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ȼ ɪɚɛɨɬɟ ɩɪɟɞɫɬɚɜɥɟɧ ɪɟɡɭɥɶɬɚɬ ɚɧɚɥɢɡɚ ɩɪɢɧɰɢɩɨɜ ɢ ɱɚɫɬɢɱɧɨ ɦɟɬɨɞɨɜ ɤɨɧɬɪɨɥɹ ɤɚɱɟɫɬɜɚ 
ɷɥɟɤɬɪɨɧɧɵɯ ɦɨɞɭɥɟɣ ɢ ɢɯ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɧɚ ɪɚɡɧɵɯ ɷɬɚɩɚɯ ɢɯ ɩɪɨɢɡɜɨɞɫɬɜɚ 
ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ. ɋɢɫɬɟɦɚɬɢɡɢɪɨɜɚɧɵ ɬɢɩɵ ɞɟɮɟɤɬɨɜ, ɜɵɹɜɥɹɟɦɵɟ ɫ ɩɨɦɨɳɶɸ 
ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɨɩɬɢɱɟɫɤɨɣ ɢɧɫɩɟɤɰɢɢ ɢ ɧɟɪɚɡɪɭɲɚɸɳɟɝɨ ɪɟɧɬɝɟɧɨɜɫɤɨɝɨ ɤɨɧɬɪɨɥɹ. 
ɉɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɚɧɚɥɢɡɚ ɫɭɳɟɫɬɜɭɸɳɟɝɨ ɭɪɨɜɧɹ ɬɟɯɧɢɤɢ ɜ ɨɛɥɚɫɬɢ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ 
ɨɩɬɢɱɟɫɤɨɣ ɢɧɫɩɟɤɰɢɢ ɢ ɧɟɪɚɡɪɭɲɚɸɳɟɝɨ ɪɟɧɬɝɟɧɨɜɫɤɨɝɨ ɤɨɧɬɪɨɥɹ ɞɟɮɟɤɬɨɜ ɷɥɟɤɬɪɨɧɧɵɯ 
ɦɨɞɭɥɟɣ. Ɉɩɪɟɞɟɥɟɧɵ ɜɨɡɦɨɠɧɨɫɬɢ ɫɢɫɬɟɦ, ɫɨɱɟɬɚɸɳɢɯ ɞɚɧɧɵɟ ɦɟɬɨɞɵ, ɢ, ɜ ɱɚɫɬɧɨɫɬɢ, 
ɩɨɞɫɢɫɬɟɦɵ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ, ɚ ɬɚɤɠɟ ɧɚɩɪɚɜɥɟɧɢɹ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ 
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ɫɥɨɠɧɨɫɬɢ ɢ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ ɤɨɧɬɪɨɥɢɪɭɟɦɵɯ ɢɡɞɟɥɢɣ. 
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ȺЛЬЭЫКМЭ 
The result of analysis of the principles and methods in part of quality control of electronic 

modules and their functional elements at different stages of their production and operation is 

provided in this paper. The defect types revealed by means of automatic optical inspection and 

non-destructive X-ray control are systematized. The result of analysis of the existing technique 

level in the field of automatic optical inspection and non-destructive X-ray control of defects of 

electronic modules are given. The possibilities of the systems combining these methods, and, in 

particular, software subsystems, and also the direction of enhancement of knoware and the 

software of these systems in the conditions of increase of complexity and non-uniformity of 

controlled products are defined. 
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ȼ ɭɫɥɨɜɢɹɯ ɩɨɫɬɨɹɧɧɨɝɨ ɪɚɡɜɢɬɢɹ ɜ ɨɛɥɚɫɬɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɤɨɧɫɬɪɭɤɬɢɜɧɨ ɢ ɮɭɧɤɰɢɨɧɚɥɶɧɨ 
ɡɚɤɨɧɱɟɧɧɵɯ ɪɚɞɢɨɷɥɟɤɬɪɨɧɧɵɯ ɭɫɬɪɨɣɫɬɜ ɢɥɢ ɪɚɞɢɨɷɥɟɤɬɪɨɧɧɵɯ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɭɡɥɨɜ, ɜɵɩɨɥɧɟɧɧɵɯ ɜ 
ɦɨɞɭɥɶɧɨɦ ɢɥɢ ɦɚɝɢɫɬɪɚɥɶɧɨ-ɦɨɞɭɥɶɧɨɦ ɢɫɩɨɥɧɟɧɢɢ ɫ ɨɛɟɫɩɟɱɟɧɢɟɦ ɤɨɧɫɬɪɭɤɬɢɜɧɨɣ, ɷɥɟɤɬɪɢɱɟɫɤɨɣ, 
ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɫɨɜɦɟɫɬɢɦɨɫɬɢ ɢ ɜɡɚɢɦɨɡɚɦɟɧɹɟɦɨɫɬɢ, ɤɨɬɨɪɵɟ ɩɪɢɧɹɬɨ ɧɚɡɵɜɚɬɶ ɷɥɟɤɬɪɨɧɧɵɦɢ 
ɦɨɞɭɥɹɦɢ (ɗɆ), ɩɪɨɦɵɲɥɟɧɧɨɫɬɶ ɩɪɟɞɴɹɜɥɹɟɬ ɤ ɢɯ ɤɚɱɟɫɬɜɭ ɪɹɞ ɜɵɫɨɤɢɯ ɬɪɟɛɨɜɚɧɢɣ, ɤɨɬɨɪɵɟ ɨɛɨɫɧɨɜɚɧɵ 
ɫɥɨɠɧɨɫɬɶɸ ɢɯ ɫɛɨɪɤɢ ɢ ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ ɛɵɬɶ ɤɨɧɤɭɪɟɧɬɨɫɩɨɫɨɛɧɵɦɢ ɧɚ ɫɨɜɪɟɦɟɧɧɨɦ ɪɵɧɤɟ ДȽɈɋɌ 
Ɋ 52003-2003Ж. ȼ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɩɪɨɢɡɜɨɞɫɬɜɨ ɗɆ ɪɟɝɥɚɦɟɧɬɢɪɨɜɚɧɨ ɪɹɞɨɦ ɧɨɪɦɚɬɢɜɧɵɯ 
ɞɨɤɭɦɟɧɬɨɜ ДȽɈɋɌ Ɋ 56427-2015Ж, ɜ ɤɨɬɨɪɵɯ ɨɩɢɫɚɧɵ ɬɟɯɧɢɱɟɫɤɢɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɪɚɡɪɚɛɨɬɤɟ, ɢɡɝɨɬɨɜɥɟɧɢɸ, 
ɩɚɪɚɦɟɬɪɚɦ, ɪɚɡɦɟɪɚɦ ɷɥɟɤɬɪɨɧɧɵɯ ɦɨɞɭɥɟɣ. ɑɬɨɛɵ ɩɪɨɢɡɜɨɞɢɦɚɹ ɩɪɨɞɭɤɰɢɹ ɭɞɨɜɥɟɬɜɨɪɹɥɚ ɞɚɧɧɵɦ 
ɬɪɟɛɨɜɚɧɢɹɦ, ɧɟɨɛɯɨɞɢɦɨ ɨɫɭɳɟɫɬɜɥɹɬɶ ɩɪɨɰɟɫɫ ɤɨɧɬɪɨɥɹ ɤɚɱɟɫɬɜɚ ɗɆ (ɪɢɫ. 1) ɩɭɬɟɦ ɨɩɪɟɞɟɥɟɧɢɹ 
ɧɚɥɢɱɢɹ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɢ ɫɤɪɵɬɵɯ ɞɟɮɟɤɬɨɜ (ɬɚɛɥ. 1) ɫ ɩɨɦɨɳɶɸ ɫɩɟɰɢɚɥɶɧɵɯ ɦɟɬɨɞɨɜ ɤɨɧɬɪɨɥɹ ɧɚ 
ɪɚɡɧɵɯ ɷɬɚɩɚɯ ɢɯ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ДɆɢɥɥɟɪ Ⱦ., 2014; Ʉɚɥɢɧɱɟɧɤɨ ɇ.ɉ., ȼɢɤɬɨɪɨɜɚ Ɇ.Ɉ., 2012; 

