


Е ИЯ И А И ЫЕ Е ГИИ 
INFORMATION TECHNOLOGIES SERIES 

у л е т о   еде л о  лу е по д о у  е е , о о  те оло   о  ко у к  о ко д о  

детел т о о е т  ед т  о о  о  л. № 77-69101 от 14 т  2017 . 

 The journal has been registered at the Federal service for supervision of communications information technology and mass media (Roskomnadzor)  

Mass media registration certificate йl. № FS 77-69101 of March 14, 2017 

Том 2, № 1. 2017 

О  О- К К  Л 
д ет   6 .  
ISSN2518-1092 

Volume 2, № 1. 2017 

ONLINESCHOLARLYPEER-REVIEWEDJOURNAL 

First published online: 2016 

ISSN 2518-1092 

КЦИО Я КОЛЛ ИЯ: 

Л  К О : Ж ляко  . ., докто  те е к  ук, п о е о , еду  
к ед о  о о о-телеко у к о  те   те оло ел о од ко о 
о уд т е о о о л о о ледо тел ко о у е тет . 

Л  Л О О К О : Че о о е  . .,к д д т те е к  ук, 
п о е о  к ед  п кл д о  о т к   о о  те оло  

ел о од ко о о уд т е о о о л о о ледо тел ко о у е тет . 
О  К : ол о  . ., т  п епод тел  к ед  

п кл д о  о т к   о о  те оло  ел о од ко о 
о уд т е о о о л о о ледо тел ко о у е тет . 

К О  Л К  К О  : Ля е ко И. ., к д д т лоло е к  
ук, до е т 

Л  К О О  КОЛЛ : 

Ло к  . ., к д д т те е к  ук, еду  к ед о  п кл д о  
о т к   о о  те оло   « ел » 

о  . ., к д д т те е к  ук, до е т к ед  п кл д о  о т к  
 о о  те оло   « ел » 

К О  О : 

ол ко  . ., докто  те е к  ук, п о е о  о ко к  те е к  
у е тет   о т к , . о к   

т е ко . ., докто  те е к  ук, п о е о  ко к  о л  
те е к  у е тет « », . ко , к   

К п л  .И., докто  те е к  ук, п о е о  о ко к  о уд т е  
т тут лект о к   те т к  те е к  у е тет , . о к   
Ко у о  .И., лу е  де тел  ук  , докто  те е к  ук, п о е о  

ел о од к  о уд т е  о л  ледо тел к  у е тет, 
. ел о од  

Ло о  . ., докто  ко- те т е к  ук, п о е о  ел о од к  
о уд т е   у е тет . .Я. о , . ел о од  

то  .И., докто  те е к  ук, п о е о  ел о од к  о уд т е  
о л  ледо тел к  у е тет, . ел о од   

у о  . ., лу е  де тел  ук  , докто  те е к  ук, п о е о  
ел о од к  о уд т е  те оло е к  у е тет . . . у о , . 

ел о од  

ело  . ., докто  те е к  ук, п о е о  ел о од к  о уд т е  
о л  ледо тел к  у е тет, . ел о од  

Ко ьк  . ., докто  те е к  ук, п о е о  О ло к  о уд т е  
у е тет . . . у е е , . О ел) 

И ук О. ., докто  те е к  ук, п о е о  ел о од к  о уд т е  
о л  ледо тел к  у е тет, . ел о од  

EDITORIAL TEAM: 

EDITOR-IN-CHIEF: Evgeniy G. Zhilyakov, Doctor of Technical Sciences, Professor, Belgorod 

State National Research University 

DEPUTY EDITOR-IN-CHIEF: Andrey A. Chernomorets, Candidate of Technical Sciences, 

Associate Professor, Belgorod State National Research University 

EXECUTIVE SECRETARY: Evgeniya V. Bolgova, Senior Lecturer, Belgorod State National 

Research University 

ENGLISH TEXT EDITOR: Igor V. Lyashenko, Ph.D. in Philology, Associate Professor  

EDITORIAL BOARD: 

Vladimir V. Lomakin, Candidate of Technical Sciences, Professor, Belgorod State National 

Research University 

Nina N. Gahova, Candidate of Technical Sciences, Associate Professor, Belgorod State 

National Research University 

CONSULTING EDITORS: 

Valery P.Volchkov, Doctor of Technical Sciences, Professor (Russia)  

Valery D.Dmitrienko, Doctor of Technical Sciences, Professor (Ukraine)  

Vladimir I.Kapalin, Doctor of Technical Sciences, Professor (Russia)  

Nikolay I.Korsunov,Honoured Science Worker of Russian Federation, Doctor of Technical 

Sciences, Professor (Russia) 

