ ɩɪɢ ɫɬы-
ɤɨɜɤɟ ɭɡɥа ) ,( ),,1(

2
),,1(

1
jikjik xx   ɫ ɤаɤɢɦ-ɥɢɛɨ 

ɭɡɥɨɦ ) ,( ),,(
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qpkqpk xx  ɛɭɞɟɦ ɢɦɟɬь: 
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В чаɫɬɧɨɫɬɢ, ɨчɟɜɢɞɧɨ, чɬɨ ɧа ɨɫɧɨɜаɧɢɢ 
(4.1)-(4.4) ɩɨɥɭчɢɦ: 
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2) Пɨɫɥɟɞɨɜаɬɟɥьɧɨ ɩɟɪɟɛɢɪаɟɦ ɡɧачɟɧɢя 

kNi ,1 ..., 2, 1,= ,   kNj ,2 ..., 2, 1,= . 

Еɫɥɢ ɞɥя ɪаɫɫɦаɬɪɢɜаɟɦɨɝɨ ɡɧачɟɧɢя ),( ji  
ɢɦɟɟɦ ɫɬаɧɞаɪɬɧыɣ ɫɥɭчаɣ ɫɬыɤɨɜɤɢ, ɬɨ 
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Еɫɥɢ ɞɥя ɪаɫɫɦаɬɪɢɜаɟɦɨɝɨ ɡɧачɟɧɢя ),( ji  
ɢɦɟɟɦ ɨɫɨɛыɣ ɫɥɭчаɣ ɫɬыɤɨɜɤɢ, ɬɨ ɩɪɢ ɫɬы-
ɤɨɜɤɟ ɭɡɥа ) ,( ),,(
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jikjik xx  ɫ ɤаɤɢɦ-ɥɢɛɨ ɭɡɥɨɦ 
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Очɟɜɢɞɧɨ, чɬɨ, ɫɥɟɞɭя (4.1)-(4.4), ɡɞɟɫь ɬаɤɠɟ 
ɦɨɠɧɨ ɩɨɥɭчɢɬь ɪаɜɟɧɫɬɜа (4.21)-(4.24). 

 
4.3.3. Алгоритм аɩɩроксимации граничного 
условия тиɩа (4.7). 

1) Пɨɫɥɟɞɨɜаɬɟɥьɧɨ ɩɟɪɟɛɢɪаɟɦ ɡɧачɟɧɢя 
1,1 ..., 2, 1,= kNi ,   1,2 ..., 2, 1,= kNj . 

Еɫɥɢ ɞɥя ɪаɫɫɦаɬɪɢɜаɟɦɨɝɨ ɡɧачɟɧɢя ),( ji  
ɢɦɟɟɦ ɫɬаɧɞаɪɬɧыɣ ɫɥɭчаɣ ɫɬыɤɨɜɤɢ, ɬɨ 
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Еɫɥɢ ɞɥя ɪаɫɫɦаɬɪɢɜаɟɦɨɝɨ ɡɧачɟɧɢя ),( ji  
ɢɦɟɟɦ ɨɫɨɛыɣ ɫɥɭчаɣ ɫɬыɤɨɜɤɢ, ɬɨ ɩɪɢ ɫɬы-
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В чаɫɬɧɨɫɬɢ, ɨчɟɜɢɞɧɨ, чɬɨ ɧа ɨɫɧɨɜаɧɢɢ 
(4.1)-(4.4) ɩɨɥɭчɢɦ: 
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2) Пɨɫɥɟɞɨɜаɬɟɥьɧɨ ɩɟɪɟɛɢɪаɟɦ ɡɧачɟɧɢя 
kNi ,1 ..., 2, 1,= ,   kNj ,2 ..., 2, 1,= . 

Еɫɥɢ ɞɥя ɪаɫɫɦаɬɪɢɜаɟɦɨɝɨ ɡɧачɟɧɢя ),( ji  
ɢɦɟɟɦ ɫɬаɧɞаɪɬɧыɣ ɫɥɭчаɣ ɫɬыɤɨɜɤɢ, ɬɨ 
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Еɫɥɢ ɞɥя ɪаɫɫɦаɬɪɢɜаɟɦɨɝɨ ɡɧачɟɧɢя ),( ji  
ɢɦɟɟɦ ɨɫɨɛыɣ ɫɥɭчаɣ ɫɬыɤɨɜɤɢ, ɬɨ ɩɪɢ ɫɬы-
ɤɨɜɤɟ ɭɡɥа ) ,( ),,(

2
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1
jikjik xx  ɫ ɤаɤɢɦ-ɥɢɛɨ ɭɡɥɨɦ 
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Очɟɜɢɞɧɨ, чɬɨ, ɫɥɟɞɭя (4.1)-(4.4), ɡɞɟɫь ɬаɤɠɟ 
ɦɨɠɧɨ ɩɨɥɭчɢɬь ɪаɜɟɧɫɬɜа (4.29)-(4.32). 

 

4.3.4. Алгоритм аɩɩроксимации граничного 
условия тиɩа (4.8). 
1) Пɨɫɥɟɞɨɜаɬɟɥьɧɨ ɩɟɪɟɛɢɪаɟɦ ɡɧачɟɧɢя 

1,1 ..., 2, 1,= kNi ,   1,2 ..., 2, 1,= kNj . 

Еɫɥɢ ɞɥя ɪаɫɫɦаɬɪɢɜаɟɦɨɝɨ ɡɧачɟɧɢя ),( ji  
ɢɦɟɟɦ ɫɬаɧɞаɪɬɧыɣ ɫɥɭчаɣ ɫɬыɤɨɜɤɢ, ɬɨ 
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Еɫɥɢ ɞɥя ɪаɫɫɦаɬɪɢɜаɟɦɨɝɨ ɡɧачɟɧɢя ),( ji  
ɢɦɟɟɦ ɨɫɨɛыɣ ɫɥɭчаɣ ɫɬыɤɨɜɤɢ, ɬɨ ɩɪɢ ɫɬы-
ɤɨɜɤɟ ɭɡɥа ) ,( ),,1(
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jikjik xx   ɫ ɤаɤɢɦ-ɥɢɛɨ 
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В чаɫɬɧɨɫɬɢ, ɨчɟɜɢɞɧɨ, чɬɨ ɧа ɨɫɧɨɜаɧɢɢ 
(4.1)-(4.4) ɩɨɥɭчɢɦ: 
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2) Пɨɫɥɟɞɨɜаɬɟɥьɧɨ ɩɟɪɟɛɢɪаɟɦ ɡɧачɟɧɢя 
kNi ,1 ..., 2, 1,= ,   kNj ,2 ..., 2, 1,= . 

Еɫɥɢ ɞɥя ɪаɫɫɦаɬɪɢɜаɟɦɨɝɨ ɡɧачɟɧɢя ),( ji  
ɢɦɟɟɦ ɫɬаɧɞаɪɬɧыɣ ɫɥɭчаɣ ɫɬыɤɨɜɤɢ, ɬɨ 
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Еɫɥɢ ɞɥя ɪаɫɫɦаɬɪɢɜаɟɦɨɝɨ ɡɧачɟɧɢя ),( ji  
ɢɦɟɟɦ ɨɫɨɛыɣ ɫɥɭчаɣ ɫɬыɤɨɜɤɢ, ɬɨ ɩɪɢ ɫɬы-
ɤɨɜɤɟ ɭɡɥа ) ,( ),,(
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1
jikjik xx  ɫ ɤаɤɢɦ-ɥɢɛɨ ɭɡɥɨɦ 
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Очɟɜɢɞɧɨ, чɬɨ, ɫɥɟɞɭя (4.1)-(4.4), ɡɞɟɫь ɬаɤɠɟ 
ɦɨɠɧɨ ɩɨɥɭчɢɬь ɪаɜɟɧɫɬɜа (4.37)-(4.40). 

 

 



Нɟɤɨɬɨɪыɟ аɥɝɨɪɢɬɦɢчɟɫɤɢɟ ɨɫɨɛɟɧɧɨɫɬɢ, ɫɜяɡаɧɧыɟ ɫ ɢɫɩɨɥьɡɨɜаɧɢɟɦ ɧɟɪɟɝɭɥяɪɧых аɩɩɪɨɤɫɢɦɢɪɭɸщɢх 
ɫɟɬɨɤ ɩɪɢ чɢɫɥɟɧɧɨɦ ɪɟшɟɧɢɢ ɬɪɟхɦɟɪɧых ɤɪаɟɜых ɡаɞач ɪаɫчɟɬа ɤɨɧɫɬɪɭɤцɢɣ ɜ ɪаɦɤах ɞɢɫɤɪɟɬɧɨ-
ɤɨɧɬɢɧɭаɥьɧɨɝɨ ɦɟɬɨɞа ɤɨɧɟчɧых эɥɟɦɟɧɬɨɜ. Чаɫɬь 2: Аɥɝɨɪɢɬɦ ɡаɞаɧɢя ɫɬаɧɞаɪɬɧых ɬɢɩɨɜ ɝɪаɧɢчɧых ɭɫɥɨɜɢɣ. 
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4.3.5. Алгоритм аɩɩроксимации граничного 
условия тиɩа (4.9). 
1) Пɨɫɥɟɞɨɜаɬɟɥьɧɨ ɩɟɪɟɛɢɪаɟɦ ɡɧачɟɧɢя 

1,1 ..., 2, 1,= kNi ,   1,2 ..., 2, 1,= kNj . 

Еɫɥɢ ɞɥя ɪаɫɫɦаɬɪɢɜаɟɦɨɝɨ ɡɧачɟɧɢя ),( ji  
ɢɦɟɟɦ ɫɬаɧɞаɪɬɧыɣ ɫɥɭчаɣ ɫɬыɤɨɜɤɢ, ɬɨ 
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Еɫɥɢ ɞɥя ɪаɫɫɦаɬɪɢɜаɟɦɨɝɨ ɡɧачɟɧɢя ),( ji  
ɢɦɟɟɦ ɨɫɨɛыɣ ɫɥɭчаɣ ɫɬыɤɨɜɤɢ, ɬɨ ɩɪɢ ɫɬы-
ɤɨɜɤɟ ɭɡɥа ) ,( ),,1(
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В чаɫɬɧɨɫɬɢ, ɨчɟɜɢɞɧɨ, чɬɨ ɧа ɨɫɧɨɜаɧɢɢ 
(4.1)-(4.4) ɩɨɥɭчɢɦ: 
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2) Пɨɫɥɟɞɨɜаɬɟɥьɧɨ ɩɟɪɟɛɢɪаɟɦ ɡɧачɟɧɢя 

kNi ,1 ..., 2, 1,= ,   kNj ,2 ..., 2, 1,= . 

Еɫɥɢ ɞɥя ɪаɫɫɦаɬɪɢɜаɟɦɨɝɨ ɡɧачɟɧɢя ),( ji  
ɢɦɟɟɦ ɫɬаɧɞаɪɬɧыɣ ɫɥɭчаɣ ɫɬыɤɨɜɤɢ, ɬɨ 
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Еɫɥɢ ɞɥя ɪаɫɫɦаɬɪɢɜаɟɦɨɝɨ ɡɧачɟɧɢя ),( ji  
ɢɦɟɟɦ ɨɫɨɛыɣ ɫɥɭчаɣ ɫɬыɤɨɜɤɢ, ɬɨ ɩɪɢ ɫɬы-
ɤɨɜɤɟ ɭɡɥа ) ,( ),,(
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Очɟɜɢɞɧɨ, чɬɨ, ɫɥɟɞɭя (4.1)-(4.4), ɡɞɟɫь ɬаɤɠɟ 
ɦɨɠɧɨ ɩɨɥɭчɢɬь ɪаɜɟɧɫɬɜа (4.45)-(4.48). 
 

4.3.6. Алгоритм аɩɩроксимации граничного 
условия тиɩа (4.9). 
1) Пɨɫɥɟɞɨɜаɬɟɥьɧɨ ɩɟɪɟɛɢɪаɟɦ ɡɧачɟɧɢя 

1,1 ..., 2, 1,= kNi ,   1,2 ..., 2, 1,= kNj . 

Еɫɥɢ ɞɥя ɪаɫɫɦаɬɪɢɜаɟɦɨɝɨ ɡɧачɟɧɢя ),( ji  
ɢɦɟɟɦ ɫɬаɧɞаɪɬɧыɣ ɫɥɭчаɣ ɫɬыɤɨɜɤɢ, ɬɨ 
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Еɫɥɢ ɞɥя ɪаɫɫɦаɬɪɢɜаɟɦɨɝɨ ɡɧачɟɧɢя ),( ji  
ɢɦɟɟɦ ɨɫɨɛыɣ ɫɥɭчаɣ ɫɬыɤɨɜɤɢ, ɬɨ ɩɪɢ ɫɬы-
ɤɨɜɤɟ ɭɡɥа ) ,( ),,1(
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В чаɫɬɧɨɫɬɢ, ɨчɟɜɢɞɧɨ, чɬɨ ɧа ɨɫɧɨɜаɧɢɢ 
(4.1)-(4.4) ɩɨɥɭчɢɦ: 
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2) Пɨɫɥɟɞɨɜаɬɟɥьɧɨ ɩɟɪɟɛɢɪаɟɦ ɡɧачɟɧɢя 

kNi ,1 ..., 2, 1,= ,   kNj ,2 ..., 2, 1,= . 

Еɫɥɢ ɞɥя ɪаɫɫɦаɬɪɢɜаɟɦɨɝɨ ɡɧачɟɧɢя ),( ji  
ɢɦɟɟɦ ɫɬаɧɞаɪɬɧыɣ ɫɥɭчаɣ ɫɬыɤɨɜɤɢ, ɬɨ 
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Еɫɥɢ ɞɥя ɪаɫɫɦаɬɪɢɜаɟɦɨɝɨ ɡɧачɟɧɢя ),( ji  
ɢɦɟɟɦ ɨɫɨɛыɣ ɫɥɭчаɣ ɫɬыɤɨɜɤɢ, ɬɨ ɩɪɢ ɫɬы-
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Очɟɜɢɞɧɨ, чɬɨ, ɫɥɟɞɭя (4.1)-(4.4), ɡɞɟɫь ɬаɤɠɟ 
ɦɨɠɧɨ ɩɨɥɭчɢɬь ɪаɜɟɧɫɬɜа (4.53)-(4.56). 
 
4.3.7. Универсальнɵй алгоритм ɮормиро-
вания матриц коɷɮɮициентов и векторов 
ɩравɵɯ частей граничнɵɯ условий тиɩа 

(1.1)-(1.2). 

Иɬаɤ, ɩɭɫɬь ɪаɫɫɦаɬɪɢɜаɸɬɫя ɝɪаɧɢчɧыɟ ɭɫ-
ɥɨɜɢя ɜ ɧɟɤɨɬɨɪɨɣ ɝɪаɧɢчɧɨɣ ɬɨчɤɟ b

kx ,2 , 

knk  1  . Бɭɞɟɦ ɢɫɩɨɥьɡɨɜаɬь ɞаɥɟɟ ɫɥɟ-
ɞɭɸщɭɸ ɫɢɫɬɟɦɭ ɨɛɨɡɧачɟɧɢɣ: mlkB ,}{   ɢ 

mlkB ,}{   – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ эɥɟɦɟɧɬы ɦаɬɪɢц 

kB  ɢ 

kB , ɪаɫɩɨɥɨɠɟɧɧыɟ ɧа l -ɣ ɫɬɪɨɤɟ ɢ 

m -ɦ ɫɬɨɥɛцɟ; lkg }{   ɢ lkg }{   – ɫɨɨɬɜɟɬɫɬɜɟɧ-

ɧɨ l -ɟ эɥɟɦɟɧɬы ɜɟɤɬɨɪɨɜ 
kg  ɢ 

kg . 

1) Начаɥьɧɨɟ ɡаɞаɧɢɟ:  
 

0
kB ;   0

kB ;   0
kg ;   0

kg .   (4.59) 

 
2) Аɩɩɪɨɤɫɢɦацɢя ɝɪаɧɢчɧɨɝɨ ɭɫɥɨɜɢя (4.5). 
2.1) Пɨɫɥɟɞɨɜаɬɟɥьɧɨ ɡаɞаɟɦ: 
 

1}{
1,11,1 )1(323,)1(  

kk NjiNjikB , 

   1,1 ..., 2, 1,= kNi , 1,2 ..., 2, 1,= kNj .   (4.60) 

 
2.2) Пɨɫɥɟɞɨɜаɬɟɥьɧɨ ɡаɞаɟɦ 1,1 ..., 2, 1,= kNi , 

1,2 ..., 2, 1,= kNj  ɢ ɞаɥɟɟ 
– ɟɫɥɢ ɞɥя ɪаɫɫɦаɬɪɢɜаɟɦɨɝɨ 1,11  kNi  ɢ 

1,21  kNj  ɢɦɟɟɦ ɫɬаɧɞаɪɬɧыɣ ɫɥɭчаɣ ɫɬы-

ɤɨɜɤɢ (ɫɦ. ɮɨɪɦɭɥы (3.1), (4.11)), ɬɨ ɜычɢɫ-
ɥяɟɦ: 
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s NNsxU ,2,1,,3
)( 6 ..., 2, ,1   ,)0(   , 

   (4.61) 
 
– ɟɫɥɢ ɞɥя ɪаɫɫɦаɬɪɢɜаɟɦɨɝɨ 1,11  kNi  ɢ 

1,21  kNj  ɢɦɟɟɦ ɨɫɨɛыɣ ɫɥɭчаɣ ɫɬыɤɨɜɤɢ, 

ɬɨ ɩɪɢ ɫɬыɤɨɜɤɟ ɭɡɥа ) ,( ),,1(
2

),,1(
1

jikjik xx   ɫ ɤа-
ɤɢɦ-ɥɢɛɨ ɭɡɥɨɦ ) ,( ),,(

2
),,(

1
qpkqpk xx  ɩɨɥɭчаɟɦ 

(ɫɦ. ɮɨɪɦɭɥɭ (4.12)): 
 

1}{
,11,1 )1(323,)1( 

 kk NqpNjikB .     (4.62) 

 
2.3) Пɨɫɥɟɞɨɜаɬɟɥьɧɨ ɡаɞаɟɦ: 
 

1}{
,1,11,21,1 )1(323,)1( 

 kkkk NjiNjiNNkB , 

   kNi ,1 ..., 2, 1,= , kNj ,2 ..., 2, 1,= .   (4.63) 

 
2.4) Пɨɫɥɟɞɨɜаɬɟɥьɧɨ ɡаɞаɟɦ kNi ,1 ..., 2, 1,= , 

kNj ,2 ..., 2, 1,=  ɢ ɞаɥɟɟ 
– ɟɫɥɢ ɞɥя ɪаɫɫɦаɬɪɢɜаɟɦɨɝɨ kNi ,11   ɢ 

kNj ,21   ɢɦɟɟɦ ɫɬаɧɞаɪɬɧыɣ ɫɥɭчаɣ ɫɬы-

ɤɨɜɤɢ (ɫɦ. ɮɨɪɦɭɥы (3.1), (4.17)), ɬɨ ɜычɢɫ-
ɥяɟɦ: 
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k
s NNsxU  , 

   (4.64) 
 

– ɟɫɥɢ ɞɥя ɪаɫɫɦаɬɪɢɜаɟɦɨɝɨ kNi ,11   ɢ 

kNj ,21   ɢɦɟɟɦ ɨɫɨɛыɣ ɫɥɭчаɣ ɫɬыɤɨɜɤɢ, 

ɬɨ ɩɪɢ ɫɬыɤɨɜɤɟ ɭɡɥа ) ,( ),,(
2

),,(
1

jikjik xx  ɫ ɤаɤɢɦ-

ɥɢɛɨ ɭɡɥɨɦ ) ,( ),,1(
2

),,1(
1

qpkqpk xx   ɩɨɥɭчаɟɦ (ɫɦ. 
ɮɨɪɦɭɥɭ (4.18)): 
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1}{
1,1,11,21,1 )1(323,)1(  

kkkk NqpNjiNNkB .  (4.65) 

 
3) Аɩɩɪɨɤɫɢɦацɢя ɝɪаɧɢчɧɨɝɨ ɭɫɥɨɜɢя (4.6). 
3.1) Пɨɫɥɟɞɨɜаɬɟɥьɧɨ ɡаɞаɟɦ: 
 

1}{
1,11,1,2,11,21,1 )1(313,)1(  

kkkkkk NjiNjiNNNNkB ,    

1,1 ..., 2, 1,= kNi , 1,2 ..., 2, 1,= kNj .     (4.66) 

 
3.2) Пɨɫɥɟɞɨɜаɬɟɥьɧɨ ɡаɞаɟɦ 1,1 ..., 2, 1,= kNi , 

1,2 ..., 2, 1,= kNj  ɢ ɞаɥɟɟ 
– ɟɫɥɢ ɞɥя ɪаɫɫɦаɬɪɢɜаɟɦɨɝɨ 1,11  kNi  ɢ 

1,21  kNj  ɢɦɟɟɦ ɫɬаɧɞаɪɬɧыɣ ɫɥɭчаɣ ɫɬы-

ɤɨɜɤɢ (ɫɦ. ɮɨɪɦɭɥы (3.1), (4.17)), ɬɨ ɜычɢɫ-
ɥяɟɦ: 
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)( 6 ..., 2, ,1   ,)0(   ,  

(4.67) 
 

– ɟɫɥɢ ɞɥя ɪаɫɫɦаɬɪɢɜаɟɦɨɝɨ 1,11  kNi  ɢ 

1,21  kNj  ɢɦɟɟɦ ɨɫɨɛыɣ ɫɥɭчаɣ ɫɬыɤɨɜɤɢ, 

ɬɨ ɩɪɢ ɫɬыɤɨɜɤɟ ɭɡɥа ) ,( ),,1(
2

),,1(
1

jikjik xx   ɫ ɤа-
ɤɢɦ-ɥɢɛɨ ɭɡɥɨɦ ) ,( ),,(

2
),,(

1
qpkqpk xx  ɩɨɥɭчаɟɦ 

(ɫɦ. ɮɨɪɦɭɥɭ (4.18)): 
 

1}{
,11,1,2,11,21,1 )1(313,)1( 

 kkkkkk NqpNjiNNNNkB . 

                        (4.68) 
 
3.3) Пɨɫɥɟɞɨɜаɬɟɥьɧɨ ɡаɞаɟɦ: 
 

1}{
,1,1,2,11,21,1 )1(313,)1(2 

 kkkkkk NjiNjiNNNNkB , 

kNi ,1 ..., 2, 1,= , kNj ,2 ..., 2, 1,= .   (4.69) 

 
3.4) Пɨɫɥɟɞɨɜаɬɟɥьɧɨ ɡаɞаɟɦ kNi ,1 ..., 2, 1,= , 

kNj ,2 ..., 2, 1,=  ɢ ɞаɥɟɟ 
– ɟɫɥɢ ɞɥя ɪаɫɫɦаɬɪɢɜаɟɦɨɝɨ kNi ,11   ɢ 

kNj ,21   ɢɦɟɟɦ ɫɬаɧɞаɪɬɧыɣ ɫɥɭчаɣ ɫɬы-

ɤɨɜɤɢ (ɫɦ. ɮɨɪɦɭɥы (3.1), (4.25)), ɬɨ ɜычɢɫ-
ɥяɟɦ: 
 

)0),,(),,((   

}{
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1,21,1,,3
)1( 6 ..., 2, ,1   ,)0(   kkrs

b
k

k
s NNsxU  ,    

(4.70) 
 

– ɟɫɥɢ ɞɥя ɪаɫɫɦаɬɪɢɜаɟɦɨɝɨ kNi ,11   ɢ 

kNj ,21   ɢɦɟɟɦ ɨɫɨɛыɣ ɫɥɭчаɣ ɫɬыɤɨɜɤɢ, 

ɬɨ ɩɪɢ ɫɬыɤɨɜɤɟ ɭɡɥа ) ,( ),,(
2

),,(
1

jikjik xx  ɫ ɤаɤɢɦ-

ɥɢɛɨ ɭɡɥɨɦ ) ,( ),,1(
2

),,1(
1

qpkqpk xx   ɩɨɥɭчаɟɦ (ɫɦ. 
ɮɨɪɦɭɥɭ (4.26)): 
 

1}{
1,1,1,2,11,21,1 )1(313,)1(2  

kkkkkk NqpNjiNNNNkB . 

                     (4.71) 
 
4) Аɩɩɪɨɤɫɢɦацɢя ɝɪаɧɢчɧɨɝɨ ɭɫɥɨɜɢя (4.7). 
4.1) Пɨɫɥɟɞɨɜаɬɟɥьɧɨ ɡаɞаɟɦ: 
 

1}{
1,11,1,2,11,21,1 )1(33,)1()(2  

kkkkkk NjiNjiNNNNkB ,    

1,1 ..., 2, 1,= kNi , 1,2 ..., 2, 1,= kNj .   (4.72) 

 
4.2) Пɨɫɥɟɞɨɜаɬɟɥьɧɨ ɡаɞаɟɦ 1,1 ..., 2, 1,= kNi , 

1,2 ..., 2, 1,= kNj  ɢ ɞаɥɟɟ 
– ɟɫɥɢ ɞɥя ɪаɫɫɦаɬɪɢɜаɟɦɨɝɨ 1,11  kNi  ɢ 

1,21  kNj  ɢɦɟɟɦ ɫɬаɧɞаɪɬɧыɣ ɫɥɭчаɣ ɫɬы-

ɤɨɜɤɢ (ɫɦ. ɮɨɪɦɭɥы (3.1), (4.27)), ɬɨ ɜычɢɫ-
ɥяɟɦ: 
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   (4.73) 
 
– ɟɫɥɢ ɞɥя ɪаɫɫɦаɬɪɢɜаɟɦɨɝɨ 1,11  kNi  ɢ 

1,21  kNj  ɢɦɟɟɦ ɨɫɨɛыɣ ɫɥɭчаɣ ɫɬыɤɨɜɤɢ, 
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ɬɨ ɩɪɢ ɫɬыɤɨɜɤɟ ɭɡɥа ) ,( ),,1(
2

),,1(
1

jikjik xx   ɫ ɤа-
ɤɢɦ-ɥɢɛɨ ɭɡɥɨɦ ) ,( ),,(

2
),,(

1
qpkqpk xx  ɩɨɥɭчаɟɦ 

(ɫɦ. ɮɨɪɦɭɥɭ (4.28)): 
 

1}{
,11,1,2,11,21,1 )1(33,)1()(2 

 kkkkkk NqpNjiNNNNkB . 

                       (4.74) 
 
4.3) Пɨɫɥɟɞɨɜаɬɟɥьɧɨ ɡаɞаɟɦ: 
 

1}{
,1,1,2,11,21,1 )1(33,)1(23 

 kkkkkk NjiNjiNNNNkB , 

kNi ,1 ..., 2, 1,= , kNj ,2 ..., 2, 1,= .   (4.75) 

 
4.4) Пɨɫɥɟɞɨɜаɬɟɥьɧɨ ɡаɞаɟɦ kNi ,1 ..., 2, 1,= , 

kNj ,2 ..., 2, 1,=  ɢ ɞаɥɟɟ 
– ɟɫɥɢ ɞɥя ɪаɫɫɦаɬɪɢɜаɟɦɨɝɨ kNi ,11   ɢ 

kNj ,21   ɢɦɟɟɦ ɫɬаɧɞаɪɬɧыɣ ɫɥɭчаɣ ɫɬы-

ɤɨɜɤɢ (ɫɦ. ɮɨɪɦɭɥы (3.1), (4.33)), ɬɨ ɜычɢɫ-
ɥяɟɦ: 
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   (4.76) 
 
– ɟɫɥɢ ɞɥя ɪаɫɫɦаɬɪɢɜаɟɦɨɝɨ kNi ,11   ɢ 

kNj ,21   ɢɦɟɟɦ ɨɫɨɛыɣ ɫɥɭчаɣ ɫɬыɤɨɜɤɢ, 

ɬɨ ɩɪɢ ɫɬыɤɨɜɤɟ ɭɡɥа ) ,( ),,(
2

),,(
1

jikjik xx  ɫ ɤаɤɢɦ-

ɥɢɛɨ ɭɡɥɨɦ ) ,( ),,1(
2

),,1(
1

qpkqpk xx   ɩɨɥɭчаɟɦ (ɫɦ. 
ɮɨɪɦɭɥɭ (4.34)): 
 

1}{
1,1,1,2,11,21,1 )1(33,)1(23  

kkkkkk NqpNjiNNNNkB . 

                      (4.77) 
 

5) Аɩɩɪɨɤɫɢɦацɢя ɝɪаɧɢчɧɨɝɨ ɭɫɥɨɜɢя (4.8). 
5.1) Пɨɫɥɟɞɨɜаɬɟɥьɧɨ ɡаɞаɟɦ (ɫɦ. ɮɨɪɦɭɥɭ 
(4.35)) 
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1,1 ..., 2, 1,= kNi , 1,2 ..., 2, 1,= kNj .     (4.78) 

 
5.2) Пɨɫɥɟɞɨɜаɬɟɥьɧɨ ɡаɞаɟɦ 1,1 ..., 2, 1,= kNi , 

1,2 ..., 2, 1,= kNj  ɢ ɞаɥɟɟ 
– ɟɫɥɢ ɞɥя ɪаɫɫɦаɬɪɢɜаɟɦɨɝɨ 1,11  kNi  ɢ 

1,21  kNj  ɢɦɟɟɦ ɫɬаɧɞаɪɬɧыɣ ɫɥɭчаɣ ɫɬы-

ɤɨɜɤɢ (ɫɦ. ɮɨɪɦɭɥы (3.1), (4.35)), ɬɨ ɜычɢɫ-
ɥяɟɦ: 
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(4.79) 
 
– ɟɫɥɢ ɞɥя ɪаɫɫɦаɬɪɢɜаɟɦɨɝɨ 1,11  kNi  ɢ 

1,21  kNj  ɢɦɟɟɦ ɨɫɨɛыɣ ɫɥɭчаɣ ɫɬыɤɨɜɤɢ, 

ɬɨ ɩɪɢ ɫɬыɤɨɜɤɟ ɭɡɥа ) ,( ),,1(
2

),,1(
1

jikjik xx   ɫ ɤа-
ɤɢɦ-ɥɢɛɨ ɭɡɥɨɦ ) ,( ),,(

2
),,(

1
qpkqpk xx  ɩɨɥɭчаɟɦ 

(ɫɦ. ɮɨɪɦɭɥɭ (4.36)): 
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   (4.80) 
 

5.3) Пɨɫɥɟɞɨɜаɬɟɥьɧɨ ɡаɞаɟɦ (ɫɦ. ɮɨɪɦɭɥɭ 
(4.41)) 
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   (4.81) 
 
5.4) Пɨɫɥɟɞɨɜаɬɟɥьɧɨ ɡаɞаɟɦ kNi ,1 ..., 2, 1,= , 

kNj ,2 ..., 2, 1,=  ɢ ɞаɥɟɟ 
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– ɟɫɥɢ ɞɥя ɪаɫɫɦаɬɪɢɜаɟɦɨɝɨ kNi ,11   ɢ 

kNj ,21   ɢɦɟɟɦ ɫɬаɧɞаɪɬɧыɣ ɫɥɭчаɣ ɫɬы-

ɤɨɜɤɢ (ɫɦ. ɮɨɪɦɭɥы (3.1), (4.41)), ɬɨ ɜычɢɫ-
ɥяɟɦ: 
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   (4.82) 
 
– ɟɫɥɢ ɞɥя ɪаɫɫɦаɬɪɢɜаɟɦɨɝɨ kNi ,11   ɢ 

kNj ,21   ɢɦɟɟɦ ɨɫɨɛыɣ ɫɥɭчаɣ ɫɬыɤɨɜɤɢ, 

ɬɨ ɩɪɢ ɫɬыɤɨɜɤɟ ɭɡɥа ) ,( ),,(
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jikjik xx  ɫ ɤаɤɢɦ-

ɥɢɛɨ ɭɡɥɨɦ ) ,( ),,1(
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qpkqpk xx   ɩɨɥɭчаɟɦ (ɫɦ. 
ɮɨɪɦɭɥɭ (4.42)): 
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6) Аɩɩɪɨɤɫɢɦацɢя ɝɪаɧɢчɧɨɝɨ ɭɫɥɨɜɢя (4.9). 
6.1) Пɨɫɥɟɞɨɜаɬɟɥьɧɨ ɡаɞаɟɦ (ɫɦ. ɮɨɪɦɭɥɭ 
(4.43)) 
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6.2) Пɨɫɥɟɞɨɜаɬɟɥьɧɨ ɡаɞаɟɦ 1,1 ..., 2, 1,= kNi , 

1,2 ..., 2, 1,= kNj  ɢ ɞаɥɟɟ 
– ɟɫɥɢ ɞɥя ɪаɫɫɦаɬɪɢɜаɟɦɨɝɨ 1,11  kNi  ɢ 

1,21  kNj  ɢɦɟɟɦ ɫɬаɧɞаɪɬɧыɣ ɫɥɭчаɣ ɫɬы-

ɤɨɜɤɢ (ɫɦ. ɮɨɪɦɭɥы (3.1), (4.43)), ɬɨ ɜычɢɫ-
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(4.85) 
 
– ɟɫɥɢ ɞɥя ɪаɫɫɦаɬɪɢɜаɟɦɨɝɨ 1,11  kNi  ɢ 

1,21  kNj  ɢɦɟɟɦ ɨɫɨɛыɣ ɫɥɭчаɣ ɫɬыɤɨɜɤɢ, 

ɬɨ ɩɪɢ ɫɬыɤɨɜɤɟ ɭɡɥа ) ,( ),,1(
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jikjik xx   ɫ ɤа-
ɤɢɦ-ɥɢɛɨ ɭɡɥɨɦ ) ,( ),,(
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1
qpkqpk xx  ɩɨɥɭчаɟɦ 

(ɫɦ. ɮɨɪɦɭɥɭ (4.44)): 
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   (4.86) 
 

6.3) Пɨɫɥɟɞɨɜаɬɟɥьɧɨ ɡаɞаɟɦ (ɫɦ. ɮɨɪɦɭɥɭ 
(4.49)) 
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   (4.87) 
 
6.4) Пɨɫɥɟɞɨɜаɬɟɥьɧɨ ɡаɞаɟɦ kNi ,1 ..., 2, 1,= , 

kNj ,2 ..., 2, 1,=  ɢ ɞаɥɟɟ 
– ɟɫɥɢ ɞɥя ɪаɫɫɦаɬɪɢɜаɟɦɨɝɨ kNi ,11   ɢ 

kNj ,21   ɢɦɟɟɦ ɫɬаɧɞаɪɬɧыɣ ɫɥɭчаɣ ɫɬы-

ɤɨɜɤɢ (ɫɦ. ɮɨɪɦɭɥы (3.1), (4.49)), ɬɨ ɜычɢɫ-
ɥяɟɦ: 
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– ɟɫɥɢ ɞɥя ɪаɫɫɦаɬɪɢɜаɟɦɨɝɨ kNi ,11   ɢ 

kNj ,21   ɢɦɟɟɦ ɨɫɨɛыɣ ɫɥɭчаɣ ɫɬыɤɨɜɤɢ, 

ɬɨ ɩɪɢ ɫɬыɤɨɜɤɟ ɭɡɥа ) ,( ),,(
2

),,(
1

jikjik xx  ɫ ɤаɤɢɦ-

ɥɢɛɨ ɭɡɥɨɦ ) ,( ),,1(
2

),,1(
1

qpkqpk xx   ɩɨɥɭчаɟɦ (ɫɦ. 
ɮɨɪɦɭɥɭ (4.50)): 
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7) Аɩɩɪɨɤɫɢɦацɢя ɝɪаɧɢчɧɨɝɨ ɭɫɥɨɜɢя (4.10). 
7.1) Пɨɫɥɟɞɨɜаɬɟɥьɧɨ ɡаɞаɟɦ (ɫɦ. ɮɨɪɦɭɥɭ 
(4.51)) 
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1,1 ..., 2, 1,= kNi , 1,2 ..., 2, 1,= kNj .     (4.90) 

 
7.2) Пɨɫɥɟɞɨɜаɬɟɥьɧɨ ɡаɞаɟɦ 1,1 ..., 2, 1,= kNi , 

1,2 ..., 2, 1,= kNj  ɢ ɞаɥɟɟ 
– ɟɫɥɢ ɞɥя ɪаɫɫɦаɬɪɢɜаɟɦɨɝɨ 1,11  kNi  ɢ 

1,21  kNj  ɢɦɟɟɦ ɫɬаɧɞаɪɬɧыɣ ɫɥɭчаɣ ɫɬы-

ɤɨɜɤɢ (ɫɦ. ɮɨɪɦɭɥы (3.1), (4.51)), ɬɨ ɜычɢɫ-
ɥяɟɦ: 
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(4.91) 
 
– ɟɫɥɢ ɞɥя ɪаɫɫɦаɬɪɢɜаɟɦɨɝɨ 1,11  kNi  ɢ 

1,21  kNj  ɢɦɟɟɦ ɨɫɨɛыɣ ɫɥɭчаɣ ɫɬыɤɨɜɤɢ, 

ɬɨ ɩɪɢ ɫɬыɤɨɜɤɟ ɭɡɥа ) ,( ),,1(
2

),,1(
1

jikjik xx   ɫ ɤа-
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(ɫɦ. ɮɨɪɦɭɥɭ (4.52)): 
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   (4.92) 
 

7.3) Пɨɫɥɟɞɨɜаɬɟɥьɧɨ ɡаɞаɟɦ (ɫɦ. ɮɨɪɦɭɥɭ 
(4.57)) 
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   (4.93) 
 
7.4) Пɨɫɥɟɞɨɜаɬɟɥьɧɨ ɡаɞаɟɦ kNi ,1 ..., 2, 1,= , 

kNj ,2 ..., 2, 1,=  ɢ ɞаɥɟɟ 
– ɟɫɥɢ ɞɥя ɪаɫɫɦаɬɪɢɜаɟɦɨɝɨ kNi ,11   ɢ 

kNj ,21   ɢɦɟɟɦ ɫɬаɧɞаɪɬɧыɣ ɫɥɭчаɣ ɫɬы-

ɤɨɜɤɢ (ɫɦ. ɮɨɪɦɭɥы (3.1), (4.57)), ɜычɢɫɥяɟɦ: 
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   (4.94) 
 

– ɟɫɥɢ ɞɥя ɪаɫɫɦаɬɪɢɜаɟɦɨɝɨ kNi ,11   ɢ 

kNj ,21   ɢɦɟɟɦ ɨɫɨɛыɣ ɫɥɭчаɣ ɫɬыɤɨɜɤɢ, 

ɬɨ ɩɪɢ ɫɬыɤɨɜɤɟ ɭɡɥа ) ,( ),,(
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ɮɨɪɦɭɥɭ (4.58)): 
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АɇɇɈɌАЦɂə: Раɡɪаɛɨɬаɧа ɞɜɭхэɬаɩɧая ɜычɢɫɥɢɬɟɥьɧая ɫхɟɦа ɨɩɬɢɦɢɡацɢɢ ɫɬɪɭɤɬɭɪɧых ɤɨɧɫɬɪɭɤ-
цɢɣ, ɛаɡɢɪɭɸщаяɫя ɧа ɢɫɩɨɥьɡɨɜаɧɢɢ аɥɝɨɪɢɬɦɨɜ ɬɟɬɪаэɞɪɢɡацɢɢ Дɟɥɨɧɟ ɫ ɨɝɪаɧɢчɟɧɢяɦɢ ɢ эɜɨɥɸцɢ-
ɨɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜаɧɢя. На ɩɟɪɜɨɦ эɬаɩɟ ɫɬɪɨɢɬɫя ɬɨɩɨɥɨɝɢя ɧɟɫɭщɟɣ ɫɢɫɬɟɦы ɫ ɩɨɦɨщьɸ аɥɝɨɪɢɬɦа 
ɬɟɬɪаэɞɪɢɡацɢɢ ɬɨчɟɤ ɜ ɨɛъɟɦɟ, ɡаɞаɜаɟɦɨɦ ɫɢɫɬɟɦɨɣ ɩɟɪɟɫɟɤаɸщɢхɫя ɩɥɨɫɤɨɫɬɟɣ, ɨɝɪаɧɢчɢɜаɸщɢх 
ɩɪɟɞɟɥьɧыɟ ɤɨɧɬɭɪы ɤɨɧɫɬɪɭɤцɢɢ. Пɪɨцɟɞɭɪа ɪаɡɛɢɜɤɢ эɬɨɝɨ ɨɛъɟɦа ɧа ɬɟɬɪаэɞɪы ɪɟаɥɢɡɭɟɬɫя ɧа ɦɧɨ-
ɠɟɫɬɜɟ ɭɡɥɨɜ ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ ɨɛъɟɤɬа. Пɪɢ ɜыɛɨɪɟ ɩɨɥɨɠɟɧɢɣ ɭɡɥɨɜ, ɨɬɜɟчаɸщɢх ɭɫɥɨɜɢяɦ ɬɟɬɪаэɞɪɢ-
ɡацɢɢ, ɧа ɨɫɧɨɜɟ ɝɟɧɟɬɢчɟɫɤɨɝɨ аɥɝɨɪɢɬɦа ɪɟшаɟɬɫя ɡаɞача ɦɢɧɢɦɢɡацɢɢ ɫɭɦɦаɪɧɨɣ ɞɥɢɧы ɫɬɟɪɠɧɟɣ 
ɤɨɧɫɬɪɭɤцɢɢ. На ɜɬɨɪɨɦ эɬаɩɟ ɫɮɨɪɦɢɪɨɜаɧɧыɟ ɬɨɩɨɥɨɝɢчɟɫɤɢɟ ɫхɟɦы ɧɟɫɭщɢх ɫɢɫɬɟɦ ɩɨɞɜɟɪɝаɸɬɫя 
ɩаɪаɦɟɬɪɢчɟɫɤɨɣ ɨɩɬɢɦɢɡацɢɢ ɩɨ ɤɪɢɬɟɪɢɸ ɦɢɧɢɦɭɦа ɦаɫɫы, ɜ хɨɞɟ ɤɨɬɨɪɨɣ ɩɨɞɛɢɪаɸɬɫя ɩɪɨɮɢɥɢ ɜ 
ɫɟчɟɧɢях ɫɬɟɪɠɧɟɣ, ɩɪɢ ɧɟɨɛхɨɞɢɦɨɫɬɢ ɢɫɤɥɸчаɸɬɫя ɨɬɞɟɥьɧыɟ эɥɟɦɟɧɬы ɢ ɜаɪьɢɪɭɸɬɫя ɤɨɨɪɞɢɧаɬы 
ɭɡɥɨɜ ɫ ɭчɟɬɨɦ ɨɝɪаɧɢчɟɧɢɣ ɩɨ ɩɪɨчɧɨɫɬɢ, ɠɟɫɬɤɨɫɬɢ ɢ ɭɫɬɨɣчɢɜɨɫɬɢ. Пɪɢɜɟɞɟɧы ɩɪɢɦɟɪы ɫɢɧɬɟɡа ɩɪя-
ɦɨɭɝɨɥьɧɨɣ ɜ ɩɥаɧɟ ɫɬɪɭɤɬɭɪɧɨɣ ɩɥɢɬы. 
 
Ʉлючевые словɚ: ɬɟɬɪаэɞɪɢɡацɢя Дɟɥɨɧɟ, ɝɟɧɟɬɢчɟɫɤɢɟ аɥɝɨɪɢɬɦы, ɫɬɪɭɤɬɭɪɧыɟ ɩɥɢɬы, ɨɩɬɢɦɢɡацɢя, 

ɫɬɪɭɤɬɭɪɧɨ-ɩаɪаɦɟɬɪɢчɟɫɤɢɣ ɫɢɧɬɟɡ, ɮɨɪɦɨɨɛɪаɡɨɜаɧɢɟ ɫɬɟɪɠɧɟɜых ɫɢɫɬɟɦ. 
 
 

TWO-STAGE SYNTHESIS OF STRUCTURAL DESIGN USING 

GENETIC ALGORITHMS AND DELAUNAY  

TETRAEDRALIZATION  
 

Anatoliy V. Alekseytsev 
Bryansk State Academy of Engineering and Technology, Bryansk, RUSSIA 

 
ABSTRACT: The two-stage calculation circuit for structural optimization of structures, using of tetrahedralization 
algorithms with Delaunay constraints and evolutionary modeling is developed. At the first stage topology of the bearing 
system created with use a tetrahedralization of a point set algorithm, which is implemented in the volume, defined by 
the system of intersecting planes, bounding limit contours of the construction. The procedure of splitting the volume 
into tetrahedrons is implemented on multiple joints of a deformable object. When you select the nodes, that match the 
Delaunay tetrahedralization condition, solved the problem of minimizing the total length of rod for design, based on 
genetic algorithm. In the second phase  formed topologies carrying systems subject to parametric optimization of the 
criterion of minimum mass, in which the setting cross-section profile, may exclude certain members and vary the 
coordinates of joins with the constraints on the strength, stiffness and stability. The example of the synthesis of 
rectangular structural slab is considered. 

 
Key words: Delaunay tetrahedralization, genetic algorithms, structural slabs, optimization,  

structurally-parametric synthesis, forming of bearing system. 
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Дɥя ɨɩɬɢɦɢɡацɢɢ ɞɨɫɬаɬɨчɧɨ ɫɥɨɠɧых ɩɪɨ-
ɫɬɪаɧɫɬɜɟɧɧых ɫɬɟɪɠɧɟɜых ɫɢɫɬɟɦ ɦɨɝɭɬ ɭɫ-

ɩɟшɧɨ ɢɫɩɨɥьɡɨɜаɬьɫя ɝɟɧɟɬɢчɟɫɤɢɟ аɥɝɨ-
ɪɢɬɦы [1-5]. В ɛɨɥьшɢɧɫɬɜɟ эɬɢх ɢɬɟɪацɢɨɧ-
ɧых ɫхɟɦ ɜыɩɨɥɧяɟɬɫя ɩɪɟɢɦɭщɟɫɬɜɟɧɧɨ ɩа-
ɪаɦɟɬɪɢчɟɫɤая ɨɩɬɢɦɢɡацɢя. Сɬɪɭɤɬɭɪɧыɣ 
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ɫɢɧɬɟɡ ɤɨɧɫɬɪɭɤцɢɢ ɨɛычɧɨ ɫɜɨɞɢɬɫя ɤ ɮɨɪ-
ɦɢɪɨɜаɧɢɸ ɧɟɤɨɬɨɪɨɣ ɛаɡɨɜɨɣ ɢɡɛыɬɨчɧɨɣ 
ɬɨɩɨɥɨɝɢɢ, ɩɪɟɞɭɫɦаɬɪɢɜаɸщɟɣ ɜɜɟɞɟɧɢɟ 
ɞɨɩɨɥɧɢɬɟɥьɧых эɥɟɦɟɧɬɨɜ, ɤɨɬɨɪыɟ ɦɨɝɭɬ 
ɢɫɤɥɸчаɬьɫя ɜ ɩɪɨцɟɫɫɟ ɩɨɢɫɤа ɪɟшɟɧɢя. 
Пɪɢ эɬɨɦ ɜɨɡɦɨɠɧɨɫɬɢ ɜыɛɨɪа ɪацɢɨɧаɥь-
ɧɨɣ ɬɨɩɨɥɨɝɢɢ ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ ɨɛъɟɤɬа 
ɜɟɫьɦа ɨɝɪаɧɢчɟɧы, чɬɨ ɦɨɠɟɬ ɩɪɢɜɨɞɢɬь ɤ 
ɧɟɨɩɪаɜɞаɧɧɨɦɭ ɢɫɤɥɸчɟɧɢɸ ɢɡ ɪаɫɫɦɨɬɪɟ-
ɧɢя ɜɨɡɦɨɠɧых ɪацɢɨɧаɥьɧых ɜаɪɢаɧɬɨɜ 
ɤɨɧɫɬɪɭɤцɢɣ. В ɧаɫɬɨящɟɟ ɜɪɟɦя ɢɡɜɟɫɬɧы 
ɩɨɞхɨɞы ɤ ɫɬɪɭɤɬɭɪɧɨ-ɩаɪаɦɟɬɪɢчɟɫɤɨɦɭ 
ɫɢɧɬɟɡɭ ɩɥɨɫɤɢх ɮɟɪɦ [8], ɝɞɟ ɫɢɧɬɟɡ ɬɨɩɨɥɨ-
ɝɢɢ ɜыɩɨɥɧяɟɬɫя ɧа ɨɫɧɨɜɟ аɥɝɨɪɢɬɦɨɜ ɞɜɭ-
ɦɟɪɧɨɣ ɬɪɢаɧɝɭɥяцɢɢ. Фɨɪɦɨɨɛɪаɡɨɜаɧɢɟ 
ɫɬɪɭɤɬɭɪɧых ɤɨɧɫɬɪɭɤцɢɣ ɪаɫɫɦаɬɪɢɜаɥɨɫь ɜ 
ɪаɛɨɬɟ [9], ɧɨ ɪɟшɟɧɢɸ ɤɨɦɩɥɟɤɫɧɨɣ ɡаɞачɢ 
ɨɩɬɢɦаɥьɧɨɝɨ ɫɬɪɭɤɬɭɪɧɨ-ɩаɪаɦɟɬɪɢчɟɫɤɨɝɨ 
ɫɢɧɬɟɡа ɩɪɨɫɬɪаɧɫɬɜɟɧɧых ɫɬɟɪɠɧɟɜых ɤɨɧ-
ɫɬɪɭɤцɢɣ ɭɞɟɥɟɧɨ ɧɟɞɨɫɬаɬɨчɧɨ ɜɧɢɦаɧɢя 
ɤаɤ ɜ ɨɬɟчɟɫɬɜɟɧɧых [1-4, 8, 9, 12], ɬаɤ ɢ ɡа-
ɪɭɛɟɠɧых ɢɫɫɥɟɞɨɜаɧɢях [5, 7]. В ɧаɫɬɨящɟɣ 
ɫɬаɬьɟ ɩɪɟɞɥаɝаɟɬɫя ɜычɢɫɥɢɬɟɥьɧая ɫхɟɦа 
ɞɜɭхэɬаɩɧɨɝɨ ɨɩɬɢɦаɥьɧɨɝɨ ɫɢɧɬɟɡа ɫɬɪɭɤ-
ɬɭɪɧых ɩɥɢɬ. На ɩɟɪɜɨɦ эɬаɩɟ ɞɥя ɮɨɪɦɨɨɛ-
ɪаɡɨɜаɧɢя ɜаɪɢаɧɬɨɜ ɤɨɧɫɬɪɭɤцɢɢ ɢɫɩɨɥьɡɭ-
ɟɬɫя ɝɟɧɟɬɢчɟɫɤɢɣ аɥɝɨɪɢɬɦ ɢ ɩɪɨцɟɞɭɪа 
ɬɟɬɪаэɞɪɢɡацɢɢ Дɟɥɨɧɟ [6], ɨɩɢɫаɧɧая ɜ ɪа-
ɛɨɬɟ [9]. На ɜɬɨɪɨɦ эɬаɩɟ ɩɨɥɭчɟɧɧая ɫɬɪɭɤ-
ɬɭɪа ɤɨɧɫɬɪɭɤцɢɢ ɩɨɞɜɟɪɝаɟɬɫя ɩаɪаɦɟɬɪɢ-
чɟɫɤɨɣ ɨɩɬɢɦɢɡацɢɢ ɧа ɨɫɧɨɜɟ эɜɨɥɸцɢɨɧ-
ɧɨɝɨ ɦɨɞɟɥɢɪɨɜаɧɢя ɫ ɢɫɩɨɥьɡɨɜаɧɢɟɦ ɦɧɨ-
ɝɨɬɨчɟчɧых ɨɩɟɪаɬɨɪɨɜ [11].  
 
 
1. ɉɈɋɌАɇɈȼɄА ɁАȾАЧɂ 

 

Раɫɫɦɨɬɪɢɦ ɫɢɧɬɟɡ ɫɬɟɪɠɧɟɜɨɣ ɫɢɫɬɟɦы ɜ 
ɜɢɞɟ ɫɬɪɭɤɬɭɪɧɨɣ ɩɥɢɬы ɩɨ ɤɪɢɬɟɪɢɸ ɦɢɧɢ-
ɦɭɦа ɟɟ ɦаɫɫы.  
На ɩɟɪвɨɦ ɷɬаɩɟ ɜыɩɨɥɧяɟɬɫя ɫɢɧɬɟɡ ɬɨɩɨ-
ɥɨɝɢɢ ɧɟɫɭщɟɣ ɫɢɫɬɟɦы. Пɪɢ эɬɨɦ ɦɢɧɢɦɢ-
ɡɢɪɭɟɬɫя ɮɭɧɤцɢя   
 

min), , ,( NZYXL , (1) 
 

ɝɞɟ L  – ɨɛщая ɞɥɢɧа ɫɬɟɪɠɧɟɣ ɤɨɧɫɬɪɭɤцɢɢ; 
}  { 21 N...xx,xX  , } { 21 N...yy,yY  , }  { 21 N...zz,zZ   

– ɤɨɨɪɞɢɧаɬы ɭɡɥɨɜ 1U  ɜ ɞɟɤаɪɬɨɜɨɣ ɫɢɫɬɟɦɟ 
ɨɫɟɣ Оxyz, ɩɨɥɨɠɟɧɢɟ ɤɨɬɨɪых ɜыɛɢɪаɟɬɫя ɜ 
ɩɪɨцɟɫɫɟ ɨɩɬɢɦɢɡацɢɢ; N – чɢɫɥɨ ɭɡɥɨɜ 1U . 
Учɢɬыɜаɸɬɫя ɫɥɟɞɭɸщɢɟ ɨɝɪаɧɢчɟɧɢя: 
1.1 Пɨɥɨɠɟɧɢɟ ɩɥɨɫɤɨɫɬɟɣ, ɨɬɫɟɤаɸщɢх 
чаɫɬь ɨɛъɟɦа, ɨɩɪɟɞɟɥяɸщɟɝɨ ɧаɢɛɨɥьшɢɟ 
ɜɨɡɦɨɠɧыɟ ɝаɛаɪɢɬɧыɟ ɪаɡɦɟɪы ɫɬɟɪɠɧɟɜɨɣ 
ɫɢɫɬɟɦы.  
1.2 Пɨɥɨɠɟɧɢɟ ɭɡɥɨɜ 2U , ɩɪɢɧаɞɥɟɠащɢх 
ɤɨɧɫɬɪɭɤцɢɢ, ɤɨɨɪɞɢɧаɬы ɤɨɬɨɪых ɧɟ ɢɡɦɟ-
ɧяɸɬɫя. 
1.3 Фɨɪɦɢɪɨɜаɧɢɟ ɬɨɩɨɥɨɝɢɢ ɤɨɧɫɬɪɭɤцɢɢ 
ɜыɩɨɥɧяɟɬɫя ɫ ɩɨɦɨщьɸ аɥɝɨɪɢɬɦа ɬɟɬɪаэɞ-
ɪɢɡацɢɢ Дɟɥɨɧɟ ɫ ɨɝɪаɧɢчɟɧɢɟɦ [12], ɡаɤɥɸ-
чаɸщɢɦɫя ɜ ɬɨɦ, чɬɨ шаɪ, ɨɩɢɫаɧɧыɣ ɜɨɤɪɭɝ 
ɤаɠɞɨɝɨ ɬɟɬɪаэɞɪа, ɧɟ ɫɨɞɟɪɠɢɬ ɜɧɭɬɪɢ ɫɟɛя 
ɜɟɪшɢɧ ɬɟɬɪаэɞɪɢɡацɢɢ, ɜɢɞɢɦых ɢɡ ɤаɤɨɣ-
ɥɢɛɨ ɜɧɭɬɪɟɧɧɟɣ ɬɨчɤɢ ɬɟɬɪаэɞɪа. Дɜɟ ɬɨчɤɢ 
ɧаɡыɜаɸɬɫя ɜɢɞɢɦыɦɢ, ɟɫɥɢ ɫɨɟɞɢɧяɸщɢɣ 
ɢх ɨɬɪɟɡɨɤ ɧɟ ɩɟɪɟɫɟɤаɟɬ ɤаɤɭɸ-ɥɢɛɨ ɝɪаɧь 
ɬɟɬɪаэɞɪа. Еɫɥɢ ɞɜɟ ɬɨчɤɢ ɥɟɠаɬ ɧа ɨɞɧɨɣ 
ɝɪаɧɢ, ɬɨ ɨɧɢ ɬаɤɠɟ яɜɥяɸɬɫя ɜɢɞɢɦыɦɢ. 
Оɛɪаɡɨɜаɧɢɟ ɬɨɩɨɥɨɝɢɢ ɤɨɧɫɬɪɭɤцɢɢ ɫ ɢɫ-
ɩɨɥьɡɨɜаɧɢɟɦ эɬɨɝɨ ɬɢɩа ɬɟɬɪаэɞɪɢɡацɢɢ ɩɨ-
ɡɜɨɥяɟɬ ɢɫɤɥɸчаɬь ɢɡ ɪаɫɫɦɨɬɪɟɧɢя ɜаɪɢаɧ-
ɬы ɨɛъɟɤɬɨɜ ɫ ɩɟɪɟɫɟчɟɧɢяɦɢ ɫɬɟɪɠɧɟɣ ɢɥɢ 
ɢх ɫɨɩɪяɠɟɧɢяɦɢ ɩɨɞ ɦаɥыɦɢ ɭɝɥаɦɢ. 
1.4 Ƚɟɨɦɟɬɪɢчɟɫɤая ɧɟɢɡɦɟɧяɟɦɨɫɬь ɫɢɫɬɟ-
ɦы. Уɫɥɨɜɢɟ ɝɟɨɦɟɬɪɢчɟɫɤɨɣ ɧɟɢɡɦɟɧяɟɦɨ-
ɫɬɢ ɞɥя ɧɟɫɭщɟɣ ɫɢɫɬɟɦы ɦɨɠɧɨ ɩɨɥɭчɢɬь, 
ɢɫɩɨɥьɡɭя ɞɥя ɫɢɧɬɟɡа ɫɬɪɭɤɬɭɪы ɩɪɨɫɬɪаɧ-
ɫɬɜɟɧɧыɟ ɝɪɭɩɩы ɫɬɟɪɠɧɟɣ ɜ ɜɢɞɟ ɬɟɬɪаэɞ-
ɪɨɜ, ɤаɠɞыɣ ɢɡ ɤɨɬɨɪых шаɪɧɢɪɧɨ ɩɪɢɫɨɟ-
ɞɢɧяɟɬɫя ɤ ɨɛɪаɡɨɜаɧɧыɦ ɝɪɭɩɩаɦ ɦɢɧɢɦɭɦ 
ɜ ɬɪɟх ɭɡɥах.   
На вɬɨɪɨɦ ɷɬаɩɟ ɞɥя ɩɨɥɭчɟɧɧɨɣ ɬɨɩɨɥɨɝɢɢ 
ɫɬɪɭɤɬɭɪɧɨɣ ɤɨɧɫɬɪɭɤцɢɢ ɜыɩɨɥɧяɟɬɫя ɦɢ-
ɧɢɦɢɡацɢя ɟɟ ɦаɫɫы М: 
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ɜаɪьɢɪɭɟɦыɟ ɩɪɢ ɩаɪаɦɟɬɪɢчɟɫɤɨɦ ɫɢɧɬɟɡɟ 
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ɧɟɫɭщɟɣ ɫɢɫɬɟɦы; }{ 21 K...Т,ТТТ  – ɦɧɨɠɟ-
ɫɬɜɨ ɞɨɩɭɫɬɢɦых ɞɥя ɜыɛɨɪа ɩɪɨɮɢɥɟɣ ɩɨ-
ɫɬɨяɧɧɨɝɨ ɩɨ ɞɥɢɧɟ ɩɨɩɟɪɟчɧɨɝɨ ɫɟчɟɧɢя 
ɤаɠɞɨɝɨ ɢɡ ɫɬɟɪɠɧɟɣ ɤɨɧɫɬɪɭɤцɢɢ; K – чɢɫɥɨ 
ɪаɫɫɦаɬɪɢɜаɟɦых ɬɢɩɨɪаɡɦɟɪɨɜ ɩɪɨɮɢɥɟɣ 
ɫɬɟɪɠɧɟɣ. Дɨɩɭɫɤаɟɬɫя ɡаɞаɧɢɟ ɫɬɟɪɠɧɟɣ ɫ 
ɦаɥыɦ ɡɧачɟɧɢɟɦ ɦɨɞɭɥя ɭɩɪɭɝɨɫɬɢ ɦаɬɟ-
ɪɢаɥа, чɬɨ ɦɨɞɟɥɢɪɭɟɬ ɢх ɨɬɫɭɬɫɬɜɢɟ ɜ 
ɫɬɪɭɤɬɭɪɟ ɨɛъɟɤɬа.   
Учɢɬыɜаɸɬɫя ɫɥɟɞɭɸщɢɟ ɨɝɪаɧɢчɟɧɢя: 
2.1 Уɫɥɨɜɢɟ ɪаɜɧɨɜɟɫɢя ɭɡɥɨɜ ɤɨɧɟчɧɨ-
эɥɟɦɟɧɬɧɨɣ ɦɨɞɟɥɢ ɫɬɟɪɠɧɟɜɨɣ ɫɢɫɬɟɦы. 
2.2 Уɫɥɨɜɢɟ ɝɟɨɦɟɬɪɢчɟɫɤɨɣ ɧɟɢɡɦɟɧяɟɦɨɫɬɢ 
ɨɛъɟɤɬа. Кɨɧɫɬɪɭɤцɢя ɫчɢɬаɟɬɫя ɝɟɨɦɟɬɪɢчɟ-
ɫɤɢ ɧɟɢɡɦɟɧяɟɦɨɣ, ɟɫɥɢ ɜыɩɨɥɧяɟɬɫя ɭɫɥɨ-
ɜɢɟ [13]: 
   0det K ,  
 
ɝɞɟ  K  – ɝɥɨɛаɥьɧая ɦаɬɪɢца ɠɟɫɬɤɨɫɬɢ ɤɨ-
ɧɟчɧɨ-эɥɟɦɟɧɬɧɨɣ ɦɨɞɟɥɢ. 
2.3 Уɫɥɨɜɢя ɩɪɨчɧɨɫɬɢ ɢ ɭɫɬɨɣчɢɜɨɫɬɢ 
ɫɬɟɪɠɧɟɣ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɧɨɪɦаɦɢ [14]. 
2.4 Пɪɢɦɟɧɟɧɢɟ ɫɨɪɬаɦɟɧɬɨɜ ɦɟɬаɥɥɨɩɪɨɤа-
ɬа, ɭɧɢɮɢɤацɢя ɩɨ ɩаɪаɦɟɬɪаɦ. 
2.5 Уɫɥɨɜɢɟ ɠɟɫɬɤɨɫɬɢ ɤɨɧɫɬɪɭɤцɢɢ ɩɨ ɪɟ-
ɤɨɦɟɧɞацɢяɦ [15]. 
2.6 Оɛщая ɭɫɬɨɣчɢɜɨɫɬь ɨɛъɟɤɬа.  

 
 

2. ȼЫЧɂɋɅɂɌȿɅɖɇАə ɋɏȿɆА  
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ɋɂɇɌȿɁА 

 
ɉеɪвыɣ ɷɬɚɩ.  

Заɞаɟɦ ɮɢɤɫɢɪɨɜаɧɧɨɟ чɢɫɥɨ N. Дɥя ɤаɠɞɨɝɨ 
N ɜ ɪɟɡɭɥьɬаɬɟ ɪɟшɟɧɢя эɤɫɬɪɟɦаɥьɧɨɣ ɡаɞа-
чɢ (1) ɦɨɠɧɨ ɜыɛɪаɬь ɜаɪɢаɧɬ ɫɬɟɪɠɧɟɜɨɣ 
ɫɢɫɬɟɦы ɫ ɧаɢɦɟɧьшɟɣ ɜɟɥɢчɢɧɨɣ L. Каɠ-
ɞыɣ ɜаɪɢаɧɬ ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ ɨɛъɟɤɬа ɩɪɟɞ-
ɫɬаɜɥяɟɬɫя ɤаɤ ɨɫɨɛь ɫ ɜаɪьɢɪɭɟɦыɦɢ ɩаɪа-
ɦɟɬɪаɦɢ X, Y, Z. Тɨɩɨɥɨɝɢя ɤɨɧɫɬɪɭɤцɢɢ ɫ 
ɭчɟɬɨɦ ɨɝɪаɧɢчɟɧɢя 1.3 ɨɞɧɨɡɧачɧɨ ɨɩɪɟɞɟ-
ɥяɟɬɫя ɪаɫɩɨɥɨɠɟɧɢɟɦ ɭɡɥɨɜ 1U , 2U  ɢ ɩɨ-
ɫɬɪɨɟɧɧых ɧа эɬɢх ɭɡɥах ɫɬɟɪɠɧɟɣ. В ɨɫɧɨɜɭ 
ɜычɢɫɥɢɬɟɥьɧɨɝɨ аɩɩаɪаɬа ɩɪɨцɟɞɭɪы ɬɟɬɪа-

эɞɪɢɡацɢɢ ɛыɥ ɩɨɥɨɠɟɧ аɥɝɨɪɢɬɦ, ɪɟаɥɢɡɨ-
ɜаɧɧыɣ ɜ ɫɜɨɛɨɞɧɨ ɪаɫɩɪɨɫɬɪаɧяɟɦɨɣ ɛɢɛ-
ɥɢɨɬɟɤɟ CGAL [16], ɢ ɨɬɞɟɥьɧыɟ ɩɨɥɨɠɟɧɢя 
ɪаɛɨɬ [6, 9, 12]. Пɪɢ ɦɢɧɢɦɢɡацɢɢ (1) ɢɫ-
ɩɨɥьɡɭɟɬɫя ɝɟɧɟɬɢчɟɫɤɢɣ аɥɝɨɪɢɬɦ, ɜ ɤɨɬɨ-
ɪɨɦ ɜ ɤачɟɫɬɜɟ ɤɪɢɬɟɪɢя ɜыɠɢɜаɟɦɨɫɬɢ ɪаɫ-
ɫɦаɬɪɢɜаɟɬɫя ɡɧачɟɧɢɟ L. Чɟɦ ɦɟɧьшɟ L, ɬɟɦ 
ɜыɠɢɜаɟɦɨɫɬь ɞɥя ɨɫɨɛɟɣ (ɨɛъɟɤɬɨɜ), ɭɞɨɜ-
ɥɟɬɜɨɪяɸщɢх ɩɨɫɬаɜɥɟɧɧыɦ ɨɝɪаɧɢчɟɧɢяɦ, 
ɫчɢɬаɟɬɫя ɛɨɥɟɟ ɜыɫɨɤɨɣ. Дɥя ɩɨɫɬɪɨɟɧɢя 
ɫɬɪɭɤɬɭɪы ɤɨɧɫɬɪɭɤцɢɢ ɩɪɟɞɭɫɦаɬɪɢɜаɟɬɫя 
ɜыɩɨɥɧɟɧɢɟ ɫɥɟɞɭɸщɢх ɩɪɨцɟɞɭɪ. 
1. Заɞаɧɢɟ ɢсхɨɞɧɨɣ ɢɧɮɨɪɦаɰɢɢ. Фɨɪɦɢɪɭ-
ɸɬɫя ɞаɧɧыɟ ɨɛ ɭɡɥах 1U  ɢ 2U  ɜ ɜɢɞɟ ɦаɫɫɢ-
ɜɨɜ ɢɡɦɟɧяɟɦых ɢ ɧɟɢɡɦɟɧяɟɦых ɤɨɨɪɞɢɧаɬ; 
ɧа ɞаɧɧɨɦ эɬаɩɟ ɡаɞаɸɬɫя ɫɬɟɪɠɧɢ ɩɨ ɭɡɥаɦ 
ɦɧɨɠɟɫɬɜа 2U  ɫ ɭчɟɬɨɦ ɫɨɛɥɸɞɟɧɢя ɭɫɥɨɜɢя 
Дɟɥɨɧɟ ɞɥя ɩɥɨɫɤɨɣ ɬɪɢаɧɝɭɥяцɢɢ [8]. Эɬɢ 
ɫɬɟɪɠɧɢ ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ ɬɨɩɨɥɨɝɢɢ ɞɟɮɨɪ-
ɦɢɪɭɟɦɨɝɨ ɨɛъɟɤɬа ɛɭɞɭɬ ɫчɢɬаɬьɫя ɜɤɥɸ-
чɟɧɧыɦɢ ɜ ɬɟɬɪаэɞɪɢɡацɢɸ ɜ ɤачɟɫɬɜɟ ɪɟɛɟɪ 
ɬɟɬɪаэɞɪɨɜ.  
2. ɋɢɧɬɟɡ сɬɪɭɤɬɭɪы ɤɨɧсɬɪɭɤɰɢɢ ɩɭɬɟɦ 
ɬɟɬɪаɷɞɪɢɡаɰɢɢ Дɟɥɨɧɟ с ɨɝɪаɧɢчɟɧɢяɦɢ. 
Тɨɩɨɥɨɝɢчɟɫɤая ɫхɟɦа ɫɬɟɪɠɧɟɜɨɣ ɫɢɫɬɟɦы 
ɩɪɟɞɫɬаɜɥяɟɬɫя ɜ ɜɢɞɟ ɧɟɨɪɢɟɧɬɢɪɨɜаɧɧɨɝɨ 
ɝɪаɮа G(U, R), ɡаɞаɧɧɨɝɨ ɦɧɨɠɟɫɬɜɨɦ ɜɟɪ-
шɢɧ U= 1U + 2U  ɢ ɦɧɨɠɟɫɬɜɨɦ ɪɟɛɟɪ R. 
Вɧɭɬɪɟɧɧɢɦɢ ɨɛɥаɫɬяɦɢ ɝɪаɮа яɜɥяɸɬɫя 
ɬɟɬɪаэɞɪы. Рɟɛɪа ɨɩɪɟɞɟɥяɸɬ ɩɨɥɨɠɟɧɢɟ 
ɫɬɟɪɠɧɟɣ ɧɟɫɭщɟɣ ɫɢɫɬɟɦы. Вɜɟɞɟɦ ɜɫɩɨɦɨ-
ɝаɬɟɥьɧыɣ ɨɛъɟɦ 0V , ɧаɡыɜаɟɦыɣ ɫɭɩɟɪ-
ɫɬɪɭɤɬɭɪɨɣ [6], ɜ ɤɨɬɨɪɨɣ ɛɭɞɭɬ ɪаɫɩɨɥаɝаɬь-
ɫя ɭɡɥы 1U  ɢ 2U . Заɞаɟɦ ɝɪаɧɢ 1Г  ɬɨɥьɤɨ ɩɨ 
ɭɡɥаɦ 2U  ɢ  ɝɪаɧɢ 2Г  ɩɨ ɭɡɥаɦ 2U  ɢ 3U  ɤаɤ 
ɩɨɤаɡаɧɨ ɧа ɪɢɫɭɧɤɟ 1. Вɟɥɢчɢɧа 0V  ɨɩɪɟɞɟ-
ɥяɟɬɫя ɨɬɫɟчɟɧɢɟɦ чаɫɬɢ ɩɪɨɫɬɪаɧɫɬɜа эɬɢɦɢ 
ɝɪаɧяɦɢ. Уɡɥы 3U  ɧɟ ɩɪɢɧаɞɥɟɠаɬ ɤɨɧɫɬ-
ɪɭɤцɢɢ, а ɨɩɪɟɞɟɥяɸɬ ɞɨɩɭɫɬɢɦыɟ ɪаɡɦɟɪы 
ɟɟ ɝаɛаɪɢɬɨɜ ɩɪɢ ɨɛɪаɡɨɜаɧɢɢ ɫɬɪɭɤɬɭɪы. 
Уɡɥы, ɜ ɤɨɬɨɪых ɩɪɟɞɩɨɥаɝаɸɬɫя ɨɩɨɪɧыɟ 
ɫɜяɡɢ, ɜɤɥɸчаɸɬɫя ɜɨ ɦɧɨɠɟɫɬɜɨ 2U . Оɛъɟɦ 

0V  ɪаɡɛɢɜаɟɬɫя ɫɟɬɤɨɣ S ɧа ɫɢɫɬɟɦɭ P ɩɪя-
ɦɨɭɝɨɥьɧых ɩаɪаɥɥɟɥɟɩɢɩɟɞɨɜ ɢ ɬɪɟɭɝɨɥь-
ɧых  ɩɪɢɡɦ. В  ɤаɠɞɨɦ  ɬаɤɨɦ  ɨɛъɟɦɟ  ɦɨɠɟɬ 
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Рɢсɭɧɨɤ 1. ɋɭɩɟɪсɬɪɭɤɬɭɪа 0V  

 
ɪаɫɩɨɥаɝаɬьɫя ɩɨ ɨɞɧɨɦɭ ɢɡ ɭɡɥɨɜ 1U . В ɨɛъ-

ɟɦы P, ɡаɧяɬыɟ ɭɡɥаɦɢ ɦɧɨɠɟɫɬɜа 2U , ɭɡɥы 

ɦɧɨɠɟɫɬɜа 1U  ɩɨɩаɞаɬь ɧɟ ɦɨɝɭɬ. Раɫɫɦɨɬ-
ɪɢɦ ɩɪɨцɟɫɫ ɩɨɫɬɪɨɟɧɢя ɬɟɬɪаэɞɪɢɡацɢɢ. 
Счɢɬаɟɦ 0V  ɨɛъɟɦɨɦ ɜыɩɭɤɥɨɝɨ ɬɟɥа, ɬɨɝɞа   
ɬɟɬɪаэɞɪɢɡацɢɟɣ   эɬɨɝɨ   ɬɟɥа   ɛɭɞɟɬ яɜɥяɬь-
ɫя ɩɨɫɬɪɨɟɧɢɟ ɬɟɬɪаэɞɪɨɜ ɧа ɭɡɥах 1U , 2U , 

3U  ɢ ɞɨɩɨɥɧɢɬɟɥьɧɨ ɜɜɟɞɟɧɧых ɭɡɥах ɧа 
ɝɪаɧях 1Г  ɢ 2Г  ɬɟɥа. Уɡɥы ɧа ɝɪаɧях 1Г  ɡа-
ɞаɸɬɫя ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɤɨɧɫɬɪɭɤɬɢɜɧыɦɢ 
ɬɪɟɛɨɜаɧɢяɦɢ ɤ ɨɛъɟɤɬɭ (ɝɨɪɢɡɨɧɬаɥьɧɨɫɬь 
ɢɥɢ ɧаɤɥɨɧɧɨɫɬь ɩɨɤɪыɬɢя, ɨɩɢɪаɧɢɟ ɞɪɭɝɢх 
ɤɨɧɫɬɪɭɤцɢɣ ɢ ɬ.ɩ.). Эɬɢ ɭɡɥы ɩɪɢɧаɞɥɟɠаɬ 
ɝɪаɮɭ G ɤɨɧɫɬɪɭɤцɢɢ. На ɝɪаɧях 2Г  ɭɡɥы 
ɦɨɝɭɬ ɮɨɪɦɢɪɨɜаɬьɫя ɩɭɬɟɦ ɪɭчɧɨɝɨ ɜɜɨɞа 
ɢɥɢ ɜ ɪɟɡɭɥьɬаɬɟ ɪɟаɥɢɡацɢɢ аɥɝɨɪɢɬɦа ɨɬ-
ɞɟɥьɧɨɣ ɞɜɭɦɟɪɧɨɣ ɬɪɢаɧɝɭɥяцɢɢ [6, 8].  
Сɢɧɬɟɡ ɬɨɩɨɥɨɝɢчɟɫɤɨɣ ɫхɟɦы ɨɛъɟɤɬа ɨɫɭ-
щɟɫɬɜɥяɟɦ ɫ ɭчɟɬɨɦ ɫɥɟɞɭɸщɢх эɬаɩɨɜ: 
1. Заɞаɧɢɟ ɦɧɨɠɟɫɬɜ ɭɡɥɨɜ 2U  ɢ 3U , ɡаɞаɧɢɟ 
ɝɪаɧɟɣ 1Г  ɢ 2Г , ɮɨɪɦɢɪɨɜаɧɢɟ ɭɡɥɨɜ ɧа эɬɢх 
ɝɪаɧях. 
2. Заɞаɧɢɟ ɫɬɟɪɠɧɟɣ ɧа ɭɡɥах ɝɪаɧɟɣ 1Г  ɢɥɢ 

ɢх ɮɨɪɦɢɪɨɜаɧɢɟ ɩɭɬɟɦ ɩɥɨɫɤɨɣ ɬɪɢаɧɝɭɥя-
цɢɢ, ɜɤɥɸчɟɧɢɟ эɬɢх ɫɬɟɪɠɧɟɣ ɜ ɬɟɬɪаэɞɪɢ-
ɡацɢɸ ɜ ɤачɟɫɬɜɟ ɪɟɛɟɪ ɬɟɬɪаэɞɪɨɜ. 
3. Иɞɟɧɬɢɮɢɤацɢя ɫɢɫɬɟɦы ɨɛъɟɦɨɜ P (ɫɦ. 
ɪɢɫ.1), ɮɨɪɦɢɪɨɜаɧɢɟ ɦаɫɫɢɜɨɜ ɤɨɨɪɞɢɧаɬ 

ipipip ZYX }{ ,}{ ,}{  ɜɧɭɬɪɢ ɤаɠɞɨɝɨ ɬаɤɨɝɨ 
ɨɛъɟɦа. Пɪɢ эɬɨɦ  ,}{}{ XX ip   ,}{}{ YY ip      

}{}{ ZZ ip  . Зɞɟɫь i – ɧɨɦɟɪ ɨɛъɟɦа. 
4. Фɨɪɦɢɪɭɟɬɫя ɧачаɥьɧɨɟ ɩɨɤɨɥɟɧɢɟ. Каɠ-
ɞая ɨɫɨɛь ɜ ɩɨɤɨɥɟɧɢɢ ɫɬɪɨɢɬɫя ɩɭɬɟɦ ɫɥɭ-
чаɣɧɨɝɨ ɜыɛɨɪа ɞɨɩɭɫɬɢɦых ɡɧачɟɧɢɣ ɩаɪа-
ɦɟɬɪɨɜ ɢɡ ɦɧɨɠɟɫɬɜ X, Y, Z. Выɛɨɪ эɬɢх ɤɨ-
ɨɪɞɢɧаɬ ɜ ɫɢɫɬɟɦɟ ɨɛъɟɦɨɜ P ɜыɩɨɥɧяɟɬɫя 
ɫɥɟɞɭɸщɢɦ ɨɛɪаɡɨɦ: 
- ɫɥɭчаɣɧɨ ɞɥя ɪаɡɦɟщɟɧɢя ɭɡɥа ɧаɡɧачаɟɬɫя 
ɤаɤɨɣ-ɥɢɛɨ ɨɛъɟɦ ɫ ɧɨɦɟɪɨɦ i ; 
- ɩɪɨɜɟɪяɟɬɫя ɭɫɥɨɜɢɟ ɩɭɫɬɨɬы эɬɨɝɨ ɨɛъɟɦа 
ɨɬ ɤаɤɨɝɨ-ɥɢɛɨ ɢɡ ɭɡɥɨɜ 1U , 2U ; 
- ɟɫɥɢ ɨɛъɟɦ ɩɭɫɬ, ɬɨ ɫɥɭчаɣɧɨ ɜыɛɢɪаɸɬɫя 
ɤɨɨɪɞɢɧаɬы ipipip ZYX }{ ,}{ ,}{ . Еɫɥɢ ɧɟɬ – 

ɫɥɭчаɣɧыɦ ɨɛɪаɡɨɦ ɜыɛɢɪаɟɬɫя ɞɪɭɝɨɣ ɩɭɫ-
ɬɨɣ ɨɛъɟɦ.  
5. Дɥя ɤаɠɞɨɣ ɨɫɨɛɢ ɜ ɩɨɤɨɥɟɧɢɢ ɞɟɥаɟɬɫя 
ɩɨɫɬɪɨɟɧɢɟ ɪɟɛɟɪ ɬɟɬɪаэɞɪɢɡацɢɢ [6, 12]. 
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Оɪɝаɧɢɡɭɟɬɫя цɢɤɥ ɩɨ ɭɡɥаɦ 1U  ɢ 2U . Дɥя 
ɤаɠɞɨɝɨ ɭɡɥа ɫɬɪɨяɬɫя ɨɬɪɟɡɤɢ, ɫɨɟɞɢɧяɸ-
щɢɟ ɭɡɟɥ ɫɨ ɜɫɟɦɢ ɞɪɭɝɢɦɢ ɭɡɥаɦɢ. Наɥɢчɢɟ 
ɞɢаɦɟɬɪаɥьɧɨɝɨ шаɪа, ɜ ɤɨɬɨɪɨɦ ɢɥɢ ɧа ɝɪа-
ɧɢцɟ ɤɨɬɨɪɨɝɨ ɧɟɬ ɞɪɭɝɢх ɭɡɥɨɜ, ɤɪɨɦɟ ɭɡɥɨɜ 
ɤɨɧцɨɜ ɨɬɪɟɡɤа (ɭɫɥɨɜɢя ɩɭɫɬɨɬы ɞɢаɦɟɬ-
ɪаɥьɧɨɝɨ шаɪа ɫ ɞɨɩɭщɟɧɢяɦɢ ɨɝɪаɧɢчɟɧɢя 
1.3), ɝаɪаɧɬɢɪɭɟɬ ɩɪɢɫɭɬɫɬɜɢɟ эɬɨɝɨ ɨɬɪɟɡɤа 
ɜ ɬɟɬɪаэɞɪɢɡацɢɢ ɜ ɜɢɞɟ ɪɟɛɪа ɤаɤɨɝɨ-ɥɢɛɨ 
ɬɟɬɪаэɞɪа. Еɫɥɢ ɞɢаɦɟɬɪаɥьɧыɣ шаɪ ɨɬɪɟɡɤа 
ɧɟ ɩɭɫɬ, ɨɬɪɟɡɨɤ ɢɫɤɥɸчаɟɬɫя ɢɡ ɞаɥьɧɟɣшɟ-
ɝɨ ɪаɫɫɦɨɬɪɟɧɢя. Пɨɫɬɪɨɟɧɢя ɨɬɪɟɡɤɨɜ ɩɪɨ-
ɞɨɥɠаɸɬɫя ɞɨ ɬɟх ɩɨɪ, ɩɨɤа ɜɫɟ ɞɢаɦɟɬɪаɥь-
ɧыɟ шаɪы ɜɫɟх ɨɬɪɟɡɤɨɜ ɧɟ ɛɭɞɭɬ ɭɞɨɜɥɟɬɜɨ-
ɪяɬь ɭɫɥɨɜɢɸ ɩɭɫɬɨɬы. Пɨ ɩɨɫɬɪɨɟɧɧыɦ ɪɟɛ-
ɪаɦ ɜɨɫɫɬаɧаɜɥɢɜаɸɬɫя ɝɪаɧɢ ɬɟɬɪаэɞɪɨɜ. 
Вɨɫɫɬаɧɨɜɥɟɧɢɟ ɝɪаɧɟɣ ɧɟɨɛхɨɞɢɦɨ ɞɥя 
ɢɞɟɧɬɢɮɢɤацɢɢ ɨɬɞɟɥьɧых ɬɟɬɪаэɞɪɨɜ, ɤɨɬɨ-
ɪыɟ ɢɫɩɨɥьɡɭɸɬɫя ɧа ɫɥɟɞɭɸщɟɦ эɬаɩɟ ɩɪɨ-
цɟɞɭɪы ɩɨɫɬɪɨɟɧɢя.  
6. Дɥя ɜɫɟх ɩɨɫɬɪɨɟɧɧых ɬɟɬɪаэɞɪɨɜ ɤаɠɞɨɣ 
ɨɫɨɛɢ ɩɪɨɜɟɪяɟɬɫя ɭɫɥɨɜɢɟ Дɟɥɨɧɟ ɫ ɨɝɪаɧɢ-
чɟɧɢяɦɢ. Еɫɥɢ ɞаɧɧɨɟ ɭɫɥɨɜɢɟ ɜыɩɨɥɧяɟɬɫя, 
ɬɨ ɜаɪɢаɧɬ ɤɨɧɫɬɪɭɤцɢɢ ɩɨɦɟщаɟɬɫя ɜ ɛаɡɭ 
ɞаɧɧых ɫɢɧɬɟɡɢɪɨɜаɧɧых ɤɨɧɫɬɪɭɤцɢɣ ɢ ɢɫ-
ɩɨɥьɡɭɟɬɫя ɞɥя ɞаɥьɧɟɣшɟɝɨ аɧаɥɢɡа. Еɫɥɢ 
ɧɟɬ – ɜ ɬɟɤɭщɟɦ ɩɨɤɨɥɟɧɢɢ ɫɨɡɞаɟɬɫя ɧɨɜая 
ɨɫɨɛь ɩɭɬɟɦ ɩɨɜɬɨɪɟɧɢя ɞɥя ɧɟɟ эɬаɩɨɜ 4-6. 
Даɥɟɟ ɪɟаɥɢɡɭɟɬɫя ɢɬɟɪацɢɨɧɧыɣ ɩɪɨцɟɫɫ, 
ɜɤɥɸчаɸщɢɣ ɪɟɞаɤɬɢɪɨɜаɧɢɟ ɛаɡы ɞаɧɧых 
ɫɢɧɬɟɡɢɪɨɜаɧɧых ɤɨɧɫɬɪɭɤцɢɣ ɜ ɫɨɨɬɜɟɬɫɬ-
ɜɢɢ ɫ ɤɪɢɬɟɪɢɟɦ ɜыɠɢɜаɟɦɨɫɬɢ (ɡɧачɟɧɢɟ L ) 
ɢ ɩɪɢɧцɢɩɨɦ «эɥɢɬɢɡɦа», ɨɩɢɫаɧɧыɦ ɜ ɪаɛɨ-
ɬɟ [4].  Дɥя ɨɫɨɛɟɣ, ɜыɛɢɪаɟɦых ɢɡ ɛаɡы ɞаɧ-
ɧых ɫɢɧɬɟɡɢɪɨɜаɧɧых ɤɨɧɫɬɪɭɤцɢɣ ɦɟɬɨɞɨɦ 
ɪɭɥɟɬɤɢ [4], ɩɪɢ ɩɨɦɨщɢ ɦɨɞɢɮɢцɢɪɨɜаɧɧых 
ɝɟɧɟɬɢчɟɫɤɢх ɨɩɟɪаɬɨɪɨɜ [11] ɜыɩɨɥɧяɟɬɫя 
ɜыɛɨɪ ɩɨɥɨɠɟɧɢɣ ɭɡɥɨɜ ɦɧɨɠɟɫɬɜа 1U . Эɬɢ 
ɨɩɟɪаɬɨɪы ɫɥɟɞɭɸщɢɟ: 
1) Иɧвɟɪсɢя. Выɩɨɥɧяɟɬɫя ɩɟɪɟɫɬаɧɨɜɤа ɩа-
ɪаɦɟɬɪɨɜ ɨɬɧɨɫɢɬɟɥьɧɨ ɜыɛɪаɧɧых ɫɥɭчаɣ-
ɧыɦ ɨɛɪаɡɨɦ ɬɨчɟɤ ɢɧɜɟɪɫɢɢ ɩɨ ɢɡɜɟɫɬɧɨɣ 
ɫхɟɦɟ, ɩɪɢɦɟɧяɟɦɨɣ ɜ ɝɟɧɟɬɢчɟɫɤɢх аɥɝɨ-
ɪɢɬɦах [2]. 
2) Мɧɨɝɨɬɨчɟчɧая ɦɭɬаɰɢя. Сɥɭчаɣɧɨ ɞɥя 
ɤаɠɞɨɝɨ ɜыɛɪаɧɧɨɝɨ ɜаɪɢаɧɬа ɤɨɧɫɬɪɭɤцɢɢ 
ɦɨɝɭɬ ɢɡɦɟɧяɬьɫя ɧɟɫɤɨɥьɤɨ ɩаɪаɦɟɬɪɨɜ.   

3) Мɧɨɝɨɬɨчɟчɧыɣ ɤɪɨссɢɧɝɨвɟɪ. Пɨ ɫɬɨхаɫ-
ɬɢчɟɫɤɨɣ ɫхɟɦɟ ɜ ɤаɠɞɨɣ ɜыɛɪаɧɧɨɣ ɩаɪɟ 
ɨɫɨɛɟɣ ɨɩɪɟɞɟɥяɸɬɫя ɧɟɫɤɨɥьɤɨ ɬɨчɟɤ ɪаɡɪɟ-
ɡа. Даɥɟɟ ɨɫɭщɟɫɬɜɥяɟɬɫя ɨɛɦɟɧ ɩаɪаɦɟɬɪа-
ɦɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɤɥаɫɫɢчɟɫɤɨɣ ɫхɟɦɨɣ 
ɤɪɨɫɫɢɧɝɨɜɟɪа [4]. Пɨɫɥɟ ɩɪɢɦɟɧɟɧɢя ɝɟɧɟ-
ɬɢчɟɫɤɢх ɨɩɟɪаɬɨɪɨɜ ɞɥя ɜɧɨɜь ɫɮɨɪɦɢɪɨ-
ɜаɧɧɨɝɨ ɪаɫɩɨɥɨɠɟɧɢя ɭɡɥɨɜ ɩɨɜɬɨɪяɸɬɫя 
эɬаɩы 5-6.  
Пɨɫɬɪɨɟɧɢя ɬɟɬɪаэɞɪɢɡацɢɢ ɨɤаɧчɢɜаɸɬɫя 
ɬɨɝɞа, ɤɨɝɞа ɧа ɩɪɨɬяɠɟɧɢɢ 150-250 ɢɬɟɪа-
цɢɣ ɜ ɛаɡɟ ɞаɧɧых ɫɢɧɬɟɡɢɪɨɜаɧɧых ɤɨɧɫɬ-
ɪɭɤцɢɣ ɧɟ ɩɪɨɢɫхɨɞɢɬ ɢɡɦɟɧɟɧɢɣ. Еɫɥɢ ɞɥя 
ɤаɤɨɝɨ-ɥɢɛɨ ɨɛъɟɤɬа ɬɟɬɪаэɞɪɢɡацɢɸ ɩɨ-
ɫɬɪɨɢɬь ɧɟ ɭɞаɟɬɫя – ɪɟаɥɢɡɭɟɬɫя ɧɨɜɨɟ ɪɟ-
ɞаɤɬɢɪɨɜаɧɢɟ ɛаɡы ɞаɧɧых ɫɢɧɬɟɡɢɪɨɜаɧɧых 
ɤɨɧɫɬɪɭɤцɢɣ.  
Сɥɟɞɭɟɬ ɨɬɦɟɬɢɬь, чɬɨ ɩɨɫɬɪɨɟɧɢɟ ɬɟɬɪаэɞ-
ɪɢɡацɢɢ ɬɨчɟɤ ɜ ɨɛщɟɦ ɫɥɭчаɟ ɧɟ ɝаɪаɧɬɢɪɭ-
ɟɬ ɜыɛɨɪа ɨɩɬɢɦаɥьɧɨɣ ɬɨɩɨɥɨɝɢɢ ɫɬɟɪɠɧɟ-
ɜɨɣ ɫɢɫɬɟɦы, ɩɨэɬɨɦɭ ɫчɢɬаɟɦ ɩɨɥɭчɟɧɧɭɸ 
ɫɬɪɭɤɬɭɪɭ ɢɡɛыɬɨчɧɨɣ ɢ ɩɪɢɫɬɭɩаɟɦ ɤ ɪɟа-
ɥɢɡацɢɢ ɜɬɨɪɨɝɨ эɬаɩа – ɩаɪаɦɟɬɪɢчɟɫɤɨɝɨ 
ɫɢɧɬɟɡа ɤɨɧɫɬɪɭɤцɢɢ. 
 
ȼɬоɪоɣ ɷɬɚɩ.  
Дɥя ɩɨɥɭчɟɧɧɨɣ ɬɨɩɨɥɨɝɢɢ ɫɬɪɨɢɬɫя ɤɨɧɟч-
ɧɨ-эɥɟɦɟɧɬɧая ɦɨɞɟɥь. Пɪɢ эɬɨɦ ɭɡɥы ɝɪаɮа 
G ɤɨɧɫɬɪɭɤцɢɢ ɨɬɨɠɞɟɫɬɜɥяɸɬɫя ɫ ɭɡɥаɦɢ 
ɦɟɬɨɞа ɤɨɧɟчɧых эɥɟɦɟɧɬɨɜ, а ɪɟɛɪа ɬɟɬɪа-
эɞɪɨɜ – ɫɨ ɫɬɟɪɠɧяɦɢ. Рɟшаɟɦ эɤɫɬɪɟɦаɥь-
ɧɭɸ ɡаɞачɭ (2). Пɪɟɞɭɫɦаɬɪɢɜаɸɬɫя ɫɥɟ-
ɞɭɸщɢɟ ɩɪɨцɟɞɭɪы. 
1. Заɞаɧɢɟ ɢɫхɨɞɧɨɣ ɢɧɮɨɪɦацɢɢ. Вɜɨɞɢɬɫя 
ɢɧɮɨɪɦацɢя ɨ ɡаɤɪɟɩɥɟɧɢях, ɦɧɨɠɟɫɬɜах 
ɞɨɩɭɫɬɢɦых ɡɧачɟɧɢɣ ɬɢɩɨɪаɡɦɟɪɨɜ ɩɪɨɮɢ-
ɥɟɣ ɫɬɟɪɠɧɟɣ, ɜаɪɢаɧɬах ɧаɝɪɭɠɟɧɢя, ɨɝɪа-
ɧɢчɟɧɢях ɩɨ ɩɪɨчɧɨɫɬɢ ɢ ɭɫɬɨɣчɢɜɨɫɬɢ 
ɫɬɟɪɠɧɟɣ, ɨɝɪаɧɢчɟɧɢях ɩɨ ɠɟɫɬɤɨɫɬɢ ɤɨɧ-
ɫɬɪɭɤцɢɢ.  
2. Паɪаɦɟɬɪɢчɟɫɤая ɨɩɬɢɦɢɡацɢя ɤɨɧɫɬɪɭɤ-
цɢɢ. Дɥя ɫɬɪɭɤɬɭɪы ɤɨɧɫɬɪɭɤцɢɢ ɩɪɟɞɭ-
ɫɦɨɬɪɢɦ ɜɨɡɦɨɠɧɨɫɬь ɝɪɭɩɩɢɪɨɜɤɢ ɤɨɧɫɬ-
ɪɭɤɬɢɜɧых эɥɟɦɟɧɬɨɜ ɫ ɭчɟɬɨɦ хаɪаɤɬɟɪа ɢх 
ɪаɛɨɬы ɢ ɫɢɦɦɟɬɪɢɢ ɨɛъɟɤɬа. С ɭчɟɬɨɦ эɬɢх 
ɭɫɥɨɜɢɣ ɮɨɪɦɢɪɭɟɬɫя ɞɢɫɤɪɟɬɧɨɟ ɦɧɨɠɟɫɬɜɨ 
ɞɨɩɭɫɬɢɦых ɞɥя ɜыɛɨɪа ɩаɪаɦɟɬɪɨɜ Т. Иɫ-
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ɩɨɥьɡɭɟɦ ɢɡɜɟɫɬɧыɣ ɩɪɢɟɦ ɜɜɟɞɟɧɢя «ɧɭɥɟ-
ɜых» (ɨɬɫɭɬɫɬɜɭɸщɢх) ɫɬɟɪɠɧɟɣ, ɢɦɟɸщɢх 
ɨɬɧɨɫɢɬɟɥьɧɨ ɦаɥыɣ ɦɨɞɭɥь ɭɩɪɭɝɨɫɬɢ ɦа-
ɬɟɪɢаɥа. Нɭɥɟɜыɟ ɫɬɟɪɠɧɢ ɭчɢɬыɜаɸɬɫя ɜɨ 
ɦɧɨɠɟɫɬɜɟ Т. Оɝɪаɧɢчɟɧɢя 2.1-2.3 ɫчɢɬаɟɦ 
аɤɬɢɜɧыɦɢ. Пɪɨɜɟɪɤа ɨɛщɟɣ ɭɫɬɨɣчɢɜɨɫɬɢ 
ɤɨɧɫɬɪɭɤцɢɢ ɜыɧɨɫɢɬɫя ɡа ɩɪɟɞɟɥы ɩɪɨцɟ-
ɞɭɪы ɨɩɬɢɦаɥьɧɨɝɨ ɫɢɧɬɟɡа.  
Каɠɞыɣ ɜаɪɢаɧɬ ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ ɨɛъɟɤɬа 
ɩɪɟɞɫɬаɜɥяɟɬɫя ɤаɤ ɨɫɨɛь ɫ ɜаɪьɢɪɭɟɦыɦɢ 
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{ ZYX ɡаɞаɸɬɫя ɫ ɭчɟɬɨɦ ɧɟɡɧачɢɬɟɥь-
ɧых ɨɬɤɥɨɧɟɧɢɣ ɨɬ ɩɨɥɭчɟɧɧых ɧа ɩɟɪɜɨɦ 
эɬаɩɟ ɤɨɨɪɞɢɧаɬ ɭɡɥɨɜ 1U . Пɪɢ эɬɨɦ ɞɢɫ-
ɤɪɟɬɧыɟ ɦɧɨɠɟɫɬɜа ɤɨɨɪɞɢɧаɬ ɫɨɫɬаɜɥяɟɦ 
ɬаɤ, чɬɨɛы ɜ ɤɨɧɫɬɪɭɤцɢɢ ɩɪɢ ɜаɪьɢɪɨɜаɧɢɢ 
ɧɟ ɨɛɪаɡɨɜыɜаɥɨɫь ɫɥɢшɤɨɦ ɨɫɬɪых ɭɝɥɨɜ 
ɦɟɠɞɭ ɫɬɟɪɠɧяɦɢ. 
Даɥɟɟ ɪɟаɥɢɡɭɟɬɫя эɜɨɥɸцɢɨɧɧыɣ аɥɝɨɪɢɬɦ 
ɨɩɬɢɦɢɡацɢɢ, ɩɨɞɪɨɛɧɨ ɨɩɢɫаɧɧыɣ ɜ ɪаɛɨɬɟ 
[11].  Пɨɫɥɟ ɜыɩɨɥɧɟɧɢя ɫɢɧɬɟɡа ɤɨɧɫɬɪɭɤ-
цɢɣ ɧа ɨɫɧɨɜɟ ɦɟɬɨɞа ɤɨɧɟчɧых эɥɟɦɟɧɬɨɜ 
аɧаɥɢɡɢɪɭɟɬɫя ɨɛщая ɭɫɬɨɣчɢɜɨɫɬь ɞɥя ɜɫɟх 
ɩɨɥɭчɟɧɧых ɜаɪɢаɧɬɨɜ ɫɬɟɪɠɧɟɜых ɫɢɫɬɟɦ. 
Оɛъɟɤɬ ɢɥɢ ɧɟɫɤɨɥьɤɨ ɨɛъɟɤɬɨɜ, ɞɥя ɤɨɬɨ-
ɪых ɭɫɥɨɜɢɟ ɭɞɨɜɥɟɬɜɨɪɟɧɨ, ɦɨɠɧɨ ɫчɢɬаɬь 
ɪɟшɟɧɢɟɦ ɡаɞачɢ. 
 
 
3. ɉɊɂɆȿɊ Ɋȿɒȿɇɂə ɁАȾАЧɂ  

 

Раɫɫɦɨɬɪɢɦ ɫɢɧɬɟɡ ɬɨɩɨɥɨɝɢɢ ɩɪɨɫɬɪаɧɫɬ-
ɜɟɧɧɨɣ ɫɬɟɪɠɧɟɜɨɣ ɫɢɫɬɟɦы ɜ ɜɢɞɟ ɩɪяɦɨ-
ɭɝɨɥьɧɨɣ ɜ ɩɥаɧɟ ɫɬɪɭɤɬɭɪɧɨɣ ɩɥɢɬы. Сɮɨɪ-
ɦɢɪɭɟɦ ɨɛъɟɦ 0V  ɫ ɦаɤɫɢɦаɥьɧыɦɢ ɪаɡɦɟ-
ɪаɦɢ, ɩɨɤаɡаɧɧыɦɢ ɧа ɪɢɫɭɧɤɟ 2. На ɜɟɪхɧɟɣ 
ɝɪаɧɢ ɜɜɨɞɢɥɨɫь 25 ɭɡɥɨɜ ɦɧɨɠɟɫɬɜа 2U . Пɨ 
эɬɢɦ ɭɡɥаɦ ɡаɞаɜаɥɨɫь 44 ɫɬɟɪɠɧя, ɜыɞɟɥɟɧ-
ɧых ɧа ɪɢɫ. 3 ɭɬɨɥщɟɧɧɨɣ ɥɢɧɢɟɣ ɢ ɜɤɥɸ-
чаɟɦых ɜ ɬɟɬɪаэɞɪɢɡацɢɸ ɜ ɤачɟɫɬɜɟ ɪɟɛɟɪ 
ɬɟɬɪаэɞɪɨɜ. На ɧɢɠɧɟɣ ɝɪаɧɢ ɜɜɨɞɢɥɨɫь 4 
ɭɡɥа 2U , ɜ ɤɨɬɨɪых ɩɪɟɞɭɫɦаɬɪɢɜаɥɢɫь шаɪ-
ɧɢɪɧɨ-ɧɟɩɨɞɜɢɠɧыɟ ɨɩɨɪы. Сɭɩɟɪɫɬɪɭɤɬɭɪа 

0V  ɪаɡɛɢɜаɥаɫь ɩɪɢ ɩɨɦɨщɢ ɪаɜɧɨɦɟɪɧɨɣ 

ɫɟɬɤɢ S c шаɝɨɦ 3 ɦ ɩɨ ɨɫɢ х ɢ 2,8 ɦ ɩɨ ɨɫɢ ɭ 
ɧа ɩɪяɦɨɭɝɨɥьɧыɟ ɩаɪаɥɥɟɥɟɩɢɩɟɞы. В ɧа-
ɩɪаɜɥɟɧɢɢ ɨɫɢ z ɞɟɥɟɧɢɟ ɧɟ ɜыɩɨɥɧяɥɨɫь. В 
ɤаɠɞɨɦ ɩаɪаɥɥɟɥɟɩɢɩɟɞɟ ɭчɢɬыɜаɥɨɫь ɩɨ 27 
ɜɨɡɦɨɠɧых ɩɨɥɨɠɟɧɢя ɭɡɥа 1U .  

 Вɫɟ ɭɡɥы ɦɧɨɠɟɫɬɜа 2U , ɢɫɤɥɸчая ɨɩɨɪ-
ɧыɟ, ɡаɝɪɭɠаɥɢɫь ɫɨɫɪɟɞɨɬɨчɟɧɧыɦɢ ɫɢɥаɦɢ. 
Пɪɢ эɬɨɦ ɜ ɭɡɥы, ɧɟ ɥɟɠащɢɟ ɧа ɤɨɧɬɭɪах 
ɜɟɪхɧɟɣ ɝɪаɧɢ 0V , ɜɜɨɞɢɥаɫь ɫɢɥа ɜɟɥɢчɢɧɨɣ 

Р, а ɜ ɭɡɥы, ɥɟɠащɢɟ ɧа ɤɨɧɬɭɪах эɬɨɣ ɝɪаɧɢ, 
ɤɪɨɦɟ ɤɪаɣɧɢх ɭɡɥɨɜ – Р/2. В ɤɪаɣɧɢɟ ɭɡɥы 
ɜɜɨɞɢɥаɫь ɫɢɥа Р/4.  
 

 
Заɞаɜаɥɨɫь: P=90 ɤН; ɦаɬɟɪɢаɥ ɫɬɟɪɠɧɟɣ – 
ɫɬаɥь С325; ɦɨɞɭɥь ɭɩɪɭɝɨɫɬɢ ɦаɬɟɪɢаɥа 

51006,2Е  МПа. Счɢɬаɟɦ ɫɨɩɪяɠɟɧɢя ɭɡ-
ɥɨɜ шаɪɧɢɪɧыɦɢ. Раɫɫɦаɬɪɢɜаɥɨɫь ɞɜа ɜаɪɢ-
аɧɬа ɪɟшɟɧɢя ɡаɞачɢ ɫ ɪаɡɧыɦɢ ɢɫхɨɞɧыɦɢ 

 
а)  

ɛ) 
Рɢсɭɧɨɤ 2. Оɛɴɟɦ V0  ɢ ɟɝɨ ɪаɡɛɢɟɧɢɟ: 

а – вɢɞ в ɩɥаɧɟ; ɛ – вɢɞ сɛɨɤɭ 
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ɡɧачɟɧɢяɦɢ N. В ɩɟɪɜɨɦ ɫɥɭчаɟ ɩɪɟɞɭɫɦаɬ-
ɪɢɜаɥɨɫь ɜɜɟɞɟɧɢɟ чɟɬыɪɟх ɭɡɥɨɜ 1U (N=4), а 
ɜɨ ɜɬɨɪɨɦ – ɞɜɟɧаɞцаɬɢ ɭɡɥɨɜ 1U (N=12). Ка-
ɠɞыɣ ɢɬɟɪацɢɨɧɧыɣ ɩɪɨцɟɫɫ ɩɪɨхɨɞɢɥ ɜ ɞɜа 
эɬаɩа. На ɩɟɪɜɨɦ эɬаɩɟ ɩɨ ɤɪɢɬɟɪɢɸ ɦɢɧɢ-
ɦɭɦа ɞɥɢɧы ɫɬɟɪɠɧɟɣ ɫɢɧɬɟɡɢɪɨɜаɥаɫь ɤɨɧ-
ɫɬɪɭɤцɢя, ɞɥя ɤɨɬɨɪɨɣ ɜыɩɨɥɧяɥɢɫь ɭɫɥɨɜɢя 
Дɟɥɨɧɟ ɫ ɨɝɪаɧɢчɟɧɢяɦɢ. Даɧɧыɣ эɬаɩ ɩɪɟ-
ɤɪащаɥɫя ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɢɡɦɟɧɟɧɢɣ ɜ ɛаɡɟ 
ɞаɧɧых ɥɭчшɢх ɜаɪɢаɧɬɨɜ ɧа ɩɪɨɬяɠɟɧɢɢ 
200 ɢɬɟɪацɢɣ. На ɜɬɨɪɨɦ эɬаɩɟ ɜыɩɨɥɧяɥаɫь 
ɩаɪаɦɟɬɪɢчɟɫɤая ɨɩɬɢɦɢɡацɢя ɫ ɭчɟɬɨɦ 
ɝɪɭɩɩɢɪɨɜɤɢ ɤɨɧɫɬɪɭɤɬɢɜɧых эɥɟɦɟɧɬɨɜ ɜ 
ɡаɜɢɫɢɦɨɫɬɢ ɨɬ ɮɨɪɦы ɫɢɧɬɟɡɢɪɨɜаɧɧɨɣ 
ɫɬɪɭɤɬɭɪы. Ваɪьɢɪɨɜаɥɢɫь ɤɨɨɪɞɢɧаɬы ɭɡɥɨɜ 

1U , ɞɨɩɭɫɬɢɦыɟ ɡɧачɟɧɢя ɤɨɬɨɪых ɮɨɪɦɢɪɨ-
ɜаɥɢɫь ɫ ɭчɟɬɨɦ ɩɨɥɭчɟɧɧых ɧа ɩɟɪɜɨɦ эɬаɩɟ 
ɜɟɥɢчɢɧ. Вɜɨɞɢɥаɫь ɫɥɟɞɭɸщая ɝɪɭɩɩɢɪɨɜɤа 
ɤɨɧɫɬɪɭɤɬɢɜɧых эɥɟɦɟɧɬɨɜ. Заɞаɧɧыɟ ɡаɪа-
ɧɟɟ ɫɬɟɪɠɧɢ ɨɛъɟɞɢɧяɥɢɫь ɜ ɬɪɢ ɝɪɭɩɩы. 
Пɟɪɜая ɨɛъɟɞɢɧяɟɬ ɜɫɟ ɜɟɪɬɢɤаɥьɧыɟ эɥɟ-
ɦɟɧɬы, ɜɬɨɪая – ɝɨɪɢɡɨɧɬаɥьɧыɟ, ɬɪɟɬья – 
ɧаɤɥɨɧɧыɟ. Дɥя ɨɫɬаɥьɧых эɥɟɦɟɧɬɨɜ ɝɪɭɩ-
ɩɢɪɨɜɤа ɜыɩɨɥɧяɥаɫь ɫ ɭчɟɬɨɦ ɫɢɦɦɟɬɪɢɢ 
ɤɨɧɫɬɪɭɤцɢɢ. Пɪɟɞɭɫɦаɬɪɢɜаɥаɫь ɜɨɡɦɨɠ-
ɧɨɫɬь ɢɫɤɥɸчɟɧɢя ɫɬɟɪɠɧɟɣ ɢɡ ɫɬɪɭɤɬɭɪы 
ɤɨɧɫɬɪɭɤцɢɢ, ɢ ɜаɪьɢɪɨɜаɥɢɫь ɬɢɩɨɪаɡɦɟɪы 
ɩɪɨɮɢɥɟɣ ɜ ɜɢɞɟ ɤɪɭɝɥых ɬɪɭɛ ɩɨ ȽОСТ 
10704-91: 40х3, 60х3,5, 83х5, 102х5, 108х5, 
133х4, 152х5, 168х8, 219х8, 273х9, 325х9, 
377х8. Пɪɨɮɢɥɢ ɧɭɦɟɪɨɜаɥɢɫь ɜ ɭɤаɡаɧɧɨɦ 
ɩɨɪяɞɤɟ ɨɬ 2 ɞɨ 13. Вɨ ɦɧɨɠɟɫɬɜɨ Т ɜɜɨɞɢ-
ɥɢɫь ɩɥɨщаɞɢ ɩɨɩɟɪɟчɧых ɫɟчɟɧɢɣ: 

 
92,74}. 89,34;74,64; 53,03; 40,21; 23,09; 

16,21; ;5,24;16,18112,25; 6,21; 3,49; ;01{ -5Т
 

Вɟɪɬɢɤаɥьɧɨɟ ɩɟɪɟɦɟщɟɧɢɟ ɤаɠɞɨɝɨ ɢɡ ɭɡ-
ɥɨɜ ɩɨ ɬɪɟɛɨɜаɧɢяɦ [15] ɧɟ ɞɨɩɭɫɤаɥɨɫь ɛɨ-
ɥɟɟ 80 ɦɦ. Оɝɪаɧɢчɟɧɢя ɩɨ ɭɫɬɨɣчɢɜɨɫɬɢ 
ɫɬɟɪɠɧɟɣ ɭчɢɬыɜаɥɢɫь ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ [14]. 
Пɪɢ N=4 ɫɢɧɬɟɡ ɬɨɩɨɥɨɝɢɢ ɛыɥ ɜыɩɨɥɧɟɧ ɫ 
ɨɛɪаɡɨɜаɧɢɟɦ ɫɬа, а ɩɪɢ N=12 – ɫɬа ɬɪɢɞцаɬɢ 
ɞɜɭх ɫɬɟɪɠɧɟɜых эɥɟɦɟɧɬɨɜ. 
В ɪɟɡɭɥьɬаɬɟ ɫɬɪɭɤɬɭɪɧɨ-ɩаɪаɦɟɬɪɢчɟɫɤɨɝɨ 
ɫɢɧɬɟɡа ɩɨɥɭчɢɥɨɫь ɧɟɫɤɨɥьɤɨ ɤɨɧɫɬɪɭɤцɢɣ, 
ɧаɢɛɨɥɟɟ ɪацɢɨɧаɥьɧыɟ ɢɡ ɤɨɬɨɪых ɩɪɢɜɟ-
ɞɟɧы ɧа ɪɢɫɭɧɤах 3, 4. Цɢɮɪаɦɢ ɧа ɪɢɫɭɧɤах 

3,а ɢ 4,а ɩɨɤаɡаɧы ɧɨɦɟɪа ɩɪɨɮɢɥɟɣ ɜ ɫɟчɟ-
ɧɢях ɫɬɟɪɠɧɟɣ ɜ ɩɪɢɧяɬɨɣ ɫɢɫɬɟɦɟ ɧɭɦɟɪа-
цɢɢ. Кɪɭɠɤаɦɢ ɨчɟɪчɟɧы ɧаɣɞɟɧɧыɟ ɩɨɥɨ-
ɠɟɧɢя ɭɡɥɨɜ 1U . Маɫɫа ɧɟɫɭщɟɣ ɫɢɫɬɟɦы, 

ɩɨɤаɡаɧɧɨɣ ɧа ɪɢɫɭɧɤɟ 3 – 13,659 ɬ, ɧа ɪɢ-
ɫɭɧɤɟ 4 – 18,918 ɬ. Вɫɟ ɪɟшɟɧɢя ɧаɣɞɟɧы ɧɟ 
ɛɨɥɟɟ чɟɦ ɡа 600 ɢɬɟɪацɢɣ ɝɟɧɟɬɢчɟɫɤɨɝɨ аɥ-
ɝɨɪɢɬɦа, ɪɟаɥɢɡɭɟɦых ɧа ɜɬɨɪɨɦ эɬаɩɟ ɨɩɬɢ-
ɦɢɡацɢɢ. 
 

 
а) 

 
 
ɛ) 

Рɢсɭɧɨɤ 3. Рɟɡɭɥьɬаɬ ɪɟɲɟɧɢя ɡаɞачɢ ɩɪɢ 
N=4: а – аɤсɨɧɨɦɟɬɪɢя; ɛ – вɢɞ сɛɨɤɭ 

 
 
ɁАɄɅɘЧȿɇɂȿ  
 
Раɡɪаɛɨɬаɧа ɜычɢɫɥɢɬɟɥьɧая ɫхɟɦа ɨɩɬɢ-
ɦаɥьɧɨɝɨ ɫɢɧɬɟɡа ɫɬɪɭɤɬɭɪɧых ɩɥɢɬ, ɩɪɟɞɭ-
ɫɦаɬɪɢɜаɸщая ɞɜа ɭɪɨɜɧя ɩɨɢɫɤа ɪацɢɨ-
ɧаɥьɧых ɪɟшɟɧɢɣ. Пɪɟɞɥɨɠɟɧɧыɣ ɩɨɞхɨɞ 
ɡɧачɢɬɟɥьɧɨ ɪаɫшɢɪяɟɬ ɜɨɡɦɨɠɧɨɫɬɢ ɩɨɢɫɤа 
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ɪацɢɨɧаɥьɧых ɪɟшɟɧɢɣ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜаɧɢɢ 
ɫɬɟɪɠɧɟɜых  ɫɢɫɬɟɦ  ɬаɤɨɝɨ ɬɢɩа. Аɥɝɨɪɢɬɦы 
 

 
а) 

 
ɛ) 

Рɢсɭɧɨɤ 4. Рɟɡɭɥьɬаɬ ɪɟɲɟɧɢя ɡаɞачɢ ɩɪɢ 
N=12: а – аɤсɨɧɨɦɟɬɪɢя; ɛ – вɢɞ сɛɨɤɭ 

 
ɦɨɠɧɨ ɪɟɤɨɦɟɧɞɨɜаɬь ɤ ɢɫɩɨɥьɡɨɜаɧɢɸ ɜ 
ɫɢɫɬɟɦах аɜɬɨɦаɬɢɡɢɪɨɜаɧɧɨɝɨ ɩɪɨɟɤɬɢɪɨ-
ɜаɧɢя ɫɬɪɨɢɬɟɥьɧых ɤɨɧɫɬɪɭɤцɢɣ. 
 
 
ɁАɆȿЧАɇɂȿ 

 

Раɛɨɬа ɜыɩɨɥɧɟɧа ɩɪɢ ɩɨɞɞɟɪɠɤɟ ɝɪаɧɬɨɜ 
Ƚɭɛɟɪɧаɬɨɪа Бɪяɧɫɤɨɣ ɨɛɥаɫɬɢ ɦɨɥɨɞыɦ 
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АɇɇɈɌАЦɂə: В ɫɬаɬьɟ ɪаɫɫɦаɬɪɢɜаɟɬɫя ɜɥɢяɧɢɟ ɪɟɨɥɨɝɢчɟɫɤɢх ɫɜɨɣɫɬɜ ɛɟɬɨɧа ɧа ɭɫɢɥɢя, ɜɨɡɧɢɤаɸ-
щɢɟ ɜ ɧɟɫɭщɢх ɤɨɧɫɬɪɭɤɬɢɜɧых эɥɟɦɟɧɬах ɫɬɪɨɢɬɟɥьɧɨɝɨ ɨɛъɟɤɬа. Цɟɥь ɬɟɨɪɟɬɢчɟɫɤɢх ɢɫɫɥɟɞɨɜаɧɢɣ ɫɨ-
ɫɬɨɢɬ ɜ ɭɫɬаɧɨɜɥɟɧɢɢ ɜɥɢяɧɢя ɩɪɨцɟɫɫа ɩɨɥɡɭчɟɫɬɢ ɛɟɬɨɧа ɧа ɧаɩɪяɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜаɧɧɨɟ ɫɨɫɬɨяɧɢɟ 
ɧɟɫɭщɢх ɤɨɧɫɬɪɭɤцɢɣ. 
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1. ȼȼȿȾȿɇɂȿ 

 

Наɞɟɠɧɨɫɬь ɢ ɞɨɥɝɨɜɟчɧɨɫɬь ɛɟɬɨɧɧых 
ɢ ɠɟɥɟɡɨɛɟɬɨɧɧых ɤɨɧɫɬɪɭɤцɢɣ ɢ 
ɫɨɨɪɭɠɟɧɢɣ ɧɟ ɦɨɠɟɬ ɛыɬь ɨɛɟɫɩɟчɟɧа ɛɟɡ 
ɭчɟɬа ɜаɠɧых ɨɫɨɛɟɧɧɨɫɬɟɣ ɞɟɮɨɪɦɢɪɨɜаɧɢя 
ɛɟɬɨɧа. Рɟɨɥɨɝɢчɟɫɤɢɟ ɫɜɨɣɫɬɜа ɛɟɬɨɧа, 
ɨɛɭɫɥɨɜɥɟɧɧыɟ, ɜ ɨɫɧɨɜɧɨɦ, ɟɝɨ ɫɜɨɣɫɬɜɨɦ 
ɩɨɥɡɭчɟɫɬɢ, ɨɤаɡыɜаɸɬ ɛɨɥьшɨɟ ɜɥɢяɧɢɟ ɧа 
ɧаɩɪяɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜаɧɧɨɟ ɫɨɫɬɨяɧɢɟ 
(НДС) ɤɨɧɫɬɪɭɤцɢɢ ɜɨ ɜɪɟɦɟɧɢ. Таɤ, ɫ 
ɬɟчɟɧɢɟɦ ɜɪɟɦɟɧɢ ɩɪɨɢɫхɨɞɢɬ 
ɩɟɪɟɪаɫɩɪɟɞɟɥɟɧɢɟ ɭɫɢɥɢɣ ɦɟɠɞɭ ɫɢɥьɧɨ ɢ 
ɫɥаɛɨ ɧаɝɪɭɠɟɧɧыɦɢ эɥɟɦɟɧɬаɦɢ, ɦɟɠɞɭ 
аɪɦаɬɭɪɨɣ ɢ ɛɟɬɨɧɨɦ. Наɪаɫɬаɧɢɟ 
ɩɟɪɟɦɟщɟɧɢɣ ɜɨ ɜɪɟɦɟɧɢ ɬаɤɠɟ ɨɤаɡыɜаɟɬ 
ɫɭщɟɫɬɜɟɧɧɨɟ ɜɥɢяɧɢɟ ɧа НДС ɤɨɧɫɬɪɭɤцɢɢ, 
ɢɡɦɟɧяɸщɟɟɫя ɫ ɬɟчɟɧɢɟɦ ɜɪɟɦɟɧɢ. 

Оɫɨɛɟɧɧɨ эɬɨ ɫɤаɡыɜаɟɬɫя ɞɥя ɬаɤɢх 
ɤɨɧɫɬɪɭɤцɢɣ, ɤаɤ ɩɨɥɨɝɢɟ ɠɟɥɟɡɨɛɟɬɨɧɧыɟ 
ɨɛɨɥɨчɤɢ, ɞɥя ɤɨɬɨɪых ɭɦɟɧьшɟɧɢɟ ɫɬɪɟɥы 
ɩɨɞъɟɦа ɦɨɠɟɬ ɫɤаɡаɬьɫя ɧа ɭɜɟɥɢчɟɧɢɢ 
ɭɫɢɥɢɣ ɜ ɧɟɫɤɨɥьɤɨ ɪаɡ ɢ ɩɪɢɜɟɫɬɢ ɤ аɜаɪɢɢ. 
Пɪɨɝɧɨɡɢɪɨɜаɧɢɟ ɞɥɢɬɟɥьɧɨɝɨ 
ɞɟɮɨɪɦɢɪɨɜаɧɢя ɛɟɬɨɧа ɜɨ ɜɪɟɦɟɧɢ яɜɥяɟɬɫя 
аɤɬɭаɥьɧыɦ, ɬ.ɤ. ɨɬ ɩɪаɜɢɥьɧɨɝɨ ɭчɟɬа эɬɢх 
ɨɫɨɛɟɧɧɨɫɬɟɣ ɛɟɬɨɧа ɢ ɠɟɥɟɡɨɛɟɬɨɧа ɩɪɢ 
ɩɪɨɟɤɬɢɪɨɜаɧɢɢ ɡаɜɢɫɢɬ ɧаɞɟɠɧɨɫɬь ɢ 
ɞɨɥɝɨɜɟчɧɨɫɬь ɫɨɨɪɭɠɟɧɢɣ, а ɬаɤɠɟ 
ɫɨɨɬɜɟɬɫɬɜɢɟ ɫɨɨɪɭɠɟɧɢя ɩɪɟɞъяɜɥяɟɦыɦ ɤ 
ɧɟɦɭ ɬɪɟɛɨɜаɧɢяɦ. 
Нɟɨɛхɨɞɢɦɨ ɨɬɦɟɬɢɬь, чɬɨ ɩɪɨɟɤɬɢɪɭɟɦɨɟ 
ɫɨɨɪɭɠɟɧɢɟ ɤɪɨɦɟ ɧаɞɟɠɧɨɫɬɢ, ɛɟɡɨɩаɫɧɨɫɬɢ 
ɢ эɤɨɧɨɦɢчɟɫɤɨɣ цɟɥɟɫɨɨɛɪаɡɧɨɫɬɢ ɞɨɥɠɧɨ 
ɨɛɟɫɩɟчɢɬь ɮɭɧɤцɢɨɧаɥьɧɭɸ ɩɪɢɝɨɞɧɨɫɬь. 
Оɩɪɟɞɟɥɟɧɢɟ ɮɭɧɤцɢɨɧаɥьɧɨɣ ɩɪɢɝɨɞɧɨɫɬɢ 
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ɫɨɨɪɭɠɟɧɢɣ ɧɟɜɨɡɦɨɠɧɨ ɛɟɡ ɩɪаɜɢɥьɧɨɝɨ 
ɩɪɨɝɧɨɡɢɪɨɜаɧɢя ɩɟɪɟɪаɫɩɪɟɞɟɥɟɧɢя 
ɧаɩɪяɠɟɧɢɣ ɦɟɠɞɭ ɛɟɬɨɧɨɦ ɢ аɪɦаɬɭɪɨɣ 
ɩɪɨɢɫхɨɞящɟɝɨ ɜɫɥɟɞɫɬɜɢɟ ɩɨɥɡɭчɟɫɬɢ 
ɛɟɬɨɧа. 
Пɨɥɡɭчɟɫɬь ɛɟɬɨɧа ɦɨɠɟɬ ɛыɬь ɨɩɪɟɞɟɥɟɧа 
ɤаɤ ɭɜɟɥɢчɟɧɢɟ ɞɟɮɨɪɦацɢɢ ɩɪɢ ɩɨɫɬɨяɧɧɨɣ 
ɧаɝɪɭɡɤɟ. Дɟɮɨɪɦацɢɢ ɩɨɥɡɭчɟɫɬɢ ɦɨɝɭɬ ɜ 
ɧɟɫɤɨɥьɤɨ ɪаɡ ɩɪɟɜɨɫхɨɞɢɬь ɞɟɮɨɪɦацɢɢ ɨɬ 
ɤɪаɬɤɨɜɪɟɦɟɧɧɨɣ ɧаɝɪɭɡɤɢ, ɩɨэɬɨɦɭ 
ɢɡɭчɟɧɢɟ ɢ ɭчɟɬ ɩɨɥɡɭчɟɫɬɢ ɢɦɟɟɬ ɛɨɥьшɨɟ 
ɡɧачɟɧɢɟ ɜ ɫɬɪɨɢɬɟɥьɫɬɜɟ. 
 
 
2. ɉɈɋɌАɇɈȼɄА ɁАȾАЧɂ 

 

Дɟɣɫɬɜɭɸщɢɟ ɧɨɪɦы ɩɪɨɟɤɬɢɪɨɜаɧɢя 
ɩɪаɤɬɢчɟɫɤɢ ɧɟ ɭчɢɬыɜаɸɬ ɮаɤɬɨɪ ɜɪɟɦɟɧɢ ɢ 
ɫɪɨɤ ɫɥɭɠɛы ɜ ɪаɫчɟɬах ɧɟɫɭщɢх 
ɤɨɧɫɬɪɭɤцɢɣ. Оɞɧаɤɨ, ɫ ɬɟчɟɧɢɟɦ ɜɪɟɦɟɧɢ 
ɠɟɥɟɡɨɛɟɬɨɧɧыɟ ɤɨɧɫɬɪɭɤцɢɢ ɢɡɦɟɧяɸɬ ɫɜɨɢ 
ɠɟɫɬɤɨɫɬɧыɟ хаɪаɤɬɟɪɢɫɬɢɤɢ, ɜ чаɫɬɧɨɫɬɢ 
ɫɧɢɠаɸɬɫя ɩɪɨчɧɨɫɬь ɢ ɦɨɞɭɥь ɭɩɪɭɝɨɫɬɢ 
ɛɟɬɨɧа. 
Наɩɪяɠɟɧɢя ɜ аɪɦаɬɭɪɟ ɢ ɛɟɬɨɧɟ ɫɥɟɞɭɟɬ 
ɨɩɪɟɞɟɥяɬь ɩɨ ɪаɫчɟɬɧыɦ ɞɢаɝɪаɦɦаɦ 
ɫɨɫɬɨяɧɢя ɦаɬɟɪɢаɥɨɜ ɢɫхɨɞя ɢɡ ɫɭɦɦаɪɧых 
ɨɬɧɨɫɢɬɟɥьɧых ɞɟɮɨɪɦацɢɣ ɨɬ ɜɫɟх 
ɜɨɡɞɟɣɫɬɜɢɣ, ɜɤɥɸчая ɧачаɥьɧыɟ ɢ 
ɪаɡɜɢɜаɸщɢɟɫя ɜ ɩɪɨцɟɫɫɟ эɤɫɩɥɭаɬацɢɢ 
ɤɨɧɫɬɪɭɤцɢɢ (ɭɫаɞɤа, ɩɨɥɡɭчɟɫɬь, ɧаɛɭхаɧɢɟ, 
ɩɪɟɞɜаɪɢɬɟɥьɧɨɟ ɧаɩɪяɠɟɧɢɟ, 
ɫаɦɨɧаɩɪяɠɟɧɢɟ ɢ ɬ. ɩ.). 
Раɡɜɢɜаɸщɢɣɫя ɜɨ ɜɪɟɦɟɧɢ ɩɪɨцɟɫɫ 
ɪаɡɪɭшɟɧɢя ɫɜяɡыɜаɸɬ ɫ яɜɥɟɧɢɟɦ 
ɩɨɥɡɭчɟɫɬɢ, ɜɫɥɟɞɫɬɜɢɟ чɟɝɨ ɩɪɨɢɫхɨɞɢɬ 
ɧаɤɨɩɥɟɧɢɟ ɩɨɜɪɟɠɞɟɧɢɣ. Кɪɢɜɭɸ 
ɞɥɢɬɟɥьɧɨɣ ɩɪɨчɧɨɫɬɢ ɫɬɪɨяɬ ɜ ɤɨɨɪɞɢɧаɬах 
ɧаɩɪяɠɟɧɢɟ-ɜɪɟɦя ɞɨ ɪаɡɪɭшɟɧɢя ɞɥя 
ɞаɧɧɨɝɨ ɧаɩɪяɠɟɧɢя. В ɞɜɨɣɧых 
ɥɨɝаɪɢɮɦɢчɟɫɤɢх ɤɨɨɪɞɢɧаɬах чаɫɬɨ 
ɩɨɥɭчаɸɬ ɞɜа ɨɬɪɟɡɤа ɩɪяɦых. Пɟɪɜыɣ 
ɭчаɫɬɨɤ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɜяɡɤɨɦɭ ɪаɡɪɭшɟɧɢɸ 
ɩɪɢ ɜыɫɨɤɢх ɭɪɨɜɧях ɧаɝɪɭɡɨɤ, ɜɬɨɪɨɣ 
ɭчаɫɬɨɤ ɫɨɨɬɜɟɬɫɬɜɭɟɬ хɪɭɩɤɨɦɭ 
ɪаɡɪɭшɟɧɢɸ ɜ ɪɟɡɭɥьɬаɬɟ ɧаɤɨɩɥɟɧɢя 
ɦɢɤɪɨɬɪɟщɢɧ ɜ ɦɟɠɡɟɪɟɧɧых ɨɛɪаɡɨɜаɧɢях. 

Нɟɫɭщая ɫɩɨɫɨɛɧɨɫɬь эɤɫɩɥɭаɬɢɪɭɟɦɨɣ 
ɤɨɧɫɬɪɭɤцɢɢ ɦɨɠɟɬ ɛыɬь ɬɨчɧɨ ɭɫɬаɧɨɜɥɟɧа 
ɥɢшь ɩɪɢ ɟɟ ɪаɡɪɭшɟɧɢɢ, чɬɨ ɧɟɩɪɢɟɦɥɟɦɨ ɫ 
ɩɪаɤɬɢчɟɫɤɨɣ ɬɨчɤɢ ɡɪɟɧɢя, а 
ɧɟɪаɡɪɭшаɸщɢɟ ɦɟɬɨɞы ɤɨɧɬɪɨɥя ɞаɸɬ 
ɥɢшь ɤɨɫɜɟɧɧɭɸ ɢɧɮɨɪɦацɢɸ ɨ ɫɨɫɬɨяɧɢɢ 
ɨɛъɟɤɬа. Пɨэɬɨɦɭ ɜаɠɧыɦ ɦɨɦɟɧɬɨɦ 
ɫɬаɧɨɜɢɬɫя ɩɪɨɜɟɞɟɧɢɟ чɢɫɥɟɧɧɨɝɨ 
эɤɫɩɟɪɢɦɟɧɬа ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ 
ɞɟɣɫɬɜɢɬɟɥьɧɨɝɨ ɧаɩɪяɠɟɧɧɨ-
ɞɟɮɨɪɦɢɪɨɜаɧɧɨɝɨ ɫɨɫɬɨяɧɢя. 
 

 

3. Ɋȿɒȿɇɂȿ ɉɊɈȻɅȿɆЫ 

 
Мɟɬɨɞы ɪаɫчёɬа, ɨɫɧɨɜаɧɧыɟ ɧа 
ɤɥаɫɫɢчɟɫɤɢх аɧаɥɢɬɢчɟɫɤɢх ɦɟɬɨɞах, ɧɟ 
ɜɫɟɝɞа ɩɨɡɜɨɥяɸɬ ɩɨɥɧɨɫɬьɸ ɨɛɟɫɩɟчɢɬь 
ɜыɩɨɥɧɟɧɢɟ ɞаɧɧых ɬɪɟɛɨɜаɧɢɣ. В ɫɜяɡɢ ɫ 
эɬɢɦ ɫɨɡɞаɸɬɫя ɦɟɬɨɞы ɪаɫчёɬа ɦаɤɫɢɦаɥьɧɨ 
ɩɪɢɛɥɢɠɟɧɧыɟ ɤ ɪɟаɥьɧыɦ ɭɫɥɨɜɢяɦ. 
Пɨэɬɨɦɭ ɛɨɥьшɨɟ ɡɧачɟɧɢɟ ɩɪɢɨɛɪɟɬаɟɬ 
ɜыɛɨɪ ɦаɬɟɦаɬɢчɟɫɤɢх ɦɨɞɟɥɟɣ аɞɟɤɜаɬɧɨ 
ɨɩɢɫыɜаɸщɢх ɪаɛɨɬɭ ɤɨɧɫɬɪɭɤцɢ ɩɪɢ ɭчɟɬɟ 
ɢɡɦɟɧяɸщɢхɫя ɫɨ ɜɪɟɦɟɧɟɦ ɠɟɫɬɤɨɫɬɧых 
хаɪаɤɬɟɪɢɫɬɢɤ. 
Зɧачɟɧɢɟ ɞɥɢɬɟɥьɧɨɣ ɩɪɨчɧɨɫɬɢ ɛɟɬɨɧа 
ɩɨɥɭчаɸɬ эɤɫɬɪаɩɨɥяцɢɟɣ ɨɩыɬɧых ɞаɧɧых: 
  

ηu = σ u / Rb - 0,04lgt,   (1) 
 

ɝɞɟ ηu ɞɥɢɬɟɥьɧая ɩɪɨчɧɨɫɬь ɛɟɬɨɧа 
 σ u  - ɧаɩɪяɠɟɧɢɟ 
Rb –ɧɨɪɦаɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɛɟɬɨɧа. 
t - ɜɪɟɦя ɜыɞɟɪɠɤɢ ɫɬаɪɨɝɨ ɛɟɬɨɧа ɩɨɞ 
ɞɟɣɫɬɜɢɟɦ ɞɥɢɬɟɥьɧɨɣ ɧаɝɪɭɡɤɢ; 
Дɥɢɬɟɥьɧɨɟ ɫɬɭɩɟɧчаɬɨɟ ɧаɝɪɭɠɟɧɢɟ 
ɩɪɢɜɨɞɢɬ ɤ ɩɨɜышɟɧɢɸ ɞɥɢɬɟɥьɧɨɣ 
ɩɪɨчɧɨɫɬɢ. Пɪɢчɢɧɨɣ эɬɨɝɨ яɜɥяɟɬɫя 
ɩɪɢɫɩɨɫɨɛɥяɟɦɨɫɬь ɦаɬɟɪɢаɥа ɢ ɫɧɢɠɟɧɢɟ 
ɤɨɧцɟɧɬɪацɢɢ (ɪɟɥаɤɫацɢя) ɧаɩɪяɠɟɧɢɣ ɡа 
ɫчɟɬ ɩɨɥɡɭчɟɫɬɢ, ɫɨɡɞаɸɬɫя ɭɫɥɨɜɢя ɞɥя 
ɛɨɥɟɟ ɫɢɧхɪɨɧɧɨɝɨ ɪаɡɪɭшɟɧɢя ɨɬɞɟɥьɧых 
ɨɛъɟɦɨɜ ɦаɬɟɪɢаɥа, ɜɫɥɟɞɫɬɜɢɟ эɬɨɝɨ 
ɪɟɤɨɦɟɧɞɭɟɬɫя ɩɨɫɬɟɩɟɧɧɨɟ ɧаɝɪɭɠɟɧɢɟ 
ɤɨɧɫɬɪɭɤцɢɢ ɜ ɬɟчɟɧɢɟ ɧɟɫɤɨɥьɤɢх ɦɟɫяцɟɜ. 



М.С. Баɪаɛаш  

International Journal for Computational Civil and Structural Engineering 94 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Пɪɨɝɪаɦɦɧыɣ ɤɨɦɩɥɟɤɫ ЛИРА-САПР 
ɩɪɟɞɨɫɬаɜɥяɟɬ ɜɨɡɦɨɠɧɨɫɬь ɩɪɨɜɟɞɟɧɢя 
чɢɫɥɟɧɧых эɤɫɩɟɪɢɦɟɧɬɨɜ ɬаɤɨɝɨ ɪɨɞа. В 
эɬɨɦ ɤɨɦɩɥɟɤɫɟ ɭчɟɬ ɩɨɥɡɭчɟɫɬɢ ɪɟаɥɢɡɨɜаɧ 
ɧа ɨɫɧɨɜɟ ɦɨɞɢɮɢцɢɪɨɜаɧɧɨɣ ɬɟɨɪɢɢ 
ɫɬаɪɟɧɢя [4,5] ɫɨɝɥаɫɧɨ ɤɨɬɨɪɨɣ ɤаɫаɬɟɥьɧыɣ 
(ɬаɧɝɟɧцɢаɥьɧыɣ) ɦɨɞɭɥь ɭɩɪɭɝɨɫɬɢ ɡаɜɢɫɢɬ 
ɨɬ ɧачаɥьɧɨɝɨ ɦɨɞɭɥя ɭɩɪɭɝɨɫɬɢ Ecm, 
ɨɬɧɨɫɢɬɟɥьɧɨɣ ɜɥаɠɧɨɫɬɢ ɫɪɟɞы RH, 
ɜɪɟɦɟɧɢ эɤɫɩɥɭаɬацɢɢ t ɢ ɧаɩɪяɠɟɧɢя ɜ 
ɛɟɬɨɧɟ σ: 
 

.     (2) 
 

Эɬɭ ɡаɜɢɫɢɦɨɫɬь ɦɨɠɧɨ ɜыɪаɡɢɬь ɫ 
ɩɨɦɨщьɸ ɤɨэɮɮɢцɢɟɧɬа ɩɨɥɡɭчɟɫɬɢ φ(t,t0): 
 

                     (3) 

 
Пɨɥɡɭчɟɫɬь ɢ ɭɫаɞɤа ɛɟɬɨɧа ɡаɜɢɫяɬ, ɜ 
ɨɫɧɨɜɧɨɦ, ɨɬ ɨɬɧɨɫɢɬɟɥьɧɨɣ ɜɥаɠɧɨɫɬɢ 
ɨɤɪɭɠаɸщɟɣ ɫɪɟɞы. На ɩɨɥɡɭчɟɫɬь ɢ ɭɫаɞɤɭ 
ɛɟɬɨɧа ɬаɤɠɟ ɨɤаɡыɜаɟɬ ɜɥɢяɧɢɟ 
ɝɟɨɦɟɬɪɢчɟɫɤɢɟ ɪаɡɦɟɪы ɤɨɧɫɬɪɭɤɬɢɜɧɨɝɨ 
эɥɟɦɟɧɬа ɢ ɫɨɫɬаɜ ɛɟɬɨɧа, ɫɬɟɩɟɧь ɡɪɟɥɨɫɬɢ 
ɛɟɬɨɧа (ɧачаɥьɧая ɩɪɨчɧɨɫɬь) ɩɪɢ 
ɩɟɪɜɨɧачаɥьɧɨɦ ɩɪɢɥɨɠɟɧɢɢ ɧаɝɪɭɡɤɢ, а 
ɬаɤɠɟ ɩɪɨɞɨɥɠɢɬɟɥьɧɨɫɬь ɧаɝɪɭɠɟɧɢя ɢ 
ɜɟɥɢчɢɧа ɧаɝɪɭɡɤɢ. 
Кɨэɮɮɢцɢɟɧɬ ɩɨɥɡɭчɟɫɬɢ (t, t0) ɫɜяɡаɧ ɫ 
ɤаɫаɬɟɥьɧыɦ (ɬаɧɝɟɧцɢаɥьɧыɦ) ɦɨɞɭɥɟɦ 
ɭɩɪɭɝɨɫɬɢ Еc, ɤɨɬɨɪыɣ ɦɨɠɟɬ ɛыɬь ɩɪɢɧяɬ 
ɪаɜɧыɦ 1,05Еcm. (Ec = 1.05 Ecm), ɝɞɟ  Ecm  - 
ɦɨɞɭɥь ɞɟɮɨɪɦацɢɢ. 
Еɫɥɢ ɨɫɨɛая ɬɨчɧɨɫɬь ɧɟ ɬɪɟɛɭɟɬɫя, ɬɨ ɜ 
ɤачɟɫɬɜɟ ɩɪɟɞɟɥьɧɨɣ хаɪаɤɬɟɪɢɫɬɢɤɢ 
ɩɨɥɡɭчɟɫɬɢ (∞, t0) ɦɨɠɟɬ ɛыɬь ɩɪɢɧяɬɨ 
ɡɧачɟɧɢɟ ɨɬ 0.95, ɩɪɢ ɭɫɥɨɜɢɢ, чɬɨ ɛɟɬɨɧ ɜ 
ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ, ɫɨɨɬɜɟɬɫɬɜɭɸщɢɣ 
ɩɪɢɥɨɠɟɧɢɸ ɧаɝɪɭɡɤɢ, t = t0, ɧɟ ɩɨɞɜɟɪɝаɟɬɫя 
ɫɠɢɦаɸщɢɦ ɧаɩɪяɠɟɧɢяɦ, ɛɨɥьшɢɦ, чɟɦ 
0,45fck(t0). 
Ƚɞɟ fck — хаɪаɤɬɟɪɢɫɬɢчɟɫɤая 
цɢɥɢɧɞɪɢчɟɫɤая ɩɪɨчɧɨɫɬь ɛɟɬɨɧа ɧа ɫɠаɬɢɟ 
ɜ ɜɨɡɪаɫɬɟ 28 ɫɭɬ. 

Заɜɢɫɢɦɨɫɬь ɤɨэɮɮɢцɢɟɧɬа ɩɨɥɡɭчɟɫɬɢ ɨɬ 
ɜɪɟɦɟɧɢ ɦɨɠɟɬ ɛыɬь ɜыɪаɠɟɧа ɮɨɪɦɭɥɨɣ: 

  (4) 
 

ɝɞɟ φ0 — ɭɫɥɨɜɧыɣ ɧачаɥьɧыɣ ɤɨэɮɮɢцɢɟɧɬ 
ɩɨɥɡɭчɟɫɬɢ ɛɟɬɨɧа, βc(t,t0) – ɤɨэɮɮɢцɢɟɧɬ 
ɭчɟɬа ɩɨɥɡɭчɟɫɬɢ ɜɨ ɜɪɟɦɟɧɢ. 

  (5) 
 

Еɫɥɢ ɪаɫчɟɬɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɛɟɬɨɧа 
ɫɠаɬɢɸ fcm>35 МПа, ɬɨ ɞɥя ɞаɥьɧɟɣшɟɝɨ 
ɪаɫчɟɬа ɧɟɨɛхɨɞɢɦɨ ɜɜɟɫɬɢ ɩɨɩɪаɜɨчɧыɟ 
ɤɨэɮɮɢцɢɟɧɬы, ɤɨɬɨɪыɟ ɜ ɨɫɬаɥьɧых 
ɫɥɭчаях ɪаɜɧы 1: 
 

;   (6) 

;   (7) 

.  (8) 

 
Фаɤɬɨɪ ɜɥɢяɧɢя ɨɬɧɨɫɢɬɟɥьɧɨɣ ɜɥаɠɧɨɫɬɢ 
RH ɧа ɤɨэɮɮɢцɢɟɧɬ ɩɨɥɡɭчɟɫɬɢ: 
 

  (9) 

 
ɝɞɟ h0 - ɭɫɥɨɜɧыɣ ɪаɡɦɟɪ эɥɟɦɟɧɬа, ɜ ɦɦ: 
 

   (10) 

 
ɝɞɟ Ac – ɩɥɨщаɞь ɛɟɬɨɧɧɨɝɨ ɫɟчɟɧɢя, 
 u – чаɫɬь ɩɟɪɢɦɟɬɪа ɫɟчɟɧɢя, ɤɨɬɨɪая 
ɩɨɞɜɟɪɠɟɧа аɬɦɨɫɮɟɪɧɨɦɭ ɜɨɡɞɟɣɫɬɜɢɸ. 
Фаɤɬɨɪ, ɭчɢɬыɜаɸщɢɣ ɩɪɨчɧɨɫɬь ɛɟɬɨɧа: 
 

    (11) 

 
Фаɤɬɨɪ, ɪаɡɪɟшаɸщɢɣ ɜɥɢяɧɢɟ ɭɫɥɨɜɧɨɝɨ 
ɜɨɡɪаɫɬа ɛɟɬɨɧа ɧа ɤɨэɮɮɢцɢɟɧɬ ɩɨɥɡɭчɟɫɬɢ: 
 

   (12) 

 
ɝɞɟ t0 – ɭɫɥɨɜɧыɣ ɜɨɡɪаɫɬ ɛɟɬɨɧа: 
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 (13) 

 
ɝɞɟ T(Δti) – ɩɪɟɜаɥɢɪɭɸщая ɬɟɦɩɟɪаɬɭɪа 
ɩɟɪɢɨɞа, Δti – ɤɨɥɢчɟɫɬɜɨ ɞɧɟɣ ɫ эɬɨɣ 
ɬɟɦɩɟɪаɬɭɪɨɣ. 
Кɨэɮɮɢцɢɟɧɬ ɭчɟɬа ɪаɡɜɢɬɢя ɩɨɥɡɭчɟɫɬɢ ɜɨ 
ɜɪɟɦɟɧɢ: 
 

 (14) 

 
ɝɞɟ βH – ɤɨэɮɮɢцɢɟɧɬ ɜɥɢяɧɢя ɜɥаɠɧɨɫɬɢ ɢ 
ɭɫɥɨɜɧɨɝɨ ɪаɡɦɟɪа эɥɟɦɟɧɬа: 
 

  (15) 
 

Еɫɥɢ ɧаɩɪяɠɟɧɢя ɫɠаɬɢя ɛɟɬɨɧа ɜ ɜɨɡɪаɫɬɟ t0 
ɩɪɟɜышаɟɬ ɡɧачɟɧɢɟ 0,45fck(t0),ɬɨ, ɤаɤ 
ɩɪаɜɢɥɨ, ɫɥɟɞɭɟɬ ɭчɢɬыɜаɬь ɧɟɥɢɧɟɣɧɭɸ 
ɩɨɥɡɭчɟɫɬь. Таɤɨɣ ɜыɫɨɤɢɣ ɭɪɨɜɟɧь 
ɧаɩɪяɠɟɧɢɣ ɦɨɠɟɬ ɩɨяɜɢɬьɫя ɜ ɪɟɡɭɥьɬаɬɟ 
ɩɪɟɞɜаɪɢɬɟɥьɧɨɝɨ ɧаɩɪяɠɟɧɢя, ɧаɩɪɢɦɟɪ, ɜ 
ɫɛɨɪɧых ɩɪɟɞɧаɩɪяɠɟɧɧых эɥɟɦɟɧɬах ɧа 
ɭɪɨɜɧɟ ɧаɩɪяɝаɟɦɨɣ аɪɦаɬɭɪы. В эɬɢх 
ɫɥɭчаях ɧɟɥɢɧɟɣɧыɣ ɭɫɥɨɜɧыɣ ɤɨэɮɮɢцɢɟɧɬ 
ɩɨɥɡɭчɟɫɬɢ ɨɩɪɟɞɟɥяɟɬɫя ɩɨ ɮɨɪɦɭɥɟ  
 

  (16) 

 
Пɪɢ эɬɨɦ nl(, t0)— ɧɟɥɢɧɟɣɧыɣ ɭɫɥɨɜɧыɣ 
ɤɨэɮɮɢцɢɟɧɬ ɩɨɥɡɭчɟɫɬɢ, ɜɜɨɞɢɦыɣ ɜɡаɦɟɧ (, t0); 
k — ɨɬɧɨшɟɧɢɟ «ɧаɩɪяɠɟɧɢɟ — 
ɩɪɨчɧɨɫɬь» ɫ/fck(t0),  
ɝɞɟ c — ɧаɩɪяɠɟɧɢɟ ɫɠаɬɢя, а fck(t0) — 
хаɪаɤɬɟɪɢɫɬɢчɟɫɤая ɩɪɨчɧɨɫɬь ɛɟɬɨɧа ɜ 
ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ, ɫɨɨɬɜɟɬɫɬɜɭɸщɢɣ 
ɧаɝɪɭɠɟɧɢɸ. 
Дɟɮɨɪɦацɢя ɩɨɥɡɭчɟɫɬɢ ɛɟɬɨɧа ɫɫ(, t0) ɜ 
ɜɨɡɪаɫɬɟ t = ∞, ɩɪɢ ɩɨɫɬɨяɧɧɨɦ ɧаɩɪяɠɟɧɢɢ 
ɫɠаɬɢя ɫ, ɩɪɢɥɨɠɟɧɧɨɦ ɜɨ ɜɪɟɦя t = t0, 
ɪаɫɫчɢɬыɜаɟɬɫя ɩɨ ɮɨɪɦɭɥɟ: 
 

  (17) 

 
Ƚɞɟ Ec0 — ɦɨɞɭɥь ɭɩɪɭɝɨɫɬɢ ɞɥя 
ɧɨɪɦаɥьɧɨɝɨ ɛɟɬɨɧа ɩɪɢ ɧаɩɪяɠɟɧɢɢ c = 0 ɜ 
ɜɨɡɪаɫɬɟ 0 ɫɭɬ; 
Оɩɢɫаɧɧая ɦɟɬɨɞɢɤа ɪɟаɥɢɡɨɜаɧа ɜ 
ɩɪɨɝɪаɦɦɧɨɦ ɤɨɦɩɥɟɤɫɟ ЛИРА-САПР. 
Тɟхɧɨɥɨɝɢя ɪаɫчɟɬа ɤɨɧɫɬɪɭɤцɢɣ ɫ ɭчɟɬɨɦ 
ɩɨɥɡɭчɟɫɬɢ ɛɟɬɨɧа ɜыɝɥяɞɢɬ ɫɥɟɞɭɸщɢɦ 
ɨɛɪаɡɨɦ: 
- ɜыɩɨɥɧяɟɬɫя ɪаɫчɟɬ ɜ ɥɢɧɟɣɧɨɣ ɩɨɫɬаɧɨɜɤɟ 
ɧа ɜɫɟ ɜɢɞы ɧаɝɪɭɠɟɧɢɣ (ɫɬаɬɢчɟɫɤɢɟ, 
ɫɢɥɨɜыɟ, ɫɬаɬɢчɟɫɤɢɟ ɞɟɮɨɪɦацɢɨɧɧыɟ, 
ɞɢɧаɦɢчɟɫɤɢɟ); 
- ɨɩɪɟɞɟɥяɸɬɫя ɪаɫчɟɬɧыɟ ɫɨчɟɬаɧɢɣ ɭɫɢɥɢɣ 
ɢɥɢ ɪаɫчɟɬɧыɟ ɫɨчɟɬаɧɢя ɧаɝɪɭɠɟɧɢɣ; 
- ɜыɩɨɥɧяɟɬɫя ɩɨɞɛɨɪ аɪɦаɬɭɪы ɜ ɫɟчɟɧɢях 
ɫɬɟɪɠɧɟɜых ɢɥɢ ɩɥаɫɬɢɧчаɬых эɥɟɦɟɧɬɨɜ; 
- ɩɪɨɢɡɜɨɞɢɬɫя ɭɧɢɮɢɤацɢя аɪɦɢɪɨɜаɧɢя 
эɥɟɦɟɧɬɨɜ; 
- ɩɨ ɪɟɡɭɥьɬаɬаɦ аɪɦɢɪɨɜаɧɢя ɮɨɪɦɢɪɭɸɬɫя 
ɧɨɜыɟ ɠɟɫɬɤɨɫɬɧыɟ хаɪаɤɬɟɪɢɫɬɢɤɢ 
ɤɨɧɫɬɪɭɤɬɢɜɧых эɥɟɦɟɧɬɨɜ ɞɥя 
ɩɨɫɥɟɞɭɸщɟɝɨ ɧɟɥɢɧɟɣɧɨɝɨ ɪаɫчɟɬа; 
- ɡаɞаɸɬɫя ɩаɪаɦɟɬɪы ɩɨɥɡɭчɟɫɬɢ ɛɟɬɨɧа, 
ɭчɢɬыɜаɸщɢɟ ɜɥаɠɧɨɫɬь ɢ ɭɫаɞɤɭ ɛɟɬɨɧа; 
- ɧаɡɧачаɟɬɫя ɧаɝɪɭɠɟɧɢɟ, ɧа ɤɨɬɨɪɨɟ ɛɭɞɟɬ 
ɩɪɨɢɡɜɨɞɢɬьɫя ɪаɫчɟɬ ɫ ɭчɟɬɨɦ ɩɨɥɡɭчɟɫɬɢ 
ɛɟɬɨɧа; 
- ɜыɩɨɥɧяɟɬɫя ɪаɫчɟɬ ɞɥя ɡаɞаɧɧых 
ɩɪɨɦɟɠɭɬɤɨɜ ɜɪɟɦɟɧɢ. На ɤаɠɞɨɦ эɬаɩɟ 
ɪаɫчɟɬа ɞɥя ɤаɠɞɨɝɨ эɥɟɦɟɧɬа ɨɩɪɟɞɟɥяɟɬɫя 
ɧɨɜая ɠɟɫɬɤɨɫɬь, ɤɨɬɨɪая ɡаɜɢɫɢɬ ɨɬ 
ɧаɩɪяɠɟɧɢя ɛɟɬɨɧа ɜ эɬɨɦ эɥɟɦɟɧɬɟ ɢ 
ɡаɞаɧɧых ɩаɪаɦɟɬɪɨɜ ɩɨɥɡɭчɟɫɬɢ. Нɨɜыɟ 
ɩɟɪɟɦɟɧɧыɟ ɠɟɫɬɤɨɫɬɢ ɩɨɥɭчаɸɬɫя ɜ ɬɨчɤах 
ɢɧɬɟɝɪɢɪɨɜаɧɢя ɤаɤ ɩɨ ɫɟчɟɧɢɸ, ɬаɤ ɢ ɩɨ 
ɤɨɧɟчɧɨɦɭ эɥɟɦɟɧɬɭ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ɡаɞаɧɧɨɣ ɞɢаɝɪаɦɦɨɣ ɞɟɮɨɪɦɢɪɨɜаɧɢя. На 
ɤаɠɞɨɦ эɬаɩɟ ɨɩɪɟɞɟɥяɸɬɫя ɭɫɢɥɢя, 
ɩɟɪɟɦɟщɟɧɢя ɢ ɧɨɜыɟ ɠɟɫɬɤɨɫɬɢ ɩɨ 
ɤаɫаɬɟɥьɧɨɦɭ ɦɨɞɭɥɸ ɞɟɮɨɪɦацɢɢ ɞɥя 
ɡаɞаɧɧɨɝɨ ɩɪɨɦɟɠɭɬɤа ɜɪɟɦɟɧɢ. 
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а)       ɛ) 

Рɢсɭɧɨɤ 1. Расчɟɬɧая схɟɦа (а) ɢ ɤɨɦɩьɸɬɟɪɧая ɦɨɞɟɥь (ɛ) ɦɧɨɝɨɷɬаɠɧɨɣ ɪаɦы. 
 

 

ɉɊɂɆȿɊ 1.  

ȾȼɍɏɉɊɈɅȿɌɇАə  

ɆɇɈȽɈЭɌАɀɇАə ɊАɆА 

 

Пɪɢɜɟɞɟɦ ɩɪɢɦɟɪы чɢɫɥɟɧɧɨɝɨ 
эɤɫɩɟɪɢɦɟɧɬа ɩɨ ɦɨɞɟɥɢɪɨɜаɧɢɸ ɢɡɦɟɧɟɧɢя 
ɧаɩɪяɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜаɧɧɨɝɨ ɫɨɫɬɨяɧɢя ɜɨ 
ɜɪɟɦɟɧɢ ɞɥя ɦɧɨɝɨэɬаɠɧɨɣ ɪаɦы ɢ ɩɨɥɨɝɨɣ 
ɠɟɥɟɡɨɛɟɬɨɧɧɨɣ ɨɛɨɥɨчɤɢ. 
На ɪɢɫɭɧɤɟ 1 ɩɪɢɜɟɞɟɧа ɪаɫчɟɬɧая ɫхɟɦа ɢ 
ɤɨɦɩьɸɬɟɪɧая ɦɨɞɟɥь ɠɟɥɟɡɨɛɟɬɨɧɧɨɣ 
ɦɧɨɝɨэɬаɠɧɨɣ ɞɜɭхɩɪɨɥɟɬɧɨɣ ɪаɦы. 
Уɫɥɨɜɧɨ ɪаɦɭ ɦɨɠɧɨ ɪаɫɫɦаɬɪɢɜаɬь ɤаɤ 

ɮɪаɝɦɟɧɬ ɩɪɨɫɬɪаɧɫɬɜɟɧɧɨɝɨ 
ɠɟɥɟɡɨɛɟɬɨɧɧɨɝɨ ɦɨɧɨɥɢɬɧɨɝɨ ɤаɪɤаɫа 
ɡɞаɧɢя. Рɢɝɟɥɢ ɩɪɟɞɫɬаɜɥяɸɬ ɫɨɛɨɣ 
ɜыɪɟɡаɧɧыɟ ɩɨɥɨɫы ɩɟɪɟɤɪыɬɢɣ шɢɪɢɧɨɣ 6 
ɦ ɢ ɬɨɥщɢɧɨɣ 0,2 ɦ. Кɨɥɨɧɧы ɢɦɟɸɬ 
ɩɪяɦɨɭɝɨɥьɧɨɟ ɫɟчɟɧɢɟ - 40х60ɫɦ. 
Дɥɢɬɟɥьɧая ɧаɝɪɭɡɤа ɧа ɪɢɝɟɥь ɫɨɫɬаɜɥяɟɬ 
180ɤН/ɩ.ɦ. Бɟɬɨɧ ɦаɪɤɢ В40, ɨɬɧɨɫɢɬɟɥьɧая 
ɜɥаɠɧɨɫɬь ɫɨɫɬаɜɥяɟɬ 80%. 
В ɬаɛɥɢцɟ 1 ɩɪɟɞɫɬаɜɥɟɧы ɭɫɢɥɢя ɢ ɩɟɪɟɦɟ-
щɟɧɢя эɥɟɦɟɧɬɨɜ ɦɧɨɝɨэɬаɠɧɨɣ ɪаɦы ɩɪɢ 
ɭɩɪɭɝɨɦ ɢ ɮɢɡɢчɟɫɤɢ ɧɟɥɢɧɟɣɧɨɦ ɪаɫчɟɬах ɫ 
ɭчɟɬɨɦ ɩɨɥɡɭчɟɫɬɢ. Аɧаɥɢɡ ɪɟɡɭɥьɬаɬа, ɩɪɢ-
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ɜɟɞɟɧɧɨɝɨ ɜ ɬаɛɥɢцɟ 1, ɫɜɢɞɟɬɟɥьɫɬɜɭɟɬ ɨ ɧɟ-
ɤɨɬɨɪɨɦ ɩɟɪɟɪаɫɩɪɟɞɟɥɟɧɢɢ ɭɫɢɥɢɣ ɢ ɡɧачɢ-
ɬɟɥьɧɨɦ ɭɜɟɥɢчɟɧɢɢ ɞɟɮɨɪɦацɢɣ ɩɪɢ ɭчɟɬɟ 
ɩɨɥɡɭчɟɫɬɢ, ɩɨ ɫɪаɜɧɟɧɢɸ ɫ ɭɩɪɭɝɢɦ ɪаɫчɟ-
ɬɨɦ. Таɤ ɧɨɪɦаɥьɧая ɫɢɥа ɜ ɫɪɟɞɧɟɣ ɧаɢɛɨ-
ɥɟɟ ɧаɝɪɭɠɟɧɧɨɣ ɤɨɥɨɧɧɟ -1024,83 ɤН ɫ   ɬɟ-
чɟɧɢɟɦ   ɜɪɟɦɟɧɢ    ɭɦɟɧьшаɟɬɫя     ɞɨ    -
970,44 ɤН, ɩɟɪɟɪаɫɩɪɟɞɟɥяяɫь ɧа ɦɟɧɟɟ ɧа-

ɝɪɭɠɟɧɧыɟ ɤɪаɣɧɢɟ ɤɨɥɨɧɧы. Оɩɨɪɧыɣ ɦɨ-
ɦɟɧɬ ɜ ɪɢɝɟɥɟ (ɫɟчɟɧɢɟ ȼ) -24,84 ɤН ɬаɤɠɟ 
ɭɦɟɧьшаɟɬɫя ɞɨ -20.76 ɤН, ɩɟɪɟɪаɫɩɪɟɞɟɥя-
яɫь ɧа ɩɪɨɥɟɬɧɨɟ ɫɟчɟɧɢɟ ɋ. В ɪяɞɟ ɫɥɭчаɟɜ 
ɡɧачɢɬɟɥьɧɨɟ ɭɜɟɥɢчɟɧɢɟ ɩɟɪɟɦɟщɟɧɢɣ, ɦɨ-
ɠɟɬ ɨɤаɡаɬьɫя ɪɟшаɸщɢɦ ɮаɤɬɨɪɨɦ ɜ ɨɛɟɫ-
ɩɟчɟɧɢɢ ɠɢɜɭчɟɫɬɢ ɤɨɧɫɬɪɭɤцɢɣ. 
 

 
 Таɛɥɢɰа 1 

Нɟɥɢɧɟɣɧыɣ ɪаɫчɟɬ ɫ ɩɨɥɡɭчɟɫɬьɸ 
 Уɩɪɭɝɢɣ 

ɪаɫчɟɬ 28 ɫɭɬɨɤ 365ɫɭɬɨɤ 1100 ɫɭɬɨɤ 1500 ɫɭɬɨɤ 
Нɨɪɦаɥьɧая ɫɢɥа N ɜ 
ɫɪɟɞɧɟɣ ɤɨɥɨɧɧɟ I эɬаɠа -679,43 -1024,83 -988,96 -973,65 -970,44 

Нɨɪɦаɥьɧая ɫɢɥа N ɜ 
ɤɪаɣɧɟɣ ɤɨɥɨɧɧɟ I эɬаɠа -458,66 -669,55 -686,87 -694,27 -695,82 

Мɨɦɟɧɬ M ɜ ɪɢɝɟɥɟ (ɨɩɨɪ-
ɧɨɟ ɫɟчɟɧɢɟ,В), ɤН 

-24,57 -24,84 -26,17 -29,28 -20.76 

Мɨɦɟɧɬ M ɜ ɪɢɝɟɥɟ (ɩɪɨ-
ɥɟɬɧɨɟ ɫɟчɟɧɢɟ,С), ɤН 

21 22,92 24,03 24,50 24,59 

Пɟɪɟɦɟщɟɧɢɟ ɜɟɪха ɫɪɟɞ-
ɧɟɣ ɤɨɥɨɧɧы (z),ɦɦ 

-19,69 -51,94 -63,21 -67,99 -68,99 

      
ɉɊɂɆȿɊ 2.  

ɉɈɅɈȽАə ɀȿɅȿɁɈȻȿɌɈɇɇАə АɊɄА 

 

На ɪɢɫɭɧɤɟ 2 ɩɪɟɞɫɬаɜɥɟɧа ɪаɫчɟɬɧая ɫхɟɦа  ɢ 
ɤɨɦɩьɸɬɟɪɧая ɦɨɞɟɥь ɩɨɥɨɝɨɣ аɪɤɢ. Пɪɨɥɟɬ 
аɪɤɢ ɫɨɫɬаɜɥяɟɬ 20 ɦ, ɫɬɪɟɥа ɩɨɞъɟɦа 
ɩɪɢɧɢɦаɟɬɫя 0.5 ɦ, ɩɨɩɟɪɟчɧɨɟ ɫɟчɟɧɢɟ 
600х20 ɫɦ. Аɪɤа ɡаɝɪɭɠɟɧа, ɤɪɨɦɟ  
ɫɨɛɫɬɜɟɧɧɨɝɨ ɜɟɫа, ɪаɜɧɨɦɟɪɧɨ 
ɪаɫɩɪɟɞɟɥɟɧɧɨɣ ɧаɝɪɭɡɤɨɣ q=8ɬ/ɦ. Бɟɬɨɧ 
ɩɪɢɧɢɦаɟɬɫя ɦаɪɤɢ В40, ɨɬɧɨɫɢɬɟɥьɧая 
ɜɥаɠɧɨɫɬь 50%. В ɬаɛɥɢцɟ 2 ɩɪɢɜɟɞɟɧы 
ɪɟɡɭɥьɬаɬы ɪаɫчɟɬɨɜ ɜ ɭɩɪɭɝɨɣ ɩɨɫɬаɧɨɜɤɟ ɢ ɜ 
ɧɟɥɢɧɟɣɧɨɣ ɩɨɫɬаɧɨɜɤɟ ɫ ɭчɟɬɨɦ ɩɨɥɡɭчɟɫɬɢ 
ɛɟɬɨɧа ɩɪɢ аɪɦɢɪɨɜаɧɢɢ ɧɢɠɧɟɝɨ ɫɥɨя 
Fa=50ɫɦ2 ɢ ɜɟɪхɧɟɝɨ ɫɥɨя Fa=30ɫɦ2. Пɪɢ 
ɦɨɞɟɥɢɪɨɜаɧɢɢ ɩɨɥɨɝɨɣ аɪɤɢ ɧɟɨɛхɨɞɢɦɨ 
ɨɞɧɨɜɪɟɦɟɧɧɨ ɭчɢɬыɜаɬь ɢ ɮɢɡɢчɟɫɤɭɸ, ɢ 
ɝɟɨɦɟɬɪɢчɟɫɤɭɸ ɧɟɥɢɧɟɣɧɨɫɬь, ɜ ɫɜяɡɢ ɫ ɬɟɦ, 
чɬɨ ɨɞɧɨɜɪɟɦɟɧɧɨ ɧɟɨɛхɨɞɢɦɨ ɭчɟɫɬь 
ɫɨɜɦɟɫɬɧɭɸ ɪаɛɨɬɭ ɛɟɬɨɧа ɢ аɪɦаɬɭɪы ɢ 
ɢɡɦɟɧɟɧɢɟ ɮɨɪɦы аɪɤɢ ɩɪɢ ɞɟɣɫɬɜɢɢ 
ɩɨɫɬɨяɧɧɨ ɞɟɣɫɬɜɭɸщɟɣ ɪаɜɧɨɦɟɪɧɨ-

ɪаɫɩɪɟɞɟɥɟɧɧɨɣ ɧаɝɪɭɡɤɢ. 
Пɪɢɜɟɞɟɧɧыɣ ɩɪɢɦɟɪ ɩɨɤаɡыɜаɟɬ ɧаɫɤɨɥьɤɨ 
ɜаɠɧɨ ɦɨɞɟɥɢɪɨɜаɬь ɪаɛɨɬɭ ɤɨɧɫɬɪɭɤцɢɣ ɜ 
эɤɫɩɥɭаɬацɢɨɧɧыɣ ɩɟɪɢɨɞ. 
Учɟɬ ɩɨɥɡɭчɟɫɬɢ ɦɨɠɟɬ ɨɛɧаɪɭɠɢɬь ɡɧачɢ-
ɬɟɥьɧыɣ ɪɨɫɬ ɩɟɪɟɦɟщɟɧɢɣ ɢ ɭɫɢɥɢɣ. 
Пɪɢɜɟɞɟɧɧыɟ ɜ ɬаɛɥɢцɟ 2. ɪɟɡɭɥьɬаɬы 
ɩɨɤаɡыɜаɸɬ, чɬɨ ɩɟɪɟɦɟщɟɧɢя чɟɪɟɡ 5 ɥɟɬ 
эɤɫɩɥɭаɬацɢɢ ɛɨɥɟɟ чɟɦ ɜ 5 ɪаɡ ɩɪɟɜыɫɢɥɢ 
ɩɟɪɟɦɟщɟɧɢя, ɩɨɥɭчɟɧɧыɟ ɧа ɨɫɧɨɜаɧɢɢ 
ɭɩɪɭɝɨɝɨ ɪаɫчɟɬа. 
Нɨɪɦаɥьɧыɟ ɭɫɢɥɢя ɜ ɨɛɨɥɨчɤɟ ɜ ɫɜяɡɢ ɫ 
ɬɟɦ, чɬɨ ɨɧа ɫɬаɥа ɛɨɥɟɟ ɩɨɥɨɝɨɣ,  
ɭɜɟɥɢчɢɥɢɫь ɜ 1.2 ɪаɡа, а ɢɡɝɢɛаɸщɢɣ 
ɦɨɦɟɧɬ ɜ ɫɟɪɟɞɢɧɟ ɩɪɨɥɟɬа ɜ 6.5 ɪаɡ. 
Дɥя ɩɨɥɨɝɢх ɠɟɥɟɡɨɛɟɬɨɧɧых ɨɛɨɥɨчɟɤ 
ɭɜɟɥɢчɟɧɢɟ ɩɟɪɟɦɟщɟɧɢɣ ɭɦɟɧьшаɟɬ 
ɩɨɥɨɝɨɫɬь ɨɛɨɥɨчɤɢ, чɬɨ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ 
ɡɧачɢɬɟɥьɧɨɦɭ ɪɨɫɬɭ ɭɫɢɥɢɣ. В эɬɨɦ ɫɦыɫɥɟ  
ɦɨɞɟɥɢɪɨɜаɧɢɟ ɪаɛɨɬы ɤɨɧɫɬɪɭɤцɢɣ ɜɨ 
ɜɪɟɦɟɧɢ ɢ ɭчɟɬ ɩɨɥɡɭчɟɫɬɢ ɦɨɠɟɬ ɜыяɜɢɬь 
ɜаɠɧыɟ ɮаɤɬɨɪы, ɜɥɢяɸщɢɟ ɧа ɠɢɜɭчɟɫɬь 
ɤɨɧɫɬɪɭɤцɢɣ. 
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Рɢсɭɧɨɤ 2. Расчɟɬɧая схɟɦа (а) ɢ ɤɨɦɩьɸɬɟɪɧая ɦɨɞɟɥь (ɛ) ɩɨɥɨɝɨɣ аɪɤɢ 

 
Таɛɥɢɰа 2 

Нɟɥɢɧɟɣɧыɣ ɪаɫчɟɬ ɫ ɭчɟɬɨɦ ɩɨɥɡɭчɟɫɬɢ Паɪаɦɟɬɪы  
ɧаɩɪяɠɟɧɧɨ-

ɞɟɮɨɪɦɢɪɨɜаɧɧɨɝɨ ɫɨ-
ɫɬɨяɧɢя 

Уɩɪɭɝɢɣ 
ɪаɫчɟɬ 0 ɫɭɬɨɤ 28 ɫɭɬɨɤ 365 ɫɭ-

ɬɨɤ 
1100 
ɫɭɬɨɤ 

1500 
ɫɭɬɨɤ 

Маɤɫɢɦаɥьɧыɟ  
ɩɟɪɟɦɟщɟɧɢя  
ɩɨ ɨɫɢ х ,ɦɦ 

±0,99 ±1,67 ±1,65 ±1,65 ±1,65 ±1,65 

Маɤɫɢɦаɥьɧыɟ  
ɩɟɪɟɦɟщɟɧɢя 
 ɩɨ ɨɫɢ z  
ɜ ɫɪɟɞɢɧɟ ɩɪɨɥɟɬа,ɦɦ 

-43,5 -193 -205 -222 -230 -232 

Nmax, ɬ -1111,4 -1281,9 -1298,99 -1323,16 -1335,57 -1338,3
Mmax,ɬ*ɦ 14 68 75,5 85,8 91 92,1 
       
ɂɋɉɈɅɖɁɍȿɆЫȿ ɆȿɌɈȾЫ 

 
Дɥя ɫɨɜɪɟɦɟɧɧых ɫɥɨɠɧых ɫɨɨɪɭɠɟɧɢɣ 
(ɦɨɫɬы, ɛɨɥьшɟɩɪɨɥɟɬɧыɟ ɩɨɤɪыɬɢя, ɜыɫɨɬ-
ɧыɟ ɡɞаɧɢя ɢ ɞɪ.), ɤаɤ ɩɪаɜɢɥɨ, ɤɨɧɫɬɪɭɤɬɢɜ-
ɧая ɫхɟɦа ɨɛɭɫɥаɜɥɢɜаɟɬɫя ɧɟ ɬɨɥьɤɨ ɭɩɪɭ-
ɝɢɦ ɪаɫчɟɬɨɦ, ɧɨ ɢ ɩɪɨцɟɫɫɨɦ ɢɡɦɟɧɟɧɢя ɧа-
ɩɪяɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜаɧɧɨɝɨ ɫɨɫɬɨяɧɢя ɜɨ 
ɜɪɟɦɟɧɢ. В ɩɪɨцɟɫɫɟ эɤɫɩɥɭаɬацɢɢ ɤɨɧɫɬɪɭɤ-

ɬɢɜɧая ɫхɟɦа ɫɨɨɪɭɠɟɧɢя ɦɨɠɟɬ ɦɧɨɝɨɤɪаɬ-
ɧɨ ɢɡɦɟɧяɬьɫя, ɭɫɢɥɢя ɢ ɩɟɪɟɦɟщɟɧɢя ɩɟɪɟ-
ɪаɫɩɪɟɞɟɥяɬьɫя, ɡɧачɢɬɟɥьɧɨ ɩɨɜышая ɜɟɪɨ-
яɬɧɨɫɬь ɬɪɟщɢɧɨɨɛɪаɡɨɜаɧɢя.  
Дɥя ɢɡɭчɟɧɢя ɮɢɡɢчɟɫɤɨɣ ɫɢɫɬɟɦы ɦɟɬɨɞаɦɢ 
ɦаɬɟɦаɬɢчɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜаɧɢя ɟɟ ɡаɦɟɧя-
ɸɬ аɛɫɬɪаɤɬɧɨɣ ɫɢɫɬɟɦɨɣ - ɦаɬɟɦаɬɢчɟɫɤɨɣ 
ɦɨɞɟɥьɸ. 



Мɟɬɨɞы ɦɨɞɟɥɢɪɨɜаɧɢя ɢɡɦɟɧɟɧɢя ɧаɩɪяɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜаɧɧɨɝɨ ɫɨɫɬɨяɧɢя ɤɨɧɫɬɪɭɤцɢɣ ɜɨ ɜɪɟɦɟɧɢ 
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Рɟаɥɢɡацɢя ɦаɬɟɦаɬɢчɟɫɤɨɣ ɦɨɞɟɥɢ ɧа ɤɨɦ-
ɩьɸɬɟɪɟ ɞаɟɬ ɜɨɡɦɨɠɧɨɫɬь ɦɧɨɝɨɤɪаɬɧɨ ɢ ɜ 
шɢɪɨɤɨɦ ɞɢаɩаɡɨɧɟ ɢɡɦɟɧяɬь ɜхɨɞɧыɟ ɩаɪа-
ɦɟɬɪы ɢ ɭɫɥɨɜɢя ɮɭɧɤцɢɨɧɢɪɨɜаɧɢя ɫɥɨɠ-
ɧых ɫɢɫɬɟɦ, ɡаɦɟɧяя, ɬаɤɢɦ ɨɛɪаɡɨɦ, эɤɫɩɟ-
ɪɢɦɟɧɬаɥьɧыɟ ɢɫɫɥɟɞɨɜаɧɢя чɢɫɥɟɧɧыɦ эɤɫ-
ɩɟɪɢɦɟɧɬɨɦ. Кɪɨɦɟ ɬɨɝɨ, ɩɪɢ ɪɟшɟɧɢɢ ɪяɞа 
ɫɥɨɠɧых ɤɨɧɫɬɪɭɤɬɨɪɫɤɢх ɡаɞач ɜɨɡɦɨɠɧɨ ɢ 
ɧɟɨɛхɨɞɢɦɨ ɩɪɢɦɟɧɟɧɢɟ ɜаɪɢаɧɬɧɨɝɨ ɩɪɨɟɤ-
ɬɢɪɨɜаɧɢя. 
На ɫɨɜɪɟɦɟɧɧɨɦ эɬаɩɟ ɪаɡɜɢɬɢя ɤɨɦɩьɸɬɟɪ-
ɧɨɣ ɬɟхɧɢɤɢ ɪаɡɪаɛɨɬаɧɨ ɦɧɨɠɟɫɬɜɨ ɩɪɨ-
ɝɪаɦɦɧых ɤɨɦɩɥɟɤɫɨɜ (ЛИРА-САПР, МО-
НОМАХ-САПР, SCAD, STARK, COSMOS, 
ANSYS, NASTRAN ɢ ɞɪ.), ɪɟаɥɢɡɭɸщɢх ɦɟ-
ɬɨɞ ɤɨɧɟчɧых эɥɟɦɟɧɬɨɜ ɢ ɩɨɡɜɨɥяɸщɢх 
ɩɪɨɢɡɜɨɞɢɬь ɪаɫчɟɬы ɫɥɨɠɧых ɫɢɫɬɟɦ.  
Пɪɨɝɪаɦɦɧыɣ ɤɨɦɩɥɟɤɫ ЛИРА-САПР ɩɪɟɞ-
ɧаɡɧачɟɧ ɞɥя ɪаɫчɟɬа ɢ ɩɪɨɟɤɬɢɪɨɜаɧɢя 
ɫɬɪɨɢɬɟɥьɧых ɤɨɧɫɬɪɭɤцɢɣ ɪаɡɥɢчɧɨɝɨ ɧа-
ɡɧачɟɧɢя, ɩɪɨɢɡɜɨɞɢɬ ɪаɫчɟɬы ɝɟɨɦɟɬɪɢчɟ-
ɫɤɢ ɢ ɮɢɡɢчɟɫɤɢ ɧɟɥɢɧɟɣɧых ɫɥɨɠɧых ɫɢɫ-
ɬɟɦ. Учɟɬ ɨɫɨɛɟɧɧɨɫɬɟɣ ɢɡɦɟɧɟɧɢя ɧаɩɪя-
ɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜаɧɧɨɝɨ ɫɨɫɬɨяɧɢя ɠɟɥɟ-
ɡɨɛɟɬɨɧɧых ɤɨɧɫɬɪɭɤцɢɣ ɜыɫɨɬɧых ɡɞаɧɢɣ 
ɜɨ ɜɪɟɦɟɧɢ ɪɟаɥɢɡɨɜаɧ ɜ ɩɪɨɝɪаɦɦɧɨɦ ɤɨɦ-
ɩɥɟɤɫɟ ЛИРА-САПР.. Мɨɞɟɥɢɪɨɜаɧɢɟ ɩɪɨ-
цɟɫɫа ɫɬаɪɟɧɢя ɛɟɬɨɧа, ɩɨ ɫɭɬɢ, яɜɥяɟɬɫя ɧɟ-
ɥɢɧɟɣɧɨɣ ɡаɞачɟɣ, ɨɛɭɫɥɨɜɥɟɧɧɨɣ ɭчɟɬɨɦ 
ɫɜɨɣɫɬɜ ɦаɬɟɪɢаɥа (ɮɢɡɢчɟɫɤая ɧɟɥɢɧɟɣ-
ɧɨɫɬь). Рɟшɟɧɢɟ эɬɨɣ ɡаɞачɢ ɜ ПК ЛИРА 
САПР ɨɫɧɨɜаɧа ɧа ɨɫɧɨɜɧых ɦɟɬɨɞах ɬɟɨɪɢɢ 
ɩɪɨчɧɨɫɬɢ ɛɟɬɨɧа, ɤɨɬɨɪыɟ ɜ ɮɢɡɢчɟɫɤɨɦ 
ɫɦыɫɥɟ ɩɪɟɞɫɬаɜɥяɸɬ ɫɨɛɨɣ ɪɟаɥɢɡацɢɸ ɡа-
ɤɨɧɨɜ ɧɟɥɢɧɟɣɧɨɝɨ ɞɟɮɨɪɦɢɪɨɜаɧɢя ɦаɬɟ-
ɪɢаɥаɦ ɩɨ ɪаɡɥɢчɧыɦ ɬɟɨɪɢяɦ. 
 

 

ȼЫȼɈȾЫ 

 
Мɨɞɟɥɢɪɨɜаɧɢɟ ɭчɟɬа ɪɟɨɥɨɝɢчɟɫɤɢх 
ɫɜɨɣɫɬɜ ɦаɬɟɪɢаɥа ɢɦɟɟɬ ɛɨɥьшɨɟ ɡɧачɟɧɢɟ 
ɞɥя ɤɨɧɫɬɪɭɤцɢɣ ɫɬɪɨɢɬɟɥьɧых ɨɛъɟɤɬɨɜ ɢɡ 
ɦɨɧɨɥɢɬɧɨɝɨ ɠɟɥɟɡɨɛɟɬɨɧа, ɬаɤ ɤаɤ ɜ эɬɨɦ 
ɫɥɭчаɟ ɧɟɨɛхɨɞɢɦɨ ɭчɢɬыɜаɬь ɬаɤɢɟ эɮɮɟɤ-
ɬы: 

 ɩɪɢ ɞɥɢɬɟɥьɧɨɦ ɞɟɣɫɬɜɢɢ ɧаɝɪɭɡɤɢ ɩɪɨ-
ɢɫхɨɞɢɬ ɩɟɪɟɪаɫɩɪɟɞɟɥɟɧɢɟ ɭɫɢɥɢɣ ɦɟ-
ɠɞɭ ɫɢɥьɧɨ ɧаɝɪɭɠɟɧɧыɦɢ эɥɟɦɟɧɬаɦɢ 
(ɭɫɢɥɢя ɜ ɧɢх ɭɦɟɧьшаɸɬɫя) ɢ ɦɟɧɟɟ ɧа-
ɝɪɭɠɟɧɧыɦɢ (ɭɫɢɥɢя ɜ ɧɢх ɭɜɟɥɢчɢɜа-
ɸɬɫя);  ɩɨɥɡɭчɟɫɬь ɛɟɬɨɧа ɨɛɭɫɥаɜɥɢɜаɟɬ ɪɨɫɬ 
ɩɟɪɟɦɟщɟɧɢɣ, чɬɨ, ɩɨɦɢɦɨ ɭɜɟɥɢчɟɧɢя 
ɞɟɮɨɪɦаɬɢɜɧɨɫɬɢ, ɦɨɠɟɬ ɜыɡɜаɬь ɭɜɟɥɢ-
чɟɧɢɟ ɭɫɢɥɢɣ (ɫɥɭчаɣ ɩɨɥɨɝɨɣ ɨɛɨɥɨчɤɢ)  ɜ ɠɟɥɟɡɨɛɟɬɨɧɧɨɦ эɥɟɦɟɧɬɟ ɩɪɢ ɞɥɢ-
ɬɟɥьɧɨɦ ɞɟɣɫɬɜɢɢ ɧаɝɪɭɡɤɢ ɜ ɪɟɡɭɥьɬаɬɟ 
ɩɨɥɡɭчɟɫɬɢ ɛɟɬɨɧа ɩɪɨɢɫхɨɞɢɬ ɩɟɪɟɪаɫ-
ɩɪɟɞɟɥɟɧɢɟ ɭɫɢɥɢɣ ɦɟɠɞɭ ɛɟɬɨɧа ɢ аɪ-
ɦаɬɭɪɨɣ;  ɜ цɟɧɬɪаɥьɧɨ-ɫɠаɬых ɠɟɥɟɡɨɛɟɬɨɧɧых 
ɤɨɥɨɧɧах ɭɫаɞɤа ɢ ɩɨɥɡɭчɟɫɬь ɞɟɣɫɬɜɭɸɬ 
ɜ ɨɞɧɨɦ ɧаɩɪаɜɥɟɧɢɢ, ɭɦɟɧьшая ɧаɩɪя-
ɠɟɧɢя ɜ ɛɟɬɨɧɟ ɢ ɭɜɟɥɢчɢɜая ɢх ɜ ɩɪɨ-
ɞɨɥьɧɨɣ аɪɦаɬɭɪɟ, ɬаɤ ɤаɤ ɛɟɬɨɧ, ɞɟɮɨɪ-
ɦɢɪɭяɫь, ɪаɡɝɪɭɠаɟɬɫя. Оɞɧаɤɨ ɩɪɢ ɭɜɟ-
ɥɢчɟɧɢɢ ɧаɝɪɭɡɤɢ ɧа ɤɨɥɨɧɧɭ ɞɟɮɨɪɦа-
цɢɢ аɪɦаɬɭɪы ɜɨɡɪаɫɬаɸɬ, ɜ ɬɨ ɜɪɟɦя ɤаɤ 
ɜ ɛɟɬɨɧɟ ɩɪɟɞɟɥьɧыɟ ɞɟɮɨɪɦацɢɢ ɨɝɪа-
ɧɢчɢɜаɸɬɫя ɫɪаɜɧɢɬɟɥьɧɨ ɧɟɛɨɥьшɢɦɢ 
ɡɧачɟɧɢяɦɢ. Эɬɨ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪаɬɧɨɦɭ 
ɩɟɪɟɪаɫɩɪɟɞɟɥɟɧɢɸ ɭɫɢɥɢɣ – ɧаɝɪɭɠɟ-
ɧɢɸ ɛɟɬɨɧа ɢ ɧаɝɪɭɡɤɟ аɪɦаɬɭɪы. Пɨɥɡɭ-
чɟɫɬь ɛɟɬɨɧа, ɜыɡыɜая ɭɜɟɥɢчɟɧɢɟ ɧа-
ɩɪяɠɟɧɢɣ ɜ аɪɦаɬɭɪɟ ɤɨɥɨɧɧ ɩɪɢ эɤɫ-
ɩɥɭаɬацɢɨɧɧɨɣ ɧаɝɪɭɡɤɟ, ɧɟ ɭɦɟɧьшаɟɬ 
ɤɨɧɟчɧɨɣ ɧɟɫɭщɟɣ ɫɩɨɫɨɛɧɨɫɬɢ эɥɟɦɟɧ-
ɬа.  ɧɟɪаɜɧɨɦɟɪɧая ɨɫаɞɤа ɜɟɪɬɢɤаɥьɧых 
эɥɟɦɟɧɬɨɜ (ɤɨɥɨɧɧы ɢ ɩɢɥɨɧы ɢɦɟɸɬ 
ɛɨɥьшɢɟ ɞɟɮɨɪɦацɢɢ, чɟɦ ɫɬɟɧы ɢ ɞɢа-
ɮɪаɝɦы);  ɤɨɧɫɬɪɭɤцɢɢ, ɤаɤ ɩɪаɜɢɥɨ, ɜɤɥɸчаɸɬɫя ɜ 
ɪаɛɨɬɭ ɞɨ ɧаɛɨɪа ɛɟɬɨɧɨɦ ɪаɫчɟɬɧɨɣ 
ɩɪɨчɧɨɫɬɢ (ɤаɤ ɩɪаɜɢɥɨ, ɪаɫɩаɥɭɛɤа 
ɩɪɨɢɡɜɨɞɢɬɫя ɡɧачɢɬɟɥьɧɨ ɪаɧьшɟ, чɟɦ 
ɛɟɬɨɧ ɧаɛɟɪɟɬ ɪаɫчɟɬɧɭɸ 28-ɞɧɟɜɧɭɸ 
ɩɪɨчɧɨɫɬь); 

ɢ ɦɧɨɝɢɟ ɞɪɭɝɢɟ эɮɮɟɤɬы. 
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1. ȼȼȿȾȿɇɂȿ 

 
На ɫɨɜɪɟɦɟɧɧɨɦ эɬаɩɟ ɜ ɫɬɪɨɢɬɟɥьɧɨɦ ɩɪɨ-
ɟɤɬɢɪɨɜаɧɢɢ ɩɪɨɢɫхɨɞɢɬ ɩɟɪɟхɨɞ ɨɬ ɨɫɧɨɜɨ-
ɩɨɥаɝаɸщɟɝɨ ɤɪɢɬɟɪɢя ɧɟɫɭщɟɣ ɫɩɨɫɨɛɧɨ-
ɫɬɢ ɤɨɧɫɬɪɭɤцɢɣ ɤ ɤɪɢɬɟɪɢɸ ɛɟɡɨɩаɫɧɨɫɬɢ 
ɫɬɪɨɢɬɟɥьɧых ɨɛъɟɤɬɨɜ ɞɥя ɥɸɞɟɣ ɢ ɨɤɪɭ-
ɠаɸщɟɣ ɫɪɟɞы ɧа ɩɪɨɬяɠɟɧɢɢ ɜɫɟɝɨ ɠɢɡ-
ɧɟɧɧɨɝɨ цɢɤɥа ɫɬɪɨɢɬɟɥьɧɨɝɨ ɨɛъɟɤɬа. 
Оɛɟɫɩɟчɟɧɢɟ ɛɟɡаɜаɪɢɣɧɨɣ эɤɫɩɥɭаɬацɢɢ 
ɫɭщɟɫɬɜɭɸщɢх ɡɞаɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ ɩɪɟɞ-
ɩɨɥаɝаɟɬ ɭɦɟɧɢɟ ɩɪɨɝɧɨɡɢɪɨɜаɬь ɢх ɩɨɜɟɞɟ-
ɧɢɟ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɭɫɥɨɜɢɣ эɤɫɩɥɭаɬацɢɢ ɢ 
ɜ аɜаɪɢɣɧых ɫɢɬɭацɢях ɩɪɢ чаɫɬɢчɧɨɣ ɩɨɬɟ-
ɪɟ ɧɟɫɭщɟɣ ɫɩɨɫɨɛɧɨɫɬɢ, а ɞɥя эɬɨɝɨ ɬɪɟɛɭ-

ɸɬɫя ɜыɫɨɤɨɩɪɨɢɡɜɨɞɢɬɟɥьɧыɟ ɩɪɨɝɪаɦɦ-
ɧыɟ ɤɨɦɩɥɟɤɫы. 
Каɠɞɨɟ ɡɞаɧɢɟ, ɫɨɨɪɭɠɟɧɢɟ ɢɥɢ ɨɬɞɟɥьɧая 
ɤɨɧɫɬɪɭɤцɢя ɢɦɟɟɬ ɨɩɪɟɞɟɥɟɧɧɨɟ ɧаɡɧачɟ-
ɧɢɟ, эɤɫɩɥɭаɬɢɪɭɟɬɫя ɜ ɨɩɪɟɞɟɥɟɧɧых ɭɫɥɨ-
ɜɢях ɢ ɨɛяɡаɬɟɥьɧɨ ɞɨɥɠɧɨ ɭɞɨɜɥɟɬɜɨɪяɬь 
ɬɪɟɛɨɜаɧɢяɦ ɛɟɡɨɩаɫɧɨɫɬɢ.  Тɪɟɛɨɜаɧɢя 
ɛɟɡɨɩаɫɧɨɫɬɢ ɜɤɥɸчаɸɬ ɜ ɫɟɛя. ɬɪɟɛɨɜаɧɢя 
ɩɪɟɞɨɬɜɪащɟɧɢя аɜаɪɢɣ ɢ ɨɛɪɭшɟɧɢɣ ɫɬɪɨɢ-
ɬɟɥьɧɨɝɨ ɨɛъɟɤɬа ɜ цɟɥɨɦ ɢɥɢ ɫɨɫɬаɜɥяɸщɢх 
ɟɝɨ чаɫɬɟɣ, ɤɨɬɨɪыɟ ɦɨɝɭɬ ɩɪɟɞɫɬаɜɥяɬь 
ɨɩаɫɧɨɫɬь ɞɥя ɡɞɨɪɨɜья ɢ ɠɢɡɧɢ ɥɸɞɟɣ, ɥɢɛɨ 
ɧаɧɟɫɬɢ ɭщɟɪɛ ɨɤɪɭɠаɸщɟɣ ɫɪɟɞɟ ɢɥɢ ɩɨ-
ɫɥɭɠɢɬь ɩɪɢчɢɧɨɣ ɞɪɭɝɢх аɜаɪɢɣɧых ɫɢɬɭа-
цɢɣ. 
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2. ɉɈɋɌАɇɈȼɄА ɁАȾАЧɂ 

 

Пɪɢ эɤɫɩɥɭаɬацɢɢ ɜыɫɨɬɧых ɡɞаɧɢɣ, ɤаɤ 
ɨɛъɟɤɬɨɜ ɫ ɩɨɜышɟɧɧыɦɢ ɬɪɟɛɨɜаɧɢяɦɢ ɤ 
ɛɟɡɨɩаɫɧɨɫɬɢ, ɧаɞɟɠɧɨɫɬɢ ɢ ɫɨцɢаɥьɧɨɣ 
ɡɧачɢɦɨɫɬɢ, ɞɨɥɠɧы ɛыɬь чɟɬɤɨ ɩɪɟɞɫɬаɜ-
ɥɟɧы ɬɪɢ ɫɬɪаɬɟɝɢɢ:   ɦɨɧɢɬɨɪɢɧɝ ɬɟхɧɢчɟɫɤɨɝɨ ɫɨɫɬɨяɧɢя 

ɤɨɧɫɬɪɭɤɬɢɜɧых эɥɟɦɟɧɬɨɜ, ɢɧɠɟɧɟɪ-
ɧых ɫɢɫɬɟɦ, ɩɨɦɟщɟɧɢɣ ɢ ɩɪɢɥɟɝаɸ-
щɟɣ ɬɟɪɪɢɬɨɪɢɢ;   ɤɨɦɩɥɟɤɫ ɦɟɪɨɩɪɢяɬɢɣ ɩɨ ɩɪɟɞɭɩɪɟɠ-
ɞɟɧɢɸ ɩɪɟɠɞɟɜɪɟɦɟɧɧɨɝɨ ɢɡɧɨɫа ɢ 
ɨɩɟɪаɬɢɜɧɨɝɨ ɭɩɪаɜɥɟɧɢя ɩаɪаɦɟɬɪаɦɢ 
ɫɪɟɞы ɨɛɢɬаɧɢя;   ɫɬɪаɬɟɝɢɢ, ɩɪɟɞɭɫɦаɬɪɢɜаɸщɢɟ ɭɫɬɪа-
ɧɟɧɢɟ (ɥɢɤɜɢɞацɢɸ) ɮɢɡɢчɟɫɤɨɝɨ ɢ ɦɨ-
ɪаɥьɧɨɝɨ ɢɡɧɨɫа.  
Выɫɨɬɧыɟ ɡɞаɧɢя, ɩɪɨɟɤɬɢɪɭɟɦыɟ ɜ ɫɨ-

ɜɪɟɦɟɧɧых ɭɫɥɨɜɢях, ɢɦɟɸɬ ɪяɞ ɩɪɢɧцɢɩɢ-
аɥьɧых ɨɬɥɢчɢɣ, ɨɬ ɡɞаɧɢɣ, ɤɨɬɨɪыɟ ɩɪɨɟɤ-
ɬɢɪɨɜаɥɢɫь ɞɟɫяɬь ɥɟɬ ɧаɡаɞ. Таɤɢɦ ɨɛɪаɡɨɦ, 
ɧɟ ɧаɤɨɩɥɟɧɨ ɞɨɫɬаɬɨчɧɨ ɨɩыɬа эɤɫɩɥɭаɬа-
цɢɢ ɬаɤɢх ɡɞаɧɢɣ. Эɬɨ ɤаɫаɟɬɫя ɛɨɥьшɟɣ ɜы-
ɫɨɬы ɩɪɨɟɤɬɢɪɭɟɦых ɡɞаɧɢɣ, а ɬаɤɠɟ ɩɪɢɧ-
цɢɩɢаɥьɧɨ ɧɨɜых ɤɨɧɫɬɪɭɤɬɢɜɧых ɪɟшɟɧɢɣ 
ɢ ɢɧɠɟɧɟɪɧых ɫɢɫɬɟɦ. Пɨ ɧаɝɪɭɡɤаɦ ɢ ɜɨɡ-
ɞɟɣɫɬɜɢяɦ, ɭчɢɬыɜаɟɦыɦ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜа-
ɧɢɢ, ɧɨɜыɟ ɜыɫɨɬɧыɟ ɡɞаɧɢя ɦɨɠɧɨ ɪаɫ-
ɫɦаɬɪɢɜаɬь ɤаɤ аɧаɥɨɝɢ ɫɭщɟɫɬɜɭɸщɢх. Оɞ-
ɧаɤɨ, ɪɟаɤцɢя ɩɪɨɟɤɬɢɪɭɟɦых ɡɞаɧɢɣ ɧа 
ɫɥɭчаɣɧыɟ аɝɪɟɫɫɢɜɧыɟ ɜɨɡɞɟɣɫɬɜɢя ɫɨ ɫɬɨ-
ɪɨɧы ɨɤɪɭɠаɸщɟɣ ɫɪɟɞы, ɩɨɥьɡɨɜаɬɟɥɟɣ ɢ 
ɞɪ. ɜ ɧаɫɬɨящɟɟ ɜɪɟɦя ɢɡɭчɟɧа ɧɟɞɨɫɬаɬɨчɧɨ 
ɢ, ɫɥɟɞɨɜаɬɟɥьɧɨ, ɬɪɭɞɧɨɩɪɟɞɫɤаɡɭɟɦа.  
Ваɠɧɟɣшɢɦ ɭɫɥɨɜɢɟɦ ɨɛɟɫɩɟчɟɧɢя ɛɟɡɨɩаɫ-
ɧɨɫɬɢ ɩɪɢ эɤɫɩɥɭаɬацɢɢ ɜыɫɨɬɧых ɡɞаɧɢɣ ɢ 
ɫɨхɪаɧɟɧɢя ɩɪɨɟɤɬɧых ɩɨɤаɡаɬɟɥɟɣ ɤачɟɫɬɜа 
ɫɪɟɞы ɨɛɢɬаɧɢя ɜ ɧɢх яɜɥяɟɬɫя ɧаɭчɧɨ ɨɛɨɫ-
ɧɨɜаɧɧɨɟ ɢɫɩɨɥьɡɨɜаɧɢɟ ɫɬɪаɬɟɝɢɢ ɧаɡɧачɟ-
ɧɢя ɭɫɥɨɜɢɣ (ɢɥɢ ɦɨɦɟɧɬɨɜ ɜɪɟɦɟɧɢ) ɩɪɨɜɟ-
ɞɟɧɢя ɩɥаɧɨɜых ɤаɩɢɬаɥьɧых ɪɟɦɨɧɬɨɜ, 
ɨɛɟɫɩɟчɢɜаɸщɢх ɩɨɥɧɨɟ ɜɨɫɫɬаɧɨɜɥɟɧɢɟ 
ɩɟɪɜɨɧачаɥьɧых ɫɜɨɣɫɬɜ ɤɨɧɫɬɪɭɤцɢɣ ɢ ɢɧ-
ɠɟɧɟɪɧɨɝɨ ɨɛɨɪɭɞɨɜаɧɢя. Пɨэɬɨɦɭ ɧа ɫɬа-
ɞɢɢ ɩɪɨɟɤɬɢɪɨɜаɧɢя ɜыɫɨɬɧɨɝɨ ɡɞаɧɢя, ɜы-
ɩɨɥɧɢɜ ɫɢɫɬɟɦɧыɣ аɧаɥɢɡ ɩɪɨɟɤɬɧых ɪɟшɟ-

ɧɢɣ, ɢɫɩɨɥьɡɭɟɦых ɦаɬɟɪɢаɥɨɜ, ɨɛɨɪɭɞɨɜа-
ɧɢя ɢ ɬɟхɧɨɥɨɝɢɣ ɢ, ɨɩɢɪаяɫь ɧа ɫɭщɟɫɬ-
ɜɭɸщɢɣ ɦаɬɟɦаɬɢчɟɫɤɢɣ аɩɩаɪаɬ ɧɟɨɛхɨɞɢ-
ɦɨ ɪаɫɫчɢɬыɜаɬь ɩɟɪɫɩɟɤɬɢɜɧыɟ ɩɥаɧы ɪɟ-
ɦɨɧɬɨɜ, ɤɨɬɨɪыɟ яɜɥяɸɬɫя ɨɫɧɨɜɨɣ ɩɪɨɟɤɬа 
ɬɟхɧɢчɟɫɤɨɣ эɤɫɩɥɭаɬацɢɢ ɜыɫɨɬɧых ɡɞа-
ɧɢɣ.  
Нɟɦаɥɨɜаɠɧыɦ ɭɫɥɨɜɢɟɦ ɞɥя ɧаɞɟɠɧɨɣ ɢ 
ɛɟɡɨɩаɫɧɨɣ ɪаɛɨɬы яɜɥяɟɬɫя ɩɪɨɜɟɞɟɧɢɟ ɦɨ-
ɧɢɬɨɪɢɧɝа ɡɞаɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ ɜ ɩɪɨцɟɫɫɟ 
ɢх ɫɬɪɨɢɬɟɥьɫɬɜа ɢ эɤɫɩɥɭаɬацɢɢ. Оɛщɟɣ 
цɟɥьɸ ɦɨɧɢɬɨɪɢɧɝа ɨɛъɟɤɬɨɜ яɜɥяɟɬɫя ɩɪɨ-
ɜɟɞɟɧɢɟ ɞɨɥɝɨɜɪɟɦɟɧɧɨɝɨ ɤɨɧɬɪɨɥя ɧаɝɪɭ-
ɡɨɤ, ɭɫɢɥɢɣ, ɩɟɪɟɦɟщɟɧɢɣ, ɞɟɮɨɪɦацɢɣ ɤɨɧ-
ɫɬɪɭɤцɢɣ, ɧаɩɪяɠɟɧɢɣ ɜ ɤɨɧɬɪɨɥьɧых ɫɟчɟ-
ɧɢях ɞɥя ɭɫɬаɧɨɜɥɟɧɢя ɫɨɨɬɜɟɬɫɬɜɢя ɮаɤɬɢ-
чɟɫɤɨɝɨ ɧаɩɪяɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜаɧɧɨɝɨ ɫɨ-
ɫɬɨяɧɢя ɤɨɧɫɬɪɭɤцɢɣ ɪаɫчɟɬɧыɦ ɞаɧɧыɦ ɢ 
ɪаɛɨчɟɦɭ ɩɪɨɟɤɬɭ. Кɪɨɦɟ ɬɨɝɨ, ɜ ɪɟɡɭɥьɬаɬɟ 
ɦɨɧɢɬɨɪɢɧɝа ɦɨɝɭɬ ɛыɬь ɨɛɧаɪɭɠɟɧы ɤɪɢ-
ɬɢчɟɫɤɢɟ ɢ ɩɪɟɞаɜаɪɢɣɧыɟ ɫɨɫɬɨяɧɢя ɧа-
ɛɥɸɞаɟɦых ɫɨɨɪɭɠɟɧɢɣ. Пɪɢ ɩɪɨɜɟɞɟɧɢɢ 
ɦɨɧɢɬɨɪɢɧɝа ɪɟшаɸɬɫя ɫɥɟɞɭɸщɢɟ ɨɫɧɨɜ-
ɧыɟ ɡаɞачɢ:  ɜыɛɨɪ ɨɛъɟɤɬɨɜ ɤɨɧɬɪɨɥя, ɨɩɪɟɞɟɥɟɧɢɟ 

ɜ ɧɢх ɨɫɧɨɜɧых ɫɟчɟɧɢɣ ɢ ɧаɡɧачɟɧɢɟ 
ɤɨɧɬɪɨɥьɧых ɬɨчɟɤ ɧа ɨɛъɟɤɬах ɧа-
ɛɥɸɞɟɧɢя;  ɪаɡɪаɛɨɬɤа ɦɟɬɨɞɨɜ ɨɩɪɟɞɟɥɟɧɢя ɤɨɧ-
ɬɪɨɥɢɪɭɟɦых ɩаɪаɦɟɬɪɨɜ, ɜыɛɨɪ ɫɟ-
ɪɢɣɧых ɢɥɢ ɪаɡɪаɛɨɬɤа ɢɧɞɢɜɢɞɭаɥь-
ɧых ɬɟхɧɢчɟɫɤɢх ɫɪɟɞɫɬɜ ɤɨɧɬɪɨɥя, ɢɡ-
ɝɨɬɨɜɥɟɧɢɟ ɢ ɭɫɬаɧɨɜɤа ɢх ɧа ɨɛъɟɤɬɟ;  ɩɪɨɜɟɞɟɧɢɟ ɜɢɡɭаɥьɧых, ɢɧɫɬɪɭɦɟɧ-
ɬаɥьɧых ɧаɛɥɸɞɟɧɢɣ ɢ ɨɩɪɟɞɟɥɟɧɢɟ 
ɮаɤɬɢчɟɫɤɢх ɩɟɪɟɦɟщɟɧɢɣ, ɞɟɮɨɪɦа-
цɢɣ, ɧаɩɪяɠɟɧɢɣ, ɭɫɢɥɢɣ ɜ ɤɨɧɬɪɨɥɢ-
ɪɭɟɦых ɤɨɧɫɬɪɭɤɬɢɜɧых эɥɟɦɟɧɬах;  ɨцɟɧɤа ɬɟхɧɢчɟɫɤɨɝɨ ɫɨɫɬɨяɧɢя ɤɨɧɫɬ-
ɪɭɤцɢɣ ɩɨ ɞаɧɧыɦ ɧаɬɭɪɧых ɧаɛɥɸɞɟ-
ɧɢɣ ɢ ɪɟɡɭɥьɬаɬаɦ ɪаɫчɟɬɨɜ. 
 
