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. . , . . , . . , . .  
 

   . . .  
«   » 

 
1.1.  
 

.  ,    , ,   
  ,       

     ( ).   
  ( )   ,     

        
 [1],        [2, 3], 

ISO/IEC [4-6], IEEE [7], NIST [8-10], OECD [11], UNESCO [12]. 
  , , ,  , 

    ,   ,     
,   , -  ,    

: 
-  ,      

 ,     ; 
-         

,     .    
   , , ,   , 

   ,  , –    ; 
-       ,  

      .  
         

       ’  
;  

-        
.         . 

  [12]   ,     
,  ,        

       .  
  ,    « » , 
         

 .  ,      
  ,    , ,   , 
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,   [13-15].   , 
  ,      

      . 
 ,       

    , ,   
, ,  , -    . 
,         

,   ’     
 ,       

  . 
  .       

       .  
       

   - ,       
.     : 

-        
       ; 

-       , 
,  ,       ; 
-        
       . 

    .    
      .  

       
           

  ,         
  .        

       ; 
        
     .     

       .  
       . 

 
1.2.     
 

  ,    , ’  
 « »    ,       

,     ,    
   55   [16-18].  « » 

,   ,    ,  
  ,         

          
 [19].  
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       ,  
          

 .  [20]  ,     
     .   [20]   

 ,    ,  ,  . 
        , 

         
    ISO 9001:2015,  ,    

 ’  (    )   .  
         

 ’    -  ,   
  .      

( )  .  
 ,    ,  

« » -  ,     . 
         

    :  
-       – 

   ;  
-  ,      

,  ,     ( ); 
-   « »  ,     

   ,    .  
    ChAI-1    

 ChAI-2,  ChAI-2   
 ChAI-1.  ChAI-1  ChAI-2    

       .    
 ( )       

,       , 
       [22]. 

      :    
         
.    1.1 (  1.3);    

           
   –      

  (  1.5.1  1.5.2). 
 
1.3.      
 

        
 .  
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1.    ,    
  ,  ,    ,   
.         

. ,    «explicability»  
«explainability»,   « » (ability to be explained),  

    «explainability». 
2.       ’ ,   

    . , 
 «    » («human oversight and 

determination»)    «  » («human 
oversight»)       , 

   ,   . 
3.    ,     

   ,         
-  .   , , 

 « » («confidence»)  « » («compliance»). 
4.  ,     ,   

: 
-  ( )      
  ,      ,    

(   R – referred). ,   
« » («integrity»)      [21]; 

-     ,    
  (   H – harmonized).   

          
 ,  . ,  

 « » («integrity»)     
    ,   [5, 21, 

23]; 
- ,        

         
 (   A – authored). ,     
   «resiliency» (« »).  

   [1-3, 5, 6, 8-15, 20, 21, 23-36]   
       1.  , 

  32 .    
     ;  25   

,     . 
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 1.1 –       
  

 
/
 

 
-

 
 

 

 

1 -
 

(verifiability, 
VFB) 

 ,    
    

 . 

H [36]

2 -
 

(responsibility, 
RSP) 

     
  ( )  

   ,  
-  ,   
      

.  

H [12, 
26, 
31] 

3 -
 

(accountability, 
ACN) 

      
     
 . 

R [21, 
27] 

4 -
 

(redress, RDR) 

     
   

    . 

H [2, 
3] 

5   
(diversity, 
DVS) 

     
 (   ) 

    , 
    

,    , 
   . 

  [6] 

6 -
 

(trustworthi-
ness, TST)  

 ,    
     

 ( ,  )  ,  
       

 . 

H [5, 
10, 
15 
23] 

7   
(ethics, ETH) 

     
   .  

H [2, 
3] 

8  
(completeness, 
CMT) 

       
    .  

H [21]

9  
(lawfulness, 
LFL) 

     
-  . 

R [2, 
3] 
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 . 1.1 

10   
(security, SCR) 

      
  ,    

( )   ,  
,           

       
. 

H [12, 
21, 
27] 

11  
(bias, BIS) 

 ,     
,     
     

  ( ,  
).  

H [2, 
3, 
6, 
9] 

12  
(comprehensibil
ity, CMH)  

     
(   )  

,   ,    
   ,   

 ,    . 

A [29]

13 -
 

(interactivity, 
INR) 

     
   .  

H [25]

14 -
 

(interpretabi-
lity, INP) 

     
     

. 

H [32]

15  
 

(human agency, 
) 

     
    

  . 

H [2, 
3] 

16  
 

(human 
oversight, 

) 

     
     

    . 

H [2, 
3] 

17 -
 (non-

discrimination, 
NDS) 

     
     -
 . 

H [2, 
3, 
12] 

18 ’  
(objectivity, 
OBC) 

    
   

. 

R [33]
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 . 1.1 

19  
(explainability, 
EXP) 

     
      

. 

H [1-
3, 
8, 
31] 

20  
(privacy, PRV) 

    
    

   .  

H [2, 
3, 
20, 
33] 

21  
(acceptability, 
ASP) 

      
     

   

H [24]

22  
(causability, 
CSL) 

   -  
’   ,     

 . 

H [28]

23 -
 

(traceability, 
TRC) 

      
   ,  

   , 
     

. 
 

