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ɋɨɜɪɟɦɟɧɧɨɟ ɜɵɫɨɤɨɬɨɱɧɨɟ ɪɚɞɢɨɷɥɟɤɬɪɨɧɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ, ɤɨɬɨɪɨɟ ɜɯɨɞɢɬ ɜ ɫɨɫɬɚɜ ɤɨɫɦɢɱɟɫɤɨɣ ɬɟɯɧɢ-
ɤɢ, ɞɨɪɨɝɨɫɬɨɹɳɟɟ ɜ ɢɡɝɨɬɨɜɥɟɧɢɢ ɡɚ ɫɱɟɬ ɢɦɩɨɪɬɧɨɣ ɤɨɦɩɨɧɟɧɬɧɨɣ ɛɚɡɵ ɢ ɦɚɥɨɫɟɪɢɣɧɨɫɬɢ ɩɪɨɢɡɜɨɞɫɬɜɚ. 
Ɋɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɫɭɳɟɫɬɜɭɸɳɢɟ ɦɟɬɨɞɵ ɤɨɧɬɪɨɥɹ ɤɚɱɟɫɬɜɚ ɜɵɩɭɫɤɚɟɦɨɣ ɪɚɞɢɨɷɥɟɤɬɪɨɧɧɨɣ ɚɩɩɚɪɚɬɭɪɵ, 

ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ ɤɨɬɨɪɨɣ ɨɛɟɫɩɟɱɢɜɚɟɬ ɧɚɞɟɠɧɨɫɬɶ ɢ ɞɨɥɝɨɜɟɱɧɨɫɬɶ ɚɤɬɢɜɧɨɝɨ ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɤɨɫɦɢɱɟ-
ɫɤɢɯ ɚɩɩɚɪɚɬɨɜ. ɉɨɤɚɡɚɧɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɦɟɬɨɞɚ ɚɤɭɫɬɢɱɟɫɤɨɣ ɷɦɢɫɫɢɢ, ɩɨɡɜɨɥɹɸɳɟɝɨ ɨɬɫɥɟ-
ɠɢɜɚɬɶ ɩɨɹɜɥɟɧɢɟ ɞɟɮɟɤɬɨɜ ɜ ɩɚɹɧɵɯ ɫɨɟɞɢɧɟɧɢɹɯ ɩɟɱɚɬɧɵɯ ɩɥɚɬ ɪɚɞɢɨɷɥɟɤɬɪɨɧɧɨɣ ɚɩɩɚɪɚɬɭɪɵ ɜ ɪɟɚɥɶɧɨɦ 

ɜɪɟɦɟɧɢ. 
Аɤɬɭɚɥɶɧɨɫɬɶ ɪɚɛɨɬɵ ɫɨɫɬɨɢɬ ɜ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɞɚɥɶɧɟɣɲɟɣ ɪɚɡɪɚɛɨɬɤɢ ɧɟɪɚɡɪɭɲɚɸɳɟɝɨ ɦɟɬɨɞɚ ɜɵɹɜ-

ɥɟɧɢɹ ɞɟɮɟɤɬɨɜ ɢ ɦɟɫɬ ɢɯ ɥɨɤɚɥɢɡɚɰɢɢ, ɚ ɬɚɤɠɟ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɢɯ ɩɨ ɫɬɟɩɟɧɢ ɨɩɚɫɧɨɫɬɢ ɞɥɹ ɪɚɛɨɬɨɫɩɨɫɨɛ-
ɧɨɫɬɢ ɦɨɞɭɥɟɣ ɩɟɱɚɬɧɵɯ ɩɥɚɬ ɪɚɞɢɨɷɥɟɤɬɪɨɧɧɨɣ ɚɩɩɚɪɚɬɭɪɵ. 

