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ʉʙʦʨʥʠʢ ʤʘʪʝʨʠʘʣʦʚ ʩʝʩʩʠʠ ʀɺʊʅ-2013 ʩʦʜʝʨʞʠʪ ʘʥʥʦʪʘʮʠʠ ʜʦʢʣʘʜʦʚ, ʘ ʪʘʢʞʝ ʪʝʟʠʩʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʵʣʝʢʪʨʦʥʥʫʶ ʢʦʥʬʝʨʝʥʮʠʶ 
çʀʥʬʦʨʤʘʮʠʦʥʥʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʨʝʰʝʥʠʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʥʘʫʯʥʳʭ ʟʘʜʘʯè ʚ 2013 ʛʦʜʫ. ʉʨʝʜʠ 

ʜʦʢʣʘʜʦʚ ʨʘʙʦʪʳ ʥʘʫʯʥʳʭ ʢʦʣʣʝʢʪʠʚʦʚ ʦ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠ ʚʳʯʠʩʣʝʥʠʷʭ, ʠʩʩʣʝʜʦʚʘʥʠʠ ʠ ʨʘʟʨʘʙʦʪʢʘʭ, ʘ ʪʘʢʞʝ ʦ ʥʘʫʯʥʳʭ ʧʨʦʙʣʝʤʘʭ ʠ 
ʧʝʨʩʧʝʢʪʠʚʘʭ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ.  

ʇʦʣʥʳʝ ʪʝʢʩʪʳ ʜʦʢʣʘʜʦʚ ʜʦʩʪʫʧʥʳ ʥʘ ʩʘʡʪʝ ʀɺʊʅ.ru (http://www.ivtn.ru). 

 
The Proceeding of IVTN-2013 session contains annotations of the reports and abstracts presented on web-conference ç Computer Applications in 

Science researchè in 2013. Among the reports of the research teams for research and development, modeling and computation, as well 

as academic problems and prospects in information and computer technologies. 
Full texts of reports are accessible on site IVTN.ru (http://www.ivtn.ru). 
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ʋʚʘʞʘʝʤʳʝ ʢʦʣʣʝʛʠ! 

 

ʇʨʝʜʩʪʘʚʣʷʝʤ ʚʘʰʝʤʫ ʚʥʠʤʘʥʠʶ ʉʙʦʨʥʠʢ ʤʘʪʝʨʠʘʣʦʚ ʀɺʊʅ-2013, ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ 

ʢʘʪʘʣʦʛ ʘʥʥʦʪʘʮʠʡ ʜʦʢʣʘʜʦʚ ʥʘ ʜʚʫʭ ʷʟʳʢʘʭ, ʩ ʫʢʘʟʘʥʠʝʤ ʧʦʩʪʦʷʥʥʦʛʦ ʘʜʨʝʩʘ ʧʦʣʥʦʡ ʚʝʨʩʠʠ 

ʩʪʘʪʴʠ ʥʘ ʩʘʡʪʝ ʀɺʊʅ.ru ʚ ʀʥʪʝʨʥʝʪʝ, ʘ ʪʘʢʞʝ ʪʝʟʠʩʳ ʟʘʷʚʣʝʥʥʳʭ ʥʘ ʢʦʥʬʝʨʝʥʮʠʶ ʜʦʢʣʘʜʦʚ. 

ɼʣʷ ʩʩʳʣʦʢ ʥʘ ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʪʝʟʠʩʳ ʠ ʜʦʢʣʘʜʳ ʘʚʪʦʨʦʚ ʟʘ ʧʨʦʰʝʜʰʠʝ ʠ ʪʝʢʫʱʠʝ ʩʝʢʮʠʠ 

ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʥʬʝʨʝʥʮʠʡ ʀɺʊʅ.ru, ɺʳ ʪʘʢʞʝ ʤʦʞʝʪʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʦʚʳʡ ʨʘʟʜʝʣ "ɹʠʙʣʠʦʪʝʢʘ 

ʀɺʊʅ.ru", ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʧʦ ʘʜʨʝʩʫ: http://ivtn.ru/library/index.php, ʛʜʝ ʨʘʙʦʪʳ ʥʘʭʦʜʷʪʩʷ ʚ 

ʦʪʢʨʳʪʦʤ ʜʦʩʪʫʧʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʛʦʜʦʤ ʚʳʭʦʜʘ ʧʫʙʣʠʢʘʮʠʠ. 

ʆʨʛʘʥʠʟʘʮʠʦʥʥʳʡ ʢʦʤʠʪʝʪ ʀɺʊʅ.ru ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʚʩʝʤ ʫʯʘʩʪʥʠʢʘʤ 

ʢʦʥʬʝʨʝʥʮʠʠ ʟʘ ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʝ ʪʝʟʠʩʳ ʠ ʨʘʩʰʠʨʝʥʥʳʝ ʜʦʢʣʘʜʳ ʠ ʥʘʜʝʝʪʩʷ ʥʘ ʜʘʣʴʥʝʝ 

ʧʣʦʜʦʪʚʦʨʥʦʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ. 

 

ɼʦ ʚʩʪʨʝʯʠ ʥʘ ʢʦʥʬʝʨʝʥʮʠʠ ʀɺʊʅ-2014! 

 

ʉ ʫʚʘʞʝʥʠʝʤ, 

 

ʆʨʛʘʥʠʟʘʮʠʦʥʥʳʡ ʢʦʤʠʪʝʪ ʀɺʊʅ.ru 

E-mail: org@ivtn.ru 

URL: http://www.ivtn.ru 

ʊʝʣ.: +7 495 995 8017 

 

 

 

 

 

 
Dear colleagues! 

 

We bring forward proceedings of the Session IVTN-2013, which contains a catalog of abstracts in 

both languages with instructions of the permanent address of the full report version at web-site IVTN.ru 

in Internet, and also theses submitted for the conference reports. 

To refer to the published abstracts and papers of the authors in the past and current partitions 

electronic conferences IVTN.ru, You can also use a new section "IVTN.ru Library", located at the 

address: http://ivtn.ru/library/index.php, where works are in the public domain in accordance with the 

year of publication. 

Organizing committee IVTN.ru would like to thank all participants for any reports and 

communications and hopes to further cooperation. 

 
 

 

To a meeting at conference IVTN-2014! 

 

Sincerely yours, 

 

IVTN.ru Organizational Committee 

E-mail: org@ivtn.ru 

URL: http://www.ivtn.ru 

Tel.: +7 495 995 8017   

http://ivtn.ru/library/index.php
mailto:org@ivtn.ru
http://www.ivtn.ru/
http://ivtn.ru/library/index.php
mailto:org@ivtn.ru
http://www.ivtn.ru/
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Организаторы  

Providers 

 
ʂʦʥʬʝʨʝʥʮʠʠ ʀɺʊʅ-2013 ʦʨʛʘʥʠʟʦʚʘʥʳ ʧʦ ʠʥʠʮʠʘʪʠʚʝ ʅɺʂ "ɺʀʉʊ", ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʥʘʫʯʥʳʭ ʮʝʥʪʨʦʚ ʠ 

ʠʥʩʪʠʪʫʪʦʚ ʈʦʩʩʠʡʩʢʦʡ ɸʢʘʜʝʤʠʠ ʅʘʫʢ ʠ ʈʦʩʩʠʡʩʢʦʡ ɸʢʘʜʝʤʠʠ ʄʝʜʠʮʠʥʩʢʠʭ ʅʘʫʢ. 

 

The IVTN-2013 Conferences were initially organized by NVK "VIST" and supported by Scientific Centers and 

Institutes of Russian Academy of Sciences and Russian Academy of Medical Sciences. 

 

http://www.ivtn.ru 
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СЕКЦИЯ 2 
 

КОМПЬЮТЕРНЫЕ ВЫЧИСЛЕНИЯ, ИХ ОРГАНИЗАЦИЯ (СЕТИ И ПАРАЛЛЕЛЬНЫЕ 

ВЫЧИСЛЕНИЯ) 

 

SECTION 2 
 

COMPUTING AND COMPUT ING MANAGEMENT (NETW ORKS AND PARALLEL 

COMPUTATION)  
 
 

 
ʇʈʆɹʃɽʄʓ ɸʃɻʆʈʀʊʄʀɿɸʎʀʀ ɺʓʏʀʉʃɽʅʀʗ 
ɹʆʃɽɽ ɺɽʈʆʗʊʅʓʍ ɺ ʉʈɽɼʅɽʄ ɺɽʃʀʏʀʅ 

ʂʈʀʊɽʈʀɽɺ ɺ ʇʃʇ-ʇʆʀʉʂɽ 

PROBLEMS OF THE ALGORITHMIZATION OF THE 
CALCULATION OF THE MORE PROBABLE ON 
AVERAGE VALUES OF CRITERIA IN THE PLP-
SEARCH 

ʉʪʘʪʥʠʢʦʚ ʀ.ʅ., ʌʠʨʩʦʚ ɻ.ʀ.  Statnikov I.N., Firsov G.I. 

ʀʥʩʪʠʪʫʪ ʤʘʰʠʥʦʚʝʜʝʥʠʷ ʠʤ. ɸ.ɸ.ɹʣʘʛʦʥʨʘʚʦʚʘ ʈɸʅ ɸ.ɸ. Blagonravov Mechanical Engineering Research 
Institute of Russian Academy of Sciences 

  
ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʠʜʝʠ ʧʣʘʥʠʨʫʝʤʦʛʦ ʃʇ-
ʧʦʠʩʢʘ (ʇʃʇ-ʧʦʠʩʢʘ) ʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʨʝʘʣʴʥʳʭ 
ʧʘʨʘʤʝʪʨʦʚ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʤʦʞʥʦ 
ʟʘʤʝʥʠʪʴ ʜʝʡʩʪʚʠʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʠʩʧʝʨʩʠʠ 
ʚʳʙʦʨʢʠ ʚ ʧʨʦʠʟʚʦʣʴʥʦʤ ʩʝʯʝʥʠʠ ʝʝ ʦʮʝʥʢʦʡ. 
ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʦʙʣʝʤʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ 
ʚʳʙʦʨʝ ʯʠʩʣʘ ʩʦʯʝʪʘʥʠʡ ʧʨʠ ʦʮʝʥʢʝ ʙʦʣʝʝ ʚʝʨʦʷʪʥʳʭ 
ʚ ʩʨʝʜʥʝʤ ʚʝʣʠʯʠʥ ʢʨʠʪʝʨʠʝʚ, ʩʚʷʟʘʥʥʳʝ ʩ 
ʧʨʦʪʠʚʦʨʝʯʠʝʤ ʤʝʞʜʫ ʞʝʣʘʝʤʦʡ ʪʦʯʥʦʩʪʥʦʡ 
ʚʝʨʦʷʪʥʦʩʪʥʦʡ ʦʮʝʥʢʦʡ ʠ ʚʨʝʤʝʥʝʤ ʝʝ ʧʦʣʫʯʝʥʠʷ. 
ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʤʝʥʝʥʠʷ ʧʨʝʜʣʘʛʘʝʤʦʛʦ 
ʘʣʛʦʨʠʪʤʘ ʠ ʚʘʨʠʘʮʠʠ ʚ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʘ ʨʷʜʝ 
ʪʝʩʪʦʚʳʭ ʧʨʠʤʝʨʦʚ 

The basic ideas of the planned LP- search (PLP- search) 
are examined and it is shown that for the real parameters 
of computational experiments it is possible to replace the 
actual value of the dispersion of sample in the arbitrary 
section with its estimation. Are examined the problems, 
which appear during the selection of the number of 
combinations during the estimation of the more probable 
on average values of criteria, connected with the 
contradiction between the desired precision probabilistic 
estimation and the time of its obtaining. Are given the 
results of applying of the proposed algorithm and variation 
in its use in a number of test examples 

  
ʆʙʱʘʷ ʠʜʝʷ ʧʦʩʪʨʦʝʥʠʷ ʙʦʣʝʝ ʚʝʨʦʷʪʥʦʛʦ ʟʥʘʯʝʥʠʷ ʦʮʝʥʢʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ ʛʠʧʦʪʝʪʠʯʝʩʢʦʡ 
ʛʝʥʝʨʘʣʴʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʢʣʘʩʩʠʯʝʩʢʦʤ ʧʨʠʥʮʠʧʝ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ, ʛʦʚʦʨʷʱʝʤ ʦ ʪʦʪ, 
ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʫʤʤ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ, ʠʤʝʶʱʠʭ ʢʦʥʝʯʥʳʝ ʟʥʘʯʝʥʠʷ ʜʠʩʧʝʨʩʠʡ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ 
ʭʘʨʘʢʪʝʨʘ ʠʭ ʠʩʭʦʜʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ, ʩʪʨʝʤʠʪʩʷ ʢ ʥʦʨʤʘʣʴʥʦʤʫ ʧʨʠ ʥʝʦʛʨʘʥʠʯʝʥʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʯʠʩʣʘ ʵʪʠʭ 
ʩʫʤʤ [1,2]. ʂʦʥʝʯʥʦ, ʩʦʯʝʪʘʥʠʝ ʩʣʦʚ çʙʦʣʝʝ ʚʝʨʦʷʪʥʦʝè ʩʦʭʨʘʥʷʝʪ ʥʝʫʩʪʨʘʥʠʤʫʶ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʚ 
ʚʝʣʠʯʠʥʝ ʩʨʝʜʥʝʛʦ ʛʝʥʝʨʘʣʴʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ, ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ, 
ʚʳʙʦʨʦʤ ʟʥʘʯʝʥʠʡ ʜʚʫʭ ʧʘʨʘʤʝʪʨʦʚ: ʚʝʣʠʯʠʥʦʡ ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʝʤʫ ʚʝʣʠʯʠʥʦʡ 
ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ. 
ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʧʣʘʥʠʨʫʝʤʦʤʫ ʃʇ-ʧʦʠʩʢʫ (ʇʃʇ-ʧʦʠʩʢʫ) [3-6] ʦʙʱʘʷ ʠʜʝʷ ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ. ɼʣʷ ʢʘʞʜʦʛʦ 

k-ʛʦ ʢʨʠʪʝʨʠʷ ʢʘʯʝʩʪʚʘ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ (ʠʩʩʣʝʜʫʝʤʦʛʦ) ʦʙʲʝʢʪʘ ʠʤʝʝʪʩʷ 
1

J

kj

j

M
=

ä ʚʳʙʦʨʦʢ { },
j ki j

kji lF  ʛʜʝ: 
j ki j

kji lF - 

jkil -ʦʝ ʟʥʘʯʝʥʠʝ k-ʛʦ ʢʨʠʪʝʨʠʷ ʥʘ ij -ʤ ʫʨʦʚʥʝ j-ʛʦ ʧʘʨʘʤʝʪʨʘ; 1, ,
jkil =

jkiL  ʘ 
jkiL  - ʯʠʩʣʦ ʯʣʝʥʦʚ ʚʳʙʦʨʢʠ ʥʘ ij -ʤ 

ʫʨʦʚʥʝ j-ʛʦ ʧʘʨʘʤʝʪʨʘ ʧʦ k-ʤʫ ʢʨʠʪʝʨʠʶ; k = 1, ,K  ʘ K - ʯʠʩʣʦ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʢʨʠʪʝʨʠʝʚ ʢʘʯʝʩʪʚʘ; j = 1, ,J ʘ J - 

ʯʠʩʣʦ ʚʘʨʴʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ; ij = 1, ,kjM  ʘ Mkj - ʯʠʩʣʦ ʫʨʦʚʥʝʡ j-ʛʦ ʧʘʨʘʤʝʪʨʘ ʧʦ k-ʤʫ ʢʨʠʪʝʨʠʶ. ʀʟ ʤʥʦʞʝʩʪʚ 

{ }
j ki j

kji lF  ʚ ʇʃʇ-ʧʦʠʩʢʝ ʬʦʨʤʠʨʫʶʪʩʷ ʧʦʜʤʥʦʞʝʩʪʚʘ { }
jkjiF  ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʦʜʥʦʬʘʢʪʦʨʥʦʛʦ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ. ɿʜʝʩʴ 
jkjiF  - ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ k-ʛʦ ʢʨʠʪʝʨʠʷ ʥʘ ij -ʤ ʫʨʦʚʥʝ j-ʛʦ 

ʧʘʨʘʤʝʪʨʘ 
1) .

ki j

j j j ki j

ki j

kji ki kji l

l

-F Fä
L

= ( L  

ɻʨʘʬʠʢ ʬʫʥʢʮʠʠ ( )
j jkji iaF  ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩʦ ʟʥʘʯʝʥʠʝʤ kF  - ʦʙʱʠʤ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ k-ʛʦ ʢʨʠʪʝʨʠʷ, 

ʧʦʣʫʯʝʥʥʳʤ ʧʦ ʚʳʙʦʨʢʝ ʠʟ N0 ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʦʟʚʦʣʷʣ ʵʤʧʠʨʠʯʝʩʢʠ (ʯʘʱʝ ʚʩʝʛʦ, ʚʠʟʫʘʣʴʥʦ) 
ʥʘʟʥʘʯʘʪʴ ʥʦʚʳʝ ʦʙʣʘʩʪʠ ʧʦʠʩʢʘ ʥʘʠʣʫʯʰʠʭ ʨʝʰʝʥʠʡ ʧʦ k-ʤʫ ʢʨʠʪʝʨʠʶ. ʆʜʥʘʢʦ ʥʝʫʯʝʪ ʪʦʛʦ ʬʘʢʪʘ, ʯʪʦ 

ʟʥʘʯʝʥʠʷ 
jkjiF  ʥʦʩʷʪ ʚʳʙʦʨʦʯʥʳʡ ʭʘʨʘʢʪʝʨ, ʯʘʩʪʦ ʧʨʠʚʦʜʷʪ ʢ ʥʝʦʙʦʩʥʦʚʘʥʥʦʤʫ ʦʧʪʠʤʠʟʤʫ ʧʨʠ ʚʳʙʦʨʝ ʥʦʚʳʭ 

ʧʨʝʜʝʣʦʚ ʚʘʨʴʠʨʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʘ aj ʠ, ʯʪʦ ʩʘʤʦʝ ʛʣʘʚʥʦʝ, ʢ ʨʘʟʜʨʘʞʠʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʇʃʇ-
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ʧʦʠʩʢʘ. ʍʦʪʝʣʦʩʴ ʙʳ ʧʦʙʦʣʴʰʝ çʜʝʪʝʨʤʠʥʠʟʤʘè, ʭʦʪʷ ʙʳ ʠ ʚ ʩʨʝʜʥʝʤ. ʄʦʞʥʦ ʣʠ ʙʳʣʦ ʵʪʦʛʦ ʜʦʩʪʠʯʴ, ʥʝ 
ʫʚʝʣʠʯʠʚʘʷ ʦʙʱʝʛʦ ʯʠʩʣʘ N0 ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ? ʄʦʞʥʦ, ʝʩʣʠ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʦʙʱʝʡ ʠʜʝʝʡ 
ʧʦʩʪʨʦʝʥʠʷ ʙʦʣʝʝ ʚʝʨʦʷʪʥʦʛʦ ʩʨʝʜʥʝʛʦ. ʉʫʪʴ ʧʨʝʜʣʘʛʘʝʤʳʭ ʘʣʛʦʨʠʪʤʦʚ ʚʳʯʠʩʣʝʥʠʷ ʙʦʣʝʝ ʚʝʨʦʷʪʥʳʭ ʚ 

ʩʨʝʜʥʝʤ ʚʝʣʠʯʠʥ ʢʨʠʪʝʨʠʝʚ ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ. ʀʤʝʝʪʩʷ ʚʳʙʦʨʢʘ ʠʟ 
jkiL  ʟʥʘʯʝʥʠʡ 

j ki j
kji lF . ʆʨʛʘʥʠʟʫʝʤ 

ʚʩʝʚʦʟʤʦʞʥʳʝ ʩʫʤʤʳ (ʘ, ʜʘʣʝʝ, ʩʨʝʜʥʠʝ ʵʪʠʭ ʩʫʤʤ) ʠʟ ʵʣʝʤʝʥʪʦʚ ʵʪʦʡ ʚʳʙʦʨʢʠ. ʂʘʢ ʠʟʚʝʩʪʥʦ [7], ʯʠʩʣʦ 

ʚʩʝʚʦʟʤʦʞʥʳʭ ʩʦʯʝʪʘʥʠʡ 
jkiM  ʠʟ ʵʣʝʤʝʥʪʦʚ ʵʪʦʡ ʚʳʙʦʨʢʠ ʨʘʚʥʦ 

1

2

( ) 2 ( 2)

ki j

ki j

j ki jj

m

ki ki

m

M C

-

=

= = - +ä
L

L

L L          (1) 

ʙʝʟ ʫʯʝʪʘ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʠʩʭʦʜʥʦʡ ʚʳʙʦʨʢʠ ʠ  

2 ( 1)
ki j

j jki kiM = - +
L

L            (2) 

ʩ ʫʯʝʪʦʤ ʵʪʦʛʦ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ. ʋʞʝ ʧʨʠ 
jkiL ² 8 ʯʠʩʣʦ 

jkiM ² 246. ʇʦʵʪʦʤʫ ʩ ʨʦʩʪʦʤ 
jkiL  ʩʪʘʪʠʩʪʠʢʘ 

jkiM  

ʨʘʩʪʝʪ ʙʳʩʪʨʦ ʠ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʦʣʝʝ ñʢʘʯʝʩʪʚʝʥʥʳʝò ʩʫʤʤʳ, ʪ.ʝ. ʦʨʛʘʥʠʟʦʚʘʪʴ ʩʫʤʤʳ 
ʠʟ 10 ʠ ʙʦʣʝʝ ʵʣʝʤʝʥʪʦʚ, ʘ ʥʝ ʠʟ 2, 3 ʠ ʪ.ʜ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ, ʢʦʥʝʯʥʦ, ʫʯʠʪʳʚʘʝʪʩʷ ʧʨʠ ʧʨʦʛʨʘʤʤʥʦʡ 
ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʘ. 

ʆʙʦʟʥʘʯʠʤ ʙʦʣʝʝ ʚʝʨʦʷʪʥʳʝ ʚ ʩʨʝʜʥʝʤ ʟʥʘʯʝʥʠʷ k-ʛʦ ʢʨʠʪʝʨʠʷ ʥʘ ij -ʦʤ ʫʨʦʚʥʝ j-ʛʦ ʧʘʨʘʤʝʪʨʘ ʯʝʨʝʟ 
jkjia . 

ʊʦʛʜʘ ʨʘʩʩʤʘʪʨʠʚʘʷ 
jkjia  ʠ 

jkjis  ʢʘʢ ʥʝʠʟʚʝʩʪʥʳʝ ʧʘʨʘʤʝʪʨʳ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʨʝʰʘʷ ʫʨʘʚʥʝʥʠʷ 

ʧʨʘʚʜʦʧʦʜʦʙʠʷ [1], ʧʦʣʫʯʠʤ ʥʝʩʤʝʱʝʥʥʳʝ ʠ ʵʬʬʝʢʪʠʚʥʳʝ ʦʮʝʥʢʠ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ: 

1( )

ki j

j j j ki jj

ki j

M

BB

ki ki ki m ki

m

a M -= F =Fä            (3) 

ʠ 

2 2 21
( ) ( ) ,

1

ki j

j j ki j jj

kij j

M

BB BB

ki ki m ki ki

mki

S
M

s = F -F =
-
ä            (4) 

ʛʜʝ 
ki mj ki j

F  - ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʯʘʩʪʥʳʭ ʩʫʤʤ, ʩʦʩʪʘʚʣʝʥʥʳʭ ʠʟ m ʵʣʝʤʝʥʪʦʚ ʚ 
jkiL  ʯʣʝʥʦʚ (1, 1

jkim= -L ). ʇʨʠ 

ʵʪʦʤ ʜʦʚʝʨʠʪʝʣʴʥʳʤ ʠʥʪʝʨʚʘʣʦʤ ʜʣʷ 
jkjia  ʙʫʜʝʪ ʠʥʪʝʨʚʘʣ (,

j j j j

BB BB BB BB

ki ki ki kiS c S ca aF - F + ), ʛʜʝ 
jkic t Ma a= , ʘ ta - 

ʟʥʘʯʝʥʠʝ ʠʥʪʝʛʨʘʣʘ ʚʝʨʦʷʪʥʦʩʪʠ ʧʨʠ ʜʘʥʥʦʤ ʟʥʘʯʝʥʠʠ ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ P = 1-a. ʊʘʢ ʧʨʠ a = 0,01, 

jkiM  = 1024 ʠ ta = 2,58, ʧʦʣʫʯʠʤ ca  = 2,58/32 º 0,0806. ʆʪʩʶʜʘ ( 0,0806 , 0,0806 ).
j j j j j

BB BB BB BB

ki ki ki ki kia S SÍ F - F +  ɽʩʣʠ 

ʞʝ 
jkiM =10

4
, ʪʦ ʧʨʠ ʪʦʤ ʞʝ ʟʥʘʯʝʥʠʠ a = 0,01 ʥʘʭʦʜʠʤ, ʯʪʦ ( 0,0258 , 0,0258 ).

j j j j j

BB BB BB BB

ki ki ki ki kia S SÍ F - F +  

ʀ ʜʣʷ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʘ, ʠ ʚ ʮʝʣʷʭ ʥʘʫʯʥʦʡ ʜʦʙʨʦʩʦʚʝʩʪʥʦʩʪʠ ʩʣʝʜʫʝʪ ʦʙʲʷʩʥʠʪʴ, ʧʦʯʝʤʫ 

ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ 
jkjia  ʤʳ ʠʩʧʦʣʴʟʫʝʤ ʟʥʘʯʝʥʠʷ 

j

BB

kiS , ʘ ʥʝ 
2

jkis  (ʢʘʢ ʧʨʘʚʠʣʦ, 

ʥʝʠʟʚʝʩʪʥʦʝ). ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʠ ʜʣʷ 
2

jkis  ʤʦʞʥʦ ʩʨʘʟʫ ʟʘʧʠʩʘʪʴ ʯʝʪʳʨʝ ʥʝʨʘʚʝʥʩʪʚʘ [8,9], ʢʦʪʦʨʳʝ 

ʚʳʧʦʣʥʷʶʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 1-2a: 

1 2( / ) ,
j j j j j

BB BB

ki ki ki ki kiz S z Ss l s ls< < < <           (5) 

ʛʜʝ l = 1+q, ʘ q - ʫʨʦʚʝʥʴ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʚ %, ʫʩʪʨʘʠʚʘʶʱʠʡ ʠʩʩʣʝʜʦʚʘʪʝʣʷ [8] 

2 2

1 ; / 2 2 ;1 / 2/ , / ,
j ki j kij j

ki M ki Mz M z Ma ac c -= =  ʘ 
2 2 2 2

1 2( ) ( ) ... ( )
j j j

BB BB BB

ki ki ki nS S Sc= + + + - ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ, 

ʧʦʜʯʠʥʝʥʥʘʷ c
2
 -ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʩ n ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ (,

jkiMn=  ʝʩʣʠ 
jkjia ʠʟʚʝʩʪʥʘ, ʠ 1,

jkiMn= - ʝʩʣʠ ʵʪʦʪ 

ʧʘʨʘʤʝʪʨ ʥʝʠʟʚʝʩʪʝʥ). ʀ ʝʩʣʠ ,
jkiM ­¤  ʪʦ z1 ʠ z2 ʚ (5) ʩʪʨʝʤʷʪʩʷ ʢ 1. ʈʝʘʣʴʥʦ ʵʪʦ ʧʦʣʦʞʝʥʠʝ ʤʦʞʥʦ 

ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʪʴ, ʚʳʧʠʩʘʚ ʠʟ [9, ʪʘʙʣ. 3.3, ʩ. 59] ʯʘʩʪʴ ʪʘʙʣʠʮʳ, ʛʜʝ ʜʣʷ ʨʷʜʘ ʚʝʣʠʯʠʥ P = 1-2a ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʯʠʩʝʣ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ n ʫʢʘʟʘʥʳ ʯʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ l. 

 P = 1-2a 

n 0,50 0,90 0,95 0,99 

100 1,100 1,263 1,321 1,443 

1000 1,031 1,076 1,092 1,122 

5000 1,014 1,033 1,040 1,053 

10000 1,010 1,024 1,028 1,037 

ʀʟ ʵʪʦʡ ʪʘʙʣʠʮʳ ʩʣʝʜʫʝʪ, ʯʪʦ ʫʞʝ ʧʨʠ n ² 100 (ʪ.ʝ. ʬʘʢʪʠʯʝʩʢʠ ʧʨʠ 
jkiM ² 10

3
) ʟʥʘʯʝʥʠʷ l ʠ 1/l ʩʪʨʝʤʷʪʩʷ ʢ 1 

ʫʞʝ ʜʘʞʝ ʧʨʠ ʙʦʣʴʰʦʡ ʚʝʣʠʯʠʥʝ P. ʀ, ʥʘʧʨʠʤʝʨ, ʧʨʠ n ² 10000 ʠ P = 0,99 (ʪ.ʝ. ʧʨʠ a = 0,005) ʢʨʘʡʥʠʝ ʛʨʘʥʠʮʳ 

ʥʝʨʘʚʝʥʩʪʚ ʚ (5) ʧʨʠʦʙʨʝʪʘʶʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʟʥʘʯʝʥʠʷ 0,964
jkjis qʠ 1,037

jkjis . ʀ ʪʘʢ ʢʘʢ ʚ ʨʝʘʣʠʟʫʝʤʦʤ 

ʘʣʛʦʨʠʪʤʝ [10] ʤʳ ʚʩʝʛʜʘ ʙʫʜʝʤ ʠʤʝʪʴ ʜʝʣʦ ʩ ʚʳʙʦʨʢʘʤʠ, ʫ ʢʦʪʦʨʳʭ 
jkiM ² 10

3
 (ʪ.ʝ. 

jkiL ² 10), ʪʦ ʵʪʦ ʠʟʙʘʚʣʷʝʪ 
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ʥʘʩ ʦʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʚ ʧʨʦʛʨʘʤʤʝ ʧʦʩʪʨʦʝʥʠʝ ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʜʣʷ 
j

BB

kiS , ʪ.ʝ. ʙʫʜʝʤ 

ʤʦʣʯʘʣʠʚʦ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ 
2 2( ) .

j j

BB

ki kiS sº  ʆʜʥʘʢʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʬʦʨʤʫʣʦʡ (3) ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ 

ʚʝʨʦʷʪʥʳʭ ʟʥʘʯʝʥʠʡ 
jkia , ʚʳʯʠʩʣʠʚ ʚʩʝ ʩʦʯʝʪʘʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʫʣʦʡ (1) (ʠʣʠ (2)) ʥʝʣʴʟʷ, ʪʘʢ ʢʘʢ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ 

1

1 1 1

1

2

1
) [2 ( 2] ( )( ).

ki ki kij j j

ki j

j j ki j j ki kij j j

ki kij j

m

ki kjl l ki kjl l

l l m

C
m

-

- - -

-

=

F = - + Fä ä ä
L L L

L

L( L L  

ʂʦʥʝʯʥʦ, ʧʨʠ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ 
jkiL  (ʥʘʧʨʠʤʝʨ, ʧʨʠ 

jkiL ² 15), ʢʦʛʜʘ ʚʝʣʠʯʠʥʳ 
jkiM  ʜʦʩʪʠʛʘʶʪ ʟʥʘʯʝʥʠʡ ʚ 

ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʪʳʩʷʯ ʝʜʠʥʠʮ, ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʬʦʨʤʫʣʦʡ (3) ʤʦʞʥʦ, ʠʩʧʦʣʴʟʦʚʘʚ ʪʦʣʴʢʦ ʯʘʩʪʴ ʩʦʯʝʪʘʥʠʡ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʚʝʨʦʷʪʥʳʭ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ 
jkia  ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ ʠ ʜʨʫʛʦʡ ʘʣʛʦʨʠʪʤ. ʇʫʩʪʴ ʚʝʣʠʯʠʥʘ yu 

ʧʨʠʥʘʜʣʝʞʠʪ ʥʦʨʤʘʣʴʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ (a, s). ʊʦʛʜʘ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ, ʯʪʦ  
2

2

( )
ln ln .

2

u

u

x aA
y

s s

-
= -         (6) 

ʇʦʜʩʪʘʚʣʷʷ ʚ (6) ʟʥʘʯʝʥʠʷ (yu, xu) ʚ u-ʦʡ, u+1-ʦʡ ʠ ʚ u+2-ʦʡ ʪʦʯʢʘʭ, ʨʝʰʘʷ ʧʦʣʫʯʝʥʥʫʶ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʩʠʩʪʝʤʫ 
ʫʨʘʚʥʝʥʠʡ, ʥʘʡʜʝʤ: 

2 1

2 1 2 1(2 ) ( )( )( )u u u u u ux x x x x xs -

+ + + += D - - -              (7) 

ʠ 

1 2 2 2 2 1

2 1 1

1 2

(2 ) [( ) ln ( ) ln ],u u

u u u u

u u

y y
a x x x x

y y

- +

+ + +

+ +

= D - - -      (8) 

ʛʜʝ 
1 2u u ux x x+ +< < , ʘ 1

2 1 1

1 2

( ) ln ( ) ln .u u

u u u u

u u

y y
x x x x

y y

+

+ + +

+ +

D= - - -  ɼʣʷ D = const ʚʳʚʦʜʠʪʩʷ ʫʩʣʦʚʠʝ, ʢʦʛʜʘ D < 0 

(ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʬʦʨʤʫʣ (7) ʠ (8). ʆʙʦʟʥʘʯʠʤ xu+2 - xu+1 = Du+1 , ʘ xu+1 - xu =Du. ʊʦʛʜʘ ʧʨʠ 

D < 0 ʠʤʝʝʤ: 

1 1

1 2

ln( ) ln( ) 0,u uu u

u u

y y

y y
+D D+

+ +

- <  ʜʘʣʝʝ 
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+

D D

+

D +D

+

<  ʠʣʠ 1 1

2 1( ) ( ) ( ) .u u u u

u u uy y y+ +D D D +D

+ +<  ʇʨʠ Du =const ʜʣʷ "u 

ʧʦʣʫʯʠʤ: 

2

2 1 0.u u uy y y+ +- <         (9) 

ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʚʣʠʷʥʠʷ ʚʳʙʨʦʩʦʚ ʥʘ ʚʝʣʠʯʠʥʫ a, ʨʘʩʩʯʠʪʳʚʘʝʤʫʶ ʧʦ (8), ʫʩʣʦʚʠʝ (9) ʟʘʤʝʥʠʤ ʙʦʣʝʝ 

ʥʘʜʝʞʥʳʤ 
2

2 1u u u uy y y e+ +- ¢-, ʛʜʝ 0 1.ue< << 

ʇʦʩʪʨʦʠʚ ʛʠʩʪʦʛʨʘʤʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʨʝʜʥʠʭ ʚʝʣʠʯʠʥ ʠʟ ʚʳʙʦʨʢʠ ʚ 
jkiM  ʯʣʝʥʦʚ ʧʦ s ʨʘʟʨʷʜʘʤ, ʤʳ ʤʦʞʝʤ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʣʴʟʫʷʩʴ ʬʦʨʤʫʣʘʤʠ (7) ʠ (8), ʦʙʦʡʪʠ ʚʩʶ ʛʠʩʪʦʛʨʘʤʤʫ, ʠ ʪʦʛʜʘ 1, 2u s= -. ɸ ʤʦʞʝʤ 

ʧʝʨʝʙʨʘʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʩʝ ʨʘʟʨʷʜʳ ʛʠʩʪʦʛʨʘʤʤʳ, ʠʩʧʦʣʴʟʫʷ ʧʦ ʪʨʠ ʨʘʟʨʷʜʘ ʚ ʢʘʞʜʦʤ ʚʳʯʠʩʣʝʥʠʠ. ɺ 
ʦʙʦʠʭ ʚʘʨʠʘʥʪʘʭ ʠʩʢʦʤʳʝ ʦʮʝʥʢʠ ʧʦʣʫʯʘʶʪʩʷ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʫʩʨʝʜʥʝʥʠʷ ʧʦ ʤʥʦʞʝʩʪʚʫ ʚʝʣʠʯʠʥ, ʧʦʣʫʯʝʥʥʳʭ ʩ 

ʧʦʤʦʱʴʶ ʬʦʨʤʫʣ (7) ʠ (8). ʂʦʥʝʯʥʦ, ʪʦʯʥʦʩʪʴ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ( )nkJ nkJa a a¹  ʟʘʚʠʩʠʪ ʢʘʢ ʦʪ ʚʝʣʠʯʠʥʳ 
jkiM (ʯʝʤ 

ʙʦʣʴʰʝ ʟʥʘʯʝʥʠʝ 
jkiM , ʪʝʤ ʪʦʯʥʝʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʣʠʯʠʥʘ 

nkJa ), ʪʘʢ ʠ ʦʪ ʯʠʩʣʘ ʨʘʟʨʷʜʦʚ s ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ 

ʛʠʩʪʦʛʨʘʤʤʳ ʧʦ ʚʳʙʦʨʢʝ ʠʟ 
jkiM  ʯʣʝʥʦʚ. ɺʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ ʪʘʢʦʛʦ ʚʳʙʦʨʘ s, ʯʪʦʙʳ ʧʦʩʪʨʦʝʥʥʘʷ 

ʛʠʩʪʦʛʨʘʤʤʘ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʣʘ ʥʝʠʟʚʝʩʪʥʦʝ ʥʦʨʤʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʪʝʤ ʩʘʤʳʤ 
ʩʧʦʩʦʙʩʪʚʫʷ ʙʦʣʝʝ ʪʦʯʥʦʤʫ ʦʧʨʝʜʝʣʝʥʠʶ ʢʦʦʨʜʠʥʘʪ ʚʝʨʰʠʥʳ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʪ.ʝ. ʠʩʢʦʤʦʡ 

ʚʝʣʠʯʠʥʳ nkJa . ʀʥʘʯʝ ʛʦʚʦʨʷ, ʥʫʞʝʥ ʢʨʠʪʝʨʠʡ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʳʙʦʨʘ ʚʝʣʠʯʠʥʳ s. ʉʬʦʨʤʠʨʫʝʤ ʪʘʢʦʡ ʢʨʠʪʝʨʠʡ 

ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʩʣʝʜʫʶʱʝʡ ʣʝʤʤʳ ʠʟ [11, ʩ. 411]: ʫʢʣʦʥʝʥʠʝ ʛʠʩʪʦʛʨʘʤʤʳ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ ʦʪ 
ʛʨʘʬʠʢʘ ʝʝ ʧʣʦʪʥʦʩʪʠ ʚ ʤʝʪʨʠʢʝ Q

2
, ʢʦʛʜʘ ʵʪʘ ʧʣʦʪʥʦʩʪʴ ʠʤʝʝʪ ʦʛʨʘʥʠʯʝʥʥʫʶ ʚʪʦʨʫʶ ʧʨʦʠʟʚʦʜʥʫʶ, ʚ ʣʫʯʰʝʤ 

ʩʣʫʯʘʝ ʠʤʝʝʪ ʧʦʨʷʜʦʢ 
1/ 3( )

jkiM -
 (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢʚʘʜʨʘʪ ʥʦʨʤʳ ʫʢʣʦʥʝʥʠʷ - ʧʦʨʷʜʦʢ 

2/ 3( )
jkiM -

), ʠ ʦʥ 

ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʯʠʩʣʝ ʠʥʪʝʨʚʘʣʦʚ ʛʨʫʧʧʠʨʦʚʢʠ 
1/3( )

jkis M -º . ʀʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠ ʙʦʣʝʝ ʚʝʨʦʷʪʥʳʝ ʚ 

ʩʨʝʜʥʝʤ ʟʥʘʯʝʥʠʷ k-ʛʦ ʢʨʠʪʝʨʠʷ ʚ ʢʘʞʜʦʡ ʠʟ n-ʭ J-ʤʝʨʥʳʭ ʪʦʯʝʢ (01,n N= ) ʥʘ ʧʨʝʜʤʝʪ ʚʳʷʚʣʝʥʠʷ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʪʦʯʝʢ (min ʠʣʠ max). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚ ʢʘʞʜʦʡ n-ʦʡ ʪʦʯʢʝ ʤʳ ʠʤʝʝʤ ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ {
jkia }, ʪʘʢʞʝ ʷʚʣʷʶʱʠʭʩʷ ʚʳʙʦʨʢʦʡ ʠʟ ʥʦʨʤʘʣʴʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʧʘʨʘʤʝʪʨʘʤʠ nkJa  ʠ nkJs , 

ʛʜʝ 01,n N= . ʆʮʝʥʢʠ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚʳʯʠʩʣʠʤ ʘʥʘʣʦʛʠʯʥʦ (3) ʠ (4) 
1 1

1 1 1

( ) ( ) ,

ki j

j j

ki j

M
J J

BB

nkJ ki ki nkJ

j j m

a J a JM- -

= = =

= = Fä ää  

ʠ  
2 1 2 2 2

1 1

( 1) [ ( )( ) ] ( ) .

ki j

j j ki jj

ki j

M
J

BB BB

nkJ ki ki m ki nkJ nkJ

j m

JM JM Ss -

= =

= - F - F =ää  

ʂʦʥʝʯʥʦ, ʧʨʠ ʨʝʘʣʴʥʳʭ ʟʥʘʯʝʥʠʷʭ 
jkiM  (² 1000) ʠ J ² 2 ʦʮʝʥʢʘ 
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1

( ) ( ) ( ) ( )( )

ki j

j j ki jj

j

M
J

BB BB

nkJ ki ki m ki nkJ

j mki

S JM JM-

=

º F - Fää  

ʫʞʝ ʷʚʣʷʝʪʩʷ ʧʨʠʝʤʣʝʤʦʡ ʧʦ ʪʦʯʥʦʩʪʠ. 
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THE SEARCH OF PROTEINS RELATED TO THE 
SYNAPTONEMAL COMPLEX PROTEINS: 
UNEXPECTED BY-PRODUCT 

ɻʨʠʰʘʝʚʘ ʊ.ʄ.  Grishaeva T.M. 

ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʛʝʥʝʪʠʢʠ ʠʤ.ʅ.ʀ.ɺʘʚʠʣʦʚʘ ʈɸʅ V.I. Vavilov Institute of General Genetics of Russian 
Academy of Sciences 

  
ɺ ʭʦʜʝ in silico ʧʦʠʩʢʘ ʙʝʣʢʦʚ, ʩʭʦʜʥʳʭ ʩ ʠʟʚʝʩʪʥʳʤʠ 
ʙʝʣʢʘʤʠ ʩʠʥʘʧʪʦʥʝʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (ʉʂ) ʩʝʤʠ ʚʠʜʦʚ 
ʵʫʢʘʨʠʦʪ ʦʪ ʜʨʦʞʞʝʡ ʜʦ ʤʳʰʠ, ʚ ʧʨʦʪʝʦʤʘʭ 
ʩʧʦʨʦʚʠʢʦʚ, ʧʣʘʩʪʠʥʯʘʪʳʭ, ʤʦʣʣʶʩʢʦʚ, ʠʛʣʦʢʦʞʠʭ ʠ 
ʧʦʣʫʭʦʨʜʦʚʳʭ ʚʳʷʚʣʝʥʳ ʙʝʣʢʠ, ʧʦʢʘʟʳʚʘʶʱʠʝ 
ʩʭʦʜʩʪʚʦ ʥʝ ʪʦʣʴʢʦ ʩ ʙʝʣʢʘʤʠ ʧʦʧʝʨʝʯʥʳʭ ʬʠʙʨʠʣʣ 
ʉʂ, ʥʦ ʠ ʩʦ ʩʣʫʯʘʡʥʳʤʠ ʥʘʙʦʨʘʤʠ ʘʤʠʥʦʢʠʩʣʦʪ, 
ʛʝʥʝʨʠʨʦʚʘʥʥʳʤʠ ʥʘ ʠʭ ʦʩʥʦʚʝ. ʉ-ʢʦʥʮʝʚʳʝ 
ʬʨʘʛʤʝʥʪʳ ʵʪʠʭ ʢʨʫʧʥʳʭ ʙʝʣʢʦʚ ʬʦʨʤʠʨʫʶʪ ʘʣʴʬʘ-
ʩʧʠʨʘʣʠ ʠ ʩʭʦʜʥʳ ʧʦ ʵʪʦʤʫ ʧʘʨʘʤʝʪʨʫ ʩ ʙʝʣʢʘʤʠ 
ʧʦʧʝʨʝʯʥʳʭ ʬʠʙʨʠʣʣ ʉʂ 

During the in silico  search of proteins of synaptonemal 
complexes (SC) of seven eukaryotic species from yeast 
to mouse we found proteins in proteomes of 
Apicomplexa, Placozoa, Mollusca, Echinodermata, and 
Hemichordata showing similarity not only with proteins of 
SC transversal filaments, but also with random amino 
acid sets generated on their basis. The ʉ-terminal 
fragments of these large proteins form coiled-coils and 
are similar in this parameter to proteins from SC 
transversal filaments. 

  

ʇʨʠʥʮʠʧʠʘʣʴʥʳʤ ʦʪʣʠʯʠʝʤ ʭʨʦʤʦʩʦʤ ʚ ʢʣʝʪʢʘʭ, ʜʝʣʷʱʠʭʩʷ ʧʫʪʝʤ ʤʝʡʦʟʘ, ʦʪ ʭʨʦʤʦʩʦʤ ʚ ʩʦʤʘʪʠʯʝʩʢʦʤ 
ʤʠʪʦʟʝ ʷʚʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚ ʤʝʡʦʟʝ ʩʠʥʘʧʪʦʥʝʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʉʠʥʘʧʪʦʥʝʤʥʳʡ ʢʦʤʧʣʝʢʩ (ʉʂ) ï ʵʪʦ 
ʙʝʣʢʦʚʘʷ ʩʪʨʫʢʪʫʨʘ, ʬʦʨʤʠʨʫʶʱʘʷʩʷ ʚ ʧʨʦʬʘʟʝ I ʜʝʣʝʥʠʷ ʤʝʡʦʟʘ ʤʝʞʜʫ ʩʠʥʘʧʪʠʨʫʶʱʠʤʠ ʛʦʤʦʣʦʛʠʯʥʳʤʠ 
ʭʨʦʤʦʩʦʤʘʤʠ  ʫ ʧʦʜʘʚʣʷʶʱʝʛʦ ʙʦʣʴʰʠʥʩʪʚʘ ʵʫʢʘʨʠʦʪ [1-4]. ʅʘ ʦʩʥʦʚʝ ʦʩʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʭʨʦʤʦʩʦʤ, 
ʩʦʝʜʠʥʷʶʱʠʭ ʩʝʩʪʨʠʥʩʢʠʝ ʭʨʦʤʘʪʠʜʳ ʠ ʩʦʩʪʦʷʱʠʭ ʚ ʦʩʥʦʚʥʦʤ ʠʟ ʢʦʛʝʟʠʥʦʚʳʭ ʙʝʣʢʦʚ, ʚ ʧʨʦʬʘʟʝ I ʤʝʡʦʟʘ 
ʩʪʨʦʷʪʩʷ ʣʘʪʝʨʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʉʂ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʩʦʝʜʠʥʷʶʪʩʷ ʚ ʝʜʠʥʫʶ ʩʪʨʫʢʪʫʨʫ ʩ ʧʦʤʦʱʴʶ ʟʘʩʪʸʞʢʠ-
çʤʦʣʥʠʠè ʠʟ ʧʦʧʝʨʝʯʥʳʭ ʬʠʙʨʠʣʣ, ʧʨʦʥʠʟʳʚʘʶʱʠʭ ʮʝʥʪʨʘʣʴʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʉʂ. ɺ ʩʝʨʝʜʠʥʝ ʮʝʥʪʨʘʣʴʥʦʛʦ 
ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʝʨʝʢʨʳʚʘʶʱʠʝʩʷ çʛʦʣʦʚʢʠè ʧʦʧʝʨʝʯʥʳʭ ʬʠʙʨʠʣʣ ʬʦʨʤʠʨʫʶʪ ʮʝʥʪʨʘʣʴʥʳʡ ʵʣʝʤʝʥʪ ʉʂ. 
ʉʪʨʫʢʪʫʨʥʳʝ ʵʣʝʤʝʥʪʳ ʩʠʥʘʧʪʦʥʝʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩʦʩʪʦʷʪ ʠʟ ʤʝʡʦʟ-ʩʧʝʮʠʬʠʯʥʳʭ ʙʝʣʢʦʚ. ɹʝʣʢʠ ʧʦʧʝʨʝʯʥʳʭ 
ʬʠʙʨʠʣʣ ʉʂ (ʪʘʙʣ.) ʫ ʨʘʟʥʳʭ ʦʨʛʘʥʠʟʤʦʚ ʥʝ ʛʦʤʦʣʦʛʠʯʥʳ ʤʝʞʜʫ ʩʦʙʦʡ, ʦʜʥʘʢʦ ʠʤʝʶʪ ʩʭʦʜʥʫʶ ʚʪʦʨʠʯʥʫʶ 
ʩʪʨʫʢʪʫʨʫ ʠ ʯʘʩʪʠʯʥʦ ʩʭʦʜʥʳʝ ʜʦʤʝʥʳ. ʀʭ N- ʠ C-ʢʦʥʮʝʚʳʝ ʬʨʘʛʤʝʥʪʳ ʷʚʣʷʶʪʩʷ ʛʣʦʙʫʣʷʨʥʳʤʠ, ʘ ʙ¸ʣʴʰʘʷ 
ʯʘʩʪʴ ʤʦʣʝʢʫʣʳ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʪʷʞʸʥʥʫʶ ʘʣʴʬʘ-ʩʧʠʨʘʣʴ (coiled-coil), ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʵʪʠʤ ʙʝʣʢʘʤ 
ʬʦʨʤʠʨʦʚʘʪʴ ʧʘʣʦʯʢʦʚʠʜʥʳʝ ʜʠʤʝʨʥʳʝ ʩʪʨʫʢʪʫʨʳ [1-5]. 

 

 



ʉʝʢʮʠʷ 2  Section 2 

  www.ivtn.ru 10 

ɹʝʣʢʠ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩʠʥʘʧʪʦʥʝʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (ʉʂ), ʠʭ ʨʘʟʤʝʨʳ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 
ʜʦʤʝʥʳ 

ɹʝʣʢʠ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 
ʉʂ (ʜʣʠʥʘ ʤʦʣʝʢʫʣʳ) 

ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʜʦʤʝʥʳ ʙʝʣʢʦʚ 

Zip1 Sc*  (875 ʘ.ʢ.) 
C(3)G Dm  (744 ʘ.ʢ.) 
CORONA Dm (207 ʘ.ʢ.) 
SYP-1 Ce (489 ʘ.ʢ.) 
SYP-2 Ce (213 ʘ.ʢ.) 
SYP-3 Ce (224 ʘ.ʢ.) 
SYP-4 Ce (605 ʘ.ʢ.) 
ZYP1a At  (871 ʘ.ʢ.) 
ZYP1b At  (856 ʘ.ʢ.) 
SYCP1 Dr (537 ʘ.ʢ.) 
SYCP1 Mm  (993 ʘ.ʢ.) 
SYCE1-like Dr (206 ʘ.ʢ.) 
SYCE1 Mm (329 ʘ.ʢ.) 
SYCE2 Dr (187 ʘ.ʢ.) 
SYCE2 Mm (177 ʘ.ʢ.) 
SYCE3 Mm (88 ʘ.ʢ.) 
TEX12 Af  (135 ʘ.ʢ.) 

TEX12 Mm (123 ʘ.ʢ.) 