H [2, 
3, 
34] 

24  
(resiliency, 
RSL) 

     
  ,    

 ,   
    

. 

A [27]

25   
(robustness, 
RBS) 

      
       

       
       . 

H [2, 
3, 
11, 
20] 

26  
 

(societal well-
being, SWB) 

      
      

     . 

H [2, 
3] 

27 -
 

(fairness, FRN) 

    , 
    

,  ’     
 (   , 

  ,   
 , ),    

      
. 

H 
 

[2, 
3, 
11] 
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 . 1.1 

28 C -
 

(graspability, 
GRS) 

    
     

    
.  

H [30]

29  
(accuracy, 
ACR) 

    
   /  , 

   ,   
 .  

H [2, 
3, 
23, 
35] 

30 -
 

(transparency, 
TRP) 

  ,   
 ,    

,    . 

H [2, 
3, 
26, 
27] 

31  
 

(safety, SFT) 

     
     

,     
,      

 ,   .  

H [2, 
3, 
12] 

32   
(integrity, ING) 

 ,    
    
   , 

 .  

R [21]

 
1.4.     

 
1.4.1.      

 
         

 : 
 1.    SChAI      
 ,    ,   ,       

(     ).  
        SChAI-1 (  

 m1); 
 2. ,     SChAI-1 ,   

  
SChAI-2 = SChAI \ SChAI-1, 

  m1  SChAI-2i,      
     SChAI-1: 

SChAI-2i = U SChAI-2i; i = {1,2,…, m1}, 
∀  i, j = {1,2,…, m1}, i  j: SChAI-2i  SChAI-2j = ø. 

 3.  1,2      SChAI-2i 
 m2i,         .  
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   ,      . 
     ,      

      .    
   ,   –  

  . 
       

 .     SChAI-1 = {ETH, EXP, LFL, 
RSP, TST},          

 .  
   ( )  :  

-  ETH: SChAI-21 = {FRN, GRS, HMA, HMO, RDR};  
-  EXP: SChAI-22 = {ACN, CSL, CMT, CMH, TRP, INP, INR, VFB}; 
-  LFL, RSP: SChAI-23 = SChAI-24 = ø;  
-  TST: SChAI-25 = {DVS, RSL, RBS, SFT, SCR, ASP, ACR}.  

     SChAI-1 = {BIS, NDS, TRC, SWB, 
PRV, ING, OBC}. 

     . 1.1. 
 

FRN GRS HMA HMO RDR ACN CSL CMT CMH TRP INP INR VFB DVS RSL RBS SFT SCR ASP

BIS NDS TRC SWB PRV ING OBC

ETH EXP LFL RSP TST

AI

 
 

 1.1 –        
 

1.4.2.      
 

      ,     
         

 .          
« »  « »     , : 

-       
  .       
    ; 

-   ,    
’ ,      ,   
 ,        

  ;  
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-   RSP:     
  : 

)  TST –       
   .  ,      

  ,    ,   
 ’      ; 

)   –        
        ,   

  TRP, VFB; 
-     ’ ,  , 

,        .  
 :        
        
     ;  

-  ACN   CSL ’   TRP, 
      .  

      ,   
 ,    ,    

,  -  ’        
    ; 

-     ,    
 « ’ »   TST,     . 

    ( . 1.2),     
   19 . 

 

GRS HMA RDR CMT CMH TRP INP INR VFB DVS RSL RBS SFT SCR

ETH TSTEXP

ACR
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 Uber      

«  ’   ,   ’     
 »; 

 Face ID Hacked Using a 3D Printed Mask -    
     3D ,   ,  

    Facial ID. 
       

AI       .    
       AI, 

 [5],       
  .         

      .  
        ,     

   ’   : 
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        ; 
        

,    ,    AI 
; 
          , 

     ; 
        

 ,          
; 

     . 
,     “  ” .      

 / /  eXplainable AI  Artificial 
Intelligence as a Service (AIaaS) ( . 3.2).      

  (Google Trends)    . 
 

 
 3.2 –      eXplainable AI  AIaaS  

 5  
 

3.2       aaS 
 

   COTS     
   ,      

.    AI off the Shelf (AIOTS)  
  ,       

  .    COTS   
Everything as a Service (EaaS  XaaS).  XaaS    

  ,        
 .   : Software as a Service (SaaS); 

Platform as a Service (PaaS); Infrastructure as a Service (IaaS); Storage as a Service 
(StaaS); Disaster Recovery as a Service (DRaaS); Communications as a Service 
(CaaS); Network as a Service (NaaS); Testing as a Service (TaaS).  

  :  ;    
;   .     

     AIaaS.    [6], AIaaS 
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    .  AIaaS     
 ,    ,     

.  . 1     AIaaS   
 Amazon Web Services (AWS), Google Cloud Platform  Microsoft 

Azure. 
 

