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Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ 
ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 

ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 
«ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖɇɕɃ ɍɇɂȼȿɊɋɂɌȿɌ» 

 
ɏɚɤɚɫɫɤɢɣ ɬɟɯɧɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ – ɮɢɥɢɚɥ ɎȽȺɈɍ ȼɈ 

«ɋɢɛɢɪɫɤɢɣ ɮɟɞɟɪɚɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ» 
 

Ʉɚɮɟɞɪɚ ɩɪɢɤɥɚɞɧɨɣ ɢɧɮɨɪɦɚɬɢɤɢ, ɦɚɬɟɦɚɬɢɤɢ ɢ ɟɫɬɟɫɬɜɟɧɧɨ-ɧɚɭɱɧɵɯ 
ɞɢɫɰɢɩɥɢɧ 

 

ɍɌȼȿɊɀȾȺɘ 
Ɂɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ 
____________ȿ. ɇ. ɋɤɭɪɚɬɟɧɤɨ 
         ɩɨɞɩɢɫɶ    

« _____» _______ 2020 ɝ. 
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ɜ ɮɨɪɦɟ ɛɚɤɚɥɚɜɪɫɤɨɣ ɪɚɛɨɬɵ 
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ɋɬɭɞɟɧɬɭ Ʉɨɳɟɟɜɭ ɉɚɜɥɭ Ⱥɥɟɤɫɚɧɞɪɨɜɢɱɭ 

Ƚɪɭɩɩɚ ɏȻ 16-03          

ɇɚɩɪɚɜɥɟɧɢɟ 09.03.03 ɉɪɢɤɥɚɞɧɚɹ ɢɧɮɨɪɦɚɬɢɤɚ 

Ɍɟɦɚ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ: ɋɨɡɞɚɧɢɟ ɜɢɪɬɭɚɥɶɧɨɣ ɷɤɫɩɨɡɢɰɢɢ 

ɢɡ ɮɨɧɞɨɜ ɯɚɤɚɫɫɤɨɝɨ ɤɪɚɟɜɟɞɱɟɫɤɨɝɨ ɦɭɡɟɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɟɯɧɨɥɨɝɢɢ 

WebGL 

ɍɬɜɟɪɠɞɟɧɚ ɩɪɢɤɚɡɨɦ ɩɨ ɭɧɢɜɟɪɫɢɬɟɬɭ № 216 ɨɬ 06.04.2020 ɝ. 

Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ: ɂ. ȼ.  əɧɱɟɧɤɨ, ɞɨɰɟɧɬ, ɤɚɧɞ. ɩɟɞ. ɧɚɭɤ, ɏɌɂ – ɮɢɥɢɚɥ ɋɎɍ 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ȼɄɊ: 3D-ɦɨɞɟɥɢ ɷɤɫɩɨɧɚɬɨɜ ɏɚɤɚɫɫɤɨɝɨ ɧɚɰɢɨɧɚɥɶɧɨɝɨ 

ɤɪɚɟɜɟɞɱɟɫɤɨɝɨ ɦɭɡɟɹ ɢɦ. Ʌ.Ɋ. Ʉɵɡɥɚɫɨɜɚ. 

ɉɟɪɟɱɟɧɶ ɪɚɡɞɟɥɨɜ ȼɄɊ:  

1. Ⱥɧɚɥɢɡ ɩɪɟɞɦɟɬɧɨɣ ɨɛɥɚɫɬɢ ɏɚɤɚɫɫɤɨɝɨ ɧɚɰɢɨɧɚɥɶɧɨɝɨ ɤɪɚɟɜɟɞɱɟɫɤɨɝɨ 

ɦɭɡɟɹ ɢɦ. Ʌ.Ɋ. Ʉɵɡɥɚɫɨɜɚ. 

2. Ɉɩɢɫɚɧɢɟ ɩɪɨɰɟɫɫɚ ɪɚɡɪɚɛɨɬɤɢ ɫɚɣɬɚ-ɝɚɥɟɪɟɢ 3D-ɦɨɞɟɥɟɣ ɷɤɫɩɨɧɚɬɨɜ 

ɏɚɤɚɫɫɤɨɝɨ ɧɚɰɢɨɧɚɥɶɧɨɝɨ ɤɪɚɟɜɟɞɱɟɫɤɨɝɨ ɦɭɡɟɹ.  

3. Ɉɰɟɧɤɚ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɡɪɚɛɨɬɤɢ ɫɚɣɬɚ-ɝɚɥɟɪɟɢ ɞɥɹ 

ɏɚɤɚɫɫɤɨɝɨ ɧɚɰɢɨɧɚɥɶɧɨɝɨ ɤɪɚɟɜɟɞɱɟɫɤɨɝɨ ɦɭɡɟɹ. 

ɉɟɪɟɱɟɧɶ ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ: ɧɟɬ 

  
Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ         ________________                 ɂ. ȼ. əɧɱɟɧɤɨ   
                                                                      ɩɨɞɩɢɫɶ    

Ɂɚɞɚɧɢɟ ɩɪɢɧɹɥ ɤ ɢɫɩɨɥɧɟɧɢɸ     ________________                 ɉ. Ⱥ. Ʉɨɳɟɟɜ 
                                                                ɩɨɞɩɢɫɶ      

«___» __________ 20__ ɝ. 
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ɊȿɎȿɊȺɌ 

 

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «ɋɨɡɞɚɧɢɟ ɜɢɪɬɭɚɥɶɧɨɣ 

ɷɤɫɩɨɡɢɰɢɢ ɢɡ ɮɨɧɞɨɜ ɏɚɤɚɫɫɤɨɝɨ ɧɚɰɢɨɧɚɥɶɧɨɝɨ ɤɪɚɟɜɟɞɱɟɫɤɨɝɨ ɦɭɡɟɹ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɟɯɧɨɥɨɝɢɢ WebGL» ɫɨɞɟɪɠɢɬ 55 ɫɬɪɚɧɢɰ ɬɟɤɫɬɨɜɨɝɨ 

ɞɨɤɭɦɟɧɬɚ, 6 ɬɚɛɥɢɰ, 23 ɪɢɫɭɧɤɚ, 11 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ, 1 ɩɪɢɥɨɠɟɧɢɟ. 

IT-ɉɊɈȿɄɌ, ɂɇɎɈɊɆȺɐɂɈɇɇȺə ɋɂɋɌȿɆȺ, 3D-ɆɈȾȿɅɖ, ɆɍɁȿɃ, 

IDEF, ɋȺɃɌ, ɌȿɏɇɈɅɈȽɂə WEBGL ɁȺɌɊȺɌɕ, ɗɄɋɉɅɍȺɌȺɐɂə, 

ɗɄɈɇɈɆɂɄȺ, ɗɎɎȿɄɌɂȼɇɈɋɌɖ. 

Ɉɛɴɟɤɬ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ: ɩɪɨɰɟɫɫ ɫɨɡɞɚɧɢɹ ɫɚɣɬɚ. 

ɉɪɟɞɦɟɬ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ: ɪɚɡɪɚɛɨɬɤɚ ɫɚɣɬɚ ɞɥɹ 

ɜɧɟɞɪɟɧɢɹ 3D-ɦɨɞɟɥɟɣ.  

ɐɟɥɶɸ ɞɚɧɧɨɣ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ 

ɫɚɣɬɚ-ɝɚɥɟɪɟɢ ɩɪɨɫɦɨɬɪɚ 3D-ɦɨɞɟɥɟɣ ɷɤɫɩɨɧɚɬɨɜ ɏɚɤɚɫɫɤɨɝɨ ɧɚɰɢɨɧɚɥɶɧɨɝɨ 

ɤɪɚɟɜɟɞɱɟɫɤɨɝɨ ɦɭɡɟɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɟɯɧɨɥɨɝɢɢ WebGL.  

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 

ɢɧɞɢɜɢɞɭɚɥɶɧɵɦ ɡɚɞɚɧɢɟɦ. ȼ ɩɪɨɰɟɫɫɟ ɜɵɩɨɥɧɟɧɢɹ ɪɟɲɟɧɵ ɡɚɞɚɱɢ: 

1. ɉɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɞɟɹɬɟɥɶɧɨɫɬɢ ɨɪɝɚɧɢɡɚɰɢɢ-ɡɚɤɚɡɱɢɤɚ 

2. ɋɮɨɪɦɢɪɨɜɚɧɨ ɬɟɯɧɢɱɟɫɤɨɟ ɡɚɞɚɧɢɟ ɧɚ ɩɪɨɟɤɬ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ 

ɫɢɫɬɟɦɵ.  

3. Ɉɩɢɫɚɧɚ ɬɟɯɧɨɥɨɝɢɹ WebGL ɢ ɨɛɨɫɧɨɜɚɧɨ ɟɟ ɩɪɢɦɟɧɟɧɢɟ.  

4. Ɋɚɫɫɦɨɬɪɟɧ ɩɪɨɰɟɫɫ ɪɚɡɪɚɛɨɬɤɢ ɫɚɣɬɚ-ɝɚɥɟɪɟɢ ɧɚ ɨɫɧɨɜɟ ɦɟɬɨɞɨɥɨɝɢɢ 

IDEF ɢ ɨɩɢɫɚɧ ɩɪɨɰɟɫɫ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɩɨɥɶɡɨɜɚɬɟɥɹ ɫ ɫɢɫɬɟɦɨɣ ɜ ɦɟɬɨɞɨɥɨɝɢɢ 

IDEF3; 

5. ɋɨɡɞɚɧɚ ɦɨɞɟɥɶ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɧɚ ɨɫɧɨɜɟ ɦɟɬɨɞɨɥɨɝɢɢ UML  

6. Ɉɩɪɟɞɟɥɟɧɚ ɫɩɢɪɚɥɶɧɚɹ ɦɨɞɟɥɶ ɠɢɡɧɟɧɧɨɝɨ ɰɢɤɥɚ ɪɚɡɪɚɛɨɬɤɢ ɩɪɨɟɤɬɚ; 

7. Ɉɰɟɧɟɧɚ ɷɤɨɧɨɦɢɱɟɫɤɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɨɟɤɬɚ ɦɟɬɨɞɨɦ ɌɋɈ. 

8. Ɉɩɪɟɞɟɥɟɧɵ ɪɢɫɤɢ ɩɪɨɟɤɬɚ. 
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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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ȼȼȿȾȿɇɂȿ 

 

Ɋɚɡɜɢɬɢɟ ɧɚɭɤɢ, ɤɭɥɶɬɭɪɵ ɢ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɚ ɬɚɤ ɠɟ ɪɚɡɥɢɱɧɵɟ ɷɬɚɩɵ 

ɢɫɬɨɪɢɢ ɨɫɬɚɜɥɹɸɬ ɫɜɨɣ ɫɥɟɞ ɜ ɦɭɡɟɹɯ. Ƚɥɚɜɧɚɹ ɫɭɬɶ ɦɭɡɟɟɜ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, 

ɱɬɨɛɵ ɞɚɬɶ ɧɚɫɬɨɹɳɢɦ ɢ ɛɭɞɭɳɢɦ ɩɨɤɨɥɟɧɢɹɦ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨ ɬɨɦ, ɤɚɤɨɣ 

ɪɚɧɶɲɟ ɛɵɥɚ ɠɢɡɧɶ ɩɪɟɞɤɨɜ ɧɚ ɷɬɨɣ ɡɟɦɥɟ. Ⱦɥɹ ɷɬɨɝɨ ɫɨɡɞɚɸɬɫɹ ɜɵɫɬɚɜɤɢ ɢ 

ɭɫɥɨɜɢɹ ɩɪɨɫɦɨɬɪɚ ɜ ɦɭɡɟɣɧɨɦ ɭɱɪɟɠɞɟɧɢɢ, ɧɨ ɨɫɬɚɟɬɫɹ ɨɝɪɨɦɧɚɹ 

ɩɨɬɟɧɰɢɚɥɶɧɚɹ ɛɚɡɚ ɡɪɢɬɟɥɟɣ ɡɚ ɩɪɟɞɟɥɚɦɢ ɝɨɪɨɞɚ.   

ȼ 21 ɜɟɤɟ ɭɠɟ ɚɤɬɢɜɧɨ ɩɪɨɢɫɯɨɞɢɬ ɰɢɮɪɨɜɢɡɚɰɢɹ ɜɫɟɯ ɨɬɪɚɫɥɟɣ ɧɚɲɟɣ 

ɠɢɡɧɢ. Ɇɭɡɟɢ ɬɨɠɟ ɜɫɟ ɛɨɥɶɲɟ ɩɪɢɡɧɚɸɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜ ɰɢɮɪɨɜɨɣ 

ɬɪɚɧɫɮɨɪɦɚɰɢɢ. Ɉɝɪɨɦɧɵɣ ɬɨɥɱɨɤ ɤ ɷɬɨɦɭ ɞɚɥɢ ɤɚɪɚɧɬɢɧɧɵɟ ɦɟɪɵ ɜ ɫɜɹɡɢ ɫ 

ɤɨɪɨɧɚɜɢɪɭɫɧɨɣ ɢɧɮɟɤɰɢɟɣ. Ɇɧɨɝɢɦ ɦɭɡɟɹɦ ɩɪɢɲɥɨɫɶ ɧɚ ɜɪɟɦɹ ɡɚɤɪɵɬɶɫɹ ɢ 

ɭɱɢɬɶɫɹ ɜɨɡɞɟɣɫɬɜɨɜɚɬɶ ɫ ɩɨɫɟɬɢɬɟɥɹɦɢ ɜ ɨɧɥɚɣɧ ɩɪɨɫɬɪɚɧɫɬɜɟ. Ȼɥɚɝɨ 

ɫɨɜɪɟɦɟɧɧɵɣ ɱɟɥɨɜɟɤ ɭɠɟ ɩɪɢɜɵɤ ɩɨɥɭɱɚɬɶ ɢɧɮɨɪɦɚɰɢɸ ɩɨɫɪɟɞɫɬɜɨɦ ɫɟɬɢ 

ɢɧɬɟɪɧɟɬ. ɋɟɣɱɚɫ ɦɭɡɟɢ ɦɨɝɭɬ ɡɚɥɨɠɢɬɶ ɨɝɪɨɦɧɭɸ ɛɚɡɭ ɞɥɹ ɫɜɨɟɝɨ ɞɚɥɶɧɟɣɲɟɝɨ 

ɪɨɫɬɚ ɩɨɫɟɳɚɟɦɨɫɬɢ. ȼɨɩɪɟɤɢ ɫɜɨɟɣ ɢɫɬɨɪɢɱɧɨɫɬɢ, ɦɭɡɟɹɦ ɧɟɨɛɯɨɞɢɦɨ 

ɪɚɡɜɢɜɚɬɶɫɹ ɜɫɥɟɞ ɡɚ ɜɪɟɦɟɧɟɦ. ȼɟɞɶ ɟɳɟ ɧɢɤɨɝɞɚ ɜ ɢɫɬɨɪɢɢ ɱɟɥɨɜɟɱɟɫɬɜɚ ɦɭɡɟɢ 

ɧɟ ɛɵɥɢ ɬɚɤ ɨɬɤɪɵɬɵ ɢ ɞɨɫɬɭɩɧɵ ɞɥɹ ɨɝɪɨɦɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɡɪɢɬɟɥɟɣ ɜɫɟɝɨ 

ɦɢɪɚ. Ɉɰɢɮɪɨɜɚɧɧɵɟ ɷɤɫɩɨɡɢɰɢɢ ɦɭɡɟɟɜ ɫɟɣɱɚɫ ɫɨɛɢɪɚɸɬ ɪɟɤɨɪɞɵ ɩɨ ɨɧɥɚɣɧ 

ɩɪɨɫɦɨɬɪɚɦ. ɗɬɨ ɟɫɬɟɫɬɜɟɧɧɨɟ ɪɚɡɜɢɬɢɟ ɦɭɡɟɣɧɨɣ ɨɬɪɚɫɥɢ. 

Ɇɧɨɝɢɟ ɩɨɠɢɥɵɟ, ɦɚɥɨɦɨɛɢɥɶɧɵɟ ɥɸɞɢ ɢɥɢ ɩɪɨɫɬɨ ɞɚɥɟɤɨ ɠɢɜɭɳɢɟ, 

ɯɨɬɟɥɢ ɛɵ ɨɤɭɧɭɬɶɫɹ ɜ ɢɫɬɨɪɢɸ ɢ ɢɫɤɭɫɫɬɜɨ, ɧɨ ɧɟ ɭ ɜɫɟɯ ɢɦɟɟɬɫɹ ɬɚɤɚɹ 

ɜɨɡɦɨɠɧɨɫɬɶ. ɇɟɨɛɯɨɞɢɦɨ ɞɚɬɶ ɤɚɠɞɨɦɭ ɱɟɥɨɜɟɤɭ ɫɩɨɫɨɛɧɨɫɬɶ ɩɪɢɤɨɫɧɭɬɶɫɹ ɤ 

ɢɫɬɨɪɢɢ, ɩɭɫɬɶ ɞɚɠɟ ɢ ɜ ɨɧɥɚɣɧ ɮɨɪɦɚɬɟ.  

ɋɪɟɞɫɬɜɨ ɭɞɚɥɟɧɧɨɝɨ ɩɪɨɫɦɨɬɪɚ 3D-ɷɤɫɩɨɧɚɬɨɜ ɏɚɤɚɫɫɤɨɝɨ 

ɧɚɰɢɨɧɚɥɶɧɨɝɨ ɤɪɚɟɜɟɞɱɟɫɤɨɝɨ ɦɭɡɟɹ ɩɨɡɜɨɥɢɬ ɨɰɟɧɢɬɶ ɷɤɫɩɨɧɚɬɵ ɢ 

ɢɧɮɨɪɦɚɰɢɸ ɨ ɧɢɯ, ɧɟ ɩɪɢɫɭɬɫɬɜɭɹ ɩɪɢ ɷɬɨɦ ɥɢɱɧɨ ɜ ɦɭɡɟɟ. ȼɢɪɬɭɚɥɶɧɵɣ 

ɩɪɨɫɦɨɬɪ 3D-ɷɤɫɩɨɧɚɬɨɜ ɫɩɨɫɨɛɫɬɜɭɟɬ ɛɨɥɶɲɟɦɭ ɢɧɬɟɪɟɫɭ ɥɸɞɟɣ ɤ ɢɡɭɱɟɧɢɸ 

ɢɫɬɨɪɢɱɟɫɤɨɝɨ ɢ ɤɭɥɶɬɭɪɧɨɝɨ ɧɚɫɥɟɞɢɹ.  

Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɷɬɨɣ ɪɚɛɨɬɵ ɫɨɫɬɨɢɬ ɜ ɬɨɦ,  ɱɬɨ ɧɚ  ɞɚɧɧɵɣ ɦɨɦɟɧɬ  ɜ  
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ɏɚɤɚɫɫɤɨɦ ɧɚɰɢɨɧɚɥɶɧɨɦ ɤɪɚɟɜɟɞɱɟɫɤɨɦ ɦɭɡɟɟ ɢɦ. Ʌ. Ɋ. Ʉɵɡɥɚɫɨɜɚ ɨɬɫɭɬɫɬɜɭɟɬ 

ɜɢɪɬɭɚɥɶɧɵɣ ɩɪɨɫɦɨɬɪ 3D-ɦɨɞɟɥɟɣ ɷɤɫɩɨɧɚɬɨɜ, ɤɨɬɨɪɵɣ ɦɨɝ ɛɵ ɩɨɡɜɨɥɢɬɶ 

ɞɚɥɶɲɟ ɮɭɧɤɰɢɨɧɢɪɨɜɚɬɶ ɦɭɡɟɸ, ɜɨ ɜɫɹɤɨɦ ɫɥɭɱɚɟ, ɜ ɪɚɦɤɚɯ ɮɨɪɦɚɬɚ ɨɧɥɚɣɧ 

ɩɪɨɫɦɨɬɪɚ.  

Ɉɛɴɟɤɬɨɦ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɩɪɨɰɟɫɫ 

ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢ ɪɚɡɪɚɛɨɬɤɢ ɫɚɣɬɚ. 

ɉɪɟɞɦɟɬɨɦ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ 

ɫɚɣɬɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɟɯɧɨɥɨɝɢɢ WebGL ɞɥɹ ɪɚɡɦɟɳɟɧɢɹ  3D ɦɨɞɟɥɟɣ. 

ɐɟɥɶɸ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɫɨɡɞɚɧɢɟ ɫɚɣɬɚ-

ɝɚɥɟɪɟɢ ɞɥɹ ɪɚɡɦɟɳɟɧɢɹ 3D ɦɨɞɟɥɟɣ ɷɤɫɩɨɧɚɬɨɜ ɏɚɤɚɫɫɤɨɝɨ ɧɚɰɢɨɧɚɥɶɧɨɝɨ 

ɤɪɚɟɜɟɞɱɟɫɤɨɝɨ ɦɭɡɟɹ ɢɦ. Ʌ. Ɋ. Ʉɵɡɥɚɫɨɜɚ ɧɚ ɨɫɧɨɜɟ ɬɟɯɧɨɥɨɝɢɢ WebGL. 

Ɂɚɞɚɱɢ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ: 

 ɩɪɨɜɟɫɬɢ ɚɧɚɥɢɡ ɫɚɣɬɨɜ ɦɭɡɟɟɜ ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ ɩɪɨɫɦɨɬɪɚ ɜɢɪɬɭɚɥɶɧɨɣ 

ɷɤɫɩɨɡɢɰɢɢ; 

 ɜɵɛɪɚɬɶ ɢ ɨɛɨɫɧɨɜɚɬɶ ɩɪɨɟɤɬɧɨɟ ɪɟɲɟɧɢɟ; 

 ɫɨɡɞɚɬɶ ɫɚɣɬ-ɝɚɥɟɪɟɸ ɞɥɹ ɩɪɨɫɦɨɬɪɚ 3D ɦɨɞɟɥɟɣ ɷɤɫɩɨɧɚɬɨɜ ɦɭɡɟɹ; 

 ɩɪɨɬɟɫɬɢɪɨɜɚɬɶ ɫɚɣɬ; 

 ɨɰɟɧɢɬɶ ɷɤɨɧɨɦɢɱɟɫɤɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɨɟɤɬɚ. 

ɋɚɣɬ ɛɭɞɟɬ ɪɚɡɪɚɛɨɬɚɧ ɧɚ ɛɚɡɚɯ HTML ɢ CSS ɫ ɜɧɟɞɪɟɧɢɟɦ ɜ ɧɢɯ 3D-

ɦɨɞɟɥɟɣ ɷɤɫɩɨɧɚɬɨɜ ɏɚɤɚɫɫɤɨɝɨ ɧɚɰɢɨɧɚɥɶɧɨɝɨ ɤɪɚɟɜɟɞɱɟɫɤɨɝɨ ɦɭɡɟɹ ɫ 

ɩɨɦɨɳɶɸ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɛɢɛɥɢɨɬɟɤɢ Three.js ɤ ɬɟɯɧɨɥɨɝɢɢ WebGL (Web-

based Graphics Library), ɧɚɩɢɫɚɧɧɨɣ ɧɚ ɹɡɵɤɟ JavaScript, ɢ ɩɨɡɜɨɥɹɸɳɟɣ 

ɜɧɟɞɪɹɬɶ ɬɪɟɯɦɟɪɧɵɟ ɦɨɞɟɥɢ ɧɚ ɩɪɨɫɬɪɚɧɫɬɜɨ ɫɚɣɬɚ.  
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1 Ⱥɧɚɥɢɡ ɩɪɟɞɦɟɬɧɨɣ ɨɛɥɚɫɬɢ 

 

1.1 ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɞɟяɬɟɥɶɧɨɫɬɢ ɏɚɤɚɫɫɤɨɝɨ ɧɚɰɢɨɧɚɥɶɧɨɝɨ 

ɤɪɚɟɜɟɞɱɟɫɤɨɝɨ ɦɭɡɟя ɢɦ. Ʌ. Ɋ. Ʉɵɡɥɚɫɨɜɚ 

 

Ɇɭɡɟɣ – ɷɬɨ ɭɱɪɟɠɞɟɧɢɟ, ɤɨɬɨɪɨɟ ɯɪɚɧɢɬ ɩɪɟɞɦɟɬɵ ɢɫɬɨɪɢɢ, ɢɫɤɭɫɫɬɜɚ 

ɢɥɢ ɤɭɥɶɬɭɪɵ. ɋ ɬɟɱɟɧɢɟɦ ɜɪɟɦɟɧɢ ɦɭɡɟɢ ɜɫɟ ɟɳɟ ɩɪɨɞɨɥɠɚɸɬ ɛɵɬɶ ɨɝɪɨɦɧɨɣ 

ɱɚɫɬɶɸ ɤɭɥɶɬɭɪɵ ɢ ɮɨɪɦɢɪɭɸɬ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɱɟɥɨɜɟɤɚ ɨ ɦɢɪɟ ɢ ɨɛɳɟɫɬɜɟ. 

Ɇɭɡɟɢ ɤɚɤ ɯɪɚɧɢɥɢɳɟ ɢɧɮɨɪɦɚɰɢɢ ɨ ɧɚɲɢɯ ɩɪɟɞɤɚɯ ɡɚɜɨɟɜɵɜɚɟɬ ɫ ɤɚɠɞɵɦ 

ɝɨɞɨɦ ɜɫɟ ɛɨɥɶɲɟ ɢɧɬɟɪɟɫɚ ɜ ɦɢɪɟ. ȼ ɥɸɛɨɣ ɱɚɫɬɢ ɫɜɟɬɚ ɫɭɳɟɫɬɜɭɟɬ ɨɝɪɨɦɧɨɟ 

ɦɧɨɠɟɫɬɜɨ ɦɭɡɟɟɜ ɫ ɪɚɡɥɢɱɧɵɦɢ ɧɚɩɪɚɜɥɟɧɢɹɦɢ ɞɥɹ ɤɚɠɞɨɝɨ ɱɟɥɨɜɟɤɚ. Ɇɭɡɟɢ 

ɜɵɩɨɥɧɹɸɬ ɜɨɫɩɢɬɚɬɟɥɶɧɭɸ ɮɭɧɤɰɢɸ ɩɨɞɧɹɬɢɹ ɭɪɨɜɧɹ ɩɚɬɪɢɨɬɢɡɦɚ ɜ ɨɛɳɟɫɬɜɟ 

ɢ ɭɤɪɟɩɥɟɧɢɢ ɢɫɬɨɪɢɱɟɫɤɨɝɨ ɢ ɤɭɥɶɬɭɪɧɨɝɨ ɢɧɬɟɪɟɫɚ.  

ɋ ɪɚɡɜɢɬɢɟɦ ɤɨɦɩɶɸɬɟɪɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɢ ɩɨɹɜɥɟɧɢɟɦ ɢɧɬɟɪɧɟɬɚ 

ɩɨɜɵɲɚɟɬɫɹ ɫɩɪɨɫ ɧɚ ɫɪɟɞɫɬɜɚ ɩɪɨɫɦɨɬɪɚ 3D-ɷɤɫɩɨɧɚɬɨɜ ɢ ɜɢɪɬɭɚɥɶɧɵɟ ɦɭɡɟɢ.  

ȼɨ ɦɧɨɝɢɯ ɩɨɩɭɥɹɪɧɵɯ ɦɢɪɨɜɵɯ ɦɭɡɟɹɯ ɭɠɟ ɞɚɜɧɨ ɫɭɳɟɫɬɜɭɟɬ ɩɪɚɤɬɢɤɚ 

ɩɪɢɥɨɠɟɧɢɣ ɫ ɞɨɩɨɥɧɟɧɧɨɣ ɢɧɮɨɪɦɚɰɢɟɣ ɨɛ ɢɧɬɟɪɟɫɭɸɳɟɦ ɷɤɫɩɨɧɚɬɟ. 

ɇɚɩɪɢɦɟɪ, ɩɪɢɥɨɠɟɧɢɟ ɩɨ ɩɪɨɫɦɨɬɪɭ ɜɢɪɬɭɚɥɶɧɨɝɨ Ʌɭɜɪɚ ɜɫё ɛɨɥɶɲɟ ɧɚɛɢɪɚɟɬ 

ɩɨɩɭɥɹɪɧɨɫɬɶ. Ʌɸɞɢ ɦɨɝɭɬ ɫɜɨɢɦɢ ɝɥɚɡɚɦɢ ɨɰɟɧɢɬɶ ɡɧɚɦɟɧɢɬɵɣ ɦɭɡɟɣ ɢ 

ɩɨɛɪɨɞɢɬɶ ɩɨ ɷɤɫɤɭɪɫɢɢ. 

