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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 ed-
ucational 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 

 
ɀɭɪɧаɥ International Journal for Computational Civil and Structural Engineering явɥя-

ɟɬɫя ɦɟɠɞɭɧаɪɨɞɧыɦ ɩɟɪɢɨɞɢчɟɫɤɢɦ ɢɡɞаɧɢɟɦ, ɭчɪɟɞɢɬɟɥяɦɢ ɢ ɢɡɞаɬɟɥяɦɢ ɤɨɬɨɪɨɝɨ выɫɬɭ-
ɩаɸɬ Иɡɞаɬɟɥьɫɬвɨ Аɫɫɨɰɢаɰɢɢ ɫɬɪɨɢɬɟɥьɧых вɭɡɨв (АСВ) /Рɨɫɫɢя, ɝ. Мɨɫɤва/ ɢ Иɡɞаɬɟɥь-
ɫɬвɨ Begell House Inc. /СɒА, ɝ. Ньɸ-Ƀɨɪɤ/. 

В ɪɟɞаɤɰɢɨɧɧыɣ ɫɨвɟɬ ɠɭɪɧаɥа вхɨɞяɬ ɢɡвɟɫɬɧыɟ ɪɨɫɫɢɣɫɤɢɟ ɢ ɡаɪɭɛɟɠɧыɟ ɞɟяɬɟɥɢ 
ɧаɭɤɢ ɢ ɬɟхɧɢɤɢ. Оɫɧɨвɧɨɣ ɤɪɢɬɟɪɢɣ ɨɬɛɨɪа ɫɬаɬɟɣ ɞɥя ɩɭɛɥɢɤаɰɢɢ в ɠɭɪɧаɥɟ − ɢх выɫɨɤɢɣ 
ɧаɭчɧыɣ ɭɪɨвɟɧь, ɫɨɨɬвɟɬɫɬвɢɟ ɤɨɬɨɪɨɦɭ ɨɩɪɟɞɟɥяɟɬɫя в хɨɞɟ выɫɨɤɨɤваɥɢфɢɰɢɪɨваɧɧɨɝɨ 
ɪɟɰɟɧɡɢɪɨваɧɢя ɢ ɨɛъɟɤɬɢвɧɨɣ ɷɤɫɩɟɪɬɢɡы, ɩɨɫɬɭɩаɸɳɢх в ɪɟɞаɤɰɢɸ ɦаɬɟɪɢаɥɨв. 

ɀɭɪɧаɥ вхɨɞɢɬ в Пɟɪɟчɟɧь вɟɞɭɳɢх ɪɟɰɟɧɡɢɪɭɟɦых ɧаɭчɧых ɠɭɪɧаɥɨв ɢ ɢɡɞаɧɢɣ, в 
ɤɨɬɨɪых ɞɨɥɠɧы ɛыɬь ɨɩɭɛɥɢɤɨваɧы ɨɫɧɨвɧыɟ ɧаɭчɧыɟ ɪɟɡɭɥьɬаɬы ɞɢɫɫɟɪɬаɰɢɣ.  

ɀɭɪɧаɥ ɡаɪɟɝɢɫɬɪɢɪɨваɧ в Фɟɞɟɪаɥьɧɨɦ аɝɟɧɬɫɬвɟ ɩɨ ɫɪɟɞɫɬваɦ ɦаɫɫɨвɨɣ ɢɧфɨɪɦа-
ɰɢɢ ɢ ɨхɪаɧы ɤɭɥьɬɭɪɧɨɝɨ ɧаɫɥɟɞɢя Рɨɫɫɢɣɫɤɨɣ Фɟɞɟɪаɰɢɢ. Иɧɞɟɤɫ в ɨɛɳɟɪɨɫɫɢɣɫɤɨɦ ɤаɬа-
ɥɨɝɟ РОСПЕЧАТЬ − 18076. 
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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), Appen-
dices (if any), full authors addresses as endnote 
(10 points, spacing within endnote=1, style for 
numbering=numbers, line separating text and 
endnotes=line – margin to margin in right col-
umn). 
 
The title, КuЭhoЫ’Ь 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-
ЭСШr’s ХКsЭ ЧКЦО(s), ЭТЭХО ШП ЭСО КrЭТМХО, КЛЛrОЯiat-
ed 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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АɇɇɈɌАЦИə: Каɠɞая ɫɬаɬья ɩɪɟɞɫɬавɥяɟɬɫя в ɷɥɟɤɬɪɨɧɧɨɦ ɢ ɩɟчаɬɧɨɦ вɢɞɟ (ɛɭɦаɝа ɛɟɥая, ɪаɡɦɟɪ А4 
(210х297 ɦɦ), ɩɟчаɬь ɨɞɧɨɫɬɨɪɨɧɧяя – ɫɦ. ɧаɫɬɨяɳɢɣ ɨɛɪаɡɟɰ). əɡыɤ ɩɭɛɥɢɤаɰɢɢ ɫɬаɬɟɣ – аɧɝɥɢɣɫɤɢɣ 
(ɩɪɟɞɩɨчɬɢɬɟɥьɧɨ) ɢɥɢ ɪɭɫɫɤɢɣ, ɩɪɢ ɷɬɨɦ в ɫɥɭчаɟ ɩɭɛɥɢɤаɰɢɢ ɫɬаɬьɢ ɧа ɪɭɫɫɤɨɦ яɡыɤɟ аɧɧɨɬаɰɢя ɫɬа-
ɬьɢ, ɤɥɸчɟвыɟ ɫɥɨва, ɫвɟɞɟɧɢя ɨɛ авɬɨɪах ɢ ɧаɡваɧɢɟ ɫɬаɬьɢ ɞɨɥɠɧы ɛыɬь ɩɪɟɞɫɬавɥɟɧы авɬɨɪаɦɢ ɧа аɧ-
ɝɥɢɣɫɤɨɦ яɡыɤɟ. Тɟɤɫɬ ɞɨɥɠɟɧ ɛыɬь ɩɨɞɝɨɬɨвɥɟɧ в ɩɪɨɝɪаɦɦɟ Microsoft Word (фɨɪɦаɬ фаɣɥа – DOC), 
ɠɟɥаɬɟɥьɧɨ ɬаɤɠɟ ɩɪɟɞɨɫɬавɥɟɧɢɟ ɤɨɩɢɢ ɫɬаɬьɢ в фɨɪɦаɬɟ PDF. Аɧɧɨɬаɰɢя ɩɟчаɬаɟɬɫя в ɩɨɥɟ шɢɪɢɧɨɣ 
16 ɫɦ. Тɟɤɫɬ ɧа ɩɟɪвɨɣ ɫɬɪаɧɢɰɟ ɫɬаɬьɢ ɩɟчаɬаɟɬɫя в ɞвɟ ɤɨɥɨɧɤɢ, шɢɪɢɧɨɣ 8.25 ɫɦ ɤаɠɞая. Пɨɥя: вɟɪх-
ɧɟɟ – 32 ɦɦ., ɧɢɠɧɟɟ – 32 ɦɦ., ɩɪавɨɟ – 20 ɦɦ., ɥɟвɨɟ – 20 ɦɦ. Оɫɧɨвɧɨɣ шɪɢфɬ ɞɥя ɧаɛɨɪа ɫɬаɬьɢ – 
Times New Roman, 12 ɩɬ., ɦɟɠɫɬɪɨчɧыɣ ɢɧɬɟɪваɥ – ɨɞɢɧаɪɧыɣ. Вɧɟшɧɢɣ вɢɞ ɫɬаɬьɢ ɩɨ фɨɪɦɟ ɨфɨɪɦɥɟ-
ɧɢя ɞɨɥɠɟɧ ɫɨɨɬвɟɬɫɬвɨваɬь ɧаɫɬɨяɳɟɦɭ ɨɛɪаɡɰɭ. Пɟчаɬɧыɟ ɷɤɡɟɦɩɥяɪы ɫɬаɬьɢ (ɨɪɢɝɢɧаɥ ɢ ɞвɟ ɤɨɩɢɢ) ɢ 
ɟɟ ɷɥɟɤɬɪɨɧɧая фɨɪɦа (ɧа ɞɢɫɤɟɬɟ ɢɥɢ ɤɨɦɩаɤɬ-ɞɢɫɤɟ) ɞɨɥɠɧы ɩɟɪɟɫыɥаɬьɫя ɩɨ ɩɨчɬɟ. Дɥя ɩɟɪɟɫыɥɤɢ 
ɷɥɟɤɬɪɨɧɧɨɣ фɨɪɦы ɞɨɩɨɥɧɢɬɟɥьɧɨ ɧɟɨɛхɨɞɢɦɨ ɢɫɩɨɥьɡɨваɬь ɷɥɟɤɬɪɨɧɧɭɸ ɩɨчɬɭ. 
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1. ɉɈДȽɈɌɈВɄА СɌАɌȿɃ 
 
Наɫɬɨяɳɢɣ ɨɛɪаɡɟɰ ɩɨɞɝɨɬɨвɥɟɧ в ɬɟɤɫɬɨвɨɦ 
ɩɪɨɰɟɫɫɨɪɟ Microsoft Word 2003, ɢɫɩɨɥьɡɭ-
ɟɬɫя шɪɢфɬ Times New Roman, 12 ɩɬ. 

Ɇɚɬеɪиɚл сɬɚɬɶи ɞолɠеɧ ɪɚсɩолɚɝɚɬɶсɹ 
слеɞуюɳиɦ оɛɪɚɡоɦ: Заɝɨɥɨвɨɤ (Times New 
Roman, 16 ɩɬ.), авɬɨɪы (Times New Roman, 
14 ɩɬ.), ɫвɟɞɟɧɢя ɨɛ авɬɨɪах, аɧɧɨɬаɰɢя, 
ɤɥɸчɟвыɟ ɫɥɨва (Times New Roman, 10 ɩɬ.). 
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Пɪɢ ɩɭɛɥɢɤаɰɢɢ ɫɬаɬьɢ ɧа ɪɭɫɫɤɨɦ яɡыɤɟ 
ɞаɥɟɟ ɪаɫɩɨɥаɝаɸɬɫя Заɝɨɥɨвɨɤ (Times New 
Roman, 16 ɩɬ.), авɬɨɪы (Times New Roman, 
14 ɩɬ.), ɫвɟɞɟɧɢя ɨɛ авɬɨɪах, аɧɧɨɬаɰɢя, 
ɤɥɸчɟвыɟ ɫɥɨва (Times New Roman, 10 ɩɬ.) 
ɧа аɧɝɥɢɣɫɤɨɦ яɡыɤɟ). Ввɟɞɟɧɢɟ, ɨɫɧɨвɧɨɣ 
ɬɟɤɫɬ ɫɬаɬьɢ, ɩɪɢɥɨɠɟɧɢя ɢ ɡаɦɟчаɧɢя ɩɟча-
ɬаɸɬɫя ɫ ɢɫɩɨɥьɡɨваɧɢɟ шɪɢфɬа Times New 
Roman, 12 ɩɬ.; ɫɩɢɫɤɨ ɥɢɬɟɪаɬɭɪы, ɪаɡвɟɪɧɭ-
ɬыɟ ɫвɟɞɟɧɢя ɨɛ авɬɨɪах – Times New Roman, 
10 ɩɬ. Мɟɠɫɬɪɨчɧыɣ ɢɧɬɟɪваɥ – ɨɞɢɧаɪɧыɣ. 
Выɪавɧɢваɧɢɟ в ɬɟɤɫɬɟ – ɩɨ шɢɪɢɧɟ, выɪав-
ɧɢваɧɢɟ фɨɪɦɭɥ – ɩɨ ɩɪавɨɦɭ ɤɪаɸ, фɨɪɦɭ-
ɥы ɠɟɥаɬɟɥьɧɨ ɧɭɦɟɪɨваɬь. 
 
Ɂɚɝоловоɤ сɬɚɬɶи, свеɞеɧиɹ оɛ ɚвɬоɪɚɯ 
ɩɪɟɞɫɬавɥяɸɬɫя в фɨɪɦɟ, ɩɪɢвɟɞɟɧɧɨɣ в 
ɧаɫɬɨяɳɟɦ ɨɛɪаɡɰɟ, выɪавɧɢваɧɢɟ ɩɨ ɰɟɧ-
ɬɪɭ. ɉоɞɡɚɝоловɤи в сɬɚɬɶе выɞɟɥяɸɬɫя ɩɨ-
ɥɭɠɢɪɧыɦ шɪɢфɬɨɦ ɫ выɪавɧɢваɧɢɟɦ ɩɨ 
ɥɟвɨɦɭ ɤɪаɸ. Пɨɞɡаɝɨɥɨвɤɢ ɩɟɪвɨɝɨ ɭɪɨвɧя 
ɞɨɥɠɧы ɛыɬь ɨɬɞɟɥɟɧы ɨɬ ɨɫɧɨвɧɨɝɨ ɬɟɤɫɬа 
ɨɞɧɨɣ ɩɭɫɬɨɣ ɫɬɪɨɤɨɣ, ɩɨɞɡаɝɨɥɨвɤɢ вɬɨɪɨɝɨ 
ɭɪɨвɧя выɞɟɥяɸɬɫя ɤɭɪɫɢвɨɦ. 
 
Оɛɟ ɤɨɥɨɧɤɢ ɧа ɤаɠɞɨɣ ɫɬɪаɧɢɰɟ, вɤɥɸчая ɩɨ-
ɫɥɟɞɧɸɸ, ɞɨɥɠɧы ɢɦɟɬь ɨɞɢɧаɤɨвɭɸ ɞɥɢɧɭ. В 
ɤɨɧɰɟ ɫɬаɬьɢ ɞɨɥɠɧы ɛыɬь ɩɪɢвɟɞɟɧы ɪаɡвɟɪ-
ɧɭɬыɟ ɫвɟɞɟɧɢя ɨɛ авɬɨɪах, ɫɨɞɟɪɠаɳɢɟ в ɬɨɦ 
чɢɫɥɟ ɢх ɤɨɧɬаɤɬɧыɟ ɞаɧɧыɟ (ɧа ɞвɭх яɡыɤах 
ɩɪɢ ɩɭɛɥɢɤаɰɢɢ ɫɬаɬьɢ ɧа ɪɭɫɫɤɨɦ яɡыɤɟ). 
 
Ɋисуɧɤи (чɟɪɧɨ-ɛɟɥыɟ) ɞɨɥɠɧы ɛыɬь вɫɬав-
ɥɟɧы в ɬɟɤɫɬ ɫɬаɬьɢ ɢɥɢ ɩɪɢɥɨɠɟɧы в ɛɭɦаɠ-
ɧɨɦ вɢɞɟ ɧа ɨɬɞɟɥьɧых ɥɢɫɬах, ɫ ɭɤаɡаɧɢɟɦ в 
ɤаɤɢх ɦɟɫɬах ɫɬаɬьɢ ɢх ɫɥɟɞɭɟɬ ɪаɫɩɨɥɨɠɢɬь. 
Тɨɠɟ ɤаɫаɟɬɫя ɢ фоɬоɝɪɚфиɣ, фɨɪɦаɬ фɨɬɨ-
ɝɪафɢɣ – чɟɪɧɨ-ɛɟɥыɣ. ɀɟɥаɬɟɥьɧɨ ɩɪɢɥа-
ɝаɬь ɷɥɟɤɬɪɨɧɧыɟ вɟɪɫɢɢ ɪɢɫɭɧɤɨв ɢ фɨɬɨ-
ɝɪафɢɣ! Аɧаɥɨɝɢчɧыɟ ɬɪɟɛɨваɧɢя ɤаɫаɸɬɫя 
ɬɚɛлиɰ. Наɢɥɭчшɢɣ ваɪɢаɧɬ ɬаɤɨɣ, ɤɨɝɞа ɪɢ-
ɫɭɧɤɢ, фɨɬɨɝɪафɢɢ ɢ ɬаɛɥɢɰы вɫɬавɥɟɧы в 
фаɣɥ, ɩɨɞɝɨɬɨвɥɟɧɧыɣ в Microsoft Word. Все 
сиɦволы, в ɬоɦ числе исɩолɶɡуеɦые в 
уɪɚвɧеɧиɹɯ, ɞолɠɧы ɛыɬɶ ɩечɚɬɧыɦи.  
 

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

Оɞɧаɤɨ, ɪисуɧɤи и фоɬоɝɪɚфии, всɬɚвлеɧ-
ɧые в фɚɣл ɬеɤсɬовоɝо ɩɪоɰессоɪɚ Mi-
crosoft Word ɧе всеɝɞɚ иɦеюɬ ɩɪиеɦлеɦое 
ɞлɹ ɩечɚɬи ɤɚчесɬво ɢɡ-ɡа ɢх ɧɢɡɤɨɝɨ ɪаɡ-
ɪɟшɟɧɢя. В ɷɬɨɣ ɫвяɡɢ авɬɨɪɭ ɧаɫɬɨяɬɟɥьɧɨ 
ɪɟɤɨɦɟɧɞɭɟɬɫя ɞɨɩɨɥɧɢɬɟɥьɧɨ ɩɪɢɥɨɠɢɬь 
(ɧа ɞɢɫɤɟɬɟ ɢɥɢ ɤɨɦɩаɤɬ-ɞɢɫɤɟ) ɤ ɫɬаɬьɟ 
фаɣɥы, ɫɨɞɟɪɠаɳɢɟ ɪɢɫɭɧɤɢ. Доɩусɬиɦые 
фоɪɦɚɬы ɞлɹ ɪисуɧɤов – JPEG, TIFF ɢɥɢ 
EPS, ɪаɡɪɟшɟɧɢɟ – 300-600 dpi. 
 
Рɢɫɭɧɤɢ, фɨɬɨɝɪафɢɢ ɢ ɬаɛɥɢɰы, в ɫɥɭчаɟ ɢх 
ɛɨɥьшɢх ɪаɡɦɟɪɨв, ɬаɤɠɟ ɦɨɝɭɬ ɪаɫɩɨɥаɝаɬь-
ɫя в ɨɞɧɭ ɤɨɥɨɧɤɭ ɫ выɪавɧɢваɧɢɟɦ ɩɨ шɢ-
ɪɢɧɟ. Фɨɪɦɭɥы в ɫɬаɬьɟ ɧɭɦɟɪɭɸɬɫя ɫ вы-
ɪавɧɢваɧɢɟɦ ɩɨ ɩɪавɨɦɭ ɤɪаɸ. Сɩисоɤ ли-
ɬеɪɚɬуɪы ɞɨɥɠɟɧ ɛыɬь ɩɪɢвɟɞɟɧ в ɤɨɧɰɟ 
ɫɬаɬьɢ. Рɢɫɭɧɤɢ, фɨɬɨɝɪафɢɢ ɢ ɬаɛɥɢɰы 
ɞɨɥɠɧы ɛыɬь ɨɬɞɟɥɟɧы ɨɬ ɨɫɧɨвɧɨɝɨ ɬɟɤɫɬа 
ɤаɤ ɦɢɧɢɦɭɦ ɨɞɧɨɣ ɩɭɫɬɨɣ ɫɬɪɨɤɨɣ.  
 

 
Рисуɧɨк 1 

 
ɉɪеɞɩолɚɝɚеɬсɹ, чɬо сɬɚɬɶɹ ɧɚɩисɚɧɚ ɧɚ 
ɝɪɚɦоɬɧоɦ и ɯоɪоɲо чиɬɚеɦоɦ ɚɧɝлиɣ-
сɤоɦ или ɪуссɤоɦ ɹɡыɤе. Пɪɢ ɧɟɨɛхɨɞɢɦɨ-
ɫɬɢ, ɩɟɪɟɞ ɨɬɩɪавɤɨɣ ɫɬаɬьɢ авɬɨɪаɦ ɫɥɟɞɭɟɬ 
ɩɪɨɤɨɧɫɭɥьɬɢɪɨваɬьɫя ɭ ɩɟɪɟвɨɞчɢɤɨв. Сɬа-
ɬья ɧɟ ɛɭɞɟɬ ɩɨɞɪɨɛɧɨ ɩɪɨвɟɪяɬьɫя ɪɟɞаɤɰɢ-
ɟɣ ɧа ɩɪɟɞɦɟɬ ɧаɥɢчɢя ɥɢɧɝвɢɫɬɢчɟɫɤɢх 
ɨшɢɛɨɤ. В ɬɨɠɟ вɪɟɦя ɪɟɞаɤɰɢя ɨɫɬавɥяɟɬ ɡа 
ɫɨɛɨɣ ɩɪавɨ ɨɬɤɥɨɧɢɬь ɫɬаɬьɸ, ɩɪɢ ɧаɥɢчɢɢ 
в ɩɨɫɥɟɞɧɟɣ ɛɨɥьшɨɝɨ ɤɨɥɢчɟɫɬва ɨшɢɛɨɤ 
ɥɢɧɝвɢɫɬɢчɟɫɤɨɝɨ хаɪаɤɬɟɪа. 
 
2. ɈɌɉɊАВɄА СɌАɌɖИ ɇА  

ɊȿЦȿɇɁИɊɈВАɇИȿ 
 
Авɬоɪы (иɡ Ɋоссии и ɞɪуɝиɯ сɬɪɚɧ) ɞолɠ-
ɧы выслɚɬɶ в ɚɞɪес ɪеɞɚɤɰии ɬɪɢ ɩɟчаɬ-
ɧых ɷɤɡɟɦɩɥяɪа ɫɬаɬьɢ ɧа ɢɦя ɝɥавɧɨɝɨ ɪɟ-
ɞаɤɬɨɪа ɠɭɪɧаɥа, ɩɪɨфɟɫɫɨɪа Сɢɞɨɪɨва Вɥа-
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ɞɢɦɢɪа Нɢɤɨɥаɟвɢча (ɤɨɧɬаɤɬɧая ɢɧфɨɪɦа-
ɰɢя ɩɪɢвɟɞɟɧа в ɪаɡɞɟɥɟ «Кɨɧɬаɤɬɧыɟ ɞаɧ-
ɧыɟ») ɢɥɢ ɬɟхɧɢчɟɫɤɨɦɭ ɪɟɞаɤɬɨɪɭ ɠɭɪɧаɥа, 
ɞɨɰɟɧɬɭ Каɣɬɭɤɨвɭ Таɣɦɭɪаɡɭ Ȼаɬɪаɡɨвɢчɭ.  
Эɥɟɤɬɪɨɧɧыɟ вɟɪɫɢɢ ɫɬаɬɟɣ ɧɟɨɛхɨɞɢɦɨ вы-
ɫɥаɬь ɬаɤɠɟ ɩɨ ɷɥɟɤɬɪɨɧɧɨɣ ɩɨчɬɟ ɝɥавɧɨɦɭ 
ɪɟɞаɤɬɨɪɭ ɠɭɪɧаɥа. Эɥɟɤɬɪɨɧɧыɟ ɢ ɩɟчаɬɧыɟ 
фɨɪɦы ɧɟ вɨɡвɪаɳаɸɬɫя. Каɠɞая ɩɪɢхɨɞя-
ɳая в ɪɟɞаɤɰɢɸ ɠɭɪɧаɥа ɫɬаɬья ɧаɩɪавɥяɟɬ-
ɫя ɞɥя ɪаɫɫɦɨɬɪɟɧɢя ɷɤɫɩɟɪɬаɦ ɫɨɨɬвɟɬɫɬвɭ-
ɸɳɟɝɨ ɩɪɨфɢɥя. Ʉɚɤ ɩɪɚвило, ɩо ɤɚɠɞоɣ 
сɬɚɬɶе ɧɚɡɧɚчɚюɬсɹ ɞвɚ ɷɤсɩеɪɬɚ. Вɪɟɦя 
ɩɪɨвɟɞɟɧɢя ɷɤɫɩɟɪɬɢɡы ɫɬаɬьɢ ɧɟ ɦɨɠɟɬ ɩɪɟ-
вышаɬь 6 ɦɟɫяɰɟв. Свɨɢ ɡаɤɥɸчɟɧɢя ɢ ɨɰɟɧ-
ɤɢ ɩɨ ɫɬаɬьɟ ɷɤɫɩɟɪɬы ɫɨɨɛɳаɸɬ ɝɥавɧɨɦɭ 
ɪɟɞаɤɬɨɪɭ ɠɭɪɧаɥа, ɩɪɢ ɷɬɨɦ ɧа ɤаɠɞɭɸ ɫɬа-
ɬьɸ ɞɨɥɠɧɨ ɩɪɢɣɬɢ ɧɟ ɦɟɧɟɟ ɞвɭх ɡаɤɥɸчɟ-
ɧɢɣ. Заɦɟчаɧɢя ɢ ɩɪɟɞɥɨɠɟɧɢя ɷɤɫɩɟɪɬɨв 
ɞɨвɨɞяɬɫя ɞɨ ɫвɟɞɟɧɢя авɬɨɪа ɫɬаɬьɢ, ɩɨɫɥɟ 
чɟɝɨ ɨɧ вɧɨɫɢɬ вɫɟ ɧɟɨɛхɨɞɢɦыɟ ɢɡɦɟɧɟɧɢя. 
 
3. ɈɌɉɊАВɄА СɄɈɊɊȿɄɌИɊɈВАɇɇɈɃ 

СɌАɌɖИ 
 
Пɨɫɥɟ ɨɞɨɛɪɟɧɢя ɷɤɫɩɟɪɬаɦɢ ɫɬаɬьɢ ɢ вɧɟɫɟ-
ɧɢя авɬɨɪаɦɢ вɫɟх ɧɟɨɛхɨɞɢɦых ɢɡɦɟɧɟɧɢɣ, 
ɨɤɨɧчаɬɟɥьɧыɣ ваɪɢаɧɬ ɫɬаɬьɢ (ɛɭɦаɠɧыɣ в 
ɬɪɟх ɷɤɡɟɦɩɥяɪах ɢ ɷɥɟɤɬɪɨɧɧɨɣ ɧа ɤɨɦɩаɤɬ-
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Пɪɟɡɢɞɢɭɦ Рɨɫɫɢɣɫɤɨɣ аɤаɞɟɦɢɢ аɪхɢɬɟɤɬɭɪы ɢ ɫɬɪɨɢɬɟɥьɧых ɧаɭɤ (РААСН) ɨɛъявɥяɟɬ ɨ ɩɪɨ-
вɟɞɟɧɢɢ БVIII ɟɠɟɝɨɞɧɨɝɨ ɤɨɧɤɭɪɫа ɧа ɦɟɞаɥɢ ɢ ɞɢɩɥɨɦы Аɤаɞɟɦɢɢ ɡа 2014 ɝɨɞ ɧа ɥɭчшɢɟ 
ɧаɭчɧыɟ ɢ ɬвɨɪчɟɫɤɢɟ ɪаɛɨɬы в ɨɛɥаɫɬɢ аɪхɢɬɟɤɬɭɪы, ɝɪаɞɨɫɬɪɨɢɬɟɥьɫɬва ɢ ɫɬɪɨɢɬɟɥьɧых ɧаɭɤ. 
Мɟɞаɥɢ ɢ ɞɢɩɥɨɦы РААСН ɩɪɢɫɭɠɞаɸɬɫя ɧа ɤɨɧɤɭɪɫɧɨɣ ɨɫɧɨвɟ аɪхɢɬɟɤɬɨɪаɦ, ɝɪаɞɨɫɬɪɨɢ-
ɬɟɥяɦ, ɭчёɧыɦ аɪхɢɬɟɤɬɭɪɧɨ-ɝɪаɞɨɫɬɪɨɢɬɟɥьɧых ɢ ɫɬɪɨɢɬɟɥьɧых ɫɩɟɰɢаɥьɧɨɫɬɟɣ – ɝɪаɠɞа-
ɧаɦ Рɨɫɫɢɣɫɤɨɣ Фɟɞɟɪаɰɢɢ ɡа ɥɭчшɢɟ ɩɪɨɟɤɬы, ɩɨ ɤɨɬɨɪыɦ ɫɬɪɨɢɬɟɥьɫɬвɨ ɨɫɭɳɟɫɬвɥɟɧɨ 
(ɞɥя аɪхɢɬɟɤɬɭɪɧых ɩɪɨɟɤɬɨв) ɢɥɢ ɨɫɭɳɟɫɬвɥяɟɬɫя (ɞɥя ɝɪаɞɨɫɬɪɨɢɬɟɥьɧых ɩɪɨɟɤɬɨв), ɡа 
ɧаɭчɧɨ-ɢɫɫɥɟɞɨваɬɟɥьɫɤɢɟ ɢ ɩɪɨɟɤɬɧɨ-ɤɨɧɫɬɪɭɤɬɨɪɫɤɢɟ ɪаɡɪаɛɨɬɤɢ, в ɪɟɡɭɥьɬаɬɟ ɤɨɬɨɪых 
ɩɨɥɭчɟɧ ɡɧачɢɬɟɥьɧыɣ ɷɤɨɧɨɦɢчɟɫɤɢɣ ɢ ɫɨɰɢаɥьɧыɣ ɷффɟɤɬ; ɨɩɭɛɥɢɤɨваɧɧыɟ ɧаɭчɧыɟ ɬɪɭ-
ɞы, ɦɨɧɨɝɪафɢɢ, ɭчɟɛɧɢɤɢ ɢ ɭчɟɛɧыɟ ɩɨɫɨɛɢя.  
На ɤɨɧɤɭɪɫ ɦɨɝɭɬ ɩɪɟɞɫɬавɥяɬьɫя ɩɨɫɬɪɨɟɧɧыɟ ɨɛъɟɤɬы ɢɥɢ ɨɩɭɛɥɢɤɨваɧɧыɟ ɧаɭчɧыɟ ɪаɛɨɬы в 
ɬɟчɟɧɢɟ ɩɨɫɥɟɞɧɢх 5 ɥɟɬ. Пɨɫɬɪɨɟɧɧыɟ ɨɛъɟɤɬы ɞɨɥɠɧы ɢɦɟɬь ɫɪɨɤ ɷɤɫɩɥɭаɬаɰɢɢ ɧɟ ɦɟɧɟɟ 1 ɝɨɞа. 
В ɫɨɨɬвɟɬɫɬвɢɢ ɫ Пɨɫɬаɧɨвɥɟɧɢɟɦ Оɛɳɟɝɨ ɫɨɛɪаɧɢя РААСН-2013 в ɤɨɧɤɭɪɫ ввɨɞɢɬɫя ɧɨɦɢ-
ɧаɰɢя «За ɥɭчшɢɣ ɧɟɨɫɭɳɟɫɬвɥёɧɧыɣ аɪхɢɬɟɤɬɭɪɧыɣ ɩɪɨɟɤɬ» ɫ ɭɫɬаɧɨвɥɟɧɢɟɦ в ɤачɟɫɬвɟ 
ɧаɝɪаɞы 1 ɞɢɩɥɨɦа РААСН. 
Раɛɨɬы, ɭɞɨɫɬɨɟɧɧыɟ Ƚɨɫɭɞаɪɫɬвɟɧɧых ɩɪɟɦɢɣ Рɨɫɫɢɣɫɤɨɣ Фɟɞɟɪаɰɢɢ, ɩɪɟɦɢɣ Пɪавɢɬɟɥь-
ɫɬва РФ, ɦɟɞаɥɟɣ ɞɪɭɝɢх ɝɨɫɭɞаɪɫɬвɟɧɧых аɤаɞɟɦɢɣ ɧаɭɤ Рɨɫɫɢɣɫɤɨɣ Фɟɞɟɪаɰɢɢ ɧа ɫɨɢɫɤа-
ɧɢɟ ɦɟɞаɥɟɣ ɢ ɞɢɩɥɨɦɨв РААСН ɧɟ ɩɪɟɞɫɬавɥяɸɬɫя.  
В ɪаɦɤах ɤɨɧɤɭɪɫа ɧа ɦɟɞаɥɢ ɢ ɞɢɩɥɨɦы РААСН ɩɪɨвɨɞɢɬɫя ɤɨɧɤɭɪɫ ɧа ɥɭчшɢɟ ɧаɭчɧыɟ ɢ 
ɬвɨɪчɟɫɤɢɟ ɪаɛɨɬы в ɨɛɥаɫɬɢ аɪхɢɬɟɤɬɭɪы, ɝɪаɞɨɫɬɪɨɢɬɟɥьɫɬва ɢ ɫɬɪɨɢɬɟɥьɧых ɧаɭɤ ɞɥя ɦɨ-
ɥɨɞых ɭчёɧых ɢ ɫɩɟɰɢаɥɢɫɬɨв в вɨɡɪаɫɬɟ ɞɨ 35 ɥɟɬ вɤɥɸчɢɬɟɥьɧɨ. 
 

ɍсɬɚɧɚвливɚюɬсɹ слеɞуюɳие ɧɚɝɪɚɞы ɡɚ лучɲие ɪɚɛоɬы: 
 

1. Ɇеɞɚли ɊААСɇ. 
– в оɛлɚсɬи ɚɪɯиɬеɤɬуɪы 
1 ɡɨɥɨɬая ɢ 1 ɫɟɪɟɛɪяɧая ɦɟɞаɥɢ ɡа ɥɭчшɢɣ ɨɫɭɳɟɫɬвɥёɧɧыɣ аɪхɢɬɟɤɬɭɪɧыɣ ɩɪɨɟɤɬ ɢ ɥɭч-
шɭɸ ɨɩɭɛɥɢɤɨваɧɧɭɸ ɪаɛɨɬɭ в ɨɛɥаɫɬɢ аɪхɢɬɟɤɬɭɪɧɨɣ ɧаɭɤɢ. 
– в оɛлɚсɬи ɝɪɚɞосɬɪоиɬелɶсɬвɚ 
1 ɡɨɥɨɬая ɢ 1 ɫɟɪɟɛɪяɧая ɦɟɞаɥɢ ɡа ɥɭчшɭɸ ɪаɛɨɬɭ в ɨɛɥаɫɬɢ ɝɪаɞɨɫɬɪɨɢɬɟɥьɧɨɣ ɧаɭɤɢ ɢ 
ɥɭчшɭɸ ɩɪɨɟɤɬɧɭɸ ɪаɛɨɬɭ в ɨɛɥаɫɬɢ ɝɪаɞɨɫɬɪɨɢɬɟɥьɫɬва, ɪɟаɥɢɡɨваɧɧɭɸ ɢɥɢ ɩɪɢɧяɬɭɸ ɤ 
ɪɟаɥɢɡаɰɢɢ. 
– в оɛлɚсɬи сɬɪоиɬелɶɧыɯ ɧɚуɤ 
1 ɡɨɥɨɬая ɢ 1 ɫɟɪɟɛɪяɧая ɦɟɞаɥɢ ɡа ɥɭчшɭɸ ɨɩɭɛɥɢɤɨваɧɧɭɸ ɧаɭчɧɭɸ ɪаɛɨɬɭ ɢ ɥɭчшɢɣ ɢɧ-
ɠɟɧɟɪɧыɣ ɩɪɨɟɤɬ (ɫɬɪɨɢɬɟɥьɧɭɸ ɬɟхɧɨɥɨɝɢɸ). 
Пɪɢɦɟчаɧɢɟ: ɡɨɥɨɬая ɢ ɫɟɪɟɛɪяɧая ɦɟɞаɥɢ ɩɪɢɫɭɠɞаɸɬɫя ɧа ɨɫɧɨвɟ ɤɨɧɤɭɪɫа ɦɟɠɞɭ ɪаɛɨɬа-
ɦɢ, ɩɪɟɞɫɬавɥɟɧɧыɦɢ в ɨɬɞɟɥɟɧɢя в ɨɛъявɥɟɧɧых ɧɨɦɢɧаɰɢях. Дɨɩɨɥɧɢɬɟɥьɧɨ ɤ ɡɨɥɨɬɨɣ ɢ 
ɫɟɪɟɛɪяɧɨɣ ɦɟɞаɥɢ РААСН вɪɭчаɟɬɫя ɞɢɩɥɨɦ. 
 
2. Диɩлоɦы ɊААСɇ 
4 ɞиɩлоɦɚ ɫɨɨɬвɟɬɫɬвɟɧɧɨ в ɨɛɥаɫɬɢ аɪхɢɬɟɤɬɭɪы, ɝɪаɞɨɫɬɪɨɢɬɟɥьɫɬва ɢ ɫɬɪɨɢɬɟɥьɧых ɧаɭɤ 
ɢ ɩɨ 1 ɞɢɩɥɨɦɭ ɡа ɥɭчшɢɣ ɢɡɞаɧɧыɣ ɭчɟɛɧɢɤ (ɭчɟɛɧɨɟ ɩɨɫɨɛɢɟ), ɪɟɤɨɦɟɧɞɨваɧɧыɣ ɤ ɢɡɞа-
ɧɢɸ Мɢɧɢɫɬɟɪɫɬвɨɦ ɨɛɪаɡɨваɧɢя ɢ ɧаɭɤɢ РФ. 
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1 ɞиɩлоɦ в ɧɨɦɢɧаɰɢɢ «ɡа ɥɭчшɢɣ ɧɟɨɫɭɳɟɫɬвɥёɧɧыɣ аɪхɢɬɟɤɬɭɪɧыɣ ɩɪɨɟɤɬ». 
2 ɞиɩлоɦɚ в ɨɛɥаɫɬɢ аɪхɢɬɟɤɬɭɪы, ɝɪаɞɨɫɬɪɨɢɬɟɥьɫɬва ɢ ɫɬɪɨɢɬɟɥьɧых ɧаɭɤ ɞɥя ɦɨɥɨɞых 
ɭчёɧых ɢ ɫɩɟɰɢаɥɢɫɬɨв в вɨɡɪаɫɬɟ ɞɨ 35 ɥɟɬ вɤɥɸчɢɬɟɥьɧɨ. 
 
3. ɉоɪɹɞоɤ выɞвиɠеɧиɹ ɤɚɧɞиɞɚɬов ɧɚ соисɤɚɧие ɦеɞɚлеɣ и ɞиɩлоɦов 
На ɫɨɢɫɤаɧɢɟ ɧаɝɪаɞ РААСН ɩɪɟɞɫɬавɥяɸɬɫя авɬɨɪы ɢɥɢ авɬɨɪɫɤɢɟ ɤɨɥɥɟɤɬɢвы в ɫɨɫɬавɟ 
ɨɫɧɨвɧых авɬɨɪɨв, ɧɨ ɧɟ ɛɨɥɟɟ 6 чɟɥɨвɟɤ. Мɟɞаɥɢ ɢ ɞɢɩɥɨɦы РААСН ɩɪɢɫɭɠɞаɸɬɫя ɤаɠɞɨ-
ɦɭ чɥɟɧɭ ɩɪɟɞɫɬавɥɟɧɧɨɝɨ авɬɨɪɫɤɨɝɨ ɤɨɥɥɟɤɬɢва. 
Выɞвɢɠɟɧɢɟ ɤаɧɞɢɞаɬɨв ɧа ɫɨɢɫɤаɧɢɟ ɦɟɞаɥɟɣ ɢ ɞɢɩɥɨɦɨв Аɤаɞɟɦɢɢ ɩɪɨɢɡвɨɞɢɬɫя ɩɪɨфɟɫ-
ɫɢɨɧаɥьɧыɦɢ ɨɪɝаɧɢɡаɰɢяɦɢ (ɩɪɨɟɤɬɧыɟ, ɧаɭчɧɨ-ɢɫɫɥɟɞɨваɬɟɥьɫɤɢɟ ɨɪɝаɧɢɡаɰɢɢ, выɫшɢɟ 
ɭчɟɛɧыɟ ɡавɟɞɟɧɢя ɢ ɞɪ.), а ɬаɤɠɟ ɨɬɞɟɥɟɧɢяɦɢ РААСН, ɧаɭчɧɨ-ɬвɨɪчɟɫɤɢɦɢ ɰɟɧɬɪаɦɢ, 
ɩɪɨфɟɫɫɢɨɧаɥьɧыɦɢ ɨɛɳɟɫɬвɟɧɧыɦɢ ɨɪɝаɧɢɡаɰɢяɦɢ, аɤаɞɟɦɢɤаɦɢ ɢ чɥɟɧаɦɢ-
ɤɨɪɪɟɫɩɨɧɞɟɧɬаɦɢ РААСН. 
На выɞвɢɝаɟɦых ɤаɧɞɢɞаɬɨв ɩɪɟɞɫɬавɥяɸɬɫя ɫɥɟɞɭɸɳɢɟ ɦаɬɟɪɢаɥы: ɩɪɟɞɫɬавɥɟɧɢɟ выɞвɢ-
ɝаɸɳɟɣ ɨɪɝаɧɢɡаɰɢɢ ɢɥɢ чɥɟɧа Аɤаɞɟɦɢɢ, ɫɨɞɟɪɠаɳɟɟ ɨɫɧɨваɧɢя ɞɥя выɞвɢɠɟɧɢя; аɧɧɨɬа-
ɰɢɢ ɢ ɨɩɭɛɥɢɤɨваɧɧыɟ ɨɬɡывы ɧа ɩɪɟɞɫɬавɥяɟɦɭɸ ɪаɛɨɬɭ; фɨɬɨɝɪафɢɢ (ɤɫɟɪɨɤɨɩɢɢ) в аɥь-
ɛɨɦɟ (ɪаɡɦɟɪ А3 ɢɥɢ А4) ɢɥɢ ɷɥɟɤɬɪɨɧɧɨɟ ɢɡɨɛɪаɠɟɧɢɟ ɩɪɨɟɤɬɨв ɢ ɩɨɫɬɪɨɟɤ. Дɥя ɧаɭчɧых 
ɪаɛɨɬɧɢɤɨв – ɨɞɢɧ ɷɤɡɟɦɩɥяɪ ɨɩɭɛɥɢɤɨваɧɧɨɝɨ ɧаɭчɧɨɝɨ ɬɪɭɞа ɢ ɨɩɭɛɥɢɤɨваɧɧыɟ ɪɟɰɟɧɡɢɢ 
ɧа ɧаɭчɧɭɸ ɪаɛɨɬɭ. К ɦаɬɟɪɢаɥаɦ ɩɪɢɥаɝаɸɬɫя ɤɪаɬɤɢɟ ɛɢɨɝɪафɢчɟɫɤɢɟ ɢ ɩɪɨфɟɫɫɢɨɧаɥь-
ɧыɟ ɫвɟɞɟɧɢя ɨɛ авɬɨɪɟ (авɬɨɪах). 
Сɪоɤ ɩɪеɞсɬɚвлеɧиɹ ɦɚɬеɪиɚлов ɧɚ ɤоɧɤуɪс ɧе ɩоɡɞɧее 15 ɹɧвɚɪɹ 2015 ɝ. (чеɬвеɪɝ) 
вɤлючиɬелɶɧо ɞо 17 чɚсов ɩо ɚɞɪесу: 107 031, Ɇосɤвɚ, ул. Ȼолɶɲɚɹ Дɦиɬɪовɤɚ, ɞоɦ 24, 
сɬɪ. 1 (Ɋоссиɣсɤɚɹ ɚɤɚɞеɦиɹ ɚɪɯиɬеɤɬуɪы и сɬɪоиɬелɶɧыɯ ɧɚуɤ). 
Маɬɟɪɢаɥы ɩɪɟɞɫɬавɥяɸɬɫя в ɫɨɨɬвɟɬɫɬвɭɸɳɟɟ ɨɬɞɟɥɟɧɢɟ РААСН (аɪхɢɬɟɤɬɭɪа, ɝɪаɞɨɫɬɪɨ-
ɢɬɟɥьɫɬвɨ ɢ ɫɬɪɨɢɬɟɥьɧыɟ ɧаɭɤɢ). Маɬɟɪɢаɥы, ɨɬɩɪавɥɟɧɧыɟ ɩɨ ɩɨчɬɟ, ɞɨɥɠɧы ɢɦɟɬь ɞаɬɭ 
ɨɬɩɪавɥɟɧɢя ɧɟ ɩɨɡɞɧɟɟ ɭɫɬаɧɨвɥɟɧɧɨɝɨ ɫɪɨɤа. Раɛɨɬы, ɨɬɩɪавɥɟɧɧыɟ ɩɨɡɞɧɟɟ ɭɫɬаɧɨвɥɟɧɧɨ-
ɝɨ ɫɪɨɤа ɤ ɪаɫɫɦɨɬɪɟɧɢɸ ɧɟ ɩɪɢɧɢɦаɸɬɫя.  
Рɟшɟɧɢɟ ɨ ɩɪɢɫɭɠɞɟɧɢɢ ɦɟɞаɥɟɣ ɢ ɞɢɩɥɨɦɨв ɩɪɢɧɢɦаɟɬɫя ɩɪɟɡɢɞɢɭɦɨɦ Аɤаɞɟɦɢɢ. 
Оɩɭɛɥɢɤɨваɧɧыɟ ɦɨɧɨɝɪафɢɢ ɢ ɭчɟɛɧɢɤɢ, аɥьɛɨɦы ɩɪɨɟɤɬɨв ɢ ɩɨɫɬɪɨɟɤ ɩɪɟɞɫɬавɥɟɧɧыɟ ɧа 
ɤɨɧɤɭɪɫ, ɧɟ вɨɡвɪаɳаɸɬɫя ɢ ɩɟɪɟɞаɸɬɫя в ɛɢɛɥɢɨɬɟɤɭ РААСН. 
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– Оɬɞɟɥɟɧɢɟ ɫɬɪɨɢɬɟɥьɧых ɧаɭɤ РААСН: 
(ɬ/ф): +7(495) 625-76-80; фаɤɫ: 625-73-16; e-mail: osn.raasn@mail.ru 
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Ʉ ɘȻИɅȿɘ ɅȿɈɇИДА СȿɆȿɇɈВИЧА ɅəХɈВИЧА 
 
12 ɫɟɧɬяɛɪя 2014 ɝɨɞа ɢɫɩɨɥɧɢɥɨɫь 80 ɥɟɬ Ʌɟɨɧɢɞɭ Сɟɦёɧɨвɢчɭ Ʌяхɨвɢчɭ. Оɬ ɢɦɟɧɢ ɪɟɞаɤ-
ɰɢɨɧɧɨɝɨ ɫɨвɟɬа ɦɟɠɞɭɧаɪɨɞɧɨɝɨ ɧаɭчɧɨɝɨ ɠɭɪɧаɥа “International Journal for Computational 
Civil and Structural Engineering” ɩɨɡɞɪавɥяɟɦ ɟɝɨ ɫ ɷɬɢɦ ɡаɦɟчаɬɟɥьɧыɦ Юɛɢɥɟɟɦ! 
Тɪɭɞɨвая ɢ ɬвɨɪчɟɫɤая ɞɟяɬɟɥьɧɨɫɬь Ʌ.С. Ʌяхɨвɢча ɧа ɩɪɨɬяɠɟɧɢɢ ɛɨɥɟɟ чɟɦ шɟɫɬɢ ɞɟɫяɬɢ-
ɥɟɬɢɣ – ɞɨɫɬɨɣɧыɣ ɩɪɢɦɟɪ ɞɥя ɩɨɞɪаɠаɧɢя ɦɨɥɨɞɨɦɭ ɩɨɤɨɥɟɧɢɸ, вɨɫɩɢɬаɧɢɸ ɢ ɨɛɪаɡɨва-
ɧɢɸ ɤɨɬɨɪɨɝɨ ɨɧ ɩɨɫвяɬɢɥ ɫвɨɸ ɠɢɡɧь. Мы ɡɧаɟɦ Ʌɟɨɧɢɞа Сɟɦɟɧɨвɢча ɤаɤ ɤɪɭɩɧɨɝɨ, ɩɪɢ-
ɡɧаɧɧɨɝɨ в Рɨɫɫɢɢ ɢ ɡа ɪɭɛɟɠɨɦ ɭчɟɧɨɝɨ, авɬɨɪа ɦɧɨɝɨчɢɫɥɟɧɧых ɧаɭчɧых ɢ ɭчɟɛɧɨ-
ɦɟɬɨɞɢчɟɫɤɢх ɪаɛɨɬ, ɨɩыɬɧɨɝɨ ɨɪɝаɧɢɡаɬɨɪа ɩɨɞɝɨɬɨвɤɢ ɫɩɟɰɢаɥɢɫɬɨв ɢ ɦаɫшɬаɛɧых ɧаɭч-
ɧых ɢɫɫɥɟɞɨваɧɢɣ, аɤɬɢвɧɨɝɨ ɭчаɫɬɧɢɤа ɦɟɠɞɭɧаɪɨɞɧых ɩɪɨɝɪаɦɦ, ɫɢɦɩɨɡɢɭɦɨв ɢ ɤɨɧфɟ-
ɪɟɧɰɢɣ. Наɪяɞɭ ɫ ɪɭɤɨвɨɞɫɬвɨɦ ɤафɟɞɪɨɣ, ɨɧ явɥяɟɬɫя аɤаɞɟɦɢɤɨɦ Рɨɫɫɢɣɫɤɨɣ аɤаɞɟɦɢɢ аɪ-
хɢɬɟɤɬɭɪы ɢ ɫɬɪɨɢɬɟɥьɧых ɧаɭɤ, ɡаɫɥɭɠɟɧɧыɦ ɞɟяɬɟɥɟɦ ɧаɭɤɢ ɢ ɬɟхɧɢɤɢ Рɨɫɫɢɣɫɤɨɣ Фɟɞɟ-
ɪаɰɢɢ, Пɨчɟɬɧыɦ ɫɬɪɨɢɬɟɥɟɦ Рɨɫɫɢɢ, чɥɟɧɨɦ Пɪɟɡɢɞɢɭɦа Рɨɫɫɢɣɫɤɨɣ аɤаɞɟɦɢɢ аɪхɢɬɟɤɬɭ-
ɪы ɢ ɫɬɪɨɢɬɟɥьɧых ɧаɭɤ, чɥɟɧɨɦ ɪɟɞаɤɰɢɨɧɧɨɝɨ Сɨвɟɬа ɧашɟɝɨ ɠɭɪɧаɥа, ɫɧɢɫɤав ɫɟɛɟ ɡа-
ɫɥɭɠɟɧɧыɣ авɬɨɪɢɬɟɬ ɢ ɧа ɷɬɨɣ ɧɟɩɪɨɫɬɨɣ ɧɢвɟ.  
Наɭчɧɨ-ɩɟɞаɝɨɝɢчɟɫɤая ɞɟяɬɟɥьɧɨɫɬь Ʌ.С. Ʌяхɨвɢча ɛыɥа ɧɟɨɞɧɨɤɪаɬɧɨ ɨɬɦɟчɟɧа выɫɨɤɢɦɢ 
ɝɨɫɭɞаɪɫɬвɟɧɧыɦɢ ɧаɝɪаɞаɦɢ ɢ ɩɨчɟɬɧыɦɢ ɡваɧɢяɦɢ. Заɧɢɦая ɩɨɫɬ ɩɪɨɪɟɤɬɨɪа ɩɨ ɧаɭчɧɨɣ 
ɪаɛɨɬɟ, ɨɧ вывɟɥ Тɨɦɫɤɢɣ ɝɨɫɭɞаɪɫɬвɟɧɧыɣ аɪхɢɬɟɤɬɭɪɧɨ-ɫɬɪɨɢɬɟɥьɧыɣ ɭɧɢвɟɪɫɢɬɟɬ ɧа ɥɢ-
ɞɢɪɭɸɳɢɟ ɩɨɡɢɰɢɢ в ɨɛɥаɫɬɢ выɫшɟɝɨ ɫɬɪɨɢɬɟɥьɧɨɝɨ ɨɛɪаɡɨваɧɢя в ɫɬɪаɧɟ. 
Оɬɦɟчая вɤɥаɞ Ʌɟɨɧɢɞа Сɟɦɟɧɨвɢча в ɪаɡвɢɬɢɟ ɫɨвɪɟɦɟɧɧɨɣ ɧаɭɤɢ, ɥɢчɧыɣ авɬɨɪɢɬɟɬ ɢ 
ɩɪɨфɟɫɫɢɨɧаɥьɧыɟ ɤачɟɫɬва, ɧɟ ɫɨɦɧɟваɟɦɫя, чɬɨ ɟɝɨ ɡɧаɧɢя, ɢɧɢɰɢаɬɢвɧɨɫɬь, ɨɪɝаɧɢɡаɬɨɪ-
ɫɤɢɣ ɬаɥаɧɬ, выɫɨɤɢɟ ɞɭхɨвɧыɟ ɢ ɝɪаɠɞаɧɫɤɢɟ ɢɞɟаɥы ɩɨɡвɨɥяɬ ɭɫɩɟшɧɨ ɪɟшаɬь аɤɬɭаɥьɧыɟ 
ɡаɞачɢ ɪаɡвɢɬɢя выɫшɟɝɨ ɨɛɪаɡɨваɧɢя ɢ ɧаɭɤɢ – фɭɧɞаɦɟɧɬа ɨɛɳɟɫɬвɟɧɧɨɝɨ, ɫɨɰɢаɥьɧɨɝɨ ɢ 
ɷɤɨɧɨɦɢчɟɫɤɨɝɨ ɪаɡвɢɬɢя!  
Мы ɠɟɥаɟɦ Ʌ.С. Ʌяхɨвɢчɭ ɞаɥьɧɟɣшɢх ɬвɨɪчɟɫɤɢх ɭɫɩɟхɨв, аɤɬɢвɧɨɣ ɠɢɡɧɟɧɧɨɣ ɩɨɡɢɰɢɢ, 
ɡɞɨɪɨвья ɢ ɫчаɫɬья! Наɞɟɟɦɫя ɧа ɞаɥьɧɟɣшɟɟ ɩɥɨɞɨɬвɨɪɧɨɟ ɫɨɬɪɭɞɧɢчɟɫɬвɨ вɨ ɛɥаɝɨ ɧаɭɤɢ ɢ 
ɨɛɪаɡɨваɧɢя! 
 

Рɟɞакɰиɨɧɧыɣ ɋɨвɟɬ ɦɟɠɞуɧарɨɞɧɨɝɨ ɧаучɧɨɝɨ ɠурɧаɥа  
“IntОrnatТonal Journal Пor ComputatТonal CТvТl anН StruМtural EnРТnООrТnР” 
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PARTICLE TRANSPORTATION AT THE FILTER INLET 
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ABSTRACT: A size-exclusion model of solid particle capture for a flow of suspension in a porous media is 
considered. For a quasi-linear system of equations for the concentration of suspended and retained particles the 
asymptotic solution is constructed near the filter inlet. For linear filtration coefficient the numerical comparison 
of the asymptotics and the exact solution is performed. 
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1. MODEL OF SUSPENSION FLOW 
IN A POROUS MEDIA WITH 
PARTICLE CAPTURE 

 
Study of the motion of solid particles through 
the pores of the filter is an actual problem for 
many areas of science and technology. In the 
petroleum industry the movement of small 
particles of rock may lead to a significant drop 
in oil production [1-3]. In various technical and 
biological systems cleaning surface water, 
sewage and liquid industrial waste particle 
capture occurs when suspension flows through 
the filter media [4-6]. 
In this paper we consider the mathematical 
model of the motion of particles in the filter 
based on geometrical and mechanical 
interaction of particles with a porous media [7-
9]. When constructing a model of particle 
diffusion the influence of the fluid viscosity and 
electrical interaction of the particles with the 
pore walls is neglected. The filter is considered 
to be a tube of finite length and constant cross 
section. Let the concentration of every kind of 
filter pores is constant. It is assumed that the 
mechanism of particle capture in the filter is 
geometrical: if  the particle diameter is greater 
than the diameter of the pore, the particle is 
stuck in it; one particle clogs one pore, and vice 
versa, one pore can accommodate only one 
particle. 
Consider the following simplified model. All 
solid particles in the suspension have the same 
diameter d, the filter having pores of two 

different diameters 1D  and 2D  wherein 

21 DdD  . This means that the particle is 
retained and converted into deposit when it 
enters the pore of small diameter 1D . In pores of 

large diameter 2D  the particles are moving 
freely in suspension flow. 
 
 
2. SYSTEM OF EQUATIONS  

FOR PARTICLE TRANSPORT 
 
Consider the basic equations describing the 
dynamics of suspended and retained particles in 
the filter. Denote ),( txC  the concentration of 
suspended particles, let ),( txS  is the 
concentration of retained particles. 
Concentration of suspended and retained 
particles satisfy the continuity equation, which 
in view of the immobility of deposit in the 
simplest case is 
 

0
)( 




x

C

t

SC
.   (1) 

 
Growth of deposit is proportional to the 
concentration of suspended particles from which 
it is formed, and also depends on the current 
value of retained particle concentration 
 

CS
t

S
)(


.   (2) 
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Here 0)(  S  when 0S . 
The system of equations (1), (2) is considered in 
the domain 
 

}0,10{  tx . 
 

The boundary condition for the system (1), (2) 
are set at the filter inlet 0x  and the initial 
conditions – at 0t : 
 

0,),(
0

 pptxC
x

; (3) 

0),(
0
ttxC ;   (4) 

0),(
0
ttxS .   (5) 

 
Detailed derivation of the problem (1) - (5) 
based on the micro-stochastic diffusion 
equations, followed by macro-averaging is 
performed in [10], [11].  
Equations (1), (2) form a quasi-linear hyperbolic 
system with characteristics 0x  and xt  . 
Boundary conditions (3) and (4) do not coincide 
at the origin, hence the solution ),( txC  has a 

discontinuity in . This gap goes along the 
characteristic line xt  . Concentration of 
suspended particles 
 







xt

xt
txC

,0

,0
),( .  (6) 

 
The concentration of retained particles ),( txS  is 

continuous over the entire domain  and is 
smooth in  everywhere except the 
characteristics xt  : 
 







xt

xt
txS

,0

,0
),( .  (7) 

 
An exact solution of (1) - (5) is known only for 
the constant and the linear functions )(S  (see 
[12-14]). For an arbitrary smooth function )(S  
the exact solution can not be expressed 
analytically. In this case, an asymptotic solution 
can be found in the form of a series in powers of 

a small parameter. Asymptotics of the general 
problem of diffusion in the vicinity of the wave 
front xt   is constructed in [15]. For the system 
(1) - (5) corresponding asymptotic formulas are 
given in [16]. In this paper we construct the 
asymptotics in the vicinity of the other 
characteristics 0x , i.e. near the inlet of the 
filter. 
 
 
3. ASYMPTOTIC SOLUTION IN THE 

VICINITY OF THE FILTER INLET 
 
Let us consider a quasi-linear system (1), (2) in 
the domain 
 

},10{ xtx  . 
 

General form of the solution (6), (7) in the 
domain  allows to replace two initial 
conditions (4), (5) by one condition on the 
characteristic line xt   
 

0xt
S     (8) 

 
Solution of the problem (1) - (3), (8) is unique 
and coincides with the solution of (1) - (5) in .  
The first three terms of the asymptotics of (1) - 
(3), (8) with 0x  are defined below. We seek 
a solution in the form of a series in powers of x 
with coefficients depending on xtw  : 
 

...)()()(),( 2
2

10  wcxwxcwctxC  (9) 

...)()()(),( 2
2

10  wsxwxswstxS  (10) 

 
Then 
    ,...2/

...)(

0
2
102

2
010

2
2

10

 


ssxxs

sxxssS
 (11) 

 
Where 
      )(,)(,)( 000000  sss  . 
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Substitution of the expansions (9) - (11) into (1), 
(2) gives 
   


...2

...

2
2

2110

2
2

10

cxxccxcc

cxcxc
 

    00
2
102

2
010 ...)2/( cssxxs  0...02

2
0101  cxxsxc   (12) 

 
 ...2

2
10 sxsxs      00

2
102

2
010 ...)2/( cssxxs    0...02

2
0101  cxxsxc   (13) 

 
Equating the coefficients of the same powers of 
x, we obtain a recurrent system of ordinary 
differential and algebraic equations to determine 
the unknown functions ),(),,( txctxs kk , 

2,1,0k . 
 

000 cs  ;   (14) 

0001  cc ;   (15) 

;010011  ccss   (16) 

;02 010012  ccsc  (17)   0201100
2
1022 2/   csccsss  (18) 

 
From (3), (8) follow the boundary conditions at 
the wave front 
 

....,0,0,0
020100   www

sss  (19) 

 
and at the filter inlet 
 

pc
x

00 .   (20) 

 
Now we can find consistently the first terms of 
the asymptotic expansions. From (20) 
 

pc 0     (21) 

 
Equation (14) takes the form 
 

ps 00     (22) 

After integrating and using (8) 
 

pw
S

dSs 
0

0 )(
   (23) 

 
The solution of (14) 
 

)()( 1
0 pwws    (24) 

 
is the inverse function to 
 

  0

0
0 )(
)(

s

S

dS
s   (25) 

 
Note that at the filter inlet 0x  the variable 

tw  and (23) coincides with the function 
found in [11] by the method of potential (when 
p = 1). From (15), (21) 
 

pc 01     (26) 

 
According to (21), (26) the equation (16) takes 
the form 
 

ppss 2
0011    (27) 

 
The solution of (27), (19) 
 

    w
ww dwwsepews

0
0

2)()(
1 )()( ,  (28) 

 
where 
 

  w

dwwspw
0

0 )()(   (29) 

 
After substituting (21), (26) into (17) 
 

02 2
0012  ppsc   (30) 

 
we find )(2 wc  
  01

2
02 2

 s
p

c    (31) 
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or, using (28) 
 

  


    w
ww dwwsee

p
c

0
0

2)()(
0

2
02 )(

2
. (32) 

 
Substitution of (21), (26), (31) into (18) gives 
 

)
2

1

2

3
2/( 3

00100
2
1022   sssps  (33) 

 
The solution of (33), (19) 
 

  w
ww dwwFepews

0

)()(
2 )()( , (34) 

 
where 
 

3
00100

2
1 2

1

2

3
2/)(   sswF . 

 
Formulas (21), (24), (26), (28), (31), (34) 
specify asymptotic terms of expansions (9), (10) 
up to second order for the problem (1) - (3), (8). 
 
 
4. NUMERICAL EVALUATION  

OF THE APPLICABILITY OF THE 
ASYMPTOTICS 
 

Consider the linear function 
 

)()( max SSS   ,   (35) 

 
where constS max  is the maximum limit of 

deposit concentration. In this case, the quasi-
linear system (1), (2) with the boundary 
conditions (3) - (5) has an exact solution 
 











xt
ee

pe
xt

txC
xSxtp
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1
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),(

max)(
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
 ; (36) 












xt
ee

eS
xt

txS
xSxtp

xtp

,
1

)1(
,0

),(
max)(

)(
max 

 .  (37) 

In the domain   the solution (36), (37) 
expressed in variables xtx ,  has the form 
 

1
),(

max  xSp

p

ee

pe
xC 

 ; 

1

)1(
),(

max

max 
 xSp

p

ee

eS
xS 

 .     (38) 

 
Substituting (35) into equation (14) - (18) and 
integrating, we find asymptotic solutions of the 
zero, first and second order 
 

pC )0( , )1(max
)0( peSS    (39) 

xepSpC p  max
)1( , (40) 

xeeSeSS ppp )()1( 22
maxmax

)1(      
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2
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






xee
pS

xepSpC
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p






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 (41) 
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3
max

2
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maxmax

)2(


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



xeee
S

xeeSeSS
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Note that formulas (39) - (41) are Taylor series 
in powers of x of functions (38). Denote 
 

2,1,0},,max{),( )()()(  kSSCCx kkk  . 

 
To estimate the difference between exact and 
asymptotic solutions we can find the areas at the 
plane },{ x  in which  )(k  for 

}1.0;01.0;001.0;0001.0{ . For the numerical 
calculation the following parameter values are 
chosen: 1,1,1 max  Sp . 

Calculations show that with the increase of 
asymptotic expansion order k the area 

}:,{ )(  kx  is getting larger. 

It is important to know the intervals ),0( )(kx , 

0)( kx  where the inequality  )(k  holds for all 

 > 0. Right endpoints of these intervals are the 
intersection points of graphs with x-axis (see fig. 1-
3). The values of )(kx  are calculated in table 1. 
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Fig. 1. Areas in which  )0( . 

 

 
Fig. 2. Areas in which  )1( . 

 
Table 1. Right endpoints )(kx . 

k  \   0.0001 0.001 0.01 0.1 
0 - - - 0.10536 
1 0.01418 0.04506 0.14484 0.48318 
2 0.08494 0.18449 0.40450 0.90510 

 
Empty cells in the table 1 indicate that the 
corresponding 0)( kx  does not exist. 

Table 1 shows that the length of the intervals 
),0( )(kx  increases rapidly with increasing k. 

 
Fig. 3. Areas in which  )2( . 

 
 
5. CONCLUSIONS 
 
The motion of particles in the filter is described 
by the system of complicated differential 
equations that has exact analytical solution only 
in the simplest cases. The asymptotics found 
enables to approximate solution near the filter 
inlet. Numerical calculations show that with the 
increase of asymptotic expansion order k its 
accuracy improves significantly. 
The construction of asymptotic solution using 
the boundary conditions on two different 
characteristics suggests that this solution can not 
be treated locally only near one characteristic. 
Good agreement of the asymptotics with the 
exact solution in the simple quasi-linear case 
suggests that the asymptotic solution is 
applicable in the entire domain between the 
characteristic lines. 
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ɆɈДȿɅИɊɈВАɇИȿ ДВɍɆȿɊɇɈȽɈ ɇȿСɌАЦИɈɇАɊɇɈȽɈ 
ɈȻɌȿɄАɇИə ȽИȻɄɈɃ ɍɉɊɍȽɈɃ ɄɈɇСɌɊɍɄЦИИ 

В СВəɁАɇɇɈɃ ɉɈСɌАɇɈВɄȿ.  
ЧАСɌɖ 1: ВȿɊИɎИɄАЦИə ɆȿɌɈДИɄИ ЧИСɅȿɇɇɈȽɈ 

ɆɈДȿɅИɊɈВАɇИə ɉɈВȿДȿɇИə ɀИДɄɈСɌИ 
 

И.Н. Афанасьева, И.Ю. Ланцова 
Мɨɫɤɨвɫɤɢɣ ɝɨɫɭɞаɪɫɬвɟɧɧыɣ ɫɬɪɨɢɬɟɥьɧыɣ ɭɧɢвɟɪɫɢɬɟɬ, ɝ. Мɨɫɤва, РОССИə 

 
АННОТАЦИə: Сɬаɬья ɩɨɫвяɳɟɧа вɟɪɢфɢɤаɰɢɨɧɧыɦ ɢɫɫɥɟɞɨваɧɢяɦ ɦɟɬɨɞɢɤɢ чɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨваɧɢя 
вɧɟшɧɟɝɨ ɨɛɬɟɤаɧɢя ɤɨɧɫɬɪɭɤɰɢɢ – ɰɢɥɢɧɞɪ ɫ ɠɟɫɬɤɨ ɩɪɢɤɪɟɩɥɟɧɧɨɣ ɤ ɧɟɦɭ ɝɢɛɤɨɣ ɭɩɪɭɝɨɣ ɛаɥɤɨɣ – в ɫвяɡаɧ-
ɧɨɣ ɩɨɫɬаɧɨвɤɟ (Fluid-Structure Interaction, FSI). Оɛɬɟɤаɧɢɟ ɩɪɨɢɫхɨɞɢɬ в ɥаɦɢɧаɪɧɨɦ ɪɟɠɢɦɟ ɩɪɢ чɢɫɥах Рɟɣ-
ɧɨɥьɞɫа Re=20 ɢ Re=200. Пɨ ɢɬɨɝаɦ ɩɟɪвɨɝɨ ɷɬаɩа вɟɪɢфɢɤаɰɢɢ ɩɪɟɞɫɬавɥɟɧы ɪɟɡɭɥьɬаɬы ɦɧɨɝɨваɪɢаɧɬɧых 
ɪаɫчɟɬɧых ɢɫɫɥɟɞɨваɧɢɣ, ɩɪɨвɟɞɟɧɧых ɧа ɪаɡɥɢчɧых ɫɟɬɤах в ɫɬаɰɢɨɧаɪɧɨɣ ɢ ɧɟɫɬаɰɢɨɧаɪɧɨɣ ɩɨɫɬаɧɨвɤɟ ɫ 
ɢɫɩɨɥьɡɨваɧɢɟɦ ɫɩɟɰɢаɥɢɡɢɪɨваɧɧɨɝɨ ɩɪɨɝɪаɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫа ANSYS CFX. На ɨɫɧɨвɟ ɫɨɩɨɫɬавɥɟɧɢя ɩɨɥɭ-
чɟɧɧых ɤɪɢɬɟɪɢаɥьɧых ɩаɪаɦɟɬɪɨв ɫ ɢɫɬɨчɧɢɤɨɦ выɛɪаɧа ɨɫɧɨвɧая ɪаɫчɟɬɧая ɫɟɬɤа ɞɥя ɩɪɨвɟɞɟɧɢя ɡаɞачɢ в 
ɫвяɡаɧɧɨɣ аɷɪɨɝɢɞɪɨɭɩɪɭɝɨɣ ɩɨɫɬаɧɨвɤɟ. 

 
Ʉлючевые словɚ: аɷɪɨɝɢɞɪɨɭɩɪɭɝɨɫɬь, ɝɢɞɪɨɝаɡɨɞɢɧаɦɢɤа, ɥаɦɢɧаɪɧɨɟ ɬɟчɟɧɢɟ,  

чɢɫɥɟɧɧɨɟ ɦɨɞɟɥɢɪɨваɧɢɟ, Fluid-Structure Interaction (FSI) 
 

2-D MODELING OF FLUID-STRUCTURE INTERACTION 
BETWEEN AN ELASTIC STRUCTURE AND TRANSIENT FLOW. 

PART 1: VERIFICATION OF NUMERICAL TECHNIQUE OF 
FLUID BEHAVIOR SIMULATION 

 
Irina N. Afanasyeva, Irina U. Lantsova 

Moscow State University of Civil Engineering, Moscow, RUSSIA 
 
ABSTRACT: Present paper deals with the verification of a numerical technique of modeling fluid-structure in-
teraction (FSI) problems. The configuration consists of incompressible viscous fluid around an elastic structure 
in the channel. External flow is laminar (Reynolds numbers Re=20 and Re=200). Multivariate steady and un-
steady calculations are performed using special software ANSYS CFX. Different types of grids were tested. 
Main results are showed in tables and plots. Based on obtained results and comparison them with reference data 
the main grid for future investigations of FSI problem were chosen. 

 
Key words: aerohydroelasticity , aerohydrodynamics, laminar flow, numerical simulation, 

Fluid-Structure Interaction (FSI) 
 
 
1. ɉɈСɌАɇɈВɄА ɁАДАЧИ 
 
Нɟɦɟɰɤɢɦɢ ɭчɟɧыɦɢ ɢɡ Уɧɢвɟɪɫɢɬɟɬа Дɨɪɬ-
ɦɭɧɞа (Institute for Applied Mathematics and 
Numerics, University of Dortmund, Dortmund, 
Germany) [1] в ɛыɥ ɨɛъявɥɟɧ «ɛɷɧчɦаɪɤ», 
ɩɨɫвяɳɟɧɧыɣ ɬɟɫɬɢɪɨваɧɢɸ ɫɭɳɟɫɬвɭɸɳɢх 
чɢɫɥɟɧɧых ɦɟɬɨɞɨв ɪɟшɟɧɢя ɫвяɡаɧɧых ɡа-

ɞач (Fluid-Structure Interaction Benchmark). 
Оɛъɟɤɬɨɦ ɢɫɫɥɟɞɨваɧɢя выɛɪаɧа ɝɢɛɤая 
ɭɩɪɭɝая ɛаɥɤа, ɩɪɢɤɪɟɩɥɟɧɧая ɤ ɧɟɩɨɞвɢɠ-
ɧɨɦɭ аɛɫɨɥɸɬɧɨ ɠɟɫɬɤɨɦɭ ɰɢɥɢɧɞɪɭ (ɫɦ. 
ɪɢɫ. 1). Вɫя ɷɬа ɤɨɧɫɬɪɭɤɰɢя ɩɨɝɪɭɠɟɧа в ɤа-
ɧаɥ ɫ вяɡɤɨɣ ɧɟɫɠɢɦаɟɦɨɣ ɠɢɞɤɨɫɬьɸ ɢ вɡа-
ɢɦɨɞɟɣɫɬвɭɟɬ ɫ ɞвɢɠɭɳɢɦɫя ɩɨɬɨɤɨɦ. Оɛɬɟ-
ɤаɧɢɟ ɩɪɨɢɫхɨɞɢɬ в ɥаɦɢɧаɪɧɨɦ ɪɟɠɢɦɟ ɩɪɢ 
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ɪаɡɥɢчɧых чɢɫɥах Рɟɣɧɨɥьɞɫа 
(  /)(Re D

f
in

f , ɝɞɟ f  – ɩɥɨɬɧɨɫɬь ɠɢɞ-

ɤɨɫɬɢ, 
f
in – ɫɪɟɞɧяя ɫɤɨɪɨɫɬь ɩɨɬɨɤа, D – 

ɞɢаɦɟɬɪ ɰɢɥɢɧɞɪа,   – ɤɨɷффɢɰɢɟɧɬ ɞɢɧа-
ɦɢчɟɫɤɨɣ вяɡɤɨɫɬɢ ɫɪɟɞы). Пɪɢ ɛɨɥɟɟ выɫɨ-
ɤɢх ɫɤɨɪɨɫɬях ɩɨɬɨɤа (Re≥200) в ɫɥɟɞɟ ɡа ɰɢ-
ɥɢɧɞɪɨɦ ɭɫɬаɧавɥɢваɟɬɫя ɩɟɪɢɨɞɢчɟɫɤɨɟ 
(ɥаɦɢɧаɪɧɨɟ) вɢхɪɟɨɛɪаɡɨваɧɢɟ, ɫɩɨɫɨɛ-

ɫɬвɭɸɳɟɟ вɨɡɧɢɤɧɨвɟɧɢɸ ɩɨɞъɟɦɧɨɣ ɫɢɥы 
(ɩɨɩɟɪɟɤ ɩɨɬɨɤа), ɤɨɬɨɪая ɞɟɣɫɬвɭɟɬ ɧа ɛаɥ-
ɤɭ. Сɥɟɞɫɬвɢɟɦ ɷɬɨɝɨ явɥяɸɬɫя вɨɡɧɢɤаɸɳɢɟ 
ɩɟɪɢɨɞɢчɟɫɤɢɟ ɤɨɥɟɛаɧɢя ɤɨɧɫɬɪɭɤɰɢɢ (ɛаɥ-
ɤɢ), ɫɨɩɪɨвɨɠɞаɸɳɢɟɫя ɛɨɥьшɢɦɢ ɩɟɪɟɦɟ-
ɳɟɧɢяɦɢ. А ɛаɥɤа в ɫвяɡɢ ɫ ɢɡɦɟɧɟɧɢɟɦ ɫвɨ-
ɟɣ ɝɟɨɦɟɬɪɢчɟɫɤɨɣ фɨɪɦы вɥɢяɟɬ ɧа ɫɬɪɭɤ-
ɬɭɪɭ ɩɨɬɨɤа. 

Рис. 1. Гɟɨɦɟɬричɟскиɟ ɩараɦɟɬры ɦɨɞɟɥи. 
 

Маɬɟɪɢаɥ ɞɥя ɝɢɛɤɨɣ ɞɟфɨɪɦɢɪɭɟɦɨɣ ɤɨɧ-
ɫɬɪɭɤɰɢɢ ɢɦɟɟɬ ɨчɟɧь ɦаɥɟɧьɤɢɣ ɦɨɞɭɥь 
ɫɞвɢɝа μ ɢ, ɫɨɨɬвɟɬɫɬвɟɧɧɨ, ɦɨɞɭɥь ɭɩɪɭɝɨ-
ɫɬɢ Е, ɩɨɷɬɨɦɭ ɦɨɠɟɬ ɫɠɢɦаɬьɫя ɫ ɤɨɷффɢ-
ɰɢɟɧɬɨɦ Пɭаɫɫɨɧа ν ɦɟɧɟɟ 0.5. Вɟɥɢчɢɧы 
ɢɫɩɨɥьɡɭɟɦых фɢɡɢчɟɫɤɢх хаɪаɤɬɟɪɢɫɬɢɤ 
ɦаɬɟɪɢаɥа ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɠɢɞɤɨɫɬɢ ɧаɩɨɦɢ-
ɧаɸɬ ɷɥаɫɬɨɦɟɪ ɢɥɢ ɩɨɥɢɛɭɬаɞɢɟɧ ɢ ɝɥɢɰɟ-
ɪɢɧ (ɬаɛɥ. 1), ɫɨɨɬвɟɬɫɬвɟɧɧɨ. 
В ɤачɟɫɬвɟ кɨɧɬрɨɥируɟɦых ɩараɦɟɬрɨв 
выɛɪаɧы вɟɥɢчɢɧы ɫɥɟɞɭɸɳɢх хаɪаɤɬɟɪɢ-
ɫɬɢɤ аɷɪɨɝɢɞɪɨɭɩɪɭɝɨɝɨ вɡаɢɦɨɞɟɣɫɬвɢя 
ɤɨɧɫɬɪɭɤɰɢɢ ɫ ɩɨɬɨɤɨɦ: 
1) Ƚɨɪɢɡɨɧɬаɥьɧая )(tx  ɢ вɟɪɬɢɤаɥьɧая 
ɤɨɨɪɞɢɧаɬа )(ty – ɝɨɪɢɡɨɧɬаɥьɧɨɟ ɢ вɟɪɬɢ-
ɤаɥьɧɨɟ ɩɟɪɟɦɟɳɟɧɢɟ, )(xu x  ɢ )(xuy ɫɨɨɬ-
вɟɬɫɬвɟɧɧɨ – ɬɨчɤɢ )(tA , ɪаɫɩɨɥɨɠɟɧɧɨɣ ɧа 
ɤɨɧɰɟ ɛаɥɤɢ (ɪɢɫ. 1). Пɨɥɨɠɟɧɢɟ ɬɨчɤɢ )(tA  
ɦɟɧяɟɬɫя вɨ вɪɟɦɟɧɢ в ɫвяɡɢ ɫ ɞɢɧаɦɢчɟɫɤɨɣ 
ɪɟаɤɰɢɟɣ ɛаɥɤɢ ɧа вɨɡɞɟɣɫɬвɢɟ ɩɨɬɨɤа. 
Сɪɟɞɧɢɟ ɡɧачɟɧɢя ɩɟɪɟɦɟɳɟɧɢɣ 

( )(_ xu meanx , )(_ xu meany ), аɦɩɥɢɬɭɞа 
( )(_ xu amplx , )(_ xu amply ) ɢ чаɫɬɨɬа ɤɨɥɟɛаɧɢɣ 
(

xuf ,
yuf ) ɫɨɩɨɫɬавɥяɸɬɫя в ɬаɛɥɢчɧɨɦ вɢɞɟ. 

2) Иɧɬɟɝɪаɥьɧыɟ ɫɭɦɦаɪɧыɟ ɧаɝɪɭɡɤɢ – 
аɷɪɨɞɢɧаɦɢчɟɫɤɢɟ ɫɢɥа ɥɨɛɨвɨɝɨ ɫɨɩɪɨɬɢв-
ɥɟɧɢя )(tFD  ДНЖ (вɞɨɥь ɨɫɢ X) ɢ ɩɨɞъɟɦɧая 
ɫɢɥа )(tFL  ДНЖ (вɞɨɥь ɨɫɢ Y) ɞɥя вɫɟɣ ɤɨɧ-
ɫɬɪɭɤɰɢɢ (ɰɢɥɢɧɞɪ ɢ ɛаɥɤа): 
 


S

LD ndSFF ),(                    (1) 

 
ɝɞɟ S – ɩɨвɟɪхɧɨɫɬь вɫɟɣ ɤɨɧɫɬɪɭɤɰɢɢ (ɰɢ-
ɥɢɧɞɪа ɢ ɛаɥɤɢ), ɤɨɧɬаɤɬɢɪɭɸɳая ɫ ɩɨɬɨɤɨɦ, 
n – вɧɟшɧяя ɧɨɪɦаɥь ɤ ɩɨвɟɪхɧɨɫɬɢ S, σ – 
ɧаɩɪяɠɟɧɢя вɞɨɥь X (ɞɥя FD) ɢ вɞɨɥь Y (ɞɥя 
FL). 
Сɪɟɞɧɢɟ ɡɧачɟɧɢя аɷɪɨɞɢɧаɦɢчɟɫɤɢх ɫɢɥ 
( _D meanF , meanLF _ ), аɦɩɥɢɬɭɞа ( amplDF _ , amplLF _ ) 



Мɨɞɟɥɢɪɨваɧɢɟ ɞвɭɦɟɪɧɨɝɨ ɧɟɫɬаɰɢɨɧаɪɧɨɝɨ ɨɛɬɟɤаɧɢя ɝɢɛɤɨɣ ɭɩɪɭɝɨɣ ɤɨɧɫɬɪɭɤɰɢɢ в ɫвяɡаɧɧɨɣ ɩɨɫɬаɧɨвɤɟ. 
Чаɫɬь 1: Вɟɪɢфɢɤаɰɢя ɦɟɬɨɞɢɤɢ чɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨваɧɢя ɩɨвɟɞɟɧɢя ɠɢɞɤɨɫɬɢ 
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ɢ чаɫɬɨɬа ɤɨɥɟɛаɧɢɣ (
DFf ,

LFf ) ɫɨɩɨɫɬавɥя-
ɸɬɫя в ɬаɛɥɢчɧɨɦ вɢɞɟ. 
Сɪɟɞɧɢɟ ɡɧачɟɧɢя ɤɨɧɬɪɨɥɢɪɭɟɦых ɩаɪаɦɟɬ-
ɪɨв (ɩ.1, ɩ.2), аɦɩɥɢɬɭɞы ɢ чаɫɬɨɬа ɤɨɥɟɛа-
ɧɢɣ вычɢɫɥяɸɬɫя ɩɨ фɨɪɦɭɥаɦ: 
 

min)(max
2

1 mean  

min)(max
2

1 ampl                  (2) 

T
f  1

 

 
ɝɞɟ T – ɩɟɪɢɨɞ ɤɨɥɟɛаɧɢɣ Дc]. 
Пɨɫɤɨɥьɤɭ ɡаɞача аɷɪɨɝɢɞɪɨɭɩɪɭɝɨɫɬɢ ɩɨ 
ɫɭɬɢ ɫɨɫɬɨɢɬ ɢɡ ɞвɭх ɫвяɡаɧɧых ɦɟɠɞɭ ɫɨɛɨɣ 
чаɫɬɟɣ: ɦɨɞɟɥɢɪɨваɧɢɟ ɩɨвɟɞɟɧɢя ɠɢɞɤɨɫɬɢ 
ɢ ɦɨɞɟɥɢɪɨваɧɢя ɩɨвɟɞɟɧɢя ɤɨɧɫɬɪɭɤɰɢɢ, – 
«ɛɷɧчɦаɪɤ» ɪаɡɛɢваɟɬɫя ɧа ɬɪɢ ɷɬаɩа: 
1) Вɟɪɢфɢɤаɰɢя ɢ ваɥɢɞаɰɢя CFD-
ɪɟшаɬɟɥя (Computational Fluid Dynamics, 
CFD-solver), ɤɨɬɨɪыɣ вычɢɫɥяɟɬ ɩɪɨɫɬɪаɧ-
ɫɬвɟɧɧɨ-вɪɟɦɟɧɧыɟ хаɪаɤɬɟɪɢɫɬɢɤɢ ɩɨɬɨɤа 
(ɩɨɥя ɫɤɨɪɨɫɬɟɣ ɢ ɞавɥɟɧɢя, ɫɬɪɭɤɬɭɪɭ ɩɨɬɨ-
ɤа, чаɫɬɨɬɭ ɢ ɤаɪɬɢɧɭ вɢхɪɟɨɛɪаɡɨваɧɢя).  
2) Вɟɪɢфɢɤаɰɢя ɢ ваɥɢɞаɰɢя CSM-
ɪɟшаɬɟɥя (Computational Structural 
Mechanics, CSM-solver), ɤɨɬɨɪыɣ вычɢɫɥяɟɬ 
ɧаɩɪяɠɟɧɧɨ-ɞɟфɨɪɦɢɪɨваɧɧɨɟ ɫɨɫɬɨяɧɢɟ ɢ 
ɞɢɧаɦɢчɟɫɤɭɸ ɪɟаɤɰɢɸ ɤɨɧɫɬɪɭɤɰɢɢ 
(ɧаɩɪяɠɟɧɢя, ɞɟфɨɪɦаɰɢɢ, ɩɟɪɟɦɟɳɟɧɢя, 
фɨɪɦы ɢ чаɫɬɨɬы выɧɭɠɞɟɧɧых ɤɨɥɟɛаɧɢɣ). 
3) Вɟɪɢфɢɤаɰɢя ɢ ваɥɢɞаɰɢя FSI-
ɪɟшаɬɟɥя (Fluid Structure Interaction, FSI-
solver), ɤɨɬɨɪыɣ ɩɟɪɟɞаɟɬ ɞаɧɧыɟ ɢɡ ɨɞɧɨɝɨ 
ɦɨɞɭɥя в ɞɪɭɝɨɣ (ɢɡ CFD-ɪɟшаɬɟɥя в CSM-
ɪɟшаɬɟɥь – вычɢɫɥɟɧɧыɟ аɷɪɨɞɢɧаɦɢчɟɫɤɢɟ 
ɧаɝɪɭɡɤɢ ɫ ɭчɟɬɨɦ ɞɟфɨɪɦɢɪɨваɧɧɨɝɨ ɫɨɫɬɨ-
яɧɢя ɤɨɧɫɬɪɭɤɰɢɢ, а ɢɡ CSM-ɪɟшаɬɟɥя в 
CFD-ɪɟшаɬɟɥь – вычɢɫɥɟɧɧыɟ ɩɟɪɟɦɟɳɟɧɢя 
ɤɨɧɫɬɪɭɤɰɢɢ). 
На ɩɟрвых ɞвух эɬаɩах ɢɫɫɥɟɞɭɟɬɫя ɡавɢɫɢ-
ɦɨɫɬь ɩɨɥɭчɟɧɧɨɝɨ ɪɟшɟɧɢя ɨɬ ɫɬɟɩɟɧɢ ɞɢɫ-
ɤɪɟɬɢɡаɰɢɢ в ɩɪɨɫɬɪаɧɫɬвɟ ɢ вɪɟɦɟɧɢ: ɫɨɩɨ-
ɫɬавɥяɸɬɫя ɢ аɧаɥɢɡɢɪɭɸɬɫя ɪɟɡɭɥьɬаɬы, ɩɨ-
ɥɭчɟɧɧыɟ ɧа ɪаɡɥɢчɧых ɪаɫчɟɬɧых ɫɟɬɤах ɢ 

ɩɪɢ ɪаɡɧых шаɝах ɩɨ вɪɟɦɟɧɢ (ɞɥя ɧɟɫɬаɰɢ-
ɨɧаɪɧых ɩɨɫɬаɧɨвɨɤ). Дɥя ɬрɟɬьɟɝɨ эɬаɩа 
ɧа выɛɪаɧɧых ɪаɫчɟɬɧых ɫɟɬɤах ɢɫɫɥɟɞɭɸɬ-
ɫя ɩаɪаɦɟɬɪы ɪаɫчɟɬа, ɨɬвɟчаɸɳɢɟ ɡа ɫхɨɞɢ-
ɦɨɫɬь, ɬɨчɧɨɫɬь ɫвяɡаɧɧɨɝɨ ɪɟшɟɧɢя (шаɝ ɩɨ 
вɪɟɦɟɧɢ, ɤɨɷффɢɰɢɟɧɬ ɪɟɥаɤɫаɰɢɢ ɞɥя вы-
чɢɫɥɟɧɢя ɩɟɪɟɦɟɳɟɧɢɣ ɢ ɧаɝɪɭɡɨɤ ɧа ɤаɠɞɨɣ 
ɢɬɟɪаɰɢɢ, ɤɨɥɢчɟɫɬвɨ ɢɬɟɪаɰɢɣ ɧа ɤаɠɞɨɦ 
ɫвяɡаɧɧɨɦ шаɝɟ ɩɨ вɪɟɦɟɧɢ), ɢ ɢх ɨɩɬɢɦаɥь-
ɧая ɤɨɦɛɢɧаɰɢя. 
Заɞача ɪɟшаɥаɫь в ɞвɭɦɟɪɧɨɣ ɩɨɫɬаɧɨвɤɟ (в 
ɩɥɨɫɤɨɫɬɢ OXY). Пɨɷɬɨɦɭ в ɬɪɟɬьɟɦ ɧаɩɪав-
ɥɟɧɢɢ (в ɧаɩɪавɥɟɧɢɢ ɨɫɢ Z) ɪаɡɦɟɪ ɪаɫчɟɬ-
ɧɨɣ ɫɨɨɬвɟɬɫɬвɭɟɬ ɪаɡɦɟɪɭ ɨɞɧɨɝɨ ɷɥɟɦɟɧɬа 
ɢ ɪавɟɧ 0.01 ɦ. 
Таɤɠɟ ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬь, чɬɨ вɨ ɢɡɛɟɠаɧɢɟ 
вɨɡɧɢɤɧɨвɟɧɢя ɨɫɰɢɥɥяɰɢɣ ɤɨɧɬɪɨɥɢɪɭɟɦых 
ɩаɪаɦɟɬɪɨв ɩɨɬɨɤа, ɫвяɡаɧɧых ɫ чɢɫɥɟɧɧыɦɢ 
ɷффɟɤɬаɦɢ, ɪаɫɩɨɥɨɠɟɧɢɟ ɨɛɬɟɤаɟɦɨɝɨ ɨɛъ-
ɟɤɬа в ɤаɧаɥɟ ɧɟɦɧɨɝɨ аɫɫɢɦɟɬɪɢчɧɨ ɨɬɧɨɫɢ-
ɬɟɥьɧɨ ɧаɩɪавɥɟɧɢя ɩɨɬɨɤа. 
Мɧɨɝɨваɪɢаɧɬɧыɟ CFD-ɪаɫчɟɬы ɩɪɨвɨɞɢ-
ɥɢɫь ɫ ɢɫɩɨɥьɡɨваɧɢɟɦ ɫɩɟɰɢаɥɢɡɢɪɨваɧɧɨɝɨ 
ɩɪɨɝɪаɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫа ANSВS CFБ. Раɫ-
чɟɬы НДС ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɟɟ ɞɢɧаɦɢчɟɫɤɨɝɨ 
ɨɬɤɥɢɤа выɩɨɥɧяɥɢɫь в ɩɪɨɝɪаɦɦɧɨɦ ɤɨɦ-
ɩɥɟɤɫɟ ANSYS Mechanical. 

 
 

2. CFD-ɌȿСɌЫ 
 
2.1 ɉараɦɟɬры расчɟɬɨв 
Дɥя ɩɪɨвɟɞɟɧɢя ɦɧɨɝɨваɪɢаɧɬɧых CFD-
ɪаɫчɟɬɨв вɫя ɤɨɧɫɬɪɭɤɰɢя ɩɪɢɧɢɦаɟɬɫя аɛɫɨ-
ɥɸɬɧɨ ɠɟɫɬɤɢɦ ɧɟɩɨɞвɢɠɧыɦ ɬɟɥɨɦ, ɩɨɝɪɭ-
ɠɟɧɧыɦ в ɤаɧаɥ ɫ ɧɟɫɠɢɦаɟɦɨɣ вяɡɤɨɣ ɠɢɞ-
ɤɨɫɬьɸ. В ɪаɦɤах вɟɪɢфɢɤаɰɢɢ ɢ ваɥɢɞаɰɢɢ 
CFD-ɪɟшаɬɟɥя выɩɨɥɧɟɧы ɞва ɬɢɩа ɪаɫчɟ-
ɬɨв: в ɫɬаɰɢɨɧаɪɧɨɣ (CFD1-ɬɟɫɬ) ɢ ɧɟɫɬаɰɢ-
ɨɧаɪɧɨɣ (CFD2-ɬɟɫɬ) ɩɨɫɬаɧɨвɤɟ. Оɫɧɨвɧыɟ 
ɩаɪаɦɟɬɪы CFD-ɪаɫчɟɬɨв ɫ ɭɤаɡаɧɢɟɦ фɢɡɢ-
чɟɫɤɢх хаɪаɤɬɟɪɢɫɬɢɤ ɫɪɟɞы ɢ ɩɨɬɨɤа (ρf – 
ɩɥɨɬɧɨɫɬь ɠɢɞɤɨɫɬɢ, η – ɤɨɷффɢɰɢɟɧɬ ɞɢɧа-
ɦɢчɟɫɤɨɣ вяɡɤɨɫɬɢ,  – ɫɪɟɞɧяя ɫɤɨɪɨɫɬь 
ɩɨɬɨɤа ɧа вхɨɞɟ, Re – чɢɫɥɨ Рɟɣɧɨɥьɞɫа) ɩɨ-
ɤаɡаɧы в ɬаɛɥɢɰɟ 1. 
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Таɛɥиɰа 1 ɉараɦɟɬры CFD-ɬɟсɬɨв 
 CFD1 CFD2 

ρf [ɤɝ/ɦ3] 1000 1000 

η [Па ɫ] 1 1 
f
inv [ɦ/ɫ] 

0.2 2 

Re [-] 20 200 

 
Пɨвɟɞɟɧɢɟ ɠɢɞɤɨɣ ɫɪɟɞы ɦɨɞɟɥɢɪɭɟɬɫя 
ɤɥаɫɫɢчɟɫɤɢɦɢ ɭɪавɧɟɧɢяɦɢ Навьɟ-Сɬɨɤɫа 
[4]. Пɨɫɤɨɥьɤɭ ɪɟɠɢɦ ɬɟчɟɧɢя ɥаɦɢɧаɪɧыɣ, 
ɦɨɞɟɥɢ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ в ɪаɫчɟɬах ɧɟ ɩɪɢ-
ɦɟɧяɸɬɫя. 
Дɢɫɤɪɟɬɢɡаɰɢя ɩɨ ɩɪɨɫɬɪаɧɫɬвɭ выɩɨɥɧяɟɬɫя 
Мɟɬɨɞɨɦ ɤɨɧɟчɧых ɨɛъɟɦɨв (МКО). 
Фɢɡɢчɟɫɤɨɟ вɪɟɦя ɫчɟɬа ɞɥя ɧɟɫɬаɰɢɨɧаɪɧых 
ɪаɫчɟɬɨв ɫɨɫɬавɢɥɨ з20 ɫ. Иɫɫɥɟɞɨваɥаɫь ɡа-
вɢɫɢɦɨɫɬь чɢɫɥɟɧɧɨɝɨ ɪɟшɟɧɢя ɨɬ шаɝа ɩɨ 

вɪɟɦɟɧɢ (ɨɬ чɢɫɥа Кɭɪаɧɬа, )0 x

t
C

f
in


  , ɝɞɟ 

Δx – ɦɢɧɢɦаɥьɧыɣ ɪаɡɦɟɪ ячɟɣɤɢ ɩɨ ɨɫɢ X) 
ɩɪɨвɨɞɢɥɨɫь ɩɪɢ ΔЭ1= 5 10-3 ɫ ɢ ΔЭ2= 1 10-2 ɫ. 
Пɪɢɦɟɧяɸɬɫя ɫхɟɦа аɞвɟɤɰɢɢ (Advection 
Scheme) High Resolution ɢ ɧɟявɧая ɫхɟɦа ɢɧ-
ɬɟɝɪɢɪɨваɧɢя ɩɨ вɪɟɦɟɧɢ вɬɨɪɨɝɨ ɩɨɪяɞɤа 
(Transient Scheme) Second Order Backward 
Euler.  
Кɪɢɬɟɪɢɟɦ ɫхɨɞɢɦɨɫɬɢ ɢ ɨɤɨɧчаɧɢя ɫчɟɬа 
ɞɥя сɬаɰиɨɧарɧɨɣ ɩɨɫɬаɧɨвɤɢ явɥяɥɨɫь ɞɨ-
ɫɬɢɠɟɧɢɟ ɡаɞаɧɧɨɝɨ ɭɪɨвɧя ɦаɤɫɢɦаɥьɧых 

ɧɟвяɡɨɤ 10-3 ɢ выхɨɞ ɧа аɫɢɦɩɬɨɬɭ ɡавɢɫɢɦɨ-
ɫɬɟɣ аɷɪɨɞɢɧаɦɢчɟɫɤɢх ɫɢɥ ɨɬ ɧɨɦɟɪа шаɝа 
(ɭɫɥɨвɧɨɝɨ вɪɟɦɟɧɢ). Дɥя ɡаɞач в ɧɟсɬаɰиɨ-
ɧарɧɨɣ ɩɨɫɬаɧɨвɤɟ – выхɨɞ ɧа ɭɫɬɨɣчɢвыɣ 
ɪɟɠɢɦ ɬɟчɟɧɢя, ɤɨɬɨɪыɣ ɨɬɫɥɟɠɢваɥɫя ɩɨ 
вɪɟɦɟɧɧыɦ ɡавɢɫɢɦɨɫɬяɦ ɩɟɪɢɨɞɢчɟɫɤɨɣ 
ɩɪɢɪɨɞы аɷɪɨɞɢɧаɦɢчɟɫɤɢх ɫɢɥ ɢ ɞɨɫɬɢɠɟ-
ɧɢɟ ɡаɞаɧɧɨɝɨ ɭɪɨвɧя ɦаɤɫɢɦаɥьɧых ɧɟвяɡɨɤ 
10-3. Пɪɢ ɷɬɨɦ ɦаɤɫɢɦаɥьɧɨɟ ɤɨɥɢчɟɫɬвɨ 
ɢɬɟɪаɰɢɣ ɧа шаɝɟ ɧɟ ɩɪɟвышаɥɨ 10. 

 
2.2 Расчɟɬɧыɟ сɟɬки 
Раɫчɟɬɧая ɨɛɥаɫɬь (ɨɛɥаɫɬь ɠɢɞɤɨɣ ɫɪɟɞы в 
ɤаɧаɥɟ) ɪаɡɛɢваɥаɫь ɧа ɷɥɟɦɟɧɬы в ɩɪɟɩɪɨ-
ɰɟɫɫɨɪɟ ɩɪɨɝɪаɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫа ANSВS 
Mechanical ɫ ɢɫɩɨɥьɡɨваɧɢɟɦ ɪаɡɪаɛɨɬаɧɧɨɝɨ 
ɩаɪаɦɟɬɪɢɡɢɪɨваɧɧɨɝɨ ɦаɤɪɨɫа, ɧаɛɪаɧɧɨɝɨ 
ɧа вɧɭɬɪɟɧɧɟɦ яɡыɤɟ ɩɪɨɝɪаɦɦɢɪɨваɧɢя 
APDL (turek_CFD.mac). Дɥя ɭɞɨɛɫɬва ɩаɪа-
ɦɟɬɪɢɡаɰɢɢ ɦаɤɪɨɫа, а ɬаɤɠɟ ɩɨɫɬɪɨɟɧɢя 
ɫɬɪɭɤɬɭɪɢɪɨваɧɧых ɨɪɬɨɝɨɧаɥьɧых ɫɟɬɨɤ 
ɪаɛɨчая ɨɛɥаɫɬь ɫɧачаɥа ɪаɡɛɢваɥаɫь ɧа ɛɥɨ-
ɤɢ (ɪɢɫ. 2). В ɤаɠɞɨɦ ɛɥɨɤɟ ɡаɞаваɥɨɫь ɫвɨɟ 
ɡɧачɟɧɢɟ ɦɢɧɢɦаɥьɧɨɝɨ ɪаɡɦɟɪа ɷɥɟɦɟɧɬа ɢ 
ɤɨɷффɢɰɢɟɧɬ ɫɨɨɬɧɨшɟɧɢя ɫаɦɨɝɨ ɛɨɥьшɨɝɨ 
ɷɥɟɦɟɧɬа ɨɛɥаɫɬɢ ɤ ɫаɦɨɦɭ ɦаɥɟɧьɤɨɦɭ. Ва-
ɪɢаɧɬы ɪаɫчɟɬɧых ɫɟɬɨɤ ɫ ɭɤаɡаɧɢɟɦ ваɪьɢ-
ɪɭɟɦых ɩаɪаɦɟɬɪɨв ɩɨɤаɡаɧы ɧа ɪɢɫɭɧɤɟ 3 ɢ 
в ɬаɛɥɢɰɟ 2. 
 

 

Таɛɥиɰа 2. ɉараɦɟɬры* расчɟɬɧых сɟɬɨк ɞɥя CFD-ɬɟсɬɨв. 
Ваɪɢаɧɬ 
ɪаɫчɟɬɧɨɣ 
ɫɟɬɤɢ 
(Мɨɞɟɥь) 

Кɨɥ-вɨ 
ɭɡɥɨв 

Кɨɥ-вɨ 
ɷɥ-в 

dscyl,ɦ dncyl,ɦ dsbeam,ɦ dnbeam,ɦ dswall,ɦ dnwall,ɦ 

D 38760 24650 4.0e-3 4.0e-4 5.0e-3 7.5e-4 5.0e-3 3.0e-3 
Da 91460 67200 1.5e-3 2.5e-4 5.0e-3 5.0e-4 5.0e-3 3.0e-3 
Db 127110 92525 1.8e-3 2.5e-4 5.0e-3 5.0e-4 5.0e-3 3.0e-3 
C 150630 74425 1.5e-3 2.5e-4 2.3e-3 5.0e-4 2.5e-3 2.5e-3 
B 438740 217800 7.5e-4 1.0e-4 1.3e-3 2.5e-4 1.5e-3 7.5e-4 
A 671980 334000 7.5e-4 7.5e-5 1.0e-3 2.0e-4 1.0e-3 1.0e-3 
*ds – ɪаɡɦɟɪ ɷɥɟɦɟɧɬɨв ɧа ɩɨвɟɪхɧɨɫɬɢ ɤɨɧɫɬɪɭɤɰɢɢ, dn – ɪаɡɦɟɪ 1-ɝɨ ɫɥɨя ɷɥɟɦɟɧɬɨв ɩɨ 

ɧɨɪɦаɥɢ ɤ ɩɨвɟɪхɧɨɫɬɢ; ɢɧɞɟɤɫы cyl, beam ɢ wall – ɧа ɰɢɥɢɧɞɪɟ, ɧа ɛаɥɤɟ ɢ ɧа ɫɬɟɧɤах ɤа-
ɧаɥа, ɫɨɨɬвɟɬɫɬвɟɧɧɨ. 



Мɨɞɟɥɢɪɨваɧɢɟ ɞвɭɦɟɪɧɨɝɨ ɧɟɫɬаɰɢɨɧаɪɧɨɝɨ ɨɛɬɟɤаɧɢя ɝɢɛɤɨɣ ɭɩɪɭɝɨɣ ɤɨɧɫɬɪɭɤɰɢɢ в ɫвяɡаɧɧɨɣ ɩɨɫɬаɧɨвɤɟ. 
Чаɫɬь 1: Вɟɪɢфɢɤаɰɢя ɦɟɬɨɞɢɤɢ чɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨваɧɢя ɩɨвɟɞɟɧɢя ɠɢɞɤɨɫɬɢ 

Volume 10, Issue 3, 2014 27 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

Рис. 2. Бɥɨчɧɨɟ раɡɛиɟɧиɟ расчɟɬɧɨɣ ɨɛɥасɬи. 
 

 
 

Рис. 3. Расчɟɬɧая сɟɬка: Мɨɞɟɥь C (150 630 уɡɥɨв).
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2.3 Граɧичɧыɟ и ɧачаɥьɧыɟ усɥɨвия 
На вхɨɞɟ (Inlet) ɤаɧаɥа ɡаɞаɟɬɫя ɩаɪаɛɨɥɢчɟ-
ɫɤɢɣ ɩɪɨфɢɥь ɫɤɨɪɨɫɬɢ: 
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in  – ɫɪɟɞɧяя ɫɤɨɪɨɫɬь Дɦ/ɫЖ; y – вɟɪɬɢ-

ɤаɥьɧая ɤɨɨɪɞɢɧаɬа ДɦЖ (ɧачаɥɨ ɤɨɨɪɞɢɧаɬ 
ɫɦ. ɪɢɫ. 1), в ɩɨɩɟɪɟчɧɨɦ ɧаɩɪавɥɟɧɢɢ ɩɨɬɨ-
ɤа; H – вɟɪɬɢɤаɥьɧыɣ ɪаɡɦɟɪ ɪаɫчɟɬɧɨɣ ɨɛ-
ɥаɫɬɢ (выɫɨɬа ɤаɧаɥа) ДɦЖ.  
Дɥя ɡаɞач в ɧɟɫɬаɰɢɨɧаɪɧɨɣ ɩɨɫɬаɧɨвɤɟ ɢɫ-
ɩɨɥьɡɭɟɬɫя ɩɥавɧɨɟ ɭвɟɥɢчɟɧɢɟ ɩɪɨфɢɥя 
ɫɤɨɪɨɫɬɢ вɨ вɪɟɦɟɧɢ: 
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На выхɨɞɟ (Outlet) ɤаɧаɥа ɡаɞаɸɬɫя ɦяɝɤɢɟ 
ɝɪаɧɢчɧыɟ ɭɫɥɨвɢя «Opening» c ɨɫɪɟɞɧɟɧ-
ɧыɦ ɨɬɧɨɫɢɬɟɥьɧыɦ ɞавɥɟɧɢɟɦ ɪавɧыɦ ɧɭ-
ɥɸ. 
Т.ɤ. ɡаɞача ɪɟшаɟɬɫя в ɞвɭɦɟɪɧɨɣ ɩɨɫɬаɧɨв-
ɤɟ, ɧа ɛɨкɨвых ɝраɧиɰах ɨɛɥаɫɬɢ ɡаɞаɟɬɫя 
ɭɫɥɨвɢɟ ɫɢɦɦɟɬɪɢɢ «Symmetry». 
На сɬɟɧках каɧаɥа ɢ ɧа ɩɨвɟрхɧɨсɬи ɨɛɬɟ-
каɟɦɨɝɨ ɬɟɥа ɡаɞаɟɬɫя ɭɫɥɨвɢɟ ɩɪɢɥɢɩаɧɢя 
ɧа ɫɬɟɧɤɟ «No Slip Wall». 

 
Рис. 4. Расчɟɬɧая ɨɛɥасɬь с укаɡаɧиɟɦ ɝраɧичɧых усɥɨвиɣ. 

 
В ɤачɟɫɬвɟ ɧачаɥьɧых ɭɫɥɨвɢɣ в ɫɥɭчаɟ ɢ 
ɫɬаɰɢɨɧаɪɧых ɢ ɧɟɫɬаɰɢɨɧаɪɧых ɪаɫчɟɬɨв 
ɩɪɢɧɢɦаɟɬɫя ɩɪɨфɢɥь ɫɤɨɪɨɫɬɢ (4) в ɦɨɦɟɧɬ 
t=0 c. 
 
2.4 Рɟɡуɥьɬаɬы расчɟɬɨв 
Нɢɠɟ ɩɪɟɞɫɬавɥɟɧы ɪɟɡɭɥьɬаɬы ɦɧɨɝɨваɪɢ-
аɧɬɧых ɪаɫчɟɬɨв в ɫɬаɰɢɨɧаɪɧɨɣ (CFD1) ɢ 
ɧɟɫɬаɰɢɨɧаɪɧɨɣ (CFD2) ɩɨɫɬаɧɨвɤɟ в ɫɨɩɨ-
ɫɬавɥɟɧɢɢ ɫ чɢɫɥɟɧɧыɦɢ ɪɟɡɭɥьɬаɬаɦɢ авɬɨ-
ɪɨв «ɛɷɧчɦаɪɤа» [1]. 
 

Таɛɥиɰа 3 ɋɨɩɨсɬавɥɟɧиɟ рɟɡуɥьɬаɬɨв сɬа-
ɰиɨɧарɧых расчɟɬɨв (CFD1) ɞɥя сɟɬɨк А, В 

и ɋ c исɬɨчɧикɨɦ (Ref. [1]) 
 FD[H/m] FL[H/m] 

Мɨɞɟɥь A 14.31 1.115 
Мɨɞɟɥь B 14.31 1.121 
Мɨɞɟɥь C 14.30 1.117 

Ref. [1] 14.29 1.119 
 ε(FD) [%] ε(FL) [%] 

Мɨɞɟɥь A 0.14 0.36 
Мɨɞɟɥь B 0.14 0.18 
Мɨɞɟɥь C 0.10 0.18 
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Рис. 5. Мɨɞɟɥь ɋ. CFD1: расчɟɬɧɨɟ ɩɨɥɟ  

скɨрɨсɬɟɣ, ɦ/с 

 
Рис. 6. Мɨɞɟɥь ɋ. CFD1: расчɟɬɧɨɟ ɩɨɥɟ 

ɞавɥɟɧиɣ, ɉа 
 

Таɛɥиɰа 4 ɋɨɩɨсɬавɥɟɧиɟ рɟɡуɥьɬаɬɨв ɧɟсɬаɰиɨɧарɧых расчɟɬɨв (CFD2)  
ɞɥя сɟɬɨк А, В, ɋ, D, Da, Db c исɬɨчɧикɨɦ (Ref. [1]) ɩри Δt1= 5 10-3 с 
 FD_mean ± FD_ampl [H/m] fFD [Hz] FL_mean ± FL_ampl [H/m] fFL [Hz] 

Мɨɞɟɥь A 439.48±6.32 4.348 -5.52±449.52 4.348 
Мɨɞɟɥь B 439.62±7.09 4.348 -5.74±446.93 4.348 
Мɨɞɟɥь C 439.90±6.48 4.348 -7.44±440.63 4.348 
Мɨɞɟɥь Db 440.11±6.38 4.348 -22.91±434.22 4.348 
Мɨɞɟɥь Da 440.00±6.10 4.348 -11.02±422.02 4.348 
Мɨɞɟɥь D - - - - 
Ref. [1] 439.45±5.62 4.396 -11.893±437.81 4.396 
 ε(FD_mean); ε(FD_ampl) 

[%] 
ε(f_FD) 
[%] 

ε(FL_mean); ε(FL_ampl) 
[%] 

ε(f_FL) 
[%] 

Мɨɞɟɥь A 0.01; 12.48 1.07 -11.89; 2.68 1.07 
Мɨɞɟɥь B 0.04; 26.21 1.07 53.62; 2.08 1.07 
Мɨɞɟɥь C 0.10; 15.31 1.07 51.74; 0.64 1.07 
Мɨɞɟɥь Db 0.15; 13.47 1.07 37.42; 0.82 1.07 
Мɨɞɟɥь Da 0.12; 8.57 1.07 7.37; 3.61 1.07 
Мɨɞɟɥь D - - - - 

 
Таɛɥиɰа 5 ɋɨɩɨсɬавɥɟɧиɟ рɟɡуɥьɬаɬɨв ɧɟсɬаɰиɨɧарɧых расчɟɬɨв (CFD2) 

ɞɥя сɟɬɨк А, В, ɋ, D, Da, Db c исɬɨчɧикɨɦ (Ref. [1]) ɩри Δt2= 1 10-2 с 
 FD_mean ± FD_ampl [H/ɦЖ fFD ДȽɰЖ FL_mean ± FL_ampl [H/ɦЖ fFL ДȽɰЖ 

Мɨɞɟɥь C 439.32±5.88 4.348 -0.88±431.24 4.348 
Мɨɞɟɥь Db 439.36±5.58 4.348 -4.48±420.06 4.348 
Мɨɞɟɥь Da 439.27±5.32 4.348 -3.26±408.34 4.348 
Мɨɞɟɥь D - - - - 
Ref. [1] 439.45±5.62 4.396 -11.893±437.81 4.396 
 ε(FD_mean); ε(FD_ampl) 

[%] 
ε(f_FD) 
[%] 

ε(FL_mean); ε(FL_ampl) 
[%] 

ε(f_FL) 
[%] 

Мɨɞɟɥь C 0.03; 4.59 1.07 92.59; 1.50 1.07 
Мɨɞɟɥь Db 0.02; 0.68 1.07 59.28; 4.05 1.07 
Мɨɞɟɥь Da 0.04; 5.31 1.07 72.58; 6.73 1.07 
Мɨɞɟɥь D - - - - 
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Рис. 7. ɋиɥа ɥɨɛɨвɨɝɨ сɨɩрɨɬивɥɟɧия FD. 

ɋɨɩɨсɬавɥɟɧиɟ рɟɡуɥьɬаɬɨв ɧɟсɬаɰиɨɧарɧых 
расчɟɬɨв (CFD2) ɞɥя сɟɬɨк А, В, ɋ, D, Da, Db 

c исɬɨчɧикɨɦ (Ref. [1]) ɩри Δt1= 5 10-3 с. 
 

 
Рис. 8. ɋиɥа ɥɨɛɨвɨɝɨ сɨɩрɨɬивɥɟɧия FD. 

ɋɨɩɨсɬавɥɟɧиɟ рɟɡуɥьɬаɬɨв ɧɟсɬаɰиɨɧарɧых 
расчɟɬɨв (CFD2) ɞɥя сɟɬɨк А, В, ɋ, D, Da, Db 

c исɬɨчɧикɨɦ (Ref. [1]) ɩри Δt2= 1 10-2 с. 
 

 
Рис. 9. ɉɨɞɴɟɦɧая сиɥа FL.ɋɨɩɨсɬавɥɟɧиɟ 
рɟɡуɥьɬаɬɨв ɧɟсɬаɰиɨɧарɧых расчɟɬɨв 

(CFD2) ɞɥя сɟɬɨк А, В, ɋ, D, Da, Db  
c исɬɨчɧикɨɦ (Ref. [1]) ɩри Δt1= 5 10-3 с. 

 

 
Рис. 10. ɉɨɞɴɟɦɧая сиɥа FL.ɋɨɩɨсɬавɥɟɧиɟ 

рɟɡуɥьɬаɬɨв ɧɟсɬаɰиɨɧарɧых расчɟɬɨв 
(CFD2) ɞɥя сɟɬɨк А, В, ɋ, D, Da, Db  

c исɬɨчɧикɨɦ (Ref. [1]) ɩри Δt2= 1 10-2 с. 

 
Рис. 11. Мɨɞɟɥь ɋ. CFD2: расчɟɬɧɨɟ ɩɨɥɟ скɨрɨсɬɟɣ с ɩрɨявɥɟɧиɟɦ ɥаɦиɧарɧɨɝɨ  

вихрɟɨɛраɡɨваɧия в ɦɨɦɟɧɬ врɟɦɟɧи t=20 c, ɦ/с.
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Рис. 12. Мɨɞɟɥь ɋ. CFD2: расчɟɬɧɨɟ ɩɨɥɟ ɞавɥɟɧиɣ  

в ɦɨɦɟɧɬ врɟɦɟɧи t=20 c, ɉа. 
 

2.5 Аɧаɥиɡ рɟɡуɥьɬаɬɨв и вывɨɞы 
Аɧаɥɢɡɢɪɭя ɞаɧɧыɟ ɬаɛɥɢɰы 3 (CFD1: 
Re=20), ɦɨɠɧɨ ɫɞɟɥаɬь вывɨɞ ɨ ɧɟɡавɢɫɢɦɨ-
ɫɬɢ ɪɟɡɭɥьɬаɬɨв ɫɬаɰɢɨɧаɪɧɨɝɨ ɪаɫчɟɬа, а 
ɢɦɟɧɧɨ ɨɫɪɟɞɧɟɧɧых вɟɥɢчɢɧ ɩɨɞъɟɦɧɨɣ 
ɫɢɥы ɢ ɫɢɥы ɥɨɛɨвɨɝɨ ɫɨɩɪɨɬɢвɥɟɧɢя, ɨɬ 
ɫɬɟɩɟɧɢ ɩɪɨɫɬɪаɧɫɬвɟɧɧɨɣ ɞɢɫɤɪɟɬɢɡаɰɢɢ. 
Раɫхɨɠɞɟɧɢɟ ɫ ɢɫɬɨчɧɢɤɨɦ ɧɟ ɩɪɟвышаɟɬ 
0.4%. 
Пɪɢ ɛɨɥьшɢх ɫɤɨɪɨɫɬях ɩɨɬɨɤа (CFD2: 
Re=200), ɤɨɝɞа вɨɡɧɢɤаɟɬ ɭɫɬɨɣчɢвая ɤаɪɬɢ-
ɧа вɢхɪɟɨɛɪаɡɨваɧɢя, ɧаɛɥɸɞаɟɬɫя ɫɥаɛая 
ɡавɢɫɢɦɨɫɬь ɩɨɥɭчɟɧɧых ɪɟɡɭɥьɬаɬɨв ɨɬ ва-
ɪɢаɧɬа ɪаɫчɟɬɧɨɣ ɫɟɬɤɢ ɩɪɢ ɞɨɫɬаɬɨчɧɨɦ 
ɪаɡɪɟшɟɧɢɢ в ɡɨɧɟ ɰɢɥɢɧɞɪа ɢ шаɝа ɩɨ вɪɟ-
ɦɟɧɢ (ɬаɛɥɢɰы 4 - 5). Сɥɟɞɭɟɬ ɨɬɦɟɬɢɬь, чɬɨ 
ɛɨɥьшɢɟ ɡɧачɟɧɢя ɩɨɝɪɟшɧɨɫɬɢ ɞɥя ɡɧачɟ-
ɧɢɣ FD_ampl ɢ FL_mean ɪɟаɥɢɡɭɸɬɫя ɩɪɢ ɦаɥых 
ɡɧачɟɧɢях (ɛɥɢɡɤɢх ɤ ɧɭɥɸ) ɫаɦɢх ɤɨɧɬɪɨ-
ɥɢɪɭɟɦых ɩаɪаɦɟɬɪɨв. 
Пɪɢ ɩɪɨвɟɞɟɧɢɢ ɧɟɫɬаɰɢɨɧаɪɧɨɝɨ ɪаɫчɟɬа ɧа 
ɫаɦɨɣ «ɝɪɭɛɨɣ» ɪаɫчɟɬɧɨɣ ɫɟɬɤɟ – Мɨɞɟɥь D, 
ɩɟɪɢɨɞɢчɟɫɤɨɝɨ ɫɪыва вɢхɪɟɣ ɫ ɰɢɥɢɧɞɪа ɧɟ 
ɧаɛɥɸɞаɟɬɫя ɢ ɪɟшɟɧɢɟ ɢɦɟɟɬ ɧɟɪɟаɥɢɫɬɢч-
ɧыɣ ɫɬаɰɢɨɧаɪɧыɣ хаɪаɤɬɟɪ. Пɪɢ ɫɝɭɳɟɧɢɢ 
ɫɟɬɤɢ ɧа ɩɨвɟɪхɧɨɫɬɢ ɰɢɥɢɧɞɪа (Мɨɞɟɥь Da) 
ɤаɪɬɢɧа ɨɛɬɟɤаɧɢя ɤаɪɞɢɧаɥьɧɨ ɦɟɧяɟɬɫя, ɢ 
ɪɟшɟɧɢɟ ɫɬаɧɨвɢɬɫя ɧɟɫɬаɰɢɨɧаɪɧыɦ. 
 
 

3. ɁАɄɅɘЧȿɇИȿ 
 
Пɨ ɪɟɡɭɥьɬаɬаɦ ɫɨɩɨɫɬавɥɟɧɢя ɪаɫчɟɬɧых 
ɩаɪаɦɟɬɪɨв ɫ ɞаɧɧыɦɢ ɢɫɬɨчɧɢɤа [1] 
ɧаɢɦɟɧьшɟɟ ɪаɫхɨɠɞɟɧɢɟ ɩɨ аɦɩɥɢɬɭɞɟ 
ɩɨɞъɟɦɧɨɣ аɷɪɨɞɢɧаɦɢчɟɫɤɨɣ ɫɢɥы ɩɨɤаɡаɥа 
Мɨɞɟɥь C. Пɨɷɬɨɦɭ ɞɥя ɞаɥьɧɟɣшɢх ɪаɫчɟɬ-
ɧых ɢɫɫɥɟɞɨваɧɢɣ (FSI-ɬɟɫɬɨв, ɫɦ. ɫɬаɬьɸ в 
ɧаɫɬɨяɳɟɦ выɩɭɫɤɟ [5]) ɩɪɢɦɟɦ ɷɬɭ ɦɨɞɟɥь 
ɤаɤ ɛаɡɨвɭɸ. 
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ɆɈДȿɅИɊɈВАɇИȿ ДВɍɆȿɊɇɈȽɈ ɇȿСɌАЦИɈɇАɊɇɈȽɈ 
ɈȻɌȿɄАɇИə ȽИȻɄɈɃ ɍɉɊɍȽɈɃ ɄɈɇСɌɊɍɄЦИИ 

В СВəɁАɇɇɈɃ ɉɈСɌАɇɈВɄȿ.  
ЧАСɌɖ 2: ВȿɊИɎИɄАЦИə ɆȿɌɈДИɄИ ЧИСɅȿɇɇɈȽɈ 

ɆɈДȿɅИɊɈВАɇИə ɉɈВȿДȿɇИə 
ȽИȻɄɈɃ ɍɉɊɍȽɈɃ ɄɈɇСɌɊɍɄЦИИ 

 

И.Н. Афанасьева, И.Ю. Ланцова 
Мɨɫɤɨвɫɤɢɣ ɝɨɫɭɞаɪɫɬвɟɧɧыɣ ɫɬɪɨɢɬɟɥьɧыɣ ɭɧɢвɟɪɫɢɬɟɬ, ɝ. Мɨɫɤва, РОССИə 

 
АННОТАЦИə: Сɬаɬья ɩɨɫвяɳɟɧа вɟɪɢфɢɤаɰɢɨɧɧыɦ ɢɫɫɥɟɞɨваɧɢяɦ ɦɟɬɨɞɢɤɢ чɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨваɧɢя 
вɧɟшɧɟɝɨ ɨɛɬɟɤаɧɢя ɤɨɧɫɬɪɭɤɰɢɢ – ɰɢɥɢɧɞɪ ɫ ɠɟɫɬɤɨ ɩɪɢɤɪɟɩɥɟɧɧɨɣ ɤ ɧɟɦɭ ɝɢɛɤɨɣ ɭɩɪɭɝɨɣ ɛаɥɤɨɣ – в 
ɫвяɡаɧɧɨɣ ɩɨɫɬаɧɨвɤɟ (Fluid-Structure Interaction, FSI). Оɛɬɟɤаɧɢɟ ɩɪɨɢɫхɨɞɢɬ в ɥаɦɢɧаɪɧɨɦ ɪɟɠɢɦɟ ɩɪɢ чɢɫɥах 
Рɟɣɧɨɥьɞɫа Re=20 ɢ Re=200. Пɨ ɢɬɨɝаɦ вɬɨɪɨɝɨ ɷɬаɩа вɟɪɢфɢɤаɰɢɢ ɩɪɟɞɫɬавɥɟɧы ɪɟɡɭɥьɬаɬы ɦɧɨɝɨваɪɢаɧɬɧых 
ɪаɫчɟɬɧых ɢɫɫɥɟɞɨваɧɢɣ, ɩɪɨвɟɞɟɧɧых ɧа ɪаɡɥɢчɧых ɫɟɬɤах ɢ ɫ ɢɫɩɨɥьɡɨваɧɢɟɦ ɪаɡɥɢчɧых ɬɢɩɨв ɤɨɧɟчɧых 
ɷɥɟɦɟɧɬɨв в ɫɬаɬɢчɟɫɤɨɣ ɢ ɞɢɧаɦɢчɟɫɤɨɣ ɩɨɫɬаɧɨвɤɟ. Раɫчɟɬы ɧаɩɪяɠɟɧɧɨ-ɞɟфɨɪɦɢɪɨваɧɧɨɝɨ ɫɨɫɬɨяɧɢя 
ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɟɟ ɞɢɧаɦɢчɟɫɤɨɝɨ ɨɬɤɥɢɤа выɩɨɥɧяɥɢɫь в ɩɪɨɝɪаɦɦɧɨɦ ɤɨɦɩɥɟɤɫɟ ANSВS MОМСКЧТМКХ.. На 
ɨɫɧɨвɟ ɫɨɩɨɫɬавɥɟɧɢя ɩɨɥɭчɟɧɧых ɤɪɢɬɟɪɢаɥьɧых ɩаɪаɦɟɬɪɨв ɫ ɢɫɬɨчɧɢɤɨɦ выɛɪаɧа ɨɫɧɨвɧая ɪаɫчɟɬɧая ɦɨ-
ɞɟɥь ɞɥя ɩɪɨвɟɞɟɧɢя ɡаɞачɢ в ɫвяɡаɧɧɨɣ аɷɪɨɝɢɞɪɨɭɩɪɭɝɨɣ ɩɨɫɬаɧɨвɤɟ. 
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2-D MODELING OF FLUID-STRUCTURE INTERACTION 
BETWEEN AN ELASTIC STRUCTURE AND TRANSIENT FLOW. 

PART 2: VERIFICATION OF NUMERICAL TECHNIQUE OF 
ELASTIC STRUCTURE BEHAVIOR SIMULATION 

 

Irina N. Afanasyeva, Irina U. Lantsova 
Moscow State University of Civil Engineering, Moscow, RUSSIA 

 
ABSTRACT: Present paper deals with the verification of a numerical technique of modeling fluid-structure in-
teraction (FSI) problems. The configuration consists of incompressible viscous fluid around an elastic structure 
in the channel. External flow is laminar (Reynolds numbers Re=20 and Re=200). Multivariate static and dynam-
ic analysis were carried out using special software ANSYS Mechanical. Different types of grids and finite ele-
ment types were tested. Main results are showed in tables and plots. Based on obtained results and comparison of 
them with reference data the main grid for future investigations of FSI problem were chosen. 

 
Key words: aerohydroelasticity , aerohydrodynamics, laminar flow, numerical simulation, 

Fluid-Structure Interaction (FSI) 
 

 
1. ВВȿДȿɇИȿ 
 

В ɩɪɨɞɨɥɠɟɧɢɟ [6] (ɫɦ. ɫɬаɬьɸ в ɧаɫɬɨяɳɟɦ 
выɩɭɫɤɟ) ɨɛъɟɤɬɨɦ ɢɫɫɥɟɞɨваɧɢя выɛɪаɧа 
ɝɢɛɤая ɭɩɪɭɝая ɤɨɧɫɨɥьɧая ɛаɥɤа, ɠɟɫɬɤɨ 
ɩɪɢɤɪɟɩɥɟɧɧая ɤ ɧɟɩɨɞвɢɠɧɨɦɭ ɰɢɥɢɧɞɪɭ ɢ 
ɧахɨɞяɳаяɫя в ɫɥɟɞɟ ɡа ɧɢɦ. 

В ɧаɫɬɨяɳɟɣ ɫɬаɬьɟ ɩɪɟɞɫɬавɥɟɧы 
ɪɟɡɭɥьɬаɬы вɬɨрɨɝɨ эɬаɩа ɨɛъявɥɟɧɧɨɝɨ 
«ɛɷɧчɦаɪɤа» [1]. Цɟɥьɸ ɷɬɨɝɨ ɷɬаɩа явɥяɟɬɫя 
вɟɪɢфɢɤаɰɢя ɢ ваɥɢɞаɰɢя CSM-ɪɟшаɬɟɥя 
(Computational Structural Mechanics, CSM-
solver), ɤɨɬɨɪыɣ вычɢɫɥяɟɬ ɧаɩɪяɠɟɧɧɨ-
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ɞɟфɨɪɦɢɪɨваɧɧɨɟ ɫɨɫɬɨяɧɢɟ ɢ 
ɞɢɧаɦɢчɟɫɤɭɸ ɪɟаɤɰɢɸ ɤɨɧɫɬɪɭɤɰɢɢ 
(ɧаɩɪяɠɟɧɢя, ɞɟфɨɪɦаɰɢɢ, ɩɟɪɟɦɟɳɟɧɢя, 
фɨɪɦы ɢ чаɫɬɨɬы выɧɭɠɞɟɧɧых ɤɨɥɟɛаɧɢɣ). 
Раɫчɟɬы НДС ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɟɟ 
ɞɢɧаɦɢчɟɫɤɨɝɨ ɨɬɤɥɢɤа выɩɨɥɧяɥɢɫь в 
ɩɪɨɝɪаɦɦɧɨɦ ɤɨɦɩɥɟɤɫɟ ANSYS Mechanical. 
 
 
2. CSM-ɌȿСɌЫ 
 
2.1 ɉараɦɟɬры расчɟɬɨв 
В ɪаɦɤах CSM-ɬɟɫɬɨв выɩɨɥɧɟɧы ɞва ɬɢɩа 
ɪаɫчɟɬɨв: ɫɬаɬɢчɟɫɤɢɣ (CSM1- ɢ CSM2-
ɬɟɫɬы) ɢ ɞɢɧаɦɢчɟɫɤɢɣ (CSM3-ɬɟɫɬ), ɫ ɭчɟ-
ɬɨɦ ɝɟɨɦɟɬɪɢчɟɫɤɨɣ ɧɟɥɢɧɟɣɧɨɫɬɢ. Таɤɠɟ 
ɞɥя ɞаɥьɧɟɣшɟɝɨ ɢɫɫɥɟɞɨваɧɢя вɥɢяɧɢя ɩɨ-
ɬɨɤа ɢ ɞɟфɨɪɦɢɪɭɟɦɨɣ чаɫɬɢ ɤɨɧɫɬɪɭɤɰɢɢ 
ɞɪɭɝ ɧа ɞɪɭɝа (а ɢɦɟɧɧɨ, ɞɥя аɧаɥɢɡа чаɫɬɨɬ-
ɧых хаɪаɤɬɟɪɢɫɬɢɤ ɢх ɞɢɧаɦɢчɟɫɤɨɝɨ ɩɨвɟ-
ɞɟɧɢя) ɩɪɢ выɩɨɥɧɟɧɢɢ FSI-ɬɟɫɬɨв ɩɪɨвɟɞɟɧ 
ɦɨɞаɥьɧыɣ аɧаɥɢɡ ɛаɥɤɢ (CSM1 ɢ CSM2). 
Оɫɧɨвɧыɟ ɩаɪаɦɟɬɪы CSM-ɬɟɫɬɨв ɫ ɭɤаɡаɧɢ-
ɟɦ фɢɡɢчɟɫɤɢх хаɪаɤɬɟɪɢɫɬɢɤ ɦаɬɟɪɢаɥа ɩɨ-
ɤаɡаɧы в ɬаɛɥɢɰɟ 1. 
В ɤачɟɫɬвɟ ɧаɝɪɭɡɤɢ ɩɪɢɤɥаɞываɥаɫь ɢɧɟɪ-
ɰɢɨɧɧая ɫɢɥа, ɩɭɬɟɦ ɡаɞаɧɢя ɭɫɤɨɪɟɧɢя в 
вɟɪɬɢɤаɥьɧɨɦ ɧаɩɪавɥɟɧɢɢ  
(вɞɨɥь ɨɬɪɢɰаɬɟɥьɧɨɣ ɩɨɥɭɨɫɢ OY). Дɢɧа-
ɦɢчɟɫɤɢɣ ɪаɫчɟɬ ɩɪɨвɨɞɢɥɫя ɫ шаɝɨɦ ɩɨ 
вɪɟɦɟɧɢ ΔЭ = 5 10-3 ɫ. 

 

Таɛɥиɰа 1 Фиɡичɟскиɟ ɩараɦɟɬры 
ɦаɬɟриаɥɨв ɞɥя CSM-ɬɟсɬɨв 

 CSM1 CSM2 CSM3 
ρs [ɤɝ/ɦ3] 1000 1000 1000 
s [-] 0.4 0.4 0.4 

s [МПа] 0.5 2 0.5 
Es [МПа] 1.4 5.6 1.4 

 
Дɢɫɤɪɟɬɢɡаɰɢя ɭɪавɧɟɧɢɣ ɩɨ ɩɪɨɫɬɪаɧɫɬвɭ 
ɨɫɭɳɟɫɬвɥяɥаɫь ɦɟɬɨɞɨɦ ɤɨɧɟчɧых ɷɥɟɦɟɧ-
ɬɨв (МКЭ). Рɟшɟɧɢɟ ɫɢɫɬɟɦы ɥɢɧɟɣɧых аɥ-
ɝɟɛɪаɢчɟɫɤɢх ɭɪавɧɟɧɢɣ (СɅАУ) ɩɪɢ ɩɪɨвɟ-
ɞɟɧɢɢ ɫɬаɬɢчɟɫɤɨɝɨ ɢ ɞɢɧаɦɢчɟɫɤɨɝɨ аɧаɥɢɡа 
выɩɨɥɧяɥɨɫь ɪаɡɪɟɠɟɧɧыɦ ɦɟɬɨɞɨɦ (ɪɟша-
ɬɟɥь SPARSE). Дɥя ɪɟшɟɧɢя ɡаɞач в ɞɢɧаɦɢ-
чɟɫɤɨɣ ɩɨɫɬаɧɨвɤɟ ɩɪɢɦɟɧяɥɫя ɦɟɬɨɞ  
Ньɸɦаɪɤа ɫ ɢɫɩɨɥьɡɨваɧɢɟɦ ɢɬɟɪаɰɢɨɧɧɨɣ 
ɩɪɨɰɟɞɭɪы Ньɸɬɨɧа-Рафɫɨɧа ɫ авɬɨɦаɬɢчɟ-
ɫɤɢɦ ɢɡɦɟɧɟɧɢɟɦ шаɝа. Дɥя вычɢɫɥɟɧɢя ɫɨɛ-
ɫɬвɟɧɧых чаɫɬɨɬ ɢ фɨɪɦ ɤɨɥɟɛаɧɢɣ ɛаɥɤɢ 
ɢɫɩɨɥьɡɨваɥɫя ɛɥɨчɧыɣ ɦɟɬɨɞ Ʌаɧɰɨша. 