Vadim A. Lomazov, Doctor of Physico-mathematical Sciences, Professor (Russia) 

Sergey I.Matorin, Doctor of Technical Sciences, Professor (Russia)  

Vasily G.Rubanov,Honoured Science Worker of Russian Federation, Doctor of Technical 

Sciences, Professor (Russia) 

Sergey P.Belov, Doctor of Technical Sciences, Professor (Russia) 

Alexander V.Koskin, Doctor of Technical Sciences, Professor (Russia) 

Olga A.Ivaschuk, Doctor of Technical Sciences, Professor (Russia) 

ед тел : еде л ое о уд т е ое то о ое о о тел ое 
у е де е е о о о   

« ел о од к  о уд т е  о л  ледо тел к  у е тет»  

д тел :  « ел ». д е  д тел : 8  . ел о од, ул. о ед , 8 . 
у л од т    од 

Founder: Federal state autonomous educational establishment of higher education 

«Belgorod State National Research University»  

Publisher: Belgorod State National Research University  

Address of publisher: 85 Pobeda St., Belgorod, 308015, Russia 

Publication frequency: 4 /year 

© Бел о од к  о уда т енн  нац онал н  ледо ател к  ун е тет, 7 

© Belgorod State National Research University, 2017



Е А Е CONTENTS Е Ы  А А  

 А Е Е 

SYSTEMANALYSISANDPROCESSING 

OFKNOWLEDGE 

 . .        3 

Pihnastyi O.M.  

The model of production process of the 

party of the subjects of labour 3 

 . .,  . ., 
я . ., ш  . .,  . .     я     

14 

Putivtseva N.P., Zaitseva T.V., 

Pusnaya O.P., Troshina T.S., 

Vasina N.V. 

On the development of methods of 

comprehensive evaluation of conformity 

of teachers to categories 14 

 . .,  А.А., 
А  А.А.     я  20 

Oladko V.S., Babenko А.А., 

Aleksina А.А. 

Security assessment of university 

distance education 20 

К  .К.,  Х.A.,  А. .    я я  я  я я я     28 

Karwi J.Q., Salah H.A.. Brusentsev A.G. 

Decision support system for the 

evaluation of water pollution in Tigirs 

river 28 

 . ., я . ., 
 . .,  . ., 
 Е. . 

  я 

  40 

Putivtseva N.P., Pusnaya O.P., 

Igrunova S.V., Zaitseva T.V., 

Nesterova E.V. 

Comparative analysis of the use multi-

criteria methods 40 

 А. .,  . . 
-      я   "   я    " 48 

Zhikharev A.G.,  

Sharapov D.P. 

System-object imitative modeling 

of the mass service system by the 

example "multifunctional center  

of providing state and municipal 

services" 48 А -Е Е А ЫЕ Е  

SYSTEMANALYSISANDPROCESSING 

OFKNOWLEDGE 

я  Е. .,  А.А., 
 Е. .        55 

Zhilyakov E.G., Chernomorets A.A., 

Bolgova E.V. 

About subinterval matrices based on 

unitary transformations 55 



 . ., я . .,  . .,  . .,  . .  
 я   //  .  

 . – . , № , 7. 
40 

Ы   

INFORMATION TECHNOLOGIES  

 004.62 DOI:10.18413/2518-1092-2017-2-1-40-47

 . . 
 . . 

 . . 
 . . 

 . . 

   
  

    , .  .85, 
. , 308015,  

e-mail: putivzeva@bsu.edu.ru, pusnaya@bsu.edu.ru, igrunova@bsu.edu.ru, zaitseva@bsu.edu.ru, nesterova@bsu.edu.ru

 
         

 ,        ,    
 .           

     ,  ELECTRE,   
        . 

        . 
    ,      

       
.          

,      ,   
     . 

 :  ;  ;   
; ELECTRE;   . 

UDC 004.62 

Putivtseva N.P. 
Pusnaya O.P. 
Igrunova S.V. 
Zaitseva T.V. 
Nesterova E.V. 
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Abstract  
The paper defines the characteristics of methods of multi-criteria selection in fuzzy initial data 
because the decision-making problems appear both in scientific, and in daily activities. The same 
task of choosing a location for the construction of the airport is solved with the use of the theory 
of fuzzy sets, the ELECTRE method, the analytical hierarchical procedure and method of 
accounting of information parameters for formalized assessment and obtained results differ. 
Comparative characteristics and featured of each of the method were described. On the basis of 
carried analysis it was proved that for a reasonable comparison of the results it is preferable to use 
the formal assessment or the AHP. But if you need to get not only the ranking of the alternatives 
according to their preference, but the quantitative assessment of these preferences, it is more 
advisable to use the analytical hierarchical procedure. 
Keywords: decision making; multi-criteria selection; theory of fuzzy sets; ELECTRE; Analytical 
Hierarchical Procedure. 
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 . . 
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Table 1 

