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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 ȽɈɍ ȼɉɈ Ɇɨɫɤɨɜɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɫɬɪɨɢɬɟɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ (Иɡɞɚɬɟɥɶɫɬɜɨ 
Аɋȼ) ɢ Иɡɞɚɬɟɥɶɫɬɜɨ Begell House Inc. (ɋɒА, ɝ. ɇɶɸ-Ƀɨɪɤ). 

ȼ 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 Ɏɟɞɟɪɚɥɶɧɨɦ ɚɝɟɧɬɫɬɜɟ ɩɨ ɫɪɟɞɫɬɜɚɦ ɦɚɫɫɨɜɨɣ ɢɧɮɨɪɦɚ-
ɰɢɢ ɢ ɨɯɪɚɧɵ ɤɭɥɶɬɭɪɧɨɝɨ ɧɚɫɥɟɞɢɹ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ. Иɧɞɟɤɫ ɜ ɨɛɳɟɪɨɫɫɢɣɫɤɨɦ ɤɚɬɚ-
ɥɨɝɟ ɊɈɋɉȿЧАɌЬ − 18076. 



International Journal for Computational Civil and Structural Engineering 

Volume 7, Issue 1, 2010 6 

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), Appendi-

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

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

bering=numbers, line separating text and end-

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

 

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

should be given in a style similar to that shown 

above in this sample and centered. The head-

ings should be bold and aligned to left. First-

order headings and parts of the text should be 

separated by one free line from the text. Second-

order headings should have capital first letters. 

 

The both columns of each page, including clos-

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

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

note with author’s address(es). 

The figures can be embedded in word processor 

or must be drawn in black ink. Drawings can be 

produced directly on manuscript sheet or may 

be produced on separate piece of white paper 

and then stuck at the appropriate position. Pho-

tographs must be glossy black and white prints 

and stuck at the appropriate position. This also 

applies to other items such as tables. The best – 

drawings, photographs and tables should be 

typed by word processor. All symbols includ-

ing equations should be typed. 

 

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

 

However, sometimes embedding figure files in 

Microsoft Word is not acceptable for final 

output, because of the loss of resolution. In this 

connection author may save in addiction all or 

selected files with figures separately on diskette 

or CD. Acceptable formats for figures are 

JPEG, TIFF or EPS files saved from original 

application at 300-600 dpi. 

 

The Figures, line drawings, photographs, tables 

may be positioned either within the one column, 

or large centered exactly across the full width of 

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

should be given at the end of the paper. 

The Figures, Tables and Equations should be sepa-

rated from the text by minimum one single free line. 
 

 
Figure 1 

 

The manuscript is expected to be written in 

correct and easily readable English. An au-

thor who is not proficient in English is advised 

to take help of linguist before typing. It should 

be thoroughly checked for spelling mistakes. 
 

2. SUBMISSION FOR PEER REVIEW 
 

Authors in all countries, at their opinion, 

should send three (3) copies of their manuscript 

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

dorov (see chapter 4 Correspondence) or Tech-

nical editor associate professor Taymuraz B. 

Kaytukov. Electronic submissions are en-

couraged. Email a PDF or DOC (Microsoft 

Word) file with manuscript to the Editor-in-

Chief or technical editor. The Editor-in-Chief 

will seek reviews of the paper from experts and 

will assure rapid turnaround within six months 

of submission. Each manuscript will receive 

at least 2 reviews. In deciding on acceptance 

of the paper, experts will examine originality, 

quality of contents, neatness of presentation and 

readability of the submitted text. The Editor-in-

Chief will correspond with the author in the 

light of these reviews. Submission implies that 

the author will be willing to make any necessary 

revisions. Retain all original figures until con-

clusion of the review process.  
 

3. SUBMISSION OF ACCEPTED ARTICLE 
 

After manuscript has been accepted and all re-

quired revisions have been incorporated, mail 

manuscripts (black & white) and two copies 

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

velope for A4 sheets with stiffener may be used. 

The electronic version of the manuscript on 

diskette or CD must be mailed to Editor-in-

Chief as well. Label CD or diskette with au-

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

ated journal name and date. Please provide a list 

of the software programs used for the art and 

text and the file names on the disk. 
 

4. CORRESPONDENCE 
 

Enquires regarding International Journal for 

Computational Civil and Structural Engineering 

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

Professor Vladimir N. Sidorov  

Department of Applied Mathematics  

and Computer Science 

Moscow State University of Civil Engineering,  

26, Yaroslavskoe Shosse, 129337 Moscow, Russia 

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

Associate Professor Taymuraz B. Kaytukov 

Research & Educational Center  

of Computational Simulation 

Moscow State University of Civil Engineering,  

26, Yaroslavskoe Shosse, 129337 Moscow, Russia 

e-mail: niccm@mgsu.ru 
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AND STRUCTURAL ENGINEERING 
 

В.Н. Сидоров1
, П.А. Акимов2

, Ɍ.Ȼ. Каɣɬɭков3
 

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 

 

АɇɇɈɌАЦɂə: Ʉɚɠɞɚɹ 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. ȼɧɟɲɧɢɣ 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. 
 

Ʉɥючɟɜɵɟ ɫɥɨɜɚ: International Journal for Computational Civil and Structural Engineering, ɩɨɞɝɨɬɨɜɤɚ  
ɫɬɚɬɶɢ, ɩɨɞɝɨɬɨɜɤɚ ɷɥɟɤɬɪɨɧɧɵɯ ɜɟɪɫɢɣ, ɪɟɰɟɧɡɢɪɨɜɚɧɢɟ 
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1. ɉɈȾȽɈɌɈȼɄА ɋɌАɌȿɃ 

 

ɇɚɫɬɨɹɳɢɣ ɨɛɪɚɡɟɰ ɩɨɞɝɨɬɨɜɥɟɧ ɜ ɬɟɤɫɬɨɜɨɦ 

ɩɪɨɰɟɫɫɨɪɟ Microsoft Word 2003, ɢɫɩɨɥɶɡɭ-

ɟɬɫɹ ɲɪɢɮɬ Times New Roman, 12 ɩɬ. 

Ɇɚɬɟɪɢɚɥ ɫɬɚɬɶɢ ɞɨɥɠɟɧ ɪɚɫɩɨɥɚɝɚɬɶɫɹ 

ɫɥɟɞɭюɳɢɦ ɨɛɪɚɡɨɦ: Ɂɚɝɨɥɨɜɨɤ (Times New 

Roman, 16 ɩɬ.), ɚɜɬɨɪɵ (Times New Roman, 

14 ɩɬ.), ɫɜɟɞɟɧɢɹ ɨɛ ɚɜɬɨɪɚɯ, ɚɧɧɨɬɚɰɢɹ, 
ɤɥɸɱɟɜɵɟ ɫɥɨɜɚ (Times New Roman, 10 ɩɬ.). 
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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). ȼɜɟɞɟɧɢɟ, 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. 

ȼɵɪɚɜɧɢɜɚɧɢɟ ɜ ɬɟɤɫɬɟ – ɩɨ ɲɢɪɢɧɟ, ɜɵɪɚɜ-
ɧɢɜɚɧɢɟ ɮɨɪɦɭɥ – ɩɨ ɩɪɚɜɨɦɭ ɤɪɚɸ, ɮɨɪɦɭ-
ɥɵ ɠɟɥɚɬɟɥɶɧɨ ɧɭɦɟɪɨɜɚɬɶ. 
 

Ɂɚɝɨɥɨɜɨɤ ɫɬɚɬɶɢ, ɫɜɟɞɟɧɢɹ ɨɛ ɚɜɬɨɪɚх 
ɩɪɟɞɫɬɚɜɥɹɸɬɫɹ ɜ ɮɨɪɦɟ, ɩɪɢɜɟɞɟɧɧɨɣ ɜ ɧɚ-
ɫɬɨɹɳɟɦ ɨɛɪɚɡɰɟ, ɜɵɪɚɜɧɢɜɚɧɢɟ ɩɨ ɰɟɧɬɪɭ. 
ɉɨɞɡɚɝɨɥɨɜɤɢ ɜ ɫɬɚɬɶɟ 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. ȼ 

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). 
 

Ɋɢɫɭɧɤɢ (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 ɮɨɬɨɝɪɚɮɢɣ, ɮɨɪɦɚɬ ɮɨɬɨ-
ɝɪɚɮɢɣ – ɱɟɪɧɨ-ɛɟɥɵɣ. ɀɟɥɚɬɟɥɶɧɨ ɩɪɢɥɚ-
ɝɚɬɶ ɷɥɟɤɬɪɨɧɧɵɟ ɜɟɪɫɢɢ ɪɢɫɭɧɤɨɜ ɢ ɮɨɬɨ-
ɝɪɚɮɢɣ! Аɧɚɥɨɝɢɱɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɤɚɫɚɸɬɫɹ 
ɬɚɛɥɢɰ. ɇɚɢɥɭɱɲɢɣ ɜɚɪɢɚɧɬ ɬɚɤɨɣ, ɤɨɝɞɚ ɪɢ-

ɫɭɧɤɢ, ɮɨɬɨɝɪɚɮɢɢ ɢ ɬɚɛɥɢɰɵ ɜɫɬɚɜɥɟɧɵ ɜ 
ɮɚɣɥ, ɩɨɞɝɨɬɨɜɥɟɧɧɵɣ ɜ Microsoft Word. ȼɫɟ 
ɫɢɦɜɨɥɵ, ɜ ɬɨɦ чɢɫɥɟ ɢɫɩɨɥɶɡɭɟɦɵɟ ɜ 

ɭɪɚɜɧɟɧɢɹх, ɞɨɥɠɧɵ ɛɵɬɶ ɩɟчɚɬɧɵɦɢ.  

 

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

Ɉɞɧɚɤɨ, ɪɢɫɭɧɤɢ ɢ ɮɨɬɨɝɪɚɮɢɢ, ɜɫɬɚɜɥɟɧ-

ɧɵɟ ɜ ɮɚɣɥ ɬɟɤɫɬɨɜɨɝɨ ɩɪɨɰɟɫɫɨɪɚ Micro-

soft Word ɧɟ ɜɫɟɝɞɚ ɢɦɟюɬ ɩɪɢɟɦɥɟɦɨɟ 
ɞɥɹ ɩɟчɚɬɢ ɤɚчɟɫɬɜɨ ɢɡ-ɡɚ ɢɯ ɧɢɡɤɨɝɨ ɪɚɡ-
ɪɟɲɟɧɢɹ. ȼ ɷɬɨɣ ɫɜɹɡɢ ɚɜɬɨɪɭ ɧɚɫɬɨɹɬɟɥɶɧɨ 
ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɩɪɢɥɨɠɢɬɶ 
(ɧɚ ɞɢɫɤɟɬɟ ɢɥɢ ɤɨɦɩɚɤɬ-ɞɢɫɤɟ) ɤ ɫɬɚɬɶɟ ɮɚɣ-

ɥɵ, ɫɨɞɟɪɠɚɳɢɟ ɪɢɫɭɧɤɢ. Ⱦɨɩɭɫɬɢɦɵɟ 
ɮɨɪɦɚɬɵ ɞɥɹ ɪɢɫɭɧɤɨɜ – 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. Ɏɨɪɦɭɥɵ ɜ ɫɬɚɬɶɟ ɧɭɦɟɪɭɸɬɫɹ ɫ ɜɵ-

ɪɚɜɧɢɜɚɧɢɟɦ ɩɨ ɩɪɚɜɨɦɭ ɤɪɚɸ. ɋɩɢɫɨɤ ɥɢ-

ɬɟɪɚɬɭɪɵ ɞɨɥɠɟɧ ɛɵɬɶ ɩɪɢɜɟɞɟɧ ɜ ɤɨɧɰɟ 
ɫɬɚɬɶɢ. Ɋɢɫɭɧɤɢ, ɮɨɬɨɝɪɚɮɢɢ ɢ ɬɚɛɥɢɰɵ 

ɞɨɥɠɧɵ ɛɵɬɶ ɨɬɞɟɥɟɧɵ ɨɬ ɨɫɧɨɜɧɨɝɨ ɬɟɤɫɬɚ 
ɤɚɤ ɦɢɧɢɦɭɦ ɨɞɧɨɣ ɩɭɫɬɨɣ ɫɬɪɨɤɨɣ.  
 

 
Ɋɢɫɭɧɨɤ 1 

 

ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, чɬɨ ɫɬɚɬɶɹ ɧɚɩɢɫɚɧɚ ɧɚ 
ɝɪɚɦɨɬɧɨɦ ɢ хɨɪɨɲɨ чɢɬɚɟɦɨɦ ɚɧɝɥɢɣ-

ɫɤɨɦ ɢɥɢ ɪɭɫɫɤɨɦ ɹɡɵɤɟ. ɉɪɢ ɧɟɨɛɯɨɞɢɦɨ-
ɫɬɢ, ɩɟɪɟɞ ɨɬɩɪɚɜɤɨɣ ɫɬɚɬɶɢ ɚɜɬɨɪɚɦ ɫɥɟɞɭɟɬ 
ɩɪɨɤɨɧɫɭɥɶɬɢɪɨɜɚɬɶɫɹ ɭ ɩɟɪɟɜɨɞɱɢɤɨɜ. ɋɬɚ-
ɬɶɹ ɧɟ ɛɭɞɟɬ ɩɨɞɪɨɛɧɨ ɩɪɨɜɟɪɹɬɶɫɹ ɪɟɞɚɤɰɢ-

ɟɣ ɧɚ ɩɪɟɞɦɟɬ ɧɚɥɢɱɢɹ ɥɢɧɝɜɢɫɬɢɱɟɫɤɢɯ 
ɨɲɢɛɨɤ. ȼ ɬɨɠɟ ɜɪɟɦɹ ɪɟɞɚɤɰɢɹ ɨɫɬɚɜɥɹɟɬ ɡɚ 
ɫɨɛɨɣ ɩɪɚɜɨ ɨɬɤɥɨɧɢɬɶ ɫɬɚɬɶɸ, ɩɪɢ ɧɚɥɢɱɢɢ 

ɜ ɩɨɫɥɟɞɧɟɣ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɨɲɢɛɨɤ 
ɥɢɧɝɜɢɫɬɢɱɟɫɤɨɝɨ ɯɚɪɚɤɬɟɪɚ. 
 

2. ɈɌɉɊАȼɄА ɋɌАɌɖɂ ɇА  

ɊȿЦȿɇɁɂɊɈȼАɇɂȿ 
 

Аɜɬɨɪɵ (ɢɡ Ɋɨɫɫɢɢ ɢ ɞɪɭɝɢх ɫɬɪɚɧ) ɞɨɥɠ-

ɧɵ ɜɵɫɥɚɬɶ ɜ ɚɞɪɟɫ ɪɟɞɚɤɰɢɢ ɬɪɢ ɩɟɱɚɬ-
ɧɵɯ ɷɤɡɟɦɩɥɹɪɚ ɫɬɚɬɶɢ ɧɚ ɢɦɹ ɝɥɚɜɧɨɝɨ ɪɟ-
ɞɚɤɬɨɪɚ ɠɭɪɧɚɥɚ, ɩɪɨɮɟɫɫɨɪɚ ɋɢɞɨɪɨɜɚ ȼɥɚ-
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ɞɢɦɢɪɚ ɇɢɤɨɥɚɟɜɢɱɚ (ɤɨɧɬɚɤɬɧɚɹ ɢɧɮɨɪɦɚ-
ɰɢɹ ɩɪɢɜɟɞɟɧɚ ɜ ɪɚɡɞɟɥɟ «Ʉɨɧɬɚɤɬɧɵɟ ɞɚɧ-

ɧɵɟ») ɢɥɢ ɬɟɯɧɢɱɟɫɤɨɦɭ ɪɟɞɚɤɬɨɪɭ ɠɭɪɧɚɥɚ, 
ɞɨɰɟɧɬɭ Ʉɚɣɬɭɤɨɜɭ Ɍɚɣɦɭɪɚɡɭ Ȼɚɬɪɚɡɨɜɢɱɭ.  

Эɥɟɤɬɪɨɧɧɵɟ ɜɟɪɫɢɢ ɫɬɚɬɟɣ ɧɟɨɛɯɨɞɢɦɨ ɜɵ-

ɫɥɚɬɶ ɬɚɤɠɟ ɩɨ ɷɥɟɤɬɪɨɧɧɨɣ ɩɨɱɬɟ ɝɥɚɜɧɨɦɭ 

ɪɟɞɚɤɬɨɪɭ ɠɭɪɧɚɥɚ. Эɥɟɤɬɪɨɧɧɵɟ ɢ ɩɟɱɚɬɧɵɟ 
ɮɨɪɦɵ ɧɟ ɜɨɡɜɪɚɳɚɸɬɫɹ. Ʉɚɠɞɚɹ ɩɪɢɯɨɞɹ-
ɳɚɹ ɜ ɪɟɞɚɤɰɢɸ ɠɭɪɧɚɥɚ ɫɬɚɬɶɹ ɧɚɩɪɚɜɥɹɟɬ-
ɫɹ ɞɥɹ ɪɚɫɫɦɨɬɪɟɧɢɹ ɷɤɫɩɟɪɬɚɦ ɫɨɨɬɜɟɬɫɬ-
ɜɭɸɳɟɝɨ ɩɪɨɮɢɥɹ. Ʉɚɤ ɩɪɚɜɢɥɨ, ɩɨ ɤɚɠɞɨɣ 

ɫɬɚɬɶɟ ɧɚɡɧɚчɚюɬɫɹ ɞɜɚ ɷɤɫɩɟɪɬɚ. ȼɪɟɦɹ 
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. 
 

3. ɈɌɉɊАȼɄА ɋɄɈɊɊȿɄɌɂɊɈȼАɇɇɈɃ 

ɋɌАɌɖɂ 
 

ɉɨɫɥɟ ɨɞɨɛɪɟɧɢɹ ɷɤɫɩɟɪɬɚɦɢ ɫɬɚɬɶɢ ɢ ɜɧɟɫɟ-
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. Ɍɚɤɠɟ ɧɟɨɛхɨɞɢɦɨ ɩɨ-
ɫɥɚɬɶ ɷɥɟɤɬɪɨɧɧɭю ɜɟɪɫɢю ɫɬɚɬɶɢ ɩɨ 
ɷɥɟɤɬɪɨɧɧɨɣ ɩɨчɬɟ ɝɥɚɜɧɨɦɭ ɪɟɞɚɤɬɨɪɭ. 
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. 
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ternational Journal for Computational Civil and 

Structural Engineering ɢ ɩɨɞɝɨɬɨɜɤɟ ɫɬɚɬɟɣ ɧɟ-
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LIMIT STATE AND ZONAL DISINTEGRATION  

OF ROCK MASS NEAR DEEP-LEVEL OPENINGS 
 

Qi Chengzhi
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ABSTRACT: When the initial geostress in deep level rock mass exceeds the uni-axial strength limit of rock 
mass, zonal disintegration phenomenon near underground opening arises. This phenomenon is quite different 
from the elasto-plastic solution of the problem according to classical elasticity and plasticity theories. This paper 
represents an attempt to study the formation mechanism of rock mass zonal disintegration near the deep level 
openings. At first the definition of great depth is discussed according to classical elasticity and plasticity theory. 
It is shown that the depth at which complete plasticity takes place can be regarded as the definition of great 
depth. Experiments on rock samples showed that deformation and fracture process of rock can be looked at as 
multi-stage phase transition process. On this basis the rock mass zonal disintegration is studied from the view-
point of continuous phase transition. The Ginzburg-Landau expansion of Gibbs thermodynamic potential is used. 
Governing equation with respect to order parameter is derived, and the plastic deformation near the opening is 
determined. The result agrees with the experimental data well 

 
Key words: deep level opening, rock mass zone disintegration, continuous phase transition 

 
  

1. INTRODUCTION 

           

When the initial geostress in rock mass at great 
depth exceeds the uni-axial strength limit of 
rock mass, the phenomenon of zonal disintegra-
tion near underground opening arises. Anomaly 
of this phenomenon lies in the localization of 
fracture of rock mass in discrete zones which 
alternate with relatively no-fractured zones 
(Fig.1). These zones repeat the form of the con-
tour of underground openings.  
 

Figure 1. The phenomenon of rock mass zonal  
disintegration near deep level opening 

 

The phenomenon of discrete fracturing ahead of 
stop faces in mining openings was firstly dis-
covered by G.R.Adams, A.J.Jager ( 1980) [1] , 
and the phenomenon around the deep level 
opening was firstly discovered in experiments 
and in situ observations by Yu.S. Kutsnetsov, 
E.I.Shemyakin, M.V.Kurlenia , V.N.Oparin and 
et al (1983) [2, 3]. Systematical in situ, experi-
mental and theoretical studies were undertaken 
by E.I.Shemyakin, M.V.Kurlenia , V.N.Oparin 
and et al [3, 4,5,6,7]. E.I.Shemyakin, 
M.V.Kurlenia, V.N.Oparin and others think that 
this phenomenon is caused by the splitting of 
rock mass alone the direction of the maximum 
tangential compression stress when the lateral 
compression stresses are small[4,5,6]. When 
splitting occurs, “false” opening contour forms, 
and the splitting process repeats. The whole 
process stops when the condition that the stress 
in rock mass exceeds the uni-axial strength of 
rock mass is not satisfied. Experiments showed 
that duo to the existence of discontinuity in rock 
mass, the deformation of rock mass does not 
satisfy the deformation compatibility condition 
of Saint-Venant, and the condition of smallness 
of the lateral compression can always be satis-
fied [7]. The phenomenon of zonal disintegra-
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tion ahead of stop face was analyzed from the 
point of view of geological structure by 
V.N.Odintsev [8,9]. He thinks that the disinte-
gration zones appear duo to the formation of 
new structures by the dynamic fracture when the 
instable state is reached in the quasi-static de-
formation process in the rock mass. Such struc-
tures maintain stable in definite range of stress 
in the following loading process. Such a process 
repeats and the phenomenon of disintegration 
takes place. Gusev M.A. and Paroshin A.A. 
used the non-Euclidean model to study the 
mechanism of the formation of zonal disintegra-
tion [10]. As a parameter to describe the disin-
tegration they used the parameter of non- com-
patibility of deformation which has the meaning 
of scalar curvature�trace of Ricci tensor. On 
the basis of irreversible thermodynamics they 
derived the governing equation and obtained the 
periodic distribution of the parameter of non-
compatibility of deformation.  
The phenomenon of zonal disintegration is simi-
lar to the temporal-spatial structures in some 
physical- chemical processes. From the view-
point of the relationship between temporal-
spatial parameters the phenomenon of zonal dis-
integration is apparently the solution of the 
equations similar to that in quantum mechanics.  
Experiments showed that the deformation and 
fracture process of rock under loading can be 
looked at as multi-stage process of continuous 
phase transition [11]. From the viewpoint of 
non-equilibrium thermo- dynamics deep level 
rock mass is in strong non- equilibrium state 
after the excavation of the openings. According 
to the concepts of synergetics in strong non-
equilibrium state self-organization process takes 
place which results in the dissipative structures 
[12]. Self-organization process proceeds in time 
and space. It is evident that classical elastic-
plastic solutions do not take into account this 
process, therefore they can be considered as the 
first approximation of the solution of the prob-
lem.    
In physics the theory of phase transition of the 
second order developed by L.D. Landau suc-
cessfully explain the phenomena of supercon-

ductivity and superfluidity [13,14]. A.A. 
Abrikosov predicted successfully the vertex 
structure in superconductors of second kind 
[15]. If the deformation process of rock under 
loading can be looked as multi-stage process of 
phase transition, then this process should obey 
to the law of phase transition. This analogy 
stimulates the authors to study the phenomenon 
of zonal disintegration with the help of the 
phase transition theory. Therefore in the present 
paper an attempt is made to study the phenome-
non of zonal disintegration from the point of 
view of phase transition.    

 
 

2. DEFINITION OF GREAT DEPTRH 

FROM THE VIEW-POINT  

OF CLASSICAL PLASTICITY THEORY 

 
We start with the study of the stress-strain state 
of rock mass around deep level underground 
opening.  
The circular underground opening without lin-
ing is subjected to external loading of magni-
tude H  , where   is the density of rock 
mass, H is the depth of opening. Under elastic 
condition, the stresses and strains near the open-
ing are determined by follows (here compres-
sive stresses are considered as positive): 
   22

raqr      �   z    (1) 

0,
2 2

0

2  
zr

r

a 
                (2) 

 
Where r ,  , z , r ,  , z are stress and strain 

tensors in polar coordinate system r ,  and z , 

 is the hydro-static pressure at infinity; q  is 
the external pressure acting on the wall of open-
ing; 0  is the shear modulus of rock mass; a is 

the radius of circular opening; r is current coor-
dinate. 
In this case we have three mutually perpendicu-
lar maximum shear stresses: 
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TTT
      (3) 

 
As a simple yield condition we take the Tresca’s 
criterion, which is shown in Fig.2. The yield 
shear stress of the ideal plasticity is denoted by 

0T  and the yield stress at uni-axial compression 

is denoted by 0 . With the depth, the principal 

shear stresses increase gradually. When 0TT  , 

yield arises at the wall of opening at first. In this 
case we have 
 

22
0

0

    TT
r           (4) 

 
i.e. when 
 

200   T                       (5) 

 
yield arises in the wall of opening at first. 
According to S.A.Khastianovich and 
E.I.Shemyakin [16], the plasticity is considered 
as partial when only T  reaches yield limit.  
  

 
Figure 2. Stress-strain dependence  

for ideal plasticity 
 
With the further increase of the depth, the yield 
condition is also satisfied in another plane of 
maximum shear stress: 
 

21
rzT

  �
22

0
0

  T           (6) 

 

According to the conception of 
S.A.Khastianovich and E.I.Shemyakin, the plas-
ticity is complete when sliding takes place in 2 
planes of maximum shear stress. In this case 
besides the formation of slip lines in plane r , , 
the slip lines arise in r , z  plane also. And rock 
mass is cut into blocks and dynamic events such 
as rock-bursts and the gas extrusion etc. under 
disturbance of external factors take place easily. 
As a result we have the next relationship be-
tween   and 0   

 

002   T                        (8) 

 
Therefore from the viewpoint of occurrence of 
dynamic phenomena, great depth can be re-
ferred to the depth at which the initial geostress 
of rock mass reaches the uni-axial strength of 
rock mass.  
As the governing parameter of strain we take 
the maximum shear strain 
 

  r                           (9) 

 
If, as a model of rock mass, we take the ideal 
plastic model, then rock mass enters plastic state 
when T  attains 0T . But the rock mass fractures 

only when the maximum strain   reaches the 
limit magnitude 0 , i.e. 

 

0                            (10) 

 
For brittle rock 0 = e , where e  is the limit of 

elastic deformation. 
When the rock mass near underground opening 
yields, the stresses in plastic zone can be ex-
pressed as: 
 




  1ln2;ln2 00
a

r
T

a

r
Tr        (11) 

 
And the radius of plastic zone is determined by 
the next equation: 
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02
T

T

e
a

c



 

                 (12) 

 
i.e. the radius of plastic zone grows rapidly with 
the depth and correspondingly with the stress. 
When 002   T , from Equation (12) we 

obtain the radius of plastic zone: c =1.65a. 
Based on the assumption of elastic dilatation 
and the V.Karman’s hypothesis, the displace-
ment in the plastic zone is determined as [17]: 
  

r

D

r

q
r

G

T
U  ln

210 
          (13) 

 
where D is a constant to be determined by the 
condition of deformation at boundary cr  . 
 

At cr    
GTr 0               (15) 

 
The shear deformation and the strain compo-
nents are expressed as: 
 

  



 


 2

1221
r

c
e             (15) 

    



 





  2

11ln21
r

c

r

a
er    (16) 

    



 


 2

1ln21
r

c

r

a
er       (17) 

 
When the maximum shear deformation at the 
opening wall reaches its limit 0 , the open-

ing walls begin to fracture, in this case the ra-
dius of plastic zone can be determined from (15)  
 

  


 





   21
12

1 0

2

ea

c
        (18) 

 
From (18) we obtain ac 73.2  when 

100  e  and 3.0 . In this case we have  

 

03T =1.5 0                      (19) 

 
The deformation at opening wall is expressed 
as: 
 

  



 


0

0

1221 T

T

ea e


         (20) 

 

 

3. THE FEATURES OF DEFORMATION 

 OF ROCK UNDER EXTERNAL  

LOADING 

  
Experiments on rock samples showed that [11] 
upon reaching their maximum values stresses in 
rock begin to decrease with the growth of de-
formation because of the initiation of local slid-
ing planes. In these sliding planes in process of 
the further deformation rock prepares for the 
microfracture. Therefore, we may relate the 
plastic deformation with the formation of slid-
ing planes which are close to the maximum 
shear stress planes. Hence, the dependence of 
maximum shear stress T on maximum shear de-
formation   contains the basic information on 
deformation and fracture of rock. 
Typical relationship between maximum shear 
stress T, dilatation   and maximum shear strain   is shown in Fig.3 [11]. The hardening stage 
follows the elastic stage ( ), ee TT  , and the 
softening stage begins at the point  00 , TT  . 
Rock fails when shear deformation attains its 
limit value CT . The dilatation of rock decreases 

up to the elastic limit, but increases beyond this 
point, and becomes zero at the limit of strength. 
The absolute growth of dilatation takes place 
beyond the limit of strength.  
Fig.4 represents the kinetic process of crack 
formation [11], where maxNN denotes the ratio 

of current quantity of cracks to the maximum 
quantity of cracks at the moment of failure of 
rock. 
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Figure 3. The stress-deformation diagram  

of rock        

 
Figure 4. Dependence of 

maxNN on C  

 
The parameter maxNN  may be regarded as the 
damage parameter . In elastic deformation re-
gime the growth of   is imperceptible. When 
deformation process enters plastic deformation 
regime parameter   grows rapidly. Besides 
pure shear deformation process, dilatation also 
contributes to the deformation significantly. 
Dilatation is accompanied with the lose of bond-
ing and the formation of fracture planes, within 
which material particles are ground. More com-
plex structures arise in the newly formed struc-
tures, and the formation of the more complex 
structures is accompanied with the change of the 
stability types. Further, new state appears, in 
which on the further straining stress decreases. 
Damage parameter grows quickly beyond the 
limit of strength, and approaches to 1 after the 
formation of main cracks. The kinetic process of 
the development of micro-cracks may be looked 
at as multi-stage continuous phase transition. 
Fig.4 reveals some features of continuous phase 
transition. The transition into stage beyond the 

strength limit is accompanied with the change of 
the stability types; such a change is caused by 
the strong structural fluctuation. Therefore the 
arising of inflection point corresponding to the 
strength limit in the diagram is completely pre-
dictable. This fact allows us to use the phase 
transition theory to study zonal disintegration of 
rock mass near the deep level opening. 
 
 
4. ZONAL DISINTEGRATION NEAR 

DEEP LAVEL OPENINGS  

AS CONTINUOUS PHASE  

TRANSITION 

  
In analogy with the phase transition theory of 
second order, it is convenient to introduce di-
mensionless parameter of the following form for 
the description of irreversible deformation:   
 

eC

e
                       (21) 

 
Rock mass has complex structural hierarchy. At 
different structural levels there exist correspond-
ing structural surfaces. These structural surfaces 
are the weakened surfaces, in which the defor-
mation and fracture of rock mass mainly con-
centrate. These structural surfaces are not closed 
compactly, but have definite width. Naturally, 
we can suppose that the wider these structural 
surfaces open, the less the strength of rock mass 
is. Therefore when the rock mass is subject to 
external loading the deformation and fracture of 
rock mass take place at the maximum structural 
scale level. With the growth of the loading, the 
less structural scale levels involve in deforma-
tion and fracture process.  
In physics symmetry is a very important con-
cept. The most common symmetry is the homo-
geneity and isotropy of space. In mechanics of 
deformable solids medium with isotropy prop-
erty shares symmetry feature. Mechanical be-
havior of such medium is described by two pa-
rameters of elasticity. When fracture happens 
isotropy disappears, and symmetry is broken. 
Under the action of external load fracture takes 
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place at the largest scale level. In this case 
global symmetry of medium is broken. But the 
formed blocks may be looked as homogeneous 
and isotropic bodies. In this case symmetry is 
localized in blocks. With the increase of load 
the size of consecutively formed blocks gradu-
ally decreases. Therefore the fracture process 
may be looked as process of consecutive break-
ing and localization of symmetry.   
The breakage of the symmetry is accompanied 
with the irreversible deformation, and the irre-
versible deformation is accompanied with the 
dissipation of energy and the formation of dissi-
pative structures [12]. Therefore, according to 
the concept of physics,   may be regarded as 
the order parameter. Shear stress is the response 
of rock mass to external action. Rock mass re-
sponds not only to the initial defects, but also to 
the new defects. Therefore we may consider 
rock mass as the statically conservative system, 
whose total energy is its potential energy H. 
Suppose that equilibrium state corresponds to 
the minimum of H, then we can obtain the fol-
lowing equilibrium equation: 
 

0H                          (22) 
 

Here we take the thermodynamic potential of 
the following form: 
 

   3
3

2
210 !3

1

2

1  VVVVH    (23) 

 
In correspondence with the peculiarity of the 
continuous phase transition we have 02 V , 

03 V . 

When  �0 the total system is in equilibrium 
state,  function (23) should satisfy the next con-
dition   
 

0
2

1

0

2
321 


 


 VVV

d

dH
    (24) 

 
Therefore from (24) we have 1V �0. Not losing 
generality we suppose that 00 V .  

We can take the potential function   of the 
third order:  
 

 3
3

2
2 3

1

2

1  V
!

VH                (25) 

 
When the rock mass enters limit state, long-
range interaction between the particles of rock 
mass occurs.  By analogy with the expansion of 
Ginzburg-Landau [13] the gradient term should 
be added to expression (25)  
 

 23
3

2
2 2

1

3

1

2

1   CVVH       (26) 

 
where C is the coefficient, and C>0. 
Thus the total potential in the whole area is de-
termined by the following expression 
 

  


  dCVV
23

3
2

2 2

1

3

1

2

1   (27) 

 
According to the fundamental law of Physics, 
for the stable state medium always chooses the 
parameters in such a way that to make the free 
energy minimal.  
Take variation of equation (28) with respect to   we have 
    dCVV )(2

32   

   
 dCdVV )(2

32  =0  

(28) 
 

Because 
      2  

 
we have  
       2  

 
Integrating the second term of (28) by parts and 
applying Gauss theorem yields  
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
dCdSnC

dC

d
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

2           

)(

  

 
where the first term on the right side in the 
above equation is the surface integration, dS is 
the area element, and d  is the surface of the 
medium. In this case equation (28) takes the 
following form 
     

dCdVV )(2
32   

 
  0

22
32









dSnC

dCVV

d




     (29) 

 
Because equation (29) is valid for any variation 
of order parameter and for any point in the 
medium, the next condition 
  22

32  CVV �0           (30) 

 
and boundary condition 
   0 ar

n
                  (31) 

 
must be satisfied. 
Because of the axial symmetry of the stress-
strain state around the circular opening, we have 
from (31) 
 

02
322

2 






 
VV

rrr
C        (32) 

 
Under condition of small deformation, we may 
ignore the second order term on the right side. 
In this case we have: 
 

02

2

2 




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 
D

rrr
           (33) 

 
where CVD 2

2   

Equation (34) can rewritten as   
 

022

2

2
2 


 

rD
r

r
r

r          (34) 

 
Equation (34) is the uniform Bessel equation of 
the 0 order, whose solution has the following 
form [19]  
    DrNCDrJC 0201           (36) 

 
where 0J and 0N  are the Bessel’s function of 0 
order and Neumann’s function of 0 order respec-
tively.   
Expanding boundary condition   0 ar

n
  

yields 
 

0sincos 



ar

yx


 

 
Using the next formula of coordinate transfor-
mation  
 










 






rry

rrx
cos

sin

;
sin
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we can obtain the next equation in polar coordi-
nate system  
 

0


arr


                       (37) 

 
Using the following iteration relation  
 

    DrJDrJ
Ddr

d
10  �

    DrNDrN
Ddr

d
10   

 
we have  
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    0][ 1211  DaNCDaJCD
ar

    DaN

DaJ
CC

1

1
12                     (38) 

 
Because the shear strain is not designated with 
positive and minute sign, we can take its abso-
lute value of    
 

      


  DrN
DaN

DaJ
DrJC 0

1

1
01      (38) 

 
From  
 

eC

e
  

 
we have  
   eeC                   (39) 

 
The selection of parameter 1C  should make the 
solution at the opening wall coincide with the 
classical elasto-plastic solution. Parameter D 
depends on the radius of opening. Its selection 
should make the period of   coincide with the 
distance of the first zone of disintegration 
Taking 2.3Da (i.e. aD 2.3 ), 
 �0.3� eC  �10� 03T �1.5 0 �using 
the next equation 
 

          
  



 




 

0

0

1221

0
1

1
01

T

T

ee

eC

e

DrN
DaN

DaJ
DrJCa


 

           (40) 
 

we obtain 1C 1.862. 
From equation (39) we can determine the distri-
bution of strain around the opening, which is 
illustrated in fig.5, in which curve 1 denotes the 
solution of (39), and curve 2 represents the solu-
tion of ideal plasticity (15). From Fig.5 it is evi-

dent that there is additional zone of disintegra-
tion besides the fracture zone near the opening. 
This result agrees with the experiment data [1].  
The result seems to be absurd at first sight, be-
cause the deformation in the areas between dis-
integration zones is of the level of deformation 
at yield. But the experiments do show that frac-
ture in areas between disintegration zones is 
very weak, in these zones cracks orient chaoti-
cally, and it seems that they appeared latter as a 
result of movement of rock mass around the 
opening toward the center of the opening [4]. 
It is necessary to point out that, the formation of 
deformation pattern is a common phenomenon 
in the deformation process of materials. Ex-
perimental observations, prevalent in the present 
technical literature, show beyond doubt that 
macroscopically uniform material domains, un-
der surface traction, develop non-uniform and 
often highly localized deformation fields con-
trary to the prediction of “local” theories [19]. 
Therefore the formation of zonal disintegration 
is not an occasional phenomenon, but is the re-
alization of the general law in the nature.    
 

 
Figure 5. Plastic deformation distribution  

in rock mass around the opening  
(curve 1 – solution of Eq.(39);  
curve 2 – solution of Eq. (15)) 

 
 

5. CONCLUSION  

 
This paper represents an attempt to study the 
formation mechanism of rock mass zonal disin-
tegration near the deep level mining opening. At 
first the definition of great depth from the view-
point of classical elasticity and plasticity theory 
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is discussed. It is shown that the depth at which 
complete plasticity takes place can be regarded 
as the definition of great depth. Experiments on 
rock samples showed that deformation and frac-
ture process of rock can be looked at as multi-
stage continuous phase transition process. Based 
on continuous phase transition theory rock mass 
zonal disintegration is studied. The Ginzburg-
Landau expansion of Gibbs thermodynamic po-
tential is used. Governing equation with respect 
to order parameter is obtained, and the plastic 
deformation near the opening is determined. 
The result agrees with the experimental data 
well.   
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REFLECTION AND SCATTERING OF SEISMIC WAVES  

BY SEISMIC BARRIERS  
 

Sergey V. Kuznetsov 
Institute for Problems in Mechanics, Russian Academy of Sciences, Moscow, RUSSIA 

 

ABSTRACT: The basic idea of seismic barrier is to protect an area occupied by a building or a group of build-

ings from seismic waves. Depending on nature of seismic waves that are most probable in a specific region, dif-

ferent kinds of seismic barriers are suggested. For example, vertical barriers resembling a wall in a soil can protect 

from Rayleigh and bulk waves. The FEM simulation reveals that to be effective, such a barrier should be (i) com-

posed of layers with contrast physical properties allowing “trapping” of the wave energy inside some of the layers, 

and (ii) depth of the barrier should be comparable or greater than the considered seismic wave length. Another 

type of seismic barrier represents a relatively thin surface layer that prevents some types of surface seismic waves 

from propagating. The ideas for these barriers are based on one Chadwick’s result concerning non-propagation 

condition for Rayleigh waves in a clamped half-space, and Love’s theorem that describes condition of non-

existence for Love waves. The numerical simulations reveal that to be effective the length of the horizontal barri-

ers should be comparable to the typical wavelength. 

 

Key words: Barrier, seismic wave, bulk wave, Rayleigh wave, Love wave  

 

  

INTRODUCTON 

 

Methods of seismic protection. 

Generally, current approaches for preventing 

failure of structures due to seismic activity can 

be divided into two groups: (i) approaches for 

creating seismically stable structures and joints; 

this group contains different methods ensuring 

either active or passive protection; and (ii) ap-

proaches for creating a kind of seismic barrier 

preventing seismic waves from transmitting 

wave energy into a protected region.  

While the first group includes a lot of different 

engineering approaches and solutions, the sec-

ond one  contains very few studies; see Takaha-

shi et al. (2001) and more recent works by Mo-

tamed et al. (2008), Kusakabe et al. (2008) . The 

proposed research belongs to the second group.  

 

Possible types of wave barriers. 

The considered seismic barriers can be of two 

types: vertical, aimed to reflect, trap, and dissi-

pate most of the seismic wave energy; and hori-

zontal, based on Chadwick and Smith (1977) 

and Love (1911) theorems, and aimed to pre-

vent certain types of seismic waves from propa-

gation; see, Fig. 1.  

 

 
 

Figure 1. Vertical and horizontal 

seismic barriers. 

 

Yet another interesting approach is to create a 

“rough” surface of the half-space to force the 

propagating Rayleigh wave scatter by caves and 

swellings; see Fig.2, where part of a free surface 

with the sinusoidal roughness is pictured. In this 

respect, the rough surface apparently transforms 

the elastic half-space into viscoelastic one. To 

be effective, periodic imperfections should have 

magnitude and period comparable to the magni-

tude and wavelength of propagating Rayleigh 

wave (Sobczyk 1966, Maradudin & Mills 1976, 

Maradudin & Shen 1980). 

In practice, such a rough surface can be 

achieved by a series of rather deep trenches ori-

ented transversally to the most probable direc-

tion of the wave front. Some of obvious defi-

ciencies of this method are: (i) its inability to 

persist the surface waves other than Rayleigh 

waves; (ii) protection from Rayleigh waves 
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travelling only in directions that are almost or-

thogonal to orientation of the trenches; and, (iii) 

high sensitivity to the frequency of travelling 

Rayleigh waves. These shortcomings made an 

idea of exploiting a rough surface as a kind of 

protective barrier, unrealizable. 

 

 
 

Figure 2. Rough surface acting as seismic  

barrier against Rayleigh waves. 

 

Vertical barriers. 

For bulk waves the most effective vertical bar-

rier would be an empty trench, or a trench filled 

in with a lighter material than the ambient soil. 

For such a barrier most of the wave energy 

would be reflected, as is shown on Fig. 3. 

 

 
 

Figure 3. Full reflection of an incident bulk 

wave from an empty trench. 

 

However, propagating Rayleigh or Love wave 

will simply overflow an empty trench, as Fig.4 

shows. 

 

 
 

Figure 8. Flow of Rayleigh wave around  

an empty trench. 

 

Thus, to be effective against the most dangerous 

types of seismic Rayleigh and Love waves, the 

vertical barrier should be of a more elaborate 

type. Possible structures of vertical barriers will 

be discussed later on. 

 

Horizontal barriers. 

Horizontal barriers can be constructed by modi-

fying properties of the outer layer preventing the 

corresponding surface wave from propagation.  

In practice, modifying physical properties of the 

outer layer can be achieved by reinforcing 

ground with piles or “soil nails”; see papers 

where reinforcing was studied for increasing 

bearing load of the soil (Blondeau 1989, De Bu-

han et al. 1989, Abu-Hejleh et al. 2002, Eiksund 

2004, Herle 2006).  

If distance between piles is sufficiently smaller 

than the wave length, then a reinforced region 

can be considered as macroscopically homoge-

neous and either transversely isotropic or 

orthotropic depending on arrangement of piles. 

Of course, homogenized physical properties of 

the reinforced medium depend upon material of 

piles, distance between them, and their ar-

rangements.  

For stochastically homogeneous arrangement of 

piles and the initially isotropic upper soil layer, 
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the reinforced soil layer becomes transversely 

isotropic with the homogenized (effective) char-

acteristics that can be evaluated by different 

methods:  

Voigt homogenization yields the upper bound 

for effective characteristics (Bensoussan, Lions, 

Papanicolaou 1978): 

 

(1 )effective soil pilesf f  C C C ,     (1) 

 

where *C  are the corresponding elasticity tensors 

and f  is the average volume fraction of piles.  

Reuss homogenization. This method is related to 

constructing the homogenized inverse tensors: 

 

(1 )effective soil pilesf f  S S S  (2) 

 

yields the lower bound, where *S  are the corre-

sponding compliance tensors. In the case of pile 

reinforcement these two methods give too broad 

“fork” and thus, are not reliable.  

Two-scale asymptotic expansion method. Much 

more accurate results give the two-scale asymp-

totic expansion method (Bensoussan, Lions, Pa-

panicolaou 1978, Sanchez-Palencia 1983):  

 

(1 )effective soil pilesf f   C C C K ,      (3) 

 

where K  is the corrector that is defined by solv-

ing the special boundary value problem for a 

typical periodical cell. It is interesting to note 

that taking the corrector K  in Eq. (3) as the null 

tensor we arrive at Voigt homogenization (1).  

Methods for constructing the corrector within 

the two-scale asymptotic expansion methods are 

discussed by Michel, Moulinec, and Suquet 

(1999), Cecchi and Rizzi (2001).  

 

 

THE MAIN TYPES OF SURFACE 

ACOUSTIC WAVES  

 

In this section we proceed to analyzes of the 

main types of seismic surface waves and condi-

tions for their non-existence  

Rayleigh waves. 

These waves discovered by Lord Rayleigh 

(Strutt 1885) propagate on a plane surface of a 

halfspace; see, Fig. 5 and exponentially attenu-

ate with depth. These waves transmit the most 

seismic energy and lead to most severe damage 

in earthquakes.  

 

 
 

Figure 5. Rayleigh wave in a half-space. 

 

One interesting problem associated with 

Rayleigh waves is a problem of “forbidden” di-

rections of “forbidden” (necessary anisotropic) 

materials that does not transmit a Rayleigh wave 

along some directions. Forbidden materials and 

forbidden directions have been intensively 

searched both experimentally and numerically 

(Lim & Farnell 1968, 1969, Farnell 1970) until 

mid seventies when the theorem of existence for 

Rayleigh waves was rigorously proved (Barnett 

& Lothe 1973, 1974a,b, Lothe & Barnett 1976 

Chadwick & Smith 1977, Chadwick & Jarvis 

1979, Chadwick & Ting 1987). This theorem 

states that no materials possessing forbidden 

directions for Rayleigh waves can exist.  

Despite proof of the theorem of existence, a 

small chance for existence of forbidden materi-

als remained. This corresponded to the case of 

non-semisimple degeneracy of a special matrix 

associated with the first-order equation of mo-

tion; actually, this matrix is the Jacobian for the 

Hamiltonian formalism used for Rayleigh wave 

description. However, it was shown (Kuznetsov 
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2003) that even at the non-semisimple degener-

acy a wave resembling the genuine Rayleigh 

wave can propagate. Thus, for waves propagat-

ing on a homogeneous half-space, no forbidden 

materials or directions can exist. 

 

Stoneley waves. 

These are waves were introduced by Stoneley 

(1924), and analyzed by (Sezawa & Kanai 1939, 

Cagniard 1939, Scholte 1947). Stoneley waves 

propagate on an interface between two contact-

ing half-spaces, Fig 6. 

 

 
 

Figure 6. Stoneley wave on the interface 

between two contacting half-spaces. 

 

In contrast to Rayleigh waves, Stoneley waves 

can propagate only if material constants of the 

contacting half-spaces satisfy special (very re-

strictive) conditions of existence. These 

conditions were studied by Chadwick & Bore-

jko (1994), Sengupta & Nath (2001).  

It should be noted that for the arbitrary anisot-

ropy no closed analytical relations between ma-

terial constants of the contacting half-spaces en-

suring existence or non-existence of Stoneley 

waves have been found (2010). 

 

Love and SH waves. 

Love waves (Love, 1911) are horizontally polar-

ized shear waves that propagate on the interface 

between an elastic layer contacting with elastic 

half-space; Fig. 7. At the outer surface of the 

layer traction-free boundary conditions are gen-

erally considered. 

 

 
 

Figure 7. Love wave propagating  

on the interface. 

 

In the case of both isotropic layer and half-

space the conditions of existence derived by 

Love are:  

 
S S
layer halfspacec c ,                (4) 

 

where *
S

c  are the corresponding speeds of the 

transverse bulk waves. At violating condition 

(4) no Love wave can propagate. For the case of 

both anisotropic (monoclinic) layer and a half-

space the condition of existence is also known 

(Kuznetsov 2006a).  

SH waves resemble Love waves in polarization, 

but differ in absence of the contacting half-

space. At the outer surfaces of the layered plate 

different boundary conditions can be formulated 

(Kuznetsov 2006b). In contrast to genuine Love 

waves, the SH waves exist at any combination 

of elastic properties of the contacting layers.  

Besides Love and SH waves a combination of 

them can also be considered. This corresponds 

to a horizontally polarized wave propagating in 
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a layered system consisting of multiple layers 

contacting with a half-space. Analysis of condi-

tions of propagation for such a system can be 

done by applying either transfer matrix method 

(Thomson 1950, Haskell 1953), known also as 

the Thomson-Haskell method due to its origina-

tors; or the global matrix method mainly devel-

oped by Knopoff (1964).  

At present (2010) no closed analytical conditions 

of existence for the combined Love and SH 

waves propagating in anisotropic multilayered 

systems are known; however, these conditions 

can be obtained numerically by applying transfer 

or global matrix methods; see (Kuznetsov 2006a, 

b; Djeran-Maigre & Kuznetsov 2008).  

Different observations show that genuine Love 

and the combined Love-SH waves along with 

Rayleigh and Rayleigh-Lamb waves play the 

most important role in transforming seismic en-

ergy in earthquakes (e.g. Agnew 2002, Braiten-

berg & Zadro 2007). But, as we have seen, there 

is a relatively simple (at least from a theoretical 

point of view) method for stopping Love and 

the combined Love and SH waves by modifying 

the outer layer in such a way that conditions of 

existence (4) are violated.  

 

Lamb and Rayleigh-Lamb waves. 

Lamb waves (Lamb, 1917) are dispersive waves 

propagating in a homogeneous plate and (if a 

plate is isotropic) polarized in the saggital plane, 

similarly to polarization of the genuine Rayleigh 

waves. It is known (Lin & Keer 1992, Ting 

1996) that Lamb waves can propagate at any 

anisotropy of the layer and at traction-free, 

clamped, or mixed boundary conditions im-

posed on the outer surfaces of the plate. The 

same result can be extrapolated to a layered 

plate containing multiple anisotropic homoge-

neous layers in a contact (Ting 2002). Thus, for 

Lamb waves no forbidden materials exist.  

More interesting from seismological point of 

view are Rayleigh-Lamb waves; see Fig.8. 

These are dispersive waves propagating in a 

layered plate contacting with a (homogeneous) 

halfspace. Rayleigh-Lamb waves in isotropic 

media are polarized in the saggital plane defined 

by vectors   (normal to a median plane) and n  

(direction of propagation), as Lamb and 

Rayleigh waves. Needless to say that Rayleigh-

Lamb waves are much more difficult for theo-

retical studies than Rayleigh or Lamb waves.  

 

 
 

Figure 8. Rayleigh-Lamb waves. 

 

 

SEISMIC BARRIERS  

 

Herein, we present some results on numerical 

simulation of propagating seismic waves and 

their interaction with seismic barriers. The pre-

sented results were obtained by the explicit FE 

code implemented on a cluster and a metacluster 

computers.  

 

Vertical barriers. 

Theoretical analysis and numerical simulations 

reveal that to effectively protect from Rayleigh 

and Rayleigh-Lamb waves a vertical barrier 

(Fig.1) should satisfy several conditions: (i) the 

barrier should have a composite layered struc-

ture composed of vertical layers with contrast 

physical properties; (ii) depth of the barrier 

should be comparable to the wavelength of the 

most probable seismic wave; (iii) the protected 

zone should be completely surrounded by a bar-

rier to avoid flowing of the seismic wave inside 

the protected zone.  

Henceforth, all the numerical simulations are 

done with Abaqus/Explicit® CAE software. 
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Figure 9. Round-shaped composite vertical  

barrier protecting from Rayleigh waves:  

a) 3D model; b) cross-section. 

 

Figure 9 demonstrates a movie frame related to 

numerical simulation of a propagating seismic 

Rayleigh wave interacting with a round-shaped 

vertical barrier; the latter completely surrounds 

the protected region. The ratio of the wave-

length to depth of the barrier was taken ~0.8. 

This corresponded to the reference frequency 

about 7 Hz and the Rayleigh wavelength 20m 

(speed of Rayleigh wave was 140 m/sec; speed 

of the transverse bulk wave was ~180 m/sec); 

diameter of the protected region was 120m. In-

side the protected region reduction of the mag-

nitude of displacements was more than ten times 

comparing to the outside territory.  

 

Transverse (horizontal) barriers. 

Our analyses revealed that similarly to vertical 

barriers, the transverse barriers should satisfy 

several conditions to effectively protect from 

seismic waves: (i) length (horizontal) of the bar-

rier should be comparable to the wavelength; 

(ii) material of the barrier should have larger 

density than the ambient soil for Rayleigh 

waves; that is in agreement with Chadwick’s 

theorem stating that at the clamped surface of a 

halfspace, no Rayleigh wave can propagate; (iii) 

material of the barrier should satisfy the oppo-

site Love’s propagating condition (4) for pro-

tecting from propagating seismic Love waves.  

 

 
 

 
 

Figure 10. 3D model of the horizontal  

round-shaped barrier interacting with a long 

Rayleigh wave: a) 3D model; b) cross-section 

near the barrier. 
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Figure 10 demonstrates a movie frame related to 

numerical simulation of a propagating seismic 

Rayleigh wave having a long wavelength and 

interacting with a round-shaped transverse 

(horizontal) barrier; the latter completely sur-

rounds the protected region. The ratio of the 

wavelength to length of the barrier was taken 

one and a half. Inside the protected region re-

duction of the magnitude of displacements was 

about three times comparing to magnitude of 

displacements at the outside territory. 

 

 

CONCLUDING REMARKS  

 

Herein, a brief outline of future research direc-

tions related to creating more efficient seismic 

barriers is given. A practically important case, 

when seismic barriers appear to be indispensa-

ble, is discussed in the last subsection.   

 

Setting up an optimization problem. 

To make search of the optimal geometric and 

physical properties of the protecting barriers 

more systematic, solution of the following op-

timizing problem can be suggested. Mathemati-

cally the optimization problem for minimizing 

magnitudes of deflections can be written as 

finding minimum of the following target func-

tion F :  

 

 
1 1 1 1

1 1 1 1
, , ,
min ; ; ;

l h
F l h

  C
С  

 max max ( ) ( , )
x D

s m x 
      , (5) 

 

where 1 1,C , and 1 1,h l  are the elasticity tensor, 

density, depth, and length of the barrier (in the 

case of isotropic material, Lamé constants can 

be used instead of the elasticity tensor),   is the 

angular frequency,   is a spectral set, ( )s   is 

the corresponding spectral density, D  denotes 

the protected zone, and m  is the magnitude of 

deflections in the protected zone. This problem 

resembles one that is usually solved at finding 

optimal parameters of shock absorbers (Den 

Hartog 1985, Balandin et al. 2000, 2008).  

A barrier utilizing concept of scattering 

seismic wave energy. 

That is another type of seismic barriers. From 

technological point of view, such a barrier can 

be even simpler and possibly cheaper to create 

than vertical or horizontal barriers. To demon-

strate this concept, consider a ring-shaped pile 

field as shown on Fig. 11.  

 

 
 

Figure 11. A ring-shaped pile field used  

to scatter seismic wave energy. 

 

While interacting with seismic waves each pile 

acts as a scatter obstacle. Arrangement, mate-

rial, and profile of the piles can be obtained by 

an optimization procedure that is similar to one 

outlined in the previous subsection.  

 

Where seismic barriers can be most efficient?  

Simple observations reveal that different types 

of seismic barriers can be most efficient at soft 

soils especially subjected to liquefaction, when 

more traditional seismic protection measures 

can be inadequate. Indeed, by diminishing am-

plitude of seismic waves inside the protected 

zone, the considered barriers should improve 

stability of liquefied soils.  

However, for such soils a more complicated 

analysis of traveling waves involving Biot’s 

theory of poroelasticity can be needed; see De-

tournay E. & Cheng (1993). It should also be 

mentioned that according to the genuine Biot’s 
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theory all governing equations are linear, that 

ensures validity of the harmonic wave approach. 
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NON-STATIONARY HEAT TRANSFER IN TWO-LAYER 

UNLIMITED PLATE AT COMBINED BOUNDARY CONDITIONS 

OF THE SECOND AND FOURTH TYPES 

 
S.V. Fedosov, N.K.Anisimova, Yu.A. Shchepochkina, Yu.V. Shishkov 

Ivanovo State University of Civil Engineering and  Architecture, Ivanovo, RUSSIA 
 

ABSTRACT: The work is devoted to the problems of mathematical modeling of heating processes during high-
temperature decoration of building materials and products. Model of thermal treatment for the system “decorat-
ing material – decorated product” is suggested. The calculation of kinetic of heating of decorating material to the 
point of fusion is given. The dynamics of distribution of temperature fields on the surface and in the product on 
the stage of cooling. 

 
Key words: decorations, building product, process, modeling  

 
 

A lot of modern construction technologies in-
volve industrial methods of application of 
physical fields for acceleration of physical and 
chemical processes necessary for giving particu-
lar properties to the materials and products ob-
tained. [1]. These are the use of electric current 
of industrial frequency [2], high-frequency ways 
of heating [3], ultra-violet [4] and infra-red [5] 
radiations. 
Alongside with traditional methods of applica-
tion of physical fields in in-site  concreting 
technologies with the use of thermally active 
formwork [6,7], lately the researchers have been  
more and more interested in the  ways of high-
temperature decorative finishing of building ma-
terials and products [8-12]. 
For the further in-depth theoretical and experi-
mental researches of the developed technologies 
and their introduction in industry, it is necessary 
to develop reliable methods of calculation of 
technological processes and equipment, based 
on mathematical models, which are possibly 
close to real physical and chemical, heat and 
mass-exchange processes, proceeding in the de-
veloped apparatus [13]. 
One of perspective means to protect decorative 
finish of concrete, ceramic and other products is 
a high-temperature treatment involving a high-
intensity influence of  electric arc or low-
temperature plasma on the decorated material 
[9,10,12]. 
Figure 1 shows the scheme of the process. 