ɂɧɢɰɢɚɬɨɪɨɦ ɫɨɡɞɚɧɢɹ ɜɢɪɬɭɚɥɶɧɨɝɨ ɩɪɨɫɦɨɬɪɚ 3D-ɷɤɫɩɨɧɚɬɨɜ ɹɜɥɹɟɬɫɹ 

ɏɚɤɚɫɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɤɪɚɟɜɟɞɱɟɫɤɢɣ ɦɭɡɟɣ ɢɦɟɧɢ Ʌ. Ɋ. Ʉɵɡɥɚɫɨɜɚ – 

ɜɟɞɭɳɢɣ ɦɭɡɟɣ Ɋɟɫɩɭɛɥɢɤɢ ɏɚɤɚɫɢɹ. 

Ɂɚɤɚɡɱɢɤɨɦ ɩɪɨɟɤɬɚ ɹɜɥɹɟɬɫɹ Ƚɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 

Ɋɟɫɩɭɛɥɢɤɢ ɏɚɤɚɫɢɹ "ɐɟɧɬɪ ɢɧɮɨɪɦɚɬɢɡɚɰɢɢ ɢ ɧɨɜɵɯ ɬɟɯɧɨɥɨɝɢɣ Ɋɟɫɩɭɛɥɢɤɢ 

ɏɚɤɚɫɢɹ". 

ɇɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɏɚɤɚɫɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɤɪɚɟɜɟɞɱɟɫɤɢɣ ɦɭɡɟɣ ɢɦɟɧɢ 

Ʌ. Ɋ. Ʉɵɡɥɚɫɨɜɚ ɫɚɦɵɣ ɤɪɭɩɧɵɣ ɢ ɩɨɩɭɥɹɪɧɵɣ ɦɭɡɟɣ Ɋɟɫɩɭɛɥɢɤɢ ɏɚɤɚɫɢɹ. ȼ 

ɦɭɡɟɟ ɫɨɛɪɚɧɵ ɚɪɯɟɨɥɨɝɢɱɟɫɤɢɟ ɤɨɥɥɟɤɰɢɢ, ɧɚɣɞɟɧɧɵɟ ɜ ɪɚɫɤɨɩɤɚɯ ɞɪɟɜɧɢɯ 

ɤɭɪɝɚɧɨɜ, ɞɪɟɜɧɢɟ ɤɚɦɟɧɧɵɟ ɩɥɢɬɵ ɫ ɩɟɬɪɨɝɥɢɮɚɦɢ, ɪɚɡɧɨɨɛɪɚɡɧɵɟ ɲɟɞɟɜɪɵ 
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ɠɢɜɨɩɢɫɢ, ɚ ɬɚɤ ɠɟ ɛɵɬ ɢ ɪɟɥɢɝɢɨɡɧɵɟ ɨɛɪɹɞɵ ɯɚɤɚɫɫɤɨɝɨ ɧɚɪɨɞɚ.  

ɏɚɤɚɫɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɤɪɚɟɜɟɞɱɟɫɤɢɣ ɦɭɡɟɣ ɢɦ. Ʌ.Ɋ. Ʉɵɡɥɚɫɨɜɚ ɛɵɥ 

ɨɫɧɨɜɚɧ 29 ɢɸɥɹ 1931 ɝɨɞɚ. Ɉɧ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɚɦɵɣ ɛɨɥɶɲɨɣ ɢ 

ɫɨɜɪɟɦɟɧɧɵɣ ɤɭɥɶɬɭɪɧɵɣ ɰɟɧɬɪ, ɤɨɬɨɪɵɣ ɫɨɞɟɪɠɢɬ ɜ ɫɟɛɟ ɝɥɚɜɧɵɟ 

ɢɫɬɨɪɢɱɟɫɤɢɟ ɰɟɧɧɨɫɬɢ ɞɥɹ ɠɢɬɟɥɟɣ ɪɟɝɢɨɧɚ ɢ ɫɬɪɚɧɵ ɜ ɰɟɥɨɦ. ȼ ɧɟɦ 

ɫɭɳɟɫɬɜɭɸɬ ɤɚɤ ɷɬɧɨɝɪɚɮɢɱɟɫɤɢɟ ɤɨɥɥɟɤɰɢɢ ɯɚɤɚɫɫɤɢɯ ɧɚɪɨɞɨɜ, ɬɚɤ ɢ 

ɠɢɜɨɬɧɵɣ ɦɢɪ, ɢ ɩɨɥɟɡɧɵɟ ɢɫɤɨɩɚɟɦɵɟ, ɯɚɪɚɤɬɟɪɧɵɟ ɞɪɟɜɧɢɦ ɩɟɪɢɨɞɚɦ 

ɏɚɤɚɫɢɢ. Ɇɭɡɟɣ ɬɚɤ ɠɟ ɩɪɟɡɟɧɬɭɟɬ ɞɥɹ ɡɪɢɬɟɥɟɣ ɨɛɴɟɤɬɵ ɢ ɪɨɫɫɢɣɫɤɨɣ ɢɫɬɨɪɢɢ, 

ɬɚɤɢɟ ɤɚɤ: ɉɨɛɟɞɚ ɜ ȼɟɥɢɤɨɣ Ɉɬɟɱɟɫɬɜɟɧɧɨɣ ɜɨɣɧɟ, ɢ ɫɥɢɹɧɢɟ ɪɨɫɫɢɣɫɤɨɣ ɢ 

ɯɚɤɚɫɫɤɨɣ ɤɭɥɶɬɭɪ. Ⱦɥɹ ɞɟɬɫɤɢɯ ɡɪɢɬɟɥɟɣ ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɪɚɡɥɢɱɧɵɟ ɤɜɟɫɬɵ ɩɨ 

ɬɢɩɭ «ɘɧɨɝɨ ɚɪɯɟɨɥɨɝɚ», ɦɚɫɬɟɪ ɤɥɚɫɫɵ, ɚ ɬɚɤɠɟ ɥɟɤɰɢɢ ɢ ɭɪɨɤɢ ɢɫɬɨɪɢɢ. 

ɉɨɦɢɦɨ ɷɬɨɝɨ ɏɚɤɚɫɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɤɪɚɟɜɟɞɱɟɫɤɢɣ ɦɭɡɟɣ ɭɱɚɫɬɜɭɟɬ ɜ 

ɩɪɨɟɤɬɟ «Ɋɭɫɫɤɢɣ ɦɭɡɟɣ: ɜɢɪɬɭɚɥɶɧɵɣ ɮɢɥɢɚɥ». ɀɢɬɟɥɢ ɏɚɤɚɫɢɢ ɦɨɝɭɬ 

ɜɢɪɬɭɚɥɶɧɨ ɨɰɟɧɢɬɶ ɷɤɫɩɨɧɚɬɵ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɪɭɫɫɤɨɝɨ ɦɭɡɟɹ ɋɚɧɤɬ-

ɉɟɬɟɪɛɭɪɝɚ. 

Ɉɫɧɨɜɧɵɟ ɩɨɫɬɨɹɧɧɵɟ ɜɵɫɬɚɜɤɢ ɦɭɡɟɹ [1]: 

1. «Ⱦɪɟɜɧɟɟ ɢɫɤɭɫɫɬɜɨ ɏɚɤɚɫɢɢ» – ɡɚɥ ɤɚɦɟɧɧɵɯ ɢɡɜɚɹɧɢɣ. 

2. «Ⱦɪɟɜɧɹɹ ɢɫɬɨɪɢɹ ɏɚɤɚɫɢɢ» – ɡɧɚɤɨɦɫɬɜɨ ɫ ɢɫɬɨɪɢɟɣ ɢ ɚɪɯɟɨɥɨɝɢɟɣ 

ɏɚɤɚɫɢɢ ɫ ɩɟɪɢɨɞɚ ɩɚɥɟɨɥɢɬɚ ɞɨ ɬɚɝɚɪɫɤɨɣ ɤɭɥɶɬɭɪɵ. 

3. «ɉɪɢɪɨɞɧɵɟ ɛɨɝɚɬɫɬɜɚ ɏɚɤɚɫɢɢ» – ɩɪɢɪɨɞɧɵɟ ɡɨɧɵ, ɪɚɫɬɢɬɟɥɶɧɵɣ ɢ 

ɠɢɜɨɬɧɵɣ ɦɢɪ ɧɚɲɟɣ ɪɟɫɩɭɛɥɢɤɢ. 

4. «ɇɟɞɪɚ ɏɚɤɚɫɢɢ» – ɷɤɫɩɨɡɢɰɢɹ ɩɨɥɟɡɧɵɯ ɢɫɤɨɩɚɟɦɵɯ. 

5. «Ⱦɜɨɪɹɧɫɤɨɟ ɝɧɟɡɞɨ» – ɤɨɥɥɟɤɰɢɹ ɩɪɟɞɦɟɬɨɜ ɯɭɞɨɠɟɫɬɜɟɧɧɨɣ ɦɟɛɟɥɢ ɢ 

ɩɪɨɢɡɜɟɞɟɧɢɣ ɢɫɤɭɫɫɬɜɚ XVII-XIX ɜɜ. ɩɟɬɟɪɛɭɪɝɫɤɢɯ ɚɧɬɢɤɜɚɪɨɜ ɂ.ɇ. 

Ʉɚɪɚɱɚɤɨɜɨɣ – Ʉɚɪɬɢɧɨɣ ɢ Ƚ.ɂ. Ʉɨɡɚɱɟɧɤɨ. 

6. «ɏɚɤɚɫɢɹ ɧɚ ɪɭɛɟɠɟ ɷɩɨɯ» – ɡɧɚɤɨɦɫɬɜɨ ɫ ɢɫɬɨɪɢɟɣ ɏɚɤɚɫɢɢ, ɧɚɱɢɧɚɹ ɫ 

I ɜ. ɧ.ɷ. ɢ ɞɨ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɏɚɤɚɫɢɢ ɤ Ɋɨɫɫɢɢ. ɗɬɧɨɝɪɚɮɢɱɟɫɤɚɹ ɱɚɫɬɶ 

ɷɤɫɩɨɡɢɰɢɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɩɪɟɞɦɟɬɚɦɢ ɛɵɬɚ ɢ ɢɫɤɭɫɫɬɜɚ ɬɪɚɞɢɰɢɨɧɧɨɣ 

ɯɚɤɚɫɫɤɨɣ ɤɭɥɶɬɭɪɵ. 

7. Ⱦɟɬɫɤɢɣ ɦɭɡɟɣɧɵɣ ɰɟɧɬɪ – ɩɥɨɳɚɞɤɚ ɞɥɹ ɡɚɧɢɦɚɬɟɥɶɧɨɝɨ ɞɨɫɭɝɚ ɞɟɬɟɣ. 
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Ʉ 2019 ɝɨɞɭ ɚɤɬɢɜɧɨ ɪɚɡɜɢɜɚɥɚɫɶ ɤɨɦɩɶɸɬɟɪɢɡɚɰɢɹ ɮɨɧɞɨɜɵɯ ɤɨɥɥɟɤɰɢɣ 

ɦɭɡɟɹ. Ȼɨɥɟɟ 56,8% ɷɤɫɩɨɧɚɬɨɜ ɦɭɡɟɹ ɛɵɥɨ ɜɧɟɫɟɧɨ ɜ ɷɥɟɤɬɪɨɧɧɭɸ ɛɚɡɭ, ɚ ɬɚɤ 

ɠɟ ɩɨɹɜɢɥɚɫɶ ɮɨɬɨɮɢɤɫɚɰɢɹ ɤɨɥɥɟɤɰɢɣ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɚɤɬɢɜɧɨ 

ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɢ ɜɢɪɬɭɚɥɢɡɚɰɢɹ ɦɭɡɟɹ ɞɥɹ ɭɞɚɥɟɧɧɨɝɨ ɩɪɨɫɦɨɬɪɚ.  

ɍ ɏɚɤɚɫɫɤɨɝɨ ɧɚɰɢɨɧɚɥɶɧɨɝɨ ɤɪɚɟɜɟɞɱɟɫɤɨɝɨ ɦɭɡɟɹ ɭɠɟ ɟɫɬɶ ɨɩɵɬ ɪɚɛɨɬɵ 

ɫ ɜɢɪɬɭɚɥɶɧɵɦ ɩɪɨɟɤɬɨɦ «Ɋɭɫɫɤɢɣ ɦɭɡɟɣ: ɜɢɪɬɭɚɥɶɧɵɣ ɮɢɥɢɚɥ». ɗɬɨɬ ɩɪɨɟɤɬ 

ɩɨɡɜɨɥɹɥ ɪɚɫɫɦɨɬɪɟɬɶ ɤɪɭɩɧɟɣɲɢɣ Ɋɭɫɫɤɢɣ ɦɭɡɟɣ ɡɚ ɩɪɟɞɟɥɚɦɢ ɋɚɧɤɬ-

ɉɟɬɟɪɛɭɪɝɚ.  

Ɍɚɤɢɦ ɠɟ, ɧɨ ɭɠɟ ɫɨɛɫɬɜɟɧɧɵɦ ɩɪɨɟɤɬɨɦ ɡɚɢɧɬɟɪɟɫɨɜɚɥɫɹ ɏɚɤɚɫɫɤɢɣ 

ɧɚɰɢɨɧɚɥɶɧɵɣ ɤɪɚɟɜɟɞɱɟɫɤɢɣ ɦɭɡɟɣ. Ⱦɥɹ ɟɝɨ ɪɟɚɥɢɡɚɰɢɢ ɛɵɥ ɜɵɛɪɚɧ ɮɨɪɦɚɬ 

ɜɟɛ-ɫɚɣɬɚ, ɧɚ ɤɨɬɨɪɵɣ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɟɪɟɯɨɞ ɫ ɫɚɣɬɚ ɦɭɡɟɹ ɧɚ ɫɚɣɬ-ɝɚɥɟɪɟɸ ɫ 

3D-ɦɨɞɟɥɹɦɢ ɷɤɫɩɨɧɚɬɨɜ ɦɭɡɟɹ. Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɬɚɤɨɝɨ ɩɪɨɟɤɬɚ ɥɭɱɲɟ ɜɫɟɝɨ 

ɩɨɞɯɨɞɢɬ ɬɟɯɧɨɥɨɝɢɹ WebGL, ɚ ɜ ɱɚɫɬɧɨɫɬɢ ɟɟ ɛɢɛɥɢɨɬɟɤɚ Three.js, ɬɚɤ ɤɚɤ ɨɧɚ 

ɩɪɟɞɨɫɬɚɜɥɹɟɬ ɜɨɡɦɨɠɧɨɫɬɢ ɜɧɟɞɪɹɬɶ 3D ɦɨɞɟɥɢ ɧɚ ɫɬɪɚɧɢɰɵ ɫɚɣɬɚ. 

 

1.2 Ɉɩɢɫɚɧɢɟ ɬɟɯɧɨɥɨɝɢɢ WebGL 

 

WebGL  – ɷɬɨ ɬɟɯɧɨɥɨɝɢɹ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɚɹ ɞɥɹ ɨɬɪɢɫɨɜɤɢ ɞɜɭɯɦɟɪɧɨɣ ɢ 

ɬɪɟɯɦɟɪɧɨɣ ɝɪɚɮɢɤɢ ɜ ɛɪɚɭɡɟɪɚɯ. Ɋɚɛɨɬɚ ɜɟɛ-ɩɪɢɥɨɠɟɧɢɣ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

WebGL ɛɚɡɢɪɭɟɬɫɹ ɧɚ ɤɨɞɟ ɹɡɵɤɚ JavaScript. ɑɟɪɟɡ HTML ɷɥɟɦɟɧɬ «ɋanvas», 

ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ WebGL ɤɨɧɬɟɤɫɬ, ɤɨɬɨɪɵɣ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɪɢɥɨɠɟɧɢɸ 

ɞɜɭɯɦɟɪɧɭɸ ɢ ɬɪɟɯɦɟɪɧɭɸ ɝɪɚɮɢɤɭ ɛɟɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɥɚɝɢɧɨɜ ɞɥɹ ɛɪɚɭɡɟɪɚ. 

ȼ ɨɬɥɢɱɢɟ ɨɬ ɬɚɤɢɯ ɚɧɚɥɨɝɨɜ ɤɚɤ Adobe Flash ɢɥɢ Microsoft Silverlight 

ɬɟɯɧɨɥɨɝɢɹ WebGL ɜɧɟɞɪɟɧɚ ɜ ɛɪɚɭɡɟɪ ɜɦɟɫɬɟ ɫ ɨɛɧɨɜɥɟɧɢɟɦ, ɚ ɧɟ ɪɚɛɨɬɚɟɬ 

ɫɬɨɪɨɧɧɢɦ ɩɥɚɝɢɧɨɦ ɞɥɹ ɛɪɚɭɡɟɪɚ ɤɚɤɢɦɢ ɹɜɥɹɸɬɫɹ Adobe Flash ɢ Microsoft 

Silverlight. Ȼɥɚɝɨɞɚɪɹ WebGL ɛɪɚɭɡɟɪɵ ɦɨɝɭɬ ɬɚɤ ɠɟ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ 

ɚɩɩɚɪɚɬɧɵɦ ɭɫɤɨɪɟɧɢɟɦ, ɱɬɨ ɫɭɳɟɫɬɜɟɧɧɨ ɭɫɤɨɪɹɟɬɫɹ ɨɬɪɢɫɨɜɤɭ ɝɪɚɮɢɤɢ. 

Ƚɥɚɜɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɬɟɯɧɨɥɨɝɢɢ WebGL ɹɜɥɹɟɬɫɹ ɟɟ ɪɚɛɨɬɚ 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɛɪɚɭɡɟɪɟ, ɱɬɨ ɞɟɥɚɟɬ ɞɨɫɬɭɩɧɵɦ ɩɪɨɫɦɨɬɪ 3D-ɝɪɚɮɢɤɢ ɜ 

ɫɟɬɢ ɢɧɬɟɪɧɟɬ ɜɧɟ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɫɩɨɥɶɡɭɟɦɨɣ ɩɥɚɬɮɨɪɦɵ ɧɚ ɤɨɦɩɶɸɬɟɪɟ ɢ 
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ɛɟɡ ɭɫɬɚɧɨɜɤɢ ɫɩɟɰɢɚɥɶɧɵɯ ɝɪɚɮɢɱɟɫɤɢɯ ɩɪɨɝɪɚɦɦ. ȿɟ ɪɚɛɨɬɭ ɩɨɞɞɟɪɠɢɜɚɸɬ 

ɩɨɫɥɟɞɧɢɟ ɜɟɪɫɢɢ ɜɫɟɯ ɜɟɞɭɳɢɯ ɛɪɚɭɡɟɪɨɜ, ɬɚɤɢɟ ɤɚɤ: 

 Google Chrome – WebGL ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ ɩɨ ɭɦɨɥɱɚɧɢɸ ɜɨ ɜɫɟɯ 

ɜɟɪɫɢɹɯ, ɧɚɱɢɧɚɹ ɫ 9; 

 Mozilla Firefox – WebGL ɬɟɯɧɨɥɨɝɢɹ ɩɨɞɤɥɸɱɟɧɚ ɧɚɱɢɧɚɹ ɫ ɜɟɪɫɢɢ 4.0; 

 Opera – WebGL ɛɵɥ ɪɟɚɥɢɡɨɜɚɧ ɜ ɜɟɪɫɢɢ Opera 12; 

 Safari – ɢɡɧɚɱɚɥɶɧɨ ɩɨɞɞɟɪɠɢɜɚɟɬ ɬɟɯɧɨɥɨɝɢɸ WebGL; 

 Internet Explorer – ɩɨɞɞɟɪɠɤɚ WebGL ɞɨɛɚɜɥɟɧɚ ɜ Internet Explorer 11; 

 Ȼɪɚɭɡɟɪ əɧɞɟɤɫ – ɩɨɞɞɟɪɠɢɜɚɟɬ ɬɟɯɧɨɥɨɝɢɸ WebGL ɜɫɟɦɢ ɜɟɪɫɢɹɦɢ. 

ɋɬɚɪɵɟ ɜɟɪɫɢɢ ɧɟɤɨɬɨɪɵɯ ɛɪɚɭɡɟɪɨɜ ɦɨɝɭɬ ɧɟ ɩɨɞɞɟɪɠɢɜɚɬɶ ɞɚɧɧɭɸ 

ɬɟɯɧɨɥɨɝɢɸ, ɢɡ-ɡɚ ɱɟɝɨ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɩɪɨɜɟɫɬɢ ɨɛɧɨɜɥɟɧɢɟ ɫɜɨɢɯ 

ɩɪɨɝɪɚɦɦɧɵɯ ɫɪɟɞɫɬɜ ɞɨ ɚɤɬɭɚɥɶɧɨɝɨ ɭɪɨɜɧɹ.  

ȼ ɩɪɨɰɟɫɫɟ ɪɢɫɨɜɚɧɢɹ ɝɪɚɮɢɤɢ ɧɟɨɛɯɨɞɢɦɨ ɨɩɢɫɚɬɶ ɦɚɫɫɢɜ ɱɢɫɟɥ ɬɨɱɟɤ 

ɨɫɟɣ X, Y ɢ Z. ɉɨ ɷɬɢɦ ɨɫɹɦ ɤɨɨɪɞɢɧɚɬ ɬɚɤ ɠɟ ɜɵɫɬɚɜɥɹɟɬɫɹ ɤɚɦɟɪɚ.  

Ⱦɥɹ ɪɚɛɨɬɵ ɛɵɥɚ ɜɵɛɪɚɧɚ ɛɢɛɥɢɨɬɟɤɚ Three.js ɞɥɹ WebGL. Ɉɧɚ ɪɚɛɨɬɚɟɬ 

ɞɨɩɨɥɧɟɧɢɟɦ ɤ WebGL ɬɟɯɧɨɥɨɝɢɢ ɢ ɩɨɡɜɨɥɹɟɬ ɡɚɝɪɭɠɚɬɶ ɫɬɨɪɨɧɧɸɸ ɦɨɞɟɥɶ 

ɧɚ ɫɬɪɚɧɢɰɭ ɫɚɣɬɚ. Ɍɚɤɠɟ ɟɟ ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɹɜɥɹɸɬɫɹ ɧɨɜɵɟ ɧɚɫɬɪɨɣɤɢ 

ɢɫɬɨɱɧɢɤɨɜ ɫɜɟɬɚ, ɤɚɦɟɪ ɢ ɚɧɢɦɚɰɢɢ.  

ɉɪɢɦɟɪɨɦ ɪɚɛɨɬ Three.js ɹɜɥɹɟɬɫɹ ɫɚɣɬ «threejs.org» (ɪɢɫɭɧɨɤ 1) [5]. ɇɚ 

ɧɟɦ ɟɫɬɶ ɦɧɨɠɟɫɬɜɨ ɩɪɢɦɟɪɨɜ ɝɪɚɮɢɱɟɫɤɢɯ ɪɚɛɨɬ ɧɚ ɨɫɧɨɜɟ ɷɬɨɣ ɬɟɯɧɨɥɨɝɢɢ.  

 

 

 

Ɋɢɫɭɧɨɤ  1 – Ɏɪɚɝɦɟɧɬ ɫɚɣɬɚ threejs.org 
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Ɉɬɥɢɱɧɵɦ ɩɪɢɦɟɪɨɦ ɪɚɛɨɬɵ WebGL ɹɜɥɹɟɬɫɹ «Google Maps Cube» 

(ɪɢɫɭɧɨɤ 2) [6]. Ɇɢɧɢ ɢɝɪɚ ɩɨ ɩɟɪɟɦɟɳɟɧɢɸ ɲɚɪɢɤɚ ɩɨɫɪɟɞɫɬɜɨɦ 

ɩɟɪɟɜɨɪɚɱɢɜɚɧɢɹ ɤɭɛɚ.   

 

 

 

Ɋɢɫɭɧɨɤ  2 – Ɏɪɚɝɦɟɧɬ ɢɝɪɵ Google Maps Cube 

 

Ɉɛɚ ɫɚɣɬɚ ɞɟɦɨɧɫɬɪɢɪɭɸɬ ɪɟɡɭɥɶɬɚɬɵ ɩɪɢɦɟɧɟɧɢɹ ɬɟɯɧɨɥɨɝɢɢ WebGL ɢ 

ɟɟ ɛɢɛɥɢɨɬɟɤɢ Three.js. ȼ ɨɛɨɢɯ ɫɥɭɱɚɹɯ ɦɨɞɟɥɢ ɫɨɡɞɚɜɚɥɢɫɶ ɜɪɭɱɧɭɸ, ɧɨ 

ɪɚɡɧɢɰɚ ɩɪɢɦɟɪɨɜ ɜ ɬɨɦ, ɱɬɨ ɜ ɩɟɪɜɨɦ ɫɥɭɱɚɟ ɨɧɚ ɦɨɠɟɬ ɛɵɬɶ ɫɨɡɞɚɧɚ ɢ 

ɜɧɟɞɪɟɧɚ ɢɡɜɧɟ. 

 

1.3 ɉɪɟɞɫɬɚɜɥɟɧɢɟ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɫɢɫɬɟɦɵ ɤɚɤ ɦɨɞɟɥɢ IDEF0  

 

ȼ ɲɢɪɨɤɨɦ ɫɦɵɫɥɟ ɩɨɞ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɨɣ ɩɨɧɢɦɚɸɬ 

ɫɨɜɨɤɭɩɧɨɫɬɶ ɫɨɞɟɪɠɚɳɟɣɫɹ ɜ ɛɚɡɚɯ ɞɚɧɧɵɯ ɢɧɮɨɪɦɚɰɢɢ ɢ ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɟɟ 

ɨɛɪɚɛɨɬɤɭ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɢ ɬɟɯɧɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ, ɚ ɜ ɭɡɤɨɦ 

ɫɦɵɫɥɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬ ɤɚɤ ɩɪɨɝɪɚɦɦɧɨ-ɚɩɩɚɪɚɬɧɭɸ ɫɢɫɬɟɦɭ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɭɸ 

ɞɥɹ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɰɟɥɟɧɚɩɪɚɜɥɟɧɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ ɤɨɧɟɱɧɵɯ ɩɨɥɶɡɨɜɚɬɟɥɟɣ, 

ɨɛɟɫɩɟɱɢɜɚɸɳɭɸ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɡɚɥɨɠɟɧɧɨɣ ɜ ɧɟɟ ɥɨɝɢɤɨɣ ɨɛɪɚɛɨɬɤɢ, 

ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ, ɦɨɞɢɮɢɤɚɰɢɢ ɢ ɯɪɚɧɟɧɢɹ ɢɧɮɨɪɦɚɰɢɢ. ȼ ɥɸɛɨɦ 
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ɫɥɭɱɚɟ ɨɫɧɨɜɧɨɣ ɡɚɞɚɱɟɣ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ ɹɜɥɹɟɬɫɹ ɭɞɨɜɥɟɬɜɨɪɟɧɢɟ 

ɤɨɧɤɪɟɬɧɵɯ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɩɨɬɪɟɛɧɨɫɬɟɣ ɜ ɪɚɦɤɚɯ ɤɨɧɤɪɟɬɧɨɣ ɩɪɟɞɦɟɬɧɨɣ 

ɨɛɥɚɫɬɢ. ȼ ɫɜɹɡɢ, ɫ ɱɟɦ ɛɭɞɟɦ ɞɚɥɟɟ ɩɪɢɦɟɧɹɬɶ ɞɚɧɧɵɣ ɬɟɪɦɢɧ ɢ ɤ ɩɨɧɹɬɢɸ 

ɫɚɣɬɚ. 

ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ ɜɚɠɧɚɹ ɱɚɫɬɶ ɫɨɡɞɚɧɢɹ 

ɩɪɨɟɤɬɚ, ɬɚɤ ɤɚɤ ɷɬɚ ɱɚɫɬɶ ɹɜɥɹɟɬɫɹ ɧɚɱɚɥɶɧɨɣ, ɢ ɜɟɫɶ ɩɪɨɰɟɫɫ ɪɚɡɪɚɛɨɬɤɢ ɛɭɞɟɬ 

ɡɚɜɢɫɟɬɶ ɨɬ ɬɨɝɨ, ɤɚɤ ɩɪɨɣɞɟɬ ɫɬɚɞɢɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ, ɢ ɛɭɞɟɬ ɥɢ ɜɨɨɛɳɟ 

ɞɚɧɧɵɣ ɩɪɨɟɤɬ ɪɟɚɥɢɡɨɜɚɧ. ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ 

ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɪɚɡɥɢɱɧɵɯ ɦɟɬɨɞɨɥɨɝɢɣ: IDEF, UML, DFD. ɍ 

ɤɚɠɞɨɣ ɢɡ ɦɟɬɨɞɨɥɨɝɢɣ ɫɜɨɟ ɧɚɡɧɚɱɟɧɢɟ. IDEF ɞɢɚɝɪɚɦɦɵ ɜ ɨɫɧɨɜɧɨɦ 

ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɮɭɧɤɰɢɨɧɚɥɶɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫɥɨɠɧɵɯ ɫɢɫɬɟɦ. UML 

ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɨɩɢɫɚɧɢɹ ɨɛɴɟɤɬɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜ ɨɛɥɚɫɬɢ ɪɚɡɪɚɛɨɬɤɢ 

ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ, ɬɚɤɠɟ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɛɢɡɧɟɫ-ɩɪɨɰɟɫɫɨɜ ɢ 

ɨɬɪɚɠɟɧɢɹ ɨɪɝɚɧɢɡɚɰɢɨɧɧɵɯ ɫɬɪɭɤɬɭɪ. DFD ɦɟɬɨɞɨɥɨɝɢɹ ɧɟɨɛɯɨɞɢɦɚ ɞɥɹ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨɬɨɤɨɜ ɞɚɧɧɵɯ ɫ ɢɯ ɩɨɫɥɟɞɭɸɳɟɣ ɨɩɬɢɦɢɡɚɰɢɟɣ. ɇɚ ɫɬɚɞɢɢ 

ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɪɟɲɚɸɬɫɹ ɜɚɠɧɵɟ ɜɨɩɪɨɫɵ ɩɥɚɧɢɪɨɜɚɧɢɹ ɢ ɩɪɨɜɟɞɟɧɢɹ ɪɚɛɨɬ, 

ɬɚɤɢɟ ɤɚɤ: 

 ɫɪɨɤɢ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬɵ; 

 ɧɟɨɛɯɨɞɢɦɵɟ ɪɟɫɭɪɫɵ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ, ɜɤɥɸɱɚɸɳɢɟ ɤɚɤ ɥɸɞɟɣ, ɬɚɤ ɢ 

ɮɢɧɚɧɫɵ; 

 ɫɬɚɞɢɢ ɪɚɡɪɚɛɨɬɤɢ ɢ ɢɯ ɫɨɫɬɚɜɥɹɸɳɢɟ; 

 ɨɩɪɟɞɟɥɹɟɬɫɹ ɠɢɡɧɟɧɧɵɣ ɰɢɤɥ ɞɥɹ ɩɪɨɟɤɬɚ; 

 ɮɢɧɚɧɫɨɜɚɹ ɜɵɝɨɞɧɨɫɬɶ ɩɪɨɟɤɬɚ; 

 ɜɵɹɫɧɹɸɬɫɹ ɩɨɬɨɤɢ ɞɚɧɧɵɯ ɜ ɩɪɨɟɤɬɟ ɢɥɢ ɩɪɨɜɨɞɢɬɫɹ ɢɯ ɨɩɬɢɦɢɡɚɰɢɹ; 

 ɨɩɪɟɞɟɥɹɸɬɫɹ ɜɨɡɦɨɠɧɨɫɬɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɩɨɥɶɡɨɜɚɬɟɥɹ ɫ ɫɢɫɬɟɦɨɣ; 

 ɪɚɡɪɚɛɚɬɵɜɚɟɬɫɹ ɫɯɟɦɚ ɪɚɛɨɬɵ ɛɭɞɭɳɟɣ ɫɢɫɬɟɦɵ. 
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1.3.1 Ɉɛщɟɟ ɨɩɢɫɚɧɢɟ ɫɬɪɭɤɬɭɪɵ ɢ ɮɭɧɤɰɢɣ ɫɢɫɬɟɦɵ 

 

Ⱦɥɹ ɨɩɢɫɚɧɢɹ ɪɚɡɪɚɛɨɬɤɢ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ ɩɨɫɬɪɨɟɧɚ  

ɞɢɚɝɪɚɦɦɚ IDEF0 (ɪɢɫɭɧɨɤ 3). 

 

 

 

Ɋɢɫɭɧɨɤ 3 – Ⱦɢɚɝɪɚɦɦɚ IDEF0 

 

ȼɯɨɞɵ ɞɢɚɝɪɚɦɦɵ: 

 Ɂɚɩɪɨɫ ɡɚɤɚɡɱɢɤɚ – ɞɚɧɧɵɟ ɨ ɬɪɟɛɨɜɚɧɢɹɯ ɤ ɞɢɡɚɣɧɭ ɢ ɫɨɞɟɪɠɚɧɢɸ 

ɫɚɣɬɚ. ȼɯɨɞ ɹɜɥɹɟɬɫɹ ɫɚɦɵɦ ɜɚɠɧɵɦ, ɬɚɤ ɤɚɤ ɨɧ ɜɥɢɹɟɬ ɧɚ ɫɨɫɬɚɜɥɟɧɢɟ 

ɬɟɯɧɢɱɟɫɤɨɝɨ ɡɚɞɚɧɢɹ, ɤɨɬɨɪɨɟ ɨɩɪɟɞɟɥɹɟɬ, ɤɚɤɨɣ ɛɭɞɟɬ ɫɢɫɬɟɦɚ ɜ ɰɟɥɨɦ. 

ɍɩɪɚɜɥɟɧɢɟ ɞɢɚɝɪɚɦɦɵ: 

 Ɍɟɯɧɢɱɟɫɤɨɟ ɡɚɞɚɧɢɟ – ɞɚɧɧɵɣ ɩɭɧɤɬ ɨɩɪɟɞɟɥɹɟɬ, ɤɚɤ ɛɭɞɟɬ ɜɵɝɥɹɞɟɬɶ, 

ɢ ɪɚɡɪɚɛɚɬɵɜɚɬɶɫɹ ɞɚɧɧɚɹ ɫɢɫɬɟɦɚ. 

 ɋɬɢɥɶ ɏɚɤɚɫɫɤɨɝɨ ɧɚɰɢɨɧɚɥɶɧɨɝɨ ɤɪɚɟɜɟɞɱɟɫɤɨɝɨ ɦɭɡɟɹ – ɨɩɪɟɞɟɥɹɟɬ 

ɞɢɡɚɣɧ ɢɧɬɟɪɮɟɣɫɚ ɫɚɣɬɚ, ɬɚɤ ɤɚɤ ɡɚɤɚɡɱɢɤɨɦ ɩɪɨɟɤɬɚ ɹɜɥɹɟɬɫɹ ɏɚɤɚɫɫɤɢɣ 
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ɧɚɰɢɨɧɚɥɶɧɵɣ ɤɪɚɟɜɟɞɱɟɫɤɢɣ ɦɭɡɟɣ, ɬɨ ɫɬɢɥɢɫɬɢɤɚ ɞɨɥɠɧɚ ɛɵɬɶ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ. 

Ɇɟɯɚɧɢɡɦɵ ɞɢɚɝɪɚɦɦɵ: 

 Ɋɚɡɪɚɛɨɬɱɢɤ – ɩɪɨɝɪɚɦɦɢɫɬ, ɤɨɬɨɪɵɣ ɛɭɞɟɬ ɪɚɡɪɚɛɚɬɵɜɚɬɶ ɷɬɭ 

ɩɪɨɝɪɚɦɦɭ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ  ɬɟɯɧɢɱɟɫɤɢɦ ɡɚɞɚɧɢɟɦ. 

 WebGL – ɬɟɯɧɨɥɨɝɢɹ, ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɨɬɨɪɨɣ ɛɭɞɟɬ ɪɚɡɪɚɛɨɬɚɧɚ 

ɞɚɧɧɚɹ ɫɢɫɬɟɦɚ. 

 Ɂɚɤɚɡɱɢɤ – ɭɱɪɟɠɞɟɧɢɟ, ɢɧɬɟɪɟɫɵ, ɤɨɬɨɪɨɝɨ ɭɱɢɬɵɜɚɸɬɫɹ ɜ ɩɪɨɰɟɫɫɟ 

ɪɚɡɪɚɛɨɬɤɢ.  

ȼɵɯɨɞ ɞɢɚɝɪɚɦɦɵ: 

 3D-ɝɚɥɟɪɟɹ – ɫɚɣɬ-ɝɚɥɟɪɟɹ 3D-ɦɨɞɟɥɟɣ ɷɤɫɩɨɧɚɬɨɜ ɦɭɡɟɹ, ɤɚɤ ɤɨɧɟɱɧɵɣ 

ɪɟɡɭɥɶɬɚɬ ɪɚɡɪɚɛɨɬɤɢ, ɝɨɬɨɜɵɣ ɤ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɢ ɨɞɨɛɪɟɧɧɵɣ ɡɚɤɚɡɱɢɤɨɦ. 

 

1.3.2 Ɋɚɡɜɟɪɧɭɬɨɟ ɨɩɢɫɚɧɢɟ ɪɚɡɪɚɛɨɬɤɢ ɫɢɫɬɟɦɵ 

 

Ⱦɥɹ ɨɩɢɫɚɧɢɹ ɩɪɨɰɟɫɫɚ ɫɨɡɞɚɧɢɹ ɫɚɣɬɚ ɛɵɥɚ ɫɨɫɬɚɜɥɟɧɚ ɞɢɚɝɪɚɦɦɚ IDEF0 

(ɪɢɫɭɧɨɤ 4). 

Ɋɚɡɪɚɛɨɬɤɚ ɧɚɱɢɧɚɟɬɫɹ ɫ ɛɥɨɤɚ A1 ɩɨɞ ɧɚɡɜɚɧɢɟɦ «ȼɵɛɨɪ 

ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɦɚɤɟɬɚ ɝɚɥɟɪɟɢ». ɇɚ ɞɚɧɧɨɣ ɫɬɚɞɢɢ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɢ 

ɚɧɚɥɢɡɢɪɭɟɬɫɹ ɜɧɟɲɧɢɣ ɜɢɞ ɩɪɨɝɪɚɦɦɵ, ɨɝɨɜɚɪɢɜɚɸɬɫɹ ɧɟɹɫɧɵɟ ɦɨɦɟɧɬɵ  ɫ 

ɡɚɤɚɡɱɢɤɨɦ, ɢ ɫɨɝɥɚɫɨɜɵɜɚɟɬɫɹ ɬɟɯɧɢɱɟɫɤɨɟ ɡɚɞɚɧɢɟ. Ɏɨɪɦɭɥɢɪɭɟɬɫɹ ɫɬɪɭɤɬɭɪɚ 

ɩɪɨɟɤɬɚ.  

ɇɚ ɜɯɨɞɟ ɞɚɧɧɨɝɨ ɛɥɨɤɚ ɩɭɧɤɬ – «Ɍɟɯɧɢɱɟɫɤɨɟ ɡɚɞɚɧɢɟ». Ɉɧɨ ɧɟɨɛɯɨɞɢɦɨ 

ɞɥɹ ɞɚɥɶɧɟɣɲɟɣ ɪɚɡɪɚɛɨɬɤɢ. 

ɇɚ ɜɵɯɨɞɟ ɞɚɧɧɨɝɨ ɛɥɨɤɚ «Ƚɨɬɨɜɚɹ ɫɬɪɭɤɬɭɪɚ ɩɪɨɟɤɬɚ» ɩɨɫɥɟ ɜɵɛɨɪɚ 

ɦɚɤɟɬɚ ɝɚɥɟɪɟɢ ɢ ɫɨɫɬɚɜɥɟɧɢɹ ɬɟɯɧɢɱɟɫɤɨɝɨ ɡɚɞɚɧɢɹ ɭ ɪɚɡɪɚɛɨɬɱɢɤɚ 

ɮɨɪɦɢɪɭɸɬɫɹ ɝɨɬɨɜɚɹ ɫɬɪɭɤɬɭɪɚ ɩɪɨɟɤɬɚ, ɩɨ ɤɨɬɨɪɨɣ ɦɨɠɧɨ ɩɪɢɫɬɭɩɢɬɶ ɤ 

ɪɚɡɪɚɛɨɬɤɟ.  

ɉɭɧɤɬɚɦɢ ɦɟɯɚɧɢɡɦɨɜ ɹɜɥɹɸɬɫɹ «Ɋɚɡɪɚɛɨɬɱɢɤ» ɢ «Ɂɚɤɚɡɱɢɤ», ɬɚɤ ɤɚɤ ɛɟɡ 
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ɡɚɤɚɡɱɢɤɚ ɢ ɪɚɡɪɚɛɨɬɱɢɤɚ ɧɟ ɫɨɫɬɚɜɢɬɶ ɬɟɯɧɢɱɟɫɤɨɟ ɡɚɞɚɧɢɟ ɢ ɫɬɪɭɤɬɭɪɭ 

ɩɪɨɟɤɬɚ.  

 

 

 

Ɋɢɫɭɧɨɤ 4 – Ɋɚɡɜɟɪɧɭɬɚɹ ɞɢɚɝɪɚɦɦɚ IDEF0 

 

Ⱦɚɥɟɟ ɢɞɟɬ ɛɥɨɤ A2 ɩɨɞ ɧɚɡɜɚɧɢɟɦ «Ɏɨɪɦɢɪɨɜɚɧɢɟ ɫɩɢɫɤɚ ɷɤɫɩɨɧɚɬɨɜ 

ɝɚɥɟɪɟɢ», ɧɚ ɞɚɧɧɨɣ ɫɬɚɞɢɢ ɪɚɡɪɚɛɨɬɤɢ ɩɪɨɜɨɞɢɬɫɹ ɚɧɚɥɢɡ ɜɫɟɯ ɷɤɫɩɨɧɚɬɨɜ, 

ɤɚɪɬɢɧ ɢ ɫɬɚɬɭɷɬɨɤ ɦɭɡɟɹ ɞɥɹ ɫɨɫɬɚɜɥɟɧɢɹ ɞɚɥɶɧɟɣɲɟɣ ɛɚɡɵ ɞɚɧɧɵɯ. 

ɍɩɪɚɜɥɟɧɢɟ ɛɥɨɤɚ A2 – «Ɍɟɯɧɢɱɟɫɤɨɟ ɡɚɞɚɧɢɟ», ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɤɨɬɨɪɵɦ 

ɞɨɥɠɧɨ ɩɪɨɜɨɞɢɬɶɫɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɢ ɞɚɥɟɟ ɪɚɡɪɚɛɨɬɤɚ ɫɢɫɬɟɦɵ. 

Ɇɟɯɚɧɢɡɦɚɦɢ ɞɚɧɧɨɝɨ ɛɥɨɤɚ ɹɜɥɹɸɬɫɹ ɩɭɧɤɬɵ «Ɂɚɤɚɡɱɢɤ», ɬɚɤ ɤɚɤ ɨɬ 

ɧɟɝɨ ɡɚɜɢɫɢɬ, ɱɬɨ ɛɭɞɟɬ ɩɪɢɫɭɬɫɬɜɨɜɚɬɶ ɜ ɛɚɡɟ ɞɚɧɧɵɯ ɷɤɫɩɨɧɚɬɨɜ.  

ɇɚ ɜɵɯɨɞɟ ɛɥɨɤɚ ɩɭɧɤɬ «Ȼɚɡɚ ɞɚɧɧɵɯ», ɬɚɤ ɤɚɤ ɩɨɫɥɟ ɚɧɚɥɢɡɚ ɷɤɫɩɨɧɚɬɨɜ 

ɢ ɩɪɟɞɨɫɬɚɜɥɟɧɢɟɦ ɢɯ ɡɚɤɚɡɱɢɤɨɦ ɪɚɡɪɚɛɨɬɱɢɤɭ, ɮɨɪɦɢɪɭɟɬɫɹ ɛɚɡɚ ɞɚɧɧɵɯ, ɩɨɞ 

ɤɨɬɨɪɭɸ ɛɭɞɟɬ ɩɨɞɜɨɞɢɬɶɫɹ ɫɚɦɚ ɩɪɨɝɪɚɦɦɚ. 

Ⱦɚɥɟɟ ɫɥɟɞɭɟɬ ɛɥɨɤ A3 «ɉɪɨɝɪɚɦɦɢɪɨɜɚɧɢɟ ɨɫɧɨɜɧɨɝɨ ɤɨɞɚ», ɜ ɯɨɞɟ 

ɤɨɬɨɪɨɝɨ ɛɭɞɟɬ ɫɨɡɞɚɧ ɨɫɧɨɜɧɨɣ ɤɨɞ ɩɪɨɝɪɚɦɦɵ. 

ɉɭɧɤɬɚɦɢ ɦɟɯɚɧɢɡɦɨɜ ɞɚɧɧɨɝɨ ɛɥɨɤɚ ɹɜɥɹɸɬɫɹ «Ɋɚɡɪɚɛɨɬɱɢɤ» ɢ 
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«WebGL», ɬɚɤ ɤɚɤ ɪɚɡɪɚɛɨɬɱɢɤ ɧɚɱɢɧɚɟɬ ɩɨɥɧɭɸ ɪɚɡɪɚɛɨɬɤɭ ɩɨɞ ɞɚɧɧɨɣ 

ɬɟɯɧɨɥɨɝɢɟɣ. 

ɇɚ ɜɵɯɨɞɟ ɛɥɨɤɚ «Ƚɨɬɨɜɵɣ ɫɤɟɥɟɬ», ɜ ɯɨɞɟ ɪɚɛɨɬɵ ɞɚɧɧɨɝɨ ɛɥɨɤɚ ɟɝɨ 

ɪɟɡɭɥɶɬɚɬɨɦ ɛɭɞɟɬ ɫɤɟɥɟɬ ɤɨɞɚ ɩɪɨɝɪɚɦɦɵ ɛɟɡ ɞɢɡɚɣɧɚ ɢ ɤɨɧɬɟɧɬɚ. 

ɋɥɟɞɨɦ ɛɥɨɤ A4 ɩɨɞ ɧɚɡɜɚɧɢɟɦ «Ɋɚɡɪɚɛɨɬɤɚ ɞɢɡɚɣɧɚ ɝɚɥɟɪɟɢ», ɜ ɯɨɞɟ 

ɤɨɬɨɪɨɝɨ ɛɭɞɟɬ ɪɚɡɪɚɛɨɬɚɧ ɞɢɡɚɣɧ ɩɪɨɝɪɚɦɦɵ. 

ɉɭɧɤɬɚɦɢ ɦɟɯɚɧɢɡɦɨɜ ɞɚɧɧɨɝɨ ɛɥɨɤɚ ɹɜɥɹɸɬɫɹ «Ɋɚɡɪɚɛɨɬɱɢɤ» ɢ 

«WebGL» ɬɚɤ ɤɚɤ ɪɚɡɪɚɛɨɬɱɢɤ ɛɭɞɟɬ ɪɚɡɪɚɛɚɬɵɜɚɬɶ ɞɢɡɚɣɧ ɩɪɨɝɪɚɦɦɵ ɜ ɷɬɨɣ 

ɬɟɯɧɨɥɨɝɢɢ. 

ȼɵɯɨɞɨɦ ɞɚɧɧɨɝɨ ɛɥɨɤɚ ɛɭɞɟɬ ɩɭɧɤɬ «Ƚɨɬɨɜɚɹ ɜɢɡɭɚɥɶɧɚɹ ɱɚɫɬɶ», ɜ ɯɨɞɟ 

ɜɵɩɨɥɧɟɧɢɹ ɷɬɨɝɨ ɛɥɨɤɚ ɟɝɨ ɪɟɡɭɥɶɬɚɬɨɦ ɫɬɚɧɟɬ ɝɨɬɨɜɚɹ ɤ ɧɚɩɨɥɧɟɧɢɸ 

ɤɨɧɬɟɧɬɨɦ ɩɪɨɝɪɚɦɦɚ. 

Ⱦɚɥɟɟ ɛɥɨɤ A5 ɩɨɞ ɧɚɡɜɚɧɢɟɦ «ɇɚɩɨɥɧɟɧɢɟ ɤɨɧɬɟɧɬɨɦ», ɜ ɯɨɞɟ 

ɜɵɩɨɥɧɟɧɢɹ ɤɨɬɨɪɨɝɨ ɪɚɡɪɚɛɨɬɱɢɤ ɩɨɞɫɬɪɚɢɜɚɟɬ ɛɚɡɭ ɞɚɧɧɵɯ ɩɨɞ ɟɟ ɞɢɡɚɣɧ. ɇɚ 

ɜɯɨɞɚɯ ɞɚɧɧɨɝɨ ɛɥɨɤɚ «Ƚɨɬɨɜɚɹ ɜɢɡɭɚɥɶɧɚɹ ɱɚɫɬɶ», ɤɨɬɨɪɚɹ ɛɵɥɚ ɨɩɢɫɚɧɚ ɪɚɧɟɟ. 

Ɇɟɯɚɧɢɡɦɨɦ ɞɚɧɧɨɝɨ ɛɥɨɤɚ ɹɜɥɹɟɬɫɹ «Ɋɚɡɪɚɛɨɬɱɢɤ», ɬɚɤ ɤɚɤ ɨɧ 

ɡɚɧɢɦɚɟɬɫɹ ɜɫɟɣ ɪɚɡɪɚɛɨɬɤɨɣ ɩɪɨɝɪɚɦɦɵ. 

ȼɵɯɨɞɵ ɞɚɧɧɨɝɨ ɛɥɨɤɚ «ɉɪɨɛɧɚɹ ɜɟɪɫɢɹ», ɷɬɨ ɩɪɨɛɧɚɹ ɜɟɪɫɢɹ 

ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɩɪɨɝɪɚɦɦɵ, ɤɨɬɨɪɚɹ ɛɭɞɟɬ ɩɪɨɬɟɫɬɢɪɨɜɚɧɚ ɢ ɞɨɪɚɛɨɬɚɧɚ ɞɚɥɟɟ. 

ɋɥɟɞɭɸɳɢɣ ɛɥɨɤ A6 ɩɨɞ ɧɚɡɜɚɧɢɟɦ «Ɍɟɫɬɢɪɨɜɚɧɢɟ ɢ ɩɨɥɢɪɨɜɤɚ», ɜ ɯɨɞɟ 

ɤɨɬɨɪɨɝɨ ɛɭɞɭɬ ɜɧɟɫɟɧɵ ɮɢɧɚɥɶɧɵɟ ɢɡɦɟɧɟɧɢɹ ɩɪɨɝɪɚɦɦɵ. 

ȼɯɨɞɨɦ ɞɚɧɧɨɝɨ ɛɥɨɤɚ ɹɜɥɹɟɬɫɹ «ɉɪɨɛɧɚɹ ɜɟɪɫɢɹ», ɬɟɫɬɢɪɨɜɚɧɢɟ ɤɨɬɨɪɨɣ 

ɢ ɛɭɞɟɬ ɩɪɨɜɨɞɢɬɶɫɹ. 

Ɇɟɯɚɧɢɡɦɚɦɢ ɞɚɧɧɨɝɨ ɛɥɨɤɚ ɛɭɞɭɬ «Ɋɚɡɪɚɛɨɬɱɢɤ» ɢ «WebGL» ɬɚɤ ɤɚɤ 

ɪɚɡɪɚɛɨɬɱɢɤ ɛɭɞɟɬ ɤɨɪɪɟɤɬɢɪɨɜɚɬɶ ɢ ɬɟɫɬɢɪɨɜɚɬɶ ɤɨɞ ɩɪɨɝɪɚɦɦɵ ɜ WebGL. 

ȼɵɯɨɞɨɦ ɞɚɧɧɨɝɨ ɛɥɨɤɚ ɛɭɞɟɬ ɹɜɥɹɬɶɫɹ «Ƚɨɬɨɜɵɣ ɞɥɹ ɫɞɚɱɢ ɩɪɨɟɤɬ», ɬɚɤ 

ɤɚɤ ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɵɩɨɥɧɟɧɢɹ ɜɫɟɯ ɛɥɨɤɨɜ ɛɭɞɟɬ ɩɨɥɧɨɫɬɶɸ ɝɨɬɨɜɚɹ ɞɥɹ ɫɞɚɱɢ 

ɩɪɨɝɪɚɦɦɚ. 
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1.4 Ɉɩɢɫɚɧɢɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢя ɩɨɥɶɡɨɜɚɬɟɥя ɫ ɫɢɫɬɟɦɨɣ 
 
Ⱦɥɹ ɨɩɢɫɚɧɢɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɩɨɥɶɡɨɜɚɬɟɥɹ ɫ ɩɪɨɝɪɚɦɦɨɣ ɫɨɫɬɚɜɥɟɧɚ 

ɞɢɚɝɪɚɦɦɚ IDEF3 (ɪɢɫɭɧɨɤ 5). 

 

 
 

Ɋɢɫɭɧɨɤ 5 – Ⱦɢɚɝɪɚɦɦɚ IDEF3 

 

ɉɪɨɰɟɫɫ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɩɪɨɝɪɚɦɦɨɣ ɧɚɱɢɧɚɟɬɫɹ ɫ ɡɚɩɭɫɤɚ ɝɥɚɜɧɨɝɨ 

ɦɟɧɸ. Ⱦɚɥɟɟ ɧɟɨɛɯɨɞɢɦɨ ɥɢɛɨ ɜɵɛɪɚɬɶ ɞɚɥɶɧɟɣɲɢɣ ɩɭɬɶ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ, ɚ ɷɬɨ 

ɨɬɤɪɵɬɢɟ ɝɥɚɜɧɨɝɨ ɦɟɧɸ, ɥɢɛɨ ɧɚɠɚɬɢɟ ɨɞɧɨɣ ɢɡ ɤɧɨɩɨɤ «ɍɡɧɚɬɶ ɛɨɥɶɲɟ ɨ 

ɦɭɡɟɟ» ɢɥɢ «ɍɡɧɚɬɶ ɛɨɥɶɲɟ ɨ ɩɪɢɥɨɠɟɧɢɢ». Ʉɧɨɩɤɚ «ɍɡɧɚɬɶ ɛɨɥɶɲɟ ɨ ɦɭɡɟɟ» 

ɨɬɜɟɱɚɟɬ ɡɚ ɩɟɪɟɯɨɞ ɧɚ ɫɚɣɬ ɏɚɤɚɫɫɤɨɝɨ ɤɪɚɟɜɟɞɱɟɫɤɨɝɨ ɦɭɡɟɹ. Ʉɧɨɩɤɚ «ɍɡɧɚɬɶ 

ɛɨɥɶɲɟ ɨ ɩɪɢɥɨɠɟɧɢɢ» ɨɬɤɪɵɜɚɟɬ ɫɬɪɚɧɢɰɭ ɫ ɢɧɮɨɪɦɚɰɢɟɣ ɨ ɫɚɣɬɟ  

ɩɪɢɥɨɠɟɧɢɢ, ɤɨɬɨɪɵɦ ɩɨɥɶɡɭɟɬɫɹ ɩɨɥɶɡɨɜɚɬɟɥɶ. ɉɨɥɶɡɨɜɚɬɟɥɶ ɜɫɟɝɞɚ ɦɨɠɟɬ 

ɜɟɪɧɭɬɶɫɹ ɧɚ ɝɥɚɜɧɭɸ ɫɬɪɚɧɢɰɭ ɫ ɩɨɦɨɳɶɸ ɨɞɧɨɢɦɟɧɧɨɣ ɤɧɨɩɤɢ ɜ ɦɟɧɸ. ȿɫɥɢ 

ɩɨɥɶɡɨɜɚɬɟɥɶ ɧɚɠɚɥ ɧɚ ɦɟɧɸ, ɬɨ ɩɟɪɟɞ ɧɢɦ ɨɬɤɪɨɟɬɫɹ ɜɵɛɨɪ ɢɡ ɤɨɥɥɟɤɰɢɣ 

ɦɭɡɟɹ, ɤɨɬɨɪɵɟ ɨɧ ɦɨɠɟɬ ɩɨɫɦɨɬɪɟɬɶ. ȼ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɩɪɢɫɭɬɫɬɜɭɟɬ 
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ɤɨɥɥɟɤɰɢɹ ɚɪɯɟɨɥɨɝɢɢ «Ʉɢɧɠɚɥɵ ɷɩɨɯɢ ɪɚɧɧɟɝɨ ɠɟɥɟɡɚ», ɜ ɤɨɬɨɪɨɣ ɪɚɡɦɟɳɟɧɵ 

27 ɫɬɪɚɧɢɰ ɷɤɫɩɨɧɚɬɨɜ ɤɨɥɥɟɤɰɢɢ, ɜ ɤɚɠɞɨɣ ɢɡ ɤɨɬɨɪɵɯ  3D ɦɨɞɟɥɶ ɜɵɛɪɚɧɧɨɝɨ 

ɷɤɫɩɨɧɚɬɚ ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɟɣ ɨɩɢɫɚɧɢɟɦ ɢ ɢɧɮɨɪɦɚɰɢɟɣ.  