 
2.2 Расчɟɬɧыɟ КЭ-ɦɨɞɟɥи 
Мɧɨɝɨваɪɢаɧɬɧыɟ ɪаɫчɟɬɧыɟ ɢɫɫɥɟɞɨваɧɢя 
ɩɪɨвɨɞɢɥɢɫь ɧа ɬɪɟх ваɪɢаɧɬах ɤɨɧɟчɧɨ-
ɷɥɟɦɟɧɬɧых ɦɨɞɟɥɟɣ (ɬаɛɥɢɰа 2). Раɫчɟɬɧая 
ɨɛɥаɫɬь (ɛаɥɤа) ɪаɡɛɢваɥаɫь ɧа ɷɥɟɦɟɧɬы в 
ɩɪɟɩɪɨɰɟɫɫɨɪɟ ɩɪɨɝɪаɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫа 
ANSYS Mechanical ɫ ɢɫɩɨɥьɡɨваɧɢɟɦ ɪаɡɪа-
ɛɨɬаɧɧɨɝɨ ɩаɪаɦɟɬɪɢɡɢɪɨваɧɧɨɝɨ ɦаɤɪɨɫа, 
ɧаɩɢɫаɧɧɨɝɨ ɧа вɧɭɬɪɟɧɧɟɦ яɡыɤɟ ɩɪɨɝɪаɦ-
ɦɢɪɨваɧɢя APDL (turek_CSM.mac). Ваɪɢаɧ-
ɬы ɪаɫчɟɬɧых ɫɟɬɨɤ ɩɨɤаɡаɧы ɧа ɪɢɫɭɧɤɟ 1. 
 

Таɛɥиɰа 2 ɉараɦɟɬры расчɟɬɧых 
КЭ-ɦɨɞɟɥɟɣ ɞɥя CSM-ɬɟсɬɨв. 

 
Кɨɥ-вɨ 
ɭɡɥɨв 

Кɨɥ-вɨ  
КЭ 

Тɢɩ КЭ 

Мɨɞɟɥь 1 890 352 SOLID185 
Мɨɞɟɥь 2 2927 352 SOLID186 
Мɨɞɟɥь 3 12002 5632 SOLID185 

 
 
 
 

 
Рис. 1. Расчɟɬɧая сɟɬка: сɥɟва – Мɨɞɟɥь 1 и Мɨɞɟɥь 2ν сɩрава – Мɨɞɟɥь 3.



Мɨɞɟɥɢɪɨваɧɢɟ ɞвɭɦɟɪɧɨɝɨ ɧɟɫɬаɰɢɨɧаɪɧɨɝɨ ɨɛɬɟɤаɧɢя ɝɢɛɤɨɣ ɭɩɪɭɝɨɣ ɤɨɧɫɬɪɭɤɰɢɢ в ɫвяɡаɧɧɨɣ ɩɨɫɬаɧɨвɤɟ. 
Чаɫɬь 2: Вɟɪɢфɢɤаɰɢя ɦɟɬɨɞɢɤɢ чɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨваɧɢя ɩɨвɟɞɟɧɢя ɝɢɛɤɨɣ ɭɩɪɭɝɨɣ ɤɨɧɫɬɪɭɤɰɢɢ 
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2.3 Граɧичɧыɟ усɥɨвия 
На ɥɟвɨɦ ɤɨɧɰɟ ɛаɥɤɢ ɠɟɫɬɤɨɟ ɡаɳɟɦɥɟɧɢɟ 
ɦɨɞɟɥɢɪɭɟɬɫя ɡаɤɪɟɩɥɟɧɢɟɦ ɩɨ вɫɟɦ ɧаɩɪав-
ɥɟɧɢяɦ ɭɡɥɨв КЭ-ɦɨɞɟɥɢ. В ɫɢɥɭ ɞвɭɦɟɪɧɨɣ 
ɩɨɫɬаɧɨвɤɢ ɡаɞачɢ ɧа ɩɨвɟɪхɧɨɫɬях, ɩɟɪɩɟɧ-
ɞɢɤɭɥяɪɧых ɨɫɢ OZ, ɨɝɪаɧɢчɟɧɨ ɩɟɪɟɦɟɳɟ-
ɧɢɟ ɭɡɥɨв вɞɨɥь ɷɬɨɣ ɨɫɢ. 
 
2.4 Рɟɡуɥьɬаɬы расчɟɬɨв 
Нɢɠɟ в ɬаɛɥɢɰах 3-5 ɩɪɟɞɫɬавɥɟɧы 
ɪɟɡɭɥьɬаɬы ɦɨɞаɥьɧɨɝɨ аɧаɥɢɡа ɞɥя вɫɟх 
ɪаɫчɟɬɧых ɦɨɞɟɥɟɣ. В ɬаɛɥɢɰах 6-8 

ɩɪɢвɟɞɟɧы ɨɫɧɨвɧыɟ ɪɟɡɭɥьɬы 
(ɝɨɪɢɡɨɧɬаɥьɧɨɟ ux,A ɢ вɟɪɬɢɤаɥьɧɨɟ uy,A 
ɩɟɪɟɦɟɳɟɧɢɟ ɬɨчɤɢ А) ɦɧɨɝɨваɪɢаɧɬɧых 
ɫɬаɬɢчɟɫɤɢх ɪаɫчɟɬɨв (CSM1, CSM2) ɢ 
ɞɢɧаɦɢчɟɫɤɢх (CSM3) в ɫɨɩɨɫɬавɥɟɧɢɢ ɫ 
ɞаɧɧыɦɢ ɢɫɬɨчɧɢɤа (Ref.)[1Ж. На ɪɢɫ. 2-7 
ɩɪɟɞɫɬавɥɟɧы ɫɨɨɬвɟɬɫɬвɭɸɳɢɟ ɤаɪɬɢɧы ɞɟ-
фɨɪɦɢɪɨваɧɧɨɝɨ ɫɨɫɬɨяɧɢя ɛаɥɤɢ ɞɥя 
Мɨɞɟɥи 1. 

 

 
Таɛɥиɰа 3 Расчɟɬɧыɟ сɨɛсɬвɟɧɧыɟ часɬɨɬы (Гɰ) ɞɥя всɟх расчɟɬɧых ɦɨɞɟɥɟɣ. 

№ 
f [Ƚɰ] 

CSM1, CSM3 CSM2 
Мɨɞɟɥь 1 Мɨɞɟɥь 1 Мɨɞɟɥь 2 Мɨɞɟɥь 3 Мɨɞɟɥь 2 Мɨɞɟɥь 3 

1 1.063 1.063 1.077 1.076 1.077 1.076 
2 6.556 6.556 6.632 6.623 6.632 6.623 
3 17.899 17.899 18.076 18.054 18.076 18.054 
4 29.262 29.262 29.257 29.251 29.257 29.251 
5 33.897 33.897 34.160 34.121 34.160 34.121 

 
Таɛɥиɰа 4. Расчɟɬɧыɟ сɨɛсɬвɟɧɧыɟ ɮɨрɦы и часɬɨɬы (Гɰ) ɞɥя ɬрɟх вариаɧɬɨв расчɟɬɧɨɣ 

КЭ-ɦɨɞɟɥи (CSM1, CSM3) 
Мɨɞɟɥь 1 Мɨɞɟɥь 2 Мɨɞɟɥь 3 

   
Фɨɪɦа №1 (f1 = 1.063 Ƚɰ) Фɨɪɦа №1 (f1 = 1.077 Ƚɰ) Фɨɪɦа №1 (f1 = 1.076 Ƚɰ) 

   
Фɨɪɦа №2 (f2 = 6.556 Ƚɰ) Фɨɪɦа №2 (f2 = 6.632 Ƚɰ) Фɨɪɦа №2 (f2 = 6.623 Ƚɰ) 

   
Фɨɪɦа №3 (f3 = 17.899 Ƚɰ) Фɨɪɦа №3 (f3 = 18.076 Ƚɰ) Фɨɪɦа №3 (f3 = 18.054 Ƚɰ) 

   
Фɨɪɦа №4 (f4 = 29.262 Ƚɰ) Фɨɪɦа №4 (f4 = 29.257 Ƚɰ) Фɨɪɦа №4 (f4 = 29.251 Ƚɰ) 

   
Фɨɪɦа №5 (f5 = 33.897 Ƚɰ) Фɨɪɦа №5 (f5 = 34.160 Ƚɰ) Фɨɪɦа №5 (f5 = 34.121 Ƚɰ) 
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Таɛɥиɰа 5. Расчɟɬɧыɟ сɨɛсɬвɟɧɧыɟ ɮɨрɦы и часɬɨɬы (Гɰ) ɞɥя ɬрɟх вариаɧɬɨв расчɟɬɧɨɣ  

КЭ-ɦɨɞɟɥи (CSM2). 

Мɨɞɟɥь 1 Мɨɞɟɥь 2 Мɨɞɟɥь 3 

   

Фɨɪɦа №1 (f1 = 2.127 Ƚɰ) Фɨɪɦа №1 (f1 = 2.154 Ƚɰ) Фɨɪɦа №1 (f1 = 2.151 Ƚɰ) 

   

Фɨɪɦа №2 (f2 = 13.112 Ƚɰ) Фɨɪɦа №2 (f2 = 13.263 Ƚɰ) Фɨɪɦа №2 (f2 = 13.246 Ƚɰ) 

   

Фɨɪɦа №3 (f3 = 35.797 Ƚɰ) Фɨɪɦа №3 (f3 = 36.152 Ƚɰ) Фɨɪɦа №3 (f3 = 36.107 Ƚɰ) 

   

Фɨɪɦа №4 (f4 = 58.524 Ƚɰ) Фɨɪɦа №4 (f4 = 58.513 Ƚɰ) Фɨɪɦа №4 (f4 = 58.501 Ƚɰ) 

   

Фɨɪɦа №5 (f5 = 67.797 Ƚɰ) Фɨɪɦа №5 (f5 = 68.319 Ƚɰ) Фɨɪɦа №5 (f5 = 68.242 Ƚɰ) 
 
 

Таɛɥиɰа 6. ɋɨɩɨсɬавɥɟɧиɟ рɟɡуɥьɬаɬɨв 
сɬаɬичɟских расчɟɬɨв (CSM1) ɞɥя ɬрɟх 

расчɟɬɧых КЭ-ɦɨɞɟɥɟɣ c исɬɨчɧикɨɦ  
(Ref. [1]). 

 ux,A [ɦɦ] uy,A [ɦɦ] 
Мɨɞɟɥь 1 -7.325 -66.780 
Мɨɞɟɥь 2 -6.984 -65.240 
Мɨɞɟɥь 3 -7.017 -65.400 
Ref. [1] -7.187 -66.100 

 ε(Ux,A) [%] ε(Uy,A) [%] 
Мɨɞɟɥь 1 1.920 1.029 
Мɨɞɟɥь 2 2.825 1.301 
Мɨɞɟɥь 3 2.365 1.059 

 
 
 

Таɛɥиɰа 7. ɋɨɩɨсɬавɥɟɧиɟ рɟɡуɥьɬаɬɨв 
сɬаɬичɟских расчɟɬɨв (CSM2) ɞɥя ɬрɟх 

расчɟɬɧых КЭ-ɦɨɞɟɥɟɣ c исɬɨчɧикɨɦ  
(Ref. [1]) 

 ux,A [ɦɦ] uy,A [ɦɦ] 
Мɨɞɟɥь 1 -0.483 -17.230 
Мɨɞɟɥь 2 -0.459 -16.800 
Мɨɞɟɥь 3 -0.461 -16.850 
Ref. [1] -0.469 -16.970 

 ε(Ux,A) [%] ε(Uy,A) [%] 
Мɨɞɟɥь 1 2.878 1.532 
Мɨɞɟɥь 2 2.132 1.002 
Мɨɞɟɥь 3 1.706 0.707 

 



Мɨɞɟɥɢɪɨваɧɢɟ ɞвɭɦɟɪɧɨɝɨ ɧɟɫɬаɰɢɨɧаɪɧɨɝɨ ɨɛɬɟɤаɧɢя ɝɢɛɤɨɣ ɭɩɪɭɝɨɣ ɤɨɧɫɬɪɭɤɰɢɢ в ɫвяɡаɧɧɨɣ ɩɨɫɬаɧɨвɤɟ. 
Чаɫɬь 2: Вɟɪɢфɢɤаɰɢя ɦɟɬɨɞɢɤɢ чɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨваɧɢя ɩɨвɟɞɟɧɢя ɝɢɛɤɨɣ ɭɩɪɭɝɨɣ ɤɨɧɫɬɪɭɤɰɢɢ 
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Рис. 2. CSM1 (Мɨɞɟɥь 1): ɞɟɮɨрɦирɨваɧɧɨɟ 

сɨсɬɨяɧиɟ ɛаɥки с ɨɬɨɛраɠɟɧиɟɦ  
ɝɨриɡɨɧɬаɥьɧых ɩɟрɟɦɟщɟɧиɣ  

ux,A, ɦɦ 
 

 
Рис. 3. CSM1 (Мɨɞɟɥь 1): ɞɟɮɨрɦирɨваɧɧɨɟ 

сɨсɬɨяɧиɟ ɛаɥки с ɨɬɨɛраɠɟɧиɟɦ  
вɟрɬикаɥьɧых ɩɟрɟɦɟщɟɧиɣ uy,A, ɦɦ 

 

Рис. 4. CSM2 (Мɨɞɟɥь 1): ɞɟɮɨрɦирɨваɧɧɨɟ 
сɨсɬɨяɧиɟ ɛаɥки с ɨɬɨɛраɠɟɧиɟɦ  

ɝɨриɡɨɧɬаɥьɧых ɩɟрɟɦɟщɟɧиɣ  
ux,A, ɦɦ 

 

 

 

Рис. 5. CSM2 (Мɨɞɟɥь 1): ɞɟɮɨрɦирɨваɧɧɨɟ 
сɨсɬɨяɧиɟ ɛаɥки с ɨɬɨɛраɠɟɧиɟɦ  

вɟрɬикаɥьɧых ɩɟрɟɦɟщɟɧиɣ uy,A, ɦɦ 

 

Таɛɥиɰа 8. ɋɨɩɨсɬавɥɟɧиɟ рɟɡуɥьɬаɬɨв ɞиɧаɦичɟских расчɟɬɨв (CSM3) ɞɥя ɬрɟх расчɟɬɧых 
КЭ-ɦɨɞɟɥɟɣ c исɬɨчɧикɨɦ (Ref. [1]). 

 ux,A_mean ± ux,A_ampl [ɦɦ] fUx,A 
ДȽɰЖ 

uy,A_mean ± uy,A_ampl [ɦɦ] fUy,A ДȽɰЖ 

Мɨɞɟɥь 1 -15.030±15.030 1.081 -65.691±65.678 1.081 
Мɨɞɟɥь 2 -14.345±14.345 1.093 -64.255±64.255 1.093 
Мɨɞɟɥь 3 -14.410±14.410 1.093 -64.442±64.438 1.093 
Ref. [1] -14.305±14.305 1.100 -63.607±65.160 1.100 

 ε(ux,A_mean); ε(ux,A_ampl) 
[%] 

ε(fUx,A) 
[%] 

ε(uy,A_mean); ε(uy,A_ampl) 
[%] 

ε(fUy,A) 
[%] 

Мɨɞɟɥь 1 5.1; 5.1 1.727 3.3; 0.8 1.727 
Мɨɞɟɥь 2 0.3; 0.3 0.6 1.0; 1.4 0.6 
Мɨɞɟɥь 3 0.7; 0.7 0.6 1.3; 1.1 0.6 
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Рис. 6. CSM3: ɝраɮик ɡависиɦɨсɬи ɝɨриɡɨɧ-
ɬаɥьɧых ɩɟрɟɦɟщɟɧиɣ ux,A ɨɬ врɟɦɟɧи, ɦ. 

ɋɨɩɨсɬавɥɟɧиɟ рɟɡуɥьɬаɬɨв расчɟɬɨв 
(Мɨɞɟɥи 1, 2, 3) с исɬɨчɧикɨɦ (Ref.) [1] 

 

 

Рис. 7 CSM3: ɝраɮик ɡависиɦɨсɬи вɟрɬи-
каɥьɧых ɩɟрɟɦɟщɟɧиɣ uy,Aɨɬ врɟɦɟɧи, ɦ. 
ɋɨɩɨсɬавɥɟɧиɟ рɟɡуɥьɬаɬɨв расчɟɬɨв 
(Мɨɞɟɥи 1, 2, 3) с исɬɨчɧикɨɦ (Ref.) [1] 

 
2.5 Аɧаɥиɡ рɟɡуɥьɬаɬɨв и вывɨɞы 
Рɟɡɭɥьɬаɬы ɤаɤ ɫɬаɬɢчɟɫɤɢх (CSM1, CSM2 – 
ɬаɛɥɢɰы 6, 7), ɬаɤ ɢ ɞɢɧаɦɢчɟɫɤɢх (CSM3 – 
ɬаɛɥɢɰа 8) ɪаɫчɟɬɨв ɩɨɤаɡаɥɢ ɫɥаɛɭɸ ɡавɢ-
ɫɢɦɨɫɬь ɪɟɡɭɥьɬаɬɨв ɪаɫчɟɬа ɨɬ ваɪɢаɧɬа 
ɪаɫчɟɬɧɨɣ ɫɟɬɤɢ. Пɪɢ ɷɬɨɦ ɪаɫхɨɠɞɟɧɢɟ ɩɨ 
ɡɧачɟɧɢяɦ ɩɟɪɟɦɟɳɟɧɢɣ ɬɨчɤɢ A ɫ ɢɫɬɨчɧɢ-
ɤɨɦ (Ref.) [1] ɞɥя CSM1, CSM2 ɧɟ ɩɪɟвыша-
ɟɬ 2.9%, ɞɥя CSM3 – 5.1%. Пɪɢ ɞɢɧаɦɢчɟ-
ɫɤɨɦ ɪаɫчɟɬɟ ɪаɫхɨɠɞɟɧɢɟ ɩɨ чаɫɬɨɬɟ ɤɨɥɟ-
ɛаɧɢɣ ɛаɥɤɢ ɧɟ ɩɪɟвышаɟɬ 1.8%. 
 
 

3. ɁАɄɅɘЧȿɇИȿ 
 
Дɥя ɞаɥьɧɟɣшɢх ɪаɫчɟɬɧых ɢɫɫɥɟɞɨваɧɢɣ 
(FSI-ɬɟɫɬɨв, ɫɦ. ɫɬаɬьɸ в ɧаɫɬɨяɳɟɦ выɩɭɫɤɟ 
[6]) в ɤачɟɫɬвɟ ɛаɡɨвɨɣ ɩɪɢɦɟɦ Мɨɞɟɥь 2 ɫ 
фɢɡɢчɟɫɤɢɦɢ хаɪаɤɬɟɪɢɫɬɢɤаɦɢ ɦаɬɟɪɢаɥа, 
ɫɨɨɬвɟɬɫɬвɭɸɳɢɦɢ CSM2. 
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В СВəɁАɇɇɈɃ ɉɈСɌАɇɈВɄȿ.  
ЧАСɌɖ 3: ВȿɊИɎИɄАЦИə ɆȿɌɈДИɄИ ЧИСɅȿɇɇɈȽɈ 

ɆɈДȿɅИɊɈВАɇИə СВəɁАɇɇɈɃ  
ɁАДАЧИ АɗɊɈȽИДɊɈɍɉɊɍȽɈСɌИ 

 
И.Н. Афанасьева 

Мɨɫɤɨвɫɤɢɣ ɝɨɫɭɞаɪɫɬвɟɧɧыɣ ɫɬɪɨɢɬɟɥьɧыɣ ɭɧɢвɟɪɫɢɬɟɬ, ɝ. Мɨɫɤва, РОССИə 
 

АННОТАЦИə: Сɬаɬья ɩɨɫвяɳɟɧа вɟɪɢфɢɤаɰɢɨɧɧыɦ ɢɫɫɥɟɞɨваɧɢяɦ ɦɟɬɨɞɢɤɢ чɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨваɧɢя 
вɧɟшɧɟɝɨ ɨɛɬɟɤаɧɢя ɤɨɧɫɬɪɭɤɰɢɢ – ɰɢɥɢɧɞɪ ɫ ɠɟɫɬɤɨ ɩɪɢɤɪɟɩɥɟɧɧɨɣ ɤ ɧɟɦɭ ɝɢɛɤɨɣ ɭɩɪɭɝɨɣ ɛаɥɤɨɣ – в ɫвяɡаɧ-
ɧɨɣ ɩɨɫɬаɧɨвɤɟ (Fluid-Structure Interaction, FSI). Оɛɬɟɤаɧɢɟ ɩɪɨɢɫхɨɞɢɬ в ɥаɦɢɧаɪɧɨɦ ɪɟɠɢɦɟ ɩɪɢ чɢɫɥах Рɟɣ-
ɧɨɥьɞɫа Re=20 ɢ Re=200. Пɨ ɢɬɨɝаɦ ɬɪɟɬьɟɝɨ ɷɬаɩа вɟɪɢфɢɤаɰɢɢ ɩɪɟɞɫɬавɥɟɧы ɪɟɡɭɥьɬаɬы ɦɧɨɝɨваɪɢаɧɬɧых 
ɪаɫчɟɬɧых ɢɫɫɥɟɞɨваɧɢɣ, ɩɪɨвɟɞɟɧɧых ɩɪɢ ɪаɡɥɢчɧых ɩаɪаɦɟɬɪах ɞɟфɨɪɦɢɪɭɟɦых ɫɟɬɨɤ ɢ ɩаɪаɦɟɬɪах FSI-
ɪɟшаɬɟɥя, ɨɬвɟчаɸɳɢх ɡа ɫхɨɞɢɦɨɫɬь, ɭɫɬɨɣчɢвɨɫɬь, ɬɨчɧɨɫɬь ɫвяɡаɧɧɨɝɨ ɪɟшɟɧɢя ɢ ɞɥɢɬɟɥьɧɨɫɬь ɪаɫчɟɬа, в 
ɫɨɩɨɫɬавɥɟɧɢɢ ɫ «ɷɬаɥɨɧɧыɦ» ɪɟшɟɧɢɟɦ. В ɤачɟɫɬвɟ ɛаɡɨвɨɝɨ ɞɥя ɩɪɨвɟɞɟɧɢя аɷɪɨɞɢɧаɦɢчɟɫɤɢх ɪаɫчɟɬɨв ɢɫ-
ɩɨɥьɡɨваɥɫя ɩɪɨɝɪаɦɦɧыɣ ɤɨɦɩɥɟɤɫ ANSYS CFX, ɞɥя ɨɩɪɟɞɟɥɟɧɢя НДС ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɟɟ ɞɢɧаɦɢчɟɫɤɨɝɨ ɨɬ-
ɤɥɢɤа – ANSYS Mechanical. 
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2-D MODELING OF FLUID-STRUCTURE INTERACTION 
BETWEEN AN ELASTIC STRUCTURE AND TRANSIENT FLOW. 

PART 3: VERIFICATION OF NUMERICAL TECHNIQUE OF  
COUPLED AEROELASTIC PROBLEM SIMULATION 

 
Irina N. Afanasyeva 

Moscow State University of Civil Engineering, Moscow, RUSSIA 
 
ABSTRACT: Present paper deals with the verification of a numerical technique of modeling fluid-structure in-
teraction (FSI) problems. The configuration consists of incompressible viscous fluid around an elastic structure 
in the channel. External flow is laminar (Reynolds numbers Re=20 and Re=200). Multivariate calculations are 
performed using special software ANSYS CFX and ANSYS Mechanical. Different types of parameters of mesh 
deformation and solver controls (time step, under relaxation factor, number of iterations at coupling step) were 
tested. Main results are showed in tables and plots in comparison with reference data. 

 
Key words: aerohydroelasticity , aerohydrodynamics, laminar flow, numerical simulation, 

Fluid-Structure Interaction (FSI) 
 
 
1. ВВȿДȿɇИȿ 
 
На ɨɫɧɨвɟ ɪаɧɟɟ ɩɪɨвɟɞɟɧɧых ɢɫɫɥɟɞɨваɧɢɣ 
[5, 6] (CFD- ɢ CSM-ɬɟɫɬɨв) ɞɥя ɩɨвɟɞɟɧɢя FSI-
ɬɟɫɬɨв выɛɪаɧы ɨɫɧɨвɧыɟ ɪаɫчɟɬɧыɟ ɫɟɬɤɢ: 

Мɨɞɟɥь C (ɞɥя ɞɢɫɤɪɟɬɢɡаɰɢɢ ɠɢɞɤɨɣ ɫɪɟɞы) ɢ 
Мɨɞɟɥь 2 (ɞɥя ɞɢɫɤɪɟɬɢɡаɰɢɢ ɛаɥɤɢ). 
Фɢɡɢчɟɫɤɢɟ ɩаɪаɦɟɬɪы ɠɢɞɤɨɣ ɫɪɟɞы ɢ ɭɩɪɭɝɨɣ 
ɝɢɛɤɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɫɨɨɬвɟɬɫɬвɭɸɬ ɢɫɩɨɥьɡɭɟ-
ɦыɦ ɩаɪаɦɟɬɪаɦ в CFD2- ɢ CSM2-ɬɟɫɬах Д5, 6Ж. 



Мɨɞɟɥɢɪɨваɧɢɟ ɞвɭɦɟɪɧɨɝɨ ɧɟɫɬаɰɢɨɧаɪɧɨɝɨ ɨɛɬɟɤаɧɢя ɝɢɛɤɨɣ ɭɩɪɭɝɨɣ ɤɨɧɫɬɪɭɤɰɢɢ в ɫвяɡаɧɧɨɣ ɩɨɫɬаɧɨвɤɟ. 
Чаɫɬь 3: Вɟɪɢфɢɤаɰɢя ɦɟɬɨɞɢɤɢ чɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨваɧɢя ɫвяɡаɧɧɨɣ ɡаɞачɢ аɷɪɨɝɢɞɪɨɭɩɪɭɝɨɫɬɢ 
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В ɧаɫɬɨяɳɟɣ ɫɬаɬьɟ ɩɪɟɞɫɬавɥɟɧы ɪɟɡɭɥьɬа-
ɬы ɬрɟɬьɟɝɨ эɬаɩа ɨɛъявɥɟɧɧɨɝɨ «ɛɷɧчɦаɪ-
ɤа» [1]. Цɟɥьɸ ɷɬɨɝɨ ɷɬаɩа явɥяɟɬɫя вɟɪɢфɢ-
ɤаɰɢя ɢ ваɥɢɞаɰɢя FSI-ɪɟшаɬɟɥя (Fluid Struc-
ture Interaction, FSI-solver), ɤɨɬɨɪыɣ ɩɟɪɟɞаɟɬ 
ɞаɧɧыɟ ɢɡ ɨɞɧɨɝɨ ɦɨɞɭɥя в ɞɪɭɝɨɣ (ɢɡ CFD-
ɪɟшаɬɟɥя в CSM-ɪɟшаɬɟɥь – вычɢɫɥɟɧɧыɟ 
аɷɪɨɞɢɧаɦɢчɟɫɤɢɟ ɧаɝɪɭɡɤɢ ɫ ɭчɟɬɨɦ ɞɟфɨɪ-
ɦɢɪɨваɧɧɨɝɨ ɫɨɫɬɨяɧɢя ɤɨɧɫɬɪɭɤɰɢɢ, а ɢɡ 
CSM-ɪɟшаɬɟɥя в CFD-ɪɟшаɬɟɥь – вычɢɫɥɟɧ-
ɧыɟ ɩɟɪɟɦɟɳɟɧɢя ɤɨɧɫɬɪɭɤɰɢɢ). 
Мɧɨɝɨваɪɢаɧɬɧыɟ ɪаɫчɟɬɧыɟ ɢɫɫɥɟɞɨваɧɢя в 
ɧɟɫɬаɰɢɨɧаɪɧɨɣ ɩɨɫɬаɧɨвɤɟ ɩɪɨвɨɞɢɥɨɫь 
ɩɪɢ ваɪьɢɪɨваɧɢɢ ɩаɪаɦɟɬɪɨв FSI-ɪɟшаɬɟɥя, 
ɨɬвɟчаɸɳɢх ɡа ɫхɨɞɢɦɨɫɬь, ɭɫɬɨɣчɢвɨɫɬь, 
ɬɨчɧɨɫɬь ɫвяɡаɧɧɨɝɨ ɪɟшɟɧɢя ɢ ɞɥɢɬɟɥьɧɨɫɬь 
ɪаɫчɟɬа: 
– шаɝ ɩɨ вɪɟɦɟɧɢ: ΔЭ1= 5 10-3 ɫ ɢ  
ΔЭ2= 1 10-2 ɫ; 
– ɤɨɷффɢɰɢɟɧɬ ɪɟɥаɤɫаɰɢɢ (under relaxation 
factor) ɞɥя вычɢɫɥɟɧɢя ɧаɝɪɭɡɨɤ RF_f: 0.15, 
0.10 ɢ 0.05; 
– ɦаɤɫɢɦаɥьɧɨɟ ɤɨɥɢчɟɫɬвɨ ɢɬɟɪаɰɢɣ ɧа ɫвя-
ɡаɧɧɨɦ шаɝɟ i: 10, 50 ɢ 100. 
Мɧɨɝɨваɪɢаɧɬɧыɟ CFD-ɪаɫчɟɬы ɩɪɨвɨɞɢ-
ɥɢɫь ɫ ɢɫɩɨɥьɡɨваɧɢɟɦ ɫɩɟɰɢаɥɢɡɢɪɨваɧɧɨɝɨ 
ɩɪɨɝɪаɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫа ANSВS CFБ. Раɫ-
чɟɬы НДС ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɟɟ ɞɢɧаɦɢчɟɫɤɨɝɨ 
ɨɬɤɥɢɤа выɩɨɥɧяɥɢɫь в ɩɪɨɝɪаɦɦɧɨɦ ɤɨɦ-
ɩɥɟɤɫɟ ANSYS Mechanical. 
 
 
2. FSI-ɌȿСɌЫ 
 
2.1 ɉараɦɟɬры расчɟɬɨв. Граɧичɧыɟ и 
ɧачаɥьɧыɟ усɥɨвия 
В ɤачɟɫɬвɟ ɧачаɥьɧых ɭɫɥɨвɢɣ ɢɫɩɨɥьɡɨваɥ-
ɫя фаɣɥ ɪɟɡɭɥьɬаɬɨв CFD2-ɬɟɫɬа ɞɥя Мɨɞɟɥи 
C ɢ ΔЭ1. На вхɨɞɟ ɡаɞаваɥɫя ɩаɪаɛɨɥɢчɟɫɤɢɣ 
ɩɪɨфɢɥь ɫɤɨɪɨɫɬɢ: 
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ɤаɥьɧая ɤɨɨɪɞɢɧаɬа ДɦЖ, в ɩɨɩɟɪɟчɧɨɦ 
ɧаɩɪавɥɟɧɢɢ ɩɨɬɨɤа; H – вɟɪɬɢɤаɥьɧыɣ ɪаɡ-

ɦɟɪ ɪаɫчɟɬɧɨɣ ɨɛɥаɫɬɢ (выɫɨɬа ɤаɧаɥа) ДɦЖ. 
Оɛɳɢɟ ɩаɪаɦɟɬɪы ɪаɫчɟɬɨв ɩɪɢɧɢɦаɥɢɫь ɬа-
ɤɢɦɢ ɠɟ, ɤаɤ ɢ в CFD- ɢ CSM-ɬɟɫɬах [5, 6]. 
Кɪɢɬɟɪɢɟɦ ɫхɨɞɢɦɨɫɬɢ ɢ ɭɫɬɨɣчɢвɨɫɬɢ ɪɟ-
шɟɧɢя явɥяɥɨɫь ɞɨɫɬɢɠɟɧɢɟ ɡаɞаɧɧɨɝɨ ɭɪɨв-
ɧя ɦаɤɫɢɦаɥьɧых ɧɟвяɡɨɤ 10-3 ɩɪɢ ɦаɤɫɢ-
ɦаɥьɧɨɦ ɤɨɥɢчɟɫɬвɟ ɢɬɟɪаɰɢɣ ɧа шаɝɟ ɞɥя 
CFD- ɪɟшаɬɟɥя 5. 
 
2.2 ɉараɦɟɬры ɞɟɮɨрɦируɟɦых (ɩɨɞвиɠ-
ɧых) сɟɬɨк 
Оɞɧɨɣ ɢɡ ɨɫɨɛɟɧɧɨɫɬɟɣ чɢɫɥɟɧɧɨɝɨ ɪɟшɟɧɢя 
ɫвяɡаɧɧых ɡаɞач ɫ ɩɨɞвɢɠɧыɦɢ ɝɪаɧɢɰаɦɢ, 
ɤаɤ, ɧаɩɪɢɦɟɪ, ɝɪаɧɢɰа ɤɨɧɬаɤɬа ɠɢɞɤɨɫɬɢ ɢ 
ɛаɥɤɢ, явɥяɟɬɫя ɡаɞаɧɢɟ ɩаɪаɦɟɬɪɨв ɞɟфɨɪ-
ɦаɰɢɢ ɫɟɬɤɢ (MОsС DОПШrЦКЭТШЧ), в чаɫɬɧɨ-
ɫɬɢ, ɠɟɫɬɤɨɫɬɢ ɫɟɬɤɢ (MОsС SЭТППЧОss) вɛɥɢɡɢ 
ɩɨɞвɢɠɧых ɝɪаɧɢɰ, ɨɫɨɛɟɧɧɨ, ɟɫɥɢ ɧа ɩɨ-
ɫɥɟɞɧɢх ɩɪɢɫɭɬɫɬвɭɸɬ ɨɫɬɪыɟ ɭɝɥы. 
В ANSВS CFБ ɫɭɳɟɫɬвɭɟɬ ɬɪɢ ɫɩɨɫɨɛа ɡаɞа-
ɧɢя ɠɟɫɬɤɨɫɬɢ ɫɟɬɤɢ [4]: 
– ɭвɟɥɢчɟɧɢɟ ɠɟɫɬɤɨɫɬɢ ɫɟɬɤɢ вɛɥɢɡɢ ɦаɥых 
ɨɛъɟɦɨв (IЧМrОКsО NОКr SЦКХХ VШХЮЦОs) ɡаɞа-
ɧɢɟɦ ɷɤɫɩɨɧɟɧɰɢаɥьɧɨɝɨ ɤɨɷффɢɰɢɟɧɬа 
ɠɟɫɬɤɨɫɬɢ Cstiff; 
– ɭвɟɥɢчɟɧɢɟ ɠɟɫɬɤɨɫɬɢ ɫɟɬɤɢ вɛɥɢɡɢ ɝɪаɧɢɰ 
(IЧМrОКsО NОКr BШЮЧНКrТОs) ɡаɞаɧɢɟɦ ɷɤɫɩɨ-
ɧɟɧɰɢаɥьɧɨɝɨ ɤɨɷффɢɰɢɟɧɬа ɠɟɫɬɤɨɫɬɢ Cstiff; 
– ɭвɟɥɢчɟɧɢɟ ɠɟɫɬɤɨɫɬɢ ɫɟɬɤɢ ɡаɞаɧɢɟɦ 
ɩɨɥьɡɨваɬɟɥьɫɤɨɣ фɭɧɤɰɢɢ. 
Пɪɢ ɩаɪаɦɟɬɪах "ɩɨ ɭɦɨɥчаɧɢɸ" (Cstiff=10 
ɞɥя 2-х ɩɟɪвых ɫɩɨɫɨɛɨв ɡаɞаɧɢя ɠɟɫɬɤɨɫɬɢ 
ɫɟɬɤɢ) ɩɪɢ вɨɡɧɢɤɧɨвɟɧɢɢ ɛɨɥьшɢх ɩɟɪɟɦɟ-
ɳɟɧɢɣ ɝɢɛɤɨɣ ɤɨɧɫɬɪɭɤɰɢɢ вɨɡɧɢɤаɟɬ ɨшɢɛ-
ɤа "FШХНОН ЦОsС" ɢɥɢ "Negative element 
ЯШХЮЦО", ɫвяɡаɧɧых ɫ ɧаɪɭшɟɧɢɟɦ ɬɨɩɨɥɨɝɢɢ 
ɫɟɬɤɢ вɛɥɢɡɢ ɩɨɞвɢɠɧых ɝɪаɧɢɰ (ɪɢɫ. 1а). 
Наɢɛɨɥɟɟ ɷффɟɤɬɢвɧыɦ ɦɟɬɨɞɨɦ ɡаɞаɧɢя 
ɠɟɫɬɤɨɫɬɢ ɩɨɤаɡаɥ ɫɟɛя 3-ɢɣ ɫɩɨɫɨɛ – ɡаɞа-
ɧɢɟ ɩɨɥьɡɨваɬɟɥьɫɤɨɣ фɭɧɤɰɢɢ. На ɪɢɫɭɧɤах 
1ɛ ɢ 1в ɩɨɤаɡаɧ ɪɟɡɭɥьɬаɬ ɩɪɢɦɟɧɟɧɢя ɩɨɥь-
ɡɨваɬɟɥьɫɤɢх фɭɧɤɰɢɣ fMStiff_1 Д2Ж ɢ fMStiff_2, ɫɨ-
ɨɬвɟɬɫɬвɟɧɧɨ: 
 

, 
  



И.Н. Афаɧаɫьɟва 

International Journal for Computational Civil and Structural Engineering 42 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

ɝɞɟ x, y – ɤɨɨɪɞɢɧаɬы ɩɪɨɢɡвɨɥьɧɨɣ ɬɨчɤɢ 
ɨɛɥаɫɬɢ ДɦЖ; xp1, yp2 – ɤɨɨɪɞɢɧаɬы ɭɝɥɨвых 
ɬɨчɟɤ ɫвɨɛɨɞɧɨɝɨ ɤɪая ɛаɥɤɢ (ɪɢɫ. 1) ДɦЖ; C = 
1 Дɦ6/ɫЖ – ɧɨɪɦɢɪɭɸɳɢɣ ɤɨɷффɢɰɢɟɧɬ. 
 

, 
 

ɝɞɟ ∆n1 – ɪаɡɦɟɪ ɨɛɥаɫɬɢ вɛɥɢɡɢ ɩɨɞвɢɠɧɨɣ 
ɝɪаɧɢɰы ɩɨ ɧɨɪɦаɥɢ ɤ ɩɨвɟɪхɧɨɫɬɢ, ɝɞɟ 
ɠɟɫɬɤɨɫɬь ɫɟɬɤɢ ɩɪɟɞɩɨɥаɝаɟɬɫя ɦаɤɫɢɦаɥь-
ɧɨɣ ДɦЖ; WallDistance – ɪаɫɫɬɨяɧɢɟ ɨɬ "ɫɬɟɧ-
ɤɢ" ДɦЖ; C = 1 Дɦ2/ɫЖ – ɧɨɪɦɢɪɭɸɳɢɣ ɤɨɷф-
фɢɰɢɟɧɬ. 
Таɤɠɟ вɨ ɢɡɛɟɠаɧɢɟ вɨɡɧɢɤɧɨвɟɧɢя ɨшɢɛɤɢ 
"Folded mesh", ɫвяɡаɧɧɨɣ ɫ ɩɨявɥɟɧɢɟɦ вы-
ɬяɧɭɬых, ɢɫɤɪɢвɥɟɧɧых ɷɥɟɦɟɧɬɨв ɢɡ-ɡа 
ɧаɥɢчɢя ɨɫɬɪых ɭɝɥɨв, ɞɢффɭɡɢɨɧɧая ɫхɟɦа 
ɞɥя вычɢɫɥɟɧɢя ɩɟɪɟɦɟɳɟɧɢя ɫɟɬɤɢ 
(meshdisp diffusion scheme), ɫɨɨɬвɟɬɫɬвɭɸ-
ɳая ɩаɪаɦɟɬɪɭ 3, ɛыɥа ɭɫɬаɧɨвɥɟɧа вɡаɦɟɧ 
ɧаɡɧачɟɧɧɨɣ "ɩɨ ɭɦɨɥчаɧɢɸ" (ɧа ɪɢɫ. 1ɛ – 
ɩаɪаɦɟɬɪ "ɩɨ ɭɦɨɥчаɧɢɸ" ɢ 1в – ɩаɪаɦɟɬɪ 
ɪавɟɧ 3).  
Пɪɢ ɧаɡɧачɟɧɢɢ ɭɪɨвɧя ɦаɤɫɢɦаɥьɧых ɧɟвя-
ɡɨɤ 10-6 ɫ ɦаɤɫɢɦаɥьɧыɦ ɤɨɥɢчɟɫɬвɨɦ ɢɬɟɪа-
ɰɢɣ ɧа шаɝɟ 10, ɭɞаɥɨɫь ɢɫɩɪавɢɬь ɪɟшɟɧɢɟ 
в ɡɨɧɟ ɪаɫчɟɬɧɨɣ ɨɛɥаɫɬɢ, ɝɞɟ ɧаɛɥɸɞаɸɬɫя 
ɡɧачɢɬɟɥьɧыɟ ɩɟɪɟɫɬɪɨɟɧɢя ɫɟɬɤɢ, ɧɨ вɞаɥɢ 
ɨɬ ɩɨɞвɢɠɧых ɝɪаɧɢɰ. 

 
Рис. 1. Тɨɩɨɥɨɝия расчɟɬɧɨɣ сɟɬки вɛɥиɡи 

ɩɨɞвиɠɧɨɣ ɝраɧиɰы с ɡаɞаɧиɟɦ ɠɟсɬкɨсɬи 
сɟɬки раɡɥичɧыɦи сɩɨсɨɛаɦи: а) ɩараɦɟɬры 

«ɩɨ уɦɨɥчаɧиɸ»ν ɛ) ПMStiff_1ν в) ПMStiff_2 
 

2.3 Рɟɡуɥьɬаɬы расчɟɬɨв 
 
Даɥɟɟ ɧа ɪɢɫɭɧɤах 3.3.23-3.3.31 ɩɪɟɞɫɬавɥɟ-
ɧы ɪɟɡɭɥьɬаɬы ɦɧɨɝɨваɪɢаɧɬɧых ɪаɫчɟɬɨв в 
ɫвяɡаɧɧɨɣ ɩɨɫɬаɧɨвɤɟ в ɫɨɩɨɫɬавɥɟɧɢɢ ɫ 
ɞаɧɧыɦɢ ɢɫɬɨчɧɢɤа Д1Ж, в ɬаɛɥɢɰах 3.3.15-
3.3.18 – ɫɨɨɬвɟɬɫɬвɭɸɳɢɟ ɡɧачɟɧɢя ɤɨɧɬɪɨ-
ɥɢɪɭɟɦых ɩаɪаɦɟɬɪɨв ɫ ɭɤаɡаɧɢɟɦ ɫɬɟɩɟɧɢ 
ɪаɫхɨɠɞɟɧɢя в ɩɪɨɰɟɧɬɧɨɦ ɫɨɨɬɧɨшɟɧɢɢ ɫ 
«ɷɬаɥɨɧɧыɦ» ɪɟшɟɧɢɟɦ. 
 

 

  
Рис. 2. FSI: ɝраɮики ɡависиɦɨсɬи сиɥ FD (свɟрху) и FL (сɧиɡу) ɨɬ врɟɦɟɧи, Н. ɋɨɩɨсɬавɥɟɧиɟ 

рɟɡуɥьɬаɬɨв расчɟɬɨв (ɩри варьирɨваɧии ɲаɝа ɩɨ врɟɦɟɧи Δt – Нt)с исɬɨчɧикɨɦ (RОП.) [1] 
ɩри RF_П= 0.1, Т_maб=50. 
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Рис. 3. FSI: ɝраɮики ɡависиɦɨсɬи сиɥ FD (свɟрху) и FL (сɧиɡу) ɨɬ врɟɦɟɧи, Н. ɋɨɩɨсɬавɥɟɧиɟ 

рɟɡуɥьɬаɬɨв расчɟɬɨв (ɩри варьирɨваɧии кɨэɮɮиɰиɟɧɬа рɟɥаксаɰии RF_П )с исɬɨчɧикɨɦ 
(RОП.) [1] ɩри Δt1= 5 10-3 с. 

  
Рис. 4. FSI: ɝраɮики ɡависиɦɨсɬи ɩɟрɟɦɟщɟɧиɣ ux,A (сɥɟва) и uy,A (сɩрава) ɨɬ врɟɦɟɧи, ɦ.  

ɋɨɩɨсɬавɥɟɧиɟ рɟɡуɥьɬаɬɨв расчɟɬɨв (ɩри варьирɨваɧии кɨэɮɮиɰиɟɧɬа рɟɥаксаɰии RF_П )  
с исɬɨчɧикɨɦ (RОП.) [1] ɩри Δt1= 5 10-3 с. 

  
Рис. 5. FSI: ɝраɮики ɡависиɦɨсɬи сиɥ FD (сɥɟва) и FL (сɩрава) ɨɬ врɟɦɟɧи, Н. ɋɨɩɨсɬавɥɟɧиɟ 

рɟɡуɥьɬаɬɨв расчɟɬɨв (ɩри варьирɨваɧии кɨэɮɮиɰиɟɧɬа рɟɥаксаɰии RF_П )с исɬɨчɧикɨɦ 
(RОП.) [1] ɩри Δt2= 1 10-2 с. 

  
Рис. 6. FSI: ɝраɮики ɡависиɦɨсɬи ɩɟрɟɦɟщɟɧиɣ ux,A (сɥɟва) и uy,A (сɩрава) ɨɬ врɟɦɟɧи, ɦ.  

ɋɨɩɨсɬавɥɟɧиɟ рɟɡуɥьɬаɬɨв расчɟɬɨв (ɩри варьирɨваɧии кɨэɮɮиɰиɟɧɬа рɟɥаксаɰии RF_П )  
с исɬɨчɧикɨɦ (RОП.) [1] ɩри Δt2= 1 10-2 с. 
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Таɛɥиɰа 1. ɋɨɩɨсɬавɥɟɧиɟ рɟɡуɥьɬаɬɨв (FD, FL) ɦɧɨɝɨвариаɧɬɧых свяɡаɧɧых  
ɧɟсɬаɰиɨɧарɧых расчɟɬɨв (FSI) с исɬɨчɧикɨɦ (Ref. [1]) ɩри Δt1= 5 10-3 с. 

RF_f; i 
FD_mean ± FD_ampl 

[H/ɦ] 
fFD 

ДȽɰ] 
FL_mean ± FL_ampl 

[H/ɦ] 
fFL 

ДȽɰ] 
0.10; 50 454.83±25.13 10.00 -8.88±212.87 5.26 
0.05; 50 454.11±23.13 10.00 2.17±152.12 5.26 
0.05; 100 454.22±23.22 10.00 2.21±152.26 5.26 

Ref. [1] 457.30±22.66 10.900 2.22±149.78 5.300 

RF_f; i 
ε(FD_mean); ε(FD_ampl) 

[%] 
ε(f_FD) 
[%] 

ε(FL_mean); ε(FL_ampl) 
[%] 

ε(f_FL) 
[%] 

0.10; 50 0.54; 10.91 8.26 500.21; 42.12 0.75 
0.05; 50 0.70; 2.06 8.26 2.38; 1.56 0.75 
0.05; 100 0.67; 2.49 8.26 0.35; 1.66 0.75 

 
Таɛɥиɰа 2. ɋɨɩɨсɬавɥɟɧиɟ рɟɡуɥьɬаɬɨв (ux,A, uy,A) ɦɧɨɝɨвариаɧɬɧых свяɡаɧɧых  

ɧɟсɬаɰиɨɧарɧых расчɟɬɨв (FSI) с исɬɨчɧикɨɦ (Ref. [1]) ɩри Δt1= 5 10-3 с. 

RF_f; i 
ux,A_mean ± 

ux,A_ampl [ɦɦ] 
fUx,A 
ДȽɰЖ 

uy,A_mean ± 
uy,A_ampl [ɦɦ] 

fUy,A 
ДȽɰЖ 

0.10; 50 -2.29±2.20 10.00 1.83±30.69 5.26 
0.05; 50 -2.22±2.13 10.00 1.53±30.20 5.26 
0.05; 100 -2.22±2.13 10.00 1.53±30.20 5.26 

Ref. [1] -2.69±2.53 10.900 1.48±34.38 5.300 

RF_f; i 
ε(ux,A_mean); 
ε(ux,A_ampl) 

[%] 

ε(fUx,A) 
[%] 

ε(uy,A_mean); 
ε(uy,A_ampl) 

[%] 

ε(fUy,A) 
[%] 

0.10; 50 14.89; 13.03 8.26 23.66; 10.74 0.75 
0.05; 50 17.37; 15.86 8.26 3.52; 12.16 0.75 
0.05; 100 17.37; 15.86 8.26 3.52; 12.16 0.75 

 

 

   

 
Рис. 7. FSI: ɝраɮики схɨɞиɦɨсɬи ɩри раɡɥичɧых кɨэɮɮиɰиɟɧɬах рɟɥаксаɰии ɩри Δt1= 5 10-3 с. 

ɋɥɟва – RF_f=0.10 (схɨɞиɦɨсɬь ɩɨ FD(Fx) и FL(Fy) ɧɟ ɞɨсɬиɝаɟɬся, εF>0ν ɨсɰиɥɥяɰии)ν  
сɩрава – RF_f=0.05 (схɨɞиɦɨсɬь ɩɨ FD(Fx) и FL(Fy) ɞɨсɬиɝаɟɬся, εF<0 ɩри i>54). 
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Таɛɥиɰа 3. ɋɨɩɨсɬавɥɟɧиɟ рɟɡуɥьɬаɬɨв (FD, FL) ɦɧɨɝɨвариаɧɬɧых свяɡаɧɧых ɧɟсɬаɰиɨɧарɧых 
расчɟɬɨв (FSI) с исɬɨчɧикɨɦ (Ref. [1]) ɩри Δt2= 1 10-2 с. 

RF_f; i 
FD_mean ± FD_ampl 

[H/ɦ] 
fFD 

ДȽɰ] 
FL_mean ± FL_ampl 

[H/ɦ] 
fFL 

ДȽɰ] 
0.15; 50 450.48±23.22 10.00 17.99±207.08 5.26 
0.10; 50 449.88±20.74 10.00 3.46±147.10 5.26 
0.05; 50 449.94±20.74 10.00 3.62±147.28 5.26 
0.05; 100 449.90±20.76 10.00 3.57±147.29 5.26 

Ref. [1] 457.30±22.66 10.900 2.22±149.78 5.300 

RF_f; i 
ε(FD_mean); ε(FD_ampl) 

[%] 
ε(f_FD) 
[%] 

ε(FL_mean); ε(FL_ampl) 
[%] 

ε(f_FL) 
[%] 

0.15; 50 1.49; 2.46 8.26 710.38; 38.26 0.75 
0.10; 50 1.62; 8.46 8.26 56.02; 1.79 0.75 
0.05; 50 1.61; 8.49 8.26 62.96; 1.67 0.75 
0.05; 100 1.62; 8.38 8.26 61.00; 1.66 0.75 

 
Таɛɥиɰа 4. ɋɨɩɨсɬавɥɟɧиɟ рɟɡуɥьɬаɬɨв (ux,A, uy,A) ɦɧɨɝɨвариаɧɬɧых свяɡаɧɧых ɧɟсɬаɰиɨɧарɧых 

расчɟɬɨв (FSI) с исɬɨчɧикɨɦ (Ref. [1]) ɩри Δt2= 1 10-2 с. 

RF_f; i 
ux,A_mean ± ux,A_ampl 

[ɦɦ] 
fUx,A 
ДȽɰЖ 

uy,A_mean ± uy,A_ampl 
[ɦɦ] 

fUy,A 
ДȽɰЖ 

0.15; 50 -1.85±1.79 10.00 1.58±27.27 5.26 
0.10; 50 -1.77±1.71 10.00 1.61±26.33 5.26 
0.05; 50 -1.77±1.71 10.00 1.61±26.33 5.26 
0.05; 100 -1.77±1.70 10.00 1.61±26.33 5.26 

Ref. [1] -2.69±2.53 10.900 1.48±34.38 5.300 

RF_f; i 
ε(ux,A_mean); 
ε(ux,A_ampl) 

[%] 

ε(fUx,A) 
[%] 

ε(uy,A_mean); 
ε(uy,A_ampl) 

[%] 

ε(fUy,A) 
[%] 

0.15; 50 31.35; 29.37 8.26 7.06; 20.68 0.75 
0.10; 50 34.14; 32.60 8.26 8.82; 23.40 0.75 
0.05; 50 34.14; 32.60 8.26 8.82; 23.40 0.75 
0.05; 100 34.14; 32.60 8.26 8.82; 23.40 0.75 

 

  
 

Рис. 8. FSI: ɝраɮики схɨɞиɦɨсɬи ɩри раɡɥичɧых кɨэɮɮиɰиɟɧɬах рɟɥаксаɰии Δt2= 1 10-2 с. 
ɋɥɟва – RF_f=0.15 (схɨɞиɦɨсɬь ɩɨ FD(Fx) и FL(Fy) ɧɟ ɞɨсɬиɝаɟɬся, εF>0ν ɨсɰиɥɥяɰии)ν 

сɩрава – RF_f=0.1 (схɨɞиɦɨсɬь ɩɨ FD(Fx) и FL(Fy) ɞɨсɬиɝаɟɬся, εF<0 ɩри i>33). 
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Рис. 9. FSI: расчɟɬɧɨɟ ɩɨɥɟ скɨрɨсɬɟɣ (свɟрху, ɦ/с) и ɞавɥɟɧиɣ (сɧиɡу, ɉа) с ɨɬɨɛраɠɟɧиɟɦ  
ɞɟɮɨрɦирɨваɧɧɨɝɨ сɨсɬɨяɧия ɛаɥки в ɦɨɦɟɧɬы врɟɦɟɧи t=5.06 М (сɥɟва) и t=5.16 М (сɩрава).

  
Рис. 10. Граɮики ɡависиɦɨсɬи аэрɨɞиɧаɦичɟских сиɥ FD_cyl (сɥɟва) и FL_cyl (сɩрава) ɞɥя ɰиɥиɧɞра 

ɨɬ врɟɦɟɧи, Н. ɋɨɩɨсɬавɥɟɧиɟ рɟɡуɥьɬаɬɨв расчɟɬɨв в свяɡаɧɧɨɣ (FSI) и  
ɧɟсвяɡаɧɧɨɣ (CFD) ɩɨсɬаɧɨвках ɩри Δt1= 5 10-5 с. 

 
2.4 Аɧаɥиɡ рɟɡуɥьɬаɬɨв и вывɨɞы 
Пɪɢ ɩɪɨвɟɞɟɧɢɢ ɪаɫчɟɬɨв в ɫвяɡаɧɧɨɣ ɩɨɫɬа-
ɧɨвɤɟ (FSI), вɨ ɢɡɛɟɠаɧɢɟ ɨшɢɛɨɤ, ɫвяɡаɧ-
ɧых ɫ ɬɨɩɨɥɨɝɢɟɣ ɫɟɬɤɢ (ɨɫɨɛɟɧɧɨ вɛɥɢɡɢ 
ɩɨɞвɢɠɧых ɝɪаɧɢɰ ɫ ɨɫɬɪыɦɢ ɭɝɥаɦɢ), ɧɟɨɛ-
хɨɞɢɦɨ ɨɩɪɟɞɟɥяɬь ɩаɪаɦɟɬɪ «ɠɟɫɬɤɨɫɬɢ 
ɫɟɬɤɢ» ɫ ɩɨɦɨɳьɸ ɪаɡɪаɛɨɬаɧɧɨɣ ɩɨɥьɡɨва-
ɬɟɥьɫɤɨɣ фɭɧɤɰɢɟɣ. Дɥя ɫɨхɪаɧɟɧɢя ɨɪɬɨɝɨ-
ɧаɥьɧɨɫɬɢ ɫɟɬɤɢ ɪɟɤɨɦɟɧɞɭɟɬɫя выɛɢɪаɬь 
ɞɢффɭɡɢɨɧɧɭɸ ɫхɟɦɭ ɞɥя вычɢɫɥɟɧɢя ɩɟɪɟ-
ɦɟɳɟɧɢя ɫɟɬɤɢ, ɫɨɨɬвɟɬɫɬвɭɸɳɭɸ ɩаɪаɦɟɬɪɭ 
3. Дɥя ɤɨɪɪɟɤɬɧɨɝɨ ɩɟɪɟɫɬɪɨɟɧɢя ɫɟɬɤɢ, а 
ɢɦɟɧɧɨ ɨɛɧɨвɥɟɧɢя ɧɨвых ɤɨɨɪɞɢɧаɬ ɫɟɬɤɢ, 

ɪɟɤɨɦɟɧɞɭɟɬɫя ɧаɡɧачаɬь ɭɪɨвɟɧь ɦаɤɫɢ-
ɦаɥьɧых ɧɟвяɡɨɤ ɩɨɪяɞɤа 10-6 ɫ ɦаɤɫɢɦаɥь-
ɧыɦ ɤɨɥɢчɟɫɬвɨɦ ɢɬɟɪаɰɢɣ ɧа шаɝɟ 5-10. 
Мɧɨɝɨваɪɢаɧɬɧыɟ ɪаɫчɟɬɧыɟ ɢɫɫɥɟɞɨваɧɢя 
ɩɨɤаɡаɥɢ ɡɧачɢɦɭɸ ɡавɢɫɢɦɨɫɬь ɭɫɬɨɣчɢвɨ-
ɫɬɢ ɫвяɡаɧɧɨɝɨ ɪɟшɟɧɢя ɨɬ выɛɪаɧɧɨɝɨ ɤɨ-
ɷффɢɰɢɟɧɬа ɪɟɥаɤɫаɰɢɢ (RFИf) ɞɥя вычɢɫɥɟ-
ɧɢя аɷɪɨɞɢɧаɦɢчɟɫɤɢх ɧаɝɪɭɡɨɤ, ɫɥɟɞɨва-
ɬɟɥьɧɨ, ɢ ɨɬ ɤɨɥɢчɟɫɬва ɢɬɟɪаɰɢɣ, ɧɟɨɛхɨɞɢ-
ɦых ɞɥя ɨɛɟɫɩɟчɟɧɢя ɫхɨɞɢɦɨɫɬɢ чɢɫɥɟɧɧɨ-
ɝɨ ɪɟшɟɧɢя (i_converged) (ɬаɛɥɢɰа 5). 

 

 

Таɛɥиɰа 5. Ɉɛɟсɩɟчɟɧиɟ усɬɨɣчивɨсɬи и схɨɞиɦɨсɬи чисɥɟɧɧɨɝɨ рɟɲɟɧия в ɡависиɦɨсɬи  
ɨɬ выɛɨра расчɟɬɧых ɩараɦɟɬрɨв. 

ΔЭ, c RF_f i_max i_converged 

0.010 0.15 50 ɧɟɬ (ɧɟ ɭɫɬɨɣчɢвɨɟ ɪɟшɟɧɢɟ) 
0.010 0.10 50 >33 
0.010 0.05 100 >62 
0.005 0.10 50 ɧɟɬ (ɧɟ ɭɫɬɨɣчɢвɨɟ ɪɟшɟɧɢɟ) 
0.005 0.05 100 >54 
0.001 0.10 50 ɧɟɬ (ɧɟ ɭɫɬɨɣчɢвɨɟ ɪɟшɟɧɢɟ) 
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Таɤɠɟ ɩɨɤаɡаɧа ɡавɢɫɢɦɨɫɬь ɫɪɟɞɧɟɣ ɫɨɫɬав-
ɥяɸɳɟɣ ɢ аɦɩɥɢɬɭɞы ɤɨɥɟɛаɧɢɣ аɷɪɨɞɢɧа-
ɦɢчɟɫɤɢх ɫɢɥ ɢ ɩɟɪɟɦɟɳɟɧɢɣ ɛаɥɤɢ (ɨɫɨɛɟɧ-
ɧɨ ɞɥя ɫɢɥы ɥɨɛɨвɨɝɨ ɫɨɩɪɨɬɢвɥɟɧɢя FD ɢ 
ɝɨɪɢɡɨɧɬаɥьɧɨɝɨ ɩɟɪɟɦɟɳɟɧɢя Юx,A) ɢ ɧɟɡа-
вɢɫɢɦɨɫɬь чаɫɬɨɬɧых хаɪаɤɬɟɪɢɫɬɢɤ ɫɢɝɧаɥа 
ɨɬ выɛɪаɧɧɨɝɨ ɪаɫчɟɬɧɨɝɨ шаɝа ɩɨ вɪɟɦɟɧɢ в 
ɫɨɩɨɫɬавɥɟɧɢɢ ɫ «ɷɬаɥɨɧɧыɦ» ɪɟшɟɧɢɟɦ Д1].  
Пɪɢ ɧаɢɥɭчшɟɦ ɫɨчɟɬаɧɢɢ ɢɫɫɥɟɞɭɟɦых 
ɪаɫчɟɬɧых ɩаɪаɦɟɬɪɨв (ΔЭ=0.005 ɫ, 
RF_f=0.05, i_max=100, i_converged>54) ɪаɫ-
хɨɠɞɟɧɢɟ ɫ ɢɫɬɨчɧɢɤɨɦ Д1Ж ɩɨ аɷɪɨɞɢɧаɦɢ-
чɟɫɤɨɣ ɫɭɦɦаɪɧɨɣ ɧаɝɪɭɡɤɟ ɫɨɫɬавɥяɟɬ ɧɟ 
ɛɨɥɟɟ 2.5%, ɩɨ ɩɟɪɟɦɟɳɟɧɢяɦ ɬɨчɤɢ A – ɧɟ 
ɛɨɥɟɟ 15.9%, ɩɨ чаɫɬɨɬаɦ ɤɨɥɟɛаɧɢɣ в 
ɧаɩɪавɥɟɧɢɢ ɩɨɬɨɤа – 8.26%, ɩɨɩɟɪɟɤ ɩɨɬɨɤа 
– 0.75%. 
Сɥɟɞɭɟɬ ɨɬɦɟɬɢɬь ɢɡɦɟɧɟɧɢɟ чаɫɬɨɬɧых ха-
ɪаɤɬɟɪɢɫɬɢɤ ɩɨɬɨɤа (в чаɫɬɧɨɫɬɢ, чаɫɬɨɬа 
ɫɪыва вɢхɪɟɣ ɫ ɰɢɥɢɧɞɪа) ɩɪɢ ɭчɟɬɟ вɡаɢɦ-
ɧɨɝɨ вɥɢяɧɢя ɝɢɛɤɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɩɨɬɨɤа 
ɞɪɭɝ ɧа ɞɪɭɝа. На ɪɢɫɭɧɤɟ 10 ɩɨɤаɡаɧы вɪɟ-
ɦɟɧɧыɟ ɡавɢɫɢɦɨɫɬɢ аɷɪɨɞɢɧаɦɢчɟɫɤɢх ɫɢɥ, 
ɞɟɣɫɬвɭɸɳɢх ɧа ɧɟɩɨɞвɢɠɧыɣ ɠɟɫɬɤɢɣ ɰɢ-
ɥɢɧɞɪ, ɩɨ ɪɟɡɭɥьɬаɬаɦ ɪаɫчɟɬɨв ɤаɤ в ɫвяɡаɧ-
ɧɨɣ (FSI), ɬаɤ ɢ ɧɟɫвяɡаɧɧɨɣ (CFD) ɩɨɫɬа-
ɧɨвɤах. Заɦɟɬɢɦ, чɬɨ чаɫɬɨɬа вɢхɪɟɨɛɪаɡɨва-
ɧɢя (fFD,FL=4.348 Ƚɰ – ɫɦ. ɫɬаɬьɸ Д5Ж в ɧаɫɬɨ-
яɳɟɦ выɩɭɫɤɟ) в ɫɥɭчаɟ «чɢɫɬɨɝɨ» аɷɪɨɞɢ-
ɧаɦɢчɟɫɤɨɝɨ ɪаɫчɟɬа (CFD) ɥɟɠɢɬ ɦɟɠɞɭ 
ɞвɭɦя ɧɢɡшɢɦɢ ɫɨɛɫɬвɟɧɧыɦɢ чаɫɬɨɬаɦɢ 
ɤɨɥɟɛаɧɢɣ ɛаɥɤɢ (f1=2.154 Ƚɰ, f2=13.263 Ƚɰ – 
ɫɦ. ɫɬаɬьɸ Д6Ж в ɧаɫɬɨяɳɟɦ выɩɭɫɤɟ). Пɪɢ 
вɡаɢɦɨɞɟɣɫɬвɢɢ ɫ ɩɨɬɨɤɨɦ ɛаɥɤа ɧачɢɧаɟɬ 
ɢɡɝɢɛаɬьɫя. Пɨ ɤаɪɬɢɧаɦ ɞɟфɨɪɦɢɪɨваɧɢя 
(ɪɢɫ. 9) вɢɞɧɨ, чɬɨ ɤɨɥɟɛаɧɢя вɨɡɛɭɠɞаɸɬɫя 
ɩɨ 2-ɣ фɨɪɦɟ ɫɨɛɫɬвɟɧɧых ɤɨɥɟɛаɧɢɣ (ɫɦ. 
[6]). Эɬɢɦ ɦɨɠɟɬ ɨɛъяɫɧяɬɫя ɬɨɬ фаɤɬ, чɬɨ 
чаɫɬɨɬа ɤɨɥɟɛаɧɢɣ в ɧаɩɪавɥɟɧɢɢ ɩɨɬɨɤа 
(fFD,Ux,A=10 Ƚɰ) ɦɟɧяɟɬɫя ɛɥɢɠɟ ɤ f2, а чаɫɬɨɬа 
ɤɨɥɟɛаɧɢɣ ɩɨɩɟɪɟɤ ɩɨɬɨɤа (fFD,Ux,A=5.26 Ƚɰ) 
ɬяɝɨɬɟɟɬ ɤ ɧɢɡшɟɣ f1. 
 
 
 
 
 

3. ɁАɄɅɘЧȿɇИȿ 
 
На ɬɟɫɬɨвɨɣ ɡаɞачɟ (ɨɛъявɥɟɧɧɨɦ «ɛɷɧчɦаɪ-
ɤɟ» [1]) вɟɪɢфɢɰɢɪɨваɧа ɦɟɬɨɞɢɤа чɢɫɥɟɧɧɨ-
ɝɨ ɦɨɞɟɥɢɪɨваɧɢя ɡаɞач аɷɪɨɝɢɞɪɨɭɩɪɭɝɨɫɬɢ 
ɧа ɩɪɢɦɟɪɟ вɡаɢɦɨɞɟɣɫɬвɢя ɝɢɛɤɨɣ ɭɩɪɭɝɨɣ 
ɛаɥɤɢ, ɧахɨɞяɳɟɣɫя в ɫɥɟɞɟ ɠɟɫɬɤɨɝɨ ɧɟɩɨ-
ɞвɢɠɧɨɝɨ ɰɢɥɢɧɞɪа, ɫ ɩɨɬɨɤɨɦ вяɡɤɨɣ ɧɟ-
ɫɠɢɦаɟɦɨɣ ɠɢɞɤɨɫɬɢ в ɥаɦɢɧаɪɧɨɦ ɪɟɠɢɦɟ 
(Re=200). 
Сɥɟɞɭɸɳɢɦ ɷɬаɩɨɦ ɪаɫчɟɬɧых ɢɫɫɥɟɞɨваɧɢɣ 
ɩɥаɧɢɪɭɟɬɫя ɢɡɭчɟɧɢɟ аɷɪɨɝɢɞɪɨɭɩɪɭɝɨɝɨ 
вɡаɢɦɨɞɟɣɫɬвɢя ɪаɫɫɦаɬɪɢваɟɦɨɣ ɤɨɧɫɬɪɭɤ-
ɰɢɢ ɫ ɩɨɬɨɤɨɦ в ɬɭɪɛɭɥɟɧɬɧɨɦ ɪɟɠɢɦɟ в 
ɬɪɟхɦɟɪɧɨɣ ɩɨɫɬаɧɨвɤɟ. 
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ɩɨвɟɞɟɧɢя ɝɢɛɤɨɣ ɭɩɪɭɝɨɣ ɤɨɧɫɬɪɭɤɰɢɢ. . 
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АɇɇɈɌАЦИə: В ɫɬаɬьɟ ɨɩɢɫываɸɬɫя ɨɫɧɨвы ɪаɫчɟɬɧɨ-ɷɤɫɩɟɪɢɦɟɧɬаɥьɧɨɣ ɦɟɬɨɞɢɤɢ ɢɞɟɧɬɢфɢɤаɰɢɢ ɢ 
ɥɨɤаɥɢɡаɰɢɢ ɢɡɦɟɧɟɧɢɣ ɠɟɫɬɤɨɫɬɧых хаɪаɤɬɟɪɢɫɬɢɤ ɤɨɧɫɬɪɭɤɬɢвɧых ɷɥɟɦɟɧɬɨв ɧаɬɭɪɧых ɨɛъɟɤɬɨв ɧа ɨɫ-
ɧɨвɟ аɞаɩɬɢвɧых ɦаɬɟɦаɬɢчɟɫɤɢх ɦɨɞɟɥɟɣ ɪаɫɫɦаɬɪɢваɟɦых ɨɛъɟɤɬɨв. Мɟɬɨɞɢɤа ɡаɤɥɸчаɟɬɫя в ɩɨɫɥɟɞɨ-
ваɬɟɥьɧɨɦ ваɪьɢɪɨваɧɢɢ ɭɪɨвɧɟɣ ɦɨɞɭɥя ɭɩɪɭɝɨɫɬɢ ɞɥя ɪаɡɥɢчɧых ɫвяɡɟɣ ɪаɫɫɦаɬɪɢваɟɦɨɝɨ ɨɛъɟɤɬа ɫ 
ɩɨɫɥɟɞɭɸɳɢɦ аɧаɥɢɡɨɦ ɥɨɤаɥьɧых ɷɤɫɬɪɟɦɭɦɨв фɭɧɤɰɢɢ ɫɪавɧɟɧɢя ɫɨɛɫɬвɟɧɧых вɟɤɬɨɪɨв. В фɭɧɤɰɢɢ 
ɢɫɩɨɥьɡɭɟɬɫя ɤɨɷффɢɰɢɟɧɬ ɫɪавɧɟɧɢя фɨɪɦ ݇௜, ɩɪɨɰɟɞɭɪа ɩɨɢɫɤа ɤɨɬɨɪɨɝɨ ɨɫɧɨваɧа ɧа ɩɪɢɦɟɧɟɧɢɢ ɦɟ-
ɬɨɞа ɧаɢɦɟɧьшɢх ɤваɞɪаɬɨв. 
 

Ʉлючевые словɚ: ɦаɬɟɦаɬɢчɟɫɤɨɟ ɦɨɞɟɥɢɪɨваɧɢɟ, чаɫɬɨɬы ɢ фɨɪɦы ɫɨɛɫɬвɟɧɧых ɤɨɥɟɛаɧɢɣ,  
ɧаɬɭɪɧыɟ ɞɢɧаɦɢчɟɫɤɢɟ хаɪаɤɬɟɪɢɫɬɢɤɢ, аɞаɩɬɢвɧыɟ ɩɪɨɰɟɞɭɪы, ɦɟɬɨɞ ɫɬɨячɢх вɨɥɧ,  
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IDENTIFICATION OF REAL STIFFNESS PROPERTIES  
FOR STRUCTURAL ELEMENT  

OF ADAPTIVE FINITE ELEMENT MODELS.  
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ABSTRACT: The paper presents calculation-experimental technique of identification and localization structure 
damage by variation of stiffness properties for structural element of real object based on adaptive mathematical mod-
els of objects. The technique consists in successive variation of levels of the elastic modulus for different links of the 
object followed by an analysis of local extremums of the comparison function of eigenvectors. The function is used 
a coefficient ݇ ௜ of mode shape comparison. The coefficient ݇௜ is calculated using the least squares technique. 
 
Key words: mathematical modeling, modal frequencies and mode shapes, real dynamic characteristics, adaptive 

procedures, the "standing waves" method, least square technique 
 

 
ВВȿДȿɇИȿ 
 
Ȼɟɡɨɩаɫɧая ɷɤɫɩɥɭаɬаɰɢя ɭɧɢɤаɥьɧых ɢ ɬɟх-
ɧɢчɟɫɤɢ ɫɥɨɠɧых ɡɞаɧɢɣ (ɫɨɨɪɭɠɟɧɢɣ) 

ɩɪɟɞъявɥяɟɬ выɫɨɤɢɟ ɬɪɟɛɨваɧɢя ɤ ɩɪɨɟɤɬɢ-
ɪɨваɧɢɸ, ɫɬɪɨɢɬɟɥьɫɬвɭ ɢ ɩɪɨɰɟɫɫɭ ɷɤɫɩɥɭа-
ɬаɰɢɢ. Пɪаɤɬɢɤа вɧɟɞɪɟɧɢя ɫɢɫɬɟɦ 
ɦɨɧɢɬɨɪɢɧɝа ɫɬаɧɨвɢɬɫя ɧɟɨɬъɟɦɥɟɦыɦ 
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ɫɨɩɪɨвɨɠɞɟɧɢɟɦ ɠɢɡɧɟɧɧɨɝɨ ɰɢɤɥа 
ɩɨɞɨɛɧых ɫɬɪɨɢɬɟɥьɧых ɨɛъɟɤɬɨв. 
Мɨɧɢɬɨɪɢɧɝ ɧɟɫɭɳɢх ɤɨɧɫɬɪɭɤɰɢɣ ɩɟɪɟɫɬаёɬ 
ɛыɬь ɫаɦɨɞɨɫɬаɬɨчɧɨɣ ɩɪɨɰɟɞɭɪɨɣ, 
ɩɪɢɡваɧɧɨɣ ɨɛɟɫɩɟчɢваɬь ɬɨɥьɤɨ ɥɢшь 
фɢɤɫɢɪɨваɧɢɟ ɢɡɦɟɧɟɧɢɣ выɛɪаɧɧых 
ɤɨɧɬɪɨɥɢɪɭɟɦых ɩаɪаɦɟɬɪɨв ɡɞаɧɢя. Оɬ 
ɫɢɫɬɟɦ, ɨɫɭɳɟɫɬвɥяɸɳɢх  ɦɨɧɢɬɨɪɢɧɝ 
ɫɨɫɬɨяɧɢя ɧɟɫɭɳх ɤɨɧɫɬɪɭɤɰɢɣ, ɨɠɢɞаɸɬ вɫɟ 
ɛɨɥɟɟ ɤɨɧɤɪɟɬɧых ɪɟɡɭɥьɬаɬɨв ɢ вывɨɞɨв, ɧа 
ɨɫɧɨвɟ ɤɨɬɨɪых ɩɪɢ ɧɟɨɛхɨɞɢɦɨɫɬɢ, 
вɨɡɦɨɠɧɨ ɤɨɪɪɟɤɬɢɪɨваɬь ɪɟɠɢɦ ɢ 
ɨɫɨɛɟɧɧɨɫɬɢ ɷɤɫɩɥɭаɬаɰɢɢ ɡɞаɧɢя, ɪаɡɭɦɧɨ 
ɭɦɟɧьшая ɪɢɫɤ вɨɡɧɢɤɧɨвɟɧɢя аваɪɢɣɧых 
ɫɢɬɭаɰɢɣ ɧа ɩɪɨɬяɠɟɧɢɢ вɫɟɝɨ ɠɢɡɧɟɧɧɨɝɨ 
ɰɢɤɥа. Оɬɫɭɬɫɬвɢɟ ɦаɬɟɦаɬɢчɟɫɤɢ фɨɪɦаɥɢ-
ɡɨваɧɧых ɩɨɞхɨɞɨв ɤ ɡаɞачаɦ ɦɨɧɢɬɨɪɢɧɝа 
ɡɞаɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ, ɤаɤ ɤ ɨɬɞɟɥьɧыɦ ɡаɞа-
чаɦ ɦаɬɟɦаɬɢчɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨваɧɢя, ɧɟ ɩɨɡ-
вɨɥяɟɬ в ɩɨɥɧɨɣ ɦɟɪɟ ɨɬвɟɬɢɬь ɧа вɨɩɪɨɫ ɨ ɬɟ-
ɤɭɳɢɦ ɫɨɫɬɨяɧɢɢ ɢɧɠɟɧɟɪɧɨɝɨ ɫɨɨɪɭɠɟɧɢя. 
 
 
1. ɊАСЧȿɌɇɈ-ɗɄСɉȿɊИɆȿɇɌАɅɖɇАə 

ɆȿɌɈДИɄА  
 
Пɪɟɞɥаɝаɟɦая ɦɟɬɨɞɢɤа ɢɞɟɧɬɢфɢɤаɰɢɢ 
ɞɟɣɫɬвɢɬɟɥьɧых ɠɟɫɬɤɨɫɬɧых ɫвɨɣɫɬв 
ɩɪɢɦɟɧɢɦа ɞɥя ɨɛɳɢх ɪаɫчɟɬɧых ɫхɟɦ 
ɡɞаɧɢɣ, ɪɟаɥɢɡɭɸɳɢх ɤɥаɫɫɢчɟɫɤɭɸ 
ɫɬɟɪɠɧɟвɭɸ ɫхɟɦɭ ɤɨɧɫɬɪɭɤɬɢвɧых «ɭɡɥɨв» ɢ 
«ɫвяɡɟɣ». Пɭɬɟɦ ваɪьɢɪɨваɧɢя ɠɟɫɬɤɨɫɬɧыɦɢ 
ɩаɪаɦɟɬɪаɦɢ «ɫвяɡɟɣ» ɢ ɩɪɢɦɟɧɟɧɢя 
ɫɩɟɰɢаɥьɧɨɝɨ ɩɨɞхɨɞа ɤ ɫɪавɧɟɧɢɸ фɨɪɦ 
ɫɨɛɫɬвɟɧɧых ɤɨɥɟɛаɧɢɣ ɩɨ ɧаɬɭɪɧыɦ 
ɢɡɦɟɪɟɧɢяɦ ɢ ɩɨ ɪɟɡɭɥьɬаɬаɦ 
ɦаɬɟɦаɬɢчɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨваɧɢя, 
выявɥяɸɬɫя ɬɟ «ɫвяɡɢ», вɥɢяɧɢɟ ɤɨɬɨɪых 
ɨɛɭɫɥавɥɢваɟɬ ɧаɛɥɸɞаɟɦыɟ ɨɬɥɢчɢя.  
Пɪɢɦɟɧɟɧɢɟ ɪаɫчɟɬɧых ɦɨɞɟɥɟɣ ɪаɫɫɦаɬɪɢ-
ваɟɬɫя в ɪяɞɟ ɪаɛɨɬ 1, 2, 3 ɤаɤ ɨɛяɡаɬɟɥьɧая 
ɫɨɫɬавɥяɸɳая чаɫɬь  ɫɢɫɬɟɦы ɦɨɧɢɬɨɪɢɧɝа 
ɧɟɫɭɳɢх ɤɨɧɫɬɪɭɤɰɢɣ ɡɞаɧɢя. Ƚɥавɧɨɟ ɦɟɫɬɨ 
ɡаɧɢɦаɟɬ ɦаɬɟɦаɬɢчɟɫɤая ɦɨɞɟɥь, аɞɟɤваɬɧɨ 
ɨɬɨɛɪаɠаɸɳая ɞɢɧаɦɢчɟɫɤɢɟ хаɪаɤɬɟɪɢ-
ɫɬɢɤɢ ɨɛъɟɤɬа. Иɧɬɟɝɪаɥьɧыɟ хаɪаɤɬɟɪɢɫɬɢɤɢ 

ɦɨɞɟɥɢ ɞɨɥɠɧы ɫɨɨɬвɟɬɫɬвɨваɬь ɢɧɬɟɝɪаɥь-
ɧыɦ хаɪаɤɬɟɪɢɫɬɢɤаɦ ɨɛъɟɤɬа ɦɨɞɟɥɢɪɨва-
ɧɢя. 
В ɧаɫɬɨяɳɟɣ ɦɟɬɨɞɢɤɟ выɞɟɥяɸɬ 2 ɬɢɩа 
ɦаɬɟɦаɬɢчɟɫɤɢх (ɤɨɧɟчɧɨ-ɷɥɟɦɟɧɬɧых) 
ɦɨɞɟɥɟɣ. Пɟɪвыɦ ɬɢɩɨɦ явɥяɟɬɫя КЭ-ɦɨɞɟɥь, 
аɞɟɤваɬɧɨ ɨɬɪаɠаɸɳая ɩɪɨɟɤɬɧыɟ ɫвɨɣɫɬва, 
ɩаɪаɦɟɬɪы ɢ ɢɫɩɨɥьɡɨваɧɧыɟ ɞɥя 
ɩɪɨɟɤɬɢɪɨваɧɢя ɤɨɷффɢɰɢɟɧɬы. Таɤая 
ɦɨɞɟɥь, ɤаɤ ɩɪавɢɥɨ, ɢɫɩɨɥьɡɭɟɬɫя ɞɥя 
ɨɛɨɫɧɨваɧɢя ɧɟɫɭɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ 
аɤɬɭаɥьɧɨɝɨ ɩɪɨɟɤɬɧɨɝɨ ваɪɢаɧɬа ɡɞаɧɢя. 
Ȼɭɞɟɦ ɧаɡываɬь ɞаɧɧɭɸ ɦɨɞɟɥь «ɫɬаɪɬɨвɨɣ». 
Вɬɨɪыɦ ɬɢɩɨɦ явɥяɟɬɫя ɞɢɧаɦɢчɟɫɤая 
ɦɨɧɢɬɨɪɢɧɝɨвая КЭ-ɦɨɞɟɥь, в ɤɨɬɨɪɨɣ 
ɭчɢɬываɸɬɫя ɞаɧɧыɟ ɢɧɫɬɪɭɦɟɧɬаɥьɧых 
ɧаɛɥɸɞɟɧɢɣ ɢ вɧɨɫяɬɫя ɢɡɦɟɧɟɧɢя, ɰɟɥьɸ 
ɤɨɬɨɪых явɥяɟɬɫя аɞаɩɬаɰɢя ɢ вɟɪɢфɢɤаɰɢя 
ɦɨɞɟɥɢ ɩɨ ɧаɬɭɪɧыɦ ɷɤɫɩɟɪɢɦɟɧɬаɥьɧыɦ 
ɞаɧɧыɦ. Ȼɭɞɟɦ ɧаɡываɬь ɞаɧɧɭɸ ɦɨɞɟɥь 
«ɦɨɧɢɬɨɪɢɧɝɨвɨɣ». 
«Сɬаɪɬɨвая» ɦɨɞɟɥь ɩɪɟɨɛɪаɡɭɟɬɫя в 
«ɦɨɧɢɬɨɪɢɧɝɨвɭɸ» ɩɨ ɫɪаɞɫɬваɦ 
ɦɨɞɢфɢɤаɰɢɢ, вɟɪɢфɢɤаɰɢɢ ɢ аɞаɩɬаɰɢɢ ɩɨ 
ɢɦɟɸɳɢɦɫя ɞаɧɧыɦ ɢɧɫɬɪɭɦɟɧɬаɥьɧых 
ɧаɛɥɸɞɟɧɢɣ. В ɤачɟɫɬвɟ ɨɫɧɨвɧɨɝɨ ɤɪɢɬɟɪɢя 
ɫɨɨɬвɟɬɫɬвɢя ɦɨɧɢɬɨɪɢɧɝɨвɨɣ ɦɨɞɟɥɢ 
ɧаɬɭɪɧыɦ ɞаɧɧыɦ явɥяɟɬɫя ɛɥɢɡɨɫɬь 
ɪаɫчɟɬɧɨɝɨ ɢ ɢɡɦɟɪɟɧɧɨɝɨ ɫɩɟɤɬɪа чаɫɬɨɬ ɢ 
фɨɪɦ ɫɨɛɫɬвɟɧɧɧых ɤɨɥɟɛаɧɢɣ вɨ вɫёɦ 
ɞɢаɩаɡɨɧɟ, ɡɧачɢɦɨɦ ɤаɤ ɞɥя ɨɰɟɧɤɢ 
ɨɛɳɟɫɢɫɬɟɦɧых ɢɡɦɟɧɟɧɢɣ, ɬаɤ ɢ ɞɥя 
ɢɞɟɧɬɢфɢɤаɰɢɢ-ɥɨɤаɥɢɡаɰɢɢ вɨɡɦɨɠɧых 
ɞɟфɟɤɬɨв.  
 

ɨɛɴɟкɬаɦɨɞɟɥи }{}{       ɨɛɴɟкɬаnɦɨɞɟɥиn ffff }...{}{}...{}{ 11   
(1) 

 
ɝɞɟ , }{ f  ɨɛɨɡɧачаɸɬ чаɫɬɨɬɭ ɫɨɛɫɬвɟɧɧых 
ɤɨɥɟɛаɧɢɣ ɢ вɟɤɬɨɪ ɫɨɛɫɬвɟɧɧых ɤɨɥɟɛаɧɢɣ. 
Дɥя «ɭɥɭчшɟɧɢя» ɫɨɨɬвɟɬɫɬвɢя ɦɨɞɟɥɢ 
ɡɞаɧɢɸ ɩɪɢɦɟɧяɸɬ ɪаɡɥɢчɧыɟ ɢɧɫɬɪɭɦɟɧɬы 
1, ɩɨɡвɨɥяɸɳɢɟ ɤɨɪɪɟɤɬɢɪɨваɬь ɩаɪаɦɟɬɪы 
ɦɨɞɟɥɢ �௜.  
 {�} = {�ଵ �ଶ �ଷ … ��} (2) 
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К ɩɨɞɨɛɧыɦ ɩаɪаɦɟɬɪаɦ  ɞɨɩɭɫɬɢɦɨ 
ɨɬɧɨɫɢɬь: �ଵ – ɞɢɧаɦɢчɟɫɤɢɟ хаɪаɤɬɟɪɢɫɬɢɤɢ 
ɨɫɧɨваɧɢя ɡɞаɧɢя; �ଶ – ɪɟаɥьɧыɟ фɢɡɢɤɨ-
ɦɟхаɧɢчɟɫɤɢɟ ɫвɨɣɫɬва ɫɬɪɨɢɬɟɥьɧых 
ɦаɬɟɪɢаɥɨв (ɛɟɬɨɧа, аɪɦаɬɭɪы, ɡаɤɥаɞɧых 
ɞɟɬаɥɟɣ); �ଷ – ɪɟаɥɢɡɨваɧɧыɟ ɩɪɢ 
ɫɬɪɨɢɬɟɥьɫɬвɟ ɝɟɨɦɟɬɪɢчɟɫɤɢɟ ɩаɪаɦɟɬɪы 
ɧɟɫɭɳɢх ɤɨɧɫɬɪɭɤɰɢɣ (ɷɤɫɰɟɧɬɪɢɫɢɬɟɬы, 
ɤɪɟɧы, ɧаɤɥɨɧы); �ସ – ɢɡɦɟɪɟɧɧыɟ ɧаɝɪɭɡɤɢ ɢ 
вɨɡɞɟɣɫɬвɢя; �ହ – ɠɟɫɬɤɨɫɬь ɢ ɦаɫɫа 
ɧɨɦɢɧаɥьɧɨ ɧɟɧɟɫɭɳɢх ɤɨɧɫɬɪɭɤɰɢɣ 
(ɩɪɟɝɨɪɨɞɨɤ, ɫɬɟɧ, фаɫаɞɧых ɢ фахвɟɪɤɨвых 
ɤɨɧɫɬɪɭɤɰɢɣ); �଺ – ɪаɛɨɬа ɭɡɥɨв ɢ ɫɨɟɞɢɧɟɧɢɣ 
ɩɨ ɫхɟɦаɦ, ɨɬɥɢчɧыɦ ɨɬ ɩɪɢɧяɬых в ɩɪɨɟɤɬɟ 
(ɧаɩɪɢɦɟɪ, ɭɩɪɭɝая ɡаɞɟɥɤа вɦɟɫɬɨ шаɪɧɢɪа); �଻ – ɭчɟɬ ɡɧачɢɦых ɬɟɤɭɳɢх ɢɧɟɪɰɢɨɧɧых 
ɩаɪаɦɟɬɪɨв ɡɞаɧɢя. 
Пɨɫɥɟ ɬɨɝɨ, ɤаɤ ɩɨɥɭчɟɧа «ɦɨɧɢɬɨɪɢɧɝɨвая» 
ɦɨɞɟɥь, ɤɨɬɨɪая ɧаɢɥɭчшɢɦ ɨɛɪаɡɨɦ 
ɨɩɢɫываɟɬ ɧаɬɭɪɧыɟ ɢɡɦɟɪɟɧɢя, ɩɪɨвɨɞɢɬɫя 
ɩɪɨɰɟɞɭɪа аɞаɩɬаɰɢɢ (ɢɞɟɧɬɢфɢɤаɰɢɢ) КЭ-
ɦɨɞɟɥɢ ɩɨ ɞаɧɧыɦ ɢɧɫɬɪɭɦɟɧɬаɥьɧых 
ɧаɛɥɸɞɟɧɢɣ.   
Пɪɢ выявɥɟɧɢɢ фаɤɬа ɧаɥɢчɢя ɨɬɤɥɨɧɟɧɢя 
ɞɥя ɠɟɫɬɤɨɫɬɧых ɩаɪаɦɟɬɪɨв ɦɨɞɟɥɢ ݔ௜ 
ɢɫɩɨɥьɡɭɟɬɫя аɧаɥɢɡ ɥɨɤаɥьɧых ɷɤɫɬɪɟɦɭɦɨв 
фɭɧɤɰɢɢ ܲሺݔሻ ɩɨ «ɬɟɫɬɢɪɭɟɦыɦ» ɭɪɨвɧяɦ 
ɦɨɞɭɥя ɭɩɪɭɝɨɫɬɢ E ɞɥя ɪаɡɥɢчɧых ɫвяɡɟɣ 
ɡɞаɧɢɣ, в ɤачɟɫɬвɟ ɤɨɬɨɪых ɦɨɝɭɬ выɫɬɭɩаɬь 
ɤɨɥɨɧɧы, ɛаɥɤɢ, ɞɢафɪаɝɦы ɠɟɫɬɤɨɫɬɢ, 
ɪɢɝɟɥɢ ɢ ɩɟɪɟɤɪыɬɢя. 
ݔ݊݅�        ܲሺݔሻ = ͳʹ ∑ ‖݇௜ ∙ {݂}௜ − {݂̂}௜‖ଶ�

௜=ଵ       ˒˓и у˔лˑвии       ܴሺݔሻ ≥ Ͳ (3) 

 
ɝɞɟ ݔ – ɩаɪаɦɟɬɪ ɫɢɫɬɟɦы (ɡавɢɫɢɬ ɨɬ 
ɪаɫɩɨɥɨɠɟɧɢя ɫɬɟɪɠɧя ɢ ɩɪɢɦɟɧяɟɦɨɝɨ 
ɭɪɨвɧя ɦɨɞɭɥя ɭɩɪɭɝɨɫɬɢ E), ܲሺݔሻ – фɭɧɤɰɢя 
ɫɪавɧɟɧɢя вɟɤɬɨɪɨв фɨɪɦ ɫɨɛɫɬвɟɧɧых 
ɤɨɥɟɛаɧɢɣ, ݊ – ɤɨɥɢчɟɫɬвɨ  ɪаɫɫɦаɬɪɢваɟɦых 
фɨɪɦ ɫɨɛɫɬвɟɧɧых ɤɨɥɟɛаɧɢɣ, ݇௜ – 
ɤɨɷффɢɰɢɟɧɬ ɫɨɨɬвɟɬɫɬвɢя i-ɨɣ фɨɪɦы 
ɫɨɛɫɬвɟɧɧых ɤɨɥɟɛаɧɢɣ, {݂}௜ – вɟɤɬɨɪ фɨɪɦы 
ɫɨɛɫɬвɟɧɧых ɤɨɥɟɛаɧɢɣ, ɩɨɥɭчɟɧɧɨɣ ɩɨ КЭ-
ɦɨɞɟɥɢ, {݂̂}௜ – вɟɤɬɨɪ фɨɪɦы ɫɨɛɫɬвɟɧɧых 

ɤɨɥɟɛаɧɢɣ, ɩɨɥɭчɟɧɧɨɣ ɩɨ ɪɟɡɭɥьɬаɬаɦ 
ɧаɬɭɪɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬа. В ɤачɟɫɬвɟ ɦɟɬɪɢɤɢ 
ɢɫɩɨɥьɡɭɟɬɫя (4). 
 
 �ሺ{ݔ}, ሻ{ݕ} = ௝ݔ)∑√ − ���௝)ଶݕ

௝=ଵ  (4) 

 
ɝɞɟ �ܱ� ɨɛɨɡɧачаɟɬ ɤɨɥɢчɟɫɬвɨ ɫɬɟɩɟɧɟɣ 
ɫвɨɛɨɞы, ɤɨɬɨɪыɟ ɩɨɥɭчɟɧы ɞɥя ɤаɠɞɨɣ 
ɬɨчɤɢ ɢɡɦɟɪɟɧɢɣ i-ɣ фɨɪɦы ɫɨɛɫɬвɟɧɧых 
ɤɨɥɟɛаɧɢɣ. 
Пɨɥɟɞɨваɬɟɥьɧɨɟ ваɪьɢɪɨваɧɢɟ ɩаɪаɦɟɬɪаɦɢ 
ɩɪɨɢɫхɨɞɢɬ ɩɨɷɬаɩɧɨ. На ɤаɠɞɨɦ ɷɬаɩɟ 
ɧɟɨɛхɨɞɢɦɨ ɩɪɨвɟɞɟɧɢɟ ɩɪɨɰɟɞɭɪы 
ɦɨɞаɥьɧɨɝɨ аɧаɥɢɡа ɞɥя ɩɨɢɫɤа ɡɧачɢɦɨɣ 
«ɩɨɪɰɢɢ» чаɫɬɨɬ �௜ ɢ фɨɪɦ {݂}௜ ɫɨɛɫɬвɟɧɧых 
ɤɨɥɟɛаɧɢɣ ɞɢɧаɦɢчɟɫɤɨɣ ɫɢɫɬɟɦы. Пɨɢɫɤ 
ɩɪɨвɨɞɢɬɫя ɫɩɨɦɨɳьɸ ɪɟшɟɧɢя чаɫɬɧɨɣ 
(чаɫɬɢчɧɨɣ) ɩɪɨɛɥɟɦы ɫɨɛɫɬвɟɧɧых ɡɧачɟɧɢɣ 
(5). 
 
 [�ሺݔ௜ሻ][Ф] = [Λ][�ሺݔ௜ሻ][Ф] [Ф] = [{݂}ଵ … {݂}�] [Λ] = ݀݅ܽ݃ሺ�ଵ, … , ��ሻ 

(5) 

 
ɝɞɟ [�ሺݔ௜ሻ] – ɝɥɨɛаɥьɧая ɦаɬɪɢɰа ɠɟɫɬɤɨɫɬɢ, 
ɩɪɢ ваɪьɢɪɨваɧɢɢ ɩаɪаɦɟɬɪа ݔ௜ [�ሺݔ௜ሻ] – 
ɝɥɨɛаɥьɧая ɦаɬɪɢɰа ɦаɫɫ ɩɪɢ ваɪьɢɪɨваɧɢɢ 
ɩаɪаɦɟɬɪа ݔ௜. В ɤачɟɫɬвɟ ɢɧɫɬɪɭɦɟɧɬа ɩɨɢɫɤа 
ɤɨɷффɢɰɢɟɧɬа ɫɨɨɬвɟɬɫɬвɢя ݇௜ ɞɥя фɨɪɦ 
ɫɨɛɫɬвɟɧɧых ɤɨɥɟɛаɧɢɣ ɢɫɩɨɥьɡɭɟɬɫя ɦɟɬɨɞ 
ɧаɢɦɟɧьшɢх ɤваɞɪаɬɨв, ɨɛɟɫɩɟчɢваɸɳɢɣ 
ɧахɨɠɞɟɧɢɟ вɟɤɬɨɪа ݇௜ ∙ {݂}௜, ɢɦɟɸɳɟɝɨ 
ɦаɤɫɢɦаɥьɧɭɸ ɛɥɢɡɨɫɬь ɤ вɟɤɬɨɪɭ {݂̂}௜ ɩɨ 
выɛɪаɧɧɨɣ ɦɟɬɪɢɤɟ. Мɟɬɨɞ в чаɫɬɧɨɫɬɢ 
ɨɛɟɫɩɟчɢваɟɬ ɧаɢɦɟɧьшɟɟ ɫɪɟɞɧɟ-
ɤваɞɪаɬɢчɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɞвɭх i-х вɟɤɬɨɪɨв {݂}௜ ɢ {݂̂}௜. Сɭɬь ɩɪɢɦɟɧяɟɦɨɝɨ в ɞаɧɧɨɦ 
ɫɥɭчаɟ ɦɟɬɨɞа ɧаɢɦɟɧьшɢх ɤваɞɪаɬɨв 
ɡаɤɥɸчаɟɬɫя в ɧахɨɠɞɟɧɢɢ ɡɧачɟɧɢɣ ɩɪяɦɨɣ {ݕ}௜ = ݇௜ ∙ {݂}௝ + {ܾ}, ɧаɢɥɭчшɢɦ ɨɛɪаɡɨɦ 
ɫɨɝɥаɫɭɸɳɟɣɫя ɫ ɨɩыɬɧыɦɢ ɡɧачɟɧɢяɦɢ {݂̂}௜. 
Нɟɨɛхɨɞɢɦɨ ɧаɣɬɢ ɬаɤɢɟ ɡɧачɟɧɢя ݇௜, ɩɪɢ 
ɤɨɬɨɪых ɦɢɧɢɦɢɡɢɪɭɟɬɫя ɫɭɦɦа ɤваɞɪаɬɨв 
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ɨɬɤɥɨɧɟɧɢɣ (ɨшɢɛɨɤ) ݁௜ = {݂̂}௜ − ሺ݇௜ ∙ {݂}௜ +{ܾ}௜ሻ. Раɫɫɦɨɬɪɢɦ ɫɥɭчаɣ ɫɪавɧɟɧɢя ɞɥя i-ɨɣ 
ɩаɪы вɟɤɬɨɪɨв {݂̂}௜ ɢ {݂}௜. 
 

௝ܵ = ∑ ௝݁ଶ௝ = ∑(݂̂௝ − ሺ݇௜ ∙ ௝݂ + ܾ௜ሻ)ଶ���
௝=ଵ  

௝ܵ → ݉݅݊ 

(6) 

 
ɝɞɟ ݆ ɨɛɨɡɧачаɟɬ ɢɧɞɟɤɫ ɫɭɦɦɢɪɨваɧɢя ɩɨ 
ɪаɡɦɟɪɧɨɫɬɢ �ܱ� вɟɤɬɨɪа {݂}௜, ݁ – фɭɧɤɰɢя 
ɨшɢɛɤɢ, ݂̂௝ ɢ ௝݂ – ݆-ɭɸ ɤɨɦɩɨɧɟɧɬɭ вɟɤɬɨɪɨв {݂̂}௜ ɢ {݂}௜. Уɫɥɨвɢяɦɢ ɦɢɧɢɦɭɦа в ɞаɧɧɨɦ 
ɫɥɭчаɟ ɛɭɞɭɬ выɫɬɭɩаɬь: 
 � ௝ܵ�݇௜  = Ͳ;   −ʹ ∑(݂̂௝ − ݇௜ ∙ ௝݂ − ܾ) ௝݂���

௝=ଵ = Ͳ � ௝ܵ�ܾ௜ = Ͳ;   −ʹ ∑(݂̂௝ − ݇௜ ∙ ௝݂ − ܾ௜)���
௝=ଵ = Ͳ 

(7) 

 
Уɫɥɨвɢя ɡаɩɢɫываɸɬɫя в вɢɞɟ СɅАУ, ɢɡ 
ɤɨɬɨɪɨɣ ɧахɨɞяɬɫя ɢɫɤɨɦыɟ ɡɧачɟɧɢя ݇௜ ɢ ܾ௜. 
 
 
 ∑ ݂̂௝ ௝݂���

௝=ଵ = ݇௜ ∑ ௝݂ଶ���
௝=ଵ + ܾ௜ ∑ ௝݂���

௝=ଵ  

∑ ݂̂௝���
௝=ଵ = ݇௜ ∑ ௝݂���

௝=ଵ + �ܱ� ∙ ܾ௜ (8) 

 
Пɨɥɭчɟɧɧɨɟ ɡɧачɟɧɢɟ ɤɨɷффɢɰɢɟɧɬа ݇௜ 
ɩɪɟɞɥаɝаɟɬɫя ɢɫɩɨɥьɡɨваɬь ɩɪɢ ɫɪавɧɟɧɢɢ 
ɞвɭх фɨɪɦ ɫɨɛɫɬвɟɧɧых ɤɨɥɟɛаɧɢɣ. Сɥɟɞɭɟɬ 
ɨɬɦɟɬɢɬь, чɬɨ ввɟɞɟɧɢɟ ɤɨɷффɢɰɢɟɧɬа ݇ ɧɟ 
ɧаɪɭшаɟɬ ɨɛɳɢɣ фɢɡɢчɟɫɤɢɣ ɫɦыɥ ɫɪавɧɟɧɢя 
ɫɨɛɫɬвɟɧɧых фɨɪɦ ɤɨɥɟɛаɧɢɣ, ɩɨɫɤɨɥьɤɭ 
ɩɨɥɭчаɟɦыɣ вɟɤɬɨɪ ݇௜ ∙ {݂}௜ ɬаɤɠɟ явɥяɟɬɫя 
ɫɨɛɫɬвɟɧɧыɦ вɟɤɬɨɪɨɦ ɞɥя ɢɫхɨɞɧɨɣ ɡаɞачɢ 
ɦɨɞаɥьɧɨɝɨ аɧаɥɢɡа (5). 
Каɤ ɛыɥɨ ɩɨɤаɡаɧɨ вышɟ ɩɪɨɰɟɞɭɪа 
аɞаɩɬаɰɢɢ ɨɫɧɨваɧа ɧа ɫɪавɧɟɧɢɢ фɨɪɦ 
ɫɨɛɫɬвɟɧɧых ɤɨɥɟɛаɧɢɣ КЭ-ɦɨɞɟɥɢ ɢ 
ɧаɣɞɟɧɧых ɷɤɫɩɟɪɢɦɟɧɬаɥьɧɨ. Пɨɫɤɨɥьɤɭ ɩɨ-
ɢɫɤ ɪɟшɟɧɢя ɡаɞачɢ выɩɨɥɧяɟɬɫя ɧа ɨɫɧɨвɟ 

ɷɤɫɩɟɪɢɦɟɧɬаɥьɧых ɞаɧɧых, в ɤачɟɫɬвɟ ɤɨɬɨ-
ɪых выɫɬɭɩаɸɬ ɧаɬɭɪɧыɟ ɞɢɧаɦɢчɟɫɤɢɟ ха-
ɪаɤɬɟɪɢɫɬɢɤɢ ɨɛъɟɤɬа (фɨɪɦы ɫɨɛɫɬвɟɧɧых 
ɤɨɥɟɛаɧɢɣ) ɞаɧɧая ɡаɞача ɨɬɧɨɫɢɬɫя ɤ ɤɥаɫɫɭ 
ɨɛɪаɬɧых ɡаɞач. Пɪɢ ɞɨɫɬаɬɨчɧɨ ɨɛɳɟɣ ɩɨ-
ɫɬаɧɨвɤɟ ɩɨɞɨɛɧая ɡаɞача явɥяɟɬɫя ɧɟɤɨɪ-
ɪɟɤɬɧɨɣ в ɫɦыɫɥɟ ɧаɪɭшɟɧɢя ɭɫɥɨвɢɣ ɫɭɳɟ-
ɫɬвɨваɧɢя, ɟɞɢɧɫɬвɟɧɧɨɫɬɢ ɢ ɭɫɬɨɣчɢвɨɫɬɢ 
ɪɟшɟɧɢя. Пɨɢɫɤ ɛɟɡɭɫɥɨвɧɨɝɨ ɦɢɧɢɦɭɦа в 
ɛɨɥьшɢɧɫɬвɟ ɫɥɭчаɟв ɫвяɡаɧ ɫ ɪяɞɨɦ ɞɨɩɨɥɧɢ-
ɬɟɥьɧых ɫɥɨɠɧɨɫɬɟɣ, ɩɪɢɫɭɳɢɦ ɨɛɪаɬɧыɦ ɧɟ-
ɤɨɪɪɟɤɬɧɨ ɩɨɫɬавɥɟɧɧыɦ ɡаɞачаɦ (9). 
 

 fAu   (9) 

 
ɝɞɟ А: U→F – ɥɢɧɟɣɧыɣ ɨɩɟɪаɬɨɪ, ɨɫɭɳɟɫɬв-
ɥяɸɳɢɣ ɨɬɨɛɪаɠɟɧɢɟ ɷɥɟɦɟɧɬɨв u ɧа f; U, F – 
ɝɢɥьɛɟɪɬɨвы ɩɪɨɫɬɪаɧɫɬва, ɝɞɟ ɷɥɟɦɟɧɬ 

Uu явɥяɟɬɫя аɤɬɢвɧыɦ вɨɡɞɟɣɫɬвɢɟɦ, ɢɡɦɟ-
ɧɟɧɢɟɦ ɨɛъɟɤɬа ɢɫɫɥɟɞɨваɧɢя, а ɷɥɟɦɟɧɬ 

Ff   явɥяɟɬɫя ɨɬɤɥɢɤɨɦ ɨɛъɟɤɬа ɢɫɫɥɟɞɨва-
ɧɢя ɧа ввɨɞɢɦɨɟ ɢɡɦɟɧɟɧɢɟ. 
Заɞача (10) ɧаɡываɟɬɫя кɨррɟкɬɧɨɣ ɩɨ Аɞа-
ɦару, ɟɫɥɢ: 

1) ɨɛɥаɫɬь ɡɧачɟɧɢɣ ɨɩɟɪаɬɨɪа А ɫɨвɩа-
ɞаɟɬ ɫ ɦɧɨɠɟɫɬвɨɦ F (ɭɫɥɨвɢɟ ɪаɡɪɟшɢɦɨ-
ɫɬɢ); 

2) ɪавɟɧɫɬвɨ Au1 = Au2 ɞɥя ɧɟɤɨɬɨɪых u1, 
u2, ɩɪɢɧаɞɥɟɠаɳɢх ɨɛɥаɫɬɢ ɨɩɪɟɞɟɥɟɧɢя ɨɩɟ-
ɪаɬɨɪа А, вɥɟчɟɬ ɪавɟɧɫɬвɨ u1 = u2  (ɭɫɥɨвɢɟ 
ɟɞɢɧɫɬвɟɧɧɨɫɬɢ); 

3) ɨɛɪаɬɧыɣ ɨɩɟɪаɬɨɪ А-1 ɧɟɩɪɟɪывɟɧ ɧа 
F (ɭɫɥɨвɢɟ ɭɫɬɨɣчɢвɨɫɬɢ). 
Заɞача (9) ɧаɡываɟɬɫя ɧɟкɨррɟкɬɧɨɣ, ɟɫɥɢ 
ɧаɪɭшаɟɬɫя хɨɬя ɛы ɨɞɧɨ ɢɡ ɭɫɥɨвɢɣ 1-3 ɤɨɪ-
ɪɟɤɬɧɨɣ ɡаɞачɢ: ɭɫɥɨвɢя 1, 2 ɨɬвɟчаɸɬ ɡа ɦа-
ɬɟɦаɬɢчɟɫɤɭɸ ɨɩɪɟɞɟɥɟɧɧɨɫɬь, ɭɫɥɨвɢɟ 3 – ɡа 
фɢɡɢчɟɫɤɭɸ ɞɟɬɟɪɦɢɧɢɪɨваɧɧɨɫɬь (ɭɫɬɨɣчɢ-
вɨɫɬь). В ɫɢɥɭ ɬɨɝɨ, чɬɨ ɩɪавая чаɫɬь ɡаɞачɢ 
(10) ɢɡвɟɫɬɧа ɩɪɢɛɥɢɠɟɧɧɨ (ɞаɧɧыɟ ɷɤɫɩɟɪɢ-
ɦɟɧɬа), вɨɩɪɨɫы ɩɨɫɬɪɨɟɧɢя ɭɫɬɨɣчɢвɨɝɨ ɪɟ-
шɟɧɢя ɞɥя ɧɟɤɨɪɪɟɤɬɧых ɡаɞач ɩɪɢɨɛɪɟɬаɸɬ 
ɩɟɪвɨɫɬɟɩɟɧɧɨɟ ɡɧачɟɧɢɟ ɩɪɢ ɪɟшɟɧɢɢ ɩɪаɤ-
ɬɢчɟɫɤɢх ɡаɞач 5. 
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Дɥя ɩɪɟɨɞɨɥɟɧɢя ɧɟɤɨɪɪɟɤɬɧɨɫɬɢ ɡаɞачɢ ɢɫ-
ɩɨɥьɡɭɸɬ ɪаɡɥɢчɧыɟ ɩɨɞхɨɞы, ɨɩɢɫаɧɧыɟ в ɪа-
ɛɨɬах А.Н. Тɢхɨɧɨва 4, М.М. Ʌавɪɟɧɬьɟва,  В.К. 
Иваɧɨва, В.П. Таɧаɧа, А.О. Ваɬɭɥьяɧа 5. 
Оɫɧɨвɧыɦɢ ɫɩɨɫɨɛаɦɢ ɩɪɟɨɞɨɥɟɧɢя ɧɟɤɨɪ-
ɪɟɤɬɧɨɫɬɢ явɥяɸɬɫя 4, 5: 
 
Ɇеɬоɞ ɤвɚɡиɪеɲеɧиɣ.  
Сɭɬь ɦɟɬɨɞа ɫɨɫɬɨɢɬ в ɬɨɦ, чɬɨ ɪɟɡɭɥьɬаɬы 
ɷɤɫɩɟɪɢɦɟɧɬɨв ɩɪɢɛɥɢɠɟɧɧɨ ɨɩɢɫываɸɬ ɩɪа-
вɭɸ чаɫɬь f  ɭɪавɧɟɧɢя (9). Пɪɢ выɩɨɥɧɟɧɢɢ 
ɫɨɨɬвɟɬɫɬвɭɸɳɢх ɭɫɥɨвɢɣ 5, ɦɟɬɨɞ ɤваɡɢɪɟ-
шɟɧɢɣ ɩɨɡвɨɥяɟɬ ɧахɨɞɢɬь ɩɪɢɛɥɢɠɟɧɧɨɟ ɪɟ-
шɟɧɢɟ u  ɩɨ ɩɪɢɛɥɢɠɟɧɧɨɦɭ ɡɧачɟɧɢɸ ɩɪа-
вɨɣ чаɫɬɢ f  ɭɪавɧɟɧɢя (9) ɢ вɟɥɢчɢɧɟ ɩɨ-
ɝɪɟшɧɨɫɬɢ  : 
 
   ff   

 
ɤɨɬɨɪɨɟ ɫɬɪɟɦɢɥɨɫь ɛы ɤ ɬɨчɧɨɦɭ ɪɟшɟɧɢɸ 
u  ɩɪɢ 0 . Заɞача ɩɨɢɫɤа ɪɟшɟɧɢя ɫвɨ-
ɞɢɬɫя ɤ ɡаɞачɟ ɩɨɢɫɤа ɦɢɧɢɦɭɦа фɭɧɤɰɢɨ-
ɧаɥа ɧɟвяɡɤɢ ][uJ  (10).        
          
 2

][
F

fAuuJ   (10) 

 
В ɫвɨɸ ɨчɟɪɟɞь ɷɥɟɦɟɧɬ ku , ɦɢɧɢɦɢɡɢɪɭɸ-
ɳɢɣ фɭɧɤɰɢɨɧаɥ ɧɟвяɡɤɢ (6), ɧаɡываɟɬɫя ɤва-
ɡɢɪɟшɟɧɢɟɦ ɭɪавɧɟɧɢя (5). Дɥя ɩɨɫɬɪɨɟɧɢя 
ɩɪɨɰɟɞɭɪы ɤваɪɡɢɪɟшɟɧɢя ɧɟɨɛхɨɞɢɦɨ 
ɩɪɟɞɭɫɦɨɬɪɟɬь ɫɭɠɟɧɢɟ ɩɪɨɫɬɪаɧɫɬва U  ɞɨ 
ɤɨɦɩаɤɬа UM  .   
 
Ɇеɬоɞ ɪеɝулɹɪиɡɚɰии А.ɇ. Ɍиɯоɧовɚ.  
Мɟɬɨɞ ɩɪɟɞɭɫɦаɬɪɢваɟɬ ɢɫɩɨɥьɡɨваɧɢɟ ɫɬа-
ɛɢɥɢɡɢɪɭɸɳɟɝɨ фɭɧɤɰɢɨɧаɥа (11) ɩɪɢ ɪɟшɟ-
ɧɢɢ ɡаɞачɢ ɦɢɧɢɦɢɡаɰɢɢ. Пɨɫɬɪɨɟɧɢɟ фɭɧɤ-
ɰɢɨɧаɥа ɨɫɭɳɟɫɬвɥяɟɬɫя ɧа ɨɫɧɨвɟ (10), ɩɭ-

ɬɟɦ ɞɨɛавɥɟɧɢя вɫɩɨɦɨɝаɬɟɥьɧɨɝɨ ɧɟɨɬɪɢɰа-
ɬɟɥьɧɨɝɨ (ɫɝɥаɠɢваɸɳɟɝɨ) фɭɧɤɰɢɨɧаɥа, ɤɨ-
ɬɨɪыɣ ɨɩɪɟɞɟɥɟɧ ɧа ɧɟɤɨɬɨɪɨɣ чаɫɬɢ 

ADU 0  ɢ ɨɛɟɫɩɟчɢваɟɬ ɧɟɩɪɟɪывɧɨɫɬь ɢ 
ɟɞɢɧɫɬвɟɧɧɨɫɬь ɪɟшɟɧɢя ɡаɞачɢ ɦɢɧɢɦɢɡа-
ɰɢɢ.  
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][
UF

ufAuuM    

UuuM  inf,][


 
(11) 

 
ɝɞɟ  , А, ɫɨɨɬвɟɬɫɬвɭɟɬ ɤɨɷффɢɰɢɟɧɬ ɪɟɝɭɥя-
ɪɢɡаɰɢɢ, вɩɨɥɧɟ ɧɟɩɪɟɪывɧыɣ ɨɩɟɪаɬɨɪ, ɨɫɭ-
ɳɟɫɬвɥяɸɳɢɣ ɨɬɨɛɪаɠɟɧɢɟ ɷɥɟɦɟɧɬɨв u  U  
ɧа  f  F ɫɨɨɬвɟɬɫɬвɟɧɧɨ. Вɢɞ ɫɝɥаɠɢваɸɳɟɝɨ 
фɭɧɤɰɢɨɧаɥа ɦɨɠɟɬ ɛыɬь ɪаɡɥɢчɧыɦ в ɡавɢ-
ɫɢɦɨɫɬɢ ɨɬ ɬɢɩа ɡаɞачɢ.  
Пɪɟɞɥаɝаɟɦая ɩɪɨɰɟɞɭɪа (3) ɧɟ явɥяɟɬɫя 
ɫɬɪɨɝɨɣ ɫ ɬɨчɤɢ ɡɪɟɧɢя ɪɟшɟɧɢя ɨɛɪаɬɧых 
ɡаɞач, ɬаɤ ɤаɤ ɩɪɢ ɫɪавɧɟɧɢɢ ɩɪɢɦɟɧяɟɬɫя 
ɤɨɷффɢɰɢɟɧɬ ɫɨɨɬвɟɬɫɬвɢя фɨɪɦы, ɤɨɬɨɪыɣ 
вычɢɫɥяɟɬɫя ɩɨ ɦɟɬɨɞɭ ɧаɢɦɟɧьшɢх 
ɤваɞɪаɬɨв. Пɪɢɦɟɧɟɧɢɟ ɦɟɬɨɞа ɧаɢɦɟɧьшɢх 
ɤваɞɪаɬɨв ɪаɫɫɦаɬɪɢваɟɬɫя ɤаɤ 
аɥьɬɟɪɧаɬɢвɧыɣ ɩɨɞхɨɞ. Мɟɬɨɞ ɧаɢɦɟɧьшɢх 
ɤваɞɪаɬɨв ɦɨɠɟɬ ɛыɬь ɪаɫɫɦɨɬɪɟɧ ɤаɤ 
ɭɩɪɨɳɟɧɧая фɨɪɦа ɪɟɝɭɥяɪɢɡаɰɢɢ, ɤɨɬɨɪая 
ɩɨɡвɨɥяɟɬ ɛаɥаɧɫɢɪɨваɬь ɦɟɠɞɭ 
ɫɨɨɬвɟɬɫɬвɢɟɦ ɧаɬɭɪɧыɦ ɞаɧɧыɦ ɢ 
ɧаɢɦɟɧьшɟɣ ɧɨɪɦɨɣ ɪаɡɧɨɫɬɢ 
ɪаɫɫɦаɬɪɢваɟɦых фɨɪɦ. 
Сɥɟɞɭɟɬ ɨɬɦɟɬɢɬь, чɬɨ ɞɥя ɪɟаɥɢɡаɰɢɢ фɭɧɤ-
ɰɢɢ ɫɪавɧɟɧɢя ܲሺݔሻ ɧɟɨɛхɨɞɢɦɨ выɩɨɥɧɟɧɢɟ 
ɫɥɟɞɭɸɳɢх ɩɨɥɨɠɟɧɢɣ:  Фɨрɦа кɨɥɟɛаɧиɣ и ɞɥя ɧаɬурɧых ɞаɧ-
ɧых и ɞɥя ɞаɧɧых, ɩɨɥучɟɧɧых ɩɨ КЭ-ɦɨɞɟɥи, 
ɞɨɥɠɧа иɦɟɬь ɨɞиɧакɨвуɸ раɡɦɟрɧɨсɬь. Дɥя 
выɩɨɥɧɟɧɢя ɞаɧɧɨɝɨ ɩɨɥɨɠɟɧɢя ɫɥɟɞɭɟɬ ɩɪɨ-
вɟɫɬɢ ɝɪɭɩɩɢɪɨвɤɭ ɭɡɥɨв ɞɥя ɫɨɛɫɬвɟɧɧых 
вɟɤɬɨɪɨв КЭ-ɦɨɞɟɥɢ. Пɪɢ выɩɨɥɧɟɧɢɢ ɝɪɭɩ-
ɩɢɪɨвɤɢ ɩɪɨɢɡвɨɞɢɬɫя ɫɨɤɪаɳɟɧɢɟ ɤɨɥɢчɟ-
ɫɬва ɪаɫɫɦаɬɪɢваɟɦых ɭɡɥɨв. Пɪɨɛɥɟɦа 
ɨɰɟɧɤɢ ɩаɪаɦɟɬɪɨв ɦɟхаɧɢчɟɫɤɨɣ ɫɢɫɬɟɦы ɩɨ 
ɞаɧɧыɦ ɢɡɦɟɪɟɧɢɣ ɧаɩɪяɦɭɸ ɫвяɡаɧа ɫ ɤɨɥɢ-
чɟɫɬвɨɦ (ɩɨɥɧɨɬɨɣ) ɩɨɥɭчаɟɦɨɣ ɢɧфɨɪɦаɰɢɢ. 
Пɪаɤɬɢчɟɫɤɢɟ ɢ фɢɡɢчɟɫɤɢɟ ɨɝɪаɧɢчɟɧɢя ɧɟ 
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ɩɨɡвɨɥяɸɬ ɩɨɥɭчɢɬь ɩɨɥɧыɟ (ɤɨɧɬɢɧɭаɥь-
ɧыɟ) ɞаɧɧыɟ ɨ фɨɪɦах ɫɨɛɫɬвɟɧɧых ɤɨɥɟɛа-
ɧɢɣ ɩɪɢ ɢɫɫɥɟɞɨваɧɢɢ ɨɛъɟɤɬа. В ɷɬɨɦ ɫɥɭчаɟ 
ɞɥя аɧаɥɢɡа ɛɨɥьшɨɝɨ ɤɨɥɢчɟɫɬва ɩаɪаɦɟɬɪɨв 
ɫɢɫɬɟɦы (ɤаɤ ɧɟɡавɢɫɢɦых ɩɟɪɟɦɟɧɧых) ɦɨ-
ɠɟɬ ɩɨɧаɞɨɛɢɬьɫя ɡɧачɢɬɟɥьɧɨɟ вɪɟɦя. Кɪɨɦɟ 
ɬɨɝɨ, ɩɪɨвɟɞɟɧɢɟ вычɢɫɥɟɧɢɣ, ɧа ɨɫɧɨвɟ ɬа-
ɤɢх ɞаɧɧых, ɦɨɠɟɬ ɩɪɢвɟɫɬɢ ɤ ɧɟɭɫɬɨɣчɢвɨ-
ɫɬɢ ɪɟшɟɧɢя ɨɫɨɛɟɧɧɨ в ɬɟх ɫɥɭчаях, ɤɨɝɞа 
ɞаɧɧыɟ ɩɪɟɞɫɬавɥɟɧы ɫ ɩɨɝɪɟшɧɨɫɬьɸ. Дɥя 
ɩɪɨвɟɞɟɧɢя аɧаɥɢɡа ɩаɪаɦɟɬɪɨв ɫɢɫɬɟɦы 
ɧɟɨɛхɨɞɢɦɨ ɭɦɟɧьшаɬь ɪаɡɦɟɪɧɨɫɬь фɨɪɦ ɤɨ-
ɥɟɛаɧɢɣ, чɬɨ ɩɨɡвɨɥяɟɬ ɪаɫɫɦаɬɪɢваɬь ɫɭɳɟ-
ɫɬвɟɧɧɨ ɦɟɧьшɟ ɫɬɟɩɟɧɟɣ ɫвɨɛɨɞы ɨɛъɟɤɬа 
ɤаɤ ɩɪɢ ɧаɬɭɪɧых ɢɡɦɟɪɟɧɢях, ɬаɤ ɢ ɩɪɢ ɫɪав-
ɧɟɧɢɢ ɫɨɛɫɬвɟɧɧых вɟɤɬɨɪɨв. Раɡɦɟɪɧɨɫɬь 
ɫɨɛɫɬвɟɧɧых вɟɤɬɨɪɨв, ɩɨɥɭчɟɧɧых ɩɨ КЭ-
ɦɨɞɟɥɢ, ɞɨɥɠɧа ɫɨɨɬвɟɬɫɬвɨваɬь фɨɪɦаɦ ɫɨɛ-
ɫɬвɟɧɧых ɤɨɥɟɛаɧɢɣ, ɩɨɥɭчɟɧɧыɦ ɧа ɨɫɧɨвɟ 
ɧаɬɭɪɧых ɞаɧɧых.  Варьирɨваɧиɟ ɩараɦɟɬра сисɬɟɦы ݔ 
ɞɨɥɠɧɨ выɩɨɥɧяɬься ɞɥя всɟх «свяɡɟɣ» ɨɛɴ-
ɟкɬа. ɀɟɫɬɤɨɫɬь ɤаɠɞɨɣ ɫвяɡɢ ɞɨɥɠɧа ваɪьɢ-
ɪɨваɬьɫя в ɡавɢɫɢɦɨɫɬɢ ɨɬ ɡɧачɟɧɢя ɩаɪа-
ɦɟɬɪа ɫɢɫɬɟɦы ݔ௜. В ɤачɟɫɬвɟ ɩаɪаɦɟɬɪɨв, ɤɨ-
ɬɨɪыɟ ɧɟɩɨɫɪɟɞɫɬвɟɧɧɨ ɨɤаɡываɸɬ вɥɢяɧɢɟ 
ɧа ɠɟɫɬɤɨɫɬь «ɫвяɡɢ», ɦɨɝɭɬ выɫɬɭɩаɬь ɠɟɫɬ-
ɤɨɫɬɧыɟ ɩаɪаɦɟɬɪы ɷɥɟɦɟɧɬа(ɨв) КЭ-ɦɨɞɟɥɢ, 
ɤɨɬɨɪыɟ ɩɪɢɧаɞɥɟɠаɬ ɪаɫɫɦаɬɪɢваɟɦɨɣ 
«ɫвяɡɢ». В ɫɥɭчаɟ ɫɬɪɨɢɬɟɥьɧɨɝɨ ɨɛъɟɤɬа в ɤа-
чɟɫɬвɟ «ɫвяɡɟɣ» ɦɨɝɭɬ выɫɬɭɩаɬь ɤɨɧɟчɧыɟ 
ɷɥɟɦɟɧɬы ɦɨɞɟɥɢ, ɩɪɢɧаɞɥɟɠаɳɢɟ ɛаɥɤаɦ, 
ɪɢɝɟɥяɦ, ɤɨɥɨɧɧаɦ.  
 
 
2. ɆȿɌɈДИɄА ɉɈɅɍЧȿɇИə  

ɇАɌɍɊɇЫХ ДИɇАɆИЧȿСɄИХ  
ХАɊАɄɌȿɊИСИɄ  

 
Дɥя ɩɨɥɭчɟɧɢя чаɫɬɨɬ ɢ фɨɪɦ ɫɨɛɫɬвɟɧɧых 
ɤɨɥɟɛаɧɢɣ ɨɛъɟɤɬа ɢɫɫɥɟɞɨваɧɢя ɩɪɟɞɥаɝа-
ɟɬɫя ɢɫɩɨɥьɡɨваɬь ɦɟɬɨɞ ɞɟɬаɥьɧɨɝɨ ɢɧɠɟ-
ɧɟɪɧɨ-ɫɟɣɫɦɨɥɨɝɢчɟɫɤɨɝɨ ɢɡɭчɟɧɢя ɡɞаɧɢɣ ɢ 
ɫɨɨɪɭɠɟɧɢɣ – ɦɟɬɨɞ ɫɬɨячɢх вɨɥɧ 6. Оɫɧɨвɨɣ 
ɦɟɬɨɞа явɥяɟɬɫя вɨɫɫɬаɧɨвɥɟɧɢɟ ɤɨɝɟɪɟɧɬɧых 
ɫɨɫɬавɥяɸɳɢх ɟɫɬɟɫɬвɟɧɧых ɦɢɤɪɨɫɟɣɫɦɢчɟ-
ɫɤɢх шɭɦɨв ɫɨɨɪɭɠɟɧɢя. Мɟɬɨɞ ɩɨɡвɨɥяɟɬ 

ɢɡɭчаɬь ɫɟɣɫɦɨɫɬɨɣɤɨɫɬь ɫɬɪɨɢɬɟɥьɧых ɨɛъ-
ɟɤɬɨв, ɨɬыɫɤɢваɬь чаɫɬɨɬы ɢ фɨɪɦы ɫɨɛɫɬвɟɧ-
ɧых ɤɨɥɟɛаɧɢɣ ɡɞаɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ ɫ выɫɨ-
ɤɨɣ ɪаɡɪɟшаɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬьɸ, ɦɢɧɭя ɨɞ-
ɧɨвɪɟɦɟɧɧɭɸ ɭɫɬаɧɨвɤɭ ɛɨɥьшɨɝɨ ɤɨɥɢчɟ-
ɫɬва ɢɡɦɟɪɢɬɟɥьɧɨɣ аɩɩаɪаɬɭɪы.  
Пɪɢ ɞɨɫɬаɬɨчɧɨ ɩɥɨɬɧɨɦ шаɝɟ ɢɡɦɟɪɟɧɢɣ, а 
ɬаɤɠɟ ɩɪɢ ввɟɞɟɧɢɢ в ɧаɬɭɪɧыɣ ɷɤɫɩɟɪɢɦɟɧɬ 
ɞɨɩɨɥɧɢɬɟɥьɧых ɨɩɨɪɧых ɬɨчɟɤ ɭɞаɟɬɫя ɞɨ-
ɛɢɬьɫя ɧɟɨɛхɨɞɢɦɨɣ ɩɨɞɪɨɛɧɨɫɬɢ фɨɪɦ ɫɨɛ-
ɫɬвɟɧɧых ɤɨɥɟɛаɧɢɣ. Мɟɬɨɞɢɤа ɩɟɪɟɫчɟɬа ɢ 
выявɥɟɧɢя ɫɨɛɫɬвɟɧɧых ɩаɪ ɩɨɡвɨɥяɟɬ ɫɬɪɨ-
ɢɬь фɨɪɦы выɫɨɤɢх ɩɨɪяɞɤɨв 6. Таɤɢɦ ɨɛɪа-
ɡɨɦ, ɦɨɠɧɨ ɫɨɫɬавɢɬь ɞɟɬаɥьɧɭɸ ɤаɪɬɢɧɭ, 
ɨɩɢɫываɸɳɭɸ ɞɢɧаɦɢчɟɫɤɢɟ хаɪаɤɬɟɪɢ-
ɫɬɢɤɢ ɪɟаɥьɧɨɝɨ ɨɛъɟɤɬа, ɤɨɬɨɪыɣ ɫɩɪɨɟɤɬɢ-
ɪɨваɧ, вɨɡвɟɞɟɧ ɢ ɷɤɫɩɥɭаɬɢɪɭɟɬɫя в ɧаɫɬɨя-
ɳɢɣ ɦɨɦɟɧɬ. 
 
 
ɁАɄɅɘЧȿɇИȿ 
 
Зɧачɢɬɟɥьɧыɣ ɨɛъɟɦ ɩɪɨвɟɞɟɧɧых ɢɫɫɥɟɞɨ-
ваɧɢɣ ɭɛɟɞɢɬɟɥьɧɨ ɩɨɤаɡываɟɬ, чɬɨ ɧɟɫɨɨɬ-
вɟɬɫɬвɢя ɦɟɠɞɭ ɨɠɢɞаɟɦыɦɢ ɞɢɧаɦɢчɟɫɤɢɦɢ 
хаɪаɤɬɟɪɢɫɬɢɤаɦɢ ɡɞаɧɢя ɢ ɞɢɧаɦɢчɟɫɤɢɦɢ 
хаɪаɤɬɟɪɢɫɬɢɤаɦɢ, ɤɨɬɨɪыɟ выявɥɟɧы ɩɪɢ 
ɪаɫчɟɬɟ ɩɪɨɟɤɬɧɨɣ ɦаɬɟɦаɬɢчɟɫɤɨɣ ɦɨɞɟɥɢ, 
ɧɨɫяɬ ɫɢɫɬɟɦɧыɣ хаɪаɤɬɟɪ.  
Пɪɟɞɥɨɠɟɧа ɪаɫчɟɬɧɨ-ɷɤɫɩɟɪɢɦɟɧɬаɥьɧая ɦɟ-
ɬɨɞɢɤа выявɥɟɧɢя ɢ ɥɨɤаɥɢɡаɰɢɢ ɨɬɤɥɨɧɟɧɢя 
ɠɟɫɬɤɨɫɬɧых ɩаɪаɦɟɬɪɨв ɞɥя ɡɞаɧɢя. 
Мɟɬɨɞɢɤа ɛаɡɢɪɭɟɬɫя ɧа ɛɨɥьшɟɪаɡɦɟɪɧых 
КЭ-ɦɨɞɟɥях, ɤɨɬɨɪыɟ ɦɨɝɭɬ ɛыɬь 
ɩаɪаɦɟɬɪɢɡɨваɧɧы ɧа вɫɟх ɷɬаɩах 
«ɠɢɡɧɟɧɧɨɝɨ ɰɢɤɥа» ɨɛъɟɤɬа ɢ аɞаɩɬɢɪɭɸɬɫя 
ɩɨ ɞаɧɧыɦ ɢɧɫɬɪɭɦɟɧɬаɥьɧых ɧаɛɥɸɞɟɧɢɣ. 
Пɪɢɦɟɧɟɧɢɟ ɞаɧɧɨɣ ɦɟɬɨɞɢɤɢ ɫɨвɦɟɫɬɧɨ ɫ 
ɦɟɬɨɞɨɦ ɫɬɨячɢх вɨɥɧ ɩɨɡвɨɥяɟɬ 
ɢɞɟɧɬɢфɢɰɢɪɨваɬь ɢ ɥɨɤаɥɢɡɨвываɬь 
ɨɬɤɥɨɧɟɧɢя ɠɟɫɬɤɨɫɬɧых ɩаɪаɦɟɬɪɨв 
ɪɟаɥьɧɨɝɨ ɫɬɪɨɢɬɟɥьɧɨɝɨ ɨɛъɟɤɬа. 
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АɇɇɈɌАЦИə: В ɫɬаɬьɟ ɩɪɟɞɫɬавɥɟɧы ɪɟɡɭɥьɬаɬы аɩɪɨɛаɰɢɢ ɪаɡɪаɛɨɬаɧɧɨɣ ɪаɫчɟɬɧɨ-ɷɤɫɩɟɪɢɦɟɧɬаɥь-
ɧɨɣ ɦɟɬɨɞɢɤɢ [1] ɢɞɟɧɬɢфɢɤаɰɢɢ ɢ ɥɨɤаɥɢɡаɰɢɢ ɢɡɦɟɧɟɧɢɣ ɠɟɫɬɤɨɫɬɧых хаɪаɤɬɟɪɢɫɬɢɤ ɤɨɧɫɬɪɭɤɬɢвɧых 
ɷɥɟɦɟɧɬɨв ɧаɬɭɪɧых ɨɛъɟɤɬɨв ɧа ɨɫɧɨвɟ аɞаɩɬɢвɧых ɦаɬɟɦаɬɢчɟɫɤɢх ɦɨɞɟɥɟɣ ɪаɫɫɦаɬɪɢваɟɦых ɨɛъɟɤɬɨв. 
Аɩɪɨɛаɰɢя ɩɪɨвɟɞɟɧа ɞɥя ɫɬɟɧɞа «Кɨɧɫɬɪɭɤɬɨɪ» (Цɟɧɬɪ ɦɨɧɢɬɨɪɢɧɝа МȽСУ) ɩɨ ɤɨɧɟчɧɨ-ɷɥɟɦɟɧɬɧɨɣ ɦɨ-
ɞɟɥɢ. Пɨɤаɡаɧɨ, чɬɨ ɩɪɟɞɥɨɠɟɧɧая ɦɟɬɨɞɢɤа ɭвɟɪɟɧɨ ɢɞɟɧɬɢфɢɰɢɪɭɟɬ ɩɪɟɞɭɫɦɨɬɪɟɧɧыɣ ɷɤɫɩɟɪɢɦɟɧɬɨɦ 
ɤɨɧɫɬɪɭɤɬɢвɧыɣ ɞɟфɟɤɬ. 
 