                          t 
                          
                                                      

 

                                     

 

 

 

+ x      1                      0  2                       – x       

Fig.1. Illustration of thermal treatment model 
(I – concrete, II – decorated layer, III – source 

of radiation) 
 

Present view of physico-chemical and heat 
processes running in the system are stated in 
detail in works [10, 12]. The present research is 
their continuation, and the basic attention in it is 
given to the problems of mathematical model-
ling of thermal processes at high-temperature 
treatment of building products. 
The system of «decorative material and deco-
rated product» can be presented according to 
figure 1 by two unlimited plates being in con-
tact, each having their own size – δ1 and δ2,   and 
properties: heat conductivity – Ȝ1 and Ȝ2, ther-
mal capacity – с1 and с2 and density – ρ1 and ρ2 
accordingly. Index "1" corresponds to the deco-

I – III II 
qrad 
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rated (basic) product, index "2" – to the decora-
tive (rendered) material. 
We assume that both products are in "ideal" 
thermal contact. The second (left one according 
to figure 1) surface of the basic product is heat 
insulated. 
Between the second surface of a rendered mate-
rial and the high-temperature gas environment 
there is a complex heat exchange determined by 
radiation and convection: 
  den rad conv ef rad surfq =q +q =α Ò -Ò .  (1) 

 
Here: qden – density of heat flow created by ra-
diation (qrad) and convection (qconv), J/m2

·c; αef  – 
effective factor of heat release due to radiation 
and convection, J/m2

·K; Тrad – temperature of 
radiating agent, K; Тsurf –  temperature of  heat 
receiving surface of decorative material, K. 
Boundary-value problem of non-stationary heat 
conductivity for the given case takes the follow-
ing form: 
 

2
1 1

1 2

t (x,τ) t (x,τ)
=a

τ x

 
   (τ>0 ; 10 x δ  )      (2) 

2
2 2

2 2

t (x,τ) t (x,τ)
=a

τ x

 
   (τ>0 ; 

2-δ x 0  )      (3) 

1 10t (x,0)=t (x)               (4) 

2 20t (x,0)=t (x)               (5) 

2 2
den 2

t (-δ ,τ)
q =-Ȝ

x


       (6)   

1 2
1 2

t (0,τ) t (0,τ)Ȝ =Ȝ
x x

 
           (7) 

1 2t (0,τ)=t (0,τ)               (8) 

1 1t (δ ,τ)
=0

x


              (9)  

 

The initial conditions (4) and (5) show, that at 
the moment of time, accepted for a start readout, 
distribution of temperatures through the thick-
ness of each model plate has arbitrary character. 
There are no restrictions to satisfy these func-
tions by any special condition (we  note, that in 
the fundamental monography [14] at considera-
tion of mass transfer problems such condition is 

the requirement of parabolic functions of initial 
distribution). 
The system of equations (2), (3) has a linear 
character. It is specified by the fact that thermal 
conductivity factors, generally being variable 
and dependent on temperature values, are taken 
outside the signs of mathematical operators of 
differentiation. However, application of a zone 
method [15] or a method of "microprocesses" 
[16, 17] allows breaking this barrier, provided 
that initial distribution of temperatures is deter-
mined by any function of coordinates. 
The boundary condition (6) is a condition of the 
second kind and shows that a thermal flow 
brought to the right surface of plate II (Fig.10) 
by means of radiation and convection is trans-
ferred inside the plate by means of heat conduc-
tivity. 
The boundary conditions (7) and (8) are condi-
tions of the fourth kind and illustrate the fact, 
that the plates have equal temperatures in the 
place of their contact, and density of heat flow 
is also the same. 
The boundary condition (9) is a condition of the 
second kind and can be referred to as the condi-
tion of «thermal insulation». 
For solution of systems (2) - (9) we use the 
method of Laplace integrated transformations, 
that proved to be good in analysis of heat trans-
fer problems. 
Let's bring the system of equations (2) - (9) to 
dimensionless form, using the following sym-
bols: 
 

1

x
x=
δ

; 2
δ

1

δ
K =

δ
; 2

a
1

a
K =

a
; 2

Ȝ
1

Ȝ
K =

Ȝ
        (10) 

rad 1
1

rad 0

t -t (x,τ)
T (x,Fo)=

t -t
; rad 2

2
rad 0

t -t (x,τ)
T (x,Fo)=

t -t
  (11) 

1
2
1

a τ
Fo=

δ
;     n 1

2 rad 0

q δ
Ki=

Ȝ (t -t )
.            (12) 

 

Taking into account (10)-(12) we have: 
 

2
1 1

1 2

T (x,Fo) T (x,Fo)
=a

Fo x

 
   (Fo>0 ; 0 x 1  )  (13) 
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2
2 2

2 2

T (x,Fo) T (x,Fo)
=a

Fo x

 
   (Fo>0 ; 

δ-K x 0  )  (14) 

1 10T (x,0)=T (x) ; 2 20T (x,0)=T (x)          (15) 

2 δT (-K ,Fo)
=K i

x


                  (16) 

1 2
Ȝ

T (0,Fo) T (0,Fo)
=K

x x

 
       (17) 

1 2T (0,Fo)=T (0,Fo)                (18) 

1T (1,Fo)
=0

x


         (19)   

 

Solution of equations (13) and (14) in view of 
initial conditions (15) in the field of Laplace 
representation on time variable Fo is as follows: 
 

1
x

10

0

T (x,S)=Ach( Sx)+Bsh( Sx)-
1

- T (ξ)sh S(x-ξ) dξ
S

         (20) 

2 a a
x

20 a

0a

T (x,S)=Cch( S K x)+Dsh( S K x)-
1

- T (ξ)sh S K (x-ξ) dξ
S K

      (21) 

 

Boundary conditions (16) - (19) in the field of 
complex variables can be written down as fol-
lows: 
 

2 δT (-K ,S) Ki
=-

x S


            (22) 

1 2
Ȝ

T (0,S) T (0,S)
=K

x x

 
     (23) 

1 2T (0,S)=T (0,S)         (24) 

1T (1,S)
=0

x


    (25) 

 

Having carried out with the help of boundary 
conditions the search of four constants in equa-
tions (20) and (21) we can receive after a num-
ber of transformations: 
 

3 Ȝ 2
1

1 1

x

10

0

Ȥ (S)ch( Sx) K Ȥ (S)sh( Sx)
T (x,S)= + -

S SȤ (S)sh S S SȤ (S)

1
- T (ξ)sh S(x-ξ) dξ

S
  

 (26) 

3 1 2 1
2

1 a 1

x

20 1

0a

Ȥ (S)ch( S x) Ȥ (S)sh( S x)
T (x,S)= + -

S SȤ (S)sh S K S SȤ (S)

1
- T (ξ)sh S (x-ξ) dξ

S K
  

 (27) 

In the expressions received it is designated: 
 

1 aS = S K                       (28) 

1 a δ

Ȝ a a δ

Ȥ (S)=sh Sch( S K K )+
+K K ch Ssh( S K K )

          (29) 

2 1 a a δ

2 a

Ȥ (S)=I S K sh( S K K )+
+I S K sh S+Kish S

       (30) 

3 1 1 Ȝ 2Ȥ (S)=I SȤ (S)-K Ȥ (S)ch S    (31) 
1

1 10

0

I = T (ξ)ch S(1-ξ) dξ               (32) 

δK

2 20 a δ
0a

1
I = T (ξ)ch S K (K -ξ) dξ

K
      (33) 

 
Carrying out transition from the area of repre-
sentations into the area of originals with the use 
of the second theorem of expansion [18] and 
applying the rule of Laplace linearity of con-
verse transformation, we have after complicated 
transformations: 
 

 
 

δ

1
a Ȝ δ

K1 2

10 Ȝ 20 Ȝ a Ȝ δ
0 0

*¥
1

n n a δ a δ n n a δ'
n=1 1 n

2
n

*¥
2Ȝ 2

n n'
n=1 1 n

1
T(x,Fo)=

1+KKK

(1-x)
T (ξ)dξ-K T (ξ)dξ-KiK Fo+ -j(K,K,K) +

2

I
+2 cos(ȝ x)cos(ȝ K K)- K Ksin(ȝ x)sin(ȝ K K) *

ȥ(ȝ )

exp(-ȝFo)-

KI
-2 cos ȝ (1+x)exp(-ȝ
ȥ(ȝ )


         



 ¥

n 2
Ȝ n2 '

n=1 n 1 n

Fo)+

cos ȝ (1+x)
+2KiK exp(-ȝFo)

ȝȥ(ȝ )


 

(34) 
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 

    

δ

2
a Ȝ δ

K1

10 Ȝ 20 a δ
0 0

2
a

Ȝ a Ȝ δ

*¥
1

n a δ'
n=1 1 n

2
n a

*¥
2

Ȝ n n a n n a'
n=1 1 n a

1
T (x,Fo)= *

1+K K K

T (ξ)dξ-K T (ξ)dξ+Ki(x-FoK K )+

1+K x
+KiK j(K ,K ,K )- +

2

I
2 cos ȝ K K -x ×
ȥ (ȝ )

×exp(-ȝ K Fo)-

I 1
-2 K cosȝ cos ȝ K x + sinȝ sin ȝ K x

ȥ (ȝ ) K


   

  



 





    
2
n a

*¥
22

Ȝ n n a n n a n a'
n=1 1 n a

×

×exp(-ȝ K Fo)-

I 1
-2Ki K cosȝ cos ȝ K x + sinȝ sin ȝ K x exp(-ȝ K Fo)

ȥ (ȝ ) K


              (35) 

 
Besides it is also designated in the marked solu-
tions: 
 

'
1 n n n a δ a Ȝ δ

n n a δ a Ȝ δ

ȥ (ȝ )=cosȝ cos(ȝ K K )(1+K K K )-

-sinȝ sin(ȝ K K ) K (K +K )
    (36) 

 1
*
1 10 n

0

I = T (ξ)cos ȝ (1-ξ) dξ ;              (37) 

δK
*
2 20 n a δ

0

I = T (ξ)cos ȝ K (K -ξ) dξ            (38) 

  
2 2

a δ δ Ȝ a Ȝ δ
a Ȝ δ

a Ȝ δ

1+K K 3K +3K +K K K
j(K ,K ,K )=

6 1+K K K
    (39) 

 
The characteristic equation for the search of set 
of roots µп is as follows: 
  n a Ȝ n a δtgȝ =- K K tg ȝ K K      (40) 

 
Thus, expressions (34) - (40) in the aggregate 
allow to carry out all necessary calculations of 
heat transfer processes, as well as of boundary-
value problem designated above (15) - (19); 
hence, they enable to calculate dimensional 
fields of temperatures in the layer of decorated 
material and in concrete product. 
Consider solutions for an important case in 
practical use. According to existing technology 

the decorated material is, as a rule, rendered on 
a product before the high-temperature process-
ing. The temperature of the product and of the 
rendered material is the same. Under conditions 
of the given problem it means that the initial 
terms (15) are as follows: 
 

1 2T (x,0)=T (x,0)=1           (41) 

 
And then expressions (34) and (35) become es-
sentially simpler. Dropping some simple and 
awkward transformations, we have: 
 


 

1
a Ȝ δ

2

Ȝ δ Ȝ a Ȝ δ

¥

2 '
n=1 n 1 n

n n n n a δ a δ n n a δ

2Ȝ
n n

a

1
T(x,Fo)= *

1+K K K

(1-x)
* 1-K K -KiK Fo+ -j(K ,K ,K ) +

2

1
+2 *

ȝ ȥ (ȝ )

* ȝ sinȝ cos(ȝ x)cos(ȝ K K )- K Ksin(ȝ x)sin(ȝ K K )

K
- cos ȝ (1+x) exp(-ȝ Fo)

K

        

  


  (42) 


  

 
    

  

2
a Ȝ δ

2
a

Ȝ δ a δ Ȝ a Ȝ δ

*¥
1

n n n a δ2 '
n=1 n 1 n

n
n a δ

a

Ȝ n n a n n a

a

Ȝ n n a n

a

1
T (x,Fo)= *

1+K K K

1+K x
* 1-K K +Ki(x-FoK K )+KiK j(K ,K ,K )- +

2

I
+2 ȝ sinȝ cos ȝ K K -x -

ȝ ȥ (ȝ )

ȝ
- sin ȝ K K ×

K

1
× K cosȝ cos ȝ K x + sinȝ sin ȝ K x +

K

1
+Ki K cosȝ cos ȝ K x + sinȝ si

K

   
  





 n a

2
n a

n ȝ K x *

*exp(-ȝ K Fo)


     (43) 

 
One of the purposes of analysis of high-
temperature heat treatment process is the calcu-
lation of thermal kinetics of decorated material 
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up to fusion-point and the definition of dynam-
ics of temperature fields in a coating and a 
product at cooling stage. As an example figures 
2 and 3 give the results of calculations in accor-
dance with the stages of heating and cooling. 
 

 
Fig.2. Change in temperature decorates the 

material in time 
(1 –  = 40 s; 2 –  = 62 s ; 3 –  = 80 s; 

 4 –  = 100 s; 5 –  = 120 s) 
 

 
Fig. 3. Schedule field distributions of tem-

perature in concrete during cooling  
(1 –  = 0 s; 2 –  = 10 s ; 3 –  = 20 s;  

4 –  = 30 s) 
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ɄɈɊɊȿɄɌɇɕȿ ɆȿɌɈȾɕ ɌɈɑɇɈȽɈ АɇАɅɂɌɂɑȿɋɄɈȽɈ 

Ɋȿɒȿɇɂə ɆɇɈȽɈɌɈɑȿɑɇɕɏ ɄɊАȿȼɕɏ ɁАȾАɑ  

ɋɌɊɈɂɌȿɅɖɇɈɃ ɆȿɏАɇɂɄɂ ȾɅə ɈȻɕɄɇɈȼȿɇɇɕɏ 

ȾɂɎɎȿɊȿɇЦɂАɅɖɇɕɏ ɍɊАȼɇȿɇɂɃ  

ɋ ɄɍɋɈɑɇɈ-ɉɈɋɌɈəɇɇɕɆɂ ɄɈɗɎɎɂЦɂȿɇɌАɆɂ 

ɑАɋɌɖ 1: ɋɂɋɌȿɆɕ ɉȿɊȼɈȽɈ ɉɈɊəȾɄА 
 

П.А. Акимов, В.Н. Сидоров 
ȽɈɍ ȼɉɈ Ɇɨɫɤɨɜɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɫɬɪɨɢɬɟɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ, ɝ. Ɇɨɫɤɜɚ, ɊɈɋɋИə 

 

АɇɇɈɌАЦɂə: ɇɚɫɬɨɹɳɚɹ ɫɬɚɬɶɹ ɩɨɫɜɹɳɟɧɚ ɨɩɢɫɚɧɢɸ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɚɜɬɨɪɚɦɢ ɷɮɮɟɤɬɢɜɧɨɝɨ ɢ ɤɨɪ-
ɪɟɤɬɧɨɝɨ ɦɟɬɨɞɚ ɬɨɱɧɨɝɨ ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɪɟɲɟɧɢɹ ɦɧɨɝɨɬɨɱɟɱɧɵɯ ɤɪɚɟɜɵɯ ɡɚɞɚɱ ɫɬɪɨɢɬɟɥɶɧɨɣ ɦɟɯɚɧɢɤɢ 

ɞɥɹ ɫɢɫɬɟɦ ɨɛɵɤɧɨɜɟɧɧɵɯ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ ɫ ɤɭɫɨɱɧɨ-ɩɨɫɬɨɹɧɧɵɦɢ ɤɨɷɮ-

ɮɢɰɢɟɧɬɚɦɢ. 

 

Ʉɥючɟɜɵɟ ɫɥɨɜɚ: ɬɨɱɧɨɟ ɚɧɚɥɢɬɢɱɟɫɤɨɟ ɪɟɲɟɧɢɟ, ɤɨɪɪɟɤɬɧɵɣ ɦɟɬɨɞ, ɦɧɨɝɨɬɨɱɟɱɧɚɹ ɤɪɚɟɜɚɹ ɡɚɞɚɱɚ, 
ɪɚɫɱɟɬɵ ɫɬɪɨɢɬɟɥɶɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ, ɫɢɫɬɟɦɚ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ,  

ɤɭɫɨɱɧɨ-ɩɨɫɬɨɹɧɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ, ɞɢɫɤɪɟɬɧɨ-ɤɨɧɬɢɧɭɚɥɶɧɵɟ ɦɟɬɨɞɵ 

 

 

CORRECT ANALYTICAL SOLUTIONS  

OF MULTIPOINT BOUNDARY PROBLEMS  

OF STRUCTURAL MECHANICS 

FOR DIFFERENTIAL EQUATIONS  

WITH PIECEWISE-CONSTANT COEFFICIENTS 

PART 1: SETS OF FIRST-ORDER DIFFERENTIAL EQUATIONS  
 

Pavel A. Akimov, Vladimir N. Sidorov 
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ABSTRACT: Correct analytical solution of multipoint boundary problems of structural mechanics for set of first-

order differential equations with piecewise-constant coefficients is under consideration in the distinctive paper. 

 

Key words: correct analytical solution, multipoint boundary problems, structural mechanics, structural analysis, 

set of first-order differential equations, piecewise-constant coefficients, discrete-continual methods 

 

  

ȼȼȿȾȿɇɂȿ 

 

ȼ ɧɚɫɬɨɹɳɟɣ ɫɬɚɬɶɟ ɩɪɟɞɫɬɚɜɥɟɧ ɪɚɡɪɚɛɨɬɚɧ-

ɧɵɣ ɚɜɬɨɪɚɦɢ ɷɮɮɟɤɬɢɜɧɵɣ ɤɨɪɪɟɤɬɧɵɣ ɦɟ-
ɬɨɞ ɬɨɱɧɨɝɨ ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɪɟɲɟɧɢɹ ɦɧɨɝɨ-
ɬɨɱɟɱɧɵɯ ɤɪɚɟɜɵɯ ɡɚɞɚɱ ɫɬɪɨɢɬɟɥɶɧɨɣ ɦɟɯɚ-
ɧɢɤɢ ɞɥɹ ɫɢɫɬɟɦ ɨɛɵɤɧɨɜɟɧɧɵɯ ɞɢɮɮɟɪɟɧ-

ɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ ɫ ɤɭ-

ɫɨɱɧɨ-ɩɨɫɬɨɹɧɧɵɦɢ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ. ɇɟɨɛ-

ɯɨɞɢɦɨɫɬɶ ɪɟɲɟɧɢɹ ɩɨɞɨɛɧɨɝɨ ɪɨɞɚ ɡɚɞɚɱ 
ɜɨɡɧɢɤɚɟɬ, ɤɚɤ ɢɡɜɟɫɬɧɨ, ɩɪɢ ɪɚɫɱɟɬɚɯ ɫɚɦɵɯ 
ɪɚɡɧɨɨɛɪɚɡɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ, ɡɞɚɧɢɣ ɢ ɫɨ-
ɨɪɭɠɟɧɢɣ ɧɚ ɪɚɡɥɢɱɧɵɟ ɜɢɞɵ ɜɨɡɞɟɣɫɬɜɢɣ, ɜ 
ɱɚɫɬɧɨɫɬɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɢɫɤɪɟɬɧɨ-
ɤɨɧɬɢɧɭɚɥɶɧɵɯ ɦɟɬɨɞɨɜ [1, 7-9] (ɞɢɫɤɪɟɬɧɨ-
ɤɨɧɬɢɧɭɚɥɶɧɵɣ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ 
(ȾɄɆɄЭ), ɞɢɫɤɪɟɬɧɨ-ɤɨɧɬɢɧɭɚɥɶɧɵɣ ɜɚɪɢɚ-
ɰɢɨɧɧɨ-ɪɚɡɧɨɫɬɧɵɣ ɦɟɬɨɞ (ȾɄȼɊɆ)).  
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1. ɉɈɋɌАɇɈȼɄА ɆɇɈȽɈɌɈɑȿɑɇɈɃ 

ɄɊАȿȼɈɃ ɁАȾАɑɂ ȾɅə ɋɂɋɌȿɆɕ 

ɈȻɕɄɇɈȼȿɇɇɕɏ  

ȾɂɎɎȿɊȿɇЦɂАɅɖɇɕɏ 

ɍɊАȼɇȿɇɂɃ ɉȿɊȼɈȽɈ ɉɈɊəȾɄА 

ɋ ɄɍɋɈɑɇɈ-ɉɈɋɌɈəɇɇɕɆɂ 

ɄɈɗɎɎɂЦɂȿɇɌАɆɂ 

 

ɉɪɟɠɞɟ ɜɫɟɝɨ, ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ, ɜ ɱɚɫɬ-
ɧɨɫɬɢ, ɫ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ ɜɵɧɟ-
ɫɟɧɧɚɹ ɜ ɡɚɝɨɥɨɜɨɤ ɫɬɚɬɶɢ ɩɪɨɛɥɟɦɚ ɹɜɥɹɟɬɫɹ 
ɞɨɫɬɚɬɨɱɧɨ ɨɛɳɟɣ – ɤɚɤ ɢɡɜɟɫɬɧɨ, ɫɢɫɬɟɦɚ 
ɥɢɧɟɣɧɵɯ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ 

ɩɪɨɢɡɜɨɥɶɧɨɝɨ ɩɨɪɹɞɤɚ ɜɜɟɞɟɧɢɟɦ ɫɨɨɬɜɟɬ-
ɫɬɜɭɸɳɢɯ ɧɨɜɵɯ ɩɟɪɟɦɟɧɧɵɯ ɫɜɨɞɢɬɫɹ ɤ 
ɫɢɫɬɟɦɟ ɥɢɧɟɣɧɵɯ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜ-
ɧɟɧɢɣ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ [13].  

Иɬɚɤ, ɩɭɫɬɶ ɢɦɟɟɦ ɫɢɫɬɟɦɭ n ɨɛɵɤɧɨɜɟɧɧɵɯ 
ɥɢɧɟɣɧɵɯ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ 

ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ ɫ ɤɭɫɨɱɧɨ-ɩɨɫɬɨɹɧɧɵɦɢ ɤɨ-
ɷɮɮɢɰɢɟɧɬɚɦɢ ɢ kn  ɥɢɧɟɣɧɵɯ ɝɪɚɧɢɱɧɵɯ ɭɫ-
ɥɨɜɢɣ, ɡɚɞɚɧɧɵɯ ɜ ɝɪɚɧɢɱɧɵɯ ɬɨɱɤɚɯ 

k
b
k nkx  ..., 1,=   ,  (ɧɢɠɟ, ɨɱɟɜɢɞɧɨ, ɩɨɥɚɝɚɟɬ-
ɫɹ, ɱɬɨ ɜ ɱɢɫɥɨ ɝɪɚɧɢɱɧɵɯ ɬɨɱɟɤ ɜɯɨɞɹɬ ɬɚɤɠɟ 
ɬɨɱɤɢ, ɜ ɤɨɬɨɪɵɯ ɢɦɟɸɬ ɦɟɫɬɨ ɪɚɡɪɵɜɵ ɩɟɪ-
ɜɨɝɨ ɪɨɞɚ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɫɢɫɬɟɦɵ), ɬ.ɟ.: 
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 
kkk n

b

nn

b ggxyBxyB 111 )0( )0( ,    (3) 

 

ɝɞɟ T

n xyxyxyxyy ] )(   ...   )(   )( [)( 21  – ɢɫ-
ɤɨɦɚɹ n-ɦɟɪɧɚɹ ɜɟɤɬɨɪ-ɮɭɧɤɰɢɹ; kA , 

1 ..., 2, 1,  knk  – ɡɚɞɚɧɧɵɟ ɦɚɬɪɢɰɵ ɩɨɫɬɨ-
ɹɧɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ, ɤɜɚɞɪɚɬɧɵɟ n-ɝɨ ɩɨ-
ɪɹɞɤɚ; T

nkkkkk xfxfxfxff ] )(  ...  )(  )( [)( ,2,1, , 

1 ..., 2, 1,  knk  – ɡɚɞɚɧɧɵɟ n-ɦɟɪɧɵɟ ɜɟɤɬɨɪ-
ɮɭɧɤɰɢɢ ɩɪɚɜɵɯ ɱɚɫɬɟɣ; ,,, , 

kkkk ggBB  

1 ..., 2,  knk , ɚ ɬɚɤɠɟ 
kngg  ,1  ɢ 

knBB ,1  – 

ɡɚɞɚɧɧɵɟ ɦɚɬɪɢɰɵ ɢ ɜɟɤɬɨɪɵ ɩɪɚɜɵɯ ɱɚɫɬɟɣ 

n-ɝɨ ɩɨɪɹɞɤɚ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ ɜ ɬɨɱɤɟ b

kx ; 

dxydxyy /)()1()1(  . 

 

 

2. Ɉ ɄɈɊɊȿɄɌɇɈɆ АɇАɅɂɌɂɑȿɋɄɈɆ 

ɆȿɌɈȾȿ ɉɈɋɌɊɈȿɇɂə  

ɎɍɇȾАɆȿɇɌАɅɖɇɈɃ  

ɆАɌɊɂЦɕ-ɎɍɇɄЦɂɂ ɋɂɋɌȿɆɕ  

ȾɂɎɎȿɊȿɇЦɂАɅɖɇɕɏ 

ɍɊАȼɇȿɇɂɃ ɉȿɊȼɈȽɈ ɉɈɊəȾɄА 

 

Ɋɚɫɫɦɨɬɪɢɦ ɩɪɨɢɡɜɨɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ ɢɡ (1). 

Иɦɟɟɦ: 

 

),(   , 1

)1( b

k

b

kkk xxxfyAy  .          (4) 

 

Ɇɚɬɪɢɰɭ kA  ɡɞɟɫɶ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟ 
[4, 6, 12, 13, 14]: 
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Ɂɞɟɫɶ kT  – ɧɟɜɵɪɨɠɞɟɧɧɚɹ ɦɚɬɪɢɰɚ n-ɝɨ ɩɨ-
ɪɹɞɤɚ, ɫɬɨɥɛɰɵ ɤɨɬɨɪɨɣ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ 

ɫɨɛɫɬɜɟɧɧɵɟ ɢ ɤɨɪɧɟɜɵɟ (ɩɪɢɫɨɟɞɢɧɟɧɧɵɟ) 
ɜɟɤɬɨɪɵ ɦɚɬɪɢɰɵ kA ; kJ  – ɠɨɪɞɚɧɨɜɚ ɮɨɪɦɚ 
ɦɚɬɪɢɰɵ kA ; pkJ ,  – ɠɨɪɞɚɧɨɜɚ ɤɥɟɬɤɚ, ɫɨɨɬ-
ɜɟɬɫɬɜɭɸɳɚɹ ɫɨɛɫɬɜɟɧɧɨɦɭ ɡɧɚɱɟɧɢɸ 

Сpk ,  ɦɚɬɪɢɰɵ kA ; pkpk mJ ,,dim  , 

kup ...,,1 . 



Кɨɪɪɟɤɬɧыɟ ɦɟɬɨɞы ɬɨчɧɨɝɨ аɧаɥɢɬɢчɟсɤɨɝɨ ɪɟɲɟɧɢя ɦɧɨɝɨɬɨчɟчɧых ɤɪаɟɜых ɡаɞач сɬɪɨɢɬɟɥɶɧɨɣ ɦɟхаɧɢɤɢ ɞɥя 
ɨɛыɤɧɨɜɟɧɧых ɞɢɮɮɟɪɟɧцɢаɥɶɧых ɭɪаɜɧɟɧɢɣ с ɤɭсɨчɧɨ-ɩɨсɬɨяɧɧыɦɢ ɤɨɷɮɮɢцɢɟɧɬаɦɢ. Часɬɶ 1: Сɢсɬɟɦы ɩɟɪɜɨɝɨ ɩɨɪяɞɤа 
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ɀɨɪɞɚɧɨɜɨɣ ɤɥɟɬɤɟ pkJ ,  ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɨɞɢɧ 

ɫɨɛɫɬɜɟɧɧɵɣ ɜɟɤɬɨɪ ɦɚɬɪɢɰɵ kA  ɢ ( 1, pkm ) 

ɤɨɪɧɟɜɵɯ ɜɟɤɬɨɪɨɜ skt , , ɭɞɨɜɥɟɬɜɨɪɹɸɳɢɯ 
ɭɪɚɜɧɟɧɢɹɦ [4, 6, 12, 13, 14]: 

 

,   ; ..., 3, 2,=             

  ,0 )(
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p
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ikpk
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pkk

mjsmj

tIA 
  (8) 

 

ɝɞɟ I  – ɟɞɢɧɢɱɧɚɹ ɦɚɬɪɢɰɚ n-ɝɨ ɩɨɪɹɞɤɚ; skt ,  

– ɧɟɧɭɥɟɜɨɣ ɜɟɤɬɨɪ. 
ȼɚɠɧɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ ɪɟɲɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ 

ɡɚɞɚɱɢ ɢɦɟɟɬ ɮɭɧɞɚɦɟɧɬɚɥɶɧɚɹ ɦɚɬɪɢɰɚ-
ɮɭɧɤɰɢɹ, ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɞɥɹ ɫɢɫɬɟɦɵ (4) 

ɭɞɨɜɥɟɬɜɨɪɹɸɳɚɹ ɭɫɥɨɜɢɹɦ [3, 11, 15, 16] 

 

IxxAx kkk )()()()1(                  (9) 

 

ɢɥɢ  

 

   





,)0(0)( 

0   ,0)()( )1(

I

xxAx

kk

kkk  
          (10) 

 

ɝɞɟ )(x  – ɞɟɥɶɬɚ-ɮɭɧɤɰɢɹ Ⱦɢɪɚɤɚ; I  – ɟɞɢ-

ɧɢɱɧɚɹ ɦɚɬɪɢɰɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɩɨɪɹɞɤɚ. 
Ʉɚɤ ɢɡɜɟɫɬɧɨ [7-10, 16], ɩɨɫɬɪɨɟɧɢɟ ɮɭɧɞɚ-
ɦɟɧɬɚɥɶɧɨɣ ɦɚɬɪɢɰɵ-ɮɭɧɤɰɢɢ ɬɢɩɚ )(xk  

ɩɪɟɞɩɨɥɚɝɚɟɬ ɜɵɱɢɫɥɟɧɢɟ ɮɭɧɤɰɢɢ ɨɬ ɦɚɬɪɢ-

ɰɵ ɤɨɷɮɮɢɰɢɟɧɬɨɜ, ɤɨɬɨɪɨɟ ɦɨɠɟɬ ɩɪɨɢɡɜɨ-
ɞɢɬɶɫɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɠɨɪɞɚɧɨɜɨɣ ɮɨɪɦɵ 

(5). Ɉɞɧɚɤɨ ɩɨɞɨɛɧɵɣ ɫɬɚɧɞɚɪɬɧɵɣ ɚɥɝɨɪɢɬɦ 

ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɪɟɤɨɦɟɧɞɨɜɚɧ ɞɥɹ ɱɢɫɥɟɧɧɨɣ 

ɪɟɚɥɢɡɚɰɢɢ, ɬɚɤ ɤɚɤ ɜ ɞɟɣɫɬɜɢɬɟɥɶɧɨɫɬɢ ɧɟ 
ɫɭɳɟɫɬɜɭɟɬ ɱɢɫɥɟɧɧɨ ɭɫɬɨɣɱɢɜɨɝɨ ɫɩɨɫɨɛɚ 
ɩɨɫɬɪɨɟɧɢɹ ɠɨɪɞɚɧɨɜɵɯ ɮɨɪɦ [14], ɩɪɢɱɟɦ 

ɩɪɨɛɥɟɦɵ ɜɨɡɧɢɤɚɸɬ ɞɥɹ ɦɚɬɪɢɰ, ɜ ɠɨɪɞɚɧɨ-
ɜɨɣ ɮɨɪɦɟ ɤɨɬɨɪɵɯ ɢɦɟɸɬɫɹ ɤɥɟɬɤɢ ɧɟɟɞɢ-

ɧɢɱɧɨɝɨ ɩɨɪɹɞɤɚ. Ʉɪɨɦɟ ɬɨɝɨ, ɜ ɡɚɞɚɱɚɯ ɪɚɫ-
ɱɟɬɚ ɤɨɧɫɬɪɭɤɰɢɣ ɢɦɟɸɬɫɹ ɫɩɟɰɢɮɢɱɟɫɤɢɟ 
ɨɫɨɛɟɧɧɨɫɬɢ: ɱɢɫɥɨ ɫɨɛɫɬɜɟɧɧɵɯ ɡɧɚɱɟɧɢɣ, 

ɤɨɬɨɪɵɦ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɠɨɪɞɚɧɨɜɵ ɤɥɟɬɤɢ 

ɧɟɟɞɢɧɢɱɧɨɝɨ ɩɨɪɹɞɤɚ, ɧɟɛɨɥɶɲɨɟ, ɢ ɨɧɢ, ɤɚɤ 
ɩɪɚɜɢɥɨ, ɧɭɥɟɜɵɟ. ȼ ɷɬɨɣ ɫɜɹɡɢ, ɞɥɹ ɩɨɫɬɪɨɟ-
ɧɢɹ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ ɦɚɬɪɢɰɵ-ɮɭɧɤɰɢɢ ɢɫ-

ɩɨɥɶɡɭɟɬɫɹ ɨɩɢɫɵɜɚɟɦɚɹ ɧɢɠɟ ɤɨɪɪɟɤɬɧɚɹ ɚɜ-
ɬɨɪɫɤɚɹ ɦɟɬɨɞɢɤɚ. 
Ʉɚɤ ɢɡɜɟɫɬɧɨ [13], ɧɟɧɭɥɟɜɨɣ ɜɟɤɬɨɪ t  ɬɚɤɨɣ, 

ɱɬɨ ttA   ɧɚɡɵɜɚɸɬ ɩɪɚɜɵɦ ɫɨɛɫɬɜɟɧɧɵɦ 

ɜɟɤɬɨɪɨɦ ɦɚɬɪɢɰɵ A ,  ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ  

ɫɨɛɫɬɜɟɧɧɨɦɭ ɡɧɚɱɟɧɢɸ  , ɚ ɧɟɧɭɥɟɜɨɣ ɜɟɤ-
ɬɨɪ t

~
,  ɞɥɹ  ɤɨɬɨɪɨɝɨ ttAT ~~   ɢɦɟɧɭɸɬ ɥɟ-

ɜɵɦ ɫɨɛɫɬɜɟɧɧɵɦ ɜɟɤɬɨɪɨɦ A , ɫɨɨɬɜɟɬɫɬ-
ɜɭɸɳɢɦ ɫɨɛɫɬɜɟɧɧɨɦɭ ɡɧɚɱɟɧɢɸ  . 

ɋɨɛɫɬɜɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɦɚɬɪɢɰ kA  ɢ T

kA  ɫɨɜ-
ɩɚɞɚɸɬ, ɢ ɦɨɠɟɦ ɡɚɩɢɫɚɬɶ: 
 

1~  kk TT ,                         (11) 

 

ɝɞɟ kT  – ɧɟɜɵɪɨɠɞɟɧɧɚɹ ɦɚɬɪɢɰɚ n-ɝɨ ɩɨɪɹɞ-

ɤɚ, ɫɬɨɥɛɰɵ pkt ,  ɤɨɬɨɪɨɣ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ 

ɫɨɛɫɬɜɟɧɧɵɟ ɢ ɤɨɪɧɟɜɵɟ ɜɟɤɬɨɪɵ ɦɚɬɪɢɰɵ 

kA , ɩɪɢɱɟɦ 
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kT
~

 – ɧɟɜɵɪɨɠɞɟɧɧɚɹ ɦɚɬɪɢɰɚ n-ɝɨ ɩɨɪɹɞɤɚ, 

ɫɬɨɥɛɰɵ pkt ,

~
 ɤɨɬɨɪɨɣ ɹɜɥɹɸɬɫɹ ɫɨɛɫɬɜɟɧɧɵ-

ɦɢ ɢ ɤɨɪɧɟɜɵɦɢ ɜɟɤɬɨɪɚɦɢ ɦɚɬɪɢɰɵ T

kA , 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɦɟɫɬɨ ɨɛɪɚɳɟɧɢɹ ɤɨɦ-

ɩɥɟɤɫɧɨɣ ɦɚɬɪɢɰɵ kT  ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ ɠɨɪ-
ɞɚɧɨɜɚ ɪɚɡɥɨɠɟɧɢɹ, ɧɚ ɩɪɚɤɬɢɤɟ ɦɨɠɟɬ ɩɪɨ-
ɢɡɜɨɞɢɬɶɫɹ ɨɩɪɟɞɟɥɟɧɢɟ ɫɨɛɫɬɜɟɧɧɵɯ ɡɧɚɱɟ-
ɧɢɣ ɢ ɜɟɤɬɨɪɨɜ ɦɚɬɪɢɰɵ T

kA , ɨɬɤɭɞɚ         
                                         

kkkk TJTA
~ .                      (16) 
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ɉɪɨɢɡɜɟɞɟɦ ɬɚɤɭɸ ɫɨɪɬɢɪɨɜɤɭ ɫɨɛɫɬɜɟɧɧɵɯ 
ɡɧɚɱɟɧɢɣ (ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 
ɦɚɬɪɢɰ kT , kJ  ɢ kT

~
) ɦɚɬɪɢɰ kA  ɢ T

kA , ɱɬɨ 
ɛɭɞɟɬ ɜɵɩɨɥɧɟɧɨ ɭɫɥɨɜɢɟ: 
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ɝɞɟ pkm ,
~ , pkm ,  – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɤɪɚɬɧɨɫɬɶ 

ɫɨɛɫɬɜɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ pk ,  ɢ ɪɚɡɦɟɪɧɨɫɬɶ 
ɠɨɪɞɚɧɨɜɨɣ ɤɥɟɬɤɢ, ɤɨɬɨɪɚɹ ɟɦɭ ɫɨɨɬɜɟɬɫɬ-
ɜɭɟɬ. 
Ⱦɚɧɧɚɹ ɫɨɪɬɢɪɨɜɤɚ ɬɚɤɠɟ ɜɚɠɧɚ ɞɥɹ ɩɨ-
ɫɬɪɨɟɧɢɹ ɩɪɚɜɢɥɶɧɨɝɨ ɫɨɨɬɜɟɬɫɬɜɢɹ ɦɟɠɞɭ 
ɫɨɛɫɬɜɟɧɧɵɦɢ ɜɟɤɬɨɪɚɦɢ ɦɚɬɪɢɰ kA  ɢ T

kA , 

ɨɩɪɟɞɟɥɟɧɧɵɦɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɬɚɧɞɚɪɬ-
ɧɨɝɨ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ. 
ɉɭɫɬɶ 12,11,12,11,

~
 ,

~
 , , kkkk TTTT  – ɦɚɬɪɢɰɵ ɪɚɡɦɟ-

ɪɨɦ ,1kn l , )( ,1,2 kkn ll  , nk ,1l , 

nkk  )( ,1,2 ll  ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɷɥɟɦɟɧɬɵ ɤɨ-
ɬɨɪɵɯ ɡɚɞɚɸɬɫɹ ɮɨɪɦɭɥɚɦɢ: 

 

,111, 1   ;1   ,)()( kijkijk jniTT l ;    (18)   

njiTT kijkijk  1   ;1   ,)
~

()
~

( ,111, l ;    (19) 

.   ;1   ;   ;  

  ,)
~

()
~

(   ;)()(

,1,1

,1212,

njlnijqip

TTTT

kk

jiqpkijkpqk 


l
(20)    

 

Ɉɱɟɜɢɞɧɵ ɫɨɨɬɧɨɲɟɧɢɹ 
 

]     [ ,2,1 kkk TTT  ;   TT

k

T

kk T   TT ] 
~~

 [
~

2,1, ,     (21) 

ɝɞɟ  ]     [ ,12,111, kkk TTT  ;   TT

k

T

kk TTT ] 
~

   
~

 [
~

,12,111,  .  

                        (22) 

 

Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɦɚɬɪɢɰɟɣ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ P  

(ɩɪɨɟɤɬɨɪɨɦ) ɧɚɡɵɜɚɟɬɫɹ ɦɚɬɪɢɰɚ, ɨɛɥɚɞɚɸ-

ɳɚɹ ɫɜɨɣɫɬɜɨɦ PP 2  [12]. ɉɭɫɬɶ 11,kP , 12,kP , 

2,kP  – ɦɚɬɪɢɰɵ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɧɚ  ɩɨɞɩɪɨ-
ɫɬɪɚɧɫɬɜɚ, ɧɚɬɹɧɭɬɵɟ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɢ ɤɨɪ-
ɧɟɜɵɟ ɜɟɤɬɨɪɵ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɫɨɛɫɬɜɟɧ-

ɧɵɦ ɡɧɚɱɟɧɢɹɦ 1,, 1,...,  , kpk p l ; 

2,1,, 1,...,  , kkpk p ll   ɢ kpk up ...,,1 , 2,  l ,  

 

11,11,11,

~
kkkk TDTP  ;   12,

1

12,12,12,12,

~
)

~
( kkkkk TTTTP  ;   

                      (23) 

12,11,1, kkk PPP  ;   1,2, kk PIP  ,       (24) 

 

ɝɞɟ D – ɞɢɚɝɨɧɚɥɶɧɚɹ ɦɚɬɪɢɰɚ 1,kl -ɝɨ ɩɨɪɹɞ-

ɤɚ, ɡɧɚɱɢɦɵɟ ɷɥɟɦɟɧɬɵ ɤɨɬɨɪɨɣ 

 

1,,, 1  ),
~

,()( kikikiik littD  ,           (25) 

 

ɬ.ɟ.                        
 

. ..., 1,,   ;                                    

 ,0)(  );
~

,/(1)(

1,

1

,,

1

k

ijkikikiik

ljiji

DttD


 

 (26) 

 

ɉɨɫɥɟ ɨɩɪɟɞɟɥɟɧɢɹ ɫɨɛɫɬɜɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɢ 

ɜɟɤɬɨɪɨɜ ɦɚɬɪɢɰ kA  ɢ T

kA  ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɫɬɚɧɞɚɪɬɧɨɝɨ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɢ 

ɜɵɩɨɥɧɟɧɢɹ ɫɨɪɬɢɪɨɜɨɤ, ɤɚɤ ɩɪɚɜɢɥɨ, ɜɨɡɧɢ-

ɤɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜ ɩɪɨɜɟɞɟɧɢɢ ɛɢɨɪɬɨɝɨ-
ɧɚɥɢɡɚɰɢɢ ɫɨɛɫɬɜɟɧɧɵɯ ɜɟɤɬɨɪɨɜ ɢ ɢɯ ɩɟɪɟ-
ɫɬɚɧɨɜɤɚɯ. Эɬɨ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ ɧɨɪɦɢɪɨɜ-
ɤɚ ɩɨɫɥɟɞɧɢɯ ɞɥɹ ɦɚɬɪɢɰ kA  ɢ T

kA  ɦɨɠɟɬ 
ɛɵɬɶ ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ ɪɚɡɥɢɱɧɨɣ. Ʉɪɨɦɟ ɬɨɝɨ, 
ɩɪɟɞɥɨɠɟɧɧɚɹ ɪɚɧɟɟ ɫɨɪɬɢɪɨɜɤɚ, ɦɨɠɟɬ ɫɨ-
ɯɪɚɧɢɬɶ ɧɟɫɨɨɬɜɟɬɫɬɜɢɹ ɦɟɠɞɭ ɫɨɛɫɬɜɟɧɧɵ-

ɦɢ ɜɟɤɬɨɪɚɦɢ ɦɚɬɪɢɰ kA  ɢ T

kA  ɩɪɢ ɤɪɚɬɧɵɯ 
ɧɟɧɭɥɟɜɵɯ ɫɨɛɫɬɜɟɧɧɵɯ ɡɧɚɱɟɧɢɹɯ. Ɏɨɪɦɭ-
ɥɵ ɧɟɨɛɯɨɞɢɦɵɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɢɦɟɸɬ ɜɢɞ 

(ɡɧɚɤ  ɧɢɠɟ ɭɫɥɨɜɧɨ ɨɛɨɡɧɚɱɚɟɬ ɨɩɟɪɚɰɢɸ 

ɩɪɢɫɜɚɢɜɚɧɢɹ): 
 

11,

1

11,

~~
kkk TDT  ;    12,

1

12,12,12,

~
)

~
(

~
kkkk TTTT  . (27) 

 

Ɋɚɡɥɨɠɢɦ ɦɚɬɪɢɰɭ ɧɚ ɞɜɟ ɫɨɫɬɚɜɥɹɸɳɢɟ 
ɦɚɬɪɢɰɵ n-ɝɨ ɩɨɪɹɞɤɚ 
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2,1, kkk AAA  ,                    (28) 

ɝɞɟ   1,1,1,1,

~
kkkk TJTA  ;   1,2, kkk AAA  ;    

} ..., , ,{
2,2,1,1, lkkkk diagJ  .   (29) 

 

Иɧɵɦɢ ɫɥɨɜɚɦɢ, ɡɞɟɫɶ 1,kA  ɢ 2,kA  – ɱɚɫɬɢ 

ɦɚɬɪɢɰɵ kA , ɨɬɜɟɱɚɸɳɢɟ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 
ɧɟɧɭɥɟɜɵɦ ɢ ɧɭɥɟɜɵɦ (ɤɪɚɬɧɵɦ ɢ ɩɪɨɫɬɵɦ) 

ɫɨɛɫɬɜɟɧɧɵɦ ɡɧɚɱɟɧɢɹɦ. 

Ɋɚɡɥɨɠɟɧɢɟ (29) ɩɪɟɞɥɚɝɚɟɬɫɹ ɧɚɡɵɜɚɬɶ ɩɪɢ 

ɪɟɲɟɧɢɢ ɡɚɞɚɱ ɫɬɪɨɢɬɟɥɶɧɨɣ ɦɟɯɚɧɢɤɢ ɱɚɫ-
ɬɢɱɧɵɦ ɠɨɪɞɚɧɨɜɵɦ ɪɚɡɥɨɠɟɧɢɟɦ. Ɂɞɟɫɶ 
ɦɨɠɧɨ ɩɪɨɜɟɫɬɢ ɫɥɟɞɭɸɳɭɸ ɚɧɚɥɨɝɢɸ: ɧɚ-
ɪɹɞɭ ɫɨ ɫɬɚɧɞɚɪɬɧɵɦ ɬɟɪɦɢɧɨɦ «ɩɪɨɛɥɟɦɚ 
ɫɨɛɫɬɜɟɧɧɵɯ ɡɧɚɱɟɧɢɣ», ɫɭɳɟɫɬɜɭɟɬ ɢ «ɱɚɫ-
ɬɢɱɧɚɹ ɩɪɨɛɥɟɦɚ ɫɨɛɫɬɜɟɧɧɵɯ ɡɧɚɱɟɧɢɣ». 

ȼɟɫɶɦɚ ɜɚɠɧɵɦɢ ɩɪɟɞɫɬɚɜɥɹɸɬɫɹ ɫɥɟɞɭɸ-

ɳɢɟ ɫɨɨɬɧɨɲɟɧɢɹ: 
 

APA kk 1,1,  ;   APA kk 2,2,  ;  

01,2,2,1,  kkkk AAAA .   (30) 

 

ɉɭɫɬɶ 1,kF  – ɦɚɬɪɢɰɚ 2l -ɝɨ ɩɨɪɹɞɤɚ, ɷɥɟɦɟɧɬɵ 

ɤɨɬɨɪɨɣ ɡɚɞɚɸɬɫɹ ɮɨɪɦɭɥɨɣ 

 

221, 1   ;1   ,)()( ll  jiFF ijkijk ,     (31) 

ɝɞɟ                    )exp()( xJxF kk  .                (32)  

 

ɋ ɭɱɟɬɨɦ ɧɢɥɶɩɨɬɟɧɬɧɨɫɬɢ ɦɚɬɪɢɰɵ 2,kA  ɧɟ-
ɫɥɨɠɧɨ ɩɨɤɚɡɚɬɶ, ɱɬɨ 
 

)exp()exp()exp( 2,1, xAPxAPxA kkkkk  ,  (33) 

ɝɞɟ       1,1,1,1,

~
)()exp( kkkkk TxFTxAP  ;            (34)   




 1

1

2,

2,2,

max,

!
)exp(

km

k

kk

k

kkk
k

xA
PxAP ;       (35) 

ik
ui

k mm
k

,max, max
l

.                   (36) 

 

ȼɨɨɛɳɟ, ɮɭɧɞɚɦɟɧɬɚɥɶɧɚɹ ɦɚɬɪɢɰɚ-ɮɭɧɤɰɢɹ 
ɫɢɫɬɟɦɵ (4) ɨɩɪɟɞɟɥɟɧɚ ɧɟ ɨɞɧɨɡɧɚɱɧɨ, ɚ ɫ 
ɬɨɱɧɨɫɬɶɸ ɞɨ ɪɟɲɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɨɞ-

ɧɨɪɨɞɧɨɣ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ. ɉɪɨɢɡɜɟɞɟɦ 

ɨɞɧɨɡɧɚɱɧɨɟ ɨɩɪɟɞɟɥɟɧɢɟ, ɜɜɨɞɹ ɞɨɩɨɥɧɢ-

ɬɟɥɶɧɨɟ ɬɪɟɛɨɜɚɧɢɟ ɨɛ ɢɫɤɥɸɱɟɧɢɢ ɜɨɡɦɨɠ-

ɧɨɫɬɢ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɝɨ ɜɨɡɪɚɫɬɚɧɢɹ ɮɭɧ-

ɞɚɦɟɧɬɚɥɶɧɨɣ ɦɚɬɪɢɰɵ-ɮɭɧɤɰɢɢ, ɱɬɨ ɹɜɥɹ-
ɟɬɫɹ ɨɱɟɧɶ ɜɚɠɧɵɦ ɮɚɤɬɨɪɨɦ ɞɥɹ ɜɵɱɢɫɥɟ-
ɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɪɟɲɟɧɢɹ, ɫɜɹɡɚɧɧɵɯ ɫ ɤɪɚɟ-
ɜɵɦɢ ɭɫɥɨɜɢɹɦɢ: 

 

],
!

)[0,(                   

~
)(~)(

1

1

2,2,

1,0,1,

max,





km

k

k

k

k

k

kkkk

A
k

x
Px

TxTx




  (37) 

ɝɞɟ                             







0   ,0.5sign(x) 

0   ),)Re(()( 
),(

,

,,

,

pk

pkpk

pk

xxsign
x 

  

                      (38) 

 

– ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɚɹ ɮɭɧɤɰɢɹ; 
 

 
)};exp(),(                               

 ...,  ),exp(),({)(~

22 ,,

1,1,0,

xx

xxdiagx

kk

kkk

ll 
 

 (39) 


 


;0   0, 

0   ,1 
)(

x

x
x    

 


.0   ,1 

0   ,1 
)(

x

x
xsign  (40) 

 

ȼɵɪɚɠɟɧɢɟ (37) ɩɨɡɜɨɥɹɟɬ ɢɫɤɥɸɱɢɬɶ ɪɹɞ 

ɧɟɠɟɥɚɬɟɥɶɧɵɯ ɜ ɩɪɚɤɬɢɤɟ ɪɚɫɱɟɬɨɜ ɫɥɭɱɚɟɜ 
(ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɨɩɟɪɢɪɨɜɚɬɶ ɜ ɪɚɫɱɟɬɚɯ ɫ 
ɨɱɟɧɶ ɛɨɥɶɲɢɦɢ ɱɢɫɥɚɦɢ, ɤɨɬɨɪɚɹ, ɤɚɤ ɩɪɚ-
ɜɢɥɨ, ɥɢɛɨ ɩɪɟɩɹɬɫɬɜɭɟɬ ɩɨɥɭɱɟɧɢɸ ɪɟɡɭɥɶ-
ɬɚɬɨɜ ɫ ɠɟɥɚɟɦɨɣ ɬɨɱɧɨɫɬɶɸ, ɥɢɛɨ ɜɟɞɟɬ ɤ 
ɩɟɪɟɩɨɥɧɟɧɢɸ ɪɚɡɪɹɞɧɨɣ ɫɟɬɤɢ ЭȼɆ; ɩɥɨɯɚɹ 
ɨɛɭɫɥɨɜɥɟɧɧɨɫɬɶ ɫɢɫɬɟɦɵ ɪɚɡɪɟɲɚɸɳɢɯ 
ɭɪɚɜɧɟɧɢɣ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸ-

ɳɢɯ ɩɨɫɬɨɹɧɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɢɡ ɝɪɚɧɢɱ-
ɧɵɯ ɭɫɥɨɜɢɣ ɢ ɬ.ɞ.). 

 

 

3. ɉɈɋɌɊɈȿɇɂȿ ɈȻɓȿȽɈ Ɋȿɒȿɇɂə 

ɆɇɈȽɈɌɈɑȿɑɇɈɃ ɄɊАȿȼɈɃ 

ɁАȾАɑɂ 

 

ɉɭɫɬɶ )(xY  – ɨɛɨɛɳɟɧɧɚɹ ɜɟɤɬɨɪ-ɮɭɧɤɰɢɹ 
ɧɟɢɡɜɟɫɬɧɵɯ, ɬ.ɟ. 
 


1

1

1),(   ,


  kn

k

b

k

b

k xxxyY ,            (41) 
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ȼɟɤɬɨɪ-ɮɭɧɤɰɢɹ ɪɟɲɟɧɢɟ ɦɧɨɝɨɬɨɱɟɱɧɨɣ 

ɤɪɚɟɜɨɣ ɡɚɞɚɱɢ (1)-(3) ɧɚ ɩɪɨɢɡɜɨɥɶɧɨɦ ɢɧ-

ɬɟɪɜɚɥɟ ),( 1

b

k

b

k xx  , ɨɛɨɡɧɚɱɚɟɬɫɹ )(xYk , 

 

),(   ),()( 1

b

k

b

kk xxxxYxY            (42) 

 

ɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɮɨɪɦɭɥɨɣ: 

 

),,(   ,                            

))()(()(
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k
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xxxf

CxxxxxY








  (43) 

 

ɝɞɟ kC  – ɜɟɤɬɨɪ ɢɫɤɨɦɵɯ ɩɨɫɬɨɹɧɧɵɯ ɤɨɷɮ-

ɮɢɰɢɟɧɬɨɜ n -ɝɨ ɩɨɪɹɞɤɚ;  – ɫɢɦɜɨɥ ɨɛɨɡɧɚ-
ɱɚɸɳɢɣ ɨɩɟɪɚɰɢɸ ɫɜɟɪɬɤɢ; 

 

     ),,()()( 1

b

k

b

kk xxxxfxf   ;            (44)   


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1

1
1 b

k
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k
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k

b

k
xxx

xxx
xxx      (45) 

 

Ɇɨɠɟɦ ɩɟɪɟɩɢɫɚɬɶ (43) ɜ ɜɢɞɟ 
 

),(   ,)()( 1

b

k

b

kkkkk xxxSCxExY  ,   (46) 

ɝɞɟ     )()()( 1

b

kk

b

kkk xxxxxE   ;      (47)   

kkk fxS  )( .                   (48) 

 

ɉɨɞɫɬɚɜɥɹɟɦ (46) ɜ (2)-(3), ɭɱɢɬɵɜɚɹ, ɱɬɨ 
ɫɩɪɚɜɟɞɥɢɜɵ ɫɨɨɬɧɨɲɟɧɢɹ: 
 

kkkk nkxYxY  ..., 2,   ),0()0( 1   ;   (49) 

1 ..., ,1   ),0()0(  kkkk nkxYxY .  (50) 

 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɨɥɭɱɚɟɦ ɪɚɡɪɟɲɚɸɳɭɸ ɫɢɫɬɟ-
ɦɭ ɥɢɧɟɣɧɵɯ ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ ɭɪɚɜɧɟɧɢɣ 

(ɋɅАɍ) ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɨɷɮɮɢɰɢɟɧɬɨɜ 
11,...,= , kk nkC : 
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     (51) 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɫɜɨɣɫɬɜ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ 

ɦɚɬɪɢɰɵ-ɮɭɧɤɰɢɢ ɡɚɩɢɫɵɜɚɟɦ: 
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ɝɞɟ        1 ..., ,1   ,1   k
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ɋɥɚɝɚɟɦɵɟ )0(  ɢ )0(  ɛɭɞɟɦ ɧɚɡɵɜɚɬɶ 
ɝɥɚɜɧɵɦɢ ɱɚɫɬɹɦɢ. 

ɋɢɫɬɟɦɭ (51) ɦɨɠɧɨ ɩɟɪɟɩɢɫɚɬɶ ɜ ɦɚɬɪɢɱɧɨɦ 

ɜɢɞɟ 
 

GCK  ;                         (55) 

ɝɞɟ        TT

n

TT

k
G   ...   G   GG ]  [ 121  ;            (56) 

     TT

n

TT

k
C   ...   C   CC ]  [ 121  .           (57) 

)0()0( 111111   b

nnn

b

n kkkk
xSBxSBggG ; 

                       (58) 

;1 ..., 2,                                                  

),0()0(1 
 

k

b

kkk

b

kkkkkk

nk

xSBxSBggG
 

 (59) 
























1121

3323

2212

1111

000

000

000

000

kkkk

k

,nn,nn

,,

,,

,n,

  K K      ...                     

.        ..   ...      ...        ...       ...       ...    

                   ...        K      K   

                         ...          K K

          K             ...                K

K

;                  

(60) 
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nnnn kkkk
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(62) 

 

ȼ ɦɚɬɪɢɰɟ (60) ɜɵɞɟɥɢɦ ɝɥɚɜɧɭɸ 0K  ɢ ɞɨ-
ɩɨɥɧɢɬɟɥɶɧɭɸ 1K  ɱɚɫɬɢ: 

 
10 KKK  ,                       (63) 

 

ɝɞɟ ɢɦɟɟɦ: 



Кɨɪɪɟɤɬɧыɟ ɦɟɬɨɞы ɬɨчɧɨɝɨ аɧаɥɢɬɢчɟсɤɨɝɨ ɪɟɲɟɧɢя ɦɧɨɝɨɬɨчɟчɧых ɤɪаɟɜых ɡаɞач сɬɪɨɢɬɟɥɶɧɨɣ ɦɟхаɧɢɤɢ ɞɥя 
ɨɛыɤɧɨɜɟɧɧых ɞɢɮɮɟɪɟɧцɢаɥɶɧых ɭɪаɜɧɟɧɢɣ с ɤɭсɨчɧɨ-ɩɨсɬɨяɧɧыɦɢ ɤɨɷɮɮɢцɢɟɧɬаɦɢ. Часɬɶ 1: Сɢсɬɟɦы ɩɟɪɜɨɝɨ ɩɨɪяɞɤа 

Volume 7, Issue 1, 2011 45

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

























0

11

0

21

0

33

0

23

0

22

0

12

0

11

0

11

0

000

000

000

000

kkkk

k

,nn,nn

,,

,,

,n,

   K  K      ...                  

.        .....       ...         ...       ...        ...    

                     ...       K     K   

                           ...        K K

  K                      ...              K

K

; 

                 (64) 

)0( 1

0

1  
kkk,k- BK  ;   )0(0  

kkk,k BK  ;   (65) 

 )0( 11

0

1,1   BK ;   )0(1

0

1,1   kkk nnn BK  ; (66) 

























1

11

1

21

1

33

1

23

1

22

1

12

1

11

1

11

1

000

000

000

000

kkkk

k

,nn,nn

,,

,,

,n,

   K  K      ...                  

.        .....       ...         ...       ...        ...    

                     ...       K     K   

                           ...        K K

  K                      ...              K

K

; 

                   (67) 
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Ɂɞɟɫɶ ɫɢɦɜɨɥ   ɨɛɨɡɧɚɱɚɟɬ ɨɩɟɪɚɰɢɸ ɩɪɹ-
ɦɨɝɨ ɩɪɨɢɡɜɟɞɟɧɢɹ ɦɚɬɪɢɰ. 

ȼɚɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɦɚɬɪɢɰɵ ɬɢɩɚ )0(k  ɢ 

)0(k  ɧɟ ɡɚɜɢɫɹɬ ɨɬ x . 

ɇɟɞɨɫɬɚɬɤɨɦ ɫɢɫɬɟɦɵ (55) ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ 
ɝɥɚɜɧɚɹ ɱɚɫɬɶ ɦɚɬɪɢɰɵ ɤɨɷɮɮɢɰɢɟɧɬɨɜ (60) 

ɢɦɟɟɬ ɫɬɪɭɤɬɭɪɭ, ɜ ɤɨɬɨɪɨɣ ɞɢɚɝɨɧɚɥɶɧɵɟ 
ɛɥɨɤɢ ɹɜɥɹɸɬɫɹ, ɩɨ ɫɭɬɢ, ɜɵɪɨɠɞɟɧɧɵɦɢ. ȼ 

ɷɬɨɣ ɫɜɹɡɢ, ɧɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɋɅАɍ ɹɜɥɹ-
ɟɬɫɹ ɥɟɧɬɨɱɧɨɣ, ɞɥɹ ɟɟ ɪɟɲɟɧɢɹ ɧɟ ɦɨɝɭɬ 
ɩɪɢɦɟɧɹɬɶɫɹ ɦɧɨɝɢɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɢɬɟ-
ɪɚɰɢɨɧɧɵɟ ɦɟɬɨɞɵ [5, 6], ɚ ɬɪɟɛɭɟɬɫɹ, ɧɚɩɪɢ-

ɦɟɪ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɦɟɬɨɞɚ Ƚɚɭɫɫɚ ɫ ɜɵɛɨɪɨɦ 

ɝɥɚɜɧɨɝɨ ɷɥɟɦɟɧɬɚ [2]. ɋ ɷɬɢɯ ɩɨɡɢɰɢɣ ɩɨɥɟɡ-
ɧɨ ɭɤɚɡɚɬɶ ɩɭɬɢ ɭɫɬɪɚɧɟɧɢɹ ɷɬɨɝɨ ɧɟɞɨɫɬɚɬɤɚ. 
ɉɪɟɨɛɪɚɡɭɟɦ ɋɅАɍ (55) ɫɥɟɞɭɸɳɢɦ ɨɛɪɚ-
ɡɨɦ: ɤɚɠɞɨɟ ɭɪɚɜɧɟɧɢɟ ɫɢɫɬɟɦɵ, ɧɚɱɢɧɚɹ ɫ 
ɩɟɪɜɨɝɨ (ɢ ɡɚɤɚɧɱɢɜɚɹ ɩɪɟɞɩɨɫɥɟɞɧɢɦ), ɛɭ-
ɞɟɦ ɡɚɦɟɧɹɬɶ ɫɭɦɦɨɣ ɷɬɨɝɨ ɭɪɚɜɧɟɧɢɹ ɫ ɩɨ-
ɫɥɟɞɭɸɳɢɦ (ɜɦɟɫɬɨ ɢɫɯɨɞɧɨɝɨ ɩɟɪɜɨɝɨ ɭɪɚɜ-
ɧɟɧɢɹ ɛɟɪɟɦ ɫɭɦɦɭ ɢɫɯɨɞɧɨɝɨ ɩɟɪɜɨɝɨ ɫ ɢɫ-

ɯɨɞɧɵɦ ɜɬɨɪɵɦ, ɜɦɟɫɬɨ ɢɫɯɨɞɧɨɝɨ ɜɬɨɪɨɝɨ – 

ɫɭɦɦɭ ɢɫɯɨɞɧɨɝɨ ɜɬɨɪɨɝɨ ɫ ɢɫɯɨɞɧɵɦ ɬɪɟɬɶ-
ɢɦ, ɢ ɬɚɤ ɞɚɥɟɟ). ɇɚɤɨɧɟɰ, ɜɦɟɫɬɨ ɢɫɯɨɞɧɨɝɨ 
ɩɨɫɥɟɞɧɟɝɨ ɭɪɚɜɧɟɧɢɹ ɛɟɪɟɦ ɫɭɦɦɭ ɢɫɯɨɞɧɨ-
ɝɨ ɩɨɫɥɟɞɧɟɝɨ ɫ ɢɫɯɨɞɧɵɦ ɩɟɪɜɵɦ. Ɋɚɫɫɦɨɬ-
ɪɢɦ ɬɟɩɟɪɶ ɩɨɥɭɱɟɧɧɭɸ ɩɨɫɥɟ ɩɪɟɨɛɪɚɡɨɜɚ-
ɧɢɣ ɦɚɬɪɢɰɭ (60): 
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(70) 

 

Ɇɨɠɧɨ ɩɨɤɚɡɚɬɶ, ɱɬɨ ɛɥɨɱɧɵɟ ɷɥɟɦɟɧɬɵ, 

ɫɬɨɹɳɢɟ ɧɚ ɝɥɚɜɧɨɣ ɞɢɚɝɨɧɚɥɢ ɦɚɬɪɢɰɵ (70) 

ɧɟ ɹɜɥɹɸɬɫɹ ɜɵɪɨɠɞɟɧɧɵɦɢ, ɚ ɷɬɨ ɞɚɟɬ ɪɹɞ 

ɨɱɟɜɢɞɧɵɯ ɩɪɟɢɦɭɳɟɫɬɜ ɧɚ ɷɬɚɩɟ ɱɢɫɥɟɧɧɨɝɨ 
ɪɟɲɟɧɢɹ ɩɪɟɨɛɪɚɡɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ (55).  