Indices of agreement and disagreement 

    

A B C D A B C D 

A * 1/6 1/6 1/6 A * 0,6 0,3 0,4 

B 5/6 * 3/6 3/6 B 0,11 * 0,1 0,2 

C 5/6 3/6 * 1/6 C 0,22 0,3 * 0,1 

D 5/6 3/6 5/6 * D 0,33 0,22 0,11 * 

  

i

i

A

i

B

Ii

AB
L

ll
d





max

A, B:    B  1-   2-   

         dAB=max {(180-170)/100; (70-40)/50}=0,6 

A, :      1-   2-   

 dA =max {(180-160)/100; (70-55)/50}=0,3 

 . . 
  ELECTRE I        . 

 1 > Ci  d1 <di,  Ci, di –     ,     
     .         ,  

           . 
     : Мi > 5/6  Нi < 0,11.    
  . 

 .    

Fig. Relationship between alternatives 
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Table 2 

Comparison of criteria for significance in the choice of site 

     
 

 

   
 

 1 5 3 0,650648 

   1/5 1 3 0,222518 

  1/3 1/3 1 0,126834 

л  3 

       
Table 3 

Comparison sites on preference degree relative value 

 A B C D 
   

 

A 1 1/2 1/3 1/4 0,095295 

B 2 1 1/2 1/3 0,160267 

C 3 2 1 1/2 0,27759 

D 4 3 2 1 0,466849 

л  4 

         

Table 4 

Comparing areas under the degree of preference of travel time with respect to 

   A B C D 
   

 

A 1 1/6 1/5 1/4 0,056137 

B 6 1 4 3 0,541228 

C 5 1/4 1 1/2 0,165203 

D 4 1/3 2 1 0,237432 

л  5 

        

Table 5 

Comparison sites on the degree of preference with respect to the number of persons 

 
 

A B C D 
  

  

A 1 3 5 7 0,563813 

B 1/3 1 3 5 0,263378 

C 1/5 1/3 1 3 0,117786 

D 1/7 1/5 1/3 1 0,055022 
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Table 6 

Vector global priorities 

 A B C D 

 0,146006 0,258116 0,232313 0,363566 

 ,     D. 

        . 
 б1 – , б2 –   , б3 –   –     

. 
  .            

 0,65; 0,22  0,13. 
 ( ) б1=д0,6/Ю1, 0,7/Ю2, 0,8/Ю3, 0,9/Ю4ж 

 (   ) б2=д0,4/u1, 0,9/u2, 0,6/u3, 0,5/u4} 

 (  ) б3=д0,9/Ю1, 0,8/Ю2, 0,7/Ю3, 0,6/Ю4ж 

     

μ = ЦКб дд ЦТЧ д0,60,65
; 0,4

0,22
; 0,9

0,13
 }; 

min {0,7
0,65

; 0,9
0,22

; 0,8
0,13

}; 

min {0,8
0,65

; 0,6
0,22

; 0,7
0,13

}; 

min {0,9
0,65

; 0,5
0,22

; 0,6
0,13

}} 

μ = ЦКб дд ЦТЧ д0,72; 0,82; 0,99ж; ЦТЧ д0,79; 0,98; 0,97ж; ЦТЧ д0,86; 0,89; 0,95ж; ЦТЧ д0,93; 0,86; 0,94жж 

μ = max {0,72; 0,79, 0,86, 0,86} 

μ (a)= {0,72/u1; 0,79/u2, 0,86/u3, o,86/u4} 

 ,   3  4,  1. 
        . 

       ,    
         .   

     :  ,   , 
  . 

        ,   
     :  

-   – 4  ($180 ., $170 ., $160 ., $150 .)
-    – 4  (70 , 55 , 50 , 40 )
-    – 4  (25 ., 20 ., 15 ., 10 .)

          
          .  

       :  
-   – k1=3

-    – k2=2

-    – k3=1

    – N
 
    =  100  /  6 ≈ 16

   
-   – r1=50

-    – r2=33

-    – r3=17

            
  ,     7. 

     

A ($180 ., 70 , 10 .) – 17; 

B ($170 ., 40 , 15 .) – 61; 

C ($160 ., 55 , 20 .) – 49; 

D ($150 ., 50 , 25 .) – 72. 

  – D. 
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Table 7 

Expert evaluation sheet 

       , % 

    180 170 160 150 

      0 16 32 50 

        , % 

    70 55 50 40 

      0 11 22 33 

        , % 

    25 20 15 10 

      0 6 12 17 
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