SMC ʙʘʢʪʝʨʠʘʣʴʥʳʡ, Smc, AAA_13 
2 ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʜʦʤʝʥʘ SMC (SMC_prok_B) 
ï (ʥʝʪ ʜʦʤʝʥʦʚ) 
Smc 
ï 
SGNH_plant_lipase_like 
ï 
2 ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʜʦʤʝʥʘ SMC 
2 ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʜʦʤʝʥʘ SMC, PRK00409 
SCP-1 
SCP-1 
ï 
SMC ʙʘʢʪʝʨʠʘʣʴʥʳʡ 
ï 
ï 
ï 
ï 

ï 

*Sc, Sp ï ʜʨʦʞʞʠ Saccharomyces cerevisiae ʠ Schizosaccharomyces pombe, Dm ï ʥʘʩʝʢʦʤʦʝ Drosophila 
melanogaster, At ï ʨʘʩʪʝʥʠʝ Arabidopsis thaliana, Ce ï ʥʝʤʘʪʦʜʘ Caenorhabditis elegans, Dr, Af ï ʨʳʙʳ Danio 
rerio ʠ Anoplopoma fimbria, Mm ï ʤʣʝʢʦʧʠʪʘʶʱʝʝ Mus musculus. ɾʠʨʥʳʤ ʰʨʠʬʪʦʤ ʦʪʤʝʯʝʥʳ ʙʝʣʢʠ, 
ʬʦʨʤʠʨʫʶʱʠʝ ʧʦʧʝʨʝʯʥʳʝ ʬʠʙʨʠʣʣʳ ʉʂ ʠ ʠʤʝʶʱʠʝ ʩʭʦʜʥʫʶ ʚʪʦʨʠʯʥʫʶ ʩʪʨʫʢʪʫʨʫ. 
ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʩʷ ʧʦʠʩʢ ʚ ʧʨʦʪʝʦʤʘʭ ʨʘʟʥʳʭ ʛʨʫʧʧ ʵʫʢʘʨʠʦʪ ʙʝʣʢʦʚ, ʩʭʦʜʥʳʭ ʩ 
ʠʟʚʝʩʪʥʳʤʠ ʙʝʣʢʘʤʠ ʩʠʥʘʧʪʦʥʝʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʜʝʣʴʥʳʭ ʚʠʜʦʚ ʵʫʢʘʨʠʦʪ. ʏʘʩʪʠʯʥʦ ʨʝʟʫʣʴʪʘʪʳ ʵʪʦʡ 
ʨʘʙʦʪʳ ʦʧʫʙʣʠʢʦʚʘʥʳ [6-8]. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʤʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʝʪʠʧʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʦ ʢʦʪʦʨʳʭ ʤʳ 
ʨʘʩʩʢʘʞʝʤ ʚ ʥʘʩʪʦʷʱʝʤ ʩʦʦʙʱʝʥʠʠ. 
ɺʩʝʛʦ ʥʘʤʠ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʢʦʤʧʴʶʪʝʨʥʳʤʠ ʤʝʪʦʜʘʤʠ ʦʢʦʣʦ 11 ʤʣʥ. ʙʝʣʢʦʚ ʠʟ ʧʨʦʪʝʦʤʦʚ ʚʩʝʭ ʦʩʥʦʚʥʳʭ 
ʛʨʫʧʧ ʵʫʢʘʨʠʦʪ. ʆʙʲʝʢʪʘʤʠ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʩ ʫʢʘʟʘʥʥʳʤʠ ʚʳʰʝ ʙʝʣʢʘʤʠ  ʙʳʣʠ ʙʝʣʢʠ ʩʠʥʘʧʪʦʥʝʤʥʳʭ 
ʢʦʤʧʣʝʢʩʦʚ (ʉʂ) ʩʝʤʠ ʤʦʜʝʣʴʥʳʭ ʚʠʜʦʚ ʵʫʢʘʨʠʦʪ ʦʪ ʜʨʦʞʞʝʡ ʜʦ ʤʳʰʠ (ʯʘʩʪʴ ʠʭ ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣʠʮʝ).  
ɸʤʠʥʦʢʠʩʣʦʪʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʙʝʣʢʦʚ ʉʂ ʠʩʢʘʣʠ ʚ ʙʘʟʘʭ ʜʘʥʥʳʭ NCBI  ʠ UniProtKB/TrEMBL. 
ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʜʦʤʝʥʳ ʵʪʠʭ ʙʝʣʢʦʚ  ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ CDART. ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʷ (ʜʣʷ 
ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʩʭʦʜʩʪʚʘ ʙʝʣʢʦʚ) ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʣʫʯʘʡʥʳʝ ʘʤʠʥʦʢʠʩʣʦʪʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, 
ʛʝʥʝʨʠʨʦʚʘʥʥʳʝ ʠʟ ʦʨʠʛʠʥʘʣʴʥʳʭ ʙʝʣʢʦʚ ʧʨʦʛʨʘʤʤʦʡ RandSeq (ExPASy Proteomics Server). ʉ ʧʦʤʦʱʴʶ 
ʧʨʦʛʨʘʤʤʳ NCBI Protein BLAST ʚʝʣʠ ʧʦʠʩʢ ʩʭʦʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʚ ʧʨʦʪʝʦʤʘʭ ʦʩʥʦʚʥʳʭ ʛʨʫʧʧ 
ʵʫʢʘʨʠʦʪ. ʅʝʢʦʪʦʨʳʝ ʪʘʢʩʦʥʳ, ʜʣʷ ʢʦʪʦʨʳʭ ʚ ʙʘʟʝ ʜʘʥʥʳʭ ʠʤʝʣʦʩʴ ʤʘʣʦʝ ʢʦʣʠʯʝʩʪʚʦ ʙʝʣʢʦʚ, ʙʳʣʠ 
ʦʙʲʝʜʠʥʝʥʳ ʚ ʛʨʫʧʧʳ. 
ʇʘʨʘʤʝʪʨʳ ʧʦʠʩʢʘ ʧʨʦʛʨʘʤʤʳ Protein BLAST: Max. target sequences ï 1000 ʠʣʠ 5000, Expect threshold ï 100, 
ʦʩʪʘʣʴʥʳʝ ï ʧʦ ʫʤʦʣʯʘʥʠʶ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʩʭʦʜʩʪʚʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʢʘʟʘʪʝʣʝʤ E-value, ʦʟʥʘʯʘʶʱʠʤ 
ʢʦʣʠʯʝʩʪʚʦ ʩʭʦʜʥʳʭ ʙʝʣʢʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʜʦʙʨʘʥʳ ʧʨʦʛʨʘʤʤʦʡ BLAST ʩʣʫʯʘʡʥʦ.  ʇʦʢʘʟʘʪʝʣʴ 
ʩʭʦʜʩʪʚʘ Score (ʨʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ BLAST) ʫʯʠʪʳʚʘʝʪ ʪʨʠ ʧʘʨʘʤʝʪʨʘ: ʯʠʩʣʦ ʩʦʚʧʘʜʝʥʠʡ 

ʘʤʠʥʦʢʠʩʣʦʪ, ʯʠʩʣʦ ʘʤʠʥʦʢʠʩʣʦʪ ʦʜʥʦʛʦ ʪʠʧʘ ʠ ʯʠʩʣʦ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ gaps, ʪ.ʝ. ʪʝʭ ʩʣʫʯʘʝʚ, ʢʦʛʜʘ ʚ ʦʜʥʦʤ 
ʙʝʣʢʝ ʥʘ ʜʘʥʥʦʤ ʤʝʩʪʝ ʝʩʪʴ ʘʤʠʥʦʢʠʩʣʦʪʘ, ʘ ʚ ʜʨʫʛʦʤ ʦʥʘ ʦʪʩʫʪʩʪʚʫʝʪ. ʇʨʠ ʘʥʘʣʠʟʝ ʢʘʞʜʦʛʦ ʙʝʣʢʘ ʉʂ 
ʩʨʘʚʥʠʚʘʣʠ ʧʦʢʘʟʘʪʝʣʠ ʩʭʦʜʩʪʚʘ (Score) ʵʪʦʛʦ ʙʝʣʢʘ ʠ ʝʛʦ çʩʣʫʯʘʡʥʦʛʦè ʘʥʘʣʦʛʘ ʩ  ʙʝʣʢʘʤʠ ʠʟ ʧʨʦʪʝʦʤʦʚ 
ʠʟʫʯʘʝʤʦʡ ʛʨʫʧʧʳ ʵʫʢʘʨʠʦʪ. ɺ ʩʣʫʯʘʝ  ʙʣʠʟʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʩʭʦʜʩʪʚʘ ʜʣʷ ʦʨʠʛʠʥʘʣʴʥʦʛʦ ʠ çʩʣʫʯʘʡʥʦʛʦè 
ʙʝʣʢʦʚ ʩʨʘʚʥʠʚʘʣʠ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʠʭ Score, ʜʣʷ ʯʝʛʦ ʙʨʘʣʠ ʧʦ 10 ʣʫʯʰʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʠʩʢʘ. ʉʨʘʚʥʝʥʠʝ 
ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ t-ʪʝʩʪʘ ʉʪʴʶʜʝʥʪʘ (t-test independent by variables) ʧʨʦʛʨʘʤʤʳ STATISTICA. 
ɿʥʘʯʝʥʠʷ Score ʟʘʚʠʩʷʪ ʦʪ ʜʣʠʥʳ ʤʦʣʝʢʫʣʳ, ʧʦʵʪʦʤʫ ʩʨʘʚʥʠʚʘʪʴ ʵʪʠ ʧʦʢʘʟʘʪʝʣʠ ʜʣʷ ʙʝʣʢʦʚ ʨʘʟʥʦʡ ʚʝʣʠʯʠʥʳ 
ʥʝ ʦʯʝʥʴ ʢʦʨʨʝʢʪʥʦ. ʆʜʥʘʢʦ ʩʨʘʚʥʝʥʠʝ ʠʭ çʧʦ ʚʝʨʪʠʢʘʣʠè, ʪ.ʝ. ʜʣʷ ʨʘʟʥʳʭ ʛʨʫʧʧ ʵʫʢʘʨʠʦʪ, ʚʧʦʣʥʝ ʫʤʝʩʪʥʦ. 
ʂʨʦʤʝ ʪʦʛʦ, ʙʝʣʢʠ ʧʦʧʝʨʝʯʥʳʭ ʬʠʙʨʠʣʣ ʉʂ, ʚ ʦʩʥʦʚʥʦʤ, ʦʙʣʘʜʘʶʪ ʩʭʦʜʥʳʤʠ ʨʘʟʤʝʨʘʤʠ. 
ʇʨʠ ʘʥʘʣʠʟʝ ʩʭʦʜʩʪʚʘ ʙʝʣʢʦʚ ʧʦʧʝʨʝʯʥʳʭ ʬʠʙʨʠʣʣ ʩʠʥʘʧʪʦʥʝʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʇʌ ʉʂ)  ʩ ʙʝʣʢʘʤʠ 
ʩʧʦʨʦʚʠʢʦʚ, ʧʣʘʩʪʠʥʯʘʪʳʭ, ʤʦʣʣʶʩʢʦʚ, ʠʛʣʦʢʦʞʠʭ ʠ ʧʦʣʫʭʦʨʜʦʚʳʭ ʥʘʤʠ ʦʙʥʘʨʫʞʝʥʳ ʟʥʘʯʠʤʳʝ ʧʦʢʘʟʘʪʝʣʠ 
ʩʭʦʜʩʪʚʘ ʥʝ ʪʦʣʴʢʦ ʜʣʷ çʦʨʠʛʠʥʘʣʴʥʳʭè ʙʝʣʢʦʚ, ʥʦ ʠ ʜʣʷ ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʠʭ ʦʩʥʦʚʝ ʩʧʝʮʠʘʣʴʥʦʡ ʧʨʦʛʨʘʤʤʦʡ 
ʩʣʫʯʘʡʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʩʦʜʝʨʞʘʱʠʭ ʘʤʠʥʦʢʠʩʣʦʪʳ ʚ ʪʝʭ ʞʝ ʧʨʦʧʦʨʮʠʷʭ, ʯʪʦ ʠ 
ʦʨʠʛʠʥʘʣʴʥʳʝ ʙʝʣʢʠ, ʠ ʠʤʝʶʱʠʭ ʪʫ ʞʝ ʜʣʠʥʫ. ʇʨʠʯʸʤ ʵʪʠ ʥʘʡʜʝʥʥʳʝ ʙʝʣʢʠ ʙʳʣʠ ʦʜʠʥʘʢʦʚʳʤʠ ʜʣʷ 
çʦʨʠʛʠʥʘʣʴʥʳʭè ʠ çʩʣʫʯʘʡʥʳʭè ʙʝʣʢʦʚ ʉʂ. Score ʜʣʷ çʩʣʫʯʘʡʥʳʭè (ʢʦʥʪʨʦʣʴʥʳʭ) ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 
ʦʙʳʯʥʦ ʥʝ ʧʨʝʚʳʰʘʝʪ 40, ʘ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʠ 30. ɺ ʫʢʘʟʘʥʥʳʭ ʞʝ ʛʨʫʧʧʘʭ ʵʫʢʘʨʠʦʪ ʤʘʢʩʠʤʘʣʴʥʳʝ 
ʧʦʢʘʟʘʪʝʣʠ ʩʭʦʜʩʪʚʘ ʜʦʭʦʜʠʣʠ ʜʦ 70 (ʥʘʧʨʠʤʝʨ, ʚ ʩʣʫʯʘʝ SYCP1 ʤʳʰʠ). ʇʨʠ ʵʪʦʤ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 
Score ʜʣʷ çʦʨʠʛʠʥʘʣʴʥʳʭè ʙʝʣʢʦʚ ʠʟ ʨʘʟʥʳʭ ʧʨʦʪʝʦʤʦʚ ʙʳʣʠ ʥʝʚʳʩʦʢʠ, ʥʦ ʜʦʩʪʦʚʝʨʥʳ: 70-77 ʜʣʷ Zip1, 63-70 
ʜʣʷ C(3)G, 56-83 ʜʣʷ ZYP1a, 53-70 ʜʣʷ ZYP1b, 67-99 ʜʣʷ SYCP1 ʤʳʰʠ, 44-66 ʜʣʷ SYCP1 ʨʳʙʳ ʠ ʦʪ 50 ʜʦ 68 
ʜʣʷ ʙʝʣʢʘ SYP-1 ʥʝʤʘʪʦʜʳ. ɿʥʘʯʝʥʠʷ E-value ʙʳʣʠ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠ: ʥʘʧʨʠʤʝʨ, ʜʣʷ çʦʨʠʛʠʥʘʣʴʥʳʭè ʙʝʣʢʦʚ 
ʧʣʘʩʪʠʥʯʘʪʳʭ ʦʥʠ ʩʦʩʪʘʚʣʷʣʠ ʦʪ ʝ

-9
 ʜʦ ʝ

-18
,  ʜʣʷ çʩʣʫʯʘʡʥʳʭè ï ʦʪ ʝ

-07
 ʜʦ ʝ

-12
. 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʚʳʷʩʥʠʪʴ ʧʨʠʨʦʜʫ ʜʘʥʥʦʛʦ ʬʝʥʦʤʝʥʘ, ʤʳ ʧʨʦʚʝʣʠ ʜʦʤʝʥʥʳʡ ʘʥʘʣʠʟ ʙʝʣʢʦʚ ʠʟ ʧʨʦʪʝʦʤʦʚ 
ʫʢʘʟʘʥʥʳʭ ʛʨʫʧʧ, ʧʦʢʘʟʘʚʰʠʭ ʚʳʩʦʢʦʝ ʩʭʦʜʩʪʚʦ ʩ ʙʝʣʢʘʤʠ ʇʌ ʉʂ ʠ ʠʭ çʩʣʫʯʘʡʥʳʤʠè ʘʥʘʣʦʛʘʤʠ, ʘ ʪʘʢʞʝ 
ʦʧʨʝʜʝʣʠʣʠ ʠʭ ʚʪʦʨʠʯʥʫʶ ʩʪʨʫʢʪʫʨʫ. ʊʘʢʠʭ ʙʝʣʢʦʚ ʙʳʣʦ ʥʝʤʥʦʛʦ, ʫ ʤʦʣʣʶʩʢʦʚ, ʧʦʣʫʭʦʨʜʦʚʳʭ ʠ ʠʛʣʦʢʦʞʠʭ 
ʚʦʦʙʱʝ ʧʦ ʦʜʥʦʤʫ. ɺʦ ʚʩʝʭ ʧʨʦʪʝʦʤʘʭ ʵʪʠ ʙʝʣʢʠ ʦʪʣʠʯʘʣʠʩʴ ʙʦʣʴʰʦʡ ʜʣʠʥʦʡ (ʦʪ 3906 ʘ.ʢ. ʫ ʧʦʣʫʭʦʨʜʦʚʳʭ ʜʦ 
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7710 ʘ.ʢ. ʫ ʧʣʘʩʪʠʥʯʘʪʳʭ). ʉʭʦʜʩʪʚʦʤ ʩ ʙʝʣʢʘʤʠ ʉʂ ʦʙʣʘʜʘʣʠ ʣʠʰʴ ʉ-ʢʦʥʮʝʚʳʝ ʬʨʘʛʤʝʥʪʳ ʵʪʠʭ ʙʝʣʢʦʚ. ʅʘ 
ʥʠʭ ʤʳ ʠ ʩʦʩʨʝʜʦʪʦʯʠʣʠ ʩʚʦʸ ʚʥʠʤʘʥʠʝ. 
ʇʦ ʜʦʤʝʥʥʦʤʫ ʩʦʩʪʘʚʫ ʉ-ʢʦʥʮʝʚʳʝ ʬʨʘʛʤʝʥʪʳ ʵʪʠʭ ʦʩʦʙʳʭ ʙʝʣʢʦʚ ʥʝʤʥʦʛʦ ʨʘʟʣʠʯʘʣʠʩʴ. ʊʘʢ, ʫ ʤʦʣʣʶʩʢʦʚ 
ʚʳʷʚʣʝʥʳ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʜʦʤʝʥʳ ʤʠʦʟʠʥʘ 10 ʠ GCC2_GCC3. ʋ ʩʧʦʨʦʚʠʢʦʚ ʠʤʝʝʪʩʷ ʜʦʤʝʥ Smc, 
ʦʪʚʝʯʘʶʱʠʡ ʟʘ ʢʣʝʪʦʯʥʦʝ ʜʝʣʝʥʠʝ ʠ ʨʘʩʭʦʞʜʝʥʠʝ ʭʨʦʤʦʩʦʤ. ʋ ʧʦʣʫʭʦʨʜʦʚʳʭ ʥʘʡʜʝʥʳ ʜʦʤʝʥʳ  GCC2_GCC3 
ʠ Trichoplein, ʫ ʠʛʣʦʢʦʞʠʭ ï Trichoplein, ʫ ʧʣʘʩʪʠʥʯʘʪʳʭ ï ʤʥʦʛʦ ʨʘʟʥʳʭ ʜʦʤʝʥʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʚʘ Trichoplein  ʠ 
ʜʦʤʝʥʳ ʤʠʦʟʠʥʘ. ʆʯʝʥʴ ʚʘʞʥʳʤʠ ʷʚʣʷʶʪʩʷ ʪʘʢʞʝ ʜʦʤʝʥʳ SMC, ʩʪʨʫʢʪʫʨʠʨʫʶʱʠʝ ʭʨʦʤʘʪʠʥ ʠ ʨʝʢʨʫʪʠʨʫʶʱʠʝ 
ʜʨʫʛʠʝ ʙʝʣʢʠ. ʆʥʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʫ ʥʝʢʦʪʦʨʳʭ ʙʝʣʢʦʚ ʉʂ (ʪʘʙʣ.). ɿʘʤʝʯʘʪʝʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚʩʝ ʵʪʠ 
ʜʦʤʝʥʳ (ʪ.ʝ. ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʫʯʘʩʪʢʠ ʙʝʣʢʘ) ʬʦʨʤʠʨʫʶʪ ʚʳʨʘʞʝʥʥʫʶ ʘʣʴʬʘ-ʩʧʠʨʘʣʴ, ʢʘʢ ʠ ʙʝʣʢʠ 
ʧʦʧʝʨʝʯʥʳʭ ʬʠʙʨʠʣʣ ʉʂ. ɼʦʤʝʥ Trichoplein ʠʥʪʝʨʝʩʝʥ ʝʱʸ ʠ ʪʝʤ, ʯʪʦ ʚ ʝʛʦ ʘʥʥʦʪʘʮʠʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʣʦʚʘ 
çʤʝʡʦʟ-ʩʧʝʮʠʬʠʯʥʳʡ ʷʜʝʨʥʳʡ ʩʪʨʫʢʪʫʨʥʳʡ ʙʝʣʦʢè. 
ʄʳ ʧʨʦʚʝʣʠ çʦʙʨʘʪʥʳʡè BLAST ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʙʝʣʢʦʚ. ʊʘʢ, ʤʳ ʠʩʢʘʣʠ ʙʝʣʢʠ ʠʟ ʧʨʦʪʝʦʤʦʚ ʤʳʰʠ ʠ 
ʜʨʦʟʦʬʠʣʳ, ʩʭʦʜʥʳʝ ʩ ʙʝʣʢʘʤʠ XP_002107637.1 ʠ XP_002111687.1 ʧʣʘʩʪʠʥʯʘʪʦʛʦ Trichoplax adhaerens. ɿʘ 
ʦʜʥʠʤ ʠʩʢʣʶʯʝʥʠʝʤ, ʩʭʦʜʩʪʚʦ ʩ ʙʝʣʢʘʤʠ ʤʳʰʠ ʠ ʜʨʦʟʦʬʠʣʳ ʧʦʢʘʟʘʣʠ ʉ-ʢʦʥʮʝʚʳʝ ʬʨʘʛʤʝʥʪʳ ʦʙʦʠʭ ʙʝʣʢʦʚ. 
ʇʝʨʚʳʡ ʙʝʣʦʢ ʩʭʦʜʝʥ, ʚ ʦʩʥʦʚʥʦʤ, ʩ ʨʘʟʥʳʤʠ ʤʠʦʟʠʥʘʤʠ ʠʟ ʦʙʦʠʭ ʠʟʫʯʝʥʥʳʭ ʧʨʦʪʝʦʤʦʚ. ɺʪʦʨʦʡ ʙʝʣʦʢ ʪʘʢʞʝ 
ʩʭʦʜʝʥ ʩ ʤʠʦʟʠʥʘʤʠ ʠʟ ʧʨʦʪʝʦʤʘ ʤʳʰʠ,  ʘ ʚ ʧʨʦʪʝʦʤʝ ʜʨʦʟʦʬʠʣʳ ʩ ʥʠʤ ʩʭʦʜʥʳ ʨʘʟʥʳʝ ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʠʝ 
ʣʠʥʢʝʨʥʳʝ ʙʝʣʢʠ ʠ ʤʠʦʟʠʥʳ. ʀ ʤʠʦʟʠʥʳ, ʠ ʣʠʥʢʝʨʥʳʝ ʙʝʣʢʠ ʠʤʝʶʪ ʚ ʩʚʦʸʤ ʩʦʩʪʘʚʝ ʘʣʴʬʘ-ʩʧʠʨʘʣʴʥʳʝ 
ʜʦʤʝʥʳ (ʥʘʰʠ ʜʘʥʥʳʝ). 
ɺ ʣʠʪʝʨʘʪʫʨʝ ʨʘʥʝʝ ʦʪʤʝʯʘʣʦʩʴ, ʯʪʦ ʙʝʣʢʠ ʇʌ ʉʂ ʧʨʠ ʙʠʦʠʥʬʦʨʤʘʪʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʛʨʫʧʧʠʨʫʶʪʩʷ ʩ ʪʘʢ 
ʥʘʟʳʚʘʝʤʳʤʠ ʠʥʪʝʨʤʝʜʠʘʪʥʳʤʠ ʙʝʣʢʘʤʠ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʙʝʣʢʠ ʷʜʝʨʥʦʡ ʣʘʤʠʥʳ ʠ ʷʜʝʨʥʦʛʦ ʤʘʪʨʠʢʩʘ, 
ʧʦʣʷʨʥʦʛʦ ʪʝʣʴʮʘ ʚʝʨʝʪʝʥʘ, ʪʷʞʸʣʘʷ ʮʝʧʴ ʤʠʦʟʠʥʘ ʠ ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ ʙʝʣʢʠ. ʆʥʠ ʦʙʨʘʟʫʶʪ ʘʣʴʬʘ-
ʩʧʠʨʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʘ ʚʩʝ ʘʣʴʬʘ-ʩʧʠʨʘʣʠ ʠʤʝʶʪ ʦʢʦʣʦ 20% ʩʭʦʜʩʪʚʘ ʤʝʞʜʫ ʩʦʙʦʡ ʟʘ ʩʯʸʪ ʧʦʚʪʦʨʷʶʱʠʭʩʷ 
çʨʝʧʝʨʥʳʭè ʛʠʜʨʦʬʦʙʥʳʭ  ʘʤʠʥʦʢʠʩʣʦʪ [9-11]. ʕʪʦ ʷʚʣʝʥʠʝ ʤʳ ʠ ʥʘʙʣʶʜʘʝʤ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ. 
ʇʦʯʝʤʫ ʞʝ ʚʳʷʚʣʝʥʥʳʝ ʥʘʤʠ ʙʝʣʢʠ ʫ ʥʝʢʦʪʦʨʳʭ ʛʨʫʧʧ ʵʫʢʘʨʠʦʪ ʩʭʦʜʥʳ ʥʝ ʪʦʣʴʢʦ ʩ ʙʝʣʢʘʤʠ ʧʦʧʝʨʝʯʥʳʭ 
ʬʠʙʨʠʣʣ ʉʂ, ʥʦ ʠ ʩʦ ʩʣʫʯʘʡʥʳʤʠ ʥʘʙʦʨʘʤʠ ʘʤʠʥʦʢʠʩʣʦʪ, ʛʝʥʝʨʠʨʦʚʘʥʥʳʤʠ ʥʘ ʦʩʥʦʚʝ çʦʨʠʛʠʥʘʣʴʥʳʭè 
ʙʝʣʢʦʚ? ɺʦʟʤʦʞʥʳ ʜʚʘ ʦʙʲʷʩʥʝʥʠʷ. (1) ʉʦʯʝʪʘʥʠʝ ʘʤʠʥʦʢʠʩʣʦʪ ʚ çʩʣʫʯʘʡʥʳʭè ʘʥʘʣʦʛʘʭ ʙʝʣʢʦʚ ʉʂ ʟʘ ʩʯʸʪ 
ʧʦʚʪʦʨʦʚ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʘʣʴʬʘ-ʩʧʠʨʘʣʝʡ ʦʨʠʛʠʥʘʣʴʥʳʭ ʙʝʣʢʦʚ, ʦʢʘʟʘʣʦʩʴ ʧʦʭʦʞʠʤ ʥʘ ʩʘʤʠ ʙʝʣʢʠ ʉʂ. (2) ɺ 
ʧʨʦʮʝʩʩʝ ʤʘʰʠʥʥʦʡ ʩʙʦʨʢʠ ʩʝʢʚʝʥʠʨʦʚʘʥʥʳʭ ʛʝʥʦʤʦʚ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʦʪʝʦʤʦʚ ʧʨʦʠʟʦʰʣʠ ʩʙʦʠ, ʠ ʉ-
ʢʦʥʮʝʚʳʝ ʬʨʘʛʤʝʥʪʳ ʥʘʡʜʝʥʥʳʭ ʥʘʤʠ ʙʝʣʢʦʚ, ʢʦʪʦʨʳʭ ʚ ʧʨʦʪʝʦʤʘʭ ʩʦʚʩʝʤ ʥʝʤʥʦʛʦ, ʥʘ ʩʘʤʦʤ ʜʝʣʝ 
ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʙʝʣʢʠ ʧʦʧʝʨʝʯʥʳʭ ʬʠʙʨʠʣʣ ʉʂ ʠʣʠ ʢʘʢʠʝ-ʣʠʙʦ ʝʱʸ ʠʥʪʝʨʤʝʜʠʘʪʥʳʝ ʙʝʣʢʠ. ʕʪʘ ʛʠʧʦʪʝʟʘ 
ʚʦʟʥʠʢʣʘ ʧʦʪʦʤʫ, ʯʪʦ ʘʣʴʬʘ-ʩʧʠʨʘʣʴʥʳʝ ʙʝʣʢʠ ʠʤʝʶʪʩʷ ʚʦ ʤʥʦʛʠʭ ʧʨʦʪʝʦʤʘʭ, ʘ ʥʘʙʣʶʜʘʝʤʳʡ ʥʘʤʠ ʬʝʥʦʤʝʥ 
ʚʳʷʚʣʝʥ ʪʦʣʴʢʦ ʜʣʷ ʩʯʠʪʘʥʥʳʭ ʙʝʣʢʦʚ ʠʟ ʥʝʢʦʪʦʨʳʭ ʧʨʦʪʝʦʤʦʚ ʵʫʢʘʨʠʦʪ. 
ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʌʌʀ ˉ13-04-02071-ʘ. 
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ʄɸʊɽʄɸʊʀʂɸ ʀ ɻʈɸʄʄɸʊʀʂʀ ɻɽʅɽʊʀʏɽʉʂʀʍ 

ʉʊʈʋʂʊʋʈ ɾʀɺʓʍ ʉʀʉʊɽʄ 
MATHEMATICS AND GRAMMARS OF GENETIC 
PATTERNS OF LIVING SYSTEMS 

ʕʡʥʛʦʨʠʥ ʄ.ʗ.  Eingorin M.Y. 

ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. 
ʅ.ʀ.ʃʦʙʘʯʝʚʩʢʦʛʦ 

N.I.Lobachevsky State University of Nizhni Novgorod 

  
ʕʪʦ ʢʥʠʛʘ ʥʝ ʦʙʳʯʥʘ. ʆʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪ 
ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ (ʢʘʢ ʧʦʣʘʛʘʝʪ ʘʚʪʦʨ), 
ʩʫʱʝʩʪʚʦʚʘʚʰʠʡ ʜʦ ʧʦʩʪʨʦʝʥʠʷ ʞʠʟʥʠ ʥʘ ɿʝʤʣʝ ʠ 
ʷʚʠʚʰʠʡʩʷ ʦʩʥʦʚʦʡ ʩʠʥʪʝʟʘ ʛʝʥʦʚ ʠ ʜʨʫʛʠʭ ʩʪʨʫʢʪʫʨ 
ʞʠʚʳʭ ʩʠʩʪʝʤ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʪʜʝʣʴʥʳʝ 
ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʚʦʧʨʦʩʳ (ʘʩʧʝʢʪʳ), ʩʚʷʟʘʥʥʳʝ ʩ 
ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʧʨʠʨʦʜʥʳʭ ʛʨʘʤʤʘʪʠʢ ʩʠʥʪʝʟʘ 
ʛʝʥʝʪʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʤʈʅʂ, ʜʨʫʛʠʭ ʩʪʨʫʢʪʫʨ ʞʠʚʦʛʦ. 
ʅʦ ʵʪʘ ʢʥʠʛʘ ʥʝ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ. ɺ ʥʝʡ ʯʠʪʘʪʝʣʴ ʥʝ 
ʥʘʡʜʝʪ ʩʪʨʦʛʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʜʦʢʘʟʘʪʝʣʴʩʪʚ. ʕʪʦʛʦ 
ʠ ʥʝ ʪʨʝʙʫʝʪʩʷ. ɺ ʥʝʡ ʥʘʤʝʯʝʥʳ ʦʩʥʦʚʥʳʝ ʚʦʧʨʦʩʳ 
ʤʘʪʝʤʘʪʠʢʠ ʤʠʥʠʤʘʣʴʥʦ ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ 
ʧʦʥʠʤʘʥʠʷ ʦʩʥʦʚ ʧʦʩʪʨʦʝʥʠʡ ʞʠʚʦʡ ʇʨʠʨʦʜʳ 

This book is unusual. It considers the mathematical tool 
(as the author believes) which existed prior to the life on 
Earth creation and was the synthesis basis of genes and 
other living system structures. Separate mathematical 
issues (aspects) connected with the recovery of nature 
grammars of mRNA genetic patterns synthesis, other 
living structures are reviewed. But this book is not a 
mathematic one. The reader will not find here any strict 
mathematical proofs. But this is not required. Main issues 
of mathematics that are minimum required for the 
understanding of wild life creating fundamentals are 
indicated in it 

  
çʄʘʪʝʤʘʪʠʢʘ ʠ ʛʨʘʤʤʘʪʠʢʠ ʛʝʥʝʪʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʞʠʚʳʭ ʩʠʩʪʝʤè. 
ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʀʟʜʘʥʠʷ ʛʝʥʝʪʠʢʦʚ ʠ ʙʠʦʬʠʟʠʢʦʚ ʈʦʩʩʠʠ, 2012, ʉ. 516. 
ISBN 978-5-9904043-1-1 
ʉ. 496. 
ʕʪʦ ʢʥʠʛʘ ʥʝ ʦʙʳʯʥʘ. ʆʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ (ʢʘʢ ʧʦʣʘʛʘʝʪ ʘʚʪʦʨ), ʩʫʱʝʩʪʚʦʚʘʚʰʠʡ ʜʦ 
ʧʦʩʪʨʦʝʥʠʷ ʞʠʟʥʠ ʥʘ ɿʝʤʣʝ ʠ ʷʚʠʚʰʠʡʩʷ ʦʩʥʦʚʦʡ ʩʠʥʪʝʟʘ ʛʝʥʦʚ ʠ ʜʨʫʛʠʭ ʩʪʨʫʢʪʫʨ ʞʠʚʳʭ ʩʠʩʪʝʤ. 
ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʪʜʝʣʴʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʚʦʧʨʦʩʳ (ʘʩʧʝʢʪʳ), ʩʚʷʟʘʥʥʳʝ ʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʧʨʠʨʦʜʥʳʭ 
ʛʨʘʤʤʘʪʠʢ ʩʠʥʪʝʟʘ ʛʝʥʝʪʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʤʈʅʂ, ʜʨʫʛʠʭ ʩʪʨʫʢʪʫʨ ʞʠʚʦʛʦ. ʅʦ ʵʪʘ ʢʥʠʛʘ ʥʝ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ. ɺ 
ʥʝʡ ʯʠʪʘʪʝʣʴ ʥʝ ʥʘʡʜʝʪ ʩʪʨʦʛʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʜʦʢʘʟʘʪʝʣʴʩʪʚ. ʕʪʦʛʦ ʠ ʥʝ ʪʨʝʙʫʝʪʩʷ. ɺ ʥʝʡ ʥʘʤʝʯʝʥʳ 
ʦʩʥʦʚʥʳʝ ʚʦʧʨʦʩʳ ʤʘʪʝʤʘʪʠʢʠ ʤʠʥʠʤʘʣʴʥʦ ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʦʩʥʦʚ ʧʦʩʪʨʦʝʥʠʡ ʞʠʚʦʡ ʇʨʠʨʦʜʳ. 
ɺ ʤʦʥʦʛʨʘʬʠʠ ʘʚʪʦʨ ʧʨʦʚʦʜʠʪ ʣʠʥʠʶ ʦʪ ʃʘʪʠʥʩʢʠʭ ʢʚʘʜʨʘʪʦʚ, ʃʘʪʠʥʩʢʠʭ ʛʠʧʝʨʢʚʘʜʨʘʪʦʚ, ʠʭ ʛʨʘʬʠʯʝʩʢʦʛʦ 
ʧʨʝʜʩʪʘʚʣʝʥʠʷ, ʤʥʦʛʦʟʥʘʯʥʦʡ ʣʦʛʠʢʠ, ʩʠʤʤʝʪʨʠʠ, ʜʘʣʝʝ ʢ ʧʦʩʪʨʦʝʥʠʷʤ ʚ ʞʠʚʦʡ ʇʨʠʨʦʜʝ. ʄʘʪʝʤʘʪʠʯʝʩʢʠʡ 
ʘʧʧʘʨʘʪ ʧʦʟʚʦʣʷʝʪ ʨʘʩʰʠʨʠʪʴ ʧʦʩʪʨʦʝʥʠʷ ʞʠʚʦʡ ʇʨʠʨʦʜʳ.  
ɺ ʨʘʙʦʪʘʭ ʧʦ ʛʝʥʝʪʠʢʝ ʘʚʪʦʨʘ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʩʥʦʚʳ ʞʠʟʥʠ ï ʫʯʘʩʪʢʠ ʛʝʥʦʚ ʤʈʅʂ ʩʪʨʦʷʪʩʷ ʥʘ ʩʪʨʦʛʠʭ 
ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʦʩʥʦʚʘʭ ï ʛʨʘʤʤʘʪʠʢʘʭ ʩʠʥʪʝʟʘ ʞʠʚʦʛʦ. ɻʝʥʳ ʧʨʦʩʪʝʡʰʠʭ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ ʙʳʣʠ ʩʦʟʜʘʥʳ ʥʘ 
ʙʘʟʝ ʪʝʭ ʞʝ ʩʪʨʦʛʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʟʘʢʦʥʦʚ, ʯʪʦ ʠ ʚʩʝ ʧʦʩʣʝʜʫʶʱʠʝ ʦʨʛʘʥʠʟʤʳ. ʍʦʪʷ ʩʪʨʫʢʪʫʨʳ ʛʝʥʦʚ 
ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʣʠʩʴ. ɼʣʷ ʥʘʩ ʩʣʝʜʩʪʚʠʝʤ ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ ʪʦ ʟʥʘʥʠʝ, ʯʪʦ ʥʠ ʤʝʥʝʝ ʤʠʣʣʠʘʨʜʘ ʣʝʪ ʥʘʟʘʜ, ʧʦ 
ʢʦʩʤʠʯʝʩʢʠʤ ʤʝʨʢʘʤ ʥʝʙʦʣʴʰʦʡ ʩʨʦʢ, ʙʳʣʘ ʩʦʟʜʘʥʘ ʤʘʪʝʤʘʪʠʢʘ, ʬʠʟʠʢʘ ʠ ʭʠʤʠʷ, ʷʚʠʚʰʠʝʩʷ ʦʩʥʦʚʦʡ ʩʠʥʪʝʟʘ 
ʞʠʚʦʛʦ ʥʘ ɿʝʤʣʝ. ɼʘʣʝʝ ʙʳʣʠ ʩʦʟʜʘʥʳ ʛʨʘʤʤʘʪʠʢʠ. ʉʪʨʫʢʪʫʨʳ ɼʅʂ ʧʦʷʚʠʣʠʩʴ ʧʦʟʜʥʝʝ, ʥʦ ʠ ʦʥʠ ʚʧʠʩʘʣʠʩʴ ʚ 
ʪʝ ʞʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʠ ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʚʪʦʨʦʤ ʙʳʣ ʦʪʢʨʳʪ (ʢʘʢ 
ʧʦʣʘʛʘʝʪ ʘʚʪʦʨ) ʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥ ʮʝʣʳʡ ʨʷʜ ʟʘʢʦʥʦʚ ʧʨʠʨʦʜʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʠʤʤʝʪʨʠʷ ï ʦʩʥʦʚʘ ʤʥʦʛʠʭ ʝʝ 
ʧʦʩʪʨʦʝʥʠʡ.  
ɸʚʪʦʨʦʤ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʝʛʦʜʥʷ ʚʩʝ ʞʠʚʳʝ ʦʨʛʘʥʠʟʤʳ ʚʧʠʩʳʚʘʶʪʩʷ ʚ ʝʜʠʥʫʶ ʪʘʙʣʠʮʫ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ  
ʛʨʘʤʤʘʪʠʢ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʝʜʠʥʦʡ ʨʘʟʚʠʚʘʚʰʝʡʩʷ ʢʦʥʮʝʧʮʠʠ ʩʦʟʜʘʥʠʷ ʞʠʚʦʛʦ ʥʘ ɿʝʤʣʝ ʠʣʠ, ʯʪʦ ʪʦʞʝ, 
ʠʩʢʫʩʩʪʚʝʥʥʦʤ ʧʨʦʠʩʭʦʞʜʝʥʠʠ ʚʩʝʡ ʞʠʚʦʡ ʧʨʠʨʦʜʳ ʧʣʘʥʝʪʳ ɿʝʤʣʷ. ɻʨʘʤʤʘʪʠʢʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ 
ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʥʦ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʩʠʥʪʝʟ ʛʝʥʦʚ ʨʘʟʥʳʭ ʦʨʛʘʥʠʟʤʦʚ ʙʳʣ ʥʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʝʥ ʠ 
ʨʘʟʥʦʦʙʨʘʟʝʥ. ʇʦʢʘʟʘʥʘ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʠ ʤʥʦʛʦʩʣʦʡʥʦʩʪʴ ʛʝʥʦʚ ʠ ʠʭ ʥʘʤʥʦʛʦ ʙʦʣʴʰʘʷ ʩʦʜʝʨʞʘʪʝʣʴʥʦʩʪʴ, 
ʯʝʤ ʤʳ ʧʦʣʘʛʘʣʠ ʨʘʥʝʝ.  
ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪ ʘʚʪʦʨʘ ʛʦʚʦʨʷʪ ʦ ʪʦʤ, ʯʪʦ ʞʠʚʘʷ ʧʨʠʨʦʜʘ ɿʝʤʣʠ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʚʪʦʨʠʯʥʘ, ʘ ʥʘʰʝ 
ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʜʦʣʞʥʦ ʚʧʠʩʳʚʘʪʴʩʷ ʚ ʝʜʠʥʫʶ ʧʨʠʨʦʜʥʫʶ ʢʦʥʮʝʧʮʠʶ ʞʠʟʥʠ ʥʘ ʧʣʘʥʝʪʝ ɿʝʤʣʷ. ɺ 
ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʤʳ ï ʣʶʜʠ ʤʦʞʝʤ ʦʢʘʟʘʪʴʩʷ ʥʘ ɿʝʤʣʝ ʣʠʰʥʠʤʠ. 
ʕʪʘ ʢʥʠʛʘ ʥʘʧʠʩʘʥʘ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʝʨʝʜʘʪʴ ʚʩʝʤ ʞʝʣʘʶʱʠʤ ʪʦ, ʯʪʦ ʧʦʥʷʣ ʘʚʪʦʨ, ʯʪʦʙʳ ʦʥʠ ʚʦʩʧʨʠʥʷʣʠ ʠ 
ʧʨʦʜʦʣʞʠʣʠ ʝʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʞʠʚʦʡ ʇʨʠʨʦʜʝ. 
ɺ ʢʥʠʛʝ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʨʘʟʚʠʪʠʷ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʘʚʪʦʨʦʤ, ʯʝʨʝʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʜʠʩʢʨʝʪʥʦʝ 
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ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩ ʥʘʠʙʦʣʴʰʠʤ ʫʯʝʪʦʤ ʩʚʦʡʩʪʚ ʠʩʭʦʜʥʦʛʦ ʤʦʜʝʣʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ.  
ʂʥʠʛʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʫʯʝʥʳʤ ï ʛʝʥʝʪʠʢʘʤ, ʫʯʝʥʳʤ ï ʙʠʦʬʠʟʠʢʘʤ, ʨʘʙʦʪʥʠʢʘʤ ʅʀʀ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʝʡ 
ʟʥʘʥʠʡ ʚ ʪʦʤ ʯʠʩʣʝ, ʟʘʥʠʤʘʶʱʠʤʠʩʷ ʧʨʦʙʣʝʤʘʤʠ ʥʘʥʦ-ʪʝʭʥʦʣʦʛʠʡ, ʧʨʝʧʦʜʘʚʘʪʝʣʷʤ ʚʫʟʦʚ, ʘʩʧʠʨʘʥʪʘʤ, 
ʩʪʫʜʝʥʪʘʤ ʙʠʦʣʦʛʘʤ, ʤʝʜʠʢʘʤ, ʤʘʪʝʤʘʪʠʢʘʤ, ʬʠʣʦʩʦʬʘʤ, ʩʧʝʮʠʘʣʠʩʪʘʤ, ʟʘʥʠʤʘʶʱʠʤʩʷ ʛʝʥʥʦʡ ʠʥʞʝʥʝʨʠʝʡ ʠ 
ʧʨʦʩʪʦ ʠʥʪʝʨʝʩʫʶʱʠʤʩʷ ʧʨʦʙʣʝʤʦʡ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʞʠʟʥʠ ʥʘ ʧʣʘʥʝʪʝ ɿʝʤʣʷ. ʂʥʠʛʘ, ʜʫʤʘʶ, ʙʫʜʝʪ ʠʥʪʝʨʝʩʥʘ 
ʩʧʝʮʠʘʣʠʩʪʘʤ, ʟʘʥʠʤʘʶʱʠʤʠʩʷ ʨʝʣʠʛʠʷʤʠ ʄʠʨʘ. ʄʦʞʝʪ ʩʣʫʞʠʪʴ ʫʯʝʙʥʠʢʦʤ ʜʣʷ ʢʦʤʧʣʝʢʩʥʳʭ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ 
ʫʥʠʚʝʨʩʠʪʝʪʦʚ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ "ʉʠʥʪʝʟ ʞʠʚʳʭ ʩʠʩʪʝʤ". 
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ɼʘʥ ʘʥʘʣʠʟ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ GPU Nvidia Kepler GK110 . 
ʀʟʤʝʨʝʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ GPU K20c ʚ ʩʨʝʜʝ 
CUDA-5.5. K20c ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʚ PCI-E v.2 x16, ʢʘʢ ʠ 
Nvidia C2050 ʧʨʝʜʳʜʫʱʝʡ ʘʨʭʠʪʝʢʪʫʨʳ Fermi. 
ʉʢʦʨʦʩʪʴ ʦʙʤʝʥʦʚ ʜʘʥʥʳʤʠ K20c ʩ ʭʦʩʪʦʤ ʩʦʩʪʘʚʠʣʘ 
ʦʢʦʣʦ 6.4 ɻʙʘʡʪ/ʩ, ʚ C2050 - ʧʦʨʷʜʢʘ 6 ɻʙʘʡʪ/ʩ. 
ʋʩʢʦʨʝʥʠʝ ʥʘʰʝʡ ʢʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʦʡ ʧʨʦʛʨʘʤʤʳ 
ʨʘʩʯʝʪʘ ʤʝʪʦʜʦʤ PDM ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ K20c 
ʩʦʩʪʘʚʠʣʦ ʦʢʦʣʦ 2 ʨʘʟ, ʥʦ ʧʨʠ ʧʦʜʜʝʨʞʢʝ PCI-E v.3 
ʙʳʣʦ ʙʳ ʟʘʤʝʪʥʦ ʚʳʰʝ 

Architecture, technical characteristics and performance of 
GPU Nvidia Kepler GK110 was analyzed. GPU K20c 
performance under CUDA-5.5 was measured. K20c as 
also Nvidia C2050 with previous Fermi architecture uses 
PCI-E v 2. x16. K20 - host throughput found is about 6.4 
GB/s, for C2050 - about 6 GB/s. Speedup of our quantum 
chemical program for PDM method is about 2 times, for 
PCI-E v.3 might be noticeable higher 

  

GPU Nvidia ʘʨʭʠʪʝʢʪʫʨʳ Kepler (K20, K20X, K40) ʷʚʣʷʶʪʩʷ ʤʠʨʦʚʳʤʠ ʣʠʜʝʨʘʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩ 
ʧʣʘʚʘʶʱʝʡ ʟʘʧʷʪʦʡ. ɺ ʨʘʙʦʪʝ ʜʘʥ ʢʨʘʪʢʠʡ ʘʥʘʣʠʟ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ GPU Kepler ʥʘ 
ʙʘʟʝ ʧʨʦʮʝʩʩʦʨʘ GK110 ʠ ʧʨʠʚʝʜʝʥʳ ʥʝʢʦʪʦʨʳʝ ʜʘʥʥʳʝ ʦʙ ʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʚ ʪ.ʯ. ʧʦʣʫʯʝʥʥʳʝ 
ʘʚʪʦʨʘʤʠ.  
ʇʠʢʦʚʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʵʪʠʭ GPU ʣʝʞʠʪ ʚ ʜʠʘʧʘʟʦʥʝ 1.2-1.4 TFLOPS c ʜʚʦʡʥʦʡ ʪʦʯʥʦʩʪʴʶ (ʜʦ 4.3 
TFLOPS c ʦʜʠʥʘʨʥʦʡ ʪʦʯʥʦʩʪʴʶ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʦʜʝʣʠ, ʝʤʢʦʩʪʴ ʛʣʘʚʥʦʡ ʧʘʤʷʪʠ ï ʦʪ 5 ʜʦ 12 ɻʙʘʡʪ, 
ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ  ï ʦʪ 208 ʜʦ 288 ɻʙʘʡʪ/ʩ. GPU ʧʦʜʩʦʝʜʠʥʷʶʪʩʷ ʢ ʭʦʩʪʫ ʯʝʨʝʟ ʨʘʟʲʝʤ PCI-E v.2 x16, ʟʘ 
ʠʩʢʣʶʯʝʥʠʝʤ ʂ40, ʛʜʝ ʧʨʠʤʝʥʷʝʪʩʷ ʚ 2 ʨʘʟʘ ʙʦʣʝʝ ʙʳʩʪʨʳʡ ʢʘʥʘʣ PCI-E v.3 x16. 
ʇʠʢʦʚʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ GPU ʥʘ ʪʠʧʠʯʥʦʡ ʜʣʷ HPC-ʧʨʠʣʦʞʝʥʠʡ ʜʚʦʡʥʦʡ ʪʦʯʥʦʩʪʠ ʚ ʨʘʟʳ ʧʨʝʚʦʩʭʦʜʠʪ 
ʧʠʢʦʚʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʠʧʠʯʥʳʭ ʜʣʷ ʢʣʘʩʪʝʨʦʚ ʜʚʫʭʧʨʦʮʝʩʩʦʨʥʳʭ ʩʝʨʚʝʨʦʚ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ 
ʧʦʩʣʝʜʥʠʭ ʩʘʤʳʭ ʤʦʱʥʳʭ ʩʝʨʚʝʨʥʳʭ ʧʨʦʮʝʩʩʦʨʦʚ ʭ86-64 Intel ʠ AMD. ʇʦʵʪʦʤʫ ʠʟʤʝʨʝʥʠʷ 
ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ GPU Kepler ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ. 
ʊʘʢʠʝ ʠʟʤʝʨʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʜʣʷ HPC ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʦʜʥʦʤʫ ʠʟ ʪʨʝʭ ʫʨʦʚʥʝʡ: ʥʠʟʰʝʤʫ, ʛʜʝ 
ʧʨʦʠʟʚʦʜʷʪʩʷ ʠʟʤʝʨʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ GPU; ʩʨʝʜʥʝʤʫ ï ʛʜʝ ʠʟʤʝʨʝʥʠʷ ʦʪʥʦʩʷʪʩʷ ʢ 
ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʘʣʛʦʨʠʪʤʘʤ (ʥʘʧʨʠʤʝʨ, ʫʤʥʦʞʝʥʠʝ ʤʘʪʨʠʮ ʠʣʠ ʪʝʩʪʳ Linpack); ʠ ʢ ʚʝʨʭʥʝʤʫ ï 
ʥʘ ʢʦʪʦʨʦʤ ʠʟʤʝʨʷʝʪʩʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʧʨʠʣʦʞʝʥʠʡ. ʇʨʦʚʝʜʝʥʥʳʝ ʥʘʤʠ ʠʟʤʝʨʝʥʠʷ ʦʪʥʦʩʷʪʩʷ 
ʢʦ ʚʩʝʤ ʫʨʦʚʥʷʤ ʠ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʚ ʩʨʝʜʝ OpenSUSE 12.3 ʠ Nvidia CUDA-5.5 ʥʘ ʩʝʨʚʝʨʝ ʩ Intel Xeon E3-1240 
ʠ GPU K20c. ʀʩʧʦʣʴʟʦʚʘʣʩʷ ʪʘʢʞʝ ʢʦʤʧʠʣʷʪʦʨ PGI Accelerator Fortran 13.10 ʩ CUDA-ʨʘʩʰʠʨʝʥʠʷʤʠ.  
ʅʘ ʥʠʟʰʝʤ ʫʨʦʚʥʝ ʥʘʤʠ ʧʦʤʝʨʝʥʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʦʙʤʝʥʦʚ ʜʘʥʥʳʤʠ GPU-ʭʦʩʪ. ʆʥʘ 
ʩʦʩʪʘʚʠʣʘ ʦʢʦʣʦ 6.4 ɻʙʘʡʪ/ʩ ʚ ʢʘʞʜʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʅʘʰʠ ʙʦʣʝʝ ʨʘʥʥʠʝ ʜʘʥʥʳʝ ʜʣʷ Nvidia C2050 ʩ 
ʧʨʝʜʳʜʫʱʝʡ ʘʨʭʠʪʝʢʪʫʨʦʡ Fermi [1] ʜʘʣʠ ʦʢʦʣʦ 6 ɻʙʘʡʪ/ʩ, ʯʪʦ ʣʠʰʴ ʥʝʤʥʦʛʦ ʥʠʞʝ. ɺ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ ʵʪʦ 
ʣʠʤʠʪʠʨʫʝʪʩʷ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ PCI-E (ʧʠʢʦʚʘʷ - 8 ɻʙʘʡʪ/ʩ), ʧʦʵʪʦʤʫ ʜʣʷ ʧʨʠʣʦʞʝʥʠʡ ʩ ʙʦʣʴʰʠʤ 
ʦʙʤʝʥʦʤ ʜʘʥʥʳʤʠ ʩ ʭʦʩʪʦʤ ʘʢʪʫʘʣʴʥʘ ʧʦʜʜʝʨʞʢʘ PCI-E v.3, ʠʤʝʶʱʘʷʩʷ ʚ K40. 
ɼʣʷ ʪʝʩʪʦʚ ʩʨʝʜʥʝʛʦ ʫʨʦʚʥʷ ʦʪʤʝʪʠʤ LU-ʜʝʢʦʤʧʦʟʠʮʠʶ ʥʘ ʂ40ʩ, ʚʳʧʦʣʥʝʥʥʫʶ ʚ ʧʘʢʝʪʝ MAGMA [2]. ʅʘ 
ʨʘʟʤʝʨʥʦʩʪʠ ʤʘʪʨʠʮʳ 36ʂ GPU ʦʙʛʦʥʷʝʪ ʜʚʫʭʧʨʦʮʝʩʩʦʨʥʳʡ ʩʝʨʚʝʨ ʩ ʜʚʫʤʷ 8-ʷʜʝʨʥʳʤʠ ʧʨʦʮʝʩʩʦʨʘʤʠ Xeon 
E5-2670/2.6 ɻɻʮ ʧʨʠʤʝʨʥʦ ʚ 4 ʨʘʟʘ, ʧʨʠ ʨʘʟʤʝʨʥʦʩʪʠ 2ʂ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʫʞʝ ʙʣʠʟʢʦ. ʅʘ ʠʟʚʝʩʪʥʦʡ ʧʨʦʛʨʘʤʤʝ 
ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ AMBER ʫʩʢʦʨʝʥʠʝ K20X ʦʪʥʦʩʠʪʝʣʴʥʦ Intel Sandy Bridge ʦʢʦʣʦ 8, ʥʘ 80% ʙʳʩʪʨʝʝ 
Tesla M2090 [3].  
ʅʘʰʠ ʠʟʤʝʨʝʥʠʷ ʜʣʷ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʜʣʷ Nvidia Tesla C2050 ʠ K20c ʧʦ ʧʨʦʛʨʘʤʤʝ, 
ʨʝʘʣʠʟʫʶʱʝʡ ʢʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʡ ʤʝʪʦʜ PDM ʧʨʷʤʦʛʦ ʧʦʩʪʨʦʝʥʠʷ ʤʘʪʨʠʮʳ ʧʣʦʪʥʦʩʪʠ ʧʦ ʬʦʢʠʘʥʫ ʚ 
ʦʨʪʦʛʦʥʘʣʴʥʦʤ ʙʘʟʠʩʝ. ʇʨʦʛʨʘʤʤʘ ʥʘʧʠʩʘʥʘ ʥʘ Fortran-9X c CUDA-ʨʘʩʰʠʨʝʥʠʷʤʠ ʜʣʷ ʩʦʟʜʘʚʘʝʤʦʛʦ ʥʘʤʠ 
ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʝʛʦ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʤʝʪʦʜʘ DFT (ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʠ ʩ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ 
ʪʠʧʘ AM/1) ʠ ʜʣʷ ʩʚʝʨʭʙʦʣʴʰʠʭ ʤʦʣʝʢʫʣ ʦʙʝʩʧʝʯʠʚʘʝʪ ʣʠʥʝʡʥʦʝ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʚʨʝʤʝʥʠ ʨʘʩʯʝʪʘ ʩ 
ʨʘʟʤʝʨʦʤ ʩʠʩʪʝʤʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʠ ʨʘʟʨʝʞʝʥʥʳʭ ʤʘʪʨʠʮ ʩ ʙʣʦʯʥʳʤ ʧʦʨʪʨʝʪʦʤ. ɼʣʷ ʤʦʣʝʢʫʣʳ 
ʧʦʣʠʛʣʠʮʠʥʘ ʩ ʙʘʟʠʩʦʤ  ʨʘʟʤʝʨʥʦʩʪʴʶ ʦʢʦʣʦ 2.8 ʪʳʩʷʯ ʦʨʙʠʪʘʣʝʡ ʫʩʢʦʨʝʥʠʝ ʥʘ ʂ20ʩ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʉ2050 
ʩʦʩʪʘʚʠʣʦ ʦʢʦʣʦ 2 ʨʘʟ (ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʤʝʨʘ ʙʣʦʢʘ). 
ɺʨʝʤʷ ʦʙʤʝʥʦʚ ʜʘʥʥʳʤʠ ʩ ʭʦʩʪʦʤ ʧʦʯʪʠ ʥʝ ʧʦʤʝʥʷʣʦʩʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʉ2050 ʠ ʜʣʷ ʙʣʦʢʦʚ ʨʘʟʤʝʨʥʦʩʪʴʶ 200 
ʩʦʩʪʘʚʠʣʦ 40% ʦʙʱʝʛʦ ʚʨʝʤʝʥʠ ʨʘʩʯʝʪʘ. ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʚʘʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʚ GPU Kepler ʥʦʚʦʛʦ ʩʪʘʥʜʘʨʪʘ 
PCI-E v.3.  
ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʈʌʌʀ, ʧʨʦʝʢʪ 11-07-00470a. 
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ʆʙʲʝʤʳ ʜʦʙʳʯʠ ʠ ʧʦʪʨʝʙʣʝʥʠʷ ʥʝʬʪʠ ʢʘʢ ʥʘʠʙʦʣʝʝ 
ʪʝʭʥʦʣʦʛʠʯʥʦʛʦ ʠ ʵʢʦʣʦʛʠʯʥʦʛʦ ʚʠʜʘ ʪʦʧʣʠʚʥʦʛʦ 
ʩʳʨʴʷ, ʥʝʫʢʣʦʥʥʦ ʚʦʟʨʘʩʪʘʶʪ. ʈʘʩʰʠʨʷʶʪʩʷ ʠ 
ʦʙʣʘʩʪʠ ʝʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, 
ʦʩʦʙʝʥʥʦ ʚ ʪʘʢʠʭ ʦʪʨʘʩʣʷʭ, ʢʘʢ ʪʨʘʥʩʧʦʨʪ, 
ʧʦʣʠʤʝʨʥʘʷ ʥʝʬʪʝʛʘʟʦʚʘʷ ʭʠʤʠʷ, ʤʝʪʘʣʣʫʨʛʠʷ ʠ ʧʨ. 
ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʨʦʩʪʦʤ ʜʦʙʳʯʠ ʥʝʬʪʠ ʠʩʪʦʱʘʝʪʩʷ 
ʥʘʠʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʘʷ ʯʘʩʪʴ ʝʝ ʨʝʩʫʨʩʦʚ. 
ɺʢʣʶʯʘʶʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʫ ʪʨʫʜʥʦʠʟʚʣʝʢʘʝʤʳʝ 
ʟʘʧʘʩʳ, ʢʦʪʦʨʳʝ ʫʚʝʣʠʯʠʚʘʶʪ ʵʢʦʣʦʛʠʯʝʩʢʠʝ 
ʧʦʩʣʝʜʩʪʚʠʷ ʧʨʠ ʠʭ ʜʦʙʳʯʠ. ɺ ʩʪʘʪʴʝ ʦʧʨʝʜʝʣʝʥʳ 
ʢʨʠʪʝʨʠʠ ʦʪʥʝʩʝʥʠʷ ʥʝʬʪʝʡ ʢ ʪʨʫʜʥʦʠʟʚʣʝʢʘʝʤʳʤ. ʉ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʘʟʳ ʜʘʥʥʳʭ ʧʦ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ 
ʩʚʦʡʩʪʚʘʤ ʥʝʬʪʠ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ 
ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 
ʪʨʫʜʥʦʠʟʚʣʝʢʘʝʤʳʭ ʥʝʬʪʝʡ ʦʩʥʦʚʥʳʭ 
ʥʝʬʪʝʛʘʟʦʥʦʩʥʳʭ ʙʘʩʩʝʡʥʦʚ ʤʠʨʘ, ʚʳʷʚʣʝʥʳ 
ʦʩʦʙʝʥʥʦʩʪʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʢʘʢ ʥʝʬʪʝʡ 
ʩ ʘʥʦʤʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʪʘʢ ʠ ʥʝʬʪʝʡ ʚ ʩʣʦʞʥʳʭ 
ʫʩʣʦʚʠʷʭ ʟʘʣʝʛʘʥʠʷ (ʙʦʣʴʰʘʷ ʛʣʫʙʠʥʘ, ʘʥʦʤʘʣʴʥʳʝ 
ʧʣʘʩʪʦʚʳʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ 
ʢʦʣʣʝʢʪʦʨʳ).ɼʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʠʩʧʦʣ! 
ʴʟʦʚʘʥʳ ʜʣʷ ʧʨʦʛʥʦʟʘ ʘʨʝʘʣʦʚ ʧʣʘʥʝʪʘʨʥʦʛʦ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩ 
ʪʨʫʜʥʦʠʟʚʣʝʢʘʝʤʳʤʠ ʥʝʬʪʷʤʠ ʚ ʈʦʩʩʠʠ ʠ ʦʩʥʦʚʥʳʭ 
ʥʝʬʪʝʛʘʟʦʥʦʩʥʳʭ ʙʘʩʩʝʡʥʘʭ ʤʠʨʘ ʠ ʦʧʨʝʜʝʣʝʥʠʷ 
ʦʩʥʦʚ ʩʪʨʘʪʝʛʠʠ ʧʨʝʚʝʥʪʠʚʥʦʡ ʟʘʱʠʪʳ ʦʢʨʫʞʘʶʱʝʡ 
ʩʨʝʜʳ ʧʨʠ ʦʩʚʦʝʥʠʠ ʪʨʫʜʥʦʠʟʚʣʝʢʘʝʤʳʭ ʥʝʬʪʝʡ. 
ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ 
ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ ʠ 
ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʠ 
ʪʝʭʥʦʣʦʛʠʡ ʥʝʬʪʝʜʦʙʳʯʠ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʥʝʬʪʝʡ ʩ 
ʘʥʦʤʘʣʴʥʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʘ 
ʪʘʢʞʝ ʧʨʠ ʨʝʰʝʥʠʠ ʜʨʫʛʠʭ ʟʘʜʘʯ ʥʝʬʪʷʥʦʡ ʦʪʨʘʩʣʠ 

Output and consumption of oil as the most processable 
and ecofriendly type of fuel material increase consistently. 
Its industrial usage fields especially such branches as 
transport, polymeric oil-and-gas chemistry, metal industry, 
etc. are being expanded. However the most qualitative 
part of its resources runs out simultaneously with the oil 
development growth. Hard-to-recover resources which 
increase the environmental consequences at their 
production are included into the development. The article 
defines the criteria of oils assignment to the tight ones. 
Analysis of spatial distribution of tight oils of main world 
oil-and-gas basins was executed, physicochemical 
characteristics of both the oils with anomalous properties 
and oils with the occurrence complex environment (big 
depth, anomalous formation temperatures, unfavorable 
reservoirs) were revealed with the usage of data base of 
oil physical and chemical properties. These researches 
can be used for the forecast of the planet deposits 
distribution areas with tight oils in Russia and main world 
oil-and-gas basins and for determination of bases of the 
environment protection strategies in case of tight oils 
development. Received results can be used for the 
designing of new ecofriendly and improvement of existing 
methods and technologies of oil development, 
transportation of oils with anomalous physical and 
chemical properties as well as for the solving of other oil 
industry problems 

  

ɺ ʩʚʷʟʠ ʩ ʠʩʯʝʨʧʘʥʠʝʤ ʟʘʧʘʩʦʚ ʣʝʛʢʦʜʦʩʪʫʧʥʦʡ ʤʘʣʦʚʷʟʢʦʡ ʥʝʬʪʠ ʢʘʢ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ, ʪʘʢ ʠ ʚ ʤʠʨʝ 
ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʜʦʣʠ ʪʨʫʜʥʦʠʟʚʣʝʢʘʝʤʳʭ ʟʘʧʘʩʦʚ ʚ ʦʙʱʝʤ ʥʝʬʪʷʥʦʤ ʙʘʣʘʥʩʝ. ʂ ʪʨʫʜʥʦʠʟʚʣʝʢʘʝʤʳʤ 
ʦʪʥʦʩʷʪʩʷ ʟʘʧʘʩʳ ʥʝʬʪʠ, ʟʘʢʣʶʯʝʥʥʳʝ ʚ ʛʝʦʣʦʛʠʯʝʩʢʠ ʩʣʦʞʥʦʧʦʩʪʨʦʝʥʥʳʭ ʧʣʘʩʪʘʭ ʠ ʟʘʣʝʞʘʭ ʠʣʠ 
ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʤʘʣʦʧʦʜʚʠʞʥʦʡ ʥʝʬʪʴʶ (ʥʘʧʨʠʤʝʨ, ʩ ʚʳʩʦʢʦʡ ʚʷʟʢʦʩʪʴʶ ʠ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʪʚʝʨʜʳʭ 
ʧʘʨʘʬʠʥʦʚ). ʆʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʠʤʠ ʜʝʙʠʪʘʤʠ ʩʢʚʘʞʠʥ, ʦʙʫʩʣʦʚʣʝʥʥʳʤʠ ʥʠʟʢʦʡ 
ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ ʧʣʘʩʪʦʚ, ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʟʘʣʝʛʘʥʠʷ ʥʝʬʪʠ (ʛʘʟʦʥʝʬʪʷʥʳʝ ʟʘʣʝʞʠ, ʛʣʫʙʠʥʘ 
ʙʦʣʝʝ 4500 ʤ ʠ ʜʨ.) ʠʣʠ ʘʥʦʤʘʣʴʥʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʬʠʮʠʘʣʴʥʦ ʫʪʚʝʨʞʜʝʥʥʳʭ ʢʨʠʪʝʨʠʝʚ ʚʳʜʝʣʝʥʠʷ ʪʨʫʜʥʦʠʟʚʣʝʢʘʝʤʳʭ ʟʘʧʘʩʦʚ ʥʝʪ. 
ɸʚʪʦʨʦʤ ʧʨʝʜʩʪʘʚʣʝʥ ʧʝʨʝʯʝʥʴ ʦʩʥʦʚʥʳʭ ʢʨʠʪʝʨʠʝʚ ʚʳʜʝʣʝʥʠʷ ʪʨʫʜʥʦʠʟʚʣʝʢʘʝʤʳʭ ʟʘʧʘʩʦʚ ʥʝʬʪʠ, ʩʦʛʣʘʩʥʦ 
ʢʦʪʦʨʳʤ ʢ ʪʨʫʜʥʦʠʟʚʣʝʢʘʝʤʳʤ ʤʦʞʥʦ ʦʪʥʦʩʠʪʴ ʟʘʧʘʩʳ ʥʝʬʪʝʡ ʩ ʥʠʞʝ ʧʝʨʝʯʠʩʣʝʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ 
ʫʩʣʦʚʠʷʤʠ ʟʘʣʝʛʘʥʠʷ:  
- ʩ ʘʥʦʤʘʣʴʥʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ (ʚʳʩʦʢʠʝ ʚʷʟʢʦʩʪʴ ʠ ʧʣʦʪʥʦʩʪʴ, ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ 
ʧʘʨʘʬʠʥʦʚ, ʩʤʦʣ ʠ ʘʩʬʘʣʴʪʝʥʦʚ); 
ʟʘʢʣʶʯʝʥʥʳʝ ʚ ʩʣʘʙʦʧʨʦʥʠʮʘʝʤʳʭ ʢʦʣʣʝʢʪʦʨʘʭ ʠ ʚ ʚʦʜʦʥʝʬʪʷʥʳʭ ʠ ʛʘʟʦʥʝʬʪʷʥʳʭ ʟʦʥʘʭ; 
- ʩ ʚʳʩʦʢʦʡ ʛʘʟʦʥʘʩʳʱʝʥʥʦʩʪʴʶ (ʙʦʣʝʝ 200 ʤ

