


ɋЕɊИЯ ИɇɎɈɊɆАɐИɈɇɇЫЕ ɌЕɏɇɈɅɈГИИ 
INFORMATION TECHNOLOGIES SERIES 

ʮу̬̦̌л ̬̌̚е̛̭̐т̛̬̬о̦̏̌ ̏ ˇеде̬̌л̦̽о̜ ̭лу̙̍е по ̦̌д̚о̬у ̏ ̴̭е̬е ̛̭̏́̚, ̴̛̦о̶̛̬̥̌о̵̦̦̼ те̵̦оло̛̜̐ ̛ ̥̭̭̌о̵̼̏ ко̥̥у̛̦к̶̛̜̌ ;ˀо̭ко̥̦̌д̚о̬Ϳ 
ˁ̛̏детел̭̽т̏о о ̬е̛̭̐т̶̛̛̬̌ ̭̬ед̭т̏̌ ̥̭̭̌о̏о̜ ̴̛̦о̶̛̛̬̥̌ ˑл. № ˇˁ77-69101 от 14 ̥̬̌т̌ 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 

ˁʫ˃ʫʦОʱ ʻʤ˄ˋʻО-ʿˀʤК˃ʰˋʫˁКʰʱ ʮ˄ˀʻʤЛ 
ʰ̚д̌ет̭́ ̭ ϮϬϭ6 ̐.  

ISSN2518-1092 

Volume 2, № 1. 2017 

ONLINESCHOLARLYPEER-REVIEWEDJOURNAL 

First published online: 2016 

ISSN 2518-1092 

ˀʫʪʤКЦИОʻʻʤЯ КОЛЛʫʧИЯ: 

ʧЛʤʦʻˏʱ ˀʫʪʤК˃Оˀ: Ж̛ляко̏ ʫ.ʧ., докто̬ те̵̸̛̦е̭к̵̛ ̦̌ук, п̬о̴е̭̭о̬, ̌̏̚еду̛̺̜̀ 
к̴̌ед̬о̜ ̴̛̦о̶̛̬̥̌о̦̦о-телеко̥̥у̛̦к̶̛̌о̵̦̦̼ ̛̭̭те̥ ̛ те̵̦оло̛̜̐ʥел̐о̬од̭ко̐о 
̐о̭уд̬̭̌т̏е̦̦о̐о ̶̛̦̌о̦̌л̦̽о̐о ̛̭̭ледо̏̌тел̭̽ко̐о у̛̦̏е̛̬̭тет̌. 

ʯʤʺʫˁ˃ʰ˃ʫЛː ʧЛʤʦʻОʧО ˀʫʪʤК˃Оˀʤ: Че̬̦о̥о̬е̶ ʤ.ʤ.,к̦̌д̛д̌т те̵̸̛̦е̭к̵̛ ̦̌ук, 
п̬о̴е̭̭о̬ к̴̌ед̬̼ п̛̬кл̌д̦о̜ ̴̛̦о̬̥̌т̛к̛ ̛ ̴̛̦о̶̛̬̥̌о̵̦̦̼ те̵̦оло̛̜̐ 
ʥел̐о̬од̭ко̐о ̐о̭уд̬̭̌т̏е̦̦о̐о ̶̛̦̌о̦̌л̦̽о̐о ̛̭̭ледо̏̌тел̭̽ко̐о у̛̦̏е̛̬̭тет̌. 

О˃ʦʫ˃ˁ˃ʦʫʻʻˏʱ ˁʫКˀʫ˃ʤˀː: ʥол̐о̏̌ ʫ.ʦ., ̭т̛̬̹̜̌ п̬епод̌̏̌тел̽ к̴̌ед̬̼ 
п̛̬кл̌д̦о̜ ̴̛̦о̬̥̌т̛к̛ ̛ ̴̛̦о̶̛̬̥̌о̵̦̦̼ те̵̦оло̛̜̐ ʥел̐о̬од̭ко̐о 
̐о̭уд̬̭̌т̏е̦̦о̐о ̶̛̦̌о̦̌л̦̽о̐о ̛̭̭ледо̏̌тел̭̽ко̐о у̛̦̏е̛̬̭тет̌. 

ˀʫʪʤК˃Оˀ ʤʻʧЛʰʱˁКʰˈ ˃ʫКˁ˃Оʦ ˁʫˀʰʰ: Ля̹е̦ко И.ʦ., к̦̌д̛д̌т ̴̛лоло̸̛̐е̭к̵̛ 
̦̌ук, до̶е̦т 

ˋЛʫʻˏ ˀʫʪʤКˉʰОʻʻОʱ КОЛЛʫʧʰʰ: 

Ло̥̌к̛̦ ʦ.ʦ., к̦̌д̛д̌т те̵̸̛̦е̭к̵̛ ̦̌ук, ̌̏̚еду̛̺̜̀ к̴̌ед̬о̜ п̛̬кл̌д̦о̜ 
̴̛̦о̬̥̌т̛к̛ ̛ ̴̛̦о̶̛̬̥̌о̵̦̦̼ те̵̦оло̛̜̐ ʻʰ˄ «ʥелʧ˄» 

ʧ̵̌о̏̌ ʻ.ʻ., к̦̌д̛д̌т те̵̸̛̦е̭к̵̛ ̦̌ук, до̶е̦т к̴̌ед̬̼ п̛̬кл̌д̦о̜ ̴̛̦о̬̥̌т̛к̛ 
̛ ̴̛̦о̶̛̬̥̌о̵̦̦̼ те̵̦оло̛̜̐ ʻʰ˄ «ʥелʧ˄» 

ˀʫʪʤКˉʰОʻʻˏʱ ˁОʦʫ˃: 

ʦол̸ко̏ ʦ.ʿ., докто̬ те̵̸̛̦е̭к̵̛ ̦̌ук, п̬о̴е̭̭о̬ ;ʺо̭ко̭̏к̛̜ те̵̸̛̦е̭к̛̜ 
у̛̦̏е̛̬̭тет ̛̭̏́̚ ̛ ̴̛̦о̬̥̌т̛к̛, ̐. ʺо̭к̏̌Ϳ  

ʪ̛̥т̛̬е̦ко ʦ.ʪ., докто̬ те̵̸̛̦е̭к̵̛ ̦̌ук, п̬о̴е̭̭о̬ ;ˈ̬̌̽ко̭̏к̛̜ ̶̛̦̌о̦̌л̦̼̜̽ 
те̵̸̛̦е̭к̛̜ у̛̦̏е̛̬̭тет «ˈʿʰ», ̐. ˈ̬̌̽ко̏, ˄к̛̬̦̌̌Ϳ  

К̌п̌л̛̦ ʦ.И., докто̬ те̵̸̛̦е̭к̵̛ ̦̌ук, п̬о̴е̭̭о̬ ;ʺо̭ко̭̏к̛̜ ̐о̭уд̬̭̌т̏е̦̦̼̜ 
̛̦̭т̛тут ̾лект̬о̛̦к̛ ̛ ̥̌те̥̌т̛к̛ ;те̵̸̛̦е̭к̛̜ у̛̦̏е̛̬̭тетͿ, ̐. ʺо̭к̏̌Ϳ  