 

 

ɁАɆȿɑАɇɂȿ 

 

Иɫɫɥɟɞɨɜɚɧɢɹ ɱɚɫɬɢɱɧɨ ɩɪɨɜɨɞɢɥɢɫɶ ɜ ɪɚɦ-

ɤɚɯ ɫɥɟɞɭɸɳɢɯ ɪɚɛɨɬ: 
1. Ƚɪɚɧɬ ɇɒ-8684.2010.8 ɉɪɟɡɢɞɟɧɬɚ 
Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɞɥɹ ɝɨɫɭɞɚɪ-
ɫɬɜɟɧɧɨɣ ɩɨɞɞɟɪɠɤɢ ɜɟɞɭɳɢɯ ɧɚɭɱ-
ɧɵɯ ɲɤɨɥ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ 

«Ɇɧɨɝɨɭɪɨɜɧɟɜɵɟ ɱɢɫɥɟɧɧɵɟ, ɚɧɚɥɢ-

ɬɢɱɟɫɤɢɟ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɦɟɬɨ-
ɞɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɱɧɨɫɬɢ ɡɞɚɧɢɣ ɢ 

ɫɨɨɪɭɠɟɧɢɣ ɫ ɭɱɟɬɨɦ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ 
ɢ ɮɢɡɢɱɟɫɤɢɯ ɨɫɨɛɟɧɧɨɫɬɟɣ» ɧɚ 2010-

2011 ɝɝ. 
2. Ƚɪɚɧɬ 2.3.9 Ɋɨɫɫɢɣɫɤɨɣ ɚɤɚɞɟɦɢɢ ɚɪ-
ɯɢɬɟɤɬɭɪɵ ɢ ɫɬɪɨɢɬɟɥɶɧɵɯ ɧɚɭɤ «Ɋɚɡ-
ɪɚɛɨɬɤɚ ɢ ɢɫɫɥɟɞɨɜɚɧɢɟ ɞɢɫɤɪɟɬɧɨ-
ɤɨɧɬɢɧɭɚɥɶɧɵɯ ɦɟɬɨɞɨɜ ɞɥɹ ɪɚɫɱɟɬɚ 
ɫɬɪɨɢɬɟɥɶɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɫ ɤɭɫɨɱɧɨ-
ɩɨɫɬɨɹɧɧɵɦɢ ɮɢɡɢɤɨ-ɝɟɨɦɟɬɪɢɱɟ-
ɫɤɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɩɨ ɨɞɧɨɦɭ ɢɡ ɧɚ-
ɩɪɚɜɥɟɧɢɣ» ɧɚ 2011-2013 ɝɝ. 
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3. ɇИɊ «Ɋɚɡɪɚɛɨɬɤɚ ɬɟɨɪɢɢ ɢ ɚɥɝɨɪɢɬ-
ɦɨɜ ɩɨɫɬɪɨɟɧɢɹ ɤɨɪɪɟɤɬɧɵɯ ɚɧɚɥɢɬɢ-

ɱɟɫɤɢɯ ɪɟɲɚɬɟɥɟɣ ɦɧɨɝɨɬɨɱɟɱɧɵɯ 
ɤɪɚɟɜɵɯ ɡɚɞɚɱ ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɪɚɫ-
ɱɟɬɚɦ ɫɬɪɨɢɬɟɥɶɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ», 

ɜɵɩɨɥɧɹɟɦɨɣ ɩɨ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɜɟ-
ɞɨɦɫɬɜɟɧɧɨɣ ɰɟɥɟɜɨɣ ɩɪɨɝɪɚɦɦɟ 
«Ɋɚɡɜɢɬɢɟ ɧɚɭɱɧɨɝɨ ɩɨɬɟɧɰɢɚɥɚ ɜɵɫ-
ɲɟɣ ɲɤɨɥɵ (2009-2011 ɝɨɞɵ)» (ɩɪɨ-
ɟɤɬ 2.1.2/12148). 

4. ɇИɊ «Ɋɚɡɪɚɛɨɬɤɚ, ɢɫɫɥɟɞɨɜɚɧɢɟ ɢ ɪɚɡ-
ɜɢɬɢɟ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɢ ɩɪɨ-
ɝɪɚɦɦɧɨ-ɚɥɝɨɪɢɬɦɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ, 
ɪɟɚɥɢɡɭɸɳɢɯ ɛɟɡɨɩɚɫɧɭɸ ɬɟɯɧɨɥɨɝɢɸ 

ɜɨɡɜɟɞɟɧɢɹ ɭɧɢɤɚɥɶɧɵɯ ɡɞɚɧɢɣ ɢ ɫɨ-
ɨɪɭɠɟɧɢɣ ɫɥɨɠɧɨɣ ɚɪɯɢɬɟɤɬɭɪɧɨɣ 

ɮɨɪɦɵ» ɜɵɩɨɥɧɹɟɦɨɣ ɩɨ ɚɧɚɥɢɬɢɱɟ-
ɫɤɨɣ ɜɟɞɨɦɫɬɜɟɧɧɨɣ ɰɟɥɟɜɨɣ ɩɪɨɝɪɚɦ-

ɦɟ «Ɋɚɡɜɢɬɢɟ ɧɚɭɱɧɨɝɨ ɩɨɬɟɧɰɢɚɥɚ 
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ȼȼȿȾȿɇɂȿ 

 

ɇɚɫɬɨɹɳɚɹ ɜɬɨɪɚɹ ɱɚɫɬɶ ɫɬɚɬɶɢ ɩɪɨɞɨɥɠɚɟɬ 
ɰɢɤɥ ɪɚɛɨɬ, ɩɨɫɜɹɳɟɧɧɵɯ ɪɚɡɪɚɛɨɬɤɟ ɢ ɢɫ-
ɫɥɟɞɨɜɚɧɢɸ ɤɨɪɪɟɤɬɧɵɯ ɦɟɬɨɞɨɜ ɬɨɱɧɨɝɨ 
ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɪɟɲɟɧɢɹ ɦɧɨɝɨɬɨɱɟɱɧɵɯ 
ɤɪɚɟɜɵɯ ɡɚɞɚɱ ɫɬɪɨɢɬɟɥɶɧɨɣ ɦɟɯɚɧɢɤɢ ɞɥɹ 
ɫɢɫɬɟɦ ɨɛɵɤɧɨɜɟɧɧɵɯ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ 
ɭɪɚɜɧɟɧɢɣ ɫ ɤɭɫɨɱɧɨ-ɩɨɫɬɨɹɧɧɵɦɢ ɤɨɷɮɮɢ-

ɰɢɟɧɬɚɦɢ. ȼ ɩɟɪɜɨɣ ɱɚɫɬɢ ɫɬɚɬɶɢ ɪɚɫɫɦɚɬɪɢ-

ɜɚɥɢɫɶ ɫɢɫɬɟɦɵ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟ-
ɧɢɣ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ, ɤ ɤɨɬɨɪɵɦ, ɤɚɤ ɫɩɪɚ-
ɜɟɞɥɢɜɨ ɨɬɦɟɱɚɟɬɫɹ, ɦɨɝɭɬ ɛɵɬɶ ɫɜɟɞɟɧɵ 

ɫɢɫɬɟɦɵ ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ ɢ ɩɪɨɢɡɜɨɥɶɧɨɝɨ 
ɩɨɪɹɞɤɚ. ɉɪɟɢɦɭɳɟɫɬɜɚɦɢ ɩɨɞɨɛɧɨɝɨ ɫɜɟɞɟ-
ɧɢɹ ɹɜɥɹɸɬɫɹ ɛɨɥɶɲɚɹ ɭɧɢɜɟɪɫɚɥɶɧɨɫɬɶ ɢ 

ɚɥɝɨɪɢɬɦɢɱɧɨɫɬɶ, ɨɞɧɨɜɪɟɦɟɧɧɨɟ ɨɩɪɟɞɟɥɟ-
ɧɢɟ ɧɟɢɡɜɟɫɬɧɵɯ ɮɭɧɤɰɢɣ ɫɨ ɜɫɟɦɢ ɧɟɨɛɯɨ-
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ɞɢɦɵɦɢ ɩɪɨɢɡɜɨɞɧɵɦɢ, ɭɞɨɛɫɬɜɨ ɢ ɷɮɮɟɤ-
ɬɢɜɧɨɫɬɶ ɩɪɨɝɪɚɦɦɧɨɣ ɪɟɚɥɢɡɚɰɢɢ. ȼɦɟɫɬɟ ɫ 
ɬɟɦ, ɫɭɳɟɫɬɜɭɟɬ ɪɹɞ ɡɚɞɚɱ, ɞɥɹ ɤɨɬɨɪɵɯ ɩɟ-
ɪɟɯɨɞ ɤ ɦɧɨɝɨɬɨɱɟɱɧɨɣ ɤɪɚɟɜɨɣ ɡɚɞɚɱɢ ɞɥɹ 
ɫɢɫɬɟɦɵ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɩɟɪ-
ɜɨɝɨ ɩɨɪɹɞɤɚ ɭɠɟ ɧɟ ɫɬɨɥɶ ɨɩɪɚɜɞɚɧ. Ʉ ɱɢɫɥɭ 
ɬɚɤɢɯ, ɧɚɩɪɢɦɟɪ, ɦɨɠɟɬ ɛɵɬɶ ɨɬɧɟɫɟɧɚ ɩɪɨ-
ɛɥɟɦɚ ɢɡɝɢɛɚ ɬɨɧɤɢɯ ɩɥɢɬ [6-7]. Ʉɚɤ ɨɛɨɫɧɨ-
ɜɵɜɚɥɨɫɶ ɜ [6-7], ɡɞɟɫɶ, ɫ ɨɩɪɟɞɟɥɟɧɧɵɯ ɩɨ-
ɡɢɰɢɣ, ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɟɟ, ɱɬɨɛɵ ɪɚɡɪɟɲɚɸ-

ɳɟɣ ɹɜɥɹɥɚɫɶ ɫɢɫɬɟɦɚ ɭɠɟ ɧɟ ɩɟɪɜɨɝɨ, ɚ ɜɬɨ-
ɪɨɝɨ ɩɨɪɹɞɤɚ. Иɦɟɧɧɨ ɷɬɚ ɩɨɫɬɚɧɨɜɤɚ ɢ ɛɭ-

ɞɟɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶɫɹ ɜ ɞɚɧɧɨɣ ɫɬɚɬɶɟ. 
 

 

1. ɉɈɋɌАɇɈȼɄА ɆɇɈȽɈɌɈɑȿɑɇɈɃ 

ɄɊАȿȼɈɃ ɁАȾАɑɂ ȾɅə ɋɂɋɌȿɆɕ 

ɈȻɕɄɇɈȼȿɇɇɕɏ  

ȾɂɎɎȿɊȿɇЦɂАɅɖɇɕɏ 

ɍɊАȼɇȿɇɂɃ ȼɌɈɊɈȽɈ ɉɈɊəȾɄА 

ɋ ɄɍɋɈɑɇɈ-ɉɈɋɌɈəɇɇɕɆɂ 

ɄɈɗɎɎɂЦɂȿɇɌАɆɂ 

 

ɉɭɫɬɶ ɢɦɟɟɦ ɫɢɫɬɟɦɭ n ɨɛɵɤɧɨɜɟɧɧɵɯ ɥɢ-

ɧɟɣɧɵɯ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɜɬɨ-
ɪɨɝɨ ɩɨɪɹɞɤɚ ɫ ɤɭɫɨɱɧɨ-ɩɨɫɬɨɹɧɧɵɦɢ ɤɨɷɮ-

ɮɢɰɢɟɧɬɚɦɢ ɢ kn  ɥɢɧɟɣɧɵɯ ɝɪɚɧɢɱɧɵɯ ɭɫ-
ɥɨɜɢɣ, ɡɚɞɚɧɧɵɯ ɜ ɝɪɚɧɢɱɧɵɯ ɬɨɱɤɚɯ 

k

b

k nkx  ..., 1,=   ,  (ɧɢɠɟ, ɨɱɟɜɢɞɧɨ, ɩɨɥɚɝɚɟɬɫɹ, 
ɱɬɨ ɜ ɱɢɫɥɨ ɝɪɚɧɢɱɧɵɯ ɬɨɱɟɤ ɜɯɨɞɹɬ ɬɚɤɠɟ 
ɬɨɱɤɢ, ɜ ɤɨɬɨɪɵɯ ɢɦɟɸɬ ɦɟɫɬɨ ɪɚɡɪɵɜɵ ɩɟɪ-
ɜɨɝɨ ɪɨɞɚ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɫɢɫɬɟɦɵ), ɬ.ɟ.: 
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ɝɞɟ T

n xyxyxyxyy ] )(   ...   )(   )( [)( 21  – ɢɫ-
ɤɨɦɚɹ n-ɦɟɪɧɚɹ ɜɟɤɬɨɪ-ɮɭɧɤɰɢɹ; 

1 ..., 2, 1,  ,  kk nkA  – ɡɚɞɚɧɧɵɟ ɦɚɬɪɢɰɵ ɩɨ-
ɫɬɨɹɧɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ, ɤɜɚɞɪɚɬɧɵɟ n-ɝɨ 
ɩɨɪɹɞɤɚ; T

nkkkkk xfxfxfxff )]( ... )(  )([)( ,2,1, , 

1 ..., 2, 1,  knk  – ɡɚɞɚɧɧɵɟ n-ɦɟɪɧɵɟ ɜɟɤɬɨɪ-
ɮɭɧɤɰɢɢ ɩɪɚɜɵɯ ɱɚɫɬɟɣ; ,,, , 

kkkk ggBB  

1...,2,  knk , ɚ ɬɚɤɠɟ 
kngg  ,1  ɢ 

knBB ,1  – 

ɡɚɞɚɧɧɵɟ ɦɚɬɪɢɰɵ ɢ ɜɟɤɬɨɪɵ ɩɪɚɜɵɯ ɱɚɫɬɟɣ 

2n-ɝɨ ɩɨɪɹɞɤɚ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ ɜ ɬɨɱɤɟ b

kx ; 

dxydxyy /)()1()1(  ; 22)2()2( /)( dxydxyy  ; 
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xYY .                   (4) 

 

 

2. Ɉ ɄɈɊɊȿɄɌɇɈɆ АɇАɅɂɌɂɑȿɋɄɈɆ 

ɆȿɌɈȾȿ ɉɈɋɌɊɈȿɇɂə  

ɎɍɇȾАɆȿɇɌАɅɖɇɈɃ  

ɆАɌɊɂЦɕ-ɎɍɇɄЦɂɂ ɋɂɋɌȿɆɕ  

ȾɂɎɎȿɊȿɇЦɂАɅɖɇɕɏ 

ɍɊАȼɇȿɇɂɃ ȼɌɈɊɈȽɈ ɉɈɊəȾɄА 

 

Ɋɚɫɫɦɨɬɪɢɦ ɩɪɨɢɡɜɨɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ ɢɡ (1). 

Иɦɟɟɦ: 
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kkk xxxfyAy  .           (5) 

 

Ɇɚɬɪɢɰɭ kA  ɡɞɟɫɶ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟ 
[4, 5, 8, 9]: 
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Ɂɞɟɫɶ kT  – ɧɟɜɵɪɨɠɞɟɧɧɚɹ ɦɚɬɪɢɰɚ n-ɝɨ ɩɨ-
ɪɹɞɤɚ, ɫɬɨɥɛɰɵ ɤɨɬɨɪɨɣ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ 

ɫɨɛɫɬɜɟɧɧɵɟ ɢ ɤɨɪɧɟɜɵɟ (ɩɪɢɫɨɟɞɢɧɟɧɧɵɟ) 
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ɜɟɤɬɨɪɵ ɦɚɬɪɢɰɵ kA ; kJ  – ɠɨɪɞɚɧɨɜɚ ɮɨɪɦɚ 
ɦɚɬɪɢɰɵ kA ; pkJ ,  – ɠɨɪɞɚɧɨɜɚ ɤɥɟɬɤɚ, ɫɨɨɬ-
ɜɟɬɫɬɜɭɸɳɚɹ ɫɨɛɫɬɜɟɧɧɨɦɭ ɡɧɚɱɟɧɢɸ 

Сpk ,  ɦɚɬɪɢɰɵ kA ; pkpk mJ ,,dim  , 

kup  ..., ,1 . 

ɀɨɪɞɚɧɨɜɨɣ ɤɥɟɬɤɟ pkJ ,  ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɨɞɢɧ 

ɫɨɛɫɬɜɟɧɧɵɣ ɜɟɤɬɨɪ ɦɚɬɪɢɰɵ kA  ɢ ( 1, pkm ) 

ɤɨɪɧɟɜɵɯ ɜɟɤɬɨɪɨɜ skt , , ɭɞɨɜɥɟɬɜɨɪɹɸɳɢɯ 
ɭɪɚɜɧɟɧɢɹɦ [4, 5, 8, 9]: 

 

,   ; ..., 3, 2,=             

  ,0 )(
1

1

,,

,,




p

i

ikpk

sk

j

pkk

mjsmj

tIA 
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ɝɞɟ I  – ɟɞɢɧɢɱɧɚɹ ɦɚɬɪɢɰɚ n-ɝɨ ɩɨɪɹɞɤɚ; skt ,  

– ɧɟɧɭɥɟɜɨɣ ɜɟɤɬɨɪ. 
ȼɚɠɧɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ ɪɟɲɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ 

ɡɚɞɚɱɢ ɢɦɟɟɬ ɮɭɧɞɚɦɟɧɬɚɥɶɧɚɹ ɦɚɬɪɢɰɚ-
ɮɭɧɤɰɢɹ, ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɞɥɹ ɫɢɫɬɟɦɵ (5) 

ɭɞɨɜɥɟɬɜɨɪɹɸɳɚɹ ɭɫɥɨɜɢɹɦ [3, 10] 

 

IxxAx kkk )()()()2(                 (10) 
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ɝɞɟ )(x  – ɞɟɥɶɬɚ-ɮɭɧɤɰɢɹ Ⱦɢɪɚɤɚ; I  – ɟɞɢ-

ɧɢɱɧɚɹ ɦɚɬɪɢɰɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɩɨɪɹɞɤɚ. 
Ʉɚɤ ɢɡɜɟɫɬɧɨ [6-7, 10], ɩɨɫɬɪɨɟɧɢɟ ɮɭɧɞɚ-
ɦɟɧɬɚɥɶɧɨɣ ɦɚɬɪɢɰɵ-ɮɭɧɤɰɢɢ ɬɢɩɚ )(xk  

ɩɪɟɞɩɨɥɚɝɚɟɬ ɜɵɱɢɫɥɟɧɢɟ ɮɭɧɤɰɢɢ ɨɬ ɦɚɬ-
ɪɢɰɵ ɤɨɷɮɮɢɰɢɟɧɬɨɜ, ɤɨɬɨɪɨɟ ɦɨɠɟɬ ɩɪɨɢɡ-
ɜɨɞɢɬɶɫɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɠɨɪɞɚɧɨɜɨɣ 

ɮɨɪɦɵ (6). Ɉɞɧɚɤɨ ɩɨɞɨɛɧɵɣ ɫɬɚɧɞɚɪɬɧɵɣ 

ɚɥɝɨɪɢɬɦ ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɪɟɤɨɦɟɧɞɨɜɚɧ ɞɥɹ 
ɱɢɫɥɟɧɧɨɣ ɪɟɚɥɢɡɚɰɢɢ, ɬɚɤ ɤɚɤ ɜ ɞɟɣɫɬɜɢ-

ɬɟɥɶɧɨɫɬɢ ɧɟ ɫɭɳɟɫɬɜɭɟɬ ɱɢɫɥɟɧɧɨ ɭɫɬɨɣɱɢ-

ɜɨɝɨ ɫɩɨɫɨɛɚ ɩɨɫɬɪɨɟɧɢɹ ɠɨɪɞɚɧɨɜɵɯ ɮɨɪɦ 

[9], ɩɪɢɱɟɦ ɩɪɨɛɥɟɦɵ ɜɨɡɧɢɤɚɸɬ ɞɥɹ ɦɚɬɪɢɰ, 

ɜ ɠɨɪɞɚɧɨɜɨɣ ɮɨɪɦɟ ɤɨɬɨɪɵɯ ɢɦɟɸɬɫɹ ɤɥɟɬ-
ɤɢ ɧɟɟɞɢɧɢɱɧɨɝɨ ɩɨɪɹɞɤɚ. Ʉɪɨɦɟ ɬɨɝɨ, ɜ ɡɚ-
ɞɚɱɚɯ ɪɚɫɱɟɬɚ ɤɨɧɫɬɪɭɤɰɢɣ ɢɦɟɸɬɫɹ ɫɩɟɰɢ-

ɮɢɱɟɫɤɢɟ ɨɫɨɛɟɧɧɨɫɬɢ: ɱɢɫɥɨ ɫɨɛɫɬɜɟɧɧɵɯ 
ɡɧɚɱɟɧɢɣ, ɤɨɬɨɪɵɦ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɠɨɪɞɚɧɨ-
ɜɵ ɤɥɟɬɤɢ ɧɟɟɞɢɧɢɱɧɨɝɨ ɩɨɪɹɞɤɚ, ɧɟɛɨɥɶ-
ɲɨɟ, ɢ ɨɧɢ, ɤɚɤ ɩɪɚɜɢɥɨ, ɧɭɥɟɜɵɟ. ȼ ɷɬɨɣ 

ɫɜɹɡɢ, ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ 

ɦɚɬɪɢɰɵ-ɮɭɧɤɰɢɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɨɩɢɫɵɜɚɟ-
ɦɚɹ ɧɢɠɟ ɤɨɪɪɟɤɬɧɚɹ ɚɜɬɨɪɫɤɚɹ ɦɟɬɨɞɢɤɚ. 
Ʉɚɤ ɢɡɜɟɫɬɧɨ [8], ɧɟɧɭɥɟɜɨɣ ɜɟɤɬɨɪ t  ɬɚɤɨɣ, 

ɱɬɨ ttA   ɧɚɡɵɜɚɸɬ ɩɪɚɜɵɦ ɫɨɛɫɬɜɟɧɧɵɦ 

ɜɟɤɬɨɪɨɦ ɦɚɬɪɢɰɵ A ,  ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ  

ɫɨɛɫɬɜɟɧɧɨɦɭ ɡɧɚɱɟɧɢɸ  , ɚ ɧɟɧɭɥɟɜɨɣ ɜɟɤ-
ɬɨɪ t

~
,  ɞɥɹ  ɤɨɬɨɪɨɝɨ ttAT ~~   ɢɦɟɧɭɸɬ ɥɟ-

ɜɵɦ ɫɨɛɫɬɜɟɧɧɵɦ ɜɟɤɬɨɪɨɦ A , ɫɨɨɬɜɟɬɫɬ-
ɜɭɸɳɢɦ ɫɨɛɫɬɜɟɧɧɨɦɭ ɡɧɚɱɟɧɢɸ  . 

ɋɨɛɫɬɜɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɦɚɬɪɢɰ kA  ɢ T

kA  ɫɨɜ-
ɩɚɞɚɸɬ, ɢ ɦɨɠɟɦ ɡɚɩɢɫɚɬɶ: 
 

1~  kk TT ,                         (12) 

 

ɝɞɟ kT  – ɧɟɜɵɪɨɠɞɟɧɧɚɹ ɦɚɬɪɢɰɚ n-ɝɨ ɩɨɪɹɞ-

ɤɚ, ɫɬɨɥɛɰɵ pkt ,  ɤɨɬɨɪɨɣ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ 

ɫɨɛɫɬɜɟɧɧɵɟ ɢ ɤɨɪɧɟɜɵɟ ɜɟɤɬɨɪɵ ɦɚɬɪɢɰɵ 

kA , ɩɪɢɱɟɦ 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɦɟɫɬɨ ɨɛɪɚɳɟɧɢɹ ɤɨɦ-

ɩɥɟɤɫɧɨɣ ɦɚɬɪɢɰɵ kT  ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ ɠɨɪ-
ɞɚɧɨɜɚ ɪɚɡɥɨɠɟɧɢɹ, ɧɚ ɩɪɚɤɬɢɤɟ ɦɨɠɟɬ ɩɪɨ-
ɢɡɜɨɞɢɬɶɫɹ ɨɩɪɟɞɟɥɟɧɢɟ ɫɨɛɫɬɜɟɧɧɵɯ ɡɧɚɱɟ-
ɧɢɣ ɢ ɜɟɤɬɨɪɨɜ ɦɚɬɪɢɰɵ T

kA , ɨɬɤɭɞɚ         
                                         

kkkk TJTA
~ .                      (17) 

 

ɉɪɨɢɡɜɟɞɟɦ ɬɚɤɭɸ ɫɨɪɬɢɪɨɜɤɭ ɫɨɛɫɬɜɟɧɧɵɯ 
ɡɧɚɱɟɧɢɣ (ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 
ɦɚɬɪɢɰ kT , kJ  ɢ kT

~
) ɦɚɬɪɢɰ kA  ɢ T

kA , ɱɬɨ 
ɛɭɞɟɬ ɜɵɩɨɥɧɟɧɨ ɭɫɥɨɜɢɟ: 
 





















,0   : ..., 1,   , 

ɩɪɨɫɬɵɟ 

 1~,1,0            

 : ..., ,1   , 

 1~,1,0            

  : ..., 1,   , 

,2

2,1,

,1,

k,pkkk,p

k,pk,pk,p

k,kpk

k,pk,pk,p

kpk

λupλ
m      mλ

p

m      mλ
p

l

ll

l




 

       (18) 

 

ɝɞɟ pkm ,
~ , pkm ,  – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɤɪɚɬɧɨɫɬɶ 

ɫɨɛɫɬɜɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ pk ,  ɢ ɪɚɡɦɟɪɧɨɫɬɶ 
ɠɨɪɞɚɧɨɜɨɣ ɤɥɟɬɤɢ, ɤɨɬɨɪɚɹ ɟɦɭ ɫɨɨɬɜɟɬɫɬ-
ɜɭɟɬ. 
Ⱦɚɧɧɚɹ ɫɨɪɬɢɪɨɜɤɚ ɬɚɤɠɟ ɜɚɠɧɚ ɞɥɹ ɩɨ-
ɫɬɪɨɟɧɢɹ ɩɪɚɜɢɥɶɧɨɝɨ ɫɨɨɬɜɟɬɫɬɜɢɹ ɦɟɠɞɭ 
ɫɨɛɫɬɜɟɧɧɵɦɢ ɜɟɤɬɨɪɚɦɢ ɦɚɬɪɢɰ kA  ɢ T

kA , 

ɨɩɪɟɞɟɥɟɧɧɵɦɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɬɚɧɞɚɪɬ-
ɧɨɝɨ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ. 
ɉɭɫɬɶ 12,11,12,11,

~
 ,

~
 , , kkkk TTTT  – ɦɚɬɪɢɰɵ ɪɚɡɦɟ-

ɪɨɦ ,1kn l , )( ,1,2 kkn ll  , nk ,1l , 

nkk  )( ,1,2 ll  ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɷɥɟɦɟɧɬɵ ɤɨ-
ɬɨɪɵɯ ɡɚɞɚɸɬɫɹ ɮɨɪɦɭɥɚɦɢ: 

 

,111, 1   ;1   ,)()( kijkijk jniTT l ;    (19)   

njiTT kijkijk  1   ;1   ,)
~

()
~

( ,111, l ;    (20) 

.   ;1   ;   ;  

  ,)
~

()
~

(   ;)()(

,1,1

,1212,

njlnijqip

TTTT

kk

jiqpkijkpqk 


l
(21)    

 

Ɉɱɟɜɢɞɧɵ ɫɨɨɬɧɨɲɟɧɢɹ 

 

]     [ ,2,1 kkk TTT  ;   TT

k

T

kk T   TT ] 
~~

 [
~

2,1, ,     (22) 

ɝɞɟ  ]     [ ,12,111, kkk TTT  ;   TT

k

T

kk TTT ] 
~

   
~

 [
~

,12,111,  .  

                        (23) 

 

Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɦɚɬɪɢɰɟɣ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ P  

(ɩɪɨɟɤɬɨɪɨɦ) ɧɚɡɵɜɚɟɬɫɹ ɦɚɬɪɢɰɚ, ɨɛɥɚɞɚɸ-

ɳɚɹ ɫɜɨɣɫɬɜɨɦ PP 2  [8]. ɉɭɫɬɶ 11,kP , 12,kP , 

2,kP  – ɦɚɬɪɢɰɵ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɧɚ  ɩɨɞɩɪɨ-
ɫɬɪɚɧɫɬɜɚ, ɧɚɬɹɧɭɬɵɟ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɢ ɤɨɪ-
ɧɟɜɵɟ ɜɟɤɬɨɪɵ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɫɨɛɫɬɜɟɧ-

ɧɵɦ ɡɧɚɱɟɧɢɹɦ 1,, 1,...,  , kpk p l ; 

2,1,, 1,...,  , kkpk p ll   ɢ kpk up ...,,1 , 2,  l ,  

 

11,11,11,

~
kkkk TDTP  ;   12,

1

12,12,12,12,

~
)

~
( kkkkk TTTTP  ;   

                      (24) 

12,11,1, kkk PPP  ;   1,2, kk PIP  ,       (25) 

 

ɝɞɟ D – ɞɢɚɝɨɧɚɥɶɧɚɹ ɦɚɬɪɢɰɚ 1,kl -ɝɨ ɩɨɪɹɞ-

ɤɚ, ɡɧɚɱɢɦɵɟ ɷɥɟɦɟɧɬɵ ɤɨɬɨɪɨɣ 

 

1,,, 1  ),
~

,()( kikikiik littD  ,           (26) 

 

ɬ.ɟ.                        
 

. ..., 1,,   ;                                    

 ,0)(  );
~

,/(1)(

1,

1

,,

1

k

ijkikikiik

ljiji

DttD


 

 (27) 

 

ɉɨɫɥɟ ɨɩɪɟɞɟɥɟɧɢɹ ɫɨɛɫɬɜɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɢ 

ɜɟɤɬɨɪɨɜ ɦɚɬɪɢɰ kA  ɢ T

kA  ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɫɬɚɧɞɚɪɬɧɨɝɨ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɢ 

ɜɵɩɨɥɧɟɧɢɹ ɫɨɪɬɢɪɨɜɨɤ, ɤɚɤ ɩɪɚɜɢɥɨ, ɜɨɡɧɢ-

ɤɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜ ɩɪɨɜɟɞɟɧɢɢ ɛɢɨɪɬɨɝɨ-
ɧɚɥɢɡɚɰɢɢ ɫɨɛɫɬɜɟɧɧɵɯ ɜɟɤɬɨɪɨɜ ɢ ɢɯ ɩɟɪɟ-
ɫɬɚɧɨɜɤɚɯ. Эɬɨ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ ɧɨɪɦɢɪɨɜ-
ɤɚ ɩɨɫɥɟɞɧɢɯ ɞɥɹ ɦɚɬɪɢɰ kA  ɢ T

kA  ɦɨɠɟɬ 
ɛɵɬɶ ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ ɪɚɡɥɢɱɧɨɣ. Ʉɪɨɦɟ ɬɨɝɨ, 
ɩɪɟɞɥɨɠɟɧɧɚɹ ɪɚɧɟɟ ɫɨɪɬɢɪɨɜɤɚ, ɦɨɠɟɬ ɫɨ-
ɯɪɚɧɢɬɶ ɧɟɫɨɨɬɜɟɬɫɬɜɢɹ ɦɟɠɞɭ ɫɨɛɫɬɜɟɧɧɵ-

ɦɢ ɜɟɤɬɨɪɚɦɢ ɦɚɬɪɢɰ kA  ɢ T

kA  ɩɪɢ ɤɪɚɬɧɵɯ 
ɧɟɧɭɥɟɜɵɯ ɫɨɛɫɬɜɟɧɧɵɯ ɡɧɚɱɟɧɢɹɯ. Ɏɨɪɦɭ-
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ɥɵ ɧɟɨɛɯɨɞɢɦɵɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɢɦɟɸɬ ɜɢɞ 

(ɡɧɚɤ  ɧɢɠɟ ɭɫɥɨɜɧɨ ɨɛɨɡɧɚɱɚɟɬ ɨɩɟɪɚɰɢɸ 

ɩɪɢɫɜɚɢɜɚɧɢɹ): 
 

11,

1

11,

~~
kkk TDT  ;    12,

1

12,12,12,

~
)

~
(

~
kkkk TTTT  . (28) 

 

Ɋɚɡɥɨɠɢɦ ɦɚɬɪɢɰɭ ɧɚ ɞɜɟ ɫɨɫɬɚɜɥɹɸɳɢɟ 
ɦɚɬɪɢɰɵ n-ɝɨ ɩɨɪɹɞɤɚ 
 

2,1, kkk AAA  ,                    (29) 

ɝɞɟ   1,1,1,1,

~
kkkk TJTA  ;   1,2, kkk AAA  ;    

} ..., , ,{
2,2,1,1, lkkkk diagJ  .   (30) 

 

Иɧɵɦɢ ɫɥɨɜɚɦɢ, ɡɞɟɫɶ 1,kA  ɢ 2,kA  – ɱɚɫɬɢ 

ɦɚɬɪɢɰɵ kA , ɨɬɜɟɱɚɸɳɢɟ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 
ɧɟɧɭɥɟɜɵɦ ɢ ɧɭɥɟɜɵɦ (ɤɪɚɬɧɵɦ ɢ ɩɪɨɫɬɵɦ) 

ɫɨɛɫɬɜɟɧɧɵɦ ɡɧɚɱɟɧɢɹɦ. 

Ɋɚɡɥɨɠɟɧɢɟ (30) ɩɪɟɞɥɚɝɚɟɬɫɹ ɧɚɡɵɜɚɬɶ ɩɪɢ 

ɪɟɲɟɧɢɢ ɡɚɞɚɱ ɫɬɪɨɢɬɟɥɶɧɨɣ ɦɟɯɚɧɢɤɢ ɱɚɫ-
ɬɢɱɧɵɦ ɠɨɪɞɚɧɨɜɵɦ ɪɚɡɥɨɠɟɧɢɟɦ. Ɂɞɟɫɶ 
ɦɨɠɧɨ ɩɪɨɜɟɫɬɢ ɫɥɟɞɭɸɳɭɸ ɚɧɚɥɨɝɢɸ: ɧɚ-
ɪɹɞɭ ɫɨ ɫɬɚɧɞɚɪɬɧɵɦ ɬɟɪɦɢɧɨɦ «ɩɪɨɛɥɟɦɚ 
ɫɨɛɫɬɜɟɧɧɵɯ ɡɧɚɱɟɧɢɣ», ɫɭɳɟɫɬɜɭɟɬ ɢ «ɱɚɫ-
ɬɢɱɧɚɹ ɩɪɨɛɥɟɦɚ ɫɨɛɫɬɜɟɧɧɵɯ ɡɧɚɱɟɧɢɣ». 

ȼɟɫɶɦɚ ɜɚɠɧɵɦɢ ɩɪɟɞɫɬɚɜɥɹɸɬɫɹ ɫɥɟɞɭɸ-

ɳɢɟ ɫɨɨɬɧɨɲɟɧɢɹ: 
 

APA kk 1,1,  ;   APA kk 2,2,  ;  

01,2,2,1,  kkkk AAAA .   (30) 

 

Ɏɭɧɞɚɦɟɧɬɚɥɶɧɭɸ ɦɚɬɪɢɰɭ-ɮɭɧɤɰɢɸ ɩɪɟɞ-

ɫɬɚɜɢɦ ɜ ɜɢɞɟ ɫɭɦɦɵ ɞɜɭɯ ɫɨɫɬɚɜɥɹɸɳɢɯ: 
 

)()()( 2,1, xxx kkk   ,              (31) 

 

ɝɞɟ )(1, xk  – ɫɨɫɬɚɜɥɹɸɳɚɹ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ 

ɦɚɬɪɢɰɵ-ɮɭɧɤɰɢɢ, ɨɬɜɟɱɚɸɳɚɹ ɩɨɞɩɪɨ-
ɫɬɪɚɧɫɬɜɭ ɩɪɨɫɬɵɯ ɧɟɧɭɥɟɜɵɯ ɫɨɛɫɬɜɟɧɧɵɯ 
ɡɧɚɱɟɧɢɣ; )(2, xk  – ɫɨɫɬɚɜɥɹɸɳɚɹ ɮɭɧɞɚ-
ɦɟɧɬɚɥɶɧɨɣ ɦɚɬɪɢɰɵ-ɮɭɧɤɰɢɢ, ɨɬɜɟɱɚɸɳɚɹ 
ɩɨɞɩɪɨɫɬɪɚɧɫɬɜɭ ɩɪɨɫɬɵɯ ɢ ɤɪɚɬɧɵɯ ɧɭɥɟ-
ɜɵɯ ɫɨɛɫɬɜɟɧɧɵɯ ɡɧɚɱɟɧɢɣ. 

Ȼɭɞɟɦ ɨɬɞɟɥɶɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɩɨɫɬɪɨɟɧɢɟ 
ɤɚɠɞɨɣ ɢɡ ɭɤɚɡɚɧɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ. Ⱦɥɹ 
ɩɟɪɜɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɦɨɠɟɦ ɡɚɩɢɫɚɬɶ: 
 

1,1,0,1,1,

~
)()( kkkk TxTx   ,              (32) 

ɝɞɟ    

. 
2

|)|exp(
  ...  

2

|)|exp(
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,

1,

1,

1,0,


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

l

l

k

k

k

k

k

xx
diag

x








 

    (33) 

 

ɉɨɫɬɪɨɟɧɢɟ )(2, xk  ɜɵɩɨɥɧɹɟɬɫɹ ɩɨ 
ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɢɧɨɣ ɫɯɟɦɟ. ɉɪɟɠɞɟ ɜɫɟɝɨ, 
ɪɚɫɫɦɨɬɪɢɦ ɜɫɩɨɦɨɝаɬɟɥьɧɭю заɞачɭ 
ɩɨɫɬɪɨɟɧɢɹ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ ɦɚɬɪɢɰɵ )(~ x  

ɞɥɹ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ 

 

IxxHx )()(~)(~ )2(   ,              (34) 

ɝɞɟ   
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H .   (35) 

 

Ɇɚɬɪɢɰɭ )(~ xk  ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟ 
 

] )(~   ...   )(~   )(~ [)(~
21 xxxx n  ,      (36) 

 

ɝɞɟ nixi  ..., 2, 1,  ),(~   – ɫɬɨɥɛɰɵ ɦɚɬɪɢɰɵ 

)(~ x ,  

 

; ..., 2, 1,                                               

 ,] )(~   ...   )(~   )(~ [)(~
,,2,1

ni

xxxx T

iniii 
 

  (37) 

 

njixji  ..., 2, 1, ,  ),(~
,   – ɷɥɟɦɟɧɬɵ ɦɚɬɪɢɰɵ 

)(~ x . 

Ɋɚɫɫɦɨɬɪɢɦ, ɧɚɩɪɢɦɟɪ, ɩɪɨɰɟɫɫ ɨɩɪɟɞɟɥɟɧɢɹ 
ɤɨɦɩɨɧɟɧɬ ɜɟɤɬɨɪɚ )(~ xi . ɋɨɝɥɚɫɧɨ (34)-(35) 

ɢɦɟɟɦ: 



П.А. Аɤɢɦɨɜ, В.Н. Сɢɞɨɪɨɜ 

International Journal for Computational Civil and Structural Engineering 52 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

.

0

0

0

)(

0

0

0

)(~
)(~

)(~
)(~

)(~
)(~
)(~

 

0000000

1000000

0000000

0010000

0000000

0000100

0000010

)(~
)(~

)(~
)(~

)(~
)(~
)(~

,

,1

,1

,

,3

,2

,1

,

,1

,1

,

,3

,2

,1

















































































































































x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

in

in

ii

ii

i

i

i

in

in

ii

ii

i

i

i













 

   (38) 

 

ɉɨɫɥɟɞɧɟɟ ɭɪɚɜɧɟɧɢɟ ɫɢɫɬɟɦɵ (31) ɢɦɟɟɬ 
ɜɢɞ: 

 

0)(~
,  xin ,   ɨɬɤɭɞɚ    0,,1,,, )(~

ininin CxCx  , 

 

ɝɞɟ 0,,1,,   , inin CC  – ɤɨɧɫɬɚɧɬɵ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ. 
ɍɫɥɨɜɢɦɫɹ ɞɚɥɶɲɟ ɜɫɟ ɤɨɧɫɬɚɧɬɵ ɢɧɬɟɝɪɢ-

ɪɨɜɚɧɢɹ ɩɨɥɚɝɚɬɶ ɪɚɜɧɵɦɢ ɧɭɥɸ. ɋ ɷɬɢɯ ɩɨ-
ɡɢɰɢɣ, ɨɱɟɜɢɞɧɨ, ɱɬɨ ɢɡ ɩɨɫɥɟɞɧɢɯ in   

ɭɪɚɜɧɟɧɢɣ ɫɢɫɬɟɦɵ (38) ɩɨɫɥɟ ɜɵɩɨɥɧɟɧɢɹ 
ɨɛɪɚɬɧɨɝɨ ɯɨɞɚ ɚɧɚɥɨɝɢɱɧɨɝɨ ɬɨɦɭ, ɱɬɨ ɩɪɢ-

ɧɹɬ ɜ ɦɟɬɨɞɟ Ƚɚɭɫɫɚ ɩɨɥɭɱɢɦ: 

 

niipxip  ..., 2, 1,   ,0)(~
,  .       (39) 

 

Ⱦɥɹ i -ɝɨ ɭɪɚɜɧɟɧɢɹ ɫɢɫɬɟɦɵ (38) ɜ ɫɤɚɥɹɪ-
ɧɨɦ ɜɢɞɟ ɡɚɩɢɲɟɦ 

 

)()(~
, xxii   , 

 

ɨɬɤɭɞɚ                            
 

                  )()(~
, xxii   ,                     (40) 

 

ɝɞɟ )(x  – ɮɭɧɞɚɦɟɧɬɚɥɶɧɚɹ ɮɭɧɤɰɢɹ ɞɢɮ-

ɮɟɪɟɧɰɢɚɥɶɧɨɝɨ ɭɪɚɜɧɟɧɢɹ 
 

)()( xx   , 

ɬ.ɟ.              
 

  .0   0, 

0   , 
)(

x

xx
xx              (41) 

 

ɉɪɨɞɨɥɠɚɹ ɨɛɪɚɬɧɵɣ ɯɨɞ ɫ ɭɱɟɬɨɦ ɜɵɫɤɚ-
ɡɚɧɧɵɯ ɪɚɧɟɟ ɫɨɨɛɪɚɠɟɧɢɣ ɢ ɢɡɜɟɫɬɧɵɯ 
ɫɜɨɣɫɬɜ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ ɮɭɧɤɰɢɢ, ɛɭɞɟɦ 

ɢɦɟɬɶ: 
 

1 ..., 2, 1,   ,)(...)()()(~

ɫɜɟɪɬɤɢ ɨɩɟɪɚɰɢɣ  

, 


ipxxxx

pi

ip   
 . 

                    (42) 

 

Ɉɛɨɛɳɚɹ ɮɨɪɦɭɥɵ (39), (40) ɢ (42) ɩɨɥɭɱɢɦ: 

 

. ..., 2, ,1                                                       

 

, ..., 2, 1,   0, 

   ),( 

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

)(~

ɫɜɟɪɬɤɢ ɨɩɟɪɚɰɢɣ  

,
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niip

ipx

ipxxx

x

pi

ip



















  

         

(43) 

 

ȼɜɨɞɹ ɞɥɹ ɤɪɚɬɤɨɫɬɢ ɭɫɥɨɜɧɨɟ ɨɛɨɡɧɚɱɟɧɢɟ 
 

  
ɫɜɟɪɬɤɢ ɨɩɟɪɚɰɢɣ  

1 )(...)()()(

pi

pi xxxx


   , 

 

ɩɪɢɱɟɦ   
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 )()(1 xx   ,                     (44) 

 

ɩɟɪɟɩɢɲɟɦ (43) ɜ ɜɢɞɟ 
 

. ..., 2, ,1                                          

  

, ..., 2, 1,   0, 

   ),( 

1..., 2, 1,   ),( 
~
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,
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niip

ipx

 ipxpi

ip
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












   (45) 

 

ȼ ɦɚɬɪɢɱɧɨɦ ɜɢɞɟ (45) ɜɵɝɥɹɞɢɬ ɫɥɟɞɭɸɳɢɦ 

ɨɛɪɚɡɨɦ: 
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
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


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          (46) 

 

Ɉɫɬɚɧɨɜɢɦɫɹ ɩɨɞɪɨɛɧɟɟ ɧɚ ɜɵɱɢɫɥɟɧɢɢ 

ɫɜɟɪɬɨɤ ɜ ɜɵɪɚɠɟɧɢɹɯ (45).  

Ʉɚɤ ɢɡɜɟɫɬɧɨ [7],  

 

1

1

1
)(   nn x

n
xx ,                 (47) 

 

ɜ ɱɚɫɬɧɨɫɬɢ    

 

2

2

1
)(   xxx .                    (48) 

Иɧɬɟɝɪɢɪɭɹ (48) ɩɨ ɩɟɪɟɦɟɧɧɨɣ x , ɩɨɥɭɱɢɦ: 

 

,
)2)(1(

1
                  

])([])([
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xdxxdxxx 
 

ɬ.ɟ.           2

)2)(1(

1   nn x
nn

xx .          (49) 

 

ɇɚ ɨɫɧɨɜɚɧɢɢ (41) ɧɚɯɨɞɢɦ: 
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ɢ ɬ.ɞ. 

Ɉɛɨɛɳɚɹ ɩɪɢɜɟɞɟɧɧɵɟ ɮɨɪɦɭɥɵ, ɢɦɟɟɦ: 

 

.
)!1)(2(

1
                             

)(...)()()(
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ɫɜɟɪɬɤɢ ɨɩɟɪɚɰɢɣ  
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x
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xxxx
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 (50) 

 

ɉɨɞɫɬɚɜɥɹɹ (42) ɢ (50) ɜ (46), ɩɨɥɭɱɢɦ: 

 

. ..., 2, ,1                                                      
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    (51) 

 

ɉɪɢɧɢɦɚɹ ɜɨ ɜɧɢɦɚɧɢɟ (51), ɩɟɪɟɩɢɫɵɜɚɟɦ 

(47) ɜ ɜɢɞɟ: 
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                (52) 

 

ɢɥɢ ɫ ɭɱɟɬɨɦ (35) 
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



jj

nn

Hx
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Ix

Hx
n

Hx

HxHxExx
  (53) 

 

ɝɞɟ I  – ɟɞɢɧɢɱɧɚɹ ɦɚɬɪɢɰɚ ɬɨɝɨ ɠɟ ɩɨɪɹɞɤɚ, 
ɱɬɨ ɢ ɦɚɬɪɢɰɚ H . 

ɉɨ ɫɭɬɢ, (53) ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɢ ɜ ɜɢɞɟ 
ɛɟɫɤɨɧɟɱɧɨɣ ɫɭɦɦɵ, ɢɦɟɹ ɜ ɜɢɞɭ ɧɢɥɶɩɨ-
ɬɟɧɬɧɨɫɬɶ ɦɚɬɪɢɰɵ H : 
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      (54) 

 

Иɬɚɤ, ɩɨɫɬɪɨɢɜ ɮɭɧɞɚɦɟɧɬɚɥɶɧɭɸ ɦɚɬɪɢɰɭ-
ɮɭɧɤɰɢɸ )(~ x  ɞɥɹ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɣ ɡɚɞɚɱɢ 

(34), ɩɨ ɚɧɚɥɨɝɢɢ ɦɨɠɟɦ ɡɚɩɢɫɚɬɶ: 
 

   n

j

j

k

j

kk Ax
)!j(

Pxx
1

2,

12

2,2,
12

1
)( .   (55) 

 

ȿɫɥɢ ɨɛɨɡɧɚɱɢɬɶ ɦɚɤɫɢɦɚɥɶɧɵɣ ɩɨɪɹɞɨɤ ɠɨɪ-
ɞɚɧɨɜɨɣ ɤɥɟɬɤɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɧɭɥɟɜɨɦɭ 
ɫɨɛɫɬɜɟɧɧɨɦɭ ɡɧɚɱɟɧɢɸ ɦɚɬɪɢɰɵ kA  ɱɟɪɟɡ 

max,km , ɩɨɥɭɱɢɦ: 
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kk Ax
j

Pxx ,    (56) 

 

ɩɪɢɱɟɦ ɩɪɢ ɪɟɲɟɧɢɢ ɩɪɚɤɬɢɱɟɫɤɢɯ ɡɚɞɚɱ 
ɫɬɪɨɢɬɟɥɶɧɨɣ ɦɟɯɚɧɢɤɢ ɪɹɞ (56) ɛɭɞɟɬ ɫɨ-
ɞɟɪɠɚɬɶ ɧɟɛɨɥɶɲɨɟ ɱɢɫɥɨ ɫɥɚɝɚɟɦɵɯ. 
Ɉɛɴɟɞɢɧɹɹ (32) ɢ (56), ɩɨɥɭɱɢɦ: 
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3. ɉɈɋɌɊɈȿɇɂȿ ɈȻɓȿȽɈ Ɋȿɒȿɇɂə 

ɆɇɈȽɈɌɈɑȿɑɇɈɃ ɄɊАȿȼɈɃ 

ɁАȾАɑɂ 

 

Ȼɭɞɟɦ ɨɛɨɡɧɚɱɚɬɶ ɜɟɤɬɨɪ-ɮɭɧɤɰɢɸ )(xY , 

ɨɩɪɟɞɟɥɹɟɦɭɸ ɮɨɪɦɭɥɨɣ (4), ɧɚ ɩɪɨɢɡɜɨɥɶ-
ɧɨɦ ɢɧɬɟɪɜɚɥɟ ),( 1

b

k

b

k xx   ɱɟɪɟɡ )(xYk , ɬ.ɟ. 
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kk xxxxYxY  .           (58) 

 

Иɦɟɟɦ [6-7]: 
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;             (60) 

 

– ɦɚɬɪɢɰɚ-ɮɭɧɤɰɢɹ ɬɢɩɚ Ƚɚɧɤɟɥɹ; 
 


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k
k  ;                   (61) 

 

kC  – ɜɟɤɬɨɪ ɢɫɤɨɦɵɯ ɩɨɫɬɨɹɧɧɵɯ ɤɨɷɮɮɢ-

ɰɢɟɧɬɨɜ n2 -ɝɨ ɩɨɪɹɞɤɚ;  – ɫɢɦɜɨɥ ɨɛɨɡɧɚ-
ɱɚɸɳɢɣ ɨɩɟɪɚɰɢɸ ɫɜɟɪɬɤɢ; 
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ȼɜɟɞɹ ɨɛɨɡɧɚɱɟɧɢɹ 
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kkk xxExxExE  ;    (64)   

kkk fxS  ~)( ,                   (65) 

 

Ɇɨɠɟɦ ɩɟɪɟɩɢɫɚɬɶ (59) ɜ ɜɢɞɟ 
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kkkkk xxxSCxExY  .    (66) 
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ȼ ɦɚɬɪɢɰɟ ɤɨɷɮɮɢɰɢɟɧɬɨɜ (74) ɩɨɥɟɡɧɨ ɜɵ-
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ɱɚɫɬɢ: 
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ɋɢɫɬɟɦɚ (73) ɧɚɫɱɢɬɵɜɚɟɬ )1(2  knn  ɭɪɚɜ-
ɧɟɧɢɣ. ɉɨ ɫɜɨɟɣ ɫɬɪɭɤɬɭɪɟ ɬɚɤɚɹ ɋɅАɍ ɧɚ-
ɡɵɜɚɟɬɫɹ ɫɢɫɬɟɦɨɣ ɫ ɨɤɚɣɦɥɟɧɢɟɦ  ɢ  ɞɥɹ  ɟɟ 
ɪɟɲɟɧɢɹ ɦɨɝɭɬ ɩɪɢɦɟɧɹɬɶɫɹ ɫɩɟɰɢɚɥɶɧɵɟ 
ɦɟɬɨɞɵ [2, 4, 5]. 
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Иɫɫɥɟɞɨɜɚɧɢɹ ɱɚɫɬɢɱɧɨ ɩɪɨɜɨɞɢɥɢɫɶ ɜ ɪɚɦ-

ɤɚɯ ɫɥɟɞɭɸɳɢɯ ɪɚɛɨɬ: 
1. Ƚɪɚɧɬ ɇɒ-8684.2010.8 ɉɪɟɡɢɞɟɧɬɚ 
Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɞɥɹ ɝɨɫɭɞɚɪɫɬ-
ɜɟɧɧɨɣ ɩɨɞɞɟɪɠɤɢ ɜɟɞɭɳɢɯ ɧɚɭɱɧɵɯ 
ɲɤɨɥ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ «Ɇɧɨɝɨ-
ɭɪɨɜɧɟɜɵɟ ɱɢɫɥɟɧɧɵɟ, ɚɧɚɥɢɬɢɱɟɫɤɢɟ 
ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɦɟɬɨɞɵ ɢɫɫɥɟ-
ɞɨɜɚɧɢɹ ɩɪɨɱɧɨɫɬɢ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟ-
ɧɢɣ ɫ ɭɱɟɬɨɦ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɢ ɮɢɡɢ-

ɱɟɫɤɢɯ ɨɫɨɛɟɧɧɨɫɬɟɣ» ɧɚ 2010-2011 ɝɝ. 
2. Ƚɪɚɧɬ 2.3.9 Ɋɨɫɫɢɣɫɤɨɣ ɚɤɚɞɟɦɢɢ ɚɪ-
ɯɢɬɟɤɬɭɪɵ ɢ ɫɬɪɨɢɬɟɥɶɧɵɯ ɧɚɭɤ «Ɋɚɡ-
ɪɚɛɨɬɤɚ ɢ ɢɫɫɥɟɞɨɜɚɧɢɟ ɞɢɫɤɪɟɬɧɨ-
ɤɨɧɬɢɧɭɚɥɶɧɵɯ ɦɟɬɨɞɨɜ ɞɥɹ ɪɚɫɱɟɬɚ 
ɫɬɪɨɢɬɟɥɶɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɫ ɤɭɫɨɱɧɨ-
ɩɨɫɬɨɹɧɧɵɦɢ ɮɢɡɢɤɨ-ɝɟɨɦɟɬɪɢɱɟ-
ɫɤɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɩɨ ɨɞɧɨɦɭ ɢɡ ɧɚ-
ɩɪɚɜɥɟɧɢɣ» ɧɚ 2011-2013 ɝɝ. 

3. ɇИɊ «Ɋɚɡɪɚɛɨɬɤɚ ɬɟɨɪɢɢ ɢ ɚɥɝɨɪɢɬ-
ɦɨɜ ɩɨɫɬɪɨɟɧɢɹ ɤɨɪɪɟɤɬɧɵɯ ɚɧɚɥɢɬɢ-

ɱɟɫɤɢɯ ɪɟɲɚɬɟɥɟɣ ɦɧɨɝɨɬɨɱɟɱɧɵɯ 
ɤɪɚɟɜɵɯ ɡɚɞɚɱ ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɪɚɫ-
ɱɟɬɚɦ ɫɬɪɨɢɬɟɥɶɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ», 

ɜɵɩɨɥɧɹɟɦɨɣ ɩɨ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɜɟ-
ɞɨɦɫɬɜɟɧɧɨɣ ɰɟɥɟɜɨɣ ɩɪɨɝɪɚɦɦɟ 
«Ɋɚɡɜɢɬɢɟ ɧɚɭɱɧɨɝɨ ɩɨɬɟɧɰɢɚɥɚ ɜɵɫ-
ɲɟɣ ɲɤɨɥɵ (2009-2011 ɝɨɞɵ)» (ɩɪɨ-
ɟɤɬ 2.1.2/12148). 

4. ɇИɊ «Ɋɚɡɪɚɛɨɬɤɚ, ɢɫɫɥɟɞɨɜɚɧɢɟ ɢ ɪɚɡ-
ɜɢɬɢɟ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɢ ɩɪɨ-
ɝɪɚɦɦɧɨ-ɚɥɝɨɪɢɬɦɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ, 
ɪɟɚɥɢɡɭɸɳɢɯ ɛɟɡɨɩɚɫɧɭɸ ɬɟɯɧɨɥɨɝɢɸ 

ɜɨɡɜɟɞɟɧɢɹ ɭɧɢɤɚɥɶɧɵɯ ɡɞɚɧɢɣ ɢ ɫɨ-
ɨɪɭɠɟɧɢɣ ɫɥɨɠɧɨɣ ɚɪɯɢɬɟɤɬɭɪɧɨɣ 

ɮɨɪɦɵ» ɜɵɩɨɥɧɹɟɦɨɣ ɩɨ ɚɧɚɥɢɬɢɱɟ-
ɫɤɨɣ ɜɟɞɨɦɫɬɜɟɧɧɨɣ ɰɟɥɟɜɨɣ ɩɪɨɝɪɚɦ-

ɦɟ «Ɋɚɡɜɢɬɢɟ ɧɚɭɱɧɨɝɨ ɩɨɬɟɧɰɢɚɥɚ 
ɜɵɫɲɟɣ ɲɤɨɥɵ (2009-2011 ɝɨɞɵ)». 
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Аɤɢɦɨɜ ɉɚɜɟɥ Аɥɟɤɫɟɟɜɢɱ, ɱɥɟɧ-ɤɨɪɪɟɫɩɨɧɞɟɧɬ      
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ɄɈɊɊȿɄɌɇɕȿ ɆȿɌɈȾɕ ɌɈɑɇɈȽɈ АɇАɅɂɌɂɑȿɋɄɈȽɈ 

Ɋȿɒȿɇɂə ɆɇɈȽɈɌɈɑȿɑɇɕɏ ɄɊАȿȼɕɏ ɁАȾАɑ  

ɋɌɊɈɂɌȿɅɖɇɈɃ ɆȿɏАɇɂɄɂ ȾɅə ɈȻɕɄɇɈȼȿɇɇɕɏ 

ȾɂɎɎȿɊȿɇЦɂАɅɖɇɕɏ ɍɊАȼɇȿɇɂɃ  

ɋ ɄɍɋɈɑɇɈ-ɉɈɋɌɈəɇɇɕɆɂ ɄɈɗɎɎɂЦɂȿɇɌАɆɂ 

ɑАɋɌɖ 3: ɍɊАȼɇȿɇɂə ɉɊɈɂɁȼɈɅɖɇɈȽɈ ɉɈɊəȾɄА 
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АɇɇɈɌАЦɂə: ɇɚɫɬɨɹɳɚɹ ɫɬɚɬɶɹ ɩɨɫɜɹɳɟɧɚ ɨɩɢɫɚɧɢɸ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɚɜɬɨɪɚɦɢ ɷɮɮɟɤɬɢɜɧɨɝɨ ɢ ɤɨɪ-
ɪɟɤɬɧɨɝɨ ɦɟɬɨɞɚ ɬɨɱɧɨɝɨ ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɪɟɲɟɧɢɹ ɦɧɨɝɨɬɨɱɟɱɧɵɯ ɤɪɚɟɜɵɯ ɡɚɞɚɱ ɫɬɪɨɢɬɟɥɶɧɨɣ ɦɟɯɚɧɢɤɢ 

ɞɥɹ ɨɛɵɤɧɨɜɟɧɧɵɯ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɩɪɨɢɡɜɨɥɶɧɨɝɨ ɩɨɪɹɞɤɚ ɫ ɤɭɫɨɱɧɨ-ɩɨɫɬɨɹɧɧɵɦɢ ɤɨɷɮ-

ɮɢɰɢɟɧɬɚɦɢ. 