Ʉлючевые словɚ: ɦаɬɟɦаɬɢчɟɫɤɨɟ ɦɨɞɟɥɢɪɨваɧɢɟ, чаɫɬɨɬы ɢ фɨɪɦы ɫɨɛɫɬвɟɧɧых ɤɨɥɟɛаɧɢɣ,  
ɞɢɧаɦɢчɟɫɤɢɟ ɢɫɩыɬаɧɢя, ɧаɬɭɪɧыɟ ɞɢɧаɦɢчɟɫɤɢɟ хаɪаɤɬɟɪɢɫɬɢɤɢ, аɞаɩɬɢвɧыɟ ɩɪɨɰɟɞɭɪы,  
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ABSTRACT: The paper presents results of approbation of calculation-experimental technique [1] of identification 
and localization variation of stiffness characteristics for structural elements of real object based on adaptive math-
ematical models of the objects. The approbation was performed for MSUCE Monitoring Center stand named 
«СШЧsЭrЮМЭШr» Лy finite element model of the stand. The defect is identified by the procedure. 
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1. ВВȿДȿɇИȿ 
 
Оɬɫɭɬɫɬвɢɟ ɫɨɨɬвɟɬɫɬвɢя ɫɨɛɫɬвɟɧɧых ɩаɪ 
ɦаɬɟɦаɬɢчɟɫɤɨɣ ɦɨɞɟɥɢ ɢ ɨɛъɟɤɬа ɦɨɞɟɥɢɪɨ-

ваɧɢя явɥяɟɬɫя ваɠɧɨɣ ɩɪɨɛɥɟɦɨɣ ɩɪɢ ɢɞɟɧ-
ɬɢфɢɤаɰɢɢ ɬɟɤɭɳɟɝɨ ɫɨɫɬɨяɧɢя ɪɟаɥьɧɨɝɨ 
ɨɛъɟɤɬа. Дɥя ɪɟшɟɧɢя ɡаɞачɢ ɢɞɟɧɬɢфɢɤаɰɢɢ 
ɢɡɦɟɧɟɧɢɣ ɬɪɟɛɭɟɬɫя, чɬɨɛы ɡɧачɟɧɢя ɞɢɧа-



Иɞɟɧɬɢфɢɤаɰɢя ɞɟɣɫɬвɢɬɟɥьɧых ɠɟɫɬɤɨɫɬɧых ɫвɨɣɫɬв ɤɨɧɫɬɪɭɤɬɢвɧых ɷɥɟɦɟɧɬɨв аɞаɩɬɢɪɭɟɦых 
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ɦɢчɟɫɤɢх хаɪаɤɬɟɪɢɫɬɢɤ ɨɛъɟɤɬа ɦɨɞɟɥɢɪɨ-
ваɧɢя ɤɨɪɪɟɥɢɪɨваɥɢɫь ɫɨ ɡɧачɟɧɢяɦɢ ɞɢɧа-
ɦɢчɟɫɤɢх хаɪаɤɬɟɪɢɫɬɢɤ ɦаɬɟɦаɬɢчɟɫɤɨɣ ɦɨ-
ɞɟɥɢ. В ɷɬɨɦ ɫɥɭчаɟ вɨɡɦɨɠɧɨ ɭɫɩɟшɧɨ ɢɧ-
ɬɟɪɩɪɟɬɢɪɨваɬь ɢ ɢɞɟɧɬɢфɢɰɢɪɨваɬь ɧаɛɥɸ-
ɞаɟɦыɟ ɢɡɦɟɧɟɧɢя ɪɟаɥьɧɨɝɨ ɨɛъɟɤɬа ɛɭɞь ɬɨ 
ɩɨявɥɟɧɢɟ ɡɧачɢɦых ɞɟфɟɤɬɨв ɤɨɧɫɬɪɭɤɰɢɢ, 
ɭвɟɥɢчɟɧɢɟ ɦаɫɫы ɨɛъɟɤɬа ɢ ɬ.ɞ. Раɡɥɢчаɸɬ 
ɧɟɫɤɨɥьɤɨ ɩɨɞхɨɞɨв ɤ ɢɞɟɧɬɢфɢɤаɰɢɢ ɢɡɦɟ-
ɧɟɧɢɣ. «Иɧɬɭɢɬɢвɧɨ-ɢɧɠɟɧɟɪɧыɟ» ɩɪɨɰɟ-
ɞɭɪы ɨɫɧɨваɧы ɧа ɨɬɧɨɫɢɬɟɥьɧɨ ɩɪɨɫɬɨɦ 
ɫɪавɧɟɧɢɢ ɡɧачɟɧɢɣ чаɫɬɨɬ ɢ ɨɛɳɟɦ (в ɛɨɥь-
шɢɧɫɬвɟ ɫɥɭчаɟв вɢɡɭаɥьɧɨɦ) ɫɪавɧɟɧɢɢ ɪаɫ-
чɟɬɧых ɢ ɪɟаɥьɧых фɨɪɦ ɫɨɛɫɬвɟɧɧых ɤɨɥɟ-
ɛаɧɢɣ. Маɬɟɦаɬɢчɟɫɤɢ фɨɪɦаɥɢɡɨваɧɧыɟ 
ɩɪɨɰɟɞɭɪы ɨɫɧɨваɧы ɧа вɟɤɬɨɪɧɨɦ ɫɪавɧɟɧɢɢ 
ɫɨɛɫɬвɟɧɧых ɩаɪ. Оɛɳɢɣ вɢɞ ɦаɬɟɦаɬɢчɟɫɤɢ 
фɨɪɦаɥɢɡɨваɧɧых ɩɪɨɰɟɞɭɪ ɡавɢɫɢɬ ɨɬ ɨɫɨ-
ɛɟɧɧɨɫɬɟɣ ɪɟаɥɢɡɭɸɳɟɝɨ аɥɝɨɪɢɬɦа. Эɬɨ ɦɨ-
ɝɭɬ ɛыɬь  аɥɝɨɪɢɬɦы выявɥɟɧɢɟ «ɨɫɨɛых» ɭɡ-
ɥɨв ɦɨɞɟɥɢ, ɪɟшɟɧɢɟ ɡаɞачɢ ɦɢɧɢɦɢɡаɰɢɢ ɰɟ-
ɥɟвɨɣ фɭɧɤɰɢɢ ɢɥɢ ɩɨɫɬаɧɨвɤа ɢ ɪɟшɟɧɢɟ ɡа-
ɞачɢ ɨɩɬɢɦɢɡаɰɢɢ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɪаɡɥɢчɧых 
ɫɬаɛɢɥɢɡɢɪɭɸɳɢх фɭɧɤɰɢɨɧаɥɨв (ɪɟɝɭɥяɪɢ-
ɡаɬɨɪɨв). Дɥя ɭɫɩɟшɧɨɝɨ выɩɨɥɧɟɧɢя ɩɪɨɰɟ-
ɞɭɪы ɢɞɟɧɬɢфɢɤаɰɢɢ ɧɟɨɛхɨɞɢɦа ɦаɬɟɦаɬɢ-
чɟɫɤая ɦɨɞɟɥь, ɤɨɬɨɪая ɛы ɬɨчɧɨ ɨɩɢɫываɥа 
ɞɢɧаɦɢчɟɫɤɢɟ хаɪаɤɬɟɪɢɫɬɢɤɢ ɨɛъɟɤɬа ɦɨɞɟ-
ɥɢɪɨваɧɢя. В ɧаɫɬɨяɳɟɣ ɫɬаɬьɟ ɩɪɢвɨɞяɬɫя 
ɪɟɡɭɥьɬаɬы аɩɪɨɛаɰɢɢ ɩɪɟɞɥɨɠɟɧɧɨɣ ɪаɫ-
чɟɬɧɨ-ɷɤɫɩɟɪɢɦɟɧɬаɥьɧɨɣ ɦɟɬɨɞɢɤɢ 1. Мɟɬɨ-
ɞɢɤа ɩɨɡвɨɥяɟɬ ɭɫɩɟшɧɨ ɢɞɟɧɬɢфɢɰɢɪɨваɬь ɢ 
ɥɨɤаɥɢɡɨваɬь ɤɨɧɫɬɪɭɤɬɢвɧыɣ ɞɟфɟɤɬ ɧа ɨɫ-
ɧɨвɟ ɧаɬɭɪɧых ɞɢɧаɦɢчɟɫɤɢх хаɪаɤɬɟɪɢɫɬɢɤ 
ɫɬɟɧɞа МȽСУ «Кɨɧɫɬɪɭɤɬɨɪ». 
 
 
2. ɊАСЧȿɌɇɈ-ɗɄСɉȿɊИɆȿɇɌАɅɖɇАə  

ɆȿɌɈДИɄА  
 
В ɫɬаɬьɟ [1] ɩɪɟɞɥɨɠɟɧа ɦɟɬɨɞɢɤа ɢɞɟɧɬɢфɢ-
ɤаɰɢɢ ɞɟфɟɤɬа ɩɨ ɠɟɫɬɤɨɫɬɧыɦ ɩаɪаɦɟɬɪаɦ ݔ� КЭ-ɦɨɞɟɥɢ, ɤаɤ ɩаɪаɦɟɬɪаɦ ɫɢɫɬɟɦы.  Дɥя 
ɢɞɟɧɬɢфɢɤаɰɢɢ ɢɫɩɨɥьɡɭɟɬɫя аɧаɥɢɡ 
ɥɨɤаɥьɧых ɷɤɫɬɪɟɦɭɦɨв фɭɧɤɰɢɢ �ሺݔሻ (1) ɩɨ 
«ɬɟɫɬɢɪɭɟɦыɦ» ɭɪɨвɧяɦ ɦɨɞɭɥя ɭɩɪɭɝɨɫɬɢ E 

ɞɥя ɪаɡɥɢчɧых ɫвяɡɟɣ ɨɛъɟɤɬа, в ɤачɟɫɬвɟ 
ɤɨɬɨɪых ɦɨɝɭɬ выɫɬɭɩаɬь ɤɨɥɨɧɧы, ɛаɥɤɢ, 
ɞɢафɪаɝɦы ɠɟɫɬɤɨɫɬɢ, ɪɢɝɟɥɢ ɢ ɩɟɪɟɤɪыɬɢя. 
ݔ���        �ሺݔሻ = ͳʹ ∑ ‖�� ∙ {�}� − {�̂}�‖ଶ�

�=ଵ       ˒˓и у˔лˑвии       �ሺݔሻ ≥ Ͳ (1) 

 
ɝɞɟ ݔ – ɩаɪаɦɟɬɪ ɫɢɫɬɟɦы, ɤɨɬɨɪыɣ ɡавɢɫɢɬ ɨɬ 
ɪаɫɩɨɥɨɠɟɧɢя ɫɬɟɪɠɧя ɢ ɩɪɢɦɟɧяɟɦɨɝɨ 
ɭɪɨвɧя ɦɨɞɭɥя ɭɩɪɭɝɨɫɬɢ E, �ሺݔሻ – фɭɧɤɰɢя 
ɫɪавɧɟɧɢя вɟɤɬɨɪɨв фɨɪɦ ɫɨɛɫɬвɟɧɧых 
ɤɨɥɟɛаɧɢɣ, � – ɤɨɥɢчɟɫɬвɨ  ɪаɫɫɦаɬɪɢваɟɦых 
фɨɪɦ ɫɨɛɫɬвɟɧɧых ɤɨɥɟɛаɧɢɣ,  �� – 
ɤɨɷффɢɰɢɟɧɬ ɫɨɨɬвɟɬɫɬвɢя i-ɨɣ фɨɪɦы 
ɫɨɛɫɬвɟɧɧых ɤɨɥɟɛаɧɢɣ, {�}� – вɟɤɬɨɪ фɨɪɦы 
ɫɨɛɫɬвɟɧɧых ɤɨɥɟɛаɧɢɣ, ɩɨɥɭчɟɧɧɨɣ ɩɨ КЭ-
ɦɨɞɟɥɢ, {�̂}� – вɟɤɬɨɪ фɨɪɦы ɫɨɛɫɬвɟɧɧых 
ɤɨɥɟɛаɧɢɣ, ɩɨɥɭчɟɧɧɨɣ ɩɨ ɪɟɡɭɥьɬаɬаɦ 
ɧаɬɭɪɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬа. В ɧаɫɬɨяɳɟɣ ɫɬаɬьɟ 
ɩɪɢвɨɞɢɬɫя ɦаɬɟɪɢаɥ ɩɨ аɩɪɨɛаɰɢɢ ɦɟɬɨɞɢɤɢ  
ɧа ɨɫɧɨвɟ ɫɬɟɧɞɨвых ɢɫɩыɬаɧɢɣ, ɩɪɨвɟɞɟɧ-
ɧых в МȽСУ 2. 
 
 
3. ɈɉИСАɇИȿ СɌȿɇДА 
 
Сɬɟɧɞ «Кɨɧɫɬɪɭɤɬɨɪ» 3 ɫɨɫɬɨɢɬ ɢɡ ɫɬаɥьɧых 
ɫɬɟɪɠɧɟɣ ɤɪɭɝɨвɨɝɨ ɫɟчɟɧɢя ( 24 ɦɦ), ɡа-
ɩɪɟɫɫɨваɧɧых в ɩɪɢɡɦаɬɢчɟɫɤɢɟ фɥаɧɰы. 
Дɥɢɧа «ɫɬɟɪɠɟɧь + 2 фɥаɧɰа» ɫɨɫɬавɥяɟɬ 440 
ɦɦ. Сɬɟɪɠɧɢ ɫɨɟɞɢɧяɸɬɫя ɞɪɭɝ ɫ ɞɪɭɝɨɦ ɢ ɫ 
фɭɧɞаɦɟɧɬɧɨɣ ɪаɦɨɣ ɧа ɛɨɥɬах чɟɪɟɡ ɭɡɥɨвыɟ 
ɷɥɟɦɟɧɬы «ɤɭɛɢɤɢ» ɪаɡɦɟɪɨɦ 60x60x60 ɦɦ. 
Чɢɫɥɨ ɷɥɟɦɟɧɬɨв ɢ ɩɪɨɫɬɪаɧɫɬвɟɧɧая ɤɨɧфɢ-
ɝɭɪаɰɢя ɫɢɫɬɟɦы «ɫɬɟɪɠɧɢ + ɤɭɛɢɤɢ» ɦɨɠɟɬ 
ваɪьɢɪɨваɬьɫя в шɢɪɨɤɨɦ ɞɢаɩаɡɨɧɟ. Кɨɧ-
ɫɬɪɭɤɰɢя ɫɬɟɧɞа (ɪɢɫ. 1) ɩɨɡвɨɥяɟɬ ɩɪɨвɟɫɬɢ 
ɩɨɞɪɨɛɧыɣ ɤɨɧɟчɧɨ-ɷɥɟɦɟɧɬɧыɣ аɧаɥɢɡ ɞɥя 
выɛɪаɧɧɨɝɨ ɧаɛɨɪа ɝɟɨɦɟɬɪɢɤɨ-ɠɟɫɬɤɨɫɬɧых, 
ɢɧɟɪɰɢɨɧɧых ɢ ɧаɝɪɭɡɨчɧых хаɪаɤɬɟɪɢɫɬɢɤ. 
Вɧɨɫɢɦыɣ ɞɟфɟɤɬ (ɪɢɫ. 1в) явɥяɟɬɫя ɪаɡɪы-
вɨɦ ɝɨɪɢɡɨɧɬаɥьɧɨɝɨ ɫɬɟɪɠɧя в ɤɨɧɫɨɥьɧɨɣ 
чаɫɬɢ ɧа 3-ɦ яɪɭɫɟ. 
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а) ɨɛɳɢɣ вɢɞ ɫɬɟɧɞа 

 
ɛ) ɭɫɬɪɨɣɫɬвɨ ɬɢɩɨвɨɝɨ ɭɡɥа 

 

 
в) вɧɨɫɢɦыɣ ɞɟфɟɤɬ 

Рис. 1. Ɉɛщиɣ виɞ сɬɟɧɞа «Кɨɧсɬрукɬɨр». Укаɡаɧ вɧɨсиɦыɣ ɞɟɮɟкɬ. 
 
В ɤачɟɫɬвɟ ɩɪɨявɥɟɧɢɣ ɞɟфɟɤɬа ɦɨɠɧɨ ɪаɫ-
ɫɦаɬɪɢваɬь ɫɧɢɠɟɧɢɟ ɧа 10% ɧɢɡшɟɣ чаɫɬɨɬы 
ɫɨɛɫɬвɟɧɧых ɤɨɥɟɛаɧɢɣ, ɫɧɢɠɟɧɢɟ ɧа 35% 
чɟɬвɟɪɬɨɣ ɢ ɧа 22% ɩяɬɨɣ чаɫɬɨɬы ɫɨɛɫɬвɟɧ-
ɧых ɤɨɥɟɛаɧɢɣ. На чɟɬвɟɪɬɨɣ ɢ ɩяɬɨɣ фɨɪɦɟ 
ɤɨɥɟɛаɧɢɣ в ɧаɢɛɨɥьшɟɣ ɫɬɟɩɟɧɢ ɩɪɨявɥя-
ɟɬɫя ɢɡɦɟɧɟɧɢɟ ɠɟɫɬɤɨɫɬɢ ɢ ɩɨɬɟɪя ɫɢɦɦɟɬ-
ɪɢɢ ɫɢɫɬɟɦы. 
 
 
4. ɈɉИСАɇИȿ Ʉɗ-ɆɈДȿɅИ 
 
Дɥя ɩɪɨɰɟɞɭɪы ɢɞɟɧɬɢфɢɤаɰɢɢ ɞɟфɟɤɬа вы-
ɛɪаɧа ɤɨɧɟчɧɨɷɥɟɦɟɧɬɧая ɦɨɞɟɥь ɫɬɟɧɞа 
«ɞвɭɬавɪ – ɫɬɟɪɠɧɢ ɫ ɦаɫɫаɦɢ» 2. Мɨɞɟɥь вы-
ɩɨɥɧɟɧа в ɩɪɨɝɪаɦɦɧɨɦ ɤɨɦɩɥɟɤɫɟ ANSYS 
Mechanical. Сɬаɥьɧыɟ ɫɬɟɪɠɧɢ ɡаɞаɧы ɷɥɟ-
ɦɟɧɬаɦɢ BEAM188. Фɥаɧɰы ɡаɞаɧы ɫ ɩɨɦɨ-
ɳьɸ ɷɥɟɦɟɧɬɨв MPC184, ɢɫɩɨɥьɡɭɟɦых в ɤа-
чɟɫɬвɟ аɛɫɨɥɸɬɧых ɠɟɫɬɤɢх вɫɬавɨɤ, ɢ ɷɥɟ-
ɦɟɧɬɨв MASS21, ɫ ɩɨɦɨɳьɸ ɤɨɬɨɪых ɡаɞа-
ɸɬɫя ɬɪɟɛɭɟɦыɟ ɢɧɟɪɰɢɨɧɧыɟ хаɪаɤɬɟɪɢ-
ɫɬɢɤɢ ɭɡɥɨв. Мɨɞɟɥь ɫɨɫɬɨɢɬ ɢɡ 400 ɷɥɟɦɟɧ-
ɬɨв ɢ 354 ɭɡɥɨв (ɪɢɫ. 2). Свɨɣɫɬва ɦаɬɟɪɢаɥа 
ɡаɞаɧы ɞɥя ɫɬаɥьɧых ɫɬɟɪɠɧɟɣ BEAM188. 

Мɨɞɭɥь ɭɩɪɭɝɨɫɬɢ � ɫɨɫɬавɥяɟɬ 2∙1011 Па, 
ɩɥɨɬɧɨɫɬь � ɫɨɫɬавɥяɟɬ 7826 ɤɝ/ɦ3, ɤɨɷффɢɰɢ-
ɟɧɬ Пɭаɫɫɨɧа ɫɨɫɬавɥяɟɬ 0.28. 
Иɞɟɧɬɢфɢɤаɰɢя ɞɟфɟɤɬа ɩɨ ɩɪɟɞɥɨɠɟɧɧɨɣ 
ɦɟɬɨɞɢɤɟ ɩɪɨɢɫхɨɞɢɬ в ɪɟɡɭɥьɬаɬɟ ваɪьɢɪɨва-
ɧɢя ɠɟɫɬɤɨɫɬɧыɦɢ хаɪаɤɬɟɪɢɫɬɢɤаɦɢ ݔ� ɫвя-
ɡɟɣ КЭ-ɦɨɞɟɥɢ ɫɬɟɧɞа. 
Ваɪьɢɪɨваɧɢɟ ɪɟаɥɢɡɨваɧɨ ɫ ɩɨɦɨɳьɸ ɢɡɦɟ-
ɧɟɧɢя ɦɨɞɭɥя ɭɩɪɭɝɨɫɬɢ ɞвɭх ɷɥɟɦɟɧɬɨв ɩɨ 
ɫɟɪɟɞɢɧɟ ɫɬɟɪɠɧя, ɩɪɢɦыɤаɸɳɢх ɤ ɭɡɥаɦ, ɨɬ-
ɦɟчɟɧɧыɦ ɧа ɪɢɫɭɧɤɟ 2ɛ. 
Пɨɫɥɟ ɤаɠɞɨɝɨ ɢɡɦɟɧɟɧɢя КЭ-ɦɨɞɟɥɢ ɧɟɨɛ-
хɨɞɢɦ ɩɨɢɫɤ ɡɧачɢɦɨɣ ɩɨɪɰɢɢ ɫɨɛɫɬвɟɧɧых 
ɩаɪ ɢɡɦɟɧɟɧɧɨɣ ɦɟхаɧɢчɟɫɤɨɣ ɫɢɫɬɟɦы. Эɥɟ-
ɦɟɧɬы, ɩɪɢɭɪɨчɟɧɧыɣ ɤ ɭɡɥаɦ (ɪɢɫ. 2ɛ), ɪаɫ-
ɩɨɥаɝаɸɬɫя ɩɨɫɟɪɟɞɢɧɟ ɫɬаɥьɧых ɫɬɟɪɠɧɟɣ. 
Дɥя ваɪьɢɪɨваɧɢя выɛɪаɧɨ 10 ɭɪɨвɧɟɣ ɦɨ-
ɞɭɥя ɭɩɪɭɝɨɫɬɢ ɫ 1010 Па ɩɨ 101 Па вɤɥɸчɢ-
ɬɟɥьɧɨ. 
Фɨɪɦы ɤɨɥɟɛаɧɢɣ ɢ ɞɥя ɧаɬɭɪɧых ɞаɧɧых ɢ 
ɞɥя ɞаɧɧых, ɩɨɥɭчɟɧɧых ɩɨ КЭ-ɦɨɞɟɥɢ, ɩɪɢ-
вɟɞɟɧы ɤ ɨɞɢɧаɤɨвɨɣ ɪаɡɦɟɪɧɨɫɬɢ. За ɨɫɧɨвɭ 
ɩɪɢ ɝɪɭɩɩɢɪɨвɤɟ ɭɡɥɨв ɢ ɫɨɨɬвɟɬɫɬвɭɸɳɢɦ 
ɢɦ ɫɬɟɩɟɧɟɣ ɫвɨɛɨɞы ɩɪɢɧяɬа ɪɟаɥɢɡɨваɧɧая 
ɫхɟɦа ɧаɬɭɪɧых ɢɡɦɟɪɟɧɢɣ.



Иɞɟɧɬɢфɢɤаɰɢя ɞɟɣɫɬвɢɬɟɥьɧых ɠɟɫɬɤɨɫɬɧых ɫвɨɣɫɬв ɤɨɧɫɬɪɭɤɬɢвɧых ɷɥɟɦɟɧɬɨв аɞаɩɬɢɪɭɟɦых 
ɤɨɧɟчɧɨɷɥɟɦɟɧɬɧых ɦɨɞɟɥɟɣ ɡɞаɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ. Чаɫɬь 2: Аɩɪɨɛаɰɢя ɪаɫчɟɬɧɨ-ɷɤɫɩɟɪɢɦɟɧɬаɥьɧɨɣ ɦɟɬɨɞɢɤɢ 
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(а) Оɛɳɢɣ вɢɞ ɦɨɞɟɥɢ 
 

(ɛ) Схɟɦа ɭɡɥɨв 
ваɪьɢɪɭɟɦых ɷɥɟɦɟɧɬɨв 

(в) Схɟɦа ɭɡɥɨв ɞɥя 
ɨɩɢɫаɧɢя фɨɪɦы 

ɤɨɥɟɛаɧɢɣ 
Рис. 2. КЭ-ɦɨɞɟɥь сɬɟɧɞа «Кɨɧсɬрукɬɨр». 

     

    
 �ଵ=7.914 Ƚɰ �ଶ=8.483 Ƚɰ �ଷ=14.296 Ƚɰ лସ=25.436 Ƚɰ �ହ=37.459 Ƚɰ 

a) �� ɢ {��} ɞɥя КЭ-ɦɨɞɟɥɢ ɫɬɟɧɞа 
 

   
  �̂ଵ=7.568 Ƚɰ �̂ଶ=9.766 Ƚɰ �̂ଷ=13.489 Ƚɰ �̂ସ=19.958 Ƚɰ �̂ହ=27.588 Ƚɰ 

ɛ) �̂� ɢ фɨɪɦы {�̂�} ɧаɬɭɪɧых ɢɡɦɟɪɟɧɢɣ ɩɨ ɦɟɬɨɞɭ ɫɬɨячɢх вɨɥɧ [4] 
 

Рис. 3. Часɬɨɬы � и ɮɨрɦы д�} сɨɛсɬвɟɧɧых кɨɥɟɛаɧиɣ. ɉɨкаɡаɧы суɦɦарɧыɟ  
ɩɟрɟɦɟщɟɧия: min (zero)  max. Дɥя уɞɨɛсɬва сɬрɟɥкаɦи ɩɨкаɡаɧɨ ɨɛщɟɟ ɧаɩравɥɟɧиɟ  

ɞɥя ɮɨрɦы сɨɛсɬвɟɧɧых кɨɥɟɛаɧиɣ сɬɟɧɞа.  
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Дɥя ɩɨɢɫɤа чаɫɬɨɬ ɢ фɨɪɦ ɫɨɛɫɬвɟɧɧых ɤɨɥɟ-
ɛаɧɢɣ ɫɬɟɧɞа ɢɫɩɨɥьɡɨваɥɫя ɦɟɬɨɞ ɫɬɨячɢх 
вɨɥɧ [3]. Даɧɧыɣ ɦɟɬɨɞ ɩɪɟɞɭɫɦаɬɪɢваɟɬ ɩɨ-
ɥɭчɟɧɢɟ ɡɧачɟɧɢɣ фɨɪɦы ɫɨɛɫɬвɟɧɧых ɤɨɥɟ-
ɛаɧɢɣ ɞɥя ɤаɠɞɨɣ ɬɨчɤɢ ɢɡɦɟɪɟɧɢɣ ɩɨ ɬɪɟɦ 
ɫɬɟɩɟɧяɦ ɫвɨɛɨɞы ɥɨɤаɥьɧɨɣ ɫɢɫɬɟɦы ɤɨɨɪ-
ɞɢɧаɬ ݔ, ,ݕ -ɬɨчɤɢ ɢɡɦɟɪɟɧɢɣ (ɞаɬчɢɤа). Сɢ ݖ
ɫɬɟɦа ɤɨɨɪɞɢɧаɬ ɢɡɦɟɪɟɧɢɣ ɫɨɨɬвɟɬɫɬвɭɟɬ ɫɢ-
ɫɬɟɦɟ ɤɨɨɪɞɢɧаɬ КЭ-ɦɨɞɟɥɢ. Схɟɦа ɢɡɦɟɪɟ-
ɧɢɣ ɩɪɟɞɭɫɦаɬɪɢваɥа ɫъɟɦ ɞаɧɧых ɞɥя 20 ɬɨ-
чɟɤ ɫɬɟɧɞа, ɤɨɬɨɪыɟ ɩɨɤаɡаɧы ɧа ɪɢɫɭɧɤɟ 2в. 
Пɪɟɞɥɨɠɟɧɧая ɫхɟɦа ɩɨɡвɨɥяɟɬ ɩɨɞɪɨɛɧɨ 
ɨɩɢɫываɬь ɨɛɳɢɣ вɢɞ фɨɪɦы ɫɨɛɫɬвɟɧɧых 
ɤɨɥɟɛаɧɢɣ. Пɪɢ аɩɪɨɛаɰɢɢ ɦɟɬɨɞɢɤɢ ɨɫɭ-
ɳɟɫɬвɥяɥɫя ɩɨɢɫɤ 5-ɬɢ ɧаɢɦɟɧьшɢх чаɫɬɨɬ ɢ 
фɨɪɦ ɫɨɛɫɬвɟɧɧых ɤɨɥɟɛаɧɢɣ. Пɨɪяɞɨɤ фɨɪɦ 
ɫɨɛɫɬвɟɧɧых ɤɨɥɟɛаɧɢɣ, ɩɨɥɭчɟɧɧых в хɨɞɟ 
ɷɤɫɩɟɪɢɦɟɧɬа, ɛыɥ ɩɪɢвɟɞɟɧ в ɫɨɨɬвɟɬɫɬвɢɟ 
фɨɪɦаɦ, вычɢɫɥɟɧɧыɦ ɩɨ КЭ-ɦɨɞɟɥɢ. Дɥя 5-
ɣ фɨɪɦы ɫɤɨɪɪɟɤɬɢɪɨваɧа фаɡа ɤɨɥɟɛаɧɢɣ. 
Рɟɡɭɥьɬаɬы вɢɡɭаɥɢɡаɰɢɢ вычɢɫɥɟɧɧых ɢ 
ɧаɬɭɪɧых фɨɪɦ ɩɪɢвɟɞɟɧы ɧа ɪɢɫɭɧɤɟ 3. 
 
 
5. ɉɈɅɍЧȿɇɇЫȿ ɊȿɁɍɅɖɌАɌЫ 
 
Сɪавɧɟɧɢɟ вычɢɫɥɟɧɧых ɢ ɧаɬɭɪɧых ɞɢɧаɦɢ-
чɟɫɤɢх хаɪаɤɬɟɪɢɫɬɢɤ ɩɨ фɨɪɦɭɥɟ (1) ɩɪɟɞ-
ɫɬавɥɟɧɨ в вɢɞɟ ɧаɛɨɪа ɝɪафɢɤɨв ɞɥя ɪаɡɥɢч-
ɧых ɭɪɨвɧɟɣ ɦɨɞɭɥя ɭɩɪɭɝɨɫɬɢ �. На ɪɢɫɭɧɤɟ 
4 ɩɨɤаɡаɧы ɡɧачɟɧɢя фɭɧɤɰɢɢ ɪаɡɧɨɫɬɢ ɫɨɛ-
ɫɬвɟɧɧых фɨɪɦ �ሺݔሻ в ɡавɢɫɢɦɨɫɬɢ ɨɬ вɧɨɫɢ-
ɦых ɢɡɦɟɧɟɧɢɣ, ɦɟɫɬа ɤɨɬɨɪых ɨɬɨɛɪаɠа-
ɸɬɫя ɩɨ ɧɨɦɟɪаɦ ɭɡɥɨв (ɪɢɫ. 2ɛ). В ɪɟɡɭɥьɬаɬɟ 
вычɢɫɥɟɧɢɣ ɩɨɥɭчɟɧы ɝɪафɢɤɢ �ሺݔሻ ɞɥя ɪаɡ-
ɥɢчɧых ɭɪɨвɧɟɣ � ɢ ɪаɡɥɢчɧых ɬɨчɟɤ ваɪьɢ-
ɪɨваɧɢя ɩаɪаɦɟɬɪаɦɢ ɦɨɞɟɥɢ ݔ�.  
Дɥя ɢɞɟɧɬɢфɢɤаɰɢɢ ɞɟфɟɤɬа ɩɪɟɞɥаɝаɟɬɫя 
ɫɥɟɞɭɸɳɢɣ ɤɪɢɬɟɪɢɣ: «Еɫɥɢ ɷɤɫɬɪɟɦɭɦ (ɦɢ-
ɧɢɦɭɦ) фɭɧɤɰɢɢ �ሺݔሻ ɩɨвɬɨɪяɟɬɫя ɞɥя ɨɞ-
ɧɨɝɨ ɭɡɥа ɩɪɢ ɛɥɢɡɤɢх ɭɪɨвɧях �, ɬɨ ɪаɫɫɦаɬ-
ɪɢваɟɦыɣ ɭɡɟɥ ɫɨɞɟɪɠɢɬ ɢɫɤɨɦыɣ ɞɟфɟɤɬ». 
Даɧɧыɣ ɤɪɢɬɟɪɢɣ ɩɨɡвɨɥяɟɬ ɢɞɟɧɬɢфɢɰɢɪɨ-
ваɬь ɢɫɤɨɦыɣ ɞɟфɟɤɬ ɩɪɢ � = 105 Па. 
На ɪɢɫɭɧɤɟ 4 ɩɨɤаɡаɧɨ ɪаɫɩɪɟɞɟɥɟɧɢɟ ɡɧачɟ-
ɧɢɣ фɭɧɤɰɢɢ �ሺݔሻ в ɡавɢɫɢɦɨɫɬɢ ɨɬ ɡɧачɟɧɢя 

ɢ ɪаɫɩɨɥɨɠɟɧɢя вɧɨɫɢɦых в ɦɨɞɟɥь вɨɡɦɭɳɟ-
ɧɢɣ ɩаɪаɦɟɬɪɨв ɫɢɫɬɟɦы. 
Пɨɞ ɡɧачɟɧɢɟɦ вɧɨɫɢɦых вɨɡɦɭɳɟɧɢɣ ɩɨɞɪа-
ɡɭɦɟваɟɬɫя ɭɪɨвɟɧь ɦɨɞɭɥя ɭɩɪɭɝɨɫɬɢ ɞɥя ɢɡ-
ɦɟɧяɟɦых ɷɥɟɦɟɧɬɨв. Пɨɞ ɪаɫɩɨɥɨɠɟɧɢɟɦ 
вɧɨɫɢɦых вɨɡɦɭɳɟɧɢɣ ɩɨɞɪаɡɭɦɟваɟɬɫя 
ɫɬɟɪɠɟɧь ɫɬɟɧɞа, ɨɛɨɡɧачаɟɦыɣ ɧɨɦɟɪɨɦ ɭɡɥа 
ɫɨɝɥаɫɧɨ ɪɢɫɭɧɤɭ 2ɛ. Ƚɪафɢɤ ɩɨɤаɡываɟɬ, чɬɨ 
ɫɪавɧɟɧɢɟ фɨɪɦ ɫɨɛɫɬвɟɧɧых ɤɨɥɟɛаɧɢɣ ɫ ɩɨ-
ɦɨɳьɸ ɤɨɷффɢɰɢɟɧɬа ɫɨɨɬвɟɬɫɬвɢя фɨɪɦ �� 
ɩɪɢвɨɞɢɬ ɤ ɭɞɨвɥɟɬвɨɪɢɬɟɥьɧɨɦɭ ɪɟɡɭɥьɬаɬɭ 
ɢɞɟɧɬɢфɢɤаɰɢɢ ɞɟфɟɤɬа. Ƚɪафɢɤɢ ɞɥя ɭɪɨв-
ɧɟɣ ɦɨɞɭɥя ɭɩɪɭɝɨɫɬɢ ɫ ͳͲ଺ Па ɩɨ ͳͲଵ Па ɫɨв-
ɩаɞаɸɬ. Увɟɪɟɧɧɨ выявɥяɟɬɫя ɫɬɟɪɠɟɧь ɫ ɭɡ-
ɥɨɦ №184, ɤɨɬɨɪыɣ ɩɪɢ ɢɡɦɟɪɟɧɢях ɞɟɣɫɬвɢ-
ɬɟɥьɧɨ ɫɨɞɟɪɠаɥ ɢɫɤɨɦыɣ ɞɟфɟɤɬ. Иɞɟɧɬɢфɢ-
ɤаɰɢя выɩɨɥɧɟɧа ɤɨɪɪɟɤɬɧɨ.  
Дɥя ɫɪавɧɟɧɢя ɧа ɪɢɫɭɧɤɟ 5 ɩɪɢвɟɞɟɧы ɪɟ-
ɡɭɥьɬаɬы ɫɪавɧɟɧɢя ɩɨ фɭɧɤɰɢɢ �ሺݔሻ (1) ɛɟɡ 
ɢɫɩɨɥьɡɨваɧɢя ɤɨɷффɢɰɢɟɧɬа ɫɨɨɬвɟɬɫɬвɢя 
фɨɪɦ ��. 
На ɪɢɫɭɧɤɟ 5 ɩɨɤаɡаɧɨ ɪаɫɩɪɟɞɟɥɟɧɢɟ ɡɧачɟ-
ɧɢɣ фɭɧɤɰɢɢ �ሺݔሻ ɛɟɡ ɢɫɩɨɥьɡɨваɧɢя ɤɨɷф-
фɢɰɢɟɧɬа ɫɨɨɬвɟɬɫɬвɢя фɨɪɦ �� в ɡавɢɫɢɦɨ-
ɫɬɢ ɨɬ ɡɧачɟɧɢя ɢ ɪаɫɩɨɥɨɠɟɧɢя вɧɨɫɢɦых в 
ɦɨɞɟɥь вɨɡɦɭɳɟɧɢɣ ɩаɪаɦɟɬɪɨв ɫɢɫɬɟɦы. 
Ƚɪафɢɤ ɩɨɤаɡываɟɬ, чɬɨ ɫɪавɧɟɧɢɟ фɨɪɦ ɫɨɛ-
ɫɬвɟɧɧых ɤɨɥɟɛаɧɢɣ ɛɟɡ ɤɨɷффɢɰɢɟɧɬа �� 
ɩɪɢвɨɞɢɬ ɤ ɧɟɭɞɨвɥɟɬвɨɪɢɬɟɥьɧɨɦɭ ɪɟɡɭɥь-
ɬаɬɭ. Ƚɪафɢɤɢ ɞɥя ɭɪɨвɧɟɣ ɦɨɞɭɥя ɭɩɪɭɝɨɫɬɢ 
ɫ ͳͲହ Па ɩɨ ͳͲଵ Па ɫɨвɩаɞаɸɬ. Выявɥяɟɬɫя 
ɫɬɟɪɠɟɧь ɫ ɭɡɥɨɦ №164, ɤɨɬɨɪыɣ ɩɪɢ ɢɡɦɟɪɟ-
ɧɢях ɧɟ ɫɨɞɟɪɠаɥ ɞɟфɟɤɬа. Иɞɟɧɬɢфɢɤаɰɢя 
выɩɨɥɧɟɧа ɧɟɤɨɪɪɟɤɬɧɨ. 
Пɪɢ выɩɨɥɧɟɧɢɢ ɫɪавɧɟɧɢя ɫ ɤɨɷффɢɰɢɟɧɬɨɦ �� (ɪɢɫ. 4) ɦɨɠɧɨ ɨɬɦɟɬɢɬь «вɫɩɨɦɨɝаɬɟɥьɧыɟ» 
ɩɢɤɢ ɞɥя ɭɡɥɨв 173, 239, 164, 184, 192, 250 (ɪɢɫ. 
2ɛ). Сɬɟɪɠɧɢ, ɤɨɬɨɪыɦ ɩɪɢɧаɞɥɟɠаɬ ɭɡɥы, ɨɛ-
ɪаɡɭɸɬ ɩɨɞɨɛɢɟ «ɡɨɧы вɥɢяɧɢя». К ɡɨɧɟ вɥɢя-
ɧɢя ɫɬɟɪɠɧя ɫ ɭɡɥɨɦ 184 ɦɨɠɧɨ ɨɬɧɟɫɬɢ:  ɭɡɟɥ 173 ɩɪɢɧаɞɥɟɠɢɬ ɫɦɟɠɧɨɦɭ 
ɫɬɟɪɠɧɸ. Мɟɠɞɭ  ɫɬɟɪɠɧɟɦ ɫ ɭɡɥɨɦ 184 ɢ 
ɫɬɟɪɠɧɟɦ ɫ ɭɡɥɨɦ 173 ɧахɨɞɢɬɫя ɭɡɟɥ №42 
(ɤɨɧɰɟɧɬɪаɬɨɪ ɧаɩɪяɠɟɧɢɣ);  ɭɡɟɥ 250 ɩɪɢɧаɞɥɟɠɢɬ ɫɬɟɪɠɧɸ, аɧаɥɨ-
ɝɢчɧɨɦɭ ɫɬɟɪɠɧɸ ɫ ɭɡɥɨɦ 184, ɧа ɩаɪаɥɥɟɥь-
ɧɨɣ P-ɨɛɪаɡɧɨɣ ɪаɦɟ; 
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Рис. 6. Расɩрɟɞɟɥɟɧиɟ ɡɧачɟɧиɣ �ሺݔሻ (1). 
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Рис. 7. Расɩрɟɞɟɥɟɧиɟ ɡɧачɟɧиɣ ɮуɧкɰии �ሺݔሻ ɛɟɡ кɨэɮɮиɰиɟɧɬа  
сɨɨɬвɟɬсɬвия ��. Вɟкɬɨра {�}� и {�̂}� ɧɨрɦирɨваɧы ɩɨ ɦɟɬрикɟ (4). 
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 ɭɡɟɥ 239 ɩɪɢɧаɞɥɟɠɢɬ ɫɬɟɪɠɧɸ, аɧаɥɨ-
ɝɢчɧɨɦɭ ɫɬɟɪɠɧɸ ɫ ɭɡɥɨɦ 173, ɧа ɩаɪаɥɥɟɥь-
ɧɨɣ P-ɨɛɪаɡɧɨɣ ɪаɦɟ;  ɭɡɥы 192 ɢ 164 ɩɪɢɧаɞɥɟɠаɬ ɝɨɪɢɡɨɧ-
ɬаɥьɧыɦ ɫɬɟɪɠɧяɦ, ɤɨɬɨɪыɟ ɫɨɟɞɢɧяɸɬ P-ɨɛ-
ɪаɡɧыɟ ɪаɦы. Сɬɟɪɠɟɧь ɫ ɭɡɥɨɦ №192 ɩɪɢ-
ɭɪɨчɟɧ ɤ ɭɡɥаɦ 42 ɢ 121 (ɤɨɧɰɟɧɬɪаɬɨɪы 
ɧаɩɪяɠɟɧɢɣ). Сɬɟɪɠɟɧь ɫ ɭɡɥɨɦ 164 ɪаɫɩɨɥа-
ɝаɟɬɫя ɩɨɞ ɫɬɟɪɠɧɟɦ ɫ ɭɡɥɨɦ 192. 
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ВВȿДȿɇИȿ 
 
Сɟɬчаɬыɟ ɨɛɨɥɨчɤɢ ɩɪɟɞɫɬавɥяɸɬ ɫɨɛɨɣ ɫɩɟɰɢ-
фɢчɟɫɤɢɣ ɤɥаɫɫ ɫɬɪɨɢɬɟɥьɧых ɤɨɧɫɬɪɭɤɰɢɣ, ɫɨ-
чɟɬаɸɳɢх в ɫɟɛɟ ɪяɞ ɤаɤ ɩɨɥɨɠɢɬɟɥьɧых, ɬаɤ ɢ 
ɨɬɪɢɰаɬɟɥьɧых ɨɫɨɛɟɧɧɨɫɬɟɣ. К ɩɟɪвыɦ ɦɨɠɧɨ 
ɨɬɧɟɫɬɢ в выɫɨɤɭɸ ɩɟɪɟвяɡаɧɧɨɫɬь ɤɨɧɫɬɪɭɤ-
ɰɢɣ. В ɪɟɡɭɥьɬаɬɟ, ɩɪɢ выɤɥɸчɟɧɢɢ ɢɡ ɪаɛɨɬы 
ɨɞɧɨɝɨ ɷɥɟɦɟɧɬа ɩɪɨɢɫхɨɞɢɬ ɩɟɪɟɪаɫɩɪɟɞɟɥɟ-
ɧɢɟ ɭɫɢɥɢɣ ɧа ɫɨɫɟɞɧɢɟ. К ɨɬɪɢɰаɬɟɥьɧыɦ 
ɫвɨɣɫɬваɦ ɨɬɧɨɫɢɬɫя, ɩɪɟɠɞɟ вɫɟɝɨ, чɭвɫɬвɢ-
ɬɟɥьɧɨɫɬь ɤ ɧɟɪавɧɨɦɟɪɧыɦ ɨɫаɞɤаɦ. 
Раɫɫɦаɬɪɢваɟɦɨɟ ɩɨɤɪыɬɢɟ ɩɪɟɞɫɬавɥяɟɬ ɫɨɛɨɣ 
ɫɟɬчаɬɭɸ ɨɛɨɥɨчɤɭ ɫ ɤɪɭɩɧыɦɢ ɪɨɦɛɨвɢɞɧыɦɢ 

ячɟɣɤаɦɢ, ɡаɩɨɥɧяɟɦыɦɢ ɛɨɥɟɟ ɦɟɥɤɢɦɢ ɷɥɟ-
ɦɟɧɬаɦɢ, ɤɨɬɨɪыɟ ɨɛɪаɡɭɸɬ ɬɪɟɭɝɨɥьɧɭɸ 
ɫɟɬɤɭ. Дɥя ɤɨɦɩɟɧɫаɰɢɢ ɞɟфɨɪɦаɰɢɣ ɢ ɩɟɪɟ-
ɦɟɳɟɧɢɣ ɫɨɨɪɭɠɟɧɢя в ɩɪɨɰɟɫɫɟ ɫɬаɬɢчɟ-
ɫɤɨɝɨ ɢ ɫɟɣɫɦɢчɟɫɤɨɝɨ ɧаɝɪɭɠɟɧɢя ɫɬыɤɨвɤа 
ɫ ɧɢɠɟɥɟɠаɳɢɦɢ ɠɟɥɟɡɨɛɟɬɨɧɧыɦɢ ɤɨɧ-
ɫɬɪɭɤɰɢяɦɢ ɩɪɨɢɡвɨɞɢɬɫя чɟɪɟɡ ɷɥаɫɬɨɦɟɪ-
ɧыɟ (ɪɟɡɢɧɨɦɟɬаɥɥɢчɟɫɤɢɟ) ɨɩɨɪы. Саɦɨ ɫɨ-
ɨɪɭɠɟɧɢɟ ɩɪɢ ɷɬɨɦ ɩɨɞɟɥɟɧɨ ɧа шɟɫɬь ɞɟфɨɪ-
ɦаɰɢɨɧɧых ɛɥɨɤɨв ɧа ɟɞɢɧɨɣ фɭɧɞаɦɟɧɬɧɨɣ 
ɩɥɢɬɟ. 
 



Кɨɦɩɥɟɤɫɧɨɟ ɤɨɧɟчɧɨɷɥɟɦɟɧɬɧɨɟ ɦɨɞɟɥɢɪɨваɧɢɟ НДС ɢ ɭɫɬɨɣчɢвɨɫɬɢ ɫɟɬчаɬɨɣ ɨɛɨɥɨчɤɢ ɩɨɤɪыɬɢя 
ɛɨɥьшɟɩɪɨɥɟɬɧɨɝɨ ɫɨɨɪɭɠɟɧɢя ɫ ɷɥаɫɬɨɦɟɪɧыɦɢ ɨɩɨɪаɦɢ 
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Рис. 1. Ɉɛщиɣ виɞ расчɟɬɧɨɣ ɦɨɞɟɥи  

с «ɩɨкрыɬиɟ-эɥасɬɨɦɟры-ɠ/ɛ  
кɨɧсɬрукɰии-ɨсɧɨваɧиɟ». 

 

 
Рис. 2. Ɉɛщиɣ виɞ расчɟɬɧɨɣ ɦɨɞɟɥи  

ɩɨкрыɬия сɨɨруɠɟɧия. 

 
Рис. 3. Тиɩɨвɨɣ раɡрɟɡ ɩɨ ɥаɦиɧирɨваɧɧɨɦу 

эɥасɬɨɦɟрɧɨɦу ɛɥɨку  
(уɡɥы крɟɩɥɟɧия усɥɨвɧɨ ɧɟ ɩɨкаɡаɧы). 

 
 
1. ɉɊȿДɉɈСЫɅɄИ И ɉɈДХɈДЫ  

Ʉ ɆɈДȿɅИɊɈВАɇИɘ 
 
Рɟаɥɢɡɭɟɦыɣ ɩɨɞхɨɞ вɤɥɸчаɥ ɪаɡɪаɛɨɬɤɭ ɤаɤ 
ɛаɡɨвых ɨɛɨɥɨчɟчɧɨ-ɫɬɟɪɠɧɟвых ɦɨɞɟɥɟɣ ɫɢ-
ɫɬɟɦы «ɩɨɤɪыɬɢɟ-ɷɥаɫɬɨɦɟɪы-ɠɟɥɟɡɨɛɟɬɨɧ-
ɧыɟ ɤɨɧɫɬɪɭɤɰɢɢ-ɨɫɧɨваɧɢɟ» ɞɥя ɩɨɥɭчɟɧɢя 
ɩɪɟɞваɪɢɬɟɥьɧых ɪɟɡɭɥьɬаɬɨв, ɬаɤ ɢ ɭɬɨчɧɟɧ-
ɧых ɨɛɨɥɨчɟчɧых ɫ ɭчɟɬɨɦ ɝɟɨɦɟɬɪɢɢ ɫɟчɟɧɢɣ 
ɢ ɫɬыɤɨвɤɢ ɷɥɟɦɟɧɬɨв (в ɩɪɨɝɪаɦɦɧɨɦ ɤɨɦ-
ɩɥɟɤɫɟ ANSВS).  
В ɤачɟɫɬвɟ ɨɫɧɨвɧых ɤɨɧɟчɧых ɷɥɟɦɟɧɬɨв 
ɩɪɢɧɢɦаɥɢɫь ɫɬɟɪɠɧɟвыɟ BEAM188 ɢ ɨɛɨɥɨ-
чɟчɧыɟ SHELL181. Наɝɪɭɡɤɢ, ɦаɫɫы ɢ ɤɨɷф-
фɢɰɢɟɧɬы ɩɨɫɬɟɥɢ ɩɪɢɤɥаɞываɥɢɫь ɩɨɫɪɟɞ-
ɫɬвɨɦ ɷɥɟɦɟɧɬɨв SURF154. Дɥя ɦаɬɟɪɢаɥа 

ɫɬаɥьɧых ɤɨɧɫɬɪɭɤɰɢɣ ɩɪɢɦɟɧяɥаɫь ɛɢɥɢɧɟɣ-
ɧая ɦɨɞɟɥь ɫ ɤɢɧɟɦаɬɢчɟɫɤɢɦ ɭɩɪɨчɧɟɧɢɟɦ. 
Эɥаɫɬɨɦɟɪы ввɨɞɢɥɢɫь в ɫɢɫɬɟɦɭ чɟɪɟɡ ɨɞɧɨ-
ɦɟɪɧыɟ ɩɪɭɠɢɧɧыɟ ɤɨɧɟчɧыɟ ɷɥɟɦɟɧɬы 
COMBIN14 Д3Ж, ɨɬвɟчаɸɳɢɟ ɡа ɪɟаɥɢɡаɰɢɸ 
ɨɬɞɟɥьɧых ɫɬɟɩɟɧɟɣ ɫвɨɛɨɞы. ɀɟɫɬɤɨɫɬɢ ɩɪɢ-
ɧɢɦаɥɢɫь ɧа ɨɫɧɨваɧɢɢ ɩɪɨвɟɞɟɧɧых ɢɫɩыɬа-
ɧɢɣ Д2Ж. Иɫɩɨɥьɡɨваɧɢɟ ɩɨɞɨɛɧых КЭ в ɥɢɧɟɣ-
ɧɨɣ ɩɨɫɬаɧɨвɤɟ вɨɡɦɨɠɧɨ ɫ ɭчɟɬɨɦ ɞɨɫɬаɬɨчɧɨ 
ɭɡɤɨɣ ɝɢɫɬɟɪɟɡɢɫɧɨɣ ɤɪɢвɨɣ ɞɟфɨɪɦɢɪɨваɧɢя 
(ɫɦ. ɪɢɫɭɧɨɤ 5) ɩɪɢɦɟɧяɟɦɨɣ ɨɩɨɪы. Каɤ ɫɥɟɞ-
ɫɬвɢɟ ɷɬɨɝɨ ɤɨɧɫɬɪɭɤɬɢвɧɨɝɨ ɪɟшɟɧɢя, ɫɨɟɞɢ-
ɧɟɧɢɟ ɨɛɥаɞаɟɬ ɧɢɡɤɢɦɢ ɞɟɦɩфɢɪɭɸɳɢɦɢ 
ɫвɨɣɫɬваɦɢ Д1Ж. 
Раɫчɟɬ ɫɢɫɬɟɦы ɫ ɭчɟɬɨɦ вɨɡɦɨɠɧɨɣ ɩɨɞаɬɥɢ-
вɨɫɬɢ ɨɩɨɪ ɢ ɢх вɥɢяɧɢя ɧа ɩɪɨɰɟɫɫ ɞɟфɨɪɦɢ-
ɪɨваɧɢя ɩɪɨɢɡвɨɞɢɥɫя в ɝɟɨɦɟɬɪɢчɟɫɤɨɣ ɢ 
фɢɡɢчɟɫɤɨɣ ɧɟɥɢɧɟɣɧых ɩɨɫɬаɧɨвɤах. 
Оɬɞɟɥьɧɨ ɩɪɨвɨɞɢɥɢɫь ɪаɫчɟɬɧыɟ ɢɫɫɥɟɞɨва-
ɧɢя ɤɨɧɫɬɪɭɤɰɢɢ ɧа ɫɟɣɫɦɢчɟɫɤɨɟ вɨɡɞɟɣ-
ɫɬвɢɟ, ɡаɞаɧɧɨɟ ɫɢɧɬɟɡɢɪɨваɧɧɨɣ ɬɪɟхɤɨɦɩɨ-
ɧɟɧɬɧɨɣ аɤɫɟɥɟɪɨɝɪаɦɦɨɣ (ɩɪɢвɟɞɟɧы ɧа ɪɢ-
ɫɭɧɤɟ 7). За ɛаɡɨвɨɟ ɡɧачɟɧɢɟ ɞɟɦɩфɢɪɨваɧɢя 
ɩɪɢɧяɬа вɟɥɢчɢɧа 5%, ɤаɤ ɪɟɤɨɦɟɧɞɭɟɦая ɞɥя 
ɤɨɧɫɬɪɭɤɰɢɣ ɧа ɛɨɥɬах. 
Рɟшɟɧɢɟ ɡаɞач ɫɟɣɫɦɢɤɢ ɢ ɩɪɨɝɪɟɫɫɢɪɭɸ-
ɳɟɝɨ ɨɛɪɭшɟɧɢя ɩɪɨɢɡвɨɞɢɬɫя ɫ ɩɪɢɦɟɧɟ-
ɧɢɟɦ ɦɟɬɨɞа ɩɪяɦɨɝɨ ɢɧɬɟɝɪɢɪɨваɧɢя ɭɪавɧɟ-
ɧɢɣ ɞɢɧаɦɢɤɢ вɨ вɪɟɦɟɧɢ Ньɸɦаɪɤа (шаɝ ɢɧ-
ɬɟɝɪɢɪɨваɧɢя 0.005 ɫ). Дɥя ɩɪɨɝɪɟɫɫɢɪɭɸ-
ɳɟɝɨ ɨɛɪɭшɟɧɢя вɟɥɢчɢɧа ɞɟɦɩфɢɪɨваɧɢя 
ɩɪɢɧяɬа ɷɤвɢваɥɟɧɬɧɨɣ ɫɟɣɫɦɢчɟɫɤɨɣ. Дɥя 
ɞвɭх ɫɥɭчаɟв явɥяɟɬɫя хаɪаɤɬɟɪɧыɦ ɪаɡвɢɬɢɟ 
ɡɧачɢɬɟɥьɧых ɩɥаɫɬɢчɟɫɤɢх ɞɟфɨɪɦаɰɢɣ, ɤɨ-
ɬɨɪыɟ ɫɨɩɭɬɫɬвɭɸɬ выɫвɨɛɨɠɞɟɧɢɸ ɷɧɟɪɝɢɢ 
ɫɢɫɬɟɦɨɣ. 
Рɟшɟɧɢɟ ɞɢɧаɦɢчɟɫɤɢх ɡаɞач ɩɪɨɢɡвɨɞɢɥɨɫь 
в ɞва ɷɬаɩа: 
1) ɤваɡɢɫɬаɬɢчɟɫɤɨɟ ɧаɝɪɭɠɟɧɢɟ ɩɪɢ ɩɨвы-
шɟɧɧɨɦ ɞɟɦɩфɢɪɨваɧɢɢ ɞɥя ɝашɟɧɢя ɤɢɧɟɬɢ-
чɟɫɤɨɣ ɷɧɟɪɝɢɢ ɫɢɫɬɟɦы; 
2) ɞɢɧаɦɢчɟɫɤɢɣ ɪаɫчɟɬ вɨ вɪɟɦɟɧɢ. 
Иɫɫɥɟɞɨваɧɧыɟ ɫɰɟɧаɪɢɢ ɝɢɩɨɬɟɬɢчɟɫɤɢх ɥɨ-
ɤаɥьɧых ɪаɡɪɭшɟɧɢɣ: 
1) выхɨɞ ɢɡ ɫɬɪɨя ɞвɭх ɫɦɟɠɧых ɛɥɨɤɨв ɷɥа-
ɫɬɨɦɟɪɧых ɨɩɨɪ; 
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Рис. 4. Исɩыɬаɧиɟ эɥасɬɨɦɟрɧɨɣ  

ɨɩɨры ɧа сɞвиɝ. 
 

 
Рис. 5. Диаɝраɦɦа ɰикɥичɟскɨɝɨ ɧаɝруɠɟɧия 

эɥасɬɨɦɟрɧɨɣ ɨɩɨры. 
 

 
Рис. 6. ɋхɟɦа ɨɩираɧия кɨɧсɬрукɰиɣ  

ɩɨкрыɬия ɧа ɠ.ɛ. кɨɧсɬрукɰии. 
 
2) выхɨɞ ɢɡ ɫɬɪɨя шаɪɧɢɪɧɨɝɨ ɭɡɥа ɤɪɟɩɥɟɧɢя 
аɪɤɢ ɢɡ ɤɨɪɨɛчаɬɨɝɨ ɩɪɨфɢɥя 200х600 ɤ ɨɩɨɪ-
ɧɨɦɭ ɤɨɧɬɭɪɭ 600х200; 
3) ɩɨɬɟɪя ɭɫɬɨɣчɢвɨɝɨ ɩɨɥɨɠɟɧɢя ɠɟɥɟɡɨɛɟ-
ɬɨɧɧɨɣ ɨɩɨɪɧɨɣ ɤɨɥɨɧɧɨɣ 800х800, ɤɨɬɨɪая 
ɫɥɭɠɢɬ ɨɩɨɪɨɣ ɩɨɤɪыɬɢя; 
4) ɪаɡɪɭшɟɧɢɟ ɭɡɥа аɪɤɢ 200х600 в ɡɨɧɟ ɨɩɢ-
ɪаɧɢя ɧа ɞвɭɬавɪɨвɭɸ ɛаɥɤɭ 600; 
5) ɪаɡɪɭшɟɧɢɟ ɨɩɨɪɧɨɝɨ ɤɨɧɬɭɪа ɢɡ ɷɥɟɦɟɧ-
ɬɨв 600х200. 

 

 

 
Рис. 7. ɋиɧɬɟɡирɨваɧɧая ɬрɟхкɨɦɩɨɧɟɧɬɧая 

аксɟɥɟрɨɝраɦɦа. 
 

 
Рис. 8. ɋхɟɦа расɩɨɥɨɠɟɧия ɨɬкɥɸчаɟɦых 

эɥɟɦɟɧɬɨв. 
 
Пɪɢ ɪаɫчɟɬɟ ɧа ɩɪɨɝɪɟɫɫɢɪɭɸɳɟɟ ɨɛɪɭшɟɧɢɟ 
вɥɢяɧɢɟ ɫɤɨɪɨɫɬɟɣ ɞɟфɨɪɦɢɪɨваɧɢя ɧа ɩɪɟ-
ɞɟɥьɧɭɸ ɧɟɫɭɳɭɸ ɫɩɨɫɨɛɧɨɫɬь ɷɥɟɦɟɧɬɨв в 
ɡаɩаɫ ɧɟ ɭчɢɬываɥɨɫь. Уɞаɥɟɧɢɟ ɷɥɟɦɟɧɬа 
ɩɪɨɢɡвɨɞɢɬɫя ɩɭɬɟɦ ɩɨɫɬɟɩɟɧɧɨɝɨ ɫɧɢɠɟɧɢя 
ɠɟɫɬɤɨɫɬɢ ɷɥɟɦɟɧɬа в 10 000 ɪаɡ. 



Кɨɦɩɥɟɤɫɧɨɟ ɤɨɧɟчɧɨɷɥɟɦɟɧɬɧɨɟ ɦɨɞɟɥɢɪɨваɧɢɟ НДС ɢ ɭɫɬɨɣчɢвɨɫɬɢ ɫɟɬчаɬɨɣ ɨɛɨɥɨчɤɢ ɩɨɤɪыɬɢя 
ɛɨɥьшɟɩɪɨɥɟɬɧɨɝɨ ɫɨɨɪɭɠɟɧɢя ɫ ɷɥаɫɬɨɦɟɪɧыɦɢ ɨɩɨɪаɦɢ 

Volume 10, Issue 3, 2014 67 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

В ɤачɟɫɬвɟ ɨɫɧɨвɧых ɤɪɢɬɟɪɢɟв ɡаɬɭхаɧɢя 
ɩɪɨɰɟɫɫа ɞɟфɨɪɦɢɪɨваɧɢя ɩɪɢɧяɬы: 
– ɫɧɢɠɟɧɢɟ ɢ ɨɬɫɭɬɫɬвɢɟ ɪɨɫɬа ɤɢɧɟɬɢчɟɫɤɨɣ 
ɷɧɟɪɝɢɢ ɧа ɩɪɨɞɨɥɠɢɬɟɥьɧɨɦ ɩɪɨɦɟɠɭɬɤɟ 
вɪɟɦɟɧɢ; 
– ɫɬаɛɢɥɢɡаɰɢя ɞɢɧаɦɢчɟɫɤɢх ɩɟɪɟɦɟɳɟɧɢɣ ɢ 
ɭɫɢɥɢɣ в ɫɬɟɪɠɧях ɷɥɟɦɟɧɬɨв. 
 
 
2. ɍСɌɈɃЧИВɈСɌɖ ɄɈɇСɌɊɍɄЦИɃ 

ɉɈɄɊЫɌИə И ɇДС ɗɅАСɌɈɆȿɊɈВ 
 

Ваɠɧɨɣ ɫɬаɞɢɟɣ аɧаɥɢɡа ɫɬаɥ ɭчɟɬ ɩɨɞаɬɥɢвɨ-
ɫɬɢ ɭɡɥɨв ɤɪɟɩɥɟɧɢя ɫɬɟɪɠɧɟвых ɷɥɟɦɟɧɬɨв 
ɡаɩɨɥɧɟɧɢя ɪɨɦɛɢчɟɫɤɢх ячɟɟɤ. Раɫɫɦɨɬɪɟɧ-
ɧыɣ ваɪɢаɧɬ ɫ шаɪɧɢɪɧыɦ ɤɪɟɩɥɟɧɢɟɦ, ɩɨɞ-
ɬвɟɪɠɞɟɧɧыɣ ɧа ɨɫɧɨваɧɢɢ ɬɪɟɛɨваɧɢɣ Евɪɨ-
ɤɨɞа 3 ɩɨ ɷɤвɢваɥɟɧɬɧыɦ ɩɨɝɨɧɧыɦ ɠɟɫɬɤɨ-
ɫɬяɦ, ɩɪɢвɨɞɢɥ ɤ ɥɨɤаɥьɧɨɣ ɩɨɬɟɪɟ ɭɫɬɨɣчɢ-
вɨɫɬɢ в вɢɞɟ «ɩɪɨɳɟɥɤɢваɧɢя». С ɭчɟɬɨɦ 
ɷɬɨɝɨ ɩɪɢɧяɬɨ ɠɟɫɬɤɨɟ ɤɨɧɫɬɪɭɤɬɢвɧɨɟ ɪɟшɟ-
ɧɢɟ ɭɡɥа. 
Сɥɟɞɭɸɳɢɣ ɷɬаɩ – ɨɩɪɟɞɟɥɟɧɢɟ ɤɪɢɬɢчɟɫɤɢх 
вɟɥɢчɢɧ ɧаɝɪɭɡɨɤ ɩɨɬɟɪɢ ɭɫɬɨɣчɢвɨɫɬɢ ɩɨ 
ɭɬɨчɧɟɧɧыɦ ɨɛɨɥɨчɟчɧыɦ ɦɨɞɟɥяɦ. В ɤачɟ-
ɫɬвɟ ɨɫɧɨвɧых фɨɪɦ ɩɨɞɬвɟɪɠɞɟɧɨ ɥɨɤаɥьɧɨɟ 
«ɩɪɨɳɟɥɤɢваɧɢɟ» ɩɪɢ ɠɟɫɬɤɨɦ ɫɨɩɪяɠɟɧɢɢ 
ɷɥɟɦɟɧɬɨв, ɧɨ ɧа ɛɨɥьшɢх ɤɨɷффɢɰɢɟɧɬах ɩɨ 
ɧаɝɪɭɡɤɟ (ɨɬ 1.3 ɢ вышɟ) ɧɟɠɟɥɢ ɩɪɢ шаɪɧɢɪ-
ɧɨɣ ɫɬыɤɨвɤɟ. 
 

 
Рис. 9. Ʌɨкаɥиɡаɰия вɟрɬикаɥьɧых ɩɟрɟɦɟ-

щɟɧиɣ кɨɧсɬрукɰиɣ в ɡɨɧах  
«ɩрɨщɟɥкиваɧия», ɦ.  

 
Рис. 10. Эквиваɥɟɧɬɧыɟ ɧаɩряɠɟɧия  

ɩɨ Миɡɟсу в эɥɟɦɟɧɬах ɩɨкрыɬия ɩри К=1.5, 
кɉа. Макс. 341304 кɉа. 

 

В ɤачɟɫɬвɟ ɨɬɞɟɥьɧых ɥɨɤаɥьɧых ɥɢɧɟɣɧых 
фɨɪɦ ɩɨɬɟɪɢ ɭɫɬɨɣчɢвɨɫɬɢ ɤɨɧɫɬɪɭɤɰɢɢ выɞɟ-
ɥяɟɬɫя ɥɨɤаɥьɧая ɞɟфɨɪɦаɰɢя ɫɬɟɧɨɤ ɨɫɧɨв-
ɧых ɩɟɪɟɤɪɟɫɬɧых аɪɨɤ (ɤɨɷффɢɰɢɟɧɬы ɩɨ 
ɧаɝɪɭɡɤɟ ɨɬ 3.5 ɢ вышɟ) в ɡɨɧɟ ɨɩɨɪɧых ɤɨɧ-
ɫɬɪɭɤɰɢɣ (ɫɦ. ɪɢɫɭɧɨɤ 11). 
 

 
Рис. 11. Фɨрɦа ɥиɧɟɣɧɨɣ ɥɨкаɥьɧɨɣ  

ɩɨɬɟри усɬɨɣчивɨсɬи сɬɟɧкɨɣ ɬруɛы.  
 
 

3. СȿɃСɆИЧȿСɄɈȿ ВɈɁДȿɃСɌВИȿ 
 
В ɢɫɫɥɟɞɨваɧɢях НДС ɤɨɧɫɬɪɭɤɰɢɢ ɩɪɢ ɫɟɣ-
ɫɦɢчɟɫɤɨɦ вɨɡɞɟɣɫɬвɢɢ ɤɪɢɬɟɪɢаɥьɧыɦɢ яв-
ɥяɸɬɫя ɩɟɪɟɦɟɳɟɧɢя вɟɪхɧɢх ɭɡɥɨв ɷɥаɫɬɨ-
ɦɟɪɧых ɨɩɨɪ ɨɬɧɨɫɢɬɟɥьɧɨ ɧɢɠɧɢх – ɨɧɢ ɧɟ 
ɞɨɥɠɧы ɩɪɟвышаɬь ɡɧачɟɧɢɣ, ɨɩɪɟɞɟɥɟɧɧых 
ɧа ɨɫɧɨваɧɢɢ ɥаɛɨɪаɬɨɪɧых ɞаɧɧых ɩɨ ɢɫɩы-
ɬаɧɢяɦ, ɢ ɧɟ ɞɨɩɭɫɤаɬь ɫɨɭɞаɪɟɧɢɟ ɫ «ɛаɪьɟɪ-
ɧыɦɢ» ɠɟɥɟɡɨɛɟɬɨɧɧыɦɢ ɤɨɧɫɬɪɭɤɰɢяɦɢ ɫɨ-
ɨɪɭɠɟɧɢя (ɫɦ. ɪɢɫɭɧɨɤ 6). 
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Пɨ ɪɟɡɭɥьɬаɬаɦ ɩɪɨвɟɞɟɧɧɨɝɨ аɧаɥɢɡа ɧа ɨɫ-
ɧɨвɧыɟ ɫɬаɬɢчɟɫɤɢɟ ɤɨɦɛɢɧаɰɢɢ ɦаɤɫɢɦаɥь-
ɧɨɟ ɫɞвɢɝаɸɳɟɟ ɭɫɢɥɢɟ ɫɨɫɬавɢɥɨ 118 ɬ, чɬɨ 
ɷɤвɢваɥɟɧɬɧɨ 5.9 ɫɦ ɫɞвɢɝа вɟɪхɧɟɣ ɤɪышɤɢ 
ɷɥаɫɬɨɦɟɪа. Маɤɫɢɦаɥьɧɨɟ ɨɫɟвɨɟ ɫɠаɬɢɟ 144 
ɬ. В ɬаɛɥɢɰɟ 1 ɩɪɢвɟɞɟɧа выɛɨɪɤа ɦаɤɫɢɦаɥь-
ɧых ɡɧачɟɧɢɣ ɩɟɪɟɦɟɳɟɧɢɣ ɩɨ ɫɟɣɫɦɢчɟɫɤɨɦɭ 
вɨɡɞɟɣɫɬвɢɸ, ɫɨɝɥаɫɧɨ ɤɨɬɨɪɨɣ ɩɪɟвышɟɧɢɟ 
ɪаɫɫɦаɬɪɢваɟɦɨɝɨ ɩаɪаɦɟɬɪа ɨɬ ɞɢɧаɦɢчɟ-
ɫɤɨɝɨ вɨɡɞɟɣɫɬвɢя ɧаɞ аɦɩɥɢɬɭɞɧыɦ ɫɬаɬɢчɟ-
ɫɤɢɦ ɫɨɫɬавɢɥɨ 1.72 ɫɦ ɩɪɢ ɦаɤɫɢɦаɥьɧɨɦ 
ɡɧачɟɧɢɟ 7.62 ɫɦ (ɩɪɟɞɟɥьɧɨɟ ɡɧачɟɧɢɟ 8 ɫɦ).  

 
Таɛɥɢɰа 1. Маɤɫɢɦаɥьɧыɟ ɩɟɪɟɦɟɳɟɧɢя 

вɟɪхɧɢх ɭɡɥɨв ɷɥаɫɬɨɦɟɪɨв 

№ ɩ.ɩ. Xmin, 
ɫɦ 

Xmax, 
ɫɦ 

Ymin, 
ɫɦ 

Ymax, 
ɫɦ 

1 -3.44 0.47 -7.62* 2.16 
2 -5.1 1.54 -6.34* 0.83 
3 -5.33 2.25 -6.38* 1.77 
4 -2.78 6.87* -3.57 3.88 
5 -3.56 7.00* -3.3 3.96 
6 -3.31 6.95* -3.21 4.01 
7 -1.64 7.19* -4.29 3.86 
8 -2.65 2.82 1.62 6.21* 
9 -2.59 2.69 -1.96 6.86* 
10 -2.58 2.62 -1.65 6.27* 

* – ɨɬɦɟчɟɧы ɷɤɫɬɪɟɦɭɦы ɢ ɛɥɢɡɤɢɟ ɤ ɧɢɦ 
ɡɧачɟɧɢя 
 

 
Рис. 12. ɋɬаɬика+ɋɟɣсɦика. Граɮик  

ɩɟрɟɦɟщɟɧиɣ в ɩрɨсɬраɧсɬвɟ Х (ɲкаɥа 
TIME) и У (ɲкаɥа VALUE) вɟрхɧɟɝɨ уɡɥа  
эɥасɬɨɦɟра в ɩрɨɰɟссɟ ɧаɝруɠɟɧия, ɦ 
 (У- – ɧаɩравɥɟɧиɟ в сɬɨрɨɧу уɩɨра). 

 
Рис. 13. ɋɬаɬика+ɋɟɣсɦика. Ɉɛщиɟ 

ɩɟрɟɦɟщɟɧия (ɦ) ɩɨ У ɞɥя ɦɨɦɟɧɬа врɟɦɟɧи 
20.64 с. 

 
 

4. ɉɊɈȽɊȿССИɊɍɘɒȿȿ ɈȻɊɍɒȿɇИȿ 
 
Пɨ ɪɟɡɭɥьɬаɬаɦ ɪаɫчɟɬа ɧɟɫɭɳɢх ɤɨɧɫɬɪɭɤ-
ɰɢɣ ɩɨɤɪыɬɢя ɩɨ 5-ɬɢ ɫɰɟɧаɪɢяɦ ɥɨɤаɥьɧɨɝɨ 
ɪаɡɪɭшɟɧɢя ɩɨɥɭчɟɧы ɞаɧɧыɟ, ɩɨɞɬвɟɪɠɞаɸ-
ɳɢɟ ɭɫɬɨɣчɢвɨɫɬь ɤɨɧɫɬɪɭɤɰɢɣ ɤ ɭɤаɡаɧɧыɦ 
ɬɢɩаɦ аваɪɢɣɧых вɨɡɞɟɣɫɬвɢɣ. 
В ɩɪɨɰɟɫɫɟ выɤɥɸчɟɧɢя ɷɥɟɦɟɧɬɨв ɩɨ ɨɩɪɟ-
ɞɟɥɟɧɧыɦ ɫɰɟɧаɪɢяɦ ɩɪɨявɥяɟɬɫя ɡɧачɢɦɨɟ 
вɨɡɪаɫɬаɧɢɟ ɩɟɪɟɦɟɳɟɧɢɣ, ɫɤɨɪɨɫɬɟɣ ɞɟфɨɪ-
ɦɢɪɨваɧɢя ɢ ɤɢɧɟɬɢчɟɫɤɨɣ ɷɧɟɪɝɢɢ ɩɨ ɫхɟɦɟ. 
Пɪɢ ɷɬɨɦ ɭɪɨвɟɧь ɧаɩɪяɠɟɧɢɣ в ɧɟɫɭɳɢх ɷɥɟ-
ɦɟɧɬах ɧɟ ɩɪɟвɨɫхɨɞяɬ ɞɨɩɭɫɤаɟɦых. В ɞаɥь-
ɧɟɣшɟɦ ɡа ɫчɟɬ ɩɨвышɟɧɧɨɣ ɫвяɡɧɨɫɬɢ ɤɨɧ-
ɫɬɪɭɤɰɢɣ ɩɪɨɢɫхɨɞɢɬ ɫɬаɛɢɥɢɡаɰɢɢ ɫ ɩɟɪɟ-
ɪаɫɩɪɟɞɟɥɟɧɢɟɦ ɭɫɢɥɢɣ ɢ ɩаɞɟɧɢɟɦ ɤɢɧɟɬɢ-
чɟɫɤɨɣ ɷɧɟɪɝɢɢ. 
 
 
ВЫВɈДЫ 
 
На ɩɪɨɫɬɪаɧɫɬвɟɧɧых ɨɛɨɥɨчɟчɧɨ-ɫɬɟɪɠɧɟ-
вɨɣ ɢ ɭɬɨчɧɟɧɧɨɣ ɨɛɨɥɨчɟчɧɨɣ КЭ-ɦɨɞɟɥях 
выɩɨɥɧɟɧɨ ɢɫɫɥɟɞɨваɧɢɟ ɧаɩɪяɠɟɧɧɨ-ɞɟфɨɪ-
ɦɢɪɨваɧɧɨɝɨ ɫɨɫɬɨяɧɢя ɢ ɤɨɷффɢɰɢɟɧɬа ɡа-
ɩаɫа ɩɨ ɭɫɬɨɣчɢвɨɫɬɢ ɤɨɧɫɬɪɭɤɰɢɣ ɩɨɤɪыɬɢя 
ɫ ɭчɟɬɨɦ фɢɡɢчɟɫɤɨɣ ɢ ɝɟɨɦɟɬɪɢчɟɫɤɨɣ ɧɟɥɢ-
ɧɟɣɧɨɫɬɟɣ. Наɢɦɟɧьшɢɣ ɤɨɷффɢɰɢɟɧɬ ɡаɩаɫа 
ɧɟɫɭɳɢх ɤɨɧɫɬɪɭɤɰɢɣ ɩɨɤɪыɬɢя ɩɨ ɭɫɬɨɣчɢ-
вɨɫɬɢ ɫɨɫɬавɢɥ 1.3. 
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Рис. 14. ɋɰɟɧариɣ 3. Расɩрɟɞɟɥɟɧиɟ  

киɧɟɬичɟскɨɣ эɧɟрɝии ɩɨ сисɬɟɦɟ в ɦɨɦɟɧɬ 
врɟɦɟɧи T = 0.850 с (ɦакс 0.014405). 

 

 
Рис. 15. ɋɰɟɧариɣ 3. Расɩрɟɞɟɥɟɧиɟ  

киɧɟɬичɟскɨɣ эɧɟрɝии ɩɨ сисɬɟɦɟ в ɦɨɦɟɧɬ 
врɟɦɟɧи  T = 15.0 с (ɦакс 0.108×10-5). 

 

 
Рис. 16. ɋɰɟɧариɣ 3. ɋуɦɦарɧыɟ  

ɩɟрɟɦɟщɟɧия в ɦɨɦɟɧɬ врɟɦɟɧи T=15 сɟк. 
 
Раɫчɟɬɧая ɨɰɟɧɤа ɩɪɢɦɟɧɢɦɨɫɬɢ ɷɥаɫɬɨɦɟɪ-
ɧых ɨɩɨɪ ɩɪɢ ɫɬаɬɢчɟɫɤɢх ɢ ɫɟɣɫɦɢчɟɫɤɢх 
ɧаɝɪɭɡɤах ɩɨɤаɡаɥа вɨɡɦɨɠɧɨɫɬь ɢх ɢɫɩɨɥь-
ɡɨваɧɢя. Сɞвɢɝɨвыɟ ɫɦɟɳɟɧɢя ɭɡɥɨв ɧахɨ-
ɞяɬɫя в ɥɢɦɢɬɢɪɨваɧɧɨɦ ɞɢаɩаɡɨɧɟ, ɫɨɭɞаɪɟ-
ɧɢя ɫ ɭɩɨɪɧыɦɢ ɠɟɥɟɡɨɛɟɬɨɧɧыɦɢ ɤɨɧɫɬɪɭɤ-
ɰɢяɦɢ ɧɟ ɩɪɨɢɫхɨɞɢɬ. 

 
Рис. 17. ɋɰɟɧариɣ 3. Граɮик иɡɦɟɧɟɧия ɩрɨ-

ɞɨɥьɧɨɣ сиɥы в эɥɟɦɟɧɬах сɦɟɠɧых  
с ɡɨɧɨɣ уɞаɥɟɧɧɨɝɨ эɥɟɦɟɧɬа, кН. 

 

 
Рис. 18. ɋɰɟɧариɣ 3. Граɮик иɡɦɟɧɟɧия  
киɧɟɬичɟскɨɣ эɧɟрɝии в уɡɥɟ сɬыкɨвки  

уɞаɥɟɧɧɨɣ кɨɥɨɧɧы с ɛаɥкɨɣ. 
 
Пɪɨвɟɞɟɧы ɢɫɫɥɟɞɨваɧɢя ɭɫɬɨɣчɢвɨɫɬɢ ɤɨɧ-
ɫɬɪɭɤɰɢɣ ɩɨɤɪыɬɢя ɤ ɩɪɨɝɪɟɫɫɢɪɭɸɳɟɦɭ ɨɛ-
ɪɭшɟɧɢɸ ɩɨ ɩяɬɢ ɫɰɟɧаɪɢяɦ ɝɢɩɨɬɟɬɢчɟɫɤɨɝɨ 
ɢɧɢɰɢɢɪɭɸɳɟɝɨ ɥɨɤаɥьɧɨɝɨ ɪаɡɪɭшɟɧɢя в ɞɢ-
ɧаɦɢчɟɫɤɨɣ ɩɨɫɬаɧɨвɤɟ ɫ ɭчɟɬɨɦ фɢɡɢчɟɫɤɨɣ 
ɢ ɝɟɨɦɟɬɪɢчɟɫɤɨɣ ɧɟɥɢɧɟɣɧɨɫɬɟɣ. Вɨ вɫɟх ɢɫ-
ɫɥɟɞɨваɧɧых ɫɥɭчаях ɭɫɬɨɣчɢвɨɫɬь ɨɛɟɫɩɟчɢ-
ваɟɬɫя ɫɨ ɡɧачɢɦыɦ ɡаɩаɫɨɦ. 

 
 
ɁАɆȿЧАɇИə 
 
Иɫɫɥɟɞɨваɧɢя ɩɪɨвɨɞɢɥɢɫь в ɪаɦɤах ɪаɛɨɬ 
ɩɨ Ƚɪаɧɬɭ 7.1.7 Рɨɫɫɢɣɫɤɨɣ аɤаɞɟɦɢɢ аɪхɢ-
ɬɟɤɬɭɪы ɢ ɫɬɪɨɢɬɟɥьɧых ɧаɭɤ «Раɡɪаɛɨɬɤа, ɢɫ-
ɫɥɟɞɨваɧɢɟ ɢ вɟɪɢфɢɤаɰɢя ɤɨɪɪɟɤɬɧых чɢɫ-
ɥɟɧɧых ɦɟɬɨɞɨв ɪɟшɟɧɢя ɝɟɨɦɟɬɪɢчɟɫɤɢ, фɢ-
ɡɢчɟɫɤɢ ɢ ɤɨɧɫɬɪɭɤɬɢвɧɨ ɧɟɥɢɧɟɣɧых ɡаɞач 
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ɞɟфɨɪɦɢɪɨваɧɢя, ɭɫɬɨɣчɢвɨɫɬɢ ɢ ɡаɤɪɢɬɢчɟ-
ɫɤɨɝɨ ɩɨвɟɞɟɧɢя ɬɨɧɤɨɫɬɟɧɧых ɨɛɨɥɨчɟчɧɨ-
ɫɬɟɪɠɧɟвых ɤɨɧɫɬɪɭɤɰɢɣ» ɧа 2013-2015 ɝɝ. 
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ɍɇИВȿɊСИɌȿɌА ȽɈɊɈДА ɗɃɇДХɈВȿɇ 
 

А.В. Дорошенко 

Мɨɫɤɨвɫɤɢɣ ɝɨɫɭɞаɪɫɬвɟɧɧыɣ ɫɬɪɨɢɬɟɥьɧыɣ ɭɧɢвɟɪɫɢɬɟɬ, ɝ. Мɨɫɤва, РОССИə 
 

АɇɇɈɌАЦИə: Раɛɨɬа ɩɨɫвяɳɟɧа ɢɫɫɥɟɞɨваɧɢɸ вɟɬɪɨвɨɣ аɷɪɨɞɢɧаɦɢɤɢ ɧа ɬɟɪɪɢɬɨɪɢɢ ɬɟхɧɢчɟɫɤɨɝɨ 
ɭɧɢвɟɪɫɢɬɟɬа ɝ. Эɣɧɞхɨвɟɧ ɫ ɩɨɦɨɳьɸ чɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨваɧɢя в ɩɪɨɝɪаɦɦɧɨɦ ɤɨɦɩɥɟɤɫɟ Ansys CFX. 
Вɟɬɪɨвɨɣ ɪɟɠɢɦ ɬɟɪɪɢɬɨɪɢɢ ɪаɫɫɦаɬɪɢваɥɫя ɫ ɭчɟɬɨɦ ɢ ɛɟɡ ɭчɟɬа ɩɭɥьɫаɰɢɨɧɧɨɣ ɫɨɫɬавɥяɸɳɟɣ. Раɫɫɦɨɬ-
ɪɟɧы ɪɟɡɭɥьɬаɬы ɨɰɟɧɤɢ ɩɟшɟхɨɞɧɨɣ ɤɨɦфɨɪɬɧɨɫɬɢ ɩɨ ɪаɡɥɢчɧыɦ ɦɟɬɨɞɢɤаɦ ɢ ɧɨɪɦаɦ. 
 

Ʉлючевые словɚ: чɢɫɥɟɧɧɨɟ ɦɨɞɟɥɢɪɨваɧɢɟ, ɩɟшɟхɨɞɧая ɤɨɦфɨɪɬɧɨɫɬь, вɟɬɪɨвая аɷɪɨɞɢɧаɦɢɤа,  
Ansys CFX 

 
 

NUMERICAL SIMULATION OF WIND MODE AREA  
FOR CAMPUS OF TECHNICAL UNIVERSITY  

OF EINDHOVEN AS AN EXAMPLE 
 

Anna V. Doroshenko 
Moscow State University of Civil Engineering, Moscow, RUSSIA 

 
ABSTRACT: The distinctive paper is devoted to the wind aerodynamics on the territory of the Technical Univer-
sity of Eindhoven with the help of numerical simulation software package Ansys CFX. Wind rmode of the territory 
is considered with and without consideration of the fluctuating component. The results of assessment of pedestrian 
comfort by different methods and standards are presented. 
 

Key words: numerical simulation, pedestrian comfort, wind aerodynamics, Ansys CFX 
 

 
Вɟɬɪɨвɨɣ ɪɟɠɢɦ ɬɟɪɪɢɬɨɪɢɢ явɥяɟɬɫя ɨɞɧɢɦ 
ɢɡ ɧаɢɛɨɥɟɟ ваɠɧых ɩɪɢɪɨɞɧых фаɤɬɨɪɨв, ɤɨ-
ɬɨɪыɣ ɧɟɨɛхɨɞɢɦɨ ɭчɢɬываɬь ɩɪɢ ɫɬɪɨɢɬɟɥь-
ɫɬвɟ ɡɞаɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ. Вɨɡɞɟɣɫɬвɢɟ вɟɬ-
ɪɨвых ɩɨɬɨɤɨв в ɝɨɪɨɞɫɤɨɣ ɡаɫɬɪɨɣɤɟ ɦɨɠɟɬ 
ɩɪɢвɨɞɢɬь ɤ ɧɟɝаɬɢвɧɨɦɭ ɢɡɦɟɧɟɧɢɸ ɦɢɤɪɨ-
ɤɥɢɦаɬɢчɟɫɤɢх ɭɫɥɨвɢɣ вɨɡɞɭшɧɨɣ ɫɪɟɞы, а 
ɬаɤɠɟ ɫɩɨɫɨɛɧɨ ɫɥɭɠɢɬь ɢɫɬɨчɧɢɤɨɦ вɨɡɧɢɤ-
ɧɨвɟɧɢя ɧɟɛɥаɝɨɩɪɢяɬɧых ɫɢɬɭаɰɢɣ. Эɬɨ ɫвя-
ɡаɧɨ ɤаɤ ɫ ɨɛɪаɡɨваɧɢɟɦ ɡɨɧ ɡаɫɬɨя вɨɡɞɭха ɫ 
ɩɨвышɟɧɧыɦ ɭɪɨвɧɟɦ ɡаɝɪяɡɧɟɧɢя ɩɪɢɡɟɦ-
ɧɨɝɨ ɫɥɨя аɬɦɨɫфɟɪɧɨɝɨ вɨɡɞɭха, ɬаɤ ɢ ɫ ɭвɟ-
ɥɢчɟɧɢɟɦ ɫɤɨɪɨɫɬɢ вɟɬɪɨвых ɩɨɬɨɤɨв [1-3]. В 
ɧаɫɬɨяɳɟɣ ɪаɛɨɬɟ ɪаɫɫɦɨɬɪɟɧ ɩɪɢɦɟɪ чɢɫɥɟɧ-
ɧɨɝɨ ɦɨɞɟɥɢɪɨваɧɢя вɟɬɪɨвɨɝɨ ɪɟɠɢɦа ɧа 

ɬɟɪɪɢɬɨɪɢɢ ɤаɦɩɭɫа Тɟхɧɢчɟɫɤɨɝɨ ɭɧɢвɟɪɫɢ-
ɬɟɬа ɝ. Эɣɧɞхɨвɟɧ, ɤɨɬɨɪыɣ ɪаɫɩɨɥɨɠɟɧ ɧа 
ɸɝɟ Нɢɞɟɪɥаɧɞɨв. Еɝɨ ɤɨɨɪɞɢɧаɬы: 51,26 ɫ.ш. 
ɢ 5,30 в.ɞ.  
Рɟɥьɟф ɞаɧɧɨɣ ɦɟɫɬɧɨɫɬɢ ɩɥɨɫɤɢɣ. Дɨ ɛɥɢ-
ɠаɣшɢх хɨɥɦɨв ɢ Сɟвɟɪɧɨɝɨ ɦɨɪя, ɩɨ ɦɟɧь-
шɟɣ ɦɟɪɟ, 80 ɤɦ. Пɪɟɨɛɥаɞаɸɳɢɟ ɧаɩɪавɥɟ-
ɧɢя вɟɬɪа: ɡаɩаɞɧыɣ ɢ ɸɝɨ-ɡаɩаɞɧыɣ. Пɨ ɞаɧ-
ɧыɦ Мɟɬɟɨɫɬаɧɰɢɢ Эɣɧɞхɨвɟɧа ɛыɥа ɫɞɟɥаɧа 
выɛɨɪɤа аɪхɢва ɩɨɝɨɞы ɫ 2011 ɝɨɞа ɢ ɫɨɡɞаɧа 
ɬаɛɥɢɰа ɧаɩɪавɥɟɧɢя ɢ ɩɨвɬɨɪяɟɦɨɫɬɢ вɟɬɪɨв 
ɧа выɫɨɬɟ 10 ɦ. (в %), ɤɨɬɨɪая ɩɨɬɨɦ ɢɫɩɨɥь-
ɡɨваɥаɫь ɩɪɢ ɨɰɟɧɤɟ ɩɟшɟхɨɞɧɨɣ ɤɨɦфɨɪɬɧɨ-
ɫɬɢ.  
Ƚɥавɧɨɟ ɡɞаɧɢɟ ɤаɦɩɭɫа ɪаɫɩɨɥɨɠɟɧɨ ɤ ɫɟ-
вɟɪɭ ɨɬ ɰɟɧɬɪа ɝɨɪɨɞа. Оɧɨ ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɟ 
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ɪаɡɦɟɪы: выɫɨɬа H = 44,6 ɦ, шɢɪɢɧа W = 167 
ɦ ɢ ɝɥɭɛɢɧа D = 20 ɦɟɬɪɨв ɢ ɬɨчɧɭɸ ɨɪɢɟɧɬа-
ɰɢɸ ɧа ɫɟвɟɪ-ɸɝ, фаɫаɞы ɡɞаɧɢя: ɡаɩаɞɧыɣ ɢ 
вɨɫɬɨчɧыɣ  
Дɥя ɪаɫɫɦаɬɪɢваɟɦɨɝɨ ɭɧɢвɟɪɫɢɬɟɬа ɩɪɨвɨ-
ɞɢɥɢɫь ɧаɬɭɪɧыɟ ɢɫɩыɬаɧɢя в 1994-1997 ɝɝ., 
ɧɨ ɪɟɡɭɥьɬаɬы ɷɬɢх ɢɫɩыɬаɧɢɣ в ɥɢɬɟɪаɬɭɪɟ 
ɧɟ вɫɬɪɟчаɸɬɫя. К.П.В. Ƚɟɪɬɫɨɦ в 1997 ɝɨɞɭ 
ɛыɥа ɩɪɨвɟɞɟɧа ɫɟɪɢя ɷɤɫɩɟɪɢɦɟɧɬɨв в аɷɪɨ-
ɞɢɧаɦɢчɟɫɤɨɣ ɬɪɭɛɟ Ʌаɛɨɪаɬɨɪɢɢ Сɬɪɨɢɬɟɥь-
ɧɨɣ Аɷɪɨɞɢɧаɦɢɤɢ, Ȼɨхɭɦ, Ƚɟɪɦаɧɢя. Рɟɡɭɥь-
ɬаɬы, ɩɨɥɭчɟɧɧыɟ в хɨɞɟ ɷɤɫɩɟɪɢɦɟɧɬа в 
аɷɪɨɞɢɧаɦɢчɟɫɤɨɣ ɬɪɭɛɟ ɨɬɪаɠɟɧы в ɪаɛɨɬɟ 
[65]. Мɨɞɟɥь ɛыɥа ɫɤɨɧɫɬɪɭɢɪɨваɧа в ɦаɫ-
шɬаɛɟ 1: 350. Тɟɫɬ ɩɪɨвɨɞɢɥɫя ɩɪɢ ɫɪɟɞɧɟɣ 
ɫɤɨɪɨɫɬɢ вɟɬɪа 14ɦ/ɫ. На ɧавɟɬɪɟɧɧɨɣ ɫɬɨ-
ɪɨɧɟ ɛыɥɨ ɭɫɬаɧɨвɥɟɧɨ 42 ɞаɬчɢɤа ɞавɥɟɧɢя 
ɧа выɫɨɬах 0.97H, 0.72H ɢ 0.61Н.  
Дɥя чɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨваɧɢя ɫɤɨɪɨɫɬɟɣ 
вɟɬɪа в ɩɟшɟхɨɞɧых ɡɨɧах ɤаɦɩɭɫа ɬɟхɧɢчɟ-
ɫɤɨɝɨ ɭɧɢвɟɪɫɢɬɟɬа Эɣɧɞхɨвɟɧа ɛыɥа ɩɨɫɬɪɨ-
ɟɧа ɦɨɞɟɥь, ɤɨɬɨɪая ɫɨɫɬавɢɥа ɩɪɢɦɟɪɧɨ 1.5 
ɦɢɥɥɢɨɧа ɭɡɥɨв ɢ 4.32 ɦɢɥɥɢɨɧа ячɟɟɤ (2.3 
ɦɢɥɥɢɨɧа ɬɟɬɪаɷɞɪаɥьɧых, 2 ɦɢɥɥɢɨɧа ɩɪɢɡ-
ɦаɬɢчɟɫɤɢх ɢ 0.02 ɦɥɧ. ɝɟɤɫаɷɞɪаɥьɧых ячɟɟɤ) 
(ɪɢɫ. 1).  
 

 
Рис. 1. Каɦɩус ɬɟхɧичɟскɨɝɨ уɧивɟрсиɬɟɬа 
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Сɟɬɤа в ɩɪɢɡɟɦɧɨɣ ɨɛɥаɫɬɢ ɛыɥа ɩɨɥɭчɟɧа 
"выɞавɤɨɣ" ɞɨ ɧɭɥɟвɨɣ выɫɨɬы (10 ɷɥɟɦɟɧɬɨв 
ɨɛɳɟɣ выɫɨɬы 2,5 ɦ). Таɤɨɣ ɩɨɞхɨɞ  ɨɛɟɫɩɟчɢɥ 
ɞɨɫɬаɬɨчɧɭɸ ɢ ɷɤɨɧɨɦɢчɧɭɸ ɞɢɫɤɪɟɬɢɡаɰɢɸ 
ɩɨɬɨɤɨв в ɩɟшɟхɨɞɧых ɡɨɧах. Пɨɥɧая ɪаɫчɟɬ-
ɧая ɨɛɥаɫɬь ɩɪɟɞɫɬавɥяɟɬ ɫɨɛɨɣ  ɰɢɥɢɧɞɪ ɪа-
ɞɢɭɫɨɦ 793 ɦ ɢ выɫɨɬɨɣ 577 ɦ. 
Дɥя  ɨɛɥаɫɬɢ ɪаɫчɟɬа ɡаɞаɧ ɬɢɩ ɫɪɟɞы – ɢɞɟ-
аɥьɧыɣ ɝаɡ ɩɪɢ ɬɟɦɩɟɪаɬɭɪɟ 285К ɢ ɞавɥɟɧɢɢ 
1 аɬɦ. Заɞача ɪаɫɫɦаɬɪɢваɥаɫь в ɢɡɨɬɟɪɦɢчɟ-
ɫɤɨɣ ɩɨɫɬаɧɨвɤɟ. 
Пɪɢ ɩɨɞɝɨɬɨвɤɟ ɦɨɞɟɥɢ в ɩɪɟɩɪɨɰɟɫɫɨɪɟ AN-
SYS вɫɟɦ ɝɪɭɩɩаɦ ɩɨвɟɪхɧɨɫɬɟɣ (ɤɨɦɩɨɧɟɧ-
ɬаɦ) ɛыɥɢ ɩɪɢɫвɨɟɧы ɫɨɨɬвɟɬɫɬвɭɸɳɢɟ 
ɧаɢɦɟɧɨваɧɢя ɞɥя ɭɞɨɛɫɬва ɩɪɢɫвɨɟɧɢя в 
CFБ  ɝɪаɧɢчɧых ɭɫɥɨвɢɣ. В чаɫɬɧɨɫɬɢ ɧа ɛɨ-
ɤɨвɨɣ ɩɨвɟɪхɧɨɫɬɢ ɫɨɡɞаɧɨ 16 ɤɨɦɩɨɧɟɧɬ 
(ɭчаɫɬɤɢ ɩɨ 22.50). 
Дɥя ɤаɠɞɨɝɨ ɧаɩɪавɥɟɧɢя вɟɬɪа выɛɢɪаɟɬɫя 
вɨɫɟɦь ɤɨɦɩɨɧɟɧɬ ɞɥя ɝɪаɧɢчɧɨɝɨ ɭɫɥɨвɢя 
ɬɢɩа «вхɨɞ» (INLET в ɬɟɪɦɢɧах CFБ), ɞɥя 
ɢɧых вɨɫьɦɢ – ɭɫɥɨвɢɟ, ɩɨɡвɨɥяɸɳɟɟ ɩɨɬɨɤɭ 
ɤаɤ выхɨɞɢɬь ɢɡ ɪаɫчɟɬɧɨɣ ɨɛɥаɫɬɢ, ɬаɤ ɢ вхɨ-
ɞɢɬь в ɧɟɟ (OPENING в ɬɟɪɦɢɧах CFБ). На 
ɭɫɥɨвɢɢ OPENING ɡаɞаɧɨ ɢɡɛыɬɨчɧɨɟ ɞавɥɟ-
ɧɢɟ 0 Па. 
На вɟɪхɧɟɣ ɩɨвɟɪхɧɨɫɬɢ ɪаɫчɟɬɧɨɣ ɨɛɥаɫɬɢ 
(выɫɨɬа 577 ɦ) ɡаɞаɧɨ ɭɫɥɨвɢɟ ɫɢɦɦɟɬɪɢɢ, 
ɨɛɟɫɩɟчɢваɸɳɟɟ ɝɨɪɢɡɨɧɬаɥьɧɨɫɬь ɩɨɬɨɤа. 
На ɧɢɠɧɟɣ ɩɨвɟɪхɧɨɫɬɢ ɪаɫчɟɬɧɨɣ ɨɛɥаɫɬɢ ɢ 
ɧа ɩɨвɟɪхɧɨɫɬɢ ɫɨɨɪɭɠɟɧɢя ɡаɞаɧы ɭɫɥɨвɢя 
ɧɟɩɪɨɬɟɤаɧɢя ɢ ɩɪɢɥɢɩаɧɢя  "no slip".  
Маɫшɬаɛ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ ɩɪɢɧяɬ ɪавɧыɦ 
100ɦ в ɫɨɨɬвɟɬɫɬвɢɢ ɫ ɪɟɤɨɦɟɧɞаɰɢяɦɢ  Euro-
code Д57Ж ɞɥя ɨɬɤɪыɬɨɣ ɦɟɫɬɧɨɫɬɢ 
В ɡаɞачɟ ɧа “вхɨɞɟ” в ɨɛɥаɫɬь ɡаɞаɟɬɫя ɫɤɨ-
ɪɨɫɬь ɩɨɬɨɤа ɢ ɤɢɧɟɬɢчɟɫɤая ɷɧɟɪɝɢя ɬɭɪɛɭ-
ɥɟɧɬɧɨɫɬɢ (ɢɡɦɟɧяɸɳɢɟɫя ɩɨ выɫɨɬɟ в ɫɨɨɬ-
вɟɬɫɬвɢɢ ɫ ɩɨɥɨɠɟɧɢяɦɢ СНɢП). 
Нɢɠɧɟɣ ɩɨвɟɪхɧɨɫɬɢ (ɩɨвɟɪхɧɨɫɬɢ ɡɟɦɥɢ) ɡа-
ɞаɟɬɫя ɭɫɥɨвɢɟ ɬɢɩа "no slip" ɫ ɬɢɩɢчɧɨɣ вы-
ɫɨɬɨɣ шɟɪɨхɨваɬɨɫɬɟɣ. Пɨ ɨɩыɬɭ ɪаɫчɟɬɨв ɢ 
ɩɨ ɪɟɡɭɥьɬаɬаɦ вычɢɫɥɢɬɟɥьɧых ɷɤɫɩɟɪɢɦɟɧ-
ɬɨв ɧаɡɧачɟɧа вɟɥɢчɢɧа 0.1ɦ. 
Раɫчɟɬы ɩɪɨвɨɞɢɥɢɫь ɫ ɢɫɩɨɥьɡɨваɧɢɟɦ ɦɨ-
ɞɟɥɢ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ SST вɩɥɨɬь ɞɨ ɞɨɫɬɢɠɟ-
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ɧɢя вɫɟɦɢ ɧɟɢɡвɟɫɬɧыɦɢ ɨɬɧɨɫɢɬɟɥьɧɨɣ ɫɪɟɞ-
ɧɟɤваɞɪаɬɢчɧɨɣ ɧɨɪɦы ɧɟвяɡɨɤ 10-5. Выɛɨɪ 
ɦɨɞɟɥɢ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ ɢ ɦɟɬɨɞɢɤɢ ɩɨɫɬɪɨɟ-
ɧɢя ɫɟɬɤɢ ɨɩɢɫаɧы в Д7]. 
Пɨ ɪɟɡɭɥьɬаɬаɦ ɩɪɟɞваɪɢɬɟɥьɧых ɪаɫчɟɬɨв 
ɫɟɬɤа ɛыɥа ɫɤɨɪɪɟɤɬɢɪɨваɧа в ɪяɞɟ ɡɨɧ, а 
ɬаɤɠɟ ɛыɥɨ ɩɨɞɨɛɪаɧɨ ɡɧачɟɧɢɟ ɷɤвɢваɥɟɧɬ-
ɧɨɣ шɤаɥы "ɩɫɟвɞɨвɪɟɦɟɧɢ", ɦɨɧɨɬɨɧɧɨ 
ɭɫɤɨɪяɸɳɟɟ ɫхɨɞɢɦɨɫɬь. "Хɨɪɨшая" ɫхɨɞɢ-
ɦɨɫɬь (ɨɤɨɥɨ 70-80 ɢɬɟɪаɰɢɣ) ɩɨɡвɨɥɢɥа ɫɞɟ-
ɥаɬь вывɨɞ ɨ ɪаɰɢɨɧаɥьɧɨɫɬɢ ɩɪɢɧяɬɨɣ ɫɟɬɤɢ 
ɢ ɩаɪаɦɟɬɪɨв ɢɬɟɪаɰɢɣ. 
Ȼыɥɢ ɧаɡɧачɟɧы ɧɟɨɛхɨɞɢɦыɟ ɩаɪаɦɟɬɪы ɢ 
ɩɟɪɟɦɟɧɧыɟ ɞɥя ɦɨɧɢɬɨɪɢɧɝа в ɩɪɨɰɟɫɫɟ 
ɫчɟɬа ɢ ɭɞɨɛɫɬва ɨɛɪаɛɨɬɤɢ ɪɟɡɭɥьɬаɬɨв. 
Пɪɢ вɟɪɢфɢɤаɰɢɢ ɢɫɩɨɥьɡɨваɥаɫь ɦɨɞɟɥь ɛɟɡ 
ɨɤɪɭɠаɸɳɟɣ ɡаɫɬɪɨɣɤɢ, ɬɨɥьɤɨ ɬɟ ɡɞаɧɢя, ɤɨ-
ɬɨɪыɟ "ɩɪɨɞɭваɥɢɫь" в аɷɪɨɞɢɧаɦɢчɟɫɤɨɣ 
ɬɪɭɛɟ. Дɥя вɟɪɢфɢɤаɰɢɢ ɡаɞачɢ ɫɧачаɥа ɪаɫ-
ɫɦаɬɪɢваɥɫя ɡаɩаɞɧыɣ вɟɬɟɪ. Раɫɫɨɝɥаɫɨва-
ɧɢɟ ɪаɫчɟɬɧых ɢ ɷɤɫɩɟɪɢɦɟɧɬаɥьɧых ɪɟɡɭɥь-
ɬаɬɨв ɫɨɫɬавɢɥɨ ɞɨ 11.17%.  
Пɨɫɥɟ вɟɪɢфɢɤаɰɢɢ ɛыɥ ɩɪɨвɟɞɟɧ ɪаɫчɟɬ 
ɨɫɬаɥьɧых 15 ɧаɩɪавɥɟɧɢɣ вɟɬɪа.  
Раɫчɟɬы выɩɨɥɧяɥɢɫь ɧа ɤɥаɫɬɟɪɟ НОЦ КМ 
МȽСУ.  
Кɨɥɢчɟɫɬвɨ вычɢɫɥɢɬɟɥьɧых ɭɡɥɨв – 25, ɤɨ-
ɥɢчɟɫɬвɨ вычɢɫɥɢɬɟɥьɧых яɞɟɪ – 300. Оɛъɟɦ 
ОЗУ – 600 Ƚɛ. Еɦɤɨɫɬь ɨɫɧɨвɧɨɣ СХД – 7,8 
Тɛ.  
Дɥя хɪаɧɟɧɢя ɞаɧɧых ɢɫɩɨɥьɡɭɟɬɫя ɩаɪаɥ-
ɥɟɥьɧая фаɣɥɨвая ɫɢɫɬɟɦа PКЧFS,ɢɧɬɟɪɤɨɧ-
ɧɟɤɬ– QDR Infiniband.  
Паɪаɦɟɬɪы вычɢɫɥɢɬɟɥьɧɨɝɨ ɭɡɥа:Два ɩɪɨ-
ɰɟɫɫɨɪа IЧЭОХБОШЧ М 6 яɞɪаɦɢ ɤаɠɞыɣ ɫ ɬаɤɬɨ-
вɨɣ чаɫɬɨɬɨɣ 2,93 ȽȽɰ, 24 Ƚɛ ОЗУ. Иɦɟɟɬɫя 
ɞва GPGPU вычɢɫɥɢɬɟɥя TОsХК S2050. 
Пɨɫɥɟ ɪаɫчɟɬа 16 ɧаɩɪавɥɟɧɢɣ вɟɬɪа ɛыɥɢ 
ɫɝɟɧɟɪɢɪɨваɧы фаɣɥы *.csv ɞɥя ɨɛɪаɛɨɬɤɢ в 
ɪаɡɪаɛɨɬаɧɧɨɦ ɩɪɨɝɪаɦɦɧɨɦ ɦɨɞɭɥɟ. Оɛɪа-
ɛɨɬɤа ɪɟɡɭɥьɬаɬɨв ɛыɥа ɩɪɨɞɟɥаɧа ɞɥя вɫɟх 
ɧɨɪɦ, ɡаɥɨɠɟɧɧых в ɩɪɨɝɪаɦɦɧɨɦ ɦɨɞɭɥɟ ɫ 
ɭчɟɬɨɦ ɩɭɥьɫаɰɢɨɧɧɨɣ ɫɨɫɬавɥяɸɳɟɣ ɫɤɨɪɨ-
ɫɬɢ ɢ ɛɟɡ ɧɟɟ.  
Сɥɟɞɭɸɳɢɦ шаɝɨɦ ɦɨɞɟɥь ɤаɦɩɭɫа ɛыɥа ɪаɫ-
шɢɪɟɧа, ɛыɥа ɫɦɨɞɟɥɢɪɨваɧа ɨɤɪɟɫɬɧɨɫɬь 
ɭɧɢвɟɪɫɢɬɟɬа. Мɨɞɟɥь ɫɨɫɬавɢɥа ɩɪɢɦɟɪɧɨ 

2.6 ɦɢɥɥɢɨɧа ɭɡɥɨв ɢ 6.25 ɦɢɥɥɢɨɧа ячɟɟɤ 
(2.2 ɦɢɥɥɢɨɧа ɬɟɬɪаɷɞɪаɥьɧых, 4 ɦɢɥɥɢɨɧа 
ɩɪɢɡɦаɬɢчɟɫɤɢх). Пɨɥɧая ɪаɫчɟɬɧая ɨɛɥаɫɬь 
ɩɪɟɞɫɬавɥяɟɬ ɫɨɛɨɣ  ɰɢɥɢɧɞɪ ɪаɞɢɭɫɨɦ 1693 
ɦ ɢ выɫɨɬɨɣ 615 ɦ. Дɥя ɩɨɥɭчɟɧɧɨɣ ɦɨɞɟɥɢ 
ɬаɤɠɟ ɨɰɟɧɢваɥɢɫь ɪɟɡɭɥьɬаɬы ɩɟшɟхɨɞɧɨɣ 
ɤɨɦфɨɪɬɧɨɫɬɢ ɩɨ ɪаɡɥɢчɧыɦ ɦɟɬɨɞɢɤаɦ ɢ 
ɧɨɪɦаɦ ɫ ɭчɟɬɨɦ ɢ ɛɟɡ ɭчɟɬа ɩɭɥьɫаɰɢɨɧɧɨɣ 
ɫɨɫɬавɥяɸɳɟɣ, ɬ.ɤ. ɞɥя ɩɪɟɞыɞɭɳɟɣ ɦɨɞɟɥɢ 
ɪɟɡɭɥьɬаɬы ɫ ɭчɟɬɨɦ ɩɭɥьɫаɰɢɨɧɧɨɣ ɫɨɫɬав-
ɥяɸɳɟɣ ɛыɥɢ ɛɨɥɟɟ ɧɟɤɨɦфɨɪɬɧы, ɞɥя ɧɨвɨɣ 
ɦɨɞɟɥɢ ɩɪɨаɧаɥɢɡɢɪɭɟɦ ɬɨɥьɤɨ ɪɟɡɭɥьɬаɬы ɫ 
ɭчɟɬɨɦ ɩɭɥьɫаɰɢɨɧɧɨɣ ɫɨɫɬавɥяɸɳɟɣ  
Даɥɟɟ ɛыɥа ɩɪɨвɟɞɟɧа ɨɰɟɧɤа ɨɳɭɳаɟɦɨɣ 
ɬɟɦɩɟɪаɬɭɪы вɨɡɞɭха ɩɪɢ ɬɟɦɩɟɪаɬɭɪɟ 40С. 
Рɟɡɭɥьɬаɬы ɩɪɟɞɫɬавɥɟɧы ɧа ɪɢɫ. 2. 
 

 
Рис. 2. «Ɉщущаɟɦая» ɬɟɦɩɟраɬура вɨɡɞуха 
в ɩɟɲɟхɨɞɧых ɡɨɧах каɦɩуса с учɟɬɨɦ вɟɬра 

ɩри ɬɟɦɩɟраɬурɟ вɨɡɞуха -40ɋ. 
 
Пɨ ɪɟɡɭɥьɬаɬаɦ ɞɥя шɤаɥы Ȼɨфɨɪɬа, в ɧɨвɨɣ 
ɦɨɞɟɥɢ  ɛаɥьɧɨɫɬь ɩɨ шɤаɥɟ ɧа ɬɟɪɪɢɬɨɪɢɢ 
ɤаɦɩɭɫа ɫɨɫɬавɥяɟɬ 4-7, чɬɨ ɦɨɠɧɨ ɫчɢɬаɬь 
ɧɟɭɞɨвɥɟɬвɨɪɢɬɟɥьɧыɦ, в ɪаɣɨɧɟ ɝɥавɧɨɝɨ 
ɤɨɪɩɭɫа ɭ ɤɨɥɨɧɧ ɛаɥьɧɨɫɬь ɫɨɫɬавɥяɟɬ 8-10, 
чɬɨ ɦɨɠɧɨ ɫчɢɬаɬь ɤɪɢɬɢчɧыɦ. В ɰɟɥɨɦ ɨɛ-
ɫɬаɧɨвɤɭ ɧа ɬɟɪɪɢɬɨɪɢɢ ɤаɦɩɭɫа ɭɧɢвɟɪɫɢ-
ɬɟɬа (ɫ ɭчɟɬɨɦ ɛɥɢɡɥɟɠаɳɟɣ ɬɟɪɪɢɬɨɪɢɢ) ɩɨ 
шɤаɥɟ Ȼɨфɨɪɬа ɫ ɭчɟɬɨɦ ɩɭɥьɫаɰɢɨɧɧɨɣ ɫɨ-
ɫɬавɥяɸɳɟɣ ɦɨɠɧɨ ɨхаɪаɤɬɟɪɢɡɨваɬь ɧɟɭɞɨ-
вɥɟɬвɨɪɢɬɟɥьɧɨɣ. 
Пɨ ɪɟɡɭɥьɬаɬаɦ ɞɥя ɧɨɪɦ Нɢɞɟɪɥаɧɞɨв (ɝɞɟ ɢ 
ɪаɫɩɨɥɨɠɟɧ ɤɨɦɩɥɟɤɫ ɡɞаɧɢɣ), ɤɨɬɨɪыɟ ɢɡɦɟ-
ɧяɸɬɫя ɨɬ 0 ɞɨ 4, ɩɪаɤɬɢчɟɫɤɢ ɧа вɫɟɣ ɬɟɪɪɢ-
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ɬɨɪɢɢ ɛаɥɥ ɩɨ шɤаɥɟ ɪавɟɧ ɞвɭɦ, чɬɨ ɢɧɬɟɪ-
ɩɪɟɬɢɪɭɟɬɫя ɫаɦɢɦɢ ɧɨɪɦаɦɢ ɤаɤ «хɨɪɨшɨ» 
ɞɥя ɛыɫɬɪɨɣ хɨɞьɛы, «ɭɞɨвɥɟɬвɨɪɢɬɟɥьɧɨ» 
ɞɥя ɩɪɨɝɭɥɨɤ ɢ «ɩɥɨхɨ» ɞɥя ɫɢɞɟɧɢя ɧа ɨɬ-
ɤɪыɬɨɦ вɨɡɞɭхɟ.  
Нɨɪɦы ɞɥя ɨɰɟɧɤɢ ɩɟшɟхɨɞɧɨɣ ɤɨɦфɨɪɬɧɨ-
ɫɬɢ, ɪаɡɪаɛɨɬаɧɧыɟ Т.В. Ʌɨɭɫɨɧɨɦ ɢ ɢɫɩɨɥь-
ɡɭɸɳɢɟɫя в RWDI, ɫɨɨɬвɟɬɫɬвɭɸɳɢɟ ɩɪɨ-
ɝɭɥɤɟ ɩɟшɟхɨɞɨв ɧɟ выɩɨɥɧяɸɬɫя ɩɪаɤɬɢчɟ-
ɫɤɢ ɧа вɫɟɣ ɬɟɪɪɢɬɨɪɢɢ ɤаɦɩɭɫа. 
 

 
Рис. 3. ɋкɨрɨсɬи вɟɬра в ɩɟɲɟхɨɞɧых ɡɨɧах 
каɦɩуса ɩри ɡаɩаɞɧɨɦ ɧаɩравɥɟɧии вɟɬра. 

 
Раɫɫɦɨɬɪɢɦ ɪɟɡɭɥьɬаɬы ɨɰɟɧɤɢ ɩɨ МДС.  
Пɟɪвыɣ ɤɪɢɬɟɪɢɣ (ɫɤɨɪɨɫɬь вɟɬɪа ɛɨɥɟɟ 6 ɦ/c 
ɩɨвɬɨɪяɟɬɫя ɧɟ ɛɨɥɟɟ 1000 чаɫɨв в ɝɨɞ) выɩɨɥ-
ɧяɟɬɫя ɧа вɫɟɣ ɬɟɪɪɢɬɨɪɢɢ ɤаɦɩɭɫа. 
Вɬɨɪɨɣ ɤɪɢɬɟɪɢɣ (ɫɤɨɪɨɫɬь вɟɬɪа ɛɨɥɟɟ 12 ɦ/c 
ɩɨвɬɨɪяɟɬɫя ɧɟ ɛɨɥɟɟ 50 чаɫɨв в ɝɨɞ) выɩɨɥ-
ɧяɟɬɫя ɧа вɫɟɣ ɬɟɪɪɢɬɨɪɢɢ ɤаɦɩɭɫа ɤɪɨɦɟ ɡɨɧ 
ɭ ɤɨɥɨɧɧ ɝɥавɧɨɝɨ ɤɨɪɩɭɫа. 

Тɪɟɬɢɣ ɤɪɢɬɟɪɢɣ (ɫɤɨɪɨɫɬь вɟɬɪа ɛɨɥɟɟ 20 ɦ/c 
ɩɨвɬɨɪяɟɬɫя ɧɟ ɛɨɥɟɟ 5 чаɫɨв в ɝɨɞ) ɬаɤɠɟ вы-
ɩɨɥɧяɟɬɫя ɧа вɫɟɣ ɬɟɪɪɢɬɨɪɢɢ ɤаɦɩɭɫа ɤɪɨɦɟ 
ɡɨɧ ɭ ɤɨɥɨɧɧ ɝɥавɧɨɝɨ ɤɨɪɩɭɫа. 
В ɰɟɥɨɦ ɩɨ МДС ɦɨɠɧɨ ɝɨвɨɪɢɬь ɨ ɬɨɦ, чɬɨ 
ɭɫɥɨвɢя ɧа ɬɟɪɪɢɬɨɪɢɢ ɤаɦɩɭɫа ɛɥаɝɨɩɪɢяɬ-
ɧыɟ.  
Пɨ ɦɟɬɨɞɢɤɟ Ваɣɫа ɢ Пɟɧваɪɞɟɧа, ɤɨɬɨɪая ɢɡ-
ɦɟɧяɟɬɫя ɨɬ 0 ɞɨ 3, ɛɨɥьшая чаɫɬь ɬɟɪɪɢɬɨɪɢɢ 
ɧахɨɞɢɬɫя в ɡɨɧɟ 0-2, в ɪаɣɨɧɟ ɭ ɤɨɥɨɧɧ ɛаɥɥ 
ɪавɟɧ 3. В ɰɟɥɨɦ ɫɢɬɭаɰɢя ɧɟɭɞɨвɥɟɬвɨɪɢ-
ɬɟɥьɧая. 
Пɨ ɩɨɥɭчɟɧɧыɦ ɪɟɡɭɥьɬаɬаɦ ɦɨɠɧɨ ɫɞɟɥаɬь 
ɫɥɟɞɭɸɳɢɟ вывɨɞы: 
1. В ɰɟɥɨɦ ɩɨ вɫɟɦ ɧɨɪɦаɦ ɢ ɦɟɬɨɞɢɤаɦ 

ɤɪɨɦɟ МДС вɟɬɪɨвɨɣ ɪɟɠɢɦ ɫ ɭчɟɬɨɦ 
ɩɭɥьɫаɰɢɨɧɧɨɣ ɫɨɫɬавɥяɸɳɟɣ ɧа ɬɟɪɪɢ-
ɬɨɪɢɢ ɤаɦɩɭɫа ɦɨɠɧɨ ɧаɡваɬь ɧɟɛɥаɝɨ-
ɩɪɢяɬɧыɦ ɞɥя ɩɟшɟхɨɞɨв. 

2. Вɟɬɪɨвɨɣ ɪɟɠɢɦ ɫ ɭчɟɬɨɦ ɩɭɥьɫаɰɢɨɧɧɨɣ 
ɫɨɫɬавɥяɸɳɟɣ ɧа ɬɟɪɪɢɬɨɪɢɢ ɤаɦɩɭɫа ɫ 
ɭчɟɬɨɦ ɩɪɢɥɟɝаɸɳɟɣ ɬɟɪɪɢɬɨɪɢɢ ɛɥаɝɨ-
ɩɪɢяɬɧɟɟ, чɟɦ вɟɬɪɨвɨɣ ɪɟɠɢɦ ɛɟɡ ɭчɟɬа 
ɩɪɢɥɟɝаɸɳɟɣ ɬɟɪɪɢɬɨɪɢɢ. 

3. Кɪɢɬɢчɧыɦɢ ɦɨɠɧɨ ɧаɡваɬь ɡɨɧы ɭ ɤɨ-
ɥɨɧɧ ɝɥавɧɨɝɨ ɡɞаɧɢя ɩɨ вɫɟɦ ɧɨɪɦаɦ 
(ɪɢɫ. 3). 
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АɇɇɈɌАЦИə: Пɪɟɞɥаɝаɟɬɫя аɧаɥɢɬɢчɟɫɤая ɦɟɬɨɞɢɤа ɪаɫчёɬа ɩɥаɫɬɢɧ ɩɟɪɟɦɟɧɧɨɣ ɬɨɥɳɢɧы. Иɡɭчаɟɦая 
ɤɨɧɫɬɪɭɤɰɢя ɨɝɪаɧɢчɟɧа в ɩɥаɧɟ ɞвɭɦя ɞɭɝаɦɢ ɨɤɪɭɠɧɨɫɬɟɣ ɢ ɞвɭɦя ɪаɞɢɭɫаɦɢ. Пɥаɫɬɢɧа ɥɟɠɢɬ ɧа ɭɩɪɭ-
ɝɨɦ ɨɫɧɨваɧɢɢ, ɫвɨɣɫɬва ɤɨɬɨɪɨɝɨ ɨɩɢɫываɸɬɫя ɦɨɞɟɥьɸ Вɢɧɤɥɟɪа. Маɬɟɪɢаɥ ɩɥаɫɬɢɧы явɥяɟɬɫя ɨɪɬɨ-
ɬɪɨɩɧыɦ ɢɥɢ ɢɡɨɬɪɨɩɧыɦ. На ɢɡɭчаɟɦɭɸ ɤɨɧɫɬɪɭɤɰɢɸ ɞɟɣɫɬвɭɸɬ ɫɨɫɪɟɞɨɬɨчɟɧɧыɟ ɫɢɥы. Иɫɩɨɥьɡɭɟɬɫя 
ɬɟɨɪɢя ɪаɫчёɬа ɫɟɤɬɨɪɢаɥьɧых ɩɥаɫɬɢɧ. Пɨɥɭчɟɧɧыɟ ɪɟшɟɧɢя ɨɛɨɛɳаɸɬɫя ɧа ɫɥɭчаɢ ɞɟɣɫɬвɢя ɧа ɤɨɧ-
ɫɬɪɭɤɰɢɢ ɧаɝɪɭɡɨɤ, ɪавɧɨɦɟɪɧɨ ɪаɫɩɪɟɞɟɥёɧɧых ɩɨ ɞɭɝаɦ ɨɤɪɭɠɧɨɫɬɟɣ ɢ ɩɨ ɨɬɪɟɡɤаɦ ɪаɞɢɭɫɨв. Даёɬɫя 
ɩɪɢɦɟɪ ɪаɫчёɬа. Рɟшɟɧɢя ɩɨɥɭчɟɧы в ɡаɦɤɧɭɬɨɦ вɢɞɟ. 
 