 3.1 – Artificial intelligence (AI) ,    
,    

  Azure AWS Google Cloud 

 

     

Speech to text Amazon Transcribe Speech-to-Text 

     

Text to speech Amazon Polly Text-to-Speech 

   

Speech translation Amazon Translate Translation AI 

       

  

Speaker 

recognition   

 

      

Azure Form 

Recognizer Amazon Textract Document AI 

  

Computer Vision 

 Amazon 

Rekognition 

Vision AI 

Face API 

Video AI Custom Vision 
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 . 3.1 

 

     

Anomaly Detector

Amazon Fraud 

Detector  

   

Personalizer Amazon Personalize Recommendations AI

 (  - ,  ,  

 ) 

Content Moderator

Amazon Forecast 

 Amazon CodeGuru 

 

-      

Azure Bot Service Amazon Lex Dialogflow 

Cognitive Service 

for Language 

Amazon 

Comprehend Natural Language AI

  

Azure Cognitive 

Search Amazon Kendra  

 
      , ,  

 ,     : , , 
  .      

      ,   –  
 ’     ,   –  

, , ,      
.          

     .  ,   
,   ,   ,   

 ,      - . 



 

47 

3.3.    aaS 
 
3.3.1.        25010 
 

 AIaaS,    ,     
 ,   .   AIaaS   

XaaS,     ( ), AIaaS    
    XaaS ( . 1).  

      25010 [7]  : 
   – ,      

 ,        
 ; 
   –     
,     ; 

  – ,   ,     
    ,    

 ( )         
   ; 

   – ,      
         

     ; 
  – ,   ,    

          (  
   – ); ; 

; ; 
  – ,        

 ,           , 
     ; 

   –  ,     
  ,  ,     

    ; 
  –  ,   ,   

      ,   
    . 
   ,     XaaS,   

   [8]:  
   –    ( ) 
      ; 
  –      

     ; 
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   –      , 
         ,  

; 
  –       

 ,   ,     . 
 

3.3.2.      
 

        
 ,     .   

   ,    ,    
    ,   [9].     

         ( . 
. 3.3): 

  (ETH) –        
 ;     (FRN), 

 (GRS),   ( ),  
(RDR); 

  (EXP) –      
    ;    

:  (CMT),  (TRP), 
 (INP),  (CMH),  (VFB), 

 (INR); 
  (LFL) –      

-  ; 
  (TST) –  ,    

       ,   
       ;  

 :  (DVS),   (SFT), 
 (ACR),  (RSL),  (RBS),  (SCR). 

 

 
 

 3.3 –       [9] 
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      , 
    ( ,   ) 
   ,      

  .      
 ,  ,    

eXplainable Artificial Intelligence (XAI)   (XAIaaS).   
  XAIaaS   . 3.4. 

 

 
 3.4 –    XAIaaS 

 
3.3.3.      
 

   .   
   ,      

:   (Glass Box)    (Black Box).  
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 Glass Box   ,      
 ,         .  

  Black Box       « » 
,     ,      
        .  

,   Black Box      Glass Box,   
   ,     ’  .  

         .  – 
     ,  

Linear Regression, Logistic Regression, Decision Trees, Generalized Additive 
Models (GAMs),  '   .  –  

 , « »    .  
   ’      
     .   

   Tree Ensembles, Deep Neural Networks, Convolutional Neural 
Networks, Recurrent Neural Networks. 

 
3.4.        

XAIaaS 
 

    [9]     
     AIaaS  :   

. 
       XAIaaS. 

     [9]     
 ,          

  ,    .  . 3.5   
   ( )     ( ),    

         . 
    ,     

   .   ,   
       (  ETH, 

 EXP,  TST,  LFL). 
 

 
 3.5 –       
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      : 
  (FRN) –      

      (  , ,   
.) [10]; 

  (RDR) –  ,       
      ,    

 . 
    : 

  (TRP),  (CMH)   
(INP),        , 

       ,  '     
;  

  (VFB)   (CMT)   
 ,      

  ; 
  (INR)        

 . 
     ,    

   -  .  
     : 

  (RBS) –      
       ; 

  (SCR) –       , 
   , ,   , 

  ; 
  (ACR) –     ,  

      ; 
  (RSL) –     

      . 
 
3.5.    XAIaaS 
 

 AIaaS     Black Box 
      ,    

     .     
  ,   ,    

     AI. 
         

     .  Microsoft, Amazon, Google 
,       ,  

        
 .        
    Google Vision AI & Amazon Rekognition. 
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 ,       
 : 

    ;  
    ; 
     ; 
   ; 
   (  )  . 

  ,      
. 3.2. 

 
 3.2 –   ,    
. 

 Google Vision AI
Amazon 

Rekognition

    

    

    

    

    

 '    
 '     

   

     

     

    
 

        
   :  , , , 

  ’     (    
)    .  

        
 . Amazon Rekognition      

 JPEG  PNG    - 5 MB. Google Cloud Vision AI 
 JPEG/PNG8/PNG24/GIF/AnimatedGIF (   ) 

/BMP/WEBP/RAW/ICO/PD/TIFF      20MB. 
    AI    

         
 aaS.      .  
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 ,      , 
      AI  

  ’ .      
 '  ( )   ,  “   ” 

 ’ .         
,       . 
      ,  

          
    Amazon Recognition & Vision AI. 

   : 'Bow and arrow', 'Racket' ,'Gun Barrel', 
'Revolver', 'Cannon', 'Dagger', 'Knife', 'Rifle', 'Shotgun', 'Tank', 'Axe', 'Handgun', 
'Sword', 'Gun', 'Missile', 'Air gun', 'Machine Gun', 'Weapon', 'Weaponry', 'Bomb', 

         Google Vision, 
  . 3.6      AWS Rekognition AI. 