 

3. Ɋȿɒȿɇɂȿ ɉɊɈȻɅȿɆЫ 
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ɪаɫɫɦаɬɪɢɜаɬь ɥɢшь ɧаɢɛɨɥɟɟ ɨɩаɫɧыɟ ɪаɫ-
чɟɬɧыɟ ɫхɟɦы ɪаɡɪɭшɟɧɢя [2]. 
Раɫчɟɬ ɩɪɨɫɬɪаɧɫɬɜɟɧɧɨɣ ɦɨɞɟɥɢ ɡɞаɧɢя ɪɟ-
ɤɨɦɟɧɞɭɟɬɫя ɩɪɨɜɨɞɢɬь ɫ ɭчɟɬɨɦ ɮɢɡɢчɟɫɤɨɣ 
ɢ ɝɟɨɦɟɬɪɢчɟɫɤɨɣ ɧɟɥɢɧɟɣɧɨɫɬɢ. Рɟɤɨɦɟɧɞɭ-
ɟɬɫя ɢɫɩɨɥьɡɨɜаɬь ɩɪɨɫɬɪаɧɫɬɜɟɧɧɭɸ ɪаɫчɟɬ-
ɧɭɸ ɦɨɞɟɥь. В ɦɨɞɟɥɢ ɦɨɝɭɬ ɭчɢɬыɜаɬьɫя 
эɥɟɦɟɧɬы, ɤɨɬɨɪыɟ ɩɪɢ ɧɨɪɦаɥьɧых эɤɫɩɥɭа-
ɬацɢɨɧɧых ɭɫɥɨɜɢях яɜɥяɸɬɫя ɧɟɧɟɫɭщɢɦɢ 
(ɧаɩɪɢɦɟɪ, ɧаɜɟɫɧыɟ ɧаɪɭɠɧыɟ ɫɬɟɧɨɜыɟ ɩа-
ɧɟɥɢ, ɠɟɥɟɡɨɛɟɬɨɧɧыɟ ɨɝɪаɠɞɟɧɢя ɛаɥɤɨɧɨɜ 
ɢ ɬ.ɩ.), а ɩɪɢ ɧаɥɢчɢɢ ɥɨɤаɥьɧых ɜɨɡɞɟɣɫɬɜɢɣ 
аɤɬɢɜɧɨ ɭчаɫɬɜɭɸɬ ɜ ɩɟɪɟɪаɫɩɪɟɞɟɥɟɧɢɢ ɭɫɢ-
ɥɢɣ ɜ эɥɟɦɟɧɬах ɤɨɧɫɬɪɭɤɬɢɜɧɨɣ ɫɢɫɬɟɦы. 
Раɫчɟɬɧая ɦɨɞɟɥь ɡɞаɧɢя ɞɨɥɠɧа ɭчɢɬыɜаɬь 
ɜɨɡɦɨɠɧɨɫɬь ɭɞаɥɟɧɢя (ɪаɡɪɭшɟɧɢя) ɨɬɞɟɥь-
ɧых ɜɟɪɬɢɤаɥьɧых ɤɨɧɫɬɪɭɤɬɢɜɧых эɥɟɦɟɧ-
ɬɨɜ. Раɫчɟɬɧая ɦɨɞɟɥь ɡɞаɧɢя ɞɨɥɠɧа ɛыɬь 
ɪаɫɫчɢɬаɧа ɨɬɞɟɥьɧɨ ɫ ɭчɟɬɨɦ ɤаɠɞɨɝɨ (ɨɞɧɨ-
ɝɨ) ɢɡ ɥɨɤаɥьɧых ɪаɡɪɭшɟɧɢɣ. 
Раɫчɟɬ ɡɞаɧɢя ɪɟɤɨɦɟɧɞɭɟɬɫя ɜыɩɨɥɧяɬь ɫ 
ɢɫɩɨɥьɡɨɜаɧɢɟɦ ɩɪɨɝɪаɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫа 
ЛИРА-САПР ɢɦɟɸщɟɝɨ ɜɨɡɦɨɠɧɨɫɬь ɭчɟɬа 
ɮɢɡɢчɟɫɤɨɣ ɢ ɝɟɨɦɟɬɪɢчɟɫɤɨɣ ɧɟɥɢɧɟɣɧɨ-
ɫɬɢ, чɬɨ ɨɛɟɫɩɟчɢɜаɟɬ ɧаɢɛɨɥьшɭɸ ɞɨɫɬɨ-
ɜɟɪɧɨɫɬь ɪɟɡɭɥьɬаɬɨɜ ɪаɫчɟɬа ɢ ɫɧɢɠɟɧɢɟ 
ɞɨɩɨɥɧɢɬɟɥьɧых ɦаɬɟɪɢаɥɨɡаɬɪаɬ [3,4]. 
Рɟɤɨɦɟɧɞɭɟɬɫя ɩɪɨɜɨɞɢɬь ɪаɫчɟɬ ɩɨ ɫɥɟ-
ɞɭɸщɟɣ ɫхɟɦɟ:  ɩɪɨɢɡɜɨɞɢɬɫя ɪаɫчɟɬ ɜɫɟɣ ɫхɟɦы ɜ ɮɢ-

ɡɢчɟɫɤɢ ɧɟɥɢɧɟɣɧɨɣ ɩɨɫɬаɧɨɜɤɟ ɧа ɩɨ-
ɫɬɨяɧɧыɟ ɢ ɜɪɟɦɟɧɧыɟ ɧаɝɪɭɡɤɢ, ɜхɨ-
ɞящɢɟ ɜ ɨɫɨɛɨɟ ɫɨчɟɬаɧɢɟ;  ɩɨɥɭчɟɧɧɨɟ ɧаɩɪяɠɟɧɧɨ ɞɟɮɨɪɦɢɪɭɟ-
ɦɨɟ ɫɨɫɬɨяɧɢɟ яɜɥяɟɬɫя ɫɬаɪɬɨɜыɦ ɞɥя 
ɪаɫчɟɬа ɧа ɧаɝɪɭɡɤɭ ɨɬ ɭɞаɥяɟɦых эɥɟ-
ɦɟɧɬɨɜ;  ɪаɫчɟɬ ɧа ɞɨɩɨɥɧɢɬɟɥьɧɭɸ ɧаɝɪɭɡɤɭ ɨɬ 
ɭɞаɥяɟɦых эɥɟɦɟɧɬɨɜ ɩɪɨɢɡɜɨɞɢɬɫя ɜ 
ɮɢɡɢчɟɫɤɢ ɢ ɝɟɨɦɟɬɪɢчɟɫɤɢ ɧɟɥɢɧɟɣɧɨɣ 
ɩɨɫɬаɧɨɜɤɟ. Наɝɪɭɡɤа ɨɬ ɭɞаɥяɟɦых 
эɥɟɦɟɧɬɨɜ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɭɫɢɥɢяɦ ɜ ɧɢх, 
ɩɨɥɭчɟɧɧыɦ ɧа ɩɟɪɜɨɦ эɬаɩɟ ɪаɫчɟɬа ɢ 
ɭɜɟɥɢчɟɧɧых ɧа ɤɨэɮɮɢцɢɟɧɬ ɞɢɧаɦɢч-
ɧɨɫɬɢ 1.1. Пɪɨɜɟɪɤа ɧа ɩɪɨчɧɨɫɬь ɨɫ-
ɬаɜшɢхɫя эɥɟɦɟɧɬɨɜ ɜыɩɨɥɧяɟɬɫя ɛɟɡ 
ɭчɟɬа ɩɪɨɞɨɥьɧɨɝɨ ɢɡɝɢɛа. 

 В ɧɟɤɨɬɨɪых ɫɥɭчаях цɟɥɟɫɨɨɛɪаɡɧɨ 
ɪаɫɫɦаɬɪɢɜаɬь ɪаɛɨɬɭ ɩɟɪɟɤɪыɬɢɣ ɧаɞ 
ɭɞаɥɟɧɧɨɣ ɤɨɥɨɧɧɨɣ (ɩɢɥɨɧɨɦ, ɫɬɟɧɨɣ) 
ɩɪɢ ɛɨɥьшɢх ɩɪɨɝɢɛах ɤаɤ ɜɢɫячɟɣ ɠɟ-
ɥɟɡɨɛɟɬɨɧɧɨɣ ɨɛɨɥɨчɤɢ ɫ ɭчɟɬɨɦ ɦɟɦ-
ɛɪаɧɧых эɮɮɟɤɬɨɜ ɨɛɭɫɥɨɜɥɟɧɧых ɮɢ-
ɡɢчɟɫɤɨɣ ɢ ɝɟɨɦɟɬɪɢчɟɫɤɨɣ ɧɟɥɢɧɟɣɧɨ-
ɫɬьɸ ɟɟ ɪаɛɨɬы.  Каɠɞɨɟ ɩɟɪɟɤɪыɬɢɟ ɜыɫɨɬɧɨɝɨ ɡɞаɧɢя 
ɞɨɥɠɧɨ ɛыɬь ɪаɫɫчɢɬаɧɨ ɧа ɜɨɫɩɪɢяɬɢɟ 
ɜɟɫа ɭчаɫɬɤа ɩɟɪɟɤɪыɬɢя ɜышɟɥɟɠащɟɝɨ 
эɬаɠа (ɩɨɫɬɨяɧɧая ɢ ɞɥɢɬɟɥьɧая ɧаɝɪɭɡɤɢ 
ɫ ɤɨэɮɮɢцɢɟɧɬɨɦ ɞɢɧаɦɢчɧɨɫɬɢ kf = 1,5) 
ɧа ɩɥɨщаɞɢ 80 ɦ2. 

В ɡɞаɧɢях ɫɥɟɞɭɟɬ ɨɬɞаɜаɬь ɩɪɟɞɩɨчɬɟɧɢɟ ɦɨ-
ɧɨɥɢɬɧыɦ ɢ ɫɛɨɪɧɨ-ɦɨɧɨɥɢɬɧыɦ ɩɟɪɟɤɪыɬɢ-
яɦ, ɤɨɬɨɪыɟ ɞɨɥɠɧы ɛыɬь ɧаɞɟɠɧɨ ɫɨɟɞɢɧɟɧы 
ɫ ɜɟɪɬɢɤаɥьɧыɦɢ ɧɟɫɭщɢɦɢ ɤɨɧɫɬɪɭɤцɢяɦɢ 
ɡɞаɧɢя ɫɬаɥьɧыɦɢ ɫɜяɡяɦɢ. 
Сɨɟɞɢɧɟɧɢя ɫɛɨɪɧых эɥɟɦɟɧɬɨɜ ɫ ɦɨɧɨɥɢɬ-
ɧыɦɢ ɤɨɧɫɬɪɭɤцɢяɦɢ, ɩɪɟɩяɬɫɬɜɭɸщɢɟ ɩɪɨ-
ɝɪɟɫɫɢɪɭɸщɟɦɭ ɨɛɪɭшɟɧɢɸ ɡɞаɧɢɣ, ɞɨɥɠɧы 
ɩɪɨɟɤɬɢɪɨɜаɬьɫя ɧɟ ɪаɜɧɨɩɪɨчɧыɦɢ. Пɪɢ 
эɬɨɦ, эɥɟɦɟɧɬ, ɩɪɟɞɟɥьɧɨɟ ɫɨɫɬɨяɧɢɟ ɤɨɬɨ-
ɪɨɝɨ ɨɛɟɫɩɟчɢɜаɟɬ ɧаɢɛɨɥьшɢɟ ɩɥаɫɬɢчɟ-
ɫɤɢɟ ɞɟɮɨɪɦацɢɢ ɫɨɟɞɢɧɟɧɢя, ɞɨɥɠɟɧ ɛыɬь 
ɧаɢɦɟɧɟɟ ɩɪɨчɧыɦ. 

 
 

4. ɉɊɂɆȿɊ 

 
На ɪɢɫ.1 ɩɪɟɞɫɬаɜɥɟɧа ɦɧɨɝɨɩɪɨɥɟɬɧая 
ɜɨɫьɦɢэɬаɠɧая ɪаɦа, чɟɬɜɟɪɬыɣ ɢ ɜɨɫьɦɨɣ 
эɬаɠ ɪаɦы — ɬɟхɧɢчɟɫɤɢɣ, ɭɫɢɥɟɧɧыɣ ɦɟ-
ɬаɥɥɢчɟɫɤɨɣ ɮɟɪɦɨɣ. Уɫɥɨɜɧɨ ɪаɦɭ ɦɨɠɧɨ 
ɪаɫɫɦаɬɪɢɜаɬь ɤаɤ ɮɪаɝɦɟɧɬ ɩɪɨɫɬɪаɧɫɬɜɟɧ-
ɧɨɝɨ ɤаɪɤаɫа ɡɞаɧɢя. Рɢɝɟɥɢ ɩɪɟɞɫɬаɜɥяɸɬ 
ɫɨɛɨɣ ɜыɪɟɡаɧɧыɟ ɩɨɥɨɫы ɩɟɪɟɤɪыɬɢɣ шɢ-
ɪɢɧɨɣ 6ɦ ɢ ɬɨɥщɢɧɨɣ 0.2ɦ, ɪаɫɤɨɫы ɮɟɪɦы 
ɜыɩɨɥɧɟɧы ɢɡ ɦɟɬаɥɥɢчɟɫɤɨɝɨ ɩɪɨɤаɬɧɨɝɨ 
ɩɪɨɮɢɥя 30Б1. Сɟчɟɧɢɟ ɤɨɥɨɧɧ 0.4х0.6ɦ. 
Кɪɨɦɟ ɫɨɛɫɬɜɟɧɧɨɝɨ ɜɟɫа, ɧа ɪɢɝɟɥь ɩɪɢɥɨ-
ɠɟɧа ɪаɜɧɨɦɟɪɧɨ ɪаɫɩɪɟɞɟɥɟɧɧая ɜɟɪɬɢ-
ɤаɥьɧая ɧаɝɪɭɡɤа  q=20ɬ. Заɤɪɟɩɥɟɧɢɟ ɤɨ-
ɥɨɧɧ ɜ ɮɭɧɞаɦɟɧɬ ɨɛɟɫɩɟчɢɜаɟɬɫя ɡаɤɪɟɩɥɟ-
ɧɢɟɦ ɨɬ ɝɨɪɢɡɨɧɬаɥьɧых ɢ ɜɟɪɬɢɤаɥьɧых ɩɟ-
ɪɟɦɟщɟɧɢɣ, а ɬаɤɠɟ ɭɝɥɨɜ ɩɨɜɨɪɨɬа.  
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Рɢсɭɧɨɤ 1. Расчɟɬɧая схɟɦа (а) ɢ ɤɨɦɩьɸɬɟɪɧая ɦɨɞɟɥь (ɛ) ɦɧɨɝɨɷɬаɠɧɨɣ ɪаɦы. 
 

На ɪɢɫɭɧɤɟ 2 ɩɨɤаɡаɧы эɩɸɪа ɩɪɨɞɨɥьɧых 
ɫɢɥ N ɜ ɩɪɨɟɤɬɧɨɦ ɫɨɫɬɨяɧɢɢ ɪаɦы (1) ɢ ɜ 
ɡаɩɪɨɟɤɬɧɨɦ ɫɨɫɬɨяɧɢɢ ɫ ɭчɟɬɨɦ аɜаɪɢɣɧɨɝɨ 
ɜыхɨɞа ɢɡ ɫɬɪɨя ɤɪаɣɧɟɣ ɤɨɥɨɧɧы, ɪаɫɩɨɥɨ-
ɠɟɧɧɨɣ ɦɟɠɞɭ ɭɡɥаɦɢ 18-21. Аɜаɪɢɣɧыɣ ɜы-
хɨɞ ɢɡ ɫɬɪɨя ɤɪаɣɧɟɣ ɤɨɥɨɧɧы  ɦɨɞɟɥɢɪɨɜаɥ-
ɫя ɜ ɞɜɟ ɫɬаɞɢɢ: ɧа ɩɟɪɜɨɣ ɫɬаɞɢɢ ɪаɫɫчɢɬы-
ɜаɥаɫь ɜɫя ɪаɦа; ɧа ɜɬɨɪɨɣ ɫɬаɞɢɢ ɪаɫчɟɬ ɜы-
ɩɨɥɧяɥɫя ɛɟɡ ɤɪаɣɧɟɣ ɤɨɥɨɧɧы 18-21. На-
ɩɪяɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜаɧɧɨɟ ɫɨɫɬɨяɧɢɟ ɤɨɧ-
ɫɬɪɭɤцɢɢ, ɩɨɥɭчɟɧɧɨɟ ɧа ɩɟɪɜɨɣ ɫɬаɞɢɢ, яɜ-
ɥяɟɬɫя ɫɬаɪɬɨɜыɦ ɞɥя ɜɬɨɪɨɣ ɫɬаɞɢɢ ɪаɫчɟɬа.  
Аɧаɥɢɡɢɪɭя ɪɟɡɭɥьɬаɬы ɪаɫчɟɬɨɜ, ɦɨɠɧɨ 
ɤɨɧɫɬаɬɢɪɨɜаɬь, чɬɨ  ɜ ɡаɩɪɨɟɤɬɧɨɦ ɫɨɫɬɨя-

ɧɢɢ,  ɩɪɢ ɜыхɨɞɟ ɢɡ ɫɬɪɨя ɤɪаɣɧɟɣ ɤɨɥɨɧɧы 
18-21, ɜ ɤɨɥɨɧɧах 16-19, 21-24, 22-25, 24-27  
ɜɨɡɧɢɤаɸɬ  ɭɫɢɥɢя ɪаɫɬяɠɟɧɢя, а ɜ ɤɨɥɨɧɧах 
ɫɪɟɞɧɟɝɨ ɪяɞа ɜɨɡɪаɫɬаɸɬ ɭɫɢɥɢя ɫɠаɬɢя.   
Таɤɢɦ ɨɛɪаɡɨɦ, ɬщаɬɟɥьɧыɣ ɪаɫчɟɬɧыɣ аɧа-
ɥɢɡ ɧɟɫɭщɟɣ ɫɢɫɬɟɦы ɡɞаɧɢя ɩɨɡɜɨɥяɟɬ 
ɜɫɤɪыɬь ɞɨɩɨɥɧɢɬɟɥьɧыɟ ɪɟɡɟɪɜы ɧɟɫɭщɟɣ 
ɫɩɨɫɨɛɧɨɫɬɢ, ɢ ɩɪɢ ɨɩɪɟɞɟɥɟɧɧых ɤɨɧɫɬɪɭɤ-
ɬɢɜɧых ɦɟɪɨɩɪɢяɬɢях, ɬɪɟɛɭɸщɢх ɧɟɤɨɬɨɪɨ-
ɝɨ ɭɜɟɥɢчɟɧɢя ɦаɬɟɪɢаɥɨɟɦɤɨɫɬɢ, ɦɨɠɧɨ 
ɨɛɟɫɩɟчɢɬь ɭɫɬɨɣчɢɜɨɫɬь ɡɞаɧɢя ɤ  «ɩɪɨɝɪɟɫ-
ɫɢɪɭɸщɟɦɭ» ɪаɡɪɭшɟɧɢɸ.  
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Рɢсɭɧɨɤ 2. Эɩɸɪа ɩɪɨɞɨɥьɧых сɢɥ  N, ɬ. 
 

ȼЫȼɈȾЫ 

 
Пɪɢ ɩɪɨɟɤɬɢɪɨɜаɧɢɢ ɤɨɧɫɬɪɭɤцɢɣ ɫ ɭчɟɬɨɦ 
ɫɨɩɪɨɬɢɜɥɟɧɢя ɩɪɨɝɪɟɫɫɢɪɭɸщɟɦɭ ɨɛɪɭшɟ-
ɧɢɸ ɩɪɢɧяɬɢɟ ɩɪɨɞɭɦаɧɧых ɪɟшɟɧɢɣ ɧɟ 
ɞɨɥɠɧɨ ɩɪɢɜɨɞɢɬь ɤ ɡɧачɢɬɟɥьɧɨɦɭ ɭɜɟɥɢ-
чɟɧɢɸ ɦаɬɟɪɢаɥɨɟɦɤɨɫɬɢ. Иɫɫɥɟɞɨɜаɧɢя 
аɦɟɪɢɤаɧɫɤɢх ɭчɟɧых [1,5] ɩɨɤаɡыɜаɸɬ, чɬɨ 
ɬаɤɨɟ ɭɜɟɥɢчɟɧɢɟ ɧɟ ɞɨɥɠɧɨ ɩɪɟɜышаɬь 5%. 
В ɨɫɧɨɜɟ ɬаɤɨɝɨ ɭɬɜɟɪɠɞɟɧɢя ɥɟɠɢɬ ɤɨɧцɟɩ-
цɢя ɨ ɩɪɢɧяɬɢɢ ɬаɤɢх ɤɨɧɫɬɪɭɤɬɢɜɧых ɪɟшɟ-
ɧɢɣ, ɤɨɬɨɪыɟ ɫɨɡɞаɸɬ ɭɫɥɨɜɢя ɞɥя ɩɪɢɫɩɨ-
ɫɨɛɥɟɧɢя ɤɨɧɫɬɪɭɤцɢɣ ɤ ɧɨɜыɦ ɮɨɪɫ-

ɦаɠɨɪɧыɦ ɫɢɬɭацɢяɦ ɢɧɨɝɞа ɞаɠɟ ɡа ɫчɟɬ 
ɩɨɬɟɪɢ ɧɟɤɨɬɨɪых эɤɫɩɥɭаɬацɢɨɧɧых ɤа-
чɟɫɬɜ (ɛɨɥьшɢɟ ɩɟɪɟɦɟщɟɧɢя, ɬɪɟщɢɧы ɢ 
ɞɪ.). 
Таɤая ɤɨɧцɟɩцɢя, ɛɟɡɭɫɥɨɜɧɨ, ɛɨɥɟɟ ɩɥɨɞɨ-
ɬɜɨɪɧа, чɟɦ, ɤ ɫɨɠаɥɟɧɢɸ, ɞɨɫɬаɬɨчɧɨ ɪаɫ-
ɩɪɨɫɬɪаɧɟɧɧыɟ ɩɨɞхɨɞы ɨ ɩɪяɦɨɥɢɧɟɣɧɨɦ 
ɭɜɟɥɢчɟɧɢɢ ɫɟчɟɧɢɣ ɨɫɬаɜшɢхɫя ɧɟɫɭщɢх 
эɥɟɦɟɧɬɨɜ ɞɥя ɜɨɫɩɪɢяɬɢя, ɜɨɡɧɢɤшɢх ɜ ɪɟ-
ɡɭɥьɬаɬɟ ɮɨɪɫ-ɦаɠɨɪɧɨɣ ɫɢɬɭацɢɢ ɭɫɢɥɢɣ. 
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ЭɅȿɆȿɇɌɈȼ АȾАɉɌɂɊɍȿɆЫɏ ɄɈɇȿЧɇɈ-ЭɅȿɆȿɇɌɇЫɏ 

ɆɈȾȿɅȿɃ ɁȾАɇɂɃ ɂ ɋɈɈɊɍɀȿɇɂɃ.  

ɋɈɋɌɈəɇɂȿ ɉɊɈȻɅȿɆЫ ɂ ɉɍɌɂ Ɋȿɒȿɇɂə 
 

А.М. Белостоцкий, П.И. Новиков 

Мɨɫɤɨɜɫɤɢɣ ɝɨɫɭɞаɪɫɬɜɟɧɧыɣ ɫɬɪɨɢɬɟɥьɧыɣ ɭɧɢɜɟɪɫɢɬɟɬ, ɝ. Мɨɫɤɜа, РОССИə 
 

АɇɇɈɌАЦɂə: Сɬаɬья ɩɨɫɜящɟɧа ɨɛɡɨɪɭ ɩɪɨɛɥɟɦы ɢɞɟɧɬɢɮɢɤацɢɢ ɞɢɧаɦɢчɟɫɤɢх хаɪаɤɬɟɪɢɫɬɢɤ ɦаɬɟɦаɬɢчɟ-
ɫɤɢх ɦɨɞɟɥɟɣ ɧа ɨɫɧɨɜɟ ɢɡɦɟɪɟɧɧых ɞɢɧаɦɢчɟɫɤɢх хаɪаɤɬɟɪɢɫɬɢɤ ɪɟаɥьɧых ɫɬɪɨɢɬɟɥьɧых ɨɛъɟɤɬɨɜ.  
Пɨɤаɡаɧɨ, чɬɨ ɩɪɨɛɥɟɦа ɧɟɫɨɨɬɜɟɬɫɬɜɢя ɞɢɧаɦɢчɟɫɤɢх хаɪаɤɬɟɪɢɫɬɢɤ ɧɨɫɢɬ ɫɢɫɬɟɦɧыɣ хаɪаɤɬɟɪ. Аɩɩаɪаɬ ɩɨ-
ɫɬɪɨɟɧɢя ɢ ɜɟɪɢɮɢɤацɢɢ ɦаɬɟɦаɬɢчɟɫɤɢх ɦɨɞɟɥɟɣ эɤɫɩɥɭаɬɢɪɭɟɦых ɡɞаɧɢɣ ɧа ɨɫɧɨɜɟ ɢɫɩɨɥьɡɭɟɦых ɜ ɩɪɨцɟɫɫɟ 
ɩɪɨɟɤɬɢɪɨɜаɧɢя ɦаɬɟɦаɬɢчɟɫɤɢх ɦɨɞɟɥɟɣ ɬɪɟɛɭɟɬ ɞɨɪаɛɨɬɤɢ ɢ ɤɨɪɪɟɤɬɢɪɨɜɤɢ. Дɥя ɞɨɫɬɨɜɟɪɧɨɝɨ аɧаɥɢɡа ɫɨ-
ɫɬɨяɧɢя ɫɬɪɨɢɬɟɥьɧɨɝɨ ɨɛъɟɤɬа ɩɪɟɞɥаɝаɸɬɫя ɩɭɬɢ ɩɪɟɨɞɨɥɟɧɢя ɜыяɜɥɟɧɧых ɧɟɫɨɨɬɜɟɬɫɬɜɢɣ ɫ ɩɨɦɨщьɸ аɞаɩ-
ɬɢɜɧых ɩɪɨцɟɞɭɪ. Пɪɟɞɥɨɠɟɧы ɩɭɬɢ ɪаɡɜɢɬɢя ɦаɬɟɦаɬɢчɟɫɤɢ ɮɨɪɦаɥɢɡɨɜаɧɧых аɞаɩɬɢɜɧых ɩɪɨцɟɞɭɪ, ɨɫɧɨ-
ɜаɧɧых ɧа ɪɟшɟɧɢɢ ɨɛɪаɬɧых ɧɟɤɨɪɪɟɤɬɧɨ ɩɨɫɬаɜɥɟɧɧых ɡаɞач. В ɤачɟɫɬɜɟ ɦɟɬɨɞа ɪɟшɟɧɢя ɜыɫɬɭɩаɟɬ ɦɟɬɨɞ 
ɪɟɝɭɥяɪɢɡацɢɢ А.Н. Тɢхɨɧɨɜа. Оɩɢɫаɧы ɨɫɧɨɜɧыɟ эɬаɩы ɩɨɫɬɪɨɟɧɢя ɪɟшɟɧɢя. Выɞɟɥɟɧы ɩɪɟɢɦɭщɟɫɬɜа ɩɪɢ-
ɦɟɧɟɧɢя ɦаɬɟɦаɬɢчɟɫɤɢ ɮɨɪɦаɥɢɡɨɜаɧɧых ɩɪɨцɟɞɭɪ ɞɥя ɜɨɫɫɬаɧɨɜɥɟɧɢя ɞɟɣɫɬɜɢɬɟɥьɧых ɢɧɟɪцɢɨɧɧɨ-
ɠɟɫɬɤɨɫɬɧых хаɪаɤɬɟɪɢɫɬɢɤ ɦаɬɟɦаɬɢчɟɫɤɢх ɦɨɞɟɥɟɣ. 
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ȼȼȿȾȿɇɂȿ 

 

Чаɫɬɨɬы ɢ ɮɨɪɦы ɫɨɛɫɬɜɟɧɧых ɤɨɥɟɛаɧɢɣ 
(ɞаɥɟɟ ɫɨɛɫɬɜɟɧɧыɟ ɩаɪы) ɦɟхаɧɢчɟɫɤɨɣ ɫɢɫ-
ɬɟɦы яɜɥяɸɬɫя ɟɞɜа ɥɢ ɧɟ ɫаɦɨɣ ɢɧɮɨɪɦа-
ɬɢɜɧɨɣ ɢɧɬɟɝɪаɥьɧɨɣ хаɪаɤɬɟɪɢɫɬɢɤɨɣ ɪаɫ-
ɫɦаɬɪɢɜаɟɦɨɣ ɫɢɫɬɟɦы, ɬ.ɟ. ɩɨ ɢх ɡɧачɟɧɢяɦ 
ɦɨɠɧɨ ɞɨɫɬɨɜɟɪɧɨ ɨцɟɧɢɜаɬь ɟё ɫɨɫɬɨяɧɢɟ. К 
ɫаɦыɦ ɪаɫɩɪɨɫɬɪаɧɟɧɧыɦ ɢɧɬɟɝɪаɥьɧыɦ ха-
ɪаɤɬɟɪɢɫɬɢɤаɦ ɡɞаɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ ɬаɤɠɟ 
ɨɬɧɨɫяɬ ɪɟɡɭɥьɬɢɪɭɸщɟɟ ɩɟɪɟɦɟщɟɧɢɟ, 
эɧɟɪɝɢɸ ɞɟɮɨɪɦɢɪɨɜаɧɢя, ɤɨэɮɮɢцɢɟɧɬы 
ɞɟɦɩɮɢɪɨɜаɧɢя, ɩɟɪɟɞаɬɨчɧыɟ ɮɭɧɤцɢɢ 1.  
Ряɞ ɪаɛɨɬ 2, 3, 9 ɭɤаɡыɜаɟɬ ɧа ɧɟɫɨɨɬɜɟɬɫɬɜɢɟ 
ɫɨɛɫɬɜɟɧɧых ɩаɪ ɪɟаɥьɧых ɫɬɪɨɢɬɟɥьɧых 
ɨɛъɟɤɬɨɜ (ɞаɥɟɟ ɨɛъɟɤɬɨɜ ɦɨɞɟɥɢɪɨɜаɧɢя) ɢ 
ɦаɬɟɦаɬɢчɟɫɤɢх ɦɨɞɟɥɟɣ, ɤɨɬɨɪыɟ, ɤаɤ ɩɪа-
ɜɢɥɨ, ɫɨɡɞаɸɬɫя ɧа ɨɫɧɨɜаɧɢɢ ɩɪɨɟɤɬɧɨɣ ɞɨ-
ɤɭɦɟɧɬацɢɢ ɪаɫɫɦаɬɪɢɜаɟɦых ɫɨɨɪɭɠɟɧɢɣ. 
Оɩыɬ ɩɪɨɜɟɞɟɧɢя ɧаɬɭɪɧых ɢɫɫɥɟɞɨɜаɧɢɣ 2 
ɩɨɡɜɨɥяɟɬ ɝɨɜɨɪɢɬь ɨ ɬɨɦ, чɬɨ ɨɛɧаɪɭɠɟɧɧыɟ 
ɧɟɫɨɨɬɜɟɬɫɬɜɢя  ɧɨɫяɬ ɫɢɫɬɟɦаɬɢчɟɫɤɢɣ ха-
ɪаɤɬɟɪ.   
 
 
1. ɋɈɋɌɈəɇɂȿ ɉɊɈȻɅȿɆЫ 

 
Оɬɫɭɬɫɬɜɢɟ ɫɨɨɬɜɟɬɫɬɜɢя ɫɨɛɫɬɜɟɧɧых ɩаɪ 
ɦаɬɟɦаɬɢчɟɫɤɨɣ ɦɨɞɟɥɢ ɢ ɨɛъɟɤɬа ɦɨɞɟɥɢ-
ɪɨɜаɧɢя ɩɨɡɜɨɥяɟɬ ɡаɤɥɸчɢɬь, чɬɨ ɦаɬɟɦаɬɢ-
чɟɫɤая ɦɨɞɟɥь, ɫɨɡɞаɜаɟɦая ɩɪɢ ɪаɡɪаɛɨɬɤɟ, 
ɞɨɪаɛɨɬɤɟ ɢɥɢ ɨɛɨɫɧɨɜаɧɢɢ ɩɪɨɟɤɬɧɨɝɨ ɪɟ-
шɟɧɢя, ɦаɥɨ ɩɪɢɝɨɞɧа ɞɥя ɨцɟɧɤɢ ɬɟɤɭщɟɝɨ 
ɫɨɫɬɨяɧɢя ɨɛъɟɤɬа ɦɨɞɟɥɢɪɨɜаɧɢя. Дɥя ɩɨ-
ɞɨɛɧɨɝɨ аɧаɥɢɡа ɬɪɟɛɭɟɬɫя, чɬɨɛы ɡɧачɟɧɢя 
ɢɧɬɟɝɪаɥьɧых ɞɢɧаɦɢчɟɫɤɢх хаɪаɤɬɟɪɢɫɬɢɤ 
ɨɛъɟɤɬа ɦɨɞɟɥɢɪɨɜаɧɢя ɫɨɨɬɜɟɬɫɬɜɨɜаɥɢ  
ɡɧачɟɧɢяɦ, ɩɨɥɭчаɟɦыɦ ɧа ɦаɬɟɦаɬɢчɟɫɤɨɣ 
ɦɨɞɟɥɢ. В эɬɨɦ ɫɥɭчаɟ ɧаɛɥɸɞаɟɦыɟ ɧа ɨɛъ-
ɟɤɬɟ ɦɨɞɟɥɢɪɨɜаɧɢя ɢɡɦɟɧɟɧɢя, ɬаɤɢɟ ɤаɤ 
ɩɨяɜɥɟɧɢɟ ɡɧачɢɦых ɞɟɮɟɤɬɨɜ ɤɨɧɫɬɪɭɤцɢɢ, 
ɭɜɟɥɢчɟɧɢɟ ɦаɫɫы ɨɛъɟɤɬа ɢ ɬ.ɞ., ɦɨɠɧɨ ɭɫ-
ɩɟшɧɨ ɢɧɬɟɪɩɪɟɬɢɪɨɜаɬь ɢ ɢɞɟɧɬɢɮɢцɢɪɨ-
ɜаɬь. Оɞɧаɤɨ ɞɥя ɬаɤɢх ɢɫɫɥɟɞɨɜаɧɢɣ ɧɟɨɛ-
хɨɞɢɦа ɦаɬɟɦаɬɢчɟɫɤая ɦɨɞɟɥь, ɤɨɬɨɪая ɛы ɫ 
ɡаяɜɥɟɧɧɨɣ ɬɨчɧɨɫɬьɸ ɨɩɢɫыɜаɥа ɢɧɬɟɝɪаɥь-
ɧыɟ хаɪаɤɬɟɪɢɫɬɢɤɢ ɨɛъɟɤɬа ɦɨɞɟɥɢɪɨɜаɧɢя. 

Пɨɩыɬɤɢ ɪаɡɪаɛɨɬɤɢ ɩɨɞɨɛɧɨɣ ɦаɬɟɦаɬɢчɟ-
ɫɤɨɣ ɦɨɞɟɥɢ ɩɪɟɞɩɪɢɧяɬы Д.К. Каɥɢчаɜа ɜ 
ɫɨаɜɬɨɪɫɬɜɟ ɫ А.М. Бɟɥɨɫɬɨцɤɢɦ 9, 11.  
Мɟɬɨɞ ɤɨɧɟчɧых эɥɟɦɟɧɬɨɜ, ɡаɧɢɦаɸщɢɣ 
ɥɢɞɢɪɭɸщɟɟ ɩɨɥɨɠɟɧɢɟ ɜ ɪаɫчɟɬах ɫɥɨɠɧых 
ɫɬɪɨɢɬɟɥьɧых ɨɛъɟɤɬɨɜ, яɜɥяɟɬɫя ɦɨщɧыɦ 
ɢɧɫɬɪɭɦɟɧɬɨɦ ɞɥя ɩɪɨɜɟɞɟɧɢя ɪаɫчɟɬɧɨ-
ɤɨɧɫɬɪɭɤɬɨɪɫɤɢх ɢ ɧаɭчɧых ɢɫɫɥɟɞɨɜаɧɢɣ 
13. Даɧɧыɣ ɦɟɬɨɞ ɩɪɢɦɟɧяɟɬɫя ɜ ɛɨɥьшɨɦ 
ɤɨɥɢчɟɫɬɜɟ ɪаɫчɟɬɧых ɤɨɦɩɥɟɤɫɨɜ: ɨɬ ɭɧɢ-
ɜɟɪɫаɥьɧых (Ansys, Abaqus, Nastran  ɢ ɞɪ.) ɞɨ 
ɫɩɟцɢаɥɢɡɢɪɨɜаɧɧых (SCAD, Лɢɪа, MicroFE 
ɢ ɞɪ.). Мɟɬɨɞ ɩɨɡɜɨɥяɟɬ ɪаɡɪаɛаɬыɜаɬь ɪаɫ-
чɟɬɧыɟ ɦɨɞɟɥɢ ɫɬɪɨɢɬɟɥьɧых ɨɛъɟɤɬɨɜ, ɤɨ-
ɬɨɪыɟ аɞɟɤɜаɬɧɨ ɨɬɪаɠаɸɬ ɢх ɝɟɨɦɟɬɪɢɤɨ-
ɠɟɫɬɤɨɫɬɧыɟ ɢ ɢɧɟɪцɢɨɧɧыɟ ɫɜɨɣɫɬɜа (1, 2). 

   }{}{ FuK                      (1) 

      )}({)}({)}({)}({ tFtuKtuCtuM    (2) 
 
ɝɞɟ }{u  – ɜɟɤɬɨɪ ɩɟɪɟɦɟщɟɧɢɣ ɦɟхаɧɢчɟɫɤɨɣ 
ɫɢɫɬɟɦы, }{F  – ɜɟɤɬɨɪ ɧаɝɪɭɡɨɤ ɦɟхаɧɢчɟ-
ɫɤɨɣ ɫɢɫɬɟɦы, )}({ tu  – ɜɟɤɬɨɪ ɨɛɨɛщɟɧɧых 
ɞɢɧаɦɢчɟɫɤɢх ɩɟɪɟɦɟщɟɧɢɣ,  M ,  C ,  K  – 
ɝɥɨɛаɥьɧыɟ ɦаɬɪɢцы ɦаɫɫ, ɞɟɦɩɮɢɪɨɜаɧɢя, 
ɠɟɫɬɤɨɫɬɢ ɦɟхаɧɢчɟɫɤɨɣ ɫɢɫɬɟɦы. 
Пɨɢɫɤ ɡɧачɢɦɨɣ «ɩɨɪцɢɢ» ɫɨɛɫɬɜɟɧɧых чаɫ-
ɬɨɬ i  ɢ ɮɨɪɦ i}{  ɤɨɥɟɛаɧɢɣ ɞɢɧаɦɢчɟɫɤɨɣ 

ɫɢɫɬɟɦы ɩɪɨɜɨɞɢɬɫя ɫ ɩɨɦɨщьɸ ɪɟшɟɧɢя 
чаɫɬɧɨɣ (чаɫɬɢчɧɨɣ) ɩɪɨɛɥɟɦы ɫɨɛɫɬɜɟɧɧых 
ɡɧачɟɧɢɣ (3). 
       ФМФK   

    nФ }...{}{ 1     ),...,( 1 ndiag   

(3) 

 
Пɪɢɦɟɧɟɧɢɟ ɪаɫчɟɬɧых ɦɨɞɟɥɟɣ ɪаɫɫɦаɬɪɢ-
ɜаɟɬɫя ɜ ɪяɞɟ ɪаɛɨɬ 3, 9, 12, 13 ɤаɤ ɨɛяɡа-
ɬɟɥьɧая ɫɨɫɬаɜɥяɸщая чаɫɬь  ɫɢɫɬɟɦы ɦɨɧɢ-
ɬɨɪɢɧɝа ɧɟɫɭщɢх ɤɨɧɫɬɪɭɤцɢɣ ɡɞаɧɢя. Цɟɧ-
ɬɪаɥьɧɨɟ ɦɟɫɬɨ ɡɞɟɫь ɡаɧɢɦаɟɬ аɞɟɤɜаɬɧая 
ɦаɬɟɦаɬɢчɟɫɤая ɦɨɞɟɥь, ɢɧɬɟɝɪаɥьɧыɟ ха-
ɪаɤɬɟɪɢɫɬɢɤɢ ɤɨɬɨɪɨɣ ɫ ɡаɞаɧɧɨɣ ɬɨчɧɨɫɬьɸ 
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ɞɨɥɠɧы ɫɨɨɬɜɟɬɫɬɜɨɜаɬь ɢɧɬɟɝɪаɥьɧыɦ ха-
ɪаɤɬɟɪɢɫɬɢɤаɦ ɨɛъɟɤɬа ɦɨɞɟɥɢɪɨɜаɧɢя.  
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(4) 
(5)

 
Пɨɥɧɨɟ ɨɬɫɭɬɫɬɜɢɟ аɩɩаɪаɬа ɦаɬɟɦаɬɢчɟɫɤɨ-
ɝɨ ɦɨɞɟɥɢɪɨɜаɧɢя ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ ɢ эɤɫ-
ɩɥɭаɬацɢɢ ɫɢɫɬɟɦы ɦɨɧɢɬɨɪɢɧɝа ɧɟɫɭщɢх 
ɤɨɧɫɬɪɭɤцɢɣ ɜɨ ɦɧɨɝɢх ɫɥɭчаях ɩɪɟɜɪащаɟɬ 
ɩɨɞɨɛɧɭɸ ɫɢɫɬɟɦɭ ɜ ɛɨɥьшɨɟ хɪаɧɢɥɢщɟ 
ɢɧɮɨɪɦацɢɢ ɨ ɥɨɤаɥьɧых ɩɨɤаɡаɬɟɥях ɬɟх 
ɢɥɢ ɢɧых ɤɨɧɫɬɪɭɤцɢɣ, ɨɩɟɪɢɪɨɜаɧɢɟ ɤɨɬɨ-
ɪыɦɢ ɦɨɠɟɬ ɜɜɨɞɢɬь ɜ ɡаɛɥɭɠɞɟɧɢɟ ɩɪɢ 
ɩɪɢɧяɬɢɢ ɨɬɜɟɬɫɬɜɟɧɧых ɪɟшɟɧɢɣ. Иɫɩɨɥь-
ɡɨɜаɧɢɟ ɫɨɛɫɬɜɟɧɧых ɩаɪ ɨɛъɟɤɬа ɦɨɞɟɥɢɪɨ-
ɜаɧɢя ɜ ɤачɟɫɬɜɟ ɨɫɧɨɜɧых ɞɢɧаɦɢчɟɫɤɢх 
ɢɧɬɟɝɪаɥьɧых хаɪаɤɬɟɪɢɫɬɢɤ ɩɨɡɜɨɥяɟɬ ɞɨɫ-
ɬɨɜɟɪɧɨ ɨцɟɧɢɜаɬь ɨɛщɟɟ ɫɨɫɬɨяɧɢɟ ɧɟɫɭщɢх 
ɤɨɧɫɬɪɭɤцɢɣ ɫɬɪɨɢɬɟɥьɧɨɝɨ ɨɛъɟɤɬа, ɨɬɫɥɟ-
ɠɢɜаɬь ɢɡɦɟɧɟɧɢя ɫɨɫɬɨяɧɢя ɢ, ɫ ɩɨɦɨщьɸ 
ɫɨɨɬɜɟɬɫɬɜɭɸщɟɣ ɦаɬɟɦаɬɢчɟɫɤɨɣ ɦɨɞɟɥɢ, 
ɢɧɬɟɪɩɪɟɬɢɪɨɜаɬь ɧаɛɥɸɞаɟɦыɟ ɢɡɦɟɧɟɧɢя. 
Рɟшɟɧɢɟ ɩɪɨɛɥɟɦы ɫɨɛɫɬɜɟɧɧых ɤɨɥɟɛаɧɢɣ 
ɞɢɧаɦɢчɟɫɤɨɣ ɫɢɫɬɟɦы ɩɪɢɦɟɧяɸɬɫя ɧɟ 
ɬɨɥьɤɨ ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ ɢ эɤɫɩɥɭаɬацɢɢ ɫɢɫ-
ɬɟɦ ɦɨɧɢɬɨɪɢɧɝа. Чаɫɬɨɬы ɢ ɮɨɪɦы ɫɨɛɫɬ-
ɜɟɧɧых ɤɨɥɟɛаɧɢɣ ɬаɤɠɟ ɢɫɩɨɥьɡɭɟɬɫя 4 ɩɪɢ 
ɪɟшɟɧɢɢ ɡаɞач ɭɫɬɨɣчɢɜɨɫɬɢ (6) (ɨцɟɧɤɟ ɭɫ-
ɬɨɣчɢɜɨɫɬɢ ɧɢɡшɢх ɤɪɢɬɢчɟɫɤɢх ɧаɝɪɭɡɨɤ i  

ɢ ɮɨɪɦ ɩɨɬɟɪɢ ɭɫɬɨɣчɢɜɨɫɬɢ i}{ ) ɢ ɩɪɢ 

ɪаɫчɟɬɟ ɫɨɨɪɭɠɟɧɢɣ ɧа ɫɟɣɫɦɢчɟɫɤɨɟ ɜɨɡ-
ɞɟɣɫɬɜɢɟ (7) 15. Тɨчɧɨɫɬь ɧаɣɞɟɧɧых ɫɨɛɫɬ-
ɜɟɧɧых ɩаɪ ɞɥя ɞаɧɧых ɡаɞач яɜɥяɟɬɫя ɫɭщɟ-
ɫɬɜɟɧɧɨɣ. 
       ФKФK G                   (6) 

 
ɝɞɟ  K  ɢ  GK  – ɦаɬɪɢцы ɥɢɧɟɣɧɨɣ (ɧа-
чаɥьɧɨɣ) ɢ ɝɟɨɦɟɬɪɢчɟɫɤɨɣ ɠɟɫɬɤɨɫɬɢ ɦɟха-
ɧɢчɟɫɤɨɣ ɫɢɫɬɟɦы. 
        )}({)}({)}({ tuKtuCtuM  

)}({)}({ uRtF   
(7)

 

ɝɞɟ  )(tF  – ɜɟɤɬɨɪ ɜɧɟшɧɢх ɧаɝɪɭɡɨɤ ɦɟха-
ɧɢчɟɫɤɨɣ ɫɢɫɬɟɦы, ɜɤɥɸчаɸщɢɣ ɜ ɨɛщɟɦ 
ɫɥɭчаɟ ɫɬаɬɢчɟɫɤɭɸ, ɫɢɥɨɜɭɸ ɞɢɧаɦɢчɟɫɤɭɸ 
ɫɨɫɬаɜɥяɸщɢɟ, а ɬаɤɠɟ ɞɢɧаɦɢчɟɫɤɢɟ ɭɫɢɥɢя 
ɨɬ аɤɫɟɥɟɪɨɝɪаɦɦ, ɜɟɥɨɫɢɝɪаɦɦ ɢ ɫɟɣɫɦɨ-
ɝɪаɦɦ; )}({ uR  – ɜɟɤɬɨɪ ɩɫɟɜɞɨɧаɝɪɭɡɨɤ, ɩɨ-
ɡɜɨɥяɸщɢɣ ɭчɢɬыɜаɬь ɧɟɥɢɧɟɣɧыɟ ɫɜяɡɢ ɞɢ-
ɧаɦɢчɟɫɤɨɣ ɫɢɫɬɟɦы. 
Вычɢɫɥɟɧɧыɟ ɫɨɛɫɬɜɟɧɧыɟ ɩаɪы ɫɨɨɪɭɠɟɧɢя 
ɞɨɥɠɧы аɞɟɤɜаɬɧɨ ɨɬɨɛɪаɠаɬь ɞɢɧаɦɢчɟɫɤɢɟ 
хаɪаɤɬɟɪɢɫɬɢɤɢ ɩɪɨɟɤɬɢɪɭɟɦɨɝɨ ɨɛъɟɤɬа. 
Оɞɧаɤɨ ɨɩыɬ ɪаɛɨɬы ɧаɞ ɩɪɨɟɤɬɧыɦɢ ɪɟшɟ-
ɧɢяɦɢ ɫɨɨɪɭɠɟɧɢɣ, ɨɩыɬ ɧаɬɭɪɧых ɞɢɧаɦɢ-
чɟɫɤɢх ɢɫɩыɬаɧɢɣ ɢ ɨɩыɬ ɧаɭчɧɨ-
ɬɟхɧɢчɟɫɤɨɝɨ ɫɨɩɪɨɜɨɠɞɟɧɢя ɫɢɫɬɟɦ ɦɨɧɢ-
ɬɨɪɢɧɝа ɧɟɫɭщɢх ɤɨɧɫɬɪɭɤцɢɣ ɝɨɜɨɪɢɬ ɨ ɧɟ-
ɫɨɨɬɜɟɬɫɬɜɢɢ ɦɟɠɞɭ ɫɨɛɫɬɜɟɧɧыɦɢ ɩаɪаɦɢ 
ɨɛъɟɤɬɨɜ ɦɨɞɟɥɢɪɨɜаɧɢя ɢ ɫɨɛɫɬɜɟɧɧыɦɢ 
ɩаɪаɦɢ, ɤɨɬɨɪыɟ ɜычɢɫɥяɸɬɫя ɫ ɩɨɦɨщьɸ 
ɦаɬɟɦаɬɢчɟɫɤɢх ɦɨɞɟɥɟɣ, аɞɟɤɜаɬɧɨ ɨɬɨɛɪа-
ɠаɸщɢх "ɩɪɨɟɤɬɧыɟ" ɫɜɨɣɫɬɜа. 
Пɨɞɨɛɧыɟ ɜыɜɨɞы ɧɟɜɨɡɦɨɠɧы ɛɟɡ ɨцɟɧɤɢ 
ɪɟаɥьɧых ɞɢɧаɦɢчɟɫɤɢх ɫɜɨɣɫɬɜ ɨɛъɟɤɬɨɜ 
ɫɬɪɨɢɬɟɥьɫɬɜа, ɤɨɬɨɪыɟ ɜɨɡɦɨɠɧɨ ɨɬыɫɤɢ-
ɜаɬь ɫɟɣɫɦɨɥɨɝɢчɟɫɤɢɦɢ ɦɟɬɨɞаɦɢ.  
Дɥя ɢɡɭчɟɧɢя ɪɟаɤцɢɢ ɫɨɨɪɭɠɟɧɢɣ ɧа ɫɟɣɫ-
ɦɢчɟɫɤɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɩɪɢɦɟɧяɸɬ ɧɟɫɤɨɥьɤɨ 
ɬɢɩɨɜ ɢɫɩыɬаɧɢɣ: ɢɫɩыɬаɧɢя ɭɞаɪɨɦ, ɢɫɩы-
ɬаɧɢя ɨɬɬяɝɢɜаɧɢɟɦ, ɢɫɩыɬаɧɢя ɦɨщɧыɦɢ 
ɜɢɛɪацɢɨɧɧыɦɢ ɞɢɧаɦɢчɟɫɤɢɦɢ ɧаɝɪɭɡɤаɦɢ 
(ɜ ɫаɦɨɦ ɡɞаɧɢɢ ɢɥɢ ɜɧɟ ɡɞаɧɢя), ɢɫɩыɬаɧɢя 
ɩɪɢ ɢɫɤɭɫɫɬɜɟɧɧых ɜɨɡɞɟɣɫɬɜɢях (ɧаɩɪɢɦɟɪ, 
ɩɪɢ ɜɡɪыɜɟ) ɢ ɢɫɫɥɟɞɨɜаɧɢя ɦɢɤɪɨɫɟɣɫɦɢчɟ-
ɫɤɢх ɤɨɥɟɛаɧɢɣ ɫɨɨɪɭɠɟɧɢя. Дɨ ɧɟɞаɜɧɟɝɨ 
ɜɪɟɦɟɧɢ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɦɢɤɪɨɫɟɣɫɦɢчɟ-
ɫɤɢх ɢɫɫɥɟɞɨɜаɧɢɣ ɧɟ ɭɞаɜаɥɨɫь ɞɨɛɢɬьɫя 
ɩɪɢɟɦɥɟɦɨɣ ɬɨчɧɨɫɬɢ ɢ ɞɟɬаɥьɧɨɫɬɢ ɢɡɦɟɪɟ-
ɧɢɣ. Пɨ эɬɨɣ ɩɪɢчɢɧɟ ɢɫɫɥɟɞɨɜаɧɢя ɬаɤɨɝɨ 
ɬɢɩа ɨɬɧɨɫɢɥɢ ɤ ɧɟэɮɮɟɤɬɢɜɧыɦ ɦɟɬɨɞаɦ 
ɢɫɫɥɟɞɨɜаɧɢя ɪɟаɤцɢɢ  ɫɨɨɪɭɠɟɧɢя ɧа ɫɟɣɫ-
ɦɢчɟɫɤɨɟ ɜɨɡɞɟɣɫɬɜɢɟ 2. Оɞɧаɤɨ ɜ ɧаɫɬɨящɟɟ 
ɜɪɟɦя ɪаɡɪаɛɨɬаɧ ɢ ɭɫɩɟшɧɨ ɩɪɢɦɟɧяɬɫя ɦɟ-
ɬɨɞ ɞɟɬаɥьɧɨɝɨ ɢɧɠɟɧɟɪɧɨ-
ɫɟɣɫɦɨɥɨɝɢчɟɫɤɨɝɨ ɢɡɭчɟɧɢя ɡɞаɧɢɣ ɢ ɫɨ-
ɨɪɭɠɟɧɢɣ – ɦɟɬɨɞ ɫɬɨячɢх ɜɨɥɧ. Оɫɧɨɜɨɣ 
ɦɟɬɨɞа яɜɥяɟɬɫя ɜɨɫɫɬаɧɨɜɥɟɧɢɟ ɤɨɝɟɪɟɧɬ-
ɧых ɫɨɫɬаɜɥяɸщɢх ɟɫɬɟɫɬɜɟɧɧых ɦɢɤɪɨ-
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ɫɟɣɫɦɢчɟɫɤɢх шɭɦɨɜ ɫɨɨɪɭɠɟɧɢя. Мɟɬɨɞ ɩɨ-
ɡɜɨɥяɟɬ ɢɡɭчаɬь ɫɟɣɫɦɨɫɬɨɣɤɨɫɬь ɫɬɪɨɢɬɟɥь-
ɧых ɨɛъɟɤɬɨɜ, ɜыяɜɥяɬь ɞɟɮɟɤɬы ɢɧɠɟɧɟɪ-
ɧых ɫɨɨɪɭɠɟɧɢɣ, ɦɢɧɭя ɨɞɧɨɜɪɟɦɟɧɧɭɸ ɭɫ-
ɬаɧɨɜɤɭ ɛɨɥьшɨɝɨ ɤɨɥɢчɟɫɬɜа ɢɡɦɟɪɢɬɟɥьɧɨɣ 
аɩɩаɪаɬɭɪы.  
Мɟɬɨɞ ɫɬɨячɢх ɜɨɥɧ ɪаɡɪаɛɨɬаɧ А.Ф. Еɦаɧɨ-
ɜыɦ. Наɢɛɨɥɟɟ ɨɛщɟɟ, ɫɢɫɬɟɦаɬɢчɟɫɤɨɟ ɢɡ-
ɥɨɠɟɧɢɟ ɨɫɧɨɜ ɦɟɬɨɞа ɩɪɢɜɟɞɟɧɨ ɜ ɞɨɤɬɨɪ-
ɫɤɨɣ ɞɢɫɫɟɪɬацɢɢ аɜɬɨɪа 2. Иɫɤɥɸчɢɬɟɥьɧая 
эɮɮɟɤɬɢɜɧɨɫɬь ɩɪɟɞɥɨɠɟɧɧɨɣ ɦɟɬɨɞɢɤɢ 
ɩɨɞɬɜɟɪɠɞɟɧа ɢɫɫɥɟɞɨɜаɧɢяɦɢ ɪɟаɥьɧых 
ɢɧɠɟɧɟɪɧых ɫɨɨɪɭɠɟɧɢɣ, ɬаɤɢх ɤаɤ Саяɧɨ-
Шɭшɟɧɫɤая ȽЭС, Кɪаɫɧɨяɪɫɤая ȽЭС, ɨɛъɟɤ-
ɬы аɬɨɦɧɨɣ ɩɪɨɦышɥɟɧɧɨɫɬɢ,  ɝɪаɠɞаɧɫɤɢɟ 
ɡɞаɧɢя ɢ ɞɪ. Зɧачɢɬɟɥьɧыɣ ɨɛъɟɦ ɩɪɨɜɟɞɟɧ-
ɧых ɢɫɫɥɟɞɨɜаɧɢɣ ɩɨɤаɡыɜаɟɬ, чɬɨ ɧɟɫɨɨɬ-
ɜɟɬɫɬɜɢя ɦɟɠɞɭ ɨɠɢɞаɟɦɨɣ ɫɟɣɫɦɨɫɬɨɣɤɨ-
ɫɬьɸ ɡɞаɧɢя ɢ ɫɟɣɫɦɨɫɬɨɣɤɨɫɬьɸ, ɤɨɬɨɪая 
ɡаяɜɥɟɧа ɩɪɨɟɤɬɨɦ, ɧɨɫяɬ ɫɢɫɬɟɦɧыɣ хаɪаɤ-
ɬɟɪ: «Дɟɬаɥьɧыɟ ɢɫɫɥɟɞɨɜаɧɢя ɫɬɨячɢх ɜɨɥɧ 
ɜ ɢɧɠɟɧɟɪɧых ɫɨɨɪɭɠɟɧɢях ɭɛɟɞɢɬɟɥьɧɨ ɩɨ-
ɤаɡаɥɢ, чɬɨ ɦɨɞɟɥɢ ɢɧɠɟɧɟɪɧых ɫɨɨɪɭɠɟɧɢɣ, 
ɢɫɩɨɥьɡɭɟɦыɟ ɞɥя ɪаɫчɟɬа ɢх ɫɟɣɫɦɢчɟɫɤɢх 
ɤɨɥɟɛаɧɢɣ, ɧɟɫɨɜɟɪшɟɧы» 2. Эɬɨ ɩɨɡɜɨɥяɟɬ 
ɭɬɜɟɪɠɞаɬь, чɬɨ ɫ ɩɨɡɢцɢɢ ɫɨɩɨɫɬаɜɥɟɧɢя 
ɫɨɛɫɬɜɟɧɧых ɩаɪ ɦаɬɟɦаɬɢчɟɫɤɢɟ (ɤɨɧɟчɧɨ-
эɥɟɦɟɬɧыɟ) ɦɨɞɟɥɢ ɨɛъɟɤɬɨɜ, ɢɫɩɨɥьɡɭɟɦыɟ 
ɜ ɩɪɨɟɤɬɢɪɨɜаɧɢɢ, ɜ ɞɨɥɠɧɨɣ ɦɟɪɟ ɧɟ ɫɨɨɬ-
ɜɟɬɫɬɜɭɸɬ ɜɨɡɜɟɞɟɧɧыɦ ɡɞаɧɢяɦ ɢ ɫɨɨɪɭɠɟ-
ɧɢяɦ, а ɡɧачɢɬ, ɬɪɟɛɭɸɬ ɡɧачɢɬɟɥьɧɨɣ ɞɨɪа-
ɛɨɬɤɢ ɢ ɤɨɪɪɟɤɬɢɪɨɜɤɢ. 
 
 
2. ɉɍɌɂ Ɋȿɒȿɇɂə  

 

Наɢɛɨɥɟɟ ɨɛщая ɮɨɪɦɭɥɢɪɨɜɤа ɩɨɞхɨɞа ɤ 
ɪɟшɟɧɢɸ ɩɪɨɛɥɟɦы ɦɨɠɟɬ ɛыɬь ɨɩɢɫаɧа ɫɨ-
ɝɥаɫɧɨ ɫхɟɦɟ, ɩɪɢɜɟɞɟɧɧɨɣ ɧа ɪɢɫɭɧɤɟ 1. 
С ɨɞɧɨɣ ɫɬɨɪɨɧы ɫɭщɟɫɬɜɭɟɬ ɦаɬɟɦаɬɢчɟ-
ɫɤая ɦɨɞɟɥь ɫɬɪɨɢɬɟɥьɧɨɝɨ ɨɛъɟɤɬа, ɫ ɩɨɦɨ-
щьɸ ɤɨɬɨɪɨɣ ɜɨɡɦɨɠɧɨ ɩɨɥɭчɢɬь ɫɩɟɤɬɪ 
ɡɧачɢɦых ɫɨɛɫɬɜɟɧɧых чаɫɬɨɬ ɢ ɮɨɪɦ ɤɨɥɟ-
ɛаɧɢɣ. Сɟɝɨɞɧя ɤɨɥɢчɟɫɬɜɨ ɫɨɛɫɬɜɟɧɧых ɩаɪ, 
ɩɨɥɭчаɟɦых ɫ ɩɨɦɨщьɸ ɫɨɜɪɟɦɟɧɧых ɩɪɨ-
ɝɪаɦɦɧых ɤɨɦɩɥɟɤɫɨɜ, ɦɨɠɟɬ ɢɡɦɟɪяɬьɫя 
ɧɟɫɤɨɥьɤɢɦɢ ɫɨɬɧяɦɢ ɞаɠɟ ɧа ɩɟɪɫɨɧаɥьɧых 

ɤɨɦɩьɸɬɟɪах. Таɤɢɦ ɨɛɪаɡɨɦ, ɦɨɠɧɨ ɫɨɫɬа-
ɜɢɬь ɞɟɬаɥьɧɭɸ ɤаɪɬɢɧɭ, ɨɩɢɫыɜаɸщɭɸ ɞɢ-
ɧаɦɢчɟɫɤɢɟ хаɪаɤɬɟɪɢɫɬɢɤɢ ɦаɬɟɦаɬɢчɟɫɤɨɣ 
ɦɨɞɟɥɢ ɤаɤ ɟɞɢɧɨɝɨ цɟɥɨɝɨ (ɢɧɬɟɝɪаɥьɧыɟ 
ɫɨɛɫɬɜɟɧɧыɟ ɩаɪы), ɬаɤ ɢ ɨɬɞɟɥьɧых ɟɝɨ чаɫ-
ɬɟɣ (ɥɨɤаɥьɧыɟ ɫɨɛɫɬɜɟɧɧыɟ ɩаɪы). 
С ɞɪɭɝɨɣ ɫɬɨɪɨɧы ɫɭщɟɫɬɜɭɟɬ ɪɟаɥьɧыɣ 
ɫɬɪɨɢɬɟɥьɧыɣ ɨɛъɟɤɬ, ɞɢɧаɦɢчɟɫɤɢɟ хаɪаɤ-
ɬɟɪɢɫɬɢɤɢ ɤɨɬɨɪɨɝɨ ɦɨɝɭɬ ɛыɬь ɢɡɦɟɪɟɧы 
ɫɩɨɫɨɛаɦɢ ɫɟɣɫɦɨɥɨɝɢɢ, ɨɩɢɫаɧɧыɦɢ ɜышɟ. 
Кɨɥɢчɟɫɬɜɟɧɧыɦɢ ɨцɟɧɤаɦɢ ɡɞɟɫь ɜыɫɬɭɩа-
ɸɬ ɤаɪɬы аɦɩɥɢɬɭɞ ɫɨɛɫɬɜɟɧɧых ɤɨɥɟɛаɧɢɣ, 
ɨɩɪɟɞɟɥяɸщɢɟ аɦɩɥɢɬɭɞɧыɟ ɫɨɨɬɧɨшɟɧɢя 
ɩɟɪɟɦɟщɟɧɢɣ ɭɡɥɨɜ ɮɨɪɦы, ɫɨɜɦɟɫɬɧɨ ɫ ɤаɪ-
ɬаɦɢ ɮаɡ ɤɨɥɟɛаɧɢɣ. Пɪɢ ɞɨɫɬаɬɨчɧɨ ɩɥɨɬ-
ɧɨɦ шаɝɟ ɢɡɦɟɪɟɧɢɣ, а ɬаɤɠɟ ɩɪɢ ɜɜɟɞɟɧɢɢ ɜ 
ɧаɬɭɪɧыɣ эɤɫɩɟɪɢɦɟɧɬ ɞɨɩɨɥɧɢɬɟɥьɧых 
ɨɩɨɪɧых ɬɨчɟɤ, ɫ ɩɨɦɨщьɸ ɦɟɬɨɞа ɫɬɨячɢх 
ɜɨɥɧ ɭɞаɟɬɫя ɞɨɛɢɬьɫя ɧɟɨɛхɨɞɢɦɨɣ ɩɨɞɪɨɛ-
ɧɨɫɬɢ ɮɨɪɦ ɫɨɛɫɬɜɟɧɧых ɤɨɥɟɛаɧɢɣ, ɩɪɢчɟɦ 
ɦɟɬɨɞɢɤа ɩɟɪɟɫчɟɬа ɢ ɜыяɜɥɟɧɢя ɫɨɛɫɬɜɟɧ-
ɧых ɩаɪ ɩɨɡɜɨɥяɟɬ ɫɬɪɨɢɬь ɮɨɪɦы ɞɨɫɬаɬɨч-
ɧɨ ɜыɫɨɤɢх ɩɨɪяɞɤɨɜ 10. Таɤɢɦ ɨɛɪаɡɨɦ, 
ɦɨɠɧɨ ɫɨɫɬаɜɢɬь ɞɟɬаɥьɧɭɸ ɤаɪɬɢɧɭ, ɨɩɢɫы-
ɜаɸщɭɸ ɞɢɧаɦɢчɟɫɤɢɟ хаɪаɤɬɟɪɢɫɬɢɤɢ ɪɟ-
аɥьɧɨɝɨ ɨɛъɟɤɬа, ɤɨɬɨɪыɣ ɫɩɪɨɟɤɬɢɪɨɜаɧ, 
ɜɨɡɜɟɞɟɧ ɢ эɤɫɩɥɭаɬɢɪɭɟɬɫя ɜ ɧаɫɬɨящɢɣ 
ɦɨɦɟɧɬ. 
Дɥя ɢɧɬɟɪɩɪɟɬацɢɢ ɪаɫчɟɬɧых ɢ ɢɧɫɬɪɭɦɟɧ-
ɬаɥьɧых ɫɨɛɫɬɜɟɧɧых ɩаɪ ɩɪɢɦɟɧяɸɬɫя ɪаɡ-
ɥɢчɧыɟ ɦɟɬɨɞɢɤɢ – ɩɪɨцɟɞɭɪы аɞаɩɬацɢɢ 
ɦаɬɟɦаɬɢчɟɫɤɨɣ ɦɨɞɟɥɢ, ɧаɡыɜаɟɦыɟ аɞаɩ-
ɬɢвɧыɦɢ ɩɪɨɰɟɞɭɪаɦɢ. Выɞɟɥяɸɬ 2 ɬɢɩа ɩɨ-
ɞɨɛɧых ɩɪɨцɟɞɭɪ: ɦаɬɟɦаɬɢчɟɫɤɢ ɮɨɪɦаɥɢ-
ɡɨɜаɧɧыɟ ɢ ɢɧɬɭɢɬɢɜɧɨ ɢɧɠɟɧɟɪɧыɟ 3. 
Иɧɬɭɢɬɢɜɧɨ ɢɧɠɟɧɟɪɧыɟ аɞаɩɬɢɜɧыɟ ɩɪɨцɟ-
ɞɭɪы ɩɪɟɞɭɫɦаɬɪɢɜаɸɬ ɞɨɫɬаɬɨчɧɨ шɢɪɨɤɢɣ 
ɧаɛɨɪ «ɢɧɫɬɪɭɦɟɧɬɨɜ» )( l , ɫ ɩɨɦɨщьɸ ɤɨ-
ɬɨɪых «ɩɪɨɟɤɬɧая» ɦаɬɟɦаɬɢчɟɫɤая ɦɨɞɟɥь 
ɞɨɪаɛаɬыɜаɟɬɫя ɞɨ аɞаɩɬɢɜɧɨɣ ɦаɬɟɦаɬɢчɟ-
ɫɤɨɣ ɦɨɞɟɥɢ. Пɪɢчɟɦ ɞɢɧаɦɢчɟɫɤɢɟ хаɪаɤɬɟ-
ɪɢɫɬɢɤɢ аɞаɩɬɢɜɧɨɣ ɦɨɞɟɥɢ ɜ ɤɨɧцɟ ɩɪɨцɟɫ-
ɫа ɞɨɥɠɧы ɫ ɨɩɪɟɞɟɥɟɧɧɨɣ ɬɨчɧɨɫɬьɸ ɫɨɨɬ-
ɜɟɬɫɬɜɨɜаɬь ɞɢɧаɦɢчɟɫɤɢɦ хаɪаɤɬɟɪɢɫɬɢɤаɦ 
ɨɛъɟɤɬа ɦɨɞɟɥɢɪɨɜаɧɢя (8).  
       ФМФK ll )()(            (8) 
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Рɢсɭɧɨɤ 1. Оɛщɢɣ ɩɭɬь ɪɟɲɟɧɢя ɩɪɨɛɥɟɦы ɧɟсɨɨɬвɟɬсɬвɢя ɦаɬɟɦаɬɢчɟсɤɨɣ ɦɨɞɟɥɢ вɨɡвɟ-

ɞɟɧɧыɦ ɡɞаɧɢяɦ ɢ сɨɨɪɭɠɟɧɢяɦ. 
 
ɝɞɟ  )( lK   – ɦаɬɪɢца ɠɟɫɬɤɨɫɬɢ ɞɢɧаɦɢчɟ-
ɫɤɨɣ ɫɢɫɬɟɦы, ɞɥя ɤɨɪɪɟɤɬɢɪɨɜаɧɢя ɤɨɬɨɪɨɣ 
ɩɪɢɦɟɧяɟɬɫя ɧаɛɨɪ ɢɧɫɬɪɭɦɟɧɬɨɜ )( l ;  )( lМ   – ɦаɬɪɢца ɦаɫɫ ɞɢɧаɦɢчɟɫɤɨɣ ɫɢɫ-
ɬɟɦы, ɞɥя ɤɨɪɪɟɤɬɢɪɨɜаɧɢя ɤɨɬɨɪɨɣ ɩɪɢɦɟ-
ɧяɟɬɫя ɧаɛɨɪ ɢɧɫɬɪɭɦɟɧɬɨɜ )( l . 

К ɬаɤɢɦ ɢɧɫɬɪɭɦɟɧɬаɦ ɨɬɧɨɫяɬ 13: ɭчɟɬ ɞɢ-
ɧаɦɢчɟɫɤɢх хаɪаɤɬɟɪɢɫɬɢɤ ɨɫɧɨɜаɧɢя )( 1 ; 
ɪɟаɥɢɡацɢɸ ɮаɤɬɢчɟɫɤɢх ɮɢɡɢɤɨ-
ɦɟхаɧɢчɟɫɤɢх ɫɜɨɣɫɬɜ ɫɬɪɨɢɬɟɥьɧых ɦаɬɟ-
ɪɢаɥɨɜ )( 2 ; ɭчɟɬ ɮаɤɬɢчɟɫɤɢх ɢɡɦɟɪɟɧɧых 
ɧаɝɪɭɡɨɤ ɢ ɜɨɡɞɟɣɫɬɜɢɣ )( 3 ; аɧаɥɢɡ ɪаɛɨɬы 

ɪяɞа ɭɡɥɨɜ ɢ ɫɨɟɞɢɧɟɧɢɣ ɩɨ ɫхɟɦаɦ, ɨɬɥɢч-
ɧыɦ ɨɬ ɩɪɢɧяɬых ɜ ɩɪɨɟɤɬɟ (ɧаɩɪɢɦɟɪ, ɭɩɪɭ-
ɝая ɡаɞɟɥɤа ɜɦɟɫɬɨ шаɪɧɢɪа) )( 4 ; ɜɤɥɸчɟ-
ɧɢɟ ɜ ɞɢɧаɦɢчɟɫɤɭɸ ɪаɛɨɬɭ ɧɨɦɢɧаɥьɧɨ ɧɟ-
ɧɟɫɭщɢх ɤɨɧɫɬɪɭɤцɢɣ (ɧаɩɪɢɦɟɪ, ɩɟɪɟɝɨɪɨ-
ɞɨɤ ɢɥɢ ɮаɫаɞɧых ɤɨɧɫɬɪɭɤцɢɣ) )( 5  ɢ ɞɪ. 
Хаɪаɤɬɟɪɧɨɣ ɨɫɨɛɟɧɧɨɫɬьɸ ɩɨɞɨɛɧɨɝɨ ɬɢɩа 
ɩɪɨцɟɞɭɪ яɜɥяɟɬɫя ɨɬɫɭɬɫɬɜɢɟ ɬɨчɧɨɣ ɢɧɬɟɪ-
ɩɪɟɬацɢɢ ɪаɫчɟɬɧых ɢ ɢɡɦɟɪɟɧɧых ɞɢɧаɦɢ-
чɟɫɤɢх хаɪаɤɬɟɪɢɫɬɢɤ, ɢх хаɪаɤɬɟɪɧых ɨɬɥɢ-
чɢɣ.  
Маɬɟɦаɬɢчɟɫɤɢ ɮɨɪɦаɥɢɡɨɜаɧɧыɟ аɞаɩɬɢɜ-
ɧыɟ ɩɪɨцɟɞɭɪы ɫɜɨɞяɬɫя ɤ ɪɟшɟɧɢɸ ɡаɞачɢ 
ɨɩɬɢɦɢɡацɢɢ – ɦɢɧɢɦɢɡацɢɢ цɟɥɟɜɨɣ ɮɭɧɤ-
цɢɢ ɩɨ ɩаɪаɦɟɬɪɭ ɦɟхаɧɢчɟɫɤɨɣ ɫɢɫɬɟɦы, ɜ 
ɤачɟɫɬɜɟ ɤɨɬɨɪɨɝɨ ɦɨɠɟɬ ɜыɫɬɭɩаɬь, ɧаɩɪɢ-
ɦɟɪ, ɦɨɞɭɥь ɭɩɪɭɝɨɫɬɢ 16. 

Пɨɞɨɛɧая ɮɭɧɤцɢя ɞɨɥɠɧа ɜыяɜɥяɬь ɪаɡɥɢ-
чɢя ɦɟɠɞɭ ɫɨɛɫɬɜɟɧɧыɦɢ ɩаɪаɦɢ ɦаɬɟɦаɬɢ-
чɟɫɤɨɣ ɦɨɞɟɥɢ ɢ ɫɨɛɫɬɜɟɧɧыɦɢ ɩаɪаɦɢ ɨɛъ-
ɟɤɬа ɦɨɞɟɥɢɪɨɜаɧɢя, ɧаɣɞɟɧɧыɦɢ эɤɫɩɟɪɢ-
ɦɟɧɬаɥьɧɨ (9).  
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ɝɞɟ x  – ɩаɪаɦɟɬɪ ɫɢɫɬɟɦы; N – ɤɨɥɢчɟɫɬɜɨ 
аɧаɥɢɡɢɪɭɟɦых ɫɨɛɫɬɜɟɧɧых ɩаɪ; i  – ɜɟɫɨ-
ɜɨɣ ɤɨэɮɮɢцɢɟɧɬ ɮɨɪɦы i-ɨɣ ɫɨɛɫɬɜɟɧɧɨɣ 
ɩаɪы, ɡаɜɢɫящɢɣ ɨɬ ɡɧачɟɧɢɣ ɜычɢɫɥɟɧɧɨɣ ɢ 

ɢɡɦɟɪɟɧɧɨɣ ɫɨɛɫɬɜɟɧɧɨɣ чаɫɬɨɬы;  ˆ),(xi  – 

ɜычɢɫɥяɟɦыɣ ɢ ɢɡɦɟɪяɟɦыɣ ɜɟɤɬɨɪ ɮɨɪɦы 
ɫɨɛɫɬɜɟɧɧых ɤɨɥɟɛаɧɢɣ. 
Пɨɫɤɨɥьɤɭ ɩɨɢɫɤ ɪɟшɟɧɢя ɡаɞачɢ ɨɩɬɢɦɢɡа-
цɢɢ ɜыɩɨɥɧяɟɬɫя ɧа ɨɫɧɨɜɟ эɤɫɩɟɪɢɦɟɧɬаɥь-
ɧых ɞаɧɧых (ɢɡɦɟɪɟɧɧых ɫɨɛɫɬɜɟɧɧых ɩаɪ 
ɨɛъɟɤɬа ɦɨɞɟɥɢɪɨɜаɧɢя) ɡаɞача ɨɩɬɢɦɢɡацɢɢ 
ɜ ɛɨɥьшɢɧɫɬɜɟ ɫɥɭчаɟɜ ɨɛɥаɞаɟɬ ɪяɞɨɦ «ɧɟ-
ɩɪɢяɬɧых» ɜ ɜычɢɫɥɢɬɟɥьɧɨɦ ɩɥаɧɟ ɫɜɨɣɫɬɜ, 
ɩɪɢɫɭщɢɦ ɨɛɪаɬɧыɦ ɧɟɤɨɪɪɟɤɬɧɨ ɩɨɫɬаɜ-
ɥɟɧɧыɦ ɡаɞачаɦ. 
 

fAu                             (10) 
 

ɝɞɟ А: U→F – ɥɢɧɟɣɧыɣ ɨɩɟɪаɬɨɪ, ɨɫɭщɟɫɬ-
ɜɥяɸщɢɣ ɨɬɨɛɪаɠɟɧɢɟ эɥɟɦɟɧɬɨɜ u ɧа f; U, F 
– ɝɢɥьɛɟɪɬɨɜы ɩɪɨɫɬɪаɧɫɬɜа, ɝɞɟ эɥɟɦɟɧɬ 

Uu яɜɥяɟɬɫя аɤɬɢɜɧыɦ ɜɨɡɞɟɣɫɬɜɢɟɦ, ɢɡ-
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ɦɟɧɟɧɢɟɦ ɨɛъɟɤɬа ɢɫɫɥɟɞɨɜаɧɢя, а эɥɟɦɟɧɬ 
Ff   яɜɥяɟɬɫя ɨɬɤɥɢɤɨɦ ɨɛъɟɤɬа ɢɫɫɥɟɞɨ-

ɜаɧɢя ɧа ɜɜɨɞɢɦɨɟ ɢɡɦɟɧɟɧɢɟ. 
Заɞача (10) ɧаɡыɜаɟɬɫя ɤɨɪɪɟɤɬɧɨɣ ɩɨ Аɞа-
ɦаɪɭ, ɟɫɥɢ: 

1) ɨɛɥаɫɬь ɡɧачɟɧɢɣ ɨɩɟɪаɬɨɪа А (10) 
ɫɨɜɩаɞаɟɬ ɫ ɦɧɨɠɟɫɬɜɨɦ F (ɭɫɥɨɜɢɟ 
ɪаɡɪɟшɢɦɨɫɬɢ); 

2) ɪаɜɟɧɫɬɜɨ Au1 = Au2 ɞɥя ɧɟɤɨɬɨɪых u1, 
u2, ɩɪɢɧаɞɥɟɠащɢх ɨɛɥаɫɬɢ ɨɩɪɟɞɟ-
ɥɟɧɢя ɨɩɟɪаɬɨɪа А, ɜɥɟчɟɬ ɪаɜɟɧɫɬɜɨ 
u1 = u2  (ɭɫɥɨɜɢɟ ɟɞɢɧɫɬɜɟɧɧɨɫɬɢ); 

3) ɨɛɪаɬɧыɣ ɨɩɟɪаɬɨɪ А-1 ɧɟɩɪɟɪыɜɟɧ ɧа 
F (ɭɫɥɨɜɢɟ ɭɫɬɨɣчɢɜɨɫɬɢ). 

Заɞача (10) ɧаɡыɜаɟɬɫя ɧɟɤɨɪɪɟɤɬɧɨɣ, ɟɫɥɢ 
ɧаɪɭшаɟɬɫя хɨɬя ɛы ɨɞɧɨ ɢɡ ɭɫɥɨɜɢɣ 1-3 
ɤɨɪɪɟɤɬɧɨɣ ɡаɞачɢ: ɭɫɥɨɜɢя 1, 2 ɨɬɜɟчаɸɬ ɡа 
ɦаɬɟɦаɬɢчɟɫɤɭɸ ɨɩɪɟɞɟɥɟɧɧɨɫɬь, ɭɫɥɨɜɢɟ 3 
– ɡа ɮɢɡɢчɟɫɤɭɸ ɞɟɬɟɪɦɢɧɢɪɨɜаɧɧɨɫɬь (ɭɫ-
ɬɨɣчɢɜɨɫɬь). В ɫɢɥɭ ɬɨɝɨ, чɬɨ ɩɪаɜая чаɫɬь 
ɡаɞачɢ (10) ɢɡɜɟɫɬɧа ɩɪɢɛɥɢɠɟɧɧɨ (ɞаɧɧыɟ 
ɧаɛɥɸɞɟɧɢɣ, эɤɫɩɟɪɢɦɟɧɬа), ɜɨɩɪɨɫы ɩɨ-
ɫɬɪɨɟɧɢя ɭɫɬɨɣчɢɜɨɝɨ ɪɟшɟɧɢя ɞɥя ɧɟɤɨɪ-
ɪɟɤɬɧых ɡаɞач ɩɪɢɨɛɪɟɬаɸɬ ɩɟɪɜɨɫɬɟɩɟɧɧɨɟ 
ɡɧачɟɧɢɟ ɩɪɢ ɪɟшɟɧɢɢ ɩɪаɤɬɢчɟɫɤɢх ɡаɞач 6. 
 
 
 
 
 
 
Рɢсɭɧɨɤ 2. Оɛщая схɟɦа ɦаɬɟɦаɬɢчɟсɤɨɣ 
ɦɨɞɟɥɢ ɨɛɴɟɤɬа ɢссɥɟɞɨваɧɢя ɞɥя ɩɪяɦɨɣ 

ɡаɞачɢ. 
 
Дɥя ɩɪɟɨɞɨɥɟɧɢя ɧɟɤɨɪɪɟɤɬɧɨɫɬɢ ɡаɞачɢ ɢɫ-
ɩɨɥьɡɭɟɬɫя ɦɟɬɨɞɨɥɨɝɢя ɪɟшɟɧɢя ɨɛɪаɬɧых 
ɧɟɤɨɪɪɟɤɬɧых ɡаɞач, ɩɪɟɞɥɨɠɟɧɧая ɜ ɫɟɪɟɞɢɧɟ 
XX ɜɟɤа аɤаɞɟɦɢɤɨɦ А.Н. Тɢхɨɧɨɜыɦ 5. Тɟɨ-
ɪɢя ɪɟшɟɧɢя ɩɨɞɨɛɧых ɡаɞач ɩɨɥɭчɢɥа ɪаɡɜɢ-
ɬɢɟ ɜ ɪаɛɨɬах М.М. Лаɜɪɟɧɬьɟɜа,  В.К. Иɜаɧɨ-
ɜа, В.П. Таɧаɧа, А.О. Ваɬɭɥьяɧа 6. 
Оɫɧɨɜɧыɦɢ ɫɩɨɫɨɛаɦɢ ɩɪɟɨɞɨɥɟɧɢя ɧɟɤɨɪ-
ɪɟɤɬɧɨɫɬɢ яɜɥяɸɬɫя 5, 6: 
 

 

Ɇеɬоɞ ɤвɚɡиɪеɲеɧиɣ.  

Пɭɫɬь ɪɟɡɭɥьɬаɬы эɤɫɩɟɪɢɦɟɧɬɨɜ ɩɪɢɛɥɢ-
ɠɟɧɧɨ ɨɩɢɫыɜаɸɬ ɩɪаɜɭɸ чаɫɬь f  ɭɪаɜɧɟ-
ɧɢя (10). Пɪɢ ɜыɩɨɥɧɟɧɢɢ ɫɨɨɬɜɟɬɫɬɜɭɸщɢх 
ɭɫɥɨɜɢɣ 6, ɦɟɬɨɞ ɤɜаɡɢɪɟшɟɧɢɣ ɩɨɡɜɨɥяɟɬ 
ɧахɨɞɢɬь ɩɪɢɛɥɢɠɟɧɧɨɟ ɪɟшɟɧɢɟ u  ɩɨ ɩɪɢ-

ɛɥɢɠɟɧɧɨɦɭ ɡɧачɟɧɢɸ ɩɪаɜɨɣ чаɫɬɢ f  

ɭɪаɜɧɟɧɢя (10) ɢ ɜɟɥɢчɢɧɟ ɩɨɝɪɟшɧɨɫɬɢ  : 
   ff  

 
ɤɨɬɨɪɨɟ ɫɬɪɟɦɢɥɨɫь ɛы ɤ ɬɨчɧɨɦɭ ɪɟшɟɧɢɸ 
u  ɩɪɢ 0 . 
Заɞача ɩɨɢɫɤа ɪɟшɟɧɢя ɫɜɨɞɢɬɫя ɤ ɡаɞачɟ 
ɩɨɢɫɤа ɦɢɧɢɦɭɦа ɮɭɧɤцɢɨɧаɥа ɧɟɜяɡɤɢ ][uJ  
(11).  
 

2
][

F
fAuuJ                      (11) 

 
В ɫɜɨɸ ɨчɟɪɟɞь эɥɟɦɟɧɬ ku , ɦɢɧɢɦɢɡɢɪɭɸ-

щɢɣ ɮɭɧɤцɢɨɧаɥ ɧɟɜяɡɤɢ (11), ɧаɡыɜаɟɬɫя 
ɤɜаɡɢɪɟшɟɧɢɟɦ ɭɪаɜɧɟɧɢя (10). Дɥя ɩɨ-
ɫɬɪɨɟɧɢя ɩɪɨцɟɞɭɪы ɤɜаɪɡɢɪɟшɟɧɢя ɧɟɨɛхɨ-
ɞɢɦɨ ɫɭɡɢɬь ɩɪɨɫɬɪаɧɫɬɜɨ U  ɞɨ ɤɨɦɩаɤɬа 

UM  .   
 

Ɇеɬоɞ ɪеɝулɹɪиɡɚɰии ɧɚ ɤоɦɩɚɤɬɧых 
ɦɧоɠесɬвɚх. 
Мɟɬɨɞ ɩɪɟɞɩɨɥаɝаɟɬ ɢɫɩɨɥьɡɨɜаɧɢɟ аɩɪɢɨɪ-
ɧɨɣ ɢɧɮɨɪɦацɢɢ ɞɥя ɫɭɠɟɧɢя ɨɛɥаɫɬɢ ɨɩɪɟ-
ɞɟɥɟɧɢя U ɞɨ ɤɨɦɩаɤɬɧɨɝɨ ɦɧɨɠɟɫɬɜа М 
(ɤɨɦɩаɤɬа) ɫ ɢɫɩɨɥьɡɨɜаɧɢɟɦ ɪаɡɥɢчɧых 
ɤɪɢɬɟɪɢɟɜ (ɧаɩɪɢɦɟɪ, ɤɪɢɬɟɪɢя Аɪцɟɥа).  В 
ɤачɟɫɬɜɟ аɩɪɢɨɪɧɨɣ ɢɧɮɨɪɦацɢɢ ɦɨɠɟɬ ɜы-
ɫɬɭɩаɬь ɨɝɪаɧɢчɟɧɧɨɫɬь, ɩɨɥɨɠɢɬɟɥьɧɨɫɬь, 
ɦɨɧɨɬɨɧɧɨɫɬь, ɜыɩɭɤɥɨɫɬь ɢ ɞɪɭɝɢɟ ɨɫɨɛɟɧ-
ɧɨɫɬɢ ɪаɫɫɦаɬɪɢɜаɟɦɨɝɨ ɤɨɦɩаɤɬа.  
Дɥя ɨɬыɫɤɢɜаɧɢя ɪɟшɟɧɢɣ ɧа ɤɨɦɩаɤɬах 
ɨɛычɧɨ ɩɪɢɛɟɝаɸɬ ɤ ɞɢɫɤɪɟɬɢɡацɢɢ. Дɥя ɩɨ-
ɫɬɪɨɟɧɢя ɩɪɢɛɥɢɠɟɧɧых ɪɟшɟɧɢɣ ɞɨɫɬаɬɨч-
ɧɨ ɧаɣɬɢ ɩɨɫɥɟɞɨɜаɬɟɥьɧɨɫɬь )(nu , ɤɨɬɨɪая 
ɦɢɧɢɦɢɡɢɪɨɜаɥа ɛы ɮɭɧɤцɢɨɧаɥ ɧɟɜяɡɤɢ 

][uJ  (11) ɧа UM  . 
 
 
Ɇеɬоɞ иɬеɪɚɰиоɧɧоɣ ɪеɝулɹɪиɡɚɰии.  

А 
(ɨɩɟɪаɬɨɪ) 

Uu  
 

(ɜхɨɞ) 

Ff   
 
(ɜыхɨɞ) 
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Даɧɧыɣ ɦɟɬɨɞ ɩɪɟɞɭɫɦаɬɪɢɜаɟɬ ɡаɦɟɧɭ ɧɟ-
ɤɨɪɪɟɤɬɧɨɣ ɡаɞачɢ ɡаɞачɟɣ ɨɬыɫɤɢɜаɧɢя ɦɢ-
ɧɢɦɭɦа ɮɭɧɤцɢɨɧаɥа ɧɟɜяɡɤɢ (11). Заɞача 
ɩɨɢɫɤа ɦɢɧɢɦɭɦа ɮɭɧɤцɢɨɧаɥа ɜ ɛɨɥьшɢɧ-
ɫɬɜɟ ɫɥɭчаɟɜ ɪɟшаɟɬɫя ɢɬɟɪацɢɨɧɧɨ. Начаɥь-
ɧыɟ ɢɬɟɪацɢɢ ɬаɤɨɣ ɩɪɨцɟɞɭɪы хɨɪɨшɨ ɩɪɢ-
ɛɥɢɠаɸɬ ɬɨчɧɨɟ ɪɟшɟɧɢɟ, ɨɞɧаɤɨ ɡаɬɟɦ ɢɬɟ-
ɪацɢɨɧɧых ɩɪɨцɟɫɫ ɧачɢɧаɟɬ «ɪаɫɫыɩаɬьɫя» 
6, ɩɪɨяɜɥяɟɬɫя ɧɟɭɫɬɨɣчɢɜɨɫɬь ɪɟшɟɧɢя. 
Даɧɧɨɟ ɫɜɨɣɫɬɜɨ ɨɛɭɫɥаɜɥɢɜаɟɬɫя ɬɟɦ, чɬɨ ɜ 
ɫɥɭчаɟ ɧɟɡаɦɤɧɭɬɨɝɨ ɨɛɪаɡа ɨɩɟɪаɬɨɪа R(A) 
ɧɟ ɜɫяɤая ɦɢɧɢɦɢɡɢɪɭɸщая ɩɨɫɥɟɞɨɜаɬɟɥь-
ɧɨɫɬь ɛɭɞɟɬ ɫхɨɞящɟɣɫя, ɬ.ɤ. ɨɛɪаɬɧыɣ ɨɩɟ-
ɪаɬɨɪ А-1 ɧɟɨɝɪаɧɢчɟɧ. 
Мɟɬɨɞ ɢɬɟɪацɢɨɧɧɨɣ ɪɟɝɭɥяɪɢɡацɢɢ ɫɨɫɬɨɢɬ 
ɜ ɬɨɦ, чɬɨɛы ɩɨ ɢɦɟɸщɟɣɫя аɩɪɢɨɪɧɨɣ ɢɧ-
ɮɨɪɦацɢɢ ɨ ɩɨɝɪɟшɧɨɫɬɢ ɜхɨɞɧых ɞаɧɧых 
ɜыɛɪаɬь ɧɟɤɨɬɨɪɨɟ ɩɪɢɛɥɢɠɟɧɢɟ, ɛɥɢɡɤɨɟ ɤ 
ɬɨчɧɨɦɭ ɪɟшɟɧɢɸ, а ɨɫɧɨɜɧɨɣ ɩɪɨɛɥɟɦɨɣ 
ɦɟɬɨɞа ɜыɫɬɭɩаɟɬ ɨɩɪɟɞɟɥɟɧɢɟ ɤɨɥɢчɟɫɬɜа 
ɢɬɟɪацɢɣ, ɧɟɨɛхɨɞɢɦɨɝɨ ɞɥя ɩɨɥɭчɟɧɢя ɬа-
ɤɨɝɨ ɪɟшɟɧɢя.  
Сɭщɟɫɬɜɭɟɬ ɧɟɫɤɨɥьɤɨ ɬɢɩɨɜ ɢɬɟɪацɢɨɧɧых 
ɦɟɬɨɞɨɜ ɞɥя ɤɜаɞɪаɬɢчɧɨɝɨ ɮɭɧɤцɢɨɧаɥа 

][uJ  (11), ɜ ɨɫɧɨɜɟ ɤɨɬɨɪых ɢɫɩɨɥьɡɭɟɬɫя 
ɫɨɨɬɧɨшɟɧɢɟ (12).  
 

][1 nnnn uJuu                (12) 

 
ɝɞɟ ][ nuJ   – ɩɪɨɢɡɜɨɞɧая ɮɭɧɤцɢɨɧаɥа (11) 

ɩɨ Фɪɟшɟ (ɞɥя ɥɢɧɟɣɧɨɝɨ ɨɩɟɪаɬɨɪа А ɢɦɟɟɬ 
ɜɢɞ )(*2][ fAuAuJ n  ); n  – ɩаɪаɦɟɬɪ, 
ɨɩɪɟɞɟɥяɟɦыɣ ɜ ɡаɜɢɫɢɦɨɫɬɢ ɨɬ ɢɬɟɪацɢɨɧ-
ɧɨɣ ɫхɟɦы. Выɞɟɥяɸɬ 3 ɜɢɞа ɢɬɟɪацɢɨɧɧых 
ɫхɟɦ: 
1) Пɪɨɫɬая ɢɬɟɪацɢя. Паɪаɦɟɬɪ γn=γ=const 
ɜыɛɢɪаɟɬɫя ɢɡ ɭɫɥɨɜɢя 
 

2

2
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A
   

 
2) Мɟɬɨɞ ɦɢɧɢɦаɥьɧых ɧɟɜяɡɨɤ. Паɪаɦɟɬɪ 

n  ɧахɨɞɢɬɫя ɢɡ ɭɫɥɨɜɢя ɦɢɧɢɦɭɦа ɮɭɧɤ-

цɢɨɧаɥа 2

1 uun   ɫɨɝɥаɫɧɨ ɡаɜɢɫɢɦɨɫɬɢ 
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3) Мɟɬɨɞ ɧаɢɫɤɨɪɟɣшɟɝɨ ɫɩɭɫɤа. Паɪаɦɟɬɪ 
n  ɜыɛɢɪаɟɬɫя ɢɡ ɭɫɥɨɜɢя ɦɢɧɢɦɭɦа ɮɭɧɤ-

цɢɨɧаɥа ɧɟɜяɡɤɢ 
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Ɇеɬоɞ усечеɧɧых сиɧɝулɹɪɧых выɪɚɠе-
ɧиɣ. 
Мɟɬɨɞ ɫɜяɡаɧ ɫ ɨɪɬɨɝɨɧаɥьɧыɦɢ ɪаɡɥɨɠɟ-
ɧɢяɦɢ, ɩɪɟɞɭɫɦаɬɪɢɜаɟɬ ɢɫɩɨɥьɡɨɜаɧɢɟ ɫɢɧ-
ɝɭɥяɪɧɨɟ ɪаɡɥɨɠɟɧɢɟ ɨɩɟɪаɬɨɪа А (13). 
 


1

),(
k

kkk fuuAu                 (13) 

 
ɝɞɟ ku , kf  – ɧɨɪɦɢɪɨɜаɧɧыɟ ɨɪɬɨɝɨɧаɥьɧыɟ 
ɫɢɫɬɟɦы ɜ ɩɪɨɫɬɪаɧɫɬɜах U ɢ F ɫɨɨɬɜɟɬɫɬ-
ɜɟɧɧɨ, k  – ɫɢɧɝɭɥяɪɧыɟ чɢɫɥа ɨɩɟɪаɬɨɪа A. 

Еɫɥɢ ɫчɢɬаɬь ɩɨɫɥɟɞɨɜаɬɟɥьɧɨɫɬь  k  ɨɝɪа-
ɧɢчɟɧɧɨɣ, ɬɨɝɞа А ɩɪɟɞɫɬаɜɥяɟɬ ɫɨɛɨɣ ɧɟ-
ɩɪɟɪыɜɧыɣ ɥɢɧɟɣɧыɣ ɨɩɟɪаɬɨɪ ɢɡ U ɜ F ɫ 
ɫɨɩɪяɠɟɧɧыɦ ɨɩɟɪаɬɨɪɨɦ  
 


1

* ),(
k

kkk ufffA   

 
Сɩɟɤɬɪ ɨɩɟɪаɬɨɪа В=А*А ɫɨɞɟɪɠɢɬ ɫɨɛɫɬ-
ɜɟɧɧыɟ ɡɧачɟɧɢя 2

k , ɤɨɬɨɪыɦ ɫɨɨɬɜɟɬɫɬɜɭ-
ɸɬ ɫɨɛɫɬɜɟɧɧыɟ эɥɟɦɟɧɬы ku . 

Еɫɥɢ ɨɩɟɪаɬɨɪ А ɞɨɩɭɫɤаɟɬ ɫɢɧɝɭɥяɪɧɨɟ ɪаɡ-
ɥɨɠɟɧɢɟ (13), ɬɨ ɨɩɟɪаɬɨɪ, ɡаɦɟщаɸщɢɣ ɨɛ-
ɪаɬɧыɣ ɫɬɪɨɢɬɫя ɩɨ ɩɪаɜɢɥɭ  
 

  
1

1 ),(
k

kkk ufffA             (14) 

 
Оɩɟɪаɬɨɪ А+ ɧɟɨɝɪаɧɢчɟɧ ɜ ɬɨɦ ɢ ɬɨɥьɤɨ ɬɨɦ 
ɫɥɭчаɟ, ɟɫɥɢ 0k . В эɬɨɦ ɫɥɭчаɟ ɨɩɟɪаɬɨɪ 
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А+  ɦɨɠɧɨ ɪɟɝɭɥяɪɢɡɨɜаɬь ɫ ɩɨɦɨщьɸ ɭɫɟ-
чɟɧɧɨɝɨ ɫɢɧɝɭɥяɪɧɨɝɨ ɪаɡɥɨɠɟɧɢя, ɟɫɥɢ ɫɨ-
хɪаɧɢɬь ɤɨɧɟчɧɨɟ чɢɫɥɨ чɥɟɧɨɜ ɪяɞа ɜ (14) ɢ 
ɨɬɛɪɨɫɢɬь ɪаɫɬɭщɢɟ ɫɥаɝаɟɦыɟ. 
 

  N

k
kkk uffRfu

1

1 ),(          (15) 

 
В эɬɨɦ ɫɥɭчаɟ ɩаɪаɦɟɬɪɨɦ ɪɟɝɭɥяɪɢɡацɢɢ 
ɫɥɭɠɢɬ чɢɫɥɨ N, ɡаɜɢɫящɟɟ ɨɬ ɩɨɝɪɟшɧɨɫɬɢ 
δ.  
Аɧаɥɢɡɢɪɭя ɫɬɪɭɤɬɭɪɭ ɫɢɧɝɭɥяɪɧɨɝɨ ɜыɪа-
ɠɟɧɢя ɦɨɠɧɨ ɭɫɬаɧɨɜɢɬь ɩɪɢɪɨɞɭ ɧɟɤɨɪ-
ɪɟɤɬɧɨɫɬɢ ɤɨɧɤɪɟɬɧɨɣ ɡаɞачɢ. Зɧая ɫɢɧɝɭ-
ɥяɪɧыɟ чɢɫɥа ɢ ɫɨɨɬɜɟɬɫɬɜɭɸщɢɟ ɢɦ ɫɨɛɫɬ-
ɜɟɧɧыɟ эɥɟɦɟɧɬы ɦɨɠɧɨ ɫɭɞɢɬь ɨ ɬɨɦ, ɤаɤɢɟ 
ɤɨɦɩɨɧɟɧɬы ɪɟшɟɧɢя ɭɪаɜɧɟɧɢя (13) ɜычɢɫ-
ɥяɸɬɫя ɩɨ ɩɪɢɛɥɢɠɟɧɢɸ эɥɟɦɟɧɬа f , ɤɨɬɨ-
ɪɨɟ ɢɫɩɨɥьɡɭɟɬɫя ɞɥя ɩɨɢɫɤа ɪɟшɟɧɢя. 
 
ɉɪоеɤɰиоɧɧыɣ ɦеɬоɞ. 
В ɞаɧɧɨɦ ɦɟɬɨɞɟ ɪɟшɟɧɢɟ ɨɩɟɪаɬɨɪɧɨɝɨ 
ɭɪаɜɧɟɧɢя ɨɬыɫɤɢɜаɟɬɫя ɜ ɜɢɞɟ ɥɢɧɟɣɧɨɣ 
ɤɨɦɛɢɧацɢɢ ɥɢɧɟɣɧɨ ɧɟɡаɜɢɫɢɦɨɣ ɫɢɫɬɟɦы 
ɮɭɧɤцɢɣ k  (16), ɢɦɟɧɭɟɦых ɛаɡɢɫɧыɦɢ.  

Раɫɫɦаɬɪɢɜая ɨɩɟɪаɬɨɪɧɨɟ ɭɪаɜɧɟɧɢɟ (10), 
ɝɞɟ А – ɥɢɧɟɣɧыɣ ɧɟɩɪɟɪыɜɧыɣ ɨɩɟɪаɬɨɪ А: 
U → F, ɩɪɢчɟɦ U, F – ɫɟɩаɪаɛɟɥьɧыɟ ɝɢɥь-
ɛɟɪɬɨɜы ɩɪɨɫɬɪаɧɫɬɜа, ker A={0}. Рɟшɟɧɢɟ 
ɢщɟɬɫя ɜ ɜɢɞɟ 
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Пɨɞɨɛɧыɟ ɦɟɬɨɞы ɩɪɢɦɟɧяɸɬɫя ɩɪɢ ɪɟшɟ-
ɧɢɢ ɞɢɮɮɟɪɟɧцɢаɥьɧых ɭɪаɜɧɟɧɢɣ (ɦɟɬɨɞы 
Бɭɛɧɨɜа-Ƚаɥɟɪɤɢɧа, Пɟɬɪɨɜа ɢ ɞɪ).  
Пɪɟɞɫɬаɜɥɟɧɢɟ (16) ɨɛɥаɞаɟɬ ɫɭщɟɫɬɜɟɧɧы-
ɦɢ ɨɫɨɛɟɧɧɨɫɬяɦɢ:   ɩɪɟɞɫɬаɜɥɟɧɢɟ ɞаɟɬ ɫɭщɟɫɬɜɟɧɧɭɸ 
аɩɪɢɨɪɧɭɸ ɢɧɮɨɪɦацɢɸ ɨ ɬɨчɧɨɦ ɪɟшɟɧɢɢ 
u;   ɬɪɟɛɭɟɬɫя ɨɩɪɟɞɟɥɢɬь ɧɟ ɬɨɥьɤɨ ɤɨ-
эɮɮɢцɢɟɧɬы  ka , ɧɨ ɢ ɪаɡɦɟɪɧɨɫɬь ɩɪɟɞ-

ɫɬаɜɥɟɧɢя N;  

 ɞɥя ɧɟɤɨɪɪɟɤɬɧɨɣ ɡаɞачɢ ɫ ɩɪɢɛɥɢ-
ɠɟɧɧɨ ɡаɞаɧɧɨɣ ɩɪаɜɨɣ чаɫɬьɸ f  ɭɜɟɥɢчɟɧɢɟ 
ɪаɡɦɟɪɧɨɫɬɢ ɩɪɟɞɫɬаɜɥɟɧɢя N ɧɟ ɩɨɜышаɟɬ 
ɬɨчɧɨɫɬь ɪɟшɟɧɢя ɡаɞачɢ;   ɫхɨɞɢɦɨɫɬь ɩɪɢɛɥɢɠɟɧɧых ɪɟшɟɧɢɣ ɤ 
ɬɨчɧɨɦɭ ɢɦɟɟɬ ɦɟɫɬɨ ɥɢшь ɩɪɢ ɫɩɟцɢаɥьɧɨɦ 
ɜыɛɨɪɟ ɫɢɫɬɟɦы  k .  

 
Ɇеɬоɞ ɪеɝулɹɪиɡɚɰии А.ɇ. Ɍихоɧовɚ. 
Мɟɬɨɞ ɩɪɟɞɭɫɦаɬɪɢɜаɟɬ ɢɫɩɨɥьɡɨɜаɧɢɟ ɫɬа-
ɛɢɥɢɡɢɪɭɸщɟɝɨ ɮɭɧɤцɢɨɧаɥа (17) ɩɪɢ ɪɟшɟ-
ɧɢɢ ɡаɞачɢ ɦɢɧɢɦɢɡацɢɢ. Пɨɫɬɪɨɟɧɢɟ ɮɭɧɤ-
цɢɨɧаɥа ɨɫɭщɟɫɬɜɥяɟɬɫя ɧа ɨɫɧɨɜɟ (11), ɩɭ-
ɬɟɦ ɞɨɛаɜɥɟɧɢя ɜɫɩɨɦɨɝаɬɟɥьɧɨɝɨ ɧɟɨɬɪɢца-
ɬɟɥьɧɨɝɨ (ɫɝɥаɠɢɜаɸщɟɝɨ) ɮɭɧɤцɢɨɧаɥа, ɤɨ-
ɬɨɪыɣ ɨɩɪɟɞɟɥɟɧ ɧа ɧɟɤɨɬɨɪɨɣ чаɫɬɢ 

ADU 0  ɢ ɨɛɟɫɩɟчɢɜаɟɬ ɧɟɩɪɟɪыɜɧɨɫɬь ɢ 

ɟɞɢɧɫɬɜɟɧɧɨɫɬь ɪɟшɟɧɢя ɡаɞачɢ ɦɢɧɢɦɢɡа-
цɢɢ.  
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ɝɞɟ   – ɤɨэɮɮɢцɢɟɧɬа ɪɟɝɭɥяɪɢɡацɢɢ, А – 
ɜɩɨɥɧɟ ɧɟɩɪɟɪыɜɧыɣ ɨɩɟɪаɬɨɪ, ɨɫɭщɟɫɬɜ-
ɥяɸщɢɣ ɨɬɨɛɪаɠɟɧɢɟ эɥɟɦɟɧɬɨɜ u  U  ɧа  f  F , DA – ɨɛɥаɫɬь ɨɩɪɟɞɟɥɟɧɢя ɨɩɟɪаɬɨɪа А. 
Вɢɞ ɫɝɥаɠɢɜаɸщɟɝɨ ɮɭɧɤцɢɨɧаɥа ɦɨɠɟɬ 
ɛыɬь ɪаɡɥɢчɧыɦ ɜ ɡаɜɢɫɢɦɨɫɬɢ ɨɬ ɬɢɩа ɡаɞа-
чɢ. Пɨɞɦɧɨɠɟɫɬɜɨ ADU 0  ɦɨɠɟɬ яɜɥяɬьɫя 
ɫаɦɨɫɬɨяɬɟɥьɧыɦ ɦɟɬɪɢчɟɫɤɢɦ ɩɪɨɫɬɪаɧɫɬ-
ɜɨɦ. 
Дɥя ɫɝɥаɠɢɜаɸщɟɝɨ ɮɭɧɤцɢɨɧаɥа ɞɨɤаɡаɧы 
ɬɟɨɪɟɦы ɟɞɢɧɫɬɜɟɧɧɨɫɬɢ ɪɟшɟɧɢя ɢ ɫɨɨɬɧɨ-
шɟɧɢя ɤɨɪɪɟɤɬɧɨɫɬɢ 6 (18). 
 

FU
fu  1                       (18) 

 
ɝɞɟ u – ɪɟшɟɧɢɟ, ɧаɣɞɟɧɧɨɟ ɩɨ ɦɟɬɨɞɭ ɪɟ-
ɝɭɥяɪɢɡацɢɢ Тɢхɨɧɨɜа. 
Мɟɬɨɞ ɪɟɝɭɥяɪɢɡацɢɢ ɦɨɠɟɬ ɩɪɢɦɟɧяɬьɫя ɜ 
ɬɟх ɫɥɭчаях, ɤɨɝɞа аɩɪɢɨɪɧая ɢɧɮɨɪɦацɢя ɨ 
ɪɟшɟɧɢɢ ɨɬɫɭɬɫɬɜɭɟɬ ɢɥɢ ɧɟ ɦɨɠɟɬ ɛыɬь ɭч-
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ɬɟɧа ɩɪɢ ɩɨɢɫɤɟ ɪɟшɟɧɢя. Мɟɬɨɞ ɧɟ ɬɪɟɛɭɟɬ 
ɮаɤɬɢчɟɫɤɨɝɨ ɡаɞаɧɢя ɤɨɦɩаɤɬа М ɧа ɦɧɨɠɟ-
ɫɬɜɟ U. Таɤɨɟ ɬɪɟɛɨɜаɧɢɟ ɤ ɩɨɫɬɪɨɟɧɢɸ ɪɟ-
шɟɧɢя ɢɫɩɨɥьɡɭɟɬɫя, ɧаɩɪɢɦɟɪ, ɜ ɦɟɬɨɞɟ 
ɤɜаɡɢɪɟшɟɧɢɣ. Дɥя ɩɪɢɦɟɧɟɧɢя ɦɟɬɨɞа ɪɟɝɭ-
ɥяɪɢɡацɢɢ ɞɨɫɬаɬɨчɧɨ, чɬɨɛы ɡаɞача ɮɨɪɦɭ-
ɥɢɪɨɜаɥаɫь ɞɥя ɜɩɨɥɧɟ ɧɟɩɪɟɪыɜɧɨɝɝɨ ɨɩɟ-
ɪаɬɨɪа А, ɞɟɣɫɬɜɭɸщɟɝɨ ɧа ɝɢɥьɛɟɪɬɨɜых 
ɩɪɨɫɬɪаɧɫɬɜах U, F. 
Мɟɬɨɞ ɪɟɝɭɥяɪɢɡацɢɢ шɢɪɨɤɨ ɩɪɢɦɟɧяɟɬɫя 
ɞɥя ɪɟшɟɧɢя ɥɢɧɟɣɧых ɢ ɧɟɥɢɧɟɣɧых ɨɩɟɪа-
ɬɨɪɧых ɭɪаɜɧɟɧɢɣ 1-ɝɨ ɪɨɞа (10). В ɤачɟɫɬɜɟ 
ɧаɢɛɨɥɟɟ ɢɡɜɟɫɬɧɨɝɨ ɢ ɪаɫɩɪɨɫɬɪаɧɟɧɧɨɝɨ 
ɨɛъɟɤɬа ɩɪɢɥɨɠɟɧɢя аɩɩаɪаɬа ɪɟɝɭɥяɪɢɡацɢɢ 
ɜыɫɬɭɩаɸɬ ɢɧɬɟɝɪаɥьɧыɟ ɭɪаɜɧɟɧɢя Фɪɟɞ-
ɝɨɥьɦа. 
Эɮɮɟɤɬ ɪɟɝɭɥяɪɢɡацɢɢ ɡаɜɢɫɢɬ ɨɬ ɤɨэɮɮɢ-
цɢɟɧɬа ɪɟɝɭɥяɪɢɡацɢɢ ȕ. Выɛɨɪ ɨɩɬɢɦаɥьɧɨ-
ɝɨ ɩаɪаɦɟɬɪа ɪɟɝɭɥяɪɢɡацɢɢ ȕ – ɧаɢɛɨɥɟɟ 
ɜаɠɧая ɩɪɨɛɥɟɦа ɩɪɢ ɪɟаɥɢɡацɢɢ ɦɟɬɨɞа. 
Заɧɢɠɟɧɧɨɟ ɡɧачɟɧɢɟ ɤɨэɮɮɢцɢɟɧɬа (0< ȕ < 
ȕɨɩɬ) ɧɟ ɜɫɟɝɞа ɨɛɟɫɩɟчɢɜаɟɬ ɟɞɢɧɫɬɜɟɧɧɨɫɬь 
ɢ ɧɟɩɪɟɪыɜɧɨɫɬь ɪɟшɟɧɢя. Заɜышɟɧɧɨɟ ɡɧа-
чɟɧɢɟ (ȕ > ȕɨɩɬ) ɩɪɢɜɨɞɢɬ ɤ ɩɨɬɟɪɟ ɬɨчɧɨɫɬɢ 
ɢɫɤɨɦɨɝɨ ɪɟшɟɧɢя ɜɜɢɞɭ ɩɪɟɨɛɥаɞаɧɢя ɡɧа-
чɟɧɢɣ ɫɝɥаɠɢɜаɸщɟɝɨ ɮɭɧɤцɢɨɧаɥа ɧаɞ ɡɧа-
чɟɧɢɟɦ ɮɭɧɤцɢɨɧаɥа ɧɟɜяɡɤɢ. Сɭщɟɫɬɜɭɟɬ 
ɞɨɫɬаɬɨчɧɨ шɢɪɨɤɢɣ ɧаɛɨɪ ɫɩɨɫɨɛɨɜ ɜыɛɨɪа 
ɤɨэɮɮɢцɢɟɧɬа ɪɟɝɭɥяɪɢɡацɢɢ 5, 7. 
Пɨɫɬɪɨɟɧɢɟ ɫɬаɛɢɥɢɡɢɪɭɸщɟɝɨ ɮɭɧɤцɢɨɧаɥа 
ɧа ɨɫɧɨɜɟ цɟɥɟɜɨɣ ɮɭɧɤцɢɢ (9) ɜыɩɨɥɧяɟɬɫя 
ɧа ɨɫɧɨɜɟ ɧɟɨɬɪɢцаɬɟɥьɧɨɝɨ ɮɭɧɤцɢɨɧаɥа, 
ɡɧачɟɧɢя ɤɨɬɨɪɨɝɨ ɡаɜɢɫяɬ ɨɬ ɩаɪаɦɟɬɪа ɫɢɫ-
ɬɟɦы, ɜ ɤачɟɫɬɜɟ ɤɨɬɨɪɨɝɨ ɜ ɞаɧɧɨɦ ɫɥɭчаɟ 
ɜыɫɬɭɩаɟɬ ɦɨɞɭɥь ɭɩɪɭɝɨɫɬɢ. Даɧɧыɦ ɭɫɥɨ-
ɜɢяɦ ɭɞɨɜɥɟɬɜɨɪяɟɬ ɤɜаɞɪаɬɢчɧыɣ ɮɭɧɤцɢɨ-
ɧаɥ ɪаɡɧɨɫɬɢ ɦаɬɪɢц ɠɟɫɬɤɨɫɬɢ: ɪаɫчɟɬɧɨɣ 
[K(x)], ɢɡɦɟɧɟɧɢɟ чɥɟɧɨɜ ɤɨɬɨɪɨɣ ɩɪɨɢɫхɨ-
ɞɢɬ ɜ ɩɪɨцɟɫɫɟ ɨɩɬɢɦɢɡацɢɢ, ɢ ɧачаɥьɧɨɣ 
[K(x0)], ɩɪɟɞɭɫɦɨɬɪɟɧɧɨɣ ɩɪɨɟɤɬɨɦ (19). 
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В ɤачɟɫɬɜɟ ɦаɬɪɢчɧɨɣ ɧɨɪɦы  ɜ ɞаɧɧɨɦ ɫɥɭ-
чаɟ ɦɨɠɟɬ ɜыɫɬɭɩаɬь ɦаɬɪɢчɧая ɧɨɪɦа Фɪɨ-
ɛɟɧɢɭɫа (20). 
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Оɛщɢɣ ɜɢɞ ɫɬаɛɢɥɢɡɢɪɭɸщɟɝɨ ɮɭɧɤцɢɨɧаɥа 
ɧа ɨɫɧɨɜɟ ɩɪɟɞɥɨɠɟɧɧɨɣ цɟɥɟɜɨɣ ɮɭɧɤцɢɢ ɢ 
ɫɝɥаɠɢɜаɸщɟɝɨ ɮɭɧɤцɢɨɧаɥа ɛɭɞɟɬ ɜыɝɥя-
ɞɟɬь ɫɥɟɞɭɸщɢɦ ɨɛɪаɡɨɦ (21). 
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ɝɞɟ )(хR  – ɦɧɨɠɟɫɬɜɨ ɞɨɩɭɫɬɢɦых ɡɧачɟɧɢɣ 
ɩаɪаɦɟɬɪа x. 
Заɞача ɫɨɫɬɨɢɬ ɜ ɬɨɦ, чɬɨɛы ɢɡ ɫɬаɪɬɨɜɨɣ 
(ɩɪɨɟɤɬɧɨɣ) ɦаɬɟɦаɬɢчɟɫɤɨɣ ɦɨɞɟɥɢ ɩɨɥɭ-
чɢɬь ɦɨɞɟɥь ɛɥɢɡɤɭɸ ɤ ɪɟаɥьɧɨɦɭ ɨɛъɟɤɬɭ, 
ɞɪɭɝɢɦɢ ɫɥɨɜаɦɢ ɧа ɨɫɧɨɜаɧɢɢ ɫɬаɪɬɨɜɨɣ 
ɦаɬɪɢцы ɠɟɫɬɤɨɫɬɢ ɦаɬɟɦаɬɢчɟɫɤɨɣ ɦɨɞɟɥɢ 
ɧɟɨɛхɨɞɢɦɨ ɧаɣɬɢ ɦаɬɪɢцɭ ɠɟɫɬɤɨɫɬɢ ɨɛъ-
ɟɤɬа, ɤɨɬɨɪая ɛы ɩɪɢɜɨɞɢɥа ɜ ɫɨɨɬɜɟɬɫɬɜɢɟ 
ɢɧɟɪцɢɨɧɧɨ-ɠɟɫɬɤɨɫɬɧыɟ хаɪаɤɬɟɪɢɫɬɢɤɢ 
ɦаɬɟɦаɬɢчɟɫɤɨɣ ɦɨɞɟɥɢ ɢ ɢɫɫɥɟɞɭɟɦɨɝɨ ɨɛъ-
ɟɤɬа. Оɛщая ɫхɟɦа ɨɩɢɫаɧɧɨɣ ɨɛɪаɬɧɨɣ ɡа-
ɞачɢ ɩɨɤаɡаɧа ɧа ɪɢɫɭɧɤɟ 3. 
 

 
 
Рɢсɭɧɨɤ 3. Оɛщая схɟɦа ɦɨɞɟɥɢ ɨɛɪаɬɧɨɣ 

ɡаɞачɢ. 
 
Иɫхɨɞɧыɦɢ ɞаɧɧыɦɢ  ɞɥя ɩɪɨцɟɞɭɪы аɞаɩ-
ɬацɢɢ (21) ɜыɫɬɭɩаɟɬ ɫɬаɪɬɨɜая ɦаɬɟɦаɬɢчɟ-
ɫɤая ɦɨɞɟɥь ɨɛъɟɤɬа, аɞɟɤɜаɬɧɨ ɨɬɪаɠаɸщая 
"ɩɪɨɟɤɬɧыɟ" ɫɜɨɣɫɬɜа (ɦаɬɪɢца ɠɟɫɬɤɨɫɬɢ  ɦxK )( 0 , ɦаɬɪɢца ɦаɫɫ  ɦM ) ɢ ɜычɢɫɥяɟ-
ɦыɟ ɧа ɟё ɨɫɧɨɜɟ ɞɢɧаɦɢчɟɫɤɢɟ хаɪаɤɬɟɪɢ-
ɫɬɢɤɢ – ɫɨɛɫɬɜɟɧɧыɟ ɩаɪы ɦɨɞɟɥɢ ɦ}{ ,  ɦФ . Пɪɨцɟɞɭɪа ɦɢɧɢɦɢɡацɢɢ ɮɭɧɤцɢɨɧаɥа 
ɉ(х) ɩɪɨɢɡɜɨɞɢɬɫя ɩɨ ɩаɪаɦɟɬɪɭ ɫɢɫɬɟɦы, ɜ 
ɤачɟɫɬɜɟ ɤɨɬɨɪɨɝɨ ɜыɫɬɭɩаɟɬ ɦɨɞɭɥь ɭɩɪɭɝɨ-
ɫɬɢ ɦаɬɟɪɢаɥа. В ɪɟɡɭɥьɬаɬɟ ɦɢɧɢɦɢɡацɢɢ 
ɨɩɪɟɞɟɥяɸɬɫя ɨɩɬɢɦаɥьɧыɟ ɡɧачɟɧɢя ɫɨɛɫɬ-

ɦxK )]([ 0
 ɦxK )]([minimize  
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ɜɟɧɧыɟ ɩаɪы ɦɨɞɟɥɢ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸщая ɢɦ 
ɪɟɝɭɥяɪɢɡɨɜаɧɧая ɦаɬɪɢца ɠɟɫɬɤɨɫɬɢ  )( xK , ɡɧачɟɧɢя ɤɨɬɨɪɨɣ ɡаɜɢɫяɬ ɨɬ ɩаɪа-
ɦɟɬɪа ɪɟɝɭɥяɪɢɡацɢɢ ȕ.  
Дɥя ɫɨɝɥаɫɨɜаɧɢя ɩаɪаɦɟɬɪа ɪɟɝɭɥяɪɢɡацɢɢ 
ȕ ɫ ɩɨɝɪɟшɧɨɫɬьɸ эɤɫɩɟɪɢɦɟɧɬаɥьɧɨ ɧаɣ-
ɞɟɧɧых ɞɢɧаɦɢчɟɫɤɢх хаɪаɤɬɟɪɢɫɬɢɤ ɩɪɢɦɟ-
ɧяɟɬɫя аɥɝɨɪɢɬɦ, ɢɡɥɨɠɟɧɧыɣ ɜ ɪаɛɨɬɟ 16. 
Сɨɝɥаɫɧɨ ɩɪɟɞɫɬаɜɥɟɧɧɨɦɭ ɦɟɬɨɞɭ ɞɥя ɩɪɟ-
ɞɨɬɜɪащɟɧɢя ɩɪɟɨɛɥаɞаɧɢя ɮɭɧɤцɢɢ ɪɟɝɭɥя-
ɪɢɡацɢɢ ɧаɞ ɮɭɧɤцɢɟɣ ɨцɟɧɤɢ ɩɪɢɦɟɧяɟɬɫя 
ɩɪɨцɟɞɭɪа ɩɨшаɝɨɜɨɝɨ ɨɝɪаɧɢчɟɧɢя ɩаɪа-
ɦɟɬɪа ɪɟɝɭɥяɪɢɡацɢɢ (22). 
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ɝɞɟ k – шаɝ ɩɪɨцɟɞɭɪы ɦɢɧɢɦɢɡацɢɢ. 
В ɬɨɦ ɫɥɭчаɟ, ɟɫɥɢ ɜ ɪɟɡɭɥьɬаɬɟ k-ɨɣ ɢɬɟɪа-
цɢɢ ɮɭɧɤцɢя ɨцɟɧɤɢ ɦɟɧьшɟ ɮɭɧɤцɢɢ ɪɟɝɭ-
ɥяɪɢɡацɢɢ, ɩɨɫɥɟɞɧяя ɭɦɟɧьшаɟɬɫя ɩɭɬɟɦ 
ɭɦɧɨɠɟɧɢя ɧа ɩɨɧɢɠаɸщɢɣ ɤɨэɮɮɢцɢɟɧɬ  ( 10   ) ɧа ɫɥɟɞɭɸщɟɦ шаɝɟ ɢɬɟɪацɢɢ 
(13). 
 

kk  1                            (23) 

 

Пɨɫɥɟ ɨɤɨɧчаɧɢя ɩɨɢɫɤа ɪɟшɟɧɢя ɡаɞачɢ ɨɩ-
ɬɢɦɢɡацɢɢ ɩɨɥɭчɟɧɧыɟ ɪɟɡɭɥьɬаɬы ɦɨɠɧɨ 
ɨцɟɧɢɬь ɧа ɨɫɧɨɜɟ ɩɪɨɟɤɬɧых ɞаɧɧых – ɩɪɨ-
ɢɡɜɟɫɬɢ ɨцɟɧɤɭ  ɢɡɦɟɧɟɧɢɣ ɠɟɫɬɤɨɫɬɢ ɪаɡ-
ɥɢчɧых ɤɨɧɫɬɪɭɤɬɢɜɧых эɥɟɦɟɧɬɨɜ (24). 
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ɝɞɟ S  – ɨцɟɧɤа ɨɛɧаɪɭɠɟɧɧых ɢɡɦɟɧɟɧɢɣ; 

ɉx  – ɩɪɨɟɤɬɧɨɟ ɡɧачɟɧɢɟ ɩаɪаɦɟɬɪа; x  – 
ɫɪɟɞɧɟɟ ɡɧачɟɧɢɟ ɩаɪаɦɟɬɪа ɞɥя ɤɨɧɫɬɪɭɤ-
ɬɢɜɧɨɝɨ эɥɟɦɟɧɬа (ɨɛɥаɫɬɢ эɥɟɦɟɧɬа). 
К ɩɪɟɢɦɭщɟɫɬɜаɦ ɦаɬɟɦаɬɢчɟɫɤɢ ɮɨɪɦаɥɢ-
ɡɨɜаɧɧых аɞаɩɬɢɜɧых ɩɪɨцɟɞɭɪ ɩɨ ɫɪаɜɧɟ-
ɧɢɸ ɫ ɢɧɬɭɢɬɢɜɧɨ ɢɧɠɟɧɟɪɧыɦɢ ɦɨɠɧɨ ɨɬ-
ɧɟɫɬɢ:  

1) ɬɨчɧɭɸ ɢɧɬɟɪɩɪɟɬацɢɸ ɪɟɡɭɥьɬаɬɨɜ 
ɢɡɦɟɪɟɧɢя ɞɢɧаɦɢчɟɫɤɢх хаɪаɤɬɟɪɢɫɬɢɤ 
ɫɬɪɨɢɬɟɥьɧɨɝɨ ɨɛъɟɤɬа; 

2) ɩɪɟɨɞɨɥɟɧɢɟ (ɡа ɫчɟɬ ɪɟɝɭɥяɪɢɡацɢɢ) 
ɪаɡɥɢчɧɨɝɨ ɪɨɞа ɩɨɝɪɟшɧɨɫɬɟɣ ɢ ɧɟɬɨчɧɨ-
ɫɬɟɣ, ɫɜяɡаɧɧых ɫ ɢɫɩɨɥьɡɨɜаɧɢɟɦ эɤɫɩɟɪɢ-
ɦɟɧɬаɥьɧɨ ɢɡɦɟɪɟɧɧых ɜɟɥɢчɢɧ; 

3) ɜыяɜɥɟɧɢɟ ɦаɫɫɢɜɨɜ эɥɟɦɟɧɬɨɜ ɦаɬɟ-
ɦаɬɢчɟɫɤɨɣ ɦɨɞɟɥɢ ɨɛъɟɤɬа (ɤɨɧɫɬɪɭɤцɢɣ ɢ 
ɢх эɥɟɦɟɧɬɨɜ), ɞɥя ɤɨɬɨɪых ɜыяɜɥɟɧɨ ɢɡɦɟ-
ɧɟɧɢɟ ɠɟɫɬɤɨɫɬɢ ɢ ɧɟɫɭщɟɣ ɫɩɨɫɨɛɧɨɫɬɢ. 
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ȼȼȿȾȿɇɂȿ 

 
На ɩɨɞɪаɛɨɬаɧɧɨɣ ɬɟɪɪɢɬɨɪɢɢ Пɟɪɦɫɤɨɝɨ 
ɤɪая ɜ ɩɨɬɟɧцɢаɥьɧɨ ɨɩаɫɧɨɣ ɡɨɧɟ ɨɤаɡаɥɢɫь 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧыɟ, ɠɢɥыɟ ɢ аɞɦɢɧɢɫɬɪаɬɢɜ-
ɧыɟ ɡɞаɧɢя ɝɨɪɨɞа. Дɥя ɨцɟɧɤɢ ɛɟɡɨɩаɫɧɨɫɬɢ 
ɢ ɜɨɡɦɨɠɧɨɫɬɢ ɞаɥьɧɟɣшɟɣ эɤɫɩɥɭаɬацɢɢ 
ɡаɫɬɪɨɣɤɢ ɧɟɨɛхɨɞɢɦ ɩɪɨɝɧɨɡ ɩɪɨцɟɫɫа ɞɟ-
ɮɨɪɦɢɪɨɜаɧɢя ɝɪɭɧɬɨɜɨɝɨ ɦаɫɫɢɜа ɢ ɫɪɨɤɨɜ 
ɜɜɟɞɟɧɢя ɦɟɪ ɨхɪаɧы ɞɥя ɤаɠɞɨɝɨ ɢɡ эɬɢх 
ɡɞаɧɢɣ.  
Пɪɢ ɫɞɜɢɠɟɧɢɢ ɡɟɦɧɨɣ ɩɨɜɟɪхɧɨɫɬɢ ɨɫɧɨɜ-
ɧыɦɢ ɩɨɤаɡаɬɟɥяɦɢ, ɩɨɡɜɨɥяɸщɢɦɢ ɩɪɨɝɧɨ-
ɡɢɪɨɜаɬь ɢ ɨцɟɧɢɜаɬь ɫɨɫɬɨяɧɢɟ ɡɞаɧɢɣ ɢ ɫɨ-
ɨɪɭɠɟɧɢɣ, яɜɥяɸɬɫя: ɨɫɟɞаɧɢɟ ɡɟɦɧɨɣ ɩɨ-
ɜɟɪхɧɨɫɬɢ η, ɪаɞɢɭɫ ɤɪɢɜɢɡɧы R ɢ ɝɨɪɢɡɨɧ-

ɬаɥьɧыɟ ɞɟɮɨɪɦацɢɢ ɡɟɦɧɨɣ ɩɨɜɟɪхɧɨɫɬɢ ε  
ɜ ɨɫɧɨɜаɧɢях ɡɞаɧɢɣ. 
Мɟхаɧɢчɟɫɤая ɛɟɡɨɩаɫɧɨɫɬь ɢ эɤɫɩɥɭаɬацɢ-
ɨɧɧая ɩɪɢɝɨɞɧɨɫɬь ɨɬɞɟɥьɧɨɝɨ ɡɞаɧɢя ɧа 
ɩɨɞɪаɛɨɬаɧɧɨɣ ɬɟɪɪɢɬɨɪɢɢ, ɡаɜɢɫɢɬ ɤаɤ ɨɬ 
ɞɟɮɨɪɦацɢɣ ɡɟɦɧɨɣ ɩɨɜɟɪхɧɨɫɬɢ, ɬаɤ ɢ ɨɬ 
ɪаɫɩɨɥɨɠɟɧɢя ɡɞаɧɢя ɨɬɧɨɫɢɬɟɥьɧɨ ɦɭɥьɞы 
ɫɞɜɢɠɟɧɢя ɢ ɟɝɨ ɤɨɧɫɬɪɭɤɬɢɜɧɨɝɨ ɪɟшɟɧɢя 
[1, 2].    
На ɫɟɝɨɞɧяшɧɢɣ ɞɟɧь ɢɦɟɸɬɫя: ɪɟɡɭɥьɬаɬы 
ɦɨɧɢɬɨɪɢɧɝа ɫ 1982 ɝɨɞа ɢ ɩɪɨɝɧɨɡ ɨɠɢɞаɟ-
ɦых ɞɟɮɨɪɦацɢɣ ɡɟɦɧɨɣ ɩɨɜɟɪхɧɨɫɬɢ ɞɨ 
2028 ɝɨɞа, ɜыɩɨɥɧɟɧɧыɣ ОАО «Уɪаɥɤаɥɢɣ» 
ɫ ɢɫɩɨɥьɡɨɜаɧɢɟɦ аɧаɥɢɬɢчɟɫɤɢх ɦɟɬɨɞɨɜ 
ɢɡɥɨɠɟɧɧых ɜ Уɤаɡаɧɢях ɢ СП [3, 4], а ɬаɤɠɟ 
ɪɟɡɭɥьɬаɬы эɤɫɩɟɪɬɢɡы ɬɟхɧɢчɟɫɤɨɝɨ ɫɨɫɬɨя-
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ɧɢя ɛɨɥɟɟ 40 ɡɞаɧɢɣ, ɩɪɨɜɟɞɟɧɧɨɣ ОАО «Ƚа-
ɥɭɪɝɢя» ɢ ɪаɫчɟɬɨɜ ɨɬɞɟɥьɧых ɡɞаɧɢɣ [5 - 8]. 
К ɫɨɠаɥɟɧɢɸ, ɤаɤ ɩɨɤаɡыɜаɟɬ ɩɪаɤɬɢɤа, ɞɨɥ-
ɝɨɫɪɨчɧыɣ ɩɪɨɝɧɨɡ ɧɟ ɜɫɟɝɞа аɞɟɤɜаɬɟɧ ɪɟ-
аɥьɧɨɫɬɢ, ɢ ɫɭщɟɫɬɜɭɟɬ ɧɟɨɛхɨɞɢɦɨɫɬь ɜ 
аɥьɬɟɪɧаɬɢɜɧɨɦ ɩɨɞхɨɞɟ. В ɞаɧɧɨɣ ɪаɛɨɬɟ 
ɩɪɟɞɥаɝаɟɬɫя ɢɫɩɨɥьɡɨɜаɬь ɞɥя ɫɬаɬɢɫɬɢчɟ-
ɫɤɢх ɩɪɨɝɧɨɡɨɜ аɞаɩɬɢɜɧыɟ ɦɨɞɟɥɢ ɤɪаɬɤɨ-
ɫɪɨчɧых ɩɪɨɝɧɨɡɨɜ, ɩɪɢɦɟɧяɟɦыɟ ɨɛычɧɨ ɜ 
эɤɨɧɨɦɢɤɟ [9, 10]. 
 
 
1. АȾАɉɌɂȼɇЫȿ ɆȿɌɈȾЫ ɂ ɆɈȾȿɅɂ 

ɉɊɈȽɇɈɁɂɊɈȼАɇɂə ȼɊȿɆȿɇɇЫɏ 

ɊəȾɈȼ 

 
Аɞаɩɬɢɜɧыɟ ɦɟɬɨɞы ɩɪɨɝɧɨɡɢɪɨɜаɧɢя ɜɪɟ-
ɦɟɧɧых ɪяɞɨɜ [11 - 14] ɩɪɟɞɫɬаɜɥяɸɬ ɫɨɛɨɣ 
ɦɟɬɨɞы, цɟɥь ɤɨɬɨɪых ɡаɤɥɸчаɟɬɫя ɜ ɩɨ-
ɫɬɪɨɟɧɢɢ ɫаɦɨɤɨɪɪɟɤɬɢɪɭɸщɢхɫя (ɫаɦɨɧа-
ɫɬɪаɢɜаɸщɢхɫя) ɦаɬɟɦаɬɢчɟɫɤɢх ɦɨɞɟɥɟɣ, 
ɤɨɬɨɪыɟ ɫɩɨɫɨɛɧы ɨɬɪаɠаɬь ɢɡɦɟɧяɸщɢɟɫя 
ɜɨ ɜɪɟɦɟɧɢ ɭɫɥɨɜɢя, ɭчɢɬыɜаɬь ɢɧɮɨɪɦацɢ-
ɨɧɧɭɸ цɟɧɧɨɫɬь ɪаɡɥɢчɧых чɥɟɧɨɜ ɜɪɟɦɟɧ-
ɧɨɣ ɩɨɫɥɟɞɨɜаɬɟɥьɧɨɫɬɢ ɢ ɞаɜаɬь ɞɨɫɬаɬɨчɧɨ 
ɬɨчɧыɟ ɨцɟɧɤɢ ɛɭɞɭщɢх чɥɟɧɨɜ ɞаɧɧɨɝɨ ɪя-
ɞа. Таɤɢɟ ɦɨɞɟɥɢ ɩɪɟɞɧаɡɧачаɸɬɫя, ɩɪɟɠɞɟ 
ɜɫɟɝɨ, ɞɥя ɤɪаɬɤɨɫɪɨчɧɨɝɨ ɩɪɨɝɧɨɡɢɪɨɜаɧɢя. 
Пɪɨцɟɫɫ ɩɪɨɝɧɨɡɢɪɨɜаɧɢя, ɨɩɢɪаɸщɢɣɫя ɧа 
ɫɬаɬɢɫɬɢчɟɫɤɢɟ ɦɟɬɨɞы, ɪаɫɩаɞаɟɬɫя ɧа ɞɜа 
эɬаɩа. Пɟɪɜыɣ, ɢɧɞɭɤɬɢɜɧыɣ, ɡаɤɥɸчаɟɬɫя ɜ 
ɨɛɨɛщɟɧɢɢ ɞаɧɧых, ɧаɛɥɸɞаɟɦых ɡа ɛɨɥɟɟ 
ɢɥɢ ɦɟɧɟɟ ɩɪɨɞɨɥɠɢɬɟɥьɧыɣ ɩɟɪɢɨɞ ɜɪɟɦɟ-
ɧɢ, ɢ ɜ ɩɪɟɞɫɬаɜɥɟɧɢɢ ɫɨɨɬɜɟɬɫɬɜɭɸщɢх ɫɬа-
ɬɢɫɬɢчɟɫɤɢх ɡаɤɨɧɨɦɟɪɧɨɫɬɟɣ ɜ ɜɢɞɟ ɦɨɞɟɥɢ. 
Вɬɨɪɨɣ эɬаɩ, ɫɨɛɫɬɜɟɧɧɨ ɩɪɨɝɧɨɡ, яɜɥяɟɬɫя 
ɞɟɞɭɤɬɢɜɧыɦ. На эɬɨɦ эɬаɩɟ ɧа ɨɫɧɨɜɟ ɧаɣ-
ɞɟɧɧых ɫɬаɬɢɫɬɢчɟɫɤɢх ɡаɤɨɧɨɦɟɪɧɨɫɬɟɣ ɨɩ-
ɪɟɞɟɥяɸɬ ɨɠɢɞаɟɦɨɟ ɡɧачɟɧɢɟ ɩɪɨɝɧɨɡɢɪɭɟ-
ɦɨɝɨ ɩɪɢɡɧаɤа. 
Пɨɞ ɩɪɨɝɧɨɡɢɪɨɜаɧɢɟɦ ɦы ɩɨɧɢɦаɟɦ ɧаɭч-
ɧɨɟ (ɬ.ɟ. ɨɫɧɨɜаɧɧɨɟ ɧа ɫɢɫɬɟɦɟ ɮаɤɬɨɜ ɢ ɞɨ-
ɤаɡаɬɟɥьɫɬɜ, ɭɫɬаɧɨɜɥɟɧɧых ɩɪɢчɢɧɧɨ-
ɫɥɟɞɫɬɜɟɧɧых ɫɜяɡɟɣ) ɜыяɜɥɟɧɢɟ ɜɟɪɨяɬɧɨ-
ɫɬɧых ɩɭɬɟɣ ɢ ɪɟɡɭɥьɬаɬɨɜ ɩɪɟɞɫɬɨящɟɝɨ 
ɪаɡɜɢɬɢя яɜɥɟɧɢɣ ɢ ɩɪɨцɟɫɫɨɜ, ɨцɟɧɤɭ ɩɨɤа-
ɡаɬɟɥɟɣ, хаɪаɤɬɟɪɢɡɭɸщɢх эɬɢ яɜɥɟɧɢя ɢ 

ɩɪɨцɟɫɫы ɞɥя ɛɨɥɟɟ ɢɥɢ ɦɟɧɟɟ ɨɬɞаɥɟɧɧɨɝɨ 
ɛɭɞɭщɟɝɨ. Таɤɢɦ ɨɛɪаɡɨɦ, ɩɪɨɝɧɨɡɢɪɨɜаɧɢɟ 
– эɬɨ ɧаɭчɧая ɞɟяɬɟɥьɧɨɫɬь, ɧаɩɪаɜɥɟɧɧая ɧа 
ɜыяɜɥɟɧɢɟ ɢ ɢɡɭчɟɧɢɟ ɜɨɡɦɨɠɧых аɥьɬɟɪɧа-
ɬɢɜ ɛɭɞɭщɟɝɨ ɪаɡɜɢɬɢя ɢ ɫɬɪɭɤɬɭɪы ɟɝɨ ɜɟ-
ɪɨяɬɧых ɬɪаɟɤɬɨɪɢɣ. Каɠɞая аɥьɬɟɪɧаɬɢɜɧая 
ɬɪаɟɤɬɨɪɢя ɪаɡɜɢɬɢя ɫɜяɡыɜаɟɬɫя ɫ ɧаɥɢчɢɟɦ 
ɤɨɦɩɥɟɤɫа ɜɧɟшɧɢх ɨɬɧɨɫɢɬɟɥьɧɨ ɢɫɫɥɟɞɭɟ-
ɦɨɣ ɫɢɫɬɟɦы (яɜɥɟɧɢɣ) ɭɫɥɨɜɢɣ. 
Оɫɨɛɟɧɧɨɫɬьɸ аɞаɩɬɢɜɧых ɦɨɞɟɥɟɣ яɜɥяɟɬɫя 
ɬɨ, чɬɨ ɨɧɢ ɫɩɨɫɨɛɧы ɩɪɢɫɩɨɫаɛɥɢɜаɬь ɫɜɨɸ 
ɫɬɪɭɤɬɭɪɭ ɢ ɩаɪаɦɟɬɪы ɤ ɢɡɦɟɧɟɧɢɸ ɜɧɟш-
ɧɢх ɭɫɥɨɜɢɣ.  
К ɩɪɨɫɬɟɣшɢɦ аɞаɩɬɢɜɧыɦ ɦɨɞɟɥяɦ ɨɬɧɨ-
ɫяɬɫя: ɷɤсɩɨɧɟɧɰɢаɥьɧɨɟ сɝɥаɠɢваɧɢɟ - ɦɨ-
ɞɟɥь Бɪаɭɧа; ɦɨɞɟɥɢ ɥɢɧɟɣɧɨɝɨ ɪɨсɬа:  ɦɨ-
ɞɟɥь Хɨɥьɬа,  ɦɨɞɟɥь ɥɢɧɟɣɧɨɝɨ ɪɨɫɬа Бɪаɭ-
ɧа – чаɫɬɧыɣ ɫɥɭчаɣ ɦɨɞɟɥɢ Хɨɥьɬа, ɦɨɞɟɥь 
ɩɪɨɝɧɨɡɢɪɨɜаɧɢя Дɠ. Бɨɤɫа ɢ Ƚ.Дɠɟɧɤɢɧɫа, 
ɜ ɤɨɬɨɪɨɣ ɜ ɦɨɞɟɥь Хɨɥьɬа ɜɤɥɸчаɟɬɫя ɪаɡ-
ɧɨɫɬь ɨшɢɛɨɤ, ɩɪɨɝɧɨɫɬɢчɟɫɤая ɦɨɞɟɥь 
Хɨɥьɬа-Уɢɧɬɟɪɫа ɢ ɞɪ. 
Пɪɢɦɟɦ ɤ ɪаɫɫɦɨɬɪɟɧɢɸ ɜ ɤачɟɫɬɜɟ ɛаɡɨɜых 
ɞɜɟ ɦɨɞɟɥɢ: ɦɨɞɟɥь Бɪаɭɧа ɢ ɦɨɞɟɥь Хɨɥьɬа. 
Ɇоɞелɶ Ȼɪɚуɧɚ: Ƚɥаɜɧɨɟ ɞɨɫɬɨɢɧɫɬɜɨ эɬɨɣ 
ɩɪɨɝɧɨɡɧɨɣ ɦɨɞɟɥɢ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, чɬɨ ɨɧа 
ɫɩɨɫɨɛɧа ɩɨɫɥɟɞɨɜаɬɟɥьɧɨ аɞаɩɬɢɪɨɜаɬьɫя ɤ 
ɧɨɜɨɦɭ ɭɪɨɜɧɸ ɩɪɨцɟɫɫа ɛɟɡ ɡɧачɢɬɟɥьɧɨɝɨ 
ɪɟаɝɢɪɨɜаɧɢя ɧа ɫɥɭчаɣɧыɟ ɨɬɤɥɨɧɟɧɢя. 
Нɟɞɨɫɬаɬɤɨɦ ɦɨɞɟɥɢ яɜɥяɟɬɫя ɬɨ, чɬɨ эɤɫɩɨ-
ɧɟɧцɢаɥьɧая ɫɪɟɞɧяя ɞаɟɬ ɫɢɫɬɟɦаɬɢчɟɫɤɭɸ 
ɨшɢɛɤɭ, ɤɨɝɞа ɜɪɟɦɟɧɧɨɣ ɪяɞ ɢɦɟɟɬ ɬɟɧɞɟɧ-
цɢɸ ɥɢɧɟɣɧɨɝɨ ɪɨɫɬа. 
Ɇоɞелɶ ɏолɶɬɚ: Ваɠɧыɦ ɦɨɦɟɧɬɨɦ ɩɪɢ ɢɫ-
ɩɨɥьɡɨɜаɧɢɢ ɦɨɞɟɥɢ Хɨɥьɬа яɜɥяɟɬɫя ɜыɛɨɪ 
ɤɨэɮɮɢцɢɟɧɬɨɜ, ɤɨɬɨɪыɟ ɨɩɪɟɞɟɥяɸɬ чɭɜɫɬ-
ɜɢɬɟɥьɧɨɫɬь ɦɨɞɟɥɢ. Чɭɜɫɬɜɢɬɟɥьɧая ɦɨɞɟɥь 
ɛыɫɬɪɨ ɪɟаɝɢɪɭɟɬ ɧа ɪɟаɥьɧыɟ ɢɡɦɟɧɟɧɢя, а 
ɧɟчɭɜɫɬɜɢɬɟɥьɧая ɧɟ ɪɟаɝɢɪɭɟɬ ɧа шɭɦ ɢ 
ɫɥɭчаɣɧыɟ ɨɬɤɥɨɧɟɧɢя. Нɟɞɨɫɬаɬɤɨɦ ɦɨɞɟɥɢ 
яɜɥяɟɬɫя ɬɨ, чɬɨ ɭчɢɬыɜаɸɬɫя ɥɢшь ɥɢɧɟɣ-
ɧыɟ ɬɪɟɧɞы ɢ ɧɟ ɭчɢɬыɜаɟɬɫя ɫɟɡɨɧɧɨɫɬь. 
Пɪɨɝɧɨɫɬɢчɟɫɤая ɦоɞелɶ ɏолɶɬɚ-ɍиɧɬеɪсɚ: 
ɭчɢɬыɜаɟɬ эɤɫɩɨɧɟɧцɢаɥьɧыɣ ɬɪɟɧɞ ɢ аɞɞɢ-
ɬɢɜɧɭɸ ɫɟɡɨɧɧɨɫɬь. Учёɬ ɫɟɡɨɧɧɨɫɬɢ ɤɪаɣɧɟ 
ɜаɠɟɧ ɜ ɪаɫɫɦаɬɪɢɜаɟɦɨɣ ɡаɞачɟ ɨ ɞɟɮɨɪɦацɢ-
ях ɡɟɦɧɨɣ ɩɨɜɟɪхɧɨɫɬɢ, ɬаɤ ɤаɤ ɭɜɟɥɢчɟɧɢɟ 
ɫɤɨɪɨɫɬɢ ɞɟɮɨɪɦацɢɣ ɫɜяɡаɧɨ ɫ ɡаɬɨɩɥɟɧɢɟɦ 
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ɩɨɞɡɟɦɧых ɜыɪаɛɨɬɨɤ, ɧɨ ɧа ɞаɧɧɨɦ эɬаɩɟ ɦɨ-
ɞɟɥɢɪɨɜаɧɢɟ ɧаɬɭɪɧых ɞаɧɧых ɩɪɢ ɩɨɦɨщɢ 
ɤɨɦɛɢɧɢɪɨɜаɧɧɨɣ ɦɨɞɟɥɢ Хɨɥьɬа-Уɢɧɬɟɪɫа ɧɟ 
ɩɪɟɞɫɬаɜɥяɟɬɫя ɜɨɡɦɨɠɧыɦ, ɬаɤ ɤаɤ ɜ ɩɪɟɞɨɫ-
ɬаɜɥɟɧɧɨɣ ɜыɛɨɪɤɟ ɢɧɬɟɪɜаɥ ɡɧачɟɧɢɣ ɧɟ ɭчɢ-
ɬыɜаɟɬ ɫɟɡɨɧɧɨɫɬь. Наɬɭɪɧыɟ ɞаɧɧыɟ ɩɪɟɞ-
ɫɬаɜɥɟɧы ɫ шаɝɨɦ ɜ ɨɞɢɧ ɝɨɞ, ɬɨɝɞа ɤаɤ ɞɥя 
ɪɟаɥɢɡацɢɢ ɦɨɞɟɥɢ Хɨɥьɬа-Уɢɧɬɟɪɫа ɬɪɟɛɭɸɬ-
ɫя ɩɨɤɜаɪɬаɥьɧыɟ ɥɢɛɨ ɩɨɦɟɫячɧыɟ ɞаɧɧыɟ. 
Аɧаɥɢɡ аɞɟɤɜаɬɧɨɫɬɢ аɞаɩɬɢɜɧых ɦɨɞɟɥɟɣ 
ɨɫɭщɟɫɬɜɥяɟɬɫя ɦɟɬɨɞɨɦ ɫɤɨɥьɡящɟɝɨ ɤɨɧ-
ɬɪɨɥьɧɨɝɨ ɫɢɝɧаɥа.  
Пɪɢ ɢɫɩɨɥьɡɨɜаɧɢɢ ɦɨɞɟɥɢ ɩɪɨɝɧɨɡɢɪɨɜаɧɢя 
ɜɪɟɦɟɧɧɨɝɨ ɪяɞа ɜɫɬаёɬ ɩɪɨɛɥɟɦа аɞɟɤɜаɬɧɨ-
ɫɬɢ эɬɨɣ ɦɨɞɟɥɢ. Пɭɫɬь , ɝɞɟ  – 
ɞаɧɧыɟ, ɤɨɬɨɪыɟ ɭɠɟ ɢɡɜɟɫɬɧы,  – ɩɪɨɝɧɨɡ 
ɧа ɦɨɦɟɧɬ t, ɩɨɥɭчɟɧɧыɣ ɫ ɩɨɦɨщьɸ ɧɟɤɨɬɨ-
ɪɨɣ аɞаɩɬɢɜɧɨɣ ɦɨɞɟɥɢ. Еɫɥɢ ɨшɢɛɤа  ɧɟ-
ɜɟɥɢɤа, ɬɨ ɟɫɬь ɪаɡɧɢца ɦɟɠɞɭ ɪɟаɥьɧыɦɢ 
ɞаɧɧыɦɢ ɢ ɩɪɨɝɧɨɡɨɦ ɦаɥа, ɬɨ ɢɫɩɨɥьɡɨɜа-
ɧɢɟ ɞаɧɧɨɣ ɦɨɞɟɥɢ ɨɩɪаɜɞаɧɨ. 
Дɥя ɜыɛɨɪа ɧаɢɛɨɥɟɟ аɞɟɤɜаɬɧɨɣ ɦɨɞɟɥɢ 
ɩɪɨɜɟɞɟɧы ɩɪɨɝɧɨɡɧыɟ ɪаɫчёɬы ɩɨ ɞаɧɧыɦ 
ɦɨɧɢɬɨɪɢɧɝа ɨɫɟɞаɧɢɣ ɧа ɩɨɞɪаɛɨɬаɧɧɨɣ 
ɬɟɪɪɢɬɨɪɢɢ Пɟɪɦɫɤɨɝɨ ɤɪая (ɪɢɫɭɧɨɤ 1.1). 
Иɡɨɥɢɧɢɢ ɫɭɦɦаɪɧых ɨɫɟɞаɧɢɣ ɢ ɝɨɪɢɡɨɧ-
ɬаɥьɧых ɞɟɮɨɪɦацɢɣ ɧа ɪаɫɫɦаɬɪɢɜаɟɦɨɦ 
ɭчаɫɬɤɟ ɩɪɢɜɟɞɟɧы ɧа ɪɢɫɭɧɤах 1.2 ɢ 1.3.  
Пɨɫɬɪɨɢɦ ɩɨ ɧаɬɭɪɧыɦ ɞаɧɧыɦ ɥɢɧɟɣɧыɟ 
ɦɨɞɟɥɢ Бɪаɭɧа ɢ Хɨɥьɬа. 
Вɫɟ аɞаɩɬɢɜɧыɟ ɦɨɞɟɥɢ ɞɟɥяɬɫя ɧа ɞɜа ɤɥаɫ-
ɫа: ɦɨɞɟɥɢ ɫɤɨɥьɡящɟɝɨ ɫɪɟɞɧɟɝɨ (СС-
ɦɨɞɟɥɢ) ɢ аɜɬɨɪɟɝɪɟɫɫɢɢ (АР-ɦɨɞɟɥɢ).  
Сɨɝɥаɫɧɨ ɫхɟɦɟ ɫɤɨɥьɡящɟɝɨ ɫɪɟɞɧɟɝɨ ɨцɟɧ-
ɤɨɣ ɬɟɤɭщɟɝɨ ɭɪɨɜɧя (ɧаɛɥɸɞɟɧɢя) яɜɥяɟɬɫя 
ɜɡɜɟшɟɧɧɨɟ ɫɪɟɞɧɟɟ ɜɫɟх ɩɪɟɞшɟɫɬɜɭɸщɢх 
ɭɪɨɜɧɟɣ, ɩɪɢчɟɦ ɜɟɫ (ɦɧɨɠɢɬɟɥь), ɤɨɬɨɪыɣ 
ɨɬɪаɠаɟɬ ɢɧɮɨɪɦацɢɨɧɧɭɸ цɟɧɧɨɫɬь ɧаɛɥɸ-
ɞɟɧɢя, ɬɟɦ ɛɨɥьшɟ, чɟɦ ɛɥɢɠɟ ɨɧɨ ɧахɨɞɢɬɫя 
ɤ ɬɟɤɭщɟɦɭ ɭɪɨɜɧɸ. Таɤɢɟ ɦɨɞɟɥɢ хɨɪɨшɨ 
ɨɬɪаɠаɸɬ ɬɟɧɞɟɧцɢɸ, ɧɨ ɧɟ ɩɨɡɜɨɥяɸɬ ɨɬ-
ɪаɠаɬь ɤɨɥɟɛаɧɢя, ɧаɩɪɢɦɟɪ, ɫɟɡɨɧɧыɟ. 

 
Рɢсɭɧɨɤ 1.1. Гɪаɮɢɤ ɩɟɪɟɦɟщɟɧɢɣ 

ɤɨɧɬɪɨɥьɧɨɝɨ ɪɷɩɟɪа. 
 

 
Рɢсɭɧɨɤ 1.2. ɉɥаɧ ɩɨвɟɪхɧɨсɬɢ с ɢɡɨɥɢɧɢяɦɢ 

сɭɦɦаɪɧых ɨсɟɞаɧɢɣ (ɦɦ). 
 

 
Рɢсɭɧɨɤ 1.3. ɉɥаɧ ɩɨвɟɪхɧɨсɬɢ с  ɢɡɨɥɢɧɢяɦɢ 

ɝɨɪɢɡɨɧɬаɥьɧых ɞɟɮɨɪɦаɰɢɣ (ɦɦ/ɦ). 
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В СС-ɦɨɞɟɥях ɫɝɥаɠɢɜаɧɢɟ ɩɪɨɢɡɜɨɞяɬɫя ɫ 
ɩɨɦɨщьɸ ɩаɪаɦɟɬɪа ɫɝɥаɠɢɜаɧɢя, ɤɨɬɨɪыɣ 
ɩɪɢɧɢɦаɟɬ ɡɧачɟɧɢя ɜ ɢɧɬɟɪɜаɥɟ ɨɬ 0 ɞɨ 1. 
Паɪаɦɟɬɪ ɫɝɥаɠɢɜаɧɢя ɩɪɢɧɢɦаɟɬ ɡɧачɟɧɢɟ 
ɛɨɥьшɟ 0,5 ɞɥя ɛыɫɬɪɨɢɡɦɟɧяɸщɢхɫя ɩɪɨ-
цɟɫɫɨɜ ɢ ɦɟɧьшɟ 0,5 ɞɥя ɨɬɧɨɫɢɬɟɥьɧɨ ɫɬа-
ɛɢɥьɧых ɩɪɨцɟɫɫɨɜ. 
Паɪаɦɟɬɪ ɫɝɥаɠɢɜаɧɢя α ɞɥя ɦɟɬɨɞа Бɪаɭɧа 
ɨɩɪɟɞɟɥёɧ ɦɟɬɨɞɨɦ ɩɨɞɛɨɪа ɢ ɩɪɢɧяɬ ɪаɜ-
ɧыɦ . В ɤачɟɫɬɜɟ ɤɪɢɬɟɪɢя ɩɨɞɛɨɪа 
ɩаɪаɦɟɬɪа α ɩɪɢɧяɬɨ ɭɫɥɨɜɢɟ ɦɢɧɢɦɭɦа 
ɫɭɦɦаɪɧɨɣ ɩɨɝɪɟшɧɨɫɬɢ ɪɟɡɭɥьɬаɬɨɜ ɩɪɨɜɟ-
ɪɨчɧɨɝɨ ɩɪɨɝɧɨɡа. 
Ƚɪаɮɢɤɢ ɧаɬɭɪɧых ɢ ɦɨɞɟɥьɧых ɡɧачɟɧɢɣ 
ɨɫɟɞаɧɢя ɡɟɦɧɨɣ ɩɨɜɟɪхɧɨɫɬɢ ɡа ɩɟɪɢɨɞ ɫ 
1982 ɩɨ 2008 ɝɨɞы ɩɪɢɜɟɞɟɧы ɧа ɪɢɫɭɧ-
ɤах 1.4. 
Дɥя ɨцɟɧɤɢ ɬɨчɧɨɫɬɢ ɩɨɫɬɪɨɟɧɢя ɦɨɞɟɥɢ 
ɩɪɢɜɟɞёɧ ɝɪаɮɢɤ ɩɨɝɪɟшɧɨɫɬɢ ɦɨɞɟɥьɧых 
ɡɧачɟɧɢɣ ɨɬɧɨɫɢɬɟɥьɧɨ ɧаɬɭɪɧых ɞаɧɧых. 
Пɨɝɪɟшɧɨɫɬь, ɩɨɥɭчɟɧɧая ɜ ɪɟɡɭɥьɬаɬɟ ɦɨ-
ɞɟɥɢɪɨɜаɧɢя, ɩɪɟɞɫɬаɜɥɟɧа ɧа ɪɢɫ. 1.5. 
На ɝɪаɮɢɤɟ ɧаɝɥяɞɧɨ ɩɪɟɞɫɬаɜɥɟɧ ɦɟхаɧɢɡɦ 
ɫаɦɨɧаɫɬɪɨɣɤɢ ɦɨɞɟɥɢ. Пɪɢ ɞɨɫɬаɬɨчɧɨ ɨɛ-
шɢɪɧɨɣ ɜыɛɨɪɤɟ ɩɨɝɪɟшɧɨɫɬь ɦɨɞɟɥɢɪɨɜа-
ɧɢя ɧахɨɞɢɬɫя ɜ ɩɪɟɞɟɥах 5-7%. Мɨɞɟɥь 
Хɨɥьɬа ɛɨɥɟɟ ɬɨчɧɨ ɨɩɢɫыɜаɟɬ ɧаɬɭɪɧыɟ 
ɞаɧɧыɟ. 
Пɪɨɜɟɪɢɦ ɬɨчɧɨɫɬь ɤɪаɬɤɨɫɪɨчɧых (ɞɨ ɩяɬɢ 
ɥɟɬ) ɩɪɨɝɧɨɡɨɜ, ɜыɩɨɥɧɟɧɧых ɩɪɢ ɩɨɦɨщɢ 
ɫɨɡɞаɧɧых ɦɨɞɟɥɟɣ Бɪаɭɧа ɢ Хɨɥьɬа. Дɥя 
эɬɨɝɨ ɜыɩɨɥɧɢɦ ɩɪɨɝɧɨɡ ɭɠɟ ɪɟаɥɢɡɨɜаɧɧых 
ɨɫɟɞаɧɢɣ ɩɨ ɞаɧɧыɦ 2005-2008 ɝ.ɝ.  
Рɟɡɭɥьɬаɬы ɩɪɨɝɧɨɡɢɪɨɜаɧɢя ɩɪɟɞɫɬаɜɥɟɧы 
ɧа ɪɢɫɭɧɤɟ 1.6. Пɨɝɪɟшɧɨɫɬь ɪɟɡɭɥьɬаɬɨɜ 
ɩɪɨɝɧɨɡа ɨɬɧɨɫɢɬɟɥьɧɨ ɧаɬɭɪɧых ɩɪɟɞɫɬаɜ-
ɥɟɧа ɧа ɪɢɫɭɧɤɟ 1.7. 
Иɡ ɩɨɥɭчɟɧɧых ɪɟɡɭɥьɬаɬɨɜ ɫɥɟɞɭɟɬ, чɬɨ ɦɨ-
ɞɟɥь Хɨɥьɬа ɛɨɥɟɟ ɬɨчɧɨ аɩɩɪɨɤɫɢɦɢɪɭɟɬ 
ɧаɬɭɪɧыɟ ɡɧачɟɧɢя, ɩɪɢ ɧɟɫɭщɟɫɬɜɟɧɧɨɣ ɩɨ-
ɬɟɪɟ ɬɨчɧɨɫɬɢ ɩɪɨɝɧɨɡɢɪɨɜаɧɢя ɜ ɫɪаɜɧɟɧɢɢ 
ɫ ɦɟɬɨɞɨɦ Бɪаɭɧа. Пɨɝɪɟшɧɨɫɬь чɟɬыɪёхɥɟɬ-
ɧɟɝɨ ɩɪɨɝɧɨɡа ɧɟ ɩɪɟɜышаɟɬ 5%. 
Выɩɨɥɧɢɦ ɫɪаɜɧɟɧɢɟ ɪɟɡɭɥьɬаɬɨɜ ɩɪɨɝɧɨɡɢ-
ɪɨɜаɧɢя ɩɨɥɭчɟɧɧых ɫ ɩɪɢɦɟɧɟɧɢɟɦ аɞаɩ-
ɬɢɜɧых ɦɨɞɟɥɟɣ Бɪаɭɧа ɢ Хɨɥьɬа, а ɬаɤ ɠɟ 
ɜычɢɫɥɟɧɧых аɧаɥɢɬɢчɟɫɤɢɦ ɩɭɬёɦ, ɫɨ ɡɧа-

чɟɧɢяɦɢ ɮаɤɬɢчɟɫɤɢ ɪɟаɥɢɡɨɜаɜшɢхɫя ɨɫɟ-
ɞаɧɢɣ ɞɥя ɪаɫɫɦаɬɪɢɜаɟɦɨɝɨ ɪɟɩɟɪа. 
 

 

 
Рɢсɭɧɨɤ 1.4. Гɪаɮɢɤɢ ɧаɬɭɪɧых ɢ 
сɦɨɞɟɥɢɪɨваɧɧых ɡɧачɟɧɢɣ. 

 
Иɡ аɧаɥɢɡа ɩɨɥɭчɟɧɧых ɝɪаɮɢɤɨɜ ɜɢɞɧɨ, чɬɨ 
ɧаɢɛɨɥɟɟ ɛɥɢɡɤɢɦ ɩɨ ɡɧачɟɧɢɸ ɤ ɮаɤɬɢчɟ-
ɫɤɨɣ ɜɟɥɢчɢɧɟ ɨɫɟɞаɧɢя яɜɥяɟɬɫя ɪɟɡɭɥьɬаɬ 
ɩɪɨɝɧɨɡа ɫ ɢɫɩɨɥьɡɨɜаɧɢɟɦ ɦɨɞɟɥɢ Хɨɥьɬа. 
На ɪɢɫɭɧɤɟ 1.9 ɩɪɢɜɟɞɟɧа ɞɢаɝɪаɦɦа, ɨɬɪа-
ɠаɸщая ɤɨɥɢчɟɫɬɜɟɧɧɨɟ ɡɧачɟɧɢɟ ɩɨɝɪɟш-
ɧɨɫɬɟɣ ɢɫɩɨɥьɡɨɜаɧɧых ɦɟɬɨɞɨɜ ɩɪɨɝɧɨɡɢ-
ɪɨɜаɧɢя. 
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Рɢсɭɧɨɤ 1.5. ɉɨɝɪɟɲɧɨсɬɢ ɦɨɞɟɥьɧых 

ɡɧачɟɧɢɣ. 
 

 
Рɢсɭɧɨɤ 1.6. ɉɪɨвɟɪɨчɧыɣ ɩɪɨɝɧɨɡ 

ɪɟаɥɢɡɨваɧɧых ɨсɟɞаɧɢɣ. 

 
Рɢсɭɧɨɤ 1.7. ɉɨɝɪɟɲɧɨсɬь ɪɟɡɭɥьɬаɬɨв  

ɩɪɨɝɧɨɡа. 
 

 
Рɢсɭɧɨɤ 1.8. ɋɪавɧɟɧɢɟ ɪɟɡɭɥьɬаɬɨв ɩɪɨɝɧɨ-

ɡа с ɮаɤɬɢчɟсɤɢɦ ɡɧачɟɧɢɟɦ. 
 

 
Рɢсɭɧɨɤ 1.9. ɉɨɝɪɟɲɧɨсɬь ɪɟɡɭɥьɬаɬɨв  

ɩɪɨɝɧɨɡа. 
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На ɨɫɧɨɜаɧɢɢ ɩɨɥɭчɟɧɧых ɪɟɡɭɥьɬаɬɨɜ ɡа-
ɤɥɸчаɟɦ, чɬɨ ɢɫɩɨɥьɡɨɜаɧɢɟ аɞаɩɬɢɜɧых ɦɨ-
ɞɟɥɟɣ ɩɪɨɝɧɨɡɢɪɨɜаɧɢя ɧа ɤɪаɬɤɨɫɪɨчɧых 
ɩɪɨɝɧɨɡах ɢɦɟɟɬ ɩɪɟɢɦɭщɟɫɬɜɨ ɜ ɬɨчɧɨɫɬɢ 
ɩɟɪɟɞ аɧаɥɢɬɢчɟɫɤɢɦɢ ɦɟɬɨɞаɦɢ ɩɪɨɝɧɨɡɢ-
ɪɨɜаɧɢя. 
 
 
2. ɈɉɊȿȾȿɅȿɇɂȿ ɇАɉɊəɀȿɇɇɈ-

ȾȿɎɈɊɆɂɊɈȼАɇɇɈȽɈ ɋɈɋɌɈə-

ɇɂə ɉАɇȿɅɖɇɈȽɈ ɁȾАɇɂə ȼ 

ɆɍɅɖȾȿ ɋȾȼɂɀȿɇɂə 

 

В хɨɞɟ ɦɧɨɝɨɥɟɬɧɟɝɨ ɦɨɧɢɬɨɪɢɧɝа ɫɨɫɬɨяɧɢя 
ɠɢɥɨɝɨ ɮɨɧɞа ɭɫɬаɧɨɜɥɟɧɨ, чɬɨ ɧаɢɛɨɥɟɟ 
«чɭɜɫɬɜɢɬɟɥьɧыɦɢ» ɤ ɞɟɮɨɪɦацɢяɦ ɡɟɦɧɨɣ 
ɩɨɜɟɪхɧɨɫɬɢ яɜɥяɸɬɫя ɩаɧɟɥьɧыɟ ɡɞаɧɢя. 
Оɩɪɟɞɟɥɟɧɢɟ ɧаɩɪяɠɟɧɧɨ-
ɞɟɮɨɪɦɢɪɨɜаɧɧɨɝɨ ɫɨɫɬɨяɧɢя ɢ ɧаɢɦɟɧɟɟ 
ɛɥаɝɨɩɪɢяɬɧɨɝɨ ɩɨɥɨɠɟɧɢя ɡɞаɧɢя ɜ ɦɭɥьɞɟ 
ɫɞɜɢɠɟɧɢя ɩɪɨɢɡɜɟɞɟɧɨ ɧа ɩɪɢɦɟɪɟ ɠɢɥɨɝɨ 
ɩяɬɢэɬаɠɧɨɝɨ ɩаɧɟɥьɧɨɝɨ ɡɞаɧɢя. 
Ɉɛщɚɹ хɚɪɚɤɬеɪисɬиɤɚ оɛɴеɤɬɚ. Зɞаɧɢɟ 
ɨɬɧɨɫɢɬɫя ɤ ɬɢɩɨɜɨɣ ɫɟɪɢɢ 1-468А. Жɢɥɨɣ 
ɞɨɦ ɢɦɟɟɬ ɩяɬь эɬаɠɟɣ. Кɨɥɢчɟɫɬɜɨ ɩɨɞъɟɡ-
ɞɨɜ – 8. Пɨɞɜаɥ ɪаɫɩɨɥɨɠɟɧ ɩɨɞ ɜɫɟɦ ɡɞаɧɢ-
ɟɦ. Зɞаɧɢɟ ɤɪɭɩɧɨɩаɧɟɥьɧɨɟ, ɩɪяɦɨɭɝɨɥьɧɨɟ 
ɜ ɩɥаɧɟ. Дɥɢɧа ɡɞаɧɢя ɜ ɤɪаɣɧɢх ɨɫях 120 ɦ, 
шɢɪɢɧа ɜ ɨɫях 11 ɦ. Зɞаɧɢɟ ɩɨɞɟɥɟɧɨ ɞɟ-
ɮɨɪɦацɢɨɧɧыɦ шɜɨɦ ɧа ɞɜа ɨɬɫɟɤа ɞɥɢɧɨɣ 
60 ɦ. Выɫɨɬа эɬаɠɟɣ 2,8 ɦ. Выɫɨɬа ɩɨɞɜаɥа ɜ 
ɫɪɟɞɧɟɦ ɫɨɫɬаɜɥяɟɬ 2,2 ɦ. Оɬɦɟɬɤа ɡɞаɧɢя ɩɨ 
ɤаɪɧɢɡɭ ɤɪышɢ ɫɨɫɬаɜɥяɟɬ +14,500 ɦ. За ɨɬ-
ɦɟɬɤɭ 0,000 ɩɪɢɧяɬ ɭɪɨɜɟɧь чɢɫɬɨɝɨ ɩɨɥа 1 
эɬаɠа. 
Мɨɞɟɥь ɡɞаɧɢя ɜыɩɨɥɧɟɧа ɢɡ ɨɛɨɥɨчɟчɧых 
ɤɨɧɟчɧых эɥɟɦɟɧɬɨɜ ɢ ɜɤɥɸчаɟɬ ɜ ɫɟɛя ɧа-
ɪɭɠɧыɟ ɫɬɟɧы ɢ ɩɟɪɟɤɪыɬɢя. Мɨɞɟɥь ɩɪɟɞ-
ɫɬаɜɥɟɧа ɧа ɪɢɫɭɧɤɟ 2.1. Сɬɟɧɨɜыɟ ɩаɧɟɥɢ ɫ 
ɨɞɧɨɣ ɢɡ ɫɬɨɪɨɧ ɡɞаɧɢя ɭɫɥɨɜɧɨ ɧɟ ɩɨɤаɡа-
ɧы. 

 
Рɢсɭɧɨɤ 2.1. Кɨɧɟчɧɨ-ɷɥɟɦɟɧɬɧая ɦɨɞɟɥь 

ɩаɧɟɥьɧɨɝɨ ɡɞаɧɢя. 
 
К ɦɨɞɟɥɢ ɩɪɢɤɥаɞыɜаɸɬɫя ɤɢɧɟɦаɬɢчɟɫɤɢɟ 
ɝɪаɧɢчɧыɟ ɭɫɥɨɜɢя, ɜɟɥɢчɢɧа ɩɟɪɟɦɟщɟɧɢɣ 
ɤаɠɞɨɝɨ ɭɡɥа ɜ ɨɫɧɨɜаɧɢɢ ɦɨɞɟɥɢ ɨɩɪɟɞɟɥя-
ɟɬɫя ɢɫхɨɞя ɢɡ ɜыɛɪаɧɧɨɝɨ ɩɨɥɨɠɟɧɢя ɡɞа-
ɧɢя ɜ ɦɭɥьɞɟ ɫɞɜɢɠɟɧɢя. 
Дɥя ɤачɟɫɬɜɟɧɧɨɣ ɨцɟɧɤɢ ɦɭɥьɞɭ ɫɞɜɢɠɟɧɢя 
ɭɫɥɨɜɧɨ ɩɪɟɞɫɬаɜɢɦ ɩɨɜɟɪхɧɨɫɬьɸ ɜɪащɟɧɢя 
ɨɛɪаɡɨɜаɧɧɨɣ ɩɨɥɭɩɟɪɢɨɞɨɦ ɮɭɧɤцɢɢ ɤɨɫɢ-
ɧɭɫа: 
 

               (1) 

 
ɝɞɟ  – ɦаɤɫɢɦаɥьɧая ɜɟɥɢчɢɧа ɨɫаɞɤɢ (ɜ ɫɟ-
ɪɟɞɢɧɟ ɦɭɥьɞы);  – шɢɪɢɧа ɦɭɥьɞы. 
В ɩɪɨɝɪаɦɦɧɨɦ ɤɨɦɩɥɟɤɫɟ ANSYS ɜыɩɨɥɧɟɧ 
ɪяɞ ɪаɫчёɬɨɜ, ɦɨɞɟɥɢɪɭɸщɢх ɪаɡɥɢчɧɨɟ ɩɨ-
ɥɨɠɟɧɢɟ ɡɞаɧɢя ɜ ɦɭɥьɞɟ ɨɫɟɞаɧɢя. Раɫɫɦɨɬ-
ɪɟɧɨ ɩяɬь ɜаɪɢаɧɬɨɜ ɩɨɥɨɠɟɧɢя ɡɞаɧɢя. Раɫ-
ɩɨɥɨɠɟɧɢɟ хаɪаɤɬɟɪɢɡɭɟɬɫя ɩɨɥɨɠɟɧɢɟɦ 
цɟɧɬɪа ɡɞаɧɢя ɜ ɩɥаɧɟ (ɫɦ. ɪɢɫɭɧɨɤ 2.2) ɨɬ 
цɟɧɬɪа ɦɭɥьɞы ɞɨ ɟё ɤɪая ɫ ɪаɜɧыɦɢ ɢɧɬɟɪ-
ɜаɥаɦɢ.  
В ɩɪɨцɟɫɫɟ ɦɨɞɟɥɢɪɨɜаɧɢя ɜаɪьɢɪɨɜаɥɢɫь 
ɫɥɟɞɭɸщɢɟ ɩаɪаɦɟɬɪы: ɩɨɥɨɠɟɧɢɟ ɡɞаɧɢя ɜ 
ɦɭɥьɞɟ ɨɫɟɞаɧɢя ɢ ɭɝɨɥ ɩɨɜɨɪɨɬа ɩɪɨɞɨɥь-
ɧɨɣ ɨɫɢ ɡɞаɧɢя ɨɬɧɨɫɢɬɟɥьɧɨ ɨɫɢ Х. 
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Рɢсɭɧɨɤ 2.2. ɉɨɥɨɠɟɧɢя ɡɞаɧɢя в ɦɭɥьɞɟ 

ɨсɟɞаɧɢя. 
 
Пɨ ɪɟɡɭɥьɬаɬаɦ ɪаɫчёɬɨɜ ɫɨɫɬаɜɥɟɧа ɬаɛɥɢца 
1. На ɨɫɧɨɜаɧɢɢ ɞаɧɧых ɬаɛɥɢцы 1 ɞɥя ɤаɠ-
ɞɨɝɨ ɩɨɥɨɠɟɧɢя ɡɞаɧɢя ɨɬɧɨɫɢɬɟɥьɧɨ ɩɥɨɫ-
ɤɨɝɨ ɞɧа ɦɭɥьɞы ɩɨɫɬɪɨɟɧы ɝɪаɮɢɤɢ ɢɡɦɟ-
ɧɟɧɢя ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɧаɩɪяɠɟɧɢɣ ɜ ɡаɜɢɫɢ-
ɦɨɫɬɢ ɨɬ ɩɨɜɨɪɨɬа ɡɞаɧɢя ɨɬɧɨɫɢɬɟɥьɧɨ ɨɫɢ 
ɦɭɥьɞы ɫɞɜɢɠɟɧɢя (ɪɢɫ. 2.3) ɢ ɫɤɨɪɨɫɬɟɣ ɢɡ-
ɦɟɧɟɧɢя ɡɧачɟɧɢɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɧаɩɪяɠɟ-
ɧɢɣ (ɪɢɫ. 2.4). 
 
 

Таɛɥɢɰа 1. Маɤсɢɦаɥьɧыɟ ɡɧачɟɧɢя  
ɢɧɬɟɧсɢвɧɨсɬɢ ɧаɩɪяɠɟɧɢɣ, Мɉа. 

  
Уɝɨɥ ɩɨɜɨɪɨɬа ɩɪɨɞɨɥьɧɨɣ ɨɫɢ ɡɞаɧɢя, ɨɬ-

ɧɨɫɢɬɟɥьɧɨ ɨɫɢ Х 

  0° 10° 20° 30° 40° 45° 

1 12,17 12,15 12,16 12,16 12,16 12,17 

2 9,54 9,78 10,08 10,40 10,66 10,77 

3 2,02 2,97 4,11 5,32 6,40 6,87 

4 8,20 8,97 9,32 8,96 7,93 7,20 

П
ɨɥ
ɨɠ
ɟɧ
ɢɟ

 ɡɞ
аɧ
ɢя

 

5 8,83 9,29 9,75 9,55 8,72 8,09 

 

 
Рɢсɭɧɨɤ 2.3. Иɡɦɟɧɟɧɢɟ ɢɧɬɟɧсɢвɧɨсɬɢ 
ɧаɩɪяɠɟɧɢɣ в ɡавɢсɢɦɨсɬɢ ɨɬ ɩɨвɨɪɨɬа 

ɡɞаɧɢя. 
 

 
Рɢсɭɧɨɤ 2.4. ɋɤɨɪɨсɬɢ ɢɡɦɟɧɟɧɢя ɡɧачɟɧɢɣ 

ɢɧɬɟɧсɢвɧɨсɬɢ ɧаɩɪяɠɟɧɢɣ. 
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Иɫхɨɞя ɢɡ аɧаɥɢɡа ɡɧачɟɧɢɣ ɧаɩɪяɠɟɧɧɨ-
ɞɟɮɨɪɦɢɪɨɜаɧɧɨɝɨ ɫɨɫɬɨяɧɢя ɤɨɧɫɬɪɭɤцɢɣ 
ɡɞаɧɢя, ɩɨɥɭчɟɧɧых ɜ ɪɟɡɭɥьɬаɬɟ чɢɫɥɟɧɧɨɝɨ 
ɦɨɞɟɥɢɪɨɜаɧɢя, ɦɨɠɧɨ ɫɞɟɥаɬь ɜыɜɨɞ, чɬɨ 
ɧаɢɛɨɥɟɟ ɧɟɛɥаɝɨɩɪɢяɬɧыɦ яɜɥяɟɬɫя ɩɨɥɨ-
ɠɟɧɢɟ ɡɞаɧɢя ɜ цɟɧɬɪɟ ɦɭɥьɞы ɨɫɟɞаɧɢя. 
Пɪɢ ɬаɤɨɦ ɩɨɥɨɠɟɧɢɢ ɡɞаɧɢɟ ɩɨɞɜɟɪɝаɟɬɫя 
ɢɡɝɢɛɧыɦ ɞɟɮɨɪɦацɢяɦ, ɩɪɨɫɟɞая ɜ ɫɟɪɟɞɢ-
ɧɟ. На ɪɢɫɭɧɤах 2.5 – 2.7 ɩɪɟɞɫɬаɜɥɟɧы ɢɡɨ-
ɩɨɥя ɩɟɪɟɦɟщɟɧɢɣ ɢ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɧаɩɪя-
ɠɟɧɢɣ, ɞɥя ɡɞаɧɢя ɜ ɬаɤɨɦ ɩɨɥɨɠɟɧɢɢ. 
 

 
Рɢсɭɧɨɤ 2.5. ɋɭɦɦаɪɧыɟ ɩɟɪɟɦɟщɟɧɢя, ɦ. 

 

 
Рɢсɭɧɨɤ 2.6. Иɧɬɟɧсɢвɧɨсɬь ɧаɩɪяɠɟɧɢɣ в 

сɬɟɧɨвых ɩаɧɟɥях, Мɉа. 
 

 
Рɢсɭɧɨɤ 2.7. Иɧɬɟɧсɢвɧɨсɬь ɧаɩɪяɠɟɧɢɣ в 

ɩɟɪɟɤɪыɬɢях, Мɉа. 

ȼЫȼɈȾЫ 

 

1. Иɡ ɜыɛɪаɧɧых ɦɨɞɟɥɟɣ ɤɪаɬɤɨɫɪɨчɧɨɝɨ 
ɩɪɨɝɧɨɡɢɪɨɜаɧɢя ɥɭчшɢɟ ɪɟɡɭɥьɬаɬы ɩɨ-
ɤаɡаɥа ɦɨɞɟɥь Хɨɥьɬа. Пɨɝɪɟшɧɨɫɬь ɬɟɫ-
ɬɨɜɨɝɨ ɤɪаɬɤɨɫɪɨчɧɨɝɨ чɟɬыɪёхɥɟɬɧɟɝɨ 
ɩɪɨɝɧɨɡа ɜыɩɨɥɧɟɧɧɨɝɨ ɩɪɢ ɩɨɦɨщɢ ɦɨ-
ɞɟɥɢ Хɨɥьɬа ɜ ɩɟɪɜыɟ ɬɪɢ ɝɨɞа ɧɟ ɩɪɟ-
ɜышаɟɬ 3%. Пɨɝɪɟшɧɨɫɬь ɜɬɨɪɨɝɨ шаɝа 
ɩɪɨɝɧɨɡɢɪɨɜаɧɢя ɩɪɢ ɫɪаɜɧɟɧɢɢ ɫ ɮаɤɬɢ-
чɟɫɤɢɦɢ ɞаɧɧыɦɢ ɨɫɟɞаɧɢя ɩɨɜɟɪхɧɨɫɬɢ 
ɫɨɫɬаɜɥяɟɬ 7,07%. 

2. Рɢɫɭɧɨɤ 2.3 ɩɨɡɜɨɥяɟɬ ɨцɟɧɢɬь ɞɢɧаɦɢɤɭ 
ɧаɪаɫɬаɧɢя ɧаɩɪяɠɟɧɢɣ ɩɪɢ ɢɡɦɟɧɟɧɢɢ 
ɭɝɥа ɩɨɜɨɪɨɬа ɡɞаɧɢя ɨɬɧɨɫɢɬɟɥьɧɨ 
ɦɭɥьɞы ɨɫɟɞаɧɢя. Сɥɟɞɭɟɬ ɨɬɦɟɬɢɬь, чɬɨ 
ɩɨɜɨɪɨɬ ɡɞаɧɢя ɨɬɧɨɫɢɬɟɥьɧɨ ɨɫɢ ɦɭɥьɞы 
эɤɜɢɜаɥɟɧɬɟɧ ɫɦɟщɟɧɢɸ ɩɥɨɫɤɨɝɨ ɞɧа 
ɦɭɥьɞы ɨɬɧɨɫɢɬɟɥьɧɨ ɡɞаɧɢя. Пɨɥɨɠɟɧɢɟ 
ɡɞаɧɢя «3» (ɪɢɫɭɧɨɤ 2.2) хаɪаɤɬɟɪɢɡɭɟɬɫя 
ɧаɢɛɨɥɟɟ ɛыɫɬɪыɦ ɢɡɦɟɧɟɧɢɟɦ ɧаɩɪяɠɟ-
ɧɢɣ. Пɨɥɨɠɟɧɢя «4» ɢ «5» ɩɪɟɜɨɫхɨɞяɬ 
ɩɨ ɫɤɨɪɨɫɬɢ ɢɡɦɟɧɟɧɢя ɧаɩɪяɠɟɧɢɣ ɩɨ-
ɥɨɠɟɧɢɟ «3» ɥɢшь ɜ ɭɡɤɨɦ ɞɢаɩаɡɨɧɟ ɭɝ-
ɥɨɜ ɨɬ 40° ɞɨ 45°. Пɨɥɨɠɟɧɢя «1» ɢ «2», 
ɪаɫɩɨɥаɝаɸщɢɟɫя ɜ ɨɛɥаɫɬɢ ɩɥɨɫɤɨɝɨ ɞɧа 
ɧаɢɦɟɧɟɟ чɭɜɫɬɜɢɬɟɥьɧы ɤ ɢɡɦɟɧɟɧɢɸ 
ɨɪɢɟɧɬацɢɢ ɜ ɩɪɨɫɬɪаɧɫɬɜɟ. 

3. Оɩаɫɧыɦ ɫ ɬɨчɤɢ ɡɪɟɧɢя эɤɫɩɥɭаɬацɢɢ 
ɡɞаɧɢя яɜɥяɟɬɫя ɩɨɥɨɠɟɧɢɟ «3». Пɪɢ ɬа-
ɤɨɦ ɩɨɥɨɠɟɧɢɢ ɞɟɮɨɪɦацɢɢ ɡɞаɧɢя ɩɨ-
ɫɬɨяɧɧɨ ɧаɪаɫɬаɸɬ ɢ ɪɟаɥɢɡɭɸɬɫя ɫ ɦаɤ-
ɫɢɦаɥьɧɨɣ ɫɤɨɪɨɫɬьɸ, чɬɨ ɦɨɠɟɬ ɩɪɢɜɟɫ-
ɬɢ ɤ аɜаɪɢɣɧɨɣ ɫɢɬɭацɢɢ ɩɪɢ ɨɬɧɨɫɢ-
ɬɟɥьɧɨ ɧɟɜыɫɨɤɨɦ ɭɪɨɜɧɟ ɧаɩɪяɠɟɧɢɣ. 
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1. ɉɈɋɌАɇɈȼɄА ɁАȾАЧɂ  

 

Раɫɫɦɨɬɪɢɦ аɥɝɨɪɢɬɦ ɪɟшɟɧɢя ɡаɞачɢ ɨɩɬɢ-

ɦаɥьɧɨɝɨ ɩɪɨɟɤɬɢɪɨɜаɧɢя ɫɬɟɪɠɧɟɜых ɤɨɧ-

ɫɬɪɭɤцɢɣ, ɝɞɟ ɡаɞача ɫɬаɬɢчɟɫɤɨɝɨ ɢ ɞɢɧаɦɢ-

чɟɫɤɨɝɨ аɧаɥɢɡа ɪɟаɥɢɡɨɜаɧа ɦɟɬɨɞɨɦ ɤɨɧɟч-
ɧых эɥɟɦɟɧɬɨɜ ɜ ɩɟɪɟɦɟщɟɧɢях, а ɡаɞача ɨɩ-

ɬɢɦɢɡацɢɢ ɪɟшаɟɬɫя ɦɟɬɨɞаɦɢ  ɧɟɥɢɧɟɣɧɨɝɨ 
ɦаɬɟɦаɬɢчɟɫɤɨɝɨ ɩɪɨɝɪаɦɦɢɪɨɜаɧɢя [1-4].  

Пɪɢɜɟɞёɦ ɨɛщɭɸ ɩɨɫɬаɧɨɜɤɭ эɬɨɣ ɡаɞачɢ: 

 

ɧаɣɬɢ               ),x(fmin   nEX     (1) 

ɩɪɢ  ɨɝɪаɧɢчɟɧɢях     
   

 

;...2,1,0)( mjxg j   

....2,1, nixxx U
ii

L
i   

(2) 

(3) 

 

В ɤачɟɫɬɜɟ ɦɢɧɢɦɢɡɢɪɭɟɦɨɣ ɮɭɧɤцɢɢ  f(x) 
ɢɫɩɨɥьɡɭɟɬɫя, ɤаɤ ɩɪаɜɢɥɨ, ɨɛъёɦ (ɜɟɫ) ɤɨɧ-

ɫɬɪɭɤцɢɣ.  X – ɜɟɤɬɨɪ ɜаɪьɢɪɭɟɦых ɩаɪаɦɟɬ-

ɪɨɜ ɧа ɢɧɬɟɪɜаɥɟ XL XU
. Ваɪьɢɪɨɜаɬьɫя ɦɨ-

ɝɭɬ ɩаɪаɦɟɬɪы ɩɨɩɟɪɟчɧых ɫɟчɟɧɢɣ эɥɟɦɟɧ-

ɬɨɜ ɤɨɧɫɬɪɭɤцɢɣ, а ɬаɤɠɟ ɤɨɨɪɞɢɧаɬы ɭɡɥɨɜ 
ɪаɫчёɬɧɨɣ ɫхɟɦы. 