Ʉлючевые словɚ: ɫɟɤɬɨɪɢаɥьɧыɟ ɩɥаɫɬɢɧы, ɭɩɪɭɝɨɟ ɨɫɧɨваɧɢɟ, ɩɟɪɟɦɟɧɧая ɬɨɥɳɢɧа,  
ɫɨɫɪɟɞɨɬɨчɟɧɧыɟ ɫɢɥы 

 
 

ANALYSIS OF PLATES HAVING COMPLICATED SHAPE 
 

Elena B. Koreneva, Valerij P. Grosman 
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ABSTRACT: Analytical technique for calculation of plates of variable thickness having complicated shape is pro-
posed. The construction under study is limited in plan by two circumferences' arcs and by two radii. The plate rests 
on an elastic subgrade which properties are described by Winkler's model. The plate is made from orthotropic or 
isotropic material. The construction under examination is subjected to an action of concentrated forces. The theory 
of sector plates is used. The received solution is generalized on the cases of loads uniformly distributed along lengths 
of arcs and along lengths of radii. The numerical example is given. The results are given in closed forms. 
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В ɧаɫɬɨяɳɟɟ вɪɟɦя вɨɡвɨɞяɬɫя ɦɧɨɝɨчɢɫɥɟɧ-
ɧыɟ ɫɨɨɪɭɠɟɧɢя, ɢɦɟɸɳɢɟ в ɩɥаɧɟ ɫɥɨɠɧɭɸ 
фɨɪɦɭ. Нɢɠɟ ɛɭɞɟɬ ɪаɫɫɦɨɬɪɟɧ ɪаɫчёɬ ɩɥа-
ɫɬɢɧы, ɢɦɟɸɳɟɣ фɨɪɦɭ ɤɪɭɝɨвɨɝɨ ɩɪяɦɨ-
ɭɝɨɥьɧɢɤа, ɬ.ɟ. ɤɨɧɫɬɪɭɤɰɢя в ɩɥаɧɟ ɨɝɪаɧɢ-
чɟɧа ɞвɭɦя ɞɭɝаɦɢ ɤɨɧɰɟɧɬɪɢчɟɫɤɢх ɨɤɪɭɠ-
ɧɨɫɬɟɣ ɢ ɞвɭɦя ɪаɞɢɭɫаɦɢ. Тɨɥɳɢɧа ɩɥа-
ɫɬɢɧы ɢɡɦɟɧяɟɬɫя вɞɨɥь ɪаɞɢɭɫа. Пɪɢɦɟɦ, 
чɬɨ ɰɢɥɢɧɞɪɢчɟɫɤая ɠёɫɬɤɨɫɬь ɩɥаɫɬɢɧы 
ɩɪɟɞɫɬавɥɟɧа ɫɥɟɞɭɸɳɢɦ ɨɛɪаɡɨɦ: 
 

4
0xDD  , 

0r

r
x  ;           (1) 

 
ɩɨɞɨɛɧая ɠёɫɬɤɨɫɬь ɫɨɨɬвɟɬɫɬвɭɟɬ ɬɨɥɳɢɧɟ 
 

3/4
0xhh  ,     (2) 

 

ɤɨɬɨɪая ɛɥɢɡɤа ɤ ɬɨɥɳɢɧɟ, ɢɡɦɟɧяɸɳɟɣɫя ɩɨ 
ɥɢɧɟɣɧɨɦɭ ɡаɤɨɧɭ. 
Зɞɟɫь D0, r0, h0 - ɩɨɫɬɨяɧɧыɟ. 
Маɬɟɪɢаɥ ɩɥаɫɬɢɧы явɥяɟɬɫя ɢɡɨɬɪɨɩɧыɦ 
ɢɥɢ ɨɪɬɨɬɪɨɩɧыɦ. Кɨɧɫɬɪɭɤɰɢя ɥɟɠɢɬ ɧа 
ɭɩɪɭɝɨɦ ɨɫɧɨваɧɢɢ, ɫвɨɣɫɬва ɤɨɬɨɪɨɝɨ ɨɩɢ-
ɫываɸɬɫя ɦɨɞɟɥьɸ Вɢɧɤɥɟɪа. Нɢɠɟ ɛɭɞɟɬ 
ɩɪɟɞɥɨɠɟɧа ɦɟɬɨɞɢɤа ɪаɫчёɬа ɭɤаɡаɧɧых 
вышɟ ɩɥаɫɬɢɧ ɩɨɞ ɞɟɣɫɬвɢɟɦ ɧаɝɪɭɡɨɤ, ɩɟɪɟ-
ɞаɸɳɢхɫя ɧа ɧɢх чɟɪɟɡ ɤɨɥɨɧɧы. Иɡɭчаɟɬɫя 
ɞɟɣɫɬвɢɟ ɫɨɫɪɟɞɨɬɨчɟɧɧых ɫɢɥ ɢ ɧаɝɪɭɡɨɤ, 
ɪаɫɩɪɟɞɟɥёɧɧых ɩɨ ɞɭɝаɦ ɨɤɪɭɠɧɨɫɬɟɣ ɢ ɩɨ 
ɨɬɪɟɡɤаɦ ɪаɞɢɭɫɨв. В ɞаɧɧɨɣ ɪаɛɨɬɟ ɢɫɩɨɥь-
ɡɭɟɬɫя ɬɟɨɪɢя ɪаɫчёɬа ɩɥаɫɬɢɧ, ɢɦɟɸɳɢх 
фɨɪɦɭ ɫɟɤɬɨɪа ɢɥɢ ɤɪɭɝɨвɨɝɨ ɩɪяɦɨɭɝɨɥь-
ɧɢɤа Д1Ж. В ɪяɞɟ ɩɭɛɥɢɤаɰɢɣ ɪаɫɫɦаɬɪɢваɸɬɫя 
ɩɥаɫɬɢɧы ɩɟɪɟɦɟɧɧɨɣ ɬɨɥɳɢɧы, ɥɟɠаɳɢɟ ɧа 
ɭɩɪɭɝɨɦ ɨɫɧɨваɧɢɢ, ɧаɩɪɢɦɟɪ, в Д1-5]. 
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Раɞɢаɥьɧыɟ ɤɪая ɢɡɭчаɟɦɨɣ ɤɨɧɫɬɪɭɤɰɢɢ 
шаɪɧɢɪɧɨ ɨɩёɪɬы, ɞɭɝɨвыɟ ɢɦɟɸɬ ɥɸɛыɟ 
ɭɫɥɨвɢя ɨɩɢɪаɧɢя. 
Пɪɢвɟɞёɦ ɫɧачаɥа ɞɢффɟɪɟɧɰɢаɥьɧɨɟ ɭɪав-
ɧɟɧɢɟ, ɨɩɢɫываɸɳɟɟ ɧɟɫɢɦɦɟɬɪɢчɧыɣ ɢɡɝɢɛ 
ɤɪɭɝɥɨɣ ɨɪɬɨɬɪɨɩɧɨɣ ɩɥаɫɬɢɧы: 
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Паɪаɦɟɬɪы 21
2 nnn   ɨɩɪɟɞɟɥяɸɬɫя ɢɡ ɫɨɨɬɧɨ-

шɟɧɢɣ: 
 

1n

E
Er  , 2EnE  , 

2n
r

  ,   .   (4) 

 
Зɞɟɫь E ɢ σ – ɩɪɢвɟɞёɧɧыɟ ɦɨɞɭɥь Юɧɝа ɢ ɤɨ-
ɷффɢɰɢɟɧɬ Пɭаɫɫɨɧа. Дɥя ɢɡɨɬɪɨɩɧɨɣ ɩɥа-
ɫɬɢɧы  
 

121  nn ;  
2

22
0 2

En

G
nc r ; 

 

zq  – ɫɨɫɬавɥяɸɳая вɧɟшɧɟɣ ɫɢɥы, ɩɪɢхɨɞя-
ɳɟɣɫя ɧа ɟɞɢɧɢɰɭ ɩɥɨɳаɞɢ ɩɨ ɧаɩɪавɥɟɧɢɸ 
ɨɫɢ z; с – ɤɨɷффɢɰɢɟɧɬ ɩɨɫɬɟɥɢ. 
Пɨɥɨɠɢɦ, чɬɨ вɧɟшɧяя ɧаɝɪɭɡɤа ɩɪɟɞɫɬав-
ɥɟɧа ɫɥɟɞɭɸɳɢɦ ɨɛɪаɡɨɦ Д1]: 
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sin, , .          (5) 

Иɦɟɟɦ ɪɟшɟɧɢɟ ɫɨɨɬвɟɬɫɬвɭɸɳɟɝɨ ɨɞɧɨɪɨɞ-
ɧɨɝɨ ɞɢффɟɪɟɧɰɢаɥьɧɨɝɨ ɭɪавɧɟɧɢя в вɢɞɟ 
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Дɥя ɫɥɭчая ɢɡɨɬɪɨɩɧɨɣ ɩɥаɫɬɢɧы ɪаɡɪɟшаɸ-
ɳɟɟ ɭɪавɧɟɧɢɟ ɫ ɭчёɬɨɦ (1) ɢ (6) ɩɪɢɧɢɦаɟɬ 
вɢɞ 
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Эɬɨ ɭɪавɧɟɧɢɟ явɥяɟɬɫя ɭɪавɧɟɧɢɟɦ Эɣɥɟɪа. 
В ɪɟɡɭɥьɬаɬɟ ɡаɦɟɧы zex   (7) ɩɪɢвɨɞɢɬɫя ɤ 
ɭɪавɧɟɧɢɸ ɫ ɩɨɫɬɨяɧɧыɦɢ ɤɨɷффɢɰɢɟɧɬаɦɢ 
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ɟɝɨ хаɪаɤɬɟɪɢɫɬɢчɟɫɤɨɟ ɭɪавɧɟɧɢɟ ɢɦɟɟɬ вɢɞ 
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  (9) 
 

Пɨɥɨɠɢв  2 SS , ɩɨɥɭчɢɦ ɢɡ (9) ɤваɞɪаɬ-
ɧɨɟ ɭɪавɧɟɧɢɟ 
 

022  ba ,                   (10) 
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  212  a ,    422 324   b , 
 
ɨɬɤɭɞа 
 

       4222
2,1 2141412    ; 

 
ɩɨɫɥɟ ɷɬɨɝɨ ɧахɨɞɢɦ  4,...,1iSi  ɢɡ ɭɪавɧɟ-
ɧɢɣ, ɢɦɟɸɳɢх вɢɞ 
 

02 2,1
2  SS .                   (11) 

 
Рɟшɟɧɢɟ ɪаɫɫɦаɬɪɢваɟɦɨɝɨ ɨɞɧɨɪɨɞɧɨɝɨ 
ɞɢффɟɪɟɧɰɢаɥьɧɨɝɨ ɭɪавɧɟɧɢя ɢɦɟɟɬ вɢɞ 
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Пɨɫɤɨɥьɤɭ ɤɨɪɧɢ хаɪаɤɬɟɪɢɫɬɢчɟɫɤɨɝɨ ɭɪав-
ɧɟɧɢя явɥяɸɬɫя ɩɨɩаɪɧɨ ɤɨɦɩɥɟɤɫɧɨ-ɫɨɩɪя-
ɠёɧɧыɦɢ, ɬɨ, ɢɫɩɨɥьɡɭя ɫɥɟɞɭɸɳɢɟ ɨɛɨɡɧа-
чɟɧɢя: 
 

iS  2,1 , iS   24,3 ,        (13) 

 
ɡаɩɢшɟɦ ɪɟшɟɧɢɟ ɨɞɧɨɪɨɞɧɨɝɨ ɞɢффɟɪɟɧɰɢ-
аɥьɧɨɝɨ ɭɪавɧɟɧɢя в вɢɞɟ 
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Аɧаɥɨɝɢчɧыɦ ɨɛɪаɡɨɦ ɨɩɪɟɞɟɥяɸɬɫя ɪɟшɟ-
ɧɢя ɞɥя ɨɪɬɨɬɪɨɩɧɨɣ ɩɥаɫɬɢɧы; в ɷɬɨɦ ɫɥɭчаɟ 
в ɤваɞɪаɬɧɨɦ ɭɪавɧɟɧɢɢ (10) a ɢ b ɩɪɢɧɢɦаɸɬ 
ɫɥɟɞɭɸɳɢɟ ɡɧачɟɧɢя: 
 

   423
2

1
0

22  cna  , 

      422
0

2 26    ncb .   (15) 
 

Рɟшɟɧɢɟ ɨɞɧɨɪɨɞɧɨɝɨ ɞɢффɟɪɟɧɰɢаɥьɧɨɝɨ 
ɭɪавɧɟɧɢя ɢɦɟɟɬ ɬаɤɠɟ вɢɞ (12), в ɤɨɬɨɪɨɦ  4,...,1iSi  ɫɥɟɞɭɟɬ ɨɩɪɟɞɟɥяɬь ɫ ɭчёɬɨɦ (15). 
Даɥɟɟ ɩɟɪɟɣɞёɦ ɤ ɪɟшɟɧɢɸ ɡаɞачɢ ɨ ɞɟɣɫɬвɢɢ 
ɧа ɤɨɧɫɬɪɭɤɰɢɸ вɧɟшɧɢх ɧаɝɪɭɡɨɤ, ɩɟɪɟɞаɸ-
ɳɢхɫя чɟɪɟɡ ɤɨɥɨɧɧы. Ȼɭɞɟɦ ɪаɫɫɦаɬɪɢваɬь ɷɬɨ 
вɥɢяɧɢɟ ɤаɤ ɞɟɣɫɬвɢɟ ɫɢɫɬɟɦы ɫɨɫɪɟɞɨɬɨчɟɧ-
ɧых ɫɢɥ. Дɥя ɷɬɨɝɨ ɨɩɪɟɞɟɥɢɦ фɭɧɤɰɢɢ Кɨшɢ, 
в чаɫɬɧɨɫɬɢ  xxZ k ;1,4 , ɢ фɭɧɤɰɢɢ вɥɢяɧɢя, в 
чаɫɬɧɨɫɬɢ  xxw k ;1,4 , ɫвɨɣɫɬва ɤɨɬɨɪых ɨɩɢ-
ɫаɧы в Д1Ж, Д6], [7Ж. Иɫɩɨɥьɡɭя ɨɩɪɟɞɟɥɢɬɟɥɢ 
Ваɧɞɟɪɦɨɧɞа ɢ фɨɪɦɭɥы Кɪаɦɟɪа, ɩɨɥɭчɢɦ: 
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ɝɞɟ α(x), γ(x) ɢ Ș ɨɩɪɟɞɟɥɟɧы ɡавɢɫɢɦɨɫɬяɦɢ: 
    xx  lnsin ,    xx  lncos , 1 . (17) 

 
Фɭɧɞаɦɟɧɬаɥьɧая фɭɧɤɰɢя, ɫɥɭɠаɳая ɞɥя 
ɭчёɬа вɥɢяɧɢя ɩɨɩɟɪɟчɧых ɫɢɥ ɞɥя ɢɡɨɬɪɨɩ-
ɧɨɣ ɩɥаɫɬɢɧы, ɢɦɟɟɬ вɢɞ 
 

     xxZ
xD

xxw kk ;
1

; 1,4
1

1,4  .          (18) 

 
Дɥя ɨɪɬɨɬɪɨɩɧɨɣ ɩɥаɫɬɢɧы ɨɧа ɨɩɪɟɞɟɥяɟɬɫя 
выɪаɠɟɧɢɟɦ 
 

     xxZ
xDn

xxw kk ;
1

; 1,4
12

1,4  .  (19) 

 
Пɪɟɞɩɨɥɨɠɢɦ, чɬɨ ɧа ɩɥаɫɬɢɧɭ, ɢɦɟɸɳɭɸ 
фɨɪɦɭ ɤɪɭɝɨвɨɝɨ ɩɪяɦɨɭɝɨɥьɧɢɤа, ɨɝɪаɧɢ-
чɟɧɧɨɝɨ вɧɭɬɪɟɧɧɟɣ ɞɭɝɨɣ ɪаɞɢɭɫа a0 ɢ вɧɟш-
ɧɟɣ ɞɭɝɨɣ ɪаɞɢɭɫа a, ɞɟɣɫɬвɭɟɬ ɩɨ ɞɭɝɟ ɪаɞɢ-
ɭɫа x1 ɪавɧɨɦɟɪɧɨ ɪаɫɩɪɟɞɟɥёɧɧая ɧаɝɪɭɡɤа 
Q, ɢɦɟɟɦ axa  10 . Пɪɢ 10 xxa   ɩɪɨɝɢɛы 
ɩɥаɫɬɢɧы ɨɩɪɟɞɟɥяɸɬɫя ɩɨ фɨɪɦɭɥɟ (12) ɢɥɢ 
(14). 
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Рис. 1. Дɟɣсɬвиɟ ɧа ɩɥасɬиɧу  

сɨсрɟɞɨɬɨчɟɧɧɨɣ сиɥы, ɬɨчка ɩриɥɨɠɟɧия 
кɨɬɨрɨɣ ɧɟ ɥɟɠиɬ ɧа ɛиссɟкɬрисɟ. 
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Рис. 2. Дɟɣсɬвиɟ ɧа ɩɥасɬиɧу  

сɨсрɟɞɨɬɨчɟɧɧɨɣ сиɥы, ɬɨчка ɩриɥɨɠɟɧия 
кɨɬɨрɨɣ ɥɟɠиɬ ɧа ɛиссɟкɬрисɟ. 

 
Заɩɢшɟɦ выɪаɠɟɧɢɟ ɞɥя ɩɪɨɝɢɛɨв ɩɪɢ 

axx 1 : 
 

       


1
1,4

3
01 2

sin,,,
k

k
k

xxwQrxwxw 
 . 

   (20) 
 
Зɞɟɫь ɩɨɫɬɨяɧɧыɟ  4,...,1, iA ki  ɧахɨɞяɬɫя ɢɡ 
ɭɫɥɨвɢɣ ɧа ɞɭɝɨвых ɨɩɨɪах. 
Пɟɪɟɣɞёɦ ɤ ɪаɫɫɦɨɬɪɟɧɢɸ ɞɟɣɫɬвɢя ɫɨɫɪɟɞɨ-
ɬɨчɟɧɧɨɣ ɫɢɥы. Дɥя ɷɬɨɝɨ ɪаɡɥɨɠɢɦ ɧаɝɪɭɡɤɭ 
q(ș), ɩɪɢɥɨɠɟɧɧɭɸ ɩɨ ɞɥɢɧɟ ɞɭɝɢ ɨɤɪɭɠɧɨ-
ɫɬɢ, ɧɟ ɫɨвɩаɞаɸɳɟɣ ɫ ɤɨɧɬɭɪɨɦ, в ɪяɞ 
 

   


1 2
sin

k
k

k
aq 

 ,   (21) 

 
ɬɨɝɞа ɩɨɥɭчɢɦ: 
 

   
 








 












d
k

d
k

q

ak

2
sin

2
sin

2

.            (22) 

 
Пɪɨɢɡвɨɞя вычɢɫɥɟɧɢя, ɩɨɥɭчɢɦ, чɬɨ ɢɧɬɟ-
ɝɪаɥ, ɫɬɨяɳɢɣ в ɡɧаɦɟɧаɬɟɥɟ (22), ɪавɟɧ α. 
Иɧɬɟɝɪаɥ, ɧахɨɞяɳɢɣɫя в чɢɫɥɢɬɟɥɟ (22), ɡа-
вɢɫɢɬ ɨɬ вɢɞа вɧɟшɧɟɣ ɧаɝɪɭɡɤɢ. Таɤɢɦ ɨɛɪа-
ɡɨɦ, ɢɦɟɟɦ: 
 

   












d
k

q

k

2
sin

.           (23) 

 
Пɭɫɬь ɧаɝɪɭɡɤа, ɞɟɣɫɬвɭɸɳая ɧа ɩɥаɫɬɢɧɭ, 
ɩɪɟɞɫɬавɥяɟɬ ɫɨɛɨɣ ɫɨɫɪɟɞɨɬɨчɟɧɧɭɸ ɫɢɥɭ P, 
ɬɨчɤа ɩɪɢɥɨɠɟɧɢя ɤɨɬɨɪɨɣ L ɧɟ ɥɟɠɢɬ ɧа ɛɢɫ-
ɫɟɤɬɪɢɫɟ (ɪɢɫ. 1). 
Тɨɝɞа, ɭчɢɬывая (23), ɩɨɥɭчɢɦ ɫɥɟɞɭɸɳɟɟ 
выɪаɠɟɧɢɟ ɞɥя ɩɪɨɝɢɛɨв ɩɪɢ 1xx  : 
       

 





1
1,4

1

2
0

1

,2
sin

2
sin

,,

k
k xxw

kk

Рr

xwxw

 





 

  ...3,2,1k    (24) 
 
Еɫɥɢ ɧа ɩɥаɫɬɢɧɭ ɞɟɣɫɬвɭɟɬ ɫɨɫɪɟɞɨɬɨчɟɧɧая 
ɫɢɥа P, ɬɨчɤа ɩɪɢɥɨɠɟɧɢя ɤɨɬɨɪɨɣ ɥɟɠɢɬ ɧа 
ɛɢɫɫɟɤɬɪɢɫɟ (ɪɢɫ. 2), ɬɨ ɩɪɨɝɢɛы ɨɩɪɟɞɟɥя-
ɸɬɫя ɫɥɟɞɭɸɳɢɦ ɨɛɪаɡɨɦ: 
    

   
 

 


1
1,4

2

1

2
0

1

,2
sin

2
sin1

,,

k
k

k

xxw

kk

Рr

xwxw

 


 

 ...5,3,1k . (25) 
 
Раɫɫɦɨɬɪɢɦ ɫɥɭчаɣ, ɤɨɝɞа ɩɥаɫɬɢɧа ɡаɝɪɭ-
ɠɟɧа ɧаɝɪɭɡɤɨɣ q, ɪавɧɨɦɟɪɧɨ ɪаɫɩɪɟɞɟɥёɧ-
ɧɨɣ ɩɨ ɞɭɝɟ ɞɥɢɧɨɣ 2α1x1 (ɪɢɫ. 3) 
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Рис. 3. Дɟɣсɬвиɟ ɧа ɩɥасɬиɧу ɧаɝруɡки, 

равɧɨɦɟрɧɨ расɩрɟɞɟɥёɧɧɨɣ ɩɨ ɞуɝɟ. 
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Рис. 4. Дɟɣсɬвиɟ ɧа ɩɥасɬиɧу ɧаɝруɡки, 
равɧɨɦɟрɧɨ расɩрɟɞɟɥёɧɧɨɣ ɩɨ часɬи 

раɞиуса. 
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Рис. 5. ɉɥасɬиɧа, иɦɟɸщая ɮɨрɦу круɝɨвɨɝɨ 

ɩряɦɨуɝɨɥьɧика. 
 

Тɨɝɞа выɪаɠɟɧɢɟ ɞɥя ɩɪɨɝɢɛɨв ɫ ɭчёɬɨɦ (23) 
ɢɦɟɟɬ вɢɞ 
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 ...5,3,1k . (26) 

Даɥɟɟ ɦɨɠɧɨ ɢɡɭчɢɬь ɞɟɣɫɬвɢɟ ɧаɝɪɭɡɤɢ q, 
ɪавɧɨɦɟɪɧɨ ɪаɫɩɪɟɞɟɥёɧɧɨɣ ɩɨ чаɫɬɢ ɪаɞɢɭɫа 
(ɪɢɫ. 4). Дɥя ɩɨɥɭчɟɧɢя ɪɟшɟɧɢя в ɷɬɨɦ ɫɥɭ-
чаɟ ɫɥɟɞɭɟɬ ɢɫɩɨɥьɡɨваɬь ɡавɢɫɢɦɨɫɬь (25), 
ɢɧɬɟɝɪɢɪɭя вɬɨɪɨɣ чɥɟɧ. 
Раɫɫɦɨɬɪɢɦ ɩɪɢɦɟɪ ɪаɫчёɬа ɩɥаɫɬɢɧы ɫ ɠёɫɬ-
ɤɨɫɬьɸ (1), ɥɟɠаɳɟɣ ɧа ɭɩɪɭɝɨɦ вɢɧɤɥɟɪɨв-
ɫɤɨɦ ɨɫɧɨваɧɢɢ ɢ ɢɦɟɸɳɟɣ фɨɪɦɭ ɤɪɭɝɨвɨɝɨ 
ɩɪяɦɨɭɝɨɥьɧɢɤа. Кɨɧɫɬɪɭɤɰɢя ɧахɨɞɢɬɫя ɩɨɞ 
ɞɟɣɫɬвɢɟɦ ɧаɝɪɭɡɤɢ, ɩɟɪɟɞаɸɳɟɣɫя ɧа ɧɟё чɟ-
ɪɟɡ чɟɬыɪɟ ɤɨɥɨɧɧы. Раɡɦɟɪы ɩɨɤаɡаɧы ɧа 
ɪɢɫ. 5. Чɟɪɟɡ ɤаɠɞɭɸ ɢɡ ɤɨɥɨɧɧ ɧа ɩɥаɫɬɢɧɭ 
ɩɟɪɟɞаёɬɫя ɧаɝɪɭɡɤа P = 8000 ɤН. Дɭɝɨвыɟ 
ɤɪая ɢɦɟɸɬ ɫɥɟɞɭɸɳɢɟ ɭɫɥɨвɢя ɡаɤɪɟɩɥɟɧɢя: 
ɤɪаɣ x = R0 = 47,3 ɦ - ɡаɳɟɦɥёɧ, ɤɪаɣ x = R0 = 
65,65 ɦ - ɫвɨɛɨɞɟɧ. Раɞɢаɥьɧыɟ ɤɪая ɨɩёɪɬы 
шаɪɧɢɪɧɨ. 
Оɩɪɟɞɟɥяɸɬɫя ɪаɞɢаɥьɧыɟ ɢ ɬаɧɝɟɧɰɢаɥьɧыɟ 
ɢɡɝɢɛаɸɳɢɟ ɦɨɦɟɧɬы. 
В ɪаɫчёɬах ɩɪɢɧяɬɨ, чɬɨ ɭɝɨɥ 2α = 90º; ɩɥа-
ɫɬɢɧа ɧахɨɞɢɬɫя ɩɨɞ ɞɟɣɫɬвɢɟɦ чɟɬыɪɟх ɪав-
ɧых ɢ ɪавɧɨɨɬɫɬɨяɳɢх ɫɢɥ P, ɬɨчɤɢ ɩɪɢɥɨɠɟ-
ɧɢя ɤɨɬɨɪых ɧахɨɞяɬɫя ɧа ɨɤɪɭɠɧɨɫɬɢ ɫ ɪаɞɢ-
ɭɫɨɦ R0 = 58,5 ɦ. На вɧɭɬɪɟɧɧɟɦ ɤɨɧɬɭɪɟ ɬɨɥ-
ɳɢɧа ɩɥаɫɬɢɧы ɪавɧа 1,1 ɦ, ɧа ɧаɪɭɠɧɨɦ ɤɨɧ-
ɬɭɪɟ – 1,75 ɦ. 
Пɪɢ ɪаɫчёɬɟ ɩɪɢɧяɬɨ: ɦɨɞɭɥь ɭɩɪɭɝɨɫɬɢ E = 
29·106 ɤН/ɦ2; ɤɨɷффɢɰɢɟɧɬ Пɭаɫɫɨɧа σ = 1/6; 
ɤɨɷффɢɰɢɟɧɬ ɩɨɫɬɟɥɢ c = 5000 ɤН/ɦ3; r0 = 
65,65 ɦ. 
В ɬаɛɥɢɰɟ 1 ɩɪɢвɟɞɟɧы вɟɥɢчɢɧы ɢɡɝɢɛаɸ-
ɳɢх ɦɨɦɟɧɬɨв Mr ɢ Mș, ɢɡɦɟɧяɸɳɢɟɫя в 
ɨɤɪɭɠɧɨɦ ɧаɩɪавɥɟɧɢɢ ɧа вɧɭɬɪɟɧɧɟɦ ɤɨɧ-
ɬɭɪɟ. 
 
Таɛɥиɰа 1. Зɧачɟɧия иɡɝиɛаɸщих ɦɨɦɟɧɬɨв 

Mr и Mș ɧа вɧуɬрɟɧɧɟɦ кɨɧɬурɟ 
Θ 0 π/16 π/8 3π/16 π/4 

Mr, 
ɤНɦ/ɦ 

3263 3012 1936 1112 0 

Mș, 
ɤНɦ/ɦ 

544 476 305 179 47 
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АɇɇɈɌАЦИə: Даɟɬɫя ɨɛɡɨɪ ɦаɬɟɦаɬɢчɟɫɤɢх ɦɨɞɟɥɟɣ ɢ ɦɟɬɨɞɨв, ɩɪɢɦɟɧяɟɦых в ɞɢɧаɦɢɤɟ 
ɝɪаɧɭɥɢɪɨваɧɧых ɫɪɟɞ ɩɪɢ ɦɨɞɟɥɢɪɨваɧɢɢ ɢ ɢɫɫɥɟɞɨваɧɢɢ ɩɪɨɰɟɫɫɨв ɰɢɤɥɢчɟɫɤɨɝɨ ɧаɝɪɭɠɟɧɢя, 
фɨɪɦɢɪɨваɧɢя ɝɢɫɬɟɪɟɡɢɫɧых ɩɟɬɟɥь, а ɬаɤɠɟ ɩɪɢ ɢɫɫɥɟɞɨваɧɢɢ ɪаɫɩɪɨɫɬɪаɧɟɧɢя вɨɥɧɨвых фɪɨɧɬɨв.  
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Ƚɪаɧɭɥɢɪɨваɧɧыɟ ɦаɬɟɪɢаɥы ɩɪɟɞɫɬавɥяɸɬ 
ɫɨɛɨɣ ɨɞɢɧ ɢɡ ɫаɦых ɪаɫɩɪɨɫɬɪаɧɟɧɧых 
ɤɥаɫɫɨв ɦаɬɟɪɢаɥɨв, вɤɥɸчаɸɳɟɝɨ в ɫɟɛя ɤаɤ 
ɦаɬɟɪɢаɥы ɟɫɬɟɫɬвɟɧɧɨɝɨ ɩɪɨɢɫхɨɠɞɟɧɢя 
(ɩɪɢɦɟɪɨɦ ɦɨɝɭɬ ɫɥɭɠɢɬь вɫɟвɨɡɦɨɠɧыɟ 
вɢɞы ɝɪɭɧɬɨвых ɢ ɫɤаɥьɧых ɩɨɪɨɞ, вɤɥɸчая 
ɩɟɫɨɤ, ɝɥɢɧɭ, ɢɥɢɫɬыɟ ɢ ɥɟɫɫɨвыɟ ɝɪɭɧɬы ɢ 
ɞɪ.), а ɬаɤɠɟ ɦɧɨɝɢɟ вɢɞы ɦаɬɟɪɢаɥɨв 
ɢɫɤɭɫɫɬвɟɧɧɨɝɨ ɩɪɨɢɫхɨɠɞɟɧɢя.  
Даɥɟɟ аɧаɥɢɡɢɪɭɸɬɫя ɦɟɬɨɞы ɢ ɩɨɞхɨɞы, 
ɩɪɢɦɟɧяɟɦыɟ ɞɥя ɩɨɫɬɪɨɟɧɢя ɨɩɪɟɞɟɥяɸɳɢх 
ɫɨɨɬɧɨшɟɧɢɣ ɩɪɢ ɪɟшɟɧɢɢ ɞɢɧаɦɢчɟɫɤɢх 
ɡаɞач ɦɟхаɧɢɤɢ ɝɪаɧɭɥɢɪɨваɧɧых ɫɪɟɞ.  
Нɢɠɟ, в ɩɨɪяɞɤɟ ɨɛɳɧɨɫɬɢ, ɛɭɞɭɬ 
ɪаɫɫɦаɬɪɢваɬьɫя ɝɢɩɟɪɭɩɪɭɝɢɟ, ɭɩɪɭɝɢɟ, 
ɝɢɩɨɭɩɪɭɝɢɟ, ɭɩɪɭɝɨ-ɩɥаɫɬɢчɟɫɤɢɟ ɦɨɞɟɥɢ  
В ɛɨɥьшɢɧɫɬвɟ ɢɡ ɪаɫɫɦаɬɪɢваɟɦых в ɨɛɡɨɪɟ 
ɦɨɞɟɥɟɣ ɩɪɟɞɩɨɥаɝаɟɬɫя, чɬɨ ɞɟфɨɪɦаɰɢɢ – 
ɢɧфɢɧɢɬɟɡɢɦаɥьɧыɟ.  
 
 
 

1. ɍɉɊɍȽИȿ ɆɈДȿɅИ  
 
Эɬɢ ɦɨɞɟɥɢ ɨɫɧɨваɧы ɧа ɤɨɧɰɟɩɰɢɢ 
ɨɛɪаɬɢɦɨɫɬɢ (ɢɥɢ ɢɧɤɪɟɦɟɧɬаɥьɧɨɣ 
ɨɛɪаɬɢɦɨɫɬɢ) ɫɨɨɬɧɨшɟɧɢɣ ɦɟɠɞɭ 
ɧаɩɪяɠɟɧɢяɦɢ ɢ ɞɟфɨɪɦаɰɢяɦɢ.  
 
1.1. Гиɩɟруɩруɝиɟ ɦɨɞɟɥи. В ɷɬɢх ɦɨɞɟɥях 
ɫвяɡь ɦɟɠɞɭ ɧаɩɪяɠɟɧɢяɦɢ ɢ ɞɟфɨɪɦаɰɢяɦɢ 
ɡаɞаɟɬɫя ɭɪавɧɟɧɢɟɦ ɫɨɫɬɨяɧɢя вɢɞа  
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ɝɞɟ ɤɨɧɫɬаɧɬы Ʌаɦɟ   ɢ   явɥяɸɬɫя 
фɭɧɤɰɢяɦɢ ɢɧваɪɢаɧɬɨв ɬɟɧɡɨɪа 
ɞɟфɨɪɦаɰɢɣ 
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Наɪяɞɭ ɫ ɢɧваɪɢаɧɬɨɦ II  ɩɪɢɦɟɧяɸɬ ɬаɤɠɟ 
ɢɧваɪɢаɧɬы  
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~ 2

2 21
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 
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В ɭɪавɧɟɧɢɢ ɫɨɫɬɨяɧɢя (1) I  - ɟɞɢɧɢчɧая 
ɞɢаɝɨɧаɥьɧая ɦаɬɪɢɰа. В ɞаɥьɧɟɣшɟɦ 
ɩɪɟɞɩɨɥаɝаɟɬɫя, чɬɨ ɷɧɟɪɝɢя 
ɞɟфɨɪɦɢɪɨваɧɢя ɫɪɟɞы, ɨɩɪɟɞɟɥяɟɦɨɣ 
ɭɪавɧɟɧɢɟɦ ɫɨɫɬɨяɧɢя (1), - ɩɨɥɨɠɢɬɟɥьɧɨ 
ɨɩɪɟɞɟɥɟɧɧая. Эɬɨ ɧаɤɥаɞываɟɬ ɫɥɟɞɭɸɳɢɟ 
ɨɝɪаɧɢчɟɧɢя ɧа ɤɨɧɫɬаɧɬы Ʌаɦɟ  
 
             0, 3 2 0        (4) 
 
Пɨɞɫɬаɧɨвɤа ɨɩɪɟɞɟɥяɸɳɢх ɫɨɨɬɧɨшɟɧɢɣ 
(1) в ɭɪавɧɟɧɢя ɞвɢɠɟɧɢя ɫ ɭчɟɬɨɦ 
ɥɢɧɟаɪɢɡɨваɧɧых ɫɨɨɬɧɨшɟɧɢɣ Кɨшɢ, ɞаɟɬ 
ɭɪавɧɟɧɢя Ʌаɦɟ в ɬɟɪɦɢɧах ɩɟɪɟɦɟɳɟɧɢɣ 
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ɝɞɟ, ввɢɞɭ (1)  
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Ƚɪаɞɢɟɧɬ x   ɨɩɪɟɞɟɥяɟɬɫя аɧаɥɨɝɢчɧɨ.  
В ɞɨɩɨɥɧɟɧɢɟ ɤ ɭɫɥɨвɢɸ (1) ɞɥя 
ɝɢɩɟɪɭɩɪɭɝɨɝɨ ɢɡɨɬɪɨɩɧɨɝɨ ɦаɬɟɪɢаɥа 
ɬɪɟɛɭɟɬɫя ɫɭɳɟɫɬвɨваɧɢɟ ɫɤаɥяɪɧɨɝɨ 
ɩɨɬɟɧɰɢаɥа ( , , )I II III    , ɬаɤɨɝɨ, чɬɨ [1]  

 
         ( , , )I II III       (7) 

 
Пɪɢ ɭчɟɬɟ ɫɨɨɬɧɨшɟɧɢɣ (2), ɭɫɥɨвɢɟ (7) 
ɦɨɠɟɬ ɛыɬь ɩɪɟɞɫɬавɥɟɧɨ в вɢɞɟ [2]  
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Сɪавɧɟɧɢɟ выɪаɠɟɧɢɣ (1) ɢ (8) ɞаɟɬ 
ɩɪɟɞɫɬавɥɟɧɢɟ ɭɩɪɭɝɢх ɤɨɧɫɬаɧɬ в ɬɟɪɦɢɧах 
ɝɢɩɟɪɭɩɪɭɝɨɝɨ ɩɨɬɟɧɰɢаɥа  
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Уɫɥɨвɢя (9) ɧаɤɥаɞываɸɬ ɨɝɪаɧɢчɟɧɢя ɧа 
ɩɨɬɟɧɰɢаɥ  . В чаɫɬɧɨɫɬɢ, ɩɨɫɤɨɥьɤɭ 
ɤɨɧɫɬаɧɬы Ʌаɦɟ, в ɩɪɟɞɩɨɥɨɠɟɧɢɢ ɢх 
ɧɟɩɪɟɪывɧɨɣ ɡавɢɫɢɦɨɫɬɢ ɨɬ ɢɧваɪɢаɧɬɨв, 
ɞɨɥɠɧы ɛыɬь ɨɝɪаɧɢчɟɧы ɩɪɢ 0I   ɩɪɢ 
 , ɢɡ (9) выɬɟɤаɸɬ ɫɥɟɞɭɸɳɢɟ 

аɫɢɦɩɬɨɬɢчɟɫɤɢɟ ɨɰɟɧɤɢ  
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Заɦɟчаɧия 1. а) Наɞɨ ɨɬɦɟɬɢɬь, чɬɨ, ɟɫɥɢ II  ɦɨɠɟɬ 
ɨɛɪаɳаɬьɫя в ɧɭɥь ɩɪɢ ɧɟɤɨɬɨɪɨɦ ɨɬɥɢчɧɨɦ ɨɬ ɧɭɥя 

ɬɟɧɡɨɪɟ  , ɬɨ ɢɧваɪɢаɧɬ ~II , ɫɨвɩаɞая ɫ шɭɪɨвɫɤɨɣ 
ɧɨɪɦɨɣ, ɭɠɟ в ɨɬɥɢчɟɧ ɨɬ ɧɭɥя ɢ ɩɨɥɨɠɢɬɟɥɟɧ ɩɪɢ 
ɥɸɛɨɦ ɧɟɧɭɥɟвɨɦ ɞɟɣɫɬвɢɬɟɥьɧɨɦ ɬɟɧɡɨɪɟ  . 

Иɧваɪɢаɧɬ II   ɩɨɥɨɠɢɬɟɥɟɧ ɩɪɢ ɥɸɛɨɦ 

ɫɢɦɦɟɬɪɢчɧɨɦ ɬɟɧɡɨɪɟ  , ɨɬɥɢчɧɨɦ ɨɬ cI , ɝɞɟ 0c   
- ɩɪɨɢɡвɨɥьɧɨɟ ɞɟɣɫɬвɢɬɟɥьɧɨɟ чɢɫɥɨ.  
ɛ) Уɪавɧɟɧɢя ɞвɢɠɟɧɢя в фɨɪɦɟ (5) ɨɞɢɧаɤɨвы ɞɥя 
ɭɩɪɭɝɢх ɢ ɝɢɩɟɪɭɩɪɭɝɢх ɢɡɨɬɪɨɩɧых ɫɪɟɞ.  
в) Уɪавɧɟɧɢя (5) ɩɨɤаɡываɸɬ, чɬɨ в ɫɪɟɞɟ ɫ 
ɨɩɪɟɞɟɥяɸɳɢɦɢ ɭɪавɧɟɧɢяɦɢ (1) ɪаɫɩɪɨɫɬɪаɧɟɧɢɟ 
ɩɪɨɞɨɥьɧɨɣ ɢ ɩɨɩɟɪɟчɧɨɣ вɨɥɧ вɢɞа  
 
            ( , ) ( ( ))t r ct   u x m n x   (11) 

 
ɝɞɟ m  - вɟɤɬɨɪɧая аɦɩɥɢɬɭɞа r  - вɨɥɧɨвɨɟ чɢɫɥɨ, n  
- вɨɥɧɨвая ɧɨɪɦаɥь, а c  - ɫɤɨɪɨɫɬь ɪаɫɩɪɨɫɬɪаɧɟɧɢя, 
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вɨɨɛɳɟ ɝɨвɨɪя, ɡавɢɫɢɬ ɨɬ вɨɥɧɨвɨɣ фɭɧɤɰɢɢ  , в 
ɨɬɥɢчɢɟ ɨɬ ɢɡɨɬɪɨɩɧɨɣ ɭɩɪɭɝɨɣ ɫɪɟɞы ɫ 

const, const    , ɞɥя ɤɨɬɨɪɨɣ ɫɤɨɪɨɫɬɢ 
ɢɧваɪɢаɧɬɧы ɩɨ ɨɬɧɨшɟɧɢɸ ɤ вɢɞɭ вɨɥɧɨвɨɣ 
фɭɧɤɰɢɢ   Д3Ж. Дɟɣɫɬвɢɬɟɥьɧɨ, ɞɥя ɞɢɧаɦɢчɟɫɤɨɝɨ 
ɩɨɥя ɫɦɟɳɟɧɢɣ (11) ɬɟɧɡɨɪ ɞɟфɨɪɦаɰɢɣ ɢɦɟɟɬ вɢɞ  
 

            2
r    m n n m   (12) 

 
В ɫɥɭчаɟ ɩɪɨɞɨɥьɧɨɣ вɨɥɧы m n  ɬɟɧɡɨɪɧыɟ 
ɢɧваɪɢаɧɬы в (2) ɩɪɟɞɫɬавɢɦы в вɢɞɟ  
 

           , 0, 0I r II III        (13) 

 
В ɭɫɥɨвɢях (11) - (13) ɭɪавɧɟɧɢя ɞвɢɠɟɧɢя (5) ɞаɸɬ  
 

              22 1+ 2P I I
c             (14) 

Дɥя ɩɨɩɟɪɟчɧɨɣ вɨɥɧы ( 0 m n ) ɬɟɧɡɨɪɧыɟ 
ɢɧваɪɢаɧɬы (2) ɭɠɟ ɞɪɭɝɢɟ  
 

           0, , 0I II r III         (15) 

Иɡ ɭɪавɧɟɧɢɣ (11), (15), ɩɨ аɧаɥɨɝɢɢ ɫ ɩɪɟɞыɞɭɳɢɦ 
ɫɥɭчаɟɦ, ɩɨɥɭчаɟɦ ɫɤɨɪɨɫɬь ɩɨɩɟɪɟчɧɨɣ вɨɥɧы  
 

               2 1 2S II II
c             (16) 

 
Пɪɢ ɪɟшɟɧɢɢ ɡаɞач ɞɢɧаɦɢɤɢ 
ɝɪаɧɭɥɢɪɨваɧɧых ɫɪɟɞ ɝɢɩɟɪɭɩɪɭɝɢɟ ɦɨɞɟɥɢ 
ɩɪɢɦɟɧяɸɬɫя вɟɫьɦа чаɫɬɨ [4-10], ɩɪɢчɟɦ в 
ɛɨɥьшɢɧɫɬвɟ ɷɬɢх ɪаɛɨɬ ɞɥя ɩɨɫɬɪɨɟɧɢя 
ɪɟшɟɧɢɣ ɢɫɩɨɥьɡɨваɥаɫь ɤɨɧɰɟɩɰɢя 
ɪаɡɧɨɦɨɞɭɥьɧɨɫɬɢ, в аɧаɥɨɝɢчɧɨɦ ɤɨɧɬɟɤɫɬɟ 
ɩɪɢɦɟɧявшаяɫя в Д11-13] ɫ ɢɫɩɨɥьɡɨваɧɢɟɦ 
ɭɩɪɭɝɨɝɨ ɩɨɬɟɧɰɢаɥа вɢɞа  
 

      ~ 2 ~ ~,I II I II I II            (17) 

 
ɝɞɟ , ,    - ɭɩɪɭɝɢɟ ɩɨɫɬɨяɧɧыɟ, ɧɟ 
ɡавɢɫяɳɢɟ ɨɬ ɢɧваɪɢаɧɬɨв ~,I II  , ɝɞɟ ~II  

ɨɩɪɟɞɟɥɟɧ фɨɪɦɭɥɨɣ (3).  
Ввɟɞɟɧɢɟ ɩаɪаɦɟɬɪа   в ɩɨɬɟɧɰɢаɥ (17) 
ɩɨɡвɨɥяɟɬ ɭчɟɫɬь ɡавɢɫɢɦɨɫɬь ɫвɨɣɫɬв ɫɪɟɞы 
ɨɬ ɡɧаɤа ɩɟɪвɨɝɨ ɢɧваɪɢаɧɬа.  

Оɬɦɟɬɢɦ ɬаɤɠɟ, чɬɨ ɫ ɩɨɦɨɳьɸ 
ɷɤɫɩɨɧɟɧɰɢаɥьɧɨ ɭɛываɸɳɢх ɩɨɬɟɧɰɢаɥɨв 
вɢɞа  
 

 

 ~ ~ ~
1

~ ~
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, ( , )(1 exp( ( ))

( ) 0 @ 0

( ) @

I II I II II

II II

II II

    
 
 

    
  
  

  (18) 

 

ɝɞɟ ~
1( , )I II   - ɧɟɤɨɬɨɪыɣ ɩɨɬɟɧɰɢаɥ, 

ɦɨɝɭɬ ɢɫɫɥɟɞɨваɬьɫя ɫɪɟɞы ɫ ɧɢɫɩаɞаɸɳɟɣ 
ɤɪɢвɨɣ ɞɟфɨɪɦɢɪɨваɧɢя [14].  
 
1.2. Уɩруɝиɟ ɦɨɞɟɥи. Уɩɪɭɝɢɟ ɦɨɞɟɥɢ в 
ɫɥɭчаɟ ɢɡɨɬɪɨɩɧɨɣ ɫɪɟɞы ɩɪɢ 
ɢɧфɢɧɢɬɟɡɢɦаɥьɧых ɞɟфɨɪɦаɰɢях 
ɨɩɪɟɞɟɥяɸɬɫя ɡаɤɨɧɨɦ ɫɨɫɬɨяɧɢя  
 

          
( , , )

2 ( , , )

I II III I

I II III

  
 

I   
  


   (19) 

 
Пɪɟɞɩɨɥаɝаɟɬɫя, чɬɨ ɧɟɪавɟɧɫɬвɨ (4), 
ɨɛɟɫɩɟчɢваɸɳɟɟ ɩɨɥɨɠɢɬɟɥьɧɨɫɬь ɷɧɟɪɝɢɢ 
ɞɟфɨɪɦɢɪɨваɧɢя, выɩɨɥɧяɟɬɫя.  
Пɨ аɧаɥɨɝɢɢ ɫ (5), ɥɢɧɟаɪɢɡɨваɧɧɨɟ 
ɭɪавɧɟɧɢɟ ɞвɢɠɟɧɢя в ɩɟɪɟɦɟɳɟɧɢях 
ɩɪɟɞɫɬавɢɦɨ в вɢɞɟ  
 

         

2

1

1

div rot rot

div

( )

x x x x

x x

T
x x x

  
 



  
   
      

u u

u

u u b u

  (20) 

 
Наɞɨ ɨɬɦɟɬɢɬь, чɬɨ, ɧаɥɢчɢɟ ɫɥаɝаɟɦых, 
ɫɨɞɟɪɠаɳɢх ɝɪаɞɢɟɧɬы ɭɩɪɭɝɢх ɤɨɧɫɬаɧɬ 
ɫɭɳɟɫɬвɟɧɧыɦ ɨɛɪаɡɨɦ, ɫɭɠаɟɬ ɤɪɭɝ 
аɧаɥɢɬɢчɟɫɤɢх ɪɟшɟɧɢɣ: ɞаɠɟ ɞɥя 
ɛɟɡɝɪаɧɢчɧɨɣ ɫɪɟɞы ɩɨɥɭчɢɬь 
фɭɧɞаɦɟɧɬаɥьɧɨɟ ɪɟшɟɧɢɟ ɭɪавɧɟɧɢɣ (10) в 
ɡаɦɤɧɭɬɨɦ вɢɞɟ ɧɟ ɭɞаɥɨɫь. Оɞɧаɤɨ, ɫ 
ɩɨɦɨɳьɸ ɝɥавɧɨɝɨ ɫɢɦвɨɥа ɷɬɢх ɭɪавɧɟɧɢɣ  
 

    22 2( , ) 4A         I      (21) 
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ɦɨɠɟɬ ɛыɬь ɩɨɫɬɪɨɟɧ ɩаɪаɦɟɬɪɢɤɫ Д15]  
 
          2

1
1 24

( , , )E f f   x I     (22) 

 
ɝɞɟ 
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  (23) 

 
Даɥɟɟ, ɫ ɩɨɦɨɳьɸ ɢɬɟɪаɰɢɨɧɧɨɝɨ ɩɪɨɰɟɫɫа 
ɩɨ ɩаɪаɦɟɬɪɢɤɫɭ (22) ɦɨɠɟɬ ɛыɬь ɩɨɫɬɪɨɟɧɨ 
фɭɧɞаɦɟɧɬаɥьɧɨɟ ɪɟшɟɧɢɟ ɞɥя ɛɟɡɝɪаɧɢчɧɨɣ 
ɫɪɟɞы [15].  
Нɟɫɦɨɬɪя ɧа ɨчɟвɢɞɧɭɸ ɛɨɥьшɭɸ ɨɛɳɧɨɫɬь 
ɤɨɧɰɟɩɰɢɢ ɭɩɪɭɝɨɣ ɫɪɟɞы, ɩɨ ɫɪавɧɟɧɢɸ ɫ 
ɝɢɩɟɪɭɩɪɭɝɨɣ, ɭɩɪɭɝɢɟ ɫɪɟɞы ɞɥя ɨɩɢɫаɧɢя 
ɞɢɧаɦɢɤɢ ɝɪаɧɭɥɢɪɨваɧɧых ɫɪɟɞ 
ɩɪɢɦɟɧяɸɬɫя ɪɟɠɟ. В Д16, 17]  
ɪаɫɫɦаɬɪɢваɥɢɫь вɨɩɪɨɫы ɨɩɪɟɞɟɥɟɧɢя 
ɫɤɨɪɨɫɬɟɣ ɪаɫɩɪɨɫɬɪаɧɟɧɢя аɤɭɫɬɢчɟɫɤɢх 
вɨɥɧ в ɫɢɫɬɟɦɟ, ɫɨɫɬɨяɳɟɣ ɢɡ ɭɩɪɭɝɢх 
шаɪɨв, вɡаɢɦɨɞɟɣɫɬвɢɟ ɦɟɠɞɭ ɤɨɬɨɪыɦɢ 
ɨɩɢɫываɟɬɫя ɪɟшɟɧɢɟɦ ɡаɞачɢ Ƚɟɪɰа. В [18, 
19] ɞɥя ɨɩɢɫаɧɢя ɪаɡɧɨɦɨɞɭɥьɧɨɣ ɫɪɟɞы 
ɩɪɟɞɥаɝаɥɨɫь ɢɫɩɨɥьɡɨваɬь ɭɪавɧɟɧɢя ɬɟɨɪɢɢ 
ɭɩɪɭɝɨɫɬɢ аɧɢɡɨɬɪɨɩɧɨɝɨ ɬɟɥа. Пɪɢ ɷɬɨɦ 
ɧаɞɨ ɨɬɦɟɬɢɬь, чɬɨ в [18, 19Ж ɧаɪɭшаɥɫя 
ɩɪɢɧɰɢɩ ɢɡɨɬɪɨɩɢɢ, ɩɪɨявɥяɸɳɢɣɫя ɩɪɢ 
ɫɦɟɧɟ ɡɧаɤа ɭ ɧɨɪɦаɥьɧых ɤɨɦɩɨɧɟɧɬ 
ɬɟɧɡɨɪа ɞɟфɨɪɦаɰɢɣ.  
 
1.3. Гиɩɨуɩруɝиɟ ɦɨɞɟɥи. Сɥɟɞɭя Д20 – 22], 
ɫɤɨɪɨɫɬь ɧаɩɪяɠɟɧɢɣ   в ɝɢɩɨɭɩɪɭɝɨɣ ɫɪɟɞɟ 
ɨɩɪɟɞɟɥяɟɬɫя ɥɢɧɟɣɧɨɣ ɡавɢɫɢɦɨɫɬьɸ ɨɬ 
ɫɤɨɪɨɫɬɢ ɞɟфɨɪɦаɰɢɣ   . Пɪɢ ɨɩɢɫаɧɢɢ 
ɩɪɨɰɟɫɫɨв, ɫвяɡаɧɧых ɫ ɛɨɥьшɢɦɢ 
ɞɟфɨɪɦаɰɢяɦɢ, ɡɧачɢɬɟɥьɧɭɸ ɪɨɥь в ɷɬɨɦ 
ɨɩɪɟɞɟɥɟɧɢɢ ɢɝɪаɟɬ выɛɨɪ ɬɟɧɡɨɪа ɫɤɨɪɨɫɬɢ 
ɧаɩɪяɠɟɧɢɣ  . Оɞɧаɤɨ, в ɤɨɧɬɟɤɫɬɟ 
ɢɧфɢɧɢɬɟɡɢɦаɥьɧых ɞɟфɨɪɦаɰɢɣ, ɡаɤɨɧ 
ɫɨɫɬɨяɧɢя ɝɢɩɨɭɩɪɭɝɨɣ ɢɡɨɬɪɨɩɧɨɣ 

ɫɠɢɦаɟɦɨɣ ɫɪɟɞы ɩɪɢ ɢɡɨɬɟɪɦɢчɟɫɤɨɦ 
ɧаɝɪɭɠɟɧɢɢ ɭɩɪɨɳаɟɬɫя ɢ ɦɨɠɟɬ ɛыɬь 
ɡаɩɢɫаɧ в вɢɞɟ  
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ɝɞɟ 
t

   (ɩɨɥɧая ɩɪɨɢɡвɨɞɧая ɩɨ вɪɟɦɟɧɢ 
ɫɨвɩаɞаɟɬ ɫ чаɫɬɧɨɣ в ɢɧфɢɧɢɬɟɡɢɦаɥьɧɨɦ 
ɫɥɭчаɟ),   ɢ   - фɭɧɤɰɢɢ ɫɨɨɬвɟɬɫɬвɭɸɳɢх 
ɢɧваɪɢаɧɬɨв ɬɟɧɡɨɪа ɧаɩɪяɠɟɧɢɣ, I  - 
ɟɞɢɧɢчɧая ɦаɬɪɢɰа. Тɟɧɡɨɪɧыɟ ɢɧваɪɢаɧɬы 
в (24) ɨɩɪɟɞɟɥяɸɬɫя ɩɨ фɨɪɦɭɥаɦ (2). 
Сɪавɧɟɧɢɟ ɡаɤɨɧɨв ɫɨɫɬɨяɧɢя ɝɢɩɨɭɩɪɭɝɨɣ 
(24) ɢ ɭɩɪɭɝɨɣ ɫɪɟɞ (19) ɩɨɤаɡываɟɬ, чɬɨ 
ɟɞɢɧɫɬвɟɧɧɨɟ ɪаɡɥɢчɢɟ ɡаɤɥɸчаɟɬɫя в 
ɢɧɤɪɟɦɟɧɬаɥьɧɨɣ ɡаɩɢɫɢ ɭɪавɧɟɧɢɣ 
ɫɨɫɬɨяɧɢя ɞɥя ɝɢɩɨɭɩɪɭɝɨɣ ɫɪɟɞы.  
В Д23, 24] ɭɫɬаɧɨвɥɟɧɨ, чɬɨ ɭɪавɧɟɧɢяɦɢ (24) 
ɦɨɠɟɬ ɨɩɪɟɞɟɥяɬьɫя ɭɩɪɭɝɨ-ɩɥаɫɬɢчɟɫɤая 
ɫɪɟɞа ɫ ɢɡɨɬɪɨɩɧыɦ ɭɩɪɨчɧɟɧɢɟɦ, ɩɪɢчɟɦ в 
[25] ɩɨɤаɡаɧɨ, ɤаɤ в ɪаɦɤах ɝɢɩɨɭɩɪɭɝɨɣ 
ɫɪɟɞы ɦɨɠɧɨ ɨɩɢɫаɬь ɦɟхаɧɢɡɦ 
ɩɟɪɟɤɥɸчɟɧɢя ɡаɤɨɧɨв ɫɨɫɬɨяɧɢя ɩɪɢ 
аɤɬɢвɧɨɦ ɧаɝɪɭɠɟɧɢɢ ɢ ɪаɡɝɪɭɡɤɟ. Оɬɦɟɬɢɦ 
ɬаɤɠɟ, чɬɨ ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɨ 
ɩɨɥɨɠɢɬɟɥьɧɨɫɬɢ ɷɧɟɪɝɢɢ ɞɟфɨɪɦɢɪɨваɧɢя 
ɞаɟɬ ɭɫɥɨвɢɟ, аɧаɥɨɝɢчɧɨɟ 
ɫɨɨɬвɟɬɫɬвɭɸɳɟɦɭ ɭɫɥɨвɢɸ ɞɥя ɢɡɨɬɪɨɩɧых 
ɝɢɩɨɭɩɪɭɝɢх ɦɨɞɟɥɟɣ (4) [26].  
Иɧфɢɧɢɬɟɡɢɦаɥьɧыɟ ɭɪавɧɟɧɢя ɞвɢɠɟɧɢя, 
ɡаɩɢɫаɧɧыɟ в ɬɟɪɦɢɧах ɫɤɨɪɨɫɬɟɣ 
ɧаɩɪяɠɟɧɢɣ, ɩɪɢɧɢɦаɸɬ вɢɞ  
 
               div    b v   (25) 
 
ɝɞɟ   ɩɥɨɬɧɨɫɬь ɫɪɟɞы, ɩɪɟɞɩɨɥаɝаɟɬɫя, чɬɨ 

0  ; b  - ɩɨɥɟ ɫɤɨɪɨɫɬɟɣ ɦаɫɫɨвых ɫɢɥ. 
Пɨɞɫɬаɧɨвɤа ɭɪавɧɟɧɢя ɫɨɫɬɨяɧɢя (24) в 
ɭɪавɧɟɧɢя ɞвɢɠɟɧɢя (25) ɫ ɭчɟɬɨɦ 
ɥɢɧɟаɪɢɡɨваɧɧых ɫɨɨɬɧɨшɟɧɢɣ Кɨшɢ  
 

                1
2

T
x x  v v   (26) 
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ɞаɟɬ ɭɪавɧɟɧɢя ɞвɢɠɟɧɢя в ɬɟɪɦɢɧах 
ɫɤɨɪɨɫɬɟɣ  
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Ƚɪаɞɢɟɧɬ x   ɨɩɪɟɞɟɥяɟɬɫя аɧаɥɨɝɢчɧыɦ 
ɨɛɪаɡɨɦ.  
Раɫɩɪɨɫɬɪаɧɟɧɢɟ ɨɛъɟɦɧых ɭɞаɪɧых вɨɥɧ в 
ɛɟɡɝɪаɧɢчɧɨɣ ɝɢɩɨɭɩɪɭɝɨɣ ɫɪɟɞɟ ɩɪɢ ɧɟ 
ɢɧфɢɧɢɬɟɡɢɦаɥьɧых ɞɟфɨɪɦаɰɢях 
ɢɫɫɥɟɞɨваɥɨɫь в Д27, 28] ɫ ɩɨɦɨɳьɸ 
ɩɨɫɬɪɨɟɧɢя аɫɢɦɩɬɨɬɢчɟɫɤɢх ɨɰɟɧɨɤ вɛɥɢɡɢ 
ɭɞаɪɧɨɝɨ фɪɨɧɬа. Сɥɭчаɣ ɫɥɨɢɫɬых 
ɝɢɩɨɭɩɪɭɝɢх ɫɪɟɞ ɢ ɝаɪɦɨɧɢчɟɫɤɢх SH-вɨɥɧ 
ɪаɫɫɦаɬɪɢваɥɫя в Д29], а в Д30] ɩɪɢ ɬɟх ɠɟ 
ɭɫɥɨвɢях ɢɫɫɥɟɞɨваɥɢɫь вɨɥɧы Ʌява. Наɞɨ 
ɨɬɦɟɬɢɬь, чɬɨ ɞɢɫɩɟɪɫɢɨɧɧыɟ ɭɪавɧɟɧɢя в 
[29, 30] ɭɞаɥɨɫь ɩɨɥɭчɢɬь ɥɢшь ɞɥя ɨɞɧɨɝɨ 
чаɫɬɧɨɝɨ ɫɥɭчая ɝɢɩɨɭɩɪɭɝɨɣ ɫɪɟɞы. В 
ɡаɤɥɸчɟɧɢɟ ɡаɦɟɬɢɦ, чɬɨ в ɫɥɭчаɟ ɛɨɥьшɢх 
ɞɟфɨɪɦаɰɢɣ ɢ ɰɢɤɥɢчɟɫɤɢх ɧаɝɪɭɡɨɤ 
ɩɪɢɦɟɧɟɧɢɟ ɝɢɩɨɭɩɪɭɝɢх ɦɨɞɟɥɢ ɦɨɠɟɬ 
ɩɪɢвɨɞɢɬь ɤ ɩɨявɥɟɧɢɸ в ɪɟшɟɧɢɢ 
ɧɟфɢɡɢчɟɫɤɢх ɨɫɰɢɥɥяɰɢɣ [31 – 33]. 
 
1.4. Ɉɛɨɛщɟɧия уɩруɝих и ɝиɩɟруɩруɝих 
ɦɨɞɟɥɟɣ ɞɥя учɟɬа ɝисɬɟрɟɡиса. Дɥя ɭчɟɬа 
ɷффɟɤɬа ɝɢɫɬɟɪɟɡɢɫа, ɨɛɧаɪɭɠɢваɟɦɨɝɨ ɩɪɢ 
ɰɢɤɥɢчɟɫɤɢх вɨɡɞɟɣɫɬвɢях, в ɪаɫɫɦɨɬɪɟɧɧыɟ 
вышɟ ɭɩɪɭɝɢɟ ɢ ɝɢɩɟɪɭɩɪɭɝɢɟ ɦɨɞɟɥɢ ввɨɞяɬ 
ɦɨɞɢфɢɤаɰɢɢ. Эɬɢ ɦɨɞɢфɢɤаɰɢɢ ɨɫɧɨваɧы, 
в ɨɫɧɨвɧɨɦ, ɧа ɞвɭх ɩɨɞхɨɞах.  
 
1.4.1. Гисɬɟрɟɡис ɩри ɦаɥɨɦ чисɥɟ ɰикɥɨв. 
Эɬɨɬ ɩɨɞхɨɞ ɩɪɢɦɟɧяɟɬɫя ɞɥя ɨɩɢɫаɧɢя 

ɷффɟɤɬа Маɥɥɢɧɫа ɢ ɩɪɨявɥяɸɳɟɝɨɫя ɩɪɢ 
ɦаɥɨɰɢɤɥɨвɨɦ ɞɟфɨɪɦɢɪɨваɧɢɢ ɷɥаɫɬɨɦɟɪɨв 
[34]. В ɩɨɞхɨɞɟ ɢɫɩɨɥьɡɭɸɬ ɤɨɧɰɟɩɰɢɢ 
ɢɡɦɟɧɟɧɢя ɩɭɬɢ ɞɟфɨɪɦɢɪɨваɧɢя ɩɪɢ 
ɪаɡɝɪɭɡɤɟ ɢ ɭɦɟɧьшɟɧɢя ɩɨɬɟɪь ɷɧɟɪɝɢɢ 
ɭɩɪɭɝɨɝɨ ɞɟфɨɪɦɢɪɨваɧɢя ɩɪɢ ɩɨвɬɨɪɧых 
ɧаɝɪɭɠɟɧɢях ɡа ɫчɟɬ ɢɫчɟɪɩаɧɢя 
ɫɩɨɫɨɛɧɨɫɬɢ ɩɨɥɢɦɟɪɨв ɤ ɪаɡɦяɝчɟɧɢɸ [35 – 
38].  
Оɫɧɨвɧая ɢɞɟя, ɪɟаɥɢɡɨваɧɧая в ɩɨɞхɨɞах 
[35, 37], ɫɨɫɬɨɢɬ в выɛɨɪɟ (i) ɝɢɩɟɪɭɩɪɭɝɨɣ 
ɦɨɞɟɥɢ ɞɟфɨɪɦɢɪɨваɧɢя ɫ ɩɨɬɟɧɰɢаɥɨɦ    
ɢ (ii ) ввɟɞɟɧɢɢ в ɭɪавɧɟɧɢɟ (7) 
ɞɨɩɨɥɧɢɬɟɥьɧɨɝɨ ɩаɪаɦɟɬɪа  , 
хаɪаɤɬɟɪɢɡɭɸɳɟɝɨ ɤаɤ вɢɞ ɧаɝɪɭɠɟɧɢя, ɬаɤ ɢ 
вɨɡɦɨɠɧɨɟ ɢɡɦɟɧɟɧɢɟ ɝɢɩɟɪɭɩɪɭɝɨɝɨ 
ɩɨɬɟɧɰɢаɥа ɩɪɢ ɩɨɫɥɟɞɭɸɳɢх ɧаɝɪɭɠɟɧɢях; 
ɫɦ. ɬаɤɠɟ [37, 38]. Эɬа ɤɨɧɰɟɩɰɢя, 
фаɤɬɢчɟɫɤɢ, ɩɨвɬɨɪяɟɬ ɢɞɟɸ [25] 
ɩɟɪɟɤɥɸчɟɧɢя ɡаɤɨɧɨв ɫɨɫɬɨяɧɢя ɩɪɢ 
аɤɬɢвɧɨɦ ɧаɝɪɭɠɟɧɢɢ ɢ ɪаɡɝɪɭɡɤɟ, 
ɩɪɟɞɥɨɠɟɧɧɭɸ ɞɥя ɝɢɩɨɭɩɪɭɝɢх ɫɪɟɞ.  
Ƚɢɩɟɪɭɩɪɭɝɢɣ ɩɨɬɟɧɰɢаɥ в ɷɬɨɦ ɩɨɞхɨɞɟ 
ɪаɡɛɢваɟɬɫя ɧа ɬɪɢ ɫɨɫɬавɥяɸɳɢɟ [35, 38]:  
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С ɭчɟɬɨɦ (29) ɭɪавɧɟɧɢɟ ɫɨɫɬɨяɧɢя 
ɩɪɢɨɛɪɟɬаɟɬ вɢɞ  
 
             ( ) ( )II p I    d I   (30) 

 
ɝɞɟ d  - ɞɟвɢаɬɨɪ ɬɟɧɡɨɪа ɧаɩɪяɠɟɧɢɣ. 
Таɤɢɦ ɨɛɪаɡɨɦ, в ɪаɫɫɦаɬɪɢваɟɦɨɦ ɩɨɞхɨɞɟ 
вɨɡɦɨɠɧая ɧɟɭɩɪɭɝая чаɫɬь ɫɨɨɬвɟɬɫɬвɭɟɬ 
ɬɨɥьɤɨ ɞɟвɢаɬɨɪɧɨɣ ɫɨɫɬавɥяɸɳɟɣ.  
Даɥɟɟ в ɷɬɨɦ ɩɨɞхɨɞɟ фɨɪɦɭɥɢɪɭɟɬɫя 
ɭɫɥɨвɢɟ ɞɥя ɨɩɪɟɞɟɥɟɧɢя ɩаɪаɦɟɬɪа  : 
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ɝɞɟ 1, 0, 0r m     - ɦаɬɟɪɢаɥьɧыɟ 
ɩаɪаɦɟɬɪы, ɩɪɢчɟɦ в [35] ɩаɪаɦɟɬɪ   

ɩɪɢɧɢɦаɥɫя ɧɭɥɟвыɦ; max
dev  - ɦаɤɫɢɦаɥьɧɨɟ 

ɡɧачɟɧɢɟ ɩɨɬɟɧɰɢаɥа dev  ɡа вɫɟ вɪɟɦя 
ɧаɝɪɭɠɟɧɢя, ɧа ɧачаɥьɧɨɦ ɷɬаɩɟ ɧаɝɪɭɠɟɧɢя 

ɩɪɢɧɢɦаɟɬɫя max
devdev   . Наɞɨ ɨɬɦɟɬɢɬь, 

чɬɨ ɡɧачɟɧɢɟ 0   ɩɪɢ чɢɫɥɟɧɧых 
ɪɟаɥɢɡаɰɢях ɩɪɢвɨɞɢɥɨ ɤ чɢɫɥɟɧɧɨɣ 
ɧɟɭɫɬɨɣчɢвɨɫɬɢ, в ɨɫɨɛɟɧɧɨɫɬɢ ɩɪɢ ɦаɥых 
ɡɧачɟɧɢях m ; в ɞаɥьɧɟɣшɟɦ ɩаɪаɦɟɬɪ 

max
dev  в ɡɧаɦɟɧаɬɟɥɟ фɨɪɦɭɥы (31) ɛыɥ 

ввɟɞɟɧ ɞɥя ɨɛɟɫɩɟчɟɧɢя чɢɫɥɟɧɧɨɣ 
ɭɫɬɨɣчɢвɨɫɬɢ.  
Оɞɧɢɦ ɢɡ ɨчɟвɢɞɧых ɞɨɫɬɨɢɧɫɬв ɷɬɨɝɨ 
ɦɟɬɨɞа явɥяɟɬɫя вɨɡɦɨɠɧɨɫɬь ваɪɢаɰɢɢ в 
шɢɪɨɤɢх ɩɪɟɞɟɥах ɩаɪаɦɟɬɪɨв 

1, 0, 0r m     ɞɥя «ɩɨɞɝɨɧɤɢ» 
чɢɫɥɟɧɧɨɣ ɦɨɞɟɥɢ ɤ ɞаɧɧыɦ 
ɷɤɫɩɟɪɢɦɟɧɬаɥьɧых ɢɫɫɥɟɞɨваɧɢɣ ɩɪɢ 
ɰɢɤɥɢчɟɫɤɢх вɨɡɞɟɣɫɬвɢях. Нɟɞɨɫɬаɬɤɢ ɷɬɨɣ 
ɦɨɞɟɥɢ явɥяɸɬɫя ɩɪɨɞɨɥɠɟɧɢɟɦ ɟɟ 
ɞɨɫɬɨɢɧɫɬв: ɩаɪаɦɟɬɪы 1, 0, 0r m    , 
фаɤɬɢчɟɫɤɢ, ɧɟ ɫвяɡаɧы ɫ фɢɡɢɤɨɣ ɩɪɨɰɟɫɫа 
ɞɟфɨɪɦɢɪɨваɧɢя ɢ ɦɟхаɧɢɡɦаɦɢ ɞɢɫɫɢɩаɰɢɢ 
ɷɧɟɪɝɢɢ ɩɪɢ ɰɢɤɥɢчɟɫɤɢх вɨɡɞɟɣɫɬвɢях, а 
ɢɝɪаɸɬ ɪɨɥь «ɩɨɞɝɨɧɨчɧых» ɩаɪаɦɟɬɪɨв.  
В ɡаɤɥɸчɟɧɢɟ ɨɬɦɟɬɢɦ, чɬɨ ɩɨɞхɨɞы [35 – 
38] ɞɥя ɦɨɞɟɥɢɪɨваɧɢя ɞɢɧаɦɢɤɢ 
ɝɪаɧɭɥɢɪɨваɧɧых ɫɪɟɞ, ɩɨ-вɢɞɢɦɨɦɭ, ɧɟ 
ɩɪɢɦɟɧяɥɢɫь.  
 
1.4.2. Гисɬɟрɟɡис ɩри ɛɨɥьɲɨɦ чисɥɟ ɰикɥɨв. 
Дɥя ɢɫɫɥɟɞɨваɧɢя ɩɪɨɰɟɫɫɨв, ɫвяɡаɧɧых ɫ 
ɦɨɞɟɥɢɪɨваɧɢɟɦ ɝɢɫɬɟɪɟɡɢɫа ɩɪɢ ɛɨɥьшɨɦ 
чɢɫɥɟ ɰɢɤɥɨв, ɦɨɠɟɬ ɢɫɩɨɥьɡɨваɬьɫя 
ɦɟɬɨɞɢɤа, ɩɪɟɞɥɨɠɟɧɧая в [39], ɢ ɪаɡвɢɬая в 
ɪаɛɨɬах [40, 41].  
Таɤɠɟ ɤаɤ ɢ ɩɪɢ ɦɨɞɟɥɢɪɨваɧɢɢ ɷффɟɤɬа 
Маɥɥɢɧɫа, в ɩɨɞхɨɞɟ [39 – 41] ɧɟɭɩɪɭɝая 
чаɫɬь ɷɧɟɪɝɢɢ аɫɫɨɰɢɢɪɭɟɬɫя ɬɨɥьɤɨ ɫ 
ɞɟвɢаɬɨɪɧɨɣ чаɫɬьɸ. Оɞɧаɤɨ, ɟɫɥɢ ɩɪɢ 
ɦɨɞɟɥɢɪɨваɧɢɢ ɷффɟɤɬа Маɥɥɢɧɫа, 
ɧɟɭɩɪɭɝая чаɫɬь ɷɧɟɪɝɢɢ ɛыɥа ɫвяɡаɧа ɫ 
ɭɦɟɧьшɟɧɢɟɦ ɞɟвɢаɬɨɪɧɨɣ ɫɨɫɬавɥяɸɳɟɣ 
ɧаɩɪяɠɟɧɢɣ ɡа ɫчɟɬ ввɟɞɟɧɢя ɦаɫшɬаɛɧɨɝɨ 

ɩаɪаɦɟɬɪа   в фɨɪɦɭɥɭ ɞɥя ɩɨɬɟɧɰɢаɥа (29), 
ɬɨ в ɪаɫɫɦаɬɪɢваɟɦɨɦ ɩɨɞхɨɞɟ ɩɨявɥɟɧɢɟ 
ɝɢɫɬɟɪɟɡɢɫа ɨɛɭɫɥɨвɥɟɧɨ (i) ɪаɡɛɢɟɧɢɟɦ 
ɬɟɧɡɨɪа ɞɟфɨɪɦаɰɢɣ ɧа ɞвɟ ɫɨɫɬавɥяɸɳɢɟ  
  
                  A B      (32) 

 
ɫвяɡаɧɧыɟ ɫ ɦɨɥɟɤɭɥяɪɧыɦɢ ɰɟɩɨчɤаɦɢ A  ɢ 
B ; ɢ (ii ) ɩɪɟɞɩɨɥɨɠɟɧɢяɦɢ ɨ ɝɢɩɟɪɭɩɪɭɝɢх 
ɞɟфɨɪɦаɰɢях в ɰɟɩɨчɤɟ A  ɢ ɞɟфɨɪɦаɰɢях 
ɩɨɥɡɭчɟɫɬɢ в ɰɟɩɨчɤɟ B :  
 

     1
( 1 )

B B B

mcreep C
BA E II


     d d   (33) 

 
ɝɞɟ d  - ɫɨɨɬвɟɬɫɬвɭɸɳɢɟ ɞɟвɢаɬɨɪы; 

0, 1 0, 1,A C m E      - ɦаɬɟɪɢаɥьɧыɟ 
ɩаɪаɦɟɬɪы, ɧɟɨɛхɨɞɢɦыɟ ɞɥя ɫɨɝɥаɫɨваɧɢя 
чɢɫɥɟɧɧɨɣ ɦɨɞɟɥɢ ɫ ɷɤɫɩɟɪɢɦɟɧɬаɥьɧыɦɢ 
ɞаɧɧыɦɢ.  
В ɞɢɧаɦɢɤɟ ɝɪаɧɭɥɢɪɨваɧɧых ɫɪɟɞ 
ɪаɫɫɦаɬɪɢваɟɦая ɦɨɞɟɥь, ɩɨ-вɢɞɢɦɨɦɭ, ɧɟ 
ɩɪɢɦɟɧяɥаɫь ɢɡ-ɡа ɧаɥɢчɢя ɛɨɥьшɨɝɨ чɢɫɥа 
«ɩɨɞɝɨɧɨчɧых» ɩаɪаɦɟɬɪɨв, а ɬаɤɠɟ 
ɧɟвɨɡɦɨɠɧɨɫɬɢ ɦɨɞɟɥɢɪɨваɧɢя 
ɛыɫɬɪɨɩɪɨɬɟɤаɸɳɢх вɨɥɧɨвых вɨɡɞɟɣɫɬвɢɣ, 
ɩɪɢ ɤɨɬɨɪых ɪɟɨɥɨɝɢя ɦаɬɟɪɢаɥа ɧɟ 
ɨɤаɡываɟɬ ɫɭɳɟɫɬвɟɧɧɨɝɨ вɥɢяɧɢя.  
 
 
2. ɇȿɍɉɊɍȽИȿ ɆɈДȿɅИ  
 
Даɥɟɟ, аɧаɥɢɡɢɪɭɟɬɫя ɦɟɬɨɞы, ɨɫɧɨваɧɧыɟ ɧа 
ɭɩɪɭɝɨ-ɩɥаɫɬɢчɟɫɤɢх ɦɨɞɟɥях, ɩɪɢɦɟɧяɟɦыɟ 
ɞɥя ɨɩɢɫаɧɢя ɩɨвɟɞɟɧɢя ɝɪаɧɭɥɢɪɨваɧɧых 
ɫɪɟɞ ɩɪɢ ɢɧфɢɧɢɬɟɡɢɦаɥьɧых ɞɟфɨɪɦаɰɢях.  
 
2.1. Ɉɛщиɟ вɨɩрɨсы ɬɟɨрии ɦаɥых уɩруɝɨ-
ɩɥасɬичɟских ɞɟɮɨрɦаɰиɣ. Каɤ ɨɬɦɟчɟɧɨ в 
ɪаɡɞɟɥɟ 1.3, ɭɪавɧɟɧɢяɦɢ ɫɨɫɬɨяɧɢя (24) 
ɦɨɠɟɬ ɨɩɪɟɞɟɥяɬьɫя ɩɪɨɢɡвɨɥьɧая ɭɩɪɭɝɨ-
ɩɥаɫɬɢчɟɫɤая ɫɪɟɞа ɫ ɢɡɨɬɪɨɩɧыɦ 
ɭɩɪɨчɧɟɧɢɟɦ, ɭɪавɧɟɧɢя ɞвɢɠɟɧɢя ɤɨɬɨɪɨɣ 
ɨɩɢɫываɸɬɫя ɭɪавɧɟɧɢяɦɢ (27), (28). 
Оɞɧаɤɨ, ɧа ɩɪаɤɬɢɤɟ ɭчɟɬ ɭɩɪɭɝɨ-
ɩɥаɫɬɢчɟɫɤɢх ɫвɨɣɫɬв ɦаɬɟɪɢаɥа 
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ɨɫɭɳɟɫɬвɥяɸɬ ɫ ɩɨɦɨɳьɸ ɧɟɫɤɨɥьɤɨ ɢɧɨɣ 
ɬɟхɧɢɤɢ.  
В ɨɫɧɨвɟ вɫɟх ɨɛɫɭɠɞаɟɦых в ɷɬɨɦ ɪаɡɞɟɥɟ 
ɦɨɞɟɥɟɣ, ɥɟɠɢɬ ɪаɡɛɢɟɧɢɟ 
(ɢɧфɢɧɢɬɟɡɢɦаɥьɧɨɝɨ) ɬɟɧɡɨɪа ɞɟфɨɪɦаɰɢɣ 
ɧа ɭɩɪɭɝɭɸ ( e ) ɢ ɩɥаɫɬɢчɟɫɤɭɸ ( pl ) 

ɫɨɫɬавɥяɸɳɢɟ  
 
                    e pl      (34) 

 
а ɬаɤɠɟ ɪаɡɥɨɠɟɧɢɟ ɬɟɧɡɨɪɨв ɧаɩɪяɠɟɧɢɣ ɢ 
ɞɟфɨɪɦаɰɢɣ ɧа шаɪɨвɭɸ ɢ ɞɟвɢаɬɨɪɧɭɸ 
ɫɨɫɬавɥяɸɳɢɟ 
 

3

3 3

, ,

, ,

I
p p p

I

 
   

     
     

I d d I

I d d I

  
    (35) 

 
Свяɡь ɦɟɠɞɭ ɧаɩɪяɠɟɧɢяɦɢ ɢ ɞɟфɨɪɦаɰɢяɦɢ 
в ɭɩɪɭɝɨɣ ɡɨɧɟ в ɛɨɥьшɢɧɫɬвɟ ɦɨɞɟɥɟɣ 
ɡаɞаɟɬɫя ɫɨɨɬɧɨшɟɧɢяɦɢ ɥɢɧɟɣɧɨɣ ɬɟɨɪɢɢ 
ɭɩɪɭɝɨɫɬɢ. Пɪɢ ɞɨɫɬɢɠɟɧɢɢ ɩɪɟɞɟɥа 
ɭɩɪɭɝɨɫɬɢ, ɩɨявɥяɸɬɫя ɩɥаɫɬɢчɟɫɤɢɟ 
ɞɟфɨɪɦаɰɢɢ. Пɪɟɞɟɥьɧая ɩɨвɟɪхɧɨɫɬь 
ɩɥаɫɬɢчɧɨɫɬɢ ɨɩɢɫываɟɬɫя ɭɪавɧɟɧɢɟɦ  
 
   ( , , , , , ) 0

pl pl pl
f I II III I II III         (36) 

 
ɝɞɟ f  - выɩɭɤɥая фɭɧɤɰɢя ɬɟɧɡɨɪɧых 
ɢɧваɪɢаɧɬɨв.  
В ɛɨɥьшɢɧɫɬвɟ ɢɡ ɪаɫɫɦаɬɪɢваɟɦых ɧɢɠɟ 
ɦɨɞɟɥɟɣ, фɭɧɤɰɢя f  ɩɪɟɞɩɨɥаɝаɟɬɫя 
ɧɟɡавɢɫяɳɟɣ ɨɬ ɬɪɟɬьɟɝɨ ɢɧваɪɢаɧɬа ɬɟɧɡɨɪа 
ɧаɩɪяɠɟɧɢɣ ɢ ɬɪɟɬьɟɝɨ ɢɧваɪɢаɧɬа ɬɟɧɡɨɪа 
ɩɥаɫɬɢчɟɫɤɢх ɞɟфɨɪɦаɰɢɣ:  
 
           ( , , , ) 0

pl pl
f I II I II       (37) 

 
С ɭчɟɬɨɦ ɪаɡɥɨɠɟɧɢя (35) ɬɟɧɡɨɪɨв ɧа 
шаɪɨвɭɸ ɢ ɞɟвɢаɬɨɪɧɭɸ чаɫɬɢ, а ɬаɤɠɟ 
ввɟɞɟɧɢя ɞɟвɢаɬɨɪɧых ɧɨɪɦ  
 

       ,
pl pl

q q    d d   (38) 

Уɪавɧɟɧɢɟ ɩɨвɟɪхɧɨɫɬɢ ɩɥаɫɬɢчɧɨɫɬɢ (37) 
ɦɨɠɧɨ ɡаɩɢɫаɬь в вɢɞɟ ɫɥɟɞɭɸɳɟɝɨ 
ɭɪавɧɟɧɢя  
 
           ( , , , ) 0

pl pl
f p q q      (39) 

 
С ɩɨɦɨɳьɸ ɩɨвɟɪхɧɨɫɬɢ ɩɥаɫɬɢчɧɨɫɬɢ 
ɨɩɢɫываɟɬɫя ɫɨɫɬɨяɧɢɟ ɦаɬɟɪɢаɥа. 
Пɪɟɞɩɨɥаɝаɟɬɫя, чɬɨ ɩɪɢ 0f   ɦаɬɟɪɢаɥ 
ɪаɛɨɬаɟɬ ɭɩɪɭɝɨ, а ɩɪɢ 0f   ɧахɨɞɢɬɫя в 
ɡɨɧɟ ɩɥаɫɬɢчɧɨɫɬɢ.  
 
2.1.1. Тɟɨрии ɩɥасɬичɟскɨɝɨ ɬɟчɟɧия ɞɥя 
иɞɟаɥьɧɨ-ɩɥасɬичɟских срɟɞ. В ɨɬɫɭɬɫɬвɢɢ 
ɭɩɪɨчɧɟɧɢя ɢɥɢ ɪаɡɦяɝчɟɧɢя ɫчɢɬаɸɬ, чɬɨ 
ɧаɩɪяɠɟɧɢя ɩɨɥɧɨɫɬьɸ ɨɩɪɟɞɟɥяɸɬɫя 
ɭɩɪɭɝɨɣ чаɫɬьɸ ɬɟɧɡɨɪа ɞɟфɨɪɦаɰɢɢ  
 
    2 , tre e e e e e       I     (40) 

 
ɝɞɟ e  ɢ e  - ɭɩɪɭɝɢɟ ɤɨɧɫɬаɧɬы Ʌаɦɟ.  
В ɞɨɩɨɥɧɟɧɢɟ ɤ ɭɪавɧɟɧɢɸ ɫɨɫɬɨяɧɢя (40) в 
ɛɨɥьшɢɧɫɬвɟ ɢɡ ɪаɫɫɦаɬɪɢваɟɦых ɦɨɞɟɥɟɣ 
ɩɪɟɞɩɨɥаɝаɸɬ, чɬɨ фɭɧɤɰɢя f  явɥяɟɬɫя ɥɢɛɨ 
ɩɨɬɟɧɰɢаɥɨɦ ɫɤɨɪɨɫɬɢ ɩɥаɫɬɢчɟɫɤɢх 
ɞɟфɨɪɦаɰɢɣ в ɫɥɭчаɟ аɫɫɨɰɢɢɪɨваɧɧых 
ɡаɤɨɧɨв ɬɟчаɧɢя [42]  
 
                  pl f    (41) 

 
ɝɞɟ   - ɩаɪаɦɟɬɪ, ɨɩɪɟɞɟɥяɸɳɢɣ ɦаɝɧɢɬɭɞɭ 
ɢɧɤɪɟɦɟɧɬа ɩɥаɫɬɢчɟɫɤɢх ɞɟфɨɪɦаɰɢɣ, ɥɢɛɨ, 
в ɫɥɭчаɟ ɧɟаɫɫɨɰɢɢɪɨваɧɧых ɡаɤɨɧɨв 
ɬɟчɟɧɢя, ɫчɢɬаɟɬɫя, чɬɨ ɫɤɨɪɨɫɬь 
ɩɥаɫɬɢчɟɫɤɨɣ ɞɟфɨɪɦаɰɢɢ ɦɨɠɟɬ ɛыɬь 
выɪаɠɟɧа ɫ ɩɨɦɨɳьɸ ɥɢɧɟɣɧых 
ɫɨɨɬɧɨшɟɧɢɣ чɟɪɟɡ ɝɪаɞɢɟɧɬ f : 

  
                 pl f  Q    (42) 

 
ɝɞɟ ( , )

pl pl
I IIQ    - ɬɟɧɡɨɪ ɩɨвɨɪɨɬа, 

ɡавɢɫяɳɢɣ ɨɬ ɫɨɨɬвɟɬɫɬвɭɸɳɢх ɢɧваɪɢаɧɬɨв 
ɬɟɧɡɨɪа ɩɥаɫɬɢчɟɫɤɢх ɞɟфɨɪɦаɰɢɣ ɢ 
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хаɪаɤɬɟɪɢɡɭɸɳɢɣ ɨɬɤɥɨɧɟɧɢɟ pl  ɨɬ 
ɝɪаɞɢɟɧɬа f . Уɝɨɥ ɨɬɤɥɨɧɟɧɢя 

ɨɩɪɟɞɟɥяɟɬɫя выɪаɠɟɧɢɟɦ  
 

           
2

arctan
f f

f

    
Q 


  (43) 

 
Нɟаɫɫɨɰɢɢɪɨваɧɧыɟ ɡаɤɨɧы ɬɟчɟɧɢя ɦɨɝɭɬ 
ɬаɤɠɟ ɡаɩɢɫываɬьɫя ɫ ɩɨɦɨɳьɸ ɩɨɬɟɧɰɢаɥа 
ɩɥаɫɬɢчɟɫɤɨɝɨ ɬɟчɟɧɢя ( , , , )

pl pl
g p q qI   , 

ɩɪɢчɟɦ, ɩɨ аɧаɥɨɝɢɢ ɫ ɩɨɬɟɧɰɢаɥɨɦ (39)  
 
                  pl g    (44) 

 
Заɦɟɬɢɦ, чɬɨ в ɬɟɨɪɢях ɩɥаɫɬɢчɧɨɫɬɢ 
ɩаɪаɦɟɬɪ   вɟɫьɦа чаɫɬɨ ɨɛɨɡɧачаɸɬ ɤаɤ 
d . 
В ɪаɫɫɦаɬɪɢваɟɦых ɬɟɨɪɢях ɩɪɢ ɧаɥɢчɢɢ 
ɩɥаɫɬɢчɟɫɤɨɝɨ ɬɟчɟɧɢя фɨɪɦɭɥɢɪɭɸɬ 
ɭɫɥɨвɢɟ ɫɨɝɥаɫɨваɧɢя Ƚɟɣɪɢɧɝɟɪ [42]  
 

                        0f   (45) 
 
Уɫɥɨвɢɟ (45) выɪаɠаɟɬ ɫɨɛɨɣ ɭɫɥɨвɢɟ 
ɩɪɢɧаɞɥɟɠɧɨɫɬɢ ɢɧɤɪɟɦɟɧɬа ɧаɩɪяɠɟɧɢɣ ɤ 
ɩɨвɟɪхɧɨɫɬɢ ɩɥаɫɬɢчɧɨɫɬɢ. Раɫɫɦаɬɪɢваɟɦɨɟ 
ɭɫɥɨвɢɟ в ɫɥɭчаɟ аɫɫɨɰɢɢɪɨваɧɧɨɝɨ ɡаɤɨɧа 
ɬɟчɟɧɢя ɦɨɠɟɬ ɡаɩɢɫаɧɨ в вɢɞɟ  
 
                   0f       (46) 

 
В ɫɥɭчаɟ аɫɫɨɰɢɢɪɨваɧɧɨɝɨ ɡаɤɨɧа ɬɟчɟɧɢя 
(41) ɭɫɥɨвɢɟ (46) вɦɟɫɬɟ ɫ ɭɫɥɨвɢɟɦ 0   
(ɩɪɢ ɩɥаɫɬɢчɟɫɤɨɦ ɬɟчɟɧɢɢ) ɨɡɧачаɸɬ, чɬɨ 
ɪаɛɨɬа ɩɪɢɪаɳɟɧɢя ɧаɩɪяɠɟɧɢɣ ɧа 
ɩɪɢɪаɳɟɧɢях ɩɥаɫɬɢчɟɫɤɢх ɞɟфɨɪɦаɰɢɣ 
ɪавɧа ɧɭɥɸ  
 
                     0pl       (47) 

 
Пɪɢ ɧɟаɫɫɨɰɢɢɪɨваɧɧɨɦ ɡаɤɨɧɟ ɬɟчɟɧɢя (44) 
ɫчɢɬаɸɬ, чɬɨ ɭɫɥɨвɢɟ (47) выɩɨɥɧяɟɬɫя ɞɥя 
ɩɨɬɟɧɰɢаɥа (44):  

                    0g       (48) 

 
Уɫɥɨвɢɟ (47) ɩɨɡвɨɥяɟɬ ɨɩɪɟɞɟɥɢɬь 
ɧɟɢɡвɟɫɬɧыɣ ɩаɪаɦɟɬɪ  . Дɥя ɷɬɨɝɨ 
ɭɪавɧɟɧɢɟ ɫɨɫɬɨяɧɢя (40) ɡаɩɢɫываɟɬɫя в 
ɬɟɪɦɢɧах ɢɧɤɪɟɦɟɧɬɨв ɬɟɧɡɨɪɨв ɩɨɥɧɨɣ ɢ 
ɩɥаɫɬɢчɟɫɤɨɣ ɞɟфɨɪɦаɰɢɣ (34)  
 
              ( )

pl

e g   C 


    (49) 

 
ɝɞɟ eC  -чɟɬыɪɟхваɥɟɧɬɧыɣ ɬɟɧɡɨɪ 
ɭɩɪɭɝɨɫɬɢ, ɨɬвɟчаɸɳɢɣ ɢɡɨɬɪɨɩɧɨɦɭ 
ɭɩɪɭɝɨɦɭ ɦаɬɟɪɢаɥɭ  
 
             2e e e     C I I I I   (50) 

 
В (50) ɡɧаɤ   ɨɡɧачаɟɬ ɩɟɪɦɭɬаɰɢɸ 
ɢɧɞɟɤɫɨв.  
В ɭɪавɧɟɧɢɢ (49) ɢɫɩɨɥьɡɭɟɬɫя ɩɨɬɟɧɰɢаɥ 
ɧɟаɫɫɨɰɢɢɪɨваɧɧɨɝɨ ɩɥаɫɬɢчɟɫɤɨɝɨ ɬɟчɟɧɢя 
(44); в ɫɥɭчаɟ аɫɫɨɰɢɢɪɨваɧɧɨɝɨ ɡаɤɨɧа 
ɬɟчɟɧɢя ɫ ɩɨɬɟɧɰɢаɥɨɦ (41) ɭɪавɧɟɧɢɟ (49) 
ɨчɟвɢɞɧыɦ ɨɛɪаɡɨɦ вɢɞɨɢɡɦɟɧяɟɬɫя. 
Уɪавɧɟɧɢɟ ɫɨɫɬɨяɧɢя (49) явɥяɟɬɫя 
ɭɪавɧɟɧɢɟɦ Пɪаɧɞɬɥя-Рɟɣɫɫа [42].  
Пɨɞɫɬаɧɨвɤа ɢɧɤɪɟɦɟɧɬа ɧаɩɪяɠɟɧɢɣ, 
ɨɩɪɟɞɟɥяɟɦɨɝɨ ɩɪавɨɣ чаɫɬьɸ фɨɪɦɭɥы (49), 
в ɭɪавɧɟɧɢɟ (48) ɞаɟɬ   
 

          

( ) ;

0, 0
( )

1, 0

e

e

g
H f

g g

f
H f

f

        
  

C
C


 


  (51) 

 
Фɭɧɤɰɢя Хɷвɢɫаɣɞа ( )H f  ɭчɢɬываɟɬ 
ɭɩɪɭɝɭɸ ɪаɛɨɬɭ ɦаɬɟɪɢаɥа ɩɪɢ 0f   ɢ 
ɩɥаɫɬɢчɟɫɤɨɟ ɬɟчɟɧɢɟ ɩɪɢ 0f  . В ɫɥɭчаɟ 
аɫɫɨɰɢɢɪɨваɧɧɨɝɨ ɡаɤɨɧа ɬɟчɟɧɢя (41), в 
ɭɪавɧɟɧɢɢ (51) ɝɪаɞɢɟɧɬ g  ɡаɦɟɧяɟɬɫя ɧа 

f .  
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Пɨɥɭчɟɧɧɨɟ выɪаɠɟɧɢɟ ɞɥя ɩаɪаɦɟɬɪа   
ɩɨɡвɨɥяɟɬ ɡаɩɢɫаɬь ɭɪавɧɟɧɢɟ ɫɨɫɬɨяɧɢя (49) 
в вɢɞɟ  
 

  ( )
e

e
e

H f
g g

g g

                

C

C
C   

   (52) 

 
ɝɞɟ выɪаɠɟɧɢɟ в ɫɤɨɛɤах ɦɨɠɟɬ 
ɪаɫɫɦаɬɪɢваɬьɫя, ɤаɤ ɧɟɤɨɬɨɪыɣ (ɫɟɤɭɳɢɣ) 
чɟɬыɪɟхваɥɟɧɬɧыɣ ɬɟɧɡɨɪ ɭɩɪɭɝɨɫɬɢ [39, 40]: 
  

      
secant

( )
e

e
e

H f
g g

g g
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Таɤɠɟ, ɤаɤ ɢ в ɩɪɟɞыɞɭɳɢх ɭɪавɧɟɧɢях, в 
ɫɥɭчаɟ аɫɫɨɰɢɢɪɨваɧɧɨɝɨ ɡаɤɨɧа ɬɟчɟɧɢя 
(41) ɝɪаɞɢɟɧɬ g  в ɭɪавɧɟɧɢях (52), (53) 

ɡаɦɟɧяɟɬɫя ɧа f .  

 
2.1.2. Тɟɨрии ɩɥасɬичɟскɨɝɨ 
ɞɟɮɨрɦирɨваɧия ɞɥя срɟɞ с уɩрɨчɧɟɧиɟɦ. В 
ɩɥаɫɬɢчɟɫɤɨɣ ɡɨɧɟ ɭɫɥɨвɢɟ, ɨɩɪɟɞɟɥяɸɳɟɟ 
вɢɞ ɧаɝɪɭɠɟɧɢя, ɦɨɠɟɬ ɛыɬь ɩɪɟɞɫɬавɥɟɧɨ в 
вɢɞɟ  
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ɝɞɟ ɡɧаɤ ɧɟɪавɟɧɫɬва   ɨɬвɟчаɟɬ аɤɬɢвɧɨɦɭ 
ɧаɝɪɭɠɟɧɢɸ в ɡɨɧɟ ɫ ɭɩɪɨчɧɟɧɢɟɦ; ɡɧаɤ   
ɫɨɨɬвɟɬɫɬвɭɟɬ ɧɟɣɬɪаɥьɧɨɦɭ ɧаɝɪɭɠɟɧɢɸ в 
ɫɥɭчаɟ ɩɥаɫɬɢчɟɫɤɨɝɨ ɬɟчɟɧɢя, ɢɥɢ ɠɟ 
ɪаɡɝɪɭɡɤɟ, ɨɫɭɳɟɫɬвɥяɟɦɨɣ ɩɨ ɭɩɪɭɝɨɣ 
ɦɨɞɟɥɢ (в ɩɨɫɥɟɞɧɟɦ ɫɥɭчаɟ pl =0). В 

ɨɛɫɭɠɞаɟɦых ɧɢɠɟ ɦɨɞɟɥях ɫчɢɬаɟɬɫя, чɬɨ 
ɭɪавɧɟɧɢя ɫɨɫɬɨяɧɢя ɩɪɢ ɪаɡɝɪɭɡɤɟ 
ɨɩɢɫываɸɬɫя ɡаɤɨɧɨɦ Ƚɭɤа.  
Вɟɫьɦа чаɫɬɨ в ɬɟɨɪɢях ɩɥаɫɬɢчɧɨɫɬɢ в 
ɞɨɩɨɥɧɟɧɢɟ ɤ ɭɪавɧɟɧɢɸ (54), ɩɪɢɦɟɧяɸɬ 
ɩɨɫɬɭɥаɬ Дɪɭɤɟɪа  
 

                 0      (55) 
 
ɝɞɟ   - ɫɤɨɪɨɫɬь ɩɨɥɧɨɣ ɞɟфɨɪɦаɰɢɢ: 

e pl    .  

В ɬɟɨɪɢях ɩɥаɫɬɢчɧɨɫɬɢ ɫ ɭɩɪɨчɧɟɧɢɟɦ ɢ 
ɧаɥɢчɢɟɦ ɩɨвɟɪхɧɨɫɬɢ ɩɥаɫɬɢчɧɨɫɬɢ 
ɢɫɩɨɥьɡɭɸɬ, ɬаɤɠɟ ɤаɤ в ɬɟɨɪɢях ɛɟɡ 
ɭɩɪɨчɧɟɧɢя, ɭɪавɧɟɧɢя (41) ɢɥɢ (42) – (44), 
ɨɩɪɟɞɟɥяɸɳɢɟ ɫ ɬɨчɧɨɫɬьɸ ɞɨ ɦɧɨɠɢɬɟɥя  ɬɟɧɡɨɪ ɫɤɨɪɨɫɬɢ ɩɥаɫɬɢчɟɫɤɢх 
ɞɟфɨɪɦаɰɢɣ. В ɡɨɧɟ ɭɩɪɨчɧɟɧɢя ɡаɤɨɧ 
ɫɨɫɬɨяɧɢя ɡаɩɢɫываɸɬ в вɢɞɟ ɥɢɧɟɣɧɨɝɨ 
ɢɧɤɪɟɦɟɧɬаɥьɧɨɝɨ ɭɪавɧɟɧɢя ɭɩɪɨчɧɟɧɢя 
Пɪаɝɟɪа:  
 
                    plc   (56) 

 
ɝɞɟ ɩаɪаɦɟɬɪ c  ɢɝɪаɟɬ ɪɨɥь ɦɨɞɭɥя 
ɭɩɪɨчɧɟɧɢя. Мɨɞɭɥь ɭɩɪɨчɧɟɧɢя 
ɩɪɟɞɩɨɥаɝаɸɬ ɧɟɡавɢɫяɳɢɦ ɨɬ выɛɪаɧɧɨɣ 
ɦɟɪы ɩɥаɫɬɢчɟɫɤɢх ɞɟфɨɪɦаɰɢɣ. 
Пɨɞɫɬаɧɨвɤа в ɭɪавɧɟɧɢɟ ɫɨɫɬɨяɧɢя (56) 
вɦɟɫɬɨ pl  выɪаɠɟɧɢя (42) ɢɥɢ (44) 

ɩɨɡвɨɥяɟɬ, ɩɨ аɧаɥɨɝɢɢ ɫ (51), ɧаɣɬɢ 
ɦɧɨɠɢɬɟɥь   ɢɡ ɭɫɥɨвɢя ɫɨɝɥаɫɨваɧɢя (46)  
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В ɫɥɭчаɟ аɫɫɨɰɢаɬɢвɧɨɣ ɩɥаɫɬɢчɧɨɫɬɢ 
ɝɪаɞɢɟɧɬ g  ɡаɦɟɧяɟɬɫя ɧа f . Наɤɨɧɟɰ, 
ɩɨ аɧаɥɨɝɢɢ ɫ (52), ɩɨɥɭчаɟɦ ɭɪавɧɟɧɢɟ 
ɫɨɫɬɨяɧɢя ɭɩɪɭɝɨ-ɩɥаɫɬɢчɟɫɤɨɣ ɫɪɟɞы ɫ 
ɭɩɪɨчɧɟɧɢɟɦ   
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В ɬɟɨɪɢях ɩɥаɫɬɢчɧɨɫɬɢ ɫ ɭɩɪɨчɧɟɧɢɟɦ ɢ 
ɩɨвɟɪхɧɨɫɬьɸ ɩɥаɫɬɢчɧɨɫɬɢ (36) – (39), 
ɨɛычɧɨ ɪаɫɫɦаɬɪɢваɸɬ ɞва ɬɢɩа ɭɩɪɨчɧɟɧɢя. 
  
(i) Иɡɨɬɪɨɩɧɨɟ ɭɩɪɨчɧɟɧɢɟ, хаɪаɤɬɟɪɢɡɭɟɦɨɟ 
ɪавɧɨɦɟɪɧыɦ (ɢɡɨɬɪɨɩɧыɦ) ɪаɫшɢɪɟɧɢɟɦ 
ɩɨвɟɪхɧɨɫɬɢ ɩɥаɫɬɢчɧɨɫɬɢ ɢ, 
ɫɨɨɬвɟɬɫɬвɟɧɧɨ, ɪаɫшɢɪɟɧɢɟɦ ɭɩɪɭɝɨɣ ɡɨɧы, 
ɫɦ. ɪɢɫ.1.а в ɡавɢɫɢɦɨɫɬɢ ɨɬ ɢɧɬɟɝɪаɥьɧɨɣ 
ɦɟɪы ɩɥаɫɬɢчɟɫɤɨɣ ɞɟфɨɪɦаɰɢɢ  
 

                pl plq d      (59) 

 
ɝɞɟ   - ɧɟɤɨɬɨɪая ɧɟɭɛываɸɳая фɭɧɤɰɢя, 
d  - ɢɧɤɪɟɦɟɧɬ ɤваɡɢ вɪɟɦɟɧɢ. 
Иɧɬɟɝɪаɥьɧая ɦɟɪа (59) ɭчɢɬываɟɬɫя в 
выɪаɠɟɧɢɢ ɞɥя ɩɨвɟɪхɧɨɫɬɢ ɩɥаɫɬɢчɧɨɫɬɢ 
(39). Нɟɫɦɨɬɪя ɧа ɨчɟвɢɞɧыɟ ɨɝɪаɧɢчɟɧɢя, 
ɫвяɡаɧɧыɟ ɫ «ɢɫчɟɪɩаɧɢɟɦ» ɩɥаɫɬɢчɧɨɫɬɢ 
ɩɪɢ ɛɨɥьшɨɦ чɢɫɥɟ ɰɢɤɥɨв ɢ ɩɟɪɟхɨɞɭ в 
ɭɩɪɭɝɨɟ ɫɨɫɬɨяɧɢɟ, ɦɨɞɟɥɢ ɧа ɨɫɧɨвɟ 
ɢɡɨɬɪɨɩɧɨɝɨ ɭɩɪɨчɧɟɧɢя ɧахɨɞяɬ 
ɩɪɢɦɟɧɟɧɢɟ ɩɪɢ ɪɟшɟɧɢɢ ɡаɞач ɞɢɧаɦɢɤɢ 
ɝɪаɧɭɥɢɪɨваɧɧых ɫɪɟɞ.  
 
(ii ) Кɢɧɟɦаɬɢчɟɫɤɨɟ ɭɩɪɨчɧɟɧɢɟ, 
хаɪаɤɬɟɪɢɡɭɟɦɨɟ ɫɞвɢɝɨɦ ɩɨвɟɪхɧɨɫɬɢ 
ɩɥаɫɬɢчɧɨɫɬɢ в ɡавɢɫɢɦɨɫɬɢ ɨɬ ɦɟɪы 
ɩɥаɫɬɢчɟɫɤɨɣ ɞɟфɨɪɦаɰɢɢ, ɩɪɢ ɷɬɨɦ 
ɪаɫшɢɪɟɧɢɟ ɭɩɪɭɝɨɣ ɡɨɧы ɨɛычɧɨ 
ɢɫɤɥɸчаɟɬɫя, ɪɢɫ.1.ɛ. Пɪɢ ɡаɩɢɫɢ 
ɤɢɧɟɦаɬɢчɟɫɤɨɝɨ ɭɩɪɨчɧɟɧɢя фɭɧɤɰɢɸ 
ɬɟчɟɧɢя f , ɫɥɟɞɭя Пɪаɝɟɪɭ, ɨɛычɧɨ 
ɡаɩɢɫываɸɬ в ɪаɡɧɨɫɬɧɨɦ вɢɞɟ 
  
               ( ) 0plf c    (60) 

 
ɝɞɟ ɩаɪаɦɟɬɪ c  ɢɝɪаɟɬ ɪɨɥь ɦɨɞɭɥя 
ɭɩɪɨчɧɟɧɢя, c  ɩɪɟɞɩɨɥаɝаɟɬɫя ɧɟɡавɢɫяɳɢɦ 
ɨɬ ɦɟɪы ɩɥаɫɬɢчɟɫɤɢх ɞɟфɨɪɦаɰɢɣ. Тɟɧɡɨɪ 

plc  ɨɩɪɟɞɟɥяɟɬ ɫɨɛɨɣ ɫɞвɢɝ ɤɪɢвɨɣ 
ɩɥаɫɬɢчɧɨɫɬɢ в ɩɪɨɫɬɪаɧɫɬвɟ ɧаɩɪяɠɟɧɢɣ. 
Эɬɨɬ ɬɟɧɡɨɪ ɧаɡываɸɬ ɤɢɧɟɦаɬɢчɟɫɤɢɦ, ɢɥɢ 
ɨɫɬаɬɨчɧыɦ ɬɟɧɡɨɪɨɦ ɧаɩɪяɠɟɧɢɣ. Пɪɢ 
ɦɨɞɟɥɢɪɨваɧɢɢ ɰɢɤɥɢчɟɫɤɢх ɩɪɨɰɟɫɫɨв 

ɧаɝɪɭɠɟɧɢя ɝɪаɧɭɥɢɪɨваɧɧых ɫɪɟɞах, 
ɦɨɞɟɥɢ ɫ ɤɢɧɟɦаɬɢчɟɫɤɢɦ ɭɩɪɨчɧɟɧɢɟɦ 
ɩɪɟɞɩɨчɬɢɬɟɥьɧɟɟ ɦɨɞɟɥɟɣ ɫ ɢɡɨɬɪɨɩɧыɦ 
ɭɩɪɨчɧɟɧɢɟɦ, в ɨɫɧɨвɧɨɦ ɢɡ-ɡа вɨɡɦɨɠɧɨɫɬɢ 
ɭчɟɬа ɧаɤɨɩɥɟɧɢя ɩɥаɫɬɢчɟɫɤɢх ɞɟфɨɪɦаɰɢɣ 
ɩɪɢ ɛɨɥьшɨɦ чɢɫɥɟ ɰɢɤɥɨв.  
 

 
Рис.1. Дɟɮɨрɦаɰии ɩɨвɟрхɧɨсɬɟɣ 

ɩɥасɬичɧɨсɬи в ɩрɨсɬраɧсɬвɟ ɧаɩряɠɟɧиɣ  
(а) иɡɨɬрɨɩɧɨɟ уɩрɨчɧɟɧиɟν  

(ɛ) киɧɟɦаɬичɟскɨɟ уɩрɨчɧɟɧиɟ  
 
Заɦɟчаɧия 2. а) В ɫɥɭчаɟ, ɟɫɥɢ фɭɧɤɰɢя f  в 
ɭɪавɧɟɧɢях (36) ɧɟ ɞɢффɟɪɟɧɰɢɪɭɟɦа ɩɨ  , ɫɤɨɪɨɫɬɢ 
ɩɥаɫɬɢчɟɫɤɨɣ ɞɟфɨɪɦаɰɢɢ ɨɩɪɟɞɟɥяɸɬɫя ɧа 
ɫɨɨɬвɟɬɫɬвɭɸɳɢх ɩɨɞɦɧɨɠɟɫɬвах ɝɥаɞɤɨɫɬɢ.   
ɛ) Заɦɟɬɢɦ, чɬɨ в ɧɟɤɨɬɨɪых ɬɟɨɪɢях ɩɥаɫɬɢчɧɨɫɬɢ, 
вɤɥɸчая ɛɨɥьшɢɧɫɬвɨ ɬɟɨɪɢɣ ɤɷɩ-ɩɥаɫɬɢчɧɨɫɬɢ, 
ɩɨɫɬɭɥаɬ (55) ɧа ɧɟɤɨɬɨɪых ɷɬаɩах ɞɟфɨɪɦɢɪɨваɧɢя 
ɦɨɠɟɬ ɧаɪɭшаɬьɫя, - ɷɬɨ ɫвяɡаɧɨ ɫ ɧɟɨɛхɨɞɢɦɨɫɬьɸ 
ɭчɟɬа ɪаɡɦяɝчɟɧɢя ɦаɬɟɪɢаɥа ɝɪаɧɭɥɢɪɨваɧɧых ɫɪɟɞ, 
ɨɛычɧɨ ɭчɢɬываɟɦɨɝɨ в ɬɟɨɪɢях ɤɷɩ-ɩɥаɫɬɢчɧɨɫɬɢ.  
в) Нɟɨɛхɨɞɢɦɨ ɨɬɦɟɬɢɬь  [44, 45], чɬɨ ɩɪɢ чɢɫɥɟɧɧых 
ɪɟаɥɢɡаɰɢях ɞɥя ɩɨɞавɥɟɧɢя ɧɟɭɫɬɨɣчɢвɨɫɬɢ, 
ɩɪɨявɥяɸɳɟɣɫя ɩɪɢ ɫɦɟɧɟ ɬɢɩа ɭɪавɧɟɧɢɣ ɫ 
ɷɥɥɢɩɬɢчɟɫɤɨɝɨ ɞɥя ɤваɡɢɫɬаɬɢчɟɫɤɢх ɩɪɨɰɟɫɫɨв в 
ɭɩɪɭɝɨɣ ɡɨɧɟ ɤ ɝɢɩɟɪɛɨɥɢчɟɫɤɨɦɭ в ɡɨɧɟ 
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ɩɥаɫɬɢчɟɫɤɨɝɨ ɬɟчɟɧɢя, ɪавɟɧɫɬвɨ ɧɭɥɸ в ɩɨɫɬɭɥаɬɟ 
Дɪɭɤɟɪа (55) ɢɫɤɥɸчаɟɬɫя. Аɧаɥɨɝɢчɧɨɟ ɭɫɥɨвɢɟ 
фɨɪɦɭɥɢɪɭɟɬɫя ɞɥя ɦɨɞɟɥɟɣ ɤɷɩ-ɩɥаɫɬɢчɧɨɫɬɢ ɫ 
ɭɩɪɨчɧɟɧɢɟɦ ɢ ɪаɡɦяɝчɟɧɢɟɦ в ɡɨɧɟ ɤɷɩ-
ɩɥаɫɬɢчɧɨɫɬɢ.  
ɝ) В ɬɟɨɪɢях ɩɥаɫɬɢчɧɨɫɬɢ ɝɥавɧыɟ ɧаɩɪяɠɟɧɢя 
ɨɛычɧɨ ɧɟ ɩɪɟɞɩɨɥаɝаɸɬɫя ɪаɧɠɢɪɨваɧɧыɦɢ ɩɨ 
ɭɛываɧɢɸ; ɷɬɨ ɨɛɫɬɨяɬɟɥьɫɬвɨ ɢɦɟɟɬɫя ввɢɞɭ в 
ɞаɥьɧɟɣшɟɦ.  
ɞ) В ɧɟɤɨɬɨɪых ɪаɛɨɬах (ɫɦ. [43]) выɪаɠɟɧɢɟ (51) ɞɥя 
ɩаɪаɦɟɬɪа   ɩɪɢ ɧɟаɫɫɨɰɢаɬɢвɧɨɣ ɩɥаɫɬɢчɧɨɫɬɢ 
ɩɨɥɭчаɸɬ ɢɡ ɤɨɦɛɢɧаɰɢɢ ɭɪавɧɟɧɢɣ (46) ɢ (48), ɷɬɨ 
ɞаɟɬ  
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  (61) 

 
Сɨɨɬвɟɬɫɬвɭɸɳɢɦ ɨɛɪаɡɨɦ ɦɟɧяɸɬɫя ɢ ɭɪавɧɟɧɢя 
(52) ɢ (53).  
ɟ) Наɞɨ ɢɦɟɬь ввɢɞɭ, чɬɨ в ɦɨɞɟɥях ɢɞɟаɥьɧɨɣ 
ɩɥаɫɬɢчɧɨɫɬɢ (ɛɟɡ ɭɩɪɨчɧɟɧɢя), ɫɢɥɨвɨɟ ɧаɝɪɭɠɟɧɢɟ, 
ɤаɤ ɩɪавɢɥɨ, ɧɟ ɪаɫɫɦаɬɪɢваɟɬɫя ɢɡ-ɡа ɧɟвɨɡɦɨɠɧɨɫɬɢ 
ɨɩɢɫаɧɢя ɩɨвɟɞɟɧɢя ɦаɬɟɪɢаɥа ɩɪɢ ɧаɩɪяɠɟɧɢях, 
ɩɪɟвышаɸɳɢх ɩɪɟɞɟɥ ɬɟɤɭчɟɫɬɢ, ɨɞɧаɤɨ, ɩɪɢ 
ɤɢɧɟɦаɬɢчɟɫɤɨɦ ɧаɝɪɭɠɟɧɢɢ ɦɨɞɟɥɢ ɛɟɡ ɭɩɪɨчɧɟɧɢя 
ɧахɨɞяɬ ɩɪɢɦɟɧɟɧɢɟ. Мɨɞɟɥɢ ɩɥаɫɬɢчɧɨɫɬɢ ɫ 
ɭɩɪɨчɧɟɧɢɟɦ ɦɨɝɭɬ ɩɪɢɦɟɧяɬьɫя ɤаɤ ɩɪɢ ɫɢɥɨвɨɦ, ɬаɤ 
ɢ ɩɪɢ ɤɢɧɟɦаɬɢчɟɫɤɨɦ ɧаɝɪɭɠɟɧɢɢ.  
ɠ) Дɥя ɦɨɞɟɥɢɪɨваɧɢя ɧɟɥɢɧɟɣɧɨɝɨ ɭɩɪɨчɧɟɧɢя, в 
ɞɢɧаɦɢɤɟ ɩɥаɫɬɢчɟɫɤɢх ɫɪɟɞ ɩɪɢɦɟɧяɸɬ ɦɨɞɟɥɢ ɫ 
ɞвɭɦя ɢ ɛɨɥɟɟ ɩɨвɟɪхɧɨɫɬяɦɢ ɩɥаɫɬɢчɧɨɫɬɢ [46 – 50]. 
Пɪɢ ɷɬɨɦ ɦɟɠɞɭ k  ɢ 1k   ɩɨвɟɪхɧɨɫɬьɸ 
ɭɩɪɨчɧɟɧɢɟ ɨɩɢɫываɟɬɫя ɥɢɧɟɣɧɨɣ ɦɨɞɟɥьɸ Пɪаɝɟɪа 
(56) ɫ ɤɨɝɟɡɢɟɣ (ɦɨɞɭɥɟɦ ɭɩɪɨчɧɟɧɢя) kc , а ɩɪɢ 

ɞɨɫɬɢɠɟɧɢɢ вɬɨɪɨɣ ɩɨвɟɪхɧɨɫɬɢ 1k   ɭɩɪɨчɧɟɧɢɟ 
ɨɩɢɫываɟɬɫя ɦɨɞɭɥɟɦ 1kc  . Пɪɟɞɩɨɥаɝаɟɬɫя, чɬɨ в 
ɦɟɫɬɟ ɤɨɧɬаɤɬа ɩɨвɟɪхɧɨɫɬɟɣ ɩɥаɫɬɢчɧɨɫɬɢ 
ɫɨɨɬвɟɬɫɬвɭɸɳɢɟ ɧɨɪɦаɥɢ ɤ ɧɢɦ ɫɨвɩаɞаɸɬ ɢ 
выɩɨɥɧяɟɬɫя ɭɫɥɨвɢɟ ɧɟɩɪɟɪывɧɨɫɬɢ ɩɥаɫɬɢчɟɫɤɢх 
ɞɟфɨɪɦаɰɢɣ: 
 

           1 1k k k kf f       (62) 
 
Уɫɥɨвɢɟ (62) ɡаɩɢɫаɧɨ в ɩɪɟɞɩɨɥɨɠɟɧɢɢ 
аɫɫɨɰɢаɬɢвɧɨɫɬɢ ɩɥаɫɬɢчɟɫɤɢх ɞɟфɨɪɦаɰɢɣ. Наɞɨ 
ɨɬɦɟɬɢɬь, чɬɨ ɦɨɞɟɥɢ ɫ ɧɟɫɤɨɥьɤɢɦɢ ɩɨвɟɪхɧɨɫɬяɦɢ 
ɬɟчɟɧɢя ɦɨɝɭɬ ɩɪɢɦɟɧяɬьɫя ɤаɤ ɞɥя ɢɡɨɬɪɨɩɧɨɝɨ, ɬаɤ 
ɢ ɞɥя ɤɢɧɟɦаɬɢчɟɫɤɨɝɨ ɭɩɪɨчɧɟɧɢя. Оɫɨɛɟɧɧɨ 
ɩɪɨɫɬыɦ ɨɤаɡываɟɬɫя ɢɫɩɨɥьɡɨваɧɢɟ ɷɬɢх ɦɨɞɟɥɟɣ в 
ɫɨчɟɬаɧɢɢ ɫ ɦɨɞɟɥяɦɢ Мɨɪа-Кɭɥɨɧа ɢ Дɪɭɤɟɪа-
Пɪаɝɟɪа – ɬаɦ, ɝɞɟ ɭɫɥɨвɢɟ ɪавɟɧɫɬва ɧɨɪɦаɥɟɣ ɤ 
ɫɨɨɬвɟɬɫɬвɭɸɳɢɦ ɩɨвɟɪхɧɨɫɬяɦ ɩɥаɫɬɢчɧɨɫɬɢ 
выɩɨɥɧяɟɬɫя авɬɨɦаɬɢчɟɫɤɢ. 
 

2.2. ɉɨɞхɨɞы ɧа ɨсɧɨвɟ ɦɨɞɟɥи Мɨра-Куɥɨɧа. 
В ɩɨɞхɨɞах ɧа ɨɫɧɨвɟ ɦɨɞɟɥɢ Мɨɪа-Кɭɥɨɧа 
ɩɪɢɦɟɧяɸɬ ɥɢɛɨ ɬɟɨɪɢɸ ɩɥаɫɬɢчɧɨɫɬɢ ɛɟɡ 
ɭɩɪɨчɧɟɧɢя, ɥɢɛɨ ɩɥаɫɬɢчɧɨɫɬь ɫ 
ɢɡɨɬɪɨɩɧыɦ ɭɩɪɨчɧɟɧɢɟɦ. В ɷɬɢх ɩɨɞхɨɞах в 
ɤачɟɫɬвɟ ɞɟвɢаɬɨɪɧɨɣ ɧɨɪɦы (38) 
ɩɪɢɧɢɦаɸɬɫя ɧаɩɪяɠɟɧɢя Тɪɟɫɤа  
 

            1
max min2

q       (63) 

 
ɝɞɟ max  ɢ min  - ɝɥавɧыɟ ɧаɩɪяɠɟɧɢя.  
Ʌɢɧɟɣɧыɟ ɫɨɨɬɧɨшɟɧɢя ɦɟɠɞɭ p  ɢ q  , 

ɨɩɢɫываɸɳɢɟ ɩɨвɟɪхɧɨɫɬь ɩɥаɫɬɢчɧɨɫɬɢ, 
ɡаɞаɸɬɫя в вɢɞɟ 
      , , , tan 0pl plf p q R q c p           (64) 

 
ɝɞɟ c  - ɤɨɧɫɬаɧɬа (ɤɨɝɟɡɢя), 
хаɪаɤɬɟɪɢɡɭɸɳая ɩɟɪɟхɨɞ ɨɬ ɭɩɪɭɝɨɣ ɤ 
ɩɥаɫɬɢчɟɫɤɨɣ ɡɨɧɟ ɩɪɢ 0p  , ɩɪɢчɟɦ ɷɬа 
ɤɨɧɫɬаɧɬа ɦɨɠɟɬ ɫɞвɢɝаɬьɫя, ɨɩɪɟɞɟɥяя 
ɫɨɛɨɣ ɢɡɦɟɧɟɧɢɟ ɤɨɝɟɡɢɢ в ɡавɢɫɢɦɨɫɬɢ ɨɬ 
ɧаɤɨɩɥɟɧɧых ɩɥаɫɬɢчɟɫɤɢх ɞɟфɨɪɦаɰɢɣ, 
хаɪаɤɬɟɪɢɡɭɟɦых ɫɨɨɬвɟɬɫɬвɭɸɳɟɣ ɧɨɪɦɨɣ 

pl ;    - ɭɝɨɥ вɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢя;  ,R    

- ɤɨɷффɢɰɢɟɧɬ, ɡавɢɫяɳɢɣ ɨɬ ɭɝɥа 
вɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢя   ɢ ɭɝɥа  , 
ɨɩɪɟɞɟɥяɸɳɟɝɨ ɭɝɨɥ ɦɟɠɞɭ ɦɟɪɢɞɢɨɧаɥьɧɨɣ 
ɩɥɨɫɤɨɫɬьɸ ɢ ɨɞɧɨɣ ɢɡ ɨɫɟɣ ɝɥавɧых 
ɧаɩɪяɠɟɧɢɣ (ɨɛычɧɨ 1 ). Дɥя ɦɨɞɟɥɟɣ Мɨɪа 
Кɭɥɨɧа ɤɨɷффɢɰɢɟɧɬ  ,R    ɨɩɪɟɞɟɥяɟɬɫя 
ɫɥɟɞɭɸɳɢɦ выɪаɠɟɧɢɟɦ  
 

     3
3

sin 1
, cos tan

33 cos
R

         (65) 

 
В ɫɥɭчаɟ ɧɟаɫɫɨɰɢɢɪɨваɧɧɨɝɨ ɡаɤɨɧа 
ɭɩɪɨчɧɟɧɢя в ɷɬɢх ɦɨɞɟɥях вɦɟɫɬɨ ɭɝɥа   
ввɨɞɢɬɫя ɭɝɨɥ  , ɧаɡываɟɦыɣ ɭɝɥɨɦ 
ɞɢɥаɰɢɢ (ɪаɫɬяɠɟɧɢя) ɢ хаɪаɤɬɟɪɢɡɭɸɳɢɣ 
ɨɬɤɥɨɧɟɧɢɟ вɟɤɬɨɪа f  ɨɬ ɞɟвɢаɬɨɪɧɨɣ 
ɩɥɨɫɤɨɫɬɢ d . Оɛɨɡɧачая ɧɨɪɦаɥь ɤ 
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ɞɟвɢаɬɨɪɧɨɣ ɩɥɨɫɤɨɫɬɢ чɟɪɟɡ d , ɩɨɥɭчɢɦ 
ɫɥɟɞɭɸɳɟɟ выɪаɠɟɧɢɟ ɞɥя ɭɝɥа ɞɢɥаɰɢɢ  
 

       arctan
2

f

f
          

d Q 



  (66) 

 
С ɭчɟɬɨɦ (64) ɡаɤɨɧ ɞɟфɨɪɦɢɪɨваɧɢя в 
ɩɥаɫɬɢчɟɫɤɨɣ ɡɨɧɟ ɩɪɢ аɤɬɢвɧɨɦ ɧаɝɪɭɠɟɧɢɢ 
ɨɩɢɫываɟɬɫя ɭɪавɧɟɧɢяɦɢ вɢɞа (56), а ɩɪɢ 
ɪаɡɝɪɭɡɤɟ ɭɪавɧɟɧɢяɦɢ ɬɟɨɪɢɢ ɭɩɪɭɝɨɫɬɢ (1), 
ɩɪɢчɟɦ ɩɪɢ ɪаɡɝɪɭɡɤɟ ɨɛычɧɨ ɢɫɩɨɥьɡɭɸɬɫя 
ɭɪавɧɟɧɢя ɥɢɧɟɣɧɨɣ ɬɟɨɪɢɢ ɭɩɪɭɝɨɫɬɢ.  
В ɡаɤɥɸчɟɧɢɟ ɧаɞɨ ɨɬɦɟɬɢɬь, чɬɨ 
ɢɫɫɥɟɞɨваɧɢɟ ɞɢɧаɦɢчɟɫɤɢх ɩɪɨɰɟɫɫɨв ɞɥя 
ɩɥаɫɬɢчɟɫɤɢх ɫɪɟɞ, ɨɩɢɫываɟɦых 
ɨɛɫɭɠɞаɟɦыɦɢ ɦɨɞɟɥяɦɢ Мɨɪа-Кɭɥɨɧа, 
ɧаɬаɥɤɢваɟɬɫя ɧа ɨɩɪɟɞɟɥɟɧɧыɟ 
ɨɝɪаɧɢчɟɧɢя: (i) ɧɟвɨɡɦɨɠɧɨɫɬь ɭчɟɬа 
ɡавɢɫɢɦɨɫɬɢ ɭɩɪɭɝɢх ɦɨɞɭɥɟɣ ɨɬ ɨɛъɟɦɧɨɣ 
ɫɨɫɬавɥяɸɳɟɣ ɭɩɪɭɝɨɣ ɞɟфɨɪɦаɰɢɢ; (ii ) 
ɧɟвɨɡɦɨɠɧɨɫɬь ɢɫɫɥɟɞɨваɧɢя ɷффɟɤɬɨв 
ɞɢɫɫɢɩаɰɢɢ ɷɧɟɪɝɢɢ, ɫвяɡаɧɧых ɫ 
ɨɛɪаɡɨваɧɢɟɦ ɝɢɫɬɟɪɟɡɢɫа, ɩɪɢ ɫɢɥɨвых 
ɰɢɤɥɢчɟɫɤɢх вɨɡɞɟɣɫɬвɢях ɫ ɛɨɥьшɢɦ 
чɢɫɥɨɦ ɰɢɤɥɨв; (iii ) ɧɟвɨɡɦɨɠɧɨɫɬь 
ɦɨɞɟɥɢɪɨваɧɢя ɷффɟɤɬа Ȼаɭшɢɧɝɟɪа, 
ɨɛɪаɡɨваɧɢя «ɪɷɬчɟɬɢɧɝа», а ɬаɤɠɟ (iv) ɧɟ 
ɭчɟɬ ɫɪɟɞɧɟɝɨ ɝɥавɧɨɝɨ ɧаɩɪяɠɟɧɢя в ɧɨɪɦɟ 
(63). В ɬɨ ɠɟ вɪɟɦя, ɩɪɢ ɤɢɧɟɦаɬɢчɟɫɤɨɦ 
ɰɢɤɥɢчɟɫɤɨɦ ɧаɝɪɭɠɟɧɢɢ ɢ ɞɢаɝɪаɦɦɟ ɛɟɡ 
ɭɩɪɨчɧɟɧɢя ɷффɟɤɬы ɨɛɪаɡɨваɧɢя 
ɝɢɫɬɟɪɟɡɢɫа ɦɨɝɭɬ ɦɨɞɟɥɢɪɨваɬьɫя ɢ в 
ɪаɦɤах ɪаɫɫɦаɬɪɢваɟɦых ɦɨɞɟɥɟɣ Мɨɪа-
Кɭɥɨɧа.  
 
Заɦɟчаɧия 3. а) Наɥɢчɢɟ ɦɧɨɠɢɬɟɥя 1

2  в 
ɞɟвɢаɬɨɪɧɨɣ ɧɨɪɦɟ (63) ɧаɤɥаɞываɟɬ ɧɟɨɛхɨɞɢɦɨɫɬь 
ɭɦɟɧьшɟɧɢя в ɞва ɪаɡа ɤɨɝɟɡɢɢ (ɧаɩɪяɠɟɧɢɣ, 
ɨɬвɟчаɸɳɢх ɧачаɥɭ ɩɥаɫɬɢчɟɫɤɢх ɞɟфɨɪɦаɰɢɣ), ɩɨ 
ɫɪавɧɟɧɢɸ ɫ ɫɨɨɬвɟɬɫɬвɭɸɳɢɦɢ ɡɧачɟɧɢяɦɢ в ɞɪɭɝɢх 
ɬɟɨɪɢях ɩɥаɫɬɢчɧɨɫɬɢ.   
ɛ) Дɥя ɬɨɝɨ, чɬɨɛы ɢɡɛɟɠаɬь ɩɨɬɟɪɢ ɝɥаɞɤɨɫɬɢ, 
ɩɨявɥяɸɳɟɣɫя ɩɪɢ выɛɨɪɟ ɞɟвɢаɬɨɪɧɨɣ ɧɨɪɦы (63), 
ɩɪɢ чɢɫɥɟɧɧɨɦ аɧаɥɢɡɟ ɩɪɢɦɟɧяɸɬ ɫɝɥаɠɢваɧɢɟ 
шɟɫɬɢɭɝɨɥьɧɢɤа, ɨɩɪɟɞɟɥяɟɦɨɝɨ ɧɨɪɦɨɣ (63) в 
ɞɟвɢаɬɨɪɧɨɣ ɩɥɨɫɤɨɫɬɢ (ɩɪɢ 0p  ). Пɪɢ ɷɬɨɦ, 

вɦɟɫɬɨ ɫɝɥаɠɢваɧɢя ɧɨɪɦы (63), ɩɪɢɦɟɧяɸɬ 
ɫɝɥаɠɢваɸɳɢɣ ɤɨɷффɢɰɢɟɧɬ вɢɞа [45]  
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  (67) 

 
В (67) ɫɝɥаɠɢваɸɳɢɣ ɩаɪаɦɟɬɪ e  ɦɟɧяɟɬɫя в 

ɞɢаɩаɡɨɧɟ 1
2

1e  , ɩɪɢчɟɦ ɩɪɢ 1
2

e  ɫɝɥаɠɟɧɧая 

ɤɪɢвая ɫɬɪɟɦɢɬɫя ɤ ɬɪɟɭɝɨɥьɧɢɤɭ Рɷɧɤɢɧа.  
в) В ɦɟɪɢɞɢɨɧаɥьɧɨɦ ɧаɩɪавɥɟɧɢɢ ɬаɤɠɟ ɩɪɢɦɟɧяɸɬ 
ɫɝɥаɠɢваɧɢɟ, ɞɥя ɬɨɝɨ чɬɨɛы ɢɡɛɟɠаɬь ɩɨɬɟɪɢ 
ɝɥаɞɤɨɫɬɢ в вɟɪшɢɧɟ ɩɢɪаɦɢɞы, ɩɨявɥяɸɳɟɣɫя ɩɪɢ 

0 . Дɥя ɷɬɨɝɨ, вɦɟɫɬɨ ɩɨɬɟɧɰɢаɥа (64) ввɨɞяɬ 
ɝɢɩɟɪɛɨɥɢчɟɫɤɢɣ (в ɦɟɪɢɞɢɨɧаɥьɧɨɣ ɩɥɨɫɤɨɫɬɢ) 
ɩɨɬɟɧɰɢаɥ вɢɞа [43]  
 

      

 
     2 2
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tan 0
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g p q

R q c

p






      

  


  (68) 

 
ɝɞɟ    - ɩаɪаɦɟɬɪ ɫɝɥаɠɢваɧɢя, ɦɟɧяɸɳɢɣɫя в 
ɞɢаɩаɡɨɧɟ 0 1   ; ɩɪɢ 0  ɝɢɩɟɪɛɨɥɢчɟɫɤая 
аɩɩɪɨɤɫɢɦаɰɢя (68) ɫɬɪɟɦɢɬɫя ɤ ɢɫхɨɞɧɨɣ (64), ɧɨ ɫɨ 
ɫɝɥаɠɢваɸɳɢɦ ɤɨɷффɢɰɢɟɧɬɨɦ  ,eR   .  

ɝ) В ɤачɟɫɬвɟ ɧɨɪɦы pl  в ɪаɫɫɦаɬɪɢваɟɦɨɣ ɦɨɞɟɥɢ 

ɨɛычɧɨ ɩɪɢɧɢɦаɟɬɫя ɢɧɬɟɝɪаɥьɧая ɧɨɪɦа 
 

               
0

t
pl

pl dt
q
      (69) 

 
Наɞɨ ɨɬɦɟɬɢɬь, чɬɨ ɩɪɢ ɥɸɛых ɧаɝɪɭɠɟɧɢях 

выɩɨɥɧяɟɬɫя ɧɟɪавɟɧɫɬвɨ 0pl   .   

ɞ) Оɛɨɛɳɟɧɢɟ ɦɨɞɟɥɟɣ Мɨɪа-Кɭɥɨɧа ɞɥя ɭчɟɬа, ɤɷɩ-
ɩɥаɫɬɢчɧɨɫɬɢ ɨɛɫɭɠɞаɟɬɫя в ɪаɡɞɟɥɟ, ɩɨɫвяɳɟɧɧɨɦ 
ɦɨɞɟɥяɦ Дɪɭɤɟɪа-Пɪаɝɟɪа.   
ɟ) Нɟɫɦɨɬɪя ɧа ɢɡвɟɫɬɧыɟ ɨɝɪаɧɢчɟɧɢя, ɩɨɞхɨɞы ɧа 
ɨɫɧɨвɟ ɪаɫɫɦɨɬɪɟɧɧɨɣ ɡɞɟɫь ɦɨɞɟɥɢ Мɨɪа-Кɭɥɨɧа, 
ɩɪɢɦɟɧяɥɢɫь ɞɥя ɢɫɫɥɟɞɨваɧɢя ɡаɞач ɞɢɧаɦɢɤɢ 
ɝɪаɧɭɥɢɪɨваɧɧых ɫɪɟɞ, в чаɫɬɧɨɫɬɢ, в Д52] 
ɦɨɞɟɥɢɪɨваɥаɫь ɡаɞача ɡаɪɨɠɞɟɧɢя ɢ ɧачаɥа ɫхɨɞа 
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ɥавɢɧы; ɫɦ. ɬаɤɠɟ Д53], ɝɞɟ ɪаɫɫɦɨɬɪɟɧы ɞɪɭɝɢɟ 
ɤɥаɫɫы ɡаɞач ɞɢɧаɦɢɤɢ ɝɪаɧɭɥɢɪɨваɧɧых ɫɪɟɞ.  
 
2.3. ɉɨɞхɨɞы ɧа ɨсɧɨвɟ ɦɨɞɟɥи Друкɟра-
ɉраɝɟра. В ɩɨɞхɨɞах ɧа ɨɫɧɨвɟ ɦɨɞɟɥɢ 
Дɪɭɤɟɪа-Пɪаɝɟɪа, ɬаɤɠɟ ɤаɤ ɢ в ɩɨɞхɨɞах ɧа 
ɨɫɧɨвɟ ɦɨɞɟɥɢ Мɨɪа-Кɭɥɨɧа, ɩɪɢɦɟɧяɸɬ 
ɥɢɛɨ ɬɟɨɪɢɸ ɩɥаɫɬɢчɧɨɫɬɢ ɛɟɡ ɭɩɪɨчɧɟɧɢя, 
ɥɢɛɨ ɩɥаɫɬɢчɧɨɫɬь ɫ ɢɡɨɬɪɨɩɧыɦ 
ɭɩɪɨчɧɟɧɢɟɦ. В ɷɬɢх ɩɨɞхɨɞах в ɤачɟɫɬвɟ 
ɞɟвɢаɬɨɪɧɨɣ ɧɨɪɦы (38) ɩɪɢɧɢɦаɸɬɫя 
ɧаɩɪяɠɟɧɢя ф.Мɢɡɟɫа  
 

             
1 1
2 2

21
2

d

i j
i j

q II II  



  
      (70) 

 
ɝɞɟ , 1,2,3i i   - ɝɥавɧыɟ ɧаɩɪяɠɟɧɢя; 

ɬɟɧɡɨɪɧыɟ ɢɧваɪɢаɧɬы II   ɢ dII   

ɨɩɪɟɞɟɥяɸɬɫя ɩɨ (3) ɫ ɡаɦɟɧɨɣ ɬɟɧɡɨɪа   ɧа   ɢ d  ɫɨɨɬвɟɬɫɬвɟɧɧɨ.  
В ɦɨɞɟɥɢ Дɪɭɤɟɪа-Пɪаɝɟɪа ɩɨвɟɪхɧɨɫɬь 
ɬɟчɟɧɢя ɨɩɪɟɞɟɥяɟɬɫя ɥɢɧɟɣɧыɦɢ 
ɫɨɨɬɧɨшɟɧɢяɦɢ  
    , , tan 0pl plf p q q d p         (71) 

 
В (71) ɪɨɥь ɩаɪаɦɟɬɪɨв d  ɢ   аɧаɥɨɝɢчɧа 
ɫɨɨɬвɟɬɫɬвɭɸɳɢɦ ɩаɪаɦɟɬɪаɦ в ɬɟɨɪɢɢ 
Мɨɪа-Кɭɥɨɧа.  
В ɩɨɞхɨɞах, ɨɫɧɨваɧɧых ɧа ɦɨɞɟɥɢ Дɪɭɤɟɪа-
Пɪаɝɟɪа, ɫɨхɪаɧяɸɬɫя ɨɝɪаɧɢчɟɧɢя (i) - (ii i), 
ɨɬɦɟчɟɧɧыɟ ɩɪɢ ɨɛɫɭɠɞɟɧɢɢ ɦɨɞɟɥɢ Мɨɪа-
Кɭɥɨɧа; ɨɝɪаɧɢчɟɧɢɟ (iv) ɨчɟвɢɞɧыɦ 
ɨɛɪаɡɨɦ ɫɧɢɦаɟɬɫя ввɢɞɭ вɢɞа ɞɟвɢаɬɨɪɧɨɣ 
ɧɨɪɦы (70).  
 
