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SUMMARY 

 

The theme of the graduation thesis is "Creating a virtual exposition from the 

funds of the Khakass Museum of Local Lore using WebGL technology". It  contains 

55 pages, 6 charts, 23 drawings, 11 reference items, 1 application. 

IT-PROJECT,  INFORMATION SYSTEM, 3D-MODEL, MUSEUM, IDEF, 

WEBSITE,  ECONOMY, COSTS, OPERATION, EFFICIENCY. 

The object of of the graduation thesis: the process of creating a site. 

The subject of the graduation thesis: development of a site for the introduction 

of 3D-models.  

The aim of this final qualification work is to develop a website gallery viewing 

3D-models of exhibits of the Khakass National Museum of Local Lore using WebGL 

technology.  

The graduation thesis is performed in accordance with an individual task. In 

the process, the tasks were completed: 

1.  The analysis of the customer organization; 

2. The terms of reference for the design of the information system; 

3. The WebGL technology is described and its application is justified;  

4. The development process of the gallery site based on the IDEF methodology 

is considered and the process of user interaction with the system in the IDEF3 

methodology is described; 

5. An interaction model based on the UML methodology has been created;  

6. The spiral model of the project development life cycle is defined;  

7. The economic efficiency of the project was estimated using the TCO 

method; 

8. The risks of the project are identified. 

 
English language supervisor        ________________    N.V. Chezybaeva 
                                      Signature, date     
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    . . .   

  3D-  ,     

  ,   ,     

.  

      

   . 

      

    WebGL    3D . 

      -

   3D     

  . . .     WebGL. 

   : 

         

; 

     ; 

  -    3D   ; 

  ; 

    . 

     HTML  CSS     3D-

       

   Three.js   WebGL (Web-

based Graphics Library),    JavaScript,   

     .  
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1    

 

1.1  я    

 я . . .  

 

 –  ,    ,  

 .          

         . 

          

     .       

       .  

        

     .  

       

     3D-    .  

         

      . 

,      ё   

.         

  . 

    3D-   

     . .  – 

   . 

      

  "       

". 

        

. .        .  

   ,     

,     ,   
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,         .  

    . . .   

 29  1931 .       

  ,      

        .   

     ,   

 ,   ,    

.          , 

 :     ,     

 .        

 «  »,  ,      . 

        

 «  :  ».    

      -

. 

    [1]: 

1. «   » –   . 

2. «   » –      

      . 

3. «   » –  ,   

   . 

4. «  » –   . 

5. «  » –      

  XVII-XIX .   . . 

 –   . . . 

6. «    » –    ,   

I . . .      .   

       

 . 

7.    –     . 



12 
 

 2019       

.  56,8%       ,   

   .      

      .  

         

   «  :  ».   

       -

.  

 ,       

  .       

- ,         -   

3D-   .       

  WebGL,      Three.js,    

   3D    . 

 

1.2   WebGL 

 

WebGL  –  ,      

   .  -    

WebGL     JavaScript.  HTML  « anvas», 

  WebGL ,    

        . 

      Adobe Flash  Microsoft Silverlight 

 WebGL      ,    

      Adobe Flash  Microsoft 

Silverlight.  WebGL      

 ,     . 

   WebGL    

  ,     3D-   

          



13 
 

    .    

    ,  : 

 Google Chrome – WebGL      

,   9; 

 Mozilla Firefox – WebGL      4.0; 

 Opera – WebGL     Opera 12; 

 Safari –    WebGL; 

 Internet Explorer –  WebGL   Internet Explorer 11; 

   –   WebGL  . 

        

, -       

    .  

         

 X, Y  Z.        .  

     Three.js  WebGL.   

  WebGL       

  .       

 ,   .  

  Three.js   «threejs.org» (  1) [5].  

         .  

 

 

 

  1 –   threejs.org 
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   WebGL  «Google Maps Cube» 

(  2) [6].       

 .   

 

 

 

  2 –   Google Maps Cube 

 

      WebGL  

  Three.js.      ,  

   ,          

 . 

 

1.3      IDEF0  

 

       

         

     ,    

   -  ,  

     , 

,        , 

 ,    .   
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.  ,           

. 

      

,      ,      

  ,    ,     

  .    

    : IDEF, UML, DFD.  

    . IDEF    

     . UML 

        

 ,    -   

  . DFD    

      .   

       , 

 : 

   ; 

    ,   ,   

; 

     ; 

     ; 

   ; 

         ; 

      ; 

     . 
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1.3.1 щ       

 

       

 IDEF0 (  3). 