3
/ʪ) ʣʠʙʦ ʧʨʠ ʥʘʣʠʯʠʠ ʚ ʨʘʩʪʚʦʨʝʥʥʦʤ ʠ/ʠʣʠ ʩʚʦʙʦʜʥʦʤ ʛʘʟʝ 

ʘʛʨʝʩʩʠʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ (ʩʝʨʦʚʦʜʦʨʦʜ, ʫʛʣʝʢʠʩʣʦʪʘ) ʚ ʢʦʣʠʯʝʩʪʚʘʭ, ʪʨʝʙʫʶʱʠʭ ʧʨʠʤʝʥʝʥʠʷ ʩʧʝʮʠʘʣʴʥʦʛʦ 
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ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʠ ʙʫʨʝʥʠʠ ʩʢʚʘʞʠʥ ʠ ʜʦʙʳʯʝ ʥʝʬʪʠ; 
ʟʘʣʝʛʘʶʱʠʭ ʥʘ ʙʦʣʴʰʠʭ ʛʣʫʙʠʥʘʭ (ʙʦʣʝʝ 4500 ʤ); 
- ʩ ʧʣʘʩʪʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ 100 Áʉ ʠ ʚʳʰʝ ʣʠʙʦ ʤʝʥʝʝ 20 Áʉ (ʠʟ-ʟʘ  ʥʠʟʢʦʡ ʨʘʟʥʠʮʳ ʤʝʞʜʫ ʧʣʘʩʪʦʚʦʡ 
ʪʝʤʧʝʨʘʪʫʨʦʡ ʠ ʪʝʤʧʝʨʘʪʫʨʦʡ ʟʘʩʪʳʚʘʥʠʷ ʧʘʨʘʬʠʥʘ ʠ ʩʤʦʣ); 
ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʦʙʚʦʜʥʝʥʥʦʩʪʠ ʟʘʣʝʞʝʡ (ʜʦ 75- 80 %). 
ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʨʘʩʪʝʪ ʜʦʙʳʯʘ ʪʨʫʜʥʦʠʟʚʣʝʢʘʝʤʦʡ ʥʝʬʪʠ (ʊʀʅ) ʩ ʘʥʦʤʘʣʴʥʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ 
ʩʚʦʡʩʪʚʘʤʠ - ʧʘʨʘʬʠʥʠʩʪʦʡ, ʩʤʦʣʠʩʪʦʡ, ʚʷʟʢʦʡ ʠ ʪʷʞʝʣʦʡ. ɿʘʧʘʩʳ ʪʷʞʝʣʦʡ ʠ ʚʷʟʢʦʡ ʥʝʬʪʠ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ 
ʧʨʝʚʳʰʘʶʪ ʟʘʧʘʩʳ ʤʘʣʦʚʷʟʢʦʡ ʥʝʬʪʠ (810 ʠ 162 ʤʣʨʜ. ʪ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʠ ʷʚʣʷʶʪʩʷ ʚʘʞʥʝʡʰʝʡ ʯʘʩʪʴʶ 
ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʥʝʬʪʷʥʦʡ ʦʪʨʘʩʣʠ ʚ ʈʦʩʩʠʠ ʠ ʚ ʜʨʫʛʠʭ ʥʝʬʪʝʜʦʙʳʚʘʶʱʠʭ ʩʪʨʘʥʘʭ ʤʠʨʘ. ʅʘʠʙʦʣʝʝ ʢʨʫʧʥʳʤʠ 
ʟʘʧʘʩʘʤʠ ʪʷʞʝʣʦʡ ʠ ʚʷʟʢʦʡ ʥʝʬʪʠ ʨʘʩʧʦʣʘʛʘʶʪ ʂʘʥʘʜʘ ʠ ɺʝʥʝʩʫʵʣʘ, ʟʥʘʯʠʪʝʣʴʥʳʝ ʟʘʧʘʩʳ ʠʤʝʶʪ ʄʝʢʩʠʢʘ, 
ʉʐɸ, ʈʦʩʩʠʷ, ʂʫʚʝʡʪ ʠ ʂʠʪʘʡ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ʟʘʧʘʩʳ ʥʝʬʪʠ ʩ ʚʷʟʢʦʩʪʴʶ ʙʦʣʝʝ 35 ʤʤ

2
/ʩ ʩʦʩʪʘʚʣʷʶʪ 7,3 

ʤʣʨʜ. ʪ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʢʦʪʦʨʳʭ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʚ ʨʝʩʧʫʙʣʠʢʘʭ ʂʦʤʠ, ʊʘʪʘʨʩʪʘʥ ʠ ʚ ʊʶʤʝʥʩʢʦʡ ʦʙʣʘʩʪʠ. ɺ 
ʦʙʱʝʤ ʙʘʣʘʥʩʝ ʚʷʟʢʠʭ ʥʝʬʪʝʡ ʟʥʘʯʠʪʝʣʴʥʘʷ ʜʦʣʷ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʧʘʨʘʬʠʥʠʩʪʳʝ ʥʝʬʪʠ, ʚʷʟʢʦʩʪʴ ʠ ʚʳʩʦʢʘʷ 
ʪʝʤʧʝʨʘʪʫʨʘ ʟʘʩʪʳʚʘʥʠʷ ʢʦʪʦʨʳʭ ʦʙʫʩʣʦʚʣʝʥʘ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʘʨʘʬʠʥʘ. ɼʦʣʷ ʧʘʨʘʬʠʥʠʩʪʦʡ ʥʝʬʪʠ 
ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʘ ʠ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 25 % ʦʪ ʚʩʝʭ ʥʝʬʪʝʡ ʤʠʨʘ.  
ɺʦʚʣʝʯʝʥʠʝ ʚ ʨʘʟʨʘʙʦʪʢʫ ʥʝʬʪʠ ʩ ʘʥʦʤʘʣʴʥʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʪʨʝʙʫʝʪ ʨʘʟʚʠʪʠʷ ʤʝʪʦʜʦʚ  
ʫʚʝʣʠʯʝʥʠʷ ʥʝʬʪʝʦʪʜʘʯʠ ʪʘʢʦʡ ʥʝʬʪʠ. ɸ ʵʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʚʳʟʳʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʳʷʚʣʝʥʠʷ 
ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠʟʤʝʥʝʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠ 
ʪʝʨʤʦʙʘʨʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠʭ ʟʘʣʝʛʘʥʠʷ. ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ 
ʠʟʚʣʝʯʝʥʠʷ ʠ ʪʨʘʥʩʧʦʨʪʘ ʥʝʬʪʠ ʩ ʘʥʦʤʘʣʴʥʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʪʨʝʙʫʝʪ ʧʦʣʫʯʝʥʠʷ ʟʥʘʥʠʡ 
ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʫʩʣʦʚʠʡ ʟʘʣʝʛʘʥʠʷ ʊʀʅ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ 
ʜʦʢʣʘʜʘ ʷʚʠʣʦʩʴ ʠʟʫʯʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʫʩʣʦʚʠʡ ʟʘʣʝʛʘʥʠʷ ʊʀʅ. 
ʆʩʥʦʚʫ ʘʥʘʣʠʟʘ ʩʚʦʡʩʪʚ ʊʀʅ ʩʦʩʪʘʚʠʣʘ ʚʳʙʦʨʢʘ ʦʪ 50 ʜʦ 5000 ʦʙʨʘʟʮʦʚ ʊʀʅ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ (ɹɼ) ʧʦ ʬʠʟʠʢʦ-
ʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʥʝʬʪʠ ʀʥʩʪʠʪʫʪʘ ʭʠʤʠʠ ʥʝʬʪʠ ʉʆ ʈɸʅ, ʢʦʪʦʨʘʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʢʣʶʯʘʝʪ ʦʧʠʩʘʥʠʷ 
22180 ʦʙʨʘʟʮʦʚ ʥʝʬʪʠ. ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʜʘʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣ. 1. 

ʊʘʙʣʠʮʘ 1 - ʂʦʣʠʯʝʩʪʚʝʥʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʧʠʩʘʥʠʡ ʪʨʫʜʥʦʠʟʚʣʝʢʘʝʤʳʭ ʥʝʬʪʝʡ ʚ ɹɼ 

 

ʊʨʫʜʥʦʠʟʚʣʝʢʘʝʤʘʷ ʥʝʬʪʴ 

ʆʙʲʝʤ 

ʚʳʙʦʨ
ʢʠ 

ʠʟ ɹɼ 

ʂʦʣʠʯʝʩʪʚʦ 

ʥʝʬʪʝʛʘʟʦʥ
ʦʩʥʳʭ 

ʙʘʩʩʝʡʥʦʚ 

ʂʦʣʠʯʝʩʪʚ
ʦ 

ʤʝʩʪʦʨʦʞʜ
ʝʥʠʡ 

ʅʝʬʪʴ ʩ 

ʘʥʦʤʘʣʴʥʳ
ʤʠ 

ʩʚʦʡʩʪʚʘʤʠ 

ʊʷʞʝʣʘʷ (ʧʣʦʪʥʦʩʪʴ ʙʦʣʝʝ 0,88 ʛ/ʩʤ
3
) 5104 119 1725 

ɺʷʟʢʘʷ (ʚʷʟʢʦʩʪʴ ʙʦʣʝʝ 35 ʤʤ
2
/ʩ ʧʨʠ 20 

0
ʉ) 2510 63 892 

ʉʝʨʥʠʩʪʘʷ (ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʙʦʣʝʝ 3 %) 865 40 358 

ʉʤʦʣʠʩʪʘʷ (ʩʦʜʝʨʞʘʥʠʝ ʩʤʦʣ ʙʦʣʝʝ 13 %) 2030 52 702 

ʇʘʨʘʬʠʥʠʩʪʘʷ (ʩʦʜʝʨʞʘʥʠʝ ʧʘʨʘʬʠʥʦʚ ʙʦʣʝʝ 6 %) 2327 58 807 

ʉ ʚʳʩʦʢʦʡ ʛʘʟʦʥʘʩʳʱʝʥʥʦʩʪʴʶ (ʙʦʣʝʝ 500 ʤ
3
/ʪ) 51 22 39 

ʉ ʥʠʟʢʦʡ ʛʘʟʦʥʘʩʳʱʝʥʥʦʩʪʴʶ (ʤʝʥʝʝ 200 ʤ
3
/ʪ) 2668 67 1090 

ʉ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʝʨʦʚʦʜʦʨʦʜʘ (ʙʦʣʝʝ 5%) 81 20 57 

ʅʝʬʪʴ ʚ 
ʩʣʦʞʥʳʭ 
ʫʩʣʦʚʠʷʭ 
ʟʘʣʝʛʘʥʠʷ 

ɺ ʩʣʘʙʦʧʨʦʥʠʮʘʝʤʳʭ ʢʦʣʣʝʢʪʦʨʘʭ (ʤʝʥʝʝ 0,05ʤʜʤ
2
) 479 33 345 

ɺ ʢʦʣʣʝʢʪʦʨʘʭ ʩ ʥʠʟʢʦʡ ʧʦʨʠʩʪʦʩʪʴʶ (ʤʝʥʝʝ 8 %) 96 12 63 

ɹʦʣʴʰʠʝ ʛʣʫʙʠʥʳ ʟʘʣʝʛʘʥʠʷ (ʙʦʣʝʝ 4500 ʢʤ) 407 25 206 

ʇʣʘʩʪʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʳʰʝ 100 
0
ʉ 839 47 438 

ʇʣʘʩʪʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʥʠʞʝ 20 
0
ʉ 316 35 169 

ʋʩʪʘʥʦʚʣʝʥʦ ʧʨʠ ʘʥʘʣʠʟʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʝʬʪʠ ʩ ʘʥʦʤʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ (ʪʷʞʝʣʘʷ, ʚʷʟʢʘʷ, 
ʩʝʨʥʠʩʪʘʷ, ʧʘʨʘʬʠʥʠʩʪʘʷ ʠ ʩʤʦʣʠʩʪʘʷ), ʯʪʦ ʪʘʢʠʝ ʥʝʬʪʠ ʦʪʥʦʩʷʪʩʷ ʢ ʚʷʟʢʠʤ (ʦʩʦʙʝʥʥʦ ʩʝʨʥʠʩʪʳʝ ʥʝʬʪʠ), 
ʚʳʩʦʢʦʩʤʦʣʠʩʪʳʤ ʠ ʩʨʝʜʥʝʧʘʨʘʬʠʥʠʩʪʳʤ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʧʘʨʘʬʠʥʠʩʪʦʡ ʥʝʬʪʠ, ʢʦʪʦʨʘʷ ʷʚʣʷʶʪʩʷ 
ʚʳʩʦʢʦʧʘʨʘʬʠʥʠʩʪʦʡ ʠ ʤʘʣʦʩʝʨʥʠʩʪʦʡ), ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʬʨʘʢʮʠʡ ʠ ʛʘʟʦʚʳʤ ʬʘʢʪʦʨʦʤ. ɻʘʟʦʚʳʡ ʬʘʢʪʦʨ 
ʘʥʦʤʘʣʴʥʦʡ ʥʝʬʪʠ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 22 ʜʦ 104 ʤ

3
/ʪ, ʯʪʦ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʨʠʪʝʨʠʝʚ ʊʀʅ. ʇʣʘʩʪʦʚʳʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʣʝʞʝʡ ʠʟʤʝʥʷʶʪʩʷ ʦʪ 34 ʜʦ 72 
0
ʉ. 

ʂ ʪʨʫʜʥʦʠʟʚʣʝʢʘʝʤʦʡ ʥʝʬʪʠ ʦʪʥʦʩʠʪʩʷ ʥʝʬʪʴ ʩ ʛʘʟʦʚʳʤ ʬʘʢʪʦʨʦʤ ʥʠʞʝ 200 ʤ
3
/ʪ ʠ ʚʳʰʝ 500 ʤ

3
/ʪ. ʈʘʩʩʤʦʪʨʠʤ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʥʝʬʪʠ ʩ ʥʠʟʢʠʤ ʛʘʟʦʩʦʜʝʨʞʘʥʠʝʤ. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 
ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʥʝʬʪʠ ʩʣʝʜʫʶʱʠʝ: ʦʪʥʦʩʠʪʩʷ ʢ ʥʝʬʪʠ ʩʦ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʴʶ, ʚʳʩʦʢʦʚʷʟʢʦʡ, ʩʝʨʥʠʩʪʦʡ, 
ʩʨʝʜʥʝʧʘʨʘʬʠʥʠʩʪʦʡ, ʩʨʝʜʥʝʩʤʦʣʠʩʪʦʡ ʠ ʤʘʣʦʘʩʬʘʣʴʪʝʥʦʚʦʡ, ʩʦ ʩʨʝʜʥʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʬʨʘʢʮʠʡ. ʅʝʬʪʴ ʩ 
ʚʳʩʦʢʠʤ ʛʘʟʦʩʦʜʝʨʞʘʥʠʝʤ (ʙʦʣʝʝ 500 ʤ

3
/ʪ) ʦʪʥʦʩʠʪʩʷ ʢ ʣʝʛʢʦʡ, ʤʘʣʦʚʷʟʢʦʡ, ʤʘʣʦʩʝʨʥʠʩʪʦʡ, ʫʤʝʨʝʥʥʦ 

ʧʘʨʘʬʠʥʠʩʪʦʡ, ʤʘʣʦʩʤʦʣʠʩʪʦʡ ʠ ʤʘʣʦʘʩʬʘʣʴʪʝʥʦʚʦʡ, ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʬʨʘʢʮʠʡ. 
ʅʘʣʠʯʠʝ ʚ ʥʝʬʪʠ ʭʠʤʠʯʝʩʢʠ ʘʛʨʝʩʩʠʚʥʦʛʦ ʩʝʨʥʠʩʪʦʛʦ ʛʘʟʘ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʙʦʣʝʝ 5 % ʪʘʢʞʝ ʦʩʣʦʞʥʷʝʪ ʜʦʙʳʯʫ 
ʥʝʬʪʠ, ʥʝʩʝʪ ʢʦʨʨʦʟʠʡʥʫʶ ʥʘʛʨʫʟʢʫ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʫʚʝʣʠʯʠʚʘʷ ʪʝʤ ʩʘʤʳʤ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʦʧʘʩʥʦʩʪʴ 
ʥʝʬʪʝʜʦʙʳʯʠ, ʪʨʝʙʫʷ ʧʨʠʤʝʥʝʥʠʷ ʩʧʝʮʠʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʠ ʙʫʨʝʥʠʠ ʩʢʚʘʞʠʥ ʠ ʜʦʙʳʯʝ ʥʝʬʪʠ. ʊʘʢʘʷ 
ʥʝʬʪʴ ʷʚʣʷʝʪʩʷ ʥʝʬʪʴʶ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʴʶ ʠ ʧʦʚʳʰʝʥʥʦʡ ʚʷʟʢʦʩʪʠ, ʩʝʨʥʠʩʪʦʡ, ʩʨʝʜʥʝʧʘʨʘʬʠʥʠʩʪʦʡ, 
ʩʨʝʜʥʝʘʩʬʘʣʴʪʝʥʦʚʦʡ ʠ ʫʤʝʨʝʥʥʦ ʩʤʦʣʠʩʪʦʡ, ʩ ʥʠʟʢʦʡ ʛʘʟʦʥʘʩʳʱʝʥʥʦʩʪʴʶ. 
ɺ ʧʝʨʝʯʝʥʴ ʦʩʥʦʚʥʳʭ ʢʨʠʪʝʨʠʝʚ ʚʳʜʝʣʝʥʠʷ ʪʨʫʜʥʦʠʟʚʣʝʢʘʝʤʳʭ ʟʘʧʘʩʦʚ ʥʝʬʪʠ ʚʭʦʜʠʪ ʘʥʦʤʘʣʴʥʘʷ ʧʣʘʩʪʦʚʘʷ 
ʪʝʤʧʝʨʘʪʫʨʘ - ʚʳʰʝ 100 Áʉ ʣʠʙʦ ʥʠʞʝ 20 Áʉ. ɿʥʘʥʠʝ ʟʥʘʯʝʥʠʷ ʧʣʘʩʪʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʘʞʥʦ ʜʣʷ 
ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʩʚʦʡʩʪʚ ʥʝʬʪʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʝʬʪʠ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʣʘʩʪʘʭ ʷʚʣʷʶʪʩʷ 
ʣʝʛʢʠʤʠ, ʩʦ ʩʨʝʜʥʝʡ ʚʷʟʢʦʩʪʴʶ, ʤʘʣʦʩʝʨʥʠʩʪʳʤʠ, ʤʘʣʦʩʤʦʣʠʩʪʳʤʠ ʠ ʤʘʣʦʘʩʬʘʣʴʪʝʥʦʚʳʤʠ, ʥʦ ʫʤʝʨʝʥʥʦ 
ʧʘʨʘʬʠʥʠʩʪʳʤʠ. ʆʜʥʘʢʦ ʥʝʬʪʴ ʚ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʣʘʩʪʘʭ ʢʘʯʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʩʚʦʠʤʠ ʩʚʦʡʩʪʚʘʤʠ - 
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ʧʦʚʳʰʝʥʥʦʡ ʧʣʦʪʥʦʩʪʴʶ, ʩʚʝʨʭʚʷʟʢʦʩʪʴʶ, ʩʨʝʜʥʠʤ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ, ʧʘʨʘʬʠʥʦʚ, ʘʩʬʘʣʴʪʝʥʦʚ, ʧʦʚʳʰʝʥʥʳʤ 
ʩʦʜʝʨʞʘʥʠʝ ʩʤʦʣ ʠ ʩ ʥʠʟʢʠʤ ʛʘʟʦʩʦʜʝʨʞʘʥʠʝʤ. 
ɻʣʫʙʦʢʦʟʘʣʝʛʘʶʱʠʝ ʥʝʬʪʠ (ʙʦʣʝʝ 4500 ʤ) ʪʘʢʞʝ ʦʪʥʦʩʷʪʩʷ ʢ ʪʨʫʜʥʦʠʟʚʣʝʢʘʝʤʦʡ ʥʝʬʪʠ. ɺ ʩʨʝʜʥʝʤ 
ʛʣʫʙʦʢʦʟʘʣʝʛʘʶʱʠʝ ʥʝʬʪʠ ʤʦʛʫʪ ʙʳʪʴ ʦʪʥʝʩʝʥʳ ʢ ʣʝʛʢʠʤ, ʩ ʧʦʚʳʰʝʥʥʦʡ ʚʷʟʢʦʩʪʴʶ, ʩʨʝʜʥʝʩʝʨʥʠʩʪʳʤ, 
ʩʨʝʜʥʝʧʘʨʘʬʠʥʠʩʪʳʤ, ʤʘʣʦʩʤʦʣʠʩʪʳʤ, ʤʘʣʦʘʩʬʘʣʴʪʝʥʦʚʳʤ, ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʬʨʘʢʮʠʠ ʥ. ʢ. 200 

0
ʉ ʠ 

ʩʨʝʜʥʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʬʨʘʢʮʠʠ ʥ. ʢ. 300 
0
ʉ. ɺʳʷʚʣʝʥʦ ʚʳʩʦʢʦʝ ʛʘʟʦʩʦʜʝʨʞʘʥʠʝ. 

ʊʨʫʜʥʦʠʟʚʣʝʢʘʝʤʦʡ ʥʝʬʪʴʶ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʝʨʝʯʥʝʤ ʩʯʠʪʘʝʪʩʷ ʥʝʬʪʴ,  ʟʘʢʣʶʯʝʥʥʳʝ ʚ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ 
ʢʦʣʣʝʢʪʦʨʘʭ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʩʣʘʙʦʧʨʦʥʠʮʘʝʤʳʝ (ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʤʝʥʝʝ 0,05 ʤʢʤ

2
) ʠ ʥʠʟʢʦʧʦʨʠʩʪʳʝ 

(ʧʦʨʠʩʪʦʩʪʴ ʤʝʥʝʝ 8 %). ɺ ʩʨʝʜʥʝʤ ʵʪʠ ʥʝʬʪʠ ʤʦʛʫʪ ʙʳʪʴ ʦʪʥʝʩʝʥʳ ʢ ʥʝʬʪʠ ʩʦ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʴʶ, 
ʩʚʝʨʭʚʷʟʢʦʡ, ʩʝʨʥʠʩʪʦʡ, ʩʨʝʜʥʝʧʘʨʘʬʠʥʠʩʪʦʡ, ʩʨʝʜʥʝʩʤʦʣʠʩʪʦʡ, ʩʨʝʜʥʝʘʩʬʘʣʴʪʝʥʦʚʦʡ, ʩ ʚʳʩʦʢʠʤ 
ʩʦʜʝʨʞʘʥʠʝʤ ʬʨʘʢʮʠʠ ʥ. ʢ. 200 

0
ʉ ʠ ʩʨʝʜʥʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʬʨʘʢʮʠʠ ʥ. ʢ. 300 

0
ʉ  ʠ ʩ ʥʠʟʢʠʤ ʛʘʟʦʩʦʜʝʨʞʘʥʠʝʤ ʚ 

ʥʝʬʪʠ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʘʟʳ ʜʘʥʥʳʭ ʧʦ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʥʝʬʪʠ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ 
ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʨʫʜʥʦʠʟʚʣʝʢʘʝʤʦʡ ʥʝʬʪʠ ʦʩʥʦʚʥʳʭ ʥʝʬʪʝʛʘʟʦʥʦʩʥʳʭ ʙʘʩʩʝʡʥʦʚ ʤʠʨʘ, 
ʚʳʷʚʣʝʥʳ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʢʘʢ ʥʝʬʪʠ ʩ ʘʥʦʤʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, 
ʪʘʢ ʠ ʥʝʬʪʠ ʚ ʩʣʦʞʥʳʭ ʫʩʣʦʚʠʷʭ ʟʘʣʝʛʘʥʠʷ (ʙʦʣʴʰʘʷ ʛʣʫʙʠʥʘ, ʘʥʦʤʘʣʴʥʳʝ ʧʣʘʩʪʦʚʳʝ ʪʝʤʧʝʨʘʪʫʨʳ, 
ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ ʢʦʣʣʝʢʪʦʨʳ). 
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ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ 
ʨʘʚʥʦʚʝʩʥʦʡ ʛʝʦʤʝʪʨʠʠ ʠ ʟʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʛʨʘʬʝʥʘ  
ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʛʨʘʬʝʥ SiC ʷʚʣʷʝʪʩʷ 
ʧʨʷʤʦʟʦʥʥʳʤ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʤ ʩ ʰʠʨʠʥʦʡ 
ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ, ʨʘʚʥʦʡ 2,81 ʵɺ 

Presented are the results of our calculations of 
equilibrium geometry and band structure of silicon carbide 
graphene. It has been shown that graphene SiC is a 
direct-gap semiconductor with a band gap equal to 2.81 
eV 

  
ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʨʘʚʥʦʚʝʩʥʦʡ ʛʝʦʤʝʪʨʠʠ ʠ ʟʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʛʨʘʬʝʥʘ  ʢʘʨʙʠʜʘ 
ʢʨʝʤʥʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʛʨʘʬʝʥ SiC ʷʚʣʷʝʪʩʷ ʧʨʷʤʦʟʦʥʥʳʤ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʤ ʩ ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ, 
ʨʘʚʥʦʡ 2,81 ʵɺ. 
ʀʥʪʝʨʝʩ ʢ ʜʚʫʭʤʝʨʥʳʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʩʪʨʫʢʪʫʨʘʤ ʦʙʫʩʣʦʚʣʝʥ ʟʘʤʝʪʥʳʤʠ ʫʩʧʝʭʘʤʠ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʚʦʡʩʪʚ 
ʫʛʣʝʨʦʜʥʦʛʦ ʛʨʘʬʝʥʘ, "ʣʘʫʨʝʘʪʘ" ʥʦʙʝʣʝʚʩʢʦʡ ʧʨʝʤʠʠ ʧʦ ʬʠʟʠʢʝ 2010 ʛʦʜʘ . ʋʞʝ ʨʝʘʣʠʟʦʚʘʥʳ ʧʨʦʪʦʪʠʧʳ 
ʙʫʜʫʱʠʭ ʫʩʪʨʦʡʩʪʚ, ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʧʦʩʪʢʨʝʤʥʠʝʚʦʡ ʵʧʦʭʠ, ʥʘ ʦʩʥʦʚʝ ʛʨʘʬʝʥʘ. ʅʘʧʨʠʤʝʨ, 
ʞʠʜʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʜʠʩʧʣʝʠ, ʩʦʣʥʝʯʥʳʝ ʙʘʪʘʨʝʠ, ʪʨʘʥʟʠʩʪʦʨʳ ʠ ʛʘʟʦʚʳʝ ʩʝʥʩʦʨʳ. 
ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʠ 
ʵʣʝʢʪʨʦʥʥʳʭ ʩʚʦʡʩʪʚ ʘʥʘʣʦʛʘ ʫʛʣʝʨʦʜʥʦʛʦ ʛʨʘʬʝʥʘ, ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʧʫʪʝʤ ʯʝʨʝʜʦʚʘʥʠʷ ʘʪʦʤʦʚ ʢʨʝʤʥʠʷ ʠ 
ʫʛʣʝʨʦʜʘ,  ʠ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦ ʩʦʩʪʘʚʫ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʛʨʘʬʝʥ SiC (ʨʠʩ.1 ʘ) ʥʝ ʩʠʥʪʝʟʠʨʦʚʘʥ ʚ 
ʣʘʙʦʨʘʪʦʨʠʠ, ʦʜʥʘʢʦ, ʧʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʪʨʫʙʦʢ SiC [1], ʝʩʪʴ ʚʩʝ ʦʩʥʦʚʘʥʠʷ ʦʞʠʜʘʪʴ ʵʪʦʛʦ ʩʦʙʳʪʠʷ ʚ 
ʙʣʠʞʘʡʰʝʡ ʧʝʨʩʧʝʢʪʠʚʝ. ʊʦʯʥʳʝ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʛʨʘʬʝʥʘ SiC 
ʧʨʝʜʩʪʘʚʣʷʶʪ ʙʝʟʫʩʣʦʚʥʳʡ ʠʥʪʝʨʝʩ, ʧʦʩʢʦʣʴʢʫ ʦʙʣʘʜʘʶʪ ʧʨʝʜʩʢʘʟʘʪʝʣʴʥʦʡ ʩʠʣʦʡ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ.1 ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʛʨʘʬʝʥʘ SiC (ʘ) , ʟʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ (ʙ) , ʟʦʥʘ ɹʨʠʣʣʶʵʥʘ (ʚ). 

ʈʘʚʥʦʚʝʩʥʘʷ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʜʚʫʭʤʝʨʥʦʡ ʨʝʰʝʪʢʠ SiC ʙʳʣʘ ʥʘʡʜʝʥʘ ʧʫʪʝʤ ʤʠʥʠʤʠʟʘʮʠʠ ʧʦʣʥʦʡ 
ʵʥʝʨʛʠʠ ʤʦʜʝʣʴʥʳʭ ʢʣʘʩʪʝʨʦʚ, ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʣ 700 ʘʪʦʤʦʚ. ʉʚʦʙʦʜʥʳʝ ʩʚʷʟʠ ʧʦ 
ʧʝʨʠʤʝʪʨʫ ʢʣʘʩʪʝʨʦʚ ʥʘʩʳʱʘʣʠʩʴ ʘʪʦʤʘʤʠ ʚʦʜʦʨʦʜʘ. ʇʦʣʥʘʷ ʵʥʝʨʛʠʷ ʚʳʯʠʩʣʷʣʘʩʴ ʚ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʦʤ 

a) 

 

ʙ)  ʚ)  
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ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʈʄ6 [2]. ʇʦʩʣʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ  
ʨʘʚʥʦʚʝʩʥʘʷ ʜʣʠʥʘ ʩʚʷʟʠ ʤʝʞʜʫ ʙʣʠʞʘʡʰʠʤʠ ʘʪʦʤʘʤʠ Si ʠ C ʚ ʛʨʘʬʝʥʝ, r = 0,1713 ʥʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ 
ʧʦʩʪʦʷʥʥʘʷ ʨʝʰʝʪʢʠ a = 0,2967 ʥʤ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ,  ʧʣʦʩʢʘʷ ʨʝʰʝʪʢʘ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 
ʧʣʦʪʥʦʡ ʫʧʘʢʦʚʢʦʡ ʘʪʦʤʦʚ, ʩʨʘʚʥʠʤʦʡ ʩ ʪʨʝʭʤʝʨʥʳʤʠ ʨʝʰʝʪʢʘʤʠ (3C, 6H, 4H), ʛʜʝ r = 0,189 ʥʤ.  
ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʙʳʣ ʨʘʩʯʝʪ ʟʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʨʘʚʥʦʚʝʩʥʦʡ ʨʝʰʝʪʢʠ ʛʨʘʬʝʥʘ SiC. ɼʣʷ ʵʪʦʡ ʮʝʣʠ ʙʳʣ 
ʠʩʧʦʣʴʟʦʚʘʥ ʦʪʢʨʳʪʳʡ ʢʦʜ ABINIT [3], ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʡ ʜʣʷ ʠʤʝʶʱʝ-ʛʦʩʷ ʚ ʨʘʩʧʦʨʷʞʝʥʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ 
ʢʣʘʩʪʝʨʘ. ʈʘʩʯʝʪ ʧʨʦʚʦʜʠʣʩʷ ʥʝʵʤʧʠʨʠʯʝʩʢʠʤ ʤʝʪʦ-ʜʦʤ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ (DFT), ʚ ʨʘʤʢʘʭ 
ʧʨʠʙʣʠʞʝʥʠʷ ʣʦʢʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ (LDA) ʠ ʚ ʙʘʟʠʩʝ PAW (projector augmented waves). ʈʝʟʫʣʴʪʘʪ ʨʘʩʯʝʪʘ 
ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ.1 ʙ).  
ɸʥʘʣʠʟ ʟʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʛʨʘʬʝʥ SiC ʷʚʣʷʝʪʩʷ ʰʠʨʦʢʦʟʦʥʥʳʤ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʤ. ʇʦʪʦʣʦʢ 
ʚʘʣʝʥʪʥʦʡ ʟʦʥʳ (ˊ) ʠ ʜʥʦ ʟʦʥʳ ʧʨʦʚʦʜʠʤʦʩʪʠ (ˊ*) ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʪʦʯʢʝ ʩʠʤʤʝʪʨʠʠ ʂ (2ˊ/[3r], 2ˊ/[33/2r]) ʟʦʥʳ 
ɹʨʠʣʣʶʵʥʘ (ʨʠʩ. 1ʚ). ɸʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʩʦʩʪʦʷʥʠʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ˊ- ʠ ˊ*- ʟʦʥ 
ʫʯʘʩʪʚʫʶʪ pz- ʦʨʙʠʪʘʣʠ ʘʪʦʤʦʚ Si ʠ ʉ. ʄʘʢʩʠʤʫʤ ʚʘʣʝʥʪʥʦʡ ʟʦʥʳ (ů) ʚ ʪʦʯʢʝ ʩʠʤʤʝʪʨʠʠ ɻ(0, 0) ʩʬʦʨʤʠʨʦʚʘʥ s-
, px-, py- ʦʨʙʠʪʘʣʷʤʠ ʘʪʦʤʦʚ ʛʨʘʬʝʥʘ. ʐʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ Eg = 2,81 ʵɺ, ʧʦʧʘʜʘʝʪ ʚ ʜʠʘʧʘʟʦʥ  2,36 ʵɺ 
(SiC 3C) õ 3,28 ʵɺ (SiC 4H) ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʥʘʯʝʥʠʡ ʜʣʷ ʦʙʲʝʤʥʳʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʢʘʨʙʠʜʘ 
ʢʨʝʤʥʠʷ. ʆʪʤʝʪʠʤ ʚʘʞʥʫʶ ʦʩʦʙʝʥʥʦʩʪʴ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʛʨʘ-ʬʝʥʘ SiC, ʦʥ ʷʚʣʷʝʪʩʷ ʧʨʷʤʦʟʦʥʥʳʤ 
ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʤ ʚ ʦʪʣʠʯʠʝ ʦʪ ʥʝʧʨʷʤʦʟʦʥʥʳʭ ʧʦʣʠʪʠʧʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ. 
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ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʥʝʵʤʧʠʨʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ 
ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʦʥ ʦʜʥʦʩʣʦʡʥʳʭ ʠ ʜʚʫʭʩʣʦʡʥʳʭ 
ʥʘʥʦʪʨʫʙʦʢ  zigzag SiC. ʇʦʩʪʨʦʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ 
ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʦʪ ʨʘʟʤʝʨʘ ʥʘʥʦʪʨʫʙʦʢ. 
ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʩʦʩʪʘʚʘ  ʜʚʫʭʩʣʦʡʥʳʭ 
ʥʘʥʦʪʨʫʙʦʢ SiC ʥʘ ʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

The results of ab initio calculations of the energy bands of 
single- and double-walled zigzag SiC nanotubes are 
presented. We built nanotube size dependence of the 
band gap.  The influence of double-walled SiC nanotubes 
composition on their energy characteristics was analyzed 

  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʵʣʝʢʪʨʦʥʥʳʭ ʩʧʝʢʪʨʦʚ ʦʜʥʦʩʣʦʡʥʳʭ ʠ ʜʚʫʭʩʣʦʡʥʳʭ ʥʘʥʦʪʨʫʙʦʢ  
SiC ʦʪ ʠʭ ʧʦʧʝʨʝʯʥʳʭ ʨʘʟʤʝʨʦʚ. ɹʳʣʘ ʚʳʙʨʘʥʘ ʩʪʨʫʢʪʫʨʘ zigzag (n, 0), ʭʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʢʦʪʦʨʦʡ 
ʷʚʣ̫ʝʪʩʷ ʥʘʣʠʯʠʝ ʩʚʷʟʝʡ Si-C, ʥʘʧʨʘʚʣʝʥʥʳʭ ʧʘʨʘʣʣʝʣʴʥʦ ʦʩʠ ʥʘʥʦʪʨʫʙʢʠ. ɸʪʦʤʳ ʢʨʝʤʥʠʷ ʠ ʫʛʣʝʨʦʜʘ 
ʯʝʨʝʜʫʶʪʩʷ, ʟʘʥʠʤʘʷ ʚʝʨʰʠʥʳ ʰʝʩʪʠʫʛʦʣʴʥʠʢʦʚ. ɺ ʧʨʝʜʝʣʝ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ ʭʠʨʘʣʴʥʦʩʪʠ n, ʘ 
ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʨʘʜʠʫʩʘ, ʣʦʢʘʣʴʥʘʷ ʛʝʦʤʝʪʨʠʷ ʥʘʥʦʪʨʫʙʢʠ ʧʦʚʪʦʨʷʝʪ ʨʝʰʝʪʢʫ ʛʨʘʬʝʥʘ SiC. 
ʈʘʩʯʝʪ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ zigzag ʥʘʥʦʪʨʫʙʦʢ (n, 0) SiC ʧʨʦʚʦʜʠʣʩʷ ʤʝʪʦʜʦʤ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ 
ʧʣʦʪʥʦʩʪʠ (DFT) ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʣʦʢʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ (LDA) ʩ ʧʦʤʦʱʴʶ ʦʪʢʨʳʪʦʛʦ ʢʦʜʘ ABINIT [1]. ʇʘʨʘʤʝʪʨ 
ʭʠʨʘʣʴʥʦʩʪʠ n ʠʟʤʝʥʷʣʩʷ ʦʪ 3 ʜʦ 20,  ʘ ʨʘʜʠʫʩ ʥʘʥʦʪʨʫʙʦʢ ʦʪ 0,1507 ʥʤ ʜʦ 0,94 ʥʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  
ʈʘʚʥʦʚʝʩʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʦʧʨʝʜʝʣʷʣʠʩʴ ʧʫʪʝʤ ʤʠʥʠʤʠʟʘʮʠʠ ʧʦʣʥʦʡ ʵʥʝʨʛʠʠ, ʚ ʢʘʯʝʩʪʚʝ 
ʙʘʟʠʩʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ PAW (projector augmented waves).  
ʅʘ ʨʠʩ.1(ʘ,ʙ) ʧʦʢʘʟʘʥʳ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʟʦʥʳ ʥʘʥʦʪʨʫʙʦʢ SiC (6, 0) ʠ (10, 0) ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʫʨʦʚʥʷ ʌʝʨʤʠ. ʊʦʯʢʠ 
ʩʠʤʤʝʪʨʠʠ ɻ(0, 0) ʠ Z(ˊ/a, 0), ʛʜʝ a - ʧʦʩʪʦʷʥʥʘʷ "ʨʝʰʝʪʢʠ", ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʜʥʦʤʝʨʥʫʶ ʟʦʥʫ ɹʨʠʣʣʶʵʥʘ. ʆʙʝ 
ʥʘʥʦʪʨʫʙʢʠ ʷʚʣʷʶʪʩʷ ʧʨʷʤʦʟʦʥʥʳʤʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʤʠ ʩ ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ (Eg) 0,661 ʵɺ ʠ 1,881 ʵɺ 
ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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                                              ʘ)                             ʙ)                                                   ʚ) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ʈʠʩ.1 ɿʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʥʘʥʦʪʨʫʙʦʢ SiC, ʘ) (6, 0 ), ʙ) (10,0), ʚ) ʟʘʚʠʩʠʤʦʩʪʴ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ 
ʦʪ ʧʦʧʝʨʝʯʥʦʛʦ ʨʘʟʤʝʨʘ ʥʘʥʦʪʨʫʙʦʢ zigzag. 

ɿʘʚʠʩʠʤʦʩʪʴ  ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʦʪ ʨʘʟʤʝʨʘ ʥʘʥʦʪʨʫʙʦʢ SiC ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ.1 (ʚ). ʅʘʥʦʪʨʫʙʢʠ ʩ 
ʥʘʠʤʝʥʴʰʠʤʠ ʨʘʜʠʫʩʘʤʠ ( n < 5) ʷʚʣʷʶʪʩʷ ʧʨʦʚʦʜʥʠʢʘʤʠ. ʇʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʟʘʥʠʤʘʝʪ ʩʪʨʫʢʪʫʨʘ (5, 
0) ʩ ʥʫʣʝʚʦʡ Eg, ʢʘʢ ʫ ʛʨʘʬʝʥʘ ʫʛʣʝʨʦʜʘ. ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʥʘʥʦʪʨʫʙʦʢ (n > 5) 
ʚʝʜʝʪ ʢ ʤʦʥʦʪʦʥʥʦʤʫ, ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʤʫ ʨʦʩʪʫ Eg. ɻʦʨʠʟʦʥʪʘʣʴʥʦʡ ʘʩʠʤʧʪʦʪʦʡ ʛʨʘʬʠʢʘ ʬʫʥʢʮʠʠ Eg(n) 
ʷʚʣʷʝʪʩʷ ʧʨʷʤʘʷ E = Eg*, ʛʜʝ Eg*- ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʛʨʘʬʝʥʘ SiC, ʨʘʚʥʘʷ 2,812 ʵɺ (ʨʘʩʯʝʪ ʚʳʧʦʣʥʝʥ 
ʥʘʤʠ, ʪʝʤ ʞʝ ʤʝʪʦʜʦʤ).  
ɼʚʫʭʩʣʦʡʥʳʝ ʥʘʥʦʪʨʫʙʢʠ SiC ʢʨʘʡʥʝ ʩʣʘʙʦ ʠʟʫʯʝʥʳ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ ʧʦʧʳʪʘʣʠʩʴ ʦʪʚʝʪʠʪʴ ʥʘ ʚʦʧʨʦʩ, ʢʘʢ 
ʢʦʤʙʠʥʘʮʠʷ ʧʘʨʘʤʝʪʨʦʚ ʭʠʨʘʣʴʥʦʩʪʠ n1 ʠ n2, ʚʥʫʪʨʝʥʥʝʡ (n1,0) ʠ ʚʥʝʰʥʝʡ (n2,0) ʤʦʥʦʩʣʦʡʥʳʭ ʥʘʥʦʪʨʫʙʦʢ 
SiC, ʚʣʠʷʝʪ ʥʘ ʵʣʝʢʪʨʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʤʥʦʛʦʩʣʦʡʥʳʭ (n1,0)@ (n2,0) ʥʘʥʦʪʨʫʙʦʢ. ʅʘ ʨʠʩ.2(ʘ) ʠʟʦʙʨʘʞʝʥ 
ʬʨʘʛʤʝʥʪ ʜʚʫʭʩʣʦʡʥʦʡ (7,0)@(14,0) zigzag ʥʘʥʦʪʨʫʙʢʠ SiC. ʇʦʩʢʦʣʴʢʫ ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ Si-C ʚʦ 
ʚʥʫʪʨʝʥʥʝʡ ʠ ʚʥʝʰʥʠʭ ʥʘʥʦʪʨʫʙʢʘʭ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʶʪ, ʵʣʝʤʝʥʪʘʨʥʳʝ ʷʯʝʡʢʠ ʜʚʫʭʩʣʦʡʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʥʝ 
ʩʣʠʰʢʦʤ ʚʝʣʠʢʠ, ʪʝʤ ʩʘʤʳʤ ʦʙʣʝʛʯʘʷ ʨʘʩʯʝʪʳ . ɸʥʘʣʠʟ ʟʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩ.2(ʙ), 
ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘʥʦʪʨʫʙʢʘ (7, 0)@(14,0) SiC ʷʚʣʷʝʪʩʷ ʧʨʷʤʦʟʦʥʥʳʤ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʤ, ʛʜʝ Eg = 0,469 ʵɺ. ɼʣʷ 
ʩʨʘʚʥʝʥʠʷ ʧʨʠʚʝʜʝʤ ʚʝʣʠʯʠʥʳ Eg ʜʣʷ ʩʦʩʪʘʚʣʷʶʱʠʭ ʤʦʥʦʘʪʦʤʥʳʭ ʥʘʥʦʪʨʫʙʦʢ, Eg[(7,0)] = 1,258 ʵɺ ʠ 
Eg[(14,0)] = 2,207 ʵɺ. ʅʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʘʥʦʪʨʫʙʢʘʤʠ  (0,346 ʥʤ), ʥʘʙʣʶʜʘʝʪʩʷ ʠʭ 
ʩʚʷʟʳʚʘʥʠʝ (ʚ ʘʥʛʣ. ʠʩʪʦʯʥʠʢʘʭ coupling), ʢʦʪʦʨʦʝ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʛʨʘʬʠʪʘ, ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʝʪ ʵʣʝʢʪʨʦʥʥʳʝ 
ʩʚʦʡʩʪʚʘ ʤʥʦʛʦʩʣʦʡʥʦʡ ʩʪʨʫʢʪʫʨʳ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚ ʨʘʟʳ ʫʤʝʥʴʰʘʷ ʰʠʨʠʥʫ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ. 

ʘ)                                         ʙ)                                             ʚ) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

ʈʠʩ.2 ʘ) ʩʪʨʦʝʥʠʝ ʜʚʫʭʩʣʦʡʥʦʡ (7,0)@(14,0) zigzag ʥʘʥʦʪʨʫʙʢʠ SiC, ʙ) ʟʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ (7,0)@(14,0), ʚ) 
ʵʣʝʢʪʨʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʜʚʫʭʩʣʦʡʥʳʭ zigzag ʥʘʥʦʪʨʫʙʦʢ SiC (m - ʧʨʦʚʦʜʥʠʢ, s - ʧʦʣʫʧʨʦʚʦʜʥʠʢ). 

ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʛʨʘʥʠʮʘ ʨʘʟʜʝʣʘ ʤʝʞʜʫ ʜʚʫʭʩʣʦʡʥʳʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ SiC 
ʧʨʦʚʦʜʥʠʢʘʤʠ (m) ʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʤʠ (s) ʨʘʩʧʦʣʦʞʝʥʘ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2(ʚ). ʇʘʨʳ ʦʜʥʦʩʣʦʡʥʳʭ 
ʥʘʥʦʪʨʫʙʦʢ ʩ ʤʘʣʳʤ ʧʦʧʝʨʝʯʥʳʤ ʨʘʟʤʝʨʦʤ ʦʙʨʘʟʫʶʪ ʜʚʫʭʩʣʦʡʥʳʝ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʪʠʧʦʤ ʧʨʦʚʦʜʠʤʦʩʪʠ. 
ʂʨʘʡʥʝʝ ʧʦʣʦʞʝʥʠʝ ʟʘʥʠʤʘʶʪ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʥʘʥʦʪʨʫʙʢʠ (5,0)@(13,0) ʠ (6,0)@(14,0), ʜʣʷ ʢʦʪʦʨʳʭ Eg 
ʨʘʚʥʳ 0,369 ʵɺ ʠ 0,486 ʵɺ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʃʠʪʝʨʘʪʫʨʘ 

1. Gonze X.,  Amadon B.,  Anglade  P.-M. etc. ABINIT : First-principles approach of materials and 

nanosystem properties // Computer Phys. Commun.,  2009. V.180. P.2582-2615.  
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ʆɼʅʆʕʃɽʂʊʈʆʅʅʓʍ ʉʀʉʊɽʄɸʍ 
SIMULATION OF ELECTRONIC TRANSITIONS IN 
ONE-ELECTRON SYSTEMS 

ʆʩʪʨʦʚʩʢʠʡ ʅ.ɺ.  Ostrovskiy N.V. 

ɺʷʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ Vyatka State University 

  
ɺ ʜʦʢʣʘʜʝ ʦʙʩʫʞʜʘʝʪʩʷ  ʜʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, 
ʦʧʠʩʳʚʘʶʱʘʷ ʧʝʨʝʭʦʜ ʵʣʝʢʪʨʦʥʘ ʩ ʥʠʞʥʝʡ ʦʨʙʠʪʳ ʥʘ 
ʚʝʨʭʥʶʶ. ʄʦʜʝʣʴ ʚʢʣʶʯʘʝʪ ʧʝʨʝʜʘʯʫ ʵʥʝʨʛʠʠ ʦʪ 
ʠʤʧʫʣʴʩʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʬʦʪʦʥʘ) 
ʵʣʝʢʪʨʦʥʫ, ʠʟʤʝʥʝʥʠʝ ʨʘʜʠʫʩʘ ʦʨʙʠʪʳ ʵʣʝʢʪʨʦʥʘ ʠ 
ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤ ʧʘʨʘʤʝʪʨʦʚ. 

In the report is discussed a dynamic model, described an 
electron transition from lower orbit to upper. The model 
includes the transfer of energy from impulses of 
electromagnetic radiation (photon) to electron, change of 
electron orbit radius and related parameters. 

  
ɺ ʜʦʢʣʘʜʝ ʧʨʠʚʦʜʠʪʩʷ ʦʧʠʩʘʥʠʝ ʠ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ ʤʦʜʝʣʠ ʧʝʨʝʭʦʜʘ ʵʣʝʢʪʨʦʥʘ ʩ ʥʠʟʰʝʡ ʩʪʘʮʠʦʥʘʨʥʦʡ 
ʦʨʙʠʪʳ ʥʘ ʚʳʩʰʫʶ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʠʤʧʫʣʴʩʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʬʦʪʦʥʘ). ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ 
ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ ʵʣʝʢʪʨʦʥʝ-ʚʦʣʥʝ, ʜʚʠʞʫʱʝʤʩʷ ʧʦ ʢʨʫʛʦʚʦʡ ʦʨʙʠʪʝ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʡ ʧʦʩʪʫʣʘʪʘʤ ʅ. ɹʦʨʘ. 
ɼʣʷ ʜʝʪʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ ʦʪ ʠʤʧʫʣʴʩʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʢ ʵʣʝʢʪʨʦʥʫ ʚʚʝʜʝʥʘ 
ʬʫʥʢʮʠʷ ʪʝʢʫʱʝʡ ʤʦʱʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ [1]: 

( )[ ]ppnn -+= thtP 2cos1)( 2 ,     (1) 

ʛʜʝ: h ïʧʦʩʪʦʷʥʥʘʷ ʇʣʘʥʢʘ, ɜ ï ʯʘʩʪʦʪʘ ʠʟʣʫʯʝʥʠʷ. ʀʥʪʝʛʨʘʣ ʦʪ P(t) ʟʘ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ n1=Dt ʨʘʚʝʥ  hɜ. 

ʇʦʣʫʯʝʥʥʘʷ ʵʣʝʢʪʨʦʥʦʤ ʵʥʝʨʛʠʷ ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʨʘʙʦʪʫ ʧʨʦʪʠʚ ʩʠʣʳ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʨʠʪʷʞʝʥʠʷ. ʂʘʢ 
ʩʣʝʜʫʝʪ ʠʟ ʤʦʜʝʣʠ ɹʦʨʘ ʢʦʥʝʯʥʦʝ ʟʥʘʯʝʥʠʝ ʨʘʜʠʫʩʘ ʦʨʙʠʪʳ r2 ʩʚʷʟʘʥʘ ʩ ʥʘʯʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʨʘʜʠʫʩʘ r1 ʠ 
ʚʝʣʠʯʠʥʦʡ ʦʨʙʠʪʳ A12 ʩʦʦʪʥʦʰʝʥʠʝʤ: 
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= , ʛʜʝ Z ï ʟʘʨʷʜ ʷʜʨʘ.    (2) 

ʀʟ ʪʝʦʨʠʠ ɹʦʨʘ ʪʘʢʞʝ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʦ ʟʘʚʝʨʰʝʥʠʠ ʧʨʦʮʝʩʩʘ ʫʚʝʣʠʯʝʥʠʷ ʨʘʜʠʫʩʘ ʦʨʙʠʪʳ ʜʦʣʞʥʦ ʧʨʦʠʟʦʡʪʠ 
ʫʚʝʣʠʯʝʥʠʝ ʤʦʤʝʥʪʘ ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ ʵʣʝʢʪʨʦʥʘ (ʫʛʣʦʚʦʛʦ ʤʦʤʝʥʪʘ) ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʠʟʤʝʥʝʥʠʶ ʥʦʤʝʨʘ 
ʦʨʙʠʪʳ. ʕʪʦ ʩʦʙʳʪʠʝ ʪʨʝʙʫʝʪ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʫʶ ʤʳ ʥʘʟʦʚʸʤ ʵʥʝʨʛʠʝʡ ʢʚʘʥʪʦʚʦʛʦ 
ʩʢʘʯʢʘ: 
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ʛʜʝ a ʠ b ʥʘʯʘʣʴʥʳʡ ʠ ʢʦʥʝʯʥʳʡ ʥʦʤʝʨʘ ʦʨʙʠʪ. 
ɼʣʷ ʪʦʛʦ, ʯʪʦ ʙʳ ʦʙʲʷʩʥʠʪʴ ʥʘʢʦʧʣʝʥʠʝ ʵʣʝʢʪʨʦʥʦʤ ʥʝʦʙʭʦʜʠʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʵʥʝʨʛʠʠ, ʘʚʪʦʨʦʤ ʚʚʝʜʝʥʦ 
ʧʦʥʷʪʠʝ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʘ ʠʣʠ ʵʥʝʨʛʠʠ ʜʝʬʦʨʤʘʮʠʠ ʵʣʝʢʪʨʦʥʥʦʡ ʦʨʙʠʪʳ (EDef). ʊʝʢʫʱʘʷ ʚʝʣʠʯʠʥʘ 
ʵʪʦʡ ʵʥʝʨʛʠʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʫʨʘʚʥʝʥʠʶ, ʘʥʘʣʦʛʠʯʥʦʤʫ ʫʨʘʚʥʝʥʠʶ (3). ʊʦʛʜʘ ʚʝʣʠʯʠʥʘ ʨʘʙʦʪʳ ʧʨʦʪʠʚ ʩʠʣʳ 
ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʨʠʪʷʞʝʥʠʷ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ [1]: 

12,12,12 )( DefK EEdttPA D-D-= ,     (4) 

ʛʜʝ ȹEK,12 ï ʠʟʤʝʥʝʥʠʝ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʘ ʧʨʠ  ʫʚʝʣʠʯʝʥʠʠ ʨʘʜʠʫʩʘ ʦʨʙʠʪʳ ʦʪ r1 ʜʦ r2. 
ɺʦʟʤʦʞʥʦʩʪʠ ʤʦʜʝʣʠ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʳ ʨʘʩʯʸʪʘʤʠ ʜʣʷ ʧʝʨʝʭʦʜʦʚ 1=>2, 1=>3 ʠ 2=>3 ʚ ʘʪʦʤʝ ʚʦʜʦʨʦʜʘ ʠ 
ʜʣʷ ʧʝʨʝʭʦʜʘ 1=>2 ʚ ʠʦʥʝ ʛʝʣʠʷ. 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʆʩʪʨʦʚʩʢʠʡ ʅ.ɺ. ʆʙ ʵʥʝʨʛʠʠ ʠʤʧʫʣʴʩʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʵʣʝʢʪʨʦʥʥʳʡ ʧʝʨʝʭʦʜ ʚ ʘʪʦʤʝ 
ʚʦʜʦʨʦʜʘ).// ʊʨʫʜʳ VII ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʩʠʤʧʦʟʠʫʤʘ ʧʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʠ 
ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʵʢʦʣʦʛʠʠ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 26-29 ʠʶʥʷ 2007 ʛ. ï ʉʇʙ: ʠʟʜʘʪʝʣʴʩʪʚʦ ʉʘʥʢʪ-
ʇʝʪʝʨʙʫʨʛʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ çʃʕʊʀè, 2007, ʩ. 218-221. 
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90
SR ɺ ʇʆʏɺɽ 

ʀ ɼʈɽɺɽʉʅʆʄ ʗʈʋʉɽ ɼʋɹʈɸɺʓ 
MODEL OF THE DAILY DYNAMICS OF 

90
SR IN THE 

SOIL AND WOOD FLOOR OF OAK FOREST 
ʄʘʤʠʭʠʥ ʉ.ɺ.  Mamihin S.V. 

ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 
ʠʤ.ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ 

M.V.Lomonosov Moscow State University 

  
ʇʦʩʪʨʦʝʥʘ ʤʦʜʝʣʴ ʧʦʩʫʪʦʯʥʦʡ ʜʠʥʘʤʠʢʠ 

90
Sr ʚ 

ʵʢʦʩʠʩʪʝʤʝ ʜʫʙʨʘʚʳ. ʄʦʜʝʣʴ ʩʦʩʪʦʠʪ ʠʟ 4-ʭ ʤʦʜʫʣʝʡ, 
ʚ ʢʦʪʦʨʳʭ ʦʪʦʙʨʘʞʘʝʪʩʷ ʜʠʥʘʤʠʢʘ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 
ʚʝʱʝʩʪʚʘ, ʩʦʜʝʨʞʘʥʠʷ Ca ʠ 

90
Sr ʚ ʦʩʥʦʚʥʳʭ 

ʢʦʤʧʦʥʝʥʪʘʭ ʜʨʝʚʦʩʪʦʷ ʠ ʧʦʯʚʝ. ʇʦʚʝʜʝʥʠʝ 
90

Sr 
ʦʧʨʝʜʝʣʷʝʪ ʜʠʥʘʤʠʢʘ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ. 

90
Sr 

ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʜʝʨʝʚʘ 

A model of the daily dynamics of 
90

Sr in the oak 
ecosystem. The model consists of 4 modules, which 
shows the dynamics of organic matter, the content of Ca 
and 

90
Sr in the main components of wood stand and soil. 

Organic matter dynamics determines the 
<sup>90</sup>Sr behavior. 