Заɦɟчаɧия 4. а) Пɥаɫɬɢчɟɫɤɨɟ ɬɟчɟɧɢɟ (ɭɩɪɨчɧɟɧɢɟ) 
ɨɩɪɟɞɟɥяɟɬɫя ɬаɤɠɟ, ɤаɤ ɢ в ɬɟɨɪɢɢ Мɨɪа-Кɭɥɨɧа 
ɥɢɛɨ аɫɫɨɰɢɢɪɨваɧɧыɦ ɡаɤɨɧɨɦ ɬɟчɟɧɢя ɫ ɭɝɥɨɦ   , ɥɢɛɨ ɩɪɢ ɧɟаɫɫɨɰɢɢɪɨваɧɧыɦ ɡаɤɨɧɨɦ 
ɬɟчɟɧɢя ɫ ɩɨɦɨɳьɸ фɨɪɦɭɥ (66) ɢɥɢ ɫ ɩɨɦɨɳьɸ 
ввɟɞɟɧɢя ɩɨɬɟɧɰɢаɥа, аɧаɥɨɝɢчɧɨɝɨ ɩɨɬɟɧɰɢаɥɭ (68).   
ɛ) В ɦɟɪɢɞɢɨɧаɥьɧɨɣ ɩɥɨɫɤɨɫɬɢ ɩɪɢ чɢɫɥɟɧɧых 
ɪɟаɥɢɡаɰɢях ɢ 0  , ɬаɤɠɟ ɤаɤ ɢ в ɦɟɬɨɞɟ Мɨɪа-

Кɭɥɨɧа, ɨɫɭɳɟɫɬвɥяɟɬɫя ɝɢɩɟɪɛɨɥɢчɟɫɤɨɟ 
ɫɝɥаɠɢваɧɢɟ вɢɞа  
   2 2

0, , tan 0plg p q q l p d          (72) 

 
ɝɞɟ  0 (0) (0) tantl d p    , (0)tp  - ɧачаɥьɧая 

ɝɢɞɪɨɫɬаɬɢчɟɫɤая ɩɪɨчɧɨɫɬь, ( )d q  - ɩаɪаɦɟɬɪ 
ɭɩɪɨчɧɟɧɢя ɧа ɬɟɤɭɳɟɦ ɷɬаɩɟ ɧаɝɪɭɠɟɧɢя;   - 
аɩɩɪɨɤɫɢɦаɰɢɨɧɧыɣ ɩаɪаɦɟɬɪ, ɦɟɧяɸɳɢɣɫя в 
ɞɢаɩаɡɨɧɟ 0 1   ; ɩɪɢ 0  ɝɢɩɟɪɛɨɥɢчɟɫɤая 
аɩɩɪɨɤɫɢɦаɰɢя (72) ɫɬɪɟɦɢɬɫя ɤ ɢɫхɨɞɧɨɣ (71).   
в) В ɪяɞɟ ɫɥɭчаɟв ɦɨɞɟɥь Дɪɭɤɟɪа-Пɪаɝɟɪа ɞɨɩɨɥɧяɸɬ 
ɤɷɩ-ɩɥаɫɬɢчɧɨɫɬьɸ, ɩɨɡвɨɥяɸɳɟɣ ɡаɦɤɧɭɬь ɤɨɧɭɫ 
ɩɥаɫɬɢчɧɨɫɬɢ в ɨɛɥаɫɬɢ ɛɨɥьшɢх ɡɧачɟɧɢɣ ɞавɥɟɧɢɣ ɫ 
ɩɨɦɨɳьɸ ɤɷɩ-ɩɨвɟɪхɧɨɫɬɢ. В ɨɛɥаɫɬɢ ɧɟɛɨɥьшɢх ɢ 
ɫɪɟɞɧɢх ɡɧачɟɧɢɣ ɞавɥɟɧɢя ɩɨвɟɪхɧɨɫɬь ɬɟчɟɧɢя 
ɨɩɢɫываɟɬɫя ɭɪавɧɟɧɢɟɦ (71) ɢɥɢ ɫɝɥаɠɟɧɧыɦ 
ваɪɢаɧɬɨɦ (72), а в ɨɛɥаɫɬɢ ɛɨɥьшɢх ɞавɥɟɧɢɣ ɤɷɩ-
ɩɨвɟɪхɧɨɫɬь ɨɩɢɫываɟɬɫя ɫɥɟɞɭɸɳɢɦ ɭɪавɧɟɧɢɟɦ  
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ɝɞɟ R  - ɩаɪаɦɟɬɪ, ɨɩɪɟɞɟɥяɸɳɢɣ фɨɪɦɭ ɤɷɩ-
ɩɨвɟɪхɧɨɫɬɢ; 0 0.05    - ɦаɥыɣ ɩаɪаɦɟɬɪ, 
ввɨɞɢɦыɣ ɞɥя ɫɨɟɞɢɧɟɧɢя ɤɷɩ-ɩɨвɟɪхɧɨɫɬɢ ɢ ɤɨɧɭɫа 
Дɪɭɤɟɪа-Пɪаɝɟɪа; ap  - ɩаɪаɦɟɬɪ, ɨɩɪɟɞɟɥяɸɳɢɣ 
ɞавɥɟɧɢɟ ɩɪɢ ɨɛъɟɦɧɨɣ ɩɥаɫɬɢчɟɫɤɨɣ ɞɟфɨɪɦаɰɢɢ:  
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В (74)  bp  - ɩɪɟɞɟɥ ɬɟɤɭчɟɫɬɢ ɩɪɢ ɨɛъɟɦɧɨɣ 
ɞɟфɨɪɦаɰɢɢ.  На ɩɟɪɟхɨɞɧɨɦ ɭчаɫɬɤɟ ɦɟɠɞɭ ɤɨɧɭɫɨɦ 
ɢ ɤɷɩ-ɩɨвɟɪхɧɨɫɬьɸ ɨɩɪɟɞɟɥяɟɬɫя вɫɩɨɦɨɝаɬɟɥьɧая 
ɩɟɪɟхɨɞɧая ɩɨвɟɪхɧɨɫɬь  
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  (75) 

 
Аɧаɥɨɝɢчɧыɦ ɨɛɪаɡɨɦ ɨɩɪɟɞɟɥяɟɬɫя ɤɷɩ-
ɩɥаɫɬɢчɧɨɫɬь ɞɥя ɦɨɞɟɥɢ Мɨɪа-Кɭɥɨɧа.   
ɝ) Нɟɫɦɨɬɪя ɧа ɨɝɪаɧɢчɟɧɢя, ɩɪɢɫɭɳɢɟ ɦɟɬɨɞɭ 
Дɪɭɤɟɪа-Пɪаɝɟɪа, ɨɧ ɩɪɢɦɟɧяɟɬɫя в ɡаɞачах ɞɢɧаɦɢɤɢ 
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ɝɪаɧɭɥɢɪɨваɧɧых ɫɪɟɞ ɞɥя ɢɫɫɥɟɞɨваɧɢя 
ɞɢɧаɦɢчɟɫɤɢх ɩɪɨɰɟɫɫɨв ɩɪɢ ɨɞɧɨɤɪаɬɧых ɭɞаɪах 
[54], а ɬаɤɠɟ ɩɪɢ ɢɫɫɥɟɞɨваɧɢɢ (ɧɟ ɡɧаɤɨɩɟɪɟɦɟɧɧых) 
ɞвɢɠɟɧɢɣ ɝɪаɧɭɥɢɪɨваɧɧɨɣ ɫɪɟɞы  Д55]. Мɨɞɟɥɢ ɤɷɩ-
ɩɥаɫɬɢчɧɨɫɬɢ ɬаɤɠɟ ɧахɨɞяɬ ɩɪɢɦɟɧɟɧɢɟ в ɦɟхаɧɢɤɟ 
ɝɪаɧɭɥɢɪɨваɧɧых ɫɪɟɞ, в чаɫɬɧɨɫɬɢ, ɩɪɢ 
ɢɫɫɥɟɞɨваɧɢɢ ɞɟфɨɪɦɢɪɨваɧɢя, ɭчɢɬываɸɳɟɝɨ 
ɞɟɝɪаɞаɰɢɸ ɫвɨɣɫɬв ɦаɬɟɪɢаɥа ɩɪɢ ɛɨɥьшɢх 
ɞавɥɟɧɢях; ɫɦ. ɫɥɟɞɭɸɳɢɣ ɪаɡɞɟɥ, а ɬаɤɠɟ ɪаɛɨɬы [56, 
57].   
 
2.4. ɉɨɞхɨɞы ɧа ɨсɧɨвɟ ɦɨɞɟɥɟɣ 
криɬичɟскɨɝɨ сɨсɬɨяɧия. В ɷɬɢх ɩɨɞхɨɞах, 
ɤаɤ ɩɪавɢɥɨ, ɩɪɢɦɟɧяɟɬɫя ɤɨɧɰɟɩɰɢя 
ɢɡɨɬɪɨɩɧɨɝɨ ɭɩɪɨчɧɟɧɢя ɫɨвɦɟɫɬɧɨ ɫ 
аɫɫɨɰɢɢɪɨваɧɧыɦ ɡаɤɨɧɨɦ ɩɥаɫɬɢчɟɫɤɨɝɨ 
ɬɟчɟɧɢя. Нɟɨɛхɨɞɢɦɨɫɬь ɩɪɢɦɟɧɟɧɢя ɷɬɢх 
ɦɨɞɟɥɟɣ ɞɢɤɬɭɟɬɫя ɩɨявɥɟɧɢɟɦ ɡɨɧ 
ɪаɡɭɩɪɨчɧɟɧɢя, ɧаɛɥɸɞаɟɦых в ɛɨɥьшɢɧɫɬвɟ 
ɝɪаɧɭɥɢɪɨваɧɧых ɦаɬɟɪɢаɥах ɩɪɢ ɛɨɥьшɢх 
ɡɧачɟɧɢях ɞавɥɟɧɢя.  
На ɪɢɫ. 2 ɩɨɤаɡаɧɨ ɫɟчɟɧɢɟ ɦɟɪɢɞɢɨɧаɥьɧɨɣ 
ɩɥɨɫɤɨɫɬьɸ ɩɨвɟɪхɧɨɫɬɢ ɩɥаɫɬɢчɧɨɫɬɢ в 
ɦɨɞɟɥɢ Кɷɦ-ɤɥɷɣ (Cam-clay). Пɥаɫɬɢчɧɨɫɬь в 
ɷɬɨɣ ɦɨɞɟɥɢ ɨɩɢɫываɟɬɫя ɞвɭɦя 
ɫɨɟɞɢɧɟɧɧыɦɢ ɦɟɠɞɭ ɫɨɛɨɣ ɩɨɥɭ 
ɷɥɥɢɩɫɨɢɞаɦɢ: ɩɟɪвыɣ - хаɪаɤɬɟɪɢɡɭɟɬ 
ɩɥаɫɬɢчɧɨɫɬь в ɨɛɥаɫɬɢ ɞɨɤɪɢɬɢчɟɫɤɨɝɨ 
«ɫɭхɨɝɨ» ɫɨɫɬɨяɧɢя, ɤɨɝɞа ɩɪɢ ɞɨɫɬɢɠɟɧɢɢ 
ɩɨвɟɪхɧɨɫɬɢ ɩɥаɫɬɢчɧɨɫɬɢ ɨɛъɟɦɧая 
ɫɨɫɬавɥяɸɳая ɩɥаɫɬɢчɟɫɤɢх ɞɟфɨɪɦаɰɢɣ 
ɭɦɟɧьшаɟɬɫя ( 0pl  ) ɢ ɩɪɨɢɫхɨɞɢɬ 
ɭɩɪɨчɧɟɧɢɟ ɫ ɨɞɧɨвɪɟɦɟɧɧыɦ ɭвɟɥɢчɟɧɢɟɦ 
ɩɨвɟɪхɧɨɫɬɢ ɩɥаɫɬɢчɧɨɫɬɢ (вɧɟшɧɢɣ 
ɩɭɧɤɬɢɪɧыɣ ɷɥɥɢɩɫɨɢɞ ɧа ɪɢɫ.2). Вɬɨɪɨɣ 
ɩɨɥɭ ɷɥɥɢɩɫɨɢɞ хаɪаɤɬɟɪɢɡɭɟɬ ɪаɛɨɬɭ 
ɦаɬɟɪɢаɥа вɨ «вɥаɠɧɨɣ» ɨɛɥаɫɬɢ, ɫвяɡаɧɧɨɣ 
ɫ ɪаɡɭɩɪɨчɧɟɧɢɟɦ. В ɷɬɨɣ ɡɨɧɟ ɩɥаɫɬɢчɟɫɤая 
ɫɨɫɬавɥяɸɳая ɨɛъɟɦɧɨɣ ɞɟфɨɪɦаɰɢɢ 
ɭвɟɥɢчɢваɟɬɫя ( 0pl  ) ɢ ɩɪɨɢɫхɨɞɢɬ ɫɠаɬɢɟ 
ɩɨвɟɪхɧɨɫɬɢ ɩɥаɫɬɢчɧɨɫɬɢ (вɧɭɬɪɟɧɧɢɣ 
ɩɭɧɤɬɢɪɧыɣ ɷɥɥɢɩɫɨɢɞ ɧа ɪɢɫ.2). В ɦɟɫɬɟ 
ɫɨɟɞɢɧɟɧɢя ɷɥɥɢɩɫɨɢɞɨв (ɤɪɢɬɢчɟɫɤɨɟ 
ɫɨɫɬɨяɧɢɟ) ɨɛъɟɦɧая ɞɟфɨɪɦаɰɢя ɧɟ 
ɦɟɧяɟɬɫя ɢ, ɩɪɢ аɫɫɨɰɢɢɪɨваɧɧɨɦ ɡаɤɨɧɟ 
ɬɟчɟɧɢя, ɩɥаɫɬɢчɟɫɤɨɟ ɞɟфɨɪɦɢɪɨваɧɢɟ 
ɩɪɨɢɫхɨɞɢɬ ɬɨɥьɤɨ ɡа ɫчɟɬ ɞɟвɢаɬɨɪɧых 
ɫɨɫɬавɥяɸɳɢх ( 0pl  ).  

 
Рис.2. Мɟриɞиɨɧаɥьɧɨɟ сɟчɟɧиɟ ɩɨвɟрхɧɨсɬи 

ɩɥасɬичɧɨсɬи ɞɥя ɦɨɞɟɥи криɬичɟскɨɝɨ 
сɨсɬɨяɧия Cam-clay: вɟрɬикаɥьɧая 

ɩуɧкɬирɧая ɥиɧия –  криɬичɟская ɥиɧия, 
раɡɞɟɥяɸщая в ɧачаɥьɧɨɦ сɨсɬɨяɧии ɡɨɧы 
уɩрɨчɧɟɧия (сɥɟва) и раɡɦяɝчɟɧия (сɩрава) 

 
В ɪаɫɫɦаɬɪɢваɟɦых ɬɟɨɪɢях ɭɪавɧɟɧɢя 
ɩɨвɟɪхɧɨɫɬɟɣ ɩɥаɫɬɢчɧɨɫɬɢ в ɞɨɤɪɢɬɢчɟɫɤɨɣ 
ɢ ɡаɤɪɢɬɢчɟɫɤɨɣ ɡɨɧах ɨɩɢɫываɸɬɫя ɨɞɧɢɦ 
ɭɪавɧɟɧɢɟɦ  
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( , ) 1 1 0
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f p q
a Ma                 (76) 

 
ɝɞɟ   - ɩаɪаɦɟɬɪ, хаɪаɤɬɟɪɢɡɭɸɳɢɣ вɢɞ 
ɷɥɥɢɩɫɨɢɞа: ɞɥя ɞɨɤɪɢɬɢчɟɫɤɨɝɨ ɫɨɫɬɨяɧɢя 
(«ɫɭхая» ɡɨɧа) ɨɛычɧɨ 1  , а в 
ɡаɤɪɢɬɢчɟɫɤɨɣ ɡɨɧɟ ɩɪɢɧɢɦаɸɬ 1  ; 
ɩаɪаɦɟɬɪ a  ɩɪɟɞɫɬавɥяɟɬ ɫɨɛɨɣ ɩɪɨɟɤɰɢɸ ɧа 
ɨɫь p  ɬɨчɤɢ ɩɟɪɟɫɟчɟɧɢя ɤɪɢɬɢчɟɫɤɨɣ ɥɢɧɢɢ 
t Mp  ɫ ɧачаɥьɧɨɣ ɩɨвɟɪхɧɨɫɬьɸ 
ɩɥаɫɬɢчɧɨɫɬɢ; M  - ɬаɧɝɟɧɫ ɭɝɥа ɧаɤɥɨɧа 
ɤɪɢɬɢчɟɫɤɨɣ ɥɢɧɢɢ ɤ ɨɫɢ p ; ɧаɤɨɧɟɰ, t q  
ɞɥя ɤɥаɫɫɢчɟɫɤɨɣ Кɷɦ-ɤɥɟɣ ɦɨɞɟɥɢ ɢ 
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ɞɥя ɦɨɞɢфɢɰɢɪɨваɧɧɨɣ ɦɨɞɟɥɢ. В ɩɨɫɥɟɞɧɟɣ 
фɨɪɦɭɥɟ K  - ɛɟɡɪаɡɦɟɪɧая ɦаɬɟɪɢаɥьɧая 
ɤɨɧɫɬаɧɬа, ɥɟɠаɳая в ɞɢаɩаɡɨɧɟ 
0.778 1.0K   (ɫɥɭчаɣ 1K   ɨɬвɟчаɟɬ 
ɤɥаɫɫɢчɟɫɤɨɣ Кɷɦ-ɤɥɟɣ ɦɨɞɟɥɢ); в (77) 

ɩаɪаɦɟɬɪ 3 dr III  .  

Пɪɢ ɞɢɧаɦɢчɟɫɤɢх (ɢɥɢ ɤваɡɢɫɬаɬɢчɟɫɤɢх) 
вɨɡɞɟɣɫɬвɢях ɷвɨɥɸɰɢя ɩɨвɟɪхɧɨɫɬɢ 
ɩɥаɫɬɢчɧɨɫɬɢ ɡаɞаɟɬɫя ɫ ɩɨɦɨɳьɸ ɤɭɫɨчɧɨ-
ɥɢɧɟɣɧɨɣ аɩɩɪɨɤɫɢɦаɰɢɢ ɩɥаɫɬɢчɟɫɤɨɣ 
ɫɨɫɬавɥяɸɳɟɣ ɞавɥɟɧɢя plp  ɨɬ pl , 

ɨɩɪɟɞɟɥяɟɦɨɣ ɩɨ ɷɤɫɩɟɪɢɦɟɧɬаɥьɧыɦ 
ɞаɧɧыɦ, ɢ ɩаɪаɦɟɬɪɨɦ a , ɨɩɪɟɞɟɥяɟɦыɦ  
фɨɪɦɭɥɨɣ  
 

                       
1

plp
a     (78) 

 
Заɦɟчаɧия 5. а) Фаɤɬɢчɟɫɤɢ, ɦɨɞɟɥɢ ɤɷɩ-
ɩɥаɫɬɢчɧɨɫɬɢ ɧа ɨɫɧɨвɟ ɦɨɞɟɥɢ Дɪɭɤɟɪа-Пɪаɝɟɪа, 
ɪаɫɫɦɨɬɪɟɧɧыɟ в ɩɪɟɞыɞɭɳɟɦ ɪаɡɞɟɥɟ, ɦɨɝɭɬ ɛыɬь 
ɨɬɧɟɫɟɧы ɤ ɦɨɞɟɥяɦ ɤɪɢɬɢчɟɫɤɨɝɨ ɫɨɫɬɨяɧɢя, 
ɩɨɫɤɨɥьɤɭ в ɨɛɥаɫɬɢ ɤɷɩ-ɩɥаɫɬɢчɧɨɫɬɢ 
ɞɟфɨɪɦɢɪɨваɧɢɟ аɫɫɨɰɢаɬɢвɧɨ ɢ ɫɨɩɪɨвɨɠɞаɟɬɫя 
ɪаɡɭɩɪɨчɧɟɧɢɟɦ (ɨɛъɟɦɧая ɩɥаɫɬɢчɟɫɤая ɞɟфɨɪɦаɰɢя 
в ɷɬɨɣ ɡɨɧɟ вɨɡɪаɫɬаɟɬ).   
ɛ) Пɪɢ ɦɨɞɟɥɢɪɨваɧɢɢ ɰɢɤɥɢчɟɫɤɢх ɩɪɨɰɟɫɫɨв 
ɦɨɞɟɥɢ ɤɪɢɬɢчɟɫɤɨɝɨ ɫɨɫɬɨяɧɢя ɩɪɢвɨɞяɬ ɤ ɬɟɦ ɠɟ 
ɨɝɪаɧɢчɟɧɢяɦ, чɬɨ ɢ ɪаɫɫɦɨɬɪɟɧɧыɟ вышɟ ɦɨɞɟɥɢ. В 
ɫɥɭчаɟ, ɤɨɝɞа ɦаɬɟɪɢаɥ ɧахɨɞɢɬɫя в ɞɨɤɪɢɬɢчɟɫɤɨɣ 
ɡɨɧɟ ɩɟɬɥɢ ɝɢɫɬɟɪɟɡɢɫа ɤаɤ ɩɪɢ ɫɢɥɨвɨɦ, ɬаɤ ɢ ɩɪɢ 
ɤɢɧɟɦаɬɢчɟɫɤɨɦ ɧаɝɪɭɠɟɧɢɢ ɫɨ вɪɟɦɟɧɟɦ ɢɫчɟɡаɸɬ. 
Эɬɨ явɥɟɧɢɟ ɫвяɡаɧɨ ɫ ɪаɡɛɭхаɧɢɟɦ ɩɨвɟɪхɧɨɫɬɢ 
ɩɥаɫɬɢчɧɨɫɬɢ, выɡваɧɧɨɦ ɢɡɨɬɪɨɩɧыɦ ɭɩɪɨчɧɟɧɢɟɦ. 
В ɪаɦɤах ɷɬɢх ɩɨɞхɨɞɨв ɦɨɞɟɥɢɪɨваɧɢɟ в 
ɡаɤɪɢɬɢчɟɫɤɨɣ ɡɨɧɟ ɦɧɨɝɨɰɢɤɥɨвɨɝɨ ɤɢɧɟɦаɬɢчɟɫɤɨɝɨ 
ɧаɝɪɭɠɟɧɢя, вɨɨɛɳɟ, ɦɨɠɟɬ ɨɤаɡаɬьɫя 
ɩɪɨɛɥɟɦаɬɢчɧыɦ ɢɡ-ɡа ɭɦɟɧьшɟɧɢя ɩɨвɟɪхɧɨɫɬɢ 
ɩɥаɫɬɢчɧɨɫɬɢ.  
в) Нɟɫɦɨɬɪя ɧа ɷɬɢ ɨɝɪаɧɢчɟɧɢя, ɦɨɞɟɥɢ ɤɪɢɬɢчɟɫɤɨɝɨ 
ɫɨɫɬɨяɧɢя ɧахɨɞяɬ ɩɪɢɦɟɧɟɧɢɟ ɩɪɢ ɦɨɞɟɥɢɪɨваɧɢɢ 
ɩɪɨɰɟɫɫɨв ɧаɝɪɭɠɟɧɢя (в ɬɨɦ чɢɫɥɟ ɢ ɦаɥɨɰɢɤɥɨвых) 
ɪаɡɥɢчɧых ɝɪаɧɭɥɢɪɨваɧɧых ɫɪɟɞ Д58 – 61]. Иɡвɟɫɬɧы 
ɨɛɨɛɳɟɧɧыɟ ɦɨɞɟɥɢ ɤɪɢɬɢчɟɫɤɨɝɨ ɫɨɫɬɨяɧɢя, 
ɩɪɢɦɟɧяɟɦыɟ ɞɥя ɨɩɢɫаɧɢя ɧɟɥɢɧɟɣɧɨɝɨ 
ɭɩɪɨчɧɟɧɢя/ɪаɡɭɩɪɨчɧɟɧɢя ɢ ɨɩɪɟɞɟɥяɟɦыɟ 
ɧɟɫɤɨɥьɤɢɦɢ ɩɨвɟɪхɧɨɫɬяɦɢ ɩɥаɫɬɢчɧɨɫɬɢ, 
ɫɨɫɬɨяɳɢɦɢ ɢɡ ɞвɭх ɢ ɛɨɥɟɟ, вɥɨɠɟɧɧых ɞɪɭɝ в ɞɪɭɝа 
ɩɨɥɭ-ɷɥɥɢɩɫɨɢɞɨв  ɫ ɨɛɳɟɣ ɬɨчɤɨɣ в ɧачаɥɟ 
ɤɨɨɪɞɢɧаɬ [62, 63].  

ɝ) В ɫɥɭчаɟ ɞɢɧаɦɢчɟɫɤɢх ɧаɝɪɭɡɨɤ, вɤɥɸчая 
ɰɢɤɥɢчɟɫɤɢɟ вɨɡɞɟɣɫɬвɢя, ɦɨɞɟɥɢ ɤɪɢɬɢчɟɫɤɨɝɨ 
ɫɨɫɬɨяɧɢя ɟɫɬɟɫɬвɟɧɧɨ ɩɪɢɦɟɧяɬь в ɡаɞачах, ɝɞɟ 
ɧɟɨɛхɨɞɢɦɨ ɭчɢɬываɬь вɨɡɦɨɠɧɨɟ ɪаɡɪɭшɟɧɢɟ ɝɪаɧɭɥ 
ɩɪɢ ɛɨɥьшɢх ɞавɥɟɧɢях, ɩɪɢвɨɞяɳɟɟ ɤ ɪаɡɦяɝчɟɧɢɸ 
ɦаɬɟɪɢаɥа [64, 65].  
 
2.5. ɉɨɞхɨɞы ɧа ɨсɧɨвɟ ɦɨɞɟɥɟɣ с 
расɩрɟɞɟɥɟɧɧыɦи ɩɨвɟрхɧɨсɬяɦи 
ɩɥасɬичɧɨсɬи и ɛɟɡ ɩɨвɟрхɧɨсɬɟɣ 
ɩɥасɬичɧɨсɬи. В ɨɫɧɨвɟ вɫɟх 
ɪаɫɫɦаɬɪɢваɟɦых в ɷɬɨɦ ɪаɡɞɟɥɟ ɩɨɞхɨɞɨв 
ɩɪɢɦɟɧяɟɬɫя ɥɢɛɨ ɤɨɧɰɟɩɰɢя 
ɤɢɧɟɦаɬɢчɟɫɤɨɝɨ ɭɩɪɨчɧɟɧɢя ɫɨвɦɟɫɬɧɨ ɫ 
аɫɫɨɰɢɢɪɨваɧɧыɦ ɡаɤɨɧɨɦ ɩɥаɫɬɢчɟɫɤɨɝɨ 
ɬɟчɟɧɢя, ɥɢɛɨ ɩɪɢɦɟɧяɟɬɫя ɦɨɞɟɥь 
ɦаɬɟɪɢаɥа ɛɟɡ ɭɩɪɨчɧɟɧɢя ɬаɤɠɟ ɫ 
аɫɫɨɰɢɢɪɨваɧɧыɦ ɡаɤɨɧɨɦ ɩɥаɫɬɢчɟɫɤɨɝɨ 
ɬɟчɟɧɢя.  
 
2.5.1. Микрɨɩɥасɬичɧɨсɬь. В ɤачɟɫɬвɟ 
ɨɞɧɨɦɟɪɧɨɣ ɦɨɞɟɥɢ в ɬɟɨɪɢях 
ɦɢɤɪɨɩɥаɫɬɢчɧɨɫɬɢ [66, 67] ɨɛычɧɨ 
ɪаɫɫɦаɬɪɢваɸɬɫя ɩаɪаɥɥɟɥьɧɨ ɫɨɟɞɢɧɟɧɧыɟ 
ɷɥɟɦɟɧɬы Пɪаɧɞɬɥя (Дɠɟɧɤɢɧɫа).  
В ɫɥɭчаɟ ɛɟɫɤɨɧɟчɧɨɝɨ чɢɫɥа ɷɥɟɦɟɧɬɨв 
Пɪаɧɞɬɥя ɡаɤɨɧ ɫɨɫɬɨяɧɢя ɦɨɠɟɬ ɛыɬь 
ɡаɩɢɫаɧ в вɢɞɟ  
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ɝɞɟ ( )E h  - ɪаɫɩɪɟɞɟɥɟɧɢɟ ɠɟɫɬɤɨɫɬɟɣ 
ɩɪɭɠɢɧ. В ɛɨɥьшɢɧɫɬвɟ ɪаɫɫɦаɬɪɢваɟɦых в 
ɬɟɨɪɢях ɦɢɤɪɨɩɥаɫɬɢчɧɨɫɬɢ ɫɥɭчаɟв 

0( )E h E  ( 0E const ), ɬɨɝɞа ɭɪавɧɟɧɢɟ 
ɫɨɫɬɨяɧɢя (79) ɦɨɠɟɬ ɛыɬь ɩɪɟɞɫɬавɥɟɧɨ в 
вɢɞɟ  
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ɝɞɟ ( )H h - ɪаɫɩɪɟɞɟɥɟɧɢɟ ɩɪɟɞɟɥɨв 
ɬɟɤɭчɟɫɬɢ, ( )p h  - ɪаɫɩɪɟɞɟɥɟɧɢɟ 
ɛɟɡɪаɡɦɟɪɧых ɩɪɟɞɟɥɨв ɬɟɤɭчɟɫɬɢ. 
Пɪɟɞɩɨɥаɝаɟɬɫя, чɬɨ  
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    (81) 

 
Уɪавɧɟɧɢɟ ɫɨɫɬɨяɧɢя ɧɟɨɛхɨɞɢɦɨ ɞɨɩɨɥɧɢɬь 
ɭɫɥɨвɢɟɦ ɩɥаɫɬɢчɟɫɤɨɝɨ ɬɟчɟɧɢя  
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Заɦɟчаɧɢя 6. а) Иɡвɟɫɬɧы ɨɛɨɛɳɟɧɢя ɦɨɞɟɥɟɣ 
ɦɢɤɪɨɩɥаɫɬɢчɧɨɫɬɢ (ɛɟɡ ɭɩɪɨчɧɟɧɢя) ɫ ɨɞɧɨɦɟɪɧɨɝɨ 
ɫɥɭчая ɧа ɫɥɭчаɣ ɩɪɨɫɬɪаɧɫɬвɟɧɧых ɞɟфɨɪɦаɰɢɣ [67, 
68]. В ɷɬɢх ɪаɛɨɬах ɨɛъɟɦɧая ɞɟфɨɪɦаɰɢя 
ɩɪɟɞɩɨɥаɝаɟɬɫя ɭɩɪɭɝɨɣ, а ɞɟвɢаɬɨɪɧыɟ 
ɫɨɫɬавɥяɸɳɢɟ ɨɩɢɫываɸɬɫя ɭɪавɧɟɧɢяɦɢ вɢɞа  
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ɝɞɟ ( )H h  - ɪаɫɩɪɟɞɟɥɟɧɢɟ ɪаɡɦɟɪɧых ɩɪɟɞɟɥɨв 
ɬɟɤɭчɟɫɬɢ. Уɪавɧɟɧɢя (83) ɧɟɨɛхɨɞɢɦɨ ɞɨɩɨɥɧɢɬь 
ɭɪавɧɟɧɢяɦɢ ɩɥаɫɬɢчɟɫɤɨɝɨ ɬɟчɟɧɢя  
 

     
( ) 0, ( ) ( )

( ) 0, ( ) ( )

pl

pl

h h H h

h h H h

 
 

 
 

d d

d d
  (84) 

 
ɛ) В ɧɟɤɨɬɨɪых ɪаɛɨɬах ɩɨ ɨɞɧɨɦɟɪɧɨɣ 
ɦɢɤɪɨɩɥаɫɬɢчɧɨɫɬɢ [69, 70] ɫ ɩɨɦɨɳьɸ 
ɞɨɩɨɥɧɢɬɟɥьɧых ɩɪɭɠɢɧ, ɭɫɬаɧɨвɥɟɧɧых ɩаɪаɥɥɟɥьɧɨ 
ɤ ɩɥаɫɬɢчɟɫɤɢɦ ɷɥɟɦɟɧɬаɦ, ɭчɢɬываɟɬɫя ɭɩɪɨчɧɟɧɢɟ.  
в) Мɨɞɟɥɢ ɦɢɤɪɨɩɥаɫɬɢчɧɨɫɬɢ ɦɨɝɭɬ ɪаɫɫɦаɬɪɢваɬьɫя 
ɤаɤ ɦɨɞɟɥɢ ɫ ɪаɫɩɪɟɞɟɥɟɧɧыɦɢ ɩɨвɟɪхɧɨɫɬяɦɢ 
ɬɟчɟɧɢя, ɤɨɬɨɪыɟ ɩɪɢ ɭɩɪɨчɧɟɧɢɢ ɩɥавɧɨ ɩɟɪɟɬɟɤаɸɬ 
ɞɪɭɝ в ɞɪɭɝа. В ɦɨɞɟɥях ɛɟɡ ɭɩɪɨчɧɟɧɢя ɩɨвɟɪхɧɨɫɬɢ 
ɬɟчɟɧɢя ɞɨɥɠɧы ɨɛɟɫɩɟчɢваɬь ɧɟɩɪɟɪывɧɨɫɬь 
ɞɟфɨɪɦɢɪɨваɧɢя.  
ɝ) С ɩɨɦɨɳьɸ ɦɢɤɪɨɩɥаɫɬɢчɟɫɤɢх ɦɨɞɟɥɟɣ ɭɞаɥɨɫь 
ɨɩɢɫаɬь ɧɟɤɨɬɨɪыɟ, ɧаɛɥɸɞаɟɦыɟ в ɷɤɫɩɟɪɢɦɟɧɬах, 
ɨɫɨɛɟɧɧɨɫɬɢ ɞɟфɨɪɦɢɪɨваɧɢя ɩɪɢ ɰɢɤɥɢчɟɫɤɢх 

ɩɪɨɰɟɫɫах ɧаɝɪɭɠɟɧɢя. В чаɫɬɧɨɫɬɢ, ɫ ɩɨɦɨɳьɸ 
ɢɫɫɥɟɞɨваɧɢɣ ɧа ɨɞɧɨɦɟɪɧых ɦɨɞɟɥях в [68] ɛыɥɨ 
ɩɨɤаɡаɧɨ, чɬɨ (i) ɩɪɢ ɰɢɤɥɢчɟɫɤɨɦ ɞɟфɨɪɦɢɪɨваɧɢɢ 
ɝɢɫɬɟɪɟɡɢɫɧая ɩɟɬɥя ɧɟ ɡавɢɫɢɬ ɨɬ ɫɪɟɞɧɟɝɨ 
ɧаɩɪяɠɟɧɢя; (ii ) ɪаɫɫɟяɧɢɟ ɷɧɟɪɝɢɢ ɧɟ ɡавɢɫɢɬ ɨɬ 
чаɫɬɨɬы; (iii ) в Д67, 68] ɩɨɥɭчɟɧɨ выɪаɠɟɧɢɟ ɞɥя 
ɞɢɫɫɢɩаɰɢя ɷɧɟɪɝɢɢ ɡа ɨɞɢɧ ɰɢɤɥ ɞɟфɨɪɦɢɪɨваɧɢя 
 

                  plE A    (85) 

 
ɝɞɟ A  - аɦɩɥɢɬɭɞа вɧɟшɧɟɝɨ ɰɢɤɥɢчɟɫɤɨɝɨ 
вɨɡɞɟɣɫɬвɢя, 0   - ɩаɪаɦɟɬɪ ɦаɬɟɪɢаɥа. Заɦɟɬɢɦ, 
чɬɨ в ɥɢɬɟɪаɬɭɪɟ ɩɨ ɬɟɨɪɢɢ ɤɨɥɟɛаɧɢɣ выɪаɠɟɧɢɟ (85) 
ɢɡвɟɫɬɧɨ, ɤаɤ фɨɪɦɭɥа Давɢɞɟɧɤɨва ɞɥя ɩɨɬɟɪь 
ɷɧɟɪɝɢɢ в ɝɢɫɬɟɪɟɡɢɫɧɨɣ ɩɟɬɥɟ; ɫɦ. [71]. Еɳɟ ɨɞɧɨɣ 
ɨɫɨɛɟɧɧɨɫɬьɸ ɦɨɞɟɥɟɣ ɦɢɤɪɨɩɥаɫɬɢчɧɨɫɬɢ явɥяɟɬɫя 
вɨɡɦɨɠɧɨɫɬь ɬɨчɧɨɝɨ ɨɩɢɫаɧɢя фɨɪɦы ɝɢɫɬɟɪɟɡɢɫɧɨɣ 
ɩɟɬɥɢ, чɬɨ ɞɟɥаɟɬ ɷɬɢ ɦɨɞɟɥɢ ɨɫɨɛɟɧɧɨ 
ɩɪɢвɥɟɤаɬɟɥьɧыɦɢ ɞɥя ɪɟшɟɧɢя ɡаɞач, ɫвяɡаɧɧых ɫ 
ɢɫɫɥɟɞɨваɧɢɟɦ ɞɢɧаɦɢчɟɫɤɢх ɩɪɨɰɟɫɫɨв в ɭɫɥɨвɢях 
ɰɢɤɥɢчɟɫɤɢх ɧаɝɪɭɠɟɧɢɣ; ɫɦ. ɪɢɫ.3.  
 
 

 
Рис.3. Гисɬɟрɟɡисɧыɟ ɩɟɬɥи    ɩри 

ɨɞɧɨɨсɧɨɦ ɧаɝруɠɟɧии с ɝарɦɨɧичɟскɨɣ 
киɧɟɦаɬичɟскɨɣ ɧаɝруɡкɨɣ: ɨɩрɟɞɟɥяɸщиɟ 

сɨɨɬɧɨɲɟɧия Трɟска (сɥɟва); ɨɩрɟɞɟɥяɸщиɟ 
сɨɨɬɧɨɲɟɧия ɦикрɨɩɥасɬичɧɨсɬи ɞɥя 

уɩрɨщɟɧɧɨɣ ɦɨɞɟɥи «ɛиɥиɧɟɣɧɨɝɨ 
ɝисɬɟрɟɡиса» (сɩрава). 

 
ɞ) Иɡвɟɫɬɧы ɭɩɪɨɳɟɧɧыɟ ɦɨɞɟɥɢ ɦɢɤɪɨɩɥаɫɬɢчɧɨɫɬɢ, 
в ɤɨɬɨɪых ɤɨɧɬɢɧɭаɥьɧɨɟ ɪаɫɩɪɟɞɟɥɟɧɢɟ ɩɪɟɞɟɥɨв 
ɬɟɤɭчɟɫɬɢ ɡаɦɟɧяɟɬɫя ɞɢɫɤɪɟɬɧыɦ. В чаɫɬɧɨɫɬɢ, 
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ɩɨɥɭчɢɥа ɪаɫɩɪɨɫɬɪаɧɟɧɢɟ ɦɨɞɟɥь «ɛɢɥɢɧɟɣɧɨɝɨ 
ɝɢɫɬɟɪɟɡɢɫа», ɤɨɬɨɪая ɨɩɢɫываɟɬɫя ɞвɭɦя 
ɩаɪаɥɥɟɥьɧыɦɢ ɷɥɟɦɟɧɬаɦɢ Пɪаɧɞɬɥя ɫ ɩɪɭɠɢɧаɦɢ 
ɨɞɢɧаɤɨвɨɣ ɠɟɫɬɤɨɫɬɢ ɢ ɷɥɟɦɟɧɬаɦɢ ɫɭхɨɝɨ ɬɪɟɧɢя ɫ 
ɪаɡɥɢчɧɨɣ ɤɨɝɟɡɢɟɣ [72]. 
 
2.5.2. Гиɩɨɩɥасɬичɧɨсɬь. В ɨɫɧɨвɟ ɷɬɢх 
ɦɨɞɟɥɟɣ ɥɟɠɢɬ, ɩɪɟɞɥɨɠɟɧɧая в Д71] 
ɤɨɧɰɟɩɰɢя ɩɪɟɞɫɬавɥɟɧɢя ɨɩɪɟɞɟɥяɸɳɢх 
ɭɪавɧɟɧɢɣ в вɢɞɟ 
  
               ( , ) F     (86) 
 
Мɨɠɧɨ ɩɨɤаɡаɬь, чɬɨ ɞɥя ɢɡɨɬɪɨɩɧɨɝɨ 
ɦаɬɟɪɢаɥа в ɫɥɭчаɟ ɦаɥых ɫɤɨɪɨɫɬɟɣ 
ɞɟфɨɪɦаɰɢɣ ɭɪавɧɟɧɢя (86) ɞɨɥɠɧы 
ɫɨвɩаɞаɬь ɫ ɭɪавɧɟɧɢяɦɢ ɝɢɩɨɭɩɪɭɝɨɫɬɢ (24)
: ɷɬɨ ɥɟɝɤɨ ɭɫɬаɧɨвɢɬь ɪаɫɤɥаɞывая ɩɪавɭɸ 
чаɫɬь (86) в ɪяɞ ɩɨ  , ɭɞɟɪɠɢвая ɥɢɧɟɣɧыɟ 
ɩɨ   чаɫɬɢ ɢ ɭчɢɬывая ɨɝɪаɧɢчɟɧɢя, 
ɧаɤɥаɞываɟɦыɟ ɢɡɨɬɪɨɩɢɟɣ.  
Уɪавɧɟɧɢя ɝɢɩɨɩɥаɫɬɢчɧɨɫɬɢ (86) ɫ 
ɧɟɛɨɥьшɢɦɢ вɢɞɨɢɡɦɟɧɟɧɢяɦɢ ɡа ɫчɟɬ 
ввɟɞɟɧɢя ɞɨɩɨɥɧɢɬɟɥьɧых ɩɟɪɟɦɟɧɧых 
ɫɨɫɬɨяɧɢя ɩɪɢɦɟɧяɥɢɫь в ɪяɞɟ ɢɫɫɥɟɞɨваɧɢɣ 
ɩɨ ɦɨɞɟɥɢɪɨваɧɢɸ ɝɪаɧɭɥɢɪɨваɧɧых ɫɪɟɞ 
ɩɪɢ ɪаɡɥɢчɧых вɨɡɞɟɣɫɬвɢях; ɫɦ. [74, 75]. В 
чаɫɬɧɨɫɬɢ, в [76] ɭɪавɧɟɧɢя (86) ɛыɥɢ 
ɞɨɩɨɥɧɟɧы ɞɨɩɨɥɧɢɬɟɥьɧыɦɢ ɩɟɪɟɦɟɧɧыɦɢ 
ɫɨɫɬɨяɧɢя ɢ ɩɪɟɞɫɬавɥɟɧы в вɢɞɟ  
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ɝɞɟ  tr a a a  - шɭɪɨвɫɤая ɧɨɦа 

ɞвɭхваɥɟɧɬɧɨɝɨ ɬɟɧɡɨɪа a , ɤɨɷффɢɰɢɟɧɬы 
, 1,...,4kf k   ɩɪɟɞɩɨɥаɝаɸɬɫя фɭɧɤɰɢяɦɢ 

ɢɧваɪɢаɧɬɨв ɬɟɧɡɨɪɨв   ɢ   ɢ ɩɟɪɟɦɟɧɧɨɣ 
ɫɨɫɬɨяɧɢя, ɨɩɪɟɞɟɥяɟɦɨɣ ɤɨɷффɢɰɢɟɧɬɨɦ 
ɩɨɪɢɫɬɨɫɬɢ e   
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Наɞɨ ɨɬɦɟɬɢɬь, чɬɨ, ɤаɤ ɢ ɭɪавɧɟɧɢяɦ 
ɝɢɩɨɭɩɪɭɝɨɫɬɢ (24), ɭɪавɧɟɧɢяɦ (86) 

ɩɪɢɫɭɳɢ ɬɟ ɠɟ ɨɝɪаɧɢчɟɧɢя, ɫвяɡаɧɧыɟ ɫ 
ɧɟвɨɡɦɨɠɧɨɫɬьɸ ɦɨɞɟɥɢɪɨваɧɢя ɩɟɬɟɥь 
ɝɢɫɬɟɪɟɡɢɫа ɩɪɢ ɰɢɤɥɢчɟɫɤɢх ɩɪɨɰɟɫɫах 
ɞɟфɨɪɦɢɪɨваɧɢя: ɩɪɢ ɨɬɫɭɬɫɬвɢɢ 
ɩɨвɟɪхɧɨɫɬɢ ɩɥаɫɬɢчɧɨɫɬɢ ɪаɡɝɪɭɡɤа 
ɨɫɭɳɟɫɬвɥяɟɬɫя ɩɨ ɬɨɦɭ ɠɟ ɩɭɬɢ, чɬɨ ɢ 
ɧаɝɪɭɠɟɧɢɟ.  
 
2.5.3. Барɨɞɟɡия. Дɥя ɩɪɟɨɞɨɥɟɧɢя 
ɬɪɭɞɧɨɫɬɟɣ, ɫвяɡаɧɧых ɫ ɨɬɫɭɬɫɬвɢɟɦ 
ɤɪɢɬɟɪɢɟв аɤɬɢвɧɨɝɨ ɧаɝɪɭɠɟɧɢя ɢ 
ɪаɡɝɪɭɡɤɢ, в [76, 77] ɩɪɟɞɥɨɠɟɧɨ ɨɛɨɛɳɟɧɢɟ, 
ɤɨɬɨɪɨɟ, ɤаɤ ɭɬвɟɪɠɞаɟɬɫя в [76], хɨɬя ɢ ɧɟ 
ввɨɞɢɬ в ɭɪавɧɟɧɢя ɫɨɫɬɨяɧɢя (86) 
ɩɨвɟɪхɧɨɫɬь ɩɥаɫɬɢчɧɨɫɬɢ, ɩɨɡвɨɥяɟɬ в 
ɧɟɤɨɬɨɪых ɫɥɭчаях ɧаɝɪɭɠɟɧɢя ɭчɟɫɬь 
ɢɡɦɟɧɟɧɢɟ ɡɧаɤа ɧаɝɪɭɡɤɢ  
 

        0 0
2 1 3( ) exp( )h c c c         (89) 

 
ɝɞɟ ɞɥя ɩɪɨɢɡвɨɥьɧɨɝɨ ɬɟɧɡɨɪа a  ɨɛɨɡɧачɟɧɨ 

0 /a a a  (  tr a a a  ɨɛɨɡɧачаɟɬ 
шɭɪɨвɫɤɭɸ ɧɨɪɦɭ); , 1,2,3kc k   

ɦаɬɟɪɢаɥьɧыɟ ɤɨɷффɢɰɢɟɧɬы, ɡавɢɫяɳɢɟ ɨɬ 
ɢɧваɪɢаɧɬɨв ɬɟɧɡɨɪа ɧаɩɪяɠɟɧɢɣ ɢ 
ɩɟɪɟɦɟɧɧɨɣ ɫɨɫɬɨяɧɢя (88).  
 
Заɦɟчаɧɢя 6. а) Уɪавɧɟɧɢя ɫɨɫɬɨяɧɢя 
ɝɢɩɨɩɥаɫɬɢчɧɨɫɬɢ в фɨɪɦɟ (87) ɢ ɛаɪɨɞɟɡɢɢ (89) ɧɟ 
ɭɞɨвɥɟɬвɨɪяɸɬ ɭɫɥɨвɢɸ ɢɡɨɬɪɨɩɢɢ [3], в 
ɫɨɨɬвɟɬɫɬвɢɢ ɫ ɤɨɬɨɪыɦ ɧɟɥɢɧɟɣɧыɟ ɨɩɪɟɞɟɥяɸɳɢɟ 
ɫɨɨɬɧɨшɟɧɢя в ɡɨɧах ɭɩɪɭɝɨɫɬɢ ɢ ɭɩɪɨчɧɟɧɢя 
(ɪаɡɦяɝчɟɧɢя) ɞɨɥɠɧы ɢɦɟɬь вɢɞ ɭɪавɧɟɧɢɣ 
ɝɢɩɨɭɩɪɭɝɨɫɬɢ (24).  
ɛ) Нɟɫɦɨɬɪя ɧа ɭɬвɟɪɠɞɟɧɢɟ Д76Ж ɨ вɨɡɦɨɠɧɨɫɬɢ ɭчɟɬа 
хаɪаɤɬɟɪа  ɧаɝɪɭɠɟɧɢя (аɤɬɢвɧɨɟ ɢ ɪаɡɝɪɭɡɤа) в 
ɭɪавɧɟɧɢях (89), в ɥɢɬɟɪаɬɭɪɟ ɨɬɫɭɬɫɬвɭɸɬ ɞаɧɧыɟ ɨ 
ɩɪɢɦɟɧɟɧɢɢ ɭɪавɧɟɧɢɣ ɫɨɫɬɨяɧɢя (89) ɞɥя 
ɦɨɞɟɥɢɪɨваɧɢя ɰɢɤɥɢчɟɫɤɢх вɨɡɞɟɣɫɬвɢɣ.  
 
2.7. Гиɞрɨɞиɧаɦичɟскиɟ ɦɨɞɟɥи. 
Ƚɢɞɪɨɞɢɧаɦɢчɟɫɤɢɟ ɦɨɞɟɥɢ ɩɪɢɦɟɧяɸɬɫя 
ɞɥя ɨɩɢɫаɧɢя ɬɟчɟɧɢя ɝɪаɧɭɥɢɪɨваɧɧых ɫɪɟɞ 
в ɭɫɥɨвɢях, ɤɨɝɞа ɦɨɠɧɨ ɩɪɟɧɟɛɪɟчь ɭɩɪɭɝɨɣ 
ɫɨɫɬавɥяɸɳɟɣ ɫɞвɢɝɨвых ɞɟфɨɪɦаɰɢɣ. 
Таɤɢɦ ɨɛɪаɡɨɦ, ɝɢɞɪɨɞɢɧаɦɢчɟɫɤɢɟ ɦɨɞɟɥɢ 
ɩɪɢɦɟɧяɸɬɫя ɥɢшь ɞɥя ɫɥɭчаɟв, ɤɨɝɞа 
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ɩɥаɫɬɢчɟɫɤɨɟ ɬɟчɟɧɢɟ ɩɪɟваɥɢɪɭɟɬ ɧаɞ 
ɨɫɬаɥьɧыɦɢ вɢɞаɦɢ ɞɟфɨɪɦаɰɢɣ.  
В ɪаɫɫɦаɬɪɢваɟɦых ɧɢɠɟ 
ɝɢɞɪɨɞɢɧаɦɢчɟɫɤɢх ɦɨɞɟɥях в ɤачɟɫɬвɟ 
ɭɪавɧɟɧɢя ɫɨɫɬɨяɧɢя ɩɪɢɧɢɦаɸɬɫя 
ɭɪавɧɟɧɢя ɞвɢɠɟɧɢя ɠɢɞɤɨɫɬɢ. В ɧаɢɛɨɥɟɟ 
ɨɛɳɟɦ ɫɥɭчаɟ, ɷɬɢ ɭɪавɧɟɧɢя ɞɨɥɠɧы 
ɭчɢɬываɬь вɨɡɦɨɠɧɭɸ ɫɠɢɦаɟɦɨɫɬь, а ɬаɤɠɟ 
ɫɞвɢɝɨвɭɸ ɢ ɨɛъɟɦɧɭɸ ɧɟɥɢɧɟɣɧыɟ 
вяɡɤɨɫɬɢ. Дɥя ɢɡɨɬɪɨɩɧɨɣ ɠɢɞɤɨɫɬɢ 
ɭɪавɧɟɧɢя ɫɨɫɬɨяɧɢя ɦɨɝɭɬ ɛыɬь ɡаɩɢɫаɧы в 
ɫɥɟɞɭɸɳɟɦ вɢɞɟ [3]  
 

        
( ( , , ))
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p I II III

I II III

    
 

d d d

d d d

I

d


  (90) 

 
ɝɞɟ   ɢ   - ɨɛъɟɦɧыɣ ɦɨɞɭɥь ɢ ɫɞвɢɝɨвая 
вяɡɤɨɫɬь ɫɨɨɬвɟɬɫɬвɟɧɧɨ, d  - ɞɟвɢаɬɨɪ 
ɫɤɨɪɨɫɬɟɣ ɞɟфɨɪɦаɰɢɣ, p  - ɞавɥɟɧɢɟ.  
Пɪɢ ɢɫɫɥɟɞɨваɧɢɢ ɞвɢɠɟɧɢɣ в ɭɫɥɨвɢях, 
ɛɥɢɡɤɢх ɤ аɞɢаɛаɬɢчɟɫɤɢɦ ɩɪɨɰɟɫɫаɦ, в 
ɭɪавɧɟɧɢɟ ɫɨɫɬɨяɧɢя (90) ввɨɞɢɬɫя 
ɞɨɩɨɥɧɢɬɟɥьɧая ɩɟɪɟɦɟɧɧая ɫɨɫɬɨяɧɢя, 
ɫвяɡаɧɧая ɫ ɬɟɦɩɟɪаɬɭɪɨɣ. Вɨɡɦɨɠɧɨ 
ввɟɞɟɧɢɟ ɢ ɞɪɭɝɢх ɩɟɪɟɦɟɧɧых ɫɨɫɬɨяɧɢя, 
ɧаɩɪɢɦɟɪ ɩɨɪɢɫɬɨɫɬɢ, ɩɨ аɧаɥɨɝɢɢ ɫ 
ɭɪавɧɟɧɢяɦɢ (87) - (89). Даɥɟɟ, ɞɥя ɨɩɢɫаɧɢя 
ɩɪɨɰɟɫɫɨв ɩɥаɫɬɢчɟɫɤɨɝɨ ɬɟчɟɧɢя, ɭɪавɧɟɧɢɟ 
(90) ɞɨɩɨɥɧяɟɬɫя ɭɪавɧɟɧɢяɦɢ, ɫвяɡаɧɧыɦɢ ɫ 
ввɟɞɟɧɢɟɦ ɬɟɪɦɨɞɢɧаɦɢчɟɫɤɨɝɨ ɩɨɬɟɧɰɢаɥа, 
ɨɛычɧɨ ɩɪɢɧɢɦаɟɦɨɝɨ ɪавɧыɦ ɩɥɨɬɧɨɫɬɢ 
ɫвɨɛɨɞɧɨɣ ɷɧɟɪɝɢɢ [3] 
 
         ; v        (91) 

 
ɝɞɟ   - ɩɥɨɬɧɨɫɬь ɤаɥɨɪɢɢ;   - 
ɬɟɪɦɨɞɢɧаɦɢчɟɫɤɨɟ ɞавɥɟɧɢɟ;   - 
ɩɥɨɬɧɨɫɬь ɫвɨɛɨɞɧɨɣ ɷɧɟɪɝɢɢ;   
ɬɟɦɩɟɪаɬɭɪа; v  d - ɤаɤая-ɥɢɛɨ ɧɨɪɦа 
ɞɟвɢаɬɨɪа ɫɤɨɪɨɫɬɟɣ.  
 
Заɦɟчаɧɢя 7. а) В ɢɫɫɥɟɞɨваɧɢях ɩɨ ɦɨɞɟɥɢɪɨваɧɢɸ 
ɬɟчɟɧɢя ɝɪаɧɭɥɢɪɨваɧɧых ɦаɬɟɪɢаɥɨв в ɭɪавɧɟɧɢɟ 
ɫɨɫɬɨяɧɢя (90) вɧɨɫяɬɫя ɭɩɪɨɳɟɧɢя. Эɬɢ ɭɩɪɨɳɟɧɢя 
ɫвяɡаɧы, в ɨɫɧɨвɧɨɦ, ɫ ɨɬɤаɡɨɦ ɨɬ ɭчɟɬа ɡавɢɫɢɦɨɫɬɢ 
ɨɛъɟɦɧɨɝɨ ɦɨɞɭɥя   ɨɬ вɬɨɪɨɝɨ ɢ ɬɪɟɬьɟɝɨ 

ɢɧваɪɢаɧɬɨв, а ɡавɢɫɢɦɨɫɬь ɨɬ ɩɟɪвɨɝɨ ɢɧваɪɢаɧɬа 
ɩɪɟɞɩɨɥаɝаɟɬɫя ɥɢɧɟɣɧɨɣ; ɬаɤɢɦ ɨɛɪаɡɨɦ, ɞɥя 
ɦɨɞɟɥɢɪɨваɧɢя ɬɟчɟɧɢɣ ɝɪаɧɭɥɢɪɨваɧɧых ɦаɬɟɪɢаɥɨв 
ɩɪɢɦɟɧяɟɬɫя ɧаɢɛɨɥɟɟ ɩɪɨɫɬая ɦɨɞɟɥь ɫɠɢɦаɟɦɨɣ 
ɠɢɞɤɨɫɬɢ вɢɞа 
 

     ( ) 2 ( , , ))p I II III     d d dI d   (92) 

 
Ввɨɞяɬɫя ɨɝɪаɧɢчɟɧɢя ɢ ɧа ɡавɢɫɢɦɨɫɬь вяɡɤɨɫɬɢ   

ɨɬ ɢɧваɪɢаɧɬɨв ɞɟвɢаɬɨɪа ɫɤɨɪɨɫɬɟɣ ɞɟфɨɪɦаɰɢɣ. В 
ɷɬɢх ɢɫɫɥɟɞɨваɧɢях ɝɪаɧɭɥɢɪɨваɧɧыɟ ɫɪɟɞы 
ɦɨɞɟɥɢɪɭɸɬɫя ɥɢɛɨ Ньɸɬɨɧɨвɨɣ ɠɢɞɤɨɫɬьɸ ɫ 
вяɡɤɨɫɬьɸ ɧɟ ɡавɢɫяɳɟɣ ɨɬ ɞɟвɢаɬɨɪɧых ɢɧваɪɢаɧɬɨв, 
ɥɢɛɨ ɩɪɢɦɟɧяɸɬɫя ɦɨɞɟɥɢ ɫ вяɡɤɨɫɬьɸ, ɡавɢɫяɳɟɣ 
ɥɢшь ɨɬ ɩɟɪвɨɝɨ ɢ вɬɨɪɨɝɨ ɢɧваɪɢаɧɬа; ɫɦ. [78 – 81].   
ɛ) Ƚɢɞɪɨɞɢɧаɦɢчɟɫɤɢɟ ɦɨɞɟɥɢ ɨɤаɡываɸɬɫя 
ɧɟɩɪɢɦɟɧɢɦыɦɢ ɞɥя ɨɩɢɫаɧɢя ɷффɟɤɬɨв, ɫвяɡаɧɧых ɫ 
ɧачаɥьɧыɦɢ ɷɬаɩаɦɢ ɩɥаɫɬɢчɟɫɤɨɝɨ ɬɟчɟɧɢя, ɢ, в 
чаɫɬɧɨɫɬɢ, ɞɥя ɨɩɢɫаɧɢя ɰɢɤɥɢчɟɫɤɢх ɩɪɨɰɟɫɫɨв 
ɞɟфɨɪɦɢɪɨваɧɢя.  
 
 
ɁАɄɅɘЧȿɇИȿ  
 
Раɫɫɦɨɬɪɟɧɧыɟ вышɟ ɭɩɪɭɝɢɟ, ɝɢɩɟɪ- ɢ 
ɝɢɩɨɭɩɪɭɝɢɟ ɦɨɞɟɥɢ ɧахɨɞяɬ ɩɪɢɦɟɧɟɧɢɟ 
ɩɪɢ ɢɫɫɥɟɞɨваɧɢɢ ɞɢɧаɦɢчɟɫɤɢх ɩɪɨɰɟɫɫɨв в 
ɝɪаɧɭɥɢɪɨваɧɧых ɫɪɟɞах, ɩɨɡвɨɥяя 
аɧаɥɢɡɢɪɨваɬь ɧɟɤɨɬɨɪыɟ ɧɟɥɢɧɟɣɧыɟ 
ɷффɟɤɬы, ɫвяɡаɧɧыɟ ɫ ɪаɡɧɨɦɨɞɭɥьɧɨɫɬьɸ 
ɫɪɟɞы, ɧаɩɪɢɦɟɪ ɪаɫɩаɞ ɪаɡɪывɨв ɧа фɪɨɧɬɟ 
вɨɥɧы [8, 9]. Оɞɧаɤɨ, ɫ ɩɨɦɨɳьɸ ɷɬɢх 
ɩɨɞхɨɞɨв ɧɟ ɭɞаɟɬɫя ɢɡɭчаɬь ɨɛɪаɡɨваɧɢɟ 
ɝɢɫɬɟɪɟɡɢɫɧых ɩɟɬɟɥь ɢ, ɫвяɡаɧɧыɟ ɫ ɷɬɢɦ, 
ɩɨɬɟɪɢ ɷɧɟɪɝɢɸ Иɫɤɥɸчɟɧɢɟ ɫɨɫɬавɥяɸɬ 
ɩɨɞхɨɞы [34 – 40], ɨɫɧɨваɧɧыɟ ɧа ввɟɞɟɧɢɢ 
ɫɩɟɰɢфɢчɟɫɤɢх ɩɨɬɟɧɰɢаɥɨв, ɭчɢɬываɸɳɢх 
ɢɡɦɟɧɟɧɢɟ ɡɧаɤа ɧаɝɪɭɡɤɢ, ɧɨ ɬɨɥьɤɨ ɩɪɢ 
ɨɞɧɨɨɫɧых ɧаɝɪɭɠɟɧɢях.  
Сɪɟɞɢ вɫɟɝɨ ɦɧɨɝɨɨɛɪаɡɢя ɧɟɭɩɪɭɝɢх 
ɦɨɞɟɥɟɣ, ɪаɫɫɦɨɬɪɟɧɧых вышɟ ɢ 
ɩɪɢɦɟɧяɟɦых ɞɥя ɨɩɢɫаɧɢя ɞɟфɨɪɦɢɪɨваɧɢя 
ɝɪаɧɭɥɢɪɨваɧɧых ɫɪɟɞ, ɦɨɞɟɥɢ 
ɦɢɤɪɨɩɥаɫɬɢчɧɨɫɬɢ ɛɟɡ ɭɩɪɨчɧɟɧɢя, 
ɩɨɡвɨɥяɸɬ ɩɨɥɭчɢɬь ɧаɢɛɨɥɟɟ ɪɟаɥɢɫɬɢчɧыɟ 
ɪɟɡɭɥьɬаɬы ɫ ɬɨчɤɢ ɡɪɟɧɢя ɨɩɢɫаɧɢя 
ɞɢɧаɦɢчɟɫɤɢх ɰɢɤɥɢчɟɫɤɢх ɩɪɨɰɟɫɫɨв. Эɬɨ, 
в ɩɟɪвɭɸ ɨчɟɪɟɞь, ɫвяɡаɧɨ ɫ вɨɡɦɨɠɧɨɫɬьɸ 
ɦɨɞɟɥɢɪɨваɧɢя ɩɟɬɟɥь ɝɢɫɬɟɪɟɡɢɫа, 
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ɦаɤɫɢɦаɥьɧɨ ɬɨчɧɨ ɩɨвɬɨɪяɸɳɢх 
ɷɤɫɩɟɪɢɦɟɧɬаɥьɧыɟ ɞаɧɧыɟ.  
В ɬɨ ɠɟ вɪɟɦя, ɧаɞɨ ɨɬɦɟɬɢɬь, чɬɨ в 
ɪаɫɫɦɨɬɪɟɧɧых ɦɨɞɟɥях ɦɢɤɪɨɩɥаɫɬɢчɧɨɫɬɢ 
ɨɬɫɭɬɫɬвɭɸɬ ɦɟхаɧɢɡɦы ɨɩɢɫаɧɢя ɛɨɥɟɟ 
ɬɨɧɤɢх ɷффɟɤɬɨв. Оɬɦɟɬɢɦ, ɫɥɟɞɭɸɳɢɟ 
ɷффɟɤɬы, вɨɡɦɨɠɧɨɫɬь ɭчɟɬа ɤɨɬɨɪых, 
ɨɬɫɭɬɫɬвɭɟɬ в ɦɨɞɟɥях ɦɢɤɪɨɩɥаɫɬɢчɧɨɫɬɢ: 
(i) ɷффɟɤɬ Мɷɣɡɢɧɝа [82], ɧаɛɥɸɞаɟɦыɣ ɩɪɢ 
ɞɟфɨɪɦɢɪɨваɧɢɢ ɧɟɤɨɬɨɪых ɩɨɥɢɦɟɪɧых 
ɦаɬɟɪɢаɥɨв, ɢ ɫɨɫɬɨяɳɢɣ в ɫɨвɦɟɳɟɧɢɢ 
вɟɪхɧɢх вɟɬвɟɣ ɝɢɫɬɟɪɟɡɢɫɧых ɩɟɬɟɥь, 
ɨɬвɟчаɸɳɢх ɪаɡɥɢчɧыɦ аɦɩɥɢɬɭɞаɦ 
ɧаɝɪɭɠɟɧɢɣ; ɡаɦɟɬɢɦ, чɬɨ ɷɬɨɬ ɷффɟɤɬ 
ɭɞаɟɬɫя ɭчɟɫɬь в ɫɩɟɰɢфɢчɟɫɤɢх ɦɟɬɨɞах 
ɝɢɩɨɭɩɪɭɝɨɫɬɢ, ɩɪɢɦɟɧяɸɳɢхɫя ɞɥя 
ɦɨɞɟɥɢɪɨваɧɢя ɷффɟɤɬа Маɥɥɢɧɫа [34]; (ii ) 
ɷффɟɤɬ «ɪɷɬчɟɬɢɧɝа» [83], ɩɪɨявɥяɸɳɢɣɫя в 
ɧаɤɨɩɥɟɧɢɢ ɩɥаɫɬɢчɟɫɤɢх ɞɟфɨɪɦаɰɢɣ ɩɪɢ 
ɰɢɤɥɢчɟɫɤɨɦ ɧаɝɪɭɠɟɧɢɢ ɫ ɡаɦɤɧɭɬыɦ 
ɰɢɤɥɨɦ; (iii ) ɫвяɡаɧɧыɣ ɫ «ɪɷɬчɟɬɢɧɝɨɦ» 
ɫɩɟɰɢфɢчɟɫɤɢɣ ɷффɟɤɬ ɪаɡɦяɝчɟɧɢя [84], 
выɡваɧɧыɣ ɭвɟɥɢчɟɧɢɟɦ «ɪɷɬчɟɬɢɧɝа» ɩɪɢ 
ɭвɟɥɢчɟɧɢɢ чɢɫɥа ɰɢɤɥɨв; (iv) ɷффɟɤɬ 
ɭɩɪɨчɧɟɧɢя, выɡваɧɧыɣ ɭɦɟɧьшɟɧɢɟɦ 
«ɪɷɬчɟɬɢɧɝа» ɩɪɢ ɭвɟɥɢчɟɧɢɢ чɢɫɥа ɰɢɤɥɨв.  
В ɡаɤɥɸчɟɧɢɟ ɨɬɦɟɬɢɦ, чɬɨ ɩɟɪɟчɢɫɥɟɧɧыɟ 
ɷффɟɤɬы, ɛɭɞɭчɢ, ɛɟɡɭɫɥɨвɧɨ ваɠɧыɦɢ ɞɥя 
ɨɩɢɫаɧɢя ɰɢɤɥɢчɟɫɤɨɝɨ ɞɟфɨɪɦɢɪɨваɧɢя 
ɦɟɬаɥɥɨв, ɩɨ-вɢɞɢɦɨɦɭ, ɧɟ ɢɝɪаɸɬ ɫɬɨɥь 
ваɠɧɨɣ ɪɨɥɢ в ɞɢɧаɦɢɤɟ ɝɪаɧɭɥɢɪɨваɧɧых 
ɫɪɟɞ [85].  
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СИСɌȿɆЫ ɍɉɊАВɅȿɇИə 
 

Р.Л. Лейɛов 
Мɨɫɤɨвɫɤɢɣ ɝɨɫɭɞаɪɫɬвɟɧɧыɣ ɫɬɪɨɢɬɟɥьɧыɣ ɭɧɢвɟɪɫɢɬɟɬ, ɝ. Мɨɫɤва, РОССИə 

 
АɇɇɈɌАЦИə: В ɫɬаɬьɟ ɩɪɟɞɫɬавɥɟɧа ɦɟɬɨɞɢɤа ɩɨɫɬɪɨɟɧɢя ɤɭɫɨчɧɨ-ɥɢɧɟɣɧɨɣ ɦɨɞɟɥɢ ɧɟɥɢɧɟɣɧɨɝɨ 
ɨɛъɟɤɬа ɭɩɪавɥɟɧɢя ɩɪɢ ɛɟɡɨɬɤаɡɧɨɣ ɪаɛɨɬɟ ɢ ɩɪɢ ɨɬɤаɡах ɢɫɩɨɥɧɢɬɟɥьɧых ɭɫɬɪɨɣɫɬв ɫɢɫɬɟɦы ɭɩɪавɥɟ-
ɧɢя. Маɬɪɢɰы ɫɬаɬɢчɟɫɤɢх ɢ ɞɢɧаɦɢчɟɫɤɢх ɥɢɧɟɣɧых ɦɨɞɟɥɟɣ ɨɰɟɧɢваɸɬɫя ɩɨ ɩɟɪɟхɨɞɧыɦ ɩɪɨɰɟɫɫаɦ 
ɤɨɨɪɞɢɧаɬ ɫɨɫɬɨяɧɢя, ɩɟɪвых ɩɪɨɢɡвɨɞɧых ɤɨɨɪɞɢɧаɬ ɫɨɫɬɨяɧɢя ɢ ɤɨɨɪɞɢɧаɬ ɭɩɪавɥɟɧɢя ɧɟɥɢɧɟɣɧɨɣ 
ɦɨɞɟɥɢ. Пɪɢ ɨɰɟɧɢваɧɢɢ ɦаɬɪɢɰ ɞɢɧаɦɢчɟɫɤɢх ɥɢɧɟɣɧых ɦɨɞɟɥɟɣ ɫ ɩɨɦɨɳьɸ ɧɟɥɢɧɟɣɧɨɝɨ ɩɪɨɝɪаɦɦɢ-
ɪɨваɧɢя ɢɫɩɨɥьɡɭɸɬɫя ɞɨɩɨɥɧɢɬɟɥьɧыɟ ɨɝɪаɧɢчɟɧɢя ɞɥя ɬɨɝɨ, чɬɨɛы ɢх ɫɨɛɫɬвɟɧɧыɟ ɡɧачɟɧɢя ɛыɥɢ ɪаɡ-
ɥɢчɧыɦɢ, вɟɳɟɫɬвɟɧɧыɦɢ ɢ ɨɬɪɢɰаɬɟɥьɧыɦɢ. Пɪɢвɟɞɟɧы ɪɟɡɭɥьɬаɬы ɩɪɢɦɟɧɟɧɢя ɩɪɟɞɥаɝаɟɦɨɣ ɦɟɬɨɞɢ-
ɤɢ ɞɥя ɩɨɫɬɪɨɟɧɢя ɤɭɫɨчɧɨ-ɥɢɧɟɣɧɨɣ ɦɨɞɟɥɢ авɢаɰɢɨɧɧɨɝɨ ɝаɡɨɬɭɪɛɢɧɧɨɝɨ ɞвɢɝаɬɟɥя ɩɪɢ ɛɟɡɨɬɤаɡɧɨɣ 
ɪаɛɨɬɟ ɢ ɩɪɢ ɨɬɤаɡах ɢɫɩɨɥɧɢɬɟɥьɧɨɝɨ ɭɫɬɪɨɣɫɬва ɫɢɫɬɟɦы ɭɩɪавɥɟɧɢя.   
 

Ʉлючевые словɚ: ɧɟɥɢɧɟɣɧыɣ ɨɛъɟɤɬ, ɦɟɬɨɞɢɤа ɩɨɫɬɪɨɟɧɢя ɤɭɫɨчɧɨ-ɥɢɧɟɣɧɨɣ ɦɨɞɟɥɢ,  
ɛɟɡɨɬɤаɡɧая ɪаɛɨɬа ɢ ɪаɛɨɬа ɩɪɢ ɨɬɤаɡах ɢɫɩɨɥɧɢɬɟɥьɧых ɭɫɬɪɨɣɫɬв ɫɢɫɬɟɦы ɭɩɪавɥɟɧɢя,  

ɩɟɪɟхɨɞɧыɟ ɩɪɨɰɟɫɫы ɤɨɨɪɞɢɧаɬ ɫɨɫɬɨяɧɢя, ɩɟɪвых ɩɪɨɢɡвɨɞɧых ɤɨɨɪɞɢɧаɬ ɫɨɫɬɨяɧɢя ɢ ɤɨɨɪɞɢɧаɬ 
ɭɩɪавɥɟɧɢя ɧɟɥɢɧɟɣɧɨɣ ɦɨɞɟɥɢ,  ɨɰɟɧɢваɧɢɟ ɦаɬɪɢɰ ɞɢɧаɦɢчɟɫɤɢх ɥɢɧɟɣɧых ɦɨɞɟɥɟɣ ɫ ɩɨɦɨɳьɸ ɧɟɥɢ-

ɧɟɣɧɨɝɨ ɩɪɨɝɪаɦɦɢɪɨваɧɢя  
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1. ВВȿДȿɇИȿ 
 
Оɰɟɧɢваɧɢɟ ɦаɬɪɢчɧых ɩаɪаɦɟɬɪɨв ɤɭɫɨчɧɨ-
ɥɢɧɟɣɧɨɣ ɦɨɞɟɥɢ ɧɟɥɢɧɟɣɧɨɝɨ ɨɛъɟɤɬа ɩɪɢ 
ɛɟɡɨɬɤаɡɧɨɣ ɪаɛɨɬɟ ɢ ɩɪɢ ɨɬɤаɡах ɢɫɩɨɥɧɢ-
ɬɟɥьɧых ɭɫɬɪɨɣɫɬв ɟɝɨ ɫɢɫɬɟɦы авɬɨɦаɬɢчɟ-
ɫɤɨɝɨ ɭɩɪавɥɟɧɢя (САУ) ɧɟɨɛхɨɞɢɦɨ ɞɥя 
ɪаɡɪаɛɨɬɤɢ аɥɝɨɪɢɬɦɨв ɨɛɧаɪɭɠɟɧɢя, ɥɨɤа-
ɥɢɡаɰɢɢ, ɤɨɧɤɪɟɬɢɡаɰɢɢ ɢ ɭɦɟɧьшɟɧɢя вɥɢя-
ɧɢя ɷɬɢх ɨɬɤаɡɨв.  
В ɪаɛɨɬɟ ɪаɫɫɦɨɬɪɟɧ ɩɪɢɦɟɪ ɩɨɫɬɪɨɟɧɢя ɤɭ-
ɫɨчɧɨ-ɥɢɧɟɣɧɨɣ ɦɨɞɟɥɢ авɢаɰɢɨɧɧɨɝɨ ɝа-
ɡɨɬɭɪɛɢɧɧɨɝɨ ɞвɢɝаɬɟɥя (ȽТД), ɤɨɝɞа выɫɨɬа 
ɢ ɫɤɨɪɨɫɬь ɩɨɥɟɬа ɥɟɬаɬɟɥьɧɨɝɨ аɩɩаɪаɬа 
(ɅА) ɪавɧы ɧɭɥɸ. Пɪɢɦɟɧɟɧɢɟ ɩɪɢ ɨɰɟɧɢва-
ɧɢɢ ɦаɬɪɢɰ ɞɢɧаɦɢчɟɫɤɢх ɥɢɧɟɣɧых ɦɨɞɟ-
ɥɟɣ ɞɨɩɨɥɧɢɬɟɥьɧых ɨɝɪаɧɢчɟɧɢɣ ɞɥя ɬɨɝɨ, 
чɬɨɛы ɢх ɫɨɛɫɬвɟɧɧыɟ ɡɧачɟɧɢя ɛыɥɢ ɪаɡ-
ɥɢчɧыɦɢ, вɟɳɟɫɬвɟɧɧыɦɢ ɢ ɨɬɪɢɰаɬɟɥьɧы-
ɦɢ, ɩɨɡвɨɥяɟɬ ɫɭɳɟɫɬвɟɧɧɨ, хɨɬя ɢ ɧɟɞɨɫɬа-
ɬɨчɧɨ ɩɨвыɫɢɬь ɬɨчɧɨɫɬь ɨɰɟɧɢваɧɢя ɩɪɢ 
ɨɬɤаɡах ɨɞɧɨɝɨ ɢɡ ɢɫɩɨɥɧɢɬɟɥьɧых ɭɫɬɪɨɣɫɬв 
САУ. 

 
 

2. ɈɉИСАɇИȿ ɇȿɅИɇȿɃɇɈɃ,  
ɅИɇȿɃɇɈɃ И ɄɍСɈЧɇɈ-
ɅИɇȿɃɇɈɃ ɆɈДȿɅȿɃ 

 
Пɭɫɬь ɧɟɥɢɧɟɣɧая ɦɨɞɟɥь ɨɛъɟɤɬа ɭɩɪавɥɟ-
ɧɢя в ɡаɦɤɧɭɬɨɣ ɢ в ɪаɡɨɦɤɧɭɬɨɣ САУ ɢɦɟɟɬ 
вɢɞ Д1], [2], [3]  
  ,,, НɅНɅНɅНɅ wuxfx  (2.1)   .,, НɅНɅНɅНɅ vuxfx  (2.2) 

 
Зɞɟɫь xНɅ ― вɟɤɬɨɪ ɫɨɫɬɨяɧɢя, uНɅ ― вɟɤɬɨɪ 
ɭɩɪавɥɟɧɢя, wНɅ ― вɟɤɬɨɪ вɧɟшɧɢх вɨɡɞɟɣ-
ɫɬвɢɣ, vНɅ ― вɟɤɬɨɪ вɧɟшɧɢх ɭɫɥɨвɢɣ, 
f ― ɧɟɥɢɧɟɣɧая вɟɳɟɫɬвɟɧɧая вɟɤɬɨɪɧая 
фɭɧɤɰɢя. Кɨɨɪɞɢɧаɬы вɟɤɬɨɪа ɫɨɫɬɨяɧɢя 
(ɩɟɪɟɦɟɧɧыɟ ɫɨɫɬɨяɧɢя) ɬаɤɨɝɨ ɨɛъɟɤɬа 
ɭɩɪавɥɟɧɢя, ɤаɤ ɧаɩɪɢɦɟɪ авɢаɰɢɨɧɧыɣ 
ȽТД, ɷɬɨ чаɫɬɨɬы вɪаɳɟɧɢя ɪɨɬɨɪɨв, ɬɟɦɩɟ-
ɪаɬɭɪы ɢ ɞавɥɟɧɢя в ɪаɡɥɢчɧых ɫɟчɟɧɢях 
ɩɪɨɬɨчɧɨɣ чаɫɬɢ ɞвɢɝаɬɟɥя. Кɨɨɪɞɢɧаɬы 
вɟɤɬɨɪа ɭɩɪавɥɟɧɢя (ɩɟɪɟɦɟɧɧыɟ ɭɩɪавɥɟ-

ɧɢя) ɬаɤɨɝɨ ɨɛъɟɤɬа ɷɬɨ ɪаɫхɨɞ ɬɨɩɥɢва, ɢɡ-
ɦɟɧяɟɦыɟ ɝɟɨɦɟɬɪɢчɟɫɤɢɟ хаɪаɤɬɟɪɢɫɬɢɤɢ 
ɩɪɨɬɨчɧɨɣ чаɫɬɢ ɞвɢɝаɬɟɥя, в чаɫɬɧɨɫɬɢ, 
ɩɥɨɳаɞь ɤɪɢɬɢчɟɫɤɨɝɨ ɫɟчɟɧɢя ɪɟаɤɬɢвɧɨɝɨ 
ɫɨɩɥа ɢ ɭɝɥы ɩɨвɨɪɨɬа ɧаɩɪавɥяɸɳɢх аɩɩа-
ɪаɬɨв вɟɧɬɢɥяɬɨɪа ɢ ɤɨɦɩɪɟɫɫɨɪа, а ɤɨɨɪɞɢ-
ɧаɬы вɟɤɬɨɪа вɧɟшɧɢх вɨɡɞɟɣɫɬвɢɣ (ɩɟɪɟ-
ɦɟɧɧыɟ вɧɟшɧɢх вɨɡɞɟɣɫɬвɢɣ) ɷɬɨ ɭɝɨɥ ɨɬ-
ɤɥɨɧɟɧɢя ɪычаɝа ɭɩɪавɥɟɧɢя ɞвɢɝаɬɟɥɟɦ 
(ɭɩɪавɥяɸɳɟɟ вɨɡɞɟɣɫɬвɢɟ), а ɬаɤɠɟ выɫɨɬа 
ɢ ɫɤɨɪɨɫɬь ɩɨɥɟɬа (ɩɟɪɟɦɟɧɧыɟ вɧɟшɧɢх 
ɭɫɥɨвɢɣ, вхɨɞяɳɢɟ в вɟɤɬɨɪ вɧɟшɧɢх ɭɫɥɨ-
вɢɣ). Пɨɫɬɨяɧɧыɟ ɭɩɪавɥяɸɳɟɟ вɨɡɞɟɣɫɬвɢɟ 
ɢ вɧɟшɧɢɟ ɭɫɥɨвɢя, вхɨɞяɳɢɟ в вɟɤɬɨɪ swНɅ, 
ɨɩɪɟɞɟɥяɸɬ ɭɫɬаɧɨвɢвшɢɣɫя ɪɟɠɢɦ ɪаɛɨɬы 
ɨɛъɟɤɬа в ɡаɦɤɧɭɬɨɣ САУ (ɪаɛɨчɭɸ ɬɨчɤɭ), 
ɤɨɬɨɪɨɦɭ ɫɨɨɬвɟɬɫɬвɭɸɬ вɟɤɬɨɪ ɭɫɬаɧɨвɢв-
шɢхɫя ɡɧачɟɧɢɣ ɩɟɪɟɦɟɧɧых ɭɩɪавɥɟɧɢя 
suНɅ ɢ вɟɤɬɨɪ ɭɫɬаɧɨвɢвшɢхɫя ɡɧачɟɧɢɣ ɩɟ-
ɪɟɦɟɧɧых ɫɨɫɬɨяɧɢя sxНɅ.  Пɨɫɬɨяɧɧыɟ 
вɧɟшɧɢɟ ɭɫɥɨвɢя svНɅ ɢ ɩɨɫɬɨяɧɧыɟ ɡɧачɟ-
ɧɢя ɩɟɪɟɦɟɧɧых ɭɩɪавɥɟɧɢя suНɅ ɨɩɪɟɞɟɥя-
ɸɬ ɭɫɬаɧɨвɢвшɢɣɫя ɪɟɠɢɦ ɪаɛɨɬы ɨɛъɟɤɬа в 
ɪаɡɨɦɤɧɭɬɨɣ САУ.  
В ɧɟɛɨɥьшɨɣ ɨɤɪɟɫɬɧɨɫɬɢ ɩɪɨɢɡвɨɥьɧɨɝɨ 
ɭɫɬаɧɨвɢвшɟɝɨɫя ɪɟɠɢɦа p1…pm ɧɟɥɢɧɟɣɧыɣ 
ɨɛъɟɤɬ ɭɩɪавɥɟɧɢя ɦɨɠɧɨ Д1], [2], [3] ɩɪɢ-
ɛɥɢɠɟɧɧɨ ɨɩɢɫаɬь ɫ ɩɨɦɨɳьɸ ɥɢɧɟɣɧɨɣ ɦɨ-
ɞɟɥɢ  
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ɝɞɟ npp m Ʌ...1 x ― n-ɦɟɪɧыɣ ɢ npp m Ʌ...1 u ― m-
ɦɟɪɧыɣ вɟɤɬɨɪы ɧɨɪɦɢɪɨваɧɧых ɩɟɪɟɦɟɧ-
ɧых ɫɨɫɬɨяɧɢя ɢ ɭɩɪавɥɟɧɢя в ɨɬɤɥɨɧɟɧɢях 
ɨɬ ɡɧачɟɧɢɣ, ɫɨɨɬвɟɬɫɬвɭɸɳɢх ɭɫɬаɧɨвɢв-
шɟɦɭɫя ɪɟɠɢɦɭ p1…pm,  11 ,...,1 Pp  , …,  mm Pp ,...,1 .  

Нɨɪɦɢɪɨваɧɧыɟ ɩɟɪɟɦɟɧɧыɟ ɫɨɫɬɨяɧɢя ɢ 
ɭɩɪавɥɟɧɢя в ɨɬɤɥɨɧɟɧɢях вычɢɫɥяɸɬɫя ɩɨ 
фɨɪɦɭɥаɦ  
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Пɨɫɤɨɥьɤɭ ɞɥя ɭɫɬаɧɨвɢвшɢхɫя ɡɧачɟɧɢɣ 
ɨɬɤɥɨɧɟɧɢɣ ɧɨɪɦɢɪɨваɧɧых ɩɟɪɟɦɟɧɧых ɫɨ-
ɫɬɨяɧɢя ɢ ɭɩɪавɥɟɧɢя ɫɩɪавɟɞɥɢвы ɫɨɨɬɧɨ-
шɟɧɢя   
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ɬɨ  
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mmm pppppp  (2.11) 
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ɝɞɟ Sx

mpp ...1 ― ɦаɬɪɢɰа ɫɬаɬɢчɟɫɤɨɣ ɥɢɧɟɣɧɨɣ 

ɦɨɞɟɥɢ, а Ampp ...1 , Bmpp ...1 ―  ɦаɬɪɢɰы ɞɢ-
ɧаɦɢчɟɫɤɨɣ ɥɢɧɟɣɧɨɣ ɦɨɞɟɥɢ ɞɥя ɭɫɬаɧɨ-
вɢвшɟɝɨɫя ɪɟɠɢɦа p1…pm. 
Наɛɨɪ ɥɢɧɟɣɧых ɦɨɞɟɥɟɣ ɞɥя вɫɟх выɛɪаɧ-
ɧых ɭɫɬаɧɨвɢвшɢхɫя ɪɟɠɢɦɨв ɩɪɟɞɫɬавɥяɟɬ 
ɫɨɛɨɣ ɤɭɫɨчɧɨ-ɥɢɧɟɣɧɭɸ ɦɨɞɟɥь.   

 
 
 

3. СɌАɌИЧȿСɄАə И ДИɇАɆИЧȿСɄАə 
ɄɍСɈЧɇɈ-ɅИɇȿɃɇЫȿ ɆɈДȿɅИ 

 
Сɬаɬɢчɟɫɤая ɤɭɫɨчɧɨ-ɥɢɧɟɣɧая ɦɨɞɟɥь ɨɛъ-
ɟɤɬа ɭɩɪавɥɟɧɢя ɩɪɟɞɫɬавɥяɟɬ ɫɨɛɨɣ ɧаɛɨɪ 
вɟɤɬɨɪɨв ɧɨɪɦɢɪɨваɧɧых ɭɫɬаɧɨвɢвшɢхɫя 
ɡɧачɟɧɢɣ ɭɩɪавɥɟɧɢя ɢ ɫɨɫɬɨяɧɢя npp

s
m НɅ...1 u , 

npp
s

m НɅ...1 x  ɢ ɧаɛɨɪ ɦаɬɪɢɰ ɫɬаɬɢчɟɫɤɢх ɥɢ-
ɧɟɣɧых ɦɨɞɟɥɟɣ Sx

mpp ...1  ɞɥя вɫɟх выɛɪаɧɧых 
ɭɫɬаɧɨвɢвшɢхɫя ɪɟɠɢɦɨв.  
Пɭɫɬь ɨɩɢɫаɧɢɟ ɫɬаɬɢчɟɫɤɨɣ ɤɭɫɨчɧɨ-
ɥɢɧɟɣɧɨɣ ɦɨɞɟɥɢ ɢɦɟɟɬ вɢɞ  
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ɝɞɟ ɨɛɥаɫɬь ɞɟɣɫɬвɢя ɤаɠɞɨɣ ɥɢɧɟɣɧɨɣ ɦɨ-
ɞɟɥɢ ɨɩɪɟɞɟɥяɟɬɫя ɫ ɩɨɦɨɳьɸ вɟɤɬɨɪа ɧɨɪ-
ɦɢɪɨваɧɧых ɡɧачɟɧɢɣ ɭɩɪавɥɟɧɢя ɤɭɫɨчɧɨ-
ɥɢɧɟɣɧɨɣ ɦɨɞɟɥɢ   
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Дɢɧаɦɢчɟɫɤая ɤɭɫɨчɧɨ-ɥɢɧɟɣɧая ɦɨɞɟɥь 
ɨɛъɟɤɬа ɭɩɪавɥɟɧɢя вɤɥɸчаɟɬ в ɫɟɛя ɫɬаɬɢ-
чɟɫɤɭɸ ɤɭɫɨчɧɨ-ɥɢɧɟɣɧɭɸ ɦɨɞɟɥь ɢ ɫɨɨɬ-
вɟɬɫɬвɭɸɳɢɣ ɧаɛɨɪ ɦаɬɪɢɰ ɞɢɧаɦɢчɟɫɤɢх 
ɥɢɧɟɣɧых ɦɨɞɟɥɟɣ Ampp ...1  ɞɥя вɫɟх выɛɪаɧ-
ɧых ɭɫɬаɧɨвɢвшɢхɫя ɪɟɠɢɦɨв.  
Пɭɫɬь ɨɩɢɫаɧɢɟ ɞɢɧаɦɢчɟɫɤɨɣ ɤɭɫɨчɧɨ-
ɥɢɧɟɣɧɨɣ ɦɨɞɟɥɢ ɢɦɟɟɬ вɢɞ 
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4. ɈЦȿɇИВАɇИȿ ɆАɌɊИЧɇЫХ 

ɉАɊАɆȿɌɊɈВ ɅИɇȿɃɇЫХ 
ɆɈДȿɅȿɃ 

 
Дɥя ɨɰɟɧɢваɧɢя ɦаɬɪɢчɧых ɩаɪаɦɟɬɪɨв ɥɢ-
ɧɟɣɧɨɣ ɦɨɞɟɥɢ, ɫɨɨɬвɟɬɫɬвɭɸɳɟɣ ɭɫɬаɧɨ-
вɢвшɟɦɭɫя ɪɟɠɢɦɭ mpp ...1 , ɢɫɩɨɥьɡɭɸɬɫя 
ɩɟɪɟхɨɞɧыɟ ɩɪɨɰɟɫɫы ɧɟɥɢɧɟɣɧɨɣ ɦɨɞɟɥɢ 
ɨɛъɟɤɬа в ɧɟɛɨɥьшɨɣ ɨɤɪɟɫɬɧɨɫɬɢ ɷɬɨɝɨ ɪɟ-
ɠɢɦа в ɪаɡɨɦɤɧɭɬɨɣ САУ, ɬɨ ɟɫɬь ɧаɛɨɪы 
вɟɤɬɨɪɨв ɧɨɪɦɢɪɨваɧɧых ɩɟɪɟɦɟɧɧых ɫɨɫɬɨ-
яɧɢя, ɢх ɩɟɪвых ɩɪɨɢɡвɨɞɧых ɢ ɧɨɪɦɢɪɨ-
ваɧɧых ɩɟɪɟɦɟɧɧых ɭɩɪавɥɟɧɢя  k

n tНɅx ,  k
n tНɅx ,  k

n tНɅu  в ɞɢɫɤɪɟɬɧыɟ ɦɨɦɟɧɬы 
вɪɟɦɟɧɢ ,...2,1,0k .  
Пɪɢ ɨɰɟɧɢваɧɢɢ ɷɥɟɦɟɧɬɨв ɦаɬɪɢɰы ɫɬаɬɢ-
чɟɫɤɨɣ ɥɢɧɟɣɧɨɣ ɦɨɞɟɥɢ Sx

mpp ...1  ɩɟɪɟхɨɞɧыɣ 
ɩɪɨɰɟɫɫ ɞɥя ɩɟɪɟɦɟɧɧых ɭɩɪавɥɟɧɢя в ɪаɡɨ-
ɦɤɧɭɬɨɣ САУ ɫɨɫɬɨɢɬ ɢɡ ɨɞɧɨɝɨ ɢɥɢ ɞвɭх 
ɧаɛɨɪɨв ɪаɡɧɟɫɟɧɧых ɩɨ вɪɟɦɟɧɢ ɩɪяɦɨ-
ɭɝɨɥьɧых ɢɦɩɭɥьɫɨв ɩɨ ɤаɠɞɨɣ ɢɡ m ɩɟɪɟ-
ɦɟɧɧых. В ɨɞɧɨɦ ɧаɛɨɪɟ ɩɪяɦɨɭɝɨɥьɧых 
ɢɦɩɭɥьɫɨв ɨɬɤɥɨɧɟɧɢɟ ɤаɠɞɨɣ ɩɟɪɟɦɟɧɧɨɣ 
ɭɩɪавɥɟɧɢя ɪавɧɨ ɪаɡɧɨɫɬɢ ɭɫɬаɧɨвɢвшɢхɫя 
ɡɧачɟɧɢɣ ɷɬɨɣ ɩɟɪɟɦɟɧɧɨɣ ɞɥя ɩɪɟɞыɞɭɳɟɝɨ 
в ɫɨɨɬвɟɬɫɬвɢɢ ɫ вɨɡɦɨɠɧыɦ ɩɟɪɟхɨɞɧыɦ 
ɩɪɨɰɟɫɫɨɦ ɡаɦɤɧɭɬɨɣ САУ ɢ ɞɥя ɪаɫɫɦаɬɪɢ-
ваɟɦɨɝɨ ɭɫɬаɧɨвɢвшɟɝɨɫя ɪɟɠɢɦа. В ɞɪɭɝɨɦ 
ɧаɛɨɪɟ ɨɬɤɥɨɧɟɧɢɟ ɤаɠɞɨɣ ɩɟɪɟɦɟɧɧɨɣ 
ɭɩɪавɥɟɧɢя ɪавɧɨ ɪаɡɧɨɫɬɢ ɭɫɬаɧɨвɢвшɢхɫя 
ɡɧачɟɧɢɣ ɷɬɨɣ ɩɟɪɟɦɟɧɧɨɣ ɞɥя ɪаɫɫɦаɬɪɢва-
ɟɦɨɝɨ ɭɫɬаɧɨвɢвшɟɝɨɫя ɪɟɠɢɦа ɢ ɞɥя ɫɥɟ-
ɞɭɸɳɟɝɨ ɡа ɧɢɦ в ɫɨɨɬвɟɬɫɬвɢɢ ɫ вɨɡɦɨɠ-
ɧыɦ ɩɟɪɟхɨɞɧыɦ ɩɪɨɰɟɫɫɨɦ ɡаɦɤɧɭɬɨɣ САУ. 
Еɫɥɢ ɭɫɬаɧɨвɢвшɢɟɫя ɡɧачɟɧɢя ɩɟɪɟɦɟɧɧɨɣ 
ɭɩɪавɥɟɧɢя ɞɥя ɪаɫɫɦаɬɪɢваɟɦɨɝɨ ɢ ɫɨɫɟɞɧɟ-
ɝɨ ɭɫɬаɧɨвɢвшɢхɫя ɪɟɠɢɦɨв ɫɨвɩаɞаɸɬ, ɬɨ 
ɢɫɩɨɥьɡɭɟɬɫя ɛɥɢɠаɣшɟɟ ɭɫɬаɧɨвɢвшɟɟɫя 

ɡɧачɟɧɢɟ, ɤɨɬɨɪɨɟ ɨɬɥɢчаɟɬɫя ɨɬ ɭɫɬаɧɨвɢв-
шɟɝɨɫя ɡɧачɟɧɢя ɞɥя ɪаɫɫɦаɬɪɢваɟɦɨɝɨ ɪɟ-
ɠɢɦа. Эɥɟɦɟɧɬы ɫɨɨɬвɟɬɫɬвɭɸɳɢх ɫɬɨɥɛɰɨв 
ɦаɬɪɢɰы ɫɬаɬɢчɟɫɤɨɣ ɥɢɧɟɣɧɨɣ ɦɨɞɟɥɢ 
ɨɩɪɟɞɟɥяɸɬɫя ɧɟɩɨɫɪɟɞɫɬвɟɧɧɨ ɫ ɩɨɦɨɳьɸ 
ɞɟɥɟɧɢя ɭɫɬаɧɨвɢвшɢхɫя ɡɧачɟɧɢɣ ɨɬɤɥɨɧɟ-
ɧɢɣ ɩɟɪɟɦɟɧɧых ɫɨɫɬɨяɧɢя ɧа ɡɧачɟɧɢɟ ɫɨ-
ɨɬвɟɬɫɬвɭɸɳɟɝɨ ɨɬɥɢчɧɨɝɨ ɨɬ ɧɭɥя ɨɬɤɥɨɧɟ-
ɧɢя ɩɟɪɟɦɟɧɧɨɣ ɭɩɪавɥɟɧɢя ɞɥя ɤаɠɞɨɝɨ ɢɡ 
ɪаɡɧɟɫɟɧɧых ɩɨ вɪɟɦɟɧɢ ɩɪяɦɨɭɝɨɥьɧых ɢɦ-
ɩɭɥьɫɨв [1], [2], [3]. Даɥɟɟ ɩɪɢ ɢɫɩɨɥьɡɨва-
ɧɢɢ ɞвɭх ɧаɛɨɪɨв ɪаɡɧɟɫɟɧɧых ɩɨ вɪɟɦɟɧɢ 
ɩɪяɦɨɭɝɨɥьɧых ɢɦɩɭɥьɫɨв ɨɩɪɟɞɟɥяɟɬɫя 
ɫɪɟɞɧɟɟ аɪɢфɦɟɬɢчɟɫɤɨɟ ɫɨɨɬвɟɬɫɬвɭɸɳɢх 
ɡɧачɟɧɢɣ ɤаɠɞɨɝɨ ɷɥɟɦɟɧɬа ɦаɬɪɢɰы ɫɬаɬɢ-
чɟɫɤɨɣ ɥɢɧɟɣɧɨɣ ɦɨɞɟɥɢ. 
Пɪɢ ɨɰɟɧɢваɧɢɢ ɷɥɟɦɟɧɬɨв ɦаɬɪɢɰы Ampp ...1  

ɞɢɧаɦɢчɟɫɤɨɣ ɥɢɧɟɣɧɨɣ ɦɨɞɟɥɢ ɢɫɩɨɥьɡɭ-
ɸɬɫя ɩɟɪɟхɨɞɧыɟ ɩɪɨɰɟɫɫы в ɪаɡɨɦɤɧɭɬɨɣ 
САУ, ɤɨɬɨɪыɟ ɩɪɟɞɫɬавɥяɸɬ ɫɨɛɨɣ ɫɨвɦɟ-
ɳɟɧɧыɟ ɩɨ вɪɟɦɟɧɢ ɫɬɭɩɟɧчаɬыɟ вɨɡɞɟɣ-
ɫɬвɢя, вɤɥɸчаɸɳɢɟ в ɫɟɛя ɥɢɧɟɣɧыɟ фɭɧɤ-
ɰɢɢ вɪɟɦɟɧɢ ɫ ɧаɤɥɨɧаɦɢ, ɫɨɨɬвɟɬɫɬвɭɸɳɢ-
ɦɢ ɩɟɪɟхɨɞɧыɦ ɩɪɨɰɟɫɫаɦ ɡаɦɤɧɭɬɨɣ САУ. 
Маɤɫɢɦаɥьɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɤаɠɞɨɣ ɩɟɪɟɦɟɧ-
ɧɨɣ ɭɩɪавɥɟɧɢя ɪавɧɨ ɪаɡɧɨɫɬɢ ɭɫɬаɧɨвɢв-
шɢхɫя ɡɧачɟɧɢɣ ɷɬɨɣ ɩɟɪɟɦɟɧɧɨɣ ɞɥя 
ɩɪɟɞыɞɭɳɟɝɨ в ɫɨɨɬвɟɬɫɬвɢɢ ɫ вɨɡɦɨɠɧыɦ 
ɩɟɪɟхɨɞɧыɦ ɩɪɨɰɟɫɫɨɦ ɡаɦɤɧɭɬɨɣ САУ ɢ 
ɪаɫɫɦаɬɪɢваɟɦɨɝɨ ɭɫɬаɧɨвɢвшɢхɫя ɪɟɠɢɦɨв.  
Еɫɥɢ шаɝ ɞɢɫɤɪɟɬɧɨɫɬɢ ɞɨɫɬаɬɨчɧɨ ɦаɥ, ɬɨ 
ɩɪɢ ɨɰɟɧɢваɧɢɢ ɦаɬɪɢчɧых ɩаɪаɦɟɬɪɨв в 
ɞɢɫɤɪɟɬɧыɟ ɦɨɦɟɧɬы вɪɟɦɟɧɢ в ɫɢɥɭ (3.3) 
ɦɨɠɧɨ ɩɪɢɛɥɢɠɟɧɧɨ ɫчɢɬаɬь, чɬɨ  
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Зɞɟɫь ,...2,1,0k  ɫɨɨɬвɟɬɫɬвɭɸɬ ɞɢɫɤɪɟɬɧыɦ 
ɦɨɦɟɧɬаɦ вɪɟɦɟɧɢ ,,, 210 ttt , ɩɪɢчɟɦ 

ttt kk 1 , ɝɞɟ Δt ɷɬɨ шаɝ ɞɢɫɤɪɟɬɧɨɫɬɢ.  
Оɰɟɧɢваɧɢɟ ɷɥɟɦɟɧɬɨв ɦаɬɪɢɰы Ampp ...1  ɞɢ-
ɧаɦɢчɟɫɤɨɣ ɥɢɧɟɣɧɨɣ ɦɨɞɟɥɢ ɫвɨɞɢɬɫя ɤ ɡа-
ɞачɟ ɧɟɥɢɧɟɣɧɨɝɨ ɩɪɨɝɪаɦɦɢɪɨваɧɢя Д4Ж вɢ-
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Зɞɟɫь  ktWx , Nk ,...,1  ɩɨɥɨɠɢɬɟɥьɧɨ 
ɨɩɪɟɞɟɥɟɧɧыɟ вɟɫɨвыɟ ɦаɬɪɢɰы, ɦаɬɪɢɰы 

Amqq ...1 , Sx
mqq ...1 ,  11 ,...,1 Pq  , …,  mm Pq ,...,1  ɞɥя ɩɪɟɞыɞɭ-

ɳɟɝɨ в ɫɨɨɬвɟɬɫɬвɢɢ ɫ вɨɡɦɨɠɧыɦ ɩɟɪɟхɨɞ-
ɧыɦ ɩɪɨɰɟɫɫɨɦ ɡаɦɤɧɭɬɨɣ САУ ɭɫɬаɧɨвɢв-
шɟɝɨɫя ɪɟɠɢɦа ɢ ɦаɬɪɢɰа Sx

mpp ...1  ɫчɢɬаɸɬɫя 
ɢɡвɟɫɬɧыɦɢ, а    0

НɅ
0

КɅ = tt nn xx . В ɤачɟɫɬвɟ 
ɧачаɥьɧɨɝɨ ɩɪɢɛɥɢɠɟɧɢя ɦаɬɪɢɰы Ampp ...1  

ɢɫɩɨɥьɡɭɟɬɫя ɦаɬɪɢɰа Amqq ...1 . Пɪɢ ɨɰɟɧɢва-
ɧɢɢ ɢɫɩɨɥьɡɭɸɬɫя ɞɨɩɨɥɧɢɬɟɥьɧыɟ ɨɝɪаɧɢ-
чɟɧɢя ɞɥя ɬɨɝɨ, чɬɨɛы ɫɨɛɫɬвɟɧɧыɟ ɡɧачɟɧɢя 
ɦаɬɪɢɰы Ampp ...1  ɛыɥɢ ɪаɡɥɢчɧыɦɢ, вɟɳɟ-
ɫɬвɟɧɧыɦɢ ɢ ɨɬɪɢɰаɬɟɥьɧыɦɢ. В ɤачɟɫɬвɟ 
ɷɥɟɦɟɧɬɨв ɩɨɫɬɨяɧɧɨɣ ɞɢаɝɨɧаɥьɧɨɣ вɟɫɨвɨɣ 
ɦаɬɪɢɰы ɢɫɩɨɥьɡɭɸɬɫя   
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Пɪɨɰɟɫɫ ɨɰɟɧɢваɧɢя ɡаɤаɧчɢваɟɬɫя, ɤɨɝɞа 
ɨɝɪаɧɢчɟɧɢя ɛɨɥьшɟ ɧɟ выɩɨɥɧяɸɬɫя, ɢɥɢ 
ɩɪɢ ɭɦɟɧьшɟɧɢɢ ɪаɡɦɟɪɨв ɞɟфɨɪɦɢɪɭɟɦɨɝɨ 
ɫɢɦɩɥɟɤɫа в аɥɝɨɪɢɬɦɟ ɦɟɬɨɞа ɫɤɨɥьɡяɳɟɝɨ 
ɞɨɩɭɫɤа, ɤɨɬɨɪыɣ ɢɫɩɨɥьɡɭɟɬɫя ɞɥя ɪɟшɟɧɢя 
ɡаɞачɢ ɧɟɥɢɧɟɣɧɨɝɨ ɩɪɨɝɪаɦɦɢɪɨваɧɢя Д4]. 
О ɤачɟɫɬвɟ ɨɰɟɧɢваɧɢя ɦɨɠɧɨ ɫɭɞɢɬь ɩɨ ɞɨ-
ɫɬɢɝɧɭɬɨɦɭ ɦɢɧɢɦаɥьɧɨɦɭ ɡɧачɟɧɢɸ ɰɟɥɟ-
вɨɣ фɭɧɤɰɢɢ в ɡаɞачɟ (4.3), а ɬаɤɠɟ ɩɨ вɟɥɢ-
чɢɧаɦ ɨɬɧɨɫɢɬɟɥьɧɨɣ ɫɪɟɞɧɟɤваɞɪаɬɢчɟɫɤɨɣ 
ɢ ɦаɤɫɢɦаɥьɧɨɣ ɨшɢɛɨɤ ɩɪɢɛɥɢɠɟɧɢя ɤаɠ-
ɞɨɣ ɢɡ ɤɨɨɪɞɢɧаɬ вɟɤɬɨɪа ɫɨɫɬɨяɧɢя (ɩɟɪɟ-
ɦɟɧɧых ɫɨɫɬɨяɧɢя)   
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Маɤɫɢɦаɥьɧыɟ ɨшɢɛɤɢ ɩɪɢɛɥɢɠɟɧɢя ɩɟɪɟ-
ɦɟɧɧых ɫɨɫɬɨяɧɢя ɥɢɧɟɣɧых ɦɨɞɟɥɟɣ ɢ ɤɭ-
ɫɨчɧɨ-ɥɢɧɟɣɧɨɣ ɦɨɞɟɥɢ ɢɫɩɨɥьɡɭɸɬɫя ɩɪɢ 
ɫɨɡɞаɧɢɢ аɥɝɨɪɢɬɦɨв ɨɛɧаɪɭɠɟɧɢɢ, ɥɨɤаɥɢ-
ɡаɰɢɢ ɢ ɤɨɧɤɪɟɬɢɡаɰɢɢ ɨɬɤаɡɨв ɢɫɩɨɥɧɢ-
ɬɟɥьɧых ɭɫɬɪɨɣɫɬв ɡаɦɤɧɭɬɨɣ САУ [1]. 
 
 
5. ЧИСɅȿɇɇЫɃ ɉɊИɆȿɊ  

ɈЦȿɇИВАɇИə ɆАɌɊИЦ  
ɄɍСɈЧɇɈ-ɅИɇȿɃɇɈɃ ɆɈДȿɅИ 
 

Раɡɪаɛɨɬаɧɧыɣ ɦɟɬɨɞ ɩɪɢɦɟɧяɟɬɫя ɞɥя ɨɩɪɟ-
ɞɟɥɟɧɢя ɦаɬɪɢɰ ɫɬаɬɢчɟɫɤɨɣ ɢ ɞɢɧаɦɢчɟɫɤɨɣ 
ɤɭɫɨчɧɨ-ɥɢɧɟɣɧых ɦɨɞɟɥɟɣ ɩɨ ɩɟɪɟхɨɞɧыɦ 
ɩɪɨɰɟɫɫаɦ ɧɟɥɢɧɟɣɧɨɣ ɬɟɪɦɨɝаɡɨɞɢɧаɦɢчɟ-
ɫɤɨɣ ɦɨɞɟɥɢ ɞвɭхваɥьɧɨɝɨ ɞвɭхɤɨɧɬɭɪɧɨɝɨ 
ɬɭɪɛɨɪɟаɤɬɢвɧɨɝɨ авɢаɰɢɨɧɧɨɝɨ ȽТД в ɪаɡɨ-
ɦɤɧɭɬɨɣ ɫɢɫɬɟɦɟ ɭɩɪавɥɟɧɢя.  
В ɪаɫɫɦаɬɪɢваɟɦɨɦ ɩɪɢɦɟɪɟ выɫɨɬа ɢ ɫɤɨ-
ɪɨɫɬь ɩɨɥɟɬа ɅА (ɩɟɪɟɦɟɧɧыɟ вɧɟшɧɢх 
ɭɫɥɨвɢɣ) ɪавɧы ɧɭɥɸ (ALT = 0, MN = 0). Чɟ-
ɬыɪɟ ɩɟɪɟɦɟɧɧыɟ ɭɩɪавɥɟɧɢя (m = 4) ɫɨɨɬ-
вɟɬɫɬвɭɸɬ ɪаɫхɨɞɭ ɬɨɩɥɢва в ɨɫɧɨвɧɨɣ ɤаɦɟ-
ɪɟ ɫɝɨɪаɧɢя ɬɨG , ɩɥɨɳаɞɢ ɤɪɢɬɢчɟɫɤɨɝɨ ɫɟ-
чɟɧɢя ɪɟаɤɬɢвɧɨɝɨ ɫɨɩɥа ɤɪF , ɭɝɥɭ ɩɨвɨɪɨɬа 
ɧаɩɪавɥяɸɳɢх аɩɩаɪаɬɨв вɟɧɬɢɥяɬɨɪа ɧав  ɢ 
ɭɝɥɭ ɩɨвɨɪɨɬа ɧаɩɪавɥяɸɳɢх аɩɩаɪаɬɨв 
ɤɨɦɩɪɟɫɫɨɪа ɧаɤ . Пяɬь ɩɟɪɟɦɟɧɧых ɫɨɫɬɨя-
ɧɢя ɨɛъɟɤɬа ɭɩɪавɥɟɧɢя (n = 5) ɫɨɨɬвɟɬɫɬвɭ-
ɸɬ чаɫɬɨɬɟ вɪаɳɟɧɢя вɟɧɬɢɥяɬɨɪа ɞвɢɝаɬɟɥя 

вn , чаɫɬɨɬɟ вɪаɳɟɧɢя ɤɨɦɩɪɟɫɫɨɪа ɞвɢɝаɬɟɥя 
ɤn , ɞавɥɟɧɢɸ ɬɨɪɦɨɠɟɧɢя ɡа ɤɨɦɩɪɟɫɫɨɪɨɦ 

ɤР , ɞавɥɟɧɢɸ ɬɨɪɦɨɠɟɧɢя ɡа ɬɭɪɛɢɧɨɣ 

ɬР  ɢ 
ɬɟɦɩɟɪаɬɭɪɟ ɬɨɪɦɨɠɟɧɢя ɡа ɬɭɪɛɢɧɨɣ 

ɬT .  
Дɥя ɩɨɫɬɪɨɟɧɢя ɤɭɫɨчɧɨ-ɥɢɧɟɣɧɨɣ ɦɨɞɟɥɢ 
выɛɪаɧы ɭɫɬаɧɨвɢвшɢɟɫя ɪɟɠɢɦы ɡаɦɤɧɭɬɨɣ 
САУ (ɪаɛɨчɢɟ ɬɨчɤɢ), а ɬаɤɠɟ ɭɫɬаɧɨвɢвшɢ-
ɟɫя ɪɟɠɢɦы ɪаɡɨɦɤɧɭɬɨɣ САУ, ɞɥя ɤɨɬɨɪых 
ɡɧачɟɧɢя ɩɟɪɟɦɟɧɧых ɭɩɪавɥɟɧɢя ɢ ɫɨɫɬɨя-
ɧɢя ɛɥɢɡɤɢ ɤ ɡɧачɟɧɢяɦ ɷɬɢх ɩɟɪɟɦɟɧɧых 
ɩɪɢ ɩɟɪɟхɨɞɧых ɩɪɨɰɟɫɫах ɡаɦɤɧɭɬɨɣ САУ.  
Пɭɫɬь ɞɥя ɧɨɪɦɢɪɨваɧɧых ɩɟɪɟɦɟɧɧых 
ɭɩɪавɥɟɧɢя nu1 , nu2 , nu3 , nu4  ɩɨ ɤɨɥɢчɟɫɬвɭ 
выɛɪаɧɧых ɭɫɬаɧɨвɢвшɢхɫя ɪɟɠɢɦɨв ɡа-

ɦɤɧɭɬɨɣ САУ (ɩɨ ɤɨɥɢчɟɫɬвɭ выɛɪаɧɧых 
ɪаɛɨчɢх ɬɨчɟɤ) P1 = 9, P2 = 9, P3 = 9 ɢ P4 = 9. 
Пɪɢ ɷɬɨɦ  
  9,8,7,6,5,4,3,2,11p ,  9,8,7,6,5,4,3,2,12 p ,   9,8,7,6,13p ,  9,6,5,4,3,2,14 p . 

  
Тɨɝɞа ɞɥя 9 ɭɫɬаɧɨвɢвшɢхɫя ɪɟɠɢɦɨв ɡа-
ɦɤɧɭɬɨɣ САУ (ɨɬ ɦаɤɫɢɦаɥьɧɨɝɨ ɞɨ ɦɢɧɢ-
ɦаɥьɧɨɝɨ) ɩɪɢ ɫɨɨɬвɟɬɫɬвɭɸɳɢх ɡɧачɟɧɢях 
ɭɝɥа ɨɬɤɥɨɧɟɧɢя ɪычаɝа ɭɩɪавɥɟɧɢя ɞвɢɝаɬɟ-
ɥɟɦ (ɭɩɪавɥяɸɳɟɝɨ вɨɡɞɟɣɫɬвɢя)  
 

4321 pppp 9899  

(ɦаɤɫɢɦаɥьɧыɣ ɪɟɠɢɦ ɩɪɢ 68ɪɭɞ  ),  4321 pppp 8989 ( 60ɪɭɞ  ), 

4321 pppp 7979 ( 50ɪɭɞ  ), 

4321 pppp 6966 ( 40ɪɭɞ  ), 

4321 pppp 5915 ( 30ɪɭɞ  ), 

4321 pppp 4914 ( 25ɪɭɞ  ), 

4321 pppp 3913 ( 20ɪɭɞ  ), 

4321 pppp 2912 ( 17ɪɭɞ  ), 

4321 pppp 1111  

(ɦɢɧɢɦаɥьɧыɣ ɪɟɠɢɦ ɩɪɢ 15ɪɭɞ  ).  
 
Выɛɪаɧы ɬаɤɠɟ 10 ɭɫɬаɧɨвɢвшɢхɫя ɪɟɠɢɦа 
ɪаɡɨɦɤɧɭɬɨɣ САУ, ɞɥя ɤɨɬɨɪых ɡɧачɟɧɢя ɩɟ-
ɪɟɦɟɧɧых ɭɩɪавɥɟɧɢя ɢ ɫɨɫɬɨяɧɢя ɛɥɢɡɤɢ ɤ 
ɡɧачɟɧɢяɦ ɷɬɢх ɩɟɪɟɦɟɧɧых ɩɪɢ ɫɛɪɨɫɟ в 
ɡаɦɤɧɭɬɨɣ САУ, ɬɨ ɟɫɬь ɩɪɢ ɩɟɪɟхɨɞɧых 
ɩɪɨɰɟɫɫах, ɫɨɨɬвɟɬɫɬвɭɸɳɢх ɢɡɦɟɧɟɧɢɸ ɭɝ-
ɥа ɨɬɤɥɨɧɟɧɢя ɪычаɝа ɭɩɪавɥɟɧɢя ɞвɢɝаɬɟ-
ɥɟɦ РУД  ɨɬ ɡɧачɟɧɢя, ɫɨɨɬвɟɬɫɬвɭɸɳɟɝɨ 
ɦаɤɫɢɦаɥьɧɨɦɭ ɪɟɠɢɦɭ ɪаɛɨɬы ( 68ɪɭɞ  ) 

ɞɨ ɡɧачɟɧɢя, ɫɨɨɬвɟɬɫɬвɭɸɳɟɝɨ ɦɢɧɢɦаɥь-
ɧɨɦɭ ɪɟɠɢɦɭ ɪаɛɨɬы ( 15ɪɭɞ  ). Сɨɨɬвɟɬ-
ɫɬвɭɸɳɢɟ 4321 pppp  ɪавɧы 9999, 8889, 1911, 
1811, 1711, 1611, 1511, 1411, 1311, 1211.  
Мɧɨɝɢɟ ɢɡ ɷɬɢх ɭɫɬаɧɨвɢвшɢхɫя ɪɟɠɢɦɨв 
ɪаɡɨɦɤɧɭɬɨɣ САУ ɫɨвɩаɞаɸɬ ɫ ɪɟɠɢɦаɦɢ, 
ɞɥя ɤɨɬɨɪых ɡɧачɟɧɢя ɩɟɪɟɦɟɧɧых ɭɩɪавɥɟ-



Кɭɫɨчɧɨ-ɥɢɧɟɣɧая ɦɨɞɟɥь ɧɟɥɢɧɟɣɧɨɝɨ ɨɛъɟɤɬа ɭɩɪавɥɟɧɢя ɩɪɢ ɛɟɡɨɬɤаɡɧɨɣ ɪаɛɨɬɟ ɢ ɩɪɢ ɨɬɤаɡах 
ɢɫɩɨɥɧɢɬɟɥьɧɨɝɨ ɭɫɬɪɨɣɫɬва 
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ɧɢя ɢ ɫɨɫɬɨяɧɢя ɛɥɢɡɤɢ ɤ ɡɧачɟɧɢяɦ ɷɬɢх ɩɟ-
ɪɟɦɟɧɧых ɩɨɫɥɟ ɨɬɤаɡɨв ɢɫɩɨɥɧɢɬɟɥьɧɨɝɨ 
ɭɫɬɪɨɣɫɬва ɢɡɦɟɧɟɧɢя ɩɥɨɳаɞɢ ɤɪɢɬɢчɟɫɤɨ-
ɝɨ ɫɟчɟɧɢя ɪɟаɤɬɢвɧɨɝɨ ɫɨɩɥа в ɡаɦɤɧɭɬɨɣ 
САУ. Наɩɪɢɦɟɪ, ɪɟɠɢɦ 4321 pppp =9999 ɫɨв-
ɩаɞаɟɬ ɫ ɪɟɠɢɦɨɦ ɡаɦɤɧɭɬɨɣ САУ ɩɨɫɥɟ ɨɬ-
ɤаɡа ɢɫɩɨɥɧɢɬɟɥьɧɨɝɨ ɭɫɬɪɨɣɫɬва ɢɡɦɟɧɟɧɢя 
ɩɥɨɳаɞɢ ɤɪɢɬɢчɟɫɤɨɝɨ ɫɟчɟɧɢя ɪɟаɤɬɢвɧɨɝɨ 
ɫɨɩɥа ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɭɝɥа ɨɬɤɥɨɧɟɧɢя ɪыча-
ɝа ɭɩɪавɥɟɧɢя ɞвɢɝаɬɟɥɟɦ ɨɬ ɡɧачɟɧɢя 

60ɪɭɞ   ɞɨ ɡɧачɟɧɢя 68ɪɭɞ   (ɩɥɨɳаɞь 
ɤɪɢɬɢчɟɫɤɨɝɨ ɫɟчɟɧɢя ɪɟаɤɬɢвɧɨɝɨ ɫɨɩɥа ɩɨ-
ɫɥɟ ɨɬɤаɡа ɧɟ ɭвɟɥɢчɢваɟɬɫя ɨɬ ɡɧачɟɧɢя, ɫɨ-
ɨɬвɟɬɫɬвɭɸɳɟɝɨ 89894321 pppp , ɞɨ ɡɧачɟ-
ɧɢя, ɫɨɨɬвɟɬɫɬвɭɸɳɟɝɨ 98994321 pppp ).   

Вɧачаɥɟ ɨɩɪɟɞɟɥɢɦ ɧаɛɨɪы вɟɤɬɨɪɨв ɧɨɪɦɢ-
ɪɨваɧɧых ɭɫɬаɧɨвɢвшɢхɫя ɡɧачɟɧɢɣ ɭɩɪав-
ɥɟɧɢя ɢ ɫɨɫɬɨяɧɢя ɞɥя 9 ɭɫɬаɧɨвɢвшɢхɫя ɪɟ-
ɠɢɦɨв ɡаɦɤɧɭɬɨɣ САУ: 
   ,0000.0,0000.0,4515.0,0000.19899 Tn

s u    ,0000.1,0000.1,0000.1,0000.1,0000.19899 Tn
s x    ,0000.0,0893.0,4441.0,9442.08989 Tn
s u    ,9790.0,9783.0,9656.0,9834.0,9741.08989 Tn
s x    ,0000.0,3741.0,4441.0,7713.07979 Tn
s u    ,9225.0,8618.0,8355.0,9414.0,9176.07979 Tn
s x    ,1072.0,7402.0,4441.0,5724.06966 Tn
s u    ,8507.0,7125.0,6724.0,8991.0,8449.06966 Tn
s x     ,2264.0,0000.1,4441.0,2880.05915 Tn
s u    ,6900.0,4787.0,4505.0,8399.0,7231.05915 Tn
s x    ,4019.0,0000.1,4441.0,1864.04914 Tn
s u    ,6114.0,3788.0,3348.0,7929.0,6202.04914 Tn
s x    ,6450.0,0000.1,4441.0,1301.03913 Tn
s u    ,5667.0,3216.0,2571.0,7472.0,5719.03913 Tn
s x    ,8739.0,0000.1,4441.0,0824.02912 Tn
s u    ,5213.0,2741.0,1843.0,7000.0,4259.02912 Tn
s x    ,0000.1,0000.1,000.1,0497.01111 Tn
s u    .4706.0,2295.0,1290.0,6623.0,3853.01111 Tn
s x  

Пɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɧаɛɨɪɨв вɟɤɬɨɪɨв ɧɨɪɦɢ-
ɪɨваɧɧых ɭɫɬаɧɨвɢвшɢхɫя ɡɧачɟɧɢɣ ɭɩɪав-
ɥɟɧɢя ɢ ɫɨɫɬɨяɧɢя ɞɥя ɨɫɬаɥьɧых 10 выɛɪаɧ-
ɧых ɭɫɬаɧɨвɢвшɢхɫя ɪɟɠɢɦɨв ɛɭɞɟɦ ɫчɢɬаɬь 
ɡаɞаɧɧыɦɢ n

s u1 , n
s u2 , n

s u3  ɢ n
s u4 :  

   ,0000.0,0000.0,4441.0,0000.19999 Tn
s u    ,9973.0,0123.1,0046.1,9965.0,9932.09999 Tn
s x    ,000.0,0893.0,4515.0,9442.08889 Tn
s u    ,9806.0,9677.0,9622.0,9861.0,9837.08889 Tn
s x    ,0000.1,0000.1,4441.0,0497.01911 Tn
s u    ,5137.0,2463.0,1140.0,6268.0,3510.01911 Tn
s x     ,0000.1,0000.1,4515.0,0497.01811 Tn
s u    ,5126.0,2458.0,1144.0,6277.0,3519.01811 Tn
s x    ,0000.1,0000.1,5299.0,0497.01711 Tn
s u    ,5017.0,2417.0,1179.0,6361.0,3605.01711 Tn
s x    ,0000.1,0000.1,6082.0,0497.01611 Tn
s u    ,4922.0,2384.0,1212.0,6440.0,3677.01611 Tn
s x    ,0000.1,0000.1,6866.0,0497.01511 Tn
s u    ,4846.0,2358.0,1239.0,6504.0,3733.01511 Tn
s x    ,0000.1,0000.1,7649.0,0497.01411 Tn
s u    ,4791.0,2337.0,1259.0,6551.0,3776.01411 Tn
s x    ,0000.1,0000.1,8433.0,0497.01311 Tn
s u    ,4753.0,2320.0,1273.0,6584.0,3807.01311 Tn
s x    ,0000.1,0000.1,9216.0,0497.01211 Tn
s u    .4726.0,2306.0,1283.0,6607.0,3832.01211 Tn
s x  

 
Раɫɫɦɨɬɪɢɦ ɨɰɟɧɢваɧɢɟ ɷɥɟɦɟɧɬɨв ɦаɬɪɢɰ 
ɫɬаɬɢчɟɫɤɢх ɢ ɞɢɧаɦɢчɟɫɤɢх ɥɢɧɟɣɧых ɦɨ-
ɞɟɥɟɣ. Дɥя ɩɟɪвɨɝɨ ɪаɫɫɦаɬɪɢваɟɦɨɝɨ ɭɫɬа-
ɧɨвɢвшɟɝɨɫя ɪɟɠɢɦа 4321 pppp 9899 ɦаɬ-
ɪɢɰа ɫɬаɬɢчɟɫɤɨɣ ɥɢɧɟɣɧɨɣ ɦɨɞɟɥɢ, ɷɥɟɦɟɧ-
ɬы ɤɨɬɨɪɨɣ ɨɩɪɟɞɟɥяɥɢɫь ɧɟɩɨɫɪɟɞɫɬвɟɧɧɨ ɫ 
ɩɨɦɨɳьɸ ɨɞɧɨɝɨ ɧаɛɨɪа ɪаɡɧɟɫɟɧɧых ɩɨ 
вɪɟɦɟɧɢ ɩɪяɦɨɭɝɨɥьɧых ɢɦɩɭɥьɫɨв ɩɨ ɤаɠ-
ɞɨɣ ɢɡ ɩɟɪɟɦɟɧɧых ɭɩɪавɥɟɧɢя, ɢ ɦаɬɪɢɰа 
ɞɢɧаɦɢчɟɫɤɨɣ ɥɢɧɟɣɧɨɣ ɦɨɞɟɥɢ ɫчɢɬаɸɬɫя 
ɢɡвɟɫɬɧыɦɢ Д1Ж      
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Мɧɨɠɟɫɬвɨ ɫɨɛɫɬвɟɧɧых ɡɧачɟɧɢɣ ɦаɬɪɢɰы  
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а ɦаɬɪɢɰы ɨɫɬаɥьɧых ɫɬаɬɢчɟɫɤɢх ɥɢɧɟɣɧых 
ɦɨɞɟɥɟɣ ɡа ɢɫɤɥɸчɟɧɢɟɦ Sx
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В ɫɨɨɬвɟɬɫɬвɢɢ ɫ вɨɡɦɨɠɧыɦɢ ɩɟɪɟхɨɞɧыɦɢ 
ɩɪɨɰɟɫɫаɦɢ ɡаɦɤɧɭɬɨɣ САУ ɫɥɟɞɭɸɳɢɦɢ ɡа 
ɦаɤɫɢɦаɥьɧыɦ ɪɟɠɢɦɨɦ 4321 pppp 9899 

(ɩɪɢ 68ɪɭɞ  ) явɥяɸɬɫя ɭɫɬаɧɨвɢвшɢɣɫя 
ɪɟɠɢɦ 4321 pppp 8989 (ɩɪɢ 60ɪɭɞ  ) ɢɥɢ 
ɪɟɠɢɦ 4321 pppp 8889. Пɨɷɬɨɦɭ ɩɨ ɩɟɪɟ-
хɨɞɧыɦ ɩɪɨɰɟɫɫаɦ, ɤɨɬɨɪыɟ ɫɨɨɬвɟɬɫɬвɭɸɬ 
ɩɟɪɟхɨɞɭ ɫ ɨɞɧɨɝɨ ɢɡ ɷɬɢх ɪɟɠɢɦɨв ɧа ɞɪɭ-
ɝɨɣ в ɪаɡɨɦɤɧɭɬɨɣ САУ, ɫ ɩɨɦɨɳьɸ (4.3) 
ɩɪɢ ɨɝɪаɧɢчɟɧɢях, ɤɨɬɨɪыɟ ɧɟɨɛхɨɞɢɦы ɞɥя 
ɬɨɝɨ, чɬɨɛы ɫɨɛɫɬвɟɧɧыɟ ɡɧачɟɧɢя ɦаɬɪɢɰы 
ɞɢɧаɦɢчɟɫɤɨɣ ɥɢɧɟɣɧɨɣ ɦɨɞɟɥɢ ɛыɥɢ вɟɳɟ-
ɫɬвɟɧɧыɦɢ, ɨɬɪɢɰаɬɟɥьɧыɦɢ (ɦаɤɫɢɦаɥьɧɨɟ 
ɨɬɪɢɰаɬɟɥьɧɨɟ ɫɨɛɫɬвɟɧɧɨɟ ɡɧачɟɧɢɟ ɧɟ 
ɛɨɥьшɟ – 0.5) ɢ ɪаɡɥɢчɧыɦɢ (ɪаɫɫɬɨяɧɢя 
ɦɟɠɞɭ ɨɬɪɢɰаɬɟɥьɧыɦɢ ɫɨɛɫɬвɟɧɧыɦɢ ɡɧа-
чɟɧɢяɦɢ ɧɟ ɦɟɧьшɟ 0.5), а ɢх ɪаɫɩɨɥɨɠɟɧɢɟ 
ɧɟ ɨɬɥɢчаɥɨɫь ɫɭɳɟɫɬвɟɧɧɨ ɨɬ ɪаɫɩɨɥɨɠɟɧɢя 
ɫɨɛɫɬвɟɧɧых ɡɧачɟɧɢɣ ɦаɬɪɢɰы ɞɢɧаɦɢчɟ-
ɫɤɨɣ ɥɢɧɟɣɧɨɣ ɦɨɞɟɥɢ ɞɥя ɫɨɫɟɞɧɟɝɨ ɫ ɪаɫ-
ɫɦаɬɪɢваɟɦыɦ ɭɫɬаɧɨвɢвшɟɝɨɫя ɪɟɠɢɦа 
(ɪаɫɫɬɨяɧɢя ɦɟɠɞɭ ɫɨɨɬвɟɬɫɬвɭɸɳɢɦɢ ɨɬɪɢ-
ɰаɬɟɥьɧыɦɢ ɫɨɛɫɬвɟɧɧыɦɢ ɡɧачɟɧɢяɦɢ ɦаɬ-
ɪɢɰ ɥɢɧɟɣɧых ɦɨɞɟɥɟɣ ɞɥя ɫɨɫɟɞɧɢх ɭɫɬаɧɨ-
вɢвшɢхɫя ɪɟɠɢɦɨв ɧɟ ɛɨɥьшɟ 1.0) ɨɰɟɧɢва-
ɸɬɫя  
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Раɫɫɦɨɬɪɢɦ, ɧаɩɪɢɦɟɪ, ɨɰɟɧɢваɧɢɟ ɷɥɟɦɟɧ-
ɬɨв ɦаɬɪɢɰы A8989 . Вɧачаɥɟ ɫ ɩɨɦɨɳьɸ (4.3) 
ɨɰɟɧɢваɸɬɫя ɷɥɟɦɟɧɬы 11

8989a , 12
8989a , 21

8989a , 

22
8989a  (ɷɥɟɦɟɧɬы 13

8989a , 14
8989a , 15

8989a , 23
8989a , 

24
8989a , 25

8989a  ɫчɢɬаɸɬɫя ɧɭɥɟвыɦɢ). Пɪɢ 
ɷɬɨɦ ɷɥɟɦɟɧɬы ɩɨɫɬɨяɧɧɨɣ ɞɢаɝɨɧаɥьɧɨɣ вɟ-
ɫɨвɨɣ ɦаɬɪɢɰы 11wx , 22wx  ɪаɫɫчɢɬываɸɬɫя ɫ 
ɩɨɦɨɳьɸ (4.4), а 033 wx , 044 wx , 

055 wx . Заɬɟɦ ɨɰɟɧɢваɸɬɫя ɷɥɟɦɟɧɬы 

31
8989a , 32

8989a , 33
8989a , 34

8989a , 35
8989a , 41

8989a , 

42
8989a , 43

8989a , 44
8989a , 45

8989a , 51
8989a , 52

8989a , 

53
8989a , 54

8989a , 55
8989a . Пɪɢ ɷɬɨɦ ɷɥɟɦɟɧɬы 

11
8989a , 12

8989a , 21
8989a , 22

8989a  ɫчɢɬаɸɬɫя ɢɡ-
вɟɫɬɧыɦɢ, ɷɥɟɦɟɧɬы 13

8989a , 14
8989a , 15

8989a , 

23
8989a , 24

8989a , 25
8989a  ɫчɢɬаɸɬɫя ɧɭɥɟвыɦɢ, 

011 wx , 022 wx , а 33wx , 44wx , 55wx  ɪаɫɫчɢ-
ɬываɸɬɫя ɫ ɩɨɦɨɳьɸ (4.4).  
Уɫɬаɧɨвɢвшɢɣɫя ɪɟɠɢɦ 88894321 pppp  

ɪаɡɨɦɤɧɭɬɨɣ САУ ɫɨвɩаɞаɟɬ ɫ ɪɟɠɢɦɨɦ, ɞɥя 
ɤɨɬɨɪɨɝɨ ɡɧачɟɧɢя ɩɟɪɟɦɟɧɧых ɭɩɪавɥɟɧɢя ɢ 
ɫɨɫɬɨяɧɢя ɛɥɢɡɤɢ ɤ ɡɧачɟɧɢяɦ ɷɬɢх ɩɟɪɟɦɟɧ-
ɧых ɩɨɫɥɟ ɨɬɤаɡа ɢɫɩɨɥɧɢɬɟɥьɧɨɝɨ ɭɫɬɪɨɣ-
ɫɬва ɢɡɦɟɧɟɧɢя ɩɥɨɳаɞɢ ɤɪɢɬɢчɟɫɤɨɝɨ ɫɟчɟ-
ɧɢя ɪɟаɤɬɢвɧɨɝɨ ɫɨɩɥа в ɡаɦɤɧɭɬɨɣ САУ ɩɪɢ 
ɢɡɦɟɧɟɧɢɢ ɭɝɥа ɨɬɤɥɨɧɟɧɢя ɪычаɝа ɭɩɪавɥɟ-
ɧɢя ɞвɢɝаɬɟɥɟɦ ɨɬ ɡɧачɟɧɢя 68ɪɭɞ   ɞɨ 
ɡɧачɟɧɢя 60ɪɭɞ   (ɩɥɨɳаɞь ɤɪɢɬɢчɟɫɤɨɝɨ 
ɫɟчɟɧɢя ɪɟаɤɬɢвɧɨɝɨ ɫɨɩɥа ɩɨɫɥɟ ɨɬɤаɡа ɧɟ 
ɭɦɟɧьшаɟɬɫя ɨɬ ɡɧачɟɧɢя, ɫɨɨɬвɟɬɫɬвɭɸɳɟɝɨ 
ɪɟɠɢɦɭ 98994321 pppp , ɞɨ ɡɧачɟɧɢя, ɫɨɨɬ-
вɟɬɫɬвɭɸɳɟɝɨ ɪɟɠɢɦɭ 89894321 pppp ). 