Ко̬̭у̦о̏ ʻ.И., ̭̌̚лу̙е̦̦̼̜ де́тел̽ ̦̌ук̛ ˀˇ, докто̬ те̵̸̛̦е̭к̵̛ ̦̌ук, п̬о̴е̭̭о̬ 
;ʥел̐о̬од̭к̛̜ ̐о̭уд̬̭̌т̏е̦̦̼̜ ̶̛̦̌о̦̌л̦̼̜̽ ̛̭̭ледо̏̌тел̭̽к̛̜ у̛̦̏е̛̬̭тет, 
̐. ʥел̐о̬одͿ 

Ло̥̌̚о̏ ʦ.ʤ., докто̬ ̴̛̛̚ко-̥̌те̥̌т̸̛е̭к̵̛ ̦̌ук, п̬о̴е̭̭о̬ ;ʥел̐о̬од̭к̛̜ 
̐о̭уд̬̭̌т̏е̦̦̼̜ ̬̬̦̼̜̌̐̌ у̛̦̏е̛̬̭тет ̛̥. ʦ.Я. ʧо̛̬̦̌, ̐. ʥел̐о̬одͿ 

ʺ̌то̛̬̦ ˁ.И., докто̬ те̵̸̛̦е̭к̵̛ ̦̌ук, п̬о̴е̭̭о̬ ;ʥел̐о̬од̭к̛̜ ̐о̭уд̬̭̌т̏е̦̦̼̜ 
̶̛̦̌о̦̌л̦̼̜̽ ̛̭̭ледо̏̌тел̭̽к̛̜ у̛̦̏е̛̬̭тет, ̐. ʥел̐о̬одͿ  

ˀу̦̍̌о̏ ʦ.ʧ., ̭̌̚лу̙е̦̦̼̜ де́тел̽ ̦̌ук̛ ˀˇ, докто̬ те̵̸̛̦е̭к̵̛ ̦̌ук, п̬о̴е̭̭о̬ 
;ʥел̐о̬од̭к̛̜ ̐о̭уд̬̭̌т̏е̦̦̼̜ те̵̦оло̸̛̐е̭к̛̜ у̛̦̏е̛̬̭тет ̛̥. ʦ.ʧ. ˌу̵о̏̌, ̐. 
ʥел̐о̬одͿ 

ʥело̏ ˁ.ʿ., докто̬ те̵̸̛̦е̭к̵̛ ̦̌ук, п̬о̴е̭̭о̬ ;ʥел̐о̬од̭к̛̜ ̐о̭уд̬̭̌т̏е̦̦̼̜ 
̶̛̦̌о̦̌л̦̼̜̽ ̛̭̭ледо̏̌тел̭̽к̛̜ у̛̦̏е̛̬̭тет, ̐. ʥел̐о̬одͿ 

Ко̭ьк̛̦ ʤ.ʦ., докто̬ те̵̸̛̦е̭к̵̛ ̦̌ук, п̬о̴е̭̭о̬ ;О̬ло̭̏к̛̜ ̐о̭уд̬̭̌т̏е̦̦̼̜ 
у̛̦̏е̛̬̭тет ̛̥. ʰ. ˁ. ˃у̬̐е̦е̏̌, ̐. О̬ел) 

И̺̏̌ук О.ʤ., докто̬ те̵̸̛̦е̭к̵̛ ̦̌ук, п̬о̴е̭̭о̬ ;ʥел̐о̬од̭к̛̜ ̐о̭уд̬̭̌т̏е̦̦̼̜ 
̶̛̦̌о̦̌л̦̼̜̽ ̛̭̭ледо̏̌тел̭̽к̛̜ у̛̦̏е̛̬̭тет, ̐. ʥел̐о̬одͿ 

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) 

˄̸̬ед̛тел̽: ˇеде̬̌л̦̽ое ̐о̭уд̬̭̌т̏е̦̦ое ̌̏то̦о̥̦ое о̬̍̌̚о̏̌тел̦̽ое 
у̸̬е̙де̛̦е ̼̭̹̏е̐о о̬̍̌̚о̛̦̏̌́  

«ʥел̐о̬од̭к̛̜ ̐о̭уд̬̭̌т̏е̦̦̼̜ ̶̛̦̌о̦̌л̦̼̜̽ ̛̭̭ледо̏̌тел̭̽к̛̜ у̛̦̏е̛̬̭тет»  

ʰ̚д̌тел̽: ʻʰ˄ «ʥелʧ˄». ʤд̬е̭ ̛̚д̌тел́: ϯϬ8Ϭϭϱ ̐. ʥел̐о̬од, ул. ʿо̍ед̼, 8ϱ. 
ʮу̬̦̌л ̵̼̏од̛т ϰ ̬̌̌̚ ̏ ̐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 

© Бел̐о̬од̭к̛̜ ̐о̭уда̬̭т̏енн̼̜ нац̛онал̽н̼̜ ̛̭̭ледо̏ател̭̽к̛̜ ун̛̏е̛̬̭тет, ϮϬϭ7 

© Belgorod State National Research University, 2017



ʠʝʓЕʟʕАʜʗЕ CONTENTS ʠʗʠʡЕʛʜЫʘ АʜАʚʗʖ ʗ ʢʞʟАʑʚЕʜʗЕ 

SYSTEMANALYSISANDPROCESSING 

OFKNOWLEDGE 

ʞˋˆː˃˔˕˞ˌ ʝ.ʛ. ʛˑˇˈˎ˟ ˒˓ˑˋˊ˅ˑˇ˔˕˅ˈːːˑˆˑ ˒˓ˑ˙ˈ˔˔˃ ˑ˄˓˃˄ˑ˕ˍˋ ˒˃˓˕ˋˋ ˒˓ˈˇˏˈ˕ˑ˅ ˕˓˖ˇ˃ 3 

Pihnastyi O.M.  

The model of production process of the 

party of the subjects of labour 3 

ʞ˖˕ˋ˅˙ˈ˅˃ ʜ.ʞ., ʖ˃ˌ˙ˈ˅˃ ʡ.ʑ., 
ʞ˖˔ː˃я ʝ.ʞ., ʡ˓ˑшˋː˃ ʡ.ʠ., ʑ˃˔ˋː˃ ʜ.ʑ. ʝ ˓˃ˊ˓˃˄ˑ˕ˍˈ ˏˈ˕ˑˇˋˍˋ ˍˑˏ˒ˎˈˍ˔ːˑˆˑ ˑ˙ˈːˋ˅˃ːˋя ˒˓ˋː˃ˇˎˈˉːˑ˔˕ˋ ˖˚ˋ˕ˈˎˈˌ ˍ ˍ˃˕ˈˆˑ˓ˋˋ 

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 

ʝˎ˃ˇ˟ˍˑ ʑ.ʠ., ʐ˃˄ˈːˍˑ А.А., 
Аˎˈˍ˔ˋː˃ А.А. ʝ˙ˈːˍ˃ ˊ˃˜ˋ˜ˈːːˑ˔˕ˋ ˔ˋ˔˕ˈˏ˞ ˇˋ˔˕˃ː˙ˋˑːːˑˆˑ ˑ˄˓˃ˊˑ˅˃ːˋя ˅˖ˊ˃ 20 

Oladko V.S., Babenko А.А., 

Aleksina А.А. 