Ƚɚɮɬ ɋ., 2010]. 
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Ɋɢɫ. 1. Ɍɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ ɫɛɨɪɤɢ ɷɥɟɤɬɪɨɧɧɨɝɨ ɦɨɞɭɥɹ 

Fig. 1. Technological assembly scheme of the electronic module 

Ɍɚɛɥɢцɚ 1 

Table 1 

ȼɨɡɦɨɠɧɨɫɬɢ ȺɈɂ ɢ ɇɊɄ ɩɨ ɨɛɧɚɪɭɠɟɧɢɸ ɢ ɥɨɤɚɥɢɡɚɰɢɢ ɞɟɮɟɤɬɨɜ ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ

 Possibilities of AOI and AXI on detection and localization of defects of different types 

Ɍɢɩ ɞɟɮɟɤɬɚ ȺɈɂ ɇɊɄ 

Ⱦɟɮɟɤɬ ɧɚɧɟɫɟɧɢɹ ɩɚɹɥɶɧɨɣ ɩɚɫɬɵ 

- ɨɬɫɭɬɫɬɜɢɟ ɩɚɹɥɶɧɨɣ ɩɚɫɬɵ + - 

- ɧɟɩɪɚɜɢɥɶɧɨɟ ɧɚɧɟɫɟɧɢɟ ɩɚɹɥɶɧɨɣ ɩɚɫɬɵ + - 

Ⱦɟɮɟɤɬɵ ɤɨɦɩɨɧɟɧɬɨɜ ɗɆ 

- ɨɬɫɭɬɫɬɜɢɟ ɤɨɦɩɨɧɟɧɬɚ + - 

- ɫɦɟɳɟɧɢɟ ɤɨɦɩɨɧɟɧɬɚ + + 

- ɨɬɫɭɬɫɬɜɢɟ ɜɵɜɨɞɚ ɤɨɦɩɨɧɟɧɬɚ + - 

- ɧɟɜɟɪɧɚɹ ɩɨɥɹɪɧɨɫɬɶ ɤɨɦɩɨɧɟɧɬɚ + - 

- ɧɟɬɨɱɧɨɟ ɫɨɜɦɟɳɟɧɢɟ ɤɨɦɩɨɧɟɧɬɚ ɫ ɤɨɧɬɚɤɬɧɨɣ ɩɥɨɳɚɞɤɨɣ + - 

- ɩɪɢɩɨɞɧɹɬɵɣ ɜɵɜɨɞ ɤɨɦɩɨɧɟɧɬɚ (ɷɮɮɟɤɬ «ɧɚɞɝɪɨɛɧɨɝɨ ɤɚɦɧɹ») + + 

- ɭɫɬɚɧɨɜɤɚ ɧɟɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɤɨɦɩɨɧɟɧɬɚ + - 

- ɨɬɫɭɬɫɬɜɢɟ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɤɨɧɬɚɤɬɚ ɤɨɦɩɨɧɟɧɬɚ + - 

- ɩɨɜɪɟɠɞɟɧɢɟ ɤɨɦɩɨɧɟɧɬɚ ɢ ɰɚɪɚɩɢɧɵ ɧɚ ɧɟɦ + - 

- ɪɚɡɜɨɪɨɬ ɤɨɦɩɨɧɟɧɬɚ ɧɚ ɪɟɛɪɨ + - 

- ɩɟɪɟɜɟɪɧɭɬɵɣ ɤɨɦɩɨɧɟɧɬ + -
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Ⱦɟɮɟɤɬɵ ɩɚɹɧɵɯ ɫɨɟɞɢɧɟɧɢɣ 