 
 3.6 –   ,   Google Vision AI [11] 
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    100     . 
     . 3.3. 

 
 3.3 –        

Google Vision A  & Amazon Recognition 

 

 
 

'  
 

 
 

'   
  

   
'  

 
90 - 100 

% 
 

75 - 90 % 
 

50 - 75 %
Amazon 

Rekognition 217 52 141 38 38 
Google Vision 

AI 66 4 5 46 15 
 

    ,      
Amazon Rekognition    Google Vision AI,     

    ,        . 
   Amazon Rekognition      

Google Vision AI,          
AWS      Google,     . 3.7.  

 ,  Google Vision AI       
 ,   . 3.8. 

 

 
 

 3.7 –         
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 3.8 –       
 Google Vision AI 

 
3.6.  
 

         -  
  Everything as a Service,   '    

 ,  "  "     
  /  ,    
      ,  

  (edge computing). 
  AIaaS, ,       

       
  ,  , , , 
 .        

 [9]          
 -    .    

        , 
  . 

      
 ,   ,   .   

    ,   
   '      

    .    
 ,        

 ,   .      
,        

,          
       .  
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4.      
 

 
. . , . . , . .  

 
   . . .  
«   » 

 
4.1.  
 

  ( . Augmented Reality, AR) –  ,  
   ’     .   
    ,  
,  .       

1992    .     1997  
    ,  [1]: 

�    ; 
�    ; 
�   3D. 

    1994       
     (MR) [2]. ,  
     -  
,  '       

( . 4.1).  
 

 
 

 4.1 – -   
 

        
       ,   

  .         
80-    .     AR-  

        .   ,  
      ’    
 ,      . 
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      « » 
   .      

 ,     , AR-   
        

.         
        

 . 
 
4.2.   AR-      
 

       
   ( . usability) AR- ,  
 .      

         
     .   

  , ’      
     [3]: 

�   ; 
�  ,  ; 
�  ; 
�     ’ .  

    ’     
        

   .       
     ,     

      . 
 
4.2.1.   
 

        [4]  
  (WEM).      

          
: 
�       ; 
�       ; 
�   ; 
�   ; 
� ’  ,    ,   
; 
�       ’  
. 
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     .   

        
 .   , WEM   
  80,4%  .    

’        .   
        

  .       
( . 4.2) [5].  

 

 
 

 4.2 –      
  

 
,          
   ,      

-      [6]   
     [7]. 

 
4.2.2.    
 

       
          XXI 

 [8].         
     [9].    

    : 



 

60 

�    –    
 ,    ; 

�   –      
    ; 

�    –      
  ; 
�    –     

      ,  
    .     

  ,     
,       

   . 
       

     AR- .     
  ’  [10]: 

� I-DOVE (Interactive tool for Development Of Virtual Environment) – 
        
; 

� MAUVE –  usability-    
  ,   ’ ,  ; 

�   –     
   .  45  
 ,     . 

 
4.2.3.    
 

 ’       , 
       [11]: 

�   –     
          

   .     
 .        

-  ,     ; 
� ’  –       

    ’ ; 
�  –     ’ ,  

      ; 
�    –    

 (ISO 9421-11).   ,  , 
    .    

        ; 
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�   –       
 ; 
�     –     

  ; 
�    –  -     

,         
 .  -    ’   

 ; 
�   –      

   .     
 . 

          
,         

.  
        

2007 ,      .   
     AR-    

   .   [12]   
     AR-  PRISMA. 
        

.       . 
        

    .  -   
   30 ,     . 

        
, ’     .    

       AR- . 
          

       .  
       , 

   .       
-     ,      

     .     
 ’   ,      

      . 
      [13].   
      , 

         . 
        

.     [12],     
,      , 

       .    
    ,    ,  
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  .        
 ,      

   .    ,  
         

.  AR-     ,  
    ,     

.  
      [14]  2009 .  

 ,        
AR- ,      

    .     
  ,     [12]  [13] . 

         
   ,        

      . 
 
4.2.4.   
 

      
.  ,     
,        

.      
    IT-   Intel [15].    

 ’    –      
 (SUS).    SUS     

  ,     ’   
    ISO 9241-11.    12 
 ,     .   

     – , ( )  
 ( . 4.1). 

 
 4.1–     

 
usability 

 

 [  ]   
    [   ] 
   [   ]
       [   

] 
  [  ]      

         
  

   [   ]  
 [  ]    
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 . 4.1 

   [  ]  
       [  ]  

 ,    [  ]   
 [  ]   

 
   ,    . 

           
 ( . 4.2). 

 
 4.2 –    (usability) 

Usability- 
 

  

  [  ]    
  [  ]   

 [  ]    
        [   

] 
 

        
  ,       

SUS.        
          

.         . 
     [15]      

 ,     ’    
   .      

      .  
       SUS 

  .   [16]   
 AR-        .  

         
    .     10 , 

   5-  : 
�  ,      ; 
�  ,    ; 
�  ,     ; 
�  ,        

 ; 
�  ,       ; 
�  ,      ; 
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�  ,        
; 

�  ,      ; 
�  ,        

; 
�  ,           

. 
        

 ,       . 
      78  66  ,  

     .    
   .   ,  SUS 

        
.   SUS   ,  

 .     ,   , 
      .    