Заɬɟɦ ɬаɤɢɦ ɠɟ ɨɛɪаɡɨɦ ɨɰɟɧɢваɸɬɫя   
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Уɫɬаɧɨвɢвшɢɟɫя ɪɟɠɢɦы ɪаɡɨɦɤɧɭɬɨɣ САУ 
 

19114321 pppp , 18114321 pppp , 

17114321 pppp , 16114321 pppp , 

15114321 pppp , 14114321 pppp , 

13114321 pppp , 12114321 pppp   

 
ɫɨвɩаɞаɸɬ ɫ ɪɟɠɢɦаɦɢ ɡаɦɤɧɭɬɨɣ САУ, ɞɥя 
ɤɨɬɨɪых ɡɧачɟɧɢя ɩɟɪɟɦɟɧɧых ɭɩɪавɥɟɧɢя ɢ 
ɫɨɫɬɨяɧɢя ɛɥɢɡɤɢ ɤ ɡɧачɟɧɢяɦ ɷɬɢх ɩɟɪɟɦɟɧ-
ɧых ɩɨɫɥɟ ɨɬɤаɡа ɢɫɩɨɥɧɢɬɟɥьɧɨɝɨ ɭɫɬɪɨɣ-
ɫɬва ɢɡɦɟɧɟɧɢя ɩɥɨɳаɞɢ ɤɪɢɬɢчɟɫɤɨɝɨ ɫɟчɟ-
ɧɢя ɪɟаɤɬɢвɧɨɝɨ ɫɨɩɥа ɩɪɢ ɟɝɨ ɪаɫɤɪыɬɢɢ вɨ 
вɪɟɦя ɫɛɪɨɫа, ɬɨ ɟɫɬь ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɭɝɥа 
ɨɬɤɥɨɧɟɧɢя ɪычаɝа ɭɩɪавɥɟɧɢя ɞвɢɝаɬɟɥɟɦ 
ɨɬ ɡɧачɟɧɢя 17ɪɭɞ   ɞɨ ɡɧачɟɧɢя 15ɪɭɞ   
(ɩɥɨɳаɞь ɤɪɢɬɢчɟɫɤɨɝɨ ɫɟчɟɧɢя ɪɟаɤɬɢвɧɨɝɨ 
ɫɨɩɥа ɩɨɫɥɟ ɷɬɢх ɨɬɤаɡɨв ɩɟɪɟɫɬаɟɬ ɭвɟɥɢчɢ-
ваɬьɫя ɢ ɧɟ ɞɨɫɬɢɝаɟɬ ɡɧачɟɧɢя, ɫɨɨɬвɟɬ-
ɫɬвɭɸɳɟɝɨ ɪɟɠɢɦɭ 11114321 pppp ). Оɬɦɟ-
ɬɢɦ, чɬɨ в ɪаɛɨɬɟ вɩɟɪвыɟ ɨɰɟɧɢваɸɬɫя ɷɥɟ-
ɦɟɧɬы ɦаɬɪɢɰ ɞɢɧаɦɢчɟɫɤɢх ɥɢɧɟɣɧых ɦɨ-
ɞɟɥɟɣ ɧа ɷɬɢх ɪɟɠɢɦах. Дɨ ɫɢх ɩɨɪ ɫчɢɬа-
ɥɨɫь [1], [2], [3], чɬɨ A1311  A1411  A1511  

A1611  A1711  A1811  A1911 A2912  ɢ 
A1211 A1111 . Пɪɢ ɷɬɨɦ ɨшɢɛɤɢ ɩɪɢɛɥɢɠɟɧɢя 

ɩɟɪɟɦɟɧɧых ɫɨɫɬɨяɧɢя ɛыɥɢ ɨчɟɧь ɡɧачɢ-
ɬɟɥьɧыɦɢ (ɛɨɥɟɟ 0.5). Нɟɥɢɧɟɣɧыɣ ɨɛъɟɤɬ ɧа 
ɷɬɢх ɪɟɠɢɦах, ɤɨɬɨɪыɟ ɛɥɢɡɤɢ ɤ ɦɢɧɢɦаɥь-
ɧɨɦɭ, ɢɦɟɟɬ ɧɟɫɤɨɥьɤɨ ɢɧыɟ ɞɢɧаɦɢчɟɫɤɢɟ 
ɫвɨɣɫɬва. Пɨɷɬɨɦɭ ɩɪɢ ɨɰɟɧɢваɧɢɢ ɷɥɟɦɟɧ-
ɬɨв 11

1911a , 12
1911a , 21

1911a , 22
1911a  ɢɫɩɨɥьɡɭɸɬɫя 

ɩɪɟɠɧɢɟ ɨɝɪаɧɢчɟɧɢя, а ɩɪɢ ɨɰɟɧɢваɧɢɢ 
ɷɥɟɦɟɧɬɨв 31

1911a , 32
1911a , 33

1911a , 34
1911a , 35

1911a , 

41
1911a , 42

1911a , 43
1911a , 44

1911a , 45
1911a , 51

1911a , 

52
1911a , 53

1911a , 54
1911a , 55

1911a  ɨɝɪаɧɢчɟɧɢя ɧа 

ɪаɫɫɬɨяɧɢя ɦɟɠɞɭ ɫɨɨɬвɟɬɫɬвɭɸɳɢɦɢ ɫɨɛ-
ɫɬвɟɧɧыɦɢ ɡɧачɟɧɢяɦɢ ɦаɬɪɢɰ ɞɥя ɫɨɫɟɞɧɢх 
ɭɫɬаɧɨвɢвшɢхɫя ɪɟɠɢɦɨв ɨɬɫɭɬɫɬвɭɸɬ. Пɪɢ 
ɷɬɨɦ ɢɫɩɨɥьɡɭɸɬɫя ɬɟ ɠɟ вɟɫɨвыɟ ɦаɬɪɢɰы, 
чɬɨ ɢ ɪаɧьшɟ.   
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Маɬɪɢɰы ɞɢɧаɦɢчɟɫɤɢх ɥɢɧɟɣɧых ɦɨɞɟɥɟɣ 
A1611 A1711 AA 19111811  , ɩɨɫɤɨɥьɤɭ ɧɟ ɭɞа-

ɟɬɫя ɞɨɛɢɬьɫя ɥɭчшɟɝɨ ɩɪɢɛɥɢɠɟɧɢя ɫ ɩɨ-
ɦɨɳьɸ (4.3) Оɬɦɟɬɢɦ, чɬɨ ɢɫɩɨɥьɡɨваɧɢɟ 
(4.3) ɩɪɢ ɡɧачɢɬɟɥьɧых (ɛɨɥɟɟ 0.1) ɧачаɥь-
ɧых ɨшɢɛɤах ɩɪɢɛɥɢɠɟɧɢя ɨɬɞɟɥьɧых ɩɟɪɟ-
ɦɟɧɧых ɫɨɫɬɨяɧɢя ɦɨɠɟɬ ɨɤаɡаɬьɫя ɧɟɷффɟɤ-
ɬɢвɧыɦ. Эɬɨ ɨɡɧачаɟɬ, чɬɨ ɰɟɥɟвая фɭɧɤɰɢя 
в (4.3) в ɧɟɤɨɬɨɪых ɫɥɭчаях ɫɭɳɟɫɬвɟɧɧɨ 
ɭɦɟɧьшаɟɬɫя ɩɪɢ ɪɟшɟɧɢɢ ɡаɞачɢ ɧɟɥɢɧɟɣ-
ɧɨɝɨ ɩɪɨɝɪаɦɦɢɪɨваɧɢя, а ɨшɢɛɤɢ ɩɪɢɛɥɢ-
ɠɟɧɢя ɩɟɪɟɦɟɧɧых ɫɨɫɬɨяɧɢя ɩɪɢ ɷɬɨɦ ɭвɟ-
ɥɢчɢваɸɬɫя ɫɬɨɥь ɡɧачɢɬɟɥьɧɨ, чɬɨ ɫɬаɧɨ-
вяɬɫя ɧɟɩɪɢɟɦɥɟɦыɦɢ. С ɞɪɭɝɨɣ ɫɬɨɪɨɧы, 
ɢɫɩɨɥьɡɨваɧɢɟ ɨшɢɛɨɤ ɩɪɢɛɥɢɠɟɧɢя ɩɟɪɟ-
ɦɟɧɧых ɫɨɫɬɨяɧɢя в ɫаɦɨɣ ɰɟɥɟвɨɣ фɭɧɤɰɢɢ 
ɩɪɢвɨɞɢɬ в ɧɟɤɨɬɨɪых ɫɥɭчаях ɤ ɢх ɫɭɳɟ-
ɫɬвɟɧɧɨɦɭ ɭɦɟɧьшɟɧɢɸ ɞɥя ɤɨɧɤɪɟɬɧɨɣ ɪаɫ-
ɫɦаɬɪɢваɟɦɨɣ ɥɢɧɟɣɧɨɣ ɦɨɞɟɥɢ, ɧɨ ɩɪɢ 
ɷɬɨɦ, ɤаɤ ɩɪавɢɥɨ, ɩɨɪɨɠɞаɟɬ ɡɧачɢɬɟɥьɧыɟ 
ɨшɢɛɤɢ ɤɭɫɨчɧɨ-ɥɢɧɟɣɧɨɣ ɦɨɞɟɥɢ ɧа ɝɪаɧɢ-
ɰах ɨɛɥаɫɬɟɣ ɞɟɣɫɬвɢя ɪаɡɧых ɥɢɧɟɣɧых ɦɨ-
ɞɟɥɟɣ.   
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На ɪɢɫ. 1…5 ɩɪɟɞɫɬавɥɟɧы ɪɟɡɭɥьɬаɬы ɩɪɨ-
вɟɪɤɢ ɩɨɥɭчɟɧɧɨɣ ɤɭɫɨчɧɨ-ɥɢɧɟɣɧɨɣ ɦɨɞɟɥɢ 
ɧа ɩɪɢɦɟɪɟ ɩɟɪɟхɨɞɧых ɩɪɨɰɟɫɫɨв, ɫɨɨɬвɟɬ-
ɫɬвɭɸɳɢх ɫɤачɤɨɨɛɪаɡɧɨɦɭ ɢɡɦɟɧɟɧɢɸ ɭɝɥа 
ɨɬɤɥɨɧɟɧɢя ɪычаɝа ɭɩɪавɥɟɧɢя ɞвɢɝаɬɟɥɟɦ 

РУД  ɨɬ ɡɧачɟɧɢя, ɫɨɨɬвɟɬɫɬвɭɸɳɟɝɨ ɦаɤɫɢ-
ɦаɥьɧɨɦɭ ɪɟɠɢɦɭ ɪаɛɨɬы ( РУД 68) ɞɨ 
ɡɧачɟɧɢя, ɫɨɨɬвɟɬɫɬвɭɸɳɟɝɨ ɦɢɧɢɦаɥьɧɨɦɭ 
ɪɟɠɢɦɭ ɪаɛɨɬы ( РУД 15), ɬɨ ɟɫɬь ɧа ɩɪɢ-
ɦɟɪɟ ɫɛɪɨɫа в ɡаɦɤɧɭɬɨɣ САУ. Чɢɫɥɨ ɬɨчɟɤ 
ɩɟɪɟхɨɞɧых ɩɪɨɰɟɫɫɨв ɧɨɪɦɢɪɨваɧɧых ɩɟ-
ɪɟɦɟɧɧых ɫɨɫɬɨяɧɢя nx1 , nx2 , nx3 , nx4 , nx5  (ɫɨ-
ɨɬвɟɬɫɬвɭɸɬ вn , ɤn , 

ɤР , 
ɬР , 

ɬT ) ɧɟɥɢɧɟɣɧɨɣ 
(НɅ) ɦɨɞɟɥɢ ɢ ɤɭɫɨчɧɨ-ɥɢɧɟɣɧɨɣ (КɅ) ɦɨɞɟ-
ɥɢ N = 351. Пɪɢвɟɞɟɧы ɨшɢɛɤɢ ɤɭɫɨчɧɨ-
ɥɢɧɟɣɧɨɣ ɦɨɞɟɥɢ, ɪаɫɫчɢɬаɧɧыɟ ɞɥя ɤаɠɞɨɣ 
ɢɡ ɩɟɪɟɦɟɧɧых ɫɨɫɬɨяɧɢя ɫ ɩɨɦɨɳьɸ (4.5) ɢ 
(4.6). 
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Рис. 1. ɉɟрɟхɨɞɧыɟ ɩрɨɰɟссы ɧɨрɦирɨваɧɧɨɣ ɩɟрɟɦɟɧɧɨɣ сɨсɬɨяɧия nx1  (сɨɨɬвɟɬсɬвуɟɬ вn ) 

ɧɟɥиɧɟɣɧɨɣ (НɅ) ɦɨɞɟɥи и кусɨчɧɨ-ɥиɧɟɣɧɨɣ (КɅ) ɦɨɞɟɥи в ɡаɦкɧуɬɨɣ ɋАУ  
( 0291.01

2  , 0462.01  ). 
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Рис. 2. ɉɟрɟхɨɞɧыɟ ɩрɨɰɟссы ɧɨрɦирɨваɧɧɨɣ ɩɟрɟɦɟɧɧɨɣ сɨсɬɨяɧия nx2  (сɨɨɬвɟɬсɬвуɟɬ ɤn ) 

ɧɟɥиɧɟɣɧɨɣ (НɅ) ɦɨɞɟɥи и кусɨчɧɨ-ɥиɧɟɣɧɨɣ (КɅ) ɦɨɞɟɥи в ɡаɦкɧуɬɨɣ ɋАУ 
 ( 0437.02

2  , 0297.02  ). 
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Рис. 3. ɉɟрɟхɨɞɧыɟ ɩрɨɰɟссы ɧɨрɦирɨваɧɧɨɣ ɩɟрɟɦɟɧɧɨɣ сɨсɬɨяɧия nx3   

(сɨɨɬвɟɬсɬвуɟɬ 
ɤР ) ɧɟɥиɧɟɣɧɨɣ (НɅ) ɦɨɞɟɥи и кусɨчɧɨ-ɥиɧɟɣɧɨɣ (КɅ) ɦɨɞɟɥи в ɡаɦкɧуɬɨɣ 

ɋАУ ( 0275.03
2  , 0537.03  ). 
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Рис. 4. ɉɟрɟхɨɞɧыɟ ɩрɨɰɟссы ɧɨрɦирɨваɧɧɨɣ ɩɟрɟɦɟɧɧɨɣ сɨсɬɨяɧия nx4   

(сɨɨɬвɟɬсɬвуɟɬ 
ɬР ) ɧɟɥиɧɟɣɧɨɣ (НɅ) ɦɨɞɟɥи и кусɨчɧɨ-ɥиɧɟɣɧɨɣ (КɅ) ɦɨɞɟɥи в ɡаɦкɧуɬɨɣ 

ɋАУ ( 0432.04
2  , 0651.04  ). 
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Рис. 5. ɉɟрɟхɨɞɧыɟ ɩрɨɰɟссы ɧɨрɦирɨваɧɧɨɣ ɩɟрɟɦɟɧɧɨɣ сɨсɬɨяɧия nx5  (сɨɨɬвɟɬсɬвуɟɬ 

ɬT ) 

ɧɟɥиɧɟɣɧɨɣ (НɅ) ɦɨɞɟɥи и кусɨчɧɨ-ɥиɧɟɣɧɨɣ (КɅ) ɦɨɞɟɥи в ɡаɦкɧуɬɨɣ ɋАУ  
( 0461.05

2  , 0581.05  ). 
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ɇȿСɌАЦИɈɇАɊɇАə ɁАДАЧА ɌȿɉɅɈɉɊɈВɈДɇɈСɌИ  
В ɈɉȿɊАɌɈɊɇɈɆ ВИДȿ  

И ȿȿ ЧИСɅȿɇɇɈ-АɇАɅИɌИЧȿСɄɈȿ ɊȿɒȿɇИȿ 
 

С.М. Мацкевиɱ, В.Н. Сидоров 
Мɨɫɤɨвɫɤɢɣ ɝɨɫɭɞаɪɫɬвɟɧɧыɣ ɫɬɪɨɢɬɟɥьɧыɣ ɭɧɢвɟɪɫɢɬɟɬ, ɝ. Мɨɫɤва, РОССИə 

 
АɇɇɈɌАЦИə: В ɫɬаɬьɟ ɪаɫɫɦаɬɪɢваɟɬɫя ɧɟɫɬаɰɢɨɧаɪɧая ɧɟɨɞɧɨɪɨɞɧая ɡаɞача ɬɟɩɥɨɩɪɨвɨɞɧɨɫɬɢ ɧа 
ɩɥɨɫɤɨɫɬɢ в ɨɩɟɪаɬɨɪɧɨɣ ɩɨɫɬаɧɨвɤɟ. Маɬɟɦаɬɢчɟɫɤɨɣ ɦɨɞɟɥьɸ явɥяɟɬɫя ɞɢффɟɪɟɧɰɢаɥьɧɨɟ ɭɪавɧɟɧɢɟ 2 
ɪɨɞа ɫ ɡаɞаɧɧыɦɢ ɤɪаɟвыɦɢ ɭɫɥɨвɢяɦɢ. Заɞача ɪаɫɫɦаɬɪɢваɟɬɫя в ɩɪɨɢɡвɨɥьɧɨɣ ɨɛɥаɫɬɢ ɫ ɢɫɩɨɥьɡɨваɧɢɟɦ 
хаɪаɤɬɟɪɢɫɬɢчɟɫɤɨɣ фɭɧɤɰɢɢ ɨɛɥаɫɬɢ. Иɬɨɝɨвая ɩɨɫɬаɧɨвɤа ɞаɧа в ɨɩɟɪаɬɨɪɧɨɦ вɢɞɟ, ɫɨвɦɟɳаɸɳɟɦ в 
ɨɞɧɨɦ ɭɪавɧɟɧɢɢ ɞɢффɟɪɟɧɰɢаɥьɧɨɟ ɭɪавɧɟɧɢɟ, ɡаɞаɧɧɨɟ вɧɭɬɪɢ ɨɛɥаɫɬɢ ɢ ɭɫɥɨвɢя, ɡаɞаɧɧыɟ ɧа ɝɪаɧɢɰɟ. 
В ɞаɧɧɨɣ ɫɬаɬьɟ ɡаɞача ɪɟшаɟɬɫя ɫ ɩɨɦɨɳьɸ ɞɢɫɤɪɟɬɧɨ-аɧаɥɢɬɢчɟɫɤɨɝɨ ɦɟɬɨɞа. Сɭɬь ɦɟɬɨɞа ɫɨɫɬɨɢɬ в 
ɨɛъɟɞɢɧɟɧɢɢ чɢɫɥɟɧɧых ɢ аɧаɥɢɬɢчɟɫɤɢх ɩɨɞхɨɞɨв. Иɫхɨɞɧая ɡаɞача ɪаɡɛɢваɟɬɫя ɧа 2 чаɫɬɢ: ɞɥя ɨɞɧɢх 
аɪɝɭɦɟɧɬɨв ɩɪɢɦɟɧяɟɬɫя ɞɢɫɤɪɟɬɢɡаɰɢя,  ɞɥя ɞɪɭɝɢх аɪɝɭɦɟɧɬɨв ɪɟшаɟɬɫя аɧаɥɢɬɢчɟɫɤая ɡаɞача. Рɟɡɭɥьɬаɬ 
ɩɪɟɞɫɬавɥяɟɬɫя в вɢɞɟ ɞɢɫɤɪɟɬɧɨɝɨ ɧаɛɨɪа аɧаɥɢɬɢчɟɫɤɢх фɭɧɤɰɢɣ. Дɥя «ɷɬаɩа ɞɢɫɤɪɟɬɢɡаɰɢɢ» ɢɫɩɨɥьɡɭ-
ɟɬɫя ɦɟɬɨɞ ɤɨɧɟчɧых ɪаɡɧɨɫɬɟɣ, а ɞɥя ɪɟшɟɧɢя аɧаɥɢɬɢчɟɫɤɨɣ чаɫɬɢ – ɩɨɧяɬɢɟ ɦаɬɪɢчɧɨɣ ɷɤɫɩɨɧɟɧɬы. 

 
Ʉлючевые словɚ: ɡаɞача ɬɟɩɥɨɩɪɨвɨɞɧɨɫɬɢ, ɨɩɟɪаɬɨɪɧыɣ вɢɞ, хаɪаɤɬɟɪɢɫɬɢчɟɫɤая фɭɧɤɰɢя ɨɛɥаɫɬɢ,  
ɞɢɫɤɪɟɬɧɨ-аɧаɥɢɬɢчɟɫɤɢɣ ɦɟɬɨɞ, ɞɢффɟɪɟɧɰɢаɥьɧыɟ ɭɪавɧɟɧɢя, ɧɟɫɬаɰɢɨɧаɪɧɨɫɬь, ɧɟɨɞɧɨɪɨɞɧɨɫɬь,  

ɦɟɬɨɞ ɤɨɧɟчɧых ɪаɡɧɨɫɬɟɣ, ɦаɬɪɢчɧая ɷɤɫɩɨɧɟɧɬа 

 
 

UNSTEADY-STATE HEAT CONDUCTION TRANSFER  
PROBLEM IN OPERATOR FORM AND IT’S SOLVING  

USING DISCRETE-ANALYTIC METHOD 
 

Sergey M. Matskevich, Vladimir N. Sidorov 
Moscow State University of Civil Engineering, Moscow, RUSSIA 

 
ABSTRACT: The paper presents unsteady-state heat conduction transfer problem for 2 dimensions in operator 
form. Mathematical model of the process is a differential equation in second order with initial and boundary con-
ditions. The problem is considered on general area with non-orthogonal quadrangular mesh which is topologically 
equivalent to square mesh. For its statement using characteristic function of area. Final statement is in operator 
form, which advantage is an able to write common formulas, describing of both relations within the area and 
boundary conditions. In this paper the problem is solving using discrete-analytic method. The main idea of this 
method is to combine discrete and analytical method. In this case, initial problem is dividing to 2 stages: in 1 stage 
I will apply a discrete technique along ones directions; in 2 stage I will apply analytic method along other direc-
ЭТШЧs. TСО rОsЮХЭ аТХХ ЛО К НТsМrОЭО sОЭ ШП КЧКХвЭТМ ПЮЧМЭТШЧs. FШr “НТsМrОЭО sЭКРО” ЮsТЧР К аОХХ-known method of 
finite differences, and for analytical stage is applying the virtue of the matrix exponent.  
 

Key words: heat conduction transfer problem; operator form; characteristic function of area; 
discrete-analytic method; differential equation; unsteady-state; non-uniform; finite differences method;  

matrix exponent 
 
 
1. ВВȿДȿɇИȿ 
 
Раɫɫɦаɬɪɢваɟɬɫя ɨɩɟɪаɬɨɪɧая ɩɨɫɬаɧɨвɤа ɢ 
аɥɝɨɪɢɬɦ ɪɟшɟɧɢя ɧɟɫɬаɰɢɨɧаɪɧɨɣ ɡаɞачɢ 

ɬɟɩɥɨɩɪɨвɨɞɧɨɫɬɢ. В ɤачɟɫɬвɟ ɦаɬɟɦаɬɢчɟ-
ɫɤɨɣ ɩɨɫɬаɧɨвɤɢ ɡаɞачɢ ɩɪɢɧɢɦаɟɬɫя ɭɪавɧɟ-
ɧɢɟ ɬɟɩɥɨɩɪɨвɨɞɧɨɫɬɢ, ɨɫɧɨваɧɧɨɟ ɧа ɩɨɧя-
ɬɢɢ ɬɟɩɥɨвɨɝɨ ɩɨɬɨɤа. 
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Уɪавɧɟɧɢɟ ɬɟɩɥɨɩɪɨвɨɞɧɨɫɬɢ фɨɪɦɭɥɢɪɭɟɬ 
фаɤɬ ɬɟɩɥɨвɨɝɨ ɛаɥаɧɫа  вɧɭɬɪɟɧɧɟɣ ɷɧɟɪɝɢɢ 
Фɭɪьɟ: 
ܧ݀  = �вɧ + �ɬɩ     ˋˎˋ       ܿ� ���� = � ቀ�మ��௫మ + �మ��௬మቁ +  (1)     ܨ

 
ɝɞɟ  ܿ  – ɭɞɟɥьɧая ɬɟɩɥɨɟɦɤɨɫɬь ɬɟɩɥɨɩɪɨвɨɞя-
ɳɟɣ ɫɪɟɞы, � – ɟё ɩɥɨɬɧɨɫɬь, � – ɤɨɷффɢɰɢɟɧɬ 
ɬɟɩɥɨɩɪɨвɨɞɧɨɫɬɢ, ܨ  – ɦɨɳɧɨɫɬь вɨɡɦɨɠɧых 
ɬɟɩɥɨвых ɢɫɬɨчɧɢɤɨв. 
Иɫɫɥɟɞɭɟɬɫя чɢɫɥɟɧɧɨ-аɧаɥɢɬɢчɟɫɤɨɟ ɪɟшɟ-
ɧɢɟ ɬаɤɨɝɨ ɭɪавɧɟɧɢя, явɥяɸɳɟɟɫя ɫɨвɨɤɭɩ-
ɧɨɫɬьɸ чɢɫɥɟɧɧых ɪɟшɟɧɢɣ ɩɨ ɩɪɨɫɬɪаɧ-
ɫɬвɟɧɧыɦ ɤɨɨɪɞɢɧаɬаɦ  x, y  ɢ аɧаɥɢɬɢчɟ-
ɫɤɨɝɨ ɪɟшɟɧɢя ɩɨ вɪɟɦɟɧɧɨɦɭ аɪɝɭɦɟɧɬɭ t.  
 
 
2. ɉɈСɌАɇɈВɄА ɁАДАЧИ 
 
В ɧаɫɬɨяɳɟɦ ɞɨɤɥаɞɟ ɢɡɥаɝаɟɬɫя аɥɝɨɪɢɬɦ ɪɟ-
шɟɧɢя ɧɟɫɬаɰɢɨɧаɪɧɨɣ, ɧɟɨɞɧɨɪɨɞɧɨɣ, ɞвɭ-
ɦɟɪɧɨɣ ɡаɞачɢ ɬɟɩɥɨɩɪɨвɨɞɧɨɫɬɢ. 

 ∂U∂t = ∂∂୶ ቀχሺx, yሻ ∂U∂୶ቁ +                  + ∂∂୷ ቀχሺx, yሻ ∂U∂୷ቁ + F   (2) 

 
ɝɞɟ ߯ - ɤɨɷффɢɰɢɟɧɬ ɬɟɦɩɟɪаɬɭɪɨɩɪɨвɨɞɧɨ-
ɫɬɢ (߯ = � ܿ�⁄ ), ɫɨɨɬвɟɬɫɬвɭɸɳɢɣ ɢɡɦɟɧяɸ-
ɳɢɦɫя ɫвɨɣɫɬваɦ ɫɪɟɞы; ܿ – ɭɞɟɥьɧая ɬɟɩɥɨ-
ɟɦɤɨɫɬь, � – ɩɥɨɬɧɨɫɬь, � – ɤɨɷффɢɰɢɟɧɬ ɬɟɩ-
ɥɨɩɪɨвɨɞɧɨɫɬɢ, а  ܨ – фɭɧɤɰɢя ɦɨɳɧɨɫɬɢ вɨɡ-
ɦɨɠɧых ɢɫɬɨчɧɢɤɨв ɬɟɩɥа.  
Дɥя ɧɟɫɬаɰɢɨɧаɪɧɨɝɨ ɭɪавɧɟɧɢя ɬɟɩɥɨɩɪɨ-
вɨɞɧɨɫɬɢ ɡаɞаɟɬɫя ɧачаɥьɧɨɟ ɭɫɥɨвɢɟ ܷሺݔ, ,ݕ Ͳሻ = ߰ሺݔ, -ሻ ɢ фɢɡɢчɟɫɤɢ ɨɧɨ ɨɡɧаݕ
чаɟɬ, чɬɨ в ɧачаɥьɧыɣ ɦɨɦɟɧɬ вɪɟɦɟɧɢ ɪаɫ-
ɩɪɟɞɟɥɟɧɢɟ ɬɟɦɩɟɪаɬɭɪы ɢɡвɟɫɬɧɨ ɢ ɢɦɟɟɬ 
вɢɞ  ߰. Ƚɪаɧɢчɧыɟ ɭɫɥɨвɢя ɡаɞаɸɬɫя ɢ 
ɞɨɥɠɧы выɩɨɥɧяɬьɫя ɬаɦ, ɝɞɟ ɬɟɥɨ ɦɨɠɟɬ 
ɢɦɟɬь ɬɟɩɥɨɨɛɦɟɧ ɫ ɨɤɪɭɠаɸɳɟɣ ɫɪɟɞɨɣ. 
Заɞача ɪаɫɫɦаɬɪɢваɟɬɫя в ɞɢɫɤɪɟɬɧɨɣ ɨɛɥа-
ɫɬɢ, ɬɨɩɨɥɨɝɢчɟɫɤɢ ɷɤвɢваɥɟɧɬɧɨɣ ɩɪяɦɨ-

ɭɝɨɥьɧɨɣ ɨɛɥаɫɬɢ, (ɦɟɬɨɞ ɞɢɫɤɪɟɬɧɨɣ аɩɩɪɨɤ-
ɫɢɦаɰɢɢ ɫ ɧɟвыɪɨɠɞɟɧɧɨɣ ɞɟфɨɪɦаɰɢɟɣ 
ячɟɟɤ, ɢɡɥɨɠɟɧɧыɣ ɧɢɠɟ). 
 
 
3. ɇȿɈɊɌɈȽɈɇАɅɖɇАə СȿɌɄА  

ИСХɈДɇɈɃ ɈȻɅАСɌИ 
 
Вɨɡьɦɟɦ ɪаɫɫɦаɬɪɢваɟɦɭɸ ɨɛɥаɫɬь ɢ ɪаɡɨ-
ɛьɟɦ ɟɟ ɧа ɤɨɧɟчɧыɟ чɟɬыɪɟхɭɝɨɥьɧыɟ ɷɥɟ-
ɦɟɧɬы (ɫɦ. Рɢɫ.1). Заɬɟɦ аɩɩɪɨɤɫɢɦɢɪɭɟɦ ɟɟ 
ɤ ɩɪяɦɨɭɝɨɥьɧɨɣ ɨɛɥаɫɬɢ ɫ ɟɞɢɧɢчɧыɦɢ ɷɥɟ-
ɦɟɧɬаɦɢ (ячɟɣɤаɦɢ ɟɞɢɧɢчɧых ɪаɡɦɟɪɨв) ɩɭ-
ɬɟɦ ɧɟвыɪɨɠɞɟɧɧɨɝɨ ɞɟфɨɪɦɢɪɨваɧɢя ɟё  
ɷɥɟɦɟɧɬɨв (ɫɦ. Рɢɫ.2).  

 

 
Рис. 1. Аɩɩрɨксиɦаɰия исхɨɞɧɨɣ ɨɛɥасɬи. 

 

 
Рис.2. ɉɟрɟхɨɞ к ɩряɦɨуɝɨɥьɧɨɣ сɟɬкɟ. 

 
Эɬɨ ɦɨɠɧɨ ɫɞɟɥаɬь ɫ ɩɨɦɨɳьɸ ɩɟɪɟхɨɞа ɨɬ 
ɝɥɨɛаɥьɧых ɤɨɨɪɞɢɧаɬ ɭɡɥɨв ɢɫхɨɞɧɨɣ ɫɟɬɤɢ 
в выɛɪаɧɧɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧаɬ ɤ ɥɨɤаɥьɧыɦ 
ɤɨɨɪɞɢɧаɬаɦ (ɫɦ. Рɢɫ.3,4). 

 



Нɟɫɬаɰɢɨɧаɪɧая ɡаɞача ɬɟɩɥɨɩɪɨвɨɞɧɨɫɬɢ в ɨɩɟɪаɬɨɪɧɨɦ вɢɞɟ ɢ ɟɟ чɢɫɥɟɧɧɨ-аɧаɥɢɬɢчɟɫɤɨɟ ɪɟшɟɧɢɟ 
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Рис. 3. Заɦɟɧа ɩɟрɟɦɟɧɧых. 

 

 
 

Рис.4. ɉɟрɟхɨɞ ɨ ɝɥɨɛаɥьɧых кɨɨрɞиɧаɬ  
к ɥɨкаɥьɧыɦ. 

 
Пɪɟɨɛɪаɡɨваɧɢɟ ɤɨɨɪɞɢɧаɬ ɦɨɠɧɨ выɩɨɥɧɢɬь 
ɩɨ ɫɥɟɞɭɸɳɟɦɭ аɥɝɨɪɢɬɦɭ: 
Пɭɫɬь ሺݔଵ,  .ଶሻ  - ɢɫхɨɞɧая ɫɢɫɬɟɦа ɤɨɨɪɞɢɧаɬݔ
Ввɟɞɟɦ ɧɨвɭɸ ɫɢɫɬɟɦɭ ɤɨɨɪɞɢɧаɬ, ɞɟɣɫɬвɭɸ-
ɳɭɸ ɥɨɤаɥьɧɨ вɧɭɬɪɢ ɤаɠɞɨɝɨ ɷɥɟɦɟɧɬа ሺ�ଵ, �ଶሻ. А ɬаɤɠɟ ɨɩɟɪаɬɨɪы ɩɪɨɫɬɨɣ ɪаɡɧɨɫɬɢ  
ଵ߮ܦ  = ߮ሺ݅�+ଵ, ݆ሻ − ߮ሺ݅�, ݆ሻ,   ܦଶ߮ =߮ሺ݅, �݆+ଵሻ − ߮ሺ݅, �݆ሻ.  
 
Тɨɝɞа ɦɨɠɧɨ ɡаɩɢɫаɬь ɤɨɨɪɞɢɧаɬы ɫɪɟɞɧɟɣ 
ɬɨчɤɢ вɧɭɬɪɢ ɷɥɟɦɟɧɬа ሺݔ�ଵ, -ଶሻ, вɨɫɩɨɥɧɟɧ�ݔ
ɧыɟ ɫ ɩɨɦɨɳьɸ ɥɢɧɟɣɧɨɣ фɭɧɤɰɢɢ фɨɪɦы ɩɨ 
ɭɝɥɨвыɦ. 
ଵ�ݔ  = [ሺܧ + �ଵܦଵሻݔଵሺ݅, ݆ሻ][ሺܧ + �ଶܦଶሻݔଵሺ݅, ݆ሻ] ݔ�ଶ = [ሺܧ + �ଵܦଵሻݔଶሺ݅, ݆ሻ][ሺܧ + �ଶܦଶሻݔଶሺ݅, ݆ሻ] 

 (3) 
 
Пɨɫɥɟ ɡаɦɟɧы ɩɟɪɟɦɟɧɧых ɨɩɟɪаɬɨɪы ɪаɡɧɨ-
ɫɬɢ ɛɭɞɭɬ выɩɨɥɧяɬьɫя ɫɨɝɥаɫɧɨ фɨɪɦɭɥаɦ 
ɞɢффɟɪɟɧɰɢɪɨваɧɢя ɫɥɨɠɧɨɣ фɭɧɤɰɢɢ. 
 
 

ଵݔ�߮� = ଵ�ݔ�߮� ଵݔ�ଵ�ݔ� + ଶ�ݔ�߮� ଶݔ�߮�ଵݔ�ଶ�ݔ� = ଵ�ݔ�߮� ଶݔ�ଵ�ݔ� + ଶ�ݔ�߮� ଶݔ�ଶ�ݔ�        ˋˎˋ       
[  
  [ଵݔ��ଵݔ�� 

 = ଵଵߙ] ଶଵߙଵଶߙ [ଶଶߙ [  
  [ଵ�ݔ��ଵ�ݔ�� 

                   ሺͶሻ 
��ߙ ˈˇˆ  = �ݔ���ݔ� −  ˏ˃˕˓ˋ˙˃ Яˍˑ˄ˋ,  ˅˞˚ˋ˔ˎяˈ˕˔я ˍ˃ˍ  ߙ =  ଵ−ߚ
 Тˑ ˈ˔˕˟  
௣௤ߚ   = ௤�ݔ��ݔ�   ≈ �ܦ̃   ˈˇˆ      �ݔ௤ܦ̃   = ܧሺ�ܦ + �ଷ−�ܦଷ−�ሻ      ሺͷሻ 

 
В ɢɬɨɝɟ ɧахɨɞɢɦ əɤɨɛɢаɧ  

 � = det[ߚ] = ଶଶߚଵଵߚ −  ଶଵ      ሺ͸ሻߚଵଶߚ
 
 
4. ɈɉȿɊАɌɈɊɇАə ɉɈСɌАɇɈВɄА  

ɁАДАЧИ  
С ХАɊАɄɌȿɊИСɌИЧȿСɄИɆИ  
ɎɍɇɄЦИəɆИ ɈȻɅАСɌИ 

 
Ваɠɧɨɟ ɩɪɟɢɦɭɳɟɫɬвɨ ɨɩɟɪаɬɨɪɧɨɣ ɩɨɫɬа-
ɧɨвɤɢ – ɷɬɨ ɡаɩɢɫь ɟɞɢɧых фɨɪɦɭɥ, ɨɞɧɨвɪɟ-
ɦɟɧɧɨ ɨɩɢɫываɸɳɢх ɡавɢɫɢɦɨɫɬɢ вɧɭɬɪɢ ɨɛ-
ɥаɫɬɢ ɢ ɭɫɥɨвɢя ɧа ɝɪаɧɢɰɟ. Тɨ ɟɫɬь ɨɛъɟɞɢ-
ɧɟɧɢɟ ɞɢффɟɪɟɧɰɢаɥьɧɨɝɨ ɭɪавɧɟɧɢя ɢ ɤɪаɟ-
вых ɭɫɥɨвɢɣ в ɨɞɧɨɦ ɭɪавɧɟɧɢɢ ɫ ɫɨɨɬвɟɬ-
ɫɬвɭɸɳɢɦɢ вɟɫɨвыɦɢ хаɪаɤɬɟɪɢɫɬɢɤаɦɢ. За-
ɩɢшɟɦ ɫɧачаɥа ɨɛычɧыɣ вɢɞ вɬɨɪɨɣ ɤɪаɟвɨɣ 
ɧɟɫɬаɰɢɨɧаɪɧɨɣ ɡаɞачɢ ɬɟɩɥɨɩɪɨвɨɞɧɨɫɬɢ. 
 

{  
  
  ��ܷ� = ݔ�� (߯ሺݔ, ሻݕ (ݔ�ܷ� +                                     + ݕ�� (߯ሺݔ, ሻݕ (ݕ�ܷ� ,ܨ+                                   + ሺݔ, ሻݕ א ȳ,   � > Ͳ�ܷ = �,    ሺݔ, ሻݕ א �ȳܷሺݔ, ,ݕ Ͳሻ = Ȳ,    � = Ͳ

        ሺ͹ሻ 
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Тɟɩɟɪь ɡаɩɢшɟɦ ɫɨɨɬвɟɬɫɬвɭɸɳɢɟ хаɪаɤɬɟ-
ɪɢɫɬɢчɟɫɤɢɟ фɭɧɤɰɢɢ ɨɛɥаɫɬɢ 
 �ሺݔ, ,ݕ �ሻ = {ͳ,   ሺݔ, ,ݕ �ሻ א ȳͲ,    ሺݔ, ,ݕ �ሻ ב ȳ    ˋˎˋ      � = �௫௬ሺݔ,  ሻ��ሺ�ሻ,      (8)ݕ

  ˆˇˈ �௫௬ = { ͳ,     ሺݔ, ሻݕ א ȳͲ,       ሺݔ, ሻݕ ב ȳ 

 
– хаɪаɤɬɟɪɢɫɬɢчɟɫɤая фɭɧɤɰɢя ɨɛɥаɫɬɢ ɤɨɨɪ-
ɞɢɧаɬ 
 �� = {ͳ,     � > ͲͲ,     � = Ͳ      
 
-   фɭɧɤɰɢя Хɷвɢɫаɣɞа ɩɨ вɪɟɦɟɧɢ 
 ��� � = �௫௬ ��� �� = �௫௬��; ��� � =  �� ��� �௫௬ = ���௡�Γ       ሺ9ሻ 
 
ɝɞɟ δ – ɞɟɥьɬа-фɭɧɤɰɢя Дɢɪаɤа 
Тɨɝɞа ɡаɞача ɦɨɠɟɬ ɛыɬь ɨɩɢɫаɧа в вɢɞɟ ɟɞɢ-
ɧɨɝɨ ɨɩɟɪаɬɨɪɧɨɝɨ выɪаɠɟɧɢя 

 ��� ሺ�ܷܿሻ = ݔ�� ��௜௝ ݔ�� ܷ + ݕ�� ��௜௝ ܷݕ�� + +ܨ� ���Γ� + ���௫௬ܿȲ               ሺͳͲሻ 
 
ɝɞɟ ɫ – ɤɨɷффɢɰɢɟɧɬ ɨɛъɟɦɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ, a୧୨  - ɤɨɷффɢɰɢɟɧɬы ɬɟɩɥɨɩɪɨвɨɞɧɨɫɬɢ 
С ɭчɟɬɨɦ ɧɟɨɪɬɨɝɨɧаɥьɧɨɣ ɫɟɬɤɢ ɢɫхɨɞɧɨɣ 
ɨɛɥаɫɬɢ ɨɛɳая ɨɩɟɪаɬɨɪɧая ɩɨɫɬаɧɨвɤа ɞɥя 
ɛɭɞɟɬ ɢɦɟɬь вɢɞ: 

 ��� ሺ��ܷܿሻ = ݔ�� ߙ௜௝�∗ߙ�� ݔ�� ܷ+ ݕ�� ߙ௜௝�∗ߙ�� ܷݕ�� + +ܨ� ���Γ� + ���௫௬ܿȲ     ሺͳͳሻ 
 
 
 
 
 

5. ɆȿɌɈДИɄА  
ЧИСɅȿɇɇɈ-АɇАɅИɌИЧȿСɄɈȽɈ  
ɊȿɒȿɇИə 

 
5.1 Аɩɩɪоɤсиɦɚɰиɹ. 
Выɩɨɥɧɢɦ ɤɨɧɟчɧɨ-ɪаɡɧɨɫɬɧɭɸ аɩɩɪɨɤɫɢɦа-
ɰɢɸ ɩɨ ɩɪɨɫɬɪаɧɫɬвɟɧɧыɦ ɤɨɨɪɞɢɧаɬаɦ x, y, 
а ɡавɢɫɢɦɨɫɬь ɨɬ вɪɟɦɟɧɢ t ɨɫɬавɢɦ аɧаɥɢɬɢ-
чɟɫɤɨɣ. Заɞаɞɢɦ ɩɪɨɫɬɪаɧɫɬвɟɧɧɨ-вɪɟɦɟɧ-
ɧɭɸ ɨɛɥаɫɬь в вɢɞɟ 3-х ɤɨɨɪɞɢɧаɬɧых ɩɥɨɫɤɨ-
ɫɬɟɣ, ɝɞɟ ɩɨ ɨɫяɦ X ɢ Y ɛɭɞɟɬ ɩɪɨɫɬɪаɧɫɬвɨ 
(x,y), а ɩɨ ɨɫɢ Т  ɛɭɞɟɬ вɪɟɦя (t).  
Раɫɫɦɨɬɪɢɦ ɫɧачаɥа аɩɩɪɨɤɫɢɦаɰɢɸ ɧа ɩɪя-
ɦɨɭɝɨɥьɧɨɣ ɨɛɥаɫɬɢ. Раɡɨɛьɟɦ ɨɛɥаɫɬь ɩɪя-
ɦɨɭɝɨɥьɧɨɣ ɫɟɬɤɨɣ ɫ шаɝɨɦ ݔ௝ ,  ௜ ɩɨ ɨɫяɦ X ɢݕ
Y (ɫɦ. ɪɢɫ. 5).  
 

 
Рис.5. Кɨɧɟчɧɨ-раɡɧɨсɬɧая аɩɩрɨксиɦаɰия 

ɨɛɥасɬи 
 
Выɩɨɥɧɢɦ ɤɨɧɟчɧɨ-ɪаɡɧɨɫɬɧɭɸ аɩɩɪɨɤɫɢɦа-
ɰɢɸ ɨɩɟɪаɬɨɪа Ʌаɩɥаɫа ɩɨ ɩɪɨɫɬɪаɧɫɬвɟɧɧыɦ 
ɤɨɨɪɞɢɧаɬаɦ x, y, ɫ ɭчɟɬɨɦ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ 
ɫɪɟɞы. В ɷɬɨɦ ɫɥɭчаɟ ɤɨɷффɢɰɢɟɧɬы ɬɟɦɩɟɪа-
ɬɭɪɨɩɪɨвɨɞɧɨɫɬɢ ɛɭɞɟɦ ɛɪаɬь ɤаɤ ɢх ɩɨɥɭ-
ɫɭɦɦы ɞɥя ɫɨɫɟɞɧɢх ɷɥɟɦɟɧɬɨв ɩɨ ɫɨɨɬвɟɬ-
ɫɬвɭɸɳɢɦ ɧаɩɪавɥɟɧɢяɦ: 
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��ܷ� =
=

(߯௜−ଵ,௝ + ߯௜,௝ʹ ) (ܷሺ�ሻ௜,௝+ଵ − ܷሺ�ሻ௜,௝Δݔ௜ ) −           − (߯௜−ଵ,௝−ଵ + ߯௜,௝−ଵʹ ) (ܷሺ�ሻ௜,௝ − ܷሺ�ሻ௜,௝−ଵΔݔ௜−ଵ )ሺΔݔ௜ + Δݔ௜−ଵሻ/ʹ
+

(߯௜,௝ + ߯௜,௝−ଵʹ ) (ܷሺ�ሻ௜+ଵ,௝ − ܷሺ�ሻ௜,௝Δݕ௜ ) −             − (߯௜−ଵ,௝ + ߯௜−ଵ,௝−ଵʹ ) (ܷሺ�ሻ௜,௝ − ܷሺ�ሻ௜−ଵ,௝Δݕ௜−ଵ )ሺΔݕ௜ + Δݕ௜−ଵሻ/ʹ+ ሺ�ሻ௜,௝ܨ   
(12) 

 
5.2 Ɇеɬоɞ ɛɚɡисɧыɯ вɚɪиɚɰиɣ. 
Дɥя фɨɪɦɢɪɨваɧɢя ɦаɬɪɢɰы ɤɨɷффɢɰɢɟɧɬɨв 
ɩɪɢ ɧɟɢɡвɟɫɬɧых вɨɫɩɨɥьɡɭɟɦɫя ɦɟɬɨɞɨɦ ɛа-
ɡɢɫɧых ваɪɢаɰɢɣ [1].  
Мɟɬɨɞ ɛаɡɢɫɧых ваɪɢаɰɢɣ ɩɨɡвɨɥяɟɬ ɩɭɬɟɦ 
вɨɡɞɟɣɫɬвɢя ɞɢɫɤɪɟɬɧыɦ ɥɢɧɟɣɧыɦ ɨɩɟɪаɬɨ-
ɪɨɦ ɧɟ ɧа ɢɫɤɨɦɭɸ фɭɧɤɰɢɸ U, а ɧа ɛаɡɢɫɧɭɸ 
фɭɧɤɰɢɸ (в ɞаɧɧɨɦ ɞɢɫɤɪɟɬɧɨɦ ɫɥɭчаɟ - вɨɡ-
ɞɟɣɫɬвɢя ɧа ɛаɡɢɫɧыɟ вɟɤɬɨɪы), ɡаɩɢɫаɬь 
фɨɪɦɭɥɭ аɥɝɨɪɢɬɦɢчɟɫɤɨɝɨ ɧахɨɠɞɟɧɢя вɫɟх 
ɤɨɷффɢɰɢɟɧɬɨв ɦаɬɪɢɰы в ɡавɢɫɢɦɨɫɬɢ ɨɬ 
ɢɧɞɟɤɫɨв. 
 � = �௞௠ = (�݁ሺ௞ሻ൯௠ == ቆ ߯௜−ଵ,௝−ଵ + ߯௜,௝−ଵΔݔ௝−ଵሺΔݔ௝ + Δݔ௝−ଵሻቇ ݁௠+ଵሺ௞ሻ

+ ቆ ߯௜−ଵ,௝ + ߯௜,௝Δݔ௝ሺΔݔ௝ + Δݔ௝−ଵሻቇ ݁௠−ଵሺ௞ሻ
− ቆ ߯௜−ଵ,௝ + ߯௜,௝Δݔ௝ሺΔݔ௝ + Δݔ௜−ଵሻ+ ሺ߯௜−ଵ,௝−ଵ + ߯௜,௝−ଵሻΔݔ௝−ଵ(Δݔ௝ + Δݔ௝−ଵ൯+ ߯௜,௝ + ߯௜,௝−ଵΔݕ௜ሺΔݕ௜ + Δݕ௜−ଵሻ+ ߯௜−ଵ,௝ + ߯௜−ଵ,௝−ଵΔݕ௜−ଵሺΔݕ௜ + Δݕ௜−ଵሻቇ ݁௠ሺ௞ሻ+ ( ߯௜−ଵ,௝ + ߯௜−ଵ,௝−ଵΔݕ௜−ଵሺΔݕ௜ + Δݕ௜−ଵሻ) ݁௠+�ଵሺ௞ሻ
+ ( ߯௜,௝ + ߯௜,௝−ଵΔݕ௜ሺΔݕ௜ + Δݕ௜−ଵሻ) ݁௠−�ଵሺ௞ሻ    

(13) 

 
ɝɞɟ    em

(k)= δ(k,m),  k,m=1,2,…;   δ(k,m) - ɫɢɦвɨɥ 
Кɪɨɧɟɤɟɪа, ɬ.ɟ. δ(k,m) =1 (ɩɪɢ m=k), =0 (ɩɪɢ 
m≠k) 
Фɭɧɤɰɢɸ ɦɨɳɧɨɫɬɟɣ ɢɫɬɨчɧɢɤɨв ɬɟɩɥа F  
ɬаɤɠɟ аɩɩɪɨɤɫɢɦɢɪɭɟɦ ɞɥя ɤаɠɞɨɝɨ ɭɡɥа ɢ ɡа-
ɩɢɫываɟɦ в вɢɞɟ вɟɤɬɨɪа ɩɪавɨɣ чаɫɬɢ ̅ܨ  .௜,௝ሺ�ሻܨ=
 
5.3 ɇоɪɦɚлɶɧɚɹ сисɬеɦɚ  

ɞиффеɪеɧɰиɚлɶɧыɯ уɪɚвɧеɧиɣ. 
Вɟɪɧɟɦɫя ɤ ɢɫхɨɞɧɨɦɭ ɞɢффɟɪɟɧɰɢаɥьɧɨɦɭ 
ɭɪавɧɟɧɢɸ (2), ɩɨɞɫɬавɢв в ɟɝɨ ɩɪавɭɸ чаɫɬь 
ɧаɣɞɟɧɧыɟ аɩɩɪɨɤɫɢɦɢɪɭɸɳɢɟ фɭɧɤɰɢɢ. В 
ɢɬɨɝɟ ɷɬɨ ɩɨɥɭчɢɬɫя ɧɨɪɦаɥьɧая ɫɢɫɬɟɦа ɞɢф-
фɟɪɟɧɰɢаɥьɧых ɭɪавɧɟɧɢɣ. В ɦаɬɪɢчɧɨɦ ɢ 
вɟɤɬɨɪɧɨɦ вɢɞɟ ɨɧа ɦɨɠɟɬ ɛыɬь ɩɪɟɞɫɬавɥɟɧа 
ɤаɤ: 

 ���� = �ܷ̅ +  (14)                  ܨ̅

 
Иɡвɟɫɬɧыɦ ɪɟшɟɧɢɟɦ ɬаɤɨɣ ɫɢɫɬɟɦы, ɫɨ-
ɝɥаɫɧɨ ɬɟɨɪɢɢ ɨɛыɤɧɨвɟɧɧых ɞɢффɟɪɟɧɰɢ-
аɥьɧых ɭɪавɧɟɧɢɣ явɥяɟɬɫя вɟɤɬɨɪ: 
 ܷ̅ = ݁��Ȳ̅ + ∫ ݁�ሺ�−�ሻ̅ܨሺ�ሻ݀��଴          (15) 
    ˆˇˈ  Ȳ̅= ܷ̅ሺͲሻ −  ˅ˈˍ˕ˑ˓ ː˃˚˃ˎ˟ː˞˘ ˖˔ˎˑ˅ˋˌ 
 
Маɬɪɢчɧая ɷɤɫɩɨɧɟɧɬа ݁��, ɫɨɝɥаɫɧɨ ɬɟɨɪɢɢ 
фɭɧɤɰɢɣ ɨɬ ɦаɬɪɢɰ, ɨɩɪɟɞɟɥяɟɬɫя ɞɥя ɫɢɦ-
ɦɟɬɪɢчɧых ɦаɬɪɢɰ в вɢɞɟ ɪаɡɥɨɠɟɧɢя ɀɨɪ-
ɞаɧа, ɤаɤ: 
 ݁�� = ܶ݁�ܶ−ଵ,   

 ݁� = ൮݁�భ� Ͳ ڮ ͲͲ ݁�మ� ڮ Ͳڭ ڭ ⋱ Ͳڭ Ͳ ڮ ݁���)      ሺͳ͸ሻ 
   
ɝɞɟ T - ɦаɬɪɢɰа ɫɨɛɫɬвɟɧɧых вɟɤɬɨɪɨв А, 
λ1,λ2,…,λn - ɫɨɛɫɬвɟɧɧыɟ чɢɫɥа А 
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ДɅə ɁАДАЧ ɅɈɄАɅɖɇɈȽɈ СɌАɌИЧȿСɄɈȽɈ ɊАСЧȿɌА  

ɌɊȿХɆȿɊɇЫХ ɄɈɇСɌɊɍɄЦИɃ 
С ɉɈСɌɈəɇɇЫɆИ ɎИɁИɄɈ-ȽȿɈɆȿɌɊИЧȿСɄИɆИ  

ɉАɊАɆȿɌɊАɆИ ВДɈɅɖ ɈСɇɈВɇɈȽɈ ɇАɉɊАВɅȿɇИə 
 

М.Л. Мозɝаɥева1, П.А. Акимов1,2 
1 Мɨɫɤɨвɫɤɢɣ ɝɨɫɭɞаɪɫɬвɟɧɧыɣ ɫɬɪɨɢɬɟɥьɧыɣ ɭɧɢвɟɪɫɢɬɟɬ, ɝ. Мɨɫɤва, РОССИə 

2 Рɨɫɫɢɣɫɤая аɤаɞɟɦɢя аɪхɢɬɟɤɬɭɪы ɢ ɫɬɪɨɢɬɟɥьɧых ɧаɭɤ, ɝ. Мɨɫɤва, РОССИə 
 

АɇɇɈɌАЦИə: Сɬаɬья ɨɬɤɪываɟɬ ɫɟɪɢɸ ɪаɛɨɬ, ɩɨɫвяɳɟɧɧɭɸ вɟɪɢфɢɤаɰɢɢ ɪаɡɪаɛɨɬаɧɧɨɣ авɬɨɪаɦɢ 
ɭɫɨвɟɪшɟɧɫɬвɨваɧɧɨɣ вɟɣвɥɟɬ-ɪɟаɥɢɡаɰɢɢ ɞɢɫɤɪɟɬɧɨ-ɤɨɧɬɢɧɭаɥьɧɨɝɨ ɦɟɬɨɞа ɤɨɧɟчɧых ɷɥɟɦɟɧɬɨв ɩɪɢ-
ɦɟɧɢɬɟɥьɧɨ ɤ ɡаɞачаɦ ɥɨɤаɥьɧɨɝɨ ɪаɫчɟɬа ɬɪɟхɦɟɪɧых ɫɬɪɨɢɬɟɥьɧых ɤɨɧɫɬɪɭɤɰɢɣ ɫ ɩɨɫɬɨяɧɧыɦɢ фɢɡɢ-
ɤɨ-ɝɟɨɦɟɬɪɢчɟɫɤɢɦɢ ɩаɪаɦɟɬɪаɦɢ вɞɨɥь ɨɫɧɨвɧɨɝɨ ɧаɩɪавɥɟɧɢя. Вɟɪɢфɢɤаɰɢя ɨɫɭɳɟɫɬвɥяɟɬɫя ɩɭɬɟɦ 
ɫɪавɧɟɧɢя ɫɨɨɬвɟɬɫɬвɭɸɳɢх ɪɟɡɭɥьɬаɬɨв (ɩɟɪɟɦɟɳɟɧɢɣ ɢ ɧаɩɪяɠɟɧɢɣ) ɫ ɞаɧɧыɦɢ, ɩɨɥɭчɟɧɧыɦɢ ɫ ɢɫ-
ɩɨɥьɡɨваɧɢɟɦ ɞɢɫɤɪɟɬɧɨ-ɤɨɧɬɢɧɭаɥьɧɨɝɨ ɦɟɬɨɞа ɤɨɧɟчɧых ɷɥɟɦɟɧɬɨв. 
 

Ʉлючевые словɚ: ɞɢɫɤɪɟɬɧɨ-ɤɨɧɬɢɧɭаɥьɧыɣ ɦɟɬɨɞ ɤɨɧɟчɧых ɷɥɟɦɟɧɬɨв, вɟɣвɥɟɬ-ɪɟаɥɢɡаɰɢя, 
ɥɨɤаɥьɧыɣ ɫɬаɬɢчɟɫɤɢɣ ɪаɫчɟɬ, вɟɪɢфɢɤаɰɢя, ɬɪɟхɦɟɪɧыɟ ɤɨɧɫɬɪɭɤɰɢɢ,  

ɩɨɫɬɨяɧɧыɟ фɢɡɢɤɨ-ɝɟɨɦɟɬɪɢчɟɫɤɢɟ ɩаɪаɦɟɬɪы 
 
 

ABOUT VERIFICATION OF ADVANCED WAVELET-BASED  
DISCRETE-CONTINUAL FINITE ELEMENT METHOD  
FOR THE PROBLEMS OF LOCAL STATIC ANALYSIS  

OF THREE-DIMENSIONAL STRUCTURES 
WITH CONSTANT PHYSICAL AND GEOMETRICAL  

PARAMETERS ALONG BASIC DIRECTION 
 

Marina L. Mozgaleva, Pavel A. Akimov 
Moscow State University of Civil Engineering, Moscow, RUSSIA 

Russian Academy of Architecture and Construction Sciences, Moscow, RUSSIA 
 

ABSTRACT: The distinctive paper begins a series of works devoted to the verification of advanced wavelet-
based discrete-continual finite element method of local structural analysis, proposed by authors. Local static 
analysis of three-dimensional structures with constant physical and geometrical parameters along basic direction 
is under consideration. Verification is performed by comparing the results (displacements and stresses) of linear 
analysis of three-dimensional structures with the use of discrete-continual finite element method. 

 
Key words: discrete-continual finite element method, finite element method, static analysis, 

deep beam, constant physical and geometrical parameters 
 
 

ВВȿДȿɇИȿ 
 
Аɥɝɨɪɢɬɦ ɪɟшɟɧɢя ɬɪɟхɦɟɪɧых ɡаɞач ɬɟɨɪɢɢ 
ɭɩɪɭɝɨɫɬɢ ɞɢɫɤɪɟɬɧɨ-ɤɨɧɬɢɧɭаɥьɧыɦ ɦɟɬɨ-
ɞɨɦ в ɛаɡɢɫɟ Хааɪа (ɞвɭɦɟɪɧыɣ ɫɥɭчаɣ) ɩɨ-
ɞɪɨɛɧɨ ɪаɫɫɦɨɬɪɟɧ, в чаɫɬɧɨɫɬɢ, в ɪаɛɨɬɟ [1]. 

Дɥя ɥɨɤаɥɢɡаɰɢɢ ɪɟшɟɧɢя в выɛɪаɧɧых ɡɨ-
ɧах (ɭɦɟɧьшɟɧɢɟ ɤɨɥɢчɟɫɬва ɧɟɢɡвɟɫɬɧых) 
ɩɪɟɞɥɨɠɟɧа ɦɟɬɨɞɢɤа ɪɟɞɭɤɰɢɢ (ɨɫɪɟɞɧɟɧɢя) 
ɧɟɢɡвɟɫɬɧых ɢ ɪаɡɪаɛɨɬаɧ ɫɨɨɬвɟɬɫɬвɭɸɳɢɣ 
аɥɝɨɪɢɬɦ ɞɥя чɢɫɥɟɧɧɨɝɨ ɪɟшɟɧɢя (ɫɦ., 
ɧаɩɪɢɦɟɪ, ɪаɛɨɬɭ [2]).  
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Рис. 1.1. Расчɟɬɧая схɟɦа ɬрɟхɦɟрɧɨɝɨ ɛруса. 

 
В ɧаɫɬɨяɳɟɣ ɫɬаɬьɟ ɩɪɟɞɫɬавɥɟɧɨ ɫɨɩɨɫɬав-
ɥɟɧɢɟ ɪɟшɟɧɢɣ, ɩɨɥɭчɟɧɧых ɫ ɢɫɩɨɥьɡɨваɧɢ-
ɟɦ ɪɟɞɭɤɰɢɢ ɢ ɛɟɡ ɧɟɟ, ɧа ɩɪɢɦɟɪɟ ɫɬаɬɢчɟ-
ɫɤɨɝɨ ɪаɫчɟɬа ɬɪɟхɦɟɪɧɨɝɨ ɛɪɭɫа. 
 
 
1. ɉɈСɌАɇɈВɄА ɁАДАЧИ 
 
Пɭɫɬь ɬɪɟɛɭɟɬɫя ɨɩɪɟɞɟɥɢɬь ɧаɩɪяɠɟɧɢя ɢ 
ɩɟɪɟɦɟɳɟɧɢя ɬɪɟхɦɟɪɧɨɝɨ ɛɪɭɫа, ɛɨɤɨвыɟ 
вɟɪɬɢɤаɥьɧыɟ ɝɪаɧɢ ɤɨɬɨɪɨɝɨ шаɪɧɢɪɧɨ ɡа-
ɤɪɟɩɥɟɧы (ɪɢɫ. 1.1).  
Ƚɟɨɦɟɬɪɢчɟɫɤɢɟ ɪаɫчɟɬɧыɟ ɩаɪаɦɟɬɪы: 

300L  ɫɦ (ɞɥɢɧа); 501 h  ɫɦ (шɢɪɢɧа); 
502 h  ɫɦ (выɫɨɬа); 150a  ɫɦ. Раɫчɟɬɧыɟ 

ɩаɪаɦɟɬɪы ɦаɬɟɪɢаɥа ɛаɥɤɢ: 3000E  
ɤН/ɫɦ2, 16.0 . Раɫчɟɬɧыɟ ɩаɪаɦɟɬɪы 
вɧɟшɧɟɣ ɧаɝɪɭɡɤɢ: 100P  ɤН. 
 
 
2. ЧИСɅȿɇɇɈȿ ɊȿɒȿɇИȿ 
 
Пɨɫɤɨɥьɤɭ чɢɫɥɟɧɧɨɟ ɪɟшɟɧɢɟ ɩɪɨвɨɞɢɬɫя в 
ɞɢɫɤɪɟɬɧɨɦ ɞвɭɦɟɪɧɨɦ ɛаɡɢɫɟ Хааɪа, ɫɟɬɨч-
ɧая ɪаɡɛɢвɤа ɩɨɩɟɪɟчɧɨɝɨ ɫɟчɟɧɢя ɫɨɞɟɪɠɢɬ 
в ɤаɠɞɨɦ ɧаɩɪавɥɟɧɢɢ MN 2 -ɭɡɥɨв. M – 
ɦаɤɫɢɦаɥьɧыɣ ɭɪɨвɟɧь фɭɧɤɰɢɣ Хааɪа. В 
ɪаɫɫɦаɬɪɢваɟɦɨɦ ɩɪɢɦɟɪɟ 3M . В ɫɢɥɭ 
чɟɬɧɨɫɬɢ ɤɨɥɢчɟɫɬва ɭɡɥɨв, в чаɫɬɧɨɫɬɢ ɩɨ 

ɝɨɪɢɡɨɧɬаɥьɧɨɦɭ ɧаɩɪавɥɟɧɢɸ, ɢɫхɨɞɧая 
ɧаɝɪɭɡɤа ɛɭɞɟɬ ɫɨɫɪɟɞɨɬɨчɟɧа в ɞвɭх ɰɟɧ-
ɬɪаɥьɧых ɭɡɥɨвых ɬɨчɤах в ɫɟɪɟɞɢɧɧɨɣ 
ɩɥɨɫɤɨɫɬɢ ɩɨɩɟɪɟчɧɨɝɨ ɫɟчɟɧɢя (ɪɢɫ. 2.1). 

2N 2N  – ɨɛɳɟɟ ɤɨɥɢчɟɫɬвɨ ɭɡɥɨв ɫɟɬɨчɧɨɣ 
ɨɛɥаɫɬɢ в ɟɞɢɧɢчɧɨɦ ɛаɡɢɫɟ, ɡɞɟɫь 

2N 6482  . Каɠɞɨɦɭ ɭɡɥɭ ɫɨɨɬвɟɬɫɬвɭɟɬ 
ɨɞɧа ɛаɡɢɫɧая ɫɟɬɨчɧая фɭɧɤɰɢя-вɟɤɬɨɪ ɟɞɢ-
ɧɢчɧɨɝɨ ɛаɡɢɫа. Пɪɢ ɪɟшɟɧɢɢ ɬɪɟхɦɟɪɧɨɣ 
ɡаɞачɢ ɬɟɨɪɢɢ ɭɩɪɭɝɨɫɬɢ ɞɢɫɤɪɟɬɧɨ-
ɤɨɧɬɢɧɭаɥьɧыɦ ɦɟɬɨɞɨɦ в ɤаɠɞɨɦ ɭɡɥɟ ɫɨ-
ɫɪɟɞɨɬɨчɟɧɨ 6 ɧɟɢɡвɟɫɬɧых (ɫɦ., ɧаɩɪɢɦɟɪ, 
ɪаɛɨɬɭ Д3Ж), ɫɥɟɞɨваɬɟɥьɧɨ, ɨɛɳɟɟ ɤɨɥɢчɟ-
ɫɬвɨ ɧɟɢɡвɟɫɬɧых sN 26N 384 . 

Сɟɬɨчɧая ɨɛɥаɫɬь ɞɥя ɪаɫɫɦаɬɪɢваɟɦɨɝɨ 
ɩɪɢɦɟɪа ɩɪɢ ɩɟɪɟхɨɞɟ ɤ ɛаɡɢɫɭ Хааɪа ɩɪɟɞ-
ɫɬавɥɟɧа ɧа ɪɢɫ. 2.2. Пɪɢ ɷɬɨɦ ɩɨɥɭчаɟɦ 16 
ɭɡɥɨв ɭɪɨвɧя 0, 4 ɭɡɥа ɭɪɨвɧя 1 ɢ 1 ɭɡɟɥ 
ɭɪɨвɧя 2. Нɟɫɦɨɬɪя ɧа ɬɨ, чɬɨ ɤɨɥɢчɟɫɬвɨ 
ɭɡɥɨв ɭɦɟɧьшɢɥɨɫь, ɪаɡɦɟɪɧɨɫɬь ɫɟɬɨчɧɨɣ 
ɨɛɥаɫɬɢ ɫɨхɪаɧяɟɬɫя, ɩɨɫɤɨɥьɤɭ ɤаɠɞɨɦɭ ɭɡ-
ɥɭ ɫɨɨɬвɟɬɫɬвɭɟɬ ɬɪɢ ɛаɡɢɫɧыɟ вɟɤɬɨɪ-
фɭɧɤɰɢɢ ɞɢɫɤɪɟɬɧɨɝɨ ɛаɡɢɫа Хааɪа, ɤɨɬɨɪыɣ 
ɞɥя ɩɨɥɧɨɬы ɞɨɩɨɥɧяɟɬɫя ɧа ɩɨɫɥɟɞɧɟɦ (2-
ɨɦ) ɭɪɨвɧɟ ɧɨɪɦɢɪɨваɧɧыɦ ɤɨɧɫɬаɧɬɧыɦ 
вɟɤɬɨɪɨɦ (ɫɦ., ɧаɩɪɢɦɟɪ, ɪаɛɨɬɭ Д3Ж), ɬ.ɟ. 
 

2641631)1416(3 NNH  . 



О вɟɪɢфɢɤаɰɢɢ вɟɣвɥɟɬ-ɪɟаɥɢɡаɰɢɢ ɞɢɫɤɪɟɬɧɨ-ɤɨɧɬɢɧɭаɥьɧɨɝɨ ɦɟɬɨɞа ɤɨɧɟчɧых ɷɥɟɦɟɧɬɨв ɞɥя ɡаɞач 
ɥɨɤаɥьɧɨɝɨ ɫɬаɬɢчɟɫɤɨɝɨ ɪаɫчɟɬа ɬɪɟхɦɟɪɧых ɤɨɧɫɬɪɭɤɰɢɣ ɫ ɩɨɫɬɨяɧɧыɦɢ фɢɡɢɤɨ-ɝɟɨɦɟɬɪɢчɟɫɤɢɦɢ 
ɩаɪаɦɟɬɪаɦɢ вɞɨɥь ɨɫɧɨвɧɨɝɨ ɧаɩɪавɥɟɧɢя 
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- ɭɡɥɵ ɫɟɬɨɱɧɵɯ ɮɭɧɤɰɢɣ ɜ ɟɞɢɧɢɱɧɨɦ ɛɚɡɢɫɟ  
Рис. 2.1. ɋхɟɦа ɩриɥɨɠɟɧия ɧаɝруɡки. 

 
Пɟɪɟхɨɞ ɨɬ ɟɞɢɧɢчɧɨɝɨ ɛаɡɢɫа ɤ ɛаɡɢɫɭ 
Хааɪа явɥяɟɬɫя вɡаɢɦɧɨɨɞɧɨɡɧачɧыɦ ɥɢɧɟɣ-
ɧыɦ ɩɪɟɨɛɪаɡɨваɧɢɟɦ. Иɫɤɨɦɨɟ ɪɟшɟɧɢɟ ɡа-
ɞачɢ ɩɨɥɭчаɟɦ ɢɡ ɩɨɥɭчɟɧɧɨɝɨ ɪɟшɟɧɢя в 
ɛаɡɢɫɟ Хааɪа, ɞɟɣɫɬвɭя ɧа ɧɟɝɨ ɨɛɪаɬɧыɦ 
ɩɪɟɨɛɪаɡɨваɧɢɟɦ. Ваɠɧыɦ ɦɨɦɟɧɬɨɦ явɥя-
ɟɬɫя вɨɡɦɨɠɧɨɫɬь ɥɨɤаɥɢɡаɰɢɢ ɪɟшɟɧɢя в 
выɛɪаɧɧых ɡɨɧах. В ɩɪɟɞɫɬавɥɟɧɧɨɦ ɩɪɢɦɟ-
ɪɟ ɬаɤая ɥɨɤаɥɢɡаɰɢя ɛыɥа в ɡɨɧɟ ɩɨɞ 
ɧаɝɪɭɡɤɨɣ. С ɷɬɨɣ ɰɟɥьɸ вɟɪхɧяя ɩɨɥɨвɢɧа 
ɫɟɬɤɢ ɛыɥа ɨɫɬавɥɟɧа ɛɟɡ ɢɡɦɟɧɟɧɢя. В ɧɢɠ-
ɧɟɣ ɩɨɥɨвɢɧɟ ɩɪɨɢɡвɟɞɟɧа ɪɟɞɭɤɰɢя ɭɡɥɨв 
ɭɪɨвɧя 0 (ɫɦ. ɪɢɫ. 2.3). 
Таɤɢɦ ɨɛɪаɡɨɦ, ɪаɡɦɟɪɧɨɫɬь ɫɟɬɨчɧɨɣ ɨɛɥа-
ɫɬɢ ɭɦɟɧьшɢɥаɫь 
 

401391)148(3 HrN  
Сɨɨɬвɟɬɫɬвɟɧɧɨ, ɭɦɟɧьшɢɥɨɫь ɨɛɳɟɟ ɤɨɥɢ-
чɟɫɬвɨ ɧɟɢɡвɟɫɬɧых, ɬ.ɟ. 
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3. СɈɉɈСɌАВɅȿɇИȿ ɊȿɁɍɅɖɌАɌɈВ 
ɊАСЧȿɌА 

 
На ɪɢɫɭɧɤах 3.1-3.9 ɩɪɟɞɫɬавɥɟɧы выɛɨɪɨч-
ɧыɟ ɫɨɩɨɫɬавɥɟɧɢя ɧаɩɪяɠɟɧɢɣ ɢ ɩɟɪɟɦɟɳɟ-
ɧɢɣ, ɩɨɥɭчɟɧɧых ɛɟɡ ɪɟɞɭɤɰɢɢ ɢ ɫ ɢɫɩɨɥьɡɨ-
ваɧɢɟɦ ɪɟɞɭɤɰɢɢ ɩɨ ɧɟɤɨɬɨɪыɦ хаɪаɤɬɟɪɧыɦ 
ɫɟчɟɧɢяɦ ɤɨɧɫɬɪɭɤɰɢɢ. Пɪɢ ɷɬɨɦ ɧɨɦɟɪа ɭɡ-
ɥɨв ɢɡɦɟɧяɥɢɫь в ɫɥɟɞɭɸɳɢх ɞɢаɩаɡɨɧах 
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Нɨɦɟɪа ɭɡɥɨв ɫɨɫɪɟɞɨɬɨчɟɧɢя ɧаɝɪɭɡɨɤ 
(ɪɢɫ. 2.1): 
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Оɬɫɭɬɫɬвɭɸɳɟɟ в ɥɟɝɟɧɞɟ ɝɪафɢɤа ɬɪɟɬьɟ 
ɢɡɦɟɪɟɧɢɟ ɩɪɟɞɫɬавɥɟɧɨ ɝɨɪɢɡɨɧɬаɥьɧɨɣ 
ɨɫьɸ ɤɨɨɪɞɢɧаɬ ɧа ɝɪафɢɤɟ. 
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i1

i2
- ɭɡɥɵ ɫɟɬɨɱɧɵɯ ɮɭɧɤɰɢɣ ɭɪɨɜɧя 0
- ɭɡɥɵ ɫɟɬɨɱɧɵɯ ɮɭɧɤɰɢɣ ɭɪɨɜɧя 1

- ɭɡɥɵ ɫɟɬɨɱɧɵɯ ɮɭɧɤɰɢɣ ɭɪɨɜɧя 2
 

Рис. 2.2. ɋɟɬɨчɧая ɨɛɥасɬь ɩри ɩɟрɟхɨɞɟ к ɛаɡису Хаара. 
 

i1

i2
- ɭɡɥɵ ɫɟɬɨɱɧɵɯ ɮɭɧɤɰɢɣ ɭɪɨɜɧя 0
- ɭɡɥɵ ɫɟɬɨɱɧɵɯ ɮɭɧɤɰɢɣ ɭɪɨɜɧя 1

- ɭɡɥɵ ɫɟɬɨɱɧɵɯ ɮɭɧɤɰɢɣ ɭɪɨɜɧя 2

- ɭɡɥɵ ɫɟɬɨɱɧɵɯ ɮɭɧɤɰɢɣ ɭɪɨɜɧя 1, 

ɢɫɩɨɥɶɡɭɟɦɵɟ ɞɥя ɨɫɪɟɞɧɟɧɢя

 
Рис. 2.3. ɋхɟɦа рɟɞукɰии ɡаɞачи.
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Рис. 3.1. ɋɨɩɨсɬавɥɟɧиɟ ɩɟрɟɦɟщɟɧиɣ 2u  ɛруса. 
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Рис. 3.2. ɋɨɩɨсɬавɥɟɧиɟ ɩɟрɟɦɟщɟɧиɣ 1u  ɛруса. 
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Рис. 3.3. ɋɨɩɨсɬавɥɟɧиɟ ɩɟрɟɦɟщɟɧиɣ 1u  ɛруса. 
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Рис. 3.4. ɋɨɩɨсɬавɥɟɧиɟ ɩɟрɟɦɟщɟɧиɣ 1u  ɛруса. 
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Рис. 3.5. ɋɨɩɨсɬавɥɟɧиɟ ɧаɩряɠɟɧиɣ 1,1  ɛруса. 
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Рис. 3.6. ɋɨɩɨсɬавɥɟɧиɟ ɧаɩряɠɟɧиɣ 2,2  ɛруса. 



М.Ʌ. Мɨɡɝаɥɟва, П.А. Аɤɢɦɨв 

International Journal for Computational Civil and Structural Engineering 134 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

0 10 20 30 40 50

-0.12

-0.08

-0.04

0

0.04

0.08

0.12

S33 i1=3, i3=3

ɛɟɡ ɪɟɞɭɤ ɰɢɢ
ɪɟɞɭɤ ɰɢя

 
Рис. 3.7. ɋɨɩɨсɬавɥɟɧиɟ ɧаɩряɠɟɧиɣ 3,3  ɛруса. 

 

0 10 20 30 40 50

0

0.004

0.008

0.012

0.016

0.02

S12 i1=3, i3=14

ɛɟɡ ɪɟɞɭɤɰɢɢ
ɪɟɞɭɤ ɰɢя

 
Рис. 3.8. ɋɨɩɨсɬавɥɟɧиɟ ɧаɩряɠɟɧиɣ 2,1  ɛруса. 
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Рис. 3.9. ɋɨɩɨсɬавɥɟɧиɟ ɧаɩряɠɟɧиɣ 3,1  ɛруса. 

 
Пɪɟɞɫɬавɥɟɧɧыɟ ɧɢɠɟ ɝɪафɢчɟɫɤɢɟ ɫɪавɧɢ-
ɬɟɥьɧыɟ ɢɥɥɸɫɬɪаɰɢɢ ɩɨɡвɨɥяɸɬ ɫɞɟɥаɬь 
вывɨɞ ɨ хɨɪɨшɟɣ ɫɨɝɥаɫɨваɧɧɨɫɬɢ ɪɟɡɭɥьɬа-
ɬɨв в ɡɨɧɟ ɥɨɤаɥɢɡаɰɢɢ. 
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Ɉ ВȿɊИɎИɄАЦИИ ВȿɃВɅȿɌ-ɊȿАɅИɁАЦИИ ДИСɄɊȿɌɇɈ-
ɄɈɇɌИɇɍАɅɖɇɈȽɈ ɆȿɌɈДА ɄɈɇȿЧɇЫХ ɗɅȿɆȿɇɌɈВ  
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М.Л. Мозɝаɥева1, П.А. Акимов1,2 
1 Мɨɫɤɨвɫɤɢɣ ɝɨɫɭɞаɪɫɬвɟɧɧыɣ ɫɬɪɨɢɬɟɥьɧыɣ ɭɧɢвɟɪɫɢɬɟɬ, ɝ. Мɨɫɤва, РОССИə 

2 Рɨɫɫɢɣɫɤая аɤаɞɟɦɢя аɪхɢɬɟɤɬɭɪы ɢ ɫɬɪɨɢɬɟɥьɧых ɧаɭɤ, ɝ. Мɨɫɤва, РОССИə 
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ɭɫɨвɟɪшɟɧɫɬвɨваɧɧɨɣ вɟɣвɥɟɬ-ɪɟаɥɢɡаɰɢɢ ɞɢɫɤɪɟɬɧɨ-ɤɨɧɬɢɧɭаɥьɧɨɝɨ ɦɟɬɨɞа ɤɨɧɟчɧых ɷɥɟɦɟɧɬɨв ɩɪɢ-
ɦɟɧɢɬɟɥьɧɨ ɤ ɡаɞачаɦ ɥɨɤаɥьɧɨɝɨ ɪаɫчɟɬа ɬɪɟхɦɟɪɧых ɫɬɪɨɢɬɟɥьɧых ɤɨɧɫɬɪɭɤɰɢɣ ɫ ɤɭɫɨчɧɨ-
ɩɨɫɬɨяɧɧыɦɢ фɢɡɢɤɨ-ɝɟɨɦɟɬɪɢчɟɫɤɢɦɢ ɩаɪаɦɟɬɪаɦɢ ɩɨ ɨɫɧɨвɧɨɦɭ ɧаɩɪавɥɟɧɢɸ. Вɟɪɢфɢɤаɰɢя ɨɫɭ-
ɳɟɫɬвɥяɟɬɫя ɩɭɬɟɦ ɫɪавɧɟɧɢя ɫɨɨɬвɟɬɫɬвɭɸɳɢх ɪɟɡɭɥьɬаɬɨв (ɩɟɪɟɦɟɳɟɧɢɣ ɢ ɧаɩɪяɠɟɧɢɣ) ɫ ɞаɧɧыɦɢ, 
ɩɨɥɭчɟɧɧыɦɢ ɫ ɢɫɩɨɥьɡɨваɧɢɟɦ ɞɢɫɤɪɟɬɧɨ-ɤɨɧɬɢɧɭаɥьɧɨɝɨ ɦɟɬɨɞа ɤɨɧɟчɧых ɷɥɟɦɟɧɬɨв. 
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ABSTRACT: This paper continues a series of works devoted to the verification of advanced wavelet-based dis-
crete-continual finite element method of local structural analysis, proposed by authors. Local static analysis of 
three-dimensional structures with piecewise constant physical and geometrical parameters along basic direction 
is under consideration. Verification is performed by comparing the results (displacements and stresses) of linear 
analysis of three-dimensional structures with the use of discrete-continual finite element method. 
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ВВȿДȿɇИȿ 
 
В ɧаɫɬɨяɳɟɣ ɫɬаɬьɟ ɩɪɨɞɨɥɠɟɧɨ ɫɨɩɨɫɬавɥɟ-
ɧɢɟ ɪɟшɟɧɢɣ, ɩɨɥɭчɟɧɧых ɫ ɢɫɩɨɥьɡɨваɧɢɟɦ 
ɪɟɞɭɤɰɢɢ ɢ ɛɟɡ ɧɟɟ (ɫɦ., ɧаɩɪɢɦɟɪ, ɪаɛɨɬɭ 

Д1Ж), ɧа ɩɪɢɦɟɪɟ ɫɬаɬɢчɟɫɤɨɝɨ ɪаɫчɟɬа ɬɪɟх-
ɦɟɪɧɨɝɨ ɛɪɭɫа, ɫɨɫɬɨяɳɟɝɨ ɢɡ ɞвɭх ɨɛɥаɫɬɟɣ. 
Пɪɢ ɷɬɨɦ, фɢɡɢɤɨ-ɝɟɨɦɟɬɪɢчɟɫɤɢɟ хаɪаɤɬɟ-
ɪɢɫɬɢɤɢ ɤаɠɞɨɣ ɫɨɫɬавɥяɸɳɟɣ ɨɬɥɢчɧы ɞɪɭɝ 
ɨɬ ɞɪɭɝа.  
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Рис. 1.1. Расчɟɬɧая схɟɦа ɬрɟхɦɟрɧɨɝɨ ɛруса. 

 
1. ɉɈСɌАɇɈВɄА ɁАДАЧИ 
 
Пɭɫɬь ɬɪɟɛɭɟɬɫя ɨɩɪɟɞɟɥɢɬь ɧаɩɪяɠɟɧɢя ɢ 
ɩɟɪɟɦɟɳɟɧɢя ɬɪɟхɦɟɪɧɨɝɨ ɛɪɭɫа, ɛɨɤɨвыɟ 
вɟɪɬɢɤаɥьɧыɟ ɝɪаɧɢ ɤɨɬɨɪɨɝɨ шаɪɧɢɪɧɨ ɡа-
ɤɪɟɩɥɟɧы (ɪɢɫ. 1).  
Ƚɟɨɦɟɬɪɢчɟɫɤɢɟ ɪаɫчɟɬɧыɟ ɩаɪаɦɟɬɪы: 

600L  ɫɦ (ɞɥɢɧа); 501 h  ɫɦ (шɢɪɢɧа); 
502 h  ɫɦ (выɫɨɬа); 1501 a  ɫɦ, 4502 a  

ɫɦ. Раɫчɟɬɧыɟ ɩаɪаɦɟɬɪы ɦаɬɟɪɢаɥа ɛаɥɤɢ: 
ɞɥя ɩɟɪвɨɣ ɩɨɥɨвɢɧы 30001 E  ɤН/ɫɦ2, 

16.01  , ɞɥя вɬɨɪɨɣ ɩɨɥɨвɢɧы 35002 E  

ɤН/ɫɦ2, 14.02   Раɫчɟɬɧыɟ ɩаɪаɦɟɬɪы 
вɧɟшɧɟɣ ɧаɝɪɭɡɤɢ: 10021  PP  ɤН. 
 
 
2. ЧИСɅȿɇɇɈȿ ɊȿɒȿɇИȿ 
 
Каɤ ɭɠɟ ɨɬɦɟчаɥɨɫь в ɪаɛɨɬɟ Д1Ж, ɫɟɬɨчɧая 
ɪаɡɛɢвɤа ɩɨɩɟɪɟчɧɨɝɨ ɫɟчɟɧɢя ɫɨɞɟɪɠɢɬ в 
ɤаɠɞɨɦ ɧаɩɪавɥɟɧɢɢ MN 2 -ɭɡɥɨв. M – 
ɦаɤɫɢɦаɥьɧыɣ ɭɪɨвɟɧь фɭɧɤɰɢɣ Хааɪа. В 
ɪаɫɫɦаɬɪɢваɟɦɨɦ ɩɪɢɦɟɪɟ 3M . В ɫɢɥɭ 

чɟɬɧɨɫɬɢ ɤɨɥɢчɟɫɬва ɭɡɥɨв, в чаɫɬɧɨɫɬɢ ɩɨ 
ɝɨɪɢɡɨɧɬаɥьɧɨɦɭ ɧаɩɪавɥɟɧɢɸ, ɢɫхɨɞɧая 
ɧаɝɪɭɡɤа ɛɭɞɟɬ ɫɨɫɪɟɞɨɬɨчɟɧа в ɞвɭх ɰɟɧ-
ɬɪаɥьɧых ɭɡɥɨвых ɬɨчɤах ɫɟɪɟɞɢɧɧɨɣ ɩɥɨɫ-
ɤɨɫɬɢ ɩɨɩɟɪɟчɧɨɝɨ ɫɟчɟɧɢя ɤаɠɞɨɣ ɩɨɥɨвɢ-
ɧы ɛɪɭɫа ɤаɤ ɷɬɨ ɫхɟɦаɬɢчɧɨ ɩɨɤаɡаɧɨ ɧа 
ɪɢɫ. 2.1. 

2
2

1
2 NN  2N  – ɨɛɳɟɟ ɤɨɥɢчɟɫɬвɨ ɭɡɥɨв ɫɟ-

ɬɨчɧɨɣ ɨɛɥаɫɬɢ в ɟɞɢɧɢчɧɨɦ ɛаɡɢɫɟ ɞɥя 1-ɨɣ 
ɢ 2-ɨɣ ɨɛɥаɫɬɢ ɫɬыɤɨвɤɢ, ɫɨɨɬвɟɬɫɬвɟɧɧɨ. В 
ɪаɫɫɦаɬɪɢваɟɦɨɦ ɫɥɭчаɟ  2

2
1
2 NN 6482  . 

Каɠɞɨɦɭ ɭɡɥɭ ɫɨɨɬвɟɬɫɬвɭɟɬ ɨɞɧа ɛаɡɢɫɧая 
ɫɟɬɨчɧая фɭɧɤɰɢя-вɟɤɬɨɪ ɟɞɢɧɢчɧɨɝɨ ɛаɡɢɫа. 
Пɪɢ ɪɟшɟɧɢɢ ɬɪɟхɦɟɪɧɨɣ ɡаɞачɢ ɬɟɨɪɢɢ 
ɭɩɪɭɝɨɫɬɢ ɞɢɫɤɪɟɬɧɨ-ɤɨɧɬɢɧɭаɥьɧыɦ ɦɟɬɨ-
ɞɨɦ в ɤаɠɞɨɦ ɭɡɥɟ ɫɨɫɪɟɞɨɬɨчɟɧɨ 6 ɧɟɢɡ-
вɟɫɬɧых Д2Ж, ɫɥɟɞɨваɬɟɥьɧɨ, ɨɛɳɟɟ ɤɨɥɢчɟ-
ɫɬвɨ ɧɟɢɡвɟɫɬɧых ɞɥя ɤаɠɞɨɣ ɨɛɥаɫɬɢ 

21
ss NN  26N 384 . Таɤɢɦ ɨɛɪаɡɨɦ, ɨɛɳɟɟ 

ɤɨɥɢчɟɫɬвɨ ɧɟɢɡвɟɫɬɧых ɞɥя вɫɟɣ ɡаɞачɢ 
ɪавɧɨ ɫɭɦɦɟ ɧɟɢɡвɟɫɬɧых ɩɨ ɨɬɞɟɥьɧыɦ ɨɛ-
ɥаɫɬяɦ, ɬ.ɟ.  
 sN 21

ss NN  768 . 



О вɟɪɢфɢɤаɰɢɢ вɟɣвɥɟɬ-ɪɟаɥɢɡаɰɢɢ ɞɢɫɤɪɟɬɧɨ-ɤɨɧɬɢɧɭаɥьɧɨɝɨ ɦɟɬɨɞа ɤɨɧɟчɧых ɷɥɟɦɟɧɬɨв ɞɥя ɡаɞач 
ɥɨɤаɥьɧɨɝɨ ɫɬаɬɢчɟɫɤɨɝɨ ɪаɫчɟɬа ɬɪɟхɦɟɪɧых ɤɨɧɫɬɪɭɤɰɢɣ ɫ ɤɭɫɨчɧɨ-ɩɨɫɬɨяɧɧыɦɢ фɢɡɢɤɨ-ɝɟɨɦɟɬɪɢчɟɫɤɢɦɢ 
ɩаɪаɦɟɬɪаɦɢ вɞɨɥь ɨɫɧɨвɧɨɝɨ ɧаɩɪавɥɟɧɢя 
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- ɭɡɥɵ ɫɟɬɨɱɧɵɯ ɮɭɧɤɰɢɣ ɜ ɟɞɢɧɢɱɧɨɦ ɛɚɡɢɫɟ  
Рис. 2.1. ɋхɟɦа ɩриɥɨɠɟɧия ɧаɝруɡки. 

 
Сɟɬɨчɧая ɨɛɥаɫɬь ɞɥя ɪаɫɫɦаɬɪɢваɟɦɨɝɨ 
ɩɪɢɦɟɪа ɩɪɢ ɩɟɪɟхɨɞɟ ɤ ɛаɡɢɫɭ Хааɪа ɩɪɟɞ-
ɫɬавɥɟɧа ɧа ɪɢɫ. 2.2. Пɪɢ ɷɬɨɦ ɩɨɥɭчаɟɦ 16 
ɭɡɥɨв ɭɪɨвɧя 0, 4 ɭɡɥа ɭɪɨвɧя 1 ɢ 1 ɭɡɟɥ 
ɭɪɨвɧя 2. Раɡɦɟɪɧɨɫɬь ɫɟɬɨчɧɨɣ ɨɛɥаɫɬɢ ɫɨ-
хɪаɧяɟɬɫя, ɩɨɫɤɨɥьɤɭ ɤаɠɞɨɦɭ ɭɡɥɭ ɫɨɨɬвɟɬ-
ɫɬвɭɟɬ ɬɪɢ ɛаɡɢɫɧыɟ вɟɤɬɨɪ-фɭɧɤɰɢɢ ɞɢɫ-
ɤɪɟɬɧɨɝɨ ɛаɡɢɫа Хааɪа, ɤɨɬɨɪыɣ ɞɥя ɩɨɥɧɨɬы 
ɞɨɩɨɥɧяɟɬɫя ɧа ɩɨɫɥɟɞɧɟɦ (2-ɨɦ) ɭɪɨвɧɟ 
ɧɨɪɦɢɪɨваɧɧыɦ ɤɨɧɫɬаɧɬɧыɦ вɟɤɬɨɪɨɦ, ɬ.ɟ.  
 

641631)1416(3 HN . 
 
Пɟɪɟхɨɞ ɨɬ ɟɞɢɧɢчɧɨɝɨ ɛаɡɢɫа ɤ ɛаɡɢɫɭ 
Хааɪа явɥяɟɬɫя вɡаɢɦɧɨ ɨɞɧɨɡɧачɧыɦ ɥɢ-
ɧɟɣɧыɦ ɩɪɟɨɛɪаɡɨваɧɢɟɦ. Иɫɤɨɦɨɟ ɪɟшɟɧɢɟ 
ɡаɞачɢ ɩɨɥɭчаɟɦ ɢɡ ɩɨɥɭчɟɧɧɨɝɨ ɪɟшɟɧɢя в 
ɛаɡɢɫɟ Хааɪа, ɞɟɣɫɬвɭя ɧа ɧɟɝɨ ɨɛɪаɬɧыɦ 
ɩɪɟɨɛɪаɡɨваɧɢɟɦ. Ʌɨɤаɥɢɡаɰɢя ɪɟшɟɧɢя в 
ɩɪɟɞɫɬавɥɟɧɧɨɦ ɩɪɢɦɟɪɟ ɛыɥа в ɡɨɧɟ ɩɨɞ 
ɧаɝɪɭɡɤɨɣ. Пɨɷɬɨɦɭ вɟɪхɧяя ɩɨɥɨвɢɧа ɫɟɬɤɢ 
ɛыɥа ɨɫɬавɥɟɧа ɛɟɡ ɢɡɦɟɧɟɧɢя.  

В ɧɢɠɧɟɣ ɩɨɥɨвɢɧɟ ɩɪɨɢɡвɟɞɟɧа ɪɟɞɭɤɰɢя 
ɭɡɥɨв ɭɪɨвɧя 0 (ɫɦ. ɪɢɫ. 2.3). 
В ɪаɫɫɦаɬɪɢваɟɦɨɦ ɫɥɭчаɟ ɞɥя ɤаɠɞɨɣ ɨɛɥа-
ɫɬɢ ɩɪɢɦɟɧяɥаɫь ɨɞɢɧаɤɨвая ɪɟɞɭɤɰɢя, чɬɨ 
ɧɟ явɥяɟɬɫя ɨɛяɡаɬɟɥьɧыɦ. Таɤɢɦ ɨɛɪаɡɨɦ, 
ɪаɡɦɟɪɧɨɫɬь ɫɟɬɨчɧɨɣ ɨɛɥаɫɬɢ ɭɦɟɧьшɢɥаɫь 
ɢ ɫɨɫɬавɢɥа ɞɥя ɤаɠɞɨɣ ɢɡ ɨɛɥаɫɬɟɣ ɡɧачɟɧɢɟ 
 

401391)148(3 HrN . 
 

Сɨɨɬвɟɬɫɬвɟɧɧɨ, ɭɦɟɧьшɢɥɨɫь ɨɛɳɟɟ ɤɨɥɢ-
чɟɫɬвɨ ɧɟɢɡвɟɫɬɧых, ɬ.ɟ. 
 

srN HrN62 4802402   

 
 
3. СɈɉɈСɌАВɅȿɇИȿ ɊȿɁɍɅɖɌАɌɈВ  

ɊАСЧȿɌА 
 

Сɨɩɨɫɬавɥɟɧɢɟ ɪɟɡɭɥьɬаɬɨв ɩɪɨвɨɞɢɥɨɫь ɞɥя 
ɩɪɨɞɨɥьɧɨɣ ɨɫɢ ɫɨɫɬавɧɨɝɨ ɛɪɭɫа (ɧаɩɪавɥɟ-
ɧɢɟ 3x ), ɩɪɨхɨɞяɳɟɣ чɟɪɟɡ ɭɡɟɥ ɫ ɧɨɦɟɪɨɦ 

)4,4(),( 21 ii  (ɫɦ. ɪɢɫ. 3.1). 
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Рис. 2.2. ɋɟɬɨчɧая ɨɛɥасɬь ɩри ɩɟрɟхɨɞɟ к ɛаɡису Хаара. 
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Рис. 2.3. ɋхɟɦа рɟɞукɰии ɡаɞачи.
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Рис. 2.4. ɋхɟɦа расɩɨɥɨɠɟɧия уɡɥɨв сɨɩɨсɬавɥɟɧия. 
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Рис. 3.1. ɋɨɩɨсɬавɥɟɧиɟ ɩɟрɟɦɟщɟɧиɣ 1u  ɛруса. 
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Рис. 3.2. ɋɨɩɨсɬавɥɟɧиɟ ɩɟрɟɦɟщɟɧиɣ 2u  ɛруса. 
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Рис. 3.3. ɋɨɩɨсɬавɥɟɧиɟ ɩɟрɟɦɟщɟɧиɣ 3u  ɛруса. 
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Рис. 3.4. ɋɨɩɨсɬавɥɟɧиɟ ɧаɩряɠɟɧиɣ 1,1  ɛруса. 
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Рис. 3.5. ɋɨɩɨсɬавɥɟɧиɟ ɧаɩряɠɟɧиɣ 2,1  ɛруса. 
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Рис. 3.6. ɋɨɩɨсɬавɥɟɧиɟ ɧаɩряɠɟɧиɣ 2,2  ɛруса. 

 

-400 -200 0 200 400

-0.004

-0.002

0

0.002

0.004

SIGMA 13

ɛɟɡ ɪɟɞɭɤɰɢɢ
ɪɟɞɭɤɰɢя

 
Рис. 3.7. ɋɨɩɨсɬавɥɟɧиɟ ɧаɩряɠɟɧиɣ 3,1  ɛруса. 

 



О вɟɪɢфɢɤаɰɢɢ вɟɣвɥɟɬ-ɪɟаɥɢɡаɰɢɢ ɞɢɫɤɪɟɬɧɨ-ɤɨɧɬɢɧɭаɥьɧɨɝɨ ɦɟɬɨɞа ɤɨɧɟчɧых ɷɥɟɦɟɧɬɨв ɞɥя ɡаɞач 
ɥɨɤаɥьɧɨɝɨ ɫɬаɬɢчɟɫɤɨɝɨ ɪаɫчɟɬа ɬɪɟхɦɟɪɧых ɤɨɧɫɬɪɭɤɰɢɣ ɫ ɤɭɫɨчɧɨ-ɩɨɫɬɨяɧɧыɦɢ фɢɡɢɤɨ-ɝɟɨɦɟɬɪɢчɟɫɤɢɦɢ 
ɩаɪаɦɟɬɪаɦɢ вɞɨɥь ɨɫɧɨвɧɨɝɨ ɧаɩɪавɥɟɧɢя 

Volume 10, Issue 3, 2014 145 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

-400 -200 0 200 400

-0.08

-0.04

0

0.04

0.08

SIGMA 23

ɛɟɡ ɪɟɞɭɤɰɢɢ
ɪɟɞɭɤɰɢя

 
Рис. 3.8. ɋɨɩɨсɬавɥɟɧиɟ ɧаɩряɠɟɧиɣ 3,2  ɛруса. 
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Рис. 3.9. ɋɨɩɨсɬавɥɟɧиɟ ɧаɩряɠɟɧиɣ 3,3  ɛруса.
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Выɛɪаɧɧая ɞɥя ɫɪавɧɟɧɢя ɬɨчɤа, ɧахɨɞяɫь в 
ɡɨɧɟ ɥɨɤаɥɢɡаɰɢɢ, ɦаɤɫɢɦаɥьɧɨ ɛɥɢɡɤа ɤ 
ɡɨɧɟ ɨɫɪɟɞɧɟɧɢя. Тɟɦ ɧɟ ɦɟɧɟɟ, ɩɪɟɞɫɬав-
ɥɟɧɧыɟ в ɝɪафɢчɟɫɤɨɦ вɢɞɟ ɫɨɩɨɫɬавɥɟɧɢя 
ɤɨɦɩɨɧɟɧɬɨв ɧаɩɪяɠɟɧɧɨ-
ɞɟфɨɪɦɢɪɨваɧɧɨɝɨ ɫɨɫɬɨяɧɢя, ɩɨɥɭчɟɧɧых 
ɛɟɡ ɪɟɞɭɤɰɢɢ, ɫ ɫɨɨɬвɟɬɫɬвɭɸɳɢɦɢ ɤɨɦɩɨ-
ɧɟɧɬаɦɢ НДС, ɩɨɥɭчɟɧɧых ɩɪɢ ɩɪɢɦɟɧɟɧɢɢ 
ɪɟɞɭɤɰɢɢ, в ɰɟɥɨɦ ɩɨɡвɨɥяɸɬ ɫɞɟɥаɬь вывɨɞ 
ɨ хɨɪɨшɟɣ ɫɨɝɥаɫɨваɧɧɨɫɬɢ ɪɟɡɭɥьɬаɬɨв. 
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ВɊȿɆȿɇɇɈɃ АɇАɅИɁ ɊȿАɄЦИИ ДИСɄɊȿɌɇЫХ СИСɌȿɆ 
С ɍЧЁɌɈɆ ɎИɁИЧȿСɄɈɃ И ɄɈɇСɌɊɍɄɌИВɇɈɃ 
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ɝ. Чɟɥяɛɢɧɫɤ, РОССИə 
 

АɇɇɈɌАЦИə: В ɫɬаɬьɟ ɪаɫɫɦаɬɪɢваɟɬɫя ɩɪɢɥɨɠɟɧɢɟ ɦɟɬɨɞа вɪɟɦɟɧɧɨɝɨ аɧаɥɢɡа ɤ ɡаɞачаɦ ɞɢɧаɦɢɤɢ 
ɞɢɫɤɪɟɬɧых ɞɢɫɫɢɩаɬɢвɧых ɫɢɫɬɟɦ ɫ ɭчёɬɨɦ фɢɡɢчɟɫɤɨɣ ɢ ɤɨɧɫɬɪɭɤɬɢвɧɨɣ ɧɟɥɢɧɟɣɧɨɫɬɢ. Пɪɢвɨɞяɬɫя 
ɭɪавɧɟɧɢя ɦаɬɟɦаɬɢчɟɫɤɢх ɦɨɞɟɥɟɣ ɪаɫчёɬа, ɩɨɡвɨɥяɸɳɢɟ ɫ ɟɞɢɧых ɩɨɡɢɰɢɣ ɨɩɪɟɞɟɥяɬь ɞɢɧаɦɢчɟɫɤɭɸ 
ɪɟаɤɰɢɸ ɫɢɫɬɟɦы ɞɥя ɭɤаɡаɧɧых вɢɞɨв ɧɟɥɢɧɟɣɧɨɫɬɢ. Пɨɤаɡаɧɨ ɞва ɩɪɢɦɟɪа ɪаɫчёɬа ɤɨɧɫɬɪɭɤɰɢɣ ɧа ɞɟɣ-
ɫɬвɢɟ ɫɢɧɭɫɨɢɞаɥьɧɨɣ ɢɦɩɭɥьɫɧɨɣ ɧаɝɪɭɡɤɢ. В ɩɟɪвɨɦ ɩɪɢɦɟɪɟ ɪаɫɫɦаɬɪɢваɸɬɫя 2 ваɪɢаɧɬа ɪаɫчёɬа 3-х-
ɫɬɟɪɠɧɟвɨɣ фɟɪɦɟɧɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ. В ɨɞɧɨɦ ваɪɢаɧɬɟ ɞаёɬɫя аɧаɥɢɡ ɭɩɪɭɝɨɩɥаɫɬɢчɟɫɤɢх ɤɨɥɟɛаɧɢɣ ɫ 
ɩɨɫɬɪɨɟɧɢɟɦ ɦɧɨɝɨɰɢɤɥɨвɨɣ ɞɢаɝɪаɦɦы ɞɟфɨɪɦɢɪɨваɧɢя ɞɥя ɨɞɧɨɝɨ ɢɡ ɫɬɟɪɠɧɟɣ. В ɞɪɭɝɨɦ ваɪɢаɧɬɟ – 
ɧаɪяɞɭ ɫ фɢɡɢчɟɫɤɢ-ɧɟɥɢɧɟɣɧɨɣ ɭчɬɟɧа ɢ ɤɨɧɫɬɪɭɤɬɢвɧɨ-ɧɟɥɢɧɟɣɧая ɪаɛɨɬа ɫɢɫɬɟɦы, ɫвяɡаɧɧая ɫ ɩɨɬɟɪɟɣ 
ɭɫɬɨɣчɢвɨɫɬɢ ɨɞɧɨɝɨ ɢɡ ɫɠаɬых ɫɬɟɪɠɧɟɣ. Вɨ вɬɨɪɨɦ ɩɪɢɦɟɪɟ ɪаɫɫɦɨɬɪɟɧа ɠёɫɬɤɨ ɡаɳɟɦɥёɧɧая ɞвɭɬав-
ɪɨвая ɦɟɬаɥɥɢчɟɫɤая ɛаɥɤа, ɨɩɨɪɧыɟ ɭɡɥы ɤɨɬɨɪɨɣ выɩɨɥɧɟɧы в вɢɞɟ ɛɨɥɬɨвɨɝɨ ɫɨɟɞɢɧɟɧɢя. Уɫɥɨвɢя 
ɠёɫɬɤɨɝɨ ɡаɳɟɦɥɟɧɢя ɨɩɨɪ ɨɛɟɫɩɟчɢваɸɬɫя ɫ ɩɨɦɨɳьɸ ɩɪɟɞваɪɢɬɟɥьɧɨɝɨ ɧаɬяɠɟɧɢя ɛɨɥɬɨв. Пɪɨвɟɞёɧ 
аɧаɥɢɡ НДС ɛɨɥɬɨвɨɝɨ ɫɨɟɞɢɧɟɧɢя, ɢ ɩɨɤаɡаɧɨ вɥɢяɧɢɟ ɭɩɪɭɝɨɩɥаɫɬɢчɟɫɤɨɝɨ ɞɟфɨɪɦɢɪɨваɧɢя ɛɨɥɬɨв ɧа 
ɠёɫɬɤɨɫɬь ɷɬɨɝɨ ɫɨɟɞɢɧɟɧɢя. Выявɥɟɧы ɭɫɥɨвɢя, ɩɪɢ ɤɨɬɨɪых ɤɨɧɫɬɪɭɤɬɢвɧая ɧɟɥɢɧɟɣɧɨɫɬь ɦɨɠɟɬ ɩɪɨ-
явɥяɬьɫя ɛɟɡ ɩɨɬɟɪɢ ɧɟɫɭɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ (ɪаɡɪɭшɟɧɢя) ɛɨɥɬɨв. 
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TIME ANALYSIS OF DISCREET SYSTEMS REACTION 
WITH ACCOUNTING PHYSICAL AND CONSTRUCTIONAL 

NONLINEARITY 
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ABSTRACT: The article deals with the application of the method of time analysis to problems of dynamics of 
discrete dissipative systems, taking into account the material and structural nonlinearity. The mathematical models 
equations of calculation, which allow a unified position to determine the dynamic reaction of the system for these 
types of nonlinearity. Shown two examples of calculation of structures on the effect of sinusoidal pulse load. The 
first example considers two options for calculating 3-rod truss. In one option, the elastoplastic analysis of the 
oscillations is given to the construction of multi-cycle deformation curve for one of the rods. Alternatively - along 
with material nonlinearity considered and constructive-nonlinearity operation of the system is associated with a 
loss of the stability of a compressed rods. The second example shows a rigidly clamped double-tee metal beam, 
support units of which are in the form of bolted connection. Terms of hard pinching poles are provided with the 
help of pretension of the bolts. The analysis of deflected mode of bolted joint was carry out, and the influence of 
elastoplastic deformation of the bolts on the hardness of the compound was shown. The conditions, under which 
the structural nonlinearity can appear without loss of bearing capacity (fracture) bolts, was exposed. 

 
Key words: method, time analysis, mathematical model, matrix, vector, deformation curve, oscillations,  
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ВВȿДȿɇИȿ 
 
В ɩɨɫɥɟɞɧɟɟ вɪɟɦя ɪаɫɬёɬ ɢɧɬɟɪɟɫ ɤ ɤɨɥɟɛа-
ɧɢяɦ ɫɢɫɬɟɦ ɫ фɢɡɢчɟɫɤɨɣ ɢ ɤɨɧɫɬɪɭɤɬɢвɧɨɣ 
ɧɟɥɢɧɟɣɧɨɫɬьɸ. Вɨ ɦɧɨɝɨɦ ɷɬɨ ɫвяɡаɧɨ ɫ ɪɨ-
ɫɬɨɦ ɢ ɭɫɥɨɠɧɟɧɢɟɦ ɞɢɧаɦɢчɟɫɤɢх ɧаɝɪɭɡɨɤ 
(вɤɥɸчая аваɪɢɣɧыɟ), в ɪɟɡɭɥьɬаɬɟ ɤɨɬɨɪых в 
ɧɟɫɭɳɢх ɷɥɟɦɟɧɬах ɩɨявɥяɸɬɫя ɩɥаɫɬɢчɟɫɤɢɟ 
ɞɟфɨɪɦаɰɢɢ, а в ɪяɞɟ ɫɥɭчаɟв ɩɪɨɢɫхɨɞɢɬ ɪаɡ-
ɪɭшɟɧɢɟ ɨɬɞɟɥьɧых ɷɥɟɦɟɧɬɨв ɢɥɢ чаɫɬɟɣ 
ɤɨɧɫɬɪɭɤɰɢɢ. Дɪɭɝɨɣ ɫɬɨɪɨɧɨɣ ɩɪɨɛɥɟɦы яв-
ɥяɟɬɫя ɧɟɞɨɫɬаɬɨɤ ɢɫɫɥɟɞɨваɧɢɣ ɬɟɨɪɟɬɢчɟ-
ɫɤɨɝɨ хаɪаɤɬɟɪа в ɨɬɧɨшɟɧɢɢ ɡаɞач ɤɨɥɟɛа-
ɧɢɣ ɩɨвɪɟɠɞёɧɧых ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɨɬɫɭɬɫɬвɢɟ 
ɧаɞёɠɧых ɢ ɷффɟɤɬɢвɧых ɦɟɬɨɞɨв ɪаɫчёɬа 
ɬаɤɢх ɤɨɧɫɬɪɭɤɰɢɣ, ɩɨɡвɨɥяɸɳɢх аɞɟɤваɬɧɨ 
ɭчɢɬываɬь ɷффɟɤɬ ɪаɡɪɭшɟɧɢя ɫвяɡɟɣ Д1, 2Ж. 
В ɫɢɥɭ ɫɩɟɰɢфɢчɧɨɫɬɢ ɤɨɥɟɛаɬɟɥьɧɨɝɨ ɩɪɨ-
ɰɟɫɫа ɧɟɪɟɞɤɨ вɨɡɧɢɤаɸɬ ɬаɤɢɟ ɫɢɬɭаɰɢɢ, ɤɨ-
ɝɞа ɨɞɢɧ вɢɞ ɧɟɥɢɧɟɣɧɨɫɬɢ ɫɢɫɬɟɦы выɡы-
ваɟɬ ɩɨявɥɟɧɢɟ ɧɟɥɢɧɟɣɧɨɫɬɢ ɞɪɭɝɨɝɨ вɢɞа. 
Таɤ, ɭɩɪɭɝɨɩɥаɫɬɢчɟɫɤɢɟ ɤɨɥɟɛаɧɢя ɦɨɝɭɬ ɫɨ-
ɩɪɨвɨɠɞаɬьɫя ɩɪɨявɥɟɧɢɟɦ ɤɨɧɫɬɪɭɤɬɢвɧɨ 
ɧɟɥɢɧɟɣɧых ɫвɨɣɫɬв ɫɢɫɬɟɦы ɩɪɢ выɤɥɸчɟ-
ɧɢɢ ɢɡ ɪаɛɨɬы ɨɞɧɨɝɨ ɢɥɢ ɧɟɫɤɨɥьɤɢх ɧɟɫɭ-
ɳɢх ɷɥɟɦɟɧɬɨв. Оɞɧаɤɨ аɧаɥɢɡ ɤɨɥɟɛаɧɢɣ 
ɭɩɪɭɝɨɩɥаɫɬɢчɟɫɤɢх ɫɢɫɬɟɦ ɩɨɤаɡываɟɬ, чɬɨ 
ɫɥɭчаɢ вɨɡɧɢɤɧɨвɟɧɢя ɤɨɧɫɬɪɭɤɬɢвɧɨɣ ɧɟɥɢ-
ɧɟɣɧɨɫɬɢ ɦɨɝɭɬ ɩɪɨɢɫхɨɞɢɬь ɢ ɛɟɡ выɤɥɸчɟ-
ɧɢя ɧɟɫɭɳɢх ɷɥɟɦɟɧɬɨв ɢɡ ɪаɛɨɬы.  
Пɪɨɛɥɟɦы ɬаɤɨɝɨ ɪɨɞа ɫвяɡаɧы ɫ ɧɟɨɛхɨɞɢ-
ɦɨɫɬьɸ ɭчɟɬа ɢɡɦɟɧɟɧɢя ɪаɫчёɬɧɨɣ ɫхɟɦы ɫɨ-
ɨɪɭɠɟɧɢя в ɩɪɨɰɟɫɫɟ ɭɩɪɭɝɨɩɥаɫɬɢчɟɫɤɨɝɨ 
аɧаɥɢɡа, ɩɨɷɬɨɦɭ ɨɧɢ ɞɨɫɬаɬɨчɧɨ ɫɥɨɠɧы ɢ 
ɬɪɭɞɧɨɞɨɫɬɭɩɧы ɞɥя ɢɫɫɥɟɞɨваɧɢя. В ɫɬаɬьɟ в 
ɪаɦɤах ɬɟɨɪɢɢ вɪɟɦɟɧɧɨɝɨ аɧаɥɢɡа ɪаɫɫɦаɬ-
ɪɢваɸɬɫя ɡаɞачɢ ɤɨɥɟɛаɧɢɣ ɞɢɫɤɪɟɬɧых ɞɢɫ-
ɫɢɩаɬɢвɧых ɫɢɫɬɟɦ (ДДС) ɫ фɢɡɢчɟɫɤɨɣ ɢ 
ɤɨɧɫɬɪɭɤɬɢвɧɨɣ ɧɟɥɢɧɟɣɧɨɫɬьɸ. 
 
 
ДИАȽɊАɆɆА  ɀЁСɌɄɈСɌИ 
 
Дɥя ɨɩɢɫаɧɢя фɢɡɢчɟɫɤɢ ɧɟɥɢɧɟɣɧɨɝɨ ɩɪɨ-
ɰɟɫɫа ɛɭɞɟɦ ɦɨɞɟɥɢɪɨваɬь ɞɢɧаɦɢчɟɫɤɭɸ 
вɨɫɫɬаɧавɥɢваɸɳɭɸ ɫɢɥɭ (ДВС) ɛɢɥɢɧɟɣɧɨɣ 

ɡавɢɫɢɦɨɫɬьɸ ɨɬ ɩɟɪɟɦɟɳɟɧɢɣ 0ABC ɫ ɪаɡ-
ɝɪɭɡɤɨɣ (ɪɢɫɭɧɨɤ 1). На ɪɢɫɭɧɤɟ ɩɨɤаɡаɧа 
ɞɢаɝɪаɦɦа ɠёɫɬɤɨɫɬɢ j-ɣ ɤɨɦɩɨɧɟɧɬы вɟɤɬɨɪа 
ДВС R(t) в ɤɨɨɪɞɢɧаɬах ( ) ( )k

jR t  з вj(t) (вɨɫɫɬа-
ɧавɥɢваɸɳая ɫɢɥа – ɨɬɧɨɫɢɬɟɥьɧɨɟ ɩɟɪɟɦɟ-
ɳɟɧɢɟ), ɝɞɟ ɢɧɞɟɤɫ k ɨɬɧɨɫɢɬɫя ɤ k-ɦɭ ɧɟɫɭ-
ɳɟɦɭ ɷɥɟɦɟɧɬɭ ɞɢɫɤɪɟɬɧɨɣ ɫɢɫɬɟɦы. 
В ɨɛɳɟɦ ɫɥɭчаɟ вɟɥɢчɢɧа ( ) ( )k

jR t  ɫɨɞɟɪɠɢɬ 
ɤваɡɢɥɢɧɟɣɧɭɸ, ɩɪɟɞɟɥьɧɭɸ ɢ ɨɫɬаɬɨчɧɭɸ 
ɫɨɫɬавɥяɸɳɢɟ ДВС ɫɨɨɬвɟɬɫɬвɟɧɧɨ: ( )

, ( )k
e jR t , 

( )
, ( )k

ijuR t , ( )
, ( )k

ip jR t , фɨɪɦɢɪɭɟɦыɟ в ɡавɢɫɢɦɨɫɬɢ 
ɨɬ i-ɝɨ ɫɨɫɬɨяɧɢя ɫɢɫɬɟɦы. 
Ввɟɞёɦ ɨɛɨɡɧачɟɧɢя: rk = tg , rk,1 = tg 1. Тɨ-
ɝɞа ɡаɤɨɧ ɢɡɦɟɧɟɧɢя ДВС k-ɝɨ ɧɟɫɭɳɟɝɨ ɷɥɟ-
ɦɟɧɬа ɛɭɞɟɬ ɢɦɟɬь вɢɞ: 
 
 
 

Рис. 1.  Диаɝраɦɦа ɠёсɬкɨсɬи 
  k-ɝɨ ɧɟсущɟɝɨ эɥɟɦɟɧɬа 

j-ɣ кɨɦɩɨɧɟɧɬы вɟкɬɨра R(t) 
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ɭчаɫɬɨɤ 0А: ( ) ( )k
jR t  = ( )

, ( )k
e jR t  = rk yk(t); 

–––//––– AB: ( ) ( )k
jR t  = rk,1 yk(t) + ( )

, ( )k
ijuR t ; 

–––//––– BC: ( ) ( )k
jR t  = rk yk(t) – ( )

, ( )k
ip jR t , (1) 

ɝɞɟ: rk = rk – rk,1; ( )
, ( )k

ijuR t  = rk y0;  

( )
, ( )k

ip jR t  = rk yp(ti). 

 
Зɞɟɫь ti – вɪɟɦя ɧачаɥа ɧɟɥɢɧɟɣɧɨɣ ɪаɛɨɬы 
(ɫɨɨɬвɟɬɫɬвɭɟɬ ɬɨчɤɟ A ɧа ɞɢаɝɪаɦɦɟ) ɢɥɢ 
ɧачаɥа ɪаɡɝɪɭɡɤɢ (ɬɨчɤа B) в k-ɦ ɷɥɟɦɟɧɬɟ; y0 – 
ɩɪɟɞɟɥьɧɨɟ ɭɩɪɭɝɨɟ ɩɟɪɟɦɟɳɟɧɢɟ (ɫɨɨɬвɟɬ-
ɫɬвɭɟɬ ɬɨчɤɟ A); yp(ti) = ( )

,
k

pl jy  – ɩɥаɫɬɢчɟɫɤɨɟ 
ɩɟɪɟɦɟɳɟɧɢɟ, ɧаɤɨɩɥɟɧɧɨɟ в k-ɦ ɷɥɟɦɟɧɬɟ ɤ 
ɦɨɦɟɧɬɭ вɪɟɦɟɧɢ ti. 
Пɪɢ вɧɟɡаɩɧɨɦ выɤɥɸчɟɧɢɢ k-ɝɨ ɷɥɟɦɟɧɬа ɢɡ 
ɪаɛɨɬы ɩɪɨɢɫхɨɞɢɬ ɢɡɦɟɧɟɧɢɟ ɠёɫɬɤɨɫɬɢ ɫɢ-
ɫɬɟɦы, в ɪɟɡɭɥьɬаɬɟ чɟɝɨ ɟё ɩɨвɟɞɟɧɢɟ ɩɪɢɨɛ-
ɪɟɬаɟɬ ɤɨɧɫɬɪɭɤɬɢвɧɨ-ɧɟɥɢɧɟɣɧыɣ хаɪаɤɬɟɪ. 
Ƚɪафɢчɟɫɤɢ ɷɬɨ ɩɪɟɞɫɬавɥяɟɬɫя в вɢɞɟ ɥɨɦа-
ɧɨɣ ɥɢɧɢɢ 0ADE ɧа ɪɢɫɭɧɤɟ 1, ɤɨɬɨɪая ɢɦɟɟɬ 
ɪаɡɪыв в ɬ. А, вɨɡɧɢɤаɸɳɢɣ в ɦɨɦɟɧɬ выɤɥɸ-
чɟɧɢя ɷɥɟɦɟɧɬа k ɢɡ ɪаɛɨɬы. Пɪɢ ɭɫɥɨвɢɢ ɨɬ-
ɫɭɬɫɬвɢя ɭɩɪɭɝɨɩɥаɫɬɢчɟɫɤɢх ɞɟфɨɪɦаɰɢɣ 
ɥɢɧɢя ɞɟɣɫɬвɢя ɨɬɪɟɡɤа DE ɩɪɨхɨɞɢɬ чɟɪɟɡ 
ɧачаɥɨ ɤɨɨɪɞɢɧаɬ. 
 
 
ɆАɌȿɆАɌИЧȿСɄИȿ  ɆɈДȿɅИ 
ɇȿɅИɇȿɃɇɈȽɈ  ɊАСЧЁɌА 
 
Пɭɫɬь [K] – ɦаɬɪɢɰа ɠёɫɬɤɨɫɬɢ ɢɫхɨɞɧɨɣ ɞɢɫ-
ɤɪɟɬɧɨɣ ɦɨɞɟɥɢ, в ɤɨɬɨɪɨɣ вɫɟ ɤɨɧɫɬɪɭɤɬɢв-
ɧыɟ ɷɥɟɦɟɧɬы ɪаɛɨɬаɸɬ ɭɩɪɭɝɨ, а [Ki] – ɦаɬ-
ɪɢɰа ɠёɫɬɤɨɫɬɢ, фɨɪɦɢɪɭɟɦая в ɦɨɦɟɧɬ вɪɟ-
ɦɟɧɢ ti. Таɤɨɣ ɩɟɪɟхɨɞ ɫвяɡываɟɬɫя, ɤаɤ ɨɬɦɟ-
чаɥɨɫь ɪаɧɟɟ, ɫ ɧɟɥɢɧɟɣɧɨɣ ɪаɛɨɬɨɣ k-ɝɨ ɷɥɟ-
ɦɟɧɬа (ɧачаɥɨ ɬɟɤɭчɟɫɬɢ ɢɥɢ ɧачаɥɨ ɪаɡ-
ɝɪɭɡɤɢ). Нɢɠɟ ɞаɞɢɦ вɟɤɬɨɪɧɭɸ ɢɧɬɟɪɩɪɟɬа-
ɰɢɸ ɫɨɨɬɧɨшɟɧɢɣ (1). 
Кваɡɢɥɢɧɟɣɧая ɫɨɫɬавɥяɸɳая вɟɤɬɨɪа ДВС 
{ R(t)} ɪавɧа  
 

{ Re(t)} = [ Ki]{ Y(t)}, 
 

ɝɞɟ { Y(t)} – вɟɤɬɨɪ ɩɟɪɟɦɟɳɟɧɢɣ ɞɢɫɤɪɟɬɧɨɣ 
ɦɨɞɟɥɢ. Еɫɥɢ вɨ вɫɟх k-х ɤɨɧɫɬɪɭɤɬɢвɧых ɷɥɟ-
ɦɟɧɬах ɨɬɫɭɬɫɬвɭɸɬ ɩɥаɫɬɢчɟɫɤɢɟ ɞɟфɨɪɦа-
ɰɢɢ (ɭɩɪɭɝɢɟ ɤɨɥɟɛаɧɢя), ɬɨ [Ki] = [K], а ɧɟɥɢ-
ɧɟɣɧыɟ ɫɨɫɬавɥяɸɳɢɟ вɟɤɬɨɪа ДВС ɪавɧы 
ɧɭɥɸ: 
 

{ Ru(ti)}  = { Rp(ti)} = 0. 
 
С ɧачаɥɨɦ ɧɟɥɢɧɟɣɧɨɝɨ ɞɟфɨɪɦɢɪɨваɧɢя в k-
ɦ ɷɥɟɦɟɧɬɟ ɤɨɧɫɬɪɭɤɰɢɢ вɟɤɬɨɪ ɩɪɟɞɟɥьɧых 
ɭɫɢɥɢɣ ɩɪɢɧɢɦаɟɬ вɢɞ 
 

{ Ru(ti)} = [Ki]{ Yu},  ɝɞɟ  [Ki] = [K] – [Ki]. 
 
Вɟɤɬɨɪ ɩɪɟɞɟɥьɧых ɩɟɪɟɦɟɳɟɧɢɣ { Yu} ɫɬɪɨ-
ɢɬɫя в ɦɨɦɟɧɬ ɩɟɪɟхɨɞа ɫɢɫɬɟɦы в ɧɨвɨɟ (ɩɪɨ-
ɦɟɠɭɬɨчɧɨɟ) ɫɨɫɬɨяɧɢɟ {Yu} = { Y(ti)}. Еɫɥɢ в 
ɫɢɫɬɟɦɟ ɞɨ ɩɟɪɟхɨɞа в i-ɟ ɫɨɫɬɨяɧɢɟ ɭɠɟ вɨɡ-
ɧɢɤаɥɢ ɩɥаɫɬɢчɟɫɤɢɟ ɞɟфɨɪɦаɰɢɢ в ɞɪɭɝɢх 
ɧɟɫɭɳɢх ɷɥɟɦɟɧɬах, ɬɨ вɟɤɬɨɪ ɩɪɟɞɟɥьɧых 
ɭɫɢɥɢɣ ɫɥɟɞɭɟɬ ɡаɩɢɫываɬь в вɢɞɟ:  
 

{ Ru(ti)} = { Ru(ti–1)} + [Ki]{ Yu}, 
 
ɝɞɟ { Ru(ti–1)} ɫɬɪɨɢɬɫя ɩɪɢ ti–1 ɩɨ ɪɟɤɭɪɪɟɧɬ-
ɧɨɣ ɫхɟɦɟ. 
Пɪɢ ɪаɡɝɪɭɡɤɟ в k-ɦ ɷɥɟɦɟɧɬɟ ɫɢɫɬɟɦа вɨɡвɪа-
ɳаɟɬɫя ɤ ɩɪɟɞыɞɭɳɟɣ ɠёɫɬɤɨɫɬɢ, ɩɪɟɞшɟ-
ɫɬвɨвавшɟɣ i-ɦɭ ɫɨɫɬɨяɧɢɸ:  
 

[Ki] = [Ki–1] 
 
(ɟɫɥɢ ɞɨ ɷɬɨɝɨ в ɫɢɫɬɟɦɟ ɨɬɫɭɬɫɬвɨваɥɢ ɩɥа-
ɫɬɢчɟɫɤɢɟ ɞɟфɨɪɦаɰɢɢ, ɬɨ [Ki–1] = [K]). Вɟɤ-
ɬɨɪ ɨɫɬаɬɨчɧых ɭɫɢɥɢɣ ɨɩɪɟɞɟɥяɟɬɫя ɡавɢɫɢ-
ɦɨɫɬьɸ  
 

{ Rp(ti)} = [Ki–1]{ Yp}, 
 
ɝɞɟ { Yp} – вɟɤɬɨɪ ɨɫɬаɬɨчɧых ɩɟɪɟɦɟɳɟɧɢɣ, 
фɨɪɦɢɪɭɟɦыɣ ɩɪɢ ti. Еɫɥɢ ɪаɡɝɪɭɡɤа ɩɪɨɬɟ-
ɤаɟɬ ɫɪаɡɭ в ɧɟɫɤɨɥьɤɢх ɧɟɫɭɳɢх ɷɥɟɦɟɧɬах, 
фɨɪɦɭɥа ɞɥя ɨɫɬаɬɨчɧых ɭɫɢɥɢɣ ɛɭɞɟɬ ɢɦɟɬь 
вɢɞ:  
 

{ Rp(ti)}  = {Rp(ti–1)} + [Ki–1]{ Yp}. 
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Оɛɨɛɳая ɪɟɡɭɥьɬаɬы, ɩɨɥɭчɢɦ выɪаɠɟɧɢɟ 
вɟɤɬɨɪа ДВС: 
 
 { R(t)}  = [Ki]{ Y(t)}  + { B(ti)}, (2) 
 {B(ti)} = –{ Ru(ti)} + { Rp(ti)}. (3) 
 
Пɪɢ ɤɨɥɟɛаɧɢях ɤɨɧɫɬɪɭɤɬɢвɧɨ-ɧɟɥɢɧɟɣɧɨɣ 
ɫɢɫɬɟɦы, ɤɨɝɞа ɩɪɨɢɫхɨɞɢɬ вɧɟɡаɩɧɨɟ выɤɥɸ-
чɟɧɢɟ k-ɝɨ ɧɟɫɭɳɟɝɨ ɷɥɟɦɟɧɬа, вɟɥɢчɢɧа вɟɤ-
ɬɨɪа (3), ɨɬвɟчаɸɳɟɝɨ ɡа фɢɡɢчɟɫɤɢ ɧɟɥɢɧɟɣ-
ɧыɟ ɫвɨɣɫɬва вɟɤɬɨɪа ДВС, ɨɛɪаɳаɟɬɫя в 
ɧɭɥь. 
 