 Фɭɧɤцɢɢ ɨɝɪаɧɢчɟɧɢɣ 

gj(x) ɩɪɟɞɫɬаɜɥяɸɬ ɫɨɛɨɣ ɤɨɧɫɬɪɭɤɬɢɜɧыɟ 
ɨɝɪаɧɢчɟɧɢя, ɨɝɪаɧɢчɟɧɢя ɩɨ ɩɪɨчɧɨɫɬɢ ɢ 

ɦɟɫɬɧɨɣ ɭɫɬɨɣчɢɜɨɫɬɢ, ɩɪɢɧяɬыɟ  ɜ ɫɨɨɬɜɟɬ-
ɫɬɜɢɢ ɫ ɧɨɪɦаɬɢɜɧыɦ ɞɨɤɭɦɟɧɬɨɦ ɋɉ 
16.13330.2011. Пɪɟɞɭɫɦɨɬɪɟɧы  ɬаɤɠɟ ɨɝɪа-
ɧɢчɟɧɢя ɧа ɩɟɪɟɦɟщɟɧɢя ɭɡɥɨɜ [5].  

 

 

2. АɅȽɈɊɂɌɆ  ɈɉɌɂɆɂɁАЦɂɂ  

 

Бɥɨɤ-ɫхɟɦа аɥɝɨɪɢɬɦа  ɪɟшɟɧɢя эɬɨɣ ɡаɞачɢ 

ɩɨɤаɡаɧа ɧа ɪɢɫ. 1. Оɩɢɫаɧɢɟ ɤаɠɞɨɝɨ ɛɥɨɤа 
аɥɝɨɪɢɬɦа  ɩɪɢɜɟɞɟɧɨ ɜ ɬаɛɥ. 1. Сɥɟɞɭɟɬ ɨɬɦɟ-
ɬɢɬь, чɬɨ ɨɛɪащɟɧɢɟ ɤ ɮɭɧɤцɢяɦ ɨɝɪаɧɢчɟɧɢɣ 
g(x) ɬɪɟɛɭɟɬ ɪɟшɟɧɢɟ ɡаɞачɢ  ɤɨɧɟчɧɨэɥɟɦɟɧɬ-
ɧɨɝɨ  аɧаɥɢɡа ɮɟɪɦы ɜ ɥɢɧɟɣɧɨɣ ɩɨɫɬаɧɨɜɤɟ.  



Оɩɬɢɦаɥьɧɨɟ ɩɪɨɟɤɬɢɪɨɜаɧɢɟ ɮɟɪɦ ɫɥɨɠɧɨɣ ɤɨɧɮɢɝɭɪацɢɢ  
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В [6, 7] ɩɪɢɜɟɞɟɧы ɪɟшɟɧɢя ɩɪɢɦɟɪɨɜ ɨɩɬɢ-

ɦɢɡацɢɢ ɮɟɪɦ ɫ ɧɟɛɨɥьшɢɦ чɢɫɥɨɦ ɭɡɥɨɜ. 
Иɫɫɥɟɞɨɜаɧɢɟ ɪɟɡɭɥьɬаɬɨɜ эɬɢх ɪɟшɟɧɢɣ ɜы-

яɜɢɥɨ ɨɫɨɛɟɧɧɨɫɬɢ ɧаɫɬɪɨɣɤɢ аɥɝɨɪɢɬɦа ɨɩ-

ɬɢɦɢɡацɢɢ ɧа ɬɭ ɢɥɢ ɢɧɭɸ ɡаɞачɭ. Зɞɟɫь ɠɟ  
ɛыɥɨ ɨɬɫɥɟɠɟɧɨ  ɜɥɢяɧɢɟ ɩаɪаɦɟɬɪɨɜ ɢɫ-
ɩɨɥьɡɭɟɦых ɦɟɬɨɞɨɜ ɧа ɫхɨɞɢɦɨɫɬь аɥɝɨ-
ɪɢɬɦа.  Пɨɥɭчɟɧɧыɣ ɨɩыɬ ɩɨɡɜɨɥɢɥ ɪɟшаɬь 
ɡаɞачɢ ɨɩɬɢɦаɥьɧɨɝɨ ɩɪɨɟɤɬɢɪɨɜаɧɢя ɮɟɪɦ 

ɛɨɥɟɟ ɫɥɨɠɧɨɣ ɤɨɧɮɢɝɭɪацɢɢ. Пɪɢ ɩɪɨɟɤɬɢ-

ɪɨɜаɧɢɢ ɬаɤɢх ɤɨɧɫɬɪɭɤцɢɣ ɭчɢɬыɜаɥɨɫь, 
ɩɪɟɠɞɟ ɜɫɟɝɨ, ɢɫɩɨɥьɡɨɜаɧɢɟ ɨɩɪɟɞɟɥёɧɧɨɝɨ 
чɢɫɥɨ ɬɢɩɨв сɟчɟɧɢɣ.   
Бɥɨɤ-ɫхɟɦа  ɜычɢɫɥɟɧɢя ɮɭɧɤцɢɣ ɨɝɪаɧɢчɟ-
ɧɢɣ, ɜхɨɞящɢх ɜ ɡаɞачɭ (1-3) ɩɨɤаɡаɧа ɧа 
ɪɢɫ. 2. Вɟɤɬɨɪ ɨɝɪаɧɢчɟɧɢɣ ɜɫɟɣ ɫɢɫɬɟɦы  

ɫɨɞɟɪɠɢɬ ɜɤɥаɞы ɩɨ ɨɬɞɟɥьɧыɦ эɥɟɦɟɧɬаɦ, 

ɤɨɬɨɪыɟ ɨɛъɟɞɢɧɟɧы  ɜ ɝɪɭɩɩы ɩɨ ɬɢɩɨɪаɡ-
ɦɟɪаɦ ɢ ɦаɬɟɪɢаɥɭ (чɢɫɥɨ ɝɪɭɩɩ – n_typ)  

Таɤɨɣ ɩɨɞхɨɞ ɩɨɡɜɨɥɢɥ ɧɟɡаɜɢɫɢɦɨ ɡаɞаɜаɬь 
ɮɢɡɢчɟɫɤɢɟ ɢ ɝɟɨɦɟɬɪɢчɟɫɤɢɟ ɫɜɨɣɫɬɜа ɤаɠ-

ɞɨɣ ɝɪɭɩɩɟ. Вɟɤɬɨɪ ɨɝɪаɧɢчɟɧɢɣ ɞɥя ɤаɠɞɨɣ 

ɝɪɭɩɩы {g_el} ɪаɡɦɟɪɧɨɫɬьɸ m_el  ɮɨɪɦɢɪɭ-
ɟɬɫя ɜ ɛɥɨɤɟ Metal. Дɥя ɨɛɪащɟɧɢя ɤ эɬɨɦɭ 
ɛɥɨɤɭ ɧɟɨɛхɨɞɢɦа ɫɨɨɬɜɟɬɫɬɜɭɸщая ɧа-
ɫɬɪɨɣɤа, а ɢɦɟɧɧɨ   ɮɨɪɦɢɪɨɜаɧɢɟ ɜɟɤɬɨɪа 

Таɛɥɢɰа 1
Наɢɦɟɧɨɜаɧɢɟ 

ɛɥɨɤа 
Оɩɢɫаɧɢɟ 

NMPack 

 

Бɥɨɤ ɪɟшɟɧɢя ɫɬаɧɞаɪɬɧɨɣ 

ɡаɞачɢ ɧɟɥɢɧɟɣɧɨɝɨ           
ɦаɬɟɦаɬɢчɟɫɤɨɝɨ                
ɩɪɨɝɪаɦɦɢɪɨɜаɧɢя 

Metal 
 

Бɥɨɤ ɤɨɧɫɬɪɭɤɬɢɜɧɨɝɨ          
ɪаɫчɟɬа, ɝɞɟ ɜыɩɨɥɧяɸɬɫя 
ɩɪɨɜɟɪɤɢ ɫɨɝɥаɫɧɨ                   
ɋɉ 16.13330.2011 

Section 
 

Бɢɛɥɢɨɬɟɤа ɫɟчɟɧɢɣ, ɤɨɬɨɪая 
ɜɤɥɸчаɟɬ ɝɟɨɦɟɬɪɢчɟɫɤɢɟ 
хаɪаɤɬɟɪɢɫɬɢɤɢ ɩɪɨɫɬых ɢ 

ɫɨɫɬаɜɧых ɫɟчɟɧɢɣ.  

Truss 
Бɥɨɤ ɤɨɧɟчɧɨ-эɥɟɦɟɧɬɧɨɝɨ 
аɧаɥɢɡа ɮɟɪɦы 

Fun_g 
Бɥɨɤ ɜычɢɫɥɟɧɢя ɨɝɪаɧɢчɟ-
ɧɢɣ ɩɨ   ɩɪɨчɧɨɫɬɢ, ɠɟɫɬɤɨ-
ɫɬɢ  ɢ ɦɟɫɬɧɨɣ ɭɫɬɨɣчɢɜɨɫɬɢ 

Fun_fx 
Бɥɨɤ ɜычɢɫɥɟɧɢя цɟɥɟɜɨɣ 

ɮɭɧɤцɢɢ 

 Coeff 
Бɥɨɤ ɜычɢɫɥɟɧɢя ɬаɛɥɢчɧых 
ɤɨэɮɮɢцɢɟɧɬɨɜ, ɫɨɝɥаɫɧɨ   
ɋɉ 16.13330.2011  

Рɢсɭɧɨɤ 1. Аɥɝɨɪɢɬɦ  ɨɩɬɢɦɢɡаɰɢɢ 

Пɪɨɜɟɪɤа 
ɫхɨɞɢɦɨɫɬɢ

Бɢɛɥɢɨɬɟɤа ɫɟчɟɧɢɣ 
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ɮɭɧɤцɢя  цɟɥɢ  

Fun_fx 

ɞа 
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ɋoeff 

Бɥɨɤ ɨɩɬɢɦɢɡацɢɢ 

NMPack 

Иɫхɨɞɧыɣ 

ɩɪɨɟɤɬ 

Оɩɬɢɦаɥьɧыɣ 

ɩɪɨɟɤɬ 

Бɥɨɤ  
ɫɬаɬɢчɟɫɤɨɝɨ   
аɧаɥɢɡа  Truss 

Бɥɨɤ 
 ɤɨɧɫɬɪɭɤɬɢɜɧɨɝɨ  
ɪаɫчɟɬа  Metal 
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ɜаɪьɢɪɭɟɦых ɩаɪаɦɟɬɪɨɜ ɞɥя ɞаɧɧɨɣ ɝɪɭɩɩы 

– {X_el (nx_el)}.  Дɥя эɬɨɝɨ ɢɡ ɜɟɤɬɨɪа ɭɫɢ-

ɥɢɣ ɜɫɟɣ ɫɢɫɬɟɦы ɜычɥɟɧяɟɬɫя ɦаɫɫɢɜ ɪаɫ-
чɟɬɧых ɭɫɢɥɢɣ ɝɪɭɩɩы [S_el]  ɪаɡɦɟɪɧɨɫɬьɸ 

n_case, чɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ  чɢɫɥɭ ɫɥɭчаɟɜ ɡа-
ɝɪɭɠɟɧɢя.   
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Дɥя ɩɪаɤɬɢчɟɫɤɨɣ ɪɟаɥɢɡацɢɢ аɥɝɨɪɢɬɦа  ɧа 
ɟɝɨ ɨɫɧɨɜɟ ɪаɡɪаɛɨɬаɧ ɩɪɨɝɪаɦɦɧыɣ ɤɨɦ-

ɩɥɟɤɫ  РОɋК, ɨɪɢɟɧɬɢɪɨɜаɧɧыɣ ɧа ɪаɫчёɬ ɢ 

ɨɩɬɢɦɢɡацɢɸ ɫɬаɥьɧых  ɤɨɧɫɬɪɭɤцɢɣ [8]. 

Дɥя ɢɥɥɸɫɬɪацɢɢ  ɪаɛɨɬы аɥɝɨɪɢɬɦа  ɪаɫ-
ɫɦɨɬɪɢɦ ɞɜа  ɩɪɢɦɟɪа ɨɩɬɢɦаɥьɧɨɝɨ ɩɪɨɟɤ-
ɬɢɪɨɜаɧɢя ɮɟɪɦ. 
 

 

3. ɉɊɂɆȿɊЫ ɊАɋЧȿɌА 
 

Пример 1.   Заɞача ɨɩɬɢɦаɥьɧɨɝɨ ɩɪɨɟɤɬɢɪɨ-
ɜаɧɢя ɫɬаɬɢчɟɫɤɢ ɨɩɪɟɞɟɥɢɦɨɣ ɮɟɪɦы (31 

эɥɟɦɟɧɬ), ɝɞɟ ɩɪɟɞɭɫɦɨɬɪɟɧɨ  2 ɫɥɭчая ɡа-
ɝɪɭɠɟɧɢя (ɪɢɫ. 3).   

 Мɢɧɢɦɢɡɢɪɭɟɬɫя ɨɛъёɦ ɮɟɪɦы.  

 Заɞаɧы ɫɥɟɞɭɸщɢɟ ɡɧачɟɧɢя ɧаɝɪɭɡɨɤ:  ɩɨɫɬɨяɧɧая ɧаɝɪɭɡɤа 0,805 ɤПа;   ɜɪɟɦɟɧɧая ɧаɝɪɭɡɤа   2, 354 ɤПа.  
Шаɝ  ɮɟɪɦ 12 ɦ.  В ɩɟɪɜɨɦ ɫɥɭчаɟ ɡаɝɪɭɠɟ-
ɧɢя ɡаɞаɧа ɩɨɫɬɨяɧɧая ɢ ɜɪɟɦɟɧɧая ɧаɝɪɭɡɤɢ, 
ɩɪɢɜɟɞёɧɧыɟ ɤ ɭɡɥаɦ ɜɟɪхɧɟɝɨ ɩɨяɫа ɩɨ ɜɫɟɣ 
ɮɟɪɦɟ, ɜɨ ɜɬɨɪɨɦ – ɩɨɫɬɨяɧɧая ɧаɝɪɭɡɤа ɜ 
ɫɨчɟɬаɧɢɢ ɫ ɜɪɟɦɟɧɧɨɣ ɧа ɥɟɜɨɣ  ɩɨɥɭɮɟɪɦɟ. 
Ваɪьɢɪɨваɥɢсь ɩаɪаɦɟɬɪы ɩɨɩɟɪɟчɧых ɫɟчɟ-
ɧɢɣ ɢ  ɭɝɨɥ ɧаɤɥɨɧа эɥɟɦɟɧɬɨɜ ɜɟɪхɧɟɝɨ ɩɨя-
ɫа (α). Выɫɨɬа h1 ɩɪɢ эɬɨɦ ɨɫɬаɜаɥаɫь ɮɢɤ-
ɫɢɪɨɜаɧɧɨɣ (155 ɫɦ). Быɥа ɩɪɟɞɭɫɦɨɬɪɟɧа 
ɜɨɡɦɨɠɧɨɫɬь ɡаɞаɜаɬь ɪаɡɧыɟ ɬɢɩы ɫɟчɟɧɢɣ, 

а ɬаɤɠɟ ɪаɡɥɢчɧыɟ ɦаɪɤɢ ɫɬаɥɢ ɞɥя ɤаɠɞɨɣ 

ɝɪɭɩɩы эɥɟɦɟɧɬɨɜ:  ɞɥя ɩɨяɫɨɜ ɛыɥа ɩɪɢɧяɬа ɦаɪɤа 09Г2ɋ-6 

(Ry=330 МПа);    ɞɥя ɪаɫɤɨɫɨɜ № 20-27, ɤаɤ ɧаɢɦɟɧɟɟ ɧа-
ɝɪɭɠɟɧɧых, ɢɫɩɨɥьɡɨɜаɥаɫь ɫɬаɥь  Вɋɬ3ɩс6  
(Ry=225 МПа), ɞɥя ɨɫɬаɥьɧых ɪаɫɤɨɫɨɜ  

09Г2ɋ-6.   

Мɨɞɭɥь ɭɩɪɭɝɨɫɬɢ E=21000 ɤН/ɫɦ2
, ɤɨэɮɮɢ-

цɢɟɧɬ ɩɪɢɜɟɞɟɧɢя ɞɥɢɧы μ=1, ɤɨэɮɮɢцɢɟɧɬ 
ɭɫɥɨɜɢя ɪаɛɨɬы γ = 1.  

Ƚɟɨɦɟɬɪɢя ɫɟчɟɧɢɣ ɜ эɥɟɦɟɧɬах ɛыɥа ɩɪɢɧя-
ɬа ɬаɤɠɟ ɪаɡɥɢчɧɨɣ:   ɜ эɥɟɦɟɧɬах ɩɨяɫɨɜ ɧаɡɧачɟɧɨ ɫɟчɟɧɢɟ ɜ 
ɜɢɞɟ ɤɜаɞɪаɬɧɨɝɨ ɤɨɪɨɛа;  ɪаɫɤɨɫы  № 16, 18, 29, 31 ɢɦɟɥɢ ɫɟчɟɧɢɟ ɜ 
ɜɢɞɟ ɤɜаɞɪаɬɧɨɝɨ ɤɨɪɨɛа;   ɫɟчɟɧɢя ɨɫɬаɥьɧых ɪаɫɤɨɫɨɜ – ɩɪяɦɨ-
ɭɝɨɥьɧыɣ ɤɨɪɨɛ.  Рɢсɭɧɨɤ 2. Аɥɝɨɪɢɬɦ  ɮɨɪɦɢɪɨваɧɢя 

вɟɤɬɨɪа 

Бɥɨɤ ɫɬаɬɢчɟɫɤɨɝɨ аɧаɥɢɡа.  
Фɨɪɦɢɪɨɜаɧɢɟ   ɜɟɤɬɨɪɨɜ  ɭɫɢɥɢɣ   

ɢ  ɩɟɪɟɦɟщɟɧɢɣ ɫɢɫɬɟɦы 

Вɟɤɬɨɪ {X}  

 Маɫɫɢɜ ɬɢɩɨɜ ɫɟчɟɧɢɣ
{typ sect (n typ)} 

Цɢɤɥ ɩɨ чɢɫɥɭ  

ɝɪɭɩɩ эɥɟɦɟɧɬɨɜ 
n_typ 

Фɨɪɦɢɪɨɜаɧɢɟ  
 ɜɟɤɬɨɪа ɭɫɢɥɢɣ ɜ  
ɛаɡɨɜɨɦ    эɥɟɦɟɧɬɟ  

 [S_el (n_case)] 

Ваɪьɢɪɨɜаɧɢɟ 
ɩɨ  

ɫɨɪɬаɦɟɧɬаɦ

Бɥɨɤ ɤɨɧɫɬɪɭɤɬɢɜɧɨɝɨ  
ɪаɫчɟɬа   Metal 

Фɨɪɦɢɪɨɜаɧɢɟ ɜɟɤ-
ɬɨɪа {g_el(m_el)} 

Вɟɤɬɨɪ 
ɨɝɪаɧɢчɟɧɢɣ

{g(m)} Фɨɪɦɢɪɨɜаɧɢɟ  ɜɟɤɬɨɪа  
ɜаɪьɢɪɭɟɦых          

ɩаɪаɦɟɬɪɨɜ эɥɟɦɟɧɬа   
{X el (nx el)} 

Вычɢɫɥɟɧɢɟ   
ɨɝɪаɧɢчɟɧɢɣ 

ɩɨ ɠɟɫɬɤɨɫɬɢ 

gk= g_eli k=k+1 

k=0 

Цɢɤɥ ɩɨ  
i=1, …,m_el 

i sort 
=0 =1 Нɟɩɪɟɪыɜɧɨɟ

ɜаɪьɢɪɨɜаɧɢɟ
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Пɪɟɞɭɫɦɨɬɪɟɧы ɨɝɪаɧɢчɟɧɢя ɩɨ ɩɪɨчɧɨɫɬɢ ɢ  

ɭɫɬɨɣчɢɜɨɫɬɢ ɫɨɝɥаɫɧɨ ɋɉ 16.13330.201 

«ɋɬаɥьɧыɟ ɤɨɧсɬɪɭɤɰɢɢ», а  ɬаɤɠɟ ɨɝɪаɧɢ-

чɟɧɢɟ ɧа ɩɟɪɟɦɟщɟɧɢɟ ɭɡɥɨɜ 3, 4, 5. Пɪɟ-
ɞɟɥьɧɨɟ ɡɧачɟɧɢɟ ɩɟɪɟɦɟщɟɧɢя [∆] =3,2 ɫɦ, 

чɬɨ ɫɨɫɬаɜɥяɥɨ 1/750 ɪаɫɫɬɨяɧɢя ɦɟɠɞɭ ɨɫя-
ɦɢ (2400 сɦ). 

Эɥɟɦɟɧɬы ɨɞɧɨɝɨ ɬɢɩа, ɨɛъɟɞɢɧёɧɧыɟ ɜ 
ɝɪɭɩɩы,  ɩɪɢɜɟɞɟɧы ɜ ɬаɛɥɢцɟ 2.  Раɫчёɬ 

ɩɪɨɢɡɜɨɞɢɥɫя ɜ ɩɪɨɫɬɪаɧɫɬɜɟ ɬɟх ɩаɪаɦɟɬ-
ɪɨɜ, ɤɨɬɨɪыɟ ɭɤаɡаɧы ɜ ɜɟɪхɧɟɣ ɫɬɪɨɤɟ ɬаɛ-

ɥɢцы ɤаɤ ɧаɢɛɨɥɟɟ ɧаɝɪɭɠɟɧɧыɟ ɜ ɫɜɨɟɣ 

ɝɪɭɩɩɟ (ɛаɡɨвыɟ ɩаɪаɦɟɬɪы). Пɨɞɛɨɪ эɬɢх 
ɩаɪаɦɟɬɪɨɜ ɛыɥ ɩɪɨɢɡɜɟɞёɧ ɢɡ ɪаɫчёɬа ɤɨɧ-

ɫɬɪɭɤцɢɢ ɩɪɢ ɜыɫɨɬах h1=155 ɫɦ;  h2=119 ɫɦ 

(ɪɢɫ. 3, ɛ). Дɥя ɩɪɨɜɟɪɤɢ ɩɪаɜɢɥьɧɨɫɬɢ ɩɨɞ-

ɛɨɪа ɛаɡɨɜых ɩаɪаɦɟɬɪɨɜ ɩɨɫɥɟ ɩɨɥɭчɟɧɢя 
ɨɩɬɢɦаɥьɧɨɝɨ ɩɪɨɟɤɬа ɜыɩɨɥɧяɥаɫь  ɜычɢɫ-

Таɛɥɢɰа  2
Ƚɪуɩɩы ɷлеɦеɧɬов ɩо ɬиɩу сечеɧиɣ   

1.   2.   3. 4.   5. 6. 7. 8. 9. 10. 11.   12.  

2 10 16 17 18 19 20 21 26 22 23 24 

4 8 31 30 29 28 27   25   

3 9           

1 11           

5 12           

6 13           

7 14           

8 15           

ɛ) 

Рɢсɭɧɨɤ 3. Расчɟɬɧая схɟɦа ɮɟɪɦы (а);  ɪɟɡɭɥьɬаɬы ɪасчɟɬа  
ɩɪɢ ɧачаɥьɧɨɣ ɝɟɨɦɟɬɪɢɢ в ɩɟɪвɨɦ ɢ вɬɨɪɨɦ ɡаɝɪɭɠɟɧɢɢ (ɛ) 

а) 

7×300

6×300 280 280 

130 130 

h
h α 

1 2 3 4 5 6 7 8 

9 
10 11 12 13 14

15 16 
17 

1 2 3 4 5 6

8 
9 14 15 

20 19 18 17 16 
21 22 23 24 25 26 27 28 29 30 

31 

1110 1312

7 
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ɥɟɧɢɟ ɨɝɪаɧɢчɟɧɢɣ ɩɨ ɜɫɟɦ эɥɟɦɟɧɬаɦ. Еɫɥɢ 

ɩɪɢ эɬɨɦ ɜɫɟ ɨɝɪаɧɢчɟɧɢя ɧɟ ɜыхɨɞɢɥɢ ɡа 
ɩɪɟɞɟɥы ɞɨɩɭɫɬɢɦых ɡɧачɟɧɢɣ, ɬɨ ɫчɢɬа-
ɥɨɫь, чɬɨ ɪɟшɟɧɢɟ ɧаɣɞɟɧɨ. Еɫɥɢ ɠɟ ɧɟɜяɡɤа 
ɜ ɤаɤɨɦ-ɥɢɛɨ ɨɝɪаɧɢчɟɧɢɢ ɛыɥа ɛɨɥьшɟ ɞɨ-
ɩɭɫɬɢɦɨɣ, ɬɨ ɜыɩɨɥɧяɥаɫь ɫɦɟɧа ɛаɡɨɜɨɝɨ 
эɥɟɦɟɧɬа, ɥɢɛɨ ɪаɡɞɟɥɟɧɢɟ эɥɟɦɟɧɬɨɜ, ɜхɨ-
ɞящɢх ɜ ɝɪɭɩɩɭ.  

Заɞача ɨɩɬɢɦɢɡацɢɢ ɮɟɪɦы ɪɟшаɥаɫь ɜ ɞɜɭх 
ɜаɪɢаɧɬах: ɜ ɩɟɪɜɨɦ ɫɟчɟɧɢя эɥɟɦɟɧɬɨɜ ɦɟ-
ɧяɥɨɫь ɧɟɩɪɟɪыɜɧɨ, ɜɨ ɜɬɨɪɨɦ – ɞɢɫɤɪɟɬɧɨ 
ɩɨ ɫɨɪɬаɦɟɧɬаɦ.  

Вариант 1. Пɪɢ ɧɟɩɪɟɪыɜɧɨɦ ɢɡɦɟɧɟɧɢɢ 

ɩаɪаɦɟɬɪɨɜ ɬɢɩы ɫɟчɟɧɢɣ ɩɪɢɧɢɦаɥɢɫь ɫɥɟ-
ɞɭɸщɢɟ: 
а)  ɜ ɫɟчɟɧɢях ɫ ɪаɜɧɨɫɬɨɪɨɧɧɢɦ ɤɨɪɨɛɨɦ 

ɜаɪьɢɪɨɜаɥɫя ɜɧɟшɧɢɣ ɪаɡɦɟɪ ɤɨɪɨɛа (H_k), 

а ɬɨɥщɢɧа ɩɪɢɧɢɦаɥаɫь ɤаɤ чаɫɬь ɜыɫɨɬы: 

t_k=H_k/25;   

ɛ)  ɜ ɫɟчɟɧɢях ɫ ɧɟɪаɜɧɨɫɬɨɪɨɧɧɢɦ ɤɨɪɨɛɨɦ   

ɜаɪьɢɪɨɜаɥаɫь ɜыɫɨɬа H_k ɢ шɢɪɢɧа B_k, а 
ɬɨɥщɢɧа ɛɪаɥаɫь ɤаɤ чаɫɬь ɜыɫɨɬы: t=H_k/25. 

С ɭчёɬɨɦ ɬɢɩɨɪаɡɦɟɪɨɜ чɢɫɥɨ ɜаɪьɢɪɭɟɦых 
ɩаɪаɦɟɬɪɨɜ ɨɩɪɟɞɟɥяɥɨɫь ɫɥɟɞɭɸщɢɦ ɨɛɪа-
ɡɨɦ: ɞɥя ɬɢɩɨɜ ɫɟчɟɧɢɣ № 1, 2, 3, 5 ɧаɡɧачɟɧ 

1 ɩаɪаɦɟɬɪ (ɜɫɟɝɨ – 4), а ɞɥя ɬɢɩɨɜ ɫɟчɟɧɢɣ 

№  4, 6-12  ɧаɡɧачɟɧɨ  2 ɩаɪаɦɟɬɪа (ɜɫɟɝɨ 16).  

Ещё ɨɞɢɧ ɜаɪьɢɪɭɟɦыɣ ɩаɪаɦɟɬɪ ɫɨɨɬɜɟɬɫɬ-
ɜɨɜаɥ ɬаɧɝɟɧɫɭ ɭɝɥа ɧаɤɥɨɧа ɥɢɧɢɢ ɜɟɪхɧɟɝɨ 
ɩɨяɫа ɩɨɥɭɮɟɪɦы. Оɛщɟɟ чɢɫɥɨ ɜаɪьɢɪɭɟ-
ɦых ɩаɪаɦɟɬɪɨɜ, ɬаɤɢɦ ɨɛɪаɡɨɦ,  ɛыɥɨ  ɪаɜ-
ɧɨ 21.    

Параметрɵ задачи  оɩтимизации:  Начаɥьɧыɟ ɩаɪаɦɟɬɪы ɪаɜɧɨɫɬɨɪɨɧɧɟɝɨ 
ɤɨɪɨɛа  (ɫɦ):   H_k 0= B_k0=9,0.  Ƚɪаɧɢцы ɢɡɦɟɧɟɧɢя ɩаɪаɦɟɬɪɨɜ (ɫɦ):   

     7,00    H_k   70,0.  Начаɥьɧыɟ ɩаɪаɦɟɬɪы ɧɟɪаɜɧɨɫɬɨɪɨɧɧɟɝɨ 
ɤɨɪɨɛа (ɫɦ):   H_k0= 9,0;  B_k0=  9,0.         Ƚɪаɧɢцы ɢɡɦɟɧɟɧɢя ɩаɪаɦɟɬɪɨɜ (ɫɦ):  

     6,0    H_k    70,0;    4,0    B_k     70,0. 

Результатɵ задачи оɩтимизации ɮермɵ  

Чɢɫɥɨ ɢɬɟɪацɢɣ =  4. 

Чɢɫɥɨ ɨɛɪащɟɧɢɣ ɤ ɮɭɧɤцɢɢ цɟɥɢ = 94533. 

Паɪаɦɟɬɪы ɫɟчɟɧɢɣ ɦɟɧяɸɬɫя ɧɟɩɪɟɪыɜɧɨ: 

Ƚруɩɩа  1  (ɷл.  1-7) 

H_k    = 17,73 ɫɦ;     A=48,309 ɫɦ2. 

Ƚруɩɩа  2  (ɷл.  8-15)       

H_k    = 17,50 ɫɦ;     A=47,040 ɫɦ2.    

Ƚруɩɩа  3  (ɷл.  16, 31) 

H_k    = 14,04 ɫɦ;     A=30,292 ɫɦ2.          

Ƚруɩɩа  4  (ɷл.  17, 30)      

H_k    = 11,00 ɫɦ;     A = 27,895  ɫɦ2. 

Ƚруɩɩа  5  (ɷл.  18, 29)      

H_k    = 10,00 ɫɦ;     A=15,369  ɫɦ2 

Ƚруɩɩа  6  (ɷл.  19, 28)      

H_k  =  9,22 ɫɦ;  B_k = 10,89 ɫɦ;  A=14,298 ɫɦ2. 

Ƚруɩɩа  7  (ɷл.  20, 27)      

H_k  =  6,27 ɫɦ;  B_k = 4,00 ɫɦ;    A=4,904  ɫɦ2. 

Ƚруɩɩа  8  (ɷл.  21)         

H_k  =  6,00 ɫɦ;  B_k =  4,00 ɫɦ;   A=4,570   ɫɦ2. 

Ƚруɩɩа  9  (ɷл.  26)         

H_k  = 7,45 ɫɦ;   B_k =  4,00 ɫɦ;   A=6,476   ɫɦ2. 

Ƚруɩɩа 10  (ɷл.  22, 25)      

H_k  = 10,84 ɫɦ;  B_k =  4,00 ɫɦ;  A=12,121 ɫɦ2. 

Ƚруɩɩа 11  (ɷл.  23 )        

H_k  =  9,80 ɫɦ;  B_k =  5,88 ɫɦ;   A=11,670 ɫɦ2. 

Ƚруɩɩа 12  (ɷл.  24)         

H_k  =  7,53 ɫɦ;  B_k = 12,39 ɫɦ;  A=11,636 ɫɦ2. 

Наɤɥɨɧ ɥɢɧɢɢ ɜɟɪхɧɟɝɨ ɩɨяɫа   25%. 

Оɛъёɦ ɮɟɪɦы = 289722,735 ɫɦ3
. 

Пɨɬɟɧцɢаɥьɧɨ аɤɬɢɜɧыɟ ɨɝɪаɧɢчɟɧɢя 
g14 =  -0,81·10

-5
;
   g18 =  -0,53·10

-5
;
    g20=0,7·10

-7 
;
 
    

g26=-0,87·10
-5

;
  
    g27=-0,40·10

-5 
.
 
     

Оɝɪаɧɢчɟɧɢя ɫ 1 ɩɨ 24 ɜɤɥɸчаɥɢ ɩɪɨɜɟɪɤɢ 

ɩɨ ɩɪɨчɧɨɫɬɢ ɢ ɭɫɬɨɣчɢɜɨɫɬɢ ɜ эɥɟɦɟɧɬах. 
Оɝɪаɧɢчɟɧɢя 25-30  ɜɤɥɸчаɥɢ ɞɨɩɭɫɤɢ ɧа 
ɩɟɪɟɦɟщɟɧɢя ɭɡɥɨɜ. Таɤɢɦ ɨɛɪаɡɨɦ, ɩɨɫɥɟɞ-

ɧɢɟ ɞɜа ɩɨɬɟɧцɢаɥьɧɨ аɤɬɢɜɧыɟ ɨɝɪаɧɢчɟɧɢя 
(№ 26, 27) эɬɨ ɨɝɪаɧɢчɟɧɢя ɧа ɩɟɪɟɦɟщɟɧɢя 
ɭɡɥɨɜ 3, 4 .  Дɥя ɩɨɞɬɜɟɪɠɞɟɧɢя ɩɪаɜɢɥьɧɨ-
ɫɬɢ ɩɨɥɭчɟɧɧɨɝɨ ɨɩɬɢɦаɥьɧɨɝɨ ɪɟшɟɧɢя ɛы-

ɥɢ ɜыɩɨɥɧɟɧы ɩɪɨɜɟɪɤɢ ɩɨ ɩɪɨчɧɨɫɬɢ (ɥɢɛɨ 
ɭɫɬɨɣчɢɜɨɫɬɢ)  ɞɥя ɜɫɟх эɥɟɦɟɧɬɨɜ ɮɟɪɦы.  В 

ɩɨɥɧɨɦ ɫɩɢɫɤɟ эɬɢ ɨɝɪаɧɢчɟɧɢя ɢɦɟɥɢ 

ɧɨɦɟɪа  40,  44,  52,  64,  65.  

Пɪɨɜɟɪɤа ɩɨɥɭчɟɧɧɨɝɨ ɨɩɬɢɦаɥьɧɨɝɨ ɩɪɨɟɤ-
ɬа ɧа ɟɞɢɧɫɬɜɟɧɧɨɫɬь ɜыɩɨɥɧяɥаɫь ɩɭɬёɦ 

ɪɟшɟɧɢя  ɩɪɢ ɪаɡɧых ɡɧачɟɧɢях ɧачаɥьɧых 
ɩаɪаɦɟɬɪɨɜ ɫɟчɟɧɢɣ.  Аɧаɥɢɡ  ɪɟɡɭɥьɬаɬɨɜ 
ɜыяɜɢɥ ɫɥɟɞɭɸщɢɣ эɮɮɟɤɬ: ɡаɞача ɢɦɟɥа 
ɦɧɨɠɟɫɬɜɨ ɪɟшɟɧɢɣ ɩɪɢ ɛɥɢɡɤɢх ɡɧачɟɧɢях 
цɟɥɟɜɨɣ ɮɭɧɤцɢɢ (ɩɥаɬɨ цɟɥɟɜɨɣ ɮɭɧɤцɢɢ).  

В эɥɟɦɟɧɬах ɜɟɪхɧɟɝɨ ɢ ɧɢɠɧɟɝɨ ɩɨяɫа ɮɟɪ-
ɦы, ɝɞɟ ɢɦɟɥ ɦɟɫɬɨ 1 ɜаɪьɢɪɭɟɦыɣ ɩаɪаɦɟɬɪ, 
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ɜɨ ɜɫɟх ɪɟшɟɧɢях  ɛыɥɢ ɩɨɥɭчɟɧы  ɜыɫɨɬы 

ɫɟчɟɧɢɣ, ɫɨɜɩаɞаɸщɢɟ ɞɨ ɜɬɨɪɨɝɨ ɡɧаɤа ɩɨ-
ɫɥɟ ɡаɩяɬɨɣ.  Эɬɨ ɩɪɢɜɟɥɨ ɤ ɨɬɥɢчɢɸ ɜ 
ɩɥɨщаɞях, ɫɨɫɬаɜɥяɸщɟɦɭ 0,004%. В 

ɪаɫɤɨɫах, ɝɞɟ ɜаɪьɢɪɨɜаɥɨɫь ɞɜа ɩаɪаɦɟɬɪа,  
ɬаɦ, ɝɞɟ шɢɪɢɧа ɫɟчɟɧɢя B_k ɜыхɨɞɢɥа ɧа 
ɧɢɠɧɸɸ ɝɪаɧɢцɭ, ɜыɫɨɬы ɫɟчɟɧɢɣ 

ɫɨɜɩаɞаɥɢ. В ɞɪɭɝɢх ɫɥɭчаях ɩаɪаɦɟɬɪы 

ɫɟчɟɧɢɣ ɢɦɟɥɢ ɫɭщɟɫɬɜɟɧɧыɟ ɨɬɥɢчɢя ɩɪɢ 

ɛɥɢɡɤɢх ɡɧачɟɧɢях ɩɥɨщаɞɟɣ. Оɛъёɦ ɮɟɪɦы 

ɜɨ ɜɫɟх ɪɟшɟɧɢях  ɢɦɟɥ ɨɬɥɢчɢɟ ɜ ɩяɬɨɦ 

ɡɧаɤɟ, ɬ.ɟ. ɩɪаɤɬɢчɟɫɤɢ ɫɨɜɩаɞаɥ. 
 Пɨɬɟɧцɢаɥьɧɨ аɤɬɢɜɧыɟ ɨɝɪаɧɢчɟɧɢя ɜɨ ɜɫх 
ɪɟшɟɧɢях ɛыɥɢ ɨɞɢɧаɤɨɜы. Таɤɢɦ ɨɛɪаɡɨɦ, 

ɦɨɠɧɨ ɫчɢɬаɬь, чɬɨ ɩɨɥɭчɟɧɧыɟ ɡɧачɟɧɢя 
ɩɥɨщаɞɟɣ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɟɞɢɧɫɬɜɟɧɧɨɦɭ 
(ɝɥɨɛаɥьɧɨɦɭ) ɨɩɬɢɦɭɦɭ. Пɪɢ эɬɨɦ ɢɦɟɸɬ 
ɦɟɫɬɨ ɨɬɥɢчɢя ɜ ɩаɪаɦɟɬɪах ɫɟчɟɧɢɣ ɜ ɫɥɭ-
чаɟ, ɟɫɥɢ ɜаɪьɢɪɭɟɬɫя ɢɡɛыɬɨчɧɨɟ ɤɨɥɢчɟɫɬ-
ɜɨ эɬɢх ɩаɪаɦɟɬɪɨɜ (ɧаɩɪɢɦɟɪ, ɧɟɡаɜɢɫɢɦɨ 
ɜаɪьɢɪɭɟɬɫя ɜыɫɨɬа ɢ шɢɪɢɧа ɫɟчɟɧɢя).    
Вариант 2. Паɪаɦɟɬɪы ɫɟчɟɧɢɣ ɦɟɧяɥɢɫь 
ɞɢсɤɪɟɬɧɨ. Дɥя эɥɟɦɟɧɬɨɜ ɧɢɠɧɟɝɨ ɢ ɜɟɪх-
ɧɟɝɨ ɩɨяɫа ɢ ɪаɫɤɨɫɨɜ № 16, 18, 29, 31 ɩɪɢ-

ɧяɬы ɤɜаɞɪаɬɧыɟ ɤɨɪɨɛчаɬыɟ ɫɟчɟɧɢя  ɫɨ-
ɝɥаɫɧɨ ɫɨɪɬаɦɟɧɬɭ ɝɧɭɬых ɩɪɨɮɢɥɟɣ ɩɨ Тɍ 
36-2287-80. Дɥя ɨɫɬаɥьɧых  ɪаɫɤɨɫɨɜ  ɩɪя-
ɦɨɭɝɨɥьɧыɟ ɤɨɪɨɛчаɬыɟ ɫɟчɟɧɢя ɫɨɝɥаɫɧɨ 
ɫɨɪɬаɦɟɧɬɭ ɝɧɭɬых ɩɪɨɮɢɥɟɣ ɩɨ Тɍ 67-2287-
80. Дɥя ɤаɠɞɨɝɨ ɬɢɩа ɫɟчɟɧɢɣ ɧаɡɧачɟɧ ɨɞɢɧ 

ɜаɪьɢɪɭɟɦыɣ ɩаɪаɦɟɬɪ, ɤɨɬɨɪыɣ ɦɟɧяɥɫя ɜ 
ɩɪɟɞɟɥах ɨɬ 1 ɞɨ N_sort, ɝɞɟ N_sort  чɢɫɥɨ 
ɡаɞаɧɧых ɩɨɡɢцɢɣ ɫɨɪɬаɦɟɧɬа. В эɬɨɦ ɫɩɢɫɤɟ 
ɛыɥɢ ɡаɞаɧы ɜыɛɨɪɨчɧыɟ  ɡɧачɟɧɢя ɫɨɪɬа-
ɦɟɧɬа, ɨɛɟɫɩɟчɢɜаɸщɢɟ ɦɨɧɨɬɨɧɧɨɟ ɜɨɡɪаɫ-
ɬаɧɢɟ ɩɥɨщаɞɟɣ. Таɤɢɦ ɨɛɪаɡɨɦ, ɜ ɞаɧɧɨɦ 

ɜаɪɢаɧɬɟ ɜаɪьɢɪɨɜаɥɢɫь 12 ɩаɪаɦɟɬɪɨɜ  ɫɟ-
чɟɧɢɣ  ɢ  ɭɝɨɥ ɧаɤɥɨɧа ɜɟɪхɧɟɝɨ ɩɨяɫа  ɩɨ-
ɥɭɮɟɪɦы (ɜɫɟɝɨ 13 ɩаɪаɦɟɬɪɨɜ). 
Параметрɵ задачи  оɩтимизации:  Начаɥьɧыɟ ɩаɪаɦɟɬɪы ɪаɜɧɨɫɬɨɪɨɧɧɟɝɨ 
ɤɨɪɨɛа  (ɫɦ):   H_k 0= 14.00;  t_k0=7,0.  Начаɥьɧыɟ ɩаɪаɦɟɬɪы ɩɪяɦɨɭɝɨɥьɧɨɝɨ 
ɤɨɪɨɛа  (ɫɦ):   H_k 0= 10.00;   t_k0=7,0. 

Результатɵ задачи оɩтимизации ɮермɵ  

Чɢɫɥɨ ɢɬɟɪацɢɣ =  5. 

Чɢɫɥɨ ɨɛɪащɟɧɢɣ ɤ ɮɭɧɤцɢɢ цɟɥɢ =  4823. 

Наɤɥɨɧ ɥɢɧɢɢ ɭɡɥɨɜ  25 %. 

Оɛъёɦ ɮɟɪɦы =   296614,627  ɫɦ3
. 

Пɨɬɟɧцɢаɥьɧɨ аɤɬɢɜɧыɟ ɨɝɪаɧɢчɟɧɢя  
g20 =   0,12·10

-3
;
   g26 =  -0,35·10

-3
;
    g27=0,35·10

-3
.
 
     

Дɥя ɩɪɨɜɟɪɤɢ ɩɨɥɭчɟɧɧɨɝɨ ɪɟшɟɧɢя ɛыɥɢ 

ɜычɢɫɥɟɧы  ɨɝɪаɧɢчɟɧɢя ɞɥя ɜɫɟх эɥɟɦɟɧɬɨɜ  
ɮɟɪɦы. Пɨɬɟɧцɢаɥьɧɨ аɤɬɢɜɧыɟ ɨɝɪаɧɢчɟɧɢя 
ɩɪɢ эɬɨɦ ɛыɥɢ ɬɟ ɠɟ, ɧɨ ɢɦɟɥɢ ɧɨɦɟɪа 44, 
64, 65. 

Заɞача ɪɟшаɥаɫь ɩɪɢ ɪаɡɧых ɫɬаɪɬɨɜых ɩɪɨ-
ɟɤɬах. Пɪɢ эɬɨɦ ɪаɡɧɢца ɜ ɨɛъёɦɟ ɛыɥа ɧɟ-
ɫɭщɟɫɬɜɟɧɧа  (0,041%).  Зɧачɟɧɢя ɠɟ ɩɥɨща-
ɞɟɣ ɜ эɥɟɦɟɧɬах ɢɦɟɥɢ ɫɭщɟɫɬɜɟɧɧыɟ ɨɬɥɢ-

чɢя. Пɨɬɟɧцɢаɥьɧɨ аɤɬɢɜɧыɟ ɨɝɪаɧɢчɟɧɢя 
ɜɟɡɞɟ ɛыɥɢ ɨɞɢɧаɤɨɜы. Оɩɬɢɦаɥьɧыɣ ɧаɤɥɨɧ 

ɜɟɪхɧɟɝɨ ɩɨяɫа ɫɨɫɬаɜɥяɥ ɦаɤɫɢɦаɥьɧɨ ɜɨɡ-
ɦɨɠɧɨɟ ɡɧачɟɧɢɟ  –  25% . Таɤɢɦ ɨɛɪаɡɨɦ, ɜ 
ɫɥɭчаɟ ɞɢɫɤɪɟɬɧых ɢɡɦɟɧɟɧɢɣ ɩаɪаɦɟɬɪɨɜ 
ɛыɥɨ ɩɨɥɭчɟɧɨ ɧɟɫɤɨɥьɤɨ ɥɨɤаɥьɧых ɨɩɬɢ-

ɦɭɦɨɜ, ɞаɸщɢх ɩɪаɤɬɢчɟɫɤɢ ɪаɜɧыɟ ɡɧачɟ-
ɧɢя ɨɛъёɦа ɮɟɪɦы, ɧɨ ɢɦɟɸщɢх ɨɬɥɢчɢя ɜ 
ɩаɪаɦɟɬɪах  ɫɟчɟɧɢɣ. В эɬɨɦ ɫɥɭчаɟ ɜɨɡɦɨ-
ɠɟɧ ɜыɛɨɪ ɨɩɬɢɦаɥьɧɨɝɨ ɩɪɨɟɤɬа ɢɡ ɜɫɟх ɩɨ-
ɥɭчɟɧɧых ɥɨɤаɥьɧых ɪɟшɟɧɢɣ. 

Пример 2.   Раɫɫɦɨɬɪɟɧа ɡаɞача ɨɩɬɢɦаɥьɧɨ-
ɝɨ ɩɪɨɟɤɬɢɪɨɜаɧɢя ɫɬаɬɢчɟɫɤɢ ɧɟɨɩɪɟɞɟɥɢ-

ɦɨɣ  ɮɟɪɦы (91 эɥɟɦɟɧɬ). Пɪɟɞɭɫɦɨɬɪɟɧɨ 
ɞɜа ɫɥɭчая ɡаɝɪɭɠɟɧɢя (qɩɨсɬ=76,5 Н/ɫɦ;   qвɪ 
=210 Н/ɫɦ).  Дɥя ɪаɡɞɟɥɟɧɢя эɥɟɦɟɧɬɨɜ ɩɨ 
ɝɪɭɩɩаɦ ɛыɥ  ɩɪɨɢɡɜɟɞёɧ ɪаɫчёɬ ɮɟɪɦы ɩɪɢ 

ɡаɞаɧɧых ɧачаɥьɧых ɡɧачɟɧɢях ɫɟчɟɧɢɣ ɢ  

ɜыɫɨɬɟ h=300 ɫɦ. Даɥɟɟ ɛыɥɢ ɜыɞɟɥɟɧы 

ɝɪɭɩɩы эɥɟɦɟɧɬɨɜ ɩɨ ɦаɬɟɪɢаɥɭ ɢ ɬɢɩɭ ɫɟчɟ-
ɧɢɣ. Эɥɟɦɟɧɬы ɨɞɧɨɣ ɝɪɭɩɩы  ɨɬɦɟчɟɧы ɨɞ-
ɧɢɦ ɬɢɩɨɦ ɥɢɧɢɢ ɧа ɪɢɫ. 4. Эɥɟɦɟɧɬы, 

ɢɦɟɸщɢɟ  ɬɢɩ 1-3 (ɩɨяɫа ɢ ɫɬɨɣɤɢ)  ɩɪɢɧяɬы 

ɢɡ ɦаɬɟɪɢаɥа  ɫɬаɥь 09Г2ɋ-6 (Ry=330 МПа). 
Дɥя ɬɢɩɨɜ 4, 5 (ɪаɫɤɨɫы) ɛыɥа ɩɪɢɧяɬа ɫɬаɥь 
Вɋɬ3ɩс6  (Ry=225 МПа). Мɨɞɭɥь ɭɩɪɭɝɨɫɬɢ 

E=21000 ɤН/ɫɦ2
. Кɨэɮɮɢцɢɟɧɬ ɩɪɢɜɟɞɟɧɢя 

ɞɥɢɧы ɞɥя ɜɫɟх эɥɟɦɟɧɬɨɜ ɪаɜɧяɥɫя 1. Кɨэɮ-

ɮɢцɢɟɧɬ ɭɫɥɨɜɢя ɪаɛɨɬы  1.  

Ƚɟɨɦɟɬɪɢя ɫɟчɟɧɢɣ ɜ эɥɟɦɟɧɬах ɛыɥа ɩɪɢɧя-
ɬа ɬаɤɠɟ ɪаɡɥɢчɧɨɣ:    Дɥя ɩɨяɫɨɜ ɢ ɫɬɨɟɤ (ɬɢɩ 1, 2, 3) ɩɪɢɧяɬы 

ɤɜаɞɪаɬɧыɟ ɤɨɪɨɛчаɬыɟ ɫɟчɟɧɢя  ɫɨɝɥаɫɧɨ 
ɫɨɪɬаɦɟɧɬɭ ɝɧɭɬых ɩɪɨɮɢɥɟɣ ɤɜаɞɪаɬɧɨɝɨ 
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ɫɟчɟɧɢя ɩɨ Тɍ 36-2287-80 (ɜыɫɨɬа ɤɨɪɨɛа 
ɨɛɨɡɧачɟɧа H_k, ɬɨɥщɢɧа  t_k);  ɪаɫɤɨɫы (ɬɢɩ 3, 4) ɢɦɟɥɢ ɫɟчɟɧɢɟ ɜ ɜɢɞɟ 
ɞɜɭх  ɧɟɪаɜɧɨɩɨɥɨчɧых ɭɝɨɥɤɨɜ ɩɨ ГОɋТ 
8510-86*

, ɨɬɫɬɨящɢх ɞɪɭɝ ɨɬ ɞɪɭɝа ɧа ɜɟɥɢ-

чɢɧɭ ɪаɜɧɭɸ ɬɨɥщɢɧɟ (ɜыɫɨɬа ɭɝɨɥɤɨɜ ɨɛɨ-
ɡɧачɟɧа H_L, ɬɨɥщɢɧа  t_L).  

Ваɪьɢɪɨɜаɥɫя ɨɞɢɧ  ɩаɪаɦɟɬɪ ɞɥя ɤаɠɞɨɣ 

ɝɪɭɩɩы эɥɟɦɟɧɬɨɜ (ɧɨɦɟɪ ɩɨɡɢцɢɢ  ɫɨɪɬа-

ɦɟɧɬа) ɢ ɜыɫɨɬа ɮɟɪɦы h, ɤɨɬɨɪая ɦɟɧяɥаɫь 
ɞɢɫɤɪɟɬɧɨ ɫ шаɝɨɦ 10 ɫɦ ɜ ɩɪɟɞɟɥах ɨɬ 100 

ɞɨ 600 ɫɦ. Таɤɢɦ ɨɛɪаɡɨɦ, чɢɫɥɨ ɜаɪьɢɪɭɟ-
ɦых ɩаɪаɦɟɬɪɨɜ ɪаɜɧяɥɨɫь   7-ɦɢ.  

Пɪɟɞɭɫɦɨɬɪɟɧы ɨɝɪаɧɢчɟɧɢя ɩɨ ɩɪɨчɧɨɫɬɢ ɢ 

ɭɫɬɨɣчɢɜɨɫɬɢ. Заɞаɧɨ ɬаɤɠɟ ɩɪɟɞɟɥьɧɨɟ ɡɧа-
чɟɧɢɟ ɧа ɜɟɪɬɢɤаɥьɧɨɟ ɩɟɪɟɦɟщɟɧɢɟ ɫɪɟɞɧɢх 
ɭɡɥɨɜ ɩɟɪɜɨɝɨ ɢ ɜɬɨɪɨɝɨ ɩɪɨɥɟɬа  (2,4 ɫɦ). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Пɪɢɜɟɞёɦ ɞɜа ɪɟшɟɧɢя ɫ ɪаɡɧых ɧачаɥьɧых 
ɩɪɨɟɤɬɨɜ. 
Решение 1 

Начаɥьɧыɟ ɩаɪаɦɟɬɪы  ɤɨɪɨɛа  (ɫɦ):    

H_k0 =10,00 ɫɦ;    t_k0 = 0,40 ɫɦ.  

Начаɥьɧыɟ ɩаɪаɦɟɬɪы ɫɟчɟɧɢя ɢɡ ɭɝɨɥɤɨɜ  
H_L0=9,0 ɫɦ;    B_L0= 5,6 ɫɦ;     t_L0= 0,60 ɫɦ.    

Результатɵ задачи оɩтимизации ɮермɵ 

Чɢɫɥɨ ɢɬɟɪацɢɣ =  12. 

Чɢɫɥɨ ɨɛɪащɟɧɢɣ ɤ ɮɭɧɤцɢɢ цɟɥɢ =  9696. 

Сɟчɟɧɢя, ɩɪɢɧяɬыɟ ɩɨ ɫɨɪɬаɦɟɧɬаɦ:  

Ƚруɩɩа 1 (ниɠний ɩояс) 
H_k =10,0 ɫɦ;    t_k = 0,40 ɫɦ;  A= 15,360 ɫɦ2

. 

Ƚруɩɩа 2 (верɯний ɩояс) 
H_k =10,0 ɫɦ;   t_k = 0,4 ɫɦ;   A= 15,360  ɫɦ2

. 

Ƚруɩɩа 3 (стойки над оɩорами) 

H_k =10,0 ɫɦ;   t_k = 0,5 ɫɦ;    A= 19,00  ɫɦ2
. 

Ƚруɩɩа 4 (стойки в ɩролетаɯ) 
H_L = 7,5 ɫɦ;   B_L = 5,0 ɫɦ; 

t_L = 0,5 ɫɦ;   A= 6,11 ɫɦ2
. 

Ƚруɩɩа 5 (раскосɵ 1      )    

H_L=16,0 ɫɦ;    B_L=10,0 ɫɦ;     

t_L= 0,90 ɫɦ;    A=22,90 ɫɦ2
 

Ƚруɩɩа 6 (раскосɵ 2       ) 

H_L=11,0 ɫɦ;    B_L= 7,0 ɫɦ;     

t_L= 0,8 ɫɦ;        A=13,9 ɫɦ2
. 

а) 

Рɢсɭɧɨɤ 4. Расчɟɬɧая схɟɦа ɮɟɪɦы (а);  ɪасɩɪɟɞɟɥɟɧɢɟ ɭсɢɥɢɣ в ɮɟɪɦɟ с ɧачаɥьɧɨɣ  
ɝɟɨɦɟɬɪɢɟɣ в ɩɟɪвɨɦ ɢ вɬɨɪɨɦ сɥɭчаях ɡаɝɪɭɠɟɧɢя (ɛ); выɞɟɥɟɧɢɟ ɝɪɭɩɩ ɷɥɟɦɟɧɬɨв  

ɩɨ ɬɢɩаɦ  сɟчɟɧɢɣ ɢ ɦаɬɟɪɢаɥɭ (в)

h 

6×3 ɦ 6×3 ɦ 6×3 ɦ 

ɛ) 

в) 
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Выɫɨɬа ɮɟɪɦы= 290,00 ɫɦ. 

Оɛъёɦ ɮɟɪɦы = 498405,387 ɫɦ3
. 

Пɨɬɟɧцɢаɥьɧɨ аɤɬɢɜɧɨɟ ɨɝɪаɧɢчɟɧɢɟ  
g20 = -0,15·10

-2
. 

Оɝɪаɧɢчɟɧɢя ɫ 1 ɩɨ 18 ɜɤɥɸчаɥɢ ɩɪɨɜɟɪɤɢ 

ɩɨ ɩɪɨчɧɨɫɬɢ ɢ ɭɫɬɨɣчɢɜɨɫɬɢ ɜ эɥɟɦɟɧɬах. 
Оɝɪаɧɢчɟɧɢя 19-26   ɞɨɩɭɫɤɢ ɧа ɩɟɪɟɦɟщɟ-
ɧɢя ɭɡɥɨɜ. Таɤɢɦ ɨɛɪаɡɨɦ, ɩɨɬɟɧцɢаɥьɧɨ аɤ-
ɬɢɜɧɨɟ ɨɝɪаɧɢчɟɧɢɟ g20 эɬɨ ɨɝɪаɧɢчɟɧɢя ɧа 
ɩɟɪɟɦɟщɟɧɢя ɫɪɟɞɧɟɝɨ ɭɡɥа ɩɟɪɜɨɝɨ ɩɪɨɥɟɬа 
ɜ ɩɟɪɜɨɦ ɫɥɭчаɟ ɡаɝɪɭɠɟɧɢя.  Каɤ ɭɠɟ ɨɬɦɟ-
чаɥɨɫь, ɩɨɫɥɟ ɩɨɥɭчɟɧɢя ɨɩɬɢɦаɥьɧɨɝɨ ɪɟ-
шɟɧɢя ɜыɩɨɥɧяɥɢɫь ɩɪɨɜɟɪɤɢ ɩɨ ɩɪɨчɧɨɫɬɢ 

(ɥɢɛɨ ɭɫɬɨɣчɢɜɨɫɬɢ)  ɞɥя ɜɫɟх эɥɟɦɟɧɬɨɜ 
ɮɟɪɦы.  В ɩɨɥɧɨɦ ɫɩɢɫɤɟ ɩɨɬɟɧцɢаɥьɧɨ-
аɤɬɢɜɧɨɟ ɨɝɪаɧɢчɟɧɢɟ ɢɦɟɥɨ ɧɨɦɟɪ 251. 

Дɪɭɝɢх ɩɨɬɟɧцɢаɥьɧɨ аɤɬɢɜɧых ɨɝɪаɧɢчɟɧɢɣ 

ɜыяɜɥɟɧɨ ɧɟ ɛыɥɨ. Таɤɢɦ ɨɛɪаɡɨɦ, 

ɩɨɥɭчɟɧɧɨɟ ɪɟшɟɧɢɟ ɦɨɠɧɨ ɩɪɢɧяɬь ɤаɤ  
ɨɩɬɢɦаɥьɧɨɟ. 
Решение 2. 

Начаɥьɧыɟ ɩаɪаɦɟɬɪы  ɤɨɪɨɛа  (ɫɦ):    

H_k0 =14,00 ɫɦ;    t_k0 = 0,60 ɫɦ;   

Начаɥьɧыɟ ɩаɪаɦɟɬɪы ɫɟчɟɧɢɣ ɢɡ ɭɝɨɥɤɨɜ  
H_L0=10,0 ɫɦ;    B_L0= 6,3 ɫɦ;    t_L0= 0,8 ɫɦ.    

Результатɵ задачи оɩтимизации ɮермɵ 

Чɢɫɥɨ ɢɬɟɪацɢɣ = 5. 

Чɢɫɥɨ ɨɛɪащɟɧɢɣ ɤ ɮɭɧɤцɢɢ цɟɥɢ = 12150.   

Выɫɨɬа ɮɟɪɦы = 290,0 ɫɦ.    

Оɛъёɦ ɮɟɪɦы = 497203,846 ɫɦ3
. 

Пɨɬɟɧцɢаɥьɧɨ аɤɬɢɜɧыɟ ɨɝɪаɧɢчɟɧɢя 
g13 =  -0,73·10

-2 
;
    

   g20=-0,23·10
-2

.
  
     

В эɬɨɦ ɪɟшɟɧɢɟ ɩɨяɜɢɥɨɫь ɟщɟ ɨɞɧɨ ɩɨɬɟɧ-

цɢаɥьɧɨ-аɤɬɢɜɧɨɟ ɨɝɪаɧɢчɟɧɢɟ, ɜхɨɞящɟɟ ɜ 
ɝɪɭɩɩɭ ɨɝɪаɧɢчɟɧɢɣ ɩɨ ɩɪɨчɧɨɫɬɢ. Оɛъɟɦ 

ɮɟɪɦы ɩɪɢ эɬɨɦ ɭɦɟɧьшɢɥɫя ɧа  0,24 %. 
Пɪɢ ɪɟшɟɧɢях эɬɨɣ ɠɟ ɡаɞачɢ ɫ ɞɪɭɝɢх ɧа-
чаɥьɧых ɬɨчɟɤ ɦаɤɫɢɦаɥьɧая ɪаɡɧɢца ɜ ɨɛъ-

ɟɦɟ ɫɨɫɬаɜɥяɥа 0,27%. 

 

 

4. ɈɋɇɈȼɇЫȿ ȼЫȼɈȾЫ 

 

Рɟшɟɧɢɟ ɩɪаɤɬɢчɟɫɤɢх ɡаɞач ɩɪɨɞɟɦɨɧɫɬɪɢ-

ɪɨɜаɥɨ ɭɫɬɨɣчɢɜɭɸ ɪаɛɨɬɭ аɥɝɨɪɢɬɦа ɨɩɬɢ-

ɦɢɡацɢɢ. Ƚɪɭɩɩɢɪɨɜɤа эɥɟɦɟɧɬɨɜ ɩɨ ɬɢɩɭ  

ɫɟчɟɧɢɣ ɢ ɦаɬɟɪɢаɥɭ ɩɨɡɜɨɥɢɥа  ɫɨɤɪаɬɢɬь 

чɢɫɥɨ ɜаɪьɢɪɭɟɦых ɩаɪаɦɟɬɪɨɜ, ɢ, ɜ ɤɨɧɟч-
ɧɨɦ ɢɬɨɝɟ, ɩɨɜыɫɢɥа ɫхɨɞɢɦɨɫɬь аɥɝɨɪɢɬɦа  
(чɢɫɥɨ ɢɬɟɪацɢɣ ɜɨ ɜɫɟх ɩɪɢɦɟɪах ɨɬ 4 ɞɨ 
12).  Вɫɟ ɨɩɬɢɦаɥьɧыɟ ɪɟɡɭɥьɬаɬы ɛыɥɢ ɩɪɨ-
ɜɟɪɟɧы ɧа ɟɞɢɧɫɬɜɟɧɧɨɫɬь ɩɭɬɟɦ ɜыɩɨɥɧɟ-
ɧɢя  ɧɟɫɤɨɥьɤɢх ɪаɫчёɬɨɜ ɫ ɪаɡɧых ɧачаɥь-
ɧых ɩɪɨɟɤɬɨɜ. Пɪɢ ɧɟɩɪɟɪыɜɧɨɦ ɢɡɦɟɧɟɧɢɢ 

ɩаɪаɦɟɬɪɨɜ ɫɟчɟɧɢɣ ɜɫɟ ɪɟшɟɧɢя ɩɪаɤɬɢчɟ-
ɫɤɢ ɫɨɜɩаɥɢ (ɪаɡɧɢца ɜ ɨɛъёɦɟ ɞɨ 0,0012 %).  
В ɫɥɭчаɟ ɞɢɫɤɪɟɬɧых ɢɡɦɟɧɟɧɢɣ ɫɟчɟɧɢɣ ɩɨ 
ɫɨɪɬаɦɟɧɬаɦ  ɛыɥɨ ɩɨɥɭчɟɧɨ ɧɟɫɤɨɥьɤɨ ɥɨ-
ɤаɥьɧых ɨɩɬɢɦɭɦɨɜ, ɢɦɟɸщɢх ɨɬɥɢчɢя ɜ ɩа-
ɪаɦɟɬɪах ɫɟчɟɧɢɣ ɢ  ɧɟɡɧачɢɬɟɥьɧɭɸ ɪаɡɧɢ-

цɭ ɜ ɨɛъɟɦɟ (ɞɨ 0,3 %). Оɩɬɢɦаɥьɧɨɟ ɪɟшɟ-
ɧɢɟ ɡɞɟɫь ɦɨɠɟɬ ɛыɬь  ɜыɛɪаɧɨ ɢɡ ɨɩɪɟɞɟ-
ɥёɧɧɨɝɨ чɢɫɥа ɜаɪɢаɧɬɨɜ.  
 

 

ɁАɄɅɘЧȿɇɂȿ 

 

Раɫɫɦɨɬɪɟɧɧыɟ ɩɪɢɦɟɪы ɨɩɬɢɦɢɡацɢɢ ɮɟɪɦ 

ɩɨɡɜɨɥɢɥɢ ɜыяɜɢɬь ɨɛщɢɣ ɩɨɞхɨɞ ɤ ɪɟшɟ-
ɧɢɸ ɡаɞач ɨɩɬɢɦɢɡацɢɢ ɤɨɧɫɬɪɭɤцɢɣ ɛɨɥь-
шɨɣ ɪаɡɦɟɪɧɨɫɬɢ. В ɫɢɥɭ ɬɨɝɨ,  чɬɨ чɢɫɥɨ 
ɬɢɩɨɪаɡɦɟɪɨɜ, ɤаɤ ɩɪаɜɢɥɨ, ɧɟ ɜɟɥɢɤɨ ɩɨ 
ɫɪаɜɧɟɧɢɸ ɫ ɨɛщɢɦ чɢɫɥɨɦ эɥɟɦɟɧɬɨɜ  ɬаɤɢх 
ɤɨɧɫɬɪɭɤцɢɣ, ɡаɞача  ɫɢɧɬɟɡа (ɩɨɢɫɤ ɨɩɬɢ-

ɦаɥьɧых ɩаɪаɦɟɬɪɨɜ) ɫаɦа ɩɨ ɫɟɛɟ  ɧɟ яɜɥя-
ɟɬɫя ɬɪɭɞɨɟɦɤɨɣ. Оɞɧаɤɨ эɬа ɡаɞача ɬɪɟɛɭɟɬ 
ɦɧɨɝɨɤɪаɬɧɨɝɨ ɨɛɪащɟɧɢя ɤ ɛɥɨɤɭ ɤɨɧɟчɧɨ-
эɥɟɦɟɧɬɧɨɝɨ аɧаɥɢɡа, чɬɨ ɡаɧɢɦаɟɬ ɨɫɧɨɜɧɨɟ 
ɜɪɟɦя ɜ ɩɪɨцɟɫɫɟ ɜычɢɫɥɟɧɢɣ.  В ɬаɤɨɦ ɫɥɭ-
чаɟ аɥɝɨɪɢɬɦ ɨɩɬɢɦɢɡацɢɢ ɧа ɨɫɧɨɜɟ  ɩɪяɦɨ-
ɝɨ ɨɛɪащɟɧɢя ɤ ɛɥɨɤɭ аɧаɥɢɡа ɫɬаɧɨɜɢɬɫя 
ɧɟэɮɮɟɤɬɢɜɟɧ. Сɨɤɪащɟɧɢя ɨɛъɟɦа ɜычɢɫ-
ɥɟɧɢɣ ɦɨɠɧɨ ɞɨɛɢɬьɫя ɩɭɬɟɦ ɢɫɩɨɥьɡɨɜаɧɢя 
аɥɝɨɪɢɬɦɨɜ ɨɩɬɢɦɢɡацɢɢ ɧа ɨɫɧɨɜɟ аɩɩɪɨɤ-
ɫɢɦацɢɣ  [9, 10].  
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ЧɂɋɅȿɇɇɈȽɈ ɆɈȾȿɅɂɊɈȼАɇɂə 

 
С.И. Дубинский, А.В. Дорошенко 

Мɨɫɤɨɜɫɤɢɣ ɝɨɫɭɞаɪɫɬɜɟɧɧыɣ ɫɬɪɨɢɬɟɥьɧыɣ ɭɧɢɜɟɪɫɢɬɟɬ, ɝ. Мɨɫɤɜа, РОССИə 
 

АɇɇɈɌАЦɂə: В ɧаɫɬɨящɟɟ ɜɪɟɦя ɜ ɝ. Мɨɫɤɜа ɩɪɨɜɨɞɢɬɫя ɪаɛɨɬа ɩɨ ɨɛɭɫɬɪɨɣɫɬɜɭ ɢ ɮɨɪɦɢɪɨɜаɧɢɸ 
ɩɟшɟхɨɞɧых ɦаɪшɪɭɬɨɜ. Пɪɢ ɩɥаɧɢɪɨɜаɧɢɢ ɞаɧɧых ɦаɪшɪɭɬɨɜ ɧɟ ɭчɢɬыɜаɟɬɫя аэɪɨɞɢɧаɦɢчɟɫɤая ɩɟшɟ-
хɨɞɧая ɤɨɦɮɨɪɬɧɨɫɬь. В ɫɬаɬьɟ ɨɩɢɫаɧы ɨɫɧɨɜɧыɟ ɩɨɥɨɠɟɧɢя ɦɟɬɨɞɢɤɢ ɨцɟɧɤɢ аэɪɨɞɢɧаɦɢчɟɫɤɨɣ ɤɨɦ-
ɮɨɪɬɧɨɫɬɢ ɩɟшɟхɨɞɧых ɦаɪшɪɭɬɨɜ ɫ ɢɫɩɨɥьɡɨɜаɧɢɟɦ ɫɨɜɪɟɦɟɧɧых ɬɟхɧɨɥɨɝɢɣ чɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜа-
ɧɢя. Пɪɟɞɫɬаɜɥɟɧ ɨɩыɬ чɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜаɧɢя аэɪɨɞɢɧаɦɢɤɢ ɩɟшɟхɨɞɧых ɡɨɧ ɞɥя ɪаɡɥɢчɧых ɤɨɦ-
ɩɥɟɤɫɨɜ ɢ ɨɛъɟɤɬɨɜ. Пɪɢɜɟɞɟɧɨ ɨɩɢɫаɧɢɟ аэɪɨɞɢɧаɦɢчɟɫɤɨɣ ɦɨɞɟɥɢ ɝɨɪɨɞа Мɨɫɤɜы ɫ ɩɪɢɥɟɝаɸщɢɦɢ 
ɬɟɪɪɢɬɨɪɢяɦɢ, ɫ ɭчɟɬɨɦ ɪɟɥьɟɮа ɦɟɫɬɧɨɫɬɢ ɢ ɫɭщɟɫɬɜɭɸщɟɣ ɡаɫɬɪɨɣɤɢ. 
 
Ʉлючевые словɚ: Пɟшɟхɨɞɧая ɡɨɧа, ɜычɢɫɥɢɬɟɥьɧая аэɪɨɞɢɧаɦɢɤа, ɩɟшɟхɨɞɧая ɤɨɦɮɨɪɬɧɨɫɬь, чɢɫɥɟɧ-

ɧɨɟ ɦɨɞɟɥɢɪɨɜаɧɢɟ. 
 
 

METHODOLOGIES FOR ESTIMATING WIND COMFORT  

OF WALKING ROUTES IN MOSCOW USING  

A NUMERICAL SIMULATION 

 
Sergey I. Dubinsky, Anna V. Doroshenko 

Moscow State University of Civil Engineering, Moscow, RUSSIA 
 

ABSTRACT: Currently the pedestrian walking zones are equipped and formed. The aerodynamic walking comfort is 
not considered during this planning. The article describes the basic methodology for assessing the situation of pedes-
trian zones wind comfort using advanced numerical simulation technology. An experience of a numerical simulation 
of aerodynamics pedestrian zones for the various complexes and facilities is described. The aerodynamic model of the 
city of Moscow with the surrounding territories, taking into account the terrain and existing buildings is shown . 
 

Key words: pedestrian zone, computational aerodynamics, pedestrian comfort, numerical simulation. 
 
В ɧаɫɬɨящɟɟ ɜɪɟɦя Дɟɩаɪɬаɦɟɧɬɨɦ ɤаɩɢ-
ɬаɥьɧɨɝɨ ɪɟɦɨɧɬа ɝɨɪɨɞа Мɨɫɤɜы [1] ɩɪɨɪа-
ɛɨɬаɧы ɩɪɟɞɥɨɠɟɧɢя ɩɨ ɞɨɩɨɥɧɢɬɟɥьɧыɦ 
ɭчаɫɬɤаɦ ɞɥя ɩɟшɟхɨɞɧых ɦаɪшɪɭɬɨɜ ɜ ɢɫ-
ɬɨɪɢчɟɫɤɨɦ цɟɧɬɪɟ ɝɨɪɨɞа, ɨɛщая ɩɪɨɬяɠɟɧ-
ɧɨɫɬь ɤɨɬɨɪых ɫɨɫɬаɜɢɬ ɨɤɨɥɨ 16 ɤɦ (ɪɢɫ.1). 
Мɟɫɬɨɩɨɥɨɠɟɧɢɟ ɩɟшɟхɨɞɧых ɦаɪшɪɭɬɨɜ 
ɨɩɪɟɞɟɥяɟɬɫя ɢɫхɨɞя ɢɡ ɧаɥɢчɢя ɨɫɨɛɨ ɡɧа-
чɢɦых ɨɛъɟɤɬɨɜ ɤɭɥьɬɭɪы ɢ ɢɫɬɨɪɢчɟɫɤɨɝɨ 
ɧаɫɥɟɞɢя (ɦɭɡɟɢ, ɬɟаɬɪы, ɩаɦяɬɧɢɤɢ); ɧаɥɢ-
чɢя ɨɛъɟɤɬɨɜ ɪɟɤɪɟацɢɢ (ɫɤɜɟɪы, ɛɭɥьɜаɪы, 
ɩаɪɤɢ); ɨɛɟɫɩɟчɟɧɢя ɫɜяɡɢ ɦɟɠɞɭ ɨɫɧɨɜɧыɦɢ 
ɩɭɧɤɬаɦɢ ɬяɝɨɬɟɧɢя ɜ ɫɨɫɬаɜɟ ɨɛщɟɫɬɜɟɧɧых 

ɡɨɧ ɫ ɦаɤɫɢɦаɥьɧɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬьɸ ɩɟшɟ-
хɨɞɧɨɝɨ ɞɜɢɠɟɧɢя ɢ ɬɭɪɢɫɬɢчɟɫɤɢх ɦаɪшɪɭ-
ɬɨɜ. 
Пɪɢ ɨɛɭɫɬɪɨɣɫɬɜɟ ɩɟшɟхɨɞɧых ɦаɪшɪɭɬɨɜ 
ɩɪɟɞɭɫɦаɬɪɢɜаɸɬɫя ɫɥɟɞɭɸщɢɟ ɜɢɞы ɪаɛɨɬ:  ɟɞɢɧыɟ: ɤɨɥɨɪɢɫɬɢчɟɫɤɨɟ ɪɟшɟɧɢɟ 

ɮаɫаɞɨɜ ɢ ɤɨɧцɟɩцɢя аɪхɢɬɟɤɬɭɪɧɨ-
хɭɞɨɠɟɫɬɜɟɧɧɨɣ ɩɨɞɫɜɟɬɤɢ ɡɞаɧɢɣ, 
ɪаɫɩɨɥɨɠɟɧɧых ɜɞɨɥь ɩɟшɟхɨɞɧɨɝɨ 
ɦаɪшɪɭɬа;  ɩɪɢɜɟɞɟɧɢɟ ɜ ɩɨɪяɞɨɤ ɮаɫаɞɨɜ ɡɞа-
ɧɢɣ; 
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 ɨɛɟɫɩɟчɟɧɢɟ ɭɫɥɨɜɢɣ ɞɥя ɛɟɫɩɪɟ-
ɩяɬɫɬɜɟɧɧɨɝɨ ɩɨɥьɡɨɜаɧɢя ɦаɥɨɦɨ-
ɛɢɥьɧых ɝɪɭɩɩ ɧаɫɟɥɟɧɢя (ɭɫɬɪɨɣ-
ɫɬɜɨ ɩаɧɞɭɫɨɜ, ɬаɤɬɢɥьɧых ɩɨɤɪы-
ɬɢɣ, шɢɪɢɧа, ɩɪɨɞɨɥьɧыɣ ɢ ɩɨɩɟ-
ɪɟчɧыɣ ɭɤɥɨɧ ɬɪɨɬɭаɪɨɜ ɢ ɞɪ.);  ɦɨщɟɧɢɟ ɩɟшɟхɨɞɧых ɩɪɨɫɬɪаɧɫɬɜ;  ɭɫɬаɧɨɜɤа ɦаɥых аɪхɢɬɟɤɬɭɪɧых 
ɮɨɪɦ (ɥаɜɤɢ, ɭɪɧы, ɬɭɪɢɫɬɢчɟɫɤɢɟ ɢ 
ɢɧɮɨɪɦацɢɨɧɧыɟ ɫɬɟɧɞы);  ɭɩɨɪяɞɨчɢɜаɧɢɟ ɧɟɫɬацɢɨɧаɪɧых 
ɨɛъɟɤɬɨɜ;  ɪɟɦɨɧɬ ɢ ɫɨɡɞаɧɢɟ ɨɛъɟɤɬɨɜ ɨɡɟɥɟ-
ɧɟɧɢя ɢ цɜɟɬɨчɧɨɝɨ ɨɮɨɪɦɥɟɧɢя;  ɜыɜɨɞ, ɩɟɪɟɧɨɫ ɢ ɭɩɨɪяɞɨчɢɜаɧɢɟ 
ɧаɪɭɠɧɨɣ ɪɟɤɥаɦы;  ɨɛɧɨɜɥɟɧɢɟ ɢ ɭɩɨɪяɞɨчɢɜаɧɢɟ аɞ-
ɪɟɫɧых ɭɤаɡаɬɟɥɟɣ.  

Пɪɢ ɮɨɪɦɢɪɨɜаɧɢɢ ɩɟшɟхɨɞɧых ɦаɪшɪɭ-
ɬɨɜ ɩɪɟɞɭɫɦаɬɪɢɜаɸɬɫя ɫɨɡɞаɧɢɟ ɩɟшɟхɨɞ-
ɧых ɡɨɧ ɫ ɪɟɠɢɦɨɦ ɨɝɪаɧɢчɟɧɢя ɢɥɢ ɩɨɥ-
ɧɨɝɨ ɡаɩɪɟщɟɧɢя ɞɜɢɠɟɧɢя ɬɪаɧɫɩɨɪɬа ɢ 
ɫɨɡɞаɧɢɟ ɭɫɥɨɜɢɣ ɤɨɦɮɨɪɬɧɨɝɨ ɢ ɛɟɡɨɩаɫ-
ɧɨɝɨ ɩɟшɟхɨɞɧɨɝɨ ɞɜɢɠɟɧɢя ɩɨ ɭɥɢчɧɨ-
ɞɨɪɨɠɧɨɣ ɫɟɬɢ (ɩɪɢɫɩɨɫɨɛɥɟɧɢɟ ɫɭщɟɫɬ-
ɜɭɸщɢх ɬɪɨɬɭаɪɨɜ ɢ ɩɟɪɟхɨɞɨɜ). 
 

 
Рɢсɭɧɨɤ 1. ɋхɟɦа ɩɟɲɟхɨɞɧых ɡɨɧ Мɨсɤвы, 
ɩɪɟɞɥаɝаɟɦых ɞɥя ɨɛɭсɬɪɨɣсɬва в 2013 ɝɨɞɭ. 

 
Сɥɟɞɭɟɬ ɨɬɦɟɬɢɬь, чɬɨ ɜ ɡаɪɭɛɟɠɧɨɣ ɩɪаɤɬɢ-
ɤɟ ɩɪɨɜɨɞяɬ аɧаɥɢɡ аэɪɨɞɢɧаɦɢчɟɫɤɨɣ "ɩɟ-

шɟхɨɞɧɨɣ ɤɨɦɮɨɪɬɧɨɫɬɢ" ɩɪɢ ɫɬɪɨɢɬɟɥьɫɬɜɟ 
ɧɨɜых ɨɛъɟɤɬɨɜ ɢ ɩɪɢ ɩɥаɧɢɪɨɜаɧɢɢ  ɩɟшɟ-
хɨɞɧых ɡɨɧ ɢ ɡɨɧ ɪɟɤɪɟацɢɢ. В ɩɨɫɥɟɞɧɢɟ 
ɝɨɞы ɬаɤая ɩɪаɤɬɢɤа ɧачɢɧаɟɬ ɩɪɢɦɟɧяɬьɫя ɢ 
ɜ ɧашɟɣ ɫɬɪаɧɟ. 
Пɨɫɤɨɥьɤɭ ɧаɬɭɪɧыɟ ɡаɦɟɪы ɜɟɫьɦа ɬɪɭɞɨ-
ɟɦɤɢ ɢ ɧɟ ɜɫɟɝɞа ɪɟаɥɢɡɭɟɦы,  аɧаɥɢɡ ɩɟшɟ-
хɨɞɧɨɣ ɤɨɦɮɨɪɬɧɨɫɬɢ ɩɪɢɧяɬɨ ɩɪɨɜɨɞɢɬь 
ɞɜɭɦя ɦɟɬɨɞаɦɢ: ɩɪɢ ɩɨɦɨщɢ ɮɢɡɢчɟɫɤɨɝɨ 
ɦɨɞɟɥɢɪɨɜаɧɢя (ɩɪɢ ɬаɤɨɦ ɦɟɬɨɞɟ ɢɫɩɨɥь-
ɡɭɸɬɫя ɫɩɟцɢаɥьɧыɟ аэɪɨɞɢɧаɦɢчɟɫɤɢɟ ɬɪɭ-
ɛы ɦɟɬɟɨɪɨɥɨɝɢчɟɫɤɨɝɨ ɬɢɩа ɫ ɞɥɢɧɧɨɣ ɪа-
ɛɨчɟɣ чаɫɬьɸ, ɜ ɤɨɬɨɪых ɫɬɪɭɤɬɭɪа ɩɨɬɨɤа 
ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɬаɤ ɧаɡыɜаɟɦɨɣ ɩɪɢɫɬɟɧɨчɧɨɣ 
ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ ɢ ɮɨɪɦɢɪɭɟɬɫя аɧаɥɨɝɢчɧɨ 
ɧаɬɭɪɟ) [2,3] ɢ ɫ ɩɨɦɨщьɸ чɢɫɥɟɧɧɨɝɨ ɦɨɞɟ-
ɥɢɪɨɜаɧɢя.  
В ɞаɧɧɨɣ ɫɬаɬьɟ ɛɭɞɭɬ ɨɩɢɫаɧы ɨɫɧɨɜɧыɟ 
ɩɨɥɨɠɟɧɢя ɦɟɬɨɞɢɤɢ ɨцɟɧɤɢ аэɪɨɞɢɧаɦɢчɟ-
ɫɤɨɣ ɤɨɦɮɨɪɬɧɨɫɬɢ ɩɟшɟхɨɞɧых ɦаɪшɪɭɬɨɜ 
ɫ ɢɫɩɨɥьɡɨɜаɧɢɟɦ чɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜа-
ɧɢя. 
Раɫчɟɬы ɜɟɬɪɨɜых ɩɨɬɨɤɨɜ ɢ ɜɨɡɞɟɣɫɬɜɢɣ 
ɫɜɨɞяɬɫя ɤ чɢɫɥɟɧɧɨɦɭ ɪɟшɟɧɢɸ ɬɪɟхɦɟɪɧых 
ɧɟɫɬацɢɨɧаɪɧых ɧɟɥɢɧɟɣɧых ɭɪаɜɧɟɧɢɣ 
ɝɢɞɪɨɝаɡɨɞɢɧаɦɢɤɢ ɜ ɩɨɫɬаɧɨɜɤɟ Наɜьɟ-
Сɬɨɤɫа. Кɪɨɦɟ ɬɨɝɨ, ɞɨɥɠɧы ɭɞɨɜɥɟɬɜɨɪяɬь-
ɫя ɭɪаɜɧɟɧɢя ɧɟɪаɡɪыɜɧɨɫɬɢ (ɫɨхɪаɧɟɧɢя 
ɦаɫɫы) ɢ ɫɨɫɬɨяɧɢя. Дɥя ɭɩɪɨщɟɧɢя ɦɨɞɟɥɢ-
ɪɨɜаɧɢя ɜɟɬɪɨɜыɟ ɩɨɬɨɤɢ ɩɪɟɞɩɨɥаɝаɸɬɫя 
ɧɟɫɠɢɦаɟɦыɦɢ ɢ ɢɡɨɬɟɪɦɢчɟɫɤɢɦɢ, ɦаɫɫɨ-
ɜыɟ ɫɢɥы ɧɟ ɭчɢɬыɜаɸɬɫя. 
Пɪяɦɨɟ ɪɟшɟɧɢɟ ɭɪаɜɧɟɧɢɣ ɫ ɭчɟɬɨɦ ɜɢхɪɟɣ 
ɜɫɟх ɦаɫшɬаɛɨɜ (DNS, Direct Numerical 
Simulation) ɩɪɢ ɫɨɜɪɟɦɟɧɧых ɜɨɡɦɨɠɧɨɫɬях 
ЭВМ ɩɪаɤɬɢчɟɫɤɢ ɪɟаɥɢɡɭɟɦɨ ɬɨɥьɤɨ ɞɥя 
ɨчɟɧь ɦаɥых ɫɤɨɪɨɫɬɟɣ ɩɨɬɨɤа ɢ чɢɫɬɨ ɢɫ-
ɫɥɟɞɨɜаɬɟɥьɫɤɢх ɡаɞач.  
Пɨɞхɨɞ LES ɫɮɨɪɦɢɪɨɜаɥɫя ɜ ɧачаɥɟ 80-х 
ɝɨɞɨɜ. Иɞɟя LES ɫɨɫɬɨɢɬ ɜ ɬɨɦ, чɬɨ ɜ ɨɬɥɢ-
чɢɟ ɨɬ «ɝɥɨɛаɥьɧɨɝɨ» ɨɫɪɟɞɧɟɧɢя ɭɪаɜɧɟɧɢɣ 
Наɜьɟ-Сɬɨɤɫа ɩɪɨɢɡɜɨɞɢɬɫя ɢх «ɮɢɥьɬɪа-
цɢя» ɬɨɥьɤɨ ɨɬ ɤɨɪɨɬɤɨɜɨɥɧɨɜых (ɫ ɞɥɢɧаɦɢ 
ɜɨɥɧ ɩɨɪяɞɤа ɢ ɦɟɧьшɟ ɪаɡɦɟɪɨɜ 
ɢɫɩɨɥьɡɭɟɦɨɣ ɪаɫчɟɬɧɨɣ ɫɟɬɤɢ) ɬɭɪɛɭɥɟɧɬ-
ɧых ɧɟɨɞɧɨɪɨɞɧɨɫɬɟɣ. Еɫɬɟɫɬɜɟɧɧɨɣ ɩɥаɬɨɣ 
ɡа ɭɤаɡаɧɧыɟ ɜаɠɧыɟ ɩɪɟɢɦɭщɟɫɬɜа LES яɜ-
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ɥяɟɬɫя ɡɧачɢɬɟɥьɧɨɟ ɭɜɟɥɢчɟɧɢɟ ɜычɢɫɥɢ-
ɬɟɥьɧых ɡаɬɪаɬ, ɫɜяɡаɧɧɨɟ ɫ ɧɟɨɛхɨɞɢɦɨ-
ɫɬьɸ, ɤаɤ ɢ ɜ ɫɥɭчаɟ DNS, ɩɪɨɜɟɞɟɧɢя ɬɪɟх-
ɦɟɪɧых ɧɟɫɬацɢɨɧаɪɧых ɪаɫчɟɬɨɜ ɧа ɞɨɫɬа-
ɬɨчɧɨ ɦɟɥɤɢх ɫɟɬɤах ɞаɠɟ ɜ ɬɟх ɫɥɭчаях, ɤɨ-
ɝɞа ɩɪɟɞɫɬаɜɥяɸщɟɟ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧыɣ ɢɧ-
ɬɟɪɟɫ ɞɥя ɩɪаɤɬɢɤɢ ɨɫɪɟɞɧɟɧɧɨɟ ɬɟчɟɧɢɟ яɜ-
ɥяɟɬɫя ɞɜɭɦɟɪɧыɦ ɢ ɫɬацɢɨɧаɪɧыɦ [4].  
Пɨэɬɨɦɭ, ɜ ɫɨɜɪɟɦɟɧɧɨɣ ɪаɫчɟɬɧɨɣ ɩɪаɤɬɢɤɟ 
ɞɨɦɢɧɢɪɭɟɬ ɩɨɥɭэɦɩɢɪɢчɟɫɤɢɣ ɩɨɞхɨɞ, ɨɫ-
ɧɨɜаɧɧыɣ ɧа ɪаɡɥɨɠɟɧɢɢ ɫɤɨɪɨɫɬɢ ɧа ɨɫɪɟɞ-
ɧɟɧɧɭɸ ɜɨ ɜɪɟɦɟɧɢ ɢ ɩɭɥьɫацɢɨɧɧɭɸ ɫɨ-
ɫɬаɜɥяɸщɢɟ 
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ɢ ɩɟɪɟхɨɞɟ ɤ ɪɟшɟɧɢɸ ɬ.ɧ. "ɨɫɪɟɞɧɟɧɧых ɩɨ 
Рɟɣɧɨɥьɞɫɭ ɭɪаɜɧɟɧɢɣ Наɜьɟ-Сɬɨɤɫа" 
(Reynolds averaged Navier-Stoks Method, 
RANS). Сɢɫɬɟɦа яɜɥяɟɬɫя ɧɟɡаɦɤɧɭɬɨɣ ɢ 
ɬɪɟɛɭɟɬ ɞɨɩɨɥɧɢɬɟɥьɧых ɫɨɝɥашɟɧɢɣ ("ɦɨ-
ɞɟɥɟɣ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ"). 
Рɟшɟɧɢɟ ɭɪаɜɧɟɧɢɣ ɦɨɠɟɬ ɩɪɨɜɨɞɢɬьɫя ɤаɤ ɜ 
ɫɬацɢɨɧаɪɧɨɣ, ɬаɤ ɢ ɜ ɧɟɫɬацɢɨɧаɪɧɨɣ ɩɨ-
ɫɬаɧɨɜɤɟ. Сɬацɢɨɧаɪɧая ɡаɞача ɫɜɨɞɢɬɫя ɤ 
ɢɬɟɪацɢɨɧɧɨɦɭ ɪɟшɟɧɢɸ ɪɟɞɤɨɡаɩɨɥɧɟɧɧɨɣ 
ɫɢɫɬɟɦы ɥɢɧɟɣɧых аɥɝɟɛɪаɢчɟɫɤɢх ɭɪаɜɧɟ-
ɧɢɣ, ɫ ɭɡɥɨɜыɦɢ ɞаɜɥɟɧɢяɦɢ, ɤɨɦɩɨɧɟɧɬаɦɢ 
ɫɤɨɪɨɫɬɟɣ ɢ ɦɟɪаɦɢ ɥɨɤаɥьɧɨɣ ɬɭɪɛɭɥɟɧɬɧɨ-
ɫɬɢ (ɜ чаɫɬɧɨɫɬɢ, TKE) ɜ ɤачɟɫɬɜɟ ɧɟɢɡɜɟɫɬ-
ɧых. Оɩɪɟɞɟɥяɸɬɫя ɨɫɪɟɞɧɟɧɧыɟ ɜɨ ɜɪɟɦɟɧɢ 
ɜɟɥɢчɢɧы, чɢɫɥɨ ɤɨɬɨɪых ɞɥя ɪаɫɫɦаɬɪɢɜаɟ-
ɦых ɨɛъɟɤɬɨɜ/ɡаɞач ɦɨɠɟɬ ɞɨɫɬɢɝаɬь ɫɨɬɟɧ 
ɦɢɥɥɢɨɧɨɜ. Иɬɟɪацɢɨɧɧыɣ ɩɪɨцɟɫɫ ɪɟшɟɧɢя 
ɫɢɫɬɟɦы ɩɪɨɜɨɞɢɬɫя ɩɨ ɫɜяɡаɧɧɨɣ ɦɧɨɝɨɫɟ-
ɬɨчɧɨɣ ɫхɟɦɟ (coupled multigrid) ɢ ɫчɢɬаɟɬɫя 
ɫɨшɟɞшɢɦɫя ɩɪɢ ɦаɥых ɨɬɧɨɫɢɬɟɥьɧых ɧɟ-
ɜяɡɤах ɪɟшɟɧɢя ɫɢɫɬɟɦы. Дɥя ɭɥɭчшɟɧɢя 
ɫхɨɞɢɦɨɫɬɢ ɜ ɤачɟɫɬɜɟ ɩɪɟɞɨɛɭɫɥаɜɥɢɜаɬɟɥя 
ɢɫɩɨɥьɡɭɟɬɫя ɧɟɩɨɥɧɨɟ ɬɪɟɭɝɨɥьɧɨɟ (ILU) 
ɪаɡɥɨɠɟɧɢɟ ɦаɬɪɢцы. 
К ɫɨɠаɥɟɧɢɸ, ɬɨчɧɨɫɬь (ɢ ɞаɠɟ ɩɪаɤɬɢчɟ-
ɫɤая ɫхɨɞɢɦɨɫɬь) ɫɬацɢɨɧаɪɧых ɪаɫчɟɬɨɜ 
RANS ɜ ɫɢɬɭацɢях ɫ ɪаɡɜɢɬыɦ ɜɢхɪɟɨɛɪаɡɨ-
ɜаɧɢɟɦ ɧɟ ɜɫɟɝɞа ɭɞɨɜɥɟɬɜɨɪɢɬɟɥьɧа. Пɪɨɜɟ-
ɞɟɧɧɨɟ ɩɪɟɞɫɬаɜɢɬɟɥьɧɨɟ ɬɟɫɬɢɪɨɜаɧɢɟ ɧа 
шɢɪɨɤɨɦ ɤɪɭɝɟ ɩɪаɤɬɢчɟɫɤɢх ɡаɞач (ɜɤɥɸчая 

ɫɪаɜɧɟɧɢɟ ɫ ɞаɧɧыɦɢ ɢɫɩыɬаɧɢɣ ɜ аэɪɨɞɢ-
ɧаɦɢчɟɫɤɢх ɬɪɭɛах) ɩɨɡɜɨɥɢɥɨ ɨɩɪɟɞɟɥɢɬь 
ɧаɢɛɨɥɟɟ ɩɪɢɝɨɞɧɭɸ ɞɥя ɞаɧɧɨɝɨ ɤɥаɫɫа ɡа-
ɞач ɦɨɞɟɥь ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ. Мɨɞɟɥь SST 
(Shear Stress Transport, ɩɟɪɟɧɨɫ ɫɞɜɢɝɨɜых 
ɧаɩɪяɠɟɧɢɣ, F.Menter, 1993), ɤɨɦɛɢɧɢɪɭя 
ɞɨɫɬɨɢɧɫɬɜа ɤɥаɫɫɢчɟɫɤɢх ɦɨɞɟɥɟɣ “k-ε” ɢ 
“k-ω”, ɨɛɟɫɩɟчɢɜаɟɬ ɞɨɫɬаɬɨчɧɭɸ ɬɨчɧɨɫɬь 
ɪɟɡɭɥьɬаɬɨɜ ɢ эɮɮɟɤɬɢɜɧɭɸ ɫхɨɞɢɦɨɫɬь ɢɬɟ-
ɪацɢɨɧɧɨɝɨ ɩɪɨцɟɫɫа ɞаɠɟ ɩɪɢ ɨɬɧɨɫɢɬɟɥьɧɨ 
ɝɪɭɛых ɫɟɬɤах ɢ ɭɦɟɪɟɧɧɨɦ ɪаɡɪɟшɟɧɢɢ ɩɨ-
ɝɪаɧɢчɧɨɝɨ ɫɥɨя. 
Оɫɧɨɜɧыɟ ɩɨɥɨɠɟɧɢя ɨɩɢɫаɧɧɨɣ ɜышɟ ɦɟɬɨ-
ɞɢɤɢ ɩɪɢɜɟɞɟɧы ɜ ɞɢɫɫɟɪɬацɢɢ [5]. 
В ɧаɫɬɨящɟɟ ɜɪɟɦя аɜɬɨɪаɦɢ ɩɪɨɜɨɞɢɬɫя 
ɬɟɫɬɢɪɨɜаɧɢɟ ɩɪɢɦɟɧɢɬɟɥьɧɨ ɤ ɪаɫɫɦаɬɪɢ-
ɜаɟɦɨɦɭ ɤɥаɫɫɭ ɡаɞач ɩɨɞхɨɞа DES (DES ɦɟ-
ɬɨɞ ɨɬɫɨɟɞ ɜɢ), эɮɮɟɤɬɢɜɧɨ ɨɛъɟɞɢɧяɸщɟɦɭ 
ɬɟхɧɨɥɨɝɢɢ LES RANS. 
Ваɠɧыɦ аɫɩɟɤɬɨɦ ɪɟшɟɧɢя ɭɪаɜɧɟɧɢɣ На-
ɜьɟ-Сɬɨɤɫа яɜɥяɟɬɫя ɫхɟɦа ɞɢɫɤɪɟɬɢɡацɢɢ. 
Наɢɛɨɥɟɟ эɮɮɟɤɬɢɜɧыɦ ɜ ɧаɫɬɨящɟɟ ɜɪɟɦя 
ɩɪɢɡɧаɧ "ɦɟɬɨɞ ɤɨɧɟчɧых ɨɛъɟɦɨɜ" (МКО), 
ɧɟ ɬɪɟɛɭɸщɢɣ ɫɬɨɥь ɞɟɬаɥьɧɨɝɨ ɦɨɞɟɥɢɪɨ-
ɜаɧɢя ɩɨɝɪаɧɢчɧɨɝɨ ɫɥɨя, ɤаɤ ɦɟɬɨɞ ɤɨɧɟч-
ɧых эɥɟɦɟɧɬɨɜ (МКЭ), ɢ ɛɨɥɟɟ ɭɞɨɛɧыɣ ɩɪɢ 
ɨɩɢɫаɧɢɢ ɫɥɨɠɧых ɪаɫчɟɬɧых ɨɛɥаɫɬɟɣ ɪɟ-
аɥьɧых ɡаɫɬɪɨɟɤ, чɟɦ ɦɟɬɨɞ ɤɨɧɟчɧых ɪаɡɧɨ-
ɫɬɟɣ. Сɨɜɪɟɦɟɧɧыɟ ɩɨɞхɨɞы (ɫхɟɦы аɞɜɟɤ-
цɢɢ ɜɬɨɪɨɝɨ ɩɨɪяɞɤа, ɩɪɢɦɟɧɟɧɢɟ ɩɪɢɫɬɟ-
ɧɨчɧых ɮɭɧɤцɢɣ ɢ ɭɜɟɥɢчɟɧɢɟ чɢɫɥа ɬɨчɟɤ 
ɢɧɬɟɝɪɢɪɨɜаɧɢя ɜ ячɟɣɤɟ) ɡɧачɢɬɟɥьɧɨ ɫɧɢ-
ɠаɸɬ ɬɪɟɛɨɜаɧɢя ɤ ɪаɫчɟɬɧɨɣ ɫɟɬɤɟ ɢ ɪɟɫɭɪ-
ɫаɦ ЭВМ. 
Рɟɤɨɦɟɧɞɭɟɦыɟ ɪаɡɦɟɪы ɪаɫчɟɬɧɨɣ ɨɛɥаɫɬɢ 
ɧɟ ɦɟɧɟɟ ɨɞɧɨɝɨ ɤɦ ɪаɞɢɭɫɨɦ ɜɨɤɪɭɝ ɢɧɬɟɪɟ-
ɫɭɸщɟɣ ɡɨɧы.  
В ɤачɟɫɬɜɟ хаɪаɤɬɟɪɢɫɬɢɤ ɧаɛɟɝаɸщɟɝɨ ɩɨ-
ɬɨɤа ɢɫɩɨɥьɡɭɸɬɫя ɩɪɨɮɢɥɢ ɫɤɨɪɨɫɬɢ ɜɟɬɪа 
ɢ хаɪаɤɬɟɪɢɫɬɢɤ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ (ɢɧɬɟɧɫɢɜ-
ɧɨɫɬь ɢ ɦаɫшɬаɛ ɜɢхɪя), ɨɬɜɟчаɸщɢɟ ɡаɞаɧ-
ɧыɦ ɜɟɬɪɨɜыɦ ɪаɣɨɧаɦ ɢ ɬɢɩаɦ ɦɟɫɬɧɨɫɬɢ 
ɩɨ СНɢП. В ɤачɟɫɬɜɟ "ɜɧɟшɧɢх" ɝɪаɧɢчɧых 
ɭɫɥɨɜɢɣ ɞɥя ɪаɫчɟɬɧɨɣ ɨɛɥаɫɬɢ ɢɫɩɨɥьɡɭɸɬ-
ɫя "ɦяɝɤɢɟ" ɭɫɥɨɜɢя ɩɨ Нɟɣɦаɧɭ (ɪаɜɟɧɫɬɜɨ 
ɧɭɥɸ ɩɪɨɢɡɜɨɞɧых). 
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Дɥя ɭчɟɬа шɟɪɨхɨɜаɬɨɫɬɢ ɫɬɟɧɨɤ ɪɟɤɨɦɟɧɞɭ-
ɟɬɫя ɜɦɟɫɬɨ ɩɨɞɛɨɪа ɩɪɢɫɬɟɧɨчɧых ɮɭɧɤцɢɣ 
ɢɥɢ ɤɨɪɪɟɤцɢɢ ɢх ɫɬаɧɞаɪɬɧых ɩаɪаɦɟɬɪɨɜ 
ɩɪɢɦɟɧяɬь ɩɨ ɜɨɡɦɨɠɧɨɫɬɢ "ɧаɬɭɪаɥьɧɨɟ" 
ɦɨɞɟɥɢɪɨɜаɧɢɟ (ɭчɟɬ ɜ ɦɨɞɟɥɢ ɪɟɥьɟɮа ɦɟ-
ɫɬɧɨɫɬɢ, ɛаɥɤɨɧɨɜ ɢ ɨɤɨɧɧых ɩɪɨɟɦɨɜ ɢ ɬ.ɩ.). 
В ɤачɟɫɬɜɟ ɨɫɧɨɜɧɨɝɨ ɪаɫчɟɬɧɨɝɨ ɢɧɫɬɪɭɦɟɧ-
ɬа ɜыɛɪаɧ ɥɢцɟɧɡɢɨɧɧыɣ ɭɧɢɜɟɪɫаɥьɧыɣ 
ɩɪɨɝɪаɦɦɧыɣ ɤɨɦɩɥɟɤɫ (ПК) ANSYS. Паɤɟɬ 
ɩɪɨɝɪаɦɦ ANSYS [6,7] ɞɨɫɬаɬɨчɧɨ ɪаɫɩɪɨ-
ɫɬɪаɧɟɧ ɜ Рɨɫɫɢɢ ɢ ɦɢɪɟ ɢ ɢɦɟɟɬ ɛɨɥɟɟ 400 
ɬыɫяч ɤɨɦɦɟɪчɟɫɤɢх ɢ ɢɫɫɥɟɞɨɜаɬɟɥьɫɤɢх 
ɢɧɫɬаɥɥяцɢɣ ɢ ɛɨɥɟɟ ɦɢɥɥɢɨɧа ɥɟɝаɥьɧых 
ɩɨɥьɡɨɜаɬɟɥɟɣ, яɜɥяяɫь ɧаɢɛɨɥɟɟ ɩɨɩɭɥяɪ-
ɧыɦ ɜ ɦɢɪɟ ɪаɫчɟɬɧыɦ (CAE) ПК. Паɤɟɬ ɫɟɪ-
ɬɢɮɢцɢɪɨɜаɧ ɩɨ ɨɫɧɨɜɧыɦ ɡаɪɭɛɟɠɧыɦ 
ɫɬаɧɞаɪɬаɦ (ISO-9001, ISO 9000-3, British 
standard BS 5750, Lloyd’s Register’s software 
certification, NAFEMS QA certification, The 
TickIT initiative ɢ ɦɧɨɝɢɦ ɞɪɭɝɢɦ). Иɦɟɟɬɫя 
ɫɟɪɬɢɮɢɤаɬ Ƚɨɫаɬɨɦɧаɞɡɨɪа Рɨɫɫɢɢ (Рɟɝɢɫɬ-
ɪацɢɨɧɧыɣ ɧɨɦɟɪ ПС ɜ ЦОЭП ɩɪɢ РНЦ КИ 
№490 ɨɬ 10.09.2002, Рɟɝɢɫɬɪацɢɨɧɧыɣ ɧɨɦɟɪ 
ɩаɫɩɨɪɬа аɬɬɟɫɬацɢɢ ПС №145 ɨɬ 31.10.2002) 
ɢ ɫɟɪɬɢɮɢɤаɬ Мɨɪɫɤɨɝɨ Рɟɝɢɫɬɪа Рɨɫɫɢɢ. 
Раɫчɟɬы аэɪɨɞɢɧаɦɢɤɢ ɜыɩɨɥɧяɥɢɫь ɫ ɢɫ-
ɩɨɥьɡɨɜаɧɢɟɦ ɩɪɨɝɪаɦɦɧɨɝɨ ɦɨɞɭɥя ANSYS 
CFX (ɞаɥɟɟ CFX). Мɨɞɭɥь ANSYS CFX ɩɨ-
ɡɜɨɥяɟɬ ɦɨɞɟɥɢɪɨɜаɬь ɥаɦɢɧаɪɧыɣ ɢ ɬɭɪɛɭ-
ɥɟɧɬɧыɣ ɩɨɬɨɤɢ, ɫɠɢɦаɟɦɭɸ ɢ ɧɟɫɠɢɦаɟ-
ɦɭɸ ɠɢɞɤɨɫɬɢ, ɫɜяɡаɧɧыɟ ɡаɞачɢ ɬɟɩɥɨɨɛ-
ɦɟɧа, ɦɧɨɝɨɮаɡɧыɟ ɩɨɬɨɤɢ, ɩɪɨцɟɫɫы ɤɢɩɟ-
ɧɢя, ɝɨɪɟɧɢя, ɤɨɧɞɟɧɫацɢɢ, ɮɢɥьɬɪацɢɢ, хɢ-
ɦɢчɟɫɤɢɟ ɪɟаɤцɢɢ ɢ ɦɧɨɝɨɟ ɞɪɭɝɨɟ. Пɨɞɞɟɪ-
ɠɢɜаɸɬɫя ɛɨɥɟɟ ɞɜаɞцаɬɢ ɪаɡɥɢчɧых ɦɨɞɟ-
ɥɟɣ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ. CFX ɧɟ ɜɤɥɸчаɟɬ ɝɟɧɟ-
ɪаɬɨɪɨɜ ɫɟɬɨɤ, ɧɨ ɩɨɡɜɨɥяɟɬ ɢɦɩɨɪɬɢɪɨɜаɬь 
ɫɟɬɤɢ, ɩɨɞɝɨɬɨɜɥɟɧɧыɟ ɪаɡɥɢчɧыɦɢ ɩɪɨ-
ɝɪаɦɦаɦɢ, ɜ чаɫɬɧɨɫɬɢ ɢ ɜ ɩɪɟɩɪɨцɟɫɫɨɪɟ 
ANSYS c ɢɫɩɨɥьɡɨɜаɧɢɟɦ ɩаɪаɦɟɬɪɢɡɭɟɦых 
ɦаɤɪɨɫɨɜ ANSYS APDL. 
Ваɠɧыɦɢ аɫɩɟɤɬаɦɢ ɩɪɢ чɢɫɥɟɧɧɨɦ ɦɨɞɟɥɢ-
ɪɨɜаɧɢɢ аэɪɨɞɢɧаɦɢɤɢ ɩɟшɟхɨɞɧых ɡɨɧ яɜ-
ɥяɟɬɫя эɮɮɟɤɬɢɜɧɨɟ ɩɨɫɬɪɨɟɧɢɟ ɤɨɧɟчɧɨ-
эɥɟɦɟɧɬɧɨɣ ɫɟɬɤɢ (ɬаɤ, ɧаɩɪɢɦɟɪ, ɞɥя ɞаɧɧɨ-
ɝɨ ɤɥаɫɫа ɡаɞач, ɧɟɨɛхɨɞɢɦɨ ɩɪаɜɢɥьɧɨ ɩɨ-

ɞɨɛɪаɬь ɪаɡɦɟɪы ячɟɟɤ ɜ ɩɪɢɡɟɦɧɨɦ ɫɥɨɟ) ɢ 
ɨɩɬɢɦаɥьɧыɣ ɜыɛɨɪ ɦɨɞɟɥɢ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ. 
Дɥя ɫɨɡɞаɧɢя ɤɨɧɟчɧɨ-эɥɟɦɟɧɬɧɨɣ ɫɟɬɤɢ ɛыɥ 
ɪаɡɪаɛɨɬаɧ ɦаɤɪɨɫ, ɫ ɩɨɦɨщьɸ ɤɨɬɨɪɨɝɨ ɞɥя 
ɩɨɫɬаɜɥɟɧɧɨɣ ɡаɞачɢ ɫɬɪɨɢɬɫя ɧɟɫɬɪɭɤɬɭɪɢ-
ɪɨɜаɧɧая ɫɟɬɤа. Маɤɪɨɫ ɩɨɡɜɨɥяɟɬ ɩɨɥьɡɨɜа-
ɬɟɥɸ ɫаɦɨɫɬɨяɬɟɥьɧɨ ɡаɞаɜаɬь ɤɨɥɢчɟɫɬɜɨ ɢ 
ɪаɡɦɟɪы эɥɟɦɟɧɬɨɜ ɧа ɪаɡɧых ɭчаɫɬɤах ɦɨ-
ɞɟɥɢ, эɥɟɦɟɧɬы ɫɟɬɤɢ ɧɢɠɟ ɭɪɨɜɧя 2,5 ɦɟɬɪа 
- ɩɪɢɡɦы. 
Раɡɪаɛɨɬаɧа ɩɪɨɝɪаɦɦа (ɧа ɩɥаɬɮɨɪɦɟ 
Microsoft .NetFramework ɢ яɡыɤɟ ɩɪɨɝɪаɦɦɢ-
ɪɨɜаɧɢя C#), ɩɨɡɜɨɥяɸщая ɩɪɨɜɨɞɢɬь ɤɪɢɬɟ-
ɪɢаɥьɧɭɸ ɨцɟɧɤɭ аэɪɨɞɢɧаɦɢчɟɤɨɣ ɤɨɦ-
ɮɨɪɬɧɨɫɬɢ  ɜ ɩɟшɟхɨɞɧых ɡɨɧах, ɭчɢɬыɜаɬь 
ɩɭɥьɫацɢɨɧɧɭɸ ɫɨɫɬаɜɥяɸщɭɸ ɜɟɬɪа ɢ ɪɨɡɭ 
ɜɟɬɪɨɜ (ɫ ɭчɟɬɨɦ ɟɟ ɫɟɡɨɧɧɨɫɬɢ) [8]. 
Быɥɢ ɩɪɨɜɟɞɟɧы чɢɫɥɟɧɧыɟ ɪаɫчɟɬы аэɪɨɞɢ-
ɧаɦɢɤɢ ɩɟшɟхɨɞɧых ɡɨɧ ɞɥя ɫɥɟɞɭɸщɢх 
ɨɛъɟɤɬɨɜ: ɤаɦɩɭɫа Тɟхɧɢчɟɫɤɨɝɨ ɭɧɢɜɟɪɫɢ-
ɬɟɬа ɝ. Эɣɧɞхɨɜɟɧ; ɬɟɪɪɢɬɨɪɢɢ Мɨɫɤɨɜɫɤɨɝɨ 
ɝɨɫɭɞаɪɫɬɜɟɧɧɨɝɨ ɫɬɪɨɢɬɟɥьɧɨɝɨ ɭɧɢɜɟɪɫɢ-
ɬɟɬа; ɬɟɪɪɢɬɨɪɢɢ ɪаɣɨɧа ɪаɣɨɧ Сɢɧɞɡɸɤɭ 
(чаɫɬь Тɨɤɢɨ); ɩɪɨɟɤɬɢɪɭɟɦɨɝɨ ɬɨɪɝɨɜɨɝɨ 
ɤɨɦɩɥɟɤɫа "Пɭɥɤɨɜɨ аɭɬɥɟɬ" (ɝ. Саɧɤɬ-
Пɟɬɟɪɛɭɪɝ); ɩɪɨɟɤɬɢɪɭɟɦыɣ ЖК "Аɤɜаɦа-
ɪɢɧ" (ɝ.Вɥаɞɢɜɨɫɬɨɤ); ЖК "Ƚаɡɨɣɥ-Сɢɬɢ" (ɝ. 
Мɨɫɤɜа); ЖК "Зɨɞɢаɤ" (ɝ. Мɨɫɤɜа);  ЖК 
"Сɤаɣɮɨɪɬ"  (ɝ. Мɨɫɤɜа) ɢ ɬ.ɞ. (ɪɢɫ.2,3) 
[9,10]. 
 

 
Рɢсɭɧɨɤ 2. Тɨɪɝɨвыɣ ɤɨɦɩɥɟɤс «ɉɭɥɤɨвɨ 
аɭɬɥɟɬ». Мɨɞɟɥь. Расчɟɬɧая сɟɬɤа  

ɧа ɩɨвɟɪхɧɨсɬях ɡɞаɧɢɣ. 
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Рɢсɭɧɨɤ 3. Расɩɪɟɞɟɥɟɧɢɟ сɤɨɪɨсɬɟɣ вɟɬɪа  
в ɩɟɲɟхɨɞɧых ɡɨɧах ɤаɦɩɭса Тɟхɧɢчɟсɤɨɝɨ 
ɭɧɢвɟɪсɢɬɟɬа ɝ. Эɣɧɞхɨвɟɧ ɞɥя ɡаɩаɞɧɨɝɨ 

ɧаɩɪавɥɟɧɢя. 
 
Таɤɠɟ ɩɪɨɜɨɞɢɬɫя ɪаɛɨɬа ɩɨ ɫɨɡɞаɧɢɸ ɜɟɬ-
ɪɨɜɨɣ аэɪɨɞɢɧаɦɢчɟɫɤɨɣ ɦɨɞɟɥɢ ɝɨɪɨɞа Мɨ-
ɫɤɜы ɫ ɩɪɢɥɟɝаɸщɢɦɢ ɬɟɪɪɢɬɨɪɢяɦɢ, ɫ ɭчɟ-
ɬɨɦ ɪɟɥьɟɮа ɦɟɫɬɧɨɫɬɢ ɢ ɫɭщɟɫɬɜɭɸщɟɣ ɡа-
ɫɬɪɨɣɤɢ (ɪɢɫ.4). Мɨɞɟɥь (100-300 ɦɢɥɥɢɨɧɨɜ 
ячɟɟɤ) ɛɭɞɟɬ ɜɤɥɸчаɬь ɜ ɫɟɛя ɪаɣɨɧы Нɨɜɨɣ 
Мɨɫɤɜы ɢ ɩɪɟɞɩɨɥаɝаɟɬ ɢɫɩɨɥьɡɨɜаɧɢɟ ɦɨщ-
ɧых  ɦɧɨɝɨɩɪɨцɟɫɫɨɪɧых ɬɟхɧɨɥɨɝɢɣ ɢ ɤɥа-
ɫɬɟɪа МȽСУ. 
Сɨɜɦɟɫɬɧɨ ɫ Ƚɢɞɪɨɦɟɬцɟɧɬɪɨɦ (Ƚ.С. Рɢɜɢɧ, 
И.А.Рɨɡɢɧɤɢɧа) ɪаɡɪаɛаɬыɜаɟɬɫя ɦɟɬɨɞɢɤа 
ɩɪɟɨɛɪаɡɨɜаɧɢя ɤɪаɬɤɨɫɪɨчɧых ɦɟɬɟɨɩɪɨ-
ɝɧɨɡɨɜ ɩɨ ɦɟɡɨɦаɫшɬаɛɧɨɣ ɦɨɞɟɥɢ COSMO-
RU [11] ɜ ɝɪаɧɢчɧыɟ ɢ ɧачаɥьɧыɟ ɭɫɥɨɜɢя 
ɞɥя ɦɨɞɟɥɢ ɜɟɬɪɨɜɨɣ аэɪɨɞɢɧаɦɢɤɢ ɝɨɪɨɞ-
ɫɤɨɣ ɬɟɪɪɢɬɨɪɢɢ ("downscaling"). 
Пɪɢ  ɩɥаɧɢɪɨɜаɧɢɢ ɨɛъɟɤɬɨɜ ɨɡɟɥɟɧɟɧɢя ɢ 
цɜɟɬɨчɧɨɝɨ ɨɮɨɪɦɥɟɧɢя ɦɨɠɟɬ ɛыɬь ɩɪɢɦɟ-
ɧɟɧа ɪаɡɪаɛɨɬаɧɧая ɦɟɬɨɞɢɤа чɢɫɥɟɧɧɨɝɨ 
ɦɨɞɟɥɢɪɨɜаɧɢя ɡɟɥɟɧых ɧаɫаɠɞɟɧɢɣ, ɩɨɡɜɨ-
ɥяɸщая ɜыɛɢɪаɬь ɨɩɬɢɦаɥьɧыɟ ɜаɪɢаɧɬы ɢх 
ɪаɡɦɟщɟɧɢя ɜ цɟɥях ɭɥɭчшɟɧɢя ɤɨɦɮɨɪɬɧɨ-
ɫɬɢ [12,13]. 
Раɡɪаɛɨɬаɧɧɭɸ ɦɟɬɨɞɢɤɭ ɨцɟɧɤɢ аэɪɨɞɢɧа-
ɦɢчɟɫɤɨɣ ɤɨɦɮɨɪɬɧɨɫɬɢ ɩɟшɟхɨɞɧых ɦаɪ-
шɪɭɬɨɜ ɫ ɢɫɩɨɥьɡɨɜаɧɢɟɦ чɢɫɥɟɧɧɨɝɨ ɦɨɞɟ-
ɥɢɪɨɜаɧɢя ɜɨɡɦɨɠɧɨ ɩɪɢɦɟɧɢɬь ɢ ɞɥя ɨцɟɧ-
ɤɢ ɩɪɨɟɤɬɢɪɭɟɦых ɩɟшɟхɨɞɧых ɦаɪшɪɭɬɨɜ 
ɝɨɪɨɞа Мɨɫɤɜы. Таɤɨɟ ɦɨɞɟɥɢɪɨɜаɧɢɟ ɩɨ-
ɦɨɝɥɨ ɛы ɜыяɜɢɬь ɡɨɧы ɫɢɥьɧых ɩɪɢɡɟɦɧых 
ɜɟɬɪɨɜ ɢ ɩɪɢчɢɧы ɢх ɩɨяɜɥɟɧɢя. Аɧаɥɢɡ ɩɨ-
ɥɭчɟɧɧых ɪɟɡɭɥьɬаɬɨɜ ɩɨɡɜɨɥɢɥ ɛы ɪаɡɪаɛɨ-

ɬаɬь ɪɟɤɨɦɟɧɞацɢɢ ɩɨ ɫɧɢɠɟɧɢɸ ɜɟɬɪɨɜых 
ɜɨɡɞɟɣɫɬɜɢɣ ɜ ɡɨɧах ɫɢɥьɧых ɜɟɬɪɨɜ. 

Рɢсɭɧɨɤ 4. Мɨɞɟɥь аɷɪɨɞɢɧаɦɢɤɢ  
ɦɨсɤɨвсɤɨɝɨ ɪɟɝɢɨɧа. 
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Аɧɧоɬɚɰиɹ: Сɬаɬья ɩɨɫɜящɟɧа ɦɟɬɨɞɭ ɡаɞаɧɢя ɝɪаɧɢчɧых ɭɫɥɨɜɢɣ ɧа ɜхɨɞɟ ɜ ɪаɫчɟɬɧɭɸ ɨɛɥаɫɬь ɩɪɢ ɩɪɨɜɟɞɟ-
ɧɢɢ чɢɫɥɟɧɧых ɧɟɫɬацɢɨɧаɪɧых аэɪɨɞɢɧаɦɢчɟɫɤɢх ɪаɫчɟɬɨɜ ɫ ɢɫɩɨɥьɡɨɜаɧɢɟɦ ɝɪɭɩɩы ɦɨɞɟɥɟɣ ɬɭɪɛɭɥɟɧɬɧɨ-
ɫɬɢ LES - ɦɨɞɟɥɢɪɨɜаɧɢɸ ɩɨɥя ɫɤɨɪɨɫɬɟɣ ɜɟɬɪа ɤаɤ ɤɥаɫɫа ɫɥɭчаɣɧых ɩɪɨцɟɫɫɨɜ ɫ ɩɪɢɦɟɧɟɧɢɟɦ  ɦɟɬɨɞа ɤаɧɨ-
ɧɢчɟɫɤɢх ɪаɡɥɨɠɟɧɢɣ. Сɨɫɬаɜɥɟɧа ɛɢɛɥɢɨɬɟɤа ɩɪɨɮɢɥɟɣ ɫɪɟɞɧɢх ɫɤɨɪɨɫɬɟɣ ɜɟɬɪа ɢ ɟɝɨ ɫɩɟɤɬɪаɥьɧых хаɪаɤɬɟ-
ɪɢɫɬɢɤ ɧа ɨɫɧɨɜɟ ɢɡɭчɟɧɧɨɣ ɨɬɟчɟɫɬɜɟɧɧɨɣ ɢ ɡаɪɭɛɟɠɧɨɣ ɥɢɬɟɪаɬɭɪы. Раɡɪаɛɨɬаɧɧая ɦɟɬɨɞɢɤа ɩɪɨɝɪаɦɦɧɨ 
ɪɟаɥɢɡɨɜаɧа ɧа яɡыɤɟ MATLAB ɜ ɜɢɞɟ ɩɪɢɥɨɠɟɧɢя ɫ ɝɪаɮɢчɟɫɤɢɦ ɢɧɬɟɪɮɟɣɫɨɦ, ɤɨɬɨɪɨɟ ɩɨɡɜɨɥяɟɬ ɫ ɢɫɩɨɥьɡɨ-
ɜаɧɢɟɦ ɫɨɛɪаɧɧɨɣ ɛɢɛɥɢɨɬɟɤɢ ɩɪɨɮɢɥɟɣ ɫɪɟɞɧɢх ɫɤɨɪɨɫɬɟɣ ɜɟɬɪа ɢ ɟɝɨ ɫɩɟɤɬɪаɥьɧых хаɪаɤɬɟɪɢɫɬɢɤ ɝɟɧɟɪɢɪɨ-
ɜаɬь ɧɟɡаɜɢɫɢɦыɟ ɫɥɭчаɣɧыɟ ɪɟаɥɢɡацɢɢ "ɪɟаɥьɧых" ɫɤɨɪɨɫɬɟɣ ɜɟɬɪа.  
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ABSTRACT: The paper deals with the method of the inlet boundary condition definition during numerical tran-
sient aerodynamic calculations using LES turbulence model. This method is called as the method of numerical 
simulation of a wind velocity field as a class of stochastic processes. The collection of mean wind velocity pro-
files and wind spectrums was put together on basis of the investigated domestic and foreign literature. The de-
veloped method was implemented in the form of MATLAB graphic application, which allows generation of "re-
al" wind velocity realizations using the above-mentioned collection. 
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1. ȼȼȿȾȿɇɂȿ 

 
Уɜɟɥɢчɟɧɢɟ чɢɫɥа ɭɧɢɤаɥьɧых ɡɞаɧɢɣ ɢ ɫɨ-
ɨɪɭɠɟɧɢɣ, чɭɜɫɬɜɢɬɟɥьɧых ɤ ɜɟɬɪɨɜыɦ ɜɨɡ-
ɞɟɣɫɬɜɢяɦ, ɩɪɢɜɨɞɢɬ ɤ ɧɟɨɛхɨɞɢɦɨɫɬɢ ɨɛɨɫ-
ɧɨɜаɧɢя ɛɟɡɨɩаɫɧɨɫɬɢ ɢ ɤɨɦɮɨɪɬɧɨɫɬɢ ɩɪɨ-
ɟɤɬɢɪɭɟɦых ɢ ɭɠɟ эɤɫɩɥɭаɬɢɪɭɟɦых ɡɞаɧɢɣ, 
ɞɥя ɤɨɬɨɪых ɮаɤɬɨɪ ɜɟɬɪɨɜɨɝɨ ɜɨɡɞɟɣɫɬɜɢя 
яɜɥяɟɬɫя ɡɧачɢɦыɦ. 
Сɨɜɪɟɦɟɧɧыɟ ɫɬɪɨɢɬɟɥьɧыɟ ɧɨɪɦы ɧɟ ɭчɢ-
ɬыɜаɸɬ ɜ ɩɨɥɧɨɣ ɦɟɪɟ ɩɪɨɫɬɪаɧɫɬɜɟɧɧɨ-
ɜɪɟɦɟɧɧыɟ хаɪаɤɬɟɪɢɫɬɢɤɢ ɧаɛɟɝаɸщɟɝɨ ɩɨ-
ɬɨɤа.  Пɨэɬɨɦɭ, ɢɫɫɥɟɞɨɜаɬɟɥɢ ɢ ɩɪɨɟɤɬɢ-

ɪɨɜщɢɤɢ ɨɛɪащаɸɬɫя ɤ ɫɥɟɞɭɸщɢɦ ɦɟɬɨɞаɦ 
ɨɩɪɟɞɟɥɟɧɢя ɜɟɬɪɨɜых ɧаɝɪɭɡɨɤ ɧа ɡɞаɧɢя ɢ 
ɫɨɨɪɭɠɟɧɢя:  
1) ɧаɬɭɪɧыɟ ɢɫɩыɬаɧɢя; 
2) ɩɪɨɜɟɞɟɧɢɟ эɤɫɩɟɪɢɦɟɧɬɨɜ ɜ аэɪɨɞɢɧаɦɢ-
чɟɫɤɨɣ ɬɪɭɛɟ (АДТ); 
3) чɢɫɥɟɧɧɨɟ ɦɨɞɟɥɢɪɨɜаɧɢɟ. 
Чɢɫɥɟɧɧɨɟ ɦɨɞɟɥɢɪɨɜаɧɢɟ ɜɟɬɪɨɜых ɜɨɡɞɟɣ-
ɫɬɜɢɣ ɫɜɨɞɢɬɫя ɤ ɪɟшɟɧɢɸ ɨɫɧɨɜɧых ɭɪаɜɧɟ-
ɧɢɣ ɝɢɞɪɨɝаɡɨɞɢɧаɦɢɤɢ – ɭɪаɜɧɟɧɢɣ Наɜьɟ-
Сɬɨɤɫа, ɧɟɢɡɜɟɫɬɧыɦɢ ɤɨɬɨɪых, ɜ чаɫɬɧɨɫɬɢ, 
яɜɥяɸɬɫя ɫɤɨɪɨɫɬɢ ɜɟɬɪа ɢ ɞаɜɥɟɧɢɟ (аɤɬɭ-
аɥьɧыɟ ɢɥɢ ɨɫɪɟɞɧɟɧɧыɟ). Дɥя чɢɫɥɟɧɧɨɝɨ 
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ɦɨɞɟɥɢɪɨɜаɧɢя ɬɭɪɛɭɥɟɧɬɧых ɬɟчɟɧɢɣ ɫɭщɟ-
ɫɬɜɭɸɬ ɧɟɫɤɨɥьɤɨ ɩɨɞхɨɞɨɜ ɩɪɟɨɛɪаɡɨɜаɧɢя 
ɭɪаɜɧɟɧɢɣ Наɜьɟ-Сɬɨɤɫа  -  RANS (Reynolds 
Averaged Navier-Stoks), LES (Large Eddy 
Simulation) ɢ DES (Detached Eddy Simulation).  
Дɥя ɪɟшɟɧɢя ɩɨɫɬаɜɥɟɧɧɨɣ ɡаɞачɢ  ɧɟɨɛхɨ-
ɞɢɦɨ ɡаɞаɧɢɟ ɝɪаɧɢчɧых ɢ ɧачаɥьɧых ɭɫɥɨ-
ɜɢɣ. В ɞаɧɧɨɣ ɪаɛɨɬɟ ɪаɫɫɦɨɬɪɟɧ  ɜɨɩɪɨɫ ɨ 
ɡаɞаɧɢɢ ɝɪаɧɢчɧых ɭɫɥɨɜɢɣ ɧа ɜхɨɞɟ ɜ ɪаɫ-
чɟɬɧɭɸ ɨɛɥаɫɬь.  
В ɝɪɭɩɩɟ ɦɨɞɟɥɟɣ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ RANS ɜ 
ɤачɟɫɬɜɟ ɜхɨɞɧɨɝɨ ɩɨɬɨɤа ɡаɞаɟɬɫя ɩɪɨɮɢɥь 
ɫɪɟɞɧɢх ɫɤɨɪɨɫɬɟɣ ɢ ɬɭɪɛɭɥɟɧɬɧыɟ хаɪаɤɬɟ-
ɪɢɫɬɢɤɢ ɩɨɬɨɤа. Оɞɧаɤɨ ɜ ɦɨɞɟɥɢ LES ɧɟɨɛ-
хɨɞɢɦɨ ɡаɞаɧɢɟ аɤɬɭаɥьɧых (ɧɟ ɨɫɪɟɞɧɟɧ-
ɧых) ɫɤɨɪɨɫɬɟɣ, ɢɡɦɟɧяɸщɢхɫя ɜɨ ɜɪɟɦɟɧɢ ɢ 
ɩɪɨɫɬɪаɧɫɬɜɟ. Дɥя ɪɟшɟɧɢя эɬɨɣ ɡаɞачɢ ɩɪɢ-
ɧɢɦаɟɬɫя ɝɢɩɨɬɟɡа ɨ ɫɥɭчаɣɧɨɫɬɢ ɩɨɥɟɣ ɫɤɨ-
ɪɨɫɬɟɣ ɜɟɬɪа, ɤɨɬɨɪыɟ ɦɨɞɟɥɢɪɭɸɬɫя ɦɟɬɨ-
ɞаɦɢ ɬɟɨɪɢɢ ɫɥɭчаɣɧых ɩɪɨцɟɫɫɨɜ.  
 
 
2. ɈɋɇɈȼɇЫȿ ɉɈɇəɌɂə ɌȿɈɊɂɂ 

ɋɅɍЧАɃɇЫɏ ɉɊɈЦȿɋɋɈȼ 

 

Сɥɭчаɣɧыɦ ɩɪɨцɟɫɫɨɦ ɧаɡыɜаɟɬɫя ɫɟɦɟɣɫɬɜɨ 
ɫɥɭчаɣɧых ɜɟɥɢчɢɧ, ɢɧɞɟɤɫɢɪɨɜаɧɧых ɧɟɤɨ-
ɬɨɪыɦ ɩаɪаɦɟɬɪɨɦ RTt  , ɤɨɬɨɪыɣ ɢɧ-
ɬɟɪɩɪɟɬɢɪɭɟɬɫя ɤаɤ ɜɪɟɦя: Ttt :)( . 
Сɟчɟɧɢɟɦ ɫɥɭчаɣɧɨɝɨ ɩɪɨцɟɫɫа ɧаɡыɜаɟɬɫя 
ɫɥɭчаɣɧая ɜɟɥɢчɢɧа )(t , ɫɨɨɬɜɟɬɫɬɜɭɸщая 
ɮɢɤɫɢɪɨɜаɧɧɨɦɭ t . 
Рɟаɥɢɡацɢɟɣ ɫɥɭчаɣɧɨɝɨ ɩɪɨцɟɫɫа ɧаɡыɜаɟɬ-
ɫя ɮɭɧɤцɢя ɩɪɢ ɮɢɤɫɢɪɨɜаɧɧɨɦ эɥɟɦɟɧɬаɪ-
ɧɨɦ ɫɨɛыɬɢɢ: 

0
|)()(   ttx  

Сɥɭчаɣɧыɣ ɩɪɨцɟɫɫ ɧаɡыɜаɟɬɫя ɩɪɨцɟɫɫɨɦ ɫ 
ɧɟɩɪɟɪыɜɧыɦ ɜɪɟɦɟɧɟɦ, ɟɫɥɢ T - ɩɪяɦая, 
ɩɨɥɭɩɪяɦая, ɨɬɪɟɡɨɤ, ɢɧɬɟɪɜаɥ ɢɥɢ ɩɨɥɭɢɧ-
ɬɟɪɜаɥ ɜ R , ɜ чаɫɬɧɨɫɬɢ, ɟɫ-
ɥɢ    ,0| ttT . 
Сɥɭчаɣɧыɣ ɩɪɨцɟɫɫ ɧаɡыɜаɟɬɫя ɩɪɨцɟɫɫɨɦ ɫ 
ɧɟɩɪɟɪыɜɧыɦɢ ɫɨɫɬɨяɧɢяɦɢ, ɟɫɥɢ ɡɧачɟɧɢɟɦ 
ɫɥɭчаɣɧɨɝɨ ɩɪɨцɟɫɫа яɜɥяɟɬɫя ɧɟɩɪɟɪыɜɧая 
ɫɥɭчаɣɧая ɜɟɥɢчɢɧа. 

Пɨɞ ɢɫɫɥɟɞɭɟɦыɦɢ ɩɪɨцɟɫɫаɦɢ ɩɨɞɪаɡɭɦɟ-
ɜаɸɬɫя ɩɪɨцɟɫɫы ɫ ɧɟɩɪɟɪыɜɧыɦɢ ɫɨɫɬɨяɧɢ-
ɟɦ ɢ ɜɪɟɦɟɧɟɦ, ɩɪɢчɟɦ    ,0| ttT . 
Маɬɟɦаɬɢчɟɫɤɢɦ ɨɠɢɞаɧɢɟɦ ɫɥɭчаɣɧɨɝɨ 
ɩɪɨцɟɫɫа ɧаɡыɜаɟɬɫя ɮɭɧɤцɢя: 
 

    tMtm    (1) 

 
Кɨɪɪɟɥяцɢɨɧɧɨɣ ɮɭɧɤцɢɟɣ ɫɥɭчаɣɧɨɝɨ ɩɪɨ-
цɟɫɫа ɧаɡыɜаɟɬɫя ɮɭɧɤцɢя: 
 

        221121 )()(, tmttmtMttR    (2)

 
Пɭɫɬь ɞаɧ ɤɥаɫɫ ɫɥɭчаɣɧых ɩɪɨцɟɫɫɨɜ:  
 

Ttti :)(  (3) 

 
Вɡаɢɦɧɨɣ ɤɨɪɪɟɥяцɢɨɧɧɨɣ ɮɭɧɤцɢɟɣ ɫɥɭ-
чаɣɧых ɩɪɨцɟɫɫɨɜ ji  , ɧаɡыɜаɟɬɫя ɮɭɧɤцɢя: 
 

       212121 )()(, tmtmttMttR jiji   
 (4) 

 
Кɥаɫɫ ɫɥɭчаɣɧых ɩɪɨцɟɫɫɨɜ ɧаɡыɜаɟɬɫя ɝа-
ɭɫɫɨɜɫɤɢɦ, ɟɫɥɢ ɥɸɛыɟ ɟɝɨ ɤɨɧɟчɧɨɦɟɪɧыɟ 
ɪаɫɩɪɟɞɟɥɟɧɢя яɜɥяɸɬɫя ɧɨɪɦаɥьɧыɦɢ. 
Кɥаɫɫ ɫɥɭчаɣɧых ɩɪɨцɟɫɫɨɜ ɧаɡыɜаɟɬɫя ɫɬа-
цɢɨɧаɪɧыɦ, ɟɫɥɢ ɜɫɟɜɨɡɦɨɠɧыɟ ɦɧɨɝɨɦɟɪ-
ɧыɟ ɡаɤɨɧы ɪаɫɩɪɟɞɟɥɟɧɢя ɡаɜɢɫяɬ ɬɨɥьɤɨ ɨɬ 
ɜɡаɢɦɧɨɝɨ ɪаɫɩɨɥɨɠɟɧɢя ɦɨɦɟɧɬɨɜ ɜɪɟɦɟ-
ɧɢ ..., 21 tt , ɧɨ ɧɟ ɨɬ ɫаɦɢх ɡɧачɟɧɢɣ эɬɢх ɜɟ-
ɥɢчɢɧ. 
Кɥаɫɫ ɫɥɭчаɣɧых ɩɪɨцɟɫɫɨɜ ɧаɡыɜаɟɬɫя ɫɬа-
цɢɨɧаɪɧыɦ ɜ шɢɪɨɤɨɦ ɫɦыɫɥɟ, ɟɫɥɢ ɦаɬɟɦа-
ɬɢчɟɫɤɢɟ ɨɠɢɞаɧɢя ɥɸɛɨɝɨ ɜхɨɞящɟɝɨ ɫɥɭ-
чаɣɧɨɝɨ ɩɪɨцɟɫɫа ɧɟ ɡаɜɢɫɢɬ ɨɬ ɜɪɟɦɟɧɢ -  

ii
mtm   - а ɤɨɪɪɟɥяцɢɨɧɧыɟ ɮɭɧɤцɢɢ ɢ 

ɜɡаɢɦɧыɟ ɤɨɪɪɟɥяцɢɨɧɧыɟ ɮɭɧɤцɢɢ ɡаɜɢɫяɬ 
ɬɨɥьɤɨ ɨɬ ɪаɡɧɨɫɬɢ ɦɨɦɟɧɬɨɜ ɜɪɟɦɟɧɢ, ɞɥя 
ɤɨɬɨɪых ɜɡяɬы ɨɪɞɢɧаɬы ɫɥɭчаɣɧɨɣ ɮɭɧɤ-
цɢɢ:    2121, ttRttR

jiji
  . 
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Дɥя ɝаɭɫɫɨɜɫɤɢх ɩɪɨцɟɫɫɨɜ ɩɨɧяɬɢɟ ɫɬацɢɨ-
ɧаɪɧɨɫɬɢ ɜ шɢɪɨɤɨɦ ɢ ɭɡɤɨɦ ɫɦыɫɥах ɫɨɜɩа-
ɞаɸɬ. 
Сɩɟɤɬɪаɥьɧɨɣ ɩɥɨɬɧɨɫɬьɸ ɫɬацɢɨɧаɪɧɨɝɨ ɜ 
шɢɪɨɤɨɦ ɫɦыɫɥɟ ɫɥɭчаɣɧɨɝɨ ɩɪɨцɟɫɫа ɧаɡы-
ɜаɟɬɫя ɩɪɟɨɛɪаɡɨɜаɧɢɟ Фɭɪьɟ ɤɨɪɪɟɥяцɢɨɧ-
ɧɨɣ ɮɭɧɤцɢɢ: 
 

  deRfS if  2)()(
 

(5) 

 
Вɡаɢɦɧɨɣ ɫɩɟɤɬɪаɥьɧɨɣ ɩɥɨɬɧɨɫɬьɸ ɫɥɭчаɣ-
ɧых ɩɪɨцɟɫɫɨɜ, ɩɪɢɧаɞɥɟɠащɢх ɧɟɤɨɬɨɪɨɦɭ 
ɫɬацɢɨɧаɪɧɨɦɭ ɜ шɢɪɨɤɨɦ ɫɦыɫɥɟ ɤɥаɫɫɭ 
ɫɥɭчаɣɧых ɩɪɨцɟɫɫɨɜ, ɧаɡыɜаɟɬɫя ɩɪɟɨɛɪа-
ɡɨɜаɧɢɟ Фɭɪьɟ ɜɡаɢɦɧɨɣ ɤɨɪɪɟɥяцɢɨɧɧɨɣ 
ɮɭɧɤцɢɢ: 
 

  deRfS if

jiji   2)()(
 

(6) 

 
Мɨɠɧɨ ɩɨɤаɡаɬь, чɬɨ ɜыɪаɠɟɧɢɟ ɞɥя ɫɩɟɤ-
ɬɪаɥьɧɨɣ ɩɥɨɬɧɨɫɬɢ ɦɨɠɟɬ ɛыɬь  ɡаɩɢɫаɧɨ ɜ 
ɜɢɞɟ: 
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(7) 

 
Кɨɫɩɟɤɬɪɨɦ ɫɥɭчаɣɧых ɩɪɨцɟɫɫɨɜ ɧаɡыɜаɟɬ-
ɫя ɞɟɣɫɬɜɢɬɟɥьɧая чаɫɬь ɜɡаɢɦɧɨɣ ɫɩɟɤ-
ɬɪаɥьɧɨɣ ɩɥɨɬɧɨɫɬɢ: 
 

   dfRfS
jiji

C  2cos)()(
 

(8) 

 
Кɜаɞɪаɬɭɪɧыɦ ɫɩɟɤɬɪɨɦ ɫɥɭчаɣɧых ɩɪɨцɟɫ-
ɫɨɜ ɧаɡыɜаɟɬɫя, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɦɧɢɦая 
чаɫɬь ɜɡаɢɦɧɨɣ ɫɩɟɤɬɪаɥьɧɨɣ ɩɥɨɬɧɨɫɬɢ, 
ɭɦɧɨɠɟɧɧая ɧа -1: 
 

   dfRfS
jiji

Q  2sin)()(
 

(9) 

 

Кɨɝɟɪɟɧцɢɟɣ ɫɥɭчаɣɧых ɩɪɨцɟɫɫɨɜ ɧаɡыɜа-
ɟɬɫя ɮɭɧɤцɢя: 
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Зɧаɤ * ɨɛɨɡɧачаɟɬ ɡɧаɤ ɤɨɦɩɥɟɤɫɧɨɝɨ ɫɨɩɪя-
ɠɟɧɢя.    tytx ,  -ɪɟаɥɢɡацɢɢ ɩɪɨцɟɫɫɨɜ, ɫɨ-
ɨɬɜɟɬɫɬɜɟɧɧɨ 1  ɢ 2  
Ваɠɧыɦ ɨɩɪɟɞɟɥɟɧɢɟɦ ɩɪɢ ɢɡɭчɟɧɢɢ ɜɟɬɪɨ-
ɜых ɜɨɡɞɟɣɫɬɜɢɣ яɜɥяɟɬɫя ɢɧɬɟɝɪаɥьɧыɣ 
ɩɪɨɞɨɥьɧыɣ ɦаɫшɬаɛ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ. Пɭɫɬь  tz  - ɩɭɥьɫацɢɢ ɩɪɨɞɨɥьɧых ɫɤɨɪɨɫɬɟɣ ɜɟɬ-
ɪа, U  - ɫɪɟɞɧяя ɫɤɨɪɨɫɬь ɜɟɬɪа (ɜɟɬɟɪ ɩɪɟɞ-
ɩɨɥаɝаɟɬɫя ɫɬацɢɨɧаɪɧыɦ). Тɨɝɞа ɢɧɬɟɝɪаɥь-
ɧыɣ ɩɪɨɞɨɥьɧыɣ ɦаɫшɬаɛ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ 
ɨɩɪɟɞɟɥяɟɬɫя ɤаɤ: 
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Эɬа ɜɟɥɢчɢɧа яɜɥяɟɬɫя хаɪаɤɬɟɪɢɫɬɢɤɨɣ 
ɫɪɟɞɧɟɝɨ ɪаɡɦɟɪа ɬɭɪɛɭɥɟɧɬɧых ɜɢхɪɟɣ ɜ ɧа-
ɩɪаɜɥɟɧɢɢ ɫɪɟɞɧɟɝɨ ɬɟчɟɧɢя. Пɨɩɟɪɟчɧыɣ ɢ 
ɜɟɪɬɢɤаɥьɧыɣ ɦаɫшɬаɛы ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ ɨɩ-
ɪɟɞɟɥяɸɬɫя   ɩɨɞɨɛɧыɦ ɠɟ ɨɛɪаɡɨɦ. 
 
 
3. ɆȿɌɈȾɂɄА ɆɈȾȿɅɂɊɈȼАɇɂə  

ɄɅАɋɋА ɋɅɍЧАɃɇЫɏ ɉɊɈЦȿɋɋɈȼ 

 

Дɥя ɦɨɞɟɥɢɪɨɜаɧɢя ɫɤɨɪɨɫɬɟɣ ɩɪɢɦɟɧяɟɬɫя 
ɦɟɬɨɞ ɤаɧɨɧɢчɟɫɤɢх ɪаɡɥɨɠɟɧɢɣ – ɤаɠɞыɣ 
ɩɪɨцɟɫɫ (ɫɨɨɬɜɟɬɫɬɜɭɸщɢɣ ɩɪɨɟɤцɢɢ ɫɤɨɪɨ-
ɫɬɢ ɜɟɬɪа) ɩɪɟɞɫɬаɜɥяɟɬɫя ɜ ɜɢɞɟ ɫɭɦɦы ɝаɪ-
ɦɨɧɢɤ, ɤɨэɮɮɢцɢɟɧɬы ɤɨɬɨɪых яɜɥяɸɬɫя 
ɫɥɭчаɣɧыɦɢ ɜɟɥɢчɢɧаɦɢ ɫ хаɪаɤɬɟɪɢɫɬɢɤа-
ɦɢ: ɦаɬɟɦаɬɢчɟɫɤɢɟ ɨɠɢɞаɧɢя ɢ ɫɩɟɤɬɪаɥь-
ɧыɟ ɩɥɨɬɧɨɫɬɢ ɩɪɨцɟɫɫɨɜ: 
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Даɧɧыɣ ɦɟɬɨɞ ɪɟаɥɢɡɭɟɬ ɫɬацɢɨɧаɪɧыɣ ɝаɭɫ-
ɫɨɜɫɤɢɣ ɤɥаɫɫ ɫɥɭчаɣɧых ɩɪɨцɟɫɫɨɜ. 
 
 
4. ȻɂȻɅɂɈɌȿɄА ɉɊɈɎɂɅȿɃ  

ɋɊȿȾɇɂɏ ɋɄɈɊɈɋɌȿɃ  

ɂ ɋɉȿɄɌɊАɅɖɇЫɏ  

ɏАɊАɄɌȿɊɂɋɌɂɄ ȼȿɌɊА  

 
В хɨɞɟ аɧаɥɢɡа ɨɬɟчɟɫɬɜɟɧɧых ɢ ɡаɪɭɛɟɠɧых 
ɢɫɬɨчɧɢɤɨɜ ɞɥя ɨɩɪɟɞɟɥɟɧɢя хаɪаɤɬɟɪɢɫɬɢɤ 
ɜɟɬɪа ɤаɤ ɤɥаɫɫа ɫɥɭчаɣɧых ɩɪɨцɟɫɫɨɜ ɫɨ-
ɫɬаɜɥɟɧа ɛɢɛɥɢɨɬɟɤа ɩɪɨɮɢɥɟɣ средниɯ ɩро-
дольнɵɯ скоростей ветра:  Лɨɝаɪɢɮɦɢчɟɫɤɢɣ ɩɪɨɮɢɥь [1] 

 Сɬɟɩɟɧɧɨɣ ɩɪɨɮɢɥь [1] 

 Пɪɨɮɢɥь СНɢП 2.01.07-85 [8] 
ɢ ɟɝɨ сɩектральнɵɯ ɯарактеристик:  Сɩɟɤɬɪаɥьɧыɟ ɩɥɨɬɧɨɫɬɢ ɢ ɜɡаɢɦɧыɟ 

ɫɩɟɤɬɪаɥьɧыɟ ɩɥɨɬɧɨɫɬɢ ɬɪɟх ɤɨɦɩɨ-
ɧɟɧɬ ɫɤɨɪɨɫɬɢ [1]  Сɩɟɤɬɪаɥьɧыɟ ɩɥɨɬɧɨɫɬɢ ɢ ɜɡаɢɦɧыɟ 
ɫɩɟɤɬɪаɥьɧыɟ ɩɥɨɬɧɨɫɬɢ ɩɪɨɞɨɥьɧɨɣ 
ɫɨɫɬаɜɥяɸщɟɣ ɫɤɨɪɨɫɬɢ [2] 

 Сɩɟɤɬɪаɥьɧыɟ ɩɥɨɬɧɨɫɬɢ ɢ ɜɡаɢɦɧыɟ 
ɫɩɟɤɬɪаɥьɧыɟ ɩɥɨɬɧɨɫɬɢ ɩɪɨɞɨɥьɧɨɣ 
ɤɨɦɩɨɧɟɧɬы ɫɤɨɪɨɫɬɢ [3]  Сɩɟɤɬɪаɥьɧыɟ ɩɥɨɬɧɨɫɬɢ ɩɪɨɞɨɥьɧɨɣ 
ɫɨɫɬаɜɥяɸщɟɣ ɫɤɨɪɨɫɬɢ [4]  Сɩɟɤɬɪаɥьɧыɟ ɩɥɨɬɧɨɫɬɢ ɩɪɨɞɨɥьɧɨɣ 
ɢ ɜɟɪɬɢɤаɥьɧɨɣ ɫɨɫɬаɜɥяɸщɢх ɫɤɨɪɨ-
ɫɬɢ [5]  Вɡаɢɦɧыɟ ɫɩɟɤɬɪаɥьɧыɟ ɩɥɨɬɧɨɫɬɢ 
ɩɪɨɞɨɥьɧɨɣ ɫɨɫɬаɜɥяɸщɟɣ ɫɤɨɪɨɫɬɢ ɢ 
ɜɡаɢɦɧыɟ ɫɩɟɤɬɪаɥьɧыɟ ɩɥɨɬɧɨɫɬɢ 
ɩɪɨɞɨɥьɧɨɣ ɢ ɜɟɪɬɢɤаɥьɧɨɣ ɫɨɫɬаɜ-
ɥяɸщɟɣ ɫɤɨɪɨɫɬɢ [6]  Сɩɟɤɬɪаɥьɧыɟ ɩɥɨɬɧɨɫɬɢ ɬɪɟх ɤɨɦɩɨ-
ɧɟɧɬ ɫɤɨɪɨɫɬɢ [7]  Сɩɟɤɬɪаɥьɧыɟ ɩɥɨɬɧɨɫɬɢ ɩɪɨɞɨɥьɧɨɣ 
ɫɨɫɬаɜɥяɸщɟɣ ɫɤɨɪɨɫɬɢ [9] 

 
 
5. ɊȿАɅɂɁАЦɂə ɆȿɌɈȾɂɄɂ  

ɆɈȾȿɅɂɊɈȼАɇɂə ɉɈɅȿɃ  

ɋɄɈɊɈɋɌȿɃ ȼȿɌɊА ɄАɄ ɄɅАɋɋА 

ɋɅɍЧАɃɇЫɏ ɉɊɈЦȿɋɋɈȼ 

 
Мɟɬɨɞɢɤа (ɩ.3) ɦɨɞɟɥɢɪɨɜаɧɢя ɩɨɥɟɣ ɫɤɨɪɨ-
ɫɬɟɣ ɜɟɬɪа ɪɟаɥɢɡɨɜаɧа ɫ ɢɫɩɨɥьɡɨɜаɧɢɟɦ 
ɩɪɨɝɪаɦɦɧɨɝɨ ɩɪɨɞɭɤɬа MATLAB. Ƚɟɧɟɪɢ-
ɪɭɸɬɫя ɪɟаɥɢɡацɢɢ (ɜɪɟɦɟɧɧыɟ ɡаɜɢɫɢɦɨɫɬɢ) 
ɬɪɟх ɤɨɦɩɨɧɟɧɬ ɫɤɨɪɨɫɬɢ ɜɟɬɪа ɫ ɭчɟɬɨɦ ɜы-
шɟɭɤаɡаɧɧых ɩɪɨɫɬɪаɧɫɬɜɟɧɧɨ-ɜɪɟɦɟɧɧых 
хаɪаɤɬɟɪɢɫɬɢɤ ɩɨɬɨɤа. 
В ɤачɟɫɬɜɟ ɩɪɢɦɟɪа ɧа ɪɢɫɭɧɤах 2-4 ɩɪɢɜɟɞɟ-
ɧы ɪɟаɥɢɡацɢɢ ɫɤɨɪɨɫɬɟɣ ɫɨ ɫɥɭчаɣɧыɦɢ ха-
ɪаɤɬɟɪɢɫɬɢɤаɦɢ:   Пɪɨɮɢɥь ɫɪɟɞɧɟɣ ɩɪɨɞɨɥьɧɨɣ ɫɤɨɪɨ-

ɫɬɢ ɜɟɬɪа ɩɨ СНɢП 2.01.07-85 [11]: 
 

     10)( 0 UzczсzU r  (14)

 

 Сɩɟɤɬɪаɥьɧыɟ ɩɥɨɬɧɨɫɬɢ ɬɪɟх ɤɨɦɩɨ-
ɧɟɧɬ  ɫɤɨɪɨɫɬɢ ɢ ɜɡаɢɦɧая ɫɩɟɤɬɪаɥь-
ɧая ɩɥɨɬɧɨɫɬь ɩɪɨɞɨɥьɧɨɣ ɫɤɨɪɨɫɬɢ 
[1]: 



Чɢɫɥɟɧɧɨɟ ɦɨɞɟɥɢɪɨɜаɧɢɟ ɩɨɥя ɫɤɨɪɨɫɬɟɣ ɜɟɬɪа ɤаɤ ɤɥаɫɫа ɫɥɭчаɣɧых ɩɪɨцɟɫɫɨɜ  
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Рɢсɭɧɨɤ 1. Иɧɬɟɪɮɟɣс ɪаɡɪаɛɨɬаɧɧɨɝɨ  

ɩɪɢɥɨɠɟɧɢя (MATLAB). 
 

 
Рɢсɭɧɨɤ 2. ɋɩɟɤɬɪаɥьɧая ɩɥɨɬɧɨсɬь  
ɢ ɪɟаɥɢɡаɰɢя ɩɪɨɞɨɥьɧɨɣ сɨсɬавɥяɸщɟɣ  

сɤɨɪɨсɬɢ (ɦ/с). 

 
Рɢсɭɧɨɤ 3. ɋɩɟɤɬɪаɥьɧая ɩɥɨɬɧɨсɬь  
ɢ ɪɟаɥɢɡаɰɢя ɩɨɩɟɪɟчɧɨɣ сɨсɬавɥяɸщɟɣ  

сɤɨɪɨсɬɢ (ɦ/с). 
 

 
Рɢсɭɧɨɤ 4. ɋɩɟɤɬɪаɥьɧая ɩɥɨɬɧɨсɬь  

ɢ ɪɟаɥɢɡаɰɢя вɟɪɬɢɤаɥьɧɨɣ сɨсɬавɥяɸщɟɣ 
сɤɨɪɨсɬɢ (ɦ/с). 

 
 

6. ɁАɄɅɘЧȿɇɂȿ 

 

Дɥя ɨɩɪɟɞɟɥɟɧɢя хаɪаɤɬɟɪɢɫɬɢɤ ɜɟɬɪа ɤаɤ 
ɤɥаɫɫа ɫɥɭчаɣɧых ɩɪɨцɟɫɫɨɜ ɫɨɫɬаɜɥɟɧа ɛɢɛ-
ɥɢɨɬɟɤа ɩɪɨɮɢɥɟɣ средниɯ скоростей ветра 
ɢ ɟɝɨ сɩектральнɵɯ ɯарактеристик. 



С.И. Дɭɛɢɧɫɤɢɣ, А.Р. Уɫɦаɧɨɜ, И.Н. Аɮаɧаɫьɟɜа 
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Раɡɪаɛɨɬаɧа ɢ ɩɪɨɝɪаɦɦɧɨ ɪɟаɥɢɡɨɜаɧа ɦɟ-
ɬɨɞɢɤа ɦɨɞɟɥɢɪɨɜаɧɢя ɩɨɥɟɣ ɫɤɨɪɨɫɬɟɣ ɜɟɬ-
ɪа ɤаɤ ɤɥаɫɫа ɫɥɭчаɣɧых ɩɪɨцɟɫɫɨɜ ɫ ɩɪɢɦɟ-
ɧɟɧɢɟɦ ɦɟɬɨɞа ɤаɧɨɧɢчɟɫɤɢх ɪаɡɥɨɠɟɧɢɣ ɧа 
ɛаɡɟ ɜышɟɭɩɨɦяɧɭɬɨɣ ɛɢɛɥɢɨɬɟɤɢ. 
Пɨɥɭчɟɧɧыɟ ɪɟаɥɢɡацɢɢ ("ɪɟаɥьɧыɟ" ɫɤɨɪɨ-
ɫɬɢ) ɜɟɬɪа ɩɥаɧɢɪɭɟɬɫя ɩɪɢɦɟɧяɬь: 
1) В ɤачɟɫɬɜɟ ɝɪаɧɢчɧɨɝɨ ɭɫɥɨɜɢя ɧа ɜхɨɞɟ 
ɪаɫчɟɬɧɨɣ ɨɛɥаɫɬɢ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ чɢɫɥɟɧ-
ɧɨɝɨ аэɪɨɞɢɧаɦɢчɟɫɤɨɝɨ ɪаɫчɟɬа ɫ ɢɫɩɨɥьɡɨ-
ɜаɧɢɟɦ ɦɨɞɟɥɢ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ LES. 
2) Дɥя ɨɩɪɟɞɟɥɟɧɢя ɜɟɬɪɨɜɨɣ ɧаɝɪɭɡɤɢ ɩɨ 
ɮɨɪɦɭɥаɦ ɢɡ [1] ɫ ɢɫɩɨɥьɡɨɜаɧɢɟɦ эɬɢх ɪɟа-
ɥɢɡацɢɣ ɞɥя ɩɪɨɜɟɞɟɧɢɢ ɩɨɥɧɨɝɨ ɞɢɧаɦɢчɟ-
ɫɤɨɝɨ аɧаɥɢɡа. 
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Ʉ ɈЦȿɇɄȿ ЭɎɎȿɄɌɂȼɇɈɋɌɂ  

ȾɂɇАɆɂЧȿɋɄɈȽɈ ɂ ɍȾАɊɇɈȽɈ ȽАɋɂɌȿɅȿɃ  

ɄɈɅȿȻАɇɂɃ ɉАɋɋɂȼɇɈȽɈ ɌɂɉА  

ɉɊɂ ȾȿɃɋɌȼɂɂ ɉȿɊɂɈȾɂЧȿɋɄɂɏ ɂɆɉɍɅɖɋɈȼ  

ɄɈɇȿЧɇɈɃ ȾɅɂɌȿɅɖɇɈɋɌɂ 
 

А.В. Дукарт 
Мɨɫɤɨɜɫɤɢɣ ɝɨɫɭɞаɪɫɬɜɟɧɧыɣ ɫɬɪɨɢɬɟɥьɧыɣ ɭɧɢɜɟɪɫɢɬɟɬ, ɝ. Мɨɫɤɜа, РОССИə 

 
АɇɇɈɌАЦɂə: Раɫɫɦаɬɪɢɜаɸɬɫя ɭɫɬаɧɨɜɢɜшɢɟɫя ɤɨɥɟɛаɧɢя ɧɟаɜɬɨɧɨɦɧɨɣ ɞɜɭхɦаɫɫɨɜɨɣ ɦɟха-
ɧɢчɟɫɤɨɣ ɫɢɫɬɟɦы ɫ ɩɨɫɥɟɞɨɜаɬɟɥьɧыɦ ɫɨɟɞɢɧɟɧɢɟɦ ɡɜɟɧьɟɜ, ɜыɡɜаɧɧыɟ ɤɪаɬɤɨɜɪɟɦɟɧɧыɦɢ ɩɟ-
ɪɢɨɞɢчɟɫɤɢɦɢ ɢɦɩɭɥьɫаɦɢ, ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ (ɫɢɫɬɟɦа ɫ ɞɢɧаɦɢчɟɫɤɢɦ ɝаɫɢɬɟɥɟɦ) ɢ ɧаɥɢчɢɢ (ɫɢɫ-
ɬɟɦа ɫ ɭɞаɪɧыɦ ɝаɫɢɬɟɥɟɦ ɨɞɧɨɫɬɨɪɨɧɧɟɝɨ ɞɟɣɫɬɜɢя) ɫɨɭɞаɪɟɧɢɣ ɦɟɠɞɭ ɦаɫɫаɦɢ. Дɟɦɩɮɢɪɨɜаɧɢɟ 
ɜ ɡɜɟɧьях ɫɢɫɬɟɦы ɭчɢɬыɜаɟɬɫя ɩɨ ɝɢɩɨɬɟɡɟ чаɫɬɨɬɧɨ-ɧɟɡаɜɢɫɢɦɨɝɨ ɬɪɟɧɢя Е.С. Сɨɪɨɤɢɧа, ɩɪɢчɟɦ 
ɞɥя ɢɫхɨɞɧɨɣ ɫɢɫɬɟɦы ɨɧɨ ɩɪɢɧɢɦаɟɬɫя ɧɟɩɪɨɩɨɪцɢɨɧаɥьɧыɦ. В ɫɢɫɬɟɦɟ ɫ ɭɞаɪɧыɦ ɝаɫɢɬɟɥɟɦ 
ɫɨɭɞаɪɟɧɢя ɦаɫɫ ɩɪɟɞɩɨɥаɝаɸɬɫя ɦɝɧɨɜɟɧɧыɦɢ ɢ ɨцɟɧɢɜаɸɬɫя ɤɨэɮɮɢцɢɟɧɬɨɦ ɜɨɫɫɬаɧɨɜɥɟɧɢя 
ɩɪɢ ɭɞаɪɟ. Дɥя ɨɩɪɟɞɟɥɟɧɢя ɫɬацɢɨɧаɪɧых ɤɨɥɟɛаɧɢɣ ɫɢɫɬɟɦы ɢɫɩɨɥьɡɭɸɬɫя ɢɡɜɟɫɬɧыɟ аɧаɥɢɬɢ-
чɟɫɤɢɟ ɪɟшɟɧɢя [1,5]. С ɢх ɩɨɦɨщьɸ ɧаɣɞɟɧы ɨɩɬɢɦаɥьɧыɟ ɩаɪаɦɟɬɪы ɢ ɞаɧа ɨцɟɧɤа эɮɮɟɤɬɢɜ-
ɧɨɫɬɢ ɞɢɧаɦɢчɟɫɤɨɝɨ ɢ ɭɞаɪɧɨɝɨ ɝаɫɢɬɟɥɟɣ ɩɪɢ ɞɟɣɫɬɜɢɢ ɩɟɪɢɨɞɢчɟɫɤɢх ɢɦɩɭɥьɫɨɜ ɩɪяɦɨɭɝɨɥь-
ɧɨɣ ɮɨɪɦы ɪаɡɥɢчɧɨɣ ɞɥɢɬɟɥьɧɨɫɬɢ ɫ ɧɟɫɬаɛɢɥьɧɨɣ чаɫɬɨɬɨɣ ɢх ɩɪɢɥɨɠɟɧɢя. 
 

Ʉлючевые словɚ: ɩɟɪɢɨɞɢчɟɫɤɢɟ ɢɦɩɭɥьɫы, ɞɥɢɬɟɥьɧɨɫɬь ɢ ɮɨɪɦа ɢɦɩɭɥьɫа,  
ɞɢɧаɦɢчɟɫɤɢɣ ɝаɫɢɬɟɥь, ɭɞаɪɧыɣ ɝаɫɢɬɟɥь, чаɫɬɨɬɧɨ-ɧɟɡаɜɢɫɢɦɨɟ ɬɪɟɧɢɟ,  
ɢɦɩɭɥьɫɧɨ-чаɫɬɨɬɧая хаɪаɤɬɟɪɢɫɬɢɤа, эɮɮɟɤɬɢɜɧɨɫɬь ɜɢɛɪɨɡащɢɬы 

 
 

ON ASSESSMENT OF EFFICIENCY 

OF DYNAMIC AND IMPACT ABSORBERS   

OF PASSIVE TYPE UNDER  PERIODIC IMPULSES  

OF FINITE DURATION  
 

Adam V. Dukart 
Moscow State University of Civil Engineering, Moscow, RUSSIA 

 
ABSTRACT: Steady oscillations in non-autonomous two-mass system, caused by  short-term periodic 
impulses, are considered;  in the case of impact absorber, the masses collide while in the dynamic ab-
sorber, the collisions are absent. Damping in the parts of the system is taken into account according to the 
hypothesis of frequency-independent friction due to E.S.Sorokin, and for the main mass, it is accepted 
disproportionate. The collisions in the, system with impact absorber are assumed instantaneous and are  
determined using the restitution coefficient. To find the steady-state oscillation of the system,  well 
known analytical solutions [1,5] are used. Finally, the optimal values of the parameters of the dynamic 
and impact absorbers are found and their efficiency depending the duration of periodic rectangular pulses 
of unstable frequency is evaluated. 
 

Key words: periodic impulses, duration and form of impulses, dynamic absorber, impact absorber,  
frequency-independent friction, impulse-frequency characteristics, damper efficiency 
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ȼȼȿȾȿɇɂȿ  
 
Оɞɧɢɦ ɢɡ ɨɫɧɨɜɧых ɧаɩɪаɜɥɟɧɢɣ ɪаɡɜɢɬɢя 
ɬɟɨɪɢɢ ɞɢɧаɦɢчɟɫɤɢх ɢ ɭɞаɪɧых ɝаɫɢɬɟɥɟɣ 
ɤɨɥɟɛаɧɢɣ яɜɥяɟɬɫя ɨцɟɧɤа ɢх эɮɮɟɤɬɢɜɧɨ-
ɫɬɢ ɩɪɢ ɪаɡɥɢчɧых ɜɨɡɦɭщаɸщɢх ɧаɝɪɭɡɤах. 
К ɧаɫɬɨящɟɦɭ ɜɪɟɦɟɧɢ ɧаɢɛɨɥɟɟ ɩɨɥɧɨ ɢɡɭ-
чɟɧы ɜɨɡɦɨɠɧɨɫɬɢ ɝаɫɢɬɟɥɟɣ ɤɨɥɟɛаɧɢɣ ɩаɫ-
ɫɢɜɧɨɝɨ ɬɢɩа ɩɪɢ ɝаɪɦɨɧɢчɟɫɤɢх ɜɨɡɞɟɣɫɬ-
ɜɢях ɫ ɪаɡɥɢчɧɨɣ ɫɬɟɩɟɧьɸ ɧɟɫɬаɛɢɥьɧɨɫɬɢ 
ɢх чаɫɬɨɬы [1, 2]. Зɧачɢɬɟɥьɧɨ ɦɟɧьшɟ ɜ ɥɢ-
ɬɟɪаɬɭɪɟ ɨɫɜɟщɟɧы ɜɨɩɪɨɫы ɝашɟɧɢя ɤɨɥɟ-
ɛаɧɢɣ ɨɛъɟɤɬɨɜ ɜɢɛɪɨɡащɢɬы (ɫɬɪɨɢɬɟɥьɧыɟ 
ɤɨɧɫɬɪɭɤцɢɢ, ɦашɢɧы, ɩɪɢɛɨɪы ɢ ɞɪɭɝɢɟ) 
ɩɪɢ ɢɦɩɭɥьɫɢɜɧых ɜɨɡɞɟɣɫɬɜɢях, ɤɨɬɨɪыɟ 
ɫɨɫɬаɜɥяɸɬ ɜаɠɧыɣ ɤɥаɫɫ эɤɫɩɥɭаɬацɢɨɧɧых 
ɧаɝɪɭɡɨɤ [3]. В ɪяɞɟ ɫɥɭчаɟɜ ɢɦɩɭɥьɫɢɜɧыɟ 
ɧаɝɪɭɡɤɢ ɩɪɟɞɫɬаɜɥяɸɬ ɫɨɛɨɣ ɜɨɡɦɭщаɸщɢɟ 
ɜɨɡɞɟɣɫɬɜɢя ɜ ɜɢɞɟ ɦɧɨɝɨɤɪаɬɧɨ ɩɨɜɬɨɪяɸ-
щɢхɫя ɫɢɥ ɢ ɭɞаɪɨɜ, ɤɨɬɨɪыɟ ɩɪɢ ɨɩɪɟɞɟɥɟɧ-
ɧых ɫɨɨɬɧɨшɟɧɢях ɦɟɠɞɭ ɩаɪаɦɟɬɪаɦɢ ɨɛъ-
ɟɤɬа ɢ ɧаɝɪɭɡɤɢ ɦɨɝɭɬ ɩɪɢɧɢɦаɬьɫя ɩɟɪɢɨɞɢ-
чɟɫɤɢɦɢ [3]. Таɤɢɟ ɧаɝɪɭɡɤɢ ɫɨɡɞаɸɬɫя 
шɬаɦɩɨɜɨчɧыɦɢ аɜɬɨɦаɬаɦɢ, ɮɨɪɦɨɜɨчɧы-
ɦɢ ɦашɢɧаɦɢ, ɝɢɞɪаɜɥɢчɟɫɤɢɦɢ ɢ ɦɟхаɧɢчɟ-
ɫɤɢɦɢ ɦɨɥɨɬаɦɢ ɢ ɞɪɭɝɢɦɢ ɦɟхаɧɢɡɦаɦɢ. Вɨ 
ɦɧɨɝɢх ɪаɫчɟɬɧых ɫɢɬɭацɢях ɡаɦɟɧа ɢɦɩɭɥь-
ɫɨɜ ɤɨɧɟчɧɨɣ ɩɪɨɞɨɥɠɢɬɟɥьɧɨɫɬɢ ɦɝɧɨɜɟɧ-
ɧыɦɢ ɧɟɞɨɩɭɫɬɢɦа ɢ ɞɥя ɩɨɥɭчɟɧɢя ɭɞɨɜɥɟ-
ɬɜɨɪɢɬɟɥьɧых ɪɟɡɭɥьɬаɬɨɜ ɢɫɫɥɟɞɨɜаɧɢɟ ɩɨ-
ɜɟɞɟɧɢя ɨɛъɟɤɬɨɜ ɞɨɥɠɧɨ ɩɪɨɢɡɜɨɞɢɬьɫя ɫ 
ɭчɟɬɨɦ ɜɥɢяɧɢя ɮɨɪɦы ɢ ɞɥɢɬɟɥьɧɨɫɬɢ ɞɟɣ-
ɫɬɜɢя ɢɦɩɭɥьɫɨɜ [3]. 
 
 
1. ɉɈɋɌАɇɈȼɄА ɁАȾАЧɂ  
 
В ɧаɫɬɨящɟɣ ɪаɛɨɬɟ ɢɫɫɥɟɞɭɟɬɫя эɮɮɟɤɬɢɜ-
ɧɨɫɬь ɨɞɧɨɦаɫɫɨɜых ɞɢɧаɦɢчɟɫɤɨɝɨ ɢ ɭɞаɪ-
ɧɨɝɨ ɝаɫɢɬɟɥɟɣ ɜ ɪɟɠɢɦɟ ɨɫɧɨɜɧɨɝɨ ɢɦ-
ɩɭɥьɫɧɨɝɨ ɪɟɡɨɧаɧɫа, хаɪаɤɬɟɪɢɡɭɸщɟɝɨɫя 
ɪɟɡɤɢɦ ɭɜɟɥɢчɟɧɢɟɦ ɜɧɭɬɪɟɧɧɢх ɭɫɢɥɢɣ ɢ 
ɩɟɪɟɦɟщɟɧɢɣ ɡащɢщаɟɦɨɝɨ ɨɛъɟɤɬа. Пɪɟɞ-
ɩɨɥаɝаɟɬɫя, чɬɨ ɡащɢщаɟɦыɣ ɨɛъɟɤɬ ɨɛɥаɞа-
ɟɬ ɪаɡɪɟɠɟɧɧыɦ ɫɩɟɤɬɪɨɦ чаɫɬɨɬ ɫɨɛɫɬɜɟɧ-
ɧых ɤɨɥɟɛаɧɢɣ ɢ ɩɨэɬɨɦɭ ɦɨɞɟɥɢɪɭɟɬɫя ɫɢɫ-
ɬɟɦɨɣ ɫ ɨɞɧɨɣ ɫɬɟɩɟɧьɸ ɫɜɨɛɨɞы. Дɥя ɥɸɛɨ-

ɝɨ цɢɤɥа [0, Т] ɡаɞаɧɧая ɩɟɪɢɨɞɢчɟɫɤая ɧа-
ɝɪɭɡɤа ɜ ɜɢɞɟ ɨɞɧɨɫɬɨɪɨɧɧɢх ɢɦɩɭɥьɫɨɜ ɤɨ-
ɧɟчɧɨɣ ɩɪɨɞɨɥɠɢɬɟɥьɧɨɫɬɢ ɨɩɢɫыɜаɟɬɫя ɜɨ 
ɜɪɟɦɟɧɢ t  аɧаɥɢɬɢчɟɫɤɢɦ ɜыɪаɠɟɧɢɟɦ: 
 

)()( 0 tfPtP   ɩɪɢ 00 tt  , 

0)( tP  ɩɪɢ Ttt 0 , 

 
ɝɞɟ 0t  – ɧачаɥɨ ɢ 0t  – ɩɪɨɞɨɥɠɢɬɟɥьɧɨɫɬь 
ɞɟɣɫɬɜɢя ɢɦɩɭɥьɫɨɜ; 0P  – ɦаɤɫɢɦɭɦ ɢɦɩɭɥь-
ɫɢɜɧɨɣ ɧаɝɪɭɡɤɢ; T  – ɩɟɪɢɨɞ ɩɪɢɥɨɠɟɧɢя 
ɢɦɩɭɥьɫɨɜ; )(tf  – ɮɭɧɤцɢя, хаɪаɤɬɟɪɢɡɭɸ-
щая ɮɨɪɦɭ ɢɦɩɭɥьɫɨɜ, ɩɪɢчɟɦ ɩɪɢ ɜɫɟх t  
ɨɧа ɩɨɥɨɠɢɬɟɥьɧа ɢ ɭɞɨɜɥɟɬɜɨɪяɟɬ ɭɫɥɨɜɢɸ 

1)( tf .  

Пɪɢ ɪɟшɟɧɢɢ ɩɪɢɤɥаɞɧых ɡаɞач ɬɟɨɪɢɢ ɤɨ-
ɥɟɛаɧɢɣ ɢ ɞɢɧаɦɢɤɢ ɫɨɨɪɭɠɟɧɢɣ ɧаɢɛɨɥɟɟ 
чаɫɬɨ ɜɫɬɪɟчаɸɬɫя ɢɦɩɭɥьɫы ɜ ɮɨɪɦɟ ɩɪя-
ɦɨɭɝɨɥьɧɢɤа, ɬɪɟɭɝɨɥьɧɢɤа, ɬɪаɩɟцɢɢ, ɩɨɥɭ-
ɜɨɥɧы ɫɢɧɭɫɨɢɞы ɢ ɞɪɭɝɢх [3]. В ɞаɧɧɨɣ ɪа-
ɛɨɬɟ ɨɝɪаɧɢчɢɦɫя ɪаɫɫɦɨɬɪɟɧɢɟɦ ɤɨɥɟɛаɧɢɣ 
ɫɢɫɬɟɦы ɫ ɞɢɧаɦɢчɟɫɤɢɦ (ДȽК) ɢɥɢ ɭɞаɪɧыɦ 
(УȽК) ɝаɫɢɬɟɥяɦɢ ɩɪɢ ɞɟɣɫɬɜɢɢ ɩɟɪɢɨɞɢчɟ-
ɫɤɢх ɢɦɩɭɥьɫɨɜ ɩɪяɦɨɭɝɨɥьɧɨɣ ɮɨɪɦы. В 
эɬɨɦ ɫɥɭчаɟ ɮɭɧɤцɢя ɮɨɪɦы ɢɦɩɭɥьɫɨɜ ɩɨ-
ɫɬɨяɧɧа   
 

  1)0( 0   ttf ,                            (2) 
 

ɝɞɟ ɡɧаɤаɦɢ «–» ɢ «+» ɨɛɨɡɧачɟɧы ɦɨɦɟɧɬы 
ɜɪɟɦɟɧɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɞɨ ɢ ɩɨɫɥɟ ɫɤачɤɨ-
ɨɛɪаɡɧɨɝɨ ɢɡɦɟɧɟɧɢя ɢɦɩɭɥьɫа ɩɪɢ 0t  ɢ 

0tt  , а ɬаɤɠɟ ɩɪɢ Tt  . Дɟɦɩɮɢɪɨɜаɧɢɟ ɜ 
ɡɜɟɧьях ɢɫхɨɞɧɨɣ ɫɢɫɬɟɦы ɭчɬɟɦ ɩɨ ɝɢɩɨɬɟɡɟ 
чаɫɬɨɬɧɨ-ɧɟɡаɜɢɫɢɦɨɝɨ ɬɪɟɧɢя [3], ɩɪɢчɟɦ 
ɩɪɟɞɩɨɥаɝаɟɬɫя, чɬɨ ɢɫхɨɞɧая ɫɢɫɬɟɦа ɜ цɟ-
ɥɨɦ ɨɛɥаɞаɟɬ ɧɟɩɪɨɩɨɪцɢɨɧаɥьɧыɦ ɬɪɟɧɢɟɦ. 
Раɫчɟɬɧыɟ ɫхɟɦы ɡащɢщаɟɦɨɝɨ ɨɛъɟɤɬа ɫ 
ɞɢɧаɦɢчɟɫɤɢɦ ɢ ɭɞаɪɧыɦ ɝаɫɢɬɟɥяɦɢ ɩɪɢɜɟ-
ɞɟɧы ɧа ɪɢɫ. 1,а ɢ ɪɢɫ. 1,ɛ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, 
ɝɞɟ ɨɛɨɡɧачɟɧɨ: jm , jc , j  ɢ jx  – ɦаɫɫа, ɤɜа-
ɡɢɭɩɪɭɝɢɣ ɤɨэɮɮɢцɢɟɧɬ, ɤɨэɮɮɢцɢɟɧɬ ɧɟɭɩ-
ɪɭɝɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢя ɢ аɛɫɨɥɸɬɧая ɤɨɨɪɞɢ-
ɧаɬа ɡащɢщаɟɦɨɝɨ ɨɛъɟɤɬа ( 1j ) ɢ ɝаɫɢɬɟɥя 
( 2j ). Кɪɨɦɟ ɬɨɝɨ, ɧа ɪɢɫ. 1,ɛ чɟɪɟɡ D    

(1) 



К ɨцɟɧɤɟ эɮɮɟɤɬɢɜɧɨɫɬɢ ɞɢɧаɦɢчɟɫɤɨɝɨ ɢ ɭɞаɪɧɨɝɨ ɝаɫɢɬɟɥɟɣ ɤɨɥɟɛаɧɢɣ ɩаɫɫɢɜɧɨɝɨ ɬɢɩа ɩɪɢ ɞɟɣɫɬɜɢɢ 
ɩɟɪɢɨɞɢчɟɫɤɢх ɢɦɩɭɥьɫɨɜ ɤɨɪɨɬɤɨɣ ɩɪɨɞɨɥɠɢɬɟɥьɧɨɫɬɢ  
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Рɢсɭɧɨɤ 1. Расчɟɬɧыɟ схɟɦы ɡащɢщаɟɦɨɝɨ ɨɛɴɟɤɬа с ɞɢɧаɦɢчɟсɤɢɦ (а) ɢ ɭɞаɪɧыɦ (ɛ) 
ɝасɢɬɟɥяɦɢ ɤɨɥɟɛаɧɢɣ 

 
ɨɛɨɡɧачɟɧ ɧачаɥьɧыɣ ɡаɡɨɪ ɦɟɠɞɭ ɦаɫɫаɦɢ. 
В ɫɢɫɬɟɦɟ ɫ ɭɞаɪɧыɦ ɝаɫɢɬɟɥɟɦ ɫɨɭɞаɪɟɧɢя 
ɦаɫɫ ɩɪɢɧɢɦаɸɬɫя ɦɝɧɨɜɟɧɧыɦɢ ɢ ɭчɢɬы-
ɜаɸɬɫя ɤɨэɮɮɢцɢɟɧɬɨɦ ɜɨɫɫɬаɧɨɜɥɟɧɢя ɩɪɢ 
ɭɞаɪɟ 10  R  [4]. 
 
 
2. ɋɌАЦɂɈɇАɊɇЫȿ ɄɈɅȿȻАɇɂə 

ɋɂɋɌȿɆЫ ɋ ȾȽɄ  

 

Раɫɫɦɨɬɪɢɦ ɫɧачаɥа ɫɬацɢɨɧаɪɧыɟ ɤɨɥɟɛа-
ɧɢя ɫ ɩɟɪɢɨɞɨɦ T  ɩɪɢɥɨɠɟɧɢя ɢɦɩɭɥьɫɨɜ 
ɤɨɧɟчɧɨɣ ɩɪɨɞɨɥɠɢɬɟɥьɧɨɫɬɢ (1) ɫɢɫɬɟɦы ɫ 
ɞɢɧаɦɢчɟɫɤɢɦ ɝаɫɢɬɟɥɟɦ (ɪɢɫ. 1,а). Бɭɞɟɦ 
ɫчɢɬаɬь, чɬɨ ɤɨɥɟɛаɧɢя ɫɢɫɬɟɦы ɨɩɢɫыɜаɸɬ-
ɫя ɥɢɧɟɣɧыɦɢ ɞɢɮɮɟɪɟɧцɢаɥьɧыɦɢ ɭɪаɜɧɟ-
ɧɢяɦɢ  
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Учɢɬыɜая ɩɪɟɪыɜɢɫɬыɣ хаɪаɤɬɟɪ ɡаɞаɧɧɨɣ 
ɧаɝɪɭɡɤɢ )(tP , ɞɜɢɠɟɧɢɟ ɫɢɫɬɟɦы ɜ ɩɪɨɦɟ-

ɠɭɬɤах ɜɪɟɦɟɧɢ [ 
0,0 t ] ɢ [ Tt ,0

 ] ɨɩɢɫыɜаɟɬɫя 
ɪаɡɧыɦɢ ɭɪаɜɧɟɧɢяɦɢ. Иɫɩɨɥьɡɭя ɫɨɨɬɜɟɬɫɬ-
ɜɭɸщɟɟ (1) ɢ (2) ɩɟɪɢɨɞɢчɟɫɤɨɟ ɪɟшɟɧɢɟ 
ɭɪаɜɧɟɧɢɣ (3) ɫɬаɬьɢ [5], ɩɪɟɞɫɬаɜɢɦ ɮɭɧɤ-
цɢɢ аɛɫɨɥɸɬɧых ɨɬɤɥɨɧɟɧɢɣ )(tx p
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j hutb    

             )];()([ 05,0 tretd th     

 thp
j

p
jj euht   5,0)(5,0[(2)(   

]sin)5,0()cos thut p
j

p
j    ; (6) 
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 ])()([)( 05,0 thp
jj etatbut   

)]()([ 05,0 tretd thp
j    ; 

)sincos(2)( ttut p
j

p
jj    , 

 
ɝɞɟ  
 

)(cos)(cos)( 0
5,0

0 ttetTtta th      ; 

teTttb th    cos)(cos)( 5,0 ;            (7) 

)()/1()( tatd    ; )()/1()( tbtr    . 

 
Дɥя ɩɪɨɦɟɠɭɬɤа ɜɪɟɦɟɧɢ   Ttt0  ɭɪаɜɧɟ-
ɧɢя ɞɜɢɠɟɧɢя (4), (5) ɫɨхɪаɧяɸɬɫя, ɤаɤ ɢ 
ɜхɨɞящɢɟ ɜ ɧɢх ɮɭɧɤцɢɢ (6), (7), ɤɪɨɦɟ 
ɮɭɧɤцɢɢ )(tj , ɞɥя ɤɨɬɨɪɨɣ ɫɥɟɞɭɟɬ ɩɪɢ-

ɧяɬь 
 

 )()5,0[(2)( tguht p
j

p
jj    

)]()5,0( tqhu p
j

p
j    .                             (8) 

 
Зɞɟɫь  
 

tttetg th   cos)(cos)( 0
5,0  ; 

)()/1()( tgtq    . 

 
В (6) ɢ (8) ɜɟɥɢчɢɧы p

ju  , p
j  ɢ s  ɜычɢɫɥя-

ɸɬɫя ɩɨ ɮɨɪɦɭɥаɦ  
 

 )(2 4113221211 pp uu  

)( 1242 hh   ; 

 ))([2 421
2
4

2
331211  p  

)( 1241 hh   ; 

 ))([2 422
2
2

2
131112  p  

)( 1232 hh   ; 

  211212
ppp uu   ; 

121212    ppp u ; 

 ])[({4 2
4

2
2

2
3121s   

]})(25,0[ 2
2

2
1

2
2142   hh . 

 

Кɨэɮɮɢцɢɟɧɬы ɪаɫɩɪɟɞɟɥɟɧɢя аɦɩɥɢɬɭɞ ɨɩ-
ɪɟɞɟɥяɸɬɫя ɫɨɨɬɧɨшɟɧɢяɦɢ  
 

 2
2

2
222

12 )25,0[( uuh ГГ    

  /])( 2
2

2 hГ  ; 

 2
2

2
222

2 )25,0[(   ГГ uh              (10) 

  /])( 2
2

2 uhГ  ; 

,)()25,0( 22
2

22
2

22   huh ГГ    

 

ɝɞɟ 22 / mcГ   – ɩаɪцɢаɥьɧая чаɫɬɨɬа ɤɨ-
ɥɟɛаɧɢɣ ɝаɫɢɬɟɥя. 
Чаɫɬɨɬы   ɢ ɤɨэɮɮɢцɢɟɧɬы ɞɟɦɩɮɢɪɨɜа-
ɧɢя h  ɫɜɨɛɨɞɧых ɤɨɥɟɛаɧɢɣ ɫɢɫɬɟɦы «ɡа-
щɢщаɟɦыɣ ɨɛъɟɤɬ – ɞɢɧаɦɢчɟɫɤɢɣ ɝаɫɢ-
ɬɟɥь» яɜɥяɸɬɫя ɤɨɦɩɥɟɤɫɧɨ-ɫɨɩɪяɠɟɧɧыɦɢ 
ɤɨɪɧяɦɢ   ih  5,02,12  хаɪаɤɬɟɪɢɫɬɢ-

чɟɫɤɨɝɨ ɭɪаɜɧɟɧɢя  
 

 )()([ 21
2

11
2
01

4
1 mmiumm Гl   

 )[()]( 2121
22

01
2

22  uumiu Гl  

0)]( 1221   uui ,                                     (11) 
 

ɝɞɟ 110 / mc  – чаɫɬɨɬа ɫɨɛɫɬɜɟɧɧых ɤɨ-
ɥɟɛаɧɢɣ ɡащɢщаɟɦɨɝɨ ɨɛъɟɤɬа ɛɟɡ ɝаɫɢɬɟɥя. 
 
 
3. ɍɋɌАɇɈȼɂȼɒɂȿɋə ɄɈɅȿȻАɇɂə 

ɋɂɋɌȿɆЫ ɋ ɍȽɄ  
 
Раɫɫɦɨɬɪɢɦ ɞаɥɟɟ ɭɫɬаɧɨɜɢɜшɢɟɫя ɤɨɥɟɛа-
ɧɢя ɡащɢщаɟɦɨɝɨ ɨɛъɟɤɬа ɫ ɭɞаɪɧыɦ ɝаɫɢɬɟ-
ɥɟɦ ɨɞɧɨɫɬɨɪɨɧɧɟɝɨ ɞɟɣɫɬɜɢя (ɪɢɫ. 1,ɛ). Бɭ-
ɞɟɦ ɫчɢɬаɬь, чɬɨ ɜ ɢɫхɨɞɧɨɣ ɫɢɫɬɟɦɟ «ɡащɢ-
щаɟɦыɣ ɨɛъɟɤɬ – ɭɞаɪɧыɣ ɝаɫɢɬɟɥь» ɪɟаɥɢ-
ɡɭɟɬɫя ɨɫɧɨɜɧɨɣ ɪɟɠɢɦ ɞɜɢɠɟɧɢя ɫɢɫɬɟɦы ɫ 
ɨɞɧɢɦ ɫɨɭɞаɪɟɧɢɟɦ ɦɟɠɞɭ ɡащɢщаɟɦыɦ 
ɨɛъɟɤɬɨɦ ɢ ɝаɫɢɬɟɥɟɦ ɡа ɩɟɪɢɨɞ ɩɪɢɥɨɠɟɧɢя 
ɜɧɟшɧɢх ɢɦɩɭɥьɫɨɜ (1), ɤɨɬɨɪыɣ ɩɪɢɧɢɦаɟɬ-
ɫя ɭɫɬɨɣчɢɜыɦ. 
В ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɢɧяɬыɦɢ ɩɪɟɞɩɨɥɨɠɟ-
ɧɢяɦɢ ɩɨɥɧɨɟ ɞɜɢɠɟɧɢɟ ɢɫхɨɞɧɨɣ ɫɢɫɬɟɦы ɜ 
ɩɪɨɦɟɠɭɬɤɟ ɜɪɟɦɟɧɢ ] [0, T  ɦɨɠɧɨ ɪаɫɫɦаɬ-

(9) 



К ɨцɟɧɤɟ эɮɮɟɤɬɢɜɧɨɫɬɢ ɞɢɧаɦɢчɟɫɤɨɝɨ ɢ ɭɞаɪɧɨɝɨ ɝаɫɢɬɟɥɟɣ ɤɨɥɟɛаɧɢɣ ɩаɫɫɢɜɧɨɝɨ ɬɢɩа ɩɪɢ ɞɟɣɫɬɜɢɢ 
ɩɟɪɢɨɞɢчɟɫɤɢх ɢɦɩɭɥьɫɨɜ ɤɨɪɨɬɤɨɣ ɩɪɨɞɨɥɠɢɬɟɥьɧɨɫɬɢ  
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ɪɢɜаɬь [1] ɤаɤ ɤɨɥɟɛаɧɢя ɛɟɡɭɞаɪɧɨɣ ɫɢɫɬɟ-
ɦы, ɤ ɤɨɬɨɪɨɣ ɧаɪяɞɭ ɫ ɡаɞаɧɧыɦ ɜɨɡɞɟɣɫɬ-
ɜɢɟɦ )(tP  ɤ ɤаɠɞɨɣ ɢɡ ɦаɫɫ ɩɪɢɥɨɠɟɧа ɛɟɫ-
ɤɨɧɟчɧая ɩɨɫɥɟɞɨɜаɬɟɥьɧɨɫɬь ɜɧɭɬɪɟɧɧɢх 
ɦɝɧɨɜɟɧɧых ɢɦɩɭɥьɫɨɜ ɨɞɧɨɫɬɨɪɨɧɧɟɝɨ ɧа-
ɩɪаɜɥɟɧɢя 
 





k

tkTtStS )()( **  .              (12) 

 
Зɞɟɫь )(t  – ɞɟɥьɬа-ɮɭɧɤцɢя Дɢɪаɤа; *t  – 

ɦɨɦɟɧɬ ɜɨɡɧɢɤɧɨɜɟɧɢя ɢ *S  – ɜɟɥɢчɢɧа ɢɦ-
ɩɭɥьɫа, ɜыɡɜаɧɧɨɝɨ ɫɨɭɞаɪɟɧɢɟɦ.  
Тɨɝɞа 
 

)()()( txtxtx s
j

p
jj  ,                        (13) 

 
ɝɞɟ )(tx p

j  – ɭɫɬаɧɨɜɢɜшɢɟɫя ɤɨɥɟɛаɧɢя j-ɨɣ 

ɦаɫɫы, ɨɩɪɟɞɟɥяɟɦыɟ ɡаɞаɧɧыɦ ɜɨɡɞɟɣɫɬɜɢ-
ɟɦ (1) ɢ ɨɩɢɫыɜаɟɦыɟ ɮɭɧɤцɢɟɣ (4); )(s tx j  – 

ɩɟɪɢɨɞɢчɟɫɤɢɟ ɤɨɥɟɛаɧɢя j-ɨɣ ɦаɫɫы, ɨɬɜɟ-
чаɸщɢɟ ɜɧɭɬɪɟɧɧɢɦ ɢɦɩɭɥьɫаɦ (12). Дɜɢ-
ɠɟɧɢɟ ɝаɫɢɬɟɥя ɨɬɧɨɫɢɬɟɥьɧɨ ɡащɢщаɟɦɨɝɨ 
ɨɛъɟɤɬа ɨɝɪаɧɢчɟɧɨ ɧачаɥьɧыɦ ɡаɡɨɪɨɦ D 
(ɪɢɫ. 1,ɛ) 
 

Dtxtxtx  )()()( 12 .             (14) 
 
Сɨɭɞаɪɟɧɢя ɦаɫɫ 1m  ɢ 2m  ɩɪɨɢɫхɨɞяɬ, ɤɨɝɞа 
ɜ (14) ɜыɩɨɥɧяɟɬɫя ɪаɜɟɧɫɬɜɨ ɢ ɨɬɧɨɫɢɬɟɥь-
ɧая ɫɤɨɪɨɫɬь )(tx  ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ, ɧɟɩɨ-
ɫɪɟɞɫɬɜɟɧɧɨ ɩɪɟɞшɟɫɬɜɭɸщɢɣ ɫɨɭɞаɪɟɧɢɸ, 
ɩɨɥɨɠɢɬɟɥьɧа.  
Иɫɤɨɦɨɟ ɭɫɬаɧɨɜɢɜшɟɟɫя ɞɜɢɠɟɧɢɟ ɫɢɫɬɟɦы 
ɦɨɠɧɨ ɫчɢɬаɬь ɧаɣɞɟɧɧыɦ, ɟɫɥɢ ɢɡɜɟɫɬɧы 
ɜɟɥɢчɢɧа ɢɦɩɭɥьɫа *S  ɢ ɦɨɦɟɧɬ ɫɨɭɞаɪɟɧɢя 
ɦаɫɫ *t . Дɥя ɢх ɨɩɪɟɞɟɥɟɧɢя ɧɟɨɛхɨɞɢɦɨ 
ɧаɣɬɢ ɩɨɥɧɨɟ ɞɜɢɠɟɧɢɟ ɫɢɫɬɟɦы (13). 
Кɨɥɟɛаɧɢя ɫɢɫɬɟɦы, ɨɩɪɟɞɟɥяɟɦыɟ ɞɟɣɫɬɜɢ-
ɟɦ ɨɞɧɨɫɬɨɪɨɧɧɢх ɦɝɧɨɜɟɧɧых ɢɦɩɭɥьɫɨɜ 
(12), ɩɪɢɥɨɠɟɧɧых ɤ ɦаɫɫаɦ 1m  ɢ 2m  ɜ ɩɪɨ-
ɬɢɜɨɩɨɥɨɠɧых ɧаɩɪаɜɥɟɧɢях, ɜ ɢɧɬɟɪɜаɥɟ 
ɜɪɟɦɟɧɢ Tttt  

**  ɡаɩɢшɟɦ ɜ ɜɢɞɟ [1] 


  2

1

)(5,0

1

*

)cos5,0ch(
)(

0

  


TTh

e

m

S
tx

tth

s

s
j  

 ]sin)cos({[ 5,0 TTeu s
j

Ths
j    

 )cos([)(cos 5,0
* Tett Ths

j     

)}.(sin]sin *ttTu s
j                            (15) 

 
Пɪɢ   ** tttT  ɧɟɨɛхɨɞɢɦɨ ɜ (15) ɡаɦɟ-
ɧɢɬь t  ɧа Tt  . С ɭчɟɬɨɦ (9) ɞɥя ɨɩɪɟɞɟɥɟ-
ɧɢя s

ju   ɢ s
j  ɢɦɟɟɦ 

 

)(
2

1422
2

1
111211  

m

m
uuu pss ; 

)];(2)(([ 312214
2

1
11

s
11   hh

m

mp  

)];(2)(([ 311122
2

1
12

s
12   hh

m

mp  

.; 121121
s
221121

s
2     ssss uuu  

 
Вычɢɫɥɟɧɢɟ ɨɫɬаɥьɧых ɜɟɥɢчɢɧ, ɜхɨɞящɢх ɜ 
(15), ɩɪɨɢɡɜɨɞɢɬɫя ɩɨ ɪаɧɟɟ ɩɪɢɜɟɞɟɧɧыɦ 
ɮɨɪɦɭɥаɦ. 
Дɥя ɨɩɪɟɞɟɥɟɧɢя ɜɟɥɢчɢɧы ɭɞаɪɧɨɝɨ ɢɦ-
ɩɭɥьɫа *S  ɢ ɦɨɦɟɧɬа ɟɝɨ ɜɨɡɧɢɤɧɨɜɟɧɢя *t  
ɜɨɫɩɨɥьɡɭɟɦɫя ɝɟɨɦɟɬɪɢчɟɫɤɢɦ ɭɫɥɨɜɢɟɦ ɫɨ-
ɭɞаɪɟɧɢя (14) Dtx )( *  ɢ ɬɟɨɪɟɦɨɣ ɢɦɩɭɥь-
ɫɨɜ [4]. Оɧɢ ɩɪɢɜɨɞяɬ [1] ɤ ɬɪаɧɫцɟɧɞɟɧɬɧɨ-
ɦɭ ɭɪаɜɧɟɧɢɸ ɨɬɧɨɫɢɬɟɥьɧɨ *t  
 

DtxNtx pp  )()( **                                (16) 
 

ɢ ɞаɸɬ ɮɨɪɦɭɥɭ ɞɥя ɜычɢɫɥɟɧɢя ɜɟɥɢчɢɧы 
ɭɞаɪɧɨɝɨ ɢɦɩɭɥьɫа 
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  2
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))(cos( 5,.0
12
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2

121

2

)cos5,0ch(

1

)(    TThmm

m

s  
 

  )](cossin5,0{[ 5,0 TheTTh  
   )(cos5,0[)( 5,0

12
Thss eTh    

)}(]sin 12
ss uuT    . 