90
Sr allocated between the 

components of a tree like the chemical analogue - Ca. 
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ʧʦʜʦʙʥʦ ʩʚʦʝʤʫ ʭʠʤʠʯʝʩʢʦʤʫ ʘʥʘʣʦʛʫ ï Ca. 
ʇʨʦʚʝʜʝʥʳ ʯʠʩʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʠʤʠʪʘʮʠʠ 
ʨʷʜʘ ʚʦʟʤʦʞʥʳʭ ʨʘʜʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʪʫʘʮʠʡ. ɼʘʥʦ 
ʦʧʨʝʜʝʣʝʥʠʝ ʨʦʣʠ ʧʦʯʚʳ ʠ ʢʦʤʧʦʥʝʥʪʦʚ ʜʨʝʚʝʩʥʦʡ 
ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ ʧʦʪʦʢʦʚ ʤʝʞʜʫ ʥʠʤʠ ʚ 
ʙʠʦʣʦʛʠʯʝʩʢʦʤ ʢʨʫʛʦʚʦʨʦʪʝ 

90
Sr 

Numerical experiments on imitation of a number of 
possible radiological emergencies. The definition of the 
role of soil and the components of the wood vegetation 
and flows between them in the biological cycle of 

90
Sr 

  
ɺ ʨʘʤʢʘʭ ʜʘʣʴʥʝʡʰʝʡ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ ECORAD ʧʦʩʪʨʦʝʥʘ ʠʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʧʦʩʫʪʦʯʥʦʡ ʜʠʥʘʤʠʢʠ 
90
Sr ʚ ʵʢʦʩʠʩʪʝʤʝ ʜʫʙʨʘʚʳ. ʈʘʙʦʪʘ ʩ ʧʨʝʜʰʝʩʪʚʫʶʱʝʡ ʚʝʨʩʠʝʡ ʤʦʜʝʣʠ, ʚ ʢʦʪʦʨʦʡ ʧʨʦʮʝʩʩʳ ʧʦʚʝʜʝʥʠʷ 
ʨʘʜʠʦʥʫʢʣʠʜʘ ʚʦʩʧʨʦʠʟʚʦʜʠʣʠʩʴ ʩ ʰʘʛʦʤ ʚ 1 ʛʦʜ [1], ʚʳʷʚʠʣʘ ʥʝʜʦʩʪʘʪʦʯʥʫʶ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʘʣʛʦʨʠʪʤʘ 
ʧʨʠ ʩʪʦʣʴ ʢʨʫʧʥʦʤ ʰʘʛʝ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʵʪʦ ʚʳʨʘʟʠʣʦʩʴ ʚ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʫʯʝʪʘ ʚʟʘʠʤʥʦʛʦ 
ʢʦʤʧʝʥʩʠʨʦʚʘʥʠʷ ʚʩʪʨʝʯʥʳʭ ʧʦʪʦʢʦʚ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚ ʦʯʝʥʴ ʧʨʠʙʣʠʞʝʥʥʦʡ ʦʮʝʥʢʝ ʠʭ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ʇʨʠ 
ʪʘʢʦʤ ʰʘʛʝ ʧʦ ʚʨʝʤʝʥʠ ʥʝʣʴʟʷ ʙʳʣʦ ʪʘʢʞʝ ʫʯʝʩʪʴ ʥʘʣʠʯʠʝ ʦʙʨʘʪʥʳʭ, ʨʝʛʫʣʷʪʦʨʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ 
ʢʦʤʧʦʥʝʥʪʘʤʠ ʜʨʝʚʦʩʪʦʷ ʠ ʘʜʝʢʚʘʪʥʦ ʚʦʩʧʨʦʠʟʚʝʩʪʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ 

90
Sr ʤʝʞʜʫ ʥʠʤʠ. 

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʦʜʝʣʠ ʟʘ ʦʩʥʦʚʫ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʘʣʛʦʨʠʪʤ ʥʘʰʝʡ ʤʦʜʝʣʠ ʧʦʩʫʪʦʯʥʦʡ ʜʠʥʘʤʠʢʠ 
137
Cs ʚ 

ʘʥʘʣʦʛʠʯʥʦʡ ʵʢʦʩʠʩʪʝʤʝ [2], ʧʝʨʝʨʘʙʦʪʘʥʥʳʡ ʩ ʫʯʝʪʦʤ ʨʘʟʣʠʯʠʡ ʚ ʧʦʚʝʜʝʥʠʠ ʨʘʜʠʦʮʝʟʠʷ ʠ 
90
Sr ʚ ʧʦʯʚʝ ʠ 

ʨʘʩʪʠʪʝʣʴʥʦʤ ʧʦʢʨʦʚʝ. ʄʦʜʝʣʴ ʩʦʩʪʦʠʪ ʠʟ 4-ʭ ʤʦʜʫʣʝʡ, ʚ ʢʦʪʦʨʳʭ ʦʪʦʙʨʘʞʘʝʪʩʷ ʧʦʯʘʩʦʚʘʷ ʜʠʥʘʤʠʢʘ ʫʛʣʝʨʦʜʘ 
ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʧʦʩʫʪʦʯʥʘʷ ʜʠʥʘʤʠʢʘ ʩʦʜʝʨʞʘʥʠʷ Ca ʠ 

90
Sr ʚ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʘʭ ʜʨʝʚʦʩʪʦʷ 

(ʣʠʩʪʚʘ, ʚʝʪʚʠ ʢʨʫʧʥʳʝ ʠ ʤʝʣʢʠʝ, ʜʨʝʚʝʩʠʥʘ ʩʪʚʦʣʘ, ʢʦʨʘ ʥʘʨʫʞʥʘʷ (ʢʦʨʢʘ ʠʣʠ ʨʝʪʠʜʦʤ) ʠ ʚʥʫʪʨʝʥʥʷʷ 
(ʬʣʦʵʝʤʘ ʠʣʠ ʣʫʙ), ʢʦʨʥʠ ʢʨʫʧʥʳʝ ʠ ʤʝʣʢʠʝ) ʠ ʩʦʜʝʨʞʘʥʠʷ ʬʦʨʤ ʙʠʦʣʦʛʠʯʝʩʢʠ ʜʦʩʪʫʧʥʦʛʦ ʠ ʥʝʜʦʩʪʫʧʥʦʛʦ 

90
Sr 

ʚ ʧʦʯʚʝ. ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʠ ʝʝ ʧʨʦʚʝʨʢʘ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ ʧʦ 
ʧʦʚʝʜʝʥʠʶ 

90
Sr ʚ ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ ʣʠʩʪʚʝʥʥʳʭ ʣʝʩʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ ʂʳʰʪʳʤʩʢʦʡ ʠ 

ʏʝʨʥʦʙʳʣʴʩʢʦʡ ʨʘʜʠʘʮʠʦʥʥʳʭ ʢʘʪʘʩʪʨʦʬ. 
ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ: 
-ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʪʜʝʣʴʥʦ ʥʘʨʫʞʥʦʝ ʠ ʚʥʫʪʨʝʥʥʝʝ ʟʘʛʨʷʟʥʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʜʨʝʚʦʩʪʦʷ; 
- ʬʠʟʠʯʝʩʢʠʡ ʥʦʩʠʪʝʣʴ ʨʘʜʠʦʥʫʢʣʠʜʘ ï ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ, ʜʠʥʘʤʠʢʘ ʢʦʪʦʨʦʛʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʠ 
ʦʧʨʝʜʝʣʷʝʪ ʧʦʚʝʜʝʥʠʝ 

90
Sr; 

- 
90
Sr ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʜʝʨʝʚʘ ʧʦʜʦʙʥʦ ʩʚʦʝʤʫ ʭʠʤʠʯʝʩʢʦʤʫ ʘʥʘʣʦʛʫ - Ca; 

- ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʠʢʪʠʚʥʳʡ, ʚʩʝʛʜʘ çʧʫʩʪʦʡè ʢʦʤʧʦʥʝʥʪ ï ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʡ ʧʫʣ, ʧʦʩʣʝ ʧʦʩʪʫʧʣʝʥʠʷ ʚ 
ʢʦʪʦʨʳʡ 

90
Sr ʠʟ ʧʦʯʚʳ ʠʣʠ ʜʨʫʛʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʜʨʝʚʦʩʪʦʷ, ʨʘʜʠʦʥʫʢʣʠʜ ʩʨʘʟʫ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʤʝʞʜʫ 

ʩʪʨʫʢʪʫʨʥʳʤʠ ʯʘʩʪʷʤʠ ʜʨʝʚʦʩʪʦʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʚʫʤʷ ʧʨʝʜʳʜʫʱʠʤʠ ʧʦʣʦʞʝʥʠʷʤʠ. 
ʄʦʜʝʣʴ ʪʦʯʝʯʥʘʷ, ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʘʷ ʩ ʵʣʝʤʝʥʘʤʠ ʩʪʦʭʘʩʪʠʯʥʦʩʪʠ (ʜʣʷ ʧʨʘʚʜʦʧʦʜʦʙʥʦʛʦ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ 
ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʥʜʦʤʠʟʘʮʠʷ ʠ ʚʝʨʦʷʪʥʦʩʪʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʳʧʘʜʝʥʠʷ 
ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʤʥʦʡ ʜʣʷ ʜʘʥʥʦʛʦ ʨʝʛʠʦʥʘ ʧʦ ʤʥʦʛʦʣʝʪʥʠʤ ʜʘʥʥʳʤ). ʄʦʜʝʣʴ 
ʨʝʘʣʠʟʦʚʘʥʘ ʚ Visual Basic. ɺʳʜʘʯʘ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʪʝʢʩʪʦʚʦ-ʮʠʬʨʦʚʦʤ ʠʣʠ 
ʛʨʘʬʠʯʝʩʢʦʤ ʚʠʜʝ. 
ʉ ʤʦʜʝʣʴʶ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʯʠʩʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʠʤʠʪʘʮʠʠ ʨʷʜʘ ʚʦʟʤʦʞʥʳʭ ʨʘʜʠʦʣʦʛʠʯʝʩʢʠʭ 
ʩʠʪʫʘʮʠʡ. ʉ ʧʦʤʦʱʴʶ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʨʘʩʩʯʠʪʘʥʘ ʤʥʦʛʦʣʝʪʥʷʷ ʜʠʥʘʤʠʢʘ ʩʦʜʝʨʞʘʥʠʷ 

90
Sr ʚ ʢʦʤʧʦʥʝʥʪʘʭ 

ʜʨʝʚʦʩʪʦʷ ʠ ʧʦʯʚʝ ʠ ʚʝʣʠʯʠʥ ʧʦʪʦʢʦʚ ʤʝʞʜʫ ʥʠʤʠ, ʩʫʤʤʠʨʦʚʘʥʥʳʭ ʧʦ ʛʦʜʘʤ. ɼʘʥʦ ʦʧʨʝʜʝʣʝʥʠʝ ʨʦʣʠ ʧʦʯʚʳ ʠ 
ʢʦʤʧʦʥʝʥʪʦʚ ʜʨʝʚʝʩʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ ʧʦʪʦʢʦʚ ʤʝʞʜʫ ʥʠʤʠ ʚ ʙʠʦʣʦʛʠʯʝʩʢʦʤ ʢʨʫʛʦʚʦʨʦʪʝ ʵʪʦʛʦ 
ʨʘʜʠʦʥʫʢʣʠʜʘ. 
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ʇʨʝʜʩʪʘʚʣʝʥʦ ʦʙʦʙʱʝʥʠʝ ʤʦʜʝʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 
ʧʦʪʝʥʮʠʘʣʘ ʜʝʡʩʪʚʠʷ ʩ ʫʯʝʪʦʤ ʛʝʥʝʨʘʮʠʠ ʧʦʪʝʥʮʠʘʣʘ 
ʚ ʢʘʞʜʦʤ ʫʯʘʩʪʢʝ ʚʦʣʦʢʥʘ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥ 
ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʬʦʨʤʳ ʠʤʧʫʣʴʩʥʦʛʦ ʩʠʛʥʘʣʘ ʚ 
ʧʨʦʮʝʩʩʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʤʝʭʘʥʠʟʤ 
ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʛʝʥʝʨʘʮʠʠ ʟʘʨʷʜʘ ʚ ʥʝʨʚʥʦʤ 
ʚʦʣʦʢʥʝ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ. ɺ ʧʨʦʮʝʩʩʝ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ ʘʤʧʣʠʪʫʜʳ 
ʠ ʫʚʝʣʠʯʝʥʠʝ ʰʠʨʠʥʳ ʠʤʧʫʣʴʩʘ ʧʦʪʝʥʮʠʘʣʘ ʜʝʡʩʪʚʠʷ 

This article introduces generalization of the action 
potential spreading model which considers generation of 
the action potential in each segment of the nerve fiber. 
Behavior of the impulse signal waveform during the 
propagation process was analyzed. A mechanism of 
distributed generation of the charge in nerve fiber results 
in decrease of phase velocity of signal spreading rate. 
Amplitude of the action potential decreases and pulse 
width increases in the action potential propagation 
process 
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ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʠʨʦʜʘ ʥʝʨʚʥʦʛʦ ʠʤʧʫʣʴʩʘ ʜʦʢʘʟʘʥʘ ʚ ʨʘʙʦʪʘʭ ʍʦʜʞʢʠʥʘ, ʍʘʢʩʣʠ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ [1 ï 3]. 
ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʙʠʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ï ʦʜʥʦ ʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʦʚ, 
ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʞʠʚʳʭ ʵʣʝʢʪʨʦʚʦʟʙʫʜʠʤʳʭ ʩʪʨʫʢʪʫʨʘʭ [4, 5]. ɺ ʨʘʙʦʪʝ [6] ʨʘʟʨʘʙʦʪʘʥʘ ʩʦʣʠʪʦʥʥʘʷ ʤʦʜʝʣʴ 
ʠʟʤʝʥʝʥʠʷ ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʥʝʨʚʥʦʛʦ ʚʦʣʦʢʥʘ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʧʦ ʥʝʤʫ ʚʦʟʙʫʞʜʝʥʠʷ. 
ʊʦʯʥʦʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʝʨʚʥʦʛʦ ʠʤʧʫʣʴʩʘ ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʠ ʍʦʜʞʢʠʥʘ-
ʍʘʢʩʣʠ ʥʘ ʦʩʥʦʚʝ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʃʘʧʣʘʩʘ ʠ ʪʝʦʨʝʤʳ ʕʬʨʦʩʘ, ʢʦʛʜʘ ʚʭʦʜʥʦʡ ʠʤʧʫʣʴʩ 
ʚʦʟʙʫʞʜʝʥʠʷ ʦʪʢʣʦʥʷʝʪʩʷ ʦʪ ʩʪʫʧʝʥʯʘʪʦʡ ʬʫʥʢʮʠʠ ʍʝʚʠʩʘʡʜʘ, ʧʦʣʫʯʝʥʦ ʚ [7].  
ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʙʦʙʱʝʥʠʝ ʤʦʜʝʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʜʝʡʩʪʚʠʷ ʩ ʫʯʝʪʦʤ 
ʛʝʥʝʨʘʮʠʷ ʧʦʪʝʥʮʠʘʣʘ ʚ ʢʘʞʜʦʤ ʫʯʘʩʪʢʝ ʚʦʣʦʢʥʘ ʠ ʘʥʘʣʠʟ ʠʟʤʝʥʝʥʠʷ ʩʠʛʥʘʣʘ, ʢʦʛʜʘ ʬʦʨʤʘ ʠʤʧʫʣʴʩʘ 
ʚʦʟʙʫʞʜʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʘʣʴʥʦ ʥʘʙʣʶʜʘʝʤʦʡ.  
ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʜʝʡʩʪʚʠʷ ʩ ʫʯʝʪʦʤ ʛʝʥʝʨʘʮʠʠ ʧʦʪʝʥʮʠʘʣʘ ʥʘ 
ʢʘʞʜʦʤ ʫʯʘʩʪʢʝ ʚʦʣʦʢʥʘ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʛʝʥʝʨʘʮʠʷ ʟʘʨʷʜʘ ʚ ʥʝʨʚʥʦʤ ʚʦʣʦʢʥʝ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʫʚʝʣʠʯʝʥʠʝ 
ʵʬʬʝʢʪʠʚʥʦʡ ʜʣʠʥʳ ʠ ʫʤʝʥʴʰʝʥʠʝ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ, ʪʘʢ ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʝ ʚʨʝʤʷ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ ʚʦʟʨʘʩʪʘʝʪ. ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʤʝʭʘʥʠʟʤ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʛʝʥʝʨʘʮʠʠ ʟʘʨʷʜʘ ʚ 
ʥʝʨʚʥʦʤ ʚʦʣʦʢʥʝ ʥʝ ʚʳʛʦʜʝʥ, ʪʘʢ ʢʘʢ ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʜʣʝʥʠʶ ʨʝʘʢʮʠʠ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʝ̡ʢʪʘ. 
ʍʘʨʘʢʪʝʨʥʳʤʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤʠ ʷʚʣʷʶʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʠ ʫʚʝʣʠʯʝʥʠʝ ʰʠʨʠʥʳ ʠʤʧʫʣʴʩʘ 
ʧʦʪʝʥʮʠʘʣʘ ʜʝʡʩʪʚʠʷ. ʉʠʛʥʘʣ, ʩʦʜʝʨʞʘʱʠʡ ʪʦʣʴʢʦ ʥʠʟʢʦʯʘʩʪʦʪʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ, ʩʦʭʨʘʥʷʝʪ ʩʚʦʶ ʬʦʨʤʫ ʚ 
ʢʘʞʜʦʤ ʢʦʦʨʜʠʥʘʪʥʦʤ ʩʝʯʝʥʠʠ, ʫʤʝʥʴʰʘʷʩʴ ʧʦ ʘʤʧʣʠʪʫʜʝ. ʋʚʝʣʠʯʝʥʠʝ ʰʠʨʠʥʳ ʠ ʘʩʠʤʤʝʪʨʠʠ ʠʤʧʫʣʴʩʥʦʛʦ 
ʩʠʛʥʘʣʘ ʚ ʧʨʦʮʝʩʩʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʙʫʩʣʦʚʣʝʥʦ ʩʫʧʝʨʧʦʟʠʮʠʝʡ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪ. 
ʊʠʧʠʯʥʳʡ ʠʤʧʫʣʴʩ ʚʦʟʙʫʞʜʝʥʠʷ ʠʤʝʝʪ ʟʥʘʢʦʧʝʨʝʤʝʥʥʫʶ ʬʦʨʤʫ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʢʦʦʨʜʠʥʘʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʧʦʪʝʥʮʠʘʣʘ ʜʝʡʩʪʚʠʷ ʚʦ ʚʨʝʤʝʥʥʳʭ ʩʝʯʝʥʠʷʭ t¡= const ʤʦʞʝʪ ʠʤʝʪʴ ʢʘʢ ʤʦʥʦʪʦʥʥʳʡ, ʪʘʢ ʠ ʥʝʤʦʥʦʪʦʥʥʳʡ 

ʭʘʨʘʢʪʝʨ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʬʦʨʤʦʡ ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʠʤʧʫʣʴʩʘ, ʘ ʪʘʢʞʝ ʪʝʥʜʝʥʮʠʷʤʠ ʫʤʝʥʴʰʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʠ 
ʫʚʝʣʠʯʝʥʠʷ ʰʠʨʠʥʳ ʠʤʧʫʣʴʩʘ ʧʦʪʝʥʮʠʘʣʘ ʜʝʡʩʪʚʠʷ ʚ ʧʨʦʮʝʩʩʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦ ʥʝʨʚʥʦʤʫ ʚʦʣʦʢʥʫ. 
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ʉʨʘʚʥʝʥʠʝʤ ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʤʠ 
ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʵʥʪʘʣʴʧʠʡ 
ʦʙʨʘʟʦʚʘʥʠʷ ~20 ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʭ 
ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠ ʠʭ 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ 
ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʠʣʫʯʰʘʷ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʥʠʤʠ  
ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʘ ɸʄ1. 

Comparison of  experimental enthalpies of formation of 
about 20 nitrogen-containing polycyclic aromatic 
hydrocarbons in the gaseous phase with those calculated 
by semiempirical quantum- chemical methods has shown 
that  AM1 approximation ensures the best agreement 
between  experimental and calculated values. 

  
ʂʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʥʪʘʣʴʧʠʡ ʦʙʨʘʟʦʚʘʥʠʷ 
ʩʦʝʜʠʥʝʥʠʡ ʨʘʟʥʳʭ ʢʣʘʩʩʦʚ. ʆʥʠ ʦʩʦʙʝʥʥʦ ʫʜʦʙʥʳ ʜʣʷ ʨʘʩʯʝʪʦʚ ʙʦʣʴʰʠʭ ʤʦʣʝʢʫʣ. 
ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩ ʧʦʤʦʱʴʶ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʭ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʚʳʧʦʣʥʝʥ ʨʘʩʯʝʪ ʵʥʪʘʣʴʧʠʡ 
ʦʙʨʘʟʦʚʘʥʠʷ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ (Nʇɸʋ) ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ.  
ɼʣʷ ʚʳʙʦʨʘ ʤʝʪʦʜʘ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ MOPAC, ʚ ʢʦʪʦʨʫʶ ʚʭʦʜʷʪ ʤʝʪʦʜʳ 
PM3, MINDO, AM1 ʠ MNDO, ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʧʦʣʥʘʷ ʦʧʪʠʤʠʟʘʮʠʷ ʛʝʦʤʝʪʨʠʠ ʠ ʨʘʩʩʯʠʪʘʥʳ ʵʥʪʘʣʴʧʠʠ 
ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʨʷʜʢʘ 20 Nʇɸʋ, ʜʣʷ ʢʦʪʦʨʳʭ  ʠʟʚʝʩʪʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʵʥʪʘʣʴʧʠʡ ʦʙʨʘʟʦʚʘʥʠʷ ʚ 
ʛʘʟʦʚʦʡ ʬʘʟʝ.  
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ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʠʣʫʯʰʘʷ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʠ 
ʨʘʩʯʝʪʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʵʥʪʘʣʴʧʠʡ ʦʙʨʘʟʦʚʘʥʠʷ ʠʤʝʝʪ ʤʝʩʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʘ ɸʄ1. ɿʘʚʠʩʠʤʦʩʪʴ 
ʥʦʩʠʪ ʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʵʥʪʘʣʴʧʠʡ ʦʙʨʘʟʦʚʘʥʠʷ Nʇɸʋ ʚ 
ʛʘʟʦʚʦʡ ʬʘʟʝ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʢʦʪʦʨʳʭ ʥʝ ʦʧʨʝʜʝʣʝʥʳ.  
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ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʘʙʦʪʳ, ʨʘʩʢʨʳʚʘʶʱʠʝ ʥʦʚʳʝ 
ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʚʦʟʜʝʡʩʪʚʠʷ ʪʘʤʦʢʩʠʬʝʥʘ 
ʥʘ ʦʧʫʭʦʣʝʚʳʝ ʢʣʝʪʢʠ, ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʝ ʠ 
ʥʝʵʢʩʧʨʝʩʩʠʨʫʶʱʠʝ ʵʩʪʨʦʛʝʥʦʚʳʝ ʨʝʮʝʧʪʦʨʳ, 
ʧʦʟʚʦʣʷʶʪ ʧʦ-ʥʦʚʦʤʫ ʚʟʛʣʷʥʫʪʴ ʥʘ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʡ 
ʧʨʝʧʘʨʘʪ. ɺ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʦ 
ʤʠʰʝʥʷʭ ʪʘʤʦʢʩʠʬʝʥʘ, ʙʣʦʢʠʨʦʚʘʥʠʝ ʢʦʪʦʨʳʭ 
ʚʳʟʳʚʘʝʪ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʨʦʩʪʘ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ ʠ 
ʘʥʛʠʦʛʝʥʝʟʘ, ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ ʘʧʦʧʪʦʟʘ, 
ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʘ ʤʥʦʞʝʩʪʚʝʥʥʦʡ 
ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʠ ʪʦʨʤʦʞʝʥʠʝ 
ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʷ 

Experimental works demonstrating new biological action 
of tamoxifen on tumor cells, expression and non-
expression estrogen receptors, allow us to take a fresh 
look at this well-known preparation. The report presents 
data on tamoxifen targets which blocking causes 
inhibition of tumor cells growth and angiogenesis, 
stimulation of apoptosis, inhibition of multi-drug resistance 
mechanism and inhibition of metastasis 

  
ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʘʙʦʪʳ, ʨʘʩʢʨʳʚʘʶʱʠʝ ʚʩʸ ʥʦʚʳʝ ʠ ʥʦʚʳʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʚʦʟʜʝʡʩʪʚʠʷ 
ʪʘʤʦʢʩʠʬʝʥʘ ʥʘ ʦʧʫʭʦʣʝʚʳʝ ʢʣʝʪʢʠ ʢʘʢ ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʝ, ʪʘʢ ʠ ʥʝʵʢʩʧʨʝʩʩʠʨʫʶʱʠʝ ʵʩʪʨʦʛʝʥʦʚʳʝ ʨʝʮʝʧʪʦʨʳ, 
ʧʦʟʚʦʣʷʶʪ ʧʦ-ʥʦʚʦʤʫ ʚʟʛʣʷʥʫʪʴ ʥʘ, ʢʘʟʘʣʦʩʴ ʙʳ, ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʡ ʧʨʝʧʘʨʘʪ. ɺ ʦʙʟʦʨʝ ʦʧʠʩʘʥʳ ʤʠʰʝʥʠ 
ʪʘʤʦʢʩʠʬʝʥʘ, ʙʣʦʢʠʨʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʚʳʟʳʚʘʝʪ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʨʦʩʪʘ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ ʠ ʧʨʦʮʝʩʩʘ 
ʘʥʛʠʦʛʝʥʝʟʘ, ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʥʦʡ ʩʤʝʨʪʠ ʢʣʝʪʦʢ (ʘʧʦʧʪʦʟʘ, ʘʫʪʦʬʘʛʠʠ ʠ ʥʝʢʨʦʟʘ), 
ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʘ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ, ʪʦʨʤʦʞʝʥʠʝ ʠʥʚʘʟʠʠ ʠ 
ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʷ. ʊʘʢ ʢʘʢ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʧʦʩʣʝʜʩʪʚʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʘʤʦʢʩʠʬʝʥʘ ʩ ʢʣʝʪʢʘʤʠ ʷʚʣʷʶʪʩʷ 
ʧʨʦʛʥʦʩʪʠʯʝʩʢʠ ʙʣʘʛʦʧʨʠʷʪʥʳʤʠ, ʢʘʢ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ  ʪʦʨʤʦʞʝʥʠʷ ʨʦʩʪʘ ʦʧʫʭʦʣʠ ʠ ʝʸ ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʷ, ʪʘʢ ʠ ʩ 
ʪʦʯʢʠ ʟʨʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʪʝʨʘʧʠʠ, ʘʚʪʦʨʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʵʪʦ ʢʘʢ  ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʦʝ 
çʜʦʙʘʚʣʝʥʠʝè ʢ ʘʥʪʠʵʩʪʨʦʛʝʥʥʦʤʫ ʵʬʬʝʢʪʫ ʪʘʤʦʢʩʠʬʝʥʘ. ʇʨʠʚʝʜʝʥʳ ʘʨʛʫʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʩʯʠʪʘʪʴ 
ʩʪʨʘʪʝʛʠʶ ʜʣʠʪʝʣʴʥʦʡ ʘʜʲʶʚʘʥʪʥʦʡ ʪʝʨʘʧʠʠ ʪʘʤʦʢʩʠʬʝʥʦʤ, ʩʦʟʜʘʥʥʫʶ ʝʱʸ ʚ 70 ʛʦʜʘʭ ʍʍ ʚʝʢʘ ʧʨʦʬʝʩʩʦʨʦʤ 
Craig V. Jordan ʜʣʷ ʣʝʯʝʥʠʷ ʨʘʢʘ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ ʩ ʧʦʟʠʪʠʚʥʳʤ ʩʪʘʪʫʩʦʤ ʵʩʪʨʦʛʝʥʦʚʳʭ ʨʝʮʝʧʪʦʨʦʚ, 
ʧʨʠʤʝʥʠʤʦʡ ʠ ʜʣʷ ʜʨʫʛʠʭ ʦʧʫʭʦʣʝʡ. ʕʪʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʦʧʠʩʘʥʥʳʡ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʬʘʢʪ ʵʢʩʧʨʝʩʩʠʠ ʚ 
ʩʦʣʠʜʥʳʭ ʦʧʫʭʦʣʷʭ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʭ ʠʟʚʝʩʪʥʳʭ ʣʦʢʘʣʠʟʘʮʠʡ ʠ ʛʠʩʪʦʣʦʛʠʯʝʩʢʠʭ ʪʠʧʦʚ ʵʩʪʨʦʛʝʥʦʚʳʭ 
ʨʝʮʝʧʪʦʨʦʚ ʙʝʪʘ,  ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʤʠʰʝʥʴʶ ʪʘʤʦʢʩʠʬʝʥʘ.  ɸʚʪʦʨʳ ʩʯʠʪʘʶʪ, ʯʪʦ ʜʣʷ ʧʦʣʥʦʡ 
ʨʝʘʣʠʟʘʮʠʠ ʚʩʝʭ ʩʪʦʨʦʥ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʪʘʤʦʢʩʠʬʝʥʘ ʧʨʠ ʜʣʠʪʝʣʴʥʦʡ ʘʜʲʶʚʘʥʪʥʦʡ ʪʝʨʘʧʠʠ 
ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ ʨʘʟʥʳʭ ʣʦʢʘʣʠʟʘʮʠʡ, ʧʦʤʠʤʦ ʦʮʝʥʢʠ ʵʩʪʨʦʛʝʥʦʚʳʭ ʨʝʮʝʧʪʦʨʦʚ, ʥʝʦʙʭʦʜʠʤ 
ʤʦʣʝʢʫʣʷʨʥʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʦʪʙʦʨ ʙʦʣʴʥʳʭ ʩ ʫʯʸʪʦʤ ʵʢʩʧʨʝʩʩʠʠ ʜʨʫʛʠʭ ʢʣʝʪʦʯʥʳʭ ʤʠʰʝʥʝʡ ʘʥʪʠʵʩʪʨʦʛʝʥʘ.  
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ɹɽʃʂʀ ʄʅʆɾɽʉʊɺɽʅʅʆʁ ʃɽʂɸʈʉʊɺɽʅʅʆʁ 
ʈɽɿʀʉʊɽʅʊʅʆʉʊʀ ʂɸʂ ʄʆʃɽʂʋʃʗʈʅʓɽ 
ʄʀʐɽʅʀ ʊɸʄʆʂʉʀʌɽʅɸ, ʆʊʃʀʏʅʓɽ ʆʊ 
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ɸʥʪʠʵʩʪʨʦʛʝʥʥʳʡ ʧʨʝʧʘʨʘʪ ʪʘʤʦʢʩʠʬʝʥ (ʊʘʤ), 
ʧʦʢʘʟʳʚʘʷ ʥʝʧʨʝʚʟʦʡʜʝʥʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ 
ʣʝʯʝʥʠʠ ʨʘʢʘ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ, ʦʙʣʘʜʘʝʪ ʪʘʢʞʝ 
ʜʨʫʛʠʤʠ ʚʘʞʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʦʜʥʦ ʠʟ ʢʦʪʦʨʳʭ . 
ʧʨʝʦʜʦʣʝʥʠʝ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʣʝʢʘʨʩʪʚʝʥʥʦʡ 
ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʊʘʤ ʩ 
Pgp,MRP1 ʠ LRP ʚ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʢʘʭ ʤʦʞʝʪ 
ʧʨʠʚʦʜʠʪʴ ʢ ʫʤʝʥʴʰʝʥʠʶ ʩʚʷʟʳʚʘʥʠʷ 
ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʭ ʧʨʝʧʘʨʘʪʦʚ ʩ MDR-ʙʝʣʢʘʤʠ 
ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʠʥʛʠʙʠʨʫʷ ʤʥʦʞʝʩʪʚʝʥʥʫʶ 

While demonstrating unsurpassed efficiency in breast 
cancer treatment the antiestrogenic preparation tamoxifen 
(Tam) also exhibits other important properties one of 
which is overcoming of multi-drug resistance. It is shown 
that interaction of Tam with Pgp,MRP1 and LRP in tumor 
cells can lead to reduction of  anticancer drugs binding 
with MDR-proteins thus inhibiting the multi-drug 
resistance by reducing of medicines transportation from 
cells 
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ʣʝʢʘʨʩʪʚʝʥʥʫʶ ʨʝʟʠʩʪʝʥʪʥʦʩʪʴ ʧʫʪʝʤ ʫʤʝʥʴʰʝʥʠʷ 
ʪʨʘʥʩʧʦʨʪʘ ʣʝʢʘʨʩʪʚ ʠʟ ʢʣʝʪʦʢ 

  
ʎʝʣ:ɹ ɸʥʪʠʵʩʪʨʦʛʝʥʥʳʡ ʧʨʝʧʘʨʘʪ ʪʘʤʦʢʩʠʬʝʥ (ʊʘʤ), ʧʦʢʘʟʳʚʘʷ ʥʝʧʨʝʚʟʦʡʜʝʥʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʣʝʯʝʥʠʠ 
ʨʘʢʘ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ, ʦʙʣʘʜʘʝʪ ʪʘʢʞʝ ʜʨʫʛʠʤʠ ʚʘʞʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʦʜʥʦ ʠʟ ʢʦʪʦʨʳʭ ï ʧʨʝʦʜʦʣʝʥʠʝ 
ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ. ʈʘʟʤʳʰʣʷʷ ʥʘʜ ʧʨʠʯʠʥʘʤʠ ʵʪʦʛʦ ʬʝʥʦʤʝʥʘ, ʤʳ 
ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʤʝʭʘʥʠʟʤ ʪʘʢʦʛʦ ʵʬʬʝʢʪʘ ï ʩʚʷʟʳʚʘʥʠʝ ʊʘʤ ʩ ʪʨʘʥʩʧʦʨʪʝʨʘʤʠ, ʚʳʙʨʘʩʳʚʘʶʱʠʤʠ ʠʟ 
ʢʣʝʪʢʠ ʣʝʢʘʨʩʪʚʘ ʠ ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʤʠ ʩ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʨʝʟʠʩʪʝʥʪʥʦʩʪʴʶ (MDR), ʘ ʪʘʢʞʝ ʩ 
ʙʝʣʢʦʤ ʯʘʩʪʠʮ ñvaultsò LRP. 
ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ: ʉ ʧʦʤʦʱʴʶ ʧʨʦʪʦʯʥʦʡ ʮʠʪʦʬʣʫʦʨʠʤʝʪʨʠʠ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʊʘʤ ʥʘ ʩʚʷʟʳʚʘʥʠʝ 
ʤʦʥʦʢʣʦʥʘʣʴʥʳʭ ʘʥʪʠʪʝʣ (ɸʊ) ʩ Pgp (4E3), MRP1 (MRPm5), ʘ ʪʘʢʞʝ LRP (LMR5) ʚ ʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨʘʭ ʩ 
ʛʠʧʝʨʵʢʩʧʨʝʩʩʠʝʡ ʵʪʠʭ ʙʝʣʢʦʚ: ʊ-ʣʠʤʬʦʙʣʘʩʪʥʦʤ ʣʝʡʢʦʟʝ ʣʠʥʠʠ Jurkat ʠ ʨʘʢʝ ʰʝʡʢʠ ʤʘʪʢʠ ʣʠʥʠʠ HeLa. 
ʉʨʝʜʥʷʷ ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʠ ʢʦʣʠʯʝʩʪʚʦ ʦʢʨʘʰʝʥʥʳʭ ɸʊ ʢʣʝʪʦʢ ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʟʦʪʠʧʠʯʝʩʢʦʤʫ 
ʢʦʥʪʨʦʣʶ. 
ʈʝʟʫʣʴʪʘʪʳ: 1. ʇʨʠ ʠʥʢʫʙʘʮʠʠ ʢʣʝʪʦʢ ʩ ɸʊ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʠ ʢʦʣʠʯʝʩʪʚʦ ʦʢʨʘʰʝʥʥʳʭ ʢʣʝʪʦʢ 
ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʣʠʩʴ. 2. ʊʘʤʦʢʩʠʬʝʥ ʥʠʢʘʢ ʥʝ ʚʣʠʷʣ ʥʘ ʦʢʨʘʰʠʚʘʥʠʝ ʢʣʝʪʦʢ ʠʟʦʪʠʧʠʯʝʩʢʠʤʠ 
ʘʥʪʠʪʝʣʘʤʠ. 3. ʇʨʠ ʠʥʢʫʙʘʮʠʠ ʢʣʝʪʦʢ ʩ ʊʘʤ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 50ʭ10-6ʄ ʠʟʤʝʥʷʣʦʩʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ɸʊ ʩ 
ʙʝʣʢʘʤʠ. ʀʟʤʝʥʝʥʠʝ ʩʨʝʜʥʝʡ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ, ʘ ʪʘʢʞʝ ʢʦʣʠʯʝʩʪʚʘ ʦʢʨʘʰʝʥʥʳʭ ʢʣʝʪʦʢ ʜʣʷ 
ʨʘʟʥʳʭ MDR-ʤʘʨʢʝʨʦʚ ʧʨʦʠʩʭʦʜʠʣʦ ʥʝ ʦʜʠʥʘʢʦʚʦ. ɺʦʟʜʝʡʩʪʚʠʝ ʪʘʤʦʢʩʠʬʝʥʘ ʧʨʠʚʦʜʠʣʦ ʢ ʫʤʝʥʴʰʝʥʠʶ 
ʧʘʨʘʤʝʪʨʦʚ ʦʢʨʘʰʠʚʘʥʠʷ MRP1 ʠ LRP ʙʦʣʝʝ ʯʝʤ ʚ 2 ʨʘʟʘ. ʊʦʛʜʘ ʢʘʢ ʧʘʨʘʤʝʪʨʳ ʦʢʨʘʰʠʚʘʥʠʷ Pgp, ʥʘʦʙʦʨʦʪ, 
ʫʚʝʣʠʯʠʚʘʣʠʩʴ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʊʘʤ: ʩʧʝʮʠʬʠʯʝʩʢʘʷ ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʠ ʢʦʣʠʯʝʩʪʚʦ ʦʢʨʘʰʝʥʥʳʭ ʢʣʝʪʦʢ ʙʳʣʠ 
ʙʦʣʴʰʝ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ 4 ʨʘʟʘ. 
ɺʳʚʦʜʳ: ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʷʚʣʷʶʪʩʷ ʧʨʷʤʳʤ ʩʚʠʜʝʪʝʣʴʩʪʚʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʊʘʤ ʩ Pgp, MRP1 ʠ LRP ʚ 
ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʢʘʭ. ʊʘʢʦʡ ʵʬʬʝʢʪ ʊʘʤ ʜʦʣʞʝʥ ʧʨʠʚʦʜʠʪʴ ʢ ʫʤʝʥʴʰʝʥʠʶ ʩʚʷʟʳʚʘʥʠʷ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʭ 
ʧʨʝʧʘʨʘʪʦʚ ʩ MDR-ʙʝʣʢʘʤʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʠʥʛʠʙʠʨʫʷ ʤʥʦʞʝʩʪʚʝʥʥʫʶ ʣʝʢʘʨʩʪʚʝʥʥʫʶ ʨʝʟʠʩʪʝʥʪʥʦʩʪʴ ʧʫʪʝʤ 
ʫʤʝʥʴʰʝʥʠʷ ʪʨʘʥʩʧʦʨʪʘ ʣʝʢʘʨʩʪʚ ʠʟ ʢʣʝʪʦʢ. ʕʪʦ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʥʘʰʝʛʦ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʯʪʦ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʊʘʤ ʩ Pgp, MRP1 ʠ LRP ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʧʨʝʦʜʦʣʝʥʠʷ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʧʨʠ 
ʚʦʟʜʝʡʩʪʚʠʠ ʊʘʤ ʚ ʢʣʠʥʠʢʝ. ʕʪʦ ʟʘʢʣʶʯʝʥʠʝ ʩʧʨʘʚʝʜʣʠʚʦ ʪʦʣʴʢʦ ʜʣʷ ʦʧʫʭʦʣʝʡ ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭ MDR-
ʬʝʥʦʪʠʧ, ʯʪʦ ʤʦʞʝʪ ʦʙʲʷʩʥʠʪʴ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʫʚʝʣʠʯʠʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ ʫ ʥʝʢʦʪʦʨʳʭ 
ʧʘʮʠʝʥʪʦʚ.  
ʇʦʜʜʝʨʞʘʥʦ ʈʌʌʀ ʠ ʩʪʠʧʝʥʜʠʝʡ ʇʨʝʟʠʜʝʥʪʘ ʈʌ (ˉ13-04-011004-ʘ ʠ ˉ12-04-00028-ʘ; ʉʇ-376.2012.4). 
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ʕʩʪʨʦʛʝʥʦʚʳʝ ʨʝʮʝʧʪʦʨʳ ʙʝʪʘ (ʕʈ ʙʝʪʘ) ʷʚʣʷʶʪʩʷ 
ʙʣʘʛʦʧʨʠʷʪʥʳʤ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʤ ʤʘʨʢʝʨʦʤ ʪʝʯʝʥʠʷ 
ʥʝʤʝʣʢʦʢʣʝʪʦʯʥʦʛʦ ʨʘʢʘ ʣʝʛʢʦʛʦ (ʅʄʈʃ). ʕʈ ʙʝʪʘ ʚ 
ʦʧʫʭʦʣʝʚʦʡ ʪʢʘʥʠ ʤʦʞʝʪ ʙʳʪʴ ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ 
ʧʦʣʦʚʳʭ ʨʘʟʣʠʯʠʡ ʚ ʧʨʦʛʥʦʟʝ ʟʘʙʦʣʝʚʘʥʠʷ. ʇʦʢʘʟʘʥʦ, 
ʯʪʦ, ʧʦ ʤʝʥʴʰʝʡ ʤʝʨʝ, ʧʦʣʦʚʠʥʘ ʧʘʮʠʝʥʪʦʚ ʩ ʅʄʈʃ 
ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʠʤ ʠ ʩʨʝʜʥʠʤ ʫʨʦʚʥʝʤ 
ʵʢʩʧʨʝʩʩʠʠ ʕʈ ʙʝʪʘ. ɹʦʣʝʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ 
ʵʢʩʧʨʝʩʩʠʠ ʕʈ ʙʝʪʘ ʚ ʦʧʫʭʦʣʷʭ ʞʝʥʱʠʥ, ʧʦ 
ʩʨʘʚʥʝʥʠʶ ʩ ʤʫʞʯʠʥʘʤʠ, ʤʦʞʝʪ ʙʳʪʴ ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ 
ʧʦʣʦʚʳʭ ʨʘʟʣʠʯʠʡ ʚ ʪʝʯʝʥʠʠ ʅʄʈʃ 

Estrogen receptors beta (ER beta) are a predictive 
marker of non-small cells lung cancer  (NSCLC) 
development. ER beta in tumor tissue can be one of the 
causes of sexual dimorphism in the disease prognosis. It 
was demonstrated that at least half of the patients with 
NSCLC were characterized by high and middle level of 
ER beta expression. The higher ER beta expression level 
in women tumors (in comparison to men) can be one of  
the causes of sexual dimorphism in NSCLC development 

  
ʎʝʣʴ: ʕʩʪʨʦʛʝʥʦʚʳʝ ʨʝʮʝʧʪʦʨʳ ʙʝʪʘ (ʕʈ ʙʝʪʘ) ʷʚʣʷʶʪʩʷ ʙʣʘʛʦʧʨʠʷʪʥʳʤ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʤ ʤʘʨʢʝʨʦʤ ʪʝʯʝʥʠʷ 
ʥʝʤʝʣʢʦʢʣʝʪʦʯʥʦʛʦ ʨʘʢʘ ʣʝʛʢʦʛʦ (ʅʄʈʃ). ɹʦʣʝʝ ʪʦʛʦ, ʚ ʦʧʳʪʘʭ in vitro ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ 
ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʘʥʪʠʵʩʪʨʦʛʝʥʘʤʠ ʧʨʦʣʠʬʝʨʘʮʠʠ ʢʣʝʪʦʢ, ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭ ʕʈ ʙʝʪʘ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʕʈ ʙʝʪʘ 
ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤ ʧʘʪʦʛʝʥʝʪʠʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤ ʅʄʈʃ ʠ ʤʠʰʝʥʴʶ ʜʣʷ ʘʥʪʠʵʩʪʨʦʛʝʥʦʚʦʡ ʪʝʨʘʧʠʠ. ʀʤʝʷ ʚ ʚʠʜʫ 
ʨʘʟʣʠʯʥʦʝ ʪʝʯʝʥʠʝ ʅʄʈʃ ʫ ʤʫʞʯʠʥ ʠ ʞʝʥʱʠʥ, ʤʳ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʨʘʟʥʳʡ ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ ʕʈ ʙʝʪʘ ʚ 
ʦʧʫʭʦʣʝʚʦʡ ʪʢʘʥʠ ʤʦʞʝʪ ʙʳʪʴ ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʧʦʣʦʚʳʭ ʨʘʟʣʠʯʠʡ ʚ ʧʨʦʛʥʦʟʝ ʟʘʙʦʣʝʚʘʥʠʷ. ʅʘʤʠ ʙʳʣ 
ʨʘʟʨʘʙʦʪʘʥ ʠʤʤʫʥʦʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʤʝʪʦʜ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʵʢʩʧʨʝʩʩʠʠ ʕʈ ʙʝʪʘ, ʢʦʪʦʨʳʡ ʠ ʙʳʣ 
ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʘʥʘʣʠʟʘ ʪʢʘʥʠ ʅʄʈʃ. 
ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ: ʍʠʨʫʨʛʠʯʝʩʢʠʝ ʙʠʦʧʩʠʡʥʳʝ ʦʙʨʘʟʮʳ ʅʄʈʃ 32 ʧʘʮʠʝʥʪʦʚ (16 ʤʫʞʯʠʥ ʠ 16 ʞʝʥʱʠʥ) ʙʳʣʠ 
ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʠʤʤʫʥʦʬʣʫʦʨʝʩʮʝʥʪʥʳʤ ʤʝʪʦʜʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʪʦʯʥʦʡ ʮʠʪʦʬʣʫʦʨʠʤʝʪʨʠʠ. 
ʆʜʥʦʢʣʝʪʦʯʥʳʝ ʩʫʩʧʝʥʟʠʠ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʦʧʫʭʦʣʝʚʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ ʧʝʨʚʠʯʥʳʤʠ ʘʥʪʠʪʝʣʘʤʠ 
(ʩʧʝʮʠʬʠʯʥʳʤ ʢ ʕʈ ʙʝʪʘ 14ʉ8 ʠʣʠ ʠʟʦʪʠʧʠʯʝʩʢʠʤʠ IgG2a, Abcam) ʚ ʪʝʯʝʥʠʝ ʥʦʯʠ, ʠ ʩ ʚʪʦʨʠʯʥʳʤʠ FITC-
ʢʦʥʲʶʛʠʨʦʚʘʥʥʳʤʠ ʘʥʪʠʪʝʣʘʤʠ (F2772, Sigma) ʚ ʪʝʯʝʥʠʝ 1,5 ʯ. ʉʨʝʜʥʷʷ ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʢʣʝʪʦʢ ʠ ʯʠʩʣʦ 
ʦʢʨʘʰʝʥʥʳʭ ʢʣʝʪʦʢ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ WinMDI ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʢʨʠʪʝʨʠʷ ʂʦʣʤʦʛʦʨʦʚʘ-
ʉʤʠʨʥʦʚʘ. ʕʢʩʧʨʝʩʩʠʷ ʕʈ ʙʝʪʘ ʦʮʝʥʠʚʘʣʘʩʴ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ ʢ ʠʟʦʪʠʧʠʯʝʩʢʦʤʫ. 



ʉʝʢʮʠʷ 3  Section  3 

  www.ivtn.ru 24 

ʈʝʟʫʣʴʪʘʪʳ: ɺ ʮʝʣʦʤ ʵʢʩʧʨʝʩʩʠʷ ʕʈ ʙʝʪʘ ʦʙʥʘʨʫʞʝʥʘ ʚ ʪʢʘʥʠ ʅʄʈʃ 80% ʧʘʮʠʝʥʪʦʚ. ɺʳʩʦʢʠʡ ʫʨʦʚʝʥʴ 
ʵʢʩʧʨʝʩʩʠʠ ʕʈ ʙʝʪʘ (ʙʦʣʝʝ ʯʝʤ ʚ 50% ʢʣʝʪʦʢ) ʯʘʱʝ ʚʳʷʚʣʷʣʩʷ ʚ ʦʧʫʭʦʣʠ ʞʝʥʱʠʥ, ʯʝʤ ʤʫʞʯʠʥ ï ʚ 31 ʠ 6% 
ʧʘʮʠʝʥʪʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʨʝʜʥʠʡ ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ ʕʈ ʙʝʪʘ (ʚ 30 49% ʢʣʝʪʦʢ) ʪʘʢʞʝ ʯʘʱʝ 
ʦʙʥʘʨʫʞʠʚʘʣʩʷ ʫ ʧʘʮʠʝʥʪʦʚ ʞʝʥʩʢʦʛʦ ʧʦʣʘ, ʯʝʤ ʤʫʞʩʢʦʛʦ ï ʚ 50 ʠ 31% ʩʣʫʯʘʝʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘʧʨʦʪʠʚ, 
ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ ʕʈ ʙʝʪʘ (ʤʝʥʝʝ ʯʝʤ ʚ 29% ʢʣʝʪʦʢ) ʯʘʱʝ ʦʙʥʘʨʫʞʠʚʘʣʩʷ ʚ ʅʄʈʃ ʤʫʞʯʠʥ (63%), ʘ 
ʥʝ ʞʝʥʱʠʥ (19%). ɸʥʘʣʦʛʠʯʥʳʝ ʧʦʣʦʚʳʝ ʨʘʟʣʠʯʠʷ ʙʳʣʠ ʧʦʢʘʟʘʥʳ ʠ ʜʣʷ ʚʳʩʦʢʦʡ, ʠ ʜʣʷ ʥʠʟʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 
ʵʢʩʧʨʝʩʩʠʠ ʕʈ ʙʝʪʘ. 
ɺʳʚʦʜʳ: ʅʄʈʃ ʙʦʣʴʰʠʥʩʪʚʘ ʧʘʮʠʝʥʪʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʵʢʩʧʨʝʩʩʠʝʡ ʕʈ ʙʝʪʘ. ʇʦ ʤʝʥʴʰʝʡ ʤʝʨʝ, ʧʦʣʦʚʠʥʘ 
ʧʘʮʠʝʥʪʦʚ ʩ ʅʄʈʃ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʠʤ ʠ ʩʨʝʜʥʠʤ ʫʨʦʚʥʝʤ ʵʢʩʧʨʝʩʩʠʠ ʕʈ ʙʝʪʘ. ɹʦʣʝʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ 
ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʵʢʩʧʨʝʩʩʠʠ ʕʈ ʙʝʪʘ ʚ ʦʧʫʭʦʣʷʭ ʞʝʥʱʠʥ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʫʞʯʠʥʘʤʠ, ʤʦʞʝʪ ʙʳʪʴ ʦʜʥʦʡ ʠʟ 
ʧʨʠʯʠʥ ʧʦʣʦʚʳʭ ʨʘʟʣʠʯʠʡ ʚ ʪʝʯʝʥʠʠ ʅʄʈʃ.  
ʇʦʜʜʝʨʞʘʥʦ ʈʌʌʀ ʠ ʩʪʠʧʝʥʜʠʝʡ ʇʨʝʟʠʜʝʥʪʘ ʈʌ (ˉ13-04-011004-ʘ ʠ ˉ12-04-00028-ʘ; ʉʇ-376.2012.4 ʠ ʉʇ-
359.2012.4). 
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ʄɸʈʂɽʈ ʄʅʆɾɽʉʊɺɽʅʅʆʁ ʃɽʂɸʈʉʊɺɽʅʅʆʁ 
ʈɽɿʀʉʊɽʅʊʅʆʉʊʀ PGP ʂɸʂ ʇɸʊʆɻɽʅɽʊʀʏɽʉʂʀ 
ʌɸʂʊʆʈ ʅɽʄɽʃʂʆʂʃɽʊʆʏʅʆɻʆ ʈɸʂɸ ʃɽɻʂʆɻʆ 

MULTIDRUG RESISTANCE MARKER PGP AS A 
PATHOGENETIC FACTOR OF NON-SMALL CELL 
LUNG CANCER 

ɼʫʜʢʦ ɽ.ɸ., ʉʝʤʘʢʦʚ ɸ.ɺ., ʈʘʤʘʥʘʫʩʢʘʡʪʝ ʈ.ʖ., 
ɺʠʭʣʷʥʮʝʚʘ ʅ.ʆ., ɹʦʛʫʰ ʊ.ɸ.  

Dudko E., Semakov A., Ramanauskayte R., 
Vikhlyantseva N.,  Bogush T. 

ʈʦʩʩʠʡʩʢʠʡ ʆʥʢʦʣʦʛʠʯʝʩʢʠʡ ʅʘʫʯʥʳʡ ʎʝʥʪʨ ʠʤ. 
ʘʢʘʜʝʤʠʢʘ ʅ.ʅ.ɹʣʦʭʠʥʘ ʈɸʄʅ 

N.N.Blokhin Russian Oncological Scientific Center of 
Russian Academy of Medical Sciences 

  
ʈ-ʛʣʠʢʦʧʨʦʪʝʠʥ (Pgp) . ɸʊʌ-ʟʘʚʠʩʠʤʳʡ ʪʨʘʥʩʧʦʨʪʥʳʡ 
ʙʝʣʦʢ, ʩʧʦʩʦʙʥʳʡ ʚʳʟʳʚʘʪʴ ʨʘʟʚʠʪʠʝ ʤʥʦʞʝʩʪʚʝʥʥʦʡ 
ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ. ʇʨʠ ʩʨʘʚʥʝʥʠʠ 
ʵʢʩʧʨʝʩʩʠʠ Pgp ʚ ʥʦʨʤʘʣʴʥʦʡ ʠ ʦʧʫʭʦʣʝʚʦʡ ʪʢʘʥʠ 
ʣʸʛʢʦʛʦ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ. 
ʋʚʝʣʠʯʝʥʠʝ ʫʨʦʚʥʷ Pgp ʚ ʅʄʈʃ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʅʊʃ, 
ʦʪʩʫʪʩʪʚʠʝ ʨʘʟʣʠʯʠʡ ʵʢʩʧʨʝʩʩʠʠ Pgp ʤʝʞʜʫ ʅʄʈʃ ʠ 
ʅʊʃmts, ʘ ʪʘʢʞʝ ʩʥʠʞʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʚ ʅʊʃ ʧʦ 
ʩʨʘʚʥʝʥʠʶ ʩ ʅʊʃmts ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʟʥʘʯʝʥʠʝ 
ʫʨʦʚʥʷ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʵʢʩʧʨʝʩʩʠʠ Pgp . ʚʘʞʥʳʡ 
ʧʘʪʦʛʝʥʝʪʠʯʝʩʢʠʡ ʬʘʢʪʦʨ ʅʄʈʃ 

P- glycoprotein (Pgp) is an ATP-sensitive transport 
protein that can cause multi-drug resistance development. 
The following results were received after comparison of 
Pgp expression in normal and tumor lung tissue. Increase 
of Pgp level in NSCLC in comparison with normal lung 
tissue (NLT), lack of Pgp expression differences between 
NSCLC and NLTmts as well as parameters reduction in 
NLT in comparison with NLTmts indicates that Pgp 
expression level and intensity is an important 
pathogenetic factor of NSCLC 

  
ʎʝʣʴ: ʈ-ʛʣʠʢʦʧʨʦʪʝʠʥ (Pgp) ï ɸʊʌ-ʟʘʚʠʩʠʤʳʡ ʪʨʘʥʩʧʦʨʪʥʳʡ ʙʝʣʦʢ ʩ ʰʠʨʦʢʦʡ ʩʫʙʩʪʨʘʪʥʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ. 
Pgp ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʚʦʟʜʝʡʩʪʚʠʝ ʢʘʢ ʢʘʥʮʝʨʦʛʝʥʦʚ ʠʟ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʥʘ ʢʣʝʪʢʠ ʥʦʨʤʘʣʴʥʳʭ ʪʢʘʥʝʡ, ʪʘʢ ʠ 
ʥʘʢʦʧʣʝʥʠʝ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʚ ʢʣʝʪʢʘʭ ʦʧʫʭʦʣʠ, ʚʳʟʳʚʘʷ ʨʘʟʚʠʪʠʝ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʣʝʢʘʨʩʪʚʝʥʥʦʡ 
ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ. ʏʪʦʙʳ ʧʦʥʷʪʴ, ʷʚʣʷʝʪʩʷ ʣʠ Pgp ʬʘʢʪʦʨʦʤ, ʫʯʘʩʪʚʫʶʱʠʤ ʚ ʢʘʥʮʝʨʦʛʝʥʝʟʝ, ʤʳ ʩʨʘʚʥʠʣʠ 
ʧʘʨʘʤʝʪʨʳ ʵʢʩʧʨʝʩʩʠʠ Pgp ʚ ʢʣʝʪʢʘʭ ʥʦʨʤʘʣʴʥʦʡ ʪʢʘʥʠ, ʦʢʨʫʞʘʶʱʝʡ ʦʧʫʭʦʣʴ (ʅʊʃ), ʥʝʤʝʣʢʦʢʣʝʪʦʯʥʦʛʦ ʨʘʢʘ 
ʣʝʛʢʦʛʦ (ʅʄʈʃ) ʠ ʦʙʝ ʵʪʠ ʛʨʫʧʧʳ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʚ ʥʦʨʤʘʣʴʥʦʡ ʪʢʘʥʠ, ʦʢʨʫʞʘʶʱʝʡ ʤʝʪʘʩʪʘʟʳ ʚ ʣʝʛʢʦʤ ʦʧʫʭʦʣʠ 
ʜʨʫʛʦʡ ʧʝʨʚʠʯʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ (ʅʊʃmts). ʄʳ ʩʯʠʪʘʝʤ, ʯʪʦ ʅʊʃmts ʠʥʪʘʢʪʥʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʝʨʚʠʯʥʦʛʦ 
ʢʘʥʮʝʨʦʛʝʥʟʘ ʠ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʧʦʜʭʦʜʷʱʠʤ ʢʦʥʪʨʦʣʝʤ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʩ ʅʄʈʃ ʠ ʅʊʃ. 
ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ: ʂʣʝʪʦʯʥʳʝ ʩʫʩʧʝʥʟʠʠ, ʧʨʠʛʦʪʦʚʣʝʥʥʳʝ ʠʟ ʭʠʨʫʨʛʠʯʝʩʢʠʭ ʙʠʦʧʩʠʥʳʭ ʦʙʨʘʟʮʦʚ ʅʄʈʃ 
(100), ʅʊʃ (92), ʅʊʃmts (33), ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʪʦʯʥʦʡ ʮʠʪʦʬʣʫʦʨʠʤʝʪʨʠʠ. 
ʆʢʨʘʰʠʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ FITC-ʢʦʥʲʶʛʠʨʦʚʘʥʥʳʤʠ ʤʦʥʦʢʣʦʥʘʣʴʥʳʤʠ ʘʥʪʠʪʝʣʘʤʠ ʢ ʚʥʝʰʥʝʤʫ ʵʧʠʪʦʧʫ ʙʝʣʢʘ 
Pgp (ʢʣʦʥ 17F9). FITC-ʢʦʥʲʶʛʠʨʦʚʘʥʥʳʡ ʤʳʰʠʥʳʡ IgG2b ʚ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ 
ʢʘʯʝʩʪʚʝ ʠʟʦʪʠʧʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ (ʦʙʘ ʘʥʪʠʪʝʣʘ Becton Dickinson). ʉʨʝʜʥʷʷ ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʢʣʝʪʦʢ ʠ 
ʢʦʣʠʯʝʩʪʚʦ ʦʢʨʘʰʝʥʥʳʭ ʢʣʝʪʦʢ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ WinMDI ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʪʝʩʪʘ 
ʂʦʣʤʦʛʦʨʦʚʘ-ʉʤʠʨʥʦʚʘ. ʕʢʩʧʨʝʩʩʠʷ Pgp ʦʮʝʥʠʚʘʣʘʩʴ ʧʦ ʜʚʫʤ ʧʘʨʘʤʝʪʨʘʤ: ʠʥʪʝʥʩʠʚʥʦʩʪʠ (ʦʪʥʦʰʝʥʠʶ 
ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʠ ʠʟʦʪʠʧʠʯʝʩʢʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʢʣʝʪʦʢ) ʠ ʫʨʦʚʥʶ ʵʢʩʧʨʝʩʩʠʠ Pgp (ʧʨʦʮʝʥʪʫ ʩʧʝʮʠʬʠʯʝʩʢʠ 
ʦʢʨʘʰʝʥʥʳʭ ʢʣʝʪʦʢ). 
ʈʝʟʫʣʴʪʘʪʳ: 1. ʆʪʤʝʯʝʥʦ ʫʚʝʣʠʯʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ Pgp ʚ ʅʄʈʃ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʅʊʃ; ʤʝʜʠʘʥʳ ʫʨʦʚʥʷ 
ʵʢʩʧʨʝʩʩʠʠ ʤʘʨʢʝʨʘ ʩʦʩʪʘʚʠʣʠ 48 ʠ 32% (ʨ=0,02) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤʝʜʠʘʥʳ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʘʟʣʠʯʘʣʠʩʴ ʚ 1,4 
ʨʘʟʘ (ʨ=0,04). 2. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʝʪ ʨʘʟʣʠʯʠʡ ʧʦ ʫʨʦʚʥʶ (ʨ=0,05) ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ (ʨ=0,03) ʵʢʩʧʨʝʩʩʠʠ Pgp 
ʤʝʞʜʫ ʢʣʝʪʢʘʤʠ ʅʄʈʃ ʠ ʅʊʃmts. 3. ʇʘʨʘʤʝʪʨʳ ʵʢʩʧʨʝʩʩʠʠ Pgp ʙʳʣʠ ʩʥʠʞʝʥʳ ʚ ʅʊʃ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʅʊʃmts 

ï ʜʣʷ ʫʨʦʚʥʷ; ʨ=0,01 ï ʜʣʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ). 
ɺʳʚʦʜʳ: ʋʚʝʣʠʯʝʥʠʝ ʫʨʦʚʥʷ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ Pgp ʚ ʅʄʈʃ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʅʊʃ, ʦʪʩʫʪʩʪʚʠʝ ʨʘʟʣʠʯʠʡ 
ʵʢʩʧʨʝʩʩʠʠ Pgp ʤʝʞʜʫ ʅʄʈʃ ʠ ʅʊʃmts, ʘ ʪʘʢʞʝ ʩʥʠʞʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʚ ʅʊʃ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʅʊʃmts ʛʦʚʦʨʠʪ ʦ 
ʪʦʤ, ʯʪʦ ʟʥʘʯʝʥʠʝ ʫʨʦʚʥʷ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʵʢʩʧʨʝʩʩʠʠ Pgp ï ʚʘʞʥʳʡ ʧʘʪʦʛʝʥʝʪʠʯʝʩʢʠʡ ʬʘʢʪʦʨ ʅʄʈʃ. ʊʘʢʞʝ 
ʤʳ ʩʯʠʪʘʝʤ, ʯʪʦ ʩʥʠʞʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʵʢʩʧʨʝʩʩʠʠ Pgp ʚ ʅʊʃ ʤʦʞʝʪ ʙʳʪʴ ʩʫʱʝʩʪʚʝʥʥʳʤ ʬʘʢʪʦʨʦʤ, 
ʩʧʦʩʦʙʩʪʚʫʶʱʠʤ ʧʨʦʮʝʩʩʫ ʣʝʛʦʯʥʦʛʦ ʢʘʥʮʝʨʦʛʝʥʝʟʘ. 
ʇʦʜʜʝʨʞʘʥʦ ʈʌʌʀ ʠ ʩʪʠʧʝʥʜʠʝʡ ʇʨʝʟʠʜʝʥʪʘ ʈʌ (ˉ13-04-011004-ʘ ʠ ˉ12-04-00028-ʘ; ʉʇ-376.2012.4). 
 

http://www.ivtn.ru/2013/confs/enter/paper.php?p=1340 http://www.ivtn.ru/2013/confs/enter/paper_e.php?p=1340 

  
 



ʉʝʢʮʠʷ 3  Section  3 

http://www.ivtn.ru   25 

ɺʃʀʗʅʀɽ ʅɸʅʆʇʆʂʈʓʊʀʁ ʅɸ 
ɹʀʆʕʃɽʂʊʈʆɻʈɸʌʀʏɽʉʂʀɽ ʇɸʈɸʄɽʊʈʓ 

ʏɽʃʆɺɽʂɸ 

INFLUENCE OF NANOCOATINGS ON HUMAN 
BIOELECTROGRAHIC PARAMETERS 

ʂʘʤʝʥʩʢʘʷ ɺ.ɻ., ɼʝʭʘʥʦʚʘ ʀ.ʄ., ʊʦʤʘʥʦʚ ʃ.ɺ., 
ʉʫʚʦʨʦʚ ɸ.ʀ.  