 

Ʉɥючɟɜɵɟ ɫɥɨɜɚ: ɬɨɱɧɨɟ ɚɧɚɥɢɬɢɱɟɫɤɨɟ ɪɟɲɟɧɢɟ, ɤɨɪɪɟɤɬɧɵɣ ɦɟɬɨɞ, ɦɧɨɝɨɬɨɱɟɱɧɚɹ ɤɪɚɟɜɚɹ ɡɚɞɚɱɚ, 
ɪɚɫɱɟɬɵ ɫɬɪɨɢɬɟɥɶɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ, ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɟ ɭɪɚɜɧɟɧɢɹ,  

ɤɭɫɨɱɧɨ-ɩɨɫɬɨɹɧɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ, ɞɢɫɤɪɟɬɧɨ-ɤɨɧɬɢɧɭɚɥɶɧɵɟ ɦɟɬɨɞɵ 
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ȼȼȿȾȿɇɂȿ 

 

ȼ ɧɚɫɬɨɹɳɟɣ ɬɪɟɬɶɟɣ ɱɚɫɬɢ ɫɬɚɬɶɢ ɩɪɟɞɫɬɚɜ-
ɥɟɧ ɷɮɮɟɤɬɢɜɧɵɣ ɤɨɪɪɟɤɬɧɵɣ ɦɟɬɨɞ ɬɨɱɧɨɝɨ 
ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɪɟɲɟɧɢɹ ɦɧɨɝɨɬɨɱɟɱɧɵɯ 
ɤɪɚɟɜɵɯ ɡɚɞɚɱ [1] ɫɬɪɨɢɬɟɥɶɧɨɣ ɦɟɯɚɧɢɤɢ 

ɞɥɹ ɨɛɵɤɧɨɜɟɧɧɵɯ ɥɢɧɟɣɧɵɯ ɞɢɮɮɟɪɟɧɰɢ-

ɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ [18] ɩɪɨɢɡɜɨɥɶɧɨɝɨ ɩɨ-

ɪɹɞɤɚ ɫ ɤɭɫɨɱɧɨ-ɩɨɫɬɨɹɧɧɵɦɢ ɤɨɷɮɮɢɰɢɟɧ-

ɬɚɦɢ. ɇɟɨɛɯɨɞɢɦɨɫɬɶ ɪɟɲɟɧɢɹ ɩɨɞɨɛɧɨɝɨ 
ɪɨɞɚ ɡɚɞɚɱ ɜɨɡɧɢɤɚɟɬ ɩɪɢ ɪɚɫɱɟɬɚɯ ɪɚɡɧɨɨɛ-

ɪɚɡɧɵɯ ɫɬɪɨɢɬɟɥɶɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ (ɧɚɩɪɢ-

ɦɟɪ, ɛɚɥɤɢ, ɫɬɟɪɠɧɢ [3, 13-17]) ɧɚ ɪɚɡɥɢɱɧɵɟ 
ɜɢɞɵ ɜɨɡɞɟɣɫɬɜɢɣ. 
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1. ɉɈɋɌАɇɈȼɄА ɆɇɈȽɈɌɈɑȿɑɇɈɃ 

ɄɊАȿȼɈɃ ɁАȾАɑɂ  

ȾɅə ɈȻɕɄɇɈȼȿɇɇɈȽɈ 

ȾɂɎɎȿɊȿɇЦɂАɅɖɇɈȽɈ 

ɍɊАȼɇȿɇɂə ɉɊɈɂɁȼɈɅɖɇɈȽɈ 

ɉɈɊəȾɄА  

ɋ ɄɍɋɈɑɇɈ-ɉɈɋɌɈəɇɇɕɆɂ 

ɄɈɗɎɎɂЦɂȿɇɌАɆɂ 

 

ɉɭɫɬɶ ɢɦɟɟɦ ɨɛɵɤɧɨɜɟɧɧɨɟ ɥɢɧɟɣɧɨɟ ɞɢɮ-

ɮɟɪɟɧɰɢɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ (ɈɅȾɍ) n-ɝɨ ɩɨ-
ɪɹɞɤɚ ɫ ɤɭɫɨɱɧɨ-ɩɨɫɬɨɹɧɧɵɦɢ ɤɨɷɮɮɢɰɢɟɧ-

ɬɚɦɢ ɢ kn  ɥɢɧɟɣɧɵɯ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ, ɡɚ-
ɞɚɧɧɵɯ ɜ ɝɪɚɧɢɱɧɵɯ ɬɨɱɤɚɯ k

b

k nkx  ..., 1,=   ,  

(ɧɢɠɟ, ɨɱɟɜɢɞɧɨ, ɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɜ ɱɢɫɥɨ 
ɝɪɚɧɢɱɧɵɯ ɬɨɱɟɤ ɜɯɨɞɹɬ ɬɚɤɠɟ ɬɨɱɤɢ, ɜ ɤɨ-
ɬɨɪɵɯ ɢɦɟɸɬ ɦɟɫɬɨ ɪɚɡɪɵɜɵ ɩɟɪɜɨɝɨ ɪɨɞɚ 
ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɭɪɚɜɧɟɧɢɹ), ɬ.ɟ.: 
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ɝɞɟ )(xy  – ɢɫɤɨɦɚɹ ɮɭɧɤɰɢɹ; 
1 ..., 2, 1,  ; ..., 2, 1,  ,,  kpk nknpa  – ɡɚɞɚɧ-

ɧɵɟ ɩɨɫɬɨɹɧɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ; 

1 ..., 2, 1,  ),(  kkk nkxff  – ɡɚɞɚɧɧɵɟ ɮɭɧɤ-
ɰɢɢ ɩɪɚɜɵɯ ɱɚɫɬɟɣ; ,,, , 

kkkk ggBB  

1 ..., 2,  knk , ɚ ɬɚɤɠɟ 
kngg  ,1  ɢ 

knBB ,1  – 

ɡɚɞɚɧɧɵɟ ɦɚɬɪɢɰɵ ɢ ɜɟɤɬɨɪɵ ɩɪɚɜɵɯ ɱɚɫɬɟɣ 

n-ɝɨ ɩɨɪɹɞɤɚ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ ɜ ɬɨɱɤɟ b
kx ;  
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ɩɪɢɱɟɦ ɡɞɟɫɶ ɢ ɞɚɥɟɟ ɨɛɨɡɧɚɱɟɧɨ 
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2. Ɉ ɄɈɊɊȿɄɌɇɈɆ АɇАɅɂɌɂɑȿɋɄɈɆ 

ɆȿɌɈȾȿ ɉɈɋɌɊɈȿɇɂə  

ɎɍɇȾАɆȿɇɌАɅɖɇɈɃ  

ɎɍɇɄЦɂɂ ȾɂɎɎȿɊȿɇЦɂАɅɖɇɈȽɈ 

ɍɊАȼɇȿɇɂə ɉɊɈɂɁȼɈɅɖɇɈȽɈ 

ɉɈɊəȾɄА 

 

Ɋɚɫɫɦɨɬɪɢɦ ɩɪɨɢɡɜɨɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ ɢɡ (1). 

Иɦɟɟɦ: 
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Ɏɭɧɞɚɦɟɧɬɚɥɶɧɚɹ ɮɭɧɤɰɢɹ )(xk  ɞɢɮɮɟɪɟɧ-

ɰɢɚɥɶɧɨɝɨ ɭɪɚɜɧɟɧɢɹ (6) ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ 

ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɭɪɚɜɧɟɧɢɸ [4, 19] 
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ɝɞɟ )(x  – ɞɟɥɶɬɚ-ɮɭɧɤɰɢɹ Ⱦɢɪɚɤɚ. 
Ʉɚɤ ɢɡɜɟɫɬɧɨ, )(xk  ɨɩɪɟɞɟɥɟɧɚ ɧɟ ɨɞɧɨ-
ɡɧɚɱɧɨ, ɚ ɫ ɬɨɱɧɨɫɬɶɸ ɞɨ ɪɟɲɟɧɢɹ ɫɨɨɬɜɟɬɫɬ-
ɜɭɸɳɟɝɨ ɨɞɧɨɪɨɞɧɨɝɨ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ 
ɭɪɚɜɧɟɧɢɹ. ȼ ɬɨɠɟ ɜɪɟɦɹ ɟɟ ɦɨɠɧɨ ɨɩɪɟɞɟ-
ɥɢɬɶ ɨɞɧɨɡɧɚɱɧɨ, ɜɵɛɢɪɚɹ ɜ ɧɟɤɨɬɨɪɨɦ ɫɩɟ-
ɰɢɚɥɶɧɨɦ ɜɢɞɟ. А ɢɦɟɧɧɨ, ɞɥɹ ɤɨɪɪɟɤɬɧɨɝɨ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ ɮɭɧɤɰɢɢ ɜ 
ɩɪɚɤɬɢɱɟɫɤɢɯ ɪɚɫɱɟɬɚɯ ɩɪɢ ɪɟɲɟɧɢɢ ɡɚɞɚɱ 
ɫɬɪɨɢɬɟɥɶɧɨɣ ɦɟɯɚɧɢɤɢ, ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɢɫ-
ɤɥɸɱɢɬɶ ɢɡ ɟɟ ɜɵɪɚɠɟɧɢɹ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɵɟ 
ɮɭɧɤɰɢɢ ɫ ɩɨɥɨɠɢɬɟɥɶɧɵɦɢ ɚɪɝɭɦɟɧɬɚɦɢ. ȼ 

ɩɪɨɬɢɜɧɨɦ ɫɥɭɱɚɟ ɦɨɠɟɬ ɜɨɡɧɢɤɧɭɬɶ ɧɟɨɛ-

ɯɨɞɢɦɨɫɬɶ ɨɩɟɪɢɪɨɜɚɬɶ ɜ ɪɚɫɱɟɬɚɯ ɫ ɨɱɟɧɶ 
ɛɨɥɶɲɢɦɢ ɱɢɫɥɚɦɢ, ɱɬɨ, ɤɚɤ ɩɪɚɜɢɥɨ, ɥɢɛɨ 
ɩɪɟɩɹɬɫɬɜɭɟɬ ɩɨɥɭɱɟɧɢɸ ɪɟɡɭɥɶɬɚɬɨɜ ɫ ɠɟ-
ɥɚɟɦɨɣ ɬɨɱɧɨɫɬɶɸ, ɥɢɛɨ ɜɟɞɟɬ ɤ ɩɟɪɟɩɨɥɧɟ-
ɧɢɸ ɪɚɡɪɹɞɧɨɣ ɫɟɬɤɢ ЭȼɆ.  

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ [7-12] ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɢɫ-
ɩɨɥɶɡɨɜɚɬɶ ɫɥɟɞɭɸɳɢɟ ɨɩɪɟɞɟɥɹɸɳɢɟ ɮɨɪ-
ɦɭɥɵ ɞɥɹ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ ɮɭɧɤɰɢɢ: 
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Кɨɪɪɟɤɬɧыɟ ɦɟɬɨɞы ɬɨчɧɨɝɨ аɧаɥɢɬɢчɟсɤɨɝɨ ɪɟɲɟɧɢя ɦɧɨɝɨɬɨчɟчɧых ɤɪаɟɜых ɡаɞач сɬɪɨɢɬɟɥɶɧɨɣ ɦɟхаɧɢɤɢ ɞɥя ɨɛыɤɧɨɜɟɧɧых 
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rkrk nr ,,  ..., 1,  ,   – ɪɚɡɥɢɱɧɵɟ ɤɨɪɧɢ ɫɨɨɬɜɟɬ-
ɫɬɜɭɸɳɟɝɨ (7) ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɝɨ ɭɪɚɜɧɟ-
ɧɢɹ (ɨɩɪɟɞɟɥɹɸɬɫɹ ɚɧɚɥɢɬɢɱɟɫɤɢ (ɤɚɤ ɩɪɚɜɢ-

ɥɨ, ɷɬɨ ɜɨɡɦɨɠɧɨ) ɢɥɢ ɱɢɫɥɟɧɧɨ ɧɚ ЭȼɆ) 

 

 n

p

p

pka
0

, 0 ;                    (16) 

 

rkrk nrm ,,  ..., 1,  ,~   – ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɤɪɚɬɧɨ-
ɫɬɢ ɭɤɚɡɚɧɧɵɯ ɤɨɪɧɟɣ;  

rkrkjrk nrmjС ,,,,  ..., 1,  , ..., 1,  ,   – ɩɨɫɬɨɹɧ-

ɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ; ),( k,rxȤ   – ɯɚɪɚɤɬɟɪɢ-

ɫɬɢɱɟɫɤɚɹ ɮɭɧɤɰɢɹ, 
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ȼɵɪɚɠɟɧɢɟ (8) ɞɥɹ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ ɮɭɧɤ-
ɰɢɢ ɩɨɡɜɨɥɹɟɬ ɢɫɤɥɸɱɢɬɶ ɩɟɪɟɱɢɫɥɟɧɧɵɟ 
ɜɵɲɟ ɤɪɚɣɧɟ ɧɟɠɟɥɚɬɟɥɶɧɵɟ ɜ ɪɚɫɱɟɬɧɨɣ 

ɩɪɚɤɬɢɤɟ ɫɥɭɱɚɢ (ɫ ɷɬɨɣ ɰɟɥɶɸ ɜɜɨɞɢɬɫɹ ɫɨ-
ɨɬɜɟɬɫɬɜɭɸɳɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɚɹ ɮɭɧɤ-
ɰɢɹ) ɢ ɜɫɟɝɞɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɨɩɬɢɦɚɥɶɧɨɣ 

ɨɛɭɫɥɨɜɥɟɧɧɨɫɬɢ ɫɢɫɬɟɦɵ ɪɚɡɪɟɲɚɸɳɢɯ 

ɭɪɚɜɧɟɧɢɣ ɩɪɢ ɪɟɲɟɧɢɢ  ɦɧɨɝɨɬɨɱɟɱɧɵɯ 
ɤɪɚɟɜɵɯ ɡɚɞɚɱ.  
ȼɟɥɢɱɢɧɚ rkz ,  ɜɵɩɨɥɧɹɟɬ ɬɚɤɠɟ ɪɨɥɶ ɟɞɢɧɨɝɨ 
ɤɪɢɬɟɪɢɹ, ɫɜɹɡɵɜɚɸɳɟɝɨ ɩɨɧɹɬɢɹ ɩɪɨɬɹɠɟɧɧɨ-
ɫɬɢ ɫɢɫɬɟɦɵ ɢ ɹɜɥɟɧɢɹ ɬɢɩɚ ɤɪɚɟɜɨɝɨ ɷɮɮɟɤɬɚ.  
ɉɨɫɬɨɹɧɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ 

rkrkjrk nrmjС ,,,,  ..., 1, ,...,1, ,   ɨɩɪɟɞɟɥɹɸɬ-
ɫɹ ɢɡ ɭɫɥɨɜɢɣ ɧɟɩɪɟɪɵɜɧɨɫɬɢ ɜ ɬɨɱɤɟ 0x  

ɮɭɧɤɰɢɢ )(xk  ɢ ɟɟ ɩɪɨɢɡɜɨɞɧɵɯ ɞɨ ( 2n )-

ɝɨ ɩɨɪɹɞɤɚ ɜɤɥɸɱɢɬɟɥɶɧɨ ɢ ɬɨɝɨ ɮɚɤɬɚ, ɱɬɨ 
ɩɪɨɢɡɜɨɞɧɚɹ ( 1n )-ɝɨ ɩɨɪɹɞɤɚ ɜ ɷɬɨɣ ɬɨɱɤɟ 
ɢɦɟɟɬ «ɫɤɚɱɨɤ» ɪɚɜɧɵɣ nka ,/1  [4, 19]:  

 

1 ..., 1, 0,=  ,
1

)0()0( 1,

,

)()(   ns
a

ns

nk

s

k

s
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(19) 

 

ɝɞɟ jiδ ,  – ɫɢɦɜɨɥ Ʉɪɨɧɟɤɟɪɚ. 
ɉɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɩɪɨɢɡɜɨɞɧɵɯ ɜɵɫɨɤɢɯ ɩɨ-
ɪɹɞɤɨɜ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ ɮɭɧɤɰɢɢ ɡɚɱɚɫɬɭɸ 

ɩɪɢɯɨɞɢɬɫɹ ɫɬɚɥɤɢɜɚɬɶɫɹ ɫ ɢɡɜɟɫɬɧɵɦɢ 

ɬɪɭɞɧɨɫɬɹɦɢ, ɫɜɹɡɚɧɧɵɦɢ, ɩɪɟɠɞɟ ɜɫɟɝɨ, ɫ 
ɝɪɨɦɨɡɞɤɨɫɬɶɸ ɫɨɩɭɬɫɬɜɭɸɳɢɯ ɦɚɬɟɦɚɬɢɱɟ-
ɫɤɢɯ ɜɵɤɥɚɞɨɤ. ȿɳɟ ɛɨɥɶɲɢɟ ɫɥɨɠɧɨɫɬɢ ɫɨ-
ɩɪɹɠɟɧɵ ɫ ɜɨɩɪɨɫɚɦɢ ɧɚɯɨɠɞɟɧɢɹ ɩɟɪɜɨɨɛ-

ɪɚɡɧɵɯ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ ɮɭɧɤɰɢɢ. Ʉɥɚɫɫɢ-

ɱɟɫɤɢɟ ɩɭɬɢ ɨɬɵɫɤɚɧɢɹ ɩɪɨɢɡɜɨɞɧɵɯ ɢ ɩɟɪ-
ɜɨɨɛɪɚɡɧɵɯ ɡɚɞɚɧɧɨɣ ɮɭɧɤɰɢɢ ɜ ɞɚɧɧɨɦ 

ɫɥɭɱɚɟ ɧɟ ɹɜɥɹɸɬɫɹ ɫɚɦɵɦɢ ɪɚɰɢɨɧɚɥɶɧɵɦɢ. 

ɉɪɟɞɥɨɠɟɧɧɵɣ ɜ [7-12] ɫɩɨɫɨɛ ɨɩɪɟɞɟɥɟɧɢɹ 
ɩɪɨɢɡɜɨɞɧɵɯ ( 0s ) ɢ ɩɟɪɜɨɨɛɪɚɡɧɵɯ ( 0s ) 

ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ ɮɭɧɤɰɢɢ ɥɸɛɨɝɨ ɬɪɟɛɭɟ-
ɦɨɝɨ ɩɨɪɹɞɤɚ s ɩɨɡɜɨɥɹɟɬ «ɨɛɨɣɬɢ» ɭɩɨɦɹɧɭ-
ɬɵɟ ɬɪɭɞɧɨɫɬɢ ɢ ɡɧɚɱɢɬɟɥɶɧɨ ɭɦɟɧɶɲɢɬɶ 
ɫɥɨɠɧɨɫɬɢ, ɫɜɹɡɚɧɧɵɟ ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ 

ɩɪɨɰɟɫɫɚɦɢ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ ɢ ɢɧɬɟɝɪɢ-

ɪɨɜɚɧɢɹ. Ⱦɚɧɧɵɣ ɫɩɨɫɨɛ ɨɫɧɨɜɵɜɚɟɬɫɹ ɧɚ 
ɭɤɚɡɚɧɧɵɯ ɜ [7-12] ɹɜɧɵɯ ɢ ɪɟɤɭɪɪɟɧɬɧɵɯ 
ɮɨɪɦɭɥɚɯ ɜɵɱɢɫɥɟɧɢɹ ɩɨɫɬɨɹɧɧɵɯ ɤɨɷɮɮɢ-

ɰɢɟɧɬɨɜ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɜɵɪɚɠɟɧɢɹɯ. 
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ɝɞɟ kW  – ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɦɚɬɪɢɰɚ ɩɟɪɟɯɨ-
ɞɚ, ɤɜɚɞɪɚɬɧɚɹ n-ɝɨ ɩɨɪɹɞɤɚ, 
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1,,rkW , 2,,rkW  ɢ rkQ ,  – ɤɜɚɞɪɚɬɧɵɟ ɦɚɬɪɢɰɵ 

rkm ,
~ -ɝɨ ɩɨɪɹɞɤɚ, ɨɩɪɟɞɟɥɹɟɦɵɟ ɫɨɨɬɜɟɬɫɬ-
ɜɟɧɧɨ ɮɨɪɦɭɥɚɦɢ 
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3. ɉɈɋɌɊɈȿɇɂȿ ɈȻɓȿȽɈ Ɋȿɒȿɇɂə 

ɆɇɈȽɈɌɈɑȿɑɇɈɃ ɄɊАȿȼɈɃ 

ɁАȾАɑɂ 

 

Ȼɭɞɟɦ ɨɛɨɡɧɚɱɚɬɶ ɜɟɤɬɨɪ-ɮɭɧɤɰɢɸ )(xy , 

ɨɩɪɟɞɟɥɹɟɦɭɸ ɮɨɪɦɭɥɨɣ (4), ɧɚ ɩɪɨɢɡɜɨɥɶ-
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Иɦɟɟɦ [7-12]: 
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– n-ɦɟɪɧɚɹ ɜɟɤɬɨɪ-ɮɭɧɤɰɢɹ, ɫɨɞɟɪɠɚɳɚɹ 
ɮɭɧɞɚɦɟɧɬɚɥɶɧɭɸ ɮɭɧɤɰɢɸ ɈɅȾɍ (6) ɢ ɟɟ 
ɩɪɨɢɡɜɨɞɧɵɟ ɞɨ ɡɚɞɚɧɧɨɝɨ ( 1n ) -ɝɨ ɩɨɪɹɞ-

ɤɚ ɜɤɥɸɱɢɬɟɥɶɧɨ; 
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– ɦɚɬɪɢɰɚ-ɮɭɧɤɰɢɹ ɬɢɩɚ Ƚɚɧɤɟɥɹ, ɫɨɫɬɚɜɥɟɧ-

ɧɚɹ ɢɡ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ ɮɭɧɤɰɢɢ ɈɅȾɍ (6) ɢ 

ɟɟ ɩɪɨɢɡɜɨɞɧɵɯ ɞɨ ( 22 n )-ɝɨ ɩɨɪɹɞɤɚ; 
kC  – ɜɟɤɬɨɪ ɢɫɤɨɦɵɯ ɩɨɫɬɨɹɧɧɵɯ ɤɨɷɮɮɢ-

ɰɢɟɧɬɨɜ n -ɝɨ ɩɨɪɹɞɤɚ;  – ɫɢɦɜɨɥ ɨɛɨɡɧɚ-
ɱɚɸɳɢɣ ɨɩɟɪɚɰɢɸ ɫɜɟɪɬɤɢ; 

 

     ),,()()( 1

b

k

b

kk xxxxfxf   ;           (31)   










);,(   0, 

),(   1, 
),,(

1

1
1 b

r

b

r

b

r

b

rb

r

b

r
xxx

xxx
xxx      (32) 

 

ȼɜɟɞɹ ɨɛɨɡɧɚɱɟɧɢɹ 
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Ɇɨɠɟɦ ɩɟɪɟɩɢɫɚɬɶ (28) ɜ ɜɢɞɟ 
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ɉɨɞɫɬɚɜɥɹɟɦ (35) ɜ ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ (2)-

(3) ɫ ɭɱɟɬɨɦ ɫɨɨɬɧɨɲɟɧɢɣ 

 

kkkk nkxyxy  ..., 2,   ),0()0( 1   ;    (36) 

1 ..., ,1   ),0()0(  kkkk nkxyxy .  (37) 

 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɨɥɭɱɚɟɦ ɪɚɡɪɟɲɚɸɳɭɸ ɫɢɫɬɟɦɭ 
ɥɢɧɟɣɧɵɯ ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ ɭɪɚɜɧɟɧɢɣ (ɋɅАɍ) 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɨɷɮɮɢɰɢɟɧɬɨɜ 11,...,= , kk nkC : 
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ɇɚ ɨɫɧɨɜɚɧɢɢ ɫɜɨɣɫɬɜ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ 

ɦɚɬɪɢɰɵ-ɮɭɧɤɰɢɢ ɡɚɩɢɫɵɜɚɟɦ: 
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ɝɥɚɜɧɵɦɢ ɱɚɫɬɹɦɢ. 

ɋɢɫɬɟɦɭ (38) ɦɨɠɧɨ ɩɟɪɟɩɢɫɚɬɶ ɜ ɦɚɬɪɢɱɧɨɦ 
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ȼ ɦɚɬɪɢɰɟ ɤɨɷɮɮɢɰɢɟɧɬɨɜ (43) ɩɨɥɟɡɧɨ ɜɵ-

ɞɟɥɢɬɶ ɝɥɚɜɧɭɸ 0K  ɢ ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ 1K  

ɱɚɫɬɢ: 
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ɋɢɫɬɟɦɚ (42) ɧɚɫɱɢɬɵɜɚɟɬ )1(2  knn ɭɪɚɜ-
ɧɟɧɢɣ. ɉɨ ɫɜɨɟɣ ɫɬɪɭɤɬɭɪɟ ɬɚɤɚɹ ɋɅАɍ ɧɚ-
ɡɵɜɚɟɬɫɹ ɫɢɫɬɟɦɨɣ ɫ ɨɤɚɣɦɥɟɧɢɟɦ  ɢ  ɞɥɹ  ɟɟ 
ɪɟɲɟɧɢɹ ɦɨɝɭɬ ɩɪɢɦɟɧɹɬɶɫɹ ɫɩɟɰɢɚɥɶɧɵɟ 
ɦɟɬɨɞɵ [5, 6]. 

ɇɟɞɨɫɬɚɬɤɨɦ ɫɢɫɬɟɦɵ (42) ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ 
ɝɥɚɜɧɚɹ ɱɚɫɬɶ ɦɚɬɪɢɰɵ ɤɨɷɮɮɢɰɢɟɧɬɨɜ (43) 

ɢɦɟɟɬ ɫɬɪɭɤɬɭɪɭ, ɜ ɤɨɬɨɪɨɣ ɞɢɚɝɨɧɚɥɶɧɵɟ 
ɛɥɨɤɢ ɹɜɥɹɸɬɫɹ, ɩɨ ɫɭɬɢ, ɜɵɪɨɠɞɟɧɧɵɦɢ. ȼ 

ɷɬɨɣ ɫɜɹɡɢ, ɧɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɋɅАɍ ɹɜɥɹ-
ɟɬɫɹ ɥɟɧɬɨɱɧɨɣ, ɞɥɹ ɟɟ ɪɟɲɟɧɢɹ ɧɟ ɦɨɝɭɬ 
ɩɪɢɦɟɧɹɬɶɫɹ ɦɧɨɝɢɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɢɬɟ-
ɪɚɰɢɨɧɧɵɟ ɦɟɬɨɞɵ, ɚ ɬɪɟɛɭɟɬɫɹ, ɧɚɩɪɢɦɟɪ, 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɦɟɬɨɞɚ Ƚɚɭɫɫɚ ɫ ɜɵɛɨɪɨɦ 

ɝɥɚɜɧɨɝɨ ɷɥɟɦɟɧɬɚ [2]. ɋ ɷɬɢɯ ɩɨɡɢɰɢɣ ɩɨɥɟɡ-
ɧɨ ɭɤɚɡɚɬɶ ɩɭɬɢ ɭɫɬɪɚɧɟɧɢɹ ɷɬɨɝɨ ɧɟɞɨɫɬɚɬɤɚ. 
ɉɪɟɨɛɪɚɡɭɟɦ ɋɅАɍ (42) ɫɥɟɞɭɸɳɢɦ ɨɛɪɚ-
ɡɨɦ: ɤɚɠɞɨɟ ɭɪɚɜɧɟɧɢɟ ɫɢɫɬɟɦɵ, ɧɚɱɢɧɚɹ ɫ 
ɩɟɪɜɨɝɨ (ɢ ɡɚɤɚɧɱɢɜɚɹ ɩɪɟɞɩɨɫɥɟɞɧɢɦ), ɛɭ-
ɞɟɦ ɡɚɦɟɧɹɬɶ ɫɭɦɦɨɣ ɷɬɨɝɨ ɭɪɚɜɧɟɧɢɹ ɫ ɩɨ-
ɫɥɟɞɭɸɳɢɦ (ɜɦɟɫɬɨ ɢɫɯɨɞɧɨɝɨ ɩɟɪɜɨɝɨ ɭɪɚɜ-
ɧɟɧɢɹ ɛɟɪɟɦ ɫɭɦɦɭ ɢɫɯɨɞɧɨɝɨ ɩɟɪɜɨɝɨ ɫ ɢɫ-
ɯɨɞɧɵɦ ɜɬɨɪɵɦ, ɜɦɟɫɬɨ ɢɫɯɨɞɧɨɝɨ ɜɬɨɪɨɝɨ – 

ɫɭɦɦɭ ɢɫɯɨɞɧɨɝɨ ɜɬɨɪɨɝɨ ɫ ɢɫɯɨɞɧɵɦ ɬɪɟɬɶ-
ɢɦ, ɢ ɬɚɤ ɞɚɥɟɟ). ɇɚɤɨɧɟɰ, ɜɦɟɫɬɨ ɢɫɯɨɞɧɨɝɨ 
ɩɨɫɥɟɞɧɟɝɨ ɭɪɚɜɧɟɧɢɹ ɛɟɪɟɦ ɫɭɦɦɭ ɢɫɯɨɞɧɨ-
ɝɨ ɩɨɫɥɟɞɧɟɝɨ ɫ ɢɫɯɨɞɧɵɦ ɩɟɪɜɵɦ. Ɋɚɫɫɦɨɬ-
ɪɢɦ ɬɟɩɟɪɶ ɩɨɥɭɱɟɧɧɭɸ ɩɨɫɥɟ ɩɪɟɨɛɪɚɡɨɜɚ-
ɧɢɣ ɦɚɬɪɢɰɭ (43): 
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         (57) 

Ɇɨɠɧɨ ɩɨɤɚɡɚɬɶ, ɱɬɨ ɛɥɨɱɧɵɟ ɷɥɟɦɟɧɬɵ, 

ɫɬɨɹɳɢɟ ɧɚ ɝɥɚɜɧɨɣ ɞɢɚɝɨɧɚɥɢ ɦɚɬɪɢɰɵ (57) 

ɧɟ ɹɜɥɹɸɬɫɹ ɜɵɪɨɠɞɟɧɧɵɦɢ, ɚ ɷɬɨ ɞɚɟɬ ɪɹɞ 

ɨɱɟɜɢɞɧɵɯ ɩɪɟɢɦɭɳɟɫɬɜ ɧɚ ɷɬɚɩɟ ɱɢɫɥɟɧɧɨɝɨ 
ɪɟɲɟɧɢɹ ɩɪɟɨɛɪɚɡɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ (42).  

 

 

ɁАɆȿɑАɇɂȿ 

 

Иɫɫɥɟɞɨɜɚɧɢɹ ɱɚɫɬɢɱɧɨ ɩɪɨɜɨɞɢɥɢɫɶ ɜ ɪɚɦ-

ɤɚɯ ɫɥɟɞɭɸɳɢɯ ɪɚɛɨɬ: 
1. Ƚɪɚɧɬ ɇɒ-8684.2010.8 ɉɪɟɡɢɞɟɧɬɚ 
Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɞɥɹ ɝɨɫɭɞɚɪ-
ɫɬɜɟɧɧɨɣ ɩɨɞɞɟɪɠɤɢ ɜɟɞɭɳɢɯ ɧɚɭɱ-
ɧɵɯ ɲɤɨɥ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ 

«Ɇɧɨɝɨɭɪɨɜɧɟɜɵɟ ɱɢɫɥɟɧɧɵɟ, ɚɧɚɥɢ-

ɬɢɱɟɫɤɢɟ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɦɟɬɨ-
ɞɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɱɧɨɫɬɢ ɡɞɚɧɢɣ ɢ 

ɫɨɨɪɭɠɟɧɢɣ ɫ ɭɱɟɬɨɦ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ 
ɢ ɮɢɡɢɱɟɫɤɢɯ ɨɫɨɛɟɧɧɨɫɬɟɣ» ɧɚ 2010-

2011 ɝɝ. 
2. Ƚɪɚɧɬ 2.3.11 Ɋɨɫɫɢɣɫɤɨɣ ɚɤɚɞɟɦɢɢ ɚɪ-
ɯɢɬɟɤɬɭɪɵ ɢ ɫɬɪɨɢɬɟɥɶɧɵɯ ɧɚɭɤ «Ɋɚɡ-
ɪɚɛɨɬɤɚ ɢ ɢɫɫɥɟɞɨɜɚɧɢɟ ɞɢɫɤɪɟɬɧɨ-
ɤɨɧɬɢɧɭɚɥɶɧɵɯ ɦɟɬɨɞɨɜ ɞɥɹ ɪɚɫɱɟɬɚ 
ɫɬɪɨɢɬɟɥɶɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɫ ɤɭɫɨɱɧɨ-
ɩɨɫɬɨɹɧɧɵɦɢ ɮɢɡɢɤɨ-ɝɟɨɦɟɬɪɢɱɟ-
ɫɤɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɩɨ ɨɞɧɨɦɭ ɢɡ ɧɚ-
ɩɪɚɜɥɟɧɢɣ» ɧɚ 2011-2013 ɝɝ. 

3. ɇИɊ «Ɋɚɡɪɚɛɨɬɤɚ ɬɟɨɪɢɢ ɢ ɚɥɝɨɪɢɬ-
ɦɨɜ ɩɨɫɬɪɨɟɧɢɹ ɤɨɪɪɟɤɬɧɵɯ ɚɧɚɥɢɬɢ-

ɱɟɫɤɢɯ ɪɟɲɚɬɟɥɟɣ ɦɧɨɝɨɬɨɱɟɱɧɵɯ 
ɤɪɚɟɜɵɯ ɡɚɞɚɱ ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɪɚɫ-
ɱɟɬɚɦ ɫɬɪɨɢɬɟɥɶɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ», 

ɜɵɩɨɥɧɹɟɦɨɣ ɩɨ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɜɟ-
ɞɨɦɫɬɜɟɧɧɨɣ ɰɟɥɟɜɨɣ ɩɪɨɝɪɚɦɦɟ 
«Ɋɚɡɜɢɬɢɟ ɧɚɭɱɧɨɝɨ ɩɨɬɟɧɰɢɚɥɚ ɜɵɫ-
ɲɟɣ ɲɤɨɥɵ (2009-2011 ɝɨɞɵ)» (ɩɪɨ-
ɟɤɬ 2.1.2/12148). 

4. ɇИɊ «Ɋɚɡɪɚɛɨɬɤɚ, ɢɫɫɥɟɞɨɜɚɧɢɟ ɢ ɪɚɡ-
ɜɢɬɢɟ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɢ ɩɪɨ-
ɝɪɚɦɦɧɨ-ɚɥɝɨɪɢɬɦɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ, 
ɪɟɚɥɢɡɭɸɳɢɯ ɛɟɡɨɩɚɫɧɭɸ ɬɟɯɧɨɥɨɝɢɸ 

ɜɨɡɜɟɞɟɧɢɹ ɭɧɢɤɚɥɶɧɵɯ ɡɞɚɧɢɣ ɢ ɫɨ-
ɨɪɭɠɟɧɢɣ ɫɥɨɠɧɨɣ ɚɪɯɢɬɟɤɬɭɪɧɨɣ 

ɮɨɪɦɵ» ɜɵɩɨɥɧɹɟɦɨɣ ɩɨ ɚɧɚɥɢɬɢɱɟ-
ɫɤɨɣ ɜɟɞɨɦɫɬɜɟɧɧɨɣ ɰɟɥɟɜɨɣ ɩɪɨɝɪɚɦ-
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Пɪɨɛɥɟɦа ɛɟɡɨɩасɧɨсɬɢ ɢ ɷɤɨɧɨɦɢчɧɨсɬɢ 
ɡɞаɧɢɣ ɢ сɨɨɪɭɠɟɧɢɣ ɨɬɧɨсɢɬся ɤ чɢсɥɭ ɨс-
ɧɨɜɧых ɩɪɨɛɥɟɦ, ɜыɞɜɢɧɭɬых ɧа ɩɟɪɜыɣ 
ɩɥаɧ ɧɟɩɪɟɪыɜɧɨ ɭɜɟɥɢчɢɜаɸɳɢɦся ɨɛɴɟ-
ɦɨɦ сɬɪɨɢɬɟɥɶсɬɜа ɜ ɧаɲɟɣ сɬɪаɧɟ. В ɩɨ-
сɥɟɞɧɟɟ ɜɪɟɦя аɤɬɢɜɧɨ ɨɛсɭɠɞаɸɬся ɦɟɬɨɞы 
ɪасчɟɬа ɤɨɧсɬɪɭɤцɢɣ ɡɞаɧɢɣ ɢ сɨɨɪɭɠɟɧɢɣ с 
ɭчɟɬɨɦ ɪɢсɤа ɥаɜɢɧɨɨɛɪаɡɧɨɝɨ ɪаɡɪɭɲɟɧɢя. 
Каɤ ɨɬɦɟчаɟɬся ɜ [1], ɧɟɨɛхɨɞɢɦы ɪаɡɪаɛɨɬ-
ɤɢ ɩɨ ɪаɡɜɢɬɢɸ ɭсɨɜɟɪɲɟɧсɬɜɨɜаɧɧɨɣ ɦɟɬɨ-
ɞɢɤɢ ɨцɟɧɤɢ ɭяɡɜɢɦɨсɬɢ ɤɨɧсɬɪɭɤɬɢɜɧых 
сɢсɬɟɦ ɢ ɢх сɨɜɟɪɲɟɧсɬɜɨɜаɧɢя ɞɥя сɦяɝчɟ-
ɧɢя ɩɨсɥɟɞсɬɜɢɣ ɥаɜɢɧɨɨɛɪаɡɧɨɝɨ ɨɛɪɭɲɟ-
ɧɢя ɩɪɢ ɪаɡɥɢчɧых ɜаɪɢаɧɬах ɨɩасɧɨсɬɢ. 
Иɧɠɟɧɟɪы ɧɭɠɞаɸɬся ɜ ɩɪɨсɬых ɦɟɬɨɞах 

ɩɪɨɟɤɬɢɪɨɜаɧɢя ɢ ɪасчɟɬɨɜ, сɩɨсɨɛɧых ɩɪɟ-
ɞɨɬɜɪаɬɢɬɶ ɩɨɬɟɧцɢаɥɶɧɭɸ ɨɩасɧɨсɬɶ ɥаɜɢ-
ɧɨɨɛɪаɡɧɨɝɨ ɨɛɪɭɲɟɧɢя ɡɞаɧɢɣ. В сɜɟɬɟ ɧɟ-
ɨɛхɨɞɢɦɨсɬɢ сɧɢɠɟɧɢя ɦаɬɟɪɢаɥɨɟɦɤɨсɬɢ 
сɬɪɨɢɬɟɥɶсɬɜа ɢ ɩɨɜыɲɟɧɢя ɬɪɟɛɨɜаɧɢɣ ɤ 
ɤачɟсɬɜɭ ɩɪɨɟɤɬɢɪɨɜаɧɢя ɨсɨɛɟɧɧɨ аɤɬɭаɥɶ-
ɧɨɣ сɬаɧɨɜɢɬся ɡаɞача ɜɧɟɞɪɟɧɢя ɜ ɩɪаɤɬɢɤɭ 
ɩɪɨɟɤɬɢɪɨɜаɧɢя аɥɝɨɪɢɬɦɨɜ ɢ ɩɪɨɝɪаɦɦ аɜ-
ɬɨɦаɬɢɡɢɪɨɜаɧɧɨɝɨ ɩɨɢсɤа ɨɩɬɢɦаɥɶɧых ɪɟ-
ɲɟɧɢɣ [2]. В ɪаɛɨɬɟ ɪассɦɨɬɪɟɧа ɤɨɧцɟɩцɢя 
сɨɡɞаɧɢя ɷɤсɩɟɪɬɧɨɣ сɢсɬɟɦы (ЭС) ɨɩ-
ɬɢɦаɥɶɧɨɝɨ ɩɪɨɟɤɬɢɪɨɜаɧɢя ɤɨɧсɬɪɭɤцɢɣ 
ɡɞаɧɢɣ ɢ сɨɨɪɭɠɟɧɢɣ с ɭчɟɬɨɦ ɪɢсɤа ɥаɜɢ-
ɧɨɨɛɪаɡɧɨɝɨ ɪаɡɪɭɲɟɧɢя ɷɬɢх ɤɨɧсɬɪɭɤцɢɣ. 
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В США, Ƚɟɪɦаɧɢɢ, əɩɨɧɢɢ ɢ ɞɪɭɝɢх ɪаɡ-
ɜɢɬых сɬɪаɧах ɪаɡɪаɛɨɬаɧы ɢ ɮɭɧɤцɢɨɧɢ-
ɪɭɸɬ сɨɬɧɢ сɢсɬɟɦ ɩɨɞɞɟɪɠɤɢ ɩɪɢɧяɬɢя ɪɟ-
ɲɟɧɢɣ ɢɧɬɟɥɥɟɤɬɭаɥɶɧɨɝɨ ɬɢɩа (ɛаɡɢ-
ɪɭɸɳɢɟся ɧа ЭС) ɜ ɪаɡɥɢчɧых ɨɛɥасɬях 
сɬɪɨɢɬɟɥɶсɬɜа: ɜ ɩɪɨɟɤɬɢɪɨɜаɧɢɢ ɝɪаɠɞаɧ-
сɤɢх ɢ ɩɪɨɦыɲɥɟɧɧых ɨɛɴɟɤɬɨɜ; ɨɪɝаɧɢɡа-
цɢɨɧɧɨ-ɬɟхɧɨɥɨɝɢчɟсɤɨɣ ɩɨɞɝɨɬɨɜɤɢ ɢ 
ɭɩɪаɜɥɟɧɢя сɬɪɨɢɬɟɥɶсɬɜɨɦ; ɷɤɨɥɨɝɢɢ, ɩɪɟ-
ɞɨɬɜɪаɳɟɧɢɢ ɢ ɥɢɤɜɢɞацɢɢ ɩɨсɥɟɞсɬɜɢɣ 
чɪɟɡɜычаɣɧых сɢɬɭацɢɣ. В Ɋɨссɢɢ аɤаɞɟɦɢ-
чɟсɤɢɟ ɢ ɨɬɪасɥɟɜыɟ ɢɧсɬɢɬɭɬы ɪаɡɪаɛаɬы-
ɜаɸɬ ЭС ɜ сɮɟɪɟ ɢɧɜɟсɬɢцɢɨɧɧɨ-
сɬɪɨɢɬɟɥɶɧɨɝɨ ɩɪɨцɟсса, ɪяɞ ɢɡ ɧɢх ɧахɨɞɢɬ-
ся ɜ ɷɤсɩɥɭаɬацɢɢ [3]. 
Ɋассɦаɬɪɢɜаɟɦая ɷɤсɩɟɪɬɧая сɢсɬɟɦа сɨɞɟɪ-
ɠɢɬ сɥɟɞɭɸɳɢɟ ɨсɧɨɜɧыɟ ɤɨɦɩɨɧɟɧɬы: ɪɟ-
ɲаɬɟɥɶ (ɢɧɬɟɪɩɪɟɬаɬɨɪ), ɪаɛɨчɭɸ ɩаɦяɬɶ 
(ɊП), ɢɦɟɧɭɟɦɭɸ ɬаɤɠɟ ɛаɡɨɣ ɞаɧɧых (ȻД), 
ɛаɡɭ ɡɧаɧɢɣ (ȻɁ), ɤɨɦɩɨɧɟɧɬы ɩɪɢɨɛɪɟɬɟɧɢя 
ɡɧаɧɢɣ, ɨɛɴясɧɢɬɟɥɶɧыɣ ɤɨɦɩɨɧɟɧɬ, ɞɢаɥɨ-
ɝɨɜыɣ ɤɨɦɩɨɧɟɧɬ. 
Ɉсɧɨɜɭ ЭС сɨсɬаɜɥяɟɬ ɛаɡа ɡɧаɧɢɣ, ɤɨɬɨɪая 
ɡаɤɥаɞыɜаɟɬся ɜɨ ɜɪɟɦя ɟɟ ɪаɡɪаɛɨɬɤɢ ɢ ɦɨ-
ɠɟɬ ɭɬɨчɧяɬɶся ɢ ɪасɲɢɪяɬɶся ɩɪɢ ɢсɩɨɥɶ-
ɡɨɜаɧɢɢ ɩɨ ɦɟɪɟ ɭɬɜɟɪɠɞɟɧɢя ɧɨɜых сɬɪɨɢ-
ɬɟɥɶɧых ɧɨɪɦ, ɩɨяɜɥɟɧɢя ɧɨɜых ɪɟɤɨɦɟɧɞа-
цɢɣ ɩɨ ɩɪɨɟɤɬɢɪɨɜаɧɢɸ ɤɨɧсɬɪɭɤцɢɣ. ȻɁ 
ɪаɡɪаɛаɬыɜаɟɬся ɜɨ ɜɡаɢɦɨɞɟɣсɬɜɢɢ с ɜɟɞɭ-
ɳɢɦɢ сɩɟцɢаɥɢсɬаɦɢ ɢ ɩɪɟɞсɬаɜɥяɟɬ сɨɛɨɣ 
сɜɨɞ ɤɜаɥɢɮɢцɢɪɨɜаɧɧых ɦɧɟɧɢɣ (ɩɪаɜɢɥ) ɢ 
ɩɨсɬɨяɧɧɨ ɨɛɧɨɜɥяɸɳɢɣся сɩɪаɜɨчɧɢɤ ɧаɢ-
ɥɭчɲɢх ɦɟɬɨɞɨɜ ɢ сɬɪаɬɟɝɢɣ, ɢсɩɨɥɶɡɭɟɦых 
ɞɥя ɪɟɲɟɧɢя ɤɨɧɤɪɟɬɧых ɡаɞач. Эɤсɩɟɪɬɧɭɸ 
сɢсɬɟɦɭ ɩɪɟɞɭсɦɨɬɪɟɧɨ ɩɨсɬɪɨɢɬɶ ɧа ɨсɧɨ-
ɜаɧɢɢ чɟɬɤɢх ɩɪаɜɢɥ ɢ ɪɟɤɨɦɟɧɞацɢɣ ɡаɪɭ-
ɛɟɠɧых ɢ ɨɬɟчɟсɬɜɟɧɧых сɬɪɨɢɬɟɥɶɧых ɧɨɪɦ 
с  ɭчɟɬɨɦ ɬаɤɢх ɞɨɤɭɦɟɧɬɨɜ, ɤаɤ [4], [5], а 
ɬаɤɠɟ ɟɜɪɨɩɟɣсɤɢх сɬаɧɞаɪɬɨɜ  ɢ ɦɢɪɨɜɨɝɨ 
ɨɩыɬа аɜаɪɢɣ ɡɞаɧɢɣ ɢ сɨɨɪɭɠɟɧɢɣ. С ɩɨ-
ɦɨɳɶɸ ЭС сɨɛɢɪаɟɬся ɢ сɢсɬɟɦаɬɢɡɢɪɭɟɬся 
ɬɪɟɛɭɟɦая ɢсхɨɞɧая ɢɧɮɨɪɦацɢя ɩɨ ɨɛɴɟɤɬɭ: 
ɬɢɩ, ɪаɡɦɟɪы, ɷɬаɠɧɨсɬɶ, ɭɪɨɜɟɧɶ ɨɬɜɟɬсɬ-
ɜɟɧɧɨсɬɢ, ɮɭɧɤцɢɨɧаɥɶɧɨɟ ɧаɡɧачɟɧɢɟ, сɩɟ-
цɢɮɢɤа ɩɪɨɢсхɨɞяɳɢх ɜ ɧɟɦ ɩɪɨцɟссɨɜ ɩɪɢ 
ɷɤсɩɥɭаɬацɢɢ, ɦɟсɬɨɩɨɥɨɠɟɧɢɟ, ɝɪɭɧɬɨɜыɟ 
ɭсɥɨɜɢя, ɪаɡɦɟɳɟɧɢɟ ɢ ɬ.ɞ. ȻД ɩɪɢ ɧɟɨɛхɨ-

ɞɢɦɨсɬɢ ɭɬɨчɧяɟɬся. Пɨсɪɟɞсɬɜɨɦ ɞɢаɥɨɝа с 
ɩɨɥɶɡɨɜаɬɟɥɟɦ ɧа ɨсɧɨɜаɧɢɢ сцɟɧаɪɧɨɝɨ 
ɩɨɞхɨɞа ɢ ɛаɡы ɡɧаɧɢɣ ЭС ɡаɞача ɮɨɪɦаɥɢ-
ɡɭɟɬся. Каɤ сɩɪаɜɟɞɥɢɜɨ ɨɬɦɟчɟɧɨ ɜ [6], ɧɟ-
ɛɨɥɶɲɢɟ сɬɪɨɟɧɢя, ɝаɛаɪɢɬы ɤɨɬɨɪых сɨɩɨс-
ɬаɜɢɦы с ɪаɡɦɟɪаɦɢ «ɥɨɤаɥɶɧых» ɩɨɜɪɟɠɞɟ-
ɧɢɣ, ɧɟ ɢɦɟɟɬ сɦысɥа ɩɪɨɜɟɪяɬɶ ɧа ɜɨɡɦɨɠ-
ɧɨсɬɶ ɩɪɨɝɪɟссɢɪɭɸɳɟɝɨ ɪаɡɪɭɲɟɧɢя. Ɉсɭ-
ɳɟсɬɜɥяɟɬся ɨɬɛɨɪ ɨɛɴɟɤɬɨɜ аɧаɥɢɡа сɨɝɥас-
ɧɨ ɤɥассɢɮɢɤацɢɢ ɡɞаɧɢɣ ɢ сɨɨɪɭɠɟɧɢɣ ɩɨ 
сɥɟɞɭɸɳɢɦ ɩɪɢɡɧаɤаɦ: 
1) Ɉɛɴɟɤɬы ɤɥасса 1, ɩɪɢ ɩɪɨɟɤɬɢɪɨɜаɧɢɢ 
ɤɨɬɨɪых ɜɨɡɦɨɠɧɨсɬɶ ɜɨɡɧɢɤɧɨɜɟɧɢя аɜа-
ɪɢɣɧых сɢɬɭацɢɣ ɧɟ ɩɪɢɧɢɦаɟɬся ɜɨ ɜɧɢ-
ɦаɧɢɟ; 
2) Ɉɛɴɟɤɬы ɤɥасса 2, ɜ ɤɨɬɨɪых ɜсɟ ɤɨɧсɬ-
ɪɭɤцɢɢ ɦɨɝɭɬ ɛыɬɶ ɡаɳɢɳɟɧы ɨɬ аɜаɪɢɣɧых 
ɩɨɜɪɟɠɞɟɧɢɣ ɡа счɟɬ ɭɜɟɥɢчɟɧɢя ɧɟсɭɳɟɣ 
сɩɨсɨɛɧɨсɬɢ ɢɥɢ ɩɪɢɦɟɧɟɧɢя ɡаɳɢɬɧых ɭсɬ-
ɪɨɣсɬɜ; 
3) Ɉɛɴɟɤɬы ɤɥасса 3, ɧɟɤɨɬɨɪыɟ ɤɨɧсɬɪɭɤ-
ɬɢɜɧыɟ ɷɥɟɦɟɧɬы ɤɨɬɨɪых ɧɟɜɨɡɦɨɠɧɨ ɡаɳɢ-
ɬɢɬɶ ɨɬ аɜаɪɢɣɧых ɩɨɜɪɟɠɞɟɧɢɣ, чɬɨ ɩɨɬɪɟ-
ɛɭɟɬ ɩɪɨɜɟɪɤɢ ɧа ɩɪɨɝɪɟссɢɪɭɸɳɟɟ ɪаɡɪɭ-
ɲɟɧɢɟ [6]. 
На сɥɟɞɭɸɳɟɦ ɷɬаɩɟ ɛɥɨɤ ɪɟɲаɬɟɥя ЭС, сɨ-
ɝɥасɧɨ ɜɜɟɞɟɧɧыɦ ɩɨɥɶɡɨɜаɬɟɥɟɦ ɞаɧɧыɦ, 
ɨɬɧɨсɢɬ ɡɞаɧɢɟ ɤ ɬɨɦɭ ɢɥɢ ɢɧɨɦɭ ɤɥассɭ ɜ 
ɡаɜɢсɢɦɨсɬɢ ɨɬ ɝаɛаɪɢɬɨɜ ɪассɦаɬɪɢɜаɟɦɨɣ 
ɤɨɧсɬɪɭɤцɢɢ ɢ сɩɢсɤа ɜɨɡɦɨɠɧых аɜаɪɢɣɧых 
сɢɬɭацɢɣ. ЭС ɩɨ сɨɝɥасɨɜаɧɢɸ с ɩɨɥɶɡɨɜаɬɟ-
ɥɟɦ ɜыɛɢɪаɟɬ ɨɞɢɧ ɢɡ ɬɪɟх ɜɨɡɦɨɠɧых ɜаɪɢ-
аɧɬɨɜ: ɪасчɟɬ ɤɨɧсɬɪɭɤцɢɢ ɛɟɡ ɭчɟɬа ɥаɜɢɧɨ-
ɨɛɪаɡɧɨɝɨ ɪаɡɪɭɲɟɧɢя; ɪасчɟɬ ɤɨɧсɬɪɭɤцɢɢ 
ɛɟɡ ɭчɟɬа ɥаɜɢɧɨɨɛɪаɡɧɨɝɨ ɪаɡɪɭɲɟɧɢя с 
ɭɤаɡаɧɢɟɦ ɜɨɡɦɨɠɧых ɩɪɟɜɟɧɬɢɜɧых ɦɟɪ 
ɡаɳɢɬы сɨɨɪɭɠɟɧɢя, ɥɢɛɨ ɪасчɟɬ ɤɨɧсɬɪɭɤ-
цɢɢ с ɭчɟɬɨɦ аɜаɪɢɣɧɨɣ сɢɬɭацɢɢ, ɧɨ ɩɪɢ 
ɭсɥɨɜɢɢ сɨхɪаɧɟɧɢя цɟɥɨсɬɧɨсɬɢ ɤɨɧсɬɪɭɤ-
цɢɢ; ɬɪɟɬɢɣ ɜаɪɢаɧɬ - ɪасчɟɬ с ɭчɟɬɨɦ ɥаɜɢ-
ɧɨɨɛɪаɡɧɨɝɨ ɨɛɪɭɲɟɧɢя ɤɨɧсɬɪɭɤцɢɢ, ɬɨ 
ɟсɬɶ с ɭɞаɥɟɧɢɟɦ ɢɡ ɪасчɟɬɧɨɣ схɟɦы ɧɟɤɨ-
ɬɨɪых ɷɥɟɦɟɧɬɨɜ. Уɞаɥяɟɦыɟ ɷɥɟɦɟɧɬы ɜы-
ɛɢɪаɸɬся ɜ ɡаɜɢсɢɦɨсɬɢ ɨɬ ɢсхɨɞɧɨɣ ɢɧ-
ɮɨɪɦацɢɢ ɨɛ ɨɛɴɟɤɬɟ. Эɬɨ ɨɡɧачаɟɬ, чɬɨ, ɧа-
ɩɪɢɦɟɪ, ɩɪɢ ɪаɡɦɟɳɟɧɢɢ ɜ ɡɞаɧɢɢ ɜɡɪыɜча-
ɬɨɝɨ ɜɟɳɟсɬɜа ɨɩасɧɨсɬɢ ɩɨɞɜɟɪɝɧɭɬы ɩɪɟɠ-
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ɞɟ ɜсɟɝɨ ɷɥɟɦɟɧɬы, ɧахɨɞяɳɢɟся ɜ ɧɟɩɨсɪɟɞ-
сɬɜɟɧɧɨɣ ɛɥɢɡɨсɬɢ ɨɬ ɧɟɝɨ. Ɋасчɟɬ ɤɨɧсɬɪɭɤ-
цɢɢ ɜɟɞɟɬся с ɭчɟɬɨɦ ɜɨɡɦɨɠɧɨɝɨ ɪаɡɪɭɲɟ-
ɧɢя ɷɬɢх ɷɥɟɦɟɧɬɨɜ.  
Пɨɥɭчɟɧɧыɟ ɨɬ ЭС сɨɜɟɬы ɩɨ ɤɨɪɪɟɤɬɢɪɨɜɤɟ 
ɢсхɨɞɧɨɣ ɪасчɟɬɧɨɣ схɟɦы ɤɨɧсɬɪɭɤцɢɢ (ɧа-
ɝɪɭɡɤɢ ɨɬ аɜаɪɢɣɧых ɜɨɡɞɟɣсɬɜɢɣ, ɢсɤɥɸчɟ-
ɧɢɟ ɢɡ ɪасчɟɬɧɨɣ схɟɦы ɧɟɤɨɬɨɪых ɷɥɟɦɟɧ-
ɬɨɜ ɤɨɧсɬɪɭɤцɢɢ) ɩɨɥɶɡɨɜаɬɟɥɶ ɦɨɠɟɬ ɩɪɢ-
ɦɟɧɢɬɶ ɞɥя ɪасчɟɬа ɨɛɴɟɤɬа ɜ ɨɞɧɨɦ ɢɡ ɞɨс-
ɬɭɩɧых ɪасчɟɬɧых ɩɪɨɝɪаɦɦɧых ɤɨɦɩɥɟɤ-
сɨɜ. На ɨсɧɨɜɟ ɩɨɥɭчɟɧɧых ɭсɢɥɢɣ ɜ ɷɥɟɦɟɧ-
ɬах ɤɨɧсɬɪɭɤцɢɢ ɩɪɟɞɭсɦɨɬɪɟɧа ɜɨɡɦɨɠ-
ɧɨсɬɶ ɨɩɬɢɦɢɡацɢɢ ɷɬɢх ɷɥɟɦɟɧɬɨɜ ɧа ɨсɧɨɜɟ 
ɝɟɧɟɬɢчɟсɤɨɝɨ аɥɝɨɪɢɬɦа (ȽА), хɨɪɨɲɨ ɡаɪɟ-
ɤɨɦɟɧɞɨɜаɜɲɟɝɨ сɟɛя ɷɜɪɢсɬɢчɟсɤɨɝɨ ɦɟɬɨɞа 
ɩɨɢсɤа ɪɟɲɟɧɢɣ. 
Пɨсɬаɧɨɜɤа ɡаɞачɢ ɨɩɬɢɦɢɡацɢɢ ɮɨɪɦɭɥɢ-
ɪɭɟɬся ɤаɤ ɨɩɪɟɞɟɥɟɧɢɟ ɩɪɨɟɤɬɧых ɩаɪа-
ɦɟɬɪɨɜ {x1…xn} ɷɥɟɦɟɧɬɨɜ сɬаɥɶɧɨɝɨ ɤаɪɤаса 
ɡɞаɧɢя ɩɨ ɤɪɢɬɟɪɢɸ ɦɢɧɢɦɭɦа ɨɛɴɟɦа ɤɨɧ-
сɬɪɭɤцɢɢ ɩɪɢ ɜыɩɨɥɧɟɧɢɢ ɨɝɪаɧɢчɟɧɢɣ ɩɨ 
ɩɪɨчɧɨсɬɢ, ɠɟсɬɤɨсɬɢ, ɦɟсɬɧɨɣ ɢ ɨɛɳɟɣ ɭс-
ɬɨɣчɢɜɨсɬɢ. 
ȽА ɧачɢɧаɟɬ ɪаɛɨɬɭ с ɧɟɤɨɬɨɪɨɝɨ сɥɭчаɣɧɨɝɨ 
ɧаɛɨɪа ɢсхɨɞɧых ɪɟɲɟɧɢɣ, ɤɨɬɨɪыɣ ɧаɡыɜа-
ɟɬся ɩɨɩɭɥяцɢɟɣ. Каɠɞыɣ ɷɥɟɦɟɧɬ ɩɨɩɭɥя-
цɢɢ ɢɦɟɧɭɟɬся хɪɨɦɨсɨɦɨɣ ɢ ɩɪɟɞсɬаɜɥяɟɬ 
ɪɟɲɟɧɢɟ ɩɪɨɛɥɟɦы ɜ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ:  nxxX ...1 . Таɤɢɦ ɨɛɪаɡɨɦ, ɝɟɧы хɪɨ-
ɦɨсɨɦы - ɷɬɨ ɩɪɨɟɤɬɧыɟ ɩаɪаɦɟɬɪы сɟчɟɧɢɣ 
ɨɩɬɢɦɢɡɢɪɭɟɦых ɷɥɟɦɟɧɬɨɜ ɤɨɧсɬɪɭɤцɢɢ. 
Хɪɨɦɨсɨɦы ɷɜɨɥɸцɢɨɧɢɪɭɸɬ ɧа ɩɪɨɬяɠɟɧɢɢ 
ɦɧɨɠɟсɬɜа ɢɬɟɪацɢɣ, ɧɨсяɳɢх ɧаɡɜаɧɢɟ ɩɨ-
ɤɨɥɟɧɢɣ (ɢɥɢ ɝɟɧɟɪацɢɣ). В хɨɞɟ ɤаɠɞɨɣ 
ɢɬɟɪацɢɢ хɪɨɦɨсɨɦа ɨцɟɧɢɜаɟɬся с ɢсɩɨɥɶ-
ɡɨɜаɧɢɟɦ ɧɟɤɨɬɨɪɨɣ ɦɟɪы сɨɨɬɜɟɬсɬɜɢя, ɤɨ-
ɬɨɪая ɢɦɟɧɭɟɬся ɮɭɧɤцɢɟɣ ɩɪɢсɩɨсɨɛɥɟɧɧɨ-
сɬɢ. Дɥя сɨɡɞаɧɢя сɥɟɞɭɸɳɟɝɨ ɩɨɤɨɥɟɧɢя 
ɧɨɜыɟ хɪɨɦɨсɨɦы, ɧаɡыɜаɟɦыɟ ɨɬɩɪысɤаɦɢ, 
ɮɨɪɦɢɪɭɸɬся ɥɢɛɨ ɩɭɬɟɦ сɤɪɟɳɢɜаɧɢя ɞɜɭх 
хɪɨɦɨсɨɦ - ɪɨɞɢɬɟɥɟɣ ɢɡ ɬɟɤɭɳɟɣ ɩɨɩɭɥя-
цɢɢ, ɥɢɛɨ ɩɭɬɟɦ сɥɭчаɣɧɨɝɨ ɢɡɦɟɧɟɧɢя (ɦɭ-
ɬацɢɢ) ɨɞɧɨɣ хɪɨɦɨсɨɦы. Дɥя ɪɟаɥɢɡацɢɢ 
ɩɪɨцɟɞɭɪ сɤɪɟɳɢɜаɧɢя ɢ ɦɭɬацɢɢ ɢсɩɨɥɶ-
ɡɭɸɬся ɞɜɨɢчɧыɟ сɬɪɨɤɢ ɮɢɤсɢɪɨɜаɧɧɨɣ 
ɞɥɢɧы. Нɨɜая ɩɨɩɭɥяцɢя ɮɨɪɦɢɪɭɟɬся ɩɭɬɟɦ 

ɜыɛɨɪа сɨɝɥасɧɨ ɮɭɧɤцɢɢ цɟɥɢ ɧɟɤɨɬɨɪых 
ɪɨɞɢɬɟɥɟɣ ɢ ɨɬɩɪысɤɨɜ ɢ ɭɞаɥɟɧɢя ɨсɬаɜ-
ɲɢхся ɞɥя ɬɨɝɨ, чɬɨɛы сɨхɪаɧяɬɶ ɩɨсɬɨ-
яɧɧыɦ ɪаɡɦɟɪ ɩɨɩɭɥяцɢɢ. Хɪɨɦɨсɨɦы с 
ɛɨɥɶɲɟɣ ɮɭɧɤцɢɟɣ сɨɨɬɜɟɬсɬɜɢя ɢɦɟɸɬ 
ɛɨɥɶɲɟ ɲаɧсɨɜ ɛыɬɶ ɜыɛɪаɧɧыɦɢ (ɜыɠɢɬɶ). 
Пɨсɥɟ ɧɟсɤɨɥɶɤɢх ɢɬɟɪацɢɣ аɥɝɨɪɢɬɦ схɨ-
ɞɢɬся ɤ ɥɭчɲɟɣ хɪɨɦɨсɨɦɟ, ɤɨɬɨɪая яɜɥяɟɬся 
ɥɢɛɨ ɨɩɬɢɦаɥɶɧыɦ, ɥɢɛɨ ɛɥɢɡɤɢɦ ɤ ɨɩɬɢ-
ɦаɥɶɧɨɦɭ ɪɟɲɟɧɢɟɦ [7].  
Кɨɧцɟɩɬɭаɥɶɧɨɟ ɪɟɲɟɧɢɟ ɩɪɟɞɥаɝаɟɦɨɣ ɷɤс-
ɩɟɪɬɧɨɣ сɢсɬɟɦы ɞɥя ɪасчɟɬа ɤɨɧсɬɪɭɤцɢɣ с 
ɭчɟɬɨɦ ɪɢсɤа ɩɪɨɝɪɟссɢɪɭɸɳɟɝɨ ɨɛɪɭɲɟɧɢя 
ɪассɦɨɬɪɟɧɨ ɧа ɩɪɢɦɟɪɟ ɩɪɨɟɤɬɢɪɨɜаɧɢя ɜы-
сɨɬɧɨɝɨ ɡɞаɧɢя ɜ сɨсɬаɜɟ ɬɨɪɝɨɜɨ-ɞɟɥɨɜɨɝɨ 
цɟɧɬɪа (ɪɢс. 1). 
 