Security assessment of university 

distance education 20 

К˃˓˅ˋ ʓ.К., ʠ˃ˎ˃˘ Х.A., ʐ˓˖˔ˈː˙ˈ˅ А.ʒ.  ʠˋ˔˕ˈˏ˃ ˒ˑˇˇˈ˓ˉˍˋ ˒˓ˋːя˕ˋя ˓ˈ˛ˈːˋˌ ˇˎя ˑ˙ˈːˍˋ ˖˓ˑ˅ːя ˊ˃ˆ˓яˊːˈːˋя ˅ˑˇ˞ ˅ ˓ˈˍˈ ʡˋˆ˓ 28 

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

Decision support system for the 

evaluation of water pollution in Tigirs 

river 28 

ʞ˖˕ˋ˅˙ˈ˅˃ ʜ.ʞ., ʞ˖˔ː˃я ʝ.ʞ., 
ʗˆ˓˖ːˑ˅˃ ʠ.ʑ., ʖ˃ˌ˙ˈ˅˃ ʡ.ʑ., 
ʜˈ˔˕ˈ˓ˑ˅˃ Е.ʑ. ʠ˓˃˅ːˋ˕ˈˎ˟ː˞ˌ ˃ː˃ˎˋˊ ˒˓ˋˏˈːˈːˋя ˏːˑˆˑˍ˓ˋ˕ˈ˓ˋ˃ˎ˟ː˞˘ ˏˈ˕ˑˇˑ˅ 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 

ʕˋ˘˃˓ˈ˅ А.ʒ., ʧ˃˓˃˒ˑ˅ ʓ.ʞ. ʠˋ˔˕ˈˏːˑ-ˑ˄˝ˈˍ˕ːˑˈ ˋˏˋ˕˃˙ˋˑːːˑˈ ˏˑˇˈˎˋ˓ˑ˅˃ːˋˈ ˔ˋ˔˕ˈˏ ˏ˃˔˔ˑ˅ˑˆˑ ˑ˄˔ˎ˖ˉˋ˅˃ːˋя ː˃ ˒˓ˋˏˈ˓ˈ "ʛːˑˆˑ˗˖ːˍ˙ˋˑː˃ˎ˟ːˑˆˑ ˙ˈː˕˓˃ ˒˓ˈˇˑ˔˕˃˅ˎˈːˋя ˆˑ˔˖ˇ˃˓˔˕˅ˈːː˞˘ ˋ ˏ˖ːˋ˙ˋ˒˃ˎ˟ː˞˘ ˖˔ˎ˖ˆ" 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 ʗʜʣʝʟʛАʥʗʝʜʜʝ-ʡЕʚЕʙʝʛʛʢʜʗʙАʥʗʝʜʜЫЕ ʡЕʤʜʝʚʝʒʗʗ 

SYSTEMANALYSISANDPROCESSING 

OFKNOWLEDGE 

ʕˋˎяˍˑ˅ Е.ʒ., ʦˈ˓ːˑˏˑ˓ˈ˙ А.А., 
ʐˑˎˆˑ˅˃ Е.ʑ. ʝ ˔˖˄ˋː˕ˈ˓˅˃ˎ˟ː˞˘ ˏ˃˕˓ˋ˙˃˘ ː˃ ˑ˔ːˑ˅ˈ ˖ːˋ˕˃˓ː˞˘ ˒˓ˈˑ˄˓˃ˊˑ˅˃ːˋˌ 55 

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

Bolgova E.V. 

About subinterval matrices based on 

unitary transformations 55 



ʕˋˎяˍˑ˅ ʔ.ʒ., ʦˈ˓ːˑˏˑ˓ˈ˙ ʏ.ʏ., ʐˑˎˆˑ˅˃ ʔ.ʑ. ʝ ˔˖˄ˋː˕ˈ˓˅˃ˎ˟ː˞˘ ˏ˃˕˓ˋ˙˃˘ ː˃ ˑ˔ːˑ˅ˈ 
˖ːˋ˕˃˓ː˞˘ ˒˓ˈˑ˄˓˃ˊˑ˅˃ːˋˌ // ʜ˃˖˚ː˞ˌ ˓ˈˊ˖ˎ˟˕˃˕.  

ʗː˗ˑ˓ˏ˃˙ˋˑːː˞ˈ ˕ˈ˘ːˑˎˑˆˋˋ. – ʡ.͸, №ͷ, ͸Ͷͷ7. 
55 

ɂɇɎɈɊɆȺɐɂɈɇɇЫȿ ɌȿɏɇɈɅɈȽɂɂ 

INFORMATION TECHNOLOGIES  

ʗʜʣʝʟʛАʥʗʝʜʜʝ-ʡЕʚЕКʝʛʛʢʜʗКАʥʗʝʜʜЫЕ ʡЕХʜʝʚʝʒʗʗ 
INFORMATION TECHNOLOGIES AND TELECOMMUNICATION 

ɍȾɄ 621.396.01 DOI:10.18413/2518-1092-2017-2-1-55-63

ɀɢɥɹɤɨɜ ȿ.Ƚ. 
ɑɟɪɧɨɦɨɪɟɰ Ⱥ.Ⱥ. 
Ȼɨɥɝɨɜɚ ȿ.ȼ. 

Ɉ ɋɍȻɂɇɌȿɊȼȺɅɖɇɕɏ ɆȺɌɊɂɐȺɏ  
ɇȺ ɈɋɇɈȼȿ ɍɇɂɌȺɊɇɕɏ ɉɊȿɈȻɊȺɁɈȼȺɇɂɃ 

Ȼɟɥɝɨɪɨɞɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, ɭɥ. ɉɨɛɟɞɵ ɞ.85, 
ɝ. Ȼɟɥɝɨɪɨɞ, 308015, Ɋɨɫɫɢɹ 