 

 

 

 3 –  IDEF0 

 

 : 

   –        

.    ,       

 ,  ,     . 

 : 

   –   ,   , 

   . 

      –  

  ,       
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  ,     

. 

 : 

  – ,     

      . 

 WebGL – ,      

 . 

  – , ,     

.  

 : 

 3D-  – -  3D-   ,   

 ,      . 

 

1.3.2     

 

        IDEF0 

(  4). 

    A1   «  

  ».      

   ,      

,    .   

.  

     – «  ».   

  . 

    «   »   

        

   ,      

.  

   « »  « »,    
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.  

 

 

 

 4 –   IDEF0 

 

   A2   «    

»,        , 

        . 

  A2 – «  »,     

      . 

     « »,    

 ,       .  

    «  »,      

    ,   ,  

    . 

   A3 «   »,   

     . 

     « »  
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«WebGL»,         

. 

   «  »,       

        . 

  A4   «   »,   

    . 

     « »  

«WebGL»          

. 

     «   »,   

         

 . 

  A5   «  »,   

        .  

   «   »,    . 

    « »,    

   . 

   «  »,    

 ,      . 

  A6   «   »,   

     . 

    «  »,   

  . 

    « »  «WebGL»   

        WebGL. 

     «    »,  

           

. 
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1.4  я я   
 

       

 IDEF3 (  5). 

 

 
 

 5 –  IDEF3 

 

        

.       ,   

  ,      «    

»  «    ».  «    » 

       .  «  

  »        

,   .    

         .  

   ,        

,    .     
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  «    »,    

27   ,      3D   

      .  

 

1.5  я  я  

 

 

       

   UML «  » (  

6).         

 .   ,  

,         

.  

 

 

 6 –    

 

        

,      ,     

 . 
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1.6      

 

      . 

  : ,    

.  

      

       (  7). 

 

 

 7 –      

 

        

    (  8).    

     .    

    . 

 

 

 8 –      
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  ,       

 (  9).     ,  

        . 

      .     

 ,        .  

       

  . 

 

 

 

 9 –      

 

        , 

       ,     

    , ,  

,       ,    

.         
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3D-       

. . .     WebGL»,   

:  

–   - ,     

 ;  

–   WebGL    Three.js   

       , 

  ;  

–    WebGL    Three.js  

 ;  

–    -   ,   

       

      IDEF; 

–         

IDEF3; 

–       UML, 

        

 ; 

–        , 

 ,         . 

 

2    -  3D-  

   я 

 

2.1   -  

 

         

 (  10).  
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 10 –     

 

      : 

 ; 

   ; 

  ; 

 ; 

    . 

 

       HTML  

  Sublime.    CSS  

      .  

HTML 

<!DOCTYPE html> 

<html lang="en"> 

     <head> 

        <meta charset="utf-8"> 

        <title>Main Page</title> 

        <link href="style.css" rel="stylesheet"> 

     </head> 

 

   «div»   . 
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HTML 

         <div class="container "> 

        </div> 

 

    CSS.      

    ,    .   

      .    

 

HTML 

 .container 

{ 

    background-image: url('images/hjkmmuseim-zdanie.jpg'); 

    background-repeat: no-repeat; 

    background-size: cover; 

    height: 100vh; 

    padding-top: 36px; 

} 

 

        «  

  »        

    «    »,   

    .    

 

HTML 

<div class="text"> 

  <h1><small>      . . 

</small></br> 

            <strong></strong></h1> 

  <p>   3D   .</p> 
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 <p> 

<a target="_blank" href="https://www.nhkm.ru/" class="button" 

role="button">    </a> 

<a target="_blank" href=" About/index.html " class="button" 

role="button">    </a></p> 

</div> 

 

      

 .          

    .  

 

HTML 

        <div class="logo_museum">   

           <a href="#" class="logo"> 

             <img src="images/white-logo-big-sh.png" alt="" class="img-responsive"> 

           </a> 

        </div> 

 

CSS 

.logo 

{ 

    background: none; 

    border: 0px; 

} 

 

    « »,    

  .  