- ɧɟɞɨɫɬɚɬɨɱɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɪɢɩɨɹ + + 

- ɢɡɛɵɬɨɱɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɪɢɩɨɹ + + 

- ɧɚɩɥɵɜɵ ɢɥɢ ɧɚɬɟɤɢ ɩɪɢɩɨɹ + + 

- ɯɨɥɨɞɧɚɹ ɩɚɣɤɚ + + 

- ɤɨɪɨɬɤɨɟ ɡɚɦɵɤɚɧɢɟ (ɦɨɫɬɢɤ ɩɪɢɩɨɹ) + + 

- ɫɦɟɳɟɧɢɟ ɢ ɩɟɪɟɤɨɫ ɩɚɹɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ + + 

- ɧɟ ɨɛɪɚɡɭɟɬɫɹ ɝɚɥɬɟɥɢ ɫ ɨɛɪɚɬɧɨɣ ɫɬɨɪɨɧɵ ɲɜɚ + + 

- ɧɟɩɪɚɜɢɥɶɧɚɹ ɮɨɪɦɚ ɝɚɥɬɟɥɢ + + 

- ɨɫɚɞɤɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ + - 

- ɬɪɟɳɢɧɚ ɜ ɡɨɧɟ ɩɚɹɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ + + 

- ɧɟɤɚɱɟɫɬɜɟɧɧɨɟ ɫɨɫɬɨɹɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɢɡɞɟɥɢɣ ɩɨɫɥɟ ɩɚɣɤɢ + - 

- ɧɟɞɨɫɬɚɬɨɱɧɚɹ ɫɦɚɱɢɜɚɟɦɨɫɬɶ ɩɪɢɩɨɟɦ ɤɨɧɬɚɤɬɧɵɯ ɩɥɨɳɚɞɨɤ ɩɟɱɚɬɧɵɯ 
ɩɥɚɬ ɢ ɜɵɜɨɞɨɜ  

- + 

- ɢɧɫɩɟɤɰɢɹ ɫɜɢɧɰɨɜɵɯ ɢ ɛɟɫɫɜɢɧɰɨɜɵɯ ɩɚɹɧɵɯ ɫɨɟɞɢɧɟɧɢɣ - + 

- ɧɚɥɢɱɢɟ ɢ ɩɪɨɰɟɧɬɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɩɭɫɬɨɬ - + 

Ⱦɟɮɟɤɬɵ ɜɧɭɬɪɟɧɧɟɝɨ ɫɨɫɬɨɹɧɢɹ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ ɩɪɢɛɨɪɨɜ 

- ɤɚɱɟɫɬɜɨ ɪɚɡɜɚɪɤɢ ɫɨɟɞɢɧɢɬɟɥɶɧɨɝɨ ɩɪɨɜɨɞɧɢɤɚ ɤɪɢɫɬɚɥɥ – ɪɚɦɤɚ - + 

- ɧɚɥɢɱɢɟ ɩɭɫɬɨɬ ɦɟɠɞɭ ɩɨɞɥɨɠɤɨɣ ɢ ɤɪɢɫɬɚɥɥɨɦ - + 

- ɧɚɥɢɱɢɟ ɩɭɫɬɨɬ ɜ ɤɨɪɩɭɫɟ - + 

- ɦɢɤɪɨɬɪɟɳɢɧɵ ɤɨɦɩɨɧɟɧɬɚ - + 

Ⱦɟɮɟɤɬɵ ɢɡɝɨɬɨɜɥɟɧɢɹ ɩɟɱɚɬɧɨɣ ɩɥɚɬɵ 

- ɤɚɱɟɫɬɜɨ ɦɟɬɚɥɥɢɡɚɰɢɢ ɩɟɪɟɯɨɞɧɵɯ ɨɬɜɟɪɫɬɢɣ (ɧɚɪɭɲɟɧɢɟ
ɦɟɬɚɥɥɢɡɚɰɢɢ)

- + 

- ɨɬɤɥɨɧɟɧɢɹ ɞɢɚɦɟɬɪɚ ɩɟɪɟɯɨɞɧɨɝɨ ɨɬɜɟɪɫɬɢɹ - + 

- ɫɦɟɳɟɧɢɟ ɫɥɨɟɜ - + 

- ɫɨɫɬɨɹɧɢɟ ɩɟɱɚɬɧɵɯ ɩɪɨɜɨɞɧɢɤɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɜɧɭɬɪɟɧɧɢɯ ɫɥɨɟɜ - + 

ɋɚɦɵɦɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦɢ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɦɟɬɨɞɚɦɢ ɤɨɧɬɪɨɥɹ ɤɚɱɟɫɬɜɚ ɗɆ ɹɜɥɹɸɬɫɹ ɨɩɬɢɱɟɫɤɢɣ 
ɢ ɪɟɧɬɝɟɧɨɜɫɤɢɣ ɧɟɪɚɡɪɭɲɚɸɳɢɣ ɤɨɧɬɪɨɥɶ. Ⱥɜɬɨɦɚɬɢɱɟɫɤɚɹ ɨɩɬɢɱɟɫɤɚɹ ɢɧɫɩɟɤɰɢɹ (ȺɈɂ) ɩɪɟɞɩɨɥɚɝɚɟɬ 
ɨɩɪɟɞɟɥɟɧɢɟ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɞɟɮɟɤɬɨɜ ɤɨɦɩɨɧɟɧɬɨɜ ɢ ɤɨɧɮɢɝɭɪɚɰɢɢ ɫɛɨɪɨɤ ɗɆ, ɚ ɬɚɤɠɟ ɞɟɮɟɤɬɨɜ ɩɪɢ 
ɧɚɧɟɫɟɧɢɢ ɩɚɹɥɶɧɨɣ ɩɚɫɬɵ ɧɚ ɧɢɯ ДȾɨɣɥ Ⱦ., 2008Ж. Ⱦɥɹ ɢɧɫɩɟɤɰɢɢ ɫɤɪɵɬɵɯ ɫɨɟɞɢɧɟɧɢɣ (ɤɨɧɬɪɨɥɶ ɤɚɱɟɫɬɜɚ 
BGA, CSP, CGA, µBGA, FlipChip ɤɨɦɩɨɧɟɧɬɨɜ) ɢɫɩɨɥɶɡɭɟɬɫɹ ɧɟɪɚɡɪɭɲɚɸɳɢɣ ɪɟɧɬɝɟɧɨɜɫɤɢɣ ɤɨɧɬɪɨɥɶ 
(ɇɊɄ) ДȽɈɋɌ 18353-79]. 