Kamenskaya V., Dekhanova I., Tomanov L., Suvorov 
A. 

ʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ 
ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɸ.ʀ.ɻʝʨʮʝʥʘ 

A.I.Herzen State Pedagogical University of Russia 

  
ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ 
ʚʣʠʷʥʠʷ ʢʘʨʪʠʥ ʩ ʥʘʥʦʧʦʢʨʳʪʠʝʤ ʦʢʩʠʜʦʤ ʤʝʜʠ ʥʘ 
ʙʠʦʵʣʝʢʪʨʦʛʨʘʬʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 28 ʜʝʚʫʰʝʢ, ɻʈɺ-
ʟʘʧʠʩʠ ʩʦʟʜʘʚʘʣʠʩʴ ʜʚʘʞʜʳ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ: ʥʘ 
ʚʭʦʜʝ ʢʘʢ ʧʦʢʘʟʘʪʝʣʠ ʬʦʥʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʧʦʩʣʝ 30 
ʤʠʥʫʪʥʦʡ ʵʢʩʧʦʟʠʮʠʠ ʢʘʨʪʠʥ ʩ ʥʘʥʦʧʦʢʨʳʪʠʝʤ 
ʋʩʪʘʥʦʚʣʝʥʦ ʜʦʩʪʦʚʝʨʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʧʣʦʱʘʜʠ 
ʩʚʝʯʝʥʠʷ, ʫʤʝʥʴʰʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʬʦʨʤʳ ʚ 
ʟʘʧʠʩʷʭ ʙʝʟ ʬʠʣʴʪʨʘ ʧʨʠ ʵʢʩʧʦʟʠʮʠʠ ʜʚʫʭ ʧʦʣʦʪʝʥ ʧʦ 
ʩʨʘʚʥʝʥʠʶ ʩ ʬʦʥʦʚʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

The work presents the results of studies of the influence 
of pictures with nanocoating of copper oxide on 
bioelectrographic parameters of 28 girls A significant 
growth of the glow area and a decrease of the form 
coefficient in the series without filter at exposure of all 
canvases in comparison with the background parameters 
have been established 

  
ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʢʘʨʪʠʥ ʩ ʥʘʥʦʧʦʢʨʳʪʠʝʤ ʦʢʩʠʜʦʤ ʤʝʜʠ ʥʘ 
ʙʠʦʵʣʝʢʪʨʦʛʨʘʬʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 28 ʜʝʚʫʰʝʢ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʨʘʟʣʠʯʥʳʭ ʩʠʪʫʘʮʠʷʭ ʫʯʝʙʥʦʡ ʠ ʢʦʛʥʠʪʠʚʥʦʡ 
ʜʝʷʪʝʣʴʥʦʩʪʠ. ɻʈɺ-ʟʘʧʠʩʠ ʩʦʟʜʘʚʘʣʠʩʴ ʜʚʘʞʜʳ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ: ʥʘ ʚʭʦʜʝ ʢʘʢ ʧʦʢʘʟʘʪʝʣʠ ʬʦʥʦʚʦʛʦ 
ʩʦʩʪʦʷʥʠʷ, ʧʦʩʣʝ 30 ʤʠʥʫʪʥʦʡ ʵʢʩʧʦʟʠʮʠʠ ʢʘʨʪʠʥ ʩ ʥʘʥʦʧʦʢʨʳʪʠʝʤ ʜʚʫʭ ʮʚʝʪʦʚʳʭ ʢʦʤʧʦʟʠʮʠʡ: ʢʨʘʩʥʦʡ ʠ 
ʩʠʥʝʡ,  ʩʦʜʝʨʞʘʱʝʡ ʠʟʦʙʨʘʞʝʥʠʷ ʮʚʝʪʦʚ. ɻʈɺ-ʟʘʧʠʩʠ ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʚ ʧʨʦʛʨʘʤʤʘʭ Energy ʠ Laboratory ʚ 
ʜʚʫʭ ʨʝʞʠʤʘʭ ʨʝʛʠʩʪʨʘʮʠʠ (ʩ ʬʠʣʴʪʨʦʤ ʠ ʙʝʟ ʬʠʣʴʪʨʘ), ʧʨʦʚʦʜʠʣʩʷ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʬʨʦʥʪʘʣʴʥʳʭ 
ʧʣʦʱʘʜʠ ʩʚʝʯʝʥʠʷ, ʢʦʵʬʬʠʮʠʝʥʪʘ ʬʦʨʤʳ, ʩʠʤʤʝʪʨʠʠ, ʵʥʪʨʦʧʠʠ, ʬʨʘʢʪʘʣʴʥʦʩʪʠ ʧʦ ʠʟʦʣʠʥʠʠ ʧʦʩʣʝ 
ʵʢʩʧʦʟʠʮʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʬʦʥʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʇʦʤʠʤʦ ɻʈɺ-ʟʘʧʠʩʝʡ ʬʠʢʩʠʨʦʚʘʣʦʩʴ 
ʧʩʠʭʦʵʤʦʮʠʦʥʘʣʴʥʦʝ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠʩʧʳʪʫʝʤʳʭ ʩ ʧʦʤʦʱʴʶ ʪʝʩʪʘ ʮʚʝʪʦʚʦʛʦ ʧʨʝʜʧʦʯʪʝʥʠʷ 
ʄ.ʃʶʰʝʨʘ: ʚʝʛʝʪʘʪʠʚʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ (ɺʂ) ʠ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʘʫʪʦʛʝʥʥʦʡ ʥʦʨʤʳ ɺʘʣʴʥʝʬʝʨʘ. 
ʋʩʪʘʥʦʚʣʝʥʦ ʜʦʩʪʦʚʝʨʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʧʣʦʱʘʜʠ ʩʚʝʯʝʥʠʷ, ʫʤʝʥʴʰʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʬʦʨʤʳ ʚ ʟʘʧʠʩʷʭ ʙʝʟ 
ʬʠʣʴʪʨʘ ʧʨʠ ʵʢʩʧʦʟʠʮʠʠ ʜʚʫʭ ʧʦʣʦʪʝʥ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʬʦʥʦʚʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʅʝʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ 
ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʠʤʤʝʪʨʠʷ ʚ ʟʘʧʠʩʷʭ ʙʝʟ ʬʠʣʴʪʨʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʬʦʨʤʳ ʚ ʟʘʧʠʩʷʭ ʩ ʬʠʣʴʪʨʦʤ ʧʨʠ 
ʚʦʟʜʝʡʩʪʚʠʠ ʧʦʣʦʪʥʘ ʩ ʢʨʘʩʥʦʛʦ ʮʚʝʪʘ. 
ʄʥʦʛʦʤʝʨʥʳʡ ʬʘʢʪʦʨʥʳʡ ʘʥʘʣʠʟ, ʚʳʧʦʣʥʝʥʥʳʡ ʥʘ ʤʘʩʩʠʚʝ ʚʩʝʭ ʧʘʨʘʤʝʪʨʦʚ, ʚʢʣʶʯʘʶʱʠʭ ɺʂ ʠ ʦʪʢʣʦʥʝʥʠʠ ʦʪ 
ʘʫʪʦʛʝʥʥʦʡ ʥʦʨʤʳ, ʫʜʘʣʦʩʴ ʚʳʧʦʣʥʠʪʴ ʪʦʣʴʢʦ ʧʦ ʢʨʘʩʥʦʡ ʢʘʨʪʠʥʝ, ʪ. ʢ. ʚʣʠʷʥʠʝ ʩʠʥʝʡ ʢʘʨʪʠʥʳ ʦʪʣʠʯʘʝʪʩʷ 
ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʦʡ ʛʨʫʧʧʦʚʦʡ ʚʘʨʠʘʪʠʚʥʦʩʪʴʶ. ʌʘʢʪʦʨʥʳʡ ʘʥʘʣʠʟ ʜʘʣ ʪʨʝʭʬʘʢʪʦʨʥʦʝ ʨʝʰʝʥʠʝ, ʪʨʠ ʛʣʘʚʥʳʭ 
ʬʘʢʪʦʨʘ ʢʦʪʦʨʦʛʦ ʚʢʣʶʯʘʶʪ 79% ʦʙʱʝʡ  ʜʠʩʧʝʨʩʠʠ. ʇʝʨʚʳʡ ʠ ʪʨʝʪʠʡ ʛʣʘʚʥʳʭ ʬʘʢʪʦʨʘ (ɻʌ) ʩʦʜʝʨʞʘʪ 
ʦʩʥʦʚʥʳʝ ɻʈɺ-ʧʘʨʘʤʝʪʨʳ ʜʦ ʠ ʧʦʩʣʝ ʵʢʩʧʦʟʠʮʠʠ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʝʩʥʦʡ ʩʚʷʟʠ ʙʠʦʵʣʝʢʪʨʦʛʨʘʬʠʯʝʩʢʠʭ 
ʧʘʨʘʤʝʪʨʦʚ ʜʦ ʠ ʧʦʩʣʝ ʵʢʩʧʦʟʠʮʠʠ ʢʘʨʪʠʥ. ɺʪʦʨʦʡ ɻʌ ʚʢʣʶʯʘʝʪ ɺʂ ʠ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʘʫʪʦʛʝʥʥʦʡ ʥʦʨʤʳ ʠ 
ʵʥʪʨʦʧʠʶ ʚ ʟʘʧʠʩʷʭ ʙʝʟ ʬʠʣʴʪʨʘ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʢʨʘʩʥʦʡ ʢʘʨʪʠʥʳ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ 
ʧʩʠʭʦʵʤʦʮʠʦʥʘʣʴʥʦʝ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʷ ʪʝʩʥʦ ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʵʥʪʨʦʧʠʝʡ ʩʚʝʯʝʥʠʷ ʢʘʢ 
ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʚʝʯʝʥʠʷ. 
ɺ ʮʝʣʦʤ ʧʦʣʫʯʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʧʦʟʚʦʣʷʝʪ ʫʪʚʝʨʞʜʘʪʴ ʦ ʧʦʟʠʪʠʚʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʢʘʨʪʠʥ ʩ ʥʘʥʦʧʦʢʨʳʪʠʝʤ ʥʘ 
ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʘʜʘʧʪʘʮʠʦʥʥʳʡ ʨʝʩʫʨʩ ʯʝʣʦʚʝʢʘ ʧʦʩʣʝ 30 ʤʠʥʫʪʥʦʡ ʵʢʩʧʦʟʠʮʠʠ. ʋʣʫʯʰʝʥʠʝ 
ʩʫʙʲʝʢʪʠʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʭʦʜʠʪ ʩʚʦʝ ʦʪʨʘʞʝʥʠʝ ʚ  ʜʠʥʘʤʠʢʝ ʦʙʲʝʢʪʠʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ  ɻʈɺ-ʩʚʝʯʝʥʠʷ. 
 

http://www.ivtn.ru/2013/confs/enter/paper.php?p=1345 http://www.ivtn.ru/2013/confs/enter/paper_e.php?p=1345 
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ʀʟʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʦʮʝʥʠʚʘʥʠʷ ʥʘʜʝʞʥʦʩʪʠ 
ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʘʚʠʘʮʠʦʥʥʳʭ 
ʪʝʭʥʠʢʦʚ, ʧʦʜʚʝʨʛʘʶʱʠʭʩʷ ʚʦʟʜʝʡʩʪʚʠʶ 
ʘʚʠʘʮʠʦʥʥʦʛʦ ʰʫʤʘ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʦʮʝʥʢʘ ʜʦʣʞʥʘ 
ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 
ʩʨʝʜʩʪʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʠ ʢʦʣʣʝʢʪʠʚʥʦʡ ʟʘʱʠʪʳ ʦʪ 
ʪʘʢʠʭ ʬʘʢʪʦʨʦʚ. 

The technique of estimating the reliability of the 
professional activity of aviation technicians affected by 
aircraft noise, calculated assessment should be used as a 
criterion for the effectiveness of individual and collective 
protection against such factors. 

  
ʋʩʪʘʥʦʚʣʝʥʦ, ʚ ʯʘʩʪʥʦʩʪʠ, ʯʪʦ ʦʰʠʙʦʯʥʳʝ ʠ ʥʝʩʚʦʝʚʨʝʤʝʥʥʳʝ ʜʝʡʩʪʚʠʷ ʧʝʨʩʦʥʘʣʘ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ ʩʣʦʞʥʳʤʠ 
ʪʝʭʥʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ ʚʳʟʳʚʘʶʪ ʜʦ 40% ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʠʩʭʦʜʦʚ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʨʘʢʝʪ, ʙʦʣʝʝ 60% 
ʪʷʞʝʣʳʭ ʧʨʦʠʩʰʝʩʪʚʠʡ ʥʘ ʪʨʘʥʩʧʦʨʪʝ, ʜʦ 80% ʘʚʘʨʠʡ ʠ ʢʘʪʘʩʪʨʦʬ ʚ ʘʚʠʘʮʠʠ [1, 2]. 
ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʧʝʨʘʪʦʨʘ ʧʦ ʢʘʯʝʩʪʚʫ ʝʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚ 
ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ ʧʨʦʮʝʩʩʝ, ʪʦʯʥʦʩʪʠ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦʩʪʠ ʜʝʡʩʪʚʠʡ, ʧʦ ʜʦʩʪʠʞʝʥʠʶ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ, ʪ.ʝ. 
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ʧʦ ʢʦʥʝʯʥʦʤʫ ʨʝʟʫʣʴʪʘʪʫ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʥʘʜʝʞʥʦʩʪʴʶ. 
ʆʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʩʥʠʞʝʥʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʥʘʜʝʞʥʦʩʪʠ ʦʧʝʨʘʪʦʨʘ ʷʚʣʷʝʪʩʷ ʧʨʝʚʳʰʝʥʠʝ ʥʘ ʨʘʙʦʯʝʤ ʤʝʩʪʝ 
ʜʦʧʫʩʪʠʤʳʭ ʫʨʦʚʥʝʡ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ (ʌʍʌ) ʫʩʣʦʚʠʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʦʙʦʩʥʦʚʘʥʥʳʭ ʨʝʟʫʣʴʪʘʪʘʤʠ 
ʬʠʟʠʦʣʦʛʦ-ʛʠʛʠʝʥʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [3]. 
ɺ ʨʘʙʦʪʝ [4] ʠʟʣʦʞʝʥʘ ʢʦʥʮʝʧʮʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʥʝʥʘʜʝʞʥʦʩʪʠ ʜʝʡʩʪʚʠʡ (ʇʅɼ) ʢʘʢ ʚʝʨʦʷʪʥʦʩʪʥʦʡ ʤʝʨʳ 
ʩʪʝʧʝʥʠ ʚʣʠʷʥʠʷ ʥʘ ʦʧʝʨʘʪʦʨʘ ʌʍʌ. ʂʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʩʥʦʚʦʡ ʵʪʦʡ ʤʝʨʳ ʷʚʣʷʝʪʩʷ ʨʠʩʢ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 
ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʵʬʬʝʢʪʘ (ʩʨʳʚ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʦʰʠʙʦʯʥʳʝ ʜʝʡʩʪʚʠʷ). ʇʦʵʪʦʤʫ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʪʝʦʨʝʪʠʢʦ-
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʥʘʜʝʞʥʦʩʪʠ ʜʝʡʩʪʚʠʷ ʘʚʠʘʮʠʦʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ, 
ʦʙʩʣʫʞʠʚʘʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ. 
ʆʜʥʠʤ ʠʟ ʌʍʌ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʜʝʡʩʪʚʠʷ ʥʘ ʯʝʣʦʚʝʢʘ, ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʘʚʠʘʮʠʦʥʥʫʶ ʪʝʭʥʠʢʫ (ɸʊ), ʷʚʣʷʝʪʩʷ 
ʰʫʤʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ. 
ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʰʫʤʘ ʥʘʜʝʞʥʦʩʪʴ ʜʝʡʩʪʚʠʡ ʯʝʣʦʚʝʢʘ, ʚʳʧʦʣʥʷʶʱʝʛʦ ʦʧʝʨʘʪʦʨʩʢʫʶ 
ʜʝʷʪʝʣʴʥʦʩʪʴ, ʩʥʠʞʘʝʪʩʷ. ʉʦʛʣʘʩʥʦ [5], ʥʘʜʝʞʥʦʩʪʴ ʯʝʣʦʚʝʢʘ-ʦʧʝʨʘʪʦʨʘ ï ʵʪʦ ʝʛʦ ʩʚʦʡʩʪʚʦ ʩʦʭʨʘʥʷʪʴ 
ʩʧʦʩʦʙʥʦʩʪʴ ʦʩʫʱʝʩʪʚʣʷʪʴ ʦʧʨʝʜʝʣʝʥʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʩ ʪʨʝʙʫʝʤʳʤ ʢʘʯʝʩʪʚʦʤ ʚ ʪʝʯʝʥʠʝ ʪʨʝʙʫʝʤʦʛʦ 
ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ, ʩʦʭʨʘʥʷʷ ʪʨʝʙʫʝʤʳʡ ʫʨʦʚʝʥʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. ʅʘʨʫʰʝʥʠʝ ʜʝʷʪʝʣʴʥʦʩʪʠ ʷʚʣʷʝʪʩʷ 
ʩʦʙʳʪʠʝʤ, ʠʤʝʶʱʠʤ ʦʧʨʝʜʝʣʝʥʥʫʶ ʚʝʨʦʷʪʥʦʩʪʴ. ɺ ʨʘʙʦʪʝ [4] ʵʪʘ ʚʝʨʦʷʪʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʘ ʢʘʢ ʧʦʪʝʥʮʠʘʣʴʥʘʷ 
ʥʝʥʘʜʝʞʥʦʩʪʴ ʜʝʡʩʪʚʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
ʤʝʪʦʜʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ ʧʦʣʫʯʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʦʧʠʩʳʚʘʶʱʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʇʅɼ ʦʪ 
ʫʨʦʚʥʷ ʟʚʫʢʘ, ʚʦʟʜʝʡʩʪʚʫʶʱʝʛʦ ʥʘ ʀʊʉ ʚ ʪʝʯʝʥʠʝ ʣʝʪʥʦʡ ʩʤʝʥʳ, ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʃɸ ʢ ʧʦʣʝʪʘʤ, ʧʨʠ 
ʦʧʨʦʙʦʚʘʥʠʠ ʜʚʠʛʘʪʝʣʝʡ ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʥʘ ɸʊ ʨʝʛʣʘʤʝʥʪʥʳʭ ʨʘʙʦʪ. 
ʉʪʨʫʢʪʫʨʘ ʵʪʦʡ ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʦʤʧʦʟʠʮʠʝʡ ʜʚʫʭ ʫʩʝʯʝʥʥʳʭ ʥʦʨʤʘʣʴʥʳʭ ʬʫʥʢʮʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. 
ʇʘʨʘʤʝʪʨʘʤʠ ʤʦʜʝʣʠ ʷʚʣʷʶʪʩʷ ʦʮʝʥʢʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʦʞʠʜʘʥʠʡ ʫʩʝʯʝʥʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʄ1, ʄ2 ʠ ʠʭ 
ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʠʝ (ʩʪʘʥʜʘʨʪʥʳʝ) ʦʪʢʣʦʥʝʥʠʷ ů1, ů2 [6,7]. ʇʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʧʦʟʚʦʣʠʣʘ 
ʦʧʨʝʜʝʣʠʪʴ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ. ʀʭ ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʨʘʚʥʳ: ʄ1=134,02; ʄ2=116,03; ů1=42,00; ů2=8,67; 
ʊ=111,33. ʆʮʝʥʢʫ ʇʅɼ ʧʨʠ ʨʘʙʦʪʝ ʚ ʫʩʣʦʚʠʷʭ, ʩʦʧʨʷʞʝʥʥʳʭ ʩ ʚʦʟʜʝʡʩʪʚʠʝʤ ʘʚʠʘʮʠʦʥʥʦʛʦ ʰʫʤʘ (L, ʜɹɸ) 

ʨʘʩʩʯʠʪʳʚʘʶʪ ʢʘʢ  

ʇʅɼ=1ï(0,0003167e
0,061112L

+1,10521). 

ɺ ʮʝʣʷʭ ʫʩʪʘʥʦʚʣʝʥʠʷ ʚʣʠʷʥʠʷ ʰʫʤʘ, ʜʝʡʩʪʚʠʶ ʢʦʪʦʨʦʛʦ ʧʦʜʚʝʨʛʘʶʪʩʷ ʘʚʠʘʮʠʦʥʥʳʝ ʪʝʭʥʠʢʠ, ʦʙʩʣʫʞʠʚʘʶʱʠʝ 
ʩʘʤʦʣʝʪʳ ʠ ʚʝʨʪʦʣʝʪʳ ʨʘʟʣʠʯʥʳʭ ʨʦʜʦʚ ʘʚʠʘʮʠʠ ɺʉ ʈʌ ʚ ʪʝʯʝʥʠʝ ʣʝʪʥʦʡ ʩʤʝʥʳ, ʥʘ ʠʭ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʫʶ 
ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʙʳʣʠ ʩʦʩʪʘʚʣʝʥʳ ʮʠʢʣʦʛʨʘʤʤʳ ʨʘʙʦʪʳ ʀʊʉ, ʧʦʜʚʝʨʛʘʶʱʝʛʦʩʷ ʚʦʟʜʝʡʩʪʚʠʶ ʰʫʤʘ ʧʨʠ 
ʨʘʙʦʪʝ ʘʚʠʘʜʚʠʛʘʪʝʣʝʡ ʚʦ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʧʦʣʝʪʦʚ, ʧʨʠ ʦʧʨʦʙʦʚʘʥʠʠ ʜʚʠʛʘʪʝʣʝʡ ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʥʘ ʃɸ 
ʨʝʛʣʘʤʝʥʪʥʳʭ ʨʘʙʦʪ [8]. 
ʆʩʥʦʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʮʠʢʣʦʛʨʘʤʤʳ ʷʚʣʷʣʠʩʴ: 
- ʚʨʝʤʷ ʦʪ ʤʦʤʝʥʪʘ ʟʘʧʫʩʢʘ ʘʚʠʘʜʚʠʛʘʪʝʣʝʡ ʃɸ ʜʦ ʤʦʤʝʥʪʘ ʝʛʦ ʚʳʨʫʣʠʚʘʥʠʷ ʩʦ ʩʪʘʨʪʦʚʦʡ ʧʣʦʱʘʜʢʠ; 
- ʢʦʣʠʯʝʩʪʚʦ ʚʳʣʝʪʦʚ ʃɸ ʟʘ ʣʝʪʥʫʶ ʩʤʝʥʫ; 
- ʚʨʝʤʷ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʩʘʤʦʣʝʪʘ (ʚʝʨʪʦʣʝʪʘ) ʢ ʧʦʣʝʪʫ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʜʨʫʛʠʭ ʧʨʦʬʝʩʩʠʡ, 
ʢʦʪʦʨʳʝ ʨʘʙʦʪʘʶʪ ʪʦʣʴʢʦ ʩʦ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ. 
ʍʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʥʝʧʦʩʪʦʷʥʥʦʛʦ ʰʫʤʘ ʥʘ ʨʘʙʦʯʠʭ ʤʝʩʪʘʭ ʷʚʣʷʝʪʩʷ ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʫʨʦʚʝʥʴ ʟʚʫʢʘ ʚ ʜɹɸ. 
ʕʢʚʠʚʘʣʝʥʪʥʳʡ (ʧʦ ʵʥʝʨʛʠʠ) ʫʨʦʚʝʥʴ ʟʚʫʢʘ ʥʝʧʦʩʪʦʷʥʥʦʛʦ ʰʫʤʘ Lʵʢʚ- ʚʝʣʠʯʠʥʘ, ʨʘʚʥʘʷ ʫʨʦʚʥʶ ʟʚʫʢʘ Lɸ 
ʧʦʩʪʦʷʥʥʦʛʦ ʰʫʤʘ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʪʘʢʦʝ ʞʝ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʟʚʫʢʦʚʦʝ ʜʘʚʣʝʥʠʝ, ʯʪʦ ʠ ʜʘʥʥʳʡ 
ʥʝʧʦʩʪʦʷʥʥʳʡ ʰʫʤ ʚ ʪʝʯʝʥʠʝ ʥʝʦʧʨʝʜʝʣʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ [9]. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʣʠ ʠʟʚʝʩʪʥʳ ʮʠʢʣʦʛʨʘʤʤʳ ʨʘʙʦʪʳ ʀʊʉ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʰʫʤʘ ʥʘ ʨʘʙʦʯʠʭ ʤʝʩʪʘʭ ʀʊʉ, 
ʤʦʞʥʦ ʧʦʩʯʠʪʘʪʴ ʧʦ ʚʳʰʝʧʨʠʚʝʜʝʥʥʦʡ ʤʝʪʦʜʠʢʝ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʥʝʥʘʜʝʞʥʦʩʪʠ ʜʝʡʩʪʚʠʷ 
ʘʚʠʘʮʠʦʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʦʙʩʣʫʞʠʚʘʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ. 
ɺ ʪʘʙʣ. 1 ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʇʅɼ ʘʚʠʘʮʠʦʥʥʳʭ ʪʝʭʥʠʢʦʚ, ʧʦʜʚʝʨʛʘʶʱʝʛʦʩʷ ʚʦʟʜʝʡʩʪʚʠʶ ʰʫʤʘ ʦʪ ʨʘʙʦʪʳ 
ʜʚʠʛʘʪʝʣʝʡ ʚʦ ʚʨʝʤʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʣʝʪʦʚ. 

ʊʘʙʣʠʮʘ 1 ï ʆʮʝʥʢʠ ʇʅɼ ʘʚʠʘʮʠʦʥʥʳʭ ʪʝʭʥʠʢʦʚ ʚʦ ʚʨʝʤʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʣʝʪʦʚ 

ɺʠʜ ʘʚʠʘʮʠʠ ɺʨʝʤʷ 
ʨʘʙʦʪʳ 
ʜʚʠʛʘʪʝʣʝʡ 
ʦʪ ʟʘʧʫʩʢʘ 
ʜʦ 

ʚʳʨʫʣʠʚʘʥʠ
ʷ, ʤʠʥ 

ʂʦʣʠʯʝʩʪ
ʚʦ 

ʚʳʣʝʪʦʚ 
ʟʘ ʣʝʪʥʫʶ 
ʩʤʝʥʫ 

ʆʙʱʝ
ʝ 

ʚʨʝʤʷ 
ʟʘ 
ʣʝʪʥʫ
ʶ 

ʩʤʝʥʫ 

ʋʨʦʚʝʥ
ʴ ʰʫʤʘ 

Lʵʢʚ, 
ʜɹɸ 

ʇʅɼ, 

ʦʪʥ. ʝʜ 

ʀʩʪʨʝʙʠʪʝʣʴʥ
ʘ ̫

5-7 2-6 15-42 94-114 0,17-0,38 

ʌʨʦʥʪʦʚʘʷ 7 3 21 107 0,21 

ʐʪʫʨʤʦʚʘʷ 10-11 3-4 30-44 116-118 0,35-0,47 

ɼʘʣʴʥʷʷ 10-25 1-3 10-75 96-114 0,18-0,38 

ɺʦʝʥʥʦ-
ʪʨʘʥʩʧʦʨʪʥʘʷ 

8-15 2-4 16-60 105-112 0,24-0,31 

ɸʨʤʝʡʩʢʘʷ 3-8 3-4 9-32 102-111 0,22-0,29 

ʀʟ ʪʘʙʣʠʮʳ ʚʠʜʥʦ, ʯʪʦ ʨʠʩʢ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʵʬʬʝʢʪʘ ʥʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥ ʧʨʠ ʦʙʩʣʫʞʠʚʘʥʠʠ ʠ 
ʧʦʜʛʦʪʦʚʢʝ ʢ ʧʦʣʝʪʘʤ ɸʊ ʰʪʫʨʤʦʚʦʡ, ʠʩʪʨʝʙʠʪʝʣʴʥʦʡ ʠ ʜʘʣʴʥʝʡ ʘʚʠʘʮʠʠ (ʇʅɼ ʩʦʩʪʘʚʣʷʝʪ ʜʦ 38 ï 47%). 
ɺ ʧʨʦʚʝʜʝʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʨʘʩʯʝʪʘ ʦʮʝʥʢʠ ʇʅɼ ʫ 
ʘʚʠʘʮʠʦʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʧʦʜʚʝʨʛʘʶʱʠʭʩʷ ʚʦʟʜʝʡʩʪʚʠʶ ʚʳʩʦʢʦʠʥʪʝʥʩʠʚʥʦʛʦ ʰʫʤʘ ʚʦ ʚʨʝʤʷ ʣʝʪʥʦʡ ʩʤʝʥʳ. 
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ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʟʘʢʣʶʯʝʥʠʝ ʦ ʧʨʠʢʣʘʜʥʦʡ ʟʥʘʯʠʤʦʩʪʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 
ʨʘʩʯʝʪʘ ʚʝʨʦʷʪʥʦʩʪʠ ʇʅɼ, ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʝʸ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʦʮʝʥʠʚʘʥʠʷ ʇʅɼ ʘʚʠʘʮʠʦʥʥʳʭ ʪʝʭʥʠʢʦʚ 
ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʘʚʠʘʮʠʦʥʥʦʛʦ ʰʫʤʘ, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʥʘ ʨʘʙʦʯʠʭ ʤʝʩʪʘʭ ʧʨʠ ʦʙʩʣʫʞʠʚʘʥʠʠ ʣʝʪʘʪʝʣʴʥʳʭ 
ʘʧʧʘʨʘʪʦʚ, ʠ ʚ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʨʝʜʩʪʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʠ ʢʦʣʣʝʢʪʠʚʥʦʡ ʟʘʱʠʪʳ ʦʪ ʰʫʤʘ. 
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ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 
ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʠʦʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
ʣʝʚʦʡ ʢʦʨʦʥʘʨʥʦʡ ʘʨʪʝʨʠʠ, ʧʨʦʚʝʜʝʥʥʦʛʦ ʜʣʷ 
ʩʠʥʪʝʟʘ ʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ 
ʢʘʨʜʠʦʭʠʨʫʨʛʦʤ. 

The results of mathematical modeling of biomechanical 
characteristics of the left coronary artery, conducted for 
the synthesis of a decision support a heart surgeon. 

  
ʆʜʥʦʡ ʠʟ ʚʘʞʥʳʭ ʧʨʦʙʣʝʤ ʤʝʜʠʮʠʥʩʢʦʡ ʠʥʬʦʨʤʘʪʠʢʠ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ 
ʨʝʰʝʥʠʡ ʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʠ ʪʘʢʪʠʢʝ ʦʧʝʨʘʪʠʚʥʳʭ ʭʠʨʫʨʛʠʯʝʩʢʠʭ ʚʤʝʰʘʪʝʣʴʩʪʚ. ʂ ʯʠʩʣʫ ʥʘʠʙʦʣʝʝ 
ʟʥʘʯʠʤʳʭ ʩʦʮʠʘʣʴʥʦ ʟʥʘʯʠʤʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʯʘʩʪʦ ʪʨʝʙʫʶʱʠʭ ʦʧʝʨʘʪʠʚʥʦʛʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ, ʷʚʣʷʝʪʩʷ ʩʪʝʥʦʟ 
ʣʝʚʦʡ ʢʦʨʦʥʘʨʥʦʡ ʘʨʪʝʨʠʠ (ʃʂɸ). ʉʫʱʝʩʪʚʝʥʥʳʤ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʥʘʟʚʘʥʥʳʭ ʨʝʰʝʥʠʡ 
ʷʚʣʷʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʙʠʦʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʪʝʥʦʟʠʨʦʚʘʥʥʦʡ ʘʨʪʝʨʠʠ ʠ 
ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʮʠʡ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʪʝʥʦʟʘ.  
ɹʠʦʤʝʭʘʥʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʷʚʣʷʶʱʠʝʩʷ ʠʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ 
ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ [1]. ʅʘ ʦʩʥʦʚʝ ʵʪʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦʩʪʨʦʝʥ ʢʘʨʢʘʩ ʤʦʜʝʣʠ, ʠʟ ʢʦʪʦʨʦʛʦ 
ʚʳʜʝʣʝʥ ʠʥʪʝʨʝʩʫʶʱʠʡ ʫʯʘʩʪʦʢ ʃʂɸ ʧʨʠ ʫʩʣʦʚʠʠ ʜʦʧʫʱʝʥʠʡ: ʪʦʣʱʠʥʘ ʩʪʝʥʦʟʠʨʦʚʘʥʥʦʛʦ ʫʯʘʩʪʢʘ ʚ 
ʧʨʦʜʦʣʴʥʦʤ ʠ ʦʢʨʫʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ ʦʜʠʥʘʢʦʚʘ; ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩʪʝʥʦʟʠʨʦʚʘʥʥʦʡ ʩʪʝʥʢʠ ʩʦʩʫʜʘ 
ʠʜʝʥʪʠʯʥʳ ʙʠʦʤʝʭʘʥʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ ʘʥʘʪʦʤʠʯʝʩʢʠ ʥʦʨʤʘʣʴʥʦʡ ʩʪʝʥʢʠ ʃʂɸ; ʩʪʝʥʦʟ ʷʚʣʷʝʪʩʷ 
ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʤ ʚ ʧʨʦʜʦʣʴʥʦʤ ʠ ʦʢʨʫʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ; ʜʘʚʣʝʥʠʝ ʚ ʤʝʩʪʝ ʩʪʝʥʦʟʘ ʧʨʠʥʠʤʘʝʪʩʷ ʙʦʣʴʰʠʤ 
ʥʘ 15%, ʯʝʤ ʥʘ ʜʨʫʛʠʭ ʫʯʘʩʪʢʘʭ ʃʂɸ. 
ɿʘʪʝʤ ʩʦʟʜʘʥ ʢʘʨʢʘʩ ʩʪʝʥʦʟʠʨʦʚʘʥʥʦʡ ʃʂɸ ʩ ʫʯʝʪʦʤ ʝʛʦ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ [1]. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 
ʘʥʘʣʠʟʘ ʢʣʠʥʠʯʝʩʢʠʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʩʪʝʥʪʠʨʦʚʘʥʠʶ ʩʦʩʫʜʦʚ [2], ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ 
ʷʚʣʷʝʪʩʷ ʚʘʨʴʠʨʦʚʘʥʠʝ ʪʘʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʜʠʘʤʝʪʨʘ ʩʪʝʥʦʟʠʨʦʚʘʥʥʦʛʦ ʫʯʘʩʪʢʘ ʢ ʜʠʘʤʝʪʨʫ 
ʘʥʘʪʦʤʠʯʝʩʢʠ ʥʦʨʤʘʣʴʥʦʛʦ ʫʯʘʩʪʢʘ, ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʧʝʨʝʭʦʜʥʦʛʦ ʩʝʛʤʝʥʪʘ, ʜʣʠʥʘ ʩʪʝʥʦʟʘ ʨʘʩʧʦʣʦʞʝʥʠʝ 
ʩʪʝʥʦʟʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʯʘʣʘ ʩʦʩʫʜʘ. ɸʥʘʣʠʟ ʧʦʩʪʨʦʝʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʢʘʨʢʘʩʘ ʩʪʝʥʦʟʠʨʦʚʘʥʥʦʡ 
ʃʂɸ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʤʠʥʠʤʫʤʳ ʚʩʝʭ ʙʠʦʤʝʭʘʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ (ʧʝʨʝʤʝʱʝʥʠʷ, ʜʝʬʦʨʤʘʮʠʠ ʠ ʥʘʧʨʷʞʝʥʠʷ) 
ʠʤʝʶʪ ʣʦʢʘʣʠʟʘʮʠʶ, ʩʠʤʤʝʪʨʠʯʥʫʶ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʝʨʝʜʠʥʳ ʃʂɸ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʘʢʩʠʤʫʤʳ 
ʙʠʦʤʝʭʘʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʦʙʦʣʦʯʢʝ ʃʂɸ ï ʠʥʪʠʤʝ, ʯʪʦ ʷʚʣʷʝʪʩʷ 
ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʚʘʞʥʦʩʪʠ ʫʯʝʪʘ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʘ çʠʥʪʠʤʘ-ʤʝʜʠʘè. 
ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʙʠʦʤʝʭʘʥʠʯʝʩʢʠʭ 
ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʧʨʦʮʝʥʪʘ ʩʫʞʝʥʠʷ ʩʦʩʫʜʘ, ʠʣʠ ʩʪʝʧʝʥʠ ʩʪʝʥʦʟʘ, ʘ ʪʘʢʞʝ ʝʛʦ ʫʜʘʣʝʥʠʷ ʦʪ ʥʘʯʘʣʘ 
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ʩʦʩʫʜʘ.  
ʊʘʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʬʦʨʤʘʣʴʥʳʭ ʦʮʝʥʢʘʭ ʩʪʝʥʦʟʘ (coronary stenosis index ï CSI) [3], 
ʚʳʧʦʣʥʝʥʦ ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʚʥʫʪʨʝʥʥʠʤ ʜʠʘʤʝʪʨʦʤ ʘʥʘʪʦʤʠʯʝʩʢʠ ʥʦʨʤʘʣʴʥʦʛʦ ʧʨʦʩʚʝʪʘ ʃʂɸ, ʩ 
ʧʦʩʣʝʜʫʶʱʠʤ ʩʨʘʚʥʝʥʠʝʤ ʧʦʣʫʯʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʘʢʩʠʤʘʣʴʥʳʭ ʙʠʦʤʝʭʘʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ 
ʠʟʤʝʥʝʥʠʠ CSI ʠ ʫʜʘʣʸʥʥʦʩʪʠ ʩʪʝʥʦʟʘ ʦʪ ʥʘʯʘʣʘ ʃʂɸ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʚʣʝʥʠʝ ʚ ʩʪʝʥʦʟʠʨʦʚʘʥʥʦʤ 
ʫʯʘʩʪʢʝ ʩʯʠʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ, ʥʝʩʤʦʪʨʷ ʥʘ ʛʝʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʃʂɸ ʩ 
ʫʚʝʣʠʯʝʩʥʠʝʤ CSI.  
ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚ ʨʘʥʥʠʭ ʨʘʙʦʪʘʭ, ʜʘʚʣʝʥʠʝ ʥʝ ʚʥʦʩʠʪ ʩʝʨʴʸʟʥʳʭ ʠʟʤʝʥʝʥʠʡ ʥʠ ʚ ʦʜʠʥ ʠʟ ʙʠʦʤʝʭʘʥʠʯʝʩʢʠʭ 
ʧʘʨʘʤʝʪʨʦʚ ʃʂɸ, ʧʦʵʪʦʤʫ ʧʨʠʥʷʪʦʝ ʜʦʧʫʱʝʥʠʝ ʦ ʧʦʩʪʦʷʥʩʪʚʝ ʜʘʚʣʝʥʠʝ ʧʨʠʟʥʘʥʦ ʢʦʨʨʝʢʪʥʳʤ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ 
ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ CSI ʦʪ 10% ʜʦ 90% ʩ ʰʘʛʦʤ ʚ 10% (ʪʘʢʦʡ ʰʘʛ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʷʤ 
ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ). ʇʨʦʪʷʞʸʥʥʦʩʪʴ ʩʪʝʥʦʟʘ ʧʨʠʥʷʪʘ ʨʘʚʥʦʡ 10 ʤʤ, ʧʨʠ ʵʪʦʤ ʜʣʠʥʘ ʩʦʩʫʜʘ ʩʯʠʪʘʣʘʩʴ 
ʨʘʚʥʦʡ 50 ʤʤ. 
ɸʥʘʣʠʟʠʨʫʷ ʨʝʟʫʣʴʪʘʪʳ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʣʠʰʴ ʧʨʠ ʩʪʝʧʝʥʠ ʩʪʝʥʦʟʘ 90% ʥʘʙʣʶʜʘʝʪʩʷ ʩʢʘʯʦʢ ʚʩʝʭ 
ʙʠʦʤʝʭʘʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. ɺ ʮʝʣʦʤ ʞʝ, ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʢʦʨʨʝʣʠʨʫʶʪ ʩ 
ʧʨʦʛʥʦʟʠʨʫʝʤʳʤʠ. ʅʝʦʙʭʦʜʠʤʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʚʩʝʭ ʟʥʘʯʝʥʠʷʭ zst ʠ CSI ʦʪʤʝʯʝʥʳ ʤʘʢʩʠʤʫʤʳ 
ʙʠʦʤʝʭʘʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠʤʝʥʥʦ ʥʘ ʛʨʘʥʠʮʝ (ʥʘ ʚʥʝʰʥʝʡ ʠʣʠ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʷʭ) 
ʩʪʝʥʦʟʠʨʦʚʘʥʥʦʛʦ ʫʯʘʩʪʢʘ ʠ ʘʥʘʪʦʤʠʯʝʩʢʠ ʥʦʨʤʘʣʴʥʦʛʦ, ʯʪʦ ʩʣʫʞʠʪ ʢʦʩʚʝʥʥʦʡ ʧʨʝʜʧʦʩʳʣʢʦʡ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 
ʢʦʨʨʝʢʮʠʠ ʩʪʝʥʦʟʠʨʦʚʘʥʥʦʛʦ ʫʯʘʩʪʢʘ ʃʂɸ ʩʪʝʥʪʦʤ ʜʣʠʥʳ, ʧʨʝʚʳʰʘʶʱʝʡ ʜʣʠʥʫ ʩʪʝʥʦʟʘ. 
ʂʦʩʚʝʥʥʳʤ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʩʪʝʥʪʦʚ, ʠʤʝʶʱʠʭ ʜʣʠʥʫ ʙʦʣʴʰʫʶ, ʯʝʤ ʜʣʠʥʘ 
ʩʪʝʥʦʟʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʤʘʢʩʠʤʫʤ ʙʠʦʤʝʭʘʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠʤʝʣ ʣʦʢʘʣʠʟʘʮʠʶ ʥʘ ʩʪʳʢʝ 
ʩʪʝʥʦʟʠʨʦʚʘʥʥʦʛʦ ʠ ʘʥʘʪʦʤʠʯʝʩʢʠ ʥʦʨʤʘʣʴʥʦʛʦ ʫʯʘʩʪʢʘ. 
ɺʘʞʥʳʤ ʬʘʢʪʦʨʦʤ, ʦʙʫʩʣʦʚʣʠʚʘʶʱʠʤ ʛʝʤʦʜʠʥʘʤʠʯʝʩʢʫʶ ʵʪʠʤʦʣʦʛʠʶ ʩʪʝʥʦʟʘ, ʷʚʣʷʝʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ 
çʬʦʨʤʘ ʩʪʝʥʦʟʘè [4]. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʧʝʨʝʭʦʜʥʦʛʦ ʦʪ ʥʦʨʤʘʣʴʥʦʛʦ ʢ ʩʪʝʥʦʟʠʨʦʚʘʥʥʦʤʫ 
ʫʯʘʩʪʢʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʛʝʤʦʜʠʥʘʤʠʢʫ ʧʦʪʦʢʘ, ʯʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʠ ʦʙʲʝʤ ʜʘʥʥʳʭ, 
ʥʝʦʙʭʦʜʠʤʳʭ ʦʧʝʨʠʨʫʶʱʝʤʫ ʢʘʨʜʠʦʭʠʨʫʨʛʫ. ɺʚʠʜʫ ʛʝʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʚʘʞʥʦʩʪʠ  ʦʮʝʥʢʠ ʧʝʨʝʭʦʜʥʦʛʦ ʫʯʘʩʪʢʘ 
[5], ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʙʠʦʤʝʭʘʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʪ ʠʟʤʝʥʷʶʱʝʛʦʩʷ 
ʨʘʜʠʫʩʘ ʢʨʠʚʠʟʥʳ ʧʝʨʝʭʦʜʥʦʛʦ ʫʯʘʩʪʢʘ ʠ ʜʣʠʥʳ ʩʪʝʥʦʟʘ.  
ɸʥʘʣʠʟʠʨʫʷ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʜʣʠʥʳ ʠ ʨʘʜʠʫʩʘ ʤʘʢʩʠʤʘʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ 
ʧʝʨʝʤʝʱʝʥʠʡ ʩʦʩʪʘʚʣʷʝʪ 4.5%, ʜʝʬʦʨʤʘʮʠʡ ï 5% ʠ ʥʘʧʨʷʞʝʥʠʡ ï 3%. ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ 
ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʚʣʠʷʥʠʠ ʪʘʢʠʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʢʘʢ ʜʣʠʥʘ ʩʪʝʥʦʟʘ ʠ 
ʨʘʜʠʫʩ ʧʝʨʝʭʦʜʥʦʛʦ ʫʯʘʩʪʢʘ, ʥʘ ʙʠʦʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʝʥʦʟʠʨʦʚʘʥʥʦʛʦ ʩʦʩʫʜʘ. ʆʜʥʘʢʦ 
ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʚ ʧʨʦʚʝʜʝʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ, ʩʚʷʟʘʥʥʳʤ ʩ ʠʟʤʝʥʝʥʠʝʤ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʤʘʢʩʠʤʫʤ ʚʩʝʭ ʙʠʦʤʝʭʘʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ (ʧʝʨʝʤʝʱʝʥʠʷ, ʜʝʬʦʨʤʘʮʠʠ, ʥʘʧʨʷʞʝʥʠʷ) 
ʥʘʙʣʶʜʘʝʪʩʷ ʠʤʝʥʥʦ ʥʘ ʧʝʨʝʭʦʜʥʦʤ ʫʯʘʩʪʢʝ (ʩʪʳʢʝ) ʦʪ ʥʦʨʤʘʣʴʥʦʤʫ ʢ ʩʪʝʥʦʟʠʨʦʚʘʥʥʦʤʫ ʫʯʘʩʪʢʘʤ. 
ʈʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʠʣʠ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʚʣʠʷʥʠʝ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʥʘ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʪʝʥʦʟʘ ʠ ʝʛʦ 
ʥʘʛʨʫʟʦʯʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʩʪʝʥʪ ʥʝʩʫʱʝʩʪʚʝʥʥʦ. ʂʨʦʤʝ ʪʦʛʦ, ʜʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʜʣʠʥʳ ʩʪʝʥʦʟʘ, ʨʘʜʠʫʩʘ 
ʢʨʠʚʠʟʥʳ ʧʝʨʝʭʦʜʥʦʛʦ ʫʯʘʩʪʢʘ ʠ ʩʪʝʧʝʥʠ ʩʪʝʥʦʟʘ ʥʘ ʙʠʦʤʝʭʘʥʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩʦʩʫʜʘ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ 
ʷʚʣʷʪʴʩʷ ʥʘʛʨʫʟʦʯʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʜʣʷ ʩʪʝʥʪʘ ʧʨʠ ʦʧʝʨʘʮʠʠ. 
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ɿʘʧʠʩʘʥʳ ʦʩʥʦʚʥʳʝ ʫʨʘʚʥʝʥʠʷ ʠ ʩʦʦʪʥʦʰʝʥʠʷ ʜʣʷ 
ʚʳʯʠʩʣʝʥʠʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʠʜʝʘʣʴʥʦʛʦ 
ʛʘʟʘ ʚ ʧʦʣʝ ʩʠʣ ʪʷʞʝʩʪʠ. 

Written basic equations and relations for calculation 
thermodynamic functions of ideal gas in gravity field. 
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ɺ ʫʨʘʚʥʝʥʠʠ ʜʣʷ ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ŭ Q = dU +   ŭW               ( 1 ) 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʬʫʥʢʮʠʷ ʩʦʩʪʦʷʥʠʷ ï ʚʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ U, ʦʧʨʝʜʝʣʷʝʤʘʷ ʚ ʩʣʫʯʘʝ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ ʚ 
ʦʪʩʫʪʩʪʚʠʠ ʧʦʣʷ ʩʠʣ ʪʷʞʝʩʪʠ ʯʝʨʝʟ ʪʝʤʧʝʨʘʪʫʨʫ ʩʦʦʪʥʦʰʝʥʠʝʤ 

U = CvT,            ( 2 ) 

ʛʜʝ Cv ï ʪʝʧʣʦʝʤʢʦʩʪʴ ʧʨʠ ʧʦʩʪʦʷʥʩʪʚʝ ʦʙʲʝʤʘ, ʨʘʚʥʘʷ ʚ ʩʣʫʯʘʝ ʦʜʥʦʘʪʦʤʥʦʛʦ ʛʘʟʘ (3/2)kN (N- ʧʦʣʥʦʝ ʯʠʩʣʦ 
ʯʘʩʪʠʮ ʚ ʩʠʩʪʝʤʝ). ʕʣʝʤʝʥʪʘʨʥʘʷ ʨʘʙʦʪʘ, ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ [1], ʝʩʪʴ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʬʦʨʤʘ  × Aidai , ʚ 
ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʝ ʧʨʠʚʦʜʷʱʘʷʩʷ ʢ ʧʦʣʥʦʤʫ ʜʠʬʬʝʨʝʥʮʠʘʣʫ ʢʘʢʦʡ-ʣʠʙʦ ʬʫʥʢʮʠʠ, ʘʨʛʫʤʝʥʪʘʤʠ ʢʦʪʦʨʦʡ 
ʷʚʣʷʶʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʚʥʝʰʥʠʝ ʧʘʨʘʤʝʪʨʳ ai ( i = 1,2, é ). ʋʯʠʪʳʚʘʷ, ʯʪʦ ʵʣʝʤʝʥʪʘʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, 
ʧʦʣʫʯʘʝʤʦʝ ʩʠʩʪʝʤʦʡ ʧʨʠ ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʩʚʷʟʘʥʦ ʩ ʧʦʣʥʳʤ ʜʠʬʬʝʨʝʥʮʠʘʣʦʤ ʵʥʪʨʦʧʠʠ ʢʘʢ 
ʬʫʥʢʮʠʠ ʩʦʩʪʦʷʥʠʷ ʩʦʦʪʥʦʰʝʥʠʝʤ ŭQ=TdS, ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʢʘʢ 

dS = (1/T)[d(CvT) + (kNT/V)dV ].       ( 3 ) 

ʇʫʩʪʴ ʤʳ ʠʤʝʝʤ ʟʘʧʦʣʥʝʥʥʳʡ ʛʘʟʦʤ ʩʦʩʫʜ, ʠʤʝʶʱʠʡ ʬʦʨʤʫ ʮʠʣʠʥʜʨʘ ʨʘʜʠʫʩʘ R ʩ ʧʦʜʚʠʞʥʳʤ ʧʦʨʰʥʝʤ, 
ʧʦʣʦʞʝʥʠʝ ʢʦʪʦʨʦʛʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʘʩʩʪʦʷʥʠʝʤ h ʤʝʞʜʫ ʥʠʤ ʠ ʦʩʥʦʚʘʥʠʝʤ ʮʠʣʠʥʜʨʘ. ʊʦʛʜʘ ʫʨʘʚʥʝʥʠʝ ( 3 ) 
ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ  

dS = (1/T)[d(CvT) + (kNT/h)dh ].            ( 4 ) 

ʈʝʟʫʣʴʪʘʪʦʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʷ ( 4 ) ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʷ 

S = Cv LnT + kNLnh. 

ʇʨʠ ʥʘʣʠʯʠʠ ʧʦʣʷ ʩʠʣ ʪʷʞʝʩʪʠ ʩ ʪʝʤ ʞʝ ʛʘʟʦʤ ʚ ʚʝʨʪʠʢʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʮʠʣʠʥʜʨʠʯʝʩʢʦʤ ʩʦʩʫʜʝ ʨʝʰʝʥʠʝ 
ʘʥʘʣʦʛʠʯʥʦʡ ʟʘʜʘʯʠ ʫʩʣʦʞʥʷʝʪʩʷ. ɺʳʨʘʞʝʥʠʝ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ, ʩʦʛʣʘʩʥʦ ʝʝ ʦʧʨʝʜʝʣʝʥʠʶ 
[1], ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʳ ʥʝ ʤʝʥʷʝʪ. ʉʦʛʣʘʩʥʦ ʦʧʨʝʜʝʣʝʥʠʶ ʵʣʝʤʝʥʪʘʨʥʦʡ ʨʘʙʦʪʳ   

ŭW=   × Aidai                        ( 5 )  

ʛʜʝ ʧʦʜ ai ʧʦʥʠʤʘʶʪ ʚʩʝ ʚʥʝʰʥʠʝ ʧʘʨʘʤʝʪʨʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʚʥʝʰʥʠʭ ʩʠʣʦʚʳʭ ʧʦʣʝʡ. 
ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ ʩʠʣ ʟʝʤʥʦʛʦ ʪʷʛʦʪʝʥʠʷ (ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ g) ʷʚʣʷʝʪʩʷ ʚʥʝʰʥʠʤ 
ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʦʤ. ɽʩʣʠ ʤʘʢʨʦʩʠʩʪʝʤʘ ʥʝ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚʜʦʣʴ ʟʝʤʥʦʛʦ ʤʝʨʠʜʠʘʥʘ, ʫʩʢʦʨʝʥʠʝ 
ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ ʥʝʠʟʤʝʥʥʦ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʩʦʛʣʘʩʥʦ ( 5 ), 

W = Fdh ,                   ( 6 )    

ʛʜʝ  F ï ʩʠʣʘ ʜʘʚʣʝʥʠʷ, ʜʝʡʩʪʚʫʶʱʘʷ ʩʦ ʩʪʦʨʦʥʳ ʛʘʟʘ ʥʘ ʧʦʨʰʝʥʴ. 
ʉʠʣʘ ʜʘʚʣʝʥʠʷ ʚʳʯʠʩʣʷʝʪʩʷ ʢʘʢ 

F = Ph (  ˊR2).                      ( 7 ) 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚʥʫʪʨʠ  ʩʪʦʣʙʘ ʛʘʟʘ ʧʦ ʚʳʩʦʪʝ ʩʚʷʟʘʥʦ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʯʘʩʪʠʮ ʛʘʟʦʚʦʡ ʩʠʩʪʝʤʳ ʠ 
ʦʧʠʩʳʚʘʝʪʩʷ ʬʦʨʤʫʣʦʡ 

Ph =kTno exp(-mg/kT),          ( 8 ) 

ʚ ʢʦʪʦʨʦʡ no ï ʧʣʦʪʥʦʩʪʴ ʯʠʩʣʘ ʯʘʩʪʠʮ ʦʢʦʣʦ ʦʩʥʦʚʘʥʠʷ ʮʠʣʠʥʜʨʘ. 
ɺʳʯʠʩʣʝʥʠʝ F ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʫʣʴʪʘʪʫ: 

 F = [kNT (-mg/kʊ)exp(- mgh/kT)]/[exp(-mgh/kT)  - 1],                ( 9 )   

ʪ.ʝ.  

