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AIMS AND SCOPE 
 

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

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

 
 
 
 
 

ǸǾАȀǸИǳ ǿВǳǲǳǻИЯ Ǽ ǴȁǾǻАǹǳ 
INTERNATIONAL JOURNAL FOR COMPUTATIONAL CIVIL AND 

STRUCTURAL ENGINEERING 
 
ɀɭɪɧɚɥ International Journal for Computational Civil and Structural Engineering ɹɜɥɹ-

ɟɬɫɹ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɩɟɪɢɨɞɢɱɟɫɤɢɦ ɢɡɞɚɧɢɟɦ, ɭɱɪɟɞɢɬɟɥɹɦɢ ɢ ɢɡɞɚɬɟɥɹɦɢ ɤɨɬɨɪɨɝɨ ɜɵɫɬɭ-
ɩɚɸɬ Иɡɞɚɬɟɥɶɫɬɜɨ Аɫɫɨɰɢɚɰɢɢ ɫɬɪɨɢɬɟɥɶɧɵɯ ɜɭɡɨɜ (АɋВ) /Ɋɨɫɫɢɹ, ɝ. Ɇɨɫɤɜɚ/ ɢ Иɡɞɚɬɟɥɶɫɬ-
ɜɨ Begell House Inc. /ɋɒА, ɝ. ɇɶɸ-Ƀɨɪɤ/. 

В ɪɟɞɚɤɰɢɨɧɧɵɣ ɫɨɜɟɬ ɠɭɪɧɚɥɚ ɜɯɨɞɹɬ ɢɡɜɟɫɬɧɵɟ ɪɨɫɫɢɣɫɤɢɟ ɢ ɡɚɪɭɛɟɠɧɵɟ ɞɟɹɬɟɥɢ 
ɧɚɭɤɢ ɢ ɬɟɯɧɢɤɢ. Ɉɫɧɨɜɧɨɣ ɤɪɢɬɟɪɢɣ ɨɬɛɨɪɚ ɫɬɚɬɟɣ ɞɥɹ ɩɭɛɥɢɤɚɰɢɢ ɜ ɠɭɪɧɚɥɟ − ɢɯ ɜɵɫɨɤɢɣ 
ɧɚɭɱɧɵɣ ɭɪɨɜɟɧɶ, ɫɨɨɬɜɟɬɫɬɜɢɟ ɤɨɬɨɪɨɦɭ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ ɯɨɞɟ ɜɵɫɨɤɨɤɜɚɥɢɮɢɰɢɪɨɜɚɧɧɨɝɨ 
ɪɟɰɟɧɡɢɪɨɜɚɧɢɹ ɢ ɨɛɴɟɤɬɢɜɧɨɣ ɷɤɫɩɟɪɬɢɡɵ, ɩɨɫɬɭɩɚɸɳɢɯ ɜ ɪɟɞɚɤɰɢɸ ɦɚɬɟɪɢɚɥɨɜ. 

ɀɭɪɧɚɥ ɜɯɨɞɢɬ ɜ ɉɟɪɟɱɟɧɶ ɜɟɞɭɳɢɯ ɪɟɰɟɧɡɢɪɭɟɦɵɯ ɧɚɭɱɧɵɯ ɠɭɪɧɚɥɨɜ ɢ ɢɡɞɚɧɢɣ, ɜ 
ɤɨɬɨɪɵɯ ɞɨɥɠɧɵ ɛɵɬɶ ɨɩɭɛɥɢɤɨɜɚɧɵ ɨɫɧɨɜɧɵɟ ɧɚɭɱɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɞɢɫɫɟɪɬɚɰɢɣ.  

ɀɭɪɧɚɥ ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧ ɜ Фɟɞɟɪɚɥɶɧɨɦ ɚɝɟɧɬɫɬɜɟ ɩɨ ɫɪɟɞɫɬɜɚɦ ɦɚɫɫɨɜɨɣ ɢɧɮɨɪɦɚ-
ɰɢɢ ɢ ɨɯɪɚɧɵ ɤɭɥɶɬɭɪɧɨɝɨ ɧɚɫɥɟɞɢɹ Ɋɨɫɫɢɣɫɤɨɣ Фɟɞɟɪɚɰɢɢ. Иɧɞɟɤɫ ɜ ɨɛɳɟɪɨɫɫɢɣɫɤɨɦ ɤɚɬɚ-
ɥɨɝɟ ɊɈɋɉȿЧАɌЬ − 18076. 
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GUIDELINES FOR PREPARATION OF MANUSCRIPT 
AND RELATED INFORMATION 

 
Vladimir N. Sidorov

1
, Pavel A. Akimov

2
, Taymuraz B. Kaytukov

3
 

1Editor-in-Chief of International Journal for Computational Civil and Structural Engineering 
2Deputy Editor-in-Chief of International Journal for Computational Civil and Structural Engineering 

3Technical Editor of International Journal for Computational Civil and Structural Engineering 
 

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, 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, author’s name(s) and affiliation(s) 
should be given in a style similar to that shown 
above in this sample and centered. The head-
ings should be bold and aligned to left. First-
order headings and parts of the text should be 
separated by one free line from the text. Second-
order headings should have capital first letters. 
 
The both columns of each page, including clos-
ing page, should be of equal length. At the bot-
tom of the last right column of last page is end-
note with author’s address(es). 

The figures can be embedded in word processor 
or must be drawn in black ink. Drawings can be 
produced directly on manuscript sheet or may 
be produced on separate piece of white paper 
and then stuck at the appropriate position. Pho-
tographs must be glossy black and white prints 
and stuck at the appropriate position. This also 
applies to other items such as tables. The best – 
drawings, photographs and tables should be 
typed by word processor. All symbols includ-
ing equations should be typed. 
 

ijijij μελεδσ 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. Sido-
rov (see chapter 4 Correspondence) or Technic-
al editor associate professor Taymuraz B. Kay-
tukov. Electronic submissions are encour-
aged. 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 
envelope for A4 sheets with stiffener may be 
used. The electronic version of the manu-
script on diskette or CD must be mailed to 
Editor-in-Chief as well. Label CD or diskette 
with author’s last name(s), title of the article, 
abbreviated journal name and date. Please pro-
vide 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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ɉɊАВИɅА ɈɎɈɊɆɅȿɇИə ɋɌАɌȿɃ ȾɅə ɀɍɊɇАɅА 
INTERNATIONAL JOURNAL FOR COMPUTATIONAL CIVIL 

AND STRUCTURAL ENGINEERING 
 

В.Н. Сидоров1, П.А. Аɤимов2, Ɍ.Ȼ. Каɣтɭɤов3 
1Ƚɥɚɜɧɵɣ ɪɟɞɚɤɬɨɪ ɠɭɪɧɚɥɚ International Journal for Computational Civil and Structural Engineering 

2Ɂɚɦɟɫɬɢɬɟɥɶ ɝɥɚɜɧɨɝɨ ɪɟɞɚɤɬɨɪɚ ɠɭɪɧɚɥɚ of International Journal for Computational Civil and Structural Engineering 
3Ɍɟɯɧɢɱɟɫɤɢɣ ɪɟɞɚɤɬɨɪ ɠɭɪɧɚɥɚ of International Journal for Computational Civil and Structural Engineering 

 
АɇɇɈɌАЦИə: Кɚɠɞɚɹ ɫɬɚɬɶɹ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜ ɷɥɟɤɬɪɨɧɧɨɦ ɢ ɩɟɱɚɬɧɨɦ ɜɢɞɟ (ɛɭɦɚɝɚ ɛɟɥɚɹ, ɪɚɡɦɟɪ А4 
(210ɯ297 ɦɦ), ɩɟɱɚɬɶ ɨɞɧɨɫɬɨɪɨɧɧɹɹ – ɫɦ. ɧɚɫɬɨɹɳɢɣ ɨɛɪɚɡɟɰ). əɡɵɤ ɩɭɛɥɢɤɚɰɢɢ ɫɬɚɬɟɣ – ɚɧɝɥɢɣɫɤɢɣ 
(ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɨ) ɢɥɢ ɪɭɫɫɤɢɣ, ɩɪɢ ɷɬɨɦ ɜ ɫɥɭɱɚɟ ɩɭɛɥɢɤɚɰɢɢ ɫɬɚɬɶɢ ɧɚ ɪɭɫɫɤɨɦ ɹɡɵɤɟ ɚɧɧɨɬɚɰɢɹ ɫɬɚ-
ɬɶɢ, ɤɥɸɱɟɜɵɟ ɫɥɨɜɚ, ɫɜɟɞɟɧɢɹ ɨɛ ɚɜɬɨɪɚɯ ɢ ɧɚɡɜɚɧɢɟ ɫɬɚɬɶɢ ɞɨɥɠɧɵ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɵ ɚɜɬɨɪɚɦɢ ɧɚ 
ɚɧɝɥɢɣɫɤɨɦ ɹɡɵɤɟ. Ɍɟɤɫɬ ɞɨɥɠɟɧ ɛɵɬɶ ɩɨɞɝɨɬɨɜɥɟɧ ɜ ɩɪɨɝɪɚɦɦɟ Microsoft Word (ɮɨɪɦɚɬ ɮɚɣɥɚ – DOC), 
ɠɟɥɚɬɟɥɶɧɨ ɬɚɤɠɟ ɩɪɟɞɨɫɬɚɜɥɟɧɢɟ ɤɨɩɢɢ ɫɬɚɬɶɢ ɜ ɮɨɪɦɚɬɟ PDF. Аɧɧɨɬɚɰɢɹ ɩɟɱɚɬɚɟɬɫɹ ɜ ɩɨɥɟ ɲɢɪɢɧɨɣ 
16 ɫɦ. Ɍɟɤɫɬ ɧɚ ɩɟɪɜɨɣ ɫɬɪɚɧɢɰɟ ɫɬɚɬɶɢ ɩɟɱɚɬɚɟɬɫɹ ɜ ɞɜɟ ɤɨɥɨɧɤɢ, ɲɢɪɢɧɨɣ 8.25 ɫɦ ɤɚɠɞɚɹ. ɉɨɥɹ: ɜɟɪɯ-
ɧɟɟ – 32 ɦɦ., ɧɢɠɧɟɟ – 32 ɦɦ., ɩɪɚɜɨɟ – 20 ɦɦ., ɥɟɜɨɟ – 20 ɦɦ. Ɉɫɧɨɜɧɨɣ ɲɪɢɮɬ ɞɥɹ ɧɚɛɨɪɚ ɫɬɚɬɶɢ – 
Times New Roman, 12 ɩɬ., ɦɟɠɫɬɪɨɱɧɵɣ ɢɧɬɟɪɜɚɥ – ɨɞɢɧɚɪɧɵɣ. Вɧɟɲɧɢɣ ɜɢɞ ɫɬɚɬɶɢ ɩɨ ɮɨɪɦɟ ɨɮɨɪɦɥɟ-
ɧɢɹ ɞɨɥɠɟɧ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɧɚɫɬɨɹɳɟɦɭ ɨɛɪɚɡɰɭ. ɉɟɱɚɬɧɵɟ ɷɤɡɟɦɩɥɹɪɵ ɫɬɚɬɶɢ (ɨɪɢɝɢɧɚɥ ɢ ɞɜɟ ɤɨɩɢɢ) ɢ 
ɟɟ ɷɥɟɤɬɪɨɧɧɚɹ ɮɨɪɦɚ (ɧɚ ɞɢɫɤɟɬɟ ɢɥɢ ɤɨɦɩɚɤɬ-ɞɢɫɤɟ) ɞɨɥɠɧɵ ɩɟɪɟɫɵɥɚɬɶɫɹ ɩɨ ɩɨɱɬɟ. Ⱦɥɹ ɩɟɪɟɫɵɥɤɢ 
ɷɥɟɤɬɪɨɧɧɨɣ ɮɨɪɦɵ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɷɥɟɤɬɪɨɧɧɭɸ ɩɨɱɬɭ. 
 
Ключевые словɚ: International Journal for Computational Civil and Structural Engineering, ɩɨɞɝɨɬɨɜɤɚ  
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1. ɉɈȾȽɈɌɈВКА ɋɌАɌȿɃ 
 
ɇɚɫɬɨɹɳɢɣ ɨɛɪɚɡɟɰ ɩɨɞɝɨɬɨɜɥɟɧ ɜ ɬɟɤɫɬɨɜɨɦ 
ɩɪɨɰɟɫɫɨɪɟ Microsoft Word 2003, ɢɫɩɨɥɶɡɭ-
ɟɬɫɹ ɲɪɢɮɬ Times New Roman, 12 ɩɬ. 

Ɇɚɬеɪиɚл сɬɚɬɶи ɞолɠеɧ ɪɚсɩолɚɝɚɬɶсɹ 
слеɞɭюɳиɦ оɛɪɚɡоɦ: Ɂɚɝɨɥɨɜɨɤ (Times New 
Roman, 16 ɩɬ.), ɚɜɬɨɪɵ (Times New Roman, 
14 ɩɬ.), ɫɜɟɞɟɧɢɹ ɨɛ ɚɜɬɨɪɚɯ, ɚɧɧɨɬɚɰɢɹ, 
ɤɥɸɱɟɜɵɟ ɫɥɨɜɚ (Times New Roman, 10 ɩɬ.). 



International Journal for Computational Civil and Structural Engineering 

Volume 7, Issue 3, 2011 7

ɉɪɢ ɩɭɛɥɢɤɚɰɢɢ ɫɬɚɬɶɢ ɧɚ ɪɭɫɫɤɨɦ ɹɡɵɤɟ 
ɞɚɥɟɟ ɪɚɫɩɨɥɚɝɚɸɬɫɹ Ɂɚɝɨɥɨɜɨɤ (Times New 
Roman, 16 ɩɬ.), ɚɜɬɨɪɵ (Times New Roman, 
14 ɩɬ.), ɫɜɟɞɟɧɢɹ ɨɛ ɚɜɬɨɪɚɯ, ɚɧɧɨɬɚɰɢɹ, 
ɤɥɸɱɟɜɵɟ ɫɥɨɜɚ (Times New Roman, 10 ɩɬ.) 
ɧɚ ɚɧɝɥɢɣɫɤɨɦ ɹɡɵɤɟ). Вɜɟɞɟɧɢɟ, ɨɫɧɨɜɧɨɣ 
ɬɟɤɫɬ ɫɬɚɬɶɢ, ɩɪɢɥɨɠɟɧɢɹ ɢ ɡɚɦɟɱɚɧɢɹ ɩɟɱɚ-
ɬɚɸɬɫɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɲɪɢɮɬɚ Times New 
Roman, 12 ɩɬ.; ɫɩɢɫɤɨ ɥɢɬɟɪɚɬɭɪɵ, ɪɚɡɜɟɪɧɭ-
ɬɵɟ ɫɜɟɞɟɧɢɹ ɨɛ ɚɜɬɨɪɚɯ – Times New Roman, 
10 ɩɬ. Ɇɟɠɫɬɪɨɱɧɵɣ ɢɧɬɟɪɜɚɥ – ɨɞɢɧɚɪɧɵɣ. 
Вɵɪɚɜɧɢɜɚɧɢɟ ɜ ɬɟɤɫɬɟ – ɩɨ ɲɢɪɢɧɟ, ɜɵɪɚɜ-
ɧɢɜɚɧɢɟ ɮɨɪɦɭɥ – ɩɨ ɩɪɚɜɨɦɭ ɤɪɚɸ, ɮɨɪɦɭ-
ɥɵ ɠɟɥɚɬɟɥɶɧɨ ɧɭɦɟɪɨɜɚɬɶ. 
 
Ɂɚɝоловоɤ сɬɚɬɶи, свеɞеɧиɹ оɛ ɚвɬоɪɚɯ 
ɩɪɟɞɫɬɚɜɥɹɸɬɫɹ ɜ ɮɨɪɦɟ, ɩɪɢɜɟɞɟɧɧɨɣ ɜ ɧɚ-
ɫɬɨɹɳɟɦ ɨɛɪɚɡɰɟ, ɜɵɪɚɜɧɢɜɚɧɢɟ ɩɨ ɰɟɧɬɪɭ. 
ɉоɞɡɚɝоловɤи в сɬɚɬɶе ɜɵɞɟɥɹɸɬɫɹ ɩɨɥɭ-
ɠɢɪɧɵɦ ɲɪɢɮɬɨɦ ɫ ɜɵɪɚɜɧɢɜɚɧɢɟɦ ɩɨ ɥɟ-
ɜɨɦɭ ɤɪɚɸ. ɉɨɞɡɚɝɨɥɨɜɤɢ ɩɟɪɜɨɝɨ ɭɪɨɜɧɹ 
ɞɨɥɠɧɵ ɛɵɬɶ ɨɬɞɟɥɟɧɵ ɨɬ ɨɫɧɨɜɧɨɝɨ ɬɟɤɫɬɚ 
ɨɞɧɨɣ ɩɭɫɬɨɣ ɫɬɪɨɤɨɣ, ɩɨɞɡɚɝɨɥɨɜɤɢ ɜɬɨɪɨɝɨ 
ɭɪɨɜɧɹ ɜɵɞɟɥɹɸɬɫɹ ɤɭɪɫɢɜɨɦ. 
 
Ɉɛɟ ɤɨɥɨɧɤɢ ɧɚ ɤɚɠɞɨɣ ɫɬɪɚɧɢɰɟ, ɜɤɥɸɱɚɹ ɩɨ-
ɫɥɟɞɧɸɸ, ɞɨɥɠɧɵ ɢɦɟɬɶ ɨɞɢɧɚɤɨɜɭɸ ɞɥɢɧɭ. В 
ɤɨɧɰɟ ɫɬɚɬɶɢ ɞɨɥɠɧɵ ɛɵɬɶ ɩɪɢɜɟɞɟɧɵ ɪɚɡɜɟɪ-
ɧɭɬɵɟ ɫɜɟɞɟɧɢɹ ɨɛ ɚɜɬɨɪɚɯ, ɫɨɞɟɪɠɚɳɢɟ ɜ ɬɨɦ 
ɱɢɫɥɟ ɢɯ ɤɨɧɬɚɤɬɧɵɟ ɞɚɧɧɵɟ (ɧɚ ɞɜɭɯ ɹɡɵɤɚɯ 
ɩɪɢ ɩɭɛɥɢɤɚɰɢɢ ɫɬɚɬɶɢ ɧɚ ɪɭɫɫɤɨɦ ɹɡɵɤɟ). 
 
Ɋисɭɧɤи (ɱɟɪɧɨ-ɛɟɥɵɟ) ɞɨɥɠɧɵ ɛɵɬɶ ɜɫɬɚɜ-
ɥɟɧɵ ɜ ɬɟɤɫɬ ɫɬɚɬɶɢ ɢɥɢ ɩɪɢɥɨɠɟɧɵ ɜ ɛɭɦɚɠ-
ɧɨɦ ɜɢɞɟ ɧɚ ɨɬɞɟɥɶɧɵɯ ɥɢɫɬɚɯ, ɫ ɭɤɚɡɚɧɢɟɦ ɜ 
ɤɚɤɢɯ ɦɟɫɬɚɯ ɫɬɚɬɶɢ ɢɯ ɫɥɟɞɭɟɬ ɪɚɫɩɨɥɨɠɢɬɶ. 
Ɍɨɠɟ ɤɚɫɚɟɬɫɹ ɢ ɮоɬоɝɪɚɮиɣ, ɮɨɪɦɚɬ ɮɨɬɨ-
ɝɪɚɮɢɣ – ɱɟɪɧɨ-ɛɟɥɵɣ. ɀɟɥɚɬɟɥɶɧɨ ɩɪɢɥɚ-
ɝɚɬɶ ɷɥɟɤɬɪɨɧɧɵɟ ɜɟɪɫɢɢ ɪɢɫɭɧɤɨɜ ɢ ɮɨɬɨ-
ɝɪɚɮɢɣ! Аɧɚɥɨɝɢɱɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɤɚɫɚɸɬɫɹ 
ɬɚɛлиɰ. ɇɚɢɥɭɱɲɢɣ ɜɚɪɢɚɧɬ ɬɚɤɨɣ, ɤɨɝɞɚ ɪɢ-
ɫɭɧɤɢ, ɮɨɬɨɝɪɚɮɢɢ ɢ ɬɚɛɥɢɰɵ ɜɫɬɚɜɥɟɧɵ ɜ 
ɮɚɣɥ, ɩɨɞɝɨɬɨɜɥɟɧɧɵɣ ɜ Microsoft Word. Все 
сиɦволы, в ɬоɦ числе исɩолɶɡɭеɦые в 
ɭɪɚвɧеɧиɹɯ, ɞолɠɧы ɛыɬɶ ɩечɚɬɧыɦи.  
 

ijijij μελεδσ 2+= .                    (1) 

Ɉɞɧɚɤɨ, ɪисɭɧɤи и ɮоɬоɝɪɚɮии, всɬɚвлеɧ-
ɧые в ɮɚɣл ɬеɤсɬовоɝо ɩɪоɰессоɪɚ Micro-
soft Word ɧе всеɝɞɚ иɦеюɬ ɩɪиеɦлеɦое 
ɞлɹ ɩечɚɬи ɤɚчесɬво ɢɡ-ɡɚ ɢɯ ɧɢɡɤɨɝɨ ɪɚɡ-
ɪɟɲɟɧɢɹ. В ɷɬɨɣ ɫɜɹɡɢ ɚɜɬɨɪɭ ɧɚɫɬɨɹɬɟɥɶɧɨ 
ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɩɪɢɥɨɠɢɬɶ 
(ɧɚ ɞɢɫɤɟɬɟ ɢɥɢ ɤɨɦɩɚɤɬ-ɞɢɫɤɟ) ɤ ɫɬɚɬɶɟ 
ɮɚɣɥɵ, ɫɨɞɟɪɠɚɳɢɟ ɪɢɫɭɧɤɢ. Ⱦоɩɭсɬиɦые 
ɮоɪɦɚɬы ɞлɹ ɪисɭɧɤов – JPEG, TIFF ɢɥɢ 
EPS, ɪɚɡɪɟɲɟɧɢɟ – 300-600 dpi. 
 
Ɋɢɫɭɧɤɢ, ɮɨɬɨɝɪɚɮɢɢ ɢ ɬɚɛɥɢɰɵ, ɜ ɫɥɭɱɚɟ ɢɯ 
ɛɨɥɶɲɢɯ ɪɚɡɦɟɪɨɜ, ɬɚɤɠɟ ɦɨɝɭɬ ɪɚɫɩɨɥɚɝɚɬɶ-
ɫɹ ɜ ɨɞɧɭ ɤɨɥɨɧɤɭ ɫ ɜɵɪɚɜɧɢɜɚɧɢɟɦ ɩɨ ɲɢ-
ɪɢɧɟ. Фɨɪɦɭɥɵ ɜ ɫɬɚɬɶɟ ɧɭɦɟɪɭɸɬɫɹ ɫ ɜɵ-
ɪɚɜɧɢɜɚɧɢɟɦ ɩɨ ɩɪɚɜɨɦɭ ɤɪɚɸ. ɋɩисоɤ ли-
ɬеɪɚɬɭɪы ɞɨɥɠɟɧ ɛɵɬɶ ɩɪɢɜɟɞɟɧ ɜ ɤɨɧɰɟ 
ɫɬɚɬɶɢ. Ɋɢɫɭɧɤɢ, ɮɨɬɨɝɪɚɮɢɢ ɢ ɬɚɛɥɢɰɵ 
ɞɨɥɠɧɵ ɛɵɬɶ ɨɬɞɟɥɟɧɵ ɨɬ ɨɫɧɨɜɧɨɝɨ ɬɟɤɫɬɚ 
ɤɚɤ ɦɢɧɢɦɭɦ ɨɞɧɨɣ ɩɭɫɬɨɣ ɫɬɪɨɤɨɣ.  
 

 
Ɋɢɫɭɧɨɤ 1 

 
ɉɪеɞɩолɚɝɚеɬсɹ, чɬо сɬɚɬɶɹ ɧɚɩисɚɧɚ ɧɚ 
ɝɪɚɦоɬɧоɦ и ɯоɪоɲо чиɬɚеɦоɦ ɚɧɝлиɣ-
сɤоɦ или ɪɭссɤоɦ ɹɡыɤе. ɉɪɢ ɧɟɨɛɯɨɞɢɦɨ-
ɫɬɢ, ɩɟɪɟɞ ɨɬɩɪɚɜɤɨɣ ɫɬɚɬɶɢ ɚɜɬɨɪɚɦ ɫɥɟɞɭɟɬ 
ɩɪɨɤɨɧɫɭɥɶɬɢɪɨɜɚɬɶɫɹ ɭ ɩɟɪɟɜɨɞɱɢɤɨɜ. ɋɬɚ-
ɬɶɹ ɧɟ ɛɭɞɟɬ ɩɨɞɪɨɛɧɨ ɩɪɨɜɟɪɹɬɶɫɹ ɪɟɞɚɤɰɢ-
ɟɣ ɧɚ ɩɪɟɞɦɟɬ ɧɚɥɢɱɢɹ ɥɢɧɝɜɢɫɬɢɱɟɫɤɢɯ 
ɨɲɢɛɨɤ. В ɬɨɠɟ ɜɪɟɦɹ ɪɟɞɚɤɰɢɹ ɨɫɬɚɜɥɹɟɬ ɡɚ 
ɫɨɛɨɣ ɩɪɚɜɨ ɨɬɤɥɨɧɢɬɶ ɫɬɚɬɶɸ, ɩɪɢ ɧɚɥɢɱɢɢ 
ɜ ɩɨɫɥɟɞɧɟɣ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɨɲɢɛɨɤ 
ɥɢɧɝɜɢɫɬɢɱɟɫɤɨɝɨ ɯɚɪɚɤɬɟɪɚ. 
 
2. ɈɌɉɊАВКА ɋɌАɌɖИ ɇА  
ɊȿЦȿɇɁИɊɈВАɇИȿ 

 
Авɬоɪы (иɡ Ɋоссии и ɞɪɭɝиɯ сɬɪɚɧ) ɞолɠ-
ɧы выслɚɬɶ в ɚɞɪес ɪеɞɚɤɰии ɬɪɢ ɩɟɱɚɬ-
ɧɵɯ ɷɤɡɟɦɩɥɹɪɚ ɫɬɚɬɶɢ ɧɚ ɢɦɹ ɝɥɚɜɧɨɝɨ ɪɟ-
ɞɚɤɬɨɪɚ ɠɭɪɧɚɥɚ, ɩɪɨɮɟɫɫɨɪɚ ɋɢɞɨɪɨɜɚ Вɥɚ-
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ɞɢɦɢɪɚ ɇɢɤɨɥɚɟɜɢɱɚ (ɤɨɧɬɚɤɬɧɚɹ ɢɧɮɨɪɦɚ-
ɰɢɹ ɩɪɢɜɟɞɟɧɚ ɜ ɪɚɡɞɟɥɟ «Кɨɧɬɚɤɬɧɵɟ ɞɚɧ-
ɧɵɟ») ɢɥɢ ɬɟɯɧɢɱɟɫɤɨɦɭ ɪɟɞɚɤɬɨɪɭ ɠɭɪɧɚɥɚ, 
ɞɨɰɟɧɬɭ Кɚɣɬɭɤɨɜɭ Ɍɚɣɦɭɪɚɡɭ Ȼɚɬɪɚɡɨɜɢɱɭ.  
Эɥɟɤɬɪɨɧɧɵɟ ɜɟɪɫɢɢ ɫɬɚɬɟɣ ɧɟɨɛɯɨɞɢɦɨ ɜɵ-
ɫɥɚɬɶ ɬɚɤɠɟ ɩɨ ɷɥɟɤɬɪɨɧɧɨɣ ɩɨɱɬɟ ɝɥɚɜɧɨɦɭ 
ɪɟɞɚɤɬɨɪɭ ɠɭɪɧɚɥɚ. Эɥɟɤɬɪɨɧɧɵɟ ɢ ɩɟɱɚɬɧɵɟ 
ɮɨɪɦɵ ɧɟ ɜɨɡɜɪɚɳɚɸɬɫɹ. Кɚɠɞɚɹ ɩɪɢɯɨɞɹ-
ɳɚɹ ɜ ɪɟɞɚɤɰɢɸ ɠɭɪɧɚɥɚ ɫɬɚɬɶɹ ɧɚɩɪɚɜɥɹɟɬ-
ɫɹ ɞɥɹ ɪɚɫɫɦɨɬɪɟɧɢɹ ɷɤɫɩɟɪɬɚɦ ɫɨɨɬɜɟɬɫɬ-
ɜɭɸɳɟɝɨ ɩɪɨɮɢɥɹ. Кɚɤ ɩɪɚвило, ɩо ɤɚɠɞоɣ 
сɬɚɬɶе ɧɚɡɧɚчɚюɬсɹ ɞвɚ ɷɤсɩеɪɬɚ. Вɪɟɦɹ 
ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɬɢɡɵ ɫɬɚɬɶɢ ɧɟ ɦɨɠɟɬ ɩɪɟ-
ɜɵɲɚɬɶ 6 ɦɟɫɹɰɟɜ. ɋɜɨɢ ɡɚɤɥɸɱɟɧɢɹ ɢ ɨɰɟɧ-
ɤɢ ɩɨ ɫɬɚɬɶɟ ɷɤɫɩɟɪɬɵ ɫɨɨɛɳɚɸɬ ɝɥɚɜɧɨɦɭ 
ɪɟɞɚɤɬɨɪɭ ɠɭɪɧɚɥɚ, ɩɪɢ ɷɬɨɦ ɧɚ ɤɚɠɞɭɸ ɫɬɚ-
ɬɶɸ ɞɨɥɠɧɨ ɩɪɢɣɬɢ ɧɟ ɦɟɧɟɟ ɞɜɭɯ ɡɚɤɥɸɱɟ-
ɧɢɣ. Ɂɚɦɟɱɚɧɢɹ ɢ ɩɪɟɞɥɨɠɟɧɢɹ ɷɤɫɩɟɪɬɨɜ 
ɞɨɜɨɞɹɬɫɹ ɞɨ ɫɜɟɞɟɧɢɹ ɚɜɬɨɪɚ ɫɬɚɬɶɢ, ɩɨɫɥɟ 
ɱɟɝɨ ɨɧ ɜɧɨɫɢɬ ɜɫɟ ɧɟɨɛɯɨɞɢɦɵɟ ɢɡɦɟɧɟɧɢɹ. 
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ɧɢɹ ɚɜɬɨɪɚɦɢ ɜɫɟɯ ɧɟɨɛɯɨɞɢɦɵɯ ɢɡɦɟɧɟɧɢɣ, 
ɨɤɨɧɱɚɬɟɥɶɧɵɣ ɜɚɪɢɚɧɬ ɫɬɚɬɶɢ (ɛɭɦɚɠɧɵɣ ɜ 
ɬɪɟɯ ɷɤɡɟɦɩɥɹɪɚɯ ɢ ɷɥɟɤɬɪɨɧɧɨɣ ɧɚ ɞɢɫɤɟɬɟ 
ɢɥɢ ɤɨɦɩɚɤɬ-ɞɢɫɤɟ) ɜɵɫɵɥɚɟɬɫɹ ɜ ɚɞɪɟɫ ɪɟ-
ɞɚɤɰɢɢ, ɧɚɩɪɢɦɟɪ ɜ ɠɟɫɬɤɨɦ ɤɨɧɜɟɪɬɟ ɮɨɪ-
ɦɚɬɚ А4 ɩɨ ɩɨɱɬɟ. Ɍɚɤɠе ɧеоɛɯоɞиɦо ɩо-
слɚɬɶ ɷлеɤɬɪоɧɧɭю веɪсию сɬɚɬɶи ɩо 
ɷлеɤɬɪоɧɧоɣ ɩочɬе ɝлɚвɧоɦɭ ɪеɞɚɤɬоɪɭ. 
ɇɚ ɞɢɫɤɟɬɟ ɢɥɢ ɤɨɦɩɚɤɬ-ɞɢɫɤɟ ɧɟɨɛɯɨɞɢɦɨ 
ɧɚɩɢɫɚɬɶ ɢɦɟɧɚ ɚɜɬɨɪɨɜ, ɧɚɡɜɚɧɢɟ ɫɬɚɬɶɢ, 
ɧɚɡɜɚɧɢɟ ɠɭɪɧɚɥɚ ɢ ɞɚɬɭ. Ɍɚɤɠɟ ɠɟɥɚɬɟɥɶɧɨ 
ɭɤɚɡɚɬɶ ɫɩɢɫɨɤ ɩɪɨɝɪɚɦɦ, ɤɨɬɨɪɵɟ ɢɫɩɨɥɶɡɨ-
ɜɚɥɢɫɶ ɩɪɢ ɩɨɞɝɨɬɨɜɤɟ ɫɬɚɬɶɢ ɢ ɫɩɢɫɨɤ ɮɚɣ-
ɥɨɜ, ɧɚɯɨɞɹɳɢɯɫɹ ɧɚ ɞɢɫɤɟɬɟ ɢɥɢ ɤɨɦɩɚɤɬ-
ɞɢɫɤɟ. ɉɥɚɬɚ ɫ ɚɫɩɢɪɚɧɬɨɜ ɡɚ ɩɭɛɥɢɤɚɰɢɸ 
ɪɭɤɨɩɢɫɟɣ ɧɟ ɜɡɢɦɚɟɬɫɹ. 
 
4. КɈɇɌАКɌɇЫȿ ȾАɇɇЫȿ 
 

ɉɨ ɜɫɟɦ ɜɨɩɪɨɫɚɦ, ɤɚɫɚɸɳɢɦɫɹ ɠɭɪɧɚɥɚ In-
ternational Journal for Computational Civil and 
Structural Engineering ɢ ɩɨɞɝɨɬɨɜɤɟ ɫɬɚɬɟɣ ɧɟ-
ɨɛɯɨɞɢɦɨ ɨɛɪɚɳɚɬɶɫɹ ɤ ɫɥɟɞɭɸɳɢɦ ɥɢɰɚɦ: 
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ɋɢɞɨɪɨɜ Вɥɚɞɢɦɢɪ ɇɢɤɨɥɚɟɜɢɱ 
ȽɈɍ ВɉɈ Ɇɨɫɤɨɜɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ 
ɫɬɪɨɢɬɟɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ,  
ɤɚɮɟɞɪɚ ɢɧɮɨɪɦɚɬɢɤɢ  
ɢ ɩɪɢɤɥɚɞɧɨɣ ɦɚɬɟɦɚɬɢɤɢ, 
129337, Ɋɨɫɫɢɹ, ɝ. Ɇɨɫɤɜɚ, 
əɪɨɫɥɚɜɫɤɨɟ ɲɨɫɫɟ, ɞɨɦ 26. 
e-mail: sidorov.vladimir@gmail.com 
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ФȽȻɈɍ ВɉɈ Ɇɨɫɤɨɜɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɫɬɪɨɢɬɟɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ, ɝ. Ɇɨɫɤɜɚ, Ɋɨɫɫɢɹ 
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ɪɚɫɱɟɬɟ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɨɛɨɥɨɱɤɢ ɫ ɤɭɫɨɱɧɨ-ɩɨɫɬɨɹɧɧɵɦɢ ɮɢɡɢɤɨ-ɝɟɨɦɟɬɪɢɱɟɫɤɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɩɨ ɨɫɧɨɜɧɨ-
ɦɭ ɧɚɩɪɚɜɥɟɧɢɸ ɜ ɪɚɦɤɚɯ ɞɢɫɤɪɟɬɧɨ-ɤɨɧɬɢɧɭɚɥɶɧɨɝɨ ɩɨɞɯɨɞɚ [1]. 
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ABSTRACT: Operational and variational formulations of boundary problem of analysis of shell with piecewise-constant 
physical and geometrical parameters in so-called basic direction within discrete-continual approach are under considera-
tion in the distinctive paper. 
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1. Ɉɩеɪɚɬоɪɧɚɹ и вɚɪиɚɰиоɧɧɚɹ ɩосɬɚɧовɤи ɡɚɞɚчи о ɪɚсчеɬе оɛолочɤи в ɪɚɦɤɚɯ 

ɦеɬоɞɚ сɬɚɧɞɚɪɬɧоɣ (ɪɚсɲиɪеɧɧоɣ) оɛлɚсɬи. 
Вɜɟɞɟɦ ɨɛɨɡɧɚɱɟɧɢɹ: 1α , 2α  – ɤɨɷɮɮɢɰɢɟɧɬɵ ɤɜɚɞɪɚɬɢɱɧɨɣ ɮɨɪɦɵ ɫɪɟɞɢɧɧɨɣ ɩɨ-

ɜɟɪɯɧɨɫɬɢ ɨɛɨɥɨɱɤɢ; 11 / α∂∂=∂ ; 22 / α∂∂=∂ ; 1k , 2k  – ɝɥɚɜɧɵɟ ɤɪɢɜɢɡɧɵ; 1a , 2a  – ɤɨ-
ɷɮɮɢɰɢɟɧɬɵ ɩɟɪɜɨɣ ɤɜɚɞɪɚɬɢɱɧɨɣ ɮɨɪɦɵ. В ɤɚɱɟɫɬɜɟ ɧɟɢɡɜɟɫɬɧɵɯ ɮɭɧɤɰɢɣ, ɩɨɦɢɦɨ ɩɟɪɟ-
ɦɟɳɟɧɢɣ )(1 αu , )(2 αu , )(3 αu  ɫɪɟɞɢɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɩɪɢɦɟɦ ɟɳɟ ɢ )(1 αϕ , )(2 αϕ  – 

ɭɝɥɵ ɩɨɜɨɪɨɬɚ ɧɨɪɦɚɥɢ ɜ ɧɚɩɪɚɜɥɟɧɢɹɯ 1α  ɢ 2α . Эɬɨ ɩɨɡɜɨɥɹɟɬ ɨɬɤɚɡɚɬɶɫɹ ɨɬ ɝɢɩɨɬɟɡɵ ɧɭ-
ɥɟɜɵɯ ɞɟɮɨɪɦɚɰɢɣ ɫɞɜɢɝɚ 02313 == γγ . 

В ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ «ɤɥɚɫɫɢɤɨɣ» [3] ɩɨɥɭɱɢɦ ɫɥɟɞɭɸɳɢɟ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɭɪɚɜɧɟɧɢɹ – 
ɤɨɦɩɨɧɟɧɬɵ ɞɟɮɨɪɦɚɰɢɣ ɫɪɟɞɢɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ: 
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1

2111
1

11 )()( ukuaaaua +∂+∂= −−ε ;   3222
1

2121
1

212 )()( ukuauaaa +∂+∂= −−ε ;   (1.1) 

)/()/()/()/( 2211211221 auaaauaa ∂+∂=γ ;                                 (1.2) 

212
1

2111
1

11 )()( ϕϕχ aaaa ∂+∂= −− ;   22
1

2121
1

212 )()( ϕϕχ ∂+∂= −− aaaa ;           (1.3) 

)/()/()/()/( 221121122112 aaaaaa ϕϕχ ∂+∂= ;                               (1.4) 

131
1

11113 ϕγ +∂+−= − uauk ;   232
1

21223 ϕγ +∂+−= − uauk .                       (1.5) 

Фɢɡɢɱɟɫɤɢɟ ɡɚɜɢɫɢɦɨɫɬɢ ɢɦɟɸɬ ɜɢɞ: γενενεε hGNKNKN =+=+= 12212211      );(    );( ;  232131      ; γγ hGQhGQ == ;  (1.6) 

2,112212211 )1(     );(    );( χνχνχνχχ −=+=+= DMDMDM ;        (1.7) 

ɝɞɟ )1/( 2ν−= EhK ;  )]1(12/[ 23 ν−= EhD ; h  – ɬɨɥɳɢɧɚ ɨɛɨɥɨɱɤɢ; G  – ɦɨɞɭɥɶ ɫɞɜɢɝɚ; 
E  – ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɦɚɬɟɪɢɚɥɚ ɨɛɨɥɨɱɤɢ; ν  – ɤɨɷɮɮɢɰɢɟɧɬ ɉɭɚɫɫɨɧɚ ɦɚɬɟɪɢɚɥɚ ɨɛɨɥɨɱ-
ɤɢ; 1N  ɢ 2N  – ɧɨɪɦɚɥɶɧɵɟ ɭɫɢɥɢɹ; 2112 NN =  – ɫɞɜɢɝɚɸɳɢɟ ɭɫɢɥɢɹ; 1M  ɢ 2M  – ɢɡɝɢ-
ɛɚɸɳɢɟ ɦɨɦɟɧɬɵ; 2112 MM =  – ɤɪɭɬɹɳɢɟ ɦɨɦɟɧɬɵ; 1Q  ɢ 2Q  – ɩɨɩɟɪɟɱɧɵɟ ɫɢɥɵ;  

Ɉɩɟɪɚɬɨɪɧɚɹ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ ɜ ɪɚɦɤɚɯ ɦɟɬɨɞɚ ɫɬɚɧɞɚɪɬɧɨɣ (ɪɚɫɲɢɪɟɧɧɨɣ) ɨɛɥɚɫɬɢ 
ɡɚɩɢɫɵɜɚɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ [2]: 

⎪⎪
⎪
⎩

⎪⎪
⎪
⎨

⎧

=+∂−∂−∂
=+∂−∂+∂−

=∂−∂−+
=−∂−∂−∂

=−∂−∂+∂−

−
−

−
−

,0)()()( 

0)()()( 

)()( 

)()()( 

)()()( 

22112
2
21

1
2212112

12112
2
12

1
1221121

32121212122121211

221221212
2
21

1
2212112

121121112
2
12

1
1221121

QaaMaaMaMa

QaaMaaMaMa

qaaQaQaNaakNaak

qaaQaakNaaNaNa

qaaQaakNaaNaNa

θθθθ
θθθθ
θθθθθ

θθθθθ
θθθθθ

          (1.8) 

ɝɞɟ θ  – ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɚɹ ɮɭɧɤɰɢɹ ɨɛɥɚɫɬɢ, ɡɚɧɢɦɚɟɦɨɣ ɨɛɨɥɨɱɤɨɣ; 1q , 2q , 3q  – ɩɪɨɟɤ-
ɰɢɢ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɧɚɝɪɭɡɤɢ ɧɚ ɧɚɩɪɚɜɥɟɧɢɹ 1α , 2α  ɢ z ( z – ɤɨɨɪɞɢɧɚɬɚ ɩɨ ɬɨɥɳɢɧɟ ɨɛɨ-
ɥɨɱɤɢ). 

ɋɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɜɚɪɢɚɰɢɨɧɧɚɹ ɩɨɫɬɚɧɨɜɤɚ ɢɦɟɟɬ ɜɢɞ [2]: 

.]              [     , )(                              

 )(5.0)(

213212121332211

212123213112122211122211

Tuuuuddaauququq

ddaaQQMMMNNNuɎ
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=++−

−+++++++=
∫∫

∫∫
 (1.9) 

ɉɪɟɞɫɬɚɜɥɟɧɧɵɟ ɩɨɫɬɚɧɨɜɤɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ «ɤɥɚɫɫɢɱɟɫɤɢɦɢ» ɨɩɢɫɵɜɚɸɬ ɛɨɥɟɟ ɲɢɪɨ-
ɤɢɣ ɤɥɚɫɫ ɡɚɞɚɱ ɢ ɢɦɟɸɬ ɩɪɨɢɡɜɨɞɧɵɟ ɧɟ ɜɵɲɟ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ ɜ ɨɩɟɪɚɬɨɪɟ ɢ ɩɟɪɜɨɝɨ ɜ 
ɮɭɧɤɰɢɨɧɚɥɟ, ɧɨ ɤɨɥɢɱɟɫɬɜɨ ɧɟɢɡɜɟɫɬɧɵɯ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɞɨ ɩɹɬɢ. 

Ɋɚɫɫɦɨɬɪɢɦ ɱɚɫɬɧɵɣ ɫɥɭɱɚɣ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɨɛɨɥɨɱɤɢ. ɉɭɫɬɶ ɤɨɨɪɞɢɧɚɬɚ 11 x=α  ɢɡ-
ɦɟɧɹɟɬɫɹ ɜɞɨɥɶ ɞɭɝɢ, 22 x=α  – ɜɞɨɥɶ ɨɛɪɚɡɭɸɳɟɣ, ɚ 3xz =  – ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɜɧɟɲɧɟɣ ɧɨɪ-
ɦɚɥɢ ɤ ɫɪɟɞɢɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɨɥɨɱɤɢ. Ɍɨɝɞɚ 

121 == aa ;   )(/1 11 xRk = ;   02 =k ;   11 / x∂∂=∂ ;   22 / x∂∂=∂ .      (1.10) 

 
 



Ɉɩɟɪɚɬɨɪɧɚɹ ɢ ɜɚɪɢɚɰɢɨɧɧɚɹ ɩɨɫɬɚɧɨɜɤɢ ɤɪɚɟɜɨɣ ɡɚɞɚɱɢ ɨ ɪɚɫɱɟɬɟ ɨɛɨɥɨɱɤɢ ɫ ɤɭɫɨɱɧɨ-ɩɨɫɬɨɹɧɧɵɦɢ ɮɢɡɢɤɨ-
ɝɟɨɦɟɬɪɢɱɟɫɤɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɩɨ ɨɫɧɨɜɧɨɦɭ ɧɚɩɪɚɜɥɟɧɢɸ ɜ ɪɚɦɤɚɯ ɞɢɫɤɪɟɬɧɨ-ɤɨɧɬɢɧɭɚɥɶɧɨɝɨ ɩɨɞɯɨɞɚ 
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ɋ ɭɱɟɬɨɦ (1.10) ɫɨɨɬɧɨɲɟɧɢɹ (1.1)-(1.5) ɩɪɢɧɢɦɚɸɬ ɜɢɞ: 

3
1

111 uRu −+∂=ε ;   222 u∂=ε ;   2112 uu ∂+∂=γ ;   111 ϕχ ∂= ;   222 ϕχ ∂= ; 

211212 ϕϕχ ∂+∂= ;   1311
1

13 ϕγ +∂+−= − uuR ;   23223 ϕγ +∂= u .     (1.11) 

Ɉɩɟɪɚɬɨɪɧɚɹ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ: 
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Вɚɪɢɚɰɢɨɧɧɚɹ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ: 

. )(                                                                     

 )(5.0)(
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2. ɇеɤоɬоɪые ɩɪеɞвɚɪиɬелɶɧые оɛоɡɧɚчеɧиɹ. 
Вɜɟɞɟɦ ɨɛɨɡɧɚɱɟɧɢɹ: Ω  – ɨɛɥɚɫɬɶ, ɡɚɧɢɦɚɟɦɚɹ ɨɛɨɥɨɱɤɨɣ; 2x  – ɩɟɪɟɦɟɧɧɚɹ, ɜɞɨɥɶ ɤɨ-

ɬɨɪɨɣ ɮɢɡɢɤɨ-ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɤɨɧɫɬɪɭɤɰɢɢ ɦɟɧɹɸɬɫɹ ɤɭɫɨɱɧɨ-ɩɨɫɬɨɹɧɧɨ (ɬ.ɟ. ɨɬ-
ɜɟɱɚɸɳɚɹ ɨɫɧɨɜɧɨɦɭ ɧɚɩɪɚɜɥɟɧɢɸ; ɜɞɨɥɶ 1x  ɷɬɢ ɩɚɪɚɦɟɬɪɵ ɦɨɝɭɬ ɦɟɧɹɬɶɫɹ ɩɪɨɢɡɜɨɥɶɧɨ); 

2l  – ɞɥɢɧɚ ɤɨɧɫɬɪɭɤɰɢɢ ɩɨ ɨɫɧɨɜɧɨɦɭ ɧɚɩɪɚɜɥɟɧɢɸ ( ] ,0[ 22 lx ∈ ); k
b

k nkx  ..., 1,=   ,,2  – ɤɨ-
ɨɪɞɢɧɚɬɵ ɫɟɱɟɧɢɣ, ɝɞɟ ɡɚɞɚɸɬɫɹ ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ (ɜ ɱɚɫɬɧɨɫɬɢ, ɤɨɨɪɞɢɧɚɬɵ ɫɟɱɟɧɢɣ, ɝɞɟ 
ɩɪɨɢɫɯɨɞɢɬ «ɫɤɚɱɤɨɨɛɪɚɡɧɨɟ» (ɪɚɡɪɵɜɵ ɩɟɪɜɨɝɨ ɪɨɞɚ) ɢɡɦɟɧɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɤɨɧɫɬɪɭɤɰɢɢ); 

1 ..., 1,=   , −Ω kk nk  – ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɮɪɚɝɦɟɧɬɵ, ɜɵɞɟɥɟɧɧɵɟ ɢɡ Ω  ɫɟɱɟɧɢɹɦɢ 
b

kxx ,22 =  ɢ b
kxx 1,22 += ; kh  – ɬɨɥɳɢɧɚ ɨɛɨɥɨɱɤɢ ɧɚ ɭɱɚɫɬɤɟ kΩ  ( ] ,0[3 khx ∈ ); 

1 ..., 1,=   , −kk nkȽ  – ɝɪɚɧɢɰɵ ɮɪɚɝɦɟɧɬɨɜ 1 ..., 1,=   , −Ω kk nk ; ),,( 321 xxxkk θθ =  – 

ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɚɹ ɮɭɧɤɰɢɹ ɨɛɥɚɫɬɢ kΩ ; ),,( 321,, xxxkȽkȽ δδ =  – ɞɟɥɶɬɚ-ɮɭɧɤɰɢɹ ɝɪɚɧɢ-

ɰɵ kkȽ Ω∂=  [1, 2], 

⎩⎨
⎧ Ω∉

Ω∈=
;),,(   0, 

),,(   1, 
),,(

321

321
321

k

k
k xxx

xxx
xxxθ    kkkȽ nxxx ∂∂= /),,( 321, θδ ;      (2.1) 

T
kkkk nnnn ]      [ ,3,2,1=  – ɜɟɤɬɨɪ ɫɨɫɬɚɜɥɹɸɳɢɯ ɧɨɪɦɚɥɢ ɤ ɝɪɚɧɢɰɟ kȽ ; 

1 ..., 1,=   , −kk nkω  – ɪɚɫɲɢɪɟɧɧɵɟ ɨɛɥɚɫɬɢ, ɨɤɚɣɦɥɹɸɳɢɟ 1 ..., 1,=   , −Ω kk nk ; 

2 ,1   ,/ =∂∂=∂ sxss ;   2 ,1   ,/ =∂−∂=∂∗ sxss .                         (2.2) 

 
3. Ɉɩеɪɚɬоɪɧɚɹ и вɚɪиɚɰиоɧɧɚɹ ɩосɬɚɧовɤи ɡɚɞɚчи о ɪɚсчеɬе оɛолочɤи с ɤɭсочɧо-

ɩосɬоɹɧɧыɦи ɮиɡиɤо-ɝеоɦеɬɪичесɤиɦи ɩɚɪɚɦеɬɪɚɦи в ɪɚɦɤɚɯ ɦеɬоɞɚ сɬɚɧɞɚɪɬɧоɣ 
(ɪɚсɲиɪеɧɧоɣ) оɛлɚсɬи. 

Ɋɚɫɫɦɨɬɪɢɦ ɨɩɟɪɚɬɨɪɧɭɸ ɩɨɫɬɚɧɨɜɤɭ ɡɚɞɚɱɢ ɜ ɨɛɥɚɫɬɢ kω . Иɦɟɟɦ: 
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ɧɵɟ ɫɢɥɵ ɜ ɮɪɚɝɦɟɧɬɟ kΩ , 

kkk
kkk

kk
kk

k
k

k
k GhNKNKN γεενενε =+=+= )(

12
)(

2
)(

1
)(

2
)(

2
)(

1
)(

1      );(    );( ;       (3.2) 
)(

12
)(

12
)(

2
)(

1
)(

2
)(

2
)(

1
)(

1 )1(  );(  );( k
kk

kkk
kk

kk
k

k
k

k DMDMDM χνχχνχνχ −=+=+= ; (3.3) 
)(

23
)(

2
)(

13
)(

1    ; k
kk

kk
kk

k GhQGhQ γγ == ,                                  (3.4) 

ɝɞɟ )1/( 2
kkkk hEK ν−= ; )]1(12/[ 23

kkkk hED ν−= ; kh  – ɬɨɥɳɢɧɚ ɮɪɚɝɦɟɧɬɚ kΩ ɨɛɨɥɨɱɤɢ; 
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4. Ɉɩеɪɚɬоɪɧɚɹ и вɚɪиɚɰиоɧɧɚɹ ɩосɬɚɧовɤи ɡɚɞɚчи оɬɧосиɬелɶɧо ɩеɪеɦеɳеɧиɣ и 

ɭɝлов ɩовоɪоɬɚ. 
В ɦɚɬɪɢɱɧɨɦ ɜɢɞɟ (3.1)-(3.5) ɩɟɪɟɩɢɫɵɜɚɸɬɫɹ ɬɚɤɢɦ ɨɛɪɚɡɨɦ: 

kk uB=ε ;   kkk ɋN ε= ;   kkk FNA =θ ,                            (4.1) 
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ɝɞɟ ∗B  – ɨɩɟɪɚɬɨɪ, ɫɨɩɪɹɠɟɧɧɵɣ ɤ B ; 

k
k Kɫ =)(

1 ;  kk
k Kɫ ν=)(

2 ;  kk
k Ghɫ =)(

3 ;  k
k Dɫ =)(

4 ;  kk
k Dɫ ν=)(

5 ;  )1()(
6 kk
k Dɫ ν−= ;  (4.4) 

ɉɨɞɫɬɚɜɥɹɹ ɩɟɪɜɨɟ ɭɪɚɜɧɟɧɢɟ ɢɡ (4.1) ɜɨ ɜɬɨɪɨɟ ɢ ɞɚɥɟɟ ɩɨɥɭɱɟɧɧɨɟ ɜ ɬɪɟɬɶɟ, ɩɨɥɭɱɚɟɦ 
ɨɩɟɪɚɬɨɪɧɭɸ ɩɨɫɬɚɧɨɜɤɭ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɟɪɟɦɟɳɟɧɢɣ ɢ ɭɝɥɨɜ ɩɨɜɨɪɨɬɚ: 

  kkk FuL = ,   ɝɞɟ   BɋBL kk
∗= ;   kkk CC θ= .                          (4.5) 

Фɨɪɦɭɥɵ ɨɩɪɟɞɟɥɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɨɩɟɪɚɬɨɪɚ 5 ..., ,1,,, }{ == jijikk lL  ɢɦɟɸɬ ɜɢɞ: 

02,5,1,5,2,4,5,2,4,2,5,1, ====== kkkkkk llllll ;                           (4.6) 
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ɝɞɟ                                         5 ,4 ,3 ,2 ,1   ,)()( == icc k
ik

k
i θ .                                       (4.12) 

ɉɟɪɟɩɢɫɚɜ (3.7) ɜ ɦɚɬɪɢɱɧɨɦ ɜɢɞɟ (ɫɦ. ɮɨɪɦɭɥɵ (4.1)-(4.3)), ɩɨɥɭɱɢɦ ɜɚɪɢɚɰɢɨɧɧɭɸ 
ɩɨɫɬɚɧɨɜɤɭ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɟɪɟɦɟɳɟɧɢɣ ɢ ɭɝɥɨɜ ɩɨɜɨɪɨɬɚ: 

),(),(5.0),(),(5.0)( kkkkkkkkkkkk uFuuBɋBuFNuf −⋅=−⋅= ∗εθ .       (4.13)         

Ɉɩɟɪɚɬɨɪɵ B  ɢ ∗B , ɨɱɟɜɢɞɧɨ, ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟ: 

012 BBB +∂= ;   ∗∗∗∗ +∂= 012 BBB ,                                (4.14) 
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0B  – ɨɩɟɪɚɬɨɪɵ, ɫɨɩɪɹɠɟɧɧɵɟ ɤ 1B  ɢ 0B  ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
ɋ ɭɱɟɬɨɦ ɪɚɡɥɨɠɟɧɢɣ (4.14) ɜɦɟɫɬɨ (4.13) ɛɭɞɟɦ ɢɦɟɬɶ  

.                                     

)()(

002100122112

012012

BDBBDBBDBBDB

BBDBBBDBL

kkkk

kkk ∗∗∗∗∗∗
∗∗∗∗

+∂+∂+∂∂=
=+∂+∂==

    (4.16) 

 
5. ɉɪеɞсɬɚвлеɧие оɩɪеɞелɹюɳеɝо оɩеɪɚɬоɪɚ ɤɪɚевоɣ ɡɚɞɚчи с выɞелеɧиеɦ осɧов-

ɧоɝо ɧɚɩɪɚвлеɧиɹ. 
ɍɱɢɬɵɜɚɹ ɤɭɫɨɱɧɨ-ɩɨɫɬɨɹɧɧɵɣ ɯɚɪɚɤɬɟɪ ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɤɨɧɫɬɪɭɤɰɢɢ ɩɨ ɨɫɧɨɜ-

ɧɨɦɭ ɧɚɩɪɚɜɥɟɧɢɸ (ɜɞɨɥɶ 2x ), ɦɨɠɟɦ ɡɚɩɢɫɚɬɶ: 
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6. Ɉɩеɪɚɬоɪɧɚɹ ɩосɬɚɧовɤɚ ɡɚɞɚчи с выɞелеɧиеɦ осɧовɧоɝо ɧɚɩɪɚвлеɧиɹ. 
ɋ ɭɱɟɬɨɦ (5.1) k -ɟ ɭɪɚɜɧɟɧɢɟ ɨɩɟɪɚɬɨɪɧɨɣ ɩɨɫɬɚɧɨɜɤɢ (4.5) ɩɪɢɧɢɦɚɟɬ ɜɢɞ 
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7. Вɚɪиɚɰиоɧɧɚɹ ɩосɬɚɧовɤɚ ɡɚɞɚчи с выɞелеɧиеɦ осɧовɧоɝо ɧɚɩɪɚвлеɧиɹ. 
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Ɂɚɦечɚɧиɹ. Иɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɜ ɪɚɦɤɚɯ ɫɥɟɞɭɸɳɢɯ ɪɚɛɨɬ: 
1. Ƚɪɚɧɬ ɇɒ-8684.2010.8 ɉɪɟɡɢɞɟɧɬɚ Ɋɨɫɫɢɣɫɤɨɣ Фɟɞɟɪɚɰɢɢ ɞɥɹ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɩɨɞ-

ɞɟɪɠɤɢ ɜɟɞɭɳɢɯ ɧɚɭɱɧɵɯ ɲɤɨɥ Ɋɨɫɫɢɣɫɤɨɣ Фɟɞɟɪɚɰɢɢ «Ɇɧɨɝɨɭɪɨɜɧɟɜɵɟ ɱɢɫɥɟɧɧɵɟ, ɚɧɚ-
ɥɢɬɢɱɟɫɤɢɟ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɦɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɱɧɨɫɬɢ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ ɫ 
ɭɱɟɬɨɦ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɢ ɮɢɡɢɱɟɫɤɢɯ ɨɫɨɛɟɧɧɨɫɬɟɣ» ɧɚ 2010-2011 ɝɝ. 

2. Ƚɪɚɧɬ 2.3.9 Ɋɨɫɫɢɣɫɤɨɣ ɚɤɚɞɟɦɢɢ ɚɪɯɢɬɟɤɬɭɪɵ ɢ ɫɬɪɨɢɬɟɥɶɧɵɯ ɧɚɭɤ «Ɋɚɡɪɚɛɨɬɤɚ ɢ 
ɢɫɫɥɟɞɨɜɚɧɢɟ ɞɢɫɤɪɟɬɧɨ-ɤɨɧɬɢɧɭɚɥɶɧɵɯ ɦɟɬɨɞɨɜ ɞɥɹ ɪɚɫɱɟɬɚ ɫɬɪɨɢɬɟɥɶɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɫ 
ɤɭɫɨɱɧɨ-ɩɨɫɬɨɹɧɧɵɦɢ ɮɢɡɢɤɨ-ɝɟɨɦɟɬɪɢɱɟɫɤɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɩɨ ɨɞɧɨɦɭ ɢɡ ɧɚɩɪɚɜɥɟɧɢɣ» ɧɚ 
2011-2013 ɝɝ. 



Ɉɩɟɪɚɬɨɪɧɚɹ ɢ ɜɚɪɢɚɰɢɨɧɧɚɹ ɩɨɫɬɚɧɨɜɤɢ ɤɪɚɟɜɨɣ ɡɚɞɚɱɢ ɨ ɪɚɫɱɟɬɟ ɨɛɨɥɨɱɤɢ ɫ ɤɭɫɨɱɧɨ-ɩɨɫɬɨɹɧɧɵɦɢ ɮɢɡɢɤɨ-
ɝɟɨɦɟɬɪɢɱɟɫɤɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɩɨ ɨɫɧɨɜɧɨɦɭ ɧɚɩɪɚɜɥɟɧɢɸ ɜ ɪɚɦɤɚɯ ɞɢɫɤɪɟɬɧɨ-ɤɨɧɬɢɧɭɚɥɶɧɨɝɨ ɩɨɞɯɨɞɚ 
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3. ɇИɊ «Ɋɚɡɪɚɛɨɬɤɚ ɬɟɨɪɢɢ ɢ ɚɥɝɨɪɢɬɦɨɜ ɩɨɫɬɪɨɟɧɢɹ ɤɨɪɪɟɤɬɧɵɯ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɪɟɲɚ-
ɬɟɥɟɣ ɦɧɨɝɨɬɨɱɟɱɧɵɯ ɤɪɚɟɜɵɯ ɡɚɞɚɱ ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɪɚɫɱɟɬɚɦ ɫɬɪɨɢɬɟɥɶɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ», 
ɜɵɩɨɥɧɹɟɦɨɣ ɩɨ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɜɟɞɨɦɫɬɜɟɧɧɨɣ ɰɟɥɟɜɨɣ ɩɪɨɝɪɚɦɦɟ «Ɋɚɡɜɢɬɢɟ ɧɚɭɱɧɨɝɨ ɩɨ-
ɬɟɧɰɢɚɥɚ ɜɵɫɲɟɣ ɲɤɨɥɵ (2009-2011 ɝɨɞɵ)» (ɩɪɨɟɤɬ 2.1.2/12148). 

4. ɇИɊ «Ɋɚɡɪɚɛɨɬɤɚ, ɢɫɫɥɟɞɨɜɚɧɢɟ ɢ ɪɚɡɜɢɬɢɟ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɢ ɩɪɨɝɪɚɦɦɧɨ-
ɚɥɝɨɪɢɬɦɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ, ɪɟɚɥɢɡɭɸɳɢɯ ɛɟɡɨɩɚɫɧɭɸ ɬɟɯɧɨɥɨɝɢɸ ɜɨɡɜɟɞɟɧɢɹ ɭɧɢɤɚɥɶɧɵɯ 
ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ ɫɥɨɠɧɨɣ ɚɪɯɢɬɟɤɬɭɪɧɨɣ ɮɨɪɦɵ», ɜɵɩɨɥɧɹɟɦɚɹ ɜ ɪɚɦɤɚɯ Ɍɟɦɚɬɢɱɟɫɤɨ-
ɝɨ ɩɥɚɧɚ ȽɈɍ ВɉɈ ɆȽɋɍ (ɩɪɨɟɤɬ 5.1.11). 
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ɆАɌȿɆАɌИЧȿɋКИȿ ɈɋɇɈВЫ  
ɆɇɈȽɈɍɊɈВɇȿВЫɏ ЧИɋɅȿɇɇЫɏ ɆȿɌɈȾɈВ  
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Ввеɞеɧие. Кɚɤ ɢɡɜɟɫɬɧɨ, ɩɪɢ ɪɟɲɟɧɢɢ ɡɚɞɚɱ ɪɚɫɱɟɬɚ ɫɬɪɨɢɬɟɥɶɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ, 

ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ ɜɫɟɝɞɚ ɜɨɡɧɢɤɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɷɮɮɟɤɬɢɜɧɨɝɨ ɤɚɱɟɫɬɜɟɧɧɨɝɨ ɢ ɤɨɥɢ-
ɱɟɫɬɜɟɧɧɨɝɨ ɚɧɚɥɢɡɚ (ɜ ɱɚɫɬɧɨɫɬɢ, ɦɧɨɝɨɭɪɨɜɧɟɜɨɝɨ) ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹ-
ɧɢɹ (ɇȾɋ) ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɨɛɴɟɤɬɚ. Ɇɧɨɝɨɭɪɨɜɧɟɜɵɣ ɚɧɚɥɢɡ ɇȾɋ ɩɨɡɜɨɥɹɟɬ ɱɢɫɥɟɧɧɨ 
ɨɰɟɧɢɬɶ ɬɚɤɢɟ ɜɨɩɪɨɫɵ ɤɚɤ ɩɪɢɧɰɢɩ ɋɟɧ-Вɟɧɚɧɚ ɢ ɞɚɬɶ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ ɫɬɟɩɟɧɢ ɥɨɤɚɥɶɧɨɫɬɢ 
ɪɚɡɧɨɝɨ ɪɨɞɚ ɹɜɥɟɧɢɣ, ɱɬɨ ɨɫɨɛɟɧɧɨ ɚɤɬɭɚɥɶɧɨ ɜ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɦɧɨɝɢɟ ɞɟɮɟɤɬɵ ɢ ɪɚɡɪɭɲɟ-
ɧɢɹ ɧɨɫɹɬ ɥɨɤɚɥɶɧɵɣ ɯɚɪɚɤɬɟɪ, ɚ ɨɛɳɚɹ ɧɟɫɭɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ, ɫɜɹɡɚɧɧɚɹ ɫ ɫɨɫɬɨɹɧɢɟɦ ɩɪɟ-
ɞɟɥɶɧɨɝɨ ɪɚɜɧɨɜɟɫɢɹ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɝɥɨɛɚɥɶɧɵɦ ɩɨɜɟɞɟɧɢɟɦ ɤɨɧɫɬɪɭɤɰɢɢ [1, 2, 3]. Ɇɨɳɧɵɦ, 
ɛɭɪɧɨ ɪɚɡɜɢɜɚɸɳɢɦɫɹ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫɪɟɞɫɬɜɨɦ ɪɚɡɞɟɥɶɧɨɝɨ ɚɧɚɥɢɡɚ ɥɨɤɚɥɶɧɨɝɨ ɢ ɝɥɨ-
ɛɚɥɶɧɨɝɨ ɫɨɫɬɨɹɧɢɣ ɹɜɥɹɟɬɫɹ ɜɟɣɜɥɟɬ-ɚɧɚɥɢɡ, ɤɨɬɨɪɵɣ ɜɨ ɦɧɨɝɢɯ ɨɛɥɚɫɬɹɯ ɩɪɢɯɨɞɢɬ ɧɚ ɫɦɟ-
ɧɭ ɚɧɚɥɢɡɭ Фɭɪɶɟ [4, 5, 12, 13]. Ⱦɥɹ ɚɧɚɥɢɡɚ ɜɵɫɨɤɨɱɚɫɬɨɬɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɪɟɲɟɧɢɹ ɡɞɟɫɶ, 
ɪɚɡɭɦɟɟɬɫɹ, ɢɫɩɨɥɶɡɭɟɬɫɹ ɛɨɥɟɟ ɫɢɥɶɧɚɹ ɥɨɤɚɥɢɡɚɰɢɹ (ɜ ɰɟɥɹɯ ɩɨɜɵɲɟɧɢɹ ɬɨɱɧɨɫɬɢ), ɚ ɞɥɹ ɧɢɡ-
ɤɨɱɚɫɬɨɬɧɵɯ – ɛɨɥɟɟ ɫɥɚɛɚɹ (ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɩɨɥɧɨɣ ɢɧɮɨɪɦɚɰɢɢ). 

Ⱦɢɫɤɪɟɬɧɵɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɏɚɚɪɚ ɹɜɥɹɸɬɫɹ ɨɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɯ ɫɪɟɞɫɬɜ 
ɜɟɣɜɥɟɬ-ɚɧɚɥɢɡɚ. ɋɜɹɡɚɧɧɵɟ ɫ ɛɚɡɢɫɨɦ ɏɚɚɪɚ ɜɵɱɢɫɥɟɧɢɹ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɪɟɲɟɧɢɹ ɩɪɚɤɬɢɱɟ-
ɫɤɢɯ ɡɚɞɚɱ ɫɬɪɨɢɬɟɥɶɧɨɣ ɦɟɯɚɧɢɤɢ ɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɮɢɡɢɤɢ, ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɩɪɨɫɬɵɦɢ ɢ ɷɤɨ-



Ɇɚɬɟɦɚɬɢɱɟɫɤɢɟ ɨɫɧɨɜɵ ɦɧɨɝɨɭɪɨɜɧɟɜɵɯ ɱɢɫɥɟɧɧɵɯ ɦɟɬɨɞɨɜ ɨɩɪɟɞɟɥɟɧɢɹ ɥɨɤɚɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɧɨ-
ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ ɫɨɫɬɨɹɧɢɹ ɫɬɪɨɢɬɟɥɶɧɵɯ  ɤɨɧɫɬɪɭɤɰɢɣ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ  ɤɪɚɬɧɨɦɚɫɲɬɚɛɧɨɝɨ ɜɟɣɜɥɟɬ-ɚɧɚɥɢɡɚ 
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ɧɨɦɢɱɧɵɦɢ ɚɥɝɨɪɢɬɦɚɦɢ. В ɧɚɫɬɨɹɳɟɣ ɫɬɚɬɶɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɢ ɚɩɪɨɛɢɪɨɜɚɧɵ ɚɥɝɨɪɢɬɦɵ ɩɪɹɦɨ-
ɝɨ ɢ ɨɛɪɚɬɧɨɝɨ ɨɞɧɨɦɟɪɧɵɯ ɢ ɞɜɭɦɟɪɧɵɯ ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɩɨ ɛɚɡɢɫɭ ɏɚɚɪɚ. 
 
 

1. Ȼысɬɪые ɚлɝоɪиɬɦы оɞɧоɦеɪɧыɯ веɣвлеɬ-ɩɪеоɛɪɚɡовɚɧиɣ  
ɩо ɛɚɡисɭ ɏɚɚɪɚ 

 
1.1. ɉоɧɹɬие о ɞисɤɪеɬɧыɯ ɮɭɧɤɰиɹɯ ɏɚɚɪɚ ɧɚ оɬɪеɡɤе. 
Ɋɚɫɫɦɨɬɪɢɦ ɩɪɨɢɡɜɨɥɶɧɵɣ ɨɬɪɟɡɨɤ ],[ ba , ɝɞɟ a  ɢ b – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɤɨɨɪɞɢɧɚɬɚ 

ɧɚɱɚɥɚ ɢ ɤɨɧɰɚ ɨɬɪɟɡɤɚ. Ɋɚɡɞɟɥɢɦ ɨɬɪɟɡɨɤ ],[ ba  ɧɚ )1( −n  ɪɚɜɧɵɯ ɱɚɫɬɟɣ, ɝɞɟ Mn 2= , M  
– ɧɟɤɨɬɨɪɨɟ ɰɟɥɨɟ ɱɢɫɥɨ (ɦɚɤɫɢɦɚɥɶɧɵɣ ɭɪɨɜɟɧɶ ɮɭɧɤɰɢɣ ɏɚɚɪɚ (ɤɨɥɢɱɟɫɬɜɨ ɭɪɨɜɧɟɣ)). Кɨ-
ɨɪɞɢɧɚɬɵ ɬɨɱɟɤ ɞɟɥɟɧɢɹ nixi  ..., 2, ,1  , = , ɨɱɟɜɢɞɧɨ, ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (ɧɢɠɟ h  – 

ɲɚɝ ɞɟɥɟɧɢɹ) 
nihiaxi  ..., 2, ,1  ,)1( =−+= ,                                    (1.1.1) 

ɝɞɟ                                                       )1/()( −−= nabh .                                                      (1.1.2) 
ɇɟɧɨɪɦɢɪɨɜɚɧɧɵɟ ɮɭɧɤɰɢɢ ɏɚɚɪɚ ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫ. 1.1.1 (ɩɨ ɨɫɢ ɚɛɫɰɢɫɫ ɨɬɥɨɠɟɧɵ 

ɧɨɦɟɪɚ ɭɡɥɨɜ ɬɨɱɟɤ ɪɚɡɛɢɟɧɢɹ ɨɬɪɟɡɤɚ). 
ɋɟɦɟɣɫɬɜɨ ɮɭɧɤɰɢɣ ɏɚɚɪɚ p

p
j NjMpi  ..., 2, ,1  , ..., 2, ,1  ),( ==ψ  ( )(ip

jψ  – j -ɚɹ 
ɮɭɧɤɰɢɹ ɏɚɚɪɚ ɭɪɨɜɧɹ p ), ɨɩɪɟɞɟɥɟɧɧɵɯ ɜ ɬɨɱɤɚɯ ɪɚɡɛɢɟɧɢɹ ɨɬɪɟɡɤɚ ɫ ɧɨɦɟɪɚɦɢ 

ni  ..., 2, ,1= , ɡɚɞɚɟɬɫɹ ɫɥɟɞɭɸɳɢɦɢ ɮɨɪɦɭɥɚɦɢ 
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M  ..., 2, ,1   ,
1

)(1 == αψ ,                                     (1.1.4) 

ɝɞɟ pN  – ɤɨɥɢɱɟɫɬɜɨ ɮɭɧɤɰɢɣ ɏɚɚɪɚ ɧɚ p -ɨɦ ɭɪɨɜɧɟ, 
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p                             (1.1.5) 

pα  – ɧɨɪɦɚ ɮɭɧɤɰɢɢ ɏɚɚɪɚ ɧɚ p -ɨɦ ɭɪɨɜɧɟ, ɬ.ɟ. 

p
p
jpNj αψ ==∀  ||||    ..., 2, ,1 ,   ⎪⎩
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Mpn

Mp
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Ɇɨɠɧɨ ɩɨɤɚɡɚɬɶ, ɱɬɨ ɭɤɚɡɚɧɧɨɟ ɫɟɦɟɣɫɬɜɨ ɮɭɧɤɰɢɣ ɏɚɚɪɚ ɨɛɪɚɡɭɟɬ ɩɨɥɧɭɸ ɨɪɬɨ-
ɧɨɪɦɢɪɨɜɚɧɧɭɸ ɫɢɫɬɟɦɭ ɢ ɹɜɥɹɟɬɫɹ ɛɚɡɢɫɨɦ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɞɢɫɤɪɟɬɧɵɯ ɮɭɧɤɰɢɣ, ɨɩɪɟɞɟ-
ɥɟɧɧɵɯ ɜ ɬɨɱɤɚɯ ni  ...,2, ,1= . 



ɉ.А. Аɤɢɦɨɜ, Ɇ.Ʌ. Ɇɨɡɝɚɥɟɜɚ, В.ɇ. ɋɢɞɨɪɨɜ 
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Ɋɢɫ. 1.1.1. Ⱦɢɫɤɪɟɬɧɵɟ ɮɭɧɤɰɢɢ ɏɚɚɪɚ ɧɚ ɨɬɪɟɡɤɟ. 

 
1.2. ɉоɧɹɬие о ɪɚɡлоɠеɧии ɮɭɧɤɰии ɩо ɛɚɡисɭ ɏɚɚɪɚ (ɩɪɹɦое веɣвлеɬ-

ɩɪеоɛɪɚɡовɚɧие − ɚɧɚлиɡ). 
Ɋɚɫɫɦɨɬɪɢɦ ɩɪɨɢɡɜɨɥɶɧɭɸ ɮɭɧɤɰɢɸ f , ɨɩɪɟɞɟɥɟɧɧɭɸ ɜ ɬɨɱɤɚɯ ɪɚɡɛɢɟɧɢɹ ɨɬɪɟɡɤɚ ɫ 

ɧɨɦɟɪɚɦɢ ni  ..., 2, ,1= . Фɭɧɤɰɢɹ )(if  ɦɨɠɟɬ ɛɵɬɶ ɪɚɡɥɨɠɟɧɚ ɜ ɪɹɞ ɏɚɚɪɚ: 
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)()( ψ ,                                       (1.2.1) 



Ɇɚɬɟɦɚɬɢɱɟɫɤɢɟ ɨɫɧɨɜɵ ɦɧɨɝɨɭɪɨɜɧɟɜɵɯ ɱɢɫɥɟɧɧɵɯ ɦɟɬɨɞɨɜ ɨɩɪɟɞɟɥɟɧɢɹ ɥɨɤɚɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɧɨ-
ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ ɫɨɫɬɨɹɧɢɹ ɫɬɪɨɢɬɟɥɶɧɵɯ  ɤɨɧɫɬɪɭɤɰɢɣ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ  ɤɪɚɬɧɨɦɚɫɲɬɚɛɧɨɝɨ ɜɟɣɜɥɟɬ-ɚɧɚɥɢɡɚ 
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ɝɞɟ MpNjv p
p
j  ..., 2, ,1  , ..., 2, ,1  , ==  – ɤɨɷɮɮɢɰɢɟɧɬɵ ɪɚɡɥɨɠɟɧɢɹ ɮɭɧɤɰɢɢ )(if  ɩɨ ɛɚ-

ɡɢɫɭ ɏɚɚɪɚ, ɨɩɪɟɞɟɥɹɟɦɵɟ ɩɨ ɮɨɪɦɭɥɟ 
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p
j  ..., 2, ,1  , ..., 2, ,1  ,)()(),(
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==== ∑=
ψψ ,      (1.2.2) 

ɚ ɡɚɩɢɫɶ ɬɢɩɚ ),( zy  ɨɛɨɡɧɚɱɚɟɬ ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ ɨɩɟɪɚɰɢɸ ɫɤɚɥɹɪɧɨɝɨ ɩɪɨɢɡɜɟɞɟɧɢɹ 

ɮɭɧɤɰɢɣ y  ɢ  z ; f  ɢ p
jψ  – n -ɦɟɪɧɵɟ ɜɟɤɬɨɪɵ, 

Tnffff ] )(   ...   )2(   )1( [= ;                                  (1.2.3) 
Tp

j
p
j

p
j

p
j n ] )(   ...   )2(   )1( [ ψψψψ = .                            (1.2.4) 

В ɦɚɬɪɢɱɧɨ-ɜɟɤɬɨɪɧɨɦ ɜɢɞɟ ɮɨɪɦɭɥɭ (1.2.2) ɦɨɠɧɨ ɩɟɪɟɩɢɫɚɬɶ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 
fDQv 0= ,                                               (1.2.5) 

ɝɞɟ 0Q  – ɦɚɬɪɢɰɚ ɧɟɧɨɪɦɢɪɨɜɚɧɧɵɯ ɛɚɡɢɫɧɵɯ ɮɭɧɤɰɢɣ ɏɚɚɪɚ, ɡɚɩɢɫɚɧɧɵɯ ɩɨ ɫɬɪɨɤɚɦ; D  – 

ɞɢɚɝɨɧɚɥɶɧɚɹ ɦɚɬɪɢɰɚ ɫ ɧɨɪɦɚɦɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɛɚɡɢɫɧɵɯ ɮɭɧɤɰɢɣ ɧɚ ɞɢɚɝɨɧɚɥɢ; v  – 
ɜɟɤɬɨɪ, ɫɨɫɬɚɜɥɟɧɧɵɯ ɢɡ ɢɫɤɨɦɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɤɨɷɮɮɢɰɢɟɧɬɵ ɪɚɡɥɨɠɟɧɢɹ ɮɭɧɤɰɢɢ )(if  
ɩɨ ɛɚɡɢɫɭ ɏɚɚɪɚ.  

Ɉɩɪɟɞɟɥɹɸɳɢɟ ɮɨɪɦɭɥɵ ɞɥɹ ɜɫɟɯ ɜɯɨɞɹɳɢɯ ɜ (1.2.5) ɦɚɬɪɢɰ ɢ ɜɟɤɬɨɪɨɜ, ɜ ɱɚɫɬɧɨ-
ɫɬɢ, ɞɥɹ ɫɥɭɱɚɹ 16 =n  ɩɪɢɜɟɞɟɧɵ ɧɢɠɟ.  
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Tvvvvvvvvvvvvvvvvv ]                                               [ 4
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1= ;    (1.2.7) 

 
}  , , , , , , , , , , , , , , , { 4322111100000000 ααααααααααααααααdiagD = .     (1.2.8) 

Ⱦɥɹ ɨɛɳɟɝɨ ɫɥɭɱɚɹ ɩɪɨɢɡɜɨɥɶɧɨɝɨ n , ɨɱɟɜɢɞɧɨ, ɧɟɫɥɨɠɧɨ ɡɚɩɢɫɚɬɶ ɚɧɚɥɨɝɢɱɧɵɟ 
ɮɨɪɦɭɥɵ. 

 
1.3. Ɉɛ оɞɧоɦ ɩɪеɞсɬɚвлеɧии ɪɚɡлоɠеɧиɹ ɮɭɧɤɰии ɩо ɛɚɡисɭ ɏɚɚɪɚ. 
ɉɪɢ ɱɢɫɥɟɧɧɨɣ ɪɟɚɥɢɡɚɰɢɢ ɪɚɡɥɨɠɟɧɢɹ ɞɢɫɤɪɟɬɧɨɣ ɮɭɧɤɰɢɢ ɩɨ ɛɚɡɢɫɭ ɏɚɚɪɚ ɡɚɱɚɫ-

ɬɭɸ ɭɞɨɛɧɟɟ ɩɟɪɟɣɬɢ ɨɬ (1.2.1) ɤ ɩɪɟɞɫɬɚɜɥɟɧɢɸ ɜɢɞɚ: 

∑=
= n

k
kk ifif

1

)()( ϕ ,                                           (1.3.1) 

ɝɞɟ nk  ..., 2, ,1=  – ɝɥɨɛɚɥɶɧɵɟ ɢɧɞɟɤɫɵ; ɤɨɷɮɮɢɰɢɟɧɬɵ p
jv  ɢ kf , ɚ ɬɚɤɠɟ ɮɭɧɤɰɢɢ )(ip

jψ  ɢ 

)(ikϕ  ɫɜɹɡɚɧɵ ɦɟɠɞɭ ɫɨɛɨɣ ɫɥɟɞɭɸɳɢɦɢ ɮɨɪɦɭɥɚɦɢ: 

p
jk vf = ,   )()( ii p

jk ψϕ = ,   ɝɞɟ   ∑−

=
+= 1

0

p

q
qNjk .                    (1.3.2) 

Вɜɟɞɟɦ ɫɥɟɞɭɸɳɢɟ ɨɛɨɡɧɚɱɟɧɢɹ: 

01 =−
totN ;   MsNN

s

q
q

s
tot  ..., 2, ,1   ,

0

== ∑=
.                          (1.3.3) 

Ɇɨɠɧɨ ɩɪɟɞɥɨɠɢɬɶ ɫɥɟɞɭɸɳɢɦ ɚɥɝɨɪɢɬɦ ɨɩɪɟɞɟɥɟɧɢɹ ɢɧɞɟɤɫɨɜ p  ɢ j  ɩɨ ɝɥɨɛɚɥɶ-
ɧɨɦɭ ɢɧɞɟɤɫɭ k : 

1. Ɂɚɞɚɟɦɫɹ ɡɧɚɱɟɧɢɟɦ Ms = . 

2. Вɵɱɢɫɥɹɟɦ ɡɧɚɱɟɧɢɟ s
totN . 

3. Вɵɱɢɫɥɹɟɦ ɡɧɚɱɟɧɢɟ sχ  ɩɨ ɮɨɪɦɭɥɟ 

⎥⎦
⎤⎢⎣

⎡ −=
s
tot

s
N

k 1χ ,                                                 (1.3.4) 

ɝɞɟ ɡɚɩɢɫɶ ɬɢɩɚ ][a  ɨɛɨɡɧɚɱɚɟɬ ɰɟɥɭɸ ɱɚɫɬɶ ɱɢɫɥɚ a . 

4. ȿɫɥɢ 1=sχ , ɬɨ ɢɧɞɟɤɫɵ p  ɢ j  ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦ 

1+= sp ;   s
totNkj −= .                                     (1.3.5) 

ȿɫɥɢ 0>s  ɢ 0=sχ , ɬɨ ɭɦɟɧɶɲɚɟɦ ɡɧɚɱɟɧɢɟ s  ɧɚ ɟɞɢɧɢɰɭ ɢ ɩɟɪɟɯɨɞɢɦ ɤ ɩɭɧɤɬɭ 2 

ɚɥɝɨɪɢɬɦɚ.  
ȿɫɥɢ 0=s  ɢ 0=sχ , ɬɨ ɫɥɟɞɭɟɬ ɩɨɥɨɠɢɬɶ 

0=p ;   kj = .                                              (1.3.6) 
 
1.4. Алɝоɪиɬɦ вычислеɧиɹ ɤоɷɮɮиɰиеɧɬов ɪɚɡлоɠеɧиɹ ɞисɤɪеɬɧоɣ ɮɭɧɤɰии ɩо 

ɛɚɡисɭ ɏɚɚɪɚ (ɩɪɹɦоɝо веɣвлеɬ-ɩɪеоɛɪɚɡовɚɧие − ɚɧɚлиɡ). 
Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɦɚɬɪɢɱɧɵɯ ɨɩɟɪɚɰɢɣ (1.2.5) ɞɥɹ ɜɵ-

ɱɢɫɥɟɧɢɹ ɜɟɤɬɨɪɚ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɪɚɡɥɨɠɟɧɢɹ ɧɟ ɹɜɥɹɟɬɫɹ ɷɮɮɟɤɬɢɜɧɵɦ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɤɨ-



Ɇɚɬɟɦɚɬɢɱɟɫɤɢɟ ɨɫɧɨɜɵ ɦɧɨɝɨɭɪɨɜɧɟɜɵɯ ɱɢɫɥɟɧɧɵɯ ɦɟɬɨɞɨɜ ɨɩɪɟɞɟɥɟɧɢɹ ɥɨɤɚɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɧɨ-
ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ ɫɨɫɬɨɹɧɢɹ ɫɬɪɨɢɬɟɥɶɧɵɯ  ɤɨɧɫɬɪɭɤɰɢɣ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ  ɤɪɚɬɧɨɦɚɫɲɬɚɛɧɨɝɨ ɜɟɣɜɥɟɬ-ɚɧɚɥɢɡɚ 
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ɥɢɱɟɫɬɜɚ ɨɩɟɪɚɰɢɣ (ɩɨɪɹɞɤɚ 2n ). А.Ȼ. Ɂɨɥɨɬɨɜɵɦ [6-9] ɛɵɥ ɩɪɟɞɥɨɠɟɧ ɚɥɝɨɪɢɬɦ ɩɪɹɦɨɝɨ 
ɜɟɣɥɟɬ-ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɩɨ ɛɚɡɢɫɭ ɏɚɚɪɚ, ɩɨɡɜɨɥɹɸɳɢɣ ɜɵɱɢɫɥɢɬɶ ɤɨɷɮɮɢɰɢɟɧɬɵ ɪɚɡɥɨɠɟ-
ɧɢɹ ɡɚ nm⋅  ɨɩɟɪɚɰɢɣ, ɝɞɟ m – ɧɟɤɨɬɨɪɨɟ ɰɟɥɨɟ ɱɢɫɥɨ, ɧɟ ɡɚɜɢɫɹɳɟɟ ɨɬ n . Ɋɚɫɫɦɨɬɪɢɦ ɧɢ-
ɠɟ ɷɬɨɬ ɚɥɝɨɪɢɬɦ. 

ɉɭɫɬɶ 

0   ,
2

  ..., 2, ,1  ),(

0

0 =⎭⎬
⎫

=
==

p
njjfu j

α ;                                 (1.4.1) 

 
Ⱦɥɹ ɜɫɟɯ 1 ..., 1,,0 −= Mp  ɩɪɨɢɡɜɨɞɢɦ ɜɵɱɢɫɥɟɧɢɹ ɩɨ ɮɨɪɦɭɥɚɦ 
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;           (1.4.2) 

ɉɪɢ Mp =  ɢɦɟɟɦ: 

,   ,1
 

11

Mp
uv

n

M

M

M

M =⎪⎭
⎪⎬
⎫

=
=

α
α

                                       (1.4.3) 

ɝɞɟ MpNju p
p
j  ..., 2, ,1  , ..., 2, ,1  , ==  – ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɟ ɜɟɥɢɱɢɧɵ. 

 
Вɜɟɞɟɦ ɫɥɟɞɭɸɳɢɟ ɨɛɨɡɧɚɱɟɧɢɹ: 

01 =−
totT ;   1 ..., 2, ,1   ,2 −=⋅= MsNT s

tot
s

tot ;   11 += −M
tot

M
tot TT .               (1.4.4) 

 
ɋ ɭɱɟɬɨɦ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɜ ɮɨɪɦɟ (1.3.1) ɦɨɠɟɦ ɫɤɨɪɪɟɤɬɢɪɨɜɚɬɶ ɚɥɝɨɪɢɬɦ (1.4.1)-

(1.4.3). 
ɉɭɫɬɶ 

0   ,
2

  ..., 2, ,1  ),(

0

=⎭⎬
⎫

=
==

p
njjfg j

α ;                                 (1.4.5) 

 
Ⱦɥɹ ɜɫɟɯ 1 ..., 1,,0 −= Mp  ɩɪɨɢɡɜɨɞɢɦ ɜɵɱɢɫɥɟɧɢɹ ɩɨ ɮɨɪɦɭɥɚɦ 
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. (1.4.6) 

ɉɪɢ Mp =  ɢɦɟɟɦ: 
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,   ,1

 
Mp

gf

n

totT
M

n

M =⎪⎭
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⎫

=
=
α

α
                                      (1.4.7) 

ɝɞɟ totk Tkg  ..., 2, ,1  , =  – ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɟ ɜɟɥɢɱɢɧɵ; 

12 −⋅= nTtot .                                                (1.4.8) 

Ɋɚɫɫɦɨɬɪɢɦ ɧɢɠɟ ɩɪɨɫɬɟɣɲɢɣ ɩɪɢɦɟɪ ɪɚɡɥɨɠɟɧɢɹ ɮɭɧɤɰɢɢ  
11264)( 234 −+−+= xxxxxf  

ɜ ɪɹɞ ɩɨ ɛɚɡɢɫɭ ɏɚɚɪɚ ɧɚ ɨɬɪɟɡɤɟ ]3,0[∈x . 
Кɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫ. 1.4.1, ɢɦɟɟɬ ɦɟɫɬɨ ɩɨɥɧɨɟ ɫɨɨɬɜɟɬɫɬɜɢɟ ɡɧɚɱɟɧɢɣ ɢɫɯɨɞɧɨɣ ɮɭɧɤ-

ɰɢɢ ɜ ɬɨɱɤɚɯ nixi  ..., 2, ,1  , =  ɫɨ ɡɧɚɱɟɧɢɹɦɢ ɪɚɡɥɨɠɟɧɢɹ ɮɭɧɤɰɢɢ ɜ ɪɹɞ ɩɨ ɛɚɡɢɫɭ ɏɚɚɪɚ 
(ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɷɬɨɝɨ ɪɚɡɥɨɠɟɧɢɹ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɚɥɝɨɪɢɬɦ А.Ȼ. Ɂɨɥɨɬɨɜɚ ɩɪɹɦɨɝɨ ɜɟɣɜɥɟɬ-
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɩɪɢ ɡɧɚɱɟɧɢɢ 6=M ). 

 
 

 
Ɋɢɫ. 1.4.1. ɋɨɩɨɫɬɚɜɥɟɧɢɟ ɮɭɧɤɰɢɢ 11264)( 234 −+−+= xxxxxf  ɢ ɟɟ ɪɚɡɥɨɠɟɧɢɹ ɜ ɪɹɞ 

ɏɚɚɪɚ ɧɚ ɨɬɪɟɡɤɟ ]3 ,0[∈x . 
 
1.5. ɉоɧɹɬие о воссɬɚɧовлеɧии ɮɭɧɤɰии ɩо ɤоɷɮɮиɰиеɧɬɚɦ ее ɪɚɡлоɠеɧиɹ ɩо 

ɛɚɡисɭ ɏɚɚɪɚ (оɛɪɚɬɧое веɣвлеɬ-ɩɪеоɛɪɚɡовɚɧие − сиɧɬеɡ). 
Ʌɸɛɚɹ ɮɭɧɤɰɢɹ ɦɨɠɟɬ ɛɵɬɶ ɜɨɫɫɬɚɧɨɜɥɟɧɚ ɩɨ ɤɨɷɮɮɢɰɢɟɧɬɚɦ ɟɟ ɪɚɡɥɨɠɟɧɢɹ ɜ ɪɹɞ 

ɩɨ ɛɚɡɢɫɭ ɏɚɚɪɚ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ, ɪɭɤɨɜɨɞɫɬɜɭɹɫɶ ɮɨɪɦɭɥɨɣ (1.2.5) ɦɨɠɟɦ ɡɚɩɢɫɚɬɶ: 
vDQf 10)( −= . 



Ɇɚɬɟɦɚɬɢɱɟɫɤɢɟ ɨɫɧɨɜɵ ɦɧɨɝɨɭɪɨɜɧɟɜɵɯ ɱɢɫɥɟɧɧɵɯ ɦɟɬɨɞɨɜ ɨɩɪɟɞɟɥɟɧɢɹ ɥɨɤɚɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɧɨ-
ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ ɫɨɫɬɨɹɧɢɹ ɫɬɪɨɢɬɟɥɶɧɵɯ  ɤɨɧɫɬɪɭɤɰɢɣ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ  ɤɪɚɬɧɨɦɚɫɲɬɚɛɧɨɝɨ ɜɟɣɜɥɟɬ-ɚɧɚɥɢɡɚ 
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В ɫɢɥɭ ɬɨɝɨ, ɱɬɨ ɦɚɬɪɢɰɚ 0DQ  ɹɜɥɹɟɬɫɹ ɨɪɬɨɝɨɧɚɥɶɧɨɣ, ɬɨ ɨɛɪɚɬɧɚɹ ɤ ɧɟɣ 10)( −DQ  

ɫɨɜɩɚɞɚɟɬ ɫ ɬɪɚɧɫɩɨɧɢɪɨɜɚɧɧɨɣ TDQ )( 0 , ɬ.ɟ. 
DQDQDQDQ TTTT )()()()( 00010 ===− , 

ɨɬɤɭɞɚ 
vDQf T)( 0= .                                             (1.5.1) 

ɋɬɪɭɤɬɭɪɚ ɦɚɬɪɢɰɵ TQ )( 0  ɩɪɢɜɟɞɟɧɚ ɧɢɠɟ. 
 

;
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1.6. Алɝоɪиɬɦ вычислеɧиɹ ɡɧɚчеɧиɣ ɞисɤɪеɬɧоɣ ɮɭɧɤɰии, иɦеюɳеɣ ɪɚɡлоɠеɧие ɩо 

ɛɚɡисɭ ɏɚɚɪɚ (оɛɪɚɬɧое веɣвлеɬ-ɩɪеоɛɪɚɡовɚɧие − сиɧɬеɡ). 
Ɋɚɡɭɦɟɟɬɫɹ, ɨɩɢɫɚɧɧɵɣ ɜɵɲɟ ɦɟɬɨɞ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɮɭɧɤɰɢɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɚɬ-

ɪɢɱɧɵɯ ɨɩɟɪɚɰɢɣ ɧɟ ɹɜɥɹɟɬɫɹ ɛɵɫɬɪɵɦ. Ɉɩɢɲɟɦ ɧɢɠɟ ɚɥɝɨɪɢɬɦ ɫɢɧɬɟɡɚ, ɩɪɟɞɥɨɠɟɧɧɵɣ А.Ȼ. 
Ɂɨɥɨɬɨɜɵɦ [6-9] ɢ ɩɨɞɨɛɧɵɣ ɩɪɟɞɫɬɚɜɥɟɧɧɨɦɭ ɪɚɧɟɟ ɚɥɝɨɪɢɬɦɭ ɩɨɥɭɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ 
ɩɪɹɦɨɝɨ ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɩɨ ɛɚɡɢɫɭ ɏɚɚɪɚ. 

В ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ (1.1.7) ɢɦɟɟɦ: 

nM =α ;   nM =−1α .                                            (1.6.1) 

ɉɭɫɬɶ 
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M

M

M vu 11
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α= .                                             (1.6.2) 

Ⱦɥɹ ɜɫɟɯ 0..., ,2 ,1 −−= MMp  ɩɪɨɢɡɜɨɞɢɦ ɜɵɱɢɫɥɟɧɢɹ ɩɨ ɮɨɪɦɭɥɚɦ 
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ɝɞɟ MpNju p
p
j  ..., 2, ,1  , ..., 2, ,1  , ==  – ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɟ ɜɟɥɢɱɢɧɵ. 

ɋ ɭɱɟɬɨɦ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɜ ɮɨɪɦɟ (1.3.1) ɦɨɠɟɦ ɫɤɨɪɪɟɤɬɢɪɨɜɚɬɶ ɚɥɝɨɪɢɬɦ (1.6.1)-
(1.6.3). 

Иɦɟɟɦ: 

nM =α ;   nM =−1α ;   n
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1= .                           (1.6.4) 

Ⱦɥɹ ɜɫɟɯ 1 ..., 1,,0 −= Mp  ɩɪɨɢɡɜɨɞɢɦ ɜɵɱɢɫɥɟɧɢɹ ɩɨ ɮɨɪɦɭɥɚɦ 
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 (1.6.5) 

ɝɞɟ totk Nkg  ..., 2, ,1  , =  – ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɟ ɜɟɥɢɱɢɧɵ. 

В ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɪɚɫɫɦɨɬɪɢɦ ɡɚɞɚɱɭ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɮɭɧɤɰɢɢ  
11264)( 234 −+−+= xxxxxf , 

ɪɚɡɥɨɠɟɧɧɨɣ ɜ ɪɹɞ ɩɨ ɛɚɡɢɫɭ ɏɚɚɪɚ ɧɚ ɨɬɪɟɡɤɟ ]3,0[∈x . 
Кɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫ. 1.6.1, ɢɦɟɟɬ ɦɟɫɬɨ ɩɨɥɧɨɟ ɫɨɨɬɜɟɬɫɬɜɢɟ ɦɟɠɞɭ ɡɧɚɱɟɧɢɹɦɢ ɢɫɯɨɞ-

ɧɨɣ ɮɭɧɤɰɢɢ ɜ ɬɨɱɤɚɯ nixi  ..., 2, ,1  , = , ɡɧɚɱɟɧɢɹɦɢ ɪɚɡɥɨɠɟɧɢɹ ɮɭɧɤɰɢɢ ɜ ɪɹɞ ɩɨ ɛɚɡɢɫɭ 
ɏɚɚɪɚ (ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɷɬɨɝɨ ɪɚɡɥɨɠɟɧɢɹ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɚɥɝɨɪɢɬɦ А.Ȼ. Ɂɨɥɨɬɨɜɚ ɩɪɹɦɨɝɨ 
ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɩɪɢ ɡɧɚɱɟɧɢɢ 6=M ) ɢ ɜɨɫɫɬɚɧɨɜɥɟɧɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɢɫɯɨɞɧɨɣ 



Ɇɚɬɟɦɚɬɢɱɟɫɤɢɟ ɨɫɧɨɜɵ ɦɧɨɝɨɭɪɨɜɧɟɜɵɯ ɱɢɫɥɟɧɧɵɯ ɦɟɬɨɞɨɜ ɨɩɪɟɞɟɥɟɧɢɹ ɥɨɤɚɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɧɨ-
ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ ɫɨɫɬɨɹɧɢɹ ɫɬɪɨɢɬɟɥɶɧɵɯ  ɤɨɧɫɬɪɭɤɰɢɣ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ  ɤɪɚɬɧɨɦɚɫɲɬɚɛɧɨɝɨ ɜɟɣɜɥɟɬ-ɚɧɚɥɢɡɚ 
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ɮɭɧɤɰɢɢ (ɞɥɹ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɮɭɧɤɰɢɢ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɚɥɝɨɪɢɬɦ А.Ȼ. Ɂɨɥɨɬɨɜɚ ɨɛɪɚɬɧɨɝɨ 
ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɩɪɢ ɡɧɚɱɟɧɢɢ 6=M ). 

 
 

 
Ɋɢɫ. 1.6.1. ɋɨɩɨɫɬɚɜɥɟɧɢɟ ɮɭɧɤɰɢɢ 11264)( 234 −+−+= xxxxxf , ɟɟ ɪɚɡɥɨɠɟɧɢɹ ɜ ɪɹɞ 

ɏɚɚɪɚ ɧɚ ɨɬɪɟɡɤɟ ]3,0[∈x  ɢ ɜɨɫɫɬɚɧɨɜɥɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɮɭɧɤɰɢɢ ɧɚ ɨɬɪɟɡɤɟ. 
 

2. Ȼысɬɪые ɚлɝоɪиɬɦы ɞвɭɦеɪɧыɯ веɣвлеɬ-ɩɪеоɛɪɚɡовɚɧиɣ  
ɩо ɛɚɡисɭ ɏɚɚɪɚ 

 
2.1. ɉоɧɹɬие о ɞисɤɪеɬɧыɯ ɮɭɧɤɰиɹɯ ɏɚɚɪɚ ɧɚ ɤвɚɞɪɚɬе. 
Ɋɚɫɫɦɨɬɪɢɦ ɞɜɭɦɟɪɧɭɸ ɩɪɹɦɨɭɝɨɥɶɧɭɸ ɨɛɥɚɫɬɶ (ɪɢɫ. 2.1.1) 

} 0   ,0   :),( { 221121 lxlxxx ≤≤≤≤=Ω ,                          (2.1.1) 

ɝɞɟ 21  , xx  – ɤɨɨɪɞɢɧɚɬɵ; 21  , ll  – ɪɚɡɦɟɪɵ ɨɛɥɚɫɬɢ ɜɞɨɥɶ ɤɨɨɪɞɢɧɚɬɧɵɯ ɨɫɟɣ 21  ,OxOx  ɫɨɨɬ-
ɜɟɬɫɬɜɟɧɧɨ. 

Ɋɚɡɞɟɥɢɦ ɨɛɥɚɫɬɶ (2.1.1) ɩɨ ɝɨɪɢɡɨɧɬɚɥɢ ɧɚ )1( −n  ɪɚɜɧɵɯ ɱɚɫɬɟɣ ɢ ɩɨ ɜɟɪɬɢɤɚɥɢ ɧɚ 

)1( −n  ɪɚɜɧɵɯ ɱɚɫɬɟɣ, ɝɞɟ Mn 2= , M  – ɧɟɤɨɬɨɪɨɟ ɰɟɥɨɟ ɱɢɫɥɨ (ɦɚɤɫɢɦɚɥɶɧɵɣ ɭɪɨɜɟɧɶ 
ɮɭɧɤɰɢɣ ɏɚɚɪɚ (ɤɨɥɢɱɟɫɬɜɨ ɭɪɨɜɧɟɣ)). 

Кɨɨɪɞɢɧɚɬɵ ɬɨɱɟɤ ɞɟɥɟɧɢɹ, ɨɱɟɜɢɞɧɨ, ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦ  
nihix i  ..., 2, ,1  ,)1( 111,1 =−= ;   nihix i  ..., 2, ,1  ,)1( 222,2 =−= ,       (2.1.2) 

ɝɞɟ 1h  ɢ 2h  – ɲɚɝɢ ɞɟɥɟɧɢɹ ɩɨ ɨɫɹɦ 21  ,OxOx  ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, 
)1/(11 −= nlh ;   )1/(22 −= nlh .                                 (2.1.3) 

ɉɪɢɦɟɪɵ ɧɟɧɨɪɦɢɪɨɜɚɧɧɵɯ ɮɭɧɤɰɢɣ ɏɚɚɪɚ ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫ. 2.1.2, 2.1.3. 
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ɋɟɦɟɣɫɬɜɨ ɮɭɧɤɰɢɣ ɏɚɚɪɚ ,2,...,,1  ,2,...,,1  ),,( 121,,, 2121 p
p

jjss NjMpii ==ψ  

1 ,0  1, ,0  , ..., 2, ,1 212 === ssNj p  (ɩɪɢɱɟɦ ɧɟɞɨɩɭɫɬɢɦ ɫɥɭɱɚɣ 0 21 == ss ), ɨɩɪɟɞɟɥɟɧ-
ɧɵɯ ɜ ɭɡɥɚɯ ɫɟɬɤɢ, ɡɚɞɚɟɬɫɹ ɫɥɟɞɭɸɳɢɦɢ ɮɨɪɦɭɥɚɦɢ: 

 
Ɋɢɫ. 2.1.1. Иɫɯɨɞɧɚɹ ɞɜɭɦɟɪɧɚɹ ɩɪɹɦɨɭɝɨɥɶɧɚɹ ɨɛɥɚɫɬɶ ɢ ɟɟ ɞɢɫɤɪɟɬɢɡɚɰɢɹ. 
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niniii
M

M  ..., 2, ,1   ; ..., 2, ,1   ,
1

),( 21211,1,0,0 === αψ ,                      (2.1.5) 

ɝɞɟ pp NN ×  – ɤɨɥɢɱɟɫɬɜɨ ɮɭɧɤɰɢɣ ɏɚɚɪɚ ɧɚ p -ɨɦ ɭɪɨɜɧɟ, 

⎩⎨
⎧

= <≤== +−+
;   ,1 

0   ,22/ )1(1

Mp
MpnN
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p                             (2.1.6) 

pα  – ɧɨɪɦɚ ɮɭɧɤɰɢɢ ɏɚɚɪɚ ɧɚ p -ɨɦ ɭɪɨɜɧɟ, ɬ.ɟ. 

p
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pα                                                   (2.1.7) 



Ɇɚɬɟɦɚɬɢɱɟɫɤɢɟ ɨɫɧɨɜɵ ɦɧɨɝɨɭɪɨɜɧɟɜɵɯ ɱɢɫɥɟɧɧɵɯ ɦɟɬɨɞɨɜ ɨɩɪɟɞɟɥɟɧɢɹ ɥɨɤɚɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɧɨ-
ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ ɫɨɫɬɨɹɧɢɹ ɫɬɪɨɢɬɟɥɶɧɵɯ  ɤɨɧɫɬɪɭɤɰɢɣ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ  ɤɪɚɬɧɨɦɚɫɲɬɚɛɧɨɝɨ ɜɟɣɜɥɟɬ-ɚɧɚɥɢɡɚ 

International Journal for Computational Civil and Structural Engineering 31

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɡɧɚɱɟɧɢɹ ɢɧɞɟɤɫɨɜ 1s  ɢ 2s  ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɬɪɟɦ ɛɚɡɨɜɵɦ 

ɮɭɧɤɰɢɹɦ: 
 

p
jj 21,,0,1ψ  

1 –1 
1 –1 

0   ,1 21 == ss  

p
jj 21,,1,0ψ  

1 1 
–1 –1 

1   ,0 21 == ss  

p
jj 21,,1,1ψ  

1 –1 
–1 1 

1   ,1 21 == ss  

 
ɇɚ ɪɢɫ. 2.1.2 ɢ 2.1.3 ɩɪɢɜɟɞɟɧɵ ɩɪɢɦɟɪɵ ɮɭɧɤɰɢɣ ɏɚɚɪɚ (ɧɟɧɨɪɦɢɪɨɜɚɧɧɵɯ), ɡɧɚɱɟ-

ɧɢɹ ɜ ɩɭɫɬɵɯ ɤɥɟɬɤɚɯ ɧɭɥɟɜɵɟ. 
Ɇɨɠɧɨ ɩɨɤɚɡɚɬɶ, ɱɬɨ ɫɟɦɟɣɫɬɜɨ ɮɭɧɤɰɢɣ ɏɚɚɪɚ (2.1.4)-(2.1.5) ɨɛɪɚɡɭɟɬ ɩɨɥɧɭɸ ɨɪ-

ɬɨɧɨɪɦɢɪɨɜɚɧɧɭɸ ɫɢɫɬɟɦɭ ɢ ɹɜɥɹɟɬɫɹ ɛɚɡɢɫɨɦ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɞɢɫɤɪɟɬɧɵɯ ɮɭɧɤɰɢɣ, ɨɩɪɟɞɟ-
ɥɟɧɧɵɯ ɜ ɭɡɥɚɯ ɫɟɬɤɢ (ɪɢɫ. 2.1.1). 

 
2.2. ɉоɧɹɬие о ɪɚɡлоɠеɧии ɮɭɧɤɰии ɩо ɛɚɡисɭ ɏɚɚɪɚ (ɩɪɹɦое веɣвлеɬ-

ɩɪеоɛɪɚɡовɚɧие − ɚɧɚлиɡ). 
Ɋɚɫɫɦɨɬɪɢɦ ɩɪɨɢɡɜɨɥɶɧɭɸ ɮɭɧɤɰɢɸ f , ɨɩɪɟɞɟɥɟɧɧɭɸ ɜ ɭɡɥɚɯ ɫɟɬɤɢ, ɩɨɤɚɡɚɧɧɨɣ ɧɚ 

ɪɢɫ. 2.1.1. Фɭɧɤɰɢɹ ),( 21 iif  ɦɨɠɟɬ ɛɵɬɶ ɪɚɡɥɨɠɟɧɚ ɜ ɪɹɞ ɏɚɚɪɚ: 

∑∑∑= = =
++=

=
M

p

N

j

N

j

p
jj

p
jj

p
jj

p
jj

p
jj

p
jj

p p

iiviiviiv

iif

0 1 1
21,,1,1,,1,121,,1,0,,1,021,,0,1,,0,1

21

1 2
212121212121

),,(),(),((

),(
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ɝɞɟ MpNjNjvvv pp
p

jj
p

jj
p

jj  ..., 2, ,1  , ..., 2, ,1  , ..., 2, ,1  ,  ,  , 21,,1,1,,1,0,,0,1 212121
===  – ɤɨɷɮ-

ɮɢɰɢɟɧɬɵ ɪɚɡɥɨɠɟɧɢɹ ɮɭɧɤɰɢɢ ),( 21 iif  ɩɨ ɛɚɡɢɫɭ ɏɚɚɪɚ, ɨɩɪɟɞɟɥɹɟɦɵɟ ɩɨ ɮɨɪɦɭɥɟ 

; ..., 2, ,1  , ..., 2, ,1  , ..., 2, ,1   1, ,0   1, ,0             

  ,),(),(),(

2121

1 1
21,,,21,,,,,,

1 2
212121212121

MpNjNjss

iiiiffv

pp

N

i

N

i

p
jjss

p
jjss

p
jjss

=====
== ∑∑= =

ψψ
 (2.2.2) 

ɚ ɡɚɩɢɫɶ ɬɢɩɚ ),( zy  ɨɛɨɡɧɚɱɚɟɬ ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ ɨɩɟɪɚɰɢɸ ɫɤɚɥɹɪɧɨɝɨ ɩɪɨɢɡɜɟɞɟɧɢɹ 

ɮɭɧɤɰɢɣ y  ɢ  z; f  ɢ p
jjss 2121 ,,,ψ  – 2n -ɦɟɪɧɵɟ ɜɟɤɬɨɪɵ, 

Tnnfnfnffnfff ] ),(   ...   )1,(   ...   ),2(   ...   )1,2(   ),1(   ...   )1,1( [= ;     (2.2.3) 

.] ),(   ...   )1,(   ...   ),2(   ...   )1,2(              

  ),1(   ...   )1,1( [

2121212121212121

212121212121

,,,,,,,,,,,,

,,,,,,,,,

Tp
jjss

p
jjss

p
jjss

p
jjss

p
jjss

p
jjss

p
jjss

nnnn

n

ψψψψ
ψψψ =

 

 (2.2.4) 
В ɦɚɬɪɢɱɧɨ-ɜɟɤɬɨɪɧɨɦ ɜɢɞɟ ɮɨɪɦɭɥɭ (2.2.2) ɦɨɠɧɨ ɩɟɪɟɩɢɫɚɬɶ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

fDQv 0= ,                                                               (2.2.5) 

Ɂɞɟɫɶ 0Q  – ɦɚɬɪɢɰɚ ɧɟɧɨɪɦɢɪɨɜɚɧɧɵɯ ɛɚɡɢɫɧɵɯ ɮɭɧɤɰɢɣ ɏɚɚɪɚ, ɡɚɩɢɫɚɧɧɵɯ ɩɨ 
ɫɬɪɨɤɚɦ; D  – ɞɢɚɝɨɧɚɥɶɧɚɹ ɦɚɬɪɢɰɚ ɫ ɧɨɪɦɚɦɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɛɚɡɢɫɧɵɯ ɮɭɧɤɰɢɣ ɧɚ ɞɢɚ-
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ɝɨɧɚɥɢ; v  – ɜɟɤɬɨɪ, ɫɨɫɬɚɜɥɟɧɧɵɯ ɢɡ ɢɫɤɨɦɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɤɨɷɮɮɢɰɢɟɧɬɵ ɪɚɡɥɨɠɟɧɢɹ 
ɮɭɧɤɰɢɢ ),( 21 iif  ɩɨ ɛɚɡɢɫɭ ɏɚɚɪɚ. 
 
Ɉɩɪɟɞɟɥɹɸɳɢɟ ɮɨɪɦɭɥɵ ɞɥɹ ɜɫɟɯ ɜɯɨɞɹɳɢɯ ɜ (2.5) ɦɚɬɪɢɰ ɢ ɜɟɤɬɨɪɨɜ, ɜ ɱɚɫɬɧɨɫɬɢ, ɞɥɹ ɫɥɭ-
ɱɚɹ 4 =n  ɩɪɢɜɟɞɟɧɵ ɧɢɠɟ. Ⱦɥɹ ɨɛɳɟɝɨ ɫɥɭɱɚɹ ɩɪɨɢɡɜɨɥɶɧɨɝɨ n , ɨɱɟɜɢɞɧɨ, ɧɟɫɥɨɠɧɨ ɡɚɩɢ-
ɫɚɬɶ ɚɧɚɥɨɝɢɱɧɵɟ ɮɨɪɦɭɥɵ. 
Иɦɟɟɦ: 

;]                                                                  

                         [
2

1,1,0,0
1

1,1,1,1
1

1,1,1,0
1

1,1,0,1
0

2,2,1,1
0

2,2,1,0
0

2,2,0,1

0
2,1,1,1

0
2,1,1,0

0
2,1,0,1

0
1,2,1,1

0
1,2,1,0

0
1,2,0,1

0
1,1,1,1

0
1,1,1,0

0
1,1,0,1

Tvvvvvvv

vvvvvvvvvv =
(2.2.6) 

}  , , , , , , , , , , , , , , , { 2111000000000000 ααααααααααααααααdiagD = ;     (2.2.7) 
 

 
 

Ɋɢɫ. 2.1.2. ɇɟɧɨɪɦɢɪɨɜɚɧɧɚɹ ɮɭɧɤɰɢɹ ɏɚɚɪɚ 0
3,4,0,1ψ . 



Ɇɚɬɟɦɚɬɢɱɟɫɤɢɟ ɨɫɧɨɜɵ ɦɧɨɝɨɭɪɨɜɧɟɜɵɯ ɱɢɫɥɟɧɧɵɯ ɦɟɬɨɞɨɜ ɨɩɪɟɞɟɥɟɧɢɹ ɥɨɤɚɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɧɨ-
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Ɋɢɫ. 2.1.3. ɇɟɧɨɪɦɢɪɨɜɚɧɧɚɹ ɮɭɧɤɰɢɹ ɏɚɚɪɚ 1
,,1,1 21 jjψ . 

;

1111111111111111
1111111111111111
1111111111111111
1111111111111111

1100110000000000
1100110000000000
1100110000000000

0011001100000000
0011001100000000
0011001100000000
0000000011001100
0000000011001100
0000000011001100
0000000000110011
0000000000110011
0000000000110011

0

⎥⎥
⎥⎥
⎥⎥
⎥⎥
⎥⎥
⎥⎥
⎥⎥
⎥⎥
⎥⎥
⎥⎥

⎦

⎤

⎢⎢
⎢⎢
⎢⎢
⎢⎢
⎢⎢
⎢⎢
⎢⎢
⎢⎢
⎢⎢
⎢⎢

⎣

⎡

−−−−−−−−
−−−−−−−−
−−−−−−−−

−−
−−
−−

−−
−−
−−

−−
−−
−−

−−
−−
−−

=Q

 

(2.2.8) 
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2.3. Ɉɛ оɞɧоɦ ɩɪеɞсɬɚвлеɧии ɪɚɡлоɠеɧиɹ ɮɭɧɤɰии ɩо ɛɚɡисɭ ɏɚɚɪɚ. 
ɉɪɢ ɱɢɫɥɟɧɧɨɣ ɪɟɚɥɢɡɚɰɢɢ ɪɚɡɥɨɠɟɧɢɹ ɞɢɫɤɪɟɬɧɨɣ ɮɭɧɤɰɢɢ ɩɨ ɛɚɡɢɫɭ ɏɚɚɪɚ ɡɚɱɚɫ-

ɬɭɸ ɭɞɨɛɧɟɟ ɩɟɪɟɣɬɢ ɨɬ (2.2.1) ɤ ɩɪɟɞɫɬɚɜɥɟɧɢɸ ɜɢɞɚ: 

∑=
=

2

1
2121 ),(),(

n

k
kk iifiif ϕ ,                                       (2.3.1) 

ɝɞɟ totNk  ..., 2, ,11 =  ɢ 2
2  ..., 2, ,1 nk =  – ɝɥɨɛɚɥɶɧɵɟ ɢɧɞɟɤɫɵ; ɤɨɷɮɮɢɰɢɟɧɬɵ p

jjssv
2121 ,,,  ɢ 

21,kkf , ɚ ɬɚɤɠɟ ɮɭɧɤɰɢɢ ),( 21,,, 2121
iip

jjssψ  ɢ ),( 21, 21
iikkϕ  ɫɜɹɡɚɧɵ ɦɟɠɞɭ ɫɨɛɨɣ ɫɥɟɞɭɸɳɢɦɢ 

ɮɨɪɦɭɥɚɦɢ: 
p

jjsskk vf
212121 ,,,, = ,   ),(),( 21,,0,121, 2121

iiii p
jjkk ψϕ = ,                      (2.3.2) 

ɝɞɟ             ∑−

=
⋅+⋅−⋅+−⋅+⋅+= 1

0

2
2121 )(3)1(3)1(32

p

q
qp NNjjssk ;                (2.3.3) 

Вɜɟɞɟɦ ɫɥɟɞɭɸɳɢɟ ɨɛɨɡɧɚɱɟɧɢɹ: 

01 =−
totN ;   MrNN

r

q
q

r
tot  ..., 2, ,1   ,)(

0

2 == ∑=
;                        (2.3.4) 

⎩⎨
⎧

=
<≤=

;   ,1 

0   ,3 
, Mp

MpN
N p

pcomp                                  (2.3.5) 

01
, =−
totcompN ;   1 ..., 2, ,1   ,)(3

0

2
, −=⋅= ∑=

MrNN
r

q
q

r
totcomp ;   nN M

totcomp =, ;      (2.3.6) 

Ɍɨɝɞɚ ɮɨɪɦɭɥɚ (2.3.3) ɦɨɠɟɬ ɛɵɬɶ ɩɟɪɟɩɢɫɚɧɚ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 
1

,,2121 )1()1(32 −+⋅−+−⋅+⋅+= p
totcomppcomp NNjjssk .               (2.3.7) 

Ɇɨɠɧɨ ɩɪɟɞɥɨɠɢɬɶ ɫɥɟɞɭɸɳɢɦ ɚɥɝɨɪɢɬɦ ɨɩɪɟɞɟɥɟɧɢɹ ɢɧɞɟɤɫɨɜ   , , , , 2121 ssjjp  

ɩɨ ɝɥɨɛɚɥɶɧɨɦɭ ɢɧɞɟɤɫɭ k : 
1. Ɂɚɞɚɟɦɫɹ ɡɧɚɱɟɧɢɟɦ Mr = . 

2. Вɵɱɢɫɥɹɟɦ ɡɧɚɱɟɧɢɟ r
totcompN , . 

3. Вɵɱɢɫɥɹɟɦ ɡɧɚɱɟɧɢɟ rχ  ɩɨ ɮɨɪɦɭɥɟ 

⎥⎥⎦
⎤

⎢⎢⎣
⎡ −= r

totcomp
r N

k

,

1χ ,                                               (2.3.8) 

ɝɞɟ ɡɚɩɢɫɶ ɬɢɩɚ ][a  ɨɛɨɡɧɚɱɚɟɬ ɰɟɥɭɸ ɱɚɫɬɶ ɱɢɫɥɚ a . 

4. ȿɫɥɢ 1=rχ , ɬɨ ɢɧɞɟɤɫ p  ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
rp += 1 .                                                   (2.3.9) 

ȿɫɥɢ Mp < , ɬɨ ɢɧɞɟɤɫɵ   , , , 2121 ssjj  ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦ 

⎥⎥⎦
⎤

⎢⎢⎣
⎡ −−+= −

pcomp

p
totcomp

N

Nk
j

,

1
,

2

1
1 ;   ⎥⎥⎦

⎤
⎢⎢⎣
⎡ −−⋅−−+= −

3

1)1(
1 2,

1
,

1

jNNk
j pcomp

p
totcomp

; 
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⎥⎥⎦
⎤

⎢⎢⎣
⎡ −−⋅−−⋅−−= −

2

1)1(3)1( 12,
1

,
2

jjNNk
s pcomp

p
totcomp

; 

1
,,2121 )1()1(32 −−⋅−−−⋅−⋅−= p
totcomppcomp NNjjsks .    (2.3.10) 

ȿɫɥɢ Mp = , ɬɨ ɢɧɞɟɤɫɵ   , , , 2121 ssjj  ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦ 

11 =j ;   12 =j ;   01 =s ;   02 =s .                           (2.3.11) 

ȿɫɥɢ 0>r  ɢ 0=rχ , ɬɨ ɭɦɟɧɶɲɚɟɦ ɡɧɚɱɟɧɢɟ s  ɧɚ ɟɞɢɧɢɰɭ ɢ ɩɟɪɟɯɨɞɢɦ ɤ ɩɭɧɤɬɭ 2 

ɚɥɝɨɪɢɬɦɚ.  
ȿɫɥɢ 0=r  ɢ 0=rχ , ɬɨ ɫɥɟɞɭɟɬ ɩɨɥɨɠɢɬɶ 

0=p ,   ⎥⎦
⎤⎢⎣

⎡ −+=
pcompN

k
j

,
2

1
1 ,   ⎥⎦

⎤⎢⎣
⎡ −⋅−−+=

3

1)1(
1 ,2

1
pcompNjk

j , 

⎥⎦
⎤⎢⎣

⎡ −−⋅−⋅−−=
3

1)1(3)1( 1,2
2

jNjk
s pcomp

; 

   pcompNjjsks ,2121 )1()1(32 ⋅−−−⋅−⋅−= .    (2.3.12) 

 
2.4. Алɝоɪиɬɦ вычислеɧиɹ ɤоɷɮɮиɰиеɧɬов ɪɚɡлоɠеɧиɹ ɞисɤɪеɬɧоɣ ɮɭɧɤɰии ɩо 

ɛɚɡисɭ ɏɚɚɪɚ (ɩɪɹɦоɝо веɣвлеɬ-ɩɪеоɛɪɚɡовɚɧие − ɚɧɚлиɡ). 
Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɦɚɬɪɢɱɧɵɯ ɨɩɟɪɚɰɢɣ (2.2.5) ɞɥɹ ɜɵ-

ɱɢɫɥɟɧɢɹ ɜɟɤɬɨɪɚ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɪɚɡɥɨɠɟɧɢɹ ɧɟ ɹɜɥɹɟɬɫɹ ɷɮɮɟɤɬɢɜɧɵɦ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɤɨ-
ɥɢɱɟɫɬɜɚ ɨɩɟɪɚɰɢɣ (ɩɨɪɹɞɤɚ 4n ). А.Ȼ. Ɂɨɥɨɬɨɜɵɦ [5-8] ɛɵɥ ɩɪɟɞɥɨɠɟɧ ɚɥɝɨɪɢɬɦ ɩɪɹɦɨɝɨ 
ɜɟɣɥɟɬ-ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɩɨ ɛɚɡɢɫɭ ɏɚɚɪɚ, ɩɨɡɜɨɥɹɸɳɢɣ ɜɵɱɢɫɥɢɬɶ ɤɨɷɮɮɢɰɢɟɧɬɵ ɪɚɡɥɨɠɟ-
ɧɢɹ ɡɚ 2nm⋅  ɨɩɟɪɚɰɢɣ, ɝɞɟ m – ɧɟɤɨɬɨɪɨɟ ɰɟɥɨɟ ɱɢɫɥɨ, ɧɟ ɡɚɜɢɫɹɳɟɟ ɨɬ n . Ɋɚɫɫɦɨɬɪɢɦ ɧɢ-
ɠɟ ɷɬɨɬ ɚɥɝɨɪɢɬɦ. 

ɉɭɫɬɶ 
njnjjjfu jj  ..., 2, ,1  , ..., 2, ,1  ),,( 2121

0
, 21

=== ;                        (2.4.1) 

20 =α .                                                    (2.4.2) 

Ⱦɥɹ ɜɫɟɯ 1 ..., 1, ,0 −= Mp , pNj  ..., 1, ,01 = ,  pNj  ..., 1, ,02 = ,  1 ,01 =s ,  

1 ,02 =s  (ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɫɥɭɱɚɹ 021 == ss ) ɩɪɨɢɡɜɨɞɢɦ ɜɵɱɢɫɥɟɧɢɹ ɩɨ ɮɨɪɦɭɥɚɦ 

21 )1(   ,)1( 21
ss zz −=−= ;                                         (2.4.3) 

)(
1

212121212121 2,2212,12212,2112,12,,,
p

jj
p

jj
p

jj
p

jj
p

p
jjss uzzuzuzuv +++= −−−−α ;      (2.4.4) 

p
jj

p
jj

p
jj

p
jj

p
jj uuuuu

2121212121 2,22,1212,212,12
1

, +++= −−−−+ ;                   (2.4.5) 

pp αα ⋅=+ 21 .                                                  (2.4.6) 

ɉɪɢ Mp =  ɢɦɟɟɦ: 

nM =α ;                                                     (2.4.7) 
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M

M

M uv 1,11,1,0,0
1

α= .                                               (2.4.8) 

ɝɞɟ MpNjNju pp
p

jj  ..., 2, ,1  , ..., 2, ,1  , ..., 2, ,1  , 21, 21
===  – ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɟ ɜɟɥɢɱɢɧɵ. 

Вɜɟɞɟɦ ɫɥɟɞɭɸɳɢɟ ɨɛɨɡɧɚɱɟɧɢɹ: 
01 =−

totT ;   1 ..., 1, ,0   ,4 −=⋅= MrNT r
tot

r
tot ;   11 += −M

tot
M

tot TT .                (2.4.9) 

ɋ ɭɱɟɬɨɦ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɜ ɮɨɪɦɟ (2.3.1) ɦɨɠɟɦ ɫɤɨɪɪɟɤɬɢɪɨɜɚɬɶ ɚɥɝɨɪɢɬɦ (2.4.1)-
(2.4.8). 

ɉɭɫɬɶ 
njnjjjfg Njj  ..., 2, ,1  , ..., 2, ,1  ),,( 2121)1(2 021

===⋅−⋅+ ;           (2.4.10) 

20 =α .                                                  (2.4.11) 

Ⱦɥɹ ɜɫɟɯ 1 ..., 1,,0 −= Mp , pNj  ..., 1, ,01 = , pNj  ..., 1, ,02 = , 1 ,01 =s ,  1 ,02 =s  (ɡɚ 

ɢɫɤɥɸɱɟɧɢɟɦ ɫɥɭɱɚɹ 021 == ss ) ɩɪɨɢɡɜɨɞɢɦ ɜɵɱɢɫɥɟɧɢɹ ɩɨ ɮɨɪɦɭɥɚɦ 

21 )1(   ,)1( 21
ss zz −=−= ;                                        (2.4.12) 

);                                    
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;                                            1
21

1
21

1
21

1
21121

)12(22)12(212

)22(22)22(212)1(2
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−−+

+⋅−⋅++⋅−⋅+−
+⋅−⋅++⋅−⋅+−+⋅−⋅+

++
++=

p
totp

p
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p
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  (2.4.14) 

pp αα ⋅=+ 21 .                                                  (2.4.15) 

ɉɪɢ Mp =  ɢɦɟɟɦ: 

nM =α ;                                                    (2.4.16) 

totT
M

n
gf α

1
2 = ,                                              (2.4.17) 

ɝɞɟ totk Tkg  ..., 2, ,1  , =  – ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɟ ɜɟɥɢɱɢɧɵ; 

)12(
3
1 )1(2 −⋅= +⋅ M

totT .                                         (2.4.18) 

Ɋɚɫɫɦɨɬɪɢɦ ɧɢɠɟ ɩɪɨɫɬɟɣɲɢɣ ɩɪɢɦɟɪ ɪɚɡɥɨɠɟɧɢɹ ɮɭɧɤɰɢɢ  
)exp(),( 2

2
2
1121 xxxxxf −−⋅=  

ɜ ɪɹɞ ɩɨ ɛɚɡɢɫɭ ɏɚɚɪɚ ɧɚ ɨɛɥɚɫɬɢ  
} 20   ,40   :),( { 2121 ≤≤≤≤=Ω xxxx . 

Иɦɟɟɬ ɦɟɫɬɨ ɩɨɥɧɨɟ ɫɨɨɬɜɟɬɫɬɜɢɟ ɡɧɚɱɟɧɢɣ ɢɫɯɨɞɧɨɣ ɮɭɧɤɰɢɢ ɜ ɭɡɥɚɯ ɫɟɬɤɢ (ɪɢɫ. 
2.1.1) ɫɨ ɡɧɚɱɟɧɢɹɦɢ ɪɚɡɥɨɠɟɧɢɹ ɮɭɧɤɰɢɢ ɜ ɪɹɞ ɩɨ ɛɚɡɢɫɭ ɏɚɚɪɚ (ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɷɬɨɝɨ ɪɚɡ-
ɥɨɠɟɧɢɹ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɚɥɝɨɪɢɬɦ А.Ȼ. Ɂɨɥɨɬɨɜɚ ɩɪɹɦɨɝɨ ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɩɪɢ ɡɧɚɱɟ-
ɧɢɢ 6=M , ɪɢɫ. 2.4.1). 