 
Дɥя ɨɬыɫɤаɧɢя ɤɨɪɧɟɣ ɭɪаɜɧɟɧɢɣ (11) ɢ (16) 
ɦɨɝɭɬ ɛыɬь ɢɫɩɨɥьɡɨɜаɧы ɪаɡɥɢчɧыɟ чɢɫ-
ɥɟɧɧыɟ ɦɟɬɨɞы [6]. Кɨɪɟɧь *t  ɭɪаɜɧɟɧɢя (16) 
ɞɨɥɠɟɧ ɭɞɨɜɥɟɬɜɨɪяɬь ɭɫɥɨɜɢɸ ɩɨɥɨɠɢɬɟɥь-
ɧɨɫɬɢ ɢɦɩɭɥьɫа *S , ɨɩɪɟɞɟɥяɟɦɨɝɨ ɩɨ ɮɨɪ-
ɦɭɥɟ (17). 
 
 
4. ɊȿɁɍɅɖɌАɌЫ ЧɂɋɅȿɇɇɈȽɈ       

АɇАɅɂɁА 

 

Пɨɥɭчɟɧɧыɟ ɩɟɪɢɨɞɢчɟɫɤɢɟ ɪɟшɟɧɢя ɦɨɝɭɬ 
ɛыɬь ɢɫɩɨɥьɡɨɜаɧы ɞɥя ɨɩɪɟɞɟɥɟɧɢя ɨɩɬɢ-
ɦаɥьɧых ɩаɪаɦɟɬɪɨɜ ɞɢɧаɦɢчɟɫɤɨɝɨ ɢ ɭɞаɪ-
ɧɨɝɨ ɝаɫɢɬɟɥɟɣ ɤɨɥɟɛаɧɢɣ. Оɬɦɟɬɢɦ, чɬɨ ɨɧɢ 
ɩɪɢɦɟɧɢɦы ɬаɤɠɟ ɢ ɩɪɢ ɭчɟɬɟ ɞɟɦɩɮɢɪɨɜа-
ɧɢя ɜ ɡɜɟɧьях ɫɢɫɬɟɦы ɩɨ ɝɢɩɨɬɟɡɟ ɥɢɧɟɣɧɨ-
ɜяɡɤɨɝɨ ɬɪɟɧɢя. В эɬɨɦ ɫɥɭчаɟ хаɪаɤɬɟɪɢɫɬɢ-
чɟɫɤɨɟ ɭɪаɜɧɟɧɢɟ (11) ɢ ɮɨɪɦɭɥы ɞɥя ɜычɢɫ-
ɥɟɧɢя ɤɨэɮɮɢцɢɟɧɬɨɜ ɪаɫɩɪɟɞɟɥɟɧɢя аɦɩɥɢ-
ɬɭɞ (10) ɫɥɟɞɭɟɬ ɩɪɢɧяɬь ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
[1]. 
Рɟшɟɧɢɟ ɡаɞачɢ ɜыɛɨɪа ɩаɪаɦɟɬɪɨɜ ɞɢɧаɦɢ-
чɟɫɤɢх ɢ ɭɞаɪɧых ɝаɫɢɬɟɥɟɣ ɤɨɥɟɛаɧɢɣ ɩɪɢ 
ɩɟɪɢɨɞɢчɟɫɤɢх ɧаɝɪɭɡɤах ɨɫɧɨɜаɧɨ [1, 2] ɧа 
аɧаɥɢɡɟ ɡаɜɢɫɢɦɨɫɬɢ ɧаɢɛɨɥьшɟɝɨ ɨɬɤɥɨɧɟ-
ɧɢя ɡащɢщаɟɦɨɝɨ ɨɛъɟɤɬа (ɝɥаɜɧɨɣ ɦаɫɫы 

1m ) ɨɬ чаɫɬɨɬы ɜɨɡɦɭщɟɧɢя, ɜ ɞаɧɧɨɦ ɫɥɭчаɟ 
ɨɬ чаɫɬɨɬы ɩɪɢɥɨɠɟɧɢя ɢɦɩɭɥьɫɨɜ. Эɬа ɡа-
ɜɢɫɢɦɨɫɬь ɩɪɢ ɢɦɩɭɥьɫɢɜɧых ɧаɝɪɭɡɤах ɧа-
ɡыɜаɟɬɫя ɢɦɩɭɥьɫɧɨ-чаɫɬɨɬɧɨɣ хаɪаɤɬɟɪɢ-
ɫɬɢɤɨɣ (ИЧХ). Вɥɢяɧɢɟ ɩаɪаɦɟɬɪɨɜ ɡащɢ-
щаɟɦɨɝɨ ɨɛъɟɤɬа ɢ ɝаɫɢɬɟɥɟɣ ɧа ИЧХ ɤɨɥɟ-
ɛаɧɢɣ ɦаɫɫы 1m  ɩɪɢ ɞɟɣɫɬɜɢɢ ɩɟɪɢɨɞɢчɟ-

ɫɤɢх ɦɝɧɨɜɟɧɧых ɢɦɩɭɥьɫɨɜ ɩɨɞɪɨɛɧɨ ɢɡɭ-
чɟɧɨ [1, 2], ɩɨэɬɨɦɭ ɡɞɟɫь ɨɫɬаɧɨɜɢɦɫя ɬɨɥь-
ɤɨ ɧа ɜɥɢяɧɢɢ, ɨɤаɡыɜаɟɦɨɦ ɞɥɢɬɟɥьɧɨɫɬьɸ 
ɢɦɩɭɥьɫɨɜ. Пɪɢ эɬɨɦ ɨɝɪаɧɢчɢɦɫя ɪаɫɫɦɨɬ-
ɪɟɧɢɟɦ ɪаɫчɟɬа ɨɛъɟɤɬа ɧа ɞɟɣɫɬɜɢɟ ɩɟɪɢɨ-
ɞɢчɟɫɤɢх ɢɦɩɭɥьɫɨɜ ɤɨɧɟчɧɨɣ ɩɪɨɞɨɥɠɢ-
ɬɟɥьɧɨɫɬɢ, ɨɫɧɨɜаɧɧɨɦ [3] ɧа ɩɪɟɞɩɨɥɨɠɟ-
ɧɢɢ ɨ ɩɨɫɬɨяɧɧɨɣ ɜɟɥɢчɢɧɟ ɜɧɟшɧɢх ɢɦ-
ɩɭɥьɫɨɜ 0S  ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɜɟɥɢчɢɧ ɧаɝɪɭɡɤɢ 

0P  ɢ ɩɪɨɞɨɥɠɢɬɟɥьɧɨɫɬɢ 0t . Дɥя ɢɦɩɭɥьɫа 
ɩɪяɦɨɭɝɨɥьɧɨɣ ɮɨɪɦы 000 tPS  , ɩɨэɬɨɦɭ 
ɜɟɥɢчɢɧы 0P  ɢ 0t  ɨɛɪаɬɧɨ ɩɪɨɩɨɪцɢɨɧаɥьɧы. 

Нɟɤɨɬɨɪыɟ ɪɟɡɭɥьɬаɬы ɜычɢɫɥɟɧɢɣ ɜ ɜɢɞɟ 
ИЧХ ɤɨɥɟɛаɧɢɣ ɝɥаɜɧɨɣ ɦаɫɫы ɞɥя ɪяɞа ɡɧа-
чɟɧɢɣ ɞɥɢɬɟɥьɧɨɫɬɢ ɞɟɣɫɬɜɢя ɢɦɩɭɥьɫɨɜ ɩɪɢ 
ɩаɪаɦɟɬɪах ɝаɫɢɬɟɥɟɣ, яɜɥяɸщɢхɫя ɨɩɬɢ-
ɦаɥьɧыɦɢ ɜ ɫɥɭчаɟ ɞɟɣɫɬɜɢя ɩɟɪɢɨɞɢчɟɫɤɢх 
ɦɝɧɨɜɟɧɧых ɢɦɩɭɥьɫɨɜ, ɩɪɢɜɟɞɟɧы ɧа ɪɢɫ. 2 
ɢ ɪɢɫ. 3 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɞɥя ɫɢɫɬɟɦ ɫ ɞɢɧа-
ɦɢчɟɫɤɢɦ ɢ ɭɞаɪɧыɦ ɝаɫɢɬɟɥяɦɢ. Рɟɡɨɧаɧɫ-
ɧыɟ ɤɪɢɜыɟ )(1 Y  ɩɨɥɭчɟɧы ɜ ɢɧɬɟɪɜаɥɟ 

2,18,0    ɜ ɛɟɡɪаɡɦɟɪɧых ɩаɪаɦɟɬɪах: 
 

12 / mm ; 0/Гs  ; t0  ; 000 t  ; 

)/(2 0T  ; 0/ xDd  ; 0/)()( xtxy jj  ; 

)(max 11 yY  ;  )()(max 12  yyY  , 

 
ɝɞɟ )/( 01000 mtPx  . 

 
Вɟɥɢчɢɧы ɛɟɡɪаɡɦɟɪɧых ɩаɪаɦɟɬɪɨɜ ɞаɧы ɧа 
ɪɢɫɭɧɤах. ИЧХ ɤɨɥɟɛаɧɢɣ ɦаɫɫы 1m  ɜ ɡаɜɢ-
ɫɢɦɨɫɬɢ ɨɬ ɡɧачɟɧɢɣ ɩаɪаɦɟɬɪɨɜ ɡащɢщаɟ-
ɦɨɝɨ ɨɛъɟɤɬа ɢ ɝаɫɢɬɟɥɟɣ ɢɦɟɸɬ ɜ ɨɤɪɟɫɬɧɨ-
ɫɬɢ ɨɫɧɨɜɧɨɝɨ  ɢɦɩɭɥьɫɧɨɝɨ  ɪɟɡɨɧаɧɫа  ɨɞɢɧ  
(ɩɪɢ 0  ) ɢɥɢ ɞɜа ɦаɤɫɢɦɭɦа, ɪаɫɩɨɥɨ-
ɠɟɧɧыɟ ɫɥɟɜа ɢ ɫɩɪаɜа ɨɬ ɪɟɡɨɧаɧɫɧɨɣ чаɫ-
ɬɨɬы ɜɨɡɞɟɣɫɬɜɢя ( 0  ); T/2  . Пɪɢ 

эɬɨɦ, ɜ ɩɟɪɜɨɦ ɫɥɭчаɟ ɨɩɬɢɦаɥьɧыɟ ɡɧачɟɧɢя 
ɧаɫɬɪɨɣɤɢ ( ОɉТss  ) ɢ ɞɟɦɩɮɢɪɨɜаɧɢя 
( ОɉТ,22   ) ɦɢɧɢɦɢɡɢɪɭɸɬ ɧаɢɛɨɥьшɭɸ 

ɨɪɞɢɧаɬɭ ɤɪɢɜɨɣ )(1 Y , а ɜɨ ɜɬɨɪɨɦ – ɜыɪаɜ-
ɧɢɜаɸɬ ɦаɤɫɢɦɭɦы ИЧХ ɩɪɢ ɨɞɧɨɜɪɟɦɟɧɧɨɣ 
ɢх ɦɢɧɢɦɢɡацɢɢ. 



К ɨцɟɧɤɟ эɮɮɟɤɬɢɜɧɨɫɬɢ ɞɢɧаɦɢчɟɫɤɨɝɨ ɢ ɭɞаɪɧɨɝɨ ɝаɫɢɬɟɥɟɣ ɤɨɥɟɛаɧɢɣ ɩаɫɫɢɜɧɨɝɨ ɬɢɩа ɩɪɢ ɞɟɣɫɬɜɢɢ 
ɩɟɪɢɨɞɢчɟɫɤɢх ɢɦɩɭɥьɫɨɜ ɤɨɪɨɬɤɨɣ ɩɪɨɞɨɥɠɢɬɟɥьɧɨɫɬɢ  
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Рɢсɭɧɨɤ 2. ИЧХ ɤɨɥɟɛаɧɢɣ ɝɥавɧɨɣ ɦассы в сɢсɬɟɦɟ с ɞɢɧаɦɢчɟсɤɢɦ ɝасɢɬɟɥɟɦ ɤɨɥɟɛаɧɢɣ 

ɩɪɢ 1 =0,01: 1 – 0 / 5  ; 2 – 0 / 2  ; 3 – 0   
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Рɢсɭɧɨɤ 3. ИЧХ ɤɨɥɟɛаɧɢɣ ɝɥавɧɨɣ ɦассы в сɢсɬɟɦɟ с ɭɞаɪɧыɦ ɝасɢɬɟɥɟɦ ɤɨɥɟɛаɧɢɣ 

ɩɪɢ 0,05  ; 1 0,01  ; 2 0,01  ; 0d  ; 1 – 0,4R  ; 0,50135s  ; 2 – 0,6R  ; 0,50011s  ;   

3 – 0,8R  ; 0,50065s   
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Таɛɥɢɰа 1. Оɩɬɢɦаɥьɧыɟ ɩаɪаɦɟɬɪы, ɷɮɮɟɤɬɢвɧɨсɬь ДГК, ɧаɢɛɨɥьɲɢɟ ɨɬɤɥɨɧɟɧɢя ɝɥавɧɨɣ 
ɦассы ɢ хɨɞ ɝасɢɬɟɥя ɩɪɢ ɞɟɣсɬвɢɢ ɩɟɪɢɨɞɢчɟсɤɢх ɢɦɩɭɥьсɨв ɪаɡɥɢчɧɨɣ ɞɥɢɬɟɥьɧɨсɬɢ 

( 1 0,01  ) 

  
0  ОɉТs  2,ОɉТ  1,maxY  ГK  maxY  

0,025 π/100 0,99000 0,1930 2,862 11,209 12,56 

 π/10 0,98997 0,1930 2,851 11,208 12,50 

 π/5 0,98988 0,1930 2,816 11,208 12,34 

 π/2 0,98925 0,1935 2,578 11,203 11,19 

 π 0,98548 0,1940 1,844 11,074 7,74 

0,05 π/100 0,98045 0,2700 2,130 15,060 6,70 

 π/10 0,98034 0,2710 2,122 15,060 6,66 

 π/5 0,98014 0,2720 2,096 15,059 6,55 

 π/2 0,97898 0,2720 1,920 15,047 5,93 

 π 0,97226 0,2720 1,378 14,818 4,07 

 
Таɛɥɢɰа 2. Оɩɬɢɦаɥьɧая ɧасɬɪɨɣɤа, ɷɮɮɟɤɬɢвɧɨсɬь ɍГК, ɧаɢɛɨɥьɲɢɟ ɨɬɤɥɨɧɟɧɢя ɝɥавɧɨɣ 
ɦассы ɢ хɨɞ ɝасɢɬɟɥя ɩɪɢ ɞɟɣсɬвɢɢ ɩɟɪɢɨɞɢчɟсɤɢх ɢɦɩɭɥьсɨв ɪаɡɥɢчɧɨɣ ɞɥɢɬɟɥьɧɨсɬɢ  

( 1 0,01  ; 2 0,01  ; 0d  ; 0,05  ) 

R  0  ОɉТs  1,maxY  ГK  maxY  

0,4 π/100 0,50135 2,699 11,884 15,26 

 π/10 0,50128 2,688 11,885 15,21 

 π/5 0,50127 2,655 11,885 15,00 

 π/2 0,50077 2,429 11,890 13,71 

 π 0,49830 1,717 11,898 9,71 

0,8 π/100 0,50065 4,034 7,953 37,51 

 π/10 0,50063 4,017 7,954 37,35 

 π/5 0,50059 3,967 7,956 36,88 

 π/2 0,50024 3,627 7,964 33,70 

 π 0,49798 2,540 8,041 23,59 

 
Рɟɡɭɥьɬаɬы ɜыɛɨɪа ɩаɪаɦɟɬɪɨɜ ɞɢɧаɦɢчɟ-
ɫɤɨɝɨ ɢ ɭɞаɪɧɨɝɨ ɝаɫɢɬɟɥɟɣ ɩɪɟɞɫɬаɜɥɟɧы ɜ 
ɬаɛɥ. 1 ɢ ɬаɛɥ. 2 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɝɞɟ ɤɪɨɦɟ 
ɨɩɬɢɦаɥьɧых ɡɧачɟɧɢɣ ɧаɫɬɪɨɣɤɢ ( ОɉТs ) ɢ 

ɤɨэɮɮɢцɢɟɧɬа ɧɟɭɩɪɭɝɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢя 
( ОɉТ,2 ) ɝаɫɢɬɟɥɟɣ ɩɪɢɜɟɞɟɧы ɬаɤɠɟ ɜɟɥɢчɢ-

ɧы ɧаɢɛɨɥьшɢх ɨɬɤɥɨɧɟɧɢɣ ɝɥаɜɧɨɣ ɦаɫɫы 

max,1Y  ɢ ɨɬɧɨɫɢɬɟɥьɧых ɨɬɤɥɨɧɟɧɢɣ (хɨɞа) 
ɝаɫɢɬɟɥя maxY . Эɮɮɟɤɬɢɜɧɨɫɬь ɝашɟɧɢя ɨцɟ-
ɧɢɜаɟɬɫя ɨɬɧɨшɟɧɢɟɦ ГK  ɦаɤɫɢɦɭɦɨɜ ИЧХ 

ɤɨɥɟɛаɧɢɣ ɦаɫɫы 1m  ɛɟɡ ɝаɫɢɬɟɥя ɤ ɫɨɨɬɜɟɬ-
ɫɬɜɭɸщɟɣ ɜɟɥɢчɢɧɟ ɩɪɢ ɧаɥɢчɢɢ ɨɩɬɢɦаɥь-
ɧɨ ɧаɫɬɪɨɟɧɧɨɝɨ ɝаɫɢɬɟɥя. Оɬɦɟɬɢɦ, чɬɨ ɨɩ-

ɬɢɦаɥьɧыɟ ɩаɪаɦɟɬɪы ДȽК ( ОɉТОɉТs ,2, ) ɨɩ-

ɪɟɞɟɥяɥɢɫь ɩɪɢ ɮɢɤɫɢɪɨɜаɧɧых ɡɧачɟɧɢях 
ɨɬɧɨɫɢɬɟɥьɧɨɣ ɦаɫɫы ɝаɫɢɬɟɥя   ɢ ɞɥɢɬɟɥь-
ɧɨɫɬɢ ɞɟɣɫɬɜɢя ɢɦɩɭɥьɫɨɜ 0 , ɢɫхɨɞя ɢɡ ɩɨ-
ɫɥɟɞɨɜаɬɟɥьɧɨɝɨ ɪɟшɟɧɢя ɡаɞачɢ ɧɟɩɨɥɧɨɣ 
ɨɩɬɢɦɢɡацɢɢ [2]; ɞɥя ɭɞаɪɧɨɝɨ ɝаɫɢɬɟɥя ɨɩ-
ɪɟɞɟɥяɥаɫь ɬɨɥьɤɨ ɨɩɬɢɦаɥьɧая ɜɟɥɢчɢɧа 
ɧаɫɬɪɨɣɤɢ ( ОɉТs ) ɩɪɢ ɡаɞаɧɧых ɡɧачɟɧɢях 
ɨɫɬаɥьɧых ɩаɪаɦɟɬɪɨɜ ( , 2 , R , d ). Зɧачɟ-
ɧɢɟ ɤɨэɮɮɢцɢɟɧɬа ɧɟɭɩɪɭɝɨɝɨ ɫɨɩɪɨɬɢɜɥɟ-
ɧɢя ɡащɢщаɟɦɨɝɨ ɨɛъɟɤɬа ɜɨ ɜɫɟх ɪаɫчɟɬɧых 
ɫɢɬɭацɢях ɩɪɢɧяɬɨ ɨɞɢɧаɤɨɜыɦ ( 01,01  ).  
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5. ȼЫȼɈȾЫ  
 
Пɨɥɭчɟɧɧыɟ ɪɟɡɭɥьɬаɬы ɫɜɢɞɟɬɟɥьɫɬɜɭɸɬ ɨ 
ɬɨɦ, чɬɨ ɨɬ ɞɥɢɬɟɥьɧɨɫɬɢ ɞɟɣɫɬɜɢя ɜɧɟшɧɢх 
ɢɦɩɭɥьɫɨɜ ɫɭщɟɫɬɜɟɧɧɨ ɡаɜɢɫяɬ ɜɟɥɢчɢɧы 
ɧаɢɛɨɥьшɢх ɨɬɤɥɨɧɟɧɢɣ ɡащɢщаɟɦɨɝɨ ɨɛъ-
ɟɤɬа ɢ хɨɞа (ɪаɡɦаха) ɝаɫɢɬɟɥɟɣ, ɩɪɢчɟɦ ɫ 
ɭɜɟɥɢчɟɧɢɟɦ 0  ɨɧɢ ɡаɦɟɬɧɨ ɭɦɟɧьшаɸɬɫя. 
Вɦɟɫɬɟ ɫ ɬɟɦ, ɞɥɢɬɟɥьɧɨɫɬь ɜɧɟшɧɢх ɢɦ-
ɩɭɥьɫɨɜ ɨɤаɡыɜаɟɬ ɜɟɫьɦа ɧɟɡɧачɢɬɟɥьɧɨɟ 
ɜɥɢяɧɢɟ ɧа эɮɮɟɤɬɢɜɧɨɫɬь ɪаɛɨɬы ɝаɫɢɬɟɥɟɣ 
ɢ ɡɧачɟɧɢя ɢх ɨɩɬɢɦаɥьɧых ɩаɪаɦɟɬɪɨɜ. Оɬ-
ɦɟɬɢɦ ɬаɤɠɟ, чɬɨ эɮɮɟɤɬɢɜɧɨɫɬь ɞɢɧаɦɢчɟ-
ɫɤɨɝɨ ɢ ɭɞаɪɧɨɝɨ ɝаɫɢɬɟɥɟɣ ɤɨɥɟɛаɧɢɣ ɩɪɢ 
ɩɟɪɢɨɞɢчɟɫɤɨɣ ɧаɝɪɭɡɤɟ ɜ ɜɢɞɟ ɢɦɩɭɥьɫɨɜ 
ɤɨɧɟчɧɨɣ ɩɪɨɞɨɥɠɢɬɟɥьɧɨɫɬɢ ɜ ɪɟɠɢɦɟ ɨɫ-
ɧɨɜɧɨɝɨ ɪɟɡɨɧаɧɫа ɞɨɫɬаɬɨчɧɨ ɜыɫɨɤа (ɫɦ. 
ɬаɛɥ. 1 ɢ ɬаɛɥ. 2), хɨɬя ɢ ɧɟɦɧɨɝɨ ɧɢɠɟ, чɟɦ 
ɩɪɢ ɝаɪɦɨɧɢчɟɫɤɨɦ ɜɨɡɞɟɣɫɬɜɢɢ [1,2]. 
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АɇɇɈɌАЦɂə: В ɫɬаɬьɟ ɪаɫɫɦаɬɪɢɜаɸɬɫя ɜɨɩɪɨɫы ɪаɫчɟɬа ɜаɧɬɨɜɨ-ɫɬɟɪɠɧɟɜых ɤɨɧɫɬɪɭɤцɢɣ ɧа ɜɟɬɪɨ-
ɜɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɬɨɪɧаɞɨ. Дɥя ɦɨɞɟɥɢɪɨɜаɧɢя ɩɨɜɟɞɟɧɢя ɤɨɧɫɬɪɭɤцɢɣ ɢɫɩɨɥьɡɨɜаɥɫя чɢɫɥɟɧɧыɣ шаɝɨɜыɣ 
ɦɟɬɨɞ ɢɧɬɟɝɪɢɪɨɜаɧɢя ɭɪаɜɧɟɧɢɣ ɞɜɢɠɟɧɢя, ɪɟаɥɢɡɨɜаɧɧыɣ ɜ ɩɪɨɝɪаɦɦɧɨɦ ɤɨɦɩɥɟɤɫɟ, ɪаɡɪаɛɨɬаɧɧɨɦ 
аɜɬɨɪаɦɢ. В ɤачɟɫɬɜɟ ɦɨɞɟɥɢ ɪаɫɩɪɟɞɟɥɟɧɢя ɫɤɨɪɨɫɬɟɣ ɜ ɜɨɪɨɧɤɟ ɬɨɪɧаɞɨ ɩɪɢɧяɬа ɦɨɞɟɥь, ɩɪɟɞɥɨɠɟɧɧая 
Y.K.Wen. Оɧа ɨɩɢɫыɜаɟɬ ɬɪɟхɦɟɪɧɨɟ ɪаɫɩɪɟɞɟɥɟɧɢɟ ɫɤɨɪɨɫɬɟɣ ɜ ɜɢхɪɟ. Быɥ ɪаɫɫɦɨɬɪɟɧ ɩɪɢɦɟɪ ɧɟɥɢ-
ɧɟɣɧɨɝɨ ɪаɫчɟɬа ɜаɧɬɨɜɨɣ ɛɨɥьшɟɩɪɨɥɟɬɧɨɣ аɧɬɟɧɧы. 
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ABSTRACT: Questions of analyzing cable structures on the tornado influence are being considered in the arti-
cle. Authors used step method of numerical integration of the equations of movement for modeling the behavior 
of constructions. This method is implemented in the software complex which was developed by authors. As a 
model of the velocity distribution in the vortex was adopted model, which was proposed by Y.K.Wen. It de-
scribes a three-dimensional velocity distribution in a tornado. The example of non-linear analysis of long-span 
cable-stayed antenna was considered. 
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В ɩɨɫɥɟɞɧɢɟ ɝɨɞы ɧаɛɥɸɞаɟɬɫя ɬɟɧɞɟɧцɢя ɤ 
ɭɜɟɥɢчɟɧɢɸ чɢɫɥа ɡаɮɢɤɫɢɪɨɜаɧɧых ɫɥɭчаɟɜ 
ɩɨяɜɥɟɧɢя ɧа Зɟɦɥɟ ɪаɡɥɢчɧых ɫɬɢхɢɣɧых 
ɩɪɢɪɨɞɧых яɜɥɟɧɢɣ. Сɪɟɞɢ ɬаɤɢх яɜɥɟɧɢɣ 
ɜыɞɟɥяɸɬɫя ɬɨɪɧаɞɨ, ɢɥɢ ɫɦɟɪчɢ (ɞаɧɧыɟ 
ɬɟɪɦɢɧы яɜɥяɸɬɫя ɫɢɧɨɧɢɦаɦɢ). Оɝɪɨɦɧыɟ 
ɫɤɨɪɨɫɬɢ ɜɟɬɪа, ɤɨɬɨɪыɟ ɦɨɝɭɬ ɞɨɫɬɢɝаɬь 100 
ɦ/ɫ ɢ ɛɨɥɟɟ, ɩɪɢ ɞɨɜɨɥьɧɨ ɧɟɛɨɥьшɢх ɪаɡɦɟ-
ɪах (ɩɨ ɫɪаɜɧɟɧɢɸ ɫ ɞɪɭɝɢɦɢ аɬɦɨɫɮɟɪɧыɦɢ 
ɜɢхɪяɦɢ) ɦɨɝɭɬ ɩɪɢчɢɧɢɬь ɫɟɪьɟɡɧыɣ ɭщɟɪɛ 
ɤɨɧɫɬɪɭɤцɢяɦ, ɜɫɬɪɟɬɢɜшɢɦɫя ɧа ɟɝɨ ɩɭɬɢ.  
В ɫɨɜɪɟɦɟɧɧых ɢɧɠɟɧɟɪɧых ɪаɫчɟɬах ɞаɧ-
ɧыɣ ɜɢɞ ɜɨɡɞɟɣɫɬɜɢя ɩɪаɤɬɢчɟɫɤɢ ɧɟ ɭчɢɬы-

ɜаɟɬɫя. Еɞɢɧɫɬɜɟɧɧыɦɢ ɤɨɧɫɬɪɭɤцɢяɦɢ, ɞɥя 
ɤɨɬɨɪых ɪаɫчɟɬ ɧа ɜɨɡɞɟɣɫɬɜɢɟ ɬɨɪɧаɞɨ яɜ-
ɥяɟɬɫя ɨɛяɡаɬɟɥьɧыɦ (ɜ Рɨɫɫɢɢ) - ɨɛъɟɤɬы 
аɬɨɦɧɨɣ эɧɟɪɝɟɬɢɤɢ[1]. Пɪɢчɢɧɨɣ ɨɬɫɭɬɫɬ-
ɜɢя ɞаɧɧɨɝɨ ɜɢɞа ɧаɝɪɭɡɨɤ ɜ ɛɨɥьшɢɧɫɬɜɟ 
ɧɨɪɦаɬɢɜɧых ɞɨɤɭɦɟɧɬɨɜ ɨɛъяɫɧяɟɬɫя ɞɨ-
ɜɨɥьɧɨ ɧɢɡɤɨɣ ɜɟɪɨяɬɧɨɫɬьɸ ɩɪɨхɨɠɞɟɧɢя 
ɬɨɪɧаɞɨ чɟɪɟɡ ɤаɤɭɸ-ɥɢɛɨ ɤɨɧɤɪɟɬɧɭɸ ɬɨч-
ɤɭ, ɬɟɦ ɫаɦыɦ эɤɨɧɨɦɢчɟɫɤɢ ɜыɝɨɞɧɟɟ, чɬɨ-
ɛы ɤаɤая-ɬɨ чаɫɬь ɤɨɧɫɬɪɭɤцɢɣ ɪаɡɪɭшɢɥɢɫь, 
чɟɦ ɩɪɨɟɤɬɢɪɨɜаɬь ɜɫɟ ɫ ɭчɟɬɨɦ ɞаɧɧɨɣ ɧа-
ɝɪɭɡɤɢ.  Оɞɧаɤɨ ɞɥя ɭɧɢɤаɥьɧых ɫɨɨɪɭɠɟɧɢɣ 
эɬɭ ɧаɝɪɭɡɤɭ ɜɢɞɢɦɨ ɫɥɟɞɭɟɬ ɭчɢɬыɜаɬь ɧа-
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Рɢсɭɧɨɤ 1.   Раɡɞɟɥɢɬɟɥьɧая  
ɩɨвɟɪхɧɨсɬь ɢ ɥɢɧɢɢ ɬɨɤа в ɦɨɞɟɥɢ. 

ɪяɞɭ ɫ ɞɪɭɝɢɦɢ, ɩɨэɬɨɦɭ ɜɨɡɧɢɤаɟɬ ɧɟɨɛхɨ-
ɞɢɦɨɫɬь ɜ ɪаɡɪаɛɨɬɤɟ ɧɨɜых ɢ ɩɨɞɪɨɛɧɨɦ 
аɧаɥɢɡɟ ɫɭщɟɫɬɜɭɸщɢх ɪаɫчɟɬɧых ɦɨɞɟɥɟɣ, 
ɩɨɡɜɨɥяɸщɢх ɧаɢɛɨɥɟɟ ɩɨɥɧыɦ ɨɛɪаɡɨɦ 
ɭчɟɫɬь эɬɭ ɧаɝɪɭɡɤɭ. 
Нɟɫɦɨɬɪя ɧа ɞɨɫɬаɬɨчɧɨ ɛɨɥьшɨɟ ɤɨɥɢчɟɫɬɜɨ 
ɦɨɞɟɥɟɣ ɜɢхɪɟɣ, ɩɪɢɦɟɧɢɬɟɥьɧɨ ɤ ɬɨɪɧаɞɨ 
ɨɛычɧɨ ɢɫɩɨɥьɡɭɸɬ ɞɨɫɬаɬɨчɧɨ ɭɩɪɨщɟɧɧɭɸ 
ɦɨɞɟɥь  - ɜɢхɪь Рɟɧɤɢɧа [2]. Оɧа ɩɨɞɪаɡɭɦɟ-
ɜаɟɬ ɧаɥɢчɢɟ ɬɨɥьɤɨ ɜɪащаɬɟɥьɧɨɣ ɫɨɫɬаɜ-
ɥяɸщɟɣ ɫɤɨɪɨɫɬɢ ɫаɦɨɝɨ ɜɢхɪя, ɤɨɬɨɪая ɩɨ-
ɫɬɨяɧɧа ɩɨ ɜыɫɨɬɟ. Даɧɧая ɦɨɞɟɥь ɪɟɤɨɦɟɧ-
ɞɨɜаɧа ɜ ɛɨɥьшɢɧɫɬɜɟ ɧɨɪɦаɬɢɜɧых ɞɨɤɭ-
ɦɟɧɬах ɪаɡɧых ɫɬɪаɧ. Ряɞ ɞɢɧаɦɢчɟɫɤɢх ɧɟ-
ɥɢɧɟɣɧых ɪаɫчɟɬɨɜ ɫ ɢɫɩɨɥьɡɨɜаɧɢɟɦ ɞаɧɧɨɣ 
ɦɨɞɟɥɢ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸщɢɟ ɜыɜɨɞы ɩɨ ɧɢɦ 
ɞɥя ɪаɡɥɢчɧых ɜɢɞɨɜ ɜаɧɬɨɜɨ-ɫɬɟɪɠɧɟɜых 
ɫɢɫɬɟɦ ɛыɥɢ ɞаɧы ɧаɦɢ ɜ ɪаɛɨɬах [3,4,5]. 
Оɞɧаɤɨ ɞɨɫɬɨɜɟɪɧɨ ɢɡɜɟɫɬɧɨ ɨ ɧаɥɢчɢɢ ɢ 
ɜɟɪɬɢɤаɥьɧɨɣ ɫɨɫɬаɜɥяɸщɟɣ ɜɟɬɪɨɜɨɝɨ ɜɨɡ-
ɞɟɣɫɬɜɢя ɜ ɜɨɪɨɧɤɟ ɬɨɪɧаɞɨ. Вɟɪɬɢɤаɥьɧая 
ɫɤɨɪɨɫɬь ɦɨɠɟɬ ɞɨɫɬɢɝаɬь ɞɨɜɨɥьɧɨ ɛɨɥьшɢх 
ɡɧачɟɧɢɣ ɢ ɛɥаɝɨɞаɪя ɟɣ ɬɨɪɧаɞɨ ɦɨɠɟɬ ɩɨɞ-
ɧɢɦаɬь ɢ ɩɟɪɟɧɨɫɢɬь ɧа ɡɧачɢɬɟɥьɧыɟ ɪаɫ-
ɫɬɨяɧɢя аɜɬɨɦɨɛɢɥɢ, ɨɫɤɨɥɤɢ ɪаɡɪɭшɟɧɧых 
ɤɨɧɫɬɪɭɤцɢɣ, ɤɪышɢ ɞɨɦɨɜ ɢ ɞɪɭɝɢɟ ɩɪɟɞ-
ɦɟɬы. Оɞɧаɠɞы ɞаɠɟ ɛыɥ ɡаɮɢɤɫɢɪɨɜаɧ ɫɥɭ-
чаɣ ɩɨɞъɟɦа цɟɥɨɝɨ ɦɟɬаɥɥɢчɟɫɤɨɝɨ ɦɨɫɬа 
ɜɟɫɨɦ 108 ɬ [6]. Пɨэɬɨɦɭ ɭчɟɬ ɜɟɪɬɢɤаɥьɧɨɣ 
ɫɨɫɬаɜɥяɸщɟɣ ɜɟɬɪɨɜɨɝɨ ɩɨɬɨɤа ɜ ɬɨɪɧаɞɨ 
ɞɥя ɧɟɤɨɬɨɪых ɬɢɩɨɜ ɤɨɧɫɬɪɭɤцɢɣ ɦɨɠɟɬ 
ɛыɬь ɧɟɨɛхɨɞɢɦ. 
В ɞаɧɧɨɣ ɪаɛɨɬɟ ɪаɫɫɦɨɬɪɢɦ ɦɨɞɟɥь ɩɪɨ-
ɫɬɪаɧɫɬɜɟɧɧɨɝɨ ɬɪɟхɤɨɦɩɨɧɟɧɬɧɨɝɨ ɜɢхɪя, 
ɭчɢɬыɜаɸщɭɸ ɜ ɬɨɦ чɢɫɥɟ ɢ ɜɟɪɬɢɤаɥьɧɭɸ 
ɫɨɫɬаɜɥяɸщɭɸ. Даɧɧая ɦɨɞɟɥь ɨɫɧɨɜаɧа ɧа 
ɪɟшɟɧɢɢ ɞɢɮɮɟɪɟɧцɢаɥьɧɨɝɨ ɭɪаɜɧɟɧɢя, ɩɨ-
ɥɭчɟɧɧɨɝɨ H.L. Kuo [7] ɢ ɜɩɨɫɥɟɞɫɬɜɢɢ ɭɩ-
ɪɨщɟɧɧɨɦ ɞɥя ɭɞɨɛɫɬɜа ɢɧɠɟɧɟɪɧых ɪаɫчɟ-
ɬɨɜ ɭчɟɧыɦ ɢɡ ɭɧɢɜɟɪɫɢɬɟɬа ɜ ɝ. Иɥɥɢɧɨɣɫ 
Y.K.Wen [8]. 
Мɨɞɟɥь ɞаɟɬ  ɮɨɪɦɭɥы  ɞɥя ɨɤɪɭɠɧɨɣ ɫɤɨɪɨ-
ɫɬɢ Vt,  ɜɟɪɬɢɤаɥьɧɨɣ ɫɤɨɪɨɫɬɢ Vz,  ɢ ɫɤɨɪɨ-
ɫɬɢ, ɧаɩɪаɜɥɟɧɧɨɣ ɩɨ ɪаɞɢɭɫɭ ɜɨɪɨɧɤɢ Vn.. 

Паɪаɦɟɬɪаɦɢ эɬɨɣ ɦɨɞɟɥɢ ɛɭɞɭɬ ɫɥɭɠɢɬь  
ɪаɞɢɭɫ ɜɨɪɨɧɤɢ, ɝɞɟ ɞɨɫɬɢɝаɟɬɫя ɦаɤɫɢɦаɥь-
ɧая ɜɪащаɬɟɥьɧая ɫɤɨɪɨɫɬь ɧаɞ ɝɪаɧɢчɧɨɣ 

ɩɨɜɟɪхɧɨɫɬьɸ - Rm, ɦаɤɫɢɦаɥьɧая ɫɤɨɪɨɫɬь  
ɜɪащɟɧɢя ɧаɞ ɝɪаɧɢчɧɨɣ ɩɨɜɟɪхɧɨɫɬьɸVm ,  

ɜыɫɨɬа ɝɪаɧɢчɧɨɣ ɩɨɜɟɪхɧɨɫɬɢ ɧа ɛɨɥьшɨɦ 
ɭɞаɥɟɧɢɢ ɨɬ цɟɧɬɪа ɫɦɟɪча . 
Мɨɞɟɥь Y.K.Wen ɩɪɟɞɩɨɥаɝаɟɬ ɧаɥɢчɢɟ ɧɟ-
ɤɨɬɨɪɨɣ ɪаɡɞɟɥɢɬɟɥьɧɨɣ ɩɨɜɟɪхɧɨɫɬɢ  (ɪɢɫ.1) 
В ɬɨчɤах ɩɪɨɫɬɪаɧɫɬɜа ɧаɞ ɪаɡɞɟɥɢɬɟɥьɧɨɣ 
ɩɨɜɟɪхɧɨɫɬьɸ ɧɟɧɭɥɟɜыɦɢ яɜɥяɸɬɫя  ɬɨɥьɤɨ 
ɜɪащаɬɟɥьɧая Vt  ɢ ɜɟɪɬɢɤаɥьɧая ɫɤɨɪɨɫɬь Vz, 
Пɨɞ ɪаɡɞɟɥɢɬɟɥьɧɨɣ ɩɨɜɟɪхɧɨɫɬьɸ ɢɦɟɸɬɫя 
ɜɫɟ ɬɪɢ ɤɨɦɩɨɧɟɧɬы ɫɤɨɪɨɫɬɢ. 
Выɫɨɬа ɪаɡɞɟɥɢɬɟɥьɧɨɣ ɩɨɜɟɪхɧɨɫɬɢ яɜɥяɟɬ-
ɫя ɮɭɧɤцɢɟɣ  ɪаɫɫɬɨяɧɢя ɨɬ цɟɧɬɪа ɜɢхɪя ɢ 
ɡаɞаɟɬɫя ɮɨɪɦɭɥɨɣ: 
 

= .         (1) 
 

Ƚɞɟ  - ɛɟɡɪаɡɦɟɪɧɨɟ ɪаɫɫɬɨяɧɢɟ ɨɬ 
ɨɫɢ ɫɦɟɪча. 
Наɞ ɪаɡɞɟɥɢɬɟɥьɧɨɣ ɩɨɜɟɪхɧɨɫɬьɸ ɨɤɪɭɠɧая 
ɫɤɨɪɨɫɬь ɨɩɪɟɞɟɥяɟɬɫя ɩɨ ɮɨɪɦɭɥɟ (2): 
 

 
                

Вɟɪɬɢɤаɥьɧая ɫɤɨɪɨɫɬь ɧаɞ ɪаɡɞɟɥɢɬɟɥьɧɨɣ 
ɩɨɜɟɪхɧɨɫɬьɸ ɨɩɪɟɞɟɥяɟɬɫя ɩɨ ɮɨɪɦɭɥɟ: 
 

.    (3) 
 

 

Сɤɨɪɨɫɬɢ ɩɨɞ ɪаɡɞɟɥɢɬɟɥьɧɨɣ ɩɨɜɟɪхɧɨɫɬьɸ 
ɨɩɪɟɞɟɥяɸɬɫя ɮɨɪɦɭɥаɦɢ (4): 
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Зɞɟɫь         -   ɟɫɬь ɛɟɡ-
ɪаɡɦɟɪɧая ɜыɫɨɬа, ɩɪɟɞɫɬаɜɥяɸщая ɨɬɧɨшɟ-
ɧɢɟ . К ɫɤɨɪɨɫɬяɦ, ɫɜяɡаɧɧыɦ ɫ ɜɪащɟɧɢ-

ɟɦ ɜɨɡɞɭха, ɫɥɟɞɭɟɬ ɞɨɛаɜɢɬь ɫɤɨɪɨɫɬɢ ɨɬ 
ɩɨɫɬɭɩаɬɟɥьɧɨɝɨ ɩɟɪɟɦɟщɟɧɢя ɜɨɡɞɭшɧɨɣ 
ɫɪɟɞы. Пɨɫɬɭɩаɬɟɥьɧɨɟ ɩɟɪɟɦɟщɟɧɢɟ ɩɪɢɧɢ-
ɦаɟɬɫя ɩɪɨɢɫхɨɞящɢɦ ɫ ɩɨɫɬɨяɧɧɨɣ ɫɤɨɪɨ-
ɫɬьɸ ɜɞɨɥь ɝɨɪɢɡɨɧɬаɥьɧɨɣ ɥɢɧɢɢ. 
В ɪаɦɤах ɧаɫɬɨящɟɣ ɪаɛɨɬы ɦы ɨɪɢɟɧɬɢɪɭ-
ɟɦɫя ɧа ɫɨɛɫɬɜɟɧɧыɣ аɥɝɨɪɢɬɦ  [10] ɢ ɩаɤɟɬ 
ɩɪɨɝɪаɦɦ, ɪɟаɥɢɡɭɸщɢх яɜɧɭɸ ɜычɢɫɥɢ-
ɬɟɥьɧɭɸ ɫхɟɦɭ ɢɧɬɟɝɪɢɪɨɜаɧɢя ɭɪаɜɧɟɧɢɣ 
ɞɜɢɠɟɧɢя. Пɨɞɪɨɛɧɨɟ ɨɩɢɫаɧɢɟ аɥɝɨɪɢɬɦа 
ɫɨɞɟɪɠɢɬɫя ɜ [11] ɢ  [12]. Нɟɫɦɨɬɪя ɧа ɨɩɪɟ-
ɞɟɥɟɧɧыɟ ɨɝɪаɧɢчɟɧɢя ɢɫɩɨɥьɡɭɟɦɨɝɨ аɥɝɨ-
ɪɢɬɦа (ɨɧɢ ɫɜяɡаɧы ɫ ɜɨɡɦɨɠɧɨɫɬьɸ ɢɫɩɨɥь-
ɡɨɜаɧɢя ɥɢшь ɫɬɟɪɠɧɟɜɨɝɨ эɥɟɦɟɧɬа, ɪаɛɨ-
ɬаɸщɟɝɨ ɧа ɪаɫɬяɠɟɧɢɟ), ɢɫɩɨɥьɡɭɟɦыɣ ɧа-
ɦɢ ɩɨɞхɨɞ ɨɛɥаɞаɟɬ ɢ ɪяɞɨɦ ɫɭщɟɫɬɜɟɧɧых 
ɩɪɟɢɦɭщɟɫɬɜ, ɤɨɬɨɪыɟ ɞɟɥаɸɬ ɟɝɨ эɮɮɟɤ-
ɬɢɜɧыɦ ɞɥя ɪɟшɟɧɢя ɡаɞач ɨ ɜɨɡɞɟɣɫɬɜɢɢ 
ɬɨɪɧаɞɨ ɧа ɜаɧɬɨɜɨ-ɫɬɟɪɠɧɟɜыɟ ɫɢɫɬɟɦы. 
Пɟɪɟчɢɫɥɢɦ эɬɢ ɩɪɟɢɦɭщɟɫɬɜа. 
1. Аɥɝɨɪɢɬɦ ɪаɫɫɦаɬɪɢɜаɟɬ ɡаɞачɭ ɜ ɝɟɨɦɟɬ-
ɪɢчɟɫɤɢ ɧɟɥɢɧɟɣɧɨɣ ɩɨɫɬаɧɨɜɤɟ, ɬɨ ɟɫɬь ɫ 
ɬɨчɧыɦ ɭчɟɬɨɦ ɝɟɨɦɟɬɪɢчɟɫɤɢх ɫɨɨɬɧɨшɟ-
ɧɢɣ. Эɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɬɨчɧɨɦɭ ɭчɟɬɭ ɜɧɭɬ-
ɪɟɧɧɢх ɭɫɢɥɢɣ ɜ ɤаɠɞɨɦ эɥɟɦɟɧɬɟ ɫɢɫɬɟɦы. 
Оɬ эɬɢх ɭɫɢɥɢɣ ɡаɜɢɫɢɬ ɦɝɧɨɜɟɧɧая ɠɟɫɬ-
ɤɨɫɬь ɫɢɫɬɟɦы. Пɨɫɥɟɞɧɟɟ ɨɛɫɬɨяɬɟɥьɫɬɜɨ 
ɤɪаɣɧɟ ɜаɠɧɨ ɞɥя ɫɢɫɬɟɦ, ɫɨɞɟɪɠащɢх ɜаɧ-
ɬы, ɫɬɪɭɧɧая ɠɟɫɬɤɨɫɬь ɤɨɬɨɪых ɩɨɥɧɨɫɬьɸ 
ɨɩɪɟɞɟɥяɟɬɫя ɢх ɧаɬяɠɟɧɢɟɦ. 
2.   Вɨɡɦɨɠɧɨɫɬь ɪаɫɫɦаɬɪɢɜаɬь ɡаɞачɭ ɫɬа-
ɬɢɤɢ ɢ ɞɢɧаɦɢɤɢ ɜ ɪаɦɤах ɨɞɧɨɣ ɤɨɦɩьɸ-
ɬɟɪɧɨɣ ɩɪɨɝɪаɦɦы. Наɞɨ ɢɦɟɬь ɜ ɜɢɞɭ, чɬɨ 
ɩɪɟɠɞɟ чɟɦ ɩɪɢɤɥаɞыɜаɬь ɞɢɧаɦɢчɟɫɤɨɟ 
ɜɨɡɞɟɣɫɬɜɢɟ ɬɨɪɧаɞɨ, ɤ ɜаɧɬɨɜɨ-ɫɬɟɪɠɧɟɜɨɣ 
ɫɢɫɬɟɦɟ, ɧɟɨɛхɨɞɢɦɨ ɢɦɟɬь ɟɟ ɪаɜɧɨɜɟɫɧɨɟ 
ɫɨɫɬɨяɧɢɟ ɩɪɢ ɞɟɣɫɬɜɢɢ ɫɨɛɫɬɜɟɧɧɨɝɨ ɜɟɫа. 
3. Вɨɡɦɨɠɧɨɫɬь ɜычɢɫɥɟɧɢя ɜɟɬɪɨɜɨɣ ɧа-
ɝɪɭɡɤɢ ɧа ɤаɠɞɨɦ ɜɪɟɦɟɧɧɨɦ шаɝɟ ɩɨ ɨɬɧɨ-

ɫɢɬɟɥьɧɨɣ ɫɤɨɪɨɫɬɢ ɜɨɡɞɭха ɢ ɞɜɢɠɭщɟɣɫя 
ɬɨчɤɢ ɤɨɧɫɬɪɭɤцɢɢ. 
4. Вɨɡɦɨɠɧɨɫɬь ɭчɟɬа ɞɢɫɫɢɩаɬɢɜɧых ɫɢɥ ɩɨ 
ɪаɡɥɢчɧыɦ ɜаɪɢаɧɬаɦ. Сɥɟɞɭɟɬ ɨɬɦɟɬɢɬь, чɬɨ 
ɭчɟɬ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢя ɩɭɬɟɦ ɜɜɟɞɟɧɢя ɢɧ-
ɞɢɜɢɞɭаɥьɧых ɤɨэɮɮɢцɢɟɧɬɨɜ ɞɟɦɩɮɢɪɨɜа-
ɧɢя ɞɥя ɤаɠɞɨɣ  ɫɨɛɫɬɜɟɧɧɨɣ ɮɨɪɦы ɤɨɥɟɛа-
ɧɢɣ ɡɞɟɫь ɜ ɩɪɢɧцɢɩɟ ɧɟ ɩɪɢɦɟɧɢɦ, ɩɨ ɬɨɣ 
ɩɪɨɫɬɨɣ ɩɪɢчɢɧɟ, чɬɨ ɜ ɪаɫɫɦаɬɪɢɜаɟɦых ɡа-
ɞачах ɧɟ ɩɪɢɦɟɧɢɦɨ ɫаɦɨ ɩɨɧяɬɢɟ ɫɨɛɫɬɜɟɧ-
ɧɨɣ ɮɨɪɦы ɤɨɥɟɛаɧɢɣ, ɬаɤ ɤаɤ ɪаɫɫɦаɬɪɢɜа-
ɟɬɫя ɫɭщɟɫɬɜɟɧɧɨ ɧɟɥɢɧɟɣɧая ɫɢɫɬɟɦа.  
5. Вɨɡɦɨɠɧɨɫɬь ɪаɫɫɦɨɬɪɟɧɢя чаɫɬɢчɧɨɝɨ 
ɪаɡɪɭшɟɧɢя ɫɢɫɬɟɦы.  
6. Заɞача ɭɫɬɨɣчɢɜɨɫɬɢ ɪаɫɫɦаɬɪɢɜаɟɬɫя ɫɨ-
ɜɦɟɫɬɧɨ ɫ ɡаɞачɟɣ ɨɩɪɟɞɟɥɟɧɢя ɩɟɪɟɦɟщɟɧɢɣ 
ɢ ɜɧɭɬɪɟɧɧɢх ɭɫɢɥɢɣ ɫɢɫɬɟɦы ɫ ɭчɟɬɨɦ ɤɨɧ-
ɤɪɟɬɧɨɝɨ ɜɪɟɦɟɧɧɨɝɨ ɩɪɨɦɟɠɭɬɤа, ɜ ɬɟчɟɧɢɟ 
ɤɨɬɨɪɨɝɨ ɞɟɣɫɬɜɭɟɬ аɬɦɨɫɮɟɪɧыɣ ɜɢхɪь.   
Раɫɫɦɨɬɪɢɦ ɩɪɢɦɟɪ ɪаɫчɟɬа ɧɟɥɢɧɟɣɧɨɣ 
ɫɬɟɪɠɧɟɜɨɣ ɫɢɫɬɟɦы. Бɨɥьшɟɩɪɨɥɟɬɧая ɬɪɨ-
ɫɨɜая аɧɬɟɧɧа (ɪɢɫ.2) ɩɪɟɞɫɬаɜɥяɟɬ ɫɨɛɨɣ 
ɩɪɨɫɬɪаɧɫɬɜɟɧɧɭɸ ɫɢɫɬɟɦɭ ɧɢɬɟɣ. Мачɬы 
ɤɪɟɩɥɟɧɢя аɧɬɟɧɧɨɝɨ ɩɨɥɨɬɧа ɩɪɢɧяɬы ɧɟ-
ɩɨɞɜɢɠɧыɦɢ. Раɡɛɪɨɫ ɠɟɫɬɤɨɫɬɟɣ эɥɟɦɟɧɬɨɜ 
ɫɢɫɬɟɦы ɧа ɪаɫɬяɠɟɧɢɟ ɫɨɫɬаɜɥяɟɬ ɨɬ 
13350ɤН ɞɨ 1000000ɤН, ɞɢаɦɟɬɪы ɫɬɟɪɠɧɟɣ 
ɜаɪьɢɪɭɸɬɫя ɨɬ 0.0192ɦ ɞɨ 0.24ɦ. Раɡɪыɜɧыɟ 
ɭɫɢɥɢя  ɫɨɫɬаɜɥяɸɬ ɨɬ 104ɤН ɞɨ 7793ɤН. 
Дɥɢɧы ɡаɝɨɬɨɜɨɤ ɤаɠɞɨɝɨ эɥɟɦɟɧɬа ɛыɥɢ ɢɡ-
ɜɟɫɬɧы ɡаɪаɧɟɟ. Выɫɨɬа ɤɨɧɫɬɪɭɤцɢɢ ɛɨɥɟɟ 
З50ɦ, ɞɥɢɧы ɬɪɨɫɨɜ ɞɨɫɬɢɝаɸɬ 700ɦ.  
Дɥя ɪаɫɫɦаɬɪɢɜаɟɦɨɣ ɤɨɧɫɬɪɭɤцɢɢ, ɤаɤ ɢ ɞɥя 
ɜɫɟх ɫɢɫɬɟɦ, ɨɛɥаɞаɸщɢх ɫɭщɟɫɬɜɟɧɧɨɣ ɧɟ-
ɥɢɧɟɣɧɨɫɬьɸ, ɞɨɫɬаɬɨчɧɨ ɫɥɨɠɧɨɣ ɢ ɬɪɭɞɨ-
ёɦɤɨɣ ɡаɞачɟɣ яɜɥяɟɬɫя ɨɩɪɟɞɟɥɟɧɢɟ ɪаɜɧɨ-
ɜɟɫɧɨɝɨ ɩɨɥɨɠɟɧɢя, ɬɨ ɟɫɬь ɩɨɥɨɠɟɧɢя ɫɢɫ-
ɬɟɦы ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɫɨɛɫɬɜɟɧɧɨɝɨ ɜɟɫа,  ɤ 
ɤɨɬɨɪɨɦɭ ɜ ɞаɥьɧɟɣшɟɦ ɛɭɞɟɬ ɩɪɢɥɨɠɟɧа 
ɧаɝɪɭɡɤа ɨɬ ɬɨɪɧаɞɨ.  В ɪаɦɤах ɢɫɩɨɥьɡɭɟɦɨ-
ɝɨ ɧаɦɢ ɪаɫчɟɬɧɨɝɨ ɦɟɬɨɞа, ɞаɧɧая ɫɬаɬɢчɟ-
ɫɤая ɡаɞача ɪɟшаɟɬɫя ɤаɤ чаɫɬɧыɣ ɫɥɭчаɣ 
ɞɢɧаɦɢчɟɫɤɨɣ. Заɞаɜ ɞɥɢɧы ɡаɝɨɬɨɜɨɤ эɥɟ-
ɦɟɧɬɨɜ, ɢх ɩɪɨчɧɨɫɬɧыɟ, ɝɟɨɦɟɬɪɢчɟɫɤɢɟ ха-
ɪаɤɬɟɪɢɫɬɢɤɢ ɢ ɪаɫɩɨɥɨɠɟɧɢɟ ɦɟɫɬ ɤɪɟɩɥɟ-
ɧɢɣ, ɦɨɠɧɨ ɧɟ ɡаɛɨɬɢɬɫя ɨ ɪаɫɩɨɥɨɠɟɧɢɢ 
ɩɪɨɦɟɠɭɬɨчɧых ɭɡɥɨɜ ɢ ɡаɞаɬь ɢх ɩɪаɤɬɢчɟ-
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Рɢсɭɧɨɤ 2. Расчɟɬɧая схɟɦа аɧɬɟɧɧы  
(аɤсɨɧɨɦɟɬɪɢя).  

ɫɤɢ ɜ ɨɞɧɨɣ ɬɨчɤɟ. Пɨɞ ɞɟɣɫɬɜɢɟɦ ɜɧɟɡаɩɧɨ 
ɩɪɢɥɨɠɟɧɧɨɣ ɫɢɥы ɬяɠɟɫɬɢ, ɜɧɭɬɪɟɧɧɢх ɫɢɥ 
ɢ ɫɢɥ ɞɟɦɩɮɢɪɨɜаɧɢя ɩɨɫɥɟ ɡаɬɭхаɧɢя ɤɨɥɟ-
ɛаɧɢɣ ɭɡɥы ɫɢɫɬɟɦы ɡаɣɦɭɬ ɢɫɤɨɦɨɟ ɪаɜɧɨ-
ɜɟɫɧɨɟ ɩɨɥɨɠɟɧɢɟ. 
Пɨɞɪɨɛɧɟɟ эɬɨ ɨɩɢɫаɧɨ ɜ [4]. Пɨɥɭчɟɧɧɨɟ 
ɪаɜɧɨɜɟɫɧɨɟ ɩɨɥɨɠɟɧɢɟ ɫɢɫɬɟɦы ɩɨɤаɡаɧɨ ɧа 
ɪɢɫ.2. Сɥɟɞɭɟɬ ɨɬɦɟɬɢɬь, чɬɨ ɨɧɨ ɨчɟɧь ɬɨч-
ɧɨ ɫɨɜɩаɥɨ ɫ аɧаɥɨɝɢчɧыɦ, ɩɨɥɭчɟɧɧыɦ ɞɪɭ-
ɝɢɦ ɫɬаɬɢчɟɫɤɢɦ ɦɟɬɨɞɨɦ, чɬɨ ɜ чаɫɬɧɨɫɬɢ 
ɦɨɠɟɬ ɫɥɭɠɢɬь ɞɨɩɨɥɧɢɬɟɥьɧɨɣ ɩɪɨɜɟɪɤɨɣ 
ɩɪаɜɢɥьɧɨɫɬɢ ɩɨɥɭчɟɧɧɨɣ ɪаɫчɟɬɧɨɣ ɫхɟɦы. 
Пɨɥɭчɢɜ ɪаɜɧɨɜɟɫɧɨɟ ɩɨɥɨɠɟɧɢɟ ɫɢɫɬɟɦы, 
ɧɟɨɛхɨɞɢɦɨ ɡаɞаɬь хаɪаɤɬɟɪɢɫɬɢɤɢ ɬɨɪɧаɞɨ, 
ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɦɨɞɟɥьɸ Y.K.Wen. Вɫɟ ɩа-
ɪаɦɟɬɪы ɜ ɩɪɢɧцɢɩɟ ɦɟɠɞɭ ɫɨɛɨɣ ɞɨɥɠɧы 
ɛыɬь ɭɜяɡаɧы ɧа ɨɫɧɨɜаɧɢɢ ɧаɛɥɸɞɟɧɢɣ ɡа 
ɪɟаɥьɧыɦɢ ɜɢхɪяɦɢ. Таɤɢɟ ɞаɧɧыɟ ɦɨɠɧɨ 
ɧаɣɬɢ ɜɨ ɦɧɨɝɢх ɤɧɢɠɧых ɢɫɬɨчɧɢɤах, ɩɨ-
ɫɜящɟɧɧых ɬɨɪɧаɞɨ[13,14], а ɬаɤɠɟ ɜ ɧɨɪɦа-
ɬɢɜɧых ɞɨɤɭɦɟɧɬах, ɧаɩɪɢɦɟɪ ɜ [1]. В  [13] 
ɩɪɢɜɟɞɟɧы ɧɟɤɨɬɨɪыɟ (ɧɟɫɬɪɨɝɢɟ) ɫɨɨɬɧɨ-
шɟɧɢя ɩаɪаɦɟɬɪɨɜ ɜɢхɪɟɣ, ɢɫɩɨɥьɡɭɟɦыɟ 
ɩɪɢ ɩɪɨɟɤɬɢɪɨɜаɧɢɢ ɜ США. 
Пɪɢ ɩɪɨɟɤɬɢɪɨɜаɧɢɢ ɧɨɜых ɤɨɧɫɬɪɭɤцɢɣ, а 
ɬаɤɠɟ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɝɪɭɡɨɩɨɞъɟɦɧɨɫɬɢ 
ɫɭщɟɫɬɜɭɸщɢх ɜ ɤачɟɫɬɜɟ ɜɨɡɞɟɣɫɬɜɢɣ ɧа 
ɤɨɬɨɪыɟ ɪаɫɫɦаɬɪɢɜаɟɬɫя ɧаɝɪɭɡɤа ɨɬ ɬɨɪɧа-
ɞɨ ɩɨɥɟɡɧɨ ɡɧаɬь ɩɪɟɞɟɥьɧыɟ хаɪаɤɬɟɪɢɫɬɢɤɢ 
ɜɢхɪɟɣ, ɫɩɨɫɨɛɧыɟ ɩɪɢɜɟɫɬɢ ɤ чаɫɬɢчɧɨɦɭ 
ɢɥɢ ɩɨɥɧɨɦɭ ɪаɡɪɭшɟɧɢɸ. 
В ɞаɧɧɨɣ ɪаɛɨɬɟ ɩɪɢɜɟɞɟɦ ɩɪɢɦɟɪ ɨɩɪɟɞɟɥɟ-
ɧɢя ɦɢɧɢɦаɥьɧых ɡɧачɟɧɢɣ ɫɤɨɪɨɫɬɟɣ Vm ɜ 
ɬɨɪɧаɞɨ, ɩɪɢɜɨɞящɢх ɤ ɪаɡɪɭшɟɧɢɸ аɧɬɟɧ-
ɧы. В ɤачɟɫɬɜɟ ɢɡɜɟɫɬɧых ɩаɪаɦɟɬɪɨɜ ɩɪɢ-
ɦɟɦ: ɫɤɨɪɨɫɬь ɩɨɫɬɭɩаɬɟɥьɧɨɝɨ ɞɜɢɠɟɧɢя 
цɟɧɬɪа ɜɨɪɨɧɤɢ  Vt=20 ɦ/ɫ, ɪаɞɢɭɫ ɜɨɪɨɧɤɢ – 
Rm=100ɦ, ɜыɫɨɬа ɝɪаɧɢчɧɨɝɨ ɫɥɨя ɜɞаɥɢ ɨɬ 
ɜɢхɪя ho=460ɦ. Наɩɪаɜɥɟɧɢɟ ɜɪащɟɧɢя чаɫ-
ɬɢц ɜɨɡɞɭха ɜ ɜɨɪɨɧɤɟ ɬɨɪɧаɞɨ  -  ɩɪɨɬɢɜ ча-
ɫɨɜɨɣ ɫɬɪɟɥɤɢ, чɬɨ хаɪаɤɬɟɪɧɨ ɞɥя ɛɨɥьшɢɧ-
ɫɬɜа ɪɟаɥьɧых ɜɢхɪɟɣ. 
Дɥя ɨɩɪɟɞɟɥɟɧɢя ɦɢɧɢɦаɥьɧɨɝɨ ɡɧачɟɧɢя 
ɫɤɨɪɨɫɬɢ ɜ ɬɨɪɧаɞɨ, ɩɪɢ ɤɨɬɨɪɨɦ ɩɪɨɢɡɨɣɞɟɬ 
ɪаɡɪɭшɟɧɢɟ ɤɨɧɫɬɪɭɤцɢɢ ɧɟɨɛхɨɞɢɦɨ ɩɪɨ-
ɜɟɫɬɢ ɪяɞ ɪаɫчɟɬɨɜ ɩɪɢ ɪаɡɥɢчɧых ɡаɞаɧɧых 
ɫɤɨɪɨɫɬях ɜ ɜɨɪɨɧɤɟ (ɜɪɟɦя ɨɞɧɨɝɨ ɬаɤɨɝɨ 

ɪаɫчɟɬа ɩɪɢ ɦɨɞɟɥɢɪɨɜаɧɢɢ 100 ɫɟɤɭɧɞ ɜɨɡ-
ɞɟɣɫɬɜɢя ɜɢхɪя ɧа ɤɨɧɫɬɪɭɤцɢɸ ɫɨɫɬаɜɥяɟɬ 

21,7 ɦɢɧɭɬ ɞɥя ɤɨɦɩьɸɬɟɪа ɫ ɩɪɨцɟɫɫɨɪɨɦ i7 
2.93Ƚɝц). На ɤаɠɞɨɦ ɪаɫчɟɬɧɨɦ шаɝɟ ɭɫɢɥɢɟ 
ɜ ɤаɠɞɨɦ эɥɟɦɟɧɬɟ ɪаɫчɟɬɧɨɣ ɫхɟɦы ɫɪаɜɧɢ-
ɜаɟɬɫя ɫ ɡаɞаɧɧыɦ ɩɪɟɞɟɥьɧыɦ ɡɧачɟɧɢɟɦ, ɢ 
ɜ ɫɥɭчаɟ ɟɝɨ ɩɪɟɜышɟɧɢя ɩɪɨɢɫхɨɞɢɬ ɨɛɪыɜ 
ɞаɧɧɨɝɨ эɥɟɦɟɧɬа, чɬɨ эɤɜɢɜаɥɟɧɬɧɨ ɜɧɟɡаɩ-
ɧɨ ɩɪɢɥɨɠɟɧɧɨɣ ɫɢɥɟ ɫ ɨɛɪаɬɧыɦ ɡɧаɤɨɦ. В 
ɫɥɭчаɟ ɨɛɪыɜа ɨɞɧɨɝɨ ɢɥɢ ɧɟɫɤɨɥьɤɢх эɥɟ-
ɦɟɧɬɨɜ ɪаɫчɟɬɧɨɣ ɫхɟɦы ɡаɞача ɩɪɨɞɨɥɠаɟɬ 
ɪɟшаɬьɫя, чɬɨ ɩɨɡɜɨɥяɟɬ ɧаɛɥɸɞаɬь ɡа ɩɪɨ-
цɟɫɫɨɦ ɪаɡɪɭшɟɧɢя ɤɨɧɫɬɪɭɤцɢɢ ɢ ɩɪɨɜɨ-
ɞɢɬь ɪаɫчɟɬы ɧа ɩɪɨɝɪɟɫɫɢɪɭɸщɢɟ ɨɛɪɭшɟ-
ɧɢя ɜ ɞɢɧаɦɢɤɟ. 
Наɩɪаɜɥɟɧɢɟ ɞɜɢɠɟɧɢя ɬɨɪɧаɞɨ ɡаɪаɧɟɟ ɧɟ 
ɢɡɜɟɫɬɧɨ, ɩɨэɬɨɦɭ ɜɨɡɧɢɤаɟɬ ɧɟɨɛхɨɞɢɦɨɫɬь 
ɪаɫɫɦɨɬɪɟɧɢя ɦɧɨɠɟɫɬɜа ɜаɪɢаɧɬɨɜ ɬɪаɟɤɬɨ-
ɪɢɢ ɞɜɢɠɟɧɢя ɜɢхɪя. Сɬɪɨɝɨ ɝɨɜɨɪя, ɞɥя ɤа-
ɠɞɨɝɨ эɥɟɦɟɧɬа ɤɨɧɫɬɪɭɤцɢɢ ɬɪаɟɤɬɨɪɢя 
ɞɜɢɠɟɧɢя ɬɨɪɧаɞɨ, ɜыɡыɜаɸщая ɧаɢɛɨɥьшɟɟ 
ɭɫɢɥɢɟ, ɛɭɞɟɬ ɫɜɨя, чɬɨ ɫɨɡɞаɟɬ ɞɨɩɨɥɧɢ-
ɬɟɥьɧɭɸ ɫɥɨɠɧɨɫɬь ɞɥя ɩɪаɜɢɥьɧɨɝɨ ɭчɟɬа 
ɪаɫɫɦаɬɪɢɜаɟɦɨɝɨ ɜɨɡɞɟɣɫɬɜɢя ɩɪɢ ɩɪɨɟɤɬɢ-
ɪɨɜаɧɢɢ ɤɨɧɫɬɪɭɤцɢɣ. 
Вɟɪɧɟɦɫя ɤ ɧашɟɦɭ ɩɪɢɦɟɪɭ. Пɪɢɦɟɦ ɧа-
ɩɪаɜɥɟɧɢɟ ɞɜɢɠɟɧɢя ɜɨɪɨɧɤɢ ɩɨɞ ɭɝɥɨɦ 45ɨ 
ɤ ɨɫɢ Х (ɫɦ. ɪɢɫ.3) ɢɡ ɩɪаɜɨɝɨ ɜɟɪхɧɟɝɨ ɭɝɥа 
ɜ ɥɟɜыɣ ɧɢɠɧɢɣ. Сɦɟщая ɧачаɥьɧɨɟ ɩɨɥɨɠɟ-
ɧɢɟ ɜɨɪɨɧɤɢ  (ɫ шаɝɨɦ 20-40ɦ) ɩɟɪɩɟɧɞɢɤɭ-
ɥяɪɧɨ ɧаɩɪаɜɥɟɧɢɸ ɞɜɢɠɟɧɢя, ɞɥя ɤаɠɞɨɣ 
ɬɪаɟɤɬɨɪɢɢ ɛɭɞɟɦ ɧахɨɞɢɬь ɦɢɧɢɦаɥьɧɭɸ 
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Рɢсɭɧɨɤ 3. Гɪаɮɢɤ ɢɡɦɟɧɟɧɢя ɧаɢɦɟɧьɲɟɣ ɪаɡɪɭɲаɸщɟɣ сɤɨɪɨсɬɢ ɬɨɪɧаɞɨ  
в ɡавɢсɢɦɨсɬɢ ɨɬ ɬɪаɟɤɬɨɪɢɢ ɞвɢɠɟɧɢя вɨɪɨɧɤɢ (ɤɨɧсɬɪɭɤɰɢя ɩɨɤаɡаɧа в ɩɥаɧɟ). 

ɫɤɨɪɨɫɬь ɞɜɢɠɟɧɢя чаɫɬɢц ɜ ɜɢхɪɟ Vm, ɩɪɢ 
ɤɨɬɨɪɨɣ ɩɪɨɢɫхɨɞɢɬ ɪаɡɪɭшɟɧɢɟ  ɤɨɧɫɬɪɭɤ-
цɢɢ. Пɨɥɭчɟɧɧыɟ ɪɟɡɭɥьɬаɬы ɩɪɟɞɫɬаɜɢɦ ɜ 
ɜɢɞɟ ɝɪаɮɢɤа (ɫɦ.ɪɢɫ.3). Пɨ ɝɪаɮɢɤɭ ɦɨɠɧɨ 
ɨɩɪɟɞɟɥɢɬь ɬɪаɟɤɬɨɪɢɸ ɞɜɢɠɟɧɢя ɜɨɪɨɧɤɢ, 
ɤɨɬɨɪая ɛɭɞɟɬ ɧаɢɛɨɥɟɟ ɨɩаɫɧа ɞɥя ɜɫɟɝɨ ɫɨ-
ɨɪɭɠɟɧɢя (ɩɪɢ ɩɪɨчɢх ɡаɞаɧɧых ɩаɪаɦɟɬɪах 
ɬɨɪɧаɞɨ). Наɢɦɟɧьшая ɪаɡɪɭшаɸщая ɫɤɨ-
ɪɨɫɬь ɞɥя ɪаɫɫɦɨɬɪɟɧɧых ɬɪаɟɤɬɨɪɢɣ ɫɨɫɬа-
ɜɢɥа 88ɦ/ɫ. Еɫɬɟɫɬɜɟɧɧɨ, ɩɪɢ ɪаɡɥɢчɧых ɬɪа-
ɟɤɬɨɪɢях ɞɜɢɠɟɧɢя ɧаɝɪɭɡɤɢ ɪаɡɪɭшаɬьɫя  
ɤɨɧɫɬɪɭɤцɢя ɛɭɞɟɬ ɩɨ-ɪаɡɧɨɦɭ. Вɢɞ ɤɨɧɫɬ-

ɪɭɤцɢɢ ɜ ɦɨɦɟɧɬ ɪаɡɪɭшɟɧɢя ɩɪɢ 4-х ɪаɡ-
ɥɢчɧых ɬɪаɟɤɬɨɪɢях ɩɨɤаɡаɧ ɧа ɪɢɫ.4. 
Иɧɬɟɧɫɢɜɧɨɫɬь ɬɨɪɧаɞɨ ɩɪɢɧяɬɨ ɤɥаɫɫɢɮɢ-
цɢɪɨɜаɬь ɩɨ шɤаɥɟ Фɭɞɠɢɬы [14] (F-шɤаɥа). 
Оɧа ɩɨɡɜɨɥяɟɬ ɫɨɩɨɫɬаɜɢɬь ɫɤɨɪɨɫɬɢ ɞɜɢɠɟ-
ɧɢя чаɫɬɢц ɜ ɜɨɪɨɧɤɟ ɫ ɧаɧɨɫɢɦыɦɢ ɪаɡɪɭ-
шɟɧɢяɦɢ. В ɧашɟɦ ɫɥɭчаɟ, ɫɤɨɪɨɫɬь 88ɦ/ɫ 
хаɪаɤɬɟɪɢɡɭɟɬ ɤɥаɫɫ ɜɢхɪя F3, ɪаɡɪɭшɟɧɢя ɨɬ 
ɤɨɬɨɪɨɝɨ ɨɩɢɫыɜаɸɬɫя ɤаɤ ɫɟɪьɟɡɧыɟ (Сɨ-
ɪɜаɧы ɤɪышɢ ɫ ɤаɪɤаɫɨɜ ɞɨɦɨɜ ɢ ɪаɡɪɭшɟɧа 
чаɫɬь ɜɟɪɬɢɤаɥьɧых ɫɬɟɧ; ɡɞаɧɢя ɜ ɫɟɥьɫɤɨɣ 
ɦɟɫɬɧɨɫɬɢ ɩɨɥɧɨɫɬьɸ ɪаɡɪɭшɟɧы; ɨɩɪɨɤɢɧɭ-

ɬы ɩɨɟɡɞа; ɪаɡɨɪɜаɧы ɤɨɧɫɬɪɭɤцɢɢ ɫɨ ɫɬаɥь-
ɧɨɣ ɨɛɨɥɨчɤɨɣ ɬɢɩа аɧɝаɪɨɜ ɢɥɢ ɩаɤɝаɭɡɨɜ; 
аɜɬɨɦɨɛɢɥɢ ɨɬɪыɜаɥɢɫь ɨɬ ɡɟɦɥɢ ɢ ɩɨɞɛɪа-
ɫыɜаɥɢɫь ɜ ɜɨɡɞɭх; ɛɨɥьшɢɧɫɬɜɨ ɞɟɪɟɜьɟɜ ɜ 
ɥɟɫɭ ɜыɪɜаɧы ɫ ɤɨɪɧɟɦ, ɭɧɟɫɟɧы ɢɥɢ ɩɨɜа-
ɥɟɧы ɧа ɡɟɦɥɸ[1]). 
Иɫɩɨɥьɡɭɟɦыɟ ɜ ɪаɛɨɬɟ чɢɫɥɟɧɧыɟ ɦɟɬɨɞы, ɜ 
ɫɨчɟɬаɧɢɢ ɫ ɦɨɞɟɥьɸ ɬɪɟхɤɨɦɩɨɧɟɧɬɧɨɝɨ 
ɪаɫɩɪɟɞɟɥɟɧɢя ɫɤɨɪɨɫɬɢ ɜɟɬɪа ɜ ɜɨɪɨɧɤɟ 
ɬɨɪɧаɞɨ ɩɨɡɜɨɥяɸɬ ɩɨɥɭчɢɬь ɤаɪɬɢɧɭ ɞɢɧа-
ɦɢчɟɫɤɨɝɨ ɪаɫɩɪɟɞɟɥɟɧɢя ɜɧɭɬɪɟɧɧɢх ɭɫɢ-
ɥɢɣ ɢ ɩɟɪɟɦɟщɟɧɢɣ ɜаɧɬɨɜɨ-ɫɬɟɪɠɧɟɜых ɫɢ-

ɫɬɟɦ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɬɨɪɧаɞɨ ɫ ɪаɡɥɢчɧыɦɢ 
хаɪаɤɬɟɪɢɫɬɢɤаɦɢ ɜ ɤаɠɞыɣ ɦɨɦɟɧɬ ɜɪɟɦɟ-
ɧɢ. Пɨɥɭчаɟɦыɟ ɡɧачɟɧɢя ɩɪɟɞɟɥьɧых хаɪаɤ-
ɬɟɪɢɫɬɢɤ ɬɨɪɧаɞɨ ɩɨɡɜɨɥяɸɬ ɨцɟɧɢɬь ɧɟɫɭ-
щɭɸ ɫɩɨɫɨɛɧɨɫɬь ɤɨɧɫɬɪɭɤцɢɢ ɩɨ ɨɬɧɨшɟ-
ɧɢɸ ɤ ɪаɫɫɦаɬɪɢɜаɟɦɨɦɭ ɜɨɡɞɟɣɫɬɜɢɸ. Мɟɫ-
ɬа ɪаɡɪɭшɟɧɢɣ ɜыяɜɥяɸɬ ɫɥаɛыɟ ɦɟɫɬа ɤɨɧ-
ɫɬɪɭɤцɢɢ, ɤɨɬɨɪыɟ ɫɥɟɞɭɟɬ ɭɫɢɥяɬь. 
Даɧɧая ɪаɛɨɬа выɩɨɥɧɟɧа в ɪаɦɤах ɝɪаɧɬа, 
ɩɨɥɭчɟɧɧɨɝɨ в ɮɨɧɞɟ «ОɋНОВАНИȿ». ɍчɪɟ-
ɞɢɬɟɥɢ ɮɨɧɞа: ОАО «Иɧсɬɢɬɭɬ Гɢɩɪɨсɬ-
ɪɨɣɦɨсɬ»,  Гɪɭɩɩа ɤɨɦɩаɧɢɣ «ɋК МОɋТ». 



Иɫɫɥɟɞɨɜаɧɢɟ ɞɢɧаɦɢчɟɫɤɨɝɨ ɩɨɜɟɞɟɧɢя ɜаɧɬɨɜых ɤɨɧɫɬɪɭɤцɢɣ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɬɨɪɧаɞɨ ɩɨ ɦɨɞɟɥɢ Y.K. Wen  

Volume 9, Issue 4, 2013 163

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

Рɢсɭɧɨɤ 4. Раɡɪɭɲɟɧɢɟ ɤɨɧсɬɪɭɤɰɢɢ ɩɪɢ вɨɡɞɟɣсɬвɢях ɬɨɪɧаɞɨ с ɦɢɧɢɦаɥьɧыɦɢ  
ɪаɡɪɭɲаɸщɢɦɢ сɤɨɪɨсɬяɦɢ ɞвɢɠɟɧɢя часɬɢɰ в вɨɪɨɧɤɟ ɩɪɢ ɪаɡɥɢчɧых  

ɬɪаɟɤɬɨɪɢях ɞвɢɠɟɧɢя вɢхɪя. 

а)  

ɜ) 

ɛ)

ɞ)

 

ɋɉɂɋɈɄ ɅɂɌȿɊАɌɍɊЫ 

 

1. Рɟɤɨɦɟɧɞацɢɢ ɞɥя ɨцɟɧɤɢ хаɪаɤɬɟɪɢɫɬɢɤ 
ɫɦɟɪча ɞɥя ɨɛъɟɤɬɨɜ ɢɫɩɨɥьɡɨɜаɧɢя 
аɬɨɦɧɨɣ эɧɟɪɝɢɢ.: РБ-022-01.-М.: НТЦ 
əБР Ƚɨɫаɬɨɦɧаɞɡɨɪа Рɨɫɫɢɢ. - М.-2001.- 
36ɫ. 

2. ɋиɦиу Э., ɋɤɚɧлɚɧ Ɋ. Вɨɡɞɟɣɫɬɜɢɟ ɜɟɬ-
ɪа ɧа ɡɞаɧɢя ɢ ɫɨɨɪɭɠɟɧɢя / Пɟɪ. ɫ 
аɧɝɥ.Б.Е. Маɫɥɨɜа, А.В. Шɜɟцɨɜɨɣ; Пɨɞ 
ɪɟɞ. Б.Е. Маɫɥɨɜа. – М: Сɬɪɨɣɢɡɞаɬ, 
1984. -  360 ɫ., ɢɥ. – Пɟɪɟɜɨɞ.  Иɡɞ.: Wind 
Effects on Structures / E. Simiu, R. Scanlan 
(1978). 

3. Ɂылев ȼ.Ȼ., ɒɬеɣɧ А.ȼ., Ƚɪиɝоɪɶев 

ɇ.А. Дɢɧаɦɢɤа ɢ ɤɜаɡɢɫɬаɬɢɤа ɜ ɪаɫчɟ-
ɬах ɧа ɜɨɡɞɟɣɫɬɜɢɟ ɬɨɪɧаɞɨ. /В.Б.Зыɥɟɜ, 
А.В.Шɬɟɣɧ,Н.А.Ƚɪɢɝɨɪьɟɜ// Сɛɨɪɧɢɤ 

ɞɨɤɥаɞɨɜ Мɟɠɞɭɧаɪɨɞɧɨɣ ɤɨɧɮɟɪɟɧцɢɢ 
ɩɨ ɩɪɨɛɥɟɦаɦ ɬɟɨɪɟɬɢчɟɫɤɨɝɨ аɧаɥɢɡа 
ɩɨɜɟɞɟɧɢя ɡɞаɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ ɩɪɢ 
ɪаɡɥɢчɧых ɜɢɞах «Аɤɬɭаɥьɧыɟ ɩɪɨɛɥɟ-
ɦы ɢɫɫɥɟɞɨɜаɧɢɣ ɩɨ ɬɟɨɪɢɢ ɫɨɨɪɭɠɟ-
ɧɢɣ».  «Сɛɨɪɧɢɤ ɧаɭчɧых ɫɬаɬɟɣ ɜ ɞɜɭх 
чаɫɬях. Чаɫɬь 1/ ЦНИИСК ɢɦ. Кɭчɟɪɟɧ-
ɤɨ – М.: ОАО «ЦПП», 2009.-С.223-227. 

4. Ɂылев ȼ.Ȼ., ɒɬеɣɧ А. ȼ. ,Ƚɪиɝоɪɶев 

ɇ.А. Вɨɡɞɟɣɫɬɜɢɟ ɬɨɪɧаɞɨ ɧа ɤɪɭɩɧɨɝа-
ɛаɪɢɬɧɭɸ ɬɪɨɫɨɜɭɸ ɫɢɫɬɟɦɭ. /В.Б.Зыɥɟɜ, 
А.В.Шɬɟɣɧ, Н.А.Ƚɪɢɝɨɪьɟɜ// «Вɟɫɬɧɢɤ 
ɨɬɞɟɥɟɧɢя ɫɬɪɨɢɬɟɥьɧых ɧаɭɤ» РААСН 
Выɩɭɫɤ 14. Тɨɦ 1 –М. 2010 - С.72-74. 

5. Ɂылев ȼ.Ȼ.,  ɒɬеɣɧ  А.ȼ.,  Ƚɪиɝоɪɶев  

ɇ.А. Раɫчɟɬ ɤɨɧɫɬɪɭɤцɢɣ ɧа ɜɨɡɞɟɣɫɬɜɢɟ 
ɬɨɪɧаɞɨ ɫ ɢɫɩɨɥьɡɨɜаɧɢɟɦ ɜɢхɪя Рɟɧɤɢ-
ɧа  //Сɬɪɨɢɬɟɥьɧая ɦɟхаɧɢɤа ɢ ɪаɫчɟɬ 
ɫɨɨɪɭɠɟɧɢɣ.- 2009ɝ.-№6.-ɫ.27-30.  



В.Б. Зыɥɟɜ, Н.А. Ƚɪɢɝɨɪьɟɜ  

International Journal for Computational Civil and Structural Engineering 164 

 
 
 
 
 

 

6. ɇɚливɤиɧ Ⱦ.ȼ.  Уɪаɝаɧы, ɛɭɪɢ ɢ ɫɦɟɪ-
чɢ. - Лɟɧ.: Наɭɤа, 1969. - 488 ɫ. 

7. Kuo H.L. Axisymmetric Flows in the 
boundary Layer of a Maintained Vortex // 
Journal of the Atmospheric sciences. – Vol 
28(1). – p.20-41. 

8. Wen Y.K., A. H.-S. Ang. Tornado risk and 
wind effect on structures.// Proceedings of 
International Conference on Wind Effects 
on Buildings and Structures. -Heathrow, 
1975 Cambridge University Press, 1977 – 
pp.63-74. 

9. Ƚоɪɞеев ȼ.ɇ., Ʌɚɧɬух-Ʌɹщеɧɤо А.ɂ., 

ɉɚɲиɧсɤиɣ ȼ.А., ɉеɪелɶɦуɬеɪ А.ȼ., 

ɉичуɝиɧ ɋ.Ɏ. Наɝɪɭɡɤɢ ɢ ɜɨɡɞɟɣɫɬɜɢя 
ɧа ɡɞаɧɢя ɢ ɫɨɨɪɭɠɟɧɢя. - М. : Иɡɞаɬɟɥь-
ɫɬɜɨ Аɫɫɨцɢацɢɢ ɫɬɪɨɢɬɟɥьɧых ɜɭɡɨɜ, 
2006. - 482ɫ. 

10. Ɂылев ȼ.Ȼ., ɒɬеɣɧ А.ȼ. Чɢɫɥɟɧɧɨɟ ɪɟ-
шɟɧɢɟ ɡаɞачɢ ɨ ɧɟɥɢɧɟɣɧых ɤɨɥɟɛаɧɢях 
ɫɢɫɬɟɦы ɧɢɬɟɣ //Сɬɪɨɢɬɟɥьɧая ɦɟхаɧɢɤа 
ɢ ɪаɫчɟɬ ɫɨɨɪɭɠɟɧɢɣ.-1986.-№6.-  ɫ.58-
61. 

11. Ɂылев ȼ.Ȼ. Вычɢɫɥɢɬɟɥьɧыɟ ɦɟɬɨɞы ɜ 
ɧɟɥɢɧɟɣɧɨɣ ɦɟхаɧɢɤɢ ɤɨɧɫɬɪɭɤцɢɣ..- М.: 
НИЦ*Иɧɠɟɧɟɪ*.-144 ɫ. 

12. Алеɤсɚɧɞɪов А.ȼ., ɉоɬɚɩов ȼ.Ⱦ., Ɂы-

лев ȼ.Ȼ. Сɬɪɨɢɬɟɥьɧая ɦɟхаɧɢɤа. Кɧɢɝа. 
Дɢɧаɦɢɤа ɢ ɭɫɬɨɣчɢɜɨɫɬь ɭɩɪɭɝɢх ɫɢɫ-
ɬɟɦ. - М.: Выɫшая шɤɨɥа, 2008.-384 ɫ. 

13. Ȼиɪɛɪɚеɪ А.ɇ.,  Ɋолеɞеɪ А.ɘ. Эɤɫɬɪɟ-
ɦаɥьɧыɟ ɜɨɡɞɟɣɫɬɜɢя ɧа ɫɨɨɪɭɠɟɧɢя. –
СПɛ.: Иɡɞ-ɜɨ Пɨɥɢɬɟхɧɢчɟɫɤɨɝɨ ɭɧɢɜɟɪ-
ɫɢɬɟɬа,2009. -581ɫ. 

14. Fujita T. Workbook of tornadoes and high 
winds for engineering applications // SMRP 
Research Paper. – 1978. - v.165. – 105 pp. 

 

 

Зыɥɟɜ Вɥаɞɢɦɢɪ Бɨɪɢɫɨɜɢч, ɩɪɨɮɟɫɫɨɪ, ɞɨɤ-
ɬɨɪ ɬɟхɧɢчɟɫɤɢх ɧаɭɤ, ФȽБОУ «Мɨɫɤɨɜɫɤɢɣ 
ɝɨɫɭɞаɪɫɬɜɟɧɧыɣ ɭɧɢɜɟɪɫɢɬɟɬ ɩɭɬɟɣ ɫɨɨɛ-
щɟɧɢя», ɤаɮɟɞɪа ɫɬɪɨɢɬɟɥьɧɨɣ ɦɟхаɧɢɤɢ, 
127994, Рɨɫɫɢя, ɝ. Мɨɫɤɜа, ɭɥ Оɛɪаɡцɨɜа, ɞ 9, 
ɫɬɪ. 9; e-mail: Zylevvb@yandex.ru 
     

Ƚɪɢɝɨɪьɟɜ Нɢɤɢɬа Аɥɟɤɫɟɟɜɢч, ɤаɧɞɢɞаɬ 
ɬɟхɧɢчɟɫɤɢх ɧаɭɤ, Мɨɫɤɨɜɫɤɢɣ ɝɨɫɭɞаɪɫɬ-
ɜɟɧɧыɣ ɫɬɪɨɢɬɟɥьɧыɣ ɭɧɢɜɟɪɫɢɬɟɬ, ФȽБОУ 
«Мɨɫɤɨɜɫɤɢɣ ɝɨɫɭɞаɪɫɬɜɟɧɧыɣ ɭɧɢɜɟɪɫɢɬɟɬ 
ɩɭɬɟɣ ɫɨɨɛщɟɧɢя», ɤаɮɟɞɪа ɫɬɪɨɢɬɟɥьɧɨɣ 
ɦɟхаɧɢɤɢ; 127994, Рɨɫɫɢя, ɝ. Мɨɫɤɜа, ɭɥ Оɛ-
ɪаɡцɨɜа, ɞ 9, ɫɬɪ. 9;  
e-mail: Gr_Nik2003@mail.ru 
 
Vladimir B. Zylev, professor, Moscow 
State University of Railway Engineering, De-
partment of Structure Mechanics, 9, Obraztsova 
Street, 127994, Moscow, Russia. 
e-mail: Zylevvb@yandex.ru 
     
Grigoryev Nikita A., Moscow State University 
of Railway Engineering, Department of Struc-
ture Mechanics, 9, Obraztsova Street, 127994, 
Moscow, Russia. 
e-mail: Gr_Nik2003@mail.ru 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



International Journal for Computational Civil and Structural Engineering, 9(4) 165-172 (2013) 

 

165 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ɈȻЩАə ɍɋɌɈɃЧɂȼɈɋɌɖ ȼЫɋɈɌɇɈȽɈ ɈȻɔȿɄɌА, 

ɇА ɇȿɅɂɇȿɃɇɈ-ȾȿɎɈɊɆɂɊɍȿɆɈɆ ɈɋɇɈȼАɇɂɂ  
 

В.К. Иноземцев 
Саɪаɬɨɜɫɤɢɣ ɝɨɫɭɞаɪɫɬɜɟɧɧыɣ ɬɟхɧɢчɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, ɝ. Саɪаɬɨɜ, РОССИə  

 
АɇɇɈɌАЦɂə: Лɸɛɨɟ ɜыɫɨɬɧɨɟ ɡɞаɧɢɟ ɢɥɢ ɫɨɨɪɭɠɟɧɢɟ ɭɧɢɤаɥьɧɨ ɜ ɫɢɥɭ ɢɫɤɥɸчɢɬɟɥьɧɨɫɬɢ ɫɜɨɟɣ 
ɮɨɪɦы, ɜыɫɨɬы, ɩɪɢɪɨɞɧɨɝɨ ɢ ɬɟхɧɨɝɟɧɧɨɝɨ ɨɤɪɭɠɟɧɢя, а ɬаɤɠɟ ɜɨɡɦɨɠɧых ɮɢɡɢчɟɫɤɢх ɢ ɬɟхɧɢчɟɫɤɢх 
ɨɬɤɥɨɧɟɧɢɣ ɨɬ ɨɛщɟɩɪɢɧяɬых ɫɬɪɨɢɬɟɥьɧых ɧɨɪɦаɬɢɜɨɜ. Уɧɢɤаɥьɧɨ ɢ ɜɡаɢɦɨɞɟɣɫɬɜɢɟ ɜыɫɨɬɧɨɝɨ ɡɞаɧɢя 
ɢ ɟɝɨ ɨɫɧɨɜаɧɢя ɜ ɫɜяɡɢ ɫ ɢɫɤɥɸчɢɬɟɥьɧɨ ɛɨɥьшɢɦ ɞаɜɥɟɧɢɟɦ ɧа ɨɫɧɨɜаɧɢɟ, ɢ, ɤаɤ ɫɥɟɞɫɬɜɢɟ, ɛɨɥьшɢɦɢ 
ɧɟɥɢɧɟɣɧыɦɢ ɞɟɮɨɪɦацɢяɦɢ ɨɫɧɨɜаɧɢя.  
Заɞачɢ ɨ ɩɨɬɟɪɟ ɭɫɬɨɣчɢɜɨɫɬɢ «яɜɥяɸɬɫя ɛɨɥɟɟ «ɬɨɧɤɢɦɢ», чɟɦ ɪаɫɫɦɨɬɪɟɧɧыɟ ɩɪɟɠɞɟ». Пɨɞ ɡаɞачаɦɢ, 
ɪаɫɫɦɨɬɪɟɧɧыɦɢ ɩɪɟɠɞɟ, ɩɨɞɪаɡɭɦɟɜаɸɬɫя ɟɫɬɟɫɬɜɟɧɧɨ ɡаɞачɢ ɨ ɩɪɨчɧɨɫɬɢ. Ваɠɧыɦ ɡɞɟɫь яɜɥяɟɬɫя ɭɫ-
ɬаɧɨɜɥɟɧɢɟ ɤɪɢɬɟɪɢя ɭɫɬɨɣчɢɜɨɫɬɢ. Иɦɟɧɧɨ ɜ ɜɨɩɪɨɫах ɜыɛɨɪа ɤɪɢɬɟɪɢя ɭɫɬɨɣчɢɜɨɫɬɢ (ɨɫɨɛɟɧɧɨ ɞɥя 
ɫɥɨɠɧых ɫɪɟɞ) ɦɧɟɧɢя ɫɩɟцɢаɥɢɫɬɨɜ чаɫɬɨ ɛыɜаɸɬ ɩɪяɦɨ ɩɪɨɬɢɜɨɩɨɥɨɠɧыɦɢ. Иɫɤɥɸчɟɧɢɟɦ ɢɡ эɬɨɝɨ 
яɜɥяɟɬɫя ɫɬаɬɢчɟɫɤɢɣ ɤɪɢɬɟɪɢɣ. Оɤаɡаɥɨɫь чɬɨ ɜ ɨɛɥаɫɬɢ ɦɟхаɧɢɤɢ ɩɪɨɛɥɟɦа ɭɫɬɨɣчɢɜɨɫɬɢ ɢ ɩɪɨɛɥɟɦа 
ɫɨɛɫɬɜɟɧɧых ɡɧачɟɧɢɣ ɞɥя ɞɢɮɮɟɪɟɧцɢаɥьɧых ɭɪаɜɧɟɧɢɣ ɧɟɪаɡɪыɜɧɨ ɫɜяɡаɧы. 
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ABSTRACT: Any high-rise building or structure is unique because of its exceptional shape, height, natural and 
technogenic environment, as well as the possible physical and technical deviations from accepted construction 
standards. Unique and interaction of a high-rise building and its Foundation in connection with extremely high 
pressure on the basis, and, as a consequence, large nonlinear deformations of the base.  Of the problem of the 
loss of stability «are more thin, than considered before.» Under objectives discussed above, refers to naturally 
tasks of strength. Important here is the establishment of sustainability criteria. It is in the selection of sustainabil-
ity criteria (especially for complex environments) opinions of the experts are often the opposite. The exception to 
this is the static test. It turned out that in the field of mechanics of the problem of stability and the problem of ei-
genvalues for differential equations are inextricably linked. 
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Лɸɛɨɟ ɜыɫɨɬɧɨɟ ɡɞаɧɢɟ ɢɥɢ ɫɨɨɪɭɠɟɧɢɟ 
ɭɧɢɤаɥьɧɨ ɜ ɫɢɥɭ ɢɫɤɥɸчɢɬɟɥьɧɨɫɬɢ ɫɜɨɟɣ 
ɮɨɪɦы, ɜыɫɨɬы, ɩɪɢɪɨɞɧɨɝɨ ɢ ɬɟхɧɨɝɟɧɧɨɝɨ 
ɨɤɪɭɠɟɧɢя, а ɬаɤɠɟ ɜɨɡɦɨɠɧых ɮɢɡɢчɟɫɤɢх 
ɢ ɬɟхɧɢчɟɫɤɢх ɨɬɤɥɨɧɟɧɢɣ ɨɬ ɨɛщɟɩɪɢɧяɬых 
ɫɬɪɨɢɬɟɥьɧых ɧɨɪɦаɬɢɜɨɜ. Уɧɢɤаɥьɧɨ ɢ 
ɜɡаɢɦɨɞɟɣɫɬɜɢɟ ɜыɫɨɬɧɨɝɨ ɡɞаɧɢя ɢ ɟɝɨ ɨɫ-
ɧɨɜаɧɢя ɜ ɫɜяɡɢ ɫ ɢɫɤɥɸчɢɬɟɥьɧɨ ɛɨɥьшɢɦ 
ɞаɜɥɟɧɢɟɦ ɧа ɨɫɧɨɜаɧɢɟ, ɢ, ɤаɤ ɫɥɟɞɫɬɜɢɟ, 

ɛɨɥьшɢɦɢ ɧɟɥɢɧɟɣɧыɦɢ ɞɟɮɨɪɦацɢяɦɢ ɨɫ-
ɧɨɜаɧɢя.  
Ваɠɧɟɣшɢɦ ɞɥя ɜыɫɨɬɧых ɡɞаɧɢɣ ɢ ɫɨɨɪɭ-
ɠɟɧɢɣ яɜɥяɟɬɫя ɬɪɟɛɨɜаɧɢɟ ɫɨхɪаɧɟɧɢя ɭɫ-
ɬɨɣчɢɜɨɫɬɢ ɨɫɧɨɜаɧɢя ɢ, ɤаɤ ɫɥɟɞɫɬɜɢɟ, ɨɛ-
щɟɣ ɭɫɬɨɣчɢɜɨɫɬɢ, ɢ ɩɪɨчɧɨɫɬɢ ɤɨɧɫɬɪɭɤцɢɣ 
ɮɭɧɞаɦɟɧɬа, ɩɨɞɡɟɦɧɨɣ ɢ ɧаɡɟɦɧɨɣ чаɫɬɟɣ 
ɡɞаɧɢя ɢɥɢ ɫɨɨɪɭɠɟɧɢя. Зɞɟɫь ɩɨɞ ɨɛщɟɣ 
ɩɪɨɫɬɪаɧɫɬɜɟɧɧɨɣ ɭɫɬɨɣчɢɜɨɫɬьɸ ɜыɫɨɬɧɨɝɨ 
ɡɞаɧɢя ɛɭɞɟɦ ɩɨɧɢɦаɬь ɟɝɨ ɭɫɬɨɣчɢɜɨɫɬь ɧа 
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ɞɟɮɨɪɦɢɪɭɟɦɨɦ ɨɫɧɨɜаɧɢɢ. Сɥɟɞɭɟɬ ɩɨɦ-
ɧɢɬь, чɬɨ ɩɪɨɛɥɟɦа ɭɫɬɨɣчɢɜɨɫɬɢ ɜыɫɨɬɧых 
ɡɞаɧɢɣ ɫɜяɡаɧа ɤаɤ ɫ ɢɫɫɥɟɞɨɜаɧɢɟɦ ɭɫɬɨɣ-
чɢɜɨɫɬɢ ɨɬɞɟɥьɧых ɤɨɧɫɬɪɭɤɬɢɜɧых эɥɟɦɟɧ-
ɬɨɜ ɢ чаɫɬɟɣ ɡɞаɧɢя, ɬаɤ ɢ ɫ ɨɛщɟɣ ɭɫɬɨɣчɢ-
ɜɨɫɬьɸ ɜыɫɨɬɧых ɡɞаɧɢɣ ɧа ɧɟɥɢɧɟɣɧɨ-
ɞɟɮɨɪɦɢɪɭɟɦɨɦ ɨɫɧɨɜаɧɢɢ, ɤаɤ ɫɢɫɬɟɦы 
«ɜыɫɨɬɧыɣ ɨɛъɟɤɬ - ɨɫɧɨɜаɧɢɟ». Пɪɢ эɬɨɦ 
ɞɥя ɜыɫɨɬɧɨɝɨ ɫɨɨɪɭɠɟɧɢя ɩɪɨɛɥɟɦа ɨɛщɟɣ 
ɭɫɬɨɣчɢɜɨɫɬɢ ɢɦɟɟɬ ɝɨɪаɡɞɨ ɛɨɥьшɟɟ ɡɧачɟ-
ɧɢɟ ɩɨ ɫɪаɜɧɟɧɢɸ ɫ ɨɛычɧыɦ ɫɨɨɪɭɠɟɧɢɟɦ. 
Таɤ ɛɨɥьшɢɧɫɬɜɨ ɜыɫɨɬɧых ɡɞаɧɢɣ ɩɪɟɞ-
ɫɬаɜɥяɸɬ ɫɨɛɨɣ ɫɨɨɪɭɠɟɧɢя ɛашɟɧɧɨɝɨ ɬɢɩа. 
В ɫɜяɡɢ ɫ эɬɢɦ ɭɞɟɥьɧɨɟ ɞаɜɥɟɧɢɟ ɧа ɨɫɧɨɜа-
ɧɢɟ ɩɨɞ ɮɭɧɞаɦɟɧɬɧɨɣ ɤɨɧɫɬɪɭɤцɢɟɣ ɜыɫɨɬ-
ɧых ɡɞаɧɢɣ ɫɨɫɬаɜɥяɟɬ 500-800 ɤПа [1]. Эɬɨ 
ɨɛɫɬɨяɬɟɥьɫɬɜɨ ɩɪɟɞɫɬаɜɥяɟɬ ɫɟɪьɟɡɧɭɸ 
ɨɩаɫɧɨɫɬь ɩɪɢ ɜɨɡɧɢɤɧɨɜɟɧɢɢ эɤɫцɟɧɬɪɢɫɢ-
ɬɟɬа цɟɧɬɪа ɫɢɥ. Оɩаɫɧɨɫɬь ɜɨɡɧɢɤɧɨɜɟɧɢя 
ɬаɤɨɝɨ эɤɫцɟɧɬɪɢɫɢɬɟɬа ɨɛɭɫɥɨɜɥɟɧа ɬɟɦ, чɬɨ 
ɜ ɫɥɨɠɧɨɣ ɫɢɫɬɟɦɟ ɤɨɧɫɬɪɭɤɬɢɜɧых эɥɟɦɟɧ-
ɬɨɜ ɥɸɛɨɝɨ ɫɨɨɪɭɠɟɧɢя  ɨɫɧɨɜаɧɢɟ ɨɛычɧɨ 
ɧаɢɛɨɥɟɟ ɞɟɮɨɪɦɢɪɭɟɦыɣ ɧɟɥɢɧɟɣɧыɣ эɥɟ-
ɦɟɧɬ, а ɮɭɧɞаɦɟɧɬы ɢ ɩɨɞɡɟɦɧая чаɫɬь ɜы-
ɫɨɬɧɨɝɨ ɡɞаɧɢя, ɧаɢɛɨɥɟɟ ɡаɝɪɭɠɟɧɧыɟ эɥɟ-
ɦɟɧɬы ɤɨɧɫɬɪɭɤɬɢɜɧɨɣ ɫхɟɦы. В ɪɟɡɭɥьɬаɬɟ 
ɫɢɫɬɟɦа «ɜыɫɨɬɧыɣ ɨɛъɟɤɬ – ɨɫɧɨɜаɧɢɟ» ɢɫ-
ɩыɬыɜаɟɬ ɡɧачɢɬɟɥьɧыɟ ɨɫаɞɤɢ, ɫɨɩɪɨɜɨɠ-
ɞаɸщɢɟɫя ɤɪɟɧаɦɢ. В эɬɢх ɭɫɥɨɜɢях ɪаɫчɟɬ 
ɧа ɭɫɬɨɣчɢɜɨɫɬь ɫɢɫɬɟɦы «ɜыɫɨɬɧыɣ ɨɛъɟɤɬ 
– ɨɫɧɨɜаɧɢɟ» ɩɪɢɨɛɪɟɬаɟɬ ɨɫɨɛɭɸ ɜаɠɧɨɫɬь. 
Уɫɬɨɣчɢɜɨɫɬь яɜɥɟɧɢɣ, ɫɨɫɬɨяɧɢɣ ɢ ɩɪɨцɟɫ-
ɫɨɜ эɬɨ ɬɨ, чɬɨ ɬаɤ  ɠɟɥаɧɧɨ ɞɥя ɥɸɛɨɝɨ ɢɧ-
ɠɟɧɟɪа-ɫɬɪɨɢɬɟɥя. Нɟɭɫɬɨɣчɢɜɨɫɬь ɨɛычɧɨ 
ɩɪɨяɜɥяɟɬɫя ɜɨɩɪɟɤɢ ɟɝɨ ɠɟɥаɧɢɸ. Пɨɢɫɤ 
ɝɪаɧɢцы ɦɟɠɞɭ ɠɟɥаɬɟɥьɧыɦ ɢ ɧɟɠɟɥаɬɟɥь-
ɧыɦ ɜ ɞаɧɧɨɣ ɞɢɥɟɦɦɟ ɜɟɞɟɬɫя ɩɪаɤɬɢчɟɫɤɢх 
ɜɨ ɜɫɟх ɨɛɥаɫɬях ɧаɭɤɢ ɢ ɬɟхɧɢɤɢ (а ɜ ɩɨ-
ɫɥɟɞɧɟɟ ɜɪɟɦя ɜ ɩɨɥɢɬɢɤɟ, эɤɨɧɨɦɢчɟɫɤɢх ɢ 
ɝɭɦаɧɢɬаɪɧых ɨɛɥаɫɬях).  
Заɞачɢ ɨ ɩɨɬɟɪɟ ɭɫɬɨɣчɢɜɨɫɬɢ ɩɨ ɜыɪаɠɟɧɢɸ 
аɜɬɨɪа [2] «яɜɥяɸɬɫя ɛɨɥɟɟ «ɬɨɧɤɢɦɢ», чɟɦ 
ɪаɫɫɦɨɬɪɟɧɧыɟ ɩɪɟɠɞɟ». Пɨɞ ɡаɞачаɦɢ, ɪаɫ-
ɫɦɨɬɪɟɧɧыɦɢ ɩɪɟɠɞɟ, аɜɬɨɪ ɩɨɞɪаɡɭɦɟɜаɟɬ 
ɟɫɬɟɫɬɜɟɧɧɨ ɡаɞачɢ ɨ ɩɪɨчɧɨɫɬɢ. Ваɠɧыɦ 
ɡɞɟɫь яɜɥяɟɬɫя ɭɫɬаɧɨɜɥɟɧɢɟ ɤɪɢɬɟɪɢя ɭɫ-
ɬɨɣчɢɜɨɫɬɢ. Иɦɟɧɧɨ ɜ ɜɨɩɪɨɫах ɜыɛɨɪа ɤɪɢ-

ɬɟɪɢя ɭɫɬɨɣчɢɜɨɫɬɢ (ɨɫɨɛɟɧɧɨ ɞɥя ɫɥɨɠɧых 
ɫɪɟɞ) ɦɧɟɧɢя ɫɩɟцɢаɥɢɫɬɨɜ чаɫɬɨ ɛыɜаɸɬ 
ɩɪяɦɨ ɩɪɨɬɢɜɨɩɨɥɨɠɧыɦɢ. Иɫɤɥɸчɟɧɢɟɦ ɢɡ 
эɬɨɝɨ яɜɥяɟɬɫя ɫɬаɬɢчɟɫɤɢɣ ɤɪɢɬɟɪɢɣ. Оɤаɡа-
ɥɨɫь чɬɨ ɜ ɨɛɥаɫɬɢ ɦɟхаɧɢɤɢ ɩɪɨɛɥɟɦа ɭɫ-
ɬɨɣчɢɜɨɫɬɢ ɢ ɩɪɨɛɥɟɦа ɫɨɛɫɬɜɟɧɧых ɡɧачɟ-
ɧɢɣ ɞɥя ɞɢɮɮɟɪɟɧцɢаɥьɧых ɭɪаɜɧɟɧɢɣ ɧɟ-
ɪаɡɪыɜɧɨ ɫɜяɡаɧы. 
Пɪɢɦɟɧɢɬɟɥьɧɨ ɤ ɡаɞачаɦ ɭɫɬɨɣчɢɜɨɫɬɢ ɜ 
ɦɟхаɧɢɤɟ ɨɛɥаɫɬь ɩɪɢɥɨɠɟɧɢɣ ɩɪɨɛɥɟɦы 
ɫɨɛɫɬɜɟɧɧых ɡɧачɟɧɢɣ ɨɝɪаɧɢчɟɧа ɩɨчɬɢ ɢɫ-
ɤɥɸчɢɬɟɥьɧɨ ɭɩɪɭɝɢɦɢ ɡаɞачаɦɢ. Вɦɟɫɬɟ ɫ 
ɬɟɦ, ɜ ɩɨɫɥɟɞɧɢɟ ɞɟɫяɬɢɥɟɬɢя ɬɟɨɪɢя ɛɢɮɭɪ-
ɤацɢɣ (ɨɛɨɛщɟɧɧая ɡаɞача ɧа ɫɨɛɫɬɜɟɧɧыɟ 
ɡɧачɟɧɢя), ɩɪɟɞɫɬаɜɥɟɧɧая Рɟɧɟ Тɨɦа ɤаɤ 
«ɬɟɨɪɢя ɤаɬаɫɬɪɨɮ», ɧашɥа ɩɪɢɥɨɠɟɧɢɟ ɧɟ 
ɬɨɥьɤɨ ɜ ɦɟхаɧɢɤɟ ɢ ɤɥаɫɫɢчɟɫɤɨɣ ɮɢɡɢɤɟ, 
ɧɨ ɢ ɨɩɬɢɤɟ, хɢɦɢɢ, ɛɢɨɥɨɝɢɢ, ɩɫɢхɨɥɨɝɢɢ ɢ 
ɫɨцɢɨɥɨɝɢɢ.  
Раɫшɢɪɢɥаɫь ɨɛɥаɫɬь ɩɪɢɦɟɧɟɧɢя ɬɟɨɪɢɢ 
ɛɢɮɭɪɤацɢɣ ɜ ɦɟхаɧɢɤɟ, ɝɞɟ,  ɤаɤ ɜыяɫɧɢ-
ɥɨɫь, ɩɪɨɛɥɟɦа ɭɫɬɨɣчɢɜɨɫɬɢ ɭɩɪɭɝɨɩɥаɫɬɢ-
чɟɫɤɢх ɫɢɫɬɟɦ ɬаɤɠɟ ɫɜяɡаɧа ɫ ɩɪɨɛɥɟɦɨɣ 
ɫɨɛɫɬɜɟɧɧых ɡɧачɟɧɢɣ. Оɞɧɨɣ ɢɡ ɩɟɪɜых ɪа-
ɛɨɬ, ɩɨɤаɡаɜшɢх ɧаɥɢчɢɟ ɬаɤɨɣ ɫɜяɡɢ, ɫɬаɥа 
ɢɡɜɟɫɬɧая ɪаɛɨɬа Шɟɧɥɢ [3], ɩɨɥɨɠɢɜшая 
ɧачаɥɨ ɩɨɧяɬɢɸ ɨ ɛɢɮɭɪɤацɢɢ ɢɫхɨɞɧɨɝɨ 
ɩɪɨцɟɫɫа ɞɟɮɨɪɦɢɪɨɜаɧɢя ɤɨɧɫɬɪɭɤцɢɢ, 
ɫɤɥɨɧɧɨɣ ɤ яɜɥɟɧɢɸ ɩɨɬɟɪɢ ɭɫɬɨɣчɢɜɨɫɬɢ. 
Заɬɟɦ ɜ ɪаɛɨɬах В.Д.Кɥɸшɧɢɤɨɜа [4, 5, 6] 
ɛыɥɨ ɜɜɟɞɟɧɨ ɩɨɧяɬɢɟ «ɭɩɪɭɝɨɝɨ эɤɜɢɜаɥɟɧ-
ɬа» ɤɨɧɫɬɪɭɤцɢɢ, ɩɨɡɜɨɥяɸщɟɝɨ ɢɫɩɨɥьɡɨ-
ɜаɬь ɛɢɮɭɪɤацɢɨɧɧыɣ ɤɪɢɬɟɪɢɣ ɭɫɬɨɣчɢɜɨ-
ɫɬɢ ɩɪɢ ɩɨшаɝɨɜɨɦ ɩɪɨцɟɫɫɟ ɧаɝɪɭɠɟɧɢя ɜ 
ɭɩɪɭɝɨɩɥаɫɬɢчɟɫɤɨɣ ɨɛɥаɫɬɢ ɞɟɮɨɪɦɢɪɨɜа-
ɧɢя. Дɪɭɝɢɦ ɨɛъɟɤɬɨɦ ɩɪɢɥɨɠɟɧɢя ɢɫɫɥɟɞɨ-
ɜаɧɢɣ ɜ ɨɛɥаɫɬɢ ɭɫɬɨɣчɢɜɨɫɬɢ яɜɥяɸɬɫя ɫɨ-
ɨɪɭɠɟɧɢя ɫ ɜыɫɨɤɨɪаɫɩɨɥɨɠɟɧɧыɦ цɟɧɬɪɨɦ 
ɬяɠɟɫɬɢ ɧа ɞɟɮɨɪɦɢɪɭɟɦɨɦ ɨɫɧɨɜаɧɢɢ, ɬаɤ 
ɠɟ ɩɪɨяɜɥяɸщɢɟ ɫɤɥɨɧɧɨɫɬь ɤ ɩɨɬɟɪɟ ɭɫɬɨɣ-
чɢɜɨɫɬɢ ɢɫхɨɞɧɨɝɨ (ɫɬɪɨɝɨ ɜɟɪɬɢɤаɥьɧɨɝɨ) 
ɫɨɫɬɨяɧɢя ɪаɜɧɨɜɟɫɢя.  
Кɥаɫɫɢчɟɫɤɢɣ ɩɨɞхɨɞ ɤ ɢɫɫɥɟɞɨɜаɧɢɸ ɭɫ-
ɬɨɣчɢɜɨɫɬɢ – эɬɨ ɛɢɮɭɪɤацɢɨɧɧыɣ ɩɨɞхɨɞ. С 
ɬɟɨɪɢɟɣ ɛɢɮɭɪɤацɢɣ ɢɧɠɟɧɟɪ-ɫɬɪɨɢɬɟɥь  
ɜɫɬɪɟчаɟɬɫя ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɤɪɢɬɢчɟɫɤɨɣ 
ɧаɝɪɭɡɤɢ Эɣɥɟɪа ɞɥя ɫɠаɬɨɣ ɫɬɨɣɤɢ, а ɬаɤɠɟ 
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ɩɪɢ ɡɧаɤɨɦɫɬɜɟ ɫ ɤɨɧцɟɩцɢɟɣ Шɟɧɥɢ ɜ ɨɬ-
ɧɨшɟɧɢɢ ɭɫɬɨɣчɢɜɨɫɬɢ ɫɬɨɣɤɢ ɜ ɭɫɥɨɜɢях 
ɭɩɪɭɝɨ-ɩɥаɫɬɢчɟɫɤɨɝɨ ɞɟɮɨɪɦɢɪɨɜаɧɢя. 
Мɨɠɧɨ ɛыɬь ɭɜɟɪɟɧɧыɦ ɜ ɬɨɦ, чɬɨ ɢɧɠɟɧɟɪ-
ɫɬɪɨɢɬɟɥь ɧɟ чаɫɬɨ ɜɫɬɪɟɬɢɬ ɜ ɧаɫɬɨящɟɟ 
ɜɪɟɦя ɛɢɮɭɪɤацɢɨɧɧыɟ ɦɟɬɨɞы ɢɫɫɥɟɞɨɜа-
ɧɢя ɭɫɬɨɣчɢɜɨɫɬɢ ɩɪɨцɟɫɫɨɜ ɞɟɮɨɪɦɢɪɨɜа-
ɧɢя ɨɫɧɨɜаɧɢɣ ɮɭɧɞаɦɟɧɬɨɜ ɡɞаɧɢɣ ɢ ɫɨ-
ɨɪɭɠɟɧɢɣ, ɪаɫɫɦаɬɪɢɜаɟɦых ɤаɤ ɟɞɢɧɭɸ 
ɫɢɫɬɟɦɭ «ɜыɫɨɬɧыɣ ɨɛъɟɤɬ – ɞɟɮɨɪɦɢɪɭɟɦɨɟ 
ɨɫɧɨɜаɧɢɟ». Оɞɧɨɣ ɢɡ ɩɪɢчɢɧ эɬɨɝɨ яɜɥяɟɬɫя 
ɧɟ ɫɬɨɥь ɨчɟɜɢɞɧая ɞɥя ɢɧɠɟɧɟɪа-ɫɬɪɨɢɬɟɥя 
ɫɤɥɨɧɧɨɫɬь ɝɪɭɧɬɨɜɨɝɨ ɦаɫɫɢɜа ɤ яɜɥɟɧɢяɦ 
ɤɥаɫɫɢчɟɫɤɨɣ ɧɟɭɫɬɨɣчɢɜɨɫɬɢ ɩɪɨцɟɫɫɨɜ ɧɟ-
ɥɢɧɟɣɧɨɝɨ ɞɟɮɨɪɦɢɪɨɜаɧɢя ɩɨ ɫɪаɜɧɟɧɢɸ ɫ 
ɧаɡɟɦɧыɦɢ ɩɪɨɫɬɪаɧɫɬɜɟɧɧыɦɢ ɫɬɟɪɠɧɟɜы-
ɦɢ ɢ ɬɨɧɤɨɫɬɟɧɧыɦɢ ɤɨɧɫɬɪɭɤцɢяɦɢ. Оɞɧаɤɨ 
ɛɢɮɭɪɤацɢɨɧɧыɣ ɩɨɞхɨɞ ɤ ɢɫɫɥɟɞɨɜаɧɢɸ 
ɭɫɬɨɣчɢɜɨɫɬɢ ɩɪɢɦɟɧɢɦ ɢ ɜ эɬɨɣ ɨɛɥаɫɬɢ. 
Оɛɨɛщɟɧɧая ɡаɞача ɧа ɫɨɛɫɬɜɟɧɧыɟ ɡɧачɟɧɢя 
ɩɪɟɞɫɬаɜɥяɟɬɫя ɜ ɮɨɪɦɟ 
    xNxM  .                   (1) 

 
Зɞɟɫь z – ɧɟɢɡɜɟɫɬɧая ɫɨɛɫɬɜɟɧɧая ɮɭɧɤцɢя, 
  - ɫɨɛɫɬɜɟɧɧɨɟ ɡɧачɟɧɢɟ, M  ɢ N  ɥɢɧɟɣ-
ɧыɟ ɞɢɮɮɟɪɟɧцɢаɥьɧыɟ ɨɩɟɪаɬɨɪы ɫ ɫɨɨɬ-
ɜɟɬɫɬɜɭɸщɢɦɢ ɝɪаɧɢчɧыɦɢ ɭɫɥɨɜɢяɦɢ. 
Пɪɢɦɟɧɢɬɟɥьɧɨ ɤ ɡаɞачаɦ ɭɫɬɨɣчɢɜɨɫɬɢ ɜ 
ɦɟхаɧɢɤɟ ɨɛɥаɫɬь ɩɪɢɥɨɠɟɧɢɣ ɩɪɨɛɥɟɦы 
ɫɨɛɫɬɜɟɧɧых ɡɧачɟɧɢɣ ɨɝɪаɧɢчɟɧа ɩɨчɬɢ ɢɫ-
ɤɥɸчɢɬɟɥьɧɨ ɭɩɪɭɝɢɦɢ ɡаɞачаɦɢ. Вɦɟɫɬɟ ɫ 
ɬɟɦ ɩɪɨɛɥɟɦа ɭɫɬɨɣчɢɜɨɫɬɢ ɭɩɪɭɝɨɩɥаɫɬɢчɟ-
ɫɤɢх ɫɢɫɬɟɦ ɬаɤɠɟ ɫɜяɡаɧа ɫ ɩɪɨɛɥɟɦɨɣ ɫɨɛ-
ɫɬɜɟɧɧых ɡɧачɟɧɢɣ. Оɞɧɨɣ ɢɡ ɩɟɪɜых ɪаɛɨɬ, 
ɩɨɤаɡаɜшɢх ɧаɥɢчɢɟ ɬаɤɨɣ ɫɜяɡɢ, ɫɬаɥа ɢɡ-
ɜɟɫɬɧая ɪаɛɨɬа Шɟɧɥɢ [3], ɩɨɥɨɠɢɜшая ɧа-
чаɥɨ ɩɨɧяɬɢɸ ɨ ɛɢɮɭɪɤацɢɢ ɢɫхɨɞɧɨɝɨ ɩɪɨ-
цɟɫɫа ɞɟɮɨɪɦɢɪɨɜаɧɢя ɫɢɫɬɟɦы, ɫɤɥɨɧɧɨɣ ɤ 
яɜɥɟɧɢɸ ɩɨɬɟɪɢ ɭɫɬɨɣчɢɜɨɫɬɢ. В ɞаɥьɧɟɣ-
шɟɦ ɜ ɪаɛɨɬах В.Д.Кɥɸшɧɢɤɨɜа [4] ɛыɥɨ 
ɜɜɟɞɟɧɨ ɩɨɧяɬɢɟ «ɭɩɪɭɝɨɝɨ эɤɜɢɜаɥɟɧɬа» 
ɤɨɧɫɬɪɭɤцɢɢ, ɩɨɡɜɨɥяɸщɟɝɨ ɢɫɩɨɥьɡɨɜаɬь 
ɛɢɮɭɪɤацɢɨɧɧыɣ ɤɪɢɬɟɪɢɣ ɭɫɬɨɣчɢɜɨɫɬɢ 
ɩɪɢ ɩɨшаɝɨɜɨɦ ɩɪɨцɟɫɫɟ ɧаɝɪɭɠɟɧɢя ɫɢɫɬɟ-
ɦы ɜ ɭɩɪɭɝɨɩɥаɫɬɢчɟɫɤɨɣ ɨɛɥаɫɬɢ ɞɟɮɨɪɦɢ-
ɪɨɜаɧɢя. Фɢɡɢчɟɫɤɢɟ ɫɨɨɬɧɨшɟɧɢя ɡаɩɢɫы-

ɜаɸɬɫя ɩɪɢ эɬɨɦ ɜ ɫɤɨɪɨɫɬях ɢɥɢ ɜ ɢɧɤɪɟ-
ɦɟɧɬаɥьɧɨɣ ɮɨɪɦɟ ɜ ɩɪɢɪащɟɧɢях. Пɪɨɞɨɥ-
ɠая ɪаɫɫɦаɬɪɢɜаɬь ɩɪɨɛɥɟɦɭ ɭɫɬɨɣчɢɜɨɫɬɢ ɫ 
ɩɨɡɢцɢɣ ɬɟɨɪɢɢ ɛɢɮɭɪɤацɢɣ ɩɪɨцɟɫɫɨɜ, ɩɨ-
ɤаɠɟɦ, чɬɨ эɬɨɬ ɩɨɞхɨɞ ɩɪɢɦɟɧɢɦ ɤ ɨцɟɧɤɟ 
ɭɫɬɨɣчɢɜɨɫɬɢ ɫɨɨɪɭɠɟɧɢя ɫ ɜыɫɨɤɨɪаɫɩɨɥɨ-
ɠɟɧɧыɦ цɟɧɬɪɨɦ ɬяɠɟɫɬɢ ɧа ɞɟɮɨɪɦɢɪɭɟɦɨɣ 
ɮɭɧɞаɦɟɧɬɧɨɣ ɩɥɢɬɟ, ɜɡаɢɦɨɞɟɣɫɬɜɭɸщɟɣ ɫ 
ɭɩɪɭɝɨɩɥаɫɬɢчɟɫɤɢɦ ɫɥɨɟɦ ɨɫɧɨɜаɧɢя. 
Раɫɫɦɨɬɪɢɦ ɫɢɫɬɟɦɭ «ɜыɫɨɬɧыɣ ɨɛъɟɤɬ – ɨɫ-
ɧɨɜаɧɢɟ» (ɪɢɫ. 1), ɨɛъɟɞɢɧяɸщɭɸ аɛɫɨɥɸɬ-
ɧɨ ɠɟɫɬɤɨɟ ɫɨɨɪɭɠɟɧɢɟ ɫ ɜыɫɨɤɨ ɪаɫɩɨɥɨ-
ɠɟɧɧыɦ цɟɧɬɪɨɦ ɬяɠɟɫɬɢ ɢ ɮɢɡɢчɟɫɤɢ ɧɟɥɢ-
ɧɟɣɧыɣ ɫɥɨɣ ɨɫɧɨɜаɧɢя, ɨɩɢɫыɜаɟɦыɣ ɦɨɞɟ-
ɥьɸ Вɥаɫɨɜа-Лɟɨɧɬьɟɜа [5].  
 

 
Рɢсɭɧɨɤ 1. ɋɢсɬɟɦа «сɨɨɪɭɠɟɧɢɟ –  
ɨсɧɨваɧɢɟ», ɨɛɴɟɞɢɧяɸщая аɛсɨɥɸɬɧɨ  
ɠɟсɬɤɨɟ сɨɨɪɭɠɟɧɢɟ ɢ ɮɢɡɢчɟсɤɢ  
ɧɟɥɢɧɟɣɧыɣ сɥɨɣ ɨсɧɨваɧɢя. 

 
На ɪɢɫɭɧɤɟ 1 ɩɨɤаɡаɧы: W  - ɨɫаɞɤа ɫɥɨя ɨɫ-
ɧɨɜаɧɢя, k - ɤɨэɮɮɢцɢɟɧɬ ɠɟɫɬɤɨɫɬɢ ɨɫɧɨɜа-
ɧɢя, хаɪаɤɬɟɪɢɡɭɸщɟɝɨ ɪаɛɨɬɭ ɧɟɭɩɪɭɝɨɝɨ 
ɨɫɧɨɜаɧɢя ɧа ɨɛɠаɬɢɟ ))1(/( 2 hEk c , h - 

ɬɨɥщɢɧа ɫɥɨя ɨɫɧɨɜаɧɢя,   - ɤɨэɮɮɢцɢɟɧɬ 
Пɭаɫɫɨɧа, cE  – ɫɟɤɭщɢɣ ɦɨɞɭɥь ɨɛɨɛщɟɧ-

ɧɨɣ ɞɢаɝɪаɦɦы ɞɟɮɨɪɦɢɪɨɜаɧɢя, ɩɪɢɧɢɦаɟ-
ɦɨɣ ɜ ɜɢɞɟ эɤɫɩɨɧɟɧцɢаɥьɧɨɣ ɡаɜɢɫɢɦɨɫɬɢ:  
 




 


  i
i

e
exp1 ,                 (2) 

 
ɝɞɟ ii e, - ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɧаɩɪяɠɟɧɢɣ ɢ ɞɟ-
ɮɨɪɦацɢɣ. Рɟаɤɬɢɜɧыɟ ɫɨɫɪɟɞɨɬɨчɟɧɧыɟ ɫɢɥы 

ЛQ , ɉQ  ɜыɪаɠаɸɬ ɫɨɛɨɣ ɤɨɧцɟɧɬɪацɢɸ ɪɟ-
аɤɬɢɜɧɨɝɨ ɞаɜɥɟɧɢя ɝɪɭɧɬа ɜ ɭɝɥɨɜых ɡɨɧах. 
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Учɟɬ ɪɟаɤɬɢɜɧых ɫɨɫɪɟɞɨɬɨчɟɧɧых ɫɢɥ ЛQ , 

ɉQ  ɜɨɡɦɨɠɟɧ ɫ ɩɪɢɜɥɟчɟɧɢɟɦ ɞɨɩɨɥɧɢɬɟɥь-
ɧых ɭɩɪɨщаɸщɢх ɩɪɟɞɩɨɥɨɠɟɧɢɣ, ɩɨɡɜɨ-
ɥяɸщɢх ɩɨɥɭчɢɬь ɞɜɭɫɬɨɪɨɧɧɸɸ ɨцɟɧɤɭ 
ɪɟшɟɧɢя ɫɜɟɪхɭ ɢ ɫɧɢɡɭ. Оцɟɧɤа ɪɟшɟɧɢя 
ɫɧɢɡɭ ɦɨɠɟɬ ɛыɬь ɩɨɥɭчɟɧа ɩɪɢ ɩɪɟɞɩɨɥɨ-
ɠɟɧɢɢ ɨ ɬɨɦ, чɬɨ ɤɨэɮɮɢцɢɟɧɬ 
 

))1(6/(  hEr c , 

 
хаɪаɤɬɟɪɢɡɭɸщɢɣ ɪаɛɨɬɭ ɧɟɭɩɪɭɝɨɝɨ ɨɫɧɨ-
ɜаɧɢя ɧа ɫɞɜɢɝ  ɡа ɩɪɟɞɟɥаɦɢ шɬаɦɩа, ɨɩɪɟ-
ɞɟɥяɟɬɫя ɜɟɥɢчɢɧɨɣ ɫɟɤɭщɟɝɨ ɦɨɞɭɥя ɞɢа-
ɝɪаɦɦы ɞɟɮɨɪɦɢɪɨɜаɧɢя cE , ɫɨɨɬɜɟɬɫɬ-
ɜɭɸщɟɣ ɟɝɨ ɡɧачɟɧɢɸ ɩɨɞ ɩɨɞɨшɜɨɣ шɬаɦ-
ɩа. Тɨɝɞа ɡаɜɢɫɢɦɨɫɬь ɦɟɠɞɭ ɛɟɡɪаɡɦɟɪɧыɦ 
ɩаɪаɦɟɬɪɨɦ P ,  
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ɢ ɛɟɡɪаɡɦɟɪɧɨɣ ɨɫаɞɤɨɣ W ,  
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Оцɟɧɤа ɪɟшɟɧɢя ɫɜɟɪхɭ ɦɨɠɟɬ ɛыɬь ɩɨɥɭчɟ-
ɧа ɩɪɢ ɩɪɟɞɩɨɥɨɠɟɧɢɢ ɨ ɬɨɦ, чɬɨ эɬɨɬ ɤɨэɮ-
ɮɢцɢɟɧɬ ɨɩɪɟɞɟɥяɟɬɫя ɜɟɥɢчɢɧɨɣ ɦɨɞɭɥя 
ɞɟɮɨɪɦацɢɣ ɜ ɭɩɪɭɝɨɣ ɨɛɥаɫɬɢ E . Эɬɨ ɫɨɨɬ-
ɜɟɬɫɬɜɭɟɬ ɝɢɩɨɬɟɡɟ ɨɛ ɭɩɪɭɝɨɣ ɪаɛɨɬɟ ɫɥɨя 
ɨɫɧɨɜаɧɢя ɡа ɩɪɟɞɟɥаɦɢ шɬаɦɩа. Тɨɝɞа ɡаɜɢ-
ɫɢɦɨɫɬь ɦɟɠɞɭ ɛɟɡɪаɡɦɟɪɧыɦ ɩаɪаɦɟɬɪɨɦ 

P  ɢ  W  ɢɦɟɟɬ ɜɢɞ: 
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В ɤачɟɫɬɜɟ ɤɪɢɬɟɪɢя ɭɫɬɨɣчɢɜɨɫɬɢ ɩɪɢɧяɬ 
ɛɢɮɭɪɤацɢɨɧɧыɣ ɤɪɢɬɟɪɢɣ ɭɫɬɨɣчɢɜɨɫɬɢ 
ɩɪɨцɟɫɫа ɞɟɮɨɪɦɢɪɨɜаɧɢя ɭɩɪɭɝɨɩɥаɫɬɢчɟ-
ɫɤɢх ɫɢɫɬɟɦ. Сɨɫɬаɜɥяя ɭɫɥɨɜɢɟ ɪаɜɧɨɜɟɫɢя 
ɫɢɫɬɟɦы ɜ ɜɨɡɦɭщɟɧɧɨɦ ɫɨɫɬɨяɧɢɢ, ɞɥя 
ɨцɟɧɤɢ ɭɫɬɨɣчɢɜɨɫɬɢ ɫɧɢɡɭ, ɩɨɥɭчɢɦ:  
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Дɥя ɨцɟɧɤɢ ɭɫɬɨɣчɢɜɨɫɬɢ ɫɜɟɪхɭ, ɩɨɥаɝая, 
чɬɨ ɫɩɪаɜɟɞɥɢɜа ɝɢɩɨɬɟɡа ɨɛ ɭɩɪɭɝɨɣ ɪаɛɨɬɟ 
ɫɥɨя ɨɫɧɨɜаɧɢя ɡа ɩɪɟɞɟɥаɦɢ ɫɨɨɪɭɠɟɧɢя, 
ɩɨɥɭчɢɦ: 
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Зɞɟɫь, ɫ ɩɨɡɢцɢɣ ɤɨɧцɟɩцɢɢ ɭɫɬɨɣчɢɜɨɫɬɢ 

ɭɩɪɭɝɨɩɥаɫɬɢчɟɫɤɢх ɫɢɫɬɟɦ [2], kp
ЭP  ɜыɪа-

ɠɟɧɢɟ ɞɥя ɤɪɢɬɢчɟɫɤɨɣ ɧаɝɪɭɡɤɢ ɧɟɤɨɬɨɪɨɝɨ 
ɭɩɪɭɝɨɝɨ эɤɜɢɜаɥɟɧɬа ɞаɧɧɨɣ ɫɢɫɬɟɦы. Бɢ-
ɮɭɪɤацɢɨɧɧая ɤɪɢɬɢчɟɫɤая ɧаɝɪɭɡɤа ɛɭɞɟɬ 
ɧаɣɞɟɧа ɢɡ ɭɫɥɨɜɢя ɪаɜɟɧɫɬɜа 
 

)()( WPWPkp  , 

 
ɤɨɬɨɪɨɟ ɜыɩɨɥɧяɟɬɫя ɞɥя ɧɟɤɨɬɨɪɨɝɨ ɤɪɢɬɢ-
чɟɫɤɨɝɨ ɭɪɨɜɧя ɧаɝɪɭɠɟɧɢя.  
В ɤачɟɫɬɜɟ чɢɫɥɟɧɧɨɝɨ ɩɪɢɦɟɪа ɢɫɩɨɥьɡɭɟɦ 
ɫɥɟɞɭɸщɢɟ ɡɧачɟɧɢя ɩаɪаɦɟɬɪɨɜ: L/h = 3; 
L/H = 1/5; 5.0 ; 20/ E ; 05.0 .  
Рɟɡɭɥьɬаɬы ɪаɫчɟɬа ɩɪɢɜɟɞɟɧы ɧа ɪɢɫɭɧɤɟ 2, 
ɝɞɟ ɦɨɠɧɨ ɜɢɞɟɬь ɡɧачɟɧɢɟ ɤɪɢɬɢчɟɫɤɨɣ ɧа-
ɝɪɭɡɤɢ ɩɪɢ ɟɟ ɨцɟɧɤɟ ɫɜɟɪхɭ ɢ ɫɧɢɡɭ. Ƚɪаɮɢ-
ɤɢ 1,2 ɩɨɫɬɪɨɟɧы ɩɨ (3), (4), ɝɪаɮɢɤɢ 3,4 – ɩɨ 
(5), (6). 
Раɫɫɦаɬɪɢɜая аɛɫɨɥɸɬɧɨ ɠɟɫɬɤɨɟ ɫɨɨɪɭɠɟ-
ɧɢɟ ɫ ɜыɫɨɤɨɪаɫɩɨɥɨɠɟɧɧыɦ цɟɧɬɪɨɦ ɬяɠɟ-
ɫɬɢ ɧа ɫɥɨɟ ɧɟɥɢɧɟɣɧɨ-ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ ɨɫ-
ɧɨɜаɧɢя, ɛɭɞɟɦ ɩɨɥаɝаɬь, чɬɨ ɩɟɪɟɞача ɞаɜ-
ɥɟɧɢя ɨɬ ɫɨɨɪɭɠɟɧɢя ɧа ɫɥɨɣ ɨɫɧɨɜаɧɢя 
ɨɫɭщɟɫɬɜɥяɟɬɫя чɟɪɟɡ ɮɭɧɞаɦɟɧɬɧɭɸ ɩɥɢɬɭ 
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Рɢсɭɧɨɤ 2.  Рɟɡɭɥьɬаɬы ɪасчɟɬа  
ɤɪɢɬɢчɟсɤɨɣ ɧаɝɪɭɡɤɢ ɩɪɢ ɟɟ ɨɰɟɧɤɟ  

свɟɪхɭ ɢ сɧɢɡɭ. 
 

 
 

Рɢсɭɧɨɤ 3. Расчɟɬɧая схɟɦа сɢсɬɟɦы  
«ɠɟсɬɤɨɟ сɨɨɪɭɠɟɧɢɟ – ɞɟɮɨɪɦɢɪɭɟɦая  
ɮɭɧɞаɦɟɧɬɧая ɩɥɢɬа – сɥɨɣ ɨсɧɨваɧɢя». 

 
ɤɨɧɟчɧɨɣ ɠɟɫɬɤɨɫɬɢ. Заɞача ɨɛ ɭɫɬɨɣчɢɜɨɫɬɢ  
ɦɨɞɟɥьɧɨɣ ɫхɟɦы ɬаɤɨɝɨ ɫɨɨɪɭɠɟɧɢя ɧа ɨɞ-
ɧɨɫɥɨɣɧɨɦ ɧɟɥɢɧɟɣɧɨɦ ɨɫɧɨɜаɧɢɢ ɦɨɠɟɬ 
ɛыɬь ɫɮɨɪɦɭɥɢɪɨɜаɧа ɜ ɪаɦɤах ɡаɞачɢ ɨ 
ɩɥɨɫɤɨɣ ɞɟɮɨɪɦацɢɢ ɢɥɢ ɨ ɩɥɨɫɤɨɦ ɧаɩɪя-
ɠɟɧɧɨɦ ɫɨɫɬɨяɧɢɢ  (Рɢɫɭɧɨɤ 3).  
Тɨɝɞа ɭɪаɜɧɟɧɢя ɜ ɢɧɤɪɟɦɟɧɬаɥьɧɨɣ ɮɨɪɦɟ 
ɞɥя ɫɢɫɬɟɦы «ɩɥɢɬа-ɫɥɨɣ ɨɫɧɨɜаɧɢя» ɧа ɛаɡɟ 
ɦɨɞɟɥɢ ɨɫɧɨɜаɧɢя В.З.Вɥаɫɨɜа [4], ɦɨɝɭɬ 
ɛыɬь ɩɪɟɞɫɬаɜɥɟɧы ɜ ɜɢɞɟ ɫɢɫɬɟɦы ɭɪаɜɧɟ-
ɧɢɣ ɜ ɩɪɢɪащɟɧɢях:  
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Зɞɟɫь J – ɧɨɦɟɪ ɨɛɥаɫɬɢ ɢɧɬɟɝɪɢɪɨɜаɧɢя ɨɫ-
ɧɨɜаɧɢя ɩɪɢ x < 0 ɢ x > L ɧɨɦɟɪ j = 1, ɩɪɢ 
0<x<L ɧɨɦɟɪ j = 2, EJ – ɢɡɝɢɛɧая ɠɟɫɬɤɨɫɬь 
ɩɥɢɬы, kW - ɩɪɢɪащɟɧɢɟ ɜɟɪɬɢɤаɥьɧɨɝɨ ɩɟ-
ɪɟɦɟщɟɧɢя ɩɨɜɟɪхɧɨɫɬɢ ɨɫɧɨɜаɧɢя ɧа k-ɬɨɦ 
шаɝɟ ɧаɝɪɭɠɟɧɢя, Si - ɠɟɫɬɤɨɫɬɧыɟ ɤɨэɮɮɢ-
цɢɟɧɬы ɫɥɨя ɨɫɧɨɜаɧɢя:  
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Нɟɨɞɧɨɪɨɞɧɨɫɬь ɜ ɭɪаɜɧɟɧɢɢ (ɩаɪаɦɟɬɪ ɧа-
ɝɪɭɡɤɢ ɨɬ ɜыɫɨɬɧɨɝɨ ɫɨɨɪɭɠɟɧɢя) ɫɨɞɟɪɠɢɬ-
ɫя ɜ ɝɪаɧɢчɧых ɭɫɥɨɜɢях ɡаɞачɢ. Таɤ ɟɫɬɟɫɬ-
ɜɟɧɧыɦ ɭɫɥɨɜɢɟɦ ɞɥя ɫɜɨɛɨɞɧых ɤɪаɟɜ ɩɥɢ-
ɬы яɜɥяɟɬɫя ɪаɜɟɧɫɬɜɨ ɧɭɥɸ ɦɨɦɟɧɬа 0M . 

Учɟɬ ɧɟɪаɡɪыɜɧɨɫɬɢ ɮɭɧɤцɢɢ )(xWk  ɧа 
ɫɜɨɛɨɞɧых ɤɪаях ɩɥɢɬы ɩɨɡɜɨɥяɟɬ ɡаɩɢɫаɬь 
ɟщɟ ɞɜа ɭɫɥɨɜɢя: 
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ɨɛɨɛщɟɧɧых ɩɨɩɟɪɟчɧых ɫɢɥ [3]: 
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kP ,0 - ɩɪɢɪащɟɧɢɟ ɥɟɜɨɣ (
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ɜɨɣ ( L
kP ) ɨɩɨɪɧых ɪɟаɤцɢɣ ɫɨɨɪɭɠɟɧɢя ɧа 

k-ɬɨɦ шаɝɟ ɧаɝɪɭɠɟɧɢя: 
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Сɢɫɬɟɦа ɢɧɤɪɟɦɟɧɬаɥьɧых ɭɪаɜɧɟɧɢɣ (7) ɫ 
ɝɪаɧɢчɧыɦɢ ɭɫɥɨɜɢяɦɢ (8), ɨɩɢɫыɜаɸщая 
ɩɨшаɝɨɜыɣ ɩɪɨцɟɫɫ ɧаɝɪɭɠɟɧɢя ɭɩɪɭɝɨɩɥа-
ɫɬɢчɟɫɤɨɝɨ ɨɫɧɨɜаɧɢя ɞɟɮɨɪɦɢɪɭɟɦɨɣ ɮɭɧ-
ɞаɦɟɧɬɧɨɣ ɩɥɢɬы ɫɨɨɪɭɠɟɧɢя ɫ ɜыɫɨɤɨɪаɫ-
ɩɨɥɨɠɟɧɧыɦ цɟɧɬɪɨɦ ɬяɠɟɫɬɢ, ɩɨɡɜɨɥяɟɬ ɧа 
ɨɫɧɨɜɟ ɞɢɫɤɪɟɬɢɡацɢɢ ɭɪаɜɧɟɧɢɣ ɫɜɟɫɬɢ 
ɩɪɨɛɥɟɦɭ ɭɫɬɨɣчɢɜɨɫɬɢ ɫɨɨɪɭɠɟɧɢя ɤ аɥɝɟɛ-
ɪаɢчɟɫɤɨɣ ɩɪɨɛɥɟɦɟ ɨ ɫɨɛɫɬɜɟɧɧых ɡɧачɟɧɢ-
ях ɜ ɮɨɪɦɟ (1). Дɥя эɬɨɝɨ ɧа ɬɟɤɭщɟɦ k – ɬɨɦ 
шаɝɟ ɧаɝɪɭɠɟɧɢя ɫɥɟɞɭɟɬ ɩɨ ɬɟɪɦɢɧɨɥɨɝɢɢ, 
ɩɪɢɧяɬɨɣ ɜ ɥɢɬɟɪаɬɭɪɟ [3], «ɡаɦɨɪɨɡɢɬь» ɩа-
ɪаɦɟɬɪ шаɝа ɧаɝɪɭɠɟɧɢя, ɬɨ ɟɫɬь ɫчɢɬаɬь 
ɩɪɢɪащɟɧɢɟ kP  ɪаɜɧыɦ ɧɭɥɸ. Пɨɢɫɤ ɤɪɢ-

ɬɢчɟɫɤɨɣ ɧаɝɪɭɡɤɢ ɤаɤ ɫɨɛɫɬɜɟɧɧɨɝɨ ɡɧачɟ-
ɧɢя ɡаɞачɢ ɜ ɮɨɪɦɟ (1) ɦɨɠɧɨ ɨɫɭщɟɫɬɜɥяɬь 
ɦɟɬɨɞɨɦ «ɩɪɨɫɥɟɠɢɜаɧɢɟɦ» ɪаɜɧɨɜɟɫɧых 
ɫɨɫɬɨяɧɢɣ ɫɢɫɬɟɦы ɫ ɦаɥыɦɢ ɧачаɥьɧыɦɢ 
ɜɨɡɦɭщɟɧɢяɦɢ [6]. В ɤачɟɫɬɜɟ ɦаɥɨɝɨ ɧа-
чаɥьɧɨɝɨ ɜɨɡɦɭщɟɧɢя ɡɞɟɫь ɜыɫɬɭɩаɟɬ ɧа-
чаɥьɧыɣ эɤɫцɟɧɬɪɢɫɢɬɟɬ ɜыɫɨɬɧɨɝɨ ɫɨɨɪɭ-
ɠɟɧɢя. Пɪɢ ɩɪɢɛɥɢɠɟɧɢɢ ɧаɝɪɭɡɤɢ, ɞɟɣɫɬ-
ɜɭɸщɟɣ ɧа ɫɢɫɬɟɦɭ, ɤ ɤɪɢɬɢчɟɫɤɨɦɭ ɡɧачɟ-

ɧɢɸ «ɤɪɟɧ» ɫɨɨɪɭɠɟɧɢя ɛыɫɬɪɨ ɜɨɡɪаɫɬаɟɬ ɢ 
ɜ чаɫɬɢ ɨɛъɟɦа ɭɩɪɭɝɨɩɥаɫɬɢчɟɫɤɨɝɨ ɫɥɨя 
ɨɫɧɨɜаɧɢя ɜɨɡɧɢɤаɸɬ ɡɨɧы ɪаɡɝɪɭɡɤɢ, ɪаɡɜɢ-
ɬɢɟ ɤɨɬɨɪых ɨɩɪɟɞɟɥяɟɬ ɤаɪɬɢɧɭ ɡаɤɪɢɬɢчɟ-
ɫɤɨɝɨ ɞɟɮɨɪɦɢɪɨɜаɧɢя ɫɨɨɪɭɠɟɧɢя. Пɨɥɭ-
чаɟɦыɟ ɩɪɢ эɬɨɦ ɤɪɢɬɢчɟɫɤɢɟ ɧаɝɪɭɡɤɢ ɫɨɨɬ-
ɜɟɬɫɬɜɭɟɬ ɤɪɢɬɢчɟɫɤɨɣ ɧаɝɪɭɡɤɟ ɧа ɫɢɫɬɟɦɭ 
ɩɨ ɤɪɢɬɟɪɢɸ ɛɢɮɭɪɤацɢɨɧɧɨɣ ɭɫɬɨɣчɢɜɨɫɬɢ 
(ɤɨɧцɟɩцɢя Шɟɧɥɢ) ɢ ɤɪɢɬɢчɟɫɤɨɣ ɩɪɟɞɟɥь-
ɧɨɣ ɧаɝɪɭɡɤɟ (ɤɨɧцɟɩцɢя Эɧɝɟɫɫɟɪа-
Каɪɦаɧа). 
В ɤачɟɫɬɜɟ ɩɪɢɦɟɪа ɪаɫɫɦɨɬɪɢɦ ɫɢɫɬɟɦɭ 
«ɫɨɨɪɭɠɟɧɢɟ-ɨɫɧɨɜаɧɢɟ» ɫɨ ɫɥɟɞɭɸщɢɦɢ 
ɩаɪаɦɟɬɪаɦɢ (ɪɢɫɭɧɨɤ 3): L/h = 3; L/H = 1/5; 
эɤɫɩɟɪɢɦɟɧɬаɥьɧыɟ ɤɨэɮɮɢцɢɟɧɬы ɜ (2): 

900 kН/ɦ2,  =0,05; ɢɡɝɢɛɧая ɠɟɫɬɤɨɫɬь  
ɮɭɧɞаɦɟɧɬɧɨɣ ɤɨɧɫɬɪɭɤцɢɢ – 

610*75,1EJ kН*ɦ2, ɧачаɥьɧыɣ  эɤɫцɟɧ-
ɬɪɢɫɢɬɟɬ ɫɨɨɪɭɠɟɧɢя – H/(1.5*104), шаɝ ɩɨ 
ɡаɞаɜаɟɦɨɣ ɜɟɥɢчɢɧɟ ɩɟɪɟɦɟщɟɧɢя ɩɨɞ ɩɪа-
ɜɨɣ ɨɩɨɪɨɣ ɩɪɢɦɟɦ h/1000.  
 

 
Рɢсɭɧɨɤ 4.  Гɪаɮɢɤ ɩɪɢɪащɟɧɢя ɨсаɞɨɤ  
ɨсɧɨваɧɢя ɩɨɞ ɨɩɨɪаɦɢ сɨɨɪɭɠɟɧɢя. 

 
На ɪɢɫɭɧɤɟ 4 ɩɪɢɜɟɞɟɧы ɡаɜɢɫɢɦɨɫɬɢ ɩɪɢ-
ɪащɟɧɢя ɩɟɪɟɦɟщɟɧɢɣ ɩɨɞ ɥɟɜɨɣ ɨɩɨɪɨɣ ɫɨ-
ɨɪɭɠɟɧɢя,  
 

hWW /00   
 
ɨɬ ɛɟɡɪаɡɦɟɪɧɨɝɨ ɩаɪаɦɟɬɪа ɧаɝɪɭɡɤɢ P , 
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ɩɪɢ ɡаɞаɧɧɨɦ ɩɨɫɬɨяɧɧɨɦ шаɝɟ ɩɨ ɩɪɢɪащɟ-
ɧɢɸ ɩɟɪɟɦɟщɟɧɢя ɩɨɞ ɩɪаɜɨɣ ɨɩɨɪɨɣ, 
 

hWW LL
/ . 

 
Очɟɜɢɞɧɨ, чɬɨ ɩɨɫɥɟ ɫɦɟɧы ɡɧаɤа ɝɪаɮɢɤ 
ɩɪɢɪащɟɧɢя ɩɟɪɟɦɟщɟɧɢɣ ɩɨɞ ɥɟɜɨɣ ɨɩɨɪɨɣ 
ɦɟɧяɟɬ хаɪаɤɬɟɪ ɫɜɨɟɝɨ ɢɡɦɟɧɟɧɢя ɜ ɫɜяɡɢ ɫ 
ɧачаɥɨɦ ɪаɡɝɪɭɡɤɢ ɨɫɧɨɜаɧɢя ɜ ɨɤɪɟɫɬɧɨɫɬɢ 
ɥɟɜɨɣ ɨɩɨɪы. Пɪɨɫɥɟɞɢɬь яɜɥɟɧɢɟ ɪаɡɝɪɭɡɤɢ 
ɨɫɧɨɜаɧɢя ɜ ɨɤɪɟɫɬɧɨɫɬɢ ɥɟɜɨɣ ɨɩɨɪы ɦɨɠɧɨ 
ɩɨ ɝɪаɮɢɤɭ ɡаɜɢɫɢɦɨɫɬɢ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɧа-
ɩɪяɠɟɧɢɣ ɨɬ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɞɟɮɨɪɦацɢɣ ɧа 
ɩɨɜɟɪхɧɨɫɬɢ ɨɫɧɨɜаɧɢя ɩɨɞ ɥɟɜɨɣ ɨɩɨɪɨɣ 
(ɪɢɫɭɧɨɤ 5).   
 

 
 

Рɢсɭɧɨɤ 5. Гɪаɮɢɤ ɬɪаɟɤɬɨɪɢɢ ɧаɝɪɭɠɟɧɢя 
ɩɨɞ ɨɩɨɪаɦɢ сɨɨɪɭɠɟɧɢя в ɨɤɪɟсɬɧɨсɬɢ  

ɤɪɢɬɢчɟсɤɨɝɨ ɭɪɨвɧя ɧаɝɪɭɡɤɢ. 
 
Пɪɢ ɡаɞаɧɧɨɦ ɭɪɨɜɧɟ ɩɟɪɟɦɟщɟɧɢя ɨɫɧɨɜа-
ɧɢя ɩɨɞ ɩɪаɜɨɣ ɨɩɨɪɨɣ, ɩɨɞ ɥɟɜɨɣ ɨɩɨɪɨɣ 
ɜɨɡɦɨɠɧа ɩɨɥɧая ɪаɡɝɪɭɡɤа ɨɫɧɨɜаɧɢя, ɩɨɫɥɟ 
ɤɨɬɨɪɨɣ ɧачɢɧаɟɬɫя ɨɬɪыɜ ɮɭɧɞаɦɟɧɬɧɨɣ 
ɤɨɧɫɬɪɭɤцɢɢ ɨɬ ɩɨɜɟɪхɧɨɫɬɢ ɨɫɧɨɜаɧɢя ɜ ɨɤ-
ɪɟɫɬɧɨɫɬɢ ɥɟɜɨɣ ɨɩɨɪы. 
Раɫɫɦɨɬɪɢɦ ɧачаɥьɧɨɟ ɡаɤɪɢɬɢчɟɫɤɨɟ ɩɨɜɟ-
ɞɟɧɢɟ ɮɭɧɤцɢɣ ɩɟɪɟɦɟщɟɧɢɣ ɨɫɧɨɜаɧɢя ɩɨɞ 
ɥɟɜɨɣ ɢ ɩɪаɜɨɣ ɨɩɨɪаɦɢ ɫɨɨɪɭɠɟɧɢя.  

На ɪɢɫɭɧɤɟ 6 ɩɪɢɜɟɞɟɧы ɡаɜɢɫɢɦɨɫɬɢ ɩɟɪɟ-
ɦɟщɟɧɢɣ ɨɫɧɨɜаɧɢя ɩɨɞ ɨɩɨɪаɦɢ ɫɨɨɪɭɠɟ-
ɧɢя ɨɬ ɧаɝɪɭɡɤɢ. Вɜɢɞɭ ɦаɥɨɫɬɢ ɧачаɥьɧɨɝɨ 
ɧɟɫɨɜɟɪшɟɧɫɬɜа ɫɢɫɬɟɦы (ɧачаɥьɧɨɝɨ эɤɫ-
цɟɧɬɪɢɫɢɬɟɬа) ɪɟшɟɧɢя ɞɨ ɤɪɢɬɢчɟɫɤɨɣ ɛɢ-
ɮɭɪɤацɢɨɧɧɨɣ ɧаɝɪɭɡɤɢ ɩɪаɤɬɢчɟɫɤɢ ɫɨɜɩа-
ɞаɸɬ. 
Пɨɫɥɟ ɛɢɮɭɪɤацɢɨɧɧɨɝɨ ɤɪɢɬɢчɟɫɤɨɝɨ ɡɧа-

чɟɧɢя ɧаɝɪɭɡɤɢ 
ɛɢɮ
ɤɪP  ɜ ɨɛɥаɫɬɢ ɧачаɥьɧɨɝɨ 

ɡаɤɪɢɬɢчɟɫɤɨɝɨ ɞɟɮɨɪɦɢɪɨɜаɧɢя ɪɟшɟɧɢя 
ɪаɫхɨɞяɬɫя, ɢ ɢɦɟɟɬ ɦɟɫɬɨ ɩɪɟɞɟɥьɧая ɧа-
ɝɪɭɡɤа ɩɪ

ɤɪP , ɫɨɨɬɜɟɬɫɬɜɭɸщая «ɩɪɢɜɟɞɟɧ-
ɧɨ-ɦɨɞɭɥьɧɨɣ» ɤɨɧцɟɩцɢɢ ɢɫɫɥɟɞɨɜаɧɢя ɭɫ-
ɬɨɣчɢɜɨɫɬɢ ɫɨɝɥаɫɧɨ ɬɟɨɪɢɢ Эɧɝɟɫɫɟɪа-
Каɪɦаɧа. Бɢɮɭɪɤацɢɨɧɧая ɤɪɢɬɢчɟɫɤая ɧа-
ɝɪɭɡɤа яɜɥяɟɬɫя ɩɨ ɬɟɪɦɢɧɨɥɨɝɢɢ [3,6] «ɧаɢ-
ɪаɧɧɟɣ» ɜ ɢɫɬɨɪɢɢ  ɩɪɨцɟɫɫа ɞɟɮɨɪɦɢɪɨɜа-
ɧɢя ɫɢɫɬɟɦы ɨɫɨɛɨɣ ɬɨчɤɨɣ ɩɪɨцɟɫɫа, ɜ ɤɨ-
ɬɨɪɨɣ ɧаɛɥɸɞаɟɬɫя «ɧɟɟɞɢɧɫɬɜɟɧɧɨɫɬь» ɫɤɨ-
ɪɨɫɬɟɣ ɞɟɮɨɪɦɢɪɨɜаɧɢя. 
 
 

 
Рɢсɭɧɨɤ 6. Гɪаɮɢɤɢ ɡавɢсɢɦɨсɬɢ  

ɩɟɪɟɦɟщɟɧɢɣ ɨсɧɨваɧɢя ɩɨɞ ɨɩɨɪаɦɢ  
сɨɨɪɭɠɟɧɢя ɨɬ ɧаɝɪɭɡɤɢ. 

 
Пɨɫɥɟ эɬɨɣ ɨɫɨɛɨɣ ɬɨчɤɢ ɜ ɢɫɬɨɪɢɢ ɩɪɨцɟɫɫа 
ɞɟɮɨɪɦɢɪɨɜаɧɢя ɢɫхɨɞɧыɣ ɧɟɜɨɡɦɭщɟɧɧыɣ 
ɩɪɨцɟɫɫ ɩɟɪɟɫɬаɟɬ ɛыɬь ɭɫɬɨɣчɢɜыɦ. Уɫɬɨɣ-
чɢɜыɦ ɫɬаɧɨɜɢɬɫя ɜɨɡɦɭщɟɧɧыɣ ɩɪɨцɟɫɫ 
ɞɟɮɨɪɦɢɪɨɜаɧɢя, хаɪаɤɬɟɪɢɡɭɸщɢɣɫя ɧаɥɢ-
чɢɟɦ «ɤɪɟɧа» ɫɨɨɪɭɠɟɧɢя. Пɪɢ ɩɪɟɜышɟɧɢɢ 

ɩɪɟɞɟɥьɧɨɣ ɧаɝɪɭɡɤɢ 
ɩɪ
ɤɪP , ɫɨɨɬɜɟɬɫɬɜɭɸ-
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щɟɣ «ɩɪɢɜɟɞɟɧɧɨ-ɦɨɞɭɥьɧɨɣ» ɤɨɧцɟɩцɢɢ, 
ɩɨɥɨɠɟɧɢя ɪаɜɧɨɜɟɫɢя ɜ ɨɤɪɟɫɬɧɨɫɬɢ ɜɨɡ-
ɦɭщɟɧɧɨɝɨ ɩɪɨцɟɫɫа ɞɟɮɨɪɦɢɪɨɜаɧɢя ɢɫчɟ-
ɡаɸɬ. Дɥя ɢɞɟаɥɢɡɢɪɨɜаɧɧɨɣ ɫхɟɦы ɫɨɨɪɭ-
ɠɟɧɢя ɫ ɜыɫɨɤɨɪаɫɩɨɥɨɠɟɧɧыɦ цɟɧɬɪɨɦ ɬя-
ɠɟɫɬɢ ɧа ɞɟɮɨɪɦɢɪɭɟɦɨɣ ɮɭɧɞаɦɟɧɬɧɨɣ 
ɩɥɢɬɟ ɢɥɢ ɩɪɢ ɦаɥых ɧачаɥьɧых ɧɟɫɨɜɟɪ-
шɟɧɫɬɜах ɜ ɝɟɨɦɟɬɪɢɢ ɬаɤɨɝɨ ɫɨɨɪɭɠɟɧɢя ɜ 
ɤачɟɫɬɜɟ ɭɫɥɨɜɢя ɭɫɬɨɣчɢɜɨɫɬɢ ɦɨɠɧɨ ɩɪɢ-
ɧɢɦаɬь ɡɧачɟɧɢɟ ɧаɝɪɭɡɤɢ ɫɨɨɬɜɟɬɫɬɜɭɸщɟɟ 
ɫɦɟɧɟ ɡɧаɤа ɭ ɩɪɢɪащɟɧɢя ɩɟɪɟɦɟщɟɧɢя ɜ 
ɨɫɧɨɜаɧɢɢ ɩɨɞ ɨɩɨɪɧɨɣ чаɫɬьɸ ɫɨɨɪɭɠɟɧɢя. 
Даɧɧая ɧаɝɪɭɡɤа ɛɭɞɟɬ яɜɥяɬьɫя ɤɪɢɬɢчɟɫɤɨɣ 
ɜ ɫɦыɫɥɟ ɧаɪɭшɟɧɢя ɩɪɨцɟɫɫа ɦɨɧɨɬɨɧɧɨɝɨ 
ɫɠаɬɢя ɨɫɧɨɜаɧɢя ɩɨɞ ɮɭɧɞаɦɟɧɬɨɦ ɫɨɨɪɭ-
ɠɟɧɢя ɜ ɩɪɨцɟɫɫɟ ɦɨɧɨɬɨɧɧɨɝɨ ɧаɝɪɭɠɟɧɢя 
ɫɢɫɬɟɦы. Эɬа ɧаɝɪɭɡɤа ɛɭɞɟɬ ɬаɤ ɠɟ ɫɨɨɬɜɟɬ-
ɫɬɜɨɜаɬь ɩɪɟɞɟɥьɧɨɣ ɧаɝɪɭɡɤɟ ɝɪаɮɢɤа «ɢɧ-
ɬɟɧɫɢɜɧɨɫɬь ɧаɩɪяɠɟɧɢɣ – ɩаɪаɦɟɬɪ ɧаɝɪɭɡ-
ɤɢ» (ɪɢɫɭɧɨɤ 7).  
 

 
Рɢсɭɧɨɤ 7. Гɪаɮɢɤɢ «ɢɧɬɟɧсɢвɧɨсɬь  
ɧаɩɪяɠɟɧɢɣ – ɩаɪаɦɟɬɪ ɧаɝɪɭɡɤɢ»  

ɩɨɞ ɨɩɨɪаɦɢ сɨɨɪɭɠɟɧɢя. 
 

Оцɟɧɤа ɭɫɬɨɣчɢɜɨɫɬɢ ɩɪɢ эɬɨɦ ɛɭɞɟɬ ɢɦɟɬь 
ɤɪɢɬɟɪɢаɥьɧɭɸ ɨɫɧɨɜɭ, ɫɜяɡаɧɧɭɸ ɫ ɬɟɨɪɢɟɣ 
ɭɫɬɨɣчɢɜɨɫɬɢ ɩɪɨцɟɫɫɨɜ, ɬɟɨɪɢɟɣ ɛɢɮɭɪɤа-
цɢɣ ɢ ɤɥаɫɫɢчɟɫɤɨɣ ɩɪɨɛɥɟɦɨɣ ɫɨɛɫɬɜɟɧɧых 
ɡɧачɟɧɢɣ ɞɥя ɞɢɮɮɟɪɟɧцɢаɥьɧых ɭɪаɜɧɟɧɢɣ.  
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АɇɇɈɌАЦɂə:  В ɪаɛɨɬɟ ɫɭщɟɫɬɜɟɧɧɨɟ ɨɛɨɛщɟɧɢɟ ɩɨɥɭчаɟɬ ɪɟшɟɧɢɟ аɦɟɪɢɤаɧɫɤɨɝɨ ɩɪɨɮɟɫɫɨɪа Ƚ. 
Кɨɧɭэя ɨɛ ɨɫɟɫɢɦɦɟɬɪɢчɧɨɦ ɢɡɝɢɛɟ ɤɪɭɝɥɨɣ ɢɡɨɬɪɨɩɧɨɣ ɩɥаɫɬɢɧы ɪаɞɢаɥьɧɨ-ɩɟɪɟɦɟɧɧɨɣ ɬɨɥщɢɧы, ɥɟ-
ɠащɟɣ ɧа ɭɩɪɭɝɨɦ ɜɢɧɤɥɟɪɨɜɫɤɨɦ ɨɫɧɨɜаɧɢɢ. Раɫɫɦɨɬɪɟɧ ɜаɠɧыɣ чаɫɬɧыɣ ɫɥɭчаɣ ɢɡɦɟɧɟɧɢя ɬɨɥщɢɧы 
ɩɥаɫɬɢɧы, ɩɪɢ ɤɨɬɨɪɨɦ ɪɟшɟɧɢɟ ɨɞɧɨɪɨɞɧɨɝɨ ɞɢɮɮɟɪɟɧцɢаɥьɧɨɝɨ ɭɪаɜɧɟɧɢя ɩɪɟɞɫɬаɜɥɟɧɨ ɜ ɡаɦɤɧɭɬɨɦ 
ɜɢɞɟ. Пɪɨɢɡɜɨɞɢɬɫя ɭчёɬ аɧɢɡɨɬɪɨɩɢɢ ɦаɬɟɪɢаɥа. Иɡɭчаɟɬɫя ɞɟɣɫɬɜɢɟ ɧа ɩɥаɫɬɢɧɭ ɧаɝɪɭɡɨɤ ɪаɡɪыɜɧɨɝɨ 
ɬɢɩа, ɩɪɟɞɫɬаɜɥяɸщɢх ɫɨɛɨɣ ɫɢɥы ɢ ɦɨɦɟɧɬы, ɪаɫɩɪɟɞɟɥɟɧɧыɟ ɩɨ ɞɥɢɧаɦ ɤɨɧцɟɧɬɪɢчɟɫɤɢх ɨɤɪɭɠɧɨ-
ɫɬɟɣ, а ɬаɤɠɟ ɩɨ ɩɥɨщаɞɢ ɤɨɥьца. 
 
Ʉлючевые словɚ: ɤɪɭɝɥая ɩɥаɫɬɢɧа, ɩɟɪɟɦɟɧɧая ɬɨɥщɢɧа, аɧɢɡɨɬɪɨɩɢя ɦаɬɟɪɢаɥа, ɭɩɪɭɝɨɟ ɨɫɧɨɜаɧɢɟ 

 
 

DEVELOPMENT BY CONWAY’S SOLUTION  

ON THE FLEXURE PROBLEM OF CIRCULAR ORTHOTROPIC 

PLATE OF VARIABLE THICKNESS RESTING  

ON AN ELASTIC FOUNDATION 
 

Elena B. Koreneva 
Moscow State University of Civil Engineering, Moscow, RUSSIA 

 
ABSTRACT: The solution by american professor H. Conway, concerning the case of symmetric flexure of cir-
cular isotropic plate of radially varying thickness resting on an elastic foundation is significantly generalized. 
The important particular case by thickness variation is under study. For this case the solution is given in the 
closed form. The anisotropy of plate’s material is under examination. The work considers an action of discon-
tinuous loads, represented by forces and moments, distributed along circumferences non-coinciding with the 
contour and over ring surfaces.  
 

Key words: circular plate, variable thickness, anisotropy, elastic foundation 
 

 
1. ɉɈɋɌАɇɈȼɄА ɁАȾАЧɂ 

 

Вɨɩɪɨɫаɦ ɪаɫчɟɬа ɤɪɭɝɥых ɩɥаɫɬɢɧ ɩɟɪɟ-
ɦɟɧɧɨɣ ɬɨɥщɢɧы ɩɨɫɜящɟɧɨ ɞɨɫɬаɬɨчɧɨ 
ɛɨɥьшɨɟ чɢɫɥɨ ɩɭɛɥɢɤацɢɣ; ɜ чаɫɬɧɨɫɬɢ, 
ɫɥɟɞɭɟɬ ɧаɡɜаɬь цɢɤɥ ɪаɛɨɬ A. Д. Кɨɜаɥɟɧɤɨ, 
ɧаɩɪɢɦɟɪ [1]. В ɧɟɤɨɬɨɪых ɪаɛɨɬах ɩɪɨɢɡɜɨ-
ɞɢɬɫя ɭчёɬ ɜɥɢяɧɢя ɨɬɩɨɪа ɭɩɪɭɝɨɝɨ ɨɫɧɨɜа-
ɧɢя. Пɪɢɜɟɞёɦ ɞɢɮɮɟɪɟɧцɢаɥьɧɨɟ ɭɪаɜɧɟ-
ɧɢɟ, ɨɩɢɫыɜаɸщɟɟ ɨɫɟɫɢɦɦɟɬɪɢчɧɭɸ ɞɟ-
ɮɨɪɦацɢɸ ɤɪɭɝɥɨɣ ɢɡɨɬɪɨɩɧɨɣ ɩɥаɫɬɢɧы 
ɪаɞɢаɥьɧɨ-ɩɟɪɟɦɟɧɧɨɣ ɬɨɥщɢɧы, ɥɟɠащɟɣ 

ɧа ɨɫɧɨɜаɧɢɢ, ɫɜɨɣɫɬɜа ɤɨɬɨɪɨɝɨ ɨɩɢɫыɜа-
ɸɬɫя ɦɨɞɟɥьɸ Вɢɧɤɥɟɪа [2]: 
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ɝɞɟ D – цɢɥɢɧɞɪɢчɟɫɤая ɠɟɫɬɤɨɫɬь,  – ɤɨ-
эɮɮɢцɢɟɧɬ Пɭаɫɫɨɧа, k – ɤɨэɮɮɢцɢɟɧɬ ɩɨ-
ɫɬɟɥɢ.   
Пɪɢɦɟɦ, чɬɨ цɢɥɢɧɞɪɢчɟɫɤая ɠɟɫɬɤɨɫɬь ɢɡ-
ɦɟɧяɟɬɫя ɜɞɨɥь ɪаɞɢɭɫа ɩɨ ɫɬɟɩɟɧɧɨɦɭ ɡаɤɨ-
ɧɭ: 
 

mrDD 0 ,                        (2) 

 
ɝɞɟ D0 – ɩɨɫɬɨяɧɧая. 
Тɨɝɞа ɪаɡɪɟшаɸщɟɟ ɞɢɮɮɟɪɟɧцɢаɥьɧɨɟ 
ɭɪаɜɧɟɧɢɟ ɩɪɢɧɢɦаɟɬ ɜɢɞ:  
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Аɦɟɪɢɤаɧɫɤɢɦ ɩɪɨɮɟɫɫɨɪɨɦ Ƚ. Кɨɧɭэɟɦ ɛы-
ɥɨ ɩɨɥɭчɟɧɨ ɪɟшɟɧɢɟ ɜышɟɩɪɢɜɟɞɟɧɧɨɝɨ 
ɭɪаɜɧɟɧɢя ɜ ɮɭɧɤцɢях Бɟɫɫɟɥя, ɩɪɢ эɬɨɦ ɢɦ 
ɛыɥɢ ɢɫɩɨɥьɡɨɜаɧы ɪɟɡɭɥьɬаɬы Нɢɥьɫɟɧа 
[3]; ɩɪɢɜɟɞёɦ ɭɤаɡаɧɧɨɟ ɪɟшɟɧɢɟ 
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ɝɞɟ  40
4 4256 mDkb  ;  ɨɬɧɨшɟɧɢɟ Пɭаɫ-

ɫɨɧа 
 

4

m  . 

 
Даɧɧɨɟ ɪɟшɟɧɢɟ ɞɟɣɫɬɜɢɬɟɥьɧɨ ɞɥя ɜɟɫьɦа 
ɭɡɤɨɝɨ ɡаɤɨɧа ɢɡɦɟɧɟɧɢя ɠɟɫɬɤɨɫɬɢ, ɤɨɝɞа 
 0≤m ≤2. 
В ɪаɛɨɬɟ [4] ɪаɫɫɦаɬɪɢɜаɟɬɫя аɧаɥɨɝɢчɧая 
ɡаɞача ɞɥя ɩɥаɫɬɢɧы, ɫɞɟɥаɧɧɨɣ ɢɡ ɨɪɬɨ-
ɬɪɨɩɧɨɝɨ ɦаɬɟɪɢаɥа.  

Быɥɨ ɭɤаɡаɧɨ, чɬɨ ɩɪɢ 4m , чɬɨ ɫɨɨɬɜɟɬɫɬ-
ɜɭɟɬ ɬɨɥщɢɧɟ ɩɥаɫɬɢɧы 

   
                   34

0rhh   ,   (5) 

 
ɨɞɧɨɪɨɞɧɨɟ ɞɢɮɮɟɪɟɧцɢаɥьɧɨɟ ɭɪаɜɧɟɧɢɟ, 
ɫɨɨɬɜɟɬɫɬɜɭɸщɟɟ (3), ɩɪɢ ɩɨɦɨщɢ ɩɨɞɫɬа-
ɧɨɜɤɢ zer   ɩɪɢɧɢɦаɟɬ ɜɢɞ 
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Уɪаɜɧɟɧɢɟ (6) ɢɧɬɟɝɪɢɪɭɟɬɫя ɜ эɥɟɦɟɧɬаɪ-
ɧых ɮɭɧɤцɢях, ɨɞɧаɤɨ эɬɨɬ ɜɨɩɪɨɫ ɧɟ ɩɨɥɭ-
чɢɥ ɞаɥьɧɟɣшɟɝɨ ɪаɡɜɢɬɢя, ɢ ɞаɠɟ ɧɟ ɛыɥɨ 
ɩɪɢɜɟɞɟɧɨ ɪɟшɟɧɢɟ ɨɞɧɨɪɨɞɧɨɝɨ ɞɢɮɮɟɪɟɧ-
цɢаɥьɧɨɝɨ ɭɪаɜɧɟɧɢя. 
 
 
2. ɈɊɌɈɌɊɈɉɇАə ɄɊɍȽɅАə  

ɉɅАɋɌɂɇА ɇА ɍɉɊɍȽɈɆ  

ɈɋɇɈȼАɇɂɂ 

 
Раɫɫɦɨɬɪɢɦ ɨɫɟɫɢɦɦɟɬɪɢчɧɭɸ ɞɟɮɨɪɦацɢɸ 
ɤɪɭɝɥɨɣ ɨɪɬɨɬɪɨɩɧɨɣ ɩɥаɫɬɢɧы ɫ цɢɥɢɧɞɪɢ-
чɟɫɤɨɣ ɠɟɫɬɤɨɫɬьɸ 
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4
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r

r
xxDD  ,       (7) 

 
ɥɟɠащɟɣ ɧа ɜɢɧɤɥɟɪɨɜɫɤɨɦ ɭɩɪɭɝɨɦ ɨɫɧɨɜа-
ɧɢɢ. Пɨɞɨɛɧая ɠёɫɬɤɨɫɬь ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɬɨɥщɢɧɟ (5), ɤɨɬɨɪая ɛɥɢɡɤа ɤ ɬɨɥщɢɧɟ, ɢɡ-
ɦɟɧяɸщɟɣɫя ɩɨ ɥɢɧɟɣɧɨɦɭ ɡаɤɨɧɭ.  
Иɫɩɨɥьɡɭя ɪɟɡɭɥьɬаɬы, ɩɪɢɜɟɞɟɧɧыɟ  ɜ [2], 
ɡаɩɢшɟɦ ɫɥɟɞɭɸщɟɟ ɞɢɮɮɟɪɟɧцɢаɥьɧɨɟ 
ɭɪаɜɧɟɧɢɟ, ɨɩɢɫыɜаɸщɟɟ ɢɡɝɢɛ ɩɨɞɨɛɧɨɣ 
ɩɥаɫɬɢɧы: 
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Раɡɜɢɬɢɟ ɪɟшɟɧɢɟ Кɨɧɭэя ɧа ɡаɞачɢ ɢɡɝɢɛа ɤɪɭɝɥых аɧɢɡɨɬɪɨɩɧых ɩɥаɫɬɢɧ ɩɟɪɟɦɟɧɧɨɣ ɬɨɥщɢɧы  
ɧа ɭɩɪɭɝɨɦ ɨɫɧɨɜаɧɢɢ  
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ɩаɪаɦɟɬɪ  
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ɨɩɪɟɞɟɥяɟɬɫя ɢɡ ɫɥɟɞɭɸщɢх ɨɬɧɨшɟɧɢɣ  
 

1n

E
Er  , 2EnE  , 

2nr

  ,   ; 

 
ɞɥя ɢɡɨɬɪɨɩɧɨɣ ɩɥаɫɬɢɧы 121  nn . 

Оɞɧɨɪɨɞɧɨɟ ɞɢɮɮɟɪɟɧцɢаɥьɧɨɟ ɭɪаɜɧɟɧɢɟ, 
ɫɨɨɬɜɟɬɫɬɜɭɸщɟɟ (8), яɜɥяɟɬɫя ɭɪаɜɧɟɧɢɟɦ 
Эɣɥɟɪа. Пɨɫɥɟ ɩɨɞɫɬаɧɨɜɨɤ xez   ɢ uew   
ɨɧɨ ɩɪɢɜɨɞɢɬɫя ɤ ɞɢɮɮɟɪɟɧцɢаɥьɧɨɦɭ ɭɪаɜ-
ɧɟɧɢɸ ɫ ɩɨɫɬɨяɧɧыɦɢ ɤɨэɮɮɢцɢɟɧɬаɦɢ. 
Оɛщɟɟ ɪɟшɟɧɢɟ ɨɞɧɨɪɨɞɧɨɝɨ ɞɢɮɮɟɪɟɧцɢ-
аɥьɧɨɝɨ ɭɪаɜɧɟɧɢя, ɫɨɨɬɜɟɬɫɬɜɭɸщɟɝɨ (8), 
ɢɦɟɟɬ ɜɢɞ 
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Зɞɟɫь 
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.41624869 42242   nnnB  

 
Оɬɦɟɬɢɦ, чɬɨ 21   ,  43   . 

Учɬёɦ ɞɟɣɫɬɜɢɟ ɧа ɩɥаɫɬɢɧɭ ɪаɡɪыɜɧых ɧа-
ɝɪɭɡɨɤ. Дɥя эɬɨɝɨ ɜɜɟɞɟɦ ɜ ɪаɫɫɦɨɬɪɟɧɢɟ 
ɮɭɧɤцɢɢ Кɨшɢ  xxZ ;11 ,  xxZ ;12 ,  xxZ ;13 ,  xxZ ;14  ɪɟшɟɧɢɣ ɞɢɮɮɟɪɟɧцɢаɥьɧɨɝɨ ɭɪаɜ-
ɧɟɧɢя чɟɬɜɟɪɬɨɝɨ ɩɨɪяɞɤа, ɤɨɬɨɪыɟ ɨɛɥаɞа-
ɸɬ ɫɥɟɞɭɸщɢɦɢ ɫɜɨɣɫɬɜаɦɢ ɩɪɢ 1xx  : 
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Дɥя ɩɨɥɭчɟɧɢя ɮɭɧɤцɢɣ (11) ɫɥɟɞɭɟɬ ɜычɢɫ-
ɥɢɬь ɨɩɪɟɞɟɥɢɬɟɥь Вɪɨɧɫɤɨɝɨ ɪɟшɟɧɢɣ (9); 
ɨɛɨɡɧачɢɦ 
 

1
1

1  xw , 1
2

1  xw , 1
3

3  xw , 1
4

3  xw  

 
В ɞаɧɧɨɦ ɫɥɭчаɟ ɜɪɨɧɫɤɢаɧ (9) ɫɜɨɞɢɬɫя ɤ 
ɜычɢɫɥɟɧɢɸ ɨɩɪɟɞɟɥɢɬɟɥя Ваɧɞɟɪɦɨɧɞа [5]: 
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Оɩɪɟɞɟɥɢɦ ɮɭɧɤцɢɢ Кɨшɢ (11). Иɫɩɨɥьɡɭя 
ɮɨɪɦɭɥы Кɪаɦɟɪа, ɩɨɥɭчɢɦ: 
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Еɫɥɢ ɜɟɥɢчɢɧа 4  ɞɨɫɬаɬɨчɧɨ ɜɟɥɢɤа, ɬɨ 

4321 ,,,   ɦɨɝɭɬ яɜɥяɬьɫя ɩɨɩаɪɧɨ ɤɨɦɩɥɟɤɫɧɨ-
ɫɨɩɪяɠɟɧɧыɦɢ. Тɨɝɞа, ɜɜɨɞя ɨɛɨɡɧачɟɧɢя 
 
            i,  21 ,  i,  43 , 

 
ɡаɩɢшɟɦ ɨɛщɟɟ ɪɟшɟɧɢɟ ɨɞɧɨɪɨɞɧɨɝɨ ɞɢɮ-
ɮɟɪɟɧцɢаɥьɧɨɝɨ ɭɪаɜɧɟɧɢя, ɫɨɨɬɜɟɬɫɬɜɭɸ-
щɟɝɨ (8), ɜ ɜɢɞɟ 
           . lncoslnsin

lncoslnsin

43

21

xBxBx

xBxBxxw


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



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  (14) 

 
Оɛɨɡɧачɢɦ 
    xxlnsin   ,    xxlncos   . 

 
В ɤачɟɫɬɜɟ ɩɪɢɦɟɪа ɩɪɢɜɟɞɟɦ ɨɞɧɭ ɢɡ ɮɭɧɤ-
цɢɣ Кɨшɢ ɜ эɬɨɣ ɮɨɪɦɟ 
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Пɟɪɟɣɞɟɦ ɤ ɨɩɪɟɞɟɥɟɧɢɸ ɮɭɧɞаɦɟɧɬаɥьɧых 
ɮɭɧɤцɢɣ  xxwi ;1   41,...,i  , ɤɨɬɨɪыɟ ɩɨɡɜɨ-

ɥяɸɬ ɭчɟɫɬь ɞɟɣɫɬɜɢɟ ɪаɡɪыɜɧых ɧаɝɪɭɡɨɤ ɢ 
ɨɛɥаɞаɸɬ ɩɪɢ x=x1 ɫɥɟɞɭɸщɢɦɢ ɫɜɨɣɫɬɜаɦɢ: 
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В ɪɟɡɭɥьɬаɬɟ ɩɨɥɭчɢɦ 
    xxZxxw ;; 1111  ; 
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Уɪаɜɧɟɧɢɟ ɢɡɨɝɧɭɬɨɣ ɫɪɟɞɢɧɨɣ ɩɨɜɟɪхɧɨɫɬɢ 
ɩɥаɫɬɢɧы, ɥɟɠащɟɣ ɧа ɭɩɪɭɝɨɦ ɜɢɧɤɥɟɪɨɜ-
ɫɤɨɦ ɨɫɧɨɜаɧɢɢ ɫ ɠёɫɬɤɨɫɬьɸ (7), ɩɪɢ ɟё ɡа-
ɝɪɭɠɟɧɢɢ ɦɨɦɟɧɬаɦɢ Mi,  ɪаɜɧɨɦɟɪɧɨ ɪаɫ-
ɩɪɟɞɟɥёɧɧыɦɢ ɩɨ ɨɤɪɭɠɧɨɫɬɢ ɪаɞɢɭɫа xi, ɢ 

     i  1 2 3 4 

1w  1 0 0 0 

dx

dwi  0 1 0 0 

 ir wM 0 0 1 0 

 ir wQ  0 0 0 1 



Раɡɜɢɬɢɟ ɪɟшɟɧɢɟ Кɨɧɭэя ɧа ɡаɞачɢ ɢɡɝɢɛа ɤɪɭɝɥых аɧɢɡɨɬɪɨɩɧых ɩɥаɫɬɢɧ ɩɟɪɟɦɟɧɧɨɣ ɬɨɥщɢɧы  
ɧа ɭɩɪɭɝɨɦ ɨɫɧɨɜаɧɢɢ  
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ɫɢɥаɦɢ Qj, ɪаɜɧɨɦɟɪɧɨ ɪаɫɩɪɟɞɟɥёɧɧыɦɢ ɩɨ 
ɨɤɪɭɠɧɨɫɬɢ ɪаɞɢɭɫа xj, ɢɦɟɟɬ ɜɢɞ 
     ,xxwrQxxwrMww jjii ;; 4
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а 000 Q  , M, ,w 0  - ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɪɨɝɢɛ, 

ɭɝɨɥ ɩɨɜɨɪɨɬа, ɢɡɝɢɛаɸщɢɣ ɦɨɦɟɧɬ ɢ ɩɨɩɟ-
ɪɟчɧая ɫɢɥа ɜ ɧачаɥɟ ɤɨɨɪɞɢɧаɬ (ɧа ɜɧɭɬɪɟɧ-
ɧɟɦ ɤɨɧɬɭɪɟ ɩɪɢ x=x0). 
Еɫɥɢ ɧа ɢɡɭчаɟɦɭɸ ɩɥаɫɬɢɧɭ ɞɟɣɫɬɜɭɸɬ ɧа-
ɝɪɭɡɤɢ, ɪаɫɩɪɟɞɟɥɟɧɧыɟ ɩɨ ɩɥɨщаɞɢ ɤɨɥьца 
ɢɥɢ ɩɨ ɫɬɭɩɟɧчаɬɨɦɭ ɡаɤɨɧɭ, ɬɨ ɪɟшɟɧɢɟ ɧа-
хɨɞɢɬɫя ɩɭɬɟɦ ɢɧɬɟɝɪɢɪɨɜаɧɢя ɩɨɫɥɟɞɧɟɝɨ 
ɫɥаɝаɟɦɨɝɨ ɜ (21). Вɨɡɦɨɠɧɨ ɪаɫɫɦɨɬɪɟɧɢɟ 
ɧɟɪаɜɧɨɦɟɪɧɨ ɪаɫɩɪɟɞɟɥёɧɧых ɧаɝɪɭɡɨɤ ɢ 
ɧаɝɪɭɡɨɤ, ɪаɫɩɪɟɞɟɥёɧɧых ɩɨ ɫɬɭɩɟɧчаɬɨɦɭ 
ɡаɤɨɧɭ. 
 
 
3. ɁАɄɅɘЧȿɇɂȿ 

 

Таɤɢɦ ɨɛɪаɡɨɦ, ɜ ɧаɫɬɨящɟɣ ɪаɛɨɬɟ ɜ ɡаɦɤ-
ɧɭɬɨɦ ɜɢɞɟ ɩɨɥɭчɟɧɨ ɪɟшɟɧɢɟ ɡаɞачɢ ɨɛ ɢɡ-
ɝɢɛɟ ɤɪɭɝɥɨɣ ɨɪɬɨɬɪɨɩɧɨɣ ɩɥаɫɬɢɧы, ɧахɨ-
ɞящɟɣɫя ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɧаɝɪɭɡɨɤ, ɩɪɟɞɫɬаɜ-
ɥяɸщɢх ɫɨɛɨɣ ɫɢɥы ɢ ɦɨɦɟɧɬы, ɪаɫɩɪɟɞɟ-
ɥёɧɧыɟ ɩɨ ɨɤɪɭɠɧɨɫɬяɦ, ɧɟ ɫɨɜɩаɞаɸщɢɦ ɫ 
ɤɨɧɬɭɪɨɦ, а ɬаɤɠɟ ɧаɝɪɭɡɨɤ, ɪаɫɩɪɟɞɟɥёɧɧых 
ɩɨ ɩɥɨщаɞɢ ɤɨɥьца. 
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В.В. Лалин, Д.А. Кушова 
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АɇɇɈɌАЦɂə: Раɫɫɦаɬɪɢɜаɟɬɫя ɧɟɥɢɧɟɣɧая ɩɥɨɫɤая ɡаɞача ɬɟɨɪɢɢ ɭɩɪɭɝɢх ɫɬɟɪɠɧɟɣ Кɨɫɫɟɪа - Тɢ-

ɦɨшɟɧɤɨ ɜ ɦаɬɟɪɢаɥьɧɨɦ  (Лаɝɪаɧɠɟɜɨɦ)  ɨɩɢɫаɧɢɢ. Иɫɩɨɥьɡɭɸɬɫя эɧɟɪɝɟɬɢчɟɫɤɢ ɫɨɩɪяɠɟɧɧыɟ ɜɟɤ-
ɬɨɪы ɭɫɢɥɢɣ ɢ ɞɟɮɨɪɦацɢɣ. Дɥя ɮɭɧɤцɢɨɧаɥа Лаɝɪаɧɠа ɞɨɤаɡыɜаɟɬɫя эɤɜɢɜаɥɟɧɬɧɨɫɬь ɜаɪɢацɢɨɧɧɨɣ 

ɢ ɞɢɮɮɟɪɟɧцɢаɥьɧɨɣ ɩɨɫɬаɧɨɜɨɤ ɡаɞач ɞɥя ɝɥаɞɤɢх ɪɟшɟɧɢɣ. Выɜɨɞɢɬɫя ɜыɪаɠɟɧɢɟ ɞɥя ɜɬɨɪɨɣ ɜа-
ɪɢацɢɢ ɮɭɧɤцɢɨɧаɥа Лаɝɪаɧɠа, ɢɡ ɤɨɬɨɪɨɣ ɩɨɥɭчɟɧы ɞɢɮɮɟɪɟɧцɢаɥьɧыɟ ɭɪаɜɧɟɧɢя ɡаɞачɢ ɭɫɬɨɣчɢ-

ɜɨɫɬɢ. Дɥя ɪяɞа ɡаɞач ɩɨɥɭчɟɧɨ ɬɨчɧɨɟ ɡɧачɟɧɢɟ ɤɪɢɬɢчɟɫɤɨɣ ɧаɝɪɭɡɤɢ ɫ ɭчɟɬɨɦ ɞɟɮɨɪɦацɢɣ ɢɡɝɢɛа, 
ɫɞɜɢɝа ɢ ɪаɫɬяɠɟɧɢя-ɫɠаɬɢя. 

 

Ʉлючевые словɚ: ɛɨɥьшɢɟ ɩɟɪɟɦɟщɟɧɢя ɢ ɩɨɜɨɪɨɬы, эɧɟɪɝɟɬɢчɟɫɤɢ ɫɨɩɪяɠɟɧɧыɟ ɭɫɢɥɢя ɢ ɞɟɮɨɪ-
ɦацɢɢ, ɮɭɧɤцɢɨɧаɥ ɜаɪɢацɢɨɧɧɨɣ ɩɨɫɬаɧɨɜɤɢ, ɭɪаɜɧɟɧɢя ɭɫɬɨɣчɢɜɨɫɬɢ. 

 

 

GEOMETRICALLY NONLINEAR DEFORMATION  

AND STABILITY PROBLEMS OF PLANE ELASTIC RODS 

WITH TENSION-COMPRESSION, SHEAR  

AND BENDING STIFFNESS TAKEN INTO ACCOUNT 
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ABSTRACT: This article is about a nonlinear plane problem of the theory of elastic Cosserat – Ti-

moshenko’s rods in the material (Lagrangian) description with energy conjugated vectors of forces, moments 

and strains. Equivalence of the differential and variational formulations for the Lagrangian functional was 

proved for smooth solutions. The differential equations of the problem of stability were obtained from the 

second variation of the Lagrangian functional. Exact solution of some stability problems with the deforma-

tions of bending, shear and tension-compression was obtained.  

 

Keywords: large displacements and rotations, energy conjugated forces, moments and strains, the functional 

of variational formulation, the equations of stability 

 

 

ȼȼȿȾȿɇɂȿ 

 

Тɪаɞɢцɢɨɧɧыɣ ɩɨɞхɨɞ ɜ ɜаɪɢацɢɨɧɧɨɣ ɩɨ-
ɫɬаɧɨɜɤɟ ɡаɞачɢ ɧɟɥɢɧɟɣɧɨɝɨ ɞɟɮɨɪɦɢɪɨɜа-
ɧɢя ɫɬɟɪɠɧɟɣ ɡаɤɥɸчаɟɬɫя ɜ ɢɫɩɨɥьɡɨɜаɧɢɢ 

ɜаɪɢацɢɨɧɧɨɝɨ ɭɪаɜɧɟɧɢя ɜ ɜɢɞɟ ɩɪɢɧцɢɩа 
ɜɨɡɦɨɠɧых ɩɟɪɟɦɟщɟɧɢɣ [1-15]. В ɧаɫɬɨя-
щɟɣ ɪаɛɨɬɟ, ɧа ɩɪɢɦɟɪɟ ɩɥɨɫɤɨɣ ɡаɞачɢ, ɩɨ-
ɤаɡыɜаɟɬɫя, чɬɨ, ɫ ɢɫɩɨɥьɡɨɜаɧɢɟɦ эɧɟɪɝɟɬɢ-

чɟɫɤɢ ɫɨɩɪяɠɟɧɧых ɜɟɤɬɨɪɨɜ ɭɫɢɥɢɣ ɢ ɞɟ-
ɮɨɪɦацɢɣ [16], ɜаɪɢацɢɨɧɧɭɸ ɡаɞачɭ ɦɨɠɧɨ 
ɫɮɨɪɦɭɥɢɪɨɜаɬь ɜ ɜɢɞɟ ɡаɞачɢ ɩɨɢɫɤа ɬɨчɤɢ 

ɫɬацɢɨɧаɪɧɨɫɬɢ ɮɭɧɤцɢɨɧаɥа ɬɢɩа Лаɝɪаɧ-

ɠа. Пɪɢ эɬɨɦ ɩɨяɜɥяɟɬɫя ɜɨɡɦɨɠɧɨɫɬь ɞɜɭɦя 
ɫɩɨɫɨɛаɦɢ ɩɨɥɭчɢɬь ɭɪаɜɧɟɧɢя ɭɫɬɨɣчɢɜɨ-
ɫɬɢ: ɤаɤ ɭɪаɜɧɟɧɢя ɜ ɜаɪɢацɢях ɞɥя ɢɫхɨɞɧɨɣ 

ɞɢɮɮɟɪɟɧцɢаɥьɧɨɣ ɩɨɫɬаɧɨɜɤɢ ɢ ɤаɤ ɭɪаɜ-



Ƚɟɨɦɟɬɪɢчɟɫɤɢ ɧɟɥɢɧɟɣɧɨɟ ɞɟɮɨɪɦɢɪɨɜаɧɢɟ ɢ ɭɫɬɨɣчɢɜɨɫɬь ɩɥɨɫɤɢх ɭɩɪɭɝɢх ɫɬɟɪɠɧɟɣ ɫ ɭчɟɬɨɦ ɠɟɫɬɤɨɫɬɟɣ  
ɧа ɪаɫɬяɠɟɧɢɟ – ɫɠаɬɢɟ, ɫɞɜɢɝ ɢ ɢɡɝɢɛ 
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ɧɟɧɢя Эɣɥɟɪа ɞɥя ɜɬɨɪɨɣ ɜаɪɢацɢɢ ɮɭɧɤ-
цɢɨɧаɥа Лаɝɪаɧɠа. 
 