F=ʊf(T,h).                   (10)  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʧʨʠʤʝʨʝ  ʫʨʘʚʥʝʥʠʝ              

ŭ Q = dU +  ŭW 

ʧʨʠʥʠʤʘʝʪ ʚʠʜ  

ŭQ=Cvdʊ+ʊf(T,h)dh.        11) 

ʇʦʩʢʦʣʴʢʫ ʨʘʚʝʥʩʪʚʦ ŭQ = TdS ʥʦʩʠʪ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ, 
ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʬʦʨʤʘ  

 (1/ʊ)[Cvdʊ+ʊf(T,h)dh]        (12)  

ʪʘʢʞʝ ʜʦʣʞʥʘ ʙʳʪʴ ʧʦʣʥʳʤ ʜʠʬʬʝʨʝʥʮʠʘʣʦʤ S(T,h). ʅʦ ʚʳʨʘʞʝʥʠʝ d(Cv Lnʊ) + f(T,h)dh ʧʨʠʚʝʩʪʠ ʢ ʧʦʣʥʦʤʫ 
ʜʠʬʬʝʨʝʥʮʠʘʣʫ ʬʫʥʢʮʠʠ ʘʨʛʫʤʝʥʪʦʚ T,h ʥʝʣʴʟʷ. 
ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʝʤ, ʯʪʦ ʦʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʘʨʥʦʡ ʨʘʙʦʪʳ ʚ ʪʝʨʤʦʜʠʥʘʤʠʢʝ 
ʩʦʦʪʥʦʰʝʥʠʝʤ (2) ʧʨʠʝʤʣʝʤʦ ʪʦʣʴʢʦ ʚ ʦʪʩʫʪʩʪʚʠʠ ʚʥʝʰʥʝʛʦ ʧʦʣʷ ʩʠʣ ʪʷʞʝʩʪʠ ʠʣʠ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ 
ʵʬʬʝʢʪʘʤʠ, ʚʦʟʥʠʢʘʶʱʠʤʠ ʧʦ ʧʨʠʯʠʥʝ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʤʘʢʨʦʩʠʩʪʝʤʫ, ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. 
 ɽʩʣʠ ʞʝ ʛʘʟʦʚʘʷ ʤʘʢʨʦʩʠʩʪʝʤʘ ʥʘʭʦʜʠʪʩʷ ʚ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ  ʧʦʣʝ, ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʧʦʣʫʯʘʝʤʦʝ ʩʠʩʪʝʤʦʡ 
(ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ, ʧʦʣʦʞʠʪʝʣʴʥʦʝ), ʠʜʝʪ ʥʘ ʠʟʤʝʥʝʥʠʝ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʠ ʥʘ ʩʦʚʝʨʰʝʥʠʝ ʨʘʙʦʪʳ ʥʘʜ 
ʪʝʣʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʧʦʣʦʞʝʥʠʝ ʧʦʨʰʥʷ (ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ, ʧʨʠ ʨʘʩʰʠʨʝʥʠʠ), ʘ ʪʘʢʞʝ ʥʘ ʩʦʚʝʨʰʝʥʠʝ 
ʨʘʙʦʪʳ ʧʨʦʪʠʚ ʩʠʣ ʪʷʞʝʩʪʠ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ (ʇ) ʤʘʢʨʦʩʠʩʪʝʤʳ ʚ 
ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʧʦʣʝ ʠ ʜʦʧʫʩʢʘʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

ʇ =  gX(g,T,h) .           ( 7 ) 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ŭ W = Fdh  + gdX(g,T,h) ,                ( 8 ) 

ʘ ʦʙʲʝʜʠʥʝʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʧʨʠʥʠʤʘʝʪ ʚʠʜ ʫʨʘʚʥʝʥʠʷ  

TdS = d(CVT) + Fdh  + gdX(g,T,h) , 
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ʧʦʟʚʦʣʷʶʱʝʛʦ ʧʦʣʫʯʠʪʴ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʵʥʪʨʦʧʠʠ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʧʦʣʝ ʩʠʣ ʟʝʤʥʦʛʦ 
ʪʷʛʦʪʝʥʠʷ. 

ʃʠʪʝʨʘʪʫʨʘ 

1. ɹʘʟʘʨʦʚ ʀ.ʇ. ʊʝʨʤʦʜʠʥʘʤʠʢʘ. ï ʄ.: ɺʳʩʰʘʷ ʰʢʦʣʘ, 1991.-376 ʩ. 
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ʄɸʊʈʀʏʅɸʗ ɺʀɿʋɸʃʀɿɸʎʀʗ ʏʀʉʃʆɺʓʍ 

ʇʆʉʃɽɼʆɺɸʊɽʃʔʅʆʉʊɽʁ 
MATRIX VISUALIZATION OF NUMERICAL 
SEQUENCES 

ʉʤʠʨʥʦʚ ɺ.ɺ., ʉʧʠʨʠʜʦʥʦʚ ʌ.ʌ.  Smirnov V.V., Spiridonov F.F. 

ɹʠʡʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ Biysk Tehnological Institute 

  
ɺ ʨʘʙʦʪʝ ʨʝʰʘʝʪʩʷ ʟʘʜʘʯʘ ʚʠʟʫʘʣʠʟʘʮʠʠ ʯʠʩʣʦʚʳʭ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩʨʝʜʩʪʚʘʤʠ ʢʦʤʧʴʶʪʝʨʥʦʡ 
ʘʣʛʝʙʨʳ. ʈʘʩʩʤʦʪʨʝʥʳ ʤʘʪʨʠʮʳ, ʵʣʝʤʝʥʪʘʤʠ 
ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʧʨʦʩʪʳʝ ʯʠʩʣʘ ʠ ʩʦʩʪʘʚʥʳʝ ʯʠʩʣʘ 
ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʚʠʜʘ. ʏʠʩʣʦʚʳʝ ʤʘʪʨʠʮʳ 
ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩ ʚʦʟʨʘʩʪʘʥʠʝʤ 
ʯʠʩʣʘ ʩʪʦʣʙʮʦʚ. ʇʦʟʠʮʠʦʥʥʦ ʨʘʩʧʦʣʦʞʝʥʠʝ ʯʠʩʝʣ ʚ 
ʤʘʪʨʠʮʘʭ ʩʭʦʞʝ ʧʦ ʦʜʥʦʤʫ ʠʟ ʩʦʤʥʦʞʠʪʝʣʝʡ. ʊʘʢʠʤ 
ʦʙʨʘʟʦʤ, ʜʣʷ ʩʧʝʮʠʘʣʴʥʳʭ ʩʦʩʪʘʚʥʳʭ ʯʠʩʝʣ 
ʚʠʟʫʘʣʴʥʦ ʦʙʨʘʟʫʝʪʩʷ ʧʦʨʷʜʦʢ. ʇʨʠ ʵʪʦʤ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʦʩʪʘʚʥʳʭ ʯʠʩʝʣ ʧʦʨʦʞʜʘʶʪʩʷ 
ʧʨʦʩʪʳʤ ʯʠʩʣʦʤ. ʕʪʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʝ 
ʩʦʚʧʘʜʘʶʪ. 

The authors solve the problem of visualizing numerical 
sequences using computer algebra . Consider the matrix 
whose elements are prime numbers and composite 
numbers of a particular type . Numerical matrices are 
presented consistently with increasing number of 
columns. Position location numbers in matrices similar to 
one of the factors. Thus, the composite numbers for 
special visual image order. When this composite 
sequence number generated by a prime number . These 
sequences are not identical. 

  
ʈʘʟʚʠʚʘʷ ʨʘʙʦʪʳ [1-3] ʘʚʪʦʨʳ ʨʝʰʘʶʪ ʟʘʜʘʯʫ ʚʠʟʫʘʣʠʟʘʮʠʠ ʯʠʩʣʦʚʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩʨʝʜʩʪʚʘʤʠ 
ʢʦʤʧʴʶʪʝʨʥʦʡ ʘʣʛʝʙʨʳ. ʈʘʩʩʤʦʪʨʝʥʳ ʤʘʪʨʠʮʳ, ʵʣʝʤʝʥʪʘʤʠ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʧʨʦʩʪʳʝ ʯʠʩʣʘ ʠ ʩʦʩʪʘʚʥʳʝ 
ʯʠʩʣʘ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʚʠʜʘ. ʏʠʩʣʦʚʳʝ ʤʘʪʨʠʮʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩ ʚʦʟʨʘʩʪʘʥʠʝʤ ʯʠʩʣʘ 
ʩʪʦʣʙʮʦʚ. ʇʦʟʠʮʠʦʥʥʦ ʨʘʩʧʦʣʦʞʝʥʠʝ ʯʠʩʝʣ ʚ ʤʘʪʨʠʮʘʭ ʩʭʦʞʝ ʧʦ ʦʜʥʦʤʫ ʠʟ ʩʦʤʥʦʞʠʪʝʣʝʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 
ʜʣʷ ʩʧʝʮʠʘʣʴʥʳʭ ʩʦʩʪʘʚʥʳʭ ʯʠʩʝʣ ʚʠʟʫʘʣʴʥʦ ʦʙʨʘʟʫʝʪʩʷ ʧʦʨʷʜʦʢ. ʇʨʠ ʵʪʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʦʩʪʘʚʥʳʭ 
ʯʠʩʝʣ ʧʦʨʦʞʜʘʶʪʩʷ ʧʨʦʩʪʳʤ ʯʠʩʣʦʤ. ʕʪʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʝ ʩʦʚʧʘʜʘʶʪ. ʅʘʛʣʷʜʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 
ʜʦʩʪʠʛʘʝʪʩʷ ʠʟʦʙʨʘʞʝʥʠʝʤ ʤʘʪʨʠʮ ʥʘ ʮʠʣʠʥʜʨʘʭ (ʨʠʩʫʥʦʢ 1). 

 

ʈʠʩ.1. ɺʠʟʫʘʣʠʟʘʮʠʷ ʯʠʩʣʦʚʳʭ ʩ ʧʦʤʦʱʴʶ ʮʠʣʠʥʜʨʦʚ 

ʇʨʝʜʣʦʞʝʥʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʚʠʟʫʘʣʠʟʘʮʠʠ ʯʠʩʣʦʚʳʭ ʤʘʪʨʠʮ ʩʧʦʩʦʙʩʪʚʫʶʪ ʙʦʣʝʝ ʛʣʫʙʦʢʦʤʫ ʧʦʥʠʤʘʥʠʶ 
ʩʪʨʫʢʪʫʨ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʯʠʩʣʦʚʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʠ ʵʢʦʥʦʤʷʪ ʚʨʝʤʷ ʚʳʯʠʩʣʠʪʝʣʷ. 
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ɹʀʆʄɽɼʀʎʀʅʉʂɸʗ ʆʅʊʆʃʆɻʀʗ  ʅʆʈʄɸʃʔʅʓʍ 

ʌʀɹʈʆʅɽʂʊʀʅʆɺ ʀ ɽɻʆ ʄʋʊɸʅʊʅʓʍ 
ʊʈɸʅʉʂʈʀʇʊʆɺ, ʇʆʃʋʏɽʅʅʓʍ ʀʅ ʉʀʃʀʂʆ 

BIOMEDICAL ONTOLOGY OF NORMAL 
FIBRONEʉTINS AND ITS MUTANT TRANSCRIPTS, 
OBTAINED IN SILICO 

ʆʚʯʘʨʫʢ ʀ.ʀ., ʌʝʜʦʪʦʚ ɸ.ɺ.  Ovcharuk I.I., Fedotov A.V. 

ʂʝʤʝʨʦʚʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʤʝʜʠʮʠʥʩʢʘʷ ʘʢʘʜʝʤʠʷ Kemerovo State Medical Academy 

  
ɺʦ ʚʚʝʜʝʥʠʠ ʢ ʜʦʢʣʘʜʫ ʠʟʣʦʞʝʥʘ ʢʨʘʪʢʘʷ ʩʠʪʫʘʮʠʷ ʩ 
ʤʝʪʦʜʘʤʠ ʨʝʰʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʟʘʜʘʯ ʜʣʷ 
ʧʦʣʫʯʝʥʠʷ ʪʨʥʩʢʨʠʧʪʦʚ ʩ ʢʦ-ʜʦʤʠʥʘʥʪʥʳʭ ʛʝʥʦʚ 
ʬʠʙʨʦʥʝʢʪʠʥʘ, ʠʤʝʶʱʝʛʦ 7 ʤʈʅʂ ʠ ʨʝʘʣʠʟʫʶʱʠʭ 
ʤʝʭʘʥʠʟʤ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʩʧʣʘʡʩʠʨʦʚʘʥʠʷ ʚ 
ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʧʠʛʝʥʦʤʥʳʭ ʩʦʩʪʦʷʥʠʡ ʢʣʝʪʢʠ. ɺ 
ʜʦʢʣʘʜʝ ʠʟʣʘʛʘʶʪʩʷ  ʜʘʥʥʳʝ ʨʝʰʝʥʠʷ  ʘʥʘʣʠʟʘ 
ʘʣʴʪʝʨʥʘʪʠʚʥʦ ʩʧʣʘʩʠʨʦʚʘʥʥʳʭ ʜʠʩʪʘʥʪʥʳʭ 
ʦʥʪʦʣʦʛʠʯʝʩʢʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩ ʧʦʤʦʱʴʶ 
ʨʘʟʣʠʯʥʳʭ ʤʈʅʂ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʪʨʘʥʩʢʨʠʧʪʘʭ ʢʦ-
ʜʦʤʠʥʘʥʪʥʳʭ ʬʠʙʨʦʥʝʢʪʠʥʦʚ ɹɼ ʄʆ. ʅʘʤʠ ʙʳʣʠ 
ʧʦʣʫʯʝʥʥʳʭ ʠʥ ʩʠʣʠʢʦ ʤʝʪʦʜʦʤ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ 
ʩʧʣʘʡʩʠʨʦʚʘʥʠʷ ʌʥ ʜʣʷ ʛʝʥʘ FN1. ɺ ʜʦʢʣʘʜʝ ʠ ʚ 
ʥʘʰʠʭ ʨʘʥʝʝ ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʙʦʪʘʭ, ʠʟʣʘʛʘʶʪʩʷ 
ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʟʘʜʘʯʠ ʧʦʠʩʢʘ 
ʜʠʩʪʘʥʪʥʳʭ ʠ ʦʥʪʦʣʦʛʠʯʝʩʢʠʭ ʧʦʜʦʙʠʡ ʦʙʱʠʭ ʫ 
ʨʘʟʥʳʭ ʚʠʜʦʚ ʞʠʚʦʪʥʳʭ ʠ ʯʝʣʦʚʝʢʘ ʠ ʧʦʢʘʟʘʥʘ ʠʭ 
ʨʦʣʴ ʚ ʩʪʨʫʢʪʫʨʥʳʭ ʢʦʥʬʦʨʤʘʮʠʷʭ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ 
ʥʦʨʤʘʣʴʥʦʛʦ ʠ ʧʘʪʦʣʦʛʠʯʝʩʢʦʛʦ ʬʝʥʦʪʠʧʘ 
ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ. ʇʦʣʫʯʝʥʳ ʠ 
ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ  ʨʝʟʫʣʴʪʘʪʳ ʵʪʦʛʦ  ʤʦʜʫʣʠʨʦʚʘʥʠʷ 
ʜʣʷ ʦʙʱʝʡ ʦʥʪʦʣʦʛʠʯʝʩʢʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʌʥ. 
ʉʦʚʦʢʫʧʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʥʘʤʠ ʧʨʦʛʨʘʤʤ  
ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʩʚʷʟʘʥʥʳʭ 
ʤʦʜʫʣʝʡ ʠ ʨʘʩʰʠʨʝʥʠʡ ʜʣʷ ʘʥʘʣʠʟʘ ɹɼ ʤʝʜʠʮʠʥʩʢʦʡ 
ʜʠʘʛʥʦʩʪʠʢʠ, ʧʦʟʚʦʣʷʶʪ ʨʝʰʘʪʴ ʥʝ ʪʦʣʴʢʦ ʟʘʜʘʯʠ 
ʥʘʫʯʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʥʦ ʠ ʚʦʧʨʦʩʳ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 
ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʤʝʜʠʮʠʥʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ. 
ʇʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʜʘʥʥʳʝ  ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʜʣʷ 
ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚ ʦʙʣʘʩʪʠ ʧʨʦʪʝʦʤʠʢʠ, ʛʝʥʦʤʠʢʠ, 
ʪʝʢʩʪʦʤʠʢʠ, ʢʣʠʥʠʯʝʩʢʦʡ ʧʝʨʩʦʥʘʣʴʥʦʡ ʤʝʜʠʮʠʥʳ 

In the introduction to the report is presented brief situation 
with the methods of solution of computational problems 
for obtaining transkripts from the co-dominant genes of  
fibronectins, which has 7 mRNS and realizing the 
mechanism of alternative splaysing, depending on the 
epigenetic states of cell. In the report are presented the 
data of the decision of the analysis of the alternatively 
placed distant ontological sequences with the aid of 
different mRNS, which are contained in the transcripts of 
codominant fibronectins DB MO. By us were obtained 
other in silico by the method of alternative splaysing. of  
for theFN1. In the report and in our previously executed 
works, are presented the methods of the solution of the 
computational problem of the search of the distant and 
ontological similarities of animals general in different 
types and man and is shown their role in the structural 
conformations in the implementation of the normal and 
pathologic phenotype of molecular dynamics. The results 
of this modulation for the general ontological sequence lb. 
are obtained and analyzed. The totality of those used by 
us the programs of computational simulation, connected 
modules and expansions for the analysis [BD] of medical 
diagnostics, they make it possible to solve not only 
problems of scientific nature, but also questions of 
practical application for medical diagnostics. Obtained by 
us data there is interest for the researchers in the region 
of proteomics, genomics, tekstomics, clinical personal 
medicine 

  
ɹʠʦʤʝʜʠʮʠʥʩʢʘʷ ʦʥʪʦʣʦʛʠʷ (ɹʆ) - ʩʪʘʥʦʚʠʪʩʷ ʨʝʘʣʴʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ  ʚ ʛʝʥʦʤʥʳʭ ʠ ʧʨʦʪʝʦʤʥʳʭ 
ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʛʜʝ ʘʥʘʣʠʟ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤʥʳʭ  ʜʘʥʥʳʭ ʚ ʨʘʟʨʦʟʥʝʥʥʳʭ  ʨʝʩʫʨʩʘʭ ʥʘʫʯʥʳʭ ʜʘʥʥʳʭ ʠ 
ʘʥʥʦʪʘʮʠʡ ʩʧʝʮʠʘʣʠʟʠʨʦʚʥʥʳʭ  ɹɼ ʤʦʞʝʪ ʙʳʪʴ  ʠʥʪʝʛʨʠʨʦʚʘʥ ʚ ʦʥʪʦʣʦʛʠʯʝʩʢʠʝ ʩʚʷʟʠ ʙʣʘʛʦʜʘʨʷ ʩʦʚʨʝʤʝʥʥʳʤ 
ʚʦʟʤʦʞʥʦʩʪʷʤ ʙʠʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʠ ʨʘʟʚʠʚʘʶʱʠʝʩʷ  ʦʥʪʦʣʦʛʠʠ ʪʘʢʠʭ ʜʘʥʥʳʭ 
ʠʤʝʶʪ ʪʝʥʜʝʥʮʠʶ ʢ ʚʦʟʨʘʩʪʘʶʱʝʤʫ ʫʚʝʣʠʯʝʥʠʶ ʚ ʪʝʯʝʥʠʠ 5-7ʣʝʪ.ɿʜʝʩʴ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʜʘʥʥʳʝ,  ʦʧʠʩʳʚʘʶʪ 
ʨʘʟʣʠʯʥʳʝ ʚʠʜʦʚʳʝ ʩʚʦʡʩʪʚʘ ʛʝʥʦʤʘ ʠ ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʨʦʪʝʦʤʦʤ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʦʪʨʘʞʝʥʳ ʥʘ 
ʩʪʨʫʢʪʫʨʥʦʤ ʠ ʜʨ. ʫʨʦʚʥʷʭ ʫ ʙʝʣʢʦʚ ʚ ʠʭ ʦʥʪʦʣʦʛʠʯʝʩʢʦʤ ʨʘʟʚʠʪʠʠ (ʬʝʥʦʪʠʧʘ ʠ ʛʝʥʦʪʠʧʘ). 
ʀʩʧʦʣʴʟʫʷ ʵʪʫ ʚʦʟʤʦʞʥʦʩʪʴ ʤʳ ʠʩʩʣʝʜʦʚʘʣʠ ʬʫʥʢʮʠʠ ʬʠʙʨʦʥʝʢʪʠʥʦʚ (ʌʥ) , ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʠʣʠ ʚ ʚʠʜʝ  
ʛʝʥʥʦ-ʦʥʪʦʣʦʛʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʭ ʨʘʟʣʠʯʥʳʤʠ ʥʘʙʦʨʘʤʠ ʣʦʛʠʢʠ ʨʝʘʣʠʟʫʝʤʳʤʠ ʠʥ ʚʠʚʦ ʟʘ ʩʯʝʪ 
ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʩʧʣʘʡʩʠʥʛʘ ʩʝʤʠ ʤʈʅʂ ʜʣʷ ʛʝʥʘ 1 ʌʥ. ɼʣʷ ʘʥʘʣʠʟʘ ʚ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠ ʨʘʥʝʝ 
ʠʩʧʦʣʴʟʦʚʘʣʠ ʣʠʥʝʡʢʫ ʧʨʦʛʨʘʤʤ, ʥʘʯʠʥʘʷ ʦʪ ʨʘʥʥʠʭ -  RiboWeb, EcoCyc,MBO,GO,TaO(DLs) ʜʦ 
ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʠ ʩ ʨʘʚʠʪʳʤʠ ʤʦʜʫʣʷʤʠ ʨʝʰʝʥʠʷ ʙʠʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʟʘʜʘʯ -ʪʘʢʠʭ ʢʘʢ  SOBA, 
Cytoscape  ʠ ʠʭ ʙʦʣʴʰʠʤʠ ʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʨʘʟʚʠʚʘʶʱʠʤʠʩʷ ʤʦʜʫʣʷʤʠ ï Proteomics, IDEntifications database 
(PRIDE) ʠ ʜʨ. ʉʝʡʯʘʩ ʫʞʝ  ʥʘʤʝʪʠʣʘʩʴ ʪʝʥʜʝʥʮʠʷ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ɹɼ ʢʣʠʥʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʠ ʷ 
ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʡ ʧʘʪʦʣʦʛʠʠ ʜʣʷ ʧʦʩʪʘʥʦʚʢʠ ʜʠʘʛʥʦʟʘ. ʊʘʢʫʶ ʦʮʝʥʢʫ ʚ ʢʣʠʥʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʚʳʧʦʣʥʷʶʪ  
ɹɼ: SNOMED CT ʠ ICD10.ʇʦʷʚʠʣʩʷ ʜʘʞʝ ʥʘʫʯʥʳʡ ʞʫʨʥʘʣ: ç ʂʣʠʥʠʯʝʩʢʘʷ ʙʠʦʠʥʬʦʨʤʘʪʠʢʘè.(1) 
ʉʠʪʫʘʮʠʷ ʠ ʪʝʥʜʝʥʮʠʷ ʨʘʟʚʠʪʠʷ ʜʘʥʥʳʭ ʄʆ ʚ ʥʘʙʦʨʝ ʦʥʪʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʩ ʦʧʠʩʘʪʝʣʴʥʦʛʦ ʫʨʦʚʥʷ  ʙʝʣʢʦʚ 
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ʠ ʠʭ ʠʟʦʤʦʨʬʥʳʭ ʩʦʩʪʦʷʥʠʡ ʩʪʘʣʘ ʘʢʪʠʚʥʦ ʤʝʥʷʪʴʩʷ ʚ ʩʪʦʨʦʥʫ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʚʷʟʝʡ ʠ ʦʪʥʦʰʝʥʠʡ ʩ 
ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʧʘʪʦʣʦʛʠʯʝʩʢʠʤ ʩʦʩʪʦʷʥʠʷʤ. 
ʈʘʥʥʠʝ ʧʨʦʛʨʘʤʤʳ ʤʝʜʠʮʠʥʩʢʦʡ ʦʥʪʦʣʦʛʠʠ ʩʦʜʝʨʞʘʣʠ ʪʦʣʴʢʦ ʘʣʛʦʨʠʪʤʳ  ʬʦʨʤʘʣʴʥʦʡ ʣʦʛʠʢʠ ʠʣʠ ʚ ʣʫʯʰʝʤ 
ʩʣʫʯʘʝ - ʘʣʛʦʨʠʪʤʳ ʜʝʩʢʨʠʧʪʠʚʥʦʡ ʣʦʛʠʢʠ ï ʥʘʧʨʠʤʝʨ TaO(DLs). 
ʈʘʟʚʠʪʳʝ ʧʨʦʛʨʘʤʤ ʄʆ, ʫʞʝ ʩʦʜʝʨʞʘʪ ʵʣʝʤʝʥʪʳ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʣʦʛʠʢʠ. ɺ  ʩʝʪʝʚʳʭ ʚʘʨʠʘʥʪʘʭ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʪʘʢʠʭ ʣʦʛʠʢ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʢʪʠʚʥʦ  ʵʢʧʝʨʪʥʳʤ  ʩʦʦʙʱʝʩʪʚʦʤ ʠ ʪʝʧʝʨʴ ʫʞʝ 
ʜʣʷ ʧʦʩʪʘʥʦʚʢʠ ʜʠʘʛʥʦʟʘ ʠ ʧʨʦʛʥʦʟʘ. 
ʊʝʭʥʦʣʦʛʠʷ ʘʥʘʣʠʟʘ ʪʝʢʩʪʘ ʧʦʩʪʦʷʥʥʦ ʩʦʚʝʨʰʝʥʩʪʚʫʝʪʩʷ, ʧʨʠʙʣʠʞʘʷʩʴ ʢ ʩʝʤʘʥʪʠʯʝʩʢʠʤ ʟʘʜʘʯʘʤ. ɹʦʣʝʝ ʪʦʛʦ 
ʫʨʦʚʝʥʴ ʠʭ ʨʘʟʚʠʪʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʫʞʝ ʧʦʟʚʦʣʷʶʪ ʠʭ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʧʨʘʢʪʠʯʝʩʢʦʡ 
ʤʝʜʠʮʠʥʝ. ʆʥʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʠ ʥʘʫʯʥʳʤ ʩʦʦʙʱʝʩʪʚʦʤ ʜʣʷ ʘʥʘʣʠʟʘ ʩʭʝʤ ʩʝʪʝʚʳʭ ʘʥʥʦʪʘʮʠʡ, ʩ 
ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʪʘ ʠʣʠ ʠʥʘʷ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʛʨʫʧʧʘ ʤʦʞʝʪ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʧʦʩʪʘʥʦʚʢʠ 
ʥʦʚʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ ʨʦʜʩʪʚʝʥʥʳʭ ʜʘʥʥʦʡ ʛʨʫʧʧʝ ʠ\ʠʣʠ ʦʪʣʠʯʥʳʭ ʦʪ ʥʝʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ 
ʵʢʩʧʝʨʪʥʳʭ ʛʨʫʧʧ ʠ ʨʫʢʦʚʦʜʠʪʝʣʝʡ ʧʨʦʝʢʪʦʚ ʚʦʟʥʠʢʘʝʪ ʥʦʚʘʷ ʢʘʯʝʩʪʚʝʥʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʢʠ ʩʚʦʝʡ 
ʩʪʨʘʪʝʛʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʙʶʜʞʝʪʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʧʝʨʩʧʝʢʪʠʚʫ. 
ʀʩʧʦʣʴʟʫʷ, ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʜʦʩʪʦʠʥʩʪʚʘ  ʧʨʦʛʨʘʤʤ ʄʆ ʠ ɹɼ, ʤʳ ʧʦʩʪʘʚʠʣʠ ʟʘʜʘʯʫ ʠʩʧʦʣʴʟʦʚʘʪʴ 
ʦʧʨʝʜʝʣʝʥʥʫʶ ʠʭ ʧʦʜʙʦʨʢʫ ʜʣʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʧʝʨʠʤʝʥʪʘ, ʧʦ ʧʨʦʙʣʝʤʝ, ʢʦʪʦʨʫʶ ʤʳ ʧʦʩʪʦʷʥʥʦ 
ʨʘʟʚʠʚʘʝʤ, ʥʘʯʠʥʘʷ ʩ 1980 ʛ. ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʩ 1990 ʛ. ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʠ 
ʚʦʟʤʦʞʥʦʩʪʷʤʠ ɹɼ ʠ ʙʠʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʮʝʥʪʨʦʚ ɽʚʨʦʧʳ ʠ ʉʐɸ, ʯʘʩʪʠʯʥʦ ʗʧʦʥʠʠ. 
ɺ ʜʦʢʣʘʜʝ ʙʫʜʝʪ ʧʦʜʨʦʙʥʦ ʠʟʣʦʞʝʥʘ ʵʚʦʣʶʮʠʷ ʵʪʦʛʦ ʜʚʠʞʝʥʠʷ ʠ ʨʘʟʚʠʪʠʝ ʠʜʝʠ ʠʩʩʣʝʜʦʚʘʥʠʷ.  
ʅʘʤʠ ʠʩʧʦʣʴʟʦʚʘʥʳ, ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʝ ʩʦʙʩʪʚʝʥʥʳʝ ʜʘʥʥʳʝ ʚ ʦʙʣʘʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʙʠʦʭʠʤʠʠ ʠ 
ʙʠʦʠʥʬʦʨʤʘʪʠʢʠ, ʜʣʷ ʩʦʟʜʘʥʠʷ ʣʦʛʠʢʠ ʠ ʩʪʨʘʪʝʛʠʡ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʝ ʠ ʧʨʦʚʝʨʢʠ 
ʝʝ ʥʘ ʦʩʥʦʚʝ ʨʘʥʝʝ  ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʪʝʦʨʠʠ ï ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʠʭʩʷ ʩʠʩʪʝʤ ʚ ʙʠʦʣʦʛʠʠ [2-4].  
ʅʘ ʦʩʥʦʚʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʝʥʥʦʤʥʦʡ ʠ ʧʨʦʪʝʦʤʥʦʡ ʦʥʪʦʣʦʛʠʠ ʬʠʙʨʦʥʝʢʪʠʥʦʚ (ʌʥ)  ʥʘʤʠ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 
ʦʪʩʣʝʞʠʚʘʥʠʷ, ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʢʦʥʮʝʧʪʦʚ ʩʠʛʥʘʣʴʥʳʭ ʩʝʪʝʡ, ʦʪʨʘʞʘʶʱʠʭ  ʮʠʢʣʠʯʥʦʩʪʴ ʩʦʩʪʦʷʥʠʡ, ʩʚʷʟʘʥʥʳʭ 
ʩ ʵʚʦʣʶʮʠʦʥʥʦ-ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤ ʨʘʟʚʠʪʠʝʤ ʵʪʠʭ ʢʣʘʩʪʝʨʦʚ ʘʢʪʠʚʥʦʩʪʠ ʅʘʤ ʫʜʘʣʦʩʴ ʩʦʟʜʘʪʴ ʠ ʨʝʰʠʪʴ ʨʷʜ 
ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʜʣʷ ʜʘʥʥʦʛʦ ʢʣʘʩʪʝʨʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʠ ʥʘ ʵʪʦʤ ʦʩʥʦʚʘʥʠʠ ʧʦʢʘʟʘʪʴ ʠʭ ʟʥʘʯʝʥʠʷ ʜʣʷ 
ʧʨʘʢʪʠʯʝʩʢʦʡ ʤʝʜʠʮʠʥʳ.  
ʂʦʤʧʦʥʝʥʪʳ ʠ ʤʦʜʫʣʠ PRotein Ontology( PRO) ʦʭʚʘʪʳʚʘʶʪ ʢʘʢ ʘʥʘʣʠʪʠʢʫ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʙʝʣʢʦʚ ʥʘ ʦʩʥʦʚʝ 
ʵʚʦʣʶʮʠʦʥʥʳʭ ʦʪʥʦʰʝʥʠʡ. ʇʨʠ ʵʪʦʤ ʙʝʣʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʥʝʩʢʦʣʴʢʠʭ ʬʦʨʤʘʭ: ʛʝʥʥʦʡ - ʩʦ ʩʚʷʟʷʤʠ ʙʝʣʢʦʚ ʧʦ 
ʠʭ ʩʝʤʝʡʩʪʚʘʤ ʠ ʩʠʛʥʘʣʴʥʳʤ ʩʚʷʟʷʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠʭ ʦʥʪʦʣʦʛʠʯʝʩʢʦʤʫ ʩʪʘʪʫʩʫ ʠ ʜʦʧʦʣʥʝʥʳ  ʠʟʦʤʦʨʬʥʳʤʠ 
ʚʘʨʠʘʥʪʘʤʠ. ʈʘʟʜʝʣʝʥʥʦʩʪʴ ʪʘʢʠʭ ʙʘʟ ʜʘʥʥʳʭ ʠ ʠʭ ʣʦʛʠʢʘ, ʧʦʢʘʟʘʥʘ ʥʘʤʠ ʥʘ ʨʠʩ.1 ʠʟ ʢʦʪʦʨʦʡ ʚʳʙʨʘʥʳ ʪʨʦʧʳ 
ʨʝʘʣʠʟʘʮʠʠ ʵʢʩʧʨʝʩʩʠʠ ʬʠʙʨʦʥʝʢʪʠʥʦʚ ʠ ʝʛʦ ʠʟʦʬʦʨʤ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ  ʠ 
ʟʘʚʠʩʠʤʦʩʪʝʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. 

 
 

ʈʠʩ.1. ʏʘʩʪʴ ʦʙʱʝʡ ʣʦʛʠʢʠ ʠ ʩʪʨʘʪʝʛʠʠ  ʄʆ ʜʣʷ ʚʳʙʦʨʘ ʦʥʪʦʣʦʛʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʬʠʙʨʦʥʝʢʪʠʥʘ  ʠ ʝʛʦ 
ʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʨʝʘʣʠʟʫʝʤʳʭ ʥʘ ʫʨʦʚʥʝ ʤʦʜʫʣʷʮʠʠ ʠ ʚ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʷʭ. 

ɺ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʳ ʧʦʢʘʟʳʚʘʝʤ  ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʤʧʣʝʢʩʘ ʧʨʦʛʨʘʤʤ ʤʝʜʠʮʠʥʩʢʦʡ 
ʦʥʪʦʣʦʛʠʠ  ʜʣʷ ʘʥʘʣʠʟʘ ʧʨʦʪʝʦʤʘ ʠ ʛʝʥʦʤʘ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʧʝʨʝʭʦʜʦʤ ʦʪ ʘʥʘʣʠʟʘ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʩʪʦʷʥʠʡ ʢ ʠʭ 
ʨʦʣʠ ʚ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʷʭ ʥʘ ʫʨʦʚʥʝ ʮʝʣʦʛʦ ʦʨʛʘʥʠʟʤʘ. 
ʅʘʤʠ  ʩʨʘʚʥʝʥʳ  ʚʘʨʠʘʥʪʘ  ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʩʧʣʘʡʩʠʥʛʘ ʤʈʅʂ ʧʦ ʠʭ ʢʦ-ʜʦʤʠʥʘʥʪʥʳʤ ʚʘʨʠʘʥʪʘʤ ʛʝʥʘ FN1 ɹɼ 
SOBA - ʧʦ ʵʢʧʨʝʩʩʠʠ ʜʠʩʪʘʥʪʥʳʭ ʫʯʘʩʪʢʦʚ  ʚ  ʜʚʫʭ ʚʘʨʠʘʥʪʘʭ ʘʜʘʧʪʘʮʠʠ ʢʣʝʪʦʢ ʢ ʫʩʣʦʚʠʷʤ, ʧʦʙʫʞʜʘʶʱʠʤ 
ʧʨʦʪʝʦʤ ʨʝʘʣʠʟʦʚʘʪʴ ʩʚʦʡ ʦʙʳʯʥʳʡ ʚʘʨʠʘʥʪ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʩʧʣʘʡʩʠʥʛʘ ʠ ʚʘʨʠʘʥʪ ʩʧʣʘʡʩʠʨʦʚʘʥʠʷ ʧʨʠ 
ʧʦʷʚʣʝʥʠʠ ʫ ʢʣʝʪʦʢ ʧʨʦʬʠʣʷ  ʘʜʘʧʪʘʮʠʠ ʢ ʫʩʠʣʝʥʠʶ ʧʨʦʣʠʬʝʨʘʮʠʠ. 
 ʅʘ ʤʘʪʝʨʠʘʣʝ, ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʪʨʘʥʩʢʨʠʧʪʦʚ, ʜʣʷ  ʌʥ  7 ʨʘʟʣʠʯʥʳʭ ʤʈʅʂ in silico. ʇʨʠ ʠʭ ʚʳʨʘʚʥʠʚʘʥʠʠ 
ʙr ʣʦ ʫʩʪʘʥʦʚʣʝʥʘ ʦʙʱʘʷ ʦʥʪʦʣʦʛʠʯʝʩʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ - MIFEKHGFRRTTPP. ʆʥʘ ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ 
ʩʦʩʪʘʚʝ ʪʨʘʥʩʢʨʠʧʪʦʚ ʜʦʤʝʥʘ ʌʥ ʪʠʧ 3 ʠ ʈʅʂ Fn27.(6). ɺ ʜʦʢʣʘʜʝ ʙʫʜʝʪ ʠʟʣʦʞʝʥʘ ʢʦʥʮʝʧʪʫʘʣʴʥʘʷ ʣʦʛʠʢʘ ʪʘʢʦʡ 
ʩʚʷʟʠ ï ʙʳʪʴ ʩʨʘʟʫ ʧʨʠʯʠʥʦʡ  ʜʚʫʭ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʢʣʝʪʦʯʥʦʡ ʢʦʤʤʫʥʠʢʘʮʠʠ. 
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ʈʠʩ.2. ʂʘʨʪʠʨʦʚʘʥʠʝ ʛʝʥʘ FN1 ʠ ʝʛʦ ʤʈʅʂ ʫ ʯʝʣʦʚʝʢʘ. 

ɺʳʙʦʨ  ʤʈʅʂ ʜʣʷ ʌʥ ʪʠʧ 1, ʠ ʠʭ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʧʨʦʚʝʜʝʥʘ ʠʥ ʩʠʣʠʢʦ ʚ ʤʦʜʫʣʝ ʧʨʦʛʨʘʤʤʳ ʄʆ - ʪʨʘʥʩʢʨʠʧʪʦʤ  
(SOBA transcriptom).(ʨʠʩ.2 ʚʥʠʟʫ). 

 
ʈʠʩ.3. ʄʦʜʫʣʴ SOBA- ʪʨʘʥʩʢʨʠʧʪʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʡ ʥʘʤʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʘʣʴʪʝʨʥʘʪʠʚʥʦ 

ʩʧʣʘʡʩʠʨʦʚʘʥʥʳʭ ʪʨʘʥʩʢʨʠʧʪʦʚ.(ʠʥ ʩʠʣʠʢʦ.) 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʥʘʤʠ ʜʘʥʥʳʭ ʚ PICR ï ʠʜʝʥʪʠʬʠʢʘʪʦʨʝ ʧʝʨʝʢʨʝʩʪʥʦ-ʨʝʬʝʨʠʨʫʝʤʦʛʦ ʩʝʨʚʠʩʘ, ʜʘʝʪ 
ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʘʩʢʨʳʪʴ ʥʘʣʠʯʠʝ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ (ɸʇ) ʫ ʨʘʟʥʳʭ ʚʠʜʦʚ 
ʞʠʚʦʪʥʳʭ ʠ ʯʝʣʦʚʝʢʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʦʷʥʠʷʭ ʠʭ ʚʦʚʣʝʯʝʥʠʷ  ʚ ʩʚʷʟʘʥʥʳʭ ʩ ʵʪʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ 
ʧʘʪʦʣʦʛʠʡ. (ʨʠʩ. 4) (ʚʥʠʟʫ). 

 
ʈʠʩ.4.ʈʝʟʫʣʴʪʘʪ ʘʥʘʣʠʟʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (ʧʝʧʪʠʜʘ) MIFEKHGFRRTTPP ʚ PIKR.(Protein Identifier 

Cross-reference Service) 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʠʚʝʜʝʥʥʦʛʦ ʥʘ ʨʠʩ.4 ï ʚʦʚʣʝʯʝʥʥʳʭ ʩʶʜʘ ʚʠʜʦʚ ʞʠʚʦʪʥʳʭ ʠ ʯʝʣʦʚʝʢʘ, ʧʦʩʣʝʜʥʠʝ ʜʚʝ ʧʦʟʠʮʠʠ 
ʝʱʝ ʥʠʢʘʢ ʥʝ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ.  
ʇʦʩʣʝʜʥʷʷ ʧʦʟʠʮʠʷ ʥʘʭʦʜʠʪʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʥʘʰʝʡ ʠʥʪʝʥʩʠʚʥʦʡ  ʨʘʟʨʘʙʦʪʢʝ ʥʘ ʠʥʠʮʠʘʪʠʚʥʳʭ ʥʘʯʘʣʘʭ 
(sic!). 
ɿʥʘʯʝʥʠʝ ʪʘʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʤʝʝʪ, ʢʘʢ ʥʘʫʯʥʫʶ ʧʝʨʩʧʝʢʪʠʚʫ, ʪʘʢ ʠ ʢʣʠʥʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʚ ʧʝʨʩʦʥʘʣʴʥʦʡ 
ʤʝʜʠʮʠʥʝ (ʧʨʠ ʧʦʣʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʛʝʥʦʤʘ ʜʘʥʥʦʛʦ ʯʝʣʦʚʝʢʘ). ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʚʦʟʤʞʝʥ ʧʨʦʛʥʦp  ʨʘʟʚʠʪʠʷ 
ʦʥʢʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʥʘ ʪʦʡ ʩʪʘʜʠʠ, ʢʦʛʜʘ ʝʱʝ ʥʝʪ ʢʣʠʥʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ ʟʘʙʦʣʝʚʘʥʠʷ ʠ ʤʦʞʥʦ 
ʧʨʝʜʧʨʠʥʷʪʴ çʧʨʝʚʝʥʪʠʚʥʳʝè ʤʝʨʳ ʜʣʷ ʠʭ ʙʣʦʢʠʨʦʚʢʠ.  
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The Bauman Moscow State Technical University 

  
ɺ ʩʪʘʪʴʝ ʠʟʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʙʠʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ 
ʤʦʥʠʪʦ-ʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʦʧʝʨʘʪʦʨʘ ʵʨʛʘʪʠʯʝʩʢʦʡ 

The article describes a technique bioradiolokatsionnogo 
monitoring of the operator ergatic system to permit such 
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ʩʠʩʪʝʤʳ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʫʯʝʪʘ ʪʘʢʦʡ 
ʦʮʝʥʢʠ ʚ ʢʦʥʪʫʨʝ ʫʧʨʘʚʣʝʥʠʷ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. 
ʆʙʨʘʙʦʪʢʘ ʩʠʛʥʘʣʦʚ ʦ ʩʦʩʪʦʷʥʠʠ ʦʧʝʨʘʪʦʨʘ ʦʩʥʦʚʘʥʘ 
ʥʘ ʩʦʚʤʝʩʪʥʦʤ ʧʨʠʤʝʥʝʥʠʠ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʨʦʥʥʳʭ 
ʩʝʪʝʡ ʠ ʚʝʡʚʣʝʪ-ʘʥʘʣʠʟʘ 

accounting estimates in the control loop in real time. 
Signal processing on the state of the operator based on 
the joint use of artificial neural networks and the wavelet 
analysis 

  
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝ ʚʳʟʳʚʘʝʪ ʩʦʤʥʝʥʠʡ, ʯʪʦ ʦʧʘʩʥʳʝ ʩʦʩʪʦʷʥʠʷ ʦʧʝʨʘʪʦʨʦʚ ʵʨʛʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ (ʕʉ): 
ʫʪʦʤʣʝʥʠʝ, ʤʦʥʦʪʦʥʠʷ, ʛʠʧʦʢʠʥʝʟʠʷ, ʥʝʨʚʥʦ-ʵʤʦʮʠʦʥʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʠ ʜʨ. ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʶʪ 
ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʥʘʜʝʞʥʦʩʪʴ ʠʭ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʦʙʫʩʣʦʚʣʠʚʘʷ ʨʠʩʢʠ ʥʝʰʪʘʪʥʳʭ ʠ ʦʧʘʩʥʳʭ 
ʩʠʪʫʘʮʠʡ. ʊʘʢ, ʚ ʯʘʩʪʥʦʩʪʠ, ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ ʦʧʨʝʜʝʣʷʝʪ ʫʪʦʤʣʷʝʤʦʩʪʴ ʢʘʢ 
ʩʦʩʪʦʷʥʠʝ ʧʦʥʠʞʝʥʥʦʡ ʫʤʩʪʚʝʥʥʦʡ ʠʣʠ ʬʠʟʠʯʝʩʢʦʡ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʨʫʰʝʥʠʡ ʩʥʘ ʠʣʠ 
ʜʣʠʪʝʣʴʥʦʛʦ ʙʦʜʨʩʪʚʦʚʘʥʠʷ, ʬʘʟʳ ʩʫʪʦʯʥʦʛʦ ʨʠʪʤʘ ʠʣʠ ʨʘʙʦʯʝʡ ʥʘʛʨʫʟʢʠ, ʢʦʪʦʨʦʝ ʫʭʫʜʰʘʝʪ 
ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʦʧʝʨʘʪʦʨʦʚ ʣʝʪʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʩʥʠʞʘʝʪ ʥʘʜʝʞʥʦʩʪʴ ʜʝʪ̫ʝʣʴʥʦʩʪʠ ʣʝʪʯʠʢʘ. ʇʨʠ ʵʪʦʤ 
ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʥʘʨʫʰʝʥʠʷʤʠ, ʧʨʠʚʦʜʷʱʠʤʠ ʢ ʜʥʝʚʥʦʡ ʩʦʥʣʠʚʦʩʪʠ ʠ ʧʦʚʳh ʝʥʥʦʡ 
ʫʪʦʤʣʷʝʤʦʩʪʠ ʦʧʝʨʘʪʦʨʦʚ, ʷʚʣʷʶʪʩʷ ʨʘʩʩʪʨʦʡʩʪʚʘ ʜʳʭʘʥʠʷ ʚʦ ʩʥʝ. 
ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʙʠʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ 
ʤʦʥʠʪʦʨʠʥʛʘ (ɹʄ) ʩʦʩʪʦʷʥʠʷ ʯʝʣʦʚʝʢʘ ʙʠʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʢʦʪʦʨʳʭ 
ʨʘʟʨʘʙʦʪʘʥʳ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʝ ʢʦʤʧʣʝʢʩʳ (ɸʇʂ), ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷʤ, ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ 
ʘʧʧʘʨʘʪʫʨʝ ʙʠʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʦʧʝʨʘʪʦʨʘ ʕʉ [1-2]. ʇʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ 
ʪʘʢʠʭ ɸʇʂ ʪʨʝʙʫʝʪ ʨʝʘʣʠʟʘʮʠʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ, ʷʚʣʷʶʱʠʭʩʷ 
ʥʝʩʪʘʮʠʦʥʘʨʥʳʤʠ ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʤʠ ʠ ʥʠʟʢʦʯʘʩʪʦʪʥʳʤʠ. 
ʆʙʱʘʷ ʧʨʦʮʝʜʫʨʘ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʦ ʩʦʩʪʦʥ̫ʠʠ ʦʧʝʨʘʪʦʨʘ ʵʨʛʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 
ʇʨʦʮʝʜʫʨʘ ʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ ɹʈʃ ʩʠʛʥʘʣʦʚ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ: ʧʨʝʜʦʙʨʘʙʦʪʢʘ; 
ʠʟʚʣʝʯʝʥʠʝ ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʧʨʠʟʥʘʢʦʚ; ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʧʘʪʪʝʨʥʦʚ ɹʈʃ ʩʠʛʥʘʣʘ (ʇɹʈʃʉ) [3 - 6]. 
ʅʘ ʵʪʘʧʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ɹʈʃ ʩʠʛʥʘʣʦʚ ʜʣʷ ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ ʰʫʤʦʚ ʠ ʫʜʘʣʝʥʠʷ ʩʣʫʯʘʡʥʳʭ 
ʚrʙʨʦʩʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʜʠʘʥʥʘʷ ʬʠʣʴʪʨʘʮʠʷ ʧʦ ʤʝʪʦʜʫ ʩʢʦʣʴʟʷʱʝʛʦ ʩʨʝʜʥʝʛʦ. ʇʨʠ ʚʳʜʝʣʝʥʠʠ 
ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʯʘʩʪʦʪʥʳʭ ʜʠʘʧʘʟʦʥʦʚ ɹʈʃ ʩʠʛʥʘʣʦʚ ʵʬʬʝʢʪʠʚʥʳʤʠ ʷʚʣʷʶʪʩʷ ʧʦʣʦʩʦʚʳʝ ʬʠʣʴʪʨʳ 
ɹʘʪʪʝʨʚʦʨʪʘ ʩ ʤʘʢʩʠʤʘʣʴʥʦ ʧʣʦʩʢʦʡ ʘʤʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ (ɸʏʍ). ɸʥʘʣʠʟ ʇɹʈʃʉ 
ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʦʚʦʜʠʪʴ ʧʦʩʣʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʮʝʜʫʨ ʩʛʣʘʞʠʚʘʥʠʷ ʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ, ʠʩʧʦʣʴʟʫʷ ʥʘ 
ʟʘʢʣʶʯʠʪʝʣʴʥʳʭ ʵʪʘʧʘʭ ʧʨʝʜʦʙʨʘʙʦʪʢʠ, ʤʝʪʦʜʳ ʦʙʲʝʜʠʥʝʥʠʷ ʢʚʘʜʨʘʪʫʨ ɹʈʃ ʩʠʛʥʘʣʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, 
ʘʨʢʪʘʥʛʝʥʩʥʫʶ ʠ ʢʦʤʧʣʝʢʩʥʫʶ ʜʝʤʦʜʫʣʷʮʠʠ. 
ʅʘ ɻ ʪʘʧʝ ʠʟʚʣʝʯʝʥʠʷ ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʧʨʠʟʥʘʢʦʚ ɹʈʃ ʩʠʛʥʘʣʦʚ ʚ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʷʭ 
ʙʠʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʕʉ ʥʘʠʙʦʣʴʰʫʶ ʮʝʥʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʶʪ ʟʥʘʯʝʥʠʷ ʭʘʨʘʢʪʝʨʥʳʭ 
ʯʘʩʪʦʪ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ɹʈʃ ʧʨʦʮʝʩʩʦʚ ʟʘ ʚʨʝʤʷ ʥʘʙʣʶʜʝʥʠʷ. ʊʨʘʜʠʮʠʦʥʥʦ ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ ʠʩʧʦʣʴʟʫʶʪ 
ʜʠʩʢʨʝʪʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ (ʇʌ) ʧʨʠ ʪʦʤ ʜʦʧʫʱʝʥʠʠ, ʯʪʦ ʥʘ ʘʥʘʣʠʟʠʨʫʝʤʦʤ ʫʯʘʩʪʢʝ ʩʠʛʥʘʣ ʷʚʣʷʝʪʩʷ 
ʩʪʘʮʠʦʥʘʨʥʳʤ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʦ ʧʦʣʫʯʝʥʥʦʤʫ ʩʧʝʢʪʨʫ ʦʧʨʝʜʝʣʷʶʪʩʷ ʤʘʢʩʠʤʫʤʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 
ʟʥʘʯʝʥʠʷʤ ʭʘʨʘʢʪʝʨʥʳʭ ʯʘʩʪʦʪ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ɹʈʃ ʩʠʛʥʘʣʦʚ. ɺ ʨʘʙʦʪʘʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʫʯʝʥʳʭ 
ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʢʦʥʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ (ʆʇʌ) ʧʨʠ ʚʳʙʦʨʝ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 
ʦʢʥʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʠ ʦ ʚʨʝʤʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʥʳʭ ʢʦʤʧʦʥʝʥʪ ɹʈʃ 
ʩʠʛʥʘʣʦʚ [4, 6]. 
ʕʪʘʧ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʇɹʈʃʉ ʚ ʟʘʜʘʯʘʭ ʙʠʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʕʉ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 
ʩʣʘʙʦ ʠʩʩʣʝʜʦʚʘʥʥʳʤ ʠ ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʩ ʫʯʝʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʝʰʘʝʤʦʡ ʧʨʠʢʣʘʜʥʦʡ ʟʘʜʘʯʠ. ʅʘʯʘʣʴʥʳʤ 
ʵʪʘʧʦʤ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʇɹʈʃʉ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʠʭ ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʧʨʠʟʥʘʢʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 
ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʨʝʤʷ-ʯʘʩʪʦʪʥʦʛʦ (ɺʈʏ) ʘʥʘʣʠʟʘ 
[3-6]. 
ʆʩʦʙʝʥʥʦʩʪʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʧʘʪʪʝʨʥʦʚ ʙʠʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ 
ʅʘ ʦʩʥʦʚʝ ʦʙʦʙʱʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ (ʀʅʉ) ʧʨʷʤʦʛʦ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ ʚʳʙʦʨ ʙʘʟʦʚʦʡ ʪʦʧʦʣʦʛʠʠ ʀʅʉ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʇɹʈʃʉ - ʠʩʭʦʜʷ ʠʟ 
ʩʦʦʙʨʘʞʝʥʠʡ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʀʅʉ ʤʠʥʠʤʘʣʴʥʦʡ ʩʣʦʞʥʦʩʪʠ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʰʠʨʦʢʦʛʦ 
ʘʨʩʝʥʘʣʘ ʤʝʪʦʜʦʚ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʰʝʥʠʡ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴh ʠʭ ʘʧʧʘʨʘʪʥʳʭ ʟʘʪʨʘʪʘʭ 
ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʚʳʙʨʘʥ ʤʥʦʛʦʩʣʦʡʥʳʭ ʧʝʨʮʝʧʪʨʦʥ (ʄʉʇ) ʩ ʦʜʥʠʤ ʩʢʨʳʪʳʤ ʩʣʦʝʤ ʠ ʩʠʛʤʦʠʜʘʣʴʥʦʡ 
ʬʫʥʢʮʠʝʡ ʘʢʪʠʚʘʮʠʠ [5, 6]. 
ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʇɹʈʃʉ ʥʘ ʦʩʥʦʚʝ ʩʦʚʤʝʩʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʀʅʉ ʠ ɺʇ, ʚʢʣʶʯʘʝʪ ʪʨʠ 
ʦʩʥʦʚʥʳʭ ʵʪʘʧʘ.  
1) ɺʦ ʚʨʝʤʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ɹʈʃ ʩʠʛʥʘʣʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʬʠʣʴʪʨʘʮʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʠʣʴʪʨʦʚ 
ɹʘʪʪʝʨʚʦʨʪʘ ʚʝʨʭʥʠʭ (ʌɺʏ) ʠ ʥʠʞʥʠʭ (ʌʅʏ) ʯʘʩʪʦʪ, ʩʛʣʘʞʠʚʘʥʠʝ ʤʝʜʠʘʥʥʳʤ ʬʠʣʴʪʨʦʤ ʩʢʦʣʴʟʷʱʝʛʦ ʩʨʝʜʥʝʛʦ 
ʠ Z-ʥʦʨʤʘʣʠʟʘʮʠʷ ʜʘʥʥʳʭ.  
2) ɼʘʣʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʨʠʟʥʘʢʦʚ ʇɹʈʃʉ ʬʦʨʤʠʨʫʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʘʙʩʦʣʶʪʥʳʭ ʟʥʘʯʝʥʠʡ 
ʜʝʪʘʣʠʟʠʨʫʶʱʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ɺʇ ʢʚʘʜʨʘʪʫʨʥʳʭ ʢʦʤʧʦʥʝʥʪ ɹʈʃ ʩʠʛʥʘʣʦʚ.  
3) ʆʧʠʩʘʥʠʝ ʇɹʈʃʉ ʧʦʜʘʝʪʩʷ ʥʘ ʚʭʦʜ ʀʅʉ, ʥʘ ʚʭrʦʜʝ ʢʦʪʦʨʦʡ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʟʥʘʯʝʥʠʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 
ʦʜʥʦʤʫ ʠʟ ʚʳʙʨʘʥʥʳʭ ʢʣʘʩʩʦʚ ʩʦʩʪʦʷʥʠʡ.  
ʀʩʩʣʝʜʦʚʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ 
ʉʙʦʨ ʚʝʨʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʤʘʩʩʠʚʘ ɹʈʃ ʩʠʛʥʘʣʦʚ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʳʭ ʨʝʰʝʥʠʡ 
ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʙʠʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ɹʈʃ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʕʉ ʧʘʨʘʣʣʝʣʴʥʦ ʩ 
ʟʘʧʠʩʴʶ ʧʦʣʥʦʡ ʩʪʘʥʜʘʨʪʥʦʡ ʧʦʣʠʩʦʤʥʦʛʨʘʬʠʠ (ʇʉɻ) [3-6]. 
ɺʝʨʠʬʠʢʘʮʠʷ ʩʠʛʥʘʣʦʚ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɺʠʟʫʘʣʴʥʦ ʘʥʘʣʠʟʠʨʦʚʘʣʘʩʴ ʚʩʷ ʟʘʧʠʩʴ ʠ ʝʩʣʠ 
ʥʘʭʦʜʠʣʩʷ ʫʯʘʩʪʦʢ ɹʈʃ ʩʠʛʥʘʣʘ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʙʦʣʝʝ 10 ʩ, ʧʦʪʝʥʮʠʘʣʴʥʦ ʧʦʭʦʞʠʡ ʥʘ ʦʜʠʥ ʠʟ ʭʘʨʘʢʪʝʨʥʳʭ 
ʇɹʈʃʉ, ʪʦ ʦʥ ʩʨʘʚʥʠʚʘʣʩʷ ʩ ʘʥʘʣʦʛʠʯʥʳʤ ʧʦ ʚʨʝʤʝʥʠ ʫʯʘʩʪʢʦʤ ʥʘ ʟʘʧʠʩʠ ʇʉɻ. ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 
ʤʦʥʠʪʦʨʠʥʛʘ ʚʧrʦʣʥʷʣʘʩʴ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ. 
ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ ʙʠʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʤʝʪʦʜʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤ 
ʢʦʥʪʘʢʪʥʳʤ ʤʝʪʦʜʦʤ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʕʉ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʥʷʪʠʷ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʠʣʠ 
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ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʦ ʥʘʣʠʯʠʠ ʭʘʨʘʢʪʝʨʥʳʭ ʇɹʈʃʉ. 
ɸʣʛʦʨʠʪʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʇɹʈʃʉ ʥʘ ʦʩʥʦʚʝ ʜʝʪʘʣʠʟʠʨʫʶʱʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 3-ʛʦ 
ʫʨʦʚʥʷ ɺʇ ʧʦ ʙʘʟʠʩʫ ʉʠʤʣʝʪ 13 ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʨʠʟʥʘʢʦʚ ʠ ʄʉʇ ʩ 9 ʩʢʨʳʪʳʤʠ ʥʝʡʨʦʥʘʤʠ ʩ 
ʥʘʩʪʨʦʡʢʦʡ ʧʦ ʘʣʛʦʨʠʪʤʫ ʃʝʚʝʥʙʝʨʛʘïʄʘʨʢʚʘʨʜʪʘ ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʙʱʫʶ ʪʦʯʥʦʩʪʴ 
ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʙʦʣʝʝ 84% ʧʨʠ ʚʝʣʠʯʠʥʝ ʦʰʠʙʢʠ ʚʪʦʨʦʛʦ ʨʦʜʘ ʤʝʥʝʝ 8%. ʈʘʩʩʯʠʪʘʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 
ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 69% ʠ ʧʨʦʛʥʦʩʪʠʯʝʩʢʦʡ ʮʝʥʥʦʩʪʠ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʨʝʰʝʥʠʷ 72% ʦ ʥʘʣʠʯʠʠ ʇɹʈʃʉ 
ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʨʝʢʦʤʝʥʜʘʮʠʷʤ ʧʦ ʙʠʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʤʫ ʤʦʥʠʪʦʨʠʥʛʫ ʩʦʩʪʦʷʥʠʷ ʦʧʝʨʘʪʦʨʘ ʕʉ, 
ʧʨʦʠʟʚʦʜʠʤʳʭ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʡ ʠ ʦʙʦʨʦʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ. 
ɿʘʢʣʶʯʝʥʠʝ 
ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʙʠʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʦʧʝʨʘʪʦʨʘ ʕʉ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ 
ʜʠʘʛʥʦʩʪʠʢʫ ʦʧʘʩʥʳʭ (ʜʣʷ ʥʘʜʝʞʥʦʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ) ʩʦʩʪʦʷʥʠʡ (ʫʪʦʤʣʝʥʠʝ, ʤʦʥʦʪʦʥʠʷ, 
ʛʠʧʦʢʠʥʝʟʠʷ, ʥʝʨʚʥʦ-ʵʤʦʮʠʦʥʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʠ ʜʨ.), ʠʥʬʦʨʤʘʪʠʚʥʳʤʠ ʜʣʷ ʢʦʪʦʨʦʡ ʷʚʣʷʶʪʩʷ ʧʦʢʘʟʘʪʝʣʠ 
ʩʦʩʪʦʷʥʠʷ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʠ ʜʳʭʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʯʝʣʦʚʝʢʘ.  
ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʩʦʟʜʘʥʘ ʘʧʧʘʨʘʪʫʨʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʙʝʩʢʦʥʪʘʢʪʥʫʶ 
ʨʝʛʠʩʪʨʘʮʠʶ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ, ʪʨʝʙʫʝʤʳʭ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʜʠʘʛʥʦʩʪʠʢʠ ʩʦʩʪʦʷʥʠʷ ʦʧʝʨʘʪʦʨʘ ʚ 
ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ (ʙʠʦʨʘʜʠʦʣʦʢʘʪʦʨʳ, ʘʢʪʠʛʨʘʬʳ ʠ ʜʨ.). ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʳ ʠ ʘʣʛʦʨʠʪʤʳ ʦʙʨʘʙʦʪʢʠ 
ʠʥʬʦʨʤʘʮʠʠ ʚʧʝʨʚʳʝ ʧʦʟʚʦʣʠʣʠ ʦʙʝʩʧʝʯʠʪʴ ʢʦʨʨʝʢʪʥʫʶ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ 
ʩʠʛʥʘʣʦʚ ʙʝʟ ʦʛʨʘʥʠʯʝʥʠʷ ʜʚʠʛʘʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʦʧʝʨʘʪʦʨʦʚ ʕʉ ʧʨʠ ʠʭ ʨʝʛʠʩʪʨʘʮʠʠ ʟʘ ʩʯʝʪ ʫʯʝʪʘ 
ʥʝʩʪʘʮʠʦʥʘʨʥʦʩʪʠ ʠ ʚʥʫʪʨʠʚʠʜʦʚʦʡ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʩʠʛʥʘʣʦʚ ʧʨʠ ʠʭ ʦʙʨʘʙʦʪʢʝ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 
ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʠʣʦ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʦʧʝʨʘʪʦʨʘ ʕʉ. 
ʇʨʠʦʨʠʪʝʪʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 
ʙʝʟʦʧʘʩʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʕʉ ʷʚʣʷʶʪʩʷ: 
Å ʦʙʝʩʧʝʯʝʥʠʝ ʦʙʲʝʢʪʠʚʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʚʳʨʘʞʝʥʥʦʩʪʠ ʦʧʘʩʥʳʭ ʩʦʩʪʦʷʥʠʡ ʦʧʝʨʘʪʦʨʘ ʚ ʧʨʦʮʝʩʩʝ 
ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʜʣʷ ʫʯʝʪʘ ʪʘʢʦʡ ʦʮʝʥʢʠ ʚ ʩʠʩʪʝʤʘʭ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 
ʫʧʨʘʚʣʝʥʠʷ ʕʉ; 
Å ʨʝʘʣʠʟʘʮʠʷ ʤʦʥʠʪʦʨʠʥʛʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʦʧʝʨʘʪʦʨʘ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʪʨʝʥʘʞʝʨʥʦʡ ʧʦʜʛʦʪʦʚʢʠ;  
Å ʦʙʲʝʢʪʠʚʠʟʘʮʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʷ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʠ ʜʳʭʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʦʧʝʨʘʪʦʨʘ ʚ 
ʧʨʦʮʝʩʩʝ ʤʝʜʠʮʠʥʩʢʦʛʦ ʦʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ, ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʥʘʛʨʫʟʦʯʥʳʭ 
ʧʨʦʙ, ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʥʦʯʥʦʛʦ ʩʥʘ ʠ ʪ.ʧ.;  
Å ʦʧʪʠʤʠʟʘʮʠʷ ʵʨʛʦʥʦʤʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʕʉ ʟʘ ʩʯʝʪ ʦʙʝʩʧʝʯʝʥʠʷ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʦʧʝʨʘʪʦʨʘ ʥʘ 
ʚʩʝʭ ʝʛʦ ʵʪʘʧʘʭ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ 
ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʕʉ ʟʘ ʩʯʝʪ ʦʙʝʩʧʝʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʦʧʝʨʘʪʦʨʘ ʚ 
ʠʥʪʝʨʝʩʘʭ ʧʦʚʳʰʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʥʘʜʝʞʥʦʩʪʠ ʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʫʯʝʪʘ ʦʮʝʥʢʠ 
ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʦʧʝʨʘʪʦʨʘ ʚ ʢʦʥʪʫʨʘʭ ʫʧʨʘʚʣʝʥʠʷ ʕʉ. 

ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʩʪʠʧʝʥʜʠʝʡ ʇʨʝʟʠʜʝʥʪʘ ʈʌ ʜʣʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʠ ʘʩʧʠʨʘʥʪʦʚ, 
ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʧʦ ʧʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ 
ʤʦʜʝʨʥʠʟʘʮʠʠ ʨʦʩʩʠʡʩʢʦʡ ʵʢʦʥʦʤʠʢʠ (ʉʇ-2061.2013.4). 
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ИНТЕЛЛЕКТУАЛЬНЫЕ СИСТЕМЫ И ТЕХНОЛОГИИ (ПРИНЯТИЕ РЕШЕНИЙ, 

ЭКСПЕРТНЫЕ СИСТЕМЫ И Т.Д.) 

 

SECTION 6 

 
INTELLIGENCE SYSTEMS  AND TECHNOLOGIES (DE CISION-MAKING , EXPERT 

SYSTEM ETC.) 
 
 

 
ʄɽʊʆɼʀʏɽʉʂʆɽ ʆɹɽʉʇɽʏɽʅʀɽ 

ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʆʁ ʉʀʉʊɽʄʓ 
ʕʈɻʆʅʆʄʀʏɽʉʂʆʁ ʕʂʉʇɽʈʊʀɿʓ ʉʈɽɼʉʊɺ 

ɿɸʑʀʊʓ ʆʊ ɸɺʀɸʎʀʆʅʅʆɻʆ ʐʋʄɸ 

METHODOLOGY OF THE AUTOMATED SYSTEM 
ERGONOMIC EXPERTISE MEANS OF PROTECTION 
AGAINST AIRCRAFT NOISE 

ʉʢʫʨʘʪʦʚʩʢʠʡ ʅ.ʀ.  Skuratovsky N.I. 

ʄʦʩʢʦʚʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠ ʧʨʦʝʢʪʥʳʡ 
ʠʥʩʪʠʪʫʪ ʪʠʧʦʣʦʛʠʠ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

Moscow Scientific-Research and Design Institute of 
typology and experimental design 

  
ʀʟʣʦʞʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 
ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʩʙʦʨʘ ʠ ʦʙʨʘʙʦʪʢʠ 
ʠʥʬʦʨʤʘʮʠʠ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʨʛʦʥʦʤʠʯʝʩʢʦʡ 
ʵʢʩʧʝʨʪʠʟʳ ʧʨʦʪʠʚʦʰʫʤʥʳʭ ʥʘʫʰʥʠʢʦʚ ʠ ʩʨʝʜʩʪʚ 
ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʧʨʦʪʠʚʦʰʫʤʥʦʡ ʚʠʙʨʦʟʘʱʠʪʳ, 
ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʟʘʱʠʪʳ ʦʪ ʘʚʠʘʮʠʦʥʥʦʛʦ ʰʫʤʘ 

Set out particular methods of automated support for 
collection and processing of information during the 
ergonomic expertise earplugs and personal anti-noise 
vibration protection applied for protection from aircraft 
noise 

  
ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʘʩʧʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʦʪ ʘʚʠʘʮʠʦʥʥʦʛʦ ʰʫʤʘ ʷʚʣʷʝʪʩʷ 
ʵʨʛʦʥʦʤʠʯʝʩʢʘʷ ʵʢʩʧʝʨʪʠʟʘ ʧʨʦʪʠʚʦʰʫʤʦʚ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʩʦʟʜʘʥʠʷ: ʦʪ ʦʙʦʩʥʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 
ʨʘʟʨʘʙʦʪʢʠ ʜʦ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʧʨʦʚʝʜʝʥʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ. 
ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʦʙʲʝʢʪʠʚʥʦʡ ʵʨʛʦʥʦʤʠʯʝʩʢʦʡ ʵʢʩʧʝʨʪʠʟʳ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ: ʤʝʪʦʜʠʢʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʨʘʟʣʠʯʥʳʭ ʵʨʛʦʥʦʤʠʯʝʩʢʠʭ ʘʩʧʝʢʪʦʚ ʙʳʣʠ ʚʟʘʠʤʦʩʦʛʣʘʩʦʚʘʥʥʳʤʠ; ʩʦʙʠʨʘʝʤʳʝ ʜʘʥʥʳʝ ʧʨʠʚʦʜʠʣʠʩʴ ʢ 
ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʤʫ ʚʠʜʫ; ʚʩʝ ʜʘʥʥʳʝ ʠ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʢʦʤʧʣʝʢʩʠʨʫʶʪʩʷ  ʚ ʝʜʠʥʦʡ ʙʘʟʝ ʜʘʥʥʳʭ.  
ɺ ʠʥʪʝʨʝʩʘʭ ʚʳʧʦʣʥʝʥʠʷ ʪʘʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʩʨʝʜʩʪʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʟʘʱʠʪʳ 
ʦʪ ʘʚʠʘʮʠʦʥʥʦʛʦ ʰʫʤʘ ʨʝʘʣʠʟʦʚʘʥʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʧʦʜʜʝʨʞʢʘ ʠʭ ʵʨʛʦʥʦʤʠʯʝʩʢʦʡ ʵʢʩʧʝʨʪʠʟʳ ʩ 
ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 
ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʧʦʜʜʝʨʞʢʘ ʵʨʛʦʥʦʤʠʯʝʩʢʦʡ ʵʢʩʧʝʨʪʠʟʳ ʧʨʦʪʠʚʦʰʫʤʥʳʭ ʥʘʫʰʥʠʢʦʚ ʧʨʝʜʧʦʣʘʛʘʝʪ 
ʧʦʣʫʯʝʥʠʝ ʠ ʩʚʝʨʪʢʫ ʩʣʝʜʫʶʱʠʭ ʦʙʲʝʢʪʠʚʥʳʭ ʠ ʩʫʙʲʝʢʪʠʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ: ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʟʘʱʠʪʳ ʦʪ ʰʫʤʘ 
ʦʢʪʘʚʥʳʭ ʯʘʩʪʦʪ 125 ɻʮ, 250 ɻʮ, 500 ɻʮ,  1000 ɻʮ,  2000 ɻʮ, 4000 ɻʮ ʠ 8000 ɻʮ; ʟʚʦʥ (ʰʫʤ) ʚ ʫʰʘʭ, ʛʦʣʦʚʥʘʷ 
ʙʦʣʴ,  ʰʫʤ ʠ ʪʷʞʝʩʪʴ ʚ ʛʦʣʦʚʝ, ʩʥʠʞʝʥʠʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ, ʥʘʨʫʰʝʥʠʝ ʨʝʞʠʤʘ ʩʥʘ, ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʝ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʨʝʧʸʞʥʦʡ ʩʠʩʪʝʤʳ, ʫʜʦʙʩʪʚʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʫʜʦʙʩʪʚʦ ʭʨʘʥʝʥʠʷ ʚ 
ʥʝʠʩʧʦʣʴʟʫʝʤʦʤ ʩʦʩʪʦʷʥʠʠ, ʢʘʯʝʩʪʚʦ ʦʛʦʣʦʚʴʷ, ʧʦʤʝʭʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʥʘʫʰʥʠʢʘʭ, 
ʙʝʟʦʧʘʩʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʩʦʯʝʪʘʝʤʦʩʪʴ ʩ ʦʙʨʘʟʮʘʤʠ ʵʢʠʧʠʨʦʚʢʠ, ʥʝʧʨʠʷʪʥʳʝ ʦʱʫʱʝʥʠʷ ʚ ʦʢʦʣʦʫʰʥʦʡ 
ʦʙʣʘʩʪʠ, ʧʦʢʨʘʩʥʝʥʠʝ ʢʦʞʠ ʚ ʦʢʦʣʦʫʰʥʦʡ ʦʙʣʘʩʪʠ ʠ ʜʦʩʪʘʪʦʯʥʦʩʪʴ ʩʥʠʞʝʥʠʷ ʰʫʤʘ.  
ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʧʦʜʜʝʨʞʢʘ ʵʨʛʦʥʦʤʠʯʝʩʢʦʡ ʵʢʩʧʝʨʪʠʟʳ ʩʨʝʜʩʪʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʧʨʦʪʠʚʦʰʫʤʥʦʡ 
ʚʠʙʨʦʟʘʱʠʪʳ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʦʣʫʯʝʥʠʝ ʠ ʩʚʝʨʪʢʫ ʩʣʝʜʫʶʱʠʭ ʦʙʲʝʢʪʠʚʥʳʭ ʠ ʩʫʙʲʝʢʪʠʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ: 
ʩʥʠʞʝʥʠʝ ʚʠʙʨʦʪʘʢʪʠʣʴʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʩʦʩʪʦʷʥʠʝ ʢʦʞʠ ʯʝʣʦʚʝʢʘ ʧʦʜ ʩʨʝʜʩʪʚʦʤ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ 
ʟʘʱʠʪʳ, ʚʣʘʞʥʦʩʪʴ ʢʦʞʥʳʭ ʧʦʢʨʦʚʦʚ ʯʝʣʦʚʝʢʘ ʧʦʜ ʩʨʝʜʩʪʚʦʤ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʟʘʱʠʪʳ, ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʝ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʨʝʧʸʞʥʦʡ ʩʠʩʪʝʤʳ, ʫʜʦʙʩʪʚʦ (ʢʦʤʬʦʨʪʥʦʩʪʴ) ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʫʜʦʙʩʪʚʦ 
ʭʨʘʥʝʥʠʷ ʚ ʥʝʠʩʧʦʣʴʟʫʝʤʦʤ ʩʦʩʪʦʷʥʠʠ, ʦʪʩʫʪʩʪʚʠʝ ʧʦʤʝʭ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʩʨʝʜʩʪʚʝ 
ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʟʘʱʠʪʳ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʨʝʜʩʪʚʘ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʟʘʱʠʪʳ, ʩʦʯʝʪʘʝʤʦʩʪʴ 
ʩʨʝʜʩʪʚʘ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʟʘʱʠʪʳ ʩ ʜʨʫʛʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʵʢʠʧʠʨʦʚʢʠ, ʥʝʧʨʠʷʪʥʳʝ ʦʱʫʱʝʥʠʷ ʧʨʠ 
ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʨʝʜʩʪʚʘ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʟʘʱʠʪʳ, ʟʘʱʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʩʨʝʜʩʪʚʘ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʟʘʱʠʪʳ, 
ʫʜʦʙʩʪʚʦ ʦʜʝʚʘʥʠʷ/ʩʲʝʤʘ. 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʟʚʝʰʝʥʥʦʡ ʩʚʝʨʪʢʠ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʣʫʯʘʶʪ ʦʮʝʥʢʫ ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʨʛʦʥʦʤʠʯʥʦʩʪʠ ʩʨʝʜʩʪʚʘ 
ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʟʘʱʠʪʳ ʯʝʣʦʚʝʢʘ ʦʪ ʘʚʠʘʮʠʦʥʥʦʛʦ ʰʫʤʘ.  
ʇʨʦʛʨʘʤʤʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʨʝʘʣʠʟʫʶʱʠʝ ʦʧʠʩʘʥʥʳʝ ʤʝʪʦʜʠʢʠ, ʧʦʟʚʦʣʷʶʪ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʜʫʨʫ 
ʵʨʛʦʥʦʤʠʯʝʩʢʦʡ ʵʢʩʧʝʨʪʠʟʳ ʩʨʝʜʩʪʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʟʘʱʠʪʳ ʦʪ ʘʚʠʘʮʠʦʥʥʦʛʦ ʰʫʤʘ, ʚʝʩʪʠ ʙʘʟʫ ʜʘʥʥʳʭ 
ʵʨʛʦʥʦʤʠʯʝʩʢʠʭ ʵʢʩʧʝʨʪʠʟ (ʧʝʨʚʠʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʠʥʪʝʛʨʘʣʴʥʳʭ ʦʮʝʥʦʢ).  
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ʀʩʧʦʣʴʟʫʝʤʳʝ ʧʝʨʚʠʯʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʵʨʛʦʥʦʤʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʧʨʦʪʠʚʦʰʫʤʦʚ ʧʦʢʘʟʘʪʝʣʠ ʦʪʦʙʨʘʥʳ ʚ ʢʘʯʝʩʪʚʝ 
ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʪʝʦʨʝʪʠʢʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ  ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʬʦʨʤʠʨʦʚʘʥʠʶ ʪʘʢʪʠʢʦ-
ʪʝʭʥʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʩʨʝʜʩʪʚʘʤ ʟʘʱʠʪʳ ʦʪ ʘʚʠʘʮʠʦʥʥʦʛʦ ʰʫʤʘ ʠ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʠ 
ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʙʦʣʝʝ 10 ʦʙʨʘʟʮʦʚ ʪʘʢʠʭ ʩʨʝʜʩʪʚ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʠʭ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ. 

http://www.ivtn.ru/2013/confs/enter/paper.php?p=1334 http://www.ivtn.ru/2013/confs/enter/paper_e.php?p=1334 
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ДОКЛАДЫ, НЕ ВОШЕДШИЕ В ОСНОВНЫЕ СЕКЦИИ 

 

SECTION 8 
 

THE REPORTS, WHICH ARE NOT INCLUDED IN THE BASIC SECTIONS  
 
 

 
ɺʃʀʗʅʀɽ ʉʆɹʉʊɺɽʅʅʆɻʆ ʇʀʅʅʀʅɻɸ ʅɸ 

ɼʀʅɸʄʀʂʋ ʄɸɻʅʀʊʅʆɻʆ ʇʆʊʆʂɸ ɺ 
ʄʆʅʆʂʈʀʉʊɸʃʃɸʍ YBA2CU3O7- ŭ 

THE EFFECT OF PINNING ON THE DYNAMICS OF 
MAGNETIC FLUX IN SINGLE CRYSTALS OF 

YBA2CU3O7- ŭ 
ʃʦʪʥʠʢ ɼ.ɸ., ʉʦʢʦʣʦʚ ɸ.ʅ., ɺʦʚʢ ʈ.ɺ. Lotnik D., Sokolov A., Vovk R. 

ʍʘʨʴʢʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ 
ɺ.ʅ.ʂʘʨʘʟʠʥʘ 

V.N.Karazin Kharkov National University 

  
ɼʠʥʘʤʠʢʘ ʚʠʭʨʝʚʦʡ ʤʘʪʝʨʠʠ ʤʦʥʦʢʨʠʩʪʘʣʣʘ 
YBa2Cu3O7-ŭ ʩ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʡ ʩʠʩʪʝʤʦʡ 
ʜʚʦʡʥʠʢʦʚʳʭ ʛʨʘʥʠʮ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʟʫʯʝʥʘ ʚ 
ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʩʢʦʨʦʩʪʝʡ ʜʚʠʞʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ 
ʧʦʪʦʢʘ ʚ ʥʘʢʣʦʥʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 
ʧʨʠ ʦʨʠʝʥʪʘʮʠʠ ʚʝʢʪʦʨʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ 
ʦʢʨʝʩʪʥʦʩʪʠ ab ï ʧʣʦʩʢʦʩʪʠ, ʜʠʥʘʤʠʢʘ ʤʘʛʥʠʪʥʦʛʦ 
ʧʦʪʦʢʘ ʚʙʣʠʟʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʚʠʭʨʝʚʦʡ 
ʨʝʰʝʪʢʠ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʘ ʪʝʦʨʠʝʡ ɸʥʜʝʨʩʦʥʘ ï 
ʂʠʤʘ, ʘ ʩ ʧʦʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ - ʪʝʦʨʠʝʡ 
ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʠʥʥʠʥʛʘ ʥʘ ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʭ 
ʜʝʬʝʢʪʘʭ ʠʣʠ ʤʦʜʝʣʴʶ ʚʠʭʨʝʚʦʛʦ ʩʪʝʢʣʘ. 
ʉʦʙʩʪʚʝʥʥʳʡ ʧʠʥʥʠʥʛ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʩʣʦʠʩʪʦʡ 
ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʤʘʪʝʨʠʘʣʘ, ʦʢʘʟʳʚʘʝʪ 
ʚʣʠʷʥʠʝ ʥʘ ʜʠʥʘʤʠʢʫ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ, ʠ ʵʪʦ 
ʚʣʠʷʥʠʝ ʚʦʟʨʘʩʪʘʝʪ ʧʦ ʤʝʨʝ ʧʦʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 

The dynamics of vortex matter in YBa2Cu3O7-ŭ  single 
crystal with unidirectional twin boundaries is studied 
experimentally in a wide range of velocities of the 
magnetic flux in a tilted magnetic field. It is determined 
that with the orientation of the magnetic field vector in the 
locality of the ab-plane, the dynamics of the magnetic flux 
near the melting temperature of the vortex lattice can be 
described by the Kim-Anderson model and as the 
temperature is lowered, by the theory of collective pinning 
on small-scale defects or by the vortex glass model. The 
intrinsic pinning caused by the layered crystal structure of 
the material has an impact on the dynamics of magnetic 
flux and this effect increases with the decreasing of the 
temperature 

  

ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠʩʫʪʩʪʚʠʝ ʩʪʨʫʢʪʫʨʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʢʫʧʨʘʪʥʳʭ 
ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʘʭ (ɺʊʉʇ) ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʠʭ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ [1-3]. ʆʜʥʘʢʦ, ʚʚʠʜʫ 
ʥʘʣʠʯʠʷ ʢʫʧʨʘʪʥʳʭ ʩʣʦʝʚ, ʥʝʢʦʪʦʨʳʝ ʠʟ ʵʪʠʭ ʩʚʦʡʩʪʚ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʩʦʦʪʥʝʩʝʥʳ ʩ ʧʨʦʩʪʦʡ 3D-ʘʥʠʟʦʪʨʦʧʠʝʡ. 
ʊʘʢʘʷ ʩʧʝʮʠʬʠʢʘ ʧʨʠʩʫʱʘ ʥʝ ʪʦʣʴʢʦ ɺʊʉʇ, ʥʦ ʠ ʪʨʘʜʠʮʠʦʥʥʳʤ (ʪʘʢ ʥʘʟʳʚʘʝʤʳʤ çʭʦʣʦʜʥʳʤè) 
ʩʚʝʨʭʧʨʦʚʦʜʷʱʠʤ ʤʘʪʝʨʠʘʣʘʤ [4,5]. ʉʣʦʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʥʝʢʦʪʦʨʳʭ ʠʥʪʝʨʝʩʥʳʭ 
ʦʩʦʙʝʥʥʦʩʪʝʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʥʝʢʦʪʦʨʦʡ ʪʝʤʧʝʨʘʪʫʨʝ T

*
 

ʥʘʙʣʶʜʘʝʪʩʷ 2D-3D ʧʝʨʝʭʦʜ [6,7], ʧʨʠ ʢʦʪʦʨʦʤ ʜʣʠʥʘ ʢʦʛʝʨʝʥʪʥʦʩʪʠ ɝc ʚʜʦʣʴ ʩ-ʦʩʠ ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʴʰʝ 
ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ CuO2 ʩʣʦʷʤʠ. ʊʘʢʞʝ, ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ H > Hc1, ʧʨʠʣʦʞʝʥʥʦʤ 
ʚʜʦʣʴ ʩʣʦʝʚ, ʚʠʭʨʷʤ ʤʦʞʝʪ ʙʳʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʚʳʛʦʜʥʦ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʤʝʞʜʫ ʜʚʫʤʷ CuO2 ʩʣʦʷʤʠ. ʂʘʢ ʙʳʣʦ 
ʫʩʪʘʥʦʚʣʝʥʦ ʚ [8], ʚ ʥʘʢʣʦʥʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʚʠʭʨʠ ʟʘʧʠʨʘʶʪʩʷ (lock in ʨʝʞʠʤ) ʚ ab-ʧʣʦʩʢʦʩʪʠ ʝʩʣʠ ʫʛʦʣ 
ʥʘʢʣʦʥʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʤʝʥʴʰʝ ʥʝʢʦʪʦʨʦʛʦ ʢʨʠʪʠʯʝʩʢʦʛʦ ɗ < ɗc. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʨʝʘʣʠʟʘʮʠʷ ʪʘʢʦʛʦ 

ʨʝʞʠʤʘ ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʚ ʩʦʝʜʠʥʝʥʠʷʭ Tl2Ba2Cu2O8 ʠ Bi2Sr2CaCu2O8 [9,10]. ɺ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ YBa2Cu3O7-ŭ 
ʪʘʢʦʛʦ ʨʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʩʣʦʞʥʝʥʳ ʧʨʠʩʫʪʩʪʚʠʝʤ ʜʚʦʡʥʠʢʦʚʳʭ ʛʨʘʥʠʮ (ɼɻ), ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 
ʷʚʣʷʶʱʠʭʩʷ ʤʦʱʥʳʤʠ ʮʝʥʪʨʘʤʠ ʧʠʥʥʠʥʛʘ [11-14] ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʘʥʠʟʦʪʨʦʧʠʠ [15]. ɺ 
ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʩʣʦʠʩʪʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʥʘ ʩʦʙʩʪʚʝʥʥʳʡ (intrinsic) ʧʠʥʥʠʥʛ ʠ ʜʠʥʘʤʠʢʫ 
ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ ʚʠʭʨʝʚʦʡ ʩʠʩʪʝʤʳ ʚ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ YBa2Cu3O7-ŭ ʩ ʟʘʜʘʥʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ ɼɻ, ʧʨʠ ʢʦʪʦʨʦʡ 
ʤʠʥʠʤʠʟʠʨʦʚʘʥʦ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʨʘʩʩʝʷʥʠʝ ʥʦʨʤʘʣʴʥʳʭ ʥʦʩʠʪʝʣʝʡ  ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʪʦʢʘ.  
ʄʦʥʦʢʨʠʩʪʘʣʣʳ Yɺʘ2ʉuʟʆ7-ŭ ʚʳʨʘʱʠʚʘʣʠ ʧʦ ʨʘʩʪʚʦʨ-ʨʘʩʧʣʘʚʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ ʟʦʣʦʪʦʤ ʪʠʛʣʝ, ʩʦʛʣʘʩʥʦ 
ʤʝʪʦʜʠʢʝ [7,15], ʧʨʠ ʥʘʩʳʱʝʥʠʠ ʢʠʩʣʦʨʦʜʦʤ ʚ ʩʦʝʜʠʥʝʥʠʷʭ Yɺʘ2ʉuʟʆ7-ŭ ʧʨʦʠʩʭʦʜʠʪ ʪʝʪʨʘ-ʦʨʪʦ ʩʪʨʫʢʪʫʨʥʳʡ 
ʧʝʨʝʭʦʜ, ʢʦʪʦʨʳʡ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʠʚʦʜʠʪ ʢ ʜʚʦʡʥʠʢʦʚʘʥʠʶ ʢʨʠʩʪʘʣʣʘ, ʤʠʥʠʤʠʟʠʨʫʶʱʝʛʦ ʝʛʦ ʫʧʨʫʛʫʶ 
ʵʥʝʨʛʠʶ. ɼʣʷ ʨʝʟʠʩʪʠʚʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʪʙʠʨʘʣʠ ʪʦʥʢʠʝ ʢʨʠʩʪʘʣʣʳ ʩ ʧʨʦʥʠʢʘʶʱʠʤʠ ɼɻ, ʫ ʢʦʪʦʨʳʭ ʠʤʝʣʠʩʴ 
ʦʙʣʘʩʪʠ ʩ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʤʠ ɼɻ ʨʘʟʤʝʨʦʤ 0.5ʭ0.5ʤʤ

2
. ʕʪʦ ʧʦʟʚʦʣʷʣʦ ʚʳʨʝʟʘʪʴ ʠʟ ʪʘʢʠʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ 

ʤʦʩʪʠʢʠ ʩ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʤʠ ɼɻ ʰʠʨʠʥʦʡ 0.2ʤʤ ʠ ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʢʦʥʪʘʢʪʘʤʠ 0.3ʤʤ. 
ɼʚʦʡʥʠʢʦʚʳʝ ʛʨʘʥʠʮʳ ʚʥʫʪʨʠ ʤʦʩʪʠʢʘ ʙʳʣʠ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʇʨʠ ʵʪʦʤ ʤʦʩʪʠʢ ʚʳʨʝʟʘʣʠ 
ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʚʝʢʪʦʨ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʪʦʢʘ Iab ʙʳʣ ʧʘʨʘʣʣʝʣʝʥ ʧʣʦʩʢʦʩʪʷʤ ʜʚʦʡʥʠʢʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʣʦ 
ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʨʘʩʩʝʷʥʠʝ ʥʦʨʤʘʣʴʥʳʭ ʥʦʩʠʪʝʣʝʡ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʪʦʢʘ. ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʢʦʥʪʘʢʪʳ 
ʩʦʟʜʘʚʘʣʠ ʥʘʥʝʩʝʥʠʝʤ ʩʝʨʝʙʨʷʥʦʡ ʧʘʩʪʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʢʨʠʩʪʘʣʣʦʚ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʦʜʩʦʝʜʠʥʝʥʠʝʤ 
ʩʝʨʝʙʨʷʥʳʭ ʧʨʦʚʦʜʥʠʢʦʚ ʠ ʪʨʝʭʯʘʩʦʚʳʤ ʦʪʞʠʛʦʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 200 Áʉ ʚ ʘʪʤʦʩʬʝʨʝ ʢʠʩʣʦʨʦʜʘ. ʇʨʦʚʦʜʥʠʢʠ 
ʜʣʷ ʪʦʢʦʚʳʭ ʢʦʥʪʘʢʪʦʚ ʠʟʛʦʪʘʚʣʠʚʘʣʠ ʠʟ ʬʦʣʴʛʠ ʪʦʣʱʠʥʦʡ 0,1 ʤʤ ʠ ʰʠʨʠʥʦʡ 2 ʤʤ, ʘ ʜʣʷ ʧʦʪʝʥʮʠʘʣʴʥʳʭ 
ʢʦʥʪʘʢʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʦʚʦʜ ʜʠʘʤʝʪʨʦʤ 0,05 ʤʤ. ʊʘʢʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʣʘ ʧʦʣʫʯʘʪʴ ʤʘʣʦʝ ʧʝʨʝʭʦʜʥʦʝ 
ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʦʥʪʘʢʪʦʚ ʠ ʧʨʦʚʦʜʠʪʴ ʨʝʟʠʩʪʠʚʥʳʝ ʠʟʤʝʨʝʥʠʷ ʧʨʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʪʦʢʘʭ ʜʦ 1 ɸ ʙʝʟ 
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ʦʤʠʯʝʩʢʦʛʦ ʧʝʨʝʛʨʝʚʘ ʪʦʢʦʚʳʭ ʢʦʥʪʘʢʪʦʚ.  
ʀʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʚʦʣʴʪ-ʘʤʧʝʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ɺɸʍ) ʧʨʦʚʦʜʠʣʠ ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ. 
ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʜʦ 12.7 ʢʕ ʩʦʟʜʘʚʘʣʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʦʤ. ɺʨʘʱʝʥʠʝʤ ʤʘʛʥʠʪʘ ʤʦʞʥʦ ʙʳʣʦ ʠʟʤʝʥʷʪʴ ʦʨʠʝʥʪʘʮʠʶ 
ʧʦʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʨʠʩʪʘʣʣʘ. ʊʦʯʥʦʩʪʴ ʦʨʠʝʥʪʘʮʠʠ ʧʦʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʨʘʟʮʘ ʥʝ ʭʫʞʝ 0,2Á. ʄʦʩʪʠʢ 
ʤʦʥʪʠʨʦʚʘʣʠ ʚ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʷʯʝʡʢʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʚʝʢʪʦʨ ʧʦʣʷ ʅ ʚʩʝʛʜʘ ʙʳʣ ʧʝʨʧʝʥʜʠʢʫʣʷʨʝʥ 
ʚʝʢʪʦʨʫ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʪʦʢʘ j. ʊʝʤʧʝʨʘʪʫʨʫ ʠʟʤʝʨʷʣʠ ʧʣʘʪʠʥʦʚʳʤ ʪʝʨʤʦʨʝʟʠʩʪʦʨʦʤ, ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʦʙʨʘʟʮʝ ʠ 
ʦʙʨʘʟʮʦʚʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ - ʥʘʥʦʚʦʣʴʤʝʪʨʘʤʠ ɺ2-38. ɼʘʥʥʳʝ ʩ ʚʦʣʴʪʤʝʪʨʦʚ ʯʝʨʝʟ ʠʥʪʝʨʬʝʡʩ 
ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʝʨʝʜʘʚʘʣʠʩʴ ʥʘ ʢʦʤʧʴʶʪʝʨ. ʊʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 0,005 ʂ, ʩʪʘʙʠʣʴʥʦʩʪʴ 
ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ ʠʟʤʝʨʝʥʠʷʭ ɺɸʍ ʥʝ ʭʫʞʝ 0,01 ʂ. 
ʂʘʢ ʧʦʢʘʟʘʣ ʘʥʘʣʠʟ ʨʝʟʠʩʪʠʚʥʳʭ ʧʝʨʝʭʦʜʦʚ ʚ ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʝ ʩʦʩʪʦʷʥʠʝ ʤʦʥʦʢʨʠʩʪʘʣʣʘ YBa2Cu3O7-ŭ 
ʠʟʤʝʨʝʥʥʳʭ ʚ ʥʫʣʝʚʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʠ ʚ ʧʦʣʝ ʅ = 12.7 ʢʕ (ʚʝʢʪʦʨ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʙʳʣ ʦʨʠʝʥʪʠʨʦʚʘʥ 
ʧʘʨʘʣʣʝʣʴʥʦ ab ï ʧʣʦʩʢʦʩʪʠ ʢʨʠʩʪʘʣʣʘ), ʢʨʠʪʠʯʝʩʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʢʨʠʩʪʘʣʣʘ ʩʦʩʪʘʚʣʷʣʘ Tc =92.3 ʂ,  ʘ 
ʰʠʨʠʥʘ ʨʝʟʠʩʪʠʚʥʦʛʦ ʧʝʨʝʭʦʜʘ æTc  å 0.3 ʂ. ʕʪʠ ʟʥʘʯʝʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʚʳʩʦʢʦʤ ʢʘʯʝʩʪʚʝ ʢʨʠʩʪʘʣʣʦʚ, ʘ 
ʪʘʢʞʝ ʦ ʪʦʤ, ʯʪʦ ʜʝʬʠʮʠʪ ʢʠʩʣʦʨʦʜʘ ŭ ʥʝ ʧʨʝʚʳʰʘʝʪ ʟʥʘʯʝʥʠʷ 0.07 [7,16]. ʈʝʟʠʩʪʠʚʥʳʡ ʧʝʨʝʭʦʜ ʚ ʤʘʛʥʠʪʥʦʤ 
ʧʦʣʝ ʩʫʱʝʩʪʚʝʥʥʦ ʫʰʠʨʝʥ. ʊʝʤʧʝʨʘʪʫʨʫ TM, ʩʚʷʟʘʥʥʫʶ ʩ ʧʣʘʚʣʝʥʠʝʤ ʚʠʭʨʝʚʦʡ ʨʝʰʝʪʢʠ, ʤʳ ʦʧʨʝʜʝʣʷʣʠ ʧʦ 
ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʤʘʢʩʠʤʫʤʫ ʧʨʦʠʟʚʦʜʥʦʡ dɟ(T)/dT [17]. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʧʨʠ ʊ > TM ʬʘʟʘ ʚʠʭʨʝʚʦʡ 
ʞʠʜʢʦʩʪʠ ʥʘʭʦʜʠʪʩʷ  ʚ ʥʝʟʘʧʠʥʥʠʥʛʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ [11-14,17]. 
ʇʨʦʚʝʜʝʥʥʳʝ ʠʟʤʝʨʝʥʠʷ ʚʦʣʴʪ-ʘʤʧʝʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ɺɸʍ) ʧʨʠ ʊ > TM ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ 
ʪʝʤʧʝʨʘʪʫʨ ɺɸʍ ʣʠʥʝʡʥʳ, ʪʦ ʝʩʪʴ ʚʠʭʨʝʚʘʷ ʩʠʩʪʝʤʘ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʥʘʭʦʜʠʪʩʷ ʚ ʥʝʟʘʧʠʥʥʠʥʛʦʚʘʥʥʦʤ 
ʩʦʩʪʦʷʥʠʠ [11-14]. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ TM  ɺɸʍ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝʣʠʥʝʡʥʳ. ʂʘʢ ʠʟʚʝʩʪʥʦ [12], ʥʘʯʘʣʴʥʘʷ 
ʥʝʣʠʥʝʡʥʦʩʪʴ ʫʯʘʩʪʢʦʚ ʢʨʠʚʳʭ ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʨʤʦʘʢʪʠʚʠʨʦʚʘʥʥʳʤ ʢʨʠʧʦʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ 
ʤʝʩʪʦ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʩʠʣʘ ʃʦʨʝʥʮʘ FL = IB (B ï ʚʝʢʪʦʨ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ) ʤʝʥʴʰʝ ʩʠʣʳ ʧʠʥʥʠʥʛʘ FP = IdB, 
ʢʦʪʦʨʘʷ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ,  ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠʤ ʪʦʢʦʤ ʜʝʧʠʥʥʠʥʛʘ Id. 
ɸʥʘʣʠʟ ʪʝʭ ʞʝ ʢʨʠʚʳʭ ʚ ʢʦʦʨʜʠʥʘʪʘʭ logE ï J

-1
 ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʯʘʣʴʥʳʝ ʫʯʘʩʪʢʠ  ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʩʧʨʷʤʣʷʶʪʩʷ ʚ ʵʪʠʭ ʢʦʦʨʜʠʥʘʪʘʭ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʩʦʛʣʘʩʥʦ [11,12] ʜʠʥʘʤʠʢʘ 
ʚʠʭʨʝʡ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʘ ʪʝʦʨʠʝʡ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʠʥʥʠʥʛʘ ʥʘ ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʭ, ʣʠʙʦ 
ʤʦʜʝʣʴʶ ʚʠʭʨʝʚʦʛʦ ʩʪʝʢʣʘ. 
ʂ ʩʦʞʘʣʝʥʠʶ, ʨʝʞʠʤ ʚʷʟʢʦʛʦ ʪʝʯʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ ʚ ʥʘʰʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʜʦʩʪʠʛʥʫʪ ʥʝ ʙʳʣ ʠ ʧʦʵʪʦʤʫ 
ʤʳ ʥʝ ʩʤʦʛʣʠ ʦʧʨʝʜʝʣʠʪʴ ʚʝʣʠʯʠʥʫ ʢʨʠʪʠʯʝʩʢʦʛʦ ʪʦʢʘ ʜʝʧʠʥʥʠʥʛʘ ʧʫʪʝʤ ʵʢʩʪʨʘʧʦʣʷʮʠʠ ʣʠʥʝʡʥʦʛʦ ʫʯʘʩʪʢʘ 
ɺɸʍ ʚ ʪʦʯʢʫ ʧʝʨʝʩʝʯʝʥʠʷ ʩ ʦʩʴʶ ʘʙʩʮʠʩʩ (ʜʠʥʘʤʠʯʝʩʢʠʡ ʤʝʪʦʜ) [11]. ʇʦʵʪʦʤʫ ʚ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ 
ʦʧʨʝʜʝʣʝʥʠʷ ʢʨʠʪʠʯʝʩʢʦʛʦ ʪʦʢʘ ʙʳʣʘ ʚʳʙʨʘʥʘ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 
ʥʘ ʦʙʨʘʟʮʝ E, ʨʘʚʥʦʡ 10

-5
, 10

-4 
 ʠ 10

-3 
ɺ/ʩʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʤʝʪʦʜ) [12]. ʇʦʜʩʪʘʚʣʷʷ ʚ 

ʫʨʘʚʥʝʥʠʝ : 
E = E0exp[U/T(1ïJc/J)]      (1) 

ʟʥʘʯʝʥʠʷ ʢʨʠʪʠʯʝʩʢʦʛʦ ʪʦʢʘ Jc, ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʧʦ ʫʨʦʚʥʶ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʘ ʦʙʨʘʟʮʝ, ʤʳ 
ʦʧʨʝʜʝʣʠʣʠ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʪʝʥʮʠʘʣʘ ʧʠʥʥʠʥʛʘ U(T). ɿʜʝʩʴ, U - ʧʦʪʝʥʮʠʘʣ ʧʠʥʥʠʥʛʘ, ʘ E0 ï 

ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʠʡ ʧʘʨʘʤʝʪʨ, ʬʠʟʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʠʪ ʦʪ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʤʦʜʝʣʠ. 
ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʪʝʥʮʠʘʣʘ ʧʠʥʥʠʥʛʘ, ʦʧʨʝʜʝʣʝʥʥʘʷ ʚ ʨʘʤʢʘʭ ʪʝʦʨʠʠ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʠʥʥʠʥʛʘ 
(ʠʣʠ ʚʠʭʨʝʚʦʛʦ ʩʪʝʢʣʘ), ʜʣʷ ʢʨʠʪʝʨʠʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʨʠʪʠʯʝʩʢʦʛʦ ʪʦʢʘ E = 10

-4
 ɺ/ʩʤ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʧʦʪʝʥʮʠʘʣ 

ʧʠʥʥʠʥʛʘ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʧʦʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ. ɿʜʝʩʴ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʧʦʣʫʯʝʥʥʳʝ ʥʘʤʠ, 
ʘʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ U0 å 200 ʂ ʦʢʘʟʘʣʠʩʴ ʧʨʠʤʝʨʥʦ ʥʘ ʧʦʨʷʜʦʢ ʤʝʥʴʰʝ ʟʥʘʯʝʥʠʡ ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʘʤʢʘʭ 
ʤʦʜʝʣʠ ɸʥʜʝʨʩʦʥʘ- ʂʠʤʘ [18]. 
ʅʘʤʠ ʪʘʢʞʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ɺɸʍ ʧʨʠ ʫʛʣʝ ʨʘʟʦʨʠʝʥʪʘʮʠʠ ɓ ʚʝʢʪʦʨʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 
ab ï ʧʣʦʩʢʦʩʪʠ ɓ = 3Á. ʉʦʛʣʘʩʥʦ [12,17] ʧʨʠ ʪʘʢʦʡ ʛʝʦʤʝʪʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʩʢʣʶʯʘʝʪʩʷ ʚʣʠʷʥʠʝ ʩʦʙʩʪʚʝʥʥʦʛʦ 

ʧʠʥʥʠʥʛʘ ʥʘ ʜʠʥʘʤʠʢʫ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ. ʂʘʢ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʚʠʜ ɺɸʍ ʠʟʤʝʥʷʝʪʩʷ ʩ ʧʦʥʠʞʝʥʠʝʤ 
ʪʝʤʧʝʨʘʪʫʨʳ: ʫʤʝʥʴʰʘʝʪʩʷ ʢʨʫʪʠʟʥʘ ʢʨʠʚʳʭ; ʤʝʥʷʝʪʩʷ ʠʭ ʧʣʦʪʥʦʩʪʴ ʥʘ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʫʨʦʚʥʝ ʥʘʧʨʷʞʝʥʥʦʩʪʠ 
ʚʦ ʚʩʝʤ ʠʩʩʣʝʜʦʚʘʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʪʦʢʦʚ. ɺ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ, ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʢ TM 
ʥʘʯʘʣʴʥʳʝ ʫʯʘʩʪʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʧʨʷʤʣʷʶʪʩʷ. ʇʦ ʤʝʨʝ ʧʦʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ɺɸʍ ʚʩʝ ʭʫʞʝ ʦʧʠʩʳʚʘʶʪʩʷ 
ʫʨʘʚʥʝʥʠʝʤ ɸʥʜʝʨʩʦʥʘ ï ʂʠʤʘ [18]. ɺ ʢʦʦʨʜʠʥʘʪʘʭ logE ï J

-1
, ʚ ʦʙʣʘʩʪʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ɺɸʍ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʦʧʠʩʳʚʘʶʪʩʷ ʫʨʘʚʥʝʥʠʝʤ, ʧʨʝʜʩʢʘʟʳʚʘʝʤʳʤ ʪʝʦʨʠʝʡ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʠʥʥʠʥʛʘ ʥʘ 
ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʭ (ʠʣʠ ʤʦʜʝʣʴʶ ʚʠʭʨʝʚʦʛʦ ʩʪʝʢʣʘ) [17]. ʀʩʧʦʣʴʟʫʷ ʚʳʰʝʫʢʘʟʘʥʥʳʝ ʢʨʠʪʝʨʠʠ 
ʦʧʨʝʜʝʣʝʥʠʷ ʢʨʠʪʠʯʝʩʢʦʛʦ ʪʦʢʘ, ʥʘʤʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ Jc(T), ʢʦʪʦʨʳʝ ʠʤʝʶʪ, ʪʘʢ ʥʘʟʳʚʘʝʤʫʶ, s-

ʦʙʨʘʟʥʫʶ ʬʦʨʤʫ, ʜʦʩʪʘʪʦʯʥʦ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ T = 86.5 ʂ.  ʇʨʠ ʵʪʦʤ ʨʘʟʣʠʯʠʷ ʚ 
ʚʝʣʠʯʠʥʝ ʢʨʠʪʠʯʝʩʢʦʛʦ ʪʦʢʘ ʚ ʧʦʣʝ HƐab ï ʧʣʦʩʢʦʩʪʠ ʢʨʠʩʪʘʣʣʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʢʨʠʪʠʯʝʩʢʦʛʦ 
ʪʦʢʘ ʚ ʥʘʢʣʦʥʥʦʤ ʧʦʣʝ (ʥʘ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠʥʪʝʨʚʘʣʘʭ) ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʩ ʨʦʩʪʦʤ ʥʘʧʨʷʞʝʥʥʦʩʪʠ 
ʫʨʦʚʥʷ  ʚʝʣʠʯʠʥʳ E, ʧʦ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʣʠ ʟʥʘʯʝʥʠʝ Jc. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦ ʤʝʨʝ ʧʦʥʠʞʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʵʪʦ ʨʘʟʣʠʯʠʝ ʚʦʟʨʘʩʪʘʝʪ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʦʟʨʘʩʪʘʥʠʠ ʚʢʣʘʜʘ 
ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʠʥʥʠʥʛʘ.  
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʚʝʜʝʥʥʘʷ ʚʳʰʝ ʩʦʚʦʢʫʧʥʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ 
ʪʦʤ, ʯʪʦ ʧʨʠ ʦʨʠʝʥʪʘʮʠʠ ʚʝʢʪʦʨʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ab ï ʧʣʦʩʢʦʩʪʠ, ʜʠʥʘʤʠʢʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ 
ʚʙʣʠʟʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʚʠʭʨʝʚʦʡ ʨʝʰʝʪʢʠ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʘ ʪʝʦʨʠʝʡ ɸʥʜʝʨʩʦʥʘ ï ʂʠʤʘ, ʘ ʩ 
ʧʦʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ - ʪʝʦʨʠʝʡ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʠʥʥʠʥʛʘ ʥʘ ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʭ ʜʝʬʝʢʪʘʭ ʠʣʠ ʤʦʜʝʣʴʶ 
ʚʠʭʨʝʚʦʛʦ ʩʪʝʢʣʘ. ʉʦʙʩʪʚʝʥʥʳʡ ʧʠʥʥʠʥʛ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʩʣʦʠʩʪʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʤʘʪʝʨʠʘʣʘ, 
ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʜʠʥʘʤʠʢʫ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ, ʚʦʟʨʘʩʪʘʶʱʝʝ ʧʦ ʤʝʨʝ ʧʦʥʠʞʝʥʠʷ 
ʪʝʤʧʝʨʘʪʫʨʳ. 
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ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʜʦʧʠʨʦʚʘʥʠʷ 
ʧʨʘʟʝʦʜʠʤʦʤ ʥʘ ʧʨʦʚʦʜʠʤʦʩʪʴ ʧʦʧʝʨʝʢ ʙʘʟʠʩʥʦʡ 
ʧʣʦʩʢʦʩʪʠ ʜʦʧʠʨʦʚʘʥʥʳʭ ʧʨʘʟʝʦʜʠʤʦʤ ɺʊʉʇ-
ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ YBaCuO. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 
ʫʚʝʣʠʯʝʥʠʝ ʩʪʝʧʝʥʠ ʜʦʧʠʨʦʚʘʥʠʷ ʧʨʘʟʝʦʜʠʤʦʤ ʚ 
ʦʙʨʘʟʮʘʭ Y1-ʭPrʭBa2Cu3O7-ŭ ʧʨʠʚʦʜʠʪ ʢ ʫʩʠʣʝʥʠʶ 
ʵʬʬʝʢʪʦʚ ʣʦʢʘʣʠʟʘʮʠʠ ʠ ʨʝʘʣʠʟʘʮʠʠ ʚ ʩʠʩʪʝʤʝ 
ʧʝʨʝʭʦʜʘ ʚʠʜʘ ʤʝʪʘʣʣ - ʜʠʵʣʝʢʪʨʠʢ, ʢʦʪʦʨʳʡ ʚʩʝʛʜʘ 
ʧʨʝʜʰʝʩʪʚʫʝʪ ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʤʫ ʧʝʨʝʭʦʜʫ. 
ʋʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʘʟʝʦʜʠʤʘ ʧʨʠʚʦʜʠʪ ʢ 
ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʩʤʝʱʝʥʠʶ ʪʦʯʢʠ ʧʝʨʝʭʦʜʘ ʤʝʪʘʣʣ - 
ʜʠʵʣʝʢʪʨʠʢ ʚ ʦʙʣʘʩʪʴ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ 

In the present study the influence of praseodymium 
doping on the conductivity across (transverse) the basal 
plane of high-temperature superconducting Y1-
ʭPrʭBa2Cu3O7-ŭ single crystals is investigated. It is 
determined that an increase of praseodymium doping 
leads to increased localization effects and the 
implementation of a metal ï insulator transition Y1-
ʭPrʭBa2Cu3O7-ŭ, which always precedes the 
superconducting transition. The increase of the 
praseodymium concentration also leads to a significant 
displacement of the point of the metal - insulator transition 
to the low temperature region 

  

ʂʘʢ ʠʟʚʝʩʪʥʦ [1-8], ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʚʠʜʘ Yɺʘ2ʉu3ʆ7-ŭ ʩʫʱʝʩʪʚʫʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʦʪʣʠʯʠʝ ʚ ʧʦʚʝʜʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʟʤʝʨʝʥʥʳʭ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʙʘʟʠʩʥʦʡ ab-ʧʣʦʩʢʦʩʪʠ rab(ʊ) 

ʠ ʚʜʦʣʴ ʦʩʠ ʩ rʩ(ʊ). ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʘʞʝ ʤʘʣʦʝ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʩʪʝʭʠʦʤʝʪʨʠʠ ʧʦ ʢʠʩʣʦʨʦʜʫ ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʭʦʜʫ 

ʦʪ ʢʚʘʟʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʤʫ ʧʦʚʝʜʝʥʠʶ ʢʨʠʚʳʭ rʩ(ʊ), ʥʘ ʟʘʚʠʩʠʤʦʩʪʷʭ rab(ʊ), ʜʘʞʝ ʧʨʠ 
ʟʥʘʯʠʪʝʣʴʥʦʤ ʜʝʬʠʮʠʪʝ ʢʠʩʣʦʨʦʜʘ ŭ>0.5, ʚ ʦʙʣʘʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʩʦʭʨʘʥʷʝʪʩʷ 
ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʠʡ ʣʠʥʝʡʥʳʡ ʫʯʘʩʪʦʢ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʡ ʦ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʘʩʩʝʷʥʠʷ 
ʥʦʨʤʘʣʴʥʳʭ ʥʦʩʠʪʝʣʝʡ [4]. ʂʘʯʝʩʪʚʝʥʥʦ ʧʦʜʦʙʥʦʝ ʧʦʚʝʜʝʥʠʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʵʪʦʤ ʩʦʝʜʠʥʝʥʠʠ ʠ ʧʨʠ 
ʜʦʧʠʨʦʚʘʥʠʠ ʧʨʘʟʝʦʜʠʤʦʤ [7,8], ʦ ʯʝʤ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʙʫʜʝʪ ʩʢʘʟʘʥʦ ʥʠʞʝ. ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 
ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚ (ɺʊʉʇ) ʷʚʣʷʝʪʩʷ ʙʣʠʟʦʩʪʴ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚʦʛʦ 
ʩʦʩʪʦʷʥʠʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʥʠʢʘʝʪ ʟʘʢʦʥʦʤʝʨʥʳʡ ʚʦʧʨʦʩ ʦ ʚʟʘʠʤʦʚʣʠʷʥʠʝ ʵʪʠʭ ʩʦʩʪʦʷʥʠʡ ʠ, ʚ ʵʪʦʤ ʘʩʧʝʢʪʝ, 
ʢʘʢʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʵʬʬʝʢʪʳ ʣʦʢʘʣʠʟʘʮʠʠ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ɺʊʉʇ? ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ 
ʚʳʰʝ, ʧʨʦʚʦʜʷʱʠʝ ʩʚʦʡʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ Yɺʘ2ʉu3ʆ7-ŭ ʤʦʞʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʝʛʢʦ ʚʘʨʴʠʨʦʚʘʪʴ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ 
ʩʦʜʝʨʞʘʥʠʷ ʢʠʩʣʦʨʦʜʘ, ʘ ʪʘʢʞʝ ʧʦʩʨʝʜʩʪʚʦʤ ʧʦʣʥʦʡ ʠʣʠ ʯʘʩʪʠʯʥʦʡ ʟʘʤʝʥʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʢʦʤʧʦʥʝʥʪ ʠʭ 
ʠʟʦʵʣʝʢʪʨʦʥʥʳʤʠ ʘʥʘʣʦʛʘʤʠ. ʇʨʠ ʵʪʦʤ ʠʟʚʝʩʪʥʦ [9], ʯʪʦ ʟʘʤʝʥʘ ʠʪʪʨʠʷ  ʜʨʫʛʠʤʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ 
ʵʣʝʤʝʥʪʘʤʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʣʠʷʝʪ ʥʘ ʧʨʦʚʦʜʷʱʠʝ ʩʚʦʡʩʪʚʘ ʩʦʝʜʠʥʝʥʠʷ ʚ ʥʦʨʤʘʣʴʥʦʤ ʠ ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʤ 
ʩʦʩʪʦʷʥʠʠ. ʀʩʢʣʶʯʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʦʣʴʢʦ ʟʘʤʝʥʘ ʠʪʪʨʠʷ ʥʘ ʧʨʘʟʝʦʜʠʤ, ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ çʘʥʦʤʘʣʠʷ 

ʧʨʘʟʝʦʜʠʤʘè [3,10-12]. ɺʥʝʩʝʥʠʝ ʜʘʞʝ ʤʘʣʳʭ (ʭ å 0,05) ʜʦʙʘʚʦʢ ʧʨʘʟʝʦʜʠʤʘ ʚ ʦʙʨʘʟʮʘʭ Y1-xPrxBa2Cu3O7-d 

ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʭʫʜʰʝʥʠʶ ʠʭ ʧʨʦʚʦʜʷʱʠʭ ʩʚʦʡʩʪʚ [12,13], ʢʦʪʦʨʦʝ ʚʳʨʘʞʘʝʪʩʷ ʚ ʧʦʥʠʞʝʥʠʠ ʊʩ, 
ʚʦʟʨʘʩʪʘʥʠʠ ʫʜʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʫʩʠʣʝʥʠʠ ʵʬʬʝʢʪʦʚ ʣʦʢʘʣʠʟʘʮʠʠ. ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭ å 
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0,6 ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʴ ʚ ʩʦʝʜʠʥʝʥʠʠ ʧʦʣʥʦʩʪʴʶ ʠʩʯʝʟʘʝʪ [3], ʠ ʦʥʦ ʧʝʨʝʭʦʜʠʪ ʚ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ. ɺ 
ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʠ ʪʘʢʦʤ ʧʝʨʝʭʦʜʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʢʠʩʣʦʨʦʜʥʳʡ ʠʥʜʝʢʩ ʩʦʝʜʠʥʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ 
ʦʩʪʘʶʪʩʷ ʥʝʠʟʤʝʥʥʳʤʠ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʜʘʝʪ ʥʘʤ ʚʦʟʤʦʞʥʦʩʪʴ ʧʣʘʚʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ 
ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʵʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪʥʳʭ 
ʧʨʦʮʝʩʩʦʚ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʙʨʘʟʮʘʭ. ʉ ʫʯʝʪʦʤ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ, ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ 
ʮʝʣʴ ʠʩʩʣʝʜʦʚʘʪʴ ʵʚʦʣʶʮʠʶ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʦʧʝʨʝʢ ʙʘʟʠʩʥʦʡ ab-ʧʣʦʩʢʦʩʪʠ ʚ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ  Y1-xPrxBa2Cu3O7-

d ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʣʝʛʠʨʦʚʘʥʠʷ ʧʨʘʟʝʦʜʠʤʦʤ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʢʦʥʮʝʥʪʨʘʮʠʡ 0 Ò ʭ Ò 0,5.  