 
Ɋɢс.1. Ɋасчɟɬɧая схɟɦа ɡɞаɧɢя ɬɨɪɝɨɜɨ-ɞɟɥɨ-

ɜɨɝɨ цɟɧɬɪа ɜ ɝ. ȿɤаɬɟɪɢɧɛɭɪɝ 
 

Нɟсɭɳая схɟɦа ɤаɪɤаса 38 ɷɬаɠɧɨɣ часɬɢ – 
сɜяɡɟɜая, с ɜɧɟɲɧɢɦ сɬɜɨɥɨɦ ɜ ɜɢɞɟ ɮɟɪɦы. 



Кɨɧцɟɩцɢя ɜɧɟɞɪɟɧɢя сɢсɬɟɦы ɩɨɞɞɟɪɠɤɢ ɩɪɢɧяɬɢя ɪɟɲɟɧɢɣ ɜ ɩɪаɤɬɢɤɭ ɩɪɨɟɤɬɢɪɨɜаɧɢя сɬɪɨɢɬɟɥɶɧых 
ɤɨɧсɬɪɭɤцɢɣ с ɭчɟɬɨɦ ɪɢсɤа ɢх ɥаɜɢɧɨɨɛɪаɡɧɨɝɨ ɪаɡɪɭɲɟɧɢя 
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Ɉɛɳɭɸ ɭсɬɨɣчɢɜɨсɬɶ ɡɞаɧɢя ɨɛɟсɩɟчɢɜаɸɬ 
ɤɨɥɨɧɧы, ɧɟɪаɡɪɟɡɧыɟ ɞɢсɤɢ ɩɟɪɟɤɪыɬɢɣ ɢ 
ɜɟɪɬɢɤаɥɶɧая ɩɪɨсɬɪаɧсɬɜɟɧɧая ɮɟɪɦа, ɤɨɬɨ-
ɪая ɩɪɟɞсɬаɜɥяɟɬ сɨɛɨɣ сɢсɬɟɦɭ ɜɟɪɬɢɤаɥɶ-
ɧых ɤɪɟсɬɨɜых сɜяɡɟɣ ɢɡ сɬɟɪɠɧɟɜых ɷɥɟ-
ɦɟɧɬɨɜ, ɪасɩɨɥɨɠɟɧɧых ɩɨ ɤɨɧɬɭɪɭ ɡɞаɧɢя. 
Вɟɪɬɢɤаɥɶɧая ɧаɝɪɭɡɤа ɜɨсɩɪɢɧɢɦаɟɬся ɤɨ-
ɥɨɧɧаɦɢ, ɝɨɪɢɡɨɧɬаɥɶɧая ɧаɝɪɭɡɤа ɩɟɪɟɞаɟɬ-
ся чɟɪɟɡ ɩɟɪɟɤɪыɬɢя ɧа ɮɟɪɦɭ. 
Пɨ ɥɨɝɢɤɟ ɷɤсɩɟɪɬɧɨɣ сɢсɬɟɦы ɧɢɡɤая сɬɢ-
ɥɨɛаɬɧая часɬɶ ɨɬɧɟсɟɧа ɤ ɨɛɴɟɤɬаɦ ɤɥасса 1, 
ɬɨ ɟсɬɶ ɩɪɢ ɪасчɟɬɟ аɜаɪɢɣɧыɟ сɢɬɭацɢɢ ɧɟ 
ɭчɢɬыɜаɥɢсɶ. Ɉɧа ɡаɩɪɨɟɤɬɢɪɨɜаɧа ɛɟɡ ɦɟ-
ɪɨɩɪɢяɬɢɣ, ɩɪɟɩяɬсɬɜɭɸɳɢх ɩɪɨɝɪɟссɢɪɭɸ-
ɳɟɦɭ ɪаɡɪɭɲɟɧɢɸ. Таɤ ɤаɤ ɜысɨɬɧая часɬɶ 
яɜɥяɟɬся ɨɛɴɟɤɬɨɦ I ɭɪɨɜɧя ɨɬɜɟɬсɬɜɟɧɧɨсɬɢ 
ɜысɨɬɨɣ ɛɨɥɟɟ 75 ɦɟɬɪɨɜ, ɨɧа ɛыɥа ɨɬɧɟсɟɧа 
ɤ ɨɛɴɟɤɬаɦ ɤɥасса 3. К ɧɟɣ ɩɪɟɞɴяɜɥяɥɢсɶ 
сɩɟцɢаɥɶɧыɟ ɬɪɟɛɨɜаɧɢя ɩɨ ɭсɬɨɣчɢɜɨсɬɢ ɤ 
ɥаɜɢɧɨɨɛɪаɡɧɨɦɭ ɪаɡɪɭɲɟɧɢɸ, ɢ ɩɪɢ ɪасчɟɬɟ 
ɪассɦаɬɪɢɜаɥся ɜɟɪɨяɬɧыɦ ɜыхɨɞ ɢɡ сɬɪɨя 
ɤаɤɢх-ɥɢɛɨ ɧɟсɭɳɢх ɷɥɟɦɟɧɬɨɜ ɡɞаɧɢя. 
Сɨɝɥасɧɨ ɤɨɧцɟɩцɢɢ ЭС ɛыɥɢ ɜыɛɪаɧы схɟ-
ɦы ɝɢɩɨɬɟɬɢчɟсɤɢх ɥɨɤаɥɶɧых ɪаɡɪɭɲɟɧɢɣ. 
Даɧɧɨɟ ɡɞаɧɢɟ ɧɟ сɨɞɟɪɠɢɬ ɜɡɪыɜɨɨɩасɧых 
ɩɪɨɢɡɜɨɞсɬɜ, сɤɨɩɥɟɧɢя ɝɨɪɸчɢх ɦаɬɟɪɢа-
ɥɨɜ, а ɬаɤɠɟ ɞɪɭɝɢх ɨɛɴɟɤɬɨɜ ɩɨɜыɲɟɧɧɨɝɨ 
ɪɢсɤа. Пɨɷɬɨɦɭ ɬɢɩы ɥɨɤаɥɶɧых ɪаɡɪɭɲɟɧɢɣ 
ɨɩɪɟɞɟɥɟɧы сɬаɧɞаɪɬɧɨ, ɜ сɨɨɬɜɟɬсɬɜɢɢ с [8]. 
В ɤачɟсɬɜɟ саɦых ɨɩасɧых ɬɢɩɨɜ ɥɨɤаɥɶɧых 
ɪаɡɪɭɲɟɧɢɣ ɪассɦɨɬɪɟɧы ɪаɡɪɭɲɟɧɢя ɥɸɛɨɣ 
ɨɬɞɟɥɶɧɨ сɬɨяɳɟɣ ɤɨɥɨɧɧы ɢ ɨɛɪɭɲɟɧɢɟ 
ɜыɲɟɥɟɠаɳɟɝɨ ɩɟɪɟɤɪыɬɢя ɩɥɨɳаɞɶɸ 80 ɦ2. 
Ɋаɡɪɭɲɟɧɢя ɭчасɬɤɨɜ сɬɟɧ ɥɢɮɬɨɜɨɣ ɲахɬы 
ɢ ɥɟсɬɧɢчɧɨɣ ɤɥɟɬɤɢ ɧɟ ɪассɦаɬɪɢɜаɥɢсɶ ɜ 
ɤачɟсɬɜɟ ɨɩасɧɨɝɨ ɥɨɤаɥɶɧɨɝɨ ɪаɡɪɭɲɟɧɢя, 
ɬаɤ ɤаɤ ɥɟсɬɧɢчɧɨ-ɥɢɮɬɨɜɨɣ ɭɡɟɥ ɨɬɞɟɥɟɧ ɨɬ 
ɨсɧɨɜɧɨɝɨ ɨɛɴɟɦа ɡɞаɧɢя ɞɟɮɨɪɦацɢɨɧɧыɦɢ 
ɲɜаɦɢ ɢ ɧɟ ɭчасɬɜɭɟɬ ɜ ɨɛɟсɩɟчɟɧɢɢ ɟɝɨ ɨɛ-
ɳɟɣ ɭсɬɨɣчɢɜɨсɬɢ. Аɜаɪɢя ɤаɤɨɝɨ-ɥɢɛɨ ɷɥɟ-
ɦɟɧɬа сɜяɡɟɜɨɣ ɮɟɪɦы ɬаɤ ɠɟ ɧɟ ɪассɦаɬɪɢ-
ɜаɥасɶ, ɬаɤ ɤаɤ ɮɟɪɦа ɜɨсɩɪɢɧɢɦаɟɬ ɝɨɪɢ-
ɡɨɧɬаɥɶɧыɟ ɧаɝɪɭɡɤɢ ɢ ɩɟɪɟɞаɟɬ ɢх ɧа ɤаɪ-
ɤас. Пɪɢ ɪасчɟɬɟ ɧа ɩɪɨɝɪɟссɢɪɭɸɳɟɟ ɪаɡ-
ɪɭɲɟɧɢɟ ɭчɢɬыɜаɸɬся ɬɨɥɶɤɨ ɩɨсɬɨяɧɧыɟ ɢ 
ɞɥɢɬɟɥɶɧыɟ ɜɪɟɦɟɧɧыɟ ɧаɝɪɭɡɤɢ (ɜɟɪɬɢɤаɥɶ-
ɧыɟ) ɧаɝɪɭɡɤɢ. Усɢɥɢя ɜ ɷɥɟɦɟɧɬах ɮɟɪɦы 

ɩɪɢ ɞɟɣсɬɜɢɢ ɜɟɪɬɢɤаɥɶɧых ɧаɝɪɭɡɨɤ ɧɢ-
чɬɨɠɧɨ ɦаɥы, ɢ ɢх ɪаɡɪɭɲɟɧɢɟ ɧɟ ɩɪɢɜɟɞɟɬ ɤ 
ɥаɜɢɧɨɨɛɪаɡɧɨɦɭ ɪаɡɪɭɲɟɧɢɸ. 
Выɛɪаɧы ɬɢɩы ɷɬаɠɟɣ, ɧа ɤɨɬɨɪых ɦɨɞɟɥɢ-
ɪɨɜаɥɢсɶ ɪаɡɪɭɲɟɧɢя. Ɋассɦɨɬɪɟɧы ɜсɟ ɨɬ-
ɥɢчаɸɳɢɟся ɞɪɭɝ ɨɬ ɞɪɭɝа ɷɬаɠɢ с ɭчɟɬɨɦ 
ɪаɡɭɦɧɨɣ ɬɢɩɢɡацɢɢ. Таɤɢɦɢ ɬɢɩаɦɢ ɷɬаɠɟɣ 
ɜ ɞаɧɧɨɦ ɡɞаɧɢɢ яɜɥяɸɬся:  
1) 1…7 ɷɬаɠɢ, ɜ ɭɪɨɜɧɟ ɤɨɬɨɪых ɧа ɤɨɥɨɧɧы 
ɤаɪɤаса 38 ɷɬаɠɧɨɣ часɬɢ ɩɨ ɩɟɪɢɦɟɬɪɭ 
ɲаɪɧɢɪɧɨ ɨɩɢɪаɸɬся ɛаɥɤɢ ɤаɪɤаса сɬɢɥɨ-
ɛаɬɧɨɣ часɬɢ, чɟɦ сɨɡɞаɸɬ ɛɨɥɶɲɢɟ ɞɨɩɨɥ-
ɧɢɬɟɥɶɧыɟ ɧаɝɪɭɡɤɢ;  
2) ɬɢɩɨɜыɟ 8…20, 22…35 ɷɬаɠɢ  
3) 21-ɣ ɬɟхɧɢчɟсɤɢɣ ɷɬаɠ, ɨɬɥɢчаɸɳɢɣся ɨɬ 
ɬɢɩɨɜɨɝɨ ɛɨɥɶɲɢɦɢ ɧаɝɪɭɡɤаɦɢ ɨɬ ɨɛɨɪɭɞɨ-
ɜаɧɢя;  
4) 36…38 ɷɬаɠɢ, ɢɦɟɸɳɢɟ ɬɪɟɭɝɨɥɶɧɭɸ 
ɮɨɪɦɭ ɜ ɩɥаɧɟ. 
Сɨɝɥасɧɨ ɤɨɧцɟɩцɢɢ ɷɤсɩɟɪɬɧɨɣ сɢсɬɟɦы 
ɨɩɪɟɞɟɥɟɧы ɧаɢɛɨɥɟɟ ɨɩасɧыɟ ɦɟсɬа ɪасɩɨ-
ɥɨɠɟɧɢя ɥɨɤаɥɶɧых ɪаɡɪɭɲɟɧɢɣ ɧа ɷɬаɠах. 
Сɦɨɞɟɥɢɪɨɜаɧы ɪаɡɪɭɲɟɧɢя ɜсɟх чɟɬыɪɟх 
ɭɝɥɨɜых ɤɨɥɨɧɧ ɡɞаɧɢя, ɬаɤ ɤаɤ ɧа ɪаɡɧых 
ɭɝɥах ɩɟɪɟɤɪыɬɢя ɡаɩɪɨɟɤɬɢɪɨɜаɧы ɪаɡɥɢч-
ɧыɟ ɤɨɧсɨɥɢ, ɢ ɪаɡɪɭɲɟɧɢɟ ɭɝɥɨɜɨɣ ɤɨɥɨɧɧы 
ɧаɢɛɨɥɟɟ ɨɩасɧɨ. Таɤɠɟ ɪассɦɨɬɪɟɧы ɧɟ-
сɤɨɥɶɤɨ ɪаɡɪɭɲɟɧɢɣ сɪɟɞɧɟɣ ɤɨɥɨɧɧы ɡɞа-
ɧɢя ɢ ɤɪаɣɧɢх ɤɨɥɨɧɧ ɩɨ ɩɟɪɢɦɟɬɪɭ ɡɞаɧɢя ɜ 
ɦɟсɬах ɧаɢɛɨɥɶɲɢх ɤɨɧсɨɥɶɧых ɜысɬɭɩɨɜ 
ɩɟɪɟɤɪыɬɢɣ. Ɉɛɪɭɲɟɧɢɟ ɭчасɬɤа ɜыɲɟɥɟ-
ɠаɳɟɝɨ ɩɟɪɟɤɪыɬɢя ɦɨɞɟɥɢɪɨɜаɥɨсɶ ɜ ɤɪаɣ-
ɧɟɦ ɩɪɨɥɟɬɟ ɢ ɜ ɦɟсɬах ɧаɢɛɨɥɶɲɢх ɤɨɧсɨ-
ɥɟɣ ɩɟɪɟɤɪыɬɢя. 
Ɉɩɪɟɞɟɥɟɧы ɧаɝɪɭɡɤɢ ɩɪɢ ɪасчɟɬɟ ɡɞаɧɢя ɧа 
аɜаɪɢɣɧɨɣ сɬаɞɢɢ. В сɨɨɬɜɟɬсɬɜɢɢ с [8], ɪас-
чɟɬ с ɭчɟɬɨɦ ɥɨɤаɥɶɧых ɪаɡɪɭɲɟɧɢɣ ɩɪɨɢɡ-
ɜɟɞёɧ ɧа ɨсɨɛɨɟ сɨчɟɬаɧɢɟ ɧаɝɪɭɡɨɤ, ɤɨɬɨɪɨɟ 
ɜɤɥɸчаɟɬ ɩɨсɬɨяɧɧыɟ ɧаɝɪɭɡɤɢ с ɢх ɧɨɪɦа-
ɬɢɜɧыɦ ɡɧачɟɧɢɟɦ, ɞɥɢɬɟɥɶɧыɟ ɜɪɟɦɟɧɧыɟ 
ɧаɝɪɭɡɤɢ (ɜɪɟɦɟɧɧыɟ ɧаɝɪɭɡɤɢ с ɩɨɧɢɠɟɧ-
ɧыɦɢ ɧɨɪɦаɬɢɜɧыɦɢ ɡɧачɟɧɢяɦɢ) ɢ ɨɞɧɨ 
аɜаɪɢɣɧɨɟ ɜɨɡɞɟɣсɬɜɢɟ. Кɨɷɮɮɢцɢɟɧɬ сɨчɟ-
ɬаɧɢя ɜсɟх ɧаɝɪɭɡɨɤ ɪаɜɟɧ ɟɞɢɧɢцɟ. 
Ɋасчɟɬы ɤаɪɤаса ɡɞаɧɢя ɧа ɭсɬɨɣчɢɜɨсɬɶ 
ɩɪɨɬɢɜ ɩɪɨɝɪɟссɢɪɭɸɳɟɝɨ ɪаɡɪɭɲɟɧɢя ɜы-
ɩɨɥɧɟɧы с ɩɨɦɨɳɶɸ ɩɪɨɝɪаɦɦɧɨɝɨ ɤɨɦɩɥɟɤ-
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са “Лɢɪа 9.4”. Дɥя ɩɪɨɜɟɪɤɢ ɜɟɪɬɢɤаɥɶɧых 
ɷɥɟɦɟɧɬɨɜ ɤаɪɤаса (ɤɨɥɨɧɧ) ɩɨсɬɪɨɟɧа ɪас-
чɟɬɧая схɟɦа ɤаɪɤаса ɡɞаɧɢя, ɩɪɨɢɡɜɟɞɟɧ 
сɬаɬɢчɟсɤɢɣ ɪасчɟɬ ɡɞаɧɢя ɧа ɪасчɟɬɧыɟ ɷɤс-
ɩɥɭаɬацɢɨɧɧыɟ ɧаɝɪɭɡɤɢ ɢ ɨɩɪɟɞɟɥɟɧы ɭсɢ-
ɥɢя ɜ ɷɥɟɦɟɧɬах ɧа сɬаɞɢɢ ɷɤсɩɥɭаɬацɢɢ. Ɂа-
ɬɟɦ ɜыɩɨɥɧɟɧы ɪасчɟɬы, ɦɨɞɟɥɢɪɭɸɳɢɟ ɥɨ-
ɤаɥɶɧыɟ ɪаɡɪɭɲɟɧɢя ɧɟсɭɳɢх ɤɨɧсɬɪɭɤцɢɣ 
ɤаɪɤаса.  
 Пɨ ɥɨɝɢɤɟ ɷɤсɩɟɪɬɧɨɣ сɢсɬɟɦы ɞɥя ɜсɟх ɜы-
ɛɪаɧɧых схɟɦ ɥɨɤаɥɶɧɨɝɨ ɪаɡɪɭɲɟɧɢя ɩɨ-
сɥɟɞɨɜаɬɟɥɶɧɨ ɜыɩɨɥɧɟɧы сɬаɬɢчɟсɤɢɟ ɪас-
чɟɬы ɡɞаɧɢя ɧа ɨсɨɛɨɟ сɨчɟɬаɧɢɟ ɧаɝɪɭɡɨɤ ɢ 
ɨɩɪɟɞɟɥɟɧы ɭсɢɥɢя ɜ ɷɥɟɦɟɧɬах. Усɢɥɢя ɜ 
ɨɬɞɟɥɶɧых ɤɨɧсɬɪɭɤɬɢɜɧых ɷɥɟɦɟɧɬах, ɩɨ-
ɥɭчɟɧɧыɟ ɧа ɨсɧɨɜаɧɢɢ сɬаɬɢчɟсɤɢх ɪасчɟ-
ɬɨɜ с ɭчɟɬɨɦ ɥɨɤаɥɶɧых ɪаɡɪɭɲɟɧɢɣ, сɪаɜ-
ɧɢɜаɥɢсɶ с ɭсɢɥɢяɦɢ, ɩɨɥɭчɟɧɧыɦɢ ɢɡ сɬа-
ɬɢчɟсɤɨɝɨ ɪасчɟɬа ɛɟɡ ɭчɟɬа ɥɨɤаɥɶɧых ɪаɡ-
ɪɭɲɟɧɢɣ. ȿсɥɢ ɜ ɤаɤɨɦ-ɥɢɛɨ ɷɥɟɦɟɧɬɟ ɩɪɨ-
ɢсхɨɞɢɬ ɭɜɟɥɢчɟɧɢɟ ɭсɢɥɢɣ, ɬɨ ɬɪɟɛɭɟɬся 
ɜыɩɨɥɧɢɬɶ ɩɪɨɜɟɪɤɭ ɟɝɨ ɩɪɨчɧɨсɬɢ ɢ ɩɪɢ 
ɧɟɨɛхɨɞɢɦɨсɬɢ ɭсɢɥɢɬɶ ɤɨɧсɬɪɭɤцɢɸ. 
Дɥя ɩɪɨɜɟɪɤɢ ɝɨɪɢɡɨɧɬаɥɶɧых ɧɟсɭɳɢх ɤɨɧ-
сɬɪɭɤцɢɣ (ɩɟɪɟɤɪыɬɢɣ) ɛыɥɢ сɨɡɞаɧы ɨɬ-
ɞɟɥɶɧыɟ ɪасчɟɬɧыɟ ɦɨɞɟɥɢ чɟɬыɪɟх ɬɢɩɨɜ 
ɷɬаɠɟɣ ɜ ɮɢɡɢчɟсɤɢ ɧɟɥɢɧɟɣɧɨɣ ɩɨсɬаɧɨɜɤɟ. 
В ɪасчɟɬɧɭɸ ɦɨɞɟɥɶ ɷɬаɠа ɜхɨɞяɬ ɤɨɥɨɧɧы 
ɩɪɨɜɟɪяɟɦɨɝɨ ɷɬаɠа ɢ ɩɟɪɟɤɪыɬɢɟ ɧаɞ ɧɢɦɢ 
(ɩɟɪɟɤɪыɬɢɟ ɧаɞ ɷɬаɠɨɦ). Пɪɢ ɭɞаɥɟɧɢɢ ɤа-
ɤɨɝɨ-ɥɢɛɨ ɧɟсɭɳɟɝɨ ɷɥɟɦɟɧɬа (ɪаɡɪɭɲɟɧɢɢ 
ɤɨɥɨɧɧы) ɩɨɥɭчаɟɦ схɟɦɭ, ɩɨ ɤɨɬɨɪɨɣ ɪаɛɨ-
ɬаɟɬ ɤаɠɞыɣ ɷɬаɠ ɜɨ ɜɪɟɦя ɥɨɤаɥɶɧɨɝɨ ɪаɡ-
ɪɭɲɟɧɢя. 
На ɩɥɢɬɭ ɩɟɪɟɤɪыɬɢя ɞɟɣсɬɜɭɟɬ ɩɨсɬɨяɧɧая 
ɢ ɞɥɢɬɟɥɶɧая ɜɪɟɦɟɧɧая ɧаɝɪɭɡɤа с ɧɨɪɦа-
ɬɢɜɧыɦɢ ɡɧачɟɧɢяɦɢ. Дɥя ɤаɠɞɨɣ ɢɡ ɜы-
ɛɪаɧɧых схɟɦ ɥɨɤаɥɶɧых ɪаɡɪɭɲɟɧɢɣ ɤɨɪ-
ɪɟɤɬɢɪɨɜаɥасɶ ɪасчɟɬɧая схɟɦа ɩɟɪɟɤɪыɬɢя. 
Мɨɞɟɥɢɪɨɜаɥɨсɶ ɢɥɢ ɪаɡɪɭɲɟɧɢɟ ɜɟɪɬɢɤаɥɶ-
ɧɨɝɨ ɧɟсɭɳɟɝɨ ɷɥɟɦɟɧɬа, ɢɥɢ ɨɛɪɭɲɟɧɢɟ 
ɭчасɬɤа ɜыɲɟɥɟɠаɳɟɝɨ ɩɟɪɟɤɪыɬɢя. Наɝɪɭɡ-
ɤа ɩɪɢɤɥаɞыɜаɥасɶ ɩɨɲаɝɨɜɨ, ɨɛɳɟɟ ɤɨɥɢчɟ-
сɬɜɨ ɲаɝɨɜ – 10 (ɧа ɤаɠɞɨɦ ɲаɝɟ ɩɪɢɤɥаɞы-
ɜаɥɨсɶ 10% ɩɨɥɧɨɣ ɧаɝɪɭɡɤɢ, ɩɨсɥɟ чɟɝɨ 
ɩɪɨɢсхɨɞɢɥɨ ɩɟɪɟɨɩɪɟɞɟɥɟɧɢɟ ɦɨɞɭɥя ɞɟ-
ɮɨɪɦацɢɢ ɦаɬɟɪɢаɥа). 

ȿсɥɢ ɧаɝɪɭɡɤа ɛыɥа ɩɪɢɥɨɠɟɧа ɩɨɥɧɨсɬɶɸ ɢ 
ɜ сɢсɬɟɦɟ ɧɟ ɩɪɨɢɡɨɲɥɨ ɪаɡɪɭɲɟɧɢɣ, ɬɨ ɷɬаɠ 
(а ɡɧачɢɬ, ɢ ɜсɟ ɡɞаɧɢɟ) ɡаɳɢɳɟɧɨ ɨɬ ɩɪɨ-
ɝɪɟссɢɪɭɸɳɟɝɨ ɪаɡɪɭɲɟɧɢя ɩɪɢ ɞаɧɧɨɦ ɥɨ-
ɤаɥɶɧɨɦ ɪаɡɪɭɲɟɧɢɢ. ȿсɥɢ ɧа ɤаɤɨɦ-ɬɨ ɲаɝɟ 
ɩɪɢɥɨɠɟɧɢя ɧаɝɪɭɡɤɢ сɢсɬɟɦа ɪаɡɪɭɲаɟɬся 
(сɬаɧɨɜɢɬся ɦɟхаɧɢɡɦɨɦ), ɩɟɪɟɤɪыɬɢɟ ɧɟ ɡа-
ɳɢɳɟɧɨ ɨɬ ɞаɧɧɨɝɨ аɜаɪɢɣɧɨɝɨ ɜɨɡɞɟɣсɬɜɢя, 
чɬɨ ɦɨɠɟɬ ɩɪɢɜɟсɬɢ ɤ ɩɪɨɝɪɟссɢɪɭɸɳɟɦɭ 
ɪаɡɪɭɲɟɧɢɸ.  
Пɨ ɪɟɡɭɥɶɬаɬаɦ ɪасчɟɬɨɜ ɜыяɜɥɟɧɨ, чɬɨ ɜы-
ɛɪаɧɧыɟ ɥɨɤаɥɶɧыɟ ɪаɡɪɭɲɟɧɢя ɧɟ ɩɪɢɜɨɞяɬ 
ɤ ɨɛɪɭɲɟɧɢɸ сɨсɟɞɧɢх ɜɟɪɬɢɤаɥɶɧых ɤɨɧсɬ-
ɪɭɤцɢɣ ɢ ɥаɜɢɧɨɨɛɪаɡɧɨɦɭ ɪаɡɪɭɲɟɧɢɸ ɡɞа-
ɧɢя. Наɢɛɨɥɟɟ ɧɟɛɥаɝɨɩɪɢяɬɧыɦɢ схɟɦаɦɢ 
ɥɨɤаɥɶɧых ɪаɡɪɭɲɟɧɢɣ ɞɥя ɜɟɪɬɢɤаɥɶɧых 
ɧɟсɭɳɢх ɷɥɟɦɟɧɬɨɜ яɜɥяɸɬся ɪаɡɪɭɲɟɧɢя 
ɤɨɥɨɧɧ ɩɨ ɩɟɪɢɦɟɬɪɭ ɡɞаɧɢя, ɨсɨɛɟɧɧɨ ɭɝɥɨ-
ɜых ɤɨɥɨɧɧ. Уɦɟɧɶɲɟɧɢɟ ɭсɢɥɢɣ ɜ ɤɨɥɨɧɧах, 
ɪасɩɨɥɨɠɟɧɧых ɛɥɢɡɤɨ ɤ ɥɨɤаɥɶɧɨɦɭ ɪаɡɪɭ-
ɲɟɧɢɸ, ɩɨ сɪаɜɧɟɧɢɸ с ɭсɢɥɢяɦɢ ɨɬ ɪасчɟɬ-
ɧɨɣ ɷɤсɩɥɭаɬацɢɨɧɧɨɣ ɧаɝɪɭɡɤɢ сɨсɬаɜɥяɟɬ: 
ɩɪɢ ɪаɡɪɭɲɟɧɢɢ ɭɝɥɨɜых ɤɨɥɨɧɧ 1%…3%, 
ɩɪɢ ɪаɡɪɭɲɟɧɢɢ ɤɪаɣɧɢх ɤɨɥɨɧɧ ɩɨ ɩɟɪɢ-
ɦɟɬɪɭ ɡɞаɧɢя 2%…5%, ɩɪɢ ɪаɡɪɭɲɟɧɢɢ 
сɪɟɞɧɢх ɤɨɥɨɧɧ ɜɧɭɬɪɢ ɡɞаɧɢя 9%...16%. Тɨ 
ɟсɬɶ ɭсɢɥɢя ɜ ɜɟɪɬɢɤаɥɶɧых ɷɥɟɦɟɧɬах ɩɪɢ 
аɜаɪɢɣɧɨɦ ɜɨɡɞɟɣсɬɜɢɢ ɨɤаɡыɜаɸɬся ɦɟɧɶɲɟ 
ɷɤсɩɥɭаɬацɢɨɧɧых ɭсɢɥɢɣ. В ɤɨɥɨɧɧах, ɧа-
хɨɞяɳɢхся ɞаɥɟɤɨ ɨɬ ɥɨɤаɥɶɧɨɝɨ ɪаɡɪɭɲɟ-
ɧɢя, аɜаɪɢɣɧыɟ ɭсɢɥɢя ɦɟɧɶɲɟ ɷɤсɩɥɭаɬацɢ-
ɨɧɧых ɧа 27%…33%. 
Пɪɢ ɪаɡɪɭɲɟɧɢɢ ɤаɤɨɣ-ɥɢɛɨ ɤɨɥɨɧɧы ɧа-
ɝɪɭɡɤа, ɤɨɬɨɪɭɸ ɨɧа ɪаɧɟɟ ɜɨсɩɪɢɧɢɦаɥа, 
ɪасɩɪɟɞɟɥяɟɬся ɧа сɨсɟɞɧɢɟ с ɧɟɣ ɤɨɥɨɧɧы, 
ɤɨɬɨɪыɟ ɩɪɢɧɢɦаɸɬ ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɭсɢɥɢɟ. 
Нɨ ɩɪɢ ɪасчɟɬɟ ɧа сɬаɞɢɢ ɷɤсɩɥɭаɬацɢɢ ɡɞа-
ɧɢɟ ɩɪɨɜɟɪяɟɬся ɧа ɜɨɡɞɟɣсɬɜɢɟ ɜсɟх ɩɨсɬɨ-
яɧɧых, ɜɪɟɦɟɧɧых ɞɥɢɬɟɥɶɧых ɢ ɤɪаɬɤɨɜɪɟ-
ɦɟɧɧых ɧаɝɪɭɡɨɤ с ɤɨɷɮɮɢцɢɟɧɬаɦɢ ɧаɞɟɠ-
ɧɨсɬɢ ɛɨɥɶɲɟ ɟɞɢɧɢцы. На сɬаɞɢɢ аɜаɪɢɢ 
ɡɞаɧɢɟ ɪассчɢɬыɜаɟɬся ɩɪɢ ɜɨɡɞɟɣсɬɜɢɢ 
ɬɨɥɶɤɨ ɩɨсɬɨяɧɧых ɢ ɞɥɢɬɟɥɶɧых ɜɪɟɦɟɧɧых 
ɧаɝɪɭɡɨɤ с ɤɨɷɮɮɢцɢɟɧɬаɦɢ ɧаɞɟɠɧɨсɬɢ, 
ɪаɜɧыɦɢ ɟɞɢɧɢцɟ. Пɪɢ аɜаɪɢɢ ɭ ɤɨɥɨɧɧ, 
ɛɥɢɡɤɨ ɪасɩɨɥɨɠɟɧɧых ɤ ɥɨɤаɥɶɧɨɦɭ ɪаɡɪɭ-
ɲɟɧɢɸ, ɭɜɟɥɢчɢɜаɟɬся ɝɪɭɡɨɜая ɩɥɨɳаɞɶ, ɧа 
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ɧɢх ɩɟɪɟɞаɟɬся ɧаɝɪɭɡɤа, ɪаɧɟɟ ɜɨсɩɪɢɧɢ-
ɦаɜɲаяся ɪаɡɪɭɲɟɧɧыɦɢ ɷɥɟɦɟɧɬаɦɢ. Нɨ 
ɡɧачɟɧɢɟ ɧаɝɪɭɡɤɢ ɡɧачɢɬɟɥɶɧɨ ɦɟɧɶɲɟ 
(1275 ɤɝ/ɦ2 ɧа сɬаɞɢɢ ɷɤсɩɥɭаɬацɢɢ ɢ 865 
ɤɝ/ɦ2 ɩɪɢ аɜаɪɢɣɧɨɦ ɜɨɡɞɟɣсɬɜɢɢ). Пɨɷɬɨɦɭ 
ɭсɢɥɢя ɜ ɤɨɥɨɧɧах ɡачасɬɭɸ ɨɤаɡыɜаɸɬся 
ɦɟɧɶɲɟ. 
Таɤɢɦ ɨɛɪаɡɨɦ, ɜɟɪɬɢɤаɥɶɧыɟ ɷɥɟɦɟɧɬы ɤаɪ-
ɤаса ɡаɳɢɳɟɧы ɨɬ ɩɪɨɝɪɟссɢɪɭɸɳɟɝɨ ɨɛɪɭ-
ɲɟɧɢя. 
Ɋасчɟɬы ɩɨɤаɡаɥɢ, чɬɨ ɨɛɪɭɲɟɧɢɟ ɜыɲɟɥɟ-
ɠаɳɟɝɨ ɭчасɬɤа ɩɟɪɟɤɪыɬɢя ɩɥɨɳаɞɶɸ 80 ɦ2 
ɧɟ яɜɥяɟɬся ɨɩасɧɨɣ схɟɦɨɣ ɥɨɤаɥɶɧых ɪаɡ-
ɪɭɲɟɧɢɣ. Усɢɥɢя ɜ ɷɥɟɦɟɧɬах ɩɟɪɟɤɪыɬɢя ɧɟ 
ɩɪɟɜыɲаɸɬ ɞɨɩɭсɬɢɦых. Выяɜɥɟɧɨ, чɬɨ ɤɨɧ-
сɬɪɭɤцɢɢ ɩɟɪɟɤɪыɬɢɣ ɧɟ ɡаɳɢɳɟɧы ɨɬ ɩɪɨ-
ɝɪɟссɢɪɭɸɳɟɝɨ ɪаɡɪɭɲɟɧɢя ɩɪɢ ɪаɡɪɭɲɟɧɢɢ 
ɨɬɞɟɥɶɧɨ сɬɨяɳɢх ɤɨɥɨɧɧ. Эɬɨ ɨɛɴясɧяɟɬся, 
ɜ ɩɟɪɜɭɸ ɨчɟɪɟɞɶ, ɲаɪɧɢɪɧыɦ ɨɩɢɪаɧɢɟɦ 
ɛаɥɨɤ ɩɟɪɟɤɪыɬɢɣ ɧа ɤɨɥɨɧɧы, ɩɪɟɞɭсɦɨɬ-
ɪɟɧɧыɦ ɜ ɩɪɨɟɤɬɟ. Пɪɢ ɜыхɨɞɟ ɢɡ ɪаɛɨɬы ɤа-
ɤɨɝɨ-ɥɢɛɨ ɜɟɪɬɢɤаɥɶɧɨɝɨ ɷɥɟɦɟɧɬа ɲаɪɧɢɪɧɨ 
ɨɩɟɪɬыɟ ɛаɥɤɢ ɩɪɟɜɪаɳаɸɬся ɜ ɦɟхаɧɢɡɦ, 
чɬɨ ɩɪɢɜɨɞɢɬ ɤ ɩɪɨɝɪɟссɢɪɭɸɳɟɦɭ ɪаɡɪɭɲɟ-
ɧɢɸ. ɀɟсɬɤɨ сɨɩɪяɠɟɧɧыɟ с ɤɨɥɨɧɧаɦɢ ɪɢ-
ɝɟɥɢ ɦɨɝɭɬ ɩɪɨɞɨɥɠаɬɶ ɷɮɮɟɤɬɢɜɧɨ ɪаɛɨɬаɬɶ 
ɩɪɢ ɨɛɪаɡɨɜаɧɢɢ ɜ сɢсɬɟɦɟ ɛɨɥɶɲɢх ɩɪɨɥɟ-
ɬɨɜ ɢ ɩɨяɜɥɟɧɢɢ ɤɨɧсɨɥɟɣ. 
Пɪɢ ɜыхɨɞɟ ɢɡ сɬɪɨя ɤаɤɨɣ-ɥɢɛɨ ɤɨɥɨɧɧы 
ɢɡɦɟɧяɟɬся схɟɦа ɪаɛɨɬы ɩɟɪɟɤɪыɬɢя, ɩɪɨ-
ɥɟɬы ɭɜɟɥɢчɢɜаɸɬся ɜ ɞɜа ɪаɡа, ɥɢɛɨ ɨɛɪа-
ɡɭɸɬся ɛɨɥɶɲɢɟ ɤɨɧсɨɥɢ (ɩɪɢ ɪаɡɪɭɲɟɧɢɢ 
ɭɝɥɨɜых ɤɨɥɨɧɧ). В ɦɟсɬах ɧаɢɛɨɥɶɲɢх ɧа-
ɩɪяɠɟɧɢɣ ɨɛɪаɡɭɸɬся ɩɥасɬɢчɟсɤɢɟ ɲаɪɧɢ-
ɪы.  Каɤ ɢ ɩɪɟɞɩɨɥаɝаɥɨсɶ, ɪасчɟɬы ɩɨɤаɡа-
ɥɢ, чɬɨ саɦыɦɢ ɨɩасɧыɦɢ схɟɦаɦɢ ɥɨɤаɥɶ-
ɧых ɪаɡɪɭɲɟɧɢɣ яɜɥяɸɬся ɪаɡɪɭɲɟɧɢя ɭɝɥɨ-
ɜых ɤɨɥɨɧɧ ɡɞаɧɢя. Эɬɨ ɨɛɴясɧяɟɬся ɬɟɦ, чɬɨ 
ɩɪɢ ɬаɤɨɣ схɟɦɟ ɪаɡɪɭɲɟɧɢя ɜ ɩɟɪɟɤɪыɬɢɢ 
ɨɛɪаɡɭɟɬся ɧɟɛɨɥɶɲая ɨɛɥасɬɶ ɪаɡɜɢɬɢя ɩɥа-
сɬɢчɟсɤɢх ɲаɪɧɢɪɨɜ. Пɪɢ ɪаɡɪɭɲɟɧɢɢ ɤɪаɣ-
ɧɟɣ ɤɨɥɨɧɧы ɩɨ ɩɟɪɢɦɟɬɪɭ ɡɞаɧɢя, а ɬɟɦ ɛɨ-
ɥɟɟ сɪɟɞɧɟɣ ɤɨɥɨɧɧы, ɨɛɳая ɨɛɥасɬɶ ɪаɡɜɢ-
ɬɢя ɩɥасɬɢчɟсɤɢх ɲаɪɧɢɪɨɜ ɜ ɩɟɪɟɤɪыɬɢɢ 
ɜɟɥɢɤа, чɬɨ ɩɨɡɜɨɥяɟɬ ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɨ сɨ-
ɩɪɨɬɢɜɥяɬɶся ɪаɡɪɭɲɟɧɢɸ ɢ ɩɪɢɜɨɞɢɬ ɤ 
ɦɟɧɶɲɢɦ ɧаɩɪяɠɟɧɢяɦ. 

Сɨɝɥасɧɨ ɤɨɧцɟɩцɢɢ ɷɤсɩɟɪɬɧɨɣ сɢсɬɟɦы 
ɛыɥ ɪаɡɪаɛɨɬаɧ ɩɪɨɟɤɬ ɭсɢɥɟɧɢя ɤɨɧсɬɪɭɤ-
цɢɣ ɞɥя ɡаɳɢɬы ɩɟɪɟɤɪыɬɢɣ ɨɬ ɩɪɨɝɪɟссɢ-
ɪɭɸɳɟɝɨ ɪаɡɪɭɲɟɧɢя. Сɨɝɥасɧɨ [8] ɛыɥɨ 
ɩɪɟɞɭсɦɨɬɪɟɧɨ ɠɟсɬɤɨɟ сɨɩɪяɠɟɧɢɟ ɪɢɝɟɥɟɣ 
с ɤɨɥɨɧɧаɦɢ. Кɪɨɦɟ ɬɨɝɨ, ɩɨɬɪɟɛɨɜаɥɨсɶ 
ɭɜɟɥɢчɢɬɶ аɪɦɢɪɨɜаɧɢɟ ɩɥɨсɤɨɣ часɬɢ ɩɟɪɟ-
ɤɪыɬɢя. В ɩɪɨɟɤɬɟ ɛыɥа ɩɪɟɞɭсɦɨɬɪɟɧа 
ɜɟɪхɧяя ɮɨɧɨɜая аɪɦаɬɭɪа, ɧɟɩɪɟɪыɜɧая ɩɨ 
ɜсɟɣ ɩɥɨɳаɞɢ ɩɥɢɬы Ø5 В500 (Вɪ-I) с ɲаɝɨɦ 
400 ɦɦ ɜ ɨɛɨɢх ɧаɩɪаɜɥɟɧɢях. ȿɟ ɡаɦɟɧɢɥɢ 
ɧа Ø10 А400 (А-III) с ɲаɝɨɦ 200 ɦɦ ɜ ɨɛɨɢх 
ɧаɩɪаɜɥɟɧɢях. Шаɝ ɧɢɠɧɟɣ ɮɨɧɨɜɨɣ аɪɦаɬɭ-
ɪы - ɩɨ ɩɟɪɜɨɧачаɥɶɧɨɦɭ ɩɪɨɟɤɬɭ Ø10 А400 
(А-III) с ɲаɝɨɦ 400 ɦɦ - ɬаɤɠɟ ɭɦɟɧɶɲɢɥɢ ɞɨ 
200 ɦɦ, ɬаɤ ɤаɤ ɩɪɢ ɨɬɤаɡɟ ɤаɤɨɣ- ɥɢɛɨ ɤɨ-
ɥɨɧɧы ɢɥɢ ɩɪɢ ɧɟɪаɜɧɨɦɟɪɧɨɣ ɨсаɞɤɟ ɤɨɧсɬ-
ɪɭɤцɢɣ ɜ ɨɛɥасɬɢ ɤɨɥɨɧɧы ɦɨɠɟɬ ɩɨɬɪɟɛɨ-
ɜаɬɶся ɭсɢɥɟɧɧɨɟ ɧɢɠɧɟɟ аɪɦɢɪɨɜаɧɢɟ. На 
ɭɝɥɨɜых ɭчасɬɤах ɩɟɪɟɤɪыɬɢɣ ɩɨɬɪɟɛɨɜаɥɨсɶ 
ɬаɤɠɟ ɭсɢɥɢɬɶ ɦɟсɬɧɨɟ аɪɦɢɪɨɜаɧɢɟ. 
Таɤɠɟ ɛыɥ ɩɪɟɞɭсɦɨɬɪɟɧ ɪяɞ ɤɨɧсɬɪɭɤɬɢɜ-
ɧых ɦɟɪɨɩɪɢяɬɢɣ, ɩɪɟɩяɬсɬɜɭɸɳɢх ɩɪɨɝɪɟс-
сɢɪɭɸɳɟɦɭ ɪаɡɪɭɲɟɧɢɸ. Таɤ, аɧɤɟɪɨɜɤа 
ɧɢɠɧɟɣ аɪɦаɬɭɪы ɜ ɪаɣɨɧɟ ɨɛɟɬɨɧɢɪɨɜаɧɧых 
ɛаɥɨɤ ɨсɭɳɟсɬɜɥяɟɬся ɧа сɜаɪɤɟ (ɪɢс.2). 
 

 
Ɋɢс.2. Кɨɧсɬɪɭɤɬɢɜɧыɟ ɦɟɪɨɩɪɢяɬɢя, ɩɪɟ-
ɩяɬсɬɜɭɸɳɢɟ ɥаɜɢɧɨɨɛɪаɡɧɨɦɭ ɪаɡɪɭɲɟɧɢɸ 

ɪассɦаɬɪɢɜаɟɦɨɝɨ ɡɞаɧɢя 
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Пɪɨɟɤɬ ɞаɧɧɨɝɨ ɬɨɪɝɨɜɨ-ɞɟɥɨɜɨɝɨ цɟɧɬɪа 
ɛыɥ ɨɬɤɨɪɪɟɤɬɢɪɨɜаɧ с ɭчɟɬɨɦ ɡаɦɟчаɧɢɣ, 
ɜыяɜɥɟɧɧых ɜ хɨɞɟ ɪасчɟɬа. В ɧасɬɨяɳɟɟ 
ɜɪɟɦя ɡɞаɧɢɟ ɧахɨɞɢɬся ɜ сɬаɞɢɢ сɬɪɨɢɬɟɥɶ-
сɬɜа. 
Таɤɢɦ ɨɛɪаɡɨɦ, ɡаɥɨɠɟɧɧыɟ ɜ ЭС ɡɧаɧɢя 
ɷɤсɩɟɪɬɨɜ ɩɨ ɪасчɟɬɭ ɡɞаɧɢɣ с ɭчɟɬɨɦ ɩɪɨ-
ɝɪɟссɢɪɭɸɳɟɝɨ ɪаɡɪɭɲɟɧɢя, ɩɨɡɜɨɥяɬ ɩɨɜы-
сɢɬɶ ɤачɟсɬɜɨ ɩɪɨɟɤɬɢɪɨɜаɧɢя, ɢ, ɤаɤ сɥɟɞсɬ-
ɜɢɟ, ɧаɞɟɠɧɨсɬɶ ɤɨɧсɬɪɭɤцɢɣ. В ɩɪɨцɟссɟ 
ɪаɛɨɬы ɩɨɥɶɡɨɜаɬɟɥя с ЭС, ɩɨсɥɟɞɧяя ɨɛɨɛ-
ɳаɟɬ ɧаɤɨɩɥɟɧɧыɟ ɡɧаɧɢя ɜ сɜɨɟɣ ɛаɡɟ ɢ 
ɩɪɟɞɥаɝаɟɬ ɩɨɥɶɡɨɜаɬɟɥɸ ɪацɢɨɧаɥɶɧыɟ ɩɭɬɢ 
ɪɟɲɟɧɢя ɩɨсɬаɜɥɟɧɧɨɣ ɡаɞачɢ, ɩɪɢɜɨɞя цɟ-
ɩɨчɤɭ ɪассɭɠɞɟɧɢɣ ɢ ссыɥɤɢ ɧа ɩаɪаɝɪаɮы 
ɧɨɪɦаɬɢɜɧɨɣ ɞɨɤɭɦɟɧɬацɢɢ. Пɭɬɟɦ ɢсɩɨɥɶ-
ɡɨɜаɧɢя ɦɨɞɭɥя ɨɩɬɢɦɢɡацɢɢ ɧа ɨсɧɨɜɟ ɝɟɧɟ-
ɬɢчɟсɤɨɝɨ аɥɝɨɪɢɬɦа, ɦɨɠɟɬ ɛыɬɶ ɪɟɲɟɧа 
ɡаɞача ɧахɨɠɞɟɧɢя ɨɩɬɢɦаɥɶɧых, ɥɢɛɨ ɛɥɢɡ-
ɤɢх ɤ ɨɩɬɢɦаɥɶɧыɦ ɩаɪаɦɟɬɪɨɜ сɟчɟɧɢɣ ɨɩ-
ɬɢɦɢɡɢɪɭɟɦых ɷɥɟɦɟɧɬɨɜ ɤɨɧсɬɪɭɤцɢɢ. 
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АɇɇɈɌАɐɂə: В сɬаɬɶɟ ɪассɦаɬɪɢɜаɟɬся ɨсɟсɢɦɦɟɬɪɢчɧая ɩɥɨсɤая ɡаɞача ɬɟɨɪɢɢ ɭɩɪɭɝɨсɬɢ ɧɟɨɞɧɨ-
ɪɨɞɧых ɬɟɥ ɞɥя ɬɨɥсɬɨсɬɟɧɧɨɝɨ цɢɥɢɧɞɪа, ɧахɨɞяɳɟɝɨся ɩɨɞ ɞɟɣсɬɜɢɟɦ ɜɧɟɲɧɟɝɨ ɞаɜɥɟɧɢя ɢ сɬацɢɨɧаɪ-
ɧɨɝɨ ɬɟɦɩɟɪаɬɭɪɧɨɝɨ ɩɨɥя. Сɭɬɶ ɨɛɪаɬɧɨɣ ɡаɞачɢ ɡаɤɥɸчаɟɬся ɜ ɨɩɪɟɞɟɥɟɧɢɢ ɬаɤɨɣ ɡаɜɢсɢɦɨсɬɢ ɦɨɞɭɥя 
ɭɩɪɭɝɨсɬɢ ɨɬ ɪаɞɢɭса, ɩɪɢ ɤɨɬɨɪɨɣ ɧаɩɪяɠɟɧɧɨɟ сɨсɬɨяɧɢɟ цɢɥɢɧɞɪа ɛɭɞɟɬ ɡаɞаɧɧыɦ. 
 

Ключевые словɚ: ɨɛɪаɬɧая ɡаɞача ɬɟɨɪɢɢ ɭɩɪɭɝɨсɬɢ, ɩɥɨсɤɨɟ ɞɟɮɨɪɦɢɪɨɜаɧɧɨɟ сɨсɬɨяɧɢɟ,  
ɪаɜɧɨɧаɩɪяɠɟɧɧыɣ цɢɥɢɧɞɪ, ɦɨɞɭɥɶ ɭɩɪɭɝɨсɬɢ 

 
 

CREATION ON THE BASIS OF THE FIRST THEORY  

OF STRENGTH MODEL EQUAL STRESSED CYLINDER  

EXPOSED TO POWER AND TEMPERATURE LOADS 
 

Vladimir I. Andreev, Anna S. Minaeva 
Moscow State University of Civil Engineering, Moscow, RUSSIA 

 
ABSTRACT: The paper considers the axisymmetric plane problem of elasticity of inhomogeneous bodies for 
thick-walled cylinder under the action of external pressure and a stationary temperature field. The essence of the 
inverse problem is to determine such a dependence of the elastic modulus of the radius at which the stress state of 
the cylinder will be for-given. 

 
Key words: inverse problem of the theory of elasticity, plane strain state, equal stress cylinder,  

elastic modulus 
 
  

ɉɈСɌАɇɈȼКА ɁАДАЧɂ 

 

В [1]  ɩɪɢɜɟɞɟɧɨ ɪаɡɪɟɲаɸɳɟɟ ɭɪаɜɧɟɧɢɟ ɨɬ-
ɧɨсɢɬɟɥɶɧɨ ɧаɩɪяɠɟɧɢя r  ɞɥя ɨсɟсɢɦɦɟɬ-
ɪɢчɧɨɣ ɡаɞачɢ (ɩɥɨсɤɨɟ ɞɟɮɨɪɦɢɪɨɜаɧɧɨɟ сɨ-
сɬɨяɧɢɟ) ɞɥя ɪаɞɢаɥɶɧɨ ɧɟɨɞɧɨɪɨɞɧɨɝɨ ɬɟɥа: 
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Ɂɞɟсɶ )(rЕЕ  , а в  – ɜыɧɭɠɞɟɧɧыɟ (ɜ ɞаɧ-

ɧɨɦ сɥɭчаɟ ɬɟɦɩɟɪаɬɭɪɧыɟ) ɞɟɮɨɪɦацɢɢ, ɤɨ-
ɬɨɪыɟ ɜычɢсɥяɸɬся ɩɨ ɮɨɪɦɭɥɟ: 
 

)(rТТв                            (3) 

 
ɝɞɟ  constТ    – ɤɨɷɮɮɢцɢɟɧɬ ɥɢɧɟɣɧɨɝɨ 
ɬɟɦɩɟɪаɬɭɪɧɨɝɨ ɪасɲɢɪɟɧɢя. 
Пɨɞсɬаɜɥяя (2) ɢ (3) ɜ (1), ɩɪɢхɨɞɢɦ ɤ ɭɪаɜ-
ɧɟɧɢɸ 
 

.
)1(

)1(
                                         

)1(

21
)

3
(

2











r

ТЕ
Е
Е

rЕ
Е

r

Т

rrr

 (4) 



В.И. Аɧɞɪɟɟɜ, А.С. Мɢɧаɟɜа 

International Journal for Computational Civil and Structural Engineering 72 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Сɬацɢɨɧаɪɧɨɟ ɬɟɦɩɟɪаɬɭɪɧɨɟ ɩɨɥɟ ɜ цɢɥɢɧ-
ɞɪɟ, ɧа ɜɧɭɬɪɟɧɧɟɣ ɝɪаɧɢцɟ ɤɨɬɨɪɨɝɨ ɩɨɞ-
ɞɟɪɠɢɜаɟɬся ɬɟɦɩɟɪаɬɭɪа 0Т , а ɧа ɜɧɟɲɧɟɣ 

ɩɨɜɟɪхɧɨсɬɢ Т=0, ɨɩɢсыɜаɟɬся ɮɨɪɦɭɥɨɣ 
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TrТ  ,                 (5) 

 
ɝɞɟ b ɢ а – сɨɨɬɜɟɬсɬɜɟɧɧɨ ɜɧɟɲɧɢɣ ɢ ɜɧɭɬ-
ɪɟɧɧɢɣ ɪаɞɢɭсы цɢɥɢɧɞɪа. 
Дɥя ɨɩɪɟɞɟɥɟɧɢя ɤɨɧсɬаɧɬ ɢɧɬɟɝɪɢɪɨɜаɧɢя 
ɭɪаɜɧɟɧɢя (4) ɢсɩɨɥɶɡɭɸɬся ɝɪаɧɢчɧыɟ ɭс-
ɥɨɜɢя  
 

.,;0, brr ɪbrar          (6) 

 
 
ɉɊəМАə ɁАДАЧА  

ДɅə ɈДɇɈɊɈДɇɈȽɈ ɐɂɅɂɇДɊА 

 

С ɭчɟɬɨɦ ɨɞɧɨɪɨɞɧɨсɬɢ ɦаɬɟɪɢаɥа ɭɪаɜɧɟɧɢɟ 
(4) ɩɪɟɨɛɪаɡɨɜыɜаɟɬся ɤ ɜɢɞɭ 
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Ɋɟɲɟɧɢɟ ɭɪаɜɧɟɧɢя (7) с ɭчɟɬɨɦ (5) ɢ (6) 
ɢɦɟɟɬ ɜɢɞ 
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Иɡ ɭɪаɜɧɟɧɢя ɪаɜɧɨɜɟсɢя  
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ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬ ɧаɩɪяɠɟɧɢя  : 

 

rrr    .                   (10) 

 
Иɡ ɬɪɟɬɶɟɝɨ сɨɨɬɧɨɲɟɧɢя Дɸɝаɦɟɥя-
Нɟɣɦаɧа, ɩɨɥаɝая 0z ,  ɦɨɠɧɨ ɩɨɥɭчɢɬɶ 
ɜыɪаɠɟɧɢɟ ɞɥя ɧаɩɪяɠɟɧɢɣ z : 

  ЕТТrz    .         (11) 

 
На ɪɢс.1 ɩɪɢɜɟɞɟɧы ɪɟɡɭɥɶɬаɬы ɪасчɟɬа, ɩɨ-
ɥɭчɟɧɧыɟ ɩɪɢ сɥɟɞɭɸɳɢх ɢсхɨɞɧых ɞаɧɧых: 

2,0 ; 1а ɦ; 2b ɦ; Т0=100ɨС; 

Е0=2·104МПа; /1101 5Т ɨС; 0аɪ ; 

50bɪ МПа. 
 

 
Ɉɬɦɟɬɢɦ, чɬɨ ɪɟɲɟɧɢɟ ɡаɞачɢ ɩɨɥɭчɟɧɨ ɜ  
ɩɪɟɞɩɨɥɨɠɟɧɢɢ, чɬɨ цɢɥɢɧɞɪ ɞɨсɬаɬɨчɧɨ 
ɞɥɢɧɧыɣ, ɢ ɜ ɧɟɦ ɨсɭɳɟсɬɜɥяɟɬся ɩɥɨсɤɨɟ 
ɞɟɮɨɪɦɢɪɨɜаɧɧɨɟ сɨсɬɨяɧɢɟ. Ɉɞɧаɤɨ ɧа 
ɩɪаɤɬɢɤɟ ɤɨɧсɬɪɭɤцɢɢ ɢɦɟɸɬ ɤɨɧɟчɧɭɸ ɞɥɢ-
ɧɭ ɢ ɩɪɢ ɧаɥɢчɢɢ сɜɨɛɨɞɧых ɬɨɪцɨɜ ɧаɩɪя-
ɠɟɧɢя z  ɧа ɬɨɪцах ɛɭɞɭɬ ɪаɜɧы ɧɭɥɸ. Каɤ 
ɩɨɤаɡаɧɨ ɜ [2],  ɢɡ ɭсɥɨɜɢя  
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ɦɨɠɧɨ ɜычɢсɥɢɬɶ сɪɟɞɧɟɟ ɧаɩɪяɠɟɧɢɟ 
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ɤɨɬɨɪɨɟ сɥɟɞɭɟɬ ɞɨɛаɜɢɬɶ ɤ ɜычɢсɥɟɧɧыɦ 
ɧаɩɪяɠɟɧɢяɦ. Тɨɝɞа ɜ сɪɟɞɧɟɣ часɬɢ цɢɥɢɧ-
ɞɪа ɛɭɞɟɬ ɨсɭɳɟсɬɜɥяɬɶся ɧаɩɪяɠɟɧɧɨɟ сɨ-
сɬɨяɧɢɟ, сɨɨɬɜɟɬсɬɜɭɸɳɟɟ ɤɨɧɟчɧɨɦɭ цɢ-
ɥɢɧɞɪɭ. 
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Ɋɢс.1. Наɩɪяɠɟɧɢя ɜ ɨɞɧɨɪɨɞɧɨɦ 
                       цɢɥɢɧɞɪɟ 
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ɈȻɊАɌɇАə ɁАДАЧА 

 

Иɞɟя  ɦɟɬɨɞа сɨɡɞаɧɢя ɦɨɞɟɥɢ ɪаɜɧɨɧаɩɪя-
ɠɟɧɧых ɤɨɧсɬɪɭɤцɢɣ ɨсɧɨɜаɧа ɧа ɦɧɨɝɨчɢс-
ɥɟɧɧых ɪɟɡɭɥɶɬаɬах ɪасчɟɬɨɜ ɧɟɨɞɧɨɪɨɞɧых 
ɬɟɥ, ɜ ɤɨɬɨɪых ɩɨɤаɡаɧɨ, чɬɨ ɟсɥɢ ɜ ɧɟɤɨɬɨ-
ɪɨɣ ɨɛɥасɬɢ ɬɟɥа ɦɨɞɭɥɶ ɭɩɪɭɝɨсɬɢ ɦɟɧɶɲɟ, 
чɟɦ ɜ ɨɞɧɨɪɨɞɧɨɦ ɦаɬɟɪɢаɥɟ, ɬɨ ɧаɩɪяɠɟɧɢя 
ɜ ɷɬɨɣ ɨɛɥасɬɢ ɬаɤɠɟ ɭɦɟɧɶɲаɸɬся, ɢ ɧаɨɛɨ-
ɪɨɬ. Нɢɠɟ ɩɪɢɜɨɞɢɬся ɪɟɲɟɧɢɟ ɨɛɪаɬɧɨɣ ɡа-
ɞачɢ, ɜ ɤɨɬɨɪɨɣ ɪаɡысɤɢɜаɟɬся ɮɭɧɤцɢя Е(r), 
ɭɦɟɧɶɲаɸɳаяся ɜɛɥɢɡɢ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪх-
ɧɨсɬɢ цɢɥɢɧɞɪа, чɬɨ ɩɪɢɜɨɞɢɬ ɤ сɧɢɠɟɧɢɸ 
ɧаɩɪяɠɟɧɢɣ   ɜ ɷɬɨɣ ɨɛɥасɬɢ.  

В ɞаɧɧɨɦ сɥɭчаɟ, ɢсхɨɞя ɢɡ ɬɟɨɪɢɢ ɩɪɨчɧɨ-
сɬɢ ɦаɤсɢɦаɥɶɧых ɧɨɪɦаɥɶɧых ɧаɩɪяɠɟɧɢɣ, 
ɨɩɪɟɞɟɥяɟɬся ɧаɩɪяɠɟɧɧɨɟ сɨсɬɨяɧɢɟ, ɭɞɨɜ-
ɥɟɬɜɨɪяɸɳɟɟ ɭсɥɨɜɢɸ const max , чɬɨ 
сɨɨɬɜɟɬсɬɜɭɟɬ ɦɨɞɟɥɢ ɪаɜɧɨɧаɩɪяɠɟɧɧɨɝɨ 
цɢɥɢɧɞɪа [3]. Ɂаɦɟɬɢɦ, чɬɨ ɩɨсɤɨɥɶɤɭ ɜ ɞаɧ-
ɧɨɣ ɡаɞачɟ ɜсɟ ɧаɩɪяɠɟɧɢя ɨɬɪɢцаɬɟɥɶɧы, ɬɨ 
ɦаɤсɢɦаɥɶɧыɦ счɢɬаɟɬся ɧаɢɛɨɥɶɲɟɟ ɩɨ аɛ-
сɨɥɸɬɧɨɣ ɜɟɥɢчɢɧɟ ɧаɩɪяɠɟɧɢɟ. 
Пɨɞсɬаɜɥяя const 0  ɜ ɭɪаɜɧɟɧɢɟ 
ɪаɜɧɨɜɟсɢя (8), ɩɨɥɭчɢɦ 
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Ɋɟɲɟɧɢɟɦ ɷɬɨɝɨ ɞɢɮɮɟɪɟɧцɢаɥɶɧɨɝɨ ɭɪаɜ-
ɧɟɧɢя ɛɭɞɟɬ ɮɭɧɤцɢя 
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Иɡ ɝɪаɧɢчɧых ɭсɥɨɜɢɣ (6) ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ 
ɤɨɧсɬаɧɬы  К  ɢ  0 : 

 

К=100МПа·ɦ,   0  = –100МПа. 
 