 

ɉɈɋɌАɇɈȼɄА ɁАȾАЧɂ 

 

Раɫɫɦаɬɪɢɜаɟɬɫя ɨɛщая ɝɟɨɦɟɬɪɢчɟɫɤɢ ɧɟɥɢ-

ɧɟɣɧая ɬɟɨɪɢя ɭɩɪɭɝɢх ɫɬɟɪɠɧɟɣ, ɜ ɤɨɬɨɪɨɣ 

ɭчɢɬыɜаɸɬɫя ɞɟɮɨɪɦацɢɢ ɢɡɝɢɛа, ɫɞɜɢɝа ɢ 

ɪаɫɬяɠɟɧɢя-ɫɠаɬɢя, а ɧа ɜɟɥɢчɢɧы ɩɟɪɟɦɟ-
щɟɧɢɣ ɢ ɩɨɜɨɪɨɬɨɜ ɧɟ ɧаɤɥаɞыɜаɟɬɫя ɧɢɤа-
ɤɢх ɨɝɪаɧɢчɟɧɢɣ. В ɩɥɨɫɤɨɣ ɡаɞачɟ ɤаɠɞая 
ɬɨчɤа ɬаɤɨɝɨ ɫɬɟɪɠɧя ɨɛɥаɞаɟɬ ɬɪɟɦя ɫɬɟɩɟ-
ɧяɦɢ ɫɜɨɛɨɞы – ɞɜɭɦя ɩɨɫɬɭɩаɬɟɥьɧыɦɢ ɢ 

ɨɞɧɨɣ ɜɪащаɬɟɥьɧɨɣ. 

Выɛɟɪɟɦ ɜ ɤачɟɫɬɜɟ ɨɬɫчɟɬɧɨɣ ɧɟɧаɩɪяɠɟɧ-

ɧɨɣ ɤɨɧɮɢɝɭɪацɢɢ (ОК) ɩɟɪɜɨɧачаɥьɧɨ ɩɪя-
ɦɨɥɢɧɟɣɧɨɝɨ ɫɬɟɪɠɧя ɟɝɨ ɪаɫɩɨɥɨɠɟɧɢɟ 
ɜɞɨɥь ɨɫɢ Х ɩɪаɜɨɣ ɞɟɤаɪɬɨɜɨɣ ɫɢɫɬɟɦы ɤɨ-
ɨɪɞɢɧаɬ X,Y,Z (ɪɢɫ.1а) ɫ ɨɪɬаɦɢ i, j, k 

,ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.  В ОК ɩɨɥɨɠɟɧɢɟ ɤаɠɞɨɣ 

ɬɨчɤɢ ɫɬɟɪɠɧя ɡаɞаɟɬɫя ɤɨɨɪɞɢɧаɬɨɣ х0, 0 ≤ 

х0  ≤ L, 

 

 
Рɢсɭɧɨɤ 1а. Оɬсчɟɬɧая ɧɟɧаɩɪяɠɟɧɧая 

ɤɨɧɮɢɝɭɪаɰɢя (ОК) сɬɟɪɠɧя 
 

ɝɞɟ L – ɢɫхɨɞɧая ɞɥɢɧа ɫɬɟɪɠɧя. Даɥɟɟ ɛɭɞɟɬ 
ɢɫɩɨɥьɡɨɜаɬьɫя ɦаɬɟɪɢаɥьɧɨɟ (ɥаɝɪаɧɠɟɜɨ) 
ɨɩɢɫаɧɢɟ, ɜ ɤɨɬɨɪɨɦ ɜɫɟ хаɪаɤɬɟɪɢɫɬɢɤɢ ɧа-
ɩɪяɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜаɧɧɨɝɨ ɫɨɫɬɨяɧɢя ɡа-
ɜɢɫяɬ ɨɬ ɩɟɪɟɦɟɧɧɨɣ х0, ɩɪɢчɟɦ (…)’  ɛɭɞɟɬ 
ɨɛɨɡɧачаɬь ɩɪɨɢɡɜɨɞɧɭɸ ɩɨ х0. 

В ɬɟɨɪɢɢ Кɨɫɫɟɪа-Тɢɦɨшɟɧɤɨ ɫ ɤаɠɞɨɣ ɬɨч-
ɤɨɣ ɫɬɟɪɠɧя ɫɜяɡаɧ ɪɟɩɟɪ (ɩɪаɜая ɨɪɬɨɧɨɪ-
ɦɢɪɨɜаɧɧая ɬɪɨɣɤа ɜɟɤɬɨɪɨɜ), ɜɟɤɬɨɪы ɤɨɬɨ-
ɪɨɝɨ ɜ ОК ɨɛɨɡɧачɢɦ Di . Дɥя ɩɟɪɜɨɧачаɥьɧɨ 
ɩɪяɦɨɥɢɧɟɣɧɨɝɨ ɛɟɡ ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɡаɤɪɭчɢ-

ɜаɧɢя ɫɬɟɪɠɧя ɦɨɠɧɨ ɩɪɢɧяɬь, чɬɨ ɜɟɤɬɨɪ D1 

ɧаɩɪаɜɥɟɧ ɩɨ ɨɫɢ ɫɬɟɪɠɧя, ɜɟɤɬɨɪы D2, D3 – 

ɩɨ ɝɥаɜɧыɦ цɟɧɬɪаɥьɧыɦ ɨɫяɦ ɢɧɟɪцɢɢ ɫɟ-
чɟɧɢя (ɪɢɫ.1а), ɩɪɢчɟɦ Di = const (х0), D1 = i , 

D2 = j. 

 

 
Рɢсɭɧɨɤ 1ɛ. Аɤɬɭаɥьɧая (ɞɟɮɨɪɦɢɪɨваɧɧая) 

ɤɨɧɮɢɝɭɪаɰɢя (АК) сɬɟɪɠɧя 
 

На ɪɢɫ. 1ɛ ɢɡɨɛɪаɠɟɧа аɤɬɭаɥьɧая (ɞɟɮɨɪɦɢ-

ɪɨɜаɧɧая) ɤɨɧɮɢɝɭɪацɢя ɫɬɟɪɠɧя (АК). Пɨ-
ɥɨɠɟɧɢɟ ɤаɠɞɨɣ ɬɨчɤɢ ɫɬɟɪɠɧя ɜ АК ɡаɞаɟɬ-
ɫя ɜɟɤɬɨɪɨɦ r(х0) = x(х0) i  + y(х0) j. 

 Вɟɤɬɨɪы ɪɟɩɟɪа ɜ ɩɨɜɟɪɧɭɬɨɦ ɩɨɥɨɠɟɧɢɢ 

ɨɛɨɡɧачɟɧы di = di (х0), ɩɪɢчɟɦ ɜɟɤɬɨɪ d1 ɧɟ 
ɨɛяɡаɧ ɫɨɜɩаɞаɬь ɫ ɜɟɤɬɨɪɨɦ t – ɟɞɢɧɢчɧыɦ 

ɜɟɤɬɨɪɨɦ, ɤаɫаɬɟɥьɧыɦ ɤ ɨɫɢ ɫɬɟɪɠɧя ɜ АК. 

В ɩɥɨɫɤɨɣ ɡаɞачɟ ɩɨɜɨɪɨɬ ɪɟɩɟɪа ɨɩɪɟɞɟɥя-
ɟɬɫя ɜɟɤɬɨɪɨɦ Ф (х0) = φ (х0) k. Фɭɧɤцɢɢ  

x(х0), y(х0), φ(х0) ɩɪɟɞɫɬаɜɥяɸɬ ɫɨɛɨɣ ɬɪɢ 

ɫɬɟɩɟɧɢ ɫɜɨɛɨɞы ɜ ɩɥɨɫɤɨɣ ɡаɞачɟ ɝɟɨɦɟɬɪɢ-

чɟɫɤɢ ɧɟɥɢɧɟɣɧɨɝɨ ɞɟɮɨɪɦɢɪɨɜаɧɢя ɫɬɟɪɠ-

ɧя. 
Иɫɬɢɧɧыɟ ɜɟɤɬɨɪы ɭɫɢɥɢɣ ɜ АК ɜ ɩɥɨɫɤɨɣ 

ɡаɞачɟ: 
 

f(x0) = N(x0) d1 + Q(x0) d2,  ȝ(x0) = M(x0) k , 

 

ɫɨɨɬɜɟɬɫɬɜɭɸщɢɟ ɢɦ ɜɟɤɬɨɪы ɞɟɮɨɪɦацɢɣ 

[2,5]:  

 

e(x0) = r’ - P·r0’ , ψ(x0) = φ’ k , 

 

ɝɞɟ N – ɩɪɨɞɨɥьɧая ɫɢɥа, Q – ɩɟɪɟɪɟɡыɜащая 
ɫɢɥа, M – ɢɡɝɢɛаɸщɢɣ ɦɨɦɟɧɬ, r0 = x0i – ɪа-
ɞɢɭɫ-ɜɟɤɬɨɪ ɬɨчɟɤ ɫɬɟɪɠɧя ɜ ОК, ɬɨчɤɨɣ 

ɨɛɨɡɧачаɟɬɫя ɫɤаɥяɪɧɨɟ ɩɪɨɢɡɜɟɞɟɧɢɟ, Р(х0) 

– ɬɟɧɡɨɪ ɩɨɜɨɪɨɬа, ɡаɞаɸщɢɣ ɩɨɜɨɪɨɬ ɨɬ-
ɫчɟɬɧɨɝɨ ɪɟɩɟɪа Di ɜ аɤɬɭаɥьɧыɣ ɪɟɩɟɪ di : di 

= P· Di , ɦаɬɪɢчɧɨɟ ɩɪɟɞɫɬаɜɥɟɧɢɟ ɬɟɧɡɨɪа 
ɩɨɜɨɪɨɬа ɜ ɩɥɨɫɤɨɣ ɡаɞачɟ:  
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Р= 






cossin

sincos
, 

 

ɨɛɪаɬɧыɣ ɩɨɜɨɪɨɬ ɢɡ АК ɜ ОК ɡаɞаɟɬɫя 
ɬɪаɧɫɩɨɧɢɪɨɜаɧɧыɦ ɬɟɧɡɨɪɨɦ P

T
. 

В ɪаɛɨɬɟ [18] ɩɨɤаɡаɧɨ, чɬɨ ɩɪɢ ɢɫɩɨɥьɡɨɜа-
ɧɢɢ ɥаɝɪаɧɠɟɜа ɨɩɢɫаɧɢя ɭɞɨɛɧɟɟ ɢɫɩɨɥьɡɨ-
ɜаɬь ɩɨɜɟɪɧɭɬыɟ ɢɡ АК ɜ ОК ɜɟɤɬɨɪы ɭɫɢɥɢɣ 

ɢ ɞɟɮɨɪɦацɢɣ: F = P
T
·f, E = =P

T
·e (ɩɨɜɟɪɧɭ-

ɬыɟ ɜɟɤɬɨɪы ɦɨɦɟɧɬɨɜ ɢ ɢɡɝɢɛɧых ɞɟɮɨɪɦа-
цɢɣ ɜ ɩɥɨɫɤɨɣ ɡаɞачɟ ɫɨɜɩаɞаɸɬ ɫ ɢɫɬɢɧɧы-

ɦɢ). Пɨɜɟɪɧɭɬыɟ ɜɟɤɬɨɪы ɭɫɢɥɢɣ ɢ ɞɟɮɨɪ-
ɦацɢɣ яɜɥяɸɬɫя эɧɟɪɝɟɬɢчɟɫɤɢ ɫɨɩɪяɠɟɧ-

ɧыɦɢ ɜ ɫɦыɫɥɟ ɫɥɟɞɭɸщɟɝɨ ɨɩɪɟɞɟɥɟɧɢя 
[18]:  

   EFW  

 

ɝɞɟ W=W(E, ψ) – ɩɨɝɨɧɧая ɩɥɨɬɧɨɫɬь эɧɟɪ-
ɝɢɢ ɞɟɮɨɪɦацɢɢ ɭɩɪɭɝɨɝɨ (ɜ ɬɨɦ чɢɫɥɟ, ɢ ɧɟ-
ɥɢɧɟɣɧɨ-ɭɩɪɭɝɨɝɨ) ɫɬɟɪɠɧя, ɬɨчɤɨɣ ɫɜɟɪхɭ 

ɨɛɨɡɧачɟɧа ɩɪɨɢɡɜɨɞɧая ɩɨ ɜɪɟɦɟɧɢ. 

Пɨɜɟɪɧɭɬыɟ ɜɟɤɬɨɪы ɭɫɢɥɢɣ ɢ ɞɟɮɨɪɦацɢɣ ɜ 
ɩɥɨɫɤɨɣ ɡаɞачɟ: 
 

F(x0) = N(x0) i + Q(x0) j  ,  ȝ(x0) = M(x0) k ,  

E(x0) = ε i + Ƚ j , ψ(x0) = φ’ k, 

 

Выɪаɠɟɧɢя ɞɥя ɤɨɦɩɨɧɟɧɬ ɞɟɮɨɪɦацɢɣ ε, Ƚ 

чɟɪɟɡ ɮɭɧɤцɢɢ x(х0), y(х0), φ(х0)  ɩɪɢɜɟɞɟɧы 

ɞаɥɟɟ. 
Пɨɫɬаɧɨɜɤа ɝɟɨɦɟɬɪɢчɟɫɤɢ ɧɟɥɢɧɟɣɧɨɣ ɡаɞа-
чɢ ɞɥя ɮɢɡɢчɟɫɤɢ ɥɢɧɟɣɧɨɝɨ ɫɬɟɪɠɧя ɫɨɫɬɨ-
ɢɬ ɢɡ ɬɪɟх ɝɪɭɩɩ ɭɪаɜɧɟɧɢɣ (1) – (3). 

Уɪаɜɧɟɧɢя ɪаɜɧɨɜɟɫɢя: 
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ɝɞɟ qx , qy , m – ɪаɫɩɪɟɞɟɥɟɧɧая ɫɢɥɨɜая ɢ 

ɦɨɦɟɧɬɧая ɧаɝɪɭɡɤɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
Ƚɟɨɦɟɬɪɢчɟɫɤɢɟ ɭɪаɜɧɟɧɢя: 
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Фɢɡɢчɟɫɤɢɟ ɭɪаɜɧɟɧɢя: 
 

(3)                                  kM  ,ȽkQ ,kN 321   

 

ɝɞɟ   k1 , k2 , k3 – ɠɟɫɬɤɨɫɬɢ ɫɬɟɪɠɧя ɧа ɪаɫ-
ɬяɠɟɧɢɟ-ɫɠаɬɢɟ, ɫɞɜɢɝ ɢ ɢɡɝɢɛ, ɫɨɨɬɜɟɬɫɬ-
ɜɟɧɧɨ. 
Ƚɪаɧɢчɧыɟ ɭɫɥɨɜɢя: 
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Ƚɪаɧɢчɧыɟ ɭɫɥɨɜɢя (4) ɢ (5) ɫɨɨɬɜɟɬɫɬɜɭɸɬ 
ɫхɟɦɟ, ɩɪɢɜɟɞɟɧɧɨɣ ɧа ɪɢɫɭɧɤɟ 2. 

 

 
Рɢсɭɧɨɤ 2. Расчɟɬɧая схɟɦа сɬɟɪɠɧя. 

 

Пɨɞɪаɡɭɦɟɜаɟɦ, чɬɨ ɜ ɭɪаɜɧɟɧɢях (4) - (5) 

ɜɧɭɬɪɟɧɧɢɟ ɭɫɢɥɢя ɜыɪаɠɟɧы чɟɪɟɡ x, y, φ ɫ 
ɩɨɦɨщьɸ  ɭɪаɜɧɟɧɢɣ (2), (3). 
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Фɭɧɤцɢɨɧаɥ Лаɝɪаɧɠа: 
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Нɟɫɥɨɠɧɨ ɩɨɤаɡаɬь, чɬɨ ɢɡ ɭɫɥɨɜɢя įП=0, ɝɞɟ 
įП – ɜаɪɢацɢя ɮɭɧɤцɢɨɧаɥа Лаɝɪаɧɠа, ɜыɬɟ-
ɤаɸɬ ɭɪаɜɧɟɧɢя (1), ɜ ɤɨɬɨɪых ɜɧɭɬɪɟɧɧɢɟ 
ɭɫɢɥɢя ɜыɪаɠɟɧы чɟɪɟɡ ɮɭɧɤцɢɢ x, y, φ. Тɟɦ 

ɫаɦыɦ ɞɥя ɝɥаɞɤɢх ɪɟшɟɧɢɣ ɞɢɮɮɟɪɟɧцɢ-

аɥьɧая ɩɨɫɬаɧɨɜɤа ɡаɞачɢ (1)-(5) эɤɜɢɜаɥɟɧɬ-
ɧа ɜаɪɢацɢɨɧɧɨɣ ɡаɞачɟ П→ СТАЦ ɩɨɢɫɤа 
ɬɨчɤɢ ɫɬацɢɨɧаɪɧɨɫɬɢ ɮɭɧɤцɢɨɧаɥа (6). 

 

ȼɚɪиɚɰиоɧɧɚɹ ɮоɪɦулиɪовɤɚ ɡɚɞɚчи ус-
ɬоɣчивосɬи 

Уɪаɜɧɟɧɢя ɭɫɬɨɣчɢɜɨɫɬɢ яɜɥяɸɬɫя ɭɪаɜɧɟ-
ɧɢяɦɢ Эɣɥɟɪа  ɜаɪɢацɢɨɧɧɨɣ ɡаɞачɢ 

į2П→СТАЦ [17], ɝɞɟ į2П - ɜɬɨɪая ɜаɪɢацɢя 
ɮɭɧɤцɢɨɧаɥа (6). 

Вɬɨɪая ɜаɪɢацɢя ɮɭɧɤцɢɨɧаɥа: 
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В ɜыɪаɠɟɧɢɢ (7): h1, h2, f – ɜаɪɢацɢɢ ɮɭɧɤ-
цɢɣ x , y  ɢ  , ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ; N, Q, M, ε, Ƚ, 

ψ – ɫɨɨɬɜɟɬɫɬɜɭɸщɢɟ h1, h2, f ɜаɪɢацɢɢ ɜɧɭɬ-
ɪɟɧɧɢх ɭɫɢɥɢɣ ɢ ɞɟɮɨɪɦацɢɣ. 

Вɟɥɢчɢɧаɦɢ ɫ чɟɪɬɨɣ ɜ (7) ɢ ɜ ɞаɥьɧɟɣшɟɦ 

ɨɛɨɡɧачаɸɬɫя хаɪаɤɬɟɪɢɫɬɢɤɢ ɧаɩɪяɠɟɧɧɨ-
ɞɟɮɨɪɦɢɪɨɜаɧɧɨɝɨ ɫɨɫɬɨяɧɢя, ɭɞɨɜɥɟɬɜɨ-
ɪяɸщɢɟ ɫɢɫɬɟɦɟ ɭɪаɜɧɟɧɢɣ (1) – (5). Тɨ ɟɫɬь 
эɬɨ хаɪаɤɬɟɪɢɫɬɢɤɢ ɬɨɝɨ ɪаɜɧɨɜɟɫɧɨɝɨ ɧа-
ɩɪяɠɟɧɧɨ-  ɞɟɮɨɪɦɢɪɨɜаɧɧɨɝɨ ɫɨɫɬɨяɧɢя, 
ɭɫɬɨɣчɢɜɨɫɬь ɤɨɬɨɪɨɝɨ ɢɫɫɥɟɞɭɟɬɫя. 
Оɛɨɡɧачɢɦ  

  f,h,h,,y,xФП 21
2   

 

Наɣɞɟɦ ɩɟɪɜɭɸ ɜаɪɢацɢɸ ɮɭɧɤцɢɨɧаɥа įФ. 
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ɝɞɟ d1, d2, g – ɜаɪɢацɢɢ ɮɭɧɤцɢɣ h1, h2 ɢ f, 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ; 
Уɪаɜɧɟɧɢяɦɢ Эɣɥɟɪа, ɜыɬɟɤаɸщɢɦɢ ɢɡ ɭɫ-
ɥɨɜɢя įФ=0 ɩɪɢ ɥɸɛых ɮɭɧɤцɢях d1, d2, g, 

ɭɞɨɜɥɟɬɜɨɪяɸщɢх ɝɥаɜɧыɦ ɝɪаɧɢчɧыɦ ɭɫɥɨ-
ɜɢяɦ ɢɫхɨɞɧɨɣ ɡаɞачɢ (1)–(5), яɜɥяɸɬɫя ɫɥɟ-
ɞɭɸщɢɟ: 
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Таɤɢɦ ɨɛɪаɡɨɦ, ɭɪаɜɧɟɧɢя (9) яɜɥяɸɬɫя ɬɨч-
ɧыɦɢ ɭɪаɜɧɟɧɢяɦɢ ɡаɞачɢ ɭɫɬɨɣчɢɜɨɫɬɢ 

ɪаɜɧɨɜɟɫɢя ɫɬɟɪɠɧя ɞɥя ɩɥɨɫɤɨɣ ɡаɞачɢ. 

Пɨɞчɟɪɤɧɟɦ, чɬɨ ɩɨɥɭчɟɧɧая ɫɢɫɬɟɦа ɭɪаɜ-
ɧɟɧɢɣ ɭɫɬɨɣчɢɜɨɫɬɢ яɜɥяɟɬɫя ɬɨчɧɨɣ. Пɪɢ ɟɟ 
ɜыɜɨɞɟ ɧɟ ɞɟɥаɥɨɫь ɧɢɤаɤɢх ɭɩɪɨщаɸщɢх 
ɩɪɟɞɩɨɥɨɠɟɧɢɣ ɨ ɜɟɥɢчɢɧах ɩɟɪɟɦɟщɟɧɢɣ ɢ 

ɭɝɥɨɜ ɩɨɜɨɪɨɬа, а ɬаɤɠɟ ɨ хаɪаɤɬɟɪɟ ɧаɩɪя-
ɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜаɧɧɨɝɨ ɫɨɫɬɨяɧɢя ɫɬɟɪɠ-

ɧя. 
 

ɉɪиɦеɪы ɪеɲеɧиɹ ɡɚɞɚч усɬоɣчивосɬи 

ɪɚвɧовесиɹ. 

Раɫɫɦɨɬɪɢɦ ɜ ɤачɟɫɬɜɟ ɩɪɢɦɟɪа ɫɬɟɪɠɟɧь, 
ɩɪɟɞɫɬаɜɥɟɧɧыɣ ɧа ɪɢɫɭɧɤɟ 2. 

Иɫхɨɞɧая ɪаɜɧɨɜɟɫɧая ɤɨɧɮɢɝɭɪацɢя – ɩɪя-
ɦɨɥɢɧɟɣɧая, ɞɟɣɫɬɜɭɟɬ ɬɨɥьɤɨ ɫɠɢɦаɸщая 
ɫɢɥа Т. 
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В ɨɛɨɡɧачɟɧɢɢ ɢɡɜɟɫɬɧых ɧаɦ ɜɟɥɢчɢɧ ɡаɦɟ-
ɧɢɦ чɟɪɬɭ ɧа ɢɧɞɟɤɫ 0, ɥаɝɪаɧɠɟɜɭ ɤɨɨɪɞɢ-

ɧаɬɭ ɛɭɞɟɦ ɨɛɨɡɧачаɬь х. 
Дɥя ɞаɧɧɨɝɨ ɩɪɢɦɟɪа: 
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Таɤɢɦ ɨɛɪаɡɨɦ, ɭɪаɜɧɟɧɢя ɭɫɬɨɣчɢɜɨɫɬɢ ɡа-
ɩɢшɭɬɫя ɜ ɜɢɞɟ:
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Дɥя ɭɞɨɛɫɬɜа ɩɪɢɦɟɧɢɦ ɫɬаɧɞаɪɬɧыɟ ɨɛɨ-
ɡɧачɟɧɢя ɞɥя ɜаɪɢацɢɣ: 
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Тɨɝɞа, ɞɥя ɨɞɧɨɪɨɞɧɨɝɨ ɫɬɟɪɠɧя, ɠɟɫɬɤɨɫɬɢ 

ɤɨɬɨɪɨɝɨ ɧɟ ɡаɜɢɫяɬ ɨɬ х, ɩɨɥɭчɢɦ 
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В ɩɨɥɭчɟɧɧɨɣ ɫɢɫɬɟɦɟ (11) ɩɟɪɜɨɟ ɭɪаɜɧɟɧɢɟ  
ɨɩɢɫыɜаɟɬ ɩɪɨɞɨɥьɧыɟ ɞɟɮɨɪɦацɢɢ ɢ ɧɟ ɡа-
ɜɢɫɢɬ ɨɬ ɜɬɨɪɨɝɨ ɢ ɬɪɟɬьɟɝɨ ɭɪаɜɧɟɧɢɣ. Сɥɟ-
ɞɨɜаɬɟɥьɧɨ,  ɭɫɬɨɣчɢɜɨɫɬь ɩɪɨɜɟɪяɟɬɫя ɬɨɥь-
ɤɨ ɢɡ ɜɬɨɪɨɝɨ ɢ ɬɪɟɬьɟɝɨ ɭɪаɜɧɟɧɢɣ. 

Оɛщɟɟ ɪɟшɟɧɢɟ ɜɬɨɪɨɝɨ ɢ ɬɪɟɬьɟɝɨ ɭɪаɜɧɟ-
ɧɢɣ ɫɢɫɬɟɦы (11), ɫɨɞɟɪɠащɟɟ чɟɬыɪɟ ɩɪɨ-
ɢɡɜɨɥьɧых ɩɨɫɬɨяɧɧых С1 – С4,  ɦɨɠɧɨ ɡаɩɢ-

ɫаɬь ɜ ɜɢɞɟ: 
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ɝɞɟ ɢɫɩɨɥьɡɨɜаɧы ɫɥɟɞɭɸщɢɟ ɨɛɨɡɧачɟɧɢя: 
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Оɩɪɟɞɟɥɢɦ ɩɪɨɢɡɜɨɥьɧыɟ ɩɨɫɬɨяɧɧыɟ, ɢɫ-
ɩɨɥьɡɭя ɝɪаɧɢчɧыɟ ɭɫɥɨɜɢя. Дɥя шаɪɧɢɪɧɨ 
ɨɩɟɪɬɨɝɨ ɫɬɟɪɠɧя ɨɧɢ ɢɦɟɸɬ ɜɢɞ: 
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Иɫɩɨɥьɡɭя ɭɫɥɨɜɢя (13), ɩɨɥɭчɢɦ: 
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Раɫɫɦаɬɪɢɜаɟɦ ɪɟшɟɧɢɟ ɭɪаɜɧɟɧɢя sinȜL=0 

 

,nL   ɝɞɟ n=1,2,3… 

 

Кɪɢɬɢчɟɫɤɨɟ (ɧаɢɦɟɧьшɟɟ) ɡɧачɟɧɢɟ ɫɢɥы Т 

ɞɨɫɬɢɝаɟɬɫя ɩɪɢ n=1 ɢ ɧахɨɞɢɬɫя ɢɡ ɤɜаɞɪаɬ-
ɧɨɝɨ ɭɪаɜɧɟɧɢя [18]: 
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ɝɞɟ Тэ - ɫɢɥа Эɣɥɟɪа ɞɥя шаɪɧɢɪɧɨ ɨɩɟɪɬɨɝɨ 
ɫɬɟɪɠɧя [19], ɪаɜɧая .L/kT 2

3
2
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Оɬɫɸɞа ɩɨɥɭчɢɦ ɟɞɢɧɫɬɜɟɧɧɨɟ ɩɨɥɨɠɢɬɟɥь-
ɧɨɟ ɡɧачɟɧɢɟ Т: 

 

(15)                      

k

1

k

1
2

1
k

1

k

1
T41

T

12

12

э




 



 


  

 

Рɟшɟɧɢɟ (15) ɩɪɟɞɫɬаɜɥяɟɬ ɫɨɛɨɣ ɬɨчɧɨɟ ɪɟ-
шɟɧɢɟ ɡаɞачɢ ɭɫɬɨɣчɢɜɨɫɬɢ шаɪɧɢɪɧɨ ɨɩɟɪ-
ɬɨɝɨ ɫɬɟɪɠɧя ɫ ɭчɟɬɨɦ ɠɟɫɬɤɨɫɬɟɣ ɧа ɪаɫɬя-
ɠɟɧɢɟ-ɫɠаɬɢɟ, ɫɞɜɢɝ ɢ ɢɡɝɢɛ. Даɥɟɟ ɪаɫɫɦɨɬ-
ɪɢɦ чаɫɬɧыɟ ɫɥɭчаɢ. 

Раɫɫɦɨɬɪɢɦ ɫɥɭчаɣ ɛɨɥьшɨɣ ɠɟɫɬɤɨɫɬɢ ɧа 
ɪаɫɬяɠɟɧɢɟ – ɫɠаɬɢɟ:  .0k/1 1  Тɨɝɞа 
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Рɟшɟɧɢɟ (16) ɩɪɟɞɫɬаɜɥяɟɬ ɫɨɛɨɣ ɬɨчɧɨɟ ɪɟ-
шɟɧɢɟ ɡаɞачɢ ɭɫɬɨɣчɢɜɨɫɬɢ шаɪɧɢɪɧɨ ɨɩɟɪ-
ɬɨɝɨ ɫɬɟɪɠɧя  ɫ ɭчɟɬɨɦ ɠɟɫɬɤɨɫɬɟɣ ɧа ɢɡɝɢɛ 

ɢ ɫɞɜɢɝ. 
Раɫɫɦɨɬɪɢɦ ɫɥɭчаɣ ɛɨɥьшɨɣ ɠɟɫɬɤɨɫɬɢ ɧа 
ɫɞɜɢɝ:
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Раɫɤɥаɞыɜая ɩɨɞɤɨɪɟɧɧɨɟ ɜыɪаɠɟɧɢɟ ɜ (16) 

ɜ ɪяɞ ɢ ɭчɢɬыɜая ɫɥаɝаɟɦыɟ ɩɟɪɜɨɝɨ ɢ ɜɬɨɪɨ-
ɝɨ ɩɨɪяɞɤа ɦаɥɨɫɬɢ, ɩɨɥɭчɢɦ: 
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Оɤɨɧчаɬɟɥьɧɨ, 
   (17)                      k/T1TT 2ээ   

 

Рɟшɟɧɢɟ (17) ɫ ɬɨчɧɨɫɬьɸ ɞɨ ɦаɥых ɜɬɨɪɨɝɨ 
ɩɨɪяɞɤа ɫɨɜɩаɞаɟɬ ɫ ɢɡɜɟɫɬɧыɦ ɩɪɢɛɥɢɠɟɧ-

ɧыɦ ɪɟшɟɧɢɟɦ Эɧɝɟɫɫɟɪа [19]: 
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Раɫɤɥаɞыɜая ɩɨɞɤɨɪɟɧɧɨɟ ɜыɪаɠɟɧɢɟ ɜ (16) 

ɜ ɪяɞ ɢ ɭчɢɬыɜая ɫɥаɝаɟɦыɟ ɬɨɥьɤɨ ɩɟɪɜɨɝɨ 
ɩɨɪяɞɤа ɦаɥɨɫɬɢ, ɩɨɥɭчɢɦ: 
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Таɤɢɦ ɨɛɪаɡɨɦ, ɟɫɥɢ 0k/1 1   ɢ ,0k/1 2   ɬɨ 
ɢɡ ɪɟшɟɧɢя (15), ɫɨɝɥаɫɧɨ ɮɨɪɦɭɥɟ (19), ɩɨ-
ɥɭчɢɦ ɤɥаɫɫɢчɟɫɤɨɟ ɪɟшɟɧɢɟ Эɣɥɟɪа. 
Чɬɨɛы ɨцɟɧɢɬь ɩɨɝɪɟшɧɨɫɬь ɮɨɪɦɭɥы Эɧ-

ɝɟɫɫɟɪа (18), ɜыɪаɡɢɦ (16) ɢ (18) ɜ ɛɟɡɪаɡ-
ɦɟɪɧых ɤɨэɮɮɢцɢɟɧɬах 2э k/T  ɢ ɩɨɫɬɪɨɢɦ 

ɝɪаɮɢɤɢ ɞɥя ɨɛɟɢх ɮɨɪɦɭɥ. В ɤачɟɫɬɜɟ ɩɪɢ-

ɦɟɪа (ɪɢɫɭɧɨɤ 3) ɩɪɢɜɟɞɟɧы ɝɪаɮɢɤɢ ɞɥя 
ɫɬɨɣɤɢ, ɞɥɢɧɨɣ 3ɦ, ɜыɩɨɥɧɟɧɧɨɣ ɢɡ ɤɨɥɨɧ-

ɧɨɝɨ ɞɜɭɬаɜɪа 20К1. Вɟɪɬɢɤаɥьɧая ɥɢɧɢя ɫɨ-
ɨɬɜɟɬɫɬɜɭɟɬ ɩяɬɢɩɪɨцɟɧɬɧɨɣ ɪаɡɧɢцɟ ɦɟɠɞɭ 
ɬɨчɧыɦ ɡɧачɟɧɢɟɦ (16) ɢ ɡɧачɟɧɢɟɦ, ɩɨɥɭ-
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чɟɧɧыɦ ɩɨ ɮɨɪɦɭɥɟ Эɧɝɟɫɫɟɪа (18). Зɧачɟ-
ɧɢя, ɪаɫɩɨɥɨɠɟɧɧыɟ ɥɟɜɟɟ ɥɢɧɢɢ, ɫɨɨɬɜɟɬɫɬ-
ɜɭɸɬ ɪаɡɧɢцɟ  ɦɟɧɟɟ ɩяɬɢ ɩɪɨцɟɧɬɨɜ, ɩɪаɜɟɟ, 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɛɨɥɟɟ. Таɤɢɦ ɨɛɪаɡɨɦ, ɦɨɠ-

ɧɨ ɫɞɟɥаɬь ɜыɜɨɞ, чɬɨ ɮɨɪɦɭɥа Эɧɝɟɫɫɟɪа 
ɞаɟɬ ɡаɧɢɠɟɧɧɨɟ ɡɧачɟɧɢɟ ɤɪɢɬɢчɟɫɤɨɣ ɧа-
ɝɪɭɡɤɢ, чɬɨ ɧаɝɥяɞɧɨ ɨɬɨɛɪаɠɟɧɨ ɧа ɝɪаɮɢɤɟ. 
 

 
Рɢсɭɧɨɤ 3. – Вɥɢяɧɢɟ ɠɟсɬɤɨсɬɢ ɧа сɞвɢɝ ɧа 
вɟɥɢчɢɧɭ ɤɪɢɬɢчɟсɤɨɣ ɧаɝɪɭɡɤɢ ɞɥя ɬɨчɧɨɝɨ 
ɪɟɲɟɧɢя ɢ ɪɟɲɟɧɢя ɩɨ ɮɨɪɦɭɥɟ Эɧɝɟссɟɪа 

 

Аɧаɥɨɝɢчɧɨ ɛыɥɢ ɩɨɥɭчɟɧы ɬɨчɧыɟ ɪɟшɟɧɢя 
ɡаɞач ɭɫɬɨɣчɢɜɨɫɬɢ ɞɥя ɤɨɧɫɨɥьɧɨɝɨ ɫɬɟɪɠɧя 
ɢ ɫɬɟɪɠɧя ɫɨ ɫɤɨɥьɡящɟɣ ɡаɞɟɥɤɨɣ. Иɫɩɨɥь-
ɡɭя ɝɪаɧɢчɧыɟ ɭɫɥɨɜɢя ɞɥя ɤɨɧɫɨɥьɧɨɝɨ 
ɫɬɟɪɠɧя (20) ɢ ɫɬɟɪɠɧя ɫɨ ɫɤɨɥьɡящɟɣ ɡаɞɟɥ-
ɤɨɣ (21) 
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ɜ ɪɟшɟɧɢɢ (12), ɩɨɥɭчаɟɦ ɤɜаɞɪаɬɧɨɟ ɭɪаɜ-
ɧɟɧɢɟ ɢ ɪɟшɟɧɢɟ ɩɨɥɧɨɫɬьɸ ɫɨɜɩаɞаɸщɢɟ ɩɨ 
ɜɢɞɭ ɫ  ɮɨɪɦɭɥаɦɢ (14), (15), ɨɬɥɢчаɸщɢɟɫя 
ɥɢшь ɡɧачɟɧɢяɦɢ ɫɢɥы Эɣɥɟɪа ɞɥя ɤɨɧɫɨɥь-
ɧɨɝɨ ɫɬɟɪɠɧя  
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ɞɥя ɫɬɟɪɠɧя ɫɨ ɫɤɨɥьɡящɟɣ ɡаɞɟɥɤɨɣ. 

 

 

ȼЫȼɈȾЫ 

 

1. С ɢɫɩɨɥьɡɨɜаɧɢɟɦ эɧɟɪɝɟɬɢчɟɫɤɢ ɫɨɩɪя-
ɠɟɧɧых ɜɟɤɬɨɪɨɜ ɜɧɭɬɪɟɧɧɢх ɭɫɢɥɢɣ ɢ 

ɞɟɮɨɪɦацɢɣ ɩɪɢɜɟɞɟɧа ɩɨɫɬаɧɨɜɤа ɫɬа-
ɬɢчɟɫɤɢх ɡаɞач ɝɟɨɦɟɬɪɢчɟɫɤɢ ɧɟɥɢɧɟɣ-

ɧɨɝɨ ɞɟɮɨɪɦɢɪɨɜаɧɢя ɩɥɨɫɤɢх ɭɩɪɭɝɢх 
ɫɬɟɪɠɧɟɣ ɜ ɜɢɞɟ ɫɢɫɬɟɦы ɞɢɮɮɟɪɟɧцɢ-

аɥьɧых ɭɪаɜɧɟɧɢɣ. 

2. Пɪɢɜɟɞɟɧɨ ɜыɪаɠɟɧɢɟ  ɮɭɧɤцɢɨɧаɥа ɬɢ-

ɩа Лаɝɪаɧɠа ɜаɪɢацɢɨɧɧɨɣ ɩɨɫɬаɧɨɜɤɢ 

ɫɬаɬɢчɟɫɤɢх ɡаɞач ɝɟɨɦɟɬɪɢчɟɫɤɢ ɧɟɥɢ-

ɧɟɣɧɨɝɨ ɞɟɮɨɪɦɢɪɨɜаɧɢя ɩɥɨɫɤɢх ɫɬɟɪɠ-

ɧɟɣ. 

3. Дɥя ɝɥаɞɤɢх ɪɟшɟɧɢɣ ɞɨɤаɡаɧа эɤɜɢɜа-
ɥɟɧɬɧɨɫɬь ɜаɪɢацɢɨɧɧɨɣ ɢ ɞɢɮɮɟɪɟɧцɢ-

аɥьɧɨɣ ɩɨɫɬаɧɨɜɨɤ ɡаɞач. 
4. Пɨɥɭчɟɧы ɭɪаɜɧɟɧɢя ɩɥɨɫɤɢх ɡаɞач ɭɫ-
ɬɨɣчɢɜɨɫɬɢ ɪаɜɧɨɜɟɫɢя ɤаɤ ɭɪаɜɧɟɧɢя 
Эɣɥɟɪа ɞɥя ɜɬɨɪɨɣ ɜаɪɢацɢɢ ɮɭɧɤцɢɨɧа-
ɥа Лаɝɪаɧɠа. 

5. Дɥя шаɪɧɢɪɧɨ ɨɩɟɪɬɨɝɨ, ɤɨɧɫɨɥьɧɨɝɨ  
ɫɬɟɪɠɧɟɣ ɢ ɫɬɟɪɠɧя ɫɨ ɫɤɨɥьɡящɟɣ ɡа-
ɞɟɥɤɨɣ ɩɨɥɭчɟɧы ɬɨчɧыɟ ɪɟшɟɧɢя ɡаɞач 
ɭɫɬɨɣчɢɜɨɫɬɢ ɪаɜɧɨɜɟɫɢя ɫ ɭчɟɬɨɦ ɠɟɫɬ-
ɤɨɫɬɟɣ ɧа ɢɡɝɢɛ, ɫɞɜɢɝ ɢ ɪаɫɬяɠɟɧɢɟ-
ɫɠаɬɢɟ. 

6. Пɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜаɧɢɟ ɩɨɝɪɟшɧɨɫɬɢ 

ɢɡɜɟɫɬɧɨɣ ɮɨɪɦɭɥы Эɧɝɟɫɫɟɪа, ɩɨɡɜɨ-
ɥяɸщɟɣ ɩɪɢɛɥɢɠɟɧɧɨ ɭчɟɫɬь ɜɥɢяɧɢɟ 
ɫɞɜɢɝɨɜɨɣ ɠɟɫɬɤɨɫɬɢ ɧа ɜɟɥɢчɢɧɭ ɤɪɢɬɢ-

чɟɫɤɨɣ ɫɢɥы. Пɨɤаɡаɧɨ, чɬɨ ɮɨɪɦɭɥа Эɧ-

ɝɟɫɫɟɪа ɞаɟɬ ɡаɧɢɠɟɧɧое ɡɧачɟɧɢɟ ɤɪɢɬɢ-

чɟɫɤɨɣ ɫɢɥы ɩɨ ɫɪаɜɧɟɧɢɸ ɫ ɬɨчɧыɦ ɪɟ-
шɟɧɢɟɦ. 
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АɇɇɈɌАЦɂə: В ɫɬаɬьɟ ɩɪɟɞɫɬаɜɥɟɧа ɦɟɬɨɞɢɤа ɩɨɫɬɪɨɟɧɢя ɤɭɫɨчɧɨ-ɥɢɧɟɣɧɨɣ ɦɨɞɟɥɢ ɧɟɥɢɧɟɣɧɨɝɨ ɨɛъɟɤɬа 
ɭɩɪаɜɥɟɧɢя. Маɬɪɢцы ɫɬаɬɢчɟɫɤɢх ɢ ɞɢɧаɦɢчɟɫɤɢх ɥɢɧɟɣɧых ɦɨɞɟɥɟɣ ɨцɟɧɢɜаɸɬɫя ɩɨ ɩɟɪɟхɨɞɧыɦ ɩɪɨцɟɫɫаɦ 
ɤɨɨɪɞɢɧаɬ ɫɨɫɬɨяɧɢя ɢ ɩɟɪɜых ɩɪɨɢɡɜɨɞɧых ɤɨɨɪɞɢɧаɬ ɫɨɫɬɨяɧɢя ɧɟɥɢɧɟɣɧɨɣ ɦɨɞɟɥɢ. Пɪɢ эɬɨɦ ɩɟɪɟхɨɞɧыɟ 
ɩɪɨцɟɫɫы ɞɥя ɨцɟɧɢɜаɧɢя ɫ ɩɨɦɨщьɸ ɧɟɥɢɧɟɣɧɨɝɨ ɩɪɨɝɪаɦɦɢɪɨɜаɧɢя ɦаɬɪɢц ɞɢɧаɦɢчɟɫɤɢх ɥɢɧɟɣɧых ɦɨɞɟ-
ɥɟɣ ɩɟɪɟɫɟɤаɸɬ ɝɪаɧɢцы ɨɛɥаɫɬɟɣ ɞɟɣɫɬɜɢя ɪаɡɧых ɥɢɧɟɣɧых ɦɨɞɟɥɟɣ. Пɪɢɜɟɞɟɧы ɪɟɡɭɥьɬаɬы ɩɪɢɦɟɧɟɧɢя 
ɩɪɟɞɥаɝаɟɦɨɣ ɦɟɬɨɞɢɤɢ ɞɥя ɩɨɫɬɪɨɟɧɢя ɤɭɫɨчɧɨ-ɥɢɧɟɣɧɨɣ ɦɨɞɟɥɢ аɜɢацɢɨɧɧɨɝɨ ɝаɡɨɬɭɪɛɢɧɧɨɝɨ ɞɜɢɝаɬɟɥя.   
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1. ȼȼȿȾȿɇɂȿ 

 
Оцɟɧɢɜаɧɢɟ ɦаɬɪɢц ɫɬаɬɢчɟɫɤɢх ɢ ɞɢɧаɦɢ-
чɟɫɤɢх ɥɢɧɟɣɧых ɦɨɞɟɥɟɣ, ɫɨɜɨɤɭɩɧɨɫɬь ɤɨ-
ɬɨɪых ɩɪɟɞɫɬаɜɥяɟɬ ɫɨɛɨɣ ɤɭɫɨчɧɨ-
ɥɢɧɟɣɧɭɸ ɦɨɞɟɥь ɧɟɥɢɧɟɣɧɨɝɨ ɨɛъɟɤɬа 
ɭɩɪаɜɥɟɧɢя, ɧаɩɪɢɦɟɪ аɜɢацɢɨɧɧɨɝɨ ɝаɡɨ-
ɬɭɪɛɢɧɧɨɝɨ ɞɜɢɝаɬɟɥя (ȽТД), ɧɟɨɛхɨɞɢɦɨ 
ɞɥя ɪаɡɪаɛɨɬɤɢ аɥɝɨɪɢɬɦɨɜ ɨɩɬɢɦаɥьɧɨɝɨ 
ɨцɟɧɢɜаɧɢя ɫɨɫɬɨяɧɢя ɢ ɨɩɬɢɦаɥьɧɨɝɨ 
ɭɩɪаɜɥɟɧɢя, ɨɛɧаɪɭɠɟɧɢя, ɥɨɤаɥɢɡацɢɢ, 
ɤɨɧɤɪɟɬɢɡацɢɢ, ɩаɪɢɪɨɜаɧɢя ɢ ɭɦɟɧьшɟɧɢя 
ɜɥɢяɧɢя ɨɬɤаɡɨɜ ɞаɬчɢɤɨɜ ɢ ɢɫɩɨɥɧɢɬɟɥьɧых 
ɭɫɬɪɨɣɫɬɜ цɢɮɪɨɜых ɫɢɫɬɟɦ аɜɬɨɦаɬɢчɟɫɤɨ-
ɝɨ ɭɩɪаɜɥɟɧɢя (САУ).  

Цɟɥьɸ ɞаɧɧɨɣ ɪаɛɨɬы яɜɥяɟɬɫя ɫɨɡɞаɧɢɟ ɦɟ-
ɬɨɞɢɤɢ ɩɨɫɬɪɨɟɧɢя ɤɭɫɨчɧɨ-ɥɢɧɟɣɧɨɣ ɦɨɞɟ-
ɥɢ ɧɟɥɢɧɟɣɧɨɝɨ ɨɛъɟɤɬа ɭɩɪаɜɥɟɧɢя. В ɨɬɥɢ-
чɢɟ ɨɬ ɪаɛɨɬы [1], ɜ ɤɨɬɨɪɨɣ ɞɥя ɨцɟɧɢɜаɧɢя 
ɦаɬɪɢц ɞɢɧаɦɢчɟɫɤɢх ɥɢɧɟɣɧых ɦɨɞɟɥɟɣ 
ɢɫɩɨɥьɡɨɜаɥɢɫь ɩɟɪɟхɨɞɧыɟ ɩɪɨцɟɫɫы ɩɟɪɟ-
ɦɟɧɧых ɭɩɪаɜɥɟɧɢя ɢ ɫɨɫɬɨяɧɢя ɧɟɥɢɧɟɣɧɨɣ 
ɦɨɞɟɥɢ ɨɛъɟɤɬа ɭɩɪаɜɥɟɧɢя, ɩɟɪɟɫɟɤаɸщɢɟ 
ɝɪаɧɢцы ɨɛɥаɫɬɟɣ ɞɟɣɫɬɜɢя ɪаɡɧых ɥɢɧɟɣ-
ɧых ɦɨɞɟɥɟɣ, ɡɞɟɫь, ɤаɤ ɩɪаɜɢɥɨ, ɢɫɩɨɥьɡɭ-
ɸɬɫя аɧаɥɨɝɢчɧыɟ ɩɟɪɟхɨɞɧыɟ ɩɪɨцɟɫɫы ɩɟ-
ɪɟɦɟɧɧых ɭɩɪаɜɥɟɧɢя ɢ ɩɟɪɜых ɩɪɨɢɡɜɨɞ-
ɧых ɩɟɪɟɦɟɧɧых ɫɨɫɬɨяɧɢя. В ɪаɛɨɬɟ [1] 
ɦаɬɪɢцы ɦɧɨɝɢх ɞɢɧаɦɢчɟɫɤɢх ɥɢɧɟɣɧых 
ɦɨɞɟɥɟɣ ɤɭɫɨчɧɨ-ɥɢɧɟɣɧɨɣ ɦɨɞɟɥɢ ɛыɥɢ ɩɨ-
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ɥɭчɟɧы ɩɨɫɥɟ ɧɟɫɤɨɥьɤɢх ɧɟɭɞачɧых ɩɨɩы-
ɬɨɤ, а ɡɞɟɫь ɢɫɩɨɥьɡɨɜаɧɢɟ ɩɟɪɟхɨɞɧых ɩɪɨ-
цɟɫɫɨɜ ɩɟɪɜых ɩɪɨɢɡɜɨɞɧых ɩɟɪɟɦɟɧɧых ɫɨ-
ɫɬɨяɧɢя ɩɨɡɜɨɥяɟɬ эɬɨɝɨ ɢɡɛɟɠаɬь. Раɫɫɦɨɬ-
ɪɟɧɧыɣ ɜ ɪаɛɨɬɟ ɩɪɢɦɟɪ, ɜ ɤɨɬɨɪɨɦ ɜыɫɨɬа ɢ 
ɫɤɨɪɨɫɬь ɩɨɥɟɬа ɥɟɬаɬɟɥьɧɨɝɨ аɩɩаɪаɬа (ЛА) 
ɪаɜɧы ɧɭɥɸ, ɩɨɡɜɨɥяɟɬ ɭɛɟɞɢɬьɫя, чɬɨ ɜ эɬɨɦ 
ɫɥɭчаɟ ɪаɫхɨɠɞɟɧɢɟ ɦɟɠɞɭ ɤɭɫɨчɧɨ-
ɥɢɧɟɣɧɨɣ ɢ ɧɟɥɢɧɟɣɧɨɣ ɦɨɞɟɥяɦɢ ɭɜɟɥɢчɢ-
ɜаɟɬɫя ɧɟɡɧачɢɬɟɥьɧɨ. 

 
 

2. ɈɉɂɋАɇɂȿ ɇȿɅɂɇȿɃɇɈɃ  

ɂ ɄɍɋɈЧɇɈ-ɅɂɇȿɃɇɈɃ ɆɈȾȿɅȿɃ 

 
Нɟɥɢɧɟɣɧая ɦɨɞɟɥь ɨɛъɟɤɬа ɭɩɪаɜɥɟɧɢя, ɧа-
ɩɪɢɦɟɪ аɜɢацɢɨɧɧɨɝɨ ȽТД, ɜ ɡаɦɤɧɭɬɨɣ 
САУ ɢɦɟɟɬ ɜɢɞ [2]  
  .,, НЛНЛНЛНЛ

wuxfx                   (1) 
 

Зɞɟɫь xНЛ ― ɜɟɤɬɨɪ ɫɨɫɬɨяɧɢя, uНЛ ― ɜɟɤɬɨɪ 
ɭɩɪаɜɥɟɧɢя, w

НЛ
 ― ɜɟɤɬɨɪ ɜɧɟшɧɢх ɜɨɡɞɟɣ-

ɫɬɜɢɣ, а f ― ɧɟɥɢɧɟɣɧая ɜɟщɟɫɬɜɟɧɧая ɜɟɤ-
ɬɨɪɧая ɮɭɧɤцɢя. Кɨɨɪɞɢɧаɬы ɜɟɤɬɨɪа ɫɨ-
ɫɬɨяɧɢя (ɩɟɪɟɦɟɧɧыɟ ɫɨɫɬɨяɧɢя) эɬɨ чаɫɬɨɬы 
ɜɪащɟɧɢя ɪɨɬɨɪɨɜ, ɬɟɦɩɟɪаɬɭɪы ɢ ɞаɜɥɟɧɢя 
ɜ ɪаɡɥɢчɧых ɫɟчɟɧɢях ɩɪɨɬɨчɧɨɣ чаɫɬɢ ɞɜɢ-
ɝаɬɟɥя. Кɨɨɪɞɢɧаɬы ɜɟɤɬɨɪа ɭɩɪаɜɥɟɧɢя (ɩɟ-
ɪɟɦɟɧɧыɟ ɭɩɪаɜɥɟɧɢя) эɬɨ ɪаɫхɨɞ ɬɨɩɥɢɜа, 
ɢɡɦɟɧяɟɦыɟ ɝɟɨɦɟɬɪɢчɟɫɤɢɟ хаɪаɤɬɟɪɢɫɬɢɤɢ 
ɩɪɨɬɨчɧɨɣ чаɫɬɢ ɞɜɢɝаɬɟɥя, ɜ чаɫɬɧɨɫɬɢ, 
ɩɥɨщаɞь ɤɪɢɬɢчɟɫɤɨɝɨ ɫɟчɟɧɢя ɪɟаɤɬɢɜɧɨɝɨ 
ɫɨɩɥа ɢ ɭɝɥы ɩɨɜɨɪɨɬа ɧаɩɪаɜɥяɸщɢх аɩɩа-
ɪаɬɨɜ ɜɟɧɬɢɥяɬɨɪа ɢ ɤɨɦɩɪɟɫɫɨɪа. Кɨɨɪɞɢɧа-
ɬы ɜɟɤɬɨɪа ɜɧɟшɧɢх ɜɨɡɞɟɣɫɬɜɢɣ (ɩɟɪɟɦɟɧ-
ɧыɟ ɜɧɟшɧɢх ɜɨɡɞɟɣɫɬɜɢɣ) эɬɨ ɭɝɨɥ ɨɬɤɥɨ-
ɧɟɧɢя ɪычаɝа ɭɩɪаɜɥɟɧɢя ɞɜɢɝаɬɟɥɟɦ 
(ɭɩɪаɜɥяɸщɟɟ ɜɨɡɞɟɣɫɬɜɢɟ), а ɬаɤɠɟ ɜыɫɨɬа 
ɢ ɫɤɨɪɨɫɬь ɩɨɥɟɬа (ɩɟɪɟɦɟɧɧыɟ ɜɧɟшɧɢх ɭɫ-
ɥɨɜɢɣ, ɜхɨɞящɢɟ ɜ ɜɟɤɬɨɪ ɜɧɟшɧɢх ɭɫɥɨɜɢɣ 
ɜɟɤɬɨɪ v

НЛ). Пɨɫɬɨяɧɧыɟ ɭɩɪаɜɥяɸщɟɟ ɜɨɡ-
ɞɟɣɫɬɜɢɟ ɢ ɜɧɟшɧɢɟ ɭɫɥɨɜɢя, ɜхɨɞящɢɟ ɜ 
ɜɟɤɬɨɪ sw

НЛ, ɨɩɪɟɞɟɥяɸɬ ɭɫɬаɧɨɜɢɜшɢɣɫя 
ɪɟɠɢɦ ɪаɛɨɬы ɞɜɢɝаɬɟɥя ɜ ɡаɦɤɧɭɬɨɣ САУ 
(ɪаɛɨчɭɸ ɬɨчɤɭ), ɤɨɬɨɪɨɦɭ ɫɨɨɬɜɟɬɫɬɜɭɸɬ 
ɜɟɤɬɨɪ ɭɫɬаɧɨɜɢɜшɢхɫя ɡɧачɟɧɢɣ ɩɟɪɟɦɟɧ-

ɧых ɭɩɪаɜɥɟɧɢя su
НЛ ɢ ɜɟɤɬɨɪ ɭɫɬаɧɨɜɢɜ-

шɢхɫя ɡɧачɟɧɢɣ ɩɟɪɟɦɟɧɧых ɫɨɫɬɨяɧɢя sxНЛ. 
Нɟɥɢɧɟɣɧая ɦɨɞɟɥь ɨɛъɟɤɬа ɭɩɪаɜɥɟɧɢя ɜ 
ɪаɡɨɦɤɧɭɬɨɣ САУ ɢɦɟɟɬ ɜɢɞ [2]   
  .,, НЛНЛНЛНЛ

vuxfx                   (2) 
 

Пɨɫɬɨяɧɧыɟ ɜɧɟшɧɢɟ ɭɫɥɨɜɢя sv
НЛ ɢ ɩɨɫɬɨ-

яɧɧыɟ ɡɧачɟɧɢя ɩɟɪɟɦɟɧɧых ɭɩɪаɜɥɟɧɢя suНЛ 
ɨɩɪɟɞɟɥяɸɬ ɭɫɬаɧɨɜɢɜшɢɣɫя ɪɟɠɢɦ ɪаɛɨɬы 
ɞɜɢɝаɬɟɥя ɜ ɪаɡɨɦɤɧɭɬɨɣ САУ.  
Нɟɥɢɧɟɣɧыɟ ɦɨɞɟɥɢ ɢɫɩɨɥьɡɭɸɬɫя ɞɥя ɢɫ-
ɫɥɟɞɨɜаɧɢя ɭɫɬаɧɨɜɢɜшɢхɫя ɢ ɩɟɪɟхɨɞɧых 
ɩɪɨцɟɫɫɨɜ ȽТД ɜ шɢɪɨɤɨɦ ɞɢаɩаɡɨɧɟ ɪɟɠɢ-
ɦɨɜ ɪаɛɨɬы ɢ ɭɫɥɨɜɢɣ ɩɨɥɟɬа ɢ ɞɥя ɫɨɡɞаɧɢя 
ɥɢɧɟɣɧых ɢ ɤɭɫɨчɧɨ-ɥɢɧɟɣɧых ɦɨɞɟɥɟɣ.  
В ɧɟɛɨɥьшɨɣ ɨɤɪɟɫɬɧɨɫɬɢ ɩɪɨɢɡɜɨɥьɧɨɝɨ 
ɭɫɬаɧɨɜɢɜшɟɝɨɫя ɪɟɠɢɦа ɧɟɥɢɧɟɣɧыɣ ɨɛъ-
ɟɤɬ ɭɩɪаɜɥɟɧɢя ɦɨɠɧɨ [2] ɩɪɢɛɥɢɠɟɧɧɨ ɨɩɢ-
ɫаɬь ɫ ɩɨɦɨщьɸ ɥɢɧɟɣɧɨɣ ɦɨɞɟɥɢ  
 

.Л......Л......Л... 11111 uBxAx mmmmm pppppppppp      (3) 
 

Зɞɟɫь p1…pmx
Л
 ― n-ɦɟɪɧыɣ ɧɨɪɦɢɪɨɜаɧɧыɣ 

ɜɟɤɬɨɪ ɫɨɫɬɨяɧɢя ɜ ɨɬɤɥɨɧɟɧɢях ɨɬ ɭɫɬаɧɨ-
ɜɢɜшɢхɫя ɡɧачɟɧɢɣ, а p1…pmu

Л
 ― m-ɦɟɪɧыɣ 

ɧɨɪɦɢɪɨɜаɧɧыɣ ɜɟɤɬɨɪ ɭɩɪаɜɥɟɧɢя ɜ ɨɬɤɥɨ-
ɧɟɧɢях ɨɬ ɭɫɬаɧɨɜɢɜшɢхɫя ɡɧачɟɧɢɣ, ɤɨɬɨ-
ɪыɟ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɜыɛɪаɧɧɨɦɭ p1…pm-ɨɦɭ 
ɭɫɬаɧɨɜɢɜшɟɦɭɫя ɪɟɠɢɦɭ. Еɫɥɢ ɨɛɨɡɧачɢɬь 
P1,…, Pm ― ɤɨɥɢчɟɫɬɜɨ ɜыɛɪаɧɧых ɭɫɬаɧɨ-
ɜɢɜшɢхɫя ɡɧачɟɧɢɣ ɤаɠɞɨɣ ɢɡ ɩɟɪɟɦɟɧɧых 
ɭɩɪаɜɥɟɧɢя, ɬɨ p1(1,…, P1), …, 
pm(1,…, Pm).  
Нɨɪɦɢɪɨɜаɧɧыɟ ɩɟɪɟɦɟɧɧыɟ ɫɨɫɬɨяɧɢя ɢ 
ɭɩɪаɜɥɟɧɢя ɜ ɨɬɤɥɨɧɟɧɢях ɜычɢɫɥяɸɬɫя ɩɨ 
ɮɨɪɦɭɥаɦ  
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Дɥя ɭɫɬаɧɨɜɢɜшɢхɫя ɡɧачɟɧɢɣ ɨɬɤɥɨɧɟɧɢɣ 
ɧɨɪɦɢɪɨɜаɧɧых ɩɟɪɟɦɟɧɧых ɫɨɫɬɨяɧɢя ɢ 
ɭɩɪаɜɥɟɧɢя ɫɩɪаɜɟɞɥɢɜы ɫɨɨɬɧɨшɟɧɢя   
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Оɬɫɸɞа 
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ɝɞɟ p1…pm

xS ɦаɬɪɢца ɫɬаɬɢчɟɫɤɨɣ ɥɢɧɟɣɧɨɣ 
ɦɨɞɟɥɢ ɞɥя p1…pm-ɨɝɨ ɭɫɬаɧɨɜɢɜшɟɝɨɫя ɪɟ-
ɠɢɦа. 
Наɛɨɪ ɥɢɧɟɣɧых ɦɨɞɟɥɟɣ ɞɥя ɜыɛɪаɧɧых 
ɭɫɬаɧɨɜɢɜшɢхɫя ɪɟɠɢɦɨɜ ɩɪɟɞɫɬаɜɥяɟɬ ɫɨ-
ɛɨɣ ɤɭɫɨчɧɨ-ɥɢɧɟɣɧɭɸ ɦɨɞɟɥь. Сɪɟɞɢ ɜы-
ɛɪаɧɧых ɭɫɬаɧɨɜɢɜшɢхɫя ɪɟɠɢɦɨɜ ɞɨɥɠɧы 
ɛыɬь ɪɟɠɢɦы, ɫɨɨɬɜɟɬɫɬɜɭɸщɢɟ ɜыɛɪаɧɧыɦ 
ɭɫɬаɧɨɜɢɜшɢɦɫя ɪɟɠɢɦаɦ ɜ ɡаɦɤɧɭɬɨɣ ɫɢɫ-
ɬɟɦɟ ɭɩɪаɜɥɟɧɢя, а ɬаɤɠɟ ɭɫɬаɧɨɜɢɜшɢɟɫя 
ɪɟɠɢɦы, ɞɥя ɤɨɬɨɪых ɡɧачɟɧɢя ɩɟɪɟɦɟɧɧых 
ɭɩɪаɜɥɟɧɢя ɛɥɢɡɤɢ ɤ ɡɧачɟɧɢяɦ эɬɢх ɩɟɪɟ-
ɦɟɧɧых ɩɪɢ ɩɟɪɟхɨɞɧых ɩɪɨцɟɫɫах ɜ ɡаɦɤ-
ɧɭɬɨɣ ɫɢɫɬɟɦɟ ɭɩɪаɜɥɟɧɢя.  
Сɬаɬɢчɟɫɤая ɤɭɫɨчɧɨ-ɥɢɧɟɣɧая ɦɨɞɟɥь ɨɛъ-
ɟɤɬа ɭɩɪаɜɥɟɧɢя ɩɪɟɞɫɬаɜɥяɟɬ ɫɨɛɨɣ ɧаɛɨɪ 
ɜɟɤɬɨɪɨɜ ɧɨɪɦɢɪɨɜаɧɧых ɭɫɬаɧɨɜɢɜшɢхɫя 
ɡɧачɟɧɢɣ ɭɩɪаɜɥɟɧɢя ɢ ɫɨɫɬɨяɧɢя p1…pm

su
НЛn, 

p1…pm
sx
НЛn, p1(1,…, P1),…, pm(1,…, Pm), ɢ 

ɧаɛɨɪ ɦаɬɪɢц ɫɬаɬɢчɟɫɤɢх ɥɢɧɟɣɧых ɦɨɞɟ-
ɥɟɣ p1…pm

xS, p1(1,…, P1),…, pm(1,…, Pm) ɞɥя 
ɜыɛɪаɧɧых ɭɫɬаɧɨɜɢɜшɢхɫя ɪɟɠɢɦɨɜ.  
Дɢɧаɦɢчɟɫɤая ɤɭɫɨчɧɨ-ɥɢɧɟɣɧая ɦɨɞɟɥь 
ɨɛъɟɤɬа ɭɩɪаɜɥɟɧɢя ɜɤɥɸчаɟɬ ɜ ɫɟɛя ɫɬаɬɢ-
чɟɫɤɭɸ ɤɭɫɨчɧɨ-ɥɢɧɟɣɧɭɸ ɦɨɞɟɥь ɢ ɫɨɨɬ-
ɜɟɬɫɬɜɭɸщɢɣ ɧаɛɨɪ ɦаɬɪɢц ɞɢɧаɦɢчɟɫɤɢх 
ɥɢɧɟɣɧых ɦɨɞɟɥɟɣ p1…pmA,  p1(1,…, P1), …, 
pm(1,…, Pm).  
Оɩɢɫаɧɢɟ ɫɬаɬɢчɟɫɤɨɣ ɤɭɫɨчɧɨ-ɥɢɧɟɣɧɨɣ 
ɦɨɞɟɥɢ ɢɦɟɟɬ ɜɢɞ  
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Оɩɢɫаɧɢɟ ɞɢɧаɦɢчɟɫɤɨɣ ɤɭɫɨчɧɨ-ɥɢɧɟɣɧɨɣ 
ɦɨɞɟɥɢ, ɩɨɫɬɪɨɟɧɧɨɣ ɧа ɨɫɧɨɜɟ ɫɬаɬɢчɟɫɤɨɣ 
ɤɭɫɨчɧɨ-ɥɢɧɟɣɧɨɣ ɦɨɞɟɥɢ, ɢɦɟɟɬ ɜɢɞ 
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Вɟɤɬɨɪы ɫɨɨɬɜɟɬɫɬɜɭɸщɢх ɭɫɬаɧɨɜɢɜшɢхɫя 
ɡɧачɟɧɢɣ ɩɟɪɟɦɟɧɧых ɫɨɫɬɨяɧɢя p1…pm

sx
НЛn 

ɨɩɪɟɞɟɥяɸɬɫя ɫ ɩɨɦɨщьɸ ɧɟɥɢɧɟɣɧɨɣ ɦɨɞɟ-
ɥɢ ɨɛъɟɤɬа ɭɩɪаɜɥɟɧɢя.   
 
 
3. ɈЦȿɇɂȼАɇɂȿ ɆАɌɊɂЧɇЫɏ ɉА-

ɊАɆȿɌɊɈȼ ɅɂɇȿɃɇЫɏ ɆɈȾȿɅȿɃ 

 
Дɥя ɨцɟɧɢɜаɧɢя ɦаɬɪɢц ɥɢɧɟɣɧɨɣ ɦɨɞɟɥɢ, 
ɫɨɨɬɜɟɬɫɬɜɭɸщɟɣ ɜыɛɪаɧɧɨɦɭ p1…pm-ɨɦɭ 
ɭɫɬаɧɨɜɢɜшɟɦɭɫя ɪɟɠɢɦɭ, ɢɫɩɨɥьɡɭɸɬɫя ɩɟ-
ɪɟхɨɞɧыɟ ɩɪɨцɟɫɫы ɧɟɥɢɧɟɣɧɨɣ ɦɨɞɟɥɢ ɨɛъ-
ɟɤɬа ɜ ɪаɡɨɦɤɧɭɬɨɣ ɫɢɫɬɟɦɟ ɭɩɪаɜɥɟɧɢя, ɬɨ 
ɟɫɬь ɧаɛɨɪы ɡɧачɟɧɢɣ ɧɨɪɦɢɪɨɜаɧɧɨɝɨ ɜɟɤ-
ɬɨɪа ɭɩɪаɜɥɟɧɢя p1…pmu

НЛn(tk), k=0,…, N–1, 
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ɧɨɪɦɢɪɨɜаɧɧɨɝɨ ɜɟɤɬɨɪа ɫɨɫɬɨяɧɢя 
p1…pmx

НЛn(tk), k=0,…, N, а ɬаɤɠɟ ɟɝɨ ɩɟɪɜɨɣ 
ɩɪɨɢɡɜɨɞɧɨɣ.  
Пɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɦаɬɪɢцы ɫɬаɬɢчɟɫɤɨɣ ɥɢ-
ɧɟɣɧɨɣ ɦɨɞɟɥɢ ɩɟɪɟхɨɞɧыɣ ɩɪɨцɟɫɫ ɞɥя ɩɟ-
ɪɟɦɟɧɧых ɭɩɪаɜɥɟɧɢя ɫɨɫɬɨɢɬ ɢɡ ɪаɡɧɟɫɟɧ-
ɧых ɩɨ ɜɪɟɦɟɧɢ ɩɪяɦɨɭɝɨɥьɧых ɢɦɩɭɥьɫɨɜ 
ɩɨ ɤаɠɞɨɣ ɢɡ m ɩɟɪɟɦɟɧɧых. Пɪɢ эɬɨɦ ɨɬ-
ɤɥɨɧɟɧɢɟ ɤаɠɞɨɣ ɩɟɪɟɦɟɧɧɨɣ ɭɩɪаɜɥɟɧɢя 
ɪаɜɧɨ ɪаɡɧɨɫɬɢ ɭɫɬаɧɨɜɢɜшɢхɫя ɡɧачɟɧɢɣ 
эɬɨɣ ɩɟɪɟɦɟɧɧɨɣ ɞɥя ɞɜɭх ɫɨɫɟɞɧɢх ɭɫɬаɧɨ-
ɜɢɜшɢхɫя ɪɟɠɢɦɨɜ. 
В эɬɨɦ ɫɥɭчаɟ эɥɟɦɟɧɬы ɫɨɨɬɜɟɬɫɬɜɭɸщɢх 
ɫɬɨɥɛцɨɜ ɦаɬɪɢцы ɫɬаɬɢчɟɫɤɨɣ ɥɢɧɟɣɧɨɣ 
ɦɨɞɟɥɢ p1…pm

xS ɦɨɝɭɬ ɛыɬь ɨɩɪɟɞɟɥɟɧы ɫ ɩɨ-
ɦɨщьɸ ɞɟɥɟɧɢя ɭɫɬаɧɨɜɢɜшɢхɫя ɡɧачɟɧɢɣ 
ɨɬɤɥɨɧɟɧɢɣ ɩɟɪɟɦɟɧɧых ɫɨɫɬɨяɧɢя ɧа ɡɧачɟ-
ɧɢɟ ɫɨɨɬɜɟɬɫɬɜɭɸщɟɝɨ ɨɬɥɢчɧɨɝɨ ɨɬ ɧɭɥя 
ɨɬɤɥɨɧɟɧɢя ɩɟɪɟɦɟɧɧɨɣ ɭɩɪаɜɥɟɧɢя 
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Зɞɟɫь T ― ɩɪɨɞɨɥɠɢɬɟɥьɧɨɫɬь ɤаɠɞɨɝɨ ɩɪя-
ɦɨɭɝɨɥьɧɨɝɨ ɢɦɩɭɥьɫа ɢ ɬаɤɨɝɨ ɠɟ ɩɪɨɦɟ-
ɠɭɬɤа ɦɟɠɞɭ ɢɦɩɭɥьɫаɦɢ. 
Пɪɢ ɨцɟɧɢɜаɧɢɢ ɦаɬɪɢцы ɞɢɧаɦɢчɟɫɤɨɣ ɥɢ-
ɧɟɣɧɨɣ ɦɨɞɟɥɢ ɩɟɪɟхɨɞɧыɟ ɩɪɨцɟɫɫы ɞɥя ɩɟ-
ɪɟɦɟɧɧых ɭɩɪаɜɥɟɧɢя ɩɪɟɞɫɬаɜɥяɸɬ ɫɨɛɨɣ m 
ɥɢɧɟɣɧых ɮɭɧɤцɢɣ ɜɪɟɦɟɧɢ, ɧаɤɥɨɧы ɤɨɬɨ-
ɪых ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɩɟɪɟхɨɞɧыɦ ɩɪɨцɟɫɫаɦ ɜ 
ɡаɦɤɧɭɬɨɣ ɫɢɫɬɟɦɟ ɭɩɪаɜɥɟɧɢя. Эɬɢ ɥɢɧɟɣ-
ɧыɟ ɮɭɧɤцɢɢ ɦɨɝɭɬ ɫɨɟɞɢɧяɬь ɭɫɬаɧɨɜɢɜшɢɟ-
ɫя ɡɧачɟɧɢя ɞɥя ɞɜɭх ɫɨɫɟɞɧɢх ɭɫɬаɧɨɜɢɜ-
шɢхɫя ɪɟɠɢɦɨɜ ɢɥɢ ɞɥя ɞɜɭх ɪɟɠɢɦɨɜ, ɤɨɬɨ-
ɪыɟ ɪаɡɞɟɥяɟɬ ɨɞɧа ɢɥɢ ɧɟɫɤɨɥьɤɨ ɝɪаɧɢц ɨɛ-
ɥаɫɬɟɣ ɞɟɣɫɬɜɢя ɪаɡɧых ɥɢɧɟɣɧых ɦɨɞɟɥɟɣ.  
Еɫɥɢ шаɝ ɞɢɫɤɪɟɬɧɨɫɬɢ ɞɨɫɬаɬɨчɧɨ ɦаɥ, ɬɨ ɜ 
ɞɢɫɤɪɟɬɧыɟ ɦɨɦɟɧɬы ɜɪɟɦɟɧɢ ɦɨɠɧɨ ɩɪɢ-
ɛɥɢɠɟɧɧɨ ɫчɢɬаɬь, чɬɨ  
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Зɞɟɫь k=0,1,2,… ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɞɢɫɤɪɟɬɧыɦ 
ɦɨɦɟɧɬаɦ ɜɪɟɦɟɧɢ t0,t1,t2,…, ɩɪɢчɟɦ tk+1=tk+ 
Δt, ɝɞɟ Δt эɬɨ шаɝ ɞɢɫɤɪɟɬɧɨɫɬɢ.  
Оцɟɧɢɜаɧɢɟ ɦаɬɪɢцы ɞɢɧаɦɢчɟɫɤɨɣ ɥɢɧɟɣɧɨɣ 
ɦɨɞɟɥɢ ɜ ɨɤɪɟɫɬɧɨɫɬɢ p1…pm-ɨɝɨ ɭɫɬаɧɨɜɢɜ-
шɟɝɨɫя ɪɟɠɢɦа ɦɨɠɟɬ ɛыɬь ɫɜɟɞɟɧɨ ɤ ɨɞɧɨɣ ɢɡ 
ɞɜɭх ɡаɞач ɧɟɥɢɧɟɣɧɨɝɨ ɩɪɨɝɪаɦɦɢɪɨɜаɧɢя [3]  
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Зɞɟɫь xW(tk), k=1,…, N ɩɨɥɨɠɢɬɟɥьɧɨ ɨɩɪɟ-
ɞɟɥɟɧɧыɟ ɞɢаɝɨɧаɥьɧыɟ ɜɟɫɨɜыɟ ɦаɬɪɢцы. 
Начаɥьɧыɟ ɡɧачɟɧɢя эɥɟɦɟɧɬɨɜ ɦаɬɪɢцы 
p1…pmA ɪаɜɧы ɡɧачɟɧɢяɦ эɥɟɦɟɧɬɨɜ ɦаɬɪɢцы 
ɥɢɧɟɣɧɨɣ ɦɨɞɟɥɢ ɞɥя ɫɨɫɟɞɧɟɣ ɨɛɥаɫɬɢ. На-
чаɥьɧыɟ ɡɧачɟɧɢя ɤɨɨɪɞɢɧаɬ ɜɟɤɬɨɪа ɫɨɫɬɨя-
ɧɢя ɥɢɧɟɣɧɨɣ ɦɨɞɟɥɢ xЛn(t0)=x

НЛn(t0).  
Оɬɦɟɬɢɦ, чɬɨ ɢɦɟɧɧɨ ɢɫɩɨɥьɡɨɜаɧɢɟ ɩɟɪɟ-
хɨɞɧых ɩɪɨцɟɫɫɨɜ ɩɟɪɜых ɩɪɨɢɡɜɨɞɧых ɩɟ-
ɪɟɦɟɧɧых ɫɨɫɬɨяɧɢя, ɩɟɪɟɫɟɤаɸщɢх ɝɪаɧɢ-
цы ɨɛɥаɫɬɟɣ ɞɟɣɫɬɜɢя ɪаɡɧых ɥɢɧɟɣɧых ɦɨ-
ɞɟɥɟɣ, яɜɥяɟɬɫя ɝɥаɜɧɨɣ ɨɬɥɢчɢɬɟɥьɧɨɣ ɨɫɨ-
ɛɟɧɧɨɫɬьɸ ɩɪɟɞɥаɝаɟɦɨɣ ɦɟɬɨɞɢɤɢ ɩɨɫɬɪɨɟ-
ɧɢя ɤɭɫɨчɧɨ-ɥɢɧɟɣɧɨɣ ɦɨɞɟɥɢ ɧɟɥɢɧɟɣɧɨɝɨ 
ɨɛъɟɤɬа ɭɩɪаɜɥɟɧɢя. 

 
 

4. ЧɂɋɅȿɇɇЫɃ ɉɊɂɆȿɊ  

ɈЦȿɇɂȼАɇɂə ɆАɌɊɂЦ  

ɄɍɋɈЧɇɈ-ɅɂɇȿɃɇɈɃ ɆɈȾȿɅɂ 

 
Раɡɪаɛɨɬаɧɧыɣ ɦɟɬɨɞ ɩɪɢɦɟɧяɟɬɫя ɞɥя ɨɩɪɟ-
ɞɟɥɟɧɢя ɦаɬɪɢц ɫɬаɬɢчɟɫɤɨɣ ɢ ɞɢɧаɦɢчɟɫɤɨɣ 
ɤɭɫɨчɧɨ-ɥɢɧɟɣɧых ɦɨɞɟɥɟɣ ɩɨ ɩɟɪɟхɨɞɧыɦ 
ɩɪɨцɟɫɫаɦ ɧɟɥɢɧɟɣɧɨɣ ɦɨɞɟɥɢ ɫɨɜɪɟɦɟɧɧɨɝɨ 
аɜɢацɢɨɧɧɨɝɨ ȽТД ɜ ɪаɡɨɦɤɧɭɬɨɣ ɫɢɫɬɟɦɟ 
ɭɩɪаɜɥɟɧɢя.  
В ɪаɫɫɦаɬɪɢɜаɟɦɨɦ ɩɪɢɦɟɪɟ ɜыɫɨɬа ɢ ɫɤɨ-
ɪɨɫɬь (чɢɫɥɨ Маха) ɩɨɥɟɬа ЛА (ɩɟɪɟɦɟɧɧыɟ 
ɜɧɟшɧɢх ɭɫɥɨɜɢɣ) ɪаɜɧы ɧɭɥɸ (ALT=0, 
MN=0), ɡɧачɟɧɢя ɭɝɥа ɨɬɤɥɨɧɟɧɢя ɪычаɝа 
ɭɩɪаɜɥɟɧɢя ɞɜɢɝаɬɟɥɟɦ (ɭɩɪаɜɥяɸщɟɝɨ ɜɨɡ-
ɞɟɣɫɬɜɢя) ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɪɟɠɢɦаɦ ɪаɛɨɬы 
ȽТД ɜ ɡаɦɤɧɭɬɨɣ САУ ɨɬ ɦаɤɫɢɦаɥьɧɨɝɨ 
(αɪɭɞ=68○) ɞɨ ɦɢɧɢɦаɥьɧɨɝɨ (αɪɭɞ=15○). Чɟ-
ɬыɪɟ ɩɟɪɟɦɟɧɧыɟ ɭɩɪаɜɥɟɧɢя (m=4) ɫɨɨɬɜɟɬ-
ɫɬɜɭɸɬ ɪаɫхɨɞɭ ɬɨɩɥɢɜа ɜ ɨɫɧɨɜɧɨɣ ɤаɦɟɪɟ 
ɫɝɨɪаɧɢя Gɬɨ, ɩɥɨщаɞɢ ɤɪɢɬɢчɟɫɤɨɝɨ ɫɟчɟɧɢя 
ɪɟаɤɬɢɜɧɨɝɨ ɫɨɩɥа Fɤɪ, ɭɝɥɭ ɩɨɜɨɪɨɬа ɧа-
ɩɪаɜɥяɸщɢх аɩɩаɪаɬɨɜ ɜɟɧɬɢɥяɬɨɪа φɧаɜ ɢ 
ɭɝɥɭ ɩɨɜɨɪɨɬа ɧаɩɪаɜɥяɸщɢх аɩɩаɪаɬɨɜ 
ɤɨɦɩɪɟɫɫɨɪа φɧаɤ. Пяɬь ɩɟɪɟɦɟɧɧых ɫɨɫɬɨя-
ɧɢя ɨɛъɟɤɬа ɭɩɪаɜɥɟɧɢя (n=5) ɫɨɨɬɜɟɬɫɬɜɭɸɬ 
чаɫɬɨɬɟ ɜɪащɟɧɢя ɜɟɧɬɢɥяɬɨɪа ɞɜɢɝаɬɟɥя nɜ, 
чаɫɬɨɬɟ ɜɪащɟɧɢя ɤɨɦɩɪɟɫɫɨɪа ɞɜɢɝаɬɟɥя nɤ, 
ɞаɜɥɟɧɢɸ ɬɨɪɦɨɠɟɧɢя ɡа ɤɨɦɩɪɟɫɫɨɪɨɦ Pɤ

*, 

ɞаɜɥɟɧɢɸ ɬɨɪɦɨɠɟɧɢя ɡа ɬɭɪɛɢɧɨɣ Pɬ
* ɢ 

ɬɟɦɩɟɪаɬɭɪɟ ɬɨɪɦɨɠɟɧɢя ɡа ɬɭɪɛɢɧɨɣ Tɬ
*.  

Бɭɞɟɦ ɫчɢɬаɬь, чɬɨ ɟɫɥɢ ɩɟɪɟɦɟɧɧыɟ ɭɩɪаɜ-
ɥɟɧɢя u3

n ɢ u4
n ɢɡɦɟɧяɸɬɫя, ɬɨ ɨɧɢ ɢɡɦɟɧя-

ɸɬɫя ɫɨɝɥаɫɨɜаɧɧɨ ɫ ɩɟɪɟɦɟɧɧɨɣ ɭɩɪаɜɥɟɧɢя 
u1

n, ɬɨ ɟɫɬь ɩɪɢɦɟɪɧɨ ɨɞɧɨɜɪɟɦɟɧɧɨ эɬɢ ɩɟ-
ɪɟɦɟɧɧыɟ ɨɤаɡыɜаɸɬɫя ɧа ɝɪаɧɢцах (ɩɨ ɤаɠ-
ɞɨɣ ɢɡ ɧɢх) ɫɨɫɟɞɧɢх ɨɛɥаɫɬɟɣ ɞɟɣɫɬɜɢя ɪаɡ-
ɧых ɥɢɧɟɣɧых ɦɨɞɟɥɟɣ. Пɪɢ эɬɨɦ ɥɸɛɭɸ 
ɩаɪɭ ɫɨɫɟɞɧɢх ɪаɛɨчɢх ɬɨчɟɤ (ɜыɛɪаɧɧых 
ɭɫɬаɧɨɜɢɜшɢхɫя ɪɟɠɢɦɨɜ ɪаɛɨɬы ȽТД) ɪаɡ-
ɞɟɥяɟɬ (ɩɨ ɤаɠɞɨɣ ɢɡ эɬɢх ɩɟɪɟɦɟɧɧых) ɧɟ 
ɛɨɥɟɟ ɨɞɧɨɣ ɝɪаɧɢцы ɫɨɫɟɞɧɢх ɨɛɥаɫɬɟɣ 
ɞɟɣɫɬɜɢя ɪаɡɧых ɥɢɧɟɣɧых ɦɨɞɟɥɟɣ. Пɨэɬɨ-
ɦɭ ɞɥя ɜɫɟх эɬɢх ɬɪɟх ɩɟɪɟɦɟɧɧых ɨɝɪаɧɢ-
чɢɦɫя ɪаɫɫɦɨɬɪɟɧɢɟɦ ɬɨɥьɤɨ P1=9 ɜыɛɪаɧ-
ɧых ɭɫɬаɧɨɜɢɜшɢхɫя ɡɧачɟɧɢɣ ɞɥя ɩɟɪɟɦɟɧ-
ɧɨɣ u1

n. Пɪɢ эɬɨɦ ɤɨɥɢчɟɫɬɜɨ ɪаɫɫɦаɬɪɢɜаɟ-
ɦых ɭɫɬаɧɨɜɢɜшɢхɫя ɡɧачɟɧɢɣ ɞɥя ɩɟɪɟɦɟɧ-
ɧых u3

n ɢ u4
n ɛɭɞɟɬ ɪаɜɧɨ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 5 ɢ 

7 (ɜ ɨɫɬаɥьɧых ɬɨчɤах ɨɧɢ ɨɫɬаɸɬɫя ɧɟɢɡ-
ɦɟɧɧыɦɢ).    
Бɭɞɟɦ ɫчɢɬаɬь ɬаɤɠɟ, чɬɨ ɩɟɪɟɦɟɧɧая ɭɩɪаɜ-
ɥɟɧɢя u2

n ɢɡɦɟɧяɟɬɫя ɬаɤ, чɬɨ хɨɬя ɛы ɨɞɧɭ 
ɩаɪɭ ɫɨɫɟɞɧɢх ɪаɛɨчɢх ɬɨчɟɤ ɪаɡɞɟɥяɟɬ (ɩɨ 
эɬɨɣ ɩɟɪɟɦɟɧɧɨɣ) ɧɟ ɨɞɧа, а ɧɟɫɤɨɥьɤɨ ɝɪа-
ɧɢц ɫɨɫɟɞɧɢх ɨɛɥаɫɬɟɣ ɞɟɣɫɬɜɢя ɪаɡɧых ɥɢ-
ɧɟɣɧых ɦɨɞɟɥɟɣ, ɢ ɩɨэɬɨɦɭ ɞɥя ɧɟɟ ɬаɤɠɟ 
ɤɨɥɢчɟɫɬɜɨ ɜыɛɪаɧɧых ɭɫɬаɧɨɜɢɜшɢхɫя ɡɧа-
чɟɧɢɣ P2=9.  
Таɤɢɦ ɨɛɪаɡɨɦ, ɦаɤɫɢɦаɥьɧɨ ɜɨɡɦɨɠɧɨɟ ɤɨ-
ɥɢчɟɫɬɜɨ ɭɫɬаɧɨɜɢɜшɢхɫя ɪɟɠɢɦɨɜ ɪаɛɨɬы ɜ 
ɪаɡɨɦɤɧɭɬɨɣ САУ, ɤɨɬɨɪыɟ ɦы ɦɨɝɥɢ ɛы 
ɪаɫɫɦаɬɪɢɜаɬь ɩɪɢ ɫɨɡɞаɧɢɢ ɤɭɫɨчɧɨ-
ɥɢɧɟɣɧɨɣ ɦɨɞɟɥɢ, P1P2=81. Оɞɧаɤɨ ɧа ɩɪаɤ-
ɬɢɤɟ ɦɨɠɧɨ ɨɝɪаɧɢчɢɬьɫя ɪаɫɫɦɨɬɪɟɧɢɟɦ 
ɦɟɧьшɟɝɨ чɢɫɥа ɭɫɬаɧɨɜɢɜшɢхɫя ɪɟɠɢɦɨɜ. 
Раɫɫɦɨɬɪɢɦ 9 ɭɫɬаɧɨɜɢɜшɢхɫя ɪɟɠɢɦɨɜ, ɫɨ-
ɨɬɜɟɬɫɬɜɭɸщɢх ɪɟɠɢɦаɦ ɪаɛɨɬы ɜ ɡаɦɤɧɭ-
ɬɨɣ САУ: p1p2=98 (p1p2p3p4=9899) ɦаɤɫɢ-
ɦаɥьɧыɣ ɪɟɠɢɦ ɩɪɢ αɪɭɞ=68○, 89 (8989) ɩɪɢ 
αɪɭɞ=60○, 79 (7979) ɩɪɢ αɪɭɞ=50○, 69 (6966) 
ɩɪɢ αɪɭɞ=40○, 59 (5915) ɩɪɢ αɪɭɞ=30○, 49 
(4914) ɩɪɢ αɪɭɞ=25○, 39 (3913) ɩɪɢ αɪɭɞ=20○, 
29 (2912) ɩɪɢ αɪɭɞ=17○, 11 (1111) ɦɢɧɢɦаɥь-
ɧыɣ ɪɟɠɢɦ ɩɪɢ αɪɭɞ=15○.  
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Раɫɫɦɨɬɪɢɦ ɬаɤɠɟ ɟщɟ 23 ɭɫɬаɧɨɜɢɜшɢхɫя 
ɪɟɠɢɦа, ɞɥя ɤɨɬɨɪых ɡɧачɟɧɢя ɩɟɪɟɦɟɧɧых 
ɭɩɪаɜɥɟɧɢя ɛɥɢɡɤɢ ɤ ɡɧачɟɧɢяɦ эɬɢх ɩɟɪɟ-
ɦɟɧɧых ɩɪɢ ɩɟɪɟхɨɞɧых ɩɪɨцɟɫɫах ɜ ɡаɦɤ-
ɧɭɬɨɣ САУ: 99 (9999), 19 (1911), 18 (1811), 
17 (1711), 16 (1611), 15 (1511), 14 (1411), 13 
(1311), 12 (1211), 21 (2112), 31 (3113), 41 
(4114), 51 (5115), 52 (5215), 53 (5315), 63 
(6366), 64 (6466), 65 (6566), 66 (6666), 67 
(6766), 68 (6866), 78 (7879), 88 (8889).  
Оɩɢɫаɧɢɟ ɞɢɧаɦɢчɟɫɤɨɣ ɤɭɫɨчɧɨ-ɥɢɧɟɣɧɨɣ 
ɦɨɞɟɥɢ ɜ ɞаɧɧɨɦ ɫɥɭчаɟ ɛɭɞɟɬ ɢɦɟɬь ɜɢɞ 
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Еɫɥɢ ɜ ɤаɤɨɣ-ɬɨ ɦɨɦɟɧɬ ɩɟɪɟхɨɞɧɨɝɨ ɩɪɨ-
цɟɫɫа ɩɟɪɟɦɟɧɧыɟ ɭɩɪаɜɥɟɧɢя ɨɤаɡыɜаɸɬɫя 
ɡа ɩɪɟɞɟɥаɦɢ ɨɛɥаɫɬɟɣ ɞɟɣɫɬɜɢя ɜыɛɪаɧɧых 
ɞɢɧаɦɢчɟɫɤɢх ɥɢɧɟɣɧых ɦɨɞɟɥɟɣ, ɬɨ ɢɫɩɨɥь-
ɡɭɟɬɫя ɬа ɦɨɞɟɥь, ɤɨɬɨɪая ɢɫɩɨɥьɡɨɜаɥаɫь ɞɨ 
эɬɨɝɨ ɦɨɦɟɧɬа.  
Пɟɪɟхɨɞɧыɟ ɩɪɨцɟɫɫы ɞɥя ɨɩɪɟɞɟɥɟɧɢя ɦаɬ-
ɪɢц ɫɬаɬɢчɟɫɤɨɣ ɢ ɞɢɧаɦɢчɟɫɤɨɣ ɤɭɫɨчɧɨ-
ɥɢɧɟɣɧых ɦɨɞɟɥɟɣ ɪаɫɫчɢɬыɜаɸɬɫя ɫ ɩɨɦɨ-
щьɸ ɧɟɥɢɧɟɣɧɨɣ ɦɨɞɟɥɢ ȽТД ɜ ɪаɡɨɦɤɧɭɬɨɣ 
ɫɢɫɬɟɦɟ ɭɩɪаɜɥɟɧɢя ɞɥя ɜыɛɪаɧɧых ɭɫɬаɧɨ-
ɜɢɜшɢхɫя ɪɟɠɢɦɨɜ.  
Пɟɪɟхɨɞɧыɟ ɩɪɨцɟɫɫы ɞɥя ɜычɢɫɥɟɧɢя эɥɟ-
ɦɟɧɬɨɜ ɦаɬɪɢц ɫɬаɬɢчɟɫɤɨɣ ɤɭɫɨчɧɨ-
ɥɢɧɟɣɧɨɣ ɦɨɞɟɥɢ ɩɪɟɞɫɬаɜɥяɸɬ ɫɨɛɨɣ ɩɨ-
ɫɥɟɞɨɜаɬɟɥьɧɨɫɬь ɪаɡɧɟɫɟɧɧых ɩɨ ɜɪɟɦɟɧɢ 
ɩɪяɦɨɭɝɨɥьɧых ɢɦɩɭɥьɫɨɜ ɩɨ ɤаɠɞɨɣ ɢɡ ɩɟ-
ɪɟɦɟɧɧых ɭɩɪаɜɥɟɧɢя u1

НЛn, u2
НЛn, u3

НЛn, 
u4
НЛn ɢ ɫɨɨɬɜɟɬɫɬɜɭɸщɢɟ ɨɬɤɥɢɤɢ ɩɟɪɟɦɟɧ-

ɧых ɫɨɫɬɨяɧɢя x1
НЛn, x2

НЛn, x3
НЛn, x4

НЛn, x5
НЛn. 

Сɬɭɩɟɧчаɬая ɮɭɧɤцɢя ɫɨɟɞɢɧяɟɬ ɭɫɬаɧɨɜɢɜ-
шɢɟɫя ɡɧачɟɧɢя, ɫɨɨɬɜɟɬɫɬɜɭɸщɢɟ ɫɨɫɟɞɧɢɦ 
ɜыɛɪаɧɧыɦ ɭɫɬаɧɨɜɢɜшɢɦɫя ɪɟɠɢɦаɦ. Еɫɥɢ 
ɩɟɪɟɦɟɧɧая ɭɩɪаɜɥɟɧɢя ɜ ɩɪɟɞɟɥах ɨɛɥаɫɬɢ 
ɞɟɣɫɬɜɢя ɞаɧɧɨɣ ɥɢɧɟɣɧɨɣ ɦɨɞɟɥɢ ɨɫɬаɟɬɫя 
ɧɟɢɡɦɟɧɧɨɣ, ɬɨ ɢɫɩɨɥьɡɭɟɬɫя ɭɫɬаɧɨɜɢɜшɟɟ-
ɫя ɡɧачɟɧɢɟ ɛɥɢɠаɣшɟɣ ɢɡ ɫɨɫɟɞɧɢх ɨɛɥаɫ-
ɬɟɣ, ɝɞɟ ɩɟɪɟɦɟɧɧая ɭɩɪаɜɥɟɧɢя ɢɡɦɟɧяɟɬɫя. 
Дɥɢɬɟɥьɧɨɫɬь ɩɪяɦɨɭɝɨɥьɧых ɢɦɩɭɥьɫɨɜ ɢ 
ɩɪɨɦɟɠɭɬɤɨɜ ɦɟɠɞɭ ɢɦɩɭɥьɫаɦɢ ɫɨɫɬаɜɥяɟɬ 
T=3.75ɫ, шаɝ ɞɢɫɤɪɟɬɧɨɫɬɢ Δt=0.025c, ɨɛщɟɟ 
чɢɫɥɨ ɬɨчɟɤ ɩɟɪɟхɨɞɧых ɩɪɨцɟɫɫɨɜ ɩɪɢ ɨɩ-
ɪɟɞɟɥɟɧɢɢ ɦаɬɪɢц ɫɬаɬɢчɟɫɤɢх ɥɢɧɟɣɧых 
ɦɨɞɟɥɟɣ ɪаɜɧɨ N=1201.  
Пɟɪɟхɨɞɧыɟ ɩɪɨцɟɫɫы ɞɥя ɨцɟɧɢɜаɧɢя ɦаɬ-
ɪɢц ɞɢɧаɦɢчɟɫɤɨɣ ɤɭɫɨчɧɨ-ɥɢɧɟɣɧɨɣ ɦɨɞɟɥɢ 
ɩɪɟɞɫɬаɜɥяɸɬ ɫɨɛɨɣ ɥɢɧɟɣɧыɟ ɮɭɧɤцɢɢ ɩɨ 
ɤаɠɞɨɣ ɢɡ ɩɟɪɟɦɟɧɧых ɭɩɪаɜɥɟɧɢя u1

НЛn, 
u2
НЛn, u3

НЛn, u4
НЛn, ɤɨɬɨɪыɟ ɫɨɟɞɢɧяɸɬ ɢх ɭɫ-

ɬаɧɨɜɢɜшɢɟɫя ɡɧачɟɧɢя, ɫɨɨɬɜɟɬɫɬɜɭɸщɢɟ 
ɜыɛɪаɧɧыɦ ɭɫɬаɧɨɜɢɜшɢɦɫя ɪɟɠɢɦаɦ, ɢ ɨɬ-
ɤɥɢɤɢ ɩɟɪɟɦɟɧɧых ɫɨɫɬɨяɧɢя x1

НЛn, x2
НЛn, 

x3
НЛn, x4

НЛn, x5
НЛn. Дɥɢɬɟɥьɧɨɫɬь ɥɢɧɟɣɧых 

ɭчаɫɬɤɨɜ T=2.5ɫ, шаɝ ɞɢɫɤɪɟɬɧɨɫɬɢ 
Δt=0.025c, а ɨɛщɟɟ чɢɫɥɨ ɬɨчɟɤ ɩɟɪɟхɨɞɧых 
ɩɪɨцɟɫɫɨɜ ɩɪɢ ɨцɟɧɢɜаɧɢɢ ɦаɬɪɢц ɞɢɧаɦɢ-
чɟɫɤɢх ɥɢɧɟɣɧых ɦɨɞɟɥɟɣ N=401. Эɬɢ ɩɟɪɟ-
хɨɞɧыɟ ɩɪɨцɟɫɫы ɦɟɠɞɭ ɞɜɭɦя ɜыɛɪаɧɧыɦɢ 
ɭɫɬаɧɨɜɢɜшɢɦɢɫя ɪɟɠɢɦаɦɢ ɛɥɢɡɤɢ ɤ ɩɟɪɟ-
хɨɞɧыɦ ɩɪɨцɟɫɫаɦ ɜ ɡаɦɤɧɭɬɨɣ ɫɢɫɬɟɦɟ.  
Пɪɢ ɨцɟɧɢɜаɧɢɢ ɦаɬɪɢц 98

A, 11
A=

21
A ɫ ɩɨ-

ɦɨщьɸ (14) ɜыɛɪаɧɧыɟ ɭɫɬаɧɨɜɢɜшɢɟɫя ɪɟ-
ɠɢɦы, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, 98 ɢ 89, 11 ɢ 21.  
Пɪɢ ɨцɟɧɢɜаɧɢɢ ɦаɬɪɢц 89

A, 79
A, 69

A, 59
A, 

49
A, 39

A=29
A=19

A, 31
A, 41

A, 51
A, 63

A, 78
A ɫ ɩɨ-

ɦɨщьɸ (15) ɜыɛɪаɧɧыɟ ɭɫɬаɧɨɜɢɜшɢɟɫя ɪɟ-
ɠɢɦы, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, 99 ɢ 79, 89 ɢ 69, 79 ɢ 
59, 69 ɢ 49, 59 ɢ 39, 49 ɢ 19, 11 ɢ 31, 21 ɢ 41, 
31 ɢ 51, 43 ɢ 63, 58 ɢ 88.  
Таɤ, ɧаɩɪɢɦɟɪ, ɩɪɢ ɨцɟɧɢɜаɧɢɢ ɦаɬɪɢцы 89

A 
ɜыɪаɠɟɧɢɟ (15) ɩɪɢɧɢɦаɟɬ ɜɢɞ   
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A. 
Кɪɨɦɟ ɬɨɝɨ, чɬɨ ɜ ɤɭɫɨчɧɨ-ɥɢɧɟɣɧɨɣ ɦɨɞɟɥɢ 
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Раɫɫɦɨɬɪɢɦ ɞɥя ɩɪɢɦɟɪа ɨцɟɧɢɜаɧɢɟ эɥɟ-
ɦɟɧɬɨɜ ɦаɬɪɢцы 89

A. Лɢɧɟɣɧыɟ ɮɭɧɤцɢɢ ɞɥя 
ɨцɟɧɢɜаɧɢя эɬɨɣ ɦаɬɪɢцы ɩɨ ɩɟɪɟхɨɞɧыɦ 
ɩɪɨцɟɫɫаɦ ɩɟɪɟɫɟɤаɸɬ ɝɪаɧɢцы ɨɛɥаɫɬɟɣ 
ɞɟɣɫɬɜɢя ɥɢɧɟɣɧых ɦɨɞɟɥɟɣ 99

A ɢ 89
A.  

Вɧачаɥɟ ɨцɟɧɢɜаɸɬɫя эɥɟɦɟɧɬы 89a11, 
89a12, 

89a21, 
89a22. Пɪɢ эɬɨɦ ɨɫɬаɥьɧыɟ эɥɟɦɟɧɬы 

ɦаɬɪɢцы ɫчɢɬаɸɬɫя ɧɭɥɟɜыɦɢ, а ɩɨɫɬɨяɧɧая 
ɜɟɫɨɜая ɦаɬɪɢца xW=diag{1,1,0,0,0}. Заɬɟɦ 
ɨцɟɧɢɜаɸɬɫя эɥɟɦɟɧɬы 89a31, 

89a32, 
89a33, 

89a34, 
89a41, 

89a42, 
89a43, 

89a44. Пɪɢ эɬɨɦ эɥɟɦɟɧɬы 
89a11, 

89a12, 
89a21, 

89a22 ɫчɢɬаɸɬɫя ɢɡɜɟɫɬɧыɦɢ, 
ɨɫɬаɥьɧыɟ эɥɟɦɟɧɬы ɦаɬɪɢцы ɫчɢɬаɸɬɫя ɧɭ-
ɥɟɜыɦɢ, а xW=diag{0,0,1,1,0}. Наɤɨɧɟц, ɨцɟ-
ɧɢɜаɸɬɫя эɥɟɦɟɧɬы 89a51, 

89a52, 
89a53, 

89a54, 
89a55. Пɪɢ эɬɨɦ эɥɟɦɟɧɬы 89a11, 

89a12, 
89a21, 

89a22, 
89a31, 

89a32, 
89a33, 

89a34, 
89a41, 

89a42, 
89a43, 

89a44 ɫчɢɬаɸɬɫя ɢɡɜɟɫɬɧыɦɢ, ɨɫɬаɥьɧыɟ эɥɟ-
ɦɟɧɬы ɦаɬɪɢцы ɫчɢɬаɸɬɫя ɧɭɥɟɜыɦɢ, а 
xW=diag{0,0,0,0,1}.  
На ɝɪаɧɢцɟ ɨɛɥаɫɬɟɣ ɞɟɣɫɬɜɢя ɪаɡɧых ɥɢ-
ɧɟɣɧых ɦɨɞɟɥɟɣ ɦɨɠɧɨ ɭɦɟɧьшɢɬь ɪɟɡɤɨɟ 
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ɢɡɦɟɧɟɧɢɟ ɩɟɪɜых ɩɪɨɢɡɜɨɞɧых ɩɟɪɟɦɟɧɧых 
ɫɨɫɬɨяɧɢя ɫ ɩɨɦɨщьɸ ɩɟɪɟɦɟɧɧых  ɜɟɫɨɜых 
ɦаɬɪɢц.  
Маɬɪɢцы ɞɢɧаɦɢчɟɫɤɢх ɥɢɧɟɣɧых ɦɨɞɟɥɟɣ 
ɞɥя ɫɨɫɟɞɧɢх ɨɛɥаɫɬɟɣ ɫɨɜɩаɞаɸɬ, ɟɫɥɢ ɧɟ 
ɭɞаɟɬɫя ɩɨɥɭчɢɬь ɩɪɢɟɦɥɟɦɭɸ ɨцɟɧɤɭ ɞɥя 
ɨɞɧɨɣ ɢɡ эɬɢх ɨɛɥаɫɬɟɣ.  
Дɥя ɬɨɝɨ, чɬɨɛы ɫɨɛɫɬɜɟɧɧыɟ ɡɧачɟɧɢя ɦаɬ-
ɪɢц ɛыɥɢ ɜɟщɟɫɬɜɟɧɧыɦɢ ɢ ɨɬɪɢцаɬɟɥьɧы-
ɦɢ, ɩɪɢ ɨцɟɧɢɜаɧɢɢ ɢɫɩɨɥьɡɭɸɬɫя ɫɨɨɬɜɟɬ-
ɫɬɜɭɸщɢɟ ɨɝɪаɧɢчɟɧɢя.  
Каɠɞыɣ ɪаɡ ɡаɞача ɧɟɥɢɧɟɣɧɨɝɨ ɩɪɨɝɪаɦɦɢ-
ɪɨɜаɧɢя (15) ɪɟшаɟɬɫя ɞɨ ɬɟх ɩɨɪ, ɩɨɤа цɟɥɟ-
ɜая ɮɭɧɤцɢя ɧɟ ɩɟɪɟɫɬаɧɟɬ ɭɦɟɧьшаɬьɫя.  
Пɪɢ эɬɨɦ ɤɨɥɢчɟɫɬɜɨ ɜычɢɫɥɟɧɢɣ цɟɥɟɜɨɣ 
ɮɭɧɤцɢɢ 100÷1000. 
На ɪɢɫ. 1÷5 ɩɪɟɞɫɬаɜɥɟɧы ɪɟɡɭɥьɬаɬы ɩɪɨ-
ɜɟɪɤɢ ɩɨɥɭчɟɧɧɨɣ ɤɭɫɨчɧɨ-ɥɢɧɟɣɧɨɣ ɦɨɞɟɥɢ 
ɧа ɩɪɢɦɟɪɟ ɩɟɪɟхɨɞɧых ɩɪɨцɟɫɫɨɜ, ɫɨɨɬɜɟɬ-
ɫɬɜɭɸщɢх ɫɬɭɩɟɧчаɬɨɦɭ ɢɡɦɟɧɟɧɢɸ ɭɝɥа ɨɬ-
ɤɥɨɧɟɧɢя ɪычаɝа ɭɩɪаɜɥɟɧɢя ɞɜɢɝаɬɟɥɟɦ αɪɭɞ 
ɨɬ ɡɧачɟɧɢя, ɫɨɨɬɜɟɬɫɬɜɭɸщɟɝɨ ɦаɤɫɢɦаɥь-
ɧɨɦɭ ɪɟɠɢɦɭ ɪаɛɨɬы (αɪɭɞ=68) ɞɨ ɡɧачɟɧɢя, 
ɫɨɨɬɜɟɬɫɬɜɭɸщɟɝɨ ɦɢɧɢɦаɥьɧɨɦɭ ɪɟɠɢɦɭ 
ɪаɛɨɬы (αɪɭɞ=15) ɢ ɨɛɪаɬɧɨ, ɬɨ ɟɫɬь ɧа ɩɪɢ-
ɦɟɪɟ ɫɛɪɨɫа ɢ ɪаɡɝɨɧа ɜ ɡаɦɤɧɭɬɨɣ ɫɢɫɬɟɦɟ 
ɭɩɪаɜɥɟɧɢя. Пɪɢ эɬɨɦ чɢɫɥɨ ɬɨчɟɤ ɩɟɪɟхɨɞ-
ɧых ɩɪɨцɟɫɫɨɜ ɧɨɪɦɢɪɨɜаɧɧых ɩɟɪɟɦɟɧɧых 
ɫɨɫɬɨяɧɢя x1

n, x2
n, x3

n, x4
n, x5

n (ɫɨɨɬɜɟɬɫɬɜɭɸɬ 
nɜ, nɤ, Pɤ

*, Pɬ
*, Tɬ

*) ɧɟɥɢɧɟɣɧɨɣ (НЛ) ɦɨɞɟɥɢ ɢ 
ɤɭɫɨчɧɨ-ɥɢɧɟɣɧɨɣ (КЛ) ɦɨɞɟɥɢ N=601. 
Ошɢɛɤɢ ɤɭɫɨчɧɨ-ɥɢɧɟɣɧɨɣ ɦɨɞɟɥɢ, ɪаɫɫчɢ-
ɬаɧɧыɟ ɩɨ ɤаɠɞɨɣ ɢɡ ɩɟɪɟɦɟɧɧых ɫɨɫɬɨяɧɢя 
ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ (14), ɧɟ ɩɪɟɜышаɸɬ 4%. 

 
 

7. ɁАɄɅɘЧȿɇɂȿ 

 
Раɡɪаɛɨɬаɧа ɦɟɬɨɞɢɤа ɩɨɫɬɪɨɟɧɢя ɤɭɫɨчɧɨ-
ɥɢɧɟɣɧɨɣ ɦɨɞɟɥɢ ɧɟɥɢɧɟɣɧɨɝɨ ɨɛъɟɤɬа 
ɭɩɪаɜɥɟɧɢя. В ɤачɟɫɬɜɟ ɢɫхɨɞɧых ɞаɧɧых 
ɞɥя ɨцɟɧɢɜаɧɢя ɦаɬɪɢц ɫɬаɬɢчɟɫɤɢх ɢ ɞɢɧа-
ɦɢчɟɫɤɢх ɥɢɧɟɣɧых ɦɨɞɟɥɟɣ ɢɫɩɨɥьɡɭɸɬɫя 
ɩɟɪɟхɨɞɧыɟ ɩɪɨцɟɫɫы ɧɟɥɢɧɟɣɧɨɣ ɦɨɞɟɥɢ 
ɨɛъɟɤɬа ɜ ɪаɡɨɦɤɧɭɬɨɣ ɫɢɫɬɟɦɟ ɭɩɪаɜɥɟɧɢя. 

Пɟɪɟхɨɞɧыɟ ɩɪɨцɟɫɫы ɩɟɪɟɦɟɧɧых ɭɩɪаɜɥɟ-
ɧɢя ɢ ɩɟɪɜых ɩɪɨɢɡɜɨɞɧых ɩɟɪɟɦɟɧɧых ɫɨ-
ɫɬɨяɧɢя, ɢɫɩɨɥьɡɭɟɦыɟ ɞɥя ɨцɟɧɢɜаɧɢя, ɩɟ-
ɪɟɫɟɤаɸɬ ɝɪаɧɢцы ɨɛɥаɫɬɟɣ ɞɟɣɫɬɜɢя ɪаɡɧых 
ɥɢɧɟɣɧых ɦɨɞɟɥɟɣ. 
Раɡɪаɛɨɬаɧɧыɣ ɦɟɬɨɞ ɨɫɧɨɜаɧ ɧа ɩɪɢɦɟɧɟ-
ɧɢɢ ɜычɢɫɥɢɬɟɥьɧых аɥɝɨɪɢɬɦɨɜ ɧɟɥɢɧɟɣɧɨ-
ɝɨ ɩɪɨɝɪаɦɦɢɪɨɜаɧɢя, ɤɨɬɨɪыɟ ɩɨɡɜɨɥяɸɬ 
ɧаɤɥаɞыɜаɬь ɨɝɪаɧɢчɟɧɢя ɧа ɫɨɛɫɬɜɟɧɧыɟ 
ɡɧачɟɧɢя ɥɢɧɟɣɧых ɦɨɞɟɥɟɣ, чɬɨɛы ɨɛɟɫɩɟ-
чɢɬь ɢх ɭɫɬɨɣчɢɜɨɫɬь ɢ ɢɫɤɥɸчɢɬь ɤɪаɬɧыɟ 
ɫɨɛɫɬɜɟɧɧыɟ ɡɧачɟɧɢя.  
Рɟɡɭɥьɬаɬы ɞаɧɧɨɣ ɪаɛɨɬы ɦɨɝɭɬ ɛыɬь ɩɪɢ-
ɦɟɧɟɧы ɩɪɢ ɪаɡɪаɛɨɬɤɟ ɫɢɫɬɟɦ ɭɩɪаɜɥɟɧɢя 
ȽТД, а ɬаɤɠɟ ɞɪɭɝɢɦɢ ɧɟɥɢɧɟɣɧыɦɢ ɨɛъɟɤ-
ɬаɦɢ, ɤɨɬɨɪыɟ ɜ шɢɪɨɤɨɦ ɞɢаɩаɡɨɧɟ ɪɟɠɢ-
ɦɨɜ ɪаɛɨɬы ɩɪɢɛɥɢɠɟɧɧɨ ɨɩɢɫыɜаɸɬɫя ɫ 
ɩɨɦɨщьɸ ɤɭɫɨчɧɨ-ɥɢɧɟɣɧых ɦɨɞɟɥɟɣ.  
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Рɢсɭɧɨɤ 1. ɉɟɪɟхɨɞɧыɟ ɩɪɨɰɟссы ɧɨɪɦɢɪɨваɧɧɨɣ ɩɟɪɟɦɟɧɧɨɣ сɨсɬɨяɧɢя x1

n ɧɟɥɢɧɟɣɧɨɣ (НЛ) ɦɨɞɟɥɢ ɢ ɤɭсɨчɧɨ-ɥɢɧɟɣɧɨɣ (КЛ) ɦɨɞɟɥɢ  
в ɡаɦɤɧɭɬɨɣ сɢсɬɟɦɟ. 
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Рɢсɭɧɨɤ 2. ɉɟɪɟхɨɞɧыɟ ɩɪɨɰɟссы ɧɨɪɦɢɪɨваɧɧɨɣ ɩɟɪɟɦɟɧɧɨɣ сɨсɬɨяɧɢя x2

n ɧɟɥɢɧɟɣɧɨɣ (НЛ) ɦɨɞɟɥɢ ɢ ɤɭсɨчɧɨ-ɥɢɧɟɣɧɨɣ (КЛ) ɦɨɞɟɥɢ  
в ɡаɦɤɧɭɬɨɣ сɢсɬɟɦɟ. 
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Рɢсɭɧɨɤ 3. ɉɟɪɟхɨɞɧыɟ ɩɪɨɰɟссы ɧɨɪɦɢɪɨваɧɧɨɣ ɩɟɪɟɦɟɧɧɨɣ сɨсɬɨяɧɢя x3

n ɧɟɥɢɧɟɣɧɨɣ (НЛ) ɦɨɞɟɥɢ ɢ ɤɭсɨчɧɨ-ɥɢɧɟɣɧɨɣ (КЛ) ɦɨɞɟɥɢ  
в ɡаɦɤɧɭɬɨɣ сɢсɬɟɦɟ. 
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Рɢсɭɧɨɤ 4. ɉɟɪɟхɨɞɧыɟ ɩɪɨɰɟссы ɧɨɪɦɢɪɨваɧɧɨɣ ɩɟɪɟɦɟɧɧɨɣ сɨсɬɨяɧɢя x4

n (сɨɨɬвɟɬсɬвɭɟɬ Pɬ
*) ɧɟɥɢɧɟɣɧɨɣ (НЛ) ɦɨɞɟɥɢ  

ɢ ɤɭсɨчɧɨ-ɥɢɧɟɣɧɨɣ (КЛ) ɦɨɞɟɥɢ в ɡаɦɤɧɭɬɨɣ сɢсɬɟɦɟ. 
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Рɢсɭɧɨɤ 5. ɉɟɪɟхɨɞɧыɟ ɩɪɨɰɟссы ɧɨɪɦɢɪɨваɧɧɨɣ ɩɟɪɟɦɟɧɧɨɣ сɨсɬɨяɧɢя x5

n ɧɟɥɢɧɟɣɧɨɣ (НЛ) ɦɨɞɟɥɢ ɢ ɤɭсɨчɧɨ-ɥɢɧɟɣɧɨɣ (КЛ) ɦɨɞɟɥɢ  
в ɡаɦɤɧɭɬɨɣ сɢсɬɟɦɟ. 
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Ƚɥɨɛаɥьɧыɟ ɤɥɢɦаɬɢчɟɫɤɢɟ ɢɡɦɟɧɟɧɢя ɧа 
ɭɪɛаɧɢɡɢɪɨɜаɧɧых ɬɟɪɪɢɬɨɪɢях Зɟɦɥɢ ɜ ɩɨ-
ɫɥɟɞɧɟɟ ɞɟɫяɬɢɥɟɬɢɟ ɧахɨɞяɬɫя ɩɨɞ ɩɪɢ-
ɫɬаɥьɧыɦ ɜɧɢɦаɧɢɟɦ ɦɢɪɨɜɨɝɨ ɧаɭчɧɨɝɨ ɫɨ-
ɨɛщɟɫɬɜа, ɦɟɠɞɭɧаɪɨɞɧых ɢ ɩɪаɜɢɬɟɥьɫɬ-
ɜɟɧɧых ɨɪɝаɧɢɡацɢɣ. Вɟɞɭщɢɟ ɧаɭчɧыɟ цɟɧ-
ɬɪы США, Рɨɫɫɢɢ, ЕС, əɩɨɧɢɢ, Кɢɬая, Иɧ-
ɞɢɢ ɢ ɞɪɭɝɢх ɝɨɫɭɞаɪɫɬɜ ɢ ɫɩɟцɢаɥьɧыɟ ɤɨ-
ɦɢɫɫɢɢ ООН ɜ ɧаɫɬɨящɟɟ ɜɪɟɦя ɜɟɞɭɬ ɤɨɦ-
ɩɥɟɤɫɧыɟ ɢɫɫɥɟɞɨɜаɧɢя ɢ ɩɨɢɫɤɢ ɩɪɢчɢɧɧɨ-
ɫɥɟɞɫɬɜɟɧɧых ɫɜяɡɟɣ, ɡаɤɨɧɨɦɟɪɧɨɫɬɟɣ ɢ ɦɟ-
хаɧɢɡɦɨɜ, ɨɬɜɟɬɫɬɜɟɧɧых ɡа  ɝɥɨɛаɥьɧɨɟ ɩɨ-

ɬɟɩɥɟɧɢɟ ɧа ɩɥаɧɟɬɟ. 
Пɨɫɥɟɞɧɢɟ ɪɟɡɭɥьɬаɬы ɬаɤɢх ɢɫɫɥɟɞɨɜаɧɢɣ, 
ɜыɩɨɥɧɟɧɧых ɭчɟɧыɦɢ Пɢɬɬɫɛɭɪɝɫɤɨɝɨ, 
Маɞɪɢɞɫɤɨɝɨ ɢ Пɨɬɫɞаɦɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟ-
ɬɨɜ, ɩɨɡɜɨɥɢɥɢ ɢɦ ɩɪɢɣɬɢ ɤ ɜыɜɨɞɭ, чɬɨ ɠа-
ɪа, ɩɨɞɨɛɧая ɬɨɣ, чɬɨ ɧаɛɥɸɞаɥаɫь ɜ Рɨɫɫɢɢ 
ɥɟɬɨɦ 2010 ɝɨɞа, чɟɪɟɡ 30 ɥɟɬ ɨхɜаɬɢɬ ɩɥɨ-
щаɞɢ ɜ чɟɬыɪɟ ɪаɡа ɛɨɥьшɢɟ. А ɤ ɤɨɧцɭ XXI 
ɜɟɤа ɨɬ ɧɟɟ ɛɭɞɟɬ ɫɬɪаɞаɬь ɭɠɟ 85% ɫɭшɢ. 
Еɫɥɢ ɧɟ ɩɪɢɧɢɦаɬь ɧɢɤаɤɢх ɦɟɪ ɫɟɣчаɫ, ɬɨ 
ɜɨ ɜɬɨɪɨɣ ɩɨɥɨɜɢɧɟ XXI ɜɟɤа ɩɥɨщаɞь ɫɭшɢ, 
ɩɨɞɜɟɪɠɟɧɧɨɣ аɧɨɦаɥьɧɨ ɜыɫɨɤɢɦ ɬɟɦɩɟɪа-
ɬɭɪаɦ, ɛɭɞɟɬ ɜɨɡɪаɫɬаɬь ɩɪɢɦɟɪɧɨ ɧа 1% ɜ 
ɝɨɞ. Ещɟ ɛɨɥɟɟ эɤɫɬɪɟɦаɥьɧыɟ ɬɟɦɩɟɪаɬɭɪы, 
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ɤɨɬɨɪыɟ ɫɟɣчаɫ ɩɪаɤɬɢчɟɫɤɢ ɧɟ ɧаɛɥɸɞаɸɬ-
ɫя, ɤ эɬɨɦɭ ɠɟ ɦɨɦɟɧɬɭ ɛɭɞɭɬ ɨɬɦɟчаɬьɫя ɧа 
60% ɫɭшɢ. 
Ƚɥɨɛаɥьɧɨɟ ɩɨɬɟɩɥɟɧɢɟ ɫɨɡɞаɟɬ ɧɟ ɦɟɧɟɟ 
ɝɥɨɛаɥьɧыɟ ɩɪɨɛɥɟɦы ɧɟ ɬɨɥьɤɨ  ɜ ɩɥаɧɟ 
ɩɪɨɞɨɜɨɥьɫɬɜɟɧɧɨɣ ɛɟɡɨɩаɫɧɨɫɬɢ ɧаɫɟɥɟɧɢя 
Зɟɦɥɢ, ɧɨ ɬаɤɠɟ ɢ ɜ ɩɥаɧɟ ɠɢɡɧɟɨɛɟɫɩɟчɟɧɢя 
ɝɨɪɨɞɫɤɨɝɨ ɧаɫɟɥɟɧɢя ɢ аɞаɩɬацɢɢ ɫɬɪɨɢ-
ɬɟɥьɧɨɣ ɞɟяɬɟɥьɧɨɫɬɢ ɤ ɧɨɜыɦ ɤɥɢɦаɬɢчɟ-
ɫɤɢɦ ɪɟаɥɢяɦ ɧа ɝɥɭɛɨɤɭɸ ɩɟɪɫɩɟɤɬɢɜɭ ɝɪа-
ɞɨɫɬɪɨɢɬɟɥьɧɨɝɨ ɩɥаɧɢɪɨɜаɧɢя. 
Ваɠɧɨɫɬь ɭчɟɬа эɬɢх ɤɥɢɦаɬɢчɟɫɤɢх ɩɪɨцɟɫ-
ɫɨɜ ɜ ɫɬɪɨɢɬɟɥьɧɨɣ ɞɟяɬɟɥьɧɨɫɬɢ ɬаɤɠɟ ɭɫɢ-
ɥɢɜаɟɬɫя цɟɥыɦ ɪяɞɨɦ ɩɪɨцɟɫɫɨɜ ɢ ɬɟɧɞɟɧ-
цɢɣ ɜ ɩɪɢɪɨɞɟ ɢ ɬɟхɧɨɫɮɟɪɟ, ɜ ɨɬɟчɟɫɬɜɟɧɧɨɣ 
ɢ ɦɢɪɨɜɨɣ ɫɬɪɨɢɬɟɥьɧɨɣ ɢɧɞɭɫɬɪɢɢ [1,2]. 
Вɨ-ɩɟɪɜых, ɤ ɬаɤɢɦ ɩɪɨцɟɫɫаɦ ɧɟɨɛхɨɞɢɦɨ 
ɨɬɧɟɫɬɢ ɨɩаɫɧɭɸ эɜɨɥɸцɢɸ ɢɧɬɟɧɫɢɜɧɨɫɬɢ 
ɤɨɥɟɛаɧɢɣ ɫɪɟɞɧɢх, ɦаɤɫɢɦаɥьɧых ɢ ɦɢɧɢ-
ɦаɥьɧых ɬɟɦɩɟɪаɬɭɪ ɩɪаɤɬɢчɟɫɤɢ ɧа ɜɫɟх 
ɭɪɛаɧɢɡɢɪɨɜаɧɧых ɬɟɪɪɢɬɨɪɢях ɩɥаɧɟɬы. В 
ɪяɞɟ ɢɫɫɥɟɞɨɜаɧɢɣ эɬɢ ɤɨɥɟɛаɧɢя ɢ ɧɨɜыɟ 
ɬɟɦɩɟɪаɬɭɪɧыɟ ɪɟɤɨɪɞы ɨɛъяɫɧяɸɬɫя ɬɟхɧɨ-
ɝɟɧɧыɦ ɪɨɫɬɨɦ ɤɨɧцɟɧɬɪацɢɢ ɜ аɬɦɨɫɮɟɪɟ 
ɩаɪɧɢɤɨɜых ɝаɡɨɜ ɜ ɪɟɡɭɥьɬаɬɟ ɢɧɬɟɧɫɢɜɧɨɝɨ 
ɪɨɫɬа ɦɨщɧɨɫɬɢ ɦɢɪɨɜɨɣ ɢɧɞɭɫɬɪɢɢ. Оɩɩɨ-
ɧɟɧɬаɦɢ эɬɨɣ ɬɟɨɪɢɢ ɜыɞɜɢɝаɸɬɫя ɧа ɩɟɪɜыɣ 
ɩɥаɧ ɟɫɬɟɫɬɜɟɧɧыɟ эɧɞɨɝɟɧɧыɟ ɦɟхаɧɢɡɦы 
ɢɡɦɟɧɟɧɢя ɤɥɢɦаɬа ɧа Зɟɦɥɟ, ɫɜяɡаɧɧыɟ ɫ ɧɟ 
ɦɟɧɟɟ ɝɪɨɡɧыɦɢ ɝɥɨɛаɥьɧыɦɢ ɝɟɨɥɨɝɨ-
ɝɟɨɮɢɡɢчɟɫɤɢɦɢ ɢ ɨɤɟаɧɢчɟɫɤɢɦɢ ɩɪɨцɟɫɫа-
ɦɢ.  
В ɩɨɫɥɟɞɧɟɟ ɜɪɟɦя ɩɨɥɭчɢɥа ɨɩɪɟɞɟɥɟɧɧɨɟ 
ɫɬаɬɢɫɬɢчɟɫɤɨɟ ɩɨɞɬɜɟɪɠɞɟɧɢɟ ɢ ɬɟɨɪɢя эɤ-
ɡɨɝɟɧɧых ɦɟхаɧɢɡɦɨɜ ɝɥɨɛаɥьɧых ɤɥɢɦаɬɢ-
чɟɫɤɢх ɢɡɦɟɧɟɧɢɣ ɧа ɩɥаɧɟɬɟ ɤɨɫɦɨɝɟɧɧɨɝɨ 
ɩɪɨɢɫхɨɠɞɟɧɢя, ɨɫɧɨɜаɧɧая ɧа ɝɪаɜɢɬацɢɨɧ-
ɧɨɦ, ɜ ɬɨɦ чɢɫɥɟ ɪɟɡɨɧаɧɫɧɨɦ, ɦɟхаɧɢɡɦɟ 
ɜɡаɢɦɨɞɟɣɫɬɜɢя ɨɛъɟɤɬɨɜ ɫɨɥɧɟчɧɨɣ ɫɢɫɬɟ-
ɦы ɦɟɠɞɭ ɫɨɛɨɣ ɢ ɫ Сɨɥɧцɟɦ [3-7]. Дɪɭɝая 
ɤɨɫɦɨɝɟɧɧая ɬɟɨɪɢя ɛаɡɢɪɭɟɬɫя ɧа ɨɪɛɢɬаɥь-
ɧɨɦ ɩɟɪɟɦɟщɟɧɢɢ ɫɨɥɧɟчɧɨɣ ɫɢɫɬɟɦы ɜ ɨɛ-
ɥаɫɬь ɤɨɫɦɢчɟɫɤɨɝɨ ɩɪɨɫɬɪаɧɫɬɜа ɫ ɛɨɥɟɟ 
ɜыɫɨɤɨɣ ɩɥɨɬɧɨɫɬьɸ, ɧаɩɪɢɦɟɪ, ɜ ɪɟɡɭɥьɬаɬɟ 
ɟё ɜхɨɠɞɟɧɢя ɜ ɨчɟɪɟɞɧɨɟ ɨɛɥаɤɨ ɦɟɠɝаɥаɤ-
ɬɢчɟɫɤɨɣ ɤɨɫɦɢчɟɫɤɨɣ ɩыɥɢ. 

Вɨ-ɜɬɨɪых, ɜ ɩɨɫɥɟɞɧɟɟ ɞɟɫяɬɢɥɟɬɢɟ ɨɞɧɨɣ 
ɢɡ ɧаɢɛɨɥɟɟ ɨɫɬɪых ɩɪɨɛɥɟɦ ɩɪɨɦышɥɟɧɧɨ-
ɝɨ ɢ ɝɪаɠɞаɧɫɤɨɝɨ ɫɬɪɨɢɬɟɥьɫɬɜа ɢ ЖКХ РФ 
яɜɥяɟɬɫя ɡɧачɢɬɟɥьɧыɣ ɢɡɧɨɫ ɫɬɪɨɢɬɟɥьɧых 
ɤɨɧɫɬɪɭɤцɢɣ ɢ ɢɧɠɟɧɟɪɧых ɤɨɦɦɭɧɢɤацɢɣ, 
ɜɤɥɸчая ɞɟɝɪаɞацɢɸ ɝɟɨɬɟхɧɢчɟɫɤɨɣ ɧаɞɟɠ-
ɧɨɫɬɢ ɢх ɨɫɧɨɜаɧɢɣ. Наɪяɞɭ ɫ эɬɢɦ ɜ ɫɬɪɨɢ-
ɬɟɥьɧɨɣ ɢɧɞɭɫɬɪɢɢ Рɨɫɫɢɢ ɩɪɨɢɫхɨɞɢɬ ɨɫ-
ɜɨɟɧɢɟ шɢɪɨɤɨɝɨ ɫɩɟɤɬɪа ɧɨɜых ɫɬɪɨɢɬɟɥь-
ɧых ɦаɬɟɪɢаɥɨɜ, ɬɟхɧɨɥɨɝɢɣ ɩɪɨɟɤɬɢɪɨɜаɧɢя 
ɢ ɧɨɜых ɭɧɢɤаɥьɧых аɪхɢɬɟɤɬɭɪɧых ɩɪɨɟɤ-
ɬɨɜ, ɪаɡɪаɛɨɬɤа ɤɨɬɨɪых ɜɟɥаɫь ɞɥя ɞɪɭɝɢх 
ɤɥɢɦаɬɢчɟɫɤɢх ɡɨɧ ɩɥаɧɟɬы, а ɬаɤɠɟ ɛыɥа 
ɧачаɬа ɢ ɡаɜɟɪшɟɧа ɜ ɞɟɜяɧɨɫɬыɟ ɝɨɞы ХХ 
ɜɟɤа, ɤɨɝɞа ɩɪɨɛɥɟɦа ɝɥɨɛаɥьɧɨɝɨ ɢɡɦɟɧɟɧɢя 
ɤɥɢɦаɬа ɧɟ ɫɬɨяɥа ɬаɤ ɨɫɬɪɨ ɢ аɤɬɭаɥьɧɨ.  
Сɢɬɭацɢя ɤɪɢɬɢчɟɫɤɨɝɨ ɪɨɫɬа аɤɬɭаɥьɧɨɫɬɢ 
ɧашɥа ɫɜɨɟ ɨɬɪаɠɟɧɢɟ ɢ ɜ ɞɥɢɬɟɥьɧых ɫɪɨ-
ɤах ɞɟɣɫɬɜɢя ɩɪɟɞшɟɫɬɜɭɸщɟɣ ɧɨɪɦаɬɢɜɧɨɣ 
ɞɨɤɭɦɟɧɬацɢɢ ɢ ɟɟ ɜыɧɭɠɞɟɧɧɨɣ ɦɨɞɟɪɧɢɡа-
цɢɢ ɜ ɫɜяɡɢ ɫ ɝɥɨɛаɥьɧыɦɢ ɢɡɦɟɧɟɧɢяɦɢ 
ɤɥɢɦаɬа. Наɩɪɢɦɟɪ, СНɢП 2.01.07-85 «На-
ɝɪɭɡɤɢ ɢ ɜɨɡɞɟɣɫɬɜɢя» ɛɟɡ ɫɭщɟɫɬɜɟɧɧых ɢɡ-
ɦɟɧɟɧɢɣ ɢ ɞɨɩɨɥɧɟɧɢɣ ɩɪɢɦɟɧяɥɫя ɫ 1985 
ɝɨɞа ɜ ɬɟчɟɧɢɟ 26 ɥɟɬ, ɜɩɥɨɬь ɞɨ 2011 ɝɨɞа, 
ɩɨɤа ɧɟ ɜɫɬɭɩɢɥ ɜ ɞɟɣɫɬɜɢɟ ɫɜɨɞ ɩɪаɜɢɥ СП 
20.13330.2011 [8], ɭчɢɬыɜаɸщɢɣ ɬɟɤɭщɢɟ 
ɤɥɢɦаɬɢчɟɫɤɢɟ ɪɟаɥɢɢ.  
Тɟɦɩɟɪаɬɭɪɧыɟ ɜɨɡɞɟɣɫɬɜɢя ɧа ɫɬɪɨɢɬɟɥь-
ɧыɟ ɤɨɧɫɬɪɭɤцɢɢ ɡɞаɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ ɨɬɧɨ-
ɫяɬɫя ɤ чɢɫɥɭ ɜаɠɧых ɤɥɢɦаɬɢчɟɫɤɢх ɧаɝɪɭ-
ɡɨɤ, ɭчɢɬыɜаɟɦых ɩɪɢ ɩɪɨɟɤɬɢɪɨɜаɧɢɢ ɡɞа-
ɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ [8]. В чаɫɬɧɨɫɬɢ, ɜ ɤаɪɬах 
ɬɟɦɩɟɪаɬɭɪɧɨɝɨ ɡɨɧɢɪɨɜаɧɢя Рɨɫɫɢɢ ɜ ɫɜɨɞɟ 
ɩɪаɜɢɥ [8] ɞаɸɬɫя ɫɪɟɞɧɟɦɟɫячɧыɟ ɬɟɦɩɟɪа-
ɬɭɪы ɜ ɫаɦɨɦ хɨɥɨɞɧɨɦ ɦɟɫяцɟ (яɧɜаɪь) ɢ ɜ 
ɫаɦɨɦ ɬɟɩɥɨɦ ɦɟɫяцɟ (ɢɸɥɟ), а ɬаɤɠɟ ɢх 
ɦаɤɫɢɦаɥьɧыɟ ɨɬɤɥɨɧɟɧɢя ɜ яɧɜаɪɟ. Наɩɪɢ-
ɦɟɪ, ɞɥя ɝɨɪɨɞа Мɨɫɤɜы эɬɢ ɞаɧɧыɟ ɢɦɟɸɬ 
ɫɥɟɞɭɸщɢɟ ɡɧачɟɧɢя:  ɜ яɧɜаɪɟ -10ɨС (Каɪɬа 5. Раɣɨɧɢɪɨɜа-

ɧɢɟ ɬɟɪɪɢɬɨɪɢɢ Рɨɫɫɢɣɫɤɨɣ Фɟɞɟɪа-
цɢɢ ɩɨ ɫɪɟɞɧɟɣ ɦɟɫячɧɨɣ ɬɟɦɩɟɪаɬɭɪɟ 
ɜɨɡɞɭха [8]);   ɜ ɢɸɥɟ +20ɨС (Каɪɬа 6. Раɣɨɧɢɪɨɜа-
ɧɢɟ ɬɟɪɪɢɬɨɪɢɢ Рɨɫɫɢɣɫɤɨɣ Фɟɞɟɪа-
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цɢɢ ɩɨ ɫɪɟɞɧɟɣ ɦɟɫячɧɨɣ ɬɟɦɩɟɪаɬɭɪɟ 
ɜɨɡɞɭха [8]);   ɨɬɤɥɨɧɟɧɢя ɜ яɧɜаɪɟ 20ɨС Каɪɬа (7. 
Раɣɨɧɢɪɨɜаɧɢɟ ɬɟɪɪɢɬɨɪɢɢ Рɨɫɫɢɣ-
ɫɤɨɣ Фɟɞɟɪацɢɢ ɩɨ ɨɬɤɥɨɧɟɧɢяɦ 
ɫɪɟɞɧɟɣ ɬɟɦɩɟɪаɬɭɪы ɜɨɡɞɭха ɧаɢɛɨ-
ɥɟɟ хɨɥɨɞɧых ɫɭɬɨɤ ɨɬ ɫɪɟɞɧɟɣ ɦɟ-
ɫячɧɨɣ ɬɟɦɩɟɪаɬɭɪы [8]).  

Оɞɧаɤɨ ɞаɧɧыɟ эɬɢх ɤаɪɬ, ɨɛɥаɞая ɨɩɪɟɞɟ-
ɥɟɧɧɨɣ ɤɨɧɤɪɟɬɧɨɫɬьɸ ɜ ɤачɟɫɬɜɟ ɢɫхɨɞɧых 
ɞаɧɧых ɞɥя ɩɪɨɟɤɬɧых ɪаɛɨɬ, ɧɟɫɤɨɥьɤɨ ɨɬ-
ɥɢчаɸɬɫя ɨɬ ɩɟɪɟчɧɟɣ ɬɟɦɩɟɪаɬɭɪɧых ɩаɪа-
ɦɟɬɪɨɜ, ɩɪɢɜɟɞɟɧɧых ɜ ɧɨɪɦаɬɢɜɧых ɞɨɤɭ-
ɦɟɧɬах ɩɨ ɫɬɪɨɢɬɟɥьɧɨɣ ɤɥɢɦаɬɨɥɨɝɢɢ, ɧа-
ɩɪɢɦɟɪ, ɜ СНɢП 23-01-99* "Сɬɪɨɢɬɟɥьɧая 
ɤɥɢɦаɬɨɥɨɝɢя" [9]. Вɦɟɫɬɟ ɫ ɬɟɦ ɞаɠɟ ɜ эɬɨɦ 
ɞɨɤɭɦɟɧɬɟ [9], ɧɟɫɦɨɬɪя ɧа ɫɭщɟɫɬɜɟɧɧɨ 
ɪаɫшɢɪɟɧɧыɣ ɩɟɪɟчɟɧь ɩɪɢɜɟɞɟɧɧых ɬɟɦɩɟ-
ɪаɬɭɪɧых ɩаɪаɦɟɬɪɨɜ, ɨɬɫɭɬɫɬɜɭɸɬ ɞаɧɧыɟ, 
ɭчɢɬыɜаɸщɢɟ эɜɨɥɸцɢɸ ɬɟɦɩɟɪаɬɭɪɧых ɧа-
ɝɪɭɡɨɤ ɧа ɫɬɪɨɢɬɟɥьɧых ɤɨɧɫɬɪɭɤцɢɢ ɜ ɬɟчɟ-
ɧɢɟ ɠɢɡɧɟɧɧɨɝɨ цɢɤɥа ɡɞаɧɢɣ ɜ ɫɜяɡɢ ɫ ɩɪɨ-
ɞɨɥɠаɸщɢɦɫя ɝɥɨɛаɥьɧыɦ ɩɨɬɟɩɥɟɧɢɟɦ, 
ɜɤɥɸчая ɢɡɦɟɧɟɧɢɟ чаɫɬɨɬы ɢɥɢ ɤɨɥɢчɟɫɬɜа 
ɩɟɪɟхɨɞɨɜ ɬɟɦɩɟɪаɬɭɪы ɜɨɡɞɭха чɟɪɟɡ ɧɨɥь. 
Эɬɨɬ ɩаɪаɦɟɬɪ яɜɥяɟɬɫя ɜаɠɧыɦ ɫ ɬɨчɤɢ ɡɪɟ-
ɧɢя ɨцɟɧɤɢ ɪɢɫɤɨɜ ɫɜɟɪхɩɪɨɟɤɬɧɨɝɨ ɢɡɧɨɫа 
ɫɬɪɨɢɬɟɥьɧых ɤɨɧɫɬɪɭɤцɢɣ ɢ ɞɟɝɪаɞацɢɢ 
ɝɟɨэɤɨɥɨɝɢчɟɫɤɨɣ ɫɢɫɬɟɦы ɨɫɧɨɜаɧɢɣ ɜ ɬɟ-
чɟɧɢɟ ɠɢɡɧɟɧɧɨɝɨ цɢɤɥа ɡɞаɧɢɣ  ɡа ɫчɟɬ 
ɧаɤɨɩɥɟɧɢя ɞɟɮɟɤɬɨɜ ɜ ɪɟɡɭɥьɬаɬɟ ɦɧɨɝɨ-
цɢɤɥɨɜых ɪаɡɦɨɪаɠɢɜаɧɢɣ. 
Сɨɝɥаɫɧɨ ɞɟɣɫɬɜɭɸщɟɦɭ ɫɜɨɞɭ ɩɪаɜɢɥ ɬɟɦ-
ɩɟɪаɬɭɪɧыɟ ɜɨɡɞɟɣɫɬɜɢя ɨɬɧɟɫɟɧы ɤ ɤɪаɬɤɨ-
ɜɪɟɦɟɧɧыɦ ɤɥɢɦаɬɢчɟɫɤɢɦ ɧаɝɪɭɡɤаɦ ɧа 
ɫɬɪɨɢɬɟɥьɧыɟ ɤɨɧɫɬɪɭɤцɢɢ, ɧаɪяɞɭ ɫ ɜɟɬɪɨ-
ɜыɦɢ, ɫɧɟɝɨɜыɦɢ ɢ ɝɨɥɨɥɟɞɧыɦɢ. Вɦɟɫɬɟ ɫ 
ɬɟɦ ɬаɤɢɟ ɞɥɢɬɟɥьɧыɟ ɧаɝɪɭɡɤɢ, ɤаɤ ɜɨɡɞɟɣ-
ɫɬɜɢя, ɨɛɭɫɥɨɜɥɟɧɧыɟ ɞɟɮɨɪɦацɢяɦɢ ɨɫɧɨ-
ɜаɧɢя, ɧɟ ɫɨɩɪɨɜɨɠɞаɸщɢɦɢɫя ɤɨɪɟɧɧыɦ 
ɢɡɦɟɧɟɧɢɟɦ ɫɬɪɭɤɬɭɪы ɝɪɭɧɬа ɢ ɨɬɬаɢɜаɧɢɟɦ 
ɜɟчɧɨɦɟɪɡɥых ɝɪɭɧɬɨɜ, а ɬаɤɠɟ ɜɨɡɞɟɣɫɬɜɢя, 
ɨɛɭɫɥɨɜɥɟɧɧыɟ ɢɡɦɟɧɟɧɢɟɦ ɜɥаɠɧɨɫɬɢ, 
ɭɫаɞɤɨɣ ɢ ɩɨɥɡɭчɟɫɬьɸ ɦаɬɟɪɢаɥɨɜ, ɨɛɥаɞа-
ɸɬ ɡаɦɟɬɧɨɣ ɢ ɬɪɟɛɭɸщɟɣ ɭчɟɬа ɩаɪаɦɟɬɪɢ-
чɟɫɤɨɣ ɡаɜɢɫɢɦɨɫɬьɸ ɨɬ ɤɨɥɟɛаɧɢɣ ɬɟɦɩɟɪа-
ɬɭɪы, ɜɥɢяɸщɢх ɧа ɢɧɬɟɧɫɢɜɧɨɫɬь ɩɪɨцɟɫ-

ɫɨɜ ɬɟɩɥɨɦаɫɫɨɩɟɪɟɧɨɫа, ɤɨɧɜɟɤцɢɨɧɧых ɢ 
ɬɟɪɦɨɞɟɮɨɪɦацɢɨɧɧых ɩɪɨцɟɫɫɨɜ. 
Учɟɬ ɬɟɦɩɟɪаɬɭɪɧых ɧаɝɪɭɡɨɤ ɩɪɢ ɩɪɨɟɤɬɢ-
ɪɨɜаɧɢɢ ɡɞаɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ ɜ ɫɜɨɞɟ ɩɪа-
ɜɢɥ ɪɟɤɨɦɟɧɞɭɟɬɫя ɩɪɨɜɨɞɢɬь ɫ ɢɫɩɨɥьɡɨɜа-
ɧɢɟɦ ɤаɪɬ ɪаɣɨɧɢɪɨɜаɧɢя ɬɟɪɪɢɬɨɪɢɢ Рɨɫ-
ɫɢɣɫɤɨɣ Фɟɞɟɪацɢɢ ɩɨ ɫɪɟɞɧɟɣ ɦɟɫячɧɨɣ 
ɬɟɦɩɟɪаɬɭɪɟ ɜɨɡɞɭха ɜ яɧɜаɪɟ ɢ ɜ ɢɸɥɟ, а 
ɬаɤɠɟ ɩɨ ɨɬɤɥɨɧɟɧɢяɦ ɫɪɟɞɧɟɣ ɬɟɦɩɟɪаɬɭɪы 
ɜɨɡɞɭха ɧаɢɛɨɥɟɟ хɨɥɨɞɧых ɫɭɬɨɤ ɨɬ ɫɪɟɞɧɟɣ 
ɦɟɫячɧɨɣ ɬɟɦɩɟɪаɬɭɪы ɜ яɧɜаɪɟ (ɤаɪɬы 5,6 ɢ 
7 Пɪɢɥɨɠɟɧɢя Ж СП 20.13330.2011). Кɨэɮ-
ɮɢцɢɟɧɬ ɧаɞɟɠɧɨɫɬɢ ɩɨ ɧаɝɪɭɡɤɟ f ɞɥя ɬɟɦ-
ɩɟɪаɬɭɪɧых ɤɥɢɦаɬɢчɟɫɤɢх ɜɨɡɞɟɣɫɬɜɢɣ ɪɟ-
ɤɨɦɟɧɞɭɟɬɫя ɩɪɢɧɢɦаɬь ɪаɜɧыɦ 1,1. Эɬɨɬ 
ɤɨэɮɮɢцɢɟɧɬ ɬаɤɠɟ ɦɨɠɧɨ ɢɧɬɟɪɩɪɟɬɢɪɨ-
ɜаɬь, ɤаɤ ɧɟɨɛхɨɞɢɦɨɫɬь ɭчɢɬыɜаɬь ɫɭщɟɫɬ-
ɜɨɜаɧɢɟ ɪɢɫɤɨɜ ɩɪɟɜышɟɧɢя ɭɪɨɜɧя ɫɪɟɞɧɟ-
ɫɬаɬɢɫɬɢчɟɫɤɢх ɬɟɦɩɟɪаɬɭɪɧых ɧаɝɪɭɡɨɤ ɧа 
10%.  
В ɫɜяɡɢ ɫ эɬɢɦ ɜ ɧаɫɬɨящɟɣ ɫɬаɬьɟ ɩɪɢɜɟɞɟ-
ɧы ɪɟɡɭɥьɬаɬы ɫɬаɬɢɫɬɢчɟɫɤɨɝɨ аɧаɥɢɡа эɜɨ-
ɥɸцɢɢ ɬɟɦɩɟɪаɬɭɪɧых ɩɪɨцɟɫɫɨɜ ɧа ɩɪɢɦɟɪɟ 
ɝ. Мɨɫɤɜы ɡа ɩɨɫɥɟɞɧɢɟ 35 ɥɟɬ, ɤɨɬɨɪыɣ ɜ 
ɞаɥьɧɟɣшɟɦ ɛɭɞɭɬ ɢɫɩɨɥьɡɨɜаɬьɫя аɜɬɨɪаɦɢ 
ɞɥя ɦɨɞɟɥɢɪɨɜаɧɢя эɜɨɥɸцɢɢ ɬɟɦɩɟɪаɬɭɪ-
ɧых ɪɢɫɤɨɜ ɭɫɤɨɪɟɧɧɨɝɨ цɢɤɥɢчɟɫɤɨɝɨ ɢɡɧɨ-
ɫа ɫɬɪɨɢɬɟɥьɧых ɤɨɧɫɬɪɭɤцɢɣ ɧа ɝɥɭɛɢɧɭ 
ɝɪаɞɨɫɬɪɨɢɬɟɥьɧɨɝɨ ɩɥаɧɢɪɨɜаɧɢя (ɞɨ 100 
ɥɟɬ ɢ ɛɨɥɟɟ) ɢ ɛɭɞɭɬ ɩɪɟɞɫɬаɜɥɟɧы ɜ ɫɥɟ-
ɞɭɸщɟɣ ɫɟɪɢɢ ɫɬаɬɟɣ ɩɨ ɞаɧɧɨɣ ɩɪɨɛɥɟɦɟ. 
Учɢɬыɜая, чɬɨ ɝɥɨɛаɥьɧыɟ ɢɡɦɟɧɟɧɢя ɤɥɢɦа-
ɬа ɢ ɫɜяɡаɧɧыɟ ɫ ɧɢɦ эɜɨɥɸцɢɨɧɧыɟ ɜаɪɢа-
цɢɢ ɬɟɦɩɟɪаɬɭɪы ɩɪɨяɜɥяɸɬɫя ɜ ɜɢɞɟ ɧɨɜых 
ɪɟɤɨɪɞɨɜ ɩɨ ɬɟɦɩɟɪаɬɭɪɧыɦ ɦаɤɫɢɦɭɦаɦ ɢ 
ɦɢɧɢɦɭɦаɦ ɬɟɦɩɟɪаɬɭɪы ɫ ɧɟɤɨɬɨɪыɦ ɫɟ-
ɡɨɧɧыɦ ɫɦɟщɟɧɢɟɦ ɨɬɧɨɫɢɬɟɥьɧɨ яɧɜаɪя ɢ 
ɢɸɥя ɜ ɧаɫɬɨящɟɣ ɫɬаɬьɟ аɜɬɨɪы ɩɪɢɜɨɞяɬ 
ɪɟɡɭɥьɬаɬы ɫɬаɬɢɫɬɢчɟɫɤɨɝɨ аɧаɥɢɡа ɜаɪɢа-
цɢɣ ɬɟɦɩɟɪаɬɭɪы ɜ ɪаɡɥɢчɧых ɝɟɨɝɪаɮɢчɟ-
ɫɤɢх ɬɨчɤах ɩɥаɧɟɬы ɫ цɟɥьɸ ɨцɟɧɤɢ эɜɨɥɸ-
цɢɢ ɭɪɨɜɧя ɪɢɫɤɨɜ ɞɨɫɬɢɠɟɧɢя ɢɦɢ ɧɨɜых 
эɤɫɬɪɟɦаɥьɧых ɡɧачɟɧɢɣ ɢ ɩɪɢɦɟɧɟɧɢя, ɜ 
ɞаɥьɧɟɣшɟɦ, эɬɢх ɨцɟɧɨɤ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜа-
ɧɢɢ ɢɥɢ ɨцɟɧɤɟ ɪɢɫɤɨɜ ɫɜɟɪхɧɨɪɦаɬɢɜɧɨɝɨ 
ɢɡɧɨɫа ɫɬɪɨɢɬɟɥьɧых ɤɨɧɫɬɪɭɤцɢɣ. 
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ɋɌАɌɂɋɌɂЧȿɋɄɂɃ АɇАɅɂɁ  

ЭȼɈɅɘЦɂɂ 
 
В  ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩ.ɩ.13.2 ɢ 13.4 ɫɜɨɞа ɩɪа-
ɜɢɥ СП 20.13330.2011 «Наɝɪɭɡɤɢ ɢ ɜɨɡɞɟɣɫɬ-
ɜɢя» [8] ɩɪɢ ɩɪɨɟɤɬɢɪɨɜаɧɢɢ ɡɞаɧɢɣ ɢ ɫɨ-
ɨɪɭɠɟɧɢɣ ɞɨɥɠɧы ɭчɢɬыɜаɬьɫя ɫɪɟɞɧɢɟ ɫɭ-
ɬɨчɧыɟ ɬɟɦɩɟɪаɬɭɪы ɧаɪɭɠɧɨɝɨ ɜɨɡɞɭха ɜ 
ɬɟɩɥɨɟ ɢ хɨɥɨɞɧɨɟ ɜɪɟɦя ɝɨɞа ɢ ɢх ɨɬɤɥɨɧɟ-
ɧɢя ɨɬ ɫɪɟɞɧɢх ɦɟɫячɧых ɬɟɦɩɟɪаɬɭɪ ɫɨ-
ɝɥаɫɧɨ ɤаɪɬаɦ 5,6 ɢ 7 Пɪɢɥɨɠɟɧɢя Ж. 
Оɞɧаɤɨ ɜ ɫɜɨɞɟ ɩɪаɜɢɥ ɧɟ ɩɨɞɥɟɠаɬ ɭчɟɬɭ ɢ 
ɧɟ ɨɬɪаɠɟɧы ɜ ɤаɪɬах ɬɟɦɩɟɪаɬɭɪɧɨɝɨ ɪаɣ-
ɨɧɢɪɨɜаɧɢя ɬɟɪɪɢɬɨɪɢɢ РФ ɪɢɫɤɢ ɪɟаɥɢɡа-
цɢɢ эɤɫɬɪɟɦаɥьɧых ɡɧачɟɧɢɣ эɬɢх ɬɟɦɩɟɪа-
ɬɭɪ ɜ ɫɜяɡɢ ɫ ɝɥɨɛаɥьɧыɦɢ ɢɡɦɟɧɟɧɢяɦɢ 
ɤɥɢɦаɬа, ɧаɩɪɢɦɟɪ, ɧа ɩɪɨɟɤɬɧыɣ ɩɟɪɢɨɞ 
эɤɫɩɥɭаɬацɢɢ ɡɞаɧɢɣ (ɛɨɥɟɟ 25 ɥɟɬ) ɢɥɢ ɧа 
ɩɟɪɢɨɞ ɝɪаɞɨɫɬɪɨɢɬɟɥьɧɨɝɨ ɩɥаɧɢɪɨɜаɧɢя 
(ɞɨ 100 ɥɟɬ ɢ ɛɨɥɟɟ). 
В ɫɜяɡɢ ɫ эɬɢɦ ɜɨɡɦɟщɟɧɢɟ ɜɨɡɦɨɠɧɨɝɨ 
ɭщɟɪɛа ɩɪɢ аɜаɪɢɣɧɨɣ ɪɟаɥɢɡацɢɢ ɬаɤɢх 
ɪɢɫɤɨɜ ɩɨɥɧɨɫɬьɸ ɥɨɠɢɬɫя ɧа ɫɨɛɫɬɜɟɧɧɢɤа 
ɡɞаɧɢя ɢ ɧа ɫɬɪахɨɜɭɸ ɤɨɦɩаɧɢɸ. Наɪяɞɭ ɫ 
эɬɢɦ ɧɢ ɜ ɧɨɪɦаɬɢɜɧɨɣ, ɧɢ ɜ ɧаɭчɧɨ-
ɬɟхɧɢчɟɫɤɨɣ ɥɢɬɟɪаɬɭɪɟ ɞɨ ɧаɫɬɨящɟɝɨ ɜɪɟ-
ɦɟɧɢ ɧɟ ɩɪɢɜɨɞɢɬɫя ɪɟɡɭɥьɬаɬɨɜ ɢɫɫɥɟɞɨɜа-
ɧɢɣ, ɢɧых ɫɜɟɞɟɧɢɣ ɢ ɦɟɬɨɞɢчɟɫɤɢх ɩɪɟɞɥɨ-
ɠɟɧɢɣ ɩɨ ɪɟшɟɧɢɸ ɪаɫɫɦаɬɪɢɜаɟɦɨɣ ɩɪɨ-
ɛɥɟɦы ɜ ɩɪаɤɬɢчɟɫɤɨɦ ɩɥаɧɟ. 
В ɧаɫɬɨящɟɟ ɜɪɟɦя ɢɫɩɨɥьɡɭɟɬɫя ɧɟɫɤɨɥьɤɨ 
ɪаɡɥɢчɧых ɩɨɞхɨɞɨɜ ɤ ɨɩɪɟɞɟɥɟɧɢɸ ɦɟɪы 
ɪɢɫɤа. В эɤɨɧɨɦɢɤɟ ɡа ɦɟɪɭ ɪɢɫɤа, ɤаɤ ɩɪа-
ɜɢɥɨ, ɩɪɢɧɢɦаɟɬɫя ɩɪɨɢɡɜɟɞɟɧɢɟ ɜɟɪɨяɬɧɨ-
ɫɬɢ ɪɟаɥɢɡацɢɢ «ɧɟɠɟɥаɬɟɥьɧɨɝɨ» ɫɨɛыɬɢя 
ɧа ɫɭɦɦɭ ɭщɟɪɛа ɨɬ ɟɝɨ ɩɨɫɥɟɞɫɬɜɢɣ. 
Пɪɢ ɬаɤɨɦ ɩɨɞхɨɞɟ ɦɟɪа ɪɢɫɤа, ɜ ɬɨɦ чɢɫɥɟ 
ɩɪɢɪɨɞɧɨɝɨ, ɧаɩɪɢɦɟɪ ɬɟɦɩɟɪаɬɭɪɧɨɝɨ, ɞɥя 
ɨɬɞɟɥьɧɨɝɨ ɤɥаɫɫа ɫɨɛыɬɢɣ, ɧаɩɪɢɦɟɪ, ɭɜɟ-
ɥɢчɟɧɢɟ ɪаɫхɨɞɨɜ ɧа ɨɬɨɩɥɟɧɢɟ ɢɥɢ ɤɨɧɞɢ-
цɢɨɧɢɪɨɜаɧɢɟ ɜɧɭɬɪɟɧɧɢх ɩɨɦɟщɟɧɢɣ ɡɞа-
ɧɢɣ, ɨɩɪɟɞɟɥяɟɬɫя ɩɨ ɮɨɪɦɭɥɟ:  
 

R=P×C, 
 
ɝɞɟ P— ɜɟɪɨяɬɧɨɫɬь ɫɨɛыɬɢя, а C— ɫɭɦɦа 
ɭщɟɪɛа ɨɬ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɜɢɞа ɟɝɨ ɩɨɫɥɟɞɫɬ-

ɜɢɣ. Пɨɥɧыɣ ɪɢɫɤ ɨɩɪɟɞɟɥяɟɬɫя ɤаɤ ɫɭɦɦа 
ɪɢɫɤɨɜ ɩɨ ɤаɠɞɨɦɭ ɜɢɞɭ ɩɨɫɥɟɞɫɬɜɢɣ. 
Учɢɬыɜая, чɬɨ ɩɪɢ ɫɜɟɪхɩɪɨɟɤɬɧых ɬɟɦɩɟɪа-
ɬɭɪɧых ɧаɝɪɭɡɤах ɭщɟɪɛ ɦɨɠɟɬ ɩɪɨяɜɥяɬьɫя 
ɧɟ ɬɨɥьɤɨ ɜ ɞɨɩɨɥɧɢɬɟɥьɧых ɡаɬɪаɬах ɧа 
ɤɨɧɞɢцɢɨɧɢɪɨɜаɧɢɟ, ɧɨ ɢ ɜ ɜɢɞɟ ɭɫɤɨɪɟɧɧɨ-
ɝɨ ɢɡɧɨɫа ɫɬɪɨɢɬɟɥьɧых ɤɨɧɫɬɪɭɤцɢɣ ɢ ɢɧ-
ɠɟɧɟɪɧых ɫɟɬɟɣ, ɫɧɢɠɟɧɢя эɤɫɩɥɭаɬацɢɨɧ-
ɧых ɢ ɬɟхɧɢчɟɫɤɢх хаɪаɤɬɟɪɢɫɬɢɤ ɡɞаɧɢя, ɜ 
ɨɛщɟɦ ɫɥɭчаɟ ɭɞɨɛɧɟɟ ɩɪɢɦɟɧяɬь ɦɟɪɭ, ɢɫ-
ɩɨɥьɡɭɟɦɭɸ ɜ ɬɟхɧɢчɟɫɤɨɦ аɧаɥɢɡɟ ɪɢɫɤа, 
ɤɨɬɨɪая, ɤаɤ ɩɪаɜɢɥɨ, ɫɜɨɞɢɬɫя ɤ ɨцɟɧɤɟ ɜɟ-
ɪɨяɬɧɨɫɬɢ ɪɟаɥɢɡацɢɢ ɧɟɠɟɥаɬɟɥьɧɨɝɨ ɢɥɢ 
ɨɩаɫɧɨɝɨ ɫɨɛыɬɢя. Пɪɢ ɬɟхɧɢчɟɫɤɨɦ ɩɨɞхɨɞɟ 
ɦɟɪɨɣ ɪɢɫɤа R яɜɥяɟɬɫя ɛɟɡɪаɡɦɟɪɧая ɤɨɥɢ-
чɟɫɬɜɟɧɧая хаɪаɤɬɟɪɢɫɬɢɤа ɨɩаɫɧɨɫɬɢ (ɨɬ 0 
ɞɨ 1), ɨɩɪɟɞɟɥяɟɦая чаɫɬɨɬɨɣ ɪɟаɥɢɡацɢɢ 
ɨɩаɫɧɨɫɬɟɣ, ɬɨ ɟɫɬь эɬɨ ɨɬɧɨшɟɧɢɟ ɮаɤɬɢчɟ-
ɫɤɨɝɨ чɢɫɥа ɫɥɭчаɟɜ ɪɟаɥɢɡацɢɢ ɨɩаɫɧых ɫɨ-
ɛыɬɢɣ n ɤ ɦаɤɫɢɦаɥьɧɨ ɜɨɡɦɨɠɧɨɦɭ чɢɫɥɭ 
ɬаɤɢх ɫɨɛыɬɢɣ N ɡа ɭчɢɬыɜаɟɦыɣ ɩɟɪɢɨɞ 
ɜɪɟɦɟɧɢ:  

 
n

R
N

  .              (1) 

 
Иɫɩɨɥьɡɭя ɨɩɪɟɞɟɥɟɧɢɟ ɦɟɪы ɫɨɝɥаɫɧɨ ɜы-
ɪаɠɟɧɢɸ (1), ɬɟхɧɢчɟɫɤая ɨцɟɧɤа ɬɟɦɩɟɪа-
ɬɭɪɧых ɪɢɫɤɨɜ ɞɥя ɡɞаɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ 
ɦɨɠɟɬ ɛыɬь, ɧаɩɪɢɦɟɪ ɩɪɨɢɡɜɟɞɟɧа ɩɨ ɮɨɪ-
ɦɭɥɟ: 
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ɝɞɟ Rɤɪ, n(Δtɤɪ), Rɨ, n(tɨ) – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɜɟ-
ɪɨяɬɧɨɫɬь ɢ ɮаɤɬɢчɟɫɤɨɟ чɢɫɥɨ ɫɨɛыɬɢɣ 
ɫɜɟɪхɩɪɨɟɤɬɧɨɝɨ ɨɬɤɥɨɧɟɧɢя ɬɟɦɩɟɪаɬɭɪы 
(Δtɤɪ) ɨɬ ɫɪɟɞɧɢх ɦɧɨɝɨɥɟɬɧɢх ɡɧачɟɧɢɣ, ɜɟ-
ɪɨяɬɧɨɫɬь ɢ чɢɫɥɨ ɫɨɛыɬɢɣ ɫɜɟɪхɩɪɨɟɤɬɧɨɝɨ 
чɢɫɥа ɩɟɪɟхɨɞɨɜ ɬɟɦɩɟɪаɬɭɪы чɟɪɟɡ ɧɭɥɟɜɨɟ 
ɡɧачɟɧɢɟ (tɨ) ɩɪɢ ɦаɤɫɢɦаɥьɧɨ ɜɨɡɦɨɠɧɨɦ ɡа 
ɭчɢɬыɜаɟɦыɣ ɩɟɪɢɨɞ ɜɪɟɦɟɧɢ ɫɭɦɦаɪɧɨɦ 
чɢɫɥɟ ɬаɤɢх ɫɨɛыɬɢɣ N.  
Пɟɪɜыɣ ɩɨɤаɡаɬɟɥь Rɤɪ, ɦɨɠɧɨ ɢɧɬɟɪɩɪɟɬɢ-
ɪɨɜаɬь, ɧаɩɪɢɦɟɪ, ɤаɤ ɪɢɫɤ ɩɟɪɟɨхɥаɠɞɟɧɢя 
ɢɥɢ ɩɟɪɟɝɪɟɜа ɡɞаɧɢя, ɜɬɨɪɨɣ ɤаɤ ɪɢɫɤ ɪаɡ-
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ɦɨɪаɠɢɜаɧɢя ɫɢɫɬɟɦ ɜɨɞɨɫɧаɛɠɟɧɢя ɢɥɢ ɭɫ-
ɤɨɪɟɧɧɨɝɨ ɢɡɧɨɫа ɢɧɠɟɧɟɪɧых ɫɟɬɟɣ ɢ ɦаɬɟ-
ɪɢаɥɨɜ ɫɬɪɨɢɬɟɥьɧых ɤɨɧɫɬɪɭɤцɢɣ. 
В ɧаɫɬɨящɟɣ ɫɬаɬьɟ ɦы ɧɟ ɛɭɞɟɦ ɨцɟɧɢɜаɬь, 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ, ɫаɦɢ ɪɢɫɤɢ ɢ ɨɫɬаɜɢɦ ɪɟ-
шɟɧɢɟ эɬɨɣ ɡаɞачɢ ɫɩɟцɢаɥɢɫɬаɦ, ɫɨɛɫɬɜɟɧ-
ɧɨ, ɜ ɨɛɥаɫɬɢ ɪɢɫɤɨɜ, а ɩɪɨɜɟɞɟɦ ɫɬаɬɢɫɬɢчɟ-
ɫɤɢɣ аɧаɥɢɡ эɜɨɥɸцɢɢ ɬɟɦɩɟɪаɬɭɪɧых ɩɪɨ-
цɟɫɫɨɜ ɧа ɬɟɪɪɢɬɨɪɢɢ ɝ.Мɨɫɤɜы ɡа ɩɟɪɢɨɞ ɫ 
1972 ɩɨ 2009 ɝɨɞы. В ɤачɟɫɬɜɟ ɛаɡɨɜɨɝɨ ɦаɫ-
ɫɢɜа ɞаɧɧых ɢɫɩɨɥьɡɭɟɦ ɞаɧɧыɟ ɦɟɬɟɨɧа-
ɛɥɸɞɟɧɢɣ ɦаɤɫɢɦаɥьɧых, ɦɢɧɢɦаɥьɧых ɢ 
ɫɪɟɞɧɟɫɭɬɨчɧых ɬɟɦɩɟɪаɬɭɪ ɡа ɩɟɪɢɨɞ ɫ 
01.01.1973 ɩɨ 31.08.1987 (5355 ɫɭɬɨɤ), а ɜ ɤа-
чɟɫɬɜɟ ɦаɫɫɢɜа ɞаɧɧых ɨ ɬɟɤɭщɟɦ ɫɨɫɬɨяɧɢɢ 
эɜɨɥɸцɢɢ ɤɥɢɦаɬɢчɟɫɤɢх ɩɪɨцɟɫɫɨɜ – ɞаɧ-
ɧыɟ аɧаɥɨɝɢчɧых ɦɟɬɟɨɧаɛɥɸɞɟɧɢɣ ɡа ɩɟɪɢ-
ɨɞ ɫ 01.01.1995 ɩɨ 31.08.2009 (5355 ɫɭɬɨɤ), 
ɩɨɫɥɟ ɩаɞɟɧɢя ɤɨɦɟɬы Шɭɦɟɣɤɟɪа-Лɟɜɢ ɧа 
ɘɩɢɬɟɪ. Таɤɢɦ ɨɛɪаɡɨɦ ɞɥɢɬɟɥьɧɨɫɬь аɧа-
ɥɢɡɢɪɭɟɦɨɝɨ эɜɨɥɸцɢɨɧɧɨɝɨ ɩɟɪɢɨɞа ɜ ɞаɧ-
ɧɨɦ ɫɥɭчаɟ ɛɭɞɟɬ ɫɨɫɬаɜɥяɬь 23 ɝɨɞа. 
На ɪɢɫ.1 ɩɪɟɞɫɬаɜɥɟɧы ɪɟɡɭɥьɬаɬы ɫɬаɬɢɫɬɢ-
чɟɫɤɨɝɨ аɧаɥɢɡа эɜɨɥɸцɢɢ ɫɪɟɞɧɟɣ ɫɭɬɨчɧɨɣ 
ɬɟɦɩɟɪаɬɭɪы ɜ Мɨɫɤɜɟ ɡа ɩɟɪɢɨɞ 01.01.1973 
ɩɨ 31.08.2009. 
Сɪаɜɧɢɬɟɥьɧыɣ аɧаɥɢɡ эɜɨɥɸцɢɢ ɫɪɟɞɧɟɫɭ-
ɬɨчɧых ɬɟɦɩɟɪаɬɭɪ ɜ ɝ.Мɨɫɤɜɟ ɡа 23 ɝɨɞа ɧа 
ɪɢɫ.1ɝ) ɩɨɞɬɜɟɪɠɞаɟɬ ɤɪɭɝɥɨɝɨɞɢчɧɨɟ ɩɪɨяɜ-
ɥɟɧɢɟ ɩɪɨцɟɫɫа ɝɥɨɛаɥьɧɨɝɨ ɩɨɬɟɩɥɟɧɢя, ɤаɤ 
ɜ ɡɢɦɧɢɣ ɢɥɢ хɨɥɨɞɧыɣ (ɜыɞɟɥɟɧɨ ɫɢɧɟɣ ɡа-
ɥɢɜɤɨɣ), ɬаɤ ɢ ɜ ɥɟɬɧɢɣ ɢɥɢ ɬɟɩɥыɣ ɩɟɪɢɨɞы 
(ɜыɞɟɥɟɧɨ ɤɪаɫɧɨɣ ɡаɥɢɜɤɨɣ). 
Вɟɪɨяɬɧɨɫɬь ɢɥɢ ɬɟхɧɢчɟɫɤɢɣ ɪɢɫɤ ɩɨɥɨɠɢ-
ɬɟɥьɧɨɝɨ ɨɬɤɥɨɧɟɧɢя ɬɟɦɩɟɪаɬɭɪы ɨɬ ɦɧɨɝɨ-
ɥɟɬɧɢх ɛаɡɨɜых ɡа 23 ɝɨɞа ɜыɪɨɫ ɩɪаɤɬɢчɟ-
ɫɤɢ ɧа 3%. Наɪяɞɭ ɫ эɬɢɦ ɧа ɪɢɫ.1ɝ) ɧаɛɥɸ-
ɞаɟɬɫя эɜɨɥɸцɢɨɧɧɨɟ ɫɦɟщɟɧɢɟ ɦаɤɫɢɦɭɦа 
ɜɟɪɨяɬɧɨɫɬɢ ɨɬɤɥɨɧɟɧɢɣ ɫɪɟɞɧɟɫɭɬɨчɧых 
ɬɟɦɩɟɪаɬɭɪ ɧа 1,2ɨС ɜ ɨɛɥаɫɬь ɛɨɥɟɟ ɜыɫɨɤɢх 
ɟɟ ɡɧачɟɧɢɣ.   
Рɟɡɭɥьɬаɬы ɫɬаɬɢɫɬɢчɟɫɤɨɝɨ аɧаɥɢɡа эɜɨɥɸ-
цɢɢ ɦɢɧɢɦаɥьɧɨɣ ɫɭɬɨчɧɨɣ ɬɟɦɩɟɪаɬɭɪы ɜ 
Мɨɫɤɜɟ ɡа ɩɟɪɢɨɞ 01.01.1973 ɩɨ 31.08.2009 
ɩɪɟɞɫɬаɜɥɟɧы ɧа ɪɢɫ.2.  

Аɧаɥɨɝɢчɧая ɬɟɧɞɟɧцɢя ɜ ɬɟчɟɧɢɟ 23 ɥɟɬ ɧа-
ɛɥɸɞаɟɬɫя (ɪɢɫ.2ɝ) ɢ ɞɥя эɜɨɥɸцɢɢ ɦɢɧɢ-
ɦаɥьɧых ɫɭɬɨчɧых ɬɟɦɩɟɪаɬɭɪ ɜ 
ɝ.Мɨɫɤɜɟ. Сɨɝɥаɫɧɨ ɝɪаɮɢɤаɦ ɪɢɫ.2а ɢ ɪɢɫ.2в  
ɧаɛɥɸɞаɟɬɫя ɩɪɨяɜɥɟɧɢɟ ɩɨɬɟɩɥɟɧɢя ɜ ɪɟ-
ɡɭɥьɬаɬɟ ɩɨɜышɟɧɢя ɦɢɧɢɦаɥьɧых ɫɭɬɨчɧых 
ɬɟɦɩɟɪаɬɭɪ ɜ ɞɢаɩаɡɨɧɟ ɧɢɠɟ -8ɨС ɢ ɜышɟ 
+12,5 ɨС. Таɤɠɟ ɩɨɞɬɜɟɪɠɞаɟɬɫя ɤɪɭɝɥɨɝɨ-
ɞɢчɧɨɟ ɩɪɨяɜɥɟɧɢɟ ɩɪɨцɟɫɫа ɝɥɨɛаɥьɧɨɝɨ 
ɩɨɬɟɩɥɟɧɢя, ɤаɤ ɜ ɡɢɦɧɢɣ ɢɥɢ хɨɥɨɞɧыɣ 
(ɜыɞɟɥɟɧɨ ɫɢɧɟɣ ɡаɥɢɜɤɨɣ), ɬаɤ ɢ ɜ ɥɟɬɧɢɣ 
ɢɥɢ ɬɟɩɥыɣ ɩɟɪɢɨɞы (ɜыɞɟɥɟɧɨ ɤɪаɫɧɨɣ ɡа-
ɥɢɜɤɨɣ). 
Вɟɪɨяɬɧɨɫɬь ɢɥɢ ɬɟхɧɢчɟɫɤɢɣ ɪɢɫɤ ɩɨɥɨɠɢ-
ɬɟɥьɧɨɝɨ ɨɬɤɥɨɧɟɧɢя ɦɢɧɢɦаɥьɧых ɬɟɦɩɟɪа-
ɬɭɪ ɨɬ ɦɧɨɝɨɥɟɬɧɢх ɛаɡɨɜых ɡа 23 ɝɨɞа ɜыɪɨɫ 
ɩɪаɤɬɢчɟɫɤɢ ɧа 1,5%. Наɪяɞɭ ɫ эɬɢɦ ɧаɛɥɸ-
ɞаɟɬɫя эɜɨɥɸцɢɨɧɧɨɟ ɫɦɟщɟɧɢɟ ɦаɤɫɢɦɭɦа 
ɜɟɪɨяɬɧɨɫɬɢ ɨɬɤɥɨɧɟɧɢɣ ɦɢɧɢɦаɥьɧых ɬɟɦ-
ɩɟɪаɬɭɪ (ɪɢɫ.2ɝ) ɛɨɥɟɟ чɟɦ ɧа 1ɨС ɜ ɨɛɥаɫɬь 
ɛɨɥɟɟ ɜыɫɨɤɢх ɟɟ ɡɧачɟɧɢɣ.   
Рɟɡɭɥьɬаɬы ɫɬаɬɢɫɬɢчɟɫɤɨɝɨ аɧаɥɢɡа эɜɨɥɸ-
цɢɢ ɦаɤɫɢɦаɥьɧɨɣ ɫɭɬɨчɧɨɣ ɬɟɦɩɟɪаɬɭɪы ɜ 
Мɨɫɤɜɟ ɡа ɩɟɪɢɨɞ 01.01.1973 ɩɨ 31.08.2009, 
ɩɪɟɞɫɬаɜɥɟɧɧыɟ ɧа ɪɢɫ.3, ɩɨɞɬɜɟɪɠɞаɸɬ ɧа-
ɥɢчɢɟ ɩɪɨяɜɥɟɧɢɣ ɝɥɨɛаɥьɧɨɝɨ ɩɨɬɟɩɥɟɧɢя ɜ 
эɜɨɥɸцɢɢ ɦɢɧɢɦаɥьɧых ɢ ɫɪɟɞɧɟɫɭɬɨчɧых 
ɬɟɦɩɟɪаɬɭɪ. Пɪɢчɟɦ ɦаɤɫɢɦɭɦ ɜɟɪɨяɬɧɨɫɬɢ 
ɨɬɤɥɨɧɟɧɢɣ (ɪɢɫ.3ɛ,ɝ) ɩɪаɤɬɢчɟɫɤɢ ɜыɪɨɫ ɞɨ 
1%  ɢ ɫɦɟɫɬɢɥɫя ɫ -1ɨС ɞɨ +2ɨС ɜ ɫɬɨɪɨɧɭ ɩɨ-
ɥɨɠɢɬɟɥьɧых, чɬɨ ɜ ɫɨчɟɬаɧɢɢ ɫ ɩɨɥɨɠɟɧɢɟɦ 
ɦаɤɫɢɦɭɦа ɞɥя ɫɪɟɞɧɟɫɭɬɨчɧых (ɨɤɨɥɨ 0ɨС 
ɧа ɪɢɫ. 1а,в) ɢ ɦɢɧɢɦаɥьɧых (ɦɟɧɟɟ 0ɨС ɧа 
ɪɢɫ. 2а,в) ɬɟɦɩɟɪаɬɭɪ ɩɨɡɜɨɥяɟɬ ɭɬɜɟɪɠɞаɬь 
ɨ ɩɨɜышɟɧɢɢ ɪɢɫɤа ɪɨɫɬа чаɫɬɨɬы ɨɛɥɟɞɟɧɟ-
ɧɢɣ ɢ цɢɤɥɢчɟɫɤɢх ɪаɡɦɨɪаɠɢɜаɧɢɣ, ɤаɤ 
ɜɧɟшɧɟɣ ɩɨɜɟɪхɧɨɫɬɢ ɫɬɟɧɨɜых ɨɝɪаɠɞɟɧɢɣ, 
ɬаɤ ɢ ɝɟɨэɤɨɥɨɝɢчɟɫɤɢх ɫɢɫɬɟɦ ɩɪɢɩɨɜɟɪхɧɨ-
ɫɬɧɨɝɨ ɫɥɨя ɨɫɧɨɜаɧɢɣ ɡɞаɧɢɣ, ɫɨɨɪɭɠɟɧɢɣ ɢ 
ɬɪаɧɫɩɨɪɬɧых ɤɨɦɦɭɧɢɤацɢɣ. 
 

 

ɁАɄɅɘЧȿɇɂȿ 
 
Пɪɨɛɥɟɦа ɢɡɧɨɫа ɢɧɠɟɧɟɪɧых ɤɨɦɦɭɧɢɤа-
цɢɣ, ɫɬɪɨɢɬɟɥьɧых ɤɨɧɫɬɪɭɤцɢɣ ɡɞаɧɢɣ ɢ ɫɨ-
ɨɪɭɠɟɧɢɣ, ɤаɤ ɜ Рɨɫɫɢɢ, ɬаɤ ɢ ɡа ɪɭɛɟɠɨɦ, 
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ɫɭщɟɫɬɜɟɧɧɨ ɨɛɨɫɬɪяɟɬɫя ɧɟ ɩɪɨɝɧɨɡɢɪɭɟɦыɦ 
ɪаɧɟɟ ɪɨɫɬɨɦ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɦаɥɨɢɡɭчɟɧɧых 
ɪаɧɟɟ аɜаɪɢɣɧɨ ɨɩаɫɧых ɤɥɢɦаɬɢчɟɫɤɢх ɩɪɨ-
цɟɫɫɨɜ ɢ, ɤаɤ ɫɥɟɞɫɬɜɢɟ, ɧɟɧɨɪɦɢɪɨɜаɧɧых 
ɫɜɟɪхɩɪɨɟɤɬɧых ɧаɝɪɭɡɨɤ ɢ ɜɨɡɞɟɣɫɬɜɢɣ ɧа 
ɡɞаɧɢя, ɫɨɨɪɭɠɟɧɢя. Оɫɨɛɨɟ ɦɟɫɬɨ ɫɪɟɞɢ ɬа-
ɤɢх ɧаɝɪɭɡɨɤ ɡаɧɢɦаɸɬ ɤɨɥɟɛаɧɢя ɬɟɦɩɟɪаɬɭ-
ɪы ɨɤɪɭɠаɸщɟɣ ɫɬɪɨɢɬɟɥьɧыɟ ɤɨɧɫɬɪɭɤцɢɢ 
аɬɦɨɫɮɟɪы, а ɬаɤɠɟ ɩɪɢɩɨɜɟɪхɧɨɫɬɧɨɝɨ ɫɥɨя 
ɝɟɨэɤɨɥɨɝɢчɟɫɤɨɣ ɫɢɫɬɟɦы ɨɫɧɨɜаɧɢɣ.  
Оɛɨɛщɟɧɧыɟ ɪɟɡɭɥьɬаɬы ɫɬаɬɢɫɬɢчɟɫɤɨɝɨ 
аɧаɥɢɡа ɬɟɦɩɟɪаɬɭɪɧых ɩɪɨяɜɥɟɧɢɣ ɝɥɨɛаɥь-
ɧɨɝɨ ɢɡɦɟɧɟɧɢя ɤɥɢɦаɬа ɩɨɤаɡыɜаɸɬ, чɬɨ 
ɧаɢɛɨɥьшɭɸ ɭɝɪɨɡɭ ɞɥя ɫɬɪɨɢɬɟɥьɧых ɤɨɧɫɬ-
ɪɭɤцɢɣ ɢ ɝɟɨэɤɨɥɨɝɢчɟɫɤɢх ɫɢɫɬɟɦ ɨɫɧɨɜаɧɢɣ 
ɩɪɟɞɫɬаɜɥяɸɬ ɧɟ ɬɨɥьɤɨ ɝɥɨɛаɥьɧɨɟ ɩɨɬɟɩɥɟ-
ɧɢɟ ɢ, ɫɨɛɫɬɜɟɧɧɨ, ɫɜяɡаɧɧɨɟ ɫ ɧɢɦ ɨɛщɟɟ ɩɨ-
ɜышɟɧɢɟ ɬɟɦɩɟɪаɬɭɪы, ɧɨ ɢ ɪɨɫɬ ɤɨɥɟɛаɬɟɥь-
ɧɨɫɬɢ ɫɭɬɨчɧых ɢ ɦɟɠɫɟɡɨɧɧых ɬɟɦɩɟɪаɬɭɪ-
ɧых ɩɪɨцɟɫɫɨɜ. Наɩɪɢɦɟɪ, ɢɧɬɟɧɫɢɜɧɨɫɬь ɨɬ-
ɤɥɨɧɟɧɢɣ ɦɢɧɢɦаɥьɧых ɫɭɬɨчɧых ɬɟɦɩɟɪаɬɭɪ 
ɡа 23 ɝɨɞа ɢɡɦɟɧɢɥɨɫь ɧа 1,25ɨС, а ɦаɤɫɢ-
ɦаɥьɧых - ɧа 2,6ɨС, ɬɨ ɟɫɬь ɪаɡɦах ɤɨɥɟɛаɧɢɣ 
ɜыɪɨɫ ɩɪаɤɬɢчɟɫɤɢ ɧа 1,3ɨС. Пɪɢ ɫɨхɪаɧɟɧɢɢ 
ɬаɤɨɣ ɬɟɧɞɟɧцɢɢ ɧа ɬɟɤɭщɢɣ ɩɟɪɢɨɞ ɝɪаɞɨ-
ɫɬɪɨɢɬɟɥьɧɨɝɨ ɩɥаɧɢɪɨɜаɧɢя (ɧаɩɪɢɦɟɪ, 100 
ɥɟɬ) ɜɩɨɥɧɟ ɪɟаɥɟɧ ɪɢɫɤ ɪɨɫɬа ɢɧɬɟɧɫɢɜɧɨɫɬɢ 
эɬɢх ɤɨɥɟɛаɧɢɣ ɜɩɥɨɬь ɞɨ  6ɨС, а ɬаɤɠɟ ɪɨɫɬ 
ɜɟɪɨяɬɧɨɫɬɢ ɪɟаɥɢɡацɢɢ ɫɨɛыɬɢɣ ɩɪɟɜышɟ-
ɧɢя ɦаɤɫɢɦаɥьɧыɦɢ ɬɟɦɩɟɪаɬɭɪаɦɢ ɦɧɨɝɨ-
ɥɟɬɧɟɝɨ ɭɪɨɜɧя ɧа 10 ɨС. 
Таɤɨɟ ɢ ɜɩɨɥɧɟ ɜɟɪɨяɬɧɨɟ ɪаɡɜɢɬɢɟ ɩɪɨцɟɫɫа 
ɝɥɨɛаɥьɧɨɝɨ ɩɨɬɟɩɥɟɧɢя ɧɟ ɦɨɠɟɬ ɨɫɬаɜаɬьɫя 
ɛɟɡ ɜɧɢɦаɧɢя ɢɧɜɟɫɬɨɪɨɜ, ɫаɦɨɪɟɝɭɥɢɪɭɟ-
ɦых ɨɪɝаɧɢɡацɢɣ, ɫɨɛɫɬɜɟɧɧɢɤɨɜ ɫɬɪɨɢɬɟɥь-
ɧых ɨɛъɟɤɬɨɜ, ɭɩɪаɜɥяɸщɢх ɢ эɧɟɪɝɟɬɢчɟ-
ɫɤɢх ɤɨɦɩаɧɢɣ, ɫɬɪахɨɜщɢɤɨɜ ɢ, ɜ ɩɟɪɜɭɸ 
ɨчɟɪɟɞь, ɦɭɧɢцɢɩаɥьɧых, ɪɟɝɢɨɧаɥьɧых ɢ 
ɮɟɞɟɪаɥьɧых ɫɥɭɠɛ ɪɟɝɭɥɢɪɨɜаɧɢя ɢ ɩɥаɧɢ-
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ɩɪɨцɟɫɫɨɜ ɢ ɮаɤɬɨɪɨɜ, ɤɨɬɨɪыɟ яɜɥяɸɬɫя 
ɩɪɢчɢɧɨɣ ɪɟаɥɢɡацɢɢ ɧɨɜых ɢ, ɤаɤ ɫɥɟɞɫɬ-

ɜɢɟ, ɧɟɧɨɪɦɢɪɨɜаɧɧых ɫɜɟɪхɩɪɨɟɤɬɧых ɧа-
ɝɪɭɡɨɤ ɢ ɜɨɡɞɟɣɫɬɜɢɣ ɧа ɡɞаɧɢя, ɫɨɨɪɭɠɟɧɢя 
ɢ ɝɟɨэɤɨɥɨɝɢчɟɫɤɢɟ ɫɢɫɬɟɦы ɭɪɛаɧɢɡɢɪɨɜаɧ-
ɧых ɬɟɪɪɢɬɨɪɢɣ. 
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АɇɇɈɌАЦɂə: Сɬаɬья ɩɨɫɜящɟɧа ɨɫɨɛɟɧɧɨɫɬяɦ ɪаɫчёɬɨɜ ɧаɩɪяɠёɧɧɨ-ɞɟɮɨɪɦɢɪɨɜаɧɧɨɝɨ ɫɨɫɬɨяɧɢя 
(НДС) ɩɥɨɬɢɧ ɢ ɢх ɨɫɧɨɜаɧɢɣ, ɜ ɧɟɣ ɨɩɢɫаɧы ɩɪɨɛɥɟɦы, ɜɨɡɧɢɤаɸщɢɟ ɩɪɢ чɢɫɥɟɧɧɨɦ ɪɟшɟɧɢɢ ɩɨɞɨɛ-
ɧых ɡаɞач, а ɬаɤɠɟ аɩɪɨɛɢɪɨɜаɧɧыɟ ɩɭɬɢ ɢх ɪɟшɟɧɢя. 
В ɫɬаɬьɟ ɨɩɢɫаɧа ɦɟɬɨɞɢɤа ɪаɫчёɬɨɜ НДС ɩɥɨɬɢɧ, ɤɨɬɨɪая ɪɟаɥɢɡɨɜаɧа аɜɬɨɪɨɦ ɜ ɜычɢɫɥɢɬɟɥьɧɨɣ ɩɪɨ-
ɝɪаɦɦɟ «NDS-N», ɫɨɡɞаɧɧɨɣ ɢ ɢɫɩɨɥьɡɭɟɦɨɣ ɧа ɤаɮɟɞɪɟ ɝɢɞɪɨɬɟхɧɢчɟɫɤɢх ɫɨɨɪɭɠɟɧɢɣ Мɨɫɤɨɜɫɤɨɝɨ ɝɨ-
ɫɭɞаɪɫɬɜɟɧɧɨɝɨ ɫɬɪɨɢɬɟɥьɧɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬа. В ɨɫɧɨɜɟ ɩɪɨɝɪаɦɦы ɥɟɠɢɬ ɦɟɬɨɞ ɤɨɧɟчɧых эɥɟɦɟɧɬɨɜ. 
Пɪɨɝɪаɦɦа ɩɪɟɞɧаɡɧачɟɧа ɞɥя ɜɟɞɟɧɢя ɪаɫчёɬɨɜ НДС ɫ ɭчёɬɨɦ ɧɟɥɢɧɟɣɧɨɝɨ хаɪаɤɬɟɪа ɞɟɮɨɪɦɢɪɨɜаɧɢя 
ɦаɬɟɪɢаɥɨɜ ɩɥɨɬɢɧы, а ɬаɤɠɟ c ɭчёɬɨɦ ɧɟɥɢɧɟɣɧых эɮɮɟɤɬɨɜ ɜɡаɢɦɨɞɟɣɫɬɜɢя ɠёɫɬɤɢх ɧɟɝɪɭɧɬɨɜых ɤɨɧ-
ɫɬɪɭɤцɢɣ ɦɟɠɞɭ ɫɨɛɨɣ ɢ ɫ ɝɪɭɧɬɨɜыɦ ɦаɫɫɢɜɨɦ. Нɟɥɢɧɟɣɧɨɫɬь ɞɟɮɨɪɦɢɪɨɜаɧɢя ɝɪɭɧɬа ɦɨɠɟɬ ɨɩɢɫы-
ɜаɬьɫя ɦɨɞɟɥьɸ ɩɪɨɮɟɫɫɨɪа Раɫɫɤаɡɨɜа Л.Н. ɢ ɦɨɞɟɥьɸ Кɭɥɨɧа-Мɨɪа. Мɨɞɟɥь Кɭɥɨɧа ɢɫɩɨɥьɡɭɟɬɫя ɢ 
ɞɥя ɨɩɢɫаɧɢя ɪаɛɨɬы шɜɨɜ (ɬɪɟщɢɧ) ɧа ɫɞɜɢɝ. Пɪɨɝɪаɦɦа ɩɨɡɜɨɥяɟɬ ɜɟɫɬɢ ɪаɫчёɬы НДС ɫ ɭчёɬɨɦ ɢɫɬɨ-
ɪɢɢ ɟɝɨ ɮɨɪɦɢɪɨɜаɧɢя, ɬ.ɟ. ɭчɢɬыɜаɬь ɩɨɫɥɟɞɨɜаɬɟɥьɧɨɫɬь ɜɨɡɜɟɞɟɧɢя ɢ ɧаɝɪɭɠɟɧɢя ɫɨɨɪɭɠɟɧɢя. 
Зɧачɢɬɟɥьɧая чаɫɬь ɫɬаɬьɢ ɩɨɫɜящɟɧа ɩɪɨɛɥɟɦаɦ ɢɫɩɨɥьɡɨɜаɧɢя чɢɫɥɟɧɧых ɦɟɬɨɞɨɜ ɞɥя ɪɟшɟɧɢя ɧɟɥɢ-
ɧɟɣɧых ɡаɞач НДС – ɩɪɨɛɥɟɦɟ ɫхɨɞɢɦɨɫɬɢ ɩɨɥɭчаɟɦых ɪɟшɟɧɢɣ ɤ ɬɨчɧыɦ, ɩɪɨɛɥɟɦɟ ɫхɨɞɢɦɨɫɬɢ ɢɬɟɪа-
цɢɨɧɧых ɩɪɨцɟɫɫɨɜ, а ɬаɤɠɟ ɩɭɬяɦ ɪɟшɟɧɢя эɬɢх ɩɪɨɛɥɟɦ. Пɪɨɛɥɟɦа ɫхɨɞɢɦɨɫɬɢ ɪɟшɟɧɢя ɜɨɡɧɢɤаɟɬ 
ɢɦɟɧɧɨ ɜ ɧɟɥɢɧɟɣɧых ɡаɞачах, ɨɧа ɫɨɫɬɨɢɬ ɜ ɬɨɦ, чɬɨ ɩɪɢ ɪɟшɟɧɢɢ ɜɨɡɦɨɠɧы ɫɥɭчаɢ, ɤɨɝɞа ɩɨɫɥɟɞɨɜа-
ɬɟɥьɧɨɫɬь ɢɬɟɪацɢɨɧɧɨɝɨ ɩɪɨцɟɫɫа (хɨɞ ɪɟшɟɧɢя) ɜɥɢяɟɬ ɧа ɩɨɥɭчаɟɦыɣ ɪɟɡɭɥьɬаɬ. Таɤɨɣ эɮɮɟɤɬ ɩɨɥɭ-
чаɟɬɫя ɩɪɢ ɩɪɢɦɟɧɟɧɢɢ ɦɟɬɨɞа ɥɨɤаɥьɧых ɜаɪɢацɢɣ ɞɥя ɩɨɢɫɤа ɧɟɢɡɜɟɫɬɧых ɩɟɪɟɦɟщɟɧɢɣ ɤɨɧɫɬɪɭɤцɢɢ, 
а ɬаɤɠɟ ɩɪɢ ɢɫɩɨɥьɡɨɜаɧɢɢ ɝɪаɧɢчɧых ɭɫɥɨɜɢɣ ɜ ɩɟɪɟɦɟщɟɧɢях. Рɟɤɨɦɟɧɞɭɟɬɫя ɧɟ ɢɡɦɟɧяɬь ɞɟɮɨɪɦа-
ɬɢɜɧыɟ хаɪаɤɬɟɪɢɫɬɢɤɢ ɜ ɩɪɨцɟɫɫɟ ɪɟшɟɧɢя, а ɭчёɬ ɧɟɥɢɧɟɣɧɨɫɬɢ ɩɪɨɢɡɜɨɞɢɬь ɩɭɬёɦ ɞɟɥɟɧɢя эɬаɩа ɧа-
ɝɪɭɠɟɧɢя ɧа ɪяɞ ɩɨɞэɬаɩɨɜ, ɧа ɤаɠɞɨɦ ɢɡ ɤɨɬɨɪых ɫɥɟɞɭɟɬ ɢɡɦɟɧяɬь ɞɟɮɨɪɦаɬɢɜɧыɟ ɫɜɨɣɫɬɜа ɦаɬɟɪɢа-
ɥɨɜ. 
Пɪɨаɧаɥɢɡɢɪɨɜаɧа ɫхɨɞɢɦɨɫɬь ɢɬɟɪацɢɨɧɧɨɝɨ ɩɪɨцɟɫɫа ɦɟɬɨɞа ɩɟɪɟɦɟɧɧɨɝɨ ɜɟɤɬɨɪа ɫɢɥ ɩɪɢ ɪаɡɥɢчɧɨɦ 
хаɪаɤɬɟɪɟ ɢɡɦɟɧɟɧɢя ɞɟɮɨɪɦаɬɢɜɧых ɫɜɨɣɫɬɜ ɝɪɭɧɬа ɜ ɩɪɨцɟɫɫɟ ɧаɝɪɭɠɟɧɢя. Пɨɤаɡаɧɨ, чɬɨ ɪаɫхɨɞɢ-
ɦɨɫɬь ɦɨɠɟɬ ɢɦɟɬь ɦɟɫɬɨ, ɟɫɥɢ ɩɪɢ ɢɡɦɟɧɟɧɢɢ НДС ɩɪɨɢɫхɨɞɢɬ ɪɟɡɤɨɟ ɫɧɢɠɟɧɢɟ ɞɟɮɨɪɦɢɪɭɟɦɨɫɬɢ ɦа-
ɬɟɪɢаɥа. Дɥя ɫхɨɞɢɦɨɫɬɢ ɧɟɨɛхɨɞɢɦɨ, чɬɨɛы ɢɬɟɪацɢɨɧɧыɣ ɩɪɨцɟɫɫ ɩɪɢɛɥɢɠɟɧɢя ɤ ɪɟшɟɧɢɸ шёɥ ɦɨɧɨ-
ɬɨɧɧɨ, ɜ ɨɞɧɨɦ ɧаɩɪаɜɥɟɧɢɢ - ɨɬ ɬɟɤɭщɟɝɨ ɧаɩɪяɠёɧɧɨɝɨ ɫɨɫɬɨяɧɢя ɤ ɬɪɟɛɭɟɦɨɦɭ, ɛɟɡ ɫɤачɤɨɜ. Эɬɨ ɨɫɨ-
ɛɟɧɧɨ ɜаɠɧɨ ɜ ɫɥɭчаях, ɟɫɥɢ ɩɨɦɢɦɨ ɧɟɥɢɧɟɣɧɨɫɬɢ ɢɡɦɟɧɟɧɢя ɞɟɮɨɪɦаɬɢɜɧых ɫɜɨɣɫɬɜ ɭчɢɬыɜаɟɬɫя ɧɟ-
ɥɢɧɟɣɧɨɫɬь, ɜыɡɜаɧɧая хɪɭɩɤɢɦ ɪаɡɪɭшɟɧɢɟɦ ɦаɬɟɪɢаɥа. Хɪɭɩɤɨɟ ɪаɡɪɭшɟɧɢɟ ɩɪɨɢɫхɨɞɢɬ ɜ ɜɢɞɟ ɪɟɡɤɨ-
ɝɨ ɫɤачɤа ɢ ɧɟɨɛɪаɬɢɦɨ, чɬɨ ɧɟɛɥаɝɨɩɪɢяɬɧɨ ɫɤаɡыɜаɟɬɫя ɧа хɨɞ ɢɬɟɪацɢɨɧɧɨɝɨ ɩɪɨцɟɫɫа ɢ ɧа ɟɝɨ ɫхɨɞɢ-
ɦɨɫɬь ɤ ɬɨчɧɨɦ ɪɟшɟɧɢɸ. 
Кɪɨɦɟ ɬɨɝɨ, аɜɬɨɪɨɦ ɩɪɟɞɥɨɠɟɧ ɨɪɢɝɢɧаɥьɧыɣ ɫɩɨɫɨɛ ɪаɡɝɪаɧɢчɟɧɢя ɨɛɥаɫɬɢ ɭɩɪɭɝɨɝɨ ɢ ɭɩɪɭɝɨ-
ɩɥаɫɬɢчɟɫɤɨɝɨ ɞɟɮɨɪɦɢɪɨɜаɧɢя ɝɪɭɧɬа (ɭɫɥɨɜɢɟ ɪаɡɝɪɭɡɤɢ) – ɩɭɬёɦ ɫɪаɜɧɟɧɢя эɥɥɢɩɫɨɜ ɧаɩɪяɠɟɧɢɣ ɜ 
ɬɨчɤɟ. 
Сɥɨɠɧɨɫɬь ɢ ɧɟɨɞɧɨɡɧачɧɨɫɬь ɪɟшɟɧɢя ɧɟɥɢɧɟɣɧых ɡаɞач ɨ НДС ɩɥɨɬɢɧ ɨɩɪаɜɞыɜаɟɬ ɭɫɢɥɢя ɩɨ ɫɨɡɞа-
ɧɢɸ ɫɨɛɫɬɜɟɧɧых ɜычɢɫɥɢɬɟɥьɧых ɩɪɨɝɪаɦɦ, ɬ.ɤ. ɩɨɡɜɨɥяɟɬ ɜɟɫɬɢ ɢɧɬɟɪɟɫɧыɟ ɧаɭчɧыɟ ɢɫɫɥɟɞɨɜаɧɢя, а 
ɬаɤɠɟ аɩɪɨɛɢɪɨɜаɬь ɧɨɜыɟ ɦɟɬɨɞɢɤɢ ɢ аɥɝɨɪɢɬɦы. 
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COMPUTER PROGRAM ON STRESS-STRAIN STATE ANALYSIS 
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ABSTRACT: The article deals with peculiarities of stress-strain state (SSS) analysis of dams and their founda-
tions; it describes the problems arising at numerical solving of such tasks as well as the approved ways of their 
solving. 
The article describes the methodology of dams SSS analysis, which was realized by the author in computer pro-
gram «NDS-N», created and used at the Chair of Hydraulic Structures in Moscow State Civil Engineering Uni-
versity. The basis of the program is finite element method. The program is intended for SSS analysis with con-
sideration of the character of dam materials deformation, as well as with consideration of non-linear effects of 
interaction of non-soil structures among themselves and with soil mass. Non-linearity of soil deformation may be 
described by the model of Professor L.N. Rasskazov and by Mohr-Coulomb model. Coulomb model is also used 
for description of joints (fissures) shear strength. The program permits conducting SSS analysis with considera-
tion of the history of its formation, i.e. considering the sequence of construction and loading of the structure. 
A considerable part of the article is devoted to the problems of using numerical methods for solving non-linear 
problems of SSS:  the problem of matching the obtained results to real values, the problem of convergence of it-
eration processes, as well as by solving these problems. The problem of right solution arises just in non-linear 
problems; its peculiarity is in the fact that at their solving there may be cases, when sequence of iteration process 
(solution sequence) affects the obtained result. Such effect appears at using the method of local variations in 
search of unknown displacements of the structure, as well as at use of boundary conditions in displacements. It is 
recommended not to change deformation characteristics in solution process, and non-linearity should be taken 
into account by dividing the step of loading in a number of sub-steps and at each of the sub-step the deformation 
properties of materials should be changed. 
Convergence of iteration process of the variable force vector method was analyzed at different characters of soil 
deformation properties variation in the loading process. It is shown that divergence may take place, if at variation 
of SSS the sharp decrease of material deformation occurs. For convergence it is necessary that the iteration proc-
ess of approximation to the solution should run steadily, in the same direction from the current stress state to the 
required one, without any jumps. This is especially important in cases, when, beside non-linearity of deformation 
properties variation, consideration is made of non-linearity caused by brittle fracture of the material. Brittle frac-
ture takes place in the form of an abrupt jump and it is irreversible, which affects the iteration process and its ap-
proximation to exact solution. 
Besides, the author suggested an ingenious method in distinguishing between the domains of elastic and elastic-
plastic deformation of soil (loosening conditions) – by comparing stress ellipses in the point. 
Complexity and ambiguity of solutions of non-linear problems on dam SSS justify the efforts on creation of own 
programs, because this permits conducting interesting scientific researches, as well as testing new methodologies 
and algorithms. 