e-mail: zhilyakov@bsu.edu.ru, chernomorets@bsu.edu.ru, bolgova_e@bsu.edu.ru

Ⱥɧɧɨɬɚɰɢɹ 

ȼ ɪɚɛɨɬɟ ɩɪɟɞɥɨɠɟɧɵ ɫɨɨɬɧɨɲɟɧɢɹ, ɨɩɪɟɞɟɥɹɸɳɢɟ ɜɢɞ ɩɨɞɨɛɥɚɫɬɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ 
ɱɚɫɬɨɬ ɩɪɢ ɜɵɛɪɚɧɧɨɦ ɭɧɢɬɚɪɧɨɦ ɩɪɟɨɛɪɚɡɨɜɚɧɢɢ, ɜɜɟɞɟɧɵ ɩɨɧɹɬɢɹ ɱɚɫɬɟɣ ɢ ɞɨɥɟɣ 
ɷɧɟɪɝɢɢ ɢɡɨɛɪɚɠɟɧɢɹ ɜ ɡɚɞɚɧɧɨɣ ɩɨɞɨɛɥɚɫɬɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ ɩɪɢ ɜɵɛɪɚɧɧɨɣ 
ɫɢɫɬɟɦɟ ɨɪɬɨɝɨɧɚɥɶɧɵɯ ɛɚɡɢɫɧɵɯ ɮɭɧɤɰɢɣ. ȼ ɪɚɛɨɬɟ ɨɩɢɫɚɧɵ ɫɢɫɬɟɦɵ ɨɪɬɨɝɨɧɚɥɶɧɵɯ 
ɛɚɡɢɫɧɵɯ ɮɭɧɤɰɢɣ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɭɧɢɬɚɪɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ, ɩɪɟɞɥɨɠɟɧɵ ɩɪɨɰɟɞɭɪɵ 
ɜɵɱɢɫɥɟɧɢɹ ɧɚ ɨɫɧɨɜɟ ɨɬɞɟɥɶɧɵɯ ɭɧɢɬɚɪɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɫɭɛɢɧɬɟɪɜɚɥɶɧɵɯ ɦɚɬɪɢɰ, 
ɩɨɡɜɨɥɹɸɳɢɯ ɨɫɭɳɟɫɬɜɥɹɬɶ ɚɧɚɥɢɡ ɫɜɨɣɫɬɜ ɢɡɨɛɪɚɠɟɧɢɣ ɜ ɪɚɡɥɢɱɧɵɯ ɩɨɞɨɛɥɚɫɬɹɯ 
ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ.  
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɩɨɞɨɛɥɚɫɬɶ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ ɞɨɥɢ ɷɧɟɪɝɢɢ, ɫɭɛɢɧɬɟɪɜɚɥɶɧɚɹ 
ɦɚɬɪɢɰɚ, ɫɭɛɩɨɥɨɫɧɚɹ ɦɚɬɪɢɰɚ, ɭɧɢɬɚɪɧɵɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ. 
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ȺЛЬtЫКМt 
In this paper we propose a ratio that help determine sub-areas of spatial frequencies at a selected 

unitary transformation, we introduce the concepts of parts and a shares of image energy in a given 

subarea of spatial frequencies for the chosen system of orthogonal basis functions. In the paper 

we describe a system of orthogonal basis functions for different unitary transformations, we 

propose on the basis of a separate unitary transformation calculation procedure of subinterval 

matrices, allowing to analyze the image properties in different subareas of spatial frequencies. 

Keywords: subdomain of spatial frequencies, shares of energy, subinterval matrix, subband 

matrix, unitary transformations. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɪɢ ɚɧɚɥɢɡɟ ɢɡɨɛɪɚɠɟɧɢɣ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɸɬ ɪɚɡɥɢɱɧɵɟ ɨɪɬɨɝɨɧɚɥɶɧɵɟ ɫɢɫɬɟɦɵ 
ɛɚɡɢɫɧɵɯ ɮɭɧɤɰɢɣ Д1, 2, 3Ж: ɬɪɢɝɨɧɨɦɟɬɪɢɱɟɫɤɢɟ ɮɭɧɤɰɢɢ )exp( jnu , )sin(nu , )cos(nu , ɮɭɧɤɰɢɢ ɏɚɪɬɥɢ 

)(nucas , ɮɭɧɤɰɢɢ ɍɨɥɲɚ-Ⱥɞɚɦɚɪɚ-ɉɷɥɢ ),( unwal , ),( unhad , ),( unpal , ɮɭɧɤɰɢɢ ɏɚɚɪɚ )(nuhar  ɢ ɞɪ., ɝɞɟ 
ɡɧɚɱɟɧɢɟ n ɨɩɪɟɞɟɥɹɟɬɫɹ ɪɚɡɦɟɪɧɨɫɬɶɸ ɚɧɚɥɢɡɢɪɭɟɦɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ, ɜɟɥɢɱɢɧɚ u ɹɜɥɹɟɬɫɹ 
ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɱɚɫɬɨɬɨɣ. 

mailto:Zhilyakov@bsu.edu.ru
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ɍɤɚɡɚɧɧɵɟ ɫɢɫɬɟɦɵ ɛɚɡɢɫɧɵɯ ɮɭɧɤɰɢɣ ɨɩɪɟɞɟɥɹɸɬ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɭɧɢɬɚɪɧɵɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 
ɢɡɨɛɪɚɠɟɧɢɣ Д6Ж. 

Ⱥɧɚɥɢɡ ɜ ɨɛɥɚɫɬɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ ɩɨɡɜɨɥɹɟɬ ɢɫɫɥɟɞɨɜɚɬɶ ɪɚɡɥɢɱɧɵɟ ɫɜɨɣɫɬɜɚ ɢɡɨɛɪɚɠɟɧɢɣ 
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f , 

1
,...,2,1 Ni  , 

2
,...,2,1 Nk  , ɧɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ ɱɚɫɬɨɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ Д4Ж (ɫɩɟɤɬɪ) ),( vuF , 
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),( Dvu  , ɭɧɢɬɚɪɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ W ɜ ɜɵɛɪɚɧɧɨɦ ɛɚɡɢɫɟ ɧɚ ɨɫɧɨɜɟ ɨɪɬɨɝɨɧɚɥɶɧɨɣ ɫɢɫɬɟɦɵ ɛɚɡɢɫɧɵɯ
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D – ɨɛɥɚɫɬɶ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ, ɪɚɡɥɢɱɧɚɹ ɞɥɹ ɤɨɧɤɪɟɬɧɨɝɨ ɭɧɢɬɚɪɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ. 
Ɉɛɪɚɬɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɡɧɚɱɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɚɧɚɥɢɡɢɪɭɟɦɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ Ɏ 

ɜ ɜɢɞɟ: 
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 – ɤɨɦɩɥɟɤɫɧɨ-ɫɨɩɪɹɠɟɧɧɵɟ ɮɭɧɤɰɢɢ; ɡɧɚɱɟɧɢɹ ba,  ɡɚɜɢɫɹɬ ɨɬ ɜɵɛɪɚɧɧɨɝɨ ɭɧɢɬɚɪɧɨɝɨ
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ. 

Ⱦɥɹ ɭɧɢɬɚɪɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɫɩɪɚɜɟɞɥɢɜɚ ɬɟɨɪɟɦɚ ɉɚɪɫɟɜɚɥɹ Д4, 7Ж, ɤɨɬɨɪɚɹ ɭɫɬɚɧɚɜɥɢɜɚɟɬ ɫɜɹɡɶ 
ɦɟɠɞɭ ɷɧɟɪɝɢɟɣ ɢɡɨɛɪɚɠɟɧɢɹ ɢ ɟɝɨ ɫɩɟɤɬɪɨɦ, 
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ȼ ɤɨɧɬɟɤɫɬɟ ɫɭɛɩɨɥɨɫɧɨɝɨ ɚɧɚɥɢɡɚ ɪɚɜɟɧɫɬɜɨ ɉɚɪɫɟɜɚɥɹ (3) Д4, 5, 7Ж ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟ
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21rrV  – ɩɨɞɨɛɥɚɫɬɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ (ɉɉɑ), ɤɨɬɨɪɵɟ ɩɨɥɭɱɟɧɵ ɧɚ ɨɫɧɨɜɚɧɢɢ ɪɚɡɛɢɟɧɢɹ ɨɛɥɚɫɬɢ

ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ 
2

D ɧɚ ɧɟɩɟɪɟɫɟɤɚɸɳɢɟɫɹ ɩɨɞɨɛɥɚɫɬɢ (ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ, ɜɵɛɨɪ ɪɚɡɛɢɟɧɢɹ ɨɛɥɚɫɬɢ 
ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ ɡɚɜɢɫɢɬ ɨɬ ɩɪɢɦɟɧɹɟɦɨɣ ɫɢɫɬɟɦɵ ɛɚɡɢɫɧɵɯ ɮɭɧɤɰɢɣ) Д4, 7Ж, 
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G – ɧɟɤɨɬɨɪɵɟ ɫɭɛɩɨɥɨɫɵ ɜ ɨɛɥɚɫɬɢ 2D (ɡɚɜɢɫɹɬ ɨɬ ɜɵɛɪɚɧɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ). 
ɉɪɟɞɫɬɚɜɥɹɟɬɫɹ ɟɫɬɟɫɬɜɟɧɧɵɦ ɢɧɬɟɝɪɚɥɵ ɜɢɞɚ (5) ɧɚɡɵɜɚɬɶ ɱɚɫɬɹɦɢ ɷɧɟɪɝɢɢ Д4, 7Ж (ɟɜɤɥɢɞɨɜɨɣ ɧɨɪɦɨɣ) 

ɢɡɨɛɪɚɠɟɧɢɹ ɜ ɡɚɞɚɧɧɨɦ ɛɚɡɢɫɟ ɮɭɧɤɰɢɣ, ɩɨɩɚɞɚɸɳɟɣ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɉɉɑ.  
ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ ɨɬɧɨɲɟɧɢɹ 

2||||/)()(
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rrrr

EP ,                  (8) 
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,..,2,1,,..,2,1 RrRr  , 

ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɞɨɥɢ ɷɧɟɪɝɢɢ, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɸɬ ɫɭɞɢɬɶ ɨ ɟɟ ɫɨɫɪɟɞɨɬɨɱɟɧɧɨɫɬɢ ɜ ɜɵɛɪɚɧɧɵɯ ɉɉɑ 
21rr

V , 
2211

,..,2,1,,..,2,1 RrRr  . 

Ɇɨɠɧɨ ɞɨɤɚɡɚɬɶ ɫɥɟɞɭɸɳɟɟ ɭɬɜɟɪɠɞɟɧɢɟ. Ɂɧɚɱɟɧɢɹ ɱɚɫɬɟɣ ɷɧɟɪɝɢɣ ɢɡɨɛɪɚɠɟɧɢɹ ɜɢɞɚ (5), 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɩɨɞɨɛɥɚɫɬɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ 

21rr
V  ɜɢɞɚ (7) ɩɪɢ ɡɚɞɚɧɧɨɣ ɫɢɫɬɟɦɟ ɨɪɬɨɝɨɧɚɥɶɧɵɯ 

ɛɚɡɢɫɧɵɯ ɮɭɧɤɰɢɣ (ɩɪɢ ɡɚɞɚɧɧɨɦ ɭɧɢɬɚɪɧɨɦ ɩɪɟɨɛɪɚɡɨɜɚɧɢɢ), ɨɩɪɟɞɟɥɹɸɬɫɹ ɫɨɨɬɧɨɲɟɧɢɟɦ
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BAtrE  , (9) 

ɝɞɟ « tr » ɨɡɧɚɱɚɟɬ ɫɥɟɞ ɦɚɬɪɢɰɵ, «T» – ɨɩɟɪɚɰɢɹ ɬɪɚɧɫɩɨɧɢɪɨɜɚɧɢɹ ɦɚɬɪɢɰɵ, ɦɚɬɪɢɰɵ )( 1
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,...,2,1, Nmk  , – ɫɭɛɢɧɬɟɪɜɚɥɶɧɵɟ ɦɚɬɪɢɰɵ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɩɨɞɨɛɥɚɫɬɢ 

21rrV  ɩɪɢ ɡɚɞɚɧɧɨɣ ɫɢɫɬɟɦɟ ɨɪɬɨɝɨɧɚɥɶɧɵɯ ɛɚɡɢɫɧɵɯ ɮɭɧɤɰɢɣ, ɡɧɚɱɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɤɨɬɨɪɵɯ ɨɩɪɟɞɟɥɹɸɬɫɹ 
ɧɚ ɨɫɧɨɜɚɧɢɢ ɫɥɟɞɭɸɳɢɯ ɜɵɪɚɠɟɧɢɣ: 
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ɋɩɪɚɜɟɞɥɢɜɨɫɬɶ ɷɬɨɝɨ ɭɬɜɟɪɠɞɟɧɢɹ ɞɨɤɚɡɵɜɚɟɬɫɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɣ ɩɨɞɫɬɚɧɨɜɤɨɣ ɜ ɨɩɪɟɞɟɥɟɧɢɟ (5) 
ɩɪɟɞɫɬɚɜɥɟɧɢɹ (1). 

Ⱦɥɹ ɭɧɢɬɚɪɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɫɢɦɦɟɬɪɢɱɟɫɤɨɣ ɦɚɬɪɢɰɟ, ɢɧɬɟɝɪɚɥɵ ɜ ɜɵɪɚɠɟɧɢɹɯ 
(10) ɢ (11), ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ, ɦɨɠɧɨ ɜɵɱɢɫɥɢɬɶ ɬɨɱɧɨ.

ɍɱɢɬɵɜɚɹ ɫɨɨɬɧɨɲɟɧɢɹ (8) ɢ (9), ɫɨɨɬɧɨɲɟɧɢɟ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɞɨɥɢ ɷɧɟɪɝɢɢ ɢɡɨɛɪɚɠɟɧɢɹ,
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɉɉɑ 

21rrV , ɩɪɢ ɡɚɞɚɧɧɨɣ ɫɢɫɬɟɦɟ ɛɚɡɢɫɧɵɯ ɮɭɧɤɰɢɣ ɢɦɟɟɬ ɜɢɞ
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T

rr

rr
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


 . (12) 

Ɋɚɫɫɦɨɬɪɢɦ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɟ ɭɧɢɬɚɪɧɵɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ, ɩɪɢɦɟɧɹɟɦɵɟ ɩɪɢ ɨɛɪɚɛɨɬɤɟ 
ɢɡɨɛɪɚɠɟɧɢɣ. 

Ɍɚɤ, ɩɪɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɢ Ɏɭɪɶɟ (FT) ɢɡɨɛɪɚɠɟɧɢɟ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜ ɜɢɞɟ ɪɹɞɚ Ɏɭɪɶɟ ɩɨ ɫɥɟɞɭɸɳɢɦ 
ɫɢɫɬɟɦɚɦ ɛɚɡɢɫɧɵɯ ɤɨɦɩɥɟɤɫɧɵɯ ɮɭɧɤɰɢɣ: 

)1()(  iju

i
euw ,  (13) 

)1()(  kjv

k
evw , (14) 

ɝɞɟ j  – ɦɧɢɦɚɹ ɟɞɢɧɢɰɚ, 
ɨɛɥɚɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ ɡɚɞɚɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

},|),{(
2

  vuvuD , (15) 

ɩɚɪɚɦɟɬɪɵ ɜ ɫɨɨɬɧɨɲɟɧɢɢ (2) ɢɦɟɸɬ ɫɥɟɞɭɸɳɢɦɢ ɡɧɚɱɟɧɢɹɦɢ: 

2
1

 ba . (16) 

ɉɪɢ ɚɧɚɥɢɡɟ ɢɡɨɛɪɚɠɟɧɢɣ ɧɚ ɨɫɧɨɜɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ ɩɨɞɨɛɥɚɫɬɶ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ 
21rr

V  (7) 

ɹɜɥɹɟɬɫɹ ɰɟɧɬɪɚɥɶɧɨ-ɫɢɦɦɟɬɪɢɱɧɨɣ ɢ ɨɩɪɟɞɟɥɹɸɳɢɟ ɟɟ ɫɭɛɩɨɥɨɫɵ 
1r

D ɢ 
2r

G ɢɦɟɸɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ Д4, 7Ж: 

),[),[
2112 11111 rrrrr

uuuuD  , (17) 

),[),[
2112 22222 rrrrr

vvvvG  , (18) 

ɝɞɟ 


21 11
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rr
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
21 22

0
rr

vv . 