 

1.5 Ⱦɢɚɝɪɚɦɦɚ ɨɩɢɫɚɧɢя ɜɚɪɢɚɧɬɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢя ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ 

ɫɢɫɬɟɦɵ 

 

Ⱦɥɹ ɨɩɢɫɚɧɢɹ ɜɚɪɢɚɧɬɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ ɛɵɥɚ 

ɫɨɫɬɚɜɥɟɧɚ ɞɢɚɝɪɚɦɦɚ ɦɟɬɨɞɨɥɨɝɢɢ UML «Ⱦɢɚɝɪɚɦɦɚ ɩɪɟɰɟɞɟɧɬɨɜ» (ɪɢɫɭɧɨɤ 

6). Ⱦɢɚɝɪɚɦɦɚ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɨɬɪɚɠɟɧɢɹ ɨɬɧɨɲɟɧɢɣ ɦɟɠɞɭ ɚɤɬɟɪɚɦɢ ɢ 

ɜɚɪɢɚɧɬɚɦɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ. ɉɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɪɟɞɫɬɜɨ, ɩɨɦɨɝɚɸɳɟɟ 

ɡɚɤɚɡɱɢɤɭ, ɩɨɥɶɡɨɜɚɬɟɥɸ ɢ ɪɚɡɪɚɛɨɬɱɢɤɭ ɨɛɫɭɞɢɬɶ ɩɨɜɟɞɟɧɢɟ ɫɢɫɬɟɦɵ ɢ ɟɟ 

ɮɭɧɤɰɢɨɧɚɥɶɧɨɫɬɶ.  

 

 

Ɋɢɫɭɧɨɤ 6 – Ⱦɢɚɝɪɚɦɦɚ ɜɚɪɢɚɧɬɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

 

Ɋɚɡɪɚɛɨɬɱɢɤ ɫɨɫɬɚɜɥɹɟɬ ɞɢɡɚɣɧ ɢ ɪɚɡɪɚɛɚɬɵɜɚɟɬ ɫɢɫɬɟɦɭ ɧɚ ɨɫɧɨɜɟ 

ɦɚɤɟɬɚ, ɢɞɟɣ ɢ ɦɨɞɟɥɟɣ ɡɚɤɚɡɱɢɤɚ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɤɨɧɟɱɧɵɣ ɩɨɥɶɡɨɜɚɬɟɥɶ ɦɨɝ 

ɩɨɥɶɡɨɜɚɬɶɫɹ ɩɪɨɞɭɤɬɨɦ. 
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1.6 ȼɵɛɨɪ ɠɢɡɧɟɧɧɨɝɨ ɰɢɤɥɚ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ 

 

ɋɭɳɟɫɬɜɭɟɬ ɦɧɨɝɨ ɦɨɞɟɥɟɣ ɠɢɡɧɟɧɧɨɝɨ ɰɢɤɥɚ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ. 

ɇɚɢɛɨɥɶɲɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɨɥɭɱɢɥɢ: ɤɚɫɤɚɞɧɚɹ, ɩɨɷɬɚɩɧɚɹ ɢ ɫɩɢɪɚɥɶɧɚɹ 

ɦɨɞɟɥɢ.  

ɋɩɟɰɢɮɢɤɚɰɢɟɣ ɤɚɫɤɚɞɧɨɣ ɦɨɞɟɥɢ ɹɜɥɹɟɬɫɹ ɟɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ 

ɩɪɨɯɨɞɹɳɢɟ ɢ ɡɚɤɨɧɱɟɧɧɵɟ ɞɪɭɝ ɡɚ ɞɪɭɝɨɦ ɷɬɚɩɵ (ɪɢɫɭɧɨɤ 7). 

 

 

Ɋɢɫɭɧɨɤ 7 – ɋɯɟɦɚ ɦɨɞɟɥɢ ɤɚɫɤɚɞɧɨɝɨ ɠɢɡɧɟɧɧɨɝɨ ɰɢɤɥɚ 

 

ɉɨɷɬɚɩɧɚɹ ɦɨɞɟɥɶ ɩɨɞɪɚɡɭɦɟɜɚɟɬ ɤɨɧɬɪɨɥɶ ɤɚɠɞɨɝɨ ɢɡ ɷɬɚɩɨɜ ɪɚɡɪɚɛɨɬɤɢ 

ɢ ɜɨɡɦɨɠɧɵɟ ɦɟɠɞɭɷɬɚɩɧɵɟ ɤɨɪɪɟɤɬɢɪɨɜɤɢ (ɪɢɫɭɧɨɤ 8). ȼɪɟɦɹ ɠɢɡɧɢ ɤɚɠɞɨɝɨ 

ɢɡ ɷɬɚɩɨɜ ɪɚɜɧɨ ɩɨɥɧɨɦɭ ɠɢɡɧɟɧɧɨɦɭ ɰɢɤɥɭ. Ʉɨɪɪɟɤɬɢɪɨɜɤɢ ɦɟɠɞɭ ɷɬɚɩɚɦɢ 

ɩɨɡɜɨɥɹɸɬ ɭɦɟɧɶɲɢɬɶ ɬɪɭɞɨɟɦɤɨɫɬɶ ɩɪɨɰɟɫɫɚ ɪɚɡɪɚɛɨɬɤɢ. 

 

 

Ɋɢɫɭɧɨɤ 8 – ɋɯɟɦɚ ɦɨɞɟɥɢ ɩɨɷɬɚɩɧɨɝɨ ɠɢɡɧɟɧɧɨɝɨ ɰɢɤɥɚ 
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ɋɩɢɪɚɥɶɧɚɹ ɦɨɞɟɥɶ ɜ ɧɚɱɚɥɟ ɠɢɡɧɟɧɧɨɝɨ ɰɢɤɥɚ ɡɚɜɢɫɢɬ ɨɩɪɟɞɟɥɟɧɢɢ 

ɬɪɟɛɨɜɚɧɢɣ ɧɚ ɪɚɡɪɚɛɨɬɤɭ, ɚɧɚɥɢɡɚ ɢ ɜɵɪɚɛɨɬɤɢ ɫɬɪɚɬɟɝɢɢ ɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ 

ɫɢɫɬɟɦɵ (ɪɢɫɭɧɨɤ 9). ɉɪɢ ɷɬɨɦ ɫɨɡɞɚɸɬɫɹ ɜɟɪɫɢɢ ɫɢɫɬɟɦɵ, ɩɨɡɜɨɥɹɸɳɢɟ 

ɫɧɚɱɚɥɚ  ɩɪɨɜɟɪɢɬɶ ɬɟɯɧɢɱɟɫɤɢɟ ɪɟɲɟɧɢɹ ɩɟɪɟɞ ɞɚɥɶɧɟɣɲɟɣ ɢɯ ɪɟɚɥɢɡɚɰɢɟɣ. 

Ɉɞɢɧ ɜɢɬɨɤ ɫɩɢɪɚɥɢ ɪɚɜɟɧ ɧɨɜɨɣ ɜɟɪɫɢɢ ɪɚɛɨɬɵ. ɇɚ ɤɚɠɞɨɣ ɢɡ ɜɟɪɫɢɣ 

ɭɬɨɱɧɹɸɬɫɹ ɰɟɥɢ, ɚ ɬɚɤ ɠɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɪɚɛɨɬɵ ɫɥɟɞɭɸɳɟɝɨ ɜɢɬɤɚ ɫɩɢɪɚɥɢ. ȼ 

ɤɨɧɟɱɧɨɦ ɢɬɨɝɟ ɜɵɛɢɪɚɟɬɫɹ ɩɨɫɥɟɞɧɢɣ ɧɚɢɛɨɥɟɟ ɨɛɨɫɧɨɜɚɧɧɵɣ ɜɚɪɢɚɧɬ 

ɝɨɬɨɜɵɣ ɤ ɪɟɚɥɢɡɚɰɢɢ. 

 

 

 

Ɋɢɫɭɧɨɤ 9 – ɋɯɟɦɚ ɦɨɞɟɥɢ ɫɩɢɪɚɥɶɧɨɝɨ ɠɢɡɧɟɧɧɨɝɨ ɰɢɤɥɚ 

 

Ⱦɥɹ ɞɚɧɧɨɝɨ ɩɪɨɟɤɬɚ ɛɵɥɚ ɜɵɛɪɚɧɚ ɫɩɢɪɚɥɶɧɚɹ ɦɨɞɟɥɶ ɠɢɡɧɟɧɧɨɝɨ ɰɢɤɥɚ, 

ɬɚɤ ɤɚɤ ɷɬɚ ɦɨɞɟɥɶ ɯɨɪɨɲɨ ɩɨɞɯɨɞɢɬ ɞɥɹ ɩɪɨɟɤɬɨɜ, ɜ ɤɨɬɨɪɵɯ  ɜɨɡɦɨɠɧɵ 

ɜɨɡɜɪɚɳɟɧɢɹ ɧɚ ɩɪɟɞɵɞɭɳɢɟ ɫɬɚɞɢɢ ɪɚɡɪɚɛɨɬɤɢ, ɧɚɩɪɢɦɟɪ, ɢɫɩɪɚɜɥɟɧɢɟ 

ɨɲɢɛɨɤ, ɫɨɜɟɪɲɟɧɧɵɯ ɧɚ ɫɬɚɞɢɢ ɬɟɫɬɢɪɨɜɚɧɢɹ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɨɲɢɛɨɤ ɧɟ 

ɛɭɞɟɬ. Ɍɚɤɠɟ ɩɪɨɟɤɬ ɧɟ ɨɬɥɢɱɚɟɬɫɹ ɪɚɡɦɟɪɚɦɢ ɢ ɛɨɥɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ 

ɪɚɡɪɚɛɨɬɱɢɤɨɜ. 

 

ȼɵɜɨɞɵ ɩɨ ɪɚɡɞɟɥɭ «Ⱥɧɚɥɢɡ ɩɪɟɞɦɟɬɧɨɣ ɨɛɥɚɫɬɢ» 

 

ȼɵɩɨɥɧɟɧ ɚɧɚɥɢɡ ɩɪɟɞɦɟɬɧɨɣ ɨɛɥɚɫɬɢ ɩɪɨɟɤɬɚ «ɋɨɡɞɚɧɢɟ ɫɚɣɬɚ-ɝɚɥɟɪɟɢ 
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3D-ɦɨɞɟɥɟɣ ɷɤɫɩɨɧɚɬɨɜ ɏɚɤɚɫɫɤɨɝɨ ɧɚɰɢɨɧɚɥɶɧɨɝɨ ɤɪɚɟɜɟɞɱɟɫɤɨɝɨ ɦɭɡɟɹ 

ɢɦ. Ʌ. Ɋ. Ʉɵɡɥɚɫɨɜɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɟɯɧɨɥɨɝɢɢ WebGL», ɜ ɩɪɨɰɟɫɫɟ 

ɤɨɬɨɪɨɝɨ:  

– ɩɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɨɪɝɚɧɢɡɚɰɢɢ-ɡɚɤɚɡɱɢɤɚ, ɧɚɩɪɚɜɥɟɧɢɣ ɟɝɨ ɪɚɡɜɢɬɢɹ ɢ 

ɩɪɨɜɨɞɢɦɵɯ ɜɵɫɬɚɜɨɤ;  

– ɨɩɢɫɚɧɚ ɬɟɯɧɨɥɨɝɢɹ WebGL ɢ ɟɟ ɛɢɛɥɢɨɬɟɤɚ Three.js ɤɨɬɨɪɚɹ ɛɭɞɟɬ 

ɢɫɩɨɥɶɡɨɜɚɧɚ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɩɪɨɟɤɬɚ ɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɩɪɢɦɟɪɵ ɫɚɣɬɨɜ, 

ɢɫɩɨɥɶɡɭɸɳɢɯ ɷɬɢ ɬɟɯɧɨɥɨɝɢɢ;  

– ɨɛɨɫɧɨɜɚɧɨ ɩɪɢɦɟɧɟɧɢɟ ɬɟɯɧɨɥɨɝɢɢ WebGL ɢ ɟɟ ɛɢɛɥɢɨɬɟɤɢ Three.js ɜ 

ɞɚɧɧɨɦ ɩɪɨɟɤɬɟ;  

– ɪɚɫɫɦɨɬɪɟɧ ɩɪɨɰɟɫɫ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɫɚɣɬɚ-ɝɚɥɟɪɟɢ ɤɚɤ ɱɚɫɬɢ, ɜ ɤɨɬɨɪɨɣ 

ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨɷɬɚɩɧɨɟ ɩɥɚɧɢɪɨɜɚɧɢɟ ɩɪɟɞɫɬɨɹɳɟɣ ɪɚɡɪɚɛɨɬɤɢ ɢ  

ɫɨɫɬɚɜɥɟɧɵ ɞɢɚɝɪɚɦɦɚ ɩɪɨɰɟɫɫɨɜ ɧɚ ɨɫɧɨɜɟ ɦɟɬɨɞɨɥɨɝɢɢ IDEF; 

– ɨɩɢɫɚɧ ɩɪɨɰɟɫɫ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɩɨɥɶɡɨɜɚɬɟɥɹ ɫ ɫɢɫɬɟɦɨɣ ɜ ɦɟɬɨɞɨɥɨɝɢɢ 

IDEF3; 

– ɫɨɡɞɚɧɚ ɦɨɞɟɥɶ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɧɚ ɨɫɧɨɜɟ ɦɟɬɨɞɨɥɨɝɢɢ UML, 

ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɨɬɪɚɠɟɧɢɹ ɨɬɧɨɲɟɧɢɣ ɦɟɠɞɭ ɚɤɬɟɪɚɦɢ ɢ ɜɚɪɢɚɧɬɚɦɢ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɪɨɟɤɬɚ; 

– ɨɩɪɟɞɟɥɟɧɚ  ɫɩɢɪɚɥɶɧɚɹ ɦɨɞɟɥɶ ɠɢɡɧɟɧɧɨɝɨ ɰɢɤɥɚ ɪɚɡɪɚɛɨɬɤɢ ɩɪɨɟɤɬɚ, 

ɤɚɤ ɦɨɞɟɥɶ, ɜ ɤɨɬɨɪɨɣ  ɜɨɡɦɨɠɟɧ ɜɨɡɜɪɚɬ ɧɚ ɩɪɟɞɵɞɭɳɢɟ ɫɬɚɞɢɢ ɪɚɡɪɚɛɨɬɤɢ. 

 

2 Ɉɩɢɫɚɧɢɟ ɩɪɨɰɟɫɫɚ ɪɚɡɪɚɛɨɬɤɢ ɫɚɣɬɚ-ɝɚɥɟɪɟɢ 3D-ɦɨɞɟɥɟɣ 

ɷɤɫɩɨɧɚɬɨɜ ɏɚɤɚɫɫɤɨɝɨ ɤɪɚɟɜɟɞɱɟɫɤɨɝɨ ɦɭɡɟя 

 

2.1 ɋɨɡɞɚɧɢɟ ɫɬɪɚɧɢɰ ɫɚɣɬɚ-ɝɚɥɟɪɟɢ 

 

ɉɟɪɜɵɦ ɞɟɥɨɦ ɫɨɡɞɚɟɬɫɹ ɦɚɤɟɬ ɫɚɣɬɚ ɢ ɩɪɢɦɟɪɧɨɟ ɪɚɫɩɨɥɨɠɟɧɢɟ ɜɫɟɯ 

ɷɥɟɦɟɧɬɨɜ (ɪɢɫɭɧɨɤ 10).  
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Ɋɢɫɭɧɨɤ 10 – Ɇɚɤɟɬ ɝɥɚɜɧɨɣ ɫɬɪɚɧɢɰɵ ɫɚɣɬɚ 

 

ɇɢɠɟ ɪɚɫɩɢɫɚɧɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɫɨɡɞɚɧɢɹ ɷɥɟɦɟɧɬɨɜ ɧɚ ɫɬɪɚɧɢɰɟ: 

 ɮɨɧ; 

 ɬɟɤɫɬ ɢ ɤɧɨɩɤɢ; 

 ɥɨɝɨɬɢɩ ɦɭɡɟɹ; 

 ɦɟɧɸ; 

 ɫɫɵɥɤɢ ɧɚ ɫɬɪɚɧɢɰɵ ɫɚɣɬɚ. 

 

ɋɨɡɞɚɧɢɟ ɫɬɪɚɧɢɰ ɩɪɨɢɫɯɨɞɢɬ ɩɨɫɪɟɞɫɬɜɨɦ ɧɚɩɢɫɚɧɢɹ ɤɨɞɚ ɧɚ HTML ɫ 

ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɵ Sublime. ɉɨɞɤɥɸɱɚɟɬɫɹ ɹɡɵɤ ɫɬɢɥɢɡɚɰɢɢ CSS ɞɥɹ 

ɭɞɨɛɧɨɝɨ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ ɫɬɢɥɹ ɫɬɪɚɧɢɰɵ ɜ ɨɬɞɟɥɶɧɨɦ ɮɚɣɥɟ.  

HTML 

<!DOCTYPE html> 

<html lang="en"> 

     <head> 

        <meta charset="utf-8"> 

        <title>Main Page</title> 

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

     </head> 

 

ɋɥɟɞɨɦ ɫɨɡɞɚɟɬɫɹ ɤɨɧɬɟɣɧɟɪ «div» ɞɥɹ ɩɨɫɥɟɞɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ. 
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HTML 

         <div class="container "> 

        </div> 

 

ɉɪɨɩɢɫɵɜɚɟɬɫɹ ɤɨɞ ɮɨɧɚ ɜ CSS. ɋɨɡɞɚɟɬɫɹ ɨɬɞɟɥɶɧɚɹ ɩɚɩɤɭ ɞɥɹ ɤɚɪɬɢɧɨɤ 

ɢ ɞɨɛɚɜɥɹɟɬɫɹ ɬɭɞɚ ɤɚɪɬɢɧɤɚ ɦɭɡɟɹ, ɧɚɣɞɟɧɧɚɹ ɜ ɫɟɬɢ ɢɧɬɟɪɧɟɬ. ɉɪɨɩɢɫɵɜɚɟɬɫɹ  

ɩɭɬɶ ɤ ɤɚɪɬɢɧɤɟ ɜ ɩɚɩɤɟ ɢ ɪɚɡɦɟɪ.    

 

HTML 

 .container 

{ 

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

    background-repeat: no-repeat; 

    background-size: cover; 

    height: 100vh; 

    padding-top: 36px; 

} 

 

ɋɥɟɞɭɸɳɢɦ ɲɚɝɨɦ ɞɨɛɚɜɥɹɟɦ ɧɚ ɫɬɪɚɧɢɰɭ ɬɟɤɫɬ ɢ ɤɧɨɩɤɭ «ɍɡɧɚɬɶ 

ɛɨɥɶɲɟ ɨ ɦɭɡɟɟ» ɞɥɹ ɩɟɪɟɯɨɞɚ ɧɚ ɫɬɪɚɧɢɰɭ ɫɚɣɬɚ ɏɚɤɚɫɫɤɨɝɨ ɧɚɰɢɨɧɚɥɶɧɨɝɨ 

ɤɪɚɟɜɟɞɱɟɫɤɨɝɨ ɦɭɡɟɹ ɢ ɤɧɨɩɤɭ «ɍɡɧɚɬɶ ɛɨɥɶɲɟ ɨ ɩɪɢɥɨɠɟɧɢɢ», ɤɨɬɨɪɚɹ ɛɭɞɟɬ 

ɨɬɫɵɥɚɬɶ ɧɚ ɫɨɡɞɚɧɧɭɸ ɩɨɡɞɧɟɟ ɫɬɪɚɧɢɰɭ.    

 

HTML 

<div class="text"> 

  <h1><small>ɏɚɤɚɫɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɤɪɚɟɜɟɞɱɟɫɤɢɣ ɦɭɡɟɣ ɢɦɟɧɢ Ʌ.Ɋ. 

Ʉɵɡɥɚɫɨɜɚ</small></br> 

            <strong></strong></h1> 

  <p>ɋɪɟɞɫɬɜɨ ɩɪɨɫɦɨɬɪɚ 3D ɷɤɫɩɨɧɚɬɨɜ ɝɚɥɥɟɪɟɢ ɦɭɡɟɹ.</p> 
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 <p> 

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

role="button">ɍɡɧɚɬɶ ɛɨɥɶɲɟ ɨ ɦɭɡɟɟ</a> 

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

role="button">ɍɡɧɚɬɶ ɛɨɥɶɲɟ ɨ ɩɪɢɥɨɠɟɧɢɢ</a></p> 

</div> 

 

ɋɥɟɞɭɸɳɢɦ ɞɟɣɫɬɜɢɟɦ ɞɨɛɚɜɥɹɟɬɫɹ ɥɨɝɨɬɢɩ ɏɚɤɚɫɫɤɨɝɨ ɧɚɰɢɨɧɚɥɶɧɨɝɨ 

ɤɪɚɟɜɟɞɱɟɫɤɨɝɨ ɦɭɡɟɹ. Ʉɚɪɬɢɧɤɚ ɜɡɹɬɚ ɫ ɩɪɨɫɬɨɪɨɜ ɫɟɬɢ ɢɧɬɟɪɧɟɬ ɢ ɞɨɛɚɜɥɟɧɚ ɜ 

ɪɚɧɟɟ ɫɨɡɞɚɧɧɭɸ ɩɚɩɤɭ ɞɥɹ ɤɚɪɬɢɧɨɤ.  

 

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; 

} 

 

Ɍɚɤɠɟ ɧɟɨɛɯɨɞɢɦɨ ɫɨɡɞɚɬɶ ɤɧɨɩɤɭ «Ɇɟɧɸ», ɤɨɬɨɪɚɹ ɨɬɜɟɱɚɟɬ ɡɚ 

ɩɟɪɟɦɟɳɟɧɢɟ ɩɨ ɫɬɪɚɧɢɰɚɦ.  

 

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">Ƚɥɚɜɧɚɹ ɫɬɪɚɧɢɰɚ</a></li> 

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

Ⱥɪɯɟɨɥɨɝɢɢ "Ʉɢɧɠɚɥɵ ɷɩɨɯɢ ɪɚɧɧɟɝɨ ɠɟɥɟɡɚ"</a></li> 

            <li><a href="About/index.html">ɍɡɧɚɬɶ ɛɨɥɶɲɟ ɨ ɩɪɢɥɨɠɟɧɢɢ</a></li> 

        </ul> 

      </nav> 

 

ȼ ɨɬɞɟɥɶɧɨɦ CSS ɮɚɣɥɟ ɪɚɫɩɢɫɵɜɚɟɬɫɹ ɫɬɢɥɶ ɫɨɡɞɚɧɧɨɝɨ ɦɟɧɸ  

 

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; 

 

ɋɥɟɞɭɸɳɢɦ ɲɚɝɨɦ ɫɨɡɞɚɟɬɫɹ ɫɬɪɚɧɢɰɚ «Ɉ ɩɪɢɥɨɠɟɧɢɢ», ɩɟɪɟɯɨɞ ɧɚ 

ɤɨɬɨɪɭɸ ɛɭɞɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɨɞɧɨɢɦɟɧɧɨɣ ɤɧɨɩɤɨɣ ɧɚ ɝɥɚɜɧɨɣ ɫɬɪɚɧɢɰɟ. Ʉɚɤ 

ɢ ɜ ɩɪɨɲɥɵɣ ɪɚɡ, ɫɨɡɞɚɟɬɫɹ ɦɚɤɟɬ ɩɪɢɛɥɢɡɢɬɟɥɶɧɵɣ ɫɬɪɚɧɢɰɵ (ɪɢɫɭɧɨɤ 11). 
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Ɋɢɫɭɧɨɤ 11 – Ɇɚɤɟɬ ɫɬɪɚɧɢɰɵ «Ɉ ɩɪɢɥɨɠɟɧɢɢ» 

 

ɇɢɠɟ ɪɚɫɩɢɫɚɧɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɫɨɡɞɚɧɢɹ ɷɥɟɦɟɧɬɨɜ ɧɚ ɫɬɪɚɧɢɰɟ: 

 1 – ɮɨɧ; 

 2 –ɥɨɝɨɬɢɩ ɦɭɡɟɹ; 

 3 – ɦɟɧɸ; 

 4 – ɬɟɤɫɬ; 

 5 – ɫɫɵɥɤɢ ɧɚ ɫɬɪɚɧɢɰɵ ɏɚɤɚɫɫɤɨɝɨ ɧɚɰɢɨɧɚɥɶɧɨɝɨ ɤɪɚɟɜɟɞɱɟɫɤɨɝɨ 

ɦɭɡɟɹ. 

 

Ʉɨɞ ɮɨɧɚ, ɥɨɝɨɬɢɩɚ ɢ ɦɟɧɸ ɤɨɩɢɪɭɟɬɫɹ ɫ ɩɪɨɲɥɨɣ ɫɬɪɚɧɢɰɵ, ɬɚɤ ɤɚɤ ɨɧ 

ɢɞɟɧɬɢɱɟɧ. ɋɨɡɞɚɟɬɫɹ ɮɪɚɝɦɟɧɬ ɬɟɤɫɬɚ. 

 

HTML 

<div class="text-model"> 

  <h1><small>Ɉ ɩɪɢɥɨɠɟɧɢɢ</small></br></h1> 

<p>Ⱦɚɧɧɵɣ ɫɚɣɬ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɩɪɨɫɦɨɬɪɚ 3D ɷɤɫɩɨɧɚɬɨɜ ɦɭɡɟɹ ɢ 

ɢɧɮɨɪɦɚɰɢɢ ɨ ɧɢɯ. ɋɚɣɬ ɪɚɛɨɬɚɟɬ ɤɚɤ ɩɪɢɥɨɠɟɧɢɟ ɤ ɨɫɧɨɜɧɨɦɭ. ȼɫɟ ɩɪɚɜɚ ɧɚ 

ɷɤɫɩɨɧɚɬɵ ɩɪɢɧɚɞɥɟɠɚɬ - ȽȺɍɄ Ɋɏ "ɏɚɤɚɫɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɤɪɚɟɜɟɞɱɟɫɤɢɣ 

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

role="button">ɉɟɪɟɣɬɢ ɧɚ ɫɚɣɬ "ɏɚɤɚɫɫɤɨɝɨ ɧɚɰɢɨɧɚɥɶɧɨɝɨ ɤɪɚɟɜɟɞɱɟɫɤɨɝɨ 

ɦɭɡɟɹ ɢɦ. Ʌ.Ɋ. Ʉɵɡɥɚɫɨɜɚ"</a> 

</div> 

 

CSS 

.text-model 

{ 

    position: absolute; 

    z-index: 9999; 

    color: #FFFFFF; 

    font-size: 25px; 

    background: none; 

    text-align: left; 

    left: 300px; 

    width: 500px; 

} 

 

Ⱦɚɥɟɟ ɫɨɡɞɚɟɬɫɹ ɤɧɨɩɤɚ ɩɟɪɟɯɨɞɚ ɧɚ ɨɫɧɨɜɧɨɣ ɫɚɣɬ ɏɚɤɚɫɫɤɨɝɨ 

ɧɚɰɢɨɧɚɥɶɧɨɝɨ ɤɪɚɟɜɟɞɱɟɫɤɨɝɨ ɦɭɡɟɹ. Ʉɨɞ ɫɨɡɞɚɜɚɟɦɨɣ ɤɧɨɩɤɢ «ɉɟɪɟɣɬɢ ɧɚ 

ɫɚɣɬ ɏɚɤɚɫɫɤɨɝɨ ɧɚɰɢɨɧɚɥɶɧɨɝɨ ɤɪɚɟɜɟɞɱɟɫɤɨɝɨ ɦɭɡɟɹ ɢɦ. Ʌ.Ɋ. Ʉɵɡɥɚɫɨɜɚ» 

ɢɞɟɧɬɢɱɟɧ ɤɧɨɩɤɢ «ɍɡɧɚɬɶ ɛɨɥɶɲɟ ɨ ɦɭɡɟɟ» ɧɚ ɝɥɚɜɧɨɣ ɫɬɪɚɧɢɰɟ ɫɚɣɬɚ. 