ȼ ɯɨɞɟ ɪɚɛɨɬɵ ɪɚɡɪɚɛɨɬɚɧ ɫɩɨɫɨɛ ɭɬɨɱɧɟɧɢɹ ɨɩɪɟɞɟɥɟɧɢɹ ɦɟɫɬɨɩɨɥɨɠɟɧɢɹ ɞɟɮɟɤɬɚ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɦɟɬɨ-
ɞɚ ɚɤɭɫɬɢɱɟɫɤɨɣ ɷɦɢɫɫɢɢ ɩɪɢ ɩɥɨɫɤɨɫɬɧɨɣ ɥɨɤɚɰɢɢ. Ɍɨɱɧɨɫɬɶ ɫɩɨɫɨɛɚ ɩɨɡɜɨɥɹɟɬ ɥɨɤɚɥɢɡɨɜɚɬɶ ɞɟɮɟɤɬ ɫ ɩɨ-
ɝɪɟɲɧɨɫɬɶɸ 1 ɦɦ. ɇɚ ɫɬɚɧɞɚɪɬɧɨɦ ɤɨɪɩɭɫɟ ɱɢɩɚ ɫ ɲɚɝɨɦ 1 ɦɦ ɜɟɪɨɹɬɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɞɟɮɟɤɬɧɨɝɨ ɤɨɧ-
ɬɚɤɬɚ ɫɨɫɬɚɜɥɹɟɬ ɨɬ 95 %.  

ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɪɨɜɟɞɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɨɫɬɪɨɟɧɚ ɦɨɞɟɥɶ ɧɚɤɨɩɥɟɧɢɹ ɩɨɜɪɟɠɞɟɧɢɣ ɩɚɹɧɵɯ ɤɨɧɬɚɤɬɧɵɯ 
ɫɨɟɞɢɧɟɧɢɣ ɤɨɪɩɭɫɚ ɱɢɩɚ ɩɟɱɚɬɧɨɣ ɩɥɚɬɵ ɪɚɞɢɨɷɥɟɤɬɪɨɧɧɨɣ ɚɩɩɚɪɚɬɭɪɵ, ɤɨɬɨɪɚɹ ɚɞɟɤɜɚɬɧɨ ɨɬɪɚɠɚɟɬ 

ɫɜɨɣɫɬɜɚ ɢɫɫɥɟɞɭɟɦɨɝɨ ɨɛɴɟɤɬɚ. ɉɨɥɭɱɟɧɧɚɹ ɦɨɞɟɥɶ ɧɚɤɨɩɥɟɧɢɹ ɩɨɜɪɟɠɞɟɧɢɣ ɨɬɨɛɪɚɠɚɟɬ ɩɨɜɟɞɟɧɢɟ ɞɚɧɧɨɝɨ 
ɨɛɴɟɤɬɚ ɧɟ ɦɟɧɟɟ ɱɟɦ 80 % ɨɬ ɩɥɚɧɢɪɭɟɦɨɝɨ ɫɪɨɤɚ ɷɤɫɩɥɭɚɬɚɰɢɢ.    
ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɩɪɨɜɟɞɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɪɚɛɨɬ ɩɨɥɭɱɟɧɵ ɞɢɚɝɪɚɦɦɵ ɧɚɤɨɩɥɟɧɢɹ ɚɤɭɫɬɢɱɟɫɤɢɯ 

ɫɢɝɧɚɥɨɜ ɨɬ ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɞɟɮɟɤɬɨɜ ɜ ɩɪɨɰɟɫɫɟ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɩɚɹɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ, ɨɩɪɟɞɟɥɟɧɚ ɬɨɱɧɨɫɬɶ 
ɦɟɬɨɞɚ, ɨɩɪɟɞɟɥɟɧɵ ɩɚɪɚɦɟɬɪɵ ɦɨɞɟɥɢ ɧɚɤɨɩɥɟɧɢɹ ɩɨɜɪɟɠɞɟɧɢɣ  ɩɚɹɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɢ ɦɨɦɟɧɬɵ ɡɚɪɨɠɞɟɧɢɹ 
ɞɟɮɟɤɬɨɜ ɜ ɩɪɨɰɟɫɫɟ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ, ɱɬɨ ɞɟɦɨɧɫɬɪɢɪɭɟɬ ɩɟɪɫɩɟɤɬɢɜɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɦɟɬɨɞɚ 
ɚɤɭɫɬɢɱɟɫɤɨɣ ɷɦɢɫɫɢɢ ɞɥɹ ɞɟɮɟɤɬɨɫɤɨɩɢɢ ɩɟɱɚɬɧɵɯ ɩɥɚɬ ɪɚɞɢɨɷɥɟɤɬɪɨɧɧɨɣ ɚɩɩɚɪɚɬɭɪɵ. 