 

Key words: embankment dam, soil models, stress-strain state, finite element method, computer program,  
method of local variations, structural failure, active loading and loosening, loosening condition,  

plastic deformations, contact finite elements, iteration process, convergence, stress ellipse 
 

 
Раɫчёɬы ɧаɩɪяɠёɧɧɨ-ɞɟɮɨɪɦɢɪɨɜаɧɧɨɝɨ ɫɨ-
ɫɬɨяɧɢя (НДС) ɝɪɭɧɬɨɜых ɩɥɨɬɢɧ – ɜаɠɧая 
ɨɛɥаɫɬь ɢɧɠɟɧɟɪɧых ɪаɫчёɬɨɜ ɩɪɢ ɩɪɨɟɤɬɢ-
ɪɨɜаɧɢɢ ɤɪɭɩɧых ɝɢɞɪɨɭɡɥɨɜ. Эɬɢ ɪаɫчёɬы 
ɞɨɥɠɧы ɨɬɜɟɬɢɬь ɩɪɨɟɤɬɢɪɨɜщɢɤаɦ ɧа ɫɥɟ-
ɞɭɸщɢɟ ɜɨɩɪɨɫы: 

 ɤаɤɨɣ ɜɟɥɢчɢɧы ɨɠɢɞаɸɬɫя ɩɟɪɟɦɟ-
щɟɧɢя ɝɪɭɧɬɨɜɨɣ ɩɥɨɬɢɧы ɜ ɩɪɨцɟɫɫɟ 
ɫɬɪɨɢɬɟɥьɫɬɜа ɢ эɤɫɩɥɭаɬацɢɢ, ɤаɤɨɣ 
ɧɭɠɧɨ ɧаɡɧачɢɬь ɫɬɪɨɢɬɟɥьɧɭɸ ɨɬ-
ɦɟɬɤɭ ɝɪɟɛɧя ɩɥɨɬɢɧы, чɬɨɛы ɩɨɫɥɟ 
ɫɬɪɨɢɬɟɥьɧых ɢ эɤɫɩɥɭаɬацɢɨɧɧых 
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ɨɫаɞɨɤ ɨɧа ɫɨɨɬɜɟɬɫɬɜɨɜаɥа ɩɪɨɟɤɬ-
ɧɨɣ,  ɛɭɞɟɬ ɥɢ ɨɛɟɫɩɟчɟɧа ɩɪɨчɧɨɫɬь ɝɪɭɧ-
ɬɨɜ ɬɟɥа ɩɥɨɬɢɧы, ɧɟ ɜɨɡɦɨɠɧа ɥɢ ɩɨ-
ɬɟɪя ɟё ɭɫɬɨɣчɢɜɨɫɬɢ,  ɤаɤɨɣ ɜɟɥɢчɢɧы ɨɠɢɞаɟɬɫя ɩɨɪɨɜɨɟ 
ɞаɜɥɟɧɢɟ ɜɧɭɬɪɢ ɬɟɥа ɩɥɨɬɢɧы ɢɡ 
ɝɥɢɧɢɫɬɨɝɨ ɝɪɭɧɬа, ɧɟ ɩɪɨɢɡɨɣɞɟɬ ɥɢ 
ɟɝɨ ɝɢɞɪаɜɥɢчɟɫɤɢɣ ɪаɡɪыɜ,   ɤаɤɨɜы ɛɭɞɭɬ ɧаɩɪяɠɟɧɢя ɜ ɧɟɝɪɭɧɬɨ-
ɜых эɥɟɦɟɧɬах ɤɨɧɫɬɪɭɤцɢɢ ɝɪɭɧɬɨ-
ɜɨɣ ɩɥɨɬɢɧы, ɛɭɞɟɬ ɥɢ ɨɛɟɫɩɟчɟɧа ɢх 
ɩɪɨчɧɨɫɬь. 

Оɞɧаɤɨ ɨɬɜɟɬɢɬь ɧа эɬɢ ɜɨɩɪɨɫы ɨɤаɡыɜаɟɬɫя 
ɫɥɨɠɧɨ. Эɬɨ ɩɪɟɠɞɟ ɜɫɟɝɨ, ɫɜяɡаɧɨ ɫ ɬɟɦ, чɬɨ 
ɝɪɭɧɬы ɨɛɥаɞаɸɬ яɪɤɨ ɜыɪаɠɟɧɧыɦ ɧɟɥɢ-
ɧɟɣɧыɦ хаɪаɤɬɟɪɨɦ ɞɟɮɨɪɦɢɪɨɜаɧɢя. В ɨɬ-
ɥɢчɢɟ ɨɬ ɦɧɨɝɢх ɞɪɭɝɢх ɫɬɪɨɢɬɟɥьɧых ɦаɬɟ-
ɪɢаɥɨɜ (ɛɟɬɨɧ, ɫɬаɥь ɢ ɬ.ɞ.) ɜ ɝɪɭɧɬах чаɫɬɢ-
цы ɫɥаɛɨ ɫɜяɡаɧы ɦɟɠɞɭ ɫɨɛɨɣ, ɩɨэɬɨɦɭ ɞɟ-
ɮɨɪɦɢɪɭɟɦɨɫɬь ɝɪɭɧɬɨɜ ɜɨ ɦɧɨɝɨɦ ɨɩɪɟɞɟ-
ɥяɟɬɫя ɤɨɥɢчɟɫɬɜɨɦ ɢ ɤачɟɫɬɜɨɦ эɬɢх ɫɜяɡɟɣ. 
Бɨɥьшɭɸ ɪɨɥь ɜ ɞɟɮɨɪɦɢɪɭɟɦɨɫɬɢ ɝɪɭɧɬɨɜ 
ɬаɤɠɟ ɢɝɪаɟɬ ɫɨɞɟɪɠащаяɫя ɜ ɩɨɪах ɜɨɞа. 
Ƚɪɭɧɬы ɦɨɝɭɬ ɛыɬь ɤаɤ ɞɜɭхɮаɡɧыɟ, ɬаɤ ɢ 
ɬɪёхɮаɡɧыɟ. 
Нɟɥɢɧɟɣɧыɣ хаɪаɤɬɟɪ ɞɟɮɨɪɦɢɪɨɜаɧɢя ɭ 
ɝɪɭɧɬɨɜ ɩɪɨяɜɥяɟɬɫя ɜ ɫɥɟɞɭɸщɢх яɜɥɟɧɢях 
(ɪɢɫ. 1):  ɧаɥɢчɢɟ ɩɪаɤɬɢчɟɫɤɢ ɜɨ ɜɫɟх ɫɥɭчаях 

ɩɥаɫɬɢчɟɫɤɢх ɞɟɮɨɪɦацɢɣ,  ɪɟɡɤɨɟ ɪаɡɥɢчɢɟ хаɪаɤɬɟɪа ɞɟɮɨɪɦɢ-
ɪɨɜаɧɢя ɩɪɢ ɬаɤ ɧаɡыɜаɟɦɨɦ аɤɬɢɜ-
ɧɨɦ ɧаɝɪɭɠɟɧɢɢ (ɩɪɢ ɤɨɬɨɪɨɦ ɩɪɨяɜ-
ɥяɸɬɫя ɩɥаɫɬɢчɟɫɤɢɟ ɫɜɨɣɫɬɜа) ɢ ɩɪɢ 
ɪаɡɝɪɭɡɤɟ (ɤɨɝɞа чащɟ ɜɫɟɝɨ ɝɪɭɧɬ ɞɟ-
ɮɨɪɦɢɪɭɟɬɫя ɥɢɧɟɣɧɨ),  ɨчɟɧь ɦаɥая ɜɟɥɢчɢɧа ɩɪɨчɧɨɫɬɢ ɧа 
ɪаɫɬяɠɟɧɢɟ, ɩɨ ɞɨɫɬɢɠɟɧɢɢ ɟё ɪаɫɬя-
ɝɢɜаɸщɢɦɢ ɧаɩɪяɠɟɧɢяɦɢ ɝɪɭɧɬ ɪаɡ-
ɪɭшаɟɬɫя,  ɩɨɥɡɭчɟɫɬь ɝɪɭɧɬɨɜ, ɬ.ɟ. ɩɨяɜɥɟɧɢɟ ɫ 
ɬɟчɟɧɢɟɦ ɜɪɟɦɟɧɢ ɞɨɩɨɥɧɢɬɟɥьɧых 
ɞɟɮɨɪɦацɢɣ ɛɟɡ ɞɨɩɨɥɧɢɬɟɥьɧых ɧа-
ɝɪɭɡɨɤ,  яɜɥɟɧɢɟ ɞɢɥаɬаɧɫɢɢ, ɬ.ɟ. ɢɡɦɟɧɟɧɢɟ 
ɨɛъёɦа ɝɪɭɧɬа ɩɪɢ ɫɞɜɢɝɟ, ɩɪɨɢɫхɨ-

ɞящɟɟ ɞаɠɟ ɩɪɢ ɧɟɢɡɦɟɧɧɨɦ ɜɫɟɫɬɨ-
ɪɨɧɧɟɦ ɨɛɠаɬɢɢ,  ɫɜяɡь хаɪаɤɬɟɪа ɞɟɮɨɪɦɢɪɨɜаɧɢя ɫ 
ɩɪɨчɧɨɫɬɧыɦ ɫɨɫɬɨяɧɢɟɦ,  ɡаɜɢɫɢɦɨɫɬь хаɪаɤɬɟɪа ɞɟɮɨɪɦɢɪɨɜа-
ɧɢя ɨɬ ɫɬɟɩɟɧɢ ɜɨɞɨɧаɫыщɟɧɢя. 

Вɫɟ эɬɢ ɨɫɨɛɟɧɧɨɫɬɢ ɞɟɥаɸɬ ɩɪɨцɟɫɫ ɞɟɮɨɪ-
ɦɢɪɨɜаɧɢя ɝɪɭɧɬɨɜ ɫɥɨɠɧыɦ. Раɫɫɦаɬɪɢɜая 
ɩаɫɩɨɪɬ ɝɪɭɧɬа (ɪɢɫ.1) ɦɨɠɧɨ ɡаɦɟɬɢɬь, чɬɨ 
ɞаɠɟ ɜ ɭɫɥɨɜɢях ɩɪɨɫɬɨɝɨ ɧаɝɪɭɠɟɧɢя, ɤɨɬɨ-
ɪɨɦɭ ɩɨɞɜɟɪɝаɟɬɫя ɝɪɭɧɬ ɜ ɫɬаɛɢɥɨɦɟɬɪɢчɟ-
ɫɤɢх ɢɫɩыɬаɧɢях, ɩаɪаɥɥɟɥьɧɨ ɪаɡɜɢɜаɸɬɫя 
ɞɜа ɩɪɨцɟɫɫа –  ɭɜɟɥɢчɟɧɢɟ ɢ ɭɦɟɧьшɟɧɢɟ 
ɤɨɥɢчɟɫɬɜа ɫɜяɡɟɣ ɦɟɠɞɭ чаɫɬɢцаɦɢ. Уɜɟɥɢ-
чɟɧɢɟ ɤɨɥɢчɟɫɬɜа ɫɜяɡɟɣ ɩɪɨɢɫхɨɞɢɬ ɩɪɢ 
ɜɫɟɫɬɨɪɨɧɧɟɦ ɨɛɠаɬɢɢ ɝɪɭɧɬа ɩɪɢ ɧаɝɪɭɠɟ-
ɧɢɢ ɢ ɜыɡыɜаɟɬ ɫɧɢɠɟɧɢɟ ɟɝɨ ɫɠɢɦаɟɦɨɫɬɢ. 
Уɦɟɧьшɟɧɢɟ ɤɨɥɢчɟɫɬɜа ɫɜяɡɟɣ ɩɪɨɢɫхɨɞɢɬ 
ɩɪɢ ɪɨɫɬɟ ɫɞɜɢɝɨɜых ɞɟɮɨɪɦацɢɣ ɢ ɜɟɞёɬ ɤ 
ɩɨɫɬɟɩɟɧɧɨɦ ɩɟɪɟхɨɞɭ ɝɪɭɧɬа ɤ ɩɪɟɞɟɥьɧɨɦɭ 
ɫɨɫɬɨяɧɢɸ ɢ ɤ ɭɜɟɥɢчɟɧɢɸ ɟɝɨ ɞɟɮɨɪɦɢɪɭɟ-
ɦɨɫɬɢ. 
 

 

 
Рɢсɭɧɨɤ 1. ɋхɟɦа ɩасɩɨɪɬа ɝɪɭɧɬа,  
ɩɨсɬɪɨɟɧɧɨɝɨ ɞɥя сɬаɧɞаɪɬɧɨɝɨ  
сɬаɛɢɥɨɦɟɬɪɢчɟсɤɨɝɨ ɢсɩыɬаɧɢя  

ɩɪɢ ɬɪёхɨсɧɨɦ сɠаɬɢɢ.  - ɫɪɟɞɧɟɟ ɧаɩɪяɠɟɧɢɟ, T – ɢɧɬɟɧɫɢɜɧɨɫɬь ɤаɫа-
ɬɟɥьɧых ɧаɩɪяɠɟɧɢɣ, e – ɨɛъёɦɧая ɞɟɮɨɪɦацɢя, 
Ƚ – ɢɧɬɟɧɫɢɜɧɨɫɬь ɤаɫаɬɟɥьɧых ɞɟɮɨɪɦацɢɣ,  – 
ɭɝɨɥ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢя ɝɪɭɧɬа, 1 – ɭчаɫɬɨɤ ɧа-
ɝɪɭɠɟɧɢя ɫɨ ɜɫɟɫɬɨɪɨɧɧɢɦ ɨɛɠаɬɢɟɦ, 2 – ɭчаɫɬɨɤ 
ɧаɝɪɭɠɟɧɢя ɫ ɪɨɫɬɨɦ ɜɟɪɬɢɤаɥьɧɨɝɨ ɧаɩɪяɠɟɧɢя. 
 



Вычɢɫɥɢɬɟɥьɧая ɩɪɨɝɪаɦɦа ɩɨ ɪаɫчɟɬɭ ɧаɩɪяɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜаɧɧɨɝɨ ɫɨɫɬɨяɧɢя ɝɪɭɧɬɨɜых ɩɥɨɬɢɧ:  
ɨɩыɬ ɫɨɡɞаɧɢя, ɦɟɬɨɞɢɤɢ ɢ аɥɝɨɪɢɬɦы  
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Ƚɪɭɧɬɨɜыɟ ɩɥɨɬɢɧы чаɫɬɨ ɢɦɟɸɬ ɡɧачɢɬɟɥь-
ɧɭɸ ɜыɫɨɬɭ (ɞɨ 300 ɦ), ɩɨэɬɨɦɭ ɜ ɩɪɨцɟɫɫɟ 
ɜɨɡɜɟɞɟɧɢя ɢ ɜɨɫɩɪɢяɬɢя ɧаɝɪɭɡɨɤ ɞɟɮɨɪɦɢ-
ɪɭɟɦɨɫɬь ɝɪɭɧɬɨɜ ɬɟɥа ɩɥɨɬɢɧы ɦɨɠɟɬ ɫɢɥь-
ɧɨ ɢɡɦɟɧяɬьɫя. Сɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɩɪɨцɟɫɫ 
ɮɨɪɦɢɪɨɜаɧɢя ɧаɩɪяɠёɧɧɨ-
ɞɟɮɨɪɦɢɪɨɜаɧɧɨɝɨ ɫɨɫɬɨяɧɢя ɝɪɭɧɬɨɜых 
ɩɥɨɬɢɧ – ɩɪɨцɟɫɫ ɨчɟɧь ɫɥɨɠɧыɣ. 
Пɨэɬɨɦɭ ɞɥя ɪаɫчёɬа НДС ɜыɫɨɤɢх ɝɪɭɧɬɨ-
ɜых ɩɥɨɬɢɧ ɧɟɞɨɩɭɫɬɢɦɨ ɫчɢɬаɬь ɝɪɭɧɬ ɥɢ-
ɧɟɣɧɨ-ɭɩɪɭɝɢɦ ɦаɬɟɪɢаɥɨɦ. Нɟɨɛхɨɞɢɦɨ 
ɪаɫɫɦаɬɪɢɜаɬь ɤаɤ ɦɢɧɢɦɭɦ ɧɟɫɤɨɥьɤɨ эɬа-
ɩɨɜ (ɦɨɦɟɧɬɨɜ ɜɪɟɦɟɧɢ), ɧа ɤаɠɞɨɦ ɢɡ ɤɨɬɨ-
ɪых ɞɟɮɨɪɦаɬɢɜɧыɟ ɫɜɨɣɫɬɜа ɝɪɭɧɬɨɜ ɞɨɥɠ-
ɧы ɢɡɦɟɧяɬьɫя ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɟɤɭщɢɦ ɧа-
ɩɪяɠёɧɧыɦ ɫɨɫɬɨяɧɢɟɦ. 
Пɪɢ эɬɨɦ ɨчɟɧь ɜаɠɧɨ ɭчɢɬыɜаɬь ɜɥɢяɧɢɟ ɧа 
ɮɨɪɦɢɪɨɜаɧɢя НДС ɩɨɫɥɟɞɨɜаɬɟɥьɧɨɫɬɢ 
ɜɨɡɜɟɞɟɧɢя ɢ ɡаɝɪɭɠɟɧɢя ɫɨɨɪɭɠɟɧɢя, ɬ.ɤ. 
ɩɪɢ эɬɨɦ чаɫɬь ɧаɝɪɭɡɨɤ ɜɨɫɩɪɢɧɢɦаɟɬɫя ɧɟ-
ɩɨɥɧыɦ ɩɪɨɮɢɥɟɦ ɩɥɨɬɢɧы. «Иɫɬɨɪɢя» 
ɮɨɪɦɢɪɨɜаɧɢя НДС ɨчɟɧь ɫɢɥьɧɨ ɫɤаɡыɜаɟɬ-
ɫя ɧа ɪаɫɩɪɟɞɟɥɟɧɢɢ ɧаɩɪяɠɟɧɢɣ ɜ ɬɟɥɟ ɩɥɨ-
ɬɢɧы, а, ɫɥɟɞɨɜаɬɟɥьɧɨ, ɧа ɞɟɮɨɪɦɢɪɭɟɦɨɫɬь 
ɬɟɥа ɩɥɨɬɢɧы. Оɞɧаɤɨ ɞɨ ɫɢх ɩɨɪ ɦɧɨɝɢɦɢ 
ɢɫɫɥɟɞɨɜаɬɟɥяɦɢ ɩɪɢ ɪаɫчёɬах НДС ɝɪɭɧɬɨ-
ɜых ɩɥɨɬɢɧ ɩɨɫɥɟɞɨɜаɬɟɥьɧɨɫɬь ɜɨɡɜɟɞɟɧɢя 
ɢ ɡаɝɪɭɠɟɧɢя ɫɨɨɪɭɠɟɧɢя ɥɢɛɨ ɧɟ ɭчɢɬыɜа-
ɟɬɫя ɜɨɜɫɟ, ɥɢɛɨ ɭчɢɬыɜаɟɬɫя ɝɪɭɛɨ.  
Чɬɨɛы ɢɦɟɬь ɜɨɡɦɨɠɧɨɫɬь ɨɩɢɫаɬь ɩɨɜɟɞɟ-
ɧɢɟ ɝɪɭɧɬа ɜ ɩɪɨцɟɫɫɟ ɟɝɨ ɧаɝɪɭɠɟɧɢя ɢ ɪаɡ-
ɝɪɭɡɤɢ, ɭчёɧыɦɢ ɜɫɟɝɨ ɦɢɪа ɫɨɡɞаɧɨ ɦɧɨɠɟ-
ɫɬɜɨ ɬаɤ ɧаɡыɜаɟɦых ɦɨɞɟɥɟɣ ɝɪɭɧɬɨɜ. Наɢ-
ɛɨɥьшɭɸ ɢɡɜɟɫɬɧɨɫɬь ɩɨɥɭчɢɥɢ ɦɨɞɟɥɢ Кɭ-
ɥɨɧа-Мɨɪа, Дɪɭɤɟɪа-Пɪаɝɟɪа, Cam Clay, ɝɢ-
ɩɟɪɛɨɥɢчɟɫɤая ɦɨɞɟɥь ɢ ɞɪɭɝɢɟ [1-3]. Нɟɤɨ-
ɬɨɪыɟ ɢɡ эɬɢх ɦɨɞɟɥɟɣ ɪɟаɥɢɡɭɸɬ ɬɟɨɪɢɸ 
ɩɥаɫɬɢчɟɫɤɨɝɨ ɬɟчɟɧɢя (ɦɨɞɟɥь Дɪɭɤɟɪа-
Пɪаɝɟɪа, Cam Clay), ɞɪɭɝɢɟ - ɞɟɮɨɪɦацɢɨɧ-
ɧыɟ ɬɟɨɪɢɢ ɩɥаɫɬɢчɧɨɫɬɢ. Каɠɞая ɢɡ ɧɢх ɨɛ-
ɥаɞаɟɬ ɫɜɨɢɦɢ ɩɪɟɢɦɭщɟɫɬɜаɦɢ ɢ ɧɟɞɨɫɬаɬ-
ɤаɦɢ. Нɨ ɞɨ ɫɢх ɩɨɪ ɧɟ ɫɨɡɞаɧа ɦɨɞɟɥь, ɤɨ-
ɬɨɪая ɛы ɛыɥа ɨɞɧɨɜɪɟɦɟɧɧɨ ɢ ɩɪɨɫɬɨɣ ɢ 
ɢɫчɟɪɩыɜаɸщɟɣ. Вɫɟ ɦɨɞɟɥɢ яɜɥяɸɬɫя ɮɟ-
ɧɨɦɟɧɨɥɨɝɢчɟɫɤɢɦɢ, ɬ.ɟ. ɨɩɢɫыɜаɸɬ (аɩ-
ɩɪɨɤɫɢɦɢɪɭɸɬ) ɧаɛɥɸɞаɟɦыɟ яɜɥɟɧɢя, ɧɟ 
ɪаɫɤɪыɜая ɢх ɫɭɬь. 

В ɞɟɮɨɪɦацɢɨɧɧɨɣ ɬɟɨɪɢɢ ɩɥаɫɬɢчɧɨɫɬɢ 
ɩɪɢɧɢɦаɟɬɫя, чɬɨ ɡаɜɢɫɢɦɨɫɬь ɧаɩɪяɠɟɧɢɣ ɢ 
ɞɟɮɨɪɦацɢɣ ɦɨɠɟɬ ɛыɬь ɡаɩɢɫаɧа ɜ ɮɨɪɦɟ 
ɡаɤɨɧа Ƚɭɤа, ɨɞɧаɤɨ ɤɨɧɫɬаɧɬы ɦаɬɟɪɢаɥɨɜ, 
ɢɫɩɨɥьɡɭɟɦыɟ ɜ эɬɨɦ ɡаɤɨɧɟ (ɦɨɞɭɥь ɞɟɮɨɪ-
ɦацɢɢ, ɤɨэɮɮɢцɢɟɧɬ Пɭаɫɫɨɧа), ɞɨɥɠɧы ɢɡ-
ɦɟɧяɬьɫя ɜ ɡаɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɤɭщɟɝɨ ɧаɩɪя-
ɠёɧɧɨɝɨ ɫɨɫɬɨяɧɢя ɝɪɭɧɬа, ɧɟ яɜɥяяɫь ɤɨɧ-
ɫɬаɧɬаɦɢ. Эɬɨɬ ɩɨɞхɨɞ ɭɞɨɛɟɧ ɞɥя ɟɝɨ чɢɫ-
ɥɟɧɧɨɣ ɪɟаɥɢɡацɢɢ, ɧɨ ɨɧ ɧɟ ɦɨɠɟɬ ɩɪɢɦɟ-
ɧяɬьɫя ɩɪɢ ɫɥɨɠɧых ɬɪаɟɤɬɨɪɢях ɧаɝɪɭɠɟ-
ɧɢя. Кɪɨɦɟ ɬɨɝɨ, ɨɧ ɬɪɟɛɭɟɬ ɫɥɨɠɧɨɝɨ ɢɬɟɪа-
цɢɨɧɧɨɝɨ ɩɪɨцɟɫɫа, ɤɨɬɨɪыɣ ɧɟ ɜɫɟɝɞа ɫхɨ-
ɞɢɬɫя. 
В ɬɟɨɪɢɢ ɩɥаɫɬɢчɟɫɤɨɝɨ ɬɟчɟɧɢя ɧаɩɪɨɬɢɜ, 
ɭчɢɬыɜаɟɬɫя, чɬɨ ɧаɩɪяɠёɧɧɨɟ ɫɨɫɬɨяɧɢɟ ɡа-
ɜɢɫɢɬ ɨɬ ɩɭɬɢ ɧаɝɪɭɠɟɧɢя ɜ ɩɪɨɫɬɪаɧɫɬɜɟ 
ɞɟɮɨɪɦацɢɣ, а ɫаɦɢ ɞɟɮɨɪɦацɢɢ ɪаɡɞɟɥяɸɬ-
ɫя ɧа ɭɩɪɭɝɢɟ ɢ ɩɥаɫɬɢчɟɫɤɢɟ. Дɥя ɪаɡɝɪаɧɢ-
чɟɧɢя ɨɛɥаɫɬɢ ɭɩɪɭɝɢх ɢ ɩɥаɫɬɢчɟɫɤɢх ɞɟ-
ɮɨɪɦацɢɣ ɜɜɨɞяɬ ɬаɤ ɧаɡыɜаɟɦыɟ ɩɨɜɟɪхɧɨ-
ɫɬɢ ɧаɝɪɭɠɟɧɢя (ɩɥаɫɬɢчɧɨɫɬɢ). Пɨɜɟɪхɧɨ-
ɫɬɢ ɧаɝɪɭɠɟɧɢя ɩɪɟɞɫɬаɜɥяɸɬ ɨɛычɧɨ ɜ ɩɪɨ-
ɫɬɪаɧɫɬɜɟ ɢɧɜаɪɢаɧɬɨɜ ɬɟɧɡɨɪа ɧаɩɪяɠɟɧɢɣ. 
В ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɨɫɬɭɥаɬɨɦ Дɪɭɤɟɪа ɩɪɟɞ-
ɩɨɥаɝаɟɬɫя, чɬɨ ɜɟɤɬɨɪ ɩɥаɫɬɢчɟɫɤɢх ɞɟɮɨɪ-
ɦацɢɣ ɧаɩɪаɜɥɟɧ ɩɟɪɩɟɧɞɢɤɭɥяɪɧɨ ɩɨɜɟɪх-
ɧɨɫɬɢ ɧаɝɪɭɠɟɧɢя. Оɩыɬɧыɟ ɞаɧɧыɟ ɧɟ ɩɨɞ-
ɬɜɟɪɠɞаɸɬ эɬɨɬ ɩɨɫɬɭɥаɬ, аɧаɥɢɬɢчɟɫɤɨɟ ɟɝɨ 
ɪаɫɫɦɨɬɪɟɧɢɟ ɬаɤɠɟ ɜыяɜɥяɟɬ ɜ ɧёɦ ɧɟɞɨɫ-
ɬаɬɤɢ [4, 5]. Сɨɡɞаɧɨ ɦɧɨɠɟɫɬɜɨ ɦɨɞɟɥɟɣ, 
ɪаɡɥɢчаɸщɢхɫя ɩɨ ɮɨɪɦɟ ɩɨɜɟɪхɧɨɫɬɟɣ ɩɥа-
ɫɬɢчɧɨɫɬɢ. Оɞɧаɤɨ ɤаɤ ɛыɥɨ ɩɨɤаɡаɧɨ ɜ [4], 
ɩɨɥɨɠɟɧɢɟ ɩɨɜɟɪхɧɨɫɬɟɣ ɧаɝɪɭɠɟɧɢя ɧɟ ɦɨ-
ɠɟɬ ɛыɬь ɨɩɪɟɞɟɥɟɧɨ эɤɫɩɟɪɢɦɟɧɬаɥьɧɨ, ɩɨ-
эɬɨɦɭ ɧɟɜɨɡɦɨɠɧɨ ɫɬɪɨɢɬь ɦɨɞɟɥɢ ɝɪɭɧɬа, 
ɨɫɧɨɜыɜаяɫь ɧа ɩɨɫɬɭɥаɬɟ Дɪɭɤɟɪа. 
В ɫɜяɡɢ ɫ эɬɢɦ ɩɪɨɮɟɫɫɨɪ Раɫɫɤаɡɨɜ Л.Н. [6] 
ɩɪɟɞɥɨɠɢɥ ɫчɢɬаɬь, чɬɨ ɜɟɤɬɨɪы ɩɪɢɪащɟ-
ɧɢɣ ɧаɩɪяɠɟɧɢɣ ɢ ɩɪɢɪащɟɧɢɣ ɞɟɮɨɪɦацɢɣ 
ɫɨɧаɩɪаɜɥɟɧы (ɤɨɥɥɢɧɟаɪɧы). В эɬɨɦ ɫɥɭчаɟ 
ɡаɤɨɧ ɞɟɮɨɪɦɢɪɨɜаɧɢя ɦɨɠɟɬ ɛыɬь ɡаɩɢɫаɧ ɜ 
ɜɢɞɟ ɡаɤɨɧа Ƚɭɤа, ɧɨ ɫ ɬɪɟɦя ɜаɠɧыɦɢ ɨɬɥɢ-
чɢяɦɢ: 
1) ɨɧ ɞɨɥɠɟɧ ɫɜяɡыɜаɬь ɦɟɠɞɭ ɫɨɛɨɣ ɧɟ ɩɨɥ-
ɧыɟ ɧаɩɪяɠɟɧɢя ɢ ɞɟɮɨɪɦацɢɢ (ɤɨɬɨɪыɟ ча-
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щɟ ɜɫɟɝɨ ɧɟ ɫɨɧаɩɪаɜɥɟɧы), а ɢх ɩɪɢɪащɟ-
ɧɢя, 
2) ɨɧ ɞɨɥɠɟɧ ɭчɟɫɬь яɜɥɟɧɢɟ ɞɢɥаɬаɧɫɢɢ ɩɪɢ 
ɮɨɪɦɢɪɨɜаɧɢɢ ɡаɜɢɫɢɦɨɫɬɢ ɨɛъёɦɧых ɧа-
ɩɪяɠɟɧɢɣ ɢ ɨɛъёɦɧых ɞɟɮɨɪɦацɢɣ, 
3) ɤɨɧɫɬаɧɬы ɦаɬɟɪɢаɥа ɞɨɥɠɧы ɢɡɦɟɧяɬьɫя 
ɜ ɡаɜɢɫɢɦɨɫɬɢ ɨɬ ɧаɩɪяɠёɧɧɨɝɨ ɫɨɫɬɨяɧɢя, 
4) ɞɥя ɭчёɬа ɩɨɥɡɭчɟɫɬɢ ɞɟɮɨɪɦаɬɢɜɧыɟ ха-
ɪаɤɬɟɪɢɫɬɢɤɢ ɞɨɥɠɧы ɢɡɦɟɧяɬьɫя ɜɨ ɜɪɟɦɟ-
ɧɢ. 
Кɪɨɦɟ ɬɨɝɨ, ɩɪɨɮ. Раɫɫɤаɡɨɜ Л.Н. ɩɪɟɞɥɨɠɢɥ 
эɧɟɪɝɟɬɢчɟɫɤɨɟ ɭɫɥɨɜɢɟ ɩɪɨчɧɨɫɬɢ ɢ ɩɨɫɬɪɨ-
ɢɥ ɡаɜɢɫɢɦɨɫɬɢ ɞɟɮɨɪɦаɬɢɜɧых хаɪаɤɬɟɪɢ-
ɫɬɢɤ ɝɪɭɧɬɨɜ ɨɬ ɫɨɫɬɨяɧɢя ɝɪɭɧɬа ɩɨ ɨɬɧɨ-
шɟɧɢɸ ɤ ɩɪɟɞɟɥьɧɨɦɭ. Мɨɞɟɥь ɝɪɭɧɬа Раɫ-
ɫɤаɡɨɜа Л.Н. ɦɨɠɟɬ ɩɪɢɦɟɧяɬьɫя ɧɟ ɬɨɥьɤɨ 
ɞɥя ɝɪɭɧɬɨɜ, ɧɨ ɢ ɞɥя аɫɮаɥьɬɨɛɟɬɨɧа [7]. 
Таɤɨɣ ɩɨɞхɨɞ ɨɛɥаɞаɟɬ ɜɧɭɬɪɟɧɧɟɣ ɥɨɝɢɤɨɣ 
ɢ ɭɞɨɛɟɧ ɞɥя ɪɟаɥɢɡацɢɢ ɧа ЭВМ 
К ɧаɫɬɨящɟɦɭ ɜɪɟɦɟɧɢ ɤɪɭɩɧыɦɢ ɤɨɦɩа-
ɧɢяɦɢ ɪаɡɪаɛɨɬаɧɨ ɦɧɨɠɟɫɬɜɨ ɫɨɜɪɟɦɟɧɧых 
ɜычɢɫɥɢɬɟɥьɧых ɩɪɨɝɪаɦɦɧых ɤɨɦɩɥɟɤɫɨɜ 
(ANSYS, Plaxis, Cosmos-M, Diana, Z-Soil, 
SolidWorks, Лɢɪа, ABAQUS), ɤɨɬɨɪыɟ ɩɨ-
ɡɜɨɥяɸɬ ɪɟшаɬь ɡаɞачɢ ɨ НДС ɝɪɭɧɬɨɜых 
ɦаɫɫɢɜɨɜ ɢ ɫɨɨɪɭɠɟɧɢɣ ɜ ɭɩɪɭɝɨɩɥаɫɬɢчɟ-
ɫɤɨɣ ɩɨɫɬаɧɨɜɤɟ [8]. Вɫɟ ɩɟɪɟчɢɫɥɟɧɧыɟ ɜы-
шɟ ɩɪɨɝɪаɦɦɧыɟ ɤɨɦɩɥɟɤɫы ɛаɡɢɪɭɸɬɫя ɧа 
ɦɟɬɨɞɟ ɤɨɧɟчɧых эɥɟɦɟɧɬɨɜ. 
Оɞɧаɤɨ эɬɢ ɩɪɨɝɪаɦɦɧыɟ ɤɨɦɩɥɟɤɫы ɧɟ ɩɨ-
ɡɜɨɥяɸɬ ɪаɫчёɬчɢɤɭ ɜɢɞɨɢɡɦɟɧяɬь ɢ ɫɨɜɟɪ-
шɟɧɫɬɜɨɜаɬь ɡаɥɨɠɟɧɧыɟ ɜ ɧɢх ɦɨɞɟɥɢ ɦаɬɟ-
ɪɢаɥɨɜ. Заɥɨɠɟɧɧыɟ ɜ ɩɪɨɝɪаɦɦɭ аɥɝɨɪɢɬɦы 
ɨɫɬаɸɬɫя ɡаɤɪыɬыɦɢ, чɬɨ ɫɨɡɞаёɬ ɩɪɨɛɥɟɦɭ 
ɜɟɪɢɮɢɤацɢɢ ɧɟ ɬɨɥьɤɨ ɪɟɡɭɥьɬаɬɨɜ, ɧɨ ɢ ɫа-
ɦɢх ɩɪɨɝɪаɦɦ. Иɦɟɧɧɨ ɩɨэɬɨɦɭ ɩɨɦɢɦɨ 
ɮɢɪɦɟɧɧых ɩɪɨɝɪаɦɦɧых ɩɪɨɞɭɤɬɨɜ ɢɫɫɥɟ-
ɞɨɜаɬɟɥяɦ ɩɪɢхɨɞɢɬɫя ɫɨɡɞаɜаɬь ɫɜɨɢ ɜы-
чɢɫɥɢɬɟɥьɧыɟ ɩɪɨɝɪаɦɦɧыɟ ɤɨɦɩɥɟɤɫы. В 
Рɨɫɫɢɢ ɩɨɥɭчɢɥɢ ɢɡɜɟɫɬɧɨɫɬь ɩɪɨɝɪаɦɦɧыɟ 
ɤɨɦɩɥɟɤɫы «СТАДИО» (ɫɨɡɞаɧ ɩɨɞ ɪɭɤɨɜɨ-
ɞɫɬɜɨɦ А.М.Бɟɥɨɫɬɨцɤɨɝɨ) [9] ɢ «Зɟɦɥя» 
(ɫɨɡɞаɧ ɜ ОАО «Иɧɫɬɢɬɭɬ Ƚɢɞɪɨɩɪɨɟɤɬ») 
[10], а ɬаɤɠɟ «FEM Мɨdels» (А.Ƚ.Шашɤɢɧ, 
«Ƚɟɨɪɟɤɨɧɫɬɪɭɤцɢя») [11]. 
Пɨ ɩɭɬɢ ɫɨɡɞаɧɢя ɫɨɛɫɬɜɟɧɧых ɜычɢɫɥɢ-
ɬɟɥьɧых ɩɪɨɝɪаɦɦ ɩɨшɥа ɢ ɤаɮɟɞɪа ɝɢɞɪɨ-

ɬɟхɧɢчɟɫɤɢх ɫɨɨɪɭɠɟɧɢɣ МȽСУ, чɥɟɧɨɦ ɤɨ-
ɬɨɪɨɣ яɜɥяɟɬɫя аɜɬɨɪ. Эɬɨ ɩɨɡɜɨɥɢɥɨ ɢɫɩɨɥь-
ɡɨɜаɬь  ɦɨɞɟɥь ɩɪɨɮ.Раɫɫɤаɡɨɜа Л.Н. ɞɥя ɜы-
ɩɨɥɧɟɧɢя ɪаɫчёɬɨɜ ɝɪɭɧɬɨɜых ɩɥɨɬɢɧ. Начаɥ 
эɬɭ ɪаɛɨɬɭ ɫаɦ ɩɪɨɮ.Раɫɫɤаɡɨɜ Л.Н. Еɝɨ ɭчɟ-
ɧɢɤɢ П.В.Сɨɥɞаɬɨɜ, А.А.Бɟɥяɤɨɜ [12], Хɭɧь-
ɛа Кɢ Тхɭаɬ, А.С.Бɟɫɬɭɠɟɜа ɢ Даɨ Тɭаɧ Аɧь 
ɫɨɡɞаɥɢ цɟɥыɣ ɩɪɨɝɪаɦɦɧыɣ ɤɨɦɩɥɟɤɫ 
«Dam», ɤɨɬɨɪыɣ ɩɨɡɜɨɥяɥ ɪɟшаɬь ɧɟ ɬɨɥьɤɨ 
ɩɥɨɫɤɢɟ, ɧɨ ɢ ɩɪɨɫɬɪаɧɫɬɜɟɧɧыɟ ɡаɞачɢ. С 
ɩɨɦɨщьɸ ɧɟɝɨ ɛыɥ ɪɟшёɧ ɛɨɥьшɨɣ ɪяɞ ɡаɞач 
ɨ НДС ɝɪɭɧɬɨɜых ɩɥɨɬɢɧ [13,14]. 
У эɬɢх ɩɪɨɝɪаɦɦ ɛыɥɢ ɨɬɥɢчɢɬɟɥьɧыɟ ɨɫɨ-
ɛɟɧɧɨɫɬɢ ɤаɤ ɩɨ ɮɭɧɤцɢɨɧаɥьɧыɦ ɜɨɡɦɨɠ-
ɧɨɫɬяɦ, ɬаɤ ɢ ɩɨ ɩɪɢɦɟɧяɟɦыɦ ɦɟɬɨɞɢɤаɦ ɢ 
аɥɝɨɪɢɬɦаɦ. Вɫɟ ɩɪɨɝɪаɦɦы ɩɨɡɜɨɥяɥɢ ɜɟɫɬɢ 
ɪаɫчёɬы НДС ɩɥɨɬɢɧы ɫ ɭчёɬɨɦ ɩɨɫɥɟɞɨɜа-
ɬɟɥьɧɨɫɬɢ ɟё ɜɨɡɜɟɞɟɧɢя, а ɬаɤɠɟ ɧаɩɨɥɧɟɧɢя 
ɜɨɞɨхɪаɧɢɥɢща. В ɩɪɨцɟɫɫɟ ɫɬɪɨɢɬɟɥьɫɬɜа 
ɩɥɨɬɢɧы ɜыɞɟɥяɥɢɫь ɪяɞ ɦɨɦɟɧɬɨɜ ɜɪɟɦɟɧɢ 
– эɬаɩɨɜ, ɤаɠɞыɣ ɢɡ ɤɨɬɨɪых ɪаɡɥɢчаɥɫя ɩɨ 
ɝɟɨɦɟɬɪɢɢ ɜɨɡɜɟɞёɧɧɨɝɨ ɩɪɨɮɢɥя ɩɥɨɬɢɧы ɢ 
ɩɨ ɭɪɨɜɧɸ ɜɨɞы ɜ ɜɟɪхɧɟɦ ɛьɟɮɟ. Эɬаɩы 
ɜɨɡɜɟɞɟɧɢя ɩɥɨɬɢɧы ɢ эɬаɩы ɧаɩɨɥɧɟɧɢя ɜɨ-
ɞɨхɪаɧɢɥɢща ɜɫɟɝɞа ɪаɡɞɟɥяɥɢɫь, ɬ.ɤ. ɩɪɢ 
ɧаɩɨɥɧɟɧɢɢ ɜɨɡɦɨɠɟɧ ɩɟɪɟхɨɞ ɝɪɭɧɬа ɜɨ 
ɜɡɜɟшɟɧɧɨɟ ɫɨɫɬɨяɧɢɟ ɩɨ ɜɟɬɜɢ ɪаɡɝɪɭɡɤɢ. 
Дɥя ɞɢɫɤɪɟɬɢɡацɢɢ ɪаɫчёɬɧɨɣ ɨɛɥаɫɬɢ ɢɫ-
ɩɨɥьɡɨɜаɥɢɫь ɧаɢɛɨɥɟɟ ɩɪɨɫɬыɟ ɤɨɧɟчɧыɟ 
эɥɟɦɟɧɬы, ɬ.ɟ. эɥɟɦɟɧɬы ɫ ɥɢɧɟɣɧɨɣ аɩɩɪɨɤ-
ɫɢɦацɢɟɣ ɩɟɪɟɦɟщɟɧɢɣ ɜɧɭɬɪɢ эɥɟɦɟɧɬа, 
чɬɨɛы ɭɫɤɨɪɢɬь ɪɟшɟɧɢя ɡаɞач. Пɪɢ ɪɟшɟɧɢɢ 
ɩɥɨɫɤɢх ɡаɞач ɢɫɩɨɥьɡɨɜаɥɢɫь ɬɪɟɭɝɨɥьɧыɟ 
ɬɪёхɭɡɥɨɜыɟ ɤɨɧɟчɧыɟ эɥɟɦɟɧɬы, а ɩɪɢ ɪɟ-
шɟɧɢɢ ɩɪɨɫɬɪаɧɫɬɜɟɧɧых ɡаɞач – ɩяɬɢɝɪаɧ-
ɧыɟ ɬɪɟɭɝɨɥьɧыɟ ɩɪɢɡɦы. 
Дɥя ɭчёɬа ɧаɫɥɟɞɫɬɜɟɧɧɨɣ ɩɨɥɡɭчɟɫɬɢ ɝɪɭɧ-
ɬɨɜ ɜ ɩɟɪɢɨɞ эɤɫɩɥɭаɬацɢɢ ɢɫɩɨɥьɡɨɜаɥɫя 
ɫɥɟɞɭɸщɢɣ аɥɝɨɪɢɬɦ. Пɨɫɥɟ ɤаɠɞɨɣ ɢɬɟɪа-
цɢɢ ɩɨ ɢɡɜɟɫɬɧыɦ ɩɪɢɪащɟɧɢяɦ ɧаɩɪяɠɟɧɢɣ 
ɜычɢɫɥяɥɢɫь ɩɪɢɪащɟɧɢя ɞɟɮɨɪɦацɢɣ ɩɨɥ-
ɡɭчɟɫɬɢ ɡа ɫчёɬ ɢɡɦɟɧɟɧɢя ɜɨ ɜɪɟɦɟɧɢ ɞɟ-
ɮɨɪɦаɬɢɜɧых ɫɜɨɣɫɬɜ ɝɪɭɧɬɨɜ. С ɤаɠɞɨɣ 
ɢɬɟɪацɢɟɣ ɩɪɨɢɫхɨɞɢɥɨ ɧаɤɨɩɥɟɧɢɟ ɞɟɮɨɪ-
ɦацɢɣ ɩɨɥɡɭчɟɫɬɢ ɞɥя ɩɨɫɥɟɞɭɸщɢх ɪаɫчёɬ-
ɧых эɬаɩɨɜ. Даɥɟɟ, ɧа эɬаɩах эɤɫɩɥɭаɬацɢɢ, 
ɧа ɤɨɬɨɪых ɧɟ ɩɪɨɢɫхɨɞɢɬ ɢɡɦɟɧɟɧɢɟ ɞɟɣɫɬ-
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ɜɭɸщɢх ɧаɝɪɭɡɨɤ, ɩɨ ɧаɤɨɩɥɟɧɧыɦ ɞɟɮɨɪ-
ɦацɢяɦ ɜычɢɫɥяɥɢɫь ɩɪɢɪащɟɧɢя ɩɟɪɟɦɟ-
щɟɧɢɣ ɡа ɫчёɬ ɩɨɥɡɭчɟɫɬɢ. Сɥɨɠɧɨɫɬь аɥɝɨ-
ɪɢɬɦа ɡаɤɥɸчаɟɬɫя ɜ ɬɨɦ, чɬɨ ɜ ɩɥɨɫɤɨɦ ɬɪɟ-
ɭɝɨɥьɧɨɦ ɤɨɧɟчɧɨɦ эɥɟɦɟɧɬɟ – 3 ɤɨɦɩɨɧɟɧ-
ɬы ɞɟɮɨɪɦацɢɣ, ɧɨ 6 ɤɨɦɩɨɧɟɧɬ ɩɟɪɟɦɟщɟ-
ɧɢɣ ɬɪёх ɭɡɥɨɜ. Пɨɥɭчаɟɬɫя, чɬɨ ɧɟɥьɡя ɢɡ 
ɬɪёх ɭɪаɜɧɟɧɢɣ ɨɩɪɟɞɟɥɢɬь 6 ɧɟɢɡɜɟɫɬɧых. 
Пɨэɬɨɦɭ ɜычɢɫɥɟɧɢɟ ɩɪɢɪащɟɧɢɣ ɩɟɪɟɦɟ-
щɟɧɢɣ ɧɟɨɛхɨɞɢɦɨ ɜɟɫɬɢ ɩɨɫɥɟɞɨɜаɬɟɥьɧɨ, 
ɧачɢɧая ɫ ɬɟх эɥɟɦɟɧɬɨɜ, ɜ ɤɨɬɨɪых чɟɬыɪɟ 
ɤɨɦɩɨɧɟɧɬы ɩɟɪɟɦɟщɟɧɢɣ ɭɠɟ ɢɡɜɟɫɬɧы. В 
ɩɟɪɜɭɸ ɨчɟɪɟɞь ɪаɫɫчɢɬыɜаɸɬɫя ɩɟɪɟɦɟщɟ-
ɧɢя ɜ ɧɢɠɧɢх ɤɨɧɟчɧых эɥɟɦɟɧɬах ɪаɫчёɬɧɨɣ 
ɨɛɥаɫɬɢ, ɜ ɤɨɬɨɪых ɞɜа ɭɡɥа ɡаɤɪɟɩɥɟɧы ɨɬ 
ɩɟɪɟɦɟщɟɧɢɣ. Оɞɧаɤɨ ɞаɠɟ ɩɪɢ ɬаɤɨɦ ɩɨɞ-
хɨɞɟ ɜыяɜɥяɟɬɫя ɧɟɨɩɪɟɞɟɥёɧɧɨɫɬь ɪɟшɟɧɢя 
– ɩɨ ɬɪёɦ ɤɨɦɩɨɧɟɧɬаɦ ɞɟɮɨɪɦацɢɣ ɧɭɠɧɨ 
ɨɩɪɟɞɟɥɢɬь ɩɟɪɟɦɟщɟɧɢɟ ɨɞɧɨɝɨ ɭɡɥа ɜ ɞɜɭх 
ɧаɩɪаɜɥɟɧɢях. Дɥя ɩɨɥɭчɟɧɢя ɩɪɢɟɦɥɟɦɨɝɨ 
ɪɟшɟɧɢя ɧɟɨɛхɨɞɢɦɨ ɛыɥɨ ɜɟɪɧɨ ɡаɞаɜаɬь 
ɩɨɫɥɟɞɨɜаɬɟɥьɧɨɫɬь ɜычɢɫɥɟɧɢя ɜ эɥɟɦɟɧɬах 
ɩɟɪɟɦɟщɟɧɢɣ ɨɬ ɧаɫɥɟɞɫɬɜɟɧɧɨɣ ɩɨɥɡɭчɟɫɬɢ. 
Ваɠɧɨɣ ɨɫɨɛɟɧɧɨɫɬьɸ ɩɪɨɝɪаɦɦ ɤɨɦɩɥɟɤɫа 
«Dam» яɜɥяɥɨɫь ɬɨ, чɬɨ ɞɥя ɦɢɧɢɦɢɡацɢɢ 
эɧɟɪɝɟɬɢчɟɫɤɨɝɨ ɮɭɧɤцɢɨɧаɥа ɢɫɩɨɥьɡɨɜаɥɫя 
ɧɟ ɩɪяɦɨɣ ɦɟɬɨɞ (ɫ ɩɨɦɨщьɸ ɪɟшɟɧɢя ɫɢɫ-
ɬɟɦы ɥɢɧɟɣɧых аɥɝɟɛɪаɢчɟɫɤɢх ɭɪаɜɧɟɧɢɣ), 
а ɢɬɟɪацɢɨɧɧыɣ ɦɟɬɨɞ ɥɨɤаɥьɧых ɜаɪɢацɢɣ 
(МЛВ). В МЛВ ɦɢɧɢɦɢɡацɢя эɧɟɪɝɢɢ ɜɫɟɣ 
ɫɢɫɬɟɦы ɩɪɨɢɡɜɨɞɢɬɫя ɩɨɫɬɟɩɟɧɧɨ, ɡа ɪяɞ 
ɢɬɟɪацɢɣ, ɨɬɞɟɥьɧɨ ɞɥя ɤаɠɞɨɣ ɫɬɟɩɟɧɢ ɫɜɨ-
ɛɨɞы ɜ ɨɬɞɟɥьɧɨɫɬɢ [15,16]. Оɛычɧɨ ɧа ɨɞ-
ɧɨɣ ɢɬɟɪацɢɢ ɡаɞаɸɬɫя ɧɟɤɨɬɨɪыɦ шаɝɨɦ 
ɩɟɪɟɦɟщɟɧɢя ɢ, ɜаɪьɢɪɭя ɜɨɡɦɨɠɧыɟ ɧа-
ɩɪаɜɥɟɧɢя ɩɟɪɟɦɟщɟɧɢя ɫɬɟɩɟɧɢ ɫɜɨɛɨɞы ɫ 
эɬɢɦ шаɝɨɦ, ɩɪɨɜɟɪяɸɬ, ɜɨɡɦɨɠɧа ɥɢ ɦɢɧɢ-
ɦɢɡацɢя эɧɟɪɝɟɬɢчɟɫɤɨɝɨ ɮɭɧɤцɢɨɧаɥа. 
Пɪɟɢɦɭщɟɫɬɜɨɦ МЛВ яɜɥяɟɬɫя эɤɨɧɨɦɢя 
ɩаɦяɬɢ ЭВМ, ɬ.ɤ. ɨɧ ɧɟ ɬɪɟɛɭɟɬ ɩɨɫɬɪɨɟɧɢя, 
хɪаɧɟɧɢя, ɩɪɟɨɛɪаɡɨɜаɧɢя ɢ ɪɟшɟɧɢя ɫɢɫɬɟ-
ɦы ɭɪаɜɧɟɧɢɣ. Кɪɨɦɟ ɬɨɝɨ, ɢɫɩɨɥьɡɨɜаɧɢɟ 
МЛВ ɩɨɡɜɨɥяɥɨ ɭɞɨɛɧɨ ɢ ɩɨɞɪɨɛɧɨ ɭчɢɬы-
ɜаɬь ɧɟɥɢɧɟɣɧɨɫɬь ɞɟɮɨɪɦɢɪɨɜаɧɢя ɝɪɭɧɬɨɜ. 
Пɨɫɥɟ ɤаɠɞɨɝɨ ɭɞачɧɨɝɨ ɜаɪьɢɪɨɜаɧɢя ɩɟɪɟ-
ɦɟщɟɧɢɣ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞы ɞɟɮɨɪɦаɬɢɜɧыɟ 
ɫɜɨɣɫɬɜа ɝɪɭɧɬа ɭɬɨчɧяɥɢɫь ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 

ɦɨɞɟɥьɸ ɝɪɭɧɬа. Уɞɨɛɧɨ ɛыɥɨ ɭчɢɬыɜаɬь ɢ 
ɪаɡɥɢчɢɟ ɦɟɠɞɭ аɤɬɢɜɧыɦ ɧаɝɪɭɠɟɧɢɟɦ ɢ 
ɪаɡɝɪɭɡɤɨɣ. На эɬаɩɟ ɧаɩɨɥɧɟɧɢя, ɤɨɝɞа ɩɪɨ-
яɜɥяɸɬɫя ɜɡɜɟшɢɜаɸщɢɟ ɫɢɥы, ɩɪɢɧɢɦа-
ɥɨɫь, чɬɨ ɩɪɢ ɩɟɪɟɦɟщɟɧɢɢ ɭɡɥа ɜɜɟɪх ɩɪɨ-
ɢɫхɨɞɢɬ ɪаɡɝɪɭɡɤа, а ɩɪɢ ɩɟɪɟɦɟщɟɧɢɢ ɜɧɢɡ 
– аɤɬɢɜɧɨɟ ɧаɝɪɭɠɟɧɢɟ. Дɥя ɬɨɝɨ, чɬɨɛы 
ɭчɟɫɬь, чɬɨ ɝɪɭɧɬ ɧɟ ɪаɛɨɬаɟɬ ɧа ɪаɫɬяɠɟɧɢɟ, 
ɩɪɢ ɜаɪьɢɪɨɜаɧɢɢ ɩɟɪɟɦɟщɟɧɢя ɭɡɥа, ɜ эɧɟɪ-
ɝɢɸ ɫɢɫɬɟɦы ɧɟ ɜɤɥɸчаɥаɫь эɧɟɪɝɢя ɞɟɮɨɪ-
ɦɢɪɨɜаɧɢя ɬɟх ɤɨɧɟчɧых эɥɟɦɟɧɬɨɜ, ɜ ɤɨɬɨ-
ɪых ɜɨɡɦɨɠɧɨ ɪаɫɬяɠɟɧɢɟ. Таɤɢɟ ɢɫɤɭɫɫɬ-
ɜɟɧɧыɟ ɩɪɢёɦы ɧɟ яɜɥяɸɬɫя ɫɬɪɨɝɢɦ ɪɟшɟ-
ɧɢɟɦ ɧɟɥɢɧɟɣɧɨɣ ɡаɞачɢ ɢ ɦɨɝɥɢ ɛыɬь ɪɟа-
ɥɢɡɨɜаɧы ɬɨɥьɤɨ ɜ МЛВ. 
Нɟɞɨɫɬаɬɤаɦɢ МЛВ яɜɥяɸɬɫя ɡɧачɢɬɟɥьɧыɟ 
ɜɪɟɦɟɧɧыɟ ɡаɬɪаɬы (ɬ.ɤ. ɦɟɬɨɞ ɢɬɟɪацɢɨɧ-
ɧыɣ) ɢ ɟɝɨ ɩɪɢɛɥɢɠёɧɧɨɫɬь. Иɡɜɟɫɬɧɨ [17], 
чɬɨ МЛВ ɧɟ ɝаɪаɧɬɢɪɭɟɬ ɧахɨɠɞɟɧɢɟ ɜɟɪɧɨ-
ɝɨ ɪɟшɟɧɢя. Пɨɫɥɟɞɨɜаɬɟɥьɧɨɫɬь ɜаɪьɢɪɨɜа-
ɧɢя ɧɟɢɡɜɟɫɬɧых ɦɨɠɟɬ ɜɥɢяɬь ɧа ɪɟɡɭɥьɬа-
ɬы ɪɟшɟɧɢя, ɦɨɠɟɬ ɫɭщɟɫɬɜɨɜаɬь ɞɜɨɣɫɬɜɟɧ-
ɧɨɫɬь ɪɟшɟɧɢя, ɨɫɨɛɟɧɧɨ эɬɨ ɩɪɨяɜɥяɟɬɫя 
ɩɪɢ ɪɟшɟɧɢɢ ɧɟɥɢɧɟɣɧых ɡаɞач. Тɟɦ ɧɟ ɦɟ-
ɧɟɟ, ɢɫɩɨɥьɡɨɜаɧɢɟ МЛВ ɞаɜаɥɨ ɩɪɢɟɦɥɟɦыɟ 
ɪɟшɟɧɢя, ɩɨɡɜɨɥяɥɨ ɪɟшаɬь ɫɥɨɠɧыɟ ɡаɞачɢ 
ɩɪɢ ɨɫɬɪɨɣ ɩɪɨɛɥɟɦɟ ɨɝɪаɧɢчɟɧɧɨɫɬɢ ɪɟɫɭɪ-
ɫɨɜ ЭВМ, ɫɭщɟɫɬɜɨɜаɜшɢх ɜ ɬɨ ɜɪɟɦя. 
Нɨ ɜ ɫаɦɨɦ ɤɨɧцɟ XX ɜ. ɩɨɬɪɟɛɨɜаɥɨɫь ɪɟ-
шаɬь ɛɨɥɟɟ ɫɥɨɠɧыɟ ɡаɞачɢ – ɡаɞачɢ ɨ НДС 
ɝɪɭɧɬɨɜых ɩɥɨɬɢɧ ɫ ɬɨɧɤɢɦɢ ɧɟɝɪɭɧɬɨɜыɦɢ 
ɩɪɨɬɢɜɨɮɢɥьɬɪацɢɨɧɧыɦɢ эɥɟɦɟɧɬаɦɢ (ɞɢа-
ɮɪаɝɦаɦɢ ɢ эɤɪаɧаɦɢ ɢɡ аɫɮаɥьɬɨɛɟɬɨɧа ɢ 
ɛɟɬɨɧа). Эɬɢ ɡаɞачɢ ɢɦɟɸɬ ɪяɞ ɨɫɨɛɟɧɧɨɫɬɟɣ 
ɩɨ ɫɪаɜɧɟɧɢɸ ɫ ɡаɞачаɦɢ ɨ НДС ɩɥɨɬɢɧ, ɜы-
ɩɨɥɧɟɧɧых ɬɨɥьɤɨ ɢɡ ɝɪɭɧɬа. Оɞɧɢɦɢ ɢɡ ɫа-
ɦых ɜаɠɧых ɨɫɨɛɟɧɧɨɫɬɟɣ яɜɥяɸɬɫя ɫɥɟ-
ɞɭɸщɢɟ: 
1) Нɟɝɪɭɧɬɨɜыɟ ɦаɬɟɪɢаɥы (ɛɟɬɨɧ, аɫɮаɥь-
ɬɨɛɟɬɨɧ, ɝɥɢɧɨцɟɦɟɧɬɨɛɟɬɨɧ) ɜ ɞɟɫяɬɤɢ-
ɫɨɬɧɢ, а ɬɨ ɢ ɜ ɬыɫячɢ ɪаɡ ɦɟɧɟɟ ɞɟɮɨɪɦɢ-
ɪɭɟɦы, чɟɦ ɝɪɭɧɬ. В чаɫɬɧɨɫɬɢ, ɦɨɞɭɥɢ ɞɟ-
ɮɨɪɦацɢɣ ɤаɦɟɧɧɨɣ ɧаɫыɩɢ ɢ ɠɟɥɟɡɨɛɟɬɨɧа 
ɨɬɥɢчаɸɬɫя ɩɪɢɦɟɪɧɨ ɧа ɬɪɢ ɩɨɪяɞɤа. 
2) Тɨɥщɢɧа ɤɨɧɫɬɪɭɤцɢɣ ɢɡ ɧɟɝɪɭɧɬɨɜых 
ɦаɬɟɪɢаɥɨɜ ɦɨɠɟɬ ɛыɬь ɨчɟɧь ɦаɥа ɩɨ ɫɪаɜ-
ɧɟɧɢɸ ɫ ɪаɡɦɟɪаɦɢ ɝɪɭɧɬɨɜɨɝɨ ɦаɫɫɢɜа, ɨɧа 
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ɦɨɠɟɬ ɫɨɫɬаɜɥяɬь ɞɟцɢɦɟɬɪы, ɫаɧɬɢɦɟɬɪы ɢ 
ɞаɠɟ ɦɢɥɥɢɦɟɬɪы. 
Каɠɞая ɢɡ ɩɟɪɟчɢɫɥɟɧɧых ɨɫɨɛɟɧɧɨɫɬɟɣ ɭɫ-
ɥɨɠɧяɟɬ ɩɪɨцɟɫɫ ɪɟшɟɧɢя эɬɢх ɡаɞач. Пɟɪɜая 
ɨɫɨɛɟɧɧɨɫɬь – ɡɧачɢɬɟɥьɧая ɪаɡɧɢца ɜ ɞɟ-
ɮɨɪɦɢɪɭɟɦɨɫɬɢ ɦаɬɟɪɢаɥɨɜ ɪаɫчёɬɧɨɣ ɨɛ-
ɥаɫɬɢ - ɭхɭɞшаɟɬ ɬɨчɧɨɫɬь ɩɨɥɭчаɟɦых ɪɟ-
шɟɧɢɣ, а ɜ ɫɥɭчаɟ ɢɫɩɨɥьɡɨɜаɧɢя ɢɬɟɪацɢɨɧ-
ɧых ɩɪɨцɟɫɫɨɜ – ɭɞɥɢɧяɟɬ ɫаɦ ɩɪɨцɟɫɫ ɪɟ-
шɟɧɢя. Вɬɨɪая ɨɫɨɛɟɧɧɨɫɬь – ɦаɥая ɬɨɥщɢɧа 
эɥɟɦɟɧɬɨɜ ɤɨɧɫɬɪɭɤцɢɢ – ɬаɤɠɟ ɭхɭɞшаɟɬ 
ɬɨчɧɨɫɬь ɩɨɥɭчаɟɦых ɪɟшɟɧɢɣ. Наɦɢ ɛыɥɨ 
ɩɨɤаɡаɧɨ, чɬɨ ɞɥя ɪаɫчёɬа ɠёɫɬɤɢх ɢ ɬɨɧɤɢх 
ɧɟɝɪɭɧɬɨɜых ɤɨɧɫɬɪɭɤцɢɣ, ɪаɛɨɬаɸщɢх ɫɨ-
ɜɦɟɫɬɧɨ ɫ ɝɪɭɧɬɨɜыɦ ɦаɫɫɢɜɨɦ, ɧɟɨɛхɨɞɢɦɨ 
ɢɫɩɨɥьɡɨɜаɬь ɤɨɧɟчɧыɟ эɥɟɦɟɧɬы ɫ ɧɟɥɢɧɟɣ-
ɧɨɣ ɮɭɧɤцɢɟɣ ɩɟɪɟɦɟщɟɧɢɣ [18]. Каɤ ɦɢɧɢ-
ɦɭɦ ɬɪɟɛɭɸɬɫя эɥɟɦɟɧɬы ɫ ɤɜаɞɪаɬɢчɧɨɣ аɩ-
ɩɪɨɤɫɢɦацɢɟɣ ɩɟɪɟɦɟщɟɧɢɣ, ɧɨ ɢ ɨɧɢ ɧɟ 
ɜɫɟɝɞа ɦɨɝɭɬ ɨɬɪаɡɢɬь ɫɥɨɠɧыɣ хаɪаɤɬɟɪ ɞɟ-
ɮɨɪɦɢɪɨɜаɧɢя ɬɨɧɤɨɝɨ ɧɟɝɪɭɧɬɨɜɨɝɨ эɥɟ-
ɦɟɧɬа, ɬ.ɤ. ɮɭɧɤцɢя ɞɟɮɨɪɦацɢɣ (ɢ ɧаɩɪяɠɟ-
ɧɢɣ) ɜ ɬаɤɨɦ эɥɟɦɟɧɬɟ – ɤɜаɡɢɥɢɧɟɣɧая. 
Лɭчшɟ ɢɫɩɨɥьɡɨɜаɬь эɥɟɦɟɧɬы ɫ ɤɭɛɢчɟɫɤɨɣ 
аɩɩɪɨɤɫɢɦацɢɟɣ ɩɟɪɟɦɟщɟɧɢɣ. 
Нɟɨɛхɨɞɢɦɨɫɬь ɪаɫшɢɪɟɧɢя ɤɨɧɟчɧɨ-
эɥɟɦɟɧɬɧɨɣ ɛаɡы ɩɪɨɝɪаɦɦы ɩɨɬɪɟɛɨɜаɥɨ 
ɦɨɞɟɪɧɢɡацɢɢ ɩɪɨɝɪаɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫа 
«Dam». Эɬɨ ɪаɛɨɬа ɩɨɪɭчɟɧа аɜɬɨɪɭ ɜ ɪаɦɤах 
ɜыɩɨɥɧɟɧɢя ɤаɧɞɢɞаɬɫɤɨɣ ɞɢɫɫɟɪɬацɢɢ. 
Таɤая ɩɪɨɝɪаɦɦа ɛыɥа ɫɨɡɞаɧа (1997 ɝ.), ɢ 
ɨɧа ɛыɥа ɢɫɩɨɥьɡɨɜаɧа ɞɥя ɪаɫчёɬɨɜ НДС 
«ɫɬɟɧы ɜ ɝɪɭɧɬɟ» ɝɪɭɧɬɨɜɨɣ ɩɥɨɬɢɧы Кɭɪɟɣ-
ɫɤɨɣ ȽЭС [19]. Пɪɢ эɬɨɦ ɩɪɨɝɪаɦɦа ɩɨɡɜɨ-
ɥяɥа ɜɜɨɞɢɬь ɧаɝɪɭɡɤɢ ɨɬ ɨɛъёɦɧɨ ɪаɫɩɪɟɞɟ-
ɥёɧɧых ɮɢɥьɬɪацɢɨɧɧых ɫɢɥ. 
Оɞɧаɤɨ ɜыяɫɧɢɥɨɫь, чɬɨ ɬɪɟɛɭɟɬɫя ɛɨɥɟɟ 
ɫɟɪьёɡɧая ɦɨɞɟɪɧɢɡацɢя ɩɪɨɝɪаɦɦы. Дɟɥɨ ɜ 
ɬɨɦ, чɬɨ ɧаɥɢчɢɟ ɬɨɧɤɨɝɨ ɢ ɠёɫɬɤɨɝɨ эɥɟɦɟɧ-
ɬа ɜ ɝɪɭɧɬɨɜɨɦ ɦаɫɫɢɜɟ ɫɨɡɞаёɬ ɡɧачɢɬɟɥь-
ɧыɟ ɜычɢɫɥɢɬɟɥьɧыɟ ɬɪɭɞɧɨɫɬɢ. Эɬɨ ɜыɡɜа-
ɧɨ ɬɟɦ, чɬɨ ɫɬɟɩɟɧɢ ɫɜɨɛɨɞы ɤɨɧɟчɧых эɥɟ-
ɦɟɧɬɨɜ, ɦɨɞɟɥɢɪɭɸщɢх ɬɨɧɤɢɟ ɠёɫɬɤɢɟ ɧɟ-
ɝɪɭɧɬɨɜыɟ ɤɨɧɫɬɪɭɤцɢɢ, ɨɛɥаɞаɸɬ ɨчɟɧь ɜы-
ɫɨɤɨɣ ɠёɫɬɤɨɫɬьɸ. И эɬɨ ɫɜяɡаɧɨ ɧɟ ɫɬɨɥьɤɨ 
ɫ ɦаɥɨɣ ɞɟɮɨɪɦɢɪɭɟɦɨɫɬьɸ ɦаɬɟɪɢɥа, 
ɫɤɨɥьɤɨ ɫ ɦаɥɨɣ ɬɨɥщɢɧɨɣ ɤɨɧɫɬɪɭɤцɢɢ. Пɪɢ 

ɭɦɟɧьшɟɧɢɢ ɬɨɥщɢɧы эɥɟɦɟɧɬа ɜ 10 ɪаɡ, ɠё-
ɫɬɤɨɫɬь ɟɝɨ ɫɬɟɩɟɧɢ ɫɜɨɛɨɞы ɜɨɡɪаɫɬаɟɬ ɜ 
100 ɪаɡ. Пɨɥɭчаɟɬɫя, чɬɨ ɠёɫɬɤɨɫɬь ɫɬɟɩɟɧɢ 
ɫɜɨɛɨɞы ɜ ɪаɫчёɬɧɨɣ ɨɛɥаɫɬɢ ɦɨɠɟɬ ɨɬɥɢ-
чаɬьɫя ɜ ɦɢɥɥɢɨɧы ɪаɡ. 
Пɪɢ ɪɟшɟɧɢɢ ɫɢɫɬɟɦы ɥɢɧɟɣɧых аɥɝɟɛɪаɢ-
чɟɫɤɢх ɭɪаɜɧɟɧɢɣ, ɨɩɢɫыɜаɸщɢх ɩɨɜɟɞɟɧɢɟ 
ɩɨɞɨɛɧɨɣ ɪаɫчёɬɧɨɣ ɨɛɥаɫɬɢ, ɜɨɡɧɢɤаɸɬ ɧɟ-
ɤɨɬɨɪыɟ ɜычɢɫɥɢɬɟɥьɧыɟ ɫɥɨɠɧɨɫɬɢ, ɧɨ ɨɧɢ 
ɪаɡɪɟшɢɦы. Нɨ ɜ МЛВ ɪɟшɟɧɢɟ ɩɨɞɨɛɧых 
ɡаɞач ɪɟɡɤɨ ɭɫɥɨɠɧяɟɬɫя. Дɟɥɨ ɜ ɬɨɦ, чɬɨ 
ɫɬɟɩɟɧɢ ɫɜɨɛɨɞы, ɪаɫɩɨɥɨɠɟɧɧыɟ ɜ ɬɨɧɤɨɣ 
ɠёɫɬɤɨɣ ɤɨɧɫɬɪɭɤцɢɢ, «ɪɟаɝɢɪɭɸɬ» ɬɨɥьɤɨ 
ɧа ɩɟɪɟɦɟщɟɧɢя ɨчɟɧь ɦаɥɨɣ ɜɟɥɢчɢɧы, ɩɨ-
эɬɨɦɭ ɢɬɟɪацɢɨɧɧыɣ ɩɪɨцɟɫɫ ɩɨɢɫɤа ɪɟшɟ-
ɧɢя ɪɟɡɤɨ ɡаɦɟɞɥяɟɬɫя. 
Оɞɧаɤɨ ɛɨɥɟɟ ɨɩаɫɧыɦ яɜɥяɟɬɫя ɞɪɭɝɨɟ яɜ-
ɥɟɧɢɟ – ɧɟɪаɜɧɨɦɟɪɧɨɫɬь хɨɞа ɪɟшɟɧɢя. Оɧа 
ɡаɤɥɸчаɟɬɫя ɜ ɬɨɦ, чɬɨ ɞɜɟ ɫɬɟɩɟɧɢ ɫɜɨɛɨɞы, 
ɨɞɧа ɢɡ ɤɨɬɨɪых ɪаɫɩɨɥɨɠɟɧа ɜ ɠёɫɬɤɨɣ 
ɤɨɧɫɬɪɭɤцɢɢ, а ɞɪɭɝая – ɜɧɭɬɪɢ ɝɪɭɧɬɨɜɨɝɨ 
ɦаɫɫɢɜа, ɞɜɢɝаɸɬɫя ɤ ɪɟшɟɧɢɸ ɫ ɪаɡɧɨɣ ɫɤɨ-
ɪɨɫɬьɸ, ɩɟɪɜая – ɨчɟɧь ɦɟɞɥɟɧɧɨ, ɜɬɨɪая – 
«ɧаɛɢɪаɟɬ» ɩɟɪɟɦɟщɟɧɢя ɝɨɪаɡɞɨ ɛыɫɬɪɟɟ. В 
ɤɨɧɟчɧых эɥɟɦɟɧɬах ɝɪɭɧɬɨɜɨɝɨ ɦаɫɫɢɜа, ɧɟ-
ɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɪɢɦыɤаɸщɢх ɤ ɠёɫɬɤɨɣ 
ɤɨɧɫɬɪɭɤцɢɢ, ɜɫɥɟɞɫɬɜɢɟ ɬаɤɨɣ ɧɟɪаɜɧɨɦɟɪ-
ɧɨɫɬɢ ɩɟɪɟɦɟщɟɧɢɣ ɜ ɩɪɨцɟɫɫɟ ɪаɫчёɬа, ɜɨɡ-
ɧɢɤаɸɬ ɡɧачɢɬɟɥьɧыɟ ɫɞɜɢɝɨɜыɟ ɞɟɮɨɪɦа-
цɢɢ ɢ ɝɪɭɧɬ ɫɬɪɟɦɢɬɫя ɤ ɩɪɟɞɟɥьɧɨɦɭ ɫɨ-
ɫɬɨяɧɢɸ. Пɨɫɥɟ ɞɥɢɬɟɥьɧɨɝɨ ɧаɛɨɪа ɠёɫɬɤɨɣ 
ɤɨɧɫɬɪɭɤцɢɟɣ ɩɟɪɟɦɟщɟɧɢɣ, ɪаɡɧɢца ɩɟɪɟ-
ɦɟщɟɧɢɣ ɦɟɠɞɭ ɧɟɣ ɢ ɝɪɭɧɬɨɜыɦ ɦаɫɫɢɜɨɦ 
ɜыɪаɜɧɢɜаɟɬɫя, ɨɞɧаɤɨ ɞɟɮɨɪɦаɬɢɜɧыɟ ɫɜɨɣ-
ɫɬɜа ɝɪɭɧɬа ɭɠɟ ɧɟ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɢɫɬɢɧɧыɦ. 
Таɤɢɦ ɨɛɪаɡɨɦ, ɩɨɫɥɟɞɨɜаɬɟɥьɧɨɫɬь ɪɟшɟɧɢя 
ɦɨɠɟɬ ɩɨɜɥɢяɬь ɧа ɟɝɨ ɪɟɡɭɥьɬаɬ. 
Чɬɨɛы ɢɡɛɟɠаɬь ɩɨɞɨɛɧых ɨшɢɛɨɤ, ɦɨɠɧɨ 
ɩɨɣɬɢ ɞɜɭɦя ɩɭɬяɦɢ. Пɟɪɜыɣ ɩɭɬь – ɧɟ ɢɡ-
ɦɟɧяɬь ɞɟɮɨɪɦаɬɢɜɧыɟ ɫɜɨɣɫɬɜа ɝɪɭɧɬа ɜ 
ɩɪɨцɟɫɫɟ ɪɟшɟɧɢя, ɧɨ ɬɨɝɞа ɡаɞача ɫɬаɧɨɜɢɬ-
ɫя ɭɩɪɭɝɨɣ, чɬɨ ɩɪɨɬɢɜɨɪɟчɢɬ ɫɦыɫɥɭ ɢɫ-
ɩɨɥьɡɨɜаɧɢя МЛВ. Вɬɨɪɨɣ ɩɭɬь – эɬɨ ɡаɪаɧɟɟ 
ɜɟɫɬɢ ɪɟшɟɧɢɟ ɧа ɦɟɥɤɢх шаɝах, ɧа ɤɨɬɨɪыɟ 
ɦɨɝɭɬ «ɪɟаɝɢɪɨɜаɬь» ɜɫɟ ɫɬɟɩɟɧɢ ɫɜɨɛɨɞы. 
Оɞɧаɤɨ эɬɨ ɨчɟɧь ɪɟɡɤɨ ɡаɦɟɞɥяɟɬ ɩɪɨцɟɫɫ 
ɪɟшɟɧɢя, ɤɪɨɦɟ ɬɨɝɨ, ɧɟɨɛхɨɞɢɦɨ ɡаɪаɧɟɟ 



Вычɢɫɥɢɬɟɥьɧая ɩɪɨɝɪаɦɦа ɩɨ ɪаɫчɟɬɭ ɧаɩɪяɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜаɧɧɨɝɨ ɫɨɫɬɨяɧɢя ɝɪɭɧɬɨɜых ɩɥɨɬɢɧ:  
ɨɩыɬ ɫɨɡɞаɧɢя, ɦɟɬɨɞɢɤɢ ɢ аɥɝɨɪɢɬɦы  
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ɡɧаɬь эɬɨɬ ɫаɦыɣ ɦɟɥɤɢɣ шаɝ. Пɪɢ ɪаɛɨɬɟ ɫ 
ɩɪɨɝɪаɦɦɨɣ ɦы ɩɨшɥɢ ɩɨ ɜɬɨɪɨɦɭ ɩɭɬɢ, эɬɨ 
ɩɨɡɜɨɥɢɥɨ ɧаɦ хɨɬь ɞɨɥɝɨ, ɧɨ ɜɫё ɠɟ ɪɟшаɬь 
ɧɭɠɧыɟ ɡаɞачɢ. 
Кɪɨɦɟ ɬɨɝɨ, ɜ ɩɪɨɝɪаɦɦɟ эɬаɩы ɧаɩɨɥɧɟɧɢя 
ɛыɥɢ ɪаɡɞɟɥɟɧы ɧа ɞɜа эɬаɩа. На ɨɞɧɨɦ ɪаɫ-
чёɬ ɜёɥɫя ɩɨ ɜɟɬɜɢ ɪаɡɝɪɭɡɤɢ, ɧа ɜɡɜɟшɢ-
ɜаɸщɢɟ ɫɢɥы, ɧа ɞɪɭɝɨɦ – ɩɨ ɜɟɬɜɢ аɤɬɢɜɧɨ-
ɝɨ ɧаɝɪɭɠɟɧɢя, ɧа ɫɢɥы ɝɢɞɪɨɫɬаɬɢчɟɫɤɨɝɨ 
ɞаɜɥɟɧɢя. 
В ɩɪɨɝɪаɦɦɟ ɛыɥа ɬаɤɠɟ ɭчɬɟɧа ɟщё ɨɞɧа 
ɜаɠɧая ɨɫɨɛɟɧɧɨɫɬь ɪаɫɫɦаɬɪɢɜаɟɦɨɝɨ ɤɥаɫ-
ɫа ɡаɞач – ɧаɥɢчɢɟ ɨɫɨɛɨɝɨ ɤɨɧɬаɤɬɧɨɝɨ 
ɜɡаɢɦɨɞɟɣɫɬɜɢя ɝɪɭɧɬɨɜых ɢ ɧɟɝɪɭɧɬɨɜых 
эɥɟɦɟɧɬɨɜ ɤɨɧɫɬɪɭɤцɢɢ. На ɤɨɧɬаɤɬах эɬɢх 
эɥɟɦɟɧɬɨɜ ɦɨɝɭɬ ɩɪɨяɜɥяɬьɫя ɪаɡɥɢчɧыɟ ɧɟ-
ɥɢɧɟɣɧыɟ эɮɮɟɤɬы, ɬаɤɢɟ ɤаɤ ɩɪɨɫɤаɥьɡыɜа-
ɧɢɟ, ɨɬɥɢɩаɧɢɟ ɢ ɬ.ɞ. Дɥя ɜɨɡɦɨɠɧɨɫɬɢ ɩɨ-
ɥɭчɟɧɢя эɮɮɟɤɬа ɩɪɨɫɤаɥьɡыɜаɧɢя ɜ ɩɪɨ-
ɝɪаɦɦɟ ɢɫɩɨɥьɡɨɜаɥɢɫь ɫɜяɡаɧɧыɟ ɭɡɥы, ɬ.ɟ. 
ɭɡɥы, ɤɨɬɨɪыɟ ɜ ɨɞɧɨɦ ɧаɩɪаɜɥɟɧɢɢ ɪаɛɨɬа-
ɸɬ ɫɨɜɦɟɫɬɧɨ, ɤаɤ ɨɞɢɧ, а ɜ ɞɪɭɝɨɦ – ɤаɤ ɞɜа 
ɪаɡɧых ɭɡɥа. 
Иɬаɤ, ɧа ɩɟɪɜɨɦ эɬаɩɟ ɛыɥа ɪаɡɪаɛɨɬаɧа ɜы-
чɢɫɥɢɬɟɥьɧая ɩɪɨɝɪаɦɦа «Nds-x», ɤɨɬɨɪая  
ɩɨɡɜɨɥяɥа ɜɟɫɬɢ ɪаɫчёɬы НДС ɝɪɭɧɬɨɜых 
ɩɥɨɬɢɧ ɫ ɬɨɧɤɢɦɢ ɧɟɝɪɭɧɬɨɜыɦɢ эɥɟɦɟɧɬаɦɢ 
ɜ ɩɥɨɫɤɨɣ ɩɨɫɬаɧɨɜɤɟ ɦɟɬɨɞɨɦ ɥɨɤаɥьɧых 
ɜаɪɢацɢɣ. Бɨɥьшɢɦ ɟё ɧɟɞɨɫɬаɬɤɨɦ яɜɥяɥаɫь 
ɛɨɥьшая ɞɥɢɬɟɥьɧɨɫɬь ɫчёɬа. 
Чɬɨɛы ɭɫɤɨɪɢɬь ɪаɫчёɬы, ɩɪɢшɥɨɫь ɨɬɤа-
ɡаɬьɫя ɨɬ МЛВ ɢ ɫɨɡɞаɬь ɧɨɜɭɸ ɜычɢɫɥɢ-
ɬɟɥьɧɭɸ ɩɪɨɝɪаɦɦɭ «Stat2t» (2002 ɝ.), ɜ ɤɨ-
ɬɨɪɨɣ ɧɟɢɡɜɟɫɬɧыɟ ɩɟɪɟɦɟщɟɧɢя ɨɩɪɟɞɟɥя-
ɸɬɫя ɩɭɬёɦ ɪɟшɟɧɢя ɫɢɫɬɟɦы ɥɢɧɟɣɧых аɥ-
ɝɟɛɪаɢчɟɫɤɢх ɭɪаɜɧɟɧɢɣ (ɛыɥ ɢɫɩɨɥьɡɨɜаɧ 
ɨɛычɧыɣ ɦɟɬɨɞ Ƚаɭɫɫа), ɬ.ɟ. ɧаɩɪяɦɭɸ. 
Пɨ ɫɪаɜɧɟɧɢɸ ɫ МЛВ эɬɨɬ ɫɩɨɫɨɛ ɢɦɟɟɬ ɬɨɬ 
ɧɟɞɨɫɬаɬɨɤ, чɬɨ ɜ ɧёɦ ɫɥɨɠɧɟɟ ɭчɟɫɬь ɧɟɥɢ-
ɧɟɣɧɨɫɬь ɞɟɮɨɪɦɢɪɨɜаɧɢя ɝɪɭɧɬа. Каɤ ɢɡ-
ɜɟɫɬɧɨ, ɫɭщɟɫɬɜɭɟɬ ɞɜа ɩɨɞхɨɞа ɤ ɪɟшɟɧɢɸ 
ɧɟɥɢɧɟɣɧых ɡаɞач – ɢɬɟɪацɢɨɧɧыɣ ɫɩɨɫɨɛ ɢ 
ɫɩɨɫɨɛ ɫɬɭɩɟɧчаɬɨɝɨ ɧаɝɪɭɠɟɧɢя. Пɪɢ ɢɬɟ-
ɪацɢɨɧɧɨɦ ɫɩɨɫɨɛɟ ɩɨɫɥɟ ɤаɠɞɨɣ ɢɬɟɪацɢɢ 
ɩɨ ɢɡɜɟɫɬɧɨɦ НДС ɤɨɧɫɬɪɭɤцɢɢ ɭɬɨчɧяɸɬɫя 
ɞɟɮɨɪɦаɬɢɜɧыɟ хаɪаɤɬɟɪɢɫɬɢɤɢ ɦаɬɟɪɢаɥɨɜ 
ɢ ɪаɫчёɬ ɩɟɪɟхɨɞɢɬ ɧа ɧɨɜɭɸ ɢɬɟɪацɢɸ ɞɨ 

ɬɟх ɩɨɪ, ɩɨɤа НДС ɤɨɧɫɬɪɭɤцɢɢ ɜ ɞɜɭх 
ɫɦɟɠɧых ɢɬɟɪацɢях ɧɟ ɫɨɜɩаɞёɬ. Иɬɟɪацɢ-
ɨɧɧыɣ ɫɩɨɫɨɛ чаɫɬɨ ɩɪɢɦɟɧяɟɬɫя ɩɪɢ ɢɫ-
ɩɨɥьɡɨɜаɧɢɢ ɞɟɮɨɪɦацɢɨɧɧых ɦɨɞɟɥɟɣ 
ɝɪɭɧɬɨɜ. Оɩаɫɧɨɫɬь эɬɨɝɨ ɫɩɨɫɨɛа ɡаɤɥɸча-
ɟɬɫя ɜ ɬɨɦ, чɬɨ ɫхɨɞɢɦɨɫɬь ɢɬɟɪацɢɨɧɧɨɝɨ 
ɩɪɨцɟɫɫа ɧɟ ɜɫɟɝɞа ɝаɪаɧɬɢɪɨɜаɧа, ɟɫɥɢ ɞɟ-
ɮɨɪɦаɬɢɜɧыɟ хаɪаɤɬɟɪɢɫɬɢɤɢ ɪɟɡɤɨ ɢɥɢ 
ɫɥɨɠɧыɦ ɨɛɪаɡɨɦ ɢɡɦɟɧяɸɬɫя ɜ ɩɪɨцɟɫɫɟ 
ɧаɝɪɭɠɟɧɢя. Пɪɢ ɧаɝɪɭɠɟɧɢɢ ɝɪɭɧɬɨɜ ɨɞɧɨ-
ɜɪɟɦɟɧɧɨ ɢɡɦɟɧяɸɬɫя ɞɜɟ хаɪаɤɬɟɪɢɫɬɢɤɢ – 
ɦɨɞɭɥь ɞɟɮɨɪɦацɢɢ ɢ ɤɨэɮɮɢцɢɟɧɬ ɨɬɧɨɫɢ-
ɬɟɥьɧɨɣ ɩɨɩɟɪɟчɧɨɣ ɞɟɮɨɪɦацɢɢ (ɤɨэɮɮɢ-
цɢɟɧɬ Пɭаɫɫɨɧа). Пɨэɬɨɦɭ ɢɦɟɧɧɨ ɩɪɢ ɪɟ-
шɟɧɢɢ ɡаɞач ɨ НДС ɝɪɭɧɬɨɜых ɫɨɨɪɭɠɟɧɢɣ 
ɜɨɡɦɨɠɧɨ ɨɬɫɭɬɫɬɜɢɟ ɫхɨɞɢɦɨɫɬɢ ɢɬɟɪацɢ-
ɨɧɧɨɝɨ ɩɪɨцɟɫɫа 
Пɨэɬɨɦɭ ɧаɦɢ ɛыɥɨ ɩɪɢɧяɬɨ ɪɟшɟɧɢɟ ɧɟ ɢɡ-
ɦɟɧяɬь ɞɟɮɨɪɦаɬɢɜɧыɟ ɫɜɨɣɫɬɜа ɝɪɭɧɬɨɜ ɜ 
ɩɪɨцɟɫɫɟ ɪаɫчёɬа, а ɞɥя ɭчёɬа ɧɟɥɢɧɟɣɧɨɫɬɢ 
ɜɨɫɩɨɥьɡɨɜаɬьɫя ɫɩɨɫɨɛɨɦ ɫɬɭɩɟɧчаɬɨɝɨ ɧа-
ɝɪɭɠɟɧɢя ɤɨɧɫɬɪɭɤцɢɢ. Каɠɞыɣ ɪаɫчёɬɧыɣ 
эɬаɩ ɩɨɞɪаɡɞɟɥяɟɬɫя ɧа ɪяɞ ɩɨɞэɬаɩɨɜ, ɧа 
ɤаɠɞɨɦ ɢɡ ɤɨɬɨɪых ɧа ɤɨɧɫɬɪɭɤцɢɸ ɩɪɢɤɥа-
ɞыɜаɟɬɫя ɞɨɩɨɥɧɢɬɟɥьɧая ɞɨɥя ɧаɝɪɭɡɤɢ. Пɨ-
ɫɥɟ ɤаɠɞɨɝɨ ɢɡ ɩɨɞэɬаɩɨɜ ɞɟɮɨɪɦаɬɢɜɧыɟ 
хаɪаɤɬɟɪɢɫɬɢɤɢ ɭɬɨчɧяɸɬɫя ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ɩɪɢɧяɬɨɣ ɦɨɞɟɥьɸ ɝɪɭɧɬа. Чɟɦ ɛɨɥьшɟ ɤɨ-
ɥɢчɟɫɬɜɨ ɩɨɞэɬаɩɨɜ, ɬɟɦ ɬɨчɧɟɟ ɛɭɞɟɬ ɭчɬɟɧа 
ɧɟɥɢɧɟɣɧɨɫɬь ɝɪɭɧɬа. Оɛычɧɨ ɧа ɤаɠɞɨɦ 
эɬаɩɟ ɦы ɜыɞɟɥяɟɦ ɩɨ 4-8 ɩɨɞэɬаɩɨɜ. В ɪɟ-
ɡɭɥьɬаɬɟ ɩɪɨцɟɫɫ ɪɟшɟɧɢя ɡаɞачɢ ɨ НДС 
ɝɪɭɧɬɨɜɨɣ ɩɥɨɬɢɧы ɮаɤɬɢчɟɫɤɢ ɩɪɟɞɫɬаɜɥяɟɬ 
ɫɨɛɨɣ ɩɨɫɥɟɞɨɜаɬɟɥьɧɨɟ ɪɟшɟɧɢɟ 150-250 
ɡаɞач.  
В ɪаɦɤах ɨɞɧɨɝɨ эɬаɩа ɡаɞача ɨ НДС ɫɨɨɪɭ-
ɠɟɧɢя яɜɥяɟɬɫя ɧɟɥɢɧɟɣɧɨɣ, ɬ.ɤ. ɢɡɦɟɧяɸɬɫя 
ɞɟɮɨɪɦаɬɢɜɧыɟ хаɪаɤɬɟɪɢɫɬɢɤɢ ɝɪɭɧɬɨɜ. Еɫ-
ɥɢ ɧа ɤаɠɞɨɦ ɢɡ ɩɨɞэɬаɩɨɜ ɩɨɫɥɟ ɭɬɨчɧɟɧɢя 
ɞɟɮɨɪɦаɬɢɜɧых хаɪаɤɬɟɪɢɫɬɢɤ, ɮɨɪɦɢɪɨɜаɬь 
ɧɨɜɭɸ ɦаɬɪɢцɭ ɠёɫɬɤɨɫɬɢ, ɬаɤɨɣ ɫɩɨɫɨɛ ɪɟ-
шɟɧɢя ɡаɞачɢ ɛɭɞɟɬ ɨɬɧɨɫɢɬьɫя ɤ ɦɟɬɨɞɭ ɩɟ-
ɪɟɦɟɧɧɨɣ ɦаɬɪɢцы ɠёɫɬɤɨɫɬɢ. Учɢɬыɜая, чɬɨ 
ɨɩɟɪацɢя ɬɪɟɭɝɨɥьɧɨɝɨ ɪаɡɥɨɠɟɧɢя ɦаɬɪɢцы 
ɠёɫɬɤɨɫɬɢ ɨчɟɧь ɬɪɭɞɨёɦɤа, ɦɟɬɨɞ ɩɟɪɟɦɟɧ-
ɧɨɣ ɦаɬɪɢцы ɠёɫɬɤɨɫɬɢ ɨчɟɧь ɡаɬɪаɬɟɧ ɩɨ 
ɜɪɟɦɟɧɢ. 



М.П. Саɢɧɨɜ  

International Journal for Computational Civil and Structural Engineering 216 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Пɨэɬɨɦɭ ɛыɥɨ ɩɪɢɧяɬɨ ɪɟшɟɧɢɟ ɮɨɪɦɢɪɨ-
ɜаɬь ɢ ɬɪаɧɫɮɨɪɦɢɪɨɜаɬь ɦаɬɪɢцɭ ɠёɫɬɤɨɫɬɢ 
ɫɢɫɬɟɦы ɧа эɬаɩɟ ɬɨɥьɤɨ ɨɞɢɧ ɪаɡ – ɞɥя ɩɟɪ-
ɜɨɝɨ ɩɨɞэɬаɩа, а ɩɨɫɥɟɞɭɸщɟɟ ɢɡɦɟɧɟɧɢɟ 
ɫɜɨɣɫɬɜ ɦаɬɟɪɢаɥɨɜ ɭчɢɬыɜаɬь ɫ ɩɨɦɨщьɸ 
ɦɟɬɨɞа ɩɟɪɟɦɟɧɧɨɝɨ ɜɟɤɬɨɪа ɫɢɥ (ɤɨɬɨɪыɣ ɨɧ 
ɨɫɧɨɜаɧ ɧа ɦɟɬɨɞɟ ɧачаɥьɧых ɧаɩɪяɠɟɧɢɣ). 
Оɩыɬ ɩɨɤаɡаɥ, чɬɨ ɩɪɢ ɢɫɩɨɥьɡɨɜаɧɢɢ ɦɟɬɨ-
ɞа ɩɟɪɟɦɟɧɧɨɝɨ ɜɟɤɬɨɪа ɫɢɥ ɦɨɝɭɬ ɜɨɡɧɢɤ-
ɧɭɬь ɩɪɨɛɥɟɦы ɫɨ ɫхɨɞɢɦɨɫɬьɸ. Оɧɢ ɜɨɡɧɢ-
ɤаɸɬ ɢɡ-ɡа ɬɨɝɨ, чɬɨ ɦɨɞɭɥɢ ɞɟɮɨɪɦацɢɢ (ɪɟ-
аɥьɧыɣ ɢ ɪаɫчёɬɧыɣ) ɧɟ ɫɨɜɩаɞаɸɬ. Эɬɨ ɩɪɨ-
ɢɫхɨɞɢɬ ɜ ɬɨɦ ɫɥɭчаɟ, ɟɫɥɢ ɞɟɮɨɪɦɢɪɭɟɦɨɫɬь 
ɦаɬɟɪɢаɥɨɜ, ɩɨ ɤɨɬɨɪɨɣ ɫɮɨɪɦɢɪɨɜаɧа ɦаɬ-
ɪɢца ɠёɫɬɤɨɫɬɢ (ɜ ɧачаɥɟ эɬаɩа), ɦɟɧьшɟ, 
чɟɦ ɞɟɮɨɪɦɢɪɭɟɦɨɫɬь ɧа ɬɟɤɭщɟɦ ɩɨɞэɬаɩɟ. 
Эɬɨ ɦɨɠɧɨ ɩɪɨɢɥɥɸɫɬɪɢɪɨɜаɬь ɧа ɩɪɨɫɬɨɦ 
ɧаɝɥяɞɧɨɦ ɩɪɢɦɟɪɟ, ɞɥя ɥɢɧɟɣɧɨɝɨ ɞɟɮɨɪ-
ɦɢɪɨɜаɧɢя ɨɞɧɨɣ ɪаɫчёɬɧɨɣ ɬɨчɤɢ. Дɨ ɧа-
ɝɪɭɠɟɧɢя эɬа ɬɨчɤа ɫɠаɬа ɧаɩɪяɠɟɧɢяɦɢ 0 
ɢ ɞɟɮɨɪɦацɢя ɜ ɧɟɣ ɪаɜɧа 0. Заɬɟɦ ɬɨчɤа ɧа-
ɝɪɭɠаɟɬɫя ɞɨ ɧаɩɪяɠɟɧɢя ɤ. Заɞача – ɜ ɫɨ-
ɨɬɜɟɬɫɬɜɢɢ ɫ ɡаɞаɧɧыɦ ɝɪаɮɢɤɨɦ ɡаɜɢɫɢɦɨ-
ɫɬɢ =f() ɨɩɪɟɞɟɥɢɬь ɞɟɮɨɪɦацɢɸ ɤ, ɫɨɨɬ-
ɜɟɬɫɬɜɭɸщɭɸ ɤ. 
На ɪɢɫ. 2 ɩɨɤаɡаɧа ɫхɟɦа ɜɟɞɟɧɢя ɢɬɟɪацɢ-
ɨɧɧɨɝɨ ɩɪɨцɟɫɫа ɞɥя ɫɥɭчая, ɟɫɥɢ ɩɪɢ ɪɨɫɬɟ 
ɧаɩɪяɠɟɧɢɣ ɦɨɞɭɥь ɞɟɮɨɪɦацɢɢ ɭɛыɜаɟɬ. 
Вɢɞɢɦ, чɬɨ ɨɧ ɫхɨɞɢɬɫя ɢ ɩɪɢ ɛɨɥьшɨɦ ɪаɫ-
чёɬɧɨɦ ɦɨɞɭɥɟ (ɪɢɫ.2а), ɢ ɩɪɢ ɧɢɡɤɨɦ 
(ɪɢɫ.2ɛ) ɢ ɩɪɢ ɧɢɡɤɨɦ ɞаɠɟ ɛыɫɬɪɟɟ. Иɬɟɪа-
цɢɨɧɧыɣ ɩɪɨцɟɫɫ ɦɨɠɟɬ ɧɟ ɫɨɣɬɢɫь ɬɨɥьɤɨ ɜ 
ɫɥɭчаɟ, ɟɫɥɢ Е0. 
На ɪɢɫ. 3 ɩɨɤаɡаɧа ɫхɟɦа ɜɟɞɟɧɢя ɢɬɟɪацɢ-
ɨɧɧɨɝɨ ɩɪɨцɟɫɫа ɞɥя ɫɥɭчая, ɟɫɥɢ ɩɪɢ ɪɨɫɬɟ 
ɧаɩɪяɠɟɧɢɣ ɦɨɞɭɥь ɞɟɮɨɪɦацɢɢ ɜɨɡɪаɫɬаɟɬ. 
Пɪɢ ɜыɫɨɤɨɦ ɪаɫчёɬɧɨɦ ɦɨɞɭɥɟ ɢɬɟɪацɢɨɧ-
ɧыɣ ɩɪɨцɟɫɫ ɫхɨɞɢɬɫя ɜɫɟɝɞа (ɪɢɫ.2а), ɩɪɢ 
ɧɢɡɤɨɦ – ɧɟɬ. На ɫхɟɦɟ ɪɢɫ.2ɛ ɢɬɟɪацɢɨɧɧыɣ 
ɩɪɨцɟɫɫ ɫхɨɞɢɬɫя, ɧɨ ɜ ɩɪɨцɟɫɫɟ ɢɬɟɪацɢɣ 
ɧаɩɪяɠɟɧɢя ɦɨɝɭɬ ɩɪɟɜыɫɢɬь ɤ. Эɬɨ ɨɩаɫɧɨ, 
ɟɫɥɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɦɨɞɟɥьɸ ɦаɬɟɪɢаɥа 
ɩɪɢ ɬаɤɢх ɧаɩɪяɠɟɧɢях ɦɨɠɟɬ ɩɪɨɢɡɨɣɬɢ ɟɝɨ 
ɪаɡɪɭшɟɧɢɟ. На ɪɢɫ.2ɜ ɜɢɞɧɨ, чɬɨ ɩɪɢ ɧɢɡ-
ɤɨɦ ɪаɫчёɬɧɨɦ ɦɨɞɭɥɟ ɢɬɟɪацɢɨɧɧыɣ ɩɪɨ-
цɟɫɫ ɪаɫхɨɞɢɬɫя. 

 

 
Рɢсɭɧɨɤ 2. Хɨɞ ɢɬɟɪаɰɢɨɧɧɨɝɨ ɩɪɨɰɟсса ɩɪɢ 
ɭɛываɸщɟɦ хаɪаɤɬɟɪɟ ɢɡɦɟɧɟɧɢя ɦɨɞɭɥя  

ɞɟɮɨɪɦаɰɢɢ 
а - ɢɬɟɪацɢɨɧɧыɣ ɩɪɨцɟɫɫ ɫ ɜыɫɨɤɢɦ ɦɨɞɭɥɟɦ 
ɞɟɮɨɪɦацɢɢ (Е>Еɝɪ), ɛ - ɢɬɟɪацɢɨɧɧыɣ ɩɪɨцɟɫɫ ɫ 
ɧɢɡɤɢɦ ɦɨɞɭɥɟɦ (Е<Еɝɪ). 
 
Нɟɜɨɡɦɨɠɧɨ ɬаɤɠɟ ɪɟшаɬь ɡаɞачɢ, ɜ ɤɨɬɨɪых 
ɝɪɭɧɬ ɭɩɪɨчɧяɟɬɫя, ɬ.ɟ. ɩɟɪɟхɨɞɢɬ ɢɡ ɩɪɟ-
ɞɟɥьɧɨɝɨ ɫɨɫɬɨяɧɢя (ɤɨэɮɮɢцɢɟɧɬ Пɭаɫɫɨɧа =0,5) ɜ ɞɨɩɪɟɞɟɥьɧɨɟ (<0,5). В эɬɢх ɫɥɭча-
ях ɢɬɟɪацɢɨɧɧыɣ ɩɪɨцɟɫɫ ɪаɫхɨɞɢɬɫя. 
Чɬɨɛы ɧɟ ɞɨɩɭɫɤаɬь ɪаɫхɨɞɢɦɨɫɬɢ ɢɬɟɪацɢ-
ɨɧɧɨɝɨ ɩɪɨцɟɫɫа, ɧɟɨɛхɨɞɢɦɨ ɤаɤ ɛы ɡаɦɟɞ-
ɥяɬь ɢɬɟɪацɢɨɧɧɨɝɨ ɩɪɨцɟɫɫа, ɬ.ɟ. ɞɜɢɝаɬьɫя 
ɤ ɪɟшɟɧɢɸ ɩɨɫɬɟɩɟɧɧɨ. Наɞɨ ɢсхɨɞɢɬь ɢɡ 
ɩɪɢɧɰɢɩа, чɬɨ ɢɬɟɪаɰɢɨɧɧыɣ ɩɪɨɰɟсс ɞɨɥ-
ɠɟɧ ɩɪɢɛɥɢɠаɬь ɤ ɪɟɲɟɧɢɸ с ɨɞɧɨɣ сɬɨɪɨ-
ɧы. 
Эɬɨ ɨɡɧачаɟɬ, чɬɨ ɩɪɢ ɤаɠɞɨɣ ɢɬɟɪацɢɢ ɧɟ-
ɨɛхɨɞɢɦɨ ɡаɧɢɠаɬь ɩɨɥɭчаɟɦыɟ ɩɪɢɪащɟɧɢя 
ɩɟɪɟɦɟщɟɧɢɣ. 
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i
j
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j

   

 
i
jU , 1i

jU  – ɩɟɪɟɦɟщɟɧɢɟ ɫɬɟɩɟɧɢ ɫɜɨɛɨɞы j 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɧа ɢɬɟɪацɢɢ i ɢ i-1, 
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ɨɩыɬ ɫɨɡɞаɧɢя, ɦɟɬɨɞɢɤɢ ɢ аɥɝɨɪɢɬɦы  
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Рɢсɭɧɨɤ 3. Хɨɞ ɢɬɟɪаɰɢɨɧɧɨɝɨ ɩɪɨɰɟсса  
ɩɪɢ ɧаɪасɬаɸщɟɦ хаɪаɤɬɟɪɟ ɢɡɦɟɧɟɧɢя  

ɦɨɞɭɥя ɞɟɮɨɪɦаɰɢɢ. 
а - ɢɬɟɪацɢɨɧɧыɣ ɩɪɨцɟɫɫ ɫ ɜыɫɨɤɢɦ ɦɨɞɭɥɟɦ 
ɞɟɮɨɪɦацɢɢ (Е>Еɝɪ), ɛ, ɜ - ɢɬɟɪацɢɨɧɧыɣ ɩɪɨцɟɫɫ 
ɫ ɧɢɡɤɢɦ ɦɨɞɭɥɟɦ (Е<Еɝɪ) 
 

1i
jU  – ɩɪɢɪащɟɧɢɟ ɩɟɪɟɦɟщɟɧɢя ɫɬɟɩɟɧɢ 

ɫɜɨɛɨɞы j ɧа ɢɬɟɪацɢɢ i, 
a – ɩɨɧɢɠаɸщɢɣ ɤɨэɮɮɢцɢɟɧɬ. 
Оɛычɧɨ ɩаɪаɦɟɬɪ a ɧɟɨɛхɨɞɢɦɨ ɩɪɢɧɢɦаɬь 
ɪаɜɧыɦ 1,32. 
Еɫɬɟɫɬɜɟɧɧɨ ɬаɤɨɣ ɩɨɞхɨɞ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢ-
чɟɧɢɸ ɜɪɟɦɟɧɢ ɫчёɬа. Иɧɨɝɞа ɪɟшɟɧɢɟ ɦɨ-
ɠɟɬ ɛыɬь ɩɨɥɭчɟɧɨ ɛыɫɬɪɟɟ ɦɟɬɨɞɨɦ ɩɟɪɟ-
ɦɟɧɧɨɝɨ ɜɟɤɬɨɪа ɫɢɥ. 
Каɤ ɜɢɞɧɨ, ɜɜɟɞɟɧɢɟ ɩɨɞэɬаɩɨɜ ɡаɦɟɬɧɨ ɭɞ-
ɥɢɧяɟɬ ɩɪɨцɟɫɫ ɪɟшɟɧɢя ɡаɞач, ɧɨ ɩɨ ɫɪаɜɧɟ-
ɧɢɸ ɫ ɢɫɩɨɥьɡɨɜаɧɢɟɦ МЛВ ɪɟшɟɧɢɟ ɡаɞачɢ 
ɩɨ ɩɪɨɝɪаɦɦɟ «Stat2t» ɭɫɤɨɪɢɥɨɫь ɜ ɞɟɫяɬɤɢ 
ɪаɡ. 
Уɫɤɨɪɟɧɢɟ ɩɪɨцɟɫɫа ɪаɫчёɬа ɩɨɡɜɨɥɢɥɨ ɪɟ-
шаɬь ɛɨɥɟɟ ɫɥɨɠɧыɟ ɡаɞачɢ, ɜ ɦɟɬɨɞɢɤɭ ɪɟ-
шɟɧɢя ɡаɞач ɨ НДС ɝɪɭɧɬɨɜых ɩɥɨɬɢɧ ɫ ɧɟ-
ɝɪɭɧɬɨɜыɦɢ ɤɨɧɫɬɪɭɤцɢяɦɢ ɛыɥɢ ɜɧɟɫɟɧы 
ɞɜа ɫɭщɟɫɬɜɟɧɧых ɭɬɨчɧɟɧɢя. 

Пɟɪɜɨɟ ɭɬɨчɧɟɧɢɟ (2004 ɝ.) – ɜ ɩɪɨɝɪаɦɦɟ 
«Stat2t» ɛыɥа ɜɜɟɞɟɧа ɜɨɡɦɨɠɧɨɫɬь ɢɫɩɨɥь-
ɡɨɜаɧɢя ɤɨɧɬаɤɬɧых эɥɟɦɟɧɬɨɜ ɞɥя ɨɩɢɫаɧɢя 
ɧɟɥɢɧɟɣɧых эɮɮɟɤɬɨɜ ɤɨɧɬаɤɬɧɨɝɨ ɜɡаɢɦɨ-
ɞɟɣɫɬɜɢя ɧɟɝɪɭɧɬɨɜых ɤɨɧɫɬɪɭɤцɢɣ ɫ ɝɪɭɧ-
ɬɨɜыɦ ɦаɫɫɢɜɨɦ ɢ ɦɟɠɞɭ ɫɨɛɨɣ. Иɫɩɨɥьɡɨ-
ɜаɧɢɟ ɤɨɧɬаɤɬɧых эɥɟɦɟɧɬɨɜ ɞаɥɨ ɜɨɡɦɨɠ-
ɧɨɫɬь ɦɨɞɟɥɢɪɨɜаɬь ɩɪɨцɟɫɫы ɨɬɥɢɩаɧɢя ɢɥɢ 
ɪаɫɤɪыɬɢя шɜɨɜ, ɤɨɬɨɪыɟ ɧɟ ɦɨɝɭɬ ɛыɬь 
ɫɦɨɞɟɥɢɪɨɜаɧы ɫ ɩɨɦɨщьɸ эɥɟɦɟɧɬɨɜ 
ɫɩɥɨшɧɨɣ ɫɪɟɞы [20,21]. 
Схɟɦа ɧɟɥɢɧɟɣɧɨɣ ɪаɛɨɬы шɜа (ɬɪɟщɢɧы) 
ɢɥɢ ɤɨɧɬаɤɬа ɩɨɤаɡаɧа ɧа ɪɢɫ.2. На ɧёɦ ɩɨɤа-
ɡаɧа ɞɢаɝɪаɦɦа ɩɨɜɟɞɟɧɢя шɜа ɜ ɧаɩɪаɜɥɟ-
ɧɢɢ, ɧɨɪɦаɥьɧɨɦ (ɪɢɫ.2а) ɢ ɤаɫаɬɟɥьɧɨɦ 
(ɪɢɫ.2ɛ) ɤ ɩɥɨɫɤɨɫɬɢ шɜа. 
Пɪɢɧɢɦаɟɬɫя, чɬɨ ɜ ɤɨɧɬаɤɬɟ ɧаɩɪяɠɟɧɢя 
ɩɪɨɩɨɪцɢɨɧаɥьɧы ɩɟɪɟɦɟщɟɧɢяɦ, ɢ ɤɨэɮɮɢ-
цɢɟɧɬɨɦ ɩɪɨɩɨɪцɢɨɧаɥьɧɨɫɬɢ ɜыɫɬɭɩаɟɬ ɠё-
ɫɬɤɨɫɬь K [Н/ɦ3]. Нɨ эɬа ɩɪɨɩɨɪцɢɨɧаɥь-
ɧɨɫɬь ɧаɛɥɸɞаɟɬɫя ɬɨɥьɤɨ ɩɪɢ ɭɫɥɨɜɢɢ ɫɨ-
хɪаɧɟɧɢя ɩɪɨчɧɨɫɬɢ шɜа (ɧа ɪаɫɬяɠɟɧɢɟ ɢɥɢ 
ɫɞɜɢɝ). Пɪɢ ɩɪɟɜышɟɧɢɢ ɩɪɨчɧɨɫɬɢ ɧа ɪаɫ-
ɬяɠɟɧɢɟ Rp шɨɜ ɪаɫɤɪыɜаɟɬɫя, эɬɨ ɪаɫɤɪыɬɢɟ 
ɦɨɠɟɬ ɧɟɨɝɪаɧɢчɟɧɧɨ ɭɜɟɥɢчɢɜаɬьɫя 
(ɪɢɫ.2а). Пɪɢ ɩɨɜɬɨɪɧɨɦ ɩɨяɜɥɟɧɢɢ ɪаɫɬяɝɢ-
ɜаɸщɢх ɭɫɢɥɢɣ ɜ ɪаɧɟɟ ɭɠɟ ɪаɫɤɪыɜаɜшɟɦɫя 
шɜɟ, ɨɧ ɛɭɞɟɬ ɪаɫɤɪыɜаɬьɫя ɞаɠɟ ɩɪɢ ɫаɦых 
ɦаɥɟɧьɤɢх ɧаɩɪяɠɟɧɢях. 
Оцɟɧɤа ɩɪɨчɧɨɫɬɢ ɩɪɢ ɫɞɜɢɝɟ ɜ ɤɨɧɬаɤɬɧых 
эɥɟɦɟɧɬах ɨɫɭщɟɫɬɜɥяɟɬɫя ɧа ɨɫɧɨɜɟ ɭɫɥɨɜɢя 
ɩɪɨчɧɨɫɬɢ Кɭɥɨɧа-Мɨɪа. Пɪɢ ɩɪɟɜышɟɧɢɢ 
ɤаɫаɬɟɥьɧыɦɢ ɩɪɨчɧɨɫɬɢ ɤɨɧɬаɤɬа (шɜа) ɧа 
ɫɞɜɢɝ, ɟɝɨ цɟɥɨɫɬɧɨɫɬь ɦɨɠɟɬ ɛыɬь ɧаɪɭшɟɧа 
(ɪɢɫ.2ɛ). Пɪɢ ɧаɪɭшɟɧɢɢ цɟɥɨɫɬɧɨɫɬɢ шɜа 
(хɪɭɩɤɨɟ ɪаɡɪɭшɟɧɢɟ) ɫцɟɩɥɟɧɢɟ ɜ ɧёɦ ɢɫчɟ-
ɡаɟɬ. Тɪɟɧɢɟ ɜ шɜɟ ɫɨхɪаɧяɟɬɫя. Раɫɤɪыɬыɣ 
шɨɜ ɧɟ ɢɦɟɟɬ ɩɪɨчɧɨɫɬɢ ɧа ɫɞɜɢɝ. 
Вɨ-ɜɬɨɪых, ɛɨɥɟɟ ɜɟɪɧɨ ɛыɥ ɭчɬёɧ ɬɨɬ ɮаɤɬ, 
чɬɨ ɝɪɭɧɬы ɩɪаɤɬɢчɟɫɤɢ ɧɟ ɪаɛɨɬаɸɬ ɪаɫɬя-
ɠɟɧɢɟ. Пɪɢ ɩɨяɜɥɟɧɢɢ ɜ ɜɟɪхɨɜɨɣ ɭɩɨɪɧɨɣ 
ɩɪɢɡɦɟ ɩɥɨɬɢɧы ɪаɫɬяɝɢɜаɸщɢх ɧаɩɪяɠɟɧɢɣ x, ɨɧɢ ɡаɧɭɥяɥɢɫь ɢ ɫ ɩɨɦɨщьɸ ɢɬɟɪацɢɨɧ-
ɧɨɝɨ ɩɪɨцɟɫɫа ɧаɝɪɭɡɤа ɩɟɪɟɞаɜаɥаɫь ɧа ɫɨ-
ɫɟɞɧɢɟ эɥɟɦɟɧɬы. 
 



М.П. Саɢɧɨɜ  
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Рɢсɭɧɨɤ 2. Мɨɞɟɥь ɩɨвɟɞɟɧɢя ɤɨɧɬаɤɬа  
ɧɟɝɪɭɧɬɨвых ɤɨɧсɬɪɭɤɰɢɣ с ɝɪɭɧɬɨɦ  

ɢ ɦɟɠɞɭ сɨɛɨɣ  
 

а – ɩɨ ɧаɩɪяɠɟɧɢяɦ ɢ ɩɟɪɟɦɟщɟɧɢяɦ  
в ɧаɩɪавɥɟɧɢɢ, ɧɨɪɦаɥьɧɨɦ ɤ ɩɥɨсɤɨсɬɢ ɲва, 
Un – ɨɬɧɨɫɢɬɟɥьɧыɟ ɩɟɪɟɦɟщɟɧɢя «ɛɟɪɟɝɨɜ» шɜа 
ɜ ɧаɩɪаɜɥɟɧɢɢ ɩɨɩɟɪёɤ шɜа (ɜ ɧɨɪɦаɥьɧɨɦ ɧа-
ɩɪаɜɥɟɧɢɢ), n – ɧаɩɪяɠɟɧɢя ɜ ɧаɩɪаɜɥɟɧɢɢ, 
ɧɨɪɦаɥьɧɨɦ ɤ ɩɥɨɫɤɨɫɬɢ шɜа, Rp – ɩɪɨчɧɨɫɬь 
ɤɨɧɬаɤɬа (шɜа) ɧа ɪаɫɬяɠɟɧɢɟ. 
1 – ɩɨɜɟɞɟɧɢɟ шɜа (ɬɪɟщɢɧы) ɩɪɢ ɧаɥɢчɢɢ ɩɪɨч-
ɧɨɫɬɢ ɧа ɪаɫɬяɠɟɧɢɟ, 2 – ɩɨɜɟɞɟɧɢɟ шɜа (ɬɪɟщɢ-
ɧы) ɩɨɫɥɟ ɩɨɬɟɪɢ ɩɪɨчɧɨɫɬɢ ɧа ɪаɫɬяɠɟɧɢɟ. 

 

ɛ – ɩɨ ɧаɩɪяɠɟɧɢяɦ ɢ ɩɟɪɟɦɟщɟɧɢяɦ  
в ɧаɩɪавɥɟɧɢɢ, ɤасаɬɟɥьɧɨɦ ɤ ɩɥɨсɤɨсɬɢ 

ɲва. 
Ut – ɨɬɧɨɫɢɬɟɥьɧыɟ ɩɟɪɟɦɟщɟɧɢя «ɛɟɪɟɝɨɜ» шɜа 
ɜ ɧаɩɪаɜɥɟɧɢɢ ɜɞɨɥь шɜа,  – ɤаɫаɬɟɥьɧыɟ ɧа-
ɩɪяɠɟɧɢя ɜ шɜɟ, ɩɪɟɞ – ɩɪɨчɧɨɫɬь ɤɨɧɬаɤɬа (шɜа) 
ɧа ɫɞɜɢɝ. 
1 – ɢɞɟаɥьɧɨ-ɩɥаɫɬɢчɟɫɤɨɟ ɪаɡɪɭшɟɧɢɟ ɩɪɢ ɫɞɜɢ-
ɝɟ ɜ ɭɫɥɨɜɢях ɫɠаɬɢя, 2 – хɪɭɩɤɨɟ ɪаɡɪɭшɟɧɢɟ 
ɩɪɢ ɫɞɜɢɝɟ ɜ ɭɫɥɨɜɢях ɫɠаɬɢя, 3 – ɩɨɜɟɞɟɧɢɟ 
ɪаɫɤɪыɜшɟɝɨɫя шɜа. 
 
В-ɬɪɟɬьɢх, ɛыɥ ɪаɡɪаɛɨɬаɧ ɛɨɥɟɟ ɬɨчɧыɣ аɥ-
ɝɨɪɢɬɦ ɭчёɬа ɧаɫɥɟɞɫɬɜɟɧɧɨɣ ɩɨɥɡɭчɟɫɬɢ 
ɝɪɭɧɬɨɜ. Дɥя эɬɨɝɨ ɛыɥ ɢɫɩɨɥьɡɨɜаɧ ɦɟɬɨɞ 
ɧачаɥьɧых ɧаɩɪяɠɟɧɢɣ. На ɤаɠɞɨɦ ɢɡ эɬа-
ɩɨɜ, ɜ ɤаɠɞɨɦ ɤɨɧɟчɧɨɦ эɥɟɦɟɧɬɟ ɧаɤɨɩɥɟɧ-
ɧыɟ ɞɟɮɨɪɦацɢɢ ɩɨɥɡɭчɟɫɬɢ ɩɪɟɨɛɪаɡɨɜыɜа-
ɥɢɫь ɜɨ ɜɧɭɬɪɟɧɧɢɟ ɭɫɢɥɢя (ɧаɩɪяɠɟɧɢя), 
ɤɨɬɨɪыɟ ɤаɤ ɛы «ɢɫчɟɡɥɢ» ɢɡ эɥɟɦɟɧɬа. Чɟɪɟɡ 
эɬɢ ɭɫɢɥɢя ɜычɢɫɥяɥɢɫь ɜɧɟшɧɢɟ ɫɢɥы, ɨɬ-
ɧɟɫёɧɧыɟ ɤ ɫɬɟɩɟɧяɦ ɫɜɨɛɨɞы. Эɬɢ ɫɢɥы ɜы-
ɡыɜаɸɬ ɞɨɩɨɥɧɢɬɟɥьɧыɟ ɩɟɪɟɦɟщɟɧɢя ɫɬɟ-
ɩɟɧɟɣ ɫɜɨɛɨɞы ɨɬ ɩɨɥɡɭчɟɫɬɢ. 

Оɩɢɫаɧɧыɟ ɜышɟ аɥɝɨɪɢɬɦы ɩɪɨɝɪаɦɦы 
«Stat2t» ɛыɥɢ ɪаɫɩɪɨɫɬɪаɧɟɧы ɧа ɪɟшɟɧɢɟ 
ɩɪɨɫɬɪаɧɫɬɜɟɧɧых ɡаɞач, ɞɥя чɟɝɨ ɛыɥа ɫɨɡ-
ɞаɧа ɩɪɨɝɪаɦɦа «Stat3t». С ɩɨɦɨщьɸ эɬɨɣ 
ɩɪɨɝɪаɦɦы ɛыɥɢ ɪɟшɟɧы ɡаɞачɢ ɨ НДС 
ɝɪɭɧɬɨɜых ɩɥɨɬɢɧ ɘɦаɝɭɡɢɧɫɤɨɣ, Бɨɝɭчаɧ-
ɫɤɨɣ, Саɧɝɬɭɞɢɧɫɤɨɣ ɢ Иɪɝаɧаɣɫɤɨɣ ȽЭС 
[22], а ɬаɤɠɟ ɪяɞ ɞɪɭɝɢх ɧаɭчɧых ɢɫɫɥɟɞɨɜа-
ɧɢɣ. 
Оɞɧаɤɨ ɩɪɨɝɪаɦɦа «Stat3t» ɧɟ ɩɨɡɜɨɥяɥа ɪɟ-
шаɬь ɩɪɨɫɬɪаɧɫɬɜɟɧɧыɟ ɡаɞачɢ ɫ ɭчёɬɨɦ ɧɟ-
ɥɢɧɟɣɧых эɮɮɟɤɬɨɜ ɜɡаɢɦɨɞɟɣɫɬɜɢя ɧɟɝɪɭɧ-
ɬɨɜых ɤɨɧɫɬɪɭɤцɢɣ ɫ ɝɪɭɧɬɨɜыɦ ɦаɫɫɢɜɨɦ ɢ 
ɦɟɠɞɭ ɫɨɛɨɣ. Её ɤɨɧɟчɧɨ-эɥɟɦɟɧɬɧая ɛаɡа 
ɛыɥа ɨɝɪаɧɢчɟɧа 8ьɸ-ɭɡɥыɜаɦɢ эɥɟɦɟɧɬаɦɢ 
(ɫɩɥɨшɧɨɣ ɫɪɟɞы) ɜ ɜɢɞɟ шɟɫɬɢɝɪаɧɧых 
ɩɪɢɡɦ ɩɪɨɢɡɜɨɥьɧɨɣ ɮɨɪɦы. Аɩɩɪɨɤɫɢɦацɢя 
ɩɟɪɟɦɟщɟɧɢɣ ɜɧɭɬɪɢ ɬаɤɨɝɨ эɥɟɦɟɧɬа – ɤɜа-
ɡɢɥɢɧɟɣɧая, чɬɨ ɪɟɡɤɨ ɫɧɢɠаɟɬ ɬɨчɧɨɫɬь ɩɨ-
ɥɭчаɟɦых ɪɟшɟɧɢɣ. Нɟɨɛхɨɞɢɦɨ ɛыɥɨ ɪаɡ-
ɪаɛɨɬаɬь аɥɝɨɪɢɬɦы ɪаɛɨɬы ɩɪɨɫɬɪаɧɫɬɜɟɧ-
ɧых ɤɨɧɬаɤɬɧых эɥɟɦɟɧɬɨɜ ɢ ɦɨɞɟɪɧɢɡɢɪɨ-
ɜаɬь ɩɪɨɝɪаɦɦɭ. 
В ɪɟɡɭɥьɬаɬɟ ɜ 2009 ɝ. ɛыɥа ɧачаɬа ɪаɛɨɬа ɩɨ 
ɫɨɡɞаɧɢɸ ɧɨɜɨɣ ɜычɢɫɥɢɬɟɥьɧɨɣ ɩɪɨɝɪаɦɦы 
«NDS-N», ɤɨɬɨɪая ɧɟ ɬɨɥьɤɨ ɨɛъɟɞɢɧɢɥа ɜ 
ɫɟɛɟ ɩɪɨɝɪаɦɦы «Stat2t» ɢ «Stat3t», ɧɨ ɢ 
ɪаɫшɢɪɢɥа ɢх ɜɨɡɦɨɠɧɨɫɬɢ. 
Пɨɬɪɟɛɧɨɫɬь ɜ ɦɨɞɟɪɧɢɡацɢɢ ɩɪɨɝɪаɦɦы 
ɜɨɡɧɢɤɥа ɜ ɫɜяɡɢ ɫ ɧɟɨɛхɨɞɢɦɨɫɬьɸ ɭчɢɬы-
ɜаɬь ɧɟɥɢɧɟɣɧɨɫɬь ɞɟɮɨɪɦɢɪɨɜаɧɢя ɫɤаɥь-
ɧых ɝɪɭɧɬɨɜ (ɢ ɛɟɬɨɧа). Эɬɨ ɜ ɫɜɨɸ ɨчɟɪɟɞь 
ɩɨɬɪɟɛɨɜаɥɨɫь ɞɥя ɬɨɝɨ, чɬɨɛы ɜɟɫɬɢ ɪаɫчёɬы 
НДС ɤɨɦɛɢɧɢɪɨɜаɧɧых ɩɥɨɬɢɧ, ɬ.ɟ. ɩɥɨɬɢɧ ɜ 
ɤɨɬɨɪых ɛɨɥьшая чаɫɬь ɜыɩɨɥɧɟɧа ɢɡ ɛɟɬɨɧа, 
хɨɬя ɨɫɧɨɜɧɨɣ ɨɛъёɦ ɩɪɟɞɫɬаɜɥяɟɬ ɫɨɛɨɣ 
ɝɪɭɧɬɨɜɭɸ ɧаɫыɩь [23]. 
Пɟɪɟчɢɫɥɢɦ ɨɫɧɨɜɧыɟ ɨɬɥɢчɢя ɩɪɨɝɪаɦɦы 
«NDS-N» ɩɨ ɮɭɧɤцɢɨɧаɥьɧыɦ ɜɨɡɦɨɠɧɨ-
ɫɬяɦ: 
1. Вɜɟɞɟɧы ɩɪɨɫɬɪаɧɫɬɜɟɧɧыɟ ɤɨɧɬаɤɬɧыɟ 
эɥɟɦɟɧɬы ɬɢɩа «ɩɨɜɟɪхɧɨɫɬь-ɩɨɜɟɪхɧɨɫɬь». 
Оɧɢ ɦɨɝɭɬ ɢɦɟɬь ɥɢɧɟɣɧɭɸ, ɤɜаɞɪаɬɢчɧɭɸ ɢ 
ɤɭɛɢчɟɫɤɭɸ аɩɩɪɨɤɫɢɦацɢɸ ɩɟɪɟɦɟщɟɧɢɣ 
ɜɧɭɬɪɢ эɥɟɦɟɧɬа. 
2. Вɜɟɞɟɧа ɜɨɡɦɨɠɧɨɫɬь ɪаɫчёɬа ɭɩɪɭɝɨ-
ɩɥаɫɬɢчɟɫɤɨɝɨ ɩɨɜɟɞɟɧɢя ɫɤаɥьɧых ɝɪɭɧɬɨɜ ɜ 



Вычɢɫɥɢɬɟɥьɧая ɩɪɨɝɪаɦɦа ɩɨ ɪаɫчɟɬɭ ɧаɩɪяɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜаɧɧɨɝɨ ɫɨɫɬɨяɧɢя ɝɪɭɧɬɨɜых ɩɥɨɬɢɧ:  
ɨɩыɬ ɫɨɡɞаɧɢя, ɦɟɬɨɞɢɤɢ ɢ аɥɝɨɪɢɬɦы  
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ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɦɨɞɟɥьɸ Кɭɥɨɧа-Мɨɪа (ɜ ɪɟ-
ɡɭɥьɬаɬɟ ɩɨɬɟɪɢ ɩɪɨчɧɨɫɬɢ ɧа ɫɞɜɢɝ).  
3. Вɜɟɞɟɧа ɜɨɡɦɨɠɧɨɫɬь ɭчёɬа ɭɩɪɭɝɨ-
ɩɥаɫɬɢчɟɫɤɨɝɨ ɩɨɜɟɞɟɧɢя ɦаɬɟɪɢаɥɨɜ ɜ ɪɟ-
ɡɭɥьɬаɬɟ ɧаɪɭшɟɧɢя ɢх ɩɪɨчɧɨɫɬɢ ɪаɫɬяɠɟ-
ɧɢɟ. Раɛɨɬа ɫɤаɥьɧɨɝɨ ɝɪɭɧɬа ɜ ɨɛɥаɫɬɢ ɪаɫ-
ɬяɠɟɧɢя ɨɝɪаɧɢчɢɜаɟɬɫя ɭɫɥɨɜɢɟɦ ɩɪɨчɧɨɫɬɢ 
ɜ ɜɢɞɟ ðm R , ɝɞɟ m – ɝɥаɜɧɨɟ ɧаɩɪяɠɟ-
ɧɢɟ, Rp – ɩɪɨчɧɨɫɬь ɦаɬɟɪɢаɥа ɧа ɪаɫɬяɠɟ-
ɧɢɟ. 
Уɩɪɭɝɨ-ɩɥаɫɬɢчɟɫɤɨɟ ɩɨɜɟɞɟɧɢɟ ɦаɬɟɪɢаɥа ɜ 
ɪɟɡɭɥьɬаɬɟ ɧаɪɭшɟɧɢя ɟɝɨ ɩɪɨчɧɨɫɬɢ (ɧа 
ɫɞɜɢɝ ɢɥɢ ɪаɫɬяɠɟɧɢɟ) ɪɟаɥɢɡɭɟɬɫя ɫ ɩɨɦɨ-
щьɸ ɢɬɟɪацɢɨɧɧɨɝɨ ɩɪɨцɟɫɫа. 
4. Кɨɧɟчɧɨ-эɥɟɦɟɧɬɧая ɛаɡа ɩɪɨɝɪаɦɦы 
ɪаɫшɢɪɟɧа ɡа ɫчёɬ ɜɜɟɞɟɧɢя ɨɛъёɦɧых ɤɨ-
ɧɟчɧых эɥɟɦɟɧɬɨɜ (ɜ ɜɢɞɟ шɟɫɬɢɝɪаɧɧɢɤɨɜ 
ɩɪɨɢɡɜɨɥьɧɨɣ ɮɨɪɦы) ɫ ɧɟɥɢɧɟɣɧɨɣ (ɤɜаɞɪа-
ɬɢчɧɨɣ ɢɥɢ ɤɭɛɢчɟɫɤɨɣ) аɩɩɪɨɤɫɢɦацɢɟɣ ɩɟ-
ɪɟɦɟщɟɧɢɣ ɜɧɭɬɪɢ эɥɟɦɟɧɬа. С 2011 ɝɨɞа 
ɩɪɨɝɪаɦɦа ɩɨɡɜɨɥяɟɬ ɢɫɩɨɥьɡɨɜаɬь ɤɨɧɟчɧыɟ 
эɥɟɦɟɧɬы ɫ ɩɪɨɦɟɠɭɬɨчɧɨɣ ɫɬɟɩɟɧьɸ аɩ-
ɩɪɨɤɫɢɦацɢɢ ɩɟɪɟɦɟщɟɧɢɣ, ɤɨɬɨɪыɟ ɩɨɡɜɨ-
ɥяɸɬ ɫɨɩɪяɝаɬь ɦɟɠɞɭ ɫɨɛɨɣ ɨɛɥаɫɬɢ ɫɟɬɤɢ 
МКЭ ɫ ɪаɡɧыɦɢ ɩɨ ɫɬɟɩɟɧɢ аɩɩɪɨɤɫɢɦацɢɢ 
эɥɟɦɟɧɬаɦɢ. 
5. Вɜɟɞɟɧа ɜɨɡɦɨɠɧɨɫɬь ɜɜɨɞа ɜɧɭɬɪɟɧɧɢх 
ɭɫɢɥɢɣ ɨɬ ɬɟɦɩɟɪаɬɭɪɧых ɜɨɡɞɟɣɫɬɜɢɣ, чɬɨ 
ɩɨɡɜɨɥяɟɬ ɪɟшаɬь ɡаɞачɢ ɨ ɬɟɪɦɨɧаɩɪяɠёɧ-
ɧɨɦ ɫɨɫɬɨяɧɢɢ. 
Вɜɟɞɟɧɢɟ ɜ ɪаɫчёɬ ɜɨɡɦɨɠɧɨɫɬɢ ɩɨɬɟɪɢ 
ɩɪɨчɧɨɫɬɢ ɧа ɪаɫɬяɠɟɧɢɟ ɩɨɬɪɟɛɨɜаɥɨ ɦɨ-
ɞɢɮɢɤацɢɢ аɥɝɨɪɢɬɦɨɜ ɩɪɨɝɪаɦɦы. Дɨ эɬɢх 
ɩɨɪ ɦы ɢɦɟɥɢ ɞɟɥɨ ɫ ɝɥаɞɤɨɣ, ɦɨɧɨɬɨɧɧɨɣ 
ɧɟɥɢɧɟɣɧɨɫɬьɸ ɞɟɮɨɪɦɢɪɨɜаɧɢя, ɤɨɝɞа ɩɨ 
ɦɟɪɟ ɢɡɦɟɧɟɧɢя ɧаɩɪяɠёɧɧɨ-
ɞɟɮɨɪɦɢɪɨɜаɧɧɨɝɨ ɫɨɫɬɨяɧɢя ɝɪɭɧɬа, ɢɡɦɟ-
ɧяɟɬɫя ɟɝɨ ɞɟɮɨɪɦɢɪɭɟɦɨɫɬь. 
Пɨɬɟɪя ɠɟ ɩɪɨчɧɨɫɬɢ ɝɪɭɧɬɨɦ ɧа ɪаɫɬяɠɟɧɢɟ 
ɦɨɠɟɬ ɩɪɨɢɫхɨɞɢɬь ɜ ɜɢɞɟ хɪɭɩɤɨɝɨ ɪаɡɪɭ-
шɟɧɢя. Пɪɢ ɬаɤɨɦ хаɪаɤɬɟɪɟ ɪаɡɪɭшɟɧɢя 
ɝɪɭɧɬ ɧɟ ɦɨɠɟɬ  ɧɟɫɬɢ ɧɟ ɬɨɥьɤɨ ɞɨɩɨɥɧɢ-
ɬɟɥьɧɭɸ ɧаɝɪɭɡɤɭ, а ɩɨɥɧɨɫɬьɸ ɬɟɪяɟɬ ɫɜɨɸ 
ɧɟɫɭщɭɸ ɫɩɨɫɨɛɧɨɫɬь. Еɫɥɢ ɤаɤая-ɥɢɛɨ ɨɛ-
ɥаɫɬь ɝɪɭɧɬа ɩɨɬɟɪяɥа ɫɜɨɸ ɩɪɨчɧɨɫɬь, ɬɨ 
ɜɨɫɩɪɢɧɢɦаɟɦая ɟɸ ɧаɝɪɭɡɤа ɛɭɞɟɬ ɩɨɥɧɨ-
ɫɬьɸ ɩɟɪɟɞаɧа ɧа ɫɨɫɟɞɧɢɟ ɨɛɥаɫɬɢ. Эɬɨ 

ɨɩаɫɧɨ ɞɥя ɫхɨɞɢɦɨɫɬɢ ɢɬɟɪацɢɨɧɧɨɝɨ ɩɪɨ-
цɟɫɫа, ɬ.ɤ. ɨɧ ɫɬаɧɨɜɢɬɫя ɧɟ ɩɥаɜɧыɦ ɢ ɦɨɧɨ-
ɬɨɧɧыɦ, а ɫɤачɤɨɨɛɪаɡɧыɦ. В хɨɞɟ ɢɬɟɪацɢɢ 
ɦɨɠɟɬ ɨɤаɡаɬьɫя, чɬɨ ɧа ɨɞɧɨɣ ɢɬɟɪацɢɢ 
ɩɪɨчɧɨɫɬь ɦаɬɟɪɢаɥа ɩɪɟɜышɟɧа, а ɧа ɫɥɟ-
ɞɭɸщɟɣ – ɭɠɟ ɧɟɬ, а ɡаɬɟɦ – ɫɧɨɜа ɩɪɟɜышɟ-
ɧа. Иɬɟɪацɢɨɧɧыɣ ɩɪɨцɟɫɫ ɦɨɠɟɬ ɧɟ ɫхɨ-
ɞɢɬьɫя, а хɨɞ ɪɟшɟɧɢя ɫɬаɧɟɬ ɜɥɢяɬь ɧа ɟɝɨ 
ɪɟɡɭɥьɬаɬы. 
Дɥя ɩɨɜышɟɧɢя ɫɬаɛɢɥьɧɨɫɬɢ ɢɬɟɪацɢɨɧɧɨ-
ɝɨ ɩɪɨцɟɫɫа ɦɨɠɧɨ ɩɪɢɦɟɧяɬь ɞɜа ɫɩɨɫɨɛа:  ɩɪɨɜɨɞɢɬь ɫɧɢɠɟɧɢɟ ɪаɫɬяɝɢɜаɸщɢх 

ɧаɩɪяɠɟɧɢɣ ɜ ɪаɡɪɭшɟɧɧых эɥɟɦɟɧ-
ɬах ɩɨɫɬɟɩɟɧɧɨ,  ɭɫɬаɧаɜɥɢɜаɬь ɧɟɤɢɣ «ɩɨɪɨɝ чɭɜɫɬɜɢ-
ɬɟɥьɧɨɫɬɢ» ɩɨ ɧаɪɭшɟɧɢя ɩɪɨчɧɨɫɬɢ, 
чɬɨɛы ɢɬɟɪацɢɨɧɧыɣ ɩɪɨцɟɫɫ ɡаɬɪа-
ɝɢɜаɥ ɬɨɥьɤɨ эɥɟɦɟɧɬы, ɜ ɤɨɬɨɪых ɡа-
ɜɟɞɨɦɨ ɩɪɨчɧɨɫɬь ɛɭɞɟɬ ɧаɪɭшɟɧа. 

Оɩыɬ ɩɨɤаɡаɥ, чɬɨ ɨɫɨɛɟɧɧɨ ɨɩаɫɧɨ ɫɨɜɦɟ-
щаɬь ɜ ɢɬɟɪацɢɨɧɧɨɦ ɩɪɨцɟɫɫɟ ɧɟɥɢɧɟɣɧɨɫɬь 
ɨɛɨɢх ɜɢɞɨɜ, ɤɨɝɞа ɜɨɡɦɨɠɧɨ ɢ ɢɡɦɟɧɟɧɢɟɦ 
ɩаɪаɦɟɬɪɨɜ ɞɟɮɨɪɦɢɪɭɟɦɨɫɬɢ, ɢ ɧаɪɭшɟɧɢɟ 
ɩɪɨчɧɨɫɬɢ. 
В ɞаɥьɧɟɣшɟɦ ɩɪɨɝɪаɦɦа ɬаɤɠɟ ɫɨɜɟɪшɟɧ-
ɫɬɜɨɜаɥаɫь. В 2012 ɝɨɞ ɛыɥɢ ɜɧɟɫɟɧы ɫɥɟ-
ɞɭɸщɢɟ ɢɡɦɟɧɟɧɢя: 
1. Дɥя ɦɨɞɟɥɢɪɨɜаɧɢя ɨɫɨɛɨ ɬɨɧɤɢх ɩɪɨɬɢ-
ɜɨɮɢɥьɬɪацɢɨɧɧых эɥɟɦɟɧɬɨɜ (ɬɢɩа ɝɟɨɦɟɦ-
ɛɪаɧ) ɩɪɟɞɭɫɦɨɬɪɟɧɨ ɢɫɩɨɥьɡɨɜаɧɢɟ ɫɬɟɪɠ-
ɧɟɜых (ɞɥя ɩɥɨɫɤɨɣ ɡаɞачɢ) ɢ ɦɟɦɛɪаɧɧых 
(ɞɥя ɩɪɨɫɬɪаɧɫɬɜɟɧɧых ɡаɞач) ɤɨɧɟчɧых 
эɥɟɦɟɧɬɨɜ. 
2. Быɥ ɪɟаɥɢɡɨɜаɧ ɧɨɜыɣ ɩɨɞхɨɞ ɤ ɪаɡɝɪа-
ɧɢчɟɧɢɸ ɨɛɥаɫɬɟɣ ɭɩɪɭɝɢх ɢ ɭɩɪɭɝɨɩɥаɫɬɢ-
чɟɫɤɢх ɞɟɮɨɪɦацɢɣ (ɬ.ɟ. ɪаɡɝɪɭɡɤɢ ɢ аɤɬɢɜ-
ɧɨɝɨ ɧаɝɪɭɠɟɧɢя). 
Оɛычɧɨ ɨцɟɧɤɭ ɬɢɩа ɧаɝɪɭɠɟɧɢя (аɤɬɢɜɧɨɟ, 
ɧɟɣɬɪаɥьɧɨɟ ɧаɝɪɭɠɟɧɢɟ ɢɥɢ ɪаɡɝɪɭɡɤа) ɜɟ-
ɞɭɬ ɩɨ ɫɪɟɞɧɢɦ ɧаɩɪяɠɟɧɢяɦ  ɢ ɢɧɬɟɧɫɢɜ-
ɧɨɫɬɢ ɤаɫаɬɟɥьɧых ɧаɩɪяɠɟɧɢɣ i. Вɟɥɢчɢɧа  хаɪаɤɬɟɪɢɡɭɟɬ ɨɛъёɦɧɨɟ ɫɠаɬɢɟ, а i – ɧа-
ɝɪɭɠɟɧɢɟ ɡа ɫчёɬ ɢɡɦɟɧɟɧɢя ɮɨɪɦы. Счɢɬа-
ɟɬɫя, чɬɨ ɟɫɥɢ ɜ ɬɨчɤɟ ɩɪɨɢɫхɨɞɢɬ ɭɜɟɥɢчɟ-
ɧɢɟ  ɢ/ɢɥɢ i, ɬɨ ɩɪɨɢɫхɨɞɢɬ аɤɬɢɜɧɨɟ ɧа-
ɝɪɭɠɟɧɢɟ, ɟɫɥɢ ɧаɛɥɸɞаɟɬɫя ɢх ɭɦɟɧьшɟɧɢɟ 
– ɬɨ ɪаɡɝɪɭɡɤа. 



М.П. Саɢɧɨɜ  

International Journal for Computational Civil and Structural Engineering 220 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Наɦɢ ɛыɥɨ ɩɪɟɞɥɨɠɟɧɨ ɬɢɩа ɧаɝɪɭɠɟɧɢя ɨɩ-
ɪɟɞɟɥяɬь ɧа ɨɫɧɨɜɟ аɧаɥɢɡа эɥɥɢɩɫɨɜ (эɥɥɢɩ-
ɫɨɢɞɨɜ) ɧаɩɪяɠɟɧɢɣ Ляɦɟ, хаɪаɤɬɟɪɢɡɭɸщɢɟ 
ɧаɩɪяɠёɧɧɨɟ ɫɨɫɬɨяɧɢɟ ɜ ɬɨчɤɟ. На ɪɢɫ. 4 
ɩɨɤаɡаɧа ɫхɟɦа, ɢɥɥɸɫɬɪɢɪɭɸщая аɧаɥɢɡ ɧа-
ɩɪяɠёɧɧɨɝɨ ɫɨɫɬɨяɧɢя ɧа ɨɫɧɨɜɟ эɥɥɢɩɫɨɜ 
ɧɨɪɦаɥьɧых ɧаɩɪяɠɟɧɢɣ (ɡаɞача ɩɥɨɫɤɨɣ 
ɞɟɮɨɪɦацɢɢ). Пɪɟɞɩɨɥɨɠɢɦ, чɬɨ ɧаɝɪɭɠɟɧɢɟ 
ɝɪɭɧɬа ɩɪɨɢɫхɨɞɢɬ ɜ 2 ɫɬаɞɢɢ. Наɩɪяɠёɧɧɨɟ 
ɫɨɫɬɨяɧɢɟ ɜ ɬɨчɤɟ ɩɨɫɥɟ ɩɟɪɜɨɣ ɫɬаɞɢɢ ɧа-
ɝɪɭɠɟɧɢя ɛɭɞɟɬ хаɪаɤɬɟɪɢɡɨɜаɬьɫя эɥɥɢɩɫɨɦ 
ɧаɩɪяɠɟɧɢɣ 1, а ɩɨɫɥɟ ɜɬɨɪɨɣ - эɥɥɢɩɫɨɦ 2 
ɢɥɢ 3. 
Еɫɥɢ ɫɠɢɦаɸщɢɟ ɧаɩɪяɠɟɧɢя ɩɨɫɥɟ ɜɬɨɪɨɣ 
ɫɬаɞɢɢ ɧаɝɪɭɠɟɧɢя (эɥɥɢɩɫ 3) ɧɟ ɩɪɟɜыɫяɬ 
ɧаɩɪяɠɟɧɢя ɧа ɩɟɪɜɨɣ ɫɬаɞɢɢ (эɥɥɢɩɫ 1), ɬɨ 
ɞɟɮɨɪɦɢɪɨɜаɧɢɟ ɛɭɞɟɬ ɩɪɨɬɟɤаɬь ɩɨ ɜɟɬɜɢ 
ɪаɡɝɪɭɡɤɢ (ɭɩɪɭɝɨ) (ɪɢɫ. 4а). Еɫɥɢ ɠɟ ɧа ɜɬɨ-
ɪɨɣ ɫɬаɞɢɢ ɬɟɤɭщɢɟ ɫɠɢɦаɸщɢɟ ɧаɩɪяɠɟɧɢя 
ɧа ɤаɤɨɣ ɥɢɛɨ ɩɥɨщаɞɤɟ ɜыɣɞɭɬ ɡа ɝɪаɧɢцɭ 
1, ɬɨ ɩɪɢ ɧаɝɪɭɠɟɧɢɢ ɛɭɞɭɬ ɧаɛɥɸɞаɬьɫя 
ɩɥаɫɬɢчɟɫɤɢɟ ɞɟɮɨɪɦацɢɢ (ɪɢɫ. 4ɛ,ɜ,ɝ). Та-
ɤɢɦ ɨɛɪаɡɨɦ, эɥɥɢɩɫ 1 ɫɥɭɠɢɬ ɝɪаɧɢцɟɣ ɦɟ-
ɠɞɭ ɨɛɥаɫɬьɸ ɭɩɪɭɝɨɝɨ ɢ ɩɥаɫɬɢчɟɫɤɨɝɨ ɞɟ-
ɮɨɪɦɢɪɨɜаɧɢя, ɢɥɢ «ɝɪаɧɢцɟɣ ɭɩɪɭɝɨɣ ɡɨ-
ɧы». Сɥɨɠɧɟɟ ɞɟɥɨ ɨɛɫɬɨɢɬ ɜ ɫɥɭчаɟ ɦɧɨɝɨ-
ɫɬɭɩɟɧчаɬɨɝɨ ɧаɝɪɭɠɟɧɢя. В эɬɨɦ ɫɥɭчаɟ 
ɝɪаɧɢца 1 ɮɨɪɦɢɪɭɟɬɫя эɥɥɢɩɫаɦɢ ɧаɩɪяɠɟ-
ɧɢɣ ɜɫɟх ɩɪɟɞыɞɭщɢх ɫɬɭɩɟɧɟɣ ɧаɝɪɭɠɟɧɢя, 
ɨɧа яɜɥяɟɬɫя ɢх ɨɝɢɛаɸщɟɣ, ɩɨэɬɨɦɭ ɟё 
ɮɨɪɦа ɦɨɠɟɬ ɨɬɥɢчаɬьɫя ɨɬ эɥɥɢɩɫа. 
Раɫɫɦɨɬɪɢɦ ɫɥɭчаɣ ɩɪɨɫɬɨɝɨ ɫɬаɬɢчɟɫɤɨɝɨ 
ɧаɝɪɭɠɟɧɢя, ɤɨɝɞа ɨɫɢ ɝɥаɜɧых ɧаɩɪяɠɟɧɢɣ 
ɞɨ ɢ ɩɨɫɥɟ ɧаɝɪɭɠɟɧɢя ɫɨɜɩаɞаɸɬ, а ɢх ɜɟɥɢ-
чɢɧа ɫ ɤаɠɞɨɣ ɫɬɭɩɟɧьɸ ɧаɝɪɭɡɤɢ ɥɢшь ɭɜɟ-
ɥɢчɢɜаɟɬɫя (ɪɢɫ. 4ɛ). В эɬɨɦ ɫɥɭчаɟ ɝɪаɧɢца 
ɭɩɪɭɝɨɣ ɡɨɧы ɩɨɫɥɟ ɩɟɪɜɨɝɨ ɧаɝɪɭɠɟɧɢя ɫɨ-
ɨɬɜɟɬɫɬɜɨɜаɬь эɥɥɢɩɫɭ 1, а ɩɨɫɥɟ ɜɬɨɪɨɝɨ - 
эɥɥɢɩɫɭ 2. Вɨɡɦɨɠɟɧ ɬаɤɠɟ ɫɥɭчаɣ ɫɥɨɠɧɨɝɨ 
ɧаɝɪɭɠɟɧɢя, ɩɪɢ ɤɨɬɨɪɨɦ ɨɫɢ ɝɥаɜɧых ɧа-
ɩɪяɠɟɧɢɣ ɬɨɠɟ ɧɟ ɢɡɦɟɧяɸɬɫя, ɧɨ ɢх ɜɟɥɢ-
чɢɧа ɬɨ ɭɜɟɥɢчɢɜаɟɬɫя, ɬɨ ɭɦɟɧьшаɟɬɫя. В 
эɬɨɦ ɫɥɭчаɟ ɝɪаɧɢца ɭɩɪɭɝɨɣ ɬаɤɠɟ ɨɫɬаɧɟɬ-
ɫя эɥɥɢɩɫɨɦ. Пɪɢ ɪɨɫɬɟ ɧаɩɪяɠɟɧɢɣ ɞɨ ɝɪа-
ɧɢцы ɞɟɮɨɪɦɢɪɨɜаɧɢɟ ɛɭɞɟɬ ɩɪɨɢɫхɨɞɢɬь 
ɭɩɪɭɝɨ, а ɡа ɟё ɩɪɟɞɟɥɨɦ – ɩɥаɫɬɢчɟɫɤɢ. 

В ɫɥɭчаɟ ɞɟɣɫɬɜɢɬɟɥьɧɨ ɫɥɨɠɧɨɝɨ ɧаɝɪɭɠɟ-
ɧɢя, ɫ ɩɨɜɨɪɨɬɨɦ ɨɫɟɣ ɝɥаɜɧых ɧаɩɪяɠɟɧɢɣ, 
(ɪɢɫ.4ɜ,ɝ) ɩɨɫɥɟ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ ɧаɝɪɭɠɟɧɢя 
ɝɪаɧɢца ɭɩɪɭɝɨɣ ɡɨɧы ɛɭɞɟɬ яɜɥяɬьɫя ɨɝɢ-
ɛаɸщɟɣ эɥɥɢɩɫɨɜ 1 ɢ 2. Её ɮɨɪɦа ɛɭɞɟɬ 
ɫɥɨɠɧɨɣ. В ɫɥɭчаɟ ɧа ɪɢɫ.4ɝ) ɝɪаɧɢцɭ ɫ ɨɩ-
ɪɟɞɟɥёɧɧɨɣ ɬɨчɧɨɫɬьɸ ɟщё ɦɨɠɧɨ ɩɪɟɞɫɬа-
ɜɢɬь ɤаɤ эɥɥɢɩɫ, ɧɨ ɞɥя ɫɥɭчая ɧа ɪɢɫ.4ɜ – 
эɬɨ ɧɢɤаɤ ɧɟ ɜɨɡɦɨɠɧɨ. 
 

 

 
Рɢсɭɧɨɤ 4. Эɥɥɢɩсы ɧɨɪɦаɥьɧых  

ɧаɩɪяɠɟɧɢɣ, ɢсɩɨɥьɡɭɟɦыɟ ɞɥя ɨɰɟɧɤɢ  
ɬɢɩа ɧаɝɪɭɠɟɧɢя. 

а – ɫɥɭчаɣ ɪаɡɝɪɭɡɤɢ, ɛ – ɫɥɭчаɣ ɩɪɨɫɬɨɝɨ ɧаɝɪɭ-
ɠɟɧɢя, ɜ – ɫɥɭчаɣ ɫɥɨɠɧɨɝɨ ɧаɝɪɭɠɟɧɢя ɫ ɛɟɡ 
ɪɨɫɬа ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɤаɫаɬɟɥьɧых ɧаɩɪяɠɟɧɢɣ ɢ 
ɫɪɟɞɧɢх ɧаɩɪяɠɟɧɢɣ, ɝ – ɫɥɭчаɣ ɫɥɨɠɧɨɝɨ ɧа-
ɝɪɭɠɟɧɢя, ɫɨɩɪɨɜɨɠɞаɸщɢɣɫя ɪɨɫɬɨɦ ɢɧɬɟɧɫɢɜ-
ɧɨɫɬɢ ɤаɫаɬɟɥьɧых ɧаɩɪяɠɟɧɢɣ 
1 – эɥɥɢɩɫ ɧаɩɪяɠɟɧɢɣ ɞɨ ɞаɧɧɨɣ ɫɬɭɩɟɧɢ ɧа-
ɝɪɭɠɟɧɢя, 2 – эɥɥɢɩɫ ɧаɩɪяɠɟɧɢɣ, ɫɨɨɬɜɟɬɫɬ-
ɜɭɸщɢɣ ɞаɧɧɨɣ ɫɬɭɩɟɧɢ ɧаɝɪɭɠɟɧɢя, 3 – ɨɛɥаɫɬь 
ɧаɩɪяɠɟɧɢɣ, ɩɪɢ ɧаɝɪɭɠɟɧɢɢ ɤɨɬɨɪыɦɢ ɛɭɞɭɬ 
ɩɪɨяɜɥяɬьɫя ɩɥаɫɬɢчɟɫɤɢɟ ɞɟɮɨɪɦацɢɢ 

 
Сɥɭчаɣ, ɩɪɟɞɫɬаɜɥɟɧɧыɣ ɧа ɪɢɫ. 4ɜ – эɬɨ ɫɥɭ-
чаɣ, ɤɨɝɞа ɧа ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ ɧаɝɪɭɠɟɧɢя 
ɩɪɨɢɫхɨɞɢɬ ɧɟ ɭɜɟɥɢчɟɧɢɟ ɧаɝɪɭɡɤɢ ɧа ɨɛɪа-
ɡɟц ɝɪɭɧɬа, а ɥɢшь ɟё ɩɟɪɟɪаɫɩɪɟɞɟɥɟɧɢɟ. В 
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ɨɩыɬ ɫɨɡɞаɧɢя, ɦɟɬɨɞɢɤɢ ɢ аɥɝɨɪɢɬɦы  
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эɬɨɦ ɫɥɭчаɟ ɫɪɟɞɧɢɟ ɧаɩɪяɠɟɧɢя  ɢ ɢɧɬɟɧ-
ɫɢɜɧɨɫɬь ɤаɫаɬɟɥьɧых ɧаɩɪяɠɟɧɢɣ i ɧɟ ɢɡ-
ɦɟɧяɬɫя, ɧɨ ɧа ɫаɦɨɦ ɞɟɥɟ ɝɪɭɧɬ ɛɭɞɟɬ ɢɫɩы-
ɬыɜаɬь ɩɥаɫɬɢчɟɫɤɢɟ ɞɟɮɨɪɦацɢɢ. 
Эɬɨ ɦɨɠɧɨ ɨɛъяɫɧɢɬь, ɪаɫɫɦаɬɪɢɜая ɢɡɦɟɧɟ-
ɧɢɟ ɤаɫаɬɟɥьɧых ɧаɩɪяɠɟɧɢɣ (ɪɢɫ. 5). Каɤ 
ɢɡɜɟɫɬɧɨ, ɩɪɨчɧɨɫɬь ɢ ɞɟɮɨɪɦɢɪɭɟɦɨɫɬь 
ɝɪɭɧɬа ɜ ɧаɢɛɨɥьшɟɣ ɦɟɪɟ ɫɜяɡаɧа ɫ ɫɨɩɪɨ-
ɬɢɜɥɟɧɢɟɦ ɫɞɜɢɝɭ. Сɞɜɢɝ ɜɟɞёɬ ɤ ɩɟɪɟɤɨɦɩɨ-
ɧɨɜɤɟ ɢ ɫɤɨɥаɦ чаɫɬɢц ɝɪɭɧɬа, ɩɨэɬɨɦɭ ɨɧ 
чащɟ ɜɫɟɝɨ ɫɨɩɪɨɜɨɠɞаɟɬɫя ɩɥаɫɬɢчɟɫɤɢɦɢ 
ɞɟɮɨɪɦацɢяɦɢ. На ɪɢɫ. 5 ɜ ɜɢɞɟ ɤɪɭɝɨɜɨɣ 
ɞɢаɝɪаɦɦы ɩɨɤаɡаɧɨ ɢɡɦɟɧɟɧɢɟ ɤаɫаɬɟɥьɧых 
ɧаɩɪяɠɟɧɢɣ ɜ ɬɨчɤɟ ɩɪɢ ɪаɫɩɪɟɞɟɥɟɧɢɢ ɧɨɪ-
ɦаɥьɧых ɧаɩɪяɠɟɧɢɣ, ɫɨɨɬɜɟɬɫɬɜɭɸщɢх ɪɢɫ. 
4. Пɪɢ ɩɨɜɨɪɨɬɟ ɨɫɟɣ ɝɥаɜɧых ɧаɩɪяɠɟɧɢɣ 
(ɪɢɫ. 5ɜ) ɧа ɩɥɨщаɞɤах, ɧа ɤɨɬɨɪых ɪаɧɟɟ ɤа-
ɫаɬɟɥьɧыɟ ɧаɩɪяɠɟɧɢя ɛыɥɢ ɛɥɢɡɤɢ ɤ ɧɭɥɸ, 
ɨɧɢ ɦɨɝɭɬ ɞɨɫɬɢɝɧɭɬь ɡɧачɢɬɟɥьɧых ɜɟɥɢчɢɧ 
ɢɥɢ ɩɨɦɟɧяɬь ɧаɩɪаɜɥɟɧɢɟ, ɩɨэɬɨɦɭ ɞɟɮɨɪ-
ɦацɢɢ ɝɪɭɧɬа ɦɨɝɭɬ ɩɪɨɬɟɤаɬь ɩɥаɫɬɢчɟɫɤɢ. 

 

 

 
Рɢсɭɧɨɤ 5. Дɢаɝɪаɦɦы ɤасаɬɟɥьɧых  
ɧаɩɪяɠɟɧɢɣ в ɬɨчɤɟ ɞɥя ɨɰɟɧɤɢ ɬɢɩа  

ɧаɝɪɭɠɟɧɢя 
 
Оɛɨɡɧачɟɧɢя – ɫɦ. ɧа ɪɢɫ.4 

 

Вɫɥɟɞɫɬɜɢɟ эɬɨɝɨ ɧɟɥьɡя ɨɩɪɟɞɟɥяɬь ɬɢɩ ɧа-
ɝɪɭɠɟɧɢя ɬɨɥьɤɨ чɟɪɟɡ  ɢ i, ɧɟ ɭчɢɬыɜая 
ɜɢɞ ɧаɩɪяɠёɧɧɨɝɨ ɫɨɫɬɨяɧɢя. 
В ɞаɧɧɨɦ ɫɩɨɫɨɛɟ ɝɪаɧɢца ɭɩɪɭɝɢх ɧаɩɪяɠɟ-
ɧɢɣ, ɢɝɪаɟɬ ɪɨɥь ɫɜɨɟɝɨ ɪɨɞа ɩɨɜɟɪхɧɨɫɬɢ 
ɧаɝɪɭɠɟɧɢя, ɬ.ɤ. ɬɨɠɟ ɪаɡɞɟɥяɟɬ ɨɛɥаɫɬь аɤ-
ɬɢɜɧɨɝɨ ɧаɝɪɭɠɟɧɢя ɢ ɪаɡɝɪɭɡɤɢ. Оɞɧаɤɨ ɜ 
ɨɬɥɢчɢɟ ɨɬ ɩɨɜɟɪхɧɨɫɬɢ ɧаɝɪɭɠɟɧɢя, ɨɧа ɧɟ 
яɜɥяɟɬɫя чɢɫɬɨɣ аɛɫɬɪаɤцɢɟɣ ɢ ɟё ɪɨɥь ɜ ɮɢ-
ɡɢɤɟ ɩɪɨцɟɫɫа ɞɟɮɨɪɦɢɪɨɜаɧɢя ɩɨɧяɬɧа. Пɨ 
ɧашɟɦɭ ɦɧɟɧɢɸ, ɩɪɟɞɥɨɠɟɧɧыɣ ɩɨɞхɨɞ ɩɨ-
ɡɜɨɥяɟɬ ɭчɢɬыɜаɬь ɩɭɬɢ ɧаɝɪɭɠɟɧɢя ɧа ɮɨɪ-
ɦɢɪɨɜаɧɢɟ ɧаɩɪяɠёɧɧɨ-ɞɟɮɨɪɦɢɪɨɜаɧɧɨɝɨ 
ɫɨɫɬɨяɧɢя. 
В ɡаɤɥɸчɟɧɢɢ, хɨчɟɬɫя ɩɨɞчɟɪɤɧɭɬь, чɬɨ 
ɫɨɡɞаɜаɟɦыɟ ɧаɦɢ ɩɪɨɝɪаɦɦы ɧɟ яɜɥяɸɬɫя 
ɩɪɨɞɭɤɬɨɦ ɞɥя шɢɪɨɤɨɝɨ ɢɫɩɨɥьɡɨɜаɧɢя, ɫ 
ɪаɡɜɢɬыɦ ɞɪɭɠɟɫɬɜɟɧɧыɦ ɢɧɬɟɪɮɟɣɫɨɦ ɢ ɫ 
ɜыɫɨɤɨэɮɮɟɤɬɢɜɧыɦɢ ɛыɫɬɪыɦɢ аɥɝɨɪɢɬɦа-
ɦɢ. Наɞ ɧɢɦɢ ɪаɛɨɬаɸɬ ɨɞɢɧ-ɞɜа чɟɥɨɜɟɤа, 
ɧɟ яɜɥяɸщɢхɫя ɩɪɨɮɟɫɫɢɨɧаɥьɧыɦɢ ɩɪɨ-
ɝɪаɦɦɢɫɬаɦɢ. Цɟɥь эɬɢ ɩɪɨɝɪаɦɦ – ɞаɬь ɢɧ-
ɫɬɪɭɦɟɧɬ ɞɥя ɩɪɨɜɟɞɟɧɢя ɧаɭчɧых ɢɫɫɥɟɞɨ-
ɜаɧɢɣ, ɩɪɢ чёɦ ɬаɤɨɣ, ɤɨɬɨɪыɣ ɦɨɠɧɨ ɛыɥɨ 
ɢɡɦɟɧяɬь, ɦɨɞɢɮɢцɢɪɨɜаɬь, аɩɪɨɛɢɪɨɜаɬь ɧа 
ɧёɦ ɧɨɜыɟ ɦɨɞɟɥɢ, ɦɟɬɨɞɢɤɢ ɢ аɥɝɨɪɢɬɦы. 
Пɪɨɝɪаɦɦы ɧахɨɞяɬɫя ɜ ɩɨɫɬɨяɧɧɨɣ ɦɨɞɟɪ-
ɧɢɡацɢɢ, ɧɟɬ ɜɨɡɦɨɠɧɨɫɬɢ ɫɨɡɞаɜаɬь ɞɪɭɠɟ-
ɫɬɜɟɧɧыɣ ɢɧɬɟɪɮɟɣɫ, ɨɩɬɢɦɢɡɢɪɨɜаɬь ɤɨɞ ɢ 
ɪаɛɨɬɭ ɩɪɨɝɪаɦɦы. Иɫɩɨɥьɡɭɟɦыɟ ɧаɦɢ 
ɤɨɦɩɢɥяɬɨɪы ɧɟ ɞаɸɬ ɜɨɡɦɨɠɧɨɫɬɢ ɦаɤɫɢ-
ɦаɥьɧɨ эɮɮɟɤɬɢɜɧɨ ɡаɞɟɣɫɬɜɨɜаɬь ɜ ɪаɛɨɬɟ 
ɪɟɫɭɪɫы ЭВМ (ɛыɫɬɪɨɞɟɣɫɬɜɢɟ ɩɪɨцɟɫɫɨɪа, 
ɨɛъёɦ ɨɩɟɪаɬɢɜɧɨɣ ɩаɦяɬɢ). В чаɫɬɧɨɫɬɢ, 
ɧаɢɛɨɥɟɟ ɨɫɬɪɨ ɫɬɨɢɬ ɜɨɩɪɨɫ ɨɛ ɢɫɩɨɥьɡɨɜа-
ɧɢɢ ɩаɦяɬɢ ЭВМ. Дɥя ɪɟшɟɧɢя ɛɨɥьшɢх 
ɩɪɨɫɬɪаɧɫɬɜɟɧɧых ɡаɞач ɬɪɟɛɭɟɬɫя ɛɨɥьшɨɣ 
ɨɛъёɦ ɩаɦяɬɢ. Оɛъёɦ ɩаɦяɬɢ, ɢɫɩɨɥьɡɭɟɦɨɣ 
ɩɪɨɝɪаɦɦɨɣ «NDS-N» ɜ ɧаɫɬɨящɟɟ ɜɪɟɦя ɨɝ-
ɪаɧɢчɟɧ ɩɪɢɦɟɪɧɨ 1,8 Ƚɛ. 
Дɥя ɬɨɝɨ, чɬɨɛы ɪɟшаɬь ɡаɞачɢ ɫ ɛɨɥьшɢɦ 
ɤɨɥɢчɟɫɬɜɨɦ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞы (>30000) ɧаɦ 
ɩɪɢшɥɨɫь ɪаɡɪаɛɨɬаɬь ɦɟɬɨɞɢɤɭ ɪаɫчёɬɨɜ 
ɧɟɥɢɧɟɣɧых ɡаɞач ɫ ɢɫɩɨɥьɡɨɜаɧɢɟɦ ɦɟɬɨɞа 
ɩɨɞɤɨɧɫɬɪɭɤцɢɣ (2010 ɝ.) [24]. В эɬɨɦ ɦɟɬɨɞɟ 
ɤɨɧɫɬɪɭɤцɢя ɪаɡɛɢɜаɟɬɫя ɧа ɩɨɞɤɨɧɫɬɪɭɤ-
цɢɢ, ɞɥя ɤаɠɞɨɣ ɢɡ ɤɨɬɨɪых ɮɨɪɦɢɪɭɟɬɫя 
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ɫɜɨя ɫɢɫɬɟɦа ɭɪаɜɧɟɧɢɣ МКЭ. Заɬɟɦ ɦаɬɪɢ-
цы ɠёɫɬɤɨɫɬɢ ɢ ɜɟɤɬɨɪа ɫɢɥ ɩɨɞɤɨɧɫɬɪɭɤцɢɣ 
(ɛɥɨɤɨɜ) ɨɛъɟɞɢɧяɸɬɫя ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜ 
ɦаɬɪɢцɭ ɠёɫɬɤɨɫɬɢ ɢ ɜɟɤɬɨɪ ɫɢɥ ɨɛщɢх ɫɬɟ-
ɩɟɧɟɣ ɫɜɨɛɨɞы. Рɟшɟɧɢɟ ɫɢɫɬɟɦы ɭɪаɜɧɟɧɢɣ 
ɩɨ ɨɛщɢɦ ɫɬɟɩɟɧяɦ ɫɜɨɛɨɞы ɞаёɬ ɜɨɡɦɨɠ-
ɧɨɫɬь ɨɩɪɟɞɟɥɢɬь ɩɟɪɟɦɟщɟɧɢя ɧа ɝɪаɧɢцах 
ɛɥɨɤɨɜ ɢ ɪɟшɢɬь ɫɢɫɬɟɦɭ ɭɪаɜɧɟɧɢɣ МКЭ 
ɞɥя ɛɥɨɤа. Пɪɢ ɪɟшɟɧɢɢ ɧɟɥɢɧɟɣɧых ɡаɞач 
ɧɟɨɛхɨɞɢɦ ɢɬɟɪацɢɨɧɧыɣ ɩɪɨцɟɫɫ ɩɨ ɨɬы-
ɫɤаɧɢɸ ɜɟɪɧых ɩɟɪɟɦɟщɟɧɢɣ ɨɛщɢх ɫɬɟɩɟ-
ɧɟɣ ɫɜɨɛɨɞы. 
Оɩыɬ ɩɨɤаɡаɥ, чɬɨ ɪɟшɟɧɢɟ ɧɟɥɢɧɟɣɧых ɡа-
ɞач ɦɟɬɨɞɨɦ ɩɨɞɤɨɧɫɬɪɭɤцɢɣ ɜɨɡɦɨɠɧɨ, ɧɨ ɤ 
ɟɝɨ ɩɪɢɦɟɧɟɧɢɸ ɫɥɟɞɭɟɬ ɩɨɞхɨɞɢɬь ɨчɟɧь 
ɨɫɬɨɪɨɠɧɨ. Иɫɩɨɥьɡɨɜаɧɢɟ ɝɪаɧɢчɧых ɭɫɥɨ-
ɜɢɣ ɜ ɩɟɪɟɦɟщɟɧɢях ɦɨɠɟɬ ɧɟɛɥаɝɨɩɪɢяɬɧɨ 
ɫɤаɡыɜаɬьɫя ɧа ɬɨчɧɨɫɬь ɪɟɡɭɥьɬаɬɨɜ ɜɫɥɟɞ-
ɫɬɜɢɟ эɮɮɟɤɬа ɜɥɢяɧɢя ɩɨɫɥɟɞɨɜаɬɟɥьɧɨɫɬɢ 
ɪɟшɟɧɢя, аɧаɥɨɝɢчɧɨɝɨ ɩɨ хаɪаɤɬɟɪɭ ɨɩɢ-
ɫаɧɧɨɦɭ ɪаɧɟɟ ɩɪɢ ɪаɫɫɦɨɬɪɟɧɢɢ ɧɟɞɨɫɬаɬ-
ɤɨɜ МЛВ. Пɪɟɠɞɟ ɜɫɟɝɨ, ɧɟɨɛхɨɞɢɦɨ ɩɪа-
ɜɢɥьɧɨ ɜыɛɢɪаɬь ɝɪаɧɢцы ɦɟɠɞɭ ɩɨɞɤɨɧɫɬ-
ɪɭɤцɢяɦɢ, ɬаɤ, чɬɨɛы хɨɞ ɪɟшɟɧɢя ɧɟ ɜɥɢяɥ 
ɧа ɩɪɨчɧɨɫɬɧɨɟ ɫɨɫɬɨяɧɢɟ ɩɪɢɝɪаɧɢчɧых ɨɛ-
ɥаɫɬɟɣ. Иɬɟɪацɢɨɧɧыɣ ɩɪɨцɟɫɫ ɩɨ ɝɪаɧɢч-
ɧыɦ ɩɟɪɟɦɟщɟɧɢяɦ ɛɥɨɤɨɜ ɧɟɨɛхɨɞɢɦɨ ɜɟɫ-
ɬɢ ɩɨɫɥɟɞɨɜаɬɟɥьɧɨ, ɩɨɫɬɟɩɟɧɧɨ. 
Мɨɞɟɪɧɢɡɢɪɨɜаɧɧая ɩɪɨɝɪаɦɦа «NDS-N» 
ɩɨɡɜɨɥɢɥа ɤаɮɟɞɪɟ ɝɢɞɪɨɬɟхɧɢчɟɫɤɢх ɫɨ-
ɨɪɭɠɟɧɢɣ ɜыɩɨɥɧɢɬь ɢɫɫɥɟɞɨɜаɧɢя НДС ɛɟ-
ɬɨɧɧɨɣ ɩɥɨɬɢɧы Саяɧɨ-Шɭшɟɧɫɤɨɣ ȽЭС ɫ 
ɭчёɬɨɦ ɧɟɥɢɧɟɣɧɨɫɬɢ ɜɡаɢɦɨɞɟɣɫɬɜɢя ɫɨ 
ɫɤаɥьɧыɦ ɨɫɧɨɜаɧɢɟɦ ɢ ɩɨɜɟɞɟɧɢя ɩɨɫɥɟɞ-
ɧɟɝɨ [25], а ɬаɤɠɟ ɫ ɭчёɬɨɦ ɪаɡɪɟɡɤɢ ɩɥɨɬɢɧы 
ɧа ɫɟɤцɢɢ ɢ ɪаɫɤɪыɬɢя ɫɬɪɨɢɬɟɥьɧых шɜɨɜ. 
Пɨ ɞаɧɧɨɣ ɩɪɨɝɪаɦɦɟ ɛыɥɢ ɪɟшɟɧы ɡаɞачɢ ɨ 
ɩɪɨɫɬɪаɧɫɬɜɟɧɧɨɦ НДС ɤаɦɟɧɧых ɩɥɨɬɢɧ ɫ 
ɠɟɥɟɡɨɛɟɬɨɧɧыɦ ɢ ɝɪɭɧɬɨцɟɦɟɧɬɨɛɟɬɨɧɧыɦ 
эɤɪаɧɨɦ [26,27,28]. 
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1. В XXI ɜɟɤɟ, ɧɟɫɦɨɬɪя ɧа ɨɛɢɥɢɟ ɤачɟɫɬ-
ɜɟɧɧых ɪаɫчёɬɧых ɩɪɨɝɪаɦɦɧых ɤɨɦɩɥɟɤɫɨɜ 
ɫ шɢɪɨɤɢɦɢ ɮɭɧɤцɢɨɧаɥьɧыɦɢ ɜɨɡɦɨɠɧɨ-

ɫɬяɦɢ ɞɥя ɪɟшɟɧɢя ɫаɦых ɫɥɨɠɧых ɢɧɠɟ-
ɧɟɪɧых ɡаɞач, ɜ ɧаɭчɧɨ-ɢɫɫɥɟɞɨɜаɬɟɥьɫɤɢх 
ɨɪɝаɧɢɡацɢях, ɥаɛɨɪаɬɨɪɢях ɢ ɬ.ɩ. ɫɨхɪаɧя-
ɟɬɫя ɜ ɧɟɨɛхɨɞɢɦɨɫɬь ɜ ɪаɡɪаɛɨɬɤах ɫɨɛɫɬ-
ɜɟɧɧых ɜычɢɫɥɢɬɟɥьɧых ɩɪɨɝɪаɦɦ. Цɟɥь ɢх 
ɫɨɡɞаɧɢя – аɩɪɨɛацɢя ɢ ɜɟɪɢɮɢɤацɢя ɧɨɜых 
ɦɟɬɨɞɨɜ, ɦɟɬɨɞɢɤ ɢ ɦɨɞɟɥɟɣ, а ɬаɤɠɟ ɜыɩɨɥ-
ɧɟɧɢɟ ɧаɭчɧых ɢɫɫɥɟɞɨɜаɧɢɣ. 
2. Раɫчёɬы ɧаɩɪяɠёɧɧɨ-ɞɟɮɨɪɦɢɪɨɜаɧɧɨɝɨ 
ɫɨɫɬɨяɧɢя ɝɪɭɧɬɨɜых ɩɥɨɬɢɧ ɫ ɬɨɧɤɢɦɢ ɧɟ-
ɝɪɭɧɬɨɜыɦɢ ɤɨɧɫɬɪɭɤцɢяɦɢ – ɞɨɜɨɥьɧɨ 
ɫɥɨɠɧая ɨɛɥаɫɬь ɢɧɠɟɧɟɪɧых ɪаɫчёɬɨɜ. Эɬɨ 
ɜыɡɜаɧɨ ɧɟɫɤɨɥьɤɢɦɢ ɩɪɢчɢɧаɦɢ:  Ƚɪɭɧɬ – ɧɟɥɢɧɟɣɧɨ ɞɟɮɨɪɦɢɪɭɟɦыɣ ɦа-
ɬɟɪɢаɥ, ɩɪɨчɧɨɫɬɧɨɟ ɢ ɞɟɮɨɪɦɢɪɭɟɦɨɟ 
ɫɨɫɬɨяɧɢя ɤɨɬɨɪɨɝɨ ɡаɜɢɫяɬ ɨɬ ɩɭɬɢ ɧа-
ɝɪɭɠɟɧɢя, ɩɨэɬɨɦɭ ɪаɫчёɬы НДС ɝɪɭɧɬɨ-
ɜых ɫɨɨɪɭɠɟɧɢɣ ɧɟɨɛхɨɞɢɦɨ ɜɟɫɬɢ ɜ ɭɩ-
ɪɭɝɨɩɥаɫɬɢчɟɫɤɨɣ ɩɨɫɬаɧɨɜɤɟ (ɭчɢɬыɜая 
яɜɥɟɧɢя ɩɥаɫɬɢчɧɨɫɬɢ, ɞɢɥаɬаɧɫɢɢ, ɩɨɥ-
ɡɭчɟɫɬɢ) ɫ ɭчёɬɨɦ ɩɨɫɥɟɞɨɜаɬɟɥьɧɨɫɬɢ ɢх 
ɜɨɡɜɟɞɟɧɢя ɢ ɡаɝɪɭɠɟɧɢя;  Наɩɪяɠёɧɧɨɟ ɫɨɫɬɨяɧɢɟ ɧɟɝɪɭɧɬɨɜых 
ɤɨɧɫɬɪɭɤцɢɣ ɜ ɝɪɭɧɬɨɜых ɩɥɨɬɢɧах ɜ 
ɡɧачɢɬɟɥьɧɨɣ ɦɟɪɟ ɨɩɪɟɞɟɥяɟɬɫя ɢх 
ɜɡаɢɦɨɞɟɣɫɬɜɢɟɦ ɦɟɠɞɭ ɫɨɛɨɣ ɢ ɫ ɝɪɭɧ-
ɬɨɜыɦ ɦаɫɫɢɜɨɦ, ɩɨэɬɨɦɭ ɩɪɢ ɪаɫчёɬах 
НДС ɨɛяɡаɬɟɥьɧɨ ɧɟɨɛхɨɞɢɦɨ ɭчɢɬыɜаɬь 
ɩɪɨяɜɥɟɧɢɟ ɪаɡɥɢчɧых ɧɟɥɢɧɟɣɧых эɮ-
ɮɟɤɬɨɜ ɤɨɧɬаɤɬɧɨɝɨ ɜɡаɢɦɨɞɟɣɫɬɜɢя 
ɬɜёɪɞых ɬɟɥ;  На ɩɪɨчɧɨɫɬɧɨɟ ɫɨɫɬɨяɧɢɟ ɧɟɝɪɭɧɬɨɜых 
ɤɨɧɫɬɪɭɤцɢɣ ɫɤаɡыɜаɟɬɫя ɢх ɧачаɥьɧɨɟ 
ɧаɩɪяɠёɧɧɨɟ ɫɨɫɬɨяɧɢɟ, ɩɨэɬɨɦɭ ɪаɫчёɬы 
НДС ɞɨɥɠɧы ɜɟɫɬɢɫь ɫ ɭчёɬɨɦ ɬɟхɧɨɥɨ-
ɝɢɢ ɢх ɫɨɡɞаɧɢя,  Зɧачɢɬɟɥьɧɨɟ ɪаɡɥɢчɢɟ ɠёɫɬɤɨɫɬɢ ɢ ɪаɡ-
ɦɟɪɨɜ ɤɨɧɫɬɪɭɤцɢɣ ɢɡ ɧɟɝɪɭɧɬɨɜых ɦаɬɟ-
ɪɢаɥɨɜ ɩɨ ɫɪаɜɧɟɧɢɸ ɫ ɜɦɟщаɸщɢɦ 
ɝɪɭɧɬɨɜыɦ ɦаɫɫɢɜɨɦ ɫɨɡɞаёɬ ɧɟɤɨɬɨɪыɟ 
ɜычɢɫɥɢɬɟɥьɧыɟ ɫɥɨɠɧɨɫɬɢ.  

Эɬɢ ɜаɠɧыɟ ɨɫɨɛɟɧɧɨɫɬɢ ɪаɫɫɦаɬɪɢɜаɟɦɨɝɨ 
ɤɥаɫɫа ɡаɞач ɮɨɪɦɢɪɭɸɬ ɧаɛɨɪ ɬɪɟɛɨɜаɧɢɣ, 
ɩɪɟɞъяɜɥяɟɦых ɤ ɪаɫчёɬаɦ ɦɟɬɨɞɨɦ ɤɨɧɟч-
ɧых эɥɟɦɟɧɬɨɜ. Пɪɢɦɟɧяɟɦыɟ ɞɥя ɪɟшɟɧɢя 
эɬɨɝɨ ɬɢɩа ɡаɞач ɜычɢɫɥɢɬɟɥьɧыɟ ɩɪɨɝɪаɦ-
ɦы ɞɨɥɠɧы ɩɨɡɜɨɥяɬь: 
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 ɩɪɢɦɟɧяɬь ɧɟɥɢɧɟɣɧыɟ ɦɨɞɟɥɢ ɝɪɭɧɬɨɜ ɢ 
ɤɨɧɬаɤɬɧɨɝɨ ɜɡаɢɦɨɞɟɣɫɬɜɢя ɬɜёɪɞых ɬɟɥ,  ɭчɢɬыɜаɬь ɜɡаɢɦɨɞɟɣɫɬɜɢя ɤɨɧɫɬɪɭɤцɢɣ ɫ 
ɮɢɥьɬɪацɢɨɧɧыɦ ɩɨɬɨɤɨɦ,  ɢɫɩɨɥьɡɨɜаɬь ɞɥя ɞɢɫɤɪɟɬɢɡацɢɢ ɪаɫчёɬ-
ɧɨɣ ɨɛɥаɫɬɢ ɤɨɧɟчɧыɟ эɥɟɦɟɧɬы ɜыɫɨɤɨ-
ɝɨ ɩɨɪяɞɤа,  ɢɫɩɨɥьɡɨɜаɬь ɤɨɧɬаɤɬɧыɟ эɥɟɦɟɧɬы,  ɭчɢɬыɜаɬь ɩɨɫɥɟɞɨɜаɬɟɥьɧɨɫɬь ɜɨɡɜɟɞɟ-
ɧɢя ɢ ɧаɝɪɭɠɟɧɢя ɫɨɨɪɭɠɟɧɢя (ɤɨɧɫɬɪɭɤ-
цɢɢ). 