ɋɨɡɞɚɸɬɫɹ ɩɟɪɟɯɨɞɵ ɧɚ ɫɬɪɚɧɢɰɵ ɦɭɡɟɹ ɜ ɫɨɰɢɚɥɶɧɵɯ ɫɟɬɹɯ. Ⱦɥɹ ɤɪɚɫɢɜɨɝɨ 

ɞɢɡɚɣɧɚ ɢɤɨɧɨɤ ɩɟɪɟɯɨɞɨɜ ɧɚ ɫɨɰɢɚɥɶɧɵɟ ɫɟɬɢ ɦɭɡɟɹ ɞɨɛɚɜɥɹɟɬɫɹ ɧɚɛɨɪ 

ɡɧɚɱɤɨɜ «font-awesome» ɫ ɩɪɨɫɬɨɪɨɜ ɫɟɬɢ ɢɧɬɟɪɧɟɬ. 

 

HTML 

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

role="button">ɉɟɪɟɣɬɢ ɧɚ ɫɚɣɬ "ɏɚɤɚɫɫɤɨɝɨ ɧɚɰɢɨɧɚɥɶɧɨɝɨ ɤɪɚɟɜɟɞɱɟɫɤɨɝɨ 

ɦɭɡɟɹ ɢɦ. Ʌ.Ɋ. Ʉɵɡɥɚɫɨɜɚ"</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> 

 

ɋɥɟɞɭɸɳɢɦ ɲɚɝɨɦ ɞɟɥɚɟɦ ɫɬɪɚɧɢɰɭ ɞɥɹ ɤɨɥɥɟɤɰɢɢ ɚɪɯɟɨɥɨɝɢɢ 

"Ʉɢɧɠɚɥɵ ɷɩɨɯɢ ɪɚɧɧɟɝɨ ɠɟɥɟɡɚ" 3D-ɷɤɫɩɨɧɚɬɨɜ ɏɚɤɚɫɫɤɨɝɨ ɧɚɰɢɨɧɚɥɶɧɨɝɨ 

ɤɪɚɟɜɟɞɱɟɫɤɨɝɨ ɦɭɡɟɹ. ɋɨɡɞɚɟɬɫɹ ɦɚɤɟɬ ɫɬɪɚɧɢɰɵ (ɪɢɫɭɧɨɤ 12). 

 

 

Ɋɢɫɭɧɨɤ 12 – Ɇɚɤɟɬ ɫɬɪɚɧɢɰɵ ɤɨɥɥɟɤɰɢɢ ɚɪɯɟɨɥɨɝɢɢ "Ʉɢɧɠɚɥɵ ɷɩɨɯɢ ɪɚɧɧɟɝɨ 

ɠɟɥɟɡɚ" 
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ɇɢɠɟ ɪɚɫɩɢɫɚɧɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɫɨɡɞɚɧɢɹ ɷɥɟɦɟɧɬɨɜ ɧɚ ɫɬɪɚɧɢɰɟ: 

– 1 – ɮɨɧ; 

– 2 – ɥɨɝɨɬɢɩ ɦɭɡɟɹ; 

– 3 – ɦɟɧɸ; 

– 4 – ɧɚɡɜɚɧɢɟ ɢ ɨɩɢɫɚɧɢɟ ɤɨɥɥɟɤɰɢɢ; 

– 5 – ɩɟɪɟɯɨɞ ɧɚ ɫɬɪɚɧɢɰɵ ɜɵɛɪɚɧɧɵɯ ɷɤɫɩɨɧɚɬɨɜ ɷɬɨɣ ɤɨɥɥɟɤɰɢɢ. 

 

Ɏɨɧ, ɥɨɝɨɬɢɩ ɢ ɦɟɧɸ ɢɞɟɧɬɢɱɧɵ ɨɩɢɫɚɧɧɵɦ ɪɚɧɟɟ. ɉɢɲɟɬɫɹ ɬɟɤɫɬ 

ɨɩɢɫɚɧɢɹ ɤɨɥɥɟɤɰɢɢ.  

 

HTML 

       <div class="text" 

        <h1><small>Ʉɨɥɥɟɤɰɢɹ Ⱥɪɯɟɨɥɨɝɢɢ "Ʉɢɧɠɚɥɵ ɷɩɨɯɢ ɪɚɧɧɟɝɨ 

ɠɟɥɟɡɚ"</small></br></h1> 

         <p>ɏɚɤɚɫɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɤɪɚɟɜɟɞɱɟɫɤɢɣ ɦɭɡɟɣ ɢɦ. Ʌ.Ɋ. Ʉɵɡɥɚɫɨɜɚ 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɚɪɯɟɨɥɨɝɢɱɟɫɤɭɸ ɤɨɥɥɟɤɰɢɸ "Ʉɢɧɠɚɥɵ ɷɩɨɯɢ ɪɚɧɧɟɝɨ ɠɟɥɟɡɚ". ȼ 

ɧɟɣ ɩɨɤɚɡɚɧɵ ɤɢɧɠɚɥɵ ɪɚɡɧɵɯ ɥɟɬ ɩɟɪɢɨɞɚ ɞɪɟɜɧɟɣ ɋɢɛɢɪɢ (VII-I ɜɜ. ɞɨ 

ɧ.ɷ.).</p> 

</div>  

 

Ⱦɚɥɟɟ ɫɨɡɞɚɟɬɫɹ 27 ɢɞɟɧɬɢɱɧɵɯ ɫɬɪɚɧɢɰ ɢ ɩɟɪɟɯɨɞɵ ɧɚ ɧɢɯ ɫ ɤɚɪɬɢɧɤɚɦɢ. 

Ʉɚɪɬɢɧɤɢ ɜɧɨɫɹɬɫɹ ɜ ɩɚɩɤɭ «images». Ʉɚɠɞɚɹ ɞɥɹ ɫɜɨɟɝɨ ɷɤɫɩɨɧɚɬɚ.  

 

HTML 

<h2>Ȼɪɨɧɡɨɜɵɟ ɩɨɥɧɨɪɚɡɦɟɪɧɵɟ ɤɢɧɠɚɥɵ</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>Ȼɢɦɟɬɚɥɥɢɱɟɫɤɢɟ ɤɢɧɠɚɥɵ</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> 

 

ɋɨɡɞɚɟɬɫɹ ɦɚɤɟɬ ɨɞɧɨɣ ɢɡ 27 ɢɞɟɧɬɢɱɧɵɯ ɫɬɪɚɧɢɰ (ɪɢɫɭɧɨɤ 13).  

 

 

Ɋɢɫɭɧɨɤ 13 – Ɇɚɤɟɬ ɫɬɪɚɧɢɰɵ ɞɥɹ 3D-ɷɤɫɩɨɧɚɬɚ 

 

ɇɢɠɟ ɪɚɫɩɢɫɚɧɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɫɨɡɞɚɧɢɹ ɷɥɟɦɟɧɬɨɜ ɧɚ ɫɬɪɚɧɢɰɟ: 

– 1 – ɮɨɧ; 

– 2 – ɥɨɝɨɬɢɩ ɦɭɡɟɹ; 

– 3 – ɦɟɧɸ; 

– 4 – 3D-ɦɨɞɟɥɶ; 
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– 5 – ɨɩɢɫɚɧɢɟ ɷɤɫɩɨɧɚɬɚ. 

Ɉɫɬɚɜɥɹɟɬɫɹ ɩɭɫɬɨɟ ɦɟɫɬɨ ɩɨɞ ɜɧɟɞɪɟɧɢɟ 3D-ɦɨɞɟɥɢ, ɬɚɤ ɤɚɤ ɨɧɨ ɛɭɞɟɬ 

ɨɫɭɳɟɫɬɜɥɟɧɨ ɩɨɡɞɧɟɟ. ɉɢɲɟɬɫɹ ɬɟɤɫɬ ɨɩɢɫɚɧɢɹ ɷɤɫɩɨɧɚɬɚ.  

 

2.2 ȼɧɟɞɪɟɧɢɟ 3D-ɦɨɞɟɥɟɣ ɧɚ ɫɬɪɚɧɢɰɵ ɫɚɣɬɚ 

 

WebGL ɢɧɬɟɝɪɚɰɢɹ ɦɨɞɟɥɟɣ ɩɟɪɜɵɦ ɞɟɥɨɦ ɧɚɱɢɧɚɟɬɫɹ ɫ ɨɩɢɫɚɧɢɹ 

ɩɟɪɟɦɟɧɧɵɯ ɧɚ ɹɡɵɤɟ JavaScript, ɤɨɬɨɪɵɟ ɧɚɫɬɪɚɢɜɚɸɬɫɹ ɞɥɹ ɢɡɨɛɪɚɠɟɧɢɹ 

ɦɨɞɟɥɢ ɢ ɫɜɹɡɢ ɫ HTML ɫɬɪɚɧɢɰɟɣ ɫɚɣɬɚ.  

 

JavaScript 

var scene, 

      renderer, 

      camera, 

      light, 

      myCanvas = document.getElementById('myCanvas'); 

 

HTML  

<div class='canvas-container'> 

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

 

Ⱦɚɥɟɟ ɫɨɡɞɚɟɬɫɹ ɫɰɟɧɚ, ɬɚɤ ɤɚɤ ɧɚ ɧɟɟ ɞɨɛɚɜɥɹɸɬɫɹ ɧɚɲɢ ɨɛɴɟɤɬɵ. 

 

JavaScript 

scene = new THREE.Scene(); 

 

ɋɥɟɞɭɸɳɢɦ ɜɚɠɧɵɦ ɲɚɝɨɦ ɫɨɡɞɚɟɬɫɹ ɤɚɦɟɪɚ. ȼ Three.js ɫɭɳɟɫɬɜɭɟɬ 4 

ɜɢɞɚ ɤɚɦɟɪɵ: Perspective Camera, Stereo Camera, Orthographic Camera ɢ Cube 

Camera. 
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Ⱦɥɹ ɪɚɛɨɬɵ ɜɵɛɢɪɚɟɬɫɹ ɩɟɪɫɩɟɤɬɢɜɧɚɹ ɤɚɦɟɪɚ, ɤɨɬɨɪɚɹ ɩɨɦɨɠɟɬ ɥɭɱɲɟ 

ɜɨɫɩɪɢɧɢɦɚɬɶ ɦɨɞɟɥɶ, ɫɨ ɫɬɨɪɨɧɵ ɡɪɢɬɟɥɹ.  

 

JavaScript 

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

window.innerHeight, 0.1, 1000 ); 

 

ɉɟɪɜɵɣ ɚɪɝɭɦɟɧɬ – ɷɬɨ ɭɝɨɥ ɡɪɟɧɢɹ, ɜ ɤɨɞɟ ɨɧ ɨɛɨɡɧɚɱɟɧ ɤɚɤ – 35. 

ȼɬɨɪɨɣ ɢ ɬɪɟɬɢɣ ɨɬɜɟɱɚɸɬ ɡɚ ɦɢɧɢɦɚɥɶɧɨɟ ɢ ɦɚɤɫɢɦɚɥɶɧɨɟ ɪɚɫɫɬɨɹɧɢɟ ɨɬ 

ɤɚɦɟɪɵ. 

Ɂɚɝɪɭɡɤɚ ɦɨɞɟɥɢ ɩɪɨɢɫɯɨɞɢɬ ɫɤɪɢɩɬɨɦ ɧɢɠɟ. ȼ ɩɚɩɤɭ ɡɚɝɪɭɠɚɟɬɫɹ ɮɚɣɥ 

ɦɨɞɟɥɢ ɤɨɦɚɧɞɨɣ loader.load. ɗɥɟɦɟɧɬ Mesh ɨɛɨɡɧɚɱɚɟɬ ɡɚɝɪɭɠɟɧɧɭɸ ɦɨɞɟɥɶ. 

Ⱦɚɥɟɟ ɞɨɛɚɜɥɹɟɬɫɹ ɤ ɧɟɣ ɦɚɬɟɪɢɚɥ, ɚ ɬɚɤɠɟ ɧɚɫɬɪɚɢɜɚɟɬɫɹ ɟɟ ɩɨɡɢɰɢɹ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɟɣ Y ɢ 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; 

    } 

 

Ⱦɚɥɟɟ ɫɨɡɞɚɟɬɫɹ ɷɮɮɟɤɬ ɨɫɜɟɳɟɧɢɹ ɞɥɹ ɥɭɱɲɟɝɨ ɨɬɨɛɪɚɠɟɧɢɹ ɦɨɞɟɥɢ ɜ 

ɩɪɨɫɬɪɚɧɫɬɜɟ. Ⱦɥɹ ɨɫɜɟɳɟɧɢɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɤɥɚɫɫ – AmbientlLight, ɤɨɬɨɪɵɣ 
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ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɢɫɬɨɱɧɢɤ ɪɚɫɫɟɹɧɧɨɝɨ ɤɪɭɝɨɜɨɝɨ ɨɫɜɟɳɟɧɢɹ ɢ ɨɬɞɟɥɶɧɵɣ 

ɬɨɱɟɱɧɵɣ ɫɜɟɬ – PointLight. ȼ ɫɤɨɛɤɚɯ ɩɪɢɫɜɚɢɜɚɟɬɫɹ ɛɟɥɵɣ ɰɜɟɬ ɢ ɭɪɨɜɟɧɶ 

ɢɧɬɟɧɫɢɜɧɨɫɬɢ.  

 

JavaScript 

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

    scene.add(light); 

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

    scene.add(light2); 

 

Ⱦɥɹ ɨɬɨɛɪɚɠɟɧɢɹ ɫɰɟɧɵ ɢ ɨɛɴɟɤɬɨɜ ɧɚ ɧɟɣ ɢɫɩɨɥɶɡɭɟɬɫɹ ɨɬɞɟɥɶɧɵɣ ɤɥɚɫɫ 

– Renderer. ɋɨɡɞɚɟɬɫɹ ɯɨɥɫɬ «ɋanvas», ɜɤɥɸɱɚɟɬɫɹ ɫɝɥɚɠɢɜɚɧɢɟ ɨɛɴɟɤɬɨɜ, 

setClearColor – ɨɬɜɟɱɚɟɬ ɡɚ ɰɜɟɬ. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɛɵɥ ɜɵɛɪɚɧ ɫɜɟɬɥɨ-ɝɨɥɭɛɨɣ.  

setSize ɩɨɡɜɨɥɹɟɬ ɢɡɦɟɧɢɬɶ ɟɝɨ ɪɚɡɦɟɪɵ, ɢ ɨɫɬɚɟɬɫɹ ɩɨ ɭɦɨɥɱɚɧɢɸ 300x150 

ɩɢɤɫɟɥɟɣ.     

 

JavaScript 

    renderer = new THREE.WebGLRenderer 

({  

      canvas: myCanvas,  

      antialias: true 

    }); 

    renderer.setClearColor(0x000000); 

    renderer.setPixelRatio(window.devicePixelRatio); 

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

 

Ɏɭɧɤɰɢɹ «render» ɛɭɞɟɬ ɜɢɡɭɚɥɢɡɢɪɨɜɚɬɶ ɚɧɢɦɚɰɢɸ ɨɛɴɟɤɬɚ ɧɚ ɫɬɪɚɧɢɰɭ. 

Ⱥɧɢɦɚɰɢɹ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɤɨɦɚɧɞɨɣ «requestAnimationFrame». Ɉɧɚ ɩɨɫɬɨɹɧɧɨ 

ɫɨɨɛɳɚɟɬ ɜɫɟ ɢɡɦɟɧɟɧɢɹ ɮɭɧɤɰɢɢ «render», ɤɨɬɨɪɚɹ ɢɯ ɨɬɪɢɫɨɜɵɜɚɟɬ. Ⱥ 

ɤɨɦɚɧɞɚ «mesh.rotation.y» ɨɬɜɟɱɚɟɬ ɡɚ ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ ɦɨɞɟɥɢ. 
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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 Ɉɩɢɫɚɧɢɟ ɪɚɛɨɬɵ ɢɧɬɟɪɮɟɣɫɚ ɢ ɷɥɟɦɟɧɬɨɜ ɧɚɜɢɝɚɰɢɢ  

 

ɇɚ ɞɚɧɧɨɦ ɷɬɚɩɟ ɪɚɡɪɚɛɨɬɤɢ ɭɠɟ ɫɨɡɞɚɧ ɪɚɛɨɱɢɣ ɩɪɨɬɨɬɢɩ, ɫɬɪɚɧɢɰɵ 

ɤɨɬɨɪɨɝɨ ɦɨɠɧɨ ɡɚɩɭɫɬɢɬɶ ɫ ɹɪɥɵɤɚ index.html ɫ ɩɚɩɤɢ ɫɚɣɬɚ ɞɥɹ ɥɨɤɚɥɶɧɨɝɨ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ (ɪɢɫɭɧɨɤ 14). 

 

                                         

 

Ɋɢɫɭɧɨɤ 14 – ɋɬɪɭɤɬɭɪɚ ɩɚɩɨɤ ɝɥɚɜɧɨɣ ɫɬɪɚɧɢɰɵ ɫɚɣɬɚ 

 

Ⱦɥɹ ɪɚɡɦɟɳɟɧɢɹ ɫɚɣɬɚ ɜ ɫɟɬɢ ɢɧɬɟɪɧɟɬ ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ ɫɟɪɜɢɫ Netlify ɢɡ-

ɡɚ ɛɟɫɩɥɚɬɧɨɝɨ ɢ ɧɟɨɝɪɚɧɢɱɟɧɧɨɝɨ ɪɚɡɦɟɳɟɧɢɹ ɩɨɞ ɫɥɭɱɚɣɧɵɦ ɞɨɦɟɧɧɵɦ 

ɢɦɟɧɟɦ. Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɡɚɩɭɫɬɢɬɶ ɩɪɨɟɤɬ ɧɭɠɧɨ ɩɟɪɟɣɬɢ ɩɨ ɫɫɵɥɤɟ 

«https://sleepy-lichterman-91706b.netlify.app». Ƚɥɚɜɧɚɹ ɫɬɪɚɧɢɰɚ ɫ ɜɵɛɨɪɨɦ 

ɞɚɥɶɧɟɣɲɢɯ ɞɟɣɫɬɜɢɣ ɩɨɥɶɡɨɜɚɬɟɥɹ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 15.  
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Ɋɢɫɭɧɨɤ 15 – Ƚɥɚɜɧɚɹ ɫɬɪɚɧɢɰɚ ɩɪɨɟɤɬɚ 

 

Ʉɧɨɩɤɚ «ɍɡɧɚɬɶ ɛɨɥɶɲɟ ɨ ɦɭɡɟɟ» ɧɚɩɪɚɜɥɹɟɬ ɩɨɥɶɡɨɜɚɬɟɥɹ ɧɚ ɝɥɚɜɧɭɸ 

ɫɬɪɚɧɢɰɭ ɫɚɣɬɚ ɏɚɤɚɫɫɤɨɝɨ ɧɚɰɢɨɧɚɥɶɧɨɝɨ ɤɪɚɟɜɟɞɱɟɫɤɨɝɨ ɦɭɡɟɹ ɢɦɟɧɢ Ʌ.Ɋ. 

Ʉɵɡɥɚɫɨɜɚ (ɪɢɫɭɧɨɤ 16). 

 

 

 

Ɋɢɫɭɧɨɤ 16 – Ƚɥɚɜɧɚɹ ɫɬɪɚɧɢɰɚ ɫɚɣɬɚ «ɏɚɤɚɫɫɤɨɝɨ ɧɚɰɢɨɧɚɥɶɧɨɝɨ 

ɤɪɚɟɜɟɞɱɟɫɤɨɝɨ ɦɭɡɟɹ ɢɦɟɧɢ Ʌ.Ɋ. Ʉɵɡɥɚɫɨɜɚ» 
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Ʉɧɨɩɤɚ «ɍɡɧɚɬɶ ɛɨɥɶɲɟ ɨ ɩɪɢɥɨɠɟɧɢɢ» ɫ ɝɥɚɜɧɨɝɨ ɦɟɧɸ ɫɚɣɬɚ-ɝɚɥɟɪɟɢ 

ɧɚɩɪɚɜɥɹɟɬ ɩɨɥɶɡɨɜɚɬɟɥɹ ɧɚ ɢɧɮɨɪɦɚɰɢɸ ɨɛ ɷɬɨɦ ɫɚɣɬɟ-ɩɪɢɥɨɠɟɧɢɢ (ɪɢɫɭɧɨɤ 

17). 

 

 

Ɋɢɫɭɧɨɤ 17 – ɋɬɪɚɧɢɰɚ «ɍɡɧɚɬɶ ɛɨɥɶɲɟ ɨ ɩɪɢɥɨɠɟɧɢɢ» 

 

ȼ ɥɟɜɨɦ ɭɝɥɭ ɷɤɪɚɧɚ ɦɨɠɧɨ ɨɬɤɪɵɬɶ ɧɚɜɢɝɚɰɢɨɧɧɨɟ ɦɟɧɸ ɢ ɜɵɛɪɚɬɶ 

ɧɭɠɧɭɸ ɜɤɥɚɞɤɭ ɢɧɬɟɪɟɫɭɸɳɟɣ ɫɬɪɚɧɢɰɵ ɢɥɢ ɤɨɥɥɟɤɰɢɢ (ɪɢɫɭɧɨɤ 18).  

 

 

 

Ɋɢɫɭɧɨɤ 18 – Ʉɧɨɩɤɚ ɦɟɧɸ 
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ɉɪɢ ɧɚɠɚɬɢɢ ɧɚ ɜɵɛɪɚɧɧɭɸ ɤɨɥɥɟɤɰɢɸ ɨɬɤɪɨɟɬɫɹ ɫɬɪɚɧɢɰɚ ɫ 

ɷɤɫɩɨɧɚɬɚɦɢ ɤɨɥɥɟɤɰɢɢ ɢ ɤɪɚɬɤɢɦ ɟɟ ɨɩɢɫɚɧɢɟɦ (ɪɢɫɭɧɨɤ 19). 

 

 

Ɋɢɫɭɧɨɤ 19 – ɗɤɫɩɨɧɚɬɵ ɤɨɥɥɟɤɰɢɢ 

 

ɉɪɢ ɜɵɛɨɪɟ ɩɟɪɜɨɝɨ ɷɤɫɩɨɧɚɬɚ ɨɬɤɪɨɟɬɫɹ ɟɝɨ ɫɬɪɚɧɢɰɚ ɫ 3D ɦɨɞɟɥɶɸ ɢ ɟɟ 

ɨɩɢɫɚɧɢɟɦ (ɪɢɫɭɧɨɤ 20).  

 

 

 

Ɋɢɫɭɧɨɤ 20 – ɋɬɪɚɧɢɰɚ ɜɫɬɪɨɟɧɧɨɣ 3D-ɦɨɞɟɥɢ ɬɟɯɧɨɥɨɝɢɟɣ Three.js 
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ɏɚɤɚɫɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɤɪɚɟɜɟɞɱɟɫɤɢɣ ɦɭɡɟɣ ɩɪɟɞɨɫɬɚɜɢɥ ɧɚ ɨɧɥɚɣɧ-

ɩɥɚɬɮɨɪɦɟ ɞɥɹ ɫɤɚɱɢɜɚɧɢɹ ɥɢɲɶ ɨɞɧɭ ɦɨɞɟɥɶ, ɬɚɤ ɤɚɤ ɜɫɟ ɩɪɚɜɚ ɧɚ ɷɤɫɩɨɧɚɬɵ 

ɩɪɢɧɚɞɥɟɠɚɬ ȽȺɍɄ Ɋɏ "ɏɚɤɚɫɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɤɪɚɟɜɟɞɱɟɫɤɢɣ ɦɭɡɟɣ ɢɦ. 

Ʌ.Ɋ. Ʉɵɡɥɚɫɨɜɚ" ɛɵɥɨ ɩɨɡɜɨɥɟɧɨ ɞɨɛɚɜɢɬɶ ɢɯ ɧɚ ɫɚɣɬ ɩɭɬɟɦ ɨɧɥɚɣɧ-ɩɥɚɬɮɨɪɦɵ 

«Sketchfab», ɧɚ ɤɨɬɨɪɨɣ ɯɪɚɧɹɬɫɹ ɞɚɧɧɵɟ ɦɨɞɟɥɢ ɞɥɹ ɩɨɥɶɡɨɜɚɬɟɥɟɣ ɬɨɥɶɤɨ ɜ 

ɪɟɠɢɦɟ ɡɪɢɬɟɥɹ (ɪɢɫɭɧɨɤ 21).  

 

 

Ɋɢɫɭɧɨɤ 21 – ɋɬɪɚɧɢɰɚ ɦɨɞɟɥɟɣ ɷɤɫɩɨɧɚɬɨɜ ɦɭɡɟɹ ɧɚ ɩɥɚɬɮɨɪɦɟ «Sketchfab»  

 

ɇɚ ɫɬɪɚɧɢɰɭ ɫɚɣɬɚ ɨɫɬɚɥɶɧɵɟ ɦɨɞɟɥɢ ɛɵɥɢ ɞɨɛɚɜɥɟɧɵ ɩɭɬɟɦ ɤɨɦɚɧɞɵ 

«iframe», ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɹɟɬ ɡɚɝɪɭɡɢɬɶ ɱɚɫɬɶ ɫɨɞɟɪɠɢɦɨɝɨ ɫ ɞɪɭɝɢɯ ɢɫɬɨɱɧɢɤɨɜ, 

ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɫ ɩɥɚɬɮɨɪɦɵ ɨɧɥɚɣɧ ɩɪɨɫɦɨɬɪɚ 3D-ɦɨɞɟɥɟɣ – «Sketchfab».  

ɉɟɪɜɵɦ ɞɟɥɨɦ ɜɵɫɬɚɜɥɹɟɬɫɹ ɪɚɡɦɟɪ ɨɤɧɚ, ɫɥɟɞɨɦ ɫɫɵɥɤɚ ɧɚ ɫɬɪɚɧɢɰɭ ɫɚɣɬɚ, ɝɞɟ 

ɧɚɯɨɞɢɬɫɹ ɜɵɛɪɚɧɧɵɣ ɨɛɴɟɤɬ, ɚ ɬɚɤɠɟ ɜɤɥɸɱɚɟɬɫɹ ɟɝɨ ɚɜɬɨɩɪɨɢɝɪɵɜɚɧɢɟ.   

 

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> 

 

ɉɨɫɥɟ ɱɟɝɨ ɩɨɫɪɟɞɫɬɜɨɦ CSS ɪɚɡɦɟɳɚɟɬɫɹ ɧɚ ɫɬɪɚɧɢɰɟ ɫɚɣɬɚ, ɫɨ ɜɫɟɦ 

ɞɨɫɬɭɩɧɵɦ ɮɭɧɤɰɢɨɧɚɥɨɦ ɫ ɫɚɣɬɚ «Sketchfab». (Ɋɢɫɭɧɨɤ 22).  