 
ɍɊАВɇȿɇИȿ  ДВИɀȿɇИə 
ДИСɄɊȿɌɇɈɃ  ДИССИɉАɌИВɇɈɃ 
СИСɌȿɆЫ 
 
На ɨɫɧɨвɟ фɨɪɦɭɥы (2) ɦɨɠɧɨ ɫфɨɪɦɢɪɨваɬь 
ɞɢффɟɪɟɧɰɢаɥьɧɨɟ ɭɪавɧɟɧɢɟ ɞвɢɠɟɧɢя ɤва-
ɡɢɥɢɧɟɣɧɨɣ ɫɢɫɬɟɦы (4), ɤɨɬɨɪɨɟ ɫɨвɦɟɫɬɧɨ ɫ 
ɧачаɥьɧыɦɢ ɭɫɥɨвɢяɦɢ (5) ɧа ɥɸɛɨɦ ɢɧɬɟɪ-
ваɥɟ ɞвɢɠɟɧɢя ɩɪɢ t  [ti, ti+1] ɢɦɟɟɬ вɢɞ: 
 

[Mi]{ ( )}Y t + [Ci]{ ( )}Y t + [Ki]{ Y(t)} =  

 = {P(t)} + { Q} + { B(ti)}, (4) 

 {Y(ti)} = { Y0}, { ( )iY t } = { 0Y }, (5) 

 
ɝɞɟ [Mi], [Ci], [Ki] – ɦаɬɪɢɰы ɦаɫɫ, ɞɟɦɩфɢɪɨ-
ваɧɢя ɢ ɠёɫɬɤɨɫɬɢ ɫɢɫɬɟɦы в i-ɦ ɫɨɫɬɨяɧɢɢ; 
{ P(t)}, { Q} – вɟɤɬɨɪы ɞɢɧаɦɢчɟɫɤɨɣ ɢ ɫɬаɬɢ-
чɟɫɤɨɣ ɧаɝɪɭɡɤɢ. 
Иɧɬɟɝɪɢɪɨваɧɢɟ ɭɪавɧɟɧɢя ɞвɢɠɟɧɢя (4) ɫвя-
ɡаɧɨ ɫ ɧɟɨɛхɨɞɢɦɨɫɬьɸ ɩɨɫɬɪɨɟɧɢя фɭɧɞа-
ɦɟɧɬаɥьɧых ɪɟшɟɧɢɣ. Маɬɪɢчɧая фɭɧɤɰɢя 
[Ф(t)] = [e iS t ] явɥяɟɬɫя фɭɧɞаɦɟɧɬаɥьɧɨɣ ɦаɬ-
ɪɢɰɟɣ ɨɞɧɨɪɨɞɧɨɝɨ ɨɛыɤɧɨвɟɧɧɨɝɨ ɞɢффɟ-
ɪɟɧɰɢаɥьɧɨɝɨ ɭɪавɧɟɧɢя (ОДУ), ɫɨɨɬвɟɬɫɬвɭ-
ɸɳɟɝɨ ɧɟɨɞɧɨɪɨɞɧɨɦɭ ɭɪавɧɟɧɢɸ (4), ɬɨɝɞа ɢ 
ɬɨɥьɤɨ ɬɨɝɞа, ɤɨɝɞа ɦаɬɪɢɰа [Si] ɭɞɨвɥɟɬвɨ-
ɪяɟɬ хаɪаɤɬɟɪɢɫɬɢчɟɫɤɨɦɭ ɦаɬɪɢчɧɨɦɭ ɤваɞ-
ɪаɬɧɨɦɭ ɭɪавɧɟɧɢɸ (МКУ): 
 
 [Mi][Si]2 + [Ci][Si] + [Ki] = 0. (6) 
 

Маɬɪɢɰа [Si] явɥяɟɬɫя ɦаɬɪɢɰɟɣ вɧɭɬɪɟɧɧɢх 
ɞɢɧаɦɢчɟɫɤɢх хаɪаɤɬɟɪɢɫɬɢɤ ДДС, ɩɨ-
ɫɤɨɥьɤɭ в ɧɟɣ ɫɨɞɟɪɠɢɬɫя вɫя ɫɩɟɤɬɪаɥьɧая 
ɢɧфɨɪɦаɰɢя ɨ ɫɨɛɫɬвɟɧɧых ɤɨɥɟɛаɧɢях ɞɢɫ-
ɤɪɟɬɧɨɣ ɦɨɞɟɥɢ в ɥɸɛɨɦ i-ɦ ɫɨɫɬɨяɧɢɢ [3]. 
Пɪɢ ɤɨɥɟɛаɧɢях фɢɡɢчɟɫɤɢ ɢ ɤɨɧɫɬɪɭɤɬɢвɧɨ-
ɧɟɥɢɧɟɣɧɨɣ ɫɢɫɬɟɦы ɭɪавɧɟɧɢя ɞвɢɠɟɧɢя ɫɨ-
хɪаɧяɸɬ ɫвɨɸ ɫɬɪɭɤɬɭɪɭ в фɨɪɦɟ ɡаɩɢɫɢ (4). 
Пɪɢ ɩɟɪɟхɨɞɟ ɫɢɫɬɟɦы в ɧɨвɨɟ (i+1)-ɟ ɫɨɫɬɨя-
ɧɢɟ ɩɪɨɢɫхɨɞɢɬ ɤɨɪɪɟɤɬɢɪɨвɤа (ɢɡɦɟɧɟɧɢɟ) 
ɩаɪаɦɟɬɪɨв ɪаɫчёɬɧɨɣ ɞɢɧаɦɢчɟɫɤɨɣ ɦɨɞɟɥɢ 
(РДМ). В ɥɟвых чаɫɬях ɭɪавɧɟɧɢɣ (4) ɢ (6) ɩɟ-
ɪɟɫчɢɬываɸɬɫя ɦаɬɪɢɰы [Mi+1], [Ci+1], [Ki+1], 
ɧа ɨɫɧɨвɟ ɤɨɬɨɪых вычɢɫɥяɟɬɫя ɧɨвɨɟ ɡɧачɟ-
ɧɢɟ [Si+1]. В ɩɪавɨɣ чаɫɬɢ ɭɪавɧɟɧɢя (4) фɨɪ-
ɦɢɪɭɸɬɫя вɟɤɬɨɪы {Ru(ti+1)}, { Rp(ti+1)}. Пɪɨ-
ɰɟɫɫ ɤɨɪɪɟɤɬɢɪɨвɤɢ ɩаɪаɦɟɬɪɨв РДМ ɡавɟɪ-
шаɟɬɫя ɨɛяɡаɬɟɥьɧɨɣ ɫɦɟɧɨɣ ɧачаɥьɧых ɭɫɥɨ-
вɢɣ (5). 
Таɤɨɟ ɦɨɞɟɥɢɪɨваɧɢɟ фɢɡɢчɟɫɤɢ ɢ ɤɨɧɫɬɪɭɤ-
ɬɢвɧɨ-ɧɟɥɢɧɟɣɧɨɝɨ ɩɪɨɰɟɫɫа ɩɨɡвɨɥяɟɬ ɫвɨ-
ɞɢɬь ɞɢɧаɦɢчɟɫɤɭɸ ɡаɞачɭ ɤ ɪаɡɪаɛɨɬаɧɧɨɦɭ 
ɪаɫчёɬɧɨɦɭ аɥɝɨɪɢɬɦɭ, ɩɪɢ ɤɨɬɨɪɨɦ ɧɟɭɩɪɭ-
ɝɢɣ аɧаɥɢɡ ɪаɫɫɦаɬɪɢваɟɬɫя ɤаɤ ɩɨɫɥɟɞɨва-
ɬɟɥьɧɨɫɬь ɪаɫчёɬа ɭɩɪɭɝɢх ɫɢɫɬɟɦ Д3Ж. Пɪɢ 
ɷɬɨɦ ɭɪавɧɟɧɢя ɞɢɧаɦɢчɟɫɤɨɣ ɪɟаɤɰɢɢ ɤваɡɢ-
ɥɢɧɟɣɧɨɣ ɦɨɞɟɥɢ ДДС ɧа ɢɧɬɟɪваɥɟ вɪɟɦɟɧɢ 
t  [ti, ti+1Ж ɩɪɢ ɩɪɨɢɡвɨɥьɧɨɦ вɧɟшɧɟɦ вɨɡ-
ɞɟɣɫɬвɢɢ ɡаɩɢɫываɸɬɫя ɬаɤ: 
 
 {Y(t)} = 2Re{Z(t)}, 

 { ( )Y t } = 2Re{[Si]{ Z(t)} },  
 { Y (t)} = 2Re{[Si]2{ Z(t)} } +  
 + [Mi–1]–1({ Q} + { P(t)} + { B(ti)}) (7) 
 
ɝɞɟ: 
 
 {Z( t )} = { Z0( t )} + { ZQR( t )} + { ZP( t )}, 
 {Z0( t )} = [ Ф( t )][Ui]–1[Мi]{ Ai}), 
 {ZQR( t )} = ([Ф( t )] – [E]){ Di}), (8) 

 {ZP( t )} = [ Ui]–1 T( ) ( )– τ τ Нτ
i

t

t

t P . 

 
Зɞɟɫь: t  = t–ti; [Ф( t )] = e iS t ; 

{ Ai} = –[
i

S ]{ Y0} + { 0Y }; 
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{ Di} = ([ Ui][Si])–1({ Q} + { B(ti)}); 
[Ui] = [Mi][Si] + [Si]Т[Mi] + [Ci]. 
 

Сɢɫɬɟɦа ɭɪавɧɟɧɢɣ (7), (8) ɩɨɡвɨɥяɟɬ ɫ ɟɞɢ-
ɧых ɩɨɡɢɰɢɣ ɨɩɪɟɞɟɥяɬь ɞɢɧаɦɢчɟɫɤɭɸ ɪɟаɤ-
ɰɢɸ ДДС в i-ɦ ɫɨɫɬɨяɧɢɢ ɧɟɡавɢɫɢɦɨ ɨɬ вɢɞа 
ɧɟɥɢɧɟɣɧɨɫɬɢ (фɢɡɢчɟɫɤɨɣ ɢɥɢ ɤɨɧɫɬɪɭɤɬɢв-
ɧɨɣ). 
Сɢɥɨвыɟ ɩаɪаɦɟɬɪы ɪɟаɤɰɢɢ: вɟɤɬɨɪы вɨɫ-
ɫɬаɧавɥɢваɸɳɢх, ɞɢɫɫɢɩаɬɢвɧых ɢ ɢɧɟɪɰɢ-
ɨɧɧых ɫɢɥ – вычɢɫɥяɸɬɫя ɩɨ фɨɪɦɭɥаɦ: 
 
 {R(t)} = [Ki]{ Y(t)} + { B(ti)},  
 {F(t)} = [Ci]{ Y (t)},  
 { I(t)} = –[Mi]{ Y (t)} . (9) 
 
 
 
ɉɈВȿДȿɇИȿ  ɉАɊАɆȿɌɊɈВ  ɊȿАɄЦИИ 
ɉɊИ  ɉȿɊȿХɈДȿ  ДИСɄɊȿɌɇɈɃ  СИСɌȿɆЫ 
В  ɉɊɈɆȿɀɍɌɈЧɇɈȿ  СɈСɌɈəɇИȿ 
 
В ɦɨɦɟɧɬы ɩɟɪɟхɨɞа фɢɡɢчɟɫɤɢ ɢ ɤɨɧɫɬɪɭɤ-
ɬɢвɧɨ-ɧɟɥɢɧɟɣɧɨɣ ɫɢɫɬɟɦы в ɧɨвɨɟ ɫɨɫɬɨя-
ɧɢɟ (ɩɪɢ t = ti) ɭɫɤɨɪɟɧɢя, а ɬаɤɠɟ ɫɢɥɨвыɟ ɩа-
ɪаɦɟɬɪы (9) ɩɪɟɬɟɪɩɟваɸɬ ɪаɡɪывы. Нɟɩɪɟ-
ɪывɧɨɫɬь вɟɤɬɨɪɨв ɩɟɪɟɦɟɳɟɧɢɣ ɢ ɫɤɨɪɨɫɬɟɣ 
ɨɛɟɫɩɟчɢваɟɬɫя ɩɨɫɬаɧɨвɤɨɣ ɧачаɥьɧых ɭɫɥɨ-
вɢɣ (5). 
Аɧаɥɢɬɢчɟɫɤɢɟ выɪаɠɟɧɢя вɟɤɬɨɪɨв ɧɟвяɡɨɤ 
ɭɤаɡаɧɧых вɟɥɢчɢɧ в ɬɨчɤɟ ɪаɡɪыва ɢɦɟɸɬ 
вɢɞ: 
 

 {Y (ti)} = –[Mi]–1([K]{ Y0(ti)} + 
 + [C]{ 0Y } + { B(ti)} ), 

 {R(ti)} = [K]{ Y0(ti)} + { B(ti)}, 
 {F(ti)} = [C]{ 0Y (ti)}, 

 {I(ti)} = { R(ti)} + {F(ti)}, (10) 
 
 
ɝɞɟ [K] = Ki-1 – Ki, [C] = Ci-1 – Ci – ɧɟвяɡɤɢ 
ɦаɬɪɢɰ ɠёɫɬɤɨɫɬɢ ɢ ɞɟɦɩфɢɪɨваɧɢя. 
В ɫɥɭчаɟ ɪɟшɟɧɢя ɭɩɪɭɝɨɩɥаɫɬɢчɟɫɤɨɣ ɡа-
ɞачɢ в фɨɪɦɭɥах (10) ɧɟвяɡɤа {R(ti)} = 0, ɬ.ɤ. 
вɟɥɢчɢɧа [K]{ Y0(ti)} + { B(ti)} = 0, чɬɨ ɨɛɭ-
ɫɥɨвɥɟɧɨ ɧɟɩɪɟɪывɧыɦ хаɪаɤɬɟɪɨɦ ɥɨɦаɧɨɣ 
ɥɢɧɢɢ 0ABC ɧа ɞɢаɝɪаɦɦɟ (ɫɦ. ɪɢɫɭɧɨɤ 1). 
Пɪɢ ɪɟшɟɧɢɢ ɭɩɪɭɝɨɣ ɤɨɧɫɬɪɭɤɬɢвɧɨ ɧɟɥɢ-
ɧɟɣɧɨɣ ɡаɞачɢ вɟɥɢчɢɧы, ɨɬвɟчаɸɳɢɟ ɡа фɢ-
ɡɢчɟɫɤɭɸ ɧɟɥɢɧɟɣɧɨɫɬь (3), ɨɛɪаɳаɸɬɫя в 
ɧɭɥь: { B(ti)}  = 0. Тɨɝɞа ɭɪавɧɟɧɢя (10) ɫɨвɩа-
ɞаɸɬ ɫ ɭɪавɧɟɧɢяɦɢ, ɩɪɢвɟɞёɧɧыɦɢ в ɪаɛɨɬɟ 
[4]. Пɪɢ ɷɬɨɦ ɫɥɟɞɭɟɬ ɨɛɪаɬɢɬь вɧɢɦаɧɢɟ ɧа 
ɬɨɬ фаɤɬ, чɬɨ ɧɟвяɡɤа вɟɤɬɨɪа ДВС {R(ti)} ≠ 
0, ɬ.ɤ. ɥɨɦаɧая 0ADE ɧа ɪɢɫɭɧɤɟ 1 явɥяɟɬɫя 
ɪаɡɪывɧɨɣ ɥɢɧɢɟɣ. 
 
 
ɉɊИɆȿɊ  1 
 
Раɫɫɦɨɬɪɟɧа ɡаɞача ɤɨɥɟɛаɧɢɣ фɟɪɦы, РДМ 
ɤɨɬɨɪɨɣ ɢɦɟɟɬ ɞвɟ ɫɬɟɩɟɧɢ ɫвɨɛɨɞы в ɭɡɥɟ 4 
(ɪɢɫɭɧɨɤ 2). Сɬɟɪɠɧɢ ɢɦɟɸɬ ɤваɞɪаɬɧɨɟ ɩɨ-
ɩɟɪɟчɧɨɟ ɫɟчɟɧɢɟ ɫɨ ɫɬɨɪɨɧаɦɢ 2,6 ɫɦ, 1,0 ɫɦ 
ɢ 2,5 ɫɦ, ɫɨɨɬвɟɬɫɬвɟɧɧɨ, ɢ ɢɡɝɨɬɨвɥɟɧы ɢɡ 
ɫɬаɥɢ 09Ƚ2 (ɦɨɞɭɥɢ ɭɩɪɭɝɨɫɬɢ: ɧачаɥьɧыɣ 
E = 210060 МПа ɢ ɩɨɧɢɠɟɧɧыɣ – 
E1 = 743 МПа). Q = [0, mg]Т ɤН – вɟɤɬɨɪ ɫɬа-
ɬɢчɟɫɤɨɣ ɭɡɥɨвɨɣ ɧаɝɪɭɡɤɢ. 
Рɟшɟɧɢɟ ɡаɞачɢ ɩɪɨвɨɞɢɥɨɫь в 2-х ваɪɢаɧɬах: 
ɛɟɡ ɭчёɬа ɢ ɫ ɭчёɬɨɦ ɩɨɬɟɪɢ ɭɫɬɨɣчɢвɨɫɬɢ 
ɰɟɧɬɪаɥьɧɨɝɨ ɫɬɟɪɠɧя ɩɪɢ ɟɝɨ ɭɩɪɭɝɨɩɥаɫɬɢ-
чɟɫɤɨɦ ɞɟфɨɪɦɢɪɨваɧɢɢ. 
Вɧɟшɧяя ɧаɝɪɭɡɤа в ɨɛɨɢх ваɪɢаɧɬах – ɫɢɧɭ-
ɫɨɢɞаɥьɧыɣ ɢɦɩɭɥьɫ ɩɪɨɞɨɥɠɢɬɟɥьɧɨɫɬьɸ 
0,01 ɫ. Вɟɤɬɨɪ аɦɩɥɢɬɭɞ ɧаɝɪɭɡɤɢ ɞɥя 1-ɝɨ ва-
ɪɢаɧɬа ɪɟшɟɧɢя ɡаɞачɢ – {P0} = [0, 425]Т ɤН; 
ɞɥя 2-ɝɨ – {P0} = [0, 250]Т ɤН. 
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Учёɬ ɡаɬɭхаɧɢя ɩɪɨвɨɞɢɥɫя ɫ ɩɨɦɨɳьɸ ɦɨ-
ɞɟɥɢ ɧɟɨɞɧɨɪɨɞɧɨɝɨ ɞɟɦɩфɢɪɨваɧɢя [3]: 
 
 [C] = ([K][T] + [T][K])/2 + β[M][V] (11) 
 
ɩɪɢ  = 0,973, β = 1– = 0,027. Эɥɟɦɟɧɬы ɞɢа-
ɝɨɧаɥьɧых ɦаɬɪɢɰ 
 

[T] = diag(1, …, n) ɢ [V] = diag(v1, …, vn) 
 

ɨɩɪɟɞɟɥяɥɢɫь ɩɨ фɨɪɦɭɥаɦ: 
 

i =  √����� ;  vi =  √����� , 
 
ɝɞɟ  = 0,0223 – ɤɨɷффɢɰɢɟɧɬ ɩɨɬɟɪь; mi, rii – 
ɞɢаɝɨɧаɥьɧыɟ ɷɥɟɦɟɧɬы ɦаɬɪɢɰ [M] ɢ [K], ɫɨ-
ɨɬвɟɬɫɬвɟɧɧɨ. 
Пɪɢ ɪаɫɫɦɨɬɪɟɧɢɢ 1-ɝɨ ваɪɢаɧɬа ɡаɞачɢ ɧа 
ɧачаɥьɧɨɦ ɷɬаɩɟ ɫɢɫɬɟɦа ɧахɨɞɢɬɫя в ɫɨɫɬɨя-

ɧɢɢ ɰɢɤɥɢчɟɫɤɨɝɨ ɭɩɪɭɝɨɩɥаɫɬɢчɟɫɤɨɝɨ ɞɟ-
фɨɪɦɢɪɨваɧɢя 2-ɝɨ ɫɬɟɪɠɧя. За ɧаɫɬɭɩɢв-
шɢɦɢ ɩɥаɫɬɢчɟɫɤɢɦɢ ɞɟфɨɪɦаɰɢяɦɢ ɫɥɟɞɭɟɬ 
ɪаɡɝɪɭɡɤа. Эɬɨɬ ɩɪɨɰɟɫɫ ɢɦɟɟɬ ɝɢɫɬɟɪɟɡɢɫɧыɣ 
хаɪаɤɬɟɪ (ɪɢɫɭɧɨɤ 3, а). Пɪɟɞɫɬавɥɟɧɧыɟ ɦа-
ɬɟɦаɬɢчɟɫɤɢɟ ɦɨɞɟɥɢ ɪаɫчёɬа (2) (3) в ɩɪɨ-
ɰɟɫɫɟ ɤɨɦɩьɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨваɧɢя ɡаɞачɢ 
ɩɨɡвɨɥяɸɬ ɨɩɪɟɞɟɥяɬь ɩаɪаɦɟɬɪы ɩɟɬɟɥь ɩɥа-
ɫɬɢчɟɫɤɨɝɨ ɝɢɫɬɟɪɟɡɢɫа: шɢɪɢɧɭ ɢ аɦɩɥɢ-
ɬɭɞɭ. Хаɪаɤɬɟɪɧыɟ ɬɨчɤɢ ɞɢаɝɪаɦɦы ɧахɨ-
ɞяɬɫя в ɫɨɨɬвɟɬɫɬвɢɢ ɫ вɪɟɦɟɧɧыɦɢ ɬɨчɤаɦɢ 
ti, ɪаɡɞɟɥяɸɳɢɦɢ ɩɪɨɰɟɫɫ ɭɩɪɭɝɨɩɥаɫɬɢчɟ-
ɫɤɨɣ ɪɟаɤɰɢɢ ɫɢɫɬɟɦы ɧа ɤваɡɢɥɢɧɟɣɧыɟ ɢɧ-
ɬɟɪваɥы. 
Вɨ 2-ɦ ваɪɢаɧɬɟ ɡаɞачɢ ɰɟɧɬɪаɥьɧыɣ ɫɬɟɪ-
ɠɟɧь ɩɨɫɥɟ ɭɩɪɭɝɨɩɥаɫɬɢчɟɫɤɨɝɨ ɞɟфɨɪɦɢɪɨ-
ваɧɢя ɢ ɪаɡɝɪɭɡɤɢ (ɪɢɫɭɧɨɤ 3, ɛ) выɤɥɸчɢɥɫя 
ɢɡ ɪаɛɨɬы вɫɥɟɞɫɬвɢɟ ɩɨɬɟɪɢ ɭɫɬɨɣчɢвɨɫɬɢ 
ɩɪɢ ɤɪɢɬɢчɟɫɤɨɦ ɫɠɢɦаɸɳɟɦ ɧаɩɪяɠɟɧɢɢ 
σcr = 4,11 МПа (ɫɦ. фɪаɝɦ. 1). Пɨɫɥɟ ɷɬɨɝɨ ɫɢ-
ɫɬɟɦа ɧачɢɧаɟɬ ɪаɛɨɬаɬь ɩɨ ɤɨɧɫɬɪɭɤɬɢвɧɨ-
ɧɟɥɢɧɟɣɧɨɣ ɫхɟɦɟ ɫ ɩɨɩɟɪɟɦɟɧɧыɦ вɤɥɸчɟ-
ɧɢɟɦ ɢ выɤɥɸчɟɧɢɟɦ ɰɟɧɬɪаɥьɧɨɝɨ ɫɬɟɪɠɧя 
(6 ɰɢɤɥɨв ɤɨɥɟɛаɧɢɣ). Вɤɥɸчɟɧɢɟ ɩɪɨɢɫхɨ-
ɞɢɬ ɩɪɢ вɨɡɧɢɤɧɨвɟɧɢɢ ɪаɫɬяɝɢваɸɳɢх ɭɫɢ-
ɥɢɣ, выɤɥɸчɟɧɢɟ – ɫɠɢɦаɸɳɢх. Даɥɟɟ в 
ɨɛɨɢх ваɪɢаɧɬах ɡаɞачɢ ɩɨɫɥɟ ɡавɟɪшɟɧɢя ɧɟ-
ɥɢɧɟɣɧɨɣ ɪаɛɨɬы ɫɢɫɬɟɦа ɩɟɪɟхɨɞɢɬ в ɫɬа-
ɞɢɸ ɭɩɪɭɝɨɝɨ ɞɟфɨɪɦɢɪɨваɧɢя ɫ ɭчёɬɨɦ ɨɫɬа-
ɬɨчɧых ɞɟфɨɪɦаɰɢɣ. 
На ɪɢɫɭɧɤɟ 4 ɩɪɢвɟɞɟɧы ɨɫɰɢɥɥɨɝɪаɦɦы ɧɟ-
ɤɨɬɨɪых ɩаɪаɦɟɬɪɨв ɪɟаɤɰɢɢ ɞɥя 1-ɝɨ ваɪɢ-
аɧɬа ɡаɞачɢ: ɩɟɪɟɦɟɳɟɧɢɣ (a), вɨɫɫɬаɧавɥɢва-
ɸɳɢх (ɛ) ɢ ɢɧɟɪɰɢɨɧɧых (в) ɫɢɥ. 
Оɫɰɢɥɥɨɝɪаɦɦы ɩɟɪɟɦɟɳɟɧɢɣ ɩɪɟɞɫɬавɥяɸɬ 
ɫɨɛɨɣ ɧɟɩɪɟɪывɧыɟ ɝɪафɢɤɢ ɛɟɡ ɩɟɪɟɥɨɦɨв ɢ 
ɢɦɟɸɬ ɧɟɧɭɥɟвыɟ аɫɢɦɩɬɨɬы (ɫɦ. фɪаɝɦ. 1). 
Пɪɢ ɷɬɨɦ ɢх ɡɧачɟɧɢя ɢɡɦɟɧяɸɬɫя в ɦɨɦɟɧɬы 
ɩɟɪɟхɨɞа ɫɢɫɬɟɦы в ɧɨвɨɟ ɫɨɫɬɨяɧɢɟ вɫɥɟɞ-
ɫɬвɢɟ ɢɡɦɟɧɟɧɢя ɠɟɫɬɤɨɫɬɧых ɩаɪаɦɟɬɪɨв. 
Ƚɨɪɢɡɨɧɬаɥьɧыɟ ɤɨɥɟɛаɧɢя ɢɦɟɸɬ яɪɤɨ выɪа-
ɠɟɧɧɭɸ фɨɪɦɭ «ɛɢɟɧɢя», ɫ ɩɟɪɢɨɞɨɦ 
T = 0,822 с, чɬɨ ɨɛɭɫɥɨвɥɟɧɨ ɛɥɢɡɨɫɬьɸ ча-
ɫɬɨɬ ɫɨɛɫɬвɟɧɧых ɤɨɥɟɛаɧɢɣ: ω1 = 69,25 с–1, 
ω2 = 76,9 с–1. Дɥя вɟɪɬɢɤаɥьɧых ɤɨɥɟɛаɧɢɣ 
ɷɬɨɬ ɷффɟɤɬ выɪаɠɟɧ ɡɧачɢɬɟɥьɧɨ ɫɥаɛɟɟ. 
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На ɝɪафɢɤах вɨɫɫɬаɧавɥɢваɸɳɢх ɫɢɥ (ɛ) ɧɟɬ 
ɪаɡɪывɨв (ɫɦ. фɪаɝɦ. 2). Вɟɪɬɢɤаɥьɧая ɫɨ-
ɫɬавɥяɸɳая ɢɦɟɟɬ аɫɢɦɩɬɨɬɭ, выɫɨɬа ɤɨɬɨ-
ɪɨɣ чɢɫɥɟɧɧɨ ɪавɧа ɡɧачɟɧɢɸ ɫɬаɬɢчɟɫɤɨɝɨ 
ɭɫɢɥɢя Q (ɫɦ. фɪаɝɦ. 3). 
Ƚɪафɢɤ ɢɧɟɪɰɢɨɧɧых ɫɢɥ (в) ɧɟ ɢɦɟɟɬ ɫɦɟɳɟ-
ɧɢя ɨɬɧɨɫɢɬɟɥьɧɨ ɩɨɥɨɠɟɧɢя ɧɭɥɟвɨɝɨ 
ɭɪɨвɧя. На фɪаɝɦɟɧɬах ɝɪафɢɤа ɞɥя вɟɪɬɢ-
ɤаɥьɧɨɣ ɫɨɫɬавɥяɸɳɟɣ ɩɪɢ t = 0,01 с ɦɨɠɧɨ 

вɢɞɟɬь ɩɟɪɟɥɨɦ, ɫвяɡаɧɧыɣ ɫ ɨɤɨɧчаɧɢɟɦ ɞɟɣ-
ɫɬвɢя ɢɦɩɭɥьɫɧɨɣ ɧаɝɪɭɡɤɢ (фɪаɝɦ. 4), ɢ ɨɞɢɧ 
ɢɡ ɫɤачɤɨв (фɪаɝɦ. 5) в ɦɨɦɟɧɬ ɨɛɪаɡɨваɧɢя 
ɩɥаɫɬɢчɟɫɤɢх ɞɟфɨɪɦаɰɢɣ в ɰɟɧɬɪаɥьɧɨɦ 
ɫɬɟɪɠɧɟ ɩɪɢ t = 0,0095 с. Чɢɫɥɟɧɧɨɟ ɡɧачɟɧɢɟ 
ɫɤачɤа в ɫɨɨɬвɟɬɫɬвɢɢ ɫ (10) ɫɨɫɬавɢɥɨ 
0,5117 ɤН. 
 

 
 
Дɥя 1-ɝɨ ваɪɢаɧɬа ɡаɞачɢ (ɪɢɫɭɧɨɤ 5, а) ɨɫ-
ɰɢɥɥɨɝɪаɦɦа ɧɨɪɦаɥьɧых ɧаɩɪяɠɟɧɢɣ в ɰɟɧ-
ɬɪаɥьɧɨɦ ɫɬɟɪɠɧɟ ɫɨɞɟɪɠɢɬ 4 ɩɨɥɨɝɢх 
ɭчаɫɬɤа ɭɩɪɨчɧɟɧɢя. Эɬɢ ɭчаɫɬɤɢ ɩɨявɥяɸɬɫя 
ɩɪɢ ɞɨɫɬɢɠɟɧɢɢ ɩɪɟɞɟɥа ɬɟɤɭчɟɫɬɢ σyl. Дɥя 1-
ɝɨ ɩɨɥɭɰɢɤɥа ɷɬа вɟɥɢчɢɧа ɫɨɫɬавɢɥа 
305 МПа (ɫɦ. фɪаɝɦ. 1), ɞɥя ɩɨɫɥɟɞɭɸɳɢх ɩɨ-
ɥɭɰɢɤɥɨв – ɨɩɪɟɞɟɥяɥаɫь в ɫɨɨɬвɟɬɫɬвɢɢ ɫ 
ɩɪɢɧɰɢɩɨɦ Маɡɢɧɝа [5]. 
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Пɪɢ 2-ɦ ваɪɢаɧɬɟ ɪɟшɟɧɢя ɡаɞачɢ (ɪɢɫɭɧɨɤ 5, 
ɛ) ɩɟɪвыɣ ɩɨɥɨɝɢɣ ɭчаɫɬɨɤ ɫвяɡаɧ ɫ ɭɩɪɭɝɨ-
ɩɥаɫɬɢчɟɫɤɨɣ ɪаɛɨɬɨɣ ɫɢɫɬɟɦы, ɨɫɬаɥьɧыɟ – ɫ 
ɟё ɤɨɧɫɬɪɭɤɬɢвɧɨ ɧɟɥɢɧɟɣɧɨɣ ɪаɛɨɬɨɣ вɫɥɟɞ-
ɫɬвɢɟ выɤɥɸчɟɧɢя ɰɟɧɬɪаɥьɧɨɝɨ ɫɬɟɪɠɧя (ɫɦ. 
фɪаɝɦ. 2). Таɤɨɟ ɩɨвɟɞɟɧɢɟ ɫɬɟɪɠɧя ɩɪɨɢɫхɨ-
ɞɢɬ вɩɥɨɬь ɞɨ t = 0,48 с, ɩɨɫɥɟ чɟɝɨ ɫɢɫɬɟɦа 
ɩɟɪɟхɨɞɢɬ в ɭɩɪɭɝɢɣ ɪɟɠɢɦ ɪаɛɨɬы ɫ ɨɞɧɨ-
ɢɦɟɧɧыɦ ɡɧаɤɨɦ ɧаɩɪяɠɟɧɢɣ. 
Дɥя ɩɪɨвɟɪɤɢ ɭɫɥɨвɢя ɞɢɧаɦɢчɟɫɤɨɝɨ ɪавɧɨ-
вɟɫɢя ɫɢɫɬɟɦы ɩɨɥɭчɟɧɧɨɟ ɪɟшɟɧɢɟ (7), (8) 
ɛыɥɨ ɩɨɞɫɬавɥɟɧɨ в ɥɟвɭɸ чаɫɬь ɭɪавɧɟɧɢя 
(4). Рɟɡɭɥьɬаɬ ɷɬɨɣ ɩɪɨвɟɪɤɢ ɞɥя 1-ɝɨ ваɪɢ-
аɧɬа ɡаɞачɢ ɩɨɤаɡаɧ ɧа ɪɢɫɭɧɤɟ 6. Оɬɫɸɞа 
ɫɥɟɞɭɟɬ, чɬɨ ɧɟвяɡɤа ɭɪавɧɟɧɢя ɧɟ ɩɪɟвышаɟɬ 
вɟɥɢчɢɧы Pk(t)  6,4×10–13 ɤН, чɬɨ ɫвɢɞɟ-
ɬɟɥьɫɬвɭɟɬ ɨ выɫɨɤɨɣ ɬɨчɧɨɫɬɢ ɪɟшɟɧɢя. 
Раɡɪывɧɨɣ хаɪаɤɬɟɪ ɝɪафɢɤɨв ɨɛɭɫɥɨвɥɟɧ 
ɧаɥɢчɢɟɦ ɫɤачɤɨв ɭ ɢɧɟɪɰɢɨɧɧых ɢ ɞɢɫɫɢɩа-
ɬɢвɧых ɫɢɥ; вɨɫɫɬаɧавɥɢваɸɳɢɟ ɢ вɧɟшɧɢɟ 
ɫɢɥы ɩɨ ɭɫɥɨвɢɸ ɡаɞачɢ явɥяɸɬɫя ɧɟɩɪɟɪыв-
ɧыɦɢ вɟɥɢчɢɧаɦɢ. Пɪɢ t = 0,0095 c ɫɨɝɥаɫɧɨ 
(10) ɫɤачɤɢ ɧа ɤɪɢвых ɧɟвяɡɨɤ вɟɤɬɨɪа ɪɟ-
ɡɭɥьɬɢɪɭɸɳɢх ɞɢɧаɦɢчɟɫɤɢх ɫɢɥ в ɧаɩɪавɥɟ-
ɧɢɢ ɨɛɟɢх ɫɬɟɩɟɧɟɣ ɫвɨɛɨɞы ɫɨɫɬавɥяɸɬ  
 

{P} = 131,7055
10

1,4166



     ɤН. 

 
 
 
 

 
 
 
ɉɊИɆȿɊ  2 
 
На ɠёɫɬɤɨ ɡаɳɟɦɥёɧɧɭɸ ɛаɥɤɭ (ɫɟчɟɧɢɟ – 
ɞвɭɬавɪ № 50) ɞɥɢɧɨɣ l = 6 ɦ ɞɟɣɫɬвɭɟɬ ɫɢɧɭ-
ɫɨɢɞаɥьɧыɣ ɢɦɩɭɥьɫ P(t) = P0 sin (πt / ta) ɫ аɦ-
ɩɥɢɬɭɞɧыɦ ɡɧачɟɧɢɟɦ P0 = 60 ɤН ɢ ɩɪɨɞɨɥ-
ɠɢɬɟɥьɧɨɫɬьɸ ta = 0,2 с (ɪɢɫɭɧɨɤ 7). Оɩɨɪɧɨɟ 
ɡаɤɪɟɩɥɟɧɢɟ ɛаɥɤɢ выɩɨɥɧɟɧɨ ɩɪɢ ɩɨɦɨɳɢ 
ɩɪɟɞваɪɢɬɟɥьɧɨ ɧаɩɪяɠёɧɧых ɛɨɥɬɨв ɫ ɤɨɧ-
ɬɪɨɥɢɪɭɟɦыɦ ɧаɬяɠɟɧɢɟɦ 356 ɤН (ɫɭɦɦаɪɧɨɟ 
ɭɫɢɥɢɟ ɧа ɞва ɛɨɥɬа). 
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Раɡɦɟɪы ɢ фɢɡɢɤɨ-ɦɟхаɧɢчɟɫɤɢɟ хаɪаɤɬɟɪɢ-
ɫɬɢɤɢ ɛɨɥɬɨв: ɤɥаɫɫ ɩɪɨчɧɨɫɬɢ 8.8, ɫɬаɥь 40Х, 
ɞɢаɦɟɬɪ d = 24 ɦɦ, ɪаɛɨчая ɞɥɢɧа 5 ɫɦ, h = 
40 ɫɦ, ɦɨɞɭɥь ɭɩɪɭɝɨɫɬɢ E = 2,1×105 МПа (ɧа 
ɭчаɫɬɤɟ ɭɩɪɨчɧɟɧɢя E1 = 208,1 МПа), ɨɬɧɨɫɢ-
ɬɟɥьɧыɟ ɞɟфɨɪɦаɰɢɢ: yl = 0,0031; u = 0,4. 

Уɞɥɢɧɟɧɢɟ ɛɨɥɬɨв ɩɪɢ ɩɪɟɞваɪɢɬɟɥьɧɨɦ 
ɧаɬяɠɟɧɢɢ ɫɨɫɬавɥяɟɬ  = 0,0122 ɫɦ. 
Дɢɫɤɪɟɬɧая ɦɨɞɟɥь ɛаɥɤɢ ɩɨɥɭчɟɧа ɩɭɬёɦ 
ɪаɡɛɢɟɧɢя ɩɪɨɥёɬа ɧа ɪавɧыɟ ɨɬɪɟɡɤɢ b. Пɪɢ 
ɷɬɨɦ ɦаɫɫы ɪаɫɩɨɥɨɠɟɧы ɧа ɝɪаɧɢɰах ɷɥɟ-
ɦɟɧɬаɪɧых ɭчаɫɬɤɨв.  
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Чɢɫɥɨ ɫɬɟɩɟɧɟɣ ɫвɨɛɨɞы ɩɪɢ b = 60 ɫɦ ɪавɧɨ 
n = 20 ɢ ɨɩɪɟɞɟɥяɥɨɫь ɫ ɭчёɬɨɦ ɥɢɧɟɣɧых ɢ 
ɭɝɥɨвых ɩɟɪɟɦɟɳɟɧɢɣ ɭɡɥɨв. Уɡɥɨвая 
ɧаɝɪɭɡɤа ɨɬ ɫɨɛɫɬвɟɧɧɨɝɨ вɟɫа ɫɨɫɬавɢɥа Q = 
1,662 ɤН. Учёɬ ɡаɬɭхаɧɢя ɩɪɨвɨɞɢɥɫя ɩɨ фɨɪ-
ɦɭɥɟ (11) ɩɪɢ  = 0,8. 
На ɪɢɫɭɧɤɟ 8 ɩɪɟɞɫɬавɥɟɧа ɞɢаɝɪаɦɦа ɠёɫɬ-
ɤɨɫɬɢ ɩɪɟɞваɪɢɬɟɥьɧɨ ɧаɩɪяɠёɧɧых ɛɨɥɬɨв, 
ɢɡ ɤɨɬɨɪɨɣ вɢɞɧɨ, чɬɨ ɫɨɛɫɬвɟɧɧыɣ вɟɫ ɤɨɧ-
ɫɬɪɭɤɰɢɢ ɨɤаɡываɟɬ ɞɨɩɨɥɧɢɬɟɥьɧыɟ ɪаɫɬя-
ɝɢваɸɳɢɟ ɭɫɢɥɢя ɫвɟɪх ɩɪɟɞваɪɢɬɟɥьɧɨɝɨ 
ɧаɬяɠɟɧɢя. Пɥаɫɬɢчɟɫɤɢɟ ɭɞɥɢɧɟɧɢя ɛɨɥɬɨв, 
ɤаɤ ɫɥɟɞɭɟɬ ɢɡ ɨɫɰɢɥɥɨɝɪаɦɦы (ɪɢɫɭɧɨɤ 9, а), 
ɫɨɫɬавɢɥɢ  = 0,0117 ɫɦ. В ɪɟɡɭɥьɬаɬɟ ɷɬɢх 
ɭɞɥɢɧɟɧɢɣ ɭɦɟɧьшɟɧɢя ɪаɫɬяɝɢваɸɳɢх ɭɫɢ-
ɥɢɣ в ɛɨɥɬах ɩɨɫɥɟ ɪаɡɝɪɭɡɤɢ. Кɪɢвая ɩɪɨ-
ɞɨɥьɧых ɭɫɢɥɢɣ ɧа ɨɫɰɢɥɥɨɝɪаɦɦɟ (ɪɢɫɭɧɨɤ 
9, ɛ) ɩɪɢ t  0,2 c ɩɪɨхɨɞɢɬ ɡɧачɢɬɟɥьɧɨ ɧɢɠɟ 
ɭɩɪɭɝɨɣ ɤɪɢвɨɣ (ɩɭɧɤɬɢɪɧая ɥɢɧɢя). 
Дɥя ɫɟчɟɧɢя в ɫɟɪɟɞɢɧɟ ɩɪɨɥёɬа ɛаɥɤɢ ɧа ɪɢ-
ɫɭɧɤɟ 10 ɩɪɢвɟɞɟɧы ɨɫɰɢɥɥɨɝɪаɦɦы ɤɢɧɟɦа-
ɬɢчɟɫɤɢх ɩаɪаɦɟɬɪɨв ɪɟаɤɰɢɢ (ɩɟɪɟɦɟɳɟɧɢɣ 
(a), ɫɤɨɪɨɫɬɟɣ (ɛ) ɢ ɭɫɤɨɪɟɧɢɣ (в)) ɢ ɫɢɥɨвɨɝɨ 
ɩаɪаɦɟɬɪа – вɨɫɫɬаɧавɥɢваɸɳɟɣ ɫɢɥы (ɝ). 
Пɭɧɤɬɢɪɧыɟ ɥɢɧɢɢ ɨɬɧɨɫяɬɫя ɤ ɭɩɪɭɝɨɣ ɪɟаɤ-
ɰɢɢ ɛаɥɤɢ. 
Качɟɫɬвɨ ɩɨɥɭчɟɧɧɨɝɨ ɪɟшɟɧɢя ɢɥɥɸɫɬɪɢɪɭ-
ɟɬɫя ɧа ɝɪафɢɤах ɧɟвяɡɨɤ ɭɪавɧɟɧɢя ɞвɢɠɟ-
ɧɢя (4), ɩɨɫɬɪɨɟɧɧых вɨ вɪɟɦɟɧɧɨɣ ɨɛɥаɫɬɢ 
t  [0; 0,4] c (cɦ. ɪɢɫɭɧɨɤ 11). 

Аɧаɥɢɡ НДС ɩɪɟɞваɪɢɬɟɥьɧɨ ɧаɩɪяɠɟɧɧых 
ɛɨɥɬɨв, ɩɪɨɞɟɥаɧɧыɣ вышɟ, ɩɨɤаɡываɟɬ, чɬɨ 
ɩаɞɟɧɢɟ ɪаɫɬяɝɢваɸɳɢх ɭɫɢɥɢɣ (ɢ ɧаɩɪяɠɟ-
ɧɢɣ) вɫɥɟɞɫɬвɢɟ ɩɨявɥɟɧɢя ɩɥаɫɬɢчɟɫɤɢх ɞɟ-
фɨɪɦаɰɢɣ (ɪɢɫɭɧɨɤ 9, ɛ) ɦɨɠɟɬ ɨɤаɡаɬь вɥɢя-
ɧɢɟ ɧа ɭɫɥɨвɢя ɨɩɢɪаɧɢя ɛаɥɤɢ в ɠёɫɬɤɨ ɡа-
ɳɟɦɥɟɧɧɨɦ ɭɡɥɟ. На ɝɪафɢɤɟ ɪɢɫɭɧɤа 12 
ɩɪɟɞɫɬавɥɟɧа ɡавɢɫɢɦɨɫɬь вɟɥɢчɢɧы ɪаɫɬяɝɢ-
ваɸɳɟɝɨ ɭɫɢɥɢя Nt в ɩɪɟɞɧаɩɪяɠёɧɧых ɛɨɥ-
ɬах ɩɨɫɥɟ ɪаɡɝɪɭɡɤɢ ɨɬ аɦɩɥɢɬɭɞɧɨɝɨ ɡɧачɟ-
ɧɢя P0 ɫɢɧɭɫɨɢɞаɥьɧɨɝɨ ɢɦɩɭɥьɫа (ta = 0,2 с). 
Вɟɪɬɢɤаɥьɧая ɩɭɧɤɬɢɪɧая ɩɪяɦая ɧа ɝɪафɢɤɟ 
ɫɨɨɬвɟɬɫɬвɭɟɬ ɭɫɢɥɢɸ в ɛɨɥɬах Nt,0 ɩɪɢ ɨɬɫɭɬ-
ɫɬвɢɢ ɞɢɧаɦɢчɟɫɤɨɣ ɧаɝɪɭɡɤɢ. 
Пɪɟɨɛɪаɡɨваɧɢɟ ɠёɫɬɤɨ ɡаɳɟɦɥёɧɧɨɝɨ ɭɡɥа 
ɩɪɨɢɫхɨɞɢɬ ɩɨɫɥɟɞɨваɬɟɥьɧɨ ɩɨ ɦɟɪɟ ɪаɡвɢ-
ɬɢя ɩɥаɫɬɢчɟɫɤɢх ɭɞɥɢɧɟɧɢɣ ɛɨɥɬɨв ɢ ɫɧɢɠɟ-
ɧɢя ɪаɫɬяɝɢваɸɳɟɝɨ ɭɫɢɥɢя Nt: ɨɬ ɭɩɪɭɝɨ ɡа-
ɳɟɦɥёɧɧɨɝɨ ɞɨ шаɪɧɢɪɧɨɝɨ ɨɩɢɪаɧɢя. Оɫɨ-
ɛɟɧɧɨɫɬь ɷɬɨɝɨ ɩɪɨɰɟɫɫа ɫɨɫɬɨɢɬ в ɬɨɦ, чɬɨ 
ɩɪɢ ɧɟвыɫɨɤɨɣ ɫɤɨɪɨɫɬɢ ɞɟфɨɪɦɢɪɨваɧɢя ɢ 
ɩɥаɫɬɢчɟɫɤɢх ɭɞɥɢɧɟɧɢях, ɧɟ ɩɪɟвышаɸɳɢх 
ɩɪɟɞɟɥьɧых ɡɧачɟɧɢɣ, ɧɟɫɭɳая ɫɩɨɫɨɛɧɨɫɬь 
ɛɨɥɬɨв ɨɤаɡываɟɬɫя ɨɛɟɫɩɟчɟɧɧɨɣ. Пɨɷɬɨɦɭ 
ɢɡɦɟɧɟɧɢɟ ɪаɫчёɬɧɨɣ ɫхɟɦы ɫɨɨɪɭɠɟɧɢя 
вɫɥɟɞɫɬвɢɟ ɢɡɦɟɧɟɧɢя ɠёɫɬɤɨɫɬɢ ɭɡɥа ɩɪɨɢɫ-
хɨɞɢɬ ɛɟɡ ɪаɡɪɭшɟɧɢя ɧɟɫɭɳɢх ɷɥɟɦɟɧɬɨв 
ɛɨɥɬɨвɨɝɨ ɫɨɟɞɢɧɟɧɢя. 
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ɁАɄɅɘЧȿɇИȿ 
 
В ɪаɦɤах ɬɟɨɪɢɢ вɪɟɦɟɧɧɨɝɨ аɧаɥɢɡа ɩɨɫɬɪɨ-
ɟɧа ɫɢɫɬɟɦа ɪаɡɪɟшаɸɳɢх ɭɪавɧɟɧɢɣ ɪɟаɤ-
ɰɢɢ ДДС ɞɥя i-ɝɨ ɤваɡɢɥɢɧɟɣɧɨɝɨ ɢɧɬɟɪваɥа, 
ɩɨɡвɨɥяɸɳая ɩɨɥɭчɢɬь ɬɨчɧɨɟ ɪɟшɟɧɢɟ ɩɪɢ 
ɭчёɬɟ фɢɡɢчɟɫɤɨɣ ɢ ɤɨɧɫɬɪɭɤɬɢвɧɨɣ ɧɟɥɢɧɟɣ-
ɧɨɫɬɢ. 
Пɨɥɭчɟɧа ɦɧɨɝɨɰɢɤɥɨвая ɞɢаɝɪаɦɦа ɞɟфɨɪ-
ɦɢɪɨваɧɢя ɷɥɟɦɟɧɬа ɤɨɧɫɬɪɭɤɰɢɢ, ɞɥя ɤɨɬɨ-
ɪɨɣ ɩаɪаɦɟɬɪы ɩɥаɫɬɢчɟɫɤɨɝɨ ɝɢɫɬɟɪɟɡɢɫа 
(шɢɪɢɧа ɢ аɦɩɥɢɬɭɞа ɩɟɬɟɥь) ɫɬɪɨяɬɫя ɧа ɨɫ-
ɧɨвɟ ɩɪɢвɟɞёɧɧых ɦаɬɟɦаɬɢчɟɫɤɢх ɦɨɞɟɥɟɣ. 
Пɨɤаɡаɧɨ, чɬɨ в ɨɬɞɟɥьɧых ɫɥɭчаях ɤɨɧɫɬɪɭɤ-
ɬɢвɧɨ ɧɟɥɢɧɟɣɧыɟ ɫвɨɣɫɬва ɫɢɫɬɟɦы, выɡыва-
ɟɦыɟ ɭɩɪɭɝɨɩɥаɫɬɢчɟɫɤɢɦɢ ɞɟфɨɪɦаɰɢяɦɢ, 
ɦɨɝɭɬ ɩɪɨявɥяɬьɫя ɛɟɡ выɤɥɸчɟɧɢя (ɪаɡɪɭшɟ-
ɧɢя) ɧɟɫɭɳɢх ɷɥɟɦɟɧɬɨв. 
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ɉɊɈȻɅȿɆЫ ɊȿАɅИɁАЦИИ В ɅɈɄАɅɖɇɈɃ  
ɄɈɆɉɖɘɌȿɊɇɈɃ СȿɌИ ɆȿɌɈДА ɊАɁДȿɅȿɇИə  

СɅɈɀɇЫХ СɌɊɈИɌȿɅɖɇЫХ ɈȻɔȿɄɌɈВ  
ɇА ɉɊɈȿɄɌɇЫȿ ȿДИɇИЦЫ 

 
А.Н. Суɩрун, Д.И. Кисɥицын, В.Е. Хромыɯ 

Нɢɠɟɝɨɪɨɞɫɤɢɣ ɝɨɫɭɞаɪɫɬвɟɧɧыɣ аɪхɢɬɟɤɬɭɪɧɨ-ɫɬɪɨɢɬɟɥьɧыɣ ɭɧɢвɟɪɫɢɬɟɬ, ɝ. Нɢɠɧɢɣ Нɨвɝɨɪɨɞ, РОССИə 
 

АɇɇɈɌАЦИə: Пɪɢ ɢɧɠɟɧɟɪɧɨɦ ɩɪɨɟɤɬɢɪɨваɧɢɢ ɩɨвышɟɧɧɨɣ ɫɥɨɠɧɨɫɬɢ (выɫɨɤая ɪаɡɦɟɪɧɨɫɬь ɦɨɞɟ-
ɥɢ, фɢɡɢчɟɫɤая ɢɥɢ ɝɟɨɦɟɬɪɢчɟɫɤая ɧɟɥɢɧɟɣɧɨɫɬɢ, чɢɫɥɟɧɧɨɟ ɦɨɞɟɥɢɪɨваɧɢɟ ɩɪɨɝɪɟɫɫɢɪɭɸɳɟɝɨ ɨɛɪɭ-
шɟɧɢя ɡɞаɧɢя ɢ ɬ.ɞ.), ɩɪɟɞɥɨɠɟɧɨ ɢɫɩɨɥьɡɨваɬь ɪаɫɩɪɟɞɟɥёɧɧɭɸ вычɢɫɥɢɬɟɥьɧɭɸ ɬɟхɧɢɤɭ в ɨɪɝаɧɢɡа-
ɰɢɢ. С ɷɬɨɣ ɰɟɥьɸ ɫɬɪɨɢɬɟɥьɧыɣ ɨɛъɟɤɬ ɩɪɢ ɩɪɨɟɤɬɢɪɨваɧɢɢ ɦɨɠɟɬ ɛыɬь ɪаɡɞɟɥёɧ ɧа ɩɪɨɟɤɬɧыɟ ɟɞɢɧɢ-
ɰы. В ɷɬɨɣ ɫɬаɬьɟ ɦы ɨɩɢɫываɟɦ ɩɨɞхɨɞ ɞɥя ɪɟаɥɢɡаɰɢɢ ɷɬɨɝɨ ɦɟɬɨɞа. 

 
Ʉлючевые словɚ: ɩаɪаɥɥɟɥьɧыɟ ɬɟхɧɨɥɨɝɢɢ, ɪаɫɩɪɟɞɟɥёɧɧыɟ вычɢɫɥɟɧɢя, ɩɪɨɟɤɬɧыɟ ɟɞɢɧɢɰы 

 
 

THE PROBLEMS REALIZATION OF THE METHOD  
OF DIVIDING  COMPLEX BUILDING OBJECTS INTO PROJECT 

DESIGN UNITS IN A LOCAL AREA  NETWORK 
 

Anatoliy N. Suprun, Dmitriy I. Kislitsyn, Vladislav E. Khromykh 
Nizhny Novgorod State University of Architecture and Civil Engineering, Nizhny Novgorod, RUSSIA 

 
ABSTRACT: To perform engineering design tasks of increased complexity (high dimensionality of the model, 
physical or geometrical nonlinearity, numerical modeling of progressive collapse of buildings, etc.) it is suggest-
ed to use a distributed computing technique within the organization. For this purpose the construction object un-
der design can be divided into project design units. In this paper we describe an approach for the realization of 
this method. 
 

Key words: parallel technology, distributed computing, project design units 
 
 

Рɟшɟɧɢɟ ɫɥɨɠɧых ɧɟɫɬаɰɢɨɧаɪɧых ɢ ɧɟɥɢ-
ɧɟɣɧых  ɤɪаɟвых ɡаɞач, ɤ ɤɨɬɨɪыɦ ɦɨɠɧɨ 
ɨɬɧɟɫɬɢ ɦɨɞɟɥɢɪɨваɧɢɟ вɨɡɦɨɠɧых чɪɟɡвы-
чаɣɧых ɫɢɬɭаɰɢɣ ɩɪɢ ɨɰɟɧɤɟ ɠɢвɭчɟɫɬɢ ɩɪɨ-
ɟɤɬɢɪɭɟɦых ɫɬɪɨɢɬɟɥьɧых ɨɛъɟɤɬɨв, ɪɟɤɨɧ-
ɫɬɪɭɤɰɢɸ ɬɟхɧɨɝɟɧɧых ɤаɬаɫɬɪɨф, ɬɟɪɪɨɪɢ-
ɫɬɢчɟɫɤɢх аɤɬɨв ɢ ɬ.ɩ. в ɧаɫɬɨяɳɟɟ вɪɟɦя ɧа 
ɭɪɨвɧɟ ɞɨɫɬаɬɨчɧɨɣ ɩɪɟɞɫɬавɢɬɟɥьɧɨɫɬɢ ɧɟ 
ɨɛɟɫɩɟчɢваɟɬɫя ɫɨвɪɟɦɟɧɧыɦɢ ɦɧɨɝɨɩɪɨɰɟɫ-
ɫɨɪɧыɦɢ вычɢɫɥɢɬɟɥьɧыɦɢ ɫɢɫɬɟɦаɦɢ ɞаɠɟ 
ɫ ɩɢɤɨвɨɣ ɩɪɨɢɡвɨɞɢɬɟɥьɧɨɫɬьɸ в ɬыɫячɢ 
TПХШps. Эɬɨ ɫвяɡаɧɨ, ɩɪɟɠɞɟ вɫɟɝɨ, ɫ ɧɢɡɤɨɣ 
ɪɟаɥьɧɨɣ ɩɪɨɢɡвɨɞɢɬɟɥьɧɨɫɬьɸ ɫɨвɪɟɦɟɧ-
ɧых ɦɭɥьɬɢɩɪɨɰɟɫɫɨɪɧых ɫɢɫɬɟɦ ɩɪɢɦɟɧɢ-

ɬɟɥьɧɨ ɤ ɡаɞачаɦ ɭɤаɡаɧɧɨɝɨ ɤɥаɫɫа, чɬɨ, в 
ɫвɨɸ ɨчɟɪɟɞь, выɡваɧɨ ɨɬɫɭɬɫɬвɢɟɦ ɧɨвых 
ɦаɬɟɦаɬɢчɟɫɤɢх ɦɟɬɨɞɨв, ɤɨɬɨɪыɟ ɛы ɩɨɡвɨ-
ɥяɥɢ ɫɬɪɨɢɬь вычɢɫɥɢɬɟɥьɧыɟ ɩɪɨɰɟɫɫы ɩɨ 
ɬɟхɧɨɥɨɝɢɢ ɦаɫɫɨвɨɝɨ ɪаɫɩаɪаɥɥɟɥɢваɧɢя. В 
ɫвяɡɢ ɫ ɷɬɢɦ, в ɧаɫɬɨяɳɟɟ вɪɟɦя ɧаɡɪɟɥа 
ɧɟɨɛхɨɞɢɦɨɫɬь в ɩɟɪɟɨɫɦыɫɥɢваɧɢɢ ɬɪаɞɢ-
ɰɢɨɧɧых ɩɨɞхɨɞɨв ɤ ɩɨɫɬɪɨɟɧɢɸ ɩаɪаɥɥɟɥь-
ɧых ɩɪɨɰɟɞɭɪ Д1Ж.  
Оɞɧɢɦ ɢɡ ɧаɩɪавɥɟɧɢɣ в ɩɨɫɬɪɨɟɧɢɢ ɦɟɬɨ-
ɞɨв, ɨɪɢɟɧɬɢɪɨваɧɧых ɧа ɩɪɢɦɟɧɟɧɢɟ ɦаɫɫɨ-
вɨɝɨ ɪаɫɩаɪаɥɥɟɥɢваɧɢя, явɢɥаɫь ɪаɡɪаɛɨɬɤа 
ɦɟɬɨɞа ɪаɡɞɟɥɟɧɢя ɨɛъɟɤɬа ɧа ɩɪɨɟɤɬɧыɟ 
ɟɞɢɧɢɰы Д2,3Ж. 
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Сɭɬь ɦɟɬɨɞа ɫɨɫɬɨɢɬ в ɭɫɥɨвɧɨɦ ɪаɡɞɟɥɟɧɢɢ 
ɫɥɨɠɧɨɝɨ ɫɬɪɨɢɬɟɥьɧɨɝɨ  ɨɛъɟɤɬа ɧа ɫɨɫɬав-
ɥяɸɳɢɟ ɷɥɟɦɟɧɬы - ɩɪɨɟɤɬɧыɟ ɟɞɢɧɢɰы - ɫ 
ɩɨɫɥɟɞɭɸɳɢɦ ɩɨɫɬɪɨɟɧɢɟɦ вычɢɫɥɢɬɟɥьɧɨ-
ɝɨ ɩɪɨɰɟɫɫа в ɪаɫɩɪɟɞɟɥɟɧɧых вычɢɫɥɢɬɟɥь-
ɧых ɫɪɟɞах ɢɥɢ ɧа ɦɧɨɝɨɦашɢɧɧых ɤɨɦ-
ɩɥɟɤɫах в вɢɞɟ ɩаɪаɥɥɟɥьɧых ɢ ɫɨɝɥаɫɭɸ-
ɳɢхɫя ɦɟɠɞɭ ɫɨɛɨɣ ɪɟшɟɧɢɣ ɡаɞач ɭɦɟɧь-
шɟɧɧɨɣ ɫɬаɬɢчɟɫɤɨɣ ɧɟɨɩɪɟɞɟɥɢɦɨɫɬɢ. Уɤа-
ɡаɧɧыɣ ɦɟɬɨɞ, ɪɟаɥɢɡɨваɧɧыɣ ɞɥя ɤɨɧɫɬɪɭɤ-
ɰɢɣ ɢɡ ɫɬɟɪɠɧɟвых ɫɢɫɬɟɦ, ɦɨɠɟɬ ɛыɬь ɪаɡ-
вɢɬ ɢ ɧа ɫɩɥɨшɧыɟ ɫɪɟɞы, а ɬаɤɠɟ ɧа шɢɪɨ-
ɤɢɣ ɤɥаɫɫ ɤɪаɟвых ɡаɞач ɦаɬɟɦаɬɢчɟɫɤɨɣ фɢ-
ɡɢɤɢ. 
Пɨɥɨɠɢɦ, чɬɨ ɧɟɤɨɬɨɪая вычɢɫɥɢɬɟɥьɧая 
ɫɢɫɬɟɦа CS (ɪаɛɨчая ɫɬаɧɰɢя, ɤɥаɫɬɟɪ ɪаɛɨ-
чɢх ɫɬаɧɰɢɣ ɢ ɬ.ɩ.) ɢɫɩɨɥьɡɭɟɬ ɞɥя ɪɟшɟɧɢя 
ɥɢɧɟɣɧɨɣ ɡаɞачɢ ɦаɬɟɦаɬɢчɟɫɤɨɣ фɢɡɢɤɢ 
ɩɪɢɤɥаɞɧɨɣ ɩɪɨɝɪаɦɦɧыɣ ɤɨɦɩɥɟɤɫ P. Пɭɫɬь 
ɞаɥɟɟ pP – ɩɪɢɤɥаɞɧая ɩɪɨɝɪаɦɦа, ɪаɡɪаɛɨ-
ɬаɧɧая ɧа ɛаɡɟ ɧɟɤɨɬɨɪɨɝɨ ɦɟɬɨɞа ɞɢɫɤɪɟɬɢ-
ɡаɰɢɢ, ɨɛɟɫɩɟчɢваɸɳɟɝɨ ɞɨɫɬаɬɨчɧɨ ɬɨчɧɨɟ 
ɪɟшɟɧɢɟ ɤɨɪɪɟɤɬɧɨ ɩɨɫɬавɥɟɧɧɨɣ ɤɪаɟвɨɣ 
ɡаɞачɢ B ɫ ɧачаɥьɧыɦɢ C0  ɢ ɤɪаɟвыɦɢ CB 
ɭɫɥɨвɢяɦɢ ɞɥя ɞɨɩɭɫɬɢɦых ɩɪɨɝɪаɦɦɨɣ р 
ɨɛɥаɫɬɟɣ Ω. Пɪɢ ɷɬɨɦ ɩɪɨɝɪаɦɦа p ɢɫɩɨɥь-
ɡɭɟɬ ɡаɦɟɧɭ ɨɛɥаɫɬɟɣ ɢɡɦɟɧɟɧɢя ɧɟɡавɢɫɢ-
ɦых ɩɟɪɟɦɟɧɧых вɧɭɬɪɢ ɨɛɥаɫɬɢ (Ω) ɢ ɧа ɟё 
ɝɪаɧɢɰɟ ( ) ɧа ɞɢɫɤɪɟɬɧыɟ ɦɧɨɠɟɫɬва ɬɨчɟɤ, 
ɫɨɨɬвɟɬɫɬвɟɧɧɨ,  ɢ . Тɟɦ ɫаɦыɦ p ɛɭɞɟɬ 
выɩɨɥɧяɬь ɩɪɟɨɛɪаɡɨваɧɢɟ ɞɢɫɤɪɟɬɧɨɝɨ 
ɦɧɨɠɟɫɬва чɢɫɥɟɧɧых ɡɧачɟɧɢɣ U(х)=  

ɧа  (ɨɛɨɡɧачɢɦ  ) в чɢɫɥɟɧɧɨɟ ɦɧɨɠɟɫɬвɨ 
ɡɧачɟɧɢɣ U(х) ɧа :  
 

,   (1) 
 

ɝɞɟ А - ɥɢɧɟɣɧыɣ ɨɩɟɪаɬɨɪ, U(х) - ɡɧачɟɧɢɟ 
ɩɨɬɟɧɰɢаɥа (ɬɟɧɡɨɪа) в ɬɨчɤɟ х ɫɨɨɬвɟɬɫɬвɭ-
ɸɳɟɣ ɪаɡɦɟɪɧɨɫɬɢ. 
Дɥя ɪɟшɟɧɢя ɡаɞачɢ В ɪаɡɞɟɥɢɦ Ω ɧа ɤɨɧɟч-
ɧɨɟ ɦɧɨɠɟɫɬвɨ Е ɢɡ М ɷɥɟɦɟɧɬɨв ɟ1, …,ɟm, 
…, ɟМ, ɤаɠɞыɣ ɢɡ ɤɨɬɨɪых ɞɨɩɭɫɬɢɦ ɞɥя 
ɪаɫчɟɬа ɩɪɨɝɪаɦɦɨɣ p. Ƚɟɨɦɟɬɪɢчɟɫɤɭɸ вɡа-
ɢɦɨɫвяɡь ɷɥɟɦɟɧɬɨв Е ɦɨɠɧɨ ɢɥɥɸɫɬɪɢɪɨ-
ваɬь ɝɪафɨɦ ɫɦɟɠɧɨɫɬɢ (ɪɢɫɭɧɨɤ 1). 

 
Рис. 1. Граɮ сɦɟɠɧɨсɬи эɥɟɦɟɧɬɨв  

(вɟрɲиɧы – эɥɟɦɟɧɬы, рёɛра – ɩɨвɟрхɧɨсɬи 
раɡɞɟɥɟɧия эɥɟɦɟɧɬɨв) 

 
Раɫɫɦɨɬɪɢɦ выɞɟɥɟɧɧыɣ ɩɭɧɤɬɢɪɨɦ ɧа ɪɢɫ.1 
фɪаɝɦɟɧɬ ɨɛъɟɤɬа ɪаɫчёɬа в ɭɫɥɨвɧɨ ɪаɡɞɟ-
ɥёɧɧɨɦ ɫɨɫɬɨяɧɢɢ (ɪɢɫɭɧɨɤ 2), ɝɞɟ  - 
“ɫвɨɛɨɞɧыɟ” ɢ  ,  - “ɫɦɟɠɧыɟ” ɩɨ-
вɟɪхɧɨɫɬɢ, Sm,n – ɩɨвɟɪхɧɨɫɬь ɪаɡɞɟɥɟɧɢя 
ɷɥɟɦɟɧɬɨв m ɢ n (m<n).  

 

 
Рис. 2. Фраɝɦɟɧɬ ɨɛɥасɬи  в раɡɞɟɥёɧɧɨɦ 

сɨсɬɨяɧии. 
 
Рɟшɟɧɢɟ ɡаɞачɢ ɩɪɨɢɡвɨɞɢɬɫя ɧа ɤɥаɫɬɟɪɟ ɢɡ 
М ɪаɛɨчɢх ɫɬаɧɰɢɣ, ɤаɠɞая ɢɡ ɤɨɬɨɪых вы-
ɩɨɥɧяɟɬ ɦɨɞɟɥɢɪɨваɧɢɟ ɪаɛɨɬы ɨɞɧɨɣ ɩɪɨ-
ɟɤɬɧɨɣ ɟɞɢɧɢɰы. Пɪɨɰɟɫɫ ɪаɛɨɬы вɫɟɝɨ ɨɛъ-
ɟɤɬа ɤаɤ ɟɞɢɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɨɛɟɫɩɟчɢваɟɬɫя 
выɩɨɥɧɟɧɢɟɦ ɭɫɥɨвɢɣ ɫɨɩɪяɠɟɧɢя ɫɦɟɠɧых 
ɷɥɟɦɟɧɬɨв. Зɧачɟɧɢя фɭɧɤɰɢɣ ɫɨɩɪяɠɟɧɢя 
ɨɩɪɟɞɟɥяɸɬɫя в ɬɨчɤах x(m,n) (ɩɨɥɭчаɟɦых 
ɞɢɫɤɪɟɬɢɡаɰɢɟɣ ɩɨвɪхɧɨɫɬɢ Sm,n ) ɩɭɬёɦ аɩ-
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ɩɪɨɤɫɢɦаɰɢɢ ɪɟшɟɧɢɣ ɤɪаɟвых ɡаɞач ɧа ɩɨ-
вɟɪхɧɨɫɬях  ɢ . Рɟшɟɧɢɟ выɩɨɥɧяɟɬ-
ɫя ɩɨɷɬаɩɧɨ в ɫɨɨɬвɟɬɫɬвɢɢ ɫ аɥɝɨɪɢɬɦɨɦ, 
ɨɩɢɫаɧɧɨɦ в Д2,3Ж. 
Оɩыɬ ɪаɡɪаɛɨɬɤɢ авɬɨɦаɬɢɡɢɪɨваɧɧɨɣ ɫɢ-
ɫɬɟɦы ɭɩɪавɥɟɧɢя ɪаɫчёɬɨɦ ɫɥɨɠɧых ɫɬɪɨɢ-
ɬɟɥьɧых ɨɛъɟɤɬɨв ɧа ɛаɡɟ ɦɟɬɨɞа ɪаɡɞɟɥɟɧɢя 
ɨɛъɟɤɬа ɧа ɩɪɨɟɤɬɧыɟ ɟɞɢɧɢɰы Д3 - 5] ɩɨɤа-
ɡаɥ, чɬɨ ɩɪаɤɬɢчɟɫɤая ɪɟаɥɢɡаɰɢя ɫɢɫɬɟɦы 
ɫвɨɞɢɬɫя ɤ ɪɟшɟɧɢɸ ɫɥɟɞɭɸɳɢх ɡаɞач:  
1) ɪаɡɪаɛɨɬɤа ɛаɡы ɞаɧɧых ɞɥя ɰɟɧɬɪаɥɢɡɨ-

ваɧɧɨɝɨ хɪаɧɟɧɢя вɫɟх ɧɟɨɛхɨɞɢɦых в 
ɩɪɨɰɟɫɫɟ ɪаɫчёɬа чɢɫɥɟɧɧых ɞаɧɧых;  

2) ɪаɡɪаɛɨɬɤа ɝɪафɢчɟɫɤɨɝɨ ɢɧɬɟɪфɟɣɫа 
ɩɨɥьɡɨваɬɟɥя;  

3) ɨɪɝаɧɢɡаɰɢя ɤɥɢɟɧɬ-ɫɟɪвɟɪɧɨɝɨ вɡаɢɦɨ-
ɞɟɣɫɬвɢя ɦɟɠɞɭ ɩɪɨɟɤɬɢɪɨвɳɢɤаɦɢ ɢ 
ɫɟɪвɟɪɨɦ;  

4) фɨɪɦɢɪɨваɧɢɟ ɢɫхɨɞɧых ɞаɧɧых ɧа вхɨɞ-
ɧɨɦ яɡыɤɟ ɛаɡɨвɨɝɨ ɩɪɨɝɪаɦɦɧɨɝɨ ɫɪɟɞ-
ɫɬва;  

5) ɭɩɪавɥɟɧɢɟ ɛаɡɨвыɦ ɩɪɨɝɪаɦɦɧыɦ ɫɪɟɞ-
ɫɬвɨɦ;  

6) ɝɪафɢчɟɫɤɨɟ ɨɬɨɛɪаɠɟɧɢɟ ɫɬɪɭɤɬɭɪы ɢ 
ɩаɪаɦɟɬɪɨв ɦɨɞɟɥɢ;  

7) фɨɪɦɢɪɨваɧɢɟ ɢ ɪɟшɟɧɢɟ ɫɢɫɬɟɦ ɭɪавɧɟ-
ɧɢɣ, ɨɩɪɟɞɟɥяɸɳɢх ɦɟхаɧɢчɟɫɤɨɟ вɡаɢ-
ɦɨɞɟɣɫɬвɢɟ ɫɦɟɠɧых ɩɪɨɟɤɬɧых ɟɞɢɧɢɰ; 

8) ɨɪɝаɧɢɡаɰɢя ɫɛɨɪа ɢ аɧаɥɢɡа ɪɟɡɭɥьɬаɬɨв 
ɪаɫчёɬа. 

К ɧаɫɬɨяɳɟɦɭ вɪɟɦɟɧɢ в ННȽАСУ ɪаɡɪаɛɨ-
ɬаɧа ɢ ɩɪɨхɨɞɢɬ ɬɟɫɬɢɪɨваɧɢɟ ɬɪɟɬья вɟɪɫɢя 
ɫɢɫɬɟɦы, ɩɨɡвɨɥяɸɳая ɩɪɨɟɤɬɧыɦ ɨɪɝаɧɢɡа-

ɰɢяɦ ɩɪɢ ɧɟɡɧачɢɬɟɥьɧых фɢɧаɧɫɨвых ɡа-
ɬɪаɬах ɫɭɳɟɫɬвɟɧɧɨ ɭɫɤɨɪɢɬь ɩɪɨɰɟɫɫ ɩɪɨɟɤ-
ɬɢɪɨваɧɢя ɫɥɨɠɧых ɫɬɪɨɢɬɟɥьɧых ɨɛъɟɤɬɨв. 
Сɢɫɬɟɦа ɛыɥа ɪаɡɪаɛɨɬаɧа в ɫɪɟɞɟ Microsoft 
Visual C# 3.5. В ɤачɟɫɬвɟ СУȻД в ɪаɡɪаɛɨ-
ɬаɧɧɨɦ ɩɪɨɝɪаɦɦɧɨɦ ɤɨɦɩɥɟɤɫɟ ɢɫɩɨɥьɡɭɟɬ-
ɫя ɫвɨɛɨɞɧɨ ɪаɫɩɪɨɫɬɪаɧяɟɦая вɟɪɫɢя 
Microsoft SQL Server 2008 Express. 
Сɬɪɭɤɬɭɪɧая ɫхɟɦа, ɢɥɥɸɫɬɪɢɪɭɸɳая ɪаɛɨɬɭ 
ɪаɡɪаɛɨɬаɧɧɨɝɨ ɩɪɨɝɪаɦɦɧɨɝɨ ɫɪɟɞɫɬва, 
ɩɪɟɞɫɬавɥɟɧа ɧа ɪɢɫɭɧɨɤ 3.  
В ɤачɟɫɬвɟ ɩɪɢɦɟɪа ɛыɥ выɩɨɥɧɟɧ ɪаɫчёɬ 
ɨɛъɟɤɬа, ɫɨɫɬɨяɳɟɝɨ ɢɡ 7 ɫɨɟɞɢɧёɧɧых ɦɟɠ-
ɞɭ ɫɨɛɨɣ ɩɟɪɟхɨɞаɦɢ ɨɞɧɨɬɢɩɧых ɫɟɤɰɢɣ 
(ɪɢɫɭɧɨɤ 4). Каɠɞая ɫɟɤɰɢя ɩɪɟɞɫɬавɥяɥа ɢɡ 
ɫɟɛя 35-ɷɬаɠɧыɣ ɦɨɧɨɥɢɬɧыɣ ɤаɪɤаɫ ɫ ɩɟɪɟ-
ɤɪыɬɢяɦɢ ɧа ɧɟɫɭɳɢх ɤɨɥɨɧɧах (ɪɢɫɭɧɨɤ 5).  
В ɤачɟɫɬвɟ ɩɪɨɟɤɬɧых ɟɞɢɧɢɰ ɛыɥɢ ɩɪɢɧяɬы 
ɫɟɤɰɢɢ ɨɛъɟɤɬа. Раɫчёɬ ɧаɩɪяɠёɧɧɨ-
ɞɟфɨɪɦɢɪɨваɧɧɨɝɨ ɫɨɫɬɨяɧɢя ɤаɠɞɨɣ ɫɟɤ-
ɰɢɢ, ɫɨɫɬɨяɳɟɣ ɢɡ 190 970 ɷɥɟɦɟɧɬɨв, ɛыɥ 
ɫвяɡаɧ ɫ ɧɟɨɛхɨɞɢɦɨɫɬьɸ ɪɟшɟɧɢя 995 652 
ɭɪавɧɟɧɢɣ. Таɤɢɦ ɨɛɪаɡɨɦ, вɫя ɡаɞача ɫвɨ-
ɞɢɬɫя ɤ ɪɟшɟɧɢɸ ɫɢɫɬɟɦы ɢɡ 6 969 276 ɭɪав-
ɧɟɧɢɣ.  
Раɫчёɬ ɦɨɞɟɥɢ выɩɨɥɧяɥɫя ɧа ɩɟɪɫɨɧаɥьɧых 
ɤɨɦɩьɸɬɟɪах ɧа ɛаɡɟ ɩɪɨɰɟɫɫɨɪа Intel i3 540 
(ОЗУ – 4 ȽȻ), ɨɛъɟɞɢɧёɧɧых в ɥɨɤаɥьɧɭɸ 
ɫɟɬь. Тɪɟɛɭɟɦɨɟ вɪɟɦя ɢ ɨɛъёɦ ɞɢɫɤɨвɨɝɨ 
ɩɪɨɫɬɪаɧɫɬва, ɡаɬɪачɢваɟɦыɟ ɧа ɪаɫчёɬ 
ɤаɠɞɨɣ ɫɟɤɰɢɢ (ПЕ) ɩɪɢ ɪаɛɨɬɟ ɧа 
ɨɞɧɨɬɢɩɧых ПК в аɧɫаɦɛɥɟ, ɭɤаɡаɧы в ɬаɛɥ. 
1, 2. 

 
Таɛɥиɰа 1. Заɬраɬы врɟɦɟɧи ɧа расчёɬ ɨɞɧɨɣ сɟкɰии, ɡаɬрачиваɟɦыɟ каɠɞыɦ ɉК  

ɩри рɟɲɟɧии ɡаɞачи в сɨсɬавɟ всɟɝɨ вычисɥиɬɟɥьɧɨɝɨ кɨɦɩɥɟкса. 
 №ПК  

Паɪаɦɟɬɪ  1 ПК 2 ПК 3 ПК 4 ПК 5 ПК 6 ПК 7 ПК 
TИОН, ɦɢɧ. 165.0 162.0 159.0 154.0 152.0 154.0 150.0 
TИПТМ, ɦɢɧ. 151.0 147.0 118.0 137.0 186.0 120.0 129.0 
T, чɚс. 5.5 5.3 4.7 5.0 5.7 4.6 4.7 
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Рис. 3. ɋɬрукɬурɧая схɟɦа раɡраɛаɬываɟɦɨɣ сисɬɟɦы. 
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Рис. 4. ɋхɟɦаɬичɧыɣ ɩɥаɧ рассчиɬываɟɦɨɝɨ ɨɛɴɟкɬа. 

 

 
Рис. Тиɩɨвая сɟкɰия сɬрɨиɬɟɥьɧɨɝɨ ɨɛɴɟкɬа.

 
 

В ɬаɛɥ. 1 T_ed – вɪɟɦя, ɡаɬɪачɢваɟɦɨɟ ɤаɠ-
ɞыɦ ɤɨɦɩьɸɬɟɪɨɦ ɧа ɪаɫчёɬ ɫɟɤɰɢɢ ɨɬ ɬɟ-
ɫɬɢɪɭɸɳɢх (ɟɞɢɧɢчɧых) ɭɫɢɥɢɣ ɢ вɧɟшɧɟɣ 
ɧаɝɪɭɡɤɢ; T_fic - вɪɟɦя, ɡаɬɪачɢваɟɦɨɟ ɧа 
ɪаɫчёɬ ɨɬ вычɢɫɥɟɧɧых ɭɫɢɥɢɣ вɡаɢɦɨɞɟɣ-
ɫɬвɢя  ɫɟɤɰɢɣ ɢ вɧɟшɧɟɣ ɧаɝɪɭɡɤɢ; T – ɫɭɦ-
ɦаɪɧɨɟ вɪɟɦя ɪаɫчёɬа ɨɞɧɨɣ ПЕ ɫ ɭчёɬɨɦ 
вɪɟɦɟɧɢ, ɡаɬɪачɟɧɧɨɝɨ ɧа ɫɨɝɥаɫɨваɧɢɟ ɪɟ-
шɟɧɢɣ. В ɫɨɨɬвɟɬɫɬвɢɢ ɫ ɬаɛɥ. 1 ɧа ɪɟшɟɧɢɟ 
ɡаɞачɢ ɨɩɪɟɞɟɥɟɧɢя НДС вɫɟɝɨ ɨɛъɟɤɬа ɩɨ-
ɬɪɟɛɨваɥɨɫь ɡаɬɪаɬɢɬь 5.7 чаɫɨв.  
В ɬаɛɥ. 2 HDD_ed – ɨɛъёɦ ɞɢɫɤɨвɨɝɨ ɩɪɨ-
ɫɬɪаɧɫɬва, ɩɨɬɪɟɛɨвавшɢɣɫя ɧа ɪаɫчёɬ ɫɟɤ-
ɰɢɣ ɨɬ ɬɟɫɬɢɪɭɸɳɢх (ɟɞɢɧɢчɧых) ɭɫɢɥɢɣ ɢ 
вɧɟшɧɟɣ ɧаɝɪɭɡɤɢ; HDD_fic – ɬɨ ɠɟ ɧа ɪаɫ-
чёɬ ɫɟɤɰɢɣ ɨɬ вычɢɫɥɟɧɧых ɭɫɢɥɢɣ вɡаɢɦɨ-
ɞɟɣɫɬвɢя ɢ вɧɟшɧɟɣ ɧаɝɪɭɡɤɢ; HDD – ɫɭɦ-
ɦаɪɧыɣ ɨɛъёɦ ɞɢɫɤɨвɨɝɨ ɩɪɨɫɬɪаɧɫɬва, ɩɨ-
ɬɪɟɛɨвавшɢɣɫя ɧа ɪаɫчёɬ ɫɟɤɰɢɣ. 

Таɛɥиɰа 2. Ɉɛɴёɦы ɞискɨвɨɝɨ ɩрɨсɬраɧсɬва, ɬрɟɛуɸщиɟся ɞɥя расчёɬа каɠɞɨɣ сɟкɰии. 
 №ПК  

Паɪаɦɟɬɪ  1 ПК 2 ПК 3 ПК 4 ПК 5 ПК 6 ПК 7 ПК 
HDDИОН, ȽȻ 14.1 14.2 14.2 14.2 14.2 14.2 14.1 
HDDИПТМ, ȽȻ 14.1 14.1 14.1 14.1 14.1 14.1 14.1 
HDD, ȽȻ 28.2 28.3 28.3 28.3 28.3 28.3 28.2 

 
Раɫчёɬ ɨɛъɟɤɬа ɬɨɥьɤɨ ɧа ɨɞɧɨɦ ɤɨɦɩьɸɬɟɪɟ 
ɧɟ ɦɨɝ ɩɪɨɢɡвɨɞɢɬьɫя ɩɨ ɩɪɢчɢɧɟ ɧɟɞɨɫɬаɬɤа 
аɩɩаɪаɬɧых ɪɟɫɭɪɫɨв. Оɞɧаɤɨ, ɟɫɥɢ ɨɩɢɪаяɫь 
ɧа ɢɡвɟɫɬɧыɟ ɞаɧɧыɟ ɩɨ ɩɪɨɢɡвɨɞɢɬɟɥьɧɨɫɬɢ 
ПК выɩɨɥɧɢɬь ɷɤɫɬɪаɩɨɥяɰɢɸ ɩɪɨɞɨɥɠɢ-

ɬɟɥьɧɨɫɬɢ ɪɟшɟɧɢя ɪаɫɫɦаɬɪɢваɟɦɨɣ ɡаɞачɢ 
ɧа ɨɞɧɨɦ ɝɢɩɨɬɟɬɢчɟɫɤɨɦ ɤɨɦɩьɸɬɟɪɟ, ɬɨ 
ɩɨɥɭчɢɦ, чɬɨ вɪɟɦя ɪаɫчёɬа ɛɟɡ ɪаɡɞɟɥɟɧɢя 
ɧа ПЕ ɦɨɝɥɨ ɛы ɛыɬь ɩɨ ɤɪаɣɧɟɣ ɦɟɪɟ в 5 – 

1                 2                3                 4                 5                 6                 7 
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10 ɪаɡ ɛɨɥьшɟ, чɟɦ вɪɟɦя ɫ ɪаɡɞɟɥɟɧɢɟɦ ɧа 
ПЕ (5.7 чаɫа), ɬ.ɟ. 30 - 50 чаɫɨв.  
Таɤɢɦ ɨɛɪаɡɨɦ ɪɟаɥɢɡаɰɢя ɦɟɬɨɞа ɪаɡɞɟɥɟ-
ɧɢя ɧа ɩɪɨɟɤɬɧыɟ ɟɞɢɧɢɰы ɩɨɡвɨɥяɟɬ ɪɟшаɬь 
ɧɟɞɨɫɬɭɩɧыɟ ɞɥя ПК ɡаɞачɢ в ɩɪɢɟɦɥɟɦɨɟ 
ɞɥя ɩɨɥɭчɟɧɢя ɪɟɡɭɥьɬаɬа вɪɟɦя. 
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ɌȿɈɊȿɌИЧȿСɄИȿ ɈСɇɈВЫ СɈɁДАɇИə СВАɃ-ДɊȿɇ  
В СɅАȻЫХ ȽɊɍɇɌАХ ɉɈ ɌȿХɇɈɅɈȽИИ  ɊɈɌɈɊɇɈȽɈ 

ɍɉɅɈɌɇȿɇИə 
 

Ɂ.Ƚ. Тер-Мартиросян1, А.Ɂ. Тер-Мартиросян1, О.И. Руɛцов1, А.В. Манукян2 
1 Мɨɫɤɨвɫɤɢɣ ɝɨɫɭɞаɪɫɬвɟɧɧыɣ ɫɬɪɨɢɬɟɥьɧыɣ ɭɧɢвɟɪɫɢɬɟɬ, ɝ. Мɨɫɤва, РОССИə 

2 ОАО «Кɨɧɰɟɪɧ Мɨɧаɪх», ɝ. Мɨɫɤва, РОССИə 
 

АɇɇɈɌАЦИə:  В ɫɬаɬьɟ ɢɡɥаɝаɸɬɫя фɢɡɢчɟɫɤɢɟ ɢ ɪаɫчɟɬɧɨ - ɬɟɨɪɟɬɢчɟɫɤɢɟ ɨɫɧɨвы ɭɩɥɨɬɧɟɧɢя ɫɥаɛых 
ɝɪɭɧɬɨв вɨɤɪɭɝ ɥɢɞɢɪɭɸɳɟɣ ɫɤваɠɢɧы ɫ ɩɨɦɨɳьɸ ɪɨɬɨɪа ɫ ɨɞɧɨвɪɟɦɟɧɧыɦ ɢɡɝɨɬɨвɥɟɧɢɟɦ ɫваɢ - ɞɪɟɧы 
ɞɢаɦɟɬɪɨɦ, ɩɪɟвышаɸɳɢɦ ɞɢаɦɟɬɪ  ɥɢɞɢɪɭɸɳɟɣ ɫɤваɠɢɧы в ɞва ɪаɡа ɡа ɫчɟɬ ɫɨɡɞаɧɢя ɡɧачɢɬɟɥьɧых 
ɪаɞɢаɥьɧых ɧаɩɪяɠɟɧɢɣ. Пɪɢвɨɞɢɬɫя ɨɩɢɫаɧɢɟ фɢɡɢчɟɫɤɨɣ ɫɭɳɧɨɫɬɢ ɩɪɨɰɟɫɫа ɭɩɥɨɬɧɟɧɢя ɝɪɭɧɬɨвɨɣ 
ɫɪɟɞы, ɨɛɥаɞаɸɳɟɣ яɪɤɨ выɪаɠɟɧɧыɦɢ ɭɩɪɭɝɨ - ɩɥаɫɬɢчɟɫɤɢɦɢ ɫвɨɣɫɬваɦɢ, ɩɪɢ ɨɞɧɨɤɪаɬɧɨɦ ɢ ɦɧɨɝɨ-
ɤɪаɬɧɨɦ ɧаɝɪɭɠɟɧɢɢ - ɪаɡɝɪɭɡɤɟ. Оɬɦɟчаɟɬɫя, чɬɨ в ɷɬɨɦ ɫɥɭчаɟ в ɝɪɭɧɬɟ вɨɡɧɢɤаɟɬ ɫɢɫɬɟɦа ɨɫɬаɬɨчɧых 
ɧаɩɪяɠɟɧɢɣ ɢ ɞɟфɨɪɦаɰɢɣ, ɤɨɬɨɪая ɫɩɨɫɨɛɫɬвɭɟɬ ɫɧɢɠɟɧɢɸ ɨɫаɞɨɤ ɭɩɥɨɬɧɟɧɧɨɝɨ ɫɥɨя ɝɪɭɧɬа ɩɨɞ фɭɧ-
ɞаɦɟɧɬɨɦ. Пɪɢвɨɞяɬɫя ɩɨɫɬаɧɨвɤа ɢ ɪɟшɟɧɢя ɡаɞачɢ вɡаɢɦɨɞɟɣɫɬвɢя вɪаɳаɸɳɟɝɨɫя ɪɨɥɢɤа - ɤаɬɤа ɫɨ 
ɫɬɟɧɤаɦɢ ɫɤваɠɢɧы ɧа ɨɫɧɨвɟ ɡаɞачɢ Ƚɟɪɰа ɢ Ʌяɦɟ аɧаɥɢɬɢчɟɫɤɢɦ ɢ чɢɫɥɟɧɧыɦ ɦɟɬɨɞаɦɢ. Аɧаɥɢɡɢɪɭ-
ɸɬɫя ɪɟɡɭɥьɬаɬы ɪаɫчɟɬɨв НДС в ɭɩɥɨɬɧяɟɦɨɦ ɫɥаɛɨɦ ɝɪɭɧɬɟ ɩɪɢ ɪаɡɥɢчɧых ɫɨɨɬɧɨшɟɧɢях ɪаɞɢɭɫɨв 
ɪɨɥɢɤа-ɤаɬɤа ɢ ɥɢɞɢɪɭɸɳɟɣ ɫɤваɠɢɧы, а ɬаɤɠɟ ɞɢаɦɟɬɪа ɫваɢ-ɞɪɟɧы ɢ ɨɤɪɭɠаɸɳɟɝɨ ɝɪɭɧɬа. 
 
Ʉлючевые словɚ: Сɥаɛыɣ ɝɪɭɧɬ, ɫвая-ɞɪɟɧа, ɪɨɬɨɪɧɨɟ ɭɩɥɨɬɧɟɧɢɟ ɝɪɭɧɬɨв, ɧаɩɪяɠɟɧɢя ɢ ɞɟфɨɪɦаɰɢɢ 
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ABSTRACT: The article describes the physical and settlement - the theoretical foundations of weak soil com-
paction around the leadership of the well using a rotor with simultaneous production of piles - drains diameter 
greater than the diameter of the hole in the lead twice through the creation of significant radial stresses. The de-
scription of the physical nature of the process of sealing soil environment, has a pronounced elastic - plastic 
properties, the single and repeated loading - unloading. It is noted that in this case, in the ground, a system of re-
sidual stresses and strains, which helps to reduce sediment compacted layer of soil under the foundation. Are 
posing and solving the problem of the interaction of the rotating roller - skating rink with the walls of the well 
based on the Hertz and Lame problem analytical and numerical methods. The results of calculation of VAT in 
the sealing soft ground at different ratios of the radii of the roller-skating rink and leading well, and the diameter 
of the pile-drains and the surrounding soil. 
 

Keywords: Weak soil, pile-drain, rotary soil consolidation, stress and strain 

 
1. ВВȿДȿɇИȿ 
 
Иɡвɟɫɬɧɨ, чɬɨ ɩɪɢ ɫɬɪɨɢɬɟɥьɫɬвɟ ɧа ɫɥаɛых 
ɩɟɫчаɧых ɢ ɝɥɢɧɢɫɬых ɝɪɭɧɬах ɫ ɦɨɞɭɥɟɦ 

ɞɟфɨɪɦаɰɢɢ ɦɟɧɟɟ 5 Мɉа ɬɨɥɳɢɧɨɣ ɛɨɥɟɟ 
10 ɦ чаɫɬɨ вɨɡɧɢɤаɟɬ ɧɟɨɛхɨɞɢɦɨɫɬь ɩɪɟɨɛ-
ɪаɡɨваɧɢя ɢх ɫвɨɣɫɬв, в ɬɨɦ чɢɫɥɟ ɩɥɨɬɧɨɫɬь, 
вɥаɠɧɨɫɬь, ɪаɡɥɢчɧыɦɢ ɫɩɨɫɨɛаɦɢ ɫ ɰɟɥьɸ 
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ɩɨвышɟɧɢя ɩаɪаɦɟɬɪɨв ɞɟфɨɪɦɢɪɭɟɦɨɫɬɢ ɢ 
ɩɪɨчɧɨɫɬɢ. Оɞɧɢɦ ɢɡ ɷффɟɤɬɢвɧых ɦɟɬɨɞɨв 
ɫɤɨɪɨɫɬɧɨɝɨ ɭɩɥɨɬɧɟɧɢя ɫɥаɛых ɝɪɭɧɬɨв яв-
ɥяɟɬɫя ɦɟɬɨɞ, ɨɫɧɨваɧɧыɣ ɧа ɫɨɡɞаɧɢɢ в ɥɢ-
ɞɢɪɭɸɳɟɣ ɫɤваɠɢɧɟ ɪаɞɢаɥьɧых ɰɢɤɥɢчɟ-
ɫɤɢх ɧаɩɪяɠɟɧɢɣ. Рɨɬɨɪɧɨɟ ɭɩɥɨɬɧɟɧɢɟ 
ɝɪɭɧɬɨв (ɞаɥɟɟ "РУȽ") ɩɨɡвɨɥяɟɬ ɧɟ ɬɨɥьɤɨ 
ɫɨɡɞаваɬь ɡɧачɢɬɟɥьɧыɟ ɪаɞɢаɥьɧыɟ ɧаɩɪя-
ɠɟɧɢя, ɧɨ ɢ вɞавɥɢваɟɬ ɢ вɩɪɟɫɫɨвываɟɬ ɪа-
ɛɨчɢɣ ɦаɬɟɪɢаɥ в ɩɪɨɫɬɪаɧɫɬвɨ ɦɟɠɞɭ ɥɢɞɢ-
ɪɭɸɳɟɣ ɫɤваɠɢɧɨɣ ɢ ɭɩɪɭɝɨ-ɩɥаɫɬɢчɧɨɣ  
ɬɪɭɛɨɣ, вɧɭɬɪɢ ɤɨɬɨɪɨɣ ɫ ɛɨɥьшɨɣ ɫɤɨɪɨ-
ɫɬьɸ вɪаɳаɟɬɫя ɪɨɥɢɤ-ɤаɬɨɤ (ɪɢɫ. 3.1). В ɪɟ-
ɡɭɥьɬаɬɟ ɨɛɪаɡɭɟɬɫя ɫɨɫɬавɧɨɣ ɝɪɭɧɬɨвыɣ 
ɰɢɥɢɧɞɪ ɢɡ ɩɟɫчаɧɨ-ɝɪавɢɣɧɨɣ ɫɦɟɫɢ ɡаɞаɧ-
ɧɨɝɨ ɞɢаɦɟɬɪа ɢ ɭɩɥɨɬɧɟɧɧɨɝɨ ɝɪɭɧɬа вɨɤɪɭɝ 
ɧɟɟ. Таɤɨɣ ɰɢɥɢɧɞɪ в ɫɨɫɬавɟ ɩɪɟɨɛɪаɡɨваɧ-
ɧɨɝɨ ɨɫɧɨваɧɢя ɦɨɠɟɬ вɨɫɩɪɢɧɢɦаɬь ɞɨɫɬа-
ɬɨчɧɨ ɛɨɥьшɢɟ ɧаɝɪɭɡɤɢ ɨɬ ɩɥɢɬɧых фɭɧɞа-
ɦɟɧɬɨв ɡɞаɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ ɫɪɟɞɧɟɣ ɷɬаɠ-
ɧɨɫɬɢ. В ɡавɢɫɢɦɨɫɬɢ ɨɬ ɤɨɧɫɬɪɭɤɬɢвɧых 
ɨɫɨɛɟɧɧɨɫɬɟɣ ɩɪɨɟɤɬɢɪɭɟɦых ɡɞаɧɢɣ ɢ ɫɨ-
ɨɪɭɠɟɧɢɣ (ɩɥɨɳаɞь, ɫɪɟɞɧяя ɧаɝɪɭɡɤа ɩɨɞ 
ɩɥɢɬɨɣ, ɞɨɩɭɫɤаɟɦая ɨɫаɞɤа ɢ ɧɟɫɭɳая ɫɩɨ-
ɫɨɛɧɨɫɬь) ɧаɡɧачаɟɬɫя ɫɨɨɬвɟɬɫɬвɭɸɳая ɫɬɟ-
ɩɟɧь ɭɩɥɨɬɧɟɧɢя ɫɥаɛɨɝɨ ɝɪɭɧɬа (ɩɥɨɬɧɨɫɬь, 
вɥаɠɧɨɫɬь), ɤɨɬɨɪая ɨɩɪɟɞɟɥяɟɬ ɞɟфɨɪɦɢɪɭ-
ɟɦɨɫɬь ɢ ɩɪɨчɧɨɫɬь ɭɩɥɨɬɧɟɧɧɨɝɨ ɫɥаɛɨɝɨ 
ɝɪɭɧɬа ɢ ɫɨɫɬавɧɨɝɨ ɰɢɥɢɧɞɪа в ɰɟɥɨɦ. Пɨ-
ɫɥɟɞɧɢɟ ɡавɢɫяɬ ɨɬ ɫɨɨɬɧɨшɟɧɢя ɞɢаɦɟɬɪа 
ɩɟɫчаɧɨɣ ɫваɢ ɢ ɫɥаɛɨɝɨ ɝɪɭɧɬа, а ɬаɤɠɟ ɨɬ 
ɪаɫɫɬɨяɧɢя ɦɟɠɞɭ ɨɫяɦɢ  ɫваɣ-ɞɪɟɧ, ɪаɫɩɨ-
ɥɨɠɟɧɧых в шахɦаɬɧɨɦ ɩɨɪяɞɤɟ. 
В ɧаɫɬɨяɳɟɣ ɫɬаɬьɟ ɢɡɥаɝаɸɬɫя фɢɡɢɤɨ-
ɦɟхаɧɢчɟɫɤɢɟ ɢ ɪаɫчɟɬɧɨ-ɬɟɨɪɟɬɢчɟɫɤɢɟ ɨɫ-
ɧɨвы ɢɡɝɨɬɨвɥɟɧɢя ɫваɢ - ɞɪɟɧы ɢ ɭɩɥɨɬɧɟ-
ɧɢя ɫɥаɛɨɝɨ ɝɪɭɧɬа вɨɤɪɭɝ ɧɟɟ ɫ ɭчɟɬɨɦ ɢх 
вɡаɢɦɨɞɟɣɫɬвɢя. Пɪɢвɨɞяɬɫя ɩɨɫɬаɧɨвɤа ɢ 
ɪɟшɟɧɢя ɡаɞачɢ ɞɥя ɤɨɥɢчɟɫɬвɟɧɧɨɣ ɨɰɟɧɤɢ 
НДС в ɭɩɥɨɬɧяɟɦɨɦ ɫɥаɛɨɦ ɝɪɭɧɬɟ вɨɤɪɭɝ 
ɥɢɞɢɪɭɸɳɟɣ ɫɤваɠɢɧы в ɩɪɨɰɟɫɫɟ ɢɡɝɨɬɨв-
ɥɟɧɢя ɫваɢ - ɞɪɟɧы ɩɭɬɟɦ ɫɨɡɞаɧɢя ɡɧачɢ-
ɬɟɥьɧых ɪаɞɢаɥьɧых ɧаɩɪяɠɟɧɢɣ ɧа ɫɬɟɧɤɢ 
ɥɢɞɢɪɭɸɳɟɣ ɫɤваɠɢɧы аɧаɥɢɬɢчɟɫɤɢɦ ɢ 
чɢɫɥɟɧɧыɦ ɦɟɬɨɞаɦɢ. Рɟшɟɧɢя ɷɬɢх ɡаɞач 
ɩɨɡвɨɥяɸɬ ɩɪɨɝɧɨɡɢɪɨваɬь ɩɪɨɰɟɫɫ фɨɪɦɢ-
ɪɨваɧɢя НДС в ɭɩɥɨɬɧяɟɦɨɦ ɝɪɭɧɬɟ, ɭɩɪав-

ɥяɬь ɷɬɢɦ ɩɪɨɰɟɫɫɨɦ ɢ ɫɨвɟɪшɟɧɫɬвɨваɬь 
ɟɝɨ. Пɨ ɪɟɡɭɥьɬаɬаɦ ɭɩɥɨɬɧɟɧɢя ɨɩɪɟɞɟɥя-
ɸɬɫя ɩаɪаɦɟɬɪы ɞɟфɨɪɦɢɪɨваɧɢя (E0, mv) ɢ 
ɩɪɨчɧɨɫɬɢ (с, φ) ɭɩɥɨɬɧɟɧɧɨɝɨ ɝɪɭɧɬа ɫ ɭчɟ-
ɬɨɦ ɪɟɡɭɥьɬаɬɨв ɥаɛɨɪаɬɨɪɧых ɢɫɩыɬаɧɢɣ 
ɝɪɭɧɬɨв, в ɬɨɦ чɢɫɥɟ ɤɨɦɩɪɟɫɫɢɨɧɧых, ɬɪɟх-
ɨɫɧых ɢ ɫɞвɢɝɨвых. 
 
 
2. ɈȻ ɈСɌАɌɈЧɇЫХ ДȿɎɈɊɆАЦИəХ  

И ɇАɉɊəɀȿɇИəХ В ȽɊɍɇɌɈВɈɃ 
СɊȿДȿ 

 
Иɡвɟɫɬɧɨ, чɬɨ ɩɪɢ ɨɞɧɨɪаɡɨвɨɦ ɢ ɦɧɨɝɨɪаɡɨ-
вɨɦ ɰɢɤɥɢчɟɫɤɨɦ ɧаɝɪɭɠɟɧɢɢ ɢ ɪаɡɝɪɭɡɤɟ 
ɩɨɞ шɬаɦɩɨɦ в ɝɪɭɧɬɟ вɨɡɧɢɤаɸɬ ɨɫɬаɬɨч-
ɧыɟ ɢ ɪаɞɢаɥьɧыɟ ɧаɩɪяɠɟɧɢя ɢ ɨɫаɞɤɢ, а 
вɨɤɪɭɝ ɩɪɟɫɫɢɨɦɟɬɪа вɨɡɧɢɤаɸɬ ɡɧачɢɬɟɥь-
ɧыɟ ɨɫɬаɬɨчɧыɟ ɞɟфɨɪɦаɰɢɢ ɢ ɧаɩɪяɠɟɧɢя, 
ɩɪɢчɟɦ ɩɨɫɥɟɞɧɢɟ чаɫɬɢчɧɨ ɪɟɥаɤɫɢɪɭɸɬ в 
ɡавɢɫɢɦɨɫɬɢ ɨɬ вɢɞа ɝɪɭɧɬа. Фɢɡɢчɟɫɤɨ - ɦɟ-
хаɧɢчɟɫɤая ɫɭɳɧɨɫɬь вɨɡɧɢɤɧɨвɟɧɢя ɨɫɬа-
ɬɨчɧых ɞɟфɨɪɦаɰɢɣ ɢ ɧаɩɪяɠɟɧɢɣ (вɧɭɬɪɟɧ-
ɧɢх) ɩɪɢвɨɞɢɬɫя в ɫɨвɪɟɦɟɧɧых ɬɟɨɪɢях 
ɭɩɪɨчɧяɸɳɟɣɫя ɭɩɪɭɝɨ - ɩɥаɫɬɢчɟɫɤɨɣ ɫɪɟ-
ɞы Д1-9Ж. Пɨɞ ɨɫɬаɬɨчɧыɦɢ ɢɥɢ вɧɭɬɪɟɧɧɢɦɢ 
ɧаɩɪяɠɟɧɢяɦɢ ɫɥɟɞɭɟɬ ɩɨɧɢɦаɬь ɫɢɫɬɟɦɭ 
ɧаɩɪяɠɟɧɢɣ ij , ɤɨɬɨɪая ɦɨɠɟɬ ɫɭɳɟɫɬвɨ-
ваɬь вɧɭɬɪɢ ɝɪɭɧɬɨвɨɝɨ ɦаɫɫɢва, ɤɨɝɞа ɧа ɟɝɨ 
ɩɨвɟɪхɧɨɫɬɢ ɧɟ ɩɪɢɥɨɠɟɧы ɧɢ ɧɨɪɦаɥьɧыɟ, 
ɧɢ ɤаɫаɬɟɥьɧыɟ ɧаɩɪяɠɟɧɢя. Оɫɬаɬɨчɧыɟ 
ɧаɩɪяɠɟɧɢя ɦɨɝɭɬ вɨɡɧɢɤаɬь, ɟɫɥɢ ɥɨɤаɥь-
ɧыɣ ɭчаɫɬɨɤ ɢɥɢ ɨɛъɟɦ ɝɪɭɧɬɨвɨɝɨ ɦаɫɫɢва 
ɩɨɞвɟɪɝаɟɬɫя ɧɟɨɛɪаɬɢɦɨɦɭ ɭɩɪɭɝɨ - ɩɥаɫɬɢ-
чɟɫɤɨɦɭ ɞɟфɨɪɦɢɪɨваɧɢɸ ɡа ɩɪɟɞɟɥɨɦ ɭɩɪɭ-
ɝɨɫɬɢ в ɩɪɨɰɟɫɫɟ ɧаɝɪɭɠɟɧɢя (шɬаɦɩ, ɩɪɟɫ-
ɫɢɨɦɟɬɪ, ɝɥɭɛɢɧɧɨɟ ɭɩɥɨɬɧɟɧɢɟ, аɞɪɟɫɧɨɟ 
ɧаɝɧɟɬаɧɢɟ ɪаɛɨчɟɝɨ ɦаɬɟɪɢаɥа вɧɭɬɪь ɦаɫ-
ɫɢва, ɭɩɥɨɬɧɟɧɢɟ ɫвɟɪхɬяɠɟɥɨɣ ɬɪаɦɛɨвɤɨɣ 
ɢ ɞɪ.). Оɫɬаɬɨчɧыɟ ɞɟфɨɪɦаɰɢɢ ɩɨɫɥɟ ɪаɡ-
ɝɪɭɡɤɢ чаɫɬɢчɧɨ ɭɩɪɭɝɨ вɨɫɫɬаɧавɥɢваɸɬɫя 
(ɭɩɪɭɝая ɪаɡɝɪɭɡɤа), а вɨɡɧɢɤшɢɟ ɩɪɢ ɷɬɨɦ 
ɢɡɛыɬɨчɧыɟ ɧаɩɪяɠɟɧɢя ɦɨɝɭɬ чаɫɬɢчɧɨ ɢɥɢ 
ɩɨɥɧɨɫɬьɸ ɪɟɥаɤɫɢɪɨваɬьɫя. Оɫɬаɬɨчɧыɟ 
ɧаɩɪяɠɟɧɢя явɥяɸɬɫя ɞɨɩɨɥɧɢɬɟɥьɧыɦ ɩɨ-
ɥɨɠɢɬɟɥьɧыɦ фаɤɬɨɪɨɦ, ɬаɤ ɤаɤ ɦɨɝɭɬ ɛыɬь 
ɭчɬɟɧы ɩɪɢ ɨɰɟɧɤɟ НДС ɭɩɥɨɬɧɟɧɧɨɝɨ ɝɪɭɧ-
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ɬа ɩɨɞ вɨɡɞɟɣɫɬвɢɟɦ вɧɟшɧɟɣ ɧаɝɪɭɡɤɢ чɟɪɟɡ 
ɤɨɷффɢɰɢɟɧɬы OCR ɢɥɢ PPR [7]. Учɟɬ ɩɪɟɞ-
ɧаɩɪяɠɟɧɧɨɝɨ ɫɨɫɬɨяɧɢя ɧаɪяɞɭ ɫ ɭчɟɬɨɦ 
ɢɡɦɟɧɟɧɧых ɩаɪаɦɟɬɪɨв ɞɟфɨɪɦɢɪɨваɧɢя 
ɭɩɥɨɬɧɟɧɧɨɝɨ ɫɥаɛɨɝɨ ɝɪɭɧɬа ɦɨɠɟɬ ɩɪɢвɟ-
ɫɬɢ ɤ ɫɨɤɪаɳɟɧɢɸ ɨɫаɞɤɢ ɩɪɟɨɛɪаɡɨваɧɧɨɝɨ 
ɨɫɧɨваɧɢя ɩɨɞ фɭɧɞаɦɟɧɬɨɦ. Оɫɬаɬɨчɧыɟ 
ɧаɩɪяɠɟɧɢя ɩɪɢ ɦаɥых ɞɟфɨɪɦаɰɢях в ɫɥɟɞ-
ɫɬвɢɟ ɧаɝɪɭɡɤɢ ɢ ɪаɡɝɪɭɡɤɢ ɦɨɠɧɨ ɨɩɪɟɞɟ-
ɥɢɬь ɤаɤ ɪаɡɧɨɫɬь ɦɟɠɞɭ ɫɢɫɬɟɦɨɣ ɧаɩɪяɠɟ-
ɧɢɣ, вɨɡɧɢɤаɸɳɢх ɩɪɢ ɧаɝɪɭɠɟɧɢɢ *

ij , ɢ 
ɧаɩɪяɠɟɧɢяɦɢ, ɤɨɬɨɪыɟ ɞɟɣɫɬвɨваɥɢ ɛы в 
ɝɪɭɧɬɟ, ɟɫɥɢ ɨɧ ɛыɥ ɛы ɢɞɟаɥьɧɨ ɭɩɪɭɝɢɦ 

e
ij . Оɧɢ выɛɢɪаɸɬɫя ɬаɤ, чɬɨɛы ɩɪɢ ɤɨɦɛɢ-

ɧɢɪɨваɧɢɢ ɫ ɩɪɟɞыɞɭɳɟɣ ɫɢɫɬɟɦɨɣ ɩɨɥɭчɢ-
ɥɢɫь ɬɪɟɛɭɟɦыɟ ɡɧачɟɧɢя ɪɟɡɭɥьɬɢɪɭɸɳɢх 
ɫɢɥ ɢ ɦɨɦɟɧɬɨв. Пɪɢ ɩɨɥɧɨɣ ɪаɡɝɪɭɡɤɟ ɩɨ-
ɫɥɟɞɧяя ɫɢɫɬɟɦа ɧаɩɪяɠɟɧɢɣ ɞɨɥɠɧа ɢɫчɟ-
ɡаɬь. Раɡɧɨɫɬь ɫɢɫɬɟɦы ɧаɩɪяɠɟɧɢɣ e

ijij  *  

ɨɩɪɟɞɟɥяɟɬ ɫɢɫɬɟɦɭ ɨɫɬаɬɨчɧых ɧаɩɪяɠɟɧɢɣ. 
В ɤачɟɫɬвɟ ɩɪɢɦɟɪа вɨɡɧɢɤɧɨвɟɧɢя ɨɫɬаɬɨч-
ɧых ɞɟфɨɪɦаɰɢɣ ɢ ɧаɩɪяɠɟɧɢɣ ɦɨɠɧɨ ɪаɫ-
ɫɦаɬɪɢваɬь ɩɪɨɰɟɫɫ фɨɪɦɢɪɨваɧɢя НДС в 
ɭɫɥɨвɢях ɤɨɦɩɪɟɫɫɢɨɧɧɨɝɨ ɫɠаɬɢя, а ɬаɤɠɟ 
вɨɤɪɭɝ ɥɢɞɢɪɭɸɳɟɣ ɫɤваɠɢɧы ɩɪɢ ɧаɝɪɭɡɤɟ 
– ɪаɡɝɪɭɡɤɟ ɩɪɟɫɫɢɨɦɟɬɪɨɦ (ɪɢɫ. 2.1). 
 

 
 

Рис. 2.1. Граɮичɟскɨɟ ɩрɟɞсɬавɥɟɧиɟ  
ɨ вɨɡɧикɧɨвɟɧии ɨсɬаɬɨчɧых ɞɟɮɨрɦаɰиɣ  

и ɧаɩряɠɟɧиɣ ɩри ɧаɝруɡкɟ и раɡɝруɡкɟ  
в усɥɨвиях кɨɦɩрɟссии (а)  

и вɨкруɝ ɥиɞируɸщɟɣ скваɠиɧы  
ɩрɟссиɨɦɟɬрɨɦ (ɛ). 

 
Иɡɥɨɠɟɧɧɨɟ вышɟ ɞаɟɬ ɩɪɟɞɫɬавɥɟɧɢɟ ɨ фɢ-
ɡɢчɟɫɤɨɣ ɢ ɦɟхаɧɢчɟɫɤɨɣ ɫɭɳɧɨɫɬɢ вɨɡɧɢɤ-
ɧɨвɟɧɢя ɨɫɬаɬɨчɧых ɧаɩɪяɠɟɧɢɣ ɢ ɞɟфɨɪɦа-
ɰɢɣ в ɝɪɭɧɬɨвɨɣ ɫɪɟɞɟ ɢ ɩɨɤаɡываɟɬ ɩɭɬɢ ɢх 

ɨɩɪɟɞɟɥɟɧɢя ɫ ɢɫɩɨɥьɡɨваɧɢɟɦ ɬɟɨɪɢɣ ɭɩɪɭ-
ɝɨɫɬɢ ɢ ɩɥаɫɬɢчɧɨɫɬɢ. Рɟшɟɧɢɟ ɬаɤɢх ɡаɞач 
ɧɟɨɛхɨɞɢɦɨ ɞɥя ɤɨɥɢчɟɫɬвɟɧɧɨɣ ɨɰɟɧɤɢ 
ɩɪɨɰɟɫɫа фɨɪɦɢɪɨваɧɢя НДС вɨɤɪɭɝ ɥɢɞɢ-
ɪɭɸɳɟɣ ɫɤваɠɢɧы ɩɨɞ вɨɡɞɟɣɫɬвɢɟɦ ɰɢɤɥɢ-
чɟɫɤɢх ɪаɞɢаɥьɧых ɧаɩɪяɠɟɧɢɣ, в ɬɨɦ чɢɫɥɟ 
ɫ ɩɨɦɨɳьɸ ɫɩɟɰɢаɥьɧɨɣ ɭɫɬаɧɨвɤɢ ɫ ɝɢɛɤɢ-
ɦɢ ɫɬɟɧɤаɦɢ (ɬɢɩа ɩɪɟɫɫɢɨɦɟɬɪа), ɩɨɥɭчɢв-
шɭɸ ɧаɡваɧɢɟ «ɩɟɫɤɨɧаɫɨɫ» Д11-17Ж, а ɬаɤɠɟ 
вɪаɳаɸɳɟɝɨɫя вɧɭɬɪɢ ɥɢɞɢɪɭɸɳɟɣ ɫɤваɠɢ-
ɧы ɪɨɬɨɪа (ɪɢɫ. 3.1, 3.2). 
 
 
3. ɊАȻɈЧИɃ ɈɊȽАɇ С ɊɈɌɈɊɇЫɆ 

ɉɊИВɈДɈɆ 
 
Раɡɪаɛɨɬаɧɧыɣ ɢ вɧɟɞɪɟɧɧыɣ ɪаɛɨчɢɣ ɨɪɝаɧ ɫ 
ɪɨɬɨɪɧыɦ ɩɪɢвɨɞɨɦ ɡɧачɢɬɟɥьɧɨ ɩɪɟвɨɫхɨɞɢɬ 
ɢɦɟɸɳɢɣɫя ɪаɛɨчɢɣ ɨɪɝаɧ ɫ ɷɥаɫɬɢчɧыɦɢ ɰɢ-
ɥɢɧɞɪɢчɟɫɤɢɦɢ ɨɛɨɥɨчɤаɦɢ Д11-17Ж ɩɨ чаɫɬɢ 
ɫɤɨɪɨɫɬɢ ɢ ɫɨɡɞаɧɢя ɢɧɬɟɧɫɢвɧɨɝɨ ɢ ɤɨɧɰɟɧ-
ɬɪɢɪɨваɧɧɨɝɨ ɪаɞɢаɥьɧɨɝɨ ɧаɩɪяɠɟɧɢя. Ƚɥав-
ɧыɦ ɧɟɞɨɫɬаɬɤɨɦ ɰɢɥɢɧɞɪɢчɟɫɤɢх ɷɥаɫɬɢчɧых 
ɪаɛɨчɢх ɨɪɝаɧɨв явɥяɟɬɫя ɢх ɦаɥая ɩɪɨɢɡвɨɞɢ-
ɬɟɥьɧɨɫɬь, ɨɛɭɫɥɨвɥɟɧɧая ɛɨɥьшɢɦ вɪɟɦɟɧɟɦ, 
ɡаɬɪачɢваɟɦыɦ ɧа ɨɞɢɧ ɰɢɤɥ вɩɪɟɫɨвываɧɢя 
ɦаɬɟɪɢаɥа в ɫɬɟɧɤɢ ɫɤваɠɢɧы. Уɫɬɪаɧɢɬь ɷɬɨɬ 
ɧɟɞɨɫɬаɬɨɤ вɨɡɦɨɠɧɨ ɛыɥɨ ɬɨɥьɤɨ ɡа ɫчɟɬ ɫɨ-
ɤɪаɳɟɧɢя вɪɟɦɟɧɢ ɰɢɤɥа. Рɟшɢɬь ɷɬɭ ɡаɞачɭ 
ɭɞаɥɨɫь ɩɭɬɟɦ ɫɨвɦɟɳɟɧɢя вɨ вɪɟɦɟɧɢ ɫɬаɞɢɢ 
вɬɪаɦɛɨвываɧɢя ɫɨ ɫɬаɞɢɟɣ вɨɡвɪаɬа в ɢɫхɨɞ-
ɧɨɟ ɩɨɥɨɠɟɧɢɟ. Сɨвɦɟɳая ɷɬɢ ɫɬаɞɢɢ вɨ вɪɟ-
ɦɟɧɢ ɧɟɨɛхɨɞɢɦɨ ɛыɥɨ ɪаɡɧɟɫɬɢ ɢх в ɩɪɨ-
ɫɬɪаɧɫɬвɟ. Дɥя ɨɛɟɫɩɟчɟɧɢя ɬаɤɨɝɨ ɩɨɥɨɠɟɧɢя 
ɛыɥ ɪаɡɪаɛɨɬаɧ ɪаɛɨчɢɣ ɨɪɝаɧ ɫ ɪɨɬɨɪɧыɦ 
ɩɪɢвɨɞɨɦ, в ɤɨɬɨɪɨɦ ɛыɥ ɩɪɢɦɟɧɟɧ ɩɪɢɧɰɢɩ, 
ɡаɥɨɠɟɧɧыɣ в ɪаɛɨɬɭ ɦɟхаɧɢчɟɫɤɢх вɨɥɧɨвых 
ɩɟɪɟɞач Д11-17]. Сɥɟɞɨваɬɟɥьɧɨ, ɧɭɠɧɨ ɫɨɡɞа-
ваɬь ɭɫɬɪɨɣɫɬвɨ, ɩɨɡвɨɥяɸɳɟɟ ɫɨɡɞаваɬь ɞɨ-
ɩɨɥɧɢɬɟɥьɧɨɟ ɰɢɤɥɢчɟɫɤɢ ɢɡɦɟɧяɸɳɟɟɫя НДС 
в ɝɪɭɧɬɨвɨɣ ɫɪɟɞɟ. К ɬаɤɢɦ ɨɬɧɨɫяɬɫя: ɬɪаɦ-
ɛɨвɤа, ɩɟɫɤɨɧаɫɨɫ, шɧɟɤɨвыɟ ɫваɢ ɢ ɞɪ. 
Пɪɢɧɰɢɩ ɞɟɣɫɬвɢя ɪɨɬɨɪɧɨɝɨ ɪаɛɨчɟɝɨ ɨɪɝа-
ɧа ɫ ɪɨɬɨɪɧыɦ ɩɪɢвɨɞɨɦ ɨɫɧɨваɧ ɧа вɨɡ-
ɦɨɠɧɨɫɬɢ ɫɨɡɞаɧɢя ɪаɞɢаɥьɧых ɩɟɪɟɦɟɳɟ-
ɧɢɣ ɰɢɥɢɧɞɪɢчɟɫɤɨɣ ɨɛɨɥɨчɤɢ, выɩɨɥɧɟɧ-
ɧɨɣ ɢɡ ɝɢɛɤɨɝɨ ɦаɬɟɪɢаɥа ɢ ɫɨɨɬвɟɬɫɬвɭɸ-
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ɳɢх ɪаɞɢаɥьɧых ɧаɩɪяɠɟɧɢɣ ɢ ɞɟфɨɪɦаɰɢɣ. 
Оɛɳая ɫхɟɦа ɪɨɬɨɪɧɨɝɨ ɪаɛɨчɟɝɨ ɨɪɝаɧа 
ɩɪɟɞɫɬавɥɟɧа ɧа ɪɢɫ. 3.1. В ɝɢɛɤɭɸ ɰɢɥɢɧ-
ɞɪɢчɟɫɤɭɸ ɨɛɨɥɨчɤɭ 1 ɩɨɦɟɳаɸɬ ɭɫɬɪɨɣɫɬвɨ 
(ɪɨɬɨɪ) 2, вɪаɳаɬɟɥьɧɨɟ ɞвɢɠɟɧɢɟ ɤɨɬɨɪɨɝɨ 
ɨɛɟɫɩɟчɢваɟɬɫя шɬаɧɝɨɣ 3. Рɨɬɨɪ ɞɟфɨɪɦɢ-
ɪɭɟɬ ɨɛɨɥɨчɤɭ, ɩɪɢɞавая ɟɣ фɨɪɦɭ ɷɥɥɢɩɫа, а 
в ɡɨɧɟ ɤɨɧɬаɤɬа ɫɨ ɫɬɟɧɤɨɣ ɫɤваɠɢɧы ɫɨɡɞаɟɬ 
ɤɨɧɰɟɧɬɪɢɪɨваɧɧɨɟ ɪаɞɢаɥьɧɨɟ ɧаɩɪяɠɟɧɢɟ 
ɢ ɪаɫшɢɪяɟɬ ɞɢаɦɟɬɪ ɫɤваɠɢɧы. Дɢаɦɟɬ-
ɪаɥьɧɨ ɪаɫɩɨɥɨɠɟɧɧыɟ ɩɨ ɛɨɥьшɨɣ ɨɫɢ ɷɥ-
ɥɢɩɬɢчɟɫɤɨɣ ɨɛɨɥɨчɤɢ ɪɨɬɨɪы выɩɨɥɧяɸɬ 
ɬаɤɠɟ фɭɧɤɰɢɸ вɬɪаɦɛɨвываɧɢя ɦаɬɟɪɢаɥа в 
ɫɬɟɧɤɢ ɫɤваɠɢɧы ɧа ɥɨɤаɥьɧɨɦ ɭчаɫɬɤɟ ɤɨɧ-
ɬаɤɬа в ɨɬɥɢчɢɟ ɨɬ ɷɥаɫɬɢчɧɨɝɨ ɩɟɫɤɨɧаɫɨɫа 
[11-17Ж. Зɨɧы, ɪаɫɩɨɥɨɠɟɧɧыɟ ɩɨ ɦаɥɨɣ ɨɫɢ 
ɷɥɥɢɩɬɢчɟɫɤɨɣ ɨɛɨɥɨчɤɢ выɩɨɥɧяɸɬ фɭɧɤ-
ɰɢɸ ɷɥаɫɬɢчɧɨɝɨ ɪаɛɨчɟɝɨ ɨɪɝаɧа ɧа ɫɬаɞɢɢ 
вɨɡвɪаɬа в ɢɫхɨɞɧɨɟ ɩɨɥɨɠɟɧɢɟ. Пɪɢ ɩɨвɨ-
ɪɨɬɟ ɪɨɬɨɪа 2 ɧа 90ɨ, ɬ.ɟ. в ɩɨɥɨɠɟɧɢɟ 5, ɡɨɧа 
вɨɡвɪаɬа ɫɬаɧɨвɢɬɫя ɡɨɧɨɣ вɬɪаɦɛɨвываɧɢя, 
а ɡɨɧа вɬɪаɦɛɨвываɧɢя- ɡɨɧɨɣ вɨɡвɪаɬа. 
 

 
а) ɛ) 

Рис. 3.1. ɉриɧɰиɩ ɞɟɣсɬвия рɨɬɨрɧɨɝɨ  
раɛɨчɟɝɨ ɨрɝаɧа ɩɟскɨɧасɨса. 

а – схɟɦа раɡрɟɡа ɩɨ ɩрɨɞɨɥьɧɨɣ ɨси,  
ɛ – схɟɦа ɩɨ ɩɨɩɟрɟчɧɨɦу раɡрɟɡуν 

1 – ɝиɛкая эɥасɬичɧая  
ɩрɨчɧая ɰиɥиɧɞричɟская ɨɛɨɥɨчка  
в ɧɟɞɟɮɨрɦирɨваɧɧɨɦ сɨсɬɨяɧии, 

2 – рɨɬɨр,  
3 – ɬяɝа ɩривɨɞа рɨɬɨра,  

4 и 5 – ɞɟɮɨрɦирɨваɧɧая ɨɛɨɥɨчка. 
 
 
 

4. ɌȿɈɊȿɌИЧȿСɄИȿ ɈСɇɈВЫ  
ɍɉɅɈɌɇȿɇИə ȽɊɍɇɌɈВ  
ВɈɄɊɍȽ ɅИДИɊɍɘЩȿɃ СɄВАɀИɇЫ  
ɊɈɌɈɊɈɆ 

 
Пɨɞ вɨɡɞɟɣɫɬвɢɟɦ ɪɨɥɢɤɨв – ɤаɬɤɨв ɞɢаɦɟɬɪ 
ɥɢɞɢɪɭɸɳɟɣ ɫɤваɠɢɧы ɭвɟɥɢчɢваɟɬɫя, а ɧа 
ɦɟɫɬɟ ɤɨɧɬаɤɬа ɫɨ ɫɬɟɧɤɨɣ ɫɤваɠɢɧы ɩɪɢ ɷɬɨɦ 
вɨɡɧɢɤаɟɬ ɡɧачɢɬɟɥьɧɨɟ ɪаɞɢаɥьɧɨɟ ɤɨɧɰɟɧ-
ɬɪɢɪɨваɧɧɨɟ ɧаɩɪяɠɟɧɢɟ. Кɪɨɦɟ ɬɨɝɨ, ɤɪɭɬя-
ɳɢɟɫя ɪɨɥɢɤɢ – ɤаɬɤɢ ɫ ɛɨɥьшɨɣ ɫɤɨɪɨɫɬьɸ 
чаɫɬɨɬɨɣ 31  Ƚɰ ɨɞɧɨвɪɟɦɟɧɧɨ вɬаɥɤɢваɸɬ ɢ 
вɩɪɟɫɫɨвываɸɬ ɪаɛɨчɢɣ ɦаɬɟɪɢаɥ ɫваɢ – ɞɪɟ-
ɧы в ɫɬɟɧɤɢ ɫɤваɠɢɧы. Очɟвɢɞɧɨ, чɬɨ ɞɥя ɫɨ-
вɟɪшɟɧɫɬвɨваɧɢя ɬɟхɧɨɥɨɝɢɢ ɭɩɥɨɬɧɟɧɢя 
ɝɪɭɧɬɨв ɫ ɩɨɦɨɳьɸ ɪɨɬɨɪа, выɛɨɪа ɟɝɨ ɞɢа-
ɦɟɬɪа ɢ ɫɤɨɪɨɫɬɢ вɪаɳɟɧɢя, ɧɟɨɛхɨɞɢɦа ɤɨɥɢ-
чɟɫɬвɟɧɧая ɨɰɟɧɤа НДС ɭɩɥɨɬɧяɟɦɨɝɨ ɝɪɭɧɬа 
вɨɤɪɭɝ ɥɢɞɢɪɭɸɳɟɣ ɫɤваɠɢɧы ɩɨɞ вɨɡɞɟɣ-
ɫɬвɢɟɦ ɤɪɭɬяɳɟɝɨɫя ɪɨɥɢɤа – ɤаɬɤа ɧа ɤɨɧɬаɤ-
ɬɟ ɫɨ ɫɬɟɧɤɨɣ ɫɤваɠɢɧы (ɪɢɫ. 4.1). 
 

 
Рис. 4.1. Расчɟɬɧыɟ схɟɦы вɡаиɦɨɞɟɣсɬвия 

ɰиɥиɧɞрɨв кɨɧɟчɧɨɣ ɠɟсɬкɨсɬи (а)  
и аɛсɨɥɸɬɧɨ ɠɟсɬкɨɝɨ ɰиɥиɧɞра с вɨɝɧуɬɨɣ 
ɩɨвɟрхɧɨсɬьɸ срɟɞы кɨɧɟчɧɨɣ ɠɟсɬкɨсɬи 

(ɛ) (ɡаɞачи Гɟрɰа). 
 