Ɇɚɬɟɦɚɬɢɱɟɫɤɢɟ ɨɫɧɨɜɵ ɦɧɨɝɨɭɪɨɜɧɟɜɵɯ ɱɢɫɥɟɧɧɵɯ ɦɟɬɨɞɨɜ ɨɩɪɟɞɟɥɟɧɢɹ ɥɨɤɚɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɧɨ-
ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ ɫɨɫɬɨɹɧɢɹ ɫɬɪɨɢɬɟɥɶɧɵɯ  ɤɨɧɫɬɪɭɤɰɢɣ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ  ɤɪɚɬɧɨɦɚɫɲɬɚɛɧɨɝɨ ɜɟɣɜɥɟɬ-ɚɧɚɥɢɡɚ 
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2.5. ɉоɧɹɬие о воссɬɚɧовлеɧии ɮɭɧɤɰии ɩо ɤоɷɮɮиɰиеɧɬɚɦ ее ɪɚɡлоɠеɧиɹ ɩо 

ɛɚɡисɭ ɏɚɚɪɚ (оɛɪɚɬɧое веɣвлеɬ-ɩɪеоɛɪɚɡовɚɧие − сиɧɬеɡ). 
Ʌɸɛɚɹ ɮɭɧɤɰɢɹ ɦɨɠɟɬ ɛɵɬɶ ɜɨɫɫɬɚɧɨɜɥɟɧɚ ɩɨ ɤɨɷɮɮɢɰɢɟɧɬɚɦ ɟɟ ɪɚɡɥɨɠɟɧɢɹ ɜ ɪɹɞ 

ɩɨ ɛɚɡɢɫɭ ɏɚɚɪɚ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ, ɪɭɤɨɜɨɞɫɬɜɭɹɫɶ ɮɨɪɦɭɥɨɣ (2.2.3) ɦɨɠɟɦ ɡɚɩɢɫɚɬɶ: 
vDQf 10)( −= . 

В ɫɢɥɭ ɬɨɝɨ, ɱɬɨ ɦɚɬɪɢɰɚ 0DQ  ɹɜɥɹɟɬɫɹ ɨɪɬɨɝɨɧɚɥɶɧɨɣ, ɬɨ ɨɛɪɚɬɧɚɹ ɤ ɧɟɣ 10)( −DQ  

ɫɨɜɩɚɞɚɟɬ ɫ ɬɪɚɧɫɩɨɧɢɪɨɜɚɧɧɨɣ TDQ )( 0 , ɬ.ɟ. 
DQDQDQDQ TTTT )()()()( 00010 ===− , 

ɨɬɤɭɞɚ 
vDQf T)( 0= .                                               (2.5.1) 

 

 
Ɋɢɫ. 4.1. ɋɨɩɨɫɬɚɜɥɟɧɢɟ ɮɭɧɤɰɢɢ )exp(),( 2

2
2
1121 xxxxxf −−⋅=  ɢ ɟɟ ɪɚɡɥɨɠɟɧɢɹ ɜ ɪɹɞ 

ɏɚɚɪɚ ɜ ɨɛɥɚɫɬɢ } 20   ,40   :),( { 2121 ≤≤≤≤=Ω xxxx . 

 

ɋɬɪɭɤɬɭɪɚ ɦɚɬɪɢɰɵ TQ )( 0  ɩɪɢɜɟɞɟɧɚ ɧɢɠɟ. 
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 (2.5.2) 

 
2.6. Алɝоɪиɬɦ вычислеɧиɹ ɡɧɚчеɧиɣ ɞисɤɪеɬɧоɣ ɮɭɧɤɰии, иɦеюɳеɣ ɪɚɡлоɠеɧие 

ɩо ɛɚɡисɭ ɏɚɚɪɚ (оɛɪɚɬɧое веɣвлеɬ-ɩɪеоɛɪɚɡовɚɧие − сиɧɬеɡ). 
Ɋɚɡɭɦɟɟɬɫɹ, ɨɩɢɫɚɧɧɵɣ ɜɵɲɟ ɦɟɬɨɞ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɮɭɧɤɰɢɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɚɬ-

ɪɢɱɧɵɯ ɨɩɟɪɚɰɢɣ ɧɟ ɹɜɥɹɟɬɫɹ ɛɵɫɬɪɵɦ. Ɉɩɢɲɟɦ ɧɢɠɟ ɚɥɝɨɪɢɬɦ ɫɢɧɬɟɡɚ, ɩɪɟɞɥɨɠɟɧɧɵɣ А.Ȼ. 
Ɂɨɥɨɬɨɜɵɦ [5-8] ɢ ɩɨɞɨɛɧɵɣ ɩɪɟɞɫɬɚɜɥɟɧɧɨɦɭ ɪɚɧɟɟ ɚɥɝɨɪɢɬɦɭ ɩɨɥɭɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ 
ɩɪɹɦɨɝɨ ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɩɨ ɛɚɡɢɫɭ ɏɚɚɪɚ. 

В ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ (2.1.7) ɢɦɟɟɦ: 
nM =α ;   nM =−1α .                                             (2.6.1) 

ɉɭɫɬɶ 
M

M

M vu 1,1,0,01,1
1

α= .                                                (2.6.2) 

Ⱦɥɹ ɜɫɟɯ 0...,,2 ,1 −−= MMp ;  pNi  ..., 1, ,01 = ;  pNi  ..., 1, ,02 =  ɩɪɨɢɡɜɨɞɢɦ 

ɜɵɱɢɫɥɟɧɢɹ ɩɨ ɮɨɪɦɭɥɚɦ 

⎥⎦
⎤⎢⎣
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2
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2
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j ;                                       (2.6.3) 

1
2

1
1

21 )1(   ,)1( ++ −=−= ii zz ;                                        (2.6.4) 

1
,,,1,121,,1,02,,0,11, 2121212121

)(
1 ++++= p

jj
p

jj
p

jj
p

jj
p

p
ii uvzzvzvzu α ;               (2.6.5) 



Ɇɚɬɟɦɚɬɢɱɟɫɤɢɟ ɨɫɧɨɜɵ ɦɧɨɝɨɭɪɨɜɧɟɜɵɯ ɱɢɫɥɟɧɧɵɯ ɦɟɬɨɞɨɜ ɨɩɪɟɞɟɥɟɧɢɹ ɥɨɤɚɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɧɨ-
ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ ɫɨɫɬɨɹɧɢɹ ɫɬɪɨɢɬɟɥɶɧɵɯ  ɤɨɧɫɬɪɭɤɰɢɣ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ  ɤɪɚɬɧɨɦɚɫɲɬɚɛɧɨɝɨ ɜɟɣɜɥɟɬ-ɚɧɚɥɢɡɚ 
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pp αα
2
1

1 =− .                                                  (2.6.6) 

В ɢɬɨɝɟ ɢɦɟɟɦ: 
0

,21 21
),( iiuiif = ,   ni  ..., 1, ,01 = ,   ni  ..., 1, ,02 = .                     (2.6.6) 

ɋ ɭɱɟɬɨɦ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɜ ɮɨɪɦɟ (2.3.1) ɦɨɠɟɦ ɫɤɨɪɪɟɤɬɢɪɨɜɚɬɶ ɚɥɝɨɪɢɬɦ (2.6.1)-
(2.6.6). 

Иɦɟɟɦ: 

nM =α ;   nM =−1α ;   2

1
n

M
T fg

tot α= .                           (2.6.7) 

Ⱦɥɹ ɜɫɟɯ 0...,,2 ,1 −−= MMp ;  pNi ⋅= 2 ..., 1, ,01 ;  pNi ⋅= 2 ..., 1, ,02  ɩɪɨɢɡ-
ɜɨɞɢɦ ɜɵɱɢɫɥɟɧɢɹ ɩɨ ɮɨɪɦɭɥɚɦ 
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j ;                                       (2.6.8) 
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1
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21 )1(   ,)1( ++ −=−= ii zz ;                                        (2.6.9) 
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        (2.6.10) 

pp αα
2
1

1 =− .                                                  (2.6.11) 

В ɢɬɨɝɟ ɢɦɟɟɦ: 

niigiif ⋅−+= )1(21 21
),( ,   ni  ..., 2, ,11 = ,   ni  ..., 2, ,12 = .                  (2.6.12) 

Ɂɞɟɫɶ totk Tkg  ..., 2, ,1  , =  – ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɟ ɜɟɥɢɱɢɧɵ. 

В ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɪɚɫɫɦɨɬɪɢɦ ɡɚɞɚɱɭ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɮɭɧɤɰɢɢ  
)exp(),( 2

2
2
1121 xxxxxf −−⋅= , 

ɪɚɡɥɨɠɟɧɧɨɣ ɜ ɪɹɞ ɩɨ ɛɚɡɢɫɭ ɏɚɚɪɚ ɧɚ ɨɛɥɚɫɬɢ  
} 20   ,40   :),( { 2121 ≤≤≤≤=Ω xxxx . 

Кɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫ. 2.6.1, ɢɦɟɟɬ ɦɟɫɬɨ ɩɨɥɧɨɟ ɫɨɨɬɜɟɬɫɬɜɢɟ ɦɟɠɞɭ ɡɧɚɱɟɧɢɹɦɢ ɢɫɯɨɞ-
ɧɨɣ ɮɭɧɤɰɢɢ ɜ ɬɨɱɤɚɯ nixi  ..., 2, ,1  , = , ɡɧɚɱɟɧɢɹɦɢ ɪɚɡɥɨɠɟɧɢɹ ɮɭɧɤɰɢɢ ɜ ɪɹɞ ɩɨ ɛɚɡɢɫɭ 
ɏɚɚɪɚ (ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɷɬɨɝɨ ɪɚɡɥɨɠɟɧɢɹ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɚɥɝɨɪɢɬɦ А.Ȼ. Ɂɨɥɨɬɨɜɚ ɩɪɹɦɨɝɨ 
ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɩɪɢ ɡɧɚɱɟɧɢɢ 6=M ) ɢ ɜɨɫɫɬɚɧɨɜɥɟɧɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɢɫɯɨɞɧɨɣ 
ɮɭɧɤɰɢɢ (ɞɥɹ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɮɭɧɤɰɢɢ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɚɥɝɨɪɢɬɦ А.Ȼ. Ɂɨɥɨɬɨɜɚ ɨɛɪɚɬɧɨɝɨ 
ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɩɪɢ ɡɧɚɱɟɧɢɢ 6=M ). 
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Ɋɢɫ. 2.6.1. ɋɨɩɨɫɬɚɜɥɟɧɢɟ ɮɭɧɤɰɢɢ )exp(),( 2

2
2
1121 xxxxxf −−⋅= , ɟɟ ɪɚɡɥɨɠɟɧɢɹ ɜ ɪɹɞ 

ɏɚɚɪɚ ɜ ɨɛɥɚɫɬɢ } 20   ,40   :),( { 2121 ≤≤≤≤=Ω xxxx  ɢ ɜɨɫɫɬɚɧɨɜɥɟɧɧɵɯ 
ɡɧɚɱɟɧɢɣ ɮɭɧɤɰɢɢ ɧɚ ɨɬɪɟɡɤɟ. 

 
Ɂɚɤлючеɧие. 
ɉɪɟɞɫɬɚɜɥɟɧɧɵɟ ɚɥɝɨɪɢɬɦɵ ɚɧɚɥɢɡɚ ɢ ɫɢɧɬɟɡɚ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɷɮɮɟɤɬɢɜɧɨɝɨ ɪɟ-

ɲɟɧɢɹ ɤɪɚɟɜɵɯ ɡɚɞɚɱ, ɜ ɱɚɫɬɧɨɫɬɢ ɞɥɹ ɦɧɨɝɨɭɪɨɜɧɟɜɨɝɨ (ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɥɨɤɚɥɶɧɨɝɨ) ɚɧɚɥɢɡɚ 
ɪɚɛɨɬɵ ɤɨɧɫɬɪɭɤɰɢɣ [10]. 

 
Ɂɚɦечɚɧиɹ.  
Иɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɜ ɪɚɦɤɚɯ ɫɥɟɞɭɸɳɢɯ ɪɚɛɨɬ: 
1. Ƚɪɚɧɬ ɇɒ-8684.2010.8 ɉɪɟɡɢɞɟɧɬɚ Ɋɨɫɫɢɣɫɤɨɣ Фɟɞɟɪɚɰɢɢ ɞɥɹ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ 

ɩɨɞɞɟɪɠɤɢ ɜɟɞɭɳɢɯ ɧɚɭɱɧɵɯ ɲɤɨɥ Ɋɨɫɫɢɣɫɤɨɣ Фɟɞɟɪɚɰɢɢ «Ɇɧɨɝɨɭɪɨɜɧɟɜɵɟ ɱɢɫɥɟɧɧɵɟ, 
ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɦɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɱɧɨɫɬɢ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ 
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АɇɇɈɌАЦИə:  ɋɬɚɬɶɹ ɩɨɫɜɹɳɟɧɚ ɢɫɫɥɟɞɨɜɚɧɢɹɦ ɚɷɪɨɞɢɧɚɦɢɤɢ ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɩɪɢɡɦɵ ɫ ɫɨɨɬɧɨɲɟɧɢ-
ɟɦ ɫɬɨɪɨɧ ɜ ɩɨɩɟɪɟɱɧɨɦ ɫɟɱɟɧɢɢ 1:4, ɯɚɪɚɤɬɟɪɧɵɦ ɞɥɹ ɨɛɴɟɤɬɨɜ ɫɬɪɨɢɬɟɥɶɫɬɜɚ. ɉɨ ɱɢɫɥɟɧɧɨɣ ɦɟɬɨɞɢɤɟ ɜ 
ɩɪɨɝɪɚɦɦɧɨɦ ɤɨɦɩɥɟɤɫɟ ANSYS CFX ɜɵɩɨɥɧɟɧɵ ɪɚɫɱɟɬɵ ɜ ɫɬɚɰɢɨɧɚɪɧɨɣ ɢ ɧɟɫɬɚɰɢɨɧɚɪɧɨɣ ɩɨɫɬɚɧɨɜ-
ɤɚɯ ɞɥɹ ɞɜɭɯ ɜɚɪɢɚɧɬɨɜ ɦɨɞɟɥɟɣ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ – k-İ ɢ SST. ɉɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɱɢɫɥɟɧɧɨɝɨ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢ ɫɨɩɨɫɬɚɜɥɟɧɢɟ ɢɯ ɫ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ, ɩɨɥɭɱɟɧɧɵɦɢ ɜ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɣ 
ɬɪɭɛɟ Ɋɭɪɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ Ȼɨɯɭɦɚ (Ƚɟɪɦɚɧɢɹ). 
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COMPARATIVE ANALYSIS OF NUMERICAL AND  
EXPERIMENTAL MODELING OF TURBULENT FLOW 
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ABSTRACT: Present paper is devoted to study of the aerodynamics of the rectangular cylinder with an aspect 
ratio of 1:4 in the cross section, typical for the structures of civil engineering. There were performed several 
types of the computational simulation for different types of turbulence models – RANS k-ɛ  and RANS SST by 
using numerical methods in software ANSYS CFX .The task was solved for steady and unsteady cases. Results 
of numerical simulation of aerodynamics problem  were analyzed and compared with the datas obtained in a 
wind tunnel of Ruhr University Bochum (Germany). 
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1. ВВȿȾȿɇИȿ 
 
Иɫɫɥɟɞɨɜɚɧɢɹ ɜɟɬɪɨɜɨɣ ɚɷɪɨɞɢɧɚɦɢɤɢ ɩɪɹ-
ɦɨɭɝɨɥɶɧɵɯ ɩɪɢɡɦ ɫ ɪɚɡɥɢɱɧɵɦ ɫɨɨɬɧɨɲɟɧɢ-
ɟɦ ɫɬɨɪɨɧ, ɩɪɨɜɟɞɟɧɧɵɟ ɜ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɢɯ 
ɬɪɭɛɚɯ (АȾɌ) ɢ ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜ ɪɚɛɨɬɚɯ 
Ɉɤɚɞɠɢɦɵ [5] ɢ ɇɨɪɛɟɪɝɚ [4], ɩɪɢɜɥɟɤɥɢ ɤ 
ɫɟɛɟ ɜɧɢɦɚɧɢɟ ɧɚɭɱɧɨɝɨ ɫɨɨɛɳɟɫɬɜɚ. ɋ ɨɞɧɨɣ 
ɫɬɨɪɨɧɵ, ɩɨɜɟɞɟɧɢɟ ɩɨɬɨɤɨɜ ɩɪɢ ɧɢɡɤɢɯ ɱɢɫ-
ɥɚɯ Ɋɟɣɧɨɥɶɞɫɚ (Re ≤ 104) ɛɵɥɨ ɯɨɪɨɲɨ ɢɫ-
ɫɥɟɞɨɜɚɧɨ, ɫ ɞɪɭɝɨɣ – ɨɫɨɛɵɣ ɩɪɚɤɬɢɱɟɫɤɢɣ 
ɢɧɬɟɪɟɫ ɜɵɡɜɚɥɢ ɩɨɬɨɤɢ ɫ ɱɢɫɥɚɦɢ Ɋɟɣɧɨɥɶɞ-
ɫɚ Re ≥ 104. Ȼɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ ɜɥɢɹɧɢɟ ɫɨɨɬ-
ɧɨɲɟɧɢɹ ɯɚɪɚɤɬɟɪɧɵɯ ɪɚɡɦɟɪɨɜ ɩɪɢɡɦɵ ɧɚ 

ɩɨɜɟɞɟɧɢɟ ɩɨɬɨɤɚ. В Ɇɢɥɚɧɟ ɜ ɢɸɧɟ 2008 ɝɨ-
ɞɚ ɧɚ ɦɟɠɞɭɧɚɪɨɞɧɨɣ ɤɨɧɮɟɪɟɧɰɢɢ, ɩɨɫɜɹ-
ɳɟɧɧɨɣ ɜɨɩɪɨɫɚɦ ɫɬɪɨɢɬɟɥɶɧɨɣ ɜɟɬɪɨɜɨɣ ɚɷ-
ɪɨɞɢɧɚɦɢɤɢ, ɛɵɥ ɨɛɴɹɜɥɟɧ "ɛɷɧɱɦɚɪɤ" 
(BARC benchmark) – ɢɫɫɥɟɞɨɜɚɧɢɟ ɚɷɪɨɞɢ-
ɧɚɦɢɤɢ ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɩɪɢɡɦɵ ɫ ɫɨɨɬɧɨɲɟ-
ɧɢɟɦ ɫɬɨɪɨɧ ɜ ɩɨɩɟɪɟɱɧɨɦ ɫɟɱɟɧɢɢ 1:5 [2]. 
Ɍɚɤɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɫɬɨɪɨɧ ɛɵɥɨ ɜɵɛɪɚɧɨ ɧɟ 
ɬɨɥɶɤɨ ɫ ɰɟɥɶɸ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚ-
ɧɢɣ, ɧɨ ɢ ɩɨɥɭɱɟɧɢɹ ɢɫɱɟɪɩɵɜɚɸɳɟɣ ɢɧɮɨɪ-
ɦɚɰɢɢ, ɨɫɧɨɜɚɧɧɨɣ ɧɚ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚ-
ɬɚɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɚɷɪɨɞɢɧɚɦɢɤɢ ɲɢɪɨɤɨɝɨ 
ɫɩɟɤɬɪɚ ɩɥɨɯɨɨɛɬɟɤɚɟɦɵɯ ɬɟɥ, ɩɪɟɞɫɬɚɜɥɹɸ-
ɳɢɯ ɢɧɬɟɪɟɫ ɜ ɝɪɚɠɞɚɧɫɤɨɦ ɫɬɪɨɢɬɟɥɶɫɬɜɟ 
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(ɧɚɩɪɢɦɟɪ, ɬɚɤɢɯ ɤɚɤ, ɛɨɥɶɲɟɩɪɨɥɟɬɧɵɟ ɦɨɫ-
ɬɵ, ɜɵɫɨɬɧɵɟ ɡɞɚɧɢɹ ɢ ɬ. ɞ.). Аɜɬɨɪɨɦ ɞɚɧɧɨɣ 
ɫɬɚɬɶɢ ɛɵɥɢ ɢɡɭɱɟɧɵ ɩɭɛɥɢɤɚɰɢɢ ɩɨ ɨɛɴɹɜ-
ɥɟɧɧɨɣ ɡɚɞɚɱɟ, ɜɧɭɲɢɬɟɥɶɧɵɣ ɨɛɴɟɦ  ɤɨɬɨ-
ɪɵɯ ɛɵɥ ɩɪɟɞɫɬɚɜɥɟɧ ɢ ɧɚ ɩɨɫɥɟɞɧɟɣ Ɇɟɠɞɭ-
ɧɚɪɨɞɧɨɣ ɤɨɧɮɟɪɟɧɰɢɢ (13th International 
Conference on Wind Engineering) ɜ Аɦɫɬɟɪɞɚ-
ɦɟ (ɇɢɞɟɪɥɚɧɞɵ) ɜ ɢɸɥɟ 2011 ɝɨɞɚ, ɢ ɩɪɨɜɟ-
ɞɟɧ ɪɹɞ ɱɢɫɥɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ, ɪɟɡɭɥɶɬɚ-
ɬɵ ɤɨɬɨɪɵɯ ɛɵɥɢ ɨɩɭɛɥɢɤɨɜɚɧɵ ɪɚɧɟɟ [8]. 
Ɉɩɢɪɚɹɫɶ ɧɚ ɢɡɭɱɟɧɧɵɣ ɨɩɵɬ, ɫɨɜɦɟɫɬɧɨ ɫ 
ɤɨɥɥɟɝɚɦɢ ɢɡ Ɋɭɪɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ Ȼɨɯɭɦɚ 
(Ƚɟɪɦɚɧɢɹ) ɛɵɥɚ ɩɨɫɬɚɜɥɟɧɚ ɢ ɱɚɫɬɢɱɧɨ ɪɟ-
ɲɟɧɚ ɡɚɞɚɱɚ – ɢɫɫɥɟɞɨɜɚɧɢɟ ɚɷɪɨɞɢɧɚɦɢɤɢ 
ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɩɪɢɡɦɵ ɫ ɫɨɨɬɧɨɲɟɧɢɟɦ ɫɬɨ-
ɪɨɧ ɜ ɩɨɩɟɪɟɱɧɨɦ ɫɟɱɟɧɢɢ 1:4. Ɂɚɞɚɱɚ ɪɟɲɚ-
ɥɚɫɶ ɦɟɬɨɞɚɦɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɢ ɱɢɫɥɟɧɧɨ-
ɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. Вɵɛɪɚɧɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ 
ɫɬɨɪɨɧ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɦɨɞɟɥɢ ɪɟɚɥɶɧɨɝɨ ɦɨɫ-
ɬɚ, ɞɥɹ ɤɨɬɨɪɨɣ ɛɵɥ ɩɪɨɜɟɞɟɧ ɷɤɫɩɟɪɢɦɟɧɬ ɜ 
АȾɌ Ɋɭɪɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ Ȼɨɯɭɦɚ. Ɋɟɡɭɥɶ-
ɬɚɬɵ ɷɬɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ-"ɩɪɨɞɭɜɤɢ" ɛɵɥɢ 
ɩɪɟɞɨɫɬɚɜɥɟɧɵ ɞɥɹ ɜɟɪɢɮɢɤɚɰɢɢ ɱɢɫɥɟɧɧɨɣ 
ɦɨɞɟɥɢ, ɚ ɬɚɤɠɟ ɫɨɩɨɫɬɚɜɥɟɧɢɹ ɢ ɚɧɚɥɢɡɚ ɪɟ-
ɡɭɥɶɬɚɬɨɜ. 
В ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ ɢɧɫɬɪɭɦɟɧ-
ɬɚ ɜɵɛɪɚɧ ɥɢɰɟɧɡɢɨɧɧɵɣ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧ-
ɧɵɣ ɉК ANSYS CFX, ɭɫɬɚɧɨɜɥɟɧɧɵɣ ɜ ɇɈЦ 
КɆ ɆȽɋɍ. 
 
2. ɉɈɋɌАɇɈВКА ɁАȾАЧИ 
 
Ɉɛɴɟɤɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɵɛɪɚɧ ɩɪɹɦɨɭɝɨɥɶ-
ɧɵɣ ɩɚɪɚɥɥɟɥɟɩɢɩɟɞ ɫ ɫɨɨɬɧɨɲɟɧɢɟɦ ɫɬɨɪɨɧ 
ɜ ɩɨɩɟɪɟɱɧɨɦ ɫɟɱɟɧɢɢ B/D=4 (B=0.241 ɦ, 
D=0.0605 ɦ). ɇɚ ɩɟɪɜɨɦ ɷɬɚɩɟ – ɜɟɪɢɮɢɤɚɰɢɢ 
ɱɢɫɥɟɧɧɨɣ ɦɨɞɟɥɢ ɢ ɜɵɛɨɪɚ ɧɚɢɛɨɥɟɟ ɚɞɟɤ-
ɜɚɬɧɨɣ ɢ ɷɮɮɟɤɬɢɜɧɨɣ ɦɨɞɟɥɢ ɬɭɪɛɭɥɟɧɬɧɨ-
ɫɬɢ ɢ ɞɪɭɝɢɯ ɱɢɫɥɟɧɧɵɯ ɢ ɮɢɡɢɱɟɫɤɢɯ ɩɚɪɚ-
ɦɟɬɪɨɜ –, ɤɨɬɨɪɨɦɭ ɩɨɫɜɹɳɟɧɚ ɧɚɫɬɨɹɳɚɹ 
ɫɬɚɬɶɹ, ɩɨɫɬɚɜɥɟɧɧɚɹ ɡɚɞɚɱɚ ɪɟɲɚɥɚɫɶ ɜ ɞɜɭ-
ɦɟɪɧɨɣ ɩɨɫɬɚɧɨɜɤɟ. В ɤɚɱɟɫɬɜɟ ɷɬɚɥɨɧɚ ɛɵɥɢ 
ɩɪɢɧɹɬɵ ɪɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚ, ɩɪɨɜɟ-
ɞɟɧɧɨɝɨ ɜ АȾɌ Ɋɭɪɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ Ȼɨɯɭ-
ɦɚ. Ⱦɥɹ ɡɚɦɟɪɚ ɜɟɬɪɨɜɵɯ ɞɚɜɥɟɧɢɣ ɷɤɫɩɟɪɢ-
ɦɟɧɬɚɥɶɧɚɹ ɦɨɞɟɥɶ ɛɵɥɚ ɨɛɨɪɭɞɨɜɚɧɚ 40 ɞɚɬ-
ɱɢɤɚɦɢ, ɪɚɫɩɨɥɨɠɟɧɧɵɦɢ ɩɨ ɩɟɪɢɦɟɬɪɭ ɩɨ-

ɩɟɪɟɱɧɨɝɨ ɰɟɧɬɪɚɥɶɧɨɝɨ ɫɟɱɟɧɢɹ ɩɚɪɚɥɥɟɥɟ-
ɩɢɩɟɞɚ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɢɫ. 1. 

 
Ɋɢɫ. 1. Ɋɚɫɩɨɥɨɠɟɧɢɟ ɞɚɬɱɢɤɨɜ ɞɥɹ ɡɚɦɟɪɚ 
ɜɟɬɪɨɜɵɯ ɞɚɜɥɟɧɢɣ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɴɟɤɬɚ 

 
Ɋɚɫɱɟɬɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɜɟɬɪɚ ɛɵɥ ɜɵɛɪɚɧ 
ɭɝɨɥ ɚɬɚɤɢ ɜɟɬɪɚ α = 0°.  
 
3. ɈɉИɋАɇИȿ ɆАɌȿɆАɌИЧȿɋКɈɃ 
ɆɈȾȿɅИ 
 
Ɉɫɧɨɜɧɵɟ ɭɪɚɜɧɟɧɢɹ 
Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɚɫɱɟ-
ɬɚ, ɚ ɢɦɟɧɧɨ, ɧɚɯɨɠɞɟɧɢɹ ɩɨɥɟɣ ɫɤɨɪɨɫɬɟɣ ɢ 
ɞɚɜɥɟɧɢɣ ɜɟɬɪɚ (ux, uy, uz, p), ɧɟɨɛɯɨɞɢɦɨ ɪɟ-
ɲɢɬɶ ɫɢɫɬɟɦɭ ɧɟɥɢɧɟɣɧɵɯ ɞɢɮɮɟɪɟɧɰɢɚɥɶ-
ɧɵɯ ɭɪɚɜɧɟɧɢɣ ɜ ɱɚɫɬɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ ɜɬɨ-
ɪɨɝɨ ɩɨɪɹɞɤɚ – ɭɪɚɜɧɟɧɢɹ ɇɚɜɶɟ-ɋɬɨɤɫɚ: 
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ɢ ɭɪɚɜɧɟɧɢɣ ɧɟɪɚɡɪɵɜɧɨɫɬɢ (ɫɩɥɨɲɧɨɫɬɢ): 
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ɝɞɟ ρ – ɩɥɨɬɧɨɫɬɶ ɫɪɟɞɵ (ρ = const ɞɥɹ ɧɟ-
ɫɠɢɦɚɟɦɨɣ ɠɢɞɤɨɫɬɢ ɢɥɢ ɝɚɡɚ); x, y, z – ɤɨɨɪ-
ɞɢɧɚɬɵ ɠɢɞɤɨɣ ɱɚɫɬɢɰɵ; ux, uy, uz – ɩɪɨɟɤɰɢɢ 
ɫɤɨɪɨɫɬɢ ɠɢɞɤɨɣ ɱɚɫɬɢɰɵ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ;  
X, Y, Z – ɩɪɨɟɤɰɢɢ ɦɚɫɫɨɜɵɯ ɫɢɥ; p – ɞɚɜɥɟ-
ɧɢɟ; t – ɜɪɟɦɹ; ν – ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ. 
Ⱦɥɹ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɭɪɚɜɧɟɧɢɣ (1), (2) ɬɪɟɛɭ-
ɟɬɫɹ ɡɚɞɚɬɶ ɧɚɱɚɥɶɧɵɟ (ɟɫɥɢ ɞɜɢɠɟɧɢɟ ɧɟ ɹɜ-
ɥɹɟɬɫɹ ɫɬɚɰɢɨɧɚɪɧɵɦ) ɢ ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ, 



ɋɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɱɢɫɥɟɧɧɨɝɨ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ  
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɬɭɪɛɭɥɟɧɬɧɨɝɨ ɜɨɡɞɭɲɧɨɝɨ ɩɨɬɨɤɚ ɜ ɡɨɧɟ ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɩɪɢɡɦɵ 
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ɨɞɧɢɦɢ ɢɡ ɤɨɬɨɪɵɯ ɞɥɹ ɜɹɡɤɨɣ ɠɢɞɤɨɫɬɢ ɹɜ-
ɥɹɸɬɫɹ ɭɫɥɨɜɢɹ "ɩɪɢɥɢɩɚɧɢɹ", ɬ.ɟ. ɪɚɜɟɧɫɬɜɨ 
ɧɭɥɸ ɫɤɨɪɨɫɬɢ ɠɢɞɤɨɫɬɢ ɧɚ ɫɬɟɧɤɟ. В ɨɛɳɟɦ 
ɫɥɭɱɚɟ (ɞɜɢɠɟɧɢɟ ɫɠɢɦɚɟɦɨɣ ɢ ɧɚɝɪɟɜɚɟɦɨɣ 
ɠɢɞɤɨɫɬɢ) ɜ ɭɪɚɜɧɟɧɢɹɯ ɇɚɜɶɟ-ɋɬɨɤɫɚ ɭɱɢ-
ɬɵɜɚɟɬɫɹ ɟɳё ɩɟɪɟɦɟɧɧɨɫɬɶ ρ ɢ ɡɚɜɢɫɢɦɨɫɬɶ 
µ (ɞɢɧɚɦɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ) ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ, 
ɱɬɨ ɢɡɦɟɧɹɟɬ ɜɢɞ ɭɪɚɜɧɟɧɢɣ. ɉɪɢ ɷɬɨɦ ɞɨ-
ɩɨɥɧɢɬɟɥɶɧɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɭɪɚɜɧɟɧɢɟ ɛɚɥɚɧ-
ɫɚ ɷɧɟɪɝɢɢ ɢ ɭɪɚɜɧɟɧɢɟ ɫɨɫɬɨɹɧɢɹ (Кɥɚɩɟɣ-
ɪɨɧɚ). 
 
Ɇɨɞɟɥɢ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ 
Ⱦɥɹ ɤɚɠɞɨɝɨ ɜɢɞɚ ɬɟɱɟɧɢɹ ɫɭɳɟɫɬɜɭɟɬ ɤɪɢɬɢ-
ɱɟɫɤɨɟ ɱɢɫɥɨ Ɋɟɣɧɨɥɶɞɫɚ, Recr, ɤɨɬɨɪɨɟ, ɤɚɤ 
ɩɪɢɧɹɬɨ ɫɱɢɬɚɬɶ, ɨɩɪɟɞɟɥɹɟɬ ɩɟɪɟɯɨɞ ɨɬ ɥɚ-
ɦɢɧɚɪɧɨɝɨ ɬɟɱɟɧɢɹ ɤ ɬɭɪɛɭɥɟɧɬɧɨɦɭ. ɉɪɢ 
Re < Recr ɬɟɱɟɧɢɟ ɩɪɨɢɫɯɨɞɢɬ ɜ ɥɚɦɢɧɚɪɧɨɦ 
ɪɟɠɢɦɟ, ɩɪɢ Re > Recr ɜɨɡɦɨɠɧɨ ɜɨɡɧɢɤɧɨɜɟ-
ɧɢɟ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ. Кɪɢɬɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ 
ɱɢɫɥɚ Ɋɟɣɧɨɥɶɞɫɚ ɡɚɜɢɫɢɬ ɨɬ ɤɨɧɤɪɟɬɧɨɝɨ ɜɢ-
ɞɚ ɬɟɱɟɧɢɹ (ɬɟɱɟɧɢɟ ɜ ɤɪɭɝɥɨɣ ɬɪɭɛɟ, ɨɛɬɟɤɚ-
ɧɢɟ ɲɚɪɚ ɢ ɬ. ɩ.). В ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɡɚɞɚɱɟ 
ɱɢɫɥɨ Ɋɟɣɧɨɥɶɞɫɚ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 
Re = 2·104, ɬ.ɟ. ɬɟɱɟɧɢɟ ɩɪɨɢɫɯɨɞɢɬ ɜ ɬɭɪɛɭ-
ɥɟɧɬɧɨɦ ɪɟɠɢɦɟ. Ɉɬɦɟɬɢɦ, ɱɬɨ ɞɥɹ ɨɩɢɫɚɧɢɹ 
ɪɟɚɥɶɧɵɯ ɬɟɱɟɧɢɣ ɩɪɢɟɦɥɟɦɭɸ ɬɨɱɧɨɫɬɶ 
ɱɢɫɥɟɧɧɨɝɨ ɪɟɲɟɧɢɹ ɭɪɚɜɧɟɧɢɣ ɇɚɜɶɟ-
ɋɬɨɤɫɚ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɬɨɥɶɤɨ ɩɪɢ ɬɚɤɨɣ 
ɪɚɫɱёɬɧɨɣ ɫɟɬɤɟ, ɹɱɟɣɤɢ ɤɨɬɨɪɨɣ ɦɟɧɶɲɟ ɫɚ-
ɦɨɝɨ ɦɟɥɤɨɝɨ ɜɢɯɪɹ. Эɬɨ ɬɪɟɛɭɟɬ ɨɱɟɧɶ 
ɛɨɥɶɲɢɯ ɡɚɬɪɚɬ ɪɚɫɱёɬɧɨɝɨ ɜɪɟɦɟɧɢ ɞɚɠɟ ɧɚ 
ɫɨɜɪɟɦɟɧɧɵɯ ɤɨɦɩɶɸɬɟɪɚɯ ɢ ɤɥɚɫɬɟɪɚɯ. Ɇɨ-
ɞɟɥɢ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ ɠɟ ɭɩɪɨɳɚɸɬ ɪɚɫɱёɬ 
ɪɟɚɥɶɧɵɯ ɩɨɬɨɤɨɜ. 
В ɧɚɫɬɨɹɳɢɣ ɦɨɦɟɧɬ ɫɨɡɞɚɧɨ ɛɨɥɶɲɨɟ ɤɨɥɢ-
ɱɟɫɬɜɨ ɪɚɡɧɨɨɛɪɚɡɧɵɯ ɦɨɞɟɥɟɣ ɞɥɹ ɪɚɫɱёɬɚ 
ɬɭɪɛɭɥɟɧɬɧɵɯ ɬɟɱɟɧɢɣ. Ɉɧɢ ɨɬɥɢɱɚɸɬɫɹ ɞɪɭɝ 
ɨɬ ɞɪɭɝɚ ɫɥɨɠɧɨɫɬɶɸ ɪɟɲɟɧɢɹ ɢ ɬɨɱɧɨɫɬɶɸ 
ɨɩɢɫɚɧɢɹ ɬɟɱɟɧɢɹ. 
Ɉɫɧɨɜɧɚɹ ɢɞɟɹ ɦɨɞɟɥɟɣ ɫɜɨɞɢɬɫɹ ɤ ɩɪɟɞɩɨ-
ɥɨɠɟɧɢɸ ɨ ɫɭɳɟɫɬɜɨɜɚɧɢɢ ɫɪɟɞɧɟɣ ɫɤɨɪɨɫɬɢ 
ɩɨɬɨɤɚ ɢ ɫɪɟɞɧɟɝɨ ɨɬɤɥɨɧɟɧɢɹ ɨɬ ɧɟɝɨ: 

)(')( tuutu iii += . ɉɨɫɥɟ ɭɩɪɨɳɟɧɢɹ ɭɪɚɜɧɟ-
ɧɢɣ ɇɚɜɶɟ-ɋɬɨɤɫɚ ɧɨɜɚɹ ɫɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ 
ɧɨɫɢɬ ɧɚɡɜɚɧɢɟ "ɨɫɪɟɞɧɟɧɧɵɯ ɩɨ Ɋɟɣɧɨɥɶɞɫɭ 

ɭɪɚɜɧɟɧɢɣ ɇɚɜɶɟ-ɋɬɨɤɫɚ" (Reynolds averaged 
Navier-Stoks, RANS): 
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ɝɞɟ p  – ɫɪɟɞɧɢɟ ɞɚɜɥɟɧɢɹ, ɢɧɞɟɤɫɵ i=1,2,3 ɢ 
j=1,2,3 ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɤɨɨɪɞɢɧɚɬɚɦ x ,y ,z. 
ɋɞɜɢɝɨɜɵɟ (ɪɟɣɧɨɥɶɞɫɨɜɵ) ɧɚɩɪɹɠɟɧɢɹ 

ji uu ''ρ  ɹɜɥɹɸɬɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦɢ ɲɟɫɬɶɸ 

ɧɟɢɡɜɟɫɬɧɵɦɢ ɤ ɩɚɪɚɦɟɬɪɚɦ ɨɫɪɟɞɧɟɧɧɨɝɨ 
ɞɜɢɠɟɧɢɹ ( iu , p ) ɢ ɚɩɩɪɨɤɫɢɦɢɪɭɸɬɫɹ, ɤɚɤ 
ɩɪɚɜɢɥɨ, ɩɨ ɝɢɩɨɬɟɡɟ Ȼɭɫɫɢɧɟɫɤɚ: 
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ɝɞɟ μɌ – ɞɨɩɨɥɧɢɬɟɥɶɧɚɹ ɜɹɡɤɨɫɬɶ, ɜɵɡɜɚɧɧɚɹ 
ɩɭɥɶɫɚɰɢɹɦɢ; k – ɨɫɪɟɞɧɟɧɧɚɹ ɷɧɟɪɝɢɹ ɬɭɪɛɭ-
ɥɟɧɬɧɵɯ ɩɭɥɶɫɚɰɢɣ (TKE). 
ɇɨɜɚɹ ɫɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɧɟ-
ɡɚɦɤɧɭɬɭɸ. ɋɩɨɫɨɛɨɦ, ɩɨɡɜɨɥɹɸɳɢɦ ɡɚɦɤɧɭɬɶ 
ɫɢɫɬɟɦɭ, ɹɜɥɹɟɬɫɹ ɩɪɢɜɥɟɱɟɧɢɟ ɩɨɥɭɷɦɩɢɪɢɱɟ-
ɫɤɢɯ ɫɨɨɬɧɨɲɟɧɢɣ (ɦɨɞɟɥɟɣ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ), 
ɫɜɹɡɵɜɚɸɳɢɯ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɱɥɟɧɵ (ɧɚɩɪɹ-
ɠɟɧɢɹ Ɋɟɣɧɨɥɶɞɫɚ) ɫ ɨɫɪɟɞɧɟɧɧɵɦɢ ɩɨ ɜɪɟɦɟ-
ɧɢ ɤɨɦɩɨɧɟɧɬɚɦɢ ɫɤɨɪɨɫɬɢ. 
ɉɨɫɬɚɜɥɟɧɧɚɹ ɩɟɪɟɞ ɧɚɦɢ ɡɚɞɚɱɚ ɪɟɲɚɥɚɫɶ ɩɪɢ 
ɩɨɦɨɳɢ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɨɰɟɫɫɚ 
ɨɛɬɟɤɚɧɢɹ ɨɛɴɟɤɬɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɥɟɞɭɸ-
ɳɢɯ ɦɨɞɟɥɟɣ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ: k-ε ɢ SST. 
Ⱦɨ ɧɟɞɚɜɧɟɝɨ ɜɪɟɦɟɧɢ ɧɚɢɛɨɥɶɲɟɣ ɩɨɩɭɥɹɪ-
ɧɨɫɬɶɸ ɫɪɟɞɢ RANS ɦɨɞɟɥɟɣ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ 
ɩɨɥɶɡɨɜɚɥɢɫɶ ɞɜɭɯɩɚɪɚɦɟɬɪɢɱɟɫɤɢɟ ɦɨɞɟɥɢ, 
ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɪɚɫɫɦɨɬɪɟɧɢɢ ɤɢɧɟɬɢɱɟɫɤɨɣ 
ɷɧɟɪɝɢɢ ɬɭɪɛɭɥɟɧɬɧɵɯ ɩɭɥɶɫɚɰɢɣ k. В ɤɚɱɟ-
ɫɬɜɟ ɜɬɨɪɨɝɨ ɭɪɚɜɧɟɧɢɹ ɢɫɩɨɥɶɡɭɸɬ ɥɢɛɨ 
ɭɪɚɜɧɟɧɢɟ ɩɟɪɟɧɨɫɚ ɫɤɨɪɨɫɬɢ ɞɢɫɫɢɩɚɰɢɢ 
ɷɧɟɪɝɢɢ İ ɢɥɢ ɭɞɟɥɶɧɨɣ ɫɤɨɪɨɫɬɢ ɞɢɫɫɢɩɚɰɢɢ 
ɷɧɟɪɝɢɢ ω; ɦɨɞɟɥɢ ɩɪɢɧɹɬɨ ɧɚɡɵɜɚɬɶ “k-İ” ɢ 
“k-ω”, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
Ɉɫɧɨɜɵɜɚɹɫɶ ɧɚ ɬɨɦ, ɱɬɨ ɦɨɞɟɥɢ ɬɭɪɛɭɥɟɧɬ-
ɧɨɫɬɢ ɬɢɩɚ "k-İ" ɫ ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɶɸ ɞɨɫɬɨ-
ɜɟɪɧɨɫɬɢ ɨɩɢɫɵɜɚɸɬ ɫɞɜɢɝɨɜɵɟ ɬɟɱɟɧɢɹ ɧɚ 
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ɭɞɚɥɟɧɢɢ ɨɬ ɫɬɟɧɤɢ, ɚ ɦɨɞɟɥɢ ɬɢɩɚ "k-ω" 
ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɵ ɩɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɩɪɢ-
ɫɬɟɧɨɱɧɵɯ ɬɟɱɟɧɢɣ, Ф. Ɇɟɧɬɟɪ ɜ 1993 ɝɨɞɭ 
ɩɪɟɞɥɨɠɢɥ “ɝɢɛɪɢɞɧɭɸ” ɦɨɞɟɥɶ SST (shear 
stress transport, ɩɟɪɟɧɨɫ ɫɞɜɢɝɨɜɵɯ ɧɚɩɪɹɠɟ-
ɧɢɣ). Ɇɨɞɟɥɶ ɷɮɮɟɤɬɢɜɧɨ ɫɨɱɟɬɚɟɬ ɭɫɬɨɣɱɢ-
ɜɨɫɬɶ ɢ ɬɨɱɧɨɫɬɶ ɫɬɚɧɞɚɪɬɧɨɣ k-ω ɦɨɞɟɥɢ ɜ 
ɩɪɢɫɬɟɧɨɱɧɵɯ ɨɛɥɚɫɬɹɯ ɢ ɷɮɮɟɤɬɢɜɧɨɫɬɶ k-İ 
ɦɨɞɟɥɢ ɧɚ ɭɞɚɥɟɧɢɢ ɨɬ ɫɬɟɧɨɤ ɫ ɩɥɚɜɧɵɦ ɩɟ-
ɪɟɯɨɞɨɦ ɦɟɠɞɭ ɧɢɦɢ (ɜɜɨɞɨɦ ɫɬɵɤɨɜɨɱɧɨɣ 
ɮɭɧɤɰɢɢ). 
 
ɉɪɨɫɬɪɚɧɫɬɜɟɧɧɨ-ɜɪɟɦɟɧɧɚɹ ɞɢɫɤɪɟɬɢɡɚɰɢɹ  
Вɚɠɧɵɦ ɚɫɩɟɤɬɨɦ ɪɟɲɟɧɢɹ ɭɪɚɜɧɟɧɢɣ ɇɚɜɶɟ-
ɋɬɨɤɫɚ ɹɜɥɹɟɬɫɹ ɫɯɟɦɚ ɞɢɫɤɪɟɬɢɡɚɰɢɢ. ɇɚɢ-
ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɦ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɪɢ-
ɡɧɚɧ "ɦɟɬɨɞ ɤɨɧɟɱɧɵɯ ɨɛɴɟɦɨɜ" (ɆКɈ), ɧɟ 
ɬɪɟɛɭɸɳɢɣ ɫɬɨɥɶ ɞɟɬɚɥɶɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 
ɩɨɝɪɚɧɢɱɧɨɝɨ ɫɥɨɹ, ɤɚɤ ɦɟɬɨɞ ɤɨɧɟɱɧɵɯ ɷɥɟ-
ɦɟɧɬɨɜ (ɆКЭ), ɢ ɛɨɥɟɟ ɭɞɨɛɧɵɣ ɩɪɢ ɨɩɢɫɚ-
ɧɢɢ ɫɥɨɠɧɵɯ ɪɚɫɱɟɬɧɵɯ ɨɛɥɚɫɬɟɣ ɪɟɚɥɶɧɵɯ 
ɡɚɫɬɪɨɟɤ, ɱɟɦ ɦɟɬɨɞ ɤɨɧɟɱɧɵɯ ɪɚɡɧɨɫɬɟɣ. Ⱦɥɹ 
ɩɪɨɰɟɞɭɪɵ ɞɢɫɤɪɟɬɢɡɚɰɢɢ ɢɫɩɨɥɶɡɭɸɬɫɹ 
ɫɬɚɧɞɚɪɬɧɵɟ ɩɪɨɰɟɞɭɪɵ ɪɚɡɛɢɜɤɢ ɧɚ ɤɨɧɟɱ-
ɧɵɟ ɷɥɟɦɟɧɬɵ (ɬɟɬɪɚɷɞɪɵ, ɩɢɪɚɦɢɞɵ ɢɥɢ 
ɲɟɫɬɢɝɪɚɧɧɢɤɢ), ɧɨ ɩɨɫɥɟ ɡɚɝɪɭɡɤɢ ɫɟɬɤɚ ɢɧ-
ɬɟɪɩɪɟɬɢɪɭɟɬɫɹ ɢɧɵɦ ɨɛɪɚɡɨɦ. əɱɟɣɤɢ ɜɡɚ-
ɢɦɧɨ ɫɬɵɤɭɸɬɫɹ ɫɜɨɢɦɢ ɝɪɚɧɹɦɢ. ɋɬɪɭɤɬɭɪɚ, 
ɨɛɪɚɡɨɜɚɧɧɚɹ ɹɱɟɣɤɚɦɢ, ɧɚɡɵɜɚɟɬɫɹ ɪɚɫɱɟɬ-
ɧɨɣ ɫɟɬɤɨɣ. 
Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ ɢɧɬɟɝɪɢɪɭɸɬ 
ɩɨ ɤɚɠɞɨɦɭ ɤɨɧɬɪɨɥɶɧɨɦɭ ɨɛɴɟɦɭ. Ⱦɥɹ ɜɵ-
ɱɢɫɥɟɧɢɹ ɢɧɬɟɝɪɚɥɨɜ ɢɫɩɨɥɶɡɭɸɬ ɤɭɫɨɱɧɨ-
ɧɟɩɪɟɪɵɜɧɵɟ ɮɭɧɤɰɢɢ, ɤɨɬɨɪɵɟ ɨɩɢɫɵɜɚɸɬ 
ɢɡɦɟɧɟɧɢɟ ɡɚɜɢɫɢɦɨɣ ɩɟɪɟɦɟɧɧɨɣ (ɧɚɩɪɢɦɟɪ, 
ɨɞɧɨɣ ɢɡ ɫɨɫɬɚɜɥɹɸɳɢɯ ɫɤɨɪɨɫɬɢ) ɦɟɠɞɭ ɫɟ-
ɬɨɱɧɵɦɢ ɭɡɥɚɦɢ. В ɪɟɡɭɥɶɬɚɬɟ ɧɚɯɨɞɹɬ ɞɢɫ-
ɤɪɟɬɧɵɣ ɚɧɚɥɨɝ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ ɭɪɚɜɧɟ-
ɧɢɹ. Ɋɟɡɭɥɶɬɢɪɭɸɳɚɹ ɫɢɫɬɟɦɚ ɥɢɧɟɣɧɵɯ ɚɥ-
ɝɟɛɪɚɢɱɟɫɤɢɯ ɭɪɚɜɧɟɧɢɣ (ɋɅАɍ) ɪɟɲɚɟɬɫɹ ɫ 
ɩɨɦɨɳɶɸ ɦɟɬɨɞɚ Algebraic Coupled Multigrid 
(AMG). Вɵɱɢɫɥɢɬɟɥɶɧɵɟ ɡɚɬɪɚɬɵ ɷɬɨɝɨ ɦɟ-
ɬɨɞɚ ɥɢɧɟɣɧɨ ɡɚɜɢɫɹɬ ɨɬ ɱɢɫɥɚ ɭɡɥɨɜɵɯ ɬɨ-
ɱɟɤ. 
ɋɨɜɪɟɦɟɧɧɵɟ ɩɨɞɯɨɞɵ (ɫɯɟɦɵ ɚɞɜɟɤɰɢɢ ɜɬɨ-
ɪɨɝɨ ɩɨɪɹɞɤɚ, ɩɪɢɦɟɧɟɧɢɟ ɩɪɢɫɬɟɧɨɱɧɵɯ 
ɮɭɧɤɰɢɣ ɢ ɭɜɟɥɢɱɟɧɢɟ ɱɢɫɥɚ ɬɨɱɟɤ ɢɧɬɟɝɪɢ-

ɪɨɜɚɧɢɹ ɜ ɹɱɟɣɤɟ) ɡɧɚɱɢɬɟɥɶɧɨ ɫɧɢɠɚɸɬ ɬɪɟ-
ɛɨɜɚɧɢɹ ɤ ɪɚɫɱɟɬɧɨɣ ɫɟɬɤɟ ɢ ɪɟɫɭɪɫɚɦ ЭВɆ 
[7]. 
Ⱦɥɹ ɨɰɟɧɤɢ ɫɯɨɞɢɦɨɫɬɢ ɪɟɲɟɧɢɹ ɤ ɬɨɱɧɨɦɭ 
ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɦɟɧɟɧɚ ɷɤɫɬɪɚɩɨɥɹɰɢɹ Ɋɢ-
ɱɚɪɞɫɨɧɚ [3]. 
 
4. ɈɉИɋАɇИȿ ȽȿɈɆȿɌɊИЧȿɋКɈɃ, 
ɎИɁИЧȿɋКɈɃ И КɈ-ɆɈȾȿɅȿɃ. ȽɊА-
ɇИЧɇЫȿ И ɇАЧАɅɖɇЫȿ ɍɋɅɈВИə 
 
Ƚɟɨɦɟɬɪɢɱɟɫɤɚɹ ɦɨɞɟɥɶ 
В ɤɚɱɟɫɬɜɟ ɨɛɬɟɤɚɟɦɨɝɨ ɬɟɥɚ ɛɵɥ ɜɵɛɪɚɧ ɩɚ-
ɪɚɥɥɟɥɟɩɢɩɟɞ. ɋɨɨɬɧɨɲɟɧɢɟ ɫɬɨɪɨɧ ɜ ɩɨɩɟ-
ɪɟɱɧɨɦ ɩɪɹɦɨɭɝɨɥɶɧɨɦ ɫɟɱɟɧɢɢ (ɜ ɩɥɨɫɤɨɫɬɢ 
XY) B/D=4 (ɲɢɪɢɧɚ/ɬɨɥɳɢɧɚ). ɉɨ ɨɫɢ Z ɜɵ-
ɛɢɪɚɥɫɹ ɪɚɡɦɟɪ L= Dz =0.01 ɦ. ɋɤɪɭɝɥɟɧɢɹ ɩɨ 
ɭɝɥɚɦ ɨɛɬɟɤɚɟɦɨɝɨ ɨɛɴɟɤɬɚ ɧɟ ɜɜɨɞɢɥɢɫɶ, ɬ.ɟ. 
R=0. Ɋɚɡɦɟɪɵ ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɪɚɫɱɟɬɧɨɣ ɨɛ-
ɥɚɫɬɢ ɩɨ ɨɫɢ X ɜɵɛɢɪɚɥɢɫɶ ɢɡ ɭɫɥɨɜɢɹ, ɱɬɨ 
ɩɨɬɨɤ ɜɞɚɥɢ ɨɬ ɨɛɬɟɤɚɟɦɨɝɨ ɬɟɥɚ ɫɱɢɬɚɟɬɫɹ 
ɭɫɬɚɧɨɜɢɜɲɢɦɫɹ, ɚ ɢɦɟɧɧɨ, Dx = 5 ɦ, 
Ax = 1 ɦ. Ɋɚɡɦɟɪɵ ɩɨ ɨɫɢ Y ɫɨɨɬɜɟɬɫɬɜɭɸɬ 
ɪɟɚɥɶɧɵɦ ɪɚɡɦɟɪɚɦ АȾɌ Ɋɭɪɫɤɨɝɨ ɭɧɢɜɟɪɫɢ-
ɬɟɬɚ Ȼɨɯɭɦɚ, ɚ ɢɦɟɧɧɨ, Dy = 1.6 ɦ, Dytop = 
0.88 ɦ, Dybot = 0.72 ɦ. 

 
Ɋɢɫ. 2. Ƚɟɨɦɟɬɪɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɢ ɪɚɫɱɟɬɧɚɹ 

ɨɛɥɚɫɬɶ ɫ ɨɛɨɡɧɚɱɟɧɢɟɦ ɪɚɡɦɟɪɨɜ 
 

ɇɚɱɚɥɨ ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɞɟɤɚɪɬɨɜɨɣ ɫɢɫɬɟɦɵ 
ɤɨɨɪɞɢɧɚɬ ɪɚɫɩɨɥɨɠɟɧɨ ɜ ɰɟɧɬɪɟ ɨɛɬɟɤɚɟɦɨ-
ɝɨ ɩɚɪɚɥɥɟɥɟɩɢɩɟɞɚ. Ɉɫɶ X ɧɚɩɪɚɜɥɟɧɚ ɩɨ 
ɩɨɬɨɤɭ, ɨɫɶ Y – ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɩɨɬɨɤɭ 
ɜɜɟɪɯ, ɨɫɶ Z – ɢɡ ɩɥɨɫɤɨɫɬɢ XY. 

D
y  

Dx 

Dz 



ɋɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɱɢɫɥɟɧɧɨɝɨ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ  
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɬɭɪɛɭɥɟɧɬɧɨɝɨ ɜɨɡɞɭɲɧɨɝɨ ɩɨɬɨɤɚ ɜ ɡɨɧɟ ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɩɪɢɡɦɵ 
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Ɏɢɡɢɱɟɫɤɚɹ ɦɨɞɟɥɶ 
Ɉɛɥɚɫɬɢ ɪɚɫɱɟɬɚ ɛɵɥ ɩɪɢɫɜɨɟɧ ɧɟɩɨɞɜɢɠɧɵɣ 
(Domain Motion = Stationary) ɞɨɦɟɧ Air, ɩɚ-
ɪɚɦɟɬɪɵ ɤɨɬɨɪɨɝɨ ɛɵɥɢ ɡɚɞɚɧɵ: ɬɢɩ ɫɪɟɞɵ – 
ɢɞɟɚɥɶɧɵɣ ɜɨɡɞɭɯ (Fluid: Air Ideal Gas) ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ 285К ɢ ɞɚɜɥɟɧɢɟ 1 ɚɬɦ. ɉɪɢɦɟ-
ɧɹɥɢɫɶ ɞɜɚ ɜɢɞɚ ɦɨɞɟɥɟɣ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ: k-ε 
ɢ SST. ɉɪɢɫɬɟɧɨɱɧɵɟ ɮɭɧɤɰɢɢ ɬɭɪɛɭɥɟɧɬɧɨ-
ɫɬɢ ɡɚɞɚɜɚɥɢɫɶ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ: Scalable ɢ 
Automatic. Кɨɷɮɮɢɰɢɟɧɬ ɞɢɧɚɦɢɱɟɫɤɨɣ ɜɹɡ-
ɤɨɫɬɢ ɪɚɜɟɧ 1.83·10-5 [ɤɝ/ɦ-1 ɫ-1]. 
 
Ʉɨɧɟɱɧɨ-ɨɛɴɟɦɧɚɹ (ɄɈ) ɦɨɞɟɥɶ 
Ɋɚɫɱɟɬɧɚɹ ɫɟɬɤɚ ɝɟɧɟɪɢɪɨɜɚɥɚɫɶ ɜ ɫɩɟɰɢɚɥɢɡɢ-
ɪɨɜɚɧɧɨɦ ɉК ANSYS ICEM. Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ 
ɱɢɫɥɟɧɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɫɨɡɞɚɧɚ ɪɚɫɱɟɬɧɚɹ 
ɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɚɹ ɫɟɬɤɚ 100 000 ɹɱɟɟɤ (ɨɛɴ-
ɟɦɧɵɯ ɷɥɟɦɟɧɬɨɜ). Вɛɥɢɡɢ ɨɛɬɟɤɚɟɦɨɝɨ ɨɛɴɟɤ-
ɬɚ ɫɟɬɤɚ ɫɝɭɳɟɧɚ (ɫɦ. ɪɢɫ. 3). Ȼɟɡɪɚɡɦɟɪɧɚɹ ɜɟ-
ɥɢɱɢɧɚ ɩɟɪɜɨɝɨ ɷɥɟɦɟɧɬɚ-ɨɛɴɟɦɚ ɜ ɩɨɝɪɚɧɢɱ-
ɧɨɦ ɫɥɨɟ, ɜɤɥɸɱɚɸɳɟɦ 10 КɈ, ɫɨɫɚɜɥɹɟɬ 
į1/B=8.4·10-4. ɋɨɨɬɧɨɲɟɧɢɟ ɪɚɡɦɟɪɨɜ ɫɨɫɟɞɧɢɯ 
ɷɥɟɦɟɧɬɨɜ ɜɛɥɢɡɢ ɨɛɬɟɤɚɟɦɨɝɨ ɬɟɥɚ 1.02, ɧɚ 
ɞɨɫɬɚɬɨɱɧɨ ɭɞɚɥɟɧɧɨɦ ɪɚɫɫɬɨɹɧɢɢ – 1.22. 

 

 

Ɋɢc. 3. КɈ-ɦɨɞɟɥɶ 
 

Ƚɪɚɧɢɱɧɵɟ ɢ ɧɚɱɚɥɶɧɵɟ ɭɫɥɨɜɢɹ 
Ⱦɥɹ ɝɪɚɧɢɰ ɪɚɫɱɟɬɧɨɣ ɨɛɥɚɫɬɢ ɧɚɡɧɚɱɟɧɵ 
ɫɥɟɞɭɸɳɢɟ ɭɫɥɨɜɢɹ. 

ɇɚ "ɜɯɨɞɟ" (INLET) ɫɤɨɪɨɫɬɶ ɩɨɬɨɤɚ ɛɵɥɚ 
ɡɚɞɚɧɚ ɜ ɞɟɤɚɪɬɨɜɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ: 
u = 4.9065 ɦ/ɫ, v = 0 ɦ/ɫ, w = 0 ɦ/ɫ. 
В ɫɨɨɬɜɟɬɫɬɜɢɟ ɫ ɷɤɫɩɟɪɢɦɟɧɬɨɦ ɦɚɫɲɬɚɛ 
ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ ɩɪɢɧɹɬ ɪɚɜɧɵɦ 0.03 ɦ, ɢɧ-
ɬɟɧɫɢɜɧɨɫɬɶ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ 3%. 
ɇɚ "ɜɵɯɨɞɟ" (OUTLET) ɩɨɬɨɤɭ ɭɤɚɡɵɜɚɸɬɫɹ 
ɧɭɥɟɜɵɟ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɞɚɜɥɟɧɢɹ. ɇɚ ɛɨɤɨ-
ɜɵɯ ɝɪɚɧɢɰɚɯ ɨɛɥɚɫɬɢ (BACK, FRONT) 
ɩɪɟɞɩɨɥɚɝɚɸɬɫɹ ɭɫɥɨɜɢɹ ɫɢɦɦɟɬɪɢɢ. Вɟɪɯɧɟɣ 
(TOP) ɢ ɧɢɠɧɟɣ (BOT) ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɫɱɟɬ-
ɧɨɣ ɨɛɥɚɫɬɢ ɡɚɞɚɟɬɫɹ ɭɫɥɨɜɢɟ ɬɢɩɚ Wall 
(ɫɬɟɧɤɚ), ɢɫɤɥɸɱɚɸɳɟɟ ɩɪɨɧɢɤɧɨɜɟɧɢɟ ɜɟɳɟ-
ɫɬɜɚ ɱɟɪɟɡ ɩɨɜɟɪɯɧɨɫɬɶ (Wall Influence On 
Flow = Free Slip). ɉɨɜɟɪɯɧɨɫɬɹɦ ɬɟɥɚ (BODY) 
ɛɵɥɨ ɬɚɤɠɟ ɡɚɞɚɧɨ ɭɫɥɨɜɢɟ ɬɢɩɚ Wall (Wall 
Influence On Flow = No Slip). ɒɟɪɨɯɨɜɚɬɨɫɬɢ 
ɧɚ "ɫɬɟɧɤɚɯ" ɡɚɞɚɧɵ ɧɟ ɛɵɥɢ. 
 
5. ɊȿɁɍɅɖɌАɌЫ ɊАɋЧȿɌɈВ 
 
Вɵɩɨɥɧɟɧɵ ɪɚɫɱɟɬɵ ɜ ɫɬɚɰɢɨɧɚɪɧɨɣ ɢ ɧɟɫɬɚ-
ɰɢɨɧɚɪɧɨɣ ɩɨɫɬɚɧɨɜɤɚɯ ɞɥɹ ɞɜɭɯ ɜɚɪɢɚɧɬɨɜ 
ɦɨɞɟɥɟɣ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ – k-İ ɢ SST. ɋɬɚɪɬɨ-
ɜɵɦɢ ɞɥɹ ɧɟɫɬɚɰɢɨɧɚɪɧɵɯ ɪɚɫɱɟɬɨɜ ɩɨɫɥɭ-
ɠɢɥɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚ-
ɬɵ ɫɬɚɰɢɨɧɚɪɧɵɯ ɪɚɫɱɟɬɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɦɨɞɟɥɟɣ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ. 
Фɢɡɢɱɟɫɤɨɟ ɜɪɟɦɹ ɫɱɟɬɚ ɞɥɹ ɧɟɫɬɚɰɢɨɧɚɪɧɵɯ 
ɪɚɫɱɟɬɨɜ – 2 ɫ (ɩɨɬɨɤ ɩɪɨɯɨɞɢɬ 2 ɪɚɫɱɟɬɧɵɟ 
ɨɛɥɚɫɬɢ). ɒɚɝ ɩɨ ɜɪɟɦɟɧɢ ɜɵɛɪɚɧ ∆t = 10-5 c. 
Ɋɚɫɱɟɬɵ ɩɪɨɜɨɞɢɥɢɫɶ ɧɚ ɜɵɱɢɫɥɢɬɟɥɶɧɨɦ 
ɤɥɚɫɬɟɪɟ ɇɈЦ КɆ ɆȽɋɍ. Ⱦɥɹ ɤɚɠɞɨɣ ɡɚɞɚɱɢ 
ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɨɞɢɧ ɜɵɱɢɫɥɢɬɟɥɶɧɵɣ ɭɡɟɥ 
ɤɥɚɫɬɟɪɚ ɫ 8 ɹɞɪɚɦɢ. 
В ɬɚɛɥɢɰɚɯ 1 ɢ 2 ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ 
ɫɬɚɰɢɨɧɚɪɧɵɯ ɢ ɧɟɫɬɚɰɢɨɧɚɪɧɵɯ ɪɚɫɱɟɬɨɜ, 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɜ ɫɨɩɨɫɬɚɜɥɟɧɢɢ ɫ ɷɤɫɩɟɪɢ-
ɦɟɧɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ. Ɂɚ ɤɨɧɬɪɨɥɢɪɭɟɦɵɟ 
ɩɚɪɚɦɟɬɪɵ ɩɪɢɧɹɬɵ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɢɟ ɤɨ-
ɷɮɮɢɰɢɟɧɬɵ ɥɨɛɨɜɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
CD=Fx/q/B, ɩɨɞɴɟɦɧɨɣ ɫɢɥɵ CL=Fx/q/B ɢ 
ɦɨɦɟɧɬɚ CM=Ɇ/q/ȼ2, ɝɞɟ Fx, Fy – ɫɨɫɬɚɜ-
ɥɹɸɳɢɟ ɜɟɬɪɨɜɵɯ ɧɚɝɪɭɡɨɤ (ɩɨ ɩɨɬɨɤɭ ɢ ɜ 
ɩɨɩɟɪɟɱɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ),  
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q=½ρ⋅ Vh2 – ɞɢɧɚɦɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ ɜɟɬɪɚ, 
Vh – ɫɤɨɪɨɫɬɶ ɩɨɬɨɤɚ ɧɚ ɯɚɪɚɤɬɟɪɧɨɣ ɜɵɫɨɬɟ. 
 

Ɍɚɛɥɢɰɚ 1 
ɋɪɟɞɧɢɟ ɡɧɚɱɟɧɢɹ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɢɯ ɤɨɷɮ-
ɮɢɰɢɟɧɬɨɜ CD, CL ɢ CM. Ɋɟɡɭɥɶɬɚɬɵ ɫɬɚɰɢɨ-
ɧɚɪɧɵɯ ɪɚɫɱɟɬɨɜ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚ ɜ АȾɌ 

 RANS SST RANS k-ε АȾɌ 
CD 0.2645 0.2637 0.2318 
CL -0.0050 0.0023 0.0670 
CM -0.0081 -0.0078 -0.0007 

 
Ɍɚɛɥɢɰɚ 2 

ɋɪɟɞɧɢɟ ɡɧɚɱɟɧɢɹ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɢɯ ɤɨɷɮ-
ɮɢɰɢɟɧɬɨɜ. CD, CL ɢ CM. Ɋɟɡɭɥɶɬɚɬɵ ɧɟɫɬɚ-
ɰɢɨɧɚɪɧɵɯ ɪɚɫɱɟɬɨɜ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚ ɜ АȾɌ 
 URANS SST URANS k-ε АȾT 

CD 0.2638 0.3133 0.2318 
CL -0.0078 0.0079 0.0670 
CM -0.0080 -0.0090 -0.0007 

 
Аɧɚɥɢɡɢɪɭɹ ɪɟɡɭɥɶɬɚɬɵ, ɩɪɢɜɟɞɟɧɧɵɟ ɜ ɬɚɛ-
ɥɢɰɚɯ 1 ɢ 2, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɞɥɹ 
ɪɚɫɱɟɬɨɜ ɜ ɧɟɫɬɚɰɢɨɧɚɪɧɨɣ ɩɨɫɬɚɧɨɜɤɟ ɦɨ-
ɞɟɥɶ SST ɞɚɟɬ ɛɨɥɟɟ ɛɥɢɡɤɢɟ ɤ ɷɤɫɩɟɪɢɦɟɧ-
ɬɚɥɶɧɵɦ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɥɨɛɨɜɨɝɨ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ. Ɋɚɫɯɨɠɞɟɧɢɟ ɫ ɷɤɫɩɟɪɢɦɟɧ-
ɬɨɦ ɞɥɹ SST – 14%, ɞɥɹ k-İ – 35%. Аɷɪɨɞɢɧɚ-
ɦɢɱɟɫɤɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɨɞɴɟɦɧɨɣ ɫɢɥɵ ɢ 
ɦɨɦɟɧɬɚ ɤɚɤ ɞɥɹ ɱɢɫɥɟɧɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ, 
ɬɚɤ ɢ ɩɪɨɜɟɞɟɧɧɨɝɨ ɜ АȾɌ ɛɥɢɡɤɢ ɤ ɧɭɥɸ. 
Ⱦɥɹ ɨɰɟɧɤɢ ɢɧɬɟɝɪɚɥɶɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɜ 
ɩɨɞɨɛɧɵɯ ɡɚɞɚɱɚɯ ɫ ɰɟɥɶɸ ɷɤɨɧɨɦɢɢ ɜɪɟɦɟɧɢ 
ɦɨɠɧɨ ɨɝɪɚɧɢɱɢɬɶɫɹ ɩɪɨɜɟɞɟɧɢɟɦ ɪɚɫɱɟɬɨɜ ɜ 
ɫɬɚɰɢɨɧɚɪɧɨɣ ɩɨɫɬɚɧɨɜɤɟ, ɬ.ɤ. ɩɨɝɪɟɲɧɨɫɬɶ 
ɜɵɱɢɫɥɟɧɢɹ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɢɯ ɤɨɷɮɮɢɰɢɟɧ-
ɬɨɜ ɧɟ ɩɪɟɜɵɲɚɟɬ ɬɚɤɨɜɭɸ ɞɥɹ ɧɟɫɬɚɰɢɨɧɚɪ-
ɧɵɯ ɪɚɫɱɟɬɨɜ. 
 

 

Ɋɢɫ. 4. Ʌɢɧɢɢ ɬɨɤɚ ɨɫɪɟɞɧɟɧɧɨɝɨ ɩɨɥɹ  
ɫɤɨɪɨɫɬɟɣ ɩɨɬɨɤɚ. ɇɟɫɬɚɰɢɨɧɚɪɧɵɣ ɪɚɫɱɟɬ. 
Ɇɨɞɟɥɶ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ URANS SST 

 
Ɋɢɫ. 5.Эɩɸɪɚ ɨɫɪɟɞɧɟɧɧɵɯ ɩɨ ɜɪɟɦɟɧɢ ɡɧɚ-

ɱɟɧɢɣ ɋp. ɇɟɫɬɚɰɢɨɧɚɪɧɵɣ ɪɚɫɱɟɬ.  
ɉɭɧɤɬɢɪɧɚɹ ɥɢɧɢɹ – URANS SST,  

ɫɩɥɨɲɧɚɹ ɥɢɧɢɹ – ɷɤɫɩɟɪɢɦɟɧɬ ɜ АȾɌ 

 
Ɋɢɫ. 6. Ʌɢɧɢɢ ɬɨɤɚ ɫɪɟɞɧɢɯ ɫɤɨɪɨɫɬɟɣ ɩɨɬɨɤɚ. 
ɇɟɫɬɚɰɢɨɧɚɪɧɵɣ ɪɚɫɱɟɬ. Ɇɨɞɟɥɶ ɬɭɪɛɭɥɟɧɬ-

ɧɨɫɬɢ URANS k-İ 

 
Ɋɢɫ. 7. Эɩɸɪɚ ɨɫɪɟɞɧɟɧɧɵɯ ɩɨ ɜɪɟɦɟɧɢ ɡɧɚ-

ɱɟɧɢɣ ɋp. ɇɟɫɬɚɰɢɨɧɚɪɧɵɣ ɪɚɫɱɟɬ.  
ɉɭɧɤɬɢɪɧɚɹ ɥɢɧɢɹ - URANS k-İ, 

ɫɩɥɨɲɧɚɹ ɥɢɧɢɹ – ɷɤɫɩɟɪɢɦɟɧɬ ɜ АȾɌ 
 
ɇɚ ɪɢɫɭɧɤɚɯ 4 ɢ 6 ɩɪɟɞɫɬɚɜɥɟɧɵ ɤɚɪɬɢɧɵ ɨɛ-
ɬɟɤɚɧɢɹ ɢɫɫɥɟɞɭɟɦɨɝɨ ɨɛɴɟɤɬɚ ɬɭɪɛɭɥɟɧɬɧɵɦ 
ɜɟɬɪɨɜɵɦ ɩɨɬɨɤɨɦ, ɩɨɥɭɱɟɧɧɵɟ ɢɡ ɧɟɫɬɚɰɢɨ-
ɧɚɪɧɵɯ ɪɚɫɱɟɬɨɜ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɪɚɡɥɢɱɧɵɯ 
ɦɨɞɟɥɟɣ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ: SST ɢ  k-İ, ɫɨɨɬɜɟɬ-
ɫɬɜɟɧɧɨ. ɉɨ ɪɢɫɭɧɤɚɦ 5 ɢ 7 ɫ ɢɡɨɛɪɚɠɟɧɢɟɦ 
ɷɩɸɪ ɨɫɪɟɞɧɟɧɧɵɯ ɩɨ ɜɪɟɦɟɧɢ ɡɧɚɱɟɧɢɣ ɚɷ-
ɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɋp=p/q ɜ ɫɨɩɨɫ-



ɋɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɱɢɫɥɟɧɧɨɝɨ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ  
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɬɭɪɛɭɥɟɧɬɧɨɝɨ ɜɨɡɞɭɲɧɨɝɨ ɩɨɬɨɤɚ ɜ ɡɨɧɟ ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɩɪɢɡɦɵ 
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ɬɚɜɥɟɧɢɢ ɫ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ 
ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɦɨɞɟɥɶ SST ɞɚɟɬ 
ɛɨɥɟɟ ɪɟɚɥɢɫɬɢɱɧɭɸ ɤɚɪɬɢɧɭ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ɞɚɜɥɟɧɢɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɬɟɥɚ. ɋɨɨɬɜɟɬɫɬ-
ɜɟɧɧɨ, ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɩɨɥɟ ɫɤɨɪɨ-
ɫɬɟɣ ɩɨɬɨɤɚ ɨɧɚ ɩɪɟɞɫɤɚɡɵɜɚɟɬ ɬɨɠɟ ɥɭɱɲɟ, 
ɧɨ ɨɤɨɧɱɚɬɟɥɶɧɵɣ ɜɵɜɨɞ ɨɛ ɷɬɨɦ ɧɟɥɶɡɹ ɫɞɟ-
ɥɚɬɶ ɧɟ ɢɦɟɹ ɤɚɪɬɢɧɵ ɨɛɬɟɤɚɧɢɹ, ɜɢɡɭɚɥɢɡɢ-
ɪɨɜɚɧɧɨɣ ɬɟɦ ɢɥɢ ɢɧɵɦ ɫɩɨɫɨɛɨɦ ɜ АȾɌ.  
 
6. ɁАКɅɘЧȿɇИȿ 
 
В ɫɬɚɬɶɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɱɢɫɥɟɧɧɨ-
ɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɚɷɪɨɞɢɧɚɦɢɤɢ ɩɪɹɦɨ-
ɭɝɨɥɶɧɨɣ ɩɪɢɡɦɵ ɫ ɫɨɨɬɧɨɲɟɧɢɟɦ ɫɬɨɪɨɧ ɜ 
ɫɟɱɟɧɢɢ 1:4 ɜ ɞɜɭɦɟɪɧɨɣ ɩɨɫɬɚɧɨɜɤɟ. Эɬɚ ɬɟɫ-
ɬɨɜɚɹ ɡɚɞɚɱɚ ɜɟɫɶɦɚ ɡɧɚɱɢɦɚ ɞɥɹ ɩɨɧɢɦɚɧɢɹ 
ɨɫɨɛɟɧɧɨɫɬɟɣ ɚɷɪɨɞɢɧɚɦɢɤɢ ɲɢɪɨɤɨɝɨ ɫɩɟɤ-
ɬɪɚ ɩɥɨɯɨɨɛɬɟɤɚɟɦɵɯ ɬɟɥ, ɯɚɪɚɤɬɟɪɧɵɯ ɞɥɹ 
ɨɛɴɟɤɬɨɜ ɝɪɚɠɞɚɧɫɤɨɝɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ (ɬɚɤɢɯ, 
ɤɚɤ ɛɨɥɶɲɟɩɪɨɥɟɬɧɵɟ ɦɨɫɬɵ, ɜɵɫɨɬɧɵɟ ɡɞɚ-
ɧɢɹ ɢ ɬ. ɞ.). 
Иɡ ɫɪɚɜɧɟɧɢɹ ɱɢɫɥɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɫ ɷɤɫɩɟ-
ɪɢɦɟɧɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ, ɩɨɥɭɱɟɧɧɵɦɢ ɜ 
АȾɌ Ɋɭɪɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ Ȼɨɯɭɦɚ, ɞɥɹ ɦɨ-
ɞɟɥɢɪɨɜɚɧɢɹ ɬɭɪɛɭɥɟɧɬɧɨɝɨ ɜɨɡɞɭɲɧɨɝɨ ɩɨɬɨ-
ɤɚ ɜɛɥɢɡɢ ɢɡɨɥɢɪɨɜɚɧɧɵɯ ɫɨɨɪɭɠɟɧɢɣ ɩɪɹɦɨ-
ɭɝɨɥɶɧɨɝɨ ɩɪɨɮɢɥɹ ɧɚɢɛɨɥɟɟ ɚɞɟɤɜɚɬɧɨɣ ɛɵɥɚ 
ɨɩɪɟɞɟɥɟɧɚ ɦɨɞɟɥɶ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ SST.  
Ɂɚɩɥɚɧɢɪɨɜɚɧɵ ɢ ɪɟɚɥɢɡɭɸɬɫɹ ɫɥɟɞɭɸɳɢɟ 
ɷɬɚɩɵ ɭɬɨɱɧɟɧɧɨɝɨ ɪɟɲɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ 
ɡɚɞɚɱɢ: 
─ ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɧɢɹ ɩɨɞɪɨɛɧɨɫɬɢ ɢ 

ɫɬɪɭɤɬɭɪɵ ɫɟɬɤɢ ɧɚ ɱɢɫɥɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ; 
─ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ ɜ ɬɪɟɯɦɟɪɧɨɣ ɩɨɫɬɚ-

ɧɨɜɤɟ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɡɧɚɱɢɦɨɫɬɢ ɬɪɟɯ-
ɦɟɪɧɵɯ ɷɮɮɟɤɬɨɜ; 
─ ɪɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɢɤɢ ɩɪɨɜɟɞɟɧɢɹ ɚɷ-

ɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ ɫɬɪɨɢɬɟɥɶɧɵɯ ɫɨ-
ɨɪɭɠɟɧɢɣ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɤɚɤ ɱɢɫɥɟɧɧɵɯ, ɬɚɤ 
ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɦɟɬɨɞɨɜ ɤɚɤ ɜɡɚɢɦɨɞɨ-
ɩɨɥɧɹɸɳɢɯ ɞɪɭɝ ɞɪɭɝɚ. 
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В ɪɚɛɨɬɚɯ [1,2] ɪɚɡɪɚɛɨɬɚɧ ɦɟɬɨɞ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦɵ «ɡɞɚɧɢɟ – ɮɭɧɞɚɦɟɧɬ – ɨɫɧɨ-
ɜɚɧɢɟ» ɫ ɩɨɦɨɳɶɸ ɞɜɭɯɫɥɨɣɧɨɣ ɛɚɥɤɢ ɧɚ ɭɩɪɭɝɨɦ ɨɫɧɨɜɚɧɢɢ. ɇɢɠɧɢɣ ɫɥɨɣ ɛɚɥɤɢ (h1,E1) 
ɦɨɞɟɥɢɪɭɟɬ ɮɭɧɞɚɦɟɧɬ, ɚ ɜɟɪɯɧɢɣ (h2,E2) – ɤɨɧɫɬɪɭɤɰɢɸ. ɏɚɪɚɤɬɟɪɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɦɨɞɟɥɢ 
ɹɜɥɹɟɬɫɹ ɨɬɤɚɡ ɨɬ ɬɪɚɞɢɰɢɨɧɧɨɣ ɫɯɟɦɵ ɪɚɫɱɟɬɚ ɮɭɧɞɚɦɟɧɬɚ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɧɚɝɪɭɡɤɢ, ɩɪɢɥɨ-
ɠɟɧɧɨɣ ɤ ɟɝɨ ɜɟɪɯɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ (ɪɢɫ. 1,ɚ). Вɫɟ ɭɪɚɜɧɟɧɢɹ ɢ ɮɨɪɦɭɥɵ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɧɚ-
ɩɪɹɠɟɧɢɣ ɩɨɥɭɱɟɧɵ ɫ ɭɱɟɬɨɦ ɦɚɫɫɨɜɵɯ ɫɢɥ (γ1, γ2), ɞɟɣɫɬɜɭɸɳɢɯ  ɤɚɤ ɜ ɮɭɧɞɚɦɟɧɬɟ, ɬɚɤ ɢ ɜ 
ɤɨɧɫɬɪɭɤɰɢɢ (ɪɢɫ.1,ɛ).  

В ɪɚɛɨɬɟ [1] ɩɨɤɚɡɚɧɨ, ɱɬɨ ɡɚɞɚɱɚ ɫɜɨɞɢɬɫɹ ɤ ɭɪɚɜɧɟɧɢɸ  
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ɝɞɟ v – ɩɪɨɝɢɛ ɛɚɥɤɢ; [EJ]ɩɪ – ɩɪɢɜɟɞɟɧɧɚɹ ɠɟɫɬɤɨɫɬɶ ɫɟɱɟɧɢɹ; q*=γ1h1+ γ2h2; C – ɠɟɫɬɤɨɫɬɶ 
ɨɫɧɨɜɚɧɢɹ. ɉɨɞɱɟɪɤɧɟɦ, ɱɬɨ ɭɪɚɜɧɟɧɢɟ (1) ɩɨ ɮɨɪɦɟ ɫɨɜɩɚɞɚɟɬ ɫ ɭɪɚɜɧɟɧɢɟɦ ɢɡɝɢɛɚ ɨɞɧɨ-
ɫɥɨɣɧɨɣ ɛɚɥɤɢ, ɚ ɫɭɳɟɫɬɜɟɧɧɵɦ ɨɬɥɢɱɢɟɦ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɡɚɞɚɱɟ ɹɜɥɹɟɬɫɹ ɜɯɨɞɹɳɚɹ ɜ 
ɭɪɚɜɧɟɧɢɟ (1) ɩɪɢɜɟɞɟɧɧɚɹ ɠɟɫɬɤɨɫɬɶ ɛɚɥɤɢ. Кɚɡɚɥɨɫɶ ɛɵ, ɱɬɨ ɩɨɞɨɛɧɨɟ ɭɪɚɜɧɟɧɢɟ ɦɨɠɧɨ 
ɩɨɥɭɱɢɬɶ, ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɪɚɫɫɦɚɬɪɢɜɚɹ ɫɯɟɦɭ, ɩɨɤɚɡɚɧɧɭɸ ɧɚ ɪɢɫ. 1,ɜ. Ɉɞɧɚɤɨ ɩɪɢ ɷɬɨɦ 
ɮɨɪɦɭɥɵ ɞɥɹ ɧɚɩɪɹɠɟɧɢɣ ɛɭɞɭɬ ɢɧɵɦɢ, ɧɟɠɟɥɢ ɜɵɜɟɞɟɧɧɵɟ ɢɡ ɪɚɫɱɟɬɧɨɣ ɫɯɟɦɵ 1,ɛ. 
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В ɧɚɫɬɨɹɳɟɣɫɬɚɬɶɟ ɩɪɢɜɨɞɢɬɫɹ ɪɚɫɱɟɬ ɞɜɭɯɫɥɨɣɧɨɣ ɛɚɥɤɢ ɩɟɪɟɦɟɧɧɨɣ ɩɨ ɞɥɢɧɟ ɠɟɫɬɤɨ-
ɫɬɢ. ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜɟɪɯɧɟɝɨ ɫɥɨɹ (h2,E2,γ2) ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ ɹɜɥɹɸɬɫɹ ɩɟɪɟɦɟɧɧɵɦɢ ɩɨ ɞɥɢ-
ɧɟ ɛɚɥɤɢ ɜɟɥɢɱɢɧɚɦɢ.Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ ɩɨɥɭɱɟɧɨ ɫ ɩɨɦɨɳɶɸ ɦɟɬɨɞɚ ɧɚɱɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ 
[3]. ɉɪɨɥɟɬ ɛɚɥɤɢ ɞɟɥɢɬɫɹ ɧɚ ɪɹɞ  ɭɱɚɫɬɤɨɜ (ɪɢɫ. 2), ɞɥɹ  ɤɚɠɞɨɣ  ɬɨɱɤɢ  ɪɚɡɛɢɟɧɢɹ  ɡɚɩɢɫɵɜɚ-
ɟɬɫɹ  ɜɵɪɚɠɟɧɢɟ           
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Ɋɢɫ. 2. Ȼɚɥɤɚ ɩɟɪɟɦɟɧɧɨɣ ɠɟɫɬɤɨɫɬɢ ɧɚ ɭɩɪɭɝɨɦ ɨɫɧɨɜɚɧɢɢ

*

 
ɩɪɨɝɢɛɨɜ, ɤɨɬɨɪɨɟ ɩɪɢɪɚɜɧɢɜɚɟɬɫɹ ɤ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɨɫɚɞɤɚɦ ɩɨɜɟɪɯɧɨɫɬɢ ɨɫɧɨɜɚɧɢɹ. ɉɪɢ 
ɷɬɨɦ ɢɡɦɟɧɟɧɢɟ ɠɟɫɬɤɨɫɬɢ ɩɨ ɞɥɢɧɟ ɤɚɠɞɨɝɨ ɭɱɚɫɬɤɚ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɩɨɫɬɨɹɧɧɵɦ, ɬ.ɟ. ɪɚɫ-
ɫɦɚɬɪɢɜɚɟɬɫɹ ɛɚɥɤɚ ɤɭɫɨɱɧɨ-ɩɨɫɬɨɹɧɧɨɣ ɠɟɫɬɤɨɫɬɢ. 

ɉɭɫɬɶ ɛɚɥɤɚ ɢɦɟɟɬ nɭɱɚɫɬɤɨɜ ɪɚɜɧɨɣ ɞɥɢɧɵ ɚ, ɡɚɧɭɦɟɪɨɜɚɧɧɵɯ ɨɬ 0 ɞɨ n. Ɍɨɱɤɢ ɪɚɡɛɢɟ-
ɧɢɹ ɢɦɟɸɬ ɚɛɫɰɢɫɫɵ xi = ia(i = 0, 1, 2,…, n). 

Ⱦɥɹ ɤɚɠɞɨɝɨ ɫɟɱɟɧɢɹ ɫ ɭɱɟɬɨɦ ɝɢɩɨɬɟɡɵ Вɢɧɤɥɟɪɚ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɪɚɜɟɧɫɬɜɨ 
,

C

p
v i
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ɝɞɟ vi – ɩɪɨɝɢɛ ɛɚɥɤɢ ɜ ɬɨɱɤɟ i,δi – ɨɫɚɞɤɚ ɩɨɜɟɪɯɧɨɫɬɢ ɨɫɧɨɜɚɧɢɹ. 
Ɂɞɟɫɶ viɧɟɨɛɯɨɞɢɦɨ ɜɵɪɚɡɢɬɶ ɜ ɮɭɧɤɰɢɹɯ ɧɟɢɡɜɟɫɬɧɵɯɪɟɚɤɬɢɜɧɵɯ ɞɚɜɥɟɧɢɣ p0, p1, p2,…, 

pn ɢ ɢɡɜɟɫɬɧɨɣ ɜɧɟɲɧɟɣ ɧɚɝɪɭɡɤɢ. 
Ɋɚɫɫɦɨɬɪɢɦ ɛɚɥɤɭ, ɢɦɟɸɳɭɸ ɫɜɨɛɨɞɧɵɟ ɤɨɧɰɵ.ɍɱɢɬɵɜɚɹ, ɱɬɨ ɧɚ ɤɨɧɰɚɯ ɛɚɥɤɢM ɢ Q ɨɬ-

ɫɭɬɫɬɜɭɸɬ, ɩɪɨɝɢɛ ɥɸɛɨɝɨ ɫɟɱɟɧɢɹ i ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟ 

)()()( 00 qvpvvvv iiii ++θ+= . (3)

ɉɪɢ ɜɵɜɨɞɟ ɮɨɪɦɭɥ ɩɪɨɝɢɛɨɜ ɨɬ ɪɟɚɤɬɢɜɧɵɯ ɞɚɜɥɟɧɢɣ ɨɫɧɨɜɚɧɢɹ v(p) ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ 
ɤɪɢɜɨɥɢɧɟɣɧɚɹ ɷɩɸɪɚ ɪɟɚɤɰɢɣ ɡɚɦɟɧɹɟɬɫɹ ɤɭɫɨɱɧɨ-ɥɢɧɟɣɧɨɣ ɫ ɩɟɪɟɥɨɦɚɦɢ ɜ ɬɨɱɤɚɯ i = 0, 1, 
2,…, n. ɉɨɫɤɨɥɶɤɭ ɧɚ ɨɬɞɟɥɶɧɵɯ ɭɱɚɫɬɤɚɯ ɛɚɥɤɢ ɷɩɸɪɚ ɪɟɚɤɰɢɣ ɢɦɟɟɬ ɜɢɞ ɬɪɚɩɟɰɢɢ, ɬɨ, ɩɨ-
ɞɟɥɢɜ ɤɚɠɞɭɸ ɬɚɤɭɸ ɬɪɚɩɟɰɢɸ ɧɚ ɞɜɚ ɬɪɟɭɝɨɥɶɧɢɤɚ, ɦɨɠɧɨ ɫɨɫɬɚɜɢɬɶ ɜɵɪɚɠɟɧɢɹ ɞɥɹ ɩɪɨɝɢ-
ɛɨɜ ɫɟɱɟɧɢɣ 1, 2, 3, …,n. 
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ɋɨɫɬɚɜɥɹɹ ɭɪɚɜɧɟɧɢɹ (2) ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɞɥɹ ɤɚɠɞɨɝɨ ɫɟɱɟɧɢɹ ɢ ɭɱɢɬɵɜɚɹ ɮɨɪɦɭɥɭ (3), 
ɛɭɞɟɦ ɢɦɟɬɶ ɪɹɞ ɭɪɚɜɧɟɧɢɣ, ɤɨɬɨɪɵɟ ɫɨɜɦɟɫɬɧɨ ɫ ɞɜɭɦɹ ɭɪɚɜɧɟɧɢɹɦɢ ɪɚɜɧɨɜɟɫɢɹ (∑Y=0, 
∑M=0) ɪɟɲɚɸɬ ɩɨɫɬɚɜɥɟɧɧɭɸ ɡɚɞɚɱɭ. 

ɋɭɦɦɚ ɩɪɨɟɤɰɢɣ ɜɫɟɯ ɫɢɥ ɧɚ ɜɟɪɬɢɤɚɥɶɧɭɸ ɨɫɶ 
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ɝɞɟ Yɜ – ɫɭɦɦɚ ɩɪɨɟɤɰɢɣ ɜɫɟɯ ɜɧɟɲɧɢɯ ɫɢɥ ɧɚ ɜɟɪɬɢɤɚɥɶɧɭɸ ɨɫɶ. 
ɋɭɦɦɚ ɦɨɦɟɧɬɨɜ ɜɫɟɯ ɫɢɥ ɨɬɧɨɫɢɬɟɥɶɧɨ ɬɨɱɤɢ n 
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ɝɞɟ Ɇnɜ – ɫɭɦɦɚ ɦɨɦɟɧɬɨɜ ɜɫɟɯ ɜɧɟɲɧɢɯ ɫɢɥ ɨɬɧɨɫɢɬɟɥɶɧɨ ɬɨɱɤɢ n, ɪɚɫɩɨɥɨɠɟɧɧɨɣ ɧɚ ɩɪɚ-
ɜɨɦ ɤɨɧɰɟ ɛɚɥɤɢ. 

ɋɨɜɦɟɫɬɧɨɟ ɪɟɲɟɧɢɟ ɭɪɚɜɧɟɧɢɣ (2) – (5) ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɨɩɪɟɞɟɥɢɬɶ ɜɫɟ ɧɟɢɡɜɟɫɬɧɵɟ 
ɡɧɚɱɟɧɢɹ ɪɟɚɤɰɢɣ ɨɫɧɨɜɚɧɢɹ ɢ ɧɚɱɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ. 

В ɫɥɭɱɚɟ ɫɤɚɱɤɨɨɛɪɚɡɧɨɝɨ ɢɡɦɟɧɟɧɢɹ ɩɪɢɜɟɞɟɧɧɨɣ ɢɡɝɢɛɧɨɣ ɠɟɫɬɤɨɫɬɢ ɛɚɥɤɢ ɫɥɟɞɭɟɬ 
ɧɚɯɨɞɢɬɶ ɡɧɚɱɟɧɢɟ ɩɪɢɜɟɞɟɧɧɵɯ ɢɡɝɢɛɧɵɯ ɠɟɫɬɤɨɫɬɟɣ ɛɥɢɠɚɣɲɢɯ ɡɚɧɭɦɟɪɨɜɚɧɧɵɯ ɫɟɱɟɧɢɣ. 
ɉɪɢ ɪɚɫɩɨɥɨɠɟɧɢɢ ɫɤɚɱɤɚ ɦɟɠɞɭ ɡɚɧɭɦɟɪɨɜɚɧɧɵɦɢ ɫɟɱɟɧɢɹɦɢ (ɪɢɫ. 3,ɚ) ɢɦɟɟɦ ɮɨɪɦɭɥɵ 
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ȿɫɥɢ ɫɤɚɱɨɤ ɫɨɜɩɚɞɚɟɬ ɫ ɝɪɚɧɢɰɟɣ ɞɜɭɯ ɭɱɚɫɬɤɨɜ (ɪɢɫ. 3,ɛ), ɬɨ [ ] [ ][ ] [ ] .
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Ɋɢɫ. 3. ɉɪɢɦɟɪɵ ɪɚɫɩɨɥɨɠɟɧɢɹ ɦɟɫɬ ɢɡɦɟɧɟɧɢɹ ɠɟɫɬɤɨɫɬɢ ɛɚɥɤɢ,
) ɦɟɠɞɭ ɡɚɧɭɦɟɪɨɜɚɧɧɵɦɢ ɫɟɱɟɧɢɹɦɢ; ) ɜ ɡɚɧɭɦɟɪɨɜɚɧɧɨɦ ɫɟɱɟɧɢɢɚ  ɛ ɉɨɫɥɟ ɨɩɪɟɞɟɥɟɧɢɹ 

ɪɟɚɤɰɢɣ ɨɫɧɨɜɚɧɢɹ p0,p1,p2,…,pn ɜɵɱɢɫɥɹɸɬɫɹ ɡɧɚɱɟɧɢɹ ɩɨɩɟɪɟɱɧɵɯ ɫɢɥ ɢ ɢɡɝɢɛɚɸɳɢɯ ɦɨ-
ɦɟɧɬɨɜ. 

ɉɨɩɟɪɟɱɧɚɹ ɫɢɥɚ ɜ ɫɟɱɟɧɢɢiɩɨɞɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
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ɝɞɟ Qiɜ – ɩɨɩɟɪɟɱɧɚɹ ɫɢɥɚ ɜ ɫɟɱɟɧɢɢ i ɨɬ ɜɧɟɲɧɟɣ ɧɚɝɪɭɡɤɢ. 
Вɵɪɚɠɟɧɢɟ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɢɡɝɢɛɚɸɳɟɝɨ ɦɨɦɟɧɬɚ ɜ ɫɟɱɟɧɢɢi: 
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ɝɞɟ Ɇiɜ– ɢɡɝɢɛɚɸɳɢɣ ɦɨɦɟɧɬ ɜ ɫɟɱɟɧɢɢ i ɨɬ ɜɧɟɲɧɟɣ ɧɚɝɪɭɡɤɢ. 
ɉɪиɦеɪ ɪɚсчеɬɚ. Ɋɚɫɫɦɨɬɪɢɦ ɢɡɝɢɛ ɞɜɭɯɫɥɨɣɧɨɣ ɛɚɥɤɢ ɫ ɩɟɪɟɦɟɧɧɵɦ ɩɨ ɞɥɢɧɟ ɩɨɩɟ-

ɪɟɱɧɵɦ ɫɟɱɟɧɢɟɦ, ɫɜɨɛɨɞɧɨ ɥɟɠɚɳɟɣ ɧɚ ɭɩɪɭɝɨɦ Вɢɧɤɥɟɪɨɜɫɤɨɦ ɨɫɧɨɜɚɧɢɢ, ɫɨ ɫɥɟɞɭɸɳɢɦɢ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ: L = 40 ɦ, b = 1 ɦ, C = 50000ɤɇ/ɦ3; h1 = 1 ɦ, ȿ1 = 107 ɤɉɚ, γ1 = 25ɤɇ/ɦ3; ɩɪɢ 



Иɡɝɢɛ ɞɜɭɯɫɥɨɣɧɨɣ ɛɚɥɤɢ ɧɚ ɭɩɪɭɝɨɦ ɨɫɧɨɜɚɧɢɢɫ ɭɱɟɬɨɦ ɢɡɦɟɧɟɧɢɹ ɠɟɫɬɤɨɫɬɢ ɛɚɥɤɢ ɩɨ ɞɥɢɧɟ 
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x∈(0,10)ɢɩɪɢ x∈(30,40) h2 = 0, ȿ2 = 0, γ2 = 0; ɩɪɢ x∈(10,30) h2 = 8 ɦ, ȿ2 = 106 ɤɉɚ, γ2 = 
2,5ɤɇ/ɦ3.  

Ɋɚɡɨɛɶɟɦ ɞɥɢɧɭ ɛɚɥɤɢ ɧɚ 4 ɭɱɚɫɬɤɚ ɪɚɜɧɨɣ ɞɥɢɧɵ a = 10 ɦ. Вɫɥɟɞɫɬɜɢɟ ɫɢɦɦɟɬɪɢɢ ɧɟɢɡ-
ɜɟɫɬɧɵɦɢ ɛɭɞɭɬ ɬɨɥɶɤɨ ɬɪɢ ɡɧɚɱɟɧɢɹ ɩɨɝɨɧɧɵɯ ɢɧɬɟɧɫɢɜɧɨɫɬɟɣ ɪɟɚɤɰɢɣ ɜ ɬɨɱɤɚɯ 0, 1 ɢ 2 (p0 
= p4, p1 = p3). ɋɨɫɬɚɜɥɹɹ ɭɪɚɜɧɟɧɢɹ (2) ɞɥɹ ɫɟɱɟɧɢɣ 1, 2 ɢ ɭɱɢɬɵɜɚɹ ɮɨɪɦɭɥɵ (2) ɢ (3), ɛɭɞɟɦ 
ɢɦɟɬɶ 2 ɭɪɚɜɧɟɧɢɹ, ɤɨɬɨɪɵɟ ɫɨɜɦɟɫɬɧɨ ɫ ɭɪɚɜɧɟɧɢɟɦ ɪɚɜɧɨɜɟɫɢɹ (4)ɩɨɡɜɨɥɹɸɬ ɨɩɪɟɞɟɥɢɬɶ 
ɡɧɚɱɟɧɢɹ ɧɟɢɡɜɟɫɬɧɵɯ p0, p1 ,p2. 

Ɂɧɚɱɟɧɢɹ ɢɡɝɢɛɚɸɳɢɯ ɦɨɦɟɧɬɨɜ ɢ ɩɨɩɟɪɟɱɧɵɯ ɫɢɥ ɞɥɹ i ɫɟɱɟɧɢɹ ɧɚɯɨɞɹɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦ 
(8) ɢ (9). 

ɉɪɨɝɢɛɵ ɛɚɥɤɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
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ɇɚɩɪɹɠɟɧɢɹ σx, τxy ɢ σy ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦ [1]: 
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Ɂɞɟɫɶ ɭɜɢɭɧ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɪɚɫɫɬɨɹɧɢɹ ɨɬ ɰɟɧɬɪɚ ɬɹɠɟɫɬɢ ɞɨ ɜɟɪɯɧɢɯ ɢ ɧɢɠɧɢɯ ɜɨɥɨɤɨɧ 
ɛɚɥɤɢ.Эɩɸɪɵ ɧɚɩɪɹɠɟɧɢɣ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 4 (ɷɩɸɪɚ σx ɩɨɫɬɪɨɟɧɚ ɜ ɰɟɧɬɪɟ ɛɚɥɤɢ, ɷɩɸ-
ɪɵ σy ɢ τxy ɩɨɫɬɪɨɟɧɵ ɞɥɹ ɫɟɱɟɧɢɹ x = 10ɦ). 

ɇɚ ɪɢɫ. 4 ɩɪɢɜɟɞɟɧɚ ɷɩɸɪɚ ɩɪɨɝɢɛɨɜ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɛɚɥɤɟ (ɤɪɢɜɚɹ 1) ɢ ɷɩɸɪɚ ɜ ɨɞ-
ɧɨɫɥɨɣɧɨɣ ɛɚɥɤɟ (ɮɭɧɞɚɦɟɧɬɟ), ɧɚɝɪɭɠɟɧɧɨɣ ɜ ɫɪɟɞɧɟɣ ɡɨɧɟ ɧɚɝɪɭɡɤɨɣ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ 
ɜɟɫɭɜɟɪɯɧɟɝɨ ɫɥɨɹ. 

 
 

Эɩɸɪɵ ɧɚɩɪɹɠɟɧɢɣ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 5 (ɷɩɸɪɚ σx ɩɨɫɬɪɨɟɧɚ ɜ ɰɟɧɬɪɟ ɛɚɥɤɢ, ɷɩɸɪɵ σy ɢ τxy ɩɨɫɬɪɨɟɧɵ ɞɥɹ ɫɟɱɟɧɢɹ x = 10 ɦ).  
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɪɚɫɱɟɬɚ ɞɜɭɯɫɥɨɣɧɨɣ ɛɚɥɤɢ ɩɟɪɟɦɟɧɧɨɣ ɩɨ ɞɥɢɧɟ ɠɟɫɬɤɨɫɬɢ ɧɚ ɭɩɪɭ-

ɝɨɦ ɨɫɧɨɜɚɧɢɢ ɫ ɭɱɟɬɨɦ ɦɚɫɫɨɜɵɯ ɫɢɥ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɦɟɬɨɞɢɤɭ, ɨɩɢɫɚɧɧɭɸ ɜɵɲɟ, ɚ 
ɧɚɩɪɹɠɟɧɢɹ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ, ɢɫɩɨɥɶɡɭɹ ɩɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɜɧɭɬɪɟɧɧɢɯ ɭɫɢɥɢɣ, ɫɨɝɥɚɫ-
ɧɨ ɮɨɪɦɭɥɚɦ (11). 
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ИɋɋɅȿȾɈВАɇИȿ ɍɋɌɈɃЧИВɈɋɌИ 
ЧȿɌЫɊȿɏɉАɇȿɅɖɇɈɃ ɎȿɊɆЫ В ɍɋɅɈВИəɏ 

ɋɌАɌИЧȿɋКɈȽɈ И ȾИɇАɆИЧȿɋКɈȽɈ ɇАȽɊɍɀȿɇИɃ ɋ 
ɍЧȿɌɈɆ ɍɉɊɍȽɈɉɅАɋɌИЧȿɋКИɏ ȾȿɎɈɊɆАЦИɃ 

 
1М.М. Ȼеɝиɱев  

1Аɫɩɢɪɚɧɬ, Ɇɨɫɤɨɜɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɩɭɬɟɣ ɫɨɨɛɳɟɧɢɹ (ɆИИɌ) 
 

АɇɇɈɌАЦИə: В ɪɚɛɨɬɟ ɢɫɫɥɟɞɨɜɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ ɞɥɹ ɚɧɚɥɢɡɚ ɫɰɟɧɚɪɢɟɜ 
ɩɨɬɟɪɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɥɨɫɤɨɣ ɱɟɬɵɪɟɯɩɚɧɟɥɶɧɨɣ ɮɟɪɦɵ ɧɚ ɨɫɧɨɜɟ ɥɢɧɟɣɧɨ ɭɩɪɭɝɨɣ, ɧɟɥɢɧɟɣɧɨ-ɭɩɪɭɝɨɣ ɢ ɭɩ-
ɪɭɝɨɩɥɚɫɬɢɱɟɫɤɨɣ ɦɨɞɟɥɟɣ ɦɚɬɟɪɢɚɥɚ ɟɟ ɫɬɨɟɤ. Ɋɚɫɫɦɨɬɪɟɧɨ ɜɥɢɹɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɤɨɧɫɬɪɭɤɰɢɨɧɧɨɝɨ ɞɟɦɩ-
ɮɢɪɨɜɚɧɢɹ ɧɚ ɪɟɡɭɥɶɬɚɬ ɢɫɫɥɟɞɨɜɚɧɢɹ. 
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.ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɦɧɨɝɢɯ ɪɟɲɟɬɱɚɬɵɯ 
ɦɟɬɚɥɥɨɤɨɧɫɬɪɭɤɰɢɣ, ɪɚɛɨɬɚɸɳɢɯ ɩɪɟɢɦɭ-
ɳɟɫɬɜɟɧɧɨ ɧɚ ɨɫɟɜɭɸ ɧɚɝɪɭɡɤɭ (ɧɚɩɪɢɦɟɪ 
ɤɪɚɧɨɜɵɟ ɛɚɲɧɢ), ɜɨɡɧɢɤɚɸɬ ɩɪɨɛɥɟɦɵ ɨɛ-
ɳɟɣ ɢ ɦɟɫɬɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ [1]. В ɧɚɫɬɨɹ-
ɳɟɣ ɪɚɛɨɬɟ ɜ ɝɟɨɦɟɬɪɢɱɟɫɤɢ ɧɟɥɢɧɟɣɧɨɣ ɩɨ-
ɫɬɚɧɨɜɤɟ ɪɚɫɫɦɨɬɪɟɧɵ ɡɚɞɚɱɢ ɨɛɳɟɣ ɭɫɬɨɣ-
ɱɢɜɨɫɬɢ ɫɢɦɦɟɬɪɢɱɧɨɣ ɩɥɨɫɤɨɣ ɱɟɬɵɪɟɯɩɚ-
ɧɟɥɶɧɨɣ ɮɟɪɦɵ, ɫɠɚɬɨɣ ɞɜɭɦɹ ɜɟɪɬɢɤɚɥɶɧɵ-
ɦɢ ɫɢɥɚɦɢ (ɪɢɫ. 1 ɚ). 

Иɫɫɥɟɞɨɜɚɧɵ ɜɨɡɦɨɠɧɵɟ ɫɰɟɧɚɪɢɢ ɩɨɬɟ-
ɪɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɮɟɪɦɵ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɦɨɞɟɥɢ ɦɚɬɟɪɢɚɥɚ ɟɟ ɷɥɟɦɟɧɬɨɜ. Ⱦɢɚɝɨɧɚɥɢ 
ɫɱɢɬɚɥɢɫɶ ɥɢɧɟɣɧɨ ɭɩɪɭɝɢɦɢ, ɚ ɦɚɬɟɪɢɚɥ 
ɫɬɨɟɤ ɩɪɢɧɢɦɚɥɫɹ: 

1) ɥɢɧɟɣɧɨ-ɭɩɪɭɝɢɦ; 
2) ɧɟɥɢɧɟɣɧɨ-ɭɩɪɭɝɢɦ;  

3) ɭɩɪɭɝɨɩɥɚɫɬɢɱɟɫɤɢɦ.  
ɋɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɞɢɚɝɪɚɦɦɵ ɞɟɮɨɪɦɢ-

ɪɨɜɚɧɢɹ ɦɚɬɟɪɢɚɥɨɜ ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫ. 1 ɛ, ɜ, 
ɝ. Ɋɟɲɟɧɢɟ ɡɚɞɚɱ ɭɫɬɨɣɱɢɜɨɫɬɢ ɜɵɩɨɥɧɟɧɨ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɨɦɩɥɟɤɫɚ NASTRAN ɜ ɭɫ-
ɥɨɜɢɹɯ ɫɬɚɬɢɱɟɫɤɨɝɨ ɢ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɧɚ-
ɝɪɭɠɟɧɢɹ ɮɟɪɦɵ. Фɟɪɦɚ ɦɨɞɟɥɢɪɨɜɚɥɚɫɶ ɨɞ-
ɧɨɦɟɪɧɵɦɢ ɫɬɟɪɠɧɟɜɵɦɢ ɷɥɟɦɟɧɬɚɦɢ, ɪɚɛɨ-
ɬɚɸɳɢɦɢ ɬɨɥɶɤɨ ɧɚ ɪɚɫɬɹɠɟɧɢɟ ɢ ɫɠɚɬɢɟ. 
Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ ɞɢɚɝɪɚɦɦ ɪɚɜɧɨɜɟɫɧɵɯ ɫɨ-
ɫɬɨɹɧɢɣ ɢɫɩɨɥɶɡɨɜɚɧ ɦɟɬɨɞ ɇɶɸɬɨɧɚ – Ɋɚɮ-
ɫɨɧɚ. ɉɪɢ ɞɢɧɚɦɢɱɟɫɤɨɦ ɧɚɝɪɭɠɟɧɢɢ ɫɢɥɵ 
ɜɨɡɪɚɫɬɚɥɢ ɨɬ ɧɭɥɹ ɞɨ ɦɚɤɫɢɦɚɥɶɧɵɯ ɡɧɚɱɟ-
ɧɢɣ ɩɨ ɥɢɧɟɣɧɨɦɭ ɡɚɤɨɧɭ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ 
ɨɞɧɨɦɭ ɩɚɪɚɦɟɬɪɭ. Иɫɫɥɟɞɨɜɚɧɨ ɜɥɢɹɧɢɟ 
ɩɨɥɧɨɝɨ ɜɪɟɦɟɧɢ ɧɚɝɪɭɠɟɧɢɹ ɧɚ ɜɟɥɢɱɢɧɭ 
ɤɪɢɬɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ. Ⱦɥɹ ɩɪɨɜɨɰɢɪɨɜɚɧɢɹ 
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ɩɨɬɟɪɢ ɭɫɬɨɣɱɢɜɨɫɬɢ, ɩɨɦɢɦɨ ɫɢɥ Ɋ, ɜ ɬɟɯ ɠɟ 
ɭɡɥɚɯ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɩɪɢɤɥɚɞɵɜɚɥɢɫɶ ɧɟ-
ɛɨɥɶɲɢɟ ɝɨɪɢɡɨɧɬɚɥɶɧɵɟ ɭɫɢɥɢɹ İɊ 
(İ=0,001).  

ɋɨɝɥɚɫɧɨ ɬɟɨɪɟɦɟ В.И. Вɨɡɥɢɧɫɤɨɝɨ [2] 
ɩɨɬɟɪɹ ɭɫɬɨɣɱɢɜɨɫɬɢ ɮɟɪɦɵ ɩɪɨɢɡɨɣɞɟɬ ɜ 

ɬɨɱɤɟ ɭɫɬɨɣɱɢɜɨɣ ɫɢɦɦɟɬɪɢɱɧɨɣ ɛɢɮɭɪɤɚ-
ɰɢɢ, ɬ.ɟ. «ɜ ɦɚɥɨɦ», ɬɚɤ ɤɚɤ ɞɨɤɪɢɬɢɱɟɫɤɨɟ 
ɪɚɜɧɨɜɟɫɢɟ ɮɟɪɦɵ ɟɞɢɧɫɬɜɟɧɧɨɟ ɢ ɧɟɩɨɥɧɨɟ. 
Чɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɤ ɧɟɫɨɜɟɪɲɟɧɫɬɜɚɦ ɩɪɢ 
ɬɚɤɨɣ ɛɢɮɭɪɤɚɰɢɢ ɜɟɫɶɦɚ ɭɦɟɪɟɧɧɚɹ.

 
Ɋɢɫɭɧɨɤ 1. 

Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɢ ɢɫɩɨɥɶɡɨɜɚɧɧɵɟ ɞɢɚɝɪɚɦɦɵ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɦɚɬɟɪɢɚɥɚ 
ɚ) ɪɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɮɟɪɦɵ; ɛ) ɥɢɧɟɣɧɨ ɭɩɪɭɝɚɹ; ɜ) ɛɢɥɢɧɟɣɧɚɹ;  

ɝ) ɛɢɥɢɧɟɣɧɚɹ ɫ ɭɱɟɬɨɦ ɪɚɡɝɪɭɡɤɢ

ɆАɌȿɊИАɅ ɋɌɈȿК ɎȿɊɆЫ – ɅИ-
ɇȿɃɇɈ ɍɉɊɍȽИɃ. 

 
ɋɧɚɱɚɥɚ ɧɚɝɪɭɡɤɚ ɜ ɭɡɥɚɯ ɮɟɪɦɵ ɩɪɢɤɥɚ-

ɞɵɜɚɥɚɫɶ ɫɬɚɬɢɱɟɫɤɢ. ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 
ɥɢɧɟɣɧɨ ɭɩɪɭɝɨɣ ɦɨɞɟɥɢ ɦɚɬɟɪɢɚɥɚ (ɦɨɞɭɥɶ 
ɭɩɪɭɝɨɫɬɢ ɢ ɤɨɷɮɮɢɰɢɟɧɬ ɉɭɚɫɫɨɧɚ ɫɨɨɬɜɟɬ-
ɫɬɜɟɧɧɨ ɪɚɜɧɵ E1 = 2·1011 ɇ/ɦ2, ν = 0,3) ɩɨ-
ɬɟɪɹ ɭɫɬɨɣɱɢɜɨɫɬɢ ɢɫɯɨɞɧɨɝɨ  ɪɚɜɧɨɜɟɫɢɹ 
ɮɟɪɦɵ – ɞɜɭɯɫɬɭɩɟɧɱɚɬɚɹ [3]. В ɷɬɨɦ ɫɥɭɱɚɟ 
ɩɪɢ ɧɚɝɪɭɡɤɟ Ɋɤɪ1 ɫɢɦɦɟɬɪɢɱɧɨ ɧɚɝɪɭɠɟɧɧɚɹ 
ɮɟɪɦɚ ɩɨɬɟɪɹɥɚ ɭɫɬɨɣɱɢɜɨɫɬɶ «ɜ ɦɚɥɨɦ» ɢ 
ɩɟɪɟɲɥɚ ɜ ɧɨɜɨɟ ɧɟɫɢɦɦɟɬɪɢɱɧɨɟ ɢ ɨɝɪɚɧɢ-
ɱɟɧɧɨ ɭɫɬɨɣɱɢɜɨɟ ɡɚɤɪɢɬɢɱɟɫɤɨɟ ɪɚɜɧɨɜɟɫɢɟ 
(ɪɢɫ. 2, ɭɱɚɫɬɨɤ ɞɢɚɝɪɚɦɦɵ ɪɚɜɧɨɜɟɫɢɣ 2-3). 

В ɬɚɤɨɦ ɫɨɫɬɨɹɧɢɢ ɮɟɪɦɚ ɟɳɟ «ɞɟɪɠɢɬ» 
ɜɨɡɪɚɫɬɚɸɳɭɸ ɧɚɝɪɭɡɤɭ ɜɩɥɨɬɶ ɞɨ ɞɨɫɬɢɠɟ-
ɧɢɹ ɜɬɨɪɨɣ ɤɪɢɬɢɱɟɫɤɨɣ ɫɢɥɵ (Ɋɤɪ2=Pɤɪ* ), 
ɩɪɢ ɤɨɬɨɪɨɣ ɩɨɥɧɨɟ ɧɟɫɢɦɦɟɬɪɢɱɧɨɟ ɪɚɜɧɨ-
ɜɟɫɢɟ ɬɟɪɹɟɬ ɭɫɬɨɣɱɢɜɨɫɬɶ ɜ ɩɪɟɞɟɥɶɧɨɣ ɬɨɱ-
ɤɟ ɢ ɯɥɨɩɤɨɦ ɩɟɪɟɯɨɞɢɬ ɜ ɞɚɥɟɤɨɟ ɢ ɫɢɥɶɧɨ 

ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɟ ɮɢɧɚɥɶɧɨɟ ɪɚɜɧɨɜɟɫɢɟ 
(ɪɢɫ. 2 ɬɨɱɤɚ 4), ɯɚɪɚɤɬɟɪɢɡɭɸɳɟɟɫɹ ɜɵɜɨ-
ɪɚɱɢɜɚɧɢɟɦ ɬɪɟɯ ɜɟɪɯɧɢɯ ɩɚɧɟɥɟɣ ɮɟɪɦɵ. В 
ɷɬɢɯ ɩɚɧɟɥɹɯ ɫɬɨɣɤɢ ɨɤɚɡɚɥɢɫɶ ɪɚɫɬɹɧɭɬɵɦɢ.  

Ⱦɚɥɟɟ ɭɫɬɨɣɱɢɜɨɫɬɶ ɷɬɨɣ ɠɟ ɮɟɪɦɵ ɢɫ-
ɫɥɟɞɨɜɚɧɚ ɩɪɢ ɞɢɧɚɦɢɱɟɫɤɨɦ ɩɪɢɥɨɠɟɧɢɢ 
ɧɚɝɪɭɡɤɢ. ɋɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɜɟɥɢɱɢ-
ɧɭ ɤɪɢɬɢɱɟɫɤɨɣ ɫɢɥɵ ɨɤɚɡɚɥɨ ɜɪɟɦɹ ɩɪɢɥɨ-
ɠɟɧɢɹ ɩɨɥɧɨɣ ɧɚɝɪɭɡɤɢ (tɧɚɝɪɭɠ). ɉɪɨɜɟɞɟɧɵ 
ɫɪɚɜɧɢɬɟɥɶɧɵɟ ɪɚɫɱɟɬɵ ɩɪɢ tɧɚɝɪɭɠ=2, 5, 20, 
60 ɫɟɤ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɱɟɦ ɦɟɧɶɲɟ ɜɪɟɦɹ 
ɩɨɥɧɨɝɨ ɧɚɝɪɭɠɟɧɢɹ (ɜɵɲɟ ɫɤɨɪɨɫɬɶ ɜɨɡɪɚɫ-
ɬɚɧɢɹ ɧɚɝɪɭɡɤɢ), ɬɟɦ ɜɵɲɟ ɤɪɢɬɢɱɟɫɤɚɹ ɛɢ-
ɮɭɪɤɚɰɢɨɧɧɚɹ ɧɚɝɪɭɡɤɚ (ɪɢɫ. 3) ɢ ɬɟɦ ɛɨɥɶɲɟ 
ɪɚɫɯɨɠɞɟɧɢɹ ɫɨ ɡɧɚɱɟɧɢɟɦ Ɋɤɪ1, ɩɨɥɭɱɟɧɧɵɦ 
ɩɪɢ ɫɬɚɬɢɱɟɫɤɨɦ ɧɚɝɪɭɠɟɧɢɢ. Ɍɚɤ ɩɪɢ 
tɧɚɝɪɭɠ=2, 5, 20, 60 ɫɟɤ ɭɤɚɡɚɧɧɵɟ ɪɚɫɯɨɠɞɟ-
ɧɢɹ ɫɨɫɬɚɜɢɥɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ΔɊɤɪ1 ≈ 6%, 
3%, 2,5%, 0,5% ɜ ɛɨɥɶɲɭɸ ɫɬɨɪɨɧɭ. ɇɚ ɪɢɫ. 3 
ɩɨɤɚɡɚɧɨ ɩɨɜɟɞɟɧɢɟ ɮɟɪɦɵ ɜ ɭɫɥɨɜɢɹɯ ɞɢɧɚ-
ɦɢɱɟɫɤɨɝɨ ɧɚɝɪɭɠɟɧɢɹ ɩɪɢ ɪɚɡɥɢɱɧɨɦ ɜɪɟ-
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ɦɟɧɢ ɞɨɫɬɢɠɟɧɢɹ ɩɨɥɧɨɣ ɧɚɝɪɭɡɤɢ. Вɢɞɧɨ, 
ɱɬɨ ɩɪɢ ɛɵɫɬɪɨɦ ɧɚɝɪɭɠɟɧɢɢ tɧɚɝɪɭɠ=2 ɫɟɤ 
ɜɪɟɦɹ ɡɚɬɭɯɚɧɢɹ ɤɨɥɟɛɚɬɟɥɶɧɨɝɨ ɩɪɨɰɟɫɫɚ 

ɨɤɨɥɨ ɞɚɥɟɤɨɝɨ ɭɫɬɨɣɱɢɜɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɡɧɚ-
ɱɢɬɟɥɶɧɨ ɛɨɥɶɲɟ, ɱɟɦ ɩɪɢ ɧɚɝɪɭɠɟɧɢɢ ɜ ɬɟ-
ɱɟɧɢɟ 20 ɫɟɤ. 

 
 

 
Ɋɢɫɭɧɨɤ 2. 

К ɢɫɫɥɟɞɨɜɚɧɢɸ ɭɫɬɨɣɱɢɜɨɫɬɢ ɱɟɬɵɪɟɯɩɚɧɟɥɶɧɨɣ ɮɟɪɦɵ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɥɢɧɟɣɧɨ ɭɩɪɭ-
ɝɨɣ ɦɨɞɟɥɢ ɦɚɬɟɪɢɚɥɚ ɫɬɚɬɢɱɟɫɤɢɦ ɧɚɝɪɭɠɟɧɢɟɦ. 

 
 

 

 
Ɋɢɫɭɧɨɤ 3. 

К ɢɫɫɥɟɞɨɜɚɧɢɸ ɭɫɬɨɣɱɢɜɨɫɬɢ ɱɟɬɵɪɟɯɩɚɧɟɥɶɧɨɣ ɮɟɪɦɵ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɥɢɧɟɣɧɨ ɭɩɪɭ-
ɝɨɣ ɦɨɞɟɥɢ ɦɚɬɟɪɢɚɥɚ ɞɢɧɚɦɢɱɟɫɤɢɦ ɧɚɝɪɭɠɟɧɢɟɦ.
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ɆАɌȿɊИАɅ ɋɌɈȿК ɎȿɊɆЫ – ɇȿ-
ɅИɇȿɃɇɈ-ɍɉɊɍȽИɃ. 

 
В ɫɥɟɞɭɸɳɟɦ ɜɚɪɢɚɧɬɟ ɪɚɫɱɟɬɚ ɞɥɹ ɫɬɨ-

ɟɤ ɛɵɥɚ ɩɪɢɧɹɬɚ ɛɢɥɢɧɟɣɧɚɹ (ɪɢɫ. 1 ɜ) ɞɢɚ-
ɝɪɚɦɦɚ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɭɩɪɭɝɨɝɨ ɦɚɬɟɪɢɚ-
ɥɚ. Ɂɚɜɢɫɢɦɨɫɬɶ σ(İ) ɩɪɟɞɫɬɚɜɥɟɧɚ ɥɨɦɚɧɨɣ 
ɥɢɧɢɟɣ, ɫɨɫɬɨɹɳɟɣ ɢɡ ɞɜɭɯ ɭɱɚɫɬɤɨɜ, ɫ ɦɨɞɭ-
ɥɹɦɢ ɭɩɪɭɝɨɫɬɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɪɚɜɧɵɦɢ 

E1= 2·1011 ɇ/ɦ2, E2 = 2,5·1010 ɇ/ɦ2. Ɂɧɚɱɟɧɢɟ 
ɩɪɟɞɟɥɚ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɫɬɢ ɩɪɢɧɢɦɚɥɨɫɶ 
ɪɚɜɧɵɦ σɩɰ =2·108 ɇ/ɦ2. 

ɉɪɢ ɫɬɚɬɢɱɟɫɤɨɦ ɩɪɢɥɨɠɟɧɢɢ ɧɚɝɪɭɡɤɢ 
ɧɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɧɚɝɪɭɠɟɧɢɹ (ɪɢɫ. 4, ɭɱɚɫɬɨɤ 
ɞɢɚɝɪɚɦɦɵ ɪɚɜɧɨɜɟɫɢɣ 1-2) ɮɟɪɦɚ ɫɨɯɪɚɧɹɥɚ 
ɫɢɦɦɟɬɪɢɱɧɭɸ ɮɨɪɦɭ ɪɚɜɧɨɜɟɫɢɹ, ɩɪɢ ɧɚ-
ɩɪɹɠɟɧɢɹɯ ɤɚɤ ɦɟɧɶɲɢɯ, ɬɚɤ ɢ ɛɨɥɶɲɢɯ σɩɰ 

 

 
Ɋɢɫɭɧɨɤ 4. 

К ɢɫɫɥɟɞɨɜɚɧɢɸ ɭɫɬɨɣɱɢɜɨɫɬɢ ɱɟɬɵɪɟɯɩɚɧɟɥɶɧɨɣ ɮɟɪɦɵ ɫ ɧɟɥɢɧɟɣɧɨ-ɭɩɪɭɝɢɦ ɦɚɬɟɪɢɚɥɨɦ 
ɫɬɨɟɤ ɩɪɢ ɫɬɚɬɢɱɟɫɤɨɦ ɧɚɝɪɭɠɟɧɢɢ. 

 
ɉɨ ɞɨɫɬɢɠɟɧɢɢ ɤɪɢɬɢɱɟɫɤɨɣ ɛɢɮɭɪɤɚ-

ɰɢɨɧɧɨɣ ɧɚɝɪɭɡɤɢ Ɋɤɪ1 = Ɋɛɢɮ ɮɟɪɦɚ ɩɨɬɟɪɹɥɚ 
ɭɫɬɨɣɱɢɜɨɫɬɶ «ɜ ɦɚɥɨɦ» ɜ ɬɨɱɤɟ ɫɢɦɦɟɬɪɢɱ-
ɧɨɣ ɭɫɬɨɣɱɢɜɨɣ ɛɢɮɭɪɤɚɰɢɢ ɢ ɩɟɪɟɲɥɚ ɜ ɧɨ-
ɜɨɟ ɨɝɪɚɧɢɱɟɧɧɨ ɭɫɬɨɣɱɢɜɨɟ ɡɚɤɪɢɬɢɱɟɫɤɨɟ 
ɪɚɜɧɨɜɟɫɢɟ (ɪɢɫ. 4 ɭɱɚɫɬɨɤ ɞɢɚɝɪɚɦɦɵ ɪɚɜ-
ɧɨɜɟɫɢɣ 2-3). ɉɪɢ ɷɬɨɦ ɧɚɛɥɸɞɚɥɚɫɶ ɩɨɫɬɟ-
ɩɟɧɧɚɹ ɪɚɡɝɪɭɡɤɚ ɥɟɜɨɣ ɧɢɠɧɟɣ ɫɬɨɣɤɢ (ɜ 
ɤɨɧɰɟ ɭɤɚɡɚɧɧɨɝɨ ɭɱɚɫɬɤɚ ɨɧɚ ɞɚɠɟ ɨɤɚɡɚɥɚɫɶ 
ɪɚɫɬɹɧɭɬɨɣ). В ɩɪɚɜɨɣ ɧɢɠɧɟɣ ɫɬɨɣɤɟ ɫɠɢ-
ɦɚɸɳɢɟ ɭɫɢɥɢɹ ɪɟɡɤɨ ɜɨɡɪɨɫɥɢ. ɉɪɢ ɞɨɫɬɢ-
ɠɟɧɢɢ ɜɬɨɪɨɣ ɤɪɢɬɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ Ɋɤɪ2 
(ɪɢɫ. 4 ɬɨɱɤɚ 3) ɮɟɪɦɚ ɯɥɨɩɤɨɦ ɩɟɪɟɲɥɚ ɜ 
ɧɨɜɨɟ ɪɚɜɧɨɜɟɫɢɟ (ɪɢɫ. 4 ɬɨɱɤɚ 4). Вɫɟ ɩɪɚ-
ɜɵɟ ɫɬɨɣɤɢ - ɫɠɚɬɵ, ɚ ɥɟɜɵɟ – ɪɚɫɬɹɧɭɬɵ. 
Ⱦɟɮɨɪɦɚɰɢɢ ɮɟɪɦɵ – ɩɥɚɜɧɵɟ. ɇɚɤɨɧɟɰ, ɩɪɢ 
ɞɨɫɬɢɠɟɧɢɢ ɬɪɟɬɶɟɣ ɤɪɢɬɢɱɟɫɤɨɣ ɫɢɥɵ Ɋɤɪ3 
(ɜ ɬɨɱɤɟ 5 ɧɚ ɪɢɫ. 4) ɮɟɪɦɚ «ɯɥɨɩɤɨɦ» ɩɟɪɟ-
ɯɨɞɢɬ ɜ «ɩɟɪɟɜɟɪɧɭɬɨɟ» ɪɚɜɧɨɜɟɫɢɟ (ɬɨɱɤɚ 

6), ɤɨɬɨɪɨɟ ɛɭɞɟɬ ɞɥɹ ɪɚɫɫɦɨɬɪɟɧɧɨɣ ɮɟɪɦɵ 
ɮɢɧɚɥɶɧɵɦ, ɬɚɤ ɤɚɤ ɫɨɝɥɚɫɧɨ ɩɪɢɧɰɢɩɭ Ɍɨɪ-
ɪɢɱɟɥɥɢ ɩɪɢɥɨɠɟɧɧɚɹ ɤ ɮɟɪɦɟ ɧɚɝɪɭɡɤɚ ɜ 
ɷɬɨɦ ɫɥɭɱɚɟ ɡɚɧɢɦɚɟɬ ɧɚɢɧɢɡɲɟɟ ɜɨɡɦɨɠɧɨɟ 
ɩɨɥɨɠɟɧɢɟ.  