ɋɯɟɦɚɬɢɱɧɨ ɩɨɞɨɛɥɚɫɬɶ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ 
21rr

V , ɩɪɢɦɟɧɹɟɦɚɹ ɩɪɢ ɫɭɛɩɨɥɨɫɧɨɦ ɚɧɚɥɢɡɟ
ɢɡɨɛɪɚɠɟɧɢɣ ɜ ɛɚɡɢɫɟ Ɏɭɪɶɟ, ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 1. 
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Ɋɢɫ. 1. ɉɨɞɨɛɥɚɫɬɶ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ 
21rr

V

ɩɪɢ ɫɭɛɩɨɥɨɫɧɨɦ ɚɧɚɥɢɡɟ ɢɡɨɛɪɚɠɟɧɢɣ ɧɚ ɨɫɧɨɜɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ 

Fig. 1. Subdomain of spatial frequencies 
21rr

V

for the images subband analysis based on Fourier transform 

Ɇɨɠɧɨ ɩɨɤɚɡɚɬɶ Д4, 7Ж, ɱɬɨ ɷɥɟɦɟɧɬɵ ɫɭɛɩɨɥɨɫɧɨɣ ɦɚɬɪɢɰɵ 
1r

A , ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɫɭɛɩɨɥɨɫɟ
1r

D , 

ɨɩɪɟɞɟɥɹɸɬɫɹ ɧɚ ɨɫɧɨɜɚɧɢɢ ɫɥɟɞɭɸɳɢɯ ɫɨɨɬɧɨɲɟɧɢɣ: 
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(19) 

ɗɥɟɦɟɧɬɵ ɫɭɛɩɨɥɨɫɧɨɣ ɦɚɬɪɢɰɵ 
2r

B , ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɫɭɛɩɨɥɨɫɟ 
2r

D , ɨɩɪɟɞɟɥɹɸɬɫɹ ɚɧɚɥɨɝɢɱɧɨ.
Ɂɧɚɱɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɧɟɤɨɬɨɪɨɣ ɫɭɛɩɨɥɨɫɧɨɣ ɦɚɬɪɢɰɵ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟ ɢɡɨɛɪɚɠɟɧɢɹ ɧɚ 

ɪɢɫɭɧɤɟ 2. 

Ɋɢɫ. 2. Ƚɪɚɮɢɱɟɫɤɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɡɧɚɱɟɧɢɣ ɷɥɟɦɟɧɬɨɜ ɫɭɛɩɨɥɨɫɧɨɣ ɦɚɬɪɢɰɵ 

Fig. 2. Graphical representation of the values of the subband matrix elements   

ɉɪɢ ɤɨɫɢɧɭɫɧɨɦ ɩɪɟɨɛɪɚɡɨɜɚɧɢɢ (CT) ɛɚɡɢɫɧɵɟ ɮɭɧɤɰɢɢ ɢɦɟɸɬ ɜɢɞ: 
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2

1
(cos()(  iuuw

CT

i ,  (20) 
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1
(cos()(  kvvw

CT

k ,  (21) 


2

 ba .  (22) 

 vu,0 , 
1

,...,2,1 Ni  , 
2

,...,2,1 Nk  . 
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ɉɪɢ ɚɧɚɥɢɡɟ ɢɡɨɛɪɚɠɟɧɢɣ ɧɚ ɨɫɧɨɜɟ ɤɨɫɢɧɭɫɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɩɨɞɨɛɥɚɫɬɶ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ 

21rr
V (7) ɡɚɞɚɟɬɫɹ ɫɭɛɩɨɥɨɫɚɦɢ 

1r
D ɢ 

2r
G , ɤɨɬɨɪɵɟ ɢɦɟɸɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ:
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r
uuD  ,  (23) 

),[
21 222 rr
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r
vvG  .  (24) 

ɉɨɞɨɛɥɚɫɬɶ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ 
21rr

V ɫɯɟɦɚɬɢɱɧɨ ɢɡɨɛɪɚɠɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 3.
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Ɋɢɫ. 3. ɉɨɞɨɛɥɚɫɬɶ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ 
21rr

V

ɩɪɢ ɫɭɛɩɨɥɨɫɧɨɦ ɚɧɚɥɢɡɟ ɢɡɨɛɪɚɠɟɧɢɣ ɧɚ ɨɫɧɨɜɟ ɤɨɫɢɧɭɫɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 
Fig. 3. Subdomain of spatial frequencies 

21rr
V  for the images subband analysis based on cosine transform 

Ⱥɜɬɨɪɚɦɢ ɩɪɟɞɥɨɠɟɧɨ ɩɪɢ ɚɧɚɥɢɡɟ ɢɡɨɛɪɚɠɟɧɢɣ ɧɚ ɨɫɧɨɜɟ ɭɧɢɬɚɪɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ, ɨɬɥɢɱɧɵɯ ɨɬ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ, ɢɫɩɨɥɶɡɨɜɚɬɶ ɬɟɪɦɢɧ ɫɭɛɢɧɬɟɪɜɚɥɶɧɵɟ ɦɚɬɪɢɰɵ. 

ɗɥɟɦɟɧɬɵ ɫɭɛɢɧɬɟɪɜɚɥɶɧɨɣ ɦɚɬɪɢɰɵ )(
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,...,2,1, Nni  , ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɫɭɛɩɨɥɨɫɟ CT
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D

1
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ɨɩɪɟɞɟɥɹɸɬɫɹ ɧɚ ɨɫɧɨɜɚɧɢɢ ɫɨɨɬɧɨɲɟɧɢɹ: 
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haa  , (25) 

ɝɞɟ 1r
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a – ɨɩɪɟɞɟɥɟɧɨ ɜ (19), 
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ɗɥɟɦɟɧɬɵ ɫɭɛɢɧɬɟɪɜɚɥɶɧɨɣ ɦɚɬɪɢɰɵ 
2r

B , ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɫɭɛɩɨɥɨɫɟ CT

r
G

2
, ɨɩɪɟɞɟɥɹɸɬɫɹ ɚɧɚɥɨɝɢɱɧɨ. 

Ɂɧɚɱɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɧɟɤɨɬɨɪɨɣ ɫɭɛɢɧɬɟɪɜɚɥɶɧɨɣ ɦɚɬɪɢɰɵ ɤɨɫɢɧɭɫɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɦɨɠɧɨ 
ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟ ɢɡɨɛɪɚɠɟɧɢɹ ɧɚ ɪɢɫɭɧɤɟ 4. 