 ’   . 
 
4.2.5.   
 

      ,  
      .  

   ,        
  .     , 

   .        
,         

 .       
       ,  

   .     AR-  
    ,      

 .        
 ,   [17]     

      : 
�   –   ,  

   ,  /  ’  ; 
�   –     

     ; 
�   –  ,    

         
 ; 

�   –     
    ; 
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�   –      
,     ,  

 ; 
�   –     ,  

  .  
      -  

.         
 greed-    12  ,   

 :   - , ,   .  
   School of Informatics Engineering of the Pontifical 

Catholic University of Valparaiso,  “UseCV” Research Group  IDIS 
Research Group of University of Cauca.     

         
 –     .   

 ,    . 
 ,       

 .      
    .     

 AR    .    
,     .  

 [18]      AR-
  .       

      .  
        

,     ,   
       

   .    
 22 ,     ’    ( . 4.3). 

        
     Android.   

   ,     
  .       

     ,   
  .      

  .  ,     
   ,    

 .        
Android,   iOS   .   

   ,   
   .  
        

 [19].       
     AR    ,    
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   .     -  
         

  ,      .  
          AR-

,  : 
�    ; 
�   ’ ; 
� ’    ’    ; 
� , ’    ’ ; 
�    ; 
�   . 
 

 
 

 4.3 –     
 

        
   ,       

,     .    
    .      

 ,      .   
      .    
         

,      .    
     ,    

         
.  
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       :  
        

AR- ,      . ,  
[20]  [21]        

         
 .         

     ,     .  
   .      
  ,       

,      .   
     ,   

    .    ’  
,         

 . ,      23  
     AR-    

    [20]      [21].   
       

         
. 

 
4.3.   AR-      
 

  ,       
 .        , 

          
 .         AR-

       ( . 
User Experience, UX).  

       ,   
   ’      

    AR- .   [22]  
        

.      ,   
  ,     

  .      
,          
  .      

  AR- ,         
    .    

   ,   UX     
    ,      

  AR  UX.     
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      AR-    
   UX.  

       UX  
    [23]    .   

’ ,    [22],       
       

- .        
,         

 ,    UX   
: 

�  –       
     ; 

�  – ’      AR-  
     ; 

�  – ’    AR-    
    ( , , , 

 , ); 
�  –      

  ,    AR-    
 ; 

�  –      , 
 ’     AR- ; 

�  –       
 . 
   ,       
 AR- . ,      
      .  UX,   

,           
,     .    

  ,   UX    
  .  -      

       ,    
     .    

       UX.  
         

 ’    UX    
. 

   UX   .   
       

     ,    
      ,    

  .   [24]    
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 UX  10  ( . 4.4),      – 
UXIVE Model.  

 

 
 

 4.4 –  UXIVE 
 

 UXIVE  ,    UX,  
  .     

  150  AR- .   ,  
     ,    

      AR- ,   
     .     , 
   ,   ’   

UX  ,         
. 

 
4.4.   AR-      
 

  ,     , ’  
     .    

        , 
    . 

         . 
      ,   

 .        
     ,      

    . , ,   [25]  
          

.        
,    ’   .    

         
,         
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.         AR-   
,        

       .   
        

, '        AR-
. 

         
 ,     ,    

.   [26]      
     .    
        

 ,   , ,  
   .       
        

 . 
 
4.5.  
 

          
  .     

 .      
,        
     . 

       
 .      ,  

   ’     
  ’     .    
         

 –        
-  AR- ,       

      .     
        

 .  
       

  AR,         
    ISO-25010.  ,  

        
,     .     

 ’   ’    UX    
         

 . 
          

     ,    
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    ( ),   ,  
 ( )    ,     

   .  ,     
      . 

 

  

  

  
 

 
 14.1 –    

 
 ( . instances)   ( . individuals) —  , 

  .      
 '  ( , , ),    ( , ).  
,       ' . ,   

      ' ,    
. 
 ( . concepts) (   ( . classes)) —  , 

   ' .      ,  
,     ,  . : 

 « »,   « ».   « » — 
 ,   ( ) —   . 

 « »,  « ». 
'      .     

'   ,     ,   
 '   '   . , '  « »    

: 
:      . 

 : 40. 
 : 20. 

 : 123, 125. 
      .    

 ,    ,   
   . 
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     ,    
( )  '  .    , 

    ' . 
        

 (  ),  ,  -  , 
  ,       

 ( . 14.2) 
 

’ ’

 
 

 14.2 –   
 

   ,    ,   – 
  . ,  -    

      ,     
    . 

    .    
 :  '  (Object properties)    
 (Data properties).  '      .  

 '  '  .  ,   
 OWL,     –  .  

      (   
 )  ,     ' /  .  
. 14.3     . 

  (Inverse) 
  '      . 

   '       b ,   
 '   b    . ,  .14.4  
 hasPayload     deployedOn —  UAV 

hasPayload,       ,  
Camera deployedOn UAV. 

    ,   . 
  (Functional). 

   ,      
    ,       

  .       
,      . 

   (Inverse Functional). 
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    ,  ,  
   .      

 ,        .  
  (Transitive). 