ɉɪɢ ɞɢɧɚɦɢɱɟɫɤɨɦ ɧɚɝɪɭɠɟɧɢɢ ɮɟɪɦɵ 
(tɧɚɝɪɭɠ= 5 ɫɟɤ) ɜɵɹɫɧɢɥɨɫɶ, ɱɬɨ ɜɟɫɶɦɚ ɡɚ-
ɬɪɭɞɧɢɬɟɥɶɧɨ ɨɩɪɟɞɟɥɢɬɶ ɬɨɱɧɨɟ ɡɧɚɱɟɧɢɟ 
ɧɚɝɪɭɡɤɢ ɧɚɱɚɥɚ ɨɬɤɥɨɧɟɧɢɹ ɮɟɪɦɵ ɨɬ ɫɢɦ-
ɦɟɬɪɢɱɧɨɝɨ ɪɚɜɧɨɜɟɫɢɹ. Ɍɚɤ ɧɚ ɝɪɚɮɢɤɟ (ɪɢɫ. 
5) ɬɨɱɤɚ 2 ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɧɚɝɪɭɡɤɟ Ɋ = 1115 
ɇ. ɋɬɚɬɢɱɟɫɤɨɟ ɧɚɝɪɭɠɟɧɢɟ ɞɚɥɨ Ɋɤɪ1 = 952 ɇ 
(ΔɊɤɪ1 ≈ 17%). Ɋɚɫɱɟɬ ɫ ɜɪɟɦɟɧɟɦ ɩɪɢɥɨɠɟ-
ɧɢɹ ɧɚɝɪɭɡɤɢ, ɭɜɟɥɢɱɟɧɧɵɦ ɞɨ tɧɚɝɪɭɠ= 20 
ɫɟɤ, ɞɚɟɬ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɟɟ ɛɥɢɡɤɢɣ ɤ ɫɬɚɬɢ-
ɱɟɫɤɨɦɭ ɧɚɝɪɭɠɟɧɢɸ ɪɟɡɭɥɶɬɚɬ Ɋɤɪ1 ≈ 970 ɇ 
(ΔɊɤɪ1 ≈ 2%). ɇɚ ɪɢɫ. 5 ɬɨɥɫɬɵɦɢ ɥɢɧɢɹɦɢ 
ɩɨɤɚɡɚɧ ɝɪɚɮɢɤ ɩɟɪɟɦɟɳɟɧɢɣ ɥɟɜɨɝɨ ɜɟɪɯɧɟ-
ɝɨ ɭɡɥɚ ɮɟɪɦɵ, ɩɨɥɭɱɟɧɧɵɣ ɫ ɩɨɦɨɳɶɸ ɞɢ-
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ɧɚɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɩɪɢ ɜɟɥɢɱɢɧɟ ɤɨɧɫɬ-
ɪɭɤɰɢɨɧɧɨɝɨ ɞɟɦɩɮɢɪɨɜɚɧɢɹ G = 0,01; ɚ 
ɬɨɧɤɢɦɢ ɥɢɧɢɹɦɢ – ɞɥɹ ɦɟɧɶɲɟɣ ɜɟɥɢɱɢɧɵ 
ɤɨɧɫɬɪɭɤɰɢɨɧɧɨɝɨ ɞɟɦɩɮɢɪɨɜɚɧɢɹ 
(G=0,001). ɉɨ ɜɵɲɟɭɤɚɡɚɧɧɵɦ ɝɪɚɮɢɤɚɦ ɨɬ-
ɱɟɬɥɢɜɨ ɜɢɞɧɨ, ɱɬɨ ɩɪɢ ɧɢɡɤɨɣ ɜɟɥɢɱɢɧɟ 

ɞɟɦɩɮɢɪɨɜɚɧɢɹ (G = 0,001) ɤɨɧɫɬɪɭɤɰɢɹ 
ɞɨɫɬɚɬɨɱɧɨ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɟ ɜɪɟɦɹ ɫɨɜɟɪ-
ɲɚɟɬ ɡɧɚɱɢɬɟɥɶɧɵɟ ɩɨ ɚɦɩɥɢɬɭɞɟ ɡɚɬɭɯɚɸ-
ɳɢɟ ɤɨɥɟɛɚɧɢɹ ɜɨɤɪɭɝ ɭɫɬɨɣɱɢɜɵɯ ɩɨɥɨɠɟ-
ɧɢɣ ɪɚɜɧɨɜɟɫɢɹ. 

 
Ɋɢɫɭɧɨɤ 5. 

К ɢɫɫɥɟɞɨɜɚɧɢɸ ɭɫɬɨɣɱɢɜɨɫɬɢ ɧɟɥɢɧɟɣɧɨ-ɭɩɪɭɝɨɣ ɱɟɬɵɪɟɯɩɚɧɟɥɶɧɨɣ ɮɟɪɦɵ ɞɢɧɚɦɢɱɟɫɤɢɦ 
ɧɚɝɪɭɠɟɧɢɟɦ. 

 
 

ɆАɌȿɊИАɅ ɋɌɈȿК ɎȿɊɆЫ – ɍɉ-
ɊɍȽɈɉɅАɋɌИЧȿɋКИɃ. 

 
ɍɩɪɭɝɨɩɥɚɫɬɢɱɟɫɤɢɣ ɦɚɬɟɪɢɚɥ ɚɧɚɥɨɝɢɱ-

ɧɨ ɩɪɟɞɵɞɭɳɟɣ ɦɨɞɟɥɢ ɫɨɨɬɜɟɬɫɬɜɨɜɚɥ ɛɢɥɢ-
ɧɟɣɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ σ(İ). Ɇɨɞɭɥɢ ɭɩɪɭɝɨɫɬɢ 
ɞɥɹ ɩɟɪɜɨɝɨ ɢ ɜɬɨɪɨɝɨ ɭɱɚɫɬɤɨɜ ɫɨɨɬɜɟɬɫɬ-
ɜɟɧɧɨ ɩɪɢɧɢɦɚɥɢɫɶ ɪɚɜɧɵɦɢ E1 = 2·1011 ɇ/ɦ2, 
E2 = 2,5·1010 ɇ/ɦ2, ɚ ɩɪɟɞɟɥ ɩɪɨɩɨɪɰɢɨɧɚɥɶ-
ɧɨɫɬɢ σɩɰ =2·108 ɇ/ɦ2 (ɪɢɫ. 1 ɝ). Ɉɞɧɚɤɨ ɨɬɥɢ-
ɱɢɬɟɥɶɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɭɩɪɭɝɨɩɥɚɫɬɢɱɟɫɤɨ-
ɝɨ ɦɚɬɟɪɢɚɥɚ ɨɬ ɧɟɥɢɧɟɣɧɨ-ɭɩɪɭɝɨɝɨ ɹɜɥɹɟɬɫɹ 
ɧɚɥɢɱɢɟ ɜ ɷɥɟɦɟɧɬɚɯ ɧɚɝɪɭɠɟɧɧɨɣ ɫɢɫɬɟɦɵ 
ɩɨɫɥɟ ɪɚɡɝɪɭɡɤɢ ɨɫɬɚɬɨɱɧɵɯ ɞɟɮɨɪɦɚɰɢɣ. 
ɉɪɢ ɷɬɨɦ ɪɚɡɝɪɭɡɤɚ ɢ ɩɨɫɥɟɞɭɸɳɟɟ ɧɚɝɪɭɠɟ-
ɧɢɟ ɩɪɨɢɫɯɨɞɹɬ ɩɨ ɥɢɧɟɣɧɨɦɭ ɡɚɤɨ-
ɧɭ.ɋɧɚɱɚɥɚ ɪɚɫɫɦɨɬɪɢɦ ɪɟɡɭɥɶɬɚɬɵ, ɩɨɥɭ-
ɱɟɧɧɵɟ ɩɪɢ ɫɬɚɬɢɱɟɫɤɨɦ ɧɚɝɪɭɠɟɧɢɢ ɮɟɪɦɵ. 
Кɚɤ ɢ ɜ ɩɪɟɞɵɞɭɳɟɦ ɫɥɭɱɚɟ (ɧɟɥɢɧɟɣɧɨ-
ɭɩɪɭɝɢɣ ɦɚɬɟɪɢɚɥ), ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɦɨɞɟ-
ɥɢ ɭɩɪɭɝɨɩɥɚɫɬɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɩɨɬɟɪɹ 
ɭɫɬɨɣɱɢɜɨɫɬɢ ɮɟɪɦɵ ɩɪɨɢɡɨɲɥɚ ɡɚ ɩɪɟɞɟɥɚ-
ɦɢ σɩɰ. ɉɪɢ ɧɚɢɦɟɧɶɲɟɣ ɤɪɢɬɢɱɟɫɤɨɣ ɧɚɝɪɭɡ-

ɤɟ (ɪɢɫ. 6, Ɋɤɪ1) ɫɠɚɬɚɹ ɮɟɪɦɚ ɬɟɪɹɟɬ ɭɫɬɨɣɱɢ-
ɜɨɫɬɶ «ɜ ɦɚɥɨɦ» ɢ ɩɟɪɟɯɨɞɢɬ ɜ ɧɨɜɨɟ ɨɝɪɚɧɢ-
ɱɟɧɧɨ ɭɫɬɨɣɱɢɜɨɟ ɧɟɫɢɦɦɟɬɪɢɱɧɨɟ ɪɚɜɧɨɜɟ-
ɫɢɟ (ɪɢɫ. 6, ɬɨɱɤɚ 3) ɉɪɚɜɚɹ ɫɬɨɣɤɚ ɞɨɝɪɭɠɚ-
ɟɬɫɹ ɡɚ ɫɱɟɬ ɪɚɡɝɪɭɡɤɢ ɥɟɜɨɣ. Эɬɨ ɧɟɫɢɦɦɟɬ-
ɪɢɱɧɨɟ ɪɚɜɧɨɜɟɫɢɟ ɭɫɬɨɣɱɢɜɨ ɜɩɥɨɬɶ ɞɨ ɜɬɨ-
ɪɨɣ ɤɪɢɬɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ(Ɋɤɪ2), ɩɪɢ ɤɨɬɨɪɨɣ 
ɮɟɪɦɚ ɯɥɨɩɤɨɦ ɢɡ ɩɪɟɞɟɥɶɧɨɣ ɬɨɱɤɢ ɩɟɪɟɯɨ-
ɞɢɬ ɜ ɞɚɥɟɤɨɟ ɫɢɥɶɧɨ ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɟ ɪɚɜ-
ɧɨɜɟɫɢɟ (ɪɢɫ. 6 ɬɨɱɤɚ 4). Ⱦɚɥɶɧɟɣɲɟɟ ɡɚɤɪɢ-
ɬɢɱɟɫɤɨɟ ɩɨɜɟɞɟɧɢɟ ɮɟɪɦɵ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨ-
ɜɬɨɪɹɟɬ ɩɨɜɟɞɟɧɢɟ ɮɟɪɦɵ ɫ ɧɟɥɢɧɟɣɧɨ ɭɩɪɭ-
ɝɢɦɢ ɫɬɨɣɤɚɦɢ (ɪɢɫ. 6).  
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Ɋɢɫɭɧɨɤ 6.  

К ɢɫɫɥɟɞɨɜɚɧɢɸ ɭɫɬɨɣɱɢɜɨɫɬɢ ɱɟɬɵɪɟɯɩɚɧɟɥɶɧɨɣ ɮɟɪɦɵ ɫ ɭɱɟɬɨɦ ɩɥɚɫɬɢɱɟɫɤɢɯ ɞɟɮɨɪɦɚɰɢɣ 
 
 

 
Ⱦɢɧɚɦɢɱɟɫɤɨɟ ɧɚɝɪɭɠɟɧɢɟ (tɧɚɝɪɭɠ= 5 ɫɟɤ) 
ɮɟɪɦɵ (ɪɢɫ. 7) ɞɚɥɨ ɧɟɫɤɨɥɶɤɨ ɡɚɜɵɲɟɧɧɵɟ 
(ɩɨ ɫɪɚɜɧɟɧɢɸ ɫɨ ɫɬɚɬɢɤɨɣ) ɡɧɚɱɟɧɢɹ ɤɪɢɬɢ-
ɱɟɫɤɢɯ ɫɢɥ, ɩɪɢɱɟɦ ɪɚɫɯɨɠɞɟɧɢɟ ɨɤɚɡɚɥɨɫɶ 
ɛɨɥɶɲɟ, ɧɟɠɟɥɢ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɥɢɧɟɣɧɨ 
ɭɩɪɭɝɨɝɨ ɦɚɬɟɪɢɚɥɚ. Ɍɚɤ ɪɚɡɧɢɰɚ ɜ ɩɟɪɜɨɣ 
ɤɪɢɬɢɱɟɫɤɨɣ ɫɢɥɟ ɦɟɠɞɭ ɪɟɡɭɥɶɬɚɬɚɦɢ ɫɬɚ-
ɬɢɱɟɫɤɨɝɨ ɢ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɨɜ ɫɨɫɬɚ-
ɜɢɥɨ ΔɊɤɪ1 ≈ 13%. ɉɪɢɱɢɧɨɣ ɷɬɨɝɨ ɹɜɥɹɟɬɫɹ 
ɫɥɢɲɤɨɦ ɛɵɫɬɪɨɟ  ɧɚɝɪɭɠɟɧɢɟ. Ɉɞɧɚɤɨ ɭɜɟ-
ɥɢɱɟɧɢɟ ɜɪɟɦɟɧɢ ɧɚɝɪɭɠɟɧɢɹ ɞɨ tɧɚɝɪɭɠ= 20 

ɫɟɤ ɭɦɟɧɶɲɢɥɨ ɪɚɫɯɨɠɞɟɧɢɟ ɦɟɠɞɭ ɤɪɢɬɢɱɟ-
ɫɤɢɦɢ ɫɢɥɚɦɢ ɞɨ ΔɊɤɪ1 ≈ 1,2%. ɇɚ ɪɢɫ. 7 ɩɨ-
ɤɚɡɚɧɵ ɝɪɚɮɢɤɢ ɩɟɪɟɦɟɳɟɧɢɹ ɥɟɜɨɝɨ ɜɟɪɯɧɟ-
ɝɨ ɭɡɥɚ ɮɟɪɦɵ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɜɟɥɢɱɢɧɵ ɤɨɧ-
ɫɬɪɭɤɰɢɨɧɧɨɝɨ ɞɟɦɩɮɢɪɨɜɚɧɢɹ. Ƚɪɚɮɢɤ, 
ɢɡɨɛɪɚɠɟɧɧɵɣ ɬɨɥɫɬɨɣ ɥɢɧɢɟɣ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɪɟɡɭɥɶɬɚɬɭ, ɩɨɥɭɱɟɧɧɨɦɭ ɩɪɢ ɜɟɥɢɱɢɧɟ 
ɞɟɦɩɮɢɪɨɜɚɧɢɹ  G = 0,01, ɚ ɬɨɧɤɨɣ ɥɢɧɢɟɣ - 
G = 0,001. 

 

 
Ɋɢɫɭɧɨɤ 7. 

К ɢɫɫɥɟɞɨɜɚɧɢɸ ɭɫɬɨɣɱɢɜɨɫɬɢ  ɭɩɪɭɝɨɩɥɚɫɬɢɱɟɫɤɨɣ ɱɟɬɵɪɟɯɩɚɧɟɥɶɧɨɣ ɮɟɪɦɵ ɫ ɭɩɪɭɝɨɩɥɚ-
ɫɬɢɱɟɫɤɢɦ ɦɚɬɟɪɢɚɥɨɦ ɫɬɨɟɤ ɩɪɢ ɞɢɧɚɦɢɱɟɫɤɨɦ ɧɚɝɪɭɠɟɧɢɢ.



Иɡɝɢɛ ɞɜɭɯɫɥɨɣɧɨɣ ɛɚɥɤɢ ɧɚ ɭɩɪɭɝɨɦ ɨɫɧɨɜɚɧɢɢɫ ɭɱɟɬɨɦ ɢɡɦɟɧɟɧɢɹ ɠɟɫɬɤɨɫɬɢ ɛɚɥɤɢ ɩɨ ɞɥɢɧɟ 
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ɁАКɅɘЧȿɇИȿ 
 

Иɫɩɨɥɶɡɨɜɚɧɢɟ ɧɟɥɢɧɟɣɧɨ ɭɩɪɭɝɨɣ ɦɨ-
ɞɟɥɢ ɦɚɬɟɪɢɚɥɚ ɞɥɹ ɚɧɚɥɢɡɚ ɭɫɬɨɣɱɢɜɨɫɬɢ 
ɮɟɪɦɵ ɡɚ ɫɱɟɬ ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɭɦɟɧɶɲɟɧɢɹ 
ɠɟɫɬɤɨɫɬɢ ɤɨɧɫɬɪɭɤɰɢɢ ɩɪɢ ɫɠɚɬɢɢ (ɩɨ ɫɪɚɜ-
ɧɟɧɢɸ ɫ ɥɢɧɟɣɧɨ ɭɩɪɭɝɢɦ ɦɚɬɟɪɢɚɥɨɦ) ɡɧɚ-
ɱɢɬɟɥɶɧɨ ɭɦɟɧɶɲɚɟɬ ɤɪɢɬɢɱɟɫɤɭɸ ɧɚɝɪɭɡɤɭ 
Ɋɤɪ1. Ɍɚɤ ɟɫɥɢ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɥɢɧɟɣɧɨ 
ɭɩɪɭɝɨɝɨ ɦɚɬɟɪɢɚɥɚ Ɋɤɪ1 = 7200 ɇ, ɬɨ ɞɥɹ ɧɟ-
ɥɢɧɟɣɧɨ ɭɩɪɭɝɨɝɨ ɢ ɭɩɪɭɝɨɩɥɚɫɬɢɱɟɫɤɨɝɨ 
ɦɚɬɟɪɢɚɥɨɜ ɜɵɲɟɭɤɚɡɚɧɧɚɹ ɧɚɝɪɭɡɤɚ ɫɨɫɬɚ-
ɜɢɥɚ 952 ɇ ɢ 984 ɇ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɇɚɥɢɱɢɟ 
ɪɚɡɝɪɭɡɤɢ ɭ ɦɨɞɟɥɢ ɭɩɪɭɝɨɩɥɚɫɬɢɱɟɫɤɨɝɨ ɦɚ-
ɬɟɪɢɚɥɚ ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɛɨɥɟɟ ɜɵɫɨɤɢɟ ɧɚ-
ɝɪɭɡɤɢ ɩɨɬɟɪɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɮɟɪɦɵ, ɧɚɛɥɸ-
ɞɚɟɦɵɟ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɞɚɧɧɨɣ ɦɨɞɟɥɢ 
ɦɚɬɟɪɢɚɥɚ,  ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɪɟɡɭɥɶɬɚɬɚɦ ɩɨ-
ɥɭɱɟɧɧɵɦ ɞɥɹ ɮɟɪɦɵ ɫɨ ɫɬɨɣɤɚɦɢ ɢɡ ɧɟɥɢ-
ɧɟɣɧɨ ɭɩɪɭɝɨɝɨ ɦɚɬɟɪɢɚɥɚ. ɇɚɝɪɭɡɤɢ «ɯɥɨɩ-
ɤɚ» ɢɡ ɩɪɟɞɟɥɶɧɨɣ ɬɨɱɤɢ  ɫɨɫɬɚɜɢɥɢ Ɋɤɪ2 = 
1280 ɇ ɢ 1568 ɇ ɞɥɹ ɧɟɥɢɧɟɣɧɨ-ɭɩɪɭɝɨɝɨ ɢ 
ɭɩɪɭɝɨɩɥɚɫɬɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɨɜ ɫɨɨɬɜɟɬɫɬ-
ɜɟɧɧɨ. 

ɉɪɢ ɞɢɧɚɦɢɱɟɫɤɨɦ ɧɚɝɪɭɠɟɧɢɢ ɜɟɥɢɱɢ-
ɧɵ ɤɪɢɬɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ ɜɨɡɪɚɫɬɚɸɬ ɞɥɹ 
ɜɫɟɯ ɢɫɩɨɥɶɡɭɟɦɵɯ ɦɨɞɟɥɟɣ ɦɚɬɟɪɢɚɥɚ. ɉɨ-
ɷɬɨɦɭ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɫɬɚɬɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ 
ɩɪɢ ɩɨɦɨɳɢ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɧɚɝɪɭɠɟɧɢɹ ɬɪɟ-
ɛɭɟɬɫɹ ɛɪɚɬɶ ɞɨɫɬɚɬɨɱɧɨ ɦɚɥɟɧɶɤɭɸ ɫɤɨɪɨɫɬɶ 
ɜɨɡɪɚɫɬɚɧɢɹ ɧɚɝɪɭɡɤɢ. 
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1. ɈɉИɋАɇИȿ ɈȻɔȿКɌА ИɋɋɅȿȾɈ-
ВАɇИə 

Иɫɫɥɟɞɭɟɦɵɣ ɤɨɪɩɭɫ ɠɢɥɨɝɨ ɤɨɦ-
ɩɥɟɤɫɚ ɜ ɡɨɧɟ ɜɥɢɹɧɢɹ "ɬɪɚɧɫɩɨɪɬɧɵɯ" 
ɜɢɛɪɚɰɢɣ (Ɇɨɫɤɜɚ, ɩɪ-ɬ Вɟɪɧɚɞɫɤɨɝɨ ɨɤɨ-
ɥɨ ɦɟɬɪɨ "ɍɧɢɜɟɪɫɢɬɟɬ") – ɫɬɪɨɹɳɟɟɫɹ 
ɡɞɚɧɢɟ ɩɟɪɟɦɟɧɧɨɣ ɷɬɚɠɧɨɫɬɢ (11-19 ɧɚɞ-
ɡɟɦɧɵɯ ɷɬɚɠɟɣ + ɬɟɯɧɢɱɟɫɤɢɣ ɷɬɚɠ), ɫɨ-
ɫɬɨɢɬ ɢɡ 12-ɢ ɫɟɤɰɢɣ. В ɩɨɞɡɟɦɧɨɣ ɱɚɫɬɢ ɫ 
7 ɩɨ 12 ɫɟɤɰɢɸ ɩɪɟɞɭɫɦɨɬɪɟɧɚ ɚɜɬɨɫɬɨɹɧɤɚ 
(2 ɷɬɚɠɚ + ɬɟɯɧɢɱɟɫɤɢɣ ɷɬɚɠ). В ɩɨɞɡɟɦɧɨɣ 
ɱɚɫɬɢ ɫ 1 ɩɨ 6 ɫɟɤɰɢɸ ɩɪɟɞɭɫɦɨɬɪɟɧ ɬɟɯ-
ɧɢɱɟɫɤɢɣ ɷɬɚɠ. ɋɟɤɰɢɢ ɪɚɡɞɟɥɟɧɵ ɦɟɠɞɭ 
ɫɨɛɨɣ ɞɟɮɨɪɦɚɰɢɨɧɧɵɦɢ ɲɜɚɦɢ. 

ɇɟɫɭɳɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɫɟɤɰɢɢ ɡɞɚ-
ɧɢɹ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɜ ɜɢɞɟ ɛɟɡɪɢɝɟɥɶ-
ɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ ɤɚɪɤɚɫɚ, ɜɤɥɸ-

ɱɚɸɳɟɝɨ ɫɨɟɞɢɧɟɧɢɟ ɮɭɧɞɚɦɟɧɬɨɜ, ɤɨ-
ɥɨɧɧ, ɫɬɟɧ, ɚ ɬɚɤɠɟ ɹɞɟɪ ɥɟɫɬɧɢɱɧɵɯ ɤɥɟ-
ɬɨɤ, ɠёɫɬɤɨ ɫɜɹɡɚɧɧɵɯ ɫ ɩɟɪɟɤɪɵɬɢɹɦɢ. ɉɨ 
ɡɚɦɵɫɥɭ ɩɪɨɟɤɬɢɪɨɜɳɢɤɨɜ ɩɪɨɫɬɪɚɧɫɬɜɟɧ-
ɧɚɹ ɫɨɜɦɟɫɬɧɚɹ ɪɚɛɨɬɚ ɤɨɧɫɬɪɭɤɰɢɣ ɡɞɚɧɢɹ 
ɧɚ ɪɚɫɱёɬɧɵɟ ɫɨɱɟɬɚɧɢɹ ɜɟɪɬɢɤɚɥɶɧɵɯ ɢ 
ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɧɚɝɪɭɡɨɤ ɨɛɟɫɩɟɱɢɜɚɟɬ 
ɞɨɫɬɚɬɨɱɧɨ ɪɚɜɧɨɦɟɪɧɵɟ ɨɫɚɞɤɭ ɨɫɧɨɜɚ-
ɧɢɹ, ɧɨɪɦɚɬɢɜɧɵɟ ɩɪɨɝɢɛɵ ɩɥɢɬ ɩɟɪɟɤɪɵ-
ɬɢɣ ɢ ɞɨɩɭɫɬɢɦɵɟ ɪɚɫɤɪɵɬɢɹ ɬɪɟɳɢɧ. 

Вɫɟ ɨɫɧɨɜɧɵɟ ɧɟɫɭɳɢɟ ɤɨɧɫɬɪɭɤɰɢɢ 
ɡɚɩɪɨɟɤɬɢɪɨɜɚɧɵ ɢɡ ɦɨɧɨɥɢɬɧɨɝɨ ɠɟɥɟɡɨ-
ɛɟɬɨɧɚ ɤɥɚɫɫɚ В25, В30 (ɤɨɥɨɧɧɵ), ɫ ɚɪɦɚ-
ɬɭɪɨɣ ɤɥɚɫɫɚ А500ɋɉ, АI ɢ ɠёɫɬɤɨ ɫɨɟɞɢ-
ɧɟɧɵ ɦɟɠɞɭ ɫɨɛɨɣ ɜ ɭɡɥɚɯ ɫɨɩɪɹɠɟɧɢɹ. 

ɉɪɢ ɪɚɡɪɚɛɨɬɤɟ ɢ ɪɟɚɥɢɡɚɰɢɢ ɩɪɟɞ-
ɥɚɝɚɟɦɨɣ ɪɚɫɱɟɬɧɨ-ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɦɟ-
ɬɨɞɢɤɢ ɭɱɬɟɧɵ: 
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ɭɱɟɬɨɦ ɤɨɧɬɚɤɬɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɝɪɭɧɬɨɦ ɦɨɪɫɤɨɝɨ ɞɧɚ 
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– ɩɪɨɟɤɬɧɨɟ ɪɚɫɩɨɥɨɠɟɧɢɟ ɫɜɚɣ 
ɫɟɤɰɢɣ ɫɬɪɨɹɳɟɝɨɫɹ ɤɨɪɩɭɫɚ; 

– ɫɜɨɞɧɚɹ ɝɟɨɥɨɝɨ-ɥɢɬɨɥɨɝɢɱɟɫɤɚɹ 
ɤɨɥɨɧɤɚ ɢ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟ-
ɪɢɫɬɢɤɢ ɝɪɭɧɬɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ, ɢɧɠɟɧɟɪ-
ɧɨ-ɝɟɨɥɨɝɢɱɟɫɤɢɟ ɪɚɡɪɟɡɵ ɩɥɨɳɚɞɤɢ 
ɫɬɪɨɢɬɟɥɶɫɬɜɚ. 

 
2. ɊȿɁɍɅɖɌАɌЫ ɇАɌɍɊɇЫɏ ВИȻ-
ɊɈИɁɆȿɊȿɇИɃ 

 
В ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɩɪɨ-

ɝɪɚɦɦɨɣ ɩɪɨɜɟɞɟɧɵ 3 ɪɚɡɧɟɫɟɧɧɵɟ ɩɨ ɜɪɟ-
ɦɟɧɢ ɫɟɪɢɢ ɜɢɛɪɨɢɡɦɟɪɟɧɢɣ ɧɚ ɮɭɧɞɚ-
ɦɟɧɬɧɵɯ ɤɨɧɫɬɪɭɤɰɢɹɯ ɞɜɭɯ ɫɟɤɰɢɣ 
ɫɬɪɨɹɳɟɝɨɫɹ ɤɨɪɩɭɫɚ ɜ ɫɥɟɞɭɸɳɟɣ ɯɪɨɧɨ-
ɥɨɝɢɱɟɫɤɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ: 

– ɞɥɹ 6-ɢ ɬɨɱɟɤ ɧɚ ɫɜɚɹɯ ɭɝɥɨɜɨɣ ɫɟɤ-
ɰɢɢ (ɜɵɛɪɚɧɵ 3 ɩɪɟɞɫɬɚɜɢɬɟɥɶɧɵɟ ɬɨɱɤɢ); 

– ɞɥɹ 3-ɯ ɬɨɱɟɤ ɮɭɧɞɚɦɟɧɬɧɨɣ ɩɥɢɬɵ 
ɪɨɫɬɜɟɪɤɚ ɭɝɥɨɜɨɣ ɫɟɤɰɢɢ ɢ 3-ɯ ɬɨɱɟɤ ɧɚ 
ɫɜɚɹɯ ɪɹɞɨɜɨɣ ɫɟɤɰɢɢ;  

– "ɩɨɜɬɨɪɧɵɟ" – ɞɥɹ 3-ɯ ɬɨɱɟɤ ɪɨɫɬ-
ɜɟɪɤɚ ɭɝɥɨɜɨɣ ɫɟɤɰɢɢ. 

ɉɨɥɭɱɟɧɵ ɢ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɞɥɹ 
ɭɩɨɦɹɧɭɬɵɯ ɬɨɱɟɤ: 

– ɜɪɟɦɟɧɧɵɟ ɪɟɚɥɢɡɚɰɢɢ ɜɢɛɪɨɭɫɤɨ-
ɪɟɧɢɣ – "ɚɤɫɟɥɟɪɨɝɪɚɦɦɵ" – ɩɨ 3-ɦ ɧɚ-
ɩɪɚɜɥɟɧɢɹɦ (ɜɞɨɥɶ ɢ ɩɨɩɟɪɟɤ ɥɢɧɢɢ ɦɟɬɪɨ, 
ɜɟɪɬɢɤɚɥɶɧɵɟ) ɞɥɹ ɯɚɪɚɤɬɟɪɧɵɯ ɢɧɬɟɪɜɚ-
ɥɨɜ ɞɨ 800 ɫɟɤ; 

– ɭɡɤɨɩɨɥɨɫɧɵɟ ɫɩɟɤɬɪɵ Фɭɪɶɟ ɚɤɫɟ-
ɥɟɪɨɝɪɚɦɦ ɜ ɞɢɚɩɚɡɨɧɟ ɱɚɫɬɨɬ (0 - 100) Ƚɰ; 

– "ɤɪɢɬɟɪɢɚɥɶɧɵɟ" ɫɪɟɞɧɟɨɤɬɚɜɧɵɟ 
ɫɩɟɤɬɪɵ ɚɤɫɟɥɟɪɨɝɪɚɦɦ (ɜ ɞȻ).  

Вɢɛɪɨɢɡɦɟɪɟɧɢɹ ɜɵɩɨɥɧɟɧɵ ɬɚɤɠɟ ɜ 
6-ɢ ɬɨɱɤɚɯ "ɪɹɞɨɜɨɣ" ɫɟɤɰɢɢ ɩɨɥɧɨɫɬɶɸ 
ɜɨɡɜɟɞɟɧɧɨɝɨ ɤɨɪɩɭɫɚ (ɩɨ 2 ɬɨɱɤɢ ɜ ɨɩɨɪ-
ɧɨɣ ɢ ɩɪɨɥɟɬɧɨɣ ɡɨɧɚɯ ɩɟɪɟɤɪɵɬɢɣ 1-ɝɨ, 9-
ɝɨ ɢ ɩɨɫɥɟɞɧɟɝɨ ɷɬɚɠɟɣ). Иɡɦɟɪɟɧɢɹ ɩɨ-
ɡɜɨɥɢɥɢ ɜɵɹɜɢɬɶ ɜɢɛɪɚɰɢɢ ɨɬ ɞɜɢɠɟɧɢɹ 
ɩɨɟɡɞɨɜ ɦɟɬɪɨɩɨɥɢɬɟɧɚ ɧɚ ɜɟɫɶɦɚ ɫɥɚɛɨɦ 
ɭɪɨɜɧɟ, ɦɚɥɨ ɨɬɥɢɱɚɸɳɟɦɫɹ ɨɬ ɩɨɫɬɨɹɧ-
ɧɵɯ ɜɢɛɪɚɰɢɣ ɨɬ ɞɜɢɠɟɧɢɹ ɚɜɬɨɬɪɚɧɫɩɨɪ-
ɬɚ. Вɚɠɧɵɣ ɤɚɱɟɫɬɜɟɧɧɵɣ ɜɵɜɨɞ, ɤɨɬɨɪɵɣ 
ɦɨɠɧɨ ɱɚɫɬɢɱɧɨ ɷɤɫɬɪɚɩɨɥɢɪɨɜɚɬɶ ɢ ɧɚ 
ɧɟɫɭɳɢɟ ɤɨɧɫɬɪɭɤɰɢɢ ɢɫɫɥɟɞɭɟɦɨɝɨ ɜɨɡ-

ɜɨɞɢɦɨɝɨ ɤɨɪɩɭɫɚ: ɧɟ ɡɚɮɢɤɫɢɪɨɜɚɧɨ ɡɧɚ-
ɱɢɦɨɝɨ ɭɫɢɥɟɧɢɹ ɜɢɛɪɚɰɢɣ ɧɚ ɧɟɫɭɳɢɯ 
ɤɨɧɫɬɪɭɤɰɢɹɯ ɜɟɪɯɧɢɯ ɷɬɚɠɟɣ ɜɨɡɜɟɞɟɧɧɨ-
ɝɨ ɤɨɪɩɭɫɚ. 

 

3. ɆȿɌɈȾИКА ɊАɋЧȿɌА ВИȻɊАЦИ-
ɈɇɇɈȽɈ ɋɈɋɌɈəɇИə ɆɇɈȽɈ-
ЭɌАɀɇЫɏ ɁȾАɇИɃ, ВЫɁВАɇɇɈȽɈ 
ȾВИɀȿɇИȿɆ ɆȿɌɊɈɉɈȿɁȾɈВ 

Вɜɢɞɭ ɧɟɭɫɬɚɧɨɜɢɜɲɟɝɨɫɹ ɯɚɪɚɤɬɟ-
ɪɚ ɤɨɥɟɛɚɧɢɣ, ɨɠɢɞɚɟɦɨ ɩɥɨɬɧɨɝɨ ɫɩɟɤɬɪɚ 
ɫɨɛɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ ɜ ɜɢɛɪɚɰɢɨɧɧɨ ɡɧɚɱɢ-
ɦɨɦ ɞɢɚɩɚɡɨɧɟ (0-70 Ƚɰ) – ɞɨ 2000-3000 
ɡɧɚɱɟɧɢɣ – ɢ ɫ ɭɱɟɬɨɦ ɬɨɱɧɨɫɬɢ ɢɫɯɨɞɧɨɣ 
ɢɧɮɨɪɦɚɰɢɢ (ɜɢɛɪɨɜɨɡɞɟɣɫɬɜɢɹ, ɫɜɨɣɫɬɜɚ 
ɦɚɬɟɪɢɚɥɨɜ-ɫɪɟɞ, ɤɨɧɫɬɪɭɤɬɢɜɧɨɟ ɢɫɩɨɥ-
ɧɟɧɢɟ) ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɦ ɢ "ɜ ɪɚɡɭɦ-
ɧɵɣ ɡɚɩɚɫ" ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɣ ɧɚ-
ɛɨɪ ɝɢɩɨɬɟɡ ɢ ɫɯɟɦ ɱɢɫɥɟɧɧɨɝɨ ɪɟɲɟɧɢɹ: 

1) ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɫɨɛɫɬɜɟɧ-
ɧɵɯ ɱɚɫɬɨɬ ɢ ɮɨɪɦ ɤɨɥɟɛɚɧɢɣ КЭ-ɦɨɞɟɥɟɣ 
"ɞɢɧɚɦɢɱɟɫɤɨɟ ɨɫɧɨɜɚɧɢɟ - ɤɨɧɫɬɪɭɤɰɢɢ 
ɫɟɤɰɢɢ" ɜ ɷɧɟɪɝɟɬɢɱɟɫɤɢ ɡɧɚɱɢɦɨɦ ɞɢɚɩɚ-
ɡɨɧɟ (0-70 Ƚɰ) ɷɮɮɟɤɬɢɜɧɵɦ ɛɥɨɱɧɵɦ ɦɟ-
ɬɨɞɨɦ Ʌɚɧɰɨɲɚ ɫ ɨɰɟɧɤɨɣ ɩɥɨɬɧɨɫɬɢ ɱɚɫ-
ɬɨɬ ɢ ɯɚɪɚɤɬɟɪɚ ɮɨɪɦ ɤɨɥɟɛɚɧɢɣ; 

2) ɩɥɚɬɮɨɪɦɟɧɧɚɹ ɫɯɟɦɚ ɬɪɟɯɤɨɦɩɨ-
ɧɟɧɬɧɨɝɨ ɤɢɧɟɦɚɬɢɱɟɫɤɨɝɨ ɜɨɡɛɭɠɞɟɧɢɹ 
ɮɭɧɞɚɦɟɧɬɧɨɣ ɩɥɢɬɵ (ɪɨɫɬɜɟɪɤɚ) ɫɟɤɰɢɢ, 
ɡɚɞɚɜɚɟɦɨɝɨ ɬɪɟɯɤɨɦɩɨɧɟɧɬɧɨɣ "ɚɤɫɟɥɟɪɨ-
ɝɪɚɦɦɨɣ" ɞɥɹ ɜɪɟɦɟɧɧɵɯ ɢɧɬɟɪɜɚɥɨɜ 
(ɩɪɟɞɫɬɚɜɢɬɟɥɶɧɨ – 20 ɫɟɤ) ɫ ɜɵɹɜɥɟɧɧɵɦɢ 
ɦɚɤɫɢɦɚɥɶɧɵɦɢ ɜɢɛɪɨɭɫɤɨɪɟɧɢɹɦɢ ɨɬ 
ɞɜɢɠɟɧɢɹ ɩɨɟɡɞɨɜ ɦɟɬɪɨɩɨɥɢɬɟɧɚ; 

3) ɩɪɹɦɨɟ ɢɧɬɟɝɪɢɪɨɜɚɧɢɟ ɩɨ ɜɪɟɦɟɧɢ 
КЭ-ɭɪɚɜɧɟɧɢɣ ɞɜɢɠɟɧɢɹ ɫɟɤɰɢɢ ɩɨ ɧɟɹɜ-
ɧɨɣ ɛɟɡɭɫɥɨɜɧɨ ɭɫɬɨɣɱɢɜɨɣ ɫɯɟɦɟ ɇɶɸ-
ɦɚɪɤɚ ɫ ɲɚɝɨɦ ɩɨ ɜɪɟɦɟɧɢ, ɩɨɡɜɨɥɹɸɳɟɦ 
"ɬɨɱɧɨ" ɪɟɚɥɢɡɨɜɚɬɶ ɜɫɟ ɮɨɪɦɵ ɫ ɱɚɫɬɨɬɚ-
ɦɢ ɞɨ 70 Ƚɰ, ɢ Ɋɟɥɟɜɫɤɢɦ ɞɟɦɩɮɢɪɨɜɚɧɢɟɦ 
ɫ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɫɬɢ, 
ɨɛɟɫɩɟɱɢɜɚɸɳɢɦɢ ɭɪɨɜɟɧɶ 0,05 ɨɬ ɤɪɢɬɢ-
ɱɟɫɤɨɝɨ (ɞɥɹ ɧɟɫɭɳɢɯ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ 
ɤɨɧɫɬɪɭɤɰɢɣ), ɩɨɥɭɱɟɧɢɟ ɜɪɟɦɟɧɧɵɯ ɪɟɚ-
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ɥɢɡɚɰɢɣ ɜɢɛɪɨɭɫɤɨɪɟɧɢɣ – ɨɬɜɟɬɧɵɯ ɚɤɫɟɥɟ-
ɪɨɝɪɚɦɦ; 

4) "ɧɨɪɦɚɬɢɜɧɵɣ" ɨɤɬɚɜɧɵɣ ɫɩɟɤ-
ɬɪɚɥɶɧɵɣ ɚɧɚɥɢɡ ɨɬɜɟɬɧɵɯ ɚɤɫɟɥɟɪɨɝɪɚɦɦ  
ɧɚ ɯɚɪɚɤɬɟɪɧɵɯ ɜɵɫɨɬɧɵɯ ɨɬɦɟɬɤɚɯ ɫɟɤɰɢɣ 
6  (1-ɣ, 9-ɣ ɢ ɩɨɫɥɟɞɧɢɣ ɷɬɚɠɢ) ɞɥɹ ɩɨɤɚɡɚ-
ɬɟɥɶɧɵɯ ɨɩɨɪɧɵɯ (ɫɬɟɧɵ, ɤɨɥɨɧɧɵ) ɢ ɩɪɨ-
ɥɟɬɧɵɯ ɡɨɧ ɩɟɪɟɤɪɵɬɢɣ, ɜɵɛɪɚɧɧɵɯ ɧɚ ɨɫ-
ɧɨɜɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɚɧɚɥɢɡɚ ɞɟɮɨɪɦɢɪɨ-
ɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ. 

Ɋɚɫɱɟɬɧɨɟ ɨɩɪɟɞɟɥɟɧɢɟ  ɫɨɛɫɬɜɟɧɧɵɯ 
ɱɚɫɬɨɬ ɢ ɮɨɪɦ ɤɨɥɟɛɚɧɢɣ, ɫɬɚɬɢɱɟɫɤɨɝɨ ɢ  
ɞɢɧɚɦɢɱɟɫɤɨɝɨ (ɜɢɛɪɚɰɢɨɧɧɨɝɨ) ɇȾɋ ɧɟɫɭ-
ɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɫɟɤɰɢɣ  ɜɵɩɨɥɧɹɸɬɫɹ ɩɨ 
ɜɟɪɢɮɢɰɢɪɨɜɚɧɧɨɦɭ ɥɢɰɟɧɡɢɨɧɧɨɦɭ ɩɪɨ-
ɝɪɚɦɦɧɨɦɭ ɤɨɦɩɥɟɤɫɭ ANSYS, ɪɟɚɥɢɡɭɸ-
ɳɟɦɭ ɪɚɡɜɢɬɵɟ ɫɯɟɦɵ ɦɟɬɨɞɨɜ ɤɨɧɟɱɧɵɯ 
ɷɥɟɦɟɧɬɨɜ ɢ ɫɭɩɟɪɷɥɟɦɟɧɬɨɜ ɞɥɹ ɪɚɫɱɟɬɨɜ 
ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɯ ɫɢɫ-
ɬɟɦ ɛɨɥɶɲɨɣ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɪɚɡɦɟɪɧɨɫɬɢ. 

Ⱦɥɹ ɜɵɱɢɫɥɟɧɢɹ ɨɤɬɚɜɧɵɯ ɫɩɟɤɬɪɨɜ 
ɜɢɛɪɨɭɫɤɨɪɟɧɢɣ ɛɵɥ ɪɚɡɪɚɛɨɬɚɧ ɢ ɜɟɪɢɮɢ-
ɰɢɪɨɜɚɧ ɧɚ ɦɨɞɟɥɶɧɵɯ ɡɚɞɚɱɚɯ ɫɤɪɢɩɬ ɜ 
ɩɪɨɝɪɚɦɦɧɨɦ ɩɚɤɟɬɟ MATLAB ɧɚ ɨɞɧɨ-
ɢɦёɧɧɨɦ ɹɡɵɤɟ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ. В ɞɚɧ-
ɧɨɦ ɫɤɪɢɩɬɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜɫɬɪɨɟɧɧɚɹ ɮɭɧɤ-
ɰɢɹ fft (X, n), ɪɟɚɥɢɡɭɸɳɚɹ ɞɢɫɤɪɟɬɧɨɟ ɛɵ-
ɫɬɪɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Фɭɪɶɟ. В ɮɭɧɤɰɢɢ X – 
ɦɚɫɫɢɜ ɞɚɧɧɵɯ, n - ɪɚɡɦɟɪɧɨɫɬɶ ɦɚɫɫɢɜɚ. 

 
4. ɉɈɋɌɊɈȿɇИȿ И ВȿɊИɎИКА-

ЦИə КЭ-ɆɈȾȿɅȿɃ ɋȿКЦИɃ ВɈɁВɈ-
ȾИɆɈȽɈ КɈɊɉɍɋА  

 
ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɪɨɟɤɬɧɵɯ ɞɚɧɧɵɯ ɩɨ-

ɫɬɪɨɟɧɵ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɟ ɨɛɨɥɨɱɟɱɧɨ-
ɫɬɟɪɠɧɟɜɵɟ ɤɨɧɟɱɧɨɷɥɟɦɟɧɬɧɵɟ ɦɨɞɟɥɢ 
ɞɜɭɯ ɫɟɤɰɢɣ ɤɨɪɩɭɫɚ ɜ ɜɟɪɢɮɢɰɢɪɨɜɚɧɧɨɦ 
ɩɪɨɝɪɚɦɦɧɨɦ ɤɨɦɩɥɟɤɫɟ ANSYS: 

1) Ʉɗ-ɦɨɞɟɥɢ ɪɹɞɨɜɨɣ ɫɟɤɰɢɢ 5 (ɪɢɫ.1); 
– ɜ ɦɚɫɫɟ ɭɱɢɬɵɜɚɟɬɫɹ ɬɨɥɶɤɨ ɜɟɫ (ɧɨɪ-

ɦɚɬɢɜɧɵɣ) ɧɟɫɭɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ (ɫɭɦɦɚɪ-
ɧɵɣ ɜɟɫ ɡɞɚɧɢɹ – 105250ɤɇ). 

– ɜ ɦɚɫɫɟ ɭɱɢɬɵɜɚɟɬɫɹ ɜɟɫ (ɧɨɪɦɚɬɢɜ-
ɧɵɣ) ɧɟɫɭɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɧɨɪɦɚɬɢɜɧɵɟ 
ɧɚɝɪɭɡɤɢ: ɩɨɥɟɡɧɚɹ ɧɚ ɩɟɪɟɤɪɵɬɢɹ ɢ ɩɨɤɪɵ-
ɬɢɟ, ɜɟɫ ɧɚɪɭɠɧɵɯ ɫɬɟɧ, ɞɥɢɬɟɥɶɧɨ ɞɟɣɫɬ-

ɜɭɸɳɚɹ ɫɨɫɬɚɜɥɹɸɳɭɸ ɫɧɟɝɨɜɨɣ ɧɚɝɪɭɡɤɢ 
(ɫɭɦɦɚɪɧɚɹ – 155780ɤɇ). 

2) Ʉɗ-ɦɨɞɟɥɢ ɭɝɥɨɜɨɣ ɫɟɤɰɢɢ (ɪɢɫ.1). 
– ɭɱɢɬɵɜɚɟɬɫɹ ɬɨɥɶɤɨ ɦɚɫɫɚ ɧɟɫɭɳɢɯ 

ɤɨɧɫɬɪɭɤɰɢɣ (ɫɭɦɦɚɪɧɵɣ ɜɟɫ ɡɞɚɧɢɹ – 
136200ɤɇ). 

– ɭɱɢɬɵɜɚɟɬɫɹ ɜɟɫ ɧɟɫɭɳɢɯ ɤɨɧɫɬɪɭɤ-
ɰɢɣ ɢ ɧɨɪɦɚɬɢɜɧɵɟ ɧɚɝɪɭɡɤɢ: ɩɨɥɟɡɧɭɸ ɧɚ-
ɝɪɭɡɤɭ ɧɚ ɩɟɪɟɤɪɵɬɢɹ ɢ ɩɨɤɪɵɬɢɟ, ɜɟɫ ɧɚ-
ɪɭɠɧɵɯ ɫɬɟɧ, ɚ ɬɚɤɠɟ ɞɥɢɬɟɥɶɧɨ ɞɟɣɫɬɜɭɸ-
ɳɭɸ ɫɨɫɬɚɜɥɹɸɳɭɸ ɫɧɟɝɨɜɨɣ ɧɚɝɪɭɡɤɢ 
(ɫɭɦɦɚɪɧɵɣ ɜɟɫ ɡɞɚɧɢɹ – 207770ɤɇ). 

Ɋɚɫɱɟɬɧɵɟ ɫɯɟɦɵ ɫɟɤɰɢɣ ɤɨɪɩɭɫɚ №4 
ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɟ ɨɛɨ-
ɥɨɱɟɱɧɨ-ɫɬɟɪɠɧɟɜɵɟ ɦɨɞɟɥɢ, ɜ ɤɨɬɨɪɵɟ 
ɜɤɥɸɱɟɧɵ ɮɭɧɞɚɦɟɧɬɧɚɹ ɩɥɢɬɚ, ɩɥɢɬɵ ɩɟ-
ɪɟɤɪɵɬɢɣ ɢ ɩɨɤɪɵɬɢɹ, ɫɬɟɧɵ, ɫɜɚɢ, ɤɨɥɨɧɧɵ, 
ɛɚɥɤɢ ɢ "ɧɚɝɪɭɡɨɱɧɵɟ" ɛɚɥɤɢ. Эɥɟɦɟɧɬɵ ɧɟ-
ɫɭɳɢɯ ɠ/ɛ ɤɨɧɫɬɪɭɤɰɢɣ ɦɨɞɟɥɢɪɭɸɬɫɹ ɩɪɨ-
ɫɬɪɚɧɫɬɜɟɧɧɵɦɢ ɫɬɟɪɠɧɟɜɵɦɢ КЭ ɬɢɩɚ 
BEAM188 (ɤɨɥɨɧɧɵ, ɛɚɥɤɢ) ɢ ɨɛɨɥɨɱɟɱɧɵɦɢ 
КЭ ɬɢɩɚ SHELL63 (ɮɭɧɞɚɦɟɧɬɧɚɹ ɩɥɢɬɚ ɢ 
ɮɭɧɞɚɦɟɧɬɧɵɣ ɪɨɫɬɜɟɪɤ, ɩɥɢɬɵ ɩɟɪɟɤɪɵɬɢɣ 
ɢ ɩɨɤɪɵɬɢɹ, ɫɬɟɧɵ). ɋɜɚɢ ɦɨɞɟɥɢɪɭɸɬɫɹ 
ɷɥɟɦɟɧɬɚɦɢ ɬɢɩɚ COMBIN14 (ɩɪɭɠɢɧɧɵɣ 
КЭ), ɢɦɟɸɳɢɦɢ ɠёɫɬɤɨɫɬɶ ɜ ɧɚɩɪɚɜɥɟɧɢɢ 
ɝɥɨɛɚɥɶɧɨɣ ɨɫɢ Z.  

Вɫɟ ɭɡɥɵ ɦɨɞɟɥɢ ɩɪɢɧɹɬɵ ɠɟɫɬɤɢɦɢ 
ɢ ɢɦɟɸɬ 6 ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ (3 – ɩɟɪɟɦɟɳɟ-
ɧɢɹ, 3 – ɭɝɥɵ ɩɨɜɨɪɨɬɚ). 

Вɵɱɢɫɥɢɬɟɥɶɧɚɹ ɪɚɡɦɟɪɧɨɫɬɶ ɩɨ-
ɫɬɪɨɟɧɧɵɯ ANSYS-ɦɨɞɟɥɟɣ ɩɪɢɜɟɞɟɧɚ ɜ 
ɬɚɛɥɢɰɟ 
КЭ-
ɦɨɞɟɥɶ 

Кɨɥɢɱɟɫɬɜɨ 
ɭɡɥɨɜ 

Кɨɥɢɱɟɫɬɜɨ 
ɷɥɟɦɟɧɬɨɜ 

ɋɟɤɰɢɹ 5 61301 79273 
ɋɟɤɰɢɹ 6 72370 92231 
Ƚɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ: ɫɜɚɢ ɡɚɤɪɟɩɥɟɧɵ 

ɜɞɨɥɶ ɨɫɢ Z, ɩɪɭɠɢɧɵ ɩɨ ɮɭɧɞɚɦɟɧɬɧɨɣ 
ɩɥɢɬɟ ɡɚɤɪɟɩɥɟɧɵ ɜɞɨɥɶ ɨɫɟɣ X ɢ Y. 

Ɋɚɡɪɚɛɨɬɚɧɧɵɟ ɪɚɫɱɟɬɧɵɟ ɦɨɞɟɥɢ ɚɞɟɤ-
ɜɚɬɧɨ ɨɬɪɚɠɚɸɬ ɝɟɨɦɟɬɪɢɤɨ-ɠɟɫɬɤɨɫɬɧɵɟ ɢ 
ɢɧɟɪɰɢɨɧɧɵɟ ɫɜɨɣɫɬɜɚ ɢ ɧɚɝɪɭɡɨɱɧɵɟ ɯɚ-
ɪɚɤɬɟɪɢɫɬɢɤɢ ɫɬɪɨɢɬɟɥɶɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ 
ɫɟɤɰɢɣ 5 ɢ 6 ɤɨɪɩɭɫɚ №4. Ɉɛ ɷɬɨɦ, ɜ ɱɚɫɬɧɨ-
ɫɬɢ, ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɢ ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ 
ɪɚɡɦɟɪɧɨɫɬɢ ɩɨɫɬɪɨɟɧɧɵɯ ANSYS-ɦɨɞɟɥɟɣ. 



Кɨɧɟɱɧɨɷɥɟɦɟɧɬɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɩɨɞɜɨɞɧɵɯ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɫ 
ɭɱɟɬɨɦ ɤɨɧɬɚɤɬɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɝɪɭɧɬɨɦ ɦɨɪɫɤɨɝɨ ɞɧɚ 
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Ɋɢɫ. 1. КЭ-ɦɨɞɟɥɢ ɫɟɤɰɢɣ ɜɨɡɜɨɞɢɦɨɝɨ  

ɤɨɪɩɭɫɚ. Иɡɨɦɟɬɪɢɹ 
 

В ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɵɯ ɜɢɛɪɚɰɢɨɧɧɵɯ 
ɜɨɡɞɟɣɫɬɜɢɣ ɞɥɹ ɜɫɟɯ КЭ-ɦɨɞɟɥɟɣ ɩɪɢɧɢ-
ɦɚɥɢɫɶ ɢɡɦɟɪɟɧɧɵɟ ɬɪɟɯɤɨɦɩɨɧɟɧɬɧɵɟ ɚɤ-
ɫɟɥɟɪɨɝɪɚɦɦɵ ɫ ɦɚɤɫɢɦɚɥɶɧɵɦɢ ɭɪɨɜɧɹɦɢ 
ɭɫɤɨɪɟɧɢɣ (ɪɢɫ.2). 

 
Ɋɢɫ 2. Ɍɨɱɤɚ 2 ɧɚ ɫɜɚɹɯ ɭɝɥɨɜɨɣ ɫɟɤɰɢɢ.  
Иɫɯɨɞɧɚɹ ɚɤɫɟɥɟɪɨɝɪɚɦɦɚ ax (ɦ/ɫ2).  

 
ɋɨɨɬɜɟɬɫɬɜɢɟ ɝɟɨɦɟɬɪɢɤɨ-

ɠɟɫɬɤɨɫɬɧɵɯ, ɢɧɟɪɰɢɨɧɧɵɯ ɢ ɧɚɝɪɭɡɨɱɧɵɯ 
ɩɚɪɚɦɟɬɪɨɜ ɪɚɫɱɟɬɧɵɯ ɦɨɞɟɥɟɣ ɩɪɨɟɤɬɧɵɦ 
ɞɚɧɧɵɦ ɩɪɨɜɟɪɹɟɬɫɹ: 

– ɜɢɡɭɚɥɢɡɚɰɢɟɣ ɯɚɪɚɤɬɟɪɧɵɯ ɮɪɚɝ-
ɦɟɧɬɨɜ ɢ ɜɫɟɣ ɦɨɞɟɥɢ ɜ ɪɚɡɥɢɱɧɵɯ ɪɚɤɭɪ-
ɫɚɯ; 

– ɜɵɞɚɱɟɣ ɨɛɴɟɦɨɜ, ɦɚɫɫ ɢ ɧɚɝɪɭɡɨɤ 
ɯɚɪɚɤɬɟɪɧɵɯ ɮɪɚɝɦɟɧɬɨɜ ɪɚɫɱɟɬɧɨɣ ɦɨɞɟ-
ɥɢ, ɢɯ ɫɨɩɨɫɬɚɜɥɟɧɢɟɦ ɫ ɩɪɨɟɤɬɧɵɦɢ ɞɚɧ-
ɧɵɦɢ ɢ ɞɚɧɧɵɦɢ ɩɨ "ɦɚɬɟɪɢɧɫɤɢɦ" ɅИɊА-
ɦɨɞɟɥɹɦ; 

– ɚɧɚɥɢɡɨɦ ɪɟɡɭɥɶɬɚɬɨɜ ɫɬɚɬɢɱɟɫɤɨ-
ɝɨ ɢ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ, ɜ ɱɚɫɬɧɨɫɬɢ, 
ɞɥɹ ɩɪɟɞɟɥɶɧɵɯ ɫɥɭɱɚɟɜ, ɢɦɟɸɳɢɯ ɩɪɨ-
ɡɪɚɱɧɵɣ ɮɢɡɢɱɟɫɤɢɣ ɫɦɵɫɥ. 

Ɉɩɪɟɞɟɥɟɧɢɟ ɫɨɛɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ ɢ 
ɮɨɪɦ ɤɨɥɟɛɚɧɢɣ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦ – 
ɟɞɜɚ ɥɢ ɧɟ ɫɚɦɵɟ ɢɧɮɨɪɦɚɬɢɜɧɵɟ ɜɟɪɢɮɢ-
ɤɚɰɢɨɧɧɵɟ ɡɚɞɚɱɢ, ɢɧɬɟɝɪɢɪɭɸɳɢɟ ɦɧɨɝɢɟ 
ɮɚɤɬɨɪɵ ɢ ɩɚɪɚɦɟɬɪɵ ɪɚɫɱɟɬɧɨɣ ɦɨɞɟɥɢ ɢ, 
ɜ ɬɨ ɠɟ ɜɪɟɦɹ, ɩɨɡɜɨɥɹɸɳɢɟ ɜɵɹɜɢɬɶ ɢɯ 
ɪɚɡɥɢɱɢɟ. 

ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɜɵɱɢɫɥɟɧɧɵɟ 
ɫɨɛɫɬɜɟɧɧɵɟ ɱɚɫɬɨɬɵ ɜ ɜɢɛɪɚɰɢɨɧɧɨ ɡɧɚ-
ɱɢɦɨɦ ɞɢɚɩɚɡɨɧɟ ɱɚɫɬɨɬ (ɞɨ 60 Ƚɰ) ɞɥɹ ɜɚ-
ɪɢɚɧɬɨɜ ɭɱɟɬɚ ɦɚɫɫɵ ɬɨɥɶɤɨ ɨɬ ɧɟɫɭɳɢɯ 
ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɨɬ ɜɫɟɣ ɩɨɫɬɨɹɧɧɨɣ ɧɚɝɪɭɡ-
ɤɢ. В ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɟɨɪɟɬɢɱɟɫɤɢɦɢ 
ɩɪɟɞɫɬɚɜɥɟɧɢɹɦɢ ɢ ɪɚɧɧɢɦɢ ɪɟɡɭɥɶɬɚɬɚɦɢ 
ɞɥɹ ɨɛɴɟɤɬɨɜ-ɚɧɚɥɨɝɨɜ ɜɵɹɜɥɟɧ ɜɟɫɶɦɚ 
ɩɥɨɬɧɵɣ ɫɩɟɤɬɪ (ɨɬ 1400 ɞɨ 2130 ɫɨɛɫɬ-
ɜɟɧɧɵɯ ɱɚɫɬɨɬ ɜ ɭɤɚɡɚɧɧɨɦ ɞɢɚɩɚɡɨɧɟ) ɫ 
ɧɢɡɲɢɦɢ "ɨɛɳɟɫɢɫɬɟɦɧɵɦɢ" ɮɨɪɦɚɦɢ, ɢ, 
ɧɚ ɛɨɥɟɟ ɜɵɫɨɤɢɯ ɱɚɫɬɨɬɚɯ, ɦɧɨɠɟɫɬɜɟɧ-
ɧɵɦɢ ɤɪɚɬɧɵɦɢ ɥɨɤɚɥɶɧɨ-ɩɚɪɰɢɚɥɶɧɵɦɢ 
ɮɨɪɦɚɦɢ ɤɨɥɟɛɚɧɢɣ ɩɟɪɟɤɪɵɬɢɣ, ɫɬɟɧ ɢ 
ɤɨɥɨɧɧ.  

ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ, ɩɨɤɚɡɚɜ-
ɲɢɟ ɨɠɢɞɚɟɦɨ ɯɚɪɚɤɬɟɪɧɵɣ ɫɩɟɤɬɪ ɫɨɛɫɬ-
ɜɟɧɧɵɯ ɱɚɫɬɨɬ ɢ ɮɨɪɦ ɞɥɹ ɤɨɧɫɬɪɭɤɰɢɣ 
ɫɯɨɠɟɝɨ ɬɢɩɚ, ɩɨɡɜɨɥɹɸɬ ɝɨɜɨɪɢɬɶ ɨ ɫɨɨɬ-
ɜɟɬɫɬɜɢɢ ɩɨɫɬɪɨɟɧɧɵɯ КЭ-ɦɨɞɟɥɟɣ ɩɪɨ-
ɟɤɬɧɨɦɭ ɜɚɪɢɚɧɬɭ ɡɞɚɧɢɹ.  

Ɉɬɦɟɬɢɦ ɬɚɤɠɟ, ɱɬɨ ɜ “ɤɪɢɬɟɪɢɚɥɶ-
ɧɵɣ” (ɞɥɹ ɩɭɥɶɫɚɰɢɨɧɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ 
ɜɟɬɪɨɜɨɣ ɧɚɝɪɭɡɤɢ) ɞɢɚɩɚɡɨɧ ɞɨ 0,95 Ƚɰ 
ɩɨɩɚɞɚɟɬ 2 ɫɨɛɫɬɜɟɧɧɵɟ ɮɨɪɦɵ ɦɨɞɟɥɢ – 
ɫɜɢɞɟɬɟɥɶɫɬɜɨ "ɝɢɛɤɨɫɬɢ" ɫɢɫɬɟɦɵ ɧɟɫɭ-
ɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɫɟɤɰɢɣ. 
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Ɍɚɛɥɢɰɚ 1 
КЭ-ɦɨɞɟɥɶ "ɪɹɞɨɜɨɣ"ɫɟɤɰɢɢ. 

Ɋɚɫɱɟɬɧɵɟ ɫɨɛɫɬɜɟɧɧɵɟ ɱɚɫɬɨɬɵ ɤɨɥɟɛɚ-
ɧɢɣ 

  

 

Ɇɚɫɫɚ ɨɬ ɫɨɛɫɬ-
ɜɟɧɧɨɝɨ ɜɟɫɚ ɧɟ-
ɫɭɳɢɯ ɤɨɧɫɬɪɭɤ-

ɰɢɣ 

Ɇɚɫɫɚ ɨɬ ɫɨɛɫɬ-
ɜɟɧɧɨɝɨ ɜɟɫɚ ɧɟ-
ɫɭɳɢɯ ɤɨɧɫɬ-
ɪɭɤɰɢɣ ɢ ɩɨɥɟɡ-
ɧɵɯ ɧɚɝɪɭɡɨɤ 

№  Чɚɫɬɨɬɚ, Ƚɰ Чɚɫɬɨɬɚ, Ƚɰ 
1 0,584 0,489 
2 0,888 0,745 
3 1,269 1,016 
4 2,183 1,829 
5 4,288 3,580 
6 4,496 3,764 
7 5,589 4,437 
8 6,384 4,669 
9 6,991 5,214 
10 7,124 5,764 

… 
521 36,988 30,238 
522 37,023 30,278 
523 37,046 30,296 
524 37,066 30,343 
525 37,100 30,361 

… 
1036 59,509 45,752 
1037 59,548 45,762 
1038 59,587 45,772 
1039 59,678 45,795 
1040 59,704 45,807 
1041 59,791 45,824 
1042 59,809 45,873 
1043 59,857 45,908 
1044 59,916 45,925 
1045 59,975 45,940 

… 
1443 … 59,760 
1444 … 59,826 
1445 … 59,845 
1446 … 59,888 
1447 … 59,922 
1448 … 59,926 

 

Ɍɚɛɥɢɰɚ 2 
КЭ-ɦɨɞɟɥɶ "ɭɝɥɨɜɨɣ"ɫɟɤɰɢɢ 

Ɋɚɫɱɟɬɧɵɟ ɫɨɛɫɬɜɟɧɧɵɟ ɱɚɫɬɨɬɵ ɤɨɥɟɛɚ-
ɧɢɣ 

 

 

Ɇɚɫɫɚ ɨɬ ɫɨɛɫɬ-
ɜɟɧɧɨɝɨ ɜɟɫɚ ɧɟ-
ɫɭɳɢɯ ɤɨɧɫɬɪɭɤ-

ɰɢɣ 

Ɇɚɫɫɚ ɨɬ ɫɨɛɫɬ-
ɜɟɧɧɨɝɨ ɜɟɫɚ ɧɟ-
ɫɭɳɢɯ ɤɨɧɫɬɪɭɤ-
ɰɢɣ ɢ ɩɨɥɟɡɧɵɯ 
ɧɚɝɪɭɡɨɤ 

№  Чɚɫɬɨɬɚ, Ƚɰ Чɚɫɬɨɬɚ, Ƚɰ 
1 0,585 0,451 
2 0,771 0,608 
3 1,284 1,010 
4 2,224 1,708 
5 3,306 2,613 
6 4,621 3,541 
7 5,651 4,432 
8 5,735 4,436 
9 6,875 4,966 
10 7,075 5,075 

… 
694 39,140 26,505 
695 39,232 26,534 
696 39,269 26,548 
697 39,293 26,557 
698 39,321 26,574 

… 
1383 59,717 43,634 
1384 59,736 43,686 
1385 59,786 43,709 
1386 59,788 43,717 
1387 59,828 43,729 
1388 59,879 43,784 
1389 59,890 43,829 
1390 59,914 43,856 
1391 59,955 43,887 
1392 59,980 43,893 

… 
2121 … 59,883 
2122 … 59,890 
2123 … 59,892 
2124 … 59,933 
2125 … 59,962 
2126 … 59,983 

 



Кɨɧɟɱɧɨɷɥɟɦɟɧɬɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɩɨɞɜɨɞɧɵɯ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɫ 
ɭɱɟɬɨɦ ɤɨɧɬɚɤɬɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɝɪɭɧɬɨɦ ɦɨɪɫɤɨɝɨ ɞɧɚ 
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5. ɊȿɁɍɅɖɌАɌЫ ɊАɋЧȿɌɇЫɏ Иɋ-
ɋɅȿȾɈВАɇИɃ ВИȻɊɈȾИɇАɆИКИ 

ɋȿКЦИɃ КɈɊɉɍɋА  
 
Ⱦɥɹ 4-ɯ ɜɟɪɢɮɢɰɢɪɨɜɚɧɧɵɯ КЭ-ɦɨɞɟɥɟɣ 

(ɩɨ 2 – ɧɚ ɤɚɠɞɭɸ ɫɟɤɰɢɸ) ɩɪɹɦɵɦ ɢɧɬɟɝɪɢ-
ɪɨɜɚɧɢɟɦ ɭɪɚɜɧɟɧɢɣ ɞɢɧɚɦɢɤɢ ɧɟɹɜɧɵɦ ɦɟ-
ɬɨɞɨɦ ɇɶɸɦɚɪɤɚ (ɲɚɝ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ – 
0,0012 ɫɟɤ.) ɩɨɥɭɱɟɧɵ ɢ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ 
ɞɥɹ ɩɨɤɚɡɚɬɟɥɶɧɵɯ ɨɩɨɪɧɵɯ ɢ ɩɪɨɥɟɬɧɵɯ ɡɨɧ 
ɩɟɪɟɤɪɵɬɢɣ 1-ɝɨ, 9-ɝɨ ɢ ɩɨɫɥɟɞɧɟɝɨ ɷɬɚɠɟɣ: 

– ɜɪɟɦɟɧɧɵɟ ɪɟɚɥɢɡɚɰɢɢ ɜɢɛɪɨɭɫɤɨɪɟ-
ɧɢɣ – ɨɬɜɟɬɧɵɟ ɚɤɫɟɥɟɪɨɝɪɚɦɦɵ – ɩɨ 3-ɦ 
ɧɚɩɪɚɜɥɟɧɢɹɦ (ɜɞɨɥɶ ɢ ɩɨɩɟɪɟɤ ɥɢɧɢɢ 
ɦɟɬɪɨ, ɜɟɪɬɢɤɚɥɶɧɵɟ) ɞɥɹ ɡɧɚɱɢɦɵɯ ɢɧ-
ɬɟɪɜɚɥɨɜ ɫ ɦɚɤɫɢɦɚɥɶɧɵɦɢ ɤɨɥɟɛɚɧɢɹɦɢ 
ɨɬ ɞɜɢɠɟɧɢɹ ɩɨɟɡɞɨɜ ɦɟɬɪɨɩɨɥɢɬɟɧɚ (ɞɨ 20 
ɫɟɤ, ɪɢɫ.3); 

– ɭɡɤɨɩɨɥɨɫɧɵɟ ɫɩɟɤɬɪɵ Фɭɪɶɟ ɨɬɜɟɬ-
ɧɵɯ ɚɤɫɟɥɟɪɨɝɪɚɦɦ ɜ ɞɢɚɩɚɡɨɧɟ ɱɚɫɬɨɬ (0 - 
100) Ƚɰ; 

– "ɤɪɢɬɟɪɢɚɥɶɧɵɟ" ɫɪɟɞɧɟɨɤɬɚɜɧɵɟ ɫɩɟɤ-
ɬɪɵ ɨɬɜɟɬɧɵɯ ɚɤɫɟɥɟɪɨɝɪɚɦɦ (ɜ ɞȻ, ɬɚɛɥ.3). 
Иɫɯɨɞɧɵɟ ɜɢɛɪɚɰɢɨɧɧɵɯ ɜɨɡɞɟɣɫɬɜɢɣ ɜ 

ɜɢɞɟ ɢɡɦɟɪɟɧɧɵɯ ɬɪɟɯɤɨɦɩɨɧɟɧɬɧɵɯ ɚɤɫɟ-
ɥɟɪɨɝɪɚɦɦɚɦ ɨɬɨɛɪɚɧɵ ɞɥɹ ɬɨɱɟɤ ɫ ɦɚɤɫɢ-
ɦɚɥɶɧɵɦɢ ɨɤɬɚɜɧɵɦɢ ɫɩɟɤɬɪɚɦɢ. 

Ɍɚɤɠɟ ɜɚɪɶɢɪɨɜɚɥɢɫɶ ɤɨɷɮɮɢɰɢɟɧɬɵ 
ɦɨɞɟɥɢ Ɋɟɥɟɹ α ɢ β ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɠɟ-
ɥɚɟɦɨɝɨ 5%-ɝɨ ɨɬ ɤɪɢɬɢɱɟɫɤɨɝɨ ɞɟɦɩɮɢɪɨ-
ɜɚɧɢɹ ɧɟ ɬɨɥɶɤɨ ɧɚ ɝɪɚɧɢɰɚɯ ɱɚɫɬɨɬɧɨɝɨ 
ɞɢɚɩɚɡɨɧɚ 2 Ƚɰ - 70 Ƚɰ (ɩɪɢ ɷɬɨɦ ɞɟɦɩɮɢ-
ɪɨɜɚɧɢɟ ɜɨ ɜɧɭɬɪɟɧɧɟɣ ɨɛɥɚɫɬɢ ɫɭɳɟɫɬ-
ɜɟɧɧɨ ɦɟɧɶɲɟ, ɧɚɩɪɢɦɟɪ, ɦɟɧɟɟ 2% ɩɪɢ 5-
20 Ƚɰ), ɧɨ ɢ ɜɧɭɬɪɢ ɞɢɚɩɚɡɨɧɚ.  

Вɵɱɢɫɥɟɧɧɵɟ 20-ɫɟɤɭɧɞɧɵɟ ɪɟɚɥɢɡɚ-
ɰɢɢ ɜɢɛɪɨɭɫɤɨɪɟɧɢɣ ɞɥɹ ɩɪɨɥɟɬɧɵɯ ɢ 
ɨɩɨɪɧɵɯ ɡɨɧ ɩɟɪɟɤɪɵɬɢɣ 1-ɝɨ, 9-ɝɨ ɢ ɩɨ-
ɫɥɟɞɧɟɝɨ ɷɬɚɠɟɣ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɫɟɤɰɢɣ 
ɤɨɪɩɭɫɚ ɀК  – ɨɬɜɟɬɧɵɟ ɚɤɫɟɥɟɪɨɝɪɚɦɦɵ – 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ.3. 

В ɞɢɧɚɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ ɧɟɫɭɳɢɯ 
ɤɨɧɫɬɪɭɤɰɢɣ ɱɟɬɤɨ ɩɪɨɫɥɟɠɢɜɚɟɬɫɹ ɭɫɢɥɟ-
ɧɢɟ, ɩɪɟɠɞɟ ɜɫɟɝɨ, ɜɟɪɬɢɤɚɥɶɧɵɯ ɜɢɛɪɚɰɢɣ 
ɜ ɩɪɨɥɟɬɧɵɯ ɡɨɧɚɯ ɤɚɤ ɨɬ ɢɫɯɨɞɧɵɯ ɜɟɪɬɢ-
ɤɚɥɶɧɵɯ, ɬɚɤ ɢ ɨɬ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɜɢɛɪɚ-
ɰɢɣ (ɤɚɤ ɩɟɪɟɤɪɵɬɢɟ "ɜɵɫɨɤɨɝɨ" ɩɟɪɜɨɝɨ 

ɷɬɚɠɚ ɧɚ ɫɪɟɞɧɟɨɤɬɚɜɧɵɯ ɱɚɫɬɨɬɚɯ 31,5 ɢ 
63 Ƚɰ, ɬɚɤ ɢ ɩɟɪɟɤɪɵɬɢɣ ɜɟɪɯɧɢɯ ɬɢɩɨɜɵɯ 
ɷɬɚɠɟɣ ɧɚ ɧɢɡɤɢɯ ɫɪɟɞɧɟɨɤɬɚɜɧɵɯ ɱɚɫɬɨɬɚɯ 
8 ɢ 16 Ƚɰ). ɉɪɢ ɡɧɚɱɢɬɟɥɶɧɨɦ ɫɧɢɠɟɧɢɢ 
ɭɪɨɜɧɹ ɢɫɯɨɞɧɵɯ ɢɡɦɟɪɟɧɧɵɯ ɝɨɪɢɡɨɧ-
ɬɚɥɶɧɵɯ ɜɢɛɪɚɰɢɣ (ɧɚ ɪɨɫɬɜɟɪɤɟ ɩɨ ɫɪɚɜ-
ɧɟɧɢɸ ɫɨ ɫɜɚɹɦɢ) ɫɭɳɟɫɬɜɟɧɧɨ ɫɧɢɠɚɸɬɫɹ 
ɢ ɦɚɤɫɢɦɚɥɶɧɵɟ ɨɬɜɟɬɧɵɟ ɜɟɪɬɢɤɚɥɶɧɵɟ 
ɜɢɛɪɚɰɢɢ ɩɪɨɥɟɬɧɵɯ ɡɨɧ ɩɟɪɟɤɪɵɬɢɣ. 

Фɢɡɢɱɧɚɹ ɤɚɪɬɢɧɚ ɩɪɨɹɜɥɹɟɬɫɹ ɩɪɢ 
ɜɚɪɶɢɪɨɜɚɧɢɢ ɭɪɨɜɧɟɦ ɞɟɦɩɮɢɪɨɜɚɧɢɹ – 
ɩɪɢ ɩɨɜɵɲɟɧɢɢ ɞɨ 5%-ɝɨ ɭɪɨɜɧɹ ɜ ɞɢɚɩɚ-
ɡɨɧɟ 10-30 Ƚɰ ɩɪɨɢɫɯɨɞɢɬ ɫɭɳɟɫɬɜɟɧɧɨɟ 
ɫɧɢɠɟɧɢɟ ɦɚɤɫɢɦɚɥɶɧɵɯ ɨɬɜɟɬɧɵɯ ɜɢɛ-
ɪɨɭɫɤɨɪɟɧɢɣ. 

Вɚɪɶɢɪɨɜɚɧɢɟ ɦɚɫɫɨɣ КЭ-ɦɨɞɟɥɢ (ɨɬ 
ɧɟɫɭɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɨɬ ɜɫɟɣ ɩɨɫɬɨɹɧ-
ɧɨɣ ɧɚɝɪɭɡɤɢ) ɧɟ ɩɪɢɜɨɞɢɬ ɤ  ɤɚɱɟɫɬɜɟɧɧɨ-
ɦɭ ɢɥɢ ɡɧɚɱɢɦɨ  ɤɨɥɢɱɟɫɬɜɟɧɧɨɦɭ  ɢɡɦɟ-
ɧɟɧɢɸ ɦɚɤɫɢɦɚɥɶɧɵɯ ɭɪɨɜɧɟɣ ɨɬɜɟɬɧɵɯ 
ɜɢɛɪɨɭɫɤɨɪɟɧɢɣ, ɩɪɟɞɫɤɚɡɭɟɦɨ ɢɡɦɟɧɹɹ 
ɫɩɟɤɬɪɚɥɶɧɵɣ (ɱɚɫɬɨɬɧɵɣ) ɫɨɫɬɚɜ. 

 

 
Ɋɢɫ.3. Ɍɨɱɤɚ ɜ ɩɪɨɥɟɬɟ, 17-ɣ ɷɬɚɠ. 
Ɉɬɜɟɬɧɚɹ ɚɤɫɟɥɟɪɨɝɪɚɦɦɚ az (ɦ/ɫ2).  
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В ɨɤɬɚɜɧɵɯ ɫɩɟɤɬɪɚɯ ɱɟɬɤɨ ɩɪɨɹɜ-
ɥɹɟɬɫɹ ɭɠɟ ɨɬɦɟɱɟɧɧɨɟ ɭɫɢɥɟɧɢɟ, ɩɪɟɠɞɟ 
ɜɫɟɝɨ, ɜɟɪɬɢɤɚɥɶɧɵɯ ɜɢɛɪɚɰɢɣ ɜ ɩɪɨɥɟɬ-
ɧɵɯ ɡɨɧɚɯ ɤɚɤ ɨɬ ɢɫɯɨɞɧɵɯ ɜɟɪɬɢɤɚɥɶ-
ɧɵɯ. ɬɚɤ ɢ ɨɬ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɜɢɛɪɚɰɢɣ 
(ɩɨɫɥɟɞɧɢɟ – ɨɫɨɛɟɧɧɨ ɩɟɪɟɤɪɵɬɢɟ "ɜɵ-
ɫɨɤɨɝɨ" ɩɟɪɜɨɝɨ ɷɬɚɠɚ). ɉɪɢ ɡɧɚɱɢɬɟɥɶ-
ɧɨɦ ɫɧɢɠɟɧɢɢ ɭɪɨɜɧɹ ɢɫɯɨɞɧɵɯ ɢɡɦɟ-
ɪɟɧɧɵɯ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɜɢɛɪɚɰɢɣ (ɧɚ ɪɨ-
ɫɬɜɟɪɤɟ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫɨ ɫɜɚɹɦɢ) ɫɭɳɟɫɬ-
ɜɟɧɧɨ ɫɧɢɠɚɸɬɫɹ ɢ ɦɚɤɫɢɦɚɥɶɧɵɟ ɨɬɜɟɬ-
ɧɵɟ ɜɟɪɬɢɤɚɥɶɧɵɟ ɜɢɛɪɚɰɢɢ ɩɪɨɥɟɬɧɵɯ 
ɡɨɧ ɩɟɪɟɤɪɵɬɢɣ. 

Ɍɚɛɥɢɰɚ 3 

Цɟɧɬɪɚɥɶɧɚɹ  
ɱɚɫɬɨɬɚ, Ƚɰ 

Ɂɧɚɱɟɧɢɟ ɨɤɬɚɜɧɨɝɨ 
ɫɩɟɤɬɪɚ, ɞȻ 

2.00 36.46 
4.00 52.95 
8.00 70.73 
16.00 67.91 
31.50 63.03 
63.50 61.65 
125.00 34.78 

 
 
6. ВЫВɈȾЫ И ɊȿКɈɆȿɇȾАЦИИ 
 
Вɵɩɨɥɧɟɧɧɵɟ ɪɚɡɪɚɛɨɬɤɢ ɢ ɪɚɫɱɟɬɧɨ-

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɢɛɪɚɰɢ-
ɨɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɧɟɫɭɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ 
ɦɧɨɝɨɷɬɚɠɧɵɯ ɫɟɤɰɢɣ ɤɨɪɩɭɫɨɜ ɀК, ɜɵ-
ɡɜɚɧɧɨɝɨ ɞɜɢɠɟɧɢɟɦ ɩɨɟɡɞɨɜ ɦɟɬɪɨɩɨɥɢɬɟ-
ɧɚ, ɩɨɡɜɨɥɹɸɬ ɫɮɨɪɦɭɥɢɪɨɜɚɬɶ ɫɥɟɞɭɸɳɢɟ 
ɜɵɜɨɞɵ ɢ ɪɟɤɨɦɟɧɞɚɰɢɢ. 

1) ɉɨ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɩɪɨɝɪɚɦɦɟ ɢ ɦɟɬɨ-
ɞɢɤɟ ɩɪɨɜɟɞɟɧɵ ɢ ɨɛɪɚɛɨɬɚɧɵ ɪɟɡɭɥɶɬɚɬɵ 
ɜɢɛɪɨɢɡɦɟɪɟɧɢɣ ɮɭɧɞɚɦɟɧɬɧɵɯ ɤɨɧɫɬɪɭɤ-
ɰɢɣ ɫɬɪɨɹɳɟɝɨɫɹ ɤɨɪɩɭɫɚ ɢ ɧɟɫɭɳɢɯ ɤɨɧɫɬ-
ɪɭɤɰɢɣ ɫɟɤɰɢɢ ɪɚɧɟɟ ɜɨɡɜɟɞɟɧɧɨɝɨ ɤɨɪɩɭɫɚ. 
ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɨɤɬɚɜɧɵɟ ɫɩɟɤɬɪɵ ɢɡɦɟ-
ɪɟɧɧɵɯ ɜɢɛɪɨɭɫɤɨɪɟɧɢɣ ɧɚ ɮɭɧɞɚɦɟɧɬɧɵɯ 
ɤɨɧɫɬɪɭɤɰɢɹɯ ɫɟɤɰɢɣ ɫɬɪɨɹɳɟɝɨɫɹ ɤɨɪɩɭɫɚ 
ɧɟ ɩɪɟɜɵɲɚɸɬ ɩɪɟɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɯ ɡɧɚ-
ɱɟɧɢɣ ɩɨ ɋɇ-2.2.4/2.1.566-96 [3], ɨɛɥɚɞɚɹ 
ɫɭɳɟɫɬɜɟɧɧɵɦ "ɡɚɩɚɫɨɦ" (ɛɨɥɟɟ 17 ɞȻ). ȿɳɟ 
ɨɠɢɞɚɟɦɨ ɛɨɥɶɲɢɦ ɡɚɩɚɫɨɦ ɨɛɥɚɞɚɸɬ ɢɡɦɟ-

ɪɟɧɧɵɟ ɜɢɛɪɨɭɫɤɨɪɟɧɢɹ ɧɚ ɧɟɫɭɳɢɯ ɤɨɧɫɬ-
ɪɭɤɰɢɹɯ (ɫɬɟɧɚɯ-ɤɨɥɨɧɧɚɯ ɢ ɜ ɩɪɨɥɟɬɟ ɩɟɪɟ-
ɤɪɵɬɢɣ 1-ɝɨ, 9-ɝɨ ɢ ɩɨɫɥɟɞɧɟɝɨ ɷɬɚɠɟɣ) ɜɨɡ-
ɜɟɞɟɧɧɨɝɨ ɤɨɪɩɭɫɚ. Иɡɦɟɪɟɧɢɹ ɧɟ ɩɨɤɚɡɚɥɢ 
ɡɧɚɱɢɦɨɝɨ ɭɫɢɥɟɧɢɹ ɜɢɛɪɚɰɢɣ ɧɚ ɧɟɫɭɳɢɯ 
ɤɨɧɫɬɪɭɤɰɢɹɯ ɜɟɪɯɧɢɯ ɷɬɚɠɟɣ ɜɨɡɜɟɞɟɧɧɨɝɨ 
ɤɨɪɩɭɫɚ. 

2) Вɵɩɨɥɧɟɧɵ ɦɧɨɝɨɩɚɪɚɦɟɬɪɢɱɟɫɤɢɟ 
ɪɚɫɱɟɬɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɢɛɪɚɰɢɨɧɧɵɯ ɭɫ-
ɤɨɪɟɧɢɣ ɧɟɫɭɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɞɜɭɯ ɫɟɤɰɢɣ 
ɫɬɪɨɹɳɟɝɨɫɹ ɤɨɪɩɭɫɚ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɹɯ ɧɚ 
ɮɭɧɞɚɦɟɧɬ, ɡɚɞɚɧɧɵɯ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɜɢɛɪɨ-
ɢɡɦɟɪɟɧɢɣ ɜ ɜɢɞɟ ɬɪɟɯɤɨɦɩɨɧɟɧɬɧɵɯ ɚɤɫɟ-
ɥɟɪɨɝɪɚɦɦ. Ⱦɥɹ 4-ɯ ɜɟɪɢɮɢɰɢɪɨɜɚɧɧɵɯ ɞɢ-
ɧɚɦɢɱɟɫɤɢɯ КЭ-ɦɨɞɟɥɟɣ ɩɨɥɭɱɟɧɵ ɢ ɩɪɨ-
ɚɧɚɥɢɡɢɪɨɜɚɧɵ ɞɥɹ ɩɨɤɚɡɚɬɟɥɶɧɵɯ ɨɩɨɪɧɵɯ 
ɢ ɩɪɨɥɟɬɧɵɯ ɡɨɧ ɩɟɪɟɤɪɵɬɢɣ 1-ɝɨ, 9-ɝɨ ɢ ɩɨ-
ɫɥɟɞɧɟɝɨ ɷɬɚɠɟɣ: 

– ɜɪɟɦɟɧɧɵɟ ɪɟɚɥɢɡɚɰɢɢ ɜɢɛɪɨɭɫɤɨɪɟɧɢɣ 
– ɨɬɜɟɬɧɵɟ ɚɤɫɟɥɟɪɨɝɪɚɦɦɵ – ɩɨ 3-ɦ ɧɚ-
ɩɪɚɜɥɟɧɢɹɦ (ɜɞɨɥɶ ɢ ɩɨɩɟɪɟɤ ɥɢɧɢɢ ɦɟɬɪɨ, 
ɜɟɪɬɢɤɚɥɶɧɵɟ) ɞɥɹ ɡɧɚɱɢɦɵɯ ɢɧɬɟɪɜɚɥɨɜ ɫ 
ɦɚɤɫɢɦɚɥɶɧɵɦɢ ɤɨɥɟɛɚɧɢɹɦɢ ɨɬ ɞɜɢɠɟɧɢɹ 
ɩɨɟɡɞɨɜ ɦɟɬɪɨɩɨɥɢɬɟɧɚ (ɞɨ 20 ɫɟɤ); 

– "ɤɪɢɬɟɪɢɚɥɶɧɵɟ" ɫɪɟɞɧɟɨɤɬɚɜɧɵɟ ɫɩɟɤ-
ɬɪɵ ɨɬɜɟɬɧɵɯ ɚɤɫɟɥɟɪɨɝɪɚɦɦ (ɜ ɞȻ). 
Ɇɚɤɫɢɦɚɥɶɧɵɟ ɪɚɫɱɟɬɧɵɟ ɭɪɨɜɧɢ ɬɪɚɧɫ-

ɩɨɪɬɧɨɣ ɜɢɛɪɚɰɢɢ ɧɚ ɧɟɫɭɳɢɯ ɤɨɧɫɬɪɭɤɰɢɹɯ 
ɞɜɭɯ ɫɟɤɰɢɣ ɫɬɪɨɹɳɟɝɨɫɹ ɤɨɪɩɭɫɚ ɀК 
ɦɟɧɶɲɟ ɩɪɟɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɯ ɡɧɚɱɟɧɢɣ ɩɨ 
ɋɇ-2.2.4/2.1.566-96: 

– ɩɪɢ ɢɫɯɨɞɧɵɯ ɜɢɛɪɚɰɢɨɧɧɵɯ ɜɨɡɞɟɣɫɬ-
ɜɢɹɯ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɢɡɦɟɪɟɧɧɵɦ ɧɚ ɫɜɚ-
ɹɯ ɫɟɤɰɢɢ – ɧɚ 7,3 ɞȻ ɩɪɢ ɫɪɟɞɧɟɨɤɬɚɜɧɵɯ 
ɱɚɫɬɨɬɚɯ 31,5 Ƚɰ;  

– ɩɪɢ ɜɢɛɪɚɰɢɨɧɧɵɯ ɜɨɡɞɟɣɫɬɜɢɹɯ, ɢɡɦɟ-
ɪɟɧɧɵɯ ɧɚ ɪɨɫɬɜɟɪɤɟ, ɝɨɪɢɡɨɧɬɚɥɶɧɵɟ ɢ ɜɟɪ-
ɬɢɤɚɥɶɧɵɟ ɤɨɦɩɨɧɟɧɬɵ ɧɚ ɩɟɪɟɤɪɵɬɢɢ ɩɨ-
ɫɥɟɞɧɟɝɨ ɷɬɚɠɚ ɩɪɢɛɥɢɠɚɸɬɫɹ ɫɧɢɡɭ ɤ ɩɪɟ-
ɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɨɦɭ ɭɪɨɜɧɸ ɧɚ ɛɨɥɟɟ ɧɢɡ-
ɤɢɯ ɱɚɫɬɨɬɚɯ ɞɥɹ ɫɪɟɞɧɟɨɤɬɚɜɧɨɣ ɱɚɫɬɨɬɵ 
8,0 Ƚɰ (ɦɟɧɶɲɟ ɧɚ 4,27 ɞȻ). 

3) ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɜɵɩɨɥɧɟɧɧɵɯ ɪɚɫɱɟɬ-
ɧɨ-ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɭɪɨ-
ɜɟɧɶ ɜɢɛɪɚɰɢɢ ɜɫɟɯ ɧɟɫɭɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ 
ɫɟɤɰɢɣ ɜɨɡɜɨɞɢɦɨɝɨ ɤɨɪɩɭɫɚ ɀК (ɛɟɡ ɭɫɬ-
ɪɨɣɫɬɜ ɜɢɛɪɨɢɡɨɥɹɰɢɢ) ɨɬ ɞɜɢɠɟɧɢɹ ɩɨ-



Кɨɧɟɱɧɨɷɥɟɦɟɧɬɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɩɨɞɜɨɞɧɵɯ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɫ 
ɭɱɟɬɨɦ ɤɨɧɬɚɤɬɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɝɪɭɧɬɨɦ ɦɨɪɫɤɨɝɨ ɞɧɚ 
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ɟɡɞɨɜ ɦɟɬɪɨɩɨɥɢɬɟɧɚ ɧɟ ɩɪɟɜɵɲɚɟɬ ɧɨɪ-
ɦɚɬɢɜɧɨ ɞɨɩɭɫɬɢɦɵɟ ɡɧɚɱɟɧɢɹ ɩɪɢ ɭɫɥɨ-
ɜɢɢ ɫɨɛɥɸɞɟɧɢɹ ɜ "ɧɚɬɭɪɟ" ɜɫɟɯ ɩɪɨɟɤɬ-
ɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɢ ɪɟɲɟɧɢɣ. Эɬɨɬ ɜɵɜɨɞ 
ɨɛɨɫɧɨɜɚɧ ɩɪɢ ɜɢɛɪɚɰɢɹɯ ɜ ɡɨɧɟ ɩɥɨɳɚɞɤɢ 
ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɤɨɪɩɭɫɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 
ɢɡɦɟɪɟɧɧɵɦ – ɩɪɢ ɫɭɳɟɫɬɜɟɧɧɨɦ ɢɡɦɟɧɟ-
ɧɢɢ ɥɨɤɚɥɶɧɨɣ "ɜɢɛɪɚɰɢɨɧɧɨɣ ɨɛɫɬɚɧɨɜ-
ɤɢ" (ɤɚɪɞɢɧɚɥɶɧɚɹ ɪɟɤɨɧɫɬɪɭɤɰɢɹ ɥɢɧɢɣ, 
ɢɡɦɟɧɟɧɢɹ ɬɪɚɮɢɤɚ ɢ ɧɚɝɪɭɠɟɧɧɨɫɬɢ ɫɨ-
ɫɬɚɜɨɜ ɦɟɬɪɨ, ɜɦɟɲɚɬɟɥɶɫɬɜɨ ɜ ɚɤɬɭɚɥɶɧɭɸ 
ɝɢɞɪɨɝɟɨɥɨɝɢɸ) ɨɧ ɞɨɥɠɟɧ ɛɵɬɶ ɩɨɞɜɟɪɝ-
ɧɭɬ ɪɟɜɢɡɢɢ.  

4) Ɋɟɚɥɢɡɨɜɚɧɧɭɸ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɪɚɫ-
ɱɟɬɧɨ-ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɭɸ (ɬɨɱɧɟɟ – ɧɚ-
ɬɭɪɧɨ-ɪɚɫɱɟɬɧɭɸ) ɦɟɬɨɞɢɤɭ ɫɥɟɞɭɟɬ ɪɟɤɨ-
ɦɟɧɞɨɜɚɬɶ ɞɥɹ ɚɧɚɥɢɡɚ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɫɨ-
ɫɬɨɹɧɢɹ ɲɢɪɨɤɨ ɤɥɚɫɫɚ ɨɛɴɟɤɬɨɜ ɫɬɪɨɢ-
ɬɟɥɶɫɬɜɟ ɜ ɡɨɧɟ ɡɧɚɱɢɦɨɣ ɬɪɚɧɫɩɨɪɬɧɨɣ 
ɜɢɛɪɚɰɢɢ. 
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ɉɪɨɦɵɲɥɟɧɧɨɟ ɢ ɝɪɚɠɞɚɧɫɤɨɟ ɫɬɪɨɢɬɟɥɶɫɬ-
ɜɨ, №4/2004  

10.  Ȼɟɥɨɫɬɨɰɤɢɣ А.Ɇ. ɉɨɫɬɪɨɟɧɢɟ ɷɮɮɟɤɬɢɜ-
ɧɵɯ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɦɨɞɟɥɟɣ ɞɥɹ ɫɬɚɬɢ-
ɱɟɫɤɨɝɨ ɢ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ ɫɢɫɬɟɦ 
“ɫɨɨɪɭɠɟɧɢɟ–ɨɫɧɨɜɚɧɢɟ”. Ɍɪɭɞɵ ЦɇИИɋК 
ɢɦ. Кɭɱɟɪɟɧɤɨ, 1990 ɝ., ɫ. 175–180. 

11.  Ȼɟɥɨɫɬɨɰɤɢɣ А.Ɇ., Ȼɟɥɵɣ Ɇ.В. ɋɭɩɟɪɷɥɟ-
ɦɟɧɬɧɵɟ ɚɥɝɨɪɢɬɦɵ ɪɟɲɟɧɢɹ ɩɪɨɫɬɪɚɧɫɬ-
ɜɟɧɧɵɯ ɧɟɥɢɧɟɣɧɵɯ ɫɬɚɬɢɱɟɫɤɢɯ ɢ ɞɢɧɚɦɢ-
ɱɟɫɤɢɯ ɡɚɞɚɱ ɛɨɥɶɲɨɣ ɪɚɡɦɟɪɧɨɫɬɢ. Ɋɟɚɥɢ-
ɡɚɰɢɹ ɜ ɩɪɨɝɪɚɦɦɧɨɦ ɤɨɦɩɥɟɤɫɟ ɋɌАȾИɈ ɢ 
ɨɩɵɬ ɪɚɫɱɟɬɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ. Ɍɪɭɞɵ XVIII 
Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɤɨɧɮɟɪɟɧɰɢɢ BEM&FEM-
2000, ɋ-ɉɟɬɟɪɛɭɪɝ, 2000 ɝ., ɫ.65-69. 

12.  Ȼɟɥɨɫɬɨɰɤɢɣ А.Ɇ. ɉɪɨɝɧɨɡɧɨɟ ɦɚɬɟɦɚɬɢɱɟ-
ɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɫɨɫɬɨɹɧɢɹ ɢ ɬɟɯɧɨɝɟɧ-
ɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɢ ɨɛɴɟɤɬɨɜ 
ɢ ɤɨɦɩɥɟɤɫɨɜ ɦɟɝɚɩɨɥɢɫɚ. Вɟɫɬɧɢɤ ɆȽɋɍ, 
3/2006 ɝ., ɫ. 20–61. 

13.  ANSYS 12. Theoretical Manual, 2010 ɝ. 
 
 

1,2) Ȼɟɥɨɫɬɨɰɤɢɣ Аɥɟɤɫɚɧɞɪ Ɇɢɯɚɣɥɨɜɢɱ, ɞɨɤɬɨɪ 
ɬɟɯɧɢɱɟɫɤɢɯ ɧɚɭɤ, ɝɟɧɟɪɚɥɶɧɵɣ ɞɢɪɟɤɬɨɪ ɁАɈ 
«ɇɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɰɟɧɬɪ ɋɬɚȾɢɈ» (ɁАɈ 
ɇИЦ ɋɬɚȾɢɈ), ɞɢɪɟɤɬɨɪ ɇɚɭɱɧɨ-ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɝɨ 
ɰɟɧɬɪɚ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɭɧɢɤɚɥɶɧɵɯ 
ɡɞɚɧɢɣ, ɫɨɨɪɭɠɟɧɢɣ ɢ ɤɨɦɩɥɟɤɫɨɜ (ɇɈЦ КɆ) ȽɈɍ 
ВɉɈ Ɇɨɫɤɨɜɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɫɬɪɨɢɬɟɥɶɧɵɣ 
ɭɧɢɜɟɪɫɢɬɟɬ (ФȻȽɈɍ ВɉɈ ɆȽɋɍ), Ɋɨɫɫɢɹ, 129337, 
ɝ. Ɇɨɫɤɜɚ, əɪɨɫɥɚɜɫɤɨɟ ɲɨɫɫɟ, ɞ. 26; 
ɬɟɥ/ɮɚɤɫ: +7 (495) 737-4081, +7 (499) 257-7761; 
e-mail: stadyo@stadyo.ru, niccm@mgsu.ru 
 
2) Аɭɥ Аɧɞɪɟɣ Аɧɞɪɟɟɜɢɱ, ɜɟɞɭɳɢɣ ɢɧɠɟɧɟɪ ɁАɈ 
ɇИЦ ɋɬɚȾɢɈ, ɚɫɩɢɪɚɧɬ Ɇɨɫɤɨɜɫɤɨɝɨ ɷɧɟɪɝɟɬɢɱɟ-
ɫɤɨɝɨ ɢɧɫɬɢɬɭɬɚ (ɆЭИ (Ɍɍ)), 
ɬɟɥ/ɮɚɤɫ: +7 (495) 737-4081, +7 (499) 257-7761; 
e-mail: stadyo@stadyo.ru,   
 
2) ɇɚɝɢɛɨɜɢɱ Аɥɟɤɫɚɧɞɪ Иɝɨɪɟɜɢɱ, ɫɬɚɪɲɢɣ ɢɧɠɟ-
ɧɟɪ  ɁАɈ ɇИЦ ɋɬɚȾɢɈ, , 
ɬɟɥ/ɮɚɤɫ: +7 (495) 737-4081, +7 (499) 257-7761; 
e-mail: stadyo@stadyo.ru.   
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АɇɇɈɌАЦИə: Ɋɚɫɫɦɨɬɪɟɧɵ ɨɫɨɛɟɧɧɨɫɬɢ ɤɨɧɟɱɧɨɷɥɟɦɟɧɬɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶ-
ɬɚɬɵ ɪɚɫɱɟɬɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɢ ɩɪɨɱɧɨɫɬɢ ɬɪɭɛɨɩɪɨɜɨɞɨɜ 
ɩɨɞɜɨɞɧɨɝɨ ɫɛɨɪɚ ɝɚɡɚ Кɢɪɢɧɫɤɨɝɨ ɝɚɡɨɤɨɧɞɟɧɫɚɬɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ (ɲɟɥɶɮ ɨ. ɋɚɯɚɥɢɧ), ɜɵɩɨɥɧɟɧɧɵɯ ɜ 
ɜɟɪɢɮɢɰɢɪɨɜɚɧɧɨɦ ɩɪɨɝɪɚɦɦɧɨɦ ɤɨɦɩɥɟɤɫɟ ANSYS ɫ ɭɱɟɬɨɦ ɤɨɧɬɚɤɬɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɬɪɭɛɨɩɪɨɜɨ-
ɞɨɜ ɢ ɝɪɭɧɬɚ ɨɫɧɨɜɚɧɢɹ.  
 
Ключевые словɚ: ɩɨɞɜɨɞɧɵɟ ɬɪɭɛɨɩɪɨɜɨɞɵ, ɤɨɧɟɱɧɨɷɥɟɦɟɧɬɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ,  ɩɪɨɝɪɚɦɦɧɵɣ ɤɨɦ-
ɩɥɟɤɫ ANSYS, ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɟ ɫɨɫɬɨɹɧɢɟ, ɤɨɧɬɚɤɬɧɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ lɞɨɧɧɵɦ ɝɪɭɧɬɨɦ  
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ABSTRACT: The features of the finite element modeling and results of computational simulation of the stress-strain 
state and strength of the underwater pipeline (Sakhalin Island), executed a verified software package ANSYS, taking 
into account contact interaction of pipelines and the foundation soil are considered. 
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1. Ɉɩисɚɧие сисɬеɦы, ɩосɬɚɧовɤɚ ɡɚɞɚчи 
 

Ɋɚɡɪɚɛɚɬɵɜɚɟɦɨɟ Кɢɪɢɧɫɤɨɟ ɝɚɡɨɤɨɧ-
ɞɟɧɫɚɬɧɨɟ ɦɟɫɬɨɪɨɠɞɟɧɢɟ (ȽКɆ) ɪɚɫɩɨɥɨ-
ɠɟɧɨ ɧɚ ɲɟɥɶɮɟ 28 ɤɦ ɜɨɫɬɨɱɧɟɟ ɨ. ɋɚɯɚɥɢɧ 
(Ɉɯɨɬɫɤɨɟ ɦɨɪɟ). ɉɪɨɟɤɬɢɪɭɟɦɵɟ ɩɨɞɜɨɞɧɵɟ 
ɬɪɭɛɨɩɪɨɜɨɞɵ 9-ɢ ɫɨɟɞɢɧɢɬɟɥɶɧɵɯ ɫɟɤɰɢɣ 
ɢɦɟɸɬ ɝɨɪɢɡɨɧɬɚɥɶɧɵɟ ɭɱɚɫɬɤɢ ɧɚ ɝɥɭɛɢɧɟ H 
= 90ɦ, ɩɨɤɨɹɳɢɟɫɹ ɧɚ ɝɪɭɧɬɟ. 

Ɋɚɜɧɨɦɟɪɧɚɹ ɨɫɚɞɤɚ ɡɚɦɟɧɟɧɧɨɝɨ ɝɪɭɧ-
ɬɚ ɫɨɫɬɚɜɥɹɟɬ ɞɨ 0,2 ɦ, ɪɚɡɦɵɜ ɡɨɧɵ ɟɫɬɟɫɬ-
ɜɟɧɧɨɝɨ ɝɪɭɧɬɚ – ɞɨ 0,5 ɦ.  

В ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɧɚɩɪɚɜɥɟɧɢɹɯ ɬɪɭ-
ɛɨɩɪɨɜɨɞ ɦɨɠɟɬ ɫɤɨɥɶɡɢɬɶ ɩɨ ɝɪɭɧɬɭ. Кɨɷɮ-
ɮɢɰɢɟɧɬ ɤɭɥɨɧɨɜɫɤɨɝɨ ɬɪɟɧɢɹ (ɜɞɨɥɶ ɢ ɩɨɩɟ-
ɪɟɤ ɬɪɭɛɵ), ɩɨ ɞɚɧɧɵɦ ɢɡɵɫɤɚɧɢɣ, ɩɪɢɧɹɬ 
ɪɚɜɧɵɦ 0,7.  

Кɨɧɰɟɜɵɟ ɫɟɱɟɧɢɹ ɫɨɟɞɢɧɢɬɟɥɶɧɵɯ 
ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɠёɫɬɤɨ ɡɚɳɟɦɥɟɧɵ, ɡɚɞɚɧɧɨɟ 
ɬɟɦɩɟɪɚɬɭɪɧɨɟ ɫɦɟɳɟɧɢɟ ɫɟɱɟɧɢɹ ɩɪɢɦɵɤɚ-
ɧɢɹ ɤ ɦɚɝɢɫɬɪɚɥɶɧɨɦɭ ɬɪɭɛɨɩɪɨɜɨɞɭ ɫɨɫɬɚɜ-
ɥɹɟɬ ɨɬ 0 ɞɨ 560ɦɦ. 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɚɬɟɪɢɚɥɚ ɬɪɭɛ ɫɟɤɰɢɣ 
1-9 ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 1.2. 

Ɍɚɛɥɢɰɚ 1 



Кɨɧɟɱɧɨɷɥɟɦɟɧɬɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɩɨɞɜɨɞɧɵɯ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɫ 
ɭɱɟɬɨɦ ɤɨɧɬɚɤɬɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɝɪɭɧɬɨɦ ɦɨɪɫɤɨɝɨ ɞɧɚ 
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ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɚɬɟɪɢɚɥɚ ɬɪɭɛɵ 
Ɇɚɬɟɪɢɚɥ ɋɬɚɥɶ 
Ɇɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ E, Ɇɉɚ 2,07·105

Кɨɷɮɮɢɰɢɟɧɬ ɉɭɚɫɫɨɧɚ ν 0,3 
ɉɥɨɬɧɨɫɬɶ ρ, ɬ/ɦ3 7,85 
Кɨɷɮɮɢɰɢɟɧɬ ɥɢɧɟɣɧɨɝɨ ɬɟɦɩɟ-
ɪɚɬɭɪɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ, 1/ɝɪɚɞ 1,16·10-5 

ɉɪɟɞɟɥ ɬɟɤɭɱɟɫɬɢ, Ɇɉɚ 450 
ɉɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ, Ɇɉɚ 535 
 

ɍɱɢɬɵɜɚɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɡɧɚɱɢɦɵɟ 
ɧɚɝɪɭɠɚɸɳɢɟ ɮɚɤɬɨɪɵ ɞɥɹ ɪɟɠɢɦɚ ɷɤɫɩɥɭɚ-
ɬɚɰɢɢ: 

– ɫɨɛɫɬɜɟɧɧɵɣ ɜɟɫ ɬɪɭɛɵ; 
– ɜɟɫ "ɩɪɨɞɭɤɬɚ", ɨɩɪɟɞɟɥɹɟɬɫɹ ɱɟɪɟɡ 

ɩɥɨɬɧɨɫɬɶ ɩɪɨɞɭɤɬɚ (0,331 ɬ/ɦ3); 
– ɜɵɬɚɥɤɢɜɚɸɳɚɹ ɚɪɯɢɦɟɞɨɜɚ ɫɢɥɚ 

ɡɚɞɚɟɬɫɹ ɤɚɤ ɥɢɧɟɣɧɚɹ ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟ-
ɥɟɧɧɚɹ ɜɟɪɬɢɤɚɥɶɧɚɹ ɧɚɝɪɭɡɤɚ (ɩɥɨɬɧɨɫɬɶ 
ɦɨɪɫɤɨɣ ɜɨɞɵ ρW = 1,025 ɬ/ɦ3); 

– ɫɤɨɪɨɫɬɧɨɣ ɧɚɩɨɪ ɩɪɢɞɨɧɧɨɝɨ ɬɟɱɟ-
ɧɢɹ 2 ɦ/ɫ – ɝɨɪɢɡɨɧɬɚɥɶɧɚɹ ɥɢɧɟɣɧɚɹ ɪɚɫɩɪɟ-
ɞɟɥɟɧɧɚɹ ɧɚɝɪɭɡɤɚ ρW ·V2 ·D/ 2 (ɧɚɩɪɚɜɥɟɧɢɟ 
ɫɟɜɟɪ-ɸɝ); 

– ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɚɹ ɧɚɝɪɭɡɤɚ (ɜɧɟɲɧɟɟ 
ɞɚɜɥɟɧɢɟ) 0,88 Ɇɉɚ; 

– ɜɧɭɬɪɟɧɧɟɟ ɞɚɜɥɟɧɢɟ 24 Ɇɉɚ; 
– ɢɡɦɟɧɟɧɢɟ (ɩɟɪɟɩɚɞ) ɬɟɦɩɟɪɚɬɭɪɵ – 

ɢɧɞɢɜɢɞɭɚɥɶɧɨ ɞɥɹ ɤɚɠɞɨɣ ɫɟɤɰɢɢ; 
– ɫɦɟɳɟɧɢɟ ɤɨɧɰɟɜɨɝɨ ɫɟɱɟɧɢɹ ɩɨ ɨɫɢ 

ɬɪɭɛɵ – ɨɬ 0 ɦ ɞɨ 0,6 ɦ; 
– ɪɚɜɧɨɦɟɪɧɚɹ ɨɫɚɞɤɚ ɡɚɦɟɧɟɧɧɨɝɨ 

ɝɪɭɧɬɚ  ɦɨɞɟɥɢɪɭɟɬɫɹ ɡɚɞɚɧɧɵɦɢ ɫɦɟɳɟɧɢɹ-
ɦɢ ɜɜɟɪɯ ɨɛɟɢɯ ɤɨɧɰɟɜɵɯ ɨɩɨɪ 

– ɪɚɡɦɵɜ ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɝɪɭɧɬɚ ɞɥɹ 
ɫɟɤɰɢɢ, ɦɨɞɟɥɢɪɭɟɬɫɹ ɫɦɟɳɟɧɢɟɦ ɜɜɟɪɯ 
ɛɥɢɠɧɟɣ ɤɨɧɰɟɜɨɣ ɨɩɨɪɵ. 

ɋɬɚɜɹɬɫɹ ɢ ɪɟɲɚɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɡɚ-
ɞɚɱɢ: 

– ɪɚɡɪɚɛɨɬɤɚ ɢ ɜɟɪɢɮɢɤɚɰɢɹ ɜ ɩɪɨ-
ɝɪɚɦɦɧɨɦ ɤɨɦɩɥɟɤɫɟ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɤɨ-
ɧɟɱɧɨɷɥɟɦɟɧɬɧɵɯ ɦɨɞɟɥɟɣ 9-ɢ ɫɢɫɬɟɦ "ɩɨɞ-
ɜɨɞɧɵɣ ɬɪɭɛɨɩɪɨɜɨɞ - ɞɨɧɧɨɟ ɨɫɧɨɜɚɧɢɟ" ɫ 
ɭɱɟɬɨɦ ɤɨɧɬɚɤɬɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ;  

– ɨɩɪɟɞɟɥɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɤɜɚɡɢɫɬɚ-
ɬɢɱɟɫɤɨɝɨ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ 
ɫɨɫɬɨɹɧɢɹ (ɩɟɪɟɦɟɳɟɧɢɹ, ɧɚɝɪɭɡɤɢ ɧɚ ɩɚɬ-

ɪɭɛɤɢ, ɭɫɢɥɢɹ ɢ ɧɚɩɪɹɠɟɧɢɹ) ɨɬ ɞɟɣɫɬɜɢɹ 
ɪɚɫɱɟɬɧɨɝɨ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ ɪɟɠɢɦɚ ɷɤɫ-
ɩɥɭɚɬɚɰɢɢ;  

– ɧɨɪɦɚɬɢɜɧɚɹ ɨɰɟɧɤɚ ɧɟɫɭɳɟɣ ɫɩɨɫɨɛ-
ɧɨɫɬɢ ɩɨ ɤɪɢɬɟɪɢɹɦ ɩɪɨɱɧɨɫɬɢ, ɨɛɳɟɣ ɩɨɬɟ-
ɪɢ ɭɫɬɨɣɱɢɜɨɫɬɢ (ɜɵɩɭɱɢɜɚɧɢɹ) ɢ ɦɟɫɬɧɨɣ 
ɩɨɬɟɪɢ ɭɫɬɨɣɱɢɜɨɫɬɢ. 
 
2. Коɧечɧоɷлеɦеɧɬɧые ɦоɞели сисɬеɦ 
" ɬɪɭɛоɩɪовоɞ-осɧовɚɧие"  
 

ɉɪɨɫɬɪɚɧɫɬɜɟɧɧɵɟ ɬɪɚɫɫɵ 9-ɢ ɪɚɫɱɟɬ-
ɧɵɯ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɩɨɫɬɪɨɟɧɵ ɩɨ ɜɵɞɚɧɧɵɦ 
ɩɪɨɟɤɬɧɵɦ ɤɨɨɪɞɢɧɚɬɚɦ. 

ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɞɥɹ ɨɞɧɨɣ ɢɡ ɫɟɤɰɢɣ  
ɜɵɩɨɥɧɟɧɵ ɫɨɩɨɫɬɚɜɢɬɟɥɶɧɵɟ ɜɟɪɢɮɢɤɚɰɢ-
ɨɧɧɵɟ ɪɚɫɱɟɬɵ ɩɨ ɚɥɶɬɟɪɧɚɬɢɜɧɵɦ ɦɨɞɟɥɹɦ 
ɜ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɦ "ɬɪɭɛɨɩɪɨɜɨɞɧɨɦ" 
ɩɪɨɝɪɚɦɦɧɨɦ ɤɨɦɩɥɟɤɫɟ (ɉК) АɋɌɊА-
ɇɈВА [3] ɢ ɭɧɢɜɟɪɫɚɥɶɧɵɯ ɉК ABAQUS [6] 
ɢ ANSYS [7], ɩɨɤɚɡɚɜɲɢɟ ɩɪɚɤɬɢɱɟɫɤɭɸ 
ɢɞɟɧɬɢɱɧɨɫɬɶ ɤɪɢɬɟɪɢɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ 
ɇȾɋ, ɩɪɟɠɞɟ ɜɫɟɝɨ, ɤɚɪɬɢɧɵ ɧɟɥɢɧɟɣɧɨɝɨ 
ɤɨɧɬɚɤɬɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɱɚɫɬɢɱɧɵɦ 
ɨɬɪɵɜɨɦ ɢ ɬɪɟɧɢɟɦ.   

В ANSYS ɢɫɩɨɥɶɡɨɜɚɧɵ ɫɥɟɞɭɸɳɢɟ 
ɤɨɧɟɱɧɵɟ ɷɥɟɦɟɧɬɵ ɢɡ ɛɢɛɥɢɨɬɟɤɢ ɩɪɨ-
ɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ: 

– pipe16 ɞɥɹ ɩɪɹɦɵɯ ɭɱɚɫɬɤɨɜ ɬɪɭɛɨ-
ɩɪɨɜɨɞɚ, 

– pipe18 ɞɥɹ ɤɪɢɜɨɥɢɧɟɣɧɵɯ (ɫ ɭɱɟɬɨɦ 
ɩɨɜɵɲɟɧɧɨɣ ɨɛɨɥɨɱɟɱɧɨɣ ɩɨɞɚɬɥɢɜɨɫɬɢ), 

– conta178 ɞɥɹ ɤɨɧɬɚɤɬɚ ɫ ɬɪɟɧɢɟɦ 
"ɬɪɭɛɚ-ɨɫɧɨɜɚɧɢɟ". 

ɏɚɪɚɤɬɟɪɧɚɹ ɞɥɢɧɚ КЭ pipe16 ɢ 
pipe18 ɜ ɡɨɧɟ ɤɨɧɬɚɤɬɚ ɫ ɝɪɭɧɬɨɦ – ɨɤɨɥɨ 
ɞɢɚɦɟɬɪɚ ɬɪɭɛɵ, ɜ ɛɟɫɤɨɧɬɚɤɬɧɨɣ ɡɨɧɟ – 4 
ɞɢɚɦɟɬɪɚ ɬɪɭɛɵ. 

Ⱦɜɟ ɢɡ 9-ɢ ɪɚɡɪɚɛɨɬɚɧɧɵɯ КЭ-
ɦɨɞɟɥɟɣ ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫ. 1, 2. 
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Ɋɢɫ. 1. ɋɟɤɰɢɹ 4. ANSYS-ɦɨɞɟɥɶ. ɉɪɹɦɵɟ 
ɭɱɚɫɬɤɢ –Ø219,1×14,3 , ɨɬɜɨɞɵ – Ø219,1×16.  

 

 
 

Ɋɢɫ. 2. ɋɟɤɰɢɹ 9. ANSYS-ɦɨɞɟɥɶ. ɉɪɹɦɵɟ 
ɭɱɚɫɬɤɢ –  Ø508×22,2, ɨɬɜɨɞɵ – Ø512×24,7 

 
3. Ɋеɡɭлɶɬɚɬы ɪɚсчеɬов ɇȾɋ и ɩɪочɧосɬи 
ɩоɞвоɞɧыɯ ɬɪɭɛоɩɪовоɞов 

 
В ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɱɟɬɨɜ ɩɨ ɉК ANSYS 

ɩɨɥɭɱɟɧɵ ɢ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɨɫɧɨɜɧɵɟ 
ɪɚɫɱɟɬɧɵɟ ɩɚɪɚɦɟɬɪɵ ɇȾɋ ɬɪɭɛɨɩɪɨɜɨɞɨɜ 
ɫɟɤɰɢɣ 1-9 ɞɥɹ ɪɟɠɢɦɚ ɷɤɫɩɥɭɚɬɚɰɢɢ – ɩɟɪɟ-
ɦɟɳɟɧɢɹ, ɡɧɚɱɢɦɵɟ ɭɫɢɥɢɹ ɢ ɷɤɜɢɜɚɥɟɧɬɧɵɟ 
ɧɚɩɪɹɠɟɧɢɹ (ɩɨ Ɇɢɡɟɫɭ) ɜ ɫɟɱɟɧɢɹɯ ɢ ɪɟɚɤ-
ɰɢɢ ɞɜɭɯ ɤɨɧɰɟɜɵɯ "ɨɩɨɪ". 

Ɋɚɫɱɟɬɵ ɜɵɩɨɥɧɟɧɵ ɞɥɹ ɞɜɭɯ ɯɚɪɚɤɬɟɪ-
ɧɵɯ ɜɚɪɢɚɧɬɨɜ-ɦɨɞɟɥɟɣ: 

1) ɦɨɞɟɥɢ 1 – ɛɟɡ ɭɱɟɬɚ ɨɫɚɞɤɢ ɡɚɦɟ-
ɧɟɧɧɨɝɨ ɝɪɭɧɬɚ; 

2) ɦɨɞɟɥɢ 2– ɫ ɭɱɟɬɨɦ ɨɫɚɞɤɢ ɡɚɦɟɧɟɧ-
ɧɨɝɨ ɝɪɭɧɬɚ 0,2 ɦ ɢ ɜɨɡɦɨɠɧɨɝɨ ɪɚɡɦɵɜɚ ɟɫ-
ɬɟɫɬɜɟɧɧɨɝɨ ɝɪɭɧɬɚ ɞɨ 0,5 ɦ. 

В ɰɟɥɨɦ ɯɚɪɚɤɬɟɪ ɪɚɫɱɟɬɧɨɝɨ ɇȾɋ ɫɨ-
ɨɬɜɟɬɫɬɜɭɟɬ ɚɩɪɢɨɪɧɵɦ ɮɢɡɢɱɟɫɤɢɦ ɩɪɟɞ-
ɫɬɚɜɥɟɧɢɹɦ.  

Ɍɚɤ, ɞɥɹ ɦɨɞɟɥɟɣ 1 ɞɨɦɢɧɢɪɭɸɳɢɦ 
ɮɚɤɬɨɪɨɦ ɇȾɋ ɹɜɥɹɸɬɫɹ ɪɚɡɧɨɫɬɶ ɜɧɭɬɪɟɧ-
ɧɟɝɨ ɢ ɜɧɟɲɧɟɝɨ ɞɚɜɥɟɧɢɹ, ɡɚɞɚɧɧɨɟ ɝɨɪɢ-
ɡɨɧɬɚɥɶɧɨɟ ɫɦɟɳɟɧɢɟ ɤɨɧɰɟɜɨɣ ɨɩɨɪɵ, ɚ 
ɤɨɧɬɚɤɬ ɫ ɬɪɟɧɢɟɦ (ɛɟɡ ɨɬɪɵɜɚ) ɨɛɟɫɩɟɱɟɧ ɜ 
ɛɨɥɶɲɟɣ ɱɚɫɬɢ ɡɨɧɵ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ "ɬɪɭɛɚ-
ɝɪɭɧɬ". Ɇɚɤɫɢɦɚɥɶɧɵɟ ɷɤɜɢɜɚɥɟɧɬɧɵɟ ɧɚ-
ɩɪɹɠɟɧɢɹ (ɩɨ Ɇɢɡɟɫɭ) ɧɟ ɩɪɟɜɵɲɚɸɬ ɞɨɩɭɫ-
ɬɢɦɵɯ ɜɟɥɢɱɢɧ (ɬɚɛɥ. 2). ɇɚɢɛɨɥɶɲɟɣ ɜɟɥɢ-
ɱɢɧɵ ɧɚɩɪɹɠɟɧɢɹ ɞɨɫɬɢɝɚɸɬ ɞɥɹ ɫɟɤɰɢɢ 9 – 
222.6 Ɇɉɚ.  

Ⱦɥɹ ɦɨɞɟɥɢ 2 ɨɩɪɟɞɟɥɹɸɳɢɦɢ ɧɚɝɪɭ-
ɠɚɸɳɢɦɢ ɮɚɤɬɨɪɚɦɢ ɹɜɥɹɸɬɫɹ ɪɚɡɧɨɫɬɶ 
ɜɧɭɬɪɟɧɧɟɝɨ ɢ ɜɧɟɲɧɟɝɨ ɞɚɜɥɟɧɢɹ, ɡɚɞɚɧɧɨɟ 
ɝɨɪɢɡɨɧɬɚɥɶɧɨɟ ɫɦɟɳɟɧɢɟ ɤɨɧɰɟɜɨɣ ɨɩɨɪɵ ɢ 
ɨɫɚɞɤɚ ɡɚɦɟɧɟɧɧɨɝɨ ɝɪɭɧɬɚ. Кɨɧɬɚɤɬ ɫ ɬɪɟɧɢ-
ɟɦ ɨɛɟɫɩɟɱɟɧ ɧɚ ɦɟɧɶɲɟɣ ɱɚɫɬɢ ɜɨɡɦɨɠɧɨɣ 
ɡɨɧɵ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ "ɬɪɭɛɚ-ɝɪɭɧɬ" – ɫɤɚɡɵ-
ɜɚɟɬɫɹ ɜɥɢɹɧɢɟ ɨɫɚɞɤɢ ɝɪɭɧɬɚ (ɪɢɫ.3-6). Ɇɚɤ-
ɫɢɦɚɥɶɧɵɟ ɷɤɜɢɜɚɥɟɧɬɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɧɟ 
ɩɪɟɜɵɲɚɸɬ ɞɨɩɭɫɬɢɦɵɯ ɜɟɥɢɱɢɧ (ɬɚɛɥ. 2). 
ɇɚɢɛɨɥɶɲɟɣ ɜɟɥɢɱɢɧɵ ɧɚɩɪɹɠɟɧɢɹ ɞɨɫɬɢ-
ɝɚɸɬ ɞɥɹ ɫɟɤɰɢɢ 9 – 243.5 Ɇɉɚ.  

 
Ɍɚɛɥɢɰɚ 2 

Ɇɚɤɫɢɦɚɥɶɧɵɟ ɪɚɫɱɟɬɧɵɟ ɷɤɜɢɜɚɥɟɧɬɧɵɟ  
ɧɚɩɪɹɠɟɧɢɹ (ɩɨ Ɇɢɡɟɫɭ), Ɇɉɚ 

ɋɟɤɰɢɹ  Ɇɨɞɟɥɶ 1 Ɇɨɞɟɥɶ 2 
1 127,0 176,6 
2 127,0 177,2 
3 134,1 156,2 
4 127,0 161,0 
5 169,5 175,0* / 208,4** 
6 143,6 172,0 
7 165,6 174,5 
8 186,5 189,6 
9 222,6 243,5 
ɉɪɢɦɟɱɚɧɢɟ ɞɥɹ ɫɟɤɰɢɢ 5:  
* – ɪɚɜɧɨɦɟɪɧɚɹ ɨɫɚɞɤɚ ɝɪɭɧɬɚ 0,2 ɦ, ** – 

ɪɚɡɦɵɜ ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɝɪɭɧɬɚ 0,5 ɦ 



Кɨɧɟɱɧɨɷɥɟɦɟɧɬɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɩɨɞɜɨɞɧɵɯ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɫ 
ɭɱɟɬɨɦ ɤɨɧɬɚɤɬɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɝɪɭɧɬɨɦ ɦɨɪɫɤɨɝɨ ɞɧɚ 
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ɂɡɨɦɟɬɪɢɹ 

 
 

ȼɢɞ ɫɛɨɤɭ 

 
Ɋɢɫ. 3. ɋɟɤɰɢɹ 4. Ɇɨɞɟɥɶ 2.  
Ɋɚɫɱɟɬɧɵɟ ɩɟɪɟɦɟɳɟɧɢɹ, ɦ  

(ɦɚɫɲɬɚɛɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ = 4) 
 

 

 
 
Ɋɢɫ. 4. ɋɟɤɰɢɹ 4. Ɇɨɞɟɥɶ 2. Ɋɚɫɱɟɬɧɵɟ ɷɤɜɢ-
ɜɚɥɟɧɬɧɵɟ ɧɚɩɪɹɠɟɧɢɹ (Ɇɢɡɟɫɚ), ɤɉɚ.  
Ɇɚɤɫɢɦɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ 161,0 Ɇɉɚ 

 

 
Ɋɢɫ. 5. ɋɟɤɰɢɹ 4. Ɇɨɞɟɥɶ 2.  

ɋɬɚɬɭɫ ɤɨɧɬɚɤɬɧɵɯ ɷɥɟɦɟɧɬɨɜ :1 – ɨɬɤɪɵɬ 
(ɨɬɪɵɜ), 2 – ɡɚɤɪɵɬ ɫɨ ɫɤɨɥɶɠɟɧɢɟɦ (ɫɞɜɢɝ). 

 
ɂɡɨɦɟɬɪɢɹ 

 
ȼɢɞ ɫɛɨɤɭ 

 
Ɋɢɫ. 6. ɋɟɤɰɢɹ 9. Ɇɨɞɟɥɶ 2.  
Ɋɚɫɱɟɬɧɵɟ ɩɟɪɟɦɟɳɟɧɢɹ, ɦ  

(ɦɚɫɲɬɚɛɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ = 10)  
 

 
Ɋɢɫ. 7. ɋɟɤɰɢɹ 9. Ɇɨɞɟɥɶ 2. Ɋɚɫɱɟɬɧɵɟ ɷɤɜɢ-
ɜɚɥɟɧɬɧɵɟ ɧɚɩɪɹɠɟɧɢɹ (Ɇɢɡɟɫɚ), ɤɉɚ,  
Ɇɚɤɫɢɦɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ 243,48 Ɇɉɚ 
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Ɋɢɫ.  8. ɋɟɤɰɢɹ 9. Ɇɨɞɟɥɶ 2.  