3. Пɪɢ ɪɟшɟɧɢɢ ɡаɞач ɨ ɧаɩɪяɠёɧɧɨ-
ɞɟɮɨɪɦɢɪɨɜаɧɧɨɦ ɫɨɫɬɨяɧɢɢ ɤɨɧɫɬɪɭɤцɢɢ 
ɦы ɫɬаɥɤɢɜаɟɦɫя ɫ ɞɜɭɦя ɜɢɞаɦɢ ɧɟɥɢɧɟɣɧɨ-
ɝɨ ɩɨɜɟɞɟɧɢя ɦаɬɟɪɢаɥɨɜ (ɤɨɧɫɬɪɭɤцɢɣ). 
Пɟɪɜыɣ ɜɢɞ ɧɟɥɢɧɟɣɧɨɫɬɢ – эɬɨ ɩɥаɜɧɨɟ, 
ɦɨɧɨɬɨɧɧɨɟ ɢɡɦɟɧɟɧɢɟ ɞɟɮɨɪɦɢɪɭɟɦɨɫɬɢ 
ɦаɬɟɪɢаɥа ɩɨ ɦɟɪɟ ɢɡɦɟɧɟɧɢя ɟɝɨ НДС. Вɬɨ-
ɪɨɣ ɜɢɞ ɧɟɥɢɧɟɣɧɨɫɬɢ – эɬɨ ɪɟɡɤɨɟ, ɫɤачɤɨ-
ɨɛɪаɡɧɨɟ ɢɡɦɟɧɟɧɢɟ ɞɟɮɨɪɦаɬɢɜɧых ɫɜɨɣɫɬɜ 
ɜ ɪɟɡɭɥьɬаɬɟ ɧаɪɭшɟɧɢя ɩɪɨчɧɨɫɬɢ ɦаɬɟɪɢа-
ɥа ɢɥɢ ɤɨɧɬаɤɬа, ɧаɩɪɢɦɟɪ ɜ ɪɟɡɭɥьɬаɬɟ 
хɪɭɩɤɨɝɨ ɪаɡɪɭшɟɧɢя эɥɟɦɟɧɬа ɤɨɧɫɬɪɭɤцɢɢ 
ɢɥɢ ɪаɫɤɪыɬɢя шɜа. Наɢɛɨɥьшɭɸ ɭɝɪɨɡɭ ɞɥя 
ɫхɨɞɢɦɨɫɬɢ ɪɟшɟɧɢя ɩɪɟɞɫɬаɜɥяɟɬ ɧɟɥɢɧɟɣ-
ɧɨɫɬь ɜɬɨɪɨɝɨ ɜɢɞа. Оɩаɫɧɨɫɬь ɡаɤɥɸчаɟɬɫя ɜ 
ɬɨɦ, чɬɨ ɧаɪɭшɟɧɢɟ ɩɪɨчɧɨɫɬɢ ɨɞɧɨɝɨ эɥɟ-
ɦɟɧɬа ɧɟɨɛɪаɬɢɦɨ ɢɡɦɟɧяɟɬ НДС ɜɫɟɣ ɤɨɧ-
ɫɬɪɭɤцɢɢ. Вɡаɢɦɨɜɥɢяɧɢɟ ɧаɪɭшɟɧɢя ɩɪɨч-
ɧɨɫɬɢ ɜ ɧɟɫɤɨɥьɤɢх эɥɟɦɟɧɬах ɤɨɧɫɬɪɭɤцɢɢ 
ɦɨɠɟɬ ɜɟɫɬɢ ɤ ɪаɡɞɜɨɟɧɢɸ (ɛɢɮɭɪɤацɢɢ) ɪɟ-
шɟɧɢя. 
4. Иɫɩɨɥьɡɨɜаɧɢɟ ɢɬɟɪацɢɨɧɧых ɩɪɨцɟɫɫɨɜ 
ɞɥя ɪɟшɟɧɢя ɡаɞач ɨ НДС ɫ ɭчёɬɨɦ ɧɟɥɢɧɟɣ-
ɧɨɫɬɢ ɫɬаɜɢɬ ɩɪɨɛɥɟɦɭ ɬɨчɧɨɫɬɢ ɩɨɥɭчаɟɦых 
ɪɟɡɭɥьɬаɬɨɜ, ɫɨɡɞаёɬ ɩɪɨɛɥɟɦɭ ɫхɨɞɢɦɨɫɬɢ 
ɩɨɥɭчаɟɦых ɪɟɡɭɥьɬаɬɨɜ ɤ ɬɨчɧɨɦɭ ɪɟшɟ-
ɧɢɸ. В ɤачɟɫɬɜɟ ɬɨчɧɨɝɨ ɪɟшɟɧɢя ɦɨɠɧɨ ɢɫ-
ɩɨɥьɡɨɜаɬь ɪɟшɟɧɢɟ, ɩɨɥɭчɟɧɧɨɟ ɩɪɢ ɪɟшɟ-
ɧɢɢ ɪяɞа ɭɩɪɭɝɢх ɡаɞач ɫɨ ɫɬɭɩɟɧчаɬыɦ ɡа-
ɝɪɭɠɟɧɢɟɦ ɤɨɧɫɬɪɭɤцɢɢ. 
5. Нɟɥɢɧɟɣɧɨɫɬь ɞɟɮɨɪɦɢɪɨɜаɧɢя ɩɟɪɜɨɝɨ 
ɜɢɞа ɫ ɨɩɪɟɞɟɥёɧɧɨɣ ɬɨчɧɨɫɬьɸ ɜɫɟɝɞа ɦɨ-
ɠɟɬ ɛыɬь ɭчɬɟɧа ɡаɦɟɧɨɣ ɧɟɩɪɟɪыɜɧɨɣ 
ɮɭɧɤцɢɢ =f() ɧа ɤɭɫɨчɧɨ-ɥɢɧɟɣɧɭɸ, ɪаɡ-
ɛɢɜая ɡаɞачɭ ɨ ɧɟɥɢɧɟɣɧɨɦ ɞɟɮɨɪɦɢɪɨɜаɧɢɢ 
ɧа ɪяɞ ɭɩɪɭɝɢх ɡаɞач. Нɟɥɢɧɟɣɧɨɫɬь ɜɬɨɪɨɝɨ 

ɜɢɞа ɜɫɟɝɞа ɬɪɟɛɭɟɬ ɢɫɩɨɥьɡɨɜаɧɢя ɢɬɟɪацɢ-
ɨɧɧɨɝɨ ɩɪɨцɟɫɫа. Нɟɨɛхɨɞɢɦɨ ɢɡɛɟɝаɬь аɥɝɨ-
ɪɢɬɦɨɜ, ɜ ɤɨɬɨɪых ɫ ɩɨɦɨщьɸ ɢɬɟɪацɢɨɧɧɨ-
ɝɨ ɩɪɨцɟɫɫа ɨɞɧɨɜɪɟɦɟɧɧɨ ɜɟɞёɬɫя ɭчёɬ ɧɟ-
ɥɢɧɟɣɧɨɫɬɢ ɩɟɪɜɨɝɨ ɢ ɜɬɨɪɨɝɨ ɜɢɞɨɜ, ɬ.ɤ. 
ɦɨɠɟɬ ɜɨɡɧɢɤɧɭɬь ɩɪɨɛɥɟɦа ɫхɨɞɢɦɨɫɬɢ ɪɟ-
шɟɧɢя. 
6. Пɪɢ ɢɫɩɨɥьɡɨɜаɧɢɢ ɢɬɟɪацɢɨɧɧых ɩɪɨ-
цɟɫɫɨɜ ɞɥя ɭчёɬа ɧɟɥɢɧɟɣɧɨɫɬɢ ɞɟɮɨɪɦɢɪɨ-
ɜаɧɢя ɜɨɡɦɨɠɟɧ эɮɮɟɤɬ ɡаɜɢɫɢɦɨɫɬɢ ɪɟɡɭɥь-
ɬаɬа ɨɬ хɨɞа ɪɟшɟɧɢя, ɨɬ хɨɞа ɢɬɟɪацɢɨɧɧɨɝɨ 
ɩɪɨцɟɫɫа. Таɤɨɣ эɮɮɟɤɬ ɦɨɠɟɬ, ɜ чаɫɬɧɨɫɬɢ, 
ɩɪɨяɜɥяɬьɫя ɩɪɢ ɢɫɩɨɥьɡɨɜаɧɢɢ ɦɟɬɨɞа ɥɨ-
ɤаɥьɧых ɜаɪɢацɢɣ (МЛВ) ɤаɤ ɫɩɨɫɨɛа ɦɢɧɢ-
ɦɢɡацɢɢ эɧɟɪɝɢɢ ɫɢɫɬɟɦы, а ɬаɤɠɟ ɩɪɢ ɢɫ-
ɩɨɥьɡɨɜаɧɢɢ ɝɪаɧɢчɧых ɭɫɥɨɜɢɣ ɜ ɩɟɪɟɦɟ-
щɟɧɢях. Эɬɨɬ эɮɮɟɤɬ ɧаɢɛɨɥɟɟ яɪɤɨ ɩɪɨяɜ-
ɥяɟɬɫя ɜ ɡаɞачах, ɜ ɤɨɬɨɪых ɫɨɨɪɭɠɟɧɢɟ 
(ɤɨɧɫɬɪɭɤцɢя) ɨɛɥаɞаɟɬ ɡɧачɢɬɟɥьɧɨɣ ɧɟɨɞ-
ɧɨɪɨɞɧɨɫɬьɸ ɩɨ ɫɜɨɢɦ ɫɜɨɣɫɬɜаɦɢ (ɜ ɪɟшɟ-
ɧɢɢ ɡаɞач НДС – ɩɨ ɠёɫɬɤɨɫɬɢ). К ɬаɤɢɦ ɡа-
ɞачаɦ ɤаɤ ɪаɡ ɨɬɧɨɫɢɬɫя ɡаɞача ɨ НДС ɝɪɭɧ-
ɬɨɜых ɩɥɨɬɢɧ ɧɟɝɪɭɧɬɨɜых ɩɪɨɬɢɜɨɮɢɥьɬɪа-
цɢɨɧɧых эɥɟɦɟɧɬаɦɢ ɢ ɢɥɢ ɨ НДС ɤɨɦɛɢɧɢ-
ɪɨɜаɧɧых ɩɥɨɬɢɧ. Нɟɨɛхɨɞɢɦɨ ɢɡɛɟɝаɬь ɢɫ-
ɩɨɥьɡɨɜаɧɢя аɥɝɨɪɢɬɦɨɜ, ɜ ɤɨɬɨɪых ɬɟɤɭщɟɟ 
ɧаɩɪяɠёɧɧɨɟ ɫɨɫɬɨяɧɢɟ, ɩɨɥɭчɟɧɧɨɟ ɧа ɢɬɟ-
ɪацɢɢ, ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɪɟɡɤɨɦɭ, а ɫаɦɨɟ 
ɝɥаɜɧɨɟ – ɧɟɨɛɪаɬɢɦɨɦɭ, ɢɡɦɟɧɟɧɢɸ ɞɟɮɨɪ-
ɦаɬɢɜɧых ɫɜɨɣɫɬɜ ɦаɬɟɪɢаɥɨɜ. 
7. Cхɨɞɢɦɨɫɬь ɢɬɟɪацɢɨɧɧɨɝɨ ɩɪɨцɟɫɫа 
ɦɨɠɟɬ ɛыɬь ɞɨɫɬɢɝɧɭɬа ɜɫɟɝɞа ɥɢшь ɜ ɬɨɦ 
ɫɥɭчаɟ, ɟɫɥɢ ɩɪɢɛɥɢɠɟɧɢɟ ɤ ɪɟшɟɧɢɸ ɩɪɨ-
ɢɫхɨɞɢɬ ɦɨɧɨɬɨɧɧɨ ɢ ɜыɪаɠаɟɬɫя ɜ ɩɨɫɬɟ-
ɩɟɧɧɨɦ ɧаɤɨɩɥɟɧɢɢ ɩɟɪɟɦɟщɟɧɢɣ ɢ ɞɟɮɨɪ-
ɦацɢɣ ɤɨɧɫɬɪɭɤцɢɢ ɞɨ ɫɨɨɬɜɟɬɫɬɜɭɸщɢх 
ɞаɧɧɨɣ ɧаɝɪɭɡɤɟ. Пɪɢɪащɟɧɢɟ ɩɟɪɟɦɟщɟɧɢɣ 
ɤɨɧɫɬɪɭɤцɢɢ ɡа ɨɞɧɭ ɢɬɟɪацɢɸ ɧɟ ɞɨɥɠɧɨ 
ɩɪɟɜышаɬь ɢɫɬɢɧɧыɟ ɩɟɪɟɦɟщɟɧɢɣ ɫɢɫɬɟɦы, 
а ɬɟɤɭщɢɟ ɧаɩɪяɠɟɧɢя ɧа ɢɬɟɪацɢɢ ɧɟ ɞɨɥɠ-
ɧы ɩɪɟɜышаɬь ɢɫɬɢɧɧых. Дɪɭɝɢɦɢ ɫɥɨɜаɦɢ, 
ɢɬɟɪацɢɨɧɧыɣ ɩɪɨцɟɫɫ ɞɨɥɠɟɧ ɩɪɢɛɥɢɠаɬь-
ɫя ɤ ɪɟшɟɧɢɸ ɫ ɨɞɧɨɣ ɫɬɨɪɨɧы, ɨɬ ɦɟɧьшɢх 
ɞɟɮɨɪɦацɢɣ ɤ ɛɨɥьшɢɦ. Таɤɨɣ хɨɞ ɢɬɟɪацɢ-
ɨɧɧɨɝɨ ɩɪɨцɟɫɫа ɞɨɫɬɢɝаɟɬɫя ɟɫɥɢ, ɦɨɞɭɥь 
ɞɟɮɨɪɦацɢɢ, ɩɪɢɧяɬыɣ ɜ ɪаɫчёɬɟ, ɛɭɞɟɬ ɜы-
шɟ, чɟɦ ɫɟɤɭщɢɣ ɦɨɞɭɥь ɞɟɮɨɪɦацɢɢ ɧа 
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ɞаɧɧɨɦ ɧаɝɪɭɠɟɧɢɢ. Мɨɠɧɨ ɬаɤɠɟ ɨɝɪаɧɢ-
чɢɜаɬь ɩɪɢɪащɟɧɢя ɩɟɪɟɦɟщɟɧɢɣ ɧа ɢɬɟɪа-
цɢɢ. 
8. Пɪɟɞɥɨɠɟɧɧая ɫхɟɦа ɪаɡɝɪаɧɢчɟɧɢя ɨɛ-
ɥаɫɬɟɣ аɤɬɢɜɧɨɝɨ ɧаɝɪɭɠɟɧɢя ɢ ɪаɡɝɪɭɡɤɢ 
чɟɪɟɡ аɧаɥɢɡ эɥɥɢɩɫɨɜ ɧаɩɪяɠɟɧɢɣ ɛɨɥɟɟ 
ɩɨɥɧɨ ɨɬɪаɠаɟɬ ɦɟхаɧɢɤɭ ɩɪɨцɟɫɫа ɞɟɮɨɪ-
ɦɢɪɨɜаɧɢя ɝɪɭɧɬа, чɟɦ ɩɪɢ ɢɫɩɨɥьɡɨɜаɧɢɢ 
ɩɨɜɟɪхɧɨɫɬɟɣ ɩɥаɫɬɢчɧɨɫɬɢ, ɧɨ ɞɨɥɠɧа ɛыɬь 
ɭɬɨчɧɟɧа. 
9. Нɟɥɢɧɟɣɧыɟ ɡаɞачɢ – ɨчɟɧь ɫɥɨɠɧыɟ, ɜ 
ɤɨɬɨɪых ɜɨɡɧɢɤаɸɬ ɩɪɨɛɥɟɦы ɬɨчɧɨɫɬɢ ɪɟ-
шɟɧɢя ɢ ɫхɨɞɢɦɨɫɬɢ ɢɬɟɪацɢɨɧɧых ɩɪɨцɟɫ-
ɫɨɜ. Вɫɥɟɞɫɬɜɢɟ эɬɨɝɨ ɜычɢɫɥɢɬɟɥьɧыɟ ɩɪɨ-
ɝɪаɦɦы, ɢɦɟɸщɢɟɫя ɧа ɫɨɜɪɟɦɟɧɧɨɦ ɪыɧɤɟ 
ɩɪɨɝɪаɦɦɧɨɝɨ ɨɛɟɫɩɟчɟɧɢя, ɩɪɟɞɫɬаɜɥяɸɬ 
ɫɨɛɨɣ «чёɪɧыɣ ящɢɤ», ɫ ɡаɤɪыɬыɦɢ, ɧɟɞɨɫ-
ɬɭɩɧыɦɢ ɞɥя ɩɪɨɜɟɪɤɢ аɥɝɨɪɢɬɦаɦɢ. Сɟɪɬɢ-
ɮɢцɢɪɨɜаɬь ɜычɢɫɥɢɬɟɥьɧыɟ ɩɪɨɝɪаɦɦы ɩɨ 
ɬɨчɧɨɫɬɢ ɪɟшɟɧɢя ɧɟɥɢɧɟɣɧых ɡаɞач ɧɟɜɨɡ-
ɦɨɠɧɨ, ɬ.ɤ. ɤаɠɞыɣ аɥɝɨɪɢɬɦ ɧɟɥɢɧɟɣɧɨɣ 
ɡаɞачɢ ɫɨɞɟɪɠɢɬ ɨɩɪɟɞɟɥёɧɧыɟ ɞɨɩɭщɟɧɢя ɢ 
ɢɦɟɟɬ ɨɩɪɟɞɟɥёɧɧɭɸ ɫɬɟɩɟɧь ɩɪɢɛɥɢɠɟɧɢя. 
10. Вычɢɫɥɢɬɟɥьɧая ɩɪɨɝɪаɦɦа NDS-N, ɫɨɡ-
ɞаɧɧая аɜɬɨɪɨɦ, ɭɫɩɟшɧɨ ɪɟаɥɢɡɭɟɬ ɨɩɢɫаɧ-
ɧыɟ ɜышɟ ɦɨɞɟɥɢ, ɦɟɬɨɞɢɤɢ ɢ аɥɝɨɪɢɬɦы ɢ 
ɭɫɩɟшɧɨ ɩɪɢɦɟɧяɟɬɫя ɧа ɤаɮɟɞɪɟ ȽС МȽСУ 
ɞɥя ɪɟшɟɧɢя ɡаɞач НДС ɝɪɭɧɬɨɜых ɫɨɨɪɭɠɟ-
ɧɢɣ. Пɪɨцɟɫɫ ɫɨɡɞаɧɢя ɩɪɨɝɪаɦɦы ɢɦɟɟɬ 
ɞɥɢɬɟɥьɧɭɸ ɢɫɬɨɪɢɸ, ɦɧɨɠɟɫɬɜɨ эɬаɩɨɜ ɩɟ-
ɪɟɪаɛɨɬɤɢ ɦɨɞɟɪɧɢɡацɢɢ, ɢ ɨɧ ɧɟ ɡаɜɟɪшёɧ. 
Вɫɟɝɞа ɫɭщɟɫɬɜɭɟɬ ɩɨɬɪɟɛɧɨɫɬь ɜ ɫɨɜɟɪшɟɧ-
ɫɬɜɨɜаɧɢɢ аɥɝɨɪɢɬɦɨɜ ɢ ɦɨɞɟɥɟɣ, ɩɨэɬɨɦɭ 
ɪаɛɨɬа ɬɪɟɛɭɟɬ ɩɪɨɞɨɥɠɟɧɢя. 
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ɥɟɧɢɟ ɧаɞɟɠɧɨɫɬɢ ɩɪɢ ɞɢɧаɦɢчɟɫɤɢх ɧаɝɪɭɡɤах ɧа ɫɬаɞɢɢ эɤɫɩɥɭаɬацɢɢ. Оɩɪɟɞɟɥяɟɬɫя ɧаɞɟɠɧɨɫɬь ɩɪɢ 
ɨɝɪаɧɢчɟɧɧɨɣ ɫɬаɬɢɫɬɢчɟɫɤɨɣ ɢɧɮɨɪɦацɢɢ ɨ ɤɨɧɬɪɨɥɢɪɭɟɦых ɩаɪаɦɟɬɪах. В эɬɨɦ ɫɥɭчаɟ ɤɥаɫɫɢчɟɫɤɢɟ 
ɜɟɪɨяɬɧɨɫɬɧɨ-ɫɬаɬɢɫɬɢчɟɫɤɢɟ ɦɟɬɨɞы ɧɟ ɩɪɢɦɟɧɢɦы.  
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Фɭɧɞаɦɟɧɬы ɦашɢɧ яɜɥяɸɬɫя ɨɬɜɟɬɫɬɜɟɧ-
ɧыɦɢ ɧɟɫɭщɢɦɢ эɥɟɦɟɧɬаɦɢ ɥɸɛɨɣ ɦɟхаɧɢ-
чɟɫɤɨɣ ɫɢɫɬɟɦы, ɨɛɟɫɩɟчɢɜаɸщɢɟ ɟɟ ɛɟɡɨ-
ɩаɫɧɨɫɬь эɤɫɩɥɭаɬацɢɢ.  
В ɩɪɨцɟɫɫɟ эɤɫɩɥɭаɬацɢɢ ɩɪɨɦышɥɟɧɧых 
ɡɞаɧɢɣ ɢ ɢх ɨɛɨɪɭɞɨɜаɧɢя ɩɪɨɢɫхɨɞяɬ ɢɡɦɟ-
ɧɟɧɢя ɫɜɨɣɫɬɜ ɝɪɭɧɬа ɟɫɬɟɫɬɜɟɧɧых ɨɫɧɨɜа-
ɧɢɣ ɮɭɧɞаɦɟɧɬɨɜ ɦашɢɧ; ɢɡɦɟɧɟɧɢɟ ɞɢɧа-
ɦɢчɟɫɤɨɝɨ ɜɨɡɞɟɣɫɬɜɢя ɦашɢɧ ɢ ɧаɞɮɭɧɞа-
ɦɟɧɬɧых ɤɨɧɫɬɪɭɤцɢɣ ɧа ɮɭɧɞаɦɟɧɬы, ɤаɤ 

ɩɪаɜɢɥɨ, ɜ ɫɬɨɪɨɧɭ ɭɜɟɥɢчɟɧɢя ɦɟɪы ɜɨɡɞɟɣ-
ɫɬɜɢя ɢɡ-ɡа ɢɡɧɨɫɨɜ ɭɡɥɨɜ ɦашɢɧ; ɢɡɦɟɧɟɧɢя 
ɬɟхɧɨɥɨɝɢчɟɫɤɢх ɩɪɨцɟɫɫɨɜ ɢ ɬ.ɞ. ɢ ɜɨɡɧɢɤа-
ɟɬ ɫɨ ɜɪɟɦɟɧɟɦ ɜɨɩɪɨɫ ɨ ɦɟхаɧɢчɟɫɤɨɣ ɛɟɡɨ-
ɩаɫɧɨɫɬɢ ɢ ɜɪɟɞɧɨɦ ɜɥɢяɧɢɢ ɤɨɥɟɛаɧɢɣ 
ɮɭɧɞаɦɟɧɬɨɜ ɧа ɥɸɞɟɣ, ɤɨɧɫɬɪɭɤцɢɢ, ɬɟхɧɨ-
ɥɨɝɢчɟɫɤɢɣ ɩɪɨцɟɫɫ, ɨɤɪɭɠаɸщɭɸ ɫɪɟɞɭ, 
ɡɞаɧɢя ɢ ɫɨɨɪɭɠɟɧɢя 
Дɥя ɩɪɟɞɭɩɪɟɠɞɟɧɢя ɢ ɧɟɞɨɩɭщɟɧɢя ɧаɪɭшɟ-
ɧɢя ɧɨɪɦаɥьɧɨɣ ɪаɛɨɬы ɮɭɧɞаɦɟɧɬɨɜ ɦашɢɧ 



Раɫчɟɬ ɧаɞɟɠɧɨɫɬɢ ɮɭɧɞаɦɟɧɬɨɜ ɦашɢɧ ɩɨ ɤɪɢɬɟɪɢяɦ ɩɪɨчɧɨɫɬɢ ɝɪɭɧɬа ɨɫɧɨɜаɧɢя ɢ аɦɩɥɢɬɭɞаɦ ɤɨɥɟɛаɧɢɣ 
ɩɪɢ ɨɝɪаɧɢчɟɧɧɨɣ ɫɬаɬɢɫɬɢчɟɫɤɨɣ ɢɧɮɨɪɦацɢɢ  
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ɪаɡɥɢчɧɨɝɨ ɧаɡɧачɟɧɢя ɧа ɫɬаɞɢɢ эɤɫɩɥɭаɬа-
цɢɢ ɩɪɨɜɨɞɢɬɫя ɩɪɨɜɟɪɤа ɬɟхɧɢчɟɫɤɨɝɨ ɫɨ-
ɫɬɨяɧɢя ɮɭɧɞаɦɟɧɬɨɜ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨ-
ɜаɧɢяɦɢ ɤ ɧɢɦ ɩɨ СП 26.13330.2012 «Фɭɧɞа-
ɦɟɧɬы ɦашɢɧ ɫ ɞɢɧаɦɢчɟɫɤɢɦɢ ɧаɝɪɭɡɤаɦɢ» 
ɩɨ ɞɜɭɦ ɤɪɢɬɟɪɢяɦ: 
1. Сɪɟɞɧɟɟ ɫɬаɬɢчɟɫɤɨɟ ɞаɜɥɟɧɢɟ p  ɧа ɝɪɭɧɬ 
ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɨɫɧɨɜаɧɢя ɩɨɞ ɩɨɞɨшɜɨɣ 
ɮɭɧɞаɦɟɧɬа ɞɥя ɜɫɟх ɬɢɩɨɜ ɦашɢɧ ɞɨɥɠɧɨ 
ɭɞɨɜɥɟɬɜɨɪяɬь ɭɫɥɨɜɢɸ 

 
Rp CC  10  ,   (1) 

 
ɝɞɟ R  – ɪаɫчɟɬɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɪɭɧɬа ɨɫ-
ɧɨɜаɧɢя, ɤɨɬɨɪɨɟ ɪɟɝɥаɦɟɧɬɢɪɨɜаɧɨ  
СП 22.13330.2011; 

0C  - ɤɨэɮɮɢцɢɟɧɬ ɭɫɥɨɜɢя ɪаɛɨɬы, ɭчɢɬы-

ɜаɸщɢɣ хаɪаɤɬɟɪ ɞɢɧаɦɢчɟɫɤɢх ɧаɝɪɭɡɨɤ; 
1Ñ  - ɤɨэɮɮɢцɢɟɧɬ ɭɫɥɨɜɢя ɪаɛɨɬы ɨɫɧɨɜа-

ɧɢя ɮɭɧɞаɦɟɧɬа. 
Зɧачɟɧɢя ɤɨэɮɮɢцɢɟɧɬɨɜ 0C , 1Ñ  ɪɟɝɥаɦɟɧ-
ɬɢɪɨɜаɧы СП 26.13330.2012, ɜ ɡаɜɢɫɢɦɨɫɬɢ 
ɨɬ ɬɢɩɨɜ ɦашɢɧ ɢ ɜɢɞа ɝɪɭɧɬа ɨɫɧɨɜаɧɢя. 
2. Наɢɛɨɥьшая аɦɩɥɢɬɭɞа а  ɤɨɥɟɛаɧɢɣ 
ɮɭɧɞаɦɟɧɬа ɧɟ ɞɨɥɠɧа ɩɪɟɜышаɬь ɩɪɟɞɟɥь-
ɧɨɝɨ ɡɧачɟɧɢя èà , ɪɟɝɥаɦɟɧɬɢɪɨɜаɧɧɨɝɨ СП 

26.13330.2012, ɬ.ɟ.   
 

è
aà                      (2) 

 
Сɨɜɨɤɭɩɧɨɫɬь – ɨɫɧɨɜаɧɢɟ, ɮɭɧɞаɦɟɧɬ, ɧаɞ-
ɮɭɧɞаɦɟɧɬɧыɟ ɤɨɧɫɬɪɭɤцɢɢ ɢ ɦашɢɧа ɧа 
ɮɭɧɞаɦɟɧɬɟ ɩɪɟɞɫɬаɜɥяɟɬ ɫɨɛɨɣ ɫɥɨɠɧɭɸ 
ɦɟхаɧɢчɟɫɤɭɸ ɫɢɫɬɟɦɭ, ɨɬɤаɡ ɢɥɢ ɧаɞɟɠ-
ɧɨɫɬь (ɤаɤ ɜɟɪɨяɬɧɨɫɬь ɛɟɡɨɬɤаɡɧɨɣ ɪаɛɨɬы) 
ɤɨɬɨɪɨɣ ɦɨɠɧɨ ɪаɫɫɦаɬɪɢɜаɬь ɤаɤ ɫ ɭчɟɬɨɦ 
ɮаɤɬɨɪа ɜɪɟɦɟɧɢ (ɫɥɭчаɣɧыɣ ɩɪɨцɟɫɫ) эɤɫ-
ɩɥɭаɬацɢɢ ɫɢɫɬɟɦы, ɬаɤ ɢ ɜ ɜɢɞɟ ɨɩɟɪаɬɢɜ-
ɧɨɣ ɧаɞɟɠɧɨɫɬɢ ɜ ɞаɧɧыɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ. 
Раɫчɟɬ ɧаɞɟɠɧɨɫɬɢ ɫ ɭчɟɬɨɦ ɮаɤɬɨɪа ɜɪɟɦɟ-
ɧɢ ɩɪɨɜɨɞɢɬɫя ɪаɡɥɢчɧыɦɢ ɦɟɬɨɞаɦɢ (ɫ ɩɨ-
ɦɨщьɸ ɦаɬɟɦаɬɢчɟɫɤɢх ɦɨɞɟɥɟɣ, аɫɢɦɩɬɨ-
ɬɢчɟɫɤɢɦɢ ɦɟɬɨɞаɦɢ, ɫ ɩɨɦɨщьɸ ɢɟɪаɪхɢчɟ-
ɫɤɢх ɦɨɞɟɥɟɣ ɧаɞɟɠɧɨɫɬɢ ɢ ɬ.ɞ.), ɤаɠɞыɣ ɢɡ 
ɤɨɬɨɪых ɩɪɢɦɟɧяɟɬɫя ɜ ɡаɜɢɫɢɦɨɫɬɢ ɨɬ ɨɫɨ-
ɛɟɧɧɨɫɬɟɣ ɪаɛɨɬы ɫɢɫɬɟɦы ɢ ɨɬ ɨɛъɟɦа ɢ 

ɬɨчɧɨɫɬɢ ɫɬаɬɢчɟɫɤɢх ɞаɧɧых ɨ ɤɨɧɬɪɨɥɢ-
ɪɭɟɦых ɩаɪаɦɟɬɪах, ɫɛɨɪ ɤɨɬɨɪых ɧɟɪɟɞɤɨ 
ɫɨɩɪяɠɟɧ ɫ ɛɨɥьшɢɦɢ ɬɪɭɞɧɨɫɬяɦɢ, эɤɨɧɨ-
ɦɢчɟɫɤɢɦɢ ɡаɬɪаɬаɦɢ, а ɢɧɨɝɞа ɜɨɨɛщɟ ɧɟ 
ɜɨɡɦɨɠɟɧ. 
В [1] ɩɪɟɞɥаɝаɟɬɫя ɜ ɫɬɪɨɢɬɟɥьɧых ɜɟɫьɦа 
ɞɨɥɝɨɜɟчɧых ɤɨɧɫɬɪɭɤцɢях, ɝɞɟ ɨɬɤаɡ ɨɬ-
ɞɟɥьɧых эɥɟɦɟɧɬɨɜ ɦɨɠɟɬ ɛыɬь ɬɟɨɪɟɬɢчɟ-
ɫɤɢ ɨɩɪɟɞɟɥɟɧ ɢɡ ɫɪаɜɧɟɧɢя ɧаɝɪɭɡɤɢ ɢ ɫɨ-
ɩɪɨɬɢɜɥɟɧɢя, ɪаɫчɟɬ ɧаɞɟɠɧɨɫɬɢ ɩɪɨɜɨɞɢɬь ɫ 
ɨцɟɧɤɨɣ ɜɟɪɨяɬɧɨɫɬɢ ɨɬɤаɡа ɢɥɢ ɜɟɪɨяɬɧɨɫɬɢ 
ɛɟɡɨɬɤаɡɧɨɣ ɪаɛɨɬы ɛɟɡ ɭчɟɬа ɮаɤɬɨɪа ɜɪɟ-
ɦɟɧɢ, а ɜ ɜɢɞɟ ɨɩɟɪаɬɢɜɧɨɣ ɧаɞɟɠɧɨɫɬɢ ɜ 
ɞаɧɧыɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɧа ɫɬаɞɢɢ эɤɫɩɥɭа-
ɬацɢɢ. Таɤɨɣ ɩɨɞхɨɞ ɢ ɩɪɢɧяɬ ɩɪɢ ɞаɥьɧɟɣ-
шɟɦ ɨɛɫɭɠɞɟɧɢɢ ɜɨɩɪɨɫа. 
Дɥя ɪаɫчɟɬɨɜ ɧаɞɟɠɧɨɫɬɢ ɮɭɧɞаɦɟɧɬɨɜ ɦа-
шɢɧ ɩɨ СП 26.13330.2012 ɞɨɩɭɫɤаɟɬɫя ɢɫ-
ɩɨɥьɡɨɜаɧɢɟ «ɜɟɪɨяɬɧɨɫɬɧых ɦɟɬɨɞɨɜ ɢ ɬɟɨ-
ɪɢɢ ɧаɞɟɠɧɨɫɬɢ, ɭчɢɬыɜаɸщɢх ɫɬаɬɢɫɬɢчɟ-
ɫɤɢɣ ɪаɡɛɪɨɫ ɠɟɫɬɤɨɫɬɢ ɨɫɧɨɜаɧɢɣ ɢ ɫɥɭчаɣ-
ɧɭɸ ɩɪɢɪɨɞɭ ɞɢɧаɦɢчɟɫɤɢх ɧаɝɪɭɡɨɤ». 
Сɥɟɞɭɟɬ ɨɬɦɟɬɢɬь, чɬɨ ɞɥя эɬɢх ɦɟɬɨɞɨɜ ɢ 
ɬɟɨɪɢɣ ɬɪɟɛɭɟɬɫя ɩɨɥɧая ɫɬаɬɢɫɬɢчɟɫɤая ɢɧ-
ɮɨɪɦацɢя ɨ ɫɥɭчаɣɧых ɜɟɥɢчɢɧах – ɤɨɧɬɪɨ-
ɥɢɪɭɟɦых ɩаɪаɦɟɬɪах ɜ ɪаɫчɟɬɧых ɦɨɞɟɥях 
(1) ɢ (2), ɤɨɬɨɪɭɸ ɧа ɩɪаɤɬɢɤɟ ɧɟ ɜɫɟɝɞа ɭɞа-
ɟɬɫя ɩɨɥɭчɢɬь ɧа ɫɬаɞɢɢ эɤɫɩɥɭаɬацɢɢ. На-
ɩɪɢɦɟɪ, ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɪɭɧɬа R ɜ ɩɪɨцɟɫɫɟ 
эɤɫɩɥɭаɬацɢɢ ɢɡɦɟɧяɟɬɫя ɨɬ ɭɩɥɨɬɧɟɧɢя 
ɝɪɭɧɬа, ɨɬ ɜɨɡɦɨɠɧɨɝɨ ɭɜɥаɠɧɟɧɢя ɢ ɞɪɭɝɢх 
ɜɨɡɞɟɣɫɬɜɢɣ ɧа ɝɪɭɧɬ ɨɫɧɨɜаɧɢя. Эɬɨ ɬɪɟɛɭɟɬ 
ɨɩɪɟɞɟɥɟɧɢя ɡɧачɟɧɢя R  ɧа ɫɬаɞɢɢ эɤɫɩɥɭа-
ɬацɢɢ ɦашɢɧ. Дɥя эɬɨɝɨ ɬɪɟɛɭɸɬɫя ɨɛɪаɡцы 
ɝɪɭɧɬа ɢɡ-ɩɨɞ ɮɭɧɞаɦɟɧɬа (ɤаɤ ɩɪаɜɢɥɨ ɦа-
ɥɨɣ ɩɥɨщаɞɢ). Чɢɫɥɨ ɬаɤɢх ɨɛɪаɡцɨɜ ɦаɥɨ 
ɞɥя ɫɬаɬɢɫɬɢчɟɫɤɨɝɨ аɧаɥɢɡа ɫɜɨɣɫɬɜ ɝɪɭɧɬа, 
а ɞɥя ɪаɫчɟɬɨɜ ɧаɞɟɠɧɨɫɬɢ ɟщɟ ɢ ɜыяɜɥɟɧɢя 
ɮɭɧɤцɢɢ ɪаɫɩɪɟɞɟɥɟɧɢя R

~
 ɢ ɟɟ ɩаɪаɦɟɬɪɨɜ. 

Пɨ ɪɟɡɭɥьɬаɬаɦ ɢɡɦɟɪɟɧɢя ɭɝɥа ɜɧɭɬɪɟɧɧɟɝɨ 
ɬɪɟɧɢя ɝɪɭɧɬа, ɭɞɟɥьɧɨɝɨ ɜɟɫа ɝɪɭɧɬа II  ɢ 
ɭɞɟɥьɧɨɝɨ ɫцɟɩɥɟɧɢя ɝɪɭɧɬа 

II
ñ  ɜыяɜɥяɸɬ 

ɢɧɮɨɪɦацɢɸ ɨ R  ɩɪɢɦɟɧɢɬɟɥьɧɨ ɤ ɪаɫчɟɬаɦ 
ɧаɞɟɠɧɨɫɬɢ ɮɭɧɞаɦɟɧɬа ɦашɢɧы ɩɨ ɮɨɪɦɭ-
ɥɟ (СП 22.13330.2011). 
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Зɧачɟɧɢя ɤɨэɮɮɢцɢɟɧɬɨɜ ɢ ɫɥɭчаɣɧых ɜɟɥɢ-
чɢɧ (ɩаɪаɦɟɬɪɨɜ) ɜ (3) ɢ ɢх ɨɩɢɫаɧɢɟ ɩɪɢɜɟ-
ɞɟɧы ɜ СП 22.13330.2011. Сɥɭчаɣɧыɟ ɜɟɥɢ-
чɢɧы ɨɬɦɟчɟɧы ɜ (3) ɜɨɥɧɢɫɬыɦɢ ɥɢɧɢяɦɢ 
ɧаɞ ɛɭɤɜɟɧɧыɦɢ ɨɛɨɡɧачɟɧɢяɦɢ. 
Даɜɥɟɧɢɟ p  ɧа ɝɪɭɧɬ ɨɫɧɨɜаɧɢя ɜ (1) ɬаɤ ɠɟ 
яɜɥяɟɬɫя ɫɥɭчаɣɧɨɣ ɜɟɥɢчɢɧɨɣ. Сɨɨɬɜɟɬɫɬ-
ɜɟɧɧɨ (1) ɫ ɭчɟɬɨɦ (3) ɡаɩɢшɟɬɫя ɜ ɜɢɞɟ:  
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В ɧаɫɬɨящɟɟ ɜɪɟɦя ɞɥя ɢɡɦɟɪɟɧɢя ɞаɜɥɟɧɢя p  
ɧа ɝɪɭɧɬ ɨɫɧɨɜаɧɢя ɢɫɩɨɥьɡɭɸɬɫя ɪаɡɥɢчɧыɟ 
ɢɡɦɟɪɢɬɟɥɢ ɞаɜɥɟɧɢя, ɧаɩɪɢɦɟɪ «ɢɡɜɥɟɤаɟɦыɣ 
ɢɡɦɟɪɢɬɟɥь ɞаɜɥɟɧɢя ɝɪɭɧɬа ИИДЛ» [2]. 
Оɞɧаɤɨ чɢɫɥɨ ɢɡɦɟɪɟɧɢɣ p  ɩɨɞ ɩɨɞɨшɜɨɣ 
ɮɭɧɞаɦɟɧɬа ɫ ɨɝɪаɧɢчɟɧɧыɦɢ ɪаɡɦɟɪаɦɢ, 
ɤаɤ ɩɪаɜɢɥɨ, ɦаɥɨ, ɬ.ɤ. ɩɪɢ ɤаɠɞɨɦ ɢɡɦɟɪɟ-
ɧɢɢ p , ɧаɩɪɢɦɟɪ ɩɪɢɛɨɪɨɦ ИИДЛ, ɧаɪɭша-
ɟɬɫя ɫɬɪɭɤɬɭɪа ɝɪɭɧɬа ɨɫɧɨɜаɧɢя. Иɡ-ɡа ɦа-
ɥɨɝɨ чɢɫɥа ɢɡɦɟɪɟɧɢɣ p  ɨɩɢɫаɧɢɟ ɫɥɭчаɣ-
ɧɨɣ ɜɟɥɢчɢɧы p~  ɜɟɪɨяɬɧɨɫɬɧыɦɢ ɦɟɬɨɞаɦɢ 
ɬаɤɠɟ ɩɪɟɞɫɬаɜɥяɟɬ ɩɪɨɛɥɟɦɭ, чаɫɬɨ ɧɟɪаɡ-
ɪɟшɢɦɭɸ. Тɨ ɠɟ ɫаɦɨɟ ɡаɦɟчаɧɢɟ ɛыɥɨ ɫɞɟ-
ɥаɬь ɨ ɫɥɭчаɣɧых ɜɟɥɢчɢɧах 

IIII
c~  è ~  ɜ (4), а 

ɬаɤ ɠɟ ɭɝɥа ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢя I~ , (ɩɪɢ ɨɩ-
ɪɟɞɟɥɟɧɢɢ ɡɧачɟɧɢɣ 

Ñ
ÌÌ ,  ɩɨ СП 

22.13330.2011). 
Дɥя ɨɩɢɫаɧɢя (хаɪаɤɬɟɪɢɫɬɢɤɢ) ɫɥɭчаɣɧых 
ɜɟɥɢчɢɧ ɩɪɢ ɦаɥых ɤɨɥɢчɟɫɬɜах ɢɫɩыɬаɧɢɣ 
(ɩɪɢ ɨɝɪаɧɢчɟɧɧɨɣ ɫɬаɬɢɫɬɢчɟɫɤɨɣ ɢɧɮɨɪɦа-
цɢɢ) ɜ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦя ɩɨяɜɢɥɫя ɪяɞ ɬɟɨɪɢɣ 
ɢ ɦɟɬɨɞɨɜ ɫ ɛɨɥɟɟ ɨɫɬɨɪɨɠɧыɦ ɩɨɞхɨɞɨɦ ɩɪɢ 
ɩɪɢɧяɬɢɢ ɪɟшɟɧɢя ɨ ɜɢɞɟ ɪаɫɩɪɟɞɟɥɟɧɢя ɢ 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɛɨɥɟɟ ɨɫɬɨɪɨɠɧɨɣ (ɢɧɬɟɪ-
ɜаɥьɧɨɣ) ɨцɟɧɤɨɣ ɧаɞɟɠɧɨɫɬɢ ɧɟɫɭщɢх ɤɨɧ-
ɫɬɪɭɤцɢɣ [3,4.5,6 ɢ ɞɪ.]. Пɪɟɞɥаɝаɟɬɫя ɪаɫ-
ɫɦɨɬɪɟɬь ɧɟɫɤɨɥьɤɨ ɜаɪɢаɧɬɨɜ ɨɩɢɫаɧɢя ɫɥɭ-
чаɣɧых ɜɟɥɢчɢɧ ɢ ɦɟɬɨɞɨɜ ɪаɫчɟɬа ɧаɞɟɠɧɨ-
ɫɬɢ ɮɭɧɞаɦɟɧɬɨɜ ɦашɢɧ ɜ ɭɫɥɨɜɢях ɨɝɪаɧɢ-
чɟɧɧɨɣ ɫɬаɬɢɫɬɢчɟɫɤɨɣ ɢɧɮɨɪɦацɢɢ ɨ ɩаɪа-
ɦɟɬɪах ɜ (4) ɧа ɫɬаɞɢɢ эɤɫɩɥɭаɬацɢɢ.  

Ваɪɢаɧɬ 1.  
Раɫɫɦɨɬɪɢɦ ɨɩɢɫаɧɢɟ ɫɥɭчаɣɧых ɜɟɥɢчɢɧ 

IIII ñp  è ,   ɜ (4) ɦɟɬɨɞаɦɢ ɬɟɨɪɢɢ ɜɨɡɦɨɠɧɨ-
ɫɬɟɣ [3], ɩɨ ɤɨɬɨɪɨɣ IIII ñp  è ,   ɧаɡыɜаɸɬɫя 
ɧɟчɟɬɤɢɦɢ ɩɟɪɟɦɟɧɧыɦɢ ɢ ɤɨɬɨɪыɟ хаɪаɤɬɟ-
ɪɢɡɭɸɬɫя ɪаɡɥɢчɧыɦɢ ɮɭɧɤцɢяɦɢ ɪаɫɩɪɟɞɟ-
ɥɟɧɢя ɜɨɡɦɨɠɧɨɫɬɟɣ, ɧаɩɪɢɦɟɪ ɩɨ [5,7] ɞɥя 

Xp ~  ɮɭɧɤцɢɟɣ ɜɢɞа: 
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ɝɞɟ                  )(5,0 minmax XXàõ  ,  

ln- /)(5,0 minmax XXbõ  , ]1,0[ , 
 

maxX  ɢ minX  ɧаɢɛɨɥьшɟɟ ɢ ɧаɢɦɟɧьшɟɟ ɡɧа-
чɟɧɢя ɜɟɥɢчɢɧы X  ɜ ɦɧɨɠɟɫɬɜɟ  iX  ɢɡɦɟ-
ɪɟɧɧых ɡɧачɟɧɢɣ.   - ɭɪɨɜɟɧь ɫɪɟɡа (ɪɢɫɤа), 
ɡɧачɟɧɢɟɦ ɤɨɬɨɪɨɝɨ ɡаɞаɸɬɫя ɜ ɡаɜɢɫɢɦɨɫɬɢ 
ɨɬ чɢɫɥа ɢɡɦɟɪɟɧɢɣ ɧɟчɟɬɤɨɣ ɩɟɪɟɦɟɧɧɨɣ X , 
ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɢ ɤɨɧɫɬɪɭɤцɢɢ ɢ ɨɬ ɞɪɭɝɢх 
ɮаɤɬɨɪɨɜ, ɩɪɢɜɟɞɟɧɧых ɜ [8]. 
На ɪɢɫ. 1 ɩɨɤаɡаɧа ɜ ɝɪаɮɢчɟɫɤɨɦ ɜɢɞɟ 
ɮɭɧɤцɢя (5) ɢ ɞɜɟ ɮɭɧɤцɢɢ ɪаɫɩɪɟɞɟɥɟɧɢя 
ɜɨɡɦɨɠɧɨɫɬɟɣ R(õ) è Q(õ ), ɩɪɢ эɬɨɦ, ɤаɤ 
ɜɢɞɧɨ ɢɡ ɪɢɫ.1   1 õQR(õ) . Пɨэɬɨɦɭ ɧɟ-
чɟɬɤая ɩɟɪɟɦɟɧɧая X  хаɪаɤɬɟɪɢɡɭɟɬɫя ɨɞɧɨ-
ɜɪɟɦɟɧɧɨ ɞɜɭɦя ɮɭɧɤцɢяɦɢ R(õ)  ɢ  (õQ . 
Раɡɥɢчаɸɬ [3] ɟщɟ ɮɭɧɤцɢɸ  x-QN(õ) 1 , 
ɤɨɬɨɪая ɜ [3] ɧаɡыɜаɟɬɫя ɧɟɨɛхɨɞɢɦɨɫɬьɸ 
ɪɟаɥɢɡацɢɢ ɫɨɛыɬɢя xX  . Таɤɢɦ ɨɛɪаɡɨɦ, 
ɜɨɡɦɨɠɧɨɫɬь ɪɟаɥɢɡацɢɢ  ɫɨɛыɬɢя Х= х  (ɫɦ. 
ɪɢɫ.1) хаɪаɤɬɟɪɢɡɭɟɬɫя ɡɧачɟɧɢɟɦ ɢɧɬɟɪɜаɥа 

]1;[ RN . Пɪɢ эɬɨɦ, чɟɦ ɛɨɥьшɟ  , ɬɟɦ 

ɛɨɥьшɟ ɡɧачɟɧɢɟ  õQ  ɢ ɦɟɧьшɟ ɡɧачɟɧɢɟ N, 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɢɧɬɟɪɜаɥ ]1;[ RN  ɫɬаɧɨɜɢɬ-
ɫя шɢɪɟ (ɦɟɧɟɟ ɢɧɮɨɪɦаɬɢɜɧыɦ). 
В (4) ɫɨɞɟɪɠɢɬɫя ɬɪɢ ɧɟчɟɬɤɢɟ ɩɟɪɟɦɟɧɧыɟ. 
Оɛɨɡɧачɢɦ ɢх ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ Xð ~ ,  
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Рɢсɭɧɨɤ 1. Фɭɧɤɰɢя ɪасɩɪɟɞɟɥɟɧɢя  
вɨɡɦɨɠɧɨсɬɟɣ  )(õõ .  

õa - «сɪɟɞɧɟɟ» ɡɧачɟɧɢɟ X  
 

Паɪаɦɟɬɪы ɪаɫɩɪɟɞɟɥɟɧɢя ɜ (5) ɞɥя Y  ɩɨ 
аɧаɥɨɝɢɢ ɫ X  ɛɭɞɭɬ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ  
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Аɧаɥɨɝɢчɧыɟ ɜыɪаɠɟɧɢя ɩаɪаɦɟɬɪɨɜ ɧахɨɞяɬ 
ɞɥя Z  ɜ ɜɢɞɟ Za , Zâ  ɩɪɢ ɬɨɦ ɠɟ ɡɧачɟɧɢɢ  . 
Пɨ ɩɪаɜɢɥаɦ ɫɥɨɠɟɧɢя ɧɟчɟɬɤɢх ɩɟɪɟɦɟɧ-
ɧых [3, 5] Y  ɢ Z  ɩɨɥɭчɢɦ ɧɨɜɭɸ ɧɟчɟɬɧɭɸ 
ɮɭɧɤцɢɸ  tÒ  ɨɬ ɧɟчɟɬɤɢх аɪɝɭɦɟɧɬɨɜ. 
Фɭɧɤцɢя ɪаɫɩɪɟɞɟɥɟɧɢя ɜɨɡɦɨɠɧɨɫɬɟɣ ɞɥя 

ZYT  , ɢɦɟɟɬ ɜɢɞ: 
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Раɫчɟɬ ɧаɞɟɠɧɨɫɬɢ ɩɨ ɤɪɢɬɟɪɢɸ ɩɪɨчɧɨɫɬɢ 
ɝɪɭɧɬа (4) ɨɫɧɨɜаɧɢя ɮɭɧɞаɦɟɧɬа ɞɥя ɧа-
ɝɥяɞɧɨɫɬɢ ɩɪɟɞɫɬаɜɢɦ ɜ ɝɪаɮɢчɟɫɤɨɦ ɜɢɞɟ, 
ɢɡɨɛɪаɡɢɜ  (õ)πX  (ɧаɝɪɭɡɤɢ Xð ~ ) ɢ  t)(T  

(ɩɪɨчɧɨɫɬɢ TR ~
) ɩɪɢ ɨɞɧɨɦ ɢ ɬɨɦ ɠɟ ɡɧа-

чɟɧɢɢ  , ɤаɤ ɩɨɤаɡаɧɨ ɞɥя ɧаɝɥяɞɧɨɫɬɢ ɧа 
ɪɢɫ. 2. 
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Рɢсɭɧɨɤ 2. Фɭɧɤɰɢɢ ɪасɩɪɟɞɟɥɟɧɢя  
вɨɡɦɨɠɧɨсɬɟɣ ɧаɝɪɭɡɤɢ  õ)(õ   

ɢ ɩɪɨчɧɨсɬɢ  tÒ  
 

Зɧачɟɧɢɟ ɨɬɤаɡа Q  ɩɪɟɞɫɬаɜɥɟɧɨ ɨɪɞɢɧаɬɨɣ 

ɮɭɧɤцɢɣ (õ) πX  ɢ  tÒ  ɩɪɢ аɛɫцɢɫɫɟ *a , ɤɨɬɨ-
ɪая ɧахɨɞɢɬɫя ɢɡ ɪаɜɟɧɫɬɜа ɩɪаɜых чаɫɬɟɣ 
ɮɭɧɤцɢɣ (5) ɢ (6). Выɛɢɪаɟɬɫя ɬɨɬ ɤɨɪɟɧь 
ɭɪаɜɧɟɧɢя (õ) πX =  tÒ  ɩɪɢ хt  , ɤɨɬɨɪыɣ 
ɧахɨɞɢɬɫя ɜ ɢɧɬɟɪɜаɥɟ  tx àà ;  (cɦ. ɪɢɫ.2). Еɫ-
ɥɢ ɩɨ ɢɫхɨɞɧыɦ ɞаɧɧыɦ ɢɦɟɟɦ tх аа   

(«ɫɪɟɞɧяя» ɧаɝɪɭɡɤа ɦɟɧьшɟ ɢɥɢ ɪаɜɧа «ɫɪɟɞ-
ɧɟɣ» ɩɪɨчɧɨɫɬɢ), ɬɨ ɜɨɡɦɨɠɧɨɫɬь ɛɟɡɨɬɤаɡɧɨɣ 
ɪаɛɨɬы 1R . Сɥɨɜа «ɫɪɟɞɧяя» ɜɡяɬы ɜ ɤа-
ɜычɤах, ɬ.ɤ. ɜычɢɫɥɟɧɢɟ ɫɪɟɞɧɟɝɨ ɡɧачɟɧɢя 
ɩɪɨɜɨɞɢɬɫя ɬɨɥьɤɨ ɩɨ ɞɜɭɦ ɪɟɡɭɥьɬаɬаɦ ɢɡ-
ɦɟɪɟɧɢɣ – ɧаɢɛɨɥьшɟɦɭ ɢ ɧаɢɦɟɧьшɟɦɭ. Каɤ 
ɫɤаɡаɧɨ ɪаɧɟɟ, ɜ ɬɟɨɪɢɢ ɜɨɡɦɨɠɧɨɫɬɟɣ [3] 
ɜɜɨɞɢɬɫя ɟщɟ ɨɞɢɧ ɩɨɤаɡаɬɟɥь ɪɟаɥɢɡацɢɢ 
ɫɨɛыɬɢя (4) – ɧɟɨɛхɨɞɢɦɨɫɬь ɛɟɡɨɬɤаɡɧɨɣ ɪа-
ɛɨɬы QN 1 . Наɞɟɠɧɨɫɬь (ɜɨɡɦɨɠɧɨɫɬь 
ɪɟаɥɢɡацɢɢ ɫɨɛыɬɢя (4) ) ɛɭɞɟɬ хаɪаɤɬɟɪɢɡɨ-
ɜаɬьɫя ɢɧɬɟɪɜаɥɨɦ  RN ,  ɢɥɢ  maxmin , PP , ɝɞɟ 

NP min  ɢ RP max  ɧаɢɦɟɧьшая ɢ ɧаɢɛɨɥь-
шая «ɜɟɪɨяɬɧɨɫɬь» ɫɨɛыɬɢя (4). 
 
Пɪɢɦɟɪ 1.  
Пɭɫɬь ɢɡɜɟɫɬɧы ɡɧачɟɧɢя 10õà , 1õb , 

8óà , 1ób , 6zà , 1zb  (ɟɞɢɧɢцы ɢɡɦɟ-
ɪɟɧɢя ɭɫɥɨɜɧɨ ɧɟ ɭɤаɡыɜаɸɬɫя). 
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Наɞɟɠɧɨɫɬь ɮɭɧɞаɦɟɧɬа ɩɨ ɤɪɢɬɟɪɢɸ ɩɪɨч-
ɧɨɫɬɢ ɝɪɭɧɬа (4) хаɪаɤɬɟɪɢɡɭɟɬɫя ɢɧɬɟɪɜаɥɨɦ 
[0.8155;1]. 
Иɫɬɢɧɧɨɟ, ɧɨ ɧɟɢɡɜɟɫɬɧɨɟ, ɡɧачɟɧɢɟ ɧаɞɟɠ-
ɧɨɫɬɢ ɮɭɧɞаɦɟɧɬа ɧахɨɞɢɬɫя ɜɧɭɬɪɢ эɬɨɝɨ 
ɢɧɬɟɪɜаɥа. 
 
Ваɪɢаɧɬ 2.  
Раɫɫɦɨɬɪɢɦ ɜаɪɢаɧɬ ɢɫхɨɞɧɨɣ ɫɬаɬɢɫɬɢчɟ-
ɫɤɨɣ ɢɧɮɨɪɦацɢɢ ɨ ɡɧачɟɧɢях ɧаɝɪɭɡɤɢ 

Xð ~ , ɜ ɤɨɬɨɪɨɦ  чɢɫɥɨ ɢɡɦɟɪɟɧɢɣ Xð ~  
ɞɨɫɬаɬɨчɧɨ ɞɥя ɨɩɪɟɞɟɥɟɧɢя ɫ ɡаɞаɧɧыɦ 
ɭɪɨɜɧɟɦ ɡɧачɢɦɨɫɬɢ ɫɪɟɞɧɟɝɨ ɡɧачɟɧɢя 

xmð   ɢ ɫɪɟɞɧɟɝɨ ɤɜаɞɪаɬɢчɟɫɤɨɝɨ ɨɬɤɥɨɧɟ-
ɧɢя õS . В эɬɨɦ ɫɥɭчаɟ ɞɥя ɨɩɢɫаɧɢя ɫɥɭчаɣ-
ɧɨɣ ɜɟɥɢчɢɧы ð~  ɢɫɩɨɥьɡɭɟɬɫя ɪаɫɩɪɟɞɟɥɟ-
ɧɢɟ, ɩɨɫɬɪɨɟɧɧɨɟ ɧа ɨɫɧɨɜɟ ɧɟɪаɜɟɧɫɬɜа Чɟ-
ɛышɟɜа [9, 10, 11], ɜ ɜɢɞɟ ɝɪаɧɢчɧых ɮɭɧɤ-
цɢɣ  xF X  ɢ  xFX . На ɪɢɫ.3 ɩɨɤаɡаɧɨ ɦɧɨ-
ɠɟɫɬɜɨ ɜɨɡɦɨɠɧых ɮɭɧɤцɢɣ ɪаɫɩɪɟɞɟɥɟɧɢя 
(ɡашɬɪɢхɨɜаɧɧая чаɫɬь) ɞɥя ɨɩɢɫаɧɢя Xð ~ , 
ɧɨ ɧɟɢɡɜɟɫɬɧых ɪаɫɩɪɟɞɟɥɟɧɢɣ  xFX , ɨɝɪа-
ɧɢчɟɧɧɨɟ ɢɡɜɟɫɬɧыɦɢ ɝɪаɧɢчɧыɦɢ ɮɭɧɤ-
цɢяɦɢ ɪаɫɩɪɟɞɟɥɟɧɢя  xF  ɢ  xF . 
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Рɢсɭɧɨɤ 3. Фɭɧɤɰɢɢ ɪасɩɪɟɞɟɥɟɧɢя   xF õ

* ,  xF õ

** ;  xFx  
 
Аɧаɥɢɬɢчɟɫɤɢɟ ɜыɪаɠɟɧɢя ɝɪаɧɢчɧых ɮɭɧɤ-
цɢɣ ɪаɫɩɪɟɞɟɥɟɧɢя ɢɦɟɸɬ ɜɢɞ:  
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Уɫɥɨɜɧыɟ ɮɭɧɤцɢɢ ɩɥɨɬɧɨɫɬɟɣ ɪаɫɩɪɟɞɟɥɟ-
ɧɢɣ ɞɥя ɨɩɪɟɞɟɥɟɧɢя ɫɥɭчаɣɧɨɣ ɜɟɥɢчɢɧы 
X  ɧахɨɞяɬɫя ɞɢɮɮɟɪɟɧцɢɪɨɜаɧɢɟɦ  xF X  ɢ  xFX  ɩɨ аɪɝɭɦɟɧɬɭ x  ɢɦɟɸɬ ɜɢɞ 
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Хаɪаɤɬɟɪɢɫɬɢɤɢ ɝɪɭɧɬа ɨɫɧɨɜаɧɢя ɮɭɧɞаɦɟɧ-
ɬа IIc~ ɢ ~

II  ɛɭɞɟɦ ɨɩɢɫыɜаɬь ɮɭɧɤцɢɟɣ (6). 
Иɡɜɟɫɬɧɨ [12], чɬɨ ɟɫɥɢ X  ɢ T  ɧɟɡаɜɢɫɢɦыɟ 
ɫɥɭчаɣɧыɟ ɜɟɥɢчɢɧы, ɬɨ ɜ ɬɟɨɪɢɢ ɧаɞɟɠɧɨ-
ɫɬɢ ɜɟɪɨяɬɧɨɫɬь ɛɟɡɨɬɤаɡɧɨɣ ɪаɛɨɬы ɨɩɪɟɞɟ-
ɥяɟɬɫя ɩɨ ɮɨɪɦɭɥɟ: 

(7) 



Раɫчɟɬ ɧаɞɟɠɧɨɫɬɢ ɮɭɧɞаɦɟɧɬɨɜ ɦашɢɧ ɩɨ ɤɪɢɬɟɪɢяɦ ɩɪɨчɧɨɫɬɢ ɝɪɭɧɬа ɨɫɧɨɜаɧɢя ɢ аɦɩɥɢɬɭɞаɦ ɤɨɥɟɛаɧɢɣ 
ɩɪɢ ɨɝɪаɧɢчɟɧɧɨɣ ɫɬаɬɢɫɬɢчɟɫɤɨɣ ɢɧɮɨɪɦацɢɢ  
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ɢ ɜɟɪɨяɬɧɨɫɬь ɨɬɤаɡа 
      

V

Tx dtdxtfxfQ  , 

 
ɝɞɟ S  – ɨɛɥаɫɬь ɛɟɡɨɬɤаɡɧɨɣ ɪаɛɨɬы, 
V  – ɨɛɥаɫɬь ɨɬɤаɡа (ɜ ɨɫях х, t). 
Дɥя ɞɜɭх ɧɟɡаɜɢɫɢɦых ɫɥɭчаɣɧых ɜɟɥɢчɢɧ 
X  ɢ T  ɜ [11] ɩɪɢɜɟɞɟɧы ɬаɤ ɠɟ ɮɨɪɦɭɥы 
ɜɢɞа  
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В эɬɢх ɮɨɪɦɭɥах ɩɟɪɟɦɟɧɧая ɢɧɬɟɝɪɢɪɨɜа-
ɧɢя ɩɨ [12] ɨɛɨɡɧачаɟɬɫя ɨɞɧɨɣ ɛɭɤɜɨɣ. 
Пɪɢ ɪаɫчɟɬɟ ɧаɞɟɠɧɨɫɬɢ ɮɭɧɞаɦɟɧɬа ɦашɢ-
ɧы ɩɨ ɤɪɢɬɟɪɢɸ (4) ɢ ɨɩɢɫаɧɢɢ X  ɩɨ (7) 
ɢɦɟɟɦ ɞɜɟ ɭɫɥɨɜɧыɟ ɩɥɨɬɧɨɫɬɢ  xf

X
 ɢ 

 xf X  (ɝɪаɧɢц ɦɧɨɠɟɫɬɜа  xFX ). Сɨɨɬɜɟɬɫɬ-
ɜɟɧɧɨ ɛɭɞɟɦ ɢɦɟɬь ɞɜа ɡɧачɟɧɢя ɜɟɪɨяɬɧɨɫɬɢ 
ɨɬɤаɡа: Q - ɧɢɠɧɟɟ ɡɧачɟɧɢɟ ɢ Q - ɜɟɪхɧɟɟ 
ɡɧачɟɧɢɟ ɢ ɞɜа ɡɧачɟɧɢя ɜɟɪɨяɬɧɨɫɬɢ ɛɟɡɨɬ-
ɤаɡɧɨɣ ɪаɛɨɬы QP 1  ɢ QP 1 . 

Еɫɥɢ ɞɥя ɪаɫчɟɬа ɧаɞɟɠɧɨɫɬɢ ɢɫɩɨɥьɡɨɜаɬь 
ɮɨɪɦɭɥы (8), ɧɨ ɫ ɭчɟɬɨɦ ɫɭщɟɫɬɜɨɜаɧɢя  xF T  ɢ  xFT , ɬɨ ɞɥя ɞаɧɧɨɣ ɡаɞачɢ ɛɭɞɟɦ 
ɢɦɟɬь:  
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На ɪɢɫ. 4 ɭɫɥɨɜɧɨ ɩɪɟɞɫɬаɜɥɟɧы ɮɭɧɤцɢɢ  xF X ,  xFX ,  tF T ;  tFT , ɩɪɢ 

  2   amSm txx x
 (ɤаɤ чаɫɬɨ ɛыɜаɟɬ ɧа ɩɪаɤ-

ɬɢɤɟ), ɫ ɭчɟɬɨɦ (6) ɢɦɟɟɦ    ttF ÒT  ,    ttF TT 1 . 

Пɨɞɫɬаɜɥяя ɜ (9) ɮɭɧɤцɢɢ (7) ɢ (6), ɫ ɭчɟɬɨɦ 
(8) ɢ ɢɧɮɨɪɦацɢɢ ɨ ɩɪɟɞɟɥах ɢɧɬɟɝɪɢɪɨɜа-
ɧɢя, ɤаɤ ɜɢɞɧɨ ɢɡ ɪɢɫ. 4, ɩɨɥɭчɢɦ ɮɨɪɦɭɥы 
ɡɧачɟɧɢɣ ɜɟɪɨяɬɧɨɫɬɟɣ ɨɬɤаɡа ɮɭɧɞаɦɟɧɬа 
ɩɨ ɤɪɢɬɟɪɢɸ (4). 
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Рɢсɭɧɨɤ 4. Фɭɧɤɰɢɢ ɪасɩɪɟɞɟɥɟɧɢя  xF õ ,  xFx ,  xtF T  ;  xtFT   
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Пɪɢɦɟɪ 2.  
Пɭɫɬь ɢɡɜɟɫɬɧы ,1,10  xx Sm 2,14  tt ba . 

(ɭɫɥɨɜɧыɟ ɟɞɢɧɢцы ɢɡɦɟɪɟɧɢя ɧɟ ɩɨɤаɡаɧы). 
Иɫɩɨɥьɡɭя ɤɨɦɩьɸɬɟɪɧыɟ ɩɪɨɝɪаɦɦы, ɧа-
ɩɪɢɦɟɪ MatCad, ɧаɣɞɟɦ 

,2366,0108824,517759,010005,2 24  Q  

0Q , ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 7634,0,1  PP . На-
ɞɟɠɧɨɫɬь  ɮɭɧɞаɦɟɧɬа ɩɨ ɤɪɢɬɟɪɢɸ (4) ха-
ɪаɤɬɟɪɢɡɭɟɬɫя ɢɧɬɟɪɜаɥɨɦ   1;7634,0 . 

Иɡ ɩɪɢɦɟɪа ɜɢɞɧɨ, чɬɨ ɜɥɢяɧɢɟɦ  tFT
* ɩɪɢ 

ɦаɥɨɦ xS  ɩɨ ɫɪаɜɧɟɧɢɸ ɫ xm  ɦɨɠɧɨ ɩɪɟɧɟɛ-
ɪɟчь ɜ ɡаɩаɫ эɤɫɩɥɭаɬацɢɨɧɧɨɣ ɧаɞɟɠɧɨɫɬɢ 
ɮɭɧɞаɦɟɧɬа. И ɜɬɨɪɨɟ. Еɫɥɢ ɩɨɜыɫɢɬь ɧɟɫɭ-

(10) 
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щɭɸ ɫɩɨɫɨɛɧɨɫɬь ɨɫɧɨɜаɧɢя ɫɭщɟɫɬɜɭɸщɢ-
ɦɢ ɦɟɬɨɞаɦɢ ɞɨ 16ta  ɩɪɢ 2tb , ɬɨ ɧаɞɟɠ-
ɧɨɫɬь ɨɫɧɨɜаɧɢя ɩɨɜыɫɢɬɫя ɢ ɫɨɫɬаɜɢɬ 
[0,981; 1] ɩɪɢ 019,0Q . 
 
Вɫɬаɜɤа 3.  
Раɫɫɦɨɬɪɢɦ ɫɥɟɞɭɸщɢɣ ɜаɪɢаɧɬ ɪаɫчɟɬа ɧа-
ɞɟɠɧɨɫɬɢ ɮɭɧɞаɦɟɧɬа ɩɨ ɤɪɢɬɟɪɢɸ (4). Иɡ-
ɜɟɫɬɧы ɪаɛɨɬы [12, 13], ɜ ɤɨɬɨɪых хаɪаɤɬɟ-
ɪɢɫɬɢɤɢ ɝɪɭɧɬа II~  ɢ IIc~  ɨɩɢɫыɜаɸɬɫя ɧɨɪ-
ɦаɥьɧыɦ (ɝаɭɫɫɨɜɫɤɢɦ) ɪаɫɩɪɟɞɟɥɟɧɢɟɦ ɫ 
ɮɭɧɤцɢɟɣ ɩɥɨɬɧɨɫɬɢ ɜɟɪɨяɬɧɨɫɬɟɣ ɜɢɞа  
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Таɤɨɣ ɠɟ ɮɭɧɤцɢɟɣ ɨɩɢɫыɜаɟɬɫя IIc~ . Сɥɟɞɨ-
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ɧɨɪɦаɥьɧɨɣ ɮɭɧɤцɢɟɣ ɪаɫɩɪɟɞɟɥɟɧɢɣ. Иɡ-
ɜɟɫɬɧɨ [1, 12, 15], чɬɨ ɤɨɦɩɨɡɢцɢя ɧɨɪɦаɥь-
ɧых ɮɭɧɤцɢɣ ɪаɫɩɪɟɞɟɥɟɧɢя яɜɥяɟɬɫя ɧɨɪ-
ɦаɥьɧыɦ ɪаɫɩɪɟɞɟɥɟɧɢɟɦ ɫ ɩаɪаɦɟɬɪаɦɢ 

zyt mmm   ɢ 22
zyt SSS 

 
ɩɪɢ ɧɟɡаɜɢɫɢ-

ɦых Y  ɢ Z . В ɡаɩаɫ ɧаɞɟɠɧɨɫɬɢ ɩɪɢɦɟɦ ɧɟ-
ɡаɜɢɫɢɦыɦɢ II~  ɢ IIc~ . 
Дɥя ZYT   ɛɭɞɟɦ ɢɦɟɬь ɮɭɧɤцɢɸ ɩɥɨɬɧɨ-
ɫɬɢ ɜɟɪɨяɬɧɨɫɬɢ 
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Пɪɢɦɟɦ ɞɥя ɨɩɢɫаɧɢя ɧаɝɪɭɡɤɢ Xp ~  
ɮɭɧɤцɢɸ ɩɪɢɧаɞɥɟɠɧɨɫɬɢ (5), а ɞɥя ɨɩɢɫа-
ɧɢя ɩɪɨчɧɨɫɬɢ ZYT   ɮɭɧɤцɢɸ ɧɨɪɦаɥь-
ɧɨɝɨ (ɝаɭɫɫɨɜɫɤɨɝɨ) ɪаɫɩɪɟɞɟɥɟɧɢя (11). 
На ɪɢɫ. 5 ɭɫɥɨɜɧɨ ɢɡɨɛɪаɠɟɧы эɬɢ ɮɭɧɤцɢɢ 
ɩɪɢ tx ma   («ɫɪɟɞɧяя» ɧаɝɪɭɡɤа ɦɟɧьшɟ ɢɥɢ 
ɪаɜɧа ɫɪɟɞɧɟɣ ɩɪɨчɧɨɫɬɢ). 
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Рɢɫɭɧɨɤ 5. Фɭɧɤцɢɢ ɩɥɨɬɧɨɫɬɢ  
ɪаɫɩɪɟɞɟɥɟɧɢя  tfT  ɢ ɩɪɢɧаɞɥɟɠɧɨɫɬɢ 

 xX  

 
Уɫɥɨɜɧыɟ ɮɭɧɤцɢɢ ɩɥɨɬɧɨɫɬɟɣ ɪаɫɩɪɟɞɟɥɟ-
ɧɢя ɞɥя X  ɧаɣɞɟɦ ɞɢɮɮɟɪɟɧцɢɪɨɜаɧɢɟɦ 
ɮɭɧɤцɢɢ (5) ɩɨ аɪɝɭɦɟɧɬɭ x .  
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Иɫɩɨɥьɡɭя ɮɨɪɦɭɥы (8) ɢɡ [12],ɫ ɭчɟɬɨɦ 

0X  ɢ 0T  ɞɥя ɪаɫɫɦаɬɪɢɜаɟɦɨɣ ɡаɞачɢ 
ɩɨɥɭчɢɦ (ɩɪɢ ɨɛɨɡɧачɟɧɢɢ xt  ) 
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Иɥɢ ɫ ɭчɟɬɨɦ ɩɪɟɞɟɥɨɜ ɢɧɬɟɝɪɢɪɨɜаɧɢя ɩɨ 
ɪɢɫ.5 ɩɨɥɭчɢɦ ɪаɫчɟɬɧыɟ ɮɨɪɦɭɥы ɞɥя ɡɧа-
чɟɧɢя ɨɬɤаɡа ɩɨ ɤɪɢɬɟɪɢɸ (4) 
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Пɪɢɦɟɪ 3.  
Пɭɫɬь ɢɡɜɟɫɬɧы ɡɧачɟɧɢя 10xa , 1xb , 

14tm , 2tS  (ɭɫɥɨɜɧыɟ ɟɞɢɧɢцы ɢɡɦɟɪɟ-
ɧɢя ɧɟ ɩɨɤаɡаɧы)  Иɧɬɟɝɪɢɪɨɜаɧɢɟɦ ɫ ɩɨɦɨ-
щьɸ ɤɨɦɩьɸɬɟɪɧых ɩɪɨɝɪаɦɦ ɩɨɥɭчɢɦ 

23 102225,4,105479,8   QQ . Сɨɨɬɜɟɬ-

ɫɬɜɟɧɧɨ 99145,0P , 95778,0P . Еɫɥɢ ɩɨɜы-

ɫɢɬь ɩɪɨчɧɨɫɬь ɞɨ 16tm , ɬɨ ɩɨɥɭчɢɦ 
4108228,3 Q , 3101502,5 Q . 

Раɫɫɦɨɬɪɢɦ ɪаɫчɟɬ ɧаɞɟɠɧɨɫɬɢ ɮɭɧɞаɦɟɧɬа 
ɩɨ ɤɪɢɬɟɪɢɸ (2), ɫ ɭчɟɬɨɦ ɢɡɦɟɧчɢɜɨɫɬɢ ɢɡ-
ɦɟɪяɟɦɨɣ аɦɩɥɢɬɭɞы ɤɨɥɟɛаɧɢɣ ɮɭɧɞаɦɟɧɬа 
a~ , ɩɨ ɪаɫчɟɬɧɨɣ ɦɨɞɟɥɢ  
 

èàa ~                            (12) 

 
В ɧаɫɬɨящɟɟ ɜɪɟɦя ɢɦɟɸɬɫя ɩɪɢɛɨɪы ɞɥя 
ɢɡɦɟɪɟɧɢя аɦɩɥɢɬɭɞы ɤɨɥɟɛаɧɢɣ a , ɧаɩɪɢ-
ɦɟɪ Вɢɛɪɨɬɟɫɬ – МȽ4, а ɬаɤ ɠɟ ɪяɞ ɞɪɭɝɢх 
ɩɪɢɛɨɪɨɜ, ɩɪɢɜɟɞɟɧɧых ɜ РД 34.21.306-96 
«Мɟɬɨɞɢчɟɫɤɢɟ ɭɤаɡаɧɢя ɩɨ ɨɛɫɥɟɞɨɜаɧɢɸ 
ɞɢɧаɦɢчɟɫɤɨɝɨ ɫɨɫɬɨяɧɢя ɫɬɪɨɢɬɟɥьɧых ɤɨɧ-
ɫɬɪɭɤцɢɣ, ɫɨɨɪɭɠɟɧɢɣ ɢ ɮɭɧɞаɦɟɧɬɨɜ ɨɛɨ-
ɪɭɞɨɜаɧɢя эɧɟɪɝɨɩɪɟɞɩɪɢяɬɢɣ». С ɩɨɦɨщьɸ 
эɬɢх ɩɪɢɛɨɪɨɜ ɦɨɠɧɨ ɩɨɥɭчɢɬь ɩɨɥɧɭɸ ɫɬа-
ɬɢчɟɫɤɭɸ ɢɧɮɨɪɦацɢɸ ɨ ɡɧачɟɧɢях аɦɩɥɢ-
ɬɭɞы ɤɨɥɟɛаɧɢɣ a~  ɢ ɪаɫчɟɬ ɧаɞɟɠɧɨɫɬɢ 
ɮɭɧɞаɦɟɧɬа ɦɨɠɧɨ ɩɪɨɜɨɞɢɬь ɜɟɪɨяɬɧɨɫɬɧɨ-
ɫɬаɬɢчɟɫɤɢɦɢ ɦɟɬɨɞаɦɢ, ɬ.ɟ. ɦɨɠɧɨ ɜыяɜɢɬь 
ɮɭɧɤцɢɸ ɪаɫɩɪɟɞɟɥɟɧɢя ɫɥɭчаɣɧɨɣ ɜɟɥɢчɢ-
ɧы – аɦɩɥɢɬɭɞы a  ɦɟɬɨɞаɦɢ ɦаɬɟɦаɬɢчɟ-
ɫɤɨɣ ɫɬаɬɢɫɬɢɤɢ. Наɩɪɢɦɟɪ, ɩɪɨɜɟɪɢɬь ɝɢɩɨ-
ɬɟɡɭ ɧɨɪɦаɥьɧɨɝɨ (ɝаɭɫɫɨɜɫɤɨɝɨ), ɥɨɝɧɨɪ-
ɦаɥьɧɨɝɨ ɢɥɢ ɞɪɭɝɨɝɨ ɪаɫɩɪɟɞɟɥɟɧɢя a~  ɩɨ 
ɤɪɢɬɟɪɢяɦ ɫɨɝɥаɫɢя. В (2) èa - ɞɟɬɟɪɦɢɧɢɪɨ-
ɜаɧɧая ɜɟɥɢчɢɧа, ɡɧачɟɧɢɟ ɤɨɬɨɪɨɣ ɪɟɝɥа-
ɦɟɧɬɢɪɨɜаɧɨ ɜ СП 26.13330.2012 (ɬаɛɥ.5). 
Пɪɟɞɩɨɥɨɠɢɦ, чɬɨ a~  ɢɡɦɟɧяɟɬɫя ɩɨ ɧɨɪ-
ɦаɥьɧɨɦɭ ɡаɤɨɧɭ, ɬɨɝɞа ɜɟɪɨяɬɧɨɫɬь ɪɟаɥɢ-
ɡацɢɢ ɫɨɛыɬɢя (2) ɩɨ [1,12,15 ɢ ɞɪ.] ɦɨɠɧɨ 
ɨɩɪɟɞɟɥɢɬь ɩɨ ɮɨɪɦɭɥɟ: 
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Пɨ ɬаɛɥɢцаɦ Лаɩɥаɫа ɢ ɡɧачɟɧɢɸ   ɧахɨɞяɬ 
ɡɧачɟɧɢɟ ɜɟɪɨяɬɧɨɫɬɢ àìÐ . 
а  - ɫɪɟɞɧɟɟ ɡɧачɟɧɢɟ (ɫɬаɬɢɫɬɢчɟɫɤɨɟ ɦаɬɟ-
ɦаɬɢчɟɫɤɨɟ ɨɠɢɞаɧɢɟ), 

àS  - ɫɪɟɞɧɟɟ ɤɜаɞɪаɬɢчɟɫɤɨɟ ɨɬɤɥɨɧɟɧɢɟ 
(ɦɟɪа ɢɡɦɟɧчɢɜɨɫɬɢ a~ ). 
 
Пɪɢɦɟɪ 4.  
Пɨ ɪɟɡɭɥьɬаɬаɦ ɢɡɦɟɪɟɧɢɣ a~  ɧаɣɞɟɧы ɫɪɟɞ-
ɧяя ɜɟɪɬɢɤаɥьɧая аɦɩɥɢɬɭɞа 10,0a  ɦɦ ɢ 

02,0àS  ɦɦ ɩɪɢ 15,0ua  ɦɦ (ɩɨ ɬаɛɥ. СП 

26.13330.2012). 
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 àìP . 

 
Пɪɢ ɝɪɭɩɩɨɜɨɣ ɭɫɬаɧɨɜɤɟ ɞɜɭх ɨɞɧɨɬɢɩɧых 
ɦашɢɧ ɧа ɨɛщɟɦ ɮɭɧɞаɦɟɧɬɟ аɦɩɥɢɬɭɞа ɤɨ-
ɥɟɛаɧɢɣ ɮɭɧɞаɦɟɧɬа ɩɨ СП 26.13330.2012 ɨɬ 
ɤаɠɞɨɣ ɦашɢɧы 21

~~~ aaa  , ɬɨ ɟɫɬь ɜ (2) ɢɦɟ-
ɟɦ ɞɜɟ ɫɥɭчаɣɧыɟ ɜɟɥɢчɢɧы 1

~a  ɢ 2
~a . Пɨ ɪɟ-

ɡɭɥьɬаɬаɦ ɢɡɦɟɪɟɧɢɣ 1a  ɩɪɢ ɪаɛɨɬɟ ɩɟɪɜɨɣ 

ɦашɢɧɟ ɢ 2a  ɩɪɢ ɪаɛɨɬɟ ɜɬɨɪɨɣ ɦашɢɧы ɜы-
яɜɥяɸɬ ɡаɤɨɧ ɢх ɢɡɦɟɧɟɧɢя ɦɟɬɨɞаɦɢ ɦаɬɟ-
ɦаɬɢчɟɫɤɨɣ ɫɬаɬɢɫɬɢɤɢ.  
Оɛъɟɦ ɫɬаɬɢɫɬɢɫɬɢчɟɫɤɨɣ ɢɧɮɨɪɦацɢɢ ɨ 
ɤɨɧɬɪɨɥɢɪɭɟɦых ɩаɪаɦɟɬɪах ɛɥаɝɨɞаɪя ɢɡ-
ɦɟɪɢɬɟɥяɦ Вɢɛɪɨɬɟɫɬ – МȽ4 ɢɥɢ МȽ4.01 ɩɨ-
ɡɜɨɥяɸɬ ɢɫɩɨɥьɡɨɜаɬь ɢɡɜɟɫɬɧыɟ ɪаɫɩɪɟɞɟ-
ɥɟɧɢя ɜ ɬɟɨɪɢɢ ɧаɞɟɠɧɨɫɬɢ.  Дɨɩɭɫɬɢɦ, чɬɨ 
ɪаɫɩɪɟɞɟɥɟɧɢɟ 1

~a  ɢ 2
~a  ɧɨɪɦаɥьɧɨɟ (ɝаɭɫɫɨɜ-

ɫɤɨɟ), ɬɨɝɞа, ɢɫɩɨɥьɡɭя ɬɟɨɪɟɦɭ ɬɟɨɪɢɢ ɜɟɪɨ-
яɬɧɨɫɬɟɣ [1,12] ɨ ɤɨɦɩɨɡɢцɢɢ ɡаɤɨɧɨɜ ɪаɫ-
ɩɪɟɞɟɥɟɧɢя ɞɜɭх ɧɟɡаɜɢɫɢɦых ɫɥɭчаɣɧых 
ɜɟɥɢчɢɧ 1

~a  ɢ 2
~a , ɪаɫɩɪɟɞɟɥɟɧɧых ɧɨɪɦаɥьɧɨ, 

ɩɨɥɭчɢɦ ɧɨɪɦаɥьɧɨɟ ɪаɫɩɪɟɞɟɥɟɧɢɟ ɫ 

21
~~~ aaa   ɢ 

22

21 aaa SSS   ɢ ɞаɥьɧɟɣшɢɣ 

ɪаɫчɟɬ ɧɟ ɨɬɥɢчаɟɬɫя ɨɬ ɪаɧɟɟ ɪаɫɫɦɨɬɪɟɧɧɨ-
ɝɨ ɫɥɭчая ɪаɫчɟɬа ɜɟɪɨяɬɧɨɫɬɢ ɛɟɡɨɬɤаɡɧɨɣ 
ɪаɛɨɬы ɮɭɧɞаɦɟɧɬа ɩɨ ɤɪɢɬɟɪɢɸ (12).  
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Пɪɢ ɝɪɭɩɩɨɜɨɣ ɭɫɬаɧɨɜɤɟ ɨɞɧɨɬɢɩɧых ɦа-
шɢɧ ɧа ɨɞɧɨɦ ɮɭɧɞаɦɟɧɬɟ ɩɨ СП 
26.13330.2012 аɦɩɥɢɬɭɞа ɤɨɥɟɛаɧɢɣ ɮɭɧɞа-
ɦɟɧɬа ɨɩɪɟɞɟɥяɟɬɫя ɩɨ ɮɨɪɦɭɥɟ 
 

  n

i
iaka

1

2 ,                 (14) 

 
ɝɞɟ k - ɤɨэɮɮɢцɢɟɧɬ (ɞɟɬɟɪɦɢɧɢɪɨɜаɧɧая 
ɜɟɥɢчɢɧа) ɩɨ Сɜɨɞɭ Пɪаɜɢɥ ɩɪɢɧɢɦаɟɬɫя 
ɪаɜɧыɦ 1,5; 1; 0,7 ɜ ɡаɜɢɫɢɦɨɫɬɢ ɨɬ ɜɢɞа ɞɢ-
ɧаɦɢчɟɫɤɨɣ ɧаɝɪɭɡɤɢ. ia - аɦɩɥɢɬɭɞа ɤɨɥɟɛа-
ɧɢя ɮɭɧɞаɦɟɧɬа ɩɪɢ ɪаɛɨɬɟ i -ɣ ɦашɢɧы, n - 
чɢɫɥɨ ɦашɢɧ. Заɦɟчаɧɢя ɩɨ ɡɧачɟɧɢɸ ɞɨ-
ɩɭɫɬɢɦɨɣ аɦɩɥɢɬɭɞы ɤɨɥɟɛаɧɢя ɮɭɧɞаɦɟɧɬа 
ɩɪɢ ɝɪɭɩɩɨɜɨɦ ɞɟɣɫɬɜɢɢ ɦашɢɧ ɦɨɠɧɨ ɧаɣ-
ɬɢ ɜ СП 26.13330.2012. 
Иɡɜɟɫɬɧɨ [16], чɬɨ, ɟɫɥɢ ɫɪɟɞɧɟɤɜаɞɪаɬɢчɟ-
ɫɤɨɟ ɨɬɤɥɨɧɟɧɢɟ ɦаɥɨ ɩɨ ɫɪаɜɧɟɧɢɸ ɫɨ ɫɬа-
ɬɢɫɬɢчɟɫɤɢɦ ɦаɬɟɦаɬɢчɟɫɤɢɦ ɨɠɢɞаɧɢɟɦ 
ɫɥɭчаɣɧɨɣ ɜɟɥɢчɢɧы ( ia~ ), ɬɨ ɦɟɬɨɞ  ɥɢɧɟаɪɢ-
ɡацɢɢ ɦɨɠɟɬ ɛыɬь ɪаɫɩɪɨɫɬɪаɧɟɧ ɫ ɩɪаɤɬɢ-
чɟɫɤɢ ɩɪɢɟɦɥɟɦɨɣ ɬɨчɧɨɫɬьɸ ɧа ɮɭɧɤцɢɸ 

2~
ia  ɫ ɦаɬɟɦаɬɢчɟɫɤɢɦ ɨɠɢɞаɧɢɟɦ 

iia aam
i

  ɢ ɞɢɫɩɟɪɫɢɟɣ 222

iii aaa SSS  . Та-

ɤɢɦ ɨɛɪаɡɨɦ, ɟɫɥɢ ia  ɪаɫɩɪɟɞɟɥɟɧɨ ɩɨ ɧɨɪ-

ɦаɥьɧɨɦɭ ɡаɤɨɧɭ, ɬɨ ɢ 
2
ia ɦɨɠɧɨ ɨɩɢɫыɜаɬь 

ɧɨɪɦаɥьɧыɦ ɪаɫɩɪɟɞɟɥɟɧɢɟɦ ɫ iia aam
i

 ɢ 
222

iii aaa SSS  . 

Пɪɟɞɫɬаɜɢɦ (14) ɫ ɭчɟɬɨɦ ɢɡɦɟɧчɢɜɨɫɬɢ ia~ ɜ 

ɜɢɞɟ )~(~
1

222  n

i
iaka .  

Пɪɟɞɫɬаɜɢɦ ɦаɬɟɦаɬɢчɟɫɤɭɸ ɦɨɞɟɥь ɩɪɟ-
ɞɟɥьɧɨɝɨ ɫɨɫɬɨяɧɢя ɩɨ аɦɩɥɢɬɭɞɟ ɤɨɥɟɛаɧɢɣ 
ɜ ɜɢɞɟ  
 

22~
uaa   ɢɥɢ 2

1

22~
u

n

i
i aak  . 

 
Вɜɟɞɟɦ ɨɛɨɡɧачɟɧɢɟ ii Xak 22 ~ , ɝɞɟ iX  - ɫɥɭ-
чаɣɧая ɜɟɥɢчɢɧа, ɪаɫɩɪɟɞɟɥɟɧɢя ɩɨ ɧɨɪ-
ɦаɥьɧɨɦɭ ɡаɤɨɧɭ ɫ ɦаɬɟɦаɬɢчɟɫɤɢɦ ɨɠɢɞа-

ɧɢɟɦ 22
imkM i   ɢ ɫɪɟɞɧɟɤɜаɞɪаɬɢчɟɫɤɢɦ ɨɬ-

ɤɥɨɧɟɧɢɟɦ iii SmkS 22 . Учɢɬыɜая, чɬɨ iX  

ɢɡɦɟɧяɟɬɫя ɩɨ ɧɨɪɦаɥьɧɨɦɭ ɡаɤɨɧɭ ɢ ɩɪɢɦɟ-
ɧяя ɞɥя ɤɨɦɩɨɡɢцɢɢ 



n

i
iX

1

 ɦɟɬɨɞ ɥɢɧɟаɪɢɡа-

цɢɢ [1,12], ɛɭɞɟɦ ɢɦɟɬь ɫɥɭчаɣɧɭɸ ɜɟɥɢчɢɧɭ 

Xa 2~  ɫ ɦаɬɨɠɢɞаɧɢɟɦ  n

i
iMM

1

 ɢ ɫɪɟɞɧɟ-

ɤɜаɞɪаɬɢчɟɫɤɢɦ ɨɬɤɥɨɧɟɧɢɟɦ  
 

 n

i
iSS

1

2 . 

 
Иɫɩɨɥьɡɭя ɮɨɪɦɭɥɭ (14) ɢ ɢɡɜɟɫɬɧыɟ [1, 11] 
ɜɟɪɨяɬɧɨɫɬɧыɟ ɦɟɬɨɞы, ɜɟɪɨяɬɧɨɫɬь ɛɟɡɨɬ-
ɤаɡɧɨɣ ɪаɛɨɬы ɧаɣɞɟɦ ɩɨ ɮɨɪɦɭɥɟ 
 

 


 
S

Ma
P è

an

2

. 

 
Пɪɢɦɟɪ 5.  
Пɭɫɬь ɢɡɜɟɫɬɧы 15,0ua  ɦɦ (ɩɨ ɬаɛɥ. 5 СП 

26.13330.2012) 0225,02 ua  ɦɦ2, 3n , 

08,0321  aaa  ɦɦ (ɞɥя ɫɨɤɪащɟɧɢя ɜычɢɫ-
ɥɟɧɢɣ), 005,0321  SSS  ɦɦ, 1k , ii am  , 

0064,008,01 22 iM ɦɦ2, 

0192,03  iMM ɦɦ2,     4222 106,1301,008,012323  iiSmkS ɦɦ2.

 43,2
106,13

0192,015,0
4

2 




 anP . 

Пɨ ɬаɛɥɢцаɦ Лаɩɥаɫа ɢɦɟɟɦ 9924,0anP . 
Пɪɢ ɝɪɭɩɩɨɜɨɣ ɭɫɬаɧɨɜɤɟ ɧа ɮɭɧɞаɦɟɧɬ ɪаɡ-
ɧɨɬɢɩɧых ɦашɢɧ ɩɨ СП 2613330.2012 аɦ-
ɩɥɢɬɭɞа ɤɨɥɟɛаɧɢɣ ɮɭɧɞаɦɟɧɬа ɨɩɪɟɞɟɥяɟɬ-
ɫя ɤаɤ ɫɭɦɦа ɤɨɥɟɛаɧɢɣ,ɜыɡыɜаɟɦых ɪаɛɨ-
ɬɨɣ ɤаɠɞɨɣ ɢɡ ɦашɢɧ. Пɪɢ эɬɨɦ ɜ ɭɫɥɨɜɢɢ 

(12) èa
 ɩɪɢɧɢɦаɟɬɫя ɧа 30% ɛɨɥьшɟ ɡɧачɟ-

ɧɢɣ, ɩɪɢɜɟɞɟɧɧых ɜ ɬаɛɥ.5 СП ɞɥя ɬɢɩа ɦа-
шɢɧы. 
Фɭɧɞаɦɟɧɬ ɦашɢɧы ɦɨɠɟɬ ɨɬɤаɡаɬь ɥɢɛɨ ɩɨ 
ɩɪɨчɧɨɫɬɢ ɝɪɭɧɬа, ɥɢɛɨ ɩɨ аɦɩɥɢɬɭɞɟ ɤɨɥɟ-
ɛаɧɢɣ. Еɫɥɢ ɮɭɧɞаɦɟɧɬ ɪаɫɫɦаɬɪɢɜаɬь ɤаɤ 
ɦɟхаɧɢчɟɫɤɭɸ ɫɢɫɬɟɦɭ ɫ ɭɫɥɨɜɧыɦɢ эɥɟɦɟɧ-
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ɬаɦɢ «ɩɪɨчɧɨɫɬь» ɢ «аɦɩɥɢɬɭɞа», ɬɨ ɧаɞɟɠ-
ɧɨɫɬь ɮɭɧɞаɦɟɧɬа ɩɪɢ ɜɟɪɨяɬɧɨɫɬɧɨ-
ɫɬаɬɢɫɬɢчɟɫɤɨɦ ɦɟɬɨɞɟ ɪаɫчɟɬа ɧаɞɟɠɧɨɫɬɢ 
ɩɨɫɥɟɞɨɜаɬɟɥьɧɨɣ ɫɢɫɬɟɦы ɨɩɪɟɞɟɥяɟɬɫя ɩɨ 
ɮɨɪɦɭɥɟ   
 

annðî÷S PPP  , 

  
ɝɞɟ annpî÷ PP  - ɜɟɪɨяɬɧɨɫɬɢ ɛɟɡɨɬɤаɡɧɨɣ ɪаɛɨɬы 

ɮɭɧɞаɦɟɧɬа ɩɨ ɤɪɢɬɟɪɢяɦ ɩɪɨчɧɨɫɬɢ ɢ аɦ-
ɩɥɢɬɭɞɟ ɤɨɥɟɛаɧɢя. Пɪɢ ɢɧɬɟɪɜаɥьɧых ɨцɟɧ-
ɤах ɧаɞɟɠɧɨɫɬɢ ɫɢɫɬɟɦы ɫ ɧɟɡаɜɢɫɢɦыɦɢ 
эɥɟɦɟɧɬаɦɢ ɩɨ [17] ɢɦɟɟɦ  
 

minmin , PPPP  , ɬ.ɟ.  minmin , PP . 
 
Пɪɨяɜɥяя ɨɫɬɨɪɨɠɧɨɫɬь ɩɪɢ ɜыɛɨɪɟ ɡɧачɟ-
ɧɢя ɧаɞɟɠɧɨɫɬɢ ɮɭɧɞаɦɟɧɬа ɢɡ ɢɧɬɟɪɜаɥа 
ɧаɞɟɠɧɨɫɬɢ ɩɨ ɤɪɢɬɟɪɢɸ ɩɪɨчɧɨɫɬɢ (ɢɥɢ 
аɦɩɥɢɬɭɞы) чаɫɬɨ ɜыɛɢɪаɸɬ ɡɧачɟɧɢɟ 
 

minPPnpî÷  , 

 
ɬ.ɟ. ɧаɢɦɟɧьшɟɟ ɡɧачɟɧɢɟ ɧаɞɟɠɧɨɫɬɢ (ɜɟɪɨ-
яɬɧɨɫɬɢ) ɜ «ɡаɩаɫ» ɬɟɨɪɟɬɢчɟɫɤɨɣ ɧаɞɟɠɧɨ-
ɫɬɢ. Оɞɧаɤɨ ɦɨɠɟɬ ɨɤаɡаɬьɫя ɡɧачɟɧɢɟ ɜɟɪɨ-
яɬɧɨɫɬɢ ɧаɞɟɠɧɨɫɬɢ ɦɟɧьшɟ ɩɪɟɞɟɥьɧɨ ɞɨ-
ɩɭɫɬɢɦɨɝɨ ɩɨ ɛɟɡɨɩаɫɧɨɫɬɢ ɡɧачɟɧɢя ɜɟɪɨяɬ-
ɧɨɫɬɢ npP . Вɨɡɧɢɤаɟɬ ɜɨɩɪɨɫ. Мɨɠɧɨ ɥɢ ɩɪɢ-

ɧяɬь ɡɧачɟɧɢɟ npî÷P  ɛɨɥьшɟ ɡɧачɟɧɢя minP ? 

Иɧɬɟɪɜаɥ ɧаɞɟɠɧɨɫɬɢ   RN ,  ɢɥɢ  maxmin , PP  
ɦɨɠɧɨ ɪаɫɫɦаɬɪɢɜаɬь ɤаɤ ɦɧɨɠɟɫɬɜɨ ɡɧачɟ-
ɧɢɣ ɫɥɭчаɣɧɨɣ ɜɟɥɢчɢɧы - ɜɟɪɨяɬɧɨɫɬɢ P

~
. 

Дɥя ɨɩɢɫаɧɢя P
~

, ɤɨɝɞа ɢɡɜɟɫɬɧы ɟɟ ɬɨчɧыɟ 
ɤɪаɣɧɢɟ ɡɧачɟɧɢя ɢ ɫɪɟɞɧɟɟ ɡɧачɟɧɢɟ, ɤɨɬɨ-
ɪɨɟ ɩɪɢɦɟɦ  
  maxmin5,0 PPPcp  , 

 
ɢɫɩɨɥьɡɭɟɬɫя [18] ɭɫɟчɟɧɧɨɟ ɢɧɬɟɪɜаɥьɧɨɟ 
ɪаɫɩɪɟɞɟɥɟɧɢɟ, ɩɪɟɞɫɬаɜɥɟɧɧɨɟ ɜ ɝɪаɮɢчɟ-
ɫɤɨɦ ɜɢɞɟ ɧа ɪɢɫ. 6. 

1

0

pP

pP

pP

minP maxP

minmax

max

PP

PP cp




cpP  
Рɢсɭɧɨɤ 6. Гɪаɧɢчɧыɟ ɮɭɧɤɰɢɢ ɪасɩɪɟɞɟɥɟ-

ɧɢя    pPpP ,  
 

Иɫɬɢɧɧая ɮɭɧɤцɢя ɪаɫɩɪɟɞɟɥɟɧɢя ɫɥɭчаɣɧɨɣ 

ɜɟɥɢчɢɧы P
~

 ɧахɨɞɢɬɫя ɜ ɡашɬɪɢхɨɜаɧɧɨɣ 
чаɫɬɢ ɪɢɫ. 6, ɧɨ ɨɧа ɧɟɢɡɜɟɫɬɧа. 
Выɪаɠɟɧɢя ɝɪаɧɢчɧых ɮɭɧɤцɢɣ  pP  ɢ  pP  
ɢɦɟɸɬ ɜɢɞ 
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Рɢɫɤ r  ɩɪɢɧяɬɢя ɪɟшɟɧɢя ɨ ɡɧачɟɧɢɢ ɧа-
ɞɟɠɧɨɫɬɢ ɢɡ ɪаɫчɟɬɧɨɝɨ ɢɧɬɟɪɜаɥа ɧаɞɟɠɧɨ-
ɫɬɢ  maxmin , PP  ɪаɜɧɨɝɨ cpP  ɪаɜɟɧ 0,5. В ɞаɧɧɨɦ 

ɫɥɭчаɟ ɩɨɧяɬɢɟ ɪɢɫɤа ɨɬɥɢчаɟɬɫя ɨɬ ɟɝɨ ɩɨ-
ɧяɬɢя, ɩɪɢɧяɬɨɝɨ ɩɨ ȽОСТ З 51901-2002 
«Уɩɪаɜɥɟɧɢɟ ɧаɞɟɠɧɨɫɬьɸ. Аɧаɥɢɡ ɪɢɫɤа 
ɬɟхɧɨɥɨɝɢчɟɫɤɢх ɫɢɫɬɟɦ».  
Пɪɢ minPP   ɟɫɬɟɫɬɜɟɧɧɨ ɪɢɫɤ 0r . Пɪɢ 

cpPPP min  ɡɧачɟɧɢɟ ɪɢɫɤа r   ɢɡɦɟɧяɟɬɫя ɨɬ 
0 ɞɨ 0,5 ɢ ɨɩɪɟɞɟɥяɟɬɫя ɩɨ ɮɨɪɦɭɥɟ 

5,0
max

max 


PP

PP
r cp . 

Пɪɢɦɟɪ 6. Пɭɫɬь ɩɨ ɪɟɡɭɥьɬаɬаɦ ɩɪɢɦɟɪа 1 
ɢɦɟɟɦ 8,0min P  ɢ 1max P ,  9,0cpP . Дɨɩɭɫ-
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ɬɢɦ ɩɪɟɞɟɥьɧɨɟ ɞɨɩɭɫɬɢɦɨɟ ɡɧачɟɧɢɟ ɧа-
ɞɟɠɧɨɫɬɢ ɮɭɧɞаɦɟɧɬа ɦашɢɧы 85,0npP . 

Мɨɠɧɨ ɥɢ ɩɪɢɧяɬь ɪɟшɟɧɢɟ ɢ ɫчɢɬаɬь, чɬɨ 
ɧаɞɟɠɧɨɫɬь ɮɭɧɞаɦɟɧɬа ɨɛɟɫɩɟчɟɧа? Пɪɢ 

85,08,0min  npPPP  ɧаɞɟɠɧɨɫɬь ɧɟ ɨɛɟɫ-
ɩɟчɟɧа. А ɟɫɥɢ ɩɪɢɧяɬь 85,085,0  npPP , ɬɨ 
ɧаɞɟɠɧɨɫɬь ɨɛɟɫɩɟчɟɧа. Наɣɞɟɦ ɡɧачɟɧɢɟ 
ɪɢɫɤа эɬɨɝɨ ɪɟшɟɧɢя. 17,05,0

85,01

9,01 
r . 

В ɡаɜɢɫɢɦɨɫɬɢ ɨɬ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɢ аɝɪɟɝаɬа ɢ 
ɨɬ ɜɧɟшɧɢх ɤачɟɫɬɜɟɧɧых ɩɨɤаɡаɬɟɥɟɣ ɮɭɧ-
ɞаɦɟɧɬа ɦɨɠɧɨ ɜ ɧɟɤɨɬɨɪых ɫɥɭчаях ɩɨɣɬɢ 
ɧа ɬаɤɨɣ ɨɫɨɡɧаɧɧыɣ ɪɢɫɤ, ɟɫɥɢ ɨɧ ɞɨɫɬаɬɨч-
ɧɨ ɦаɥ, ɜ ɩɪɨɬɢɜɧɨɦ ɫɥɭчаɟ ɬɪɟɛɭɟɬɫя ɭɫɢɥɟ-
ɧɢɟ ɝɪɭɧɬа ɨɫɧɨɜаɧɢя ɮɭɧɞаɦɟɧɬа, ɧɨ эɬɨ 
ɫɜяɡаɧɨ ɫ эɤɨɧɨɦɢчɟɫɤɢɦɢ ɩɨɬɟɪяɦɢ.  
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1. Раɫɫɦɨɬɪɟɧɧыɟ ɜаɪɢаɧɬы ɦɟɬɨɞɨɜ ɪаɫчɟ-
ɬɨɜ ɧаɞɟɠɧɨɫɬɢ ɮɭɧɞаɦɟɧɬɨɜ ɦашɢɧ ɧа 
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ɧяɬɢя ɪɟшɟɧɢя ɨ ɡɧачɟɧɢɢ ɧаɞɟɠɧɨɫɬɢ 
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Еɪɟɜаɧɫɤɢɣ ɝɨɫɭɞаɪɫɬɜɟɧɧыɣ ɭɧɢɜɟɪɫɢɬɟɬ аɪхɢɬɟɤɬɭɪы ɢ ɫɬɪɨɢɬɟɥьɫɬɜа, ɝ. Еɪɟɜаɧ, АРМЕНИə 
 
АɇɇɈɌАЦɂə: Уɩɪɭɝɨɩɥаɫɬɢчɟɫɤɨɟ ɞɟɮɨɪɦɢɪɨɜаɧɢɟ хаɪаɤɬɟɪɢɡɭɟɬɫя ɬɟɦ, чɬɨ чаɫɬь ɨɛщɟɣ эɧɟɪɝɢɢ, 
ɢɡɪаɫхɨɞɨɜаɧɧɨɣ ɩɪɢ ɪɟаɥɢɡацɢɢ ɞɟɮɨɪɦацɢɢ ɩɪɢ ɡаɝɪɭɠɟɧɢɢ ɭɩɪɭɝɨɩɥаɫɬɢчɟɫɤɨɣ (УП) ɫɪɟɞы ɪаɫхɨɞɭ-
ɟɬɫя ɧа ɩɪɟɨɞɨɥɟɧɢɸ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢя. Оɬɧɨшɟɧɢɟ ɤɨɥɢчɟɫɬɜа ɞɢɫɫɢɩɢɪɨɜаɧɧɨɣ эɧɟɪɝɢɢ ɤ ɤɨɥɢчɟɫɬ-
ɜɭ ɨɛщɟɣ эɧɟɪɝɢɢ ɞɟɮɨɪɦɢɪɨɜаɧɢя ɨɩɪɟɞɟɥяɟɬ ɜɟɥɢчɢɧɭ ɤɨэɮɮɢцɢɟɧɬа ɩɨɝɥɨщɟɧɢɟ ɞɥя ɞаɧɧɨɣ ɭɩɪɭɝɨ-
ɩɥаɫɬɢчɟɫɤɨɣ ɫɪɟɞы. Дɥя ɬɭɮɨɛɟɬɨɧɧых ɨɛɪаɡцɨɜ ɩɨɥɭчɟɧы ɡɧачɟɧɢя ɤɨэɮɮɢцɢɟɧɬа ɩɨɝɥɨщɟɧɢя ɞɥя 8-
ɦɢ ɩɨɫɥɟɞɨɜаɬɟɥьɧых цɢɤɥɨɜ, ɤɨɬɨɪыɟ ɩɨɤаɡаɥɢ, чɬɨ ɨɬ цɢɤɥа ɤ цɢɤɥɭ ɤɨэɮɮɢцɢɟɧɬ ɩɨɝɥɨщɟɧɢя ɭɦɟɧь-
шаɟɬɫя.  
 

Ʉлючевые словɚ: ɭɩɪɭɝɨɩɥаɫɬɢчɟɫɤɨɟ ɞɟɮɨɪɦɢɪɨɜаɧɢɟ, ɞɢɫɫɢɩацɢя эɧɟɪɝɢɢ, ɤɨэɮɮɢцɢɟɧɬ ɩɨɝɥɨщɟɧɢя, 
ɩɨɜɬɨɪɧɨ-цɢɤɥɢчɟɫɤɢɣ ɩɪɨцɟɫɫ, ɮɭɧɤцɢя ɧаɩɪяɠɟɧɢя. 

 

 

PARAMETERS OF ABSORBING ENERGY OF CONCRETES,  

MADE BY THE METHOD OF SOLUTION INJECTION  

UNDER CYCLIC LOADING 
 

Spartak G. Yesayan, Vazgen V. Poghosyan, David G. Klechyan 
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ABSTACT: Elastic-plastic deformation is characterized by the phenomenon that a part of the total energy spent 
on implementation of deformation during charging of elastoplastic medium is used for overcoming the internal 
friction. The ratio of dissipated energy to the amount of the total energy deformation determines the value of the 
coefficient of absorption for the elastic-plastic medium.This means that for determining the values of coefficient 
of absorption for the elastic-plastic material need to have an analytical equation of deformation for charging and 
for discharging. 
 

Keywords: elastic-plastic deformation, energy dissipation, the coefficient of absorption, re-iterative process,  
the function of stress. 

 
 

 Бɟɬɨɧ ɪаɫɫɦаɬɪɢɜаɟɬɫя ɤаɤ ɭɩɪɭɝɨɩɥаɫɬɢ-
чɟɫɤɢɣ ɦаɬɟɪɢаɥ. Пɪɢ ɩɨɜɬɨɪɧых ɢɫɩыɬаɧɢ-
ях ɫɠɢɦаɸщɢɦɢ ɧаɩɪяɠɟɧɢяɦɢ ɩɨ ɩɪɨɝɪаɦ-
ɦɟ ɡаɝɪɭɡɤа ɞɨ ɬɨчɤɢ M – ɩɨɥɧая ɪаɡɝɪɭɡɤа 
ɞɨ  1M , ɡаɝɪɭɡɤа ɞɨ M – ɩɨɥɧая ɪаɡɝɪɭɡɤа ɞɨ 

2M , ɡаɝɪɭɡɤа ɞɨ M – ɩɨɥɧая ɪаɡɝɪɭɡɤа ɞɨ 3M  
ɢ ɬ. ɞ.  хаɪаɤɬɟɪɧыɟ ɝɪаɮɢɤɢ ɡаɜɢɫɢɦɨɫɬɢ 
ɞɟɮɨɪɦацɢя-ɧаɩɪяɠɟɧɢɟ (   ) ɞɥя ɭɩɪɭɝɨ-
ɩɥаɫɬɢчɟɫɤɨɝɨ (УП) ɦаɬɟɪɢаɥа ɩɨɤаɡаɧы ɧа 

ɪɢɫ.1. Пɪɢ ɤаɠɞɨɦ цɢɤɥɟ ɨɫɬаɬɨчɧая ɞɟɮɨɪ-
ɦацɢя ɩɨɫɬɟɩɟɧɧɨ ɭɦɟɧьшаɟɬɫя: 

 
...32211  MMMMOM  

 



Паɪаɦɟɬɪы ɩɨɝɥɨщɟɧɢя эɧɟɪɝɢɢ ɛɟɬɨɧɨɜ, ɢɡɝɨɬɨɜɥɟɧɧых ɫɩɨɫɨɛɨɦ ɧаɝɧɟɬаɧɢя ɪаɫɬɜɨɪа ɩɪɢ цɢɤɥɢчɟɫɤɢх 
ɧаɝɪɭɠɟɧɢях  
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Рɢсɭɧɨɤ 1. Завɢсɢɦɨсɬɢ    ɩɪɢ  
ɩɨвɬɨɪɧых ɧаɝɪɭɠɟɧɢях. 

 
Еɫɥɢ чɟɪɟɡ k ɨɛɨɡɧачɢɬь ɤɨɥɢчɟɫɬɜɨ цɢɤɥɨɜ: 
k =1,2,3,..., ɬɨ ɩɪɢ ɞɨɫɬаɬɨчɧɨ ɛɨɥьшɢх ɡɧа-
чɟɧɢях k  kMM  ɫɬɪɟɦɢɬɫя ɤ  0MM  ( 0MM  ɩа-
ɪаɥɥɟɥьɧа ɤаɫаɬɟɥьɧɨɣ ɜ ɬɨчɤɟ O  ɩɪɨɜɟɞɟɧ-
ɧɨɣ ɤ ɛаɡɨɜɨɣ ɤɪɢɜɨɣ   F : 

110 NMONMM  ɢ ɦаɬɟɪɢаɥ ɫɬаɧɨɜɢɬɫя ɩɫɟɜ-
ɞɨɭɩɪɭɝɢɦ. Таɤɭɸ ɡаɤɨɧɨɦɟɪɧɨɫɬь ɩɨɜɟɞɟ-
ɧɢя ɭɩɪɭɝɨɩɥаɫɬɢчɟɫɤɢх ɦаɬɟɪɢаɥɨɜ ɩɪɢ 
цɢɤɥɢчɟɫɤɢх ɡаɝɪɭɠɟɧɢях ɫɨɝɥаɫɭɟɬɫя ɫ ɦɧɨ-
ɝɨчɢɫɥɟɧɧыɦɢ эɤɫɩɟɪɢɦɟɧɬаɦɢ [1].  
Еɫɥɢ ɧɢɫхɨɞящɭɸ ɤɪɢɜɭɸ kMM ɨɛɨɡɧачɢɬь 
чɟɪɟɡ  kf ,  а ɜɨɫхɨɞящɭɸ - MM k  чɟɪɟɡ kf , 
ɬɨ ɩɟɬɥя ɝɢɫɬɟɪɟɡɢɫа, ɡаɤɥɸчɟɧɧая ɦɟɠɞɭ 
эɬɢɦɢ ɤɪɢɜыɦɢ ɢ ɨɬɪаɠаɸщая ɤɨɥɢчɟɫɬɜɨ 
ɢɡɪаɫхɨɞɨɜаɧɧɨɣ ɛɟɡɜɨɡɜɪаɬɧɨ ɞɢɫɫɢɩɢɪɨ-
ɜаɧɧɨɣ ɩɥаɫɬɢчɟɫɤɨɣ эɧɟɪɝɢɢ ɩɪɢ ɤаɠɞɨɦ 
цɢɤɥɟ, ɩɪɢ ɭɜɟɥɢчɟɧɢɢ k  ɦɨɧɨɬɨɧɧɨ ɭɦɟɧь-
шаɟɬɫя ɢ ɫɬɪɟɦɢɬɫя ɤ ɧɭɥɸ, ɤɨɝɞа kMM  ɫɨɜ-
ɩаɞаɟɬ ɫ 0MM . Дɥя  ɜычɢɫɥɟɧɢя ɤɨɥɢчɟɫɬɜа 
ɞɢɫɫɢɩɢɪɨɜаɧɧɨɣ эɧɟɪɝɢɢ НЭ   ɩɪɢ ɤаɠɞɨɦ 
цɢɤɥɟ k : НkЭ  ɧɟɨɛхɨɞɢɦɨ ɢɦɟɬь аɧаɥɢɬɢчɟ-
ɫɤɭɸ ɮɭɧɤцɢɸ ɤɪɢɜых kf  ɢ kf . Эɬа ɜɟɫьɦа 
ɜаɠɧая ɩɪɨɛɥɟɦа ɪɟшɟɧа ɜ [2]: ɪɟɨɥɨɝɢчɟ-
ɫɤɢɦ ɦɨɞɟɥɢɪɨɜаɧɢɟɦ ɭɩɪɭɝɨɩɥаɫɬɢчɟɫɤɢх 
ɩɪɨцɟɫɫɨɜ ɢ ɞɥя ɩɟɪɜɨɣ ɪаɡɝɪɭɡɨчɧɨɣ ɤɪɢɜɨɣ 

Mf  ɜыɜɟɞɟɧɨ ɭɪаɜɧɟɧɢɟ  
  )(5,02)(   MMM FFf .               (1) 

 

На ɨɫɧɨɜɟ (1) ɦɨɠɧɨ ɩɨɥɭчɢɬь аɧаɥɢɬɢчɟ-
ɫɤɭɸ ɮɭɧɤцɢɸ ɪаɡɝɪɭɡɨчɧых ɤɪɢɜых kf  ɢ 

ɡаɝɪɭɡɨчɧых ɤɪɢɜых kf : 
   )0()(5.02)()( 111   kkkk fRfRff  ,      (2)             

                                                                             5.05.02 111   kkkk fRfRff ,      (3)           
                                                                           
ɝɞɟ ,...3,2,1k , )(0 Ff  , MR  .  

 
Пɪɢ ɫɠаɬɢɢ эɥɟɦɟɧɬа ɢɡ ɭɩɪɭɝɨɩɥаɫɬɢчɟɫɤɨ-
ɝɨ ɦаɬɟɪɢаɥа ɞɨ ɫɨɫɬɨяɧɢя ],[ MMM   ɩɨ ɤɪɢ-
ɜɨɣ ɮɭɧɤцɢɢ  )( F  ɡаɬɪачɢɜаɟɬɫя ɪаɛɨɬа, 
ɜɟɥɢчɢɧа ɤɨɬɨɪɨɣ ɪаɜɧяɟɬɫя ɩɥɨщаɞɢ, ɡа-
ɤɥɸчɟɧɧɨɣ ɦɟɠɞɭ ɤɪɢɜɨɣ ɮɭɧɤцɢɢ )(F  ɜ 
ɩɪɨɦɟɠɭɬɤɟ  OM  ɢ ɩɪяɦыɦɢ 0  ɢ 

)( MM F    (ɪɢɫ. 2). 
 

 
Рɢсɭɧɨɤ 2. ɉɨɬɟɧɰɢаɥьɧыɟ ɷɧɟɪɝɢɢ ɍɉ  
ɞɟɮɨɪɦɢɪɨваɧɢя: Л -ɭɩɪɭɝая ɷɧɟɪɝɢя,  

 Н - ɞɢссɢɩɢɪɨваɧɧая  ɷɧɟɪɝɢя. 
 

.)()()(Э
00

0   MM

dFFdFOLxML MM

 
                  

(4) 
                  

Заɬɪачɟɧɧая ɪаɛɨɬа 00Э  (ɢɧɞɟɤɫ ɩɪɢ Э ɨɡ-
ɧачаɟɬ ɩɪɨцɟɫɫ ɢɡ ɢɫхɨɞɧɨɣ ɩɨɡɢцɢɢ O ) ɫɨ-
ɫɬɨɢɬ ɢɡ ɞɜɭх ɫɨɫɬаɜɥяɸщɢх: ɥɢɧɟɣɧɨ-
ɭɩɪɭɝɨɣ – ЛЭ  ɢ ɧɟɥɢɧɟɣɧɨ-ɞɢɫɫɢɩɢɪɨɜаɧɧɨɣ 
– :ЭН  0НЛ00Э ЭЭ   (ɪɢɫ. 2). Пɪɢ ɪаɡɝɪɭɡɤɟ 
ɭɩɪɭɝɨɥɢɧɟɣɧая ɫɨɫɬаɜɥяɸщая ɢɡɪаɫхɨɞɨ-
ɜаɧɧɨɣ эɧɟɪɝɢɢ ЛЛЭ   ɜɨɡɜɪащаɟɬɫя ɩɨɥ-
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ɧɨɫɬьɸ, а ɧɟɥɢɧɟɣɧая чаɫɬь ɛɟɡɜɨɡɜɪаɬɧɨ ɡа-
ɬɪачɢɜаɟɬɫя ɧа ɩɪɟɨɞɨɥɟɧɢɟ ɜɧɭɬɪɟɧɧɢх ɧɟ-
ɭɩɪɭɝɢх ɫɨɩɪɨɬɢɜɥɟɧɢɣ, ɨɛɭɫɥɨɜɥɟɧɧых ɩɥа-
ɫɬɢчɟɫɤɨɣ ɫɬɪɭɤɬɭɪɨɣ УП ɦаɬɟɪɢаɥа.  
Пɥɨщаɞь )( 0MLM , ɡаɤɥɸчɟɧɧая ɦɟɠɞɭ ɤɪɢ-
ɜɨɣ Mf  ɢ ɩɪяɦыɦɢ 0  ɢ M  , ɪаɜɧяɟɬɫя 
ɭɩɪɭɝɨ-ɥɢɧɟɣɧɨɣ эɧɟɪɝɢɢ, ɤɨɬɨɪая ɜɨɡɜɪа-
щаɟɬɫя ɩɪɢ ɪаɡɝɪɭɡɤɟ:   
    

   R

M dfOLxMLMLM
0

0Л0 .)(Э          (5)                                                                                            

 
Кɨɥɢчɟɫɬɜɨ ɧɟɥɢɧɟɣɧɨ-ɞɢɫɫɢɩɢɪɨɜаɧɧɨɣ 
эɧɟɪɝɢɢ ɪаɜɧɨ 
 

   .)()(Э
0

0Л0Н  dFfЭЭ
R

M         (6)                                  

                                                                            
Пɪɢ ɪаɡɝɪɭɡɤɢ M ɫ ɩɨɡɢцɢɢ ɞɨ 0M  ɢ ɜɬɨɪыɦ 
ɡаɝɪɭɠɟɧɢɟɦ ɫ 0M  ɞɨ M  ɩɟɬɥя ɝɢɫɬɟɪɟɡɢɫа 
ɛɭɞɟɬ ɨɝɪаɧɢчɟɧа ɤɪɢɜыɦɢ Mf –

0Mf  (ɪɢɫ.3). 

Иɦɟя аɧаɥɢɬɢчɟɫɤɭɸ ɮɭɧɤцɢɸ ɭɪаɜɧɟɧɢɣ 
ɞɟɮɨɪɦацɢɨɧɧых ɤɪɢɜых  F , Mf  ɢ 

0Mf  

ɩɨɥɭчɢɬɫя ɤɨɥɢчɟɫɬɜɨ ɛɟɡɜɨɡɜɪаɬɧɨ ɢɡɪаɫхɨ-
ɞɨɜаɧɧɨɣ ɩɥаɫɬɢчɟɫɤɨɣ эɧɟɪɝɢɢ ɩɪɢ ɩɟɪɜɨɦ 
цɢɤɥɟ ɪаɡɝɪɭɡɤа-ɡаɝɪɭɡɤа ɩɨ MMM  0 : 
 

                dff
R

MM 
0

ɧ )()(
0

.               (7)                        

                                                       
В эɬɨɦ ɫɥɭчаɟ ɩɪɢɥɨɠɟɧɧая ɭɩɪɭɝɨɩɥаɫɬɢчɟ-
ɫɤая эɧɟɪɝɢя ɪаɜɧяɟɬɫя ɩɥɨщаɞɢ ɮɢɝɭɪы, ɡа-
ɤɥɸчɟɧɧɨɣ ɦɟɠɞɭ ɤɪɢɜɨɣ 

0Mf  ɢ  ɩɪяɦыɦɢ   

0  ɢ M  : 
 

   R

MM dfOLxMLMLMЭ
0

0 ,)(
00

            (8)                                                                                            

 
чɬɨ ɡɧачɢɬɟɥьɧɨ ɦɟɧьшɟ, чɟɦ ɧачаɥьɧɨ ɡа-
ɬɪачɟɧɧая ɪаɛɨɬа OЭ , ɢɡɪаɫхɨɞɨɜаɧɧая ɞɥя 
ɬɨɝɨ, чɬɨɛы ɞɨɫɬɢчь ɬɨчɤɢ  M , ɬɨɥьɤɨ ɫ ɧа-
чаɥа ɤɨɨɪɞɢɧаɬ O : 
 

  
Рɢсɭɧɨɤ 3. Вɟɥɢчɢɧы ɭɩɪɭɝɨɣ ɢ ɩɥасɬɢчɟсɤɨɣ 

ɷɧɟɪɝɢɣ. 
  

     .)()(
0

00


dFfЭЭЭ
M

MMO     (9)  

                                                    
Эɬɨ ɨɛъяɫɧяɟɬɫя ɬɟɦ, чɬɨ ɭɩɪɭɝая ɫɨɫɬаɜ-
ɥяɸщая ɞɟɮɨɪɦɢɪɨɜаɧɢя ɩɨ 

0Mf  ɫ ɬɨчɤɢ 0M  

ɞɨ M  ɜ ɩɪɨцɟɧɬɧɨɦ ɨɬɧɨшɟɧɢɢ (ɩɨ ɫɪаɜɧɟ-
ɧɢɸ ɫ ɩɥаɫɬɢчɟɫɤɨɣ ɫɨɫɬаɜɥяɸщɟɣ ɨɬ ɨɛщɟɣ 
ɢɡɪаɫхɨɞɨɜаɧɧɨɣ эɧɟɪɝɢɢ) ɝɨɪаɡɞɨ ɛɨɥьшɟ, 
чɟɦ ɨɬ ɬɨчɤɢ O  ɞɨ M  ɩɨ )(F . 
Таɤɢɦ ɨɛɪаɡɨɦ ɞɥя ɥɸɛɨɣ ɩɟɬɥɢ ɝɢɫɬɟɪɟɡɢɫа 
ɩɨɞ ɧɨɦɟɪɨɦ k : 
 

             dff
R

kkÍk  
0

)()( .                (10)                   

                    
Иɦɟя ɭɪаɜɧɟɧɢя ɡаɝɪɭɡɨчɧых ɢ ɪаɡɝɪɭɡɨчɧых 
ɤɪɢɜых kf  ɢ kf , ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬь ɜɟɥɢчɢ-

ɧы ɤɨэɮɮɢцɢɟɧɬɨɜ ɩɨɝɥɨщɟɧɢɣ k  ɞɥя ɤаɠ-

ɞɨɝɨ ɨɬɞɟɥьɧɨɝɨ ɩɨɥɧɨɝɨ цɢɤɥа ɡаɝɪɭɠɟɧɢя-
ɪаɡɝɪɭɠɟɧɢя. Дɥя ɩɟɪɜɨɝɨ цɢɤɥа, ɩɪɨɢɡɜɟ-
ɞɟɧɧɨɝɨ ɩɨ 1OMM  ɩɨ ɫɥɟɞаɦ )(F – 1f  (ɪɢɫ.1), 
ɤɨэɮɮɢцɢɟɧɬɨɦ ɩɨɝɥɨщɟɧɢя яɜɥяɟɬɫя ɨɬɧɨ-
шɟɧɢɟ ɞɢɫɫɢɩɢɪɨɜаɧɧɨɣ эɧɟɪɝɢɢ (ɩɥɨщаɞь 

OOMM1 ) ɤ ɢɡɪаɫхɨɞɨɜаɧɧɨɣ ɨɛщɟɣ эɧɟɪɝɢɢ 

(ɩɥɨщаɞь OMLO). Дɥя ɜɬɨɪɨɝɨ цɢɤɥа ɩɨ 1f –

2f : 2   ɨɩɪɟɞɟɥяɟɬɫя ɤаɤ ɨɬɧɨшɟɧɢɟ ɤɨɥɢчɟ-
ɫɬɜа ɞɢɫɫɢɩɢɪɨɜаɧɧɨɣ эɧɟɪɝɢɢ ɤ ɢɡɪаɫхɨɞɨ-
ɜаɧɧɨɣ ɨɛщɟɣ эɧɟɪɝɢɢ. Пɪɢ эɬɨɦ ɟɟ ɜɟɥɢчɢ-
ɧа ɪаɜɧа ɨɬɧɨшɟɧɢя ɩɥɨщаɞɢ, ɡаɤɥɸчɟɧɧɨɣ 
ɦɟɠɞɭ 1f  ɢ 2f  ɤ ɡаɬɪачɟɧɧɨɣ эɧɟɪɝɢɢ (ɩɥɨ-



Паɪаɦɟɬɪы ɩɨɝɥɨщɟɧɢя эɧɟɪɝɢɢ ɛɟɬɨɧɨɜ, ɢɡɝɨɬɨɜɥɟɧɧых ɫɩɨɫɨɛɨɦ ɧаɝɧɟɬаɧɢя ɪаɫɬɜɨɪа ɩɪɢ цɢɤɥɢчɟɫɤɢх 
ɧаɝɪɭɠɟɧɢях  
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щаɞь ɦɟɠɞɭ 1f , ML  ɢ LM1 ). Кɨэɮɮɢцɢɟɧɬ 
ɩɨɝɥɨщɟɧɢя ɩɪɢ ɪɟаɥɢɡацɢɢ цɢɤɥа ɩɨɞ ɧɨ-
ɦɟɪɨɦ k  ( k ) ɟɫɬь ɨɬɧɨшɟɧɢɟ ɩɥɨщаɞɢ ɦɟɠ-

ɞɭ ɤɪɢɜыɦɢ  1kf  ɢ kf  ɤ ɩɥɨщаɞɢ ɦɟɠɞɭ ɤɪɢ-

ɜɨɣ  1kf  ɢ ɩɪяɦыɦɢ OL  ɢ LM k : 
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                                                                      (11)  

         
ɝɞɟ OLR . 
Дɥя ɩɪɢɦɟɪа ɪаɫɫɦɨɬɪɢɦ ɮɭɧɤцɢɸ ɧаɩɪяɠɟ-
ɧɢя: 
 

         0
1 /)()( EbaF n  ,              (12)                                 

                                                    
ɝɞɟ n  - ɫɬɟɩɟɧь ɧɟɥɢɧɟɣɧɨɫɬɢ, ba  , - ɨɩыɬɧыɟ 
ɩаɪаɦɟɬɪы, ɩɪɢɬɨɦ 
 
                       1ba , 00 tgE  . 
 
Уɪаɜɧɟɧɢя ɪаɡɝɪɭɡɨчɧых ɢ ɡаɝɪɭɡɨчɧых ɤɪɢ-
ɜых ɢɦɟɸɬ ɜɢɞ 
    0

11 /)(2)()( ERbabRf nknn
k

   ,       (13)                              
                                                              0

11 /)(2))(21()( EbabRf nknnkn
k

    (14)                                                                                             

 
Вɟɥɢчɢɧа ɨɫɬаɬɨчɧых ɞɟɮɨɪɦацɢɣ ɩɪɢ ɤаɠ-
ɞɨɦ цɢɤɥɟ ɪаɜɧа 
 

0
1 /))(21()0()0()0( EbRff nknj

kkk
 .          (15)                             

                                                               
Вɟɥɢчɢɧы ɤɨэɮɮɢцɢɟɧɬɨɜ ɩɨɝɥɨщɟɧɢя ɨɩ-
ɪɟɞɟɥяɸɬɫя ɪɟɤɭɪɪɟɧɬɧɨɣ ɮɨɪɦɭɥɨɣ 
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                                                           (16) 
 

ɝɞɟ ɡɧачɟɧɢя  R  ɧɟɨɛхɨɞɢɦɨ ɜыɪаɠаɬь  ɜ ɤɝ/ 
ɫɦ2.  
Дɥя ɭɩɪɭɝɨɝɨ ɦаɬɟɪɢаɥа: 0n ɢ 0 . Дɥя 
ɢɞɟаɥьɧɨ ɩɥаɫɬɢчɟɫɤɨɝɨ ɦаɬɟɪɢаɥа  1 . 
Каɤ ɜɢɞɧɨ ɢɡ (16),    ɜ яɜɧɨɦ ɜɢɞɟ ɧɟ ɡаɜɢ-
ɫɢɬ ɨɬ ɧачаɥьɧɨɝɨ ɦɨɞɭɥя ɭɩɪɭɝɨɫɬɢ ɦаɬɟ-
ɪɢаɥа. Вɟɥɢчɢɧы 0E  ɜɥɢяɸɬ ɧа ɡɧачɟɧɢя ɩа-
ɪаɦɟɬɪɨɜ  a  ɢ b  ɢ чɟɪɟɡ ɧɢх ɧа  . Ваɠɧɨɟ 
ɡɧачɟɧɢɟ ɢɦɟɟɬ ɟщɟ ɢ ɬɨ, чɬɨ   ɡаɜɢɫɢɬ ɨɬ 
ɤɨɥɢчɟɫɬɜа цɢɤɥɨɜ k  (ɭɦɟɧьшаɟɬɫя ɫ ɪɨɫɬɨɦ 
k , ɩɨɫɤɨɥьɤɭ ɫ ɪɨɫɬɨɦ ɩɪɨцɟɫɫ ɜɫɟ ɛɨɥьшɟ ɢ 
ɛɨɥьшɟ ɥɢɧɟаɪɢɡɭɟɬɫя). 
Дɥя ɩɪɢɦɟɪа ɪаɫɫчɢɬаɟɦ чɢɫɥɟɧɧыɟ ɡɧачɟ-
ɧɢя ɤɨэɮɮɢцɢɟɧɬɨɜ ɩɨɝɥɨщɟɧɢя ɩɪɢ ɫɥɟ-
ɞɭɸщɢх ɞаɧɧых, ɩɨɥɭчɟɧɧых ɧаɦɢ ɩɪɢ ɢɫ-
ɩыɬаɧɢɢ ɬɭɮɨɛɟɬɨɧа (ɫɨɫɬаɜ: щɟɛɟɧь ɢɡ ɬɭ-
ɮа: 714 ɤɝ, ɩɟɫɨɤ ɢɡ ɬɭɮа: 595 ɤɝ, цɟɦɟɧɬ М-
400: 410 ɤɝ, ɜɨɞа: 281 ɥ.), ɢɡɝɨɬɨɜɥɟɧɧɨɝɨ ɩɨ 
ɬɟхɧɨɥɨɝɢɢ ɧаɝɧɟɬаɧɢя ɪаɫɬɜɨɪа ɩɨɞ ɞаɜɥɟ-
ɧɢɟɦ:       
 

85,0a  18    ,15,0  Rb 0 ɤɝ/ɫɦ2. 
 

Зɧачɟɧɢя k , ɪаɫɫчɢɬаɧɧыɟ ɞɥя ɫɬɟɩɟɧɢ ɧɟ-
ɥɢɧɟɣɧɨɫɬɢ n=1–4 ɢ k =1–8, ɩɪɢɜɟɞɟɧы ɜ 
ɬаɛɥ. 1 
Пɨ ɞаɧɧыɦ ɬаɛɥɢцы ɦɨɠɧɨ ɫɞɟɥаɬь ɪяɞ ɜаɠ-
ɧых ɜыɜɨɞɨɜ ɨ ɩɨɜɟɞɟɧɢɢ ɭɩɪɭɝɨɩɥаɫɬɢ-
чɟɫɤɨɝɨ ɞɟɮɨɪɦɢɪɨɜаɧɢя ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ 
цɢɤɥɢчɟɫɤɢ ɦɟɧяɸщɟɣɫя ɧаɝɪɭɡɤɢ. Таɤ, ɧа-
ɩɪɢɦɟɪ, ɫ ɪɨɫɬɨɦ n  ɡɧачɟɧɢя k  ɪаɫɬɭɬ ɞɨ 
шɟɫɬɨɝɨ цɢɤɥа. Начɢɧая ɫ шɟɫɬɨɝɨ цɢɤɥа, ɫ 
ɪɨɫɬɨɦ n  ɜɟɥɢчɢɧы ,...7,6  ɡɧачɢɬɟɥьɧɨ 
ɭɦɟɧьшаɸɬɫя, ɬ.ɟ. 
 

 )1(,...7,6 n )2(,...7,6 n
)4()3( ,...7,6,...7,6  nn  . 
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Таɛɥɢɰа 1. Завɢсɢɦɨсɬь    ɨɬ ɤɨɥɢчɟсɬва 
ɰɢɤɥɨв ɢ сɬɟɩɟɧɢ ɧɟɥɢɧɟɣɧɨсɬɢ. 

n
 

1  2  3  4  5  6  7  8  

1 0,6
48 

0,5
70 

0,4
60 

0,3
32 

0,2
13 

0,1
24 

0,0
68 

0,0
35 

2 0,9
12 

0,8
98 

0,8
46 

0,6
88 

0,3
94 

0,1
45 

0,0
41 

0,0
11 

3 0,9
69 

0,9
67 

0,9
58 

0,8
87 

0,5
58 

0,1
40 

0,0
20 

0,0
03 

4 0,9
88 

0,9
87 

0,9
86 

0,9
62 

0,6
96 

0,1
28 

0,0
09 

0,0
01 

 
Эɬɨ ɡɧачɢɬ, чɬɨ чɟɦ ɛɨɥьшɟ ɫɬɟɩɟɧь ɧɟɥɢ-
ɧɟɣɧɨɫɬɢ, ɬɟɦ аɤɬɢɜɧɟɟ ɩɪɨцɟɫɫ ɥɢɧɟаɪɢɡа-
цɢɢ ɤɪɢɜых ɞɟɮɨɪɦацɢɣ ɫ ɭɜɟɥɢчɟɧɢɟɦ цɢɤ-
ɥɨɜ «ɡаɝɪɭɡɤɢ-ɪаɡɝɪɭɡɤɢ». Эɬɨ ɦɨɠɧɨ ɨɛъяɫ-
ɧɢɬь ɬɟɦ, чɬɨ чɟɦ ɛɨɥьшɟ ɜɧɭɬɪɟɧɧɟɟ ɬɪɟɧɢɟ, 
ɬɟɦ аɤɬɢɜɧɟɟ ɞɢɫɫɢɩацɢя ɧɟɥɢɧɟɣɧɨɣ ɫɨ-
ɫɬаɜɥяɸщɟɣ эɧɟɪɝɢɢ ɢ ɪɨɫɬ ɨɬɧɨшɟɧɢя ɭɩɪɭ-
ɝɨɣ ɫɨɫɬаɜɥяɸщɟɣ ɤ ɩɥаɫɬɢчɟɫɤɨɣ. 
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1. ɊȿЦȿɇɁɂə ɇА ɄɇɂȽɍ 

«ɈɅɂɆɉɂɃɋɄАə АɊɏɂɌȿɄɌɍɊА. 

BEIJING 2008» 

(ɩеɪевоɞ ɧɚ ɪуссɤиɣ ɹɡыɤ и ɧɚучɧое  
ɪеɞɚɤɬиɪовɚɧие – ȼ.ɇ. ɋиɞоɪов,  

ɉ.А. Аɤиɦов; Ɇосɤвɚ, ɂɡɞɚɬелɶсɬво 
Аɋȼ, 2008. – 316 сɬɪɚɧиɰ) 

 

Оɥɢɦɩɢɣɫɤɢɟ ɢɝɪы 2008 ɝɨɞа ɜ Пɟɤɢɧɟ – ɛы-
ɥɢ, ɤаɤ ɢɡɜɟɫɬɧɨ, ɧɟ ɬɨɥьɤɨ ɝɪаɧɞɢɨɡɧыɦ 
ɫɩɨɪɬɢɜɧыɦ ɮɨɪɭɦɨɦ, ɡа ɤɨɬɨɪыɦ ɫɥɟɞɢɥɢ 
ɦɢɥɥɢаɪɞы ɬɟɥɟɡɪɢɬɟɥɟɣ ɜɨ ɜɫɟɦ ɦɢɪɟ, ɧɨ 
ɬаɤɠɟ ɫɬаɥɢ ɢ ɦɨщɧɟɣшɢɦ ɫɬɢɦɭɥɨɦ ɪаɡɜɢ-
ɬɢя ɢ ɪɟаɥɢɡацɢɢ ɦɢɪɨɜɨɝɨ ɢ ɩɪɟɠɞɟ ɜɫɟɝɨ 
ɤɢɬаɣɫɤɨɝɨ аɪхɢɬɟɤɬɭɪɧɨ-ɫɬɪɨɢɬɟɥьɧɨɝɨ ɩɨ-

ɬɟɧцɢаɥа. Дɟɣɫɬɜɢɬɟɥьɧɨ ɫɟɝɨɞɧя Оɥɢɦɩɢɣ-
ɫɤɢɟ ɢɝɪы ɧɟ ɬɨɥьɤɨ ɩɪɟɞɨɫɬаɜɥяɸɬ ɜɨɡɦɨɠ-
ɧɨɫɬь ɫɩɨɪɬɫɦɟɧаɦ ɜɫɟɝɨ ɦɢɪа ɩɪɨɞɟɦɨɧɫɬ-
ɪɢɪɨɜаɬь ɫɜɨɸ ɫɢɥɭ ɢ ɤɪаɫɨɬɭ, ɧɨ ɬаɤɠɟ ɫɬа-
ɧɨɜяɬɫя аɪɟɧɨɣ ɞɨɫɬɢɠɟɧɢɣ ɦɢɪɨɜɨɝɨ ɫɬɪɨɢ-
ɬɟɥьɫɬɜа ɢ аɪхɢɬɟɤɬɭɪы, ɞɟɦɨɧɫɬɪɢɪɭя ɫɨɨɬ-
ɜɟɬɫɬɜɭɸщɢɟ ɢɧɧɨɜацɢɢ ɢ ɩɟɪɟɞɨɜыɟ ɬɟхɧɨ-
ɥɨɝɢɢ.  
Наɭчɧɨɟ ɪɟɞаɤɬɢɪɨɜаɧɢɟ ɢ ɩɟɪɟɜɨɞ ɫ аɧɝɥɢɣ-
ɫɤɨɝɨ яɡыɤа ɧа ɪɭɫɫɤɢɣ ɤɧɢɝɢ ɨɛ ɨɥɢɦɩɢɣ-
ɫɤɢх аɪхɢɬɟɤɬɭɪɧых ɢ ɫɬɪɨɢɬɟɥьɧых ɨɛъɟɤ-
ɬах ɨɫɭщɟɫɬɜɥяɥɢ ɩɪɨɮɟɫɫɨɪа Мɨɫɤɨɜɫɤɨɝɨ 
ɝɨɫɭɞаɪɫɬɜɟɧɧɨɝɨ ɫɬɪɨɢɬɟɥьɧɨɝɨ ɭɧɢɜɟɪɫɢ-
ɬɟɬа (МȽСУ) В.Н. Сɢɞɨɪɨɜ ɢ П.А. Аɤɢɦɨɜ. 
Оɧɨ ɫɨɞɟɪɠɢɬ ɞɨɫɬаɬɨчɧɨ ɩɨɞɪɨɛɧыɣ ɨɛɡɨɪ 
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ɜɫɟх ɫɩɨɪɬɢɜɧых ɨɛъɟɤɬɨɜ (ɤаɤ ɜɧɨɜь ɩɨ-
ɫɬɪɨɟɧɧых, ɬаɤ ɢ ɪɟɤɨɧɫɬɪɭɢɪɨɜаɧɧых; ɨɫ-
ɧɨɜɧых ɢ ɜɫɩɨɦɨɝаɬɟɥьɧых), ɧа ɤɨɬɨɪых 
ɩɪɨшɥɢ Оɥɢɦɩɢɣɫɤɢɟ ɢɝɪы 2008 ɝɨɞа ɜ Пɟ-
ɤɢɧɟ. За ɤаɠɞыɦ ɢɡ эɬɢх ɨɛъɟɤɬɨɜ ɫɬɨɢɬ 
ɝɪɭɩɩа ɩɪɢɡɧаɧɧых ɜɨ ɜɫɟɦ ɦɢɪɟ аɪхɢɬɟɤɬɨ-
ɪɨɜ, ɬɜɨɪɟɧɢя ɤɨɬɨɪых ɩɨɡɜɨɥяɸɬ ɩɨɥɭчɢɬь 
ɧаɝɥяɞɧɨɟ ɩɪɟɞɫɬаɜɥɟɧɢɟ ɨ ɪаɡɜɢɬɢɢ ɫɨɜɪɟ-
ɦɟɧɧɨɣ аɪхɢɬɟɤɬɭɪы. Пɟɤɢɧɫɤая ɨɥɢɦɩɢаɞа 
ɩɪɟɞɨɫɬаɜɢɥа ɫɬɪɨɢɬɟɥяɦ ɢ аɪхɢɬɟɤɬɨɪаɦ 
Кɢɬая ɢ ɜɫɟɝɨ ɦɢɪа ɩɪɟɤɪаɫɧɭɸ ɜɨɡɦɨɠɧɨɫɬь 
ɜɨɩɥɨɬɢɬь ɫɜɨɣ ɬаɥаɧɬ ɢ ɦɭɞɪɨɫɬь ɜ ɩɪɨɮɟɫ-
ɫɢɨɧаɥьɧɨɦ ɬɜɨɪчɟɫɬɜɟ. 
Кɧɢɝа ɫɨɞɟɪɠɢɬ ɫɩɟцɢаɥьɧɭɸ ɢɧɮɨɪɦацɢɸ ɨ 
ɪаɡɥɢчɧых ɩаɪаɦɟɬɪах ɤаɠɞɨɝɨ ɨɛъɟɤɬа, 
ɫɬаɜшɟɝɨ ɧɟɨцɟɧɢɦыɦ ɧаɫɥɟɞɢɟɦ ɨɥɢɦɩɢɣ-
ɫɤɨɣ ɤɭɥьɬɭɪы ɢ ɫɨɜɦɟɫɬɧыɦ аɪхɢɬɟɤɬɭɪɧыɦ 
ɛɨɝаɬɫɬɜɨɦ ɞɥя ɥɸɞɟɣ ɜɫɟɝɨ ɦɢɪа. Эɬɨ ɢɡɞа-
ɧɢɟ ɜɤɥɸчаɟɬ эɮɮɟɤɬɧыɟ ɮɨɬɨɝɪаɮɢɢ, ɢɡɨ-
ɛɪаɠɟɧɢя ɩɥаɧɨɜ ɢ ɮаɫаɞɨɜ, ɫхɟɦы ɪаɡɪɟɡɨɜ 
ɫ яɫɧыɦɢ ɢ ɨɛɫɬɨяɬɟɥьɧыɦɢ ɩɪɨɮɟɫɫɢɨɧаɥь-
ɧыɦɢ ɩɨяɫɧɟɧɢяɦɢ ɩɨ ɤаɠɞɨɦɭ ɩɪɨɟɤɬɭ. В 
ɧɟɣ ɪаɫɫɦаɬɪɢɜаɸɬɫя ɫɬɪɨɢɬɟɥьɧыɟ ɤɨɧɫɬ-
ɪɭɤцɢɢ ɫɩɨɪɬɢɜɧых ɨɛъɟɤɬɨɜ, ɫɨɡɞаɧɧыɟ ɫɨ-
ɜɦɟɫɬɧыɦɢ ɭɫɢɥɢяɦɢ ɤɢɬаɣɫɤɢх ɫɩɟцɢаɥɢ-
ɫɬɨɜ ɢ ɢх ɡаɪɭɛɟɠɧых ɤɨɥɥɟɝ, ɨɩɪɟɞɟɥɢɜшɢɟ 
ɧɨɜыɟ ɨɪɢɟɧɬɢɪы ɞɥя аɪхɢɬɟɤɬɨɪɨɜ ɢ ɩɪɨɟɤ-
ɬɢɪɨɜщɢɤɨɜ ɜɫɟɝɨ ɦɢɪа. И ɡɞɟɫь ɫɥɟɞɭɟɬ ɨɬ-
ɦɟɬɢɬь, ɜ ɩɟɪɜɭɸ ɨчɟɪɟɞь, ɬаɤɢɟ ɝɪаɧɞɢɨɡ-
ɧыɟ ɫɨɨɪɭɠɟɧɢя ɤаɤ Нацɢɨɧаɥьɧыɣ ɫɬаɞɢɨɧ 
«Пɬɢчьɟ ɝɧɟɡɞɨ» ɢ Нацɢɨɧаɥьɧыɣ цɟɧɬɪ 
ɜɨɞɧых ɜɢɞɨɜ ɫɩɨɪɬа «Вɨɞɧыɣ ɤɭɛ». 
Рɟаɥɢɡɨɜаɧɧыɟ ɩɪɨɟɤɬы ɜɨɩɥɨщаɸɬ ɩɪɨɜɨɡ-
ɝɥашɟɧɧыɟ ɨɪɝаɧɢɡаɬɨɪаɦɢ ɫɩɨɪɬɢɜɧɨɝɨ ɮɨ-
ɪɭɦа ɢɞɟаɥы «Зɟɥɟɧых Оɥɢɦɩɢɣɫɤɢх ɢɝɪ, 
Выɫɨɤɨɬɟхɧɨɥɨɝɢчɧых Оɥɢɦɩɢɣɫɤɢх ɢɝɪ ɢ 
Наɪɨɞɧых Оɥɢɦɩɢɣɫɤɢх ɢɝɪ» ɢ ɜ ɩɨɥɧɨɣ ɦɟ-
ɪɟ ɨɬɪаɠаɸɬ ɭɧɢɤаɥьɧɨɟ ɫɨчɟɬаɧɢɟ ɫɨɜɪɟ-
ɦɟɧɧых аɪхɢɬɟɤɬɭɪɧых ɮɨɪɦ ɫ ɛɨɝаɬɟɣшɢɦɢ 
ɬɪаɞɢцɢяɦɢ ɤɢɬаɣɫɤɨɣ ɤɭɥьɬɭɪы. 
Пɨɥаɝаɸ, чɬɨ ɢɡɞаɧɢɟ ɪɟцɟɧɡɢɪɭɟɦɨɣ ɤɧɢɝɢ 
ɜ Рɨɫɫɢɢ ɧа ɪɭɫɫɤɨɦ яɡыɤɟ – эɬɨ ɛɟɡ ɩɪɟɭɜɟ-
ɥɢчɟɧɢя ɜаɠɧɨɟ ɫɨɛыɬɢɟ ɞɥя аɪхɢɬɟɤɬɭɪɧɨ-
ɫɬɪɨɢɬɟɥьɧɨɝɨ ɫɨɨɛщɟɫɬɜа ɧашɟɣ ɫɬɪаɧы. 
Уɛɟɠɞɟɧ, чɬɨ ɩɭɛɥɢɤацɢя ɧаɫɬɨящɟɝɨ ɢɡɞа-
ɧɢя ɩɨɦɨɠɟɬ ɪɨɫɫɢɣɫɤɢɦ ɫɩɟцɢаɥɢɫɬаɦ ɩɨ-
ɥɭчɢɬь ɥɭчшɟɟ ɩɪɟɞɫɬаɜɥɟɧɢɟ ɨɛ аɪхɢɬɟɤ-

ɬɭɪɧых ɡаɦыɫɥах, ɩɪɨɟɤɬɢɪɨɜаɧɢɢ ɢ ɨɫɨɛɟɧ-
ɧɨɫɬях ɜɨɡɜɟɞɟɧɢя ɨɥɢɦɩɢɣɫɤɢх ɫɩɨɪɬɢɜɧых 
ɨɛъɟɤɬɨɜ Кɢɬая, ɢ ɛɭɞɟɬ ɫɩɨɫɨɛɫɬɜɨɜаɬь ɪаɫ-
ɩɪɨɫɬɪаɧɟɧɢɸ ɧɨɜых ɩɪɨɝɪɟɫɫɢɜɧых ɬɟɧ-
ɞɟɧцɢɣ аɪхɢɬɟɤɬɭɪɧɨɝɨ ɩɪɨɟɤɬɢɪɨɜаɧɢя, ɨɪ-
ɝаɧɢɡацɢɢ ɫɬɪɨɢɬɟɥьɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜа ɢ 
ɭɩɪаɜɥɟɧɢя ɫɬɪɨɢɬɟɥьɫɬɜɨɦ, ɦɨɞɟɪɧɢɡацɢɢ 
ɝɨɪɨɞɫɤɨɝɨ ɫɬɪɨɢɬɟɥьɫɬɜа ɜ ɧашɟɣ ɫɬɪаɧɟ. 
 

 
2. ɊȿЦȿɇɁɂə ɇА ɄɇɂȽɍ 

«ȾɂɋɄɊȿɌɇɈ-ɄɈɇɌɂɇɍАɅɖɇЫɃ 

ɆȿɌɈȾ ɄɈɇȿЧɇЫɏ ЭɅȿɆȿɇɌɈȼ. 

ɉɊɂɅɈɀȿɇɂə ȼ ɋɌɊɈɂɌȿɅɖɋɌȼȿ» 

(ɚвɬоɪы – А.Ȼ. Ɂолоɬов, ɉ.А. Аɤиɦов,  

ȼ.ɇ. ɋиɞоɪов, Ɇ.Ʌ. Ɇоɡɝɚлевɚ; Ɇосɤвɚ, 
ɂɡɞɚɬелɶсɬво Аɋȼ, 2010. – 336 сɬɪɚɧиɰ) 

 

Каɤ ɢɡɜɟɫɬɧɨ, ɫɬɪɨɢɬɟɥьɧыɟ ɤɨɧɫɬɪɭɤцɢɢ, 
ɡɞаɧɢя ɢ ɫɨɨɪɭɠɟɧɢя, ɜ ɤɨɬɨɪых ɢɦɟɟɬɫя ɩɨ-
ɫɬɨяɧɫɬɜɨ ɢɥɢ ɪɟɝɭɥяɪɧɨɫɬь ɮɢɡɢɤɨ-
ɝɟɨɦɟɬɪɢчɟɫɤɢх хаɪаɤɬɟɪɢɫɬɢɤ ɩɨ ɨɞɧɨɦɭ ɢɡ 
ɤɨɨɪɞɢɧаɬɧых ɧаɩɪаɜɥɟɧɢɣ ɢɦɟɸɬ ɦаɫɫɨɜɨɟ 
ɪаɫɩɪɨɫɬɪаɧɟɧɢɟ. Эɬɨ ɫɜяɡаɧɨ, ɜ чаɫɬɧɨɫɬɢ, ɫ 
ɬɟɦ, чɬɨ ɦɧɨɝɢɟ ɬаɤɢɟ ɨɛъɟɤɬы яɜɥяɸɬɫя ɬɢ-
ɩɨɜыɦɢ ɢ ɬɟхɧɨɥɨɝɢчɧыɦɢ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟ. 
Хаɪаɤɬɟɪɧыɦɢ ɩɪɢɦɟɪаɦɢ яɜɥяɸɬɫя ɛаɥɤɢ, 
ɛаɥɤɢ-ɫɬɟɧɤɢ, ɬɨɧɤɨɫɬɟɧɧыɟ ɫɬɪɟɠɧɢ, ɩɨɥɨ-
ɫы, ɥɟɧɬɨчɧыɟ ɮɭɧɞаɦɟɧɬы, ɩɥɢɬы, ɩɥаɫɬɢ-
ɧы, ɨɛɨɥɨчɤɢ, ɜыɫɨɬɧыɟ ɢ ɩɪɨɬяɠɟɧɧыɟ ɡɞа-
ɧɢя ɢ ɤɨɦɩɥɟɤɫы, ɬɪɭɛɨɩɪɨɜɨɞы, ɩɥɨɬɢɧы, 
ɪɟɥьɫы, ɪɟɡɟɪɜɭаɪы ɢ ɬ.ɞ. 
Сɨɜɪɟɦɟɧɧыɟ ɦɨщɧыɟ ɩɪɨɝɪаɦɦɧыɟ ɤɨɦ-
ɩɥɟɤɫы, ɪɟаɥɢɡɭɸщɢɟ ɢɡɜɟɫɬɧыɟ чɢɫɥɟɧɧыɟ 
ɦɟɬɨɞы, ɜ чаɫɬɧɨɫɬɢ ɦɟɬɨɞ ɤɨɧɟчɧых эɥɟ-
ɦɟɧɬɨɜ, ɪаɡɭɦɟɟɬɫя, ɩɨɡɜɨɥяɸɬ ɩɪɨɜɨɞɢɬь 
ɜɫɟɫɬɨɪɨɧɧɟɟ чɢɫɥɟɧɧɨɟ ɦɨɞɟɥɢɪɨɜаɧɢɟ ɜы-
шɟɩɟɪɟчɢɫɥɟɧɧых ɨɛъɟɤɬɨɜ. Тɟɦ ɧɟ ɦɟɧɟɟ, 
ɞɥя ɨцɟɧɤɢ ɬɨчɧɨɫɬɢ ɢ ɫхɨɞɢɦɨɫɬɢ чɢɫɥɟɧ-
ɧых ɦɟɬɨɞɨɜ, ɞɥя ɤɨɧɬɪɨɥя ɢ ɜɟɪɢɮɢɤацɢɢ 
ɢɫɩɨɥьɡɭɟɦɨɝɨ ɩɪɨɝɪаɦɦɧɨɝɨ ɨɛɟɫɩɟчɟɧɢя, а 
ɬаɤɠɟ ɞɥя ɭɫɬаɧɨɜɥɟɧɢя ɜаɠɧых ɤачɟɫɬɜɟɧ-
ɧых ɨɫɨɛɟɧɧɨɫɬɟɣ ɪаɛɨɬы ɫɬɪɨɢɬɟɥьɧых 
ɤɨɧɫɬɪɭɤцɢɣ, ɡɞаɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ ɨчɟɧь 
ɜаɠɧɨ ɭɦɟɬь ɤɨɪɪɟɤɬɧɨ ɫɬɪɨɢɬь ɬɨчɧыɟ аɧа-
ɥɢɬɢчɟɫɤɢɟ ɪɟшɟɧɢя ɫɨɨɬɜɟɬɫɬɜɭɸщɢх ɡаɞач. 
В чаɫɬɧɨɫɬɢ, ɜɟɫьɦа цɟɧɧыɦ ɩɪɟɞɫɬаɜɥяɟɬɫя 
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аɧаɥɢɬɢчɟɫɤɨɟ ɨɩɪɟɞɟɥɟɧɢɟ ɪаɫчɟɬɧых ɮаɤ-
ɬɨɪɨɜ (ɩɟɪɟɦɟщɟɧɢɣ, ɞɟɮɨɪɦацɢɣ, ɧаɩɪяɠɟ-
ɧɢɣ ɢ ɬ.ɞ.) ɜɞɨɥь ɧаɩɪаɜɥɟɧɢя ɩɨɫɬɨяɧɫɬɜа 
ɮɢɡɢɤɨ-ɝɟɨɦɟɬɪɢчɟɫɤɢх хаɪаɤɬɟɪɢɫɬɢɤ ɨɛъ-
ɟɤɬа (ɬаɤ ɧаɡыɜаɟɦɨɝɨ «ɨɫɧɨɜɧɨɝɨ ɧаɩɪаɜɥɟ-
ɧɢя»). Раɡɪаɛɨɬаɧɧыɟ А.Б. Зɨɥɨɬɨɜыɦ ɢ П.А. 
Аɤɢɦɨɜыɦ ɞɢɫɤɪɟɬɧɨ-ɤɨɧɬɢɧɭаɥьɧыɟ ɦɟɬɨ-
ɞы ɭɫɩɟшɧɨ ɪɟшɢɥɢ ɞаɧɧɭɸ ɩɪɨɛɥɟɦɭ. 
Сɟɦɟɣɫɬɜɨ ɪаɡɪаɛɨɬаɧɧых ɞɢɫɤɪɟɬɧɨ-
ɤɨɧɬɢɧɭаɥьɧых ɦɟɬɨɞɨɜ ɜɤɥɸчаɟɬ ɞɢɫɤɪɟɬ-
ɧɨ-ɤɨɧɬɢɧɭаɥьɧыɣ ɦɟɬɨɞ ɤɨɧɟчɧых эɥɟɦɟɧ-
ɬɨɜ, ɞɢɫɤɪɟɬɧɨ-ɤɨɧɬɢɧɭаɥьɧыɣ ɦɟɬɨɞ ɝɪа-
ɧɢчɧых эɥɟɦɟɧɬɨɜ ɢ ɞɢɫɤɪɟɬɧɨ-
ɤɨɧɬɢɧɭаɥьɧыɣ ɜаɪɢацɢɨɧɧɨ-ɪаɡɧɨɫɬɧыɣ 
ɦɟɬɨɞ. Мɟɬɨɞы яɜɥяɸɬɫя ɞɢɫɤɪɟɬɧɨ-
ɤɨɧɬɢɧɭаɥьɧыɦɢ ɜ ɬɨɦ ɫɦыɫɥɟ, чɬɨ ɩɨ ɜыɞɟ-
ɥяɟɦɨɦɭ ɧаɩɪаɜɥɟɧɢɸ ɩɨɫɬɨяɧɫɬɜа хаɪаɤɬɟ-
ɪɢɫɬɢɤ (ɨɫɧɨɜɧɨɟ ɧаɩɪаɜɥɟɧɢɟ) ɫɨхɪаɧяɟɬɫя 
ɤɨɧɬɢɧɭаɥьɧыɣ хаɪаɤɬɟɪ ɡаɞачɢ ɢ, ɫɨɨɬɜɟɬ-
ɫɬɜɟɧɧɨ, аɧаɥɢɬɢчɟɫɤɢɣ (аɛɫɨɥɸɬɧɨ ɬɨчɧыɣ) 
ɜɢɞ ɩɨɥɭчаɟɦɨɝɨ ɪɟшɟɧɢя, ɜ ɬɨ ɜɪɟɦя ɤаɤ ɩɨ 
ɨɫɬаɥьɧыɦ ɩɪɨɢɡɜɨɞɢɬɫя ɞɢɫɤɪɟɬɢɡацɢя ɬɨɝɨ 
ɢɥɢ ɢɧɨɝɨ ɪɨɞа ɫ ɨɛɨɫɧɨɜаɧɧɨ ɤɨɧɬɪɨɥɢɪɭɟ-
ɦɨɣ ɫɬɟɩɟɧьɸ ɬɨчɧɨɫɬɢ. Пɨɞ аɧаɥɢɬɢчɟɫɤɢɦ 
ɪɟшɟɧɢɟɦ ɡɞɟɫь ɩɨɧɢɦаɟɬɫя ɧаɥɢчɢɟ яɜɧɨɣ 
ɮɨɪɦɭɥы ɜычɢɫɥɟɧɢя ɧаɩɪяɠɟɧɧɨ-
ɞɟɮɨɪɦɢɪɨɜаɧɧɨɝɨ ɫɨɫɬɨяɧɢя ɨɛъɟɤɬа ɜ ɩɪɨ-
ɢɡɜɨɥьɧɨɣ ɬɨчɤɟ ɫɟчɟɧɢя (ɬаɤ, ɧаɩɪɢɦɟɪ, ɪɟ-
шɟɧɢɟ ɜ ɪяɞах ɫ эɬɢх ɩɨɡɢцɢɣ ɧɟ ɪаɫɫɦаɬɪɢ-
ɜаɟɬɫя ɤаɤ аɧаɥɢɬɢчɟɫɤɨɟ). 
Рɟцɟɧɡɢɪɭɟɦая ɤɧɢɝа ɩɨɫɜящɟɧа ɢɫɤɥɸчɢ-
ɬɟɥьɧɨ ɞɢɫɤɪɟɬɧɨ-ɤɨɧɬɢɧɭаɥьɧɨɦɭ ɦɟɬɨɞɭ 
ɤɨɧɟчɧых эɥɟɦɟɧɬɨɜ, яɜɥяɸщɟɦɭɫя, ɩɨ ɨцɟɧ-
ɤаɦ аɜɬɨɪɨɜ, ɧаɢɛɨɥɟɟ эɮɮɟɤɬɢɜɧыɦ ɢɡ ɜɫɟɝɨ 
ɫɟɦɟɣɫɬɜа ɞɢɫɤɪɟɬɧɨ-ɤɨɧɬɢɧɭаɥьɧых ɦɟɬɨɞɨɜ 
ɫ ɬɨчɤɢ ɡɪɟɧɢя ɩɪаɤɬɢчɟɫɤɢх ɩɪɢɥɨɠɟɧɢɣ. 
Дɢɫɤɪɟɬɧɨ-ɤɨɧɬɢɧɭаɥьɧыɣ ɦɟɬɨɞ ɤɨɧɟчɧых 
эɥɟɦɟɧɬɨɜ ɨɬɧɨɫɢɬɫя ɤ ɤɥаɫɫɭ чɢɫɥɟɧɧɨ-
аɧаɥɢɬɢчɟɫɤɢх ɢɥɢ, ɫɥɟɞɭя ɬɟɪɦɢɧɨɥɨɝɢɢ О. 
Зɟɧɤɟɜɢча, ɩɨɥɭаɧаɥɢɬɢчɟɫɤɢх ɦɟɬɨɞɨɜ. В 
ɩɨɫɥɟɞɧɢɟ ɞɟɫяɬɢɥɟɬɢя эɬɢ ɦɟɬɨɞы ɧɟ ɩɨɥɭ-
чаɥɢ ɬɨɝɨ ɜɧɢɦаɧɢя, ɤɨɬɨɪɨɝɨ ɡаɫɥɭɠɢɜаɥɢ, 
ɨɫɨɛɟɧɧɨ ɜ ɨɛɥаɫɬɢ ɫɬɪɨɢɬɟɥьɫɬɜа, ɝɞɟ ɜɥаɫɬ-
ɜɨɜаɥ ɦɟɬɨɞ ɤɨɧɟчɧых эɥɟɦɟɧɬɨɜ. С ɞɪɭɝɨɣ 
ɫɬɨɪɨɧы, ɧɟɥьɡя ɧɟ ɨɬɦɟɬɢɬь, чɬɨ эɬɨ ɧаɩɪаɜ-
ɥɟɧɢɟ ɜ ɫɬɪɨɢɬɟɥьɧɨɣ ɦɟхаɧɢɤɟ ɢɦɟɟɬ ɞаɜ-
ɧɸɸ ɢ ɛɨɝаɬɭɸ ɢɫɬɨɪɢɸ (ɦɟɬɨɞ Л.В. Каɧɬɨ-

ɪɨɜɢча, ɦɟɬɨɞ В.З. Вɥаɫɨɜа, ɦɟɬɨɞ ɩɪяɦых, 
ɦɟɬɨɞ Мɢɤɟɥаɞɡɟ-Лаɧцɨша, ɦɟɬɨɞ ɤɨɧɟчɧых 
ɩɨɥɨɫ, ɦɟɬɨɞ ɤɨɧɟчɧых ɫɥɨɟɜ, ɦɟɬɨɞ ɤɨɧɟч-
ɧых ɩɪɢɡɦ ɢ ɬ.ɞ.). Пɪɟɢɦɭщɟɫɬɜа ɫɨчɟɬаɧɢя 
ɤачɟɫɬɜɟɧɧых ɫɜɨɣɫɬɜ ɡаɦɤɧɭɬых ɪɟшɟɧɢɣ ɢ 
ɨɛщɧɨɫɬɢ чɢɫɥɟɧɧых ɦɟɬɨɞɨɜ, ɛɟɡɭɫɥɨɜɧɨ, 
ɨɬɦɟчаɥɢɫь ɢ ɪаɧьшɟ, ɧɨ, ɧɟɫɦɨɬɪя ɧа ɛыɥɭɸ 
ɩɨɩɭɥяɪɧɨɫɬь ɩɨɞɨɛɧых ɩɨɞхɨɞɨɜ ɢ ɭчаɫɬɢɟ 
ɜ ɢɫɫɥɟɞɨɜаɧɢях ɪяɞа ɤɪɭɩɧых ɭчɟɧых, ɦɧɨ-
ɝɢɟ ɢɡ ɪаɡɪаɛɨɬɨɤ ɩɪɟɠɧɟɝɨ ɜɪɟɦɟɧɢ ɥɢɛɨ 
ɛыɥɢ ɧɟ ɪɟаɥɢɡɭɟɦыɦɢ ɩɪаɤɬɢчɟɫɤɢ ɢɡ-ɡа 
ɨɬɫɭɬɫɬɜɢя ɧɟɨɛхɨɞɢɦɨɝɨ ɦаɬɟɦаɬɢчɟɫɤɨɝɨ 
аɩɩаɪаɬа ɢɥɢ ɜыɫɨɤɨɩɪɨɢɡɜɨɞɢɬɟɥьɧɨɣ ɜы-
чɢɫɥɢɬɟɥьɧɨɣ ɬɟхɧɢɤɢ, ɥɢɛɨ ɜ ɬɨɣ ɢɥɢ ɢɧɨɣ 
ɦɟɪɟ ɧɟ ɭчɢɬыɜаɥаɫь ɫɩɟцɢɮɢɤа ɜɨɡɧɢɤаɸ-
щɢх ɩɪɨɛɥɟɦ ɢ ɧɟɨɛхɨɞɢɦɨɫɬь ɩɨɫɥɟɞɭɸщɟɣ 
ɤɨɦɩьɸɬɟɪɧɨɣ ɪɟаɥɢɡацɢɢ. В ɧачаɥɟ XIX ɜɟ-
ɤа ɩɨяɜɢɥɢɫь ɨɛъɟɤɬɢɜɧыɟ ɜɨɡɦɨɠɧɨɫɬɢ ɞɥя 
ɞаɥьɧɟɣшɟɣ ɪаɡɪаɛɨɬɤɢ, ɢɫɫɥɟɞɨɜаɧɢя ɢ ɪаɡ-
ɜɢɬɢя чɢɫɥɟɧɧɨ-аɧаɥɢɬɢчɟɫɤɢх ɦɟɬɨɞɨɜ ɧа 
ɤачɟɫɬɜɟɧɧɨ ɢɧɨɦ ɭɪɨɜɧɟ. 
Пɨɞɨɛɧɨ ɦɧɨɝɢɦ ɬɪаɞɢцɢɨɧɧыɦ аɧаɥɨɝаɦ, 
ɞɢɫɤɪɟɬɧɨ-ɤɨɧɬɢɧɭаɥьɧыɣ ɦɟɬɨɞ ɤɨɧɟчɧых 
эɥɟɦɟɧɬɨɜ, ɩɪɟɞɭɫɦаɬɪɢɜаɸщɢɣ ɩɨɧɢɠɟɧɢɟ 
ɦɟɪɧɨɫɬɢ ɡаɞачɢ, ɫɜɨɞɢɬɫя ɤ ɪɟшɟɧɢɸ ɤɪаɟ-
ɜых ɡаɞач ɞɥя ɫɢɫɬɟɦ ɨɛыɤɧɨɜɟɧɧых ɞɢɮɮɟ-
ɪɟɧцɢаɥьɧых ɭɪаɜɧɟɧɢɣ. Даɧɧыɟ ɫɢɫɬɟɦы 
ɞɨɩɭɫɤаɸɬ ɬɨчɧɨɟ аɧаɥɢɬɢчɟɫɤɨɟ ɪɟшɟɧɢɟ, ɢ 
ɜ эɬɨɦ ɫɦыɫɥɟ ɜɫɟɝɞа ɟɫɬɟɫɬɜɟɧɧа ɛыɥа цɟɥь 
ɟɝɨ ɩɨɥɭчɟɧɢя. Оɞɧаɤɨ ɜɩɥɨɬь ɞɨ ɧɟɞаɜɧɟɝɨ 
ɜɪɟɦɟɧɢ ɧɟ ɛыɥɨ ɩɪɟɞɥɨɠɟɧɨ ɭɧɢɜɟɪɫаɥьɧых 
ɦɟɬɨɞɨɜ ɩɨɫɬɪɨɟɧɢя аɧаɥɢɬɢчɟɫɤɨɝɨ ɪɟшɟ-
ɧɢя ɜ ɭɫɬɨɣчɢɜɨɣ ɮɨɪɦɟ, ɧɟ ɡаɜɢɫящɟɣ ɨɬ 
ɭɫɥɨɜɢɣ ɤɨɧɤɪɟɬɧɨɣ ɡаɞачɢ (ɞɥɢɧа ɨɛъɟɤɬа, 
ɠɟɫɬɤɨɫɬɧыɟ хаɪаɤɬɟɪɢɫɬɢɤɢ, ɝɪаɧɢчɧыɟ ɭɫ-
ɥɨɜɢя, хаɪаɤɬɟɪ ɧаɝɪɭɠɟɧɢя, ɛɨɥьшɨɟ ɤɨɥɢ-
чɟɫɬɜɨ ɞɢɮɮɟɪɟɧцɢаɥьɧых ɭɪаɜɧɟɧɢɣ ɢ ɩɪ.). 
Пɪɢчɢɧы ɬаɤɨɝɨ ɨɬɫɭɬɫɬɜɢя, ɫɜяɡаɧɧыɟ ɫ ɨɩ-
ɪɟɞɟɥɟɧɧыɦɢ ɦаɬɟɦаɬɢчɟɫɤɢɦɢ ɫɥɨɠɧɨɫɬя-
ɦɢ, ɢ ɫɪаɜɧɟɧɢя ɪаɡɪаɛɨɬаɧɧɨɝɨ ɦɟɬɨɞа ɫ ɢɡ-
ɜɟɫɬɧыɦɢ аɥьɬɟɪɧаɬɢɜɧыɦɢ ɩɨɞхɨɞаɦɢ ɨɛ-
ɫɭɠɞаɸɬɫя ɜ ɪɟцɟɧɡɢɪɭɟɦɨɣ ɦɨɧɨɝɪаɮɢɢ. В 
ɩɭɛɥɢɤацɢях ɟɟ аɜɬɨɪɨɜ ɜɩɟɪɜыɟ ɛыɥɢ ɩɪɟɞ-
ɥɨɠɟɧы ɤɨɪɪɟɤɬɧыɟ ɦɟɬɨɞы ɩɨɥɭчɟɧɢя ɬɨч-
ɧых аɧаɥɢɬɢчɟɫɤɢх ɪɟшɟɧɢɣ, ɩɪаɤɬɢчɟɫɤɢ 
ɫɜɨɛɨɞɧыɟ ɨɬ ɜɫɟх ɜычɢɫɥɢɬɟɥьɧых ɧɟɞɨɫ-
ɬаɬɤɨɜ. 
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Сɬɪɭɤɬɭɪа ɩɨɞачɢ ɦаɬɟɪɢаɥа ɦɨɧɨɝɪаɮɢɢ 
аɜɬɨɪаɦɢ ɤɪаɬɤɨ ɨɩɢɫаɧа ɧɢɠɟ. 
В Ƚɥаɜɟ 1 ɦɨɧɨɝɪаɮɢɢ ɪаɫɫɦаɬɪɢɜаɸɬɫя ɢ 
аɧаɥɢɡɢɪɭɸɬɫя ɬɪаɞɢцɢɨɧɧыɟ чɢɫɥɟɧɧɨ-
аɧаɥɢɬɢчɟɫɤɢɟ ɦɟɬɨɞы ɪаɫчɟɬа ɫɬɪɨɢɬɟɥьɧых 
ɤɨɧɫɬɪɭɤцɢɣ ɢ ɦɟɬɨɞы аɧаɥɢɬɢчɟɫɤɨɝɨ ɪɟшɟ-
ɧɢя ɤɪаɟɜых ɡаɞач ɫɬɪɨɢɬɟɥьɧɨɣ ɦɟхаɧɢɤɢ. 
В Ƚɥаɜɟ 2 ɦɨɧɨɝɪаɮɢɢ ɫɮɨɪɦɭɥɢɪɨɜаɧы ɨɫ-
ɧɨɜɨɩɨɥаɝаɸщɢɟ ɨɩɟɪаɬɨɪɧыɟ ɢ ɜаɪɢацɢɨɧ-
ɧыɟ ɩɨɫɬаɧɨɜɤɢ ɤɪаɟɜых ɡаɞач ɪаɫчɟɬа 
ɫɬɪɨɢɬɟɥьɧых ɤɨɧɫɬɪɭɤцɢɣ ɜ ɪаɦɤах ɦɟɬɨɞа 
ɪаɫшɢɪɟɧɧɨɣ ɨɛɥаɫɬɢ, ɩɪɟɞɥɨɠɟɧɧɨɝɨ А.Б. 
Зɨɥɨɬɨɜыɦ. 
Ƚɥаɜа 3 ɦɨɧɨɝɪаɮɢɢ ɩɨɫɜящɟɧа ɨɩɢɫаɧɢɸ 
ɭɧɢɜɟɪɫаɥьɧых ɤɨɪɪɟɤɬɧых ɦɟɬɨɞɨɜ ɬɨчɧɨɝɨ 
аɧаɥɢɬɢчɟɫɤɨɝɨ ɪɟшɟɧɢя ɦɧɨɝɨɬɨчɟчɧых 
ɤɪаɟɜых ɡаɞач ɫɬɪɨɢɬɟɥьɧɨɣ ɦɟхаɧɢɤɢ.  
В Ƚɥаɜɟ 4 ɦɨɧɨɝɪаɮɢɢ ɩɪɢɜɟɞɟɧы ɨɩɟɪаɬɨɪ-
ɧыɟ ɩɨɫɬаɧɨɜɤɢ ɡаɞач ɫɬаɬɢчɟɫɤɨɝɨ ɪаɫчɟɬа 
ɤɨɧɫɬɪɭɤцɢɣ ɫ ɜыɞɟɥɟɧɢɟɦ ɨɫɧɨɜɧɨɝɨ ɧа-
ɩɪаɜɥɟɧɢя. 
В Ƚɥаɜɟ 5 ɦɨɧɨɝɪаɮɢɢ ɢɡɥɨɠɟɧы ɧɟɤɨɬɨɪыɟ 
ɜаɠɧыɟ ɜɨɩɪɨɫы ɨɩɪɟɞɟɥɟɧɢя ɫɨɛɫɬɜɟɧɧых ɢ 
ɩɪɢɫɨɟɞɢɧɟɧɧых ɮɭɧɤцɢɣ ɞɢɮɮɟɪɟɧцɢаɥь-
ɧых ɨɩɟɪаɬɨɪɨɜ ɤɪаɟɜых ɡаɞач ɫɬаɬɢчɟɫɤɨɝɨ 
ɪаɫчɟɬа ɤɨɧɫɬɪɭɤцɢɣ ɫ ɜыɞɟɥɟɧɧыɦ ɨɫɧɨɜ-
ɧыɦ ɧаɩɪаɜɥɟɧɢɟɦ. 
Ƚɥаɜа 6 ɦɨɧɨɝɪаɮɢɢ ɩɪɢɡɜаɧа ɪаɡъяɫɧɢɬь 
ɢɞɟɸ ɢ ɪаɫɤɪыɬь ɦаɬɟɦаɬɢчɟɫɤɢɟ ɨɫɨɛɟɧɧɨ-
ɫɬɢ ɪɟаɥɢɡацɢɢ ɞɢɫɤɪɟɬɧɨ-ɤɨɧɬɢɧɭаɥьɧɨɝɨ 
ɦɟɬɨɞа ɤɨɧɟчɧых эɥɟɦɟɧɬɨɜ. 
В Ƚɥаɜɟ 7 ɦɨɧɨɝɪаɮɢɢ ɪаɫɫɦаɬɪɢɜаɸɬɫя ɜɨ-
ɩɪɨɫы чɢɫɥɟɧɧɨɣ ɪɟаɥɢɡацɢɢ ɞɢɫɤɪɟɬɧɨ-
ɤɨɧɬɢɧɭаɥьɧɨɝɨ ɦɟɬɨɞа ɤɨɧɟчɧых эɥɟɦɟɧɬɨɜ 
ɞɥя ɪɟшɟɧɢя ɡаɞач ɫɬаɬɢчɟɫɤɨɝɨ ɪаɫчɟɬа ɫɬɪɨɢ-
ɬɟɥьɧых ɤɨɧɫɬɪɭɤцɢɣ, ɡɞаɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ. 
В Ƚɥаɜɟ 8 ɦɨɧɨɝɪаɮɢɢ ɫɨɞɟɪɠаɬɫя ɨɩɟɪаɬɨɪ-
ɧыɟ ɩɨɫɬаɧɨɜɤɢ ɩɪɨɛɥɟɦ ɨɩɪɟɞɟɥɟɧɢя ɫɨɛɫɬ-
ɜɟɧɧых ɡɧачɟɧɢɣ ɢ ɫɨɛɫɬɜɟɧɧых ɮɭɧɤцɢɣ 
ɤɪаɟɜых ɡаɞач ɪаɫчɟɬа ɤɨɧɫɬɪɭɤцɢɣ ɫ ɜыɞɟ-
ɥɟɧɢɟɦ ɨɫɧɨɜɧɨɝɨ ɧаɩɪаɜɥɟɧɢя. 
Наɤɨɧɟц, ɜ Ƚɥаɜɟ 9 ɦɨɧɨɝɪаɮɢɢ, ɨɩɢɫаɧɨ ɨɩ-
ɪɟɞɟɥɟɧɢɟ ɫɨɛɫɬɜɟɧɧых чаɫɬɨɬ ɢ ɮɨɪɦ ɤɨɥɟ-
ɛаɧɢɣ ɫɬɪɨɢɬɟɥьɧых ɤɨɧɫɬɪɭɤцɢɣ, ɡɞаɧɢɣ ɢ 
ɫɨɨɪɭɠɟɧɢɣ ɫ ɢɫɩɨɥьɡɨɜаɧɢɟɦ ɞɢɫɤɪɟɬɧɨ-
ɤɨɧɬɢɧɭаɥьɧɨɝɨ ɦɟɬɨɞа ɤɨɧɟчɧых эɥɟɦɟɧɬɨɜ. 

Кɪɨɦɟ ɬɨɝɨ, аɜɬɨɪы ɜɤɥɸчɢɥɢ ɜ ɦɨɧɨɝɪаɮɢɸ 
ɩяɬь ɩɪɢɥɨɠɟɧɢɣ.  
Пɪɢɥɨɠɟɧɢɟ 1 ɩɨɫɜящɟɧɨ ɦɟɬɨɞɭ ɛаɡɢɫɧых 
ɜаɪɢацɢɣ ɞɥя чɢɫɥɟɧɧɨɝɨ ɪɟшɟɧɢя ɤɪаɟɜых 
ɡаɞач ɪаɫчɟɬа ɤɨɧɫɬɪɭɤцɢɣ. Эɬɨɬ ɦɟɬɨɞ шɢ-
ɪɨɤɨ ɢɫɩɨɥьɡɭɟɬɫя ɧа эɬаɩɟ чɢɫɥɟɧɧɨɣ ɪɟаɥɢ-
ɡацɢɢ ɞɢɫɤɪɟɬɧɨ-ɤɨɧɬɢɧɭаɥьɧɨɝɨ ɦɟɬɨɞа ɤɨ-
ɧɟчɧых эɥɟɦɟɧɬɨɜ. 
В Пɪɢɥɨɠɟɧɢɢ 2 ɢ Пɪɢɥɨɠɟɧɢɢ 3 ɨɩɢɫаɧы 
ɭɧɢɜɟɪɫаɥьɧыɟ ɦɟɬɨɞы ɩɨɫɬɪɨɟɧɢя ɦаɬɪɢц 
ɠɟɫɬɤɨɫɬɢ ɤɨɧɟчɧых эɥɟɦɟɧɬɨɜ ɩɪɢ ɪɟшɟɧɢɢ 
ɨɞɧɨɦɟɪɧых ɡаɞач ɫɬɪɨɢɬɟɥьɧɨɣ ɦɟхаɧɢɤɢ 
ɞɥя ɫɤаɥяɪɧɨɝɨ ɢ ɜɟɤɬɨɪɧɨɝɨ ɫɥɭчая ɫɨɨɬɜɟɬ-
ɫɬɜɟɧɧɨ. Эɬɢ ɦɟɬɨɞы ɩɪɢɦɟɧяɸɬɫя ɩɪɢ ɩɟɪɟ-
хɨɞах ɨɬ ɤɨɧɬɢɧɭаɥьɧых ɤ ɞɢɫɤɪɟɬɧɨ-
ɤɨɧɬɢɧɭаɥьɧыɦ ɩɨɫɬаɧɨɜɤаɦ ɪяɞа ɪаɫɫɦɨɬ-
ɪɟɧɧых ɜ ɤɧɢɝɟ ɡаɞач. 
В Пɪɢɥɨɠɟɧɢɢ 4 ɢɡɥɨɠɟɧ аɧаɥɢɬɢчɟɫɤɢɣ ɦɟ-
ɬɨɞ ɜычɢɫɥɟɧɢя ɝɟɨɦɟɬɪɢчɟɫɤɢх хаɪаɤɬɟɪɢ-
ɫɬɢɤ ɩɨɩɟɪɟчɧых ɫɟчɟɧɢɣ эɥɟɦɟɧɬɨɜ ɤɨɧɫɬ-
ɪɭɤцɢɣ. 
В Пɪɢɥɨɠɟɧɢɢ 5 ɨɛɫɭɠɞаɟɬɫя ɩɪɨɛɥɟɦа 
ɨцɟɧɤɢ чɢɫɥа ɜɟщɟɫɬɜɟɧɧых ɫɨɛɫɬɜɟɧɧых 
ɡɧачɟɧɢɣ ɜ ɡаɞачɟ ɨɛ ɭɫɬаɧɨɜɢɜшɢхɫя ɤɨɥɟ-
ɛаɧɢях ɭɩɪɭɝɨɝɨ ɩɨɥɭцɢɥɢɧɞɪа. Эɬа ɛɥɢɡɤая 
ɤ ɬɟɦаɬɢɤɟ ɧаɫɬɨящɟɣ ɤɧɢɝɢ ɩɪɨɛɥɟɦа ɬɪа-
ɞɢцɢɨɧɧɨ ɪаɫɫɦаɬɪɢɜаɥаɫь ɜ ɪаɛɨɬах ɦɧɨɝɢх 
ɢɡɜɟɫɬɧых ɭчɟɧых-ɦаɬɟɦаɬɢɤɨɜ. 
Заɦɟɬɢɦ, чɬɨ ɜɫɟ ɩɟɪɟчɢɫɥɟɧɧыɟ ɩɪɢɥɨɠɟɧɢя 
ɧɨɫяɬ ɜɫɩɨɦɨɝаɬɟɥьɧɨ-ɫɩɪаɜɨчɧыɣ хаɪаɤɬɟɪ 
– ɢх ɪɟɡɭɥьɬаɬы ɢɫɩɨɥьɡɨɜаɥɢɫь ɩɪɢ ɪаɡɪа-
ɛɨɬɤɟ, ɢɫɫɥɟɞɨɜаɧɢɢ ɢ ɪаɡɜɢɬɢɢ ɞɢɫɤɪɟɬɧɨ-
ɤɨɧɬɢɧɭаɥьɧɨɝɨ ɦɟɬɨɞа ɤɨɧɟчɧых эɥɟɦɟɧɬɨɜ. 
Рɟцɟɧɡɢɪɭɟɦая ɦɨɧɨɝɪаɮɢя ɩɨɫɜящɟɧа аɤɬɭ-
аɥьɧɨɣ ɬɟɦɟ, ɢɡɥɨɠɟɧɧыɟ ɜ ɤɧɢɝɟ ɪɟɡɭɥьɬаɬы 
аɜɬɨɪɨɜ ɨɛɥаɞаɸɬ ɧɟɫɨɦɧɟɧɧɨɣ ɧаɭчɧɨɣ ɧɨ-
ɜɢɡɧɨɣ ɢ ɩɪаɤɬɢчɟɫɤɨɣ ɡɧачɢɦɨɫɬьɸ. Аɜɬɨɪ-
ɫɤɢɟ ɢɫɫɥɟɞɨɜаɧɢя, ɜ цɟɥɨɦ, ɫɜяɡаɧы ɫ ɜаɠ-
ɧɟɣшɟɣ ɢ аɤɬɭаɥьɧɨɣ цɟɥьɸ ɩɨɫɬɪɨɟɧɢя ɭɧɢ-
ɜɟɪɫаɥьɧых ɩɪɨɝɪаɦɦɧых ɤɨɦɩɥɟɤɫɨɜ «ɩɪɨ-
ɦышɥɟɧɧɨɝɨ ɬɢɩа» ɞɥя ɩɨɥɭчɟɧɢя ɞɨɫɬɨɜɟɪ-
ɧых аɧаɥɢɬɢчɟɫɤɢх ɪɟшɟɧɢɣ, ɝаɪаɧɬɢɪɭɸ-
щɢх ɭɬɨчɧɟɧɧыɣ хаɪаɤɬɟɪ ɩɪɨɜɨɞɢɦых ɪаɫ-
чɟɬɨɜ, ɧɟɨɛхɨɞɢɦыɣ ɞɥя ɨɛɟɫɩɟчɟɧɢя ɬɟхɧɨ-
ɝɟɧɧɨɣ ɛɟɡɨɩаɫɧɨɫɬɢ ɫɬɪɨɢɬɟɥьɧых ɨɛъɟɤɬɨɜ 
ɦɟɝаɩɨɥɢɫа. 
 



Рɟцɟɧɡɢя ɧа ɫɟɪɢɸ ɤɧɢɝ А.Б. Зɨɥɨɬɨɜа, П.А. Аɤɢɦɨɜа, В.Н. Сɢɞɨɪɨɜа, М.Л. Мɨɡɝаɥɟɜɨɣ, А.Р. Тɭɫɧɢɧа 

Volume 9, Issue 4, 2013 247
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Рɟцɟɧɡɢɪɭɟɦая ɤɧɢɝа ɢɦɟɟɬ «ɝɪɢɮ»: «Рɟɤɨ-
ɦɟɧɞɨɜаɧɨ Учɟɛɧɨ-ɦɟɬɨɞɢчɟɫɤɢɦ ɨɛъɟɞɢɧɟ-
ɧɢɟɦ ɜыɫшɢх ɭчɟɛɧых ɡаɜɟɞɟɧɢɣ Рɨɫɫɢɣɫɤɨɣ 
Фɟɞɟɪацɢɢ ɩɨ ɨɛɪаɡɨɜаɧɢɸ ɜ ɨɛɥаɫɬɢ ɫɬɪɨɢ-
ɬɟɥьɫɬɜа ɜ ɤачɟɫɬɜɟ ɭчɟɛɧɨɝɨ ɩɨɫɨɛɢя ɞɥя 
ɫɬɭɞɟɧɬɨɜ, ɨɛɭчаɸщɢхɫя ɩɨ ɧаɩɪаɜɥɟɧɢɸ 
270100 «Сɬɪɨɢɬɟɥьɫɬɜɨ». Оɧа ɧаɩɢɫаɧа ɧа 
ɨɫɧɨɜɟ ɞɜɭх ɤɭɪɫɨɜ ɥɟɤцɢɣ, чɢɬаɟɦых ɜ ɩɨ-
ɫɥɟɞɧɢɟ ɝɨɞы ɫɬɭɞɟɧɬаɦ Мɨɫɤɨɜɫɤɨɝɨ ɝɨɫɭ-
ɞаɪɫɬɜɟɧɧɨɝɨ ɫɬɪɨɢɬɟɥьɧɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬа 
(МȽСУ) ɩɪɟɩɨɞаɜаɬɟɥяɦɢ ɤаɮɟɞɪы ɢɧɮɨɪ-
ɦаɬɢɤɢ ɢ ɩɪɢɤɥаɞɧɨɣ ɦаɬɟɦаɬɢɤɢ. Эɬɢɦ ɤɭɪ-
ɫаɦ ɭɫɥɨɜɧɨ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɞɜɟ чаɫɬɢ ɤɧɢɝɢ. 
В ɩɟɪɜɨɣ чаɫɬɢ ɩɪɢɜɨɞɢɬɫя ɤɪаɬɤая хаɪаɤɬɟ-
ɪɢɫɬɢɤа ɫɨɜɪɟɦɟɧɧых яɡыɤɨɜ ɢ ɫɢɫɬɟɦ ɩɪɨ-
ɝɪаɦɦɢɪɨɜаɧɢя (Ƚɥаɜа 1), ɢɡɭчаɸɬɫя ɜɨɩɪɨ-
ɫы ɩɪɨɝɪаɦɦɢɪɨɜаɧɢя ɧа аɥɝɨɪɢɬɦɢчɟɫɤɨɦ 
яɡыɤɟ Фɨɪɬɪаɧ (Ƚɥаɜа 2), ɨɫɧɨɜы чɢɫɥɟɧɧых 
ɦɟɬɨɞɨɜ (Ƚɥаɜа 3) ɢ ɩɪɢɥɨɠɟɧɢя эɬɢх ɦɟɬɨ-
ɞɨɜ ɤ ɪɟшɟɧɢɸ ɤɨɧɤɪɟɬɧых ɩɪɢɤɥаɞɧых ɡа-
ɞач (Ƚɥаɜа 4) – ɬаɤɨɣ ɬɪɟхɫɟɦɟɫɬɪɨɜыɣ ɤɭɪɫ 
«Иɧɮɨɪɦаɬɢɤа» ɫɥɭшаɸɬ ɫɬɭɞɟɧɬы ɜɫɟх ɬɟх-
ɧɢчɟɫɤɢх ɮаɤɭɥьɬɟɬɨɜ МȽСУ. Вɬɨɪая чаɫɬь 
ɤɧɢɝɢ (Ƚɥаɜа 5), ɫɨɨɬɜɟɬɫɬɜɭɸщая ɫɟɦɟɫɬɪɨ-
ɜɨɦɭ ɤɭɪɫɭ «Сɬɪɨɢɬɟɥьɧая ɢɧɮɨɪɦаɬɢɤа» ɧа 
ɮаɤɭɥьɬɟɬɟ «Пɪɨɦышɥɟɧɧɨɟ ɢ ɝɪаɠɞаɧɫɤɨɟ 
ɫɬɪɨɢɬɟɥьɫɬɜɨ» МȽСУ, ɫɨɞɟɪɠɢɬ ɨɩɢɫаɧɢɟ 
ɫɢɫɬɟɦы MATLAB, ɬɟɨɪɟɬɢчɟɫɤɢɟ ɨɫɧɨɜы ɢ 
ɩɪɨɝɪаɦɦɧыɟ ɪɟаɥɢɡацɢɢ чɢɫɥɟɧɧых, аɧаɥɢ-
ɬɢчɟɫɤɢх ɢ чɢɫɥɟɧɧɨ-аɧаɥɢɬɢчɟɫɤɢх ɦɟɬɨɞɨɜ 
ɪɟшɟɧɢя ɡаɞач ɫɨɩɪɨɬɢɜɥɟɧɢя ɦаɬɟɪɢаɥɨɜ, 
ɫɬɪɨɢɬɟɥьɧɨɣ ɦɟхаɧɢɤɢ ɢ ɦаɬɟɦаɬɢчɟɫɤɨɣ 
ɮɢɡɢɤɢ. Пɪɢɜɥɟчɟɧɢɟ ɫɢɫɬɟɦы MATLAB ɜ 
ɞɨɩɨɥɧɟɧɢɟ ɤ яɡыɤɭ Фɨɪɬɪаɧ (ɟɝɨ ɫɨɜɪɟɦɟɧ-
ɧыɦ ɫɬаɧɞаɪɬаɦ) ɩɪɟɞɫɬаɜɥяɟɬɫя ɦɟɬɨɞɢчɟ-
ɫɤɢ цɟɥɟɫɨɨɛɪаɡɧыɦ ɪɟшɟɧɢɟɦ. Сɥɟɞɭɟɬ ɨɬ-
ɦɟɬɢɬь, чɬɨ ɦаɬɟɪɢаɥ ɨɬɞɟɥьɧых ɝɥаɜ ɤɧɢɝɢ 

ɪаɫɫɦаɬɪɢɜаɟɬɫя ɬаɤɠɟ ɜ ɤɭɪɫах «Аɥɝɨɪɢɬ-
ɦɢчɟɫɤɢɟ яɡыɤɢ ɢ ɩɪɨɝɪаɦɦɢɪɨɜаɧɢɟ» ɢ 
«Пɪɨɝɪаɦɦɧыɟ ɢ аɩɩаɪаɬɧыɟ ɫɪɟɞɫɬɜа 
ЭВМ», чɢɬаɟɦых ɫɬɭɞɟɧɬаɦ ɪяɞа ɧаɩɪаɜɥɟ-
ɧɢɣ ɩɨɞɝɨɬɨɜɤɢ ɢ ɫɩɟцɢаɥьɧɨɫɬɟɣ ɜ МȽСУ. 
Сɥɟɞɭɟɬ ɨɬɦɟɬɢɬь, чɬɨ ɩɪɢɧяɬыɣ аɜɬɨɪаɦɢ 
ɫɬɢɥь ɢɡɥɨɠɟɧɢя ɜɨ ɦɧɨɝɨɦ ɨɩɪɟɞɟɥяɟɬɫя 
хаɪаɤɬɟɪɨɦ ɛɭɞɭщɟɣ ɪаɛɨɬы ɫɬɭɞɟɧɬɨɜ. Дɥя 
ɧɢх ɢɧɮɨɪɦаɬɢɤа ɢ чɢɫɥɟɧɧɨɟ ɦɨɞɟɥɢɪɨɜа-
ɧɢɟ ɜ ɩɟɪɜɭɸ ɨчɟɪɟɞь ɛɭɞɭɬ ɫɨɜɪɟɦɟɧɧыɦ 
ɧаɭɤɨɟɦɤɢɦ ɢɧɫɬɪɭɦɟɧɬɨɦ ɪɟшɟɧɢя ɩɪɢ-
ɤɥаɞɧых ɬɟхɧɢчɟɫɤɢх ɩɪɨɛɥɟɦ. Кɪɨɦɟ ɬɨɝɨ, 
ɪаɫɫɦаɬɪɢɜаɟɦыɣ ɦаɬɟɪɢаɥ ɩɨɡɜɨɥяɟɬ ɩɨɧяɬь 
ɩɪɢɧцɢɩы ɩɨɫɬɪɨɟɧɢя ɢ ɮɭɧɤцɢɨɧɢɪɨɜаɧɢя 
ɫɨɜɪɟɦɟɧɧых ɜыɫɨɤɨɩɪɨɢɡɜɨɞɢɬɟɥьɧых ɩɪɨ-
ɝɪаɦɦɧых ɤɨɦɩɥɟɤɫɨɜ ɩɪɨɦышɥɟɧɧɨɝɨ ɬɢɩа, 
ɪаɫɩɪɨɫɬɪаɧɟɧɧых ɜ ɫɬɪɨɢɬɟɥьɧɨɣ ɨɬɪаɫɥɢ, ɢ 
ɨɫɧɨɜы ɪɟаɥɢɡɭɟɦых ɜ ɧɢх ɦɟɬɨɞɨɜ.  
В ɫɨɜɪɟɦɟɧɧых ɦɟɬɨɞах ɜычɢɫɥɟɧɢɣ ɦɨɠɧɨ 
ɜыɞɟɥɢɬь, ɩɪɟɠɞɟ ɜɫɟɝɨ, ɬɟ ɨɛщɢɟ ɦɟɬɨɞы, 
ɤɨɬɨɪыɟ ɢɦɟɸɬ шɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɢ ɭɠɟ 
ɫɬаɥɢ ɞɨɫɬɨяɧɢɟɦ ɦаɬɟɦаɬɢɤɢ. Заɫɥɭɠɢɜаɸɬ 
ɧɟ ɦɟɧьшɟɝɨ ɜɧɢɦаɧɢя ɦɟɬɨɞы, ɤɨɬɨɪыɟ ɪаɡ-
ɜɢɬы ɜ ɩɪɢɥɨɠɟɧɢях ɞɥя ɪɟшɟɧɢя ɫɩɟцɢаɥь-
ɧых, ɧɨ ɜаɠɧых ɤɥаɫɫɨɜ ɡаɞач. Эɬɨɦɭ ɞɟɥɟ-
ɧɢɸ ɨɬчаɫɬɢ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɞɜɟ чаɫɬɢ ɤɧɢɝɢ. 
Таɤ, ɟɫɥɢ ɜ Ƚɥаɜах 3 ɢ 4 ɩɟɪɜɨɣ чаɫɬɢ ɧашɥɢ 
ɨɬɪаɠɟɧɢɟ ɬɪаɞɢцɢɨɧɧыɟ чɢɫɥɟɧɧыɟ ɦɟɬɨ-
ɞы, ɬɨ ɜ Ƚɥаɜɟ 5 ɪаɫɫɦɨɬɪɟɧы, ɜ ɬɨɦ чɢɫɥɟ, ɢ 
ɨɪɢɝɢɧаɥьɧыɟ ɫɨɜɪɟɦɟɧɧыɟ ɩɨɞхɨɞы (ɭɧɢ-
ɜɟɪɫаɥьɧыɣ ɦɟɬɨɞ ɩɨɫɬɪɨɟɧɢя ɦаɬɪɢц ɠɟɫɬ-
ɤɨɫɬɢ ɢ ɜɟɤɬɨɪɨɜ ɧаɝɪɭɡɨɤ ɜ ɬɟɪɦɢɧɨɥɨɝɢɢ 
ɦɟɬɨɞа ɤɨɧɟчɧых эɥɟɦɟɧɬɨɜ ɩɪɢ ɪɟшɟɧɢɢ 
ɨɞɧɨɦɟɪɧых ɡаɞач ɪаɫчɟɬа ɤɨɧɫɬɪɭɤцɢɣ; 
ɞɢɫɤɪɟɬɧɨ-аɧаɥɢɬɢчɟɫɤɢɣ ɦɟɬɨɞ ɪɟшɟɧɢя 
ɡаɞачɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ; ɞɢɫɤɪɟɬɧɨ-
аɧаɥɢɬɢчɟɫɤɢɣ ɦɟɬɨɞ ɪɟшɟɧɢя ɡаɞачɢ ɨ ɤɨ-
ɥɟɛаɧɢях ɛаɥɤɢ ɩɪɢ ɭɞаɪɧɨɦ ɜɨɡɞɟɣɫɬɜɢɢ; 
чɢɫɥɟɧɧɨ-аɧаɥɢɬɢчɟɫɤɢɣ ɦɟɬɨɞ ɜычɢɫɥɟɧɢя 
ɝɟɨɦɟɬɪɢчɟɫɤɢх хаɪаɤɬɟɪɢɫɬɢɤ ɩɨɩɟɪɟчɧых 
ɫɟчɟɧɢɣ эɥɟɦɟɧɬɨɜ ɤɨɧɫɬɪɭɤцɢɣ, ɢɫɩɨɥь-
ɡɭɸщɢɣ ɬɟɨɪɢɸ ɨɛɨɛщɟɧɧых ɮɭɧɤцɢɣ ɢ 
ɬ.ɞ.). Маɬɟɪɢаɥ ɜɬɨɪɨɣ чаɫɬɢ ɤɧɢɝɢ ɧɟɫɟɬ 
ɞɜɨɣɧɭɸ ɧаɝɪɭɡɤɭ. Вɨ-ɩɟɪɜых, ɨɩɢɫыɜаɟɦыɟ 
ɬаɦ ɡаɞачɢ ɞɨɫɬаɬɨчɧɨ ɜɨɫɬɪɟɛɨɜаɧы ɜ ɩɪɢ-
ɥɨɠɟɧɢях, а ɨɩыɬ ɢх ɭɫɩɟшɧɨɝɨ ɪɟшɟɧɢя 
ɩɪɟɞɫɬаɜɥяɟɬ ɩɪяɦɨɣ ɢɧɬɟɪɟɫ. Вɨ-ɜɬɨɪых, 
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ɪаɡɪаɛɨɬɤа эɮɮɟɤɬɢɜɧɨɝɨ ɦɟɬɨɞа ɪɟшɟɧɢя 
чаɫɬɧɨɣ ɡаɞачɢ ɨɛычɧɨ ɫɜяɡаɧа ɫ ɢɫɩɨɥьɡɨ-
ɜаɧɢɟɦ ɩɪɢɟɦɨɜ, ɢɦɟɸщɢх ɛɨɥɟɟ шɢɪɨɤɨɟ, 
ɜыхɨɞящɟɟ ɡа ɪаɦɤɢ ɞаɧɧɨɣ ɡаɞачɢ ɡɧачɟɧɢɟ. 
Пɨэɬɨɦɭ аɜɬɨɪы ɫɬɪɟɦяɬɫя ɩɨɡɧаɤɨɦɢɬь чɢ-
ɬаɬɟɥя ɫ ɬаɤɢɦɢ ɩɪɢɟɦаɦɢ ɧа ɩɪɢɦɟɪах ɪɟ-
шɟɧɢя ɤɨɧɤɪɟɬɧых ɡаɞач, ɜ ɤɨɬɨɪых ɨɧɢ ɛы-
ɥɢ ɢɫɩɨɥьɡɨɜаɧы ɫ ɨчɟɜɢɞɧыɦ эɮɮɟɤɬɨɦ. 
Пɪɟɞɫɬаɜɥяɟɬɫя, чɬɨ ɜ хɨɞɟ ɢɡɥɨɠɟɧɢя аɜɬɨ-
ɪы ɧɟ ɜɫɟɝɞа ɫɬɪɟɦɢɥɢɫь ɤ ɦаɤɫɢɦаɥьɧɨɣ 
ɨɛщɧɨɫɬɢ ɢ ɛɟɡɭɩɪɟчɧɨɣ ɫɬɪɨɝɨɫɬɢ ɮɨɪɦɭ-
ɥɢɪɨɜɨɤ. Дɭɦаɟɬɫя, чɬɨ ɫɞɟɥаɧɧыɟ ɨɬɫɬɭɩɥɟ-
ɧɢя ɨɬ ɪаɫɩɪɨɫɬɪаɧɟɧɧɨɝɨ ɩɟɞаɧɬɢчɧɨɝɨ ɫɬɢ-
ɥя ɫɨɜɪɟɦɟɧɧɨɣ ɥɢɬɟɪаɬɭɪы ɩɨ чɢɫɥɟɧɧыɦ 
ɦɟɬɨɞаɦ ɛɭɞɭɬ ɫɩɨɫɨɛɫɬɜɨɜаɬь ɛɨɥьшɟɦɭ 
ɩɨɧɢɦаɧɢɸ ɢ ɭɫɜаɢɜаɧɢɸ ɢɡɥаɝаɟɦɨɝɨ ɦаɬɟ-
ɪɢаɥа ɫɬɭɞɟɧɬаɦɢ ɬɟхɧɢчɟɫɤɢх ɜыɫшɢх 
ɭчɟɛɧых ɡаɜɟɞɟɧɢɣ. 
Вɟɫь ɬɟɨɪɟɬɢчɟɫɤɢɣ ɦаɬɟɪɢаɥ ɫɧаɛɠɟɧ 
ɛɨɥьшɢɦ ɤɨɥɢчɟɫɬɜɨɦ ɩɪɢɦɟɪɨɜ, ɤɨɬɨɪыɟ 
ɧɨɫяɬ ɤаɤ ɩɨяɫɧяɸщɢɣ, ɬаɤ ɢ ɤɨɧɬɪɨɥьɧыɣ 
хаɪаɤɬɟɪ. Заɦɟɬɢɦ, чɬɨ ɡаɞаɧɢя ɧа ɜыɩɨɥɧɟ-
ɧɢɟ ɩɪаɤɬɢчɟɫɤɢх ɢ ɥаɛɨɪаɬɨɪɧых ɪаɛɨɬ, 
ɩɪɟɞɫɬаɜɥɟɧɧыɟ ɜ Ƚɥаɜɟ 4, ɧɨɫяɬ ɦɨɞɟɥьɧыɣ 
хаɪаɤɬɟɪ, ɭɞɨɛɧыɣ ɞɥя ɨɬɥаɞɤɢ ɩɪɟɞɫɬаɜɥɟɧ-
ɧых ɩɪɨɝɪаɦɦ, ɫ ɥɟɝɤɨ ɩɪɟɞɫɤаɡɭɟɦыɦɢ ɨɬ-
ɜɟɬаɦɢ. 
Сɥɟɞɭɟɬ ɨɬɦɟɬɢɬь, чɬɨ аɜɬɨɪы ɫɨɡɧаɬɟɥьɧɨ 
ɨɫɬаɜɢɥɢ ɡа ɪаɦɤаɦɢ ɞаɧɧɨɝɨ ɭчɟɛɧɨɝɨ ɩɨɫɨ-
ɛɢя ɢɡɥɨɠɟɧɢɟ ɜɨɩɪɨɫɨɜ, ɫɜяɡаɧɧых ɫ ɤɥаɫ-
ɫɢɮɢɤацɢɟɣ ɢ ɭɫɬɪɨɣɫɬɜɨɦ ɫɨɜɪɟɦɟɧɧых 
ɤɨɦɩьɸɬɟɪɨɜ, ɨɩɢɫаɧɢɟɦ ɤɨɦɩьɸɬɟɪɧых ɫɟ-
ɬɟɣ, ɨɫɧɨɜаɦɢ ɪаɛɨɬы ɫ ɩɨɩɭɥяɪɧыɦɢ ɨɩɟɪа-
цɢɨɧɧыɦɢ ɫɢɫɬɟɦаɦɢ, аɧɬɢɜɢɪɭɫɧыɦɢ ɩаɤɟ-
ɬаɦɢ, ɫɪɟɞɫɬɜаɦɢ ɡащɢɬы ɢɧɮɨɪɦацɢɢ ɢ 
ɨɮɢɫɧыɦɢ ɩɪɢɥɨɠɟɧɢяɦɢ. Эɬɨ ɛыɥɨ ɫɞɟɥаɧɨ 
ɫ ɬɟх ɩɨɡɢцɢɣ, чɬɨ ɜɫɟ ɜышɟɩɟɪɟчɢɫɥɟɧɧɨɟ 
ɬɪаɞɢцɢɨɧɧɨ ɢɡɭчаɟɬɫя ɜ шɤɨɥьɧых ɤɭɪɫах 
ɞɢɫцɢɩɥɢɧы «Иɧɮɨɪɦаɬɢɤа». 
В ɤɨɧцɟ ɤɧɢɝɢ ɩɪɢɜɟɞɟɧ ɛɢɛɥɢɨɝɪаɮɢчɟɫɤɢɣ 
ɫɩɢɫɨɤ, ɩɨɥьɡɭяɫь ɤɨɬɨɪыɦ ɦɨɠɧɨ ɛɨɥɟɟ 
ɩɨɥɧɨ ɢɡɭчɢɬь ɪаɫɫɦɨɬɪɟɧɧыɟ ɜɨɩɪɨɫы.  
Учɟɛɧɨɟ ɩɨɫɨɛɢɟ ɩɪɟɞɧаɡɧачɟɧɨ ɞɥя ɫɬɭɞɟɧ-
ɬɨɜ ɬɟхɧɢчɟɫɤɢх ɜыɫшɢх ɭчɟɛɧых ɡаɜɟɞɟɧɢɣ, 
ɨɛɭчаɸщɢхɫя ɩɨ ɞɢɫцɢɩɥɢɧаɦ «Иɧɮɨɪɦаɬɢ-
ɤа», «Сɬɪɨɢɬɟɥьɧая ɢɧɮɨɪɦаɬɢɤа», чаɫɬɢчɧɨ 
ɦɨɠɟɬ ɢɫɩɨɥьɡɨɜаɬьɫя ɩɪɢ ɢɡɭчɟɧɢɢ ɞɢɫцɢɩ-

ɥɢɧ «Аɥɝɨɪɢɬɦɢчɟɫɤɢɟ яɡыɤɢ ɢ ɩɪɨɝɪаɦɦɢ-
ɪɨɜаɧɢɟ», «Пɪɨɝɪаɦɦɧыɟ ɢ аɩɩаɪаɬɧыɟ 
ɫɪɟɞɫɬɜа ЭВМ», ɪɟɤɨɦɟɧɞɭɟɬɫя ɫɬɭɞɟɧɬаɦ 
ɫɬаɪшɢх ɤɭɪɫɨɜ ɩɪɢ ɜыɩɨɥɧɟɧɢɢ ɤɭɪɫɨɜых ɢ 
ɞɢɩɥɨɦɧых ɩɪɨɟɤɬɨɜ ɢ ɪаɛɨɬ, а ɬаɤɠɟ аɫɩɢ-
ɪаɧɬаɦ, а ɬаɤɠɟ ɩɨɥɟɡɧɨ ɞɥя ɫаɦɨɫɬɨяɬɟɥьɧɨ-
ɝɨ ɢɡɭчɟɧɢя. 
 