     '   a   b 
,    b '    c ,    ,   

  '    c   .  . 14.5  
   belongTo .   PC-1   

 RotaryWingUAV,  RotaryWingUAV    UAV ,   
   PC-1    UAV –    

. 
  ( Simmetric ) 

  p ,   '     
 b ,   b '        . 

. 6    .   Mavic 
'    PC-1   hasSameCharacterictics,   

,  PC-1    '   Mavic   
hasSameCharacterictics.  ,     
( . 14.6). 

  (Asimmetric) 
  p ,   '     

 b ,   b   '    a   p.  
  .    '   

      ,    
     '      

 . 
  (Reflexive) 
   ,      

'   . .  PC-1      
   .   PC-1   . , 

 ,   PC-1     . 
  (Irreflexive) 

  p  ,      
 ,  '      b,      

b '  .  
    

    (Doma ns)   (Ranges). 
 '   ( )     ( )  

. .     ,  
hasPayload  '  ,     UAV c , 

   .    UAV    
hasPayload,   – Payload,     . 14.7. 
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hasPayload

UAV camera

 ' ,  
'  

hasSpeed

“60”^^xds:integer

  ,   '  
    60  

 xds:integer

Mavic

dc: creator

“Crash UAV”

 ,   '   
Jamming    “Crash UAV” 

Jamming

 
 
 

 14.3 –   
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hasPayload

UAV
Camera

DeployedOn  
 
 

 14.4 –    
 
 

belongTo

PC-1
RotaryWingUAV UAV

belongTo

belongTo
 

 14.5 –    
 
 

hasSameCharacterictics

PC-1
hasSameCharactericticsMavic

 
 
 

 14.6 –    
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   (Data Properties)  ,  
  .      Domains  Ranges. 

Domain -   ,      . 
Range –   ,    .   

 Domain    ,     ,  Range –  
    (    XSD).  

Domain' ,  Range     . 
 

UAV Payload

hasPayload

hasPayload

deployedOn

deployedOn

 
 

 14.7 –      hasPayload   
  deployedOn 

 
         

 ,        '  
( ,      ,    –  ).  

   Cardinality.      
,    ,  ( )  ( ) , 

 .   -     -  
   ' . 
   ,      

    [2],      : 
RDF (Resource Description Framework) -     

   ,         
 (  -  ); RDFS (RDF Schema) -   

     ,    
   (  ); OWL (Ontology Web 

Language) -    . 
  OWL     URI , 

 rdf:type   Ontology   OWL (  14.1) [2x]. 
 

 14.1.  OWL,    
 
@ prefix rdf: < http://www.w3.Org/1999/02/22-rdf-syntax-ns# > . 
@ prefix owl: < http://www.w3.Org/2002/07/owl# > . 
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< http://example.com/cyberontology.owl > owl:Ontology. 
 

      rdf:type   Class 
  OWL (  14.2). 

 
 14.2.   OWL 

 
:UAV a owl:Class. 

         
 subclassOf   RDFS (  14.3). 

 
 14.3.    

 
:RotaryWingUAV rdfs:subClassOf :UAV . 
 

 OWL ,     , 
   owl: ObjectProperty,  ,    

     –   
owl:DatatypeProperty ,       14.4. 

 
 14.4.  '       

 
:connectedTo a owl:ObjectProperty . 
:hasIPAddress a owl:DatatypeProperty. 
 

  ( , )  OWL    
PascalCase,          

,    OWL    camelCase,  
      ,     

     (  ). 
       ,  

   OWL (  14.5). 
 

 14.5.   
 
:PC-1 a owl:namedIndividual. 
 

       ,    
 .  OWL     ,  

     ,  ,  
,   , ,  

,  ,  ,  ,   
 .    OWL, OWL 2   

'         . 
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  OWL       SWRL 
(Semantic Web Rule Language). 

 SWRL     ,   
   ,       

     [4].     
  , " "      (   
),   ,     

.   SWRL     
. 

,   ,      
. 14.8.   "  " (ChemicalSubstances)   

 "  " (SimpleSubstances), "  " 
(ChemicalCompounds)  " " (Alloys).    "  

" (ChemicalElements)    "     
" (AtomElementInChemicalSubstance).  

   : H ( )  S ( ),  
  "  "; H_In_H2S (    ) 

 S_In_H2S (    )    "    
 ", '   H  S  '   

concretelyExpresses ("  "); H2S ( )   
 "  ", '   hasPart  H_In_H2S  

S_In_H2S.  
  "  "   atomicMass (  

),   "     " -  
numberOfAtoms (  ),    "  " - 

 molecularMass (  ). 
        
    SWRL- : 

ChemicalCompounds(?X), hasPart(?X, ?A1), hasPart(?X, ?A2), 
numberOfAtoms(?A1, ?C1), numberOfAtoms(?A2, ?C2), concretelyExpresses(?A1, 
?E1), concretelyExpresses(?A2, ?E2), atomicMass(?E1, ?M1), atomicMass(?E2, 
?M2), notEqual(?M1, ?M2), multiply(?P1, ?M1, ?C1), multiply(?P2, ?M2, ?C2), 
add(?M, ?P1, ?P2) -> molecularMass(?X, ?M). 

       
    molecularMass    

,     . , molecularMass(H2S) = 1 * 2 
+ 32 * 1 = 34 . . . 