ɋɬɚɬɭɫ ɤɨɧɬɚɤɬɧɵɯ ɷɥɟɦɟɧɬɨɜ: 1 –  ɨɬɤɪɵɬ 
(ɨɬɪɵɜ), 2 – ɡɚɤɪɵɬ ɫɨ ɫɤɨɥɶɠɟɧɢɟɦ (ɫɞɜɢɝ), 

 
4. Вывоɞы и ɪеɤоɦеɧɞɚɰии 
 
Ɋɟɡɭɥɶɬɚɬɵ ɜɵɩɨɥɧɟɧɧɵɯ ɪɚɡɪɚɛɨɬɨɤ ɢ 

ɪɚɫɱɟɬɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɇȾɋ ɢ ɩɪɨɱɧɨɫɬɢ 
ɫɢɫɬɟɦɵ "ɩɨɞɜɨɞɧɵɟ ɬɪɭɛɨɩɪɨɜɨɞɵ - ɝɪɭɧɬ" 
ɫ ɭɱɟɬɨɦ ɤɨɧɬɚɤɬɧɵɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ ɩɨɞ-
ɫɢɫɬɟɦ ɩɨɡɜɨɥɹɸɬ ɫɮɨɪɦɭɥɢɪɨɜɚɬɶ ɫɥɟɞɭɸ-
ɳɢɟ ɜɵɜɨɞɵ ɢ ɪɟɤɨɦɟɧɞɚɰɢɢ, ɜɵɯɨɞɹɳɢɟ ɡɚ 
ɪɚɦɤɢ ɪɚɫɫɦɨɬɪɟɧɧɨɝɨ ɨɛɴɟɤɬɚ: 

– ɪɚɡɪɚɛɨɬɚɧɧɵɟ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɟ 
ɫɬɟɪɠɧɟɜɵɟ ɦɨɞɟɥɢ ɫ ɷɥɟɦɟɧɬɚɦɢ ɤɨɧɫɬɪɭɤ-
ɬɢɜɧɨɣ ɧɟɥɢɧɟɣɧɨɫɬɢ – ɤɨɧɬɚɤɬɧɨɝɨ ɜɡɚɢɦɨ-
ɞɟɣɫɬɜɢɹ, ɪɟɚɥɢɡɨɜɚɧɧɵɟ ɜ ɫɩɟɰɢɚɥɢɡɢɪɨ-
ɜɚɧɧɨɦ (АɋɌɊА-ɇɈВА) ɢ ɭɧɢɜɟɪɫɚɥɶɧɵɯ 
(ABAQUS, ANSYS) ɩɪɨɝɪɚɦɦɧɵɯ ɤɨɦɩɥɟɤ-
ɫɚɯ, ɩɨɡɜɨɥɹɸɬ ɚɞɟɤɜɚɬɧɨ ɜɨɫɩɪɨɢɡɜɟɫɬɢ 
ɨɫɨɛɟɧɧɨɫɬɢ ɇȾɋ ɩɨɞɜɨɞɧɵɯ ɬɪɭɛɨɩɪɨɜɨɞ-
ɧɵɯ ɫɢɫɬɟɦ;  

– ɪɟɡɭɥɶɬɢɪɭɸɳɟɟ ɇȾɋ ɩɨɞɜɨɞɧɵɯ ɬɪɭ-
ɛɨɩɪɨɜɨɞɨɜ ɜɟɫɶɦɚ ɱɭɜɫɬɜɢɬɟɥɶɧɨ ɤ ɜɚɪɢɚ-
ɰɢɢ ɧɟɤɨɬɨɪɵɯ ɢɫɯɨɞɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɦɨɞɟ-
ɥɢ, ɜ ɨɫɨɛɟɧɧɨɫɬɢ, ɤ ɨɫɚɞɤɚɦ ɢ ɪɚɡɦɵɜɭ ɞɨɧ-
ɧɨɝɨ ɝɪɭɧɬɚ; 

– ɜ ɫɜɹɡɢ ɫ ɷɬɢɦ, ɚɤɬɭɚɥɶɧɵɦ ɩɪɟɞɫɬɚɜɥɹ-
ɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɢɤɢ ɢ ɪɚɫɱɟɬɧɨɟ ɢɫɫɥɟ-
ɞɨɜɚɧɢɟ ɪɚɡɦɵɜɚ ɝɪɭɧɬɚ ɧɚ ɨɫɧɨɜɟ ɱɢɫɥɟɧɧɨ-
ɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɡɚɞɚɱ ɩɪɢɞɨɧɧɨɣ ɝɢɞɪɨ-
ɞɢɧɚɦɢɤɢ ɫɢɫɬɟɦɵ "ɬɪɭɛɨɩɪɨɜɨɞ-ɝɪɭɧɬ" ɢ 
ɥɢɬɨɞɢɧɚɦɢɤɢ ɞɨɧɧɵɯ ɨɬɥɨɠɟɧɢɣ.  
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В 2009-2011 ɝɝ. ɜ ɫɢɫɬɟɦɟ Ɋɨɫɬɟɯɧɚɞɡɨ-
ɪɚ (ɩɪɟɟɦɧɢɤ Ƚɨɫɚɬɨɦɧɚɞɡɨɪɚ) ɩɪɨɯɨɞɢɥɚ 
ɦɧɨɝɨɷɬɚɩɧɚɹ ɩɪɨɰɟɞɭɪɚ "ɩɨɜɬɨɪɧɨɣ" ɜɟɪɢ-
ɮɢɤɚɰɢɢ-ɷɤɫɩɟɪɬɢɡɵ-ɚɬɬɟɫɬɚɰɢɢ ɫɩɟɰɢɚɥɢ-
ɡɢɪɨɜɚɧɧɨɝɨ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ АɋɌ-
ɊА-АЭɋ (ɜɟɪɫɢɹ АɋɌɊА-АЭɋ'2009), ɩɪɟɞɧɚ-
ɡɧɚɱɟɧɧɨɝɨ ɞɥɹ ɩɪɨɱɧɨɫɬɧɵɯ ɪɚɫɱɟɬɨɜ ɧɢɡɤɨ- 
ɢ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɬɪɭɛɨɩɪɨɜɨɞɧɵɯ 
ɫɢɫɬɟɦ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ 
"ɇɨɪɦ ɪɚɫɱɟɬɚ ɧɚ ɩɪɨɱɧɨɫɬɶ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ 
ɬɪɭɛɨɩɪɨɜɨɞɨɜ АЭɍ. ɉɇАЭ Ƚ-7-002-86" [1]. 

ɁАɈ ɇИЦ ɋɬɚȾɢɈ ɪɚɡɪɚɛɨɬɚɥ ɜɟɪɢɮɢ-
ɤɚɰɢɨɧɧɵɣ ɨɬɱɟɬ (4 ɬɨɦɚ) [4], ɜɤɥɸɱɚɸɳɢɣ 

ɬɟɨɪɟɬɢɱɟɫɤɢɣ ɬɨɦ ɫ ɦɚɬɪɢɰɚɦɢ ɜɟɪɢɮɢɤɚ-
ɰɢɢ, 2 ɬɨɦɚ ɫ  ɪɟɲɟɧɧɵɦɢ ɩɪɟɞɫɬɚɜɢɬɟɥɶɧɵ-
ɦɢ ɦɧɨɝɨɩɚɪɚɦɟɬɪɢɱɟɫɤɢɦɢ ɬɟɫɬɨɜɵɦɢ ɩɪɢ-
ɦɟɪɚɦɢ (ɛɨɥɟɟ 40), ɜ ɬɨɦ ɱɢɫɥɟ, ɨɬɪɚɠɚɸɳɢ-
ɦɢ «ɫɬɚɪɵɟ» ɢ ɬɚɤɢɟ ɜɧɨɜɶ ɚɬɬɟɫɬɭɟɦɵɟ ɜɨɡ-
ɦɨɠɧɨɫɬɢ: 

• ɮɨɪɦɢɪɨɜɚɧɢɟ ɢ ɭɱɟɬ ɦɚɬɪɢɱɧɵɯ ɫɭ-
ɩɟɪɷɥɟɦɟɧɬɨɜ (ɠɟɫɬɤɨɫɬɢ, ɦɚɫɫ, ɧɚɝɪɭɡɨɤ, 
Кɪɟɣɝɚ-Ȼɟɦɩɬɨɧɚ) ɞɥɹ ɤɨɪɪɟɤɬɧɨɝɨ ɪɟɲɟɧɢɹ 
ɡɚɞɚɱ ɫɬɚɬɢɱɟɫɤɨɝɨ ɢ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ 
ɩɨɞɫɢɫɬɟɦ;  

• ɭɬɨɱɧɟɧɧɵɣ ɪɚɫɱɟɬ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ɬɟɦɩɟɪɚɬɭɪ (ɡɚɞɚɱ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ), ɇȾɋ 
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ɢ ɩɪɨɱɧɨɫɬɢ ɞɟɬɚɥɟɣ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɩɨ ɩɪɨ-
ɫɬɪɚɧɫɬɜɟɧɧɨ-ɨɛɨɥɨɱɟɱɧɵɦ ɢ ɬɪɟɯɦɟɪɧɵɦ 
ɫɯɟɦɚɦ ɆКЭ (ɬɪɨɣɧɢɤɢ ɫɜɚɪɧɵɟ ɢ ɲɬɚɦɩɨ-
ɜɚɧɧɵɟ, ɫ ɧɚɤɥɚɞɤɚɦɢ ɢ ɩɥɚɤɢɪɨɜɤɨɣ, ɨɬɜɨɞɵ 
ɝɧɭɬɵɟ ɢ ɫɟɤɬɨɪɧɵɟ, ɩɟɪɟɯɨɞɵ ɢ ɥɢɧɡɨ-
ɜɵɟ/ɫɢɥɶɮɨɧɧɵɟ ɤɨɦɩɟɧɫɚɬɨɪɵ);  

• ɭɱɟɬ ɬɪɟɧɢɹ ɜ ɨɩɨɪɚɯ ɜɵɫɨɤɨɬɟɦɩɟɪɚ-
ɬɭɪɧɵɯ ɬɪɭɛɨɩɪɨɜɨɞɨɜ;  

• ɭɱɟɬ «ɩɨɬɟɪɹɧɧɨɣ ɦɚɫɫɵ» ɩɪɢ ɫɟɣɫ-
ɦɢɱɟɫɤɢɯ ɥɢɧɟɣɧɨ-ɫɩɟɤɬɪɚɥɶɧɵɯ ɪɚɫɱɟɬɚɯ.  

ɉɪɢ ɪɚɫɫɦɨɬɪɟɧɢɢ ɜɟɪɢɮɢɤɚɰɢɨɧɧɵɯ 
ɦɚɬɟɪɢɚɥɨɜ ɩɹɬɶ ɷɤɫɩɟɪɬɨɜ (ɫɩɟɰɢɚɥɢɫɬɵ, 
ɧɚɡɧɚɱɟɧɧɵɟ 3-ɦɹ "ɨɬɪɚɫɥɟɜɵɦɢ" ɫɟɤɰɢɹɦɢ 
ɋɨɜɟɬɚ ɩɨ ɚɬɬɟɫɬɚɰɢɢ ɉɋ) ɞɚɥɢ ɩɪɟɞɥɨɠɟɧɢɹ 
ɩɨ ɤɨɪɪɟɤɬɢɪɨɜɤɟ-ɞɨɩɨɥɧɟɧɢɸ ɨɬɱɟɬɚ ɢ ɩɪɨ-
ɟɤɬɚ ɩɚɫɩɨɪɬɚ, ɚ ɩɨɫɥɟ ɢɯ ɭɱɟɬɚ ɪɚɡɪɚɛɨɬɱɢ-
ɤɨɦ – ɩɨɥɨɠɢɬɟɥɶɧɵɟ ɡɚɤɥɸɱɟɧɢɹ. ɋɨɜɟɬ 
ɩɪɢɧɹɥ ɪɟɲɟɧɢɟ ɨɛ ɚɬɬɟɫɬɚɰɢɢ ɉК ɧɚ ɨɱɟ-
ɪɟɞɧɵɟ 10 ɥɟɬ ɢ ɭɬɜɟɪɞɢɥ  ɚɬɬɟɫɬɚɰɢɨɧɧɵɣ 
ɩɚɫɩɨɪɬ.  

ɇɢɠɟ ɩɪɢɜɟɞɟɧɵ ɡɧɚɱɢɦɵɟ ɜɵɞɟɪɠɤɢ 
ɢɡ ɭɬɜɟɪɠɞɟɧɧɨɝɨ ɚɬɬɟɫɬɚɰɢɨɧɧɨɝɨ ɩɚɫɩɨɪɬɚ 
ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ АɋɌɊА-АЭɋ [5] 
(№292 ɨɬ 14.04.2011, ɪɟɝ. №614 ɨɬ 
16.09.2009), ɚ ɜ ɬɚɛɥɢɰɟ 1 – ɨɫɧɨɜɧɵɟ ɨɬɥɢ-
ɱɢɹ (ɪɚɡɜɢɬɢɟ) ɚɤɬɭɚɥɶɧɨɣ ɜɟɪɫɢɢ '2009 ɨɬ 
ɜɟɪɫɢɢ 6.1, ɚɬɬɟɫɬɨɜɚɧɧɨɣ ɜ 1995 ɝ. 
 
1. ɇɚɡɧɚчеɧие и оɛлɚсɬɶ ɩɪиɦеɧеɧиɹ ɉɋ 

ɉɪɨɝɪɚɦɦɧɵɣ ɤɨɦɩɥɟɤɫ (ɉК) АɋɌɊА-
АЭɋ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɪɚɫɱɟɬɚ ɩɚɪɚɦɟɬɪɨɜ 
ɫɬɚɬɢɱɟɫɤɨɝɨ, ɫɟɣɫɦɢɱɟɫɤɨɝɨ, ɜɢɛɪɚɰɢɨɧɧɨɝɨ 
ɢ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɧɚɩɪɹɠɟɧɧɨ-
ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ (ɩɟɪɟɦɟɳɟɧɢɣ, 
ɧɚɝɪɭɡɨɤ ɧɚ ɨɩɨɪɵ ɢ ɨɛɨɪɭɞɨɜɚɧɢɟ, ɭɫɢɥɢɣ ɢ 
ɧɚɩɪɹɠɟɧɢɣ) ɢ ɞɢɧɚɦɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
(ɫɨɛɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ ɢ ɮɨɪɦ ɤɨɥɟɛɚɧɢɣ), 
ɨɰɟɧɤɢ ɫɬɚɬɢɱɟɫɤɨɣ, ɰɢɤɥɢɱɟɫɤɨɣ, ɫɟɣɫɦɢɱɟ-
ɫɤɨɣ ɢ ɜɢɛɪɚɰɢɨɧɧɨɣ ɩɪɨɱɧɨɫɬɢ ɩɪɨɫɬɪɚɧɫɬ-
ɜɟɧɧɵɯ ɪɚɡɜɟɬɜɥɟɧɧɵɯ ɢ ɩɪɨɬɹɠɟɧɧɵɯ ɬɪɭ-
ɛɨɩɪɨɜɨɞɧɵɯ ɫɢɫɬɟɦ (Ɍɋ) ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ɬɪɟɛɨɜɚɧɢɹɦɢ ɇɨɪɦ ɉɇАЭ Ƚ-7-002–86.  

Вɵɩɨɥɧɹɟɬɫɹ ɬɚɤɠɟ ɭɬɨɱɧɟɧɧɵɣ ɪɚɫɱɟɬ 
ɜ ɬɪɟɯɦɟɪɧɨɣ (ɨɛɴɟɦɧɨɣ) ɩɨɫɬɚɧɨɜɤɟ ɫɬɚ-
ɰɢɨɧɚɪɧɵɯ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɩɨɥɟɣ ɢ ɧɚɩɪɹ-
ɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ, ɫɬɚɬɢ-
ɱɟɫɤɨɣ, ɰɢɤɥɢɱɟɫɤɨɣ ɢ ɫɟɣɫɦɢɱɟɫɤɨɣ ɩɪɨɱ-

ɧɨɫɬɢ ɷɥɟɦɟɧɬɨɜ-ɞɟɬɚɥɟɣ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɩɪɢ 
ɞɟɣɫɬɜɢɢ ɩɨɥɧɨɣ ɫɢɫɬɟɦɵ ɤɜɚɡɢɫɬɚɬɢɱɟɫɤɢɯ 
ɧɚɝɪɭɡɨɤ: ɬɪɨɣɧɢɤɨɜ ɨɪɬɨɝɨɧɚɥɶɧɵɯ ɪɚɞɢ-
ɚɥɶɧɵɯ (ɫɜɚɪɧɵɯ, ɲɬɚɦɩɨɫɜɚɪɧɵɯ ɢ ɲɬɚɦɩɨ-
ɜɚɧɧɵɯ, ɫ ɧɚɤɥɚɞɤɚɦɢ ɢ ɩɥɚɤɢɪɭɸɳɢɦ ɫɥɨ-
ɟɦ); ɨɬɜɨɞɨɜ (ɝɢɛɨɜ, ɤɨɥɟɧ) ɝɧɭɬɵɯ, ɤɪɭɬɨɢ-
ɡɨɝɧɭɬɵɯ, ɲɬɚɦɩɨɜɚɧɧɵɯ ɢ ɫɟɤɬɨɪɧɵɯ ɫ ɭɱɟ-
ɬɨɦ ɷɥɥɢɩɬɢɱɧɨɫɬɢ, ɪɚɡɧɨɫɬɟɧɧɨɫɬɢ ɢ ɩɪɢ-
ɦɵɤɚɸɳɢɯ ɩɪɹɦɵɯ ɬɪɭɛ, ɤɨɫɵɯ ɫɬɵɤɨɜ; ɤɨ-
ɧɢɱɟɫɤɢɯ ɩɟɪɟɯɨɞɨɜ ɤɨɧɰɟɧɬɪɢɱɟɫɤɢɯ; ɥɢɧ-
ɡɨɜɵɯ ɢ ɫɢɥɶɮɨɧɧɵɯ ɤɨɦɩɟɧɫɚɬɨɪɨɜ. 

Ɍɢɩ ɨɛɴɟɤɬɚ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɚɬɨɦɧɨɣ 
ɷɧɟɪɝɢɢ – Ɍɋ АЭɍ ɜ ɨɛɥɚɫɬɢ ɞɟɣɫɬɜɢɹ ɇɨɪɦ 
ɉɇАЭ Ƚ-7-002-86 (ɪɚɡɞɟɥ 1.1). 

Ɇɨɞɟɥɢɪɭɟɦɵɟ ɪɟɠɢɦɵ – ɜɫɟ ɪɟɠɢɦɵ, 
ɩɪɟɞɭɫɦɨɬɪɟɧɧɵɟ ɩɪɨɟɤɬɨɦ АЭɍ (ɧɨɪɦɚɥɶ-
ɧɚɹ ɷɤɫɩɥɭɚɬɚɰɢɹ, ɧɚɪɭɲɟɧɢɟ ɧɨɪɦɚɥɶɧɨɣ 
ɷɤɫɩɥɭɚɬɚɰɢɢ, ɚɜɚɪɢɢ, ɜɧɟɲɧɢɟ ɞɢɧɚɦɢɱɟ-
ɫɤɢɟ, ɜɤɥɸɱɚɹ ɫɟɣɫɦɢɱɟɫɤɢɟ, ɜɨɡɞɟɣɫɬɜɢɹ). 

Ɉɝɪɚɧɢɱɟɧɢɹ ɧɚ ɝɟɨɦɟɬɪɢɸ, ɜɟɥɢɱɢɧɵ 
ɧɚɝɪɭɡɨɤ ɢ ɪɟɚɤɰɢɸ ɫɢɫɬɟɦɵ: Ɍɋ ɪɚɫɫɦɚɬɪɢ-
ɜɚɸɬɫɹ ɤɚɤ ɫɬɟɪɠɧɟɜɵɟ (ɫ ɭɱɟɬɨɦ ɨɛɨɥɨɱɟɱ-
ɧɵɯ ɷɮɮɟɤɬɨɜ ɜ ɝɢɛɚɯ ɢ ɬɪɨɣɧɢɤɚɯ) ɢ ɥɢɧɟɣ-
ɧɨ-ɭɩɪɭɝɢɟ, ɧɟɥɢɧɟɣɧɨɫɬɶ «ɩɪɟɞɫɬɚɜɥɟɧɚ» 
ɨɞɧɨɫɬɨɪɨɧɧɢɦɢ ɨɩɨɪɚɦɢ ɢ ɨɩɨɪɚɦɢ ɬɪɟɧɢɹ 
(ɬɨɥɶɤɨ ɜ ɫɬɚɬɢɱɟɫɤɢɯ ɪɚɫɱɟɬɚɯ). ɇɟ ɭɱɢɬɵ-
ɜɚɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɮɚɤɬɨɪɵ: ɨɫɨɛɟɧɧɨɫɬɢ 
ɫɜɚɪɧɵɯ ɲɜɨɜ ɜ ɬɪɭɛɨɩɪɨɜɨɞɚɯ (ɢɡɦɟɧɟɧɢɹ 
ɝɟɨɦɟɬɪɢɢ ɩɨɞ ɪɚɡɞɟɥɤɭ, ɪɚɡɧɵɣ ɦɚɬɟɪɢɚɥ, 
ɨɫɬɚɬɨɱɧɵɟ ɧɚɩɪɹɠɟɧɢɹ), ɞɨɩɭɳɟɧɧɵɟ ɜ ɷɤɫ-
ɩɥɭɚɬɚɰɢɸ ɬɪɟɳɢɧɵ ɜ ɬɪɭɛɨɩɪɨɜɨɞɚɯ, ɜɥɢɹ-
ɧɢɟ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɧɚ ɰɢɤɥɢɱɟɫɤɭɸ ɩɪɨɱ-
ɧɨɫɬɶ.  

Ʉɨɥɢɱɟɫɬɜɟɧɧɵɟ ɨɝɪɚɧɢɱɟɧɢɹ ɧɚ ɩɚɪɚ-
ɦɟɬɪɵ ɪɚɫɱɟɬɧɨɣ ɦɨɞɟɥɢ Ɍɋ ɞɥɹ ɜɟɪɫɢɢ Аɋ-
ɌɊА-АЭɋ’2009:  

1) ɞɥɹ ɜɫɟɣ ɦɨɞɟɥɢ: ɭɡɥɨɜ ɫɬɵɤɨɜɤɢ 
ɭɱɚɫɬɤɨɜ-ɫɭɩɟɪɷɥɟɦɟɧɬɨɜ (ɧɟɪɚɡɜɟɬɜɥɟɧɧɵɯ) 
– 0 - 4 000, ɫɭɩɟɪɷɥɟɦɟɧɬɨɜ (ɧɟɪɚɡɜɟɬɜɥɟɧ-
ɧɵɯ ɭɱɚɫɬɤɨɜ) – 1 - 4 000, ɞɢɧɚɦɢɱɟɫɤɢɯ ɫɬɟ-
ɩɟɧɟɣ ɫɜɨɛɨɞɵ – 1 - 60 000, ɜɵɱɢɫɥɹɟ-
ɦɵɯ/ɭɱɢɬɵɜɚɟɦɵɯ ɫɨɛɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ ɢ 
ɮɨɪɦ ɤɨɥɟɛɚɧɢɣ – 1 - 4 000. 

2) ɞɥɹ ɤɚɠɞɨɝɨ ɫɭɩɟɪɷɥɟɦɟɧɬɚ (ɧɟɪɚɡ-
ɜɟɬɜɥɟɧɧɨɝɨ ɭɱɚɫɬɤɚ): ɷɥɟɦɟɧɬɨɜ (ɨɬɪɟɡɤɨɜ) 
ɩɪɹɦɨ- ɢ ɤɪɢɜɨɥɢɧɟɣɧɵɯ ɬɪɭɛ ɢ ɩɟɪɟɯɨɞɨɜ – 
1 - 400, ɩɪɭɠɢɧɧɵɯ ɩɨɞɜɟɫɨɤ, ɨɩɨɪɧɵɯ ɤɨɧ-
ɫɬɪɭɤɰɢɣ, “ɠɟɫɬɤɢɯ ɷɥɟɦɟɧɬɨɜ” (ɜɫɬɚɜɨɤ), 
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ɩɪɨɢɡɜɨɥɶɧɨ ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɯ ɜ ɩɪɨɫɬɪɚɧ-
ɫɬɜɟ ɫɨɫɪɟɞɨɬɨɱɟɧɧɵɯ ɧɚɝɪɭɡɨɤ – 0 – 400. 

ɍɬɨɱɧɟɧɧɵɣ ɪɚɫɱɟɬ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɢ 
ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ 
ɞɟɬɚɥɟɣ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɜɟɞɟɬɫɹ ɜ ɩɪɟɞɩɨɥɨ-
ɠɟɧɢɢ: ɫɬɚɰɢɨɧɚɪɧɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ 
ɜ ɥɢɧɟɣɧɨɣ ɩɨɫɬɚɧɨɜɤɟ ɩɪɢ ɢɡɨɬɪɨɩɧɵɯ ɤɨ-
ɷɮɮɢɰɢɟɧɬɚɯ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɢ ɛɟɡ ɭɱɟɬɚ 
ɜɧɭɬɪɟɧɧɟɝɨ ɬɟɩɥɨɜɵɞɟɥɟɧɢɹ; ɦɚɥɨɫɬɢ ɩɟɪɟ-
ɦɟɳɟɧɢɣ ɢ ɭɩɪɭɝɨɫɬɢ ɞɟɮɨɪɦɚɰɢɣ-
ɧɚɩɪɹɠɟɧɢɣ. Ⱦɥɹ ɬɨɧɤɨɫɬɟɧɧɵɯ ɨɬɜɨɞɨɜ-
ɝɢɛɨɜ ɧɟɥɢɧɟɣɧɵɣ ɮɚɤɬɨɪ ɜɥɢɹɧɢɹ ɞɚɜɥɟɧɢɹ 
ɧɚ ɠɟɫɬɤɨɫɬɶ ɫɢɫɬɟɦɵ ɧɟ ɭɱɢɬɵɜɚɟɬɫɹ. 

Чɢɫɥɨ ɭɡɥɨɜ – ɞɨ 100 000, ɤɨɧɟɱɧɵɯ 
ɷɥɟɦɟɧɬɨɜ (ɤɪɢɜɨɥɢɧɟɣɧɵɯ ɨɛɨɥɨɱɟɱɧɵɯ ɫɭ-
ɩɟɪɩɚɪɚɦɟɬɪɢɱɟɫɤɨɝɨ ɫɟɦɟɣɫɬɜɚ ɢɥɢ ɨɛɴɟɦ-
ɧɵɯ ɢɡɨɩɚɪɚɦɟɬɪɢɱɟɫɤɢɯ) – ɞɨ 50 000. 

Ⱦɨɩɭɫɬɢɦɵɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ. 
ɍɩɪɭɝɚɹ ɨɛɥɚɫɬɶ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ (ɮɢ-

ɡɢɱɟɫɤɚɹ ɥɢɧɟɣɧɨɫɬɶ), ɦɚɥɵɟ ɞɟɮɨɪɦɚɰɢɢ-
ɩɟɪɟɦɟɳɟɧɢɹ (ɝɟɨɦɟɬɪɢɱɟɫɤɚɹ ɥɢɧɟɣɧɨɫɬɶ), 
ɧɟɥɢɧɟɣɧɚɹ ɪɚɛɨɬɚ ɨɩɨɪɧɨ-ɩɨɞɜɟɫɧɨɣ ɫɢɫɬɟ-
ɦɵ (ɬɪɟɧɢɟ ɫɤɨɥɶɠɟɧɢɹ/ɤɚɱɟɧɢɹ ɢ ɨɬɪɵɜɵ) 
ɩɪɢ ɫɬɚɬɢɱɟɫɤɢɯ ɢ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɜɨɡɞɟɣɫɬ-
ɜɢɹɯ, ɥɢɧɟɣɧɚɹ (ɫ ɜɨɡɦɨɠɧɵɦ ɧɚɫɥɟɞɨɜɚɧɢɟɦ 
"ɫɬɚɬɢɱɟɫɤɨɝɨ" ɫɬɚɬɭɫɚ ɨɩɨɪ) – ɩɪɢ ɫɟɣɫɦɢ-
ɱɟɫɤɢɯ, ɜɢɛɪɚɰɢɨɧɧɵɯ ɢ ɞɢɧɚɦɢɱɟɫɤɢɯ ɜɨɡ-
ɞɟɣɫɬɜɢɹɯ. 

ɉɨɝɪɟɲɧɨɫɬɶ, ɨɛɟɫɩɟɱɢɜɚɟɦɚɹ ɜ ɨɛ-
ɥɚɫɬɢ ɞɨɩɭɫɬɢɦɵɯ ɡɧɚɱɟɧɢɣ ɩɚɪɚɦɟɬɪɨɜ. 

ɉɪɚɤɬɢɱɟɫɤɚɹ ɬɨɱɧɨɫɬɶ ɪɚɫɱёɬɨɜ ɨɩɪɟ-
ɞɟɥɹɟɬɫɹ ɬɨɱɧɨɫɬɶɸ ɡɚɞɚɧɢɹ ɮɢɡɢɤɨ-
ɦɟɯɚɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɚɬɟɪɢɚɥɨɜ ɢ 
ɧɚɝɪɭɡɨɤ-ɜɨɡɞɟɣɫɬɜɢɣ ɢ ɬɨɱɧɨɫɬɶɸ ɫɚɦɨɣ 
ɦɨɞɟɥɢ. ɉɨɝɪɟɲɧɨɫɬɶ ɪɚɫɱɟɬɨɜ, ɜɵɩɨɥɧɟɧ-
ɧɵɯ ɜ ɨɛɨɫɧɨɜɚɧɢɟ ɛɟɡɨɩɚɫɧɨɫɬɢ ɈИАЭ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɉК АɋɌɊА-АЭɋ`2009, 
ɞɨɥɠɧɚ ɛɵɬɶ ɢɫɫɥɟɞɨɜɚɧɚ ɢ ɞɨɤɚɡɚɧɚ ɜ ɦɚɬɟ-
ɪɢɚɥɚɯ, ɨɛɨɫɧɨɜɵɜɚɸɳɢɯ ɛɟɡɨɩɚɫɧɨɫɬɶ ɤɨɧ-
ɤɪɟɬɧɨɝɨ ɈИАЭ. 

Ɇɚɤɫɢɦɚɥɶɧɵɟ ɩɨɝɪɟɲɧɨɫɬɢ ɪɚɫɱёɬɨɜ 
ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɬɟɫɬɢɪɨɜɚɧɢɹ ɢɦɟɸɬ ɫɥɟ-
ɞɭɸɳɢɟ ɡɧɚɱɟɧɢɹ: 

– ɫɬɚɬɢɱɟɫɤɢɟ ɩɟɪɟɦɟɳɟɧɢɹ, ɭɫɢɥɢɹ ɢ 
ɧɚɩɪɹɠɟɧɢɹ     – 5%, 

– ɫɨɛɫɬɜɟɧɧɵɟ ɱɚɫɬɨɬɵ ɢ ɮɨɪɦɵ 
ɤɨɥɟɛɚɧɢɣ     – 2%, 

– ɫɟɣɫɦɢɱɟɫɤɢɟ ɪɚɫɱёɬɵ ɩɨ ɥɢɧɟɣɧɨ-
ɫɩɟɤɬɪɚɥɶɧɨɣ ɬɟɨɪɢɢ   – 10%, 

– ɩɚɪɚɦɟɬɪɵ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ 
(ɩɟɪɟɦɟɳɟɧɢɹ, ɧɚɝɪɭɡɤɢ ɢ ɧɚɩɪɹɠɟɧɢɹ) 

     – 15%. 
 
2. ɋвеɞеɧиɹ о ɦеɬоɞиɤɚɯ ɪɚсчеɬɚ 

Ɍɋ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɤɚɤ ɩɪɨɫɬɪɚɧɫɬ-
ɜɟɧɧɨ-ɫɬɟɪɠɧɟɜɵɟ (ɫ ɭɱɟɬɨɦ ɨɛɨɥɨɱɟɱɧɵɯ 
ɷɮɮɟɤɬɨɜ ɜ ɝɢɛɚɯ-ɤɨɥɟɧɚɯ ɢ ɬɪɨɣɧɢɤɚɯ) ɢ 
ɥɢɧɟɣɧɨ-ɭɩɪɭɝɢɟ (ɫ ɠɟɫɬɤɨɫɬɧɵɦɢ ɢ ɢɧɟɪ-
ɰɢɨɧɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ, ɫɨɨɬɜɟɬɫɬ-
ɜɭɸɳɢɦɢ ɡɚɞɚɧɧɨɦɭ ɪɚɫɩɪɟɞɟɥɟɧɢɸ ɞɚɜɥɟ-
ɧɢɹ ɢ ɬɟɦɩɟɪɚɬɭɪɵ, ɢ ɫ ɜɨɡɦɨɠɧɵɦ ɭɱɟɬɨɦ ɜ 
ɫɬɚɬɢɱɟɫɤɢɯ ɪɚɫɱɟɬɚɯ ɷɮɮɟɤɬɨɜ ɬɪɟɧɢɹ Кɭ-
ɥɨɧɚ ɢ ɨɬɪɵɜɚ ɜ ɨɩɨɪɚɯ). Ɍɋ ɦɨɠɟɬ ɫɨɞɟɪ-
ɠɚɬɶ ɡɚɦɤɧɭɬɵɟ ɤɨɧɬɭɪɵ, ɫɜɨɛɨɞɧɵɟ, ɲɚɪ-
ɧɢɪɧɨ ɨɩɟɪɬɵɟ ɢ ɡɚɳɟɦɥɟɧɧɵɟ ɤɨɧɰɵ, ɩɪɨ-
ɦɟɠɭɬɨɱɧɵɟ ɨɩɨɪɵ (ɦɟɪɬɜɵɟ, ɩɪɭɠɢɧɧɵɟ, 
ɫɤɨɥɶɡɹɳɢɟ ɢ ɤɚɬɤɨɜɵɟ, ɜɤɥɸɱɚɹ ɨɞɧɨɫɬɨ-
ɪɨɧɧɢɟ ɨɩɨɪɵ ɢ ɠɟɫɬɤɢɟ ɬɹɝɢ), ɥɢɧɡɨɜɵɟ ɢ 
ɫɢɥɶɮɨɧɧɵɟ ɤɨɦɩɟɧɫɚɬɨɪɵ, ɫɬɟɪɠɧɟɜɵɟ ɷɥɟ-
ɦɟɧɬɵ ɩɪɨɢɡɜɨɥɶɧɨɝɨ ɫɟɱɟɧɢɹ ɢ ɞɪɭɝɢɟ ɷɥɟ-
ɦɟɧɬɵ (ɜɤɥɸɱɚɹ ɨɛɨɪɭɞɨɜɚɧɢɟ ɢ ɧɟɫɬɚɧɞɚɪɬ-
ɧɵɟ ɨɩɨɪɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ), ɯɚɪɚɤɬɟɪɧɵɟ ɞɥɹ 
ɬɪɭɛɨɩɪɨɜɨɞɨɜ АЭɋ.  

Ɋɟɚɥɢɡɨɜɚɧ ɟɞɢɧɵɣ ɚɥɝɨɪɢɬɦ ɪɚɫɱɟɬɚ 
Ɍɋ (ɨɩɪɟɞɟɥɟɧɢɟ ɩɟɪɟɦɟɳɟɧɢɣ, ɧɚɝɪɭɡɨɤ ɧɚ 
ɨɩɨɪɵ ɢ ɭɫɢɥɢɣ ɜ ɫɟɱɟɧɢɹɯ) ɤɚɤ ɩɪɨɫɬɪɚɧɫɬ-
ɜɟɧɧɵɯ ɫɬɚɬɢɱɟɫɤɢ ɧɟɨɩɪɟɞɟɥɢɦɵɯ ɫɬɟɪɠɧɟ-
ɜɵɯ ɫɢɫɬɟɦ, ɫɨɱɟɬɚɸɳɢɣ ɫɭɩɟɪɷɥɟɦɟɧɬɧɵɣ 
ɩɨɞɯɨɞ ɦɟɬɨɞɚ ɩɟɪɟɦɟɳɟɧɢɣ, ɦɟɬɨɞɵ ɧɚ-
ɱɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɢ ɩɪɨɝɨɧɤɢ (ɞɥɹ ɤɚɠɞɨ-
ɝɨ ɫɭɩɟɪɷɥɟɦɟɧɬɚ) ɢ ɫɩɟɤɬɪɚɥɶɧɭɸ ɦɟɬɨɞɢɤɭ 
ɪɟɲɟɧɢɹ ɞɢɧɚɦɢɱɟɫɤɢɯ ɡɚɞɚɱ. Ⱦɥɹ ɤɚɠɞɨɝɨ 
ɷɬɚɩɚ ɫɬɚɬɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ ɢ ɞɥɹ ɞɢɧɚɦɢɱɟ-
ɫɤɢɯ ɪɚɫɱɟɬɨɜ ɡɚɞɚɱɢ ɪɟɲɚɸɬɫɹ ɜ ɥɢɧɟɣɧɨ-
ɭɩɪɭɝɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɞɥɹ ɡɚɞɚɧɧɨɝɨ ɪɚɫ-
ɩɪɟɞɟɥɟɧɢɹ ɜɧɭɬɪɟɧɧɟɝɨ ɞɚɜɥɟɧɢɹ ɢ ɬɟɦɩɟ-
ɪɚɬɭɪ. ɉɨ ɚɧɚɥɢɬɢɱɟɫɤɢɦ ɡɚɜɢɫɢɦɨɫɬɹɦ ɭɱɢ-
ɬɵɜɚɟɬɫɹ ɩɨɜɵɲɟɧɧɚɹ ɨɛɨɥɨɱɟɱɧɚɹ ɩɨɞɚɬɥɢ-
ɜɨɫɬɶ ɤɪɢɜɨɥɢɧɟɣɧɵɯ ɬɪɭɛ (ɷɮɮɟɤɬɵ Кɚɪɦɚ-
ɧɚ) ɢ ɨɪɬɨɝɨɧɚɥɶɧɵɯ ɬɪɨɣɧɢɤɨɜɵɯ ɫɨɟɞɢɧɟ-
ɧɢɣ, ɩɨ ɡɚɞɚɧɧɵɦ ɤɨɷɮɮɢɰɢɟɧɬɚɦ ɠɟɫɬɤɨɫɬɢ − ɩɨɞɚɬɥɢɜɨɫɬɶ ɜɪɟɡɨɤ “ɬɪɭɛɚ–
ɨɛɨɪɭɞɨɜɚɧɢɟ”. Эɮɮɟɤɬɵ ɩɨɥɡɭɱɟɫɬɢ ɢ ɪɟ-
ɥɚɤɫɚɰɢɢ ɞɥɹ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɬɪɭɛɨ-
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ɩɪɨɜɨɞɨɜ ɭɱɢɬɵɜɚɸɬɫɹ ɷɤɜɢɜɚɥɟɧɬɧɵɦɢ 
(ɫɤɨɪɪɟɤɬɢɪɨɜɚɧɧɵɦɢ) ɬɟɦɩɟɪɚɬɭɪɚɦɢ ɢ 
ɫɦɟɳɟɧɢɹɦɢ ɨɩɨɪ ɞɥɹ ɪɚɛɨɱɟɝɨ ɢ ɯɨɥɨɞɧɨɝɨ 
ɫɨɫɬɨɹɧɢɣ ɩɨ ɦɟɬɨɞɢɤɟ ɊɌɆ 24.038.08–72. 

Ɍɪɟɧɢɟ Кɭɥɨɧɚ ɜ ɨɩɨɪɚɯ ɫɤɨɥɶɠɟɧɢɹ ɢ 
ɤɚɱɟɧɢɹ ɜ ɫɬɚɬɢɤɟ ɦɨɞɟɥɢɪɭɟɬɫɹ ɫɢɫɬɟɦɨɣ 
ɷɤɜɢɜɚɥɟɧɬɧɵɯ ɮɢɤɬɢɜɧɵɯ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ 
ɫɜɹɡɟɣ, ɠɟɫɬɤɨɫɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɬɨ-
ɪɵɯ ɨɩɪɟɞɟɥɹɸɬɫɹ ɜ ɢɬɟɪɚɰɢɨɧɧɨɦ ɩɪɨɰɟɫɫɟ. 
Ɍɚɤɠɟ  ɢɬɟɪɚɰɢɨɧɧɨ ɨɩɪɟɞɟɥɹɟɬɫɹ ɞɥɹ ɤɚɠ-
ɞɨɝɨ ɷɬɚɩɚ ɫɬɚɬɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ ɫɬɚɬɭɫ ɨɞɧɨ-
ɫɬɨɪɨɧɧɟɣ ɨɩɨɪɵ (ɬɪɭɛɚ ɥɟɠɢɬ ɧɚ ɨɩɨɪɟ ɢɥɢ 
ɧɟ ɤɨɧɬɚɤɬɢɪɭɟɬ) ɢ ɠɟɫɬɤɨɣ ɬɹɝɢ (ɩɨɞɜɟɫɤɢ). 

Ɉɫɟɜɵɟ, ɭɝɥɨɜɵɟ, ɫɞɜɢɝɨɜɵɟ ɢ ɤɨɦɛɢ-
ɧɢɪɨɜɚɧɧɵɟ ɥɢɧɡɨɜɵɟ ɢ ɫɢɥɶɮɨɧɧɵɟ ɤɨɦ-
ɩɟɧɫɚɬɨɪɵ ɫɯɟɦɚɬɢɡɢɪɭɸɬɫɹ ɫɬɟɪɠɧɟɜɵɦɢ 
ɷɥɟɦɟɧɬɚɦɢ ɫ ɷɤɜɢɜɚɥɟɧɬɧɵɦɢ ɯɚɪɚɤɬɟɪɢ-
ɫɬɢɤɚɦɢ ɫɟɱɟɧɢɹ ɧɚ ɪɚɫɬɹɠɟɧɢɟ-ɫɠɚɬɢɟ, 
ɫɞɜɢɝ, ɢɡɝɢɛ ɢ ɤɪɭɱɟɧɢɟ. Аɪɦɚɬɭɪɚ (ɡɚɞɜɢɠ-
ɤɢ, ɜɟɧɬɢɥɢ, ɤɥɚɩɚɧɵ) ɦɨɞɟɥɢɪɭɟɬɫɹ ɠɟɫɬ-
ɤɢɦɢ ɜɫɬɚɜɤɚɦɢ ɫ ɷɤɜɢɜɚɥɟɧɬɧɵɦɢ ɧɚɝɪɭɡɨɱ-
ɧɵɦɢ ɢ ɢɧɟɪɰɢɨɧɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ. 

Ɋɟɲɟɧɢɟ ɪɟɡɭɥɶɬɢɪɭɸɳɟɣ ɚɥɝɟɛɪɚɢɱɟ-
ɫɤɨɣ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ ɪɚɜɧɨɜɟɫɢɹ ɫɭɩɟɪ-
ɷɥɟɦɟɧɬɧɨɣ ɦɨɞɟɥɢ (ɨɩɪɟɞɟɥɟɧɢɟ ɜɟɤɬɨɪɚ 
ɩɟɪɟɦɟɳɟɧɢɣ ɜ ɭɡɥɚɯ) ɩɪɨɜɨɞɢɬɫɹ ɞɥɹ ɫɬɚɬɢ-
ɱɟɫɤɢɯ ɡɚɞɚɱ ɢ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɦɚɬɪɢɰ ɩɨ-
ɞɚɬɥɢɜɨɫɬɢ  ɩɨ ɫɯɟɦɟ ɤɜɚɞɪɚɬɧɨɝɨ ɤɨɪɧɹ 
(ɏɨɥɟɰɤɨɝɨ) ɫ ɭɱɟɬɨɦ ɩɨɥɨɠɢɬɟɥɶɧɨɣ ɨɩɪɟ-
ɞɟɥɟɧɧɨɫɬɢ, ɫɢɦɦɟɬɪɢɱɧɨɫɬɢ, ɛɥɨɱɧɨɫɬɢ ɢ 
ɪɚɡɪɟɠɟɧɧɨɫɬɢ ɦɚɬɪɢɰɵ ɠɟɫɬɤɨɫɬɢ. Ɂɧɚɱɢ-
ɦɵɟ ɫɨɛɫɬɜɟɧɧɵɟ ɱɚɫɬɨɬɵ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸ-
ɳɢɟ ɢɦ ɮɨɪɦɵ ɤɨɥɟɛɚɧɢɣ (ɜ ɬɪɟɛɭɟɦɨɦ ɱɚɫ-
ɬɨɬɧɨɦ ɞɢɚɩɚɡɨɧɟ ɢ/ɢɥɢ ɡɚɞɚɧɧɨɟ ɱɢɫɥɨ) ɞɢ-
ɧɚɦɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɫɢɫɬɟɦɵ, ɭɱɢɬɵɜɚɟɦɵɟ ɜ 
ɪɚɫɱɟɬɚɯ ɧɚ ɫɟɣɫɦɢɱɟɫɤɢɟ, ɜɢɛɪɚɰɢɨɧɧɵɟ ɢ 
ɞɢɧɚɦɢɱɟɫɤɢɟ ɜɨɡɞɟɣɫɬɜɢɹ, ɨɩɪɟɞɟɥɹɸɬɫɹ ɢɡ 
ɪɟɲɟɧɢɹ ɱɚɫɬɧɨɣ ɩɪɨɛɥɟɦɵ ɫɨɛɫɬɜɟɧɧɵɯ 
ɡɧɚɱɟɧɢɣ ɛɥɨɱɧɵɦ ɦɟɬɨɞɨɦ Ʌɚɧɰɨɲɚ. 

Ɋɚɫɱɟɬ Ɍɋ ɧɚ ɫɟɣɫɦɢɱɟɫɤɢɟ ɜɨɡɞɟɣɫɬ-
ɜɢɹ, ɡɚɞɚɧɧɵɟ ɬɪɟɯɤɨɦɩɨɧɟɧɬɧɵɦɢ ɫɩɟɤɬɪɚ-
ɦɢ ɨɬɜɟɬɨɜ, ɩɪɨɜɨɞɢɬɫɹ ɩɨ ɥɢɧɟɣɧɨ-
ɫɩɟɤɬɪɚɥɶɧɨɦɭ ɦɟɬɨɞɭ; ɪɚɫɱɟɬ ɧɚ ɫɟɣɫɦɨɜɨɡ-
ɞɟɣɫɬɜɢɹ, ɡɚɞɚɧɧɵɟ ɨɬɜɟɬɧɵɦɢ ɚɤɫɟɥɟɪɨ-
ɝɪɚɦɦɚɦɢ, ɜɵɩɨɥɧɹɟɬɫɹ ɢɧɬɟɝɪɢɪɨɜɚɧɢɟɦ 
ɭɪɚɜɧɟɧɢɣ ɞɜɢɠɟɧɢɹ ɫɩɟɤɬɪɚɥɶɧɵɦ ɦɟɬɨɞɨɦ 

ɫ ɪɚɡɥɨɠɟɧɢɟɦ ɩɨ ɫɨɛɫɬɜɟɧɧɵɦ ɮɨɪɦɚɦ ɤɨ-
ɥɟɛɚɧɢɣ (ɩɨ ɫɯɟɦɟ Ⱦɸɚɦɟɥɹ). 

ɉɪɢ ɪɚɫɱɟɬɟ ɧɚ ɜɢɛɪɨɩɪɨɱɧɨɫɬɶ ɢɫ-
ɩɨɥɶɡɭɟɬɫɹ ɫɩɟɤɬɪɚɥɶɧɵɣ ɚɧɚɥɢɡ ɩɚɪɚɦɟɬɪɨɜ 
ɜɵɧɭɠɞɟɧɧɵɯ ɭɫɬɚɧɨɜɢɜɲɢɯɫɹ ɞɟɬɟɪɦɢɧɢ-
ɪɨɜɚɧɧɵɯ ɤɨɥɟɛɚɧɢɣ ɫɢɫɬɟɦɵ. ɋɢɥɨɜɨɟ ɧɚ-
ɝɪɭɠɟɧɢɟ ɡɚɞɚɟɬɫɹ ɜ ɩɨɥɢɝɚɪɦɨɧɢɱɟɫɤɨɦ ɜɢ-
ɞɟ. 

В ɪɚɫɱɟɬɟ ɧɚ ɧɟɭɫɬɚɧɨɜɢɜɲɢɟɫɹ ɞɢɧɚ-
ɦɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ ɪɟɚɥɢɡɨɜɚɧɚ ɫɩɟɤɬɪɚɥɶ-
ɧɚɹ ɦɟɬɨɞɢɤɚ ɪɚɫɱɟɬɚ ɧɟɭɫɬɚɧɨɜɢɜɲɢɯɫɹ ɜɵ-
ɧɭɠɞɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ ɞɥɹ ɨɰɟɧɤɢ ɩɪɨɱɧɨɫɬɢ 
ɩɪɢ ɧɟɫɬɚɰɢɨɧɚɪɧɵɯ (ɩɟɪɟɯɨɞɧɵɯ) ɪɟɠɢɦɚɯ. 
ɋɢɥɨɜɵɟ ɜɨɡɞɟɣɫɬɜɢɹ ɡɚɞɚɸɬɫɹ ɜ ɜɢɞɟ ɜɪɟ-
ɦɟɧɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɞɚɜɥɟɧɢɹ ɢ/ɢɥɢ ɫɨɫɪɟ-
ɞɨɬɨɱɟɧɧɵɯ ɫɢɥ. 

Ɋɟɡɭɥɶɬɚɬɚɦɢ ɪɚɫɱɟɬɨɜ ɹɜɥɹɸɬɫɹ ɩɟɪɟ-
ɦɟɳɟɧɢɹ (ɥɢɧɟɣɧɵɟ ɢ ɭɝɥɨɜɵɟ), ɫɢɥɨɜɵɟ 
ɮɚɤɬɨɪɵ, ɩɪɢɜɟɞɟɧɧɵɟ ɢ ɞɨɩɭɫɤɚɟɦɵɟ ɧɚ-
ɩɪɹɠɟɧɢɹ ɜɨ ɜɫɟɯ ɪɚɫɱɟɬɧɵɯ ɫɟɱɟɧɢɹɯ ɭɱɚɫɬ-
ɤɨɜ (ɜɤɥɸɱɚɹ ɝɢɛɵ ɢ ɤɨɥɟɧɚ) ɢ ɜ ɬɪɨɣɧɢɤɨ-
ɜɵɯ ɭɡɥɚɯ, ɜɵɱɢɫɥɟɧɧɵɟ ɩɨ ɦɟɬɨɞɢɤɚɦ ɉɪɢ-
ɥɨɠɟɧɢɹ 5 ɇɨɪɦ ɉɇАЭ Ƚ-7-002-86, ɨɰɟɧɤɢ 
ɫɬɚɬɢɱɟɫɤɨɣ, ɰɢɤɥɢɱɟɫɤɨɣ (ɞɥɹ ɨɞɧɨɩɚɤɟɬɧɨ-
ɝɨ ɧɚɝɪɭɠɟɧɢɹ), ɫɟɣɫɦɢɱɟɫɤɨɣ ɢ ɜɢɛɪɚɰɢɨɧ-
ɧɨɣ ɩɪɨɱɧɨɫɬɢ, ɧɚɝɪɭɡɤɢ ɧɚ ɨɛɨɪɭɞɨɜɚɧɢɟ 
(ɤɨɧɰɟɜɵɟ ɨɩɨɪɵ) ɢ ɭɡɥɵ ɭɱɚɫɬɤɨɜ, ɚ ɬɚɤɠɟ 
ɧɚ ɨɩɨɪɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ, ɩɪɭɠɢɧɧɵɟ ɩɨɞ-
ɜɟɫɤɢ ɢ ɠɟɫɬɤɢɟ ɬɹɝɢ ɜ ɪɚɛɨɱɟɦ ɢ ɯɨɥɨɞɧɨɦ 
ɫɨɫɬɨɹɧɢɹɯ, ɪɟɠɢɦɟ ɝɢɞɪɨɢɫɩɵɬɚɧɢɣ; ɬɢɩɵ ɢ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜɵɛɪɚɧɧɵɯ ɩɪɭɠɢɧɧɵɯ ɩɨɞ-
ɜɟɫɨɤ. 

Ɇɟɬɨɞ ɩɨɞɤɨɧɫɬɪɭɤɰɢɣ ɪɟɚɥɢɡɨɜɚɧ 
ɬɚɤɠɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɪɟɞɭɰɢɪɨɜɚɧɧɵɯ ɦɚɬ-
ɪɢɰ ɜɥɢɹɧɢɹ ɫɢɫɬɟɦɵ ɢɥɢ ɭɱɟɬɚ ɷɬɢɯ ɦɚɬɪɢɰ 
ɩɪɢ ɫɭɩɟɪɷɥɟɦɟɧɬɧɨɣ ɫɛɨɪɤɟ. Ɋɟɚɥɢɡɨɜɚɧ ɚɥ-
ɝɨɪɢɬɦ ɦɟɬɨɞɚ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɩɨɞ-
ɤɨɧɫɬɪɭɤɰɢɣ ɜ ɮɨɪɦɟ ɩɨɞɯɨɞɚ Кɪɟɣɝɚ-
Ȼɟɦɩɬɨɧɚ (ɫ ɮɢɤɫɢɪɨɜɚɧɧɵɦɢ ɝɪɚɧɢɰɚɦɢ) 
ɞɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɢ ɭɱɟɬɚ ɦɚɬɪɢɱɧɵɯ ɫɭɩɟɪ-
ɷɥɟɦɟɧɬɨɜ. Иɫɩɨɥɶɡɭɟɬɫɹ ɜ ɪɚɫɱɟɬɚɯ ɧɚ ɫɬɚ-
ɬɢɱɟɫɤɭɸ ɢ ɰɢɤɥɢɱɟɫɤɭɸ ɩɪɨɱɧɨɫɬɶ ɢ ɨɩɪɟ-
ɞɟɥɟɧɢɢ ɫɨɛɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ ɢ ɮɨɪɦ ɤɨɥɟɛɚ-
ɧɢɣ. 

Ɉɩɪɟɞɟɥɟɧɢɟ ɫɬɚɰɢɨɧɚɪɧɨɝɨ ɬɟɦɩɟɪɚ-
ɬɭɪɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɞɟɬɚɥɟɣ Ɍɋ ɜɵɩɨɥɧɹɟɬɫɹ 
ɩɨ ɨɛɴɟɦɧɵɦ ɫɯɟɦɚɦ ɦɟɬɨɞɚ ɤɨɧɟɱɧɵɯ ɷɥɟ-



Вɟɪɢɮɢɤɚɰɢɹ ɢ ɚɬɬɟɫɬɚɰɢɹ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ АɋɌɊА-АЭɋ. ɇɨɜɵɣ ɭɪɨɜɟɧɶ ɩɪɨɱɧɨɫɬɧɵɯ ɪɚɫɱɟɬɨɜ ɬɪɭ-
ɛɨɩɪɨɜɨɞɧɵɯ ɫɢɫɬɟɦ 
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ɦɟɧɬɨɜ (ɆКЭ) ɜ ɥɢɧɟɣɧɨɣ ɩɨɫɬɚɧɨɜɤɟ ɛɟɡ 
ɭɱɟɬɚ ɜɧɭɬɪɟɧɧɟɝɨ ɬɟɩɥɨɜɵɞɟɥɟɧɢɹ, ɭɬɨɱ-
ɧɟɧɧɵɣ ɪɚɫɱɟɬ ɧɚɩɪɹɠɟɧɧɨ-
ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ – ɩɨ ɩɪɨɫɬɪɚɧ-
ɫɬɜɟɧɧɨ-ɨɛɨɥɨɱɟɱɧɵɦ ɢ ɨɛɴɟɦɧɵɦ ɫɯɟɦɚɦ 
ɆКЭ ɜ ɩɟɪɟɦɟɳɟɧɢɹɯ ɜ ɩɪɟɞɩɨɥɨɠɟɧɢɢ ɦɚ-
ɥɨɫɬɢ ɩɟɪɟɦɟɳɟɧɢɣ-ɞɟɮɨɪɦɚɰɢɣ ɢ ɭɩɪɭɝɨɣ 
ɪɚɛɨɬɵ, ɨɰɟɧɤɚ ɫɬɚɬɢɱɟɫɤɨɣ, ɰɢɤɥɢɱɟɫɤɨɣ 
(ɞɥɹ ɨɞɧɨɩɚɤɟɬɧɨɝɨ ɧɚɝɪɭɠɟɧɢɹ) ɢ ɫɟɣɫɦɢɱɟ-
ɫɤɨɣ ɩɪɨɱɧɨɫɬɢ ɩɨ ɝɪɭɩɩɚɦ ɤɚɬɟɝɨɪɢɣ ɧɚ-
ɩɪɹɠɟɧɢɣ ɧɚ ɫɪɟɞɢɧɧɨɣ, ɜɧɭɬɪɟɧɧɟɣ ɢ ɧɚ-
ɪɭɠɧɨɣ ɩɨɜɟɪɯɧɨɫɬɹɯ ɞɟɬɚɥɟɣ – ɫɨɝɥɚɫɧɨ ɩɨ-
ɥɨɠɟɧɢɹɦ ɇɨɪɦ ɉɇАЭ Ƚ-7-002-86. 

ɋɬɪɚɬɢɮɢɤɚɰɢɹ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɦɨɞɟ-
ɥɢɪɭɟɬɫɹ ɷɤɜɢɜɚɥɟɧɬɧɵɦ ɪɚɫɩɪɟɞɟɥɟɧɧɵɦ 
ɦɨɦɟɧɬɨɦ. Ɋɟɚɤɬɢɜɧɵɟ ɫɢɥɵ ɢ/ɢɥɢ ɫɬɪɭɢ ɩɪɢ 
ɪɚɡɪɵɜɚɯ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɭɱɢɬɵɜɚɸɬɫɹ ɞɢɧɚ-
ɦɢɱɟɫɤɢɦɢ ɧɚɝɪɭɡɤɚɦɢ (ɛɟɡ ɭɱɟɬɚ ɢɯ ɫɥɟɞɹ-
ɳɟɝɨ ɯɚɪɚɤɬɟɪɚ) ɜ ɪɚɦɤɚɯ ɥɢɧɟɣɧɨ-ɭɩɪɭɝɨɝɨ 
ɩɪɢɛɥɢɠɟɧɢɹ. 
 
3. ɉеɪечеɧɶ оɪɝɚɧиɡɚɰиɣ, ɷɤсɩлɭɚɬиɪɭю-
ɳиɯ ɉɋ (ɤоɦɦеɪчесɤие веɪсии):   
 
ɁȺɈ ɇɂɐ ɋɬɚȾɢɈ, ɈАɈ "Аɬɨɦɷɧɟɪɝɨɩɪɨ-
ɟɤɬ", ɈАɈ "ɈКȻ "Ƚɢɞɪɨɩɪɟɫɫ", ɉКФ “Ɋɨɫ-
ɷɧɟɪɝɨɚɬɨɦ”, ɈАɈ ɁИɈɆАɊ, ɁАɈ ɊɈɋЭɉ, 
ɁАɈ “ɋɟɥɶɷɧɟɪɝɨɩɪɨɟɤɬ”, “ɋɜɟɪɞɇИИɏɢɦ-
Ɇɚɲ”, ȽɈɍ ȼɉɈ ɆȽɋɍ, ȽɈɍ ВɉɈ ɆЭИ 
(Ɍɍ), "Кɢɟɜɷɧɟɪɝɨɩɪɨɟɤɬ", "ɏɚɪɶɤɨɜɷɧɟɪɝɨ-
ɩɪɨɟɤɬ",  "ɍɤɪɚɬɨɦɷɧɟɪɝɨɩɪɨɟɤɬ", ɇɉɈ 
"Вɟɤɬɨɪ" (ɍɤɪɚɢɧɚ) , ɇɌЦ əɊȻ Ƚɨɫɚɬɨɦɧɚɞ-
ɡɨɪɚ ɍɤɪɚɢɧɵ, Иɝɧɚɥɢɧɫɤɚɹ АЭɋ (Ʌɢɬɜɚ),  
ȾФ "ȿɧɟɪɝɨɩɪɨɟɤɬ" (Ȼɨɥɝɚɪɢɹ). 
 
ɋɩисоɤ лиɬеɪɚɬɭɪы 
 
21.  ɇɨɪɦɵ ɪɚɫɱɟɬɚ ɧɚ ɩɪɨɱɧɨɫɬɶ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɬɪɭɛɨ-
ɩɪɨɜɨɞɨɜ ɚɬɨɦɧɵɯ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɭɫɬɚɧɨɜɨɤ. ɉɇАЭ 
Ƚ-7-002–86. Ɇ., Эɧɟɪɝɨɚɬɨɦɢɡɞɚɬ, 1989 ɝ. 

22. Ȼɟɥɨɫɬɨɰɤɢɣ А.Ɇ. Чɢɫɥɟɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɧɚ-
ɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɢ ɧɨɪɦɚ-
ɬɢɜɧɚɹ ɨɰɟɧɤɚ ɩɪɨɱɧɨɫɬɢ ɬɪɭɛɨɩɪɨɜɨɞɧɵɯ ɫɢɫɬɟɦ: 
ɞɨɫɬɢɠɟɧɢɹ, ɩɪɨɛɥɟɦɵ ɢ ɩɟɪɫɩɟɤɬɢɜɵ. “Ɇɚɲɢɧɨ-
ɫɬɪɨɟɧɢɟ ɢ ɢɧɠɟɧɟɪɧɨɟ ɨɛɪɚɡɨɜɚɧɢɟ”, 2006 ɝ., № 9, 
ɫ. 111-119. 

23. “ɋɟɦɟɣɫɬɜɨ” ɩɪɨɝɪɚɦɦɧɵɯ ɤɨɦɩɥɟɤɫɨɜ АɋɌɊА-
ɇɈВА’2011. Аɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ 
ɢ ɪɚɫɱɟɬɵ ɬɪɭɛɨɩɪɨɜɨɞɧɵɯ ɫɢɫɬɟɦ ɧɚ ɫɬɚɬɢɱɟɫɤɭɸ 

ɢ ɰɢɤɥɢɱɟɫɤɭɸ ɩɪɨɱɧɨɫɬɶ, ɧɚ ɫɟɣɫɦɢɱɟɫɤɢɟ ɜɨɡ-
ɞɟɣɫɬɜɢɹ, ɜɢɛɪɨɩɪɨɱɧɨɫɬɶ ɢ ɧɟɭɫɬɚɧɨɜɢɜɲɢɟɫɹ 
ɞɢɧɚɦɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɨɫɫɢɣ-
ɫɤɢɦɢ ɧɨɪɦɚɬɢɜɧɵɦɢ ɬɪɟɛɨɜɚɧɢɹɦɢ. Ɉɛɳɟɟ ɨɩɢ-
ɫɚɧɢɟ. Ɇ., ɁАɈ ɇИЦ ɋɬɚȾɢɈ, 2003-2011 ɝɝ. 

24. Кɨɦɩɥɟɤɫ ɩɪɨɝɪɚɦɦ АɋɌɊА-АЭɋ. Вɟɪɢɮɢɤɚɰɢɨɧ-
ɧɵɣ ɨɬɱɟɬ (4 ɬɨɦɚ). Ɇ., ɁАɈ ɇИЦ ɋɬɚȾɢɈ, 2009–
2011 ɝɝ.. 

25. Аɬɬɟɫɬɚɰɢɨɧɧɵɣ ɩɚɫɩɨɪɬ ɉК АɋɌɊА-АЭɋ (ɜɟɪɫɢɹ 
АɋɌɊА-АЭɋ’2009) Ɋɨɫɬɟɯɧɚɞɡɨɪɚ №292 ɨɬ 
14.04.2011, ɪɟɝ. №614 ɨɬ 16.09.2009. 

 
 

1,2) Ȼɟɥɨɫɬɨɰɤɢɣ Аɥɟɤɫɚɧɞɪ Ɇɢɯɚɣɥɨɜɢɱ, ɞɨɤɬɨɪ ɬɟɯ-
ɧɢɱɟɫɤɢɯ ɧɚɭɤ, ɝɟɧɟɪɚɥɶɧɵɣ ɞɢɪɟɤɬɨɪ ɁАɈ «ɇɚɭɱɧɨ-
ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɰɟɧɬɪ ɋɬɚȾɢɈ» (ɁАɈ ɇИЦ ɋɬɚ-
ȾɢɈ), ɞɢɪɟɤɬɨɪ ɇɚɭɱɧɨ-ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɝɨ ɰɟɧɬɪɚ 
ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɭɧɢɤɚɥɶɧɵɯ ɡɞɚɧɢɣ, 
ɫɨɨɪɭɠɟɧɢɣ ɢ ɤɨɦɩɥɟɤɫɨɜ ФȻȽɈɍ ВɉɈ ɆȽɋɍ, 
 Ɋɨɫɫɢɹ, 129337, ɝ. Ɇɨɫɤɜɚ, əɪɨɫɥɚɜɫɤɨɟ ɲɨɫɫɟ, ɞ. 26; 
ɬɟɥ/ɮɚɤɫ: +7 (495) 737-4081, +7 (499) 257-7761; 
e-mail: stadyo@stadyo.ru, niccm@mgsu.ru 
 
1) Вɨɪɨɧɨɜɚ Ƚɚɥɢɧɚ Аɪɤɚɞɢɟɜɧɚ, ɝɥɚɜɧɵɣ ɫɩɟɰɢɚɥɢɫɬ 
ɁАɈ ɇИЦ ɋɬɚȾɢɈ, 
ɬɟɥ/ɮɚɤɫ: +7 (495) 737-4081, +7 (499) 257-7761; 
e-mail: stadyo@stadyo.ru,   
 
1) ɉɨɬɚɩɟɧɤɨ Аɥɟɤɫɟɣ Ʌɟɨɝɢɞɨɜɢɱ, ɝɥɚɜɧɵɣ ɫɩɟɰɢɚ-
ɥɢɫɬ ɁАɈ ɇИЦ ɋɬɚȾɢɈ, 
ɬɟɥ/ɮɚɤɫ: +7 (495) 737-4081, +7 (499) 257-7761; 
e-mail: stadyo@stadyo.ru,   
 
1) Кɥɟɩɟɰ Ɉɥɶɝɚ ɘɪɶɟɜɧɚ, ɜɟɞɭɳɢɣ ɢɧɠɟɧɟɪ ɁАɈ 
ɇИЦ ɋɬɚȾɢɈ, 
ɬɟɥ/ɮɚɤɫ: +7 (495) 737-4081, +7 (499) 257-7761; 
e-mail: stadyo@stadyo.ru,   
 
1) Аɭɥ Аɧɞɪɟɣ Аɧɞɪɟɟɜɢɱ, ɜɟɞɭɳɢɣ ɢɧɠɟɧɟɪ ɁАɈ 
ɇИЦ ɋɬɚȾɢɈ, ɚɫɩɢɪɚɧɬ Ɇɨɫɤɨɜɫɤɨɝɨ ɷɧɟɪɝɟɬɢɱɟɫɤɨ-
ɝɨ ɢɧɫɬɢɬɭɬɚ (ɆЭИ (Ɍɍ)), 
ɬɟɥ/ɮɚɤɫ: +7 (495) 737-4081, +7 (499) 257-7761; 
e-mail: stadyo@stadyo.ru,   
 
1) Ɉɫɬɪɨɜɫɤɢɣ Кɨɧɫɬɚɧɬɢɧ Иɝɨɪɟɜɢɱ, ɫɬɚɪɲɢɣ ɢɧɠɟ-
ɧɟɪ ɁАɈ ɇИЦ ɋɬɚȾɢɈ, ɚɫɩɢɪɚɧɬ Ɇɨɫɤɨɜɫɤɨɝɨ ɷɧɟɪ-
ɝɟɬɢɱɟɫɤɨɝɨ ɢɧɫɬɢɬɭɬɚ (ɆЭИ (Ɍɍ)), 
ɬɟɥ/ɮɚɤɫ: +7 (495) 737-4081, +7 (499) 257-7761; 
e-mail: stadyo@stadyo.ru,   
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Ɍɚɛɥɢɰɚ 1 
Ɉсɧовɧые ɪɚɡличиɹ веɪсии АɋɌɊА-АЭɋ 6.1, ɚɬɬесɬовɚɧɧоɣ в 1995 ɝ., 

и ɚɤɬɭɚлɶɧоɣ веɪсии АɋɌɊА-АЭɋ’2009 
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Ɍиɩ ЭВɆ, осɧовɧые ɹɡыɤи ɩɪоɝɪɚɦɦ 

Ɍɢɩ ЭВɆ (ɧɟ ɧɢɠɟ), 
ɨɫɧɨɜɧɵɟ ɹɡɵɤɢ ɩɪɨɝɪɚɦɦ 

ɉЭВɆ, MS FORTRAN
VAX, VAX-FORTRAN
ȿɋ, FORTRAN-77 

ɉɗȼɆ IBM-ɫɨɜɦɟɫɬ., 
Intel Visual Fortran11 

Visual C++

ɋосɬɚв ɩɪоɝɪɚɦɦɧыɯ ɦоɞɭлеɣ АɋɌɊА-АЭɋ 

 
АɋɌɊА-ȽɊАФ, 
АСɌɊА-СɌАЦ, 
АСɌɊА-СȿɃСМ, 
АСɌɊА-ВИȻɊ, 
АСɌɊА-ȾИН 

ɉɊȿ-АɋɌɊА,  
ɉɈɋɌ-АɋɌɊА,  
АСɌɊА-СɌАЦ, 
АСɌɊА-ФɈɊМ, 
АСɌɊА-СȿɃСМ, 
АСɌɊА-ВИȻɊ, 
АСɌɊА-ȾИН, 
АСɌɊА-СɌАȾИɈ 

Количесɬвеɧɧые оɝɪɚɧичеɧиɹ 
Чɢɫɥɨ ɭɡɥɨɜ ɫɬɵɤɨɜɤɢ ɫɭɩɟɪɷɥɟɦɟɧɬɨɜ 1 – 100 0 – 4 000 
Чɢɫɥɨ ɫɭɩɟɪɷɥɟɦɟɧɬɨɜ 
(ɧɟɪɚɡɜɟɬɜɥɟɧɧɵɯ ɭɱɚɫɬɤɨɜ) 

1 – 200 1 – 4 000 

Чɢɫɥɨ ɷɥɟɦɟɧɬɨɜ ɜ ɫɭɩɟɪɷɥɟɦɟɧɬɟ 2 – 40 1 – 400 
Чɢɫɥɨ ɞɢɧɚɦɢɱɟɫɤɢɯ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ 3 – 1 500 3 – 60 000 
Чɢɫɥɨ ɫɨɛɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ ɢ ɮɨɪɦ 1 – 100 1 – 4 000 
Чɢɫɥɨ ɲɚɝɨɜ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɩɨ ɜɪɟɦɟɧɢ 1 – 600 1 – 60 000 
ɇɭɦɟɪɚɰɢɹ ɫɭɩɟɪɷɥɟɦɟɧɬɧɵɯ ɭɡɥɨɜ  ɫɩɥɨɲɧɚɹ ɩɪɨɢɡɜɨɥɶɧɚɹ 

Элеɦеɧɬы ɦоɞели 
Ɂɚɦɤɧɭɬɵɟ ɫɭɩɟɪɷɥɟɦɟɧɬɵ – + 
Ɍɨɧɤɨɫɬɟɧɧɵɟ ɬɪɨɣɧɢɤɢ ɫ ɭɱɟɬɨɦ ɩɨɞɚɬɥɢɜɨɫɬɢ 
(ɦɟɬɨɞɢɤɚ ɊɌɆ 38.001-94, ASME) – + 

Вɪɟɡɤɢ “ɬɪɭɛɚ–ɨɛɨɪɭɞɨɜɚɧɢɟ” ɫ ɭɱɟɬɨɦ ɩɨɞɚɬɥɢɜɨ-
ɫɬɢ – + 

ɉɟɪɟɯɨɞɵ, ɥɢɧɡɨɜɵɟ ɤɨɦɩɟɧɫɚɬɨɪɵ, ɮɥɚɧɰɵ, ɞɧɢɳɚ 
(ɤɪɵɲɤɢ), ɚɪɦɚɬɭɪɚ ɫ ɩɪɢɜɨɞɨɦ – + 
ɉɪɭɠɢɧɧɵɟ ɨɩɨɪɵ ɫɨɪɬɚɦɟɧɬɚ ɈɋɌ 24.125.109–01, 
LISEGA, ɩɨɫɬɨɹɧɧɨɝɨ ɭɫɢɥɢɹ – + 

ɀɟɫɬɤɢɟ ɩɨɞɜɟɫɤɢ – + 
Ɉɞɧɨɫɬɨɪɨɧɧɢɟ ɨɩɨɪɵ – + 
Ɉɩɨɪɵ ɢ ɩɪɭɠɢɧɵ ɫ ɡɚɞɚɧɧɵɦɢ ɫɨɛɫɬɜɟɧɧɵɦɢ ɩɟ-
ɪɟɦɟɳɟɧɢɹɦɢ – + 

ɀɟɫɬɤɢɟ ɷɥɟɦɟɧɬɵ – + 
Ɇɨɦɟɧɬɧɵɟ ɤɨɦɩɨɧɟɧɬɵ ɧɚɝɪɭɡɨɤ – + 
Ɋɚɫɩɪɟɞɟɥɟɧɧɵɣ ɦɨɦɟɧɬ ɨɬ ɧɟɪɚɜɧɨɦɟɪɧɨɝɨ ɧɚɝɪɟɜɚ 
ɩɨ ɜɵɫɨɬɟ ɬɪɭɛɵ – + 

Ɇɚɫɫɨɜɵɟ ɦɨɦɟɧɬɵ ɢɧɟɪɰɢɢ – + 



Вɟɪɢɮɢɤɚɰɢɹ ɢ ɚɬɬɟɫɬɚɰɢɹ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ АɋɌɊА-АЭɋ. ɇɨɜɵɣ ɭɪɨɜɟɧɶ ɩɪɨɱɧɨɫɬɧɵɯ ɪɚɫɱɟɬɨɜ ɬɪɭ-
ɛɨɩɪɨɜɨɞɧɵɯ ɫɢɫɬɟɦ 
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Ɉɩɨɪɵ, ɧɚɝɪɭɡɤɢ ɢ ɦɚɫɫɵ ɜ ɭɡɥɚɯ ɋЭ-ɦɨɞɟɥɢ  – + 
Ɇɚɬɪɢɱɧɵɟ ɫɭɩɟɪɷɥɟɦɟɧɬɵ ɞɥɹ ɫɬɚɬɢɱɟɫɤɢɯ ɢ 
ɞɢɧɚɦɢɱɟɫɤɢɯ ɡɚɞɚɱ (Кɪɟɣɝɚ-Ȼɟɦɩɬɨɧɚ, ɮɨɪɦɢ-
ɪɨɜɚɧɢɟ ɢ ɭɱɟɬ) 

– + 

Алɝоɪиɬɦы и ɩɪоɝɪɚɦɦɧɚɹ ɪеɚлиɡɚɰиɹ 
Иɬɟɪɚɰɢɨɧɧɵɣ – ɭɱɟɬ ɜɨɡɦɨɠɧɨɝɨ ɨɬɪɵɜɚ ɨɬ 
ɨɞɧɨɫɬɨɪɨɧɧɢɯ ɢɞɟɚɥɶɧɵɯ ɨɩɨɪ ɢ ɨɩɨɪ ɬɪɟɧɢɹ – + 

Иɬɟɪɚɰɢɣ ɩɨɞɩɪɨɫɬɪɚɧɫɬɜɚ – ɪɟɲɟɧɢɟ ɱɚɫɬɧɨɣ 
ɩɪɨɛɥɟɦɵ ɫɨɛɫɬɜɟɧɧɵɯ ɡɧɚɱɟɧɢɣ +  – 

ɍɱɟɬ “ɩɨɬɟɪɹɧɧɨɣ” ɦɚɫɫɵ ɩɨ ɜɵɫɲɢɦ ɮɨɪɦɚɦ 
ɤɨɥɟɛɚɧɢɣ ɩɪɢ ɫɟɣɫɦɢɱɟɫɤɨɦ ɪɚɫɱɟɬɟ – + 

“Иɧɠɟɧɟɪɧɵɣ” ɭɱɟɬ ɬɪɟɧɢɹ ɜ ɨɩɨɪɚɯ ɜ ɞɢɧɚɦɢ-
ɱɟɫɤɢɯ ɪɚɫɱɟɬɚɯ – + 

ɍɬɨɱɧɟɧɧɵɣ ɪɚɫɱɟɬ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ, ɫɬɚ-
ɬɢɱɟɫɤɨɝɨ ɢ ɫɟɣɫɦɢɱɟɫɤɨɝɨ ɇȾɋ ɧɚ ɨɫɧɨɜɟ ɩɪɨ-
ɫɬɪɚɧɫɬɜɟɧɧɨ-ɨɛɨɥɨɱɟɱɧɵɯ ɢ ɬɪɟɯɦɟɪɧɵɯ ɫɯɟɦ 
ɆКЭ, ɨɰɟɧɤɚ ɫɬɚɬɢɱɟɫɤɨɣ, ɰɢɤɥɢɱɟɫɤɨɣ ɢ 
ɫɟɣɫɦɢɱɟɫɤɨɣ ɩɪɨɱɧɨɫɬɢ ɞɟɬɚɥɟɣ ɬɪɭɛɨɩɪɨɜɨ-
ɞɨɜ: ɬɪɨɣɧɢɤɨɜ, ɝɢɛɨɜ-ɨɬɜɨɞɨɜ, ɩɟɪɟɯɨɞɨɜ ɢ 
ɥɢɧɡɨɜɵɯ/ɫɢɥɶɮɨɧɧɵɯ ɤɨɦɩɟɧɫɚɬɨɪɨɜ (АɋɌɊА-
ɋɌАȾИɈ) 

– + 

Ɋеɡɭлɶɬɚɬы ɪɚсчеɬов 
Ⱦɨɩɭɫɬɢɦɨɫɬɶ ɩɟɪɟɦɟɳɟɧɢɣ (ɨɬɫɭɬɫɬɜɢɟ ɤɚɫɚ-
ɧɢɣ ɢ ɩɟɪɟɫɟɱɟɧɢɣ ɬɪɭɛ) – + 

ɉɟɪɟɦɟɳɟɧɢɹ ɜ ɦɟɫɬɧɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ – + 
Ⱦɨɩɭɫɬɢɦɨɫɬɶ ɧɚɝɪɭɡɨɤ ɧɚ ɨɩɨɪɵ – + 
Ƚɟɪɦɟɬɢɱɧɨɫɬɶ ɮɥɚɧɰɟɜɵɯ ɫɨɟɞɢɧɟɧɢɣ (ɦɟɬɨ-
ɞɢɤɚ ɊɌɆ 38.001–94) 

– + 

ɇɚɩɪɹɠɟɧɢɹ ɜ ɥɢɧɡɨɜɵɯ/ɫɢɥɶɮɨɧɧɵɯ ɤɨɦɩɟɧ-
ɫɚɬɨɪɚɯ (ɦɟɬɨɞɢɤɚ ɊɌɆ 38.001–94) 

– + 

Аɧɢɦɚɰɢɹ ɫɨɛɫɬɜɟɧɧɵɯ ɮɨɪɦ ɤɨɥɟɛɚɧɢɣ ɢ ɞɢ-
ɧɚɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ – + 

ɋɟɣɫɦɢɱɟɫɤɢɟ ɭɫɤɨɪɟɧɢɹ – + 
Вɢɡɭɚɥɢɡɚɰɢɹ ɞɢɧɚɦɢɱɟɫɤɢɯ ɩɟɪɟɦɟɳɟɧɢɣ ɢ 
ɧɚɩɪɹɠɟɧɢɣ – + 

Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪ, ɤɨɦɩɨɧɟɧɬ ɢ ɩɪɢɜɟ-
ɞɟɧɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɜ ɞɟɬɚɥɹɯ ɬɪɭɛɨɩɪɨɜɨɞɨɜ: 
ɬɪɨɣɧɢɤɚɯ, ɝɢɛɚɯ-ɨɬɜɨɞɚɯ, ɩɟɪɟɯɨɞɚɯ ɢ ɥɢɧɡɨ-
ɜɵɯ/ɫɢɥɶɮɨɧɧɵɯ ɤɨɦɩɟɧɫɚɬɨɪɚɯ (АɋɌɊА-
ɋɌАȾИɈ) 

– + 
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ЧИɋɅȿɇɇɈȿ ɆɈȾȿɅИɊɈВАɇИȿ ɅАɆИɇАɊɇЫɏ И 
ɌɍɊȻɍɅȿɇɌɇЫɏ ɌȿЧȿɇИɃ В ɉɅɈɋКɈɆ КАɇАɅȿ ɋ 

ɉɊɈɇИЦАȿɆЫɆИ ɋɌȿɇКАɆИ 
 

В.Н.Вараɩаев, Ф.М.Котов 
 ФȽȻɈɍ ВɉɈ Ɇɨɫɤɨɜɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɫɬɪɨɢɬɟɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ, ɝ. Ɇɨɫɤɜɚ, ɊɈɋɋИə 

 
АɇɇɈɌАЦИə: ɉɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɬɟɱɟɧɢɣ ɜ ɤɚɧɚɥɚɯ ɫ ɩɪɨɧɢɰɚɟɦɵɦɢ ɫɬɟɧ-
ɤɚɦɢ ɞɥɹ ɥɚɦɢɧɚɪɧɨɝɨ ɢ ɬɭɪɛɭɥɟɧɬɧɨɝɨ ɪɟɠɢɦɨɜ. Цɟɥɶɸ ɹɜɥɹɟɬɫɹ ɢɫɫɥɟɞɨɜɚɧɢɟ ɷɬɢɯ ɬɟɱɟɧɢɣ ɫ ɩɨɦɨɳɶɸ ɤɨɦ-
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1. Ввеɞеɧие 
ɋɭɳɟɫɬɜɭɟɬ ɢɧɬɟɪɟɫɧɵɣ ɤɥɚɫɫ ɡɚɞɚɱ ɚɷ-

ɪɨɞɢɧɚɦɢɤɢ, ɜɚɠɧɵɣ ɞɥɹ ɬɟɯɧɢɱɟɫɤɢɯ 
ɩɪɢɥɨɠɟɧɢɣ, ɜ ɤɨɬɨɪɨɦ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ 
ɬɟɱɟɧɢɹ ɩɪɢ ɧɚɥɢɱɢɢ ɩɨɞɚɱɢ ɢɥɢ ɨɬɫɨɫɚ 
ɠɢɞɤɨɫɬɢ (ɢɥɢ ɝɚɡɚ) ɱɟɪɟɡ ɝɪɚɧɢɱɧɭɸ ɩɨ-
ɜɟɪɯɧɨɫɬɶ. ɉɨɞɚɱɚ ɜɟɳɟɫɬɜɚ ɦɨɠɟɬ, ɧɚ-
ɩɪɢɦɟɪ, ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɩɪɢ ɢɫɩɚɪɟɧɢɢ, 
ɯɢɦɢɱɟɫɤɢɯ ɪɟɚɤɰɢɹɯ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɢɥɢ 
ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɬɟɤɚɧɢɹ ɠɢɞɤɨɫɬɢ ɢɥɢ ɝɚɡɚ 
ɱɟɪɟɡ ɩɨɪɢɫɬɵɟ ɫɬɟɧɤɢ. ɉɪɢɦɟɪɚɦɢ ɬɟɯɧɢ-
ɱɟɫɤɢɯ ɩɪɢɥɨɠɟɧɢɣ ɬɚɤɢɯ ɡɚɞɚɱ ɹɜɥɹɸɬɫɹ: 
ɞɜɢɠɟɧɢɟ ɠɢɞɤɨɫɬɢ ɜ ɚɪɬɟɡɢɚɧɫɤɨɣ ɫɤɜɚ-
ɠɢɧɟ; ɬɟɱɟɧɢɟ ɜ ɬɪɭɛɟ ɫ ɩɨɪɢɫɬɵɦɢ ɫɬɟɧ-
ɤɚɦɢ, ɢɫɩɨɥɶɡɭɟɦɨɣ ɜ ɝɚɡɨ-ɞɢɮɮɭɡɢɨɧɧɨɦ 
ɤɚɫɤɚɞɟ ɭɫɬɚɧɨɜɤɢ ɞɥɹ ɪɚɡɞɟɥɟɧɢɹ ɢɡɨɬɨ-
ɩɨɜ; ɬɟɱɟɧɢɟ ɩɪɢ ɝɨɪɟɧɢɢ ɝɚɡɨɜɨɣ ɝɨɪɸɱɟɣ 
ɫɦɟɫɢ ɜ ɩɨɪɢɫɬɨɣ ɝɨɪɟɥɤɟ, ɤɨɝɞɚ ɫɦɟɫɶ ɩɨ-
ɞɚɟɬɫɹ ɱɟɪɟɡ ɟɟ ɫɬɟɧɤɢ; ɞɜɢɠɟɧɢɟ ɝɚɡɚ ɜ 
ɤɚɧɚɥɟ ɝɨɪɹɳɟɝɨ ɡɚɪɹɞɚ ɬɜɟɪɞɨɝɨ ɪɚɤɟɬɧɨ-
ɝɨ ɬɨɩɥɢɜɚ. Эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɢ ɬɟɨɪɟɬɢ-

ɱɟɫɤɨɟ ɢɡɭɱɟɧɢɟ ɬɟɱɟɧɢɣ ɜ ɤɚɧɚɥɚɯ ɫ ɩɪɨ-
ɧɢɰɚɟɦɵɦɢ ɫɬɟɧɤɚɦɢ ɩɪɢ ɧɚɥɢɱɢɢ ɜɞɭɜɚ 
ɱɟɪɟɡ ɧɢɯ ɢ ɢɯ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɭɫɬɨɣ-
ɱɢɜɨɫɬɢ ɩɪɨɜɨɞɢɥɨɫɶ ɜ ɪɚɛɨɬɚɯ [1-7, 9-13]. 

ɪɚɡɥɢɱɧɵɯ ɢɫɩɨɥɶɡɭɟɦɵɯ ɦɨɞɟɥɟɣ ɬɭɪɛɭ-
ɥɟɧɬɧɨɫɬɢ ɧɚ ɩɪɚɜɢɥɶɧɨɫɬɶ ɨɩɢɫɚɧɢɹ ɯɚ-
ɪɚɤɬɟɪɧɵɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɡɚɞɚɱɢ.  

     Ɍɚɤɢɦɢ ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɹɜɥɹɸɬɫɹ:  
      -ɧɚɥɢɱɢɟ ɧɚɱɚɥɶɧɨɝɨ ɭɱɚɫɬɤɚ ɤɚɧɚɥɚ, 

ɜ ɤɨɬɨɪɨɦ ɬɟɱɟɧɢɟ ɨɫɬɚɟɬɫɹ ɥɚɦɢɧɚɪɧɵɦ 
ɩɪɢ ɥɸɛɵɯ ɱɢɫɥɚɯ Ɋɟɣɧɨɥɶɞɫɚ (ɜ ɫɥɭɱɚɟ, 
ɤɨɝɞɚ ɧɚɱɚɥɶɧɨɟ ɫɟɱɟɧɢɟ ɹɜɥɹɟɬɫɹ ɧɟɩɪɨ-
ɧɢɰɚɟɦɨɣ ɫɬɟɧɤɨɣ ɢɥɢ ɟɫɥɢ ɜ ɧɟɦ ɪɟɚɥɢɡɨ-
ɜɚɧɨ ɭɫɥɨɜɢɟ ɫɢɦɦɟɬɪɢɢ);  

      -ɞɥɹ ɥɚɦɢɧɚɪɧɨɝɨ ɪɟɠɢɦɚ ɜ ɧɚɱɚɥɶ-
ɧɨɦ ɭɱɚɫɬɤɟ ɫɭɳɟɫɬɜɭɟɬ ɬɨɱɧɨɟ ɚɜɬɨɦɨ-
ɞɟɥɶɧɨɟ  ɪɟɲɟɧɢɟ ɭɪɚɜɧɟɧɢɣ ɇɚɜɶɟ-
ɋɬɨɤɫɚ, ɡɚɜɢɫɹɳɟɟ ɨɬ ɨɛɟɢɯ ɧɟɡɚɜɢɫɢɦɵɯ 
ɩɟɪɟɦɟɧɧɵɯ, ɤɨɬɨɪɨɟ ɨɩɢɫɵɜɚɟɬ ɧɟɩɚɪɚɥ-
ɥɟɥɶɧɨɟ, ɡɚɜɢɫɹɳɟɟ ɨɬ x ɬɟɱɟɧɢɟ;  



Чɢɫɥɟɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɥɚɦɢɧɚɪɧɵɯ ɢ ɬɭɪɛɭɥɟɧɬɧɵɯ ɬɟɱɟɧɢɣ ɜ ɩɥɨɫɤɨɦ ɤɚɧɚɥɟ ɫ ɩɪɨɧɢɰɚɟɦɵɦɢ ɫɬɟɧɤɚɦɢ 
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      -ɭɞɚɟɬɫɹ ɬɟɨɪɟɬɢɱɟɫɤɢ ɩɪɨɚɧɚɥɢɡɢ-
ɪɨɜɚɬɶ ɭɫɬɨɣɱɢɜɨɫɬɶ ɷɬɨɝɨ ɬɟɱɟɧɢɹ ɜ ɥɢ-
ɧɟɣɧɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɫ ɭɱɟɬɨɦ ɧɟɩɚɪɚɥ-
ɥɟɥɶɧɨɫɬɢ ɨɫɧɨɜɧɨɝɨ ɩɨɬɨɤɚ;  

      -ɩɪɢ ɩɟɪɟɯɨɞɟ ɤ ɬɭɪɛɭɥɟɧɬɧɨɦɭ ɪɟ-
ɠɢɦɭ ɩɪɨɮɢɥɶ ɫɤɨɪɨɫɬɢ ɫɭɳɟɫɬɜɟɧɧɨ ɧɟ 
ɢɡɦɟɧɹɟɬɫɹ (ɜ ɨɬɥɢɱɢɟ ɨɬ ɤɚɧɚɥɨɜ ɫ ɧɟɩɪɨ-
ɧɢɰɚɟɦɵɦɢ ɫɬɟɧɤɚɦɢ);  

-ɬɨɱɤɢ ɦɚɤɫɢɦɭɦɚ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɬɭɪ-
ɛɭɥɟɧɬɧɨɫɬɢ ɨɬɨɞɜɢɝɚɸɬɫɹ ɨɬ ɫɬɟɧɨɤ ɛɥɢ-
ɠɟ ɤ ɨɫɢ ɤɚɧɚɥɚ;  

-ɩɪɢ ɞɚɥɶɧɟɣɲɟɦ ɞɜɢɠɟɧɢɢ ɜɧɢɡ ɩɨ ɬɟ-
ɱɟɧɢɸ ɫɭɳɟɫɬɜɭɟɬ ɜɬɨɪɨɣ ɩɟɪɟɯɨɞ, ɫɨɩɪɨ-
ɜɨɠɞɚɸɳɢɣɫɹ ɧɚɩɨɥɧɟɧɢɟɦ ɩɪɨɮɢɥɹ ɫɤɨ-
ɪɨɫɬɢ;  

-ɩɪɢ ɧɚɥɢɱɢɢ  ɬɭɪɛɭɥɟɧɬɧɨɝɨ ɩɨɬɨɤɚ ɜ 
ɧɚɱɚɥɶɧɨɦ ɫɟɱɟɧɢɢ ɩɪɢ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶ-
ɲɨɦ ɜɞɭɜɟ ɱɟɪɟɡ ɫɬɟɧɤɢ ɤɚɧɚɥɚ ɧɚɛɥɸɞɚɟɬ-
ɫɹ ɥɚɦɢɧɚɪɢɡɚɰɢɹ ɬɟɱɟɧɢɹ ɜ ɧɚɱɚɥɶɧɨɦ 
ɭɱɚɫɬɤɟ ɜ ɨɤɪɟɫɬɧɨɫɬɢ ɩɪɨɧɢɰɚɟɦɵɯ ɫɬɟ-
ɧɨɤ ɤɚɧɚɥɚ.  
В ɫɢɥɭ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɫɜɨɣɫɬɜ ɡɚɞɚɱɚ 

ɹɜɥɹɟɬɫɹ ɭɞɨɛɧɨɣ ɬɟɫɬɨɜɨɣ ɡɚɞɚɱɟɣ ɞɥɹ ɜɟ-
ɪɢɮɢɤɚɰɢɢ ɦɨɞɟɥɟɣ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ ɜ 
ɫɦɵɫɥɟ ɢɯ ɩɪɢɝɨɞɧɨɫɬɢ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 
ɬɟɱɟɧɢɣ ɫ ɩɟɪɟɯɨɞɨɦ ɨɬ ɥɚɦɢɧɚɪɧɨɝɨ ɪɟɠɢ-
ɦɚ ɤ ɬɭɪɛɭɥɟɧɬɧɨɦɭ ɞɥɹ ɬɟɱɟɧɢɣ ɪɚɫɫɦɚɬɪɢ-
ɜɚɟɦɨɝɨ ɬɢɩɚ. Ⱦɥɹ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚ-
ɧɢɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɤɨɦɩɥɟɤɫ ANSYS CFX, ɜ 
ɤɨɬɨɪɨɦ ɪɟɚɥɢɡɨɜɚɧɨ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ 
ɦɨɞɟɥɟɣ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ.  
ɉɪɨɜɟɞɟɧɧɵɟ ɪɚɫɱɟɬɵ ɩɨɡɜɨɥɢɥɢ ɩɨɥɭ-

ɱɢɬɶ ɢ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ɨɫɪɟɞɧɟɧɧɵɟ 
ɩɪɨɮɢɥɢ ɫɤɨɪɨɫɬɟɣ, ɩɪɨɮɢɥɢ ɩɭɥɶɫɚɰɢɨɧ-
ɧɨɣ ɷɧɟɪɝɢɢ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ ɜ ɪɚɡɥɢɱɧɵɯ 
ɫɟɱɟɧɢɹɯ ɤɚɧɚɥɚ, ɥɢɧɢɢ ɬɨɤɚ, ɜɟɥɢɱɢɧɭ 
ɬɭɪɛɭɥɟɧɬɧɨɣ ɜɹɡɤɨɫɬɢ ɢ ɫɤɨɪɨɫɬɢ ɞɢɫɫɢ-
ɩɚɰɢɢ ɷɧɟɪɝɢɢ ɜ ɪɚɡɥɢɱɧɵɯ ɫɟɱɟɧɢɹɯ ɤɚɧɚ-
ɥɚ, ɧɚɩɪɹɠɟɧɢɹ Ɋɟɣɧɨɥɶɞɫɚ ɜ ɪɚɡɥɢɱɧɵɯ 
ɬɨɱɤɚɯ ɬɟɱɟɧɢɹ.  
ɋɪɚɜɧɟɧɢɟ ɫ ɢɦɟɸɳɢɦɢɫɹ ɷɤɫɩɟɪɢɦɟɧ-

ɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ, ɬɟɨɪɟɬɢɱɟɫɤɢɦɢ ɢ 
ɪɚɫɱɟɬɧɵɦɢ ɪɚɛɨɬɚɦɢ ɞɪɭɝɢɯ ɚɜɬɨɪɨɜ ɩɨ-
ɡɜɨɥɢɥɨ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ, ɤɚɤɢɟ ɢɡ ɦɨɞɟ-
ɥɟɣ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ ɞɨɫɬɚɬɨɱɧɨ ɚɞɟɤɜɚɬɧɨ 
ɨɩɢɫɵɜɚɸɬ  ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɟ ɬɟɱɟɧɢɹ. В 
ɱɚɫɬɧɨɫɬɢ, ɩɨɥɭɱɟɧɨ, ɱɬɨ ɞɥɹ ɩɪɚɜɢɥɶɧɨɝɨ 

ɩɨɥɭɱɟɧɢɹ ɩɟɪɟɯɨɞɚ ɨɬ ɥɚɦɢɧɚɪɧɨɝɨ ɪɟ-
ɠɢɦɚ ɤ ɬɭɪɛɭɥɟɧɬɧɨɦɭ ɜ ɧɚɢɛɨɥɶɲɟɣ ɫɬɟ-
ɩɟɧɢ ɩɨɞɯɨɞɹɬ ɦɨɞɟɥɢ ɜ ɧɚɩɪɹɠɟɧɢɹɯ Ɋɟɣ-
ɧɨɥɶɞɫɚ ɩɪɢ ɫɬɚɰɢɨɧɚɪɧɵɯ ɪɚɫɱɟɬɚɯ ɢ ɦɨ-
ɞɟɥɶ SST ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɧɟɫɬɚɰɢɨɧɚɪɧɵɯ 
ɪɚɫɱɟɬɨɜ.  
Ɋɚɫɫɦɨɬɪɟɧɨ ɜɥɢɹɧɢɟ ɪɚɡɧɨɨɛɪɚɡɧɵɯ 

ɮɢɡɢɱɟɫɤɢɯ ɢ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ 
ɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɬɟɱɟ-
ɧɢɣ: ɱɢɫɥɚ Ɋɟɣɧɨɥɶɞɫɚ ɧɚ ɜɯɨɞɟ ɜ ɤɚɧɚɥ, 
ɱɢɫɥɚ Ɋɟɣɧɨɥɶɞɫɚ, ɩɨɫɱɢɬɚɧɧɨɝɨ ɩɨ ɫɤɨɪɨ-
ɫɬɢ ɜɞɭɜɚ ɧɚ ɛɨɤɨɜɵɯ ɫɬɟɧɤɚɯ ɤɚɧɚɥɚ, ɱɢɫ-
ɥɚ Ɋɟɣɧɨɥɶɞɫɚ, ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɩɨ ɫɤɨɪɨɫɬɢ 
ɧɚ ɨɫɢ ɜ ɞɚɧɧɨɦ ɫɟɱɟɧɢɢ ɤɚɧɚɥɚ, ɢɧɬɟɧ-
ɫɢɜɧɨɫɬɢ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ ɧɚ ɜɯɨɞɟ ɜ ɤɚɧɚɥ, 
ɨɛɳɟɣ ɞɥɢɧɵ ɤɚɧɚɥɚ.  
Ɋɚɫɫɦɨɬɪɟɧɨ ɬɪɢ ɬɢɩɚ ɡɚɞɚɱ:  
1. Ɍɭɪɛɭɥɟɧɬɧɵɣ ɪɟɠɢɦ ɬɟɱɟɧɢɹ ɜ ɤɚ-

ɧɚɥɟ, ɜ ɧɚɱɚɥɶɧɨɦ  ɫɟɱɟɧɢɢ ɤɚɧɚɥɚ (ɬɨɪɟɰ 
ɤɚɧɚɥɚ) ɭɫɥɨɜɢɹ ɫɢɦɦɟɬɪɢɢ.  

2.  Ɍɭɪɛɭɥɟɧɬɧɵɣ ɪɟɠɢɦ ɬɟɱɟɧɢɹ ɜ 
ɤɚɧɚɥɟ, ɬɨɪɟɰ – ɧɟɩɪɨɧɢɰɚɟɦɚɹ ɫɬɟɧɤɚ.  

3.  Ɍɭɪɛɭɥɟɧɬɧɵɣ ɪɟɠɢɦ ɬɟɱɟɧɢɹ ɜ 
ɤɚɧɚɥɟ, ɜɞɭɜ ɱɟɪɟɡ ɬɨɪɟɰ ɬɭɪɛɭɥɟɧɬɧɨɝɨ 
ɩɨɬɨɤɚ.  
В ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɢɜɨɞɹɬɫɹ ɪɟɡɭɥɶɬɚɬɵ 

ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɩɟɪɜɨɝɨ ɬɢɩɚ.  
 
2. ɉосɬɚɧовɤɚ ɡɚɞɚчи 
 Ɋɚɫɫɦɨɬɪɢɦ ɫɬɚɰɢɨɧɚɪɧɨɟ ɬɟɱɟɧɢɟ 

ɜɹɡɤɨɣ ɧɟɫɠɢɦɚɟɦɨɣ ɠɢɞɤɨɫɬɢ ɜ ɛɟɫɤɨ-
ɧɟɱɧɨɦ ɩɥɨɫɤɨɦ ɤɚɧɚɥɟ ɫ ɩɚɪɚɥɥɟɥɶɧɵɦɢ 
ɩɪɨɧɢɰɚɟɦɵɦɢ  ɫɬɟɧɤɚɦɢ, ɱɟɪɟɡ ɤɨɬɨɪɵɟ 
ɩɨɞɚɟɬɫɹ ɜɨɡɞɭɯ ɫ ɩɨɫɬɨɹɧɧɨɣ ɫɤɨɪɨɫɬɶɸ 

∗
0V  ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɫɬɟɧɤɟ.. Вɨɡɶɦɟɦ 

ɫɢɫɬɟɦɭ ɤɨɨɪɞɢɧɚɬ, ɧɚɩɪɚɜɢɜ ɨɫɶ x ɩɨ 
ɫɪɟɞɧɟɣ ɥɢɧɢɢ ɤɚɧɚɥɚ, ɚ ɨɫɶ y - ɩɨ ɧɚɱɚɥɶ-
ɧɨɦɭ ɬɨɪɰɟɜɨɦɭ ɫɟɱɟɧɢɸ ɤɚɧɚɥɚ (ɪɢɫ. 1). 
ȿɫɥɢ ɡɚ ɯɚɪɚɤɬɟɪɧɵɟ ɫɤɨɪɨɫɬɶ ɢ ɞɥɢɧɭ 
ɜɡɹɬɶ ɜɟɥɢɱɢɧɭ ∗

0V  ɢ ɩɨɥɭɲɢɪɢɧɭ ɤɚɧɚɥɚ 
h, ɬɨ ɦɨɠɧɨ ɜɜɟɫɬɢ ɱɢɫɥɨ Ɋɟɣɧɨɥɶɞɫɚ, ɩɨ-

ɫɬɪɨɟɧɧɨɟ ɩɨ ɫɤɨɪɨɫɬɢ ɜɞɭɜɚ, ν= ∗
0

0
aV

R , 

ɝɞɟ ν - ɤɢɧɟɦɚɬɢɱɟɫɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɜɹɡ-
ɤɨɫɬɢ.   



В.ɇ.Вɚɪɚɩɚɟɜ, Ф.Ɇ.Кɨɬɨɜ 

 Volume 7, Issue 3, 2011 84

Ƚɪɚɧɢɱɧɨɟ ɭɫɥɨɜɢɟ ɧɚ ɩɪɨɧɢɰɚɟɦɵɯ 
ɫɬɟɧɤɚɯ ɞɥɹ ɤɨɦɩɨɧɟɧɬɵ ɫɤɨɪɨɫɬɢ V ɩɪɢɜɟ-
ɞɟɧɨ ɧɚ ɪɢɫ.1, ɞɜɟ ɞɪɭɝɢɟ ɤɨɦɩɨɧɟɧɬɵ ɡɚɞɚ-
ɸɬɫɹ ɜ ɜɢɞɟ  

0== WU  
ɩɪɢ hy ±=  

Вɟɪɬɢɤɚɥɶɧɚɹ ɤɨɦɩɨɧɟɧɬɚ ɫɤɨɪɨɫɬɢ  ∗
0V  

ɨɞɢɧɚɤɨɜɚ ɩɨ ɜɫɟɣ ɞɥɢɧɟ ɛɨɤɨɜɵɯ ɫɬɟɧɨɤ, 
ɢɦɟɟɬ ɡɚɞɚɧɧɨɟ ɡɧɚɱɟɧɢɟ ɢ ɧɚɩɪɚɜɥɟɧɚ 

ɜɧɭɬɪɶ ɤɚɧɚɥɚ. ɇɚ ɩɪɨɧɢɰɚɟɦɵɯ ɛɨɤɨɜɵɯ 
ɫɬɟɧɤɚɯ ɤɚɧɚɥɚ ɡɚɞɚɧɵ ɧɟɨɛɯɨɞɢɦɵɟ ɬɭɪ-
ɛɭɥɟɧɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɚɤ, ɤɚɤ ɩɨɤɚ-
ɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 1. Эɬɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ: 
ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ  0l  ɢ ɦɚɫ-
ɲɬɚɛ ɜɢɯɪɹ wl  ɞɥɹ  ɩɨɬɨɤɚ, ɩɨɞɚɜɚɟɦɨɝɨ 
ɱɟɪɟɡ ɩɪɨɧɢɰɚɟɦɵɟ ɫɬɟɧɤɢ. 
 

Тɭɪɛɭɥɟɧɬɧыɣ ɪɟɠɢɦ ɬɟчɟɧɢя, ɧɚ 
ɞɧɟ ɭɫɥɨɜɢɟ ɫɢɦɦɟɬɪɢɢ 

Ɋɢɫ. 1 Ɋɚɫɱɟɬɧɚɹ ɨɛɥɚɫɬɶ, ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ ɢ ɥɢɧɢɢ ɬɨɤɚ ɞɥɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɬɟɱɟɧɢɹ. 
 

В ɧɚɱɚɥɶɧɨɦ ɫɟɱɟɧɢɢ ɤɚɧɚɥɚ ɢɫɩɨɥɶ-
ɡɨɜɚɥɢɫɶ ɬɪɢ ɬɢɩɚ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ: ɭɫ-
ɥɨɜɢɟ ɫɢɦɦɟɬɪɢɢ, ɧɟɩɪɨɧɢɰɚɟɦɵɣ ɬɨɪɟɰ 
ɤɚɧɚɥɚ ɢ ɡɚɞɚɧɢɟ ɩɪɨɮɢɥɹ ɫɤɨɪɨɫɬɢ ɜ ɧɚ-
ɱɚɥɶɧɨɦ ɫɟɱɟɧɢɢ. Ɂɞɟɫɶ ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶ-
ɬɚɬɵ ɞɥɹ ɡɚɞɚɱɢ ɩɟɪɜɨɝɨ ɬɢɩɚ.  ɇɚ ɝɪɚɧɢ-
ɰɚɯ ɪɚɫɱɟɬɧɨɣ ɨɛɥɚɫɬɢ, ɩɚɪɚɥɥɟɥɶɧɵɯ 
ɩɥɨɫɤɨɫɬɢ xɈy, ɬɚɤɠɟ ɡɚɞɚɧɨ ɭɫɥɨɜɢɟ ɫɢɦ-
ɦɟɬɪɢɢ. Эɬɨ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ ɤɨɦɩɥɟɤɫ 
ANSYS CFX ɩɨɡɜɨɥɹɟɬ ɪɟɲɚɬɶ ɬɨɥɶɤɨ 
ɬɪɟɯɦɟɪɧɵɟ ɡɚɞɚɱɢ. ɉɨɷɬɨɦɭ, ɪɟɲɚɹ ɡɚɞɚɱɭ 
ɜ ɨɛɥɚɫɬɢ, ɹɜɥɹɸɳɟɣɫɹ ɩɚɪɚɥɥɟɥɢɩɢɩɟɞɨɦ, 
ɢ ɢɫɩɨɥɶɡɭɹ ɭɫɥɨɜɢɹ ɫɢɦɦɟɬɪɢɢ ɩɨ ɨɫɢ z, 
ɦɵ ɦɨɞɟɥɢɪɭɟɦ ɪɟɲɟɧɢɟ ɩɥɨɫɤɨɣ ɡɚɞɚɱɢ. 
В ɜɵɯɨɞɧɨɦ ɫɟɱɟɧɢɢ ɤɚɧɚɥɚ ɩɨɫɬɚɜɥɟɧɨ 
ɭɫɥɨɜɢɟ «ɜɵɯɨɞ» ɫ ɨɩɰɢɟɣ ɫɪɟɞɧɟɟ ɞɚɜɥɟ-
ɧɢɟ ɪɚɜɧɨ ɧɭɥɸ.  

 
3. Авɬоɦоɞелɶɧое ɪеɲеɧие 
В [1] ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɩɪɢ ɜɵɩɨɥ-

ɧɟɧɢɢ ɭɫɥɨɜɢɣ ɫɢɦɦɟɬɪɢɢ ɜ ɧɚɱɚɥɶɧɨɦ ɫɟ-
ɱɟɧɢɢ ɤɚɧɚɥɚ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɢɦɦɟɬ-
ɪɢɱɧɨɦɭ ɪɚɫɬɟɤɚɧɢɸ ɜɨɡɞɭɯɚ ɨɬɧɨɫɢɬɟɥɶ-
ɧɨ ɷɬɨɝɨ ɫɟɱɟɧɢɹ, ɞɥɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɡɚ-
ɞɚɱɢ ɫɭɳɟɫɬɜɭɟɬ ɚɜɬɨɦɨɞɟɥɶɧɨɟ ɪɟɲɟɧɢɟ 
ɭɪɚɜɧɟɧɢɣ ɇɚɜɶɟ-ɋɬɨɤɫɚ, ɤɨɬɨɪɨɟ ɢɦɟɟɬ 
ɜɢɞ 
 ( )yxF1=Ψ                                             (1) 

ɝɞɟ ( )yF1  ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɪɟɲɟɧɢɹ ɭɪɚɜ-
ɧɟɧɢɹ  

( ) 0
1

1111
4

1
0

=′′′+′′′− FFFFF
R

                  (2) 



Чɢɫɥɟɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɥɚɦɢɧɚɪɧɵɯ ɢ ɬɭɪɛɭɥɟɧɬɧɵɯ ɬɟɱɟɧɢɣ ɜ ɩɥɨɫɤɨɦ ɤɚɧɚɥɟ ɫ ɩɪɨɧɢɰɚɟɦɵɦɢ ɫɬɟɧɤɚɦɢ 
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ɫ ɝɪɚɧɢɱɧɵɦɢ ɭɫɥɨɜɢɹɦɢ:  
              ( ) ( ) ( ) ( ) 0001101 1111 =′′===′ FF,F,F
,                                                               (3) 
В ɷɬɢɯ ɭɫɥɨɜɢɹɯ ɢɫɩɨɥɶɡɨɜɚɧɚ ɫɢɦɦɟɬɪɢɹ 
ɬɟɱɟɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ x. В ɮɨɪɦɭɥɟ (1) Ψ  - ɮɭɧɤɰɢɹ ɬɨɤɚ ɞɥɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ 
ɞɜɭɯɦɟɪɧɨɝɨ ɬɟɱɟɧɢɹ. ɒɬɪɢɯ ɨɛɨɡɧɚɱɚɟɬ 
ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɟ ɩɨ y. 
Иɡ (1) ɫɥɟɞɭɟɬ, ɱɬɨ ɩɪɨɞɨɥɶɧɚɹ ɤɨɦɩɨɧɟɧɬɚ 
ɫɤɨɪɨɫɬɢ, ɨɬɧɟɫɟɧɧɚɹ ɤ ɫɤɨɪɨɫɬɢ ɜɞɭɜɚ, 
ɥɢɧɟɣɧɨ ɪɚɫɬɟɬ ɩɨ ɞɥɢɧɟ ɤɚɧɚɥɚ, ɚ  ɩɨɩɟ-
ɪɟɱɧɚɹ ɤɨɦɩɨɧɟɧɬɚ ɧɟ ɡɚɜɢɫɢɬ ɨɬ x:  

              

( ) ( ),yF
V

V
V,yFx

V

u
u 1

0
1

0

−==′== ∗
∗

∗
∗

                                           

(4) 
Ɉɬɦɟɬɢɦ, ɱɬɨ ɟɫɥɢ ɡɚ ɯɚɪɚɤɬɟɪɧɭɸ ɫɤɨ-
ɪɨɫɬɶ ɩɪɢɧɹɬɶ ɧɟ ∗

0V , ɚ ɫɤɨɪɨɫɬɶ ɧɚ ɨɫɢ 
ɤɚɧɚɥɚ ɜ ɞɚɧɧɨɦ ɫɟɱɟɧɢɢ:  
              ( ) ( ) ( )00 Fx,xuxum ′=≡           

ɬɨ ɩɪɨɮɢɥɢ ɩɪɨɞɨɥɶɧɨɣ ɤɨɦɩɨɧɟɧɬɵ ɫɤɨ-
ɪɨɫɬɢ ɛɭɞɭɬ ɩɨɞɨɛɧɵ ɜɨ ɜɫɟɯ ɫɟɱɟɧɢɹɯ ɤɚ-
ɧɚɥɚ:  

     ( ) ( )( ) ( )( )00 F

yF

u

y,xu
yU

m ′
′== ∗

               (5) 

ɉɪɨɮɢɥɶ ɫɤɨɪɨɫɬɢ ( )0R,yUU =  ɡɚɜɢɫɢɬ 
ɨɬ 0R  ɬɚɤ, ɱɬɨ ɞɥɹ 00 =R  ɨɧ ɩɟɪɟɯɨɞɢɬ ɜ 
ɩɚɪɚɛɨɥɢɱɟɫɤɢɣ (ɬɟɱɟɧɢɟ ɉɭɚɡɟɣɥɹ), ɚ ɩɪɢ ∞→0R  ɫɬɪɟɦɢɬɫɹ ɤ ɩɪɨɮɢɥɸ  

              ( ) ,ycosyU
2
π=                        (6) 

ɤɨɬɨɪɵɣ ɩɨɥɭɱɚɟɬɫɹ ɢɡ ɜɢɯɪɟɜɨɝɨ ɪɟɲɟɧɢɹ 
ɭɪɚɜɧɟɧɢɹ ɞɥɹ ɢɞɟɚɥɶɧɨɣ ɠɢɞɤɨɫɬɢ. Иɧɬɟ-
ɪɟɫɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɪɟɞɟɥɶɧɨɟ ɩɪɢ ∞→0R  ɪɟɲɟɧɢɟ (6) ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɭɪɚɜ-
ɧɟɧɢɹɦ ɞɜɢɠɟɧɢɹ ɢɞɟɚɥɶɧɨɣ ɠɢɞɤɨɫɬɢ, ɢ ɜ 
ɬɨ ɠɟ ɜɪɟɦɹ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɜɫɟɦ ɝɪɚɧɢɱ-
ɧɵɦ ɭɫɥɨɜɢɹɦ ɞɥɹ ɜɹɡɤɨɣ ɠɢɞɤɨɫɬɢ, ɱɬɨ 
ɨɛɟɫɩɟɱɢɜɚɟɬ ɪɟɝɭɥɹɪɧɵɣ ɩɪɟɞɟɥɶɧɵɣ ɩɟ-
ɪɟɯɨɞ ɩɪɢ ∞→0R . Ɋɚɫɫɦɨɬɪɟɧɧɨɟ ɬɟɱɟ-

ɧɢɟ, ɩɨɦɢɦɨ ɩɪɚɤɬɢɱɟɫɤɢɯ ɩɪɢɥɨɠɟɧɢɣ, 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɛɨɥɶɲɨɣ ɢɧɬɟɪɟɫ ɞɥɹ ɬɟɨɪɢɢ 
ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ, ɤɚɤ 
ɩɪɢɦɟɪ ɬɨɱɧɨɝɨ ɪɟɲɟɧɢɹ ɭɪɚɜɧɟɧɢɣ ɇɚ-
ɜɶɟ-ɋɬɨɤɫɚ, ɨɩɢɫɵɜɚɸɳɟɝɨ ɧɟɩɚɪɚɥɥɟɥɶ-
ɧɨɟ, ɡɚɜɢɫɹɳɟɟ ɨɬ x ɬɟɱɟɧɢɟ. ɍɫɬɨɣɱɢɜɨɫɬɶ 
ɟɝɨ ɛɵɥɚ ɪɚɫɫɦɨɬɪɟɧɚ ɜ [2], [4]. Ɋɟɲɟɧɢɟ 
ɤɪɚɟɜɨɣ ɡɚɞɚɱɢ (2), (3) ɩɪɢ ɩɪɨɢɡɜɨɥɶɧɨɦ 
ɡɧɚɱɟɧɢɢ ɜɟɥɢɱɢɧɵ 0R  ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭ-
ɱɟɧɨ ɱɢɫɥɟɧɧɵɦ ɦɟɬɨɞɨɦ [3].  

Ɋɚɫɫɦɨɬɪɟɧɧɨɟ ɚɜɬɨɦɨɞɟɥɶɧɨɟ ɪɟɲɟ-
ɧɢɟ (4), (5) ɩɨɥɭɱɟɧɨ ɞɥɹ ɫɢɦɦɟɬɪɢɱɧɨɝɨ 
ɪɚɫɬɟɤɚɧɢɹ ɠɢɞɤɨɫɬɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɚ-
ɱɚɥɶɧɨɝɨ ɫɟɱɟɧɢɹ ɤɚɧɚɥɚ. В ɬɟɯɧɢɱɟɫɤɢɯ 
ɩɪɢɥɨɠɟɧɢɹɯ ɢ ɜ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɭɫ-
ɬɚɧɨɜɤɚɯ ɱɚɫɬɨ ɧɚɱɚɥɶɧɵɦ ɫɟɱɟɧɢɟɦ ɹɜɥɹ-
ɟɬɫɹ ɧɟɩɪɨɧɢɰɚɟɦɚɹ ɫɬɟɧɤɚ (ɞɧɨ ɤɚɧɚɥɚ) ɢ 
ɜ ɨɤɪɟɫɬɧɨɫɬɢ ɷɬɨɝɨ ɫɟɱɟɧɢɹ ɚɜɬɨɦɨɞɟɥɶ-
ɧɨɟ ɪɟɲɟɧɢɟ ɧɟɩɪɢɦɟɧɢɦɨ. Ɉɞɧɚɤɨ ɷɤɫɩɟ-
ɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ [8-11] ɢ ɱɢɫɥɟɧɧɵɟ 
ɪɚɫɱɟɬɵ [3] ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɧɚ ɞɨɫɬɚɬɨɱ-
ɧɨɦ ɪɚɫɫɬɨɹɧɢɢ ɨɬ ɜɯɨɞɚ ɪɟɚɥɢɡɭɸɬɫɹ 
ɩɪɨɮɢɥɢ ɫɤɨɪɨɫɬɢ, ɯɚɪɚɤɬɟɪɧɵɟ ɞɥɹ ɚɜɬɨ-
ɦɨɞɟɥɶɧɨɝɨ ɪɟɲɟɧɢɹ. В ɬɨ ɠɟ ɜɪɟɦɹ ɢɡɭ-
ɱɟɧɢɟ ɭɫɬɨɣɱɢɜɨɫɬɢ ɷɬɢɯ ɬɟɱɟɧɢɣ ɩɪɢɜɨ-
ɞɢɬ ɤ ɜɵɜɨɞɭ ɨ ɬɨɦ, ɱɬɨ ɧɚ ɩɟɪɟɯɨɞ ɨɬ ɥɚ-
ɦɢɧɚɪɧɨɝɨ ɪɟɠɢɦɚ ɬɟɱɟɧɢɹ ɤ ɬɭɪɛɭɥɟɧɬ-
ɧɨɦɭ ɫɢɥɶɧɨ ɜɥɢɹɸɬ ɭɫɥɨɜɢɹ ɬɟɱɟɧɢɹ ɨɤɨ-
ɥɨ ɞɧɚ ɤɚɧɚɥɚ. В ɫɜɹɡɢ ɫ ɷɬɢɦ ɜ [3] ɛɵɥɨ 
ɪɚɫɫɦɨɬɪɟɧ ɯɚɪɚɤɬɟɪ ɬɟɱɟɧɢɹ ɜ ɧɚɱɚɥɶɧɨɦ 
ɭɱɚɫɬɤɟ ɩɥɨɫɤɨɝɨ ɤɚɧɚɥɚ ɤɚɤ ɞɥɹ ɫɥɭɱɚɹ 
ɧɟɩɪɨɧɢɰɚɟɦɨɝɨ ɞɧɚ, ɬɚɤ ɢ ɫɥɭɱɚɹ ɩɨɞɚɱɢ 
ɢɥɢ ɨɬɫɨɫɚ ɜɨɡɞɭɯɚ ɱɟɪɟɡ ɞɧɨ. Ȼɵɥɨ ɩɨɤɚ-
ɡɚɧɨ, ɱɬɨ ɜ ɨɤɪɟɫɬɧɨɫɬɢ ɞɧɚ ɤɚɧɚɥɚ ɨɛɪɚ-
ɡɭɸɬɫɹ ɜɢɯɪɟɜɵɟ ɡɚɫɬɨɣɧɵɟ ɡɨɧɵ ɢ ɩɪɨɮɢ-
ɥɢ ɫɤɨɪɨɫɬɟɣ ɫ ɬɨɱɤɚɦɢ ɩɟɪɟɝɢɛɚ. Ɉɞɧɚɤɨ, 
ɞɚɥɟɟ ɜɧɢɡ ɩɨ ɬɟɱɟɧɢɸ ɧɚ ɧɟɤɨɬɨɪɨɦ ɪɚɫ-
ɫɬɨɹɧɢɢ ɨɬ ɞɧɚ ɪɟɚɥɢɡɭɟɬɫɹ ɚɜɬɨɦɨɞɟɥɶ-
ɧɵɣ ɩɪɨɮɢɥɶ (5).  
ɏɚɪɚɤɬɟɪ ɬɟɱɟɧɢɹ ɨɤɨɥɨ ɧɟɩɪɨɧɢɰɚɟɦɨɝɨ 
ɞɧɚ ɤɚɧɚɥɚ, ɞɥɢɧɚ ɜɢɯɪɟɜɨɣ ɡɨɧɵ 1l ɢ ɞɥɢ-
ɧɚ ɩɟɪɟɯɨɞɧɨɝɨ ɭɱɚɫɬɤɚ 2l  ɩɪɢ ɥɚɦɢɧɚɪ-
ɧɨɦ ɪɟɠɢɦɟ ɬɟɱɟɧɢɹ ɢ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɡɧɚ-
ɱɟɧɢɹɯ ɱɢɫɥɚ Ɋɟɣɧɨɥɶɞɫɚ 0R  ɩɪɢɜɟɞɟɧɵ 

ɧɚ ɪɢɫɭɧɤɟ 2 
.
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Ɋɢɫ. 2. Ⱦɥɢɧɚ ɜɢɯɪɟɜɨɣ ɡɚɫɬɨɣɧɨɣ ɡɨɧɵ 1l  ɢ ɞɥɢɧɚ ɩɟɪɟɯɨɞɧɨɝɨ ɭɱɚɫɬɤɚ 2l  ɞɥɹ ɬɟɱɟɧɢɹ ɜ ɧɚ-
ɱɚɥɶɧɨɦ ɭɱɚɫɬɤɟ ɤɚɧɚɥɚ ɫ ɧɟɩɪɨɧɢɰɚɟɦɵɦ ɞɧɨɦ.

 
 
 

Ⱦɥɢɧɚ ɜɢɯɪɟɜɨɣ ɡɨɧɵ, ɜɵɱɢɫɥɟɧɧɚɹ 
ɩɪɢ ɩɨɦɨɳɢ CFX ɯɨɪɨɲɨ ɫɨɝɥɚɫɭɟɬɫɹ ɫ 
ɪɟɡɭɥɶɬɚɬɚɦɢ, ɩɪɢɜɟɞɟɧɧɵɦɢ ɜ ɥɢɬɟɪɚɬɭɪɟ. 
Вɟɥɢɱɢɧɚ 2l  ɩɨɤɚɡɵɜɚɟɬ ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɞɧɚ 
ɤɚɧɚɥɚ, ɩɨɫɥɟ ɤɨɬɨɪɨɝɨ ɜɧɢɡ ɩɨ ɬɟɱɟɧɢɸ 
ɪɟɚɥɢɡɭɟɬɫɹ ɚɜɬɨɦɨɞɟɥɶɧɵɣ ɩɪɨɮɢɥɶ (5). 

 
4. Аɧɚлиɡ ɪеɡɭлɶɬɚɬов ɪɚсчеɬɚ ɞлɹ 

ɬɭɪɛɭлеɧɬɧоɝо ɬечеɧиɹ.  
Ɋɚɫɱɟɬɵ ɩɪɨɜɨɞɢɥɢɫɶ ɫ ɰɟɥɶɸ ɩɪɨɜɟɪ-

ɤɢ ɨɫɨɛɟɧɧɨɫɬɟɣ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɬɟɱɟ-
ɧɢɣ, ɤɨɬɨɪɵɟ ɛɵɥɢ ɩɪɢɜɟɞɟɧɵ ɜɨ ɜɜɟɞɟ-
ɧɢɢ.  

ɉɟɪɜɚɹ ɢɡ ɷɬɢɯ ɨɫɨɛɟɧɧɨɫɬɟɣ - ɧɚɥɢɱɢɟ 
ɧɚɱɚɥɶɧɨɝɨ ɭɱɚɫɬɤɚ ɤɚɧɚɥɚ, ɜ ɤɨɬɨɪɨɦ ɬɟ-
ɱɟɧɢɟ ɨɫɬɚɟɬɫɹ ɥɚɦɢɧɚɪɧɵɦ ɩɪɢ ɥɸɛɵɯ 
ɱɢɫɥɚɯ Ɋɟɣɧɨɥɶɞɫɚ. ɉɟɪɟɯɨɞ ɨɬ ɥɚɦɢɧɚɪ-
ɧɨɝɨ ɪɟɠɢɦɚ ɬɟɱɟɧɢɹ ɧɚ ɧɚɱɚɥɶɧɨɦ ɭɱɚɫɬ-
ɤɟ ɤ ɬɭɪɛɭɥɟɧɬɧɨɦɭ ɥɟɝɤɨ ɨɬɫɥɟɠɢɜɚɟɬɫɹ 
ɩɨ ɝɪɚɮɢɤɚɦ ɢɡɦɟɧɟɧɢɹ ɢɧɬɟɧɫɢɜɧɨɫɬɢ 

ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ (ɢɥɢ ɬɭɪɛɭɥɟɧɬɧɨɣ ɜɹɡɤɨ-
ɫɬɢ) ɜɧɢɡ ɩɨ ɬɟɱɟɧɢɸ ɜ ɤɚɧɚɥɟ. ɉɟɪɟɯɨɞ 
ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧ ɢ ɫ ɩɨɦɨɳɶɸ ɡɚɜɢɫɢ-
ɦɨɫɬɢ ɧɚɩɪɹɠɟɧɢɣ Ɋɟɣɧɨɥɶɞɫɚ ɩɨ ɞɥɢɧɟ 
ɤɚɧɚɥɚ.  

В ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɧɚ ɪɢɫɭɧɤɟ 3 ɩɪɢ-
ɜɟɞɟɧɵ ɢɡɦɟɧɟɧɢɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɬɭɪɛɭ-
ɥɟɧɬɧɨɫɬɢ ɩɨ ɞɥɢɧɟ ɤɚɧɚɥɚ ɞɥɹ ɪɚɡɥɢɱɧɵɯ 
ɡɧɚɱɟɧɢɣ ɜɟɥɢɱɢɧɵ Y , ɩɨɤɚɡɵɜɚɸɳɢɯ 
ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɨɫɢ ɤɚɧɚɥɚ: 0=Y (ɨɫɶ ɤɚɧɚ-
ɥɚ); 5,0=Y ; 8,0=Y ; 95.0=Y  ɞɥɹ ɬɢɩɢɱ-
ɧɵɯ ɡɧɚɱɟɧɢɣ ɱɢɫɥɚ Ɋɟɣɧɨɥɶɞɫɚ ɢ ɬɪɟɯ 
ɪɚɡɥɢɱɧɵɯ ɦɨɞɟɥɟɣ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ. Ɂɧɚ-
ɱɟɧɢɟ 1=Y  ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɪɨɧɢɰɚɟɦɨɣ 
ɫɬɟɧɤɟ ɤɚɧɚɥɚ. Ɂɞɟɫɶ ɩɪɢɜɟɞɟɧɵ ɡɚɜɢɫɢɦɨ-
ɫɬɢ ɞɥɹ ɜɫɟɣ ɞɥɢɧɵ ɤɚɧɚɥɚ. Ⱦɥɹ ɭɞɨɛɫɬɜɚ 
ɨɛɪɚɛɨɬɤɢ ɪɟɡɭɥɶɬɚɬɨɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ 
ɮɭɧɤɰɢɢ ɜɵɞɚɜɚɥɢɫɶ ɢ ɬɨɥɶɤɨ ɜ ɧɚɱɚɥɶɧɨɦ 
ɭɱɚɫɬɤɟ 100 ≤≤ X . 
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Ɋɢɫ. 3. Иɡɦɟɧɟɧɢɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ ɩɨ ɞɥɢɧɟ ɤɚɧɚɥɚ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɡɧɚɱɟɧɢɣ 
ɜɟɥɢɱɢɧɵ Y , ɩɨɤɚɡɵɜɚɸɳɢɯ ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɨɫɢ ɤɚɧɚɥɚ: 0=Y (ɨɫɶ ɤɚɧɚɥɚ); 5,0=Y ; 8,0=Y ; 

95.0=Y  ɞɥɹ ɬɢɩɢɱɧɵɯ ɡɧɚɱɟɧɢɣ ɱɢɫɥɚ Ɋɟɣɧɨɥɶɞɫɚ ɢ ɬɪɟɯ ɪɚɡɥɢɱɧɵɯ ɦɨɞɟɥɟɣ 
 ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ. 