Ɉɩɟɪɚɬɨɪɨɦ ȺɈɂ ɢ/ɢɥɢ ɇɊɄ ɜɵɩɨɥɧɹɟɬɫɹ ɛɨɥɶɲɨɣ ɨɛɴɟɦ ɪɚɛɨɬ, ɫɜɹɡɚɧɧɵɯ ɫ ɚɧɚɥɢɡɨɦ ɢɡɨɛɪɚɠɟɧɢɣ, 
ɤɨɬɨɪɵɟ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɜ ɩɪɨɰɟɫɫɟ ɤɨɧɬɪɨɥɹ, ɧɚ ɩɪɟɞɦɟɬ ɧɚɥɢɱɢɹ ɢ ɥɨɤɚɥɢɡɚɰɢɢ ɞɟɮɟɤɬɨɜ. Ⱦɥɹ ɪɟɲɟɧɢɹ 
ɷɬɨɣ ɩɪɨɛɥɟɦɵ, ɚ ɬɚɤɠɟ ɜ ɰɟɥɹɯ ɩɨɜɵɲɟɧɢɹ ɤɚɱɟɫɬɜɚ ɩɪɨɜɟɞɟɧɢɹ ɢɧɫɩɟɤɰɢɣ, ɫɢɫɬɟɦɵ, ɪɟɚɥɢɡɭɸɳɢɟ 
ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜɵɲɟ ɦɟɬɨɞɵ, ɚɤɬɢɜɧɨ ɚɜɬɨɦɚɬɢɡɢɪɭɸɬɫɹ.  

Ⱦɥɹ ɨɛɧɚɪɭɠɟɧɢɹ ɜɫɟɯ ɜɨɡɦɨɠɧɵɯ ɬɢɩɨɜ ɞɟɮɟɤɬɨɜ (ɬɚɛɥ. 1) ɢ ɫɧɢɠɟɧɢɹ ɜɪɟɦɟɧɢ ɧɚ ɢɯ ɥɨɤɚɥɢɡɚɰɢɸ 
ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɫɨɜɦɟɫɬɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɨɩɬɢɱɟɫɤɢɣ ɢ ɪɟɧɬɝɟɧɨɜɫɤɢɣ ɧɟɪɚɡɪɭɲɚɸɳɢɣ ɤɨɧɬɪɨɥɶ ɗɆ 
(ɪɢɫɭɧɨɤ 2). ɋɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɫɢɫɬɟɦɵ, ɫɨɱɟɬɚɸɳɢɟ ɭɤɚɡɚɧɧɵɟ ɜɢɞɵ ɤɨɧɬɪɨɥɹ, ɧɚɡɵɜɚɸɬ 
ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɦɢ ДɅɟɜɞɚɧɫɤɢɣ Ⱥ., 2005; Ƚɪɢɝɨɪɨɜ Ɇ.ɋ., Ȼɚɫɨɜ Ɉ.Ɉ., 2015Ж. 
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АОИ ʻРК

Де̴ект̼ ̦̦̌е̭е̛̦я 
п̌ял̦̽о̜ п̭̌т̼

Де̴ект̼ ко̥по̦е̦то̏ Эʺ

Де̴ект̼ ̦̏ут̬е̦̦е̐о 
̭о̭тоя̛̦я 

полуп̬о̏од̛̦ко̵̼̏ 
п̛̬̍о̬о̏

Де̴ект̼ ̛̐̚ото̏ле̛̦я 
печ̌т̦о̜ пл̌т̼

Де̴ект̼ п̌я̵̦̼ 
̭оед̛̦е̛̦̜

Де̴ект̼ 
ко̥по̦е̦то̏ Эʺ:

- ̭̥ещен̛е
ко̥понента;

- п̛̬поднят̼̜ в̼вод 
ко̥понента

Де̴ект̼ п̌я̵̦̼ 
̭оед̛̦е̛̦̜:
- недо̭таточная

̭̥ач̛вае̥о̭т̽ п̛̬пое̥;
- ̛н̭пекц̛я ̭в̛нцов̵̼ ̛

̍е̭̭в̛нцов̵̼ паян̼  ̵
̭оед̛нен̛̜;

- нал̛ч̛е ̛ п̬оцентное
̭оде̬̙ан̛е пу̭тот

Де̴ект̼ п̌я̵̦̼ 
̭оед̛̦е̛̦̜:

- о̭адк̛ на пове̵̬но̭т̛;
- некаче̭твенное ̭о̭тоян̛е
пове̵̬но̭т̛ ̛̚дел̛̜ по̭ле 

па̜к̛

Ɋɢɫ. 2. ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɫɨɜɦɟɫɬɧɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ȺɈɂ ɢ ɇɊɄ ɞɥɹ ɨɛɧɚɪɭɠɟɧɢɹ ɞɟɮɟɤɬɨɜ 