     ,   
 ,   . . ,    SWRL- . 

,        .  , 
           

  .      
       SPARQL 1.1 Update [5], 

      ,     
. ,  [6]   SPARQL-    
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  ,      ,  
    . ,   

SPARQL-     ,       
  Ca(OH)2, CuSO4*5H2O  . ,   

 SWRL  SPARQL-     (  '  
   )       

    . 
 

 
 

 14.8 –   
 

        
 Prolog [7], ,   ,      

,    (     )  
.  ,       

,      SWRL   
 Prolog. 

       ,   
   SWRL    Prolog. 

       : 
1.   ,    

  RDF, RDFS, OWL, SPARQL, Prolog. 
2.       . 

  Parglare   Python,  
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-     ,   
     Prolog. 

3.      Prolog,   
      .  

-       Prolog,  
       . 

    -   -  
. 

 
14.2.      Thoth 
 

     SWRL,   
 ,   [6].     

  SWRL,     -   
. ,       sppco(X, Rel, 

P1, P2, S) -   S    P1  P2  ' ,  
 '  X '   Rel,  spco(X, Rel, P, S) -  

 S   P  ' ,   '  X '  
 Rel. 

,         
Thoth,  : E1

k1...En
kn -      

Al2O3,  Ei -  , ki -      
 ; E1

k1...En
kn*qH2O -     q 

 ; R1
k1...Rn

kn -   ,    
 ( , CH3COOH,     CH3-  -COOH). 

          
  (   ns:  dul:    

 ): 
� ns:ChemicalCompounds(X), sppco(X, dul:hasPart, ns:atomicMass, 

ns:numberOfAtoms, M) -> ns:molecularMass(X, M) -     
 E1

k1...En
kn; 

� ns:CrystallineSolids(X), dul:hasPart(X, S), ns:Salts(S), 
ns:molecularMass(S, M), dul:hasPart(X, H), ns:molecularMass(H, HM), 
ns:numberOfMolecules(H, K), multiply(HMK, HM, K), add(XM, M, HMK)  -> 
ns:molecularMass(X, XM) -   (E1

k1...En
kn*qH2O); 

� ns:Radicals(X), sppco(X, dul:hasPart, ns:atomicMass, ns:numberOfAtoms, 
M) -> ns:molecularMass(X, M) -  ; 

� ns:ChemicalCompounds(S), !ns:CrystallineSolids(S), spco(S, dul:hasPart, 
ns:molecularMass, M) -> ns:molecularMass(S, M) -     

 R1
k1...Rn

kn. 
,   Thoth,  -  

       Prolog ( . 14.9).    
      Prolog,  

  ,   [6].   
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  -      
Prolog,        Thoth.   

         
-  [6] ( . 14.10).    Prolog   

      semweb/rdf11 [7]. 
      ,  

        
   SWRL     

Prolog. 
 

 
 

 14.9 –    
 

      ,  
    ,     

SWRL    Prolog,     
    - . 

       XV 
 -   "    
 – 2022" ( . , 20-21  2022 .) [8]. 
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 14.10 – -    
 
14.3  

 
    ,    

 .      
        
 ,      .    

  RDF,   OWL  
   ,    RDF,    

     .     
,         

   ,     
    .      

    ,   
     ,    

        . 
,        

  SWRL       SPARQL 
     ,    

.  ( , ),     , 
     , 

     .  ,   
     . ,  

    Prolog     
  ,       

     . 
     Thoth,    

 SWRL    Prolog.   
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  - ,   -    
Thoth,        Prolog,    

. 
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        .  
,      '    

 ,        
  .     '   

      ,   
          

        .  
        

        [1-3]. 
 
15.2.       

  
 

        
         

.       , 
     [4]. 

         
     : 

1.  :  ,  
          

.      :  
,       .   

          
. 

2.  :      
          

.         
,          

 . 
3. :      , 

       .    
      ,   
       . 

     ,   
         . 

   , -   - ,  
-    Dunn[2,4,20],    

    ,    
          

. 
 



 

282 

15.2.1.       
   

 
     '  

         '   
[4, 1-2].     ,   

   ,     . 
     

: 
W(C) = (1 / |C|) * ( (d(x_i, x_j)),  i < j, 

 W(C) -     C, |C| -  
'    C, x_i  x_j - ' ,    C, d(x_i, x_j) - 

  '  x_i  x_j. 
  '      ,  

      .    
    ,    

  [5]. 
 
15.2.2.       

   
 

       , 
        [4-5].  

    ,  '      
   ,   '       

    . 
        

     [5].     
  ,   .     

 : 
 

M = (1 / K * (K - 1)) * ( (d(Ci, Cj)),  i  j 
 

 M -   , K -  , Ci  Cj - 
  i  j , d(Ci, Cj) -    Ci  Cj. 

      ,    
  '        .  

,         '   
 ,       . 
 
15.2.3.       

   
 

     ,   '   
    ,    '   
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     [5-6].     
  -1  1,  ,   1,   ,  

,   -1,    . 
      '  i: 

 
S(i) = (b(i) - a(i)) / max(a(i), b(i)) 

 
 S(i) -    '  i, a(i) -    

'  i    '     , b(i) -  
   '  i  '    ,   '  i  

. 
        

    ' . 
 