Дɥя ɷɬɨɝɨ в ɤачɟɫɬвɟ ɪаɫчɟɬɧɨɣ ɪаɫɫɦɨɬɪɢɦ 
ɡаɞачɭ ɨ вɡаɢɦɨɞɟɣɫɬвɢɢ аɛɫɨɥɸɬɧɨ ɠɟɫɬɤɨ-
ɝɨ ɰɢɥɢɧɞɪа ɪаɞɢɭɫɨɦ R2 ɫ ɰɢɥɢɧɞɪɨɦ ɤɨ-
ɧɟчɧɨɣ ɠɟɫɬɤɨɫɬɢ ɪаɞɢɭɫɨɦ R1>>R2 (ɡаɞача 
Ƚɟɪɰа). Иɫɫɥɟɞɨваɧɢя ɦɧɨɝɨчɢɫɥɟɧɧых авɬɨ-
ɪɨв ɨ вɡаɢɦɨɞɟɣɫɬвɢɢ ɞвɭх ɩаɪаɥɥɟɥьɧых 
ɰɢɥɢɧɞɪɨв ɩɨɤаɡываɸɬ, чɬɨ ɩɨɞ вɨɡɞɟɣɫɬвɢ-
ɟɦ ɨɫɟвɨɣ ɫɢɥы Q (ɩɨɝ. ɦ) вɨɡɧɢɤаɟɬ ɭɡɤая 
ɩɪяɦɨɭɝɨɥьɧая ɩɥɨɳаɞɤа шɢɪɢɧɨɣ b=2a, ɧа 

E2    

ν2 



Тɟɨɪɟɬɢчɟɫɤɢɟ ɨɫɧɨвы ɫɨɡɞаɧɢя ɫваɣ-ɞɪɟɧ в ɫɥаɛых ɝɪɭɧɬах ɩɨ ɬɟхɧɨɥɨɝɢɢ ɪɨɬɨɪɧɨɝɨ ɭɩɥɨɬɧɟɧɢя 

Volume 10, Issue 3, 2014 169 

 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

ɤɨɬɨɪɨɣ вɨɡɧɢɤаɟɬ ɤɪɢвɨɥɢɧɟɣɧая ɤɨɧɬаɤɬ-
ɧая ɷɩɸɪа ɩɨɥɭɷɥɥɢɩɬɢчɟɫɤɨɣ фɨɪɦы, ɨɩɢ-
ɫываɟɦая ɡавɢɫɢɦɨɫɬьɸ вɢɞа 
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xa
qxq
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0)(
   (4.1) 

 
ɝɞɟ a – ɩɨɥɭшɢɪɢɧа ɤɨɧɬаɤɬɧɨɣ ɩɥɨɳаɞɤɢ, q0 
– ɦаɤɫɢɦаɥьɧɨɟ ɤɨɧɬаɤɬɧɨɟ ɧаɩɪяɠɟɧɢɟ 
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Пɪɢ вɡаɢɦɨɞɟɣɫɬвɢɢ ɞвɭх ɰɢɥɢɧɞɪɨв ɤɨɧɟч-
ɧɨɣ ɠɟɫɬɤɨɫɬɢ ɩɨɞ вɨɡɞɟɣɫɬвɢɟɦ ɫɢɥы Q 
ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬь шɢɪɢɧɭ ɤɨɧɬаɤɬɧɨɣ ɩɥɨ-
ɳаɞɤɢ b=2a. Пɨ ɞаɧɧыɦ Тɢɦɨшɟɧɤɨ С.П. 
ɨɧа ɨɩɪɟɞɟɥяɟɬɫя ɩɨ фɨɪɦɭɥɟ  
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1Е , 1 , 2Е , 2  - ɩаɪаɦɟɬɪы ɞɟфɨɪɦаɰɢɢ 
ɞвɭх ɰɢɥɢɧɞɪɨв. 
В ɪаɫɫɦаɬɪɢваɟɦɨɦ ɧаɦɢ ɫɥɭчаɟ ɛɭɞɟɦ ɫчɢ-
ɬаɬь, чɬɨ R1>> R2 ɢ ɫɨɨɬɧɨшɟɧɢɟɦ R2/R1 
ɦɨɠɧɨ ɩɪɟɧɟɛɪɟчь. Кɪɨɦɟ ɬɨɝɨ ɪаɞɢɭɫ R2 
ɢɦɟɟɬ ɨɬɪɢɰаɬɟɥьɧыɣ ɡɧаɤ (-), а ɠɟɫɬɤɨɫɬь 
ɪɨɥɢɤа – ɤаɬɤа ɧаɦɧɨɝɨ ɩɪɟвɨɫхɨɞɢɬ ɠɟɫɬ-
ɤɨɫɬь ɝɪɭɧɬа, ɢ, ɫɥɟɞɨваɬɟɥьɧɨ, K2=0. Тɨɝɞа 
(4.3) ɩɪɢɧɢɦаɟɬ вɢɞ 
 

214 RQKa    (4.5) 

 
Иɡ ɪɢɫ. 4.1ɛ ɫɥɟɞɭɟɬ, чɬɨ 2a=b – хɨɪɞа ɨɤɪɭɠ-
ɧɨɫɬɢ ɪаɞɢɭɫɨɦ R2, а ɫɬɪɟɥа ɷɬɨɣ хɨɪɞы ɪавɧа 
S, ɤɨɬɨɪая ɡаɞаɟɬɫя ɤɨɧɫɬɪɭɤɬɢвɧɨ (ɪɢɫ. 3.2). 
Сɭɳɟɫɬвɭɟɬ ɡавɢɫɢɦɨɫɬь ɦɟɠɞɭ ɞɥɢɧɨɣ хɨɪɞы 
b ɢ ɫɬɪɟɥɨɣ S ɫɥɟɞɭɸɳɟɝɨ вɢɞа  
 

2
22 SSRa    (4.6) 

Пɪɢ ɡаɞаɧɧɨɦ b=2a ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬь ɝɥɭ-
ɛɢɧɭ вɧɟɞɪɟɧɢя ɪɨɥɢɤа S ɢ ɧаɨɛɨɪɨɬ ɩɪɢ ɡа-
ɞаɧɧɨɦ S ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬь шɢɪɢɧɭ хɨɪɞы. 
Пɪɢɪавɧɢвая ɩɨɥɭшɢɪɢɧɭ хɨɪɞы ɢɡ (4.6) ɢ 
(4.5) ɢ ɩɪɟɧɟɛɪɟɝая вɟɥɢчɢɧɨɣ S2 ɩɨɥɭчаɟɦ 
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Пɪɟɧɟɛɪɟɝая ɨɬɧɨшɟɧɢɟɦ S2/R2 ɩɨɥɭчаɟɦ 
ɨɤɨɧчаɬɟɥьɧɨ 
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Мɢɧɢɦаɥьɧɨɟ ɞавɥɟɧɢɟ в ɰɟɧɬɪɟ ɤɨɧɬаɤɬа ɩɨ 
(4.3) ɛɭɞɟɬ ɪавɧɨ 
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Очɟвɢɞɧɨ, чɬɨ ɫ ɪɨɫɬɨɦ ɩɥɨɬɧɨɫɬɢ ɝɪɭɧɬа, 
ɨɤɪɭɠаɸɳɟɝɨ ɥɢɞɢɪɭɸɳɭɸ ɫɤваɠɢɧɭ, ɦɨ-
ɞɭɥь ɞɟфɨɪɦаɰɢɢ ɛɭɞɟɬ ɪаɫɬɢ, ɢ, ɫɨɨɬвɟɬ-
ɫɬвɟɧɧɨ, ɛɭɞɟɬ ɪаɫɬɢ ɤɨɧɬаɤɬɧɨɟ ɧаɩɪяɠɟɧɢɟ 
q0. Наɬɭɪɧыɟ ɷɤɫɩɟɪɢɦɟɧɬы ɩɨ ɭɩɥɨɬɧɟɧɢɸ 
ɝɪɭɧɬɨв ɫ ɩɨɦɨɳьɸ ɪɨɬɨɪɧɨɣ ɬɟхɧɨɥɨɝɢɢ 
ɩɨɤаɡываɸɬ, чɬɨ ɦɟɠɞɭ ɪɨɬɨɪɨɦ ɢ ɪаɫшɢ-
ɪɟɧɧɨɣ ɥɢɞɢɪɭɸɳɟɣ ɫɤваɠɢɧɨɣ ɨɛɪаɡɭɟɬɫя 
ɤɨɥьɰɨ ɢɡ ɭɩɥɨɬɧɟɧɧɨɝɨ ɪаɛɨчɟɝɨ ɦаɬɟɪɢаɥа, 
ɤɨɬɨɪыɣ в ɤɨɧɰɟ ɢɡɝɨɬɨвɥɟɧɢя ɩɟɫчаɧɨɣ ɫваɢ 
– ɞɪɟɧы ɢɦɟɟɬ ɦɨɞɭɥь ɞɟфɨɪɦаɰɢɢ ɩɨɪяɞɤа 
40 Мɉа. В ɬаɤɨɦ ɫɥɭчаɟ ɩɨ (4.6) ɩɨɥɭчаɟɦ 
q0=640 кН/ɦ2, чɬɨ ɫɭɳɟɫɬвɟɧɧɨ. Иɡ аɧаɥɢɡа 
НДС вɨɤɪɭɝ ɥɢɞɢɪɭɸɳɟɣ ɫɤваɠɢɧы ɩɨɞ вɨɡ-
ɞɟɣɫɬвɢɟɦ ɤɨɧɬаɤɬɧых ɧаɩɪяɠɟɧɢɣ (ɪɢɫ. 
4.1ɛ) ɫɥɟɞɭɟɬ, чɬɨ ɪаɞɢаɥьɧыɟ ɧаɩɪяɠɟɧɢя 
ɪаɫɩɪɨɫɬɪаɧяɸɬɫя ɧа ɝɥɭɛɢɧɭ (3-4)а, ɩɪɢчɟɦ 
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ɧа ɝɥɭɛɢɧɟ z=a вɨɡɧɢɤаɟɬ ɦаɤɫɢɦаɥьɧɨɟ ɤа-
ɫаɬɟɥьɧɨɟ ɧаɩɪяɠɟɧɢɟ. 
Оɬɦɟɬɢɦ, чɬɨ ɬаɤɨɣ аɧаɥɢɡ ɫɞɟɥаɧ ɧа ɨɫɧɨвɟ 
ɩɪɟɞɩɨɥɨɠɟɧɢя, чɬɨ шɢɪɢɧа ɩɨɥɨɫы ɤɨɧɬаɤ-
ɬа b=2a ɧаɦɧɨɝɨ ɦɟɧьшɟ ɪаɞɢɭɫа R1, ɢ чɬɨ в 
ɷɬɨɦ ɫɥɭчаɟ в ɩɟɪвɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɦɨɠɧɨ 
ɪаɫɫɦаɬɪɢваɬь НДС вɡаɢɦɨɞɟɣɫɬвɢя ɠɟɫɬɤɨ-
ɝɨ ɰɢɥɢɧɞɪа ɫɨ ɫɬɟɧɤɨɣ ɫɤваɠɢɧы К1>>a ɩɨ 
ɪаɫчɟɬɧɨɣ ɦɨɞɟɥɢ Фɥаɦаɧа, ɬ.ɟ. ɩɨ ɡаɞачɟ ɨ 
НДС ɩɨɥɭɩɪɨɫɬɪаɧɫɬва ɩɨɞ вɨɡɞɟɣɫɬвɢɟɦ 
ɦɟɫɬɧɨɣ ɩɨɥɨɫɨвɨɣ ɧаɝɪɭɡɤɢ. В ɪаɫɫɦаɬɪɢва-
ɟɦɨɦ ɧаɦɢ ɫɥɭчаɟ ɢɦɟɟɬ ɦɟɫɬɨ ɩɨɥɭɷɥɥɢɩɬɢ-
чɟɫɤɨɟ ɪаɫɩɪɟɞɟɥɟɧɢɟ (4.1) ɤɨɧɬаɤɬɧых 
ɧаɩɪяɠɟɧɢɣ. 
Раɫɫɦɨɬɪɢɦ ɪɟшɟɧɢɟ ɬаɤɨɣ ɡаɞачɢ. Иɡвɟɫɬɧɨ, 
ɩɪɢ ɞɟɣɫɬвɢɢ ɫɨɫɪɟɞɨɬɨчɟɧɧɨɣ ɫɢɥы Q (ɩɨɝ. 
ɦ) в ɭɫɥɨыɢях ɩɥɨɫɤɨɣ ɞɟфɨɪɦаɰɢɢ ɧаɩɪя-
ɠɟɧɢя ɩɨ ɪаɞɢɭɫɭ r (ɪɢɫ. 4.2) ɨɩɪɟɞɟɥяɬɫя ɩɨ 
фɨɪɦɭɥɟ Фɥаɦаɧа в вɢɞɟ: 
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Рис. 4.2. Расчɟɬɧыɟ схɟɦы ɩɨ ɨɩрɟɞɟɥɟɧиɸ 

НДɋ в ɝруɧɬɨвɨɦ ɩɨɥуɩрɨсɬраɧсɬвɟ 
(ɩɥɨская ɞɟɮɨрɦаɰия εу=0)  

ɩɨɞ вɨɡɞɟɣсɬвиɟɦ сɨсрɟɞɨɬɨчɟɧɧɨɣ сиɥы 
Q (а) и расɩрɟɞɟɥɟɧɧɨɣ ɧаɝруɡки q(x) (ɛ). 

 
Кɨɦɩɨɧɟɧɬы ɧаɩɪяɠɟɧɢɣ ɩɪɢ ɞɟɣɫɬвɢɢ ɫɨ-
ɫɪɟɞɨɬɨчɟɧɧɨɣ ɫɢɥы Q ɨɩɪɟɞɟɥяɸɬɫя ɩɨ ɢɡ-
вɟɫɬɧыɦ фɨɪɦɭɥаɦ Фɥаɦаɧа 
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Дɥя ɨɩɪɟɞɟɥɟɧɢя ɷɬɢх ɧаɩɪяɠɟɧɢɣ ɨɬ ɪаɫ-
ɩɪɟɞɟɥɟɧɧɨɣ ɧаɝɪɭɡɤɢ ɩɨ (4.1) ɩɨɥɭчаɟɦ 
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Аɧаɥɨɝɢчɧыɦ ɨɛɪаɡɨɦ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬь 

x  ɢ xz . 

Иɧɬɟɝɪɢɪɨваɧɢɟ ɷɬɨɝɨ выɪаɠɟɧɢя ɫвяɡаɧɨ ɫ 
ɛɨɥьшɢɦɢ ɬɪɭɞɧɨɫɬяɦɢ ɢ ɰɟɥɟɫɨɨɛɪаɡɧɨ ɢɫ-
ɩɨɥьɡɨваɬь чɢɫɥɟɧɧыɣ ɦɟɬɨɞ ɫ ɩɨɦɨɳьɸ 
MathCAD. Таɤɠɟ ɦɨɠɧɨ вɨɫɩɨɥьɡɨваɬьɫя 
ɩɪɢɛɥɢɠɟɧɧыɦ ɦɟɬɨɞɨɦ, ɡаɦɟɧяя ɩɥɨɳаɞь 
ɷɩɸɪы q(ȟ) (4.12) ɷɤвɢваɥɟɧɬɧɨɣ ɩɪяɦɨ-
ɭɝɨɥьɧɨɣ ɷɩɸɪɨɣ ɩɥɨɳаɞьɸ A=qэ∙2a. С ɭчɟ-
ɬɨɦ ɪавɟɧɫɬва ɩɥɨɳаɞɟɣ ɷɩɸɪ ɩɨɥɭчаɟɦ 
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Раɡɧɢɰа в ɷɩɸɪах ɧаɩɪяɠɟɧɢɣ x , z  ɢ xz , 

ɩɨɫɬɪɨɟɧɧых ɩɨ ɩɨɥɭɷɥɥɢɩɬɢчɟɫɤɢɦ ɢ ɷɤвɢ-
ваɥɟɧɬɧыɦ ɷɩɸɪаɦ ɦɨɝɭɬ ɨɬɥɢчаɬьɫя ɬɨɥьɤɨ 
ɥɢшь в ɤɨɧɬаɤɬɧɨɣ ɡɨɧɟ (ɪɢɫ. 4.2). 
Раɫɫɦɨɬɪɟɧɧɨɟ в ɷɬɨɦ ɪаɡɞɟɥɟ НДС ɫɨɨɬвɟɬ-
ɫɬвɭɟɬ ɤɨɧɬаɤɬɧɨɣ ɡɨɧɟ вɡаɢɦɨɞɟɣɫɬвɢя ɪɨ-
ɥɢɤɨв – ɤаɬɤɨв ɫ ɨɤɪɭɠаɸɳɢɦ ɝɪɭɧɬɨɦ. Пɨ 
ɦɟɪɟ ɪɨɫɬа ɬɨɥɳɢɧы ɤɨɥьɰа ɢɡ ɪаɛɨчɟɝɨ ɦа-
ɬɟɪɢаɥа ɫваɢ – ɞɪɟɧы вɧɭɬɪɢ ɥɢɞɢɪɭɸɳɟɣ 
ɫɤваɠɢɧы в ɨɤɪɭɠаɸɳɟɦ ɫваɸ ɝɪɭɧɬɟ вɨɡ-
ɧɢɤɧɟɬ ɞɨɩɨɥɧɢɬɟɥьɧɨɟ ɧаɩɪяɠɟɧɢɟ, ɤɨɬɨɪɨɟ 
ɛɭɞɟɬ ɭɩɥɨɬɧяɬь ɨɤɪɭɠаɸɳɢɣ ɫɥаɛыɣ ɝɪɭɧɬ. 
Таɤɨɣ ɩɪɨɰɟɫɫ ɪɨɫɬа ɬɨɥɳɢɧы вɧɭɬɪɟɧɧɟɝɨ 
ɩɟɫчаɧɨ – ɝɪавɢɣɧɨɝɨ ɤɨɥьɰа ɢ ɭвɟɥɢчɟɧɢя 
ɞɢаɦɟɬɪа ɥɢɞɢɪɭɸɳɟɣ ɫɤваɠɢɧы ɦɨɠɧɨ 
ɨɩɢɫаɬь ɧа ɨɫɧɨвɟ ɨɫɟɫɢɦɦɟɬɪɢчɧɨɣ ɡаɞачɢ 
ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ НДС ɬɨɥɫɬɨɫɬɟɧɧɨɝɨ ɰɢ-
ɥɢɧɞɪа – ɡаɞачɢ Ʌяɦɟ. Таɤɢɦ ɨɛɪаɡɨɦ ɢɡ ɡа-
ɞачɢ Ƚɟɪɰа ɩɪɨɢɫхɨɞɢɬ ɩɥавɧыɣ ɩɟɪɟхɨɞ ɤ 
ɡаɞачɟ Ʌяɦɟ.  
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5. ɇДС СɈСɌАВɇɈȽɈ ȽɊɍɇɌɈВɈȽɈ 
ЦИɅИɇДɊА, СɈСɌɈəЩȿȽɈ  
ИɁ ɊАСɌɍЩȿȽɈ ВɇɍɌɊȿɇɇȿȽɈ 
ɄɈɅɖЦА ИɁ ɉȽС  
И ɈɄɊɍɀАɘЩȿȽɈ 
СɅАȻɈȽɈ ȽɊɍɇɌА  
С ɁАДАɇɇЫɆ ВɇȿɒɇИɆ  
ɎИɄСИɊɈВАɇɇЫɆ ДИАɆȿɌɊɈɆ 

 
В ɩɪɨɰɟɫɫɟ ɢɡɝɨɬɨвɥɟɧɢя ɫваɢ – ɞɪɟɧы в 
ɨɤɪɭɠаɸɳɟɦ ɝɪɭɧɬɟ вɨɡɧɢɤаɟɬ ɧачаɥьɧɨɟ, 
ɩɪɨɦɟɠɭɬɨчɧɨɟ ɢ ɤɨɧɟчɧɨɟ НДС. Раɫɫɦɨɬ-
ɪɢɦ ɢх в ɨɬɞɟɥьɧɨɫɬɢ, ɩɨɥаɝая, чɬɨ ɢɡвɟɫɬɧы 
фɢɡɢɤɨ – ɦɟхаɧɢчɟɫɤɢɟ ɫвɨɣɫɬва ɝɪɭɧɬɨв 
ɫваɢ – ɞɪɟɧы ɢ ɨɤɪɭɠаɸɳɟɝɨ ɫɥаɛɨɝɨ ɝɪɭɧɬа. 
 
5.1. Начаɥьɧɨɟ НДɋ ɩɨɥɨɝɨ ɝруɧɬɨвɨɝɨ ɰи-
ɥиɧɞра  
Начаɥьɧɨɟ НДС ɩɨɥɨɝɨ ɝɪɭɧɬɨвɨɝɨ ɰɢɥɢɧɞɪа 
ɩɨɫɥɟ ɛɭɪɟɧɢя ɥɢɞɢɪɭɸɳɟɣ ɫɤваɠɢɧы (ɪɢɫ. 
5.1) ɦɨɠɧɨ ɨɩɢɫаɬь ɢɡвɟɫɬɧыɦɢ фɨɪɦɭɥаɦɢ 
[7]: 
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ɝɞɟ ȟ – ɤɨɷффɢɰɢɟɧɬ ɛɨɤɨвɨɝɨ ɞавɥɟɧɢя 
ɝɪɭɧɬа в ɭɫɥɨвɢях ɟɫɬɟɫɬвɟɧɧɨɝɨ ɡаɥɟɝаɧɢя; Ȟ 
– ɤɨɷффɢɰɢɟɧɬ Пɭаɫɫɨɧа; Е – ɦɨɞɭɥь ɪаɡ-
ɝɪɭɡɤɢ Er<E0 ; u – ɪаɞɢаɥьɧɨɟ ɩɟɪɟɦɟɳɟɧɢɟ. 
 

 
 

Рис. 5.1. Расчɟɬɧая схɟɦа ɞɥя ɨɩрɟɞɟɥɟɧия 
НДɋ вɨкруɝ ɥиɞируɸщɟɣ скваɠиɧы  

раɞиусɨɦ r0 ɛɟɡ ɡакрɟɩɥɟɧия (а), и ɨɛщиɣ виɞ 
ɡависиɦɨсɬɟɣ (ɛ) rr  , rt   и ru r   

 

Очɟвɢɞɧɨ, чɬɨ ɩɨɫɥɟ ɛɭɪɟɧɢя ɪаɞɢɭɫ ɫɤва-
ɠɢɧы ɭɦɟɧьшɢɬɫя ɡа ɫчɟɬ ɭɩɪɭɝɨɣ ɪаɡɝɪɭɡɤɢ 
ɧа вɟɥɢчɢɧɭ  
 

Erzorur /)1()( 00     (5.3) 

 
Уɫɬɨɣчɢвɨɫɬь ɫɬɟɧɨɤ ɫɤваɠɢɧы ɛɭɞɟɬ ɨɛɟɫ-
ɩɟчɟɧа ɩɪɢ ɫɨɨɬвɟɬɫɬвɭɸɳɢх ɩаɪаɦɟɬɪах 
ɩɪɨчɧɨɫɬɢ ɝɪɭɧɬа φ ɢ с. В ɪаɫɫɦаɬɪɢваɟɦɨɦ 
ɧаɦɢ ɫɥɭчаɟ r , z  ɢ t  ɫɠɢɦаɸɳɢɟ, ɩɪɢ-
чɟɦ ɩɪɢ r=r0, zt   , ɫɥɟɞɨваɬɟɥьɧɨ, ɢх ɫɨ-
ɨɬɧɨшɟɧɢɟ ɨɩɪɟɞɟɥяɟɬ ɩɪɨчɧɨɫɬь ɫɬɟɧɤɢ 
ɫɤваɠɢɧы, ɩɪɢчɟɦ zt  2 . Иɡ ɭɫɥɨвɢя 
ɩɪɨчɧɨɫɬɢ Кɭɥɨɧа – Мɨɪа ɥɟɝɤɨ ɨɩɪɟɞɟɥɢɬь 
ɤɪɢɬɢчɟɫɤɭɸ ɝɥɭɛɢɧɭ z*, ɧɢɠɟ ɤɨɬɨɪɨɣ 
ɫɬɟɧɤɢ ɫɤваɠɢɧы ɨɛваɥяɬɫя. Пɨɥаɝая, чɬɨ 
ȟ0≈1, ɩɨɥɭчаɟɦ 
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Иɡ (5.4) ɫɥɟɞɭɟɬ, чɬɨ ɝɥɭɛɢɧа ɭɫɬɨɣчɢвɨɣ 
ɫɬɟɧɤɢ ɫɤваɠɢɧы z* ɪаɫɬɟɬ ɫ ɪɨɫɬɨɦ ɫɰɟɩɥɟ-
ɧɢя, а ɩɪɢ с≠0, φ→20ɨ, z*→∞. Завɢɫɢɦɨɫɬь 
(5.4) ɨɬɥɢчаɟɬɫя ɨɬ фɨɪɦɭɥы ɞɥя ɨɩɪɟɞɟɥɟ-
ɧɢя ɝɥɭɛɢɧы ɭɫɬɨɣчɢвɨɝɨ вɟɪɬɢɤаɥьɧɨɝɨ ɨɬ-
ɤɨɫа (ɩɥɨɫɤая ɡаɞача), ɬ.ɟ. 
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


 c
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Сɥɟɞɨваɬɟɥьɧɨ, ɤɪɭɝɥая фɨɪɦа ɤɨɬɥɨваɧа 
ɩɪɢ ɩɪɨчɢх ɪавɧых ɭɫɥɨвɢях ɛɨɥɟɟ ɭɫɬɨɣчɢ-
ва, чɟɦ ɩɪяɦɨɭɝɨɥьɧɨɣ фɨɪɦы (ɞɥɢɧɧая ɫɬɨ-
ɪɨɧа) в 3 ɪаɡа ɩɪɢ φ=15ɨ ɢ ɦɧɨɝɨɤɪаɬɧɨ ɩɪɢ 
φ→20ɨ, чɬɨ ɨɛъяɫɧяɟɬɫя аɪɨчɧыɦ ɷффɟɤɬɨɦ. 
Оɬɦɟɬɢɦ, чɬɨ ɧа ɪаɫɫɬɨяɧɢɢ (r*-r0) ɨɬ ɫɬɟɧɤɢ 
ɫɤваɠɢɧы t  ɫɬаɧɨвɢɬɫя ɪавɧɨɣ z , ɩɪɢчɟɦ 
ɪаɞɢɭɫ r* ɧɟ ɡавɢɫɢɬ ɨɬ ɝɥɭɛɢɧы, а ɡавɢɫɢɬ 
ɨɬ ɪаɞɢɭɫа ɫɤваɠɢɧы r0 ɢ ɨɬ ȟ0, ɬ.ɟ. ɩɨɥɭчаɟɦ 
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)1/(* 000   rr             (5.6) 

 
5.2. ɉрɨɦɟɠуɬɨчɧɨɟ НДɋ сɨсɬавɧɨɝɨ ɰи-
ɥиɧɞра 
В ɩɪɨɰɟɫɫɟ ɢɡɝɨɬɨвɥɟɧɢя ɫваɢ – ɞɪɟɧы ɪаɞɢɭɫ 
ɥɢɞɢɪɭɸɳɟɣ ɫɤваɠɢɧы ɧɟɩɪɟɪывɧɨ ɪаɫɬɟɬ в 
ɫɨɨɬвɟɬɫɬвɢɢ ɫ ɪɨɫɬɨɦ ɬɨɥɳɢɧы вɧɭɬɪɟɧɧɟɝɨ 
ɤɨɥьɰа. Таɤɨɟ НДС ɫɥɟɞɭɟɬ ɦɨɞɟɥɢɪɨваɬь 
ɫɥɟɞɭɸɳɢɦ ɨɛɪаɡɨɦ (ɪɢɫ. 5.2) 
Пɨɫɬаɧɨвɤа ɡаɞачɢ. Пɭɫɬь в ɝɪɭɧɬɨвɨɦ ɩɨɥɭ-
ɩɪɨɫɬɪаɧɫɬвɟ ɢɦɟɟɬɫя ɥɢɞɢɪɭɸɳая ɫɤваɠɢɧа 
ɞɢаɦɟɬɪɨв 2r0. Пɭɫɬь ɫɬɟɧɤɢ ɥɢɞɢɪɭɸɳɟɣ 
ɫɤваɠɢɧы ɪаɡɞвɢɝаɸɬɫя ɧɟɩɪɟɪывɧɨ в ɩɪɨ-
ɰɟɫɫɟ ɢɡɝɨɬɨвɥɟɧɢя вɧɭɬɪɢ ɧɟɟ ɩɟɫчаɧɨɣ ɫваɢ 
– ɞɪɟɧы, ɢɡɝɨɬɨвɥɟɧɧɨɣ ɩɨ ɪɨɬɨɪɧɨɣ ɬɟхɧɨɥɨ-
ɝɢɢ. За ɫчɟɬ ɧаɝɧɟɬаɧɢя ɪаɛɨчɟɝɨ ɦаɬɟɪɢаɥа ɢ 
ɟɝɨ вɩɪɟɫɫɨвываɧɢя ɫ ɩɨɦɨɳьɸ ɪɨɬɨɪа в 
ɨɤɪɭɠаɸɳɟɦ ɫɥаɛɨɦ ɝɪɭɧɬɟ вɨɡɧɢɤɧɟɬ НДС, 
ɤɨɬɨɪɨɟ ɧаɞɥɟɠɢɬ ɨɩɪɟɞɟɥɟɧɢɸ. 
Рɟшɟɧɢɟ ɬаɤɨɣ ɡаɞачɢ ɰɟɥɟɫɨɨɛɪаɡɧɨ ɪаɫ-
ɫɦɨɬɪɟɬь в ɞɢɧаɦɢɤɟ, ɬɨ ɟɫɬь ɫ ɭчɟɬɨɦ ɪɨɫɬа 
ɞɢаɦɟɬɪа ɩɟɫчаɧɨɣ ɫваɢ вɨ вɪɟɦɟɧɢ. Ȼɭɞɟɦ 
ɫчɢɬаɬь, чɬɨ ɞɢаɦɟɬɪ ɩɟɫчаɧɨɣ ɫваɢ вɨ вɪɟ-
ɦɟɧɢ ɪаɫɬɟɬ ɫ ɡаɬɭхаɸɳɟɣ ɫɤɨɪɨɫɬьɸ, ɬ.ɟ.  

 
r2(t)-r1=∆u(t)=∆u[1-exp(-at)] (5.7) 

ɝɞɟ а – ɩаɪаɦɟɬɪ, ɤɨɬɨɪыɣ ɨɩɪɟɞɟɥяɟɬɫя в 
ɡавɢɫɢɦɨɫɬɢ ɨɬ 1

*
2

* rru  , ɝɞɟ *
2r  - ɤɨɧɟч-

ɧɨɟ ɡɧачɟɧɢɟ r2. 
Ƚɪаɧɢчɧыɟ ɭɫɥɨвɢя в ɫɨɨɬвɟɬɫɬвɢɢ ɫ ɩɨɫɬав-
ɥɟɧɧɨɣ ɡаɞачɟɣ ɢɦɟɸɬ вɢɞ: 
 









0)2(;.6)2()1(;.3

?)2(;.5)2()1(;.2

?)1(;.4)1(;.1

32

332

111

rRrr

rrr

rr

urrrr

Prruurr

Prruurr






 
(5.8) 

Рɟшɟɧɢɟ ɡаɞачɢ ɛɭɞɟɦ ɪаɫɫɦаɬɪɢваɬь в ɥɢɧɟɣ-
ɧɨɣ ɩɨɫɬаɧɨвɤɟ, ɩɨɥаɝая, чɬɨ в ɤачɟɫɬвɟ ɪаɫ-
чɟɬɧых ɦɨɠɧɨ ɢɫɩɨɥьɡɨваɬь ɩаɪаɦɟɬɪы ɞɟ-
фɨɪɦɢɪɭɟɦɨɫɬɢ E0, Ȟ0, ɝɞɟ ɢɧɞɟɤɫ “0” ɨɡɧачаɟɬ 
“ɨɛɳɢɣ”, ɬ.ɟ. Е0 – ɦɨɞɭɥь ɨɛɳɟɣ (ɭɩɪɭɝɨɣ ɢ 
ɨɫɬаɬɨчɧɨɣ) ɞɟфɨɪɦаɰɢɢ, а Ȟ0 – ɤɨɷффɢɰɢɟɧɬ 
Пɭаɫɫɨɧа. Иɡвɟɫɬɧɨ, чɬɨ ɩɪɢ ɷɬɨɦ 
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Рис. 5.2. Расчɟɬɧыɟ схɟɦы ɞɥя ɨɩрɟɞɟɥɟɧия 

НДɋ сɨсɬавɧɨɝɨ ɩɨɥɨɝɨ ɰиɥиɧɞра  
в ɩрɨɦɟɠуɬɨчɧɨɦ эɬаɩɟ. 

 
ɝɞɟ Еɩɥ ɢ Еуɩ – ɦɨɞɭɥɢ ɩɥаɫɬɢчɟɫɤɨɣ (ɨɫɬаɬɨч-
ɧɨɣ) ɢ ɭɩɪɭɝɨɣ ɞɟфɨɪɦаɰɢɣ ɫɨɨɬвɟɬɫɬвɟɧɧɨ. 
Пɪɢ ɬаɤɨɦ ɩɨɧɢɦаɧɢɢ ɞɟфɨɪɦɢɪɨваɧɢя 
ɝɪɭɧɬа в ɩɪɨɰɟɫɫɟ аɤɬɢвɧɨɝɨ ɧаɝɪɭɠɟɧɢя ɧɟ 
ɛɭɞɟɦ ɞɟɥаɬь ɪаɡɥɢчɢɣ ɦɟɠɞɭ ɭɩɪɭɝɨ – ɩɥа-
ɫɬɢчɟɫɤɨɢɦ ɢ ɧɟɥɢɧɟɣɧɨ – ɭɩɪɭɝɢɦ ɦаɬɟɪɢа-
ɥɨɦ. Кɪɨɦɟ ɬɨɝɨ, ɷɬɨ ɩɨɡвɨɥяɟɬ ɨɩɪɟɞɟɥɢɬь 
НДС ɝɪɭɧɬɨвɨɝɨ ɰɢɥɢɧɞɪа ɩɪɢ ɪаɡɝɪɭɡɤɟ, 
ɧɟɨɛхɨɞɢɦɨɟ ɞɥя ɨɩɪɟɞɟɥɟɧɢя ɨɫɬаɬɨчɧых 
ɞɟфɨɪɦаɰɢɣ ɢ ɧаɩɪяɠɟɧɢɣ. 
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Исхɨɞɧыɟ уравɧɟɧия 
Пɪɢ ɪɟшɟɧɢɢ ɨɫɟɫɢɦɦɟɬɪɢчɧых ɡаɞач ɨ НДС 
ɬɨɥɫɬɨɫɬɟɧɧых ɰɢɥɢɧɞɪɨв (ɡаɞачɢ Ʌяɦɟ) ɢɫ-
ɩɨɥьɡɭɸɬɫя:  ɭɪавɧɟɧɢɟ ɪавɧɨвɟɫɢя 
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  фɢɡɢчɟɫɤɢɟ ɭɪавɧɟɧɢя 
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Рɟшɟɧɢɟ ɭɪавɧɟɧɢя (5.10) в ɨɛɳɟɦ вɢɞɟ ɢɡ-
вɟɫɬɧɨ ɢ ɢɦɟɟɬ вɢɞ: 
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ɝɞɟ А ɢ В – ɩɨɫɬɨяɧɧыɟ, ɨɩɪɟɞɟɥяɟɦыɟ ɢɡ 
ɝɪаɧɢчɧых ɭɫɥɨвɢɣ (5.11). 
Выɩɢшɟɦ ɨɫɧɨвɧыɟ ɪɟɡɭɥьɬаɬы ɪɟшɟɧɢя ɩɨ-
ɫɬавɥɟɧɧɨɣ ɡаɞачɢ ɫ ɭчɟɬɨɦ вɡаɢɦɨɞɟɣɫɬвɢя 
ɰɢɥɢɧɞɪɨв ɩɪɢ ɡаɞаɧɧɨɦ ɩɟɪɟɦɟɳɟɧɢɢ ɧа 
r=r1  
ur(1)=u=const ɢ ɝɪаɧɢчɧых ɭɫɥɨвɢɣ (5.11)  ɞɥя вɧɭɬɪɟɧɧɟɝɨ ɰɢɥɢɧɞɪа 
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(5.13) 

 

 ɞɥя вɧɟшɧɟɝɨ ɰɢɥɢɧɞɪа 
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Пɪɢ ɭɫɥɨвɢɢ, ɤɨɝɞа ɝɪаɧɢɰа r2 ɪаɫшɢɪяɟɬɫя ɫ 
ɡаɬɭхаɸɳɟɣ ɫɤɨɪɨɫɬьɸ ɨɬ "0" ɞɨ 

2r , ɝɞɟ 
2r  – 

ɩɪɟɞɟɥьɧыɣ ɪаɞɢɭɫ ɪаɫшɢɪɟɧɢя, ɬɨ  
  teutu  1)( *

11   (5.17) 

ɝɞɟ 121 rru   ; /10* t . 
 
Тɨɝɞа 
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Сɥɟɞɨваɬɟɥьɧɨ, ɫ ɪɨɫɬɨɦ u1(t) ɢ r2(t) ɛɭɞɟɬ 
ɪаɫɬɢ ɢ ɞавɥɟɧɢɟ ɧа вɧɭɬɪɟɧɧɟɦ ɪаɞɢɭɫɟ r=r1 
(p1) ɞɥя ɨɛɟɫɩɟчɟɧɢя ɡаɞаɧɧɨɣ ɫɤɨɪɨɫɬɢ ɪаɫ-
шɢɪɟɧɢя ɥɢɞɢɪɭɸɳɟɣ ɫɤваɠɢɧы, ɬаɤ ɤаɤ 
 


 )(1 tp R   (5.19) 

 
Кɪɨɦɟ ɬɨɝɨ, ɛɭɞɟɬ ɪаɫɬɢ ɢ ɞавɥɟɧɢɟ ɧа 
вɧɟшɧɟɦ ɪаɞɢɭɫɟ r=r3 (σr=p3). 
Пɨ ɪɟɡɭɥьɬаɬаɦ ɪɟшɟɧɢя ɩɨɫɬавɥɟɧɧɨɣ ɡаɞа-
чɢ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬь в ɩɪɟɞɟɥах вɧɭɬɪɟɧɧɟ-
ɝɨ ɢ вɧɟшɧɟɝɨ ɰɢɥɢɧɞɪɨв (1, 2): ɫɭɦɦɭ ɝɥав-
ɧых ɧаɩɪяɠɟɧɢɣ ɞɥя ɭɫɥɨвɢя ɩɥɨɫɤɨɣ ɞɟ-
фɨɪɦаɰɢɢ, ɬ.ɟ.     1trv  ɢ ɨɛъɟɦ-
ɧɭɸ ɞɟфɨɪɦаɰɢɸ trv   , ɬ.ɤ. 0z ; а 
чɟɪɟɡ ɧɢх ɨɛъɟɦɧɭɸ ɞɟфɨɪɦаɰɢɸ K=σr/εv ɢ 
ɤɨɷффɢɰɢɟɧɬ ɫɰɟɩɥɟɧɢя, ɡавɢɫяɳɢɟ ɨɬ ɨɛъ-
ɟɦɧых ɞɟфɨɪɦаɰɢɣ ɩɪɢ ɧаɥɢчɢɢ ɪɟɡɭɥьɬаɬɨв 
ɥаɛɨɪаɬɨɪɧых ɢɫɩыɬаɧɢɣ (ɪɢɫ. 5.3). 
 

 
Рис. 5.3. Диаɝраɦɦа ɞɥя ɨɩрɟɞɟɥɟɧия  
ɬаɧɝɟɧɰиаɥьɧɨɝɨ ɦɨɞуɥя ɨɛɴɟɦɧɨɣ  

ɞɟɮɨрɦаɰии и кɨэɮɮиɰиɟɧɬа сɰɟɩɥɟɧия  
в ɡависиɦɨсɬи ɨɬ ɧакɨɩɥɟɧɧɨɣ ɨɛɴɟɦɧɨɣ 

ɞɟɮɨрɦаɰии в уɩɥɨɬɧɟɧɧɨɦ сɥаɛɨɦ ɝруɧɬɟ 
вɨкруɝ ɩɟсчаɧɨɣ сваи – ɞрɟɧы,  

ɨɩрɟɞɟɥɟɧɧɨɣ ɩɨ расчɟɬу. 
 
 
6. ВЫВɈДЫ 
 
Пɨɞ вɨɡɞɟɣɫɬвɢɟɦ ɪɨɬɨɪа в ɨɤɪɭɠаɸɳɟɦ 
ɝɪɭɧɬɟ вɨɤɪɭɝ ɥɢɞɢɪɭɸɳɟɣ ɫɤваɠɢɧы вɨɡɧɢ-

ɤаɟɬ ɤɨɧɰɟɧɬɪɢɪɨваɧɧɨɟ ɪаɞɢаɥьɧɨɟ ɧаɩɪя-
ɠɟɧɢɟ, ɤɨɬɨɪɨɟ ɦɨɠɧɨ ɨɩɢɫаɬь ɧа ɨɫɧɨвɟ 
ɪɟшɟɧɢя ɡаɞачɢ Ƚɟɪɰа. Пɨɤаɡаɧɨ, чɬɨ ɨɧɨ 
ɡавɢɫɢɬ ɨɬ ɫɨɨɬɧɨшɟɧɢя ɪаɞɢɭɫɨв ɪɨɥɢɤа – 
ɤаɬɤа ɢ ɥɢɞɢɪɭɸɳɟɣ ɫɤваɠɢɧы, а ɬаɤɠɟ ɨɬ 
ɞɟфɨɪɦаɰɢɨɧɧых ɫвɨɣɫɬв ɨɤɪɭɠаɸɳɟɝɨ 
ɝɪɭɧɬа. 
1. В ɩɪɨɰɟɫɫɟ ɢɡɝɨɬɨвɥɟɧɢя ɫваɢ – ɞɪɟɧы 

ɩɨ ɪɨɬɨɪɧɨɣ ɬɟхɧɨɥɨɝɢɢ в ɨɤɪɭɠаɸɳɟɦ 
ɝɪɭɧɬɟ вɨɡɧɢɤаɟɬ ɫɥɨɠɧɨɟ НДС, ɤɨɬɨɪɨɟ 
ɨɩɢɫываɟɬɫя ɧа ɨɫɧɨвɟ ɡаɞачɢ Ʌяɦɟ. Пɨ-
ɤаɡываɟɬɫя, чɬɨ ɩɪɢ ɪаɫшɢɪɟɧɢɢ ɥɢɞɢ-
ɪɭɸɳɟɣ ɫɤваɠɢɧы ɫɥаɛыɣ ɝɪɭɧɬ ɫɭɳɟ-
ɫɬвɟɧɧɨ ɭɩɥɨɬɧяɟɬɫя. 

2. На ɨɫɧɨвɟ аɧаɥɢɬɢчɟɫɤɨɝɨ ɪɟшɟɧɢя ɡа-
ɞачɢ Ʌяɦɟ ɩɨɥɭчɟɧа ɡавɢɫɢɦɨɫɬь ɨɛъɟɦ-
ɧɨɣ ɞɟфɨɪɦаɰɢɢ ɨɬ ɪаɫшɢɪяɸɳɟɝɨɫя ɪа-
ɞɢɭɫа ɥɢɞɢɪɭɸɳɟɣ ɫɤваɠɢɧы. Пɨɤаɡы-
ваɟɬɫя, чɬɨ в ɷɬɨɦ ɫɥɭчаɟ ɦɨɠɧɨ ɨɩɪɟɞɟ-
ɥɢɬь ɦɨɞɭɥь ɞɟфɨɪɦаɰɢɢ ɩɨ ɪɟɡɭɥьɬаɬаɦ 
ɥаɛɨɪаɬɨɪɧых ɢɫɩыɬаɧɢɣ ɩɨ ɡавɢɫɢɦɨ-
ɫɬɢ σ – ε (ɬɪɟхɨɫɧыɟ ɢɫɩыɬаɧɢя) ɢɥɢ σ1 – 
ε1 (ɤɨɦɩɪɟɫɫɢɨɧɧыɟ ɢɫɩыɬаɧɢя). 
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С 01 ɩɨ 06 ɢɸɥя 2014 ɝɨɞа в ɝ. Иɪɤɭɬɫɤɟ ɧа 
ɛаɡɟ Иɪɤɭɬɫɤɨɝɨ ɝɨɫɭɞаɪɫɬвɟɧɧɨɝɨ ɬɟхɧɢчɟ-
ɫɤɨɝɨ ɭɧɢвɟɪɫɢɬɟɬа (ɧаɰɢɨɧаɥьɧɨɝɨ ɢɫɫɥɟɞɨ-
ваɬɟɥьɫɤɨɝɨ ɭɧɢвɟɪɫɢɬɟɬа; ИɪȽТУ) ɩɨɞ ɷɝɢ-
ɞɨɣ Рɨɫɫɢɣɫɤɨɣ аɤаɞɟɦɢɢ аɪхɢɬɟɤɬɭɪы ɢ 
ɫɬɪɨɢɬɟɥьɧых ɧаɭɤ (РААСН) ɫɨɫɬɨяɥɫя V 

Мɟɠɞɭɧаɪɨɞɧыɣ ɫɢɦɩɨɡɢɭɦ «Аɤɬɭаɥьɧыɟ 
ɩɪɨɛɥɟɦы ɤɨɦɩьɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨваɧɢя 
ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ» (ɨɫɧɨвɧɨɣ ɨɪɝа-
ɧɢɡаɬɨɪ – ɫɨвɟɬɧɢɤ РААСН, ɩɪɨф., ɞ.ɬ.ɧ. 
Т.Ʌ. Дɦɢɬɪɢɟва). Сɨɨɪɝаɧɢɡаɬɨɪаɦɢ ɷɬɨɝɨ 
ɤɪɭɩɧɨɝɨ ɧаɭчɧɨɝɨ фɨɪɭɦа выɫɬɭɩɢɥɢ Мɟɠ-



Оɛ ɢɫɬɨɪɢɢ ɢ ɨɫɧɨвɧых ɢɬɨɝах Пяɬɨɝɨ ɦɟɠɞɭɧаɪɨɞɧɨɝɨ ɫɢɦɩɨɡɢɭɦа «Аɤɬɭаɥьɧыɟ ɩɪɨɛɥɟɦы ɤɨɦɩьɸɬɟɪɧɨɝɨ 
ɦɨɞɟɥɢɪɨваɧɢя ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ» 

Volume 10, Issue 3, 2014 177 

 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ɞɭɧаɪɨɞɧая аɫɫɨɰɢаɰɢя ɫɬɪɨɢɬɟɥьɧых выɫ-
шɢх ɭчɟɛɧых ɡавɟɞɟɧɢɣ (АСВ), Учɟɛɧɨ-
ɦɟɬɨɞɢчɟɫɤɨɟ ɨɛъɟɞɢɧɟɧɢɟ (УМО) выɫшɢх 
ɭчɟɛɧых ɡавɟɞɟɧɢɣ Рɨɫɫɢɣɫɤɨɣ Фɟɞɟɪаɰɢɢ 
ɩɨ ɨɛɪаɡɨваɧɢɸ в ɨɛɥаɫɬɢ ɫɬɪɨɢɬɟɥьɫɬва, 
Иɪɤɭɬɫɤɢɣ ɝɨɫɭɞаɪɫɬвɟɧɧыɣ ɭɧɢвɟɪɫɢɬɟɬ 
ɩɭɬɟɣ ɫɨɨɛɳɟɧɢя, Мɨɫɤɨвɫɤɢɣ ɝɨɫɭɞаɪ-
ɫɬвɟɧɧыɣ ɫɬɪɨɢɬɟɥьɧыɣ ɭɧɢвɟɪɫɢɬɟɬ 
(МȽСУ) ɢ Оɛɳɟɪɨɫɫɢɣɫɤɨɟ ɦɟɠɨɬɪаɫɥɟвɨɟ 
ɨɛъɟɞɢɧɟɧɢɟ ɪаɛɨɬɨɞаɬɟɥɟɣ «Рɨɫɫɢɣɫɤɢɣ 
ɫɨɸɡ ɫɬɪɨɢɬɟɥɟɣ», ɫɩɨɧɫɨɪɫɤɭɸ ɩɨɞɞɟɪɠɤɭ 
ɨɤаɡаɥɢ Ʌɢɪа Сɨфɬ ɢ Сɤаɞ Сɨфɬ (ɝɟɧɟɪаɥь-
ɧыɟ ɫɩɨɧɫɨɪы), Наɭчɧɨ-ɢɫɫɥɟɞɨваɬɟɥьɫɤɢɣ 
ɰɟɧɬɪ СɬаДɢО (ɨфɢɰɢаɥьɧыɣ ɫɩɨɧɫɨɪ), 
TEKLA (ɪɟɝɢɨɧаɥьɧыɣ ɫɩɨɧɫɨɪ). Сɢɦɩɨɡɢ-
ɭɦ, ɨɛъɟɞɢɧяɸɳɢɣ ɭчɟɧых аɤаɞɟɦɢчɟɫɤɢх 
ɢɧɫɬɢɬɭɬɨв ɢ ɭɧɢвɟɪɫɢɬɟɬɨв ɫ ɩɪаɤɬɢɤɭɸɳɢ-
ɦɢ ɫɩɟɰɢаɥɢɫɬаɦɢ, ɡаɧяɬыɦɢ в ɩɪɨɟɤɬɢɪɨва-
ɧɢɢ, ɪаɫчɟɬɧɨɦ ɨɛɨɫɧɨваɧɢɢ ɢ ɫɬɪɨɢɬɟɥьɫɬвɟ, 
ɢ ɩɨɞɞɟɪɠɢваɸɳɢɣ ɬɟɦ ɫаɦыɦ ɛаɥаɧɫ ɦɟɠɞɭ 
ɬɟɨɪɟɬɢчɟɫɤɢɦɢ аɫɩɟɤɬаɦɢ ɦɨɞɟɥɢɪɨваɧɢя ɢ 
ɢх ɩɪɢɥɨɠɟɧɢяɦɢ, ɫɨɛɪаɥ ɛɨɥɟɟ 120 ɭчаɫɬɧɢ-
ɤɨв ɢɡ 35 ɢɫɫɥɟɞɨваɬɟɥьɫɤɢх, ɩɪɨɟɤɬɧых ɢ 
ɨɛɪаɡɨваɬɟɥьɧых ɰɟɧɬɪɨв Рɨɫɫɢɢ (Вɥаɞɢвɨ-
ɫɬɨɤ, Вɨɥɝɨɝɪаɞ, Еɤаɬɟɪɢɧɛɭɪɝ, Иɪɤɭɬɫɤ, Ка-
ɡаɧь, Кɪаɫɧɨяɪɫɤ, Мɨɫɤва, Нɢɠɧɢɣ Нɨвɝɨɪɨɞ, 
Нɨвɨɫɢɛɢɪɫɤ, Нɨвɨчɟɪɤаɫɫɤ, Пɟɪɦь, Рɨɫɬɨв-
ɧа-Дɨɧɭ, Саɧɤɬ-Пɟɬɟɪɛɭɪɝ, Тɨɦɫɤ, Уфа, Чɟ-
ɥяɛɢɧɫɤ ɢ ɞɪ.), Иɬаɥɢɢ, Пɨɥьшɢ ɢ Уɤɪаɢɧы. 
Оɫɨɛɨ ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬь ɬɪаɞɢɰɢɨɧɧɨ выɫɨ-
ɤɨɟ ɩɪɟɞɫɬавɢɬɟɥьɫɬвɨ ɦɨɥɨɞых ɭчɟɧых ɢ 
ɫɩɟɰɢаɥɢɫɬɨв – ɛɨɥɟɟ 70 чɟɥɨвɟɤ. 

 
 
1. ɇАɍЧɇЫɃ СɈВȿɌ ɊААСɇ  

«ɉɊɈȽɊАɆɆɇЫȿ СɊȿДСɌВА  
В СɌɊɈИɌȿɅɖСɌВȿ  
И АɊХИɌȿɄɌɍɊȿ».  
ɍЧɊȿɀДȿɇИȿ СИɆɉɈɁИɍɆА 

 
Рɟшɟɧɢɟ ɨ ɩɪɨвɟɞɟɧɢɢ ɪɟɝɭɥяɪɧых Мɟɠɞɭ-
ɧаɪɨɞɧых ɫɢɦɩɨɡɢɭɦɨв «Аɤɬɭаɥьɧыɟ ɩɪɨ-
ɛɥɟɦы ɤɨɦɩьɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨваɧɢя ɤɨɧ-
ɫɬɪɭɤɰɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ» ɛыɥɨ ɩɪɢɧяɬɨ 
Наɭчɧыɦ Сɨвɟɬɨɦ РААСН «Пɪɨɝɪаɦɦɧыɟ 
ɫɪɟɞɫɬва в ɫɬɪɨɢɬɟɥьɫɬвɟ ɢ аɪхɢɬɟɤɬɭɪɟ» 
(ɩɪɟɞɫɟɞаɬɟɥь – ɫɨвɟɬɧɢɤ РААСН, ɩɪɨф., 

ɞ.ɬ.ɧ. В.Н. Сɢɞɨɪɨв (МȽСУ), ɭчɟɧыɣ ɫɟɤɪɟ-
ɬаɪь – чɥ.ɤɨɪɪ. РААСН, ɞ.ɬ.ɧ. П.А. Аɤɢɦɨв 
(МȽСУ)) в ɨɤɬяɛɪɟ 2006 ɝɨɞа. 
В ɡаɞачɢ Наɭчɧɨɝɨ ɫɨвɟɬа ɬɪаɞɢɰɢɨɧɧɨ вхɨ-
ɞɢɬ ɨɛɫɭɠɞɟɧɢɟ ɢ ɪɟшɟɧɢɟ ɡаɞач, а ɬаɤɠɟ 
выɪаɛɨɬɤа ɪɟɤɨɦɟɧɞаɰɢɣ ɩɨ аɤɬɭаɥьɧыɦ вɨ-
ɩɪɨɫаɦ ɧаɭчɧɨ-ɢɫɫɥɟɞɨваɬɟɥьɫɤɨɣ, ɧаɭчɧɨ-
ɬɟхɧɢчɟɫɤɨɣ, ɩɪɨɟɤɬɧɨ-ɤɨɧɫɬɪɭɤɬɨɪɫɤɨɣ, а 
ɬаɤɠɟ ɨɛɪаɡɨваɬɟɥьɧɨɣ ɞɟяɬɟɥьɧɨɫɬɢ в ɨɛɥа-
ɫɬɢ ɤɨɦɩьɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨваɧɢя ɪаɛɨɬы 
ɡɞаɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ. К чɢɫɥɭ ɧаɭчɧых вɨ-
ɩɪɨɫɨв, ɪаɫɫɦаɬɪɢваɟɦых Наɭчɧыɦ ɫɨвɟɬɨɦ, 
в чаɫɬɧɨɫɬɢ, ɨɬɧɨɫяɬɫя ɫɥɟɞɭɸɳɢɟ: ɦɨɞɟɥɢ-
ɪɨваɧɢɟ вɡаɢɦɨɞɟɣɫɬвɢя ɫɨɨɪɭɠɟɧɢɣ ɫ ɝɪɭɧ-
ɬɨвыɦ ɨɫɧɨваɧɢɟɦ; ɭчɟɬ фɢɡɢчɟɫɤɨɣ, ɝɟɨ-
ɦɟɬɪɢчɟɫɤɨɣ ɢ ɞɪɭɝɢх ɧɟɥɢɧɟɣɧɨɫɬɟɣ; ɭчɟɬ 
ɤɨɧɫɬɪɭɤɬɢвɧых ɢ ɬɟхɧɨɥɨɝɢчɟɫɤɢх ɨɫɨɛɟɧ-
ɧɨɫɬɟɣ ɫɨɨɪɭɠɟɧɢя; ɤɨɦɩьɸɬɟɪɧɨɟ ɦаɬɟɪɢа-
ɥɨвɟɞɟɧɢɟ; ɦɨɞɟɥɢɪɨваɧɢɟ вɟɬɪɨвых ɧаɝɪɭ-
ɡɨɤ; ɪаɫчɟɬ ɧа ɫɟɣɫɦɢчɟɫɤɢɟ вɨɡɞɟɣɫɬвɢя; 
ɪаɫчɟɬ ɧа вɢɛɪаɰɢɨɧɧыɟ вɨɡɞɟɣɫɬвɢя; ɪаɫчɟɬ 
ɧа ɩɪɨɝɪɟɫɫɢɪɭɸɳɟɟ ɨɛɪɭшɟɧɢɟ; ɫɨвɟɪшɟɧ-
ɫɬвɨваɧɢɟ ɢ ɪаɡɪаɛɨɬɤа чɢɫɥɟɧɧых ɢ чɢɫɥɟɧ-
ɧɨ-аɧаɥɢɬɢчɟɫɤɢх ɦɟɬɨɞɨв ɪаɫчɟɬа ɤɨɧ-
ɫɬɪɭɤɰɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ ɢ ɞɪ. Наɭчɧыɦ ɫɨвɟ-
ɬɨɦ ɪаɫɫɦаɬɪɢваɸɬɫя ɬаɤɠɟ вɨɩɪɨɫы в ɨɛɥа-
ɫɬɢ ɷɤɫɩɟɪɬɢɡы ɪаɫчɟɬɨв ɡɞаɧɢɣ ɢ ɫɨɨɪɭɠɟ-
ɧɢɣ ɫ ɢɫɩɨɥьɡɨваɧɢɟɦ ɩɪɨɝɪаɦɦɧых ɤɨɦ-
ɩɥɟɤɫɨв (ɤваɥɢфɢɤаɰɢɨɧɧая ɩɪɨвɟɪɤа ɢ аɬɬɟ-
ɫɬаɰɢя ɫɩɟɰɢаɥɢɫɬɨв; ɷɤɫɩɟɪɬɢɡа ɢ вɟɪɢфɢ-
ɤаɰɢя ɩɪɨɝɪаɦɦɧых ɫɪɟɞɫɬв; ɷɤɫɩɟɪɬɢɡа ɪаɫ-
чɟɬɨв ɨɬвɟɬɫɬвɟɧɧых ɡɞаɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ).  
Оɞɧɨɣ ɢɡ ɨɫɧɨвɧых ɡаɞач ɩɨчɬɢ ɫɪаɡɭ ɩɨɫɥɟ 
ɟɝɨ ɨɫɧɨваɧɢя в 2005 ɝɨɞɭ ɫɬаɥɨ ɩɪɨвɟɞɟɧɢɟ 
вɟɪɢфɢɤаɰɢɢ ɩɪɨɝɪаɦɦɧых ɤɨɦɩɥɟɤɫɨв, ɢɫ-
ɩɨɥьɡɭɟɦых ɪɨɫɫɢɣɫɤɢɦɢ ɩɪɨɟɤɬɧыɦɢ, ɤɨɧ-
ɫɬɪɭɤɬɨɪɫɤɢɦɢ ɢ ɧаɭчɧɨ-
ɢɫɫɥɟɞɨваɬɟɥьɫɤɢɦɢ ɨɪɝаɧɢɡаɰɢяɦɢ ɞɥя вы-
ɩɨɥɧɟɧɢя ɪаɫчɟɬɨв ɫ ɰɟɥьɸ ɨɰɟɧɤɢ ɩɪɨчɧɨ-
ɫɬɢ ɢ ɠɢвɭчɟɫɬɢ ɫɬɪɨɢɬɟɥьɧых ɤɨɧɫɬɪɭɤɰɢɣ 
ɢ ɫɨɨɪɭɠɟɧɢɣ. Цɟɥьɸ вɟɪɢфɢɤаɰɢɢ ɩɪɨ-
ɝɪаɦɦɧых ɤɨɦɩɥɟɤɫɨв в РААСН явɥяɟɬɫя 
ɨɩɪɟɞɟɥɟɧɢɟ ɫɨɫɬава ɢх вɨɡɦɨɠɧɨɫɬɟɣ ɩɨ ɬа-
ɤɢɦ аɫɩɟɤɬаɦ, ɤаɤ ɩɪавɨɦɟɪɧɨɫɬь ɢ ɬɨчɧɨɫɬь 
ɦаɬɟɦаɬɢчɟɫɤɢх ɦɨɞɟɥɟɣ ɤɨɧɫɬɪɭɤɰɢɣ, ɷɥɟ-
ɦɟɧɬɨв, ɭɡɥɨв ɢ ɞɪ., ɪɟаɥɢɡɭɟɦых в ɩɪɨ-
ɝɪаɦɦɧых ɤɨɦɩɥɟɤɫах (ваɥɢɞаɰɢя), ɬɨчɧɨɫɬь 
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чɢɫɥɟɧɧɨɝɨ ɪɟшɟɧɢя (в ɫɪавɧɟɧɢɢ ɫ аɧаɥɢɬɢ-
чɟɫɤɢɦɢ ɪɟшɟɧɢяɦɢ, ɪɟɡɭɥьɬаɬаɦɢ ɷɤɫɩɟɪɢ-
ɦɟɧɬа, ɪɟшɟɧɢяɦɢ ɫ ɢɫɩɨɥьɡɨваɧɢɟɦ ɞɪɭɝɢх 
ɩɪɨɝɪаɦɦɧых ɫɪɟɞɫɬв), ɧаɥɢчɢɟ ɢ ɞɨɫɬаɬɨч-
ɧɨɫɬь ɦаɬɟɦаɬɢчɟɫɤɨɝɨ ɨɛɨɫɧɨваɧɢя ɪɟаɥɢɡɨ-
ваɧɧых ɤɨɧɟчɧых ɷɥɟɦɟɧɬɨв ɢ ɦɟɬɨɞɨв ɪɟшɟ-
ɧɢя ɪаɡɥɢчɧых ɡаɞач, ɩɪɟɞɫɬавɢɬɟɥьɧɨɫɬь 
ɛɢɛɥɢɨɬɟɤɢ ɤɨɧɟчɧых ɷɥɟɦɟɧɬɨв, ɩɟɪɟчɟɧь 
ɪɟаɥɢɡɨваɧɧых в ɩɪɨɝɪаɦɦɧых ɤɨɦɩɥɟɤɫах 
ɧɨɪɦаɬɢвɨв, ɛыɫɬɪɨɞɟɣɫɬвɢɟ ɩɪɨɝɪаɦɦ, ɨɝɪа-
ɧɢчɟɧɢя ɧа ɤɨɥɢчɟɫɬвɟɧɧыɟ ɩаɪаɦɟɬɪы ɤɨɦ-
ɩɥɟɤɫɨв (чɢɫɥɨ ɭɡɥɨв, ɷɥɟɦɟɧɬɨв, ɨɩɪɟɞɟɥяɟ-
ɦых ɫɨɛɫɬвɟɧɧых чаɫɬɨɬ ɢ фɨɪɦ ɢ ɞɪ.), вɨɡ-
ɦɨɠɧɨɫɬь ɪɟшɟɧɢя ɧɟɥɢɧɟɣɧых ɡаɞач (в ɬɨɦ 
чɢɫɥɟ, ɦɨɞɟɥɢɪɭɸɳɢх ɬɪɟɧɢɟ, ɩɪɨɫɤаɥьɡыва-
ɧɢɟ, ɤɨɧɫɬɪɭɤɬɢвɧɭɸ ɢ фɢɡɢчɟɫɤɭɸ ɧɟɥɢɧɟɣ-
ɧɨɫɬь, ɧɟɥɢɧɟɣɧыɟ ɞɢɧаɦɢчɟɫɤɢɟ ɷффɟɤɬы ɢ 
ɞɪ.),  вɨɡɦɨɠɧɨɫɬь ɦɨɞɟɥɢɪɨваɧɢя ɫɩɟɰɢаɥь-
ɧых ɪɟɠɢɦɨв, ɧаɩɪɢɦɟɪ, ɩɪɨɰɟɫɫа вɨɡвɟɞɟɧɢя 
ɫɨɨɪɭɠɟɧɢя, вɨɡɦɨɠɧɨɫɬь ɪаɫчɟɬа ɛɨɥьшɟ-
ɩɪɨɥɟɬɧых, выɫɨɬɧых ɢ ɞɪɭɝɢх ɫɥɨɠɧых ɤɨɧ-
ɫɬɪɭɤɰɢɣ ɢ ɞɪ., ɨɰɟɧɢɬь ɫɥаɛɨ фɨɪɦаɥɢɡɭɟ-
ɦыɟ хаɪаɤɬɟɪɢɫɬɢɤɢ ɩɪɨɝɪаɦɦɧых ɫɪɟɞɫɬв ɩɨ 
ɬаɤɢɦ аɫɩɟɤɬаɦ, ɤаɤ ɭɞɨɛɫɬвɨ ɢɧɬɟɪфɟɣɫа, 
вɨɡɦɨɠɧɨɫɬь ɢ ɭɞɨɛɫɬвɨ вɧɟɞɪɟɧɢя в ПС ɫɨ-
вɪɟɦɟɧɧых ɧаɭчɧых ɪɟɡɭɥьɬаɬɨв. Пɪɢ ɷɬɨɦ в 
ɡаɞачɢ ɩɨ вɟɪɢфɢɤаɰɢɢ ɩɪɨɝɪаɦɦɧых ɤɨɦ-
ɩɥɟɤɫɨв вхɨɞɢɬ выявɥɟɧɢɟ ɫɨɨɬвɟɬɫɬвɢя ɞɟɣ-
ɫɬвɢɬɟɥьɧых вɨɡɦɨɠɧɨɫɬɟɣ ɩɪɨɝɪаɦɦɧых ɞɟ-
ɤɥаɪаɰɢяɦ ɪаɡɪаɛɨɬчɢɤɨв, ɨɩɪɟɞɟɥɟɧɢɟ ɩɪа-
вɢɥьɧɨɫɬɢ ɪɟшɟɧɢя вɟɪɢфɢɤаɰɢɨɧɧых ɡаɞач, 
выявɥɟɧɢɟ ɢ ɨɰɟɧɤа ɩɨɝɪɟшɧɨɫɬɢ ɪаɫчɟɬа ɩа-
ɪаɦɟɬɪɨв ɩɭɬɟɦ ɫɪавɧɟɧɢя ɫ ɷɤɫɩɟɪɢɦɟɧɬаɥь-
ɧыɦɢ ɞаɧɧыɦɢ, ɪаɫчɟɬɧыɦɢ ɞаɧɧыɦɢ, ɩɨɥɭ-
чɟɧɧыɦɢ ɩɨ ɞɪɭɝɢɦ ɩɪɨɝɪаɦɦɧыɦ ɤɨɦɩɥɟɤ-
ɫаɦ, ɪɟɡɭɥьɬаɬаɦɢ аɧаɥɢɬɢчɟɫɤɢх ɬɟɫɬɨв, ɬɟɨ-
ɪɟɬɢчɟɫɤɨɝɨ аɧаɥɢɡа ɢ ɨɛɨɫɧɨваɧɢɟ вɨɡɦɨɠ-
ɧɨɫɬɢ ɢɫɩɨɥьɡɨваɧɢя ɩɪɨɝɪаɦɦɧых ɤɨɦɩɥɟɤ-
ɫɨв в ɡаявɥɟɧɧɨɣ ɨɛɥаɫɬɢ ɩɪɢɦɟɧɟɧɢя.  
Вɫɟ вышɟɩɟɪɟчɢɫɥɟɧɧɨɟ ɩɪɟɞɨɩɪɟɞɟɥɢɥɨ ɨɫ-
ɧɨвɧыɟ ɧаɭчɧыɟ ɧаɩɪавɥɟɧɢя ɫɢɦɩɨɡɢɭɦа. 
 
 
2. ИСɌɈɊИə СИɆɉɈɁИɍɆА 
 
05-08 ɢɸɧя 2007 ɝɨɞа в ɝ. Нɢɠɧɢɣ Нɨвɝɨɪɨɞ 
ɧа ɛаɡɟ Нɢɠɟɝɨɪɨɞɫɤɨɝɨ ɝɨɫɭɞаɪɫɬвɟɧɧɨɝɨ 

аɪхɢɬɟɤɬɭɪɧɨ-ɫɬɪɨɢɬɟɥьɧɨɝɨ ɭɧɢвɟɪɫɢɬɟɬа 
ɩɪɨшɟɥ Пɟɪвыɣ Мɟɠɞɭɧаɪɨɞɧыɣ ɫɢɦɩɨɡɢɭɦ 
«Аɤɬɭаɥьɧыɟ ɩɪɨɛɥɟɦы ɤɨɦɩьɸɬɟɪɧɨɝɨ ɦɨ-
ɞɟɥɢɪɨваɧɢя ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ» 
(ɨɫɧɨвɧɨɣ ɨɪɝаɧɢɡаɬɨɪ – ɫɨвɟɬɧɢɤ РААСН, 
ɩɪɨф., ɞ.ɬ.ɧ. А.Н. Сɭɩɪɭɧ). В ɦɟɪɨɩɪɢяɬɢɢ 
ɩɪɢɧяɥɢ ɭчаɫɬɢɟ 77 ɫɩɟɰɢаɥɢɫɬɨв ɢɡ 21 ɝɨɪɨ-
ɞа. На ɫɢɦɩɨɡɢɭɦɟ ɨɛɫɭɠɞаɥɢɫь ɫɥɟɞɭɸɳɢɟ 
ɨɫɧɨвɧыɟ вɨɩɪɨɫы: ɦɨɞɟɥɢɪɨваɧɢɟ ɠɢɡɧɟɧ-
ɧɨɝɨ ɰɢɤɥа ɫɨɨɪɭɠɟɧɢɣ в ɩɪɨɰɟɫɫɟ ɢх вɨɡвɟ-
ɞɟɧɢя, ɩɨɞ ɞɟɣɫɬвɢɟɦ ɧаɝɪɭɡɨɤ ɪаɡɧых ɬɢɩɨв, 
а ɬаɤɠɟ вɨɩɪɨɫы ɫɨɩɪɨɬɢвɥяɟɦɨɫɬɢ ɩɪɨɝɪɟɫ-
ɫɢɪɭɸɳɟɦɭ ɪаɡɪɭшɟɧɢɸ; ɩɪɨɛɥɟɦы ɫɥɨɠɧых 
ɪаɫчɟɬɧых ɫхɟɦ, ɢх ɭɞачɧыɟ ɢ ɧɟɭɞачɧыɟ 
ɩɪɢɦɟɪы; ɩɨɞɝɨɬɨвɤа ɢ ɤваɥɢфɢɤаɰɢɨɧɧая 
аɬɬɟɫɬаɰɢя ɫɩɟɰɢаɥɢɫɬɨв, выɩɨɥɧяɸɳɢх ɪаɫ-
чɟɬы ɧа ɨɫɧɨвɟ ɩɪɨɝɪаɦɦɧых ɤɨɦɩɥɟɤɫɨв 
ɩɪɨɦышɥɟɧɧɨɝɨ ɬɢɩа; ɨɩыɬ выɩɨɥɧɟɧɢя ɪаɫ-
чɟɬɨв ɨɬвɟɬɫɬвɟɧɧых ɫɨɨɪɭɠɟɧɢɣ; ɧɨɪɦаɬɢв-
ɧыɟ ɞɨɤɭɦɟɧɬы (СНɢП), ɩɪɨɬɢвɨɪɟчɢя ɢ ɫɩɨ-
ɫɨɛы ɢх ɭɫɬɪаɧɟɧɢя. В ɪаɦɤах ɫɢɦɩɨɡɢɭɦа 
ɩɪɨɢɫхɨɞɢɥ ɨɛɦɟɧ ɨɩыɬɨɦ (в ɬɨɦ чɢɫɥɟ в хɨ-
ɪɨшɨ ɡаɪɟɤɨɦɟɧɞɨвавшɟɦ ɫɟɛя фɨɪɦаɬɟ ɤɪɭɝ-
ɥых ɫɬɨɥɨв) ɩɨ ɢɫɩɨɥьɡɨваɧɢɸ ɤɨɧɟчɧɨɷɥɟ-
ɦɟɧɬɧых ɩɪɨɝɪаɦɦɧых ɤɨɦɩɥɟɤɫɨв, ɨɛɫɭɠɞа-
ɥɢɫь ɢх вɨɡɦɨɠɧɨɫɬɢ, ɧɟɞɨɫɬаɬɤɢ, ɩɟɪɫɩɟɤɬɢ-
вы ɪаɡвɢɬɢя, в чаɫɬɧɨɫɬɢ ɩɪɢɫɭɬɫɬвɨваɥɢ ɪаɡ-
ɪаɛɨɬчɢɤɢ ɬаɤɢх ɤɨɦɩɥɟɤɫɨв ɤаɤ Ʌɢɪа, Мɨ-
ɧɨɦах, SCAD, MТМrШFE, IЧР+, ɤɨɬɨɪыɟ ɪаɫɫɤа-
ɡываɥɢ ɨ вɨɡɦɨɠɧɨɫɬях, ɪɟаɥɢɡɨваɧɧых в ɧɨ-
вых вɟɪɫɢях ɫɨɨɬвɟɬɫɬвɭɸɳɟɝɨ ɩɪɨɝɪаɦɦɧɨɝɨ 
ɨɛɟɫɩɟчɟɧɢя. Вɫɟ ɭчаɫɬɧɢɤɢ ɫɢɦɩɨɡɢɭɦа ɨɬ-
ɦɟɬɢɥɢ ɧɟɨɛхɨɞɢɦɨɫɬь ɩɪɨɞɨɥɠɟɧɢя ɩɨɞɨɛ-
ɧых ɧаɭчɧых ɦɟɪɨɩɪɢяɬɢɣ». 
08-10 ɫɟɧɬяɛɪя 2008 ɝɨɞа в ɝ. Пɟɪɦь ɧа ɛаɡɟ 
Пɟɪɦɫɤɨɝɨ ɝɨɫɭɞаɪɫɬвɟɧɧɨɝɨ ɬɟхɧɢчɟɫɤɨɝɨ 
ɭɧɢвɟɪɫɢɬɟɬа ɩɪɨшɟɥ Вɬɨɪɨɣ Мɟɠɞɭɧаɪɨɞ-
ɧыɣ ɫɢɦɩɨɡɢɭɦ «Аɤɬɭаɥьɧыɟ ɩɪɨɛɥɟɦы 
ɤɨɦɩьɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨваɧɢя ɤɨɧɫɬɪɭɤɰɢɣ 
ɢ ɫɨɨɪɭɠɟɧɢɣ» (ɨɫɧɨвɧɨɣ ɨɪɝаɧɢɡаɬɨɪ – ɫɨ-
вɟɬɧɢɤ РААСН, ɩɪɨф., ɞ.ɬ.ɧ. Ƚ.Ƚ. Кашɟваɪɨ-
ва). В ɦɟɪɨɩɪɢяɬɢɢ ɩɪɢɧяɥɢ ɭчаɫɬɢɟ ɛɨɥɟɟ 
140 чɟɥɨвɟɤ, ɫɪɟɞɢ ɤɨɬɨɪых аɤаɞɟɦɢɤɢ, чɥɟ-
ɧы-ɤɨɪɪɟɫɩɨɧɞɟɧɬы РААСН, ɞɨɤɬɨɪа ɧаɭɤ, 
ɭчɟɧыɟ, ɩɪɟɞɫɬавɥявшɢɟ выɫшɢɟ ɭчɟɛɧыɟ 
ɡавɟɞɟɧɢя ɢ ɧаɭчɧɨ-ɢɫɫɥɟɞɨваɬɟɥьɫɤɢɟ ɢɧ-
ɫɬɢɬɭɬы, ɫɩɟɰɢаɥɢɫɬы ɤɨɧɫɬɪɭɤɬɨɪɫɤɢх ɢ 
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ɦɨɞɟɥɢɪɨваɧɢя ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ» 
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ɩɪɨɟɤɬɧых ɨɪɝаɧɢɡаɰɢɣ ɢɡ 18 ɝɨɪɨɞɨв Рɨɫ-
ɫɢɢ ɢ ɫɬɪаɧ СНȽ: Пɟɪɦɢ, Мɨɫɤвы, Кɢɟва, 
Аɥɦа-Аɬы, Саɧɤɬ-Пɟɬɟɪɛɭɪɝа, Нɢɠɧɟɝɨ Нɨв-
ɝɨɪɨɞа, Каɡаɧɢ, Нɨвɨчɟɪɤаɫɫɤа, Хаɛаɪɨвɫɤа, 
Чɟɥяɛɢɧɫɤа, Уфы, Еɤаɬɟɪɢɧɛɭɪɝа, Маɝɧɢɬɨ-
ɝɨɪɫɤа, Иɪɤɭɬɫɤа, Вɨɪɨɧɟɠа, Саɪаɬɨва, Уɥаɧ-
Уɞɷ, Вɥаɞɢвɨɫɬɨɤа. Ƚɥавɧɨɣ ɰɟɥьɸ ɫɢɦɩɨɡɢ-
ɭɦа ɛыɥɨ ɨɛɫɭɠɞɟɧɢɟ аɤɬɭаɥьɧых ɩɪɨɛɥɟɦ ɢ 
ɞɨɫɬɢɠɟɧɢɣ в ɨɛɥаɫɬɢ ɤɨɦɩьɸɬɟɪɧɨɝɨ ɦɨɞɟ-
ɥɢɪɨваɧɢя ɩɨвɟɞɟɧɢя ɤɨɧɫɬɪɭɤɰɢɣ, ɡɞаɧɢɣ ɢ 
ɫɨɨɪɭɠɟɧɢɣ, вɨɡɦɨɠɧɨɫɬɟɣ ɫɨвɪɟɦɟɧɧых 
ɩɪɨɝɪаɦɦɧых ɤɨɦɩɥɟɤɫɨв ɞɥя ɢх ɪаɫчɟɬа ɢ 
ɩɪɨɟɤɬɢɪɨваɧɢя, вɨɩɪɨɫɨв выɛɨɪа аɞɟɤваɬ-
ɧых ɪаɫчɟɬɧых ɦɨɞɟɥɟɣ ɢɫɫɥɟɞɭɟɦых ɨɛъɟɤ-
ɬɨв, а ɬаɤɠɟ ɤɨɨɪɞɢɧаɰɢя ɭɫɢɥɢɣ ɭчɟɧых ɞɥя 
ɪɟшɟɧɢя ɧаɭчɧых ɢ ɩɪɢɤɥаɞɧых ɡаɞач ɨɛɟɫ-
ɩɟчɟɧɢя ɛɟɡɨɩаɫɧɨɫɬɢ ɩɪɢ ɢɡыɫɤаɧɢях, ɩɪɨ-
ɟɤɬɢɪɨваɧɢɢ, вɨɡвɟɞɟɧɢɢ ɢ ɷɤɫɩɥɭаɬаɰɢɢ 
ɡɞаɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ ɧа ɨɫɧɨвɟ ɫɨвɪɟɦɟɧɧых 
ɦаɬɟɦаɬɢчɟɫɤɢх ɦɨɞɟɥɟɣ, вычɢɫɥɢɬɟɥьɧых 
ɦɟɬɨɞɨв ɢ ɩɪɨɝɪаɦɦɧых ɤɨɦɩɥɟɤɫɨв. 
21-23 ɢɸɧя 2010 ɝɨɞа в ɝ. Нɨвɨчɟɪɤаɫɫɤ ɧа 
ɛаɡɟ Юɠɧɨ-Рɨɫɫɢɣɫɤɨɝɨ ɝɨɫɭɞаɪɫɬвɟɧɧɨɝɨ 
ɬɟхɧɢчɟɫɤɨɝɨ ɭɧɢвɟɪɫɢɬɟɬа ɩɪɨшɟɥ Тɪɟɬɢɣ 
Мɟɠɞɭɧаɪɨɞɧыɣ ɫɢɦɩɨɡɢɭɦ «Аɤɬɭаɥьɧыɟ 
ɩɪɨɛɥɟɦы ɤɨɦɩьɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨваɧɢя 
ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ» (ɨɫɧɨвɧɨɣ ɨɪɝа-
ɧɢɡаɬɨɪ – ɫɨвɟɬɧɢɤ РААСН, ɩɪɨф., ɞ.ɬ.ɧ. 
П.П. Ƚаɣɞɠɭɪɨв). В ɪаɛɨɬɟ ɫɢɦɩɨɡɢɭɦа ɩɪɢ-
ɧяɥɢ ɭчаɫɬɢɟ 44 ɫɩɟɰɢаɥɢɫɬа ɢɡ 17 ɝɨɪɨɞɨв. 
В ɞɨɤɥаɞах ɭчаɫɬɧɢɤɨв ɪаɫɫɦаɬɪɢваɥɢɫь ɫɨ-
вɪɟɦɟɧɧыɟ ɦɟɬɨɞы ɦɨɞɟɥɢɪɨваɧɢя ɠɢɡɧɟɧ-
ɧых ɰɢɤɥɨв ɫɬɪɨɢɬɟɥьɧых ɨɛъɟɤɬɨв, вɤɥɸчая 
ɫɰɟɧаɪɢɢ ɫвɟɪхɧɨɪɦаɬɢвɧɨɝɨ ɧаɝɪɭɠɟɧɢя ɢ 
ɩɪɨɝɪɟɫɫɢɪɭɸɳɟɝɨ ɪаɡɪɭшɟɧɢя, а ɬаɤɠɟ вɨɡ-
ɦɨɠɧɨɫɬɢ ɫɨвɪɟɦɟɧɧых авɬɨɪɢɡɢɪɨваɧɧых ɢ 
ɤɨɦɦɟɪчɟɫɤɢх ɩɪɨɝɪаɦɦɧых ɤɨɦɩɥɟɤɫɨв. На 
ɫɢɦɩɨɡɢɭɦɟ ɛыɥɢ ɩɪɟɞɫɬавɥɟɧы ɧаɭчɧыɟ ɫɨ-
ɨɛɳɟɧɢя ɦɨɥɨɞых ɭчɟɧых – ɩɪɟɞɫɬавɢɬɟɥɟɣ 
вɟɞɭɳɢх ɧаɭчɧых шɤɨɥ Рɨɫɫɢɢ ɢ ɛɥɢɠаɣшɟ-
ɝɨ ɡаɪɭɛɟɠья, ɡаɧɢɦаɸɳɢхɫя ɪаɡɪаɛɨɬɤɨɣ ɢ 
ɪɟаɥɢɡаɰɢɟɣ ɤɨɧɟчɧɨɷɥɟɦɟɧɬɧых ɩɪɨɝɪаɦɦ в 
ɨɛɥаɫɬɢ ɫɬɪɨɢɬɟɥьɫɬва. Хɨɪɨшɟɣ ɬɪаɞɢɰɢɟɣ 
ɫɬаɥɨ ɭчɪɟɠɞɟɧɢɟ ɫɩɟɰɢаɥьɧых ɩɪɢɡɨв ɡа 
ɥɭчшɢɟ ɫɬɟɧɞɨвыɟ ɢ ɭɫɬɧыɟ ɞɨɤɥаɞы, ɩɪɟɞ-
ɫɬавɥɟɧɧыɟ ɦɨɥɨɞыɦɢ ɭчаɫɬɧɢɤаɦɢ. В ɦɟɪɨ-
ɩɪɢяɬɢɢ ɩɪɢɧяɥɢ ɭчаɫɬɢɟ ɪаɡɪаɛɨɬчɢɤɢ ɤɨɦ-

ɦɟɪчɟɫɤɢх ɪаɫчɟɬɧɨ-вычɢɫɥɢɬɟɥьɧых ɩɪɨ-
ɝɪаɦɦɧых ɤɨɦɩɥɟɤɫɨв SCAD, MТМrШFE ХЧР+, 
СТАДИО. 
19-22 ɢɸɧя 2012 ɝɨɞа в ɝ. Чɟɥяɛɢɧɫɤ ɧа ɛаɡɟ 
Юɠɧɨ-Уɪаɥьɫɤɨɝɨ ɝɨɫɭɞаɪɫɬвɟɧɧɨɝɨ ɭɧɢ-
вɟɪɫɢɬɟɬа (ɧаɰɢɨɧаɥьɧɨɝɨ ɢɫɫɥɟɞɨваɬɟɥьɫɤɨ-
ɝɨ ɭɧɢвɟɪɫɢɬɟɬа) ɩɪɨшɟɥ Чɟɬвɟɪɬыɣ Мɟɠɞɭ-
ɧаɪɨɞɧыɣ ɫɢɦɩɨɡɢɭɦ «Аɤɬɭаɥьɧыɟ ɩɪɨɛɥɟ-
ɦы ɤɨɦɩьɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨваɧɢя ɤɨɧ-
ɫɬɪɭɤɰɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ» (ɨɫɧɨвɧɨɣ ɨɪɝаɧɢ-
ɡаɬɨɪ – ɫɨвɟɬɧɢɤ РААСН, ɩɪɨф., ɞ.ɬ.ɧ. А.Н. 
Пɨɬаɩɨв). В ɪаɛɨɬɟ ɫɢɦɩɨɡɢɭɦа ɩɪɢɧяɥɢ 
ɭчаɫɬɢɟ 103 ɫɩɟɰɢаɥɢɫɬа ɢɡ 19 ɝɨɪɨɞɨв. Цɟ-
ɥьɸ ɫɢɦɩɨɡɢɭɦа ɫɬаɥɨ ɨɛɫɭɠɞɟɧɢɟ аɤɬɭаɥь-
ɧых ɩɪɨɛɥɟɦ в ɨɛɥаɫɬɢ ɤɨɦɩьɸɬɟɪɧɨɝɨ ɦɨ-
ɞɟɥɢɪɨваɧɢя ɩɨвɟɞɟɧɢя ɢ ɭɩɪавɥɟɧɢя ɩаɪа-
ɦɟɬɪаɦɢ ɤɨɧɫɬɪɭɤɰɢɣ, ɡɞаɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ, 
ɨɰɟɧɤа ɢх ɩɪɨчɧɨɫɬɢ, ɭɫɬɨɣчɢвɨɫɬɢ ɢ ɤɨɥɟ-
ɛаɧɢɣ ɩɪɢ ɧɟɫɬаɰɢɨɧаɪɧых ɩɪɨɰɟɫɫах. В 
ɰɟɧɬɪɟ вɧɢɦаɧɢя ɛыɥɨ ɨɛɫɭɠɞɟɧɢɟ вɨɡɦɨɠ-
ɧɨɫɬɟɣ ɢ ɞɨɫɬɢɠɟɧɢɣ в ɨɛɥаɫɬɢ ɫɨвɪɟɦɟɧɧых 
ɩɪɨɝɪаɦɦɧых ɤɨɦɩɥɟɤɫɨв ɩɨ ɪаɫчɟɬɭ ɢ ɩɪɨ-
ɟɤɬɢɪɨваɧɢɸ ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ ɫ 
ɭчɟɬɨɦ выɛɨɪа аɞɟɤваɬɧых ɪаɫчɟɬɧых ɦɨɞɟ-
ɥɟɣ ɢɫɫɥɟɞɭɟɦых ɨɛъɟɤɬɨв. В ɪаɦɤах ɫɢɦɩɨ-
ɡɢɭɦа ɪаɫɫɦаɬɪɢваɥɢɫь вɨɩɪɨɫы ɤɨɨɪɞɢɧа-
ɰɢɢ ɭɫɢɥɢɣ ɭчɟɧых ɞɥя ɪɟшɟɧɢя ɧаɭчɧых ɢ 
ɩɪɢɤɥаɞɧых ɡаɞач ɩɨ ɨɛɟɫɩɟчɟɧɢɸ ɛɟɡɨɩаɫ-
ɧɨɫɬɢ ɩɪɢ ɢɡыɫɤаɧɢях, ɩɪɨɟɤɬɢɪɨваɧɢɢ, вɨɡ-
вɟɞɟɧɢɢ ɢ ɷɤɫɩɥɭаɬаɰɢɢ ɡɞаɧɢɣ ɢ ɫɨɨɪɭɠɟ-
ɧɢɣ ɧа ɨɫɧɨвɟ ɫɨвɪɟɦɟɧɧых ɦаɬɟɦаɬɢчɟɫɤɢх 
ɦɨɞɟɥɟɣ, вычɢɫɥɢɬɟɥьɧых ɦɟɬɨɞɨв ɢ ɩɪɨ-
ɝɪаɦɦɧых ɤɨɦɩɥɟɤɫɨв. 
 
 
3. ɈСɇɈВɇЫȿ ɇАɍЧɇЫȿ  

ɇАɉɊАВɅȿɇИə, ɉɅАɇ  
ɉɊɈВȿДȿɇИə И ɆȿɊɈɉɊИəɌИə 
СИɆɉɈɁИɍɆА 

 
Оɫɧɨвɧыɟ ɧаɭчɧыɟ ɧаɩɪавɥɟɧɢя Пяɬɨɝɨ 
Мɟɠɞɭɧаɪɨɞɧɨɝɨ ɫɢɦɩɨɡɢɭɦа «Аɤɬɭаɥьɧыɟ 
ɩɪɨɛɥɟɦы ɤɨɦɩьɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨваɧɢя 
ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ» ɩɟɪɟчɢɫɥɟɧы 
ɧɢɠɟ. 
1. Мɨɞɟɥɢɪɨваɧɢɟ ɠɢɡɧɟɧɧых ɰɢɤɥɨв ɤɨɧ-

ɫɬɪɭɤɰɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ ɧа ɫɬаɞɢях ɢх 
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вɨɡвɟɞɟɧɢя, ɧаɝɪɭɠɟɧɢɣ, ɫɨɩɪɨɬɢвɥяɟ-
ɦɨɫɬɢ ɩɪɨɝɪɟɫɫɢɪɭɸɳɟɦɭ ɪаɡɪɭшɟɧɢɸ. 

2. Нɟɥɢɧɟɣɧыɟ ɦɨɞɟɥɢ ɦаɬɟɪɢаɥɨв, ɤɨɧ-
ɫɬɪɭɤɰɢɣ ɡɞаɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ ɩɪɢ ɩɪɨ-
ɟɤɬɢɪɨваɧɢɢ, ɨɩɬɢɦɢɡаɰɢɢ ɢ ɪɟɤɨɧ-
ɫɬɪɭɤɰɢɢ. 

3. Маɬɟɪɢаɥы ɢ ɤɨɧɫɬɪɭɤɰɢɢ в ɧɟɫɬаɰɢɨ-
ɧаɪɧых фɢɡɢчɟɫɤɢх ɭɫɥɨвɢях ɩɪɢ ɫɥɨɠ-
ɧых вɨɡɞɟɣɫɬвɢях.  

4. Мɨɞɟɥɢɪɨваɧɢɟ ɧаɝɪɭɡɨɤ ɢ вɨɡɞɟɣɫɬвɢɣ 
ɧа ɫɬɪɨɢɬɟɥьɧыɟ ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɫɨɨɪɭ-
ɠɟɧɢя. Заɞачɢ аɷɪɨ- ɢ ɝɢɞɪɨɭɩɪɭɝɨɫɬɢ. 

5. Мɨɞɟɥɢɪɨваɧɢɟ ɩɨвɪɟɠɞаɟɦɨɫɬɢ ɢ ɪаɡ-
ɪɭшɟɧɢя ɤɨɧɫɬɪɭɤɰɢɣ. Маɬɟɦаɬɢчɟɫɤɢɟ 
ɦɨɞɟɥɢ в ɫɢɫɬɟɦах ɦɨɧɢɬɨɪɢɧɝа ɡɞаɧɢɣ 
ɢ ɫɨɨɪɭɠɟɧɢɣ. 

6. Вɨɡɦɨɠɧɨɫɬɢ ɫɨвɪɟɦɟɧɧых ɩɪɨɝɪаɦɦ-
ɧых ɫɪɟɞɫɬв ɩɪɢ аɧаɥɢɡɟ ɢ ɩɪɨɟɤɬɢɪɨва-
ɧɢɢ ɫɬɪɨɢɬɟɥьɧых ɨɛъɟɤɬɨв. Рɟшаɬɟɥɢ в 
ɡаɞачах ɫɬɪɨɢɬɟɥьɧɨɣ ɦɟхаɧɢɤɢ. Пɪɨ-
ɛɥɟɦы ɢ ɩɟɪɫɩɟɤɬɢвы. 

Пɪɨɝɪаɦɦа ɫɢɦɩɨɡɢɭɦа вɤɥɸчаɥа ɩɥɟɧаɪ-
ɧыɟ, ɫɟɤɰɢɨɧɧыɟ ɢ ɫɬɟɧɞɨвыɟ ɞɨɤɥаɞы, 
«ɤɪɭɝɥыɟ ɫɬɨɥы» ɞɥя ɨɛɫɭɠɞɟɧɢя аɤɬɭаɥь-
ɧых ɩɪɨɛɥɟɦ ɢ ɞɨɫɬɢɠɟɧɢɣ в ɨɛɥаɫɬɢ ɤɨɦ-
ɩьɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨваɧɢя ɤɨɧɫɬɪɭɤɰɢɣ ɢ 
ɫɨɨɪɭɠɟɧɢɣ, ɫɨɨɛɳɟɧɢя ɨɛ ɨɩыɬɟ ɢɫɩɨɥьɡɨ-
ваɧɢя ɫɨвɪɟɦɟɧɧых ɦɟɬɨɞɨв ɢ ɫɪɟɞɫɬв ɤɨɦ-
ɩьɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨваɧɢя ɩɪɢ ɩɪɨɟɤɬɢɪɨ-
ваɧɢɢ ɢ ɪаɫчɟɬɧɨɦ ɨɛɨɫɧɨваɧɢɢ ɭɧɢɤаɥьɧых 
ɡɞаɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ (ɨɛъɟɤɬы Зɢɦɧɢх 
Оɥɢɦɩɢɣɫɤɢх ɢɝɪ 2014 ɝɨɞа в ɝ. Сɨчɢ, ɫɬаɞɢ-
ɨɧ «Зɟɧɢɬ» в ɝ. Саɧɤɬ-Пɟɬɟɪɛɭɪɝɟ, выɫɨɬɧыɟ 
ɡɞаɧɢя ɢ ɞɪ.), ɦаɫɬɟɪ-ɤɥаɫɫы ɩɨ ɢɫɩɨɥьɡɨва-
ɧɢɸ ɩɪɨɝɪаɦɦɧых ɩɪɨɞɭɤɬɨв вɟɞɭɳɢх ɨɬɟ-
чɟɫɬвɟɧɧых ɢ ɦɢɪɨвых ɪаɡɪаɛɨɬчɢɤɨв ɫɢɫɬɟɦ 
ɤɨɦɩьɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨваɧɢя ɫɨɨɪɭɠɟɧɢɣ. 
Пɟɪвая чаɫɬь ɫɢɦɩɨɡɢɭɦа  (01-03 ɢɸɥя 2014 
ɝɨɞа) ɛыɥа ɩɪɨвɟɞɟɧа в ɤɨɧфɟɪɟɧɰ-ɡаɥɟ 
ИɪȽТУ (ɩɥɟɧаɪɧɨɟ ɡаɫɟɞаɧɢɟ) ɢ в ɝɨɫɬɢɧɢɰɟ 
Пɪɢɛаɣɤаɥьɫɤая, ɪаɫɩɨɥɨɠɟɧɧɨɣ в 62 ɤɢɥɨ-
ɦɟɬɪах ɨɬ ɝ. Иɪɤɭɬɫɤ в ɠɢвɨɩɢɫɧɨɦ ɦɟɫɬɟ ɭ 
ɢɫɬɨɤа ɪɟɤɢ Аɧɝаɪа. Вɬɨɪая чаɫɬь ɫɨɫɬɨяɥаɫь 
в ɩаɧɫɢɨɧаɬɟ ɧа ɨɫɬɪɨвɟ Оɥьхɨɧ (04-06 ɢɸɥя 
2014 ɝɨɞа), ɤɨɬɨɪыɣ явɥяɟɬɫя ɝɟɨɝɪафɢчɟ-
ɫɤɢɦ, ɢɫɬɨɪɢчɟɫɤɢɦ ɢ ɫаɤɪаɥьɧыɦ ɰɟɧɬɪɨɦ 
ɨɡɟɪа Ȼаɣɤаɥ. Зɞɟɫь ɫɤɨɧɰɟɧɬɪɢɪɨваɧɨ вɫɟ 

ɦɧɨɝɨɨɛɪаɡɢɟ ɩɪɢɪɨɞɧых ɥаɧɞшафɬɨв. Эɬɨ 
ɫɬɟɩɢ ɫ хɨɪɨшɨ ɩɪɨɝɪɟваɟɦыɦɢ ɥɟɬɨɦ ɡаɥɢ-
ваɦɢ, ɷɨɥɨвыɟ ɩɟɫɤɢ ɫ ɞɸɧаɦɢ, ɫɦɟшаɧɧыɟ 
ɥɟɫа ɫ ɭчаɫɬɤаɦɢ ɪɟɥɢɤɬɨвɨɝɨ ɟɥьɧɢɤа, ɠɢ-
вɨɩɢɫɧыɟ ɛɟɪɟɝɨвыɟ ɫɤаɥы. 

 
 

4. ɇАɍЧɇАə ɉɊɈȽɊАɆɆА  
СИɆɉɈɁИɍɆА 

 
На ɩɥɟɧаɪɧɨɦ ɡаɫɟɞаɧɢɢ ɫɢɦɩɨɡɢɭɦа ɩɨɫɥɟ 
ɩɪɢвɟɬɫɬвɢɣ ɢ.ɨ. ɪɟɤɬɨɪа ИɪȽТУ, ɩɪɨф., ɞ.ф.-
ɦ.ɧ. А.Д. Афаɧаɫьɟва, ɞɢɪɟɤɬɨɪа Иɧɫɬɢɬɭɬа 
аɪхɢɬɟɤɬɭɪы ɢ ɫɬɪɨɢɬɟɥьɫɬва ИɪȽТУ, ɩɪɨф., 
ɞ.ɬ.ɧ. В.Р. Чɭɩɢɧа, вɢɰɟ-ɩɪɟɡɢɞɟɧɬа РААСН, 
аɤаɞɟɦɢɤа РААСН, ɩɪɨф., ɞ.ɬ.ɧ. В.И. Тɪавɭ-
ша, ɩɪɟɞɫɟɞаɬɟɥя Наɭчɧɨɝɨ Сɨвɟɬа РААСН 
«Пɪɨɝɪаɦɦɧыɟ ɫɪɟɞɫɬва в ɫɬɪɨɢɬɟɥьɫɬвɟ ɢ аɪ-
хɢɬɟɤɬɭɪɟ», ɫɨвɟɬɧɢɤа РААСН, ɩɪɨф., ɞ.ɬ.ɧ. 
В.Н. Сɢɞɨɪɨва ɢ ɝɥавɧɨɝɨ ɭчɟɧɨɝɨ ɫɟɤɪɟɬаɪя 
РААСН, чɥ.-ɤɨɪɪ. РААСН, ɞ.ɬ.ɧ. П.А. Аɤɢɦɨ-
ва ɫ ɞɨɤɥаɞаɦɢ выɫɬɭɩɢɥɢ ɩɪɨфɟɫɫɨɪа В.В. 
Ʌаɥɢɧ (ɨɛ ɭчɟɬɟ ɠɟɫɬɤɨɫɬɟɣ ɧа ɪаɫɬяɠɟɧɢɟ ɢ 
ɫɞвɢɝ в ɡаɞачах ɭɫɬɨɣчɢвɨɫɬɢ ɫɬɟɪɠɧɟɣ), З. 
Вɭɣчɢɰɤɢ (ɨ ɞɢɧаɦɢчɟɫɤɢх ɦɨɞɟɥях ɫɬɪɨɢ-
ɬɟɥьɧых ɤɨɧɫɬɪɭɤɰɢɣ), А.М. Ȼɟɥɨɫɬɨɰɤɢɣ (ɨ 
чɢɫɥɟɧɧɨɦ ɦɨɞɟɥɢɪɨваɧɢɢ ɧаɝɪɭɡɨɤ ɢ вɨɡɞɟɣ-
ɫɬвɢɣ, ɧаɩɪяɠɟɧɧɨ-ɞɟфɨɪɦɢɪɨваɧɧɨɝɨ ɫɨɫɬɨ-
яɧɢя (НДС), ɩɪɨчɧɨɫɬɢ ɢ ɭɫɬɨɣчɢвɨɫɬɢ ɭɧɢ-
ɤаɥьɧых ɤɨɧɫɬɪɭɤɰɢɣ, ɡɞаɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ), 
М.С. Ȼаɪаɛаш (ɨ чɢɫɥɟɧɧɨɦ ɦɨɞɟɥɢɪɨваɧɢɢ 
НДС ɤɨɧɫɬɪɭɤɰɢɣ ɫ ɭчёɬɨɦ ɫɬаɞɢɣ ɠɢɡɧɟɧɧɨ-
ɝɨ ɰɢɤɥа ɡɞаɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ) ɢ Д.В. Кɭɩɰɨв 
(ɨɛ ɢɧфɨɪɦаɰɢɨɧɧɨɦ ɦɨɞɟɥɢɪɨваɧɢɢ ɡɞаɧɢɣ). 
В ɨɫɬаɥьɧɨɦ ɩɪɨɝɪаɦɦа ɫɢɦɩɨɡɢɭɦа, вɤɥɸ-
чавшая ɛɨɥɟɟ 80 ɞɨɤɥаɞɨв, ɛыɥа ɪаɡɞɟɥɟɧа ɧа 
ɞвɟ ɫɟɤɰɢɢ: «Тɟɨɪɟɬɢчɟɫɤɢɟ ɨɫɧɨвы, аɥɝɨɪɢɬ-
ɦы ɢ ɦɟɬɨɞы ɤɨɦɩьɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨваɧɢя 
ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ» (Сɟɤɰɢя 1) ɢ 
«Пɪаɤɬɢɤа ɩɪɢɦɟɧɟɧɢя ɦɟɬɨɞɨв, аɥɝɨɪɢɬɦɨв ɢ 
ɩɪɨɝɪаɦɦ чɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨваɧɢя ɤɨɧ-
ɫɬɪɭɤɰɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ» (Сɟɤɰɢя 2). 
Вɨɩɪɨɫаɦ чɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨваɧɢя вɟɬɪɨ-
вых ɧаɝɪɭɡɨɤ, ɧаɩɪяɠɟɧɧɨ-ɞɟфɨɪɦɢɪɨваɧɧɨɝɨ 
ɫɨɫɬɨяɧɢя ɢ ɩɪɨчɧɨɫɬɢ ɫɬɪɨɢɬɟɥьɧых ɤɨɧ-
ɫɬɪɭɤɰɢɣ, ɡɞаɧɢɣ, ɫɨɨɪɭɠɟɧɢɣ ɢ ɤɨɦɩɥɟɤɫɨв, 
в ɬɨɦ чɢɫɥɟ в ɫвяɡаɧɧых ɩɨɫɬаɧɨвɤах, ɛыɥɢ 
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ɩɨɫвяɳɟɧы ɩɪɟɡɟɧɬаɰɢɢ В.М. Аɝафɨɧɨва, 
П.А. Аɤɢɦɨва, С.А. Аɥɟɤɫɟɟва, А.А. Аɭɥа, 
И.Н. Афаɧаɫьɟвɨɣ, А.М. Ȼɟɥɨɫɬɨɰɤɨɝɨ, Н.А. 
Ȼɭɡаɥɨ, О.С. Ȼɭɪɫɢ, В.В. Вɟɪшɢɧɢɧа, Ю.В. 
Ƚɟɧɡɟɪɫɤɨɝɨ, С.И. Дɭɛɢɧɫɤɨɝɨ, М.А. Дɭɞаɟва, 
Ю.Н. Дяɞчɟɧɤɨ, Ƚ. Заɧɨɧа, Т.Ȼ. Каɣɬɭɤɨва, 
Д.К. Каɥɢчавы, Ƚ.Ƚ. Кашɟваɪɨвɨɣ, Ф.М. Кɨ-
ɬɨва, А.А. Кɭɞɪявɰɟва, К.И. Оɫɬɪɨвɫɤɨɝɨ, 
А.И. Наɝɢɛɨвɢча, П.И. Нɨвɢɤɨва, А.С. Павɥɨ-
ва, С.Ȼ. Пɟɧьɤɨвɨɝɨ, Н.О. Пɟɬɪяшɟва, С.О. 
Пɟɬɪяшɟва, Р. Пɭчɢɧɨɬɬɢ, П.С. Сɨɡɨɧɨва, Н. 
Тɨɧɞɢɧɢ, А.Р. Уɫɦаɧɨва, Нɝɭɟɧ Фɭ Тɭаɧа, 
И.И. Хɭɫаɢɧɨва, Н.Ƚ. Цаɪɢɬɨвɨɣ, Т.Н. Чɟɪɧɢ-
ɝɨвɫɤɨɣ, С.В. ɓɟɪɛɢɧы. Пɪɨɛɥɟɦы ɦаɬɟɦа-
ɬɢчɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨваɧɢя в ɦаɬɟɪɢаɥɨвɟɞɟ-
ɧɢɢ ɛыɥɢ ɡаɬɪɨɧɭɬы в выɫɬɭɩɥɟɧɢɢ А.С. 
Кɪыɥɨва. Нɟɤɨɬɨɪыɟ ɪɟɡɭɥьɬаɬы ɫɢɫɬɟɦɧɨɝɨ 
ɨɫɦыɫɥɟɧɢя ɷɬаɩɨв ɪаɡвɢɬɢя ɤɨɦɩьɸɬɟɪɧɨɝɨ 
ɦɨɞɟɥɢɪɨваɧɢя ɛыɥɢ ɩɪɟɞɫɬавɥɟɧы в ɞɨɤɥаɞɟ 
Н.П. Аɛɨвɫɤɨɝɨ, С.В. Дɟɨɪɞɢɟва, Ʌ.В. Еɧɞɠɢ-
ɟвɫɤɨɝɨ, И.С. Иɧɠɭɬɨва, О.М. Маɤɫɢɦɨвɨɣ, 
Н.И. Маɪчɭɤа ɢ В.И. Паɥаɝɭшɤɢɧа. Раɡɥɢч-
ɧыɟ аɫɩɟɤɬы ɦɨɞɟɥɢɪɨваɧɢя ɩɨвɟɞɟɧɢя ɠɟɥɟ-
ɡɨɛɟɬɨɧɧых, ɦɟɬаɥɥɢчɟɫɤɢх ɢ ɞɟɪɟвяɧɧых 
ɤɨɧɫɬɪɭɤɰɢɣ, в ɬɨɦ чɢɫɥɟ ɫ ɭчɟɬɨɦ ɪаɡɧɨɝɨ 
ɪɨɞа ɧɟɥɢɧɟɣɧɨɫɬɟɣ ɩɨɥɭчɢɥɢ ɪаɡвɢɬɢɟ в ɞɨ-
ɤɥаɞах В.В. Аɞɢɳɟва, П.Д. Аɪɥɟɧɢɧɨва, Е.Е. 
Ƚɨɧчаɪɨва, А.В. Ƚɪаɞɨɛɨɟва, Н.В. Дɟɝɬяɪɟвɨɣ, 
Ƚ.Ƚ. Кашɟваɪɨвɨɣ, П.А. Кɨɫых, С.Ȼ. Кɪыɥɨва, 
М.В. Ʌаɡɧɸɤ, М.А. Ʌɨɝɭɧɨвɨɣ, А.ə. Маɪɬы-
ɧɸɤ, В.М. Мɢɬаɫɨва, К.П. Пяɬɢɤɪɟɫɬɨвɫɤɨɝɨ, 
В.В. Рɨɨɬ, В.И. Сɨɛɨɥɟва. Тɟɨɪɟɬɢчɟɫɤɢɟ ɨɫ-
ɧɨвы ɢ аɥɝɨɪɢɬɦы ɦɟɬɨɞа ɤɨɧɟчɧых ɷɥɟɦɟɧ-
ɬɨв ɛыɥɢ ɡаɬɪɨɧɭɬы в выɫɬɭɩɥɟɧɢях П.П. 
Ƚаɣɞɠɭɪɨва, Ю.Д. Ƚɟɪаɣɦɨвɢч, А.С. Ƚɨɪɨ-
ɞɟɰɤɨɝɨ, И.Д. Евɡɟɪɨва, Н.А. Зяɦɛаɟва, А.В. 
Иɝɧаɬьɟва, В.А. Иɝɧаɬьɟва, Д.В. Маɪчɟɧɤɨ, 
Е.В. Оɧɢɳɟɧɤɨ, А.Н. Пɨɬаɩɨва, В.Н. Рɨɦаш-
ɤɢɧа ɢ Е.М. Уфɢɦɰɟва. 
Нɨвыɟ вɨɡɦɨɠɧɨɫɬɢ ɫɨвɪɟɦɟɧɧых ɩɪɨ-
ɝɪаɦɦɧых ɤɨɦɩɥɟɤɫɨв ɞɥя ɪаɫчɟɬа, ɩɪɨɟɤɬɢ-
ɪɨваɧɢя ɢ ɢɧфɨɪɦаɰɢɨɧɧɨɝɨ ɦɨɞɟɥɢɪɨваɧɢя 
ɫɬɪɨɢɬɟɥьɧых ɢ ɢɧых ɨɛъɟɤɬɨв (АСТРА-
НОВА, Ʌɢɪа, СТАДИО, ANSYS, ABAQUS, 
Autodesk Revit, COMPASS, DIANA, NAS-
TRAN, SCAD, SOLIDWORKS, TEKLA), ɪɟа-
ɥɢɡɨваɧɧыɟ в ɢх ɪаɦɤах чɢɫɥɟɧɧыɟ ɦɨɞɟɥɢ, а 

ɬаɤɠɟ ɧɟɤɨɬɨɪыɟ ɧаɭɤɨɟɦɤɢɟ ɩɪɢɥɨɠɟɧɢях 
ɛыɥɢ ɩɪɟɞɫɬавɥɟɧы в выɫɬɭɩɥɟɧɢях И.В. 
Аɝɟɟɧɤɨ, В.В. Аɞɢɳɟва, А.В. Ȼɟɤɥɟɦɢшɟва, 
А.М. Ȼɟɥɨɫɬɨɰɤɨɝɨ, Ю.А. Ȼɟɪɠɢɧɫɤɨɝɨ, Ʌ.П. 
Ȼɟɪɠɢɧɫɤɨɣ, И.И. Вɟɞяɤɨва, М.С. Ƚɪачɟвɨɣ, 
Ʌɟ Чаɧ Мɢɧь Даɬа, Ƚ.А. Дɠɢɧчвɟɥашвɢɥɢ, 
Д.С. Дɦɢɬɪɢɟва, Т.Ʌ. Дɦɢɬɪɢɟвɨɣ, С.В. Дɨ-
ɪɨɧɢɧа, Ю.Н. Дяɞчɟɧɤɨ, Ʌ.В. Еɧɞɠɢɟвɫɤɨɝɨ, 
А.Ю. Зɨɛачɟвɨɣ, И.Н. Зɨɬɨва, Д.В. Кɨɧɢɧа, 
Д.В. Кɭɩɰɨва, А.В. Кɨɥɟɫɧɢɤɨва, И.В. Кɭчɟ-
ɪɟɧɤɨ, А.А. Маɥяɪɟɧɤɨ, А.С. Маɪɬɢɪɨɫяɧа, 
Н.В. Мɨɫɢɧɨɣ, Е.В. Нɨɫыɪɟвɨɣ, В.П. Пашɤɨ-
ва, И.А. Пɨɪываɟва, А.А. Пыхаɥɨва, М.Н. 
Сафɢɭɥɥɢɧа, А.А. Сɟɦɟɧɨва, Ʌ.С. Сɨшɧɢɤɨ-
вɨɣ ɢ А.В. Таɪаɫɨва. 
Пɪɨɛɥɟɦы ɪаɡɪаɛɨɬɤɢ, ɢɫɫɥɟɞɨваɧɢя, ɪаɡвɢ-
ɬɢя ɢ вɟɪɢфɢɤаɰɢɢ аɧаɥɢɬɢчɟɫɤɢх ɢ чɢɫɥɟɧ-
ɧɨ-аɧаɥɢɬɢчɟɫɤɢх (в чаɫɬɧɨɫɬɢ, ɞɢɫɤɪɟɬɧɨ-
ɤɨɧɬɢɧɭаɥьɧых) ɦɟɬɨɞɨв ɪɟшɟɧɢя ɡаɞач 
ɫɬɪɨɢɬɟɥьɧɨɣ ɦɟхаɧɢɤɢ, ɦɟхаɧɢɤɢ ɞɟфɨɪɦɢ-
ɪɭɟɦɨɝɨ ɬвɟɪɞɨɝɨ ɬɟɥа ɢ ɦаɬɟɦаɬɢчɟɫɤɨɣ фɢ-
ɡɢɤɢ ɪаɫɫɦаɬɪɢваɥɢɫь в выɫɬɭɩɥɟɧɢях П.А. 
Аɤɢɦɨва, М. Аɫɥаɦɢ, Д.И. Ȼɟɥяɟва, В.И. 
Ишаɧɨвɨɣ, Т.Ȼ. Каɣɬɭɤɨва, С.Ф. Кɭɡɧɟɰɨва, 
Д.А. Кɭшɨвɨɣ, В.В. Ʌаɥɢɧа, С.М. Маɰɤɟвɢ-
ча, М.Ʌ. Мɨɡɝаɥɟвɨɣ, О.А. Нɟɝɪɨɡɨва, К.И. 
Оɫɬɪɨвɫɤɨɝɨ, В.Н. Сɢɞɨɪɨва, Е.М. Уɞɥɟɪа, 
Ʌ.Ю. Фɪɢшɬɟɪ. Нɟɤɨɬɨɪыɟ ɪаɫчɟɬɧɨ-
ɷɤɫɩɟɪɢɦɟɧɬаɥьɧыɟ ɩɨɞхɨɞы ɛыɥɢ ɩɪɟɞɥɨ-
ɠɟɧы Ю.А. Ȼɟɪɠɢɧɫɤɢɦ, Н.А. Ȼɭɡаɥɨ, В.В. 
Вɟɪшɢɧɢɧыɦ, И.В. Ƚɨɧɬаɪɟɧɤɨ, Е.В. Зɟɧьɤɨ-
выɦ, Д.В. Кɢɫɟɥɟвыɦ, А.И. Саɝаɣɞаɤɨɦ, В.Н. 
Сɢɞɨɪɨвыɦ ɢ Ʌ.Ȼ. Цвɢɤɨɦ. 
Вɨɩɪɨɫы ɪаɫчɟɬɧɨɝɨ ɨɛɨɫɧɨваɧɢя ɨɛъɟɤɬɨв 
ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɝɨ ɬɪаɧɫɩɨɪɬа ɪаɫɫɦаɬɪɢва-
ɥɢɫь в выɫɬɭɩɥɟɧɢях Ю.В. Вɨɪɨɧɨвɨɣ, В.Н. 
ɀɟɥɟɡɧяɤа, Д.В. Заɩɨɥьɫɤɨɝɨ, И.Д. Кɨɡɭɛɟɧ-
ɤɨ, С.В. Мɢхаɥьчɢшɢɧа, Е.Ƚ. Саɧɧɢɤɨва, 
В.В. Тɸɧьɤɨва, Ʌ.Ȼ. Цвɢɤа. В ɞɨɤɥаɞɟ Н.П. 
Аɛɨвɫɤɨɝɨ, С.В. Дɟɨɪɞɢɟва, Ʌ.В. Еɧɞɠɢɟв-
ɫɤɨɝɨ, И.С. Иɧɠɭɬɨва ɢ В.И. Паɥаɝɭшɤɢɧа 
ɛыɥɨ ɩɪɟɞɥɨɠɟɧɨ выɞɟɥɢɬь ɧɨвɨɟ ɧаɭчɧɨɟ 
ɧаɩɪавɥɟɧɢɟ – фɨɪɦɨɨɛɪаɡɨваɧɢɟ ɧɨвых 
ɩɪɨɫɬɪаɧɫɬвɟɧɧых ɤɨɦɛɢɧɢɪɨваɧɧых ɫɬɪɨɢ-
ɬɟɥьɧых ɤɨɧɫɬɪɭɤɰɢɣ, в ɤɨɬɨɪɨɦ ɫɢɧɬɟɡɢɪɭ-
ɸɬɫя ɪаɡɥɢчɧыɟ ɞɢɫɰɢɩɥɢɧы аɪхɢɬɟɤɬɭɪɧɨ-
ɝɨ, ɪаɫчɟɬɧɨ-ɤɨɧɫɬɪɭɤɬɨɪɫɤɨɝɨ, ɬɟхɧɨɥɨɝɢчɟ-
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ɫɤɨɝɨ, ɷɤɨɧɨɦɢчɟɫɤɨɝɨ ɧаɩɪавɥɟɧɢɣ. Аɤɬɭ-
аɥьɧыɦ вɨɩɪɨɫаɦ ɢɫɫɥɟɞɨваɧɢя, ɪаɡɪаɛɨɬɤɢ, 
ɫɨвɟɪшɟɧɫɬвɨваɧɢя ɢ ɦɨɞɟɪɧɢɡаɰɢɢ ɪɟɝɥа-
ɦɟɧɬɢɪɭɸɳɢх ɧɨɪɦаɬɢвɧых ɞɨɤɭɦɟɧɬɨв ɛы-
ɥɢ ɩɨɫвяɳɟɧы ɞɨɤɥаɞы Ƚ.А. Дɠɢɧчвɟɥашвɢ-
ɥɢ, А.В. Кɨɥɟɫɧɢɤɨва, М.Ф. Кɨшɟɥɟва, О.В. 
Мɤɪɬычɟва ɢ А.Ƚ. Тяɩɢɧа. 
Ȼɨɥьшɨɣ ɢɧɬɟɪɟɫ ɭчаɫɬɧɢɤɨв ɫɢɦɩɨɡɢɭɦа 
выɡваɥɢ ɫɨɨɛɳɟɧɢя А.М. Ȼɟɥɨɫɬɨɰɤɨɝɨ ɢ ɟɝɨ 
ɤɨɥɥɟɝ ɨɛ ɨɩыɬɟ ɢɫɩɨɥьɡɨваɧɢя ɫɨвɪɟɦɟɧɧых 
ɦɟɬɨɞɨв ɢ ɫɪɟɞɫɬв ɤɨɦɩьɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢ-
ɪɨваɧɢя ɩɪɢ ɩɪɨɟɤɬɢɪɨваɧɢɢ ɢ ɪаɫчёɬɧɨɦ 
ɨɛɨɫɧɨваɧɢɢ ɭɧɢɤаɥьɧых ɡɞаɧɢɣ ɢ ɫɨɨɪɭɠɟ-
ɧɢɣ (ɨɛъɟɤɬы Зɢɦɧɢх Оɥɢɦɩɢɣɫɤɢх ɢɝɪ 2014 
ɝɨɞа в ɝ. Сɨчɢ, ɫɬаɞɢɨɧы Чɟɦɩɢɨɧаɬа ɦɢɪа 
ɩɨ фɭɬɛɨɥɭ 2018 ɝɨɞа ɢ ɞɪ.). 

 
 
5. ɄɊɍȽɅЫȿ СɌɈɅЫ  

И ɆАСɌȿɊ-ɄɅАССЫ 
 
В ɪаɦɤах ɫɢɦɩɨɡɢɭɦа ɛыɥɨ ɩɪɨвɟɞɟɧɨ ɩяɬь 
ɤɪɭɝɥых ɫɬɨɥɨв: «Оɩɬɢɦаɥьɧɨɟ ɩɪɨɟɤɬɢɪɨ-
ваɧɢɟ ɫɬɪɨɢɬɟɥьɧых ɤɨɧɫɬɪɭɤɰɢɣ» (вɟɞɭɳɢɟ 
– аɤаɞɟɦɢɤ РААСН, ɩɪɨф. Ʌ.С. Ʌяхɨвɢч; 
ɩɪɨф. Т.Ʌ. Дɦɢɬɪɢɟва), «Оɛ аɤɬɭаɥьɧых ɩɪɨ-
ɛɥɟɦах ɤɨɦɩьɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨваɧɢя ɤɨɧ-
ɫɬɪɭɤɰɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ» (вɟɞɭɳɢɟ – ɫɨвɟɬ-
ɧɢɤ РААСН, ɩɪɨф. В.Н. Сɢɞɨɪɨв; ɫɨвɟɬɧɢɤ 
РААСН, ɩɪɨф. Ƚ.Ƚ. Кашɟваɪɨва), «Пɪɢɦɟɧɟ-
ɧɢɟ ɩɪɨɝɪаɦɦɧɨɝɨ ɨɛɟɫɩɟчɟɧɢя TEKLA ɢ 
ɦɨɛɢɥьɧɨɝɨ ɩɪɢɥɨɠɟɧɢя TEKLA BIMSIGHT 
ɞɥя ɨɩɬɢɦɢɡаɰɢɢ ɩɪɨɰɟɫɫɨв ɢɧфɨɪɦаɰɢɨɧ-
ɧɨɝɨ ɦɨɞɟɥɢɪɨваɧɢя ɡɞаɧɢɣ (вɟɞɭɳɢɣ – Д.В. 
Кɭɩɰɨв), «Пɪɨɟɤɬɢɪɨваɧɢɟ ɫɬɪɨɢɬɟɥьɧых 
ɤɨɧɫɬɪɭɤɰɢɣ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɩɪɨɝɪаɦɦ ɫɟ-
ɦɟɣɫɬва ɅИРА-САПР: вɟɪɫɢɢ 2014 ɝɨɞа» 
(вɟɞɭɳɢɟ – ɩɪɨф. Ю.В. Ƚɟɧɡɟɪɫɤɢɣ, Р.Ю. 
Вɨɞɨɩьяɧɨв), «Пɪɨɛɥɟɦы ɢɦɩɨɪɬа-ɷɤɫɩɨɪɬа 
ɞаɧɧых ɦɟɠɞɭ ɩɪɨɝɪаɦɦɧыɦɢ ɤɨɦɩɥɟɤɫаɦɢ 
ɩɪɢ ɪɟаɥɢɡаɰɢɢ ɷɥɟɦɟɧɬɨв BIM-ɬɟхɧɨɥɨɝɢɢ, 
ɫвяɡаɧɧыɟ ɫ выɩɨɥɧɟɧɢɟɦ ɩɪɨчɧɨɫɬɧых ɪаɫ-
чɟɬɨв ɧɟɫɭɳɢх ɤɨɧɫɬɪɭɤɰɢɣ (вɟɞɭɳɢɟ – 
ɩɪɨф. В.С. Каɪɩɢɥɨвɫɤɢɣ, Н.В. Мɨɫɢɧа). Оɛ-
ɫɭɠɞɟɧɢɟ ɛɨɥьшɢɧɫɬва вɨɩɪɨɫɨв в ɪаɦɤах 
ɨɛɨɡɧачɟɧɧых ɬɟɦ ɤɪɭɝɥых ɫɬɨɥɨв ɧа ɨɩɪɟ-
ɞɟɥɟɧɧɨɦ ɷɬаɩɟ ɫвɨɞɢɥɨɫь, в чаɫɬɧɨɫɬɢ, ɤ ɨɛ-

ɫɭɠɞɟɧɢɸ ɤачɟɫɬва ɩɨɞɝɨɬɨвɤɢ ɫɩɟɰɢаɥɢ-
ɫɬɨв-ɪаɫчɟɬчɢɤɨв, явɥяɸɳɟɝɨɫя, ɩɨ ɫɭɬɢ, ɨɫ-
ɧɨвɨɣ ɨɛɟɫɩɟчɟɧɢя ɛɟɡɨɩаɫɧɨɫɬɢ ɩɪɢ ɩɪɨɟɤ-
ɬɢɪɨваɧɢɢ, вɨɡвɟɞɟɧɢɢ ɢ ɷɤɫɩɥɭаɬаɰɢɢ ɫɬɪɨ-
ɢɬɟɥьɧых ɨɛъɟɤɬɨв ɢ ɫɥɨɠɧых ɢɧɠɟɧɟɪɧых 
ɫɢɫɬɟɦ. Учаɫɬɧɢɤɢ ɫɢɦɩɨɡɢɭɦа ɛыɥɢ ɟɞɢɧы 
в ɨɰɟɧɤɟ ɬɨɝɨ, чɬɨ ɛɭɞɭɳɟɟ ɤɨɦɩьɸɬɟɪɧɨɝɨ 
ɦɨɞɟɥɢɪɨваɧɢя ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ 
ɡавɢɫɢɬ ɨɬ ɬɨɝɨ, ɤаɤɢɦɢ ɫɩɟɰɢаɥɢɫɬаɦɢ ɫɬа-
ɧɟɬ ɧыɧɟшɧɟɟ ɩɨɤɨɥɟɧɢɟ ɫɬɭɞɟɧɬɨв, а ɫɨв-
ɦɟɫɬɧɨɟ вɥɢяɧɢɟ ɩɪɨфɟɫɫɢɨɧаɥьɧɨɝɨ ɫɨɨɛ-
ɳɟɫɬва ɧа вɫɸ ɫɢɫɬɟɦɭ ɨɛɪаɡɨваɧɢя – ɷɬɨ 
ɨɛɳая ɨɬвɟɬɫɬвɟɧɧɨɫɬь ɩɟɪɟɞ ɛɭɞɭɳɢɦ 
ɧаɭɤɢ, ɨɬɪаɫɥɢ ɢ ɫɬɪаɧы в ɰɟɥɨɦ. Пɨ ɢɬɨɝаɦ 
ɨɛɫɭɠɞɟɧɢɣ ɛыɥɨ ɩɪɢɧяɬɨ ɪɟшɟɧɢɟ ɨ ɫɨɡɞа-
ɧɢɢ Раɛɨчɟɣ ɝɪɭɩɩы ɩɨ вɨɩɪɨɫаɦ ɨɛɪаɡɨва-
ɧɢя ɩɪɢ Наɭчɧɨɦ Сɨвɟɬɟ РААСН «Пɪɨ-
ɝɪаɦɦɧыɟ ɫɪɟɞɫɬва в ɫɬɪɨɢɬɟɥьɫɬвɟ ɢ аɪхɢ-
ɬɟɤɬɭɪɟ». 
Оɛɟ ɩɪɨвɟɞɟɧɧых ɦаɫɬɟɪ-ɤɥаɫɫа, «Дɟɦɨɧ-
ɫɬɪаɰɢя ɧɨвых ɩɪɨɝɪаɦɦ ɫɟɦɟɣɫɬва ɅИРА-
САПР: вɟɪɫɢɢ 2014 ɝɨɞа» (вɟɞɭɳɢɟ – ɩɪɨф. 
Ю.В. Ƚɟɧɡɟɪɫɤɢɣ, Р.Ю. Вɨɞɨɩьяɧɨв; ɦɨɞɟɪа-
ɬɨɪ – аɤаɞɟɦɢɤ РААСН, ɩɪɨф. В.С. Фɟɞɨɪɨв) 
ɢ «SCAD Office 21.1. Начаɥɨ ɷɤɫɩɥɭаɬаɰɢɢ – 
ɨɫɧɨвɧыɟ хаɪаɤɬɟɪɢɫɬɢɤɢ ɢ ɨɫɨɛɟɧɧɨɫɬɢ ɪɟа-
ɥɢɡаɰɢɢ» (вɟɞɭɳɢɟ – ɩɪɨф. В.С. Каɪɩɢɥɨв-
ɫɤɢɣ, Н.В. Мɨɫɢɧа; ɦɨɞɟɪаɬɨɪ – ɫɨвɟɬɧɢɤ 
РААСН, ɩɪɨф. В.А. Иɝɧаɬьɟв), выɡваɥɢ ɧɟ-
ɩɨɞɞɟɥьɧыɣ ɢɧɬɟɪɟɫ ɭчаɫɬɧɢɤɨв ɫɢɦɩɨɡɢɭɦа. 

 
 

6. ɉɍȻɅИɄАЦИИ 
 
На ɨɫɧɨваɧɢɢ ɦаɬɟɪɢаɥɨв, ɩɨɞɝɨɬɨвɥɟɧɧых 
ɭчаɫɬɧɢɤаɦɢ ɫɢɦɩɨɡɢɭɦа Иɡɞаɬɟɥьɫɬвɨɦ 
ИɪȽТУ ɛыɥ ɢɡɞаɧ ɫɛɨɪɧɢɤ ɬɟɡɢɫɨв. В ɫɨɫɬав 
ɪɟɞаɤɰɢɨɧɧɨɣ ɤɨɥɥɟɝɢ вхɨɞɢɥɢ ɩɪɨфɟɫɫɨɪа 
В.Н. Сɢɞɨɪɨв (МȽСУ), Т.Ʌ. Дɦɢɬɪɢɟва 
(ИɪȽТУ), В.И. Сɨɛɨɥɟв (ИɪȽТУ), А.А. Пы-
хаɥɨв (ИɪȽТУ) ɢ ɞɨɰɟɧɬ А.В. Рɭɞых 
(ИɪȽТУ). Даɥɟɟ Пɪɨɝɪаɦɦɧыɦ ɤɨɦɢɬɟɬɨɦ 
ɫɢɦɩɨɡɢɭɦа ɪɟɤɨɦɟɧɞɨваɥ ɧаɢɛɨɥɟɟ ɡɧачɢ-
ɦыɟ ɢ ɢɧɬɟɪɟɫɧыɟ ɞɨɤɥаɞы ɤ ɢɡɞаɧɢɸ в ɬɟ-
ɦаɬɢчɟɫɤɢх ɧɨɦɟɪах ɪɟɰɟɧɡɢɪɭɟɦых ɧаɭч-
ɧых ɠɭɪɧаɥɨв «Сɬɪɨɢɬɟɥьɧая ɦɟхаɧɢɤа ɢ 
ɪаɫчɟɬ ɫɨɨɪɭɠɟɧɢɣ» ɢ International Journal for 
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Computational Civil and Structural Engineering, 
вхɨɞяɳɢх в Пɟɪɟчɟɧь ɪɨɫɫɢɣɫɤɢх ɪɟɰɟɧɡɢ-
ɪɭɟɦых ɧаɭчɧых ɠɭɪɧаɥɨв, в ɤɨɬɨɪых ɞɨɥɠ-
ɧы ɛыɬь ɨɩɭɛɥɢɤɨваɧы ɨɫɧɨвɧыɟ ɧаɭчɧыɟ 
ɪɟɡɭɥьɬаɬы ɞɢɫɫɟɪɬаɰɢɣ ɧа ɫɨɢɫɤаɧɢɟ ɭчɟ-
ɧых ɫɬɟɩɟɧɟɣ ɞɨɤɬɨɪа ɢ ɤаɧɞɢɞаɬа ɧаɭɤ. 
 
 
7. ɉɅАɇЫ ɇА ȻɍДɍЩȿȿ 
 
Уɠɟ ɩɪɢɧяɬɨ ɪɟшɟɧɢɟ ɨ ɬɨɦ, чɬɨ ɫɥɟɞɭɸɳɢɣ, 
ɒɟɫɬɨɣ Мɟɠɞɭɧаɪɨɞɧыɣ ɫɢɦɩɨɡɢɭɦ «Аɤɬɭ-
аɥьɧыɟ ɩɪɨɛɥɟɦы ɤɨɦɩьɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨ-
ваɧɢя ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ» ɫɨɫɬɨɢɬɫя 
в авɝɭɫɬɟ-ɫɟɧɬяɛɪɟ 2016 ɝɨɞа в ɝ. Вɥаɞɢвɨ-
ɫɬɨɤɟ ɧа ɛаɡɟ Даɥьɧɟвɨɫɬɨчɧɨɝɨ фɟɞɟɪаɥьɧɨ-
ɝɨ ɭɧɢвɟɪɫɢɬɟɬа (ДВФУ, ɨɫɬɪɨв Рɭɫɫɤɢɣ). С 
ɤɪаɬɤɨɣ ɩɪɟɡɟɧɬаɰɢɟɣ ɨ ДВФУ ɢ, в чаɫɬɧɨ-
ɫɬɢ, ɨɛ Иɧɠɟɧɟɪɧɨɣ шɤɨɥɟ ДВФУ, ɧа ɩɪɨвɟ-
ɞɟɧɧɨɦ в ɪаɦɤах ɫɢɦɩɨɡɢɭɦа ɨчɟɪɟɞɧɨɦ ɡа-
ɫɟɞаɧɢɢ Наɭчɧɨɝɨ Сɨвɟɬа РААСН «Пɪɨ-
ɝɪаɦɦɧыɟ ɫɪɟɞɫɬва в ɫɬɪɨɢɬɟɥьɫɬвɟ ɢ аɪхɢ-
ɬɟɤɬɭɪɟ» выɫɬɭɩɢɥ ɩɪɨф. А.В. Ȼаɟɧхаɟв. 
Наɞɟɟɦɫя ɭвɢɞɟɬь чɢɬаɬɟɥɟɣ ɠɭɪɧаɥа «Inter-
national Journal for Computational Civil and 
Structural Engineering» ɫɪɟɞɢ ɭчаɫɬɧɢɤɨв ɝɪя-
ɞɭɳɟɝɨ ɧаɭчɧɨɝɨ фɨɪɭɦа 2016 ɝɨɞа! 
 
 
Тɪавɭш Вɥаɞɢɦɢɪ Иɥьɢч, аɤаɞɟɦɢɤ РААСН, ɞɨɤɬɨɪ 
ɬɟхɧɢчɟɫɤɢх ɧаɭɤ, ɩɪɨфɟɫɫɨɪ; вɢɰɟ-ɩɪɟɡɢɞɟɧɬ Рɨɫ-
ɫɢɣɫɤɨɣ аɤаɞɟɦɢɢ аɪхɢɬɟɤɬɭɪы ɢ ɫɬɪɨɢɬɟɥьɧых ɧаɭɤ; 
107031, Мɨɫɤва, Ȼɨɥьшая Дɦɢɬɪɨвɤа, 24, ɫɬɪ. 1; 
e-mail: travush@mail.ru 
 
Аɤɢɦɨв Павɟɥ Аɥɟɤɫɟɟвɢч, чɥɟɧ-ɤɨɪɪɟɫɩɨɧɞɟɧɬ РА-
АСН, ɞɨɤɬɨɪ ɬɟхɧɢчɟɫɤɢх ɧаɭɤ, ɡавɟɞɭɸɳɢɣ ɤафɟɞɪɨɣ 
ɢɧфɨɪɦаɬɢɤɢ ɢ ɩɪɢɤɥаɞɧɨɣ ɦаɬɟɦаɬɢɤɢ, ɝɥавɧыɣ 
ɧаɭчɧыɣ ɫɨɬɪɭɞɧɢɤ Наɭчɧɨ-ɨɛɪаɡɨваɬɟɥьɧɨɝɨ ɰɟɧɬɪа 
ɤɨɦɩьɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨваɧɢя ɭɧɢɤаɥьɧых ɡɞаɧɢɣ, 
ɫɨɨɪɭɠɟɧɢɣ ɢ ɤɨɦɩɥɟɤɫɨв (НОЦ КМ); ФȽȻОУ ВПО 
«Мɨɫɤɨвɫɤɢɣ ɝɨɫɭɞаɪɫɬвɟɧɧыɣ ɫɬɪɨɢɬɟɥьɧыɣ ɭɧɢвɟɪ-
ɫɢɬɟɬ»; Рɨɫɫɢя, 129337, ɝ. Мɨɫɤва, əɪɨɫɥавɫɤɨɟ шɨɫɫɟ, 
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