Ɋɢɫ. 4. Ƚɪɚɮɢɱɟɫɤɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɡɧɚɱɟɧɢɣ ɷɥɟɦɟɧɬɨɜ ɫɭɛɢɧɬɟɪɜɚɥɶɧɨɣ ɦɚɬɪɢɰɵ ɤɨɫɢɧɭɫɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 

Fig. 4. Graphical representation of the values of the subinterval matrix elements for the cosine transform  

ɉɪɟɨɛɪɚɡɨɜɚɧɢɟ ɍɨɥɲɚ (ɍɨɥɲɚ-Ⱥɞɚɦɚɪɚ, АH) ɨɫɧɨɜɚɧɨ ɧɚ ɛɚɡɢɫɟ ɮɭɧɤɰɢɣ ɍɨɥɲɚ, ɤɨɬɨɪɵɟ ɨɛɪɚɡɭɸɬ 
ɩɨɥɧɭɸ ɫɢɫɬɟɦɭ ɨɪɬɨɧɨɪɦɢɪɨɜɚɧɧɵɯ ɩɪɹɦɨɭɝɨɥɶɧɵɯ ɮɭɧɤɰɢɣ (ɩɪɢɧɢɦɚɸɬ ɡɧɚɱɟɧɢɹ -1 ɢ +1).  
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Ɇɧɨɠɟɫɬɜɨ ɮɭɧɤɰɢɣ ɍɨɥɲɚ ɨɛɵɱɧɨ ɪɚɫɫɦɚɬɪɢɜɚɸɬ ɜ ɜɚɪɢɚɧɬɚɯ, ɨɬɥɢɱɚɸɳɢɯɫɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶɸ 
ɪɚɫɩɨɥɨɠɟɧɢɹ ɮɭɧɤɰɢɣ ɜ ɫɢɫɬɟɦɟ, ɚ ɢɦɟɧɧɨ: ɭɩɨɪɹɞɨɱɟɧɢɟ ɩɨ ɍɨɥɲɭ (ɩɨ ɱɚɫɬɧɨɫɬɢ), ɭɩɨɪɹɞɨɱɟɧɢɟ ɩɨ 
Ⱥɞɚɦɚɪɭ (ɟɫɬɟɫɬɜɟɧɧɨɟ), ɭɩɨɪɹɞɨɱɟɧɢɟ ɩɨ ɉɷɥɢ (ɞɢɚɞɢɱɟɫɤɨɟ). 

ɉɪɢ ɭɩɨɪɹɞɨɱɟɧɢɢ ɩɨ Ⱥɞɚɦɚɪɭ ɦɚɬɪɢɰɚ ɞɢɫɤɪɟɬɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɍɨɥɲɚ-Ⱥɞɚɦɚɪɚ ɞɥɹ ɫɢɫɬɟɦɵ ɢɡ 
n

N 2  ɮɭɧɤɰɢɣ ɍɨɥɲɚ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧɚ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɩɨɫɬɪɨɟɧɢɹ n  ɛɥɨɱɧɵɯ 
ɦɚɬɪɢɰ 

k
H ,   nk ,...,2,1 , ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ:
















11

11

kk

kk

k
HH

HH
H ,   nk ,...,2,1 ,    1

0
H .

Ɍɚɤ, ɩɪɢ ɭɩɨɪɹɞɨɱɟɧɢɢ ɩɨ Ⱥɞɚɦɚɪɭ ɦɚɬɪɢɰɚ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɍɨɥɲɚ-Ⱥɞɚɦɚɪɚ ɞɥɹ ɫɢɫɬɟɦɵ ɢɡ ɜɨɫɶɦɢ 
ɮɭɧɤɰɢɣ ɍɨɥɲɚ ɢɦɟɟɬ ɜɢɞ: 


N

W

1     1     1     1     1     1     1     1 

1    -1     1    -1     1    -1     1    -1

1     1    -1    -1     1     1    -1    -1

1    -1    -1     1     1    -1    -1     1

1     1     1   1    -1    -1    -1    -1

1    -1     1    -1    -1     1    -1     1

1     1    -1    -1    -1    -1     1     1

1    -1    -1     1    -1     1     1    -1

ɉɚɪɚɦɟɬɪɵ ɜ ɫɨɨɬɧɨɲɟɧɢɢ (2) ɞɥɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɍɨɥɲɚ-Ⱥɞɚɦɚɪɚ ɡɚɞɚɸɬɫɹ ɫɥɟɞɭɸɳɢɦɢ 
ɡɧɚɱɟɧɢɹɦɢ: 

1 ba , (27) 

Ɉɛɥɚɫɬɶ ɡɧɚɱɟɧɢɣ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ ɢɦɟɟɬ ɜɢɞ: 

}1,0|),{(
2

 vuvuD ,  (28) 

ɉɟɪɜɵɟ ɜɨɫɟɦɶ ɧɟɩɪɟɪɵɜɧɵɯ ɮɭɧɤɰɢɣ ɍɨɥɲɚ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 5. 

Ɋɢ . 5. ɉɪɢɦɟɪ ɧɟɩɪɟɪɵɜɧɵɯ ɮɭɧɤɰɢɣ ɍɨɥɲɚ 

 Fig. 5. Example of continuous Walsh functions 
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ɉɪɢ ɩɪɢɦɟɧɟɧɢɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɍɨɥɲɚ-Ⱥɞɚɦɚɪɚ ɩɨɞɨɛɥɚɫɬɶ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ WH

rr
V

21
(7) ɡɚɞɚɟɬɫɹ

ɩɟɪɟɫɟɱɟɧɢɟɦ ɫɭɛɩɨɥɨɫ 
1r

D ɢ 
2r

G , 

),[
21 111 rr

WH

r
uuD  , (29) 

),[
21 222 rr

WH

r
vvG  . (30) 

10
21 11


rr
uu ,    10

21 22


rr
vv . 

ɉɪɢ ɩɪɢɦɟɧɟɧɢɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɍɨɥɲɚ-Ⱥɞɚɦɚɪɚ ɩɨɞɨɛɥɚɫɬɶ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ WH

rr
V

21

ɫɯɟɦɚɬɢɱɧɨ ɢɡɨɛɪɚɠɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 6. 

u 

1 

Gr2 

Dr1

2rv

1rv

1 

21rrV
v 

1ru      2ru

Ɋɢ . 6. ɉɨɞɨɛɥɚɫɬɶ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ WH

rr
V

21

ɩɪɢ ɫɭɛɩɨɥɨɫɧɨɦ ɚɧɚɥɢɡɟ ɢɡɨɛɪɚɠɟɧɢɣ 
ɧɚ ɨɫɧɨɜɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɍɨɥɲɚ-Ⱥɞɚɦɚɪɚ 