 

CSS 

.view_model 

{ 

float:left;  

padding-left: 100px; 

} 

 

 

 

Ɋɢɫɭɧɨɤ 22 – ɋɬɪɚɧɢɰɚ ɜɫɬɪɨɟɧɧɨɣ 3D-ɦɨɞɟɥɢ ɩɪɢɥɨɠɟɧɢɟɦ «Sketchfab» 
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ȼɵɜɨɞ ɩɨ ɪɚɡɞɟɥɭ «Ɉɩɢɫɚɧɢɟ ɩɪɨɰɟɫɫɚ ɪɚɡɪɚɛɨɬɤɢ ɩɪɨɬɨɬɢɩɚ ɫɚɣɬɚ-

ɝɚɥɟɪɟɢ 3D-ɦɨɞɟɥɟɣ ɷɤɫɩɨɧɚɬɨɜ ɏɚɤɚɫɫɤɨɝɨ ɤɪɚɟɜɟɞɱɟɫɤɨɝɨ ɦɭɡɟя» 

 

ȼ ɷɬɨɣ ɱɚɫɬɢ ɨɩɢɫɚɧɚ ɪɚɡɪɚɛɨɬɤɚ ɩɪɨɟɤɬɚ ɫɚɣɬɚ-ɝɚɥɟɪɟɢ 3D-ɦɨɞɟɥɟɣ 

ɷɤɫɩɨɧɚɬɨɜ ɏɚɤɚɫɫɤɨɝɨ ɤɪɚɟɜɟɞɱɟɫɤɨɝɨ ɦɭɡɟɹ, ɟɝɨ ɨɫɧɨɜɧɨɣ ɤɨɞ, ɫɬɢɥɶ ɢ 

ɮɭɧɤɰɢɨɧɚɥ. ȼ ɯɨɞɟ ɪɚɡɪɚɛɨɬɤɢ ɛɚɡɚ ɞɚɧɧɵɯ 3D-ɦɨɞɟɥɟɣ ɷɤɫɩɨɧɚɬɨɜ ɩɟɪɟɞɚɧɚ 

ɞɥɹ ɫɤɚɱɢɜɚɧɢɹ ɜ ɤɚɱɟɫɬɜɟ ɨɞɧɨɣ ɲɬɭɤɢ, ɨɫɬɚɥɶɧɵɟ ɞɨɫɬɭɩɧɵ ɥɢɲɶ ɜ ɤɚɱɟɫɬɜɟ 

ɨɡɧɚɤɨɦɥɟɧɢɹ ɧɚ ɫɬɪɚɧɢɰɟ ɨɧɥɚɣɧ ɩɪɢɥɨɠɟɧɢɹ ɞɥɹ ɩɪɨɫɦɨɬɪɚ 3D-ɦɨɞɟɥɟɣ 

«Sketchfab». 

ȼ ɞɚɧɧɨɦ ɪɚɡɞɟɥɟ ɨɩɢɫɚɧɵ ɜɫɟ ɫɨɫɬɚɜɥɹɸɳɢɟ ɪɚɡɪɚɛɨɬɤɢ ɫɚɣɬɚ ɢ 

ɜɧɟɞɪɟɧɢɟ ɦɨɞɟɥɟɣ: 

1. HTML ɢ CSS ɤɨɞɵ ɫɚɣɬɚ – ɝɥɚɜɧɵɟ ɷɥɟɦɟɧɬɵ, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɵɯ 

ɢ ɫɨɡɞɚɟɬɫɹ ɫɚɣɬ; 

2. ɞɢɡɚɣɧ ɫɚɣɬɚ – ɜɢɡɭɚɥɶɧɵɣ ɞɢɡɚɣɧ ɜɫɟɯ ɫɬɪɚɧɢɰ ɫɚɣɬɚ, ɦɟɧɸ ɢ 

ɦɨɞɟɥɟɣ; 

3. ɜɧɟɞɪɟɧɢɟ ɷɤɫɩɨɧɚɬɨɜ ɩɟɪɜɵɦ ɫɩɨɫɨɛɨɦ – ɜ ɯɨɞɟ ɫɨɛɟɫɟɞɨɜɚɧɢɹ ɫ 

ɪɭɤɨɜɨɞɫɬɜɨɦ ɏɚɤɚɫɫɤɨɝɨ ɧɚɰɢɨɧɚɥɶɧɨɝɨ ɤɪɚɟɜɟɞɱɟɫɤɨɝɨ ɦɭɡɟɹ ɛɵɥɨ 

ɪɚɡɪɟɲɟɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɨɞɧɭ ɦɨɞɟɥɶ ɞɥɹ ɜɧɟɞɪɟɧɢɹ ɩɨɫɪɟɞɫɬɜɨɦ ɬɟɯɧɨɥɨɝɢɢ 

Three.js;  

4. ɜɧɟɞɪɟɧɢɟ ɷɤɫɩɨɧɚɬɨɜ ɜɬɨɪɵɦ ɫɩɨɫɨɛɨɦ – ɜ ɯɨɞɟ ɫɨɛɟɫɟɞɨɜɚɧɢɹ ɫ 

ɪɭɤɨɜɨɞɫɬɜɨɦ ɏɚɤɚɫɫɤɨɝɨ ɧɚɰɢɨɧɚɥɶɧɨɝɨ ɤɪɚɟɜɟɞɱɟɫɤɨɝɨ ɦɭɡɟɹ ɛɵɥɨ 

ɪɚɡɪɟɲɟɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɨɫɬɚɥɶɧɵɟ ɦɨɞɟɥɢ ɩɨɫɪɟɞɫɬɜɨɦ ɨɧɥɚɣɧ ɩɪɢɥɨɠɟɧɢɹ 

«Sketchfab»;  

5. ɮɭɧɤɰɢɨɧɚɥ ɩɪɢɥɨɠɟɧɢɹ – ɤɪɚɬɤɨɟ ɨɩɢɫɚɧɢɟ ɬɨɝɨ, ɤɚɤ ɩɨɥɶɡɨɜɚɬɟɥɶ 

ɦɨɠɟɬ ɜɡɚɢɦɨɞɟɣɫɬɜɨɜɚɬɶ ɫ ɩɪɢɥɨɠɟɧɢɟɦ. 
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3 Ɉɰɟɧɤɚ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɟɤɬɚ ɫɨɡɞɚɧɢя ɫɚɣɬɚ-

ɝɚɥɟɪɟɢ 3D-ɦɨɞɟɥɟɣ ɷɤɫɩɨɧɚɬɨɜ ɏɚɤɚɫɫɤɨɝɨ ɤɪɚɟɜɟɞɱɟɫɤɨɝɨ ɦɭɡɟя 

 

3.1 Ɇɟɬɨɞɢɤɚ ɨɰɟɧɤɢ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɡɪɚɛɨɬɤɢ 

 

ɌɋɈ (Total Cost Ownership) – ɦɟɬɨɞɢɤɚ ɫɨɜɨɤɭɩɧɨɝɨ ɜɵɱɢɫɥɟɧɢɹ ɩɪɹɦɵɯ ɢ 

ɤɨɫɜɟɧɧɵɯ ɡɚɬɪɚɬ ɧɚ ɪɚɡɪɚɛɨɬɤɭ. Ɉɧɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɨɛɳɢɣ ɜɟɤɬɨɪ 

ɫɬɨɢɦɨɫɬɢ ɩɪɨɞɭɤɬɚ ɢ ɟɟ ɜɨɡɦɨɠɧɵɯ ɢɡɦɟɧɟɧɢɣ ɜ ɛɭɞɭɳɟɦ. 

Ɋɚɫɱɟɬ ɡɚɬɪɚɬ ɪɟɚɥɢɡɚɰɢɢ ɩɨ ɦɟɬɨɞɢɤɢ ɌɋɈ, ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

(1): 

 

ɌɋɈ = DE + IC1 + IC2,  (1) 

 

ɝɞɟ DE – ɩɪɹɦɵɟ ɡɚɬɪɚɬɵ; 

IC – ɤɨɫɜɟɧɧɵɟ ɡɚɬɪɚɬɵ ɩɟɪɜɨɣ ɢ ɜɬɨɪɨɣ ɝɪɭɩɩɵ. 

 

3.2 Ɋɚɫɱɟɬ ɩɨɤɚɡɚɬɟɥɟɣ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɢ 

ɪɟɚɥɢɡɚɰɢɢ  ɫɢɫɬɟɦɵ ɬɟɫɬɢɪɨɜɚɧɢя 

 

3.2.1  Ʉɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ 

 

ɉɨɞɝɨɬɨɜɤɚ ɤ ɩɪɨɟɤɬɭ: 

Ʉɨɧɫɭɥɶɬɚɰɢɢ ɫ ɡɚɤɚɡɱɢɤɨɦ – 2 ɞɧɹ; 

Ⱥɧɚɥɢɡ ɩɪɟɞɦɟɬɧɨɣ ɨɛɥɚɫɬɢ – 7 ɞɧɟɣ; 

Ɋɚɡɪɚɛɨɬɤɚ ɩɪɨɬɨɬɢɩɚ – 14 ɞɧɟɣ; 

Ɍɟɫɬɢɪɨɜɚɧɢɟ – 4 ɞɧɹ; 

ȼɜɟɞɟɧɢɟ ɜ ɷɤɫɩɥɭɚɬɚɰɢɸ – 3 ɞɧɹ. 

Ɂɚɬɪɚɬɵ ɧɚ ɪɚɡɪɚɛɨɬɤɭ ɨɩɢɫɚɧɵ ɜ ɬɚɛɥɢɰɟ 1. 
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Ɍɚɛɥɢɰɚ 1 – Ɋɚɫɱɟɬ ɫɬɨɢɦɨɫɬɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɪɚɡɪɚɛɨɬɱɢɤɚ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
ɨɛɨɪɭɞɨɜɚɧɢɹ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
ɷɥɟɦɟɧɬɨɜ 

Ʉɨɥɢɱɟɫɬɜɨ 
ɋɬɨɢɦɨɫɬɶ 

ɷɥɟɦɟɧɬɚ,  ɪɭɛ. 
ɋɬɨɢɦɨɫɬɶ 
ɜɫɟɝɨ,  ɪɭɛ. 

Ʉɨɦɩɶɸɬɟɪ ɞɥɹ 
ɩɪɨɝɪɚɦɦɢɫɬɚ 

ɉɪɨɰɟɫɫɨɪ AMD 
Ryzen 5 2600 BOX 

1 10299 10299 

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

1 10199 10199 

Ʉɭɥɟɪ ɞɥɹ ɩɪɨɰɟɫɫɨɪɚ 
ArcticFreezer 33 TR 

1 500 500 

Ɉɩɟɪɚɬɢɜɧɚɹ ɩɚɦɹɬɶ 
Crucial 
[CT8G4DFS8266] 8 
ȽȻ 

1 2799 2799 

 Ɇɚɬɟɪɢɧɫɤɚɹ ɩɥɚɬɚ 
ASRock H110M-
G/M.2 

1 4599 4599 

Ʉɨɪɩɭɫ DEXP DC-
101B ɱɟɪɧɵɣ 

1 1050 1050 

500 ȽȻ ɀɟɫɬɤɢɣ ɞɢɫɤ 
Toshiba P300 
[HDWD105UZSVA] 

1 2899 2899 

ȻɥɨɤɩɢɬɚɧɢɹAerocool 
VX PLUS 500W [VX-
500 PLUS] 

1 2250 2250 

18.5" Ɇɨɧɢɬɨɪ Dell 
E1920H [1920-0667] 

1 4599 4599 

Ʉɥɚɜɢɚɬɭɪɚ DEXP K-
504BU 

1 270 270 

Ɇɵɲɶ ɩɪɨɜɨɞɧɚɹ 
DEXP CM-906BU 
ɱɟɪɧɵɣ 

1 210 210 

ɂɬɨɝɨ 39674 

 

ɉɪɢ ɧɨɪɦɚɥɶɧɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ɤɨɦɩɶɸɬɟɪ ɩɪɨɫɥɭɠɢɬ 7 ɥɟɬ. ȼɵɱɢɫɥɢɦ 

ɚɦɨɪɬɢɡɚɰɢɸ: 

            ,                                                                                           (2) 

                   – ɚɦɨɪɬɢɡɚɰɢɹ ɡɚ ɝɨɞ ɢɫɩɨɥɶɡɨɜɚɧɢɹ; 
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     – ɛɚɥɚɧɫɨɜɚɹ ɫɬɨɢɦɨɫɬɶ;       – ɧɨɪɦɚ ɚɦɨɪɬɢɡɚɰɢɢ. 

                             ,                                                                                            (3) 

         – ɚɦɨɪɬɢɡɚɰɢɹ ɡɚ ɝɨɞ ɢɫɩɨɥɶɡɨɜɚɧɢɹ;    – ɩɪɨɟɤɬɧɚɹ ɚɦɨɪɬɢɡɚɰɢɹ;     – ɤɨɥɢɱɟɫɬɜɨ ɪɚɛɨɱɢɯ ɞɧɟɣ ɜ ɝɨɞɭ;    – ɤɨɥɢɱɟɫɬɜɨ ɞɧɟɣ ɷɤɫɩɥɭɚɬɚɰɢɢ. 

            ,                                                                                                 (4) 

              – ɧɨɪɦɚ ɚɦɨɪɬɢɡɚɰɢɢ;    – ɫɪɨɤ ɷɤɫɩɥɭɚɬɚɰɢɢ ɤɨɦɩɶɸɬɟɪɚ. 

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

 

Ɋɚɫɱɟɬ ɫɬɨɢɦɨɫɬɢ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɞɥɹ ɫɨɡɞɚɧɢɹ 

ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ ɨɩɢɫɚɧ ɜ ɬɚɛɥɢɰɟ 2. 

 

Ɍɚɛɥɢɰɚ 2–Ɋɚɫɱɟɬ ɫɬɨɢɦɨɫɬɢ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɪɚɡɪɚɛɨɬɱɢɤɚ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɋɬɨɢɦɨɫɬɶ ɋɪɨɤ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
Ɉɩɟɪɚɰɢɨɧɧɚɹ ɫɢɫɬɟɦɚ Windows 10 
Ⱦɨɦɚɲɧɹɹ 

3999 ɪɭɛ. ɛɟɫɫɪɨɱɧɨ ɧɚ 1 ɉɄ 

Ⱥɧɬɢɜɢɪɭɫ KasperskyTotalSecurity 1990 ɪɭɛ. 12 ɦɟɫɹɰɟɜ ɧɚ 1 ɉɄ 

Sublime Text 3 8065ɪɭɛ. 12 ɦɟɫɹɰɟɜ ɧɚ 1 ɉɄ 

Google Chrome ɛɟɫɩɥɚɬɧɨ ɛɟɫɫɪɨɱɧɨ 
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SublimeText 3 ɢ Ⱥɧɬɢɜɢɪɭɫ KasperskyTotalSecurity ɛɭɞɭɬ ɚɤɬɭɚɥɶɧɵ ɝɨɞ, 

ɡɚ ɷɬɨ ɜɪɟɦɹ ɫɨɡɞɚɟɬɫɹ ɩɪɢɦɟɪɧɨ 5 ɩɪɨɟɤɬɨɜ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɨɛɳɚɹ ɫɬɨɢɦɨɫɬɶ 

ɞɟɥɢɬɫɹ ɧɚ 5. 

3999+(1990/5)+(8065/5)=6010 ɪɭɛ. 

Ɋɚɫɱɟɬ ɡɚɪɚɛɨɬɧɨɣ ɩɥɚɬɵ ɪɚɡɪɚɛɨɬɱɢɤɚ. 

Ɋɚɫɱɟɬ ɡɚɪɚɛɨɬɧɨɣ ɩɥɚɬɵ ɩɪɨɝɪɚɦɦɢɫɬɚ ɫ ɭɱɟɬɨɦ ɫɟɜɟɪɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ 

(30%) ɢ ɪɟɝɢɨɧɚɥɶɧɨɣ ɧɚɞɛɚɜɤɢ (30%) ɪɚɫɫɱɢɬɚɧɚ ɩɨ ɬɚɪɢɮɧɨɦɭ ɫɩɨɫɨɛɭ 

ɨɩɥɚɬɵ ɢ ɨɩɢɫɚɧɚ ɜ ɬɚɛɥɢɰɟ 3. 

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

Ɍɚɤ ɠɟ ɧɟɨɛɯɨɞɢɦɨ ɜɤɥɸɱɢɬɶ ɜ ɪɚɫɱɟɬ ɨɬɱɢɫɥɟɧɢɹ ɜɨ ɜɧɟɛɸɞɠɟɬɧɵɟ 

ɮɨɧɞɵ ɤɨɬɨɪɵɟ ɫɨɫɬɚɜɥɹɸɬ 30,2% ɨɬ ɪɚɡɦɟɪɚ ɡɚɪɚɛɨɬɧɨɣ ɩɥɚɬɵ ɪɚɡɪɚɛɨɬɱɢɤɚ  

Ʉɡɩ = 20798*1,302=27079 ɪɭɛ. 

 

Ɍɚɛɥɢɰɚ 3 – Ɋɚɫɱɟɬ ɡɚɪɩɥɚɬɵ ɪɚɡɪɚɛɨɬɱɢɤɚ 

ɋɨɫɬɚɜ ɡɚɪɚɛɨɬɧɨɣ ɩɥɚɬɵ ɋɭɦɦɚ, ɪɭɛ. 
Ɉɤɥɚɞ 12999 ɪɭɛ. 
Ɋɚɣɨɧɧɵɟ ɧɚɞɛɚɜɤɢ 3899,7 ɪɭɛ. 
ɋɟɜɟɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ 3899,7 ɪɭɛ. 
ɇȾɎɅ 2703,8 ɪɭɛ. 
ɂɬɨɝɨ 20798 ɪɭɛ. 
 

Ɋɚɫɱɟɬ ɡɚɬɪɚɬ ɧɚ ɷɤɫɩɥɭɚɬɚɰɢɸ. 

ɉɪɨɱɢɟ ɡɚɬɪɚɬɵ: 

ɇɚ ɩɪɨɱɢɟ ɡɚɬɪɚɬɵ ɧɟɨɛɯɨɞɢɦɨ ɨɫɬɚɜɥɹɬɶ ɧɟ ɦɟɧɶɲɟ 3% ɨɬ ɪɚɫɯɨɞɨɜ, ɚ 

ɷɬɨ 1370,52 ɪɭɛɥɹ. 

 

Ʉɩɪ= Ʉɡɩ+Ʉɢɩɫ+Ʉɫɜɬ+Ʉɩɪɨɱ,                                                                (5) 

 

ɝɞɟ Ʉɡɩ – ɡɚɬɪɚɬɵ ɧɚ ɡɚɪɚɛɨɬɧɭɸ ɩɥɚɬɭ ɩɪɨɟɤɬɢɪɨɜɳɢɤɨɜ; 

Ʉɢɩɫ – ɡɚɬɪɚɬɵ ɧɚ ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɵɟ ɩɪɨɝɪɚɦɦɧɵɟ ɫɪɟɞɫɬɜɚ ɞɥɹ 

ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ;  
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Ʉɫɜɬ – ɡɚɬɪɚɬɵ ɧɚ ɫɪɟɞɫɬɜɚ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɬɟɯɧɢɱɟɫɤɢ ɞɥɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ; 

Ʉɩɪɨɱ – ɩɪɨɱɢɟ ɡɚɬɪɚɬɵ ɧɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ. 

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

Ʉɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ. 

Ɋɚɫɱɟɬ ɤɚɩɢɬɚɥɶɧɵɯ ɡɚɬɪɚɬ ɜɵɩɨɥɧɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɵ 

6: 

 

Ʉ = Ʉɩɪ +Ʉɬɫ +Ʉɥɫ +Ʉɩɨ +Ʉɢɨ +Ʉɨɛ +Ʉɨɷ,                                              (6) 

 

ɝɞɟ Ʉɩɪ – ɡɚɬɪɚɬɵ ɧɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɂɋ; 

Ʉɬɫ – ɡɚɬɪɚɬɵ ɧɚ ɬɟɯɧɢɱɟɫɤɢɟ ɫɪɟɞɫɬɜɚ ɭɩɪɚɜɥɟɧɢɹ ɨɬɫɭɬɫɬɜɭɸɬɬɚɤ ɤɚɤ ɧɟɬ 

ɧɭɠɞɵ ɩɪɢɨɛɪɟɬɚɬɶ ɧɨɜɵɟ ɩɪɨɝɪɚɦɦɧɵɟ ɫɪɟɞɫɬɜɚ ɞɥɹ ɬɨɝɨ ɱɬɨɛɵ ɜɧɟɞɪɢɬɶ 

ɫɢɫɬɟɦɭ; 

Ʉɥɫ – ɡɚɬɪɚɬɵ ɧɚ ɫɨɡɞɚɧɢɟ ɥɢɧɢɣ ɫɜɹɡɢ ɥɨɤɚɥɶɧɵɯ ɫɟɬɟɣ ɧɟ ɬɪɟɛɭɸɬɫɹ 

ɩɨɷɬɨɦɭ ɡɚɬɪɚɬɵ ɪɚɜɧɵ 0; 

Ʉɩɨ – ɡɚɬɪɚɬɵ ɧɚ ɩɪɨɝɪɚɦɦɧɵɟ ɫɪɟɞɫɬɜɚ ɧɟ ɬɪɟɛɭɸɬɫɹ ɩɨɷɬɨɦɭ ɡɚɬɪɚɬɵ 

ɪɚɜɧɵ 0; 

Ʉɢɨ – ɡɚɬɪɚɬɵ ɧɚ ɮɨɪɦɢɪɨɜɚɧɢɟ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɛɚɡɵ ɧɟ ɬɪɟɛɭɸɬɫɹ ɬɚɤ 

ɤɚɤ ɛɚɡɚ ɭɠɟ ɝɨɬɨɜɚ; 

Ʉɨɛ – ɡɚɬɪɚɬɵ ɧɚ ɨɛɭɱɟɧɢɟ ɩɟɪɫɨɧɚɥɚ ɧɟ ɬɪɟɛɭɸɬɫɹ, ɬɚɤ ɤɚɤ ɫɢɫɬɟɦɚ ɥɟɝɤɨ 

ɨɫɜɚɢɜɚɟɦɚɹ ɜ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɢ ɩɨɧɢɦɚɧɢɢ ɩɪɢɧɰɢɩɚ ɟɟ ɪɚɛɨɬɵ; 

Ʉɨɷ – ɡɚɬɪɚɬɵ ɧɚ ɨɩɵɬɧɭɸ ɷɤɫɩɥɭɚɬɚɰɢɸ 1000 ɪɭɛɥɟɣ.  

Ʉ = 35134,14ɪɭɛ +1000= 36134,14ɪɭɛ. 

  

3.2.2 ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ 

 

Ɋɚɫɱɟɬ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɡɚɬɪɚɬ ɩɪɨɜɨɞɢɬɶɫɹ  ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ 7: 

 

 ɋ = ɋɡɩ + ɋɚɨ + ɋɬɨ + ɋɥɫ + ɋɧɢ + ɋɩɪɨɱ,                                             (7)  
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ɝɞɟ  ɋɡɩ – ɡɚɪɩɥɚɬɚ ɩɟɪɫɨɧɚɥɚ, ɪɚɛɨɬɚɸɳɟɝɨ ɫ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɨɣ: 

ɋɚɨ – ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ, ɬɚɤ ɤɚɤ ɉɄ ɨɞɢɧ, ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɟ 

ɨɬɱɢɫɥɟɧɢɹ ɬɚɤɢɟ ɠɟ. 

ɋɬɨ – ɡɚɬɪɚɬɵ ɧɚ ɬɟɯɧɢɱɟɫɤɨɟ ɨɛɫɥɭɠɢɜɚɧɢɟ ɨɬɫɭɬɫɬɜɭɸɬ; 

ɋɥɫ – ɡɚɬɪɚɬɵ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɝɥɨɛɚɥɶɧɵɯ ɫɟɬɟɣ ɨɬɫɭɬɫɬɜɭɸɬ; 

ɋɧɢ – ɡɚɬɪɚɬɵ ɧɚ ɧɨɫɢɬɟɥɢ ɢɧɮɨɪɦɚɰɢɢ ɨɬɫɭɬɫɬɜɭɸɬ; 

ɋɩɪɨɱ – ɩɪɨɱɢɟ ɡɚɬɪɚɬɵ, 3% ɨɬ ɨɫɬɚɥɶɧɵɯ ɪɚɫɯɨɞɨɜ; 

ɉɪɢɥɨɠɟɧɢɟ ɛɭɞɟɬ ɪɚɛɨɬɚɬɶ ɛɟɡ ɤɚɤɢɯ-ɥɢɛɨ ɡɚɬɪɚɬ ɧɚ ɟɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɢ 

ɩɨɞɞɟɪɠɤɭ.  

Ɍɚɤɠɟ ɧɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɜ ɩɨɫɬɨɹɧɧɨɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɫ ɧɢɦ ɩɟɪɫɨɧɚɥɚ.  

Ɉɛɧɨɜɥɟɧɢɟ ɜɵɫɬɚɜɨɤ ɩɪɨɢɫɯɨɞɢɬ ɪɚɡ ɜ 2 ɦɟɫɹɰɚ, ɚ ɧɚ ɫɦɟɧɭ ɢɯ ɜ 

ɩɪɢɥɨɠɟɧɢɢ ɩɨɬɪɟɛɭɟɬɫɹ 3 ɞɧɹ 

Ɉɞɢɧ ɞɟɧɶ ɫɦɟɧɵ ɜɵɫɬɚɜɨɤ ɜ ɩɪɢɥɨɠɟɧɢɢ ɫɨɫɬɚɜɥɹɟɬ 500 ɪɭɛɥɟɣ, ɡɚ 3 ɞɧɹ 

– 1500 ɪɭɛɥɟɣ. Ɍɚɤ ɤɚɤ ɦɟɧɹɬɶ ɩɪɢɞɟɬɫɹ ɨɤɨɥɨ 5 ɪɚɡ ɜ ɝɨɞ, ɚ ɷɬɨ 15 ɪɚɛɨɱɢɯ 

ɞɧɟɣ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɋɡɩ = 7500 ɪɭɛɥɟɣ. 

ɉɪɢ ɚɦɨɪɬɢɡɚɰɢɢ ɜ ɝɨɞ 5554,36 ɪɭɛɥɟɣ ɜ ɞɟɧɶ ɜɵɯɨɞɢɬ 15,2 ɪɭɛɥɟɣ, ɚ 

ɡɧɚɱɢɬ ɡɚ 15 ɞɧɟɣ – 228 ɪɭɛɥɟɣ. 

Ɂɚɬɪɚɬɵ ɧɚ ɝɥɨɛɚɥɶɧɵɟ ɫɟɬɢ ɧɟ ɬɪɟɛɭɸɬɫɹ ɬɚɤ ɤɚɤ ɫɭɳɟɫɬɜɭɟɬ ɫɚɣɬ ɢ 

ɯɨɫɬɢɧɝ ɡɚ ɧɟɝɨ ɩɪɨɩɥɚɱɟɧ. 

 

Ɍɚɛɥɢɰɟ 4 – ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ 
ɋɨɫɬɚɜ ɡɚɬɪɚɬ ɉɥɚɧɢɪɭɟɦɚɹ ɫɭɦɦɚ ɪɭɛɥɟɣ ɜ ɝɨɞ 

Ɂɚɬɪɚɬɵ ɧɚ ɡɚɪɚɛɨɬɧɭɸ ɩɥɚɬɭ ɩɟɪɫɨɧɚɥɚ 7500 ɪɭɛ. 

Ɂɚɬɪɚɬɵ ɧɚ ɚɦɨɪɬɢɡɚɰɢɸ ɨɬɱɢɫɥɟɧɢɹ 228 ɪɭɛ. 

Ɂɚɬɪɚɬɵ ɧɚ ɬɟɯɧɢɱɟɫɤɨɟ ɨɛɫɥɭɠɢɜɚɧɢɟ 0 ɪɭɛ. 

Ɂɚɬɪɚɬɵ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɝɥɨɛɚɥɶɧɵɯ ɫɟɬɟɣ 0 ɪɭɛ. 

Ɂɚɬɪɚɬɵ ɧɚ ɧɨɫɢɬɟɥɢ ɢɧɮɨɪɦɚɰɢɢ 0 ɪɭɛ. 

ɉɪɨɱɢɟ ɡɚɬɪɚɬɵ 232 ɪɭɛ. 

ɂɬɨɝɨ 7960         ̬у̍. 

 

ɇɚ ɪɢɫɭɧɤɟ 25 ɨɬɨɛɪɚɠɟɧɚ ɞɢɚɝɪɚɦɦɚ ɡɚɬɪɚɬ ɧɚ ɩɥɚɬɭ ɩɟɪɫɨɧɚɥɚ, 
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ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ ɢ ɩɪɨɱɢɟ ɡɚɬɪɚɬɵ. 