В.ɇ.Вɚɪɚɩɚɟɜ, Ф.Ɇ.Кɨɬɨɜ 

 Volume 7, Issue 3, 2011 88

Вɢɞɧɨ, ɱɬɨ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɬɭɪɛɭ-
ɥɟɧɬɧɨɫɬɢ ɦɚɥɚ ɜ ɧɚɱɚɥɶɧɨɦ ɭɱɚɫɬɤɟ 
( 100 ≤≤ X )  ɢ ɞɚɥɟɟ ɧɚɱɢɧɚɟɬ ɪɚɫɬɢ. Ɋɟ-
ɡɭɥɶɬɚɬɵ  ɪɚɫɱɟɬɨɜ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɞɥɹ 
ɜɫɟɯ ɦɨɞɟɥɟɣ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ ɩɨɥɭɱɟɧ ɩɟ-
ɪɟɯɨɞ ɤ ɬɭɪɛɭɥɟɧɬɧɨɦɭ ɪɟɠɢɦɭ: ɢɧɬɟɧɫɢɜ-
ɧɨɫɬɶ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ ɢ ɬɭɪɛɭɥɟɧɬɧɚɹ ɜɹɡ-
ɤɨɫɬɶ ɢɦɟɸɬ ɜɟɫɶɦɚ ɦɚɥɵɟ ɡɧɚɱɟɧɢɹ ɜ ɧɚ-
ɱɚɥɶɧɨɦ ɭɱɚɫɬɤɟ ɤɚɧɚɥɚ, ɚ ɡɚɬɟɦ ɧɚɱɢɧɚɸɬ  
ɪɚɫɬɢ. ɉɪɢ ɞɚɥɶɧɟɣɲɟɦ ɭɜɟɥɢɱɟɧɢɢ x  ɢɧ-
ɬɟɧɫɢɜɧɨɫɬɶ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ ɞɨɫɬɢɝɚɟɬ 
ɦɚɤɫɢɦɭɦɚ ɢ ɧɚɱɢɧɚɟɬ ɭɦɟɧɶɲɚɬɶɫɹ ɩɨ 
ɞɥɢɧɟ ɤɚɧɚɥɚ (ɪɢɫ. 3). Ɍɚɤɨɟ ɩɨɜɟɞɟɧɢɟ ɢɧ-
ɬɟɧɫɢɜɧɨɫɬɢ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ ɢ ɫɥɟɞɨɜɚɥɨ 
ɨɠɢɞɚɬɶ ɫɨɝɥɚɫɧɨ ɷɤɫɩɟɪɢɦɟɧɬɚɦ [9-12]). 
Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɜɵɱɢɫɥɢɬɟɥɶɧɵɣ ɩɪɨɰɟɫɫ 
ɫɯɨɞɢɥɫɹ ɢ ɧɟ ɜɨɡɧɢɤɚɥɨ ɡɧɚɱɢɬɟɥɶɧɵɯ ɢɫ-
ɤɚɠɟɧɢɣ, ɧɟɨɛɯɨɞɢɦɨ, ɱɬɨɛɵ ɤɨɧɟɰ ɪɚɫ-
ɱɟɬɧɨɣ ɨɛɥɚɫɬɢ ɛɵɥ ɭɞɚɥɟɧ ɯɨɬɹ ɛɵ ɧɚ 10-
15 ɯɚɪɚɤɬɟɪɧɵɯ ɪɚɡɦɟɪɨɜ ɨɬ ɫɟɱɟɧɢɹ, ɜ ɤɨ-
ɬɨɪɨɦ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ ɞɨɫ-
ɬɢɝɚɥɚ ɫɜɨɟɝɨ ɦɚɤɫɢɦɭɦɚ.  Ʌɚɦɢɧɚɪɧɵɣ 
ɭɱɚɫɬɨɤ ɜ ɧɚɱɚɥɟ ɤɚɧɚɥɚ ɫɭɳɟɫɬɜɭɟɬ ɩɪɢ 
ɜɫɟɯ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɡɧɚɱɟɧɢɹɯ 0R . Ɍɚɤɨɟ 
ɩɨɜɟɞɟɧɢɟ ɧɚɛɥɸɞɚɥɨɫɶ ɜ ɷɤɫɩɟɪɢɦɟɧɬɚɯ 
[9-12] ɞɥɹ ɩɥɨɫɤɨɝɨ ɢ ɤɨɥɶɰɟɜɨɝɨ ɤɚɧɚɥɚ ɢ 
ɜ ɬɪɭɛɚɯ ɢ ɩɪɟɞɫɤɚɡɚɧɨ ɬɟɨɪɟɬɢɱɟɫɤɢ ɜ [2], 
[4] ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɣ 
ɭɫɬɨɣɱɢɜɨɫɬɢ ɷɬɢɯ ɬɟɱɟɧɢɣ ɜ ɥɢɧɟɣɧɨɦ 
ɩɪɢɛɥɢɠɟɧɢɢ ɫ ɭɱɟɬɨɦ ɧɟɩɚɪɚɥɥɟɥɶɧɨɫɬɢ 
ɨɫɧɨɜɧɨɝɨ ɩɨɬɨɤɚ ɧɚ ɨɫɧɨɜɚɧɢɢ ɨɛɨɛɳɟɧ-
ɧɨɝɨ ɭɪɚɜɧɟɧɢɹ Ɉɪɪɚ-Ɂɨɦɦɟɪɮɟɥɶɞɚ.  

В ɬɚɛɥɢɰɟ 1 ɩɨɤɚɡɚɧɨ, ɤɚɤ ɦɟɧɹɟɬɫɹ 
ɤɨɨɪɞɢɧɚɬɚ ɩɟɪɟɯɨɞɚ ɤ ɬɭɪɛɭɥɟɧɬɧɨɦɭ ɪɟ-
ɠɢɦɭ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɦɨɞɟɥɢ ɬɭɪɛɭɥɟɧɬ-
ɧɨɫɬɢ ɢ ɱɢɫɥɚ 0R . ɋɨɝɥɚɫɧɨ ɪɟɡɭɥɶɬɚɬɚɦ, 

ɩɨɥɭɱɟɧɧɵɦ ɜ [2], [4] ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɥɢ-
ɧɟɣɧɨɣ ɬɟɨɪɢɢ ɭɫɬɨɣɱɢɜɨɫɬɢ, ɬɟɱɟɧɢɟ ɜ ɤɚ-
ɧɚɥɟ ɫ ɩɪɨɧɢɰɚɟɦɵɦɢ ɫɬɟɧɤɚɦɢ ɩɪɢ ɞɚɧɧɵɯ 
ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɹɯ ɬɟɪɹɟɬ ɭɫɬɨɣɱɢɜɨɫɬɶ 
ɩɪɢ ɦɟɧɶɲɢɯ ɡɧɚɱɟɧɢɹɯ x, ɱɟɦ ɩɨɥɭɱɟɧɨ ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɱɟɬɚ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɬɨɱɤɚ ɩɟ-
ɪɟɯɨɞɚ ɤ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɧɢ-
ɠɟ ɩɨ ɩɨɬɨɤɭ, ɱɟɦ  ɬɨɱɤɚ ɩɨɬɟɪɢ ɭɫɬɨɣɱɢɜɨ-
ɫɬɢ. Ɉɬɦɟɬɢɦ, ɱɬɨ ɦɨɞɟɥɢ SST ɢ BSL ɜɨ ɜɫɟɯ 
ɫɥɭɱɚɹɯ ɜɵɞɚɥɢ ɩɨɱɬɢ ɨɞɢɧɚɤɨɜɵɟ ɪɟɡɭɥɶɬɚ-

ɬɵ, ɱɬɨ ɦɨɠɧɨ ɨɛɴɹɫɧɢɬɶ ɬɟɦ, ɱɬɨ ɨɧɢ ɨɫɧɨ-
ɜɚɧɵ ɧɚ ɩɨɯɨɠɢɯ ɢɞɟɹɯ. 

                                             Ɍɚɛɥɢɰɚ 1 
Ɂɚɜɢɫɢɦɨɫɬɶ ɨɛɥɚɫɬɢ ɩɟɪɟɯɨɞɚ ɤ ɬɭɪ-

ɛɭɥɟɧɬɧɨɦɭ ɪɟɠɢɦɭ ɨɬ ɱɢɫɥɚ Ɋɟɣɧɨɥɶɞɫɚ 
ɜɞɭɜɚ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɦɨɞɟɥɟɣ ɬɭɪɛɭ-

ɥɟɧɬɧɨɫɬɢ. 
0R  ɦɨɞɟɥɶ 20 100 200 

ɫɬɚɰɢɨɧɚɪɧɵɟ    

SST 6-10 15-18 21 

BSL 6-10 15-20 21 ω,K  6-10 16-20 21 
BSL RS 4-8 12 15 
SSG RS 4-8 10-12 13-14

ɧɟɫɬɚɰɢɨɧɚɪɧɵɟ    

SST 4 8 6 ω,K  6-8 15-21 29-31ε,K  18-20 25-38 25-38
Ɉɬɧɨɫɢɬɟɥɶɧɨ ɪɟɡɭɥɶɬɚɬɨɜ, ɩɪɢɜɟ-

ɞɟɧɧɵɯ ɜ ɬɚɛɥɢɰɟ 1, ɧɟɨɛɯɨɞɢɦɨ ɫɞɟɥɚɬɶ 
ɫɥɟɞɭɸɳɢɟ ɡɚɦɟɱɚɧɢɹ.  

Вɨ-ɩɟɪɜɵɯ, ɫɟɱɟɧɢɟ ɤɚɧɚɥɚ, ɜ ɤɨɬɨɪɨɦ 
ɩɪɨɢɫɯɨɞɢɬ ɩɟɪɟɯɨɞ ɤ ɬɭɪɛɭɥɟɧɬɧɨɦɭ ɪɟ-
ɠɢɦɭ, ɧɟɥɶɡɹ ɨɩɪɟɞɟɥɢɬɶ ɬɨɱɧɨ, ɬɚɤ ɤɚɤ 
ɪɨɫɬ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ ɩɪɢ 
ɪɚɡɥɢɱɧɵɯ ɪɚɫɫɬɨɹɧɢɹɯ ɨɬ ɫɬɟɧɤɢ ɜ ɞɚɧɧɨɦ 
ɫɟɱɟɧɢɢ ɩɪɨɢɫɯɨɞɢɬ ɩɨ-ɪɚɡɧɨɦɭ. ɋɨɝɥɚɫɧɨ 
ɥɢɧɟɣɧɨɣ ɬɟɨɪɢɢ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɭɫ-
ɬɨɣɱɢɜɨɫɬɢ ɪɨɫɬ ɜɨɡɦɭɳɟɧɢɣ ɧɚɱɢɧɚɟɬɫɹ ɜ 
ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɟ, ɬɨ-ɟɫɬɶ, ɩɪɢ ɬɚɤɨɦ ɡɧɚ-
ɱɟɧɢɢ *Y , ɞɥɹ ɤɨɬɨɪɨɝɨ ( ) rcYU =* , ɝɞɟ  rɫ  
- ɮɚɡɨɜɚɹ ɫɤɨɪɨɫɬɶ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɜɨɡ-
ɦɭɳɟɧɢɣ [2]. Ⱦɚɥɟɟ ɜɧɢɡ ɩɨ ɬɟɱɟɧɢɸ ɩɪɨ-
ɢɫɯɨɞɢɬ ɫɥɨɠɧɨɟ ɧɟɥɢɧɟɣɧɨɟ ɜɡɚɢɦɨɞɟɣ-
ɫɬɜɢɟ ɜɨɡɦɭɳɟɧɢɣ ɫ ɪɚɡɧɵɦɢ ɜɨɥɧɨɜɵɦɢ 
ɱɢɫɥɚɦɢ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɩɪɨɢɫɯɨɞɢɬ 
ɬɭɪɛɭɥɢɡɚɰɢɹ ɩɨɬɨɤɚ. Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ 
ɞɥɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɬɟɱɟɧɢɹ ɩɨɤɚɡɵɜɚ-
ɸɬ, ɱɬɨ ɡɧɚɱɢɬɟɥɶɧɵɣ ɪɨɫɬ ɜɨɡɦɭɳɟɧɢɣ 
ɦɨɠɟɬ ɩɪɨɢɫɯɨɞɢɬɶ ɬɨɥɶɤɨ ɜ ɧɟɤɨɬɨɪɨɣ 
ɨɤɪɟɫɬɧɨɫɬɢ *Y , ɢ ɧɚ ɩɪɨɬɹɠɟɧɢɢ ɧɟɫɤɨɥɶ-
ɤɢɯ ɤɚɥɢɛɪɨɜ ɬɨɥɶɤɨ ɷɬɚ ɩɭɥɶɫɚɰɢɨɧɧɚɹ 



Чɢɫɥɟɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɥɚɦɢɧɚɪɧɵɯ ɢ ɬɭɪɛɭɥɟɧɬɧɵɯ ɬɟɱɟɧɢɣ ɜ ɩɥɨɫɤɨɦ ɤɚɧɚɥɟ ɫ ɩɪɨɧɢɰɚɟɦɵɦɢ ɫɬɟɧɤɚɦɢ 
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ɷɧɟɪɝɢɹ ɪɚɫɬɟɬ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɩɪɢ ɞɪɭɝɢɯ 
Y ɜɨɡɦɭɳɟɧɢɹ ɭɛɵɜɚɸɬ.  Ʌɢɲɶ ɧɚ ɧɟɤɨɬɨ-
ɪɨɦ ɪɚɫɫɬɨɹɧɢɢ ɜɧɢɡ ɩɨ ɩɨɬɨɤɭ, ɪɚɜɧɨɦ 
ɧɟɫɤɨɥɶɤɢɦ ɡɧɚɱɟɧɢɹɦ ɜɟɥɢɱɢɧɵ hX /  ɢɧ-
ɬɟɧɫɢɜɧɨɫɬɶ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ ɧɚɱɢɧɚɟɬ ɪɚɫ-
ɬɢ ɩɨɱɬɢ ɜɨ ɜɫɟɦ ɫɟɱɟɧɢɢ consthX =/ .  

Вɨ-ɜɬɨɪɵɯ, ɫɪɚɜɧɟɧɢɟ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ 
ɥɢɧɟɣɧɨɣ ɬɟɨɪɢɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɪɚɫɫɦɚɬɪɢ-
ɜɚɟɦɨɝɨ ɬɟɱɟɧɢɹ, ɤɨɬɨɪɨɟ ɩɪɢɜɟɞɟɧɨ ɜ [2], 
ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɪɟɡɭɥɶɬɚɬɵ ɧɟɫɬɚɰɢɨɧɚɪ-
ɧɨɣ ɦɨɞɟɥɢ SST ɞɥɹ ɱɢɫɥɚ 0R =20 ɹɜɥɹɸɬ-
ɫɹ ɧɟɞɨɫɬɨɜɟɪɧɵɦɢ. Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, ɞɥɹ 
ɷɬɨɝɨ ɱɢɫɥɚ Ɋɟɣɧɨɥɶɞɫɚ ɜɞɭɜɚ ɤɪɢɬɢɱɟɫɤɨɟ 
ɱɢɫɥɨ Ɋɟɣɧɨɥɶɞɫɚ *R , ɩɨɫɬɪɨɟɧɧɨɟ ɩɨ ɫɤɨ-
ɪɨɫɬɢ ɧɚ ɨɫɢ ɤɚɧɚɥɚ, ɪɚɜɧɨ 660* =R . В ɬɨ 
ɠɟ ɜɪɟɦɹ ɬɟɤɭɳɟɟ ɱɢɫɥɨ Ɋɟɣɧɨɥɶɞɫɚ ɜ ɫɟ-
ɱɟɧɢɢ X=4, ɝɞɟ ɫɨɝɥɚɫɧɨ ɪɟɡɭɥɶɬɚɬɚɦ ɧɚ-
ɱɢɧɚɟɬɫɹ ɬɭɪɛɭɥɟɧɬɧɵɣ ɪɟɠɢɦ, ɪɚɜɧɨ 
R=150, ɱɬɨ ɫɭɳɟɫɬɜɟɧɧɨ ɧɢɠɟ ɤɪɢɬɢɱɟɫɤɨ-
ɝɨ ɱɢɫɥɚ Ɋɟɣɧɨɥɶɞɫɚ ɩɨ ɥɢɧɟɣɧɨɣ ɬɟɨɪɢɢ. 
ȿɞɢɧɫɬɜɟɧɧɚɹ ɩɪɢɱɢɧɚ, ɩɨ ɤɨɬɨɪɨɣ ɩɪɢɜɟ-
ɞɟɧɧɨɟ ɪɚɫɫɭɠɞɟɧɢɟ ɦɨɠɟɬ ɛɵɬɶ ɧɟɞɨɫɬɚ-
ɬɨɱɧɨ ɨɛɨɫɧɨɜɚɧɧɵɦ, ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, 
ɱɬɨ ɩɪɢ ɦɚɥɵɯ ɱɢɫɥɚɯ 0R  ɝɢɩɨɬɟɡɚ ɥɨ-
ɤɚɥɶɧɨɣ ɚɜɬɨɦɨɞɟɥɶɧɨɫɬɢ ɜɨɡɦɭɳɟɧɢɣ, 
ɢɫɩɨɥɶɡɨɜɚɧɧɚɹ ɜ [2] ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɭɫ-
ɬɨɣɱɢɜɨɫɬɢ ɧɟɩɚɪɚɥɥɟɥɶɧɵɯ ɬɟɱɟɧɢɢ, ɹɜ-
ɥɹɟɬɫɹ ɧɟɞɨɫɬɚɬɨɱɧɨ ɨɛɨɫɧɨɜɚɧɧɨɣ.  

Ⱦɥɹ ɞɪɭɝɢɯ ɱɢɫɟɥ 0R =100  ɢ  0R =200 

ɬɟɤɭɳɢɟ ɱɢɫɥɚ Ɋɟɣɧɨɥɶɞɫɚ ɜ ɫɟɱɟɧɢɹɯ ɤɚ-
ɧɚɥɚ, ɝɞɟ ɧɚɱɢɧɚɟɬɫɹ ɬɭɪɛɭɥɟɧɬɧɵɣ ɪɟɠɢɦ, 
ɨɤɚɡɵɜɚɸɬɫɹ ɛɨɥɶɲɟ ɤɪɢɬɢɱɟɫɤɢɯ ɱɢɫɟɥ 
Ɋɟɣɧɨɥɶɞɫɚ ɩɨ ɥɢɧɟɣɧɨɣ ɬɟɨɪɢɢ. Ⱦɥɹ ɩɨɞ-
ɬɜɟɪɠɞɟɧɢɹ ɷɬɨɝɨ ɩɪɢɜɟɞɟɦ ɤɪɢɬɢɱɟɫɤɢɟ 
ɱɢɫɥɚ Ɋɟɣɧɨɥɶɞɫɚ *R  ɢ ɬɨɱɤɢ ɩɨɬɟɪɢ ɭɫ-
ɬɨɣɱɢɜɨɫɬɢ *X  ɞɥɹ ɷɬɢɯ ɱɢɫɟɥ Ɋɟɣɧɨɥɶɞ-
ɫɚ, ɩɨɥɭɱɟɧɧɵɟ ɩɨ ɥɢɧɟɣɧɨɣ ɬɟɨɪɢɢ ɜ [2]: 
ɞɥɹ 0R =100  1000* =R ,  

 7,6* ≈X , ɚ ɞɥɹ 0R =200 1730* =R , 

76,5* ≈X . ɋɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɤɨɨɪɞɢɧɚɬɵ 
ɩɟɪɟɯɨɞɚ ɤ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ ɞɥɹ ɧɟɫɬɚɰɢɨ-
ɧɚɪɧɨɣ ɦɨɞɟɥɢ SST ɩɪɢɦɟɪɧɨ ɪɚɜɧɵ 8 ɢ 6, 
ɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɥɨɤɚɥɶɧɵɟ ɱɢɫɥɚ Ɋɟɣ-
ɧɨɥɶɞɫɚ ɧɚ ɨɫɢ, ɩɨɥɭɱɟɧɧɵɟ ɢɡ ɱɢɫɥɟɧɧɨɝɨ 

ɪɟɲɟɧɢɹ ɩɨ CFX ɪɚɜɧɵ  1300 ɢ 1800. Ɉɬ-
ɫɸɞɚ ɫɥɟɞɭɟɬ, ɱɬɨ ɧɟɫɬɚɰɢɨɧɚɪɧɚɹ ɦɨɞɟɥɶ 
SST ɞɨɫɬɚɬɨɱɧɨ ɯɨɪɨɲɨ ɨɩɢɫɵɜɚɟɬ ɩɟɪɟ-
ɯɨɞ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ ɞɥɹ ɛɨɥɶɲɢɯ ɱɢɫɟɥ 

0R . Аɧɚɥɢɡ ɞɪɭɝɢɯ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɢɯ ɜɟ-
ɥɢɱɢɧ ɢ ɫɪɚɜɧɟɧɢɟ ɢɯ ɫ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶ-
ɧɵɦɢ ɢ ɱɢɫɥɟɧɧɵɦɢ ɞɚɧɧɵɦɢ ɞɪɭɝɢɯ ɚɜ-
ɬɨɪɨɜ ɩɨɞɬɜɟɪɠɞɚɟɬ ɷɬɨɬ ɜɵɜɨɞ.  

Аɧɚɥɨɝɢɱɧɵɣ ɚɧɚɥɢɡ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ 
ɦɨɞɟɥɢ ɞɥɹ ɧɚɩɪɹɠɟɧɢɣ Ɋɟɣɧɨɥɶɞɫɚ ɬɨɠɟ 
ɞɨɫɬɚɬɨɱɧɨ ɯɨɪɨɳɨ ɨɩɢɫɵɜɚɸɬ ɩɟɪɟɯɨɞ ɢ 
ɬɭɪɛɭɥɟɧɬɧɨɟ ɬɟɱɟɧɢɟ ɞɥɹ ɪɚɫɫɦɚɬɪɢɜɚɟ-
ɦɵɯ ɬɟɱɟɧɢɣ. Ɉɫɬɚɥɶɧɵɟ ɦɨɞɟɥɢ ɦɨɠɧɨ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɨɩɢɫɚɧɢɟ ɪɚɫɫɦɚɬɪɢɜɚɟ-
ɦɵɯ ɬɭɪɛɭɥɟɧɬɧɵɯ ɬɟɱɟɧɢɣ, ɧɨ ɨɧɢ, ɩɨ-
ɜɢɞɢɦɨɦɭ, ɯɭɠɟ ɨɩɢɫɵɜɚɸɬ ɩɟɪɟɯɨɞ ɨɬ 
ɥɚɦɢɧɚɪɧɨɝɨ ɪɟɠɢɦɚ ɤ ɬɭɪɛɭɥɟɧɬɧɨɦɭ.  

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ 
ɜ ɧɚɱɚɥɶɧɨɦ ɭɱɚɫɬɤɟ ɤɚɧɚɥɚ ɪɟɚɥɢɡɭɟɬɫɹ 
ɚɜɬɨɦɨɞɟɥɶɧɵɣ ɩɪɨɮɢɥɶ (5) ɤɚɤ ɜ ɥɚɦɢ-
ɧɚɪɧɨɦ ɭɱɚɫɬɤɟ, ɬɚɤ ɢ ɧɚ ɩɟɪɜɨɧɚɱɚɥɶɧɨɦ 
ɬɭɪɛɭɥɟɧɬɧɨɦ ɭɱɚɫɬɤɟ. Эɬɢɦ ɷɬɨ ɬɟɱɟɧɢɟ 
ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɬɟɱɟɧɢɹ ɜ ɤɚɧɚɥɟ ɫ ɧɟɩɪɨɧɢ-
ɰɚɟɦɵɦɢ ɫɬɟɧɤɚɦɢ, ɝɞɟ ɩɪɢ ɩɟɪɟɯɨɞɟ ɤ 
ɬɭɪɛɭɥɟɧɬɧɨɦɭ ɪɟɠɢɦɭ ɩɪɨɢɫɯɨɞɢɬ ɧɚ-
ɩɨɥɧɟɧɢɟ ɩɪɨɮɢɥɹ ɫɤɨɪɨɫɬɢ. ɇɚɩɨɥɧɟɧɢɟ 
ɩɪɨɮɢɥɹ ɫɤɨɪɨɫɬɢ ɩɪɨɢɫɯɨɞɢɬ ɧɟ ɫɪɚɡɭ ɩɨ-
ɫɥɟ ɩɟɪɟɯɨɞɚ, ɤɚɤ ɷɬɨ ɛɵɜɚɟɬ ɜ ɬɟɱɟɧɢɹɯ 
ɛɟɡ ɜɞɭɜɚ ɱɟɪɟɡ ɫɬɟɧɤɢ, ɚ ɱɟɪɟɡ ɧɟɤɨɬɨɪɨɟ 
ɡɧɚɱɢɬɟɥɶɧɨɟ ɪɚɫɫɬɨɹɧɢɟ ɜɧɢɡ ɩɨ ɩɨɬɨɤɭ. 
Ɇɨɠɧɨ ɫɤɚɡɚɬɶ, ɱɬɨ ɜ ɷɬɨɣ ɡɚɞɚɱɟ ɩɪɨɢɫɯɨ-
ɞɢɬ 2 ɩɟɪɟɯɨɞɚ: ɜɨ ɜɪɟɦɹ ɩɟɪɜɨɝɨ ɧɚɱɢɧɚɟɬ 
ɪɚɫɬɢ ɬɭɪɛɭɥɟɧɬɧɚɹ ɜɹɡɤɨɫɬɶ ɢ ɢɧɬɟɧɫɢɜ-
ɧɨɫɬɶ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ, ɚ ɩɪɢ ɜɬɨɪɨɦ ɩɪɨ-
ɢɫɯɨɞɢɬ ɧɚɩɨɥɧɟɧɢɟ ɩɪɨɮɢɥɹ ɫɤɨɪɨɫɬɢ. 

Эɬɨɬ ɮɚɤɬ ɢɥɥɸɫɬɪɢɪɭɟɬ ɪɢɫ. 4, ɧɚ ɤɨ-
ɬɨɪɨɦ ɩɨɤɚɡɚɧɨ ɢɡɦɟɧɟɧɢɟ ɧɨɪɦɢɪɨɜɚɧɧɵɯ 
ɩɪɨɮɢɥɟɣ ɫɤɨɪɨɫɬɢ  

            ( ) ( )( )0

,

mu

yxu
yU

∗=  

ɜ ɪɚɡɥɢɱɧɵɯ ɫɟɱɟɧɢɹɯ ɤɚɧɚɥɚ x/h=5; 
10; 20; 30. ɇɨɪɦɢɪɨɜɤɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 
ɞɟɥɟɧɢɟɦ ɪɚɡɦɟɪɧɨɣ ɫɤɨɪɨɫɬɢ ɧɚ ɡɧɚɱɟɧɢɟ 
ɫɤɨɪɨɫɬɢ ɧɚ ɨɫɢ ɤɚɧɚɥɚ. Ƚɪɚɮɢɤ ɫɨɨɬɜɟɬɫɬ-
ɜɭɟɬ ɡɧɚɱɟɧɢɸ 0R =200 ɢ ɩɨɥɭɱɟɧ ɩɨ ɧɟ-
ɫɬɚɰɢɨɧɚɪɧɨɣ ɦɨɞɟɥɢ SST. 
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Ɋɢɫ. 4 ɉɪɨɮɢɥɢ ɨɫɪɟɞɧɟɧɧɨɣ ɫɤɨɪɨɫɬɢ, ɨɬɧɟɫɟɧɧɨɣ ɤ ɫɤɨɪɨɫɬɢ ɧɚ ɨɫɢ, ɞɥɹ ɪɚɡɥɢɱɧɵɯ 

 ɫɟɱɟɧɢɣ ɤɚɧɚɥɚ  x/h=5; 10; 20; 30  ɞɥɹ 0R =200. 
 

Ƚɪɚɮɢɤ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɬɭɪɛɭɥɟɧɬɧɨ-
ɫɬɢ ɢɦɟɟɬ ɞɜɚ ɦɚɤɫɢɦɭɦɚ, ɤɨɬɨɪɵɟ ɨɬɨ-
ɞɜɢɧɭɬɵ ɛɥɢɠɟ ɤ ɨɫɢ ɤɚɧɚɥɚ, ɩɨ ɫɪɚɜɧɟ-
ɧɢɸ ɫ ɬɟɱɟɧɢɹɦɢ ɛɟɡ ɜɞɭɜɚ. Ɉɞɧɚɤɨ ɫ ɭɞɚ-
ɥɟɧɢɟɦ ɨɬ ɬɨɪɰɟɜɨɝɨ ɫɟɱɟɧɢɹ ɤɚɧɚɥɚ ɬɨɱɤɢ 
ɦɚɤɫɢɦɭɦɚ ɫɞɜɢɝɚɸɬɫɹ ɛɥɢɠɟ ɤ ɫɬɟɧɤɟ. 
ɉɨɜɟɞɟɧɢɟ ɩɪɨɮɢɥɹ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɬɭɪɛɭ-
ɥɟɧɬɧɨɫɬɢ ɩɪɢɜɟɞɟɧɨ ɧɚ ɪɢɫ. 5. Эɬɢ ɩɪɨ-
ɮɢɥɢ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɡɧɚɱɟɧɢɸ 0R =200 ɢ 
ɪɚɡɥɢɱɧɵɦ ɛɟɡɪɚɡɦɟɪɧɵɦ ɡɧɚɱɟɧɢɹɦ x. 
Ɉɧɢ ɩɨɥɭɱɟɧɵ ɫ ɩɨɦɨɳɶɸ ɧɟɫɬɚɰɢɨɧɚɪɧɨɣ 
ɦɨɞɟɥɢ SST.  

Ɉɬɦɟɬɢɦ, ɱɬɨ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɬɭɪɛɭ-
ɥɟɧɬɧɨɫɬɢ ɜ ɧɚɱɚɥɶɧɨɦ ɭɱɚɫɬɤɟ ɢ ɞɨɫɬɚ-
ɬɨɱɧɨ ɞɚɥɟɤɨ ɜɧɢɡ ɩɨ ɬɟɱɟɧɢɸ ɧɟ ɪɚɜɧɚ 
ɧɭɥɸ ɧɚ ɨɫɢ ɤɚɧɚɥɚ.  

Ɂɚɜɢɫɢɦɨɫɬɶ ɤɨɦɩɨɧɟɧɬ ɧɚɩɪɹɠɟɧɢɣ 
Ɋɟɣɧɨɥɶɞɫɚ ɨɬ ɩɪɨɞɨɥɶɧɨɣ ɤɨɨɪɞɢɧɚɬɵ x 
ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɱɢɫɟɥ 0R , ɩɨɥɭɱɟɧɧɚɹ ɩɨ 
ɦɨɞɟɥɢ BSL Reynolds Stress, ɩɪɢɜɟɞɟɧɚ ɧɚ 
ɪɢɫ. 6. Ȼɨɥɟɟ ɩɨɞɪɨɛɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɤɨɦ-
ɩɨɧɟɧɬ ɧɚɩɪɹɠɟɧɢɣ Ɋɟɣɧɨɥɶɞɫɚ ɞɥɹ ɫɥɭɱɚɹ 

2000 =R  ɩɪɢɜɟɞɟɧɨ ɧɚ ɪɢɫ.7. 

 
Ɋɢɫ 5. ɉɨɜɟɞɟɧɢɟ ɩɪɨɮɢɥɹ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ ɜ ɪɚɡɥɢɱɧɵɯ ɫɟɱɟɧɢɹɯ ɤɚɧɚɥɚ. 



Чɢɫɥɟɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɥɚɦɢɧɚɪɧɵɯ ɢ ɬɭɪɛɭɥɟɧɬɧɵɯ ɬɟɱɟɧɢɣ ɜ ɩɥɨɫɤɨɦ ɤɚɧɚɥɟ ɫ ɩɪɨɧɢɰɚɟɦɵɦɢ ɫɬɟɧɤɚɦɢ 
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Кɚɱɟɫɬɜɟɧɧɨɟ ɢ ɱɚɫɬɢɱɧɨ ɤɨɥɢɱɟɫɬ-
ɜɟɧɧɨɟ ɫɪɚɜɧɟɧɢɟ ɩɨɥɭɱɟɧɧɵɯ ɧɚɩɪɹɠɟɧɢɣ 
Ɋɟɣɧɨɥɶɞɫɚ ɞɥɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɩɥɨɫɤɨ-
ɝɨ ɫɥɭɱɚɹ ɫ ɱɢɫɥɟɧɧɵɦɢ ɢ ɷɤɫɩɟɪɢɦɟɧ-
ɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ ɞɥɹ ɤɨɥɶɰɟɜɨɝɨ ɤɚɧɚɥɚ 
ɢ ɬɪɭɛɵ ɜ ɪɚɛɨɬɚɯ [8]-[11] ɩɨɤɚɡɵɜɚɟɬ ɢɯ 
ɞɨɫɬɚɬɨɱɧɨ ɯɨɪɨɲɟɟ ɫɨɝɥɚɫɢɟ. Эɬɨ ɤɚɫɚɟɬ-
ɫɹ ɩɪɟɠɞɟ ɜɫɟɝɨ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɜɟɥɢɱɢɧɵ 
ɱɥɟɧɨɜ UVWWVVUU ,,, , ɹɜɥɹɸɳɢɯɫɹ 
ɤɨɦɩɨɧɟɧɬɚɦɢ ɧɚɩɪɹɠɟɧɢɣ Ɋɟɣɧɨɥɶɞɫɚ. 
Ɂɞɟɫɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɩɪɨɫɬɵɟ ɨɛɨɡɧɚɱɟɧɢɹ 
ɞɥɹ ɤɨɦɩɨɧɟɧɬ ɧɚɩɪɹɠɟɧɢɣ Ɋɟɣɧɨɥɶɞɫɚ 

ikvv ′′− ρ , ɤɨɬɨɪɵɟ ɛɵɥɢ ɡɚɩɢɫɚɧɵ ɜ ɛɟɡ-
ɪɚɡɦɟɪɧɨɦ ɜɢɞɟ. ɉɪɢ ɩɪɢɜɟɞɟɧɢɢ ɤ ɛɟɡ-
ɪɚɡɦɟɪɧɨɦɭ ɜɢɞɭ ɡɚ ɯɚɪɚɤɬɟɪɧɭɸ ɫɤɨɪɨɫɬɶ 
ɩɪɢɧɹɬɚ ɫɤɨɪɨɫɬɶ ɧɚ ɨɫɢ ɤɚɧɚɥɚ ɜ ɬɨɦ ɫɟ-
ɱɟɧɢɢ, ɝɞɟ ɜɵɱɢɫɥɹɸɬɫɹ ɧɚɩɪɹɠɟɧɢɹ Ɋɟɣ-
ɧɨɥɶɞɫɚ.  

5. ɇɟɤɨɬɨɪɵɟ ɦɟɬɨɞɢɱɟɫɤɢɟ ɡɚɦɟɱɚɧɢɹ.  
Ȼɵɥɢ ɩɪɨɞɟɥɚɧɵ ɦɟɬɨɞɢɱɟɫɤɢɟ ɪɚɫɱɟ-

ɬɵ ɫ ɰɟɥɶɸ ɜɵɹɜɥɟɧɢɹ ɬɨɝɨ, ɤɚɤ ɧɟɤɨɬɨɪɵɟ 
ɮɢɡɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɢ ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ 
ɩɚɪɚɦɟɬɪɵ ɜɥɢɹɸɬ ɧɚ ɩɨɥɭɱɚɟɦɵɟ ɪɟɡɭɥɶ-
ɬɚɬɵ. Ȼɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ,  

Ɋɚɫɫɦɚɬɪɢɜɚɥɢɫɶ ɪɚɡɥɢɱɧɵɟ ɡɚɤɨɧɵ 
ɢɡɦɟɧɟɧɢɹ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ 
ɧɚ ɩɪɨɧɢɰɚɟɦɵɯ ɫɬɟɧɤɚɯ. ɇɚ ɨɫɧɨɜɟ ɚɧɚɥɢ-
ɡɚ ɪɟɡɭɥɶɬɚɬɨɜ ɛɵɥ ɫɞɟɥɚɧ ɜɵɜɨɞ ɨ ɫɥɚɛɨɣ 
ɡɚɜɢɫɢɦɨɫɬɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɬɟɱɟɧɢɹ ɨɬ ɬɚ-
ɤɨɝɨ ɡɚɤɨɧɚ. 

Вɟɥɢɱɢɧɚ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɬɭɪɛɭɥɟɧɬ-
ɧɨɫɬɢ ɢ ɦɚɫɲɬɚɛɚ ɜɢɯɪɹ ɩɨɬɨɤɚ, ɩɨɞɚɜɚɟ-
ɦɨɝɨ ɱɟɪɟɡ ɫɬɟɧɤɢ, ɨɤɚɡɵɜɚɥɨ ɫɪɚɜɧɢɬɟɥɶ-
ɧɨ ɧɟɛɨɥɶɲɨɟ ɜɥɢɹɧɢɟ ɧɚ ɬɭɪɛɭɥɟɧɬɧɵɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɨɬɨɤɚ.  

ɉɪɨɜɟɪɹɥɨɫɶ ɜɥɢɹɧɢɟ ɧɚ ɪɟɡɭɥɶɬɚɬɵ 
ɞɥɢɧɵ ɪɚɫɱɟɬɧɨɣ ɨɛɥɚɫɬɢ. В ɫɥɭɱɚɹɯ, ɤɨɝɞɚ 
ɤɨɧɟɰ ɪɚɫɱɟɬɧɨɣ ɨɛɥɚɫɬɢ ɧɟ ɛɵɥ ɭɞɚɥɟɧ ɯɨɬɹ 
ɛɵ ɧɚ 10-15 ɯɚɪɚɤɬɟɪɧɵɯ ɪɚɡɦɟɪɨɜ (ɡɚ ɤɨɬɨ-
ɪɵɣ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɢɧɹɬɚ ɩɨɥɭɲɢɪɢɧɚ 
ɤɚɧɚɥɚ h ) ɨɬ ɦɚɤɫɢɦɭɦɚ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɬɭɪ-
ɛɭɥɟɧɬɧɨɫɬɢ (ɫɦ, ɧɚɩɪɢɦɟɪ, ɪɢɫ. 3) ɜɨɡɧɢɤɚɥɢ 
ɩɪɨɛɥɟɦɵ ɫɨ ɫɯɨɞɢɦɨɫɬɶɸ, ɚ ɜ ɫɥɭɱɚɟ, ɤɨɝɞɚ 
ɪɟɲɟɧɢɟ ɜɫɟ ɠɟ ɫɯɨɞɢɥɨɫɶ, ɧɚ ɝɪɚɮɢɤɚɯ ɩɨ-
ɹɜɥɹɥɢɫɶ ɩɢɥɨɨɛɪɚɡɧɵɟ ɞɟɮɟɤɬɵ. 

Иɡ-ɡɚ ɨɬɫɭɬɫɬɜɢɹ ɜɨɡɦɨɠɧɨɫɬɢ ɪɟɲɚɬɶ 
ɜ CFX ɡɚɞɚɱɢ ɜ ɱɢɫɬɨ ɞɜɭɦɟɪɧɨɣ ɩɨɫɬɚ-
ɧɨɜɤɟ, ɩɪɢɲɥɨɫɶ ɜɵɛɪɚɬɶ ɪɚɫɱɟɬɧɭɸ ɨɛ-
ɥɚɫɬɶ ɜ ɜɢɞɟ ɩɚɪɚɥɥɟɥɟɩɢɩɟɞɚ. В ɫɜɹɡɢ ɫ 
ɱɟɦ ɜɨɡɧɢɤ ɜɨɩɪɨɫ ɨ ɜɥɢɹɧɢɢ ɤɨɥɢɱɟɫɬɜɚ 
ɫɥɨɟɜ ɷɥɟɦɟɧɬɨɜ ɜɞɨɥɶ ɨɫɢ z ɧɚ ɪɟɡɭɥɶɬɚɬɵ 
ɫɱɟɬɚ. Ȼɵɥɚ ɩɪɨɜɟɞɟɧɚ ɫɟɪɢɹ ɜɵɱɢɫɥɢɬɟɥɶ-
ɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɫ ɪɚɡɥɢɱɧɵɦ ɤɨɥɢɱɟ-
ɫɬɜɨɦ ɫɥɨɟɜ ɜɞɨɥɶ z ɢ ɫ ɪɚɡɥɢɱɧɨɣ ɬɨɥɳɢ-
ɧɨɣ ɤɚɠɞɨɝɨ ɫɥɨɹ. Ȼɵɥ ɫɞɟɥɚɧ ɜɵɜɨɞ ɨ ɧɟ-
ɫɭɳɟɫɬɜɟɧɧɨɦ ɜɥɢɹɧɢɢ ɤɨɥɢɱɟɫɬɜɚ ɫɥɨɟɜ 
ɩɨ z ɧɚ ɪɟɡɭɥɶɬɚɬɵ ɩɪɢ ɜɵɛɨɪɟ ɬɨɥɳɢɧɵ 
ɨɞɧɨɝɨ ɫɥɨɹ ɩɨɪɹɞɤɚ ɧɚɢɦɟɧɶɲɟɝɨ ɪɚɡɦɟɪɚ 
ɷɥɟɦɟɧɬɚ ɩɨ x,y (ɩɪɢ ɫɭɳɟɫɬɜɟɧɧɨ ɛɨɥɶɲɟɣ 
ɢɥɢ ɦɟɧɶɲɟɣ ɬɨɥɳɢɧɟ ɫɥɨɹ ɪɟɲɟɧɢɟ ɧɚɱɢ-
ɧɚɥɨ ɦɟɧɹɬɶɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɨɥɢɱɟɫɬ-
ɜɚ ɫɥɨɟɜ). 

ɋɟɬɤɚ ɫɬɪɨɢɥɚɫɶ ɩɪɢ ɩɨɦɨɳɢ ɦɚɤɪɨɫɚ, 
ɩɪɢɧɢɦɚɸɳɟɝɨ ɧɚ ɜɯɨɞ ɩɚɪɚɦɟɬɪ, ɡɚɞɚɸ-
ɳɢɣ ɤɚɱɟɫɬɜɨ ɫɟɬɤɢ («ɭɪɨɜɟɧɶ» ɫɟɬɤɢ) ɢ 
ɤɨɥɢɱɟɫɬɜɨ ɫɥɨɟɜ ɩɨ z. ɍɜɟɥɢɱɟɧɢɸ ɭɪɨɜɧɹ 
ɧɚ ɟɞɢɧɢɰɭ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɭɦɟɧɶɲɟɧɢɟ 
ɧɚɢɛɨɥɶɲɟɝɨ ɢ ɧɚɢɦɟɧɶɲɟɝɨ ɲɚɝɚ ɜ ɤɚɠ-
ɞɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɜ 1.5 ɪɚɡɚ. ɋɟɬɤɢ ɨɞɧɨɝɨ 
ɢ ɬɨɝɨ ɠɟ «ɭɪɨɜɧɹ» ɫ ɪɚɡɧɨɣ ɞɥɢɧɨɣ ɪɚɫ-
ɱɟɬɧɨɣ ɨɛɥɚɫɬɢ ɨɬɥɢɱɚɸɬɫɹ ɬɨɥɶɤɨ ɤɨɥɢ-
ɱɟɫɬɜɨɦ ɷɥɟɦɟɧɬɨɜ ɜ ɧɚɩɪɚɜɥɟɧɢɢ x, ɜ ɬɨ 
ɜɪɟɦɹ ɤɚɤ ɪɚɡɦɟɪ ɩɟɪɜɨɝɨ ɢ ɩɨɫɥɟɞɧɟɝɨ 
ɷɥɟɦɟɧɬɨɜ ɭ ɧɢɯ ɫɨɜɩɚɞɚɸɬ.  

ɉɚɪɚɦɟɬɪɵ ɢɫɩɨɥɶɡɭɟɦɵɯ ɫɟɬɨɤ ɩɪɢ-
ɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 2, ɚ ɜɢɞ ɫɟɬɤɢ ɧɚ ɪɢɫ. 8. 

 
Вɵɹɫɧɢɥɨɫɶ ɬɚɤɠɟ, ɱɬɨ ɧɚ ɫɯɨɞɢɦɨɫɬɶ 

ɢ ɤɚɱɟɫɬɜɨ ɪɟɡɭɥɶɬɚɬɨɜ ɨɤɚɡɵɜɚɟɬ ɛɨɥɶɲɨɟ 
ɜɥɢɹɧɢɟ ɪɚɡɦɟɪ ɫɚɦɨɝɨ ɩɪɚɜɨɝɨ ɫɥɨɹ ɷɥɟ-
ɦɟɧɬɨɜ ɜɛɥɢɡɢ ɜɵɯɨɞɚ ɢɡ ɤɚɧɚɥɚ. ɍɠɟ ɩɪɢ 
ɟɝɨ ɨɬɧɨɫɢɬɟɥɶɧɨɦ ɭɜɟɥɢɱɟɧɢɢ ɜ 2-3 ɪɚɡɚ 
ɧɚ ɝɪɚɮɢɤɚɯ ɫɤɨɪɨɫɬɢ ɢ ɢɧɬɟɧɫɢɜɧɨɫɬɢ 
ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ x ɩɨɹɜ-
ɥɹɸɬɫɹ ɩɢɥɨɨɛɪɚɡɧɵɟ ɢɫɤɚɠɟɧɢɹ ɧɚ ɩɪɚ-
ɜɨɦ ɤɨɧɰɟ, ɤɨɬɨɪɵɟ ɪɚɫɩɪɨɫɬɪɚɧɹɸɬɫɹ ɧɚ 
ɡɧɚɱɢɬɟɥɶɧɨɟ ɪɚɫɫɬɨɹɧɢɟ ɜɝɥɭɛɶ ɪɚɫɱɟɬɧɨɣ 
ɨɛɥɚɫɬɢ. Эɬɨ ɥɢɲɧɢɣ ɪɚɡ ɩɨɞɬɜɟɪɠɞɚɟɬ 
ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɢ ɪɟɚɥɢɡɚ-
ɰɢɢ ɜ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɤɨɦɩɥɟɤɫɚɯ «ɦɹɝ-
ɤɢɯ» ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ [3].  

 
. 
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Ɋɢɫ.6 Ɂɚɜɢɫɢɦɨɫɬɶ ɛɟɡɪɚɡɦɟɪɧɵɯ ɤɨɦɩɨɧɟɧɬ ɧɚɩɪɹɠɟɧɢɣ Ɋɟɣɧɨɥɶɞɫɚ ɨɬ ɩɪɨɞɨɥɶɧɨɣ ɤɨɨɪɞɢ-

ɧɚɬɵ x ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɱɢɫɟɥ 0R , ɩɨɥɭɱɟɧɧɚɹ ɩɨ ɦɨɞɟɥɢ BSL Reynolds Stress 
 
 



Чɢɫɥɟɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɥɚɦɢɧɚɪɧɵɯ ɢ ɬɭɪɛɭɥɟɧɬɧɵɯ ɬɟɱɟɧɢɣ ɜ ɩɥɨɫɤɨɦ ɤɚɧɚɥɟ ɫ ɩɪɨɧɢɰɚɟɦɵɦɢ ɫɬɟɧɤɚɦɢ 
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Ɋɢɫ. 7. Ȼɨɥɟɟ ɩɨɞɪɨɛɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɛɟɡɪɚɡɦɟɪɧɵɯ ɤɨɦɩɨɧɟɧɬ ɧɚɩɪɹɠɟɧɢɣ Ɋɟɣɧɨɥɶɞɫɚ ɞɥɹ 

ɫɥɭɱɚɹ 2000 =R  

 
                                                                                                    Ɍɚɛɥɢɰɚ 2 

ɍɪɨɜɟɧɶ ɫɟɬɤɢ minxΔ  maxxΔ  minyΔ  maxyΔ Количесɬво ɭɡлов/ɷлеɦеɧɬов ɩɪи 
ɞлиɧе ɪɚсчеɬɧоɣ оɛлɚсɬи 

40 120 
ɍɪɨɜɟɧɶ 3 0.013 0.448 0.004 0.04 46250 123000 
ɍɪɨɜɟɧɶ 4 0.009 0.299 0.003 0.027 104706 278586 
ɍɪɨɜɟɧɶ 5 0.006 0.199 0.002 0.018 232668 621010 
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Ɋɢɫ.8. ɋɟɬɤɚ ɜ ɧɚɱɚɥɶɧɨɦ ɭɱɚɫɬɤɟ ɨɛɥɚɫɬɢ (ɞɥɹ ɧɚɝɥɹɞɧɨɫɬɢ 

 ɤɨɥɢɱɟɫɬɜɨ ɷɥɟɦɟɧɬɨɜ ɫɢɥɶɧɨ ɭɦɟɧɶɲɟɧɨ)
 

Иɡɦɟɥɶɱɟɧɢɟ ɫɟɬɤɢ ɫɥɚɛɨ ɜɥɢɹɟɬ ɧɚ ɩɨɥɟ 
ɫɤɨɪɨɫɬɟɣ, ɧɨ ɢɧɨɝɞɚ ɫɭɳɟɫɬɜɟɧɧɨ ɫɤɚɡɵɜɚɟɬɫɹ 
ɧɚ ɬɭɪɛɭɥɟɧɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɯ. Эɬɨ ɩɨɤɚ-
ɡɚɥɢ ɫɪɚɜɧɢɬɟɥɶɧɵɟ ɪɚɫɱɟɬɵ ɧɚ ɫɟɬɤɚɯ ɭɪɨɜɧɹ 
3 ɢ 5. Ɉɫɧɨɜɧɵɟ ɪɚɫɱɟɬɵ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɧɚ 
ɫɟɬɤɟ ɭɪɨɜɧɹ 5.  

ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɪɚɫɱɟɬɨɜ ɜ CFX ɛɵɥɚ 
ɢɫɩɨɥɶɡɨɜɚɧɚ ɧɚɞɫɬɪɨɣɤɚ ɧɚɞ ɤɨɦɩɥɟɤɫɨɦ 
ANSYS-CFX ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɫɟɪɢɣ ɨɞɧɨ-
ɬɢɩɧɵɯ ɪɚɫɱɟɬɨɜ ɢ ɚɧɚɥɢɡɚ ɪɟɡɭɥɶɬɚɬɨɜ. 
ɇɚɞɫɬɪɨɣɤɚ ɪɚɡɪɚɛɨɬɚɧɚ ɨɞɧɢɦ ɢɡ ɫɨɚɜɬɨɪɨɜ 
ɪɚɛɨɬɵ, Ф.Ɇ.Кɨɬɨɜɵɦ [7] . 
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Иɪɤɭɬɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ  ɭɧɢɜɟɪɫɢɬɟɬ,  ɝ. Иɪɤɭɬɫɤ, Ɋɨɫɫɢɹ 
 

АɇɇɈɌАЦИə: ɉɪɢɜɟɞɟɧɨ ɪɟɲɟɧɢɟ ɬɟɫɬɨɜɵɯ ɡɚɞɚɱ ɨɩɬɢɦɢɡɚɰɢɢ ɤɨɧɫɬɪɭɤɰɢɣ ɩɨ ɨɪɢɝɢɧɚɥɶɧɨɣ ɦɟɬɨɞɢɤɟ ɜ 
ɫɨɩɨɫɬɚɜɥɟɧɢɢ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ, ɩɨɥɭɱɟɧɧɵɦɢ ɩɨ ɭɧɢɜɟɪɫɚɥɶɧɨɦɭ ɩɪɨɝɪɚɦɦɧɨɦɭ ɤɨɦɩɥɟɤɫɭ ANSYS. Ɋɚɫɫɦɨɬ-
ɪɟɧɚ ɡɚɞɚɱɚ ɨɩɬɢɦɢɡɚɰɢɢ  ɤɨɧɫɨɥɶɧɨɣ ɛɚɥɤɢ ɩɪɢ ɜɚɪɶɢɪɨɜɚɧɢɢ ɟɟ ɬɨɥɳɢɧɵ,  ɚ ɬɚɤɠɟ ɨɩɬɢɦɢɡɚɰɢɹ ɩɥɨɫɤɨɣ ɪɚ-
ɦɵ ɩɪɢ ɜɚɪɶɢɪɨɜɚɧɢɢ ɩɚɪɚɦɟɬɪɨɜ ɫɟɱɟɧɢɣ. В ɤɚɱɟɫɬɜɟ ɤɪɢɬɟɪɢɹ ɨɩɬɢɦɚɥɶɧɨɫɬɢ ɩɪɢɧɹɬ ɦɢɧɢɦɭɦ ɨɛɴɟɦɚ.  

Ключевые словɚ: ɨɩɬɢɦɚɥɶɧɨɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɤɨɧɫɬɪɭɤɰɢɣ,  ɧɟɥɢɧɟɣɧɨɟ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɟ, ɦɟɬɨɞ ɤɨɧɟɱɧɵɯ 
ɷɥɟɦɟɧɬɨɜ, ɤɨɦɩɥɟɤɫɵ ɩɪɨɝɪɚɦɦ 

VERIFICATION OF PROGRAMM COMPLEXS                                
FOR CALCULATION AND OPTI MIZATION OF STRUCTURES 

T.L. Dmitrieva 
Irkutsk state technical university, Irkutsk, Russia 

 
ABSTRACT:  Decision of the test problems to optimization structures is broughted in comparison with ANSYS solu-
tion. The considered problem to optimization of the cantilever beam at variation of her thickness, as well as optimiza-
tion of the flat frame at variation of the sections parameters. As optimum criterion is accepted minimum of the volume. 

Key words: optimum structural design, nonlinear programming, the final element analysis, program complex.

В ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɬɟɯɧɨɥɨɝɢɢ ɚɜɬɨɦɚɬɢɡɢ-
ɪɨɜɚɧɧɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢɧɠɟɧɟɪɧɵɯ ɫɢɫ-
ɬɟɦ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜɨ ɦɧɨɝɢɯ ɬɟɯɧɢ-
ɱɟɫɤɢɯ ɨɛɥɚɫɬɹɯ. Ɉɞɧɚɤɨ ɚɥɝɨɪɢɬɦɵ ɨɩɬɢɦɢ-
ɡɚɰɢɢ ɜ ɫɢɥɭ ɫɜɨɟɣ ɫɥɨɠɧɨɫɬɢ ɞɨ ɫɢɯ ɩɨɪ ɧɟ 
ɧɚɯɨɞɹɬ ɦɚɫɫɨɜɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɜ ɩɪɚɤɬɢɤɟ 
ɪɟɚɥɶɧɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ. ɋ ɷɬɢɯ ɩɨɡɢɰɢɣ 
ɪɚɡɪɚɛɨɬɤɚ ɱɢɫɥɟɧɧɵɯ ɦɟɬɨɞɨɜ ɨɩɬɢɦɢɡɚɰɢɢ,  
ɚ ɬɚɤɠɟ ɜɵɫɨɤɨ ɪɨɛɚɫɬɧɵɯ ɚɥɝɨɪɢɬɦɨɜ ɢ ɩɪɨ-
ɝɪɚɦɦ ɧɚ ɢɯ ɨɫɧɨɜɟ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɚɤɬɭ-
ɚɥɶɧɵɯ ɧɚɭɱɧɨ-ɩɪɢɤɥɚɞɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ. 
В [1, 2] ɞɚɟɬɫɹ ɨɩɢɫɚɧɢɟ ɚɥɝɨɪɢɬɦɚ ɚɜɬɨɦɚɬɢ-
ɡɢɪɨɜɚɧɧɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɤɨɧɫɬɪɭɤɰɢɣ,  
ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɫɟɱɟɧɢɣ ɤɨɬɨɪɵɯ, 
ɚ ɬɚɤɠɟ ɤɨɨɪɞɢɧɚɬɵ ɭɡɥɨɜ  ɦɨɝɭɬ ɜɚɪɶɢɪɨ-
ɜɚɬɶɫɹ. Ɉɩɬɢɦɚɥɶɧɵɣ ɩɪɨɟɤɬ  ɫɨɨɬɜɟɬɫɬɜɭɟɬ  
ɦɢɧɢɦɭɦɭ ɜɟɫɚ (ɨɛɴɟɦɚ) ɤɨɧɫɬɪɭɤɰɢɢ ɩɪɢ 
ɧɚɥɢɱɢɢ ɨɝɪɚɧɢɱɟɧɢɣ ɩɨ ɩɪɨɱɧɨɫɬɢ, ɠɟɫɬɤɨ-
ɫɬɢ ɢ ɭɫɬɨɣɱɢɜɨɫɬɢ. ɉɪɨɛɥɟɦɚ ɨɩɬɢɦɢɡɚɰɢɢ 
ɩɨɫɬɚɜɥɟɧɚ ɜ ɮɨɪɦɟ ɡɚɞɚɱɢ ɧɟɥɢɧɟɣɧɨɝɨ ɦɚ-
ɬɟɦɚɬɢɱɟɫɤɨɝɨ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ (ɇɆɉ): 

     ɧɚɣɬɢ    ( ),xfmin   nxEX ∈  (1) 

     ɩɪɢ ɨɝɪɚɧɢɱɟɧɢɹɯ 
    ( ) ;m...,j,xg j 210 =≤  

 
(2) { } { } { }.XXX uL ≤≤  (3) 

f(x) – ɦɢɧɢɦɢɡɢɪɭɟɦɚɹ (ɰɟɥɟɜɚɹ) ɮɭɧɤɰɢɹ;   
{ X}  – ɜɟɤɬɨɪ ɜɚɪɶɢɪɭɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ ɧɚ ɢɧ-
ɬɟɪɜɚɥɟ {XL} −{ XU}; 
 gj(x)  - ɮɭɧɤɰɢɢ ɨɝɪɚɧɢɱɟɧɢɣ. 
ɍɫɥɨɜɧɨ-ɷɤɫɬɪɟɦɚɥɶɧɚɹ ɡɚɞɚɱɚ (1-3) ɩɪɢɜɨ-
ɞɢɬɫɹ ɤ ɡɚɞɚɱɟ ɧɚ ɛɟɡɭɫɥɨɜɧɵɣ ɷɤɫɬɪɟɦɭɦ 
ɩɪɢ ɩɨɦɨɳɢ ɞɜɭɯ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ ɮɭɧɤ-
ɰɢɣ Ʌɚɝɪɚɧɠɚ (ɆФɅ): { } [ ][ ]{ },gKg,FF T

LP δ50+=   (4) 
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ɝɞɟ ( ) { } [ ]{ }gYxfF T
L δ+=  –  ɮɭɧɤɰɢɹ  Ʌɚ-

ɝɪɚɧɠɚ. 
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В ɜɵɪɚɠɟɧɢɢ (4)  [K] – ɞɢɚɝɨɧɚɥɶɧɚɹ ɦɚɬɪɢ-
ɰɚ ɲɬɪɚɮɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ. Эɥɟɦɟɧɬɵ 
ɦɚɬɪɢɰɵ [δ] ɨɩɪɟɞɟɥɹɸɬɫɹ ɢɡ ɭɫɥɨɜɢɹ: 

ɟɫɥɢ   ,,Zg jjjj 10 =>Δ+ δ
 

          ɢɧɚɱɟ                      .jj 0=δ  
(6) 

Ɂɞɟɫɶ ΔZj – ɜɟɥɢɱɢɧɚ ɫɞɜɢɝɚ j-ɝɨ ɨɝɪɚɧɢɱɟɧɢɹ 
ɜ ɞɨɩɭɫɬɢɦɭɸ ɨɛɥɚɫɬɶ. В (5) τ – ɩɚɪɚɦɟɬɪ, 
ɪɟɝɭɥɢɪɭɸɳɢɣ ɫɯɨɞɢɦɨɫɬɶ ɚɥɝɨɪɢɬɦɚ. {Y} – 
ɜɟɤɬɨɪ ɞɜɨɣɫɬɜɟɧɧɵɯ ɩɟɪɟɦɟɧɧɵɯ (ɦɧɨɠɢ-
ɬɟɥɟɣ Ʌɚɝɪɚɧɠɚ) ɪɚɡɦɟɪɧɨɫɬɶɸ m. 
Иɬɟɪɚɰɢɨɧɧɵɣ ɚɥɝɨɪɢɬɦ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ   
(1-3) ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ.  ɇɚ ɢɬɟɪɚ-
ɰɢɢ t  ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɵɯ {Xt}, { Yt}   ɪɟɲɚɟɬɫɹ 
ɡɚɞɚɱɚ ɧɚ ɛɟɡɭɫɥɨɜɧɵɣ ɷɤɫɬɪɟɦɭɦ ɩɪɢ ɧɚɥɢ-
ɱɢɢ ɩɚɪɚɦɟɬɪɢɱɟɫɤɢɯ ɨɝɪɚɧɢɱɟɧɢɣ (3). В ɪɟ-
ɡɭɥɶɬɚɬɟ ɜɵɱɢɫɥɹɟɬɫɹ ɜɟɤɬɨɪ{ Xt+1}: { }{ } { } { }.XXX

);Y,X(FminArgX
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Ⱦɥɹ ɪɟɲɟɧɢɹ ɷɬɨɣ ɡɚɞɚɱɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɲɢ-
ɪɨɤɢɣ ɧɚɛɨɪ ɩɪɹɦɵɯ ɢ ɝɪɚɞɢɟɧɬɧɵɯ ɦɟɬɨɞɨɜ 
ɪɚɡɥɢɱɧɵɯ ɤɥɚɫɫɨɜ [3]. ɇɚ ɩɟɪɜɨɣ ɢɬɟɪɚɰɢɢ, 
ɤɨɝɞɚ ɨɬɫɭɬɫɬɜɭɟɬ ɯɨɪɨɲɟɟ ɧɚɱɚɥɶɧɨɟ ɩɪɢ-
ɛɥɢɠɟɧɢɟ, ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɟɬɨɞ ɫɥɭɱɚɣɧɨɝɨ 
ɩɨɢɫɤɚ. Ⱦɚɥɟɟ ɜɨɡɦɨɠɧɵ ɪɚɡɥɢɱɧɵɟ ɜɚɪɢɚɧ-
ɬɵ. Ɇɟɬɨɞ ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ ɦɧɨɝɨɝɪɚɧɧɢɤɚ 
ɨɛɥɚɞɚɟɬ ɜɵɫɨɤɨɣ ɧɚɞɟɠɧɨɫɬɶɸ ɢ ɩɨɡɜɨɥɹɟɬ 
ɩɨɥɭɱɚɬɶ ɨɩɬɢɦɚɥɶɧɵɟ ɪɟɲɟɧɢɹ ɞɥɹ ɮɭɧɤ-
ɰɢɣ ɩɪɨɢɡɜɨɥɶɧɨɝɨ ɜɢɞɚ, ɧɨ ɩɪɢ ɷɬɨɦ ɬɪɟɛɭ-
ɟɬ ɛɨɥɶɲɨɝɨ ɱɢɫɥɚ ɨɛɪɚɳɟɧɢɣ ɤ ɰɟɥɟɜɨɣ ɢ 
ɨɝɪɚɧɢɱɢɬɟɥɶɧɵɦ ɮɭɧɤɰɢɹɦ.  В ɦɟɬɨɞɟ ɧɚ-
ɢɫɤɨɪɟɣɲɟɝɨ ɫɩɭɫɤɚ ɩɨɢɫɤ ɜɟɞɟɬɫɹ ɜɞɨɥɶ 
ɝɪɚɞɢɟɧɬɚ ɦɢɧɢɦɢɡɢɪɭɟɦɨɣ ɮɭɧɤɰɢɢ. ɋɤɨ-
ɪɨɫɬɶ ɫɯɨɞɢɦɨɫɬɢ ɷɬɨɝɨ ɦɟɬɨɞɚ ɧɚ ɩɨɪɹɞɨɤ 
ɜɵɲɟ, ɧɨ ɨɧ ɩɪɢɦɟɧɢɦ ɞɥɹ ɝɥɚɞɤɢɯ ɞɢɮɮɟ-
ɪɟɧɰɢɪɭɟɦɵɯ ɮɭɧɤɰɢɣ. ɇɚ ɩɨɫɥɟɞɧɢɯ ɢɬɟɪɚ-
ɰɢɹɯ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɜɵɫɨɤɨɣ 
ɬɨɱɧɨɫɬɢ, ɜɨɡɦɨɠɧɨ ɩɟɪɟɤɥɸɱɟɧɢɟ ɧɚ ɦɟɬɨɞ 
ɇɶɸɬɨɧɚ. Ɉɞɧɚɤɨ ɦɟɬɨɞ  ɪɚɛɨɬɚɟɬ ɬɨɥɶɤɨ ɜ 
ɬɨɦ ɫɥɭɱɚɟ, ɟɫɥɢ ɮɭɧɤɰɢɹ Fp ɜɵɩɭɤɥɚ ɢ ɞɢɮ-
ɮɟɪɟɧɰɢɪɭɟɦɚ.  
Вɬɨɪɨɣ ɲɚɝ ɢɬɟɪɚɰɢɨɧɧɨɝɨ ɩɪɨɰɟɫɫɚ ɡɚɤɥɸ-
ɱɚɟɬɫɹ ɜ ɨɩɪɟɞɟɥɟɧɢɢ ɞɜɨɣɫɬɜɟɧɧɵɯ ɩɟɪɟ-
ɦɟɧɧɵɯ  {Yt+1}. ɉɪɟɞɭɫɦɨɬɪɟɧɨ 3 ɫɯɟɦɵ ɢɯ 
ɜɵɱɢɫɥɟɧɢɹ. 

В 1-ɣ сɯеɦе  ɜɟɤɬɨɪ ɞɜɨɣɫɬɜɟɧɧɵɯ ɩɟɪɟɦɟɧ-
ɧɵɯ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɫɪɚɜɧɟɧɢɹ ɭɫɥɨɜɢɣ ɫɬɚ-
ɰɢɨɧɚɪɧɨɫɬɢ ɮɭɧɤɰɢɢ Fp ɢ ɮɭɧɤɰɢɢ Ʌɚɝɪɚɧ-
ɠɚ FL.:    ( )( )11 0 ++ += tt
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t
j xgky,maxy  

j = 1, 2, …, m. 

(8) 

Ɂɚɞɚɱɚ (7) ɩɪɢ ɷɬɨɦ ɪɟɲɚɟɬɫɹ ɫ ɢɫɩɨɥɶɡɨɜɚ-
ɧɢɟɦ ɩɪɹɦɵɯ ɩɨɢɫɤɨɜɵɯ ɦɟɬɨɞɨɜ, ɥɢɛɨ ɝɪɚ-
ɞɢɟɧɬɧɨɝɨ ɦɟɬɨɞɚ 1-ɝɨ ɩɨɪɹɞɤɚ. 
В сɯеɦе 2 ɩɪɢɪɚɳɟɧɢɟ ɞɜɨɣɫɬɜɟɧɧɵɯ  ɩɟɪɟ-
ɦɟɧɧɵɯ ɜɵɱɢɫɥɹɟɬɫɹ ɩɭɬɟɦ ɦɚɤɫɢɦɢɡɚɰɢɢ Fp 
ɦɟɬɨɞɨɦ ɇɶɸɬɨɧɚ: 
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ɝɞɟ   { } { } { }ttt YYY −=Δ ++ 11 .   
Ɂɚɞɚɱɚ (9) ɪɟɲɚɟɬɫɹ ɜ ɪɟɞɭɰɢɪɨɜɚɧɧɨɦ ɩɪɨ-
ɫɬɪɚɧɫɬɜɟ ɩɨɬɟɧɰɢɚɥɶɧɨ-ɚɤɬɢɜɧɵɯ ɨɝɪɚɧɢɱɟ-
ɧɢɣ { }g . Эɬɨɬ ɫɩɨɫɨɛ ɭɞɚɱɧɨ ɫɨɱɟɬɚɟɬɫɹ ɫ ɦɟ-
ɬɨɞɨɦ ɇɶɸɬɨɧɚ ɩɪɢ ɪɟɲɟɧɢɢ ɡɚɞɚɱɢ (7). 

  В 3-ɣ сɯеɦе ɜɟɤɬɨɪ { }1+tY  ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɟ-
ɩɨɫɪɟɞɫɬɜɟɧɧɨ ɱɟɪɟɡ ɩɪɹɦɵɟ ɩɟɪɟɦɟɧɧɵɟ  
ɩɭɬɟɦ ɦɚɤɫɢɦɢɡɚɰɢɢ ɜɬɨɪɨɣ  ɆФɅ FM  ɩɨ Y.  { } ( ) .Y,XFmaxArgY

tt
Ɇ

t ∈+1  (10) 

Эɬɨɬ ɫɩɨɫɨɛ ɧɟ ɬɪɟɛɭɟɬ ɜɵɩɨɥɧɟɧɢɹ ɭɫɥɨɜɢɣ 
ɫɬɚɰɢɨɧɚɪɧɨɫɬɢ ɮɭɧɤɰɢɢ Fp ɩɨ ɩɟɪɟɦɟɧɧɵɦ 
x. Ɉɧ ɨɤɚɡɚɥɫɹ  ɷɮɮɟɤɬɢɜɟɧ  ɜ ɡɚɞɚɱɚɯ, ɝɞɟ 
ɫɬɪɨɹɬɫɹ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɮɭɧɤɰɢɣ ɰɟɥɢ ɢ ɨɝ-
ɪɚɧɢɱɟɧɢɣ ɢ ɩɪɢ ɷɬɨɦ (ɨɫɨɛɟɧɧɨ ɧɚ ɩɟɪɜɵɯ 
ɢɬɟɪɚɰɢɹɯ) ɧɟ ɜɫɟɝɞɚ ɫɭɳɟɫɬɜɭɟɬ ɞɨɩɭɫɬɢɦɨɟ 
ɨɩɬɢɦɚɥɶɧɨɟ ɪɟɲɟɧɢɟ, ɬ.ɤ.  ɡɚɞɚɱɚ ɱɚɫɬɨ ɫɬɚ-
ɧɨɜɢɬɫɹ ɧɟɫɨɜɦɟɫɬɧɨɣ.   
Ɋɟɚɥɢɡɚɰɢɹ ɷɬɢɯ 3-ɯ ɫɯɟɦ ɞɟɥɚɟɬ ɚɥɝɨɪɢɬɦ 
ɇɆɉ ɧɚɞɟɠɧɵɦ ɢ ɭɫɬɨɣɱɢɜɵɦ, ɬɚɤ ɤɚɤ 
ɩɪɟɞɩɨɥɚɝɚɟɬ ɷɜɪɢɫɬɢɱɟɫɤɢɣ ɦɟɯɚɧɢɡɦ ɩɟɪɟ-
ɤɥɸɱɟɧɢɹ ɦɟɬɨɞɨɜ ɭɫɥɨɜɧɨɣ ɢ ɛɟɡɭɫɥɨɜɧɨɣ 
ɦɢɧɢɦɢɡɚɰɢɢ ɩɨɫɪɟɞɫɬɜɨɦ ɚɧɚɥɢɡɚ ɞɚɧɧɵɯ, 
ɩɨɥɭɱɟɧɧɵɯ ɧɚ ɤɨɧɤɪɟɬɧɨɦ ɷɬɚɩɟ ɩɨɢɫɤɨɜɨɝɨ 
ɚɥɝɨɪɢɬɦɚ. 
ɇɚ ɨɫɧɨɜɟ ɚɥɝɨɪɢɬɦɚ ɪɚɡɪɚɛɨɬɚɧ  ɩɚɤɟɬ ɩɪɢ-
ɤɥɚɞɧɵɯ ɩɪɨɝɪɚɦɦ [1], ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɨ-
ɬɨɪɨɝɨ ɪɟɲɟɧɵ ɬɟɫɬɨɜɵɟ ɢ ɩɪɚɤɬɢɱɟɫɤɢɟ ɡɚ-
ɞɚɱɢ ɨɩɬɢɦɢɡɚɰɢɢ ɤɨɧɫɬɪɭɤɰɢɣ.   
ɋɞɟɥɚɟɦ ɫɨɩɨɫɬɚɜɥɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɪɟɲɟɧɢɹ 
ɬɟɫɬɨɜɵɯ ɡɚɞɚɱ ɨɩɬɢɦɢɡɚɰɢɢ, ɩɨɥɭɱɟɧɧɵɯ ɜ 
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ɞɪɭɝɢɯ ɩɪɨɝɪɚɦɦɧɵɯ ɤɨɦɩɥɟɤɫɚɯ (ɉК), ɫ ɪɟ-
ɲɟɧɢɹɦɢ, ɝɞɟ ɢɫɩɨɥɶɡɨɜɚɧ ɉК [1].  
Вɟɞɭɳɢɦ  ɩɪɨɝɪɚɦɦɧɵɦ ɩɪɨɞɭɤɬɨɦ,  ɫɨɞɟɪ-
ɠɚɳɢɦ ɦɨɞɭɥɢ  ɨɩɬɢɦɢɡɚɰɢɢ, ɹɜɥɹɟɬɫɹ ɦɧɨ-
ɝɨɰɟɥɟɜɨɣ ɭɧɢɜɟɪɫɚɥɶɧɵɣ ɉК ANSYS, ɲɢ-
ɪɨɤɨ ɢɫɩɨɥɶɡɭɟɦɵɣ ɜ ɦɢɪɨɜɨɦ ɩɪɨɟɤɬɢɪɨɜɚ-
ɧɢɢ. В ɫɨɩɪɨɜɨɞɢɬɟɥɶɧɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ ɤ 
ANSYS Mechanical ɩɪɢɜɟɞɟɧɵ ɜɟɪɢɮɢɤɚɰɢ-
ɨɧɧɵɟ ɬɟɫɬɵ, ɝɞɟ  ɪɟɲɟɧɵ ɡɚɞɚɱɢ ɨɩɬɢɦɢɡɚ-
ɰɢɢ ɤɨɧɫɬɪɭɤɰɢɣ. Ⱦɨɫɬɨɜɟɪɧɨɫɬɶ ɪɟɡɭɥɶɬɚ-
ɬɨɜ ɷɬɢɯ  ɪɟɲɟɧɢɣ  ɛɵɥɚ ɩɨɞɬɜɟɪɠɞɟɧɚ ɜ ɜɟ-
ɪɢɮɢɤɚɰɢɨɧɧɨɦ ɨɬɱɟɬɟ ɩɨ ɉК ANSYS Me-
chanical, ɜɵɩɨɥɧɟɧɧɨɦ ɜ ɇɚɭɱɧɨ-ɢɫɫɥɟ-
ɞɨɜɚɬɟɥɶɫɤɨɦ ɰɟɧɬɪɟ ɋɬɚȾɢɈ ɢ ȽɈɍ ВɉɈ 
ɆȽɋɍ [4]. ɉɪɢɜɟɞɟɦ ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ 
ɪɟɲɟɧɢɹ ɷɬɢɯ ɡɚɞɚɱ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ  ɩɪɨ-
ɝɪɚɦɦɵ ANSYS Mechanical ɢ  ɉК [1].  
ɉɪиɦеɪ 1.  Ɉɩɬɢɦɢɡɚɰɢɹ ɮɨɪɦɵ ɤɨɧɫɨɥɶɧɨɣ 
ɛɚɥɤɢ  (VM 155. Shape Optimization of a Can-
tilever Beam).  Иɫɫɥɟɞɨɜɚɧɢɟ ɷɬɨɣ ɡɚɞɚɱɢ 
ɩɪɢɜɟɞɟɧɨ  ɜ  ɫɬɚɬɶɟ [5] . 
ȼɚɪɶɢɪɨɜɚɥɢɫɶ ɡɧɚɱɟɧɢɹ ɩɨɥɭɬɨɥɳɢɧ xi  ɜ ɭɡ-
ɥɨɜɵɯ ɫɟɱɟɧɢɹɯ   i =1, …, 4 (ɪɢɫ. 1,ɛ). 
ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ: Ⱦɚɧɚ ɤɨɧɫɨɥɶɧɚɹ ɛɚɥɤɚ 
ɩɟɪɟɦɟɧɧɨɣ ɬɨɥɳɢɧɵ ɜ ɤɨɨɪɞɢɧɚɬɧɵɯ ɨɫɹɯ 

y,x (ɪɢɫ. 1,ɚ), ɧɚ ɫɜɨɛɨɞɧɨɦ ɤɨɧɰɟ ɧɚɝɪɭɠɟɧ-
ɧɚɹ ɢɡɝɢɛɚɸɳɢɦ ɦɨɦɟɧɬɨɦ M. Ɍɪɟɛɭɟɬɫɹ 
ɩɨɞɨɛɪɚɬɶ ɡɧɚɱɟɧɢɹ ɬɨɥɳɢɧ ɜ ɫɟɱɟɧɢɹɯ 1-4  
(t1 – t4)  ɢɡ ɭɫɥɨɜɢɹ ɦɢɧɢɦɭɦɚ ɨɛɴɟɦɚ ɛɚɥɤɢ.  
ɉɪɢɧɹɬɵ  ɨɝɪɚɧɢɱɟɧɢɹ ɧɚ ɦɚɤɫɢɦɚɥɶɧɵɟ ɧɚ-
ɩɪɹɠɟɧɢɹ (σmax ≤ 30000 psi) ɢ ɧɚ ɦɚɤɫɢɦɚɥɶ-
ɧɨɟ ɩɟɪɟɦɟɳɟɧɢɟ (Δmax ≤  0,5 in). Ɍɨɥɳɢɧɚ 
ɤɨɧɫɨɥɢ ɜ ɦɟɫɬɟ ɩɪɢɥɨɠɟɧɢɹ ɧɚɝɪɭɡɤɢ ɮɢɤ-
ɫɢɪɨɜɚɧɚ (t5=0,3 in). ɒɚɝ ɫɟɱɟɧɢɣ a=L/4.  
 
 

 

 

 

 

 

 
 

Ɏɢɡɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ: ɦɨɞɭɥɶ ɭɩɪɭ-
ɝɨɫɬɢ E = 107 psi; ɤɨɷɮɮɢɰɢɟɧɬ ɉɭɚɫɫɨɧɚ 0,3. 
В ɉК ANSYS ɤɨɧɫɬɪɭɤɰɢɹ ɪɚɫɫɱɢɬɵɜɚɥɚɫɶ 
ɤɚɤ ɩɥɚɫɬɢɧɚ, ɪɚɛɨɬɚɸɳɚɹ ɜ ɭɫɥɨɜɢɹɯ ɩɥɨɫ-
ɤɨɝɨ ɧɚɩɪɹɠɟɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ. Кɨɧɟɱɧɨ-
ɷɥɟɦɟɧɬɧɚɹ ɫɯɟɦɚ ɦɨɞɟɥɢɪɨɜɚɥɚɫɶ ɩɥɨɫɤɢɦɢ  
ɱɟɬɵɪɟɯɭɡɥɨɜɵɦɢ ɷɥɟɦɟɧɬɚɦɢ  (PLANE 42).  
ɋ ɩɨɦɨɳɶɸ ɉК [1]  ɡɚɞɚɱɚ ɛɵɥɚ ɪɟɲɟɧɚ ɜ 
ɧɟɫɤɨɥɶɤɢɯ ɜɚɪɢɚɧɬɚɯ.   
Вɚɪиɚɧɬ 1.   Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɩɪɢɧɹɬɚ ɜ ɜɢɞɟ 
ɫɬɟɪɠɧɹ ɩɟɪɟɦɟɧɧɨɝɨ ɫɟɱɟɧɢɹ. Ɍɚɤ ɤɚɤ ɪɚɡ-
ɦɟɪɵ ɫɟɱɟɧɢɹ ɧɚ ɩɨɪɹɞɨɤ ɦɟɧɶɲɟ ɞɥɢɧɵ 
ɤɨɧɫɨɥɢ, ɬɨ ɪɟɲɟɧɢɟ, ɩɨɥɭɱɟɧɧɨɟ ɩɪɢ ɷɬɨɦ, ɜ 
ɞɚɥɶɧɟɣɲɟɦ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɤɚɤ ɬɨɱɧɨɟ. 
ɉɚɪɚɦɟɬɪɵ ɫɟɱɟɧɢɣ  ɜɚɪɶɢɪɨɜɚɥɢɫɶ ɧɚ ɢɧ-
ɬɟɪɜɚɥɟ: .in,xin, i 50150 ≤≤  
ɇɚɱɚɥɶɧɵɣ ɩɪɨɟɤɬ ɫɨɞɟɪɠɚɥ ɫɥɟɞɭɸɳɢɟ ɩɚ-
ɪɚɦɟɬɪɵ (in):    

x0
1= 0,4;    x0

2= 0,3;   x0
3= 0,2;  x0

4= 0,18. 
ɐɟɥɟɜɚɹ ɮɭɧɤɰɢɹ ɩɪɟɞɫɬɚɜɥɹɥɚ ɨɛɴɟɦ ɛɚɥɤɢ  
(f 0 = 4,775 in3):   
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Ɂɧɚɱɟɧɢɟ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ ɜ ɫɟ-
ɱɟɧɢɢ 5 (Δ5) (ɤɚɤ ɦɚɤɫɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɨɝɨ)  
ɜɵɱɢɫɥɹɥɨɫɶ ɩɪɢ ɩɨɦɨɳɢ ɢɧɬɟɝɪɚɥɚ Ɇɨɪɚ: 
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В ɫɢɥɭ ɬɨɝɨ, ɱɬɨ  ɧɢɠɧɢɣ ɩɪɟɞɟɥ ɞɥɹ ɜɫɟɯ xi  
ɩɪɢɧɹɬ 0,15 in,  ɨɝɪɚɧɢɱɟɧɢɟ  ɧɚ ɧɚɩɪɹɠɟɧɢɟ  
σmax ≤ 30000 psi  ɜɵɩɨɥɧɹɟɬɫɹ ɚɜɬɨɦɚɬɢɱɟɫɤɢ, 
ɩɨɷɬɨɦɭ ɤ ɪɚɫɱɟɬɭ ɩɪɢɧɹɬɨ ɬɨɥɶɤɨ ɨɝɪɚɧɢɱɟ-
ɧɢɟ ɧɚ ɩɟɪɟɦɟɳɟɧɢɟ:  

.
,

)x(g 01
50
5 ≤−Δ=  (12) 

Ɋɟɡɭɥɶɬɚɬɵ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɨɩɬɢɦɢɡɚɰɢɢ: 

Ɉɩɬɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɩɨɥɭɬɨɥɳɢɧ ɜ 
ɭɡɥɨɜɵɯ ɫɟɱɟɧɢɹɯ (in) 

x1 x2 x3 x4 t5/2 
0,2176 0,2019 0,1849 0,15 0,15

 
Ɋɢɫ. 1.  Ɉɩɬɢɦɢɡɢɪɭɟɦɚɹ ɤɨɧɫɨɥɶɧɚɹ 

ɛɚɥɤɚ 

b=1 in

t5

ɫɟɱɟɧɢɟ 5

t5 /2=0 15
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Ɋɢɫ. 2. Иɡɦɟɧɟɧɢɹ ɮɭɧɤɰɢɢ  ɰɟɥɢ ɢ             ɨɝ-
ɪɚɧɢɱɟɧɢɣ : ɚ,ɛ) ɧɚ ɢɬɟɪɚɰɢɹɯ 1-9; 
                            ɜ) ɧɚ ɢɬɟɪɚɰɢɹɯ 5-9 
 
ɇɚ ɩɟɪɜɵɯ 6-ɬɢ ɢɬɟɪɚɰɢɹɯ ɚɥɝɨɪɢɬɦɚ ɨɩɬɢ-
ɦɢɡɚɰɢɢ ɛɵɥɚ ɢɫɩɨɥɶɡɨɜɚɧɚ ɫɯɟɦɚ 1, ɝɞɟ ɡɚ-
ɞɚɱɚ ɛɟɡɭɫɥɨɜɧɨɣ ɦɢɧɢɦɢɡɚɰɢɢ ɛɵɥɚ ɪɟɲɟɧɚ 
ɦɟɬɨɞɨɦ ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ ɦɧɨɝɨɝɪɚɧɧɢɤɚ, ɫ 
ɩɨɫɥɟɞɭɸɳɢɦ ɩɟɪɟɤɥɸɱɟɧɢɟɦ ɧɚ ɫɯɟɦɭ 2 
(ɦɟɬɨɞ ɇɶɸɬɨɧɚ).  
ɇɟɜɹɡɤɚ ɜ ɨɝɪɚɧɢɱɟɧɢɢ ɧɚ 9-ɣ ɢɬɟɪɚɰɢɢ ɫɨ-
ɫɬɚɜɢɥɚ        g =7,344·10-7, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɨɜɚ-
ɥɨ ɩɟɪɟɦɟɳɟɧɢɸ  Δ5= 0,50000037 in. 
Иɡ ɝɪɚɮɢɤɚ ɧɚ ɪɢɫ. 2,ɚ ɜɢɞɧɨ, ɱɬɨ ɡɧɚɱɟɧɢɟ 
ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɣ ɛɥɢɡɤɨ ɤ ɨɩɬɢɦɚɥɶɧɨɦɭ 
ɭɠɟ ɧɚ 3-ɣ ɢɬɟɪɚɰɢɢ ɩɨɢɫɤɨɜɨɝɨ ɚɥɝɨɪɢɬɦɚ. 
Вɚɪиɚɧɬ 2.   Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɩɪɢɧɹɬɚ ɜ ɜɢɞɟ 
ɤɨɧɫɨɥɶɧɨɣ ɩɥɚɫɬɢɧɵ  ɥɨɦɚɧɨɝɨ ɨɱɟɪɬɚɧɢɹ, 
ɪɚɛɨɬɚɸɳɟɣ ɜ ɭɫɥɨɜɢɹɯ ɩɥɨɫɤɨɝɨ ɧɚɩɪɹɠɟɧ-
ɧɨɝɨ ɫɨɫɬɨɹɧɢɹ. К ɪɚɫɱɟɬɭ ɜɡɹɬɚ ɜɟɪɯɧɹɹ 
ɱɚɫɬɶ ɩɥɚɫɬɢɧɵ  (ɪɢɫ. 3).  
 
 
 
 
 

В ɤɚɱɟɫɬɜɟ ɧɚɝɪɭɡɤɢ ɩɪɢɧɹɬɚ ɫɨɫɪɟɞɨɬɨɱɟɧ-
ɧɚɹ ɫɢɥɚ  F= M / t5 = 450/0,3 = 1500 lb. Ⱦɥɹ 
ɨɛɟɫɩɟɱɟɧɢɹ ɤɨɫɨɫɢɦɦɟɬɪɢɢ ɜ ɩɟɪɟɦɟɳɟɧɢɹɯ 
ɫɩɪɚɜɚ ɜɜɟɞɟɧɚ ɞɨɩɨɥɧɢɬɟɥɶɧɚɹ ɝɨɪɢɡɨɧ-
ɬɚɥɶɧɚɹ ɫɜɹɡɶ. 
ȼɚɪɶɢɪɨɜɚɥɢɫɶ ɬɟ ɠɟ ɡɧɚɱɟɧɢɹ ɩɨɥɭɬɨɥɳɢɧ, 
ɱɬɨ ɢ ɜ ɜɚɪɢɚɧɬɟ 1 ( xi ,  i =1, …, 4)  ɧɚ ɬɨɦ ɠɟ 
ɢɧɬɟɪɜɚɥɟ ɢɡɦɟɧɟɧɢɹ.  ɐɟɥɟɜɚɹ ɢ ɨɝɪɚɧɢɱɢ-
ɬɟɥɶɧɵɟ ɮɭɧɤɰɢɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜɵɪɚɠɟɧɢɹ-
ɦɢ (11), (12).  
ɉɟɪɟɦɟɳɟɧɢɟ Δmax ɨɩɪɟɞɟɥɹɥɨɫɶ  ɪɟɲɟɧɢɟɦ 
ɡɚɞɚɱɢ КЭ ɚɧɚɥɢɡɚ ɜ ɩɟɪɟɦɟɳɟɧɢɹɯ. Ⱦɥɹ 
ɨɰɟɧɤɢ ɬɨɱɧɨɫɬɢ ɡɚɞɚɱɢ ɚɧɚɥɢɡɚ ɛɵɥ ɜɵɩɨɥ-
ɧɟɧ ɪɚɫɱɟɬ ɩɥɚɫɬɢɧɵ ɫɨ ɡɧɚɱɟɧɢɹɦɢ ɩɨɥɭ-
ɬɨɥɳɢɧ  xi =0,15 in. Ɇɚɤɫɢɦɚɥɶɧɨɟ ɩɟɪɟɦɟ-
ɳɟɧɢɟ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɞɥɹ ɫɬɟɪɠɧɟɜɨɣ ɪɚɫɱɟɬ-
ɧɨɣ ɫɯɟɦɵ  ɪɚɜɧɨ 1 in. В ɬɚɛɥɢɰɟ 1 ɩɪɢɜɟɞɟ-
ɧɵ ɡɧɚɱɟɧɢɹ  ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ 
ɭɡɥɨɜ ɩɥɚɫɬɢɧɵ Δmax  ɧɚ ɪɚɡɥɢɱɧɵɯ ɬɪɟ-
ɭɝɨɥɶɧɵɯ КЭ ɫɟɬɤɚɯ.  
 
 
 
 
 
 
 
 
 
 
 
ɉɪɢ ɪɟɲɟɧɢɢ ɡɚɞɚɱɢ ɨɩɬɢɦɢɡɚɰɢɢ ɜ ɷɬɨɦ ɜɚ-
ɪɢɚɧɬɟ ɛɵɥɚ ɩɪɢɧɹɬɚ ɪɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɫ КЭ 
ɫɟɬɤɨɣ 2×192, ɝɞɟ ɨɲɢɛɤɚ ɜ ɪɟɲɟɧɢɢ ɡɚɞɚɱɢ 
ɚɧɚɥɢɡɚ ɫɨɫɬɚɜɢɥɚ  14,3%.  
В ɤɚɱɟɫɬɜɟ ɧɚɱɚɥɶɧɨɝɨ ɩɪɢɧɹɬ ɩɪɨɟɤɬ ɩɥɚ-
ɫɬɢɧɵ ɩɨɫɬɨɹɧɧɨɣ  ɬɨɥɳɢɧɵ  (x0

i=0,15 in). 

Ɋɟɡɭɥɶɬɚɬɵ  ɪɟɲɟɧɢɹ ɛɵɥɢ ɫɥɟɞɭɸɳɢɟ. 
Ɉɩɬɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɩɨɥɭɬɨɥɳɢɧ ɜ 

ɭɡɥɨɜɵɯ ɫɟɱɟɧɢɹɯ (in) 
x1 x2 x3 x4 t5/2 

0,20091 0,186336 0,16082 0,150002 0,15 

ɉɨɝɪɟɲɧɨɫɬɶ ɜ ɨɛɴɟɦɟ ɩɥɚɫɬɢɧɵ ɫɨɫɬɚɜɢɥɚ 
6,581 %,  ɧɟɜɹɡɤɚ ɜ ɨɝɪɚɧɢɱɟɧɢɢ g =9, 01·1 

   Ɍɚɛɥɢɰɚ 1
ɒɚɝ   ɫɟɬɤɢ Δmax (in) 

2×128 0, 825702 

2×192 0,856895 

3×256 0,938994 
3×320 0,976125 
6×320 0,993128 

Ɋɢɫ. 3. ɋɯɟɦɚ ɩɥɚɫɬɢɧɵ (ɜɟɪɯɧɹɹ ɩɨɥɨɜɢɧɚ) 
ɫ ɝɪɚɧɢɱɧɵɦɢ ɭɫɥɨɜɢɹɦɢ 

F=1500 lb
t5 /2=0,15 inx1 x2 x3 x4 

x

x 

y

f(x) 

g(x) 

а) 

ɛ) 

в) 

f(x) 

g(x) 

5        6         7        8        9 
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Ɋɢɫ. 5. Ɉɩɬɢɦɚɥɶɧɨɟ ɨɱɟɪɬɚ-
ɧɢɟ ɩɥɚɫɬɢɧɵ                      ɜɚ-
ɪɢɚɧɬ 1

 

 

Ɋɢɫ. 4. Иɡɦɟɧɟɧɢɹ ɮɭɧɤɰɢɢ  ɰɟɥɢ ɢ           
ɨɝɪɚɧɢɱɟɧɢɣ : ɚ,ɛ) ɧɚ ɢɬɟɪɚɰɢɹɯ 1-7; 
                            ɜ) ɧɚ ɢɬɟɪɚɰɢɹɯ 2-7 

ɇɚ ɪɢɫ. 5  ɞɚɧɨ ɨɱɟɪɬɚɧɢɟ ɩɥɚɫɬɢɧɵ ɞɥɹ ɜɚ-
ɪɢɚɧɬɨɜ 1 ɢ 2. Ɂɚɧɢɠɟɧɧɨɟ ɡɧɚɱɟɧɢɟ  ɬɨɥɳɢɧ 
ɜ ɜɚɪɢɚɧɬɟ 2  ɫɜɹɡɚɧɨ ɫ  ɩɨɝɪɟɲɧɨɫɬɶɸ ɜ КЭ 
ɪɚɫɱɟɬɟ ɩɥɚɫɬɢɧɵ. 
 

 
 
 
 
 
 
 

Вɚɪиɚɧɬ 3.   Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɢɫɤɥɸɱɢɬɶ ɩɨ-
ɝɪɟɲɧɨɫɬɢ ɜ ɪɟɲɟɧɢɢ ɡɚɞɚɱɢ ɚɧɚɥɢɡɚ, ɛɵɥɚ 
ɩɪɢɧɹɬɚ ɫɥɟɞɭɸɳɚɹ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ. ɉɪɢ 
ɨɩɬɢɦɚɥɶɧɵɯ ɡɧɚɱɟɧɢɹɯ ɩɟɪɟɦɟɧɧɵɯ {X}  
(ɜɚɪɢɚɧɬ 1)  ɛɵɥ ɜɵɩɨɥɧɟɧ КЭ ɪɚɫɱɟɬ ɩɥɚ-
ɫɬɢɧɵ ɫ ɬɪɟɭɝɨɥɶɧɨɣ ɫɟɬɤɨɣ 2×128.  ɉɨɥɭ-
ɱɟɧɧɨɟ ɩɪɢ ɷɬɨɦ ɦɚɤɫɢɦɚɥɶɧɨɟ ɩɟɪɟɦɟ- ɳɟ-

ɧɢɟ Δmax=0,3764 in ɩɪɢɧɹɬɨ ɤɚɤ ɜɨɡɦɨɠɧɨ 
ɞɨɩɭɫɬɢɦɨɟ.  
Ɂɚɞɚɱɚ ɪɟɲɚɥɚɫɶ ɫ 2-ɯ ɧɚɱɚɥɶɧɵɯ ɩɪɨɟɤɬɨɜ:  
A) xi

0 (0,15 in);  Ȼ)  x0 (0,4;  0,3;  0,2;  0,18 in). 
В ɬɚɤɨɣ ɩɨɫɬɚɧɨɜɤɟ ɡɧɚɱɟɧɢɹ ɨɩɬɢɦɚɥɶɧɵɯ 
ɩɚɪɚɦɟɬɪɨɜ, ɚ ɬɚɤɠɟ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ ɞɨ     
2-ɝɨ  ɡɧɚɤɚ ɫɨɜɩɚɥɢ ɫ ɜɚɪɢɚɧɬɨɦ 1.  
Ɉɩɬɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɩɨɥɭɬɨɥɳɢɧ (in)

x1 x2 x3 x4 t5/2 
А) 0,21909 0,20448 0,18168 0,15 0,15
Ȼ) 0,21894 0,20431 0,18165 0,15 0,15

 

ɉɨɝɪɟɲɧɨɫɬɶ ɜ ɨɛɴɟɦɟ ɫɨɫɬɚɜɢɥɚ 0,088 % (А) 
ɢ 0,0605% (Ȼ).  ɇɟɜɹɡɤɚ ɜ ɨɝɪɚɧɢɱɟɧɢɹɯ:        
g = -5, 268·10-4 (А) ɢ  g =5, 27·10-4 (Ȼ).  

 

 

 
 

 
Ɋɢɫ. 6. Иɡɦɟɧɟɧɢɹ ɮɭɧɤɰɢɢ  ɰɟɥɢ ɢ       
ɨɝɪɚɧɢɱɟɧɢɣ : ɚ,ɛ) ɧɚ ɢɬɟɪɚɰɢɹɯ 1-7; 
                            ɜ) ɧɚ ɢɬɟɪɚɰɢɹɯ 3-7 

В ɜɚɪɢɚɧɬɚɯ 2 ɢ 3 ɚɥɝɨɪɢɬɦ ɨɩɬɢɦɢɡɚɰɢɢ 
ɫɬɪɨɢɥɫɹ ɩɨ ɫɯɟɦɟ 1, ɝɞɟ ɡɚɞɚɱɚ ɛɟɡɭɫɥɨɜɧɨɣ 
ɦɢɧɢɦɢɡɚɰɢɢ ɛɵɥɚ ɪɟɲɟɧɚ ɦɟɬɨɞɨɦ ɞɟɮɨɪ-
ɦɢɪɭɟɦɨɝɨ ɦɧɨɝɨɝɪɚɧɧɢɤɚ.   

2      3       4       5       6       7 

а) 

ɛ) 

в) 

g(x) 

f(x) 

f(x) g(x) 

А) 

Ȼ) 

А) 

Ȼ) 

f(x) 

g(x) 

а) 

ɛ) 

в) 

3        4         5         6       7

f(x) 
g(x) 
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Иɫɩɨɥɶɡɨɜɚɧɢɟ ɝɭɫɬɨɣ КЭ ɫɟɬɤɢ ɜ ɜɚɪɢɚɧɬɚɯ 
2 ɢ 3 ɩɪɢɜɟɥɨ ɤ ɞɨɫɬɚɬɨɱɧɨ ɝɪɨɦɨɡɞɤɢɦ ɜɵ-
ɱɢɫɥɟɧɢɹɦ ɜ ɡɚɞɚɱɟ КЭ ɚɧɚɥɢɡɚ, ɪɟɲɟɧɢɟ ɤɨ-
ɬɨɪɨɣ ɡɚɧɢɦɚɥɨ ɨɫɧɨɜɧɨɟ ɜɪɟɦɹ ɫɱɟɬɚ.  ɋ 
ɷɬɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ ɫɭɳɟɫɬɜɟɧɧɵɦ ɩɨɤɚɡɚɬɟ-
ɥɟɦ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɚɥɝɨɪɢɬɦɚ ɹɜɥɹɟɬɫɹ ɱɢɫ-
ɥɨ ɨɛɪɚɳɟɧɢɣ ɤ ɮɭɧɤɰɢɢ ɨɝɪɚɧɢɱɟɧɢɣ, ɜɵ-
ɱɢɫɥɟɧɢɟ ɤɨɬɨɪɨɣ ɜɤɥɸɱɚɟɬ КЭ ɪɚɫɱɟɬ. В ɜɚ-
ɪɢɚɧɬɚɯ 2,3 ɱɢɫɥɨ ɬɚɤɢɯ ɨɛɪɚɳɟɧɢɣ ɫɨɫɬɚɜ-
ɥɹɥɨ ɨɬ 320 ɞɨ 425. ɋɭɳɟɫɬɜɟɧɧɨɝɨ ɫɨɤɪɚɳɟ- 
ɧɢɹ ɨɛɴɟɦɚ ɜɵɱɢɫɥɟɧɢɣ ɦɨɠɧɨ ɞɨɛɢɬɶɫɹ, 
ɟɫɥɢ ɨɫɥɚɛɢɬɶ ɬɪɟɛɨɜɚɧɢɹ ɤ ɬɨɱɧɨɫɬɢ ɜ 
ɧɟɜɹɡɤɚɯ ɨɝɪɚɧɢɱɟɧɢɣ, ɧɚɩɪɢɦɟɪ, ɞɨ 1%.   
Ɍɨɝɞɚ ɨɩɬɢɦɚɥɶɧɨɟ ɪɟɲɟɧɢɟ ɛɭɞɟɬ ɩɨɥɭɱɟɧɨ 
ɭɠɟ ɧɚ 2-3 ɢɬɟɪɚɰɢɢ. 
Вɚɪиɚɧɬ 4.   Ⱦɥɹ ɫɨɤɪɚɳɟɧɢɹ ɜɵɱɢɫɥɟɧɢɣ, 
ɫɜɹɡɚɧɧɵɯ  ɫ ɪɟɲɟɧɢɟɦ ɡɚɞɚɱɢ КЭ ɚɧɚɥɢɡɚ, 
ɛɵɥ ɜɵɩɨɥɧɟɧ  ɟɳɟ ɨɞɢɧ ɜɚɪɢɚɧɬ ɩɪɢɦɟɪɚ. 
ɇɚ  ɜɧɟɲɧɢɯ ɢɬɟɪɚɰɢɹɯ  ɜ ɨɤɪɟɫɬɧɨɫɬɢ ɬɟɤɭ-
ɳɟɣ ɬɨɱɤɢ  { X*}   ɫɬɪɨɢɥɢɫɶ ɥɢɧɟɣɧɵɟ ɚɩ-
ɩɪɨɤɫɢɦɚɰɢɢ ɮɭɧɤɰɢɢ ɨɝɪɚɧɢɱɟɧɢɣ  (12)    { } ( ).*xgXx

x

)x(g
)x(g *

T

xx

apr

*

+−⎭⎬
⎫

⎩⎨
⎧

∂=
=

 (13)

ɉɨɫɬɪɨɟɧɢɟ ɩɪɢɛɥɢɠɟɧɧɨɣ ɡɚɞɚɱɢ (13) ɧɚ 
ɤɚɠɞɨɣ ɢɬɟɪɚɰɢɢ ɬɪɟɛɨɜɚɥɨ  ng  ɨɛɪɚɳɟɧɢɣ ɤ 
ɩɪɹɦɨɦɭ ɜɵɱɢɫɥɟɧɢɸ ɨɝɪɚɧɢɱɟɧɢɣ, ɝɞɟ 
ng=2·nx+1. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɛɳɟɟ ɱɢɫɥɨ ɪɟ-
ɲɟɧɢɣ ɡɚɞɚɱɢ ɚɧɚɥɢɡɚ ɛɵɥɨ ɫɨɤɪɚɳɟɧɨ. 
ɇɚ ɜɧɭɬɪɟɧɧɢɯ ɢɬɟɪɚɰɢɹɯ ɚɥɝɨɪɢɬɦɚ ɪɟɲɚ-
ɥɚɫɶ ɡɚɞɚɱɚ ɭɫɥɨɜɧɨɣ  ɦɢɧɢɦɢɡɚɰɢɢ,  ɫ ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɟɦ ɥɢɧɟɚɪɢɡɨɜɚɧɧɨɣ ɮɭɧɤɰɢɢ ( )xgapr . Ⱦɥɹ ɟɟ ɪɟɲɟɧɢɹ ɩɪɢɦɟɧɹɥɚɫɶ ɫɯɟɦɚ 
3: ɩɨɢɫɤ ɩɪɹɦɵɯ ɩɟɪɟɦɟɧɧɵɯ x ɜɵɩɨɥɧɹɥɫɹ 
ɦɟɬɨɞɨɦ ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ ɦɧɨɝɨɝɪɚɧɧɢɤɚ, ɚ  

ɞɜɨɣɫɬɜɟɧɧɵɟ ɩɟɪɟɦɟɧɧɵɟ ɜɵɱɢɫɥɹɥɢɫɶ ɦɚɤ-
ɫɢɦɢɡɚɰɢɟɣ ɮɭɧɤɰɢɢ FM  (5).  Кɚɤ ɭɠɟ ɨɬɦɟ-
ɱɚɥɨɫɶ, ɬɚɤɨɣ ɩɨɞɯɨɞ ɧɟ ɬɪɟɛɨɜɚɥ  ɬɨɱɧɨɫɬɢ ɜ 
ɪɟɲɟɧɢɢ ɡɚɞɚɱɢ (7), ɩɨɷɬɨɦɭ ɩɪɟɞɟɥɶɧɨɟ  
ɱɢɫɥɨ ɜɧɭɬɪɟɧɧɢɯ ɢɬɟɪɚɰɢɣ ɛɵɥɨ ɨɝɪɚɧɢɱɟ-
ɧɨ ɞɨ 5-ɬɢ.  
Иɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɜɡɹɬɵ  ɩɨ ɜɚɪɢɚɧɬɭ 3 (А):  
[Δmax]=0,3764 in,  x0 =0,15 in.  

ɉɪɢɜɟɞɟɦ ɪɟɡɭɥɶɬɚɬɵ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ: 

Ɉɩɬɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɩɨɥɭɬɨɥɳɢɧ  (in) 
x1 x2 x3 x4 t5/2 

0,22698 0,21393 0,16906 0,15017 0,15
 

 

 
Ɋɢɫ. 7. Иɡɦɟɧɟɧɢɹ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ ɧɚ  

ɢɬɟɪɚɰɢɹɯ (ɜɚɪɢɚɧɬ 4) 

Ɉɩɬɢɦɚɥɶɧɨɟ ɪɟɲɟɧɢɟ ɛɵɥɨ ɩɨɥɭɱɟɧɨ ɧɚ  8-ɣ 
ɢɬɟɪɚɰɢɢ ɜɧɟɲɧɟɝɨ ɭɪɨɜɧɹ ɚɩɩɪɨɤɫɢɦɚɰɢɣ.  
Ɉɛɳɟɟ ɱɢɫɥɨ ɩɪɹɦɵɯ ɜɵɱɢɫɥɟɧɢɣ ɮɭɧɤɰɢɢ 
ɨɝɪɚɧɢɱɟɧɢɣ ɫɨɤɪɚɬɢɥɨɫɶ ɞɨ 73 (8 ɢɬɟɪɚɰɢɣ, 
ɧɚ ɤɚɠɞɨɣ ɢɯ ɤɨɬɨɪɵɯ ng=9, ɩɥɸɫ 1 ɜɵɱɢɫ-
ɥɟɧɢɟ ɜ  ɩɨɥɭɱɟɧɧɨɦ ɨɩɬɢɦɚɥɶɧɨɦ ɪɟɲɟɧɢɢ). 
ɇɟɜɹɡɤɚ ɜ ɨɝɪɚɧɢɱɟɧɢɢ ɞɥɹ ɨɩɬɢɦɚɥɶɧɨɝɨ 
ɩɪɨɟɤɬɚ ɫɨɫɬɚɜɢɥɚ g=0,00316, ɩɪɢ ɡɚɞɚɧɧɨɣ 
ɩɨɝɪɟɲɧɨɫɬɢ 10-2.  
ɉɪɢɜɟɞɟɦ ɫɨɩɨɫɬɚɜɥɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ, ɩɨɥɭ-
ɱɟɧɧɵɯ ɜ 4-ɯ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɜɚɪɢɚɧɬɚɯ ɩɪɢ-
ɦɟɪɚ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ, ɩɪɢɜɟɞɟɧɧɵɦɢ ɜ  [4]. 
 

Ɍɚɛɥɢɰɚ 2. ɋɨɩɨɫɬɚɜɥɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɫɱɟɬɚ 
 Ɉɛɴɟɦ (in 3) İ (%) Ɇɚɤɫɢɦɚɥɶɧɨɟ

ɩɟɪɟɦɟɳɟɧɢɟ  (in) İ (%) Чɢɫɥɨ 
ɢɬɟɪɚɰɢɣ

Иɫɬɨɱɧɢɤ [5] 3,600  0,500   
ANSYS ( Ɇɟɬɨɞ ɚɩɩɪɨɤ-
ɫɢɦɚɰɢɢ ɩɨɞɡɚɞɚɱɢ) 3,616 0,434 0,499 0,156 12 

ANSYS (Ɇɟɬɨɞ ɩɟɪɜɨɝɨ    
ɩɨɪɹɞɤɚ) 3,609 0,261 0,501 0,131 17 

ɉɪɨɝɪɚɦɦɚ 
[1] 

ɜ. 1 3,60332 0,092 0,50000037 7,3·10-5 9 
ɜ. 2 3,36306 6,581  0,4995495 0,0901 7 
ɜ. 3 (Ȼ) 3,60218 0,0605 0,3766 ɩɪɢ  [0,3764] 0,053 6 
ɜ. 4 3,60826 0,229 0,3776 ɩɪɢ  [0,3764] 0,319 8 

f(x) 
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Ɋɟɡɭɥɶɬɚɬɵ, ɩɨɥɭɱɟɧɧɵɟ ɜ ɜɚɪɢɚɧɬɚɯ 1-4,  
ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɥɢ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɚɥɝɨ-
ɪɢɬɦɚ ɨɩɬɢɦɢɡɚɰɢɢ  [1-3] ɤɚɤ ɫ ɬɨɱɤɢ ɡɪɟ-
ɧɢɹ ɫɤɨɪɨɫɬɢ ɫɯɨɞɢɦɨɫɬɢ, ɬɚɤ ɢ ɜ ɬɨɱɧɨɫɬɢ 
ɜɵɱɢɫɥɟɧɢɣ.  
ɉɪиɦеɪ 2. Ɉɩɬɢɦɢɡɚɰɢɹ ɪɚɦɵ (VM157. 
Optimization of a Frame Structure).  Ɂɚɞɚɱɚ 
ɢɫɫɥɟɞɨɜɚɧɚ ɜ ɫɬɚɬɶɟ [6].  ɋ ɭɱɟɬɨɦ ɫɢɦ-
ɦɟɬɪɢɢ ɤɨɧɫɬɪɭɤɰɢɢ ɤ ɪɚɫɱɟɬɭ ɩɪɢɧɹɬɚ ɩɨ-
ɥɨɜɢɧɚ ɪɚɦɵ. В ɉК ANSYS КЭ ɦɨɞɟɥɶ 
ɜɤɥɸɱɚɥɚ ɥɢɧɟɣɧɵɟ ɷɥɟɦɟɧɬɵ ɫ 3-ɦɹ ɫɬɟ-
ɩɟɧɹɦɢ ɫɜɨɛɨɞɵ ɜ ɭɡɥɚɯ (2-D Elastic Beam 
Elements BEAM3). Ɍɚɤɢɟ ɠɟ ɤɨɧɟɱɧɵɟ 
ɷɥɟɦɟɧɬɵ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɩɪɢ ɪɟɲɟ-
ɧɢɢ ɡɚɞɚɱɢ ɚɧɚɥɢɡɚ [1].  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɢɫɬɟɦɵ: E = 1010 ɉɚ;       
[σ] =9,900×106 ɉɚ;  ɚ=2,5 ɦ. 

В ɤɚɱɟɫɬɜɟ ɜɚɪɶɢɪɭɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ ɩɪɢ-
ɧɹɬɵ ɜɵɫɨɬɵ dj ɜ ɷɥɟɦɟɧɬɚɯ 1, 2 (nx=2).    
ɇɚɱɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɜɚɪɶɢɪɭɟɦɵɯ ɩɚɪɚ-
ɦɟɬɪɨɜ: x0 (d0) = 0,1 ɦ. 
 

Ⱦɢɚɩɚɡɨɧ ɜɚɪɶɢɪɨɜɚɧɢɹ:  
xmin=0,05 ɦ;  xmax=0,5 ɦ. 

ɐɟɥɟɜɚɹ ɮɭɧɤɰɢɹ ɩɪɟɞɫɬɚɜɥɹɥɚ ɨɛɴɟɦ  ɪɚ-
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ɉɪɢɜɟɞɟɦ ɪɟɡɭɥɶɬɚɬɵ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ. 
 

Ɍɚɛɥɢɰɚ 3. Иɡɦɟɧɟɧɢɹ ɮɭɧɤɰɢɣ  ɧɚ     
ɢɬɟɪɚɰɢɹɯ 

 № f(x)×102 (ɦ3) gmax        

0 5,0000000 0,987045 

1 5,9319702 0,481039 

2 7,5288460 0,028821 

3 7,6382240 0,000945 

4 7,6410714 0,000014 

5 7,6411272 -0,000002 

ɉɨɬɟɧɰɢɚɥɶɧɨ-ɚɤɬɢɜɧɵɦɢ ɛɵɥɢ ɨɝɪɚɧɢɱɟ-
ɧɢɹ ɧɚ ɧɚɩɪɹɠɟɧɢɹ ɜ ɫɟɱɟɧɢɹɯ I  ɢ II : 

g2= -0,23·10-5 ɢ g4= -0,27·10-5. 

Ɋɚɫɱɟɬɧɵɟ ɡɧɚɱɟɧɢɹ ɦɨɦɟɧɬɨɜ ɩɪɢ ɷɬɨɦ 
ɛɵɥɢ ɫɥɟɞɭɸɳɢɟ (ɇ ɦ):  

ɉɪɢ ɪɟɲɟɧɢɢ ɡɚɞɚɱɢ ɧɚ 1-ɯ ɬɪёɯ ɢɬɟɪɚɰɢɹɯ 
ɛɵɥɚ ɢɫɩɨɥɶɡɨɜɚɧɚ ɫɯɟɦɚ 1, ɝɞɟ ɡɚɞɚɱɚ ɛɟɡ-
ɭɫɥɨɜɧɨɣ ɦɢɧɢɦɢɡɚɰɢɢ ɛɵɥɚ ɪɟɲɟɧɚ ɦɟ-
ɬɨɞɨɦ ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ ɦɧɨɝɨɝɪɚɧɧɢɤɚ ɫ 
ɩɟɪɟɤɥɸɱɟɧɢɟɦ ɧɚ ɩɨɫɥɟɞɧɢɯ ɢɬɟɪɚɰɢɹɯ ɧɚ 
ɫɯɟɦɭ 2 (ɦɟɬɨɞ ɇɶɸɬɨɧɚ) 
ɋɪɚɜɧɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ 
ɩɪɢɜɟɞɟɧɨ ɜ ɬɚɛɥɢɰɟ 4, ɝɞɟ ɜ ɩɨɫɥɟɞɧɟɣ 
ɝɪɚɮɟ ɭɤɚɡɚɧɨ ɱɢɫɥɨ ɢɬɟɪɚɰɢɣ (N_i) . 

Эɥ. 1 M1
1= 1055,7  ; M2

1
 =  -1350,9. 

Эɥ. 2 M2
2 = -1350,9;   M3

2 =  1776,0. 
Ɋɢɫ. 8. ɚ) ɨɩɬɢɦɢɡɢɪɭɟɦɚɹ  ɪɚɦɚ; 
            ɛ) ɪɚɫɱɟɬɧɚɹ ɫɯɟɦɚ;   
            ɜ) ɫɟɱɟɧɢɟ ɷɥɟɦɟɧɬɨɜ  
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Ɍɚɛɥɢɰɚ 4. ɋɨɩɨɫɬɚɜɥɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ 

 d1 (ɦ) d2 (ɦ) Ɉɛɴɟɦ  
(ɦ3) 

N_i 

Иɫɬɨɱɧɢɤ 
[6] 

0,118 0,129 0,0764  

ANSYS 0,1196 0,1288 0,0772 9 

ɉɪɨɝɪɚɦɦɚ 
[1] 

0,1179 0,1291 0,07641 5 

Ɋɚɫɱɟɬ ɜ ɉК ANSYS  ɞɚɥ ɩɨɝɪɟɲɧɨɫɬɶ ɜ 
ɨɛɴɟɦɟ 1,320%.   В ɪɚɫɱɟɬɟ, ɝɞɟ ɢɫɩɨɥɶɡɨ-
ɜɚɥɚɫɶ ɩɪɨɝɪɚɦɦɚ [1], ɫ ɭɱɟɬɨɦ ɨɤɪɭɝɥɟɧɢɹ  
ɞɨ ɡɧɚɱɚɳɢɯ ɰɢɮɪ,  ɤɨɬɨɪɵɟ ɩɪɢɜɟɞɟɧɵ ɜ 
ɢɫɬɨɱɧɢɤɟ, ɩɨɝɪɟɲɧɨɫɬɶ ɨɬɫɭɬɫɬɜɭɟɬ.  
Ɋɚɫɫɦɨɬɪɟɧɧɵɟ ɩɪɢɦɟɪɵ ɩɨɤɚɡɚɥɢ ɜɵɫɨ-
ɤɭɸ ɪɨɛɚɫɬɧɨɫɬɶ ɚɥɝɨɪɢɬɦɚ ɨɩɬɢɦɢɡɚɰɢɢ, 
ɡɚɥɨɠɟɧɧɨɝɨ ɜ ɉК [1]. ɉɪɢ ɪɟɲɟɧɢɢ ɡɚɞɚɱɢ 
ɛɟɡɭɫɥɨɜɧɨɣ ɦɢɧɢɦɢɡɚɰɢɢ (7) ɛɵɥɚ ɨɬɦɟ-
ɱɟɧɚ  ɜɵɫɨɤɚɹ ɭɫɬɨɣɱɢɜɨɫɬɶ ɦɟɬɨɞɚ ɞɟ-
ɮɨɪɦɢɪɭɟɦɨɝɨ ɦɧɨɝɨɝɪɚɧɧɢɤɚ. Ɇɟɬɨɞ 
ɇɶɸɬɨɧɚ ɩɨɤɚɡɚɥ ɭɫɬɨɣɱɢɜɭɸ ɪɚɛɨɬɭ ɧɚ 
ɩɨɫɥɟɞɧɢɯ ɢɬɟɪɚɰɢɹɯ ɬɨɥɶɤɨ ɞɥɹ ɞɜɭɯ ɫɥɭ-
ɱɚɟɜ: ɜ ɩɪɢɦɟɪɟ 1 (ɜɚɪɢɚɧɬ 1) ɢ ɜ ɩɪɢɦɟɪɟ 
2, ɱɬɨ ɩɨɡɜɨɥɢɥɨ ɩɨɥɭɱɢɬɶ ɜɵɫɨɤɭɸ ɬɨɱ-
ɧɨɫɬɶ ɜ ɧɟɜɹɡɤɚɯ ɨɝɪɚɧɢɱɟɧɢɣ.  
В ɰɟɥɨɦ ɛɵɥɚ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɚ ɛɵɫɬ-
ɪɚɹ ɫɯɨɞɢɦɨɫɬɶ ɤ ɩɪɨɟɤɬɚɦ ɛɥɢɡɤɢɦ ɤ ɨɩ-
ɬɢɦɚɥɶɧɵɦ ɭɠɟ ɧɚ 2-3 ɢɬɟɪɚɰɢɢ. ɉɨɫɥɟ-
ɞɭɸɳɢɟ ɢɬɟɪɚɰɢɢ ɞɨɜɨɞɢɥɢ ɪɟɡɭɥɶɬɚɬ ɞɨ 
ɬɪɟɛɭɟɦɨɣ ɫɬɟɩɟɧɢ ɬɨɱɧɨɫɬɢ. 

ɋɉИɋɈК ɅИɌȿɊАɌɍɊЫ 

1. Ⱦɦиɬɪиевɚ Ɍ.Ʌ.  ɉɪɨɝɪɚɦɦɧɵɣ ɤɨɦɩɥɟɤɫ 
«OPTIDEST» ɢ ɟɝɨ  ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜ ɡɚɞɚɱɚɯ  
ɪɚɫɱɟɬɚ ɢ ɨɩɬɢɦɢɡɚɰɢɢ ɫɬɚɥɶɧɵɯ  ɤɨɧɫɬɪɭɤɰɢɣ.  
Вɟɫɬɧɢɤ ɆȽɋɍ , №1, ɬ.1, 2011, ɫ. 100-105 

2. Ⱦɦиɬɪиевɚ Ɍ.Ʌ. ɉɚɪɚɦɟɬɪɢɱɟɫɤɚɹ ɨɩɬɢɦɢɡɚɰɢɹ 
ɜ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɤɨɧɫɬɪɭɤɰɢɣ, ɩɨɞɜɟɪɠɟɧɧɵɯ 
ɫɬɚɬɢɱɟɫɤɨɦɭ ɢ ɞɢɧɚɦɢɱɟɫɤɨɦɭ ɜɨɡɞɟɣɫɬɜɢɸ: 
ɦɨɧɨɝɪɚɮɢɹ. Иɪɤɭɬɫɤ: ИpȽɌɍ, 2010, 176 ɫ. 

3. Ȼеɡɞелев В.В., Ⱦɦиɬɪиевɚ Ɍ.Ʌ. Иɫɩɨɥɶɡɨɜɚɧɢɟ 
ɦɧɨɝɨɦɟɬɨɞɧɨɣ ɫɬɪɚɬɟɝɢɢ ɨɩɬɢɦɢɡɚɰɢɢ ɜ ɩɪɨɟɤ-
ɬɢɪɨɜɚɧɢɢ  ɫɬɪɨɢɬɟɥɶɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ. 
Иɡɜɟɫɬɢɹ ɜɭɡɨɜ. ɋɬɪɨɢɬɟɥɶɫɬɜɨ, № 2, 2010, ɫ. 90-
95 

4. Вɟɪɢɮɢɤɚɰɢɨɧɧɵɣ ɨɬɱɟɬ ɩɨ ɩɪɨɝɪɚɦɦɧɨɦɭ 
ɤɨɦɩɥɟɤɫɭ ANSYS Mechanical. Ɍɨɦ 2. ɁАɈ ɇИЦ 
ɋɬɚȾɢɈ, ȽɈɍ ВɉɈ ɆȽɋɍ, 2009  

5. Prasad B.,  Haftka R. T. Optimal Structural De-
sign with Plate Finite Elements, ASCE, Journal of 
the Structural Division, Vol. 105, No. 11, Novem-
ber 1979, pp. 2367-2382 

6. Topping B. H. V., Robinson D. J. Selecting Non-
Linear Optimization Techniques for Structural De-
sign, Intl J. for Computer Aided Engineering and 
Software: Engineering Computations, 1984. Vol. 1 
No. 3. 

ɋВȿȾȿɇИə ɈȻ АВɌɈɊАɏ 
 

Ф.И.Ɉ. 
Ⱦɦɢɬɪɢɟɜɚ 
 Ɍɚɬɶɹɧɚ Ʌɶɜɨɜɧɚ 

ɍɱɟɧɚɹ ɫɬɟ-
ɩɟɧɶ, ɭɱɟɧɨɟ 
ɡɜɚɧɢɟ: 

ɤ.ɬ.ɧ., ɞɨɰɟɧɬ 

Ɉɪɝɚɧɢɡɚɰɢɹ: 
ɂɪɤɭɬɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ  
ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ     
(ɂɪȽɌɍ) 

Ⱦɨɥɠɧɨɫɬɶ: 
Ⱦɨɰɟɧɬ ɤɚɮɟɞɪɵ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
ɦɚɬɟɪɢɚɥɨɜ ɢ ɫɬɪɨɢɬɟɥɶɧɨɣ ɦɟ-
ɯɚɧɢɤɢ 

Аɞɪɟɫ        
ɨɪɝɚɧɢɡɚɰɢɢ: 

664074, ɂɪɤɭɬɫɤ,  
 ɭɥ. Ʌɟɪɦɨɧɬɨɜɚ, 83 

Ɍɟɥɟɮɨɧɵ: 
(8-395- 2) 42-42-69  (ɞɨɦ) 
8  914 913 67 25       (ɦɨɛ.) 

Фɚɤɫ: (8-395-2)  40-51-45 

E-mail: 
dmital@istu.edu 
dmitrievat@list.ru  

INFORMATION ABOUT AUTHOR 

Name: Dmitrieva Tatiyana Livovna 

Organization: 
Irkutsk state technical university, 
Irkutsk, Russia 
 

Degree: Candidate of the technical sciences 
Address to 
organizations: 

664074, Irkutsk,, Lermontova str, 
83 

Phones: 
(8-395-2) 42 42 69 (home) 
8  914 913 67 25     (mob) 

Fax: (8-395-2)  40-51-45 

E-mail: 
dmital@istu.edu 
dmitrievat@list.ru  



International Journal for Computational Civil and Structural Engineering, 7 (3) 103-109 (2011) 

                                                                                                       103 

 ВȿɊИɎИКАЦИə ɊАɋЧȿɌɇɈɃ ɌȿɏɇɈɅɈȽИИ 
«ɆɈɇɌАɀ» ɉɊɈȽɊАɆɆɇɈȽɈ КɈɆɉɅȿКɋА «SCAD» 

 

Ɉ. В. Каɛаɧɰев1 

1 Ɇɨɫɤɨɜɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɫɬɪɨɢɬɟɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ, ɩɪɨɮɟɫɫɨɪ ɤɚɮɟɞɪɵ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɢ ɤɚɦɟɧɧɵɯ 
ɤɨɧɫɬɪɭɤɰɢɣ 

АɇɇɈɌАЦИə: В ɫɬɚɬɶɟ ɢɡɥɨɠɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬ ɩɨ ɜɟɪɢɮɢɤɚɰɢɢ ɪɚɫɱɟɬɧɨɣ ɬɟɯɧɨɥɨɝɢɢ «Ɇɨɧɬɚɠ» ɩɪɨ-
ɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ «SCAD». 

Ключевые словɚ: ɪɚɫɱɟɬɧɨ-ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɤɨɧ-
ɫɬɪɭɤɰɢɣ, ɜɟɪɢɮɢɤɚɰɢɹ ɦɟɬɨɞɢɤɢ ɢ ɩɪɨɝɪɚɦɦɧɨɣ ɪɟɚɥɢɡɚɰɢɢ. 

 

VERIFICATION OF CALCULATION TECHNOLOGY  
”MOUNTING» FROM SOFWARE COMPLEX “SCAD» 

 

Oleg V. Kabantsev1 
1 Moscow Civil Engineering University, ɩɪɨɮɟɫɫɨɪ ɤɚɮɟɞɪɵ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɢ ɤɚɦɟɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ 

ABSTRACT:  The article describes the the results of the verification of calculation technology “Mounting” from soft-
ware “SCAD”. 

Key words: experiment-calculated study of stress-strain condition of constructions, verification. 

 
Ɋɚɫɱɟɬɧɨɟ ɨɛɨɫɧɨɜɚɧɢɟ ɩɪɨɟɤɬɧɵɯ ɪɟ-

ɲɟɧɢɣ ɜ ɚɛɫɨɥɸɬɧɨɦ ɛɨɥɶɲɢɧɫɬɜɟ ɩɪɨɟɤɬɨɜ 
ɜɵɩɨɥɧɹɟɬɫɹ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɩɪɨɝɪɚɦɦɧɵɯ 
ɤɨɦɩɥɟɤɫɨɜ (ɉК), ɩɨɡɜɨɥɹɸɳɢɯ ɜɵɩɨɥɧɢɬɶ 
ɩɪɨɝɧɨɡ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨ-
ɫɬɨɹɧɢɹ ɤɨɧɫɬɪɭɤɰɢɣ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɜɨɡɞɟɣ-
ɫɬɜɢɹɯ, ɩɨɥɭɱɢɬɶ ɡɧɚɱɟɧɢɹ ɞɢɧɚɦɢɱɟɫɤɢɯ ɯɚ-
ɪɚɤɬɟɪɢɫɬɢɤ ɫɨɨɪɭɠɟɧɢɹ, ɜɵɩɨɥɧɢɬɶ (ɜ ɩɨɫɬ-
ɩɪɨɰɟɫɫɨɪɟ) ɩɨɞɛɨɪ ɫɟɱɟɧɢɣ ɫɬɚɥɶɧɵɯ ɤɨɧɫɬ-
ɪɭɤɰɢɣ ɢɥɢ ɚɪɦɢɪɨɜɚɧɢɟ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ 
ɷɥɟɦɟɧɬɨɜ. 

В ɨɫɧɨɜɟ ɫɨɜɪɟɦɟɧɧɵɯ ɉК, ɜɵɩɨɥɧɹɸ-
ɳɢɯ ɫɬɚɬɢɱɟɫɤɢɟ ɪɚɫɱɟɬɵ ɤɨɧɫɬɪɭɤɰɢɣ, ɥɟɠɢɬ 
ɦɟɬɨɞ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɤɨɬɨɪɵɣ ɹɜɥɹɟɬɫɹ 
ɨɞɧɢɦ ɢɡ ɜɢɞɨɜ ɱɢɫɥɟɧɧɵɯ ɦɟɬɨɞɨɜ ɜɵɱɢɫɥɢ-
ɬɟɥɶɧɨɣ ɦɚɬɟɦɚɬɢɤɢ. Иɡɜɟɫɬɧɨ, ɱɬɨ ɱɢɫɥɟɧ-
ɧɵɟ ɦɟɬɨɞɵ ɧɟ ɞɚɸɬ ɬɨɱɧɨɝɨ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ 
– ɪɟɡɭɥɶɬɚɬɨɦ ɢɯ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɧɟɤɨɬɨɪɨɟ 
ɩɪɢɛɥɢɠɟɧɧɨɟ ɪɟɲɟɧɢɟ. ɉɪɢ ɷɬɨɦ ɫɥɟɞɭɟɬ 
ɭɱɢɬɵɜɚɬɶ, ɱɬɨ ɜ ɪɚɡɥɢɱɧɵɯ ɉК ɪɟɚɥɢɡɚɰɢɹ 
ɬɨɝɨ ɢɥɢ ɢɧɨɝɨ ɱɢɫɥɟɧɧɨɝɨ ɦɟɬɨɞɚ ɢɦɟɟɬ 
ɫɜɨɸ ɬɟɯɧɨɥɨɝɢɸ, ɱɬɨ ɨɩɪɟɞɟɥɹɟɬ ɜɨɡɦɨɠɧɨɟ 
ɪɚɡɥɢɱɢɟ ɜ ɪɟɡɭɥɶɬɚɬɚɯ ɪɚɫɱɟɬɨɜ. Вɵɩɨɥɧɟɧɢɟ 

ɫɬɚɬɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ ɨɞɧɨɣ ɪɚɫɱɟɬɧɨɣ ɦɨɞɟɥɢ 
ɪɚɡɥɢɱɧɵɦɢ ɉК ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ (ɢ ɤɚɤ ɩɪɚɜɢ-
ɥɨ ɩɪɢɜɨɞɢɬ) ɤ ɪɚɡɥɢɱɧɵɦ ɪɟɡɭɥɶɬɚɬɚɦ. 

Ⱦɥɹ ɨɰɟɧɤɢ ɤɚɱɟɫɬɜɚ ɪɟɲɟɧɢɹ, ɩɨɥɭɱɚɟ-
ɦɨɝɨ ɬɟɦ ɢɥɢ ɢɧɵɦ ɉК, ɤɚɤ ɩɪɚɜɢɥɨ ɢɫɩɨɥɶ-
ɡɭɸɬ ɫɪɚɜɧɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɪɟɲɟɧɢɹ ɡɚɞɚɱ, 
ɩɨɥɭɱɚɟɦɵɯ ɧɚ ɬɟɫɬɢɪɭɟɦɨɦ ɉК ɢ ɧɚ ɉК, 
ɢɦɟɸɳɟɦ ɩɪɨɜɟɪɟɧɧɭɸ ɩɪɚɤɬɢɤɨɣ ɢɫɬɨɪɢɸ. 
ɍɤɚɡɚɧɧɚɹ ɩɪɨɰɟɞɭɪɚ ɫɪɚɜɧɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ 
ɪɟɲɟɧɢɣ, ɜɵɩɨɥɧɹɟɦɚɹ ɧɚ ɫɩɟɰɢɚɥɶɧɨ ɩɨɞɝɨ-
ɬɨɜɥɟɧɧɵɯ ɬɟɫɬɨɜɵɯ ɩɪɢɦɟɪɚɯ, ɢɦɟɧɭɟɬɫɹ ɜɟ-
ɪɢɮɢɤɚɰɢɣ. Чɟɦ ɦɟɧɟɟ ɪɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɬɟɫ-
ɬɢɪɭɟɦɨɝɨ ɉК ɨɬɥɢɱɚɸɬɫɹ ɨɬ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɫ-
ɱɟɬɚ ɉК, ɩɪɢɧɹɬɨɝɨ ɜ ɤɚɱɟɫɬɜɟ ɛɚɡɨɜɨɝɨ, ɬɟɦ 
ɛɨɥɟɟ ɚɞɟɤɜɚɬɧɨɣ ɦɨɠɧɨ ɫɱɢɬɚɬɶ  ɪɟɚɥɢɡɚɰɢɸ 
ɩɪɢɦɟɧɟɧɧɵɯ ɜ ɬɟɫɬɢɪɭɟɦɨɦ ɉК ɦɟɬɨɞɨɜ ɜɵ-
ɱɢɫɥɢɬɟɥɶɧɨɣ ɦɚɬɟɦɚɬɢɤɢ. 