15.3.      , 

        
   

 
         

  ,          
.         
    ,   K-means, 

LDA, DBSCAN     [7-12]. 
    ,     
         

 .      
,      ,    

,          
'     .   

,        
   . 

 ,     ,   
  ,     [13-18].  

     , ,  
         . 

 ,   , -   
   ,      

         [19].  
        

, ,       
    . 
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15.3.1.      K-means 
  

 
K-means       .  

   , -   ,   
 ,   '     .  K-

means    :    
  '      [9-11].  

 

 
 

 15.1 –    K-means 
 

 K-means    : 
1.   K,    . 
2.  K       

-      ( ,  k-
means++). 

3.   '    . 
       '   

 (    ). 
4.        

 ' . 
    K-means: 

 
J(C) = _{i=1}^k _{x  Ci} d(x, ci)^2 

 
 : C = {c1, c2, ..., ck},  ci -  i-  . 

 : d(x, y) -    x  y. ' : X = {x1, x2, ..., 
xn},  xi - i-  ' . 

        , 
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 ,        
 [11]. 

 
15.3.2.     LDA 
 

       
     .   

,   LDA (   ),   
 ,   ,      [10]. 

LDA      ,  
    ,    .  

 

 
 

 15.2 –    LDA 
 

  LDA   ,     
  ,       .  

LDA            
   . 

 LDA     : 
1)    K,       

. 
2) :       

    K . 
3)  : 

a)      ,   
        

b)      ,   
          . 

c)   a  b  ,  ,   
     . 
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     ,   
     [9-11].      
  ,    , '  

  . 
   ,    LDA: 

: 
� D -     
� N_d -     d 
� W -      
� T -  ,     
�    -          
�  LDA   : 
� _d ~ Dirichlet( ) -     d  T 
� _t ~ Dirichlet( ) -     t  W 
� z_dn ~ Multinomial( _d) -   n-     d 
� w_dn ~ Multinomial( _{z_dn}) - n-     d, 

    z_dn 
 LDA -     ,    

 .      
: 
 

P(W, Z| , ) = _{d=1}^D _{n=1}^{N_d} P(w_dn| _{z_dn}) P(z_dn| _d) 
 
15.3.3.      DBSCAN 
 
DBSCAN (Density-Based Spatial Clustering of Applications with Noise) -  

  ,       
   . DBSCAN    '  ( ) 
 ,    '     ,  

  ( ' ,     )  . 
DBSCAN         

      [10-14]. 
 

 
 

 15.3 –    DBSCAN 
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 DBSCAN    : 
-  ( ):  ,      
. 
- minPts (   ):   , 

    . 
   DBSCAN    : 

1.      ,     . 
2.      .     
   minPts,         

    . 
3.          .  

   minPts   ,     .  
  ,         . 

4.     ,    
1        ,     . 

   ,         
. 

 ,        ,  
   [12-13].  ,  DBSCAN   

,           
 . 

    DBSCAN: 
Eps -   
MinPts -      

 DBSCAN     ,    
  ,       

 ' . 
 
15.3.4.      
 

  -  ,      
   ' .   '   

   .        
  ,        

  [14-18].  
         

'       .   
   ,     
 [15]. ,      

  : 
�  '  ( ):     

     ' ,    
.       " " . 
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�  '  ( ):     
     ' ,    

.        . 
�  ' :       

     ' ,    .  
        ' . 
�  ' :      

     ( ,       
).       ,   

     . 
�  ' :      

   ,      
  .  '     

   . 

 
 

 15.4 –      
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     ,   
'    .      
'    ,      

  .  ,      
     '   '     [18]. 

    , -    
         

       .   
    ,      

 (    )     
    '  [18].     

      ,    
        . 

 
15.3.5.      

 
 

     K-means, LDA, 
DBSCAN         

 ,       :  
,    . 

     ,    
   .     

  ,    . 
        

 .      
     ,       

. 
        

.          
   ,       

. 
 

 15.1 –       
 -

  
 

 
 
 

 

K-means 0.82 0.45 0.62 7.3  
LDA 0.75 0.58 0.65 15.2  
DBSCAN 0.90 0.40 0.55 4.6  

 
-

 

0.78 0.48 0.60 12.4  
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 15.2 –       

 -
  

 
 

 
 

 

K-means 

0.80 0.53 0.68 10.5  
LDA 

0.84 0.50 0.63 20.6  
DBSCAN 

0.85 0.47 0.64 6.7  
 

 
0.79 0.56 0.67 17.8  

 
 15.3 –       

 -
  

 
 

 
 

 

K-means 0.86 0.49 0.61 12.1  
LDA 0.88 0.45 0.60 22.4  
DBSCAN 0.89 0.42 0.58 7.9  

 
 

0.83 0.51 0.66 19.3  

 
    ,   , 

 LDA       
,         

  . , LDA       
   . 

 DBSCAN,  ,    , 
       ,   LDA  K-

means.        
 ,     . 

      ,   
      .     

  ’       
.       ,   150 

,       ,    
   .     

     . 
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 15.4 –       
 

 -
  

 
 

 
 

 

K-means 0.50 0.85 0.63 3.6  
LDA 0.48 0.89 0.66 5.7  
DBSCAN 0.52 0.82 0.57 3.9  

 
 

0.49 0.88 0.64 4.4  
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