 

 

 

Ɋɢɫɭɧɨɤ 23 – ɋɨɨɬɧɨɲɟɧɢɟ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɡɚɬɪɚɬ 

 

3.2.3 ɉɪяɦɵɟ ɡɚɬɪɚɬɵ 
 

ɉɪɹɦɵɟ ɡɚɬɪɚɬɵ ɪɚɫɫɱɢɬɚɧɵ ɩɨ ɮɨɪɦɭɥɟ 8. 

 

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

 

DE1 – ɤɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ = 36134,14 ɪɭɛ; 

DE2 =7500 – ɪɚɫɯɨɞɵ ɧɚ ɭɩɪɚɜɥɟɧɢɟ ɢɧɮɨɪɦɚɰɢɨɧɧɵɦɢ ɬɟɯɧɨɥɨɝɢɹɦɢ; 

DE3 =228 – ɪɚɫɯɨɞɵ ɧɚ ɬɟɯɧɢɱɟɫɤɭɸ ɩɨɞɞɟɪɠɤɭ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ 

ɨɛɟɫɩɟɱɟɧɢɹ ɢ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ; 

DE4 =0 – ɪɚɫɯɨɞɵ ɧɚ ɪɚɡɪɚɛɨɬɤɭ ɩɪɢɤɥɚɞɧɨɝɨ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ 

ɜɧɭɬɪɟɧɧɢɦɢ ɫɢɥɚɦɢ; 

DE5 =0 – ɪɚɫɯɨɞɵ ɧɚ ɚɭɬɫɨɪɫɢɧɝ; 

DE6 =0 – ɤɨɦɚɧɞɢɪɨɜɨɱɧɵɟ ɪɚɫɯɨɞɵ; 

94% 

3% 3% 

З̌т̬̌ты ̦̌ ̬̌̌̍̚от̦у̀ пл̌ту пе̬̭о̦̌л̌ 

З̌т̬̌ты ̦̌ ̥̌о̬т̛̌̚ц̛̀ отч̛̭ле̛̦́ 

П̬оч̛е ̌̚т̬̌ты 
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DE7 = 0– ɪɚɫɯɨɞɵ ɧɚ ɭɫɥɭɝɢ ɫɜɹɡɢ; 

DE8 =0 – ɞɪɭɝɢɟ ɝɪɭɩɩɵ ɪɚɫɯɨɞɨɜ. 

DE = 43862,14 ɪɭɛ. 

ɌɋɈ = 36134,14+7960=44094,14 ɪɭɛ. 
 

3.3 Ɋɚɫɱɟɬ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɟɤɬɚ 

 

3.3.1 Ⱥɧɚɥɢɡ ɪɵɧɤɚ ɩɪɨɞɭɤɬɨɜ ɚɧɚɥɨɝɨɜ 

 

Ɋɚɡɪɚɛɨɬɤɚ ɫɚɣɬɚ-ɝɚɥɟɪɟɢ ɩɪɨɫɦɨɬɪɚ 3D-ɷɤɫɩɨɧɚɬɨɜ ɏɚɤɚɫɫɤɨɝɨ 

ɤɪɚɟɜɟɞɱɟɫɤɨɝɨ ɦɭɡɟɹ ɪɚɡɪɚɛɚɬɵɜɚɟɬɫɹ ɫ ɰɟɥɶɸ ɭɞɚɥɟɧɧɨɝɨ ɩɪɨɫɦɨɬɪɚ 

ɦɭɡɟɣɧɵɯ ɷɤɫɩɨɧɚɬɨɜ. ȼ ɯɨɞɟ ɚɧɚɥɢɡɚ ɩɪɨɞɭɤɬɨɜ ɚɧɚɥɨɝɨɜ ɛɵɥɨ ɜɵɹɜɥɟɧɨ, ɱɬɨ 

ɞɚɧɧɚɹ ɪɚɡɪɚɛɨɬɤɚ ɹɜɥɹɟɬɫɹ ɧɟ ɭɧɢɤɚɥɶɧɨɣ ɜ ɫɜɨɟɦ ɪɨɞɟ, ɧɨ ɪɟɞɤɨɣ. ɋɚɣɬɵ 

ɦɭɡɟɟɜ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɜɨɟɦ ɞɟɦɨɧɫɬɪɢɪɭɸɬ ɮɨɬɨɝɪɚɮɢɢ ɷɤɫɩɨɧɚɬɨɜ  

ɤɨɥɥɟɤɰɢɣ ɷɬɢɯ ɦɭɡɟɟɜ. Ɋɟɞɤɢɦ ɢɫɤɥɸɱɟɧɢɟɦ ɹɜɥɹɸɬɫɹ ɫɚɣɬɵ ɦɭɡɟɟɜ ɫ 

ɧɚɥɢɱɢɟɦ ɩɨɥɧɨɰɟɧɧɨɝɨ ɜɢɪɬɭɚɥɶɧɨɝɨ ɬɭɪɚ ɩɨ ɦɭɡɟɸ. Ⱦɥɹ ɏɚɤɚɫɫɤɨɝɨ 

Ʉɪɚɟɜɟɞɱɟɫɤɨɝɨ ɦɭɡɟɹ ɛɵɥ ɜɵɛɪɚɧ ɩɪɢɧɰɢɩ ɩɪɨɫɦɨɬɪɚ 3D ɷɤɫɩɨɧɚɬɨɜ ɝɚɥɟɪɟɢ 

ɢɡ-ɡɚ ɫɜɨɟɣ ɩɪɨɫɬɨɬɵ ɢ ɭɞɨɛɧɨɫɬɢ ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɜɢɪɬɭɚɥɶɧɵɦ ɬɭɪɨɦ ɢ ɛɨɥɟɟ 

ɜɢɡɭɚɥɶɧɨ ɨɛɨɡɪɢɦɨɦ ɦɟɬɨɞɨɦ ɩɪɨɫɦɨɬɪɚ ɷɤɫɩɨɧɚɬɨɜ ɜ ɫɪɚɜɧɟɧɢɢ ɫ 

ɮɨɬɨɝɚɥɟɪɟɟɣ. ɉɪɢɧɰɢɩ ɪɚɛɨɬɵ 3D ɷɤɫɩɨɧɚɬɨɜ ɜ ɚɧɚɥɨɝɚɯ ɪɚɛɨɬɚɟɬ ɧɚ ɨɧɥɚɣɧ-

ɩɥɚɬɮɨɪɦɟ «Sketchfab». Ɉɧɚ ɩɪɟɞɨɫɬɚɜɥɹɟɬ ɨɝɪɨɦɧɵɣ ɢ ɭɞɨɛɧɵɣ ɮɭɧɤɰɢɨɧɚɥ 

ɞɥɹ ɩɨɥɶɡɨɜɚɬɟɥɹ, ɫ ɩɨɦɨɳɶɸ, ɤɨɬɨɪɨɣ ɡɧɚɱɢɬɟɥɶɧɨ ɨɛɥɟɝɱɚɟɬɫɹ ɨɫɦɨɬɪ 

ɷɤɫɩɨɧɚɬɨɜ ɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ ɧɢɦɢ. Ⱦɥɹ ɫɚɣɬɚ ɩɪɨɫɦɨɬɪɚ 3D-ɝɚɥɟɪɟɢ 

ɏɚɤɚɫɫɤɨɝɨ Ʉɪɚɟɜɟɞɱɟɫɤɨɝɨ ɦɭɡɟɹ ɛɵɥɚ ɧɚɩɢɫɚɧɚ ɫɜɨɹ ɫɢɫɬɟɦɚ ɜɫɬɪɚɢɜɚɧɢɹ 

ɦɨɞɟɥɟɣ ɧɚ ɫɚɣɬ, ɧɟ ɢɫɩɨɥɶɡɭɹ ɫɬɨɪɨɧɧɢɯ ɨɧɥɚɣɧ-ɩɥɚɬɮɨɪɦ.   

Ⱦɥɹ ɨɰɟɧɤɢ ɮɭɧɤɰɢɨɧɚɥɚ ɩɪɢɥɨɠɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɫɪɚɜɧɢɬɶ ɟɝɨ ɫ 

ɞɪɭɝɢɦɢ ɩɨɞɨɛɧɵɦɢ ɩɪɟɞɫɬɚɜɢɬɟɥɹɦɢ ɜ ɞɚɧɧɨɣ ɨɛɥɚɫɬɢ. 

 

 

Ɍɚɛɥɢɰɚ 5 – Ⱥɧɚɥɢɡ ɪɵɧɤɚ ɚɧɚɥɨɝɨɜ 
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 Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɣ 
ɢɫɬɨɪɢɱɟɫɤɢɣ 

ɦɭɡɟɣ 

Ɇɭɡɟɣ 
Ɇɨɫɤɜɵ 

Ȼɪɢɬɚɧɫɤɢɣ 
ɦɭɡɟɣ 

Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɣ 
Ɋɭɫɫɤɢɣ ɦɭɡɟɣ 

Ƚɚɥɟɪɟɹ 
ɍɮɮɢɰɢ 

1.ɇɚɥɢɱɢɟ 3D 
ɷɤɫɩɨɧɚɬɨɜ 

- - + - + 

2. Ⱦɟɥɟɧɢɟ ɧɚ 
ɤɨɥɥɟɤɰɢɢ 

+ + + + + 

3.Ɋɟɝɢɫɬɪɚɰɢɹ  - - + - - 
4. ɇɚɥɢɱɢɟ 
ɜɢɪɬɭɚɥɶɧɨɝɨ 
ɬɭɪɚ 

 
- 

 
- 

 
- 

 
+ 

 
- 

 

Ɋɚɡɛɨɪ ɝɥɚɜɧɵɯ ɩɭɧɤɬɨɜ ɚɧɚɥɨɝɨɜ: 

1) ɇɚɥɢɱɢɟ 3D ɷɤɫɩɨɧɚɬɨɜ  – ɧɚɥɢɱɢɟ 3D ɷɤɫɩɨɧɚɬɨɜ ɧɟɨɛɯɨɞɢɦɨ ɞɥɹ 

ɢɯ ɧɚɝɥɹɞɧɨɫɬɢ. Ɉɧɨ ɜɨɜɫɟ ɧɟ ɨɛɹɡɚɬɟɥɶɧɨ ɞɥɹ ɦɭɡɟɟɜ, ɧɨ ɞɟɥɚɟɬ ɜɢɡɭɚɥɶɧɨ 

ɩɪɢɹɬɧɵɦ ɨɫɦɨɬɪ ɷɤɫɩɨɧɚɬɚ ɫɨ ɜɫɟɯ ɫɬɨɪɨɧ.  

2) Ⱦɟɥɟɧɢɟ ɧɚ ɤɨɥɥɟɤɰɢɢ – ɧɚ ɤɚɠɞɨɦ ɫɚɣɬɟ ɦɭɡɟɟɜ ɞɟɥɟɧɢɟ ɧɚ 

ɤɨɥɥɟɤɰɢɢ ɧɟɨɛɯɨɞɢɦɨ ɱɬɨɛɵ ɩɨɥɶɡɨɜɚɬɟɥɶ ɦɨɝ ɧɚɣɬɢ ɫɜɨɣ ɧɟɨɛɯɨɞɢɦɵɣ 

ɷɤɫɩɨɧɚɬ ɞɥɹ ɩɪɨɫɦɨɬɪɚ. Ɉɧɨ ɩɪɢɫɭɬɫɬɜɭɟɬ ɜɨ ɜɫɟɯ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɚɧɚɥɨɝɚɯ. 

3) Ɋɟɝɢɫɬɪɚɰɢɹ – ɧɟ ɫɚɦɚɹ ɧɟɨɛɯɨɞɢɦɚɹ ɜɟɳɶ ɞɥɹ ɦɭɡɟɟɜ, ɧɨ 

ɩɪɢɫɭɬɫɬɜɭɟɬ ɜ «Ȼɪɢɬɚɧɫɤɨɦ ɦɭɡɟɟ» ɢɡ-ɡɚ ɩɨɠɟɪɬɜɨɜɚɧɢɣ ɢ ɥɢɱɧɨɝɨ ɦɚɝɚɡɢɧɚ 

ɦɭɡɟɹ.  

4) ɇɚɥɢɱɢɟ ɜɢɪɬɭɚɥɶɧɨɝɨ ɬɭɪɚ – ɞɟɦɨɧɫɬɪɢɪɭɟɬ ɜɢɪɬɭɚɥɶɧɭɸ ɦɨɞɟɥɶ 

ɦɭɡɟɹ «ɢɡɧɭɬɪɢ». Ɉɧ ɪɟɞɤɨ ɩɪɢɫɭɬɫɬɜɭɟɬ ɜ ɫɚɣɬɚɯ ɦɭɡɟɟɜ ɢɡ-ɡɚ ɧɟ ɩɪɨɫɬɨɝɨ 

ɨɫɜɨɟɧɢɹ ɢ ɬɪɭɞɧɨɫɬɢ ɫɨɡɞɚɧɢɹ ɤɨɩɢɢ ɷɬɨɝɨ ɦɭɡɟɹ. 

 

3.3.2 Ɋɚɫɱɟɬ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɟɤɬɚ 

 

Ɋɚɡɪɚɛɨɬɤɚ ɩɪɨɟɤɬɚ ɧɟ ɧɚɰɟɥɟɧɚ ɧɚ ɩɨɥɭɱɟɧɢɟ ɞɨɯɨɞɚ, ɟɝɨ ɷɤɨɧɨɦɢɱɟɫɤɚɹ 

ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɡɚɜɢɫɢɬ ɨɬ ɤɨɥɢɱɟɫɬɜɚ ɩɨɫɟɬɢɬɟɥɟɣ, ɱɬɨ ɩɨɫɩɨɫɨɛɫɬɜɭɟɬ 

ɩɪɢɛɵɥɢ ɦɭɡɟɹ. 

Ɂɚ 2018 ɝɨɞ ɏɚɤɚɫɫɤɢɣ ɤɪɚɟɜɟɞɱɟɫɤɢɣ ɦɭɡɟɣ ɩɨɫɟɬɢɥɨ 56004 ɱɟɥɨɜɟɤɚ. 

ɉɪɢ ɷɬɨɦ ɤɨɥɢɱɟɫɬɜɨ ɭɧɢɤɚɥɶɧɵɯ ɩɨɫɟɬɢɬɟɥɟɣ ɫɚɣɬɚ ɡɚ ɷɬɨɬ ɝɨɞ ɫɨɫɬɚɜɥɹɟɬ 

28606 ɱɟɥɨɜɟɤ. Ɍɚɤ ɤɚɤ ɞɚɧɧɵɣ ɩɪɨɟɤɬ ɪɚɛɨɬɚɟɬ ɤɚɤ ɩɪɢɥɨɠɟɧɢɟ ɤ ɨɫɧɨɜɧɨɦɭ 
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ɫɚɣɬɭ, ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɩɪɢɦɟɪɧɨ ɬɚɤɨɟ ɠɟ ɤɨɥɢɱɟɫɬɜɨ ɥɸɞɟɣ 

ɩɪɨɫɦɨɬɪɟɥɨ ɛɵ ɢ ɟɝɨ. ȼɡɪɨɫɥɵɣ ɛɢɥɟɬ ɏɚɤɚɫɫɤɨɝɨ ɧɚɰɢɨɧɚɥɶɧɨɝɨ ɦɭɡɟɹ ɫɬɨɢɬ 

200 ɪɭɛɥɟɣ, ɚ ɞɥɹ ɫɬɭɞɟɧɬɨɜ 60, ɡɧɚɱɢɬ, ɜ ɫɪɟɞɧɟɦ ɦɨɠɧɨ ɩɨɫɱɢɬɚɬɶ, ɱɬɨ 

ɜɵɯɨɞɢɬ 130 ɪɭɛɥɟɣ ɧɚ ɱɟɥɨɜɟɤɚ. ȿɫɥɢ ɫɨɩɨɫɬɚɜɢɬɶ ɫɪɟɞɧɸɸ ɰɟɧɭ ɧɚ ɱɟɥɨɜɟɤɚ ɢ 

ɭɱɟɫɬɶ 10% ɨɬ ɤɨɥɢɱɟɫɬɜɚ ɭɧɢɤɚɥɶɧɵɯ ɩɨɫɟɬɢɬɟɥɟɣ, ɚ ɷɬɨ ɩɪɢɦɟɪɧɨ 2860 

ɱɟɥɨɜɟɤ, ɬɨ ɜɵɯɨɞɢɬ ɱɬɨ ɝɢɩɨɬɟɬɢɱɟɫɤɢ ɦɭɡɟɣ ɦɨɝ ɛɵ ɡɚɪɚɛɨɬɚɬɶ 

ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ 371800 ɪɭɛɥɟɣ ɡɚ ɝɨɞ. 

 

3.4 Ɉɰɟɧɤɚ ɪɢɫɤɨɜ ɩɪɢ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ 

 

Ⱦɚɧɧɵɣ ɩɪɨɟɤɬ ɦɨɠɟɬ ɛɵɬɶ ɩɨɞɜɟɪɠɟɧ ɧɟɛɨɥɶɲɨɦɭ ɤɨɥɢɱɟɫɬɜɭ ɪɢɫɤɨɜ. 

Ɋɢɫɤɢ ɩɪɨɟɤɬɚ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 6. 

 

Ɍɚɛɥɢɰɚ 6 – Ɉɰɟɧɤɚ ɪɢɫɤɨɜ ɩɪɨɟɤɬɚ 

№ Ɉɩɢɫɚɧɢɟ ɪɢɫɤɚ 

ȼɟɪɨɹɬɧɨɫɬɶ ɜɨɡɧɢɤɧɨɜɟɧɢɹ 
ɪɢɫɤɚ 

ɋɬɟɩɟɧɶ ɨɩɚɫɧɨɫɬɢ ɩɨɬɟɪɢ 

Ɇɚɥɨɜɟɪɨɹɬɧɨ ȼɟɪɨɹɬɧɨ 
ȼɟɫɶɦɚ 

ɜɟɪɨɹɬɧɨ 
ɇɟɨɩɚɫɧɵɣ Ⱦɨɩɭɫɬɢɦɵɣ Ɉɩɚɫɧɵɣ 

ȼɧɟɲɧɢɟ ɮɚɤɬɨɪɵ ɪɢɫɤɚ 
1 Dodos +     + 

2 

ɉɪɟɜɵɲɟɧɢɟ 
ɞɨɩɭɫɬɢɦɵɯ 
ɧɚɝɪɭɡɨɤ ɧɚ 

ɫɢɫɬɟɦɭ 

  +  +  

ȼɧɭɬɪɟɧɧɢɟ ɮɚɤɬɨɪɵ ɪɢɫɤɚ 

1 
ɇɟɤɨɦɩɟɬɟɧɬɧɨɫɬɶ 

ɩɟɪɫɨɧɚɥɚ 
 +  +   

 

Ɋɚɡɪɚɛɨɬɤɚ ɞɚɧɧɨɝɨ ɩɪɨɟɤɬɚ ɩɪɢɯɨɞɢɬɫɹ ɧɚ ɜɟɫɶɦɚ ɧɟɫɬɚɛɢɥɶɧɵɣ ɩɟɪɢɨɞ, 

ɜ ɫɜɹɡɢ, ɫ ɱɟɦ ɜɨɡɧɢɤɚɸɬ ɞɨɜɨɥɶɧɨ ɫɟɪɶёɡɧɵɟ ɪɢɫɤɢ. 

ȼɧɟɲɧɢɟ ɮɚɤɬɨɪɵ: 

1. Dodos – ɫɚɦɵɣ ɨɩɚɫɧɵɣ ɪɢɫɤ, ɧɨ ɦɚɥɨɜɟɪɨɹɬɧɵɣ. Ⱦɚɧɧɚɹ ɫɢɫɬɟɦɚ ɧɟ 

ɢɦɟɟɬ ɬɚɤɨɣ ɩɨɩɭɥɹɪɧɨɫɬɢ ɢ ɧɟɝɚɬɢɜɚ, ɱɬɨɛɵ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɪɨɬɢɜ ɧɟɟ Dodos 

ɚɬɚɤɭ. Ɍɨɬ, ɤɬɨ ɡɚɯɨɱɟɬ ɟɟ ɭɬɪɨɢɬɶ ɩɨɬɟɪɹɟɬ ɛɨɥɶɲɟ ɱɟɦ ɞɚɧɧɚɹ ɫɢɫɬɟɦɚ. Ⱦɥɹ 

ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɞɚɧɧɵɯ, ɚɞɦɢɧɢɫɬɪɚɬɨɪɚɦ ɞɨɫɬɚɬɨɱɧɨ ɫɨɯɪɚɧɹɬɶ ɛɚɡɭ ɞɚɧɧɵɯ 

ɫɢɫɬɟɦɵ.  
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2. ɉɪɟɜɵɲɟɧɢɟ ɞɨɩɭɫɬɢɦɵɯ ɧɚɝɪɭɡɨɤ –  ɞɚɧɧɵɣ ɪɢɫɤ ɬɚɤ ɠɟ ɨɩɚɫɟɧ ɞɥɹ 

ɩɪɨɟɤɬɚ ɢ ɜɟɫɶɦɚ ɜɟɪɨɹɬɟɧ, ɬɚɤ ɤɚɤ ɜɨɡɦɨɠɧɨ ɩɪɨɢɡɨɣɞɟɬ ɩɪɟɜɵɲɟɧɢɟ ɧɚɝɪɭɡɤɢ 

ɧɚ ɫɢɫɬɟɦɭ ɢɡ-ɡɚ ɨɝɪɨɦɧɨɝɨ ɩɨɬɨɤɚ ɥɸɞɟɣ ɜ ɩɟɪɜɵɟ ɞɧɢ. ɋɢɫɬɟɦɚ ɦɨɠɟɬ ɧɚɱɚɬɶ 

ɬɨɪɦɨɡɢɬɶ ɢɥɢ ɩɟɪɟɫɬɚɬɶ ɪɟɚɝɢɪɨɜɚɬɶ. Ⱦɥɹ ɪɚɡɪɟɲɟɧɢɹ ɫɢɬɭɚɰɢɢ ɧɟɨɛɯɨɞɢɦɨ 

ɭɜɟɥɢɱɢɬɶ ɜɵɱɢɫɥɢɬɟɥɶɧɭɸ ɦɨɳɶ ɜ ɜɢɞɟ ɭɜɟɥɢɱɟɧɢɢ ɫɤɨɪɨɫɬɢ ɢɧɬɟɪɧɟɬɚ ɢ 

ɜɟɥɢɱɢɧɵ ɨɛɴёɦɚ ɩɚɦɹɬɢ ɧɚ ɫɟɪɜɟɪɟ. 

ȼɧɭɬɪɟɧɧɢɟ ɮɚɤɬɨɪɵ: 

1. ɇɟɤɨɦɩɟɬɟɧɬɧɨɫɬɶ ɩɟɪɫɨɧɚɥɚ – ɞɚɧɧɵɣ ɪɢɫɤ ɨɩɚɫɟɧ ɢɡ-ɡɚ ɧɟ 

ɨɫɜɟɞɨɦɥɟɧɧɨɫɬɢ ɫɨɬɪɭɞɧɢɤɨɜ ɪɚɛɨɬɚɸɳɢɯ ɫ ɫɢɫɬɟɦɨɣ. Ⱦɥɹ ɫɧɢɠɟɧɢɹ  

ɜɟɪɨɹɬɧɨɫɬɢ ɞɚɧɧɨɝɨ ɪɢɫɤɚ ɞɨɫɬɚɬɨɱɧɨ ɨɛɭɱɢɬɶ ɩɟɪɫɨɧɚɥ ɪɚɛɨɬɟ ɜ ɧɟɦ.  
 

ȼɵɜɨɞ ɩɨ ɪɚɡɞɟɥɭ «Ɉɰɟɧɤɚ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɟɤɬɚ 

ɫɨɡɞɚɧɢя ɫɚɣɬɚ-ɝɚɥɟɪɟɢ 3D-ɦɨɞɟɥɟɣ ɷɤɫɩɨɧɚɬɨɜ ɏɚɤɚɫɫɤɨɝɨ ɤɪɚɟɜɟɞɱɟɫɤɨɝɨ 

ɦɭɡɟя» 

 

ȼ ɯɨɞɟ ɜɵɩɨɥɧɟɧɢɹ ɞɚɧɧɨɝɨ ɪɚɡɞɟɥɚ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɪɚɫɱёɬɵ ɞɥɹ ɨɰɟɧɤɢ 

ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɟɤɬɚ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ, ɤɨɬɨɪɵɯ ɛɵɥɨ 

ɨɩɪɟɞɟɥɟɧɨ ɱɬɨ: 

1. ɉɪɨɟɤɬ ɹɜɥɹɟɬɫɹ ɷɤɨɧɨɦɢɱɟɫɤɢ ɜɵɝɨɞɧɵɦ, ɬɚɤ ɤɚɤ ɫɨɝɥɚɫɧɨ ɪɚɫɱɟɬɚɦ 

ɨɧ ɨɤɭɩɚɟɬɫɹ. 

2. ɋɨɝɥɚɫɧɨ ɪɚɫɱɟɬɚɦ ɩɪɨɟɤɬ ɧɟ ɬɪɟɛɭɟɬ ɛɨɥɶɲɢɯ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ 

ɡɚɬɪɚɬ. 

ɉɪɢ ɚɧɚɥɢɡɟ ɫɪɟɞɫɬɜ ɚɧɚɥɨɝɨɜ ɩɪɢɥɨɠɟɧɢɹ ɛɵɥɨ ɜɵɹɜɥɟɧɨ, ɱɬɨ ɞɚɧɧɵɣ 

ɩɪɨɟɤɬ ɹɜɥɹɟɬɫɹ ɜɨɫɬɪɟɛɨɜɚɧɧɵɦ ɢ ɪɟɞɤɢɦ. 

ɉɪɢ ɨɰɟɧɤɟ ɪɢɫɤɨɜ ɛɵɥɨ ɜɵɹɜɥɟɧɨ, ɱɬɨ ɭ ɩɪɨɟɤɬɚ ɧɟɬ ɨɩɚɫɧɵɯ ɪɢɫɤɨɜ, 

ɤɨɬɨɪɵɟ ɦɨɝɥɢ ɛɵ ɨɫɬɚɧɨɜɢɬɶ ɪɚɡɪɚɛɨɬɤɭ. ɋɚɦɵɦ ɜɟɫɨɦɵɦ ɪɢɫɤɨɦ ɹɜɥɹɟɬɫɹ 

ɩɪɟɜɵɲɟɧɢɟ ɧɚɝɪɭɡɨɤ ɧɚ ɫɢɫɬɟɦɭ ɢɡ-ɡɚ ɨɝɪɨɦɧɨɝɨ ɥɸɞɫɤɨɝɨ ɩɨɬɨɤɚ. 
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ɁȺɄɅɘɑȿɇɂȿ 
 

 

ȼ ɯɨɞɟ ɜɵɩɨɥɧɟɧɢɹ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɛɵɥɚ 

ɫɩɪɨɟɤɬɢɪɨɜɚɧɚ ɢɧɮɨɪɦɚɰɢɨɧɧɚɹ ɫɢɫɬɟɦɚ ɩɪɨɝɪɚɦɦɵ ɩɪɨɫɦɨɬɪɚ 3D-ɦɨɞɟɥɟɣ 

ɷɤɫɩɨɧɚɬɨɜ ɦɭɡɟɹ ɏɚɤɚɫɫɤɨɝɨ ɤɪɚɟɜɟɞɱɟɫɤɨɝɨ ɦɭɡɟɹ – ɫɚɣɬ-ɝɚɥɟɪɟɹ, ɚ ɬɚɤɠɟ 

ɜɵɩɨɥɧɟɧɵ ɩɨɫɬɚɜɥɟɧɧɵɟ ɰɟɥɢ ɢ ɡɚɞɚɱɢ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ: 

 ɉɪɨɜɟɞɟɧɨ ɨɡɧɚɤɨɦɥɟɧɢɟ ɫ ɞɟɹɬɟɥɶɧɨɫɬɶɸ ɏɚɤɚɫɫɤɨɝɨ ɤɪɚɟɜɟɞɱɟɫɤɨɝɨ 

ɦɭɡɟɹ. 