В ɧɚɫɬɨɹɳɟɣ ɫɬɚɬɶɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɪɟ-
ɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɩɨ ɜɟɪɢɮɢɤɚɰɢɢ ɪɚɫɱɟɬɧɨɣ 
ɬɟɯɧɨɥɨɝɢɢ «Ɇɨɧɬɚɠ», ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɢ 
ɮɭɧɤɰɢɨɧɢɪɭɸɳɟɣ ɜ ɪɚɦɤɚɯ ɉК «SCAD». В 
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ɨɛɳɟɦ ɜɢɞɟ ɫɦɵɫɥ ɪɚɫɱɟɬɧɨɣ ɬɟɯɧɨɥɨɝɢɢ 
«Ɇɨɧɬɚɠ» ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ: 

Вɫɟ ɪɚɫɱɟɬɵ, ɫɜɹɡɚɧɧɵɟ c ɜɨɡɜɟɞɟɧɢɟɦ 
(ɦɨɧɬɚɠɨɦ) ɫɢɫɬɟɦɵ ɤɨɧɫɬɪɭɤɰɢɣ, ɤɚɤ ɩɪɚ-
ɜɢɥɨ, ɜɵɩɨɥɧɹɸɬcɹ ɜ ɩɪɟɞɩɨɥɨɠɟɧɢɢ 
cɩɪɚɜɟɞɥɢɜɨcɬɢ ɨɛɵɱɧɵɯ ɞɨɩɭɳɟɧɢɣ ɥɢɧɟɣ-
ɧɨɣ cɬɪɨɢɬɟɥɶɧɨɣ ɦɟɯɚɧɢɤɢ ɞɥɹ ɤɚɠɞɨɣ ɫɬɚ-
ɞɢɢ ɦɨɧɬɚɠɚ. ɉɪɢ ɷɬɨɦ ɜ ɬɪɚɞɢɰɢɨɧɧɨɣ ɪɚɫ-
ɱɟɬɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɦɨ-
ɞɟɥɶ ɧɟɫɭɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɫɨɡɞɚɟɬɫɹ ɫɪɚɡɭ ɜ 
ɩɨɥɧɨɦ ɨɛɴɟɦɟ, ɢ ɥɢɲɶ ɡɚɬɟɦ ɤ ɧɟɣ ɧɚɱɢɧɚɸɬ 
ɩɪɢɤɥɚɞɵɜɚɬɶ ɜɧɟɲɧɢɟ ɧɚɝɪɭɡɤɢ. Ɉɞɧɚɤɨ, ɜ 
ɰɟɥɨɦ, ɡɚ cɱɟɬ ɢɡɦɟɧɟɧɢɹ ɪɚcɱɟɬɧɨɣ cɯɟɦɵ 
ɩɪɢ ɩɟɪɟɯɨɞɟ ɨɬ ɨɞɧɨɣ ɫɬɚɞɢɢ ɤ ɞɪɭɝɨɣ, ɡɚɞɚ-
ɱɚ ɹɜɥɹɟɬcɹ ɧɟɥɢɧɟɣɧɨɣ. ɍɤɚɡɚɧɧɨɟ ɢɡɦɟɧɟ-
ɧɢɟ ɪɚɫɱɟɬɧɨɣ ɫɯɟɦɵ ɜɨɡɧɢɤɚɟɬ, ɜ ɱɚɫɬɧɨɫɬɢ, 
ɩɪɢ ɢɡɦɟɧɟɧɢɢ (ɞɟɮɨɪɦɢɪɨɜɚɧɢɢ) ɱɚɫɬɢ ɪɚɫ-
ɱɟɬɧɨɣ ɦɨɞɟɥɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ n-1ɷɬɚɩɭ 
ɦɨɧɬɚɠɚ, ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɧɚɝɪɭɡɨɤ, ɫɜɹɡɚɧɧɵɯ 
ɫ ɫɭɳɟɫɬɜɨɜɚɧɢɟɦ ɷɬɨɣ ɝɪɭɩɩɵ ɤɨɧɫɬɪɭɤɰɢɣ 
(ɧɚɩɪɢɦɟɪ – ɧɚɝɪɭɡɤɢ ɨɬ ɫɨɛɫɬɜɟɧɧɨɝɨ ɜɟɫɚ), 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɨɨɪɞɢɧɚɬ ɭɡɥɨɜ ɦɨɞɟɥɢ, ɫɮɨɪ-
ɦɢɪɨɜɚɧɧɵɯ ɛɟɡ ɭɱɟɬɚ ɧɚɝɪɭɡɨɤ, ɬ.ɟ. ɨɬɧɨɫɢ-
ɬɟɥɶɧɨ ɷɬɚɩɚ n ɢ ɩɨɫɥɟɞɭɸɳɢɯ ɷɬɚɩɨɜ ɜɨɡɜɟ-
ɞɟɧɢɹ ɤɨɧɫɬɪɭɤɰɢɣ. ɉɪɢ ɷɬɨɦ (ɤɚɤ ɩɪɚɜɢɥɨ) 
ɤɨɧɫɬɪɭɤɰɢɢ ɤɚɠɞɨɝɨ ɷɬɚɩɚ ɜɨɡɜɟɞɟɧɢɹ ɡɞɚ-
ɧɢɹ ɞɨɥɠɧɵ ɛɵɬɶ ɭɫɬɚɧɨɜɥɟɧɵ ɜ ɩɪɨɟɤɬɧɨɟ 
ɩɨɥɨɠɟɧɢɟ ɛɟɡ ɭɱɟɬɚ ɞɟɮɨɪɦɚɰɢɣ, ɜɨɡɧɢɤɲɢɯ 
ɜ ɤɨɧɫɬɪɭɤɰɢɹɯ ɧɚ ɛɨɥɟɟ ɪɚɧɧɢɯ ɷɬɚɩɚɯ ɜɨɡ-
ɜɟɞɟɧɢɹ. 

В ɨɫɧɨɜɭ ɬɟɯɧɨɥɨɝɢɢ ɪɚɫɱɟɬɚ, ɭɱɢɬɵ-
ɜɚɸɳɟɣ ɭɤɚɡɚɧɧɵɟ ɜɵɲɟ ɨɛɫɬɨɹɬɟɥɶɫɬɜɚ, ɩɨ-
ɥɨɠɟɧ ɩɪɢɧɰɢɩ ɩɨɷɬɚɩɧɨɝɨ ɨɬɫɥɟɠɢɜɚɧɢɹ 
ɢɡɦɟɧɟɧɢɹ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ 
ɫɨɫɬɨɹɧɢɹ (ɇȾɋ). ɉɪɢ ɷɬɨɦ ɱɟɬɤɨ ɪɚɡɥɢɱɚɟɬɫɹ 
ɫɭɦɦɚɪɧɨɟ ɇȾɋ ɫɢɫɬɟɦɵ, ɜɨɡɧɢɤɚɸɳɟɟ ɧɚ 
ɤɚɠɞɨɦ ɷɬɚɩɟ ɦɨɧɬɚɠɚ ɫ ɭɱɟɬɨɦ ɜɫɟɯ ɩɪɟɞɲɟ-
ɫɬɜɭɸɳɢɯ ɷɬɚɩɨɜ, ɢ ɩɪɢɪɚɳɟɧɢɟ ɇȾɋ, ɜɵ-
ɡɜɚɧɧɨɟ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦɢ ɜɨɡɞɟɣɫɬɜɢɹɦɢ ɧɚ 
ɫɢɫɬɟɦɭ, ɨɬɧɨɫɹɳɢɦɢɫɹ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɤ 
ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦɭ ɷɬɚɩɭ ɦɨɧɬɚɠɚ. 

Ɋɟɲɟɧɢɟ ɡɚɞɚɱ ɪɚɫɱɟɬɚ ɫ ɭɱɟɬɨɦ ɝɟɨɦɟɬ-
ɪɢɱɟɫɤɨɣ (ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ – «ɝɟɧɟɬɢɱɟɫɤɨɣ») 
ɧɟɥɢɧɟɣɧɨɫɬɢ, ɪɟɚɥɢɡɨɜɚɧɧɨɟ ɜ ɮɨɪɦɟ ɫɩɟɰɢ-
ɚɥɶɧɨɣ ɪɚɫɱɟɬɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɫ ɭɫɥɨɜɧɵɦ ɧɚ-

ɢɦɟɧɨɜɚɧɢɟɦ «Ɇɨɧɬɚɠ» ɜ ɉК SCAD ɜɟɪɫɢɢ 
11.3 [2] ɢ ɜɵɲɟ, ɩɨɡɜɨɥɹɟɬ ɪɟɲɢɬɶ ɭɤɚɡɚɧɧɵɟ 
ɩɪɨɛɥɟɦɵ, ɫɜɹɡɚɧɧɵɟ ɫ ɢɡɦɟɧɟɧɢɹɦɢ ɝɟɨɦɟɬ-
ɪɢɢ ɫɢɫɬɟɦɵ ɜ ɩɪɨɰɟɫɫɟ ɜɨɡɜɟɞɟɧɢɹ ɡɞɚɧɢɹ. В 
ɪɚɦɤɚɯ ɪɟɠɢɦɚ «Ɇɨɧɬɚɠ» ɦɨɠɧɨ ɧɚɡɧɚɱɢɬɶ 
ɫɤɨɥɶ ɭɝɨɞɧɨ ɦɧɨɝɨ ɷɬɚɩɨɜ ɜɨɡɜɟɞɟɧɢɹ ɡɞɚɧɢɹ, 
ɩɪɢ ɷɬɨɦ ɧɚ ɤɚɠɞɨɦ ɢɡ ɩɨɫɥɟɞɭɸɳɢɯ ɷɬɚɩɨɜ 
ɧɨɜɵɟ ɭɡɥɵ ɪɚɫɱɟɬɧɨɣ ɫɯɟɦɵ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ 
ɜ ɡɚɞɚɧɧɨɟ (ɩɪɨɟɤɬɧɨɟ!) ɩɨɥɨɠɟɧɢɟ, ɫɨɯɪɚɧɹɹ 
ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɟ ɫɨɫɬɨɹɧɢɟ ɫɯɟɦɵ ɩɪɟɞɵɞɭ-
ɳɢɯ ɷɬɚɩɨɜ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɨɜɚɹ ɬɟɯɧɨɥɨɝɢɹ 
ɪɚɫɱɟɬɨɜ ɛɨɥɟɟ ɚɞɟɤɜɚɬɧɨ ɨɬɪɚɠɚɟɬ ɩɪɨɰɟɫɫ 
ɮɨɪɦɢɪɨɜɚɧɢɹ ɇȾɋ ɧɟɫɭɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ 
ɡɞɚɧɢɹ. 

Ⱦɥɹ ɨɰɟɧɤɢ ɚɞɟɤɜɚɬɧɨɫɬɢ ɪɚɡɪɚɛɨɬɚɧɧɵɯ 
ɜ ɪɚɦɤɚɯ ɬɟɯɧɨɥɨɝɢɢ «Ɇɨɧɬɚɠ» ɉК SCAD ɜɵ-
ɱɢɫɥɢɬɟɥɶɧɵɯ ɩɪɨɰɟɞɭɪ ɜɵɩɨɥɧɟɧɚ ɜɟɪɢɮɢɤɚ-
ɰɢɹ ɪɚɫɱɟɬɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɧɚ ɨɫɧɨɜɟ ɫɪɚɜɧɟ-
ɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɪɟɲɟɧɢɹ ɬɟɫɬɨɜɵɯ ɡɚɞɚɱ ɉК 
«ANSYS”, ɜ ɤɨɬɨɪɨɦ ɪɟɚɥɢɡɨɜɚɧ ɩɪɢɧɰɢɩ ɩɨ-
ɷɬɚɩɧɨɝɨ ɜɤɥɸɱɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɜ ɪɚɫɱɟɬɧɭɸ 
ɦɨɞɟɥɶ ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɷɬɚɩɭ ɞɟɮɨɪɦɢɪɨ-
ɜɚɧɢɟɦ ɩɨɞ ɞɟɣɫɬɜɭɸɳɟɣ ɧɚ ɷɬɨɦ ɷɬɚɩɟ ɧɚ-
ɝɪɭɡɤɢ. В ɬɟɪɦɢɧɚɯ ɉК «ANSYS” ɨɩɢɫɚɧɧɚɹ 
ɩɪɨɰɟɞɭɪɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ «ɪɨɠɞɟɧɢɟ-
ɠɢɡɧɶ» ɢɥɢ «ɫɦɟɪɬɶ» ɷɥɟɦɟɧɬɚ (ɛɥɢɡɤɢɣ ɩɨ 
ɫɦɵɫɥɭ ɩɟɪɟɜɨɞ). 

Ɍеɫтовая ɡадаɱа. 

Ɍɢɩ ɡɚɞɚɱɢ – ɫɬɚɬɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɧɚɩɪɹ-
ɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɫ ɭɱɟɬɨɦ 
ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ («ɝɟɧɟɬɢɱɟɫɤɨɣ» - ɷɬɚɩɧɨɫɬɶ 
ɜɨɡɜɟɞɟɧɢɹ) ɧɟɥɢɧɟɣɧɨɫɬɢ. 

Ɋɚɫɱɟɬɧɚɹ ɦɨɞɟɥɶ – 11-ɬɢ ɷɬɚɠɧɵɣ ɩɪɹɦɨ-
ɭɝɨɥɶɧɵɣ ɜ ɩɥɚɧɟ ɮɪɚɝɦɟɧɬ ɡɞɚɧɢɹ - ɩɪɨɫɬɪɚɧ-
ɫɬɜɟɧɧɚɹ ɫɯɟɦɚ, ɫɨɫɬɨɹɳɚɹ ɢɡ ɤɨɥɨɧɧ, ɫɬɟɧ, ɩɢ-
ɥɨɧɨɜ, ɩɥɢɬ ɩɟɪɟɤɪɵɬɢɣ ɧɚ ɠɟɫɬɤɨɦ ɨɫɧɨɜɚɧɢɢ 
(ɡɚɤɪɟɩɥɟɧɢɟ ɭɡɥɨɜ ɩɨ ɜɫɟɦ ɥɢɧɟɣɧɵɦ ɢ ɭɝɥɨ-
ɜɵɦ ɫɬɟɩɟɧɹɦ ɫɜɨɛɨɞɵ). Ɇɨɞɟɥɶ ɡɚɝɪɭɠɟɧɚ ɪɚɜ-
ɧɨɦɟɪɧɨɣ ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ ɧɚɝɪɭɡɤɨɣ (1,5 ɬ/ɦ2) 
ɩɨ ɜɫɟɦ ɩɥɢɬɚɦ ɩɟɪɟɤɪɵɬɢɹ. 

Фɢɡɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ - ɦɚɬɟɪɢɚɥ 
ɷɥɟɦɟɧɬɨɜ ɪɚɫɱɟɬɧɨɣ ɦɨɞɟɥɢ ɛɟɬɨɧ ɤɥɚɫɫɚ ɩɨ 
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ɩɪɨɱɧɨɫɬɢ ɧɚ ɫɠɚɬɢɟ В25; ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ 
E = 3 106 ɬ/ɦ2 ; ɤɨɷɮɮɢɰɢɟɧɬ ɉɭɚɫɫɨɧɚ ν = 0,2. 

Ƚɟɨɦɟɬɪɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ: 
Вɵɫɨɬɚ ɷɬɚɠɚ – 3 ɦ, 
ɒɚɝ ɤɨɥɨɧɧ – 7ɦ ɩɨ X ɢ 6 ɦ ɩɨ Y, 
ɋɟɱɟɧɢɟ ɤɨɥɨɧɧ – ɤɜɚɞɪɚɬ ɫɨ ɫɬɨɪɨɧɨɣ 

50 ɫɦ 
Ɍɨɥɳɢɧɚ ɩɟɪɟɤɪɵɬɢɣ – 20 ɫɦ 
Ɍɨɥɳɢɧɚ ɫɬɟɧ ɢ ɩɢɥɨɧɨɜ – 40 ɫɦ, ɲɢɪɢ-

ɧɚ ɩɢɥɨɧɨɜ – 100 ɫɦ. 

Ƚɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ: ɡɚɳɟɦɥɟɧɢɟ ɤɨ-
ɥɨɧɧ, ɩɢɥɨɧɨɜ ɢ ɫɬɟɧ (ɠёɫɬɤɚɹ ɡɚɞɟɥɤɚ) ɩɨ 
ɩɥɨɫɤɨɫɬɢ z = 0 ɦ 

ɇɚɝɪɭɡɤɢ: 

1) Вɟɪɬɢɤɚɥɶɧɨɟ ɞɚɜɥɟɧɢɟ ɧɚ ɩɟɪɟɤɪɵ-
ɬɢɹ q1 = 1,5 ɬ/ɦ2 – ɩɪɢɤɥɚɞɵɜɚɟɬɫɹ ɤɨ ɜɧɨɜɶ 
ɜɨɡɜɨɞɢɦɵɦ ɮɪɚɝɦɟɧɬɚɦ-ɷɬɚɠɚɦ; 

2) Вɟɪɬɢɤɚɥɶɧɨɟ ɞɚɜɥɟɧɢɟ ɧɚ ɩɟɪɟɤɪɵ-
ɬɢɹ q2 = 1 ɬ/ɦ2 – ɩɪɢɤɥɚɞɵɜɚɟɬɫɹ ɩɨɫɥɟ ɜɨɡ-
ɜɟɞɟɧɢɹ ɜɫɟɝɨ ɡɞɚɧɢɹ. 

Ɉɩɢɫɚɧɢɟ Ʉɗ ɪɚɫɱɟɬɧɨɣ ɦɨɞɟɥɢ: 
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ɉɥɢɬɵ, ɫɬɟɧɵ ɢ ɩɢɥɨɧɵ ɦɨɞɟɥɢɪɭɸɬɫɹ 
ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ-ɨɛɨɥɨɱɟɱɧɵɦɢ ɤɨɧɟɱɧɵɦɢ 
ɷɥɟɦɟɧɬɚɦɢ ɬɢɩɚ SHELL63, ɤɨɥɨɧɧɵ – ɛɚ-
ɥɨɱɧɵɦɢ КЭ ɬɢɩɚ BEAM44.  

SHELL63 – ɱɟɬɵɪɟɯɭɡɥɨɜɨɣ ɷɥɟɦɟɧɬ, 
ɢɦɟɟɬ ɜɨɡɦɨɠɧɨɫɬɢ ɭɱɟɬɚ ɦɟɦɛɪɚɧɧɨɝɨ ɪɚɫ-
ɬɹɠɟɧɢɹ–ɫɠɚɬɢɹ ɢ ɢɡɝɢɛɚ (ɝɢɩɨɬɟɡɵ Кɢɪɯɝɨ-
ɮɚ-Ʌɹɜɚ). Эɥɟɦɟɧɬ ɢɦɟɟɬ ɲɟɫɬɶ ɫɬɟɩɟɧɟɣ ɫɜɨ-
ɛɨɞɵ ɜ ɤɚɠɞɨɦ ɭɡɥɟ: ɩɟɪɟɦɟɳɟɧɢɹ ɜ ɧɚɩɪɚɜ-
ɥɟɧɢɢ X, Y ɢ Z ɭɡɥɨɜɨɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ  
ɩɨɜɨɪɨɬɵ ɜɨɤɪɭɝ ɨɫɟɣ X, Y ɢ Z ɭɡɥɨɜɨɣ ɫɢɫ-
ɬɟɦɵ ɤɨɨɪɞɢɧɚɬ. Эɥɟɦɟɧɬ ɢɦɟɟɬ ɜɨɡɦɨɠɧɨɫɬɶ 
ɪɚɛɨɬɵ ɫ ɢɡɦɟɧɟɧɢɟɦ ɠɟɫɬɤɨɫɬɢ ɩɪɢ ɩɪɢɥɨ-
ɠɟɧɢɢ ɧɚɝɪɭɡɨɤ ɢ ɛɨɥɶɲɢɦɢ ɩɟɪɟɦɟɳɟɧɢɹɦɢ. 

BEAM44 – ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɣ ɥɢɧɟɣ-
ɧɵɣ ɷɥɟɦɟɧɬ ɛɚɥɤɢ (Эɣɥɟɪɚ-Ȼɟɪɧɭɥɥɢ), 
ɢɦɟɸɳɢɣ 3 ɭɡɥɚ: 2 «ɫɨɞɟɪɠɚɬɟɥɶɧɵɯ» ɭɡɥɚ 

ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɧɚ ɨɫɢ ɷɥɟɦɟɧɬɚ (ɩɨ ɤɪɚɹɦ), 
ɬɪɟɬɢɣ ɹɜɥɹɟɬɫɹ ɭɡɥɨɦ ɨɪɢɟɧɬɚɰɢɢ ɢ ɦɨɠɟɬ 
ɛɵɬɶ ɨɛɳɢɦ ɞɥɹ ɧɟɫɤɨɥɶɤɢɯ ɷɥɟɦɟɧɬɨɜ. В ɤɚ-
ɱɟɫɬɜɟ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɜɨɡɦɨɠɧɨɫɬɢ ɢɦɟɟɬɫɹ 
ɭɱёɬ ɜɥɢɹɧɢɹ ɤɪɭɬɢɥɶɧɵɯ (ɫɞɜɢɝɨɜɵɯ) ɞɟɮɨɪ-
ɦɚɰɢɣ. 

Ɋɚɡɦɟɪɧɨɫɬɶ ɩɨɥɧɨɣ ɦɨɞɟɥɢ ɫɨɫɬɚɜɥɹɟɬ: 
5608 ɭɡɥɨɜ ɢ 5456 ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ. 
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ɉɥɢɬɵ, ɫɬɟɧɵ ɢ ɩɢɥɨɧɵ ɦɨɞɟɥɢɪɭɸɬɫɹ 
ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ-ɨɛɨɥɨɱɟɱɧɵɦɢ ɤɨɧɟɱɧɵɦɢ 
ɷɥɟɦɟɧɬɚɦɢ ɬɢɩɚ КЭ44, ɤɨɥɨɧɧɵ – ɫɬɟɪɠɧɟ-
ɜɵɦɢ ɷɥɟɦɟɧɬɚɦɢ ɨɛɳɟɝɨ ɜɢɞɚ КЭ5.  

ɋɬɟɪɠɟɧɶ ɨɛɳɟɝɨ ɜɨɞɚ (КЭ5) ɢɦɟɟɬ 
ɲɟɫɬɶ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ ɜ ɤɚɠɞɨɦ ɭɡɥɟ: ɩɟɪɟ-
ɦɟɳɟɧɢɹ ɜ ɧɚɩɪɚɜɥɟɧɢɢ X, Y ɢ Z ɞɟɤɚɪɬɨɜɨɣ 
ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ ɢ ɩɨɜɨɪɨɬɵ ɜɨɤɪɭɝ ɨɫɟɣ X, 
Y ɢ Z ɞɟɤɚɪɬɨɜɨɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ. КЭ5 ɪɚ-
ɛɨɬɚɟɬ ɩɨ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɫɯɟɦɟ ɢ ɜɨɫɩɪɢ-
ɧɢɦɚɟɬ ɩɪɨɞɨɥɶɧɭɸ ɫɢɥɭ N, ɢɡɝɢɛɚɸɳɢɟ ɦɨ-
ɦɟɧɬɵ Ɇy ɢ Mz, ɩɨɩɟɪɟɱɧɵɟ ɫɢɥɵ Qz ɢ Qy, ɚ 
ɬɚɤɠɟ ɤɪɭɬɹɳɢɣ ɦɨɦɟɧɬ Mk. Ɉɩɢɫɚɧɢɟ ɢɯ ɧɚ-
ɩɪɹɠɟɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɫɜɹɡɚɧɨ ɫ ɦɟɫɬɧɨɣ ɫɢɫ-
ɬɟɦɨɣ ɤɨɨɪɞɢɧɚɬ, ɭ ɤɨɬɨɪɨɣ ɨɫɶ X1 ɨɪɢɟɧɬɢ-
ɪɨɜɚɧɚ ɜɞɨɥɶ ɫɬɟɪɠɧɹ, ɚ ɨɫɢ Y1 ɢ Z1 — ɜɞɨɥɶ 
ɝɥɚɜɧɵɯ ɨɫɟɣ ɢɧɟɪɰɢɢ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ. 

ɉɪɨɫɬɪɚɧɫɬɜɟɧɧɨ-ɨɛɨɥɨɱɟɱɧɵɣ ɤɨɧɟɱ-
ɧɵɣ ɷɥɟɦɟɧɬ КЭ44 ɢɦɟɟɬ ɱɟɬɵɪɟ ɭɡɥɨɜɵɟ ɬɨɱ-
ɤɢ, ɧɟ ɹɜɥɹɟɬɫɹ ɫɨɜɦɟɫɬɧɵɦ ɢ ɦɨɞɟɥɢɪɭɟɬ ɩɨɥɟ 
ɧɨɪɦɚɥɶɧɵɯ ɩɟɪɟɦɟɳɟɧɢɣ ɜɧɭɬɪɢ ɷɥɟɦɟɧɬɚ 
ɩɨɥɢɧɨɦɨɦ 3 ɫɬɟɩɟɧɢ, ɚ ɩɨɥɟ ɬɚɧɝɟɧɰɢɚɥɶɧɵɯ 
ɩɟɪɟɦɟɳɟɧɢɣ ɧɟɩɨɥɧɵɦ ɩɨɥɢɧɨɦɨɦ 2 ɫɬɟɩɟ-
ɧɢ. КЭ44 ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɩɪɨɢɡ-
ɜɨɥɶɧɵɦ ɨɛɪɚɡɨɦ. Ⱦɥɹ ɷɬɢɯ ɷɥɟɦɟɧɬɨɜ, ɜ ɫɨɨɬ-
ɜɟɬɫɬɜɢɢ ɫ ɢɞɟɨɥɨɝɢɟɣ ɦɟɬɨɞɚ ɤɨɧɟɱɧɵɯ ɷɥɟ-
ɦɟɧɬɨɜ, ɢɫɬɢɧɧɚɹ ɮɨɪɦɚ ɩɟɪɟɦɟɳɟɧɢɣ ɜɧɭɬɪɢ 
ɷɥɟɦɟɧɬɚ ɩɪɢɛɥɢɠɟɧɧɨ ɩɪɟɞɫɬɚɜɥɟɧɚ ɭɩɪɨ-
ɳɟɧɧɵɦɢ ɡɚɜɢɫɢɦɨɫɬɹɦɢ. Ɉɩɢɫɚɧɢɟ ɢɯ ɧɚ-
ɩɪɹɠɟɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɫɜɹɡɚɧɨ ɫ ɦɟɫɬɧɨɣ ɫɢɫ-
ɬɟɦɨɣ ɤɨɨɪɞɢɧɚɬ, ɭ ɤɨɬɨɪɨɣ ɨɫɢ X1 ɢ Y1 ɪɚɫ-
ɩɨɥɨɠɟɧɵ ɜ ɩɥɨɫɤɨɫɬɢ ɷɥɟɦɟɧɬɚ ɢ ɨɫɶ ɏ1 ɧɚ-
ɩɪɚɜɥɟɧɚ ɨɬ ɩɟɪɜɨɝɨ ɭɡɥɚ ɤɨ ɜɬɨɪɨɦɭ, ɚ ɨɫɶ Z1 
ɨɪɬɨɝɨɧɚɥɶɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɷɥɟɦɟɧɬɚ. 
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Ɍɪɟɛɭɟɬɫɹ ɜɵɩɨɥɧɢɬɶ ɫɪɚɜɧɢɬɟɥɶɧɵɣ 
ɫɬɚɬɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɜɟɪɬɢɤɚɥɶɧɵɯ ɩɟɪɟɦɟɳɟ-
ɧɢɣ Uz  ɤɚɪɤɚɫɚ ɢ ɨɫɟɜɵɯ ɭɫɢɥɢɣ N ɜ ɤɨɥɨɧ-
ɧɚɯ ɩɨ ɜɵɫɨɬɟ ɡɞɚɧɢɹ ɞɥɹ ɞɜɭɯ «ɤɨɧɬɪɚɫɬ-
ɧɵɯ» ɜɚɪɢɚɧɬɨɜ ɦɨɞɟɥɢɪɨɜɚɧɢɹ: 

1) ɥɢɧɟɣɧɨ-ɭɩɪɭɝɢɣ ɛɟɡ ɭɱɟɬɚ ɩɨɫɥɟɞɨ-
ɜɚɬɟɥɶɧɨɫɬɢ (ɫɬɚɞɢɣɧɨɫɬɢ) ɜɨɡɜɟɞɟɧɢɹ – ɬɪɚ-
ɞɢɰɢɨɧɧɚɹ ɪɚɫɱɟɬɧɚɹ ɬɟɯɧɨɥɨɝɢɹ;  

2) ɝɟɧɟɬɢɱɟɫɤɢ ɧɟɥɢɧɟɣɧɨɟ (ɭɱɟɬ 12-ɢ 
ɫɬɚɞɢɣ ɜɨɡɜɟɞɟɧɢɹ-ɧɚɝɪɭɠɟɧɢɹ) – ɪɚɫɱɟɬɧɚɹ 
ɬɟɯɧɨɥɨɝɢɹ «Ɇɨɧɬɚɠ». 

Ɇɟɬɨɞɢɤɚ ɪɚɫɱёɬɚ 

ɉɪɨɜɨɞɢɬɫɹ ɫɬɚɬɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɫ ɭɱё-
ɬɨɦ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɧɟɥɢɧɟɣɧɨɫɬɢ (ɛɨɥɶɲɢɯ 
ɩɟɪɟɦɟɳɟɧɢɣ) ɢ ɡɚɩɨɦɢɧɚɧɢɟɦ ɝɟɨɦɟɬɪɢɱɟ-
ɫɤɨɝɨ ɩɨɥɨɠɟɧɢɹ ɤɨɧɫɬɪɭɤɰɢɢ ɜɨ ɜɪɟɦɹ ɦɨɧ-
ɬɚɠɚ ɤɚɠɞɨɣ ɱɚɫɬɢ (ɷɬɚɠɚ) ɡɞɚɧɢɹ. Ɋɚɡɥɨɠɟ-
ɧɢɟ ɦɚɬɪɢɰɵ ɠёɫɬɤɨɫɬɢ ɧɚ ɤɚɠɞɨɦ ɲɚɝɟ ɜɵ-
ɩɨɥɧɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɦɟɬɨɞɚ SPARSE. 

Ⱦɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɨɰɟɫɫɚ ɜɨɡɜɟɞɟ-
ɧɢɹ ɡɞɚɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɝɪɭɩɩɵ 
КЭ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɦɨɧɬɢɪɭɟɦɵɦ ɮɪɚɝ-
ɦɟɧɬɚɦ ɤɚɪɤɚɫɚ ɡɞɚɧɢɹ (ɨɩɪɟɞɟɥɟɧɢɟ ɬɚɤ ɧɚ-
ɡɵɜɚɟɦɵɯ ɫɬɚɞɢɣ ɦɨɧɬɚɠɚ). 

Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɰɟɫɫɚ ɜɨɡɜɟɞɟɧɢɹ 
ɡɞɚɧɢɹ ɫɨɫɬɨɢɬ ɢɡ ɫɥɟɞɭɸɳɢɯ ɫɬɚɞɢɣ-ɷɬɚɩɨɜ:  

ɉɄ «SCAD» 

ɋɬɚɞɢɹ 1. Вɤɥɸɱɟɧɢɟ ɜ ɫɨɫɬɚɜ ɞɟɣɫɬ-
ɜɭɸɳɢɯ ɧɚ ɷɬɚɩɟ №1 ɧɚɛɨɪɚ ɷɥɟɦɟɧɬɨɜ ɜ 
ɭɪɨɜɧɟ 1-ɝɨ ɷɬɚɠɚ ɫ ɩɪɢɥɨɠɟɧɢɟɦ ɧɚɝɪɭɡɤɢ q1 
ɧɚ ɩɟɪɟɤɪɵɬɢɟ 1 ɷɬɚɠɚ ɢ ɩɨɫɥɟɞɭɸɳɢɦ ɪɚɫ-
ɱёɬɨɦ ɇȾɋ; 

ɋɬɚɞɢɹ 2. Вɤɥɸɱɟɧɢɟ ɜ ɫɨɫɬɚɜ ɞɟɣɫɬ-
ɜɭɸɳɢɯ ɧɚ ɷɬɚɩɟ №2 ɧɚɛɨɪɚ ɷɥɟɦɟɧɬɨɜ ɜ 
ɭɪɨɜɧɟ 1-2ɝɨ ɷɬɚɠɟɣ ɫ ɩɪɢɥɨɠɟɧɢɟɦ ɧɚɝɪɭɡɤɢ 
q1 ɧɚ ɩɟɪɟɤɪɵɬɢɹ, ɜɯɨɞɹɳɢɟ ɜɨ 2-ɣ ɷɬɚɩ, ɢ 
ɩɨɫɥɟɞɭɸɳɢɦ ɪɚɫɱёɬɨɦ ɇȾɋ; 

ɋɬɚɞɢɹ 11. Вɤɥɸɱɟɧɢɟ ɜ ɫɨɫɬɚɜ ɞɟɣɫɬ-
ɜɭɸɳɢɯ ɧɚ ɷɬɚɩɟ №11 ɧɚɛɨɪɚ ɷɥɟɦɟɧɬɨɜ ɜ 

ɭɪɨɜɧɟ 1-11-ɝɨ ɷɬɚɠɟɣ ɫ ɩɪɢɥɨɠɟɧɢɟɦ ɧɚɝɪɭɡ-
ɤɢ q1 ɩɟɪɟɤɪɵɬɢɹ, ɜɯɨɞɹɳɢɟ ɜ 11-ɣ ɷɬɚɩ, ɢ ɩɨ-
ɫɥɟɞɭɸɳɢɦ ɪɚɫɱёɬɨɦ ɇȾɋ; 

ɋɬɚɞɢɹ 12. ɉɪɢɥɨɠɟɧɢɟ ɧɚɝɪɭɡɤɢ q2 ɧɚ 
ɜɫɟ ɩɟɪɟɤɪɵɬɢɹ ɡɞɚɧɢɹ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɪɚɫɱё-
ɬɨɦ ɇȾɋ. 

ɉɄ «ANSYS”: 

ɋɬɚɞɢɹ 1. Ɉɛɧɭɥɟɧɢɟ ɠёɫɬɤɨɫɬɢ ɜɫɟɯ КЭ 
(ɩɪɨɰɟɞɭɪɚ «ɫɦɟɪɬɶ ɷɥɟɦɟɧɬɨɜ»), ɤɪɨɦɟ 1-ɝɨ 
ɷɬɚɠɚ, ɢ ɡɚɤɪɟɩɥɟɧɢɟ ɜɫɟɯ ɭɡɥɨɜ, ɧɟ ɩɪɢɧɚɞɥɟ-
ɠɚɳɢɯ ɷɥɟɦɟɧɬɚɦ 1-ɝɨ ɷɬɚɠɚ ɩɨ ɜɫɟɦ ɫɬɟɩɟɧɹɦ 
ɫɜɨɛɨɞɵ, ɫ ɩɪɢɥɨɠɟɧɢɟɦ ɧɚɝɪɭɡɤɢ q1 ɧɚ ɩɟɪɟ-
ɤɪɵɬɢɟ 1 ɷɬɚɠɚ ɢ ɩɨɫɥɟɞɭɸɳɢɦ ɪɚɫɱёɬɨɦ 
ɇȾɋ; 

ɋɬɚɞɢɹ 2. Вɨɡɜɪɚɬ ɩɪɟɠɧɟɣ ɠёɫɬɤɨɫɬɢ 
КЭ (ɩɪɨɰɟɞɭɪɚ «ɪɨɠɞɟɧɢɟ ɷɥɟɦɟɧɬɨɜ») 2-ɝɨ 
ɷɬɚɠɚ ɢ ɭɞɚɥɟɧɢɟ ɡɚɤɪɟɩɥɟɧɢɣ ɭɡɥɨɜ, ɩɪɢɧɚɞ-
ɥɟɠɚɳɢɯ ɷɥɟɦɟɧɬɚɦ 2-ɝɨ ɷɬɚɠɚ ɩɨ ɜɫɟɦ ɫɬɟɩɟ-
ɧɹɦ ɫɜɨɛɨɞɵ, ɫ ɩɪɢɥɨɠɟɧɢɟɦ ɧɚɝɪɭɡɤɢ q1 ɧɚ 
ɩɟɪɟɤɪɵɬɢɟ 2 ɷɬɚɠɚ ɢ ɩɨɫɥɟɞɭɸɳɢɦ ɪɚɫɱёɬɨɦ 
ɇȾɋ; 

ɋɬɚɞɢɹ 11. Вɨɡɜɪɚɬ ɩɪɟɠɧɟɣ ɠёɫɬɤɨɫɬɢ 
КЭ (ɩɪɨɰɟɞɭɪɚ «ɪɨɠɞɟɧɢɟ ɷɥɟɦɟɧɬɨɜ») 11-ɝɨ 
ɷɬɚɠɚ ɢ ɭɞɚɥɟɧɢɟ ɡɚɤɪɟɩɥɟɧɢɣ ɭɡɥɨɜ, ɩɪɢɧɚɞ-
ɥɟɠɚɳɢɯ ɷɥɟɦɟɧɬɚɦ 11-ɝɨ ɷɬɚɠɚ ɩɨ ɜɫɟɦ ɫɬɟ-
ɩɟɧɹɦ ɫɜɨɛɨɞɵ,  ɫ ɩɪɢɥɨɠɟɧɢɟɦ ɧɚɝɪɭɡɤɢ q1 
ɧɚ ɩɟɪɟɤɪɵɬɢɟ 11 ɷɬɚɠɚ (ɩɨɤɪɵɬɢɟ) ɢ ɩɨɫɥɟ-
ɞɭɸɳɢɦ ɪɚɫɱёɬɨɦ ɇȾɋ; 

ɋɬɚɞɢɹ 12. ɉɪɢɥɨɠɟɧɢɟ ɧɚɝɪɭɡɤɢ q2 ɧɚ 
ɜɫɟ ɩɟɪɟɤɪɵɬɢɹ ɡɞɚɧɢɹ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɪɚɫɱё-
ɬɨɦ ɇȾɋ. 

Ɂɚɤɪɟɩɥɟɧɢɟ ɭɡɥɨɜ, ɧɟ ɩɪɢɧɚɞɥɟɠɚɳɢɯ 
«ɨɠɢɜɥёɧɧɵɦ» ɷɥɟɦɟɧɬɚɦ, ɩɪɨɢɡɜɨɞɢɬɫɹ ɞɥɹ 
«ɮɢɤɫɚɰɢɢ» ɷɥɟɦɟɧɬɨɜ ɤɨɧɫɬɪɭɤɰɢɢ ɡɞɚɧɢɹ ɧɚ 
ɩɪɨɟɤɬɧɵɯ ɨɬɦɟɬɤɚɯ ɫ ɰɟɥɶɸ ɭɱёɬɚ ɪɟɚɥɶɧɨɝɨ 
ɩɪɨɰɟɫɫɚ ɜɨɡɜɟɞɟɧɢɹ ɡɞɚɧɢɹ (ɜɵɜɟɞɟɧɢɟ ɩɟɪɟ-
ɤɪɵɬɢɣ ɧɚ ɩɪɨɟɤɬɧɵɟ ɨɬɦɟɬɤɢ).  

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɚ 

Кɪɢɬɟɪɢɚɥɶɧɵɦɢ ɪɟɡɭɥɶɬɚɬɚɦɢ ɪɚɫɱёɬɚ 
ɹɜɥɹɸɬɫɹ ɦɚɤɫɢɦɚɥɶɧɵɟ ɜɟɪɬɢɤɚɥɶɧɵɟ ɩɟɪɟ-
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ɦɟɳɟɧɢɹ Uz ɡɞɚɧɢɹ ɢ ɩɪɨɞɨɥɶɧɵɟ ɭɫɢɥɢɹ N ɜ 
ɤɨɥɨɧɧɚɯ ɧɢɠɧɟɝɨ ɢ ɜɟɪɯɧɢɯ ɷɬɚɠɟɣ. ɇɢɠɟ ɜ 
ɬɚɛɥɢɰɟ 1 ɩɪɢɜɟɞɟɧɨ ɫɪɚɜɧɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ 

ɪɚɫɱёɬɨɜ ɛɟɡ ɭɱɟɬɚ (ɦɨɞɟɥɶɧɨɟ «ɨɞɧɨɦɨɦɟɧɬ-
ɧɨɟ» ɜɨɡɜɟɞɟɧɢɟ) ɢ ɫ ɭɱёɬɨɦ ɪɚɫɫɦɨɬɪɟɧɧɵɯ 
12-ɢ ɫɬɚɞɢɣ ɦɨɧɬɚɠɚ.  

Ɍɚɛɥɢɰɚ 1 
ɋɨɩɨɫɬɚɜɥɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɫɱёɬɚ 

 
«Ɉɞɧɨɦɨɦɟɧɬɧɚɹ» 
ɫɯɟɦɚ ɜɨɡɜɟɞɟɧɢɹ 

ɍɱёɬ 12-ɢ ɫɬɚɞɢɣ ɜɨɡɜɟɞɟɧɢɹ į (%) 
ANSYS SCAD 

ɉɟɪɟɦɟɳɟɧɢɟ Uz , ɦɦ -25,3 -24,8 -24,2 2,5 
ɉɪɨɞɨɥɶɧɨɟ ɭɫɢɥɢɹ ɜ ɤɨ-
ɥɨɧɧɚɯ (1 ɷɬɚɠ) N, ɬ -687,6 -870,6 -866,7 0,5 

ɉɪɨɞɨɥɶɧɨɟ ɭɫɢɥɢɹ ɜ ɤɨ-
ɥɨɧɧɚɯ (10 ɷɬɚɠ) N, ɬ 199,4 -3,2 -3,0 6,6 

 

В ɬɚɛɥɢɰɟ 2 ɩɪɢɜɟɞɟɧɵ ɫɯɟɦɵ ɪɚɫɱɟɬɧɵɯ 
ɦɨɞɟɥɟɣ ɉК «ANSYS” ɢ ɉК «SCAD» ɞɥɹ 
ɪɚɡɥɢɱɧɵɯ ɫɬɚɞɢɣ ɪɚɫɱɟɬɚ. 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɪɚɫɱɟɬɨɜ ɜɧɨɜɶ ɩɨɞɬɜɟɪɠɞɟ-
ɧɨ, ɱɬɨ ɩɪɢ ɬɪɚɞɢɰɢɨɧɧɨɣ ɪɚɫɱɟɬɧɨɣ ɦɟɬɨ-
ɞɢɤɟ, ɨɫɧɨɜɚɧɧɨɣ ɧɚ ɟɞɢɧɨɦɨɦɟɧɬɧɨɦ ɜɨɡ-
ɧɢɤɧɨɜɟɧɢɢ ɪɚɫɱɟɬɧɨɣ ɦɨɞɟɥɢ ɢ ɟɟ ɩɨɥɧɨɦ 
ɧɚɝɪɭɠɟɧɢɢ ɜɨɡɧɢɤɚɟɬ ɫɭɳɟɫɬɜɟɧɧɨɟ ɢɫɤɚ-
ɠɟɧɢɟ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨ-

ɫɬɨɹɧɢɹ ɷɥɟɦɟɧɬɨɜ ɦɨɞɟɥɢ. ɇɚɢɛɨɥɟɟ ɪɚɡɢ-
ɬɟɥɶɧɨɟ ɤɚɱɟɫɬɜɟɧɧɨɟ ɨɬɥɢɱɢɟ ɪɟɡɭɥɶɬɚɬɨɜ 
ɡɚɮɢɤɫɢɪɨɜɚɧɨ ɜ ɤɨɥɨɧɧɚɯ (ɢ ɩɢɥɨɧɚɯ) 
ɜɟɪɯɧɢɯ ɷɬɚɠɟɣ: ɢɯ ɮɢɡɢɱɟɫɤɢ ɨɛɨɫɧɨɜɚɧ-
ɧɨɦɭ ɫɠɚɬɢɸ ɩɪɢ ɭɱɟɬɟ ɫɬɚɞɢɣɧɨɫɬɢ ɜɨɡɜɟ-
ɞɟɧɢɹ ɩɪɨɬɢɜɨɫɬɨɢɬ «ɩɚɪɚɡɢɬɢɱɟɫɤɨɟ» ɪɚɫ-
ɬɹɠɟɧɢɟ, ɤɨɬɨɪɨɟ ɝɟɧɟɪɢɪɭɟɬɫɹ ɩɪɢ ɟɞɢɧɨ-
ɦɨɦɟɧɬɧɨɦ ɜɨɡɧɢɤɧɨɜɟɧɢɢ ɪɚɫɱɟɬɧɨɣ ɦɨɞɟ-
ɥɢ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɧɟɭɱɟɬɭ ɝɟɧɟɬɢɱɟɫɤɨɣ ɢ 
ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɧɟɥɢɧɟɣɧɨɫɬɢ. 

 

Ɋɢɫ. 1. Ɉɛɳɢɣ ɜɢɞ ɬɟɫɬɨɜɨɣ ɪɚɫɱɟɬɧɨɣ ɦɨɞɟ-
ɥɢ (ɉК «ANSYS”). 

Ɋɢɫ. 2. Ɉɛɳɢɣ ɜɢɞ ɬɟɫɬɨɜɨɣ ɪɚɫɱɟɬɧɨɣ ɦɨɞɟ-
ɥɢ (ɉК «SCAD»). 

ɋɪɚɜɧɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɫɱɟɬɨɜ, ɜɵɩɨɥɧɟɧ-
ɧɵɯ ɫ ɭɱɟɬɨɦ ɝɟɧɟɬɢɱɟɫɤɨɣ ɢ ɝɟɨɦɟɬɪɢɱɟ-
ɫɤɨɣ ɧɟɥɢɧɟɣɧɨɫɬɢ - ɬɟɯɧɨɥɨɝɢɹ «Ɇɨɧɬɚɠ» 
(ɉК «SCAD») ɢ ɬɟɯɧɨɥɨɝɢɹ «ɪɨɠɞɟɧɢɟ-
ɠɢɡɧɶ» ɢɥɢ «ɫɦɟɪɬɶ» ɷɥɟɦɟɧɬɚ ɉК 
«ANSYS” ɩɨɤɚɡɵɜɚɟɬ ɜɩɨɥɧɟ ɭɞɨɜɥɟɬɜɨɪɢ-

ɬɟɥɶɧɭɸ ɫɯɨɞɢɦɨɫɬɶ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɫɱɟɬɨɜ: 
ɪɚɫɯɨɠɞɟɧɢɟ ɩɨ ɤɪɢɬɟɪɢɸ ɦɚɤɫɢɦɚɥɶɧɵɯ 
ɜɟɪɬɢɤɚɥɶɧɵɯ ɩɟɪɟɦɟɳɟɧɢɣ – 2,5%; ɪɚɫɯɨɠ-
ɞɟɧɢɟ ɩɨ ɤɪɢɬɟɪɢɸ ɩɪɨɞɨɥɶɧɵɯ ɭɫɢɥɢɣ ɜ 
ɤɨɥɨɧɧɚɯ ɫɨɫɬɚɜɥɹɟɬ ɨɬ 0,5% (ɤɨɥɨɧɧɵ 1-ɝɨ 
ɷɬɚɠɚ) ɢ ɞɨ 6,6% (ɤɨɥɨɧɧɵ 10-ɝɨ ɷɬɚɠɚ). 
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ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɤɨɥɨɧɧɚɯ 10-ɝɨ ɷɬɚ-
ɠɚ ɚɛɫɨɥɸɬɧɵɟ ɜɟɥɢɱɢɧɵ ɭɫɢɥɢɣ ɜɟɫɶɦɚ 
ɛɥɢɡɤɢ ɢ ɨɰɟɧɤɭ ɪɚɫɯɨɠɞɟɧɢɹ ɜ ɪɟɡɭɥɶɬɚɬɚɯ 
ɢɦɟɟɬ ɫɦɵɫɥ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɜ ɪɚɦɤɚɯ ɪɚɡɧɨ-
ɫɬɢ ɨɬɧɨɲɟɧɢɣ ɭɫɢɥɢɹ ɤ ɧɟɫɭɳɟɣ ɫɩɨɫɨɛɧɨ-
ɫɬɢ ɷɥɟɦɟɧɬɚ. Ɍɚɤɨɣ ɩɨɞɯɨɞ ɜ ɛɨɥɶɲɟɣ ɫɬɟ-

ɩɟɧɢ ɨɬɪɚɠɚɟɬ ɢɧɠɟɧɟɪɧɭɸ ɩɪɚɤɬɢɤɭ ɨɰɟɧ-
ɤɢ ɬɨɱɧɨɫɬɢ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɫɱɟɬɨɜ. В ɷɬɨɦ 
ɫɥɭɱɚɟ ɜɟɥɢɱɢɧɚ ɪɚɫɯɨɠɞɟɧɢɹ ɫɨɫɬɚɜɢɬ ɦɟ-
ɧɟɟ ɞɟɫɹɬɨɣ ɞɨɥɢ ɩɪɨɰɟɧɬɚ. 

Ɍɚɛɥɢɰɚ 2  
ɋɯɟɦɵ ɪɚɫɱɟɬɧɵɯ ɦɨɞɟɥɟɣ ɉК «ANSYS” ɢ ɉК «SCAD» ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɫɬɚɞɢɣ ɪɚɫɱɟɬɚ  

№ 
ɫɬɚɞɢɢ 

ɉК «ANSYS” ɉК «SCAD» 

1 

 

2 

 

11 



Вɟɪɢɮɢɤɚɰɢɹ ɪɚɫɱɟɬɧɨɣ ɬɟɯɧɨɥɨɝɢɢ «ɆɈɇɌАɀ» ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ «SCAD» 
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Ⱦɨɛɚɜɥɟɧɵ ɧɚɝɪɭɡɤɢ q2. 

 
Ⱦɨɛɚɜɥɟɧɵ ɧɚɝɪɭɡɤɢ q2. 

 

ȼɵɜɨɞ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɜɟɪɢɮɢɤɚɰɢɢ: ɪɚɫ-
ɱɟɬɧɚɹ ɬɟɯɧɨɥɨɝɢɹ «Ɇɨɧɬɚɠ» (ɉК «SCAD») 
ɚɞɟɤɜɚɬɧɨ ɪɟɚɥɢɡɭɟɬ ɦɟɬɨɞɵ ɜɵɱɢɫɥɢɬɟɥɶ-
ɧɨɣ ɦɚɬɟɦɚɬɢɤɢ ɩɪɢ ɭɱɟɬɟ ɝɟɧɟɬɢɱɟɫɤɨɣ ɢ 
ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɧɟɥɢɧɟɣɧɨɫɬɢ ɩɪɢ ɭɱɟɬɟ 
ɫɬɚɞɢɣɧɨɫɬɢ ɮɨɪɦɢɪɨɜɚɧɢɹ, ɧɚɝɪɭɠɟɧɢɹ ɢ 
ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɪɚɫɱɟɬɧɨɣ ɦɨɞɟɥɢ. 
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ɉɪɨɰɟcɫ ɫɨɡɞɚɧɢɹ ɫɥɨɠɧɨɣ ɫɢɫɬɟɦɵ ɜ 

ɨɛɳɟɦ cɥɭɱɚɟ ɹɜɥɹɟɬcɹ ɦɧɨɝɨɷɬɚɩɧɵɦ ɢ ɨɩ-
ɪɟɞɟɥɹɟɬɫɹ ɡɚɞɚɧɧɨɣ ɩɨcɥɟɞɨɜɚɬɟɥɶɧɨcɬɶɸ 
ɜɵɩɨɥɧɹɟɦɵɯ ɨɩɟɪɚɰɢɣ ɩɨ ɟɟ ɫɛɨɪɤɟ. ɉɪɢ 
ɷɬɨɦ ɜ ɨɩɪɟɞɟɥɟɧɧɨɦ ɩɨɪɹɞɤɟ ɜɵɩɨɥɧɹɸɬɫɹ 
ɪɚɛɨɬɵ ɩɨ ɭcɬɚɧɨɜɤɟ ɢ ɭɞɚɥɟɧɢɸ ɷɥɟɦɟɧɬɨɜ 
ɫɢɫɬɟɦɵ ɢ ɛɚɥɥɚɫɬɧɵɯ ɝɪɭɡɨɜ, ɪɟɝɭɥɢɪɨɜɚ-
ɧɢɸ ɞɥɢɧ ɧɟɤɨɬɨɪɵɯ ɷɥɟɦɟɧɬɨɜ, ɢɡɦɟɧɟɧɢɸ 
cɨcɬɨɹɧɢɹ ɫɜɹɡɟɣ ɢ ɬ.ɩ. Кɚɠɞɚɹ ɢɡ ɬɚɤɢɯ ɨɩɟ-
ɪɚɰɢɣ ɨɩɪɟɞɟɥɹɟɬ ɧɟɤɨɬɨɪɵɣ ɷɬɚɩ ɦɨɧɬɚɠɚ, 
ɤɨɬɨɪɵɣ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɨɩɪɟɞɟɥɟɧɧɨɣ ɪɚɫ-
ɱɟɬɧɨɣ ɫɯɟɦɨɣ, ɨɬɥɢɱɧɨɣ ɨɬ ɪɚɫɱɟɬɧɨɣ ɫɯɟ-
ɦɵ ɩɨɥɧɨɫɬɶɸ ɝɨɬɨɜɨɣ ɤɨɧɫɬɪɭɤɰɢɢ.  

Ȼɨɥɶɲɢɧɫɬɜɨ ɢɡ ɞɟɣcɬɜɢɣ, ɜɵɩɨɥɧɹɟɦɵɯ ɜ 
ɩɪɨɰɟɫɫɟ ɦɨɧɬɚɠɚ, ɩɪɢɜɨɞɢɬ ɤ ɢɡɦɟɧɟɧɢɸ 
ɪɚcɱɟɬɧɨɣ cɯɟɦɵ ɢ / ɢɥɢ ɧɚɩɪɹɠɟɧɧɨɝɨ ɢ ɞɟ-
ɮɨɪɦɢɪɨɜɚɧɧɨɝɨ cɨcɬɨɹɧɢɹ cɢcɬɟɦɵ, ɚ ɫɭɦ-
ɦɚɪɧɵɦ ɫɥɟɞɫɬɜɢɟɦ ɹɜɥɹɟɬɫɹ ɧɟɤɨɬɨɪɨɟ ɧɚɤɨ-
ɩɥɟɧɧɨɟ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪ-ɦɢɪɨɜɚɧɧɨɟ ɫɨ-
ɫɬɨɹɧɢɟ (ɇȾɋ), ɤɨɬɨɪɨɟ ɩɨ ɫɭɬɢ ɷɤɜɢɜɚɥɟɧɬɧɨ 
ɫɨɫɬɨɹɧɢɸ ɩɪɟɞɧɚɩɪɹɠɟɧɢɹ.  

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ, ɭɱɢɬɵɜɚɸɳɢɯ ɩɨ-
ɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɫɨɡɞɚɧɢɹ ɤɨɧɫɬɪɭɤɰɢɢ, ɦɨ-
ɝɭɬ ɡɧɚɱɢɬɟɥɶɧɨ ɨɬɥɢɱɚɬɶɫɹ ɨɬ ɩɪɢɜɵɱɧɵɯ, 
ɤɨɝɞɚ ɫɢɫɬɟɦɚ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɫɨɡɞɚɧɧɨɣ 
ɫɪɚɡɭ ɜ ɩɨɥɧɨɦ ɨɛɴɟɦɟ, ɢ ɥɢɲɶ ɡɚɬɟɦ ɤ ɧɟɣ 
ɧɚɱɢɧɚɸɬ ɩɪɢɤɥɚɞɵɜɚɬɶ ɜɧɟɲɧɢɟ ɧɚɝɪɭɡɤɢ. 



Ɍɟɯɧɨɥɨɝɢɹ ɪɚɫɱɟɬɧɨɝɨ ɩɪɨɝɧɨɡɚ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɤɨɧɫɬɪɭɤɰɢɣ ɫ ɭɱɟɬɨɦ ɢɫɬɨɪɢɢ  
ɜɨɡɜɟɞɟɧɢɹ, ɧɚɝɪɭɠɟɧɢɹ ɢ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ  
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Ⱦɚɥɟɟ ɷɬɨ ɩɨɥɨɠɟɧɢɟ ɛɭɞɟɬ ɩɪɨɢɥɥɸɫɬɪɢɪɨ-
ɜɚɧɨ ɧɚ ɩɪɢɦɟɪɚɯ ɪɚɫɱɟɬɚ ɦɧɨɝɨɷɬɚɠɧɵɯ 
ɤɚɪɤɚɫɧɵɯ ɡɞɚɧɢɣ.  

 
ɋɭɳɟɫɬɜɭɸɳɢɟ ɬɪɚɞɢɰɢɨɧɧɵɟ ɦɟɬɨɞɵ ɢ 

ɬɟɯɧɨɥɨɝɢɢ ɪɚɫɱɟɬɨɜ ɧɟɫɭɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ 
ɡɞɚɧɢɣ ɫɥɨɠɢɥɢɫɶ ɜ ɭɫɥɨɜɢɹɯ ɩɪɨɟɤɬɢɪɨɜɚ-
ɧɢɹ ɡɞɚɧɢɣ ɩɪɨɫɬɵɯ ɚɪɯɢɬɟɤɬɭɪɧɵɯ ɮɨɪɦ, 
ɦɚɥɵɯ (ɩɨ ɫɨɜɪɟɦɟɧɧɵɦ ɦɟɪɤɚɦ) ɜɵɫɨɬ ɢ, 
ɤɚɤ ɩɪɚɜɢɥɨ, — ɢɡ ɫɛɨɪɧɵɯ (ɜ ɨɫɧɨɜɧɨɦ - 
ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ) ɤɨɧɫɬɪɭɤɰɢɣ. ɍɤɚɡɚɧɧɵɟ 
ɭɫɥɨɜɢɹ ɜɩɨɥɧɟ ɩɨɡɜɨɥɹɥɢ ɨɛɯɨɞɢɬɶɫɹ ɫɚɦɵ-
ɦɢ ɩɪɨɫɬɵɦɢ (ɡɚɱɚɫɬɭɸ – ɫɬɟɪɠɧɟɜɵɦɢ) ɪɚɫ-
ɱɟɬɧɵɦɢ ɫɯɟɦɚɦɢ, ɨɛɨɛɳɟɧɧɵɦɢ ɦɨɞɟɥɹɦɢ 
ɡɚɝɪɭɠɟɧɢɣ ɢ ɢɡɜɟɫɬɧɵɦ ɩɪɢɧɰɢɩɨɦ ɫɭɩɟɪ-
ɩɨɡɢɰɢɢ ɧɚɝɪɭɡɨɤ.  

 
ɋɥɨɠɢɜɲɚɹɫɹ ɦɚɫɫɨɜɚɹ ɩɪɚɤɬɢɤɚ ɪɚɫɱɟɬɚ 

ɚɛɫɨɥɸɬɧɨɝɨ ɛɨɥɶɲɢɧɫɬɜɚ ɡɞɚɧɢɣ ɡɚɤɥɸɱɚɟɬɫɹ 
ɜ ɮɨɪɦɢɪɨɜɚɧɢɢ ɨɛɳɟɣ ɪɚɫɱɟɬɧɨɣ ɦɨɞɟɥɢ ɫɨ-
ɨɪɭɠɟɧɢɹ, ɧɚɡɧɚɱɟɧɢɢ ɨɛɳɢɯ ɭɫɥɨɜɢɣ ɡɚɤɪɟɩ-
ɥɟɧɢɹ ɦɨɞɟɥɢ, ɧɚɝɪɭɠɟɧɢɢ ɷɬɨɣ ɦɨɞɟɥɢ ɧɚ-
ɝɪɭɡɤɚɦɢ, ɨɛɪɚɡɭɸɳɢɦɢ ɧɟɡɚɜɢɫɢɦɵɟ ɡɚɝɪɭ-
ɠɟɧɢɹ, ɢ ɪɚɫɱɟɬ ɇȾɋ, ɢɫɩɨɥɶɡɭɹ ɩɪɢɧɰɢɩ ɫɭ-
ɩɟɪɩɨɡɢɰɢɢ ɧɚɝɪɭɠɟɧɢɣ. 

 
Ɉɞɧɚɤɨ, ɬɚɤɨɝɨ ɪɨɞɚ ɦɨɞɟɥɢ ɨɛɥɚɞɚɸɬ ɯɚ-

ɪɚɤɬɟɪɢɫɬɢɤɚɦɢ, ɧɚɡɧɚɱɟɧɧɵɦɢ ɧɚ ɫɚɦɨɣ ɩɟɪ-
ɜɨɣ ɫɬɚɞɢɢ ɮɨɪɦɢɪɨɜɚɧɢɹ ɦɨɞɟɥɢ, ɨɛɳɢɦɢ 
(ɛɨɥɟɟ ɬɨɝɨ – ɨɞɢɧɚɤɨɜɵɦɢ!) ɤɚɤ ɞɥɹ ɜɫɟɯ ɧɚ-
ɝɪɭɠɟɧɢɣ, ɬɚɤ ɢ ɞɥɹ ɜɫɟɯ ɫɬɚɞɢɣ ɜɨɡɜɟɞɟɧɢɹ 
ɡɞɚɧɢɹ. Ɍɚɤ, ɜɫɟ ɷɥɟɦɟɧɬɵ, ɜɯɨɞɹɳɢɟ ɜ ɦɨɞɟɥɶ, 
ɢɦɟɸɬ ɢɫɯɨɞɧɵɟ ɞɥɢɧɵ, ɨɩɪɟɞɟɥɟɧɧɵɟ ɭɡɥɚ-
ɦɢ, ɤɨɨɪɞɢɧɚɬɵ ɤɨɬɨɪɵɯ ɡɚɞɚɧɵ ɧɚ ɧɚɱɚɥɶɧɨɦ 
ɷɬɚɩɟ. ɇɚɩɪɢɦɟɪ, ɞɥɢɧɵ ɤɨɥɨɧɧ ɪɚɫɱɟɬɧɨɣ ɦɨ-
ɞɟɥɢ ɦɧɨɝɨɷɬɚɠɧɨɝɨ ɡɞɚɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɬ 
ɞɥɢɧɚɦ ɤɨɥɨɧɧ, ɨɩɪɟɞɟɥɟɧɧɵɦ ɩɪɨɟɤɬɨɦ: ɩɪɢ 
ɪɚɜɧɨɣ ɜɵɫɨɬɟ ɷɬɚɠɟɣ ɞɥɢɧɚ ɤɨɥɨɧɧɵ 1-ɝɨ 
ɷɬɚɠɚ ɪɚɜɧɚ ɞɥɢɧɟ ɤɨɥɨɧɧɵ ɩɨɫɥɟɞɧɟɝɨ ɷɬɚɠɚ. 
Эɬɨ ɛɵɥɨ ɛɵ ɜɟɪɧɵɦ, ɟɫɥɢ ɛɵ ɪɟɱɶ ɲɥɚ ɨ 
ɫɛɨɪɤɟ ɡɞɚɧɢɹ ɢɡ ɡɚɪɚɧɟɟ ɢɡɝɨɬɨɜɥɟɧɧɵɯ ɤɨɧ-
ɫɬɪɭɤɬɢɜɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɢ ɢɯ ɪɟɚɥɶɧɨɟ ɞɟɮɨɪ-
ɦɢɪɨɜɚɧɢɟ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɫɨɛɫɬɜɟɧɧɨɝɨ ɜɟɫɚ ɜ 
ɩɪɨɰɟɫɫɟ ɜɨɡɜɟɞɟɧɢɹ ɧɟ ɭɱɢɬɵɜɚɥɨɫɶ, ɱɬɨ ɩɪɢ-
ɜɟɥɨ ɛɵ ɤ ɢɫɤɚɠɟɧɢɸ ɩɪɨɟɤɬɧɨɣ ɝɟɨɦɟɬɪɢɢ 
ɨɛɴɟɤɬɚ. Ɍɚɤ ɧɟɪɚɜɧɨɦɟɪɧɨɟ ɨɛɠɚɬɢɟ ɤɨɥɨɧɧ, 

ɧɚɩɪɢɦɟɪ, ɩɪɢɜɨɞɢɥɨ ɛɵ ɤ ɢɫɤɚɠɟɧɢɸ ɩɥɨɫɤɨ-
ɫɬɢ ɩɟɪɟɤɪɵɬɢɹ.  

 
ɍɤɚɡɚɧɧɚɹ ɬɪɚɞɢɰɢɨɧɧɚɹ ɬɟɯɧɨɥɨɝɢɹ 

ɪɚɫɱɟɬɚ ɧɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɪɟɚɥɶɧɨɣ ɩɪɚɤɬɢɤɟ 
ɜɨɡɜɟɞɟɧɢɹ ɡɞɚɧɢɹ. В ɪɟɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ 
ɫɜɨɛɨɞɧɵɟ ɭɡɥɵ ɤɨɧɫɬɪɭɤɰɢɢ (ɧɚ ɤɚɤɨɦ ɛɵ 
ɭɪɨɜɧɟ ɡɞɚɧɢɹ ɷɬɚ ɤɨɧɫɬɪɭɤɰɢɹ ɧɟ ɧɚɯɨɞɢ-
ɥɚɫɶ) ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɫɬɪɨɝɨ ɜ ɩɪɨɟɤɬɧɨɟ 
ɩɨɥɨɠɟɧɢɟ, ɚ ɝɟɨɦɟɬɪɢɹ ɷɥɟɦɟɧɬɨɜ, ɫɨɟɞɢ-
ɧɹɸɳɢɯ ɢɯ ɫ ɭɠɟ ɫɦɨɧɬɢɪɨɜɚɧɧɨɣ ɱɚɫɬɶɸ 
ɡɞɚɧɢɹ, ɤɨɪɪɟɤɬɢɪɭɟɬɫɹ. Ɍɚɤ, ɦɨɧɨɥɢɬɧɨɟ 
ɠɟɥɟɡɨɛɟɬɨɧɧɨɟ ɩɟɪɟɤɪɵɬɢɟ ɡɚɥɢɜɚɟɬɫɹ ɫ 
ɮɢɤɫɢɪɨɜɚɧɧɨɣ (ɫɬɪɨɝɨ ɩɨ ɩɪɨɟɤɬɭ!) ɨɬɦɟɬ-
ɤɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɩɪɢ ɷɬɨɦ ɧɟ ɢɦɟɟɬ ɡɧɚɱɟ-
ɧɢɹ, ɤɚɤɨɟ ɷɬɨ ɩɟɪɟɤɪɵɬɢɟ – 1-ɝɨ ɢɥɢ 41 ɷɬɚ-
ɠɚ. Фɚɤɬɢɱɟɫɤɢ ɩɪɢ ɜɨɡɜɟɞɟɧɢɢ ɡɞɚɧɢɹ ɩɪɨ-
ɢɫɯɨɞɢɬ ɤɨɦɩɟɧɫɚɰɢɹ ɞɟɮɨɪɦɚɰɢɣ ɧɢɠɧɢɯ 
ɹɪɭɫɨɜ ɤɨɧɫɬɪɭɤɰɢɣ ɩɭɬɟɦ ɢɡɦɟɧɟɧɢɹ ɩɪɨ-
ɟɤɬɧɨɣ ɞɥɢɧɵ ɜɟɪɬɢɤɚɥɶɧɵɯ ɧɟɫɭɳɢɯ ɤɨɧɫɬ-
ɪɭɤɰɢɣ ɜɟɪɯɧɢɯ ɹɪɭɫɨɜ. 

 
Ⱦɥɹ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɡɞɚɧɢɣ, ɜ ɤɨɬɨɪɵɯ 

ɧɚɝɪɭɡɤɢ ɨɬ ɫɨɛɫɬɜɟɧɧɨɝɨ ɜɟɫɚ ɦɨɝɭɬ ɫɨɫɬɚɜ-
ɥɹɬɶ ɞɨ 60÷65% ɜɟɥɢɱɢɧɵ ɨɫɧɨɜɧɨɝɨ ɫɨɱɟɬɚ-
ɧɢɹ ɧɚɝɪɭɡɨɤ ɢ ɞɨ  80÷85% ɫɭɦɦɵ ɞɥɢɬɟɥɶɧɨ 
ɞɟɣɫɬɜɭɸɳɢɯ ɧɚɝɪɭɡɨɤ, ɩɪɢɜɟɞɟɧɧɨɟ ɜɵɲɟ 
ɧɟɫɨɨɬɜɟɬɫɬɜɢɟ ɪɚɫɱɟɬɧɨɣ ɦɨɞɟɥɢ ɪɟɚɥɶɧɨɦɭ 
ɫɨɫɬɨɹɧɢɸ ɤɨɧɫɬɪɭɤɰɢɣ ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɩɪɢ-
ɡɧɚɧɨ ɩɪɢɟɦɥɟɦɵɦ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɞɥɹ ɨɛɟɫ-
ɩɟɱɟɧɢɹ ɛɨɥɶɲɟɣ ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɪɟɡɭɥɶɬɚɬɨɜ 
ɫɥɟɞɭɟɬ ɩɪɢɦɟɧɹɬɶ ɢɧɵɟ ɪɚɫɱɟɬɧɵɟ ɬɟɯɧɨɥɨ-
ɝɢɢ ɢ ɦɟɬɨɞɢɤɢ. 

В ɨɫɧɨɜɭ ɬɟɯɧɨɥɨɝɢɢ ɪɚɫɱɟɬɚ, ɭɱɢɬɵ-
ɜɚɸɳɟɣ ɷɬɨ ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ, ɩɨɥɨɠɟɧ ɩɪɢɧ-
ɰɢɩ ɩɨɷɬɚɩɧɨɝɨ ɨɬɫɥɟɠɢɜɚɧɢɹ ɢɡɦɟɧɟɧɢɹ ɧɚ-
ɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ 
(ɇȾɋ). ɉɪɢ ɷɬɨɦ ɱɟɬɤɨ ɪɚɡɥɢɱɚɟɬɫɹ ɫɭɦɦɚɪ-
ɧɨɟ ɇȾɋ ɫɢɫɬɟɦɵ, ɜɨɡɧɢɤɚɸɳɟɟ ɧɚ ɤɚɠɞɨɦ 
ɷɬɚɩɟ ɦɨɧɬɚɠɚ ɫ ɭɱɟɬɨɦ ɜɫɟɯ ɩɪɟɞɲɟɫɬɜɭɸ-
ɳɢɯ ɷɬɚɩɨɜ, ɢ ɩɪɢɪɚɳɟɧɢɟ ɇȾɋ, ɜɵɡɜɚɧɧɨɟ 
ɞɨɩɨɥɧɢɬɟɥɶɧɵɦɢ ɜɨɡɞɟɣɫɬɜɢɹɦɢ ɧɚ ɫɢɫɬɟ-
ɦɭ, ɨɬɧɨɫɹɳɢɦɢɫɹ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɤ ɪɚɫ-
ɫɦɚɬɪɢɜɚɟɦɨɦɭ ɷɬɚɩɭ ɦɨɧɬɚɠɚ.  

Вɫɟ ɪɚɫɱɟɬɵ, ɫɜɹɡɚɧɧɵɟ c ɦɨɧɬɚɠɨɦ ɫɢɫ-
ɬɟɦɵ, ɤɚɤ ɩɪɚɜɢɥɨ, ɜɵɩɨɥɧɹɸɬcɹ ɜ ɩɪɟɞɩɨɥɨ-
ɠɟɧɢɢ cɩɪɚɜɟɞɥɢɜɨcɬɢ ɨɛɵɱɧɵɯ ɞɨɩɭɳɟɧɢɣ 



Ɉ. В. Кɚɛɚɧɰɟɜ, В.ɋ. Кɚɪɩɢɥɨɜɫɤɢɣ, Э.Ɂ. Кɪɢɤɫɭɧɨɜ, А.В. ɉɟɪɟɥɶɦɭɬɟɪ 

 Volume 7, Issue 3, 2011 112

ɥɢɧɟɣɧɨɣ cɬɪɨɢɬɟɥɶɧɨɣ ɦɟɯɚɧɢɤɢ ɞɥɹ ɤɚɠɞɨɣ 
ɫɬɚɞɢɢ ɦɨɧɬɚɠɚ. Ɉɞɧɚɤɨ, ɜ ɰɟɥɨɦ, ɡɚ cɱɟɬ ɢɡ-
ɦɟɧɟɧɢɹ ɪɚcɱɟɬɧɨɣ cɯɟɦɵ ɩɪɢ ɩɟɪɟɯɨɞɟ ɨɬ ɨɞ-
ɧɨɣ ɫɬɚɞɢɢ ɤ ɞɪɭɝɨɣ, ɡɚɞɚɱɚ ɹɜɥɹɟɬcɹ ɧɟɥɢɧɟɣ-
ɧɨɣ. Ɍɚɤɚɹ ɧɟɥɢɧɟɣɧɨcɬɶ, ɨɛɭcɥɨɜɥɟɧɧɚɹ 
ɢcɬɨɪɢɟɣ cɨɡɞɚɧɢɹ cɢcɬɟɦɵ, ɛɵɥɚ ɧɚɡɜɚɧɚ  
ɝеɧетиɱеcɤоɣ [1]. 
 
Ⱦɥɹ ɤɚɠɞɨɝɨ ɷɬɚɩɚ ɦɨɧɬɚɠɚ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ 
ɥɢɧɟɣɧɵɟ ɪɚɡɪɟɲɚɸɳɢɟ ɭɪɚɜɧɟɧɢɹ ɡɚɞɚɱɢ: 

Kr Δur = Δqr,    (1) 

ɝɞɟ Kr — ɦɚɬɪɢɰɚ ɠɟcɬɤɨcɬɢ cɢcɬɟɦɵ ɧɚ r-ɦ 
ɷɬɚɩɟ, ɚ Δur ɢ Δqr — ɜɟɤɬɨɪɵ ɞɨɩɨɥɧɢɬɟɥɶ-
ɧɵɯ ɩɟɪɟɦɟɳɟɧɢɣ ɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɩɪɢɜɟ-
ɞɟɧɧɵɯ ɭɡɥɨɜɵɯ ɧɚɝɪɭɡɨɤ, ɨɬɧɨcɹɳɢɯcɹ ɤ 
ɷɬɨɦɭ ɷɬɚɩɭ. Ɂɧɚɹ Δur, ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ 
ɩɪɢɪɚɳɟɧɢɹ ɭɫɢɥɢɣ Δsr ɢ ɩɨɥɭɱɢɬɶ ɧɚɤɨɩ-
ɥɟɧɧɵɟ ɩɨ ɜɫɟɦ r ɷɬɚɩɚɦ ɡɧɚɱɟɧɢɹ ɩɟɪɟɦɟ-
ɳɟɧɢɣ ur ɢ ɭɫɢɥɢɣ sr  

ur = ur−1 + Δur ,   sr = sr−1 + Δsr   (2) 

ɋɨɨɬɧɨɲɟɧɢɹ (2) ɭɦɟɫɬɧɨ ɧɚɡɵɜɚɬɶ ɡаɤоɧа-
ми ɧаɫɥедоваɧия моɧтаɠɧɵɯ ɫоɫтояɧиɣ 
ɤоɧɫтрɭɤɰии. Ɉɞɧɨɜɪɟɦɟɧɧɨɟ ɜɵɩɨɥɧɟɧɢɟ 
ɥɢɧɟɣɧɵɯ ɫɨɨɬɧɨɲɟɧɢɣ (1) ɢ ɡɚɤɨɧɨɜ ɧɚɫɥɟ-
ɞɨɜɚɧɢɹ (2) ɤɚɤ ɪɚɡ ɢ ɩɨɪɨɠɞɚɟɬ ɝɟɧɟɬɢɱɟ-
ɫɤɭɸ ɧɟɥɢɧɟɣɧɨɫɬɶ ɡɚɞɚɱɢ.  
 

Ɋɟɲɟɧɢɟ ɡɚɞɚɱ ɪɚɫɱɟɬɚ ɫ ɭɱɟɬɨɦ ɝɟɧɟɬɢ-
ɱɟɫɤɨɣ ɧɟɥɢɧɟɣɧɨɫɬɢ, ɪɟɚɥɢɡɨɜɚɧɧɨɟ ɜ ɮɨɪ-
ɦɟ ɫɩɟɰɢɚɥɶɧɨɣ ɪɚɫɱɟɬɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɫ ɭɫ-
ɥɨɜɧɵɦ ɧɚɢɦɟɧɨɜɚɧɢɟɦ «Ɇɨɧɬɚɠ» ɜ ɨɬɞɟɥɶ-
ɧɵɯ ɪɚɫɱɟɬɧɵɯ ɤɨɦɩɥɟɤɫɚɯ, ɧɚɩɪɢɦɟɪ SCAD 
ɜɟɪɫɢɢ 11.3 [2], ɩɨɡɜɨɥɹɟɬ ɪɟɲɢɬɶ ɭɤɚɡɚɧɧɵɟ 
ɜɵɲɟ ɩɪɨɛɥɟɦɵ, ɫɜɹɡɚɧɧɵɟ ɫ ɢɡɦɟɧɟɧɢɹɦɢ 
ɝɟɨɦɟɬɪɢɢ ɫɢɫɬɟɦɵ ɜ ɩɪɨɰɟɫɫɟ ɜɨɡɜɟɞɟɧɢɹ 
ɡɞɚɧɢɹ. В ɪɚɦɤɚɯ ɪɟɠɢɦɚ «Ɇɨɧɬɚɠ» ɦɨɠɧɨ 
ɧɚɡɧɚɱɢɬɶ ɫɤɨɥɶ ɭɝɨɞɧɨ ɦɧɨɝɨ ɷɬɚɩɨɜ ɜɨɡɜɟ-
ɞɟɧɢɹ ɡɞɚɧɢɹ, ɩɪɢ ɷɬɨɦ ɧɚ ɤɚɠɞɨɦ ɢɡ ɩɨɫɥɟ-
ɞɭɸɳɢɯ ɷɬɚɩɨɜ ɧɨɜɵɟ ɭɡɥɵ ɪɚɫɱɟɬɧɨɣ ɫɯɟɦɵ 
ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɜ ɡɚɞɚɧɧɨɟ (ɩɪɨɟɤɬɧɨɟ!) 
ɩɨɥɨɠɟɧɢɟ, ɫɨɯɪɚɧɹɹ ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɟ ɫɨ-
ɫɬɨɹɧɢɟ ɫɯɟɦɵ ɩɪɟɞɵɞɭɳɢɯ ɷɬɚɩɨɜ. Ɍɚɤɢɦ 

ɨɛɪɚɡɨɦ, ɧɨɜɚɹ ɬɟɯɧɨɥɨɝɢɹ ɪɚɫɱɟɬɨɜ ɛɨɥɟɟ 
ɚɞɟɤɜɚɬɧɨ ɨɬɪɚɠɚɟɬ ɩɪɨɰɟɫɫ ɮɨɪɦɢɪɨɜɚɧɢɹ 
ɇȾɋ ɧɟɫɭɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɡɞɚɧɢɹ. 

 
В ɤɚɱɟɫɬɜɟ ɢɥɥɸɫɬɪɚɰɢɢ ɩɪɢɜɨɞɹɬɫɹ ɪɟ-

ɡɭɥɶɬɚɬɵ ɪɟɲɟɧɢɹ ɩɨ ɬɪɚɞɢɰɢɨɧɧɨɣ ɪɚɫɱɟɬ-
ɧɨɣ ɬɟɯɧɨɥɨɝɢɟɣ ɢ ɩɨ ɬɟɯɧɨɥɨɝɢɢ «Ɇɨɧɬɚɠ» 
ɬɟɫɬɨɜɨɣ ɪɚɫɱɟɬɧɨɣ ɦɨɞɟɥɢ (ɫɦ. ɪɢɫ. 1), ɩɟ-
ɪɟɤɪɵɬɢɹ ɤɨɬɨɪɨɣ ɡɚɝɪɭɠɟɧɵ ɪɚɜɧɨɦɟɪɧɨ 
ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ ɧɚɝɪɭɡɤɨɣ 1,5 ɬ/ɦ2. 

 
Ɋɢɫ. 1. Ɉɛɳɢɣ ɜɢɞ ɬɟɫɬɨɜɨɣ ɪɚɫɱɟɬɧɨɣ ɦɨɞɟ-

ɥɢ №1. 
 

Аɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɫɱɟɬɨɜ ɬɟɫɬɨɜɨɣ 
ɦɨɞɟɥɢ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɬɪɚɞɢɰɢɨɧɧɚɹ ɪɚɫ-
ɱɟɬɧɚɹ ɬɟɯɧɨɥɨɝɢɹ ɜɧɨɫɢɬ ɫɭɳɟɫɬɜɟɧɧɵɟ ɢɫ-
ɤɚɠɟɧɢɹ ɜ ɫɯɟɦɭ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɤɨɧɫɬɪɭɤ-
ɰɢɢ: ɩɨɥɧɚɹ ɦɨɞɟɥɶ ɤɨɧɫɬɪɭɤɰɢɢ ɫ ɮɢɤɫɢɪɨ-
ɜɚɧɧɵɦɢ ɞɥɢɧɚɦɢ ɷɥɟɦɟɧɬɨɜ ɧɚɝɪɭɠɚɟɬɫɹ 
ɨɞɧɨɦɨɦɟɧɬɧɨ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɩɨɹɜɥɟɧɢɸ 
«ɩɨɞɜɟɲɢɜɚɟɦɵɯ» ɤ ɛɨɥɟɟ ɠɟɫɬɤɢɦ ɤɨɧɫɬ-
ɪɭɤɰɢɹɦ ɜɟɪɯɧɢɯ ɹɪɭɫɨɜ ɷɥɟɦɟɧɬɨɜ ɤɨɥɨɧɧ ɫ 
ɦɟɧɶɲɟɣ ɠɟɫɬɤɨɫɬɶɸ ɢ ɮɨɪɦɢɪɨɜɚɧɢɟɦ ɜ 
ɩɨɫɥɟɞɧɢɯ ɭɫɢɥɢɣ ɪɚɫɬɹɠɟɧɢɹ. Ɋɚɫɱɟɬɧɚɹ 
ɬɟɯɧɨɥɨɝɢɹ «Ɇɨɧɬɚɠ» ɩɨɡɜɨɥɹɟɬ ɭɱɢɬɵɜɚɬɶ 
ɧɚɤɚɩɥɢɜɚɧɢɟ ɞɟɮɨɪɦɚɰɢɣ ɧɚ ɤɚɠɞɨɦ ɷɬɚɩɟ 
ɜɨɡɜɟɞɟɧɢɹ ɤɨɧɫɬɪɭɤɰɢɢ, ɭɫɬɚɧɚɜɥɢɜɚɹ ɤɨɧ-
ɫɬɪɭɤɬɢɜɧɵɟ ɷɥɟɦɟɧɬɵ ɫɥɟɞɭɸɳɟɝɨ ɷɬɚɩɚ ɜ 
ɩɪɨɟɤɬɧɨɟ ɩɨɥɨɠɟɧɢɟ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭ-
ɱɢɬɶ ɜɩɨɥɧɟ ɞɨɫɬɨɜɟɪɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟ-
ɬɚ (ɫɦ. ɬɚɛɥɢɰɭ 1). 

 
 

Ɍɚɛɥɢɰɚ 1 



Ɍɟɯɧɨɥɨɝɢɹ ɪɚɫɱɟɬɧɨɝɨ ɩɪɨɝɧɨɡɚ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɤɨɧɫɬɪɭɤɰɢɣ ɫ ɭɱɟɬɨɦ ɢɫɬɨɪɢɢ  
ɜɨɡɜɟɞɟɧɢɹ, ɧɚɝɪɭɠɟɧɢɹ ɢ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ  
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 Ɋɟɡɭɥɶɬɚɬɵ ɪɟɲɟɧɢɹ ɬɟɫɬɨɜɨɣ ɦɨɞɟɥɢ. 
ɍɫɢɥɢɹ ɜ ɤɨɥɨɧɧɟ ɩɨ ɨɫɢ «2» ɨɬ ɧɚɝɪɭɡɨɤ ɫɨɛɫɬɜɟɧɧɨɝɨ ɜɟɫɚ  

(+ ɪɚɫɬɹɠɟɧɢɟ; - ɫɠɚɬɢɟ), ɬ 
ɇɚɢɦɟɧɨɜɚɧɢɟ ɤɨɧɫɬɪɭɤɬɢɜɧɨɝɨ ɷɥɟɦɟɧɬɚ 

Кɨɥɨɧɧɚ 1 
ɷɬɚɠɚ 

Кɨɥɨɧɧɚ 3 
ɷɬɚɠɚ 

Кɨɥɨɧɧɚ 5 
ɷɬɚɠɚ 

Кɨɥɨɧɧɚ 
8 ɷɬɚɠɚ 

Кɨɥɨɧɧɚ 10 
ɷɬɚɠɚ 

Ɍɪɚɞɢɰɢɨɧɧɚɹ ɪɚɫ-
ɱɟɬɧɚɹ ɬɟɯɧɨɥɨɝɢɹ 

-410 -289 -172 +1 +80 

Ɍɟɯɧɨɥɨɝɢɹ «Ɇɨɧ-
ɬɚɠ» 

-592 -474 -363 -197 -83 

 
ɉɪɢɦɟɧɟɧɢɟ ɪɚɫɱɟɬɧɨɣ ɬɟɯɧɨɥɨɝɢɢ 

«Ɇɨɧɬɚɠ» ɜ ɪɚɫɱɟɬɚɯ ɪɟɚɥɶɧɵɯ ɡɞɚɧɢɣ ɩɨɤɚ-
ɡɵɜɚɟɬ, ɱɬɨ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɥɭɱɲɟ ɫɨɨɬ-
ɜɟɬɫɬɜɭɸɬ ɢɧɠɟɧɟɪɧɨɦɭ ɩɪɨɝɧɨɡɭ. ɇɚɩɪɢ-
ɦɟɪ, ɩɪɢ ɪɚɫɱɟɬɟ 40 ɷɬɚɠɧɨɝɨ ɠɢɥɨɝɨ ɞɨɦɚ ɫ 
3-ɯ ɹɪɭɫɧɨɣ ɩɨɞɡɟɦɧɨɣ ɚɜɬɨɩɚɪɤɨɜɤɨɣ (ɜɢɞ 
ɪɚɫɱɟɬɧɵɯ ɦɨɞɟɥɟɣ ɩɪɢɜɟɞɟɧ ɧɚ ɪɢɫ. 2, 3) 
ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɢ ɬɪɚɞɢɰɢɨɧɧɨɣ ɪɚɫɱɟɬ-
ɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɜ ɤɨɥɨɧɧɚɯ ɠɢɥɨɣ ɱɚɫɬɢ 

ɭɫɢɥɢɹ ɨɬ ɧɚɝɪɭɡɨɤ ɫɨɛɫɬɜɟɧɧɨɝɨ ɜɟɫɚ ɫɭɳɟ-
ɫɬɜɟɧɧɨ ɦɟɧɶɲɟ ɨɠɢɞɚɟɦɵɯ, ɚ ɜ ɤɨɥɨɧɧɚɯ 
ɜɟɪɯɧɟɝɨ ɹɪɭɫɚ ɧɚɛɥɸɞɚɸɬɫɹ ɜɟɫɶɦɚ ɡɧɚɱɢ-
ɬɟɥɶɧɵɟ ɭɫɢɥɢɹ ɪɚɫɬɹɠɟɧɢɹ. Ɋɚɫɱɟɬɧɚɹ ɬɟɯ-
ɧɨɥɨɝɢɹ «Ɇɨɧɬɚɠ» ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɪɟ-
ɡɭɥɶɬɚɬɵ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɢɧɠɟɧɟɪɧɨɦɭ 
ɩɪɨɝɧɨɡɭ (ɫɦ. ɬɚɛɥ. 2). 

 

 

 
Ɋɢɫ. 2. Ɉɛɳɢɣ ɜɢɞ ɪɚɫɱɟɬɧɨɣ ɦɨɞɟ-
ɥɢ 40-ɷɬɚɠɧɨɝɨ ɠɢɥɨɝɨ ɞɨɦɚ. 

 
Ɋɢɫ. 3. Ɉɛɳɢɣ ɜɢɞ ɪɚɫɱɟɬɧɨɣ ɦɨɞɟɥɢ ɬɢɩɨ-
ɜɵɯ ɢ ɫɪɟɞɧɟɝɨ ɬɟɯɧɢɱɟɫɤɨɝɨ (16-ɝɨ) ɷɬɚ-
ɠɟɣ 40 ɷɬɚɠɧɨɝɨ ɠɢɥɨɝɨ ɞɨɦɚ. 
 
 
 
 

Ɍɚɛɥ. 2 
 ɍɫɢɥɢɹ ɜ ɤɨɥɨɧɧɟ 40-ɷɬɚɠɧɨɝɨ ɠɢɥɨɝɨ ɞɨɦɚ ɨɬ ɧɚɝɪɭɡɨɤ ɫɨɛɫɬɜɟɧ-

ɧɨɝɨ ɜɟɫɚ (+ ɪɚɫɬɹɠɟɧɢɟ; - ɫɠɚɬɢɟ), ɬ 
ɇɚɢɦɟɧɨɜɚɧɢɟ ɤɨɧɫɬɪɭɤɬɢɜɧɨɝɨ ɷɥɟɦɟɧɬɚ 

Кɨɥɨɧɧɚ -3 
ɷɬɚɠɚ 

Кɨɥɨɧɧɚ 1 
ɷɬɚɠɚ 

Кɨɥɨɧɧɚ 15 
ɷɬɚɠɚ 

Кɨɥɨɧɧɚ 17 
ɷɬɚɠɚ 

Кɨɥɨɧɧɚ 39 
ɷɬɚɠɚ 

Ɍɪɚɞɢɰɢɨɧɧɚɹ ɪɚɫ-
ɱɟɬɧɚɹ ɬɟɯɧɨɥɨɝɢɹ 

-260 -210 -87 -187 +80 

Ɍɟɯɧɨɥɨɝɢɹ «Ɇɨɧ-
ɬɚɠ» 

-300 -244 -167 -276 -20 
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ɇɟ ɦɟɧɶɲɢɣ ɢɧɬɟɪɟɫ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨ-
ɛɨɣ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɜɟɪɬɢɤɚɥɶɧɵɯ ɢ ɝɨ-
ɪɢɡɨɧɬɚɥɶɧɵɯ ɞɟɮɨɪɦɚɰɢɣ ɬɟɫɬɨɜɵɯ ɦɨɞɟ-
ɥɟɣ (ɪɢɫ. 4), ɩɟɪɟɤɪɵɬɢɹ ɤɨɬɨɪɨɣ ɡɚɝɪɭɠɟɧɵ 
ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ ɧɚɝɪɭɡɤɨɣ 1,5 
ɬ/ɦ2., ɜɤɥɸɱɚɸɳɢɯ ɮɭɧɞɚɦɟɧɬɧɵɟ ɤɨɧɫɬɪɭɤ-
ɰɢɢ ɧɚ ɞɟɮɨɪɦɢɪɭɟɦɨɦ ɨɫɧɨɜɚɧɢɢ ɫ ɫɨɨɬɜɟɬ-
ɫɬɜɭɸɳɢɦɢ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ ɩɨɫɬɟɥɢ. 

 
Ɋɢɫ. 4. Ɉɛɳɢɣ ɜɢɞ ɬɟɫɬɨɜɨɣ ɪɚɫɱɟɬɧɨɣ ɦɨɞɟ-

ɥɢ №2 ɢ №2-1 (Ɇɨɧɬɚɠ). 

Аɧɚɥɢɡ ɢɡɨɩɨɥɟɣ ɜɟɪɬɢɤɚɥɶɧɵɯ ɞɟɮɨɪ-
ɦɚɰɢɣ ɬɟɫɬɨɜɨɣ ɦɨɞɟɥɢ №2 (ɬɪɚɞɢɰɢɨɧɧɚɹ 
ɬɟɯɧɨɥɨɝɢɹ) ɩɨɤɚɡɵɜɚɟɬ (ɪɢɫ. 5), ɱɬɨ ɦɚɤɫɢ-
ɦɚɥɶɧɵɟ ɞɟɮɨɪɦɚɰɢɢ ɫɨɫɪɟɞɨɬɨɱɟɧɵ ɜ ɜɟɪɯ-
ɧɢɯ ɹɪɭɫɚɯ ɦɨɞɟɥɢ.  

Вɟɪɬɢɤɚɥɶɧɵɟ ɞɟɮɨɪɦɚɰɢɢ ɬɟɫɬɨɜɨɣ ɦɨ-
ɞɟɥɢ №2-1 (ɬɟɯɧɨɥɨɝɢɹ «Ɇɨɧɬɚɠ») ɞɟɦɨɧɫɬ-
ɪɢɪɭɸɬ ɢɧɭɸ ɤɚɪɬɢɧɭ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ (ɪɢɫ. 
6). Ɂɞɟɫɶ ɦɚɤɫɢɦɚɥɶɧɵɟ ɞɟɮɨɪɦɚɰɢɢ ɥɨɤɚɥɢ-
ɡɨɜɚɧɵ ɜ ɧɢɠɧɟɣ ɡɨɧɟ ɧɚɢɛɨɥɟɟ ɠɟɫɬɤɨɣ ɱɚɫ-
ɬɢ ɦɨɞɟɥɢ, ɱɬɨ ɜɩɨɥɧɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɢɧɠɟ-
ɧɟɪɧɨɦɭ ɩɪɨɝɧɨɡɭ – ɜ ɩɪɨɰɟɫɫɟ ɜɨɡɜɟɞɟɧɢɹ 
ɡɞɚɧɢɹ ɩɟɪɟɤɪɵɬɢɹ ɜɵɩɨɥɧɹɸɬɫɹ ɧɚ ɩɪɨɟɤɬ-
ɧɵɯ ɨɬɦɟɬɤɚɯ, ɤɨɦɩɟɧɫɢɪɭɹ ɞɟɮɨɪɦɚɰɢɢ ɧɟ 
ɬɨɥɶɤɨ ɧɟɫɭɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɡɞɚɧɢɹ, ɧɨ ɢ 
ɨɫɧɨɜɚɧɢɹ. 
 
 
 

 

 

 

 

Ɋɢɫ. 5. Иɡɨɩɨɥɹ ɜɟɪɬɢɤɚɥɶɧɵɯ ɞɟɮɨɪɦɚɰɢɣ ɪɚɫ-
ɱɟɬɧɨɣ ɦɨɞɟɥɢ №2 (ɬɪɚɞɢɰɢɨɧɧɚɹ ɦɟɬɨɞɢɤɚ) - 
Zmɚɯ = 69,23 ɦɦ. 

Ɋɢɫ. 6. Иɡɨɩɨɥɹ ɜɟɪɬɢɤɚɥɶɧɵɯ ɞɟɮɨɪ-
ɦɚɰɢɣ ɪɚɫɱɟɬɧɨɣ ɦɨɞɟɥɢ №2-1 (ɦɟɬɨ-
ɞɢɤɚ Ɇɨɧɬɚɠ) – Zmɚɯ = 61,13 ɦɦ. 

 
Аɧɚɥɢɡ ɢɡɨɩɨɥɟɣ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɞɟ-

ɮɨɪɦɚɰɢɣ (ɩɨ Y) ɬɟɫɬɨɜɵɯ ɦɨɞɟɥɟɣ №2 (ɪɢɫ. 
7) ɢ №2-1 (ɪɢɫ. 8) ɬɚɤɠɟ ɩɨɤɚɡɵɜɚɟɬ ɫɭɳɟɫɬ-
ɜɟɧɧɨ ɨɬɥɢɱɚɸɳɢɟɫɹ ɫɯɟɦɵ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ 
– ɦɚɤɫɢɦɚɥɶɧɵɟ ɞɟɮɨɪɦɚɰɢɢ (ɩɨ Y) ɥɨɤɚɥɢ-
ɡɨɜɚɧɵ ɜ ɪɚɡɧɵɯ ɡɨɧɚɯ ɦɨɞɟɥɟɣ: ɩɪɢ ɬɪɚɞɢ-
ɰɢɨɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ – ɜ ɭɪɨɜɧɟ ɜɟɪɯɧɢɯ ɤɨɧ-
ɫɬɪɭɤɰɢɣ, ɩɨ ɬɟɯɧɨɥɨɝɢɢ «Ɇɨɧɬɚɠ» – ɜ 

ɫɪɟɞɧɟɣ ɡɨɧɟ ɧɚɢɛɨɥɟɟ ɠɟɫɬɤɨɣ ɱɚɫɬɢ ɦɨɞɟ-
ɥɢ. ɍɤɚɡɚɧɧɚɹ ɫɯɟɦɚ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɬɚɤɠɟ 
ɜɩɨɥɧɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɪɢɜɟɞɟɧɧɵɦ ɜɵɲɟ 
ɨɛɨɫɧɨɜɚɧɢɹɦ.  
Ɋɚɫɱɟɬ ɦɨɞɟɥɟɣ ɪɟɚɥɶɧɵɯ ɡɞɚɧɢɣ ɞɟɦɨɧɫɬɪɢ-
ɪɭɟɬ ɚɧɚɥɨɝɢɱɧɭɸ ɤɚɪɬɢɧɭ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ 
ɞɟɮɨɪɦɚɰɢɣ (ɪɢɫ. 9, 10). 

 



Ɍɟɯɧɨɥɨɝɢɹ ɪɚɫɱɟɬɧɨɝɨ ɩɪɨɝɧɨɡɚ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɤɨɧɫɬɪɭɤɰɢɣ ɫ ɭɱɟɬɨɦ ɢɫɬɨɪɢɢ  
ɜɨɡɜɟɞɟɧɢɹ, ɧɚɝɪɭɠɟɧɢɹ ɢ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ  
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Ɋɢɫ. 7. Иɡɨɩɨɥɹ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ (ɩɨ Y) ɞɟ-
ɮɨɪɦɚɰɢɣ ɪɚɫɱɟɬɧɨɣ ɦɨɞɟɥɢ №2 (ɬɪɚɞɢɰɢ-
ɨɧɧɚɹ ɦɟɬɨɞɢɤɚ). Ymɚɯ=36,37 ɦɦ. 

Ɋɢɫ. 8. Иɡɨɩɨɥɹ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ (ɩɨ 
Y) ɞɟɮɨɪɦɚɰɢɣ ɪɚɫɱɟɬɧɨɣ ɦɨɞɟɥɢ 
№2-1 (ɦɟɬɨɞɢɤɚ «Ɇɨɧɬɚɠ»). 
Ymɚɯ=14,85 ɦɦ. 

 

  
Ɋɢɫ. 9. ɋɯɟɦɚ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ (ɩɨ Y) ɞɟ-
ɮɨɪɦɚɰɢɣ ɪɚɫɱɟɬɧɨɣ ɦɨɞɟɥɢ 40-ɷɬɚɠɧɨɝɨ 
ɠɢɥɨɝɨ ɞɨɦɚ (ɬɪɚɞɢɰɢɨɧɧɚɹ ɦɟɬɨɞɢɤɚ). 

Ɋɢɫ. 10. ɋɯɟɦɚ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ (ɩɨ Y) 
ɞɟɮɨɪɦɚɰɢɣ ɪɚɫɱɟɬɧɨɣ ɦɨɞɟɥɢ 40-
ɷɬɚɠɧɨɝɨ ɠɢɥɨɝɨ ɞɨɦɚ (ɦɟɬɨɞɢɤɚ 
«Ɇɨɧɬɚɠ»). 

 
ɍɱɟɬ ɢɫɬɨɪɢɢ ɧɚɝɪɭɠɟɧɢɹ ɧɟɫɭɳɢɯ ɤɨɧ-

ɫɬɪɭɤɰɢɣ ɡɞɚɧɢɹ ɜɪɟɦɟɧɧɵɦɢ ɤɪɚɬɤɨɜɪɟɦɟɧ-
ɧɵɦɢ ɧɚɝɪɭɡɤɚɦɢ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɬɪɚɞɢɰɢ-
ɨɧɧɚɹ ɬɟɯɧɨɥɨɝɢɹ ɪɚɫɱɟɬɚ ɬɚɤɠɟ ɧɟ ɨɬɪɚɠɚɟɬ 
ɪɟɚɥɶɧɵɟ ɭɫɥɨɜɢɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɇȾɋ. Ⱦɥɹ 
ɭɤɚɡɚɧɧɨɝɨ ɫɥɭɱɚɹ ɢɦɟɸɬɫɹ, ɩɨ ɤɪɚɣɧɟɣ ɦɟɪɟ, 
ɞɜɚ ɚɫɩɟɤɬɚ, ɬɪɟɛɭɸɳɢɟ ɭɱɟɬɚ ɜ ɦɟɬɨɞɢɤɟ 
ɪɚɫɱɟɬɧɨɝɨ ɨɛɨɫɧɨɜɚɧɢɹ. 

 

Вɨ-ɩɟɪɜɵɯ, ɜɪɟɦɟɧɧɵɟ ɤɪɚɬɤɨɜɪɟɦɟɧ-
ɧɵɟ ɧɚɝɪɭɡɤɢ ɪɟɚɥɶɧɨ ɛɭɞɭɬ ɜɨɡɞɟɣɫɬɜɨɜɚɬɶ 
ɧɚ ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɷɥɟɦɟɧɬɵ ɡɞɚɧɢɹ ɫ «ɧɟ-
ɩɪɨɟɤɬɧɵɦɢ» ɪɚɡɦɟɪɚɦɢ – ɨɛɨɫɧɨɜɚɧɢɟ ɫɦ. 
ɜɵɲɟ. 

Вɨ-ɜɬɨɪɵɯ, ɤ ɦɨɦɟɧɬɭ ɮɨɪɦɢɪɨɜɚɧɢɹ ɨɫ-
ɧɨɜɧɵɯ ɜɢɞɨɜ ɜɪɟɦɟɧɧɵɯ ɤɪɚɬɤɨɜɪɟɦɟɧɧɵɯ 
ɧɚɝɪɭɡɨɤ, ɬ.ɟ. ɜ ɫɢɬɭɚɰɢɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɣ ɮɚɡɟ ɢɫɬɨɪɢɢ ɫɭɳɟɫɬɜɨɜɚ-
ɧɢɹ ɡɞɚɧɢɹ, ɞɥɢɬɟɥɶɧɨ ɞɟɣɫɬɜɭɸɳɢɟ ɧɚɝɪɭɡ-
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ɤɢ (ɢɯ ɨɫɧɨɜɧɭɸ ɞɨɥɸ ɞɥɹ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ 
ɡɞɚɧɢɣ ɫɨɫɬɚɜɥɹɸɬ ɧɚɝɪɭɡɤɢ ɨɬ ɫɨɛɫɬɜɟɧɧɨɝɨ 
ɜɟɫɚ) ɭɠɟ ɫɭɳɟɫɬɜɭɸɬ ɢ ɝɟɧɟɪɢɪɭɸɬ ɞɟɮɨɪ-
ɦɢɪɨɜɚɧɧɨɟ ɫɨɫɬɨɹɧɢɟ ɝɪɭɧɬɨɜɨɝɨ ɨɫɧɨɜɚɧɢɹ 
ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɮɭɧɞɚɦɟɧɬɚ, ɚ ɬɚɤɠɟ ɧɟ-
ɫɭɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɧɢɠɧɢɯ ɹɪɭɫɨɜ ɡɞɚɧɢɹ. 
ɉɪɢ ɷɬɨɦ ɞɟɮɨɪɦɚɰɢɢ ɨɫɧɨɜɚɧɢɹ ɫɨɨɬɜɟɬɫɬ-
ɜɭɸɬ ɦɨɞɭɥɸ ɞɟɮɨɪɦɚɰɢɢ ɝɪɭɧɬɚ, ɭɱɢɬɵ-
ɜɚɸɳɟɝɨ ɛɨɥɶɲɭɸ ɞɥɢɬɟɥɶɧɨɫɬɶ ɧɚɝɪɭɠɟɧɢɹ 
ɝɪɭɧɬɨɜɨɝɨ ɦɚɫɫɢɜɚ. 

Вɪɟɦɟɧɧɵɟ ɤɪɚɬɤɨɜɪɟɦɟɧɧɵɟ ɧɚɝɪɭɡɤɢ (ɜ 
ɫɢɥɭ ɩɪɢɪɨɞɵ ɫɜɨɟɝɨ ɜɨɡɞɟɣɫɬɜɢɹ) ɝɟɧɟɪɢ-
ɪɭɸɬ ɪɟɚɤɰɢɸ ɝɪɭɧɬɨɜɨɝɨ ɨɫɧɨɜɚɧɢɹ, ɨɩɪɟ-
ɞɟɥɹɟɦɭɸ ɦɨɞɭɥɟɦ ɭɩɪɭɝɨɫɬɢ(!) ɝɪɭɧɬɚ, ɤɨ-
ɬɨɪɵɣ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɦɚɥɨɣ ɞɥɢɬɟɥɶɧɨɫɬɶ ɧɚ-
ɝɪɭɠɟɧɢɹ ɝɪɭɧɬɨɜɨɝɨ ɦɚɫɫɢɜɚ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɪɟɦɟɧɧɵɟ ɤɪɚɬɤɨɜɪɟ-
ɦɟɧɧɵɟ ɧɚɝɪɭɡɤɢ ɞɨɥɠɧɵ ɢɦɟɬɶ ɢɧɵɟ ɞɟ-
ɮɨɪɦɚɰɢɨɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɫɧɨɜɚɧɢɹ 
(ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɨɫɬɟɥɢ), ɫɭɳɟɫɬɜɟɧɧɨ ɨɬɥɢ-
ɱɚɸɳɢɟɫɹ ɨɬ ɞɟɮɨɪɦɚɰɢɨɧɧɵɯ ɯɚɪɚɤɬɟɪɢ-
ɫɬɢɤ, ɨɩɪɟɞɟɥɟɧɧɵɯ ɞɥɹ ɞɥɢɬɟɥɶɧɨ ɞɟɣɫɬ-
ɜɭɸɳɢɯ ɧɚɝɪɭɡɨɤ. Ɋɚɡɧɹɬɫɹ ɦɟɠɞɭ ɫɨɛɨɣ ɤɨ-
ɷɮɮɢɰɢɟɧɬɵ ɩɨɫɬɟɥɢ ɜ ɭɤɚɡɚɧɧɵɯ ɫɥɭɱɚɹɯ 
(ɤɚɤ ɩɪɚɜɢɥɨ) ɧɚ ɩɨɪɹɞɨɤ. 

ɍɱɟɬ ɪɚɡɥɢɱɧɵɯ ɞɟɮɨɪɦɚɰɢɨɧɧɵɯ ɯɚɪɚɤ-
ɬɟɪɢɫɬɢɤ ɨɫɧɨɜɚɧɢɹ ɞɥɹ ɧɚɝɪɭɡɨɤ ɪɚɡɥɢɱɧɨɣ 
ɞɥɢɬɟɥɶɧɨɫɬɢ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟɜɨɡɦɨɠɟɧ ɜ 
ɪɚɦɤɚɯ ɬɪɚɞɢɰɢɨɧɧɵɯ ɪɚɫɱɟɬɧɵɯ ɬɟɯɧɨɥɨ-
ɝɢɣ. Ɋɚɫɱɟɬɧɚɹ ɬɟɯɧɨɥɨɝɢɹ, ɩɨɥɨɠɟɧɧɚɹ ɜ ɨɫ-
ɧɨɜɭ ɪɟɠɢɦɚ «Ɇɨɧɬɚɠ», ɩɨɡɜɨɥɹɟɬ ɢɡɦɟɧɹɬɶ 
ɞɟɮɨɪɦɚɰɢɨɧɧɵɟ ɫɜɨɣɫɬɜɚ ɨɫɧɨɜɚɧɢɹ ɧɚ ɥɸ-
ɛɨɦ ɢɡ ɷɬɚɩɨɜ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɩɪɨɢɡɜɟɫɬɢ ɪɚɫ-
ɱɟɬ ɧɟɫɭɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɧɚ ɞɥɢɬɟɥɶɧɨ ɞɟɣ-
ɫɬɜɭɸɳɢɟ ɧɚɝɪɭɡɤɢ ɜ ɪɚɦɤɚɯ n ɷɬɚɩɨɜ, ɚ ɧɚ 
ɷɬɚɩɟ n+1 ɜɵɩɨɥɧɢɬɶ ɪɚɫɱɟɬ ɧɚ ɤɪɚɬɤɨɜɪɟ-
ɦɟɧɧɵɟ ɧɚɝɪɭɡɤɢ, ɢɡɦɟɧɢɜ ɩɪɢ ɷɬɨɦ ɤɨɷɮɮɢ-
ɰɢɟɧɬ ɩɨɫɬɟɥɢ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɭɤɚɡɚɧɧɚɹ ɬɟɯ-
ɧɨɥɨɝɢɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɪɚɫɱɟɬɧɨɣ ɦɨɞɟɥɢ 
ɛɨɥɟɟ ɞɨɫɬɨɜɟɪɧɨ ɨɬɪɚɠɚɟɬ ɪɟɚɥɶɧɭɸ ɤɚɪɬɢ-
ɧɭ ɪɚɛɨɬɵ ɡɞɚɧɢɹ ɩɨɞ ɧɚɝɪɭɡɤɨɣ (ɜɨɡɞɟɣɫɬɜɢ-
ɟɦ), ɱɟɦ ɬɪɚɞɢɰɢɨɧɧɵɟ ɦɟɬɨɞɵ.  

 

В ɤɚɱɟɫɬɜɟ ɢɥɥɸɫɬɪɚɰɢɢ ɩɪɢɜɨɞɹɬɫɹ ɪɟ-
ɡɭɥɶɬɚɬɵ ɪɟɲɟɧɢɹ ɬɟɫɬɨɜɨɣ ɪɚɫɱɟɬɧɨɣ ɦɨɞɟ-
ɥɢ №3 (ɪɢɫ. 11), ɡɚɝɪɭɠɟɧɧɨɣ ɜɟɬɪɨɜɵɦ ɜɨɡ-
ɞɟɣɫɬɜɢɟɦ ɫ ɭɱɟɬɨɦ ɩɭɥɶɫɚɰɢɨɧɧɨɣ ɫɨɫɬɚɜ-
ɥɹɸɳɟɣ ɢ ɩɨɫɬɨɹɧɧɨɣ ɧɚɝɪɭɡɤɨɣ ɧɚ ɩɟɪɟɤɪɵ-
ɬɢɹ  (ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɚɹ 1,5 ɬ/ɦ2) ɩɨ 
ɬɪɚɞɢɰɢɨɧɧɨɣ ɪɚɫɱɟɬɧɨɣ ɬɟɯɧɨɥɨɝɢɟɣ ɢ ɩɨ 
ɬɟɯɧɨɥɨɝɢɢ «Ɇɨɧɬɚɠ».  

 
 

Ɋɢɫ. 11. Ɉɛɳɢɣ ɜɢɞ ɬɟɫɬɨɜɨɣ ɪɚɫɱɟɬɧɨɣ ɦɨ-
ɞɟɥɢ №3. 

 
Ɇɨɞɟɥɶ ɩɨ ɬɪɚɞɢɰɢɨɧɧɨɣ ɦɟɬɨɞɢɤɟ ɢɦɟɟɬ 
ɞɟɮɨɪɦɚɰɢɨɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɫɧɨɜɚɧɢɹ 
(ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɨɫɬɟɥɢ) ɋ1= 80 ɬ/ɦ3; 125 
ɬ/ɦ3; 160 ɬ/ɦ3 – ɨɛɳɢɟ ɞɥɹ ɜɫɟɯ ɡɚɝɪɭɠɟɧɢɣ. 
Ɇɨɞɟɥɶ ɩɨ ɬɟɯɧɨɥɨɝɢɢ «Ɇɨɧɬɚɠ» ɢɦɟɟɬ ɞɟ-
ɮɨɪɦɚɰɢɨɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɫɧɨɜɚɧɢɹ 
ɋ1= 80 ɬ/ɦ3; 125 ɬ/ɦ3; 160 ɬ/ɦ3 – ɞɥɹ ɞɥɢ-
ɬɟɥɶɧɨ ɞɟɣɫɬɜɭɸɳɢɯ ɧɚɝɪɭɡɨɤ ɢ ɋ1= 800 
ɬ/ɦ3; 1250 ɬ/ɦ3; 1600 ɬ/ɦ3 – ɞɥɹ ɞɢɧɚɦɢɱɟ-
ɫɤɢɯ ɜɨɡɞɟɣɫɬɜɢɣ. Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɩɪɢ-
ɜɟɞɟɧɵ ɜ ɬɚɛɥ. 3. 

 
 

 
 
 



Ɍɟɯɧɨɥɨɝɢɹ ɪɚɫɱɟɬɧɨɝɨ ɩɪɨɝɧɨɡɚ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɤɨɧɫɬɪɭɤɰɢɣ ɫ ɭɱɟɬɨɦ ɢɫɬɨɪɢɢ  
ɜɨɡɜɟɞɟɧɢɹ, ɧɚɝɪɭɠɟɧɢɹ ɢ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ  
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Ɍɚɛɥ. 3 

Вɢɞ ɪɚɫɱɟɬɧɨɣ  
ɦɨɞɟɥɢ 

Вɢɞ ɩɚɪɚɦɟɬɪɚ ɇȾɋ 

ɉɟɪɢɨɞ 1-ɝɨ ɬɨɧɚ 
(ɫɟɤ) 

Ɇɚɤɫ. ɭɫɤɨɪɟɧɢɹ 
(ɦ/ɫɟɤ2) 

Ƚɨɪɢɡɨɧɬɚɥɶɧɵɟ  
ɞɟɮɨɪɦɚɰɢɢ ɩɨ 1-ɦɭ 

ɬɨɧɭ (ɦɦ) 
Ɍɪɚɞɢɰɢɨɧɧɚɹ ɪɚɫ-
ɱɟɬɧɚɹ ɬɟɯɧɨɥɨɝɢɹ 11,54 0,0359 121,33 

Ɍɟɯɧɨɥɨɝɢɹ «Ɇɨɧ-
ɬɚɠ» 

5,65 0,0329 26,90 

 
 
 

ɉɪɟɞɫɬɚɜɥɹɟɬɫɹ ɨɛɨɫɧɨɜɚɧɧɵɦ ɢɫɩɨɥɶɡɨ-
ɜɚɬɶ ɩɪɢɜɟɞɟɧɧɵɟ ɜ ɧɚɫɬɨɹɳɟɣ ɫɬɚɬɶɟ ɦɟ-
ɬɨɞɵ ɮɨɪɦɢɪɨɜɚɧɢɹ ɪɚɫɱɟɬɧɵɯ ɦɨɞɟɥɟɣ ɢ 
ɪɚɫɱɟɬɧɵɟ ɦɟɬɨɞɢɤɢ ɩɪɢ ɪɚɫɱɟɬɚɯ ɡɞɚɧɢɣ 
(ɜ ɬɨɦ ɱɢɫɥɟ ɧɚ ɞɢɧɚɦɢɱɟɫɤɢɟ ɜɨɡɞɟɣɫɬ-
ɜɢɹ), ɱɬɨ ɩɨɡɜɨɥɢɬ ɩɨɜɵɫɢɬɶ ɤɚɱɟɫɬɜɨ ɩɪɨ-
ɝɧɨɡɚ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨ-
ɫɬɨɹɧɢɹ ɤɨɧɫɬɪɭɤɰɢɣ. 
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АɇɇɈɌАЦИə: Ⱦɥɹ ɤɨɪɪɟɤɬɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɚɤɫɟɥɟɪɨɝɪɚɦɦ ɜ ɪɚɫɱɟɬɚɯ ɤɨɧɫɬɪɭɤɰɢɣ ɧɚ ɡɟɦɥɟɬɪɟɫɟɧɢɹ 
ɧɟɨɛɯɨɞɢɦɨ ɨɛɥɚɞɚɬɶ ɢɧɮɨɪɦɚɰɢɟɣ ɨɛ ɢɯ ɪɚɡɥɢɱɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɯ. Ɉɞɧɢɦ ɢɡ ɩɨɞɯɨɞɨɜ ɩɨɡɜɨɥɹɸɳɢɯ 
ɨɩɪɟɞɟɥɹɬɶ ɷɬɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ  ɹɜɥɹɟɬɫɹ ɜɟɜɥɟɬ-ɚɧɚɥɢɡ. Ⱦɚɧɧɚɹ ɫɬɚɬɶɹ ɩɨɫɜɹɳɟɧɚ ɜɨɩɪɨɫɭ ɩɪɢɦɟɧɟɧɢɹ 
ɜɟɣɜɥɟɬ-ɚɧɚɥɢɡɚ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɪɚɡɥɢɱɧɵɯ ɛɚɡɢɫɧɵɯ ɮɭɧɤɰɢɣ ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɚɤɫɟɥɟɪɨɝɪɚɦɦ. В ɫɬɚɬɶɟ 
ɪɚɫɫɦɨɬɪɟɧɵ ɨɫɧɨɜɵ ɬɟɨɪɢɢ ɜɟɣɜɥɟɬ-ɚɧɚɥɢɡɚ, ɜɵɩɨɥɧɟɧ Фɭɪɶɟ-ɚɧɚɥɢɡ ɢ ɜɟɣɜɥɟɬ-ɚɧɚɥɢɡ ɤɨɧɤɪɟɬɧɨɣ ɚɤɫɟɥɟ-
ɪɨɝɪɚɦɦɵ. 
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ABSTRACT: For correct use of accelerograms in the calculations of structures for earthquake must have informa-
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1. ɌȿɈɊȿɌИЧȿɋКИȿ ɉɊȿȾɉɈɋЫɅКИ 
 
ɉɭɫɬɶ ɦɵ ɢɦɟɟɦ ɧɟɤɨɬɨɪɭɸ ɞɟɣɫɬɜɢɬɟɥɶɧɭɸ 
(ɤɨɦɩɥɟɤɫɧɭɸ) ɮɭɧɤɰɢɸ 1)( Ltx ∈ . ɉɪɢ ɷɬɨɦ 

Rt ∈ .  
ɉɪɟɨɛɪɚɡɨɜɚɧɢɟɦ Фɭɪɶɟ ɮɭɧɤɰɢɢ )(tx  ɧɚ-
ɡɵɜɚɟɬɫɹ ɢɧɬɟɝɪɚɥɶɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ, ɨɩɢ-
ɫɵɜɚɟɦɨɟ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɨɣ: 
 

( ) ( )∫∞∞−
−= dtetxX tiωπω

2

1
.           (1) 

 
Фɭɧɤɰɢɸ ( )ωX  ɢɧɨɝɞɚ ɧɚɡɵɜɚɸɬ ɫɩɟɤ-
ɬɪɚɥɶɧɨɣ ɮɭɧɤɰɢɟɣ.  
ɉɨ ɫɩɟɤɬɪɚɥɶɧɨɣ ɮɭɧɤɰɢɢ ( )ωX  ɦɵ ɦɨɠɟɦ 

ɜɨɫɫɬɚɧɨɜɢɬɶ ɢɫɯɨɞɧɭɸ ɮɭɧɤɰɢɸ ( )tx , ɩɪɢ-

ɦɟɧɹɹ ɮɨɪɦɭɥɭ ɨɛɪɚɬɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 
Фɭɪɶɟ: 
 

( ) ( )∫∞∞−
= ωωπ ω deXtx ti

2

1
.         (2)  

 
ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ ( )ωX  

ɦɨɠɟɬ ɢ ɧɟ ɩɪɢɧɚɞɥɟɠɚɬɶ ɩɪɨɫɬɪɚɧɫɬɜɭ 1L , ɢ 
ɬɨɝɞɚ ɨɩɪɟɞɟɥɢɬɶ ɨɛɪɚɬɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ 
Фɭɪɶɟ ɩɪɹɦɨ ɧɟɥɶɡɹ. Ɉɞɧɚɤɨ ɜ ɷɬɨɦ ɫɥɭɱɚɟ, 
ɦɵ ɦɨɠɟɦ ɢɫɩɨɥɶɡɨɜɚɬɶ ɝɥɚɜɧɨɟ ɡɧɚɱɟɧɢɟ 
ɫɢɧɝɭɥɹɪɧɨɝɨ ɢɧɬɟɝɪɚɥɚ (ɩɨɞɪɨɛɧɟɟ ɨɛ ɷɬɨɦ 
ɦɨɠɧɨ ɭɡɧɚɬɶ, ɧɚɩɪɢɦɟɪ, ɜ [2]). 
Ⱦɚɧɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Фɭɪɶɟ ɧɚɡɵɜɚɟɬɫɹ 
ɧɟɩɪɟɪɵɜɧɵɦ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟɦ Фɭɪɶɟ 
(ɇɉФ). ȿɫɥɢ ɠɟ ɦɵ ɢɦɟɟɦ ɞɟɥɨ ɫ ɞɢɫɤɪɟɬɧɨɣ 
ɮɭɧɤɰɢɟɣ (ɰɢɮɪɨɜɵɦ ɫɢɝɧɚɥɨɦ), ɬɨ ɜɦɟɫɬɨ 



ɉɪɢɦɟɧɟɧɢɟ ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɩɪɢ ɚɧɚɥɢɡɟ ɚɤɫɟɥɟɪɨɝɪɚɦɦ 
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ɇɉФ ɧɟɨɛɯɨɞɢɦɨ ɩɪɢɦɟɧɹɬɶ ɞɢɫɤɪɟɬɧɨɟ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Фɭɪɶɟ (ȾɉФ). ȾɉФ ɜɵɱɢɫ-
ɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦ: 
  

( )∑−

=
⋅= 1

0

)(
N

n

knWnxkX ;              (3) 

( )∑−

=
−⋅= 1

0

1
)(

N

k

knWkX
N

nx ;         (4) 

 
ɝɞɟ ( )kX  – ɰɢɮɪɨɜɚɹ ɫɩɟɤɬɪɚɥɶɧɚɹ ɮɭɧɤɰɢɹ, ( )nx  – ɰɢɮɪɨɜɨɣ ɫɢɝɧɚɥ, [ ]1;0, −∈ Nkn , 

N  – ɞɥɢɧɚ ɫɢɝɧɚɥɚ, ⎟⎠
⎞⎜⎝

⎛−=
N

iW kn
N

π2
exp . 