Fig. 6. Subdomain of spatial frequencies 
WH

rr
V

21

in the images subband analysis based 

on Walsh-Hadamard transform 

ɉɪɢ ɚɧɚɥɢɡɟ ɢɡɨɛɪɚɠɟɧɢɣ ɧɚ ɨɫɧɨɜɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɍɨɥɲɚ-Ⱥɞɚɦɚɪɚ (ɛɚɡɢɫɧɵɟ ɮɭɧɤɰɢɢ ɭɩɨɪɹɞɨɱɟɧɵ 
ɩɨ Ⱥɞɚɦɚɪɭ) ɡɧɚɱɟɧɢɹ ɷɥɟɦɟɧɬɨɜ s

in
a ɫɭɛɢɧɬɟɪɜɚɥɶɧɨɣ ɦɚɬɪɢɰɵ 

1r
A ɜ ɜɵɪɚɠɟɧɢɢ (10) ɞɥɹ ɨɛɥɚɫɬɢ 

1r
D ɜɢɞɚ 

(29) ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ (ɭɱɬɟɦ ɫɢɦɦɟɬɪɢɱɧɨɫɬɶ ɦɚɬɪɢɰɵ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɍɨɥɲɚ-Ⱥɞɚɦɚɪɚ
ɩɪɢ ɭɩɨɪɹɞɨɱɟɧɢɢ ɮɭɧɤɰɢɣ ɩɨ Ⱥɞɚɦɚɪɭ, ɚ ɬɚɤɠɟ ɫɨɨɬɧɨɲɟɧɢɹ (27), (28)):

(31) 

ɝɞɟ )1()1(  ni  – ɪɟɡɭɥɶɬɚɬ ɫɥɨɠɟɧɢɹ ɩɨ ɦɨɞɭɥɸ 2 ɧɨɦɟɪɨɜ ɜ ɞɜɨɢɱɧɨɣ ɫɢɫɬɟɦɟ ɱɢɫɟɥ )1( i  ɢ )1( n . 

ɍɱɢɬɵɜɚɹ ɬɨɬ ɮɚɤɬ, ɱɬɨ ɮɭɧɤɰɢɢ ɍɨɥɲɚ ɹɜɥɹɸɬɫɹ ɤɭɫɨɱɧɨ-ɩɨɫɬɨɹɧɧɵɦɢ, ɬɨ ɢɧɬɟɝɪɚɥ ɜ ɩɪɚɜɨɣ ɱɚɫɬɢ 
ɜɵɪɚɠɟɧɢɹ (31) ɦɨɠɟɬ ɛɵɬɶ ɡɚɩɢɫɚɧ ɜ ɜɢɞɟ ɤɨɧɟɱɧɨɣ ɫɭɦɦɵ. Ɍɨɝɞɚ, 

)(
1

0)1()1(

1

22

110

1 nw
N

a
ni

u

un

r

in

r

r



 , (33) 

1
,...,2,1, Nni 

Ⱥɧɚɥɨɝɢɱɧɨ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɫɨɨɬɧɨɲɟɧɢɟ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɡɧɚɱɟɧɢɣ ɷɥɟɦɟɧɬɨɜ ɫɭɛɢɧɬɟɪɜɚɥɶɧɨɣ ɦɚɬɪɢɰɵ 

2r
B  ɩɪɢ ɚɧɚɥɢɡɟ ɢɡɨɛɪɚɠɟɧɢɣ ɧɚ ɨɫɧɨɜɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɍɨɥɲɚ-Ⱥɞɚɦɚɪɚ. 

ɉɪɟɨɛɪɚɡɨɜɚɧɢɟ ɏɚɚɪɚ ɨɫɧɨɜɚɧɨ ɧɚ ɮɭɧɤɰɢɹɯ ɏɚɚɪɚ )(xhar
i

, ɨɩɪɟɞɟɥɟɧɧɵɯ ɧɚ ɢɧɬɟɪɜɚɥɟ )1,0[x  ɢ 
1,...,1,0  Ni , ɝɞɟ n

N 2 . 

Ȼɚɡɢɫɧɵɟ ɮɭɧɤɰɢɢ ɏɚɚɪɚ ɡɚɞɚɸɬɫɹ ɧɚ ɨɫɧɨɜɚɧɢɢ ɫɥɟɞɭɸɳɢɯ ɫɨɨɬɧɨɲɟɧɢɣ:
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N
xhar

1
)(

0
 , )1,0[x , 

 
 















],1,0[,0

,2/,2/)2/1(,2

,2/)2/1(,2/)1(,2
1

)()( 2/

2/

x ɚль  ɯ   ɯ л 
qqx

qqx

N
xhxhar

ppp

ppp

pqi
1,...,2,1  Ni , (34) 

ɝɞɟ qp,  – ɰɟɥɵɟ ɩɨɥɨɠɢɬɟɥɶɧɵɟ ɱɢɫɥɚ, 
12  qi

p ,   p
q 21  . 

Ɇɚɬɪɢɰɚ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɏɚɚɪɚ, ɫɬɪɨɤɢ ɤɨɬɨɪɨɣ ɫɨɫɬɚɜɥɟɧɵ ɢɡ ɛɚɡɢɫɧɵɯ ɮɭɧɤɰɢɣ ɏɚɚɪɚ, ɩɪɢ 8N  

ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ: 
















































22000000

00220000

00002200

00000022

22220000

00002222

11111111

11111111

8

1
N

W . 

ɉɟɪɜɵɟ ɜɨɫɟɦɶ ɧɟɩɪɟɪɵɜɧɵɯ ɮɭɧɤɰɢɣ ɏɚɚɪɚ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 7. 
ɉɪɢ ɩɪɢɦɟɧɟɧɢɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɏɚɚɪɚ ɩɨɞɨɛɥɚɫɬɶ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ 

sr
V ɫɨɜɩɚɞɚɟɬ ɫ ɉɉɑ,

ɩɪɢɦɟɧɹɟɦɨɦ ɩɪɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɢ ɍɨɥɲɚ-Ⱥɞɚɦɚɪɚ. 
ɉɪɢ ɚɧɚɥɢɡɟ ɢɡɨɛɪɚɠɟɧɢɣ ɧɚ ɨɫɧɨɜɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɏɚɚɪɚ ɡɧɚɱɟɧɢɹ ɷɥɟɦɟɧɬɨɜ 1r

in
a ɫɭɛɩɨɥɨɫɧɨɣ ɦɚɬɪɢɰɵ 

1r
A ɜ ɜɵɪɚɠɟɧɢɢ (10) ɞɥɹ ɨɛɥɚɫɬɢ 

1r
D ɜɢɞɚ (29) ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ:

Ɋɢ . 7. ɉɪɢɦɟɪ ɧɟɩɪɟɪɵɜɧɵɯ ɮɭɧɤɰɢɣ ɏɚɚɪɚ 

Fig. 7. Example of continuous Haar functions 

)()()()( 1111

22

111

1 uharuharduuharuhara ni

u

uu

ni

Du

r

in

r

rr







  , (35) 

Ⱥɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ ɦɨɠɧɨ ɭɤɚɡɚɬɶ ɡɧɚɱɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɫɭɛɢɧɬɟɪɜɚɥɶɧɵɯ ɦɚɬɪɢɰ ɞɥɹ ɞɪɭɝɢɯ 
ɭɧɢɬɚɪɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ. 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɵɩɨɥɧɟɧɨ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɊɎɎɂ ɜ ɪɚɦɤɚɯ ɧɚɭɱɧɨɝɨ ɩɪɨɟɤɬɚ 
№ 15-07-01570-ɚ. 
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