Пɨɞсɬаɜɥяя ɮɭɧɤцɢɸ ɧаɩɪяɠɟɧɢɣ (12) ɜ ɪаɡ-
ɪɟɲаɸɳɟɟ ɭɪаɜɧɟɧɢɟ (4), ɩɨсɥɟ ɧɟɤɨɬɨɪых 
ɩɪɟɨɛɪаɡɨɜаɧɢɣ ɩɨɥɭчаɟɦ ɞɢɮɮɟɪɟɧцɢаɥɶ-
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ɥɟɧɢя ɮɭɧɤцɢɢ Е(r): 
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Уɪаɜɧɟɧɢɟ (13) ɩɪɟɞсɬаɜɥяɟɬ сɨɛɨɣ ɭɪаɜɧɟ-
ɧɢɟ Ȼɟɪɧɭɥɥɢ [4], ɪɟɲая ɤɨɬɨɪɨɟ, ɩɨɥɭчаɟɦ 
ɢсɤɨɦɭɸ ɡаɜɢсɢɦɨсɬɶ Е(r): 
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0ka  ;   )1/(1 kп  ;   1 nm ;   

)1( kКb  . 
 
Уɩɨɦяɧɭɬɨɟ ɜыɲɟ «ɭɦɟɧɶɲɟɧɢɟ ɦɨɞɭɥя ɭɩ-
ɪɭɝɨсɬɢ ɜɛɥɢɡɢ ɜɧɭɬɪɟɧɧɟɝɨ ɤɨɧɬɭɪа» сɥɟɞɭ-
ɟɬ ɩɨɧɢɦаɬɶ ɧɟ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɨɞɧɨɪɨɞɧɨ-
ɦɭ ɦаɬɟɪɢаɥɭ, а ɨɬɧɨсɢɬɟɥɶɧɨ ɡɧачɟɧɢя Е 
ɜɛɥɢɡɢ ɜɧɟɲɧɟɝɨ ɤɨɧɬɭɪа цɢɥɢɧɞɪа.  Пɨɷɬɨɦɭ 
ɤɨɧсɬаɧɬɭ D ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɢɡ ɞɜɭх ɪаɡ-
ɥɢчɧых ɝɪаɧɢчɧых ɭсɥɨɜɢɣ ɞɥя Е: 
1 – r=a, E=Е0=20000 МПа; 
2 – r=b,  E= Е0=20000 МПа. 
На ɪɢс.2. ɩɪɟɞсɬаɜɥɟɧы сɨɨɬɜɟɬсɬɜɭɸɳɢɟ 
ɞɜɭɦ ɭɤаɡаɧɧыɦ ɜаɪɢаɧɬаɦ ɝɪаɮɢɤɢ ɡаɜɢсɢ-
ɦɨсɬɢ Е(r). 
Дɥя ɩɪɨɜɟɪɤɢ ɩɨɥɭчɟɧɧых ɪɟɡɭɥɶ-ɬаɬɨɜ ɛыɥɨ 
ɩɪɨɜɟɞɟɧɨ ɪɟɲɟɧɢɟ ɩɪя-ɦɨɣ ɡаɞачɢ, 
ɨɩɪɟɞɟɥяɟɦɨɣ ɭɪаɜɧɟɧɢɟɦ (4), ɩɭɬɟɦ ɩɪяɦɨɣ 
ɩɨɞсɬаɧɨɜɤɢ ɜ ɧɟɝɨ ɡаɜɢсɢɦɨсɬɢ (14). На ɪɢс. 
3 ɩɪɢɜɟɞɟɧы ɷɩɸɪы ɧаɩɪяɠɟɧɢɣ r  ɢ  . 

Каɤ ɢ сɥɟɞɨɜаɥɨ ɨɠɢɞаɬɶ, ɪɟɡɭɥɶɬаɬы ɜычɢс-
ɥɟɧɢя ɧаɩɪяɠɟɧɢɣ ɨɤаɡаɥɢсɶ ɞɥя ɨɛɨɢх ɜа-
ɪɢаɧɬɨɜ ɨɞɢɧаɤɨɜыɦɢ. Сɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, 
чɬɨ ɜ ɪаɜɧɨɧаɩɪяɠɟɧɧɨɦ ɧɟɨɞɧɨɪɨɞɧɨɦ цɢ-
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ɥɢɧɞɪɟ ɧаɩɪяɠɟɧɢɟ ɧɟɨдɧ
max = 0 = –100 МПа, ɜ 

ɬɨ ɜɪɟɦя, ɤаɤ ɜ ɨɞɧɨɪɨɞɧɨɦ цɢɥɢɧɞɪɟ  
ɨдɧ

max = –160 МПа. Таɤɢɦ ɨɛɪаɡɨɦ, ɜɜɟɞя ɤɨ-

ɷɮɮɢцɢɟɧɬ ɧɟɨдɧɨдɧ
maxmax    , ɦɨɠɧɨ ɨɩɪɟɞɟ-

ɥɢɬɶ ɜɨ сɤɨɥɶɤɨ ɪаɡ ɧаɢɛɨɥɶɲɢɟ ɧаɩɪяɠɟɧɢя 
ɜ ɨɞɧɨɪɨɞɧɨɦ цɢɥɢɧɞɪɟ ɛɨɥɶɲɟ, чɟɦ ɜ аɧа-
ɥɨɝɢчɧɨɦ ɧɟɨɞɧɨɪɨɞɧɨɦ.  В ɞаɧɧɨɦ сɥɭчаɟ 
ɷɬɨɬ ɤɨɷɮɮɢцɢɟɧɬ ɪаɜɟɧ .6,1  
 

 

 
Ɉсɨɛɨ сɥɟɞɭɟɬ ɨсɬаɧɨɜɢɬɶся ɧа ɧаɩɪяɠɟɧɢях 

z , ɷɩɸɪы ɤɨɬɨɪых ɩɨɤаɡаɧы ɧа ɪɢс. 4. На 
ɩɟɪɜыɣ ɜɡɝɥяɞ, ɜыɡыɜаɟɬ ɭɞɢɜɥɟɧɢɟ 
ɪаɡɥɢчɢɟ ɜ ɧаɩɪяɠɟɧɢях z  ɞɥя ɞɜɭх 
ɡаɜɢсɢɦɨсɬɟɣ ɮɭɧɤцɢɢ Е(r), ɩɨɤаɡаɧɧых ɧа 
ɪɢс.2, ɩɨсɤɨɥɶɤɭ ɧаɩɪяɠɟɧɢя r  ɢ   ɞɥя 

ɷɬɢх ɞɜɭх ɜаɪɢаɧɬɨɜ ɪасчɟɬа ɩɪаɤɬɢчɟсɤɢ 
сɨɜɩаɞаɸɬ. Эɬɨɬ ɮаɤɬ ɨɛɴясɧяɟɬся 
сɥɟɞɭɸɳɢɦ ɨɛɪаɡɨɦ. Наɩɪяɠɟɧɢя z  ɩɪɢ 

ɩɥɨсɤɨɦ ɞɟɮɨɪɦɢɪɨɜаɧɧɨɦ сɨсɬɨяɧɢɢ 
ɜычɢсɥяɸɬся ɢɡ ɬɪɟɬɶɟɝɨ сɨɨɬɧɨɲɟɧɢя 
Дɸɝаɦɟɥя-Нɟɣɦаɧа: 
   ЕТТrz    ,             (15) 

 
ɤɨɬɨɪɨɟ сɨɞɟɪɠɢɬ «ɬɟɦɩɟɪаɬɭɪɧɨɟ» 
сɥаɝаɟɦɨɟ, ɡаɜɢсяɳɟɟ ɨɬ Е. ȿсɥɢ ɪассɦɨɬɪɟɬɶ 
ɧаɩɪяɠɟɧɢя ɧа ɤɪаях ɨɬɪɟɡɤа [a, b], ɬɨ ɜ 
ɪассɦаɬɪɢɜаɟɦɨɦ ɩɪɢɦɟɪɟ  T(a) = 100o, а 
T(b) = 0. Пɨɷɬɨɦɭ ɜ ɬɨчɤɟ br   ɢɡ-ɡа 
ɨɬсɭɬсɬɜɢя «ɬɟɦɩɟɪаɬɭɪɧɨɝɨ» сɥаɝаɟɦɨɝɨ 
ɧаɩɪяɠɟɧɢя z  сɨɜɩаɞаɸɬ, а ɜ ɬɨчɤɟ аr   

ɨɬɥɢчаɸɬся ɧа ɜɟɥɢчɢɧɭ 
   )()()( 21 aTaEaETz   .       (16) 
 

 
Учɢɬыɜая, чɬɨ 4

01 102)(  ЕаЕ МПа, а 
4

02 109,045,0)(  ЕаЕ МПа, ɩɨɥɭчɢɦ 

10)(  az МПа, чɬɨ сɨɜɩаɞаɟɬ с 
ɪɟɡɭɥɶɬаɬɨɦ, ɩɨɤаɡаɧɧыɦ ɧа ɪɢс. 4. 
В ɡаɤɥɸчɟɧɢɟ ɨɬɦɟɬɢɦ, чɬɨ 
ɪавɧɨɧапɪяɠɟɧɧый цɢɥɢɧɞɪ ɧɟ сɨɜɩаɞаɟɬ с 
ɪавɧɨпɪɨчɧым цɢɥɢɧɞɪɨɦ [3], ɩɨсɤɨɥɶɤɭ ɩɪɢ 
ɢɡɦɟɧɟɧɢɢ ɦɨɞɭɥя ɭɩɪɭɝɨсɬɢ ɦаɬɟɪɢаɥа 
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       Ɋɢс. 2. Ɂаɜɢсɢɦɨсɬɢ ɦɨɞɭɥя 
ɭɩɪɭɝɨсɬɢ ɜ ɧɟɨɞɧɨɪɨɞɧɨɦ ( ) 
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ɩɭɬɟɦ ɦɨɞɢɮɢɤацɢɢ ɟɝɨ сɨсɬаɜа, ɤаɤ 
ɩɪаɜɢɥɨ, ɢɡɦɟɧяɸɬся ɢ ɟɝɨ ɩɪɨчɧɨсɬɧыɟ 
сɜɨɣсɬɜа. Пɨсɬɪɨɟɧɢɸ ɦɨɞɟɥɟɣ 
ɪавɧɨпɪɨчɧых ɛɟɬɨɧɧых ɢ ɠɟɥɟɡɨɛɟɬɨɧɧых 
ɬɨɥсɬɨсɬɟɧɧых цɢɥɢɧɞɪɢчɟсɤɢх ɢ 
сɮɟɪɢчɟсɤɢх ɨɛɨɥɨчɟɤ, ɧахɨɞяɳɢхся ɩɨɞ 
ɞɟɣсɬɜɢɟɦ ɬɨɥɶɤɨ сɢɥɨɜых ɧаɝɪɭɡɨɤ, 
ɩɨсɜяɳɟɧа ɞɢссɟɪɬацɢя [5]. 
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1. Сɨɜɪɟɦɟɧɧыɟ ɭɧɢɜɟɪсаɥɶɧыɟ ɤɨɧɟчɧɨɷɥɟ-
ɦɟɧɬɧыɟ ɩɪɨɝɪаɦɦɧыɟ ɤɨɦɩɥɟɤсы (ANSYS, 
NASTRAN, ABAQUS) сɨɞɟɪɠаɬ ɨɩцɢɢ ɩɨ-
сɬɪɨɟɧɢя ɢ ɢɦɩɨɪɬа-ɷɤсɩɨɪɬа ɪɟɞɭцɢɪɨɜаɧ-
ɧых ɦаɬɪɢц ɜɥɢяɧɢя ɞɥя ɨɛɟсɩɟчɟɧɢя, ɜ ча-
сɬɧɨсɬɢ, сɨɜɦɟсɬɧых ɪаɡɪаɛɨɬɨɤ ɢ ɬɨчɧɨɝɨ 
аɧаɥɢɡа сɥɨɠɧых ɦɧɨɝɨсɜяɡɧых сɬаɬɢчɟсɤɢ ɢ 
ɞɢɧаɦɢчɟсɤɢ ɧаɝɪɭɠɟɧɧых ɢɧɠɟɧɟɪɧых ɤɨɧ-
сɬɪɭɤцɢɣ ɢ сɨɨɪɭɠɟɧɢɣ. Дɪɭɝɨɣ сɬɨɪɨɧɨɣ 
ɬɨɝɨ ɠɟ ɩɪɨцɟсса яɜɥяɟɬся сɭɛɦɨɞɟɥɢɪɨɜа-
ɧɢɟ – ɧаɩɪɢɦɟɪ, ɭɬɨчɧɟɧɧыɣ ɬɪɟхɦɟɪɧыɣ 

ɧɟɥɢɧɟɣɧыɣ аɧаɥɢɡ сɥɨɠɧых ɢ/ɢɥɢ ɨɪɢɝɢ-
ɧаɥɶɧɨ ɪɟɲɟɧɧых ɤɨɧсɬɪɭɤɬɢɜɧых ɭɡɥɨɜ 
сɬɟɪɠɧɟɜых сɢсɬɟɦ (ɨɩɢɪаɧɢя ɤɨɥɨɧɧ, сɨ-
ɟɞɢɧɟɧɢя ɩɨясɨɜ-ɪасɤɨсɨɜ ɮɟɪɦ, ɞɟɬаɥɟɣ 
ɬɪɭɛɨɩɪɨɜɨɞɧых сɢсɬɟɦ). В сɬаɬɶɟ ɩɪɢɜɨɞяɬ-
ся ɨсɧɨɜɧыɟ ɩɨɥɨɠɟɧɢя ɢ ɦаɬɪɢчɧыɟ сɨɨɬ-
ɧɨɲɟɧɢя ɦɟɬɨɞɨɜ ɞɢɧаɦɢчɟсɤɨɝɨ сɢɧɬɟɡа 
ɩɨɞɤɨɧсɬɪɭɤцɢɣ (МДС) ɢ сɭɛɦɨɞɟɥɢɪɨɜа-
ɧɢя, ɪɟаɥɢɡɨɜаɧɧыɟ ɜ ɨɬɟчɟсɬɜɟɧɧых ПК: 
ɭɧɢɜɟɪсаɥɶɧɨɦ СТАȾИɈ ɢ ɨɛɴɟɤɬɧɨ-
ɨɪɢɟɧɬɪɨɜаɧɧɨɦ АСТɊА-НɈВА (ɪɢс 1). 
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Ɋасчɟɬ ɬɪɭɛɨɩɪɨɜɨɞа ɤаɤ сɬɟɪɠɧɟɜɨɣ 
сɢсɬɟɦы

ɉК АСТɊА-СТАДИɈ

ɉɊȿ ɉɈСɌ

Нɨɪɦаɬɢɜɧая ɨцɟɧɤа 
ɩɪɨчɧɨсɬɢ, 
ɜɢɡɭаɥɢɡацɢя 
ɪɟɡɭɥɶɬаɬɨɜ

ɍɬɨчɧɟɧɧыɟ ɡɧачɟɧɢя 
ɧапɪяɠɟɧɢй, маɬɪɢɰы 

вɥɢяɧɢя К-Ȼ

Ƚɟɨмɟɬɪɢчɟɫкɢɟ, ɮɢɡɢкɨ-
мɟхаɧɢчɟɫкɢɟ ɫвɨйɫɬва, 

ɫɢɥɨвыɟ ɮакɬɨɪы

Ƚɟɧɟɪацɢя  
ɬɪɟхɦɟɪɧɨɣ КЭМ

Ƚɟɧɟɪацɢя  
ɨɛɨɥɨчɟчɧɨɣ КЭМ

Сɬаɬɢчɟсɤɢɣ ɪасчɟɬ, ɪасчɟɬ  
сɨɛсɬɜɟɧɧых часɬɨɬ ɢ ɮɨɪɦ,
ɫтатиɱеɫɤая ɤɨнɞенɫаɰия и 

ɞинаɦиɱеɫɤиɣ ɫинтеɡ

Ɋɟɲɟɧɢɟ ɡаɞачɢ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨсɬɢ Уɧивеɪсɚлɶɧыɣ 

ɉК СТАДИɈ

Тɟмпɟɪаɬɭɪɧɨɟ 
пɨɥɟ

Сɭɛɦɨɞеɥирɨвание

ɉК ANSYS, NASTRAN…

Ɇаɬɪɢɰы вɥɢяɧɢя 
Кɪɟйɝа-Ȼɟмпɬɨɧа 

(ɠɟɫɬкɨɫɬɢ, маɫɫ, 
ɧаɝɪɭɡɨк)

ɉК ANSYS, NASTRAN…

ɉК АСТɊА-НɈВА

 
Ɋɢс.1. Вɡаɢɦɨсɜяɡɶ  ɪаɡɥɢчɧых ɦɨɞɟɥɟɣ, ɭɧɢɜɟɪсаɥɶɧых ɢ сɩɟцɢаɥɢɡɢɪɨɜаɧɧых ПК. 

 

2. Ɉɞɧɢɦ ɢɡ ɧаɢɛɨɥɟɟ ɞɟɣсɬɜɟɧɧых сɩɨсɨɛɨɜ 
ɭɜɟɥɢчɟɧɢя ɜычɢсɥɢɬɟɥɶɧɨɣ ɷɮɮɟɤɬɢɜɧɨсɬɢ 
ɤɨɧɟчɧɨɷɥɟɦɟɧɬɧых аɥɝɨɪɢɬɦɨɜ яɜɥяɟɬся 
ɦɟɬɨɞ сɭɩɟɪɷɥɟɦɟɧɬɨɜ (МСЭ), ɢɡɜɟсɬɧыɣ 
ɬаɤɠɟ ɤаɤ ɦɟɬɨɞ ɩɨɞɤɨɧсɬɪɭɤцɢɣ. Кɥɸчɟɜɨɣ 
ɩɪɨцɟɞɭɪɨɣ МСЭ яɜɥяɟɬся сɬаɬɢчɟсɤая ɤɨɧ-
ɞɟɧсацɢя [1] – ɢсɤɥɸчɟɧɢɟ ɜɧɭɬɪɟɧɧɢх сɬɟ-
ɩɟɧɟɣ сɜɨɛɨɞы ɩɨɞɤɨɧсɬɪɭɤцɢɢ }{ iu ,– ɩɪɢ-

ɜɨɞяɳая ɢсхɨɞɧɭɸ ɛɥɨчɧɭɸ сɢсɬɟɦɭ ɭɪаɜ-
ɧɟɧɢɣ ɪаɜɧɨɜɟсɢя  
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ɤ ɪɟɞɭцɢɪɨɜаɧɧɨɣ сɢсɬɟɦɟ ɨɬɧɨсɢɬɟɥɶɧɨ ɤɨɦ-
ɩɨɧɟɧɬ ɜɟɤɬɨɪа ɝɪаɧɢчɧых ɧɟɢɡɜɟсɬɧых }{ bu : 

  FuK b }]{[ , 

ɝɞɟ         ][]][[][][ 1
ibiibibb KKKKK  ,  

  }{]][[}{ 1
iiibib FKKFF  . 

 
Учɟɬ ɜɨɡɦɨɠɧɨɣ ɩɨɜɬɨɪяɟɦɨсɬɢ ɩɨɞсɢсɬɟɦ 
ɩɪɢɜɨɞɢɬ ɤ сɭɳɟсɬɜɟɧɧɨɣ ɷɤɨɧɨɦɢɢ ɤаɤ ɡа 
счɟɬ ɭɦɟɧɶɲɟɧɢя чɢсɥа аɪɢɮɦɟɬɢчɟсɤɢх 
ɞɟɣсɬɜɢɣ, ɬаɤ ɢ ɤ сɭɳɟсɬɜɟɧɧɨɦɭ сɨɤɪаɳɟ-
ɧɢɸ ɨɛɴɟɦɨɜ хɪаɧɢɦɨɣ ɢ ɩɟɪɟɪаɛаɬыɜаɟɦɨɣ 
ɢɧɮɨɪɦацɢɢ. Сɬɪɭɤɬɭɪа ɞаɧɧых ɨɪɝаɧɢɡɨɜа-
ɧа ɢɟɪаɪхɢчɟсɤɢ, ɬаɤ чɬɨ ɜɧɟсɟɧɢɟ ɥɨɤаɥɶ-
ɧых ɢɡɦɟɧɟɧɢɣ ɜ ɪасчɟɬɧɭɸ схɟɦɭ, ɬ.ɟ. ɤɨɪ-
ɪɟɤɬɢɪɨɜɤа часɬɢ чɢсɥɟɧɧɨɣ ɦɨɞɟɥɢ сɨɨɪɭ-
ɠɟɧɢя ɦɨɠɟɬ ɩɪɨɢɡɜɨɞɢɬɶся ɧɟɡаɜɢсɢɦɨ ɞɥя 
ɤаɠɞɨɣ ɩɨɞɤɨɧсɬɪɭɤцɢɢ с ɦɢɧɢɦаɥɶɧыɦɢ 
ɜычɢсɥɢɬɟɥɶɧыɦɢ ɡаɬɪаɬаɦɢ. Пɪɟɞсɬаɜɥɟɧɢɟ 
ɝɥɨɛаɥɶɧɨɣ ɪасчɟɬɧɨɣ ɦɨɞɟɥɢ сɢсɬɟɦы ɜ ɜɢ-
ɞɟ сɨɜɨɤɭɩɧɨсɬɢ ɩɨɞɤɨɧсɬɪɭɤцɢɣ яɜɥяɟɬся 
ɬаɤɠɟ ɨчɟɧɶ ɭɞɨɛɧыɦ ɞɥя ɟɟ ɨɩɢсаɧɢя ɢ сɨɡ-
ɞаɟɬ ɩɪɟɞɩɨсыɥɤɭ ɞɥя сɨɡɞаɧɢя (ɩɪɢɦɟɧɟ-
ɧɢя) ɷɮɮɟɤɬɢɜɧых ɩɪɟ- ɢ ɩɨсɬɩɪɨцɟссɨɪɧых 
ɩɪɨɝɪаɦɦɧых сɪɟɞсɬɜ [11]. 



А.М. Ȼɟɥɨсɬɨцɤɢɣ, А.Л. Пɨɬаɩɟɧɤɨ 
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Ɋɢс. 2. АСТɊА-СТАȾИɈ. Сɭɛɦɨɞɟɥɢɪɨɜаɧɢɟ – ɭɬɨчɧɟɧɧыɣ ɪасчɟɬ ɞɟɬаɥɟɣ ɬɪɭɛɨɩɪɨɜɨɞɨɜ. 

 

  

Ɋɢс.3. АСТɊА-СТАȾИɈ. Каɞɪы ɜɢɞɟɨɪɨɥɢɤа ɞɢɧаɦɢɤɢ НДС ɬɪɨɣɧɢɤа  
ɨɬ сɟɣсɦɢчɟсɤɨɝɨ ɜɨɡɞɟɣсɬɜɢя, ɡаɞаɧɧɨɝɨ аɤсɟɥɟɪɨɝɪаɦɦɨɣ. 

 

3. Сɭɩɟɪɷɥɟɦɟɧɬɧыɣ аɥɝɨɪɢɬɦ ɪасɩɪɨсɬɪа-
ɧɟɧ ɬаɤɠɟ ɧа ɪɟɲɟɧɢɟ сɢсɬɟɦы ɥɢɧɟɣɧых 
ɭɪаɜɧɟɧɢɣ ɧа ɤаɠɞɨɦ ɲаɝɟ ɧɟяɜɧɨɣ схɟɦы 
ɩɪяɦɨɝɨ ɢɧɬɟɝɪɢɪɨɜаɧɢя ɭɪаɜɧɟɧɢɣ ɞɜɢɠɟ-
ɧɢя ɢ ɧа ɤаɠɞɨɣ ɢɬɟɪацɢɢ ɩɪɢ ɪасчɟɬɟ сɨɛ-

сɬɜɟɧɧых ɤɨɥɟɛаɧɢɣ [11]. Аɥɶɬɟɪɧаɬɢɜɧыɣ ɢ 
ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧыɣ ɩɨɞхɨɞ сɨсɬɨɢɬ ɜ ɩɨ-
сɬɪɨɟɧɢɢ сɩɟцɢаɥɶɧых сɭɩɟɪɷɥɟɦɟɧɬɧых аɥ-
ɝɨɪɢɬɦɨɜ, ɨсɧɨɜаɧɧых ɧа ɧɟɩɨсɪɟɞсɬɜɟɧɧɨɣ 
ɤɨɧɞɟɧсацɢɢ ɭɪаɜɧɟɧɢɣ ɞɜɢɠɟɧɢя ɢ ɢɞɟɨɥɨ-
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ɝɢчɟсɤɢ ɛɥɢɡɤɢх ɦɟɬɨɞɭ ɞɢɧаɦɢчɟсɤɨɝɨ сɢɧ-
ɬɟɡа ɩɨɞɤɨɧсɬɪɭɤцɢɣ.  
Мɟɬɨɞы ɞɢɧаɦɢчɟсɤɨɝɨ сɢɧɬɟɡа ɩɨɞɤɨɧсɬ-
ɪɭɤцɢɣ ɦɨɠɧɨ ɤɥассɢɮɢцɢɪɨɜаɬɶ ɩɨ сɩɨсɨɛɭ 
ɜыɛɨɪа ɛаɡɢсɧых ɜɟɤɬɨɪɨɜ ɦɟɬɨɞа Ɋɟɥɟя-
Ɋɢɬца ɞɥя ɩɨɞɤɨɧсɬɪɭɤцɢɣ ɢ ɩɨ сɩɨсɨɛɭ ɢх 
сɬыɤɨɜɤɢ. Чаɳɟ ɜсɟɝɨ ɜ ɤачɟсɬɜɟ ɛаɡɢса ɞɥя 
ɩɨɞɤɨɧсɬɪɭɤцɢɣ ɢсɩɨɥɶɡɭɸɬся ɟɟ ɮɨɪɦы ɤɨ-
ɥɟɛаɧɢɣ ɩɪɢ ɨɩɪɟɞɟɥɟɧɧых ɝɪаɧɢчɧых ɭсɥɨ-
ɜɢях: R.R.Craig, M.C.C.Bampton [2] ɢ [3] – 
ɞɥя ɡаɤɪɟɩɥɟɧɧɨɣ ɝɪаɧɢцы, [4] – ɞɥя сɜɨɛɨɞ-
ɧɨɣ ɝɪаɧɢцы, [5] – ɞɥя часɬɢчɧɨ ɡаɤɪɟɩɥɟɧ-
ɧɨɣ ɝɪаɧɢцы ɩɨɞɤɨɧсɬɪɭɤцɢɢ. Иɡ ɬɪɟх ɪас-
сɦɨɬɪɟɧɧых ɜаɪɢаɧɬɨɜ ɦɟɬɨɞа ɧаɢɛɨɥɟɟ 
ɩɪɟɞɩɨчɬɢɬɟɥɶɧыɦ, с ɜычɢсɥɢɬɟɥɶɧɨɣ ɢ ɪɟа-
ɥɢɡацɢɨɧɧɨɣ ɬɨчɟɤ ɡɪɟɧɢя, яɜɥяɟɬся ɩɟɪɜыɣ, 
ɢсɩɨɥɶɡɭɸɳɢɣ ɮɨɪɦы ɤɨɥɟɛаɧɢɣ ɨсɧɨɜɧɨɣ 
сɢсɬɟɦы ɦɟɬɨɞа ɩɟɪɟɦɟɳɟɧɢɣ. Пɪɢ ɷɬɨɦ, ɞɥя 
ɭɩɪɨɳɟɧɢя сɬыɤɨɜɤɢ ɩɨɞɤɨɧсɬɪɭɤцɢɣ ɢ ɞɥя 
ɩɪаɜɢɥɶɧɨɝɨ ɭчɟɬа ɢх ɠɟсɬɤɢх сɦɟɳɟɧɢɣ ɢ 
ɩɟɪɟɦɟɳɟɧɢɣ ɝɪаɧɢчɧых ɬɨчɟɤ ɛаɡɢс ɢɡ 
ɮɨɪɦ ɤɨɥɟɛаɧɢɣ цɟɥɟсɨɨɛɪаɡɧɨ ɞɨɩɨɥɧɢɬɶ 
ɧаɛɨɪɨɦ сɬаɬɢчɟсɤɢх ɮɭɧɤцɢɣ ɮɨɪɦы сɭɩɟɪ-
ɷɥɟɦɟɧɬɨɜ, ɤаɠɞая ɢɡ ɤɨɬɨɪых ɩɪɟɞсɬаɜɥяɟɬ 
сɨɛɨɣ ɜɟɤɬɨɪ ɭɩɪɭɝɢх ɩɟɪɟɦɟɳɟɧɢɣ ɭɡɥɨɜ 
ɩɨɞɤɨɧсɬɪɭɤцɢɢ, ɜыɡɜаɧɧых ɟɞɢɧɢчɧыɦ 
сɦɟɳɟɧɢɟɦ ɩɨ ɧаɩɪаɜɥɟɧɢɸ сɨɨɬɜɟɬсɬɜɭɸ-
ɳɟɣ ɮɢɤɬɢɜɧɨɣ сɜяɡɢ ɞɥя ɨсɧɨɜɧɨɣ сɢсɬɟɦы 
ɦɟɬɨɞа ɩɟɪɟɦɟɳɟɧɢɣ. Таɤɨɣ ɩɨɞхɨɞ, ɜ часɬ-
ɧɨсɬɢ, ɨɩɢсаɧ ɜ ɪаɛɨɬах [6,7,10].  
В ɨɛɳɟɦ сɥɭчаɟ ɩɪɢ ɞɢɧаɦɢчɟсɤɨɦ сɢɧɬɟɡɟ ɜ 
ɤачɟсɬɜɟ ɛаɡɢса ɞɥя ɩɨɞɤɨɧсɬɪɭɤцɢɣ ɦɨɠɟɬ 
ɛыɬɶ ɢсɩɨɥɶɡɨɜаɧа ɥɸɛая ɩɨɞхɨɞяɳая сɢсɬɟ-
ɦа ɥɢɧɟɣɧɨ ɧɟɡаɜɢсɢɦых ɜɟɤɬɨɪɨɜ, ɧɟ ɨɛяɡа-
ɬɟɥɶɧɨ ɜɤɥɸчаɸɳая ɮɨɪɦы ɤɨɥɟɛаɧɢɣ. Таɤ, ɜ 
сɬаɬɶɟ [8] ɢсɩɨɥɶɡɭɟɬся ɧɟɤɨɬɨɪыɣ сɩɟцɢɮɢ-
чɟсɤɢɣ ɛаɡɢс, ɞɥя ɩɨсɬɪɨɟɧɢя ɤɨɬɨɪɨɝɨ ɧɟ 
ɬɪɟɛɭɟɬся ɪɟɲɟɧɢɟ часɬɧɨɣ ɩɪɨɛɥɟɦы сɨɛсɬ-
ɜɟɧɧых ɡɧачɟɧɢɣ ɞɥя ɩɨɞɤɨɧсɬɪɭɤцɢɢ.  
Чɢсɥɟɧɧɨɟ ɪɟɲɟɧɢɟ ɪɟɡɭɥɶɬɢɪɭɸɳɟɣ ɪɟɞɭ-
цɢɪɨɜаɧɧɨɣ сɢсɬɟɦы ɧɟɥɢɧɟɣɧых ɢɧɬɟɝɪɨ-
ɞɢɮɮɟɪɟɧцɢаɥɶɧых ɭɪаɜɧɟɧɢɣ ɧахɨɞɢɬся ɩɨ 
ɦɨɞɢɮɢцɢɪɨɜаɧɧыɦ ɧɟяɜɧыɦ ɪаɡɧɨсɬɧыɦ 
схɟɦаɦ ɬɢɩа Нɶɸɦаɪɤа с ɢсɩɨɥɶɡɨɜаɧɢɟɦ 
ɡɧачɢɦɨɣ часɬɢ сɨɛсɬɜɟɧɧых часɬɨɬ   ),...,,( 21 ndiag   ɢ ɮɨɪɦ    ɩаɪцɢ-

аɥɶɧых ɩɨɞсɢсɬɟɦ-ɩɨɞɤɨɧсɬɪɭɤцɢɣ [9]: 
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Ɂɞɟсɶ ɩɨɞɪаɡɭɦɟɜаɟɬся сɭɦɦɢɪɨɜаɧɢɟ ɩɨ ɜсɟɦ 
ɩɨɞɤɨɧсɬɪɭɤцɢяɦ ɜ сɦысɥɟ ɩɪɨцɟɞɭɪы сɭɩɟɪ-
ɷɥɟɦɟɧɬɧɨɣ сɛɨɪɤɢ. Ɉɛɨɡɧачɟɧɢя ][ bM , ][ bC  

ɢ ][ bK  ɢсɩɨɥɶɡɭɸɬся ɞɥя ɞɨɩɨɥɧɢɬɟɥɶɧых 
ɦаɬɪɢц ɦасс, ɞɟɦɩɮɢɪɨɜаɧɢя ɢ ɠɟсɬɤɨсɬɢ, 
ɤɨɬɨɪыɟ ɦɨɝɭɬ ɛыɬɶ ɞɨɛаɜɥɟɧы ɤ сɨɨɬɜɟɬсɬ-
ɜɭɸɳɢɦ ɦаɬɪɢцаɦ ɩɨсɥɟ сɛɨɪɤɢ. С ɩɨɦɨɳɶɸ 
ɷɬɢх ɦаɬɪɢц ɦɨɠɧɨ ɭчɢɬыɜаɬɶ ɞɨɩɨɥɧɢɬɟɥɶ-
ɧыɟ ɭɩɪɭɝɢɟ ɢ ɜяɡɤɢɟ сɜяɡɢ, а ɬаɤɠɟ ɦассы, 
сɨсɪɟɞɨɬɨчɟɧɧыɟ ɜ ɝɪаɧɢчɧых ɭɡɥах. 
 
4. Наɢɛɨɥɟɟ ɩɨɩɭɥяɪɟɧ ɪɟаɥɢɡɨɜаɧɧыɣ ɜ 
ɭɧɢɜɟɪсаɥɶɧых «ɤɨɦɦɟɪчɟсɤɢх» ПК 
(NASTRAN, ANSYS, ADAMS,…) ɭɩɨɦяɧɭ-
ɬыɣ ɩɨɞхɨɞ Кɪɟɣɝа-Ȼɟɦɩɬɨɧа [2], сɜɨɞяɳɢɣ-
ся ɤ ɩɨсɬɪɨɟɧɢɸ ɪɟɞɭцɢɪɨɜаɧɧых ɦаɬɪɢц 
ɠɟсɬɤɨсɬɢ ɢ ɦасс:  
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iC  – ɩɟɪɟɦɟɳɟɧɢя ɜɧɭɬɪɟɧɧɢх сɬɟɩɟɧɟɣ 

сɜɨɛɨɞы СЭ ɞɥя ɡаɞаɧɧых ɟɞɢɧɢчɧых ɩɟɪɟ-
ɦɟɳɟɧɢɣ ɝɪаɧɢчɧых (сɬыɤɨɜɨчɧых) ɭɡɥɨɜ, 

iN  – ɩɟɪɟɦɟɳɟɧɢя ɜɧɭɬɪɟɧɧɢх сɬɟɩɟɧɟɣ 

сɜɨɛɨɞы, сɨɨɬɜɟɬсɬɜɭɸɳɢɟ ɭɞɟɪɠɢɜаɟɦыɦ 
сɨɛсɬɜɟɧɧыɦ ɮɨɪɦаɦ ɤɨɥɟɛаɧɢɣ ɩɪɢ ɨɝɪаɧɢ-
чɟɧɢɢ сɬɟɩɟɧɟɣ сɜɨɛɨɞы (ɡаɞɟɥɤɟ) ɝɪаɧɢч-
ɧых ɭɡɥɨɜ,  NNK̂  ɢ  NNM̂  – ɞɢаɝɨɧаɥɶɧыɟ 
ɦɨɞаɥɶɧыɟ ɦаɬɪɢцы ɠɟсɬɤɨсɬɢ ɢ ɦасс,  CCK̂   K ,  CCM̂   M ,  NCM̂ =  ТCNM̂ – ɡа-
ɩɨɥɧɟɧɧыɟ ɦаɬɪɢцы. 
Эɬɨɬ ɠɟ аɥɝɨɪɢɬɦ с 1999ɝ. ɪɟаɥɢɡɨɜаɧ ɢ ɜ ɢс-
сɥɟɞɨɜаɬɟɥɶсɤɨɦ ПК СТАДИɈ [11]. Пɪɨ-
ɝɪаɦɦɧая ɪɟаɥɢɡацɢя ɦаɬɪɢчɧых ɨɩɟɪацɢɣ 

ɩɪɢ ɮɨɪɦɢɪɨɜаɧɢɢ  K̂  ɢ  M̂  (ɢ ɪɟɞɭцɢɪɨ-
ɜаɧɧых ɜɟɤɬɨɪɨɜ ɧаɝɪɭɡɨɤ  F̂ ), а ɬаɤɠɟ ɜɨɡ-
ɦɨɠɧыɟ аɮɢɧɧыɟ ɩɪɟɨɛɪаɡɨɜаɧɢя ɜ ɨсɧɨɜɧɨɦ 
ɩɨсɬɪɨɟɧы ɧа сɬаɧɞаɪɬɧых ɩɪɨцɟɞɭɪах, сɨ-
ɞɟɪɠаɳɢхся ɜ ɦɨɞɭɥях ПК. Нɟ ɜсɬɪɟчаɟɬ ɤа-
ɤɢх-ɥɢɛɨ ɬɪɭɞɧɨсɬɟɣ, сɥɟɞɭя ɤаɧɨɧɢчɟсɤɨɣ 

ɤɨɧɟчɧɨ(сɭɩɟɪ)ɷɥɟɦɟɧɬɧɨɣ сɛɨɪɤɟ, ɢ ɭчɟɬ  K̂ ,  M̂  ɢ  F̂  ɜ ɨɛɳɟɣ сɭɩɟɪɷɥɟɦɟɧɬɧɨɣ ɦɨɞɟɥɢ. 
Иɦɩɨɪɬ-ɷɤсɩɨɪɬ ɦаɬɪɢц ɨɪɝаɧɢɡɨɜаɧ ɤаɤ чɟ-
ɪɟɡ ɬɟɤсɬɨɜыɟ ɮаɣɥы, ɮɨɪɦаɬ ɤɨɬɨɪых ɭчɢ-

ɬыɜаɟɬ ɛɥɨчɧɨ-ɞɢаɝɨɧаɥɶɧɭɸ сɬɪɭɤɬɭɪɭ  K̂  

ɢ ɡаɩɨɥɧɟɧɧɭɸ сɬɪɭɤɬɭɪɭ  M̂  (ɜ часɬɧɨсɬɢ, 
ɩɨɞɞɟɪɠɢɜаɟɬся ɮɨɪɦаɬ ПК ANSYS, 
NASTRAN), ɬаɤ ɢ чɟɪɟɡ ɤɨɦɩаɤɬɧыɟ ɛɢɧаɪ-
ɧыɟ ɮаɣɥы ПК СТАȾИɈ (ɪɢс.1). 
 
5. Пɟɪɜɨɧачаɥɶɧɨɟ ɪаɡɜɢɬɢɟ ɢ ɢсɩɨɥɶɡɨɜаɧɢɟ 
ɦɟɬɨɞа ɞɢɧаɦɢчɟсɤɨɝɨ сɢɧɬɟɡа ɩɨɞɤɨɧсɬɪɭɤ-
цɢɣ ɜ аɷɪɨɤɨсɦɢчɟсɤɨɣ ɨɬɪасɥɢ – ɨɛ ɷɬɨɦ 
сɜɢɞɟɬɟɥɶсɬɜɭɸɬ ɭɩɨɦяɧɭɬыɟ ɨсɧɨɜɨɩɨɥа-
ɝаɸɳɢɟ ɬɟɨɪɟɬɢчɟсɤɢɟ ɪаɛɨɬы [1-6] – ɩɪɟɞ-
сɬаɜɥяɟɬся ɢсɬɨɪɢчɟсɤɢ ɢ ɩɪɟɞɦɟɬɧɨ ɨɛɨсɧɨ-
ɜаɧɧыɦ. Дɟɣсɬɜɢɬɟɥɶɧɨ, ɪаɡɪаɛɨɬɤɭ ɢ ɪас-

чɟɬɧɭɸ ɨɩɬɢɦɢɡацɢɸ ɞɢɧаɦɢчɟсɤɢ сɜяɡаɧ-
ɧых ɨсɧɨɜɧых ɩɨɞсɢсɬɟɦ (ɛɥɨɤɨɜ ɢ ɭɡɥɨɜ) 
ɜɟɞɭɬ ɧɟɡаɜɢсɢɦɨ ɞɟсяɬɤɢ ɤɨɧсɬɪɭɤɬɨɪсɤɢх 
ɮɢɪɦ, а «цɟɧа ɜɨɩɪɨса» ɤɪаɣɧɟ ɜысɨɤа.  
Ɋаɧɟɟ ɨɩɭɛɥɢɤɨɜаɧ ɜаɠɧыɣ ɩɪаɤɬɢчɟсɤɢɣ 
ɩɪɢɦɟɪ ɩɨɞɨɛɧɨɝɨ ɦɨɞɟɥɢɪɨɜаɧɢя, ɜыɩɨɥ-
ɧɟɧɧɨɝɨ с ɢсɩɨɥɶɡɨɜаɧɢɟɦ ПК СТАȾИɈ 
[11,12]: ɞɢɧаɦɢɤа ɢ ɩɪɨчɧɨсɬɶ ɪаɡɪаɛɨɬаɧɧɨ-
ɝɨ НПП ВНИИЭМ Ȼɥɨɤа ɩɪɢɜɨɞа сɨɥɧɟчɧых 
ɛаɬаɪɟɣ (ȻП СȻ) ɜ сɨсɬаɜɟ ɪɨссɢɣсɤɨɝɨ сɟɝ-
ɦɟɧɬа ɦɟɠɞɭɧаɪɨɞɧɨɣ ɤɨсɦɢчɟсɤɨɣ сɬаɧцɢɢ 
(ɊС МКС) «Аɥɶɮа». Ȼɥɨɤ сɨɞɟɪɠɢɬ ɩɥасɬɢɧ-
чаɬɨ-ɨɛɨɥɨчɟчɧɨ-сɬɟɪɠɧɟɜɭɸ ɧɟсɭɳɭɸ ɤɨɧ-
сɬɪɭɤцɢɸ с ɬɪɟɦя ɪɟɞɭɤɬɨɪɧыɦɢ ɦɟхаɧɢɡ-
ɦаɦɢ, ɞɜа ɢɡ ɤɨɬɨɪых ɩɪɢɜɨɞяɬ ɜ ɞɜɢɠɟɧɢɟ 
СȻ, а ɬɪɟɬɢɣ сɨɟɞɢɧяɟɬ ɭɤаɡаɧɧыɣ Ȼɥɨɤ с ɨс-
ɧɨɜɧɨɣ часɬɶɸ ɊС. Вɤɥɸчɟɧɢɟ ɪɟɞɭɤɬɨɪɧых 
ɦɟхаɧɢɡɦɨɜ ɜ ɪасчɟɬɧɭɸ ɦɨɞɟɥɶ ȻП ɢ ɜсɟɣ 
МКС яɜɥяɟɬся ɧɟɬɪɢɜɢаɥɶɧɨɣ ɡаɞачɟɣ, ɬаɤ 
ɤаɤ ɜсɥɟɞсɬɜɢɟ ɛɨɥɶɲɨɝɨ ɩɟɪɟɞаɬɨчɧɨɝɨ ɨɬ-
ɧɨɲɟɧɢя ɞɜɢɝаɬɟɥɶ ɪɟɞɭɤɬɨɪа ɦɨɠɟɬ сɨɜɟɪ-
ɲаɬɶ сɨɬɧɢ ɨɛɨɪɨɬɨɜ ɩɪɢ ɩɨɜɨɪɨɬɟ ɜыхɨɞɧɨ-
ɝɨ ɜаɥа ɧа ɧɟсɤɨɥɶɤɨ ɝɪаɞɭсɨɜ, а ɩɪɢɜɟɞɟɧ-
ɧыɣ ɤ ɜаɥɭ СȻ ɦɨɦɟɧɬ ɢɧɟɪцɢɢ ɪɟɞɭɤɬɨɪа 
ɛɨɤɨɜɨɝɨ ɩɪɢɜɨɞа сɨɩɨсɬаɜɢɦ с ɢɧɟɪцɢɨɧ-
ɧыɦɢ хаɪаɤɬɟɪɢсɬɢɤаɦɢ саɦɨɣ СȻ. Кɪɨɦɟ 
ɬɨɝɨ, ɜ сɨсɬаɜ ɦɟхаɧɢɡɦа ɜхɨɞɢɬ ɦɭɮɬа с сɭ-
ɳɟсɬɜɟɧɧɨ ɧɟɥɢɧɟɣɧɨɣ хаɪаɤɬɟɪɢсɬɢɤɨɣ ɢ 
ɩɪɢɜɨɞɧɨɣ ɷɥɟɤɬɪɨɞɜɢɝаɬɟɥɶ, ɨɞɧɢɦ ɢɡ ɪɟ-
ɠɢɦɨɜ ɭɩɪаɜɥɟɧɢя ɤɨɬɨɪыɦ яɜɥяɟɬся ɨɬсɭɬ-
сɬɜɢɟ ɷɥɟɤɬɪɢчɟсɤɨɝɨ ɦɨɦɟɧɬа ɧа ɜаɥɭ.  
Ɋаɡɪаɛɨɬаɧа ɢ ɜɟɪɢɮɢцɢɪɨɜаɧа ɩɨɞɪɨɛɧая 
ɩаɪаɦɟɬɪɢɡɨɜаɧɧая ɥɢɧɟɣɧɨ-ɭɩɪɭɝая ɞɢɧаɦɢ-
чɟсɤая ɩɪɨсɬɪаɧсɬɜɟɧɧая ɦɨɞɟɥɶ ɨɪɛɢɬаɥɶɧɨɣ 
сɢсɬɟɦы “МКС – Ȼɥɨɤ ɩɪɢɜɨɞɨɜ – ɤɪыɥɨ_1 
СȻ – ɤɪыɥɨ_2 СȻ”, ɝɢɛɤɨ ɩɟɪɟсɬɪаɢɜаɟɦая 
ɞɥя ɪассɦɨɬɪɟɧɢя ɜаɪɢаɧɬɨɜ ɜɡаɢɦɧɨɣ ɨɪɢɟɧ-
ɬацɢɢ ɊС ɢ 2-х ɤɪыɥɶɟɜ СȻ, ɲɬаɬɧых ɷɬаɩɨɜ 
сɛɨɪɤɢ МКС ɢ СȻ, ɪаɡɥɢчɧых ɪɟɠɢɦɨɜ ɪаɛɨ-
ɬы ɞɜɢɝаɬɟɥя ɩɪɢ ɞɢɧаɦɢчɟсɤɢх ɧаɝɪɭɡɤах ɧа 
ɩɪɟɞɨɩɪɟɞɟɥɟɧɧыɟ ɭɡɥы сɢсɬɟɦы, ɞɥя ɪɟɲɟ-
ɧɢя ɡаɞач ɩɪɨчɧɨсɬɧɨɣ ɢ ɞɢɧаɦɢчɟсɤɨɣ ɨɩ-
ɬɢɦɢɡацɢɢ сɢсɬɟɦы. Мɨɞɟɥɶ сɨɞɟɪɠɢɬ 12 ɤɨ-
ɧɟчɧɨɷɥɟɦɟɧɬɧых ɢ 3 “ɦаɬɪɢчɧых” ɩɨɞсɢс-
ɬɟɦ-сɭɩɟɪɷɥɟɦɟɧɬɨɜ (ɪɟɞɭцɢɪɨɜаɧɧыɟ ɦаɬɪɢ-
цы ɠɟсɬɤɨсɬɢ ɢ ɦасс Кɪɟɣɝа-Ȼɟɦɩɬɨɧа ɊС ɢ 
2-х сɛɨɪɨɤ СȻ, сɮɨɪɦɢɪɨɜаɧɧыɟ «сɦɟɠɧɢɤа-
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ɦɢ» ɧа ɛаɥɨчɧɨ-ɨɛɨɥɨчɟчɧых КЭ-ɦɨɞɟɥях ɜ 
«ɮɨɪɦаɬɟ» ПК NASTRAN), сɨɟɞɢɧɟɧɧых ɜ 
ɟɞɢɧɭɸ сɭɩɟɪɷɥɟɦɟɧɬɧɭɸ ɦɨɞɟɥɶ. Пɪɢ ɷɬɨɦ 
ɪычаɠɧɨ-сɬɟɪɠɧɟɜая ɦɨɞɟɥɶ ɤаɠɞɨɝɨ ɪɟɞɭɤ-
ɬɨɪа ɨɛɟсɩɟчɢɜаɟɬ ɬɪɟɛɭɟɦыɟ ɩɟɪɟɞаɬɨчɧыɟ 
ɨɬɧɨɲɟɧɢя ɢ ɢɧɟɪцɢɨɧɧыɟ хаɪаɤɬɟɪɢсɬɢɤɢ 
ɩɟɪɜɨɣ ɢ ɜɬɨɪɨɣ сɬɭɩɟɧɟɣ, сɨɞɟɪɠɢɬ ɷɥɟɦɟɧɬ 
ɦаɝɧɢɬɧɨɣ ɦɭɮɬы с ɥɢɧɟаɪɢɡɨɜаɧɧɨɣ ɤɪɭ-
ɬɢɥɶɧɨɣ ɠɟсɬɤɨсɬɶɸ ɢ ɢɦɟɸɬ ɪɟаɥɢсɬɢчɧыɟ 
сɜяɡɢ с ɤɨɪɩɭсɨɦ Ȼɥɨɤа ɩɪɢɜɨɞɨɜ.  
Ɋаɡɪаɛɨɬаɧɧая сɭɩɟɪɷɥɟɦɟɧɬɧая ɞɢɧаɦɢчɟсɤая 
ɦɨɞɟɥɶ ɪаɡɜɢɜаɟɬся ɩɨ ɦɟɪɟ ɷɤсɩɥɭаɬацɢɢ ɢ 
сɬɪɨɢɬɟɥɶсɬɜа МКС, а ɢсɩɨɥɶɡɨɜаɧɧыɣ ɩɨɞ-
хɨɞ ɤ аɧаɥɢɡɭ ɭɩɪɭɝɢх сɢсɬɟɦ, ɜɤɥɸчаɸɳɢх 
ɪɟɞɭɤɬɨɪы ɢ ɞɪɭɝɢɟ ɦɟхаɧɢɡɦы, ɦɨɠɟɬ ɛыɬɶ с 
ɭсɩɟхɨɦ ɢсɩɨɥɶɡɨɜаɧ ɞɥя ɪɟɲɟɧɢя аɧаɥɨɝɢч-
ɧых ɡаɞач ɜ ɞɪɭɝɢх ɨɬɪасɥях ɦаɲɢɧɨсɬɪɨɟɧɢя. 
 
6. Дɪɭɝая ɨɛɲɢɪɧая ɬɟхɧɢчɟсɤая ɨɛɥасɬɶ, ɝɞɟ 
ɜɨсɬɪɟɛɨɜаɧ ɢ ɜɟсɶɦа ɷɮɮɟɤɬɢɜɟɧ ɩɪɟɞɥа-
ɝаɟɦыɣ ɩɨɞхɨɞ – ɬɪɭɛɨɩɪɨɜɨɞɧыɟ сɢсɬɟɦы 
ɪаɡɥɢчɧых ɨɬɪасɥɟɣ. Наɩɪɢɦɟɪ, ɧɟɨɛхɨɞɢɦɨ 
ɜ ɪаɦɤах ɨɞɧɨɣ ɪасчɟɬɧɨɣ ɦɨɞɟɥɢ ɨɩɟɪаɬɢɜ-
ɧɨ ɡаɞаɬɶ ɢ ɤɨɦɩɥɟɤсɧɨ ɩɪɨаɧаɥɢɡɢɪɨɜаɬɶ 
(сɬаɬɢɤа, цɢɤɥɢɤа, сɟɣсɦɢɤа, ɜɢɛɪацɢɢ,…) 
сɜяɡаɧɧɭɸ яɞɟɪɧыɦ ɪɟаɤɬɨɪɨɦ сɢсɬɟɦɭ ɜсɟх 
ɩɟɬɟɥɶ 1-ɝɨ ɤɨɧɬɭɪа «ɪɟаɤɬɨɪ – ɬɪɭɛɨɩɪɨɜɨ-
ɞы – ɩаɪɨɝɟɧɟɪаɬɨɪы – ɧасɨсы – ȽɁɁ – ɤɨɦ-
ɩɟɧсаɬɨɪ ɨɛɴɟɦа –…» с аɞɟɤɜаɬɧыɦ ɭчɟɬɨɦ 
ɝɟɨɦɟɬɪɢɤɨ-ɠɟсɬɤɨсɬɧых, ɢɧɟɪцɢɨɧɧых ɢ 
ɞɢссɢɩаɬɢɜɧых хаɪаɤɬɟɪɢсɬɢɤ ɢ сɥɨɠɧых 
ɭсɥɨɜɢɣ ɤɪɟɩɥɟɧɢя ɨɛɨɪɭɞɨɜаɧɢя. 
Ɋɟаɥɢɡɨɜаɧɧыɣ ɜ ɨɛɴɟɤɬɧɨ-ɨɪɢɟɧɬɢɪɨɜаɧɧɨɦ 
ɩɪɨɝɪаɦɦɧɨɦ ɤɨɦɩɥɟɤсɟ АСТɊА-НɈВА [14] ɢ 
ɭɠɟ 34 ɝɨɞа ɢсɩɨɥɶɡɭɟɦыɣ ɜ ɩɪаɤɬɢɤɟ ɦассɨ-
ɜɨɝɨ ɩɪɨɟɤɬɢɪɨɜаɧɢя сɭɩɟɪɷɥɟɦɟɧɬɧыɣ ɩɨɞ-
хɨɞ (ɤаɠɞыɣ «ɛаɥɨчɧыɣ» сɭɩɟɪɷɥɟɦɟɧɬ – ɧɟ-
ɪаɡɜɟɬɜɥɟɧɧыɣ ɩɪɨсɬɪаɧсɬɜɟɧɧыɣ ɭчасɬɨɤ 
ɬɪɭɛɨɩɪɨɜɨɞа, ɨɩɨɪɧɨɣ ɤɨɧсɬɪɭɤцɢɢ ɢɥɢ ɨɛɨ-
ɪɭɞɨɜаɧɢя – ɢɦɟɟɬ ɬɨɥɶɤɨ ɩɨ 2 ɭɡɥа сɬыɤɨɜɤɢ) 
ɞɨɩɨɥɧяɟɬся ɮɨɪɦɢɪɨɜаɧɢɟɦ/ɭчɟɬɨɦ ɪɟɞɭцɢ-
ɪɨɜаɧɧых ɦаɬɪɢц ɜɥɢяɧɢя Кɪɟɣɝа-Ȼɷɦɩɬɨɧа 
ɧɟ ɬɨɥɶɤɨ ɞɟɬаɥɟɣ (ɬɪɨɣɧɢɤɢ – 3 ɭɡɥа сɬыɤɨɜ-
ɤɢ, ɨɬɜɨɞы, ɤɨсыɟ сɬыɤɢ, сɟɤɬɨɪɧыɟ ɤɨɥɟɧа, 
ɩɟɪɟхɨɞɧɢɤɢ ɢ ɥɢɧɡɨɜыɟ ɤɨɦɩɟɧсаɬɨɪы – ɩɨ 2 
ɭɡɥа), ɧɨ ɢ ɛɨɥɟɟ сɥɨɠɧɨɝɨ ɨɛɨɪɭɞɨɜаɧɢя ɢ 
ɨɩɨɪɧых ɤɨɧсɬɪɭɤцɢɣ ɜ ɟɞɢɧɨɣ ɦɨɞɟɥɢ ɬɪɭ-

ɛɨɩɪɨɜɨɞɧɨɣ сɢсɬɟɦы (ɪɢс.4). Пɪɢ ɷɬɨɦ, ɩɨсɥɟ 
ɨɩɪɟɞɟɥɟɧɢя ɭсɢɥɢɣ ɜɨ ɜсɟх ɭɡɥах-сɟчɟɧɢях 
ɞɢɧаɦɢчɟсɤɨɣ сɭɩɟɪɷɥɟɦɟɧɬɧɨɣ ɦɨɞɟɥɢ ɦɨ-
ɠɟɬ ɛыɬɶ ɜыɩɨɥɧɟɧ ɭɬɨчɧɟɧɧыɣ ɪасчɟɬ МКЭ 
ɧаɩɪяɠɟɧɧɨɝɨ сɨсɬɨяɧɢя ɢ ɩɪɨчɧɨсɬɢ саɦɨɣ 
ɞɟɬаɥɢ/ɨɛɨɪɭɞɨɜаɧɢя/ɨɩɨɪɧɨɣ ɤɨɧсɬɪɭɤцɢɢ ɧа 
сɝɟɧɟɪɢɪɨɜаɧɧɨɣ ɨɩɬɢɦаɥɶɧɨɣ ɦɨɞɟɥɢ (ɧа-
ɩɪɢɦɟɪ, ɞɥя ɬɪɨɣɧɢɤɨɜɨɝɨ сɨɟɞɢɧɟɧɢя [15]).  
Ɂасɥɭɠɢɜаɸɳɟɣ ɭɩɨɦɢɧаɧɢя ɨсɨɛɟɧɧɨсɬɶɸ 
ɩɨсɬɪɨɟɧɢя ɦаɬɪɢц Кɪɟɣɝа-Ȼɷɦɩɬɨɧа ɞɥя ɨɛɴ-
ɟɦɧых ɢɥɢ ɨɛɨɥɨчɟчɧых ɦɨɞɟɥɟɣ ɷɥɟɦɟɧɬɨɜ 
ɬɪɭɛɨɩɪɨɜɨɞɧɨɣ сɢсɬɟɦы яɜɥяɟɬся ɩɪɟɞɜаɪɢ-
ɬɟɥɶɧɨɟ сɜяɡыɜаɧɢɟ ɭɡɥɨɜ ɧа ɬɨɪцɟɜых (ɩаɬ-
ɪɭɛɤɨɜых) ɝɪаɧях ɭсɥɨɜɢяɦɢ ɞɟɮɨɪɦɢɪɨɜаɧɢя 
ɩɨ ɛаɥɨчɧɨɣ ɝɢɩɨɬɟɡɟ ɩɥɨсɤɢх сɟчɟɧɢɣ – ɜ ПК 
СТАДИɈ ɷɬɭ ɩɪɨцɟɞɭɪɭ ɦɨɠɧɨ ɨсɭɳɟсɬɜɢɬɶ 
ɧɟсɤɨɥɶɤɢɦɢ аɥɶɬɟɪɧаɬɢɜɧыɦɢ сɩɨсɨɛаɦɢ [11].  
В ɡаɩɥаɧɢɪɨɜаɧɧɨɣ ɩɟɪсɩɟɤɬɢɜɟ – сɨɡɞаɧɢɟ ɢ 
ɧаɩɨɥɧɟɧɢɟ «ɛаɡы ɞаɧɧых» (ɪɟɞɭцɢɪɨɜаɧɧых 
ɦаɬɪɢц Кɪɟɣɝа-Ȼɷɦɩɬɨɧа) ɬɢɩɨɜых ɞɟɬаɥɟɣ, 
ɧɟсɬаɧɞаɪɬɧых ɨɩɨɪɧых ɤɨɧсɬɪɭɤцɢɣ ɢ ɬɟх-
ɧɨɥɨɝɢчɟсɤɨɝɨ ɨɛɨɪɭɞɨɜаɧɢя. 
 
7. Ɉɛɨɛɳая ɢɡɥɨɠɟɧɧɨɟ, ɨɬɦɟɬɢɦ, чɬɨ сɨ-
ɜɪɟɦɟɧɧыɟ ɤɨɧɟчɧɨɷɥɟɦɟɧɬɧыɟ ɩɪɨɝɪаɦɦ-
ɧыɟ ɤɨɦɩɥɟɤсы ɞɨɥɠɧы сɨɞɟɪɠаɬɶ ɨɩцɢɢ: 
– сɭɛɦɨɞɟɥɢɪɨɜаɧɢя ɞɥя ɭɬɨчɧɟɧɧɨɝɨ аɧаɥɢ-
ɡа ɬɪɟхɦɟɪɧɨɝɨ НДС ɬяɠɟɥɨ ɧаɝɪɭɠɟɧɧых 
ɭɡɥɨɜ-ɞɟɬаɥɟɣ; 

– ɩɨсɬɪɨɟɧɢя ɢ ɢɦɩɨɪɬа-ɷɤсɩɨɪɬа ɪɟɞɭцɢɪɨ-
ɜаɧɧых ɦаɬɪɢц ɜɥɢяɧɢя (ɠɟсɬɤɨсɬɢ, ɦасс ɢ 
ɧаɝɪɭɡɨɤ) ɤаɤ ɜ ɬɟɤсɬɨɜых ɮɨɪɦаɬах ɢɡ-
ɜɟсɬɧых сɢсɬɟɦ, ɬаɤ ɢ ɜ ɜɢɞɟ ɤɨɦɩаɤɬɧых 
ɛɢɧаɪɧых ɮаɣɥɨɜ ɞɥя ɨɛɟсɩɟчɟɧɢя, ɜ часɬ-
ɧɨсɬɢ, сɨɜɦɟсɬɧых ɪаɡɪаɛɨɬɨɤ ɢ ɬɨчɧɨɝɨ 
аɧаɥɢɡа сɥɨɠɧых ɦɧɨɝɨсɜяɡɧых ɞɢɧаɦɢчɟ-
сɤɢ ɧаɝɪɭɠɟɧɧых ɢɧɠɟɧɟɪɧых ɤɨɧсɬɪɭɤ-
цɢɣ ɢ сɨɨɪɭɠɟɧɢɣ. 