 

HTML 

<script src="js/menu.min.js"></script> 
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    <nav class="menu menu-left"> 

        <ul class="list-unstyled"> 

            <li><a href="index.html">  </a></li> 

            <li><a href="Daggers of the Early Iron Age/index.html">  

 "    "</a></li> 

            <li><a href="About/index.html">    </a></li> 

        </ul> 

      </nav> 

 

  CSS       

 

CSS 

.menu{ 

    position: fixed; 

    width: 200px; 

    height: 100%; 

    top: 0; 

    z-index: 9999; 

    background: #333332; 

    font-size: 0.9em; 

    font-weight: bold; 

    -webkit-box-shadow: inset -10px 0 6px -9px rgba(0, 0, 0, .7); 

    -moz-box-shadow: inset -10px 0 6px -9px rgba(0, 0, 0, .7); 

    box-shadow: inset -10px 0 6px -9px rgba(0, 0, 0, .7); 

    overflow: auto; 

    -webkit-overflow-scrolling: touch; 

 

    «  »,   

       .  

   ,     (  11). 
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 11 –   «  » 

 

      : 

 1 – ; 

 2 –  ; 

 3 – ; 

 4 – ; 

 5 –       

. 

 

 ,       ,    

.   . 

 

HTML 

<div class="text-model"> 

  <h1><small>  </small></br></h1> 

<p>      3D    

  .      .    

  -   "    

 . . . ".</p>  
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<a target="_blank" href="https://www.nhkm.ru/" class="btn btn-sm btn-danger" 

role="button">    "    

 . . . "</a> 

</div> 

 

CSS 

.text-model 

{ 

    position: absolute; 

    z-index: 9999; 

    color: #FFFFFF; 

    font-size: 25px; 

    background: none; 

    text-align: left; 

    left: 300px; 

    width: 500px; 

} 

 

        

  .    «   

     . . . » 

  «    »    . 

       .   

         

 «font-awesome»    . 

 

HTML 

<a target="_blank" href="https://www.nhkm.ru/" class="button" 

role="button">    "    

 . . . "</a> 
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</div> 

 

    <div class="textline"> 

      <a href="https://twitter.com/hnkm_kyzlasov"> 

        <i class="fa fa-twitter" aria-hidden="true"></i></a> 

      <a href="https://www.facebook.com/hnkmuseum"> 

        <i class="fa fa-facebook" aria-hidden="true"></i></a> 

      <a href="https://vk.com/hnkmuseum"> 

        <i class="fa fa-vk" aria-hidden="true"></i></a> 

      <a href="https://www.instagram.com/hnkm.museum/"> 

        <i class="fa fa-instagram" aria-hidden="true"></i></a> 

      <a href="https://ok.ru/group/56846219804716"> 

        <i class="fa fa-odnoklassniki" aria-hidden="true"></i></a> 

    </div> 

 

       

"    " 3D-    

 .    (  12). 

 

 

 12 –     "    

" 
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      : 

– 1 – ; 

– 2 –  ; 

– 3 – ; 

– 4 –    ; 

– 5 –       . 

 

,      .   

 .  

 

HTML 

       <div class="text" 

        <h1><small>   "    

"</small></br></h1> 

         <p>     . . .  

   "    ".  

        (VII-I .  

. .).</p> 

</div>  

 

  27        . 

    «images».    .  

 

HTML 

<h2>   </h2> 

 

<div class="model-1"> 

 <a href="pages/knife_1/index.html"><img src="images/1.png" alt="" 

class="scale"></a> 
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 <a href="pages/knife_2/index.html"><img src="images/2.png" alt="" 

class="scale"></a> 

 

<h3>  </h3> 

 

<div class="model-4"> 

 <a href="pages/knife_26/index.html"><img src="images/26.png" alt="" 

class="scale"></a> 

 <a href="pages/knife_27/index.html"><img src="images/27.png" alt="" 

class="scale"></a> 

</div> 

 

    27   (  13).  

 

 

 13 –    3D-  

 

      : 

– 1 – ; 

– 2 –  ; 

– 3 – ; 

– 4 – 3D- ; 
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– 5 –  . 

     3D- ,     

 .    .  

 

2.2  3D-     

 

WebGL        

   JavaScript,     

    HTML  .  

 

JavaScript 

var scene, 

      renderer, 

      camera, 

      light, 

      myCanvas = document.getElementById('myCanvas'); 

 

HTML  

<div class='canvas-container'> 

<canvas id="myCanvas"></canvas></div> 

 

  ,       . 

 

JavaScript 

scene = new THREE.Scene(); 

 

    .  Three.js  4 

 : Perspective Camera, Stereo Camera, Orthographic Camera  Cube 

Camera. 



35 
 

    ,    

 ,   .  