 
4. ɊȿЦȿɇɁɂə ɇА ɄɇɂȽɍ  
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Уɧɢɤаɥьɧɨɫɬь ɧаɫɬɨящɟɣ ɤɧɢɝɢ ɜ ɬɨɦ, чɬɨ 
ɨɧа ɭɠɟ яɜɥяɟɬɫя, ɩɨ ɫɭɬɢ, ɥɟɬɨɩɢɫьɸ. Зɞа-
ɧɢя ɩаɜɢɥьɨɧɨɜ ɜɫɟɦɢɪɧых ɜыɫɬаɜɨɤ «ЭКС-
ПО», ɤаɤ ɩɪаɜɢɥɨ, ɭɧɢɤаɥьɧыɟ ɢ ɝɪаɧɞɢɨɡ-
ɧыɟ ɩɨ аɪхɢɬɟɤɬɭɪɧыɦ ɡаɦыɫɥаɦ ɢ ɤɨɧɫɬ-
ɪɭɤɬɢɜɧыɦ ɪɟшɟɧɢяɦ, ɨɧɢ яɜɥяɸɬɫя ɜɩɟчаɬ-
ɥяɸщɢɦ ɫɢɦɜɨɥɨɦ ɝɨɪɨɞɨɜ ɢ ɫɬɪаɧ ɢ ɢх ɠɢ-
ɬɟɥɟɣ, ɤɨɬɨɪыɟ ɩɪɟɞɫɬаɜɥяɸɬ. Нɨ ɩɪɢ эɬɨɦ 
ɛɨɥьшɢɧɫɬɜɨ ɢɡ ɧɢх яɜɥяɸɬɫя ɜɪɟɦɟɧɧыɦɢ, 
ɠɢɡɧь ɢх ɤɨɪɨɬɤа ɨɧɢ ɫɧɨɫяɬɫя, ɪаɡɛɢɪаɸɬɫя 
ɢ ɛɟɡɜɨɡɜɪаɬɧɨ ɭхɨɞяɬ ɜ ɢɫɬɨɪɢɸ. Нɨ ɨɫɬа-
ɸɬɫя ɜ ɬаɤɢх ɤɧɢɝах, ɤаɤ эɬа ɜ ɤɪаɫɨчɧых 
ɫɧɢɦɤах, чɟɪɬɟɠах, ɫхɟɦах, ɢ ɩɪɨɮɟɫɫɢɨ-
ɧаɥьɧых ɩɨяɫɧɟɧɢях. Вɨɬ ɭɠɟ ɛɨɥɟɟ 150 ɥɟɬ 
ɜыɫɬаɜɤɢ «ЭКСП,О» яɜɥяяɫь яɪɤɢɦ ɢɫɬɨɪɢ-
чɟɫɤɢɦ ɫɨɛыɬɢɟɦ, ɞɟɦɨɧɫɬɪɢɪɭɸɬ ɩɪɢ эɬɨɦ 
аɪхɢɬɟɤɬɭɪɧыɟ ɢɧɧɨɜацɢɢ. Дɥя «ЭКСПО» 
ɛыɥɢ ɩɨɫɬɪɨɟɧы Хɪɭɫɬаɥьɧыɣ ɞɜɨɪɟц ɜ Лɨɧ-
ɞɨɧɟ, Эɣɮɟɥɟɜа ɛашɧя ɢ ɦɨɫɬ Аɥɟɤɫаɧɞɪа III 
ɜ Паɪɢɠɟ, ɪɨɬɨɧɞа Шɭхɨɜа ɜ Нɢɠɧɟɦ Нɨɜ-
ɝɨɪɨɞɟ, «Кɨɫɦɢчɟɫɤая ɢɝɥа» ɜ Сɢэɬɥɟ ɢ ɞɪ. 
Эɬɢ ɜыɫɬаɜɤɢ ɜɫɟɝɞа ɬɟɦаɬɢчɟɫɤɢɟ, ɬаɤ шаɧ-
хаɣɫɤая «ЭКСПО» ɫɬаɥа ɫɢɦɜɨɥɨɦ ɪаɡɜɢɬɢя 
ɝɥɨɛаɥьɧɨɣ ɭɪɛаɧɢɡацɢɢ ɫ ɞɟɜɢɡɨɦ «Лɭчшɟ 
ɝɨɪɨɞ – ɥɭчшɟ ɠɢɡɧь», ɨɞɧаɤɨ ɩɪɢ эɬɨɦ ɨɧɢ 
ɬɪаɞɢцɢɨɧɧɨ яɜɥяɸɬɫя ɥаɛɨɪаɬɨɪɢяɦɢ  ɢ 
ɦаɫшɬаɛɧыɦɢ эɤɫɩɟɪɢɦɟɧɬаɥьɧыɦɢ ɩɥɨщаɞ-
ɤаɦɢ ɤаɤ ɦаɫɬɢɬых, ɬаɤ ɢ ɦɨɥɨɞых ɬаɥаɧɬɥɢ-
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ɜых аɪхɢɬɟɤɬɨɪɨɜ ɛɨɥьшɨɝɨ ɤɨɥɢчɟɫɬɜа 
ɫɬɪаɧ. Бɟɡɭɫɥɨɜɧɨ, ɮɨɪɭɦɨɦ ɞɨɫɬɢɠɟɧɢɣ ɦɢ-
ɪɨɜɨɣ аɪхɢɬɟɤɬɭɪы ɫɬаɥа ɢ «ЭКСПО» - 2010 
ɜ Шаɧхаɟ. 
Наɭчɧɨɟ ɪɟɞаɤɬɢɪɨɜаɧɢɟ ɢ ɩɟɪɟɜɨɞ ɧа ɪɭɫ-
ɫɤɢɣ ɤɧɢɝɢ ɨɛ аɪхɢɬɟɤɬɭɪɧых ɢ ɫɬɪɨɢɬɟɥь-
ɧых ɨɛъɟɤɬах «ЭКСПО - 2010» ɨɫɭщɟɫɬɜɥя-
ɥɢ ɩɪɨɮɟɫɫɨɪа Мɨɫɤɨɜɫɤɨɝɨ ɝɨɫɭɞаɪɫɬɜɟɧɧɨ-
ɝɨ ɫɬɪɨɢɬɟɥьɧɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬа (МȽСУ) П.А. 
Аɤɢɦɨɜ ɢ В.Н. Сɢɞɨɪɨɜ. Нɟɫɨɦɧɟɧɧɨ, ɧа-
ɫɬɨящая ɤɧɢɝа ɩɨɦɨɠɟɬ ɪɨɫɫɢɣɫɤɢɦ ɫɩɟцɢа-
ɥɢɫɬаɦ ɩɨɥɭчɢɬь ɢɫчɟɪɩыɜаɸщɟɟ ɩɪɟɞɫɬаɜ-
ɥɟɧɢɟ ɨɛ аɪхɢɬɟɤɬɭɪɧых ɡаɦыɫɥах, ɩɪɨɟɤɬɢ-
ɪɨɜаɧɢɢ ɩаɜɢɥьɨɧɨɜ шаɧхаɣɫɤɨɣ ɜɫɟɦɢɪɧɨɣ 
ɜыɫɬаɜɤɢ, ɛɭɞɟɬ ɫɩɨɫɨɛɫɬɜɨɜаɬь ɪаɫɩɪɨɫɬɪа-
ɧɟɧɢɸ ɧɨɜых ɢɧɧɨɜацɢɣ ɦɢɪɨɜɨɣ аɪхɢɬɟɤ-
ɬɭɪы ɜ ɧашɟɣ ɫɬɪаɧɟ. 
 
 
5. ɊȿЦȿɇɁɂə ɇА ɄɇɂȽɍ 
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Оɛɟɫɩɟчɟɧɢɟ ɩɪɨчɧɨɫɬɢ, ɧаɞɟɠɧɨɫɬɢ ɢ эɤɨ-
ɧɨɦɢчɧɨɫɬɢ ɫɬɪɨɢɬɟɥьɧых ɨɛъɟɤɬɨɜ ɜ ɭɫɥɨ-
ɜɢях ɩɨяɜɥɟɧɢя ɧɨɜых ɦаɬɟɪɢаɥɨɜ, ɫɨɜɟɪ-
шɟɧɫɬɜɨɜаɧɢя ɤɨɧɫɬɪɭɤɬɢɜɧых ɪɟшɟɧɢɣ, 
ɪаɡɧɨɨɛɪаɡɧых ɬɪɟɛɨɜаɧɢɣ ɤ ɠɢɡɧɟɨɛɟɫɩɟ-
чɟɧɢɸ ɥɸɞɟɣ ɢ ɨɛɨɪɭɞɨɜаɧɢя ɜɧɭɬɪɢ ɡɞаɧɢɣ 
ɢ ɫɨɨɪɭɠɟɧɢɣ ɩɪɢɜɨɞɢɬ ɤ ɧɟɨɛхɨɞɢɦɨɫɬɢ 
ɩɨɫɬɨяɧɧɨɝɨ ɪаɡɜɢɬɢя ɦɟɬɨɞɨɜ ɪаɫчɟɬɧɨɝɨ 
ɨɛɨɫɧɨɜаɧɢя. Мɧɨɝɢɟ ɫɥɨɠɧыɟ ɤɨɧɫɬɪɭɤцɢɢ 
ɦɨɠɧɨ ɩɪɟɞɫɬаɜɢɬь ɤаɤ ɫɨɜɨɤɭɩɧɨɫɬь эɥɟ-
ɦɟɧɬɨɜ, ɪаɫчɟɬɧыɦɢ ɫхɟɦаɦɢ ɤɨɬɨɪых яɜɥя-
ɸɬɫя ɤɪаɟɜыɟ ɡаɞачɢ ɫɬɪɨɢɬɟɥьɧɨɣ ɦɟхаɧɢ-
ɤɢ. Пɨэɬɨɦɭ ɪɟшɟɧɢɟ ɢ ɢɫɫɥɟɞɨɜаɧɢɟ ɤɪаɟ-
ɜых ɡаɞач ɜ ɭɫɥɨɜɢях ɪаɡɧɨɨɛɪаɡɢя ɮɨɪɦ 
ɤɨɧɫɬɪɭɤцɢɣ ɢ ɦаɬɟɦаɬɢчɟɫɤɢх ɦɨɞɟɥɟɣ, ɫɨ-
ɨɬɜɟɬɫɬɜɭɸщɢх ɪаɡɥɢчɧыɦ ɬɟɨɪɢяɦ ɢ ɦаɬɟ-
ɪɢаɥаɦ, ɨɫɬаɟɬɫя аɤɬɭаɥьɧɨɣ ɡаɞачɟɣ. Сɨ-
ɜɟɪшɟɧɫɬɜɨɜаɧɢɟ ɪаɫчɟɬɧɨɝɨ ɨɛɨɫɧɨɜаɧɢя 

ɫɬɪɨɢɬɟɥьɧых ɨɛъɟɤɬɨɜ ɫɜяɡаɧɨ ɫ ɩɨяɜɥɟɧɢ-
ɟɦ ɢ ɧɟɩɪɟɪыɜɧыɦ ɪаɡɜɢɬɢɟɦ ɜычɢɫɥɢɬɟɥь-
ɧɨɣ ɬɟхɧɢɤɢ. В ɧаɫɬɨящɟɟ ɜɪɟɦя ɪɟшɟɧɢɟ 
ɧɟɤɨɬɨɪɨɣ чаɫɬɢ ɤɪаɟɜых ɡаɞач ɧɟ ɩɪɟɞɫɬаɜ-
ɥяɟɬ ɩɪɨɛɥɟɦы, хɨɬя ɜɨɩɪɨɫы ɩɨɜышɟɧɢя 
ɬɨчɧɨɫɬɢ ɢ ɭɩɪɨщɟɧɢя аɥɝɨɪɢɬɦɨɜ ɨɫɬаɸɬɫя 
ɜ ɫɢɥɟ. Вɦɟɫɬɟ ɫ ɬɟɦ, ɢɫɫɥɟɞɨɜаɧɢɟ цɟɥɨɝɨ 
ɪяɞа ɩɪɨɛɥɟɦ (ɧаɩɪɢɦɟɪ, ɫɬаɬɢчɟɫɤɢɟ ɢ ɞɢ-
ɧаɦɢчɟɫɤɢɟ ɪаɫчɟɬы ɬɪɟхɦɟɪɧых ɨɛъɟɤɬɨɜ, 
ɨɩɬɢɦɢɡацɢя ɤɨɧɫɬɪɭɤɬɢɜɧых ɮɨɪɦ) ɧɟ ɜɫɟ-
ɝɞа ɨɛɟɫɩɟчɢɜаɟɬɫя ɦɨщɧɨɫɬьɸ ɫɨɜɪɟɦɟɧɧых 
ЭВМ. В эɬɨɦ ɨɬɧɨшɟɧɢɢ ɬɪɟɛɭɟɬɫя ɪаɡɜɢɬɢɟ 
ɫɩɟцɢаɥɢɡɢɪɨɜаɧɧых чɢɫɥɟɧɧых ɢ чɢɫɥɟɧɧɨ-
аɧаɥɢɬɢчɟɫɤɢх ɦɟɬɨɞɨɜ. Ваɠɧɟɣшɢɦ ɮаɤɬɨ-
ɪɨɦ, ɪаɡɭɦɟɟɬɫя, яɜɥяɟɬɫя ɬаɤɠɟ ɤɨɪɪɟɤɬ-
ɧɨɫɬь ɩɨɫɬаɧɨɜɤɢ ɢ ɩɪɨɫɬɨɬа ɨɩɢɫаɧɢя, чɬɨ 
ɫɨɩɪяɠɟɧɨ, ɜ чаɫɬɧɨɫɬɢ, ɫ ɩɨɜышɟɧɢɟɦ эɮ-
ɮɟɤɬɢɜɧɨɫɬɢ ɢ ɭɩɪɨщɟɧɢɟɦ ɪɟаɥɢɡɭɸщɟɝɨ 
ɩɪɨɝɪаɦɦɧɨ-аɥɝɨɪɢɬɦɢчɟɫɤɨɝɨ ɨɛɟɫɩɟчɟɧɢя. 
В ɩɪɟɞɥаɝаɟɦɨɣ ɤɧɢɝɟ ɨɩɢɫаɧы ɬɟɨɪɟɬɢчɟ-
ɫɤɢɟ ɨɫɧɨɜы, аɥɝɨɪɢɬɦы ɢ ɫɬɪаɬɟɝɢя ɪɟшɟ-
ɧɢɣ ɡаɞач ɪаɫчɟɬа ɫɬɪɨɢɬɟɥьɧых ɤɨɧɫɬɪɭɤ-
цɢɣ ɜ ɪаɦɤах ɞɢɫɤɪɟɬɧых ɢ ɞɢɫɤɪɟɬɧɨ-
ɤɨɧɬɢɧɭаɥьɧых ɪɟаɥɢɡацɢɣ ɦɟɬɨɞа ɝɪаɧɢч-
ɧых ɢɧɬɟɝɪаɥьɧых ɭɪаɜɧɟɧɢɣ (ȽИУ). Тɪаɞɢ-
цɢɨɧɧая ɬɟхɧɢɤа ɦɟɬɨɞа ɝɪаɧɢчɧых эɥɟɦɟɧ-
ɬɨɜ (МȽЭ) – эɬɨ «ɜычɢɫɥɢɬɟɥьɧая Зɨɥɭшɤа», 
ɤɨɬɨɪая ɜыɪɨɫɥа ɜ ɬɟɧɢ ɦɟɬɨɞа ɤɨɧɟчɧых 
ɪаɡɧɨɫɬɟɣ (МКР) ɢ ɦɟɬɨɞа ɤɨɧɟчɧых эɥɟɦɟɧ-
ɬɨɜ (МКЭ).  
Нɟɫɦɨɬɪя ɧа ɬɨ, чɬɨ МȽЭ ɩɨ ɫɜɨɟɣ ɩɪɢɪɨɞɟ 
ɨɬɧɨɫɢɬɟɥьɧɨ ɩɪɨɫɬ ɜ ɩɪɢɦɟɧɟɧɢɢ ɢ ɞɨɫɬа-
ɬɨчɧɨ ɝɢɛɨɤ ɜ ɩɪɢɥɨɠɟɧɢях ɤɨ ɦɧɨɝɢɦ ɩɪɨ-
ɛɥɟɦаɦ, ɨɧ ɜɫɟ ɟщɟ ɧɟ ɩɨɥɭчɢɥ ɬɨɝɨ ɜɧɢɦа-
ɧɢя, ɤɨɬɨɪɨɟ ɡаɫɥɭɠɢɜаɟɬ, ɨɫɨɛɟɧɧɨ ɜ ɪаɡɥɢч-
ɧых ɨɛɥаɫɬях ɢɧɠɟɧɟɪɧɨɣ ɩɪаɤɬɢɤɢ, ɝɞɟ ɜɥа-
ɫɬɜɨɜаɥɢ ɭɤаɡаɧɧыɟ ɦɟɬɨɞы. Наɫɬɨящая ɦɨ-
ɧɨɝɪаɮɢя ɨɬчаɫɬɢ ɩɪɟɞɫɬаɜɥяɟɬ ɩɨɩыɬɤɭ ɜ ɧɟ-
ɤɨɬɨɪɨɣ ɦɟɪɟ ɢɫɩɪаɜɢɬь ɩɨɞɨɛɧɨɟ ɩɨɥɨɠɟɧɢɟ.  
Кɧɢɝа ɫɨɫɬɨɢɬ ɢɡ ɩɪɟɞɢɫɥɨɜɢя, ɜɨɫьɦɢ ɝɥаɜ, 
ɩɪɢɥɨɠɟɧɢя ɢ ɛɢɛɥɢɨɝɪаɮɢчɟɫɤɨɝɨ ɫɩɢɫɤа, 
ɜɤɥɸчаɸщɟɝɨ 485 ɧаɢɦɟɧɨɜаɧɢɣ. 
Ƚɥаɜа 1 ɩɨɫɜящɟɧа аɧаɥɢɡɭ ɫɨɜɪɟɦɟɧɧɨɝɨ 
ɫɨɫɬɨяɧɢя ɦɟɬɨɞɨɜ ɝɪаɧɢчɧых ɢɧɬɟɝɪаɥьɧых 
ɭɪаɜɧɟɧɢɣ, ɞɢɫɤɪɟɬɧых ɝɪаɧɢчɧых ɢɧɬɟ-
ɝɪаɥьɧых ɭɪаɜɧɟɧɢɣ ɢ ɝɪаɧɢчɧых эɥɟɦɟɧɬɨɜ, 
ɪаɫɫɦаɬɪɢɜаɸɬɫя аɤɬɭаɥьɧыɟ ɜɨɩɪɨɫы ɩɪɢ-
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ɦɟɧɟɧɢя аɩɩаɪаɬа аɧаɥɢɡа Фɭɪьɟ, ɜɟɣɜɥɟɬ-
аɧаɥɢɡа ɢ ɬɟɨɪɢɢ ɨɛɨɛщɟɧɧых ɮɭɧɤцɢɣ ɧа 
эɬаɩах ɩɨɫɬаɧɨɜɤɢ ɢ ɪɟшɟɧɢя ɤɪаɟɜых ɡаɞач 
ɪаɫчɟɬа ɤɨɧɫɬɪɭɤцɢɣ, ɡɞаɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ, 
ɨɛɫɭɠɞаɟɬɫя ɩɪɨɛɥɟɦа ɬɨчɧɨɫɬɢ ɪаɫчɟɬа 
ɫɬɪɨɢɬɟɥьɧых ɨɛъɟɤɬɨɜ. 
В Ƚɥаɜɟ 2 ɩɪɟɞɫɬаɜɥɟɧы ɬɟɨɪɟɬɢчɟɫɤɢɟ ɢ аɥ-
ɝɨɪɢɬɦɢчɟɫɤɢɟ ɨɫɧɨɜы ɦɟɬɨɞа ɫɬаɧɞаɪɬɧɨɣ 
(ɪаɫшɢɪɟɧɧɨɣ) ɨɛɥаɫɬɢ ɜ ɩɪɢɥɨɠɟɧɢях ɤ ɩɨ-
ɫɬаɧɨɜɤаɦ ɢ аɩɩɪɨɤɫɢɦацɢɢ ɤɪаɟɜых ɡаɞач 
ɪаɫчɟɬа ɫɬɪɨɢɬɟɥьɧых ɤɨɧɫɬɪɭɤцɢɣ. Оɩɢɫаɧɨ 
ɞɜа ɜаɪɢаɧɬа ɦɟɬɨɞа ɫɬаɧɞаɪɬɧɨɣ ɨɛɥаɫɬɢ – 
ɩɪяɦɨɣ ɢ ɧɟɩɪяɦɨɣ, ɩɪɢчɟɦ ɧаɢɛɨɥɟɟ ɩɪɨɪа-
ɛɨɬаɧ ɩɟɪɜыɣ ɜаɪɢаɧɬ, ɤɨɬɨɪыɣ ɜ ɫɥɭчаɟ 
ɝɪаɧɢчɧых ɭɪаɜɧɟɧɢɣ эɤɜɢɜаɥɟɧɬɟɧ ɩɪяɦɨɦɭ 
ɩɨɞхɨɞɭ. Аɜɬɨɪаɦɢ ɩɪɢɜɨɞяɬɫя ɨɩɟɪаɬɨɪɧыɟ 
ɮɨɪɦɭɥɢɪɨɜɤɢ ɨɫɧɨɜɧых ɤɪаɟɜых ɡаɞач 
ɫɬɪɨɢɬɟɥьɧɨɣ ɦɟхаɧɢɤɢ, чɬɨ ɨчɟɧь ɜаɠɧɨ ɞɥя 
ɨцɟɧɨɤ ɬɨчɧɨɫɬɢ ɪɟшɟɧɢя, ɫɜяɡаɧɧɨɝɨ ɫ ɜы-
чɢɫɥɟɧɢɟɦ ɧɟɜяɡɨɤ. Эɬɢ ɩɨɫɬаɧɨɜɤɢ хаɪаɤɬɟ-
ɪɢɡɭɸɬɫя ɫɨɝɥаɫɨɜаɧɧыɦ «ɜɟɫɨɦ» ɝɪаɧɢчɧых 
ɭɫɥɨɜɢɣ ɢ ɭɫɥɨɜɢɣ (ɭɪаɜɧɟɧɢɣ) ɜɧɭɬɪɢ ɨɛ-
ɥаɫɬɢ, ɩɪɢчɟɦ ɫɨɨɬɜɟɬɫɬɜɭɸщɢɟ «ɜɟɫа» 
ɩɪɟɞɫɬаɜɥɟɧы ɦɧɨɠɢɬɟɥяɦɢ ɜ ɜɢɞɟ ɫɢɧɝɭ-
ɥяɪɧых ɨɛɨɛщɟɧɧых ɮɭɧɤцɢɣ. Сɟɪьɟɡɧыɦ 
аɥɝɨɪɢɬɦɢчɟɫɤɢɦ ɩɪɟɢɦɭщɟɫɬɜɨɦ ɨɩɟɪаɬɨɪ-
ɧых ɩɨɫɬаɧɨɜɨɤ яɜɥяɟɬɫя ɬɨ, чɬɨ ɢх ɦɨɠɧɨ 
ɪаɫɫɦаɬɪɢɜаɬь ɜ ɥɸɛɨɣ ɪаɫшɢɪɟɧɧɨɣ ɨɛɥаɫ-
ɬɢ, ɜ чаɫɬɧɨɫɬɢ ɫɬаɧɞаɪɬɧɨɣ, чɬɨ ɩɪɢɜɨɞɢɬ ɤ 
ɨɛщɢɦ аɥɝɨɪɢɬɦаɦ, ɧɟ ɡаɜɢɫящɢɦ ɨɬ ɤɨɧɮɢ-
ɝɭɪацɢɢ ɪɟаɥьɧɨɣ ɤɨɧɫɬɪɭɤцɢɢ. Пɨɞчɟɪɤɧɟɦ, 
чɬɨ ɩɨɫɬɪɨɟɧɢɟ аɥɝɨɪɢɬɦɨɜ ɞɥя ɫɬаɧɞаɪɬɧɨɣ 
ɨɛɥаɫɬɢ ɨɛɥаɞаɟɬ ɭɧɢɜɟɪɫаɥьɧɨɫɬьɸ ɢ ɩɪɨ-
ɫɬɨɬɨɣ, ɩɨɡɜɨɥяɟɬ ɫɨɡɞаɜаɬь ɛыɫɬɪɨɞɟɣɫɬ-
ɜɭɸщɟɟ ɩɪɨɝɪаɦɦɧɨɟ ɨɛɟɫɩɟчɟɧɢɟ ɫ ɪаɡɜɢ-
ɬыɦɢ ɜɨɡɦɨɠɧɨɫɬяɦɢ ɪаɫɩаɪаɥɥɟɥɢɜаɧɢя ɧа 
ɫɨɜɪɟɦɟɧɧых яɡыɤах ɩɪɨɝɪаɦɦɢɪɨɜаɧɢя ɜы-
ɫɨɤɨɝɨ ɢ ɧɢɡɤɨɝɨ ɭɪɨɜɧя. Маɬɟɦаɬɢчɟɫɤая 
ɩɨɫɬаɧɨɜɤа ɡаɞачɢ ɩɪɢ эɬɨɦ ɭчаɫɬɜɭɟɬ, ɩɨ 
ɫɭɬɢ, ɜ ɤачɟɫɬɜɟ ɮɨɪɦаɥьɧɨɝɨ ɩаɪаɦɟɬɪа, ɢ 
ɪɟаɥɢɡацɢя ɧɨɜɨɣ ɦɨɞɟɥɢ ɢɥɢ ɬɟхɧɢчɟɫɤɨɣ 
ɬɟɨɪɢɢ ɜɦɟɫɬɟ ɫ ɫɨɨɬɜɟɬɫɬɜɭɸщɟɣ ɩɨɞɝɨɬɨɜ-
ɤɨɣ ɬɪɟɛɭɟɬ ɦɢɧɢɦаɥьɧɨɝɨ ɜɪɟɦɟɧɢ. Эɬɨ 
ɞɨɫɬɢɝаɟɬɫя ɧа ɨɫɧɨɜɟ эɮɮɟɤɬɢɜɧɨɝɨ ɫɨчɟɬа-
ɧɢя ɦɟɬɨɞа ɫɬаɧɞаɪɬɧɨɣ ɨɛɥаɫɬɢ ɢ ɦɟɬɨɞа 
ɛаɡɢɫɧых (ɥɨɤаɥьɧых) ɜаɪɢацɢɣ. В ɤачɟɫɬɜɟ 
ɮɨɪɦаɥьɧɨɝɨ ɩаɪаɦɟɬɪа ɡɞɟɫь ɢɫɩɨɥьɡɭɸɬɫя 

ɩɨɞыɧɬɟɝɪаɥьɧыɟ ɜыɪаɠɟɧɢя ɜ ɜаɪɢацɢɨɧ-
ɧɨɣ ɩɨɫɬаɧɨɜɤɟ. В ɫɜɨɟ ɜɪɟɦя ɩɨ эɬɨɣ ɦɟɬɨ-
ɞɢɤɟ ɛыɥɢ ɢɫɫɥɟɞɨɜаɧы ɞɟɫяɬɤɢ ɪаɡɥɢчɧых 
ɥɢɧɟɣɧых ɢ ɧɟɥɢɧɟɣɧых ɦɨɞɟɥɟɣ ɞɥя ɪаɡɧɨ-
ɨɛɪаɡɧых ɦаɬɟɪɢаɥɨɜ (ɠɟɥɟɡɨɛɟɬɨɧ, ɮɢɛɪɨ-
ɛɟɬɨɧ, аɫɛɨцɟɦɟɧɬ, ɤɢɪɩɢчɧая ɤɥаɞɤа ɢ ɬ.ɞ.). 
Ƚɥаɜа 3 ɩɨɫɜящɟɧа ɢɡɥɨɠɟɧɢɸ ɦɟɬɨɞɨɜ ɩɨ-
ɫɬɪɨɟɧɢя ɤɨɧɬɢɧɭаɥьɧых ɢ ɞɢɫɤɪɟɬɧых ɮɭɧ-
ɞаɦɟɧɬаɥьɧых ɮɭɧɤцɢɣ ɞɢɮɮɟɪɟɧцɢаɥьɧых 
ɨɩɟɪаɬɨɪɨɜ. Аɜɬɨɪаɦɢ ɩɪɟɞɥаɝаɸɬɫя ɭɧɢɜɟɪ-
ɫаɥьɧыɟ ɦɟɬɨɞы ɩɨɫɬɪɨɟɧɢя ɤɨɧɬɢɧɭаɥьɧых 
ɮɭɧɞаɦɟɧɬаɥьɧых ɮɭɧɤцɢɣ ɞɥя ɨɛыɤɧɨɜɟɧ-
ɧых ɥɢɧɟɣɧых ɞɢɮɮɟɪɟɧцɢаɥьɧых ɭɪаɜɧɟ-
ɧɢɣ ɩɪɨɢɡɜɨɥьɧɨɝɨ ɩɨɪяɞɤа ɫ ɩɨɫɬɨяɧɧыɦɢ 
ɤɨэɮɮɢцɢɟɧɬаɦɢ ɢ ɢх ɫɢɫɬɟɦ. Сɥɟɞɭɟɬ ɨɬɦɟ-
ɬɢɬь, чɬɨ ɩɪаɜɢɥьɧыɣ ɜыɛɨɪ ɮɭɧɞаɦɟɧɬаɥь-
ɧɨɣ ɮɭɧɤцɢɢ ɢɫɤɥɸчɢɬɟɥьɧɨ ɜаɠɟɧ ɫ ɩɨɡɢ-
цɢɣ ɤɨɪɪɟɤɬɧɨɫɬɢ ɩɨɫɥɟɞɭɸщɟɣ чɢɫɥɟɧɧɨɣ 
ɪɟаɥɢɡацɢɢ. В ɫɩɪаɜɨчɧых цɟɥях ɜ ɤɧɢɝɟ 
ɩɪɢɜɟɞɟɧа ɫɜɨɞɤа ɨɤɨɧчаɬɟɥьɧых ɮɨɪɦɭɥ 
ɞɥя ɤɨɧɬɢɧɭаɥьɧых ɮɭɧɞаɦɟɧɬаɥьɧых ɮɭɧɤ-
цɢɣ ɧɟɤɨɬɨɪых ɡаɞач ɫɬɪɨɢɬɟɥьɧɨɣ ɦɟхаɧɢɤɢ 
ɢ ɦаɬɟɦаɬɢчɟɫɤɨɣ ɮɢɡɢɤɢ. Пɨɫɬɪɨɟɧа ɧɟɤɨ-
ɬɨɪая аɥɝɟɛɪа ɨɛɪаɬɧых ɨɩɟɪаɬɨɪɨɜ ɬɟɨɪɢɢ 
ɭɩɪɭɝɨɫɬɢ, ɩɨɡɜɨɥяɸщая ɫɨɡɞаɜаɬь аɥɝɨɪɢɬ-
ɦы ɪɟшɟɧɢя ɡаɞач ɦɟɬɨɞɨɦ ɝɪаɧɢчɧых ɭɪаɜ-
ɧɟɧɢɣ. Бɨɥьшɨɟ ɜɧɢɦаɧɢɟ ɬаɤɠɟ ɭɞɟɥɟɧɨ 
ɪаɫɫɦɨɬɪɟɧɢɸ ɦɟɬɨɞɨɜ ɜычɢɫɥɟɧɢя ɮɭɧɞа-
ɦɟɧɬаɥьɧых ɪɟшɟɧɢɣ ɞɢɫɤɪɟɬɧых ɡаɞач, чɬɨ 
ɬɪɟɛɭɟɬɫя, ɜ чаɫɬɧɨɫɬɢ, ɩɪɢ ɪɟаɥɢɡацɢɢ ɦɟ-
ɬɨɞа ɞɢɫɤɪɟɬɧых ɝɪаɧɢчɧых ɭɪаɜɧɟɧɢɣ. В 
чаɫɬɧɨɫɬɢ, ɨɩɢɫыɜаɸɬɫя ɦɟɬɨɞы ɩɨɫɬɪɨɟɧɢя 
ɞɢɫɤɪɟɬɧых ɮɭɧɞаɦɟɧɬаɥьɧых ɮɭɧɤцɢɣ ɫ 
ɩɨɦɨщьɸ ɢɧɬɟɝɪаɥьɧых ɜыɪаɠɟɧɢɣ ɜ ɤɨɦ-
ɩɥɟɤɫɧɨɣ ɩɥɨɫɤɨɫɬɢ, ɫ ɩɨɦɨщьɸ ɞɢɫɤɪɟɬɧɨɝɨ 
ɩɪɟɨɛɪаɡɨɜаɧɢя Фɭɪьɟ, ɧа ɨɫɧɨɜɟ ɪɟшɟɧɢя 
ɜɫɩɨɦɨɝаɬɟɥьɧых ɤɪаɟɜых ɡаɞач ɜ ɪаɫшɢɪɟɧ-
ɧɨɣ ɨɛɥаɫɬɢ, а ɬаɤɠɟ ɦɟɬɨɞ С.Л. Сɨɛɨɥɟɜа 
ɞɥя ɜычɢɫɥɟɧɢя ɮɭɧɞаɦɟɧɬаɥьɧɨɣ ɮɭɧɤцɢɢ 
ɞɢɫɤɪɟɬɧɨɝɨ ɨɩɟɪаɬɨɪа Лаɩɥаɫа. Оɬɞɟɥьɧɨ 
ɢɡɥɨɠɟɧɨ ɜычɢɫɥɟɧɢɟ ɮɭɧɞаɦɟɧɬаɥьɧɨɣ 
ɮɭɧɤцɢɢ ɪаɡɪɟшаɸщɟɣ ɫɢɫɬɟɦы ɭɪаɜɧɟɧɢɣ 
ɞɢɫɤɪɟɬɧɨ-аɧаɥɢɬɢчɟɫɤɨɝɨ ɦɟɬɨɞа ɪаɫчɟɬа 
ɫɬɪɨɢɬɟɥьɧых ɨɛъɟɤɬɨɜ ɪɟɝɭɥяɪɧɨɣ ɫɬɪɭɤɬɭ-
ɪы. В ɡаɤɥɸчɟɧɢɢ ɞаɟɬɫя ɫɪаɜɧɢɬɟɥьɧая ха-
ɪаɤɬɟɪɢɫɬɢɤа ɦɟɬɨɞɨɜ ɜычɢɫɥɟɧɢя ɞɢɫɤɪɟɬ-
ɧых ɮɭɧɞаɦɟɧɬаɥьɧых ɮɭɧɤцɢɣ. 
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В Ƚɥаɜɟ 4 ɩɪɟɞɫɬаɜɥɟɧы ɨɩɟɪаɬɨɪɧыɟ ɢ ɜа-
ɪɢацɢɨɧɧыɟ ɩɨɫɬаɧɨɜɤɢ ɤɪаɟɜых ɡаɞач 
ɫɬɪɨɢɬɟɥьɧɨɣ ɦɟхаɧɢɤɢ ɢ ɦаɬɟɦаɬɢчɟɫɤɨɣ 
ɮɢɡɢɤɢ, а ɬаɤɠɟ ɫɮɨɪɦɭɥɢɪɨɜаɧы ɝɪаɧɢчɧыɟ 
ɩɫɟɜɞɨɞɢɮɮɟɪɟɧцɢаɥьɧыɟ ɭɪаɜɧɟɧɢя. Пɪɟɞ-
ɥаɝаɟɦыɟ ɨɩɟɪаɬɨɪɧыɟ ɩɨɫɬаɧɨɜɤɢ яɜɥяɸɬɫя 
ɤɨɧɬɢɧɭаɥьɧыɦ ɨɛɨɛщɟɧɢɟɦ ɫɨɨɬɜɟɬɫɬɜɭɸ-
щɟɝɨ ɜ ɦɟɬɨɞɟ ɤɨɧɟчɧых эɥɟɦɟɧɬɨɜ ɩɨɧяɬɢя 
ɦаɬɪɢцы ɠɟɫɬɤɨɫɬɢ, ɧɨ ɢɦɟɸɬ ɛɨɥɟɟ ɨɛщɢɣ 
хаɪаɤɬɟɪ. Аɜɬɨɪы ɩɪɟɞɥаɝаɸɬ ɧаɡыɜаɬь эɬɢ 
ɨɩɟɪаɬɨɪы ɤɪаɟɜых ɡаɞач ɨɩɟɪаɬɨɪаɦɢ ɠɟɫɬ-
ɤɨɫɬɢ. Сɥɟɞɭɟɬ ɨɬɦɟɬɢɬь, чɬɨ ɩɨчɬɢ ɜɫɟ ɭɤа-
ɡаɧɧыɟ ɨɩɟɪаɬɨɪы яɜɥяɸɬɫя ɫаɦɨɫɨɩɪяɠɟɧ-
ɧыɦɢ, ɜ ɬɨɦ чɢɫɥɟ ɢ ɞɥя ɡаɞач ɫɨ ɫɦɟшаɧɧы-
ɦɢ ɤɪаɟɜыɦɢ ɭɫɥɨɜɢяɦɢ. Бɨɥьшɨɟ ɜɧɢɦаɧɢɟ 
ɭɞɟɥяɟɬɫя ɝɪаɧɢчɧыɦ ɩɫɟɜɞɨɞɢɮɮɟɪɟɧцɢ-
аɥьɧыɦ ɭɪаɜɧɟɧɢяɦ ɩɪяɦɨɝɨ ɢ ɧɟɩɪяɦɨɝɨ 
ɩɨɞхɨɞɨɜ ɫ ɜыɞɟɥɟɧɢɟɦ ɨɫɧɨɜɧɨɝɨ ɧаɩɪаɜɥɟ-
ɧɢя (ɧаɩɪаɜɥɟɧɢя, ɜɞɨɥь ɤɨɬɨɪɨɝɨ ɢɦɟɟɬɫя 
ɩɨɫɬɨяɧɫɬɜɨ ɮɢɡɢɤɨ-ɝɟɨɦɟɬɪɢчɟɫɤɢх хаɪаɤ-
ɬɟɪɢɫɬɢɤ ɤɨɧɫɬɪɭɤцɢɢ), яɜɥяɸщɢɦɢɫя ɨɫɧɨ-
ɜɨɣ ɞɥя ɩɪяɦɨɝɨ ɢ ɧɟɩɪяɦɨɝɨ ɜаɪɢаɧɬɨɜ ɞɢɫ-
ɤɪɟɬɧɨ-ɤɨɧɬɢɧɭаɥьɧɨɝɨ ɦɟɬɨɞа ɝɪаɧɢчɧых 
эɥɟɦɟɧɬɨɜ. Пɪɟɞɥаɝаɸɬɫя ɦаɬɟɦаɬɢчɟɫɤɢɟ 
ɩɨɫɬаɧɨɜɤɢ ɤɪаɟɜых ɡаɞач ɫɬɪɨɢɬɟɥьɧɨɣ ɦɟ-
хаɧɢɤɢ ɞɥя ɪаɫчɟɬа ɤɨɦɛɢɧɢɪɨɜаɧɧых ɫɢɫ-
ɬɟɦ ɬɢɩа «ɩɥɢɬа – ɩɥɢɬа» ɢ «ɫɬɟɧɤа – ɛаɥɤа». 
Ƚɥаɜа 5 ɨɬɜɟɞɟɧа ɩɨɞ ɢɡɥɨɠɟɧɢɟ ɪяɞа аɤɬɭ-
аɥьɧых ɜɨɩɪɨɫɨɜ ɢɫɫɥɟɞɨɜаɧɢя ɢ ɪɟɝɭɥяɪɢ-
ɡацɢɢ яɞɟɪ ɩɫɟɜɞɨɞɢɮɮɟɪɟɧцɢаɥьɧых ɨɩɟɪа-
ɬɨɪɨɜ. Пɪɟɠɞɟ ɜɫɟɝɨ, ɡɞɟɫь ɭɤаɡыɜаɸɬɫя ɧɟ-
ɤɨɬɨɪыɟ ɩɪаɤɬɢчɟɫɤɢɟ ɩɪɢɟɦы, ɫɜяɡаɧɧыɟ ɫ 
ɢɫɩɨɥьɡɨɜаɧɢɟɦ ɫɢɧɝɭɥяɪɧых ɨɛɨɛщɟɧɧых 
ɮɭɧɤцɢɣ ɜ ɪаɫчɟɬах. Рɟчь ɢɞɟɬ ɨ ɮɭɧɤцɢях ɫɨ 
ɫɬɟɩɟɧɧыɦɢ ɨɫɨɛɟɧɧɨɫɬяɦɢ, ɤɨɬɨɪыɟ, ɤаɤ 
ɩɪаɜɢɥɨ, яɜɥяɸɬɫя яɞɪаɦɢ ɢɧɬɟɝɪаɥьɧых 
ɨɩɟɪаɬɨɪɨɜ, ɧɟ ɢɧɬɟɝɪɢɪɭɟɦыɦɢ ɜ ɨɛщɟɦ 
ɫɦыɫɥɟ. Таɤɢɟ ɮɭɧɤцɢɢ ɩɨɧɢɦаɸɬɫя ɜ ɜɢɞɟ 
ɢх ɧɟɤɨɬɨɪых ɪɟɝɭɥяɪɢɡацɢɣ, ɨɩɪɟɞɟɥяɸщɢх 
«ɩɪаɜɢɥа ɢɧɬɟɝɪɢɪɨɜаɧɢя» ɩɨ ɧɟɤɨɬɨɪыɦ 
ɮɨɪɦɭɥаɦ ɪɟɝɭɥяɪɢɡацɢɢ. Зачаɫɬɭɸ ɬаɤɢɟ 
ɪɟɝɭɥяɪɢɡацɢɢ ɩɪɟɞɥаɝаɸɬɫя ɪаɡɧыɦɢ ɫɩɨ-
ɫɨɛаɦɢ, ɤɨɬɨɪыɟ ɧɟ ɜɫɟɝɞа ɜɡаɢɦɧɨɨɞɧɨ-
ɡɧачɧы, чɬɨ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɪаɡɥɢчɧыɦ 
ɪɟɡɭɥьɬаɬаɦ ɜычɢɫɥɟɧɢɣ. Аɜɬɨɪаɦɢ ɩɪɢɜɨ-
ɞяɬɫя ɭɫɥɨɜɢя ɫɨɨɬɜɟɬɫɬɜɢя эɬɢх ɮɨɪɦɭɥ ɢ 
ɞɟɥаɸɬɫя ɜыɜɨɞы ɨ цɟɥɟɫɨɨɛɪаɡɧɨɫɬɢ ɢх 

ɨɛɨɫɧɨɜаɧɧɨɝɨ ɜыɛɨɪа. Кɪɨɦɟ ɬɨɝɨ, ɞаɸɬɫя 
ɩɪɟɞɫɬаɜɥɟɧɢя ɫɢɧɝɭɥяɪɧых ɨɛɨɛщɟɧɧых 
ɮɭɧɤцɢɣ ɫɨ ɫɬɟɩɟɧɧыɦɢ ɨɫɨɛɟɧɧɨɫɬяɦɢ ɜ 
ɜɢɞɟ ɩɨɫɥɟɞɨɜаɬɟɥьɧɨɫɬɟɣ ɨɛычɧых ɮɭɧɤ-
цɢɣ, чɬɨ, ɤаɤ ɩɪаɜɢɥɨ, ɨɬɫɭɬɫɬɜɭɟɬ ɜ ɥɢɬɟɪа-
ɬɭɪɟ, ɩɨɫɜящɟɧɧɨɣ ɨɛɨɛщɟɧɧыɦ ɮɭɧɤцɢяɦ. 
Эɬɢ ɩɪɟɞɫɬаɜɥɟɧɢя ɢɝɪаɸɬ ɨчɟɧь ɛɨɥьшɭɸ 
ɪɨɥь ɜ ɩɨɧɢɦаɧɢɢ ɫɨɨɬɜɟɬɫɬɜɭɸщɢх ɜаɠɧых 
ɮɭɧɤцɢɣ, ɢх ɫɬɪɭɤɬɭɪы ɢ ɩɨɫɬɪɨɟɧɢɢ ɩɪɢ-
ɛɥɢɠɟɧɧых аɧаɥɨɝɨɜ. Вɟɫьɦа ɡɧачɢɦыɦ яɜ-
ɥяɟɬɫя ɢ ɩɪɟɞɥаɝаɟɦыɣ ɨɛщɢɣ ɩɨɞхɨɞ ɤ 
ɩɪɟɞɫɬаɜɥɟɧɢɸ ɫɢɧɝɭɥяɪɧых ɨɛɨɛщɟɧɧых 
ɮɭɧɤцɢɣ ɜ ɜɢɞɟ ɩɪɨɢɡɜɨɞɧых ɨɬ ɧɟɩɪɟɪыɜ-
ɧых ɮɭɧɤцɢɣ, а ɬаɤɠɟ ɫ ɩɨɦɨщьɸ ɫɨɨɬɜɟɬɫɬ-
ɜɭɸщɢх ɢɦ ɢɧɬɟɝɪаɥьɧых ɨɩɟɪаɬɨɪɨɜ ɜ ɢɧ-
ɬɟɝɪɨ-ɞɢɮɮɟɪɟɧцɢаɥьɧɨɦ ɜɢɞɟ. Пɨɞɨɛɧая 
ɦɟɬɨɞɢɤа ɩɨɡɜɨɥяɟɬ ɩɪɟɨɞɨɥɟɬь ɜɫɟ ɜычɢɫ-
ɥɢɬɟɥьɧыɟ ɬɪɭɞɧɨɫɬɢ. Дɨɫɬаɬɨчɧɨ ɩɨɞɪɨɛɧɨ 
ɪаɫɫɦаɬɪɢɜаɸɬɫя ɩɫɟɜɞɨɞɢɮɮɟɪɟɧцɢаɥьɧыɟ 
ɨɩɟɪаɬɨɪы ɜ ɞɜɭɦɟɪɧых ɢ ɬɪɟхɦɟɪɧых ɩɪɨ-
ɛɥɟɦах, ɢх яɞɪа, ɩɪɟɞɟɥьɧыɟ ɫɜɨɣɫɬɜа ɢ ɪɟ-
ɝɭɥяɪɢɡацɢɢ, чɬɨ ɨчɟɧь ɜаɠɧɨ ɞɥя ɪɟаɥɢɡа-
цɢɢ ɢ ɪаɡɜɢɬɢя ɞɢɫɤɪɟɬɧɨ-ɤɨɧɬɢɧɭаɥьɧɨɝɨ 
ɦɟɬɨɞа ɝɪаɧɢчɧых эɥɟɦɟɧɬɨɜ. Сɥɟɞɭɟɬ ɨɬɦɟ-
ɬɢɬь ɬаɤɠɟ ɩɪɟɞɫɬаɜɥɟɧɧыɣ ɜ ɦɨɧɨɝɪаɮɢɢ 
ɦɟɬɨɞ ɤɨɧɟчɧɨɣ ɪɟɝɭɥяɪɢɡацɢɢ ɪɟшɟɧɢя ɝɪа-
ɧɢчɧых ɢɧɬɟɝɪаɥьɧых ɭɪаɜɧɟɧɢɣ (ɫɩɟɤ-
ɬɪаɥьɧыɣ ɦɟɬɨɞ ɝɪаɧɢчɧых эɥɟɦɟɧɬɨɜ). 
Ƚɥаɜа 6 ɫɨɞɟɪɠɢɬ ɨɩɢɫаɧɢɟ ɞɢɫɤɪɟɬɧɨ-
ɤɨɧɬɢɧɭаɥьɧɨɝɨ ɦɟɬɨɞа ɝɪаɧɢчɧых эɥɟɦɟɧ-
ɬɨɜ, ɜ ɪаɦɤах ɤɨɬɨɪɨɝɨ ɡаɞача ɫɜɨɞɢɬɫя ɤ ɢɧ-
ɬɟɝɪаɥьɧыɦ ɭɪаɜɧɟɧɢяɦ, ɪаɡɦɟɪɧɨɫɬь ɤɨɬɨ-
ɪых ɧа ɞɜа ɩɨɪяɞɤа ɦɟɧьшɟ ɪаɡɦɟɪɧɨɫɬɢ ɢɫ-
хɨɞɧɨɣ ɡаɞачɢ. Раɫɫɦаɬɪɢɜаɸɬɫя ɪаɡɥɢчɧыɟ 
ɜаɪɢаɧɬы чɢɫɥɟɧɧɨɣ ɪɟаɥɢɡацɢɢ ɦɟɬɨɞа ɫ 
ɢɫɩɨɥьɡɨɜаɧɢɟɦ аɩɩаɪаɬа аɧаɥɢɡа Фɭɪьɟ ɢ 
ɜɟɣɜɥɟɬ-аɧаɥɢɡа. Пɪɟɞɫɬаɜɥяɟɬɫя, чɬɨ ɫаɦɨ-
ɫɬɨяɬɟɥьɧɨɟ ɡɧачɟɧɢɟ ɢɦɟɸɬ ɪаɡɪаɛɨɬаɧɧыɟ 
ɩɪɢ эɬɨɦ аɜɬɨɪаɦɢ ɛыɫɬɪыɟ аɥɝɨɪɢɬɦы ɨɞ-
ɧɨɦɟɪɧых ɢ ɞɜɭɦɟɪɧых ɜɟɣɜɥɟɬ-
ɩɪɟɨɛɪаɡɨɜаɧɢɣ ɩɨ ɞɢɫɤɪɟɬɧɨɦɭ ɛаɡɢɫɭ Хаа-
ɪа, а ɬаɤɠɟ эɮɮɟɤɬɢɜɧыɣ ɩɨɞхɨɞ ɤ ɩɨɥɭчɟ-
ɧɢɸ ɥɨɤаɥьɧых ɪɟшɟɧɢɣ ɤɪаɟɜых ɡаɞач ɫ ɢɫ-
ɩɨɥьɡɨɜаɧɢɟɦ ɞɢɫɤɪɟɬɧɨɝɨ ɛаɡɢɫа Хааɪа. 
В Ƚɥаɜɟ 7 ɢɡɥаɝаɟɬɫя ɦɟɬɨɞ ɞɢɫɤɪɟɬɧых ɝɪа-
ɧɢчɧых ɭɪаɜɧɟɧɢɣ ɞɥя ɪаɫчɟɬа ɫɬɪɨɢɬɟɥьɧых 
ɤɨɧɫɬɪɭɤцɢɣ. Таɤ ɠɟ ɤаɤ ɢ ɦɟɬɨɞ ɝɪаɧɢчɧых 
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ɢɧɬɟɝɪаɥьɧых ɭɪаɜɧɟɧɢɣ, ɨɧ ɢɦɟɟɬ ɩɨɥɭаɧа-
ɥɢɬɢчɟɫɤɢɣ хаɪаɤɬɟɪ, ɬ.ɟ. ɩɪɟɞɫɬаɜɥяɟɬ ɪɟ-
шɟɧɢɟ ɜ ɜɢɞɟ ɤɨɧɟчɧых ɮɨɪɦɭɥ, ɤɨɬɨɪыɦ 
ɩɪɟɞшɟɫɬɜɭɟɬ чɢɫɥɟɧɧɨɟ ɜычɢɫɥɟɧɢɟ ɧɟɤɨ-
ɬɨɪых ɩаɪаɦɟɬɪɨɜ ɢɥɢ ɮɭɧɤцɢɣ. Оɬɥɢчɢɟ 
ɞɢɫɤɪɟɬɧɨɝɨ ɩɨɞхɨɞа ɫɨɫɬɨɢɬ ɜ ɬɨɦ, чɬɨ ɢɫ-
хɨɞɧая ɡаɞача ɭɠɟ ɞɢɫɤɪɟɬɧая, ɬɨ ɟɫɬь ɡаɞаɧа 
ɧа ɫɟɬɤɟ, ɢɦɟɸщɟɣ ɩɨɫɬɨяɧɧыɟ хаɪаɤɬɟɪɢ-
ɫɬɢɤɢ. Эɬɨ ɩɨɡɜɨɥяɟɬ ɜ аɧаɥɢɬɢчɟɫɤɨɣ ɮɨɪɦɟ 
ɢɫɤɥɸчɢɬь ɧɟɢɡɜɟɫɬɧыɟ ɜɨ ɜɧɭɬɪɟɧɧɢх ɬɨч-
ɤах ɤɨɧɫɬɪɭɤцɢɢ ɢ ɩɟɪɟɣɬɢ ɤ ɪаɡɪɟшаɸщɢɦ 
ɭɪаɜɧɟɧɢяɦ ɨɬɧɨɫɢɬɟɥьɧɨ ɧɟɢɡɜɟɫɬɧых ɜ 
ɝɪаɧɢчɧых ɬɨчɤах. Пɪɟɢɦɭщɟɫɬɜɨ ɩɪɟɞɥа-
ɝаɟɦɨɝɨ ɩɨɞхɨɞа ɡаɤɥɸчаɟɬɫя ɜ ɬɨɦ, чɬɨ ɜ 
ɨɬɥɢчɢɟ ɨɬ ɦɟɬɨɞа ɝɪаɧɢчɧых ɢɧɬɟɝɪаɥьɧых 
ɭɪаɜɧɟɧɢɣ ɡɞɟɫь ɨɬɫɭɬɫɬɜɭɸɬ ɩɪɨɛɥɟɦы, ɫɜя-
ɡаɧɧыɟ ɫ ɫɢɧɝɭɥяɪɧыɦɢ ɢɧɬɟɝɪаɥаɦɢ ɢ ɞɪɭ-
ɝɢɦɢ ɧɟɢɧɬɟɝɪɢɪɭɟɦыɦɢ ɜ ɨɛычɧɨɦ ɫɦыɫɥɟ 
ɮɭɧɤцɢяɦɢ. У ɩɪɟɞɥаɝаɟɦɨɝɨ ɩɨɞхɨɞа, хɨɬя 
ɨɧ ɢ ɞɨɫɬаɬɨчɧɨ ɭɧɢɜɟɪɫаɥɟɧ, ɟɫɬь эɮɮɟɤ-
ɬɢɜɧая ɨɛɥаɫɬь ɩɪɢɦɟɧɟɧɢя. Пɪɟɠɞɟ ɫɟɝɨ, 
эɬɨ ɤɨɧɫɬɪɭɤцɢɢ, ɫɨɫɬɨящɢɟ ɢɡ ɩɨɞɤɨɧɫɬ-
ɪɭɤцɢɣ ɩɪяɦɨɭɝɨɥьɧɨɣ ɮɨɪɦы, ɞɨɫɬаɬɨчɧɨ 
шɢɪɨɤɨ ɩɪɟɞɫɬаɜɥɟɧɧыɟ ɜ ɪɟаɥьɧых ɫɨɨɪɭ-
ɠɟɧɢях, ɜ чаɫɬɧɨɫɬɢ, ɜ ɫɬыɤɨɜых ɤɨɧɫɬɪɭɤ-
цɢях ɡɞаɧɢɣ. 
В Ƚɥаɜɟ 8 ɨɩɢɫаɧ ɦɟɬɨɞ ɪɟшɟɧɢя ɡаɞач ɪаɫ-
чɟɬа ɤɨɦɛɢɧɢɪɨɜаɧɧых ɫɢɫɬɟɦ ɫ ɩɪɢɦɟɧɟɧɢ-
ɟɦ аɧаɥɢɬɢчɟɫɤɨɝɨ аɩɩаɪаɬа ɬɟɨɪɢɢ ɝɪаɧɢч-
ɧых ɢɧɬɟɝɪаɥьɧых ɭɪаɜɧɟɧɢɣ. Сɬыɤɢ ɤɨɧɫɬ-
ɪɭɤцɢɣ ɜɫɟɝɞа яɜɥяɸɬɫя ɡɨɧаɦɢ ɩɨɜышɟɧɧɨɣ 
ɨɩаɫɧɨɫɬɢ, ɢɦɟɧɧɨ ɬаɦ чащɟ ɩɪɨɢɫхɨɞяɬ ɪаɡ-
ɪɭшɟɧɢя. Пɪɢ эɬɨɦ ɜаɠɧɨɣ ɢɫɫɥɟɞɨɜаɬɟɥь-
ɫɤɨɣ ɩɪɨɛɥɟɦɨɣ яɜɥяɟɬɫя ɡаɞача ɪаɫчɟɬа ɫɨ-
ɟɞɢɧɟɧɢɣ ɤɨɧɫɬɪɭɤцɢɣ ɪаɡɧɨɣ ɪаɡɦɟɪɧɨɫɬɢ 
ɢɥɢ ɪаɡɧɨɣ ɨɪɢɟɧɬацɢɢ ɜ ɩɪɨɫɬɪаɧɫɬɜɟ (ɧа-
ɩɪɢɦɟɪ, ɫɬɟɪɠɟɧь, ɪаɫɩɨɥɨɠɟɧɧыɣ ɩɟɪɩɟɧ-
ɞɢɤɭɥяɪɧɨ ɤ ɩɥɢɬɟ, ɢɥɢ ɩɥɢɬы, ɪаɫɩɨɥɨɠɟɧ-
ɧыɟ ɩɨɞ ɭɝɥɨɦ ɞɪɭɝ ɤ ɞɪɭɝɭ). Таɤ ɠɟ ɜаɠɧыɦ 
яɜɥяɟɬɫя ɜɨɡɦɨɠɧɨɫɬь ɤɨɪɪɟɤɬɧɨɝɨ ɪаɫчɟɬа 
ɮɪаɝɦɟɧɬɨɜ ɫɨɨɪɭɠɟɧɢɣ, ɦаɬɟɦаɬɢчɟɫɤая 
ɦɨɞɟɥь ɤɨɬɨɪых ɫɨɫɬɨɢɬ ɢɡ ɞɢɮɮɟɪɟɧцɢаɥь-
ɧых ɭɪаɜɧɟɧɢɣ ɪаɡɧɨɝɨ ɩɨɪяɞɤа (ɧаɩɪɢɦɟɪ, 
ɛаɥɤа ɧа ɭɩɪɭɝɨɦ ɩɨɥɭɩɪɨɫɬɪаɧɫɬɜɟ ɢɥɢ ɛаɥ-
ɤа, ɨɩɢɪаɸщаяɫя ɩɪɨɞɨɥьɧɨ ɧа ɤɨɧɫɬɪɭɤцɢɸ, 
ɧаɩɪяɠɟɧɧɨɟ ɫɨɫɬɨяɧɢɟ ɤɨɬɨɪɨɣ ɨɩɢɫыɜаɟɬ-
ɫя ɭɪаɜɧɟɧɢяɦɢ ɩɥɨɫɤɨɣ ɡаɞачɢ ɬɟɨɪɢɢ ɭɩɪɭ-

ɝɨɫɬɢ, ɢ ɬ.ɞ.). В эɬɢх ɫɥɭчаях ɩɪɢ ɫɬаɧɞаɪɬ-
ɧых ɩɨɞхɨɞах ɫ ɩɨɡɢцɢɣ ɦɟɬɨɞа ɤɨɧɟчɧых 
эɥɟɦɟɧɬɨɜ ɢɦɟɟɬ ɦɟɫɬɨ ɬаɤ ɧаɡыɜаɟɦая «ɧɟ-
ɫɨɜɦɟɫɬɧɨɫɬь» эɥɟɦɟɧɬɨɜ, ɩɪɢɦыɤаɸщɢх ɤ 
ɥɢɧɢяɦ ɢɥɢ ɩɨɜɟɪхɧɨɫɬяɦ ɫɬыɤɨɜɨɤ. Эɬɨ 
ɩɪɨɢɫхɨɞɢɬ ɢɡ-ɡа ɬɨɝɨ, чɬɨ ɮɭɧɤцɢɢ ɮɨɪɦы 
ɫɬыɤɭɟɦых ɤɨɧɟчɧых эɥɟɦɟɧɬɨɜ ɩɪɟɞɫɬаɜɥɟ-
ɧы ɩɨɥɢɧɨɦаɦɢ ɪаɡɧɨɝɨ ɩɨɪяɞɤа. Пɨэɬɨɦɭ ɧа 
ɝɪаɧɢцах ɫɨɨɬɜɟɬɫɬɜɭɸщɢх ɤɨɧɟчɧых эɥɟ-
ɦɟɧɬɨɜ ɜ ɪɟшɟɧɢях ɛɭɞɭɬ ɪаɡɪыɜы, чɬɨ ɩɪɢ-
ɜɨɞɢɬ ɤ ɧɟ ɜɫɟɝɞа ɤɨɧɬɪɨɥɢɪɭɟɦыɦ ɢ ɩɪɟɞ-
ɫɤаɡɭɟɦыɦ ɩɨɝɪɟшɧɨɫɬяɦ. Иɡ эɬɨɝɨ ɫɥɟɞɭɟɬ 
аɤɬɭаɥьɧɨɫɬь аɧаɥɢɬɢчɟɫɤɨɝɨ ɪɟшɟɧɢя ɬаɤɢх 
ɡаɞач, ɩɨɡɜɨɥяɸщɟɝɨ ɥɢɛɨ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ 
ɨɫɭщɟɫɬɜɢɬь ɭɬɨчɧɟɧɧыɣ ɪаɫчɟɬ ɤɨɧɫɬɪɭɤ-
цɢɢ, ɥɢɛɨ ɢɫɩɨɥьɡɨɜаɬь ɟɝɨ ɞɥя ɫɨɩɨɫɬаɜɥɟ-
ɧɢя ɢ ɤɨɪɪɟɤɬɢɪɨɜɤɢ ɪɟɡɭɥьɬаɬɨɜ чɢɫɥɟɧɧых 
ɪаɫчɟɬɨɜ. В ɤɧɢɝɟ ɨɩɢɫаɧы ɤɨɪɪɟɤɬɧыɟ чɢɫ-
ɥɟɧɧыɟ ɦɟɬɨɞы ɪɟшɟɧɢя ɡаɞач ɪаɫчɟɬа ɤɨɦ-
ɛɢɧɢɪɨɜаɧɧых ɫɢɫɬɟɦ, ɨɛɪаɡɨɜаɧɧых ɫɬыɤɨɜ-
ɤɨɣ ɞɜɭх ɩɥɢɬ, ɪаɛɨɬаɸщɢх ɜ ɪаɡɧых ɩɥɨɫɤɨ-
ɫɬях, а ɬаɤɠɟ ɫɬыɤɨɜɤɨɣ ɛаɥɤɢ-ɫɬɟɧɤɢ (ɞɜɭ-
ɦɟɪɧая ɡаɞача ɬɟɨɪɢɢ ɭɩɪɭɝɨɫɬɢ) ɢ ɛаɥɤɢ. 
В ɩɪɢɥɨɠɟɧɢɢ ɪаɫɫɦɨɬɪɟɧ ɜɨɩɪɨɫ ɨ ɫɨɝɥаɫɨ-
ɜаɧɧɨɫɬɢ ɜɟɫɨɜых хаɪаɤɬɟɪɢɫɬɢɤ ɫɦɟшаɧɧɨɣ 
ɤɪаɟɜɨɣ ɡаɞачɢ ɧа ɩɪɢɦɟɪɟ ɡаɞачɢ ɨ ɩɨɩɟ-
ɪɟчɧɨɦ ɢɡɝɢɛɟ ɛаɥɤɢ Бɟɪɧɭɥɥɢ. 
 
 
6. ɊȿЦȿɇɁɂə ɇА ɄɇɂȽɍ 

«ɈɋɈȻȿɇɇɈɋɌɂ  

ɉɊɈȿɄɌɂɊɈȼАɇɂə  

ɂ ȼɈɁȼȿȾȿɇɂə.  

ȼЫɋɈɌɇЫȿ ɁȾАɇɂə ɂ ȾɊɍȽɂȿ 

ɍɇɂɄАɅɖɇЫȿ ɋɈɈɊɍɀȿɇɂə  

ɄɂɌАə» 

(ɩеɪевоɞ ɧɚ ɪуссɤиɣ ɹɡыɤ и ɧɚучɧое  
ɪеɞɚɤɬиɪовɚɧие – ɉ.А. Аɤиɦов,  

ȼ.ɇ. ɋиɞоɪов, А.Ɋ. Ɍусɧиɧ; Ɇосɤвɚ,  
ɂɡɞɚɬелɶсɬво Аɋȼ, 2013. – 808 сɬɪɚɧиɰ) 

 

Каɤ ɢɡɜɟɫɬɧɨ, ɢɧɬɟɧɫɢɜɧыɣ эɤɨɧɨɦɢчɟɫɤɢɣ 
ɪɨɫɬ Кɢɬая ɢ ɧɟɭɤɥɨɧɧɨ ɪаɫɬɭщɢɟ ɧа ɩɪɨɬя-
ɠɟɧɢɢ ɞɜɭх ɩɨɫɥɟɞɧɢх ɞɟɫяɬɢɥɟɬɢɣ ɨɛъɟɦы 
ɩɪɨɢɡɜɨɞɫɬɜа ɞаɥɢ ɦɨщɧыɣ ɢɦɩɭɥьɫ ɪаɡɜɢ-
ɬɢя ɧацɢɨɧаɥьɧɨɣ ɨɬɪаɫɥɢ ɫɬɪɨɢɬɟɥьɧых ɦɟ-
ɬаɥɥɨɤɨɧɫɬɪɭɤцɢɣ. В ɧаɫɬɨящɟɟ ɜɪɟɦя ɜɫɟ 
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ɛɨɥɟɟ ɭɫɢɥɢɜаɟɬɫя ɪɨɥь ɦɟɧɟɞɠɦɟɧɬа ɤачɟ-
ɫɬɜа, ɩɨɜышаɟɬɫя ɧаɭɤɨɟɦɤɨɫɬь ɩɪɨɢɡɜɨɞɫɬ-
ɜа, ɜɫɟɦɟɪɧɨ ɪаɡɜɟɪɬыɜаɟɬɫя ɬɟхɧɢчɟɫɤɨɟ ɧɨ-
ɜаɬɨɪɫɬɜɨ, ɫɨɜɟɪшɟɧɫɬɜɭɟɬɫя ɫɢɫɬɟɦа ɩɨɞɝɨ-
ɬɨɜɤɢ ɫɩɟцɢаɥɢɫɬɨɜ ɜыɫшɟɣ ɤɜаɥɢɮɢɤацɢɢ, 
ɫɨɡɞаɸɬɫя ɢ ɩɪɨɞɜɢɝаɸɬɫя ɧа ɪыɧɤах ɧацɢɨ-
ɧаɥьɧыɟ ɬɨɪɝɨɜыɟ ɦаɪɤɢ. Пɪɟɞɫɬаɜɥяɟɬɫя, 
чɬɨ ɢ ɞɥя ɧашɟɣ ɫɬɪаɧы ɜ эɬɢх ɞɢɧаɦɢчɧɨ 
ɦɟɧяɸщɢхɫя ɭɫɥɨɜɢях ɨɫɨɛɟɧɧɨ цɟɧɟɧ ɢ ɢɧ-
ɬɟɪɟɫɟɧ ɨɩыɬ ɤɢɬаɣɫɤɢх ɤɨɥɥɟɝ. 
В ɪɟцɟɧɡɢɪɭɟɦɨɣ ɤɧɢɝɟ ɪаɫɫɦаɬɪɢɜаɟɬɫя ɛɨ-
ɝаɬыɣ ɨɩыɬ ЗАО «Цɡяɧɫɭɫɤая ɤɨɪɩɨɪацɢя ɩɨ 
ɫɬаɥьɧыɦ ɤɨɧɫɬɪɭɤцɢяɦ Хɭɧɢɧ», ɤɨɬɨɪая ɡа 
ɩɨɫɥɟɞɧɢɟ чɟɬɜɟɪɬь ɜɟɤа ɩɪɢɧяɥа ɫаɦɨɟ ɧɟ-
ɩɨɫɪɟɞɫɬɜɟɧɧɨɟ ɭчаɫɬɢɟ ɜ ɜɨɡɜɟɞɟɧɢɢ ɛɨɥɟɟ 
ɞɜɭхɫɨɬ ɨɛъɟɤɬɨɜ ɝɨɫɭɞаɪɫɬɜɟɧɧɨɣ ɜаɠɧɨɫɬɢ, 
ɫɪɟɞɢ ɤɨɬɨɪых, ɜ чаɫɬɧɨɫɬɢ, Шаɧхаɣɫɤɢɣ 
ɫɬаɞɢɨɧ, ɪаɫɫчɢɬаɧɧыɣ ɧа 80000 ɡɪɢɬɟɥɟɣ, 
Шаɧхаɣɫɤɢɣ Бɨɥьшɨɣ ɬɟаɬɪ, Шаɧхаɣɫɤɢɣ 
ɦɨɫɬ Лɭɩɭ чɟɪɟɡ ɪɟɤɭ Хɭаɧɩɭ (ɤɪɭɩɧɟɣшɢɣ ɜ 
ɦɢɪɟ аɪɨчɧыɣ ɦɨɫɬ), ɩɟɪɜыɣ ɢ ɜɬɨɪɨɣ ɬɟɪ-
ɦɢɧаɥы Шаɧхаɣɫɤɨɝɨ ɦɟɠɞɭɧаɪɨɞɧɨɝɨ аэɪɨ-
ɩɨɪɬа «Пɭɞɭɧ», ɜыɫɨɬɧɨɟ ɡɞаɧɢɟ Мɟɠɞɭɧа-
ɪɨɞɧɨɝɨ цɟɧɬɪа ɜɨɞɧɨɝɨ ɬɪаɧɫɩɨɪɬа ɜ ɝ. 
Шаɧхаɟ, Шаɧхаɣɫɤɢɣ ɥɢɬɟɪаɬɭɪɧыɣ цɟɧɬɪ, 
Шаɣхаɣɫɤая ɩɥɨщаɞь Шɢɦаɨ, Шаɧхаɣɫɤɢɣ 
ɮɢɧаɧɫɨɜыɣ цɟɧɬɪ «Хɭаɧьцɸ» («Цɡɢɧьɦаɨ 
ɩɥаɡа»), ɠɟɥɟɡɧɨɞɨɪɨɠɧая ɥɢɧɢя ɧа ɦаɝɧɢɬ-
ɧɨɣ ɩɨɞɭшɤɟ ɜ ɝɨɪɨɞɟ Шаɧхаɟ, Шаɧхаɣɫɤɢɣ 
цɟɧɬɪ ɢɫɬɨчɧɢɤɨɜ ɫɜɟɬа Кɢɬаɣɫɤɨɣ Аɤаɞɟ-
ɦɢɢ ɧаɭɤ, Ƚɨɫɭɞаɪɫɬɜɟɧɧыɣ ɛɨɥьшɨɣ ɬɟаɬɪ 
Кɢɬая, Пɟɤɢɧɫɤɢɣ ɮɢɧаɧɫɨɜыɣ цɟɧɬɪ Чɠɭɧ-
ɝɭаɧьцɭɧь, ɤɨɦɩɥɟɤɫ ɡɞаɧɢɣ Цɟɧɬɪаɥьɧɨɝɨ 
ɤɢɬаɣɫɤɨɝɨ ɬɟɥɟɜɢɞɟɧɢя, Нацɢɨɧаɥьɧыɣ ɫɬа-
ɞɢɨɧ («Пɬɢчьɟ ɝɧɟɡɞɨ»), ɘɠɧыɣ Пɟɤɢɧɫɤɢɣ 
ɜɨɤɡаɥ, ɬɪаɧɫɩɨɪɬɧыɣ цɟɧɬɪ ɬɟɪɦɢɧаɥа Сɬɨ-
ɥɢчɧɨɝɨ Мɟɠɞɭɧаɪɨɞɧɨɝɨ аэɪɨɩɨɪɬа Пɟɤɢɧа, 
ɡɞаɧɢɟ ɧɨɜɨɝɨ ɝɭаɧчɠɨɭɫɤɨɝɨ аэɪɨɩɨɪɬа 
«Баɣɸɧь», ɝɭаɧчɠɨɭɫɤɢɣ ɮɢɧаɧɫɨɜыɣ цɟɧɬɪ 
«Хэцɡɢɧ», ɫɬаɞɢɨɧ Лɢɧɧаɧь-Мɢɧчɠɭ ɝɨɪɨɞа 
Фɨшаɧь ɩɪɨɜɢɧцɢɢ Ƚɭаɧɞɭɧ, Тɟɥɟɜɢɡɢɨɧɧая 
ɛашɧя Ƚɭаɧчɠɨɭ (ɫаɦая ɜыɫɨɤая ɬɟɥɟɛашɧя ɜ 
ɦɢɪɟ), ɬɟɪɦɢɧаɥ ɦɟɠɞɭɧаɪɨɞɧɨɝɨ аэɪɨɩɨɪɬа 
«Шɭаɧɥɸ» ɝɨɪɨɞа Чэɧɞɭ, ɫɬаɞɢɨɧ Оɥɢɦɩɢɣ-
ɫɤɨɝɨ ɫɩɨɪɬɢɜɧɨɝɨ цɟɧɬɪа ɝɨɪɨɞа Чɭɧцɢɧ, 
ɫɬаɞɢɨɧ Оɥɢɦɩɢɣɫɤɨɝɨ ɫɩɨɪɬɢɜɧɨɝɨ цɟɧɬɪа 
ɝɨɪɨɞа Наɧьцɡɢɧ, ɫɬаɞɢɨɧ Оɥɢɦɩɢɣɫɤɨɝɨ 

ɫɩɨɪɬɢɜɧɨɝɨ цɟɧɬɪа ɝɨɪɨɞа Тяɧьцɡɢɧь, ɫɬа-
ɞɢɨɧ Оɥɢɦɩɢɣɫɤɨɝɨ ɫɩɨɪɬɢɜɧɨɝɨ цɟɧɬɪа ɝɨ-
ɪɨɞа Шэɧья ɢ ɞɪɭɝɢɟ.  
В ɪɟцɟɧɡɢɪɭɟɦɨɣ ɤɧɢɝɟ ɫɨɛɪаɧа ɢɧɮɨɪɦацɢя 
ɨ ɧɟɤɨɬɨɪых ɢɡɜɟɫɬɧых ɧа ɜɟɫь ɦɢɪ ɨɛъɟɤɬах 
ɩɨɫɥɟɞɧɢх ɥɟɬ, ɜ ɫɬɪɨɢɬɟɥьɫɬɜɟ ɤɨɬɨɪых 
ɩɪɢɧɢɦаɥа аɤɬɢɜɧɨɟ ɭчаɫɬɢɟ ЗАО «Цɡяɧɫɭ-
ɫɤая ɤɨɪɩɨɪацɢя ɩɨ ɫɬаɥьɧыɦ ɤɨɧɫɬɪɭɤцɢяɦ 
Хɭɧɢɧ». Вɧɢɦаɧɢɸ чɢɬаɬɟɥɟɣ ɩɪɟɞɫɬаɜɥɟɧы 
ɩɨɢɫɬɢɧɟ ɭɧɢɤаɥьɧыɟ ɬɟхɧɨɥɨɝɢɢ ɩɨɞɝɨɬɨɜ-
ɤɢ ɢ ɢɡɝɨɬɨɜɥɟɧɢя ɤɨɧɫɬɪɭɤцɢɣ, ɩɟɪɟɞɨɜыɟ 
ɧɨɜаɬɨɪɫɤɢɟ ɩɪɢɧцɢɩы ɦɨɧɬаɠа, ɦɧɨɝɨɫɬɭ-
ɩɟɧчаɬыɟ аɥɝɨɪɢɬɦы ɤɨɧɬɪɨɥя ɤачɟɫɬɜа, 
ɩɪɨɞɢɤɬɨɜаɧɧыɟ ɬɟɦ ɜыɫɨɤɢɦ чɭɜɫɬɜɨɦ ɨɬ-
ɜɟɬɫɬɜɟɧɧɨɫɬɢ ɤɨɪɩɨɪацɢɢ ɩɟɪɟɞ ɨɛщɟɫɬɜɨɦ. 
Выɫɨчаɣшɟɟ ɤачɟɫɬɜɨ ɩɪɨɞɭɤцɢɢ ɢ ɛɟɡɭ-
ɩɪɟчɧая ɪɟɩɭɬацɢя – эɬɨ ɬɟ ɮɭɧɞаɦɟɧɬаɥь-
ɧыɟ цɟɥɢ, ɧа ɤɨɬɨɪых ɩɨɫɬɪɨɟɧа ɜɫя ɞɟяɬɟɥь-
ɧɨɫɬь ɤɨɦɩаɧɢɢ. 
Пɨɥаɝаɸ, чɬɨ ɩɨяɜɥɟɧɢɟ ɞаɧɧɨɝɨ ɢɡɞаɧɢя ɜ 
Рɨɫɫɢɢ ɛɭɞɟɬ ɫɩɨɫɨɛɫɬɜɨɜаɬь ɞаɥьɧɟɣшɟɦɭ 
ɩɨɜышɟɧɢɸ ɨɪɝаɧɢɡацɢɨɧɧɨ-ɬɟхɧɢчɟɫɤɨɝɨ 
ɭɪɨɜɧя ɨɬɟчɟɫɬɜɟɧɧых ɩɪɟɞɩɪɢяɬɢɣ ɜ ɨɛɥаɫ-
ɬɢ ɩɪɨɢɡɜɨɞɫɬɜа ɢ ɦɨɧɬаɠа ɦɟɬаɥɥɨɤɨɧɫɬ-
ɪɭɤцɢɣ. Ваɠɧɟɣшɢɦɢ цɟɥɟɜыɦɢ ɝɪɭɩɩаɦɢ, 
ɧа ɤɨɬɨɪыɟ ɫɩɪаɜɟɞɥɢɜɨ ɪаɫɫчɢɬыɜаɸɬ аɜɬɨ-
ɪы яɜɥяɥɢɫь ɫɩɟцɢаɥɢɫɬы ɢɧɜɟɫɬɢцɢɨɧɧых 
ɤɨɦɩаɧɢɣ, ɩɪɨɟɤɬɧɨ-ɤɨɧɫɬɪɭɤɬɨɪɫɤɢх ɢ ɧа-
ɭчɧɨ-ɢɫɫɥɟɞɨɜаɬɟɥьɫɤɢх ɨɪɝаɧɢɡацɢɣ, ɩɪɨ-
ɮɟɫɫɨɪɫɤɨ-ɩɪɟɩɨɞаɜаɬɟɥьɫɤɢɣ ɫɨɫɬаɜ ɩɪɨ-
ɮɢɥьɧых ɜыɫшɢх ɭчɟɛɧых ɡаɜɟɞɟɧɢɣ, ɫɬɭ-
ɞɟɧɬы ɢ аɫɩɢɪаɧɬы. 
 
 
7. ɊȿЦȿɇɁɂə ɇА ɄɇɂȽɍ 

«ɋɈɉɊɈɌɂȼɅȿɇɂȿ ɆАɌȿɊɂАɅɈȼ» 

(ɚвɬоɪ – ȼ.ɇ. ɋиɞоɪов; Ɇосɤвɚ,  
ɂɡɞɚɬелɶсɬво «Аɪхиɬеɤɬуɪɚ – ɋ», 2013.  

– 304 сɬɪɚɧиɰы) 

 

Кɧɢɝа ɢɦɟɟɬ «ɝɪɢɮ»: «Дɨɩɭщɟɧɨ Учɟɛɧɨ-
ɦɟɬɨɞɢчɟɫɤɢɦ ɨɛъɟɞɢɧɟɧɢɟɦ ɩɨ ɨɛɪаɡɨɜа-
ɧɢɸ ɜ ɨɛɥаɫɬɢ аɪхɢɬɟɤɬɭɪы ɜ ɤачɟɫɬɜɟ ɭчɟɛ-
ɧɢɤа ɞɥя ɫɬɭɞɟɧɬɨɜ ɜыɫшɢх ɭчɟɛɧых ɡаɜɟɞɟ-
ɧɢɣ, ɨɛɭчаɸщɢхɫя ɩɨ ɧаɩɪаɜɥɟɧɢɸ «Аɪхɢ-
ɬɟɤɬɭɪа». Рɟцɟɧɡɢɪɭɟɦыɣ ɭчɟɛɧɢɤ ɩɨɫɬɪɨɟɧ 
ɧа ɤɭɪɫɟ ɥɟɤцɢɣ ɢ ɨɫɧɨɜаɧ ɧа ɨɩыɬɟ ɩɪɟɩɨ-
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ɞаɜаɧɢя ɟɟ аɜɬɨɪɨɦ ɞɢɫцɢɩɥɢɧы «Сɨɩɪɨɬɢɜ-
ɥɟɧɢɟ ɦаɬɟɪɢаɥɨɜ» ɜ Мɨɫɤɨɜɫɤɨɦ аɪхɢɬɟɤ-
ɬɭɪɧɨɦ ɢɧɫɬɢɬɭɬɟ (МАɪхИ). Пɪɨɮɟɫɫɢɨ-
ɧаɥьɧɨɦɭ аɪхɢɬɟɤɬɨɪɭ, ɧаɞɟɥяɸщɟɦɭ ɫɨɡɞа-
ɜаɟɦɨɟ ɢɦ ɫɨɨɪɭɠɟɧɢɟ ɮɭɧɤцɢɨɧаɥьɧɨɫɬьɸ, 
эɫɬɟɬɢчɟɫɤɢɦɢ ɢ ɫɨцɢаɥьɧыɦɢ ɤачɟɫɬɜаɦɢ, 
ɩɪɢɫɭщɟ ɢ «чɭɜɫɬɜɨ ɤɨɧɫɬɪɭɤцɢɢ», ɩɨɡɜɨ-
ɥяɸщɟɟ ɟɦɭ ɞɟɥаɬь ɫɨɨɪɭɠɟɧɢɟ ɩɪɨчɧыɦ, 
ɭɫɬɨɣчɢɜыɦ ɢ ɩɪɢɟɦɥɟɦɨ ɠёɫɬɤɢɦ. Фɨɪɦɢ-
ɪɨɜаɬь ɬаɤɢɟ ɫɩɨɫɨɛɧɨɫɬɢ ɛɭɞɭщɟɝɨ аɪхɢɬɟɤ-
ɬɨɪа ɩɪɢɡɜаɧ ɤɭɪɫ ɫɨɩɪɨɬɢɜɥɟɧɢя ɦаɬɟɪɢа-
ɥɨɜ. Иɫхɨɞя ɢɡ эɬɨɝɨ, ɛɨɥьшɨɟ ɜɧɢɦаɧɢɟ ɜ 
ɭчɟɛɧɢɤɟ ɭɞɟɥяɟɬɫя ɨɩɢɫаɧɢɸ ɨɫɧɨɜɧых ɩɨ-
ɧяɬɢɣ ɦɟхаɧɢɤɢ ɦаɬɟɪɢаɥɨɜ, ɩɪɟɠɞɟ ɜɫɟɝɨ, 
ɩɨɧяɬɢɣ ɜɧɟшɧɢх ɢ ɜɧɭɬɪɟɧɧɢх ɭɫɢɥɢɣ, ɧа-
ɩɪяɠɟɧɢɣ, ɩɟɪɟɦɟщɟɧɢɣ, ɞɟɮɨɪɦацɢɣ. Вɦɟ-
ɫɬɟ ɫ ɬɟɦ, ɫɨɡɞаɧɢɟ ɩɪɨчɧых, ɠёɫɬɤɢх ɢ ɭɫ-
ɬɨɣчɢɜых ɫɨɨɪɭɠɟɧɢɣ ɪɟɝɥаɦɟɧɬɢɪɭɸɬ 
Сɬɪɨɢɬɟɥьɧыɟ Нɨɪɦы ɢ Пɪаɜɢɥа. В ɭчɟɛɧɢɤɟ 
ɢɡɥɨɠɟɧы ɤɥɸчɟɜыɟ ɩɪɢɧцɢɩы ɪаɫчёɬа ɢ 
ɩɪɨɟɤɬɢɪɨɜаɧɢя эɥɟɦɟɧɬɨɜ ɫɬɪɨɢɬɟɥьɧых 
ɤɨɧɫɬɪɭɤцɢɣ, ɥɟɠащɢɟ ɜ ɨɫɧɨɜɟ ɧацɢɨɧаɥь-
ɧых ɝɨɫɭɞаɪɫɬɜɟɧɧых ɫɬаɧɞаɪɬɨɜ. В ɤɧɢɝɭ 
ɜɤɥɸчɟɧɨ ɦɧɨɝɨ ɩɪаɤɬɢчɟɫɤɢх ɩɪɢɦɟɪɨɜ. 
Эɬɨ ɩɪɢɦɟɪы ɨɩɪɟɞɟɥɟɧɢя ɜɟɥɢчɢɧ ɜɧɭɬɪɟɧ-
ɧɢх ɭɫɢɥɢɣ, ɧаɩɪяɠɟɧɢɣ, ɩɟɪɟɦɟщɟɧɢɣ ɜ 
ɫɬаɬɢчɟɫɤɢ ɨɩɪɟɞɟɥɢɦых ɢ ɫɬаɬɢчɟɫɤɢ ɧɟɨɩ-
ɪɟɞɟɥɢɦых эɥɟɦɟɧɬах ɤɨɧɫɬɪɭɤцɢɣ ɩɨɞ ɞɟɣ-
ɫɬɜɢɟɦ ɫɬаɬɢчɟɫɤɢх ɢ ɞɢɧаɦɢчɟɫɤɢх ɧаɝɪɭ-
ɡɨɤ, ɩɪɢɦɟɪы ɨцɟɧɤɢ ɩɪɨчɧɨɫɬɢ, ɞɟɮɨɪɦа-
ɬɢɜɧɨɫɬɢ, ɭɫɬɨɣчɢɜɨɫɬɢ ɢ ɧɟɫɭщɟɣ ɫɩɨɫɨɛ-
ɧɨɫɬɢ эɥɟɦɟɧɬɨɜ ɤɨɧɫɬɪɭɤцɢɣ, ɩɨɞɛɨɪа ɢх 
ɩɨɩɟɪɟчɧых ɫɟчɟɧɢɣ. Вɦɟɫɬɟ ɫ ɬɪаɞɢцɢɨɧ-
ɧыɦɢ ɮɨɪɦɭɥаɦɢ ɢ ɩɪɢёɦаɦɢ ɨɩɪɟɞɟɥɟɧɢя 
ɝɟɨɦɟɬɪɢчɟɫɤɢх хаɪаɤɬɟɪɢɫɬɢɤ ɩɨɩɟɪɟчɧых 
ɫɟчɟɧɢɣ эɥɟɦɟɧɬɨɜ ɤɨɧɫɬɪɭɤцɢɣ, ɨɫɧɨɜаɧ-
ɧыɦɢ ɧа ɜычɢɫɥɟɧɢɢ ɢɧɬɟɝɪаɥɨɜ ɩɨ ɩɥɨщаɞɢ 
эɬɢх ɫɟчɟɧɢɣ, ɜ ɭчɟɛɧɢɤɟ ɢɡɥɨɠɟɧы ɩɨɞхɨɞы 
ɩɭɬёɦ ɜычɢɫɥɟɧɢя ɢɧɬɟɝɪаɥɨɜ ɩɨ ɤɨɧɬɭɪɭ 
ɫɟчɟɧɢɣ, ɨɫɨɛɟɧɧɨ эɮɮɟɤɬɢɜɧыɟ, ɟɫɥɢ ɩɨɩɟ-
ɪɟчɧыɟ ɫɟчɟɧɢя ɢɦɟɸɬ ɫɥɨɠɧыɟ ɨчɟɪɬаɧɢя. 
Учɟɛɧɢɤ ɩɪɟɞɧаɡɧачɟɧ ɞɥя ɩɨɞɝɨɬɨɜɤɢ ɛаɤа-
ɥаɜɪɨɜ ɩɨ ɧаɩɪаɜɥɟɧɢɸ 270100 «Аɪхɢɬɟɤɬɭ-
ɪа» ɢ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɨɫɧɨɜɧɨɣ ɩɪɨɝɪаɦɦɟ 
ɞɢɫцɢɩɥɢɧы «Сɨɩɪɨɬɢɜɥɟɧɢɟ ɦаɬɟɪɢаɥɨɜ» 
ɞɥя ɫɬɭɞɟɧɬɨɜ ɜыɫшɢх ɭчɟɛɧых ɡаɜɟɞɟɧɢɣ, 

ɨɛɭчаɸщɢхɫя ɩɨ ɩɪɨɝɪаɦɦɟ ɛаɤаɥаɜɪɢаɬа 
эɬɨɝɨ ɧаɩɪаɜɥɟɧɢя. 
 
 
8. ɊȿЦȿɇɁɂə ɇА ɄɇɂȽɍ 

«ɂɇɎɈɊɆАɌɂɄА» 

(ɚвɬоɪы – А.Ȼ. Ɂолоɬов, ɉ.А. Аɤиɦов,  

ȼ.ɇ. ɋиɞоɪов, Ɇ.Ʌ. Ɇоɡɝɚлевɚ; Ɇосɤвɚ,  
ɂɡɞɚɬелɶсɬво Аɋȼ, 2013. – 400 сɬɪɚɧиɰ) 

 

Кɧɢɝа ɢɦɟɟɬ «ɝɪɢɮ»: «Рɟɤɨɦɟɧɞɨɜаɧɨ Учɟɛ-
ɧɨ-ɦɟɬɨɞɢчɟɫɤɢɦ ɨɛъɟɞɢɧɟɧɢɟɦ ɜыɫшɢх 
ɭчɟɛɧых ɡаɜɟɞɟɧɢɣ Рɨɫɫɢɣɫɤɨɣ Фɟɞɟɪацɢɢ 
ɩɨ ɨɛɪаɡɨɜаɧɢɸ ɜ ɨɛɥаɫɬɢ ɫɬɪɨɢɬɟɥьɫɬɜа ɜ 
ɤачɟɫɬɜɟ ɭчɟɛɧɢɤа ɞɥя ɫɬɭɞɟɧɬɨɜ, ɨɛɭчаɸ-
щɢхɫя ɩɨ ɧаɩɪаɜɥɟɧɢɸ 270100 «Сɬɪɨɢɬɟɥь-
ɫɬɜɨ». Пɟɪɜɨɟ ɢɡɞаɧɢɟ эɬɨɣ ɤɧɢɝɢ ɜышɥɨ ɜ 
ɫɜɟɬ ɜ ɢɡɞаɬɟɥьɫɬɜɟ АСВ ɩɨɞ ɨɛщɟɣ ɪɟɞаɤ-
цɢɟɣ А.Б. Зɨɥɨɬɨɜа ɜ 2010 ɝɨɞɭ. За эɬɨ ɜɪɟɦя 
ɫɬаɥɨ яɫɧɨ, чɬɨ ɨɧа ɧашɥа ɫɜɨɟɝɨ чɢɬаɬɟɥя. 
Кɧɢɝа ɞɨɫɬаɬɨчɧɨ аɤɬɢɜɧɨ ɢɫɩɨɥьɡɭɟɬɫя ɫɬɭ-
ɞɟɧɬаɦɢ, аɫɩɢɪаɧɬаɦɢ, ɩɪɟɩɨɞаɜаɬɟɥяɦɢ ɧɟ 
ɬɨɥьɤɨ ɜ МȽСУ, ɧɨ ɢ ɜ ɛɨɥьшɨɦ ɤɨɥɢчɟɫɬɜɟ 
ɞɪɭɝɢх ɜɭɡɨɜ ɫɬɪаɧы. Вɨ ɜɬɨɪɨɦ ɢɡɞаɧɢɢ ɢɫ-
ɩɪаɜɥɟɧы ɡаɦɟчɟɧɧыɟ ɧɟɞɨɫɬаɬɤɢ ɢ ɞɨɛаɜɥɟ-
ɧа ɧɨɜая ɝɥаɜа, ɩɨɫɜящɟɧɧая ɜɨɩɪɨɫаɦ ɪɟшɟ-
ɧɢя ɩɪɢɤɥаɞɧых ɡаɞач ɜ ɫɢɫɬɟɦɟ MATLAB, 
ɩɪɨɢɡɜɟɞɟɧа ɧɟɤɨɬɨɪая ɩɟɪɟɫɬаɧɨɜɤа ɦаɬɟ-
ɪɢаɥа ɞɥя ɨɛɥɟɝчɟɧɢя чɬɟɧɢя. 
Пɪɨшɥɨ ɨɬɧɨɫɢɬɟɥьɧɨ ɧɟɦɧɨɝɨ ɜɪɟɦɟɧɢ ɫ 
ɬɟх ɩɨɪ, ɤаɤ ɜ шɤɨɥах ɢ ɜɭɡах ɫɬɪаɧы ɧачаɥɢ 
ɢɡɭчаɬь ɞɢɫцɢɩɥɢɧɭ «Иɧɮɨɪɦаɬɢɤа». В ɧа-
ɫɬɨящɟɟ ɜɪɟɦя эɬа ɞɢɫцɢɩɥɢɧы ɩɨ ɩɪаɜɭ яɜ-
ɥяɟɬɫя ɛаɡɨɜɨɣ ɜ ɫɢɫɬɟɦɟ ɜыɫшɟɝɨ ɨɛɪаɡɨɜа-
ɧɢя ɢ ɜ ɤɨɦɩɥɟɤɫɟ ɫ ɞɪɭɝɢɦɢ ɤɥаɫɫɢчɟɫɤɢɦɢ 
ɞɢɫцɢɩɥɢɧаɦɢ ɩɪɢɡɜаɧа ɫɨɡɞаɜаɬь ɮɭɧɞа-
ɦɟɧɬ ɩɪɨɮɟɫɫɢɨɧаɥьɧɨɝɨ ɨɛɪаɡɨɜаɧɢя ɜ ɜɭɡɟ. 
Эɬа ɨɛɥаɫɬь ɡɧаɧɢɣ ɨɛшɢɪɧа ɢ ɫɟɝɨɞɧя ɟɟ 
ɝɪаɧɢцы, а ɬаɤɠɟ ɫɨɞɟɪɠаɧɢɟ ɫаɦɨɣ ɞɢɫцɢɩ-
ɥɢɧы «Иɧɮɨɪɦаɬɢɤа», ɬɪаɤɬɭɸɬɫя ɩɨ-
ɪаɡɧɨɦɭ. Оɞɧɢ ɫчɢɬаɸɬ ɟɟ ɜɟɥɟɧɢɟɦ ɜɪɟɦɟ-
ɧɢ, ɞаɧьɸ ɦɨɞɟ, яɜɥɟɧɢɟɦ ɩɪɟхɨɞящɢɦ, ɢɥɢ 
ɪаɫɫɦаɬɪɢɜаɸɬ ɢɧɮɨɪɦаɬɢɤɭ ɤаɤ ɧɟɤɭɸ ɩɪɟ-
ɦɭɞɪɨɫɬь. Дɪɭɝɢɟ ɜɨɫɩɪɢɧɢɦаɸɬ ɢɧɮɨɪɦа-
ɬɢɤɭ ɤаɤ ɫɭɝɭɛɨ ɩɪаɤɬɢчɟɫɤɭɸ ɞɢɫцɢɩɥɢɧɭ, 
ɭчащɭɸ ɧɟ ɡɧаɧɢяɦ, а ɭɦɟɧɢɸ «ɩɪаɜɢɥьɧɨ 
ɧаɠɢɦаɬь ɤɧɨɩɤɢ» ɩɟɪɫɨɧаɥьɧɨɝɨ ɤɨɦɩьɸ-
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ɬɟɪа, ɪаɛɨɬая ɜ ɧаɢɛɨɥɟɟ ɪаɫɩɪɨɫɬɪаɧɟɧɧых 
ɩɪɨɝɪаɦɦɧых ɫɪɟɞах, ɢ ɨɫɜаɢɜая ɥɢшь ɢх 
ɨɮɢɫɧыɟ ɩɪɢɥɨɠɟɧɢя. Дɨɫɬɢɠɟɧɢɟ ɩɪɨɮɟɫ-
ɫɢɨɧаɥьɧых ɤɨɦɩɟɬɟɧцɢɣ ɩɪɢ ɫɬɨɥь ɭɩɪɨ-
щɟɧɧɨɦ ɩɨɞхɨɞɟ ɤ ɢɡɭчɟɧɢɸ эɬɨɣ ɞɢɫцɢɩɥɢ-
ɧы ɜɟɫьɦа ɫɨɦɧɢɬɟɥьɧɨ – ɛɭɞɭɬ ɩɪɢɨɛɪɟ-
ɬаɬьɫя ɥɢшь ɧаɜыɤɢ ɢ ɧɟɦɧɨɝɨ ɭɦɟɧɢя, ɬɨɝɞа 
ɤаɤ ɡɧаɧɢя ɧɟ ɩɨяɜяɬɫя. Кɪɨɦɟ ɬɨɝɨ, ɭчɢɬы-
ɜая ɜыɫɨɤɭɸ ɞɢɧаɦɢɤɭ ɫɦɟɧы ɨɞɧɢх ɩɪɨ-
ɝɪаɦɦɧых ɩɪɨɞɭɤɬɨɜ ɢ ɬɟхɧɢчɟɫɤɢх ɜычɢɫ-
ɥɢɬɟɥьɧых ɫɪɟɞɫɬɜ ɞɪɭɝɢɦɢ, ɜɪяɞ ɥɢ ɜɨɨɛщɟ 
ɤɨɝɞа-ɥɢɛɨ ɭɞаɫɬɫя ɫɮɨɪɦɢɪɨɜаɬь аɞɟɤɜаɬ-
ɧыɟ ɫɨɜɪɟɦɟɧɧыɦ ɪɟаɥɢяɦ ɭɦɟɧɢя ɢ ɧаɜыɤɢ.  
Раɡɧыɟ ɜɡɝɥяɞы ɧа ɨɛɥаɫɬь ɡɧаɧɢɣ, ɧаɡɜаɧ-
ɧɭɸ «Иɧɮɨɪɦаɬɢɤɨɣ», ɢ ɧа ɟɟ ɝɪаɧɢцы ɨɩ-
ɪɟɞɟɥɢɥɢ ɢ ɪаɡɧыɟ ɩɨɞхɨɞы ɤ ɮɨɪɦɢɪɨɜаɧɢɸ 
ɫɨɞɟɪɠаɧɢя эɬɨɝɨ ɤɭɪɫа ɜ ɜɭɡах. В ɧаɫɬɨящɟɟ 
ɜɪɟɦя ɫɭщɟɫɬɜɭɟɬ ɧɟɫɤɨɥьɤɨ ɩɪɢɦɟɪɧых 
ɩɪɨɝɪаɦɦ ɩɨ ɞɢɫцɢɩɥɢɧɟ «Иɧɮɨɪɦаɬɢɤа», ɢ 
ɤаɠɞɨɟ ɭчɟɛɧɨɟ ɡаɜɟɞɟɧɢɟ, ɪɟаɥɢɡɭя ɪаɡɥɢч-
ɧыɟ ɧаɩɪаɜɥɟɧɢя ɩɨɞɝɨɬɨɜɤɢ, ɩɪɨɜɨɞɢɬ ɨɛɭ-
чɟɧɢɟ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɨɬɪɟɛɧɨɫɬяɦɢ ɫɨɨɬ-
ɜɟɬɫɬɜɭɸщɢх ɩɪɟɞɦɟɬɧых ɨɛɥаɫɬɟɣ. 
Оɩыɬ ɜɟɞɭщɢх ɨɬɟчɟɫɬɜɟɧɧых ɢ ɡаɪɭɛɟɠɧых 
ɨɛɪаɡɨɜаɬɟɥьɧых цɟɧɬɪɨɜ ɩɨɡɜɨɥяɟɬ ɫɮɨɪɦɭ-
ɥɢɪɨɜаɬь ɪяɞ ɩɪɢɧцɢɩɨɜ, ɤɨɬɨɪыɟ ɞɨɥɠɧы 
ɛыɬь ɨɫɧɨɜɧыɦɢ ɩɪɢ ɨɪɝаɧɢɡацɢɢ ɨɛɪаɡɨɜа-
ɬɟɥьɧɨɝɨ ɩɪɨцɟɫɫа ɩɨ ɞɢɫцɢɩɥɢɧɟ «Иɧɮɨɪ-
ɦаɬɢɤа» ɜ ɬɟхɧɢчɟɫɤɨɦ ɜɭɡɟ:  аɤɬɢɜɧɨɟ ɢɫɩɨɥьɡɨɜаɧɢɟ ɦаɬɟɦаɬɢчɟɫɤɨɝɨ 
аɩɩаɪаɬа, чɬɨ ɩɪɟɞɩɨɥаɝаɟɬ ɢɡɭчɟɧɢɟ 
ɩɪɢɧцɢɩɨɜ ɦаɬɟɦаɬɢчɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨ-
ɜаɧɢя ɢ ɨɫɧɨɜ чɢɫɥɟɧɧых ɦɟɬɨɞɨɜ;  ɪɟаɥьɧɨɟ ɨɜɥаɞɟɧɢɟ ɧаɜыɤаɦɢ ɩɪаɤɬɢчɟ-
ɫɤɨɣ ɪаɛɨɬы ɫɨ ɫɪɟɞɫɬɜаɦɢ ɩɟɪɟɞачɢ ɢ 
ɨɛɪаɛɨɬɤɢ ɢɧɮɨɪɦацɢɢ, чɬɨ ɬɪɟɛɭɟɬ ɜы-
ɩɨɥɧɟɧɢя ɦɧɨɝɨчɢɫɥɟɧɧых ɭɩɪаɠɧɟɧɢɣ 
ɧа ɩɪɨɝɪаɦɦɢɪɨɜаɧɢɟ;  ɢɡɭчɟɧɢɟ, ɩɪɟɠɞɟ ɜɫɟɝɨ, ɭɧɢɜɟɪɫаɥьɧых 
ɬɟɨɪɢɣ ɢ ɦɟɬɨɞɨɜ, ɤɨɬɨɪыɟ ɧɟ ɡаɜɢɫяɬ ɨɬ 
ɢɫɩɨɥьɡɭɟɦɨɣ ɨɩɟɪацɢɨɧɧɨɣ ɫɢɫɬɟɦы ɢ 
ɤɨɧɤɪɟɬɧɨɣ ɪɟаɥɢɡацɢɢ ɢ ɜɟɪɫɢɢ ɬɨɝɨ ɢɥɢ 
ɢɧɨɝɨ ɢɡɭчаɟɦɨɝɨ яɡыɤа ɩɪɨɝɪаɦɦɢɪɨɜаɧɢя. 

В ɬаɤɨɦ ɩɨɧɢɦаɧɢɢ ɢɧɮɨɪɦаɬɢɤа ɮɨɪɦɢɪɭɟɬ 
ɞɥя ɛɭɞɭщɢх ɫɩɟцɢаɥɢɫɬɨɜ ɨɫɨɛɭɸ ɦɟɬɨɞɢɤɭ 
ɨɫɜɨɟɧɢя ɢɧɮɨɪɦацɢɨɧɧых ɬɟхɧɨɥɨɝɢɣ ɢ 
ɪɟшɟɧɢя аɤɬɭаɥьɧых ɩɪɨɮɟɫɫɢɨɧаɥьɧых ɢɧ-

ɠɟɧɟɪɧых ɡаɞач, ɨɫɧɨɜаɧɧɭɸ «ɧа ɪаɡɜɢɬɢɢ ɜ 
шɢɪɨɤɨɦ ɩɪɢɦɟɧɟɧɢɢ ɦɟɬɨɞɨɜ ɦаɬɟɦаɬɢчɟ-
ɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜаɧɢя ɢ ɜычɢɫɥɢɬɟɥьɧɨɝɨ 
эɤɫɩɟɪɢɦɟɧɬа ɢ ɫɥɭɠащɭɸ ɛɥɢɠаɣшɢɦ ɫɬɪа-
ɬɟɝɢчɟɫɤɢɦ ɪɟɡɟɪɜɨɦ ɭɫɤɨɪɟɧɢя ɧаɭчɧɨ-
ɬɟхɧɢчɟɫɤɨɝɨ ɩɪɨɝɪɟɫɫа».  
За ɪаɦɤаɦɢ ɞаɧɧɨɝɨ ɭчɟɛɧɢɤа ɫɨɡɧаɬɟɥьɧɨ 
ɨɫɬаɜɥɟɧɨ ɢɡɥɨɠɟɧɢɟ ɜɨɩɪɨɫɨɜ, ɫɜяɡаɧɧых ɫ 
ɤɥаɫɫɢɮɢɤацɢɟɣ ɢ ɭɫɬɪɨɣɫɬɜɨɦ ɫɨɜɪɟɦɟɧɧых 
ɤɨɦɩьɸɬɟɪɨɜ, ɨɩɢɫаɧɢɟɦ ɤɨɦɩьɸɬɟɪɧых ɫɟ-
ɬɟɣ, ɨɫɧɨɜаɦɢ ɪаɛɨɬы ɫ ɩɨɩɭɥяɪɧыɦɢ ɨɩɟɪа-
цɢɨɧɧыɦɢ ɫɢɫɬɟɦаɦɢ, аɧɬɢɜɢɪɭɫɧыɦɢ ɩаɤɟ-
ɬаɦɢ, ɫɪɟɞɫɬɜаɦɢ ɡащɢɬы ɢɧɮɨɪɦацɢɢ ɢ 
ɨɮɢɫɧыɦɢ ɩɪɢɥɨɠɟɧɢяɦɢ. Эɬɨ ɛыɥɨ ɫɞɟɥа-
ɧɨ, ɩɪɟɠɞɟ ɜɫɟɝɨ, ɫ ɬɟх ɩɨɡɢцɢɣ, чɬɨ ɜɫɟ ɜы-
шɟɩɟɪɟчɢɫɥɟɧɧɨɟ яɜɥяɟɬɫя ɨɫɧɨɜɨɣ шɤɨɥь-
ɧых ɤɭɪɫɨɜ ɞɢɫцɢɩɥɢɧы «Иɧɮɨɪɦаɬɢɤа». 
Учɟɛɧɢɤ ɪаɡɛɢɬ ɧа ɬɪɢ ɝɥаɜы, ɨɬɪаɠаɸщɢɟ 
ɫɥɟɞɭɸщɢɟ аɫɩɟɤɬы ɢɧɮɨɪɦаɬɢɤɢ: ɨɛɡɨɪ ɫɨ-
ɜɪɟɦɟɧɧых яɡыɤɨɜ ɢ ɫɢɫɬɟɦ ɩɪɨɝɪаɦɦɢɪɨɜа-
ɧɢя, ɨɫɧɨɜы ɩɪɨɝɪаɦɦɢɪɨɜаɧɢя, ɨɫɧɨɜы чɢɫ-
ɥɟɧɧых ɦɟɬɨɞɨɜ ɪɟшɟɧɢя ɡаɞач ɥɢɧɟɣɧɨɣ 
аɥɝɟɛɪы, чɢɫɥɟɧɧыɟ ɦɟɬɨɞы ɪɟшɟɧɢя ɢɧɠɟ-
ɧɟɪɧых ɡаɞач ɢ ɢх ɪɟаɥɢɡацɢɢ ɧа яɡыɤах ɢ 
ɫɢɫɬɟɦах ɩɪɨɝɪаɦɦɢɪɨɜаɧɢя. 
Пɪɢɧяɬыɣ аɜɬɨɪаɦɢ ɫɬɢɥь ɢɡɥɨɠɟɧɢя ɜɨ 
ɦɧɨɝɨɦ ɨɩɪɟɞɟɥяɟɬɫя хаɪаɤɬɟɪɨɦ ɛɭɞɭщɟɣ 
ɪаɛɨɬы ɫɬɭɞɟɧɬɨɜ. Дɥя ɧɢх ɢɧɮɨɪɦаɬɢɤа, 
чɢɫɥɟɧɧɨɟ ɢ ɤɨɦɩьɸɬɟɪɧɨɟ ɦɨɞɟɥɢɪɨɜаɧɢɟ ɜ 
ɩɟɪɜɭɸ ɨчɟɪɟɞь ɛɭɞɭɬ ɫɨɜɪɟɦɟɧɧыɦ ɧаɭɤɨ-
ɟɦɤɢɦ ɢɧɫɬɪɭɦɟɧɬɨɦ ɪɟшɟɧɢя ɩɪɢɤɥаɞɧых 
ɬɟхɧɢчɟɫɤɢх ɩɪɨɛɥɟɦ. Кɪɨɦɟ ɬɨɝɨ, ɪаɫɫɦаɬ-
ɪɢɜаɟɦыɣ ɦаɬɟɪɢаɥ ɩɨɡɜɨɥяɟɬ ɩɨɧяɬь ɩɪɢɧ-
цɢɩы ɩɨɫɬɪɨɟɧɢя ɢ ɮɭɧɤцɢɨɧɢɪɨɜаɧɢя ɫɨ-
ɜɪɟɦɟɧɧых ɜыɫɨɤɨɩɪɨɢɡɜɨɞɢɬɟɥьɧых ɩɪɨ-
ɝɪаɦɦɧых ɤɨɦɩɥɟɤɫɨɜ ɩɪɨɦышɥɟɧɧɨɝɨ ɬɢɩа, 
ɪаɫɩɪɨɫɬɪаɧɟɧɧых ɜ ɫɬɪɨɢɬɟɥьɧɨɣ ɨɬɪаɫɥɢ, ɢ 
ɨɫɧɨɜы ɪɟаɥɢɡɭɟɦых ɜ ɧɢх ɦɟɬɨɞɨɜ.  
В хɨɞɟ ɢɡɥɨɠɟɧɢя аɜɬɨɪы ɧɟ ɜɫɟɝɞа ɫɬɪɟɦɢ-
ɥɢɫь ɤ ɦаɤɫɢɦаɥьɧɨɣ ɨɛщɧɨɫɬɢ ɢ ɛɟɡɭɩɪɟч-
ɧɨɣ ɫɬɪɨɝɨɫɬɢ ɮɨɪɦɭɥɢɪɨɜɨɤ. Пɪɟɞɫɬаɜɥяɟɬ-
ɫя, чɬɨ ɫɞɟɥаɧɧыɟ ɨɬɫɬɭɩɥɟɧɢя ɨɬ ɪаɫɩɪɨ-
ɫɬɪаɧɟɧɧɨɝɨ ɩɟɞаɧɬɢчɧɨɝɨ ɫɬɢɥя ɫɨɜɪɟɦɟɧ-
ɧɨɣ ɥɢɬɟɪаɬɭɪы ɩɨ чɢɫɥɟɧɧыɦ ɦɟɬɨɞаɦ ɛɭ-
ɞɭɬ ɫɩɨɫɨɛɫɬɜɨɜаɬь ɛɨɥьшɟɦɭ ɩɨɧɢɦаɧɢɸ ɢ 
ɭɫɜаɢɜаɧɢɸ ɢɡɥаɝаɟɦɨɝɨ ɦаɬɟɪɢаɥа ɫɬɭɞɟɧ-
ɬаɦɢ ɬɟхɧɢчɟɫɤɢх ɜɭɡɨɜ. 
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Вɟɫь ɬɟɨɪɟɬɢчɟɫɤɢɣ ɦаɬɟɪɢаɥ ɫɧаɛɠɟɧ 
ɛɨɥьшɢɦ ɤɨɥɢчɟɫɬɜɨɦ ɩɪɢɦɟɪɨɜ, ɤɨɬɨɪыɟ 
ɧɨɫяɬ ɤаɤ ɩɨяɫɧяɸщɢɣ, ɬаɤ ɢ ɤɨɧɬɪɨɥьɧыɣ 
хаɪаɤɬɟɪ. Заɞаɧɢя ɧа ɜыɩɨɥɧɟɧɢɟ ɩɪаɤɬɢчɟ-
ɫɤɢх ɢ ɥаɛɨɪаɬɨɪɧых ɪаɛɨɬ, ɩɪɟɞɫɬаɜɥɟɧɧыɟ 
ɜ Ƚɥаɜɟ 3, ɧɨɫяɬ ɦɨɞɟɥьɧыɣ хаɪаɤɬɟɪ, ɭɞɨɛ-
ɧыɣ ɞɥя ɨɬɥаɞɤɢ ɩɪɟɞɫɬаɜɥɟɧɧых ɩɪɨɝɪаɦɦ, 
ɫ ɥɟɝɤɨ ɩɪɟɞɫɤаɡɭɟɦыɦɢ ɨɬɜɟɬаɦɢ. 
В ɤɨɧцɟ ɤɧɢɝɢ ɩɪɢɜɟɞɟɧ ɛɢɛɥɢɨɝɪаɮɢчɟɫɤɢɣ 
ɫɩɢɫɨɤ, ɩɨɥьɡɭяɫь ɤɨɬɨɪыɦ ɠɟɥаɸщɢɟ ɦɨɝɭɬ 
ɛɨɥɟɟ ɩɨɥɧɨ ɢɡɭчɢɬь ɪаɫɫɦɨɬɪɟɧɧыɟ ɜɨɩɪɨɫы. 
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Раɡɪаɛɨɬɤа, ɢɫɫɥɟɞɨɜаɧɢɟ, ɪаɡɜɢɬɢɟ, ɜɟɪɢɮɢ-
ɤацɢя ɢ аɩɪɨɛацɢя ɦɟɬɨɞɨɜ ɪаɫчɟɬа ɫɬɪɨɢ-
ɬɟɥьɧых ɤɨɧɫɬɪɭɤцɢɣ, ɡɞаɧɢɣ, ɫɨɨɪɭɠɟɧɢɣ ɢ 
ɤɨɦɩɥɟɤɫɨɜ яɜɥяɸɬɫя ɨɞɧɢɦɢ ɢɡ ɜаɠɧɟɣшɢх 
ɧаɭчɧых ɧаɩɪаɜɥɟɧɢɣ, ɨɛɟɫɩɟчɢɜаɸщɢх ɩɨ-
ɜышɟɧɢɟ ɧаɞɟɠɧɨɫɬɢ ɢ ɞɨɥɝɨɜɟчɧɨɫɬɢ 
ɫɬɪɨɢɬɟɥьɧых ɨɛъɟɤɬɨɜ, ɫɨɜɟɪшɟɧɫɬɜɨɜаɧɢɟ 
ɤɨɧɫɬɪɭɤɬɢɜɧых ɪɟшɟɧɢɣ ɢ ɨɩɬɢɦаɥьɧыɣ 
ɜыɛɨɪ ɫɬɪɨɢɬɟɥьɧых ɦаɬɟɪɢаɥɨɜ, ɜɥɢяɸщɢх 
ɧа ɡɞɨɪɨɜьɟ ɥɸɞɟɣ, эɤɨɧɨɦɢɸ ɮɢɧаɧɫɨɜых 
ɫɪɟɞɫɬɜ, ɦɢɧɢɦɢɡацɢɸ ɡаɬɪаɬ эɧɟɪɝɢɢ ɜ хɨɞɟ 
эɤɫɩɥɭаɬацɢɢ. Сɨɜɪɟɦɟɧɧыɣ эɬаɩ ɪаɡɜɢɬɢя 
ɫɬɪɨɢɬɟɥьɧɨɣ ɦɟхаɧɢɤɢ ɢ ɦɟхаɧɢɤɢ ɞɟɮɨɪ-
ɦɢɪɭɟɦɨɝɨ ɬɜɟɪɞɨɝɨ ɬɟɥа хаɪаɤɬɟɪɢɡɭɟɬɫя 
ɩɪаɤɬɢчɟɫɤɢ ɩɨɜɫɟɦɟɫɬɧыɦ ɢɫɩɨɥьɡɨɜаɧɢɟɦ 
ɞɢɫɤɪɟɬɧых (чɢɫɥɟɧɧых) ɢ ɞɢɫɤɪɟɬɧɨ-
ɤɨɧɬɢɧɭаɥьɧых (чɢɫɥɟɧɧɨ-аɧаɥɢɬɢчɟɫɤɢх) 
ɦɟɬɨɞɨɜ. Бɥаɝɨɞаɪя ɩɪɨɝɪɟɫɫɭ ɜ ɨɛɥаɫɬɢ 
ɤɨɦɩьɸɬɟɪɧɨɣ ɬɟхɧɢɤɢ ɢ ɜычɢɫɥɢɬɟɥьɧɨɣ 
ɦаɬɟɦаɬɢɤɢ, а ɬаɤɠɟ ɫɨɜɟɪшɟɧɫɬɜɨɜаɧɢɸ 
ɢɧɮɨɪɦацɢɨɧɧых ɬɟхɧɨɥɨɝɢɣ ɢɡɦɟɧɢɥɨɫь 
ɫɨɨɬɧɨшɟɧɢɟ аɧаɥɢɬɢчɟɫɤɢх, эɤɫɩɟɪɢɦɟɧ-
ɬаɥьɧых, чɢɫɥɟɧɧых ɢ чɢɫɥɟɧɧɨ-
аɧаɥɢɬɢчɟɫɤɢх ɩɨɞхɨɞɨɜ ɤ ɪаɫчɟɬɭ ɫɬɪɨɢ-
ɬɟɥьɧых ɨɛъɟɤɬɨɜ. Каɤ ɢɡɜɟɫɬɧɨ, ɫɨɜɪɟɦɟɧ-

ɧая ɩɪаɤɬɢɤа ɜыɞɜɢɝаɟɬ ɡаɞачɢ ɦɨɞɟɥɢɪɨɜа-
ɧɢя ɫɥɨɠɧɟɣшɢх ɤɨɧɫɬɪɭɤɬɢɜɧых ɫɢɫɬɟɦ, 
ɩɨɥɧɨɟ ɪɟшɟɧɢɟ ɤɨɬɨɪых ɦɨɠɟɬ ɛыɬь ɩɨɥɭ-
чɟɧɨ ɜ ɛɨɥьшɢɧɫɬɜɟ ɫɥɭчаɟɜ ɬɨɥьɤɨ ɥɢшь 
чɢɫɥɟɧɧыɦ ɩɭɬɟɦ. В ɫаɦɨɦ ɞɟɥɟ, чɢɫɥɟɧɧɨ-
аɧаɥɢɬɢчɟɫɤɢɟ ɦɟɬɨɞы ɢɦɟɸɬ ɨɬɧɨɫɢɬɟɥьɧɨ 
ɭɡɤɭɸ ɨɛɥаɫɬь ɩɪɢɦɟɧɟɧɢя, ɩɨɢɫɤ ɡаɦɤɧɭɬɨ-
ɝɨ аɧаɥɢɬɢчɟɫɤɨɝɨ ɪɟшɟɧɢя ɞɥя аɞɟɤɜаɬɧɨɣ 
ɦаɬɟɦаɬɢчɟɫɤɨɣ ɦɨɞɟɥɢ ɫɥɨɠɧɨɣ ɤɨɧɫɬɪɭɤ-
цɢɢ ɧɟ ɩɪɟɞɫɬаɜɥяɟɬɫя ɜɨɡɦɨɠɧыɦ, а эɤɫɩɟ-
ɪɢɦɟɧɬаɥьɧыɟ ɢɫɫɥɟɞɨɜаɧɢя ɬаɤɨɝɨ ɪɨɞа 
ɤɨɧɫɬɪɭɤцɢɣ ɡачаɫɬɭɸ ɨɤаɡыɜаɸɬɫя ɜɟɫьɦа 
ɞɨɪɨɝɨɫɬɨящɢɦɢ, а ɩɨɪɨɣ ɢ ɧɟɩɨɥɧыɦɢ. Тɟɦ 
ɧɟ ɦɟɧɟɟ, ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬь, чɬɨ ɞаɠɟ ɩɪɢ ɢɫ-
ɩɨɥьɡɨɜаɧɢɢ ɜыɫɨɤɨɩɪɨɢɡɜɨɞɢɬɟɥьɧɨɣ ɤɨɦ-
ɩьɸɬɟɪɧɨɣ ɬɟхɧɢɤɢ ɪаɫчɟɬ ɞɨɫɬаɬɨчɧɨ ɨɛ-
шɢɪɧɨɝɨ ɤɪɭɝа ɢɧɠɟɧɟɪɧых ɤɨɧɫɬɪɭɤцɢɣ 
ɪаɡɥɢчɧɨɝɨ ɧаɡɧачɟɧɢя (ɫɬɪɨɢɬɟɥьɧых, аɜɢа-
цɢɨɧɧых, эɧɟɪɝɟɬɢчɟɫɤɢх ɢ ɬ.ɞ.) ɨɫɬаɟɬɫя ɩɨ-
ɪɨɣ ɜɟɫьɦа ɧɟɬɪɢɜɢаɥьɧɨɣ ɡаɞачɟɣ. Каɤ ɩɨ-
ɤаɡыɜаɟɬ ɢɦɟɸщɢɣɫя ɦɧɨɝɨɥɟɬɧɢɣ ɨɩыɬ, 
эɮɮɟɤɬɢɜɧɨɫɬь ɜɧɟɞɪɟɧɢя чɢɫɥɟɧɧых ɢ чɢɫ-
ɥɟɧɧɨ-аɧаɥɢɬɢчɟɫɤɢх ɩɨɞхɨɞɨɜ ɜ ɩɪаɤɬɢɤɭ 
ɦɨɞɟɥɢɪɨɜаɧɢя ɫɨɫɬɨяɧɢя ɫɬɪɨɢɬɟɥьɧых 
ɨɛъɟɤɬɨɜ ɡаɜɢɫɢɬ ɧɟ ɫɤɨɥьɤɨ ɨɬ ɦɨщɧɨɫɬɢ 
(ɩɪɨɢɡɜɨɞɢɬɟɥьɧɨɫɬɢ) ɢɫɩɨɥьɡɭɟɦɨɣ ɤɨɦɩь-
ɸɬɟɪɧɨɣ ɬɟхɧɢɤɢ, ɫɤɨɥьɤɨ ɨɬ ɪаɡɪаɛɨɬɤɢ 
ɤɨɪɪɟɤɬɧых ɢ ɪацɢɨɧаɥьɧых ɦɨɞɟɥɟɣ ɢ аɥɝɨ-
ɪɢɬɦɨɜ. Таɤɢɦ ɨɛɪаɡɨɦ, ɫɭщɟɫɬɜɭɸщая ɬɟɧ-
ɞɟɧцɢя ɤ ɦаɤɫɢɦаɥьɧɨ ɩɨɥɧɨɦɭ ɭчɟɬɭ ɫɩɟ-
цɢɮɢɤɢ ɪаɛɨɬы ɤɨɧɫɬɪɭɤцɢɢ ɜ ɧɨɪɦаɥьɧых ɢ 
эɤɫɬɪɟɦаɥьɧых ɭɫɥɨɜɢях эɤɫɩɥɭаɬацɢɢ ɬɪɟ-
ɛɭɟɬ ɩɨɫɬɨяɧɧɨɝɨ ɫɨɜɟɪшɟɧɫɬɜɨɜаɧɢя ɢ ɪаɡ-
ɜɢɬɢя чɢɫɥɟɧɧых ɢ чɢɫɥɟɧɧɨ-аɧаɥɢɬɢчɟɫɤɢх 
ɦɟɬɨɞɨɜ ɢ аɥɝɨɪɢɬɦɨɜ ɪаɫчɟɬа ɫɬɪɨɢɬɟɥьɧых 
ɨɛъɟɤɬɨɜ. 
В ɧаɫɬɨящɟɟ ɜɪɟɦя, ɤаɤ ɭɠɟ ɨɬɦɟчаɥɨɫь ɜы-
шɟ, чɢɫɥɟɧɧыɟ (ɩɪɟɢɦɭщɟɫɬɜɟɧɧɨ) ɢ чɢɫɥɟɧ-
ɧɨ-аɧаɥɢɬɢчɟɫɤɢɟ (ɜ ɦɟɧьшɟɣ ɫɬɟɩɟɧɢ) ɦɟ-
ɬɨɞы ɩɪɨчɧɨ ɜɨшɥɢ ɜ ɩɪаɤɬɢɤɭ ɩɪɨɟɤɬɧых 
ɨɪɝаɧɢɡацɢɣ, ɤɨɧɫɬɪɭɤɬɨɪɫɤɢх ɛɸɪɨ ɢ ɩɪɨ-
ɮɢɥьɧых ɧаɭчɧɨ-ɢɫɫɥɟɞɨɜаɬɟɥьɫɤɢх ɢɧɫɬɢ-
ɬɭɬɨɜ. Очɟɜɢɞɧɨ, чɬɨ шɢɪɨɤɨɟ ɜɧɟɞɪɟɧɢɟ 
эɬɢх ɦɟɬɨɞɨɜ ɬɪɟɛɭɟɬ ɨɬ ɧɢх ɞɨɫɬаɬɨчɧɨɣ 
ɩɪɨɫɬɨɬы (ɟɫɥɢ, ɤɨɧɟчɧɨ, эɬɨ ɜɨɡɦɨɠɧɨ), 
ɤɨɪɪɟɤɬɧɨɫɬɢ, ɧаɞɟɠɧɨɫɬɢ ɢ эɮɮɟɤɬɢɜɧɨɫɬɢ, 
чɬɨ ɧɟɨɛхɨɞɢɦɨ, ɜ чаɫɬɧɨɫɬɢ, ɞɥя ɩɪɨɜɟɞɟ-
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ɧɢя ɫɟɪɢɣɧых ɪаɫчɟɬɨɜ ɧа ɢɦɟɸщɟɣɫя ɜ ɧа-
ɥɢчɢɢ ɜычɢɫɥɢɬɟɥьɧɨɣ ɬɟхɧɢɤɟ ɜ ɪɟаɥьɧыɟ 
ɤаɥɟɧɞаɪɧыɟ ɫɪɨɤɢ. Дɥя ɪаɡɪаɛɨɬɤɢ чɢɫɥɟɧ-
ɧɨɝɨ ɢɥɢ чɢɫɥɟɧɧɨ-аɧаɥɢɬɢчɟɫɤɨɝɨ ɦɟɬɨɞа, 
ɨɛɥаɞаɸщɟɝɨ ɭɤаɡаɧɧыɦɢ ɫɜɨɣɫɬɜаɦɢ, ɧɟɨɛ-
хɨɞɢɦɨ ɭчɢɬыɜаɬь ɫɩɟцɢɮɢчɟɫɤɢɟ ɨɫɨɛɟɧɧɨ-
ɫɬɢ ɤɥаɫɫа ɡаɞач, ɧа ɪɟшɟɧɢɟ ɤɨɬɨɪых ɧа-
ɩɪаɜɥɟɧ эɬɨɬ ɦɟɬɨɞ.  
Оɩɪɟɞɟɥяɸщɢɦɢ ɭɫɥɨɜɢяɦɢ ɭɫɩɟха ɦɟɬɨɞа 
ɪаɫчɟɬа ɤɨɧɫɬɪɭɤцɢɢ яɜɥяɸɬɫя ɭɞачɧɨ ɜы-
ɛɪаɧɧая ɦɟхаɧɢчɟɫɤая ɦɨɞɟɥь (ɪаɫчɟɬɧая 
ɫхɟɦа) ɢ ɞɢɫɤɪɟɬɧая ɢɥɢ ɞɢɫɤɪɟɬɧɨ-
ɤɨɧɬɢɧɭаɥьɧая ɦɨɞɟɥь, ɬ.ɟ. ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 
чɢɫɥɟɧɧыɣ ɢɥɢ чɢɫɥɟɧɧɨ-аɧаɥɢɬɢчɟɫɤɢɣ ɦɟ-
ɬɨɞ ɪɟшɟɧɢя ɦаɬɟɦаɬɢчɟɫɤɨɣ ɡаɞачɢ ɢ ɫɩɨ-
ɫɨɛы ɪɟаɥɢɡацɢɢ аɥɝɨɪɢɬɦа ɧа ЭВМ. Пɪɢ 
чɢɫɥɟɧɧɨɦ ɪɟшɟɧɢɢ ɛɨɥьшɢх ɫɥɨɠɧых ɡаɞач 
ɫɬɪɨɢɬɟɥьɧɨɣ ɦɟхаɧɢɤɢ ɩɪɟɞɜаɪɢɬɟɥьɧɨɟ 
аɧаɥɢɬɢчɟɫɤɨɟ, чɢɫɥɟɧɧɨ-аɧаɥɢɬɢчɟɫɤɨɟ ɢ 
эɤɫɩɟɪɢɦɟɧɬаɥьɧɨɟ ɢɡɭчɟɧɢɟ ɪаɡɥɢчɧых ɥɨ-
ɤаɥьɧых ɫɜɨɣɫɬɜ ɩɪɨɛɥɟɦы ɦɨɠɟɬ ɨɤаɡаɬь 
ɛɨɥьшɭɸ ɩɨɦɨщь, а ɢɧɨɝɞа ɢ ɜɨɜɫɟ яɜɥяɟɬɫя 
ɪɟшаɸщɢɦ ɮаɤɬɨɪɨɦ ɞɥя ɭɫɩɟшɧɨɝɨ ɩɨ-
ɫɬɪɨɟɧɢя ɢ ɪɟаɥɢɡацɢɢ чɢɫɥɟɧɧɨɝɨ аɥɝɨɪɢɬ-
ɦа. Эɤɫɩɟɪɢɦɟɧɬаɥьɧая ɩɪɨɜɟɪɤа ɢ ɫɪаɜɧɟ-
ɧɢя (ɜɟɪɢɮɢɤацɢя) ɫ ɢɦɟɸщɢɦɢɫя аɧаɥɢɬɢ-
чɟɫɤɢɦɢ ɢ чɢɫɥɟɧɧɨ-аɧаɥɢɬɢчɟɫɤɢɦɢ ɪɟшɟ-
ɧɢяɦɢ ɡаɞачɢ ɜ ɛɨɥɟɟ ɩɪɨɫɬых ɢ чаɫɬɧых 
ɫɥɭчаях ɩɨɡɜɨɥяɸɬ ɞаɬь ɨцɟɧɤɭ ɩɪɢɧяɬɨɣ 
ɪаɫчɟɬɧɨɣ ɫхɟɦɟ ɤɨɧɫɬɪɭɤцɢɢ, аɥɝɨɪɢɬɦа ɢ 
ɩɨɥɭчɟɧɧɨɝɨ ɪɟшɟɧɢя, ɜ чаɫɬɧɨɫɬɢ ɟɝɨ ɬɨч-
ɧɨɫɬɢ. Зɞɟɫь, ɜɩɪɨчɟɦ, ɫɥɟɞɭɟɬ ɡаɦɟɬɢɬь, чɬɨ 
ɨцɟɧɤа ɬɨчɧɨɫɬɢ чɢɫɥɟɧɧɨɝɨ ɪɟшɟɧɢя ɫɮɨɪ-
ɦɭɥɢɪɨɜаɧɧɨɣ ɦаɬɟɦаɬɢчɟɫɤɨɣ ɡаɞачɢ ɞɨɥɠ-
ɧа ɩɪɨɜɨɞɢɬьɫя ɢɫɤɥɸчɢɬɟɥьɧɨ ɦаɬɟɦаɬɢчɟ-
ɫɤɢ, ɛɟɡ ɩɪɢɜɥɟчɟɧɢя ɞаɧɧых эɤɫɩɟɪɢɦɟɧ-
ɬаɥьɧых ɢɫɫɥɟɞɨɜаɧɢɣ. Качɟɫɬɜɟɧɧыɟ ɢ ɤɨ-
ɥɢчɟɫɬɜɟɧɧыɟ ɫɪаɜɧɟɧɢя ɫ эɤɫɩɟɪɢɦɟɧɬɨɦ 
ɞɨɥɠɧы ɞаɜаɬь ɢɧɮɨɪɦацɢɸ ɨ ɬɨɦ, ɧаɫɤɨɥь-
ɤɨ ɩɪɢɧяɬая ɦɟхаɧɢчɟɫɤая ɦɨɞɟɥь ɛɥɢɡɤа ɤ 
ɪɟаɥьɧɨɦɭ ɨɛъɟɤɬɭ. Вɨɨɛщɟ, ɧа ɜɫɟх эɬаɩах 
ɢɫɫɥɟɞɨɜаɧɢя ɧаɩɪяɠɟɧɧɨ-
ɞɟɮɨɪɦɢɪɨɜаɧɧɨɝɨ ɫɨɫɬɨяɧɢя ɡɞаɧɢя ɢɥɢ ɫɨ-
ɨɪɭɠɟɧɢя ɦаɬɟɦаɬɢчɟɫɤая ɬɟɨɪɢя, эɤɫɩɟɪɢ-
ɦɟɧɬаɥьɧыɟ ɦɟɬɨɞы ɢ чɢɫɥɟɧɧыɣ ɪаɫчɟɬ 
ɞɨɥɠɧы ɩɪɢɦɟɧяɬьɫя ɫɨɜɦɟɫɬɧɨ ɢ ɫɨɝɥаɫɨ-

ɜаɧɧɨ, а ɜɫяɤɨɟ ɩɪɨɬɢɜɨɩɨɫɬаɜɥɟɧɢɟ ɡɞɟɫь 
ɧɟɭɦɟɫɬɧɨ ɢ ɛɟɫɫɦыɫɥɟɧɧɨ. 
Оɫɧɨɜɧыɦ ɮɨɪɦɭɥɢɪɨɜɤаɦ ɤɪаɟɜых ɡаɞач 
ɫɬɪɨɢɬɟɥьɧɨɣ ɦɟхаɧɢɤɢ ɩɨɫɜящɟɧа Ƚɥаɜа 2 
ɧаɫɬɨящɟɣ ɦɨɧɨɝɪаɮɢɢ. Сɥɟɞɭɟɬ ɨɬɦɟɬɢɬь, 
чɬɨ ɩɨчɬɢ ɜɫɟ ɩɪɟɞɫɬаɜɥɟɧɧыɟ ɨɩɟɪаɬɨɪы 
ɤɪаɟɜых ɡаɞач яɜɥяɸɬɫя ɫаɦɨɫɨɩɪяɠɟɧɧыɦɢ, 
ɜ ɬɨɦ чɢɫɥɟ ɢ ɞɥя ɡаɞач ɫɨ ɫɦɟшаɧɧыɦɢ 
ɤɪаɟɜыɦɢ ɭɫɥɨɜɢяɦɢ. Пɨɤаɡыɜаɟɬɫя, чɬɨ ɨɩ-
ɪɟɞɟɥяɸщɢɦɢ ɮаɤɬɨɪаɦɢ ɞɥя ɮɨɪɦɭɥɢɪɨɜɤɢ 
ɤɪаɟɜых ɡаɞач яɜɥяɸɬɫя ɞɢɮɮɟɪɟɧцɢаɥьɧыɣ 
ɨɩɟɪаɬɨɪ ɢ хаɪаɤɬɟɪɢɫɬɢчɟɫɤая ɮɭɧɤцɢя ɨɛ-
ɥаɫɬɢ, ɡаɧɢɦаɟɦɨɣ ɤɨɧɫɬɪɭɤцɢɟɣ. Вɢɞ ɢ ɬɢɩ 
ɤɪаɟɜых ɭɫɥɨɜɢɣ ɜыɬɟɤаɟɬ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ 
ɢɡ ɞɟɣɫɬɜɢя ɨɩɟɪаɬɨɪа ɧа ɩɪɨɢɡɜɟɞɟɧɢɟ ха-
ɪаɤɬɟɪɢɫɬɢчɟɫɤɨɣ ɮɭɧɤцɢɢ ɢ ɢɫɤɨɦɨɣ ɮɭɧɤ-
цɢɢ ɢ, ɜɨɨɛщɟ ɝɨɜɨɪя, ɧɟ ɬɪɟɛɭɟɬɫя ɨɬɞɟɥьɧɨ 
ɨɫɧɨɜаɧɧая ɧа ɮɢɡɢчɟɫɤɨɣ ɩɨɫɬаɧɨɜɤɟ ɮɨɪ-
ɦɭɥɢɪɨɜɤа ɤɪаɟɜых ɭɫɥɨɜɢɣ, ɤаɤ ɟɫɬɟɫɬɜɟɧ-
ɧых (ɫɢɥɨɜых), ɬаɤ ɢ ɝɥаɜɧых (ɤɢɧɟɦаɬɢчɟ-
ɫɤɢх). Ваɠɧыɦ ɮаɤɬɨɪɨɦ яɜɥяɟɬɫя ɮɨɪɦɭɥɢ-
ɪɨɜɤа ɩɪаɜых чаɫɬɟɣ ɤɪаɟɜых ɡаɞач ɫ ɢɫɩɨɥь-
ɡɨɜаɧɢɟɦ ɨɛɨɛщɟɧɧых ɮɭɧɤцɢɣ, чɬɨ ɫɩɨɫɨɛ-
ɫɬɜɭɟɬ ɩɨɥɭчɟɧɢɸ ɨɛщɢх ɪɟшɟɧɢɣ ɢɡ ɟɞɢɧых 
ɮɨɪɦɭɥ. Дɪɭɝɨɟ ɩɪɟɢɦɭщɟɫɬɜɨ ɬаɤɨɣ ɮɨɪɦɭ-
ɥɢɪɨɜɤɢ – ɨчɟɜɢɞɧая ɜɨɡɦɨɠɧɨɫɬь ɩɨɫɬɪɨɟ-
ɧɢя ɤɪаɟɜых ɭɫɥɨɜɢɣ ɜ ɨɞɧɨɪɨɞɧɨɦ ɜɢɞɟ ɞɥя 
ɩɪɨɢɡɜɨɥьɧɨɝɨ ɫɥɭчая. Сɟɪьɟɡɧыɦ аɥɝɨɪɢɬ-
ɦɢчɟɫɤɢɦ ɩɪɟɢɦɭщɟɫɬɜɨɦ ɨɩɟɪаɬɨɪɧых ɩɨ-
ɫɬаɧɨɜɨɤ яɜɥяɟɬɫя ɬɨɬ ɮаɤɬ, чɬɨ ɢх ɦɨɠɧɨ 
ɪаɫɫɦаɬɪɢɜаɬь ɜ ɥɸɛɨɣ ɪаɫшɢɪɟɧɧɨɣ ɨɛɥаɫ-
ɬɢ, ɜ чаɫɬɧɨɫɬɢ ɫɬаɧɞаɪɬɧɨɣ, чɬɨ ɩɪɢɜɨɞɢɬ ɤ 
ɨɛщɢɦ аɥɝɨɪɢɬɦаɦ, ɧɟ ɡаɜɢɫящɢɦ ɨɬ ɤɨɧɮɢ-
ɝɭɪацɢɢ ɪɟаɥьɧɨɣ ɤɨɧɫɬɪɭɤцɢɢ.  
Вɫɟ чɢɫɥɟɧɧыɟ ɢ чɢɫɥɟɧɧɨ-аɧаɥɢɬɢчɟɫɤɢɟ 
ɩɨɞхɨɞы ɤ ɪɟшɟɧɢɸ ɡаɞач ɫɬɪɨɢɬɟɥьɧɨɣ ɦɟ-
хаɧɢɤɢ ɢɫɩɨɥьɡɭɸɬ ɞɢɫɤɪɟɬɧɨɟ ɢ ɞɢɫɤɪɟɬɧɨ-
ɤɨɧɬɢɧɭаɥьɧɨɟ ɩɪɟɞɫɬаɜɥɟɧɢɟ ɤɨɧɫɬɪɭɤцɢɣ ɫ 
ɩɨɦɨщьɸ ɤɨɧɟчɧɨɪаɡɧɨɫɬɧых ɫхɟɦ, ɤɨɧɟч-
ɧых эɥɟɦɟɧɬɨɜ ɢ ɝɪаɧɢчɧых эɥɟɦɟɧɬɨɜ. В 
ɧаɫɬɨящɟɟ ɜɪɟɦя ɧаɢɛɨɥɟɟ ɩɨɩɭɥяɪɧыɦɢ ɦɟ-
ɬɨɞаɦɢ ɞɢɫɤɪɟɬɢɡацɢɢ ɤɪаɟɜых ɡаɞач ɫɬɪɨɢ-
ɬɟɥьɧɨɣ ɦɟхаɧɢɤɢ, ɤаɤ ɢɡɜɟɫɬɧɨ, яɜɥяɸɬɫя 
ɦɟɬɨɞ ɤɨɧɟчɧых эɥɟɦɟɧɬɨɜ (МКЭ), ɦɟɬɨɞ 
ɝɪаɧɢчɧых эɥɟɦɟɧɬɨɜ (МȽЭ) ɢ ɜаɪɢацɢɨɧɧɨ-
ɪаɡɧɨɫɬɧыɣ ɦɟɬɨɞ (ВРМ). Вɫɟ ɬɪɢ ɭɤаɡаɧɧых 
ɦɟɬɨɞа ɞɨɫɬаɬɨчɧɨ ɩɨɞɪɨɛɧɨ ɨɬɪаɠɟɧы ɜ 
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ɦɧɨɝɨчɢɫɥɟɧɧых ɦɨɧɨɝɪаɮɢях ɢ ɭчɟɛɧɢɤах, 
ɪɟаɥɢɡɨɜаɧы ɜ ɩɪɨɝɪаɦɦɧɨ-аɥɝɨɪɢɬɦɢчɟɫɤɢх 
ɤɨɦɩɥɟɤɫах ɩɪɨɦышɥɟɧɧɨɝɨ ɬɢɩа. Сɜɨɟɨɛ-
ɪаɡɧыɦɢ ɤɨɪɪɟɤɬɧыɦɢ чɢɫɥɟɧɧɨ-
аɧаɥɢɬɢчɟɫɤɢɦɢ «аɧаɥɨɝаɦɢ» ɩɟɪɟчɢɫɥɟɧ-
ɧых ɩɨɞхɨɞɨɜ, ɩɪɟɞɥɨɠɟɧɧыɦɢ ɜ ɪаɛɨɬах 
А.Б. Зɨɥɨɬɨɜа ɢ П.А. Аɤɢɦɨɜа, яɜɥяɸɬɫя ɫɨ-
ɨɬɜɟɬɫɬɜɟɧɧɨ ɞɢɫɤɪɟɬɧɨ-ɤɨɧɬɢɧɭаɥьɧыɣ ɦɟ-
ɬɨɞ ɤɨɧɟчɧых эɥɟɦɟɧɬɨɜ (ДКМКЭ), ɞɢɫɤɪɟɬ-
ɧɨ-ɤɨɧɬɢɧɭаɥьɧыɣ ɦɟɬɨɞ ɝɪаɧɢчɧых эɥɟɦɟɧ-
ɬɨɜ (ДКМȽЭ) ɢ ɞɢɫɤɪɟɬɧɨ-ɤɨɧɬɢɧɭаɥьɧыɣ 
ɜаɪɢацɢɨɧɧɨ-ɪаɡɧɨɫɧыɣ ɦɟɬɨɞ (ДКВРМ). В 
ɪаɦɤах ɞаɧɧɨɣ ɤɧɢɝɢ ɢɡɥаɝаɸɬɫя ɦɧɨɝɨɭɪɨɜ-
ɧɟɜыɟ ɞɢɫɤɪɟɬɧыɟ (Ƚɥаɜы 3, 4) ɢ ɞɢɫɤɪɟɬɧɨ-
ɤɨɧɬɢɧɭаɥьɧыɟ (Ƚɥаɜы 4, 6) ɪɟаɥɢɡацɢɢ 
ВРМ. Заɦɟɬɢɦ, чɬɨ, ɜ цɟɥɨɦ, ɡɞɟɫь ɧɟ ɩɪɟɞ-
ɥаɝаɟɬɫя ɩɪɢɧцɢɩɢаɥьɧɨ ɧɨɜых ɩɨɞхɨɞɨɜ ɤ 
ɞɢɫɤɪɟɬɢɡацɢɢ ɡаɞач ɪаɫчɟɬа ɤɨɧɫɬɪɭɤцɢɣ. 
За ɨɫɧɨɜɭ ɩɪɢɧɢɦаɸɬɫя ВРМ ɢ ДКВРМ, хɨɬя 
ɦɧɨɝɢɟ ɩɪɟɞɥаɝаɟɦыɟ «ɮɭɧɞаɦɟɧɬаɥьɧыɟ» 
ɦɟɬɨɞы ɢ аɥɝɨɪɢɬɦы, ɜ чаɫɬɧɨɫɬɢ ɩɪɟɞɫɬаɜ-
ɥɟɧɧыɟ ɜ Ƚɥаɜɟ 4, ɧа ɤɨɬɨɪых ɛаɡɢɪɭɸɬɫя ɜɫɟ 
аɜɬɨɪɫɤɢɟ ɪаɡɪаɛɨɬɤɢ, ɦɨɝɭɬ ɛыɬь ɫ ɭɫɩɟхɨɦ 
ɢɫɩɨɥьɡɨɜаɧы ɫɨɜɦɟɫɬɧɨ ɫ ɞɪɭɝɢɦɢ чɢɫɥɟɧ-
ɧыɦɢ ɢ чɢɫɥɟɧɧɨ-аɧаɥɢɬɢчɟɫɤɢɦɢ ɩɨɞхɨɞа-
ɦɢ. В эɬɨɦ ɫɦыɫɥɟ ɫɥɟɞɭɟɬ ɨɫɨɛɨ ɨɬɦɟɬɢɬь 
ɭɧɢɜɟɪɫаɥьɧыɟ ɤɨɪɪɟɤɬɧыɟ ɦɟɬɨɞы ɬɨчɧɨɝɨ 
аɧаɥɢɬɢчɟɫɤɨɝɨ ɪɟшɟɧɢя ɦɧɨɝɨɬɨчɟчɧых 
ɤɪаɟɜых ɡаɞач ɪаɫчɟɬа ɫɬɪɨɢɬɟɥьɧых ɤɨɧɫɬ-
ɪɭɤцɢɣ ɞɥя ɨɛыɤɧɨɜɟɧɧых ɞɢɮɮɟɪɟɧцɢаɥь-
ɧых ɭɪаɜɧɟɧɢɣ ɩɪɨɢɡɜɨɥьɧɨɝɨ ɩɨɪяɞɤа ɫ ɤɭ-
ɫɨчɧɨ-ɩɨɫɬɨяɧɧыɦɢ ɤɨэɮɮɢцɢɟɧɬаɦɢ ɢ ɢх 
ɫɢɫɬɟɦ. Ваɠɧɨ ɩɨɞчɟɪɤɧɭɬь, чɬɨ ɩɨɫɬɪɨɟɧɢɟ 
аɧаɥɢɬɢчɟɫɤɢх ɪɟшɟɧɢɣ ɞɥя ɬаɤɨɝɨ ɪɨɞа ɡа-
ɞач, ɤаɤ ɩɪаɜɢɥɨ, ɧаɬаɥɤɢɜаɟɬɫя ɧа ɬɪɭɞɧɨ-
ɫɬɢ, ɫɜяɡаɧɧыɟ ɫ ɧаɥɢчɢɟɦ ɜ ɨɛщɟɦ ɜɢɞɟ ɪɟ-
шɟɧɢя ɝɢɩɟɪɛɨɥɢчɟɫɤɢх ɮɭɧɤцɢɣ ɢ эɤɫɩɨ-
ɧɟɧцɢаɥьɧых ɮɭɧɤцɢɣ ɫ ɩɨɥɨɠɢɬɟɥьɧыɦɢ 
аɪɝɭɦɟɧɬаɦɢ. Пɪɢ ɩɪаɤɬɢчɟɫɤɨɣ ɪɟаɥɢɡацɢɢ 
эɬɨ ɩɪɢɜɨɞɢɬ ɤ яɜɥɟɧɢɸ, ɧаɡыɜаɟɦɨɦɭ ɜ ɜы-
чɢɫɥɢɬɟɥьɧɨɣ ɦаɬɟɦаɬɢɤɟ «ɜычɢɫɥɢɬɟɥьɧɨɣ 
ɤаɬаɫɬɪɨɮɨɣ». Заɦɟɬɢɦ, чɬɨ ɩɨɞɨɛɧɨɟ хаɪаɤ-
ɬɟɪɧɨ ɞɥя ɦɧɨɝɢх ɬɪаɞɢцɢɨɧɧых (ɢɡɜɟɫɬɧых 
ɛаɡɨɜых) ɩɨɞхɨɞɨɜ, ɜ чаɫɬɧɨɫɬɢ, ɧаɩɪɢɦɟɪ, 
ɞɥя ɬаɤɨɝɨ ɢɡɜɟɫɬɧɨɝɨ ɜ ɫɬɪɨɢɬɟɥьɧɨɣ ɦɟха-
ɧɢɤɟ ɦɟɬɨɞа, ɤаɤ ɦɟɬɨɞ ɧачаɥьɧых ɩаɪаɦɟɬ-
ɪɨɜ. Пɪаɜɢɥьɧыɣ ɜыɛɨɪ ɮɭɧɞаɦɟɧɬаɥьɧɨɝɨ 

ɪɟшɟɧɢя ɩɨɡɜɨɥяɟɬ ɩɨɥɧɨɫɬьɸ ɢɫɤɥɸчɢɬь 
ɭɤаɡаɧɧыɟ ɜышɟ ɧɟɠɟɥаɬɟɥьɧыɟ ɮɭɧɤцɢɢ ɢ 
ɨɛɟɫɩɟчɢɜаɟɬ ɤɨɪɪɟɤɬɧɭɸ ɫ ɜычɢɫɥɢɬɟɥьɧɨɣ 
ɬɨчɤɢ ɡɪɟɧɢя ɪɟаɥɢɡацɢɸ ɪɟшɟɧɢя. Сɮɨɪɦɭ-
ɥɢɪɨɜаɧы ɨɛщɢɟ ɪɟшɟɧɢя ɤɪаɟɜых ɡаɞач 
ɫɬɪɨɢɬɟɥьɧɨɣ ɦɟхаɧɢɤɢ ɧа ɨɫɧɨɜɟ ɢɫɩɨɥьɡɨ-
ɜаɧɢя ɮɭɧɞаɦɟɧɬаɥьɧɨɣ ɮɭɧɤцɢɢ, ɝаɪаɧɬɢ-
ɪɭɸщɢɟ ɤɨɪɪɟɤɬɧɭɸ ɪɟаɥɢɡацɢɸ ɜɧɟ ɡаɜɢ-
ɫɢɦɨɫɬɢ ɨɬ ɞɥɢɧы ɢ ɠɟɫɬɤɨɫɬɧых хаɪаɤɬɟɪɢ-
ɫɬɢɤ ɤɨɧɫɬɪɭɤцɢɢ. Таɤɠɟ ɩɪɢɜɟɞɟɧы ɭɞɨɛ-
ɧыɟ ɜ ɩɪаɤɬɢчɟɫɤɨɦ ɨɬɧɨшɟɧɢɢ ɨɫɧɨɜɧыɟ 
ɮɨɪɦɭɥы ɞɢɮɮɟɪɟɧцɢɪɨɜаɧɢя ɪɟшɟɧɢɣ 
ɞɢɮɮɟɪɟɧцɢаɥьɧых ɭɪаɜɧɟɧɢɣ ɫ ɩɨɦɨщьɸ 
ɧɟɤɨɬɨɪых ɦаɬɪɢц ɩɟɪɟхɨɞа. Вɫɟ эɬɨ ɢɡɛаɜ-
ɥяɟɬ ɪаɫчɟɬчɢɤа ɨɬ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɝɨ ɞɢɮ-
ɮɟɪɟɧцɢɪɨɜаɧɢя ɮɭɧɤцɢɣ. В цɟɥɨɦ, ɩɨ ɦɧɟ-
ɧɢɸ аɜɬɨɪɨɜ, ɧаɢɛɨɥɟɟ ɪɟɤɨɦɟɧɞɭɟɦыɦ ɫɩɨ-
ɫɨɛɨɦ ɞɥя ɪɟшɟɧɢя ɪаɫɫɦаɬɪɢɜаɟɦɨɝɨ ɤɪɭɝа 
ɡаɞач яɜɥяɟɬɫя ɩɪɟɞɫɬаɜɥɟɧɢɟ ɫɨɨɬɜɟɬɫɬ-
ɜɭɸщɢх ɫɢɫɬɟɦ ɢ, чɬɨ ɫаɦɨɟ ɝɥаɜɧɨɟ, ɢх ɪɟ-
шɟɧɢɟ ɧа ɨɫɧɨɜɟ ɫɜɟɞɟɧɢя ɤ ɫɢɫɬɟɦɟ ɞɢɮɮɟ-
ɪɟɧцɢаɥьɧых ɭɪаɜɧɟɧɢɣ ɩɟɪɜɨɝɨ ɩɨɪяɞɤа. 
Эɬɨ ɨɛɥɟɝчаɟɬ ɭчɟɬ ɩɪɨɢɡɜɨɥьɧых ɤɪаɟɜых 
ɭɫɥɨɜɢɣ, а ɬаɤɠɟ ɩɨɡɜɨɥяɟɬ ɜычɢɫɥяɬь ɢɫɤɨ-
ɦыɟ ɮɭɧɤцɢɢ ɢ ɢх ɩɪɨɢɡɜɨɞɧыɟ ɛɟɡ ɜыɩɨɥ-
ɧɟɧɢя ɨɩɟɪацɢɣ ɞɢɮɮɟɪɟɧцɢɪɨɜаɧɢя, 
ɭɦɟɧьшаɟɬ ɨɛъɟɦ ɜычɢɫɥɟɧɢɣ, ɨɛɟɫɩɟчɢɜаɟɬ 
ɧɟɨɛхɨɞɢɦɭɸ ɭɧɢɜɟɪɫаɥьɧɨɫɬь ɩɨɞхɨɞа. 
Вɦɟɫɬɟ ɫ ɬɟɦ ɧɟɨɛхɨɞɢɦɨ ɨɬɦɟɬɢɬь, чɬɨ ɜ ɪя-
ɞɟ ɫɥɭчаɟɜ ɩɪɢ ɪɟшɟɧɢɢ ɡаɞач ɫɬɪɨɢɬɟɥьɧɨɣ 
ɦɟхаɧɢɤɢ аɥьɬɟɪɧаɬɢɜɨɣ яɜɥяɟɬɫя ɢх ɪɟшɟ-
ɧɢɟ ɧа ɨɫɧɨɜɟ ɫɜɟɞɟɧɢя ɤ ɫɢɫɬɟɦɟ ɞɢɮɮɟɪɟɧ-
цɢаɥьɧых ɭɪаɜɧɟɧɢɣ ɜɬɨɪɨɝɨ ɩɨɪяɞɤа. Эɬɨ 
хаɪаɤɬɟɪɧɨ, ɧаɩɪɢɦɟɪ, ɩɪɢ ɪаɫчɟɬɟ ɩɥɢɬ. В 
эɬɨɣ ɫɜяɡɢ ɬаɤɠɟ ɩɪɟɞɫɬаɜɥɟɧы ɭɧɢɜɟɪɫаɥь-
ɧыɟ ɤɨɪɪɟɤɬɧыɟ ɦɟɬɨɞы ɬɨчɧɨɝɨ аɧаɥɢɬɢчɟ-
ɫɤɨɝɨ ɪɟшɟɧɢя ɡаɞач ɬаɤɨɝɨ ɜɢɞа. 
Ƚɥаɜа 3 ɩɨɫɜящɟɧа ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɦɭ ɨɩɢ-
ɫаɧɢɸ ɞɢɫɤɪɟɬɧых ɪɟаɥɢɡацɢɣ ɜаɪɢацɢɨɧɧɨ-
ɪаɡɧɨɫɬɧɨɝɨ ɦɟɬɨɞа ɧа ɨɫɧɨɜɟ ɦɟɬɨɞа ɪаɫшɢ-
ɪɟɧɧɨɣ (ɫɬаɧɞаɪɬɧɨɣ) ɨɛɥаɫɬɢ. Аɩɩɪɨɤɫɢɦа-
цɢя ɫɬаɧɞаɪɬɧɨɣ ɨɛɥаɫɬɢ ɫɨɫɬɨɢɬ ɜ ɡаɞаɧɢɢ 
ɫɟɬɤɢ, ɬɨɩɨɥɨɝɢчɟɫɤɢ эɤɜɢɜаɥɟɧɬɧɨɣ ɩɪяɦɨ-
ɭɝɨɥьɧɨɣ ɬаɤɢɦ ɨɛɪаɡɨɦ, чɬɨɛы ɨɧа ɤаɤ 
ɦɨɠɧɨ ɥɭчшɟ ɫɨɨɬɜɟɬɫɬɜɨɜаɥа ɨчɟɪɬаɧɢяɦ 
ɤɨɧɫɬɪɭɤцɢɢ, ɬ.ɟ. ɢɫхɨɞɧɨɣ ɨɛɥаɫɬɢ. Пɨɧяɬɢɟ 
ɬɨɩɨɥɨɝɢчɟɫɤɨɣ эɤɜɢɜаɥɟɧɬɧɨɫɬɢ ɜ ɞаɧɧɨɦ 
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ɫɥɭчаɟ ɨɡɧачаɟɬ, чɬɨ ɨɧа ɦɨɠɟɬ ɛыɬь ɩɨɥɭчɟ-
ɧа ɢɡ ɩɪяɦɨɭɝɨɥьɧɨɣ ɫɟɬɤɢ ɜ ɪɟɡɭɥьɬаɬɟ ɧɟ-
ɤɨɬɨɪɨɣ ɧɟɜыɪɨɠɞɟɧɧɨɣ ɞɟɮɨɪɦацɢɢ ячɟɟɤ 
ɩɨɫɥɟɞɧɟɣ ɛɟɡ ɢх «ɩɟɪɟɤɪɭчɢɜаɧɢя». Выɛɨɪ 
ɬаɤɨɝɨ ɤɥаɫɫа ɫɟɬɨɤ, ɫ ɨɞɧɨɣ ɫɬɨɪɨɧы, ɞаɟɬ 
ɜɨɡɦɨɠɧɨɫɬь аɩɩɪɨɤɫɢɦɢɪɨɜаɬь ɛɨɥьшɨɟ ɤɨ-
ɥɢчɟɫɬɜɨ ɪаɡɧɨɨɛɪаɡɧых ɤɨɧɫɬɪɭɤцɢɣ, а ɫ 
ɞɪɭɝɨɣ – ɩɨɡɜɨɥяɟɬ ɢɫɩɨɥьɡɨɜаɬь ɩɪɨɫɬɭɸ 
ɪɟɝɭɥяɪɧɭɸ ɧɭɦɟɪацɢɸ ɭɡɥɨɜ, чɬɨ ɩɪɢɜɨɞɢɬ 
ɜ ɞаɥьɧɟɣшɟɦ ɤ ɭɞɨɛɧыɦ ɦаɬɟɦаɬɢчɟɫɤɢɦ 
ɮɨɪɦɭɥаɦ, эɮɮɟɤɬɢɜɧыɦ ɜычɢɫɥɢɬɟɥьɧыɦ 
ɫхɟɦаɦ ɢ аɥɝɨɪɢɬɦаɦ, а ɬаɤɠɟ ɫɭщɟɫɬɜɟɧɧɨ 
ɭɩɪɨщаɟɬ ɫɛɨɪ ɢɫхɨɞɧɨɣ ɢɧɮɨɪɦацɢɢ ɢ ɜы-
ɜɨɞ ɪɟɡɭɥьɬаɬɨɜ. Сɥɟɞɭɟɬ ɨɛɪаɬɢɬь ɜɧɢɦаɧɢɟ 
ɧа ɬɨ, чɬɨ ɩɨɥɭчɟɧɧыɟ ɞɢɫɤɪɟɬɧыɟ ɮɨɪɦɭɥы 
ɩɨчɬɢ ɩɨɥɧɨɫɬьɸ ɩɨɜɬɨɪяɸɬ ɢɫхɨɞɧыɟ ɨɩɟ-
ɪаɬɨɪɧыɟ ɭɪаɜɧɟɧɢя ɤɪаɟɜых ɡаɞач, чɬɨ ɫɜɢ-
ɞɟɬɟɥьɫɬɜɭɟɬ ɨ цɟɥɟɫɨɨɛɪаɡɧɨɫɬɢ ɨɩɟɪаɬɨɪ-
ɧых ɮɨɪɦɭɥɢɪɨɜɨɤ. Иɦɟɸɬɫя ɬаɤɠɟ ɢ ɥɟɧ-
ɬɨчɧыɟ ɩɪɟɞɫɬаɜɥɟɧɢя ɫɨɨɬɜɟɬɫɬɜɭɸщɢх 
ɨɩɟɪаɬɨɪɨɜ. Кɪɨɦɟ ɬɨɝɨ, ɜ ɝɥаɜɟ ɢɡɥаɝаɟɬɫя ɢ 
ɧаɢɛɨɥɟɟ эɮɮɟɤɬɢɜɧыɣ ɜ ɧаɫɬɨящɟɟ ɜɪɟɦя 
ɩɨɞхɨɞ ɤ ɪɟшɟɧɢɸ ɩɪɨɢɡɜɨɥьɧых ɦɧɨɝɨɦɟɪ-
ɧых ɡаɞач ɧа ɨɫɧɨɜɟ ɦɧɨɝɨɭɪɨɜɧɟɜых ɦɟɬɨ-
ɞɨɜ, чаɫɬɧыɦ ɫɥɭчаɟɦ ɤɨɬɨɪых ɜыɫɬɭɩаɟɬ 
ɩɨɥɭɢɬɟɪацɢɨɧɧыɣ ɦɟɬɨɞ, ɨɬɧɨɫящɢɣɫя ɤ 
ɤɥаɫɫɭ ɦɧɨɝɨɫɟɬɨчɧых. Пɨɥɭɢɬɟɪацɢɨɧɧыɣ 
ɦɟɬɨɞ ɛаɡɢɪɭɟɬɫя ɧа ɩɨɫɬɪɨɟɧɢɢ ɫɩɟцɢаɥьɧɨ-
ɝɨ эɤɜɢɜаɥɟɧɬɧɨɝɨ ɨɩɟɪаɬɨɪа ɤ ɨɩɟɪаɬɨɪɭ ɢɫ-
хɨɞɧɨɣ ɡаɞачɢ, ɩɪɢчɟɦ эɬɨ ɩɨɫɬɪɨɟɧɢɟ ɜɟ-
ɞɟɬɫя ɧа ɫɩɟцɢаɥьɧɨɣ ɩɨɫɥɟɞɨɜаɬɟɥьɧɨɫɬɢ 
ɫɟɬɨчɧых (ɜ чаɫɬɧɨɫɬɢ, ɜаɪɢацɢɨɧɧɨ-
ɪаɡɧɨɫɬɧых) аɩɩɪɨɤɫɢɦацɢɣ. 
В Ƚɥаɜɟ 5 ɧаɫɬɨящɟɣ ɦɨɧɨɝɪаɮɢɢ ɢɡɥаɝаɟɬɫя 
ɫаɦыɣ, ɩɨɠаɥɭɣ, ɩɨɩɭɥяɪɧыɣ ɜ ɧаɫɬɨящɟɟ 
ɜɪɟɦя ɩɨɞхɨɞ ɤ ɪɟшɟɧɢɸ ɩɪɨɢɡɜɨɥьɧых ɦɧɨ-
ɝɨɦɟɪɧых ɡаɞач ɧа ɨɫɧɨɜɟ ɦɧɨɝɨɭɪɨɜɧɟɜых 
ɦɟɬɨɞɨɜ, чаɫɬɧыɦ ɫɥɭчаɟɦ ɤɨɬɨɪых ɜыɫɬɭɩа-
ɟɬ ɩɨɥɭɢɬɟɪацɢɨɧɧыɣ ɦɟɬɨɞ, ɨɬɧɨɫящɢɣɫя ɤ 
ɤɥаɫɫɭ ɦɧɨɝɨɫɟɬɨчɧых. Пɨɥɭɢɬɟɪацɢɨɧɧыɣ 
ɦɟɬɨɞ ɨɫɧɨɜаɧ ɧа ɩɨɫɬɪɨɟɧɢɢ ɫɩɟцɢаɥьɧɨɝɨ 
эɤɜɢɜаɥɟɧɬɧɨɝɨ ɨɩɟɪаɬɨɪа ɤ ɨɩɟɪаɬɨɪɭ ɢɫ-
хɨɞɧɨɣ ɡаɞачɢ, ɩɪɢчɟɦ эɬɨ ɩɨɫɬɪɨɟɧɢɟ ɜɟ-
ɞɟɬɫя ɧа ɫɩɟцɢаɥьɧɨɣ ɩɨɫɥɟɞɨɜаɬɟɥьɧɨɫɬɢ 
ɫɟɬɨчɧых аɩɩɪɨɤɫɢɦацɢɣ. 
В Ƚɥаɜɟ 6 ɪаɫɫɦаɬɪɢɜаɸɬɫя ɞɢɫɤɪɟɬɧɨ-
ɤɨɧɬɢɧɭаɥьɧыɟ ɪɟаɥɢɡацɢɢ ɜаɪɢацɢɨɧɧɨ-

ɪаɡɧɨɫɬɧɨɝɨ ɦɟɬɨɞа. Пɪɟɞɥɨɠɟɧɧыɣ А.Б. Зɨ-
ɥɨɬɨɜыɦ ɢ П.А. Аɤɢɦɨɜыɦ ɞɢɫɤɪɟɬɧɨ-
ɤɨɧɬɢɧɭаɥьɧыɣ ɜаɪɢацɢɨɧɧɨ-ɪаɡɧɨɫɬɧыɣ 
ɦɟɬɨɞ (ДКВРМ) ɩɪɟɞɧаɡɧачɟɧ ɞɥя ɪаɫчɟɬа 
ɤɨɧɫɬɪɭɤцɢɣ, ɮɢɡɢɤɨ-ɝɟɨɦɟɬɪɢчɟɫɤɢɟ ɩаɪа-
ɦɟɬɪы ɤɨɬɨɪых ɩɨɫɬɨяɧɧы ɢɥɢ ɤɭɫɨчɧɨ-
ɩɨɫɬɨяɧɧы (ɪɟɝɭɥяɪɧы) ɩɨ ɧɟɤɨɬɨɪɨɦɭ (ɨɫ-
ɧɨɜɧɨɦɭ) ɤɨɨɪɞɢɧаɬɧɨɦɭ ɧаɩɪаɜɥɟɧɢɸ. Мɟ-
ɬɨɞ яɜɥяɟɬɫя ɞɢɫɤɪɟɬɧɨ-ɤɨɧɬɢɧɭаɥьɧыɦ ɜ 
ɬɨɦ ɫɦыɫɥɟ, чɬɨ ɩɨ ɞаɧɧɨɦɭ ɨɫɧɨɜɧɨɦɭ ɧа-
ɩɪаɜɥɟɧɢɸ ɫɨхɪаɧяɟɬɫя ɤɨɧɬɢɧɭаɥьɧыɣ ха-
ɪаɤɬɟɪ ɡаɞачɢ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, аɧаɥɢɬɢчɟ-
ɫɤɢɣ хаɪаɤɬɟɪ ɩɨɥɭчаɟɦɨɝɨ ɪɟшɟɧɢя, ɜ ɬɨ 
ɜɪɟɦя ɤаɤ ɩɨ ɨɫɬаɥьɧыɦ ɩɪɨɢɡɜɨɞɢɬɫя ɞɢɫ-
ɤɪɟɬɢɡацɢя ɫ ɢɫɩɨɥьɡɨɜаɧɢɟɦ ɫɬаɧɞаɪɬɧɨɣ 
ɬɟхɧɢɤɢ ɜаɪɢацɢɨɧɧɨ-ɪаɡɧɨɫɬɧɨɝɨ ɦɟɬɨɞа. 
Выɛɨɪ ɩɨɞɨɛɧɨɣ ɫхɟɦы аɩɩɪɨɤɫɢɦацɢɢ ɩɨ-
ɡɜɨɥяɟɬ ɝаɪɦɨɧɢчɧɨ ɫɨчɟɬаɬь ɩɪɨɫɬɨɬɭ ɢ ɧа-
ɝɥяɞɧɨɫɬь, ɫɜɨɣɫɬɜɟɧɧыɟ ɤɨɧɟчɧɨ-
ɪаɡɧɨɫɬɧыɦ ɦɟɬɨɞаɦ, ɫ ɩɪɟɢɦɭщɟɫɬɜаɦɢ ɜа-
ɪɢацɢɨɧɧɨɣ ɩɨɫɬаɧɨɜɤɢ (ɦɟɧьшɢɣ ɩɨɪяɞɨɤ 
ɩɪɨɢɡɜɨɞɧых ɢ аɜɬɨɦаɬɢчɟɫɤɨɟ ɭɞɨɜɥɟɬɜɨɪɟ-
ɧɢɟ ɪɟшɟɧɢя ɨɫɧɨɜɧыɦ (ɟɫɬɟɫɬɜɟɧɧыɦ) ɝɪа-
ɧɢчɧыɦ ɭɫɥɨɜɢяɦ), ɫ ɨɞɧɨɣ ɫɬɨɪɨɧы, ɢ ɨчɟ-
ɜɢɞɧыɟ ɞɨɫɬɨɢɧɫɬɜа аɧаɥɢɬɢчɟɫɤɨɝɨ ɪɟшɟ-
ɧɢя − ɫ ɞɪɭɝɨɣ. Иɫɩɨɥьɡɨɜаɧɢɟ ДКВРМ ɩɨ-
ɡɜɨɥяɟɬ ɫɪаɜɧɢɬɟɥьɧɨ ɩɪɨɫɬɨ ɩɨɥɭчɢɬь ɞɢɫ-
ɤɪɟɬɧɭɸ ɨɩɟɪаɬɨɪɧɭɸ ɮɨɪɦɭɥɢɪɨɜɤɭ ɪаɫ-
ɫɦаɬɪɢɜаɟɦɨɣ ɡаɞачɢ ɩɨ ɧаɩɪаɜɥɟɧɢяɦ ɫɟ-
ɬɨчɧɨɣ аɩɩɪɨɤɫɢɦацɢɢ, ɜɧɟшɧɟ ɩɨɜɬɨɪяɸ-
щɭɸ ɟɟ ɤɨɧɬɢɧɭаɥьɧɭɸ ɩɨɫɬаɧɨɜɤɭ, ɩɪɟɞ-
ɫɬаɜɥɟɧɧɭɸ ɫɨɨɬɜɟɬɫɬɜɭɸщɢɦɢ ɞɢɮɮɟɪɟɧ-
цɢаɥьɧыɦɢ ɭɪаɜɧɟɧɢяɦɢ. В ɫɥɭчаɟ, ɤɨɝɞа 
ɦаɤɫɢɦаɥьɧыɣ ɩɨɪяɞɨɤ ɩɪɨɢɡɜɨɞɧɨɣ ɩɨ ɧɟ-
ɨɫɧɨɜɧыɦ ɧаɩɪаɜɥɟɧɢяɦ ɪаɜɟɧ ɟɞɢɧɢцɟ, 
ДКВРМ ɢ ДКМКЭ ɫɨɜɩаɞаɸɬ ɧа ɭɪɨɜɧɟ ɪаɡ-
ɪɟшаɸщɢх ɫɢɫɬɟɦ ɢ, ɫɥɟɞɨɜаɬɟɥьɧɨ, ɩɪɢɜɨ-
ɞяɬ ɤ ɨɞɢɧаɤɨɜɨɦɭ ɪɟшɟɧɢɸ. Пɪɢ ɧаɥɢчɢɢ 
ɩɪɨɢɡɜɨɞɧых ɛɨɥɟɟ ɜыɫɨɤɨɝɨ ɩɨɪяɞɤа 
ДКВРМ ɩɨɡɜɨɥяɟɬ ɩɨɥɭчɢɬь ɪаɡɪɟшаɸщɭɸ 
ɫɢɫɬɟɦɭ ɫ ɦɟɧьшɢɦ чɢɫɥɨɦ ɧɟɢɡɜɟɫɬɧых. 
Сɥɟɞɭɟɬ ɨɬɦɟɬɢɬь, чɬɨ ДКВРМ ɢɫɩɨɥьɡɭɟɬɫя 
ɤаɤ ɞɥя ɩɨɥɭчɟɧɢя ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɝɨ ɪɟшɟ-
ɧɢя ɡаɞач, ɬаɤ ɢ ɞɥя ɫɨɩɨɫɬаɜɥɟɧɢя ɫ ɪɟɡɭɥь-
ɬаɬаɦɢ, ɧаɣɞɟɧɧыɦɢ ɩɪɢ ɩɨɦɨщɢ ДКМКЭ. 
Оɫɧɨɜɧɨɣ цɟɥьɸ ɩɪɟɞɫɬаɜɥяɟɦых ɜ ɧаɫɬɨя-
щɟɣ ɦɨɧɨɝɪаɮɢɢ ɢɫɫɥɟɞɨɜаɧɢɣ яɜɥяɥаɫь ɪаɡ-
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ɪаɛɨɬɤа, ɫɨɜɟɪшɟɧɫɬɜɨɜаɧɢɟ ɢ ɪаɡɜɢɬɢɟ чɢɫ-
ɥɟɧɧых ɢ чɢɫɥɟɧɧɨ-аɧаɥɢɬɢчɟɫɤɢх ɦɟɬɨɞɨɜ 
ɪаɫчɟɬа ɫɥɨɠɧых, ɜ чаɫɬɧɨɫɬɢ ɬɪɟхɦɟɪɧых, 
ɤɨɧɫɬɪɭɤцɢɣ. Мɧɨɝɢɟ ɩɪɟɞɫɬаɜɥɟɧɧыɟ ɜ ɤɧɢ-
ɝɟ ɦɟɬɨɞы ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɤ ɦɧɨɝɨɭɪɨɜɧɟɜыɦ 
ɜ ɬɨɦ ɫɦыɫɥɟ, чɬɨ ɪɟшɟɧɢɟ ɡаɞачɢ ɜɤɥɸчаɟɬ 
ɪɟшɟɧɢɟ ɩɨɫɥɟɞɨɜаɬɟɥьɧɨɫɬɢ ɜɫɩɨɦɨɝаɬɟɥь-
ɧых ɡаɞач. Вɜɟɞɟɧɢɟ ɩɨɫɥɟɞɨɜаɬɟɥьɧɨɫɬɢ 
ɜɫɩɨɦɨɝаɬɟɥьɧых ɡаɞач ɩɨɡɜɨɥяɟɬ ɜ ɪяɞɟ 
ɫɥɭчаɟɜ ɢɫɩɨɥьɡɨɜаɬь ɜ аɥɝɨɪɢɬɦах аɩɪɢɨɪ-
ɧɭɸ ɢɧɮɨɪɦацɢɸ ɨ ɫɜɨɣɫɬɜах ɪɟшɟɧɢя, ɜы-
ɬɟɤаɸщɢх ɢɡ ɦɟхаɧɢчɟɫɤɨɣ ɩɪɢɪɨɞы ɡаɞачɢ, 
ɢ ɨ ɝɟɨɦɟɬɪɢчɟɫɤɨɣ ɫɬɪɭɤɬɭɪɟ ɢɫхɨɞɧɨɣ ɤɨɧ-
ɫɬɪɭɤцɢɢ. Пɨɫɬɪɨɟɧɢɟ ɫɨɨɬɜɟɬɫɬɜɭɸщɢх аɥ-
ɝɨɪɢɬɦɨɜ ɦɨɠɟɬ ɛыɬь ɨɫɭщɟɫɬɜɥɟɧɨ, ɧаɩɪɢ-
ɦɟɪ, ɡа ɫчɟɬ ɪаɡɭɦɧɨɝɨ ɫɨчɟɬаɧɢя ɩɪяɦых ɢ 
ɢɬɟɪацɢɨɧɧых ɩɨɞхɨɞɨɜ. 
В Ƚɥаɜɟ 6 ɢɡɥаɝаɸɬɫя ɦɧɨɝɨɭɪɨɜɧɟɜыɟ ɞɢɫ-
ɤɪɟɬɧыɟ ɢ ɞɢɫɤɪɟɬɧɨ-ɤɨɧɬɢɧɭаɥьɧыɟ ɪɟаɥɢ-
ɡацɢɢ ɜаɪɢацɢɨɧɧɨ-ɪаɡɧɨɫɬɧɨɝɨ ɦɟɬɨɞа ɩɪɢ-
ɦɟɧɢɬɟɥьɧɨ ɤ ɡаɞачаɦ ɥɨɤаɥьɧɨɝɨ ɪаɫчɟɬа 
ɤɨɧɫɬɪɭɤцɢɣ. Эɬɢ ɦɟɬɨɞы, ɨчɟɜɢɞɧɨ, ɫɜяɡаɧы 
ɫ ɩɨɫɬɪɨɟɧɢɟɦ ɥɨɤаɥьɧых ɪɟшɟɧɢɣ, ɧɟɨɛхɨ-
ɞɢɦых ɞɥя ɢɫɫɥɟɞɨɜаɧɢя ɤɨɧɫɬɪɭɤцɢɣ ɜ ɧаɢ-
ɛɨɥɟɟ ɨɬɜɟɬɫɬɜɟɧɧых ɦɟɫɬах. Таɤɢɦɢ аɥɝɨ-
ɪɢɬɦаɦɢ яɜɥяɸɬɫя ɩɨɞхɨɞы, ɨɫɧɨɜаɧɧыɟ ɧа 
ɫɝɭщɟɧɢɢ ɫɟɬɨɤ аɩɩɪɨɤɫɢɦацɢɢ, ɢ ɦɟɬɨɞы 
ɮɪаɝɦɟɧɬацɢɢ (ɩɨɫɥɟɞɨɜаɬɟɥьɧɨɝɨ «ɜыɪɟɡа-
ɧɢя»). В ɦɨɧɨɝɪаɮɢɢ эɬɢ ɦɟɬɨɞы ɪаɫɫɦаɬɪɢ-
ɜаɸɬɫя, ɝɥаɜɧыɦ ɨɛɪаɡɨɦ, ɫ ɬɨчɤɢ ɡɪɟɧɢя 
«ɩɪаɜɢɥьɧɨɣ» аɫɢɦɩɬɨɬɢɤɢ «ɦɟɥьчɟɧɢя» 
ɫɟɬɤɢ ɢɥɢ ɮɪаɝɦɟɧɬацɢɢ. Даɧɧыɟ ɢɫɫɥɟɞɨɜа-
ɧɢя ɨɫɧɨɜаɧы ɧа ɢɫɩɨɥьɡɨɜаɧɢɢ ɜ ɨцɟɧɤах 
аɫɢɦɩɬɨɬɢɤɢ ɩɨɜɟɞɟɧɢя ɮɭɧɞаɦɟɧɬаɥьɧɨɣ 
ɮɭɧɤцɢɢ. Аɜɬɨɪаɦɢ ɩɨɥɭчɟɧы ɤɨɧɤɪɟɬɧыɟ 
ɪɟɡɭɥьɬаɬы, ɩɨɡɜɨɥяɸщɢɟ ɫɬɪɨɢɬь ɩɪаɜɢɥь-
ɧɨɟ «ɪаɡɛɢɟɧɢɟ» ɫɟɬɨɤ. В ɬɟɤɫɬɟ ɝɥаɜы ɬаɤɠɟ 
ɩɪɟɞɫɬаɜɥɟɧы эɥɟɦɟɧɬы ɢ ɨɫɧɨɜɧыɟ ɩɨɧяɬɢя 
ɦɧɨɝɨɭɪɨɜɧɟɜɨɝɨ ɤɪаɬɧɨɦаɫшɬаɛɧɨɝɨ ɜɟɣɜ-
ɥɟɬ-аɧаɥɢɡа, яɜɥяɸщɟɝɨɫя, ɜ чаɫɬɧɨɫɬɢ, эɮ-
ɮɟɤɬɢɜɧыɦ ɢɧɫɬɪɭɦɟɧɬаɪɢɟɦ ɩɪɢ ɪаɡɪаɛɨɬɤɟ 
аɜɬɨɪаɦɢ ɤаɤ ɞɢɫɤɪɟɬɧых, ɬаɤ ɢ ɞɢɫɤɪɟɬɧɨ-
ɤɨɧɬɢɧɭаɥьɧых ɪɟаɥɢɡацɢɣ ɜаɪɢацɢɨɧɧɨ-
ɪаɡɧɨɫɬɧɨɝɨ ɦɟɬɨɞа ɥɨɤаɥьɧɨɝɨ ɪаɫчɟɬа 
ɫɬɪɨɢɬɟɥьɧых ɤɨɧɫɬɪɭɤцɢɣ. Оɬɦɟɬɢɦ, чɬɨ 
ɜɟɣɜɥɟɬ-аɧаɥɢɡ яɜɥяɟɬɫя ɨɞɧɢɦ ɢɡ ɫаɦых 
ɩɪɨɝɪɟɫɫɢɪɭɸщɢх ɧаɩɪаɜɥɟɧɢɣ ɜ аɧаɥɢɡɟ ɢ 

ɪɟшɟɧɢɢ ɪаɡɥɢчɧых ɡаɞач, ɫɜяɡаɧɧых ɫ ɞɢɮ-
ɮɟɪɟɧцɢаɥьɧыɦɢ ɭɪаɜɧɟɧɢяɦɢ, а ɬаɤɠɟ ɜ цɟ-
ɥɨɦ ɪяɞɟ ɞɪɭɝɢх ɩɪɨɛɥɟɦ ɦаɬɟɦаɬɢчɟɫɤɨɣ 
ɮɢɡɢɤɢ. Эɬɨ ɧаɩɪаɜɥɟɧɢɟ ɜ ɤаɤɨɣ-ɬɨ ɫɬɟɩɟɧɢ 
яɜɥяɟɬɫя аɥьɬɟɪɧаɬɢɜɨɣ ɢ ɨɛɨɛщɟɧɢɟɦ ɢɡ-
ɜɟɫɬɧɨɝɨ аɩɩаɪаɬа ɩɪɟɨɛɪаɡɨɜаɧɢɣ Фɭɪьɟ. 
Ƚɥаɜɧɨɟ ɫɜɨɣɫɬɜɨ – ɜɨɡɦɨɠɧɨɫɬь ɥɨɤаɥɢɡа-
цɢɢ ɩɪяɦɨɝɨ ɢ ɨɛɪаɬɧɨɝɨ ɩɪɟɨɛɪаɡɨɜаɧɢɣ 
ɩɪɢ ɪɟшɟɧɢɢ ɡаɞач ɪаɫчɟɬа ɤɨɧɫɬɪɭɤцɢɣ, чɬɨ 
ɩɨɡɜɨɥяɟɬ ɢɫɫɥɟɞɨɜаɬь ɨɬɞɟɥьɧɨ ɪɟшɟɧɢɟ ɥɨ-
ɤаɥьɧых ɢ ɝɥɨɛаɥьɧых ɩɪɨɛɥɟɦ. 
 

 

ɋɉɂɋɈɄ ɅɂɌȿɊАɌɍɊЫ 

 
1. Оɥɢɦɩɢɣɫɤая аɪхɢɬɟɤɬɭɪа. Beijing 2008. 

// Пɟɪ. ɢ ɧаɭчɧ. ɪɟɞ. ɋиɞоɪов ȼ.ɇ., Аɤи-

ɦов ɉ.А. – М.: Иɡɞаɬɟɥьɫɬɜɨ АСВ, 2008. 
– 318 ɫ. 

2. Ɂолоɬов А.Ȼ., Аɤиɦов ɉ.А., ɋиɞоɪов 

ȼ.ɇ., Ɇоɡɝɚлевɚ Ɇ.Ʌ. Дɢɫɤɪɟɬɧɨ-
ɤɨɧɬɢɧɭаɥьɧыɣ ɦɟɬɨɞ ɤɨɧɟчɧых эɥɟɦɟɧ-
ɬɨɜ. Пɪɢɥɨɠɟɧɢя ɜ ɫɬɪɨɢɬɟɥьɫɬɜɟ. Мɨɧɨ-
ɝɪаɮɢя. – М.: Иɡɞаɬɟɥьɫɬɜɨ АСВ, 2010. – 
336 ɫ. 

3. Ɂолоɬов А.Ȼ., Аɤиɦов ɉ.А., ɋиɞоɪов 

ȼ.ɇ., Ɇоɡɝɚлевɚ Ɇ.Ʌ. Иɧɮɨɪɦаɬɢɤа ɜ 
ɫɬɪɨɢɬɟɥьɫɬɜɟ (ɫ ɨɫɧɨɜаɦɢ чɢɫɥɟɧɧɨɝɨ 
ɦɨɞɟɥɢɪɨɜаɧɢя). Учɟɛɧɨɟ ɩɨɫɨɛɢɟ. – М.: 
Иɡɞаɬɟɥьɫɬɜɨ «Аɪхɢɬɟɤɬɭɪа-С», 2010. – 
336 ɫ. 

4. Аɪхɢɬɟɤɬɭɪа ɧа «ЭКСПО-2010» ɜ Шаɧ-
хаɟ. // Пɟɪ. ɢ ɧаɭчɧ. ɪɟɞ. ɋиɞоɪов ȼ.ɇ., 

Аɤиɦов ɉ.А. – М.: Иɡɞаɬɟɥьɫɬɜɨ АСВ, –
Beijing: Иɡɞаɬɟɥьɫɬɜɨ China Architecture 
& Building Press, 2010. – 342 ɫ. 

5. Ɂолоɬов А.Ȼ., Аɤиɦов ɉ.А., ɋиɞоɪов 

ȼ.ɇ., Ɇоɡɝɚлевɚ Ɇ.Ʌ. Дɢɫɤɪɟɬɧыɟ ɢ 
ɞɢɫɤɪɟɬɧɨ-ɤɨɧɬɢɧɭаɥьɧыɟ ɪɟаɥɢɡацɢɢ 
ɦɟɬɨɞа ɝɪаɧɢчɧых ɢɧɬɟɝɪаɥьɧых ɭɪаɜɧɟ-
ɧɢɣ. Мɨɧɨɝɪаɮɢя. – М.: Иɡɞаɬɟɥьɫɬɜɨ 
МИСИ – МȽСУ, 2011. – 368 ɫ. 

6. Оɫɨɛɟɧɧɨɫɬɢ ɩɪɨɟɤɬɢɪɨɜаɧɢя ɢ ɜɨɡɜɟɞɟ-
ɧɢя. Выɫɨɬɧыɟ ɡɞаɧɢя ɢ ɞɪɭɝɢɟ ɭɧɢɤаɥь-
ɧыɟ ɫɨɨɪɭɠɟɧɢя Кɢɬая. // Пɟɪ. ɢ ɧаɭчɧ. 
ɪɟɞ. Аɤиɦов ɉ.А., ɋиɞоɪов ȼ.ɇ., Ɍус-



Рɟцɟɧɡɢя ɧа ɫɟɪɢɸ ɤɧɢɝ А.Б. Зɨɥɨɬɨɜа, П.А. Аɤɢɦɨɜа, В.Н. Сɢɞɨɪɨɜа, М.Л. Мɨɡɝаɥɟɜɨɣ, А.Р. Тɭɫɧɢɧа 

Volume 9, Issue 4, 2013 261

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ɧиɧ А.Ɋ. – М.: Иɡɞаɬɟɥьɫɬɜɨ АСВ, 2013. 
– 808 ɫ. 

7. ɋиɞоɪов ȼ.ɇ. Сɨɩɪɨɬɢɜɥɟɧɢɟ ɦаɬɟɪɢа-
ɥɨɜ. Учɟɛɧɢɤ. – М.: Иɡɞаɬɟɥьɫɬɜɨ «Аɪхɢ-
ɬɟɤɬɭɪа – С», 2013. – 304 ɫ. 

8. Ɂолоɬов А.Ȼ., Аɤиɦов ɉ.А., ɋиɞоɪов 

ȼ.ɇ., Ɇоɡɝɚлевɚ Ɇ.Ʌ. Иɧɮɨɪɦаɬɢɤа. 
Учɟɛɧɢɤ. Вɬɨɪɨɟ ɢɡɞаɧɢɟ (ɩɟɪɟɪаɛɨɬаɧ-
ɧɨɟ ɢ ɞɨɩɨɥɧɟɧɧɨɟ). – М.: Иɡɞаɬɟɥьɫɬɜɨ 
АСВ, 2013. – 400 ɫ. 

9. Ɂолоɬов А.Ȼ., Аɤиɦов ɉ.А., Ɇоɡɝɚлевɚ 
Ɇ.Ʌ. Мɧɨɝɨɭɪɨɜɧɟɜыɟ ɞɢɫɤɪɟɬɧыɟ ɢ 
ɞɢɫɤɪɟɬɧɨ-ɤɨɧɬɢɧɭаɥьɧыɟ ɪɟаɥɢɡацɢɢ 
ɜаɪɢацɢɨɧɧɨ-ɪаɡɧɨɫɬɧɨɝɨ ɦɟɬɨɞа. Мɨɧɨ-
ɝɪаɮɢя. – М.: Иɡɞаɬɟɥьɫɬɜɨ АСВ, 2013. – 
416 ɫ. 

 
 
Пɟɬɪɨɜ Вɥаɞɢɥɟɧ Ваɫɢɥьɟɜɢч, ɞɟɣɫɬɜɢɬɟɥьɧыɣ чɥɟɧ 
РААСН, ɩɪɨɮɟɫɫɨɪ, ɞɨɤɬɨɪ ɬɟхɧɢчɟɫɤɢх ɧаɭɤ, ɡаɜɟ-
ɞɭɸщɢɣ ɤаɮɟɞɪɨɣ «Мɟхаɧɢɤа ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ ɬɜɟɪ-
ɞɨɝɨ ɬɟɥа» Саɪаɬɨɜɫɤɨɝɨ ɝɨɫɭɞаɪɫɬɜɟɧɧɨɝɨ ɬɟхɧɢчɟ-
ɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬа, Заɫɥɭɠɟɧɧыɣ ɞɟяɬɟɥь ɧаɭɤɢ ɢ 
ɬɟхɧɢɤɢ Рɨɫɫɢɣɫɤɨɣ Фɟɞɟɪацɢɢ, Пɨчɟɬɧыɣ ɪаɛɨɬɧɢɤ 
ɜыɫшɟɝɨ ɩɪɨɮɟɫɫɢɨɧаɥьɧɨɝɨ ɨɛɪаɡɨɜаɧɢя Рɨɫɫɢɣɫɤɨɣ 
Фɟɞɟɪацɢɢ, Пɨчɟɬɧыɣ ɫɬɪɨɢɬɟɥь Рɨɫɫɢɣɫɤɨɣ Фɟɞɟɪа-
цɢɢ; 410054, Рɨɫɫɢя, Саɪаɬɨɜ, ɭɥ. Пɨɥɢɬɟхɧɢчɟɫɤая, 
77; ɬɟɥ. +7 (8452) 99-86-03; ɮаɤɫ +7 (8452) 99-88-10; 
e-mail: vvp@sstu.ru 
 
 
 
 
 


	page 3
	page 4
	page 5
	page 6
	pages 7,8
	pages 9-11
	Содержание 2013-4
	paper 1-4 2013 fin
	paper 2-4 2013 fin
	paper 3-4 2013 fin
	paper 4-4 2013 fin
	paper 5-4 2013 fin
	paper 6-4 2013 fin
	paper 7-4 2013 fin
	paper 8-4 2013 fin
	paper 9-4 2013 fin
	paper 10-4 2013 fin
	paper 11-4 2013 fin
	paper 12-4 2013 fin
	paper 13-4 2013 fin
	paper 14-4 2013 fin
	paper 15-4 2013 fin
	paper 16-4 2013 fin
	paper 17-4 2013 fin
	paper 18-4 2013 fin
	paper 19-4 2013 fin
	paper 20-4 2013 fin
	paper 21-4 2013 fin
	paper 22-4 2013 fin
	paper 23-4 2013 fin
	paper 24-4 2013 fin