Ȼɨɥɟɟ ɬɨɝɨ, ɞɥя ɨɛɴɟɤɬɧɨ-ɨɪɢɟɧɬɢɪɨɜаɧɧых 
ПК, ɢсɩɨɥɶɡɭɟɦых ɜ ɦассɨɜɨɦ ɩɪɨɟɤɬɢɪɨɜа-
ɧɢɢ ɨɛɴɟɤɬɨɜ сɬɪɨɢɬɟɥɶсɬɜа ɢ ɦаɲɢɧɨсɬɪɨɟ-
ɧɢя, ɟсɬɟсɬɜɟɧɧыɦ (ɜ ɞɭхɟ ɢɧɬɟɝɪацɢɢ ɜ 
САПɊ) ɢ ɷɮɮɟɤɬɢɜɧыɦ ɩɪɟɞсɬаɜɥяɟɬся сɨɡ-
ɞаɧɢɟ, ɩɨɩɨɥɧɟɧɢɟ ɢ ɢсɩɨɥɶɡɨɜаɧɢɟ сɭɩɟɪ-
ɷɥɟɦɟɧɬɧых «ɛаɡ ɞаɧɧых» – ɦаɬɪɢц ɠɟсɬɤɨ-
сɬɢ, ɦасс, ɞɟɦɩɮɢɪɨɜаɧɢя ɢ «ɟɞɢɧɢчɧых» 
ɧаɝɪɭɡɨɤ ɬɢɩɨɜых ɷɥɟɦɟɧɬɨɜ-ɞɟɬаɥɟɣ ɢ ɭɡɥɨɜ. 
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Мɨɞɟɥɶ с ɦаɬɪɢчɧыɦ СЭ Кɪɟɣɝа-Ȼɟɦɩɬɨɧа (ɨɛɨɪɭɞɨɜаɧɢɟ ɧа ɨɩɨɪах) 

  
Ɋɢс. 4. Пɨɥɧая ɦɨɞɟɥɶ, ɮɨɪɦɢɪɨɜаɧɢɟ ɢ ɭчɟɬ ɦаɬɪɢчɧɨɝɨ СЭ Кɪɟɣɝа-Ȼɟɦɩɬɨɧа ɜ сɨсɬаɜɟ  

АСТɊА-ɦɨɞɟɥɢ ɬɪɭɛɨɩɪɨɜɨɞɧɨɣ сɢсɬɟɦы АЭС. 



Ɋɟаɥɢɡацɢя ɢ ɜɟɪɢɮɢɤацɢя ɦɟɬɨɞɨɜ сɭɛɦɨɞɟɥɢɪɨɜаɧɢя ɢ ɞɢɧаɦɢчɟсɤɨɝɨ сɢɧɬɟɡа ɩɨɞɤɨɧсɬɪɭɤцɢɣ  
ɜ ɭɧɢɜɟɪсаɥɶɧых ɢ сɩɟцɢаɥɢɡɢɪɨɜаɧɧых ɩɪɨɝɪаɦɦɧых ɤɨɦɩɥɟɤсах 
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Сɨɛсɬɜɟɧɧыɟ часɬɨɬы АСТɊА-ɦɨɞɟɥɟɣ, Ƚц 

№ 
Часɬɨ
ɬы

Пɨɥɧая 
ɦɨɞɟɥɶ

СЭ 
Кɪɟɣɝа-
Ȼɟɦɩɬɨ
ɧа

Мɨɞɟɥɢ ɬɪɭɛɨɩɪɨɜɨɞɨɜ с ɩɪɢсɨɟɞɢɧɟɧɧыɦɢ ɦаɬɪɢчɧыɦɢ СЭ 
(Кɪɟɣɝа-Ȼɟɦɩɬɨɧа)

N = 0 N = 2 N = 5

1

2

3

4

5

6

7

8

9

10

…

85

86
87

…

142

143
144

…

198

199

200

…

338

339
340

…

366

367
368

…

400

0.402

0.415

0.619

0.690

0.728

0.807

1.033

1.100

1.220

1.319

…

4.506

4.533
4.642

…
6.523

6.569
6.599

…
10.367

10.498
10.536

…
17.872

18.022
18.172

…

21.533

21.538
21.959

…

23.126

…

4.529

…

6.629

…

10.500

…

18.118

…

21.546

…

0.402

0.415

0.619

0.690

0.728

0.807

1.033

1.100

1.220

1.319

…

4.506

–
4.642

…

6.523

–
6.599

…
10.367

–
10.536

…
17.872

–
18.172

…

21.533

–
21.959

…

23.126

0.402

0.415

0.619

0.690

0.728

0.807

1.033

1.100

1.220

1.319

…

4.506

4.533
4.642

…

6.523

6.570
6.599

…
10.367

–
10.536

…
17.872

–
18.172

…

21.533

–
21.959

…

23.126

0.402

0.415

0.619

0.690

0.728

0.807

1.033

1.100

1.220

1.319

…

4.506

4.533
4.642

…

6.523

6.570
6.599

…
10.367

10.499
10.536

…
17.872

18.029
18.172

…

21.533

21.540
21.959

…

23.126

0.402

0.415

0.619

0.690

0.728

0.807

1.033

1.100

1.220

1.319

…

4.506

4.533
4.642

…

6.523

6.569
6.599

…
10.367

10.499
10.536

…
17.872

18.029
18.172

…

21.533

21.540
21.959

…

23.126

0.402

0.415

0.619

0.690

0.728

0.807

1.033

1.100

1.220

1.319

…

4.506

4.533
4.642

…

6.523

6.569
6.599

…
10.367

10.498
10.536

…
17.872

18.023
18.172

…

21.533

21.538
21.959

…

23.126

N = 20N = 10

 
Пɪɢɦɟчаɧɢɟ: N – чɢсɥɨ ɜɧɭɬɪɟɧɧɢх сɬɟɩɟɧɟɣ сɜɨɛɨɞы (сɨɛсɬɜɟɧɧых ɮɨɪɦ) сɭɩɟɪɷɥɟɦɟɧɬа. 
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АɇɇɈɌАɐɂə: Ɋаɡɪаɛɨɬаɧ аɥɝɨɪɢɬɦ ɨɩɬɢɦаɥɶɧɨɝɨ ɩɪɨɟɤɬɢɪɨɜаɧɢя ɭɩɪɭɝɢх ɤɨɧсɬɪɭɤцɢɣ, ɩɨɞɜɟɪɠɟɧ-
ɧых ɞɟɣсɬɜɢɸ ɢɦɩɭɥɶсɧых ɧаɝɪɭɡɨɤ.  Аɥɝɨɪɢɬɦ  ɨсɧɨɜаɧ ɧа сɨɜɦɟсɬɧɨɦ ɢсɩɨɥɶɡɨɜаɧɢɢ  ɦɟɬɨɞа ɤɨɧɟч-
ɧых ɷɥɟɦɟɧɬɨɜ ɢ ɦɟɬɨɞɨɜ ɧɟɥɢɧɟɣɧɨɝɨ ɦаɬɟɦаɬɢчɟсɤɨɝɨ ɩɪɨɝɪаɦɦɢɪɨɜаɧɢя. Ɋɟɲɟɧы  ɩɪɢɤɥаɞɧыɟ ɡаɞачɢ 
ɜɢɞɪɨɭɞаɪɨɡаɳɢɬы. 
 

Ключевые словɚ: ɨɩɬɢɦаɥɶɧɨɟ ɩɪɨɟɤɬɢɪɨɜаɧɢɟ ɤɨɧсɬɪɭɤцɢɣ,  ɧɟɥɢɧɟɣɧɨɟ ɩɪɨɝɪаɦɦɢɪɨɜаɧɢɟ,  
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1. ɉɈСɌАɇɈȼКА ɁАДАЧɂ 

 
Пɪɢ ɪɟɲɟɧɢɢ ɡаɞач ɜɢɛɪɨɭɞаɪɨɡаɳɢɬы ɦɟ-
хаɧɢчɟсɤɢх сɢсɬɟɦ, а ɬаɤɠɟ ɡаɞач сɟɣсɦɨ-
сɬɨɣɤɨсɬɢ ɡɞаɧɢɣ ɢ сɨɨɪɭɠɟɧɢɣ ɜɨɡɧɢɤаɟɬ 
ɜɨɩɪɨс ɩɨɞɛɨɪа ɨɩɬɢɦаɥɶɧых ɩаɪаɦɟɬɪɨɜ 
ɷɬɢх ɤɨɧсɬɪɭɤцɢɣ. Таɤɢɟ  ɡаɞачɢ ɦɨɠɧɨ  ɪас-
сɦаɬɪɢɜаɬɶ ɤаɤ ɡаɞачɢ ɨɩɬɢɦаɥɶɧɨɝɨ ɩɪɨɟɤ-
ɬɢɪɨɜаɧɢя ɤɨɧсɬɪɭɤцɢɣ.  
Пɪɟɞсɬаɜɢɦ ɡаɞачɭ ɨɩɬɢɦɢɡацɢɢ ɦɟхаɧɢчɟ-
сɤɨɣ сɢсɬɟɦы, ɩɨɞɜɟɪɠɟɧɧɨɣ ɞɟɣсɬɜɢɸ ɤɪаɬ-
ɤɨɜɪɟɦɟɧɧɨɣ ɢɦɩɭɥɶсɧɨɣ ɧаɝɪɭɡɤɢ, ɜ ɮɨɪɦɟ 
ɡаɞачɢ ɧɟɥɢɧɟɣɧɨɝɨ ɦаɬɟɦаɬɢчɟсɤɨɝɨ ɩɪɨ-
ɝɪаɦɦɢɪɨɜаɧɢя (НМП) [1-4]. 
 

Наɣɬɢ 
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Ɂɞɟсɶ  x – ɜɟɤɬɨɪ ɜаɪɶɢɪɭɟɦых ɝɟɨɦɟɬɪɢчɟ-
сɤɢх ɢ ɮɢɡɢчɟсɤɢх ɩаɪаɦɟɬɪɨɜ ɦɟхаɧɢчɟсɤɨɣ 
сɢсɬɟɦы. ɐɟɥɟɜая ɮɭɧɤцɢя  f  ɢ ɨɝɪаɧɢчɟɧɢя 
gj сɜяɡаɧы с  ɜаɪɶɢɪɭɟɦыɦɢ ɩаɪаɦɟɬɪаɦɢ  
чɟɪɟɡ ɩаɪаɦɟɬɪы сɨсɬɨяɧɢя P(x,t), ɤɨɬɨɪыɟ 
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ɦɨɝɭɬ ɩɪɟɞсɬаɜɥяɬɶ сɨɛɨɣ яɜɧыɟ ɮɭɧɤцɢɢ ɨɬ 
ɞɢɧаɦɢчɟсɤɢх ɩɟɪɟɦɟɳɟɧɢɣ, сɤɨɪɨсɬɟɣ ɢ ɭс-
ɤɨɪɟɧɢɣ ɜ ɭɡɥɨɜых ɬɨчɤах сɢсɬɟɦы: 
   .,),,()},({ nEtxP            (3) 
 
n – чɢсɥɨ ɞɢɧаɦɢчɟсɤɢх сɬɟɩɟɧɟɣ сɜɨɛɨɞы. 
Вɪɟɦя t ɢɡɦɟɧяɟɬся ɨɬ 0 ɞɨ . Вɟɤɬɨɪы ɞɢɧа-
ɦɢчɟсɤɢх ɩɟɪɟɦɟɳɟɧɢɣ, сɤɨɪɨсɬɟɣ ɢ ɭсɤɨɪɟ-
ɧɢɣ сɢсɬɟɦы        ,,  ɧɟяɜɧɨ ɡаɜɢсяɬ ɨɬ 
{x} ɢ ɨɩɪɟɞɟɥяɸɬся ɪɟɲɟɧɢɟɦ ɞɢɮɮɟɪɟɧцɢ-
аɥɶɧых ɭɪаɜɧɟɧɢɣ МКЭ ɜ ɩɨсɬаɧɨɜɤɟ [5]: 
            txRxKxCxM ,)()()(    (4) 
 
с ɧачаɥɶɧыɦɢ ɭсɥɨɜɢяɦɢ    )0(,)0(   , ɧɟ 
ɡаɜɢсяɳɢɦɢ ɨɬ  {x}.  
Дɥя ɬɨɝɨ, чɬɨɛы ɡаɞача (1), (2)  ɛыɥа ɪɟɲɟɧа 
ɦɟɬɨɞаɦɢ НМП, ɧɟɨɛхɨɞɢɦɨ ɩɨɥɭчɢɬɶ яɜ-
ɧɭɸ ɡаɜɢсɢɦɨсɬɶ ɮɭɧɤцɢɣ ɨɝɪаɧɢчɟɧɢɣ ɨɬ 
ɜаɪɶɢɪɭɟɦых ɩаɪаɦɟɬɪɨɜ. Эɬа ɩɪɨɛɥɟɦа ɪɟ-
ɲаɟɬся ɩɭɬёɦ ɩɨсɬɪɨɟɧɢя ɩɪɢɛɥɢɠёɧɧɨɣ ɡа-
ɞачɢ. Пɪɢ ɷɬɨɦ ɧɟɨɛхɨɞɢɦɨ  ɭчɟсɬɶ, чɬɨ сɤɨ-
ɪɨсɬɶ схɨɞɢɦɨсɬɢ сɭɳɟсɬɜɟɧɧɨ ɡаɜɢсɢɬ ɨɬ 
ɧɟɥɢɧɟɣɧɨсɬɢ ɨɝɪаɧɢчɢɬɟɥɶɧых ɮɭɧɤцɢɣ, 
ɤɨɬɨɪая ɨɛɭсɥɨɜɥɟɧа ɞɜɭɦя ɮаɤɬɨɪаɦɢ. Вɨ-
ɩɟɪɜых, ɩаɪаɦɟɬɪы сɨсɬɨяɧɢя ɢɦɟɸɬ сɥɨɠ-
ɧɭɸ ɡаɜɢсɢɦɨсɬɶ ɨɬ  x , сɜяɡаɧɧɭɸ сɨ 
сɬɪɭɤɬɭɪɨɣ ɦɟхаɧɢчɟсɤɨɣ сɢсɬɟɦы. Вɨ-
ɜɬɨɪых, саɦɢ ɨɝɪаɧɢчɟɧɢя, ɤаɤ ɩɪаɜɢɥɨ, ɧɟ-
ɥɢɧɟɣɧɨ сɜяɡаɧы с ɩаɪаɦɟɬɪаɦɢ сɨсɬɨяɧɢя. 
Тɨɝɞа аɩɩɪɨɤсɢɦацɢɢ ɩаɪаɦɟɬɪɨɜ сɨсɬɨяɧɢя 
ɞаɞɭɬ ɛɨɥɟɟ ɤачɟсɬɜɟɧɧыɟ ɩɪɢɛɥɢɠɟɧɢя, чɟɦ 
аɩɩɪɨɤсɢɦацɢɢ ɮɭɧɤцɢɣ {g}. Эɬɨ ɩɨɡɜɨɥяɟɬ 
ɢсɩɨɥɶɡɨɜаɬɶ ɩɨɥɭчɟɧɧыɟ аɩɩɪɨɤсɢɦацɢɢ ɧа 
ɛɨɥɟɟ ɲɢɪɨɤɨɣ ɨɛɥасɬɢ ɩɪɨсɬɪаɧсɬɜа ɜаɪɶɢ-
ɪɭɟɦых ɩаɪаɦɟɬɪɨɜ, чɬɨ ɜ ɢɬɨɝɟ ɭɜɟɥɢчɢɜаɟɬ 
сɤɨɪɨсɬɶ схɨɞɢɦɨсɬɢ аɥɝɨɪɢɬɦа. В аɥɝɨɪɢɬ-
ɦɟ ɢсɩɨɥɶɡɨɜаɥɢсɶ аɩɩɪɨɤсɢɦацɢɢ ɩɟɪɜɨɝɨ 
ɩɨɪяɞɤа, ɜыɩɨɥɧɟɧɧыɟ ɩɭɬёɦ ɪаɡɥɨɠɟɧɢя 
ɮɭɧɤцɢɣ ɜ ɪяɞ Тɟɣɥɨɪа ɜ ɨɤɪɟсɬɧɨсɬɢ ɩɪɨɛ-
ɧɨɣ ɬɨчɤɢ  .*x  
Дɪɭɝая ɩɪɨɛɥɟɦа сɨсɬɨɢɬ ɜ ɬɨɦ, чɬɨɛы ɢс-
ɤɥɸчɢɬɶ ɡаɜɢсɢɦɨсɬɶ цɟɥɟɜɨɣ ɢ ɨɝɪаɧɢчɢ-
ɬɟɥɶɧых ɮɭɧɤцɢɣ ɨɬ ɜɪɟɦɟɧɢ. Дɥя ɷɬɨɝɨ ɪас-
сɦаɬɪɢɜаɸɬся ɬɨɥɶɤɨ ɬɟ ɦɨɦɟɧɬы ɜɪɟɦɟɧɢ  

t
CR

, ɩɪɢ ɤɨɬɨɪых ɨɝɪаɧɢчɟɧɢя ɞɨсɬɢɝаɸɬ сɜɨ-
ɟɝɨ ɷɤсɬɪɟɦɭɦа. Тɨɝɞа ɥɢɧɟаɪɢɡацɢя ɩаɪа-
ɦɟɬɪɨɜ сɨсɬɨяɧɢя ɢɦɟɟɬ сɥɟɞɭɸɳɢɣ ɜɢɞ: 
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Дɥя ɨɩɪɟɞɟɥɟɧɢя ɤɨɷɮɮɢцɢɟɧɬɨɜ  аɩɩɪɨɤсɢ-
ɦацɢɢ  ɛыɥ ɢсɩɨɥɶɡɨɜаɧ ɦɟɬɨɞ аɧаɥɢɡа чɭɜ-
сɬɜɢɬɟɥɶɧɨсɬɢ, ɝɞɟ ɜыɩɨɥɧяɥɨсɶ ɩɪяɦɨɟ 
ɞɢɮɮɟɪɟɧцɢɪɨɜаɧɢɟ ɩаɪаɦɟɬɪɨɜ сɨсɬɨяɧɢя 
ɩɨ ɜаɪɶɢɪɭɟɦыɦ ɩаɪаɦɟɬɪаɦ [6]. Пɪɨɞɢɮɮɟ-
ɪɟɧцɢɪɭɟɦ ɭɪаɜɧɟɧɢɟ (4) ɩɨ xi (i=1,2,…, nx): 
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Начаɥɶɧыɟ ɭсɥɨɜɢя  
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ɷɬɨɣ сɢсɬɟɦы ɪаɜɧы ɧɭɥɸ, а ɜɟɤɬɨɪ ɩсɟɜɞɨ-
ɧаɝɪɭɡɤɢ   iF   ɧахɨɞɢɬся ɩɨ ɜыɪаɠɟɧɢɸ: 
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Таɤɢɦ ɨɛɪаɡɨɦ, ɬɪɭɞɨɟɦɤɨсɬɶ ɩɪяɦɨɝɨ ɦɟɬɨ-
ɞа ɩɪɨɩɨɪцɢɨɧаɥɶɧа чɢсɥɭ ɜаɪɶɢɪɭɟɦых ɩа-
ɪаɦɟɬɪɨɜ. Пɪɟɢɦɭɳɟсɬɜɨ ɬаɤɨɝɨ ɩɨɞхɨɞа сɨ-
сɬɨɢɬ ɜ ɬɨɦ, чɬɨ ɡаɞачɢ (4) ɢ (6) ɨɬɥɢчаɸɬся 
ɬɨɥɶɤɨ ɩɪаɜɨɣ часɬɶɸ,  ɩɨɷɬɨɦɭ ɪɟɲɟɧɢɟ ɡа-
ɞачɢ ɞɢɧаɦɢчɟсɤɨɝɨ  аɧаɥɢɡа ɢ аɧаɥɢɡа чɭɜ-
сɬɜɢɬɟɥɶɧɨсɬɢ ɦɨɠɟɬ ɛыɬɶ сɨɜɦɟɳɟɧɨ. 
Иɧыɦɢ сɥɨɜаɦɢ чɢсɥɟɧɧɨɟ ɢɧɬɟɝɪɢɪɨɜаɧɢɟ 
ɭɪаɜɧɟɧɢɣ (4)  ɢ (6) ɭɞɨɛɧɨ ɜыɩɨɥɧяɬɶ ɨɞɧɨ-
ɜɪɟɦɟɧɧɨ. 
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2.  АɅȽɈɊɂɌМ   

АȼɌɈМАɌɂɁɂɊɈȼАɇɇɈȽɈ 

ɉɊɈȿКɌɂɊɈȼАɇɂə  

МȿɏАɇɂЧȿСКɂɏ СɂСɌȿМ ɉɊɂ 

ɂМɉУɅɖСɇЫɏ ȼɈɁДȿɃСɌȼɂəɏ 
 

Дɥя ɪɟɲɟɧɢя ɩɪаɤɬɢчɟсɤɢх ɡаɞач ɛыɥɨ ɪаɡɪа-
ɛɨɬаɧɨ сɩɟцɢаɥɢɡɢɪɨɜаɧɧɨɟ ɩɪɨɝɪаɦɦɧɨɟ 
ɨɛɟсɩɟчɟɧɢɟ ɧа яɡыɤɟ FORTRAN. Пɪɢɜɟɞёɦ 
ɨɩɢсаɧɢɟ ɨсɧɨɜɧых ɛɥɨɤɨɜ аɥɝɨɪɢɬɦа (ɪɢс. 1). 
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ɡаɞачɢ  ɨɩɬɢɦɢɡацɢɢ    (Aprox) 
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Ɋɢс. 1. 
 
Ȼɥɨɤ Dirans  ɩɪɟɞɧаɡɧачɟɧ  ɞɥя ɮɨɪɦɢɪɨɜа-
ɧɢя ɤɨɷɮɮɢцɢɟɧɬɨɜ аɩɩɪɨɤсɢɦацɢɢ ɧа ɨсɧɨ-
ɜɟ ɩɪяɦɨɝɨ ɦɟɬɨɞа аɧаɥɢɡа чɭɜсɬɜɢɬɟɥɶɧɨ-
сɬɢ. Дɥя ɪɟɲɟɧɢя сɢсɬɟɦы ɞɢɮɮɟɪɟɧцɢаɥɶ-
ɧых  ɭɪаɜɧɟɧɢɣ сɨсɬɨяɧɢя (4) ɢ (6) ɢсɩɨɥɶɡɨ-
ɜаɥся ɦɟɬɨɞ ɩɪяɦɨɝɨ ɢɧɬɟɝɪɢɪɨɜаɧɢя (θ-
ɦɟɬɨɞ Вɢɥсɨɧа) [5].  
Ȼɥɨɤ Aprox  ɜɤɥɸчаɟɬ ɩɨсɬɪɨɟɧɢɟ ɩɪɢɛɥɢ-
ɠɟɧɧɨɣ ɡаɞачɢ ɨɩɬɢɦɢɡацɢɢ. Ɂɞɟсɶ  сɬɪɨяɬся 
ɥɢɧɟɣɧыɟ аɩɩɪɨɤсɢɦацɢɢ ɩаɪаɦɟɬɪɨɜ сɨ-
сɬɨяɧɢя ɩɨ ɜаɪɶɢɪɭɟɦыɦ ɩаɪаɦɟɬɪаɦ [6]. 

Ȼɥɨɤ  NMPack  ɩɪɟɞɧаɡɧачɟɧ ɞɥя ɪɟɲɟɧɢя 
ɡаɞачɢ ɭсɥɨɜɧɨɣ ɦɢɧɢɦɢɡацɢɢ.  Исхɨɞɧая 
ɭсɥɨɜɧɨ-ɷɤсɬɪɟɦаɥɶɧая ɡаɞача ɡаɦɟɧяɟɬся 
ɡаɞачɟɣ ɧа ɛɟɡɭсɥɨɜɧыɣ ɷɤсɬɪɟɦɭɦ ɩɪɢ ɩɨ-
ɦɨɳɢ ɦɟɬɨɞɨɜ ɦɨɞɢɮɢцɢɪɨɜаɧɧых ɮɭɧɤцɢɣ 
Лаɝɪаɧɠа [7,8]. Ɂаɞача ɛɟɡɭсɥɨɜɧɨɣ ɦɢɧɢɦɢ-
ɡацɢɢ ɪɟɲаɟɬся с ɢсɩɨɥɶɡɨɜаɧɢɟɦ ɦɧɨɝɨɦɟ-
ɬɨɞɧɨɣ сɬɪаɬɟɝɢɢ, ɜɤɥɸчаɸɳɟɣ ɩɪяɦыɟ ɢ 
ɝɪаɞɢɟɧɬɧыɟ ɩɨɢсɤɨɜыɟ ɦɟɬɨɞы [9]. Пɟɪɟ-
ɤɥɸчɟɧɢɟ ɧа ɬɨɬ ɢɥɢ ɢɧɨɣ ɦɟɬɨɞ ɜыɩɨɥɧяɟɬ-
ся ɧа ɨсɧɨɜɟ ɷɜɪɢсɬɢчɟсɤɨɝɨ аɥɝɨɪɢɬɦа [3]. 
 

 

3.  ɈɉɂСАɇɂȿ ȻɅɈКА ɊАСЧȿɌА   

ɂ АɇАɅɂɁА ЧУȼСɌȼɂɌȿɅɖɇɈСɌɂ 
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Ȼɥɨɤ-схɟɦа аɥɝɨɪɢɬɦа ɪɟɲɟɧɢя ɡаɞачɢ ɞɢɧа-
ɦɢчɟсɤɨɝɨ аɧаɥɢɡа ɢ аɧаɥɢɡа чɭɜсɬɜɢɬɟɥɶɧɨ-
сɬɢ ɩɪɢɜɟɞɟɧа ɧа ɪɢс. 2. 
 
 
 

Фɨɪɦɢɪɨɜаɧɢɟ ɦаɬɪɢц     [M] [C]  [K] ɢ  
ɢх ɩɪɨɢɡɜɨɞɧых ɩɨ xi, i=1,2,…, nx 
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Ɋɢс. 2   
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В ɩɪɨɝɪаɦɦах ɛɥɨɤа ɪɟаɥɢɡɨɜаɧ аɧаɥɢɡ чɭɜ-
сɬɜɢɬɟɥɶɧɨсɬɢ ɩɟɪɜɨɝɨ ɩɨɪяɞɤа (5). В ɤачɟ-
сɬɜɟ ɩаɪаɦɟɬɪɨɜ сɨсɬɨяɧɢя ɩɪɢɧяɬы ɮɭɧɤцɢɢ 
ɨɝɪаɧɢчɟɧɢɣ.  
Вхɨɞɧыɦɢ ɩаɪаɦɟɬɪаɦɢ ɛɥɨɤа яɜɥяɸɬся ɦас-
сɢɜы {x} ɢ {PRMT}. Массɢɜ {PRMT} сɨ-
ɞɟɪɠɢɬ ɩаɪаɦɟɬɪы ɢɧɬɟɝɪɢɪɨɜаɧɢя: ɧачаɥɶ-
ɧыɣ ɢ ɤɨɧɟчɧыɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ, а ɬаɤɠɟ  
ɲаɝ ɢɧɬɟɝɪɢɪɨɜаɧɢя ∆t, ɤɨɬɨɪыɣ ɨɩɪɟɞɟɥяɟɬ-
ся ɩɨ ɜыɪаɠɟɧɢɸ ∆t=τ/(ns-1), ɝɞɟ ns  чɢсɥɨ 
ɞɢсɤɪɟɬɧых ɬɨчɟɤ ɢɧɬɟɝɪɢɪɨɜаɧɢя. 
Дɥя ɪаɛɨɬы с ɛɥɨɤɨɦ ɧɟɨɛхɨɞɢɦɨ ɨɛɪаɳɟɧɢɟ 
ɤ ɩɪɨɝɪаɦɦаɦ,  ɮɨɪɦɢɪɭɸɳɢɦ ɦаɬɪɢцы 
ɦасс, ɞɟɦɩɮɢɪɨɜаɧɢя, ɠɟсɬɤɨсɬɢ, ɜɟɤɬɨɪ ɞɢ-
ɧаɦɢчɟсɤɨɣ ɧаɝɪɭɡɤɢ, а ɬаɤɠɟ ɤ ɩɪɨɝɪаɦɦаɦ, 
ɝɞɟ ɮɨɪɦɢɪɭɟɬся ɜɟɤɬɨɪ ɨɝɪаɧɢчɟɧɢɣ. В ɪɟ-
ɡɭɥɶɬаɬɟ ɪаɛɨɬы ɛɥɨɤа ɜычɢсɥяɸɬся  ɞɜа ɨс-
ɧɨɜɧых ɦассɢɜа. Эɬɨ ɦассɢɜ    CRg  ɪаɡɦɟɪ-
ɧɨсɬɶɸ  m1  ɢ ɦассɢɜ ɩɟɪɜых ɩɪɨɢɡɜɨɞɧых  
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, ɪаɡɦɟɪɧɨсɬɶɸ m1×nx, ɝɞɟ m1≥m. На 

ɪɢс. 2  ɩɨɤаɡаɧ ɩɪɢɧцɢɩ ɮɨɪɦɢɪɨɜаɧɢя ɜɟɤ-
ɬɨɪа  CRg   ɧа ɩɪɢɦɟɪɟ ɡаɞачɢ, ɤɨɝɞа чɢсɥɨ 
ɢсхɨɞɧых ɨɝɪаɧɢчɟɧɢɣ ɪаɜɧɨ ɞɜɭɦ. 
 
 

 






















7

6

5

4

3

2

1

CR

g
g
g
g
g
g
g

g

Ɋɢс. 2.  Фɨɪɦɢɪɨɜаɧɢɟ ɜɟɤɬɨɪа  CRg  

g 

g

tCR
1

 

τ

t 

t 

g1 g4 g7 

g6

tCR
3  

tCR
4

tCR
6 

tCR
7

g2

tCR
2

t
CR

5

g3  

g5

? g>İ  

 

 

 
 
Ɋаɡɦɟɪɧɨсɬɶ ɦассɢɜа ɭɜɟɥɢчɢɜаɟɬся ɡа счёɬ 
ɬɨɝɨ, чɬɨ ɨɝɪаɧɢчɟɧɢя ɜычɢсɥяɸɬся ɜ ɦɨ-
ɦɟɧɬы ɜɪɟɦɟɧɢ tCR, ɤɨɝɞа ɨɧɢ ɞɨсɬɢɝаɸɬ ɷɤс-
ɬɪɟɦаɥɶɧых ɡɧачɟɧɢɣ. Таɤɢх ɦɨɦɟɧɬɨɜ ɦɨ-
ɠɟɬ ɛыɬɶ ɦɧɨɝɨ, ɟсɥɢ ɪассɦаɬɪɢɜаɟɦыɣ ɩɪɨ-
ɦɟɠɭɬɨɤ ɜɪɟɦɟɧɢ τ ɞɨсɬаɬɨчɧɨ ɜɟɥɢɤ. 
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Ɉɞɧаɤɨ ɭчɢɬыɜая, чɬɨ аɦɩɥɢɬɭɞа ɤɨɥɟɛаɧɢɣ 
ɡа счёɬ ɞɟɦɩɮɢɪɨɜаɧɢя ɭɦɟɧɶɲаɟɬся, ɦɨɠɧɨ 
ɨɝɪаɧɢчɢɬɶся ɪассɦɨɬɪɟɧɢɟɦ ɩɟɪɜых  nt  ɦɨ-
ɦɟɧɬɨɜ ɜɪɟɦɟɧɢ (5  nt 15) ɞɥя  ɤаɠɞɨɝɨ ɨɝ-
ɪаɧɢчɟɧɢя. Кɪɨɦɟ ɬɨɝɨ, ɭсɬаɧаɜɥɢɜаɟɬся ɩɨ-
ɥɨса ɨɬɛɨɪа. ȿсɥɢ аɦɩɥɢɬɭɞɧɨɟ ɡɧачɟɧɢɟ ɨɝ-
ɪаɧɢчɟɧɢя  gj  ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ tk  ɦɟɧɶɲɟ 
ɦаɤсɢɦаɥɶɧɨɝɨ аɦɩɥɢɬɭɞɧɨɝɨ ɡɧачɟɧɢя  gj

max  
ɧа ɜɟɥɢчɢɧɭ g  ɢ Δg >, ɬɨ ɨɝɪаɧɢчɟɧɢɟ ɜ 
ɷɬɨɬ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɧɟ ɭчɢɬыɜаɟɬся 
Дɥя ɪɟɲɟɧɢя сɢсɬɟɦ ɞɢɮɮɟɪɟɧцɢаɥɶɧых 
ɭɪаɜɧɟɧɢɣ (4), (6) ɛыɥ ɢсɩɨɥɶɡɨɜаɧ ɦɟɬɨɞ 
ɩɪяɦɨɝɨ ɢɧɬɟɝɪɢɪɨɜаɧɢя. Фɨɪɦɢɪɨɜаɧɢɟ 
ɷɮɮɟɤɬɢɜɧɨɣ ɦаɬɪɢцы ɠёсɬɤɨсɬɢ ɞɥя ɢɧɬɟɝ-
ɪɢɪɨɜаɧɢя ɷɬɢх ɭɪаɜɧɟɧɢɣ ɩɪɨɢɡɜɨɞɢɬся 
ɨɞɢɧ ɪаɡ, чɬɨ ɡɧачɢɬɟɥɶɧɨ сɨɤɪаɳаɟɬ ɨɛɴёɦ 
ɜычɢсɥɟɧɢɣ. На ɤаɠɞɨɦ   i-ɬɨɦ ɜɪɟɦɟɧɧɨɦ 
ɲаɝɟ ɩɪɨцɟɞɭɪы ɩɪяɦɨɝɨ ɢɧɬɟɝɪɢɪɨɜаɧɢя 
ɢɧɬɟɪɜаɥ      ii tt 1   ɩɪɨɜɟɪяɟɬся ɧа ɩɪɢсɭɬ-
сɬɜɢɟ ɷɤсɬɪɟɦаɥɶɧых ɡɧачɟɧɢɣ ɨɝɪаɧɢчɟɧɢɣ  
g

CR
 j. Дɥя ɷɬɨɝɨ ɡаɜɢсɢɦɨсɬɶ gj  ɨɬ  t ɧа ɭча-

сɬɤɟ   ii tt 2    аɩɩɪɨɤсɢɦɢɪɭɟɬся ɤɜаɞɪаɬ-
ɧɨɣ ɩаɪаɛɨɥɨɣ. Дɥя ɜычɢсɥɟɧɢя ɷɤсɬɪɟɦɭɦа 
ɩɪɨɜɨɞяɬся сɥɟɞɭɸɳая ɩɪɨɜɟɪɤа. Вычɢсɥя-
ɟɬся ɩаɪаɦɟɬɪ I

CR, ɤɨɬɨɪыɣ сɨɨɬɜɟɬсɬɜɭɟɬ 
ɜɪɟɦɟɧɢ ɧасɬɭɩɥɟɧɢя ɷɤсɬɪɟɦɭɦ ɜ ɞɨɥях ɨɬ 
ɲаɝа ɢɧɬɟɝɪɢɪɨɜаɧɢя, ɟсɥɢ ɧачаɥɨ ɤɨɨɪɞɢɧаɬ 
сɨɜɦɟсɬɢɬɶ с ɬɨчɤɨɣ  ti-1.  
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чɟɧɢɣ gj ɢɦɟɟɬ ɷɤсɬɪɟɦɭɦ, ɬɨ  
   

1CR

jI . 

 
В ɷɬɨɦ сɥɭчаɟ ɜычɢсɥяɟɬся   CR

kg . 

 

),1()5,0(                        

)1(5,0 22


 

j

CRjj

j

CRj

i

j

CR

k

IBA

IAgg
    (9) 

 
а ɡаɬɟɦ ɨɩɪɟɞɟɥяɸɬся ɩɪɨɢɡɜɨɞɧыɟ  
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сɨɨɬɜɟɬсɬɜɭɸɳɢɟ ɦɨɦɟɧɬɭ ɜɪɟɦɟɧɢ  t

CR. В 
ɨɛɳɟɦ сɥɭчаɟ, ɟсɥɢ gj яɜɥяɟɬся ɮɭɧɤцɢɟɣ  

 ,, , ɜыɪаɠɟɧɢɟ ɞɥя ɟё ɩɪɨɢɡɜɨɞɧɨɣ ɜ 
ɤɪɢɬɢчɟсɤɢɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɢɦɟɟɬ сɥɟ-
ɞɭɸɳɢɣ ɜɢɞ: 
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(10) 
 
Каɤ ɭɠɟ ɨɬɦɟчаɥɨсɶ, ɦɨɦɟɧɬы ɜɪɟɦɟɧɢ CR

kt   

сɨɨɬɜɟɬсɬɜɭɸɬ ɷɤсɬɪɟɦаɥɶɧыɦ ɡɧачɟɧɢяɦ 
ɮɭɧɤцɢɣ ɨɝɪаɧɢчɟɧɢɣ. Пɨɷɬɨɦɭ ɩɨсɥɟɞɧɟɟ 
сɥаɝаɟɦɨɟ ɜ ɜыɪаɠɟɧɢɢ (10) ɛɭɞɟɬ ɧɭɥɟɜыɦ. 
Пɪɨɢɡɜɨɞɧыɟ  
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ɧахɨɞяɬся ɜ яɜɧɨɦ ɜɢɞɟ аɧаɥɢɬɢчɟсɤɢ ɢɥɢ 
чɢсɥɟɧɧɨ ɜ ɤɨɧɟчɧых ɪаɡɧɨсɬях. Пɪɨɢɡɜɨɞɧыɟ   
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ɜычɢсɥяɸɬся ɪɟɲɟɧɢɟɦ сɢсɬɟɦ ɞɢɮɮɟɪɟɧцɢ-
аɥɶɧых ɭɪаɜɧɟɧɢɣ (6)  ɩɪɢ ɪаɡɥɢчɧых ɜɟɤɬɨ-
ɪах ɩсɟɜɞɨɧаɝɪɭɡɤɢ (7).  
Дɢɮɮɟɪɟɧцɢɪɨɜаɧɢɟ  
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ɜыɩɨɥɧяɟɬся ɜ яɜɧɨɦ ɜɢɞɟ аɧаɥɢɬɢчɟсɤɢ ɢɥɢ 
чɢсɥɟɧɧɨ ɜ ɤɨɧɟчɧых ɪаɡɧɨсɬях. Ɂɧачɟɧɢя 
ɩɪɨɢɡɜɨɞɧых    
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ɨɩɪɟɞɟɥяɸɬся чɟɪɟɡ ɡɧачɟɧɢя ɷɬɢх ɩɪɨɢɡ-
ɜɨɞɧых, ɜычɢсɥɟɧɧых ɜ ɬɪɟх сɨсɟɞɧɢх ɬɨч-
ɤах ɢɧɬɟɝɪɢɪɨɜаɧɢя. Тɨɝɞа ɞɥя ɨɩɪɟɞɟɥɟɧɢя 
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ɧɟɨɛхɨɞɢɦɨ  хɪаɧɢɬɶ ɡɧачɟɧɢя ɦассɢɜɨɜ 
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ɧаɣɞɟɧɧых ɜ ɬɨчɤах   iii ttt ,, 12  . 
Пɪɨцɟɞɭɪа ɨɩɪɟɞɟɥɟɧɢя ɤɨɷɮɮɢцɢɟɧɬɨɜ аɩ-
ɩɪɨɤсɢɦацɢɢ яɜɥяɟɬся ɧаɢɛɨɥɟɟ ɬɪɭɞɨɟɦɤɨɣ 
часɬɶɸ ɜсɟɝɨ ɩɪɨцɟсса ɨɩɬɢɦаɥɶɧɨɝɨ ɩɪɨɟɤ-
ɬɢɪɨɜаɧɢя  ɢ ɡаɧɢɦаɟɬ ɨсɧɨɜɧɨɟ ɜɪɟɦя ɜы-
чɢсɥɟɧɢɣ. Чɢсɥɨ ɢɬɟɪацɢɣ ɩɪɢ ɜыɩɨɥɧɟɧɢɢ 
ɩɪɨцɟɞɭɪы ɩɪяɦɨɝɨ ɞɢɮɮɟɪɟɧцɢɪɨɜаɧɢя 
ɪаɜɧɨ   ns x nx  (ns=Ĳ/∆t+1). Дɥя ɩɨɥɭчɟɧɢя ɪɟ-
ɡɭɥɶɬаɬɨɜ с ɞɨсɬаɬɨчɧɨɣ сɬɟɩɟɧɶɸ ɬɨчɧɨсɬɢ 
ɪɟɤɨɦɟɧɞɭɟɬся ɛɪаɬɶ  ɦаɥɟɧɶɤɢɣ ɲаɝ  t   ɧа 
ɢɬɟɪацɢях ɩɪяɦɨɝɨ ɢɧɬɟɝɪɢɪɨɜаɧɢя. Эɬɨ 
ɬɪɟɛɨɜаɧɢɟ   ɨɛɭсɥɨɜɥɟɧɨ ɬɟɦ, чɬɨ ɩɪɢ ɨɩɪɟ-
ɞɟɥɟɧɢɢ ɩɪɨɢɡɜɨɞɧых ɨɲɢɛɤа ɨɤɪɭɝɥɟɧɢя 
ɦɨɠɟɬ ɧаɤаɩɥɢɜаɬɶся ɡа счɟɬ ɩɪɢɛɥɢɠɟɧɢя ɜ 
ɜɟɥɢчɢɧах       ,,  ɜхɨɞяɳɢх ɜ ɜɟɤɬɨɪ 
ɩɪаɜых часɬɟɣ.   
Таɤɢɦ ɨɛɪаɡɨɦ, сɤɨɪɨсɬɶ ɪɟɲɟɧɢя ɡаɜɢсɢɬ ɨɬ 
чɢсɥа ɜаɪɶɢɪɭɟɦых ɩаɪаɦɟɬɪɨɜ nx, ɨɬ ɪаɡ-
ɦɟɪɧɨсɬɢ ɦɟхаɧɢчɟсɤɨɣ сɢсɬɟɦы n, а ɬаɤɠɟ  
ɨɬ ɤɨɥɢчɟсɬɜа ɜɪɟɦɟɧɧых ɬɨчɟɤ ɢɧɬɟɝɪɢɪɨ-
ɜаɧɢя  ns. 
 

 

4.  ɈɉɌɂМАɅɖɇɈȿ  

ɉɊɈȿКɌɂɊɈȼАɇɂȿ СɂСɌȿМ 

ȼɂȻɊɈУДАɊɈɁАЩɂɌЫ 

 

Дɥя  ɢɥɥɸсɬɪацɢɢ ɪаɛɨɬы аɥɝɨɪɢɬɦа ɩɪɢɜɟ-
ɞёɦ ɩɪɢɦɟɪ ɡаɞачɢ ɨɩɬɢɦɢɡацɢɢ ɜɢɛɪɨɭɞа-
ɪɨɡаɳɢɬɧых сɢсɬɟɦ ɛаɥɨчɧɨɝɨ ɬɢɩа, ɧа ɤɨɬɨ-

ɪых ɭсɬаɧɨɜɥɟɧа аɩɩаɪаɬɭɪа, чɭɜсɬɜɢɬɟɥɶɧая 
ɤ ɦɟхаɧɢчɟсɤɢɦ ɜɨɡɞɟɣсɬɜɢяɦ.  
На ɪɢс. 4 ɩɨɤаɡаɧа ɪасчɟɬɧая схɟɦа ɩɨɞɜɟс-
ɤɢ, ɢɦɟɸɳая n сɬɟɩɟɧɟɣ сɜɨɛɨɞы. 
 

 
 

Кɢɧɟɦаɬɢчɟсɤɨɟ ɜɨɡɞɟɣсɬɜɢɟ ɧа ɨɩɨɪы ɡаɞа-
ɜаɥɨсɶ ɜ сɥɟɞɭɸɳɟɦ ɜɢɞɟ (ɪɢс. 6): 
 

tea t

ɨп   sinsin
0     (t≤Ĳp). 

 
 δоɩ(t)    

t (сеɤ) 

0.1 

-10

10

 
Ɋɢс. 6.  Ƚɪаɮɢɤ ɜɧɟɲɧɟɝɨ ɢɦɩɭɥɶса,     

ɩɨɞаɜаɟɦɨɝɨ ɧа ɨɩɨɪы. 
 

Мɢɧɢɦɢɡɢɪɭɟɬся ɭсɤɨɪɟɧɢɟ ɜɟɪхɧɢх ɩɪɢсɨɟ-
ɞɢɧёɧɧых ɦасс, ɝɞɟ ɪасɩɨɥɨɠɟɧа аɩɩаɪаɬɭɪа, 
ɡаɳɢɳаɟɦая ɨɬ ɜɢɛɪɨɭɞаɪа. Ɉɝɪаɧɢчɟɧɢя 
ɧаɤɥаɞыɜаɸɬся ɧа ɩɟɪɟɦɟɳɟɧɢя ɬɨчɟɤ сɢс-
ɬɟɦы, а ɬаɤɠɟ ɧа ɧаɩɪяɠɟɧɢя, ɜɨɡɧɢɤаɸɳɢɟ 
ɜ ɪɟɡɭɥɶɬаɬɟ ɞɟɣсɬɜɢя сɬаɬɢчɟсɤɢх ɢ ɞɢɧа-
ɦɢчɟсɤɢх ɧаɝɪɭɡɨɤ. Ваɪɶɢɪɭɸɬся ɝɟɨɦɟɬɪɢ-
чɟсɤɢɟ ɢ ɮɢɡɢчɟсɤɢɟ ɩаɪаɦɟɬɪы: ɪаɡɦɟɪы 
ɩɨɩɟɪɟчɧɨɝɨ сɟчɟɧɢя ɛаɥɤɢ, ɜɟɥɢчɢɧы ɦасс, 
ɞɟɦɩɮɢɪɨɜаɧɢя ɢ  ɠɟсɬɤɨсɬɢ. 
Нɢɠɟ ɪассɦɨɬɪɢɦ ɧаɢɛɨɥɟɟ ɩɪɨсɬɨɣ сɥɭчаɣ, 
ɤɨɝɞа ɧа ɛаɥɤɟ ɢɦɟɸɬ ɦɟсɬɨ ɬɨɥɶɤɨ ɞɜɟ ɦас-
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сы – aM 1    ɢ  bM 1 , ɪасɩɨɥɨɠɟɧɧыɟ ɩɨсɟɪɟ-
ɞɢɧɟ ɩɪɨɥёɬа. Вɨɡɞɟɣсɬɜɢɟ ɧа ɨɩɨɪы ɩɪɢɧяɬɨ 
сɢɦɦɟɬɪɢчɧыɦ. Мɢɧɢɦɢɡɢɪɭɟɦɨɣ ɜɟɥɢчɢ-
ɧɨɣ яɜɥяɟɬся ɭсɤɨɪɟɧɢɟ ɜɟɪхɧɟɣ ɦассы 2 . 
Чɢсɥɨ ɜаɪɶɢɪɭɟɦых ɩаɪаɦɟɬɪɨɜ  ɪаɜɧɨ 7, 
чɢсɥɨ ɨɝɪаɧɢчɟɧɢɣ  9. Всɟ ɨɝɪаɧɢчɟɧɢя ɡа-
ɞаɧы ɜ ɛɟɡɪаɡɦɟɪɧɨɣ ɮɨɪɦɟ. Маɬɟɦаɬɢчɟсɤая 
ɩɨсɬаɧɨɜɤа ɡаɞачɢ ɢɦɟɟɬ ɜɢɞ:  
ɧаɣɬɢ       
 

1/1)(min xxf   
 
ɩɪɢ ɨɝɪаɧɢчɟɧɢях: 
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Ваɪɶɢɪɨɜаɥɢсɶ ɜɟɥɢчɢɧы ɩɪɢсɨɟɞɢɧёɧɧɨɣ 
ɦассы (x2), ɜяɡɤɨсɬɶ Сa сɨсɪɟɞɨɬɨчɟɧɧɨɝɨ 
ɞɟɦɩɮɟɪа (x3)  ɢ  ɠɟсɬɤɨсɬɢ ɩɪɭɠɢɧы Ka (x4), 
а ɬаɤɠɟ ɩаɪаɦɟɬɪы ɩɨɩɟɪɟчɧɨɝɨ сɟчɟɧɢя 
ɛаɥɤɢ: ɲɢɪɢɧа ɩɨɥɤɢ (x5) ɢ ɜысɨɬа сɬɟɧɤɢ 
ɞɜɭɬаɜɪа (x6), ɬɨɥɳɢɧа сɬɟɧɤɢ ɢ ɩɨɥɤɢ ɞɜɭ-
ɬаɜɪа (x7). Паɪаɦɟɬɪ x1  ɜɜɟɞёɧ  ɞɥя ɢсɤɥɸчɟ-
ɧɢя ɡаɜɢсɢɦɨсɬɢ цɟɥɟɜɨɣ ɮɭɧɤцɢɢ ɨɬ ɜɪɟɦɟ-
ɧɢ. В ɪɟɡɭɥɶɬаɬɟ ɬаɤɨɝɨ ɩɪɢёɦа ɩɨяɜɥяɟɬся 
ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɨɝɪаɧɢчɟɧɢɟ g4. Нɢɠɧɢɟ ɢ 
ɜɟɪхɧɢɟ ɝɪаɧɢцы ɢɡɦɟɧɟɧɢя ɜаɪɶɢɪɭɟɦых 
ɩаɪаɦɟɬɪɨɜ ɩɪɢɜɟɞɟɧы  ɜ ɬаɛɥ. 1. 
В ɨɝɪаɧɢчɟɧɢя 5g  ɢ 6g  ɜхɨɞяɬ: ɧɨɪɦаɥɶɧɨɟ  
ɧаɩɪяɠɟɧɢɟ ı1 (ɜ ɤɪаɣɧɟɦ ɩɨ ɜысɨɬɟ ɜɨɥɨɤɧɟ 
сɟчɟɧɢя) ɢ ɝɥаɜɧɨɟ ɧаɩɪяɠɟɧɢɟ ı2  (ɩɨɞ ɩɨɥ-
ɤɨɣ ɞɜɭɬаɜɪа).   Ɉɝɪаɧɢчɟɧɢя 7-9 ɧаɤɥаɞыɜа-
ɥɢсɶ ɧа сɬаɬɢчɟсɤɢɟ ɩɟɪɟɦɟɳɟɧɢя ɢ ɧаɩɪя-
ɠɟɧɢя, ɜɨɡɧɢɤаɸɳɢɟ ɨɬ сɨɛсɬɜɟɧɧɨɝɨ ɜɟса 

ɤɨɧсɬɪɭɤцɢɢ. Массɢɜы, ɜхɨɞяɳɢɟ ɜ ɭɪаɜɧɟ-
ɧɢɟ (4) ɮɨɪɦɢɪɨɜаɥɢсɶ сɥɟɞɭɸɳɢɦ ɨɛɪаɡɨɦ: 
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Ɋассɦаɬɪɢɜаɥся ɩɪɨɦɟɠɭɬɨɤ ɜɪɟɦɟɧɢ ɞɜɢɠɟ-
ɧɢя сɢсɬɟɦы ɪаɜɧыɣ 0,3 сɟɤ. Вɪɟɦя ɜɧɟɲɧɟɝɨ 
ɜɨɡɞɟɣсɬɜɢя   0,102 сɟɤ. Шаɝ ɢɧɬɟɝɪɢɪɨɜа-
ɧɢя ɩɪɢɧɢɦаɥся 3·10-3 сɟɤ. Ɂаɞача ɧа ɭсɥɨɜ-
ɧыɣ ɷɤсɬɪɟɦɭɦ ɛыɥа ɪɟɲɟɧа ɦɟɬɨɞɨɦ ɞɟ-
ɮɨɪɦɢɪɭɟɦɨɝɨ ɦɧɨɝɨɝɪаɧɧɢɤа.  
Исхɨɞɧыɟ ɞаɧɧыɟ ɨɬɪаɠɟɧы ɜ ɬаɛɥ. 2. В 
ɬаɛɥ. 3 ɞаɧы ɧачаɥɶɧыɟ ɢ ɨɩɬɢɦаɥɶɧыɟ ɡɧа-
чɟɧɢя ɜаɪɶɢɪɭɟɦых ɩаɪаɦɟɬɪɨɜ.  В ɬаɛɥ. 4 
ɩɪɢɜɟɞɟɧы ɢɡɦɟɧɟɧɢя цɟɥɟɜɨɣ ɮɭɧɤцɢɢ ɧа 
ɢɬɟɪацɢях, а ɬаɤɠɟ ɦаɤсɢɦаɥɶɧыɟ ɧɟɜяɡɤɢ 
аɤɬɢɜɧых ɨɝɪаɧɢчɟɧɢɣ. 
Дɥя  ɩɪɨɜɟɪɤɢ ɞɨсɬɨɜɟɪɧɨсɬɢ ɩɨɥɭчɟɧɧых 
ɪɟɡɭɥɶɬаɬɨɜ ɛыɥɨ ɜыɩɨɥɧɟɧɨ ɪɟɲɟɧɢɟ ɡаɞачɢ 
ɞɢɧаɦɢчɟсɤɨɝɨ аɧаɥɢɡа ɞɥя ɢсхɨɞɧɨɝɨ ɢ ɨɩ-
ɬɢɦаɥɶɧɨɝɨ ɩɪɨɟɤɬа ɩɪɢ ɩɨɦɨɳɢ ɩɪɨɝɪаɦɦы  
MathCAD. Ɂɞɟсɶ ɠɟ ɛыɥɢ ɜычɢсɥɟɧы ɮɭɧɤ-
цɢɢ ɨɝɪаɧɢчɟɧɢɣ ɢсхɨɞɧɨɣ ɢ ɨɩɬɢɦаɥɶɧɨɣ 
ɡаɞачɢ. На ɪɢс. 8-9 ɩɪɢɜɟɞɟɧы ɨсɧɨɜɧыɟ ɪɟ-
ɡɭɥɶɬаɬы ɪасчёɬа. 
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ɁАКɅɘЧȿɇɂȿ 

 

Ɋаɡɪаɛɨɬаɧ аɥɝɨɪɢɬɦ ɨɩɬɢɦаɥɶɧɨɝɨ ɩɪɨɟɤɬɢ-
ɪɨɜаɧɢя сɬɟɪɠɧɟɜых сɢсɬɟɦ, ɩɨɞɜɟɪɠɟɧɧых 
ɞɟɣсɬɜɢɸ ɤɪаɬɤɨɜɪɟɦɟɧɧых ɢɦɩɭɥɶсɧых  
ɧаɝɪɭɡɨɤ. Пɪɨɝɪаɦɦɧɨɟ ɨɛɟсɩɟчɟɧɢɟ,  сɨɡ-
ɞаɧɧɨɟ ɧа ɨсɧɨɜɟ аɥɝɨɪɢɬɦа, ɩɨɡɜɨɥɢɥɨ ɪɟ-
ɲɢɬɶ ɩɪɢɤɥаɞɧыɟ ɡаɞачɢ ɨɩɬɢɦаɥɶɧɨɝɨ ɩɪɨ-
ɟɤɬɢɪɨɜаɧɢя сɢсɬɟɦы  ɜɢɛɪɨɭɞаɪɨɡаɳɢɬы. 
Ɋɟɡɭɥɶɬаɬы, ɩɨɥɭчɟɧɧыɟ ɩɪɢ ɪɟɲɟɧɢɢ ɷɬɢх 

ɡаɞач, ɩɨɤаɡаɥɢ ɭсɬɨɣчɢɜɭɸ ɪаɛɨɬɭ аɥɝɨɪɢɬ-
ɦа.  Пɪɟɞɥɨɠɟɧа ɦɟɬɨɞɢɤа ɩɨсɬɪɨɟɧɢя ɤачɟ-
сɬɜɟɧɧых аɩɩɪɨɤсɢɦацɢɣ ɩɪɢ ɮɨɪɦɢɪɨɜаɧɢɢ 
яɜɧɨɣ ɡаɞачɢ ɧɟɥɢɧɟɣɧɨɝɨ ɦаɬɟɦаɬɢчɟсɤɨɝɨ 
ɩɪɨɝɪаɦɦɢɪɨɜаɧɢя. Пɪɢɦɟɧɟɧа ɷɮɮɟɤɬɢɜɧая 
схɟɦа ɪɟɲɟɧɢя ɡаɞачɢ ɧа ɭсɥɨɜɧыɣ ɷɤсɬɪɟ-
ɦɭɦ  ɧа ɨсɧɨɜɟ ɦɟɬɨɞɨɜ ɦɨɞɢɮɢцɢɪɨɜаɧɧых 
ɮɭɧɤцɢɣ Лаɝɪаɧɠа, ɨɛɥаɞаɸɳɢх ɲɢɪɨɤɨɣ 
ɨɛɥасɬɶɸ схɨɞɢɦɨсɬɢ ɢ ɜысɨɤɨɣ ɧаɞёɠɧɨ-
сɬɶɸ. 
 

Таɛɥɢца 1
Ƚɪаɧɢцы ɢɡɦɟɧɟɧɢя ɜаɪɶɢɪɭɟɦых ɩаɪаɦɟɬɪɨɜ 

x1 x2 x3 x4 x5 x6 x7 
Вɜɟɞёɧɧыɣ 
ɩаɪаɦɟɬɪ M

a
 (Т) C

a
 (ɤН·сɟɤ/ɦ) K

a
 (ɤН/ɦ) B (ɦ) h (ɦ) b (ɦ) 

0,001-10 0,2-0,8 11-100 15-1000 0,05-0,45 0,1-0,8 
0,006-
0,035 

Таɛɥɢца 2
Исхɨɞɧыɟ ɞаɧɧыɟ ɡаɞачɢ 

Хаɪаɤɬɟɪɢсɬɢɤɢ ɜɧɟɲɧɟɝɨ  
ɜɨɡɞɟɣсɬɜɢя Дɨɩɭсɤɢ ɧа ɩɟɪɟɦɟɳɟɧɢя Дɨɩɭсɤ ɧа 

ɧаɩɪяɠɟɧɢɟ
a0 

(ɦɦ) 
  

(сɟɤ-1) 
ν 

(сɟɤ-1) 

ɞɨɩ
1  

(ɦɦ) 

ɞɨɩ
2  

(ɦɦ) 

ɞɨɩ
3  

(ɦɦ) 

ɞɨɩ
4  

(ɦɦ) 

ɞɨɩ
5  

(ɦɦ) 
[ıɞɨɩ] 

(ɤН/ɦ2) 

3,6 30 400 10 1 1 2 80 230000 

Таɛɥɢца 3
M

a 

(ɬ) 
C

a 

(ɤН·сɟɤ/ɦ) 
K

a 

(ɤН/ɦ) 
B 

(ɦ) 
h 

(ɦ) 
b 

(ɦ) 
| _max| 

(ɦ/сɟɤ2) 

Начаɥɶɧыɟ ɩаɪаɦɟɬɪы сɢсɬɟɦы 

0,3 40 1000 0,2 0,5 0,01 122,2 

Ɉɩɬɢɦаɥɶɧыɟ ɩаɪаɦɟɬɪы сɢсɬɟɦы 

0,8 11 98 0,12 0,244 0,006 2,056 

Таɛɥɢца 4
Иɡɦɟɧɟɧɢɟ цɟɥɟɜɨɣ ɮɭɧɤцɢɢ f(x)  ɢ ɦаɤсɢɦаɥɶɧых ɧɟɜяɡɨɤ  ɨɝɪаɧɢчɟɧɢɣ ɧа  ɢɬɟɪацɢях 
Иɬɟɪацɢɢ 1  2  3 4  5  6  7  

f(x) 122,2 60,450 25,11 11,04 5,430 1,9 2,350 2,056 

gmax g3=1,256 g3=0,66 - - g3=0,169 g9=0,057 g1=0,011 
g1= 
1,743·10-3 
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δ2 ɦ/сеɤ2
) 

Ɋɢс. 8. Ƚɪаɮɢɤɢ  ɭсɤɨɪɟɧɢɣ δ2 (t) (а) ɢ ɩɟɪɟɦɟɳɟɧɢɣ δ2(t) (ɛ)  ɦассы m2 
ɢсхɨɞɧɨɣ ɢ ɨɩɬɢɦаɥɶɧɨɣ сɢсɬɟɦы

Ɋɢс. 9. Ƚɪаɮɢɤɢ ɮɭɧɤцɢɣ ɨɝɪаɧɢчɟɧɢɣ  ɨɩɬɢɦаɥɶɧɨɣ сɢсɬɟɦы 

ɛ) 

ɦɦ) 
ɚ) 

g8 
0 0.013 0.025 0.038 0.05 0.063 0.075 0.088 0.1 0.113 0.125 0.137 0.15

1

0.85

0.7

0.55

0.4

0.25

0.1

0.05
g1 ta( )

g2 ta( )

g3 ta( )

g5 ta( )

g6 ta( )

g7

g8

g9

g7 

g1(t) 

g2(t) 

g5(t) 

g6(t) 

g9 

g3(t) 
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АɇɇɈɌАɐɂə: В сɬаɬɶɟ ɩɪɢɜɨɞɢɬся ɨɩыɬ ɩɪɨɟɤɬɢɪɨɜаɧɢя ɢ сɬɪɨɢɬɟɥɶсɬɜа аɪɦɨɝɪɭɧɬɨɜɨɣ ɤɨɧсɬɪɭɤцɢɢ 
ɩɨɜыɲɟɧɧɨɝɨ ɭɪɨɜɧя ɨɬɜɟɬсɬɜɟɧɧɨсɬɢ с ɢсɩɨɥɶɡɨɜаɧɢɟɦ ɢɧɬɟɝɪаɥɶɧых ɝɟɨɪɟɲɟɬɨɤ. Ɉсɜɟɳаɸɬся ɜɨɩɪɨ-
сы ɪасчɟɬɨɜ аɪɦɢɪɨɜаɧɢя ɜысɨɤɨɝɨ ɨɬɤɨса, ɤаɤ ɜ аɧаɥɢɬɢчɟсɤɨɣ ɮɨɪɦɟ, ɬаɤ ɢ ɧа ɨсɧɨɜɟ ɝɟɨɬɟхɧɢчɟсɤɨɝɨ 
ɦɨɞɟɥɢɪɨɜаɧɢя, а ɬаɤ ɠɟ ɜɨɩɪɨсы ɪаɡɪаɛɨɬɤɢ ɛɟɪɟɝɨɡаɳɢɬɧых ɦɟɪɨɩɪɢяɬɢɣ ɨɬ ɞɟɣсɬɜɢя ɦɨɪсɤɢх ɜɨɥɧ. В 
ɩɪаɤɬɢɤɟ ɨɬɟчɟсɬɜɟɧɧɨɝɨ ɩɪɨɟɤɬɢɪɨɜаɧɢя ɢ сɬɪɨɢɬɟɥɶсɬɜа ɨɬсɭɬсɬɜɭɸɬ аɧаɥɨɝɢ ɪассɦаɬɪɢɜаɟɦɨɝɨ ɨɛɴɟɤ-
ɬа, ɩɨɷɬɨɦɭ ɢɧɮɨɪɦацɢя ɛɭɞɟɬ ɢɧɬɟɪɟсɧа ɤаɤ ɩɪɨɟɤɬɢɪɨɜɳɢɤаɦ, ɬаɤ ɢ сɬɪɨɢɬɟɥяɦ. 
 