ʄʦʥʦʢʨʠʩʪʘʣʣʳ YBa2Cu3O7-d ʚʳʨʘʱʠʚʘʣʠ ʧʦ ʨʘʩʪʚʦʨ-ʨʘʩʧʣʘʚʥʦʡ ʪʝʭʥʦʣʦʛʠʠ [6,14]. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʩ 
ʯʘʩʪʠʯʥʦʡ ʟʘʤʝʥʦʡ Y ʥʘ Pr, Y1-zPrzBa2Cu3O7-ŭ, ʚ ʥʘʯʘʣʴʥʫʶ ʰʠʭʪʫ ʜʦʙʘʚʣʷʣʠ Pr5O11 ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʧʨʦʮʝʥʪʥʦʤ 
ʩʦʦʪʥʦʰʝʥʠʠ. ʈʝʞʠʤʳ ʚʳʨʘʱʠʚʘʥʠʷ ʠ ʥʘʩʳʱʝʥʠʷ ʢʠʩʣʦʨʦʜʦʤ ʢʨʠʩʪʘʣʣʦʚ Y1-zPrzBa2Cu3O7-ŭ, ʙʳʣʠ ʪʘʢʠʤʠ ʞʝ, ʢʘʢ ʠ 
ʜʣʷ ʥʝʣʝʛʠʨʦʚʘʥʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ [6,14]. ʂʘʢ ʥʘʯʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ 
ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʦʝʜʠʥʝʥʠʷ Y2O3, BaCO3, Cuʆ ʠ Pr5O11. ʍʘʨʘʢʪʝʨʥʳʝ ʨʘʟʤʝʨʳ ʢʨʠʩʪʘʣʣʦʚ ʩʦʩʪʘʚʣʷʣʠ 2.5ʭ1.5ʭ0.4 
ʤʤ

3
 (ʥʘʠʤʝʥʴʰʠʡ ʨʘʟʤʝʨ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʥʘʧʨʘʚʣʝʥʠʶ ʚʜʦʣʴ ʦʩʠ ʩ). ʕʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠʟʤʝʨʷʣʠ ʧʦ 

ʚʦʩʴʤʠʢʦʥʪʘʢʪʥʦʡ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ [2]. ʊʝʤʧʝʨʘʪʫʨʫ ʠʟʤʝʨʷʣʠ ʧʣʘʪʠʥʦʚʳʤ ʪʝʨʤʦʨʝʟʠʩʪʦʨʦʤ.  
ʂʘʢ ʧʦʢʘʟʘʣ ʘʥʘʣʠʟ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʧʝʨʝʢ ʙʘʟʠʩʥʦʡ ab-ʧʣʦʩʢʦʩʪʠ, ʠʟʤʝʨʝʥʥʳʭ 
ʜʣʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ Y1-ʭPrʭBa2Cu3O7-ŭ ʩ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʴʶ ʣʝʛʠʨʦʚʘʥʠʷ ʧʨʘʟʝʦʜʠʤʦʤ, ʧʦ ʤʝʨʝ ʚʦʟʨʘʩʪʘʥʠʷ 
ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʘʟʝʦʜʠʤʘ ʢʨʠʪʠʯʝʩʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʫʤʝʥʴʰʘʝʪʩʷ, ʘ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʦʟʨʘʩʪʘʝʪ, ʯʪʦ 
ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [10,11].  
ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʘʟʝʦʜʠʤʘ (0,0 Ò ʭ Ò 0,34), ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʢʨʠʚʳʝ 

ʩʦʭʨʘʥʷʶʪ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʠʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʫʯʘʩʪʦʢ ʩ ʢʚʘʟʠʤʝʪʘʣʣʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʦʤ ʟʘʚʠʩʠʤʦʩʪʠ rʩ(T). ʇʨʠ 
ʧʦʩʣʝʜʫʶʱʝʤ ʨʦʩʪʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʘʟʝʦʜʠʤʘ ʵʪʠ ʢʨʠʚʳʝ ʧʨʠʦʙʨʝʪʘʶʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʡ ʚʠʜ ʩ ʭʘʨʘʢʪʝʨʥʳʤ 
ʪʝʨʤʦʘʢʪʠʚʘʮʠʦʥʥʳʤ ʧʦʚʝʜʝʥʠʝʤ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʫʩʠʣʝʥʠʠ ʨʦʣʠ ʣʦʢʘʣʠʟʘʮʠʦʥʥʳʭ ʵʬʬʝʢʪʦʚ.  

ɺ ʢʦʦʨʜʠʥʘʪʘʭ lnrab ï 1/T ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʢʨʠʚʳʝ ʩʧʨʷʤʣʷʶʪʩʷ ʚ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ 
ʠʥʪʝʨʚʘʣʝ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʭ ʦʧʠʩʘʥʠʶ ʧʦʩʨʝʜʩʪʚʦʤ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ: 
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ʛʜʝ ȹ - ʥʝʢʦʪʦʨʘʷ ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ. 
 ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʠʞʝ ʥʝʢʦʪʦʨʦʛʦ ʭʘʨʘʢʪʝʨʥʦʛʦ ʟʥʘʯʝʥʠʷ ʥʘʯʠʥʘʝʪʩʷ 
ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʪʦʯʝʢ ʦʪ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ, ʯʪʦ, ʩʦʛʣʘʩʥʦ [15], ʤʦʞʝʪ 
ʩʣʫʞʠʪʴ ʧʨʠʟʥʘʢʦʤ ʨʝʘʣʠʟʘʮʠʠ ʚ ʩʠʩʪʝʤʝ ʧʝʨʝʭʦʜʘ ʤʝʪʘʣʣ - ʜʠʵʣʝʢʪʨʠʢ (ʄɼ) çʘʥʜʝʨʩʦʥʦʚʩʢʦʛʦè ʪʠʧʘ. ʂʘʢ 
ʠʟʚʝʩʪʥʦ ʠʟ ʣʠʪʝʨʘʪʫʨʳ [15], ʧʝʨʝʭʦʜ ɸʥʜʝʨʩʦʥʘ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʪʘʢʞʝ ʠ ʚ ʚʝʱʝʩʪʚʘʭ, ʢʦʪʦʨʳʝ ʥʝ 
ʷʚʣʷʶʪʩʷ ʘʤʦʨʬʥʳʤʠ, ʥʦ ʢʦʪʦʨʳʝ, ʦʜʥʦʚʨʝʤʝʥʥʦ, ʠʤʝʶʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʩʪʝʧʝʥʴ ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ. ɺ 
ʩʦʝʜʠʥʝʥʠʷʭ ʩʠʩʪʝʤʳ 1-2-3 ʨʦʣʴ ʪʘʢʦʛʦ ʬʘʢʪʦʨʘ ʤʦʞʝʪ ʠʛʨʘʪʴ ʢʘʢ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʷ ʣʘʙʠʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ 
[9,16], ʪʘʢ ʠ ʠʥʜʫʮʠʨʦʚʘʥʥʘʷ ʜʦʧʠʨʦʚʘʥʠʝʤ ʧʨʘʟʝʦʜʠʤʦʤ ʯʘʩʪʠʯʥʘʷ ʢʣʘʩʪʝʨʠʟʘʮʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 
ʦʙʨʘʟʮʘ [17]. 

 ɺ ʨʘʙʦʪʝ [18] ʜʣʷ ʘʥʘʣʠʟʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʢʨʠʚʳʭ rab(T) ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʬʦʨʤʫʣʘ: 
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ʛʜʝ ʧʝʨʚʦʝ ʩʣʘʛʘʝʤʦʝ ʦʧʠʩʳʚʘʝʪ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʠʣʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʭʦʜ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ 
ʥʦʨʤʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʘ ʚʪʦʨʦʝ - ʬʣʫʢʪʫʘʮʠʦʥʥʫʶ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʴ, ʚʦʟʥʠʢʘʶʱʫʶ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʰʝ 
ʨʝʟʠʩʪʠʚʥʦʛʦ ʧʝʨʝʭʦʜʘ ʚ ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʝ ʩʦʩʪʦʷʥʠʝ [19]; n ʠ  1-n ï ʜʦʣʠ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʠ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʧʨʦʚʦʜʠʤʦʩʪʝʡ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʌʣʫʢʪʫʘʮʠʦʥʥʘʷ ʧʘʨʘʧʨʦʚʦʜʠʤʦʩʪʴ ʜʣʷ ʵʪʠʭ 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʢʨʠʚʳʭ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʥʘʤʠ ʚ [19]. ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʩʝ 
ʧʦʜʛʦʥʦʯʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʥʘʰʝʤ ʘʥʘʣʠʟʝ, ʷʚʣʷʶʪʩʷ ʣʠʥʝʡʥʳʤʠ ʬʦʨʤʫʣʘʤʠ ʦʜʥʦʛʦ ʠʟ ʥʠʭ, 
ʢʦʪʦʨʳʡ ʬʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʝʪ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʘʟʝʦʜʠʤʘ ʚ ʥʘʰʠʭ ʦʙʨʘʟʮʘʭ. ʊ.ʦ. ʤʦʞʥʦ 
ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʬʦʨʤʫʣʘ (2), ʢʘʢ ʠ ʚ ʨʘʙʦʪʝ [18],  ʧʦ ʩʫʱʝʩʪʚʫ ʷʚʣʷʝʪʩʷ 
ʦʜʥʦʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ. 
ʀʩʧʦʣʴʟʫʷ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʘʥʘʣʠʟʘ ʥʘʰʠʭ ʢʨʠʚʳʭ ʧʦʩʨʝʜʩʪʚʦʤ ʬʦʨʤʫʣʳ (2), ʤʳ, ʧʦ 
ʤʝʪʦʜʠʢʝ [18],  ʨʘʟʜʝʣʠʣʠ ʚʢʣʘʜʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 
ʧʨʦʚʦʜʠʤʦʩʪʠ ʜʣʷ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ůʤʝʪ(ʊ) ʠ ůʧ.ʧ (ʊ), ʨʘʩʩʯʠʪʘʥʥʳʝ 
ʧʦ ʬʦʨʤʫʣʘʤ (3) [18] ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ: 
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ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʘʟʝʦʜʠʤʘ ʜʦʣʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ 
ʩʦʩʪʘʚʣʷʶʱʝʡ ʚʦʟʨʘʩʪʘʝʪ, ʩʚʝʨʭʧʨʦʚʦʜʷʱʠʡ ʧʝʨʝʭʦʜ ʚʩʝʛʜʘ ʥʘʩʪʫʧʘʝʪ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʥʘʯʠʥʘʝʪ ʚʳʧʦʣʥʷʪʴʩʷ 
ʥʝʨʘʚʝʥʩʪʚʦ ůʤʝʪ >  ůʧ.ʧ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʚ ʦʙʨʘʟʮʘʭ Y1-ʭPrʭBa2Cu3O7-ŭ 

ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʤʫ ʧʝʨʝʭʦʜʫ ʚʩʝʛʜʘ ʧʨʝʜʰʝʩʪʚʫʝʪ ʧʝʨʝʭʦʜ ʤʝʪʘʣʣ  ï ʜʠʵʣʝʢʪʨʠʢ.   
ɽʩʣʠ ʟʘ ʪʦʯʢʫ ʧʝʨʝʭʦʜʘ ʤʝʪʘʣʣ ï ʜʠʵʣʝʢʪʨʠʢ ʫʩʣʦʚʥʦ ʧʨʠʥʠʤʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʊʤʜ , ʧʨʠ ʢʦʪʦʨʦʡ ůʤʝʪ = ůʧ.ʧ, ʪʦ ʤʦʞʥʦ 
ʚʠʜʝʪʴ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʘʟʝʦʜʠʤʘ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʩʤʝʱʝʥʠʶ ʊʤʜ ʚ ʦʙʣʘʩʪʴ ʥʠʟʢʠʭ 
ʪʝʤʧʝʨʘʪʫʨ. 
ɺ ʟʘʢʣʶʯʝʥʠʝ ʢʨʘʪʢʦ ʧʨʦʩʫʤʤʠʨʫʝʤ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ. ʋʚʝʣʠʯʝʥʠʝ ʩʪʝʧʝʥʠ 
ʜʦʧʠʨʦʚʘʥʠʷ ʧʨʘʟʝʦʜʠʤʦʤ ʚ ʦʙʨʘʟʮʘʭ Y1-ʭPrʭBa2Cu3O7-ŭ   ʧʨʠʚʦʜʠʪ ʢ ʫʩʠʣʝʥʠʶ ʵʬʬʝʢʪʦʚ ʣʦʢʘʣʠʟʘʮʠʠ ʠ 
ʨʝʘʣʠʟʘʮʠʠ ʚ ʩʠʩʪʝʤʝ ʧʝʨʝʭʦʜʘ ʚʠʜʘ ʤʝʪʘʣʣ ï ʜʠʵʣʝʢʪʨʠʢ, ʢʦʪʦʨʳʡ ʚʩʝʛʜʘ ʧʨʝʜʰʝʩʪʚʫʝʪ ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʤʫ 
ʧʝʨʝʭʦʜʫ.  ʋʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʘʟʝʦʜʠʤʘ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʩʤʝʱʝʥʠʶ ʪʦʯʢʠ ʧʝʨʝʭʦʜʘ ʊʤʠ ʚ 
ʦʙʣʘʩʪʴ ʙʦʣʝʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʯʪʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʚʷʟʘʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʦʣʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʚʢʣʘʜʘ ʚ 
ʧʨʦʚʦʜʠʤʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ. 
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ʈɽʃɸʂʉɸʎʀʗ ʕʃɽʂʊʈʆʉʆʇʈʆʊʀɺʃɽʅʀʗ 
ʅɽɼʆɼʆʇʀʈʆɺɸʅʅʓʍ ʂʀʉʃʆʈʆɼʆʄ 

ʄʆʅʆʂʈʀʉʊɸʃʃʆɺ YBA2CU3O7-d ʇʈʀ 
ɺʆɿɼɽʁʉʊɺʀʀ ɺʓʉʆʂʆɻʆ 

ɻʀɼʈʆʉʊɸʊʀʏɽʉʂʆɻʆ ɼɸɺʃɽʅʀʗ 

RELAXATION OF THE ELECTRICAL RESISTANCE 
NEDOBOROVSKYY OXYGEN MONOCRYSTALS 

YBA2CU3O7-d  WHEN EXPOSED TO HIGH 
HYDROSTATIC PRESSURE 

ʍʘʜʞʘʡ ɻ.ʗ., ɺʦʚʢ ʈ.ɺ., ɺʦʚʢ ʅ.ʈ., ʅʘʟʳʨʦʚ ɿ.ʌ. Khadjay G., Vovk R., Vovk N., Nazyrov Z. 

ʍʘʨʴʢʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ 
ɺ.ʅ.ʂʘʨʘʟʠʥʘ 

V.N.Karazin Kharkov National University 

  
ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʚʳʩʦʢʦʛʦ 
ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ 
ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚ ab-ʧʣʦʩʢʦʩʪʠ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ YBA2CU3O7-d c ʥʝʜʦʩʪʘʪʢʦʤ 
ʢʠʩʣʦʨʦʜʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʥʘʷ 
ʟʘʚʠʩʠʤʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 
ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʣʫʢʪʫʘʮʠʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ 
ʚʙʣʠʟʠ ʊʩ ʠ ʨʘʩʩʝʷʥʠʝʤ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʬʦʥʦʥʘʭ ʚ 
ʥʦʨʤʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ. ɺʳʩʦʢʦʝ ʜʘʚʣʝʥʠʝ ʚʳʟʳʚʘʝʪ 
ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʣʘʙʠʣʴʥʦʛʦ ʢʠʩʣʦʨʦʜʘ, 
ʧʨʠʚʦʜʷʱʝʝ ʢ ʫʩʠʣʝʥʠʶ ʬʘʟʦʚʦʛʦ ʨʘʩʩʣʦʝʥʠʷ. 
ʉʥʷʪʠʝ ʜʘʚʣʝʥʠʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʨʦʮʝʩʩʘʤʠ 
ʨʝʣʘʢʩʘʮʠʠ ʢʘʢ ʚ ʬʦʥʦʥʥʦʡ, ʪʘʢ ʠ ʚ ʵʣʝʢʪʨʦʥʥʦʡ 
ʧʦʜʩʠʩʪʝʤʘʭ, ʭʘʨʘʢʪʝʨʥʳʝ ʚʨʝʤʝʥʘ ʢʦʪʦʨʳʭ 
ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ 

We have investigated the influence of the high hydrostatic 
pressure on the electrical resistance in the ab-plane of 
YBA2CU3O7-d single crystals c by the lack of oxygen. It 
is established that the temperature dependence of the 
electric resistance is determined by the fluctuation 
conductivity near TC and scattering of electrons on 
phonons in a normal condition. High pressure causes a 
redistribution of labile oxygen, leading to the 
strengthening of the phase stratification. Removing the 
pressure is accompanied by relaxation processes in 
phonon and electron subsystems, characteristic times are 
significantly different from each other 

  

ɺ ʦʪʩʫʪʩʪʚʠʝ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʠ (ɺʊʉʇ) [1] ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ 
ʧʨʠʦʙʨʝʪʘʶʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʝʪʦʜʠʢʠ ʧʦʟʚʦʣʷʶʱʠʝ ʧʨʦʚʝʨʠʪʴ ʘʜʝʢʚʘʪʥʦʩʪʴ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ 
ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʠʪʴ ʵʤʧʠʨʠʯʝʩʢʠʝ ʧʫʪʠ ʧʦʚʳʰʝʥʠʷ ʢʨʠʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ɺʊʉʇ-
ʩʦʝʜʠʥʝʥʠʡ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʚʘʞʥʝʡʰʠʭ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ [2-10]. ʇʨʠ ʵʪʦʤ 
ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʩʪʨʫʢʪʫʨʝ ʨʷʜʘ ɺʊʉʇ (ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʩʦʝʜʠʥʝʥʠʠ YBa2Cu3O7-ŭ) ʣʘʙʠʣʴʥʦʡ 
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ʢʦʤʧʦʥʝʥʪʳ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʤʦʞʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʚ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʷʭ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ, çʠʩʪʠʥʥʦʛʦè [2, 4, 6, 9] ʠ 
çʨʝʣʘʢʩʘʮʠʦʥʥʦʛʦè [3, 5, 7, 8] ʵʬʬʝʢʪʦʚ ʜʘʚʣʝʥʠʷ. ʇʝʨʚʳʡ ʵʬʬʝʢʪ ʫʩʣʦʚʥʦ ʩʚʷʟʳʚʘʶʪ ʩ ʠʟʤʝʥʝʥʠʝʤ 
ʧʘʨʘʤʝʪʨʦʚ ʨʝʰʝʪʢʠ, ʵʣʝʢʪʨʦʥ-ʬʦʥʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʩʚʷʟʝʡ ʤʝʞʜʫ ʩʣʦʷʤʠ ʠ ʪ.ʜ. [11], ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 
çʨʝʣʘʢʩʘʮʠʦʥʥʳʡè ʵʬʬʝʢʪ ʦʙʫʩʣʦʚʣʝʥ ʠʟʤʝʥʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʥʦʩʠʪʝʣʝʡ ʪʦʢʘ ʧʦʜ ʜʘʚʣʝʥʠʝʤ, ʚ ʩʚʦʶ 
ʦʯʝʨʝʜʴ, ʩʚʷʟʘʥʥʳʤ ʩ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʣʘʙʠʣʴʥʦʛʦ ʢʠʩʣʦʨʦʜʘ [3, 5, 7, 8]. ɺ ʥʘʰʝʡ ʥʝʜʘʚʥʝʡ ʨʘʙʦʪʝ [9] 
ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ çʠʩʪʠʥʥʦʛʦè ʵʬʬʝʢʪʘ ʜʘʚʣʝʥʠʷ ʥʘ ʥʦʨʤʘʣʴʥʳʡ ʵʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪ 
ʢʠʩʣʦʨʦʜʜʝʬʠʮʠʪʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ YBa2Cu3O7-ŭ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʢʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʚʘʞʥʦʡ 
ʦʩʦʙʝʥʥʦʩʪʴʶ ɺʊʉʇ-ʩʦʝʜʠʥʝʥʠʡ ʩʠʩʪʝʤʳ YBa2Cu3O7-ŭ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʚ ʥʠʭ 
ʥʝʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʝʧʝʥʠ ʜʝʬʠʮʠʪʘ ʢʠʩʣʦʨʦʜʘ [12-14], ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ 
ʠʥʜʫʮʠʨʦʚʘʥʦ ʧʦʩʨʝʜʩʪʚʦʤ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʥʘʧʨʠʤʝʨ ʪʝʤʧʝʨʘʪʫʨʳ [13, 14] ʠʣʠ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ [3, 5, 
7, 8, 11]. ʕʪʦ ʩʦʩʪʦʷʥʠʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʣʘʙʠʣʴʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʠ ʩʪʨʫʢʪʫʨʥʦʡ 
ʨʝʣʘʢʩʘʮʠʝʡ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʵʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪʥʳʝ ʧʘʨʘʤʝʪʨʳ 
ʩʠʩʪʝʤʳ [7, 8, 13, 14]. ɺʘʞʥʫʶ ʨʦʣʴ ʧʨʠ ʵʪʦʤ ʠʛʨʘʝʪ ʩʪʝʧʝʥʴ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʢʠʩʣʦʨʦʜʥʦʡ ʩʪʝʭʠʦʤʝʪʨʠʠ [6-8, 12-14]. ɺʩʝ ʵʪʠ 
ʷʚʣʝʥʠʷ ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʩʚʝʨʭʧʨʦʚʦʜʷʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʚʳʩʦʢʦʡ ʪʦʢʦʥʝʩʫʱʝʡ 
ʩʧʦʩʦʙʥʦʩʪʴʶ. ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʦʙʨʘʟʮʦʚ ʩ ʜʝʬʠʮʠʪʦʤ ʢʠʩʣʦʨʦʜʘ ŭÓ0.3 ʷʚʣʷʝʪʩʷ ʫʰʠʨʝʥʠʝ ʠʭ 
ʨʝʟʠʩʪʠʚʥʳʭ ʧʝʨʝʭʦʜʦʚ ʚ ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʝ ʩʦʩʪʦʷʥʠʝ ʧʦʜ ʜʘʚʣʝʥʠʝʤ [3, 4, 7, 8, 10]. ʇʨʠʯʠʥʘ ʪʘʢʦʛʦ 
ʧʦʚʝʜʝʥʠʷ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʦʢʦʥʯʘʪʝʣʴʥʦ ʥʝ ʫʩʪʘʥʦʚʣʝʥʘ. ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ 
ʟʥʘʯʠʪʝʣʴʥʦʝ ʯʠʩʣʦ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʠʩʪʝʤʝ 1-2-3 ʧʨʠ 
ʚʳʩʦʢʦʤ ʜʘʚʣʝʥʠʠ, ʤʥʦʛʠʝ ʘʩʧʝʢʪʳ ʵʪʦʛʦ ʷʚʣʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʪʘʢʠʝ ʢʘʢ ʧʝʨʝʥʦʩ ʟʘʨʷʜʘ ʠ ʭʘʨʘʢʪʝʨ 
ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʚʘʢʘʥʩʠʦʥʥʦʡ ʧʦʜʩʠʩʪʝʤʳ, ʦʩʪʘʶʪʩʷ ʚʩʝ ʝʱʝ ʦʢʦʥʯʘʪʝʣʴʥʦ ʥʝʚʳʷʩʥʝʥʥʳʤʠ. ʆʯʝʚʠʜʥʦ, 
ʦʧʨʝʜʝʣʝʥʥʫʶ ʨʦʣʴ ʟʜʝʩʴ ʠʛʨʘʝʪ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʘʷ ʯʘʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʙʳʣʘ 
ʧʦʣʫʯʝʥʘ ʥʘ ʢʝʨʘʤʠʯʝʩʢʠʭ, ʪʝʢʩʪʫʨʠʨʦʚʘʥʥʳʭ ʠ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʘʭ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 
ʤʝʞʛʨʘʥʫʣʷʨʥʳʭ ʩʚʷʟʝʡ [2-5]. 
ʋʯʠʪʳʚʘʷ ʚʳʰʝʩʢʘʟʘʥʥʦʝ, ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ 
ʜʘʚʣʝʥʠʷ ʜʦ 8 ʢʙʘʨ ʥʘ ʵʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʩʪʨʫʢʪʫʨʥʫʶ ʨʝʣʘʢʩʘʮʠʶ ʚ ab-ʧʣʦʩʢʦʩʪʠ 
ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ YBa2Cu3O7-ŭ ʩ ʧʦʥʠʞʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʠʩʣʦʨʦʜʘ ŭå0.5 ʠ ʢʨʠʪʠʯʝʩʢʦʡ 
ʪʝʤʧʝʨʘʪʫʨʦʡ ʊʩå50 ʂ. 

ʄʦʥʦʢʨʠʩʪʘʣʣʳ Y1Ba2Cu3O7-d ʚʳʨʘʱʠʚʘʣʠ ʧʦ ʨʘʩʪʚʦʨ-ʨʘʩʧʣʘʚʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ ʟʦʣʦʪʦʤ ʪʠʛʣʝ ʧʦ ʤʝʪʦʜʠʢʝ [6-
10]. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʦʙʨʘʟʮʦʚ ʩ ʦʧʪʠʤʘʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʠʩʣʦʨʦʜʘ ʦʪʦʙʨʘʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʦʪʞʠʛʘʣʠ 
ʚ ʧʦʪʦʢʝ ʢʠʩʣʦʨʦʜʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 400Áʉ ʚ ʪʝʯʝʥʠʝ ʧʷʪʠ ʩʫʪʦʢ. ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʢʠʩʣʦʨʦʜʘ 
ʧʨʦʚʦʜʠʣʠ ʠʭ ʦʪʞʠʛ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʟʜʫʭʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 600
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ʩʦʟʜʘʚʘʣʠ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ 4-ʭ ʟʦʥʜʦʚʦʡ ʩʭʝʤʝ ʧʨʠ ʧʦʤʦʱʠ ʩʝʨʝʙʨʷʥʦʡ ʧʘʩʪʳ. ɻʠʜʨʦʩʪʘʪʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ 
ʩʦʟʜʘʚʘʣʠ ʚ ʘʚʪʦʥʦʤʥʦʡ ʢʘʤʝʨʝ ʪʠʧʘ ʧʦʨʰʝʥʴ-ʮʠʣʠʥʜʨ [9]. ɺʝʣʠʯʠʥʫ ʜʘʚʣʝʥʠʷ ʠʟʤʝʨʷʣʠ ʩ ʧʦʤʦʱʴʶ 
ʤʘʥʛʘʥʠʥʦʚʦʛʦ ʤʘʥʦʤʝʪʨʘ, ʪʝʤʧʝʨʘʪʫʨʫ ï ʤʝʜʴ-ʢʦʥʩʪʘʥʪʘʥʦʚʦʡ ʪʝʨʤʦʧʘʨʦʡ, ʚʤʦʥʪʠʨʦʚʘʥʥʦʡ ʚ ʥʘʨʫʞʥʫʶ 
ʧʦʚʝʨʭʥʦʩʪʴ ʢʘʤʝʨʳ ʥʘ ʫʨʦʚʥʝ ʦʙʨʘʟʮʘ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʣʠʷʥʠʷ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʧʨʦʚʦʜʠʣʠ 
ʠʟʤʝʨʝʥʠʷ ʧʦ ʠʩʪʝʯʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʩʫʪʦʢ ʧʦʩʣʝ ʧʨʠʣʦʞʝʥʠʷ-ʩʥʷʪʠʷ ʜʘʚʣʝʥʠʷ ʧʦ ʤʝʨʝ ʟʘʚʝʨʰʝʥʠʷ 
ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 
ʂʘʢ ʧʦʢʘʟʘʣ ʘʥʘʣʠʟ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʙʨʘʟʮʘ, ʠʟʤʝʨʝʥʥʳʭ ʚ ab-
ʧʣʦʩʢʦʩʪʠ, ɟab(T), ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʜʘʚʣʝʥʠʷʭ, ʫʤʝʥʴʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʢʠʩʣʦʨʦʜʘ ʧʦʤʠʤʦ ʧʦʥʠʞʝʥʠʷ 
ʢʨʠʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 92 ʜʦ 50 ʂ ʠ ʫʚʝʣʠʯʝʥʠʷ ʘʙʩʦʣʶʪʥʦʛʦ ʟʥʘʯʝʥʠʷ ʫʜʝʣʴʥʦʛʦ 

ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʪ 200 ɛʆʤÖʩʤ ʜʦ 750 ɛʆʤÖʩʤ, ʧʨʠʚʝʣʦ ʢ ʧʝʨʝʭʦʜʫ ʦʪ ʢʚʘʟʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ 

ʢʨʠʚʳʭ rab(ʊ) [6] ʢ ʟʘʚʠʩʠʤʦʩʪʷʤ ʩ ʭʘʨʘʢʪʝʨʥʦʡ s-ʦʙʨʘʟʥʦʡ ʬʦʨʤʦʡ.  

ʇʨʠ ʧʦʥʠʞʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʢʠʩʣʦʨʦʜʘ ʰʠʨʠʥʘ ʧʝʨʝʭʦʜʘ ʚ ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʝ ʩʦʩʪʦʷʥʠʝ ʩʫʱʝʩʪʚʝʥʥʦ 
ʚʦʟʨʘʩʪʘʝʪ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ ʦʙʨʘʟʮʦʤ. ʕʪʦ, ʚʠʜʠʤʦ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʦʷʚʣʝʥʠʠ ʚ ʦʙʨʘʟʮʝ 
ʧʨʠʟʥʘʢʦʚ ʬʘʟʦʚʦʛʦ ʨʘʩʩʣʦʝʥʠʷ [7, 8, 10]. ʇʨʠʣʦʞʝʥʠʝ ʜʘʚʣʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʧʦʥʠʞʝʥʠʶ 

ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʨʦʩʪʫ ʊʩ (ʩʤ. ʪʘʙʣʠʮʫ) ʩʦ ʩʢʦʨʦʩʪʴʶ dʊʩ/dʈ å 0.82 ʂÖʢʙʘʨ
ï1
, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [2-10]. 
ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚ ʨʘʙʦʪʘʭ [8, 10], ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʩʪʝʭʠʦʤʝʪʨʠʠ ʧʦ ʢʠʩʣʦʨʦʜʫ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʪʦʤʫ, ʯʪʦ 
ʟʘʚʠʩʠʤʦʩʪʠ dRab(T)/dT ʚ ʦʙʣʘʩʪʠ ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʛʦ ʧʝʨʝʭʦʜʘ ʩʪʘʥʦʚʷʪʩʷ ʘʩʠʤʤʝʪʨʠʯʥʳʤʠ, ʧʨʠʦʙʨʝʪʘʶʪ 
ʩʪʫʧʝʥʯʘʪʫʶ ʬʦʨʤʫ ʠʣʠ ʥʘ ʵʪʠʭ ʟʘʚʠʩʠʤʦʩʪʷʭ ʧʦʷʚʣʷʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʠʢʠ. ʉʦʛʣʘʩʥʦ [4, 8, 10] ʤʘʢʩʠʤʫʤʳ 
ʥʘ ʵʪʠʭ ʟʘʚʠʩʠʤʦʩʪʷʭ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʊʩ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʦʪʯʝʪʣʠʚʦ ʚʳʨʘʞʝʥʥʳʭ ʧʠʢʦʚ ʥʘ ʨʝʟʠʩʪʠʚʥʳʭ ʧʝʨʝʭʦʜʘʭ 
ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʥʘʣʠʯʠʝʤ ʧʝʨʢʦʣʣʷʮʠʦʥʥʳʭ ʧʫʪʝʡ ʧʨʦʪʝʢʘʥʠʷ ʪʦʢʘ ʧʦ ʬʘʟʝ ʩ ʙʦʣʝʝ 
ʚʳʩʦʢʦʡ ʊʩ [6]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʰʠʨʝʥʠʝ ʉʇ-ʧʝʨʝʭʦʜʘ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ, ʦʧʪʠʤʘʣʴʥʦ 
ʜʦʧʠʨʦʚʘʥʥʳʤ ʢʠʩʣʦʨʦʜʦʤ, ʦʙʨʘʟʮʦʤ ʠ ʥʘʣʠʯʠʝ ʩʣʘʙʦ ʚʳʨʘʞʝʥʥʦʛʦ ʦʩʪʘʪʦʯʥʦʛʦ ʤʘʢʩʠʤʫʤʘ ʥʘ ʦʪʜʝʣʴʥʳʭ 
ʢʨʠʚʳʭ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʧʦʷʚʣʝʥʠʠ ʚ ʦʙʨʘʟʮʝ ʢʘʢ ʤʠʥʠʤʫʤ ʜʚʫʭ ʬʘʟ, ʠʤʝʶʱʠʭ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 
ʨʘʟʣʠʯʥʳʝ ʢʨʠʪʠʯʝʩʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʝʨʝʭʦʜʘ ʚ ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʝ ʩʦʩʪʦʷʥʠʝ [8, 10]. ʉʦʛʣʘʩʥʦ [3] ʚ ʢʘʯʝʩʪʚʝ 
ʪʘʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʥʷʪʳ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʯʘʣʘ ʠ ʢʦʥʮʘ ʨʝʟʠʩʪʠʚʥʦʛʦ ʧʝʨʝʭʦʜʘ (ʊʩʦ ʠ ʊʩf) ʚ 
ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʝ ʩʦʩʪʦʷʥʠʝ. 
ʂʘʢ ʧʦʢʘʟʘʣ ʘʥʘʣʠʟ, ʚʳʜʝʨʞʢʘ ʦʙʨʘʟʮʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʧʨʦʮʝʩʩʝ ʧʨʠʣʦʞʝʥʠʷïʩʥʷʪʠʷ ʜʘʚʣʝʥʠʷ 
ʧʦʤʠʤʦ ʘʙʩʦʣʶʪʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥʳ ʊʩ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʳʤ ʢʘʯʝʩʪʚʝʥʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʰʠʨʠʥʳ ʠ 
ʬʦʨʤʳ ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʛʦ ʧʝʨʝʭʦʜʘ. ɺʳʜʝʨʞʢʘ (ʦʪʞʠʛ) ʦʙʨʘʟʮʘ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ 

ʚʝʣʠʯʠʥʳ ʧʨʦʠʟʚʦʜʥʦʡ drab/dT ʚ ʦʙʣʘʩʪʠ ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʛʦ ʧʝʨʝʭʦʜʘ ʙʦʣʝʝ ʯʝʤ ʚ 2 ʨʘʟʘ ʠ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ 

ʫʰʠʨʝʥʠʶ ʧʝʨʝʭʦʜʘ. ʉʙʨʦʩ ʜʘʚʣʝʥʠʷ ʚʳʟʳʚʘʝʪ ʪʦʣʴʢʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ drab/dT, ʠ ʣʠʰʴ ʚʳʜʝʨʞʢʘ 

ʦʙʨʘʟʮʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 3 ʩʫʪʦʢ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʚʨʘʪʫ 

drab/dT. ʏʪʦ ʢʘʩʘʝʪʩʷ ʙʘʨʠʯʝʩʢʦʡ ʧʨʦʠʟʚʦʜʥʦʡ, dʊʩ/dʈ, ʪʦ ʦʥʘ ʚʦʟʨʘʩʪʘʝʪ ʥʘ ʵʪʦʤ ʵʪʘʧʝ ʠ ʜʘʣʝʝ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝ ʠʟʤʝʥʷʝʪʩʷ. ɺʩʝ ʵʪʦ ʜʘʝʪ ʥʘʤ ʦʩʥʦʚʘʥʠʝ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚʳʟʳʚʘʝʪ 
ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʣʘʙʠʣʴʥʦʛʦ ʢʠʩʣʦʨʦʜʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʦʙʨʘʟʮʘ. ʕʪʦ, ʚ ʩʚʦʶ 
ʦʯʝʨʝʜʴ, ʚʣʠʷʝʪ ʥʘ ʬʦʨʤʫ ʢʨʠʚʦʡ ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʛʦ ʧʝʨʝʭʦʜʘ. ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʜʘʚʣʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ 
ʦʙʨʘʪʥʦʝ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ. ʇʦʜʦʙʥʦʝ ʷʚʣʝʥʠʝ ʚʦʟʤʦʞʥʦ, ʥʘʧʨʠʤʝʨ, ʚ ʩʣʫʯʘʝ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ 
ʚʦʩʭʦʜʷʱʝʡ ʜʠʬʬʫʟʠʠ [8, 10]. 
ʅʘ ʢʘʞʜʦʤ ʵʪʘʧʝ ʧʨʦʮʝʩʩʘ ʧʨʠʣʦʞʝʥʠʷïʩʥʷʪʠʷ ʜʘʚʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʦʙʨʘʟʮʘ ʚ ʠʥʪʝʨʚʘʣʝ 
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ʊʉï300 ʂ ʤʦʞʝʪ ʙʳʪʴ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʘ ʢʘʢ ʩʫʤʤʘ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʢʦʪʦʨʘʷ ʦʛʨʘʥʠʯʝʥʘ ʨʘʩʩʝʷʥʠʝʤ ʵʣʝʢʪʨʦʥʦʚ 
ʥʘ ʬʦʥʦʥʘʭ (sïs ʠ sïd ʧʨʦʮʝʩʩʳ [15]) ʠ ʬʣʫʢʪʫʘʮʠʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ (2D ʤʦʜʝʣʴ ɸʩʣʘʤʘʟʦʚʘïʃʘʨʢʠʥʘ [16]): 

s=rscat.
ï1

+DsAL                                                                              (1) 

rscat.=(r0+ri)Ö(1ïb0ÖT 
2
), ri=r3+r5,    [15],                            (2) 

ɿʜʝʩʴ r0 ï ʦʩʪʘʪʦʯʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ; r3, r5 ï ʚʢʣʘʜʳ ʚ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʟʘ ʩʯʝʪ ʚʥʫʪʨʠʟʦʥʥʦʛʦ (sïs ʧʨʦʮʝʩʩʳ, 

r5) ʠ ʤʝʞʟʦʥʥʦʛʦ (sïd ʧʨʦʮʝʩʩʳ, r3) ʨʘʩʩʝʷʥʠʷ ʥʘ ʬʦʥʦʥʘʭ; q ï ʪʝʤʧʝʨʘʪʫʨʘ ɼʝʙʘʷ; b0 ʟʘʚʠʩʠʪ ʦʪ ʬʦʨʤʳ 

ʢʨʠʚʦʡ ʧʣʦʪʥʦʩʪʠ ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʵʬʬʝʢʪʠʚʥʳʭ ʤʘʩʩ ʥʦʩʠʪʝʣʝʡ ʪʦʢʘ ʠ ʵʥʝʨʛʠʠ ʌʝʨʤʠ [17, 18]; 

DsAL=e
2
/(16ǩde), e=ln(T/TC) ï ʧʨʠʚʝʜʝʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, TC ï ʢʨʠʪʠʯʝʩʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʩʨʝʜʥʝʛʦ 

ʧʦʣʷ, T²TC, d ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʨʦʚʦʜʷʱʠʤʠ ʩʣʦʷʤʠ ʚ ɺʊCʇ [16]. ɺʝʣʠʯʠʥʫ TC ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʧʦʣʦʞʝʥʠʶ 

ʤʘʢʩʠʤʫʤʘ ʧʨʦʠʟʚʦʜʥʦʡ dr/dT. 

ʇʘʨʘʤʝʪʨʳ ʪʘʢʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʘʠʤʝʥʴʰʝʝ ʩʨʝʜʥʝʝ ʦʪʢʣʦʥʝʥʠʝ º1% ʦʪ 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʥʘ ʠʥʪʝʨʚʘʣʝ ʊʉï300 ʂ, ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ ʚʤʝʩʪʝ ʩ ʜʘʥʥʳʤʠ ʦ ʩʦʩʪʦʷʥʠʠ 
ʦʙʨʘʟʮʘ. ʀʟ ʪʘʙʣʠʮʳ ʚʠʜʥʦ, ʚ ʯʘʩʪʥʦʩʪʠ, ʯʪʦ ʯʝʨʝʟ 3 ʩʫʪʦʢ ʚʳʜʝʨʞʢʠ ʙʝʟ ʜʘʚʣʝʥʠʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʪʦʣʴʢʦ ʚʝʣʠʯʠʥʳ ʊʉ (ʠ ʩʚʷʟʘʥʥʳʡ ʩ ʥʝʶ ʢʠʩʣʦʨʦʜʥʳʡ ʜʝʬʠʮʠʪ, d), ȹTc, ʘ ʪʘʢʞʝ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʝ ʟʥʘʯʝʥʠʝ (dr/dT)max ʚʝʨʥʫʣʠʩʴ ʢ ʩʚʦʠʤ ʥʘʯʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ.  

ʇʘʨʘʤʝʪʨʳ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʨʘʩʩʝʷʥʠʝ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʬʦʥʦʥʘʭ (r0, ʉ3, ʉ5, q) ʤʝʜʣʝʥʥʝʝ ʚʦʟʚʨʘʱʘʶʪʩʷ 

ʢ ʥʘʯʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ, ʪʦ ʝʩʪʴ ʚʨʝʤʷ ʠʭ ʨʝʣʘʢʩʘʮʠʠ ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʧʨʝʚʳʰʘʝʪ 3 ʩʫʪʦʢ. ɹʦʣʝʝ ʚʩʝʛʦ 
ʠʟʤʝʥʠʣʠʩʴ ʧʘʨʘʤʝʪʨʳ b0 (24%) ʠ e

2
/(16ǩd) (16%). ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʘʨʘʤʝʪʨʘ b0 ʢ ʩʦʩʪʦʷʥʠʶ ʦʙʨʘʟʮʘ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʫʨʦʚʝʥʴ ʌʝʨʤʠ ʥʘʭʦʜʠʪʩʷ ʥʘ ʩʢʣʦʥʝ ʤʠʥʠʤʫʤʘ ʢʨʠʚʦʡ ʧʣʦʪʥʦʩʪʠ ʵʣʝʢʪʨʦʥʥʳʭ 

ʩʦʩʪʦʷʥʠʡ (ʧʩʝʚʜʦʱʝʣʴ). ɿʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ɼʝʙʘʷ, q, ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ [19]; 
ʚʝʣʠʯʠʥʳ ʤʝʞʩʣʦʝʚʦʛʦ ʨʘʩʩʪʦʷʥʠʷ, d, ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [16] ʜʣʷ ʵʪʘʧʦʚ 1ï3 ʠ 5. 
ɿʥʘʯʝʥʠʝ d ʜʣʷ ʵʪʘʧʘ 4 ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʦ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʫʱʝʩʪʚʝʥʥʦʤ ʠʩʢʘʞʝʥʠʠ ʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʮʘ 
ʧʦʩʣʝ ʨʝʟʢʦʛʦ ʩʥʷʪʠʷ ʜʘʚʣʝʥʠʷ, ʢʦʪʦʨʦʝ ʟʘʪʝʤ ʠʩʯʝʟʘʝʪ ʧʨʠ ʦʪʞʠʛʝ (ʚʳʜʝʨʞʢʝ) ʦʙʨʘʟʮʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 
ʪʝʤʧʝʨʘʪʫʨʝ. ʆ ʨʝʟʢʦʤ  ʠʩʢʘʞʝʥʠʠ ʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʮʘ ʧʦʩʣʝ ʵʪʘʧʘ 4 ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʪʘʢʞʝ ʨʝʟʢʠʝ ʠʟʤʝʥʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ q ʠ b0 (ʩʤ. ʪʘʙʣ.).  

ʉʦʛʣʘʩʥʦ [8,21], ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ (ʦʙʝʜʥʝʥʥʘʷ ʢʠʩʣʦʨʦʜʦʤ) ʬʘʟʘ ʤʦʞʝʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʥʘ ʜʚʦʡʥʠʢʦʚʳʭ 
ʛʨʘʥʠʮʘʭ. ʇʦʩʣʝʜʥʠʝ ʚʩʝʛʜʘ ʚʦʟʥʠʢʘʶʪ ʚ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ ʧʨʠ ʥʘʩʳʱʝʥʠʠ ʢʠʩʣʦʨʦʜʦʤ ʢʘʢ ʩʣʝʜʩʪʚʠʝ 
ʩʝʛʥʝʪʦʵʣʣʘʩʪʠʯʝʩʢʦʛʦ ʪʝʪʨʘ-ʦʨʪʦ ʧʝʨʝʭʦʜʘ, ʤʠʥʠʤʠʟʠʨʫʶʱʝʛʦ ʫʧʨʫʛʫʶ ʵʥʝʨʛʠʶ ʢʨʠʩʪʘʣʣʘ [22,23]. ʇʨʠ ʵʪʦʤ 
ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ (ʦʙʦʛʘʱʝʥʥʘʷ ʢʠʩʣʦʨʦʜʦʤ) ʬʘʟʘ ʦʙʨʘʟʫʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʦʙʲʝʤʝ 
ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʘ. ɺʠʜʥʦ, ʯʪʦ ʧʨʠʣʦʞʝʥʠʝ ʜʘʚʣʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʦʙʲʝʤʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 
ʢʠʩʣʦʨʦʜʘ, ʚʝʨʦʷʪʥʦ ʟʘ ʩʯʝʪ ʟʘʧʦʣʥʝʥʠʷ ʢʠʩʣʦʨʦʜʥʳʭ ʚʘʢʘʥʩʠʡ. ʉ ʵʪʠʤ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʦ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 

ʫʤʝʥʴʰʝʥʠʝ ʦʩʪʘʪʦʯʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, r0.  
ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʴ, ʧʦʣʫʯʝʥʥʘʷ ʜʣʷ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʬʘʟʳ, ʚʝʜʝʪ ʩʝʙʷ 
ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʢʨʠʚʦʡ. ʕʪʦ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʢʦʩʚʝʥʥʳʤ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ 
ʚʳʩʢʘʟʘʥʥʦʛʦ ʨʘʥʝʝ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʚʦʩʭʦʜʷʱʝʡ ʜʠʬʬʫʟʠʠ ʚ 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʦʙʨʘʟʮʝ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʦʪʞʠʛʘ ʧʦʜ ʚʳʩʦʢʠʤ ʜʘʚʣʝʥʠʝʤ. ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ 
ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʨʘʙʦʪʝ [24] ʪʘʢʠʝ ʵʬʬʝʢʪʳ ʤʦʛʫʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʳ ʩʦʙʩʪʚʝʥʥʳʤʠ ʜʝʬʝʢʪʘʤʠ, ʢʦʪʦʨʳʤʠ ʚ 
ʥʘʰʝʤ ʩʣʫʯʘʝ ʷʚʣʷʶʪʩʷ ʚʘʢʘʥʩʠʠ ʣʘʙʠʣʴʥʦʛʦ ʢʠʩʣʦʨʦʜʘ. ʇʨʠ ʵʪʦʤ ʟʘʚʠʩʠʤʦʩʪʴ, ʧʦʣʫʯʝʥʥʘʷ ʜʣʷ ʊʩ, 

ʦʧʨʝʜʝʣʷʝʤʦʡ ʧʦ ʤʘʢʩʠʤʫʤʫ dr(ʊ)/dT ʚ ʦʙʣʘʩʪʠ ʉʇ-ʧʝʨʝʭʦʜʘ, ʜʦʩʪʘʪʦʯʥʦ ʩʣʘʙʦ ʤʝʥʷʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʦʪʞʠʛʘ 

ʧʦʜ ʜʘʚʣʝʥʠʝʤ, ʯʪʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʦʪʨʘʞʘʝʪ ʧʨʦʷʚʣʝʥʠʝ, ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ, çʠʩʪʠʥʥʦʛʦè ʵʬʬʝʢʪʘ ʜʘʚʣʝʥʠʷ [2, 
4, 6, 9] ʦ ʢʦʪʦʨʦʤ ʛʦʚʦʨʠʣʦʩʴ ʚʦ ʚʩʪʫʧʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʨʘʙʦʪʳ. 
ʅʘ ʵʪʘʧʝ 4, ʧʦ-ʚʠʜʠʤʦʤʫ, ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʦʝ ʫʤʝʥʴʰʝʥʠʝ ʦʙʲʝʤʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʨʦʜʘ, ʯʪʦ ʠ ʧʨʠʚʦʜʠʪ ʢ 

ʫʤʝʥʴʰʝʥʠʶ q ʚʩʣʝʜʩʪʚʠʝ ʫʤʝʥʴʰʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʚʝʱʝʩʪʚʘ ʤʝʞʜʫ ʩʣʦʷʤʠ (ʩʤ., ʥʘʧʨ. [25]). ʊʦʛʜʘ ʫʤʝʥʴʰʝʥʠʝ 
ʤʝʞʩʣʦʝʚʦʛʦ ʨʘʩʩʪʦʷʥʠʷ, d, ʥʘ 4-ʦʤ ʵʪʘʧʝ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʧʣʦʪʥʦʩʪʠ ʦʙʲʝʤʥʦʛʦ 
ʢʠʩʣʦʨʦʜʘ.  
ʀʟ ʪʘʙʣʠʮʳ ʚʠʜʥʦ, ʯʪʦ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʘʩʪʘʝʪ ʢʨʠʪʠʯʝʩʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ (ʊʩ), ʫʤʝʥʴʰʘʝʪʩʷ 

ʦʩʪʘʪʦʯʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ (r0) ʠ sïd ʨʘʩʩʝʷʥʠʝ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʬʦʥʦʥʘʭ (ʉ3). ʆʧʨʝʜʝʣʝʥʥʫʶ ʨʦʣʴ ʧʨʠ ʵʪʦʤ 

ʤʦʛʫʪ ʠʛʨʘʪʴ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ ʢʚʘʟʠʯʘʩʪʠʯʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʧʨʠʩʫʪʩʪʚʠʝʤ ʚ 
ʩʠʩʪʝʤʝ ʩʪʨʫʢʪʫʨʥʦʡ ʠ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʘʥʠʟʦʪʨʦʧʠʠ [26-29]. ʇʘʨʘʤʝʪʨ ʉ5 ʧʦʯʪʠ ʥʝ ʫʤʝʥʴʰʘʝʪʩʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʚʳʩʦʢʦʝ ʜʘʚʣʝʥʠʝ ʚʳʟʳʚʘʝʪ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʣʘʙʠʣʴʥʦʛʦ ʢʠʩʣʦʨʦʜʘ, 
ʢʘʢ ʵʪʦ ʠ ʙʳʣʦ ʨʘʥʝʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʥʘʧʨʠʤʝʨ, ʚ [5,8,10]. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʣʘʙʠʣʴʥʦʛʦ 
ʢʠʩʣʦʨʦʜʘ ʧʨʠ ʠʟʤʝʥʝʥʠʷʭ ʜʘʚʣʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʮʝʩʩʘʤ, ʢʦʪʦʨʳʝ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʠʟʤʝʥʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ 
ʘʧʧʨʦʢʩʠʤʘʮʠʠ.  
ʇʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʣʘʙʠʣʴʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʧʨʠ ʠʟʤʝʥʝʥʠʷʭ ʜʘʚʣʝʥʠʷ ʚʣʠʷʝʪ ʢʘʢ ʥʘ ʩʚʝʨʭʧʨʦʚʦʜʷʱʠʡ 
ʧʝʨʝʭʦʜ, ʪʘʢ ʠ ʥʘ ʨʘʩʩʝʷʥʠʝ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʬʦʥʦʥʘʭ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʜʣʷ ʨʘʟʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚʨʝʤʝʥʘ 
ʨʝʣʘʢʩʘʮʠʠ ʦʢʘʟʳʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʤʠ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʙʲʝʤʥʦʛʦ 
ʢʠʩʣʦʨʦʜʘ ʠʟ-ʟʘ ʠʟʤʝʥʝʥʠʡ ʜʘʚʣʝʥʠʷ ʠʟʤʝʥʷʝʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠ ʨʘʟʤʝʨʳ ʢʣʘʩʪʝʨʦʚ 
ʥʠʟʢʦ- ʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʬʘʟ [7, 8, 13, 14]. ʇʦʩʣʝʜʥʝʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʜʠʬʬʫʟʠʦʥʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ 
ʢʠʩʣʦʨʦʜʘ ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʧʦʨʷʜʢʘ ʨʘʟʤʝʨʦʚ ʢʣʘʩʪʝʨʦʚ. ʇʨʠʯʝʤ ʠʟʤʝʥʝʥʠʝ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʠ ʜʝʬʝʢʪʥʦʩʪʠ 
ʦʙʨʘʟʮʘ ʧʦ-ʨʘʟʥʦʤʫ ʚʣʠʷʝʪ ʥʘ ʩʚʝʨʭʧʨʦʚʦʜʷʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʨʘʩʩʝʷʥʠʝ ʵʣʝʢʪʨʦʥʦʚ, ʯʪʦ ʠ ʧʨʠʚʦʜʠʪ ʢ 
ʨʘʟʥʦʡ ʩʢʦʨʦʩʪʠ ʨʝʣʘʢʩʘʮʠʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ. 
ɺ ʟʘʢʣʶʯʝʥʠʝ ʢʨʘʪʢʦ ʧʨʦʩʫʤʤʠʨʫʝʤ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ. ʊʝʤʧʝʨʘʪʫʨʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ YBa2Cu3O7-d ʟ dº0.5 ʚ ʧʣʦʩʢʦʩʪʠ ʩʣʦʝʚ ʠʤʝʝʪ çʤʝʪʘʣʣʠʯʝʩʢʠʡè 
ʭʘʨʘʢʪʝʨ ʠ ʚ ʠʥʪʝʨʚʘʣʝ ʊʉï300 ʂ ʤʦʞʝʪ ʙʳʪʴ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʘ ʩ ʫʯʝʪʦʤ ʨʘʩʩʝʷʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʬʦʥʦʥʘʭ ʠ 
ʬʣʫʢʪʫʘʮʠʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ɸʩʣʘʤʘʟʦʚʘïʃʘʨʢʠʥʘ. ʀʥʜʫʮʠʨʦʚʘʥʥʦʝ ʚʳʩʦʢʠʤ ʜʘʚʣʝʥʠʝʤ 
ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʣʘʙʠʣʴʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʙʲʝʤʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʟʘ ʩʯʝʪ 
ʟʘʧʦʣʥʝʥʠʷ ʢʠʩʣʦʨʦʜʥʠʭ ʚʘʢʘʥʩʠʡ. ʇʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʣʘʙʠʣʴʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʦʙʨʘʪʠʤʳʤ, ʥʦ 
ʚʨʝʤʝʥʘ ʨʝʣʘʢʩʘʮʠʠ ʦʪʜʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. 
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ʊʘʙʣʠʮʘ. ʇʘʨʘʤʝʪʨʳ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦ (1)ï(3) ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʛʦ ʧʝʨʝʭʦʜʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʦʷʥʠʡ ʦʙʨʘʟʮʘ. 

ʉʦʩʪʦʷʥʠʝ 

ʦʙʨʘʟʮʘ 

­ 

ʇʘʨʘʤʝʪʨʳ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ 

® 

1 ï 
ʠʩʭʦʜʥʦʝ 
ʩʦʩʪʦʷʥʠʝ, 
ʈ=0 

2 ï 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 
ʧʦʩʣʝ ʧʨʠʣʦʞʝʥʠʷ 

ʜʘʚʣʝʥʠʷ 

ʈ=7.8 ʢʙʘʨ 

3 ï 

ʧʦʩʣʝ 
ʚʳʜʝʨʞʢʠ 
ʚ ʪʝʯʝʥʠʝ 
ʥʝʜʝʣʠ 
ʧʨʠ ʈ=7.8 
ʢʙʘʨ 

4 ï 
ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 
ʧʦʩʣʝ ʩʥʷʪʠʷ 
ʜʘʚʣʝʥʠʷ, 

ʈ=0 

5 ï 

ʧʦʩʣʝ 
ʚʳʜʝʨʞʢʠ 
ʚ ʪʝʯʝʥʠʝ 
ʪʨʝʭ ʜʥʝʡ 
ʧʨʠ ʈ=0 

 

 

 

ȹfin, 
% 

Tc, ʂ 49.80 54.92 56.18 48.94 49.82 0.04 

ȹTc, ʂ 1.1 3.6 3.3 3.4 0.9 18 

10
6
Ö(dr/dT)max, 

OhmÖcm/K 

0.56 0.23 0.21 0.27 0.62 11 

dʊʩ/dʈ, ʂ/ʢʙʘʨ ïï 0.65 0.82 0.93 0.82 ïï 

r0Ö10
6
, OhmÖcm 1.14 0.98 0.94 1.18 1.09 ï4 

C3Ö10
5
, OhmÖcm 1.77 0.93 0.67 1.26 1.94 10 

C5Ö10
5
, OhmÖcm 7.0 7.3 7.3 7.1 7.5 7 

q, K 690 698 696 667 702 2 

b0Ö10
6
 2.4 2.4 2.2 1.7 3.0 25 

d, ¡ 9.9 11.1 9.9 5.2 11.5 15 
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