Fig. 2. The efficiency of combined use of AOI and AXI for the defect detection 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɪɚɡɪɚɛɨɬɤɨɣ, ɜɵɩɭɫɤɨɦ ɢ ɩɪɨɞɚɠɟɣ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɯ ɫɢɫɬɟɦ ɨɩɬɢɱɟɫɤɨɝɨ ɢ 
ɪɟɧɬɝɟɧɨɜɫɤɨɝɨ ɤɨɧɬɪɨɥɹ ɡɚɧɢɦɚɸɬɫɹ ɥɢɲɶ ɧɟɫɤɨɥɶɤɨ ɤɨɦɩɚɧɢɣ. ɋɚɦɵɦɢ ɢɡɜɟɫɬɧɵɦɢ ɢɡ ɧɢɯ ɹɜɥɹɸɬɫɹ 
ɧɟɦɟɰɤɚɹ ɤɨɦɩɚɧɢɹ VISCOM ɢ ɹɩɨɧɫɤɚɹ ɤɨɦɩɚɧɢɹ Yamaha Motor Group. Ʉɨɦɛɢɧɢɪɨɜɚɧɧɵɟ ɫɢɫɬɟɦɵ 
ɞɚɧɧɵɯ ɮɢɪɦ ɩɨɡɜɨɥɹɸɬ ɪɚɫɩɨɡɧɚɜɚɬɶ ɜɫɟ ɜɢɡɭɚɥɶɧɵɟ ɢ ɫɤɪɵɬɵɟ ɞɟɮɟɤɬɵ ɗɆ ɛɟɡ ɢɯ ɧɟɨɛɯɨɞɢɦɨɫɬɢ 
ɩɟɪɟɦɟɳɟɧɢɹ ɢɡ ɫɢɫɬɟɦɵ ɜ ɫɢɫɬɟɦɭ. 

ɋɚɦɨɣ ɢɡɜɟɫɬɧɨɣ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɨɣ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɹɜɥɹɟɬɫɹ ɭɧɢɜɟɪɫɚɥɶɧɚɹ 
ɢɧɫɩɟɤɰɢɨɧɧɚɹ ɫɢɫɬɟɦɚ X7056 ɤɨɦɩɚɧɢɢ VISCOM (ɪɢɫ. 3). Ɉɧɚ ɩɨɡɜɨɥɹɟɬ ɩɪɨɜɨɞɢɬɶ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɨ 
ɩɚɪɚɥɥɟɥɶɧɵɣ ɨɩɬɢɱɟɫɤɢɣ ɢ ɬɪɟɯɦɟɪɧɵɣ ɪɟɧɬɝɟɧɨɜɫɤɢɣ ɤɨɧɬɪɨɥɶ. X7056 ɹɜɥɹɟɬɫɹ ɦɨɞɭɥɶɧɨɣ ɢ ɩɨ 
ɠɟɥɚɧɢɸ ɩɨɬɪɟɛɢɬɟɥɹ ɦɨɠɟɬ ɤɨɦɩɥɟɤɬɨɜɚɬɶɫɹ ɪɚɡɥɢɱɧɵɦɢ ɤɚɦɟɪɚɦɢ. ɋɢɫɬɟɦɚ ɫɩɨɫɨɛɧɚ ɚɧɚɥɢɡɢɪɨɜɚɬɶ 
ɩɥɚɬɵ ɪɚɡɦɟɪɨɦ ɞɨ 610ɯ508ɦɦ (24"ɯ20"). ȿɟ ɪɚɡɦɟɪ ɫɨɫɬɚɜɥɹɟɬ ɜ ɞɥɢɧɭ 
1,74 ɦ, ɚ ɜɟɫ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɨɦɩɥɟɤɬɚɰɢɢ, - ɨɬ 2500 ɤɝ ɞɨ 3600 ɤɝ. ȼ ɫɨɫɬɚɜ X7056 ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ 
ɪɟɧɬɝɟɧɨɜɫɤɨɝɨ ɤɨɧɬɪɨɥɹ ɜɯɨɞɢɬ ɢɧɫɩɟɤɰɢɨɧɧɚɹ ɬɪɭɛɤɚ VISCOM, ɩɪɟɞɩɨɥɚɝɚɸɳɚɹ ɪɚɡɪɟɲɟɧɢɟ ɨɬ 5 ɞɨ 
20 ɦɤɦ/ɩɢɤɫɟɥɶ ɢ ɝɚɪɚɧɬɢɪɭɸɳɚɹ ɩɨɥɭɱɟɧɢɟ ɢɡɨɛɪɚɠɟɧɢɹ ɜɵɫɨɤɨɣ ɱɟɬɤɨɫɬɢ ɩɪɢ 3D-ɢɧɫɩɟɤɰɢɢ ɗɆ. ȼ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɦɨɞɟɥɢ ɬɪɭɛɤɢ ɢ ɪɟɠɢɦɚ ɟɟ ɪɚɛɨɬɵ ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɨɦ ɧɚɩɪɹɠɟɧɢɢ (120 ɢɥɢ 160 ɤȼ) 
ɜɨɡɦɨɠɧɨ ɢɡɦɟɧɹɬɶ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɪɟɧɬɝɟɧɨɜɫɤɨɝɨ ɢɡɥɭɱɟɧɢɹ ɢ ɩɨɥɭɱɚɬɶ ɢɡɨɛɪɚɠɟɧɢɟ ɪɚɡɥɢɱɧɨɣ ɹɪɤɨɫɬɢ. 

Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɨɩɬɢɱɟɫɤɨɣ ɢɧɫɩɟɤɰɢɢ ɜ X7056 ɢɫɩɨɥɶɡɭɸɬɫɹ ɨɪɬɨɝɨɧɚɥɶɧɵɟ ɢ ɭɝɥɨɜɵɟ ɤɚɦɟɪɵ ɫ 
ɜɵɫɨɤɢɦ ɪɚɡɪɟɲɟɧɢɟɦ. ɋɤɨɪɨɫɬɶ ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ ɩɪɢ ɪɟɧɬɝɟɧɨɜɫɤɨɣ ɢɧɫɩɟɤɰɢɢ – 6 ɫɦ2/ɫ, ɩɪɢ ɨɩɬɢɱɟɫɤɨɣ 
ɢɧɫɩɟɤɰɢɢ – 20-40 ɫɦ2/ɫ. ɋɢɫɬɟɦɚ ɫɩɨɫɨɛɧɚ ɨɛɪɚɛɚɬɵɜɚɬɶ ɰɜɟɬɧɵɟ ɢɡɨɛɪɚɠɟɧɢɹ. Ⱦɥɹ ɪɚɛɨɬɵ ɫ X7056 

ɧɟɨɛɯɨɞɢɦ ɬɨɥɶɤɨ ɨɞɢɧ ɨɩɟɪɚɬɨɪ. 



ʠ˃˅ˋː ʚ.ʝ., ʙˑ˓ˑˎё˅ ʛ.ʑ., ʜˑ˔ˑ˅ ʛ.ʑ. ʏː˃ˎˋˊ ˑ˒˓ˈˇˈˎˢˡ˜ˋ˘ ˒˃˓˃ˏˈ˕˓ˑ˅ ˋ ˅ˑˊˏˑˉːˑ˔˕ˈˌ 
ˋ˔˒ˑˎ˟ˊˑ˅˃ːˋˢ ˆˋ˄ˍˋ˘ ˔˕˓˃˕ˈˆˋˌ ˕ˈ˘ːˋ˚ˈ˔ˍˑˆˑ ˑ˄˔ˎ˖ˉˋ˅˃ːˋˢ ˇˎˢ ˒ˑ˅˞˛ˈːˋˢ 

ː˃ˇˈˉːˑ˔˕ˋ ˃˅˕ˑˏˑ˄ˋˎ˟ːˑˌ ˕ˈ˘ːˋˍˋ ˒˓ˋ ˈˈ ˠˍ˔˒ˎ˖˃˕˃˙ˋˋ ˅ ˑ˔ˑ˄˞˘ ˖˔ˎˑ˅ˋˢ˘ // 
ʜ˃˖˚ː˞ˌ ˓ˈˊ˖ˎ˟˕˃˕. ʗː˗ˑ˓ˏ˃˙ˋˑːː˞ˈ ˕ˈ˘ːˑˎˑˆˋˋ. – ʡ.͸, №2, 2017. 
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Ɋɢɫ. 3. ɍɧɢɜɟɪɫɚɥɶɧɚɹ ɢɧɫɩɟɤɰɢɨɧɧɚɹ ɫɢɫɬɟɦɚ X7056 ɤɨɦɩɚɧɢɢ VISCOM 

Fig. 3. The universal inspection system X7056 of the VISCOM company 

ɂɫɯɨɞɹ ɢɡ ɚɧɚɥɢɡɚ ɫɭɳɟɫɬɜɭɸɳɟɝɨ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɫɪɟɞɫɬɜ 
ɨɩɬɢɱɟɫɤɨɝɨ ɢ ɪɟɧɬɝɟɧɨɜɫɤɨɝɨ ɤɨɧɬɪɨɥɹ, ɤ ɟɝɨ ɨɫɧɨɜɧɵɦɢ ɜɨɡɦɨɠɧɨɫɬɹɦɢ ɦɨɠɧɨ ɨɬɧɟɫɬɢ 
[www.viscom.com]: 

- ɫɨɡɞɚɧɢɟ ɢɧɫɩɟɤɰɢɨɧɧɨɣ ɩɪɨɝɪɚɦɦɵ ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ ɡɚɞɚɧɢɹ ɜ ɧɟɣ ɤɨɧɬɪɨɥɶɧɵɯ ɨɛɪɚɡɰɨɜ ɗɆ;
- ɩɨɞɞɟɪɠɤɚ ɢɧɫɩɟɤɰɢɨɧɧɨɣ ɛɢɛɥɢɨɬɟɤɢ, ɜ ɤɨɬɨɪɨɣ ɯɪɚɧɹɬɫɹ ɪɚɡɥɢɱɧɵɟ ɬɢɩɵ ɤɨɦɩɨɧɟɧɬɨɜ;
- ɫɪɚɜɧɟɧɢɟ ɩɨɥɭɱɟɧɧɵɯ ɨɩɬɢɱɟɫɤɢɯ ɢ ɪɟɧɬɝɟɧɨɜɫɤɢɯ ɢɡɨɛɪɚɠɟɧɢɣ ɫ ɤɨɧɬɪɨɥɶɧɵɦ ɨɛɪɚɡɰɨɦ ɢ

ɨɩɪɟɞɟɥɟɧɢɟ ɪɚɡɥɢɱɢɣ ɞɥɹ ɤɚɠɞɨɝɨ ɜɢɞɚ ɢɡɨɛɪɚɠɟɧɢɹ ɜ ɨɬɞɟɥɶɧɨɫɬɢ; 
- ɤɥɚɫɫɢɮɢɰɢɪɨɜɚɧɢɟ ɨɛɧɚɪɭɠɟɧɧɵɯ ɞɟɮɟɤɬɨɜ ɢ ɩɨɢɫɤ ɢɯ ɜ ɛɚɡɟ ɞɚɧɧɵɯ;
- ɜɵɜɨɞ ɰɜɟɬɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ɗɆ (ɮɨɬɨɝɪɚɮɢɢ ɜ ɪɟɚɥɶɧɨɦ ɰɜɟɬɟ) ɧɚ ɷɤɪɚɧ ɩɪɢ ȺɈɂ ɢ ɢɡɨɛɪɚɠɟɧɢɹ ɜ