Ключевые словɚ: аɪɦɨɝɪɭɧɬɨɜая ɤɨɧсɬɪɭɤцɢя, ɤɪɭɬɨɣ ɨɬɤɨс, ɝɟɨɪɟɲɟɬɤа, ɛɟɪɟɝɨɡаɳɢɬа, сɟɬɤɨɧы,  

ɜысɨɤɢɣ ɨɬɤɨс 
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ABSTRACT: In the given article the designing and building experience of high slope with reinforcement of the 
raised responcibility level with the use of integrated geogrids is presented. Questions of calculations of reinforcing 
of a high slope, both in the analytical form, and on the basis of geotechnical modeling, and points of working out 
bank protactive measures against action of sea waves are light up. In practice of native designing and building 
there are no analogs of the considered object, therefore the information may be interesting both to designers, and 
builders. 

 
Key words: high slope with reinforcement, integrated geogrids, bank protactive measures, 

designing and building experience, geotechnical modeling 
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Ɋɟɤɭɥɶɬɢɜацɢя сɭɳɟсɬɜɭɸɳɟɝɨ ɩɨɥɢɝɨɧа 
ɬɜёɪɞых ɛыɬɨɜых ɨɬхɨɞɨɜ (ТȻɈ) ɜ ɝ. Вɥаɞɢ-
ɜɨсɬɨɤɟ ɜыɩɨɥɧяɟɬся ɜ ɪаɦɤах ɩɨɞɝɨɬɨɜɤɢ 
ɝɨɪɨɞа ɤ ɩɪɨɜɟɞɟɧɢɸ саɦɦɢɬа АТЭС 2012. 
Мɟсɬɨɩɨɥɨɠɟɧɢɟ сɜаɥɤɢ ɨɬхɨɞɨɜ – ɠɢɜɨɩɢс-
ɧɨɟ ɦɟсɬɨ ɜ ɪаɣɨɧɟ ɛɭхɬы Ƚɨɪɧɨсɬаɣ, ɧахɨ-
ɞяɳɟɣся ɜɛɥɢɡɢ ɝɨɪɨɞа. Пɪɨɬяɠёɧɧɨсɬɶ 
сɜаɥɤɢ ɜɞɨɥɶ ɩɨɛɟɪɟɠɶя сɨсɬаɜɥяɟɬ ɛɨɥɟɟ 
500 ɦ. 

Сɥɨɠɧɨсɬɶ ɨɛɴɟɤɬа ɡаɤɥɸчаɟɬся ɜ сɥɨɠɢɜ-
ɲɟɣся сɢɬɭацɢɢ: ɝɨɪа ɦɭсɨɪа, ɜысɨɬɨɣ ɞɨ 50 
ɦɟɬɪɨɜ сɩɭсɤаɟɬся ɨɬɤɨсɨɦ ɩɨɞ ɭɝɥɨɦ ɞɨ 420 
ɧɟɩɨсɪɟɞсɬɜɟɧɧɨ ɤ ɜɨɥɧɨɩɪɢɛɨɣɧɨɣ ɡɨɧɟ Ус-
сɭɪɢɣсɤɨɝɨ ɡаɥɢɜа, ɩɨɛɟɪɟɠɶɟ ɤɨɬɨɪɨɝɨ ɜ 
ɞаɧɧɨɦ ɪаɣɨɧɟ ɧɟ ɢɦɟɟɬ ɡаɳɢɬы ɨɬ сɢɥɶɧых 
ɲɬɨɪɦɨɜ əɩɨɧсɤɨɝɨ ɦɨɪя ɢ цɭɧаɦɢ. Таɤɢɦ 
ɨɛɪаɡɨɦ, ɧаɢɛɨɥɟɟ сɥɨɠɧɨɣ ɡаɞачɟɣ ɞɥя ɩɪɨ-
ɟɤɬɢɪɨɜаɧɢя, ɜ ɪяɞɭ ɜсɟх ɦɟɪɨɩɪɢяɬɢɣ ɩɨ 
ɪɟɤɭɥɶɬɢɜацɢɢ ɩɨɥɢɝɨɧа ТȻɈ, яɜɥяɥɨсɶ 
ɨɛɟсɩɟчɟɧɢɟ ɷɤсɩɥɭаɬацɢɨɧɧɨɣ ɧаɞёɠɧɨсɬɢ 
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ɤɨɧсɬɪɭɤцɢɢ ɡаɳɢɬы ɜысɨɤɨɝɨ ɨɬɤɨса ɨɬ 
ɜɨɡɞɟɣсɬɜɢɣ ɜɨɥɧ ɪасчёɬɧых ɲɬɨɪɦɨɜ ɢ сɩɨ-
сɨɛɧɨсɬɶ ɤɨɧсɬɪɭɤцɢɢ ɜыɞɟɪɠаɬɶ ɟɞɢɧɨɜɪɟ-
ɦɟɧɧыɣ ɧаɤаɬ ɜɨɥɧы цɭɧаɦɢ с хаɪаɤɬɟɪɧыɦɢ 
ɩаɪаɦɟɬɪаɦɢ ɛɟɡ ɤɪɢɬɢчɟсɤɢх ɪаɡɪɭɲɟɧɢɣ. 
Кɪɨɦɟ ɬɨɝɨ, ɡаɳɢɬɧɨɟ сɨɨɪɭɠɟɧɢɟ ɞɨɥɠɧɨ 
ɨɛɟсɩɟчɢɜаɬɶ сɬаɛɢɥɶɧɨсɬɶ ɤɨɦɩɥɟɤса ɩɪɢ 
сɭɳɟсɬɜɭɸɳɢх ɝɪаɜɢɬацɢɨɧɧых ɢ сɟɣсɦɢчɟ-
сɤɢх ɜɨɡɞɟɣсɬɜɢях. 
 
 
ɉɊɈȿКɌɂɊɈȼАɇɂȿ 

 

В сɨɨɬɜɟɬсɬɜɢɢ с сɭɳɟсɬɜɭɸɳɢɦɢ ɧɨɪɦаɦɢ 
ɩɪɨɟɤɬɢɪɨɜаɧɢя (ȽɈСТ  
27751-8 ɢ СНɢП 2.01.07-85*) ɨɛɴɟɤɬ ɢɦɟɟɬ 
ɩɨɜыɲɟɧɧыɣ ɭɪɨɜɟɧɶ ɨɬɜɟɬсɬɜɟɧɧɨсɬɢ. Ɋас-
чёɬɧыɣ ɩɟɪɢɨɞ ɠɢɡɧɟɧɧɨɝɨ цɢɤɥа ɜсɟɝɨ сɨ-
ɨɪɭɠɟɧɢя, ɨɩɪɟɞɟɥёɧɧыɣ ɡаɤаɡчɢɤɨɦ ɩɪɨɟɤ-
ɬɢɪɨɜаɧɢя, сɨсɬаɜɥяɟɬ ɨɬ 80 ɞɨ 120 ɥɟɬ.  
Пɪɨɟɤɬɢɪɨɜаɧɢɟ ɤɨɧсɬɪɭɤцɢɢ ɡаɳɢɬы ɜысɨ-
ɤɨɝɨ ɨɬɤɨса, ɜ сɨсɬаɜɟ ɩɪɨɟɤɬа ɪɟɤɭɥɶɬɢɜа-
цɢɢ сɭɳɟсɬɜɭɸɳɟɝɨ ɩɨɥɢɝɨɧа ТȻɈ ɝ. Вɥаɞɢ-
ɜɨсɬɨɤа, ɜыɩɨɥɧɟɧɨ ɧаɭчɧɨ-ɜɧɟɞɪɟɧчɟсɤɢɦ 
ɩɪɟɞɩɪɢяɬɢɟɦ «ДВ-Ƚɟɨсɢɧɬɟɬɢɤа», ɢɦɟɸ-
ɳɢɦ ɧɟɦаɥыɣ ɨɩыɬ ɩɪɨɟɤɬɢɪɨɜаɧɢя ɢ сɨɩɪɨ-
ɜɨɠɞɟɧɢя сɬɪɨɢɬɟɥɶсɬɜа ɝɟɨɬɟхɧɢчɟсɤɢх 
ɨɛɴɟɤɬɨɜ ɜ Даɥɶɧɟɜɨсɬɨчɧɨɦ ɮɟɞɟɪаɥɶɧɨɦ 
ɨɤɪɭɝɟ. Иɡ ɩɪɟɞɥɨɠɟɧɧых ɢ ɪассɦɨɬɪɟɧɧых 
ɜаɪɢаɧɬɨɜ, ɧаɢɛɨɥɟɟ ɩɪɢɟɦɥɟɦыɦ ɞɥя ɪɟɲɟ-
ɧɢя ɩɨсɬаɜɥɟɧɧых ɡаɞач ɢ ɨɩɬɢɦаɥɶɧыɦ ɩɨ 
сɨɞɟɪɠаɧɢɸ, ɡаɤаɡчɢɤɨɦ ɜыɛɪаɧ ɜаɪɢаɧɬ с 
ɤɨɧсɬɪɭɤцɢɟɣ ɜысɨɤɨɣ аɪɦɨɝɪɭɧɬɨɜɨɣ сɬɟ-
ɧы, ɡаɩɪɨɟɤɬɢɪɨɜаɧɧɨɣ ɧа ɤɨɦɩаɤɬɧɨɦ, ɧɨ 
ɩɪɨчɧɨɦ ɨсɧɨɜаɧɢɢ. Кɨɧсɬɪɭɤцɢя сɨсɬɨɢɬ ɢɡ 
ɬɪɟх ɭɪɨɜɧɟɣ: ɩɟɪɜыɣ – ɛɟɪɟɝɨɜая ɡаɳɢɬа 
(ɜысɨɬа ɞɨ 8 ɦ), ɜɬɨɪɨɣ ɢ ɬɪɟɬɢɣ –ɩɨɞɩɨɪɧая 
сɬɪɭɤɬɭɪа (ɨɛɳɟɣ ɜысɨɬɨɣ ɨɤɨɥɨ 40 ɦ). 
На ɨсɧɨɜɟ ɩɪɟɞɨсɬаɜɥɟɧɧых ɢсхɨɞɧых ɞаɧ-
ɧых ɛыɥɢ сɮɨɪɦɢɪɨɜаɧы ɢ ɨɛɨсɧɨɜаɧɧы 
сɥɟɞɭɸɳɢɟ ɪасчɟɬɧыɟ хаɪаɤɬɟɪɢсɬɢɤɢ ɝɪɭɧ-
ɬɨɜ: ɦаɬɟɪɢаɥ ɡасыɩɤɢ аɪɦɨɝɪɭɧɬɨɜɨɝɨ сɨ-
ɨɪɭɠɟɧɢя: ɭɝɨɥ φ=29,5˚; с= 0,0104 МПа; 
ȿ0=47 МПа; γ=20,5 ɤН/ɦ3; ɩɪɢɦɟɪɧыɟ ɪас-
чɟɬɧыɟ хаɪаɤɬɟɪɢсɬɢɤɢ ТȻɈ: с=0,020 МПа; 
φ=37˚; ȿ0=5 МПа; γ=16 ɤН/ɦ3; хаɪаɤɬɟɪɢ-
сɬɢɤɢ ɝɪɭɧɬɨɜ ɨсɧɨɜаɧɢя: с=0,087 МПа; 

φ=36˚; ȿ0=200 МПа; γ=22 ɤН/ɦ3. В ɤачɟсɬɜɟ 
аɪɦɢɪɭɸɳɢх ɷɥɟɦɟɧɬɨɜ ɩɪɢɧяɬы ɢɧɬɟɝɪаɥɶ-
ɧыɟ ɝɟɨсɢɧɬɟɬɢчɟсɤɢɟ ɦаɬɟɪɢаɥы: ɜɬɨɪɨɣ 
яɪɭс – ɨɞɧɨɨсɧая ɝɟɨɪɟɲɟɬɤа с ɩɪɨчɧɨсɬɶɸ 
170 ɤН/ɩ.ɦ., ɬɪɟɬɢɣ яɪɭс – ɞɜɭхɨсɧая ɝɟɨɪɟ-
ɲɟɬɤа с ɩɪɨчɧɨсɬɶɸ 40 ɤН/ɦ. 
Ɂа счёɬ ɢсɩɨɥɶɡɨɜаɧɢя ɜ ɨсɧɨɜаɧɢɢ сɨɨɪɭɠɟ-
ɧɢя (ɩɟɪɜыɣ ɭɪɨɜɟɧɶ) сɤаɥɶɧɨɝɨ ɝɪɭɧɬа ɢɡ 
ɢɡɜɟɪɠɟɧɧых ɦɨɪɨɡɨɭсɬɨɣчɢɜых ɩɨɪɨɞ, ɡа-
ɤɥɸчёɧɧых ɜ сɟɬчаɬыɟ ɤɨɧɬɟɣɧɟɪы – сɟɬɤɨ-
ɧы, ɤɨɧсɬɪɭɤцɢя ɛɟɪɟɝɨɡаɳɢɬы ɩɨɡɜɨɥяɟɬ 
ɢсɩɨɥɶɡɨɜаɬɶ ɝɥыɛы ɧɟ ɨчɟɧɶ ɛɨɥɶɲɨɝɨ ɪаɡ-
ɦɟɪа, ɧɨ ɩɪɢ ɷɬɨɦ ɡа счɟɬ ɝɟɨсɢɧɬɟɬɢчɟсɤɨɣ 
ɨɛɨɥɨчɤɢ ɩɪɢɞаɬɶ ɢɦ ɨɛɴɟɦ ɞɨ 2 ɤɭɛɢчɟсɤɢх 
ɦɟɬɪɨɜ. Дɥя ɡаɳɢɬы ɨɬ ɪасчёɬɧых ɲɬɨɪɦɨ-
ɜых ɜɨɥɧ ɢ, часɬɢчɧɨ, ɨɬ цɭɧаɦɢ ɞɨɩɨɥɧɢ-
ɬɟɥɶɧɨ ɡаɩɪɨɟɤɬɢɪɨɜаɧы сɨɨɪɭɠɟɧɢя ɢɡ ɬɟɬ-
ɪаɩɨɞɨɜ ɜɟсɨɦ ɞɨ 5 ɬ. 
Вɬɨɪɨɣ ɢ ɬɪɟɬɢɣ ɭɪɨɜɧɢ ɡаɳɢɬы ɜыɩɨɥɧɟɧы 
ɜ ɜɢɞɟ аɪɦɨɝɪɭɧɬɨɜɨɣ ɤɨɧсɬɪɭɤцɢɢ с ɢсɩɨɥɶ-
ɡɨɜаɧɢɟɦ, сɨɨɬɜɟɬсɬɜɟɧɧɨ, ɨɞɧɨɨсɧɨɣ ɢ 
ɞɜɭхɨсɧɨɣ ɝɟɨɪɟɲёɬɨɤ ɜ ɤачɟсɬɜɟ ɩɨɥɨɬɟɧ 
ɞɥя ɮɨɪɦɢɪɨɜаɧɢя ɝɟɨɨɛɨɣɦ. В ɨɛɨɣɦах 
ɩɪɢɦɟɧёɧ ɦɟсɬɧыɣ ɳɟɛɟɧɢсɬɨ-ɝɥыɛɨɜыɣ 
ɝɪɭɧɬ с ɝɥɢɧɢсɬыɦ ɡаɩɨɥɧɢɬɟɥɟɦ. Выɛɨɪ ɬɢ-
ɩɨɜ ɢ ɦаɪɨɤ, ɢсɩɨɥɶɡɭɟɦых ɩɪɢ ɩɪɨɟɤɬɢɪɨ-
ɜаɧɢɢ ɝɟɨсɢɧɬɟɬɢчɟсɤɢх ɦаɬɟɪɢаɥɨɜ, ɨɩɪɟ-
ɞɟɥёɧ ɠёсɬɤɢɦɢ ɬɪɟɛɨɜаɧɢяɦɢ ɩɨ ɜсɟɦ ɩɨɤа-
ɡаɬɟɥяɦ, сɨɨɬɜɟɬсɬɜɭɸɳɢɦ ɜысɨɤɨɦɭ ɭɪɨɜ-
ɧɸ ɨɬɜɟɬсɬɜɟɧɧɨсɬɢ сɨɨɪɭɠɟɧɢя, ɩɪɨɟɤɬɧыɦ 
ɮɢɡɢɤɨ-ɦɟхаɧɢчɟсɤɢɦ хаɪаɤɬɟɪɢсɬɢɤаɦ ɝɟɨ-
ɦаɬɟɪɢаɥɨɜ с ɭчёɬɨɦ ɡаɞаɧɧɨɝɨ сɪɨɤа сɥɭɠ-
ɛы сɨɨɪɭɠɟɧɢя – ɞɨ 120 ɥɟɬ ɢ ɞɪɭɝɢɦ ɬɪɟɛɨ-
ɜаɧɢяɦ, сɜяɡаɧɧыɦ с ɩɪɢɪɨɞɧыɦɢ ɢ ɬɟхɧɨ-
ɝɟɧɧыɦɢ ɜɨɡɞɟɣсɬɜɢяɦɢ. Исхɨɞɧыɦ сыɪɶёɦ 
ɞɥя ɩɪɨɢɡɜɨɞсɬɜа ɩɪɢɧяɬых ɝɟɨɦаɬɟɪɢаɥɨɜ 
ɞɨɥɠɟɧ ɛыɬɶ ɩɨɥɢɷɬɢɥɟɧ (97%), ɤаɤ ɮɨɪɦа 
ɧɟɨɪɝаɧɢчɟсɤɨɝɨ сɨɟɞɢɧɟɧɢя, ɨɛɟсɩɟчɢɜаɸ-
ɳая ɧаɢɛɨɥɶɲɭɸ ɭсɬɨɣчɢɜɨсɬɶ ɤ хаɪаɤɬɟɪ-
ɧыɦ ɞɥя ɨɛɴɟɤɬа ɜɢɞаɦ ɜɨɡɞɟɣсɬɜɢя, ɜɤɥɸ-
чая аɝɪɟссɢɜɧɨсɬɶ ɭсɥɨɜɢɣ ɦɨɪсɤɨɝɨ ɩɨɛɟ-
ɪɟɠɶя, ɪɟаɝɟɧɬɨɜ ɢ ɩɪɨɞɭɤɬɨɜ ɩɪɢɪɨɞɧɨɝɨ 
ɝɢɞɪɨɥɢɡа ɨɬхɨɞɨɜ сɜаɥɤɢ, а ɬаɤ ɠɟ ɤ ɜɨɡɞɟɣ-
сɬɜɢяɦ ɭɥɶɬɪаɮɢɨɥɟɬɨɜɨɝɨ ɢɡɥɭчɟɧɢя. 
Дɥя ɨɩɪɟɞɟɥɟɧɢя ɩаɪаɦɟɬɪɨɜ аɪɦɢɪɨɜаɧɢя 
ɤɨɧсɬɪɭɤцɢɢ, ɝɟɨɦɟɬɪɢчɟсɤɢх ɪаɡɦɟɪɨɜ сɨ-
ɨɪɭɠɟɧɢя   ɢ  ɮɢɡɢɤɨ-ɦɟхаɧɢчɟсɤɢх  хаɪаɤɬɟ- 
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Ɋɢс. 1 Ƚɟɨɦɟɬɪɢчɟсɤɢɟ ɩаɪаɦɟɬɪы сɨɨɪɭɠɟɧɢя: 

1 – ɝɟɨɬɟхɧɢчɟсɤая ɨɛɨɣɦа ɢɡ ɝɟɨɪɟɲɟɬɤɢ ɢ ɝɪɭɧɬа; 2 – ɧɟсɨɪɬɢɪɨɜаɧɧыɣ сɤаɥɶɧыɣ ɝɪɭɧɬ; 3 – 
сɟɬчаɬыɟ ɤɨɧɬɟɣɧɟɪы (сɟɬɤɨɧы), ɡаɩɨɥɧɟɧɧыɟ сɤаɥɶɧыɦ ɝɪɭɧɬɨɦ 

 
ɪɢсɬɢɤ ɝɟɨɦаɬɟɪɢаɥɨɜ ɢсɩɨɥɶɡɨɜаɧы аɧаɥɢ-
ɬɢчɟсɤɢɟ сɩɨсɨɛы ɪасчɟɬɨɜ с ɩɪɢɦɟɧɟɧɢɟɦ 
ɨɬɟчɟсɬɜɟɧɧых ɢ ɡаɪɭɛɟɠɧых ɦɟɬɨɞɢɤ. Сɨ-
ɝɥасɧɨ ɦɟɬɨɞɭ ɩɪɟɞɟɥɶɧɨɝɨ ɪаɜɧɨɜɟсɢя сɢɥ ɢ 
ɦɨɦɟɧɬɨɜ (1) ɧɟɨɛхɨɞɢɦɨ ɩɪɨɜɟɪɢɬɶ ɜыɩɨɥ-
ɧɟɧɢɟ ɭсɥɨɜɢя ɞɥя ɤаɠɞɨɝɨ ɤɥɢɧа: 
 

  ,EE ɫɞiɭɞ,              (1) 

 
ɝɞɟ  iɭɞ,E  – сɭɦɦа ɭɞɟɪɠɢɜаɸɳɢх сɢɥ, 
ɤН/ɦ; ȿсɞ – сɞɜɢɝаɸɳɢɟ сɢɥы, ɤН/ɦ. 
Уɞɟɥɶɧая (ɧа 1 ɦɟɬɪ ɲɢɪɢɧы) ɪасɬяɝɢɜаɸ-
ɳая ɧаɝɪɭɡɤа ɜ ɝɟɨɪɟɲɟɬɤɟ ɧа ɝɥɭɛɢɧɟ z ɜы-
чɢсɥяɟɬся ɩɨ ɮɨɪɦɭɥɟ: 
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  (2) 

ɝɞɟ hi – ɦаɤсɢɦаɥɶɧɨɟ ɪассɬɨяɧɢɟ ɞɨ сɥɟ-

ɞɭɸɳɟɣ ɝɟɨɪɟɲɟɬɤɢ (ɲаɝ), ɦ; ɡ – ɭɞɟɥɶɧыɣ 

ɜɟс ɝɪɭɧɬа ɡасыɩɤɢ, ɤН/ɦ3; kE, kE – ɤɨɷɮɮɢ-
цɢɟɧɬ аɤɬɢɜɧɨɝɨ ɞаɜɥɟɧɢя ɝɪɭɧɬа; q – ɜɟɥɢ-
чɢɧа ɪасɩɪɟɞɟɥɟɧɧɨɣ ɧаɝɪɭɡɤɢ, ɤН/ɦ2; с – 
ɭɞɟɥɶɧыɣ ɜɟс ɝɪɭɧɬа ɩɪɢɪɨɞɧɨɝɨ сɤɥɨɧа, сɨ-
сɬаɜɥяɸɳɟɝɨ ɡаɞɧɸɸ сɬɟɧɤɭ аɪɦɢɪɨɜаɧɧɨɝɨ 
ɛɥɨɤа, ɤН/ɦ; z – ɪасчɟɬɧая ɜысɨɬа, ɦ. 
Пɨ ɮɨɪɦɭɥɟ (2) ɛыɥа ɨɩɪɟɞɟɥɟɧа ɭɞɟɥɶɧая 
(ɧа 1 ɦɟɬɪ ɲɢɪɢɧы) ɪасɬяɝɢɜаɸɳая ɧаɝɪɭɡɤа 
ɜ ɝɟɨɪɟɲɟɬɤɟ, ɩɨсɥɟ чɟɝɨ ɛыɥ ɩɨсɬɪɨɟɧ ɝɪа-
ɮɢɤ ɡаɜɢсɢɦɨсɬɢ «ɲаɝ аɪɦɢɪɨɜаɧɢя – ɝɥɭɛɢ-
ɧа ɪасɩɨɥɨɠɟɧɢя аɪɦаɬɭɪы» (ɪɢс. 2), ɤɨɬɨ-
ɪыɣ ɧɟɨɛхɨɞɢɦ ɞɥя цɟɥɟɣ ɨɩɬɢɦɢɡацɢɢ ɪаɡ-
ɦɟɳɟɧɢя ɪɟɲɟɬɨɤ ɬаɤɢɦ ɨɛɪаɡɨɦ, чɬɨɛы ɧа-
ɩɪяɠɟɧɢɟ ɜ ɤаɠɞɨɣ ɧɟ ɩɪɟɜыɲаɥɨ ɪасчɟɬɧɭɸ 
ɩɪɨчɧɨсɬɶ. Пɪɢ ɩɨɦɨɳɢ ɷɬɨɝɨ ɝɪаɮɢɤа ɨɩɪɟ-
ɞɟɥɟɧ хаɪаɤɬɟɪ ɪаɡɦɟɳɟɧɢя ɝɟɨɪɟɲɟɬɨɤ ɜ 
ɦассɢɜɟ. 
Дɥя ɭɬɨчɧɟɧɢя ɨɬɞɟɥɶɧых ɪасчёɬɧых ɩаɪа-
ɦɟɬɪɨɜ ɷɥɟɦɟɧɬɨɜ сɨɨɪɭɠɟɧɢя, ɜ сɜяɡɢ с ɧɟ-
сɨɜɟɪɲɟɧсɬɜɨɦ сɭɳɟсɬɜɭɸɳɢх аɧаɥɢɬɢчɟ-
сɤɢх ɦɟɬɨɞɨɜ, ɩɪɢɜɥɟчɟɧы ɜɨɡɦɨɠɧɨсɬɢ ɝɟɨ-
ɬɟхɧɢчɟсɤɨɝɨ ɦɨɞɟɥɢɪɨɜаɧɢя ɪаɛɨɬы ɤɨɧсɬ-
ɪɭɤцɢɣ. Эɬɨ ɩɨɡɜɨɥɢɥɨ ɤɨɦɩɥɟɤсɧɨ ɨцɟɧɢɬɶ 
ɪаɛɨɬɭ ɜсɟх ɞɟɬаɥɟɣ сɨɨɪɭɠɟɧɢя, ɢх ɧаɩɪя-
ɠёɧɧɨ-ɞɟɮɨɪɦɢɪɨɜаɧɧɨɟ сɨсɬɨяɧɢɟ ɧа ɜсɟх 
ɷɬаɩах сɬɪɨɢɬɟɥɶсɬɜа ɢ ɨɩɬɢɦɢɡɢɪɨɜаɬɶ ɬɟх-
ɧɢчɟсɤɢɟ ɩаɪаɦɟɬɪы ɤɨɧсɬɪɭɤцɢɣ. 
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Ɋɢс. 2. Ƚɪаɮɢɤ ɞɥя ɨɩɪɟɞɟɥɟɧɢя ɩаɪаɦɟɬɪɨɜ аɪɦɢɪɭɸɳɢх ɩɪɨсɥɨɟɤ ɜɬɨɪɨɝɨ ɭɪɨɜɧя. 

 

 
Ɋɢс. 3 Ƚɟɨɬɟхɧɢчɟсɤɨɟ ɦɨɞɟɥɢɪɨɜаɧɢɟ аɪɦɨɝɪɭɧɬɨɜɨɣ ɤɨɧсɬɪɭɤцɢɢ: 

а – ɪасчɟɬɧая схɟɦа; ɛ - ɡɨɧы ɪаɡɜɢɬɢя ɩɥасɬɢчɟсɤɢх ɢ ɭɩɪɭɝɢх ɞɟɮɨɪɦацɢɣ. 
 

Ƚɟɨɬɟхɧɢчɟсɤɨɟ ɦɨɞɟɥɢɪɨɜаɧɢɟ ɤɨɧсɬɪɭɤцɢɢ 
ɩɪɨɜɨɞɢɥɨсɶ ɧа ɩɪɨɝɪаɦɦɧɨɦ ɤɨɦɩɥɟɤсɟ 
«FEM models», ɪаɡɪаɛɨɬаɧɧɨɦ ɝɟɨɬɟхɧɢɤаɦɢ 
ɝ. Саɧɤɬ-Пɟɬɟɪɛɭɪɝа. Ɉсɧɨɜɨɣ ɩɪɨɝɪаɦɦɧɨɝɨ 
ɤɨɦɩɥɟɤса яɜɥяɟɬся ɦɟɬɨɞ ɤɨɧɟчɧых ɷɥɟɦɟɧ-
ɬɨɜ, чɬɨ ɩɨɡɜɨɥяɟɬ ɪɟɲаɬɶ ɬɪɟхɦɟɪɧыɟ ɬɟɩɥɨ-
ɮɢɡɢчɟсɤɢɟ ɢ ɧаɩɪяɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜаɧɧɨɝɨ 
сɨсɬɨяɧɢя ɡаɞачɢ сɨɨɪɭɠɟɧɢɣ ɢ ɢх ɨсɧɨɜаɧɢɣ 
ɪаɡɦɟɪɧɨсɬɶɸ ɜ ɧɟсɤɨɥɶɤɨ ɦɢɥɥɢɨɧɨɜ сɬɟɩɟ-
ɧɟɣ сɜɨɛɨɞы ɜ ɩɪɢɟɦɥɟɦɨɟ ɜɪɟɦя (часы) ɧа 
ɨɛычɧɨɦ ɩɟɪсɨɧаɥɶɧɨɦ ɤɨɦɩɶɸɬɟɪɟ. Кɨɦ-
ɩɥɟɤс «FEM models» ɩɨɡɜɨɥяɟɬ ɪɟɲаɬɶ ɤаɤ 
ɦɢɤɪɨ, ɬаɤ ɢ ɦаɤɪɨ ɡаɞачɢ, сɜяɡаɧɧыɟ ɧɟ 
ɬɨɥɶɤɨ с ɤɨɧсɬɪɭɤцɢяɦɢ сɬаɧɞаɪɬɧɨɝɨ ɩɪɟɞ-
сɬаɜɥɟɧɢя, ɧɨ ɢ с аɦɨɪɮɧыɦɢ сɪɟɞаɦɢ, ɢɡɦɟ-
ɧяɸɳɢɦɢ сɜɨɢ ɮɢɡɢчɟсɤɢɟ ɢ ɝɟɨɦɟɬɪɢчɟсɤɢɟ 
ɩаɪаɦɟɬɪы ɜ ɩɪɨсɬɪаɧсɬɜɟ ɢ ɜɨ ɜɪɟɦɟɧɢ (ɝɢɞ-
ɪɨɬɟхɧɢчɟсɤɢɟ сɨɨɪɭɠɟɧɢя, ɝɥɨɛаɥɶɧыɟ ɢ ɦɟ-
сɬɧɨɝɨ ɭɪɨɜɧя ɢɡɦɟɧɟɧɢя ɩаɪаɦɟɬɪɨɜ ɝɟɨɥɨ-
ɝɢчɟсɤɢх сɢсɬɟɦ). В сɢɥɭ сɜɨɢх ɜɨɡɦɨɠɧɨсɬɟɣ 

ɩɪɨɝɪаɦɦɧыɣ ɤɨɦɩɥɟɤс «FEM models» ɩɪɢ-
ɡɧаɧ «Ɋɨссɢɣсɤɢɦ Ɉɛɳɟсɬɜɨɦ ɩɨ ɦɟхаɧɢɤɟ 
ɝɪɭɧɬɨɜ, ɝɟɨɬɟхɧɢɤɟ ɢ ɮɭɧɞаɦɟɧɬɨсɬɪɨɟɧɢɸ» 
ɤаɤ ɛаɡɨɜыɣ ɞɥя ɪɟɲɟɧɢя сɥɨɠɧых ɩɪаɤɬɢчɟ-
сɤɢх ɡаɞач ɝɟɨɬɟхɧɢɤɢ. Ȼыɥɨ ɜыɩɨɥɧɟɧɨ ɩɨ-
сɥɨɣɧɨɟ ɦɨɞɟɥɢɪɨɜаɧɢɟ ɭсɬɪɨɣсɬɜа ɤаɠɞɨɝɨ 
яɪɭса, ɬ.ɟ. ɢɦɢɬɢɪɨɜаɥɨсɶ ɩɨсɬɟɩɟɧɧɨɟ ɡаɝɪɭ-
ɠɟɧɢɟ ɨсɧɨɜаɧɢя ɢ ɨɬɤɨса ТȻɈ, ɩɨсɥɟ чɟɝɨ 
ɨɩɪɟɞɟɥяɥɢсɶ ɩаɪаɦɟɬɪы ɧаɩɪяɠɟɧɧɨ-
ɞɟɮɨɪɦɢɪɨɜаɧɧɨɝɨ сɨсɬɨяɧɢя ɤɨɧсɬɪɭɤцɢɢ ɜ 
цɟɥɨɦ ɢ ɜ ɤаɠɞɨɦ сɥɨɟ ɝɟɨсɢɧɬɟɬɢчɟсɤɢх ɦа-
ɬɟɪɢаɥɨɜ ɜ ɨɬɞɟɥɶɧɨсɬɢ. 
Пɪɨɟɤɬɧыɟ ɩɨɤаɡаɬɟɥɢ ɞɟɮɨɪɦɢɪɭɟɦɨсɬɢ 
ɤɨɧсɬɪɭɤцɢɢ ɜ цɟɥɨɦ ɢɦɟɸɬ ɧɟɜысɨɤɢɟ ɡɧа-
чɟɧɢя ɩɪɢ ɟё ɡɧачɢɬɟɥɶɧых ɝаɛаɪɢɬах, а ɭɪɨ-
ɜɟɧɶ ɧаɩɪяɠёɧɧɨɝɨ сɨсɬɨяɧɢя аɪɦɢɪɭɸɳɢх 
ɷɥɟɦɟɧɬɨɜ ɢɡ ɝɟɨɦаɬɟɪɢаɥɨɜ ɧахɨɞɢɬся ɜ 
ɩɪɟɞɟɥах ɢх ɩɪɨɟɤɬɧɨɣ ɩɪɨчɧɨсɬɢ, ɪассчɢ-
ɬаɧɧɨɣ ɧа ɩɟɪɢɨɞ ɠɢɡɧɟɧɧɨɝɨ цɢɤɥа сɨɨɪɭ-
ɠɟɧɢя.  



Даɥɶɧɟɜɨсɬɨчɧыɣ ɨɩыɬ ɩɪɨɟɤɬɢɪɨɜаɧɢя ɢ сɬɪɨɢɬɟɥɶсɬɜа ɜысɨɤɨɣ аɪɦɨɝɪɭɧɬɨɜɨɣ ɤɨɧсɬɪɭɤцɢɢ 
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Ɋɢс. 4. В ɨсɧɨɜаɧɢɢ сɨɨɪɭɠɟɧɢя ɝɟɨɪɟɲɟɬɤа с ɩɪɨчɧɨсɬɶɸ ɜ 4,25 ɪаɡа ɦɟɧɶɲɟ ɬɪɟɛɭɟɦɨɣ. 

 
Ɋаɛɨчɢɣ ɩɪɨɟɤɬ ɩɨɥɭчɢɥ ɩɨɥɨɠɢɬɟɥɶɧɨɟ ɡа-
ɤɥɸчɟɧɢɟ ɝɨсɭɞаɪсɬɜɟɧɧɨɣ ɷɤсɩɟɪɬɢɡы ɢ ɭɬ-
ɜɟɪɠɞёɧ ɡаɤаɡчɢɤɨɦ ɤ ɩɪɨɢɡɜɨɞсɬɜɭ ɪаɛɨɬ. 
 

 

СɌɊɈɂɌȿɅɖСɌȼɈ 

 

Пɪɟɠɞɟ ɜсɟɝɨ, сɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, чɬɨ ɜ Ɋɨс-
сɢɢ ɩɪаɤɬɢɤɢ сɬɪɨɢɬɟɥɶсɬɜа аɪɦɨɝɪɭɧɬɨɜых 
сɨɨɪɭɠɟɧɢɣ ɬаɤɢх ɪаɡɦɟɪɨɜ ɢ ɭɪɨɜɧя ɨɬɜɟɬ-
сɬɜɟɧɧɨсɬɢ ɧɟ сɭɳɟсɬɜɭɟɬ. 
Ɋаɛɨɬы ɧа ɨɛɴɟɤɬɟ ɧачаɥɢсɶ ɜ ɨɤɬяɛɪɟ 2009 ɝ, 
ɜ хɨɞɟ сɬɪɨɢɬɟɥɶсɬɜа ɩɨɞɪяɞɧɨɣ ɨɪɝаɧɢɡацɢ-
ɟɣ ɛыɥɢ ɞɨɩɭɳɟɧы сɟɪɶɟɡɧыɟ ɭɩɪɨɳɟɧɢя 
ɜысɨɤɨɨɬɜɟɬсɬɜɟɧɧɨɣ ɤɨɧсɬɪɭɤцɢɢ ɛɟɡ ɨɛɨс-
ɧɨɜаɧɢɣ, ɩɟɪɟɪасчɟɬɨɜ ɢ сɨɝɥасɨɜаɧɢɣ с ɩɪɨ-
ɟɤɬɢɪɨɜɳɢɤɨɦ.  
Таɤ ɩɟɪɜыɣ ɭɪɨɜɟɧɶ ɡаɳɢɬɧɨɣ ɤɨɧсɬɪɭɤцɢɢ - 
ɨсɧɨɜаɧɢɟ с ɛɟɪɟɝɨɭɤɪɟɩɥɟɧɢɟɦ – ɨɬсыɩаɧ ɢɡ 
ɩɪɟɞɧаɡɧачɟɧɧых ɜ ɨɬɜаɥ ɧɟɤɨɧɞɢцɢɨɧɧых 
ɝɪɭɧɬɨɜ ɪасɩɨɥɨɠɟɧɧɨɝɨ ɧɟɞаɥɟɤɨ ɩаɪаɥ-
ɥɟɥɶɧɨɝɨ ɨɛɴɟɤɬа ɬɨɝɨ ɠɟ ɩɨɞɪяɞчɢɤа. Ƚɪɭɧ-
ɬы сɥаɛɨ ɦɨɪɨɡɨɭсɬɨɣчɢɜыɟ, ɪаɡɦɨɤаɟɦыɟ, 
ɢɡ ɦɟɬаɦɨɪɮɢчɟсɤɢх ɩɨɪɨɞ с ɩɪɟɨɛɥаɞаɸ-
ɳɢɦ сɨɞɟɪɠаɧɢɟɦ ɜыɦыɜаɟɦɨɣ ɝɥɢɧɢсɬɨɣ 
ɮɪаɤцɢɢ. Вɟɪх ɤɨɧсɬɪɭɤцɢɢ ɩɪɢсыɩаɧ 
сɤаɥɶɧыɦ ɝɪɭɧɬɨɦ ɢɡɜɟɪɠɟɧɧых ɩɨɪɨɞ. Нɟ-
сɭɳая сɩɨсɨɛɧɨсɬɶ ɬаɤɨɝɨ ɨсɧɨɜаɧɢя ɡаɩɪɟ-
ɞɟɥɶɧɨ ɧɢɡɤая. Иɡ ɤɨɧсɬɪɭɤцɢɢ ɛɟɪɟɝɨɭɤɪɟɩ-
ɥɟɧɢя ɢсɤɥɸчɟɧы сɟɬчаɬыɟ ɤɨɧɬɟɣɧɟɪы с ɡа-
ɦɟɧɨɣ ɧа ɤаɦɟɧɧɭɸ ɧаɛɪɨсɤɭ с ɦаɤсɢɦаɥɶ-
ɧɨɣ ɦассɨɣ ɝɥыɛ ɧɟ ɩɪɟɜыɲаɸɳɢх 1,5 ɬ, ɜ ɬɨ 
ɜɪɟɦя ɤаɤ ɜ ɤɨɧсɬɪɭɤцɢɢ ɩɪɟɞɩɨɥаɝаɥɨсɶ ɢс-

ɩɨɥɶɡɨɜаɧɢɟ ɜɨɥɧɨɥɨɦа ɢɡ 5 ɬɨɧɧых ɬɟɬɪа-
ɩɨɞɨɜ. Ɉɬɤаɡ ɨɬ сɟɬчаɬых ɤɨɧɬɟɣɧɟɪɨɜ ɩɪɟ-
ɞɨɩɪɟɞɟɥɢɥ ɧɨɜыɟ ɩаɪаɦɟɬɪы ɛɟɪɟɝɨɡаɳɢɬ-
ɧɨɣ ɤɨɧсɬɪɭɤцɢɢ: ɪасчɟɬɧая ɦасса ɝɥыɛ - ɞɨ 
3,6 ɬ, ɨɬсыɩаɟɦая ɢɡ ɷɬɢх ɝɥыɛ ɛɟɪɦа ɢɦɟɟɬ 
ɦаɤсɢɦаɥɶɧɭɸ ɝɥɭɛɢɧɭ ɩɨɞɨɲɜы ɩɨɞ ɜɨɞɨɣ 
ɞɨ 9 ɦ, ɧɟɨɛхɨɞɢɦɨ ɢсɩɨɥɶɡɨɜаɧɢɟ ɜɨɞɨɥаɡ-
ɧых ɪаɛɨɬ. Наɣɬɢ ɜ Пɪɢɦɨɪсɤɨɦ ɤɪаɟ ɧɟɨɛ-
хɨɞɢɦɨɟ ɤɨɥɢчɟсɬɜɨ ɝɥыɛ, ɭɞɨɜɥɟɬɜɨɪяɸɳɢх 
ɩɪɨɟɤɬɧыɦ ɬɪɟɛɨɜаɧɢяɦ, ɨчɟɧɶ сɥɨɠɧɨ ɢ ɞɨ-
ɪɨɝɨ. Исɩɨɥɶɡɨɜаɧɢɟ сɟɬɤɨɧɨɜ ɩɨɡɜɨɥɢɥɨ ɛы 
ɭɥɨɠɢɬɶ ɤɨɧсɬɪɭɤцɢɸ ɛɟɪɟɝɨɡаɳɢɬы с ɩɨ-
ɦɨɳɶɸ ɤɪаɧɨɜ ɧа ɝɥɭɛɢɧɭ ɨɤɨɥɨ 3 ɦ ɛɟɡ 
ɩɪɢɦɟɧɟɧɢя ɞɨɪɨɝɨсɬɨяɳɢх ɢ ɬɪɭɞɨɟɦɤɢх 
ɜɨɞɨɥаɡɧых ɪаɛɨɬ. 
Дɥя ɩɨсɬɪɨɣɤɢ ɜɬɨɪɨɝɨ ɢ ɬɪɟɬɶɟɝɨ ɭɪɨɜɧɟɣ 
аɪɦɨɝɪɭɧɬɨɜɨɣ ɤɨɧсɬɪɭɤцɢɢ ɡаɳɢɬы ɜысɨɤɨ-
ɝɨ ɨɬɤɨса ɩɨɞɪяɞчɢɤɨɦ, ɛɟɡ ɞɨɥɠɧых ɬɟхɧɢ-
чɟсɤɢх сɨɝɥасɨɜаɧɢɣ сɨ сɩɟцɢаɥɢсɬаɦɢ, ɩɪɢ-
ɨɛɪɟɬɟɧы ɝɟɨсɢɧɬɟɬɢчɟсɤɢɟ ɦаɬɟɪɢаɥы ɧɟɢɡ-
ɜɟсɬɧɨɝɨ ɩɪɨɢсхɨɠɞɟɧɢя. Сɨсɬаɜ ɢсхɨɞɧɨɝɨ 
сыɪɶя ɝɟɨɦаɬɟɪɢаɥɨɜ ɞɨɤɭɦɟɧɬаɥɶɧɨ ɧɟ ɩɨɞ-
ɬɜɟɪɠɞёɧ, а ɷɬɨɬ ɩɨɤаɡаɬɟɥɶ ɢɦɟɟɬ ɛɨɥɶɲɨɟ 
ɡɧачɟɧɢɟ ɞɥя ɛɟɡɨɩасɧɨɣ ɷɤсɩɥɭаɬацɢɢ аɪ-
ɦɨɝɪɭɧɬɨɜɨɝɨ сɨɨɪɭɠɟɧɢя, ɧɨ ɨɛɨɡɧачɟɧ ɤаɤ 
ɩɨɥɢɩɪɨɩɢɥɟɧ. Сɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, чɬɨ сɪɨɤ 
сɥɭɠɛы ɩɨɥɢɩɪɨɩɢɥɟɧɨɜых ɢɡɞɟɥɢɣ ɜ ɭсɥɨ-
ɜɢях сɬɪɨɢɬɟɥɶсɬɜа ɨɛɴɟɤɬа ɜ 5-8 ɪаɡ ɦɟɧɶ-
ɲɟ, чɟɦ ɢɡ ɩɨɥɢɷɬɢɥɟɧа, ɤаɤ ɬɪɟɛɭɟɬся ɩɨ 
ɩɪɨɟɤɬɭ. 
Пɨ ɪɟɡɭɥɶɬаɬаɦ ɨɮɢцɢаɥɶɧых ɢсɩыɬаɧɢɣ ɨс-
ɧɨɜɧых ɢɡ ɩɪɢɨɛɪɟɬёɧɧых ɝɟɨɦаɬɟɪɢаɥɨɜ ɜ 
сɩɟцɢаɥɢɡɢɪɨɜаɧɧɨɣ   ɥаɛɨɪаɬɨɪɢɢ  «Даɥɶсɬ- 
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Ɋɢс. 5. Ƚɪаɮɢɤ ɡаɜɢсɢɦɨсɬɢ ɧаɩɪяɠɟɧɢɣ ɜ ɝɟɨɪɟɲɟɬɤɟ ɨɬ ɜысɨɬы ɤɨɧсɬɪɭɤцɢɢ. 

 
ɪɨɣɢсɩыɬаɧɢя» ɝ. Вɥаɞɢɜɨсɬɨɤа ɢх ɩɪɨч-
ɧɨсɬɶ ɨɤаɡаɥасɶ ɧɢɠɟ ɬɪɟɛɭɟɦɨɣ ɩɪɨɟɤɬɧыɦɢ 
ɪасчёɬаɦɢ ɧа 18-20%, чɬɨ ɧɟɞɨɩɭсɬɢɦɨ. 
Ƚɟɨɦɟɬɪɢчɟсɤɢɟ ɪаɡɦɟɪы сɬɪɭɤɬɭɪ ɩɪɢɨɛɪɟ-
ɬёɧɧых ɦаɬɟɪɢаɥɨɜ ɜ ɡɧачɢɬɟɥɶɧɨɣ ɦɟɪɟ ɧɟ 
сɨɨɬɜɟɬсɬɜɭɸɬ сɬɪɭɤɬɭɪɟ ɦаɬɟɪɢаɥɨɜ, ɩɪɢɧя-
ɬых ɜ ɩɪɨɟɤɬɟ ɩɨ ɪасчёɬɭ, чɬɨ ɧɟ ɨɛɟсɩɟчɢɜа-
ɟɬ ɢх ɤɨɦɩɨɡɢɬɨɨɛɪаɡɭɸɳɭɸ сɩɨсɨɛɧɨсɬɶ ɧа 
32% ɢ аɧɤɟɪɭɸɳɭɸ – ɧа 60%. 
Пɨɞɪяɞчɢɤаɦɢ ɛыɥɢ ɞɨɩɭɳɟɧы сɟɪɶɟɡɧɟɣ-
ɲɢɟ ɨɬсɬɭɩɥɟɧɢя ɨɬ ɩɪɨɟɤɬа: 

1. Пɟɪɜыɟ ɩяɬɶ яɪɭсɨɜ ɝɟɨɬɟхɧɢчɟсɤɨɣ 
ɨɛɨɣɦы (ɜысɨɬа 4,0 ɦ) ɜыɩɨɥɧɟɧы с 
ɧɟɞɨɩɭсɬɢɦыɦ ɢсɩɨɥɶɡɨɜаɧɢɟɦ ɞɜɭх-
ɨсɧɨɣ ɝɟɨɪɟɲёɬɤɢ с ɡаяɜɥɟɧɧɨɣ ɩɪɨч-
ɧɨсɬɶɸ ɦɟɧɟɟ ɬɪɟɛɭɟɦɨɣ ɜ 4,25 ɪаɡа, 
чɟɦ ɜ ɩɪɨɟɤɬɧɨɣ ɞɨɤɭɦɟɧɬацɢɢ (ɪɢс. 
4). 

2. Исɩɨɥɶɡɨɜаɧɢɟ ɩɪɢ ɮɨɪɦɢɪɨɜаɧɢɢ 
ɬɨɪцɨɜ ɝɟɨɬɟхɧɢчɟсɤɨɣ ɨɛɨɣɦы ɦɟɲ-
ɤɨɜ с ɝɪɭɧɬɨɦ ɡаɤаɧчɢɜаɟɬся ɩɨсɥɟ 
ɭсɬɪɨɣсɬɜа 2-ɝɨ яɪɭса, чɬɨ яɜɥяɟɬся 
ɩɪɢчɢɧɨɣ ɧаɪɭɲɟɧɢя ɤɨɧɮɢɝɭɪацɢɢ 
ɝɟɨɬɟхɧɢчɟсɤɨɣ ɨɛɨɣɦы. 

3. Иɦɟɸɬся ɞɟɮɨɪɦацɢɢ (сɩɥыɜы) ɤɨɧ-
сɬɪɭɤцɢɢ ɨɬɤɨсɧɨɣ часɬɢ ɛɟɪɟɝɨɭɤɪɟ-
ɩɥɟɧɢя ɜ сɬɨɪɨɧɭ ɦɨɪя ɧа 2-2,5 ɦ ɢ ɧа 
ɜысɨɬɭ ɛɨɥɟɟ 1 ɦ. 

4. Наɥɢчɢɟ ɦɟсɬɧых ɩɪɨсаɞɨɤ ɞɜɭх ɢ 
ɛɨɥɟɟ ɧɢɠɧɢх яɪɭсɨɜ ɤɨɧсɬɪɭɤцɢɢ ɧа 

ɜɟɥɢчɢɧɭ 20-30 сɦ, ɭɠɟ ɞаɠɟ ɩɪɢ ɢх 
часɬɢчɧɨɦ ɧаɝɪɭɠɟɧɢɢ, ɭɤаɡыɜаɟɬ ɧа 
ɧаɥɢчɢɟ ɞɟɮɟɤɬɨɜ ɜ ɤɨɧсɬɪɭɤцɢɢ ɜ 
цɟɥɨɦ ɢ ɜ ɟɟ ɨсɧɨɜаɧɢɢ. В ɨɬɞɟɥɶɧых 
ɦɟсɬах ɨɬɦɟчɟɧа ɨсаɞɤа сɨɨɪɭɠɟɧɢя 
ɩɨɞ сɨɛсɬɜɟɧɧыɦ ɜɟсɨɦ ɧа ɜɟɥɢчɢɧɭ 
ɞɨ 1 ɦ. 

5. Уɤɥаɞɤа ɝɟɨɪɟɲɟɬɨɤ ɜ ɤɨɧсɬɪɭɤцɢɸ 
ɜыɩɨɥɧɟɧа с ɧаɪɭɲɟɧɢɟɦ ɬɟхɧɨɥɨɝɢɢ 
ɢсɩɨɥɶɡɨɜаɧɢя ɤɨɧсɬɪɭɤɬɢɜɧых ɷɥɟ-
ɦɟɧɬɨɜ.  

6. Сɦɟɠɧыɟ ɩɨ ɜысɨɬɟ ɩɨɥɨɬɧа ɝɟɨɪɟ-
ɲɟɬɤɢ, ɭɥɨɠɟɧɧыɟ ɩɥɨсɤɨсɬɶɸ ɤ 
ɩɥɨсɤɨсɬɢ ɞɨɩɨɥɧɢɬɟɥɶɧɨ сɨɡɞаɸɬ 
ɩɪɟɞɨɩɪɟɞɟɥɟɧɧыɟ ɩɥɨсɤɨсɬɢ сɤɨɥɶ-
ɠɟɧɢя с ɨчɟɧɶ ɧɢɡɤɢɦ ɤɨɷɮɮɢцɢɟɧ-
ɬɨɦ ɬɪɟɧɢя ɩɥасɬɢɤа ɩɨ ɩɥасɬɢɤɭ. 

7. Ɉɬɦɟчɟɧы ɪаɡɪɭɲɟɧɢя ɜ ɧɢɠɧɢх яɪɭ-
сах 2-х ɨɛɨɣɦ, ɜыɩɨɥɧɟɧɧых ɢɡ ɞɜɭх-
ɨсɧɨɣ ɝɟɨɪɟɲɟɬɤɢ с ɡаɧɢɠɟɧɧɨɣ 
ɩɪɨчɧɨсɬɶɸ. Вɨɥɧы ɨɬ ɧɟɪасчɟɬɧɨɣ 
ɜɟɥɢчɢɧы, ɩɨ хаɪаɤɬɟɪɧыɦ ɩɪɢɡɧа-
ɤаɦ, ɞɨсɬɢɝаɥɢ ɜысɨɬы 2-ɝɨ яɪɭса 
ɤɨɧсɬɪɭɤцɢɢ ɡаɳɢɬы ɨɬɤɨса. Мɟсɬаɦɢ 
ɨɬɦɟчаɟɬся ɜыɦыɜаɧɢɟ ɢɡ ɨɛɨɣɦы 
ɝɥɢɧɢсɬɨɝɨ ɡаɩɨɥɧɢɬɟɥя ɢ ɦɟɥɤɢх 
ɮɪаɤцɢɣ ɝɪɭɧɬа ɡасыɩɤɢ с ɬɪɟɳɢɧаɦɢ 
ɢ ɞɟɮɨɪɦацɢяɦɢ ɪаɡɪыɜа ɨɛɨɣɦы ɨɬ 
ɜɨɡɞɟɣсɬɜɢя ɜɨɥɧɨɩɪɢɛɨя. 
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8. Ɋаɡɦɟɪы ɤаɦɧя, ɢсɩɨɥɶɡɭɟɦɨɝɨ ɜ ɧа-
сɬɨяɳɢɣ ɦɨɦɟɧɬ ɞɥя ɛɟɪɟɝɨɭɤɪɟɩɥɟ-
ɧɢя, ɨɩɪɟɞɟɥяɸɬ ɢх ɦассɭ ɧɟ ɛɨɥɟɟ 
1500 ɤɝ. 

Ɋасчɟɬы ɦаɤсɢɦаɥɶɧɨɝɨ ɪасɬяɝɢɜаɸɳɟɝɨ ɧа-
ɩɪяɠɟɧɢя, ɜɨɡɧɢɤаɸɳɟɝɨ ɜ аɪɦɢɪɭɸɳɢх 
ɷɥɟɦɟɧɬах, сɜɢɞɟɬɟɥɶсɬɜɭɟɬ ɨ ɬɨɦ, чɬɨ ɜ 
ɧɢɠɧɟɣ часɬɢ ɤɨɧсɬɪɭɤцɢɢ, ɝɞɟ ɛыɥа ɢсɩɨɥɶ-
ɡɨɜаɧа ɝɟɨɪɟɲɟɬɤа с ɩɪɨчɧɨсɬɶɸ 40 ɤН ɜɨɡ-
ɧɢɤаɸɬ ɧаɩɪяɠɟɧɢя 62,04 ɤН. Мɢɧɢɦаɥɶɧыɟ 
ɧаɩɪяɠɟɧɢя (49,37 ɤН), ɜɨɡɧɢɤаɸɳɢɟ ɜ ɷɬɨɣ 
часɬɢ ɤɨɧсɬɪɭɤцɢɢ сɭɳɟсɬɜɟɧɧɨ ɩɪɟɜыɲаɸɬ 
ɞаɠɟ ɧɨɦɢɧаɥɶɧɭɸ ɩɪɨчɧɨсɬɶ ɢсɩɨɥɶɡɨɜаɧ-
ɧɨɣ ɝɟɨɪɟɲёɬɤɢ (ɪɢс. 5). 
Пɪɢɜɟɞɟɧɧыɟ ɧаɝɥяɞɧыɟ ɩɪɢɦɟɪы ɢ ɮаɤɬɢ-
чɟсɤɢɟ ɩɨсɥɟɞсɬɜɢя ɨɬсɬɭɩɥɟɧɢɣ ɨɬ ɩɪɨɟɤɬ-
ɧых ɪɟɲɟɧɢɣ ɩɪɢ сɬɪɨɢɬɟɥɶсɬɜɟ ɡаɳɢɬɧɨɣ 
ɤɨɧсɬɪɭɤцɢɢ ɩɨɤаɡыɜаɸɬ, чɬɨ ɢɦɟɸɬся ɜсɟ 
ɨсɧɨɜɧыɟ ɩɪɟɞɩɨсыɥɤɢ ɞɥя ɜɨɡɧɢɤɧɨɜɟɧɢя 
аɜаɪɢɣɧɨɣ сɢɬɭацɢɢ ɩɪɢ ɢсɩɨɥɶɡɨɜаɧɢɢ ɦа-
ɬɟɪɢаɥɨɜ с ɧɟсɨɨɬɜɟɬсɬɜɭɸɳɢɦɢ ɩɪɨɟɤɬɭ 
сɜɨɣсɬɜаɦɢ.  
Ɉɛɨɛɳая ɩɪɢɜɟɞɟɧɧыɣ ɜыɲɟ ɨɩыɬ ɦɨɠɧɨ 
сɞɟɥаɬɶ ɜыɜɨɞ: ɩɪɢɦɟɧɟɧɢɟ сɨɜɪɟɦɟɧɧых 
ɝɟɨɬɟхɧɨɥɨɝɢɣ ɜ сɬɪɨɢɬɟɥɶсɬɜɟ ɞɟɥɨ ɧɭɠɧɨɟ, 
ɨɧɢ ɜɨ ɦɧɨɝɨɦ яɜɥяɸɬся ɷɤɨɧɨɦɢчɟсɤɢ ɛɨɥɟɟ 
ɜыɝɨɞɧɨɣ ɢ ɧаɞɟɠɧɨɣ аɥɶɬɟɪɧаɬɢɜɨɣ ɬɪаɞɢ-
цɢɨɧɧыɦ ɪɟɲɟɧɢяɦ. Нɨ ɨɬсɭɬсɬɜɢɟ ɧɨɪɦа-
ɬɢɜɧɨɣ ɥɢɬɟɪаɬɭɪы, ɨɞɧɨɡɧачɧɨ ɪɟɝɥаɦɟɧɬɢ-
ɪɭɸɳɟɣ ɩɪɢɦɟɧɟɧɢɟ ɬɨɝɨ ɢɥɢ ɢɧɨɝɨ ɦɟɬɨɞа 
ɪасчɟɬа, ɞɨсɬɨɜɟɪɧɨɝɨ ɢ аɩɪɨɛɢɪɨɜаɧɧɨɝɨ, 
сɨɡɞаɟɬ сɥɨɠɧɨсɬɢ ɞɥя ɩɪɨɟɤɬɢɪɨɜɳɢɤɨɜ. 
Пɨɤа ɥɢɲɶ ɬɨɥɶɤɨ ɜ ɧɟɦɧɨɝɢх ВУɁах ɩɪɟɩɨ-
ɞаɟɬся ɤɭɪс ɝɟɨɬɟхɧɨɥɨɝɢɣ ɜ сɬɪɨɢɬɟɥɶсɬɜɟ, 
чɬɨ ɩɪɢɜɨɞɢɬ ɤ ɨɬсɭɬсɬɜɢɸ ɡɧаɧɢɣ ɢ ɭ ɦɨɥɨ-
ɞых сɩɟцɢаɥɢсɬɨɜ. Схɨɠая сɢɬɭацɢя ɢ ɭ 
сɬɪɨɢɬɟɥɟɣ, ɧɨɜɢɡɧа ɬɟхɧɨɥɨɝɢɢ ɢ ɨɬсɭɬсɬ-
ɜɢɟ ɢɧɮɨɪɦацɢɢ сɨɡɞаɟɬ сɥɨɠɧɨсɬɢ ɞɥя ɪаɡ-
ɜɢɬɢя ɢ ɜɧɟɞɪɟɧɢя ɬɟхɧɨɥɨɝɢɣ, ɩɨɡɜɨɥяɸɳɢх 
ɡɧачɢɬɟɥɶɧɨ ɩɨɜысɢɬɶ ɧаɞɟɠɧɨсɬɶ ɢ ɞɨɥɝɨ-
ɜɟчɧɨсɬɶ сɨɨɪɭɠɟɧɢɣ, а ɜɨ ɦɧɨɝɢх сɥɭчаях 
ɟɳɟ ɢ сɧɢɡɢɬɶ сɬɨɢɦɨсɬɶ сɬɪɨɢɬɟɥɶсɬɜа. 
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