 

JavaScript 

camera = new THREE.PerspectiveCamera(35, window.innerWidth / 

window.innerHeight, 0.1, 1000 ); 

 

  –   ,      – 35. 

          

. 

    .     

  loader.load.  Mesh   . 

    ,      

  Y  Z. 

JavaScript 

var loader = new THREE.GLTFLoader(); 

    loader.load('scene.gltf', handle_load); 

    var mesh; 

    function handle_load(gltf) { 

        console.log(gltf); 

        mesh = gltf.scene; 

        console.log(mesh.children[0]); 

        mesh.children[0].material = new THREE.MeshLambertMaterial(); 

    scene.add( mesh ); 

        mesh.position.y = -1.4 

        mesh.position.z = -0.5; 

    } 

 

         

.     – AmbientlLight,  
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  – PointLight.        

.  

 

JavaScript 

    light = new THREE.AmbientLight(0xffffff, 0.5); 

    scene.add(light); 

    light2 = new THREE.PointLight(0xffffff, 0.5); 

    scene.add(light2); 

 

          

– Renderer.   « anvas»,   , 

setClearColor –   .      - .  

setSize    ,     300x150 

.     

 

JavaScript 

    renderer = new THREE.WebGLRenderer 

({  

      canvas: myCanvas,  

      antialias: true 

    }); 

    renderer.setClearColor(0x000000); 

    renderer.setPixelRatio(window.devicePixelRatio); 

    renderer.setSize(window.innerWidth, window.innerHeight); 

 

 «render»      . 

   «requestAnimationFrame».   

    «render»,   .  

 «mesh.rotation.y»     . 
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JavaScript 

    render(); 

    var delta = 0; 

    var prevTime = Date.now(); 

    function render() { 

        delta += 0.1; 

        mesh.rotation.y += 0.01; 

      renderer.render(scene, camera); 

      requestAnimationFrame(render); 

    } 

 

2.3        

 

       ,  

     index.html      

 (  14). 

 

                                         

 

 14 –      

 

         Netlify -

        

.          

«https://sleepy-lichterman-91706b.netlify.app».     

      15.  
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 15 –    

 

 «    »     

       . . 

 (  16). 

 

 

 

 16 –    «   

   . . » 
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 «    »    -  

      -  (  

17). 

 

 

 17 –  «    » 

 

          

      (  18).  

 

 

 

 18 –   
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      (  19). 

 

 

 19 –   

 

        3D    

 (  20).  

 

 

 

 20 –   3D-   Three.js 
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      -

     ,       

   "     . 

. . "        -  

«Sketchfab»,          

  (  21).  

 

 

 21 –       «Sketchfab»  

 

         

«iframe»,        , 

       3D-  – «Sketchfab».  

    ,     ,  

  ,     .   

 

HTML 

<div class="view_model"> 
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    <iframe title="A 3D model" width="640" height="480" 

src="https://sketchfab.com/models/3fd3534748a14d408c9e2531935bc122/embed?aut

ospin=0.2&amp;autostart=1&amp;preload=1&amp;ui_controls=1&amp;ui_infos=1&

amp;ui_inspector=1&amp;ui_stop=1&amp;ui_watermark=1&amp;ui_watermark_lin

k=1" frameborder="0" allow="autoplay; fullscreen; vr" mozallowfullscreen="true" 

webkitallowfullscreen="true"></iframe></div> 

 

   CSS    ,   

    «Sketchfab». (  22).  

 

CSS 

.view_model 

{ 

float:left;  

padding-left: 100px; 

} 

 

 

 

 22 –   3D-   «Sketchfab» 
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   «     -

 3D-     я» 

 

      -  3D-  

   ,   ,   

.      3D-    

     ,      

       3D-  

«Sketchfab». 

         

 : 

1. HTML  CSS   –  ,    

  ; 

2.   –     ,   

; 

3.     –     

      

        

Three.js;  

4.     –     

      

       

«Sketchfab»;  

5.   –   ,   

   . 
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3     я -

 3D-     я 

 

3.1      

 

 (Total Cost Ownership) –      

   .      

       . 

     ,    

(1): 

 

 = DE + IC1 + IC2,  (1) 

 

 DE –  ; 

IC –      . 

 

3.2      

   я 

 

3.2.1    

 

  : 

   – 2 ; 

   – 7 ; 

  – 14 ; 

 – 4 ; 

   – 3 . 

      1. 
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 1 –     

 
 

 
 

 
 

,  . 
 