ɝɪɚɞɚɰɢɹɯ ɫɟɪɨɝɨ ɩɪɢ ɇɊɄ. 
ɇɟɫɦɨɬɪɹ ɧɚ ɨɱɟɜɢɞɧɵɟ ɩɪɟɢɦɭɳɟɫɬɜɚ, ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɟ ɫɢɫɬɟɦɵ ɨɩɬɢɱɟɫɤɨɝɨ ɢ ɪɟɧɬɝɟɧɨɜɫɤɨɝɨ 

ɧɟɪɚɡɪɭɲɚɸɳɟɝɨ ɤɨɧɬɪɨɥɹ ɢ ɢɯ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɟ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɫɭɳɟɫɬɜɭɸɬ ɢ ɧɟɞɨɫɬɚɬɤɢ: 
- ɞɚɧɧɵɟ ɫɢɫɬɟɦɵ ɧɟ ɩɨɡɜɨɥɹɸɬ ɩɪɨɢɡɜɨɞɢɬɶ ɨɩɟɪɚɰɢɢ ɩɨ ɜɵɹɜɥɟɧɢɸ ɞɟɮɟɤɬɨɜ ɫ ɨɞɧɨɜɪɟɦɟɧɧɵɦ

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɩɬɢɱɟɫɤɨɝɨ ɢ ɪɟɧɬɝɟɧɨɜɫɤɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ɗɆ ɫ ɰɟɥɶɸ ɨɛɥɟɝɱɟɧɢɹ ɜɟɪɢɮɢɤɚɰɢɢ 
ɪɟɡɭɥɶɬɚɬɨɜ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɨɛɧɚɪɭɠɟɧɢɹ ɞɟɮɟɤɬɨɜ ɨɩɟɪɚɬɨɪɨɦ ɤɨɧɬɪɨɥɹ; 

- ɚɥɝɨɪɢɬɦɵ, ɪɟɚɥɢɡɭɸɳɢɟ ɡɚɞɚɱɭ ɮɨɪɦɢɪɨɜɚɧɢɹ ɤɪɭɩɧɨɦɚɫɲɬɚɛɧɵɯ ɢɡɨɛɪɚɠɟɧɢɣ ɫ ɜɵɫɨɤɢɦ
ɪɚɡɪɟɲɟɧɢɟɦ, ɨɫɧɨɜɚɧɵ ɧɚ ɫɲɢɜɤɟ ɢɡɨɛɪɚɠɟɧɢɣ ɩɨ ɤɨɨɪɞɢɧɚɬɧɨɣ ɫɟɬɤɟ. ȼ ɫɥɭɱɚɟ ɧɚɪɭɲɟɧɢɹ 
ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ɮɨɬɨɤɚɦɟɪɵ ɢɥɢ ɢɫɬɨɱɧɢɤɚ ɪɟɧɬɝɟɧɨɜɫɤɨɝɨ ɢɡɥɭɱɟɧɢɹ, ɩɪɨɰɟɫɫ ɨɛɧɚɪɭɠɟɧɢɹ ɞɟɮɟɤɬɨɜ 
ɛɭɞɟɬ ɫɜɹɡɚɧ ɫ ɛɨɥɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɨɲɢɛɨɤ; 

- ɩɪɨɝɪɚɦɦɧɨ-ɚɥɝɨɪɢɬɦɢɱɟɫɤɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɫɢɫɬɟɦ ɹɜɥɹɟɬɫɹ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɣ
ɫɨɛɫɬɜɟɧɧɨɫɬɶɸ ɩɪɨɢɡɜɨɞɢɬɟɥɹ, ɱɬɨ ɧɟ ɩɨɡɜɨɥɹɟɬ ɩɪɢɦɟɧɹɬɶ ɟɝɨ ɢ ɚɞɚɩɬɢɪɨɜɚɬɶ ɞɥɹ ɫɢɫɬɟɦ ɞɪɭɝɨɝɨ ɬɢɩɚ. 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɚɤɬɭɚɥɶɧɵɦ ɨɫɬɚɟɬɫɹ ɜɨɩɪɨɫ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɚɥɝɨɪɢɬɦɢɱɟɫɤɨɝɨ ɢ ɩɪɨɝɪɚɦɦɧɨɝɨ 
ɨɛɟɫɩɟɱɟɧɢɹ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɯ ɫɢɫɬɟɦ, ɩɨɡɜɨɥɹɸɳɟɝɨ ɩɨɥɭɱɢɬɶ ɧɨɜɵɟ ɜɨɡɦɨɠɧɨɫɬɢ ɜ ɪɟɲɟɧɢɢ ɡɚɞɚɱ 
ɨɩɬɢɱɟɫɤɨɣ ɢ ɪɟɧɬɝɟɧɨɜɫɤɨɣ ɢɧɫɩɟɤɰɢɣ ɜ ɭɫɥɨɜɢɹɯ ɜɨɡɪɚɫɬɚɧɢɹ ɫɥɨɠɧɨɫɬɢ ɢ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ 
ɤɨɧɬɪɨɥɢɪɭɟɦɵɯ ɢɡɞɟɥɢɣ. 

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 
1. Ƚɚɮɬ ɋ., 2010. ɋɨɜɪɟɦɟɧɧɵɟ ɦɟɬɨɞɵ ɨɛɟɫɩɟɱɟɧɢɹ ɤɚɱɟɫɬɜɚ ɢ ɧɚɞɟɠɧɨɫɬɢ ɷɥɟɤɬɪɨɧɧɵɯ ɦɨɞɭɥɟɣ ɢ ɛɥɨɤɨɜ.

ɗɥɟɤɬɪɨɧɧɵɟ ɤɨɦɩɨɧɟɧɬɵ. 7: 13-17. 