ɇɚ ɩɪɚɤɬɢɤɟ – ɜ ɤɨɦɩɶɸɬɟɪɧɵɯ ɜɵɱɢɫɥɟɧɢɹɯ 
– ɢɫɩɨɥɶɡɭɸɬ ɬɚɤ ɧɚɡɵɜɚɟɦɨɟ ɛɵɫɬɪɨɟ ɩɪɟ-
ɨɛɪɚɡɨɜɚɧɢɟ Фɭɪɶɟ (ȻɉФ). Аɥɝɨɪɢɬɦɵ ɪɟɚ-
ɥɢɡɚɰɢɢ ȻɉФ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɦɧɨɝɨɱɢɫɥɟɧ-
ɧɨɣ ɥɢɬɟɪɚɬɭɪɟ, ɧɚɩɪɢɦɟɪ, ɜ [4]. 
ɇɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɪɢ ɩɪɢɦɟɧɟɧɢɢ 
ȾɉФ, ɰɢɮɪɨɜɨɣ ɫɢɝɧɚɥ ɤɨɧɟɱɧɨɣ ɞɥɢɧɵ N  
ɢɧɬɟɪɩɪɟɬɢɪɭɟɬɫɹ ɤɚɤ ɩɟɪɢɨɞɢɱɟɫɤɢɣ ɫɢɝɧɚɥ 
ɫ ɩɟɪɢɨɞɨɦ N . 
ɉɪɟɨɛɪɚɡɨɜɚɧɢɟ Фɭɪɶɟ (ɇɉФ, ȾɉФ) ɫɜɹɡɚɧɨ 
ɫ ɬɚɤɢɦ ɬɢɩɨɦ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɞɚɧɧɵɯ, ɤɨɬɨ-
ɪɵɣ ɧɟ ɩɪɟɞɩɨɥɚɝɚɟɬ ɨɞɧɨɜɪɟɦɟɧɧɨɣ ɥɨɤɚɥɢ-
ɡɚɰɢɢ ɫɢɝɧɚɥɚ ɜɨ ɜɪɟɦɟɧɧɨɣ ɢ ɱɚɫɬɨɬɧɨɣ ɨɛ-
ɥɚɫɬɹɯ. ɇɚɯɨɞɹ ɫɩɟɤɬɪɚɥɶɧɭɸ ɮɭɧɤɰɢɸ, ɦɵ 
ɩɨɥɭɱɚɟɦ ɢɧɮɨɪɦɚɰɢɸ ɨ ɱɚɫɬɨɬɧɨɦ ɫɨɫɬɚɜɟ 
ɫɢɝɧɚɥɚ, ɨɞɧɚɤɨ ɦɵ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɦɨɠɟɦ 
ɫɤɚɡɚɬɶ, ɜ ɤɚɤɨɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɩɪɟɨɛɥɚɞɚ-
ɟɬ ɬɚ ɢɥɢ ɢɧɚɹ ɱɚɫɬɨɬɚ. Ⱦɥɹ ɩɪɟɨɞɨɥɟɧɢɹ 
ɷɬɨɣ ɩɪɨɛɥɟɦɵ ɦɨɠɧɨ ɩɪɢɦɟɧɹɬɶ ɬɚɤ ɧɚɡɵ-
ɜɚɟɦɨɟ ɨɤɨɧɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Фɭɪɶɟ 
(ɈɉФ). ɋɭɳɧɨɫɬɶ ɟɝɨ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Фɭɪɶɟ ɩɪɢɦɟɧɹɟɬɫɹ ɧɟ ɫɪɚɡɭ 
ɤɨ ɜɫɟɦɭ ɫɢɝɧɚɥɭ, ɚ ɤ ɭɱɚɫɬɤɭ ɫɢɝɧɚɥɚ, ɞɥɢɧɚ 
ɤɨɬɨɪɨɝɨ ɨɩɪɟɞɟɥɹɟɬɫɹ ɲɢɪɢɧɨɣ ɨɤɧɚ. Эɬɨ 
ɨɤɧɨ ɫɤɨɥɶɡɢɬ ɩɨ ɫɢɝɧɚɥɭ, ɢ ɜ ɩɪɟɞɟɥɚɯ ɟɝɨ, 
ɞɟɥɚɟɬɫɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Фɭɪɶɟ. Фɨɪɦɭɥɚ 
ɨɤɨɧɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Фɭɪɶɟ ɢɦɟɟɬ ɫɥɟ-
ɞɭɸɳɢɣ ɜɢɞ: 
 

( ) ( ) ( )∫∞∞−
−−= ττψτω ωτ detxtGX i

h, ;     (5) 

ɝɞɟ ( )thψ  – ɜɟɫɨɜɚɹ (ɨɤɨɧɧɚɹ) ɮɭɧɤɰɢɹ, h  – 

ɲɢɪɢɧɚ ɨɤɧɚ. ɉɪɢɱɟɦ ( )thψ  ɭɞɨɜɥɟɬɜɨɪɹɟɬ 
ɫɥɟɞɭɸɳɟɦɭ ɪɚɜɟɧɫɬɜɭ: 
 

( )∫∞∞−
= 1dtthψ .                  (6) 

 
Вɟɫɨɜɚɹ ɮɭɧɤɰɢɹ, ɤɪɨɦɟ ɜɫɟɝɨ ɩɪɨɱɟɝɨ, ɧɟ-
ɨɛɯɨɞɢɦɚ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɭɫɬɪɚɧɢɬɶ ɷɮɮɟɤɬ 
ɜɵɡɵɜɚɟɦɵɣ ɧɟɪɚɜɟɧɫɬɜɨɦ (ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ) 
ɡɧɚɱɟɧɢɣ ɫɢɝɧɚɥɚ ɜ ɧɚɱɚɥɟ ɢ ɜ ɤɨɧɰɟ ɨɤɧɚ. 
В ɤɚɱɟɫɬɜɟ ɜɟɫɨɜɨɣ ɮɭɧɤɰɢɢ ɦɨɠɧɨ ɢɫɩɨɥɶ-
ɡɨɜɚɬɶ, ɧɚɩɪɢɦɟɪ, ɮɭɧɤɰɢɸ ɋɬɟɤɥɨɜɚ: 
 

( ) ( )( )⎩⎨
⎧

−∉
−∈=Π

.2/;2/0

;2/;2/,/1

hhx

hhxh
xh      (7) 

 
Ɉɞɧɚɤɨ, ɜ ɤɚɱɟɫɬɜɟ ɮɭɧɤɰɢɢ ɨɤɧɚ, ɱɚɳɟ ɢɫ-
ɩɨɥɶɡɭɸɬɫɹ ɮɭɧɤɰɢɢ, ɤɨɬɨɪɵɟ ɢɦɟɸɬ «ɝɚɭɫ-
ɫɨɜɵɣ» ɜɢɞ:  
 

( ) ⎟⎟⎠
⎞

⎜⎜⎝
⎛ −= 2

2

2

2

1 σ
σπψ

t

et .            (8) 

 
Ⱦɟɧɢɫ Ƚɚɛɨɪ (ɇɨɛɟɥɟɜɫɤɢɣ ɥɚɭɪɟɚɬ ɩɨ ɮɢɡɢ-
ɤɟ, 1991) ɩɨɤɚɡɚɥ, ɱɬɨ ɜɟɫɨɜɚɹ ɮɭɧɤɰɢɹ, 
ɢɦɟɸɳɚɹ ɜɢɞ (8), ɜ ɧɟɤɨɬɨɪɨɦ ɫɦɵɫɥɟ ɹɜɥɹ-
ɟɬɫɹ ɨɩɬɢɦɚɥɶɧɨɣ. Ɉɛɪɚɬɢɦ ɜɧɢɦɚɧɢɟ ɧɚ ɬɨ, 
ɱɬɨ ɈɉФ ɩɨɡɜɨɥɹɟɬ ɨɞɧɨɜɪɟɦɟɧɧɨ ɩɪɟɞɫɬɚɜ-
ɥɹɬɶ ɫɢɝɧɚɥ ɜ ɱɚɫɬɨɬɧɨɣ ɢ ɜɪɟɦɟɧɧɨɣ ɨɛɥɚɫ-
ɬɹɯ ɧɟ ɫ ɚɛɫɨɥɸɬɧɨɣ ɬɨɱɧɨɫɬɶɸ, ɚ ɫ ɧɟɤɨɬɨ-
ɪɨɣ, ɨɩɪɟɞɟɥɹɟɦɨɣ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɦ ɨɝɪɚ-
ɧɢɱɟɧɢɟɦ (ɩɪɢɧɰɢɩ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ, ɫɦ 
[3]).  
Ɉɞɧɢɦ ɢɡ ɧɟɞɨɫɬɚɬɤɨɜ ɈɉФ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ 
ɜɟɫɨɜɨɟ ɨɤɧɨ ɢɦɟɟɬ ɮɢɤɫɢɪɨɜɚɧɧɭɸ ɲɢɪɢɧɭ, 
ɱɬɨ ɧɟ ɩɨɡɜɨɥɹɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶ ɚɧɚɥɢɡ ɫɢɝ-
ɧɚɥɚ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɚɞɚɩɬɢɜɧɨɫɬɢ. ɏɨɪɨɲɨ 
ɛɵ ɢɦɟɬɶ ɬɚɤɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ, ɤɨɬɨɪɨɟ ɛɵ 
ɨɫɭɳɟɫɬɜɥɹɥɨ ɚɧɚɥɢɡ ɫɢɝɧɚɥɚ ɩɪɢ ɪɚɡɧɵɯ 
ɦɚɫɲɬɚɛɚɯ ɚɧɚɥɢɡɢɪɭɸɳɟɝɨ ɨɤɧɚ. К ɬɚɤɨɦɭ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɸ ɢ ɨɬɧɨɫɢɬɫɹ ɜɟɣɜɥɟɬ-
ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ (Вɉ). 
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Вɟɣɜɥɟɬɨɦ ɦɨɠɧɨ ɧɚɡɜɚɬɶ ɫɟɦɟɣɫɬɜɨ ɮɭɧɤ-
ɰɢɣ, ɤɨɬɨɪɵɟ ɨɛɪɚɡɭɸɬɫɹ ɩɨɫɪɟɞɫɬɜɨɦ ɦɚɫ-
ɲɬɚɛɢɪɨɜɚɧɢɣ ɢ ɫɞɜɢɝɨɜ ɧɟɤɨɬɨɪɨɣ ɨɞɧɨɣ 
ɮɭɧɤɰɢɢ, ɧɚɡɵɜɚɟɦɨɣ «ɦɚɬɟɪɢɧɫɤɨɣ» ɢɥɢ 
«ɦɚɬɟɪɢɧɫɤɢɦ ɜɟɣɜɥɟɬɨɦ». Эɬɢ ɮɭɧɤɰɢɢ ɨɛ-
ɥɚɞɚɸɬ ɯɨɪɨɲɟɣ ɥɨɤɚɥɢɡɚɰɢɟɣ ɜ ɱɚɫɬɨɬɧɨɣ ɢ 
ɜɪɟɦɟɧɧɨɣ ɨɛɥɚɫɬɹɯ. Кɪɨɦɟ ɬɨɝɨ, ɢɯ ɫɪɟɞɧɢɟ 
ɡɧɚɱɟɧɢɹ ɪɚɜɧɵ ɧɭɥɸ. 
ɉɭɫɬɶ ( )tψ  ɟɫɬɶ ɦɚɬɟɪɢɧɫɤɢɣ ɜɟɣɜɥɟɬ, ɬɨɝɞɚ 
ɮɭɧɤɰɢɢ ɨɛɪɚɡɭɸɳɢɟ ɛɚɡɢɫ ɪɚɡɥɨɠɟɧɢɹ ɛɭ-
ɞɭɬ ɨɩɪɟɞɟɥɹɬɶɫɹ ɮɨɪɦɭɥɨɣ: 
 

( ) ⎟⎠
⎞⎜⎝

⎛ −=
a

bt

a
tab ψψ

2/1

1
;            (9) 

  
ɝɞɟ a  – ɦɚɫɲɬɚɛɧɵɣ ɩɚɪɚɦɟɬɪ, b  – ɩɚɪɚɦɟɬɪ 
ɫɞɜɢɝɚ. Ɇɧɨɠɢɬɟɥɶ  

2/1−
a  ɩɨɡɜɨɥɹɟɬ ɫɨɯɪɚ-

ɧɹɬɶ ɧɟɡɚɜɢɫɢɦɨɫɬɶ ɧɨɪɦ ɮɭɧɤɰɢɣ ɨɬ ɦɚɫ-
ɲɬɚɛɧɨɝɨ ɩɚɪɚɦɟɬɪɚ a . 
Вɟɣɜɥɟɬ-ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɜɵɱɢɫɥɹɟɬɫɹ ɫɥɟ-
ɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

 

( ) ( )∫∞∞−
⎟⎠
⎞⎜⎝

⎛ −= dt
a

bt
tx

a
baW *

2/1

1
, ψψ .  (10) 

 
Ɂɧɚɤ «*» ɨɡɧɚɱɚɟɬ ɤɨɦɩɥɟɤɫɧɭɸ ɫɨɩɪɹɠɟɧ-
ɧɨɫɬɶ.  
ȿɫɥɢ ɞɥɹ ɮɭɧɤɰɢɢ ( )tψ  ɫɩɪɚɜɟɞɥɢɜɚ ɫɥɟ-
ɞɭɸɳɚɹ ɮɨɪɦɭɥɚ: 
 ( ) ∞<Ψ= ∫∞∞−

ωω
ω

ψ dC
2

;         (11) 

ɝɞɟ ( )ωΨ  – ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Фɭɪɶɟ ɮɭɧɤɰɢɢ ( )tψ , ɬɨ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɨɛɪɚɬɧɨɟ ɜɟɣɜ-
ɥɟɬ-ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ: 
 

( ) ( ) ( ) dadb
a

tbaW
C

tx ab 2

1
,

1 ∫ ∫∞

∞−

∞

∞−
= ψψ

ψ
.  (12) 

  

Кɚɤ ɜɢɞɧɨ, ɜɟɣɜɥɟɬ-ɫɩɟɤɬɪ ( )baW ,ψ  ɟɫɬɶ 
ɮɭɧɤɰɢɹ ɞɜɭɯ ɩɟɪɟɦɟɧɧɵɯ: ɦɚɫɲɬɚɛɧɨɝɨ ɩɚ-
ɪɚɦɟɬɪɚ a   ɢ ɩɚɪɚɦɟɬɪɚ ɫɞɜɢɝɚ b . 
ȿɫɥɢ ɩɚɪɚɦɟɬɪɵ a  ɢ b  ɦɟɧɹɸɬɫɹ ɧɟɩɪɟɪɵɜ-
ɧɨ, ɬɨ ɦɧɨɠɟɫɬɜɨ ɮɭɧɤɰɢɣ ( )tabψ  ɢɡɛɵɬɨɱ-
ɧɨ. ɉɨɷɬɨɦɭ ɞɥɹ ɷɤɨɧɨɦɧɨɫɬɢ ɦɨɠɧɨ ɩɪɨɢɡ-
ɜɟɫɬɢ ɞɢɫɤɪɟɬɢɡɚɰɢɸ ɩɚɪɚɦɟɬɪɨɜ a  ɢ b  

ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: r
ra σ= , βrkr kab =, , 

Zr ∈ , Zk ∈ . Ɇɨɠɧɨ ɩɪɢɧɹɬɶ, ɱɬɨ 2=σ , ɚ 
1=β , ɬɨɝɞɚ r

ra 2= , r
kr kb 2, = . Ɍɚɤɢɦ ɨɛ-

ɪɚɡɨɦ, ɫɞɜɢɝ ɡɚɜɢɫɢɬ ɨɬ ɦɚɫɲɬɚɛɚ, ɢ «ɩɟɪɟ-
ɤɪɵɬɢɹ» ɜɟɣɜɥɟɬɨɜ ɧɟ ɩɪɨɢɫɯɨɞɢɬ. ɋ ɭɱɟɬɨɦ 
ɬɚɤɨɣ ɞɢɫɤɪɟɬɢɡɚɰɢɢ ɢɦɟɟɦ: 

 

( ) ⎟⎟⎠
⎞⎜⎜⎝

⎛ ⋅−=
r

r

rrk

kt
t

2

2

2

1
2/
ψψ ;         (13) 

( ) ( )∫∞∞−
= dtttxd rkrk

*ψ ;              (14) 

( ) ( )∑ ∑∞

−∞=

∞

−∞=
=

r k
rkrk tdtx ψ .            (15) 

 
Ɂɞɟɫɶ ( )trkψ  – ɮɭɧɤɰɢɢ ɩɨɪɨɠɞɚɟɦɵɟ ɦɚɬɟ-
ɪɢɧɫɤɢɦ ɜɟɣɜɥɟɬɨɦ, rkd  – ɜɟɣɜɥɟɬɧɵɟ ɤɨɷɮ-

ɮɢɰɢɟɧɬɵ,  ( )tx  - ɚɧɚɥɢɡɢɪɭɟɦɚɹ ɮɭɧɤɰɢɹ.  
ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɩɚɪɚɦɟɬɪɵ a  ɢ b  ɞɢɫ-
ɤɪɟɬɢɡɢɪɨɜɚɧɵ, ɬɚɤɨɟ Вɉ, ɫɬɪɨɝɨ ɝɨɜɨɪɹ, 
ɞɢɫɤɪɟɬɧɵɦ ɧɟ ɹɜɥɹɟɬɫɹ, ɬ.ɤ. ɧɟ ɹɜɥɹɟɬɫɹ 
ɞɢɫɤɪɟɬɧɨɣ ɚɧɚɥɢɡɢɪɭɟɦɚɹ ɮɭɧɤɰɢɹ ( )tx . В 
ɫɥɭɱɚɟ ɰɢɮɪɨɜɨɝɨ ɫɢɝɧɚɥɚ, ɩɪɢɦɟɧɹɸɬ ɞɢɫ-
ɤɪɟɬɧɨɟ ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ (ȾВɉ). В 
ȾВɉ ɜɵɱɢɫɥɟɧɢɟ ɜɟɣɜɥɟɬɧɵɯ  ɤɨɷɮɮɢɰɢɟɧ-
ɬɨɜ ɦɨɠɧɨ ɩɪɨɢɡɜɨɞɢɬɶ ɩɪɢ ɩɨɦɨɳɢ ɢɬɟɪɚ-
ɰɢɨɧɧɨɣ ɩɪɨɰɟɞɭɪɵ, ɧɚɡɵɜɚɟɦɨɣ ɛɵɫɬɪɵɦ 
ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪɚɡɨɜɚɧɢɟɦ (ȻВɉ). Вɵɜɟɫɬɢ 
ɚɥɝɨɪɢɬɦ ȻВɉ ɦɨɠɧɨ ɩɪɢ ɩɨɦɨɳɢ ɬɟɨɪɢɢ 
ɤɪɚɬɧɨɦɚɫɲɬɚɛɧɨɝɨ ɚɧɚɥɢɡɚ (КɆА) ɢ ɬɟɨɪɢɢ 
ɮɢɥɶɬɪɨɜ. Вɵɜɨɞ ɷɬɨɝɨ ɚɥɝɨɪɢɬɦɚ ɦɨɠɧɨ ɩɨ-
ɫɦɨɬɪɟɬɶ, ɧɚɩɪɢɦɟɪ, ɜ [1] ɢɥɢ [3]. Ɇɵ ɠɟ ɨɝ-
ɪɚɧɢɱɢɦɫɹ ɥɢɲɶ ɧɟɤɨɬɨɪɵɦɢ ɬɟɡɢɫɚɦɢ. 



ɉɪɢɦɟɧɟɧɢɟ ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɩɪɢ ɚɧɚɥɢɡɟ ɚɤɫɟɥɟɪɨɝɪɚɦɦ 
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ɉɭɫɬɶ ɚɧɚɥɢɡɢɪɭɟɦɚɹ ɮɭɧɤɰɢɹ ( ) 2Ltx ∈ . 

Ɉɛɨɡɧɚɱɢɦ ɱɟɪɟɡ 0rV  ɬɚɤɨɟ ɮɭɧɤɰɢɨɧɚɥɶɧɨɟ 
ɩɨɞɩɪɨɫɬɪɚɧɫɬɜɨ ɩɪɨɫɬɪɚɧɫɬɜɚ 2L , ɜ ɤɨɬɨ-
ɪɨɦ ɮɭɧɤɰɢɢ, ɩɪɢɧɚɞɥɟɠɚɳɢɟ ɟɦɭ, ɚɩɩɪɨɤ-
ɫɢɦɢɪɭɸɬ 2L  ɧɚ ɭɪɨɜɧɟ 0r . Ɇɨɠɧɨ ɩɨɫɬɪɨ-
ɢɬɶ ɢɟɪɚɪɯɢɱɟɫɤɢ ɜɥɨɠɟɧɧɵɟ ɩɨɞɩɪɨɫɬɪɚɧ-
ɫɬɜɚ 0rV , ɨɛɴɟɞɢɧɟɧɢɟ ɤɨɬɨɪɵɯ ɜ ɩɪɟɞɟɥɟ 
ɞɚёɬ ɩɪɨɫɬɪɚɧɫɬɜɨ 2L :   

 

21012 ...... LVVVV ⊂⊂⊂⊂⊂ − ;       (16) 

  
ɇɚɡɨɜɟɦ ɮɭɧɤɰɢɸ ( ) 00 rr VtA ∈  ɚɩɩɪɨɤɫɢɦɢ-
ɪɭɸɳɟɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɮɭɧɤɰɢɢ ( )tx . И 

ɩɪɟɞɫɬɚɜɢɦ ( )tx  ɜ ɜɢɞɟ ɫɭɦɦɵ ɚɩɩɪɨɤɫɢɦɢ-
ɪɭɸɳɟɣ ɢ ɞɟɬɚɥɢɡɢɪɭɸɳɢɯ ɫɨɫɬɚɜɥɹɸɳɢɯ: 

 

( ) ( )∑−∞=
+= 0

0

r

r
rr tDAtx ;               (17)  

 
ɝɞɟ ( )tDr  – ɞɟɬɚɥɢɡɢɪɭɸɳɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ. 
ɉɪɢ ɷɬɨɦ ( ) rr WtD ∈ . Ƚɞɟ ɩɨɞɩɪɨɫɬɪɚɧɫɬɜɨ 

rW  ɟɫɬɶ ɨɪɬɨɝɨɧɚɥɶɧɨɟ ɞɨɩɨɥɧɟɧɢɟ ɩɨɞɩɪɨ-
ɫɬɪɚɧɫɬɜ rV  ɢ 1−rV , ɬ.ɟ.:  

 

rrr WVV ⊕=−1 .                    (18) 
 

ɉɭɫɬɶ ɧɚɦ ɞɚɧ ɞɢɫɤɪɟɬɧɵɣ ɫɢɝɧɚɥ kx , ɩɪɨ-
ɢɧɬɟɪɩɪɟɬɢɪɭɟɦ ɟɝɨ ɤɚɤ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ 
ɤɨɷɮɮɢɰɢɟɧɬɨɜ ka0  ɜɯɨɞɹɳɢɯ ɜ ɫɥɟɞɭɸɳɟɟ 
ɪɚɜɟɧɫɬɜɨ: 
 ( ) ( )∑==

k
kk tatAtx 000 )( ϕ ;         (19) 

 
ɝɞɟ ( ) ( ) 00 VtAtx ∈= , ( ) 00 Vtk ∈ϕ , Zt ∈ . Кɨ-
ɷɮɮɢɰɢɟɧɬɵ ka0  ɭɞɨɜɥɟɬɜɨɪɹɸɬ ɪɚɜɟɧɫɬɜɭ: 
 ( ) ( ) ( ) ( )∫== dtttxttxa kkk 000 , ϕϕ ;    (20) 

 

Фɨɪɦɭɥɚ (20) ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɤɚɥɹɪɧɨɟ 
ɩɪɨɢɡɜɟɞɟɧɢɟ ɮɭɧɤɰɢɣ ( )tx  ɢ ( )tk0ϕ .  

В ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɟɨɪɢɟɣ КɆА, ɮɭɧɤɰɢɹ ( )tx  ɩɪɟɞɫɬɚɜɢɦɚ ɜ ɜɢɞɟ: 
 ( ) ( ) ( )tDtAtx 11 += ;              (21) 

ɢɥɢ ( ) ( ) ( )∑ ∑+=
k k

kkkk tdtatx 1111 ψϕ ;     (22) 

 
ɝɞɟ ( ) 11 Vtk ∈ϕ , ( ) 11 Wtk ∈ψ . Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɦɵ ɩɨɥɭɱɢɥɢ ɞɜɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ka1  ɢ 

kd1 . Ⱦɚɥɟɟ ɮɭɧɤɰɢɹ ( )tA1  ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜ 
ɜɢɞɟ ɫɨɜɨɤɭɩɧɨɫɬɢ ɮɭɧɤɰɢɣ ( ) 22 VtA ∈ , ( ) 22 WtD ∈ , ɢ ɷɬɨɬ ɢɬɟɪɚɰɢɨɧɧɵɣ ɩɪɨɰɟɫɫ 
ɩɪɨɞɨɥɠɚɟɬɫɹ. ɋɨɜɨɤɭɩɧɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɨɜ 
ɩɨɥɭɱɢɜɲɢɯɫɹ ɜ ɯɨɞɟ ɷɬɨɝɨ ɪɚɡɥɨɠɟɧɢɹ ɨɛ-
ɪɚɡɭɟɬ ɦɧɨɠɟɫɬɜɨ ɜɟɣɜɥɟɬɧɵɯ ɤɨɷɮɮɢɰɢɟɧ-
ɬɨɜ.  
Ɉɬɦɟɬɢɦ, ɱɬɨ ɞɥɹ ɮɭɧɤɰɢɣ ( )trkϕ  ɢ ( )trkψ  

ɫɩɪɚɜɟɞɥɢɜɚ ɮɨɪɦɭɥɚ (13). ɋɨɝɥɚɫɧɨ ɬɟɨɪɢɢ 
КɆА, ɞɥɹ ɮɭɧɤɰɢɣ ( )tϕ  ɢ ( )tψ  ɫɩɪɚɜɟɞɥɢɜɵ 
ɫɥɟɞɭɸɳɢɟ ɮɨɪɦɭɥɵ: 
 ( ) ( )∑ −=

l
l ltht 22 ϕϕ ;           (23) 

( ) ( )∑ −=
l

l ltgt 22 ϕψ ;            (24) 

 
Ƚɞɟ lh  ɢ lg  – ɧɟɤɨɬɨɪɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ, 

ɭɞɨɜɥɟɬɜɨɪɹɸɳɢɟ ɫɥɟɞɭɸɳɢɦ ɪɚɜɟɧɫɬɜɚɦ: 
 ( ) ( )ltthl −= 2,ϕϕ ;              (25) 

( ) 121 −−−= ln
l

l hg .              (26) 

 
Ɇɨɠɧɨ ɞɨɤɚɡɚɬɶ ɫɩɪɚɜɟɞɥɢɜɨɫɬɶ ɫɥɟɞɭɸɳɢɯ 
ɪɟɤɭɪɪɟɧɬɧɵɯ ɮɨɪɦɭɥ, ɩɨɡɜɨɥɹɸɳɢɯ ɨɫɭɳɟ-
ɫɬɜɥɹɬɶ ȻВɉ: 
 ∑ −+ =

l
krklkr aha ,2,1 ;              (27) 



Ɉ. В. Ɇɤɪɬɵɱɟɜ, А.А. Ɋɟɲɟɬɨɜ 

 Volume 7, Issue 3, 2011 122

∑ −+ =
l

krklkr agd ,2,1 .               (28) 

 
Ⱦɥɹ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɫɢɝɧɚɥɚ ɩɪɢɦɟɧɹɟɬɫɹ 
ɜɵɪɚɠɟɧɢɟ: ( )∑ −−− +=

l
lrlklrlkkr agaha ,2,2,1 ;     (29) 

ɝɞɟ 12,0 −= nl , n  – ɩɨɪɹɞɨɤ ɜɟɣɜɥɟɬɚ. 
 
2. КɈɆɉɖɘɌȿɊɇЫȿ ɊАɋЧȿɌЫ 
 

ɉɪɨɜɟɞёɦ ɱɢɫɥɟɧɧɵɟ ɪɚɫɱёɬɵ ɜ ɫɢɫɬɟɦɟ 
MATLAB. 
В ɤɚɱɟɫɬɜɟ ɢɫɫɥɟɞɭɟɦɨɝɨ ɫɢɝɧɚɥɚ ɛɭɞɟɦ ɢɫ-
ɩɨɥɶɡɨɜɚɬɶ ɰɢɮɪɨɜɭɸ ɚɤɫɟɥɟɪɨɝɪɚɦɦɭ ɡɟɦ-
ɥɟɬɪɹɫɟɧɢɹ ɜ ɋɩɢɬɚɤɟ (Аɪɦɟɧɢɹ, 1988), ɚ 
ɬɨɱɧɟɟ ɨɞɧɭ ɢɡ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɤɨɦɩɨɧɟɧɬ. 
ɉɪɨɢɡɜɟɞɟɦ ɫɥɟɞɭɸɳɢɟ ɪɚɫɱɟɬɵ: 1) ɩɪɟɨɛɪɚ-
ɡɨɜɚɧɢɟ Фɭɪɶɟ; 2) ɨɤɨɧɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ 
Фɭɪɶɟ; 3) ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɫ ɩɪɢɦɟ-
ɧɟɧɢɟɦ ɪɚɡɥɢɱɧɵɯ ɛɚɡɢɫɧɵɯ ɮɭɧɤɰɢɣ. 

 
 
 

 
Ɋɢɫ.1. Аɤɫɟɥɟɪɨɝɪɚɦɦɚ ɢ ɟɟ ɫɩɟɤɬɪ 
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Ɋɢɫ.2. Аɤɫɟɥɟɪɨɝɪɚɦɦɚ ɢ ɫɩɟɤɬɪɨɝɪɚɦɦɚ 

 
 

 
Ɋɢɫ.3. Аɤɫɟɥɟɪɨɝɪɚɦɦɚ ɢ ɜɟɣɜɥɟɬ-ɫɩɟɤɬɪɨɝɪɚɦɦɚ (haar) 
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Ɋɢɫ.4. Аɤɫɟɥɟɪɨɝɪɚɦɦɚ ɢ ɜɟɣɜɥɟɬ-ɫɩɟɤɬɪɨɝɪɚɦɦɚ (mexh) 

 
 

     
  Ɋɢɫ.5. Аɤɫɟɥɟɪɨɝɪɚɦɦɚ ɢ ɜɟɣɜɥɟɬ-ɫɩɟɤɬɪɨɝɪɚɦɦɚ (morl) 
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ɇɚ ɪɢɫ.1. ɢɡɨɛɪɚɠɟɧɵ ɝɪɚɮɢɤɢ ɚɤɫɟɥɟɪɨ-
ɝɪɚɦɦɵ ɢ ɟɟ ɫɩɟɤɬɪɚ, ɧɚɣɞɟɧɨɝɨ ɩɪɢ ɩɨ-
ɦɨɳɢ ȻɉФ. Кɚɤ ɜɢɞɧɨ ɢɡ ɫɩɟɤɬɪɚ, ɩɢɤ ɫɨ-
ɨɬɜɟɬɫɬɜɭɟɬ ɱɚɫɬɨɬɟ 2.492 Ƚɰ.  
Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɨɩɪɟɞɟɥɢɬɶ, ɤɚɤɨɦɭ ɜɪɟ-
ɦɟɧɧɨɦɭ ɢɧɬɟɪɜɚɥɭ ɩɪɢɧɚɞɥɟɠɢɬ ɷɬɨɬ ɩɢɤ 
(ɢ ɜɨɨɛɳɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɱɚɫɬɨɬɧɨ-
ɜɪɟɦɟɧɧɨɣ ɤɚɪɬɢɧɵ), ɩɪɨɜɟɞёɦ ɨɤɨɧɧɨɟ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Фɭɪɶɟ. Ɋɟɡɭɥɶɬɚɬɵ ɷɬɨɝɨ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ.2. 
Кɚɤ ɜɢɞɧɨ ɢɡ ɫɩɟɤɬɪɨɝɪɚɦɦɵ, ɱɚɫɬɨɬɧɵɣ 
ɩɢɤ ɜ 2.5 Ƚɰ ɢɦɟɟɬ ɦɟɫɬɨ ɜ ɨɤɪɟɫɬɧɨɫɬɢ 8.5, 
10 Ƚɰ.  
Вɵɩɨɥɧɢɦ ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɫ ɛɚ-
ɡɢɫɧɨɣ ɮɭɧɤɰɢɟɣ, ɧɚɡɵɜɚɟɦɨɣ ɜɟɣɜɥɟɬ 
ɏɚɚɪɚ (haar). Вɟɣɜɥɟɬ ɏɚɚɪɚ ɩɪɟɞɫɬɚɜɥɹɟɬ 
ɫɨɛɨɣ ɫɥɟɞɭɸɳɭɸ ɮɭɧɤɰɢɸ:  
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Ɋɢɫ.6. Вɟɣɜɥɟɬ ɏɚɚɪɚ 

 
Вɟɣɜɥɟɬ ɏɚɚɪɚ ɨɛɥɚɞɚɟɬ ɫɜɨɣɫɬɜɨɦ ɜɵɹɜ-
ɥɹɬɶ «ɩɟɪɟɯɨɞɵ», ɩɟɪɟɝɢɛɵ ɮɭɧɤɰɢɢ. ɇɚ 
ɜɟɣɜɥɟɬ-ɫɩɟɤɬɪɨɝɪɚɦɦɟ (ɪɢɫ.3) ɛɟɥɵɟ ɨɛ-
ɥɚɫɬɢ  ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɷɬɢɦ ɩɟɪɟɝɢɛɚɦ. ɉɨ 
ɨɫɢ ɨɪɞɢɧɚɬ ɨɬɤɥɚɞɵɜɚɟɬɫɹ ɦɚɫɲɬɚɛ (ɭɪɨ-
ɜɟɧɶ ɪɚɡɪɟɲɟɧɢɹ ɫɢɝɧɚɥɚ). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 
ɟɫɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɧɚɛɥɸɞɚɬɶ ɬɟ ɢɥɢ ɢɧɵɟ 
ɨɫɨɛɟɧɧɨɫɬɢ ɫɢɝɧɚɥɚ (ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɜɟɣɜɥɟɬɚ) ɧɚ ɪɚɡɧɵɯ ɦɚɫɲɬɚɛɚɯ (ɪɚɡɧɵɯ 
ɱɚɫɬɨɬɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ).  
Вɵɩɨɥɧɢɦ ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɫ ɛɚ-
ɡɢɫɧɨɣ ɮɭɧɤɰɢɟɣ ɧɚɡɵɜɚɟɦɨɣ, «ɦɟɤɫɢɤɚɧ-
ɫɤɚɹ ɲɥɹɩɚ» (mexh). Ⱦɚɧɧɵɣ ɜɟɣɜɥɟɬ ɢɦɟ-
ɟɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ: 

( ) ( ) 224/1
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Ɋɢɫ.7. Вɟɣɜɥɟɬ «ɦɟɤɫɢɤɚɧɫɤɚɹ ɲɥɹɩɚ» 

 
Ⱦɚɧɧɵɣ ɜɟɣɜɥɟɬ ɨɛɥɚɞɚɟɬ ɫɜɨɣɫɬɜɨɦ ɜɵɹɜ-
ɥɹɬɶ ɷɤɫɬɪɟɦɭɦɵ ɮɭɧɤɰɢɢ. ɇɚ ɜɟɣɜɥɟɬ-
ɫɩɟɤɬɪɨɝɪɚɦɦɟ (ɪɢɫ.4) ɛɟɥɵɟ ɨɛɥɚɫɬɢ  ɫɨ-
ɨɬɜɟɬɫɬɜɭɸɬ ɷɬɢɦ ɷɤɫɬɪɟɦɭɦɚɦ.  
Вɵɩɨɥɧɢɦ ɜɟɣɜɥɟɬ-ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɫ ɛɚ-
ɡɢɫɧɨɣ ɮɭɧɤɰɢɟɣ ɧɚɡɵɜɚɟɦɨɣ, ɜɟɣɜɥɟɬ 
Ɇɨɪɥɟɬɚ (morl): 
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2
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ɝɞɟ C  – ɧɨɪɦɚɥɢɡɢɪɭɸɳɢɣ ɤɨɷɮɮɢɰɢɟɧɬ. 
 

 
Ɋɢɫ.8. Вɟɣɜɥɟɬ Ɇɨɪɥɟɬɚ 

 
Эɬɨɬ ɜɟɣɜɥɟɬ ɯɨɪɨɲɨ ɥɨɤɚɥɢɡɨɜɚɧ ɤɚɤ ɜɨ 
ɜɪɟɦɟɧɧɨɣ ɨɛɥɚɫɬɢ, ɬɚɤ ɢ ɜ ɱɚɫɬɨɬɧɨɣ. ɇɚ 
ɪɢɫ.5 ɩɪɟɞɫɬɚɜɥɟɧ ɪɟɡɭɥɶɬɚɬ ɜɟɣɜɥɟɬ-
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɫ ɷɬɨɣ ɮɭɧɤɰɢɟɣ.  
В ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɦɵ ɨɝɪɚɧɢɱɢɥɢɫɶ ɢɫɩɨɥɶ-
ɡɨɜɚɧɢɟɦ ɛɚɡɢɫɧɵɯ ɮɭɧɤɰɢɣ, ɤɨɬɨɪɵɟ 
ɢɦɟɸɬ ɚɧɚɥɢɬɢɱɟɫɤɢ ɹɜɧɵɣ ɜɢɞ, ɯɨɬɹ ɫɭ-
ɳɟɫɬɜɭɟɬ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɛɚɡɢɫɧɵɯ 
ɮɭɧɤɰɢɣ, ɤɨɬɨɪɵɟ ɡɚɞɚɸɬɫɹ ɢɬɟɪɚɰɢɨɧɧɵ-
ɦɢ ɫɩɨɫɨɛɚɦɢ.  
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АɇɇɈɌАЦИə: В ɧɚɫɬɨɹɳɟɣ ɫɬɚɬɶɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɧɟɤɨɬɨɪɵɟ ɫɨɜɪɟɦɟɧɧɵɟ ɩɨɞɯɨɞɵ ɤ ɩɪɨɝɧɨɡɧɨɦɭ ɦɚɬɟ-
ɦɚɬɢɱɟɫɤɨɦɭ ɦɨɞɟɥɢɪɨɜɚɧɢɸ ɫɨɫɬɨɹɧɢɹ ɫɨɰɢɚɥɶɧɨ ɡɧɚɱɢɦɵɯ ɨɛɴɟɤɬɨɜ ɝɨɪɨɞɚ. Иɡɥɚɝɚɸɬɫɹ ɤɨɪɪɟɤɬɧɵɟ ɞɢɫ-
ɤɪɟɬɧɨ-ɤɨɧɬɢɧɭɚɥɶɧɵɟ ɦɟɬɨɞɵ ɪɚɫɱɟɬɚ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ ɪɟɝɭɥɹɪɧɨɣ ɫɬɪɭɤɬɭɪɵ ɧɚ ɨɫɧɨɜɟ ɩɨɫɬɪɨɟɧɢɹ ɬɨɱ-
ɧɵɯ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɪɟɲɟɧɢɣ ɦɧɨɝɨɬɨɱɟɱɧɵɯ ɤɪɚɟɜɵɯ ɡɚɞɚɱ ɫɬɪɨɢɬɟɥɶɧɨɣ ɦɟɯɚɧɢɤɢ, ɡɚɬɪɚɝɢɜɚɸɬɫɹ ɚɤɬɭɚɥɶɧɵɟ 
ɜɨɩɪɨɫɵ ɦɨɧɢɬɨɪɢɧɝɚ ɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɟɯɧɨɥɨɝɢɢ ɩɪɨɫɬɪɚɧɫɬ-
ɜɟɧɧɨ-ɤɨɨɪɞɢɧɚɬɧɵɯ ɝɟɨɞɟɡɢɱɟɫɤɢɯ ɢɡɦɟɪɟɧɢɣ ɢ ɤɨɧɟɱɧɨɷɥɟɦɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ 
ɫɨɫɬɨɹɧɢɹ ɤɨɧɫɬɪɭɤɰɢɣ. 
 

Ключевые словɚ: ɩɪɨɝɧɨɡɧɨɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ, ɱɢɫɥɟɧɧɵɟ ɦɟɬɨɞɵ,  
ɱɢɫɥɟɧɧɨ-ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ, ɪɚɫɱɟɬɧɨɟ ɨɛɨɫɧɨɜɚɧɢɟ, ɦɨɧɢɬɨɪɢɧɝ 

 
 

SEVERAL RELEVANT PROBLEMS  
OF PREDICTIVE MATHEMATICAL MODELLING  

OF RESPONSIBLE PROJECTS OF CITY 
 

Nikolay I. Senin, Pavel A. Akimova, Mariya A. Zakharchenko 
Moscow State University of Civil Engineering, Moscow, RUSSIA 

 
ABSTRACT: Several sophisticated approaches to predictive mathematical modelling of responsible projects of city are 
under consideration in the distinctive paper. Correct discrete-continual methods of structural analysis based on analyti-
cal solutions of multipoint boundary problems of structural mechanics are presented. Some vital problems of structural 
monitoring are studied as well. 
 

Key words: predictive mathematical modelling, numerical methods, semianalytical methods, 
structural analysis, structural monitoring 

 
 

Ɇɢɪɨɜɨɣ ɢ ɨɬɟɱɟɫɬɜɟɧɧɵɣ ɨɩɵɬ, ɨɬɪɚ-
ɠɟɧɧɵɣ ɜ ɦɧɨɝɨɱɢɫɥɟɧɧɵɯ ɬɪɭɞɚɯ ɧɚɭɱɧɨ-
ɩɪɚɤɬɢɱɟɫɤɢɯ ɤɨɧɮɟɪɟɧɰɢɣ, ɩɭɛɥɢɤɚɰɢɹɯ ɜ 
ɩɟɪɢɨɞɢɱɟɫɤɢɯ ɢɡɞɚɧɢɹɯ ɢ ɦɨɧɨɝɪɚɮɢɹɯ, ɢɡ-
ɜɟɫɬɧɵɟ ɫɨɛɵɬɢɹ ɩɨɫɥɟɞɧɢɯ ɥɟɬ ɜ ɝɨɪɨɞɚɯ 
Ɋɨɫɫɢɣɫɤɨɣ Фɟɞɟɪɚɰɢɢ ɢ ɦɢɪɚ ɫɜɢɞɟɬɟɥɶɫɬ-
ɜɭɸɬ ɨ ɬɨɦ, ɱɬɨ ɩɪɨɛɥɟɦɚ ɫɢɫɬɟɦɧɨɝɨ ɨɛɟɫ-
ɩɟɱɟɧɢɹ ɬɟɯɧɨɝɟɧɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɦɟɝɚɩɨ-
ɥɢɫɚ ɹɜɥɹɟɬɫɹ ɜɟɫɶɦɚ ɚɤɬɭɚɥɶɧɨɣ. Ⱦɨ ɧɟɞɚɜ-
ɧɟɝɨ ɜɪɟɦɟɧɢ ɭɪɨɜɟɧɶ ɪɚɫɱɟɬɨɜ ɦɧɨɝɢɯ 

ɫɬɪɨɢɬɟɥɶɧɵɯ ɨɛɴɟɤɬɨɜ ɛɵɥ ɧɟɞɨɫɬɚɬɨɱɧɵɦ 
ɢ ɡɚɜɢɫɟɥ ɨɬ ɦɧɨɠɟɫɬɜɚ ɜɟɫɶɦɚ ɫɭɛɴɟɤɬɢɜ-
ɧɵɯ ɮɚɤɬɨɪɨɜ. ɉɨɞɨɛɧɚɹ ɩɪɚɤɬɢɤɚ ɩɪɢɜɟɥɚ, 
ɜ ɱɚɫɬɧɨɫɬɢ, ɤ ɢɡɜɟɫɬɧɵɦ ɬɪɚɝɢɱɟɫɤɢɦ ɩɨ-
ɫɥɟɞɫɬɜɢɹɦ ɢ ɤɚɬɚɫɬɪɨɮɚɦ. Эɮɮɟɤɬɢɜɧɨɟ, 
ɷɤɨɧɨɦɢɱɟɫɤɢ ɨɩɪɚɜɞɚɧɧɨɟ ɪɟɲɟɧɢɟ ɡɚɞɚɱ 
ɪɚɫɱɟɬɚ ɫɨɰɢɚɥɶɧɨ ɡɧɚɱɢɦɵɯ ɫɬɪɨɢɬɟɥɶɧɵɯ 
ɨɛɴɟɤɬɨɜ ɝɨɪɨɞɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫ ɢɫɩɨɥɶɡɨɜɚ-
ɧɢɟɦ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɯ ɩɪɨɝɪɚɦɦɧɵɯ 
ɤɨɦɩɥɟɤɫɨɜ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɬɢɩɚ, ɪɟɚɥɢ-
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ɡɭɸɳɢɯ ɱɢɫɥɟɧɧɵɟ ɦɟɬɨɞɵ ɦɟɯɚɧɢɤɢ. ɋɨ-
ɜɪɟɦɟɧɧɚɹ ɤɨɧɰɟɩɰɢɹ ɬɪɟɛɭɟɬ, ɱɬɨɛɵ ɚɞɟɤ-
ɜɚɬɧɨɟ ɪɚɫɱɟɬɧɨɟ ɨɛɨɫɧɨɜɚɧɢɟ ɫɨɩɪɨɜɨɠɞɚɥɨ 
ɨɛɴɟɤɬɵ ɧɚ ɜɫɟɯ ɷɬɚɩɚɯ ɢɯ ɡɚɪɨɠɞɟɧɢɹ (ɩɪɨ-
ɟɤɬɢɪɨɜɚɧɢɹ ɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ) ɢ ɠɢɡɧɢ (ɷɤɫ-
ɩɥɭɚɬɚɰɢɢ, ɪɟɦɨɧɬɚ ɢ ɪɟɤɨɧɫɬɪɭɤɰɢɢ), ɨɛɟɫ-
ɩɟɱɢɜɚɹ ɧɟɨɛɯɨɞɢɦɵɣ ɚɧɚɥɢɡ ɢ ɩɪɨɝɧɨɡ ɫɨ-
ɫɬɨɹɧɢɹ ɜ ɫɨɫɬɚɜɟ ɤɨɦɩɶɸɬɟɪɧɵɯ ɢɧɮɨɪɦɚɰɢ-
ɨɧɧɨ-ɞɢɚɝɧɨɫɬɢɱɟɫ-ɤɢɯ ɫɢɫɬɟɦ ɦɨɧɢɬɨɪɢɧɝɚ. 
В ɧɚɫɬɨɹɳɟɣ ɫɬɚɬɶɟ, ɜ ɱɚɫɬɧɨɫɬɢ, ɩɪɟɞɥɚɝɚɸɬ-
ɫɹ ɞɢɫɤɪɟɬɧɨ-ɤɨɧɬɢɧɭɚɥɶɧɵɟ ɦɟɬɨɞɵ ɪɚɫɱɟɬɚ 
ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ ɪɟɝɭɥɹɪɧɨɣ ɫɬɪɭɤɬɭɪɵ 
ɧɚ ɨɫɧɨɜɟ ɩɨɫɬɪɨɟɧɢɹ ɬɨɱɧɵɯ ɚɧɚɥɢɬɢɱɟɫɤɢɯ 
ɪɟɲɟɧɢɣ ɦɧɨɝɨɬɨɱɟɱɧɵɯ ɤɪɚɟɜɵɯ ɡɚɞɚɱ 
ɫɬɪɨɢɬɟɥɶɧɨɣ ɦɟɯɚɧɢɤɢ, ɚ ɬɚɤɠɟ ɧɟɤɨɬɨɪɵɟ 
ɷɮɮɟɤɬɢɜɧɵɟ ɩɨɞɯɨɞɵ ɤ ɦɨɧɢɬɨɪɢɧɝɭ ɬɟɯɧɢ-
ɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ ɫ ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɟɦ ɬɟɯɧɨɥɨɝɢɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ-
ɤɨɨɪɞɢɧɚɬɧɵɯ ɝɟɨɞɟɡɢɱɟɫɤɢɯ ɢɡɦɟɪɟɧɢɣ ɢ ɤɨ-
ɧɟɱɧɨɷɥɟɦɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ ɧɚɩɪɹɠɟɧɧɨ-
ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɤɨɧɫɬɪɭɤɰɢɣ. 

 
1. Коɪɪеɤɬɧые ɞисɤɪеɬɧо-

ɤоɧɬиɧɭɚлɶɧые ɦеɬоɞы ɪɚсчеɬɚ высоɬ-
ɧыɯ ɡɞɚɧиɣ и сооɪɭɠеɧиɣ ɪеɝɭлɹɪɧоɣ 
сɬɪɭɤɬɭɪы ɧɚ осɧове ɩосɬɪоеɧиɹ ɬочɧыɯ 
ɚɧɚлиɬичесɤиɯ ɪеɲеɧиɣ ɦɧоɝоɬочечɧыɯ 
ɤɪɚевыɯ ɡɚɞɚч сɬɪоиɬелɶɧоɣ ɦеɯɚɧиɤи. 
Ɋɚɡɪɚɛɨɬɚɧɵ ɫɥɟɞɭɸɳɢɟ ɤɨɪɪɟɤɬɧɵɟ ɞɢɫ-

ɤɪɟɬɧɨ-ɤɨɧɬɢɧɭɚɥɶɧɵɟ  ɦɟɬɨɞɵ ɪɚɫɱɟɬɚ 
ɫɬɪɨɢɬɟɥɶɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ, ɡɞɚɧɢɣ ɢ ɫɨɨɪɭ-
ɠɟɧɢɣ, ɫɨɱɟɬɚɸɳɢɟ ɤɚɱɟɫɬɜɟɧɧɵɟ ɫɜɨɣɫɬɜɚ 
ɡɚɦɤɧɭɬɵɯ ɪɟɲɟɧɢɣ ɫ ɨɛɳɧɨɫɬɶɸ ɱɢɫɥɟɧ-
ɧɵɯ ɩɨɞɯɨɞɨɜ: ɞɢɫɤɪɟɬɧɨ-ɤɨɧɬɢɧɭɚɥɶɧɵɣ 
ɦɟɬɨɞ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ (ȾКɆКЭ), ɞɢɫ-
ɤɪɟɬɧɨ-ɤɨɧɬɢɧɭɚɥɶɧɵɣ ɦɟɬɨɞ ɝɪɚɧɢɱɧɵɯ 
ɷɥɟɦɟɧɬɨɜ (ȾКɆȽЭ) ɢ ɞɢɫɤɪɟɬɧɨ-
ɤɨɧɬɢɧɭɚɥɶɧɵɣ ɜɚɪɢɚɰɢɨɧɧɨ-ɪɚɡɧɨɫɬɧɵɣ 
ɦɟɬɨɞ (ȾКВɊɆ). Ɉɛɥɚɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɩɟɪɟ-
ɱɢɫɥɟɧɧɵɯ ɦɟɬɨɞɨɜ ɫɨɫɬɚɜɥɹɸɬ, ɜ ɱɚɫɬɧɨɫɬɢ, 
ɜɵɫɨɬɧɵɟ ɡɞɚɧɢɹ ɢ ɫɨɨɪɭɠɟɧɢɹ, ɢɦɟɸɳɢɟ 
ɪɟɝɭɥɹɪɧɭɸ ɫɬɪɭɤɬɭɪɭ ɩɨ ɨɞɧɨɦɭ ɢɡ ɤɨɨɪɞɢ-
ɧɚɬɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ (ɭɫɥɨɜɧɨ ɧɚɡɵɜɚɟɦɨɦɭ 
ɨɫɧɨɜɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ). Ɇɟɬɨɞɵ ɹɜɥɹɸɬɫɹ 
ɞɢɫɤɪɟɬɧɨ-ɤɨɧɬɢɧɭɚɥɶɧɵɦɢ (ɱɢɫɥɟɧɧɨ-
ɚɧɚɥɢɬɢɱɟɫɤɢɦɢ, ɩɨɥɭɚɧɚɥɢɬɢɱɟɫɤɢɦɢ) ɜ ɬɨɦ 
ɫɦɵɫɥɟ, ɱɬɨ ɩɨ ɨɫɧɨɜɧɨɦɭ ɧɚɩɪɚɜɥɟɧɢɸ ɫɨ-

ɯɪɚɧɹɟɬɫɹ ɤɨɧɬɢɧɭɚɥɶɧɵɣ ɯɚɪɚɤɬɟɪ ɡɚɞɚɱɢ ɢ, 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɚɧɚɥɢɬɢɱɟɫɤɢɣ (ɚɛɫɨɥɸɬɧɨ 
ɬɨɱɧɵɣ) ɜɢɞ ɩɨɥɭɱɚɟɦɨɝɨ ɪɟɲɟɧɢɹ, ɜ ɬɨ ɜɪɟ-
ɦɹ ɤɚɤ ɩɨ ɨɫɬɚɥɶɧɵɦ ɩɪɨɢɡɜɨɞɢɬɫɹ ɞɢɫɤɪɟɬɢ-
ɡɚɰɢɹ ɬɨɝɨ ɢɥɢ ɢɧɨɝɨ ɪɨɞɚ ɫ ɨɛɨɫɧɨɜɚɧɧɨ 
ɤɨɧɬɪɨɥɢɪɭɟɦɨɣ ɫɬɟɩɟɧɶɸ ɬɨɱɧɨɫɬɢ. В ɢɬɨɝɟ 
ɢɦɟɟɦ ɚɧɫɚɦɛɥɶ ɞɢɫɤɪɟɬɧɨ-ɤɨɧɬɢɧɭɚɥɶɧɵɯ 
ɷɥɟɦɟɧɬɨɜ (ɞɢɫɤɪɟɬɧɨ-ɤɨɧɬɢɧɭɚɥɶɧɵɟ ɤɨɧɟɱ-
ɧɵɟ ɷɥɟɦɟɧɬɵ ɞɥɹ ȾКɆКЭ, ɞɢɫɤɪɟɬɧɨ-
ɤɨɧɬɢɧɭɚɥɶɧɵɟ ɝɪɚɧɢɱɧɵɟ ɷɥɟɦɟɧɬɵ ɞɥɹ 
ȾКɆȽЭ, ɞɢɫɤɪɟɬɧɨ-ɤɨɧɬɢɧɭɚɥɶɧɵɟ ɫɟɬɨɱɧɵɟ 
ɷɥɟɦɟɧɬɵ ɞɥɹ ȾКВɊɆ). ɉɨ ɫɭɬɢ, ɞɢɫɤɪɟɬɧɨ-
ɤɨɧɬɢɧɭɚɥɶɧɵɟ ɦɟɬɨɞɵ ɜɤɥɸɱɚɸɬ ɱɟɬɵɪɟ 
ɨɫɧɨɜɧɵɯ ɷɬɚɩɚ. 
ɉɟɪɜɵɣ ɷɬɚɩ. ɋɜɟɞɟɧɢɟ ɢɫɯɨɞɧɨɣ ɡɚɞɚɱɢ 

ɪɚɫɱɟɬɚ ɜɵɫɨɬɧɨɝɨ ɡɞɚɧɢɹ ɢɥɢ ɫɨɨɪɭɠɟɧɢɹ ɤ 
ɨɛɵɤɧɨɜɟɧɧɵɦ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɦ ɭɪɚɜɧɟ-
ɧɢɹɦ ɫ ɨɩɟɪɚɬɨɪɧɵɦɢ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ, ɫɨ-
ɯɪɚɧɹɸɳɢɦɢ ɨɛɳɭɸ ɤɨɧɬɢɧɭɚɥɶɧɭɸ ɩɨɫɬɚ-
ɧɨɜɤɭ ɡɚ ɫɱɟɬ ɜɵɞɟɥɟɧɢɹ ɩɪɨɢɡɜɨɞɧɵɯ ɩɨ 
ɨɫɧɨɜɧɨɦɭ ɧɚɩɪɚɜɥɟɧɢɸ (ɧɚɩɪɢɦɟɪ, ɩɨ ɜɵ-
ɫɨɬɟ ɡɞɚɧɢɹ  ɢɥɢ  ɫɨɨɪɭɠɟɧɢɹ) ɢ ɢɫɩɨɥɶɡɨɜɚ-
ɧɢɹ  ɦɟɬɨɞɚ  ɫɬɚɧɞɚɪɬɧɨɣ  (ɪɚɫɲɢɪɟɧɧɨɣ) 
ɨɛɥɚɫɬɢ А.Ȼ. Ɂɨɥɨɬɨɜɚ.  
Вɬɨɪɨɣ ɷɬɚɩ. Ⱦɢɫɤɪɟɬɢɡɚɰɢɹ ɨɩɟɪɚɬɨɪɧɵɯ 

ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɧɚ ɨɫɧɨɜɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 
ɢɦ ɮɭɧɤɰɢɨɧɚɥɨɜ. ɇɚɢɛɨɥɟɟ ɭɧɢɜɟɪɫɚɥɶɧɵɦ 
ɡɞɟɫɶ ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɬɟɯɧɢɤɢ ɦɟɬɨɞɚ 
ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ ɜ ɪɚɦɤɚɯ ȾКɆКЭ. В ɪɟ-
ɡɭɥɶɬɚɬɟ ɢɦɟɟɦ ɞɢɫɤɪɟɬɧɨ-ɤɨɧɬɢɧɭɚɥɶɧɭɸ 
ɪɚɫɱɟɬɧɭɸ ɦɨɞɟɥɶ, ɩɪɢɱɟɦ ɧɚ ɤɚɠɞɨɦ ɞɢɫ-
ɤɪɟɬɧɨ-ɤɨɧɬɢɧɭɚɥɶɧɨɦ ɤɨɧɟɱɧɨɦ ɷɥɟɦɟɧɬɟ 
ɢɫɤɨɦɵɟ ɮɭɧɤɰɢɢ ɩɨ «ɧɟɨɫɧɨɜɧɵɦ» ɤɨɨɪɞɢ-
ɧɚɬɧɵɦ ɧɚɩɪɚɜɥɟɧɢɹɦ ɚɩɩɪɨɤɫɢɦɢɪɭɸɬɫɹ, 
ɤɚɤ ɩɪɚɜɢɥɨ, ɩɨɥɢɧɨɦɚɦɢ, ɚ ɜ ɨɫɧɨɜɧɨɦ ɧɚ-
ɩɪɚɜɥɟɧɢɢ ɢɯ ɜɢɞ ɨɫɬɚɟɬɫɹ ɢɫɤɨɦɵɦ. Иɧɵɦɢ 
ɫɥɨɜɚɦɢ, ɧɟɢɡɜɟɫɬɧɵɟ ɮɭɧɤɰɢɢ ɮɚɤɬɢɱɟɫɤɢ 
ɨɩɪɟɞɟɥɹɸɬɫɹ ɫɜɨɢɦ ɩɨɜɟɞɟɧɢɟɦ ɧɚ ɪɟɛɪɚɯ 
ɞɢɫɤɪɟɬɧɨ-ɤɨɧɬɢɧɭɚɥɶɧɨɝɨ ɤɨɧɟɱɧɨɝɨ ɷɥɟ-
ɦɟɧɬɚ.  
Ɍɪɟɬɢɣ ɷɬɚɩ. ɉɟɪɟɯɨɞ ɤ ɪɚɡɪɟɲɚɸɳɟɣ 

ɫɢɫɬɟɦɟ ɨɛɵɤɧɨɜɟɧɧɵɯ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ 
ɭɪɚɜɧɟɧɢɣ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ, ɫɨɩɪɨɜɨɠɞɚɟ-
ɦɵɣ, ɤɚɤ ɩɪɚɜɢɥɨ, ɜɜɟɞɟɧɢɟɦ ɞɨɩɨɥɧɢɬɟɥɶ-
ɧɵɯ ɧɟɢɡɜɟɫɬɧɵɯ. Ɂɚɦɟɬɢɦ, ɱɬɨ ɜ ɪɹɞɟ ɫɥɭ-
ɱɚɟɜ ɛɨɥɟɟ ɪɚɰɢɨɧɚɥɶɧɵɦ ɹɜɥɹɟɬɫɹ ɫɜɟɞɟɧɢɟ 
ɤ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɫɢɫɬɟɦɚɦ ɜɬɨɪɨɝɨ ɩɨ-



ɇɟɤɨɬɨɪɵɟ ɚɤɬɭɚɥɶɧɵɟ ɜɨɩɪɨɫɵ ɩɪɨɝɧɨɡɧɨɝɨ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫɨɫɬɨɹɧɢɹ ɫɨɰɢɚɥɶɧɨ ɡɧɚɱɢɦɵɯ 
ɨɛɴɟɤɬɨɜ  ɝɨɪɨɞɚ 
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ɪɹɞɤɚ. Кɨɥɢɱɟɫɬɜɨ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜ-
ɧɟɧɢɣ ɜ ɫɢɫɬɟɦɟ ɞɨɫɬɚɬɨɱɧɨ ɜɟɥɢɤɨ ɢ ɧɚɫɱɢ-
ɬɵɜɚɟɬ ɧɟɫɤɨɥɶɤɨ ɬɵɫɹɱ ɲɬɭɤ. Ɋɚɡɪɟɲɚɸɳɚɹ 
ɫɢɫɬɟɦɚ ɢɦɟɟɬ ɜɢɞ: 

)()()( xfxyAxy +=′               ɢɥɢ    
)()()( xfxyAxy +=′′ ,              (1) 

ɝɞɟ )(xy  – ɢɫɤɨɦɚɹ n-ɦɟɪɧɚɹ ɜɟɤɬɨɪ-
ɮɭɧɤɰɢɹ; A – ɦɚɬɪɢɰɚ ɩɨɫɬɨɹɧɧɵɯ ɤɨɷɮɮɢ-
ɰɢɟɧɬɨɜ n-ɝɨ ɩɨɪɹɞɤɚ; )(xf  – n-ɦɟɪɧɚɹ ɜɟɤ-
ɬɨɪ-ɮɭɧɤɰɢɹ ɩɪɚɜɵɯ ɱɚɫɬɟɣ; x  – ɩɟɪɟɦɟɧ-
ɧɚɹ, ɨɬɜɟɱɚɸɳɚɹ ɨɫɧɨɜɧɨɦɭ ɧɚɩɪɚɜɥɟɧɢɸ. 
Чɟɬɜɟɪɬɵɣ ɷɬɚɩ. Аɧɚɥɢɬɢɱɟɫɤɨɟ ɪɟɲɟɧɢɟ 

ɪɚɡɪɟɲɚɸɳɢɯ ɫɢɫɬɟɦ ɨɛɵɤɧɨɜɟɧɧɵɯ ɞɢɮ-
ɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɫ ɩɨɫɬɨɹɧɧɵɦɢ 
ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ. Ɂɚɦɟɬɢɦ, ɱɬɨ ɜɫɟ ɫɥɨɠɧɨ-
ɫɬɢ ɪɟɚɥɢɡɚɰɢɢ ɞɢɫɤɪɟɬɧɨ-ɤɨɧɬɢɧɭɚɥɶɧɵɯ 
ɦɟɬɨɞɨɜ ɨɩɪɟɞɟɥɹɸɬɫɹ ɯɚɪɚɤɬɟɪɧɵɦɢ ɫɩɟ-
ɰɢɮɢɱɟɫɤɢɦɢ ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɷɬɢɯ ɫɢɫɬɟɦ. 
ɉɪɟɠɞɟ ɜɫɟɝɨ, ɜɚɠɟɧ ɮɚɤɬɨɪ ɤɨɥɢɱɟɫɬɜɚ 

ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜ-
ɧɟɧɢɣ. Кɚɤ ɩɪɚɜɢɥɨ, ɜ ɪɚɦɤɚɯ ɬɪɚɞɢɰɢɨɧɧɵɯ 
ɦɟɬɨɞɨɜ (ɦɟɬɨɞ Ʌ.В. Кɚɧɬɨɪɨɜɢɱɚ, ɦɟɬɨɞɚ 
В.Ɂ. Вɥɚɫɨɜɚ, ɦɟɬɨɞ ɩɪɹɦɵɯ ɢ ɬ.ɞ.) ɦɨɠɧɨ 
ɪɟɲɢɬɶ ɫɢɫɬɟɦɭ, ɧɚɫɱɢɬɵɜɚɸɳɭɸ ɨɱɟɧɶ ɧɟ-
ɛɨɥɶɲɨɟ ɱɢɫɥɨ (ɞɜɚ, ɬɪɢ ɢ ɬ.ɞ.) ɨɛɵɤɧɨɜɟɧ-
ɧɵɯ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɢ ɬɨ ɷɬɨ 
ɬɪɟɛɭɟɬ ɡɚɱɚɫɬɭɸ ɩɪɢɜɥɟɱɟɧɢɹ ɪɹɞɚ ɫɩɟɰɢ-
ɚɥɶɧɵɯ ɦɟɪ (ɨɝɪɚɧɢɱɟɧɢɟ ɩɪɨɬɹɠɟɧɧɨɫɬɢ 
ɨɛɴɟɤɬɚ ɢ ɩɪɨɱɟɟ). ɉɟɪɟɱɢɫɥɟɧɧɵɟ ɦɟɬɨɞɵ 
ɜɨɨɛɳɟ ɢɡɧɚɱɚɥɶɧɨ ɨɪɢɟɧɬɢɪɨɜɚɥɢɫɶ ɪɚɡɪɚ-
ɛɨɬɱɢɤɚɦɢ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɧɚ ɪɭɱɧɨɣ ɫɱɟɬ. 
Ɍɚɤ, ɧɚɩɪɢɦɟɪ, ɜɵɛɨɪ ɛɚɡɢɫɧɵɯ ɮɭɧɤɰɢɣ ɜ 
ɧɢɯ ɱɚɳɟ ɜɫɟɝɨ ɧɟ ɩɪɟɞɩɨɥɚɝɚɟɬ ɧɢɤɚɤɨɣ 
ɞɢɫɤɪɟɬɢɡɚɰɢɢ. Кɪɨɦɟ ɬɨɝɨ, ɷɬɢ ɛɚɡɢɫɧɵɟ 
ɮɭɧɤɰɢɢ ɞɚɥɟɤɨ ɧɟ ɜɫɟɝɞɚ, ɚ ɨɫɨɛɟɧɧɨ ɜ 
ɩɪɚɤɬɢɱɟɫɤɢɯ ɡɚɞɚɱɚɯ, ɭɞɚɟɬɫɹ ɩɨɞɨɛɪɚɬɶ ɬɚ-
ɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɨɧɢ ɭɞɨɜɥɟɬɜɨɪɹɥɢ ɫɨɨɬ-
ɜɟɬɫɬɜɭɸɳɟɣ ɱɚɫɬɢ ɡɚɞɚɧɧɵɯ ɝɪɚɧɢɱɧɵɯ ɭɫ-
ɥɨɜɢɣ. ɉɪɢ ɪɟɲɟɧɢɢ ɠɟ ɬɪɟɯɦɟɪɧɵɯ ɡɚɞɚɱ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɟɞɥɚɝɚɟɦɵɯ ɞɢɫɤɪɟɬɧɨ-
ɤɨɧɬɢɧɭɚɥɶɧɵɯ ɦɟɬɨɞɨɜ ɤɨɥɢɱɟɫɬɜɨ ɞɢɮɮɟ-
ɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɢɫɱɢɫɥɹɟɬɫɹ ɬɵɫɹ-
ɱɚɦɢ, ɢ ɜɫɟ ɬɪɚɞɢɰɢɨɧɧɨ ɩɪɢɦɟɧɹɟɦɵɟ ɩɨɞ-
ɯɨɞɵ ɞɥɹ ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɪɟɲɟɧɢɹ ɬɚɤɢɯ 
ɫɢɫɬɟɦ ɧɟɫɨɫɬɨɹɬɟɥɶɧɵ. В ɫɜɹɡɢ ɫ ɨɬɦɟɱɟɧ-
ɧɵɦ ɜɵɲɟ ɩɪɚɤɬɢɱɟɫɤɢ ɜɫɟ ɢɫɫɥɟɞɨɜɚɬɟɥɢ 

ɢɳɭɬ ɧɟ ɬɨɱɧɨɟ ɚɧɚɥɢɬɢɱɟɫɤɨɟ ɪɟɲɟɧɢɟ ɜ 
ɜɢɞɟ ɮɨɪɦɭɥɵ ɫɨ ɫɥɚɝɚɟɦɵɦɢ ɷɤɫɩɨɧɟɧɰɢ-
ɚɥɶɧɨɝɨ ɬɢɩɚ, ɚ ɫɬɪɨɹɬ ɪɟɲɟɧɢɟ ɫ ɩɨɦɨɳɶɸ 
ɪɚɡɥɨɠɟɧɢɣ ɜ ɪɹɞɵ (ɦɟɬɨɞɵ Ʌ.В. Кɚɧɬɨɪɨɜɢ-
ɱɚ ɢ В.Ɂ. Вɥɚɫɨɜɚ, ɦɟɬɨɞ ɤɨɧɟɱɧɵɯ ɩɨɥɨɫ), 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɩɥɚɣɧ-ɮɭɧɤɰɢɣ (ɦɟɬɨɞ ɤɨ-
ɧɟɱɧɵɯ ɩɨɥɨɫ) ɢ ɬ.ɞ. Иɞɟɣɧɨ ɧɚɢɛɨɥɟɟ ɛɥɢɡ-
ɤɢɦ ɤ ɪɚɡɪɚɛɨɬɚɧɧɵɦ ɞɢɫɤɪɟɬɧɨ-
ɤɨɧɬɢɧɭɚɥɶɧɵɦ ɦɟɬɨɞɚɦ ɹɜɥɹɟɬɫɹ ɦɟɬɨɞ 
ɩɪɹɦɵɯ. 
ɋɬɚɧɞɚɪɬɧɵɟ ɩɨɥɭɚɧɚɥɢɬɢɱɟɫɤɢɟ ɩɨɞɯɨɞɵ 

ɨɱɟɧɶ ɩɥɨɯɨ ɫɩɪɚɜɥɹɸɬɫɹ ɫ ɭɱɟɬɨɦ ɫɨɫɪɟɞɨɬɨ-
ɱɟɧɧɵɯ ɧɚɝɪɭɡɨɤ ɢ ɧɚɝɪɭɡɨɤ, ɪɚɫɩɪɟɞɟɥɟɧɧɵɯ 
ɧɚ ɧɟɛɨɥɶɲɢɯ ɭɱɚɫɬɤɚɯ. Ɇɟɠɞɭ ɬɟɦ, ɪɚɫɱɟɬ ɧɚ 
ɬɚɤɢɟ ɧɚɝɪɭɡɤɢ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɜɚɠɧɵɦ ɞɥɹ 
ɛɨɥɶɲɢɧɫɬɜɚ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɨɛɴɟɤɬɨɜ. ɇɟ 
ɦɟɧɟɟ ɤɪɢɬɢɱɧɵ ɜ ɷɬɨɦ ɠɟ ɫɦɵɫɥɟ ɢ ɝɪɚɧɢɱ-
ɧɵɟ ɭɫɥɨɜɢɹ: ɥɢɛɨ ɨɧɢ ɧɟɫɨɫɬɨɹɬɟɥɶɧɵ, ɥɢɛɨ 
ɞɥɹ ɢɯ ɚɞɟɤɜɚɬɧɨɝɨ ɭɱɟɬɚ ɬɪɟɛɭɟɬɫɹ ɧɟɤɨɬɨɪɵɣ 
ɫɩɟɰɢɚɥɶɧɵɣ ɜɢɞ ɬɚɤɢɯ ɭɫɥɨɜɢɣ, ɧɟ ɢɦɟɸɳɢɣ 
ɦɟɫɬɚ ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ. Ɍɨɱɧɨɫɬɶ ɢ ɫɯɨɞɢɦɨɫɬɶ 
ɪɟɲɟɧɢɣ, ɩɨɥɭɱɚɟɦɵɯ ɩɨ ɫɬɚɧɞɚɪɬɧɵɦ ɩɨɥɭ-
ɚɧɚɥɢɬɢɱɟɫɤɢɦ ɦɟɬɨɞɚɦ, ɱɚɫɬɨ ɫɢɥɶɧɨ ɡɚɜɢɫɢɬ 
ɨɬ ɜɢɞɚ ɜɵɛɢɪɚɟɦɵɯ ɛɚɡɢɫɧɵɯ ɮɭɧɤɰɢɣ ɞɥɹ 
ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɧɟɢɡɜɟɫɬɧɵɯ, ɚ ɬɚɤɠɟ ɨɬ ɤɨɥɢ-
ɱɟɫɬɜɚ ɭɱɢɬɵɜɚɟɦɵɯ ɱɥɟɧɨɜ ɪɹɞɚ. ɋɯɨɞɢɦɨɫɬɶ 
ɠɟ ɜ ɡɨɧɚɯ ɤɪɚɟɜɵɯ ɷɮɮɟɤɬɨɜ, ɫɨɫɪɟɞɨɬɨɱɟɧ-
ɧɵɯ ɮɚɤɬɨɪɨɜ, ɤɨɧɰɟɧɬɪɚɰɢɣ ɧɚɩɪɹɠɟɧɢɣ ɢ 
ɞɟɮɨɪɦɚɰɢɣ (ɬ.ɟ. ɜ ɧɚɢɛɨɥɟɟ ɨɬɜɟɬɫɬɜɟɧɧɵɯ 
ɡɨɧɚɯ) ɜɟɫɶɦɚ ɦɟɞɥɟɧɧɚɹ ɢ ɫɥɚɛɨ ɡɚɜɢɫɢɬ ɨɬ 
ɤɨɥɢɱɟɫɬɜɚ ɭɱɢɬɵɜɚɟɦɵɯ ɱɥɟɧɨɜ ɪɹɞɚ Фɭɪɶɟ. 
И ɞɚɠɟ, ɧɚɩɪɢɦɟɪ, ɟɫɥɢ ɫɯɨɞɢɦɨɫɬɶ ɞɥɹ ɩɟɪɟ-
ɦɟɳɟɧɢɣ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɵɫɨɤɚ, ɞɥɹ ɧɚɩɪɹɠɟ-
ɧɢɣ ɢ ɜɧɭɬɪɟɧɧɢɯ ɭɫɢɥɢɣ ɨɧɚ ɦɧɨɝɨ ɦɟɧɶɲɟ. 
Ⱦɚɧɧɵɣ ɮɚɤɬ ɨɬɱɚɫɬɢ ɨɛɴɹɫɧɹɟɬɫɹ ɢɡɜɟɫɬɧɵɦ 
ɜ ɬɟɨɪɢɢ ɪɹɞɨɜ ɷɮɮɟɤɬɨɦ Ƚɢɛɛɫɚ, ɫɩɨɫɨɛɚɦ 
ɛɨɪɶɛɵ ɫ ɤɨɬɨɪɵɦ ɩɨɫɜɹɳɟɧɨ ɞɨɫɬɚɬɨɱɧɨ 
ɦɧɨɝɨ ɪɚɛɨɬ.  
Ɉɬɦɟɱɟɧɧɵɟ ɧɟɞɨɫɬɚɬɤɢ ɫɬɚɧɞɚɪɬɧɵɯ ɦɟ-

ɬɨɞɨɜ ɫɥɟɞɭɸɬ ɢɡ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɫɭɬɢ ɡɚɞɚ-
ɱɢ ɢ ɭɤɚɡɵɜɚɸɬɫɹ ɜ ɨɛɡɨɪɧɵɯ ɫɬɚɬɶɹɯ ɢ ɦɨɧɨ-
ɝɪɚɮɢɹɯ. 
Вɵɱɢɫɥɢɬɟɥɶɧɚɹ ɫɩɟɰɢɮɢɤɚ ɩɪɢ ɪɟɲɟɧɢɢ 

ɫɢɫɬɟɦɵ ɨɛɵɤɧɨɜɟɧɧɵɯ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ 
ɭɪɚɜɧɟɧɢɣ (1) ɨɩɪɟɞɟɥɹɟɬɫɹ ɦɚɬɪɢɰɟɣ A. Ɋɟ-
ɲɟɧɢɟ, ɟɝɨ ɤɨɪɪɟɤɬɧɨɫɬɶ ɢ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 
ɡɚɜɢɫɢɬ ɨɬ ɟɟ ɫɩɟɤɬɪɚ. Ⱦɥɹ ɛɨɥɶɲɢɧɫɬɜɚ ɡɚ-



ɇ.И. ɋɟɧɢɧ, ɉ.А. Аɤɢɦɨɜ, Ɇ.А. Ɂɚɯɚɪɱɟɧɤɨ 

 Volume 7, Issue 3, 2011 130

ɞɚɱ ɫɬɪɨɢɬɟɥɶɧɨɣ  ɦɟɯɚɧɢɤɢ ɫɩɟɤɬɪ ɦɚɬɪɢɰɵ 
A ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɟ ɨɫɨɛɟɧɧɨɫɬɢ: 

– ɧɚɥɢɱɢɟ ɫɨɛɫɬɜɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɫ ɞɟɣɫɬ-
ɜɢɬɟɥɶɧɵɦɢ ɱɚɫɬɹɦɢ ɪɚɡɧɵɯ ɡɧɚɤɨɜ; 

– «ɠɟɫɬɤɨɫɬɶ» ɫɢɫɬɟɦɵ, ɬ.ɟ.  ɨɬɧɨɲɟɧɢɟ  
ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɫɨɛɫɬɜɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ ɦɚɬ-
ɪɢɰɵ A ɤ ɦɢɧɢɦɚɥɶɧɨɦɭ (ɩɨ ɦɨɞɭɥɸ) ɹɜɥɹ-
ɟɬɫɹ ɛɨɥɶɲɢɦ ɱɢɫɥɨɦ, 

M≥||/|| minmax λλ ,                      (2) 

ɝɞɟ   M  – ɛɨɥɶɲɨɟ ɱɢɫɥɨ;  
 

– ɜ ɫɩɟɤɬɪɚɥɶɧɨɦ ɪɚɡɥɨɠɟɧɢɢ ɦɚɬɪɢɰɵ A 
ɩɪɢɫɭɬɫɬɜɭɸɬ ɠɨɪɞɚɧɨɜɵ ɤɥɟɬɤɢ ɧɟɟɞɢɧɢɱ-
ɧɨɝɨ ɩɨɪɹɞɤɚ ɢ ɩɪɢɫɨɟɞɢɧɟɧɧɵɟ (ɤɨɪɧɟɜɵɟ) 
ɜɟɤɬɨɪɚ, ɩɪɢ ɷɬɨɦ ɨɧɢ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɧɭɥɟ-
ɜɵɦ ɫɨɛɫɬɜɟɧɧɵɦ ɡɧɚɱɟɧɢɹɦ; 

– ɠɨɪɞɚɧɨɜɵ ɤɥɟɬɤɢ ɧɟɟɞɢɧɢɱɧɨɝɨ ɩɨ-
ɪɹɞɤɚ ɢɦɟɸɬ ɤɨɧɟɱɧɵɣ ɜɢɞ ɢ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ 
ɡɚɜɢɫɹɬ ɨɬ ɝɭɫɬɨɬɵ ɫɟɬɤɢ ɞɢɫɤɪɟɬɧɨ-
ɤɨɧɬɢɧɭɚɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɚɩɩɪɨɤɫɢɦɢ-
ɪɭɸɳɢɯ ɨɛɴɟɤɬ ɩɨ «ɧɟɨɫɧɨɜɧɵɦ» ɧɚɩɪɚɜɥɟ-
ɧɢɹɦ, ɱɢɫɥɨ ɠɨɪɞɚɧɨɜɵɯ ɤɥɟɬɨɤ ɧɟɟɞɢɧɢɱ-
ɧɨɝɨ ɩɨɪɹɞɤɚ ɧɟɛɨɥɶɲɨɟ. 

 
ɀɨɪɞɚɧɨɜɨ (ɫɩɟɤɬɪɚɥɶɧɨɟ) ɪɚɡɥɨɠɟɧɢɟ ɦɚɬɪɢɰɵ A ɢɦɟɟɬ ɜɢɞ: 
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;            (3) 

T  – ɧɟɜɵɪɨɠɞɟɧɧɚɹ ɦɚɬɪɢɰɚ n-ɝɨ ɩɨɪɹɞɤɚ, ɫɬɨɥɛɰɚɦɢ ɤɨɬɨɪɨɣ ɹɜɥɹɸɬɫɹ ɫɨɛɫɬɜɟɧɧɵɟ ɢ ɤɨɪɧɟ-
ɜɵɟ (ɩɪɢɫɨɟɞɢɧɟɧɧɵɟ) ɜɟɤɬɨɪɵ ɦɚɬɪɢɰɵ A; J  – ɦɚɬɪɢɰɚ ɀɨɪɞɚɧɚ n-ɝɨ ɩɨɪɹɞɤɚ; pJ  – ɠɨɪɞɚɧɨ-
ɜɚ ɤɥɟɬɤɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɫɨɛɫɬɜɟɧɧɨɦɭ ɡɧɚɱɟɧɢɸ pλ ; pp mJ =dim ; u  – ɤɨɥɢɱɟɫɬɜɨ ɪɚɡ-
ɥɢɱɧɵɯ ɫɨɛɫɬɜɟɧɧɵɯ ɡɧɚɱɟɧɢɣ. 

Ɍɪɚɞɢɰɢɨɧɧɵɣ ɩɨɞɯɨɞ, ɪɟɤɨɦɟɧɞɭɟɦɵɣ ɜ ɧɟɫɩɟɰɢɚɥɶɧɨɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɥɢɬɟɪɚɬɭɪɟ ɢ ɜ 
ɩɭɛɥɢɤɚɰɢɹɯ ɜ ɨɛɥɚɫɬɢ ɫɬɪɨɢɬɟɥɶɧɨɣ ɦɟɯɚɧɢɤɢ, ɮɚɤɬɢɱɟɫɤɢ ɫɪɚɡɭ ɩɪɟɞɥɚɝɚɟɬ ɢɫɤɚɬɶ ɪɟɲɟɧɢɹ ɡɚ-
ɞɚɱ (1) ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜ ɜɢɞɚɯ: 

– ɪɟɲɟɧɢɟ ɞɥɹ ɫɢɫɬɟɦɵ (1) ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ: 

∫ −+= x

dfxAyAxxy
0

)())((exp)0()(exp)( ξξξ ;                    (4) 

– ɪɟɲɟɧɢɟ ɞɥɹ ɫɢɫɬɟɦɵ (1) ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ: 

ξξξ dfxAshyxAshAyxAchxy
x

)())((
2
1

)0()(
2
1

)0()()(
0

2/1 ∫ −+′+= − .   (5) 

Фɭɧɤɰɢɢ ɨɬ ɦɚɬɪɢɰ ɜɵɱɢɫɥɹɸɬɫɹ ɩɨ ɢɡɜɟɫɬɧɵɦ ɩɪɚɜɢɥɚɦ, ɩɪɢɱɟɦ 
1)(exp)(exp −= TJxTAx ;  1)()( −= TxJTchxAch ;   

1)()( −= TxJTshxAsh .         (6) 

Ɋɟɲɟɧɢɹ (4) ɢ (5) ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɨɪɢɟɧɬɢɪɭɸɬɫɹ ɧɚ ɡɚɞɚɱɢ Кɨɲɢ. Ⱦɥɹ ɫɥɭɱɚɟɜ, ɤɨ-
ɝɞɚ ɢɫɯɨɞɧɵɟ ɭɪɚɜɧɟɧɢɹ ɢɦɟɸɬ ɷɥɥɢɩɬɢɱɟɫɤɢɣ ɬɢɩ, (4) ɢ (5) ɹɜɥɹɸɬɫɹ, ɩɨ ɫɭɬɢ, ɪɟɲɟɧɢɹɦɢ 
ɩɨ ɦɟɬɨɞɭ ɧɚɱɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɢɥɢ ɧɚɱɚɥɶɧɵɯ ɮɭɧɤɰɢɣ. ɇɟɫɦɨɬɪɹ ɧɚ ɧɚɥɢɱɢɟ ɜ ɧɟɤɨɬɨɪɨɦ 
ɨɝɪɚɧɢɱɟɧɧɨɦ ɱɢɫɥɟ ɡɚɞɚɱ ɪɟɲɟɧɢɣ ɩɨ ɮɨɪɦɭɥɚɦ (4) ɢ (5), ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ ɨɧɢ ɩɪɚɤɬɢɱɟɫɤɢ 
ɧɟɪɟɚɥɢɡɭɟɦɵ. Эɬɨ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ ɜ ɪɟɲɟɧɢɹɯ (4) ɢ (5) ɜɫɟɝɞɚ ɢɦɟɸɬɫɹ ɮɭɧɤɰɢɢ ɜɢɞɚ 

)(exp xλ , ɝɞɟ 0>λ , ɩɪɢɱɟɦ ɜɟɥɢɱɢɧɚ xλ  ɞɨɫɬɢɝɚɟɬ ɡɧɚɱɢɬɟɥɶɧɵɯ ɜɟɥɢɱɢɧ (ɧɚɩɪɢɦɟɪ 
30012 << xλ ). Ɋɟɚɥɢɡɚɰɢɹ ɬɚɤɢɯ ɮɭɧɤɰɢɣ ɧɚ ЭВɆ ɹɜɥɹɟɬɫɹ «ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɤɚɬɚɫɬɪɨ-



ɇɟɤɨɬɨɪɵɟ ɚɤɬɭɚɥɶɧɵɟ ɜɨɩɪɨɫɵ ɩɪɨɝɧɨɡɧɨɝɨ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫɨɫɬɨɹɧɢɹ ɫɨɰɢɚɥɶɧɨ ɡɧɚɱɢɦɵɯ 
ɨɛɴɟɤɬɨɜ  ɝɨɪɨɞɚ 
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ɮɨɣ». Чɟɦ ɬɨɱɧɟɟ ɚɩɩɪɨɤɫɢɦɚɰɢɹ ɩɨ «ɧɟɨɫɧɨɜɧɵɦ» ɧɚɩɪɚɜɥɟɧɢɹɦ ɨɛɴɟɤɬɚ, ɬɟɦ ɛɨɥɶɲɢɟ ɡɧɚ-
ɱɟɧɢɹ ɩɪɢɧɢɦɚɟɬ ɜɟɥɢɱɢɧɚ xλ . 

ɋɢɫɬɟɦɵ (1) ɹɜɥɹɸɬɫɹ ɠɟɫɬɤɢɦɢ. В ɱɚɫɬɧɨɫɬɢ, ɨɬɫɸɞɚ ɜɵɬɟɤɚɟɬ ɯɚɪɚɤɬɟɪ ɪɟɲɟɧɢɹ 
ɜɛɥɢɡɢ ɝɪɚɧɢɰ (ɤɪɚɟɜɨɣ ɷɮɮɟɤɬ, ɷɮɮɟɤɬ ɦɚɥɨɝɨ ɩɚɪɚɦɟɬɪɚ) ɢ ɜ ɡɨɧɚɯ ɩɪɢɥɨɠɟɧɢɹ ɫɨɫɪɟɞɨɬɨ-
ɱɟɧɧɵɯ ɧɚɝɪɭɡɨɤ. Чɚɫɬɶ ɫɨɫɬɚɜɥɹɸɳɢɯ ɪɟɲɟɧɢɹ ɫɢɫɬɟɦɵ ɹɜɥɹɟɬɫɹ ɛɵɫɬɪɨɢɡɦɟɧɹɸɳɢɦɢɫɹ, ɚ 
ɱɚɫɬɶ ɦɟɧɹɟɬɫɹ ɦɟɞɥɟɧɧɨ. Кɚɤ ɫɥɟɞɫɬɜɢɟ, ɧɢɤɚɤɨɣ ɞɢɫɤɪɟɬɧɵɣ ɩɨɞɯɨɞ, ɧɚɩɪɢɦɟɪ, ɢɫɩɨɥɶɡɭɸ-
ɳɢɣ ɫɩɥɚɣɧɵ, ɧɟ ɜ ɫɨɫɬɨɹɧɢɢ ɭɥɨɜɢɬɶ ɜɫɟ ɤɨɦɩɨɧɟɧɬɵ ɪɟɲɟɧɢɹ ɨɞɧɨɜɪɟɦɟɧɧɨ ɢ ɟɝɨ ɚɫɢɦɩɬɨ-
ɬɢɤɭ. Вɚɠɧɵɦ ɩɚɪɚɦɟɬɪɨɦ ɹɜɥɹɟɬɫɹ ɩɪɨɬɹɠɟɧɧɨɫɬɶ (ɧɚɩɪɢɦɟɪ, ɜɵɫɨɬɚ) ɫɬɪɨɢɬɟɥɶɧɨɝɨ ɨɛɴɟɤ-
ɬɚ. ȿɫɥɢ, ɧɚɩɪɢɦɟɪ, ɨɧɚ ɡɧɚɱɢɬɟɥɶɧɚ, ɬɨ ɫɬɚɧɨɜɹɬɫɹ ɧɟɪɚɛɨɬɨɫɩɨɫɨɛɧɵɦɢ ɬɟ ɦɟɬɨɞɵ, ɝɞɟ ɧɚ 
ɤɚɤɨɦ-ɥɢɛɨ ɷɬɚɩɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɝɢɩɟɪɛɨɥɢɱɟɫɤɢɟ ɮɭɧɤɰɢɢ. Чɚɫɬɨ ɪɟɲɟɧɢɟ ɫɢɫɬɟɦ (1) ɜɟɞɟɬɫɹ 
ɥɢɛɨ ɧɟɤɨɪɪɟɤɬɧɵɦɢ ɦɟɬɨɞɚɦɢ, ɡɚɱɚɫɬɭɸ ɧɟ ɭɱɢɬɵɜɚɸɳɢɦɢ ɫɩɟɰɢɮɢɤɭ ɫɬɪɨɢɬɟɥɶɧɵɯ ɡɚɞɚɱ 
(ɧɚɩɪɢɦɟɪ, ɦɟɬɨɞ ɧɚɱɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ), ɥɢɛɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɦɟɬɨɞɵ, ɧɟ ɩɨɡɜɨɥɹɸɳɢɟ ɩɨɥɭ-
ɱɢɬɶ ɚɧɚɥɢɬɢɱɟɫɤɨɟ ɪɟɲɟɧɢɟ (ɦɟɬɨɞɵ ɬɢɩɚ ɩɪɨɝɨɧɤɢ, ɨɪɬɨɝɨɧɚɥɶɧɨɣ ɩɪɨɝɨɧɤɢ ɢ ɞɪɭɝɢɟ, ɩɪɢ-
ɱɟɦ ɦɟɬɨɞ ɨɪɬɨɝɨɧɚɥɶɧɨɣ ɩɪɨɝɨɧɤɢ ɫɨɩɪɹɠɟɧ ɫ ɛɨɥɶɲɢɦ ɨɛɴɟɦɨɦ ɜɵɱɢɫɥɟɧɢɣ ɢ ɧɟɨɩɪɚɜɞɚɧ-
ɧɵɦ «ɭɫɢɥɟɧɢɟɦ» (ɨɪɬɨɝɨɧɚɥɢɡɚɰɢɟɣ ɢ ɧɨɪɦɢɪɨɜɤɨɣ) ɢɫɱɟɡɚɸɳɢɯ ɩɨ ɞɥɢɧɟ ɮɚɤɬɨɪɨɜ)).  

В ɥɢɬɟɪɚɬɭɪɟ ɠɟɫɬɤɢɟ ɫɢɫɬɟɦɵ, ɛɟɡɭɫɥɨɜɧɨ, ɢɫɫɥɟɞɭɸɬɫɹ, ɧɨ ɜ ɨɫɧɨɜɧɨɦ ɩɪɢ ɪɟɲɟ-
ɧɢɢ ɡɚɞɚɱ Кɨɲɢ ɢ, ɤɚɤ ɩɪɚɜɢɥɨ, ɞɥɹ ɫɢɫɬɟɦ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɫ ɤɨɷɮɮɢɰɢɟɧɬɚ-
ɦɢ, ɡɚɜɢɫɹɳɢɦɢ ɨɬ ɚɪɝɭɦɟɧɬɚ. В ɪɚɦɤɚɯ ɩɪɟɞɫɬɚɜɥɹɟɦɨɣ ɪɚɛɨɬɵ ɰɟɥɶ ɫɨɫɬɨɹɥɚ ɢɦɟɧɧɨ ɜ ɩɨ-
ɥɭɱɟɧɢɢ ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɪɟɲɟɧɢɹ ɩɪɢ ɩɨɫɬɨɹɧɧɵɯ (ɢɥɢ ɤɭɫɨɱɧɨ-ɩɨɫɬɨɹɧɧɵɯ) ɤɨɷɮɮɢɰɢɟɧ-
ɬɚɯ, ɱɬɨ ɧɚɢɛɨɥɟɟ ɯɚɪɚɤɬɟɪɧɨ ɞɥɹ ɛɨɥɶɲɢɧɫɬɜɚ ɡɚɞɚɱ ɪɚɫɱɟɬɚ ɜɵɫɨɬɧɵɯ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟ-
ɧɢɣ.  

Вɚɠɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ ɪɟɲɟɧɢɹ ɜ ɮɨɪɦɟ (4) ɢɥɢ (5) ɹɜɥɹɟɬɫɹ ɧɟɨɛ-
ɯɨɞɢɦɨɫɬɶ ɜɵɱɢɫɥɟɧɢɹ ɠɨɪɞɚɧɨɜɵɯ ɤɥɟɬɨɤ ɢ ɩɪɢɫɨɟɞɢɧɟɧɧɵɯ ɜɟɤɬɨɪɨɜ. Эɬɚ ɡɚɞɚɱɚ ɬɚɤɠɟ 
ɹɜɥɹɟɬɫɹ ɧɟɤɨɪɪɟɤɬɧɨɣ, ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɟɟ ɪɟɲɟɧɢɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɢ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟ-
ɱɟɧɢɟ ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ ɨɬɫɭɬɫɬɜɭɟɬ. В ɥɢɧɟɣɧɨɣ ɚɥɝɟɛɪɟ ɞɨɤɚɡɵɜɚɟɬɫɹ, ɱɬɨ ɧɟ ɦɨɠɟɬ ɫɭɳɟɫɬ-
ɜɨɜɚɬɶ ɧɢ ɨɞɧɨɝɨ ɱɢɫɥɟɧɧɨ ɭɫɬɨɣɱɢɜɨɝɨ ɭɧɢɜɟɪɫɚɥɶɧɨɝɨ ɫɩɨɫɨɛɚ ɜɵɱɢɫɥɟɧɢɹ ɠɨɪɞɚɧɨɜɵɯ 
ɤɚɧɨɧɢɱɟɫɤɢɯ ɮɨɪɦ. Эɬɨ ɦɨɠɧɨ ɩɪɟɨɞɨɥɟɬɶ ɩɭɬɟɦ ɜɨɡɦɭɳɟɧɢɹ ɦɚɬɪɢɰɵ, ɧɨ ɬɨɝɞɚ ɜɨɡɧɢɤɚɟɬ 
ɩɪɨɛɥɟɦɚ ɚɞɟɤɜɚɬɧɨɝɨ ɜɵɛɨɪɚ ɩɚɪɚɦɟɬɪɨɜ ɜɨɡɦɭɳɟɧɢɹ ɢ, ɤɪɨɦɟ ɬɨɝɨ, ɬɟɪɹɟɬɫɹ ɚɧɚɥɢɬɢɱɟ-
ɫɤɢɣ ɯɚɪɚɤɬɟɪ ɩɨɥɭɱɚɟɦɨɝɨ ɪɟɲɟɧɢɹ. 

ɋɭɬɶ ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɚɜɬɨɪɚɦɢ ɩɨɞɯɨɞɚ ɫɨɫɬɨɢɬ ɜ ɫɥɟɞɭɸɳɟɦ. 
1. ɋɬɪɨɢɬɫɹ ɮɭɧɞɚɦɟɧɬɚɥɶɧɚɹ ɦɚɬɪɢɰɚ-ɮɭɧɤɰɢɹ, ɫɜɟɪɬɤɚ ɫ ɤɨɬɨɪɨɣ  ɹɜɥɹɟɬɫɹ ɨɩɟɪɚ-

ɬɨɪɨɦ, ɨɛɪɚɬɧɵɦ ɤ ɢɫɯɨɞɧɨɦɭ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɦɭ.  Ⱦɥɹ  ɷɬɨɣ ɰɟɥɢ ɦɚɬɪɢɰɚ A ɤɨɷɮɮɢɰɢ-
ɟɧɬɨɜ ɫɢɫɬɟɦɵ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜ ɜɢɞɟ ɫɭɦɦɵ 

0AAAA ++= −+ ,  ɝɞɟ  APA ++ = ;  APA −− = ;  −+ −−== AAAAPA 00 ,   (7) 

ɝɞɟ +P  – ɩɪɨɟɤɬɨɪ ɧɚ ɩɨɞɩɪɨɫɬɪɚɧɫɬɜɨ, ɨɬɜɟɱɚɸɳɟɟ ɫɨɛɫɬɜɟɧɧɵɦ ɜɟɤɬɨɪɚɦ, ɫɨɨɬɜɟɬɫɬɜɭɸ-

ɳɢɦ ɧɟɧɭɥɟɜɵɦ ɫɨɛɫɬɜɟɧɧɵɦ ɡɧɚɱɟɧɢɹɦ ɫ ɧɟɨɬɪɢɰɚɬɟɥɶɧɵɦɢ ɞɟɣɫɬɜɢɬɟɥɶɧɵɦɢ ɱɚɫɬɹɦɢ; −P  

ɩɪɨɟɤɬɨɪ ɧɚ ɩɨɞɩɪɨɫɬɪɚɧɫɬɜɨ, ɨɬɜɟɱɚɸɳɟɟ ɫɨɛɫɬɜɟɧɧɵɦ ɜɟɤɬɨɪɚɦ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɧɟɧɭ-
ɥɟɜɵɦ ɫɨɛɫɬɜɟɧɧɵɦ ɡɧɚɱɟɧɢɹɦ ɫ ɨɬɪɢɰɚɬɟɥɶɧɵɦɢ ɞɟɣɫɬɜɢɬɟɥɶɧɵɦɢ ɱɚɫɬɹɦɢ; 0P  – ɩɪɨɟɤɬɨɪ 
ɧɚ ɩɨɞɩɪɨɫɬɪɚɧɫɬɜɨ, ɨɬɜɟɱɚɸɳɟɟ ɫɨɛɫɬɜɟɧɧɵɦ ɢ ɩɪɢɫɨɟɞɢɧɟɧɧɵɦ ɜɟɤɬɨɪɚɦ, ɫɨɨɬɜɟɬɫɬɜɭɸ-
ɳɢɦ ɧɭɥɟɜɵɦ ɫɨɛɫɬɜɟɧɧɵɦ ɡɧɚɱɟɧɢɹɦ; 

+−++++ = TTTTP
~

)
~

( 1 ;   −−−−−− = TTTTP
~

)
~

( 1 ;   −+ −−= PPEP0 ;               (8) 

+T  ɢ +T
~

 – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɦɚɬɪɢɰɵ ɪɚɡɦɟɪɧɨɫɬɢ +× nn  ɢ nn ×+ , ɫɨɞɟɪɠɚɳɢɟ ɩɪɚɜɵɟ ɢ ɥɟ-
ɜɵɟ ɫɨɛɫɬɜɟɧɧɵɟ ɜɟɤɬɨɪɵ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɧɟɧɭɥɟɜɵɦ ɫɨɛɫɬɜɟɧɧɵɦ ɡɧɚɱɟɧɢɹɦ ɦɚɬɪɢɰɵ A ɫ 
ɧɟɨɬɪɢɰɚɬɟɥɶɧɵɦɢ ɞɟɣɫɬɜɢɬɟɥɶɧɵɦɢ ɱɚɫɬɹɦɢ; −T , −T

~
 – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɦɚɬɪɢɰɵ ɪɚɡɦɟɪɧɨɫɬɢ 
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−× nn  ɢ nn ×− , ɫɨɞɟɪɠɚɳɢɟ ɩɪɚɜɵɟ ɢ ɥɟɜɵɟ ɫɨɛɫɬɜɟɧɧɵɟ ɜɟɤɬɨɪɵ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɧɟɧɭɥɟ-
ɜɵɦ ɫɨɛɫɬɜɟɧɧɵɦ ɡɧɚɱɟɧɢɹɦ ɦɚɬɪɢɰɵ A ɫ ɨɬɪɢɰɚɬɟɥɶɧɵɦɢ ɞɟɣɫɬɜɢɬɟɥɶɧɵɦɢ ɱɚɫɬɹɦɢ; E  – 
ɟɞɢɧɢɱɧɚɹ ɦɚɬɪɢɰɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɩɨɪɹɞɤɚ; +n  ɢ −n  – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɤɨɥɢɱɟɫɬɜɨ ɧɟɧɭɥɟ-
ɜɵɯ ɫɨɛɫɬɜɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɫ ɧɟɨɬɪɢɰɚɬɟɥɶɧɵɦɢ ɢ ɨɬɪɢɰɚɬɟɥɶɧɵɦɢ ɞɟɣɫɬɜɢɬɟɥɶɧɵɦɢ ɱɚɫɬɹɦɢ. 

Ɂɚɦɟɬɢɦ, ɱɬɨ ɦɚɬɪɢɰɵ +T
~

 ɢ −T
~

 ɩɪɟɞɥɚɝɚɟɬɫɹ ɨɩɪɟɞɟɥɹɬɶ ɢɡ ɪɟɲɟɧɢɹ ɥɟɜɨɣ ɩɪɨɛɥɟɦɵ 

ɫɨɛɫɬɜɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɞɥɹ ɦɚɬɪɢɰɵ A (ɭɱɢɬɵɜɚɟɬɫɹ ɬɨɬ ɮɚɤɬ, ɱɬɨ, ɤɚɤ ɫɥɟɞɭɟɬ ɢɡ ɨɬɦɟɱɟɧɧɨɝɨ 
ɜɵɲɟ, ɩɪɚɤɬɢɱɟɫɤɢ ɧɟɜɨɡɦɨɠɧɨ ɧɚ ɩɪɚɤɬɢɤɟ ɩɨɫɬɪɨɢɬɶ ɦɚɬɪɢɰɵ T  ɢ 1-T  ɜ ɪɚɡɥɨɠɟɧɢɢ (3) ɩɪɢ 
ɧɚɥɢɱɢɢ ɜ ɦɚɬɪɢɰɟ J  ɠɨɪɞɚɧɨɜɵɯ ɤɥɟɬɨɤ ɧɟɟɞɢɧɢɱɧɨɝɨ ɩɨɪɹɞɤɚ). Ʌɟɜɚɹ ɩɪɨɛɥɟɦɚ ɫɨɛɫɬɜɟɧ-
ɧɵɯ ɡɧɚɱɟɧɢɣ ɦɚɬɪɢɰɵ A, ɤɚɤ ɢɡɜɟɫɬɧɨ, ɫɜɨɞɢɬɫɹ ɤ (ɩɪɚɜɨɣ) ɩɪɨɛɥɟɦɟ ɫɨɛɫɬɜɟɧɧɵɯ ɦɚɬɪɢɰɵ 

TA . Ɉɬɦɟɬɢɦ, ɱɬɨ ɩɨɫɥɟ ɪɟɲɟɧɢɹ ɩɪɨɛɥɟɦ ɫɨɛɫɬɜɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɞɥɹ ɦɚɬɪɢɰ A ɢ TA  ɫɥɟɞɭ-
ɟɬ ɩɪɨɜɟɫɬɢ ɬɚɤɭɸ ɫɨɪɬɢɪɨɜɤɭ ɢɯ ɫɨɛɫɬɜɟɧɧɵɯ ɡɧɚɱɟɧɢɣ (ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɫɨɛɫɬɜɟɧɧɵɯ ɜɟɤ-
ɬɨɪɨɜ), ɱɬɨɛɵ ɫɧɚɱɚɥɚ ɧɭɦɟɪɨɜɚɥɢɫɶ ɜɫɟ ɧɟɧɭɥɟɜɵɟ ɫɨɛɫɬɜɟɧɧɵɟ ɡɧɚɱɟɧɢɹ. ɋɨɩɭɬɫɬɜɭɸɳɢɟ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɨɩɪɟɞɟɥɹɸɬɫɹ ɮɨɪɦɭɥɚɦɢ  (ɡɧɚɤ ⇒ ɭɫɥɨɜɧɨ ɨɛɨɡɧɚɱɚɟɬ ɨɩɟɪɚɰɢɸ ɩɪɢɫɜɚɢɜɚ-
ɧɢɹ) 

+−+++ ⇒ TTTT
~

)
~

(
~ 1 ;   −−−−− ⇒ TTTT

~
)

~
(

~ 1 .                                      (9) 

ɉɨɞɱɟɪɤɧɟɦ, ɱɬɨ ɩɪɨɟɤɬɨɪ 0P  ɧɟ ɧɭɠɞɚɟɬɫɹ ɜ ɫɩɟɰɢɚɥɶɧɨɦ ɩɨɫɬɪɨɟɧɢɢ. Ɉɧ ɷɥɟɦɟɧ-
ɬɚɪɧɨ ɧɚɯɨɞɢɬɫɹ ɤɚɤ ɪɚɡɧɨɫɬɶ ɟɞɢɧɢɱɧɨɣ ɦɚɬɪɢɰɵ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɩɨɪɹɞɤɚ ɫ ɩɚɪɨɣ ɩɪɨɟɤ-
ɬɨɪɨɜ +P  ɢ −P , ɤɨɬɨɪɵɦ ɨɧ ɨɪɬɨɝɨɧɚɥɟɧ. Ɉɩɢɫɚɧɧɵɟ   ɩɪɨɰɟɞɭɪɵ  ɭɩɪɨɳɚɸɬ  ɩɪɢɦɟɧɟɧɢɟ  
ɦɟɬɨɞɚ ɫɬɚɧɞɚɪɬɧɨɣ ɨɛɥɚɫɬɢ, ɫɜɹɡɚɧɧɨɟ ɫ ɧɚɥɢɱɢɟɦ ɞɢɫɤɪɟɬɧɨ-ɤɨɧɬɢɧɭɚɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɧɭɥɟɜɨɣ 
ɠɟɫɬɤɨɫɬɢ. 

Фɭɧɞɚɦɟɧɬɚɥɶɧɵɟ ɦɚɬɪɢɰɵ-ɮɭɧɤɰɢɢ ɞɥɹ ɡɚɞɚɱ (1) ɦɨɝɭɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɫɥɟ-
ɞɭɸɳɢɯ ɫɩɟɰɢɚɥɶɧɵɯ ɜɢɞɚɯ, ɭɞɨɛɧɵɯ ɞɥɹ ɪɟɲɟɧɢɹ ɩɪɚɤɬɢɱɟɫɤɢɯ ɩɪɨɛɥɟɦ ɪɚɫɱɟɬɚ ɤɨɧɫɬɪɭɤ-
ɰɢɣ, ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ: 

– ɞɥɹ ɫɢɫɬɟɦɵ (1) ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ: 

]
!

)[0,(
~
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PxTxTx χεε ,                       (10) 
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)}(exp),(   ...,   ,)(exp),({)(~
110 xxxxdiagx ll λλχλλχε = ;            (12) 

]     [1 −+= TTT ;   TTT TTT ] 
~

   
~

 [
~

−+= ;                             (13) 

– ɞɥɹ ɫɢɫɬɟɦɵ (1) ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ: 

∑−

=
+++ +++= 1

1
0

12
0101

max

)!12(
1~

)()(
m

j

jj Ax
j

PxTxTx εε ,                     (14) 

ɝɞɟ              )||
~

(exp
~

5.0)( 1
0 xJJx −⋅−= −ε ;  } ..., , ,{

~
21 ldiagJ λλλ= .            (15) 

В ɮɨɪɦɭɥɚɯ (10)-(15) ɩɪɢɧɹɬɵ ɫɥɟɞɭɸɳɢɟ ɨɛɨɡɧɚɱɟɧɢɹ: i
ui

mm ≤≤=
l
maxmax , ɩɪɢɱɟɦ ɜɟ-

ɥɢɱɢɧɚ maxm  ɤɨɧɟɱɧɚ ɢ ɧɟɛɨɥɶɲɚɹ; −+ += nnl  – ɱɢɫɥɨ ɧɟɧɭɥɟɜɵɯ ɫɨɛɫɬɜɟɧɧɵɯ ɡɧɚɱɟɧɢɣ 
ɦɚɬɪɢɰɵ A; )(xχ  – ɮɭɧɤɰɢɹ ɏɷɜɢɫɚɣɞɚ; xxx ⋅=+ )(χ . 



ɇɟɤɨɬɨɪɵɟ ɚɤɬɭɚɥɶɧɵɟ ɜɨɩɪɨɫɵ ɩɪɨɝɧɨɡɧɨɝɨ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫɨɫɬɨɹɧɢɹ ɫɨɰɢɚɥɶɧɨ ɡɧɚɱɢɦɵɯ 
ɨɛɴɟɤɬɨɜ  ɝɨɪɨɞɚ 
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В (10) ɢ (14) ɧɟɬ ɤɨɦɩɨɧɟɧɬ ɬɢɩɚ )(exp xλ , ɝɞɟ 0>λ . ɋɥɟɞɭɟɬ  ɨɫɨɛɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ 
ɬɚɤɢɟ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɨɫɧɨɜɚɧɵ ɧɚ ɬɨɦ, ɱɬɨ ɢɡ ɫɜɨɣɫɬɜ ɡɚɞɚɱ ɫɬɪɨɢɬɟɥɶɧɨɣ ɦɟɯɚɧɢɤɢ ɜɵɬɟɤɚ-
ɟɬ, ɱɬɨ ɜɫɟ ɠɨɪɞɚɧɨɜɵ ɤɥɟɬɤɢ ɧɟɟɞɢɧɢɱɧɨɝɨ ɩɨɪɹɞɤɚ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɧɭɥɟɜɵɦ ɫɨɛɫɬɜɟɧɧɵɦ 
ɡɧɚɱɟɧɢɹɦ ɢ ɹɜɥɹɸɬɫɹ ɧɢɥɶɩɨɬɟɧɬɧɵɦɢ, ɬ.ɟ. ɢɯ ɧɟɤɨɬɨɪɚɹ ɫɬɟɩɟɧɶ ɩɪɢɜɨɞɢɬ ɤ ɧɭɥɟɜɵɦ ɤɥɟɬ-
ɤɚɦ.  

2. Ɋɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɞɜɭɯɬɨɱɟɱɧɵɟ ɤɪɚɟɜɵɟ ɡɚɞɚɱɢ ɞɥɹ ɫɢɫɬɟɦ ɨɛɵɤɧɨɜɟɧɧɵɯ ɞɢɮɮɟ-
ɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ (1). Иɦɟɟɦ (ɧɢɠɟ ɭɫɥɨɜɧɨ ɩɪɢɧɹɬɨ 0=x  ɢ lx =  – ɤɨɨɪɞɢɧɚɬɵ ɝɪɚ-
ɧɢɱɧɵɯ ɬɨɱɟɤ): 

– ɞɥɹ ɫɢɫɬɟɦɵ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ: 
)()()( xfxyAxy +=′ ;   g)((0)0 =+ lyByB l ,                         (16) 

ɝɞɟ lBB  ,0 – ɡɚɞɚɧɧɵɟ ɦɚɬɪɢɰɵ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ n-ɝɨ ɩɨɪɹɞɤɚ; g  – ɡɚɞɚɧ-
ɧɵɣ ɜɟɤɬɨɪ ɩɪɚɜɵɯ ɱɚɫɬɟɣ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ n-ɝɨ ɩɨɪɹɞɤɚ. 

– ɞɥɹ ɫɢɫɬɟɦɵ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ: 
)()()( xfxyAxy +=′′ ;   g)((0)0 =+ lYBYB l ,                        (17) 

ɝɞɟ TTT xyxyxYY ] ))((   ))(( [)( ′== ; lBB  ,0  – ɡɚɞɚɧɧɵɟ ɦɚɬɪɢɰɵ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɝɪɚ-
ɧɢɱɧɵɯ ɭɫɥɨɜɢɣ 2n-ɝɨ ɩɨɪɹɞɤɚ; g  – ɡɚɞɚɧɧɵɣ ɜɟɤɬɨɪ ɩɪɚɜɵɯ ɱɚɫɬɟɣ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ 2n-

ɝɨ ɩɨɪɹɞɤɚ. 
Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ (16) ɨɩɪɟɞɟɥɹɟɬɫɹ ɮɨɪɦɭɥɨɣ: 

∫ −+−−= l

dfxClxxxy
0

)()( )]()([)( ξξξεεε ,                        (18) 

ɝɞɟ C  – n-ɦɟɪɧɵɣ ɜɟɤɬɨɪ ɤɨɷɮɮɢɰɢɟɧɬɨɜ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɢɡ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ (16) ɹɜɧɵɦ 
ɦɚɬɪɢɱɧɵɦ ɦɟɬɨɞɨɦ ɢɥɢ ɦɟɬɨɞɨɦ ɛɚɡɢɫɧɵɯ ɜɚɪɢɚɰɢɣ. 

Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ (17) ɦɨɠɟɦ ɡɚɩɢɫɚɬɶ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

∫ −+−−= l
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ɝɞɟ C – 2n-ɦɟɪɧɵɣ ɜɟɤɬɨɪ ɩɨɫɬɨɹɧɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɢɡ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ (17) 
ɹɜɧɵɦ ɦɚɬɪɢɱɧɵɦ ɦɟɬɨɞɨɦ ɢɥɢ ɦɟɬɨɞɨɦ ɛɚɡɢɫɧɵɯ ɜɚɪɢɚɰɢɣ. 

Ɇɚɬɪɢɰɭ-ɮɭɧɤɰɢɸ )(xE  ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟ: 
)()()( 21 xExExE += ,                                       (21) 
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⎡= ;                      (22) 

⎥⎦
⎤⎢⎣

⎡ ⊗⎥⎦
⎤⎢⎣

⎡
′′′
′+⊗⎥⎦

⎤⎢⎣
⎡= ∑=

j
m

j jj

jj A
xzxz

xzxz
P

x
xxE 2

1
02

max

 
 )(     )( 

)(     )( 
 

0    1
1    

)()( χ ; 12

)!12(

1
)( +++= j

j x
j

xz ; (23) 

)(xχ  – ɮɭɧɤɰɢɹ ɏɷɜɢɫɚɣɞɚ; ɡɧɚɤ ⊗  ɨɛɨɡɧɚɱɚɟɬ ɨɩɟɪɚɰɢɸ ɤɪɨɧɟɤɟɪɨɜɚ (ɩɪɹɦɨɝɨ) ɩɪɨɢɡɜɟɞɟ-

ɧɢɹ ɦɚɬɪɢɰ; ɤɚɠɞɵɣ pλ  ɩɪɢ ɜɵɱɢɫɥɟɧɢɢ J  ɜɵɛɢɪɚɟɬɫɹ ɫ ɧɟɨɬɪɢɰɚɬɟɥɶɧɨɣ ɜɟɳɟɫɬɜɟɧ-

ɧɨɣ ɱɚɫɬɶɸ; 1)(2)( −= xxsign χ . 
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ɉɪɟɞɫɬɚɜɥɟɧɧɵɟ ɨɛɳɢɟ ɜɢɞɵ ɪɟɲɟɧɢɣ ɤɨɪɪɟɤɬɧɵ ɩɪɢ ɥɸɛɵɯ ɭɫɥɨɜɢɹɯ ɢ ɫɜɨɛɨɞɧɵ ɨɬ 
ɜɫɟɯ ɧɟɞɨɫɬɚɬɤɨɜ, ɩɪɢɫɭɳɢɯ, ɧɚɩɪɢɦɟɪ, ɦɟɬɨɞɚɦ ɬɢɩɚ ɧɚɱɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ. ɉɨɫɥɟɞɧɢɟ, ɝɥɚɜɧɵɦ 
ɨɛɪɚɡɨɦ, ɩɪɢɦɟɧɢɦɵ ɧɚ ɩɪɚɤɬɢɤɟ ɥɢɲɶ ɩɪɢ ɪɚɫɱɟɬɟ ɛɚɥɨɤ ɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɫɬɟɪɠɧɟɣ ɩɪɢ ɨɬ-
ɫɭɬɫɬɜɢɢ ɭɩɪɭɝɨɝɨ ɨɫɧɨɜɚɧɢɹ. 

Ɋɚɫɫɦɨɬɪɢɦ ɬɟɩɟɪɶ ɦɧɨɝɨɬɨɱɟɱɧɭɸ ɤɪɚɟɜɭɸ ɡɚɞɚɱɭ, ɩɨɞ ɤɨɬɨɪɨɣ ɩɨɧɢɦɚɟɬɫɹ ɡɚɞɚɱɚ 
ɫ «ɜɧɭɬɪɟɧɧɢɦɢ» ɝɪɚɧɢɱɧɵɦɢ ɭɫɥɨɜɢɹɦɢ, ɩɪɟɞɫɬɚɜɥɹɸɳɚɹ ɢɡ ɫɟɛɹ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɨɜɨɤɭɩ-
ɧɨɫɬɶ ɨɛɵɱɧɵɯ ɤɪɚɟɜɵɯ ɡɚɞɚɱ, ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɧɚ ɨɛɥɚɫɬɹɯ, ɢɦɟɸɳɢɯ ɨɛɳɢɟ ɝɪɚɧɢɰɵ. 

ɉɨɫɬɚɧɨɜɤɚ  ɦɧɨɝɨɬɨɱɟɱɧɨɣ  ɤɪɚɟɜɨɣ  ɡɚɞɚɱɢ ɞɥɹ ɫɢɫɬɟɦɵ ɨɛɵɤɧɨɜɟɧɧɵɯ ɞɢɮɮɟɪɟɧ-
ɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ ɫɨɫɬɨɢɬ ɢɡ n ɭɪɚɜɧɟɧɢɣ ɢ 1−kn  ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ, 
ɡɚɞɚɧɧɵɯ ɜ ɝɪɚɧɢɱɧɵɯ ɬɨɱɤɚɯ k

b
k nkx 1,...,=  , : 

U
1

1
1),(   ,

−

= +∈=−′ kn

k

b
k

b
k xxxfyAy ;                              (24) 

 1...,2,=  ,)0( )0( −+=++− +−+−
kkk

b
kk

b
kk nkggxyBxyB ;   

−+−+ +=−++
kkk n

b
nn

b ggxyBxyB 111 )0( )0( ,    (25) 

ɝɞɟ +
1B , 1 ...,2,  , , −=+−

kkk nkBB , −
knB  – ɡɚɞɚɧɧɵɟ ɦɚɬɪɢɰɵ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ n-ɝɨ ɩɨɪɹɞɤɚ; 

+
1g , 1..., 2,  , , −=+−

kkk nkgg , −
kng  – ɡɚɞɚɧɧɵɟ n-ɦɟɪɧɵɟ ɜɟɤɬɨɪɵ ɩɪɚɜɵɯ ɱɚɫɬɟɣ ɝɪɚɧɢɱɧɵɯ 

ɭɫɥɨɜɢɣ. 
Вɟɤɬɨɪ-ɮɭɧɤɰɢɹ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ (24)-(25) ɧɚ ɩɪɨɢɡɜɨɥɶɧɨɦ ɢɧɬɟɪɜɚɥɟ ),( 1

b
k

b
k xx + , 

ɨɛɨɡɧɚɱɚɟɬɫɹ )(xyk  ɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɮɨɪɦɭɥɨɣ: 
),(   ),()())()(()( 11

b
k

b
kkk

b
k

b
kk xxxxfxCxxxxxy ++ ∈∗+−−−= εεε ,      (26) 

ɝɞɟ kC  – ɜɟɤɬɨɪ ɩɨɫɬɨɹɧɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ n -ɝɨ ɩɨɪɹɞɤɚ, ɨɩɪɟɞɟɥɹɟɦɵɯ ɢɡ ɭɫɥɨɜɢɣ (25); ∗  

– ɫɢɦɜɨɥ, ɨɛɨɡɧɚɱɚɸɳɢɣ ɨɩɟɪɚɰɢɸ ɫɜɟɪɬɤɢ. 

     ),,()()( 1
b
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b
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⎧
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ɉɨɫɬɚɧɨɜɤɚ  ɦɧɨɝɨɬɨɱɟɱɧɨɣ  ɤɪɚɟɜɨɣ  ɡɚɞɚɱɢ ɞɥɹ ɫɢɫɬɟɦɵ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟ-
ɧɢɣ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ ɫɨɫɬɨɢɬ ɢɡ n ɭɪɚɜɧɟɧɢɣ ɢ 1−kn  ɥɢɧɟɣɧɵɯ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ ɜ ɝɪɚɧɢɱ-
ɧɵɯ ɬɨɱɤɚɯ k

b
k nkx 1,...,=  , , ɬ.ɟ.: 

U
1

1
1),(   ,

−

= +∈=−′′ kn

k

b
k

b
k xxxfyAy ;                                 (28) 

 1 ..., 2,=   ,)0(x )0( b
k −+=++− +−+−

kkkk
b
kk nkggYBxYB ;  

−+−+ +=−++
kkk n

b
nn

b ggxYBxYB 111 )0( )0( ,  (29) 

ɝɞɟ +
1B , 1 ..., 2,  , , −=+−

kkk nkBB , −
knB  – ɡɚɞɚɧɧɵɟ ɦɚɬɪɢɰɵ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ 2n-ɝɨ ɩɨ-

ɪɹɞɤɚ; +
1g , 1 ..., 2,  , , −=+−

kkk nkgg , −
kng  – ɡɚɞɚɧɧɵɟ 2n-ɦɟɪɧɵɟ ɜɟɤɬɨɪɵ ɩɪɚɜɵɯ ɱɚɫɬɟɣ 

ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ. 
Ɉɛɳɟɟ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ ɧɚ ɩɪɨɢɡɜɨɥɶɧɨɦ ɢɧɬɟɪɜɚɥɟ ),( 1

b
k

b
k xx +  ɢɦɟɟɬ ɜɢɞ: 

),(  ),()(~)]()([)( 11
b
k

b
kkk

b
k

b
kk xxxxFxCxxExxExY ++ ∈∗+−−−= ε ,      (30) 

ɝɞɟ kC  – ɜɟɤɬɨɪ ɩɨɫɬɨɹɧɧɵɯ n -ɝɨ ɩɨɪɹɞɤɚ, ɨɩɪɟɞɟɥɹɟɦɵɯ ɢɡ ɭɫɥɨɜɢɣ (29); 



ɇɟɤɨɬɨɪɵɟ ɚɤɬɭɚɥɶɧɵɟ ɜɨɩɪɨɫɵ ɩɪɨɝɧɨɡɧɨɝɨ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫɨɫɬɨɹɧɢɹ ɫɨɰɢɚɥɶɧɨ ɡɧɚɱɢɦɵɯ 
ɨɛɴɟɤɬɨɜ  ɝɨɪɨɞɚ 
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b
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xxxθ        (31) 

ɉɪɹɦɨɟ ɢɥɢ ɬɨɱɧɨɟ ɪɟɲɟɧɢɟ ɦɧɨɝɨɬɨɱɟɱɧɵɯ ɤɪɚɟɜɵɯ ɡɚɞɚɱ ɫɬɪɨɢɬɟɥɶɧɨɣ ɦɟɯɚɧɢɤɢ 
ɞɥɹ ɫɢɫɬɟɦ ɨɛɵɤɧɨɜɟɧɧɵɯ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɜ ɥɢɬɟɪɚɬɭɪɟ (ɜɵɩɨɥɧɟɧ ɚɧɚɥɢɡ ɛɨ-
ɥɟɟ 600 ɪɨɫɫɢɣɫɤɢɯ ɢ ɡɚɪɭɛɟɠɧɵɯ ɩɭɛɥɢɤɚɰɢɣ, ɜ ɬɨɦ ɱɢɫɥɟ ɨɛɡɨɪɧɵɯ ɫɬɚɬɟɣ) ɧɟ ɩɪɢɜɨɞɢɬɫɹ. 
ɉɨ-ɜɢɞɢɦɨɦɭ, ɝɥɚɜɧɭɸ ɪɨɥɶ ɜ ɷɬɨɦ ɫɵɝɪɚɥɢ ɩɟɪɟɱɢɫɥɟɧɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɩɨɞɨɛɧɵɯ ɡɚɞɚɱ. Ɉɬ-
ɦɟɬɢɦ, ɱɬɨ ɷɬɢ ɨɫɨɛɟɧɧɨɫɬɢ ɯɚɪɚɤɬɟɪɧɵ ɢɦɟɧɧɨ ɞɥɹ ɫɬɪɨɢɬɟɥɶɧɵɯ ɡɚɞɚɱ (ɪɚɫɱɟɬɵ ɤɨɧɫɬɪɭɤ-
ɰɢɣ, ɡɞɚɧɢɣ, ɫɨɨɪɭɠɟɧɢɣ) ɢ, ɦɨɠɟɬ ɛɵɬɶ, ɩɨ ɷɬɨɣ ɩɪɢɱɢɧɟ ɨɧɢ ɧɟ ɹɜɥɹɥɢɫɶ ɩɪɟɞɦɟɬɨɦ ɲɢɪɨɤɨ-
ɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜ ɦɚɬɟɦɚɬɢɤɟ, ɯɨɬɹ ɪɟɲɟɧɢɟɦ ɛɥɢɡɤɢɯ ɩɪɨɛɥɟɦ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ ɡɚɧɢ-
ɦɚɥɢɫɶ ɜ ɆȽɍ ɢɦ. Ɇ.В. Ʌɨɦɨɧɨɫɨɜɚ, ɜ ɬɨɦ ɱɢɫɥɟ ɜ ɧɚɭɱɧɵɯ ɲɤɨɥɚɯ Ɇ.В. Кɟɥɞɵɲɚ, А.Ƚ. Кɨɫ-
ɬɸɱɟɧɤɨ, Ȼ.Ɇ. Ʌɟɜɢɬɚɧɚ, А.А. ɒɤɚɥɢɤɨɜɚ ɢ ɞɪɭɝɢɯ. Ɉɞɧɚɤɨ ɜ ɪɚɛɨɬɚɯ ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɭɱɟɧɵɯ 
ɢɫɫɥɟɞɨɜɚɥɢɫɶ ɜ ɨɫɧɨɜɧɨɦ ɤɚɱɟɫɬɜɟɧɧɵɟ ɜɨɩɪɨɫɵ (ɫɭɳɟɫɬɜɨɜɚɧɢɟ, ɟɞɢɧɫɬɜɟɧɧɨɫɬɶ ɢ ɬ.ɞ.), ɬɨ-
ɝɞɚ ɤɚɤ ɩɪɨɛɥɟɦɵ ɱɢɫɥɟɧɧɨɣ ɪɟɚɥɢɡɚɰɢɢ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɡɚɬɪɚɝɢɜɚɥɢɫɶ. В ɪɚɦɤɚɯ ɠɟ ɩɪɟɞ-
ɫɬɚɜɥɹɟɦɨɣ ɪɚɛɨɬɵ ɪɟɚɥɢɡɨɜɚɧ ɭɫɬɨɣɱɢɜɵɣ ɚɥɝɨɪɢɬɦ ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɪɟɲɟɧɢɹ ɩɪɢ ɥɸɛɨɦ 
ɱɢɫɥɟ ɧɟɢɡɜɟɫɬɧɵɯ ɜ ɤɨɪɪɟɤɬɧɨɣ ɞɥɹ ɜɵɱɢɫɥɟɧɢɣ ɮɨɪɦɟ, ɤɨɬɨɪɵɣ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɨɣ ɞɥɹ ɩɨ-
ɫɬɪɨɟɧɢɹ ɩɪɨɝɪɚɦɦɧɵɯ ɤɨɦɩɥɟɤɫɨɜ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɬɢɩɚ.  

Ⱦɢɫɤɪɟɬɧɨ-ɤɨɧɬɢɧɭɚɥɶɧɵɟ ɦɟɬɨɞɵ (ɜ ɨɫɨɛɟɧɧɨɫɬɢ ȾКɆКЭ) ɬɚɤɠɟ ɷɮɮɟɤɬɢɜɧɵ ɩɪɢ 
ɨɩɪɟɞɟɥɟɧɢɢ ɫɨɛɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ ɢ ɮɨɪɦ ɤɨɥɟɛɚɧɢɣ ɜɵɫɨɬɧɵɯ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ, ɱɬɨ 
ɜɟɫɶɦɚ ɚɤɬɭɚɥɶɧɨ ɫ ɩɨɡɢɰɢɣ ɢɫɫɥɟɞɨɜɚɧɢɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɩɨɫɥɟɞɧɢɯ ɤ ɩɟɪɢɨɞɢɱɟɫɤɢɦ 
ɜɨɡɞɟɣɫɬɜɢɹɦ. ɇɚ ɨɩɪɟɞɟɥɟɧɧɨɦ ɷɬɚɩɟ ɬɚɤɨɝɨ ɪɨɞɚ ɩɪɨɛɥɟɦɵ ɫɜɨɞɹɬɫɹ ɜ ɩɪɨɫɬɟɣɲɟɦ ɫɥɭɱɚɟ ɤ 
ɞɜɭɯɬɨɱɟɱɧɨɣ ɤɪɚɟɜɨɣ ɡɚɞɚɱɟ ɞɥɹ ɫɢɫɬɟɦɵ ɨɛɵɤɧɨɜɟɧɧɵɯ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ 
ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ ɜɢɞɚ 

)()( xyAxy s=′ ,   ),0( lx∈ ;   0)()0(0 =+ lyByB l ,                 (32) 

ɝɞɟ y  − ɜɟɤɬɨɪ-ɮɭɧɤɰɢɹ ɧɟɢɡɜɟɫɬɧɵɯ (ɢɫɤɨɦɚɹ ɫɨɛɫɬɜɟɧɧɚɹ ɮɭɧɤɰɢɹ); sA  − ɦɚɬɪɢɰɚ ɤɨɷɮ-

ɮɢɰɢɟɧɬɨɜ, ɡɚɜɢɫɹɳɚɹ ɨɬ ɢɫɤɨɦɨɝɨ ɫɨɛɫɬɜɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ s . 
ɋɨɝɥɚɫɧɨ ɢɡɥɨɠɟɧɧɨɦɭ ɜɵɲɟ ɨɛɳɟɟ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ (32) ɢɦɟɟɬ ɜɢɞ: 

sss ClxxxY ))()(()( −−= εε ,                               (33) 

ɝɞɟ )(xsε  – ɮɭɧɞɚɦɟɧɬɚɥɶɧɚɹ ɦɚɬɪɢɰɚ-ɮɭɧɤɰɢɹ ɫɢɫɬɟɦɵ (32), 
1

0, )()( −= ssss TxTx εε ;                                    (34) 

sT  – ɦɚɬɪɢɰɚ, ɫɬɨɥɛɰɵ ɤɨɬɨɪɨɣ ɹɜɥɹɸɬɫɹ ɫɨɛɫɬɜɟɧɧɵɦɢ ɜɟɤɬɨɪɚɦɢ ɦɚɬɪɢɰɵ sA ; 0,sε  – ɞɢɚ-
ɝɨɧɚɥɶɧɚɹ ɦɚɬɪɢɰɚ, ɨɩɪɟɞɟɥɹɟɦɚɹ ɮɨɪɦɭɥɨɣ (ɫɦ. ɬɚɤɠɟ (11)) 

)}exp(),(   ...,   ),exp(),({)(~
,,1,1,0, xxxxdiagx nsnssss λλχλλχε = ;     (35) 

npps  ..., 2, ,1  ,, =λ  – ɫɨɛɫɬɜɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɦɚɬɪɢɰɵ sA ; sC  – ɜɟɤɬɨɪ ɩɨɫɬɨɹɧɧɵɯ ɤɨɷɮɮɢ-
ɰɢɟɧɬɨɜ, ɨɩɪɟɞɟɥɹɟɦɵɯ ɢɡ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ (32). 

ɉɨɹɫɧɢɦ ɩɪɨɰɟɫɫ ɧɚɯɨɠɞɟɧɢɹ sC . ɉɨɧɢɦɚɹ ɭɫɥɨɜɢɹ (32) ɜ ɜɢɞɟ 

0)0()0(0 =−++ lYBYB l ,                                     (36) 

ɢ ɩɨɞɫɬɚɜɥɹɹ (33) ɜ (36), ɩɨɥɭɱɢɦ: 
                                                   0, =ssȽ CB ,                                               (37) 

ɝɞɟ                      )()()0()0( 00, lBlBBBB slsslssȽ εεεε +−−−−+= .                    (38) 



ɇ.И. ɋɟɧɢɧ, ɉ.А. Аɤɢɦɨɜ, Ɇ.А. Ɂɚɯɚɪɱɟɧɤɨ 
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Кɚɤ ɢɡɜɟɫɬɧɨ, ɧɟɧɭɥɟɜɨɣ ɜɟɤɬɨɪ sC , ɭɞɨɜɥɟɬɜɨɪɹɸɳɢɣ ɫɢɫɬɟɦɟ (37), ɫɭɳɟɫɬɜɭɟɬ ɬɨɝɞɚ ɢ 
ɬɨɥɶɤɨ ɬɨɝɞɚ, ɤɨɝɞɚ 

0)det( , =sȽB .                                                            (39) 

ɇɟɩɨɫɪɟɞɫɬɜɟɧɧɨɟ ɜɵɱɢɫɥɟɧɢɟ ɫɨɛɫɬɜɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɢ ɫɨɛɫɬɜɟɧɧɵɯ ɮɭɧɤɰɢɣ ɤɪɚɟɜɨɣ 
ɡɚɞɚɱɢ ɜɵɩɨɥɧɹɟɬɫɹ ɧɚ ɨɫɧɨɜɟ ɫɩɟɰɢɚɥɶɧɨ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɲɚɝɨɜɨɝɨ ɚɥɝɨɪɢɬɦɚ, ɫɨɫɬɨɹɳɟɝɨ ɜ 
ɫɥɟɞɭɸɳɟɦ: 

ɚ) Ɂɚɞɚɸɬɫɹ (ɫ ɧɟɤɨɬɨɪɵɦ ɩɨɫɬɨɹɧɧɵɦ ɢɥɢ ɩɟɪɟɦɟɧɧɵɦ ɲɚɝɨɦ) ..., ..., , , , 321 kssss  (ɩɪɢ-
ɱɟɦ, ɨɱɟɜɢɞɧɨ, ... ...  321 <<<<< kssss ); 

ɛ) Вɵɱɢɫɥɹɸɬɫɹ ɫɨɛɫɬɜɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɦɚɬɪɢɰ 
ksȽB , , ... 3, 2, ,1=k , ɬ.ɟ. 

knkkk ,,3,2,1  ..., , , , λλλλ . 

ɜ) ȿɫɥɢ ɫɪɟɞɢ ɫɨɛɫɬɜɟɧɧɵɯ ɡɧɚɱɟɧɢɣ knkkk ,,3,2,1  ..., , , , λλλλ  ɢɦɟɸɬɫɹ ɧɭɥɟɜɵɟ, ɬɨ ks  – 

ɢɫɤɨɦɨɟ ɫɨɛɫɬɜɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɫ ɤɪɚɬɧɨɫɬɶɸ, ɪɚɜɧɨɣ ɱɢɫɥɭ ɧɭɥɟɜɵɯ ɫɨɛɫɬɜɟɧɧɵɯ ɡɧɚɱɟɧɢɣ 
ɦɚɬɪɢɰɵ 

ksȽB , . Ⱦɥɹ ɤɚɠɞɨɝɨ ɫɨɛɫɬɜɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɫɨɛɫɬ-

ɜɟɧɧɵɣ ɜɟɤɬɨɪ ( sC ) ɦɚɬɪɢɰɵ 
ksȽB , ɢ ɞɚɥɟɟ ɩɨ ɮɨɪɦɭɥɟ (33) ɧɚɯɨɞɢɬɫɹ ɢɫɤɨɦɚɹ ɫɨɛɫɬɜɟɧɧɚɹ 

ɮɭɧɤɰɢɹ.  
Ɂɚɦɟɬɢɦ, ɱɬɨ ɩɨɢɫɤ ɧɭɥɟɜɵɯ ɫɨɛɫɬɜɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɧɚ ɩɪɚɤɬɢɤɟ ɜɟɞɟɬɫɹ ɫ ɧɟɤɨɬɨɪɨɣ ɬɨɱ-

ɧɨɫɬɶɸ Δ , ɬ.ɟ., ɟɫɥɢ Δ≤|| λ , ɬɨ λ  ɩɨɥɚɝɚɟɬɫɹ ɧɭɥɟɜɵɦ. 
 