,  . 
  

 
 AMD 

Ryzen 5 2600 BOX 
1 10299 10299 

 
GigabyteGeForce GTX 
1050 LP [GV-
N1050OC-2GL] 

1 10199 10199 

   
ArcticFreezer 33 TR 

1 500 500 

  
Crucial 
[CT8G4DFS8266] 8 

 

1 2799 2799 

   
ASRock H110M-
G/M.2 

1 4599 4599 

 DEXP DC-
101B  

1 1050 1050 

500    
Toshiba P300 
[HDWD105UZSVA] 

1 2899 2899 

Aerocool 
VX PLUS 500W [VX-
500 PLUS] 

1 2250 2250 

18.5"  Dell 
E1920H [1920-0667] 

1 4599 4599 

 DEXP K-
504BU 

1 270 270 

  
DEXP CM-906BU 

 
1 210 210 

 39674 

 

     7 .  

: 

            ,                                                                                           (2) 

                   –    ; 
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     –  ;       –  . 

                             ,                                                                                            (3) 

         –    ;    –  ;     –     ;    –   . 

            ,                                                                                                 (4) 

              –  ;    –   . 

          = 14%       39674* 0.14 = 5554,36 .                    674,62 . 

 

      

     2. 

 

 2–      

    
  Windows 10 

 
3999 .   1  

 KasperskyTotalSecurity 1990 . 12   1  

Sublime Text 3 8065 . 12   1  

Google Chrome   



47 
 

 

SublimeText 3   KasperskyTotalSecurity   , 

     5 , ,   

  5. 

3999+(1990/5)+(8065/5)=6010 . 

   . 

        

(30%)    (30%)     

     3. 

12999+(12999*0,3)+(12999*0,3)=20798 . 

         

   30,2%       

 = 20798*1,302=27079 . 

 

 3 –    

   , . 
 12999 . 

  3899,7 . 
  3899,7 . 

 2703,8 . 
 20798 . 

 

   . 

 : 

       3%  ,  

 1370,52 . 

 

= + + + ,                                                                (5) 

 

  –     ; 

 –       

;  
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 –       ; 

 –    . 

 = 27079 + 6010 + 674,62 + 1370,52  = 35134,14  . 

 . 

        

6: 

 

 =  +  +  +  +  +  + ,                                              (6) 

 

  –    ; 

 –         

         

; 

 –          

   0; 

 –         

 0; 

 –         

   ; 

 –      ,     

       ; 

 –     1000 .  

 = 35134,14  +1000= 36134,14 . 

  

3.2.2   

 

        7: 

 

  =  +  +  +  +  + ,                                             (7)  
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   –  ,    : 

 –  ,    ,  

  . 

 –     ; 

 –      ; 

 –     ; 

 –  , 3%   ; 

    -       

.  

        .  

     2 ,      

  3  

       500 ,  3  

– 1500 .      5   ,   15  

, ,  = 7500 . 

    5554,36     15,2 ,  

  15  – 228 . 

           

   . 

 

 4 –   
       

     7500 . 

    228 . 

    0 . 

     0 . 

    0 . 

  232 . 

 7960         у . 

 

  25      , 
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    . 

 

 

 

 23 –    

 

3.2.3 я   
 

     8. 

 

DE= DE1+ DE2+ DE3+ DE4+ DE5+ DE6+ DE7+ DE8                    (8) 

 

DE1 –   = 36134,14 ; 

DE2 =7500 –     ; 

DE3 =228 –      

   ; 

DE4 =0 –       

 ; 

DE5 =0 –   ; 

DE6 =0 –  ; 

94% 

3% 3% 

З т ты  от у  пл ту пе о л  

З т ты  о т ц  отч ле  

П оч е т ты 
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DE7 = 0–    ; 

DE8 =0 –   . 

DE = 43862,14 . 

 = 36134,14+7960=44094,14 . 
 

3.3     

 

3.3.1     

 

 -   3D-   

       

 .       ,  

       ,  .  

        

  .       

     .   

      3D   

-             

        

.   3D      -

 «Sketchfab».       

 ,  ,     

    .    3D-  

        

  ,    - .   

        

     . 

 

 

 5 –    
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1.  3D 
 

- - + - + 

2.   
 

+ + + + + 

3.   - - + - - 
4.  

 
 

 
- 

 
- 

 
- 

 
+ 

 
- 

 

   : 

1)  3D   –  3D    

 .      ,    

     .  

2)    –       

        

  .      . 
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