 ɋɨɫɬɚɜɥɟɧɚ ɞɢɚɝɪɚɦɦɚ ɩɪɨɰɟɫɫɚ ɪɚɡɪɚɛɨɬɤɢ IDEF0. 

 ɋɨɫɬɚɜɥɟɧɚ ɞɢɚɝɪɚɦɦɚ ɩɪɨɰɟɫɫɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɩɪɨɝɪɚɦɦɵ ɢ 

ɩɨɥɶɡɨɜɚɬɟɥɹ IDEF3. 

 ȼɵɛɪɚɧɚ ɦɨɞɟɥɶ ɠɢɡɧɟɧɧɨɝɨ ɰɢɤɥɚ. 

 ɋɮɨɪɦɭɥɢɪɨɜɚɧɵ ɰɟɥɢ ɢ ɡɚɞɚɱɢ ɪɚɡɪɚɛɨɬɤɢ ɩɪɨɟɤɬɚ. 

 ɉɪɨɜɟɞɟɧɨ ɫɪɚɜɧɟɧɢɟ ɚɧɚɥɨɝɢɱɧɵɯ ɩɨ ɮɭɧɤɰɢɨɧɚɥɭ ɫɢɫɬɟɦ. 

 Ɋɚɫɫɱɢɬɚɧɵ ɤɚɩɢɬɚɥɶɧɵɟ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ. 

 Ɋɚɫɫɦɨɬɪɟɧɵ ɜɨɡɦɨɠɧɵɟ ɭɝɪɨɡɵ ɞɥɹ ɫɢɫɬɟɦɵ ɢ ɧɚɣɞɟɧɵ ɫɩɨɫɨɛɵ ɢɯ 

ɪɟɲɟɧɢɹ.  

 ɉɪɨɜɟɞɟɧɚ ɨɰɟɧɤɚ ɩɥɚɧɢɪɭɟɦɨɣ ɫɨɜɨɤɭɩɧɨɫɬɢ ɫɬɨɢɦɨɫɬɢ ɪɚɡɪɚɛɨɬɤɢ 

ɩɪɨɟɤɬɚ. 

 ɋɨɫɬɚɜɥɟɧɨ ɬɟɯɧɢɱɟɫɤɨɟ ɡɚɞɚɧɢɟ. 
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ɋɉɂɋɈɄ ɂɋɉɈɅɖɁɈȼȺɇɇɕɏ ɂɋɌɈɑɇɂɄɈȼ 
 

1. ɋɚɣɬ ȽȺɍɄ Ɋɏ "ɏɚɤɚɫɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɤɪɚɟɜɟɞɱɟɫɤɢɣ ɦɭɡɟɣ ɢɦ. Ʌ.Ɋ. 

Ʉɵɡɥɚɫɨɜɚ" [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ]. – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: https://www.nhkm.ru/ 

2. Ɉɧɥɚɣɧ ɤɧɢɝɚ ɩɨ WebGL [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ]. – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: 

https://metanit.com/web/webgl/ 

3. Ɋɚɡɪɚɛɨɬɤɚ Web-ɩɪɢɥɨɠɟɧɢɣ [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ]. – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: 

http://en.bookfi.net/book/632117 

4. Ɉɫɧɨɜɵ Three.js [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ]. – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: 

https://threejsfundamentals.org/threejs/lessons/ru/threejs-fundamentals.html 

5. ɋɚɣɬ threejs.org [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ]. – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: 

https://threejs.org/ 

6. ȼɩɟɱɚɬɥɹɸɳɢɟ ɩɪɢɦɟɪɵ WebGL [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ]. – Ɋɟɠɢɦ 

ɞɨɫɬɭɩɚ: https://habr.com/ru/post/190388/ 

7. ȽɈɋɌ ISO/IEC/IEEE 29148:2018 ɉɪɨɝɪɚɦɦɧɚɹ ɢ ɫɢɫɬɟɦɧɚɹ ɢɧɠɟɧɟɪɢɹ. 

ɉɪɨɰɟɫɫɵ ɠɢɡɧɟɧɧɨɝɨ ɰɢɤɥɚ. Ɋɚɡɪɚɛɨɬɤɚ ɬɪɟɛɨɜɚɧɢɣ. ȼɜɟɞ. 28.11.2018. 

8. ɉɪɢɦɟɧɟɧɢɟ UML 2.0 ɢ ɲɚɛɥɨɧɨɜ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ[ɗɥɟɤɬɪɨɧɧɵɣ 

ɪɟɫɭɪɫ]. – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: https://www.uml2.ru/ 

9. ȽɈɋɌ Ɋ ɂɋɈ 9001-2001 ɋɢɫɬɟɦɵ ɦɟɧɟɞɠɦɟɧɬɚ ɤɚɱɟɫɬɜɚ. Ɍɪɟɛɨɜɚɧɢɹ. 

ȼɜɟɞ. 31.08.2001 

10. ɋɌɈ 4.2–07–2014 ɋɢɫɬɟɦɚ ɦɟɧɟɞɠɦɟɧɬɚ ɤɚɱɟɫɬɜɚ. Ɉɛɳɢɟ ɬɪɟɛɨɜɚɧɢɹ 

ɤ ɩɨɫɬɪɨɟɧɢɸ, ɢɡɥɨɠɟɧɢɸ ɢ ɨɮɨɪɦɥɟɧɢɸ ɞɨɤɭɦɟɧɬɨɜ ɭɱɟɛɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ – 

ȼɜɟɞ. 02.07.2014. – Ʉɪɚɫɧɨɹɪɫɤ: ɂɉɄ ɋɎɍ, 2014. – 60 ɫ. 

11. ȼɵɩɨɥɧɟɧɢɟ ɢ ɡɚɳɢɬɚ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɩɨ 

ɧɚɩɪɚɜɥɟɧɢɸ 09.03.03 «ɉɪɢɤɥɚɞɧɚɹ ɢɧɮɨɪɦɚɬɢɤɚ» [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ] : 

ɦɟɬɨɞ. ɭɤɚɡɚɧɢɹ / ɫɨɫɬ. ȿ. ɇ. ɋɤɭɪɚɬɟɧɤɨ, ȼ. ɂ. Ʉɨɤɨɜɚ, ɂ. ȼ. əɧɱɟɧɤɨ ; ɋɢɛ. 

ɮɟɞɟɪ. ɭɧ-ɬ, ɏɌɂ – ɮɢɥɢɚɥ ɋɎɍ. – Ⱥɛɚɤɚɧ : ɏɌɂ – ɮɢɥɢɚɥ ɋɎɍ, 2017. 
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ɉɊɂɅɈɀȿɇɂȿ Ⱥ 
 

Ɍɟɯɧɢɱɟɫɤɨɟ ɡɚɞɚɧɢɟ ɧɚ ɪɚɡɪɚɛɨɬɤɭ ɩɪɨɟɤɬɚ ɫɚɣɬɚ-ɝɚɥɟɪɟɢ 3D-ɦɨɞɟɥɟɣ 

ɷɤɫɩɨɧɚɬɨɜ ɏɚɤɚɫɫɤɨɝɨ ɧɚɰɢɨɧɚɥɶɧɨɝɨ ɤɪɚɟɜɟɞɱɟɫɤɨɝɨ ɦɭɡɟя 

 

1. Ɍɟɯɧɢɱɟɫɤɨɟ ɡɚɞɚɧɢɟ  
 

1.1 ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɪɨɝɪɚɦɦɵ   

 

3D-ɝɚɥɟɪɟɹ ɮɨɧɞɨɜ ɏɚɤɚɫɫɤɨɝɨ ɧɚɰɢɨɧɚɥɶɧɨɝɨ ɤɪɚɟɜɟɞɱɟɫɤɨɝɨ ɦɭɡɟɹ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɟɯɧɨɥɨɝɢɢ WebGL. 

 

1.2 Ʉɪɚɬɤɚя ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɨɛɥɚɫɬɢ ɩɪɢɦɟɧɟɧɢя ɩɪɨɝɪɚɦɦɵ 

 

Ⱦɚɧɧɚɹ ɩɪɨɝɪɚɦɦɚ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɏɚɤɚɫɫɤɨɝɨ ɧɚɰɢɨɧɚɥɶɧɨɝɨ 

ɤɪɚɟɜɟɞɱɟɫɤɨɝɨ ɦɭɡɟɹ ɢ ɪɚɡɪɚɛɨɬɚɧɚ ɫ ɰɟɥɶɸ ɭɞɚɥɟɧɧɨɝɨ ɩɪɨɫɦɨɬɪɚ ɷɤɫɩɨɧɚɬɨɜ 

ɦɭɡɟɹ. 

 

2. Ɉɫɧɨɜɚɧɢɟ ɞɥя ɪɚɡɪɚɛɨɬɤɢ    

 

Ɉɫɧɨɜɚɧɢɟɦ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɪɚɡɪɚɛɨɬɤɢ ɹɜɥɹɟɬɫɹ ɧɟɨɛɯɨɞɢɦɨɫɬɶ 

ɩɪɨɝɪɚɦɦɵ ɩɪɨɫɦɨɬɪɚ 3D-ɝɚɥɟɪɟɢ ɏɚɤɚɫɫɤɨɦɭ ɧɚɰɢɨɧɚɥɶɧɨɦɭ ɤɪɚɟɜɟɞɱɟɫɤɨɦɭ 

ɦɭɡɟɸ ɞɥɹ ɩɪɢɜɥɟɱɟɧɢɹ ɧɨɜɨɣ ɚɭɞɢɬɨɪɢɢ. Ɂɚɞɚɱɟɣ ɩɪɨɝɪɚɦɦɵ ɩɪɨɫɦɨɬɪɚ 3D-

ɝɚɥɟɪɟɢ ɹɜɥɹɟɬɫɹ ɭɞɚɥɟɧɧɵɣ ɩɪɨɫɦɨɬɪ ɤɚɪɬɢɧ ɢ ɷɤɫɩɨɧɚɬɨɜ ɦɭɡɟɹ. 

 

2.1 ɇɚɢɦɟɧɨɜɚɧɢɟ ɢ ɭɫɥɨɜɧɨɟ ɨɛɨɡɧɚɱɟɧɢɟ ɬɟɦɵ ɪɚɡɪɚɛɨɬɤɢ   

 

ɉɪɨɝɪɚɦɦɚ ɩɪɨɫɦɨɬɪɚ 3D-ɝɚɥɟɪɟɢ ɏɚɤɚɫɫɤɨɝɨ ɧɚɰɢɨɧɚɥɶɧɨɝɨ 

ɤɪɚɟɜɟɞɱɟɫɤɨɝɨ ɦɭɡɟɹ. 
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3. Ɍɪɟɛɨɜɚɧɢя ɤ ɩɪɨɝɪɚɦɦɟ 

 

3.1 Ɍɪɟɛɨɜɚɧɢя ɤ ɮɭɧɤɰɢɨɧɚɥɶɧɵɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ   

 

ɉɪɨɝɪɚɦɦɚ ɞɨɥɠɧɚ ɨɛɟɫɩɟɱɢɜɚɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɨɫɦɨɬɪɚ ɨɛɴɟɦɧɵɯ 

ɦɭɡɟɣɧɵɯ ɷɤɫɩɨɧɚɬɨɜ ɫ ɩɨɥɧɵɦ ɜɢɡɭɚɥɶɧɵɦ ɨɛɡɨɪɨɦ. Ⱥ ɬɚɤ ɠɟ ɪɚɛɨɬɚɬɶ 

ɤɨɪɪɟɤɬɧɨ ɢ ɢɦɟɬɶ ɩɨɞɯɨɞɹɳɢɣ ɤ ɯɚɤɚɫɫɤɨɦɭ ɦɭɡɟɸ ɜɢɞ. ɉɪɨɝɪɚɦɦɚ ɞɨɥɠɧɚ 

ɫɨɞɟɪɠɚɬɶ ɜ ɫɟɛɟ ɛɚɡɭ ɷɤɫɩɨɧɚɬɨɜ ɦɭɡɟɹ. 

 

3.1.1 Ɍɪɟɛɨɜɚɧɢя ɤ ɫɨɫɬɚɜɭ ɜɵɩɨɥɧяɟɦɵɯ ɮɭɧɤɰɢɣ  

 

ɉɪɨɝɪɚɦɦɚ ɞɨɥɠɧɚ ɜɵɩɨɥɧɹɬɶ ɮɭɧɤɰɢɸ ɭɞɚɥɟɧɧɨɣ ɫɢɫɬɟɦɵ ɩɪɨɫɦɨɬɪɚ 

ɩɨɥɶɡɨɜɚɬɟɥɹɦɢ ɦɭɡɟɣɧɵɯ ɷɤɫɩɨɧɚɬɨɜ. ɗɤɫɩɨɧɚɬɵ ɞɨɥɠɧɵ ɜɵɝɥɹɞɟɬɶ ɨɛɴɟɦɧɨ ɫ 

ɩɨɥɧɵɦ ɩɪɨɫɦɨɬɪɨɦ ɧɚ 360 ɝɪɚɞɭɫɨɜ. 

 

3.1.2 Ɍɪɟɛɨɜɚɧɢя ɤ ɨɪɝɚɧɢɡɚɰɢɢ ɜɯɨɞɧɵɯ ɞɚɧɧɵɯ  

 

ȼɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɪɨɝɪɚɦɦɵ ɞɨɥɠɧɵ ɫɨɞɟɪɠɚɬɶ ɛɚɡɭ ɞɚɧɧɵɯ ɷɤɫɩɨɧɚɬɨɜ 

ɦɭɡɟɹ ɢ ɢɧɮɨɪɦɚɰɢɢ ɨ ɧɢɯ.  

 

3.1.3 Ɍɪɟɛɨɜɚɧɢя ɤ ɨɪɝɚɧɢɡɚɰɢɢ ɜɵɯɨɞɧɵɯ ɞɚɧɧɵɯ 

 

ȼɵɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ ɩɪɨɝɪɚɦɦɵ ɛɭɞɟɬ ɩɨɥɧɵɣ ɩɪɨɫɦɨɬɪ ɩɪɟɞɦɟɬɨɜ ɫ 

ɢɧɮɨɪɦɚɰɢɟɣ ɨ ɧɢɯ ɫ ɜɢɡɭɚɥɶɧɨ ɩɪɢɹɬɧɵɦ ɨɮɨɪɦɥɟɧɢɟɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ 

ɫɨɞɟɪɠɚɧɢɸ. 

 

3.1.4 Ɍɪɟɛɨɜɚɧɢя ɤ ɜɪɟɦɟɧɧɵɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ  

 

ɉɪɨɝɪɚɦɦɚ ɞɨɥɠɧɚ ɢɦɟɬɶ ɯɨɪɨɲɭɸ ɨɩɬɢɦɢɡɚɰɢɸ ɢ ɛɵɬɶ ɭɞɨɛɧɨɣ ɢ 

ɩɪɚɤɬɢɱɧɨɣ ɜ ɢɫɩɨɥɶɡɨɜɚɧɢɢ. 
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3.2 Ɍɪɟɛɨɜɚɧɢя ɤ ɧɚɞɟɠɧɨɫɬɢ  

 

ȼ ɩɪɨɝɪɚɦɦɟ ɨɬɫɭɬɫɬɜɭɟɬ ɪɟɝɢɫɬɪɚɰɢɹ, ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ ɜɟɪɨɹɬɧɨɫɬɶ 

ɩɨɬɟɪɢ ɤɚɤɢɯ ɥɢɛɨ ɞɚɧɧɵɯ ɩɨɥɶɡɨɜɚɬɟɥɟɣ ɫɜɟɞɟɧɚ ɤ ɦɢɧɢɦɭɦɭ. 

 

3.3 ɍɫɥɨɜɢя ɷɤɫɩɥɭɚɬɚɰɢɢ   

 

Ɍɪɟɛɨɜɚɧɢɣ ɤ ɪɚɡɥɢɱɧɵɦ ɤɥɢɦɚɬɢɱɟɫɤɢɦ ɢɥɢ ɞɪɭɝɢɦ ɭɫɥɨɜɢɹɦ 

ɷɤɫɩɥɭɚɬɚɰɢɢ ɧɟɬ. Ɏɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ ɜɨ ɦɧɨɝɨɦ ɡɚɜɢɫɢɬ ɨɬ ɉɄ.  

 

3.4 Ɍɪɟɛɨɜɚɧɢя ɤ ɜɢɞɚɦ ɨɛɫɥɭɠɢɜɚɧɢя   

 

Ɉɛɫɥɭɠɢɜɚɧɢɟ ɩɪɟɞɩɨɥɚɝɚɟɬ ɩɨɩɨɥɧɟɧɢɟ ɛɚɡɵ ɞɚɧɧɵɯ ɷɤɫɩɨɧɚɬɨɜ. 

 

3.5 Ɍɪɟɛɨɜɚɧɢя ɤ ɫɨɫɬɚɜɭ ɢ ɩɚɪɚɦɟɬɪɚɦ ɬɟɯɧɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ  

 

Ɇɢɧɢɦɚɥɶɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɞɥɹ ɤɨɦɮɨɪɬɧɨɝɨ ɩɨɥɶɡɨɜɚɧɢɹ–ɉɄ ɫ 

ɜɢɞɟɨɤɚɪɬɨɣ ɧɟ ɧɢɠɟ Nvidia Geforce 460-560 ɢɥɢ Radeon HD 6790. ɋ 

ɩɪɨɰɟɫɫɨɪɚɦɢ ɧɟ ɧɢɠɟ  Core i3 ɢ 2 ɝɛ ɨɩɟɪɚɬɢɜɧɨɣ ɩɚɦɹɬɢ.  
 

3.6 Ɍɪɟɛɨɜɚɧɢя ɤ ɢɫɯɨɞɧɵɦ ɤɨɞɚɦ ɢ яɡɵɤɚɦ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢя 

 

Ɂɚɤɚɡɱɢɤ ɩɪɨɝɪɚɦɦɵ ɩɪɟɞɩɨɥɚɝɚɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɬɟɯɧɨɥɨɝɢɢ WebGL. 
 

3.6.1 Ɍɪɟɛɨɜɚɧɢя ɤ ɩɪɨɝɪɚɦɦɧɵɦ ɫɪɟɞɫɬɜɚɦ, ɢɫɩɨɥɶɡɭɟɦɵɦ 

ɩɪɨɝɪɚɦɦɨɣ   

 

ɋɢɫɬɟɦɧɵɟ ɩɪɨɝɪɚɦɦɧɵɟ ɫɪɟɞɫɬɜɚ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɩɪɨɝɪɚɦɦɨɣ, ɞɨɥɠɧɵ 

ɛɵɬɶ ɨɩɟɪɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɨɣ Windows 7 ɢɥɢ Windows 10 ɫ ɭɫɬɚɧɨɜɥɟɧɧɵɦ ɧɚ 

ɛɪɚɭɡɟɪɟ WebGL. 
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3.7 ɋɩɟɰɢɚɥɶɧɵɟ ɬɪɟɛɨɜɚɧɢя   

 

ɋɩɟɰɢɚɥɶɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɩɪɢɥɚɝɚɸɬɫɹ ɤ ɜɢɡɭɚɥɶɧɨɦɭ ɨɮɨɪɦɥɟɧɢɸ 3D 

ɷɤɫɩɨɧɚɬɨɜ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɫɬɢɥɟɦ ɏɚɤɚɫɫɤɨɝɨ ɧɚɰɢɨɧɚɥɶɧɨɝɨ 

ɤɪɚɟɜɟɞɱɟɫɤɨɝɨ ɦɭɡɟɹ.  

 

4. ɋɬɚɞɢɢ ɢ ɷɬɚɩɵ ɪɚɡɪɚɛɨɬɤɢ   

 

ɋɪɨɤ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ ɫɨɫɬɚɜɥɹɟɬ: 2 ɦɟɫɹɰɚ. 

 

4.1 ɋɬɚɞɢɢ ɪɚɡɪɚɛɨɬɤɢ  

 

1. Ɍɟɯɧɢɱɟɫɤɨɟ ɡɚɞɚɧɢɟ. 

2. Ɋɚɡɪɚɛɨɬɤɚ ɢ ɧɚɩɨɥɧɟɧɢɟ. 

3. Ɍɟɫɬɢɪɨɜɚɧɢɟ. 

 

4.2 ɗɬɚɩɵ ɪɚɡɪɚɛɨɬɤɢ  

 

1.Ɍɟɯɧɢɱɟɫɤɨɟ ɡɚɞɚɧɢɟ – 7 ɞɧɟɣ. 

1.1 ɋɨɫɬɚɜɥɟɧɢɟ ɬɟɯɧɢɱɟɫɤɨɝɨ ɡɚɞɚɧɢɹ. 

1.2 ɉɪɨɜɟɪɤɚ ɬɟɯɧɢɱɟɫɤɨɝɨ ɡɚɞɚɧɢɹ. 

1.3 ɋɨɝɥɚɫɨɜɚɧɢɟ ɬɟɯɧɢɱɟɫɤɨɝɨ ɡɚɞɚɧɢɹ. 

2. Ɋɚɡɪɚɛɨɬɤɚ: 30 ɞɧɟɣ. 

2.1 ɉɪɨɝɪɚɦɦɢɪɨɜɚɧɢɟ ɨɫɧɨɜɧɨɝɨ ɤɨɞɚ. 

2.2 Ⱦɨɛɚɜɥɟɧɢɟ ɛɚɡɵ ɞɚɧɧɵɯ ɷɤɫɩɨɧɚɬɨɜ. 

2.3 ɉɪɨɪɚɛɨɬɤɚ ɞɢɡɚɣɧɚ. 

3. Ɍɟɫɬɢɪɨɜɚɧɢɟ – 7 ɞɧɟɣ. 

3.1 Ɍɟɫɬɢɪɨɜɚɧɢɟ ɪɚɛɨɬɵ. 

3.2 Ɉɬɥɚɞɤɚ ɪɚɛɨɬɵ. 

3.3 ɋɞɚɱɚ ɪɚɛɨɬɵ ɡɚɤɚɡɱɢɤɭ 
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4.3 ɋɨɞɟɪɠɚɧɢɟ ɪɚɛɨɬ ɩɨ ɷɬɚɩɚɦ   

 

ɇɚ ɷɬɚɩɟ ɬɟɯɧɢɱɟɫɤɨɝɨ ɡɚɞɚɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɫɨɫɬɚɜɢɬɶ ɷɬɨ ɬɟɯɧɢɱɟɫɤɨɟ 

ɡɚɞɚɧɢɟ, ɩɨɫɥɟ ɩɪɨɜɟɪɤɢ ɜɧɟɫɬɢ ɧɭɠɧɵɟ ɩɪɚɜɤɢ, ɩɨɫɥɟ ɱɟɝɨ ɫɨɝɥɚɫɨɜɚɬɶ ɟɝɨ ɫ 

ɡɚɤɚɡɱɢɤɨɦ. 

ɇɚ ɷɬɚɩɟ ɪɚɡɪɚɛɨɬɤɢ ɧɟɨɛɯɨɞɢɦɨ ɪɚɡɪɚɛɨɬɚɬɶ ɩɪɨɝɪɚɦɦɧɵɣ ɩɪɨɞɭɤɬ ɜ 

ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɟɯɧɢɱɟɫɤɢɦ ɡɚɞɚɧɢɟɦ, ɞɨɛɚɜɥɟɧɢɟ ɜ ɧɟɝɨ ɛɚɡɵ ɞɚɧɧɵɯ ɫ 

ɩɨɫɥɟɞɭɸɳɟɣ ɩɪɨɪɚɛɨɬɤɨɣ ɞɢɡɚɣɧɚ. 

ɇɚ ɷɬɚɩɟ ɬɟɫɬɢɪɨɜɚɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɢɡɜɟɫɬɢ ɢɫɩɵɬɚɧɢɹ ɪɚɛɨɬɵ, ɫ 

ɞɚɥɶɧɟɣɲɢɦ ɢɫɩɪɚɜɥɟɧɢɟɦ ɜɨɡɧɢɤɲɢɯ ɨɲɢɛɨɤ, ɜ ɢɯ ɨɬɫɭɬɫɬɜɢɢ ɧɚɩɪɚɜɢɬɶ 

ɪɚɛɨɬɭ ɡɚɤɚɡɱɢɤɭ ɧɚ ɫɞɚɱɭ. 

 

4.4. ɂɫɩɨɥɧɢɬɟɥɢ   

 

Ʉɨɳɟɟɜ ɉɚɜɟɥ Ⱥɥɟɤɫɚɧɞɪɨɜɢɱ, ɫɬɭɞɟɧɬ 4 ɤɭɪɫɚ ɧɚɩɪɚɜɥɟɧɢɹ ɩɪɢɤɥɚɞɧɨɣ 

ɢɧɮɨɪɦɚɬɢɤɢ ɏɌɂ – ɮɢɥɢɚɥɚ ɋɎɍ. 

 

5. ɉɨɪяɞɨɤ ɤɨɧɬɪɨɥя ɢ ɩɪɢɟɦɤɢ  

 

1. ɉɪɨɜɟɪɤɚ ɬɟɯɧɢɱɟɫɤɨɝɨ ɡɚɞɚɧɢɹ. 

2. ɉɪɨɜɟɪɤɚ ɤɨɞɚ ɩɪɨɝɪɚɦɦɵ. 

3. ɉɪɨɜɟɪɤɚ ɛɚɡɵ ɞɚɧɧɵɯ ɩɪɨɝɪɚɦɦɵ. 

4. ɉɪɨɜɟɪɤɚ ɨɤɨɧɱɚɬɟɥɶɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɩɪɨɝɪɚɦɦɵ. 

 

5.1. ȼɢɞɵ ɢɫɩɵɬɚɧɢɣ   

ɋɞɚɬɨɱɧɵɟ ɢɫɩɵɬɚɧɢɹ ɪɚɛɨɬɵ ɞɨɥɠɧɵ ɩɪɨɜɨɞɢɬɶɫɹ Ɂɚɤɚɡɱɢɤɭ ɢɥɢ ɟɝɨ 

ɩɪɟɞɫɬɚɜɢɬɟɥɹɦ ɜ ɬɨɱɧɨ ɨɝɨɜɨɪɟɧɧɵɟ ɫɪɨɤɢ.  
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5.2 . Ɉɛщɢɟ ɬɪɟɛɨɜɚɧɢя ɤ ɩɪɢɟɦɤɟ ɪɚɛɨɬɵ 

 

ɉɪɨɝɪɚɦɦɚ ɞɨɥɠɧɚ ɛɵɬɶ ɜɵɩɨɥɧɟɧɚ ɫɬɪɨɝɨ ɜ ɭɫɬɚɧɨɜɥɟɧɧɵɟ ɡɚɤɚɡɱɢɤɨɦ 

ɫɪɨɤɢ ɢ ɩɨɥɧɨɫɬɶɸ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɬɟɯɧɢɱɟɫɤɨɦɭ ɡɚɞɚɧɢɸ.  
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ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɦɧɨɣ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ. 

ɂɫɩɨɥɶɡɨɜɚɧɧɵɟ ɜ ɪɚɛɨɬɟ ɦɚɬɟɪɢɚɥɵ ɢ ɤɨɧɰɟɩɰɢɢ ɢɡ ɨɩɭɛɥɢɤɨɜɚɧɧɨɣ ɧɚɭɱɧɨɣ 

ɥɢɬɟɪɚɬɭɪɵ ɢ ɞɪɭɝɢɯ ɢɫɬɨɱɧɢɤɨɜ ɢɦɟɸɬ ɫɫɵɥɤɢ ɧɚ ɧɢɯ. 

 

Ɉɬɩɟɱɚɬɚɧɨ ɜ ɨɞɧɨɦ ɷɤɡɟɦɩɥɹɪɟ.  

 

Ȼɢɛɥɢɨɝɪɚɮɢɹ 11 ɧɚɢɦɟɧɨɜɚɧɢɣ. 

 

ɗɤɡɟɦɩɥɹɪ ɫɞɚɧ ɧɚ ɤɚɮɟɞɪɭ. 

 

 

 

 

«____» ____________ 2020 ɝ. 
 

____________________ Ʉɨɳɟɟɜ ɉɚɜɟɥ Ⱥɥɟɤɫɚɧɞɪɨɜɢɱ 
ɩɨɞɩɢɫɶ    

 

 

 

 



 