2. Ɇоɧиɬоɪиɧɝ ɬеɯɧичесɤоɝо сосɬоɹɧиɹ 

высоɬɧыɯ ɦоɧолиɬɧыɯ ɡɞɚɧиɣ и сооɪɭɠе-
ɧиɣ с исɩолɶɡовɚɧиеɦ ɬеɯɧолоɝии ɩɪо-
сɬɪɚɧсɬвеɧɧо-ɤооɪɞиɧɚɬɧыɯ ɝеоɞеɡичесɤиɯ 
иɡɦеɪеɧиɣ и ɤоɧечɧоɷлеɦеɧɬɧоɝо ɚɧɚлиɡɚ 
ɧɚɩɪɹɠеɧɧо-ɞеɮоɪɦиɪовɚɧɧоɝо сосɬоɹɧиɹ 
ɤоɧсɬɪɭɤɰиɣ. 

Ɋɨɫɬ ɬɟɯɧɢɱɟɫɤɨɣ ɫɥɨɠɧɨɫɬɢ ɢ ɨɬɜɟɬɫɬ-
ɜɟɧɧɨɫɬɢ ɜɨɡɜɟɞɟɧɧɵɯ, ɫɬɪɨɹɳɢɯɫɹ ɢ ɩɥɚɧɢ-
ɪɭɟɦɵɯ ɤ ɫɬɪɨɢɬɟɥɶɫɬɜɭ ɜɵɫɨɬɧɵɯ ɡɞɚɧɢɣ ɢ 
ɫɨɨɪɭɠɟɧɢɣ ɜ ɦɟɝɚɩɨɥɢɫɚɯ (ɜ ɱɚɫɬɧɨɫɬɢ, ɜ ɝɨ-
ɪɨɞɟ Ɇɨɫɤɜɚ) ɨɩɪɟɞɟɥɹɟɬ ɧɚɫɭɳɧɭɸ ɧɟɨɛɯɨ-
ɞɢɦɨɫɬɶ ɜ ɩɪɨɜɟɞɟɧɢɢ ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ ɨɛɟɫ-
ɩɟɱɟɧɢɸ ɬɟɯɧɢɱɟɫɤɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɨɞɨɛɧɵɯ 
ɨɛɴɟɤɬɨɜ. Ɉɫɧɨɜɧɵɦɢ ɫɩɨɫɨɛɚɦɢ ɨɛɟɫɩɟɱɟɧɢɹ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭ-
ɠɟɧɢɣ ɹɜɥɹɸɬɫɹ: ɤɚɱɟɫɬɜɟɧɧɨɟ ɩɪɨɟɤɬɢɪɨɜɚ-
ɧɢɟ ɢ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɨɛɴɟɤɬɨɜ ɫ ɭɱɟɬɨɦ ɧɟɨɛ-
ɯɨɞɢɦɨɫɬɢ ɤɨɧɬɪɨɥɹ ɫɨɫɬɨɹɧɢɹ ɡɞɚɧɢɣ ɢ ɫɨ-
ɨɪɭɠɟɧɢɣ ɩɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ, 
ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɵɣ ɢ ɜɢɡɭɚɥɶɧɵɣ ɦɨɧɢɬɨɪɢɧɝ 
ɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɧɚ ɜɫɟɯ ɫɬɚɞɢɹɯ 
ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɜ ɧɟɩɪɟɪɵɜɧɨɦ 
ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ ɢ ɩɟɪɢɨɞɢɱɟɫɤɨɦ ɪɟɠɢɦɚɯ. 

Аɤɬɭɚɥɶɧɨɫɬɶ ɞɚɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜ 
ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨɜɫɟɦɟɫɬ-
ɧɵɦ ɜɧɟɞɪɟɧɢɟɦ ɫɢɫɬɟɦ ɦɨɧɢɬɨɪɢɧɝɚ ɞɥɹ 
ɜɵɫɨɬɧɵɯ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ ɢ, ɜ ɬɨ ɠɟ 
ɜɪɟɦɹ, ɧɟɞɨɫɬɚɬɨɱɧɵɦ ɧɨɪɦɚɬɢɜɧɨ-
ɬɟɯɧɢɱɟɫɤɢɦ ɨɛɟɫɩɟɱɟɧɢɟɦ ɢ ɦɟɬɨɞɢɱɟɫɤɨɣ 
ɛɚɡɨɣ, ɪɟɝɭɥɢɪɭɸɳɟɣ ɩɪɟɞɦɟɬɧɨɟ ɫɨɞɟɪɠɚ-
ɧɢɟ, ɫɨɫɬɚɜ ɢ ɦɟɬɨɞɢɤɭ ɩɪɨɜɟɞɟɧɢɹ ɪɚɛɨɬ. 
Цɟɥɶɸ ɜɵɩɨɥɧɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɹɜɥɹɥɨɫɶ: 

– ɨɛɟɫɩɟɱɟɧɢɟ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɩɪɟɞɨɬɜɪɚ-
ɳɟɧɢɟ ɚɜɚɪɢɣ ɢ ɤɨɧɬɪɨɥɶ ɫɨɫɬɨɹɧɢɹ  ɜɵɫɨɬɧɵɯ 
ɦɨɧɨɥɢɬɧɵɯ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ ɫɥɨɠɧɨɣ 
ɚɪɯɢɬɟɤɬɭɪɧɨɣ ɮɨɪɦɵ ɩɭɬɟɦ ɫɨɡɞɚɧɢɹ ɷɮɮɟɤ-
ɬɢɜɧɵɯ ɢ ɭɧɢɜɟɪɫɚɥɶɧɵɯ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɯ 
ɫɢɫɬɟɦ ɦɨɧɢɬɨɪɢɧɝɚ ɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ 
ɧɚ ɨɫɧɨɜɟ ɢɧɬɟɝɪɢɪɨɜɚɧɧɵɯ ɤɨɦɩɥɟɤɫɨɜ 
ɫɪɟɞɫɬɜ ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɨɝɨ ɤɨɧɬɪɨɥɹ ɢ ɦɚɬɟ-
ɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɧɚɩɪɹɠɟɧɧɨ-
ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ (ɇȾɋ) ɧɟɫɭɳɢɯ 
ɤɨɧɫɬɪɭɤɰɢɣ; 

– ɪɚɞɢɤɚɥɶɧɨɟ ɫɨɤɪɚɳɟɧɢɟ ɜɪɟɦɟɧɧɵɯ ɢ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɡɚɬɪɚɬ ɧɚ ɩɪɨɜɟɞɟɧɢɟ ɦɨɧɢ-
ɬɨɪɢɧɝɚ ɜɵɫɨɬɧɵɯ ɦɨɧɨɥɢɬɧɵɯ ɡɞɚɧɢɣ ɢ ɫɨ-
ɨɪɭɠɟɧɢɣ ɫɥɨɠɧɨɣ ɚɪɯɢɬɟɤɬɭɪɧɨɣ ɮɨɪɦɵ ɩɪɢ 
ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɜ ɭɫɥɨɜɢɹɯ 



ɇɟɤɨɬɨɪɵɟ ɚɤɬɭɚɥɶɧɵɟ ɜɨɩɪɨɫɵ ɩɪɨɝɧɨɡɧɨɝɨ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫɨɫɬɨɹɧɢɹ ɫɨɰɢɚɥɶɧɨ ɡɧɚɱɢɦɵɯ 
ɨɛɴɟɤɬɨɜ  ɝɨɪɨɞɚ 
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ɤɪɭɩɧɵɯ ɫɨɜɪɟɦɟɧɧɵɯ ɝɨɪɨɞɨɜ ɧɚ ɨɫɧɨɜɟ ɫɨ-
ɜɪɟɦɟɧɧɵɯ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ; 

– ɜɨɡɦɨɠɧɨɫɬɶ ɜ ɯɨɞɟ ɠɢɡɧɟɧɧɨɝɨ ɰɢɤɥɚ 
ɨɛɴɟɤɬɚ ɦɨɧɢɬɨɪɢɧɝɚ ɨɛɨɫɧɨɜɚɧɧɨ ɭɫɬɚɧɚɜɥɢ-
ɜɚɬɶ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɩɪɨɜɟɞɟɧɢɹ ɦɟɪɨɩɪɢɹɬɢɣ 
ɩɨ ɜɨɫɫɬɚɧɨɜɥɟɧɢɸ ɧɨɪɦɚɬɢɜɧɨɝɨ ɬɟɯɧɢɱɟɫɤɨ-
ɝɨ ɫɨɫɬɨɹɧɢɹ ɤɨɧɫɬɪɭɤɰɢɣ; 

– ɫɧɢɠɟɧɢɟ ɦɚɬɟɪɢɚɥɶɧɵɯ ɡɚɬɪɚɬ ɡɚ ɫɱɟɬ 
ɨɩɪɟɞɟɥɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɩɪɨɜɟɞɟɧɢɹ ɬɟ-
ɤɭɳɢɯ ɪɟɦɨɧɬɧɵɯ ɪɚɛɨɬ ɞɨ ɦɨɦɟɧɬɚ, ɤɨɝɞɚ ɜɟ-
ɪɨɹɬɧɨɫɬɶ ɨɬɤɚɡɚ ɤɨɧɫɬɪɭɤɰɢɣ ɫɬɚɧɨɜɢɬɫɹ ɜɵ-
ɲɟ ɩɨɤɚɡɚɬɟɥɹ ɢɯ ɧɚɞɟɠɧɨɫɬɢ; 

–  ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɢɫɩɨɥɶɡɨ-
ɜɚɧɢɹ ɫɨɡɞɚɧɧɨɣ ɢɧɬɟɝɪɢɪɨɜɚɧɧɨɣ ɢɧɮɨɪɦɚ-
ɰɢɨɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɫɢɥɚɦɢ ɫɩɟɰɢɚɥɢɫɬɨɜ 
ɲɢɪɨɤɨɝɨ ɤɪɭɝɚ ɩɪɨɟɤɬɧɵɯ ɢ ɫɬɪɨɢɬɟɥɶɧɵɯ 
ɨɪɝɚɧɢɡɚɰɢɣ; 

– ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɨɥɭɱɟɧ-
ɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɜ ɭɱɟɛɧɨɦ ɩɪɨɰɟɫɫɟ ɩɪɢ 
ɩɨɞɝɨɬɨɜɤɟ ɢ ɩɟɪɟɩɨɞɝɨɬɨɜɤɟ ɫɩɟɰɢɚɥɢɫɬɨɜ ɜ 
ɨɛɥɚɫɬɢ ɨɛɟɫɩɟɱɟɧɢɹ ɛɟɡɨɩɚɫɧɨɫɬɢ ɢ ɦɨɧɢɬɨ-
ɪɢɧɝɚ ɜɵɫɨɬɧɵɯ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ. 

Ɉɫɧɨɜɧɵɦɢ ɩɨɞɫɢɫɬɟɦɚɦɢ ɪɚɡɪɚɛɚɬɵɜɚɟ-
ɦɨɣ ɫɢɫɬɟɦɵ ɦɨɧɢɬɨɪɢɧɝɚ ɜɵɫɨɬɧɨɝɨ ɨɛɴɟɤɬɚ 
ɞɨɥɠɧɵ ɛɵɬɶ: ɚɜɬɨɦɚɬɢɱɟɫɤɚɹ (ɫɢɝɧɚɥɶɧɚɹ) 
ɩɨɞɫɢɫɬɟɦɚ ɦɨɧɢɬɨɪɢɧɝɚ (ɨɩɨɜɟɳɟɧɢɟ ɥɸɞɟɣ 
ɨ ɜɨɡɧɢɤɧɨɜɟɧɢɢ ɚɜɚɪɢɣɧɨɣ ɫɢɬɭɚɰɢɢ) ɢ ɩɨɞ-
ɫɢɫɬɟɦɚ ɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɦɨɧɢɬɨɪɢɧɝɚ (ɨɰɟɧɤɚ 
ɧɚɞɟɠɧɨɫɬɢ ɨɛɴɟɤɬɚ, ɨɩɪɟɞɟɥɟɧɢɟ ɪɟɤɨɦɟɧɞɚ-
ɰɢɣ ɩɨ ɞɚɥɶɧɟɣɲɟɣ ɛɟɡɨɩɚɫɧɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ). 

Аɜɬɨɦɚɬɢɱɟɫɤɚɹ (ɫɢɝɧɚɥɶɧɚɹ) ɩɨɞɫɢɫɬɟɦɚ 
ɦɨɧɢɬɨɪɢɧɝɚ ɫɨɫɬɨɹɧɢɹ ɧɟɫɭɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ 
ɞɨɥɠɧɚ ɨɫɭɳɟɫɬɜɥɹɬɶ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ 
ɜɪɟɦɟɧɢ ɤɨɧɬɪɨɥɶ ɤɪɢɬɢɱɟɫɤɢ ɜɚɠɧɵɯ ɢɧɬɟ-
ɝɪɚɥɶɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɧɚɞɟɠɧɨɫɬɢ ɤɨɧɫɬ-
ɪɭɤɰɢɣ ɨɛɴɟɤɬɚ, ɫ ɰɟɥɶɸ ɨɩɨɜɟɳɟɧɢɹ ɨ ɩɪɟ-
ɜɵɲɟɧɢɢ ɩɪɟɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɯ ɜɟɥɢɱɢɧ. 

Аɜɬɨɦɚɬɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ ɤɨɧɬɪɨɥɹ ɬɟɯ-
ɧɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɨɛɴɟɤɬɚ, ɧɚɪɹɞɭ ɫ ɞɪɭ-
ɝɢɦ ɫɢɫɬɟɦɚɦɢ ɤɨɧɬɪɨɥɹ (ɬɟɩɥɨ ɢ ɜɨɞɨɫɧɚɛ-
ɠɟɧɢɹ, ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɤɥɢɦɚɬɢɱɟ-
ɫɤɢɯ ɭɫɥɨɜɢɣ ɢ ɬ.ɩ.) ɮɭɧɤɰɢɨɧɢɪɭɟɬ ɜ ɚɜɬɨ-
ɦɚɬɢɱɟɫɤɨɦ ɪɟɠɢɦɟ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɤɨɧ-
ɰɟɩɰɢɟɣ ɬɚɤ ɧɚɡɵɜɚɟɦɨɝɨ «ɭɦɧɨɝɨ ɞɨɦɚ». 
Иɫɯɨɞɧɚɹ ɢɧɮɨɪɦɚɰɢɹ ɨ ɫɨɫɬɨɹɧɢɢ ɨɛɴɟɤɬɚ 
ɩɪɢ ɩɨɦɨɳɢ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɪɚɡɥɢɱɧɨɝɨ 
ɬɢɩɚ – ɥɢɧɟɣɧɵɯ ɢ ɭɝɥɨɜɵɯ ɩɟɪɟɦɟɳɟɧɢɣ, 

ɭɫɢɥɢɣ ɢ ɧɚɩɪɹɠɟɧɢɣ ɢ ɬ.ɞ. ɫɨɛɢɪɚɟɬɫɹ ɧɚ 
ɤɨɦɩɶɸɬɟɪɢɡɨɜɚɧɧɵɯ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɩɪɢɛɨ-
ɪɚɯ ɜ ɩɪɟɞɟɥɚɯ ɥɨɤɚɥɶɧɵɯ ɡɨɧ, ɨɛɟɫɩɟɱɢ-
ɜɚɸɳɢɯ ɫɬɚɛɢɥɶɧɨɫɬɶ ɢɡɦɟɪɟɧɢɣ. Ⱦɚɥɟɟ, ɩɨ 
ɥɨɤɚɥɶɧɵɦ ɤɨɦɩɶɸɬɟɪɧɵɦ ɫɟɬɹɦ ɢɧɮɨɪɦɚ-
ɰɢɹ ɩɨɫɬɭɩɚɟɬ ɢ ɨɛɪɚɛɚɬɵɜɚɟɬɫɹ ɜ ɰɟɧɬɪɚɥɢ-
ɡɨɜɚɧɧɨɦ ɞɢɫɩɟɬɱɟɪɫɤɨɦ ɩɭɧɤɬɟ, ɫɜɨɟɜɪɟ-
ɦɟɧɧɨ ɜɵɞɚɜɚɹ ɩɪɟɞɭɩɪɟɠɞɟɧɢɟ ɨ ɜɨɡɦɨɠɧɨ-
ɫɬɢ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɚɜɚɪɢɣɧɨɣ ɫɢɬɭɚɰɢɢ. 

ɋɨɜɪɟɦɟɧɧɵɣ ɩɨɞɯɨɞ ɤ ɜɨɩɪɨɫɚɦ ɛɟɡɨɩɚɫ-
ɧɨɫɬɢ ɜɵɫɨɬɧɵɯ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ ɬɪɟɛɭɟɬ 
ɪɚɡɪɚɛɨɬɤɢ ɫɢɫɬɟɦ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɤɨɧɬɪɨɥɹ 
ɧɚ ɫɬɚɞɢɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɫ ɭɱɟɬɨɦ ɨɫɧɨɜɧɵɯ 
ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɢ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɨɫɨɛɟɧɧɨ-
ɫɬɟɣ ɨɛɴɟɤɬɚ, ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɢɯ ɪɟɚɥɢɡɚɰɢɟɣ 
ɩɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ. Ⱦɥɹ ɛɨɥɟɟ 
ɷɮɮɟɤɬɢɜɧɨɝɨ ɩɪɟɞɭɩɪɟɠɞɟɧɢɹ ɪɚɡɜɢɬɢɹ ɚɜɚ-
ɪɢɣɧɵɯ ɫɢɬɭɚɰɢɣ ɬɚɤɢɟ ɫɢɫɬɟɦɵ ɞɨɥɠɧɵ ɞɨ-
ɩɨɥɧɹɬɶɫɹ ɩɪɨɰɟɞɭɪɚɦɢ ɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɤɨɧ-
ɬɪɨɥɹ ɮɢɡɢɱɟɫɤɢɯ ɢ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬ-
ɪɨɜ ɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɤɨɧɫɬɪɭɤɰɢɣ. 

ɉɨɞɫɢɫɬɟɦɚ ɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɦɨɧɢɬɨɪɢɧ-
ɝɚ ɫɨɫɬɨɹɧɢɹ ɧɟɫɭɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɨɫɭɳɟɫɬ-
ɜɥɹɟɬ ɤɨɧɬɪɨɥɶ ɩɨɤɚɡɚɬɟɥɟɣ, ɯɚɪɚɤɬɟɪɢɡɭɸ-
ɳɢɯ ɧɚɞɟɠɧɨɫɬɶ ɤɨɧɫɬɪɭɤɰɢɣ, ɫ ɰɟɥɶɸ ɩɪɟ-
ɞɭɩɪɟɠɞɟɧɢɹ ɫɢɬɭɚɰɢɣ, ɩɪɢ ɤɨɬɨɪɵɯ ɡɧɚɱɟ-
ɧɢɹ ɪɟɝɢɫɬɪɢɪɭɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ ɩɪɟɜɵɫɹɬ 
ɢɯ ɩɪɟɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɟ ɜɟɥɢɱɢɧɵ, ɭɫɬɚ-
ɧɨɜɥɟɧɧɵɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɧɨɪɦɚɦɢ ɩɪɨ-
ɟɤɬɢɪɨɜɚɧɢɹ. Ɉɞɧɢɦ ɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɩɟɪɢɨ-
ɞɢɱɟɫɤɨɝɨ ɦɨɧɢɬɨɪɢɧɝɚ ɹɜɥɹɟɬɫɹ ɨɰɟɧɤɚ 
ɇȾɋ ɧɟɫɭɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɩɪɢ ɩɨɦɨɳɢ ɤɨ-
ɧɟɱɧɨɷɥɟɦɟɧɬɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢɯ ɪɚɛɨɬɵ 
ɫ ɭɱɟɬɨɦ ɢɡɦɟɧɹɸɳɢɯɫɹ ɭɫɥɨɜɢɣ ɷɤɫɩɥɭɚɬɚ-
ɰɢɢ ɢ ɧɚɤɨɩɥɟɧɧɵɯ ɩɨɜɪɟɠɞɟɧɢɣ.  

Ƚɟɨɞɟɡɢɱɟɫɤɢɣ ɦɨɧɢɬɨɪɢɧɝ ɞɟɮɨɪɦɚɰɢ-
ɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ ɹɜɥɹɟɬɫɹ ɜɚɠɧɟɣɲɟɣ ɫɨ-
ɫɬɚɜɥɹɸɳɟɣ ɫɢɫɬɟɦɵ ɤɨɧɬɪɨɥɹ ɬɟɯɧɢɱɟɫɤɨɣ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ɜɵɫɨɬɧɵɯ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟ-
ɧɢɣ ɢɡ-ɡɚ ɜɟɬɪɨɜɵɯ ɞɢɧɚɦɢɱɟɫɤɢɯ ɜɨɡɞɟɣɫɬ-
ɜɢɣ, ɚ ɬɚɤɠɟ ɫɥɨɠɧɵɯ ɢɧɠɟɧɟɪɧɨ-
ɝɟɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ ɷɤɫɩɥɭɚɬɚɰɢɢ. Ɇɟɬɨ-
ɞɢɤɚ ɝɟɨɞɟɡɢɱɟɫɤɨɝɨ ɦɨɧɢɬɨɪɢɧɝɚ ɞɥɹ ɜɵ-
ɫɨɬɧɵɯ ɨɛɴɟɤɬɨɜ ɪɚɡɪɚɛɚɬɵɜɚɟɬɫɹ ɫ ɭɱɟɬɨɦ 
ɢɯ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ, ɚɪɯɢɬɟɤɬɭɪɧɵɯ ɨɫɨɛɟɧ-
ɧɨɫɬɟɣ, ɚ ɬɚɤɠɟ ɝɟɨɥɨɝɢɱɟɫɤɢɯ, ɬɟɯɧɨɥɨɝɢɱɟ-
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ɫɤɢɯ ɢ ɬɟɯɧɢɱɟɫɤɢɯ ɩɪɢɱɢɧ ɜɨɡɧɢɤɧɨɜɟɧɢɹ 
ɞɟɮɨɪɦɚɰɢɣ. 

Ⱦɟɮɨɪɦɚɰɢɢ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɨɛɴɟɤɬɨɜ 
ɦɨɝɭɬ ɢɦɟɬɶ ɫɥɨɠɧɵɣ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɣ ɯɚ-
ɪɚɤɬɟɪ. ɉɪɨɫɬɪɚɧɫɬɜɟɧɧɵɟ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɟɮɨɪɦɚɰɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ 
ɦɨɝɭɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɵ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɰɟɥɨ-
ɝɨ ɪɹɞɚ ɪɚɡɧɨɨɛɪɚɡɧɵɯ ɝɟɨɞɟɡɢɱɟɫɤɢɯ ɦɟɬɨ-
ɞɨɜ ɢ ɫɨɜɪɟɦɟɧɧɵɯ ɩɪɢɛɨɪɨɜ.  

ɉɟɪɫɩɟɤɬɢɜɧɵɦɢ ɝɟɨɞɟɡɢɱɟɫɤɢɦɢ ɫɪɟɞɫɬ-
ɜɚɦɢ, ɢɫɩɨɥɶɡɭɟɦɵɦɢ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ 
ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ-ɤɨɨɪɞɢɧɚɬɧɨɝɨ ɦɨɧɢɬɨɪɢɧ-
ɝɚ, ɹɜɥɹɸɬɫɹ ɩɪɢɛɨɪɵ GPS-
ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ, ɤɨɬɨɪɵɟ ɧɚ ɫɨɜɪɟɦɟɧɧɨɦ 
ɷɬɚɩɟ ɩɨɡɜɨɥɹɸɬ ɨɩɪɟɞɟɥɹɬɶ ɩɪɨɫɬɪɚɧɫɬɜɟɧ-
ɧɵɟ ɤɨɨɪɞɢɧɚɬɵ ɬɨɱɟɤ ɫ ɬɨɱɧɨɫɬɶɸ ɞɨ 1 ɫɦ, 
ɱɬɨ ɞɥɹ ɜɵɫɨɬɧɵɯ ɨɛɴɟɤɬɨɜ ɫ ɜɨɡɦɨɠɧɵɦɢ 
ɝɨɪɢɡɨɧɬɚɥɶɧɵɦɢ ɩɟɪɟɦɟɳɟɧɢɹɦɢ ɩɨɪɹɞɤɚ 
ɧɟɫɤɨɥɶɤɢɯ ɞɟɫɹɬɤɨɜ ɫɚɧɬɢɦɟɬɪɨɜ ɩɪɟɞɫɬɚɜ-
ɥɹɟɬ ɞɨɜɨɥɶɧɨ ɜɵɫɨɤɭɸ ɬɨɱɧɨɫɬɶ. 

ɋ ɩɨɦɨɳɶɸ GPS-ɫɢɫɬɟɦ ɷɮɮɟɤɬɢɜɧɨ ɨɩ-
ɪɟɞɟɥɹɸɬɫɹ ɞɢɧɚɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɤɨɥɟɛɚ-
ɧɢɣ ɜɵɫɨɬɧɵɯ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ ɨɬ ɜɟɬɪɨ-
ɜɵɯ ɜɨɡɞɟɣɫɬɜɢɣ. ɇɚ ɨɫɧɨɜɟ ɩɨɫɬɨɛɪɚɛɨɬɤɢ 
ɢɧɮɨɪɦɚɰɢɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɮɨɧɨɜɵɟ ɢ ɪɟɡɨ-
ɧɚɧɫɧɵɟ ɤɨɦɩɨɧɟɧɬɵ ɫɦɟɳɟɧɢɹ ɜ ɧɚɩɪɚɜɥɟɧɢ-
ɹɯ ɩɨ ɜɟɬɪɭ ɢ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɟɦɭ, ɱɬɨ ɞɚɟɬ 
ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨ ɮɨɧɨɜɨɦ ɤɨɦɩɨɧɟɧɬɟ ɫɬɪɭɤ-
ɬɭɪɧɨɣ ɪɟɚɤɰɢɢ ɜɵɫɨɬɧɨɝɨ ɨɛɴɟɤɬɚ.  

Ⱦɥɹ ɤɨɧɬɪɨɥɹ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ ɩɨɥɨɠɟ-
ɧɢɹ ɨɛɴɟɤɬɨɜ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɫɨɜɪɟ-
ɦɟɧɧɵɟ ɷɥɟɤɬɪɨɧɧɵɟ ɬɚɯɟɨɦɟɬɪɵ, ɨɬɜɟɱɚɸɳɢɟ 
ɡɚɞɚɧɧɵɦ ɬɪɟɛɨɜɚɧɢɹɦ ɤ ɬɨɱɧɨɫɬɢ ɢɡɦɟɪɟɧɢɹ 
ɞɟɮɨɪɦɚɰɢɣ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ. В ɤɚɱɟɫɬɜɟ 
ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɯ ɫɢɫɬɟɦ ɧɟɩɪɟɪɵɜɧɨɝɨ 
ɤɨɧɬɪɨɥɹ ɩɟɪɟɦɟɳɟɧɢɣ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ 
ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɵ ɧɚ ɫɟɝɨɞɧɹ ɪɟɲɟɧɢɹ, 
ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɬɚɤɢɦɢ ɩɪɨɢɡɜɨɞɢɬɟɥɹɦɢ ɤɚɤ 
Trimble Navigation ɢ Leica Geosystem. 

Ȼɟɡɨɬɪɚɠɚɬɟɥɶɧɵɟ ɬɚɯɟɨɦɟɬɪɵ ɩɨɡɜɨɥɹɸɬ 
ɩɪɨɢɡɜɨɞɢɬɶ ɫ ɜɵɫɨɤɨɣ ɬɨɱɧɨɫɬɶɸ ɫɴɟɦɤɭ ɧɟ-
ɞɨɫɬɭɩɧɵɯ ɞɥɹ ɭɫɬɚɧɨɜɤɢ ɨɬɪɚɠɚɬɟɥɶɧɵɯ 
ɩɪɢɡɦ ɬɨɱɟɤ ɧɚ ɮɚɫɚɞɚɯ ɡɞɚɧɢɣ. Вɨɡɦɨɠɧɨɫɬɶ 
ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɯ ɢɡɦɟɪɟɧɢɣ ɨɛɟɫɩɟɱɢɜɚɟɬ 
ɫɢɫɬɟɦɚ ɫɚɦɨɧɚɜɟɞɟɧɢɹ ɩɪɢɛɨɪɨɜ ɧɚ ɫɩɟɰɢ-
ɚɥɶɧɵɟ ɚɤɬɢɜɧɵɟ ɨɬɪɚɠɚɬɟɥɢ (ɬɟɯɧɨɥɨɝɢɹ Au-
tolock). Ɋɨɛɨɬɢɡɢɪɨɜɚɧɧɵɟ ɢɡɦɟɪɟɧɢɹ ɨɫɭɳɟ-

ɫɬɜɥɹɸɬɫɹ ɫ ɩɨɦɨɳɶɸ ɬɟɯɧɨɥɨɝɢɢ Robotic, ɩɪɢ 
ɷɬɨɦ ɭɩɪɚɜɥɟɧɢɟ ɩɪɢɛɨɪɨɦ ɢ ɫɛɨɪ ɞɚɧɧɵɯ ɢɡ-
ɦɟɪɟɧɢɣ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɞɢɫɬɚɧɰɢɨɧɧɨ ɩɨ ɪɚ-
ɞɢɨɦɨɞɟɦɭ. Ɋɨɛɨɬɢɡɢɪɨɜɚɧɧɵɟ ɫɢɫɬɟɦɵ ɷɮ-
ɮɟɤɬɢɜɧɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɫɥɟɠɟɧɢɹ ɡɚ ɞɟ-
ɮɨɪɦɚɰɢɹɦɢ ɨɛɴɟɤɬɨɜ, ɫɴɟɦɤɢ ɞɜɢɠɭɳɢɯɫɹ 
ɨɛɴɟɤɬɨɜ ɢ ɬ.ɞ. В ɷɥɟɤɬɪɨɧɧɨɦ ɬɚɯɟɨɦɟɬɪɟ 
Trimble S8 (ɬɨɱɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɭɝɥɨɜ 1” ɢ 
ɪɚɫɫɬɨɹɧɢɣ 1ɦɦ+1ɦɦ/ɤɦ), ɫɩɟɰɢɚɥɶɧɨ ɪɚɡɪɚ-
ɛɨɬɚɧɧɨɦ ɞɥɹ ɦɨɧɢɬɨɪɢɧɝɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɬɟɯ-
ɧɨɥɨɝɢɹ MultiTrackTM, ɤɨɬɨɪɚɹ ɩɪɟɞɨɫɬɚɜɥɹɟɬ 
ɜɨɡɦɨɠɧɨɫɬɶ ɫɥɟɠɟɧɢɹ ɤɚɤ ɡɚ ɩɚɫɫɢɜɧɵɦɢ ɨɬ-
ɪɚɠɚɬɟɥɹɦɢ, ɬɚɤ ɢ ɡɚ ɚɤɬɢɜɧɵɦɢ ɨɬɪɚɠɚɬɟɥɹɦɢ 
ɧɚ ɨɱɟɧɶ ɛɨɥɶɲɢɯ ɪɚɫɫɬɨɹɧɢɹɯ. ɉɪɨɝɪɚɦɦɧɨɟ 
ɨɛɟɫɩɟɱɟɧɢɟ Trimble 4D Control ɫɱɢɬɵɜɚɟɬ 
ɞɚɧɧɵɟ ɩɪɢɟɦɨɜ ɢɡ Trimble S8 ɜ ɜɢɞɟ ɨɬɞɟɥɶ-
ɧɵɯ ɫɟɚɧɫɨɜ ɢ ɭɤɚɡɵɜɚɟɬ ɥɸɛɨɟ ɩɟɪɟɦɟɳɟɧɢɟ 
ɰɟɥɟɣ ɫ ɬɟɱɟɧɢɟɦ ɜɪɟɦɟɧɢ. ɉɪɨɝɪɚɦɦɚ ɧɚ-
ɫɬɪɚɢɜɚɟɬɫɹ ɞɥɹ ɩɪɟɞɨɫɬɚɜɥɟɧɢɹ ɬɚɤɢɯ ɮɭɧɤ-
ɰɢɣ, ɤɚɤ ɩɪɟɞɭɩɪɟɠɞɟɧɢɹ ɨ ɩɟɪɟɦɟɳɟɧɢɢ ɰɟɥɢ 
ɢ ɨɩɨɜɟɳɟɧɢɹ. 

Ʌɚɡɟɪɧɨɟ ɫɤɚɧɢɪɨɜɚɧɢɟ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ 
ɞɟɧɶ ɡɚɪɟɤɨɦɟɧɞɨɜɚɥɨ ɫɟɛɹ ɤɚɤ ɜɵɫɨɤɨɩɪɨɢɡ-
ɜɨɞɢɬɟɥɶɧɚɹ ɬɟɯɧɨɥɨɝɢɹ, ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɷɮ-
ɮɟɤɬɢɜɧɨ ɩɪɢɦɟɧɹɬɶɫɹ ɞɥɹ ɪɟɲɟɧɢɹ ɩɪɨɛɥɟɦɵ 
ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ-ɤɨɨɪɞɢɧɚɬɧɨɝɨ ɦɨɧɢɬɨɪɢɧɝɚ 
ɨɛɴɟɤɬɨɜ ɛɨɥɶɲɨɣ ɫɥɨɠɧɨɫɬɢ ɢ ɧɚɫɵɳɟɧɧɨ-
ɫɬɢ. Ɍɨɱɧɨɫɬɶ ɢɡɦɟɪɟɧɢɣ ɥɚɡɟɪɧɵɯ ɫɤɚɧɟɪɨɜ 
ɥɟɠɢɬ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 1ɦɦ ɞɨ 10ɦɦ ɧɚ ɪɚɫɫɬɨɹ-
ɧɢɹɯ ɞɨ 1000ɦ, ɩɪɢ ɷɬɨɦ ɤɨɥɢɱɟɫɬɜɨ ɢɡɦɟɪɟ-
ɧɢɣ ɜ ɫɟɤɭɧɞɭ ɦɨɠɟɬ ɫɨɫɬɚɜɥɹɬɶ ɞɨ 100 000 
ɬɨɱɟɤ.  

ɉɟɪɜɢɱɧɵɦ ɪɟɡɭɥɶɬɚɬɨɦ ɩɨɥɭɱɚɟɦɵɯ ɞɚɧ-
ɧɵɯ ɹɜɥɹɟɬɫɹ ɬɪɟɯɦɟɪɧɨɟ ɨɛɥɚɤɨ ɬɨɱɟɤ, ɩɪɟɨɛ-
ɪɚɡɭɟɦɨɟ ɡɚɬɟɦ ɫ ɩɨɦɨɳɶɸ ɫɩɟɰɢɚɥɶɧɨɝɨ ɩɪɨ-
ɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɜ ɷɥɟɤɬɪɨɧɧɭɸ ɩɪɨ-
ɫɬɪɚɧɫɬɜɟɧɧɭɸ ɦɨɞɟɥɶ ɨɛɴɟɤɬɚ, ɧɚ ɨɫɧɨɜɚɧɢɢ 
ɤɨɬɨɪɨɣ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɟɪɟɦɟɳɟɧɢɹ, ɢ ɨɰɟɧɢ-
ɜɚɟɬɫɹ ɫɨɫɬɨɹɧɢɟ ɡɞɚɧɢɹ ɢɥɢ ɫɨɨɪɭɠɟɧɢɹ ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɩɪɟɞɵɞɭɳɢɦ ɷɬɚɩɨɦ ɢɡɦɟɪɟɧɢɣ.  

ɉɪɢ ɤɨɧɬɪɨɥɟ ɞɟɮɨɪɦɚɰɢɣ ɜɵɫɨɬɧɵɯ ɡɞɚ-
ɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ ɢɫɩɨɥɶɡɭɟɬɫɹ, ɬɚɤ ɧɚɡɵɜɚɟ-
ɦɚɹ, ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ-ɤɨɨɪɞɢɧɚɬɧɚɹ ɦɨɞɟɥɶ 
(ɉК-ɦɨɞɟɥɶ) ɨɛɴɟɤɬɚ. Ɇɨɞɟɥɶ ɩɨɜɬɨɪɹɟɬ ɮɨɪ-
ɦɭ ɡɞɚɧɢɹ ɢɥɢ ɫɨɨɪɭɠɟɧɢɹ, ɟɟ ɬɨɱɤɢ ɪɚɡɦɟɳɟ-
ɧɵ ɜ ɨɫɧɨɜɧɵɯ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɭɡɥɚɯ ɨɛɴɟɤɬɚ, 
ɜ ɱɚɫɬɧɨɫɬɢ ɜ ɭɡɥɚɯ ɤɚɪɤɚɫɚ. В ɷɬɢɯ ɬɨɱɤɚɯ 



ɇɟɤɨɬɨɪɵɟ ɚɤɬɭɚɥɶɧɵɟ ɜɨɩɪɨɫɵ ɩɪɨɝɧɨɡɧɨɝɨ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫɨɫɬɨɹɧɢɹ ɫɨɰɢɚɥɶɧɨ ɡɧɚɱɢɦɵɯ 
ɨɛɴɟɤɬɨɜ  ɝɨɪɨɞɚ 

 International Journal for Computational Civil and Structural Engineering 139

ɪɚɡɦɟɳɚɸɬɫɹ ɫɩɟɰɢɚɥɶɧɵɟ ɨɬɪɚɠɚɬɟɥɶɧɵɟ 
ɦɚɪɤɢ, ɩɨɡɜɨɥɹɸɳɢɟ ɮɢɤɫɢɪɨɜɚɬɶ ɩɪɨɫɬɪɚɧɫɬ-
ɜɟɧɧɵɟ ɤɨɨɪɞɢɧɚɬɵ ɜ ɯɨɞɟ ɥɚɡɟɪɧɨɣ ɬɚɯɟɨɦɟɬ-
ɪɢɱɟɫɤɨɣ ɫɴɟɦɤɢ. ɍɡɥɵ ɉК-ɦɨɞɟɥɢ ɫ ɨɩɪɟɞɟ-
ɥɟɧɧɨɣ ɬɨɱɧɨɫɬɶɸ ɫɨɜɩɚɞɚɸɬ ɫ ɭɡɥɚɦɢ ɤɨɧɟɱ-
ɧɨɷɥɟɦɟɧɬɧɨɣ ɦɨɞɟɥɢ ɫɨɨɪɭɠɟɧɢɹ (ɆКЭ-
ɦɨɞɟɥɶ) (ɪɢɫ. 2.1) 

ȿɫɥɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɧɚɝɪɭɡɤɢ ɨɫɬɚɜɚ-
ɥɢɫɶ ɫɬɚɛɢɥɶɧɵɦɢ, ɬɨ ɢɡɦɟɧɟɧɢɹ ɩɪɨɫɬɪɚɧɫɬ-
ɜɟɧɧɵɯ ɤɨɨɪɞɢɧɚɬ ɭɡɥɨɜ ɉК-ɦɨɞɟɥɢ, ɡɚɮɢɤɫɢ-
ɪɨɜɚɧɧɵɟ ɜ ɯɨɞɟ ɩɨɜɬɨɪɧɨɣ ɬɚɯɟɨɦɟɬɪɢɱɟɫɤɨɣ 
ɫɴɟɦɤɢ, ɹɜɥɹɸɬɫɹ ɫɥɟɞɫɬɜɢɟɦ ɢɦɟɜɲɢɯ ɦɟɫɬɨ 
ɫɦɟɳɟɧɢɣ, ɜɵɡɜɚɧɧɵɯ ɪɚɡɥɢɱɧɵɦɢ ɩɪɢɪɨɞɧɨ-
ɬɟɯɧɨɝɟɧɧɵɦɢ ɩɪɢɱɢɧɚɦɢ ɨɫɧɨɜɚɧɢɹ. ɋɬɟɩɟɧɶ 
ɜɥɢɹɧɢɹ ɷɬɢɯ ɫɦɟɳɟɧɢɣ ɧɚ ɇȾɋ ɧɟɫɭɳɢɯ ɤɨɧ-
ɫɬɪɭɤɰɢɣ ɨɛɴɟɤɬɚ ɦɨɠɧɨ ɨɰɟɧɢɜɚɬɶ ɩɨ ɆКЭ-
ɦɨɞɟɥɢ, ɤ ɤɨɬɨɪɨɣ, ɩɨɦɢɦɨ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ 
ɧɚɝɪɭɡɨɤ, ɩɪɢɤɥɚɞɵɜɚɸɬɫɹ «ɧɚɥɨɠɟɧɧɵɟ ɩɟ-
ɪɟɦɟɳɟɧɢɹ» ɜ ɭɡɥɚɯ ɉК-ɦɨɞɟɥɢ. ɉɪɢ ɷɬɨɦ ɨɬ-
ɫɭɬɫɬɜɢɟ ɩɨɥɧɨɣ ɤɚɪɬɢɧɵ ɢ ɩɪɢɱɢɧɵ ɫɦɟɳɟ-
ɧɢɣ ɤɨɦɩɟɧɫɢɪɭɟɬɫɹ ɡɧɚɧɢɟɦ ɪɟɡɭɥɶɬɚɬɨɜ ɢɯ 
ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɨɛɴɟɤɬ. 

Иɬɚɤ, ɩɪɢ ɧɟɪɚɜɧɨɦɟɪɧɵɯ ɞɟɮɨɪɦɚɰɢɹɯ 
ɉК-ɦɨɞɟɥɶ ɨɛɴɟɤɬɚ ɱɚɫɬɢɱɧɨ ɨɬɪɚɠɚɟɬ ɩɪɨ-
ɫɬɪɚɧɫɬɜɟɧɧɵɟ ɞɟɮɨɪɦɚɰɢɢ, ɩɪɨɢɫɯɨɞɹɳɢɟ ɜ 
ɨɛɴɟɦɟ ɜɫɟɝɨ ɡɞɚɧɢɹ ɢɥɢ ɫɨɨɪɭɠɟɧɢɹ. ɆКЭ-
ɦɨɞɟɥɶ ɩɪɢ ɜɜɨɞɟ ɞɨɫɬɨɜɟɪɧɨ ɫɨɫɬɚɜɥɟɧɧɵɯ 
ɧɚɝɪɭɡɨɱɧɵɯ ɞɚɧɧɵɯ (ɩɟɪɟɦɟɳɟɧɢɣ ɭɡɥɨɜ ɉК-
ɦɨɞɟɥɢ) ɩɨɡɜɨɥɹɟɬ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɢɡɦɟɧɟɧɢɟ 
ɇȾɋ ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɨɰɟɧɢɜɚɬɶ ɢɯ ɮɚɤɬɢɱɟ-
ɫɤɭɸ ɧɟɫɭɳɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɜ ɡɚɞɚɧɧɵɯ ɭɫɥɨ-
ɜɢɹɯ ɷɤɫɩɥɭɚɬɚɰɢɢ ɨɛɴɟɤɬɚ. Ɉɰɟɧɤɚ ɜɥɢɹɧɢɹ 
ɡɚɮɢɤɫɢɪɨɜɚɧɧɵɯ ɩɟɪɟɦɟɳɟɧɢɣ ɤɨɧɬɪɨɥɢɪɭɟ-
ɦɵɯ ɭɡɥɨɜ ɉК-ɦɨɞɟɥɢ ɧɚ ɧɟɫɭɳɭɸ ɫɩɨɫɨɛ-
ɧɨɫɬɶ ɤɨɧɫɬɪɭɤɰɢɣ ɨɛɴɟɤɬɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ-
ɫɥɟ ɨɛɨɫɧɨɜɚɧɧɨɣ ɢɧɬɟɪɩɨɥɹɰɢɢ ɡɧɚɱɟɧɢɣ ɩɟ-
ɪɟɦɟɳɟɧɢɣ ɜ ɨɫɧɨɜɧɵɟ ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɭɡɥɵ 
ɆКЭ-ɦɨɞɟɥɢ (ɨɩɨɪɧɵɟ ɭɡɥɵ ɤɨɥɨɧɧ ɤɚɪɤɚɫɚ, 
ɭɡɥɵ ɫɨɟɞɢɧɟɧɢɹ ɤɨɥɨɧɧ ɢ ɝɥɚɜɧɵɯ ɛɚɥɨɤ ɩɟ-
ɪɟɤɪɵɬɢɣ, ɭɡɥɵ ɫɨɟɞɢɧɟɧɢɹ ɤɨɥɨɧɧ ɢ ɩɥɢɬ ɩɟ-
ɪɟɤɪɵɬɢɣ, ɭɡɥɵ ɫɨɟɞɢɧɟɧɢɹ ɧɟɫɭɳɢɯ ɫɬɟɧ ɜ 
ɭɪɨɜɧɟ ɩɟɪɟɤɪɵɬɢɣ ɷɬɚɠɟɣ ɢ ɞɪ.). 
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Ɋɢɫ. 2.1. ɉК-ɦɨɞɟɥɶ ɢ ɆКЭ-ɦɨɞɟɥɶ ɨɰɟɧɤɢ ɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ 

ɨɛɴɟɤɬɚ ɦɨɧɢɬɨɪɢɧɝɚ
 

В ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɨɥɢɱɟɫɬɜɚ ɤɨɧɬɪɨɥɢɪɭɟɦɵɯ ɭɡɥɨɜ ɉК-ɦɨɞɟɥɢ ɢ ɪɚɫɱɟɬɧɨɣ ɫɯɟɦɵ 
ɨɛɴɟɤɬɚ ɦɨɠɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɪɚɡɥɢɱɧɚɹ ɢɧɬɟɪɩɨɥɹɰɢɹ ɩɟɪɟɦɟɳɟɧɢɣ. Ⱦɥɹ ɜɵɱɢɫɥɟɧɢɹ ɩɪɨɦɟ-
ɠɭɬɨɱɧɵɯ ɡɧɚɱɟɧɢɣ ɩɟɪɟɦɟɳɟɧɢɣ ɨɫɧɨɜɧɵɯ ɭɡɥɨɜ ɆКЭ-ɦɨɞɟɥɢ ɢɫɬɢɧɧɚɹ ɮɭɧɤɰɢɹ ɩɟɪɟɦɟɳɟ-
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ɧɢɣ ɡɚɦɟɧɹɟɬɫɹ ɢɧɬɟɪɩɨɥɹɰɢɨɧɧɨɣ ɮɭɧɤɰɢɟɣ (Ni), ɤɨɬɨɪɚɹ ɜ ɭɡɥɚɯ ɆКЭ-ɦɨɞɟɥɢ, ɫɨɨɬɜɟɬɫɬɜɭɸ-
ɳɢɯ ɤɨɧɬɪɨɥɢɪɭɟɦɵɦ ɭɡɥɚɦ ɉК-ɦɨɞɟɥɢ, ɞɚɟɬ «ɬɨɱɧɵɟ» ɡɧɚɱɟɧɢɹ ɩɟɪɟɦɟɳɟɧɢɣ (Ui) ɢ ɩɨɡɜɨɥɹɟɬ 
ɨɩɪɟɞɟɥɹɬɶ ɡɧɚɱɟɧɢɹ ɩɟɪɟɦɟɳɟɧɢɣ ( iν ) ɜ ɢɫɤɨɦɵɯ ɨɫɧɨɜɧɵɯ ɭɡɥɚɯ ɦɨɞɟɥɢ. 

UNUN
n

i
ii == ∑=1

ν ,                                             (40) 

ɝɞɟ ν  – ɜɟɤɬɨɪ, ɷɥɟɦɟɧɬɚɦɢ ɤɨɬɨɪɨɝɨ ɹɜɥɹɸɬɫɹ ɩɟɪɟɦɟɳɟɧɢɹ ɨɫɧɨɜɧɵɯ ɭɡɥɨɜ ɆКЭ-ɦɨɞɟɥɢ; 
N  – ɦɚɬɪɢɰɚ, ɷɥɟɦɟɧɬɚɦɢ ɤɨɬɨɪɨɣ ɹɜɥɹɸɬɫɹ ɢɧɬɟɪɩɨɥɹɰɢɨɧɧɵɟ ɮɭɧɤɰɢɢ; U  – ɜɟɤɬɨɪ, ɷɥɟ-
ɦɟɧɬɚɦɢ ɤɨɬɨɪɨɝɨ ɹɜɥɹɸɬɫɹ ɩɟɪɟɦɟɳɟɧɢɹ ɤɨɧɬɪɨɥɢɪɭɟɦɵɯ ɭɡɥɨɜ ɉК-ɦɨɞɟɥɢ. 

Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɞɚɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɢɫɩɨɥɶɡɭɟɦɵɣ ɤɨɧɟɱɧɨɷɥɟɦɟɧɬɧɵɣ ɩɪɨɝɪɚɦɦɧɵɣ 
ɤɨɦɩɥɟɤɫ ɞɨɥɠɟɧ ɨɛɥɚɞɚɬɶ ɫɩɟɰɢɚɥɶɧɵɦ ɫɟɪɜɢɫɨɦ, ɩɨɡɜɨɥɹɸɳɢɦ ɩɪɨɜɨɞɢɬɶ ɢɧɬɟɪɩɨɥɹɰɢɸ 
ɩɟɪɟɦɟɳɟɧɢɣ ɭɡɥɨɜ ɜ ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ ɪɟɠɢɦɟ. 

Ɋɟɚɥɢɡɚɰɢɹ ɚɥɝɨɪɢɬɦɚ ɪɚɫɱɟɬɚ ɧɚ ɧɚɥɨɠɟɧɧɵɟ ɩɟɪɟɦɟɳɟɧɢɹ ɫɜɹɡɚɧɚ ɫ ɨɛɪɚɛɨɬɤɨɣ ɝɥɨ-
ɛɚɥɶɧɨɣ ɦɚɬɪɢɰɵ ɠɟɫɬɤɨɫɬɢ, ɬ.ɟ. ɫ ɡɚɞɚɧɢɟɦ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɧɟɧɭɥɟɜɵɦ 
ɡɧɚɱɟɧɢɹɦ ɥɢɧɟɣɧɵɯ ɩɟɪɟɦɟɳɟɧɢɣ ɭɡɥɨɜ ɷɥɟɦɟɧɬɨɜ ɤɨɧɫɬɪɭɤɰɢɣ. Ɋɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɞɜɟ ɝɪɭɩ-
ɩɵ ɭɡɥɨɜ:  ɭɡɥɵ, ɜ ɤɨɬɨɪɵɯ ɧɚɥɨɠɟɧɧɵɟ ɩɟɪɟɦɟɳɟɧɢɹ ɧɟ ɡɚɞɚɧɵ, ɢ ɭɡɥɵ, ɩɟɪɟɦɟɳɟɧɢɹ ɤɨɬɨ-
ɪɵɯ ɡɚɞɚɸɬɫɹ (ɨɫɧɨɜɧɵɟ ɭɡɥɵ ɆКЭ-ɦɨɞɟɥɢ). Ɋɚɡɪɟɲɚɸɳɚɹ ɫɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ ɢɦɟɟɬ ɜɢɞ: 
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ɝɞɟ )(
1

αv  – ɩɟɪɟɦɟɳɟɧɢɹ ɜ ɭɡɥɚɯ ɩɟɪɜɨɣ ɝɪɭɩɩɵ ɩɪɢ ɡɚɤɪɟɩɥɟɧɧɵɯ ɭɡɥɚɯ ɜɬɨɪɨɣ ɝɪɭɩɩɵ, ɜɵ-

ɡɜɚɧɧɵɟ ɧɚɝɪɭɡɤɨɣ )(
1

αf , ɩɪɢɥɨɠɟɧɧɨɣ ɤ ɭɡɥɚɦ ɩɟɪɜɨɣ ɝɪɭɩɩɵ; )(
1

βv  – ɩɟɪɟɦɟɳɟɧɢɹ ɜ ɭɡɥɚɯ 

ɩɟɪɜɨɣ ɝɪɭɩɩɵ, ɜɵɡɜɚɧɧɵɟ ɩɟɪɟɦɟɳɟɧɢɹɦɢ ɭɡɥɨɜ ɜɬɨɪɨɣ ɝɪɭɩɩɵ, ɩɪɢ ɷɬɨɦ )(
1

)(
11

βα vvv += ; 
)(

2
βv  – ɩɟɪɟɦɟɳɟɧɢɹ ɜ ɭɡɥɚɯ ɜɬɨɪɨɣ ɝɪɭɩɩɵ; )(

2
αf  – ɪɟɚɤɰɢɢ ɜ ɡɚɤɪɟɩɥɟɧɧɵɯ ɭɡɥɚɯ ɜɬɨɪɨɣ 

ɝɪɭɩɩɵ, ɜɵɡɜɚɧɧɵɟ ɩɟɪɟɦɟɳɟɧɢɹɦɢ ɭɡɥɨɜ ɩɟɪɜɨɣ ɝɪɭɩɩɵ, ɩɪɢ ɷɬɨɦ )(
2

)(
22

βα fff +=  – ɧɚ-
ɝɪɭɡɤɚ, ɩɪɢɥɨɠɟɧɧɚɹ ɤ ɭɡɥɚɦ ɜɬɨɪɨɣ ɝɪɭɩɩɵ. 

 
ɋɭɳɟɫɬɜɟɧɧɨɟ ɫɨɤɪɚɳɟɧɢɟ ɨɛɴɟɦɚ ɢ 

ɜɪɟɦɟɧɢ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ ɞɨɫɬɢɝɚɟɬɫɹ ɜ 
ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɡɚ ɫɱɟɬ ɪɚɡɪɚɛɨɬɚɧɧɨɣ 
ɬɟɯɧɨɥɨɝɢɢ ɮɨɪɦɢɪɨɜɚɧɢɹ ɛɥɨɱɧɨɣ ɆКЭ-
ɦɨɞɟɥɢ, ɫɨɡɞɚɜɚɟɦɨɣ ɧɚ ɛɚɡɟ ɨɫɧɨɜɧɨɣ ɦɨ-
ɞɟɥɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɢɧɹɬɨɣ ɤɨɧɮɢɝɭɪɚ-
ɰɢɟɣ ɉК-ɦɨɞɟɥɢ (ɪɢɫ. 2.2). ɉɪɢ ɷɬɨɦ ɛɥɨɤɢ 
ɹɜɥɹɸɬɫɹ ɩɨɞɤɨɧɫɬɪɭɤɰɢɹɦɢ, ɬ.ɟ. ɨɛɥɚɞɚɸɬ 
ɫɜɨɣɫɬɜɚɦɢ ɪɚɫɱɟɬɧɨɣ ɦɨɞɟɥɢ. В ɞɚɧɧɨɦ 
ɫɥɭɱɚɟ ɪɚɫɱɟɬɭ ɦɨɠɟɬ ɩɨɞɜɟɪɝɚɬɶɫɹ ɫɢɫɬɟɦɚ 
ɤɨɧɬɪɨɥɢɪɭɟɦɵɯ ɛɥɨɤɨɜ, ɜɵɞɟɥɟɧɧɵɯ ɢɡ ɬɟ-
ɤɭɳɟɣ ɞɟɮɨɪɦɚɰɢɨɧɧɨɣ ɆКЭ-ɦɨɞɟɥɢ, ɝɪɚ-
ɧɢɱɧɵɟ ɭɡɥɵ ɤɨɬɨɪɵɯ ɢɫɩɵɬɵɜɚɸɬ ɧɚɢɛɨɥɟɟ 
ɡɧɚɱɢɬɟɥɶɧɵɟ ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɧɵɟ ɩɟɪɟɦɟ-
ɳɟɧɢɹ. 

 
Ɋɢɫ. 2.2. ɋɢɫɬɟɦɚ ɤɨɧɬɪɨɥɢɪɭɟɦɵɯ 

ɛɥɨɤɨɜ 
 



ɇɟɤɨɬɨɪɵɟ ɚɤɬɭɚɥɶɧɵɟ ɜɨɩɪɨɫɵ ɩɪɨɝɧɨɡɧɨɝɨ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫɨɫɬɨɹɧɢɹ ɫɨɰɢɚɥɶɧɨ ɡɧɚɱɢɦɵɯ 
ɨɛɴɟɤɬɨɜ  ɝɨɪɨɞɚ 
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ɆКЭ-ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɧɚ ɩɪɟɞɜɚɪɢɬɟɥɶ-
ɧɨɦ ɷɬɚɩɟ ɦɨɧɢɬɨɪɢɧɝɚ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟ-
ɥɢɬɶ ɩɪɟɞɟɥɶɧɵɟ ɞɟɮɨɪɦɚɰɢɨɧɧɵɟ ɩɨɤɚɡɚ-
ɬɟɥɢ, ɩɪɟɜɵɲɟɧɢɟ ɤɨɬɨɪɵɯ ɜ ɯɨɞɟ ɷɤɫɩɥɭɚ-
ɬɚɰɢɢ ɛɭɞɟɬ ɩɪɟɞɫɬɚɜɥɹɬɶ ɨɩɚɫɧɨɫɬɶ ɞɥɹ ɧɟ-
ɫɭɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɡɞɚɧɢɹ ɢɥɢ ɫɨɨɪɭɠɟɧɢɹ. 

Ɉɫɧɨɜɧɚɹ ɩɪɨɛɥɟɦɚ ɩɪɨɜɟɞɟɧɢɹ ɉК-
ɫɴɟɦɤɢ ɜɵɫɨɬɧɵɯ ɨɛɴɟɤɬɨɜ ɫɜɹɡɚɧɚ ɫ ɧɟɜɨɡ-
ɦɨɠɧɨɫɬɶɸ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɬɚɧɞɚɪɬɧɵɯ 
ɩɥɨɫɤɢɯ ɫɜɟɬɨɜɨɡɜɪɚɳɚɸɳɢɯ ɦɚɪɨɤ ɧɚ 
ɛɨɥɶɲɢɯ ɜɵɫɨɬɚɯ ɢ ɜ ɫɬɟɫɧɟɧɧɵɯ ɭɫɥɨɜɢɹɯ 
ɞɨɫɬɭɩɚ ɤ ɨɛɴɟɤɬɭ (ɪɢɫ. 2.3ɚ) ɢɡ-ɡɚ ɫɧɢɠɟɧɢɹ 
ɬɨɱɧɨɫɬɢ ɢɡɦɟɪɟɧɢɣ ɩɪɢ ɤɪɢɬɢɱɟɫɤɢɯ ɭɝɥɚɯ 
ɩɚɞɟɧɢɹ ɥɭɱɚ ɥɚɡɟɪɧɨɝɨ ɞɚɥɶɧɨɦɟɪɚ ɬɚɯɟɨ-
ɦɟɬɪɚ ɦɟɧɟɟ 30°-35° ɤ ɩɥɨɫɤɨɫɬɢ ɤɚɬɚɮɨɬɧɨ-
ɝɨ ɫɥɨɹ ɦɚɪɤɢ. Ⱦɚɧɧɵɟ ɨɝɪɚɧɢɱɟɧɢɹ ɜ ɪɚɦ-
ɤɚɯ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ ɩɪɟɨɞɨɥɟɧɵ ɩɭɬɟɦ 
ɫɨɡɞɚɧɢɹ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ 
ɉК-ɫɴɟɦɤɢ. В ɟɟ ɨɫɧɨɜɟ ɥɟɠɢɬ ɢɫɩɨɥɶɡɨɜɚ-
ɧɢɟ ɫɩɟɰɢɚɥɶɧɨ ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɫɮɟɪɢɱɟɫɤɢɯ 
ɫɜɟɬɨɜɨɡɜɪɚɳɚɸɳɢɯ ɦɚɪɨɤ, ɩɨɡɜɨɥɹɸɳɢɯ 
ɩɪɨɜɨɞɢɬɶ ɭɫɬɨɣɱɢɜɵɟ ɢɡɦɟɪɟɧɢɹ ɤɨɨɪɞɢɧɚɬ 
ɩɪɢ ɥɸɛɵɯ ɭɝɥɚɯ ɜɢɡɢɪɨɜɚɧɢɹ ɫ ɡɚɞɚɧɧɨɣ 
ɬɨɱɧɨɫɬɶɸ ɜ ɛɨɥɶɲɨɦ ɞɢɚɩɚɡɨɧɟ ɪɚɫɫɬɨɹ-
ɧɢɣ. ɋɮɟɪɢɱɟɫɤɚɹ ɫɜɟɬɨɜɨɡɜɪɚɳɚɸɳɚɹ ɦɚɪ-
ɤɚ (ɪɢɫ. 2.3ɛ) ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɮɟɪɭ ɪɚ-
ɞɢɭɫɨɦ 20ɦɦ, ɨɛɤɥɟɟɧɧɭɸ ɫɜɟɬɨɜɨɡɜɪɚ-
ɳɚɸɳɟɣ ɤɚɬɚɮɨɬɧɨɣ ɬɤɚɧɶɸ. ɉɪɢ ɧɚɜɟɞɟɧɢɢ 
ɧɚ ɬɚɤɢɟ ɦɚɪɤɢ ɫ ɥɸɛɨɣ ɬɨɱɤɢ ɫɬɨɹɧɢɹ ɬɚ-
ɯɟɨɦɟɬɪɚ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ 
ɧɨɪɦɚɥɶɧɨɟ ɩɚɞɟɧɢɟ ɥɭɱɚ ɤ ɫɮɟɪɢɱɟɫɤɨɣ ɩɨ-
ɜɟɪɯɧɨɫɬɢ ɜ ɬɨɱɤɟ ɧɚɜɟɞɟɧɢɹ ɢ ɩɪɨɯɨɠɞɟɧɢɟ 
ɟɝɨ ɩɪɨɞɨɥɠɟɧɢɹ ɱɟɪɟɡ ɰɟɧɬɪ ɫɮɟɪɵ, ɱɬɨ ɢɫ-
ɤɥɸɱɚɟɬ ɷɮɮɟɤɬ ɤɨɫɨɝɨ ɜɢɡɢɪɨɜɚɧɢɹ ɢ ɩɨ-
ɡɜɨɥɹɟɬ ɧɚɛɥɸɞɚɬɶ ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɧɚ ɮɚɫɚ-
ɞɟ ɨɛɴɟɤɬɚ ɦɚɪɤɢ ɫ ɥɸɛɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ ɛɟɡ 
ɫɧɢɠɟɧɢɹ ɬɨɱɧɨɫɬɢ ɧɚɜɟɞɟɧɢɹ (ɪɢɫ. 2.4). 

Вɨɡɧɢɤɚɸɳɚɹ ɤɨɧɫɬɚɧɬɚ ɢɡɦɟɪɟɧɢɣ (ɪɚɫ-
ɫɬɨɹɧɢɟ ɞɨ ɰɟɧɬɪɚ ɫɮɟɪɵ) ɨɩɪɟɞɟɥɹɟɬɫɹ ɷɤɫ-
ɩɟɪɢɦɟɧɬɚɥɶɧɨ ɞɥɹ ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɬɢɩɚ 
ɷɥɟɤɬɪɨɧɧɨɝɨ ɬɚɯɟɨɦɟɬɪɚ. 
Иɫɩɨɥɶɡɨɜɚɧɢɟ ɫɮɟɪɢɱɟɫɤɢɯ ɦɚɪɨɤ ɩɪɢ 

ɉК-ɫɴɟɦɤɟ ɜ ɭɫɥɨɜɢɹɯ ɩɥɨɬɧɨɣ ɝɨɪɨɞɫɤɨɣ 
ɡɚɫɬɪɨɣɤɢ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ ɛɨɥɟɟ ɩɨɥɧɭɸ 
ɤɚɪɬɢɧɭ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɞɟɮɨɪɦɚɰɢɣ 
ɨɛɴɟɤɬɚ ɡɚ ɫɱɟɬ ɭɜɟɥɢɱɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ 
ɜɧɟɲɧɢɯ ɭɡɥɨɜ ɉК-ɦɨɞɟɥɢ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ 
ɜ ɜɟɪɯɧɢɯ ɤɨɧɬɪɨɥɢɪɭɟɦɵɯ ɭɪɨɜɧɹɯ ɨɛɴɟɤɬɚ, 
ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɬɚɧɞɚɪɬ-
ɧɵɯ ɩɥɨɫɤɢɯ ɦɚɪɨɤ. 
Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɜ ɫɨɜɪɟɦɟɧɧɵɯ ɭɫɥɨɜɢɹɯ 

ɩɨɜɫɟɦɟɫɬɧɨɝɨ ɜɧɟɞɪɟɧɢɹ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ 
ɬɟɯɧɨɥɨɝɢɣ ɪɚɡɪɚɛɨɬɤɭ ɦɟɬɨɞɢɤɢ ɦɨɧɢɬɨ-
ɪɢɧɝɚ ɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜɵɫɨɬɧɵɯ 
ɦɨɧɨɥɢɬɧɵɯ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ ɫɥɨɠɧɨɣ 
ɚɪɯɢɬɟɤɬɭɪɧɨɣ ɮɨɪɦɵ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɨ 
ɨɫɭɳɟɫɬɜɥɹɬɶ ɜ ɪɚɦɤɚɯ ɢɧɬɟɝɪɢɪɨɜɚɧɧɨɣ 
ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ (ИИɌ). ИИɌ 
ɦɨɧɢɬɨɪɢɧɝɚ ɮɨɪɦɢɪɭɟɬɫɹ ɧɚ ɨɫɧɨɜɟ ɨɛɴɟ-
ɞɢɧɟɧɢɹ ɫɨɜɪɟɦɟɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɩɪɨɜɟɞɟ-
ɧɢɹ ɢɧɠɟɧɟɪɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ.  ɉɪɟɞɦɟɬɨɦ 
ИИɌ ɦɨɧɢɬɨɪɢɧɝɚ ɹɜɥɹɟɬɫɹ ɤɨɦɩɥɟɤɫɧɚɹ 
ɢɧɮɨɪɦɚɰɢɹ ɨ ɮɚɤɬɢɱɟɫɤɨɦ ɬɟɯɧɢɱɟɫɤɨɦ ɢ 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɦ ɫɨɫɬɨɹɧɢɢ ɨɛɴɟɤɬɚ ɜ 
ɮɨɪɦɟ ɤɨɦɩɥɟɤɬɚ ɢɫɩɨɥɧɢɬɟɥɶɧɨɣ ɞɨɤɭɦɟɧ-
ɬɚɰɢɢ. Ɍɟɯɧɢɱɟɫɤɨɣ ɨɫɧɨɜɨɣ ɩɪɟɞɥɚɝɚɟɦɨɣ 
ИИɌ ɹɜɥɹɟɬɫɹ ɚɩɩɚɪɚɬɧɨ–ɩɪɨɝɪɚɦɦɧɵɣ 
ɤɨɦɩɥɟɤɫ (АɉК), ɫɮɨɪɦɢɪɨɜɚɧɧɵɣ ɢɡ ɫɨ-
ɜɪɟɦɟɧɧɵɯ ɬɟɯɧɢɱɟɫɤɢɯ, ɚɩɩɚɪɚɬɧɵɯ ɢ ɩɪɨ-
ɝɪɚɦɦɧɵɯ ɫɪɟɞɫɬɜ ɩɪɨɜɟɞɟɧɢɹ ɢɧɠɟɧɟɪɧɵɯ 
ɢɫɫɥɟɞɨɜɚɧɢɣ, ɨɛɪɚɛɨɬɤɢ, ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ, 
ɩɟɪɟɞɚɱɢ ɢ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɢɧɮɨɪɦɚɰɢɢ ɨ 
ɪɟɡɭɥɶɬɚɬɚɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜ ɷɥɟɤɬɪɨɧɧɨɣ 
ɮɨɪɦɟ. 

 

ɚ) ɛ)   
Ɋɢɫ. 2.3. a) ɉɥɨɫɤɢɟ ɫɚɦɨɤɥɟɹɳɢɟɫɹ ɫɜɟɬɨɜɨɡɜɪɚɳɚɸɳɢɟ ɦɚɪɤɢ; 

ɛ) ɋɮɟɪɢɱɟɫɤɢɟ ɫɜɟɬɨɜɨɡɜɪɚɠɚɸɳɢɟ ɦɚɪɤɢ. 
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Ɋɢɫ. 2.4. ɏɚɪɚɤɬɟɪ ɨɬɪɚɠɟɧɢɹ ɫɮɟɪɢɱɟɫɤɨɣ ɫɜɟɬɨɜɨɡɜɪɚɳɚɸɳɟɣ ɦɚɪɤɢ. 

1 – ɬɨɱɤɚ ɧɚɜɟɞɟɧɢɹ; 2,3 – ɬɨɱɤɚ ɦɢɧɢɦɭɦɚ ɫɜɟɬɨɜɨɡɜɪɚɳɟɧɢɹ  
ɤɚɬɚɮɨɬɧɨɣ ɫɮɟɪɢɱɟɫɤɨɣ ɩɨɜɟɪɯɧɨɫɬɢ; 4 – ɤɨɧɫɬɚɧɬɚ  

ɫɜɟɬɨɜɨɡɜɪɚɳɚɸɳɟɣ ɫɮɟɪɢɱɟɫɤɨɣ ɦɚɪɤɢ; 5 – ɨɛɴɟɤɬɢɜ ɫɜɟɬɨɞɚɥɶɧɨɦɟɪɚ; 6 – ɫɮɟɪɚ ɫɨ ɫɜɟɬɨ-
ɜɨɡɜɪɚɳɹɸɳɢɦ ɤɚɬɚɮɨɬɧɵɦ ɩɨɤɪɵɬɢɟɦ; 7 – ɬɨɱɤɚ ɤɪɢɬɢɱɟɫɤɨɝɨ ɭɝɥɚ ɩɚɞɟɧɢɹ ɞɥɹ ɤɚɬɚɮɨɬ-

ɧɨɣ ɫɮɟɪɢɱɟɫɤɨɣ ɩɨɜɟɪɯɧɨɫɬɢ.
 

Ɂɚɦечɚɧиɹ. Иɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɨɞɢ-
ɥɢɫɶ ɜ ɪɚɦɤɚɯ ɫɥɟɞɭɸɳɢɯ ɪɚɛɨɬ: 

1. Ƚɪɚɧɬ ɇɒ-8684.2010.8 ɉɪɟɡɢɞɟɧɬɚ 
Ɋɨɫɫɢɣɫɤɨɣ Фɟɞɟɪɚɰɢɢ ɞɥɹ ɝɨɫɭɞɚɪɫɬɜɟɧ-
ɧɨɣ ɩɨɞɞɟɪɠɤɢ ɜɟɞɭɳɢɯ ɧɚɭɱɧɵɯ ɲɤɨɥ 
Ɋɨɫɫɢɣɫɤɨɣ Фɟɞɟɪɚɰɢɢ «Ɇɧɨɝɨɭɪɨɜɧɟɜɵɟ 
ɱɢɫɥɟɧɧɵɟ, ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɢ ɷɤɫɩɟɪɢɦɟɧ-
ɬɚɥɶɧɵɟ ɦɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɱɧɨɫɬɢ 
ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ ɫ ɭɱɟɬɨɦ ɤɨɧɫɬɪɭɤ-
ɬɢɜɧɵɯ ɢ ɮɢɡɢɱɟɫɤɢɯ ɨɫɨɛɟɧɧɨɫɬɟɣ» ɧɚ 
2010-2011 ɝɝ. 

2. Ƚɪɚɧɬ 2.3.9 Ɋɨɫɫɢɣɫɤɨɣ ɚɤɚɞɟɦɢɢ 
ɚɪɯɢɬɟɤɬɭɪɵ ɢ ɫɬɪɨɢɬɟɥɶɧɵɯ ɧɚɭɤ «Ɋɚɡɪɚ-
ɛɨɬɤɚ ɢ ɢɫɫɥɟɞɨɜɚɧɢɟ ɞɢɫɤɪɟɬɧɨ-
ɤɨɧɬɢɧɭɚɥɶɧɵɯ ɦɟɬɨɞɨɜ ɞɥɹ ɪɚɫɱɟɬɚ 
ɫɬɪɨɢɬɟɥɶɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɫ ɤɭɫɨɱɧɨ-
ɩɨɫɬɨɹɧɧɵɦɢ ɮɢɡɢɤɨ-ɝɟɨɦɟɬɪɢɱɟɫɤɢɦɢ 
ɩɚɪɚɦɟɬɪɚɦɢ ɩɨ ɨɞɧɨɦɭ ɢɡ ɧɚɩɪɚɜɥɟɧɢɣ» 
ɧɚ 2011-2013 ɝɝ. 

3. ɇИɊ «Ɋɚɡɪɚɛɨɬɤɚ ɬɟɨɪɢɢ ɢ ɚɥɝɨɪɢɬ-
ɦɨɜ ɩɨɫɬɪɨɟɧɢɹ ɤɨɪɪɟɤɬɧɵɯ ɚɧɚɥɢɬɢɱɟ-
ɫɤɢɯ ɪɟɲɚɬɟɥɟɣ ɦɧɨɝɨɬɨɱɟɱɧɵɯ ɤɪɚɟɜɵɯ 
ɡɚɞɚɱ ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɪɚɫɱɟɬɚɦ ɫɬɪɨɢ-
ɬɟɥɶɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ», ɜɵɩɨɥɧɹɟɦɨɣ ɩɨ 
ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɜɟɞɨɦɫɬɜɟɧɧɨɣ ɰɟɥɟɜɨɣ 
ɩɪɨɝɪɚɦɦɟ «Ɋɚɡɜɢɬɢɟ ɧɚɭɱɧɨɝɨ ɩɨɬɟɧɰɢɚɥɚ 

ɜɵɫɲɟɣ ɲɤɨɥɵ (2009-2011 ɝɨɞɵ)» (ɩɪɨɟɤɬ 
2.1.2/12148). 

4. ɇИɊ «Ɋɚɡɪɚɛɨɬɤɚ, ɢɫɫɥɟɞɨɜɚɧɢɟ ɢ 
ɪɚɡɜɢɬɢɟ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɢ ɩɪɨ-
ɝɪɚɦɦɧɨ-ɚɥɝɨɪɢɬɦɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ, ɪɟɚɥɢ-
ɡɭɸɳɢɯ ɛɟɡɨɩɚɫɧɭɸ ɬɟɯɧɨɥɨɝɢɸ ɜɨɡɜɟɞɟɧɢɹ 
ɭɧɢɤɚɥɶɧɵɯ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ ɫɥɨɠɧɨɣ 
ɚɪɯɢɬɟɤɬɭɪɧɨɣ ɮɨɪɦɵ», ɜɵɩɨɥɧɹɟɦɚɹ ɜ ɪɚɦ-
ɤɚɯ Ɍɟɦɚɬɢɱɟɫɤɨɝɨ ɩɥɚɧɚ ФȽȻɈɍ ВɉɈ 
«ɆȽɋɍ» (ɩɪɨɟɤɬ 5.1.11). 
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АɇɇɈɌАЦИə: В ɫɬɚɬɶɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɢ ɚɧɚɥɢɡɢɪɭɸɬɫɹ ɫɭɳɟɫɬɜɭɸɳɢɟ ɫɜɨɛɨɞɧɨ ɪɚɫɩɪɨɫɬɪɚɧɹɟɦɵɟ 
ɪɟɲɚɬɟɥɢ, ɢɫɩɨɥɶɡɭɸɳɢɟ ɞɥɹ ɜɵɱɢɫɥɟɧɢɣ ɝɪɚɮɢɱɟɫɤɨɟ ɭɫɬɪɨɣɫɬɜɨ ɤɨɦɩɶɸɬɟɪɚ. Цɟɥɶ ɷɬɨɝɨ ɚɧɚɥɢɡɚ – ɢɫɫɥɟ-
ɞɨɜɚɧɢɟ ɜɨɡɦɨɠɧɨɫɬɟɣ ɢ ɨɝɪɚɧɢɱɟɧɢɣ ɩɨɞɨɛɧɵɯ ɩɚɪɚɥɥɟɥɶɧɵɯ ɪɟɲɚɬɟɥɟɣ ɞɥɹ ɪɟɲɟɧɢɹ ɩɪɢɤɥɚɞɧɵɯ ɡɚɞɚɱ, 
ɫɜɨɞɹɳɢɯɫɹ ɤ ɪɟɲɟɧɢɸ ɛɨɥɶɲɢɯ ɫɢɫɬɟɦ ɥɢɧɟɣɧɵɯ ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ ɭɪɚɜɧɟɧɢɣ. Ɍɚɤɢɟ ɡɚɞɚɱɢ, ɜ ɨɫɧɨɜɧɨɦ ɢɡ 
ɨɛɥɚɫɬɢ ɬɟɨɪɢɢ ɫɨɨɪɭɠɟɧɢɣ, ɪɟɲɚɸɬɫɹ ɜ ɇɚɭɱɧɨ-ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɦ ɰɟɧɬɪɟ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 
ɭɧɢɤɚɥɶɧɵɯ ɡɞɚɧɢɣ, ɫɨɨɪɭɠɟɧɢɣ ɢ ɤɨɦɩɥɟɤɫɨɜ (ɇɈЦ КɆ) ФȽȻɈɍ ВɉɈ «Ɇɨɫɤɨɜɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ 
ɫɬɪɨɢɬɟɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ» ɢ ɜ ɇɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɦ ɰɟɧɬɪɟ ɋɬɚȾɢɈ. Иɡɭɱɟɧɵ ɧɨɜɵɟ ɜɨɡɦɨɠɧɨɫɬɢ ɩɨ 
ɢɫɩɨɥɶɡɨɜɚɧɢɸ GPU ɜ ɩɚɤɟɬɟ ɩɪɨɝɪɚɦɦ  PETSc, ɚ ɬɚɤ ɠɟ ɩɪɨɜɟɞɟɧɵ ɫɪɚɜɧɢɬɟɥɶɧɵɟ ɬɟɫɬɵ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
GPU ɢ ɛɟɡ ɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢɹ. Ȼɵɥɚ ɢɫɫɥɟɞɨɜɚɧɚ ɛɢɛɥɢɨɬɟɤɚ ɩɪɨɝɪɚɦɦ CUSP, ɤɨɬɨɪɚɹ ɫɩɟɰɢɚɥɶɧɨ ɫɨɡɞɚɜɚ-
ɥɚɫɶ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɥɢɧɟɣɧɨɣ ɚɥɝɟɛɪɵ ɩɪɢ ɩɨɦɨɳɢ ɝɪɚɮɢɱɟɫɤɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɤɨɦɩɶɸɬɟɪɚ. Ɋɚɫɫɦɨɬɪɟɧ 
ɧɨɜɵɣ ɩɪɨɟɤɬ MAGMA, ɤɨɬɨɪɵɣ ɹɜɥɹɟɬɫɹ ɚɧɚɥɨɝɨɦ LAPACK ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɚ GPU. Иɫɫɥɟɞɨɜɚɧɢɹ 
ɩɪɨɜɨɞɢɥɢɫɶ ɜ ɇɈЦ КɆ ɆȽɋɍ ɢ ɧɚ ɤɚɮɟɞɪɟ ɢɧɮɨɪɦɚɬɢɤɢ ɜ ɫɬɪɨɢɬɟɥɶɫɬɜɟ Ɋɭɪɫɤɨɝɨ ɬɟɯɧɢɱɟɫɤɨɝɨ ɭɧɢɜɟɪ-
ɫɢɬɟɬɚ ɜ Ȼɨɯɭɦɟ (Ƚɟɪɦɚɧɢɹ). 
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ABSTRACT: This article reviews the existing shareware solvers that run on the graphical device of computer. The 
purpose of this review is to explore the possibilities and limitations of these parallel solvers for linear algebraic 
problems that arise in the Research and Educational Centre of computer modeling at MSUCE and Research & Engi-
neering Center StaDyO. Explored new possibilities of using a GPU in PETSc suit and compared with the results 
without using of GPU. Research is carried out the CUSP library, which was created specifically for the problems of 
linear algebra on GPU. Studied new MAGMA project, which is analogous to LAPACK for the GPU. 
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ВВȿȾȿɇИȿ 
 
Цɟɥɶ ɩɪɨɜɟɞɟɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ - ɨɛɡɨɪ ɢ 
ɚɧɚɥɢɡ ɫɭɳɟɫɬɜɭɸɳɢɯ ɫɨɜɪɟɦɟɧɧɵɯ ɫɜɨɛɨɞ-
ɧɨ ɪɚɫɩɪɨɫɬɪɚɧɹɟɦɵɯ ɪɟɲɚɬɟɥɟɣ, ɢɫɩɨɥɶ-
ɡɭɸɳɢɯ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɪɟɫɭɪɫɵ ɝɪɚɮɢɱɟ-
ɫɤɨɝɨ ɭɫɬɪɨɣɫɬɜɚ, ɧɚɫɤɨɥɶɤɨ ɛɵɫɬɪɨ ɨɧɢ ɦɨ-

ɝɭɬ ɪɟɲɚɬɶ ɡɚɞɚɱɢ, ɜɨɡɧɢɤɚɸɳɢɟ ɩɪɢ ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɢ ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɨɝɨ ɩɪɨ-
ɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɋɬɚȾɢɈ [1] ɢ ɱɬɨ ɧɟ-
ɨɛɯɨɞɢɦɨ ɞɥɹ ɨɪɝɚɧɢɡɚɰɢɢ ɫɨɛɫɬɜɟɧɧɨɝɨ 
ɩɪɨɫɬɨɝɨ ɪɟɲɟɧɢɹ, ɨɫɧɨɜɚɧɧɨɝɨ ɧɚ ɩɥɚɬɮɨɪ-
ɦɟ ɝɪɚɮɢɱɟɫɤɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɤɨɦɩɶɸɬɟɪɚ. 
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1. ȽɊАɎИЧȿɋКИȿ ɍɋɌɊɈɃɋɌВА 
NVIDIA CUDA 

 
CUDA [2] ɩɨɡɜɨɥɹɸɬ ɩɨɥɭɱɢɬɶ ɪɚɡɪɚɛɨɬɱɢ-
ɤɚɦ ɞɨɫɬɭɩ ɤ ɩɚɦɹɬɢ ɢ ɤ ɧɚɛɨɪɭ ɜɢɪɬɭɚɥɶɧɵɯ 
ɢɧɫɬɪɭɤɰɢɣ ɩɚɪɚɥɥɟɥɶɧɵɯ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ 
ɷɥɟɦɟɧɬɨɜ ɝɪɚɮɢɱɟɫɤɨɝɨ ɭɫɬɪɨɣɫɬɜɚ, ɩɨɞ-
ɞɟɪɠɢɜɚɸɳɟɝɨ ɩɪɨɢɡɜɨɥɶɧɵɟ ɪɚɫɱɟɬɵ ɧɚ ɜɢ-
ɞɟɨɤɚɪɬɚɯ. ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ CUDA, ɧɨ-
ɜɟɣɲɢɟ ɝɪɚɮɢɱɟɫɤɢɟ ɭɫɬɪɨɣɫɬɜɚ NVIDIA 
ɫɬɚɧɨɜɹɬɫɹ ɞɨɫɬɭɩɧɵɦɢ ɞɥɹ ɜɵɱɢɫɥɟɧɢɣ, ɩɨ-
ɞɨɛɧɵɯ ɬɟɦ, ɤɨɬɨɪɵɟ ɜɵɩɨɥɧɹɸɬɫɹ ɧɚ ɰɟɧ-
ɬɪɚɥɶɧɨɦ ɩɪɨɰɟɫɫɨɪɟ ɤɨɦɩɶɸɬɟɪɚ. ɇɨ ɜ ɨɬ-
ɥɢɱɢɟ ɨɬ ɰɟɧɬɪɚɥɶɧɨɝɨ ɩɪɨɰɟɫɫɨɪɚ, ɭ ɝɪɚɮɢ-
ɱɟɫɤɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɩɚɪɚɥɥɟɥɶɧɚɹ ɨɛɪɚɛɨɬɤɚ 
ɢɧɮɨɪɦɚɰɢɢ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɦɟɞɥɟɧɧɨɦ ɜɵ-
ɩɨɥɧɟɧɢɢ ɨɛɪɚɛɨɬɤɢ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ 
ɨɞɧɨɜɪɟɦɟɧɧɵɯ ɩɨɬɨɤɨɜ ɢɧɮɨɪɦɚɰɢɢ, ɚ ɧɟ ɜ 
ɪɚɛɨɬɟ ɫ ɤɚɠɞɵɦ ɨɬɞɟɥɶɧɵɦ ɩɨɬɨɤɨɦ, ɧɨ ɫ 
ɜɵɫɨɤɨɣ ɫɤɨɪɨɫɬɶɸ. Ɍɚɤɨɣ ɩɨɞɯɨɞ ɤ ɜɵɱɢɫ-
ɥɟɧɢɹɦ ɩɪɢ ɪɟɲɟɧɢɢ ɨɛɵɱɧɵɯ ɡɚɞɚɱ ɧɚ ɝɪɚ-
ɮɢɱɟɫɤɨɦ ɭɫɬɪɨɣɫɬɜɟ ɧɚɡɵɜɚɟɬɫɹ GPGPU 
(GPU ɨɛɳɟɝɨ ɧɚɡɧɚɱɟɧɢɹ) [3]. 
 
2. ɉАКȿɌ ɉɊɈȽɊАɆɆ PETSc 
 
PETSc [4] - ɧɚɛɨɪ ɩɪɨɝɪɚɦɦ ɢ ɫɬɪɭɤɬɭɪ ɞɚɧ-
ɧɵɯ ɞɥɹ ɦɚɫɲɬɚɛɢɪɭɟɦɵɯ ɩɚɪɚɥɥɟɥɶɧɵɯ 
ɪɚɫɱɟɬɨɜ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯ ɤ ɢɫɩɨɥɶɡɨɜɚɧɢɸ 
ɜ ɧɚɭɱɧɵɯ ɩɪɢɥɨɠɟɧɢɹɯ, ɨɫɧɨɜɚɧɧɵɯ ɧɚ ɪɟ-
ɲɟɧɢɢ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɜ ɱɚ-
ɫɬɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ. Эɬɨɬ ɧɚɛɨɪ ɩɪɨɝɪɚɦɦ 
ɩɨɞɞɟɪɠɢɜɚɟɬ ɫɬɚɧɞɚɪɬ ɩɚɪɚɥɥɟɥɢɡɚɰɢɢ MPI 
[5], POSIX-ɪɟɚɥɢɡɚɰɢɸ ɩɨɬɨɤɨɜ ɞɥɹ ɤɨɦɩɶɸ-
ɬɟɪɨɜ ɫ ɨɛɳɟɣ ɩɚɦɹɬɢ ɢ ɝɪɚɮɢɱɟɫɤɢɟ ɭɫɬɪɨɣ-
ɫɬɜɚ NVIDIA, ɚ ɬɚɤɠɟ ɤɨɦɛɢɧɚɰɢɸ POSIX-
ɪɟɚɥɢɡɚɰɢɢ ɩɨɬɨɤɨɜ ɞɥɹ ɤɨɦɩɶɸɬɟɪɨɜ ɫ MPI-
ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ ɩɚɦɹɬɶɸ ɫ MPI-GPU ɩɚɪɚɥ-
ɥɟɥɢɡɚɰɢɟɣ. ɉɚɤɟɬ PETSc ɩɪɟɞɨɫɬɚɜɥɹɟɬ 
ɫɜɨɢ ɫɨɛɫɬɜɟɧɧɵɟ (ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɪɟɚɥɢ-
ɡɨɜɚɧɧɵɟ ɜ ɧёɦ) ɢɬɟɪɚɰɢɨɧɧɵɟ ɦɟɬɨɞɵ, 
«ɫɜɨɢ» ɩɪɟɞɨɛɭɫɥɚɜɥɢɜɚɬɟɥɢ, ɚ ɬɚɤ ɠɟ ɩɨ-
ɡɜɨɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ «ɫɬɨɪɨɧɧɢɟ» ɩɪɹɦɵɟ 
ɦɟɬɨɞɵ. 
ɂɬɟɪɚɰɢɨɧɧɵɟ ɦɟɬɨɞɵ, ɪɟɚɥɢɡɨɜɚɧɧɵɟ ɜ 
PETSc: В ɩɚɤɟɬɟ PETSc ɪɟɚɥɢɡɨɜɚɧɵ ɢɬɟɪɚ-
ɰɢɨɧɧɵɟ ɦɟɬɨɞɵ Ɋɢɱɚɪɞɫɨɧɚ, Чɟɛɵɲɟɜɚ, ɦɟ-

ɬɨɞ ɫɨɩɪɹɠɟɧɧɵɯ ɝɪɚɞɢɟɧɬɨɜ (Conjugate 
Gradients), ɦɟɬɨɞ ɦɢɧɢɦɚɥɶɧɵɯ ɨɫɬɚɬɤɨɜ 
(Minimum Residual) ɢ ɨɛɨɛɳɟɧɧɵɣ ɦɟɬɨɞ 
ɦɢɧɢɦɚɥɶɧɵɯ ɨɫɬɚɬɤɨɜ (Generalized Minimal 
Residual method), ɭɫɬɨɣɱɢɜɚɹ ɜɟɪɫɢɹ ɦɟɬɨɞɚ 
ɤɜɚɞɪɚɬɢɱɧɵɯ ɞɜɭɫɨɩɪɹɠɟɧɧɵɯ ɝɪɚɞɢɟɧɬɨɜ 
(Stabilized version of BiConjugate Gradient 
Squared), ɦɟɬɨɞ ɤɜɚɡɢɦɢɧɢɦɚɥɶɧɵɯ ɨɫɬɚɬɤɨɜ 
ɫ ɬɪɚɧɫɩɨɧɢɪɨɜɚɧɢɟɦ (a transpose free Quasi 
Minimal Residual), ɦɟɬɨɞ ɫɨɩɪɹɠёɧɧɵɯ ɨɫ-
ɬɚɬɤɨɜ (Conjugate Residuals) ɢ ɨɛɨɛɳɟɧɧɵɣ 
ɦɟɬɨɞ ɫɨɩɪɹɠёɧɧɵɯ ɨɫɬɚɬɤɨɜ (Generalized 
Conjugate Residual), ɦɟɬɨɞ ɤɜɚɞɪɚɬɢɱɧɵɯ ɫɨ-
ɩɪɹɠёɧɧɵɯ ɝɪɚɞɢɟɧɬɨɜ (Conjugate Gradient 
Squared), ɦɟɬɨɞ ɞɜɭɫɨɩɪɹɠɟɧɧɵɯ ɝɪɚɞɢɟɧɬɨɜ 
(Biconjugate gradient method), ɝɢɛɤɢɣ ɨɛɨɛ-
ɳёɧɧɵɣ ɦɟɬɨɞ ɦɢɧɢɦɚɥɶɧɵɯ ɨɫɬɚɬɤɨɜ (Flex-
ible Generalized Minimal Residual), ɦɟɬɨɞ ɞɥɹ 
ɪɟɲɟɧɢɹ ɪɚɡɪɟɠɟɧɧɵɯ ɫɢɫɬɟɦ ɥɢɧɟɣɧɵɯ 
ɭɪɚɜɧɟɧɢɣ (Sparse Linear Equations) ɢ ɞɥɹ 
ɪɟɲɟɧɢɹ ɪɚɡɪɟɠɟɧɧɵɯ ɫɢɫɬɟɦ ɥɢɧɟɣɧɵɯ 
ɭɪɚɜɧɟɧɢɣ ɫ ɫɢɦɦɟɬɪɢɱɧɨɣ ɦɚɬɪɢɰɟɣ ɤɨɷɮ-
ɮɢɰɢɟɧɬɨɜ ɩɪɢ ɧɟɢɡɜɟɫɬɧɵɯ (Sparse Symme-
tric Equations), ɦɟɬɨɞ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ 
(Least Squares), ɦɨɞɢɮɢɤɚɰɢɹ ɫ ɫɜɟɞɟɧɢɟɦ ɤ 
ɩɨɝɪɟɲɧɨɫɬɢ ɩɪɟɞɵɞɭɳɢɯ ɢɬɟɪɚɰɢɣ 
(GMRES with approximations to the error from 
previous restart cycles), ɚ ɬɚɤɠɟ ɧɟɹɜɧɵɣ ɦɟ-
ɬɨɞ ɫɨɩɪɹɠёɧɧɵɯ ɝɪɚɞɢɟɧɬɨɜ (Conjugate 
Gradient without explicitly forming). 
ɉɪɟɞɨɛɭɫɥɚɜɥɢɜɚɬɟɥɢ, ɪɟɚɥɢɡɨɜɚɧɧɵɟ ɜ 
PETSc: ɦɟɬɨɞ əɤɨɛɢ (Jacobi), ɦɟɬɨɞ ɩɨɫɥɟɞɨ-
ɜɚɬɟɥɶɧɨɣ ɜɟɪɯɧɟɣ ɪɟɥɚɤɫɚɰɢɢ (Successive 
over Relaxation), ɛɥɨɱɧɵɣ ɦɟɬɨɞ əɤɨɛɢ (block 
Jacobi), (Point block Jacobi) ɢ (point block 
SOR), «ɜɟɫɨɜɚɹ» ɦɨɞɢɮɢɤɚɰɢɹ ɒɜɚɪɰɚ (addi-
tive Schwarz), ɦɟɬɨɞ ɧɟɩɨɥɧɨɣ ɮɚɤɬɨɪɢɡɚɰɢɢ 
(Incomplete factorizations), ɧɟɩɨɥɧɨɣ ɮɚɤɬɨ-
ɪɢɡɚɰɢɢ ɏɨɥɟɰɤɨɝɨ (Incomplete Cholesky fac-
torization), ɦɧɨɝɨɫɟɬɨɱɧɵɣ ɦɟɬɨɞ ɫ ɩɪɟɞɨɛɭ-
ɫɥɚɜɥɢɜɚɧɢɟɦ (multigrid preconditioning) ɢ ɫ 
ɜɵɪɚɜɧɢɜɚɧɢɟɦ (Balancing Neumann-
Neumann). 
ɉɪɹɦɵɟ ɪɟɲɚɬɟɥɢ, ɪɟɚɥɢɡɨɜɚɧɧɵɟ ɜ PETSc: 
ɦɟɬɨɞ ɏɨɥɟɰɤɨɝɨ (Cholesky), ɚ ɬɚɤɠɟ ɦɨɞɢ-
ɮɢɤɚɰɢɢ «LU», «QR», «XXt and XYt». 
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Ɋɟɲɚɬɟɥɢ PETSc ɧɚ GPU 
В ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɢɦɟɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɪɚ-
ɛɨɬɵ ɫ ɚɥɝɟɛɪɚɢɱɟɫɤɢɦɢ ɪɟɲɚɬɟɥɹɦɢ PETSc 
ɧɚ ɝɪɚɮɢɱɟɫɤɢɯ ɭɫɬɪɨɣɫɬɜɚɯ Nvidia. Иɧɨɣ 
ɪɚɡ ɷɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɚɥɶɬɟɪɧɚɬɢɜɧɭɸ ɬɟɯɧɨ-
ɥɨɝɢɸ ɜɵɫɨɤɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɝɨ ɷɤɨɧɨɦɢɱ-
ɧɨɝɨ ɪɟɲɟɧɢɹ. 
ɉɪɢ ɪɚɛɨɬɟ ɫ GPU PETSc ɛɟɪɟɬ ɡɚ ɨɫɧɨɜɭ 
ɲɚɛɥɨɧɧɵɟ NVIDIA, ɛɢɛɥɢɨɬɟɤɢ CUSP ɢ 
THRUST [6]: • NVIDIA THRUST – C++ ɲɚɛɥɨɧɧɵɟ 
ɡɚɝɨɥɨɜɤɢ ɫɯɨɠɢɟ ɫ ɱɚɫɬɶɸ STL; • NVIDIA CUSP - C++ ɲɚɛɥɨɧɧɵɟ ɡɚ-
ɝɨɥɨɜɤɢ ɱɢɫɥɟɧɧɵɯ ɦɟɬɨɞɨɜ ɥɢɧɟɣɧɨɣ ɚɥ-
ɝɟɛɪɵ. 
Ɉɛɪɚɛɨɬɤɚ ɪɚɡɪɟɠɟɧɧɵɯ ɦɚɬɪɢɰ ɧɚ GPU: • Ɇɚɬɪɢɰɵ ɝɟɧɟɪɢɪɭɸɬɫɹ ɧɚ CPU; • Ⱦɚɧɧɵɟ ɡɚɩɢɫɵɜɚɸɬɫɹ ɩɨ ɬɪɟɛɨɜɚɧɢɸ 
(ɥɢɛɨ ɧɢɤɨɝɞɚ ɧɟ ɩɟɪɟɩɢɫɵɜɚɸɬɫɹ). 
 
ɇɚ GPU ɪɚɛɨɬɚɸɬ ɜɫɟ ɢɬɟɪɚɰɢɨɧɧɵɟ ɦɟɬɨɞɵ 
ɤɪɨɦɟ ɭɥɭɱɲɟɧɧɨɣ ɭɫɬɨɣɱɢɜɨɣ ɜɟɪɫɢɢ ɦɟɬɨ-
ɞɚ ɤɜɚɞɪɚɬɢɱɧɵɯ ɞɜɭɫɨɩɪɹɠɟɧɧɵɯ ɝɪɚɞɢɟɧ-
ɬɨɜ (Improved Stabilized version of 
BiConjugate Gradient Squared). ɇɚ GPU ɡɚ-
ɩɭɫɤɚɸɬɫɹ ɩɪɟɞɨɛɭɫɥɚɜɥɢɜɚɬɟɥɢ, ɪɟɚɥɢɡɭɸ-
ɳɢɟ ɚɥɝɨɪɢɬɦɵ əɤɨɛɢ, ɫɝɥɚɠɟɧɧɨɝɨ ɧɚɤɨɩ-
ɥɟɧɢɹ (smoothed agglomeration), SACUSPPO-
LY, ɢ ɢɧɜɟɪɫɢɢ ɪɚɡɪɟɠɟɧɧɵɯ ɩɪɢɛɥɢɠɟɧɢɣ 
(sparse approximate inverse). 
 
Ɍɟɫɬɢɪɨɜɚɧɢɟ PETSc  
В ɤɚɱɟɫɬɜɟ ɬɟɫɬɨɜɨɣ ɪɚɫɱёɬɧɨɣ ɦɨɞɟɥɢ ɜɵ-
ɛɪɚɧɚ ɪɚɫɱёɬɧɚɹ ɫɯɟɦɚ ɜɨɡɞɭɲɧɨɝɨ ɛɚɤɚ ɞɥɹ 
АЭɋ (ɫɦ. Ɋɢɫ.1). ɍ ɦɚɬɪɢɰɵ ɤɨɷɮɮɢɰɢɟɧɬɨɜ 
ɩɪɢ ɧɟɢɡɜɟɫɬɧɵɯ ɪɚɡɪɟɲɚɸɳɟɣ ɫɢɫɬɟɦɵ ɥɢ-
ɧɟɣɧɵɯ ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ ɭɪɚɜɧɟɧɢɣ (ɦɚɬɪɢɰɵ 
ɠɟɫɬɤɨɫɬɢ ɪɚɫɱёɬɧɨɣ ɫɯɟɦɵ ɜɨɡɞɭɲɧɨɝɨ ɛɚ-
ɤɚ) 120 708 ɫɬɪɨɤ, 120 708 ɫɬɨɥɛɰɨɜ ɢ 5 614 
198 (11 228 396 ɜ ɫɥɭɱɚɟ ɧɟɫɢɦɦɟɬɪɢɱɧɨɝɨ 
ɩɪɟɞɫɬɚɜɥɟɧɢɹ) ɧɟɧɭɥɟɜɵɯ ɷɥɟɦɟɧɬɨɜ.  
В ɷɬɨɦ ɬɟɫɬɟ ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɞɨɩɭɫɤ (ɩɨɝɪɟɲ-
ɧɨɫɬɶ) ɫɯɨɞɢɦɨɫɬɢ ɛɵɥ ɜɡɹɬ ɪɚɜɧɵɦ 1e-07. 
Ɂɚɞɚɱɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɪɟɲɚɥɚɫɶ ɧɚ CPU ɢ 
ɧɚ CPU + GPU, ɚ ɬɚɤɠɟ ɫ ɩɪɢɦɟɧɟɧɢɟɦ MPI- 

  
Ɋɢɫ. 1. Кɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɚɹ ɦɨɞɟɥɶ ɜɨɡɞɭɲ-

ɧɨɝɨ ɛɚɤɚ ɞɥɹ АЭɋ. 
 
ɩɚɪɚɥɥɟɥɢɡɚɰɢɢ ɫ ɞɜɭɦɹ ɹɞɪɚɦɢ ɧɚ CPU ɢ ɫ 
ɞɜɭɦɹ ɹɞɪɚɦɢ ɧɚ CPU + GPU. 
Ɍɟɫɬɨɜɚɹ ɫɢɫɬɟɦɚ: Intel® Core™ i5-2410M 
CPU @ 2.3GHz, 4 Gb RAM, Nvidia 540M 1 Gb 
(96 CUDA Cores).  
 
Ⱦɥɹ ɪɟɲɟɧɢɹ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ ɢɫɩɨɥɶɡɨ-
ɜɚɥɫɹ ɦɟɬɨɞ ɫɨɩɪɹɠɟɧɧɵɯ ɧɟɜɹɡɨɤ ɫ ɩɪɟɞɨɛɭ-
ɫɥɚɜɥɢɜɚɬɟɥɟɦ (preconditioned conjugate resi-
duals method) [7], ɫ ɩɪɢɜɥɟɱɟɧɢɟɦ ɫɥɟɞɭɸɳɢɯ 
ɩɪɟɞɨɛɭɫɥɚɜɥɢɜɚɬɟɥɟɣ: • ɩɪɟɞɨɛɭɫɥɚɜɥɢɜɚɧɢɟ əɤɨɛɢ (ɩɪɟɞɨɛɭ-
ɫɥɚɜɥɢɜɚɧɢɟ ɫ ɞɢɚɝɨɧɚɥɶɧɨɣ ɝɪɚɞɭɢɪɨɜɤɨɣ 
(diagonal scaling preconditioning)); • ɩɪɟɞɨɛɭɫɥɚɜɥɢɜɚɧɢɟ SOR (ɚɥɝɨɪɢɬɦ 
Ƚɚɭɫɫɚ-Ɂɟɣɞɟɥɹ ɫ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ ɪɟɥɚɤɫɚ-
ɰɢɟɣ (successive over relaxation, Gauss-Seidel)). 
Эɬɨɬ ɚɥɝɨɪɢɬɦ ɧɟ ɹɜɥɹɟɬɫɹ ɞɟɣɫɬɜɢɬɟɥɶɧɨɣ ɩɚ-
ɪɚɥɥɟɥɶɧɨɣ ɜɟɪɫɢɟɣ ɦɟɬɨɞɚ SOR, ɚ ɪɟɚɥɢɡɭɟɬ-
ɫɹ ɤɚɤ ɛɥɨɱɧɵɣ ɦɟɬɨɞ əɤɨɛɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɚɥɝɨɪɢɬɦɚ SOR ɜ ɤɚɠɞɨɦ ɛɥɨɤɟ. 
Ɋɟɡɭɥɶɬɚɬɵ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɟɞɨɛɭɫɥɚɜ-
ɥɢɜɚɬɟɥɹ əɤɨɛɢ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɩɨɫɥɟɞɨɜɚ-
ɬɟɥɶɧɵɣ ɪɟɠɢɦ GPU + CPU ɩɪɢɦɟɪɧɨ ɜ 2 
ɪɚɡɚ ɛɵɫɬɪɟɣ, ɱɟɦ ɨɬɞɟɥɶɧɚɹ ɪɟɚɥɢɡɚɰɢɹ ɧɚ 
CPU. MPI-ɩɚɪɚɥɥɟɥɢɡɚɰɢɹ ɧɚɩɪɨɬɢɜ ɡɚɦɟɞɥɹ-
ɟɬ ɪɟɠɢɦ CPU + GPU, ɧɨ ɭɫɤɨɪɹɟɬ ɪɟɠɢɦ ɫ 
ɨɬɞɟɥɶɧɵɦ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɨɥɶɤɨ CPU. 
Ɋɟɡɭɥɶɬɚɬɵ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɟɞɨɛɭɫɥɚɜ-
ɥɢɜɚɬɟɥɹ SOR ɞɟɦɨɧɫɬɪɢɪɭɸɬ (ɫɦ. Ɋɢɫ.2), 
ɱɬɨ ɷɬɨɬ ɩɪɟɞɨɛɭɫɥɚɜɥɢɜɚɬɟɥɶ ɛɟɡ ɤɚɤɢɯ ɥɢɛɨ 
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Ɋɢɫ. 2. Ƚɢɫɬɨɝɪɚɦɦɚ ɪɟɡɭɥɶɬɚɬɨɜ ɬɟɫɬɚ. 

 
ɪɟɠɢɦɨɜ ɨɩɬɢɦɢɡɚɰɢɢ ɞɥɹ GPU ɪɟɲɚɟɬ ɫɢɫ-
ɬɟɦɭ ɭɪɚɜɧɟɧɢɣ ɝɨɪɚɡɞɨ ɛɵɫɬɪɟɣ, ɱɟɦ ɨɧɚ 
ɪɟɲɚɟɬɫɹ ɫ ɩɪɟɞɨɛɭɫɥɚɜɥɢɜɚɬɟɥɟɦ əɤɨɛɢ, 
ɪɟɚɥɢɡɭɸɳɢɦ ɨɩɬɢɦɢɡɚɰɢɸ ɩɨɞ  GPU-
ɩɚɪɚɥɥɟɥɢɡɚɰɢɸ, ɢ ɱɬɨ ɜɩɟɪɟɞɢ ɩɪɟɞɫɬɨɢɬ 
ɜɫɟ ɟɳɟ ɦɧɨɝɨ ɪɚɛɨɬɵ, ɫɜɹɡɚɧɧɨɣ ɫ ɪɚɡɪɚɛɨɬ-
ɤɨɣ ɢ ɪɚɡɜɢɬɢɟɦ GPU ɪɟɲɚɬɟɥɟɣ. 
 
3. ȻИȻɅИɈɌȿКА CUSP  
 
Cusp [8] – ɛɢɛɥɢɨɬɟɤɚ ɚɥɝɨɪɢɬɦɨɜ ɢ ɩɪɨ-
ɝɪɚɦɦ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɥɢɧɟɣɧɨɣ ɚɥɝɟɛɪɵ, 
ɭɱɢɬɵɜɚɸɳɢɯ ɪɚɡɪɟɠɟɧɧɨɫɬɶ ɦɚɬɪɢɰ, ɚ ɬɚɤ 
ɠɟ ɞɥɹ ɜɵɱɢɫɥɟɧɢɣ ɝɪɚɮɨɜ ɧɚ CUDA. Cusp 
ɨɛɟɫɩɟɱɢɜɚɟɬ ɝɢɛɤɢɣ, ɜɵɫɨɤɨɭɪɨɜɧɟɜɵɣ ɢɧ-
ɬɟɪɮɟɣɫ ɞɥɹ ɪɚɛɨɬɵ ɫ ɪɚɡɪɟɠɟɧɧɵɦɢ ɦɚɬɪɢ-
ɰɚɦɢ ɞɥɹ ɪɟɲɟɧɢɹ ɫɢɫɬɟɦ ɥɢɧɟɣɧɵɯ ɚɥɝɟɛ-
ɪɚɢɱɟɫɤɢɯ ɭɪɚɜɧɟɧɢɣ ɫ ɪɚɡɪɟɠɟɧɧɵɦɢ ɦɚɬ-
ɪɢɰɚɦɢ ɤɨɷɮɮɢɰɢɟɧɬɨɜ.  
Cusp ɩɪɟɞɨɫɬɚɜɥɹɟɬ ɩɨɞɞɟɪɠɤɭ ɱɬɟɧɢɹ, ɯɪɚ-
ɧɟɧɢɹ ɢ ɡɚɩɢɫɢ ɦɚɬɪɢɰ ɜ ɮɨɪɦɚɬɟ MatrixMar-
ket. 
Cusp ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɪɚɡ-
ɥɢɱɧɵɯ ɢɬɟɪɚɰɢɨɧɧɵɯ ɦɟɬɨɞɨɜ ɞɥɹ ɪɟɲɟɧɢɹ 
ɫɢɫɬɟɦ ɥɢɧɟɣɧɵɯ ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ ɭɪɚɜɧɟɧɢɣ 
ɫ ɪɚɡɪɟɠɟɧɧɵɦɢ ɦɚɬɪɢɰɚɦɢ. ɉɪɢ ɷɬɨɦ ɩɨɞ-
ɞɟɪɠɢɜɚɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɢɬɟɪɚɰɢɨɧɧɵɟ ɦɟ-
ɬɨɞɵ: • Ɇɟɬɨɞ ɫɨɩɪɹɠɟɧɧɵɯ ɝɪɚɞɢɟɧɬɨɜ (CG); • Ɇɟɬɨɞ ɞɜɭɫɨɩɪɹɠɟɧɧɵɯ ɝɪɚɞɢɟɧɬɨɜ 
(BiCG); • ɍɫɬɨɣɱɢɜɵɣ ɦɟɬɨɞ ɞɜɭɫɨɩɪɹɠɟɧɧɵɯ 
ɝɪɚɞɢɟɧɬɨɜ (BiCGstab); 

• Ɉɛɨɛɳɟɧɧɵɣ ɦɟɬɨɞ ɦɢɧɢɦɚɥɶɧɵɯ ɨɫ-
ɬɚɬɤɨɜ (GMRES); • Ɇɟɬɨɞ ɫɨɩɪɹɠɟɧɧɵɯ ɝɪɚɞɢɟɧɬɨɜ «ɫ 
ɦɭɥɶɬɢɦɚɫɫɚɦɢ» (CG-M); • ɍɫɬɨɣɱɢɜɵɣ ɦɟɬɨɞ ɞɜɭɫɨɩɪɹɠɟɧɧɵɯ 
ɝɪɚɞɢɟɧɬɨɜ «ɫ ɦɭɥɶɬɢɦɚɫɫɚɦɢ» (BiCGstab-
M). 
Иɫɩɨɥɶɡɨɜɚɧɢɟ ɩɪɟɞɨɛɭɫɥɚɜɥɢɜɚɬɟɥɟɣ – ɷɬɨ 
ɩɭɬɶ ɩɨɜɵɲɟɧɢɹ ɫɤɨɪɨɫɬɢ ɫɯɨɞɢɦɨɫɬɢ ɢɬɟ-
ɪɚɰɢɨɧɧɵɯ ɪɟɲɚɬɟɥɟɣ ɫɪɟɞɫɬɜɚɦɢ ɦɚɬɟɦɚɬɢ-
ɤɢ. ɏɨɪɨɲɢɣ ɩɪɟɞɨɛɭɫɥɚɜɥɢɜɚɬɟɥɶ ɭɫɤɨɪɹɟɬ 
ɜɵɱɢɫɥɟɧɢɟ ɢ ɜ ɧɟɤɨɬɨɪɨɦ ɫɦɵɫɥɟ ɚɩɩɪɨɤ-
ɫɢɦɢɪɭɟɬ ɨɛɪɚɬɧɭɸ ɦɚɬɪɢɰɭ. Ȼɢɛɥɢɨɬɟɤɚ 
Cusp ɩɨɞɞɟɪɠɢɜɚɟɬ ɬɚɤɢɟ ɩɪɟɞɨɛɭɫɥɚɜɥɢɜɚ-
ɬɟɥɢ, ɤɚɤ: • Аɥɝɟɛɪɚɢɱɟɫɤɢɣ ɦɧɨɝɨɫɟɬɨɱɧɵɣ ɩɪɟ-

ɞɨɛɭɫɥɚɜɥɢɜɚɬɟɥɶ (AMG), ɨɫɧɨɜɚɧ-
ɧɵɣ ɧɚ ɫɝɥɚɠɟɧɧɨɦ ɚɝɪɟɝɢɪɨɜɚɧɢɢ; • ɉɪɟɞɨɛɭɫɥɚɜɥɢɜɚɬɟɥɶ ɫ ɨɛɪɚɬɧɵɦ 

ɩɪɢɛɥɢɠɟɧɢɟɦ (AINV); • Ⱦɢɚɝɨɧɚɥɶɧɵɣ ɩɪɟɞɨɛɭɫɥɚɜɥɢɜɚɬɟɥɶ. 
 
Ɍɟɫɬɢɪɨɜɚɧɢɟ ɛɢɛɥɢɨɬɟɤɢ CUSP  
Вɵɛɪɚɧɧɚɹ ɬɟɫɬɨɜɚɹ ɦɨɞɟɥɶ “Tab” – ɷɬɨ ɪɚɫ-
ɱёɬ ɞɨɫɬɚɬɨɱɧɨ ɩɪɨɫɬɨɝɨ ɨɛɴɟɤɬɚ,  ɩɨɯɨɠɟɝɨ 
ɧɚ ɬɚɛɭɪɟɬɤɭ. Ɋɚɡɦɟɪ ɦɚɬɪɢɰɵ ɠɟɫɬɤɨɫɬɢ 
ɫɮɨɪɦɢɪɨɜɚɧɧɨɣ ɪɚɫɱёɬɧɨɣ ɫɯɟɦɵ: 678 ɫɬɪɨɤ 
ɢ 678 ɫɬɨɥɛɰɨɜ, ɜ ɦɚɬɪɢɰɟ 2331 (4662 ɜ ɫɥɭ-
ɱɚɟ ɧɟɫɢɦɦɟɬɪɢɱɧɨɣ ɜɟɪɫɢɢ) ɧɟɧɭɥɟɜɵɯ ɷɥɟ-
ɦɟɧɬɨɜ. Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɞɥɹ ɜɵ-
ɩɨɥɧɟɧɢɹ ɭɫɥɨɜɢɹ ɫɯɨɞɢɦɨɫɬɢ ɜɡɹɬɚ ɪɚɜɧɨɣ 
10-7, ɦɚɤɫɢɦɚɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɢɬɟɪɚɰɢɣ ɧɚ-
ɡɧɚɱɟɧɨ ɪɚɜɧɵɦ  5000. Кɨɧɮɢɝɭɪɚɰɢɹ ɫɢɫɬɟ-
ɦɵ: Intel® Core™ i5-2410M CPU @ 2.3GHz, 4 
Gb RAM, Nvidia 540M 1 Gb (96 CUDA 
Cores). 
Ɋɟɡɭɥɶɬɚɬɵ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜ ɬɚɛɥɢɰɟ ɧɚ 
ɫɥɟɞɭɸɳɟɣ ɫɬɪɚɧɢɰɟ, ɞɟɦɨɧɫɬɪɢɪɭɸɬ, ɱɬɨ 
ɧɟɤɨɬɨɪɵɟ ɪɟɲɚɬɟɥɢ ɢ ɜɫɟ ɩɪɟɞɨɛɭɫɥɚɜɥɢɜɚ-
ɬɟɥɢ, ɤɨɬɨɪɵɟ ɩɪɟɞɨɫɬɚɜɥɹɟɬ ɛɢɛɥɢɨɬɟɤɚ 
CUSP, ɩɥɨɯɨ ɫɨɪɢɟɧɬɢɪɨɜɚɧɵ (ɩɥɨɯɨ ɫɨ-
ɜɦɟɫɬɢɦɵ) ɧɚ ɨɩɟɪɚɰɢɢ ɫ ɦɚɬɪɢɰɚɦɢ ɤɨɷɮ-
ɮɢɰɢɟɧɬɨɜ ɩɪɢ ɧɟɢɡɜɟɫɬɧɵɯ (ɦɚɬɪɢɰɚɦɢ ɠɟ-
ɫɬɤɨɫɬɢ) ɯɚɪɚɤɬɟɪɧɨɣ ɫɬɪɭɤɬɭɪɵ, ɩɨɥɭɱɚɟ-
ɦɵɦɢ ɩɪɢ ɪɟɚɥɢɡɚɰɢɢ ɦɟɬɨɞɚ ɤɨɧɟɱɧɵɯ ɷɥɟ-
ɦɟɧɬɨɜ. ɇɨ ɫɚɦɚ ɛɢɛɥɢɨɬɟɤɚ ɡɚɫɥɭɠɢɜɚɟɬ 
ɞɚɥɶɧɟɣɲɟɝɨ ɢɡɭɱɟɧɢɹ. 
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 No Preconditioner 
Smoothed Aggregation 

algebraic multigrid  
preconditioner 

Diagonal  
preconditioner 

Conjugate Gradient 
method 

Successfully con-
verged after 1760  

iterations 

Failed to converge  
after 5000 iterations 

Failed to converge after 
5000 iterations 

Biconjugate Gradient 
method 

Successfully con-
verged after 1765  

iterations 

Failed to converge  
after 5000 iterations 

Failed to converge after 
5000 iterations 

Biconjugate Gradient 
Stabilized method 

Failed to converge af-
ter 5000 iterations 

Failed to converge  
after 5000 iterations 

Failed to converge after 
5000 iterations 

Generalized Mini-
mum Residual  

method 

Failed to converge af-
ter 5000 iterations 

nan nan 

 
4. ȻИȻɅИɈɌȿКА MAGMA  
 

ɉɪɨɟɤɬ ɫɨɡɞɚɧɢɹ ɢ ɪɚɡɜɢɬɢɹ ɛɢɛɥɢɨɬɟɤɢ 
MAGMA (Ɇɚɬɪɢɱɧɚɹ Аɥɝɟɛɪɚ ɧɚ GPU ɢ Ɇɧɨ-
ɝɨɹɞɟɪɧɵɟ Аɪɯɢɬɟɤɬɭɪɵ) [9] ɫɬɚɜɢɬ ɫɜɨɟɣ ɰɟ-
ɥɶɸ ɪɚɡɪɚɛɨɬɤɭ ɤɨɦɩɚɤɬɧɨɣ ɛɢɛɥɢɨɬɟɤɢ ɪɟ-
ɲɟɧɢɹ ɡɚɞɚɱ ɥɢɧɟɣɧɨɣ ɚɥɝɟɛɪɵ, ɫɯɨɠɟɣ ɫ ɛɢɛ-
ɥɢɨɬɟɤɨɣ LAPACK, ɧɨ ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɣ ɞɥɹ 
ɪɚɡɧɨɪɨɞɧɵɯ/ɝɢɛɪɢɞɧɵɯ ɤɨɦɩɶɸɬɟɪɧɵɯ ɚɪɯɢ-
ɬɟɤɬɭɪ, ɧɚɱɢɧɚɹ ɫ ɫɨɜɪɟɦɟɧɧɵɯ "Ɇɧɨɝɨɹɞɟɪ-
ɧɵɯ+GPU" ɫɢɫɬɟɦ. 

ɇɚɫɬɨɹɳɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɢɛɥɢɨɬɟɤɢ 
MAGMA ɨɫɧɨɜɵɜɚɸɬɫɹ ɧɚ ɢɞɟɟ, ɱɬɨ ɞɥɹ ɪɟ-
ɲɟɧɢɹ ɫɥɨɠɧɵɯ ɩɪɨɛɥɟɦ, ɜɨɡɧɢɤɚɸɳɢɯ ɩɪɢ 
ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɝɢɛɪɢɞɧɨɣ ɫɪɟɞɵ, ɨɩɬɢɦɚɥɶ-
ɧɵɟ ɩɪɨɝɪɚɦɦɧɵɟ ɪɟɲɟɧɢɹ ɞɨɥɠɧɵ ɢɞɬɢ ɫɚɦɢ 
ɤ ɝɢɛɪɢɞɢɡɚɰɢɢ, ɫɨɱɟɬɚɹ ɜ ɪɚɦɤɚɯ ɟɞɢɧɨɣ 
ɫɬɪɭɤɬɭɪɵ ɩɪɟɢɦɭɳɟɫɬɜɚ ɪɚɡɥɢɱɧɵɯ ɚɥɝɨɪɢɬ-
ɦɨɜ.  

MAGMA 1.0 ɩɪɟɞɩɨɥɚɝɚɟɬ ɞɥɹ ɢɫɩɨɥɶɡɨ-
ɜɚɧɢɹ ɨɞɢɧ NVIDIA GPU, ɩɨɞɞɟɪɠɢɜɚɸɳɢɣ 
CUDA. Эɬɚ ɜɨɡɦɨɠɧɨɫɬɶ ɪɚɫɲɢɪɹɟɬɫɹ ɜɟɪɫɢɟɣ 
0.2 ɫ ɞɨɛɚɜɥɟɧɢɟɦ ɩɨɞɞɟɪɠɤɢ ɝɪɚɮɢɱɟɫɤɢɯ 
ɭɫɬɪɨɣɫɬɜ Fermi.  

В ɛɢɛɥɢɨɬɟɤɭ ɜɯɨɞɹɬ ɩɪɨɝɪɚɦɦɵ, ɪɟɚɥɢ-
ɡɭɸɳɢɟ ɫɥɟɞɭɸɳɢɟ ɚɥɝɨɪɢɬɦɵ: • Аɥɝɨɪɢɬɦɵ LU, QR, ɚ ɬɚɤɠɟ ɚɥɝɨɪɢɬɦ 
ɮɚɤɬɨɪɢɡɚɰɢɢ ɏɨɥɟɰɤɨɝɨ, ɫ ɚɪɢɮɦɟɬɢɱɟɫɤɢɦɢ 
ɞɟɣɫɬɜɢɹɦɢ, ɤɚɤ ɧɚɞ ɞɟɣɫɬɜɢɬɟɥɶɧɵɦɢ, ɬɚɤ ɢ 
ɧɚɞ ɤɨɦɩɥɟɤɫɧɵɦɢ ɱɢɫɥɚɦɢ;  

• Аɥɝɨɪɢɬɦ Эɫɫɟɧɛɟɪɝɚ (Hessenberg), 
ɞɜɭɯɞɢɚɝɨɧɚɥɶɧɨɟ ɢ ɬɪɟɯɞɢɚɝɨɧɚɥɶɧɨɟ ɢɫɤɥɸ-
ɱɟɧɢɹ, ɪɟɚɥɢɡɭɸɳɢɟ  ɚɪɢɮɦɟɬɢɱɟɫɤɢɟ ɞɟɣɫɬ-
ɜɢɹ, ɤɚɤ ɧɚɞ ɞɟɣɫɬɜɢɬɟɥɶɧɵɦɢ, ɬɚɤ ɢ ɧɚɞ ɤɨɦ-
ɩɥɟɤɫɧɵɦɢ ɱɢɫɥɚɦɢ;  • Ʌɢɧɟɣɧɵɟ ɪɟɲɚɬɟɥɢ ɧɚ ɨɫɧɨɜɟ ɚɥɝɨɪɢɬ-
ɦɨɜ LU, QR ɢ ɚɥɝɨɪɢɬɦɚ ɮɚɤɬɨɪɢɡɚɰɢɢ ɏɨ-
ɥɟɰɤɨɝɨ, ɫ ɚɪɢɮɦɟɬɢɱɟɫɤɢɦɢ ɞɟɣɫɬɜɢɹɦɢ, ɤɚɤ 
ɧɚɞ ɞɟɣɫɬɜɢɬɟɥɶɧɵɦɢ, ɬɚɤ ɢ ɧɚɞ ɤɨɦɩɥɟɤɫɧɵ-
ɦɢ ɱɢɫɥɚɦɢ;  • Ɋɟɲɚɬɟɥɢ ɞɥɹ ɡɚɞɚɱ ɨ ɫɨɛɫɬɜɟɧɧɵɯ ɢ 
ɫɢɧɝɭɥɹɪɧɵɯ ɡɧɚɱɟɧɢɹɯ ɫ ɚɪɢɮɦɟɬɢɱɟɫɤɢɦɢ 
ɞɟɣɫɬɜɢɹɦɢ, ɤɚɤ ɧɚɞ ɞɟɣɫɬɜɢɬɟɥɶɧɵɦɢ, ɬɚɤ ɢ 
ɧɚɞ ɤɨɦɩɥɟɤɫɧɵɦɢ ɱɢɫɥɚɦɢ; • Ɋɟɲɚɬɟɥɢ ɞɥɹ ɨɛɨɛɳёɧɧɨɣ ɡɚɞɚɱɢ ɨ ɫɨɛ-
ɫɬɜɟɧɧɵɯ ɡɧɚɱɟɧɢɹɯ, ɨɩɪɟɞɟɥёɧɧɨɣ ɩɨ Эɪɦɢɬɭ;  • Ɋɟɲɚɬɟɥɢ ɧɚ ɨɫɧɨɜɟ ɚɥɝɨɪɢɬɦɨɜ LU, QR 
ɢ ɚɥɝɨɪɢɬɦɚ ɮɚɤɬɨɪɢɡɚɰɢɢ ɏɨɥɟɰɤɨɝɨ ɫɨ ɫɦɟ-
ɲɚɧɧɨɣ ɨɰɟɧɤɨɣ ɫɯɨɞɢɦɨɫɬɢ, ɫ ɚɪɢɮɦɟɬɢɱɟ-
ɫɤɢɦɢ ɞɟɣɫɬɜɢɹɦɢ, ɤɚɤ ɧɚɞ ɞɟɣɫɬɜɢɬɟɥɶɧɵɦɢ, 
ɬɚɤ ɢ ɧɚɞ ɤɨɦɩɥɟɤɫɧɵɦɢ ɱɢɫɥɚɦɢ;  • Аɥɝɨɪɢɬɦɵ MAGMA BLAS ɫ ɚɪɢɮɦɟɬɢ-
ɱɟɫɤɢɦɢ ɞɟɣɫɬɜɢɹɦɢ ɧɚɞ ɞɟɣɫɬɜɢɬɟɥɶɧɵɦɢ 
ɱɢɫɥɚɦɢ ɫ ɨɞɢɧɚɪɧɨɣ ɢ ɞɜɨɣɧɨɣ ɬɨɱɧɨɫɬɶɸ, 
ɜɤɥɸɱɚɸɳɢɦɢ ɚɥɝɨɪɢɬɦɵ gemm, gemv, symv, 
and trsm. 
 
Ɍɟɫɬɢɪɨɜɚɧɢɟ ɛɢɛɥɢɨɬɟɤɢ MAGMA  
Ⱦɥɹ ɬɟɫɬɢɪɨɜɚɧɢɹ ɜɡɹɬɚ ɡɚɞɚɱɚ DGESV (ɷɬɚ-
ɥɨɧɧɵɣ ɬɟɫɬ LAPACK). В ɷɬɨɣ ɬɟɫɬɨɜɨɣ ɡɚ-
ɞɚɱɟ ɫ ɞɜɨɣɧɨɣ ɬɨɱɧɨɫɬɶɸ ɪɟɲɚɸɬɫɹ ɫɢɫɬɟ-
ɦɵ ɭɪɚɜɧɟɧɢɣ A * X = B, ɝɞɟ A ɷɬɨ ɦɚɬɪɢɰɚ 
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ɪɚɡɦɟɪɨɦ M-ɧɚ-N, ɚ X ɢ B - ɦɚɬɪɢɰɵ ɪɚɡɦɟ-
ɪɨɦ N-ɧɚ-NRHS. 

seconds) (CPU

 ]N2 + N)
3

2
[(  )10(1

 = MFLOPS

236- ∗∗∗∗
 

 
GPU Ɋɟɡɭɥɶɬɚɬɵ, ɩɨɥɭɱɟɧɧɵɟ ɧɚ ɫɢɫɬɟɦɟ 
Intel® Core™ i5-2410M CPU @ 2.3GHz, 4 Gb 
RAM, Nvidia 540M 1 Gb (96 CUDA Cores): 
 
    N      NRHS     GFlop/s       || b-Ax || / ||A|| 
================================== 
 1024      100           8.86          2.819232e-15 
 2048      100         13.69          2.918877e-15 
 3072      100         16.48          3.332595e-15 
 4032      100         17.37          3.070450e-14 
 5184      100         18.01          1.191584e-14 
 6016      100         18.36          1.037878e-14 
 7040      100         18.61          2.298301e-14 
 8064      100         18.94          7.340451e-15 
 9088      100         19.08          2.057905e-15 
10112     100         19.20          3.002565e-15 
 

Ɋɟɡɭɥɶɬɚɬɵ, ɩɨɤɚɡɚɧɧɵɟ ɧɚ Ɋɢɫ. 3, ɩɨɥɭɱɟ-
ɧɵ ɧɚ ɨɞɧɨɦ ɩɪɨɰɟɫɫɨɪɟ ɨɞɧɨɝɨ ɢɡ ɜɵɱɢɫɥɢ-
ɬɟɥɶɧɵɯ ɭɡɥɨɜ ɤɥɚɫɬɟɪɚ Hoffman2 (ɤɨɞ ɹɜɥɹɟɬ-
ɫɹ ɨɞɧɨɩɨɬɨɱɧɵɦ ɢ ɫɬɚɬɢɱɧɨ ɫɜɹɡɚɧɧɵɦ). 

 

 
Ɋɢɫ. 3. Ⱦɢɚɝɪɚɦɦɚ ɬɟɫɬɚ DGESV ɧɚ ɨɞɧɨɦ 
ɩɪɨɰɟɫɫɨɪɟ ɨɞɧɨɝɨ ɢɡ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɭɡɥɨɜ 

ɤɥɚɫɬɟɪɚ Hoffman2 
 
Эɬɨɬ ɬɟɫɬ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ GPU-ɩɚɪɚɥɥɟɥɢ-
ɡɚɰɢɹ ɹɜɥɹɟɬɫɹ ɯɨɪɨɲɢɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɜ ɭɫ-

ɤɨɪɟɧɢɢ ɪɟɲɟɧɢɹ ɫɢɫɬɟɦ ɥɢɧɟɣɧɵɯ ɚɥɝɟɛ-
ɪɚɢɱɟɫɤɢɯ ɭɪɚɜɧɟɧɢɣ. 
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