2. ȽɈɋɌ 18353-79, 1979. Ʉɨɧɬɪɨɥɶ ɧɟɪɚɡɪɭɲɚɸɳɢɣ. Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɜɢɞɨɜ ɢ ɦɟɬɨɞɨɜ. Ɇ.: ɂɉɄ ɂɡɞ-ɜɨ
ɫɬɚɧɞɚɪɬɨɜ. 12 ɫ. 

3. ȽɈɋɌ Ɋ 52003-2003, 2003. ɍɪɨɜɧɢ ɪɚɡɭɤɪɭɩɧɟɧɢɹ ɪɚɞɢɨɷɥɟɤɬɪɨɧɧɵɯ ɫɪɟɞɫɬɜ. Ɍɟɪɦɢɧɵ ɢ ɨɩɪɟɞɟɥɟɧɢɹ. Ɇ.:
ɎȽɍɉ "ɋɬɚɧɞɚɪɬɢɧɮɨɪɦ", IV, 7 ɫ. 

4. ȽɈɋɌ Ɋ 56427-2015, 2015. ɉɚɣɤɚ ɷɥɟɤɬɪɨɧɧɵɯ ɦɨɞɭɥɟɣ ɪɚɞɢɨɷɥɟɤɬɪɨɧɧɵɯ ɫɪɟɞɫɬɜ. Ⱥɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɣ
ɫɦɟɲɚɧɧɵɣ ɢ ɩɨɜɟɪɯɧɨɫɬɧɵɣ ɦɨɧɬɚɠ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɛɟɫɫɜɢɧɰɨɜɨɣ ɢ ɬɪɚɞɢɰɢɨɧɧɨɣ ɬɟɯɧɨɥɨɝɢɣ. Ɍɟɯɧɢɱɟɫɤɢɟ 



ʠ˃˅ˋː ʚ.ʝ., ʙˑ˓ˑˎё˅ ʛ.ʑ., ʜˑ˔ˑ˅ ʛ.ʑ. ʏː˃ˎˋˊ ˑ˒˓ˈˇˈˎˢˡ˜ˋ˘ ˒˃˓˃ˏˈ˕˓ˑ˅ ˋ ˅ˑˊˏˑˉːˑ˔˕ˈˌ 
ˋ˔˒ˑˎ˟ˊˑ˅˃ːˋˢ ˆˋ˄ˍˋ˘ ˔˕˓˃˕ˈˆˋˌ ˕ˈ˘ːˋ˚ˈ˔ˍˑˆˑ ˑ˄˔ˎ˖ˉˋ˅˃ːˋˢ ˇˎˢ ˒ˑ˅˞˛ˈːˋˢ 

ː˃ˇˈˉːˑ˔˕ˋ ˃˅˕ˑˏˑ˄ˋˎ˟ːˑˌ ˕ˈ˘ːˋˍˋ ˒˓ˋ ˈˈ ˠˍ˔˒ˎ˖˃˕˃˙ˋˋ ˅ ˑ˔ˑ˄˞˘ ˖˔ˎˑ˅ˋˢ˘ // 
ʜ˃˖˚ː˞ˌ ˓ˈˊ˖ˎ˟˕˃˕. ʗː˗ˑ˓ˏ˃˙ˋˑːː˞ˈ ˕ˈ˘ːˑˎˑˆˋˋ. – ʡ.͸, №2, 2017. 
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ɬɪɟɛɨɜɚɧɢɹ ɤ ɜɵɩɨɥɧɟɧɢɸ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɨɩɟɪɚɰɢɣ. Ɇ.: ɎȽɍɉ "ɋɬɚɧɞɚɪɬɢɧɮɨɪɦ". 36 ɫ. 
5. Ⱦɨɣɥ Ⱦ., 2008. Ɋɚɫɤɪɵɬɢɟ ɜɨɡɦɨɠɧɨɫɬɟɣ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɨɩɬɢɱɟɫɤɨɣ ɢɧɫɩɟɤɰɢɢ. ɉɪɨɢɡɜɨɞɫɬɜɨ ɷɥɟɤɬɪɨɧɢɤɢ:

ɬɟɯɧɨɥɨɝɢɢ, ɨɛɨɪɭɞɨɜɚɧɢɟ, ɦɚɬɟɪɢɚɥɵ. 4: 65-67. 

6. Ʉɚɥɢɧɱɟɧɤɨ ɇ.ɉ., ȼɢɤɬɨɪɨɜɚ Ɇ.Ɉ., 2012. Ⱥɬɥɚɫ ɞɟɮɟɤɬɨɜ ɩɚɹɧɵɯ ɫɨɟɞɢɧɟɧɢɣ: ɭɱɟɛɧɨɟ ɩɨɫɨɛɢɟ. Ɍɨɦɫɤ: ɂɡɞ-ɜɨ
Ɍɨɦɫɤɨɝɨ ɩɨɥɢɬɟɯɧɢɱɟɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ. 83 ɫ. 

7. Ʌɟɜɞɚɧɫɤɢɣ Ⱥ., 2005. Ɉɩɬɢɱɟɫɤɢɣ ɢ ɪɟɧɬɝɟɧɨɜɫɤɢɣ ɤɨɧɬɪɨɥɶ ɩɟɱɚɬɧɵɯ ɩɥɚɬ ɩɪɢ ɩɨɦɨɳɢ ɨɞɧɨɣ ɫɢɫɬɟɦɵ.

Ɍɟɯɧɨɥɨɝɢɢ ɜ ɷɥɟɤɬɪɨɧɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. 6: 52-54. 

8. Ɇɢɥɥɟɪ Ⱦ. , 2014. ȼɨɡɦɨɠɧɨɫɬɢ ɢ ɩɟɪɫɩɟɤɬɢɜɵ ȺɈɂ ɢ ɪɟɧɬɝɟɧɨɜɫɤɨɝɨ ɤɨɧɬɪɨɥɹ. ɉɪɨɢɡɜɨɞɫɬɜɨ ɷɥɟɤɬɪɨɧɢɤɢ,
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