Ɉɛɨɫɧɨɜɵɜɚɟɬɫɹ ɫɨɜɦɟɫɬɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɪɟɧɬɝɟɧɨɜɫɤɨɣ ɬɨɦɨɝɪɚɮɢɢ ɢ ɦɟɬɨɞɚ ɚɤɭɫɬɢɤɨ-ɷɦɢɫɫɢɨɧɧɨɝɨ 
ɤɨɧɬɪɨɥɹ, ɱɬɨ ɩɨɡɜɨɥɢɬ ɧɚ ɷɬɚɩɚɯ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɨɬɪɚɛɨɬɤɢ ɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɟɱɚɬɧɵɯ ɩɥɚɬ ɫ ɜɵɫɨɤɨɣ 
ɬɨɱɧɨɫɬɶɸ ɩɪɨɝɧɨɡɢɪɨɜɚɬɶ ɫɪɨɤ ɢɯ ɧɚɞɟɠɧɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ. 

 

Кɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɚɤɭɫɬɢɱɟɫɤɚɹ ɷɦɢɫɫɢɹ, ɪɟɧɬɝɟɧɨɜɫɤɢɣ ɦɟɬɨɞ, ɞɟɮɟɤɬɨɫɤɨɩɢɹ, ɩɚɹɧɵɟ ɫɨɟɞɢɧɟɧɢɹ, ɧɚɞɟɠ-

ɧɨɫɬɶ, ɪɚɞɢɨɷɥɟɤɬɪɨɧɧɚɹ ɚɩɩɚɪɚɬɭɪɚ. 
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Modern high-precision electronic equipment, which is a part of space technology, is expensive to manufacture due 

to the import component base and small series production. The paper examines existing methods of monitoring the 



 

 
 

Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ ɢ ɦɚɬɟɪɢɚɥɵ 
 

 193

quality of the electronics, which provides the performance and durability of the active presence of a spacecraft. The 

effectiveness of the method of acoustic emission for tracking the appearance of defects in solder joints of printed circuit 

boards of the electronics in real time. 

Relevance of the work is necessary for further development of the non-destructive method of detecting defects and 

sites of their localization, and their classification according to the degree of danger to the operation of the module of 

the electronics. 

In operation, a method of specification the defect locating using the method of acoustic emission has been 

developed. The accuracy of the method to localize the defect consists of 1 mm. On the standard case of the microchip in 

1 mm increments probability defective contact is 95 %. 

On the basis of these experiments, a model of damage accumulation of the object (solder terminal connections of the 

chip housing of printed circuit boards of the electronics), which adequately reflects its properties has been constructed. 

The resulting behavior of a model of damage accumulation displays this object is not less than 80 % of the planned 

service life. 

The results of experimental studies of the diagram obtained accumulation of acoustic signals from developing 

defects in the process of deformation of the solder joint, determine the accuracy of the method, the parameters of a 

model of damage accumulation in the solder joint and the inception of the defects in the process of mechanical action. It 

demonstrates the promising applications of the method of acoustic emission for inspection of printed circuit boards. 

Sharing of X-ray tomography  and the method of acoustic emission monitoring, which will be at the stage of 

preliminary processing and the production of  printed circuit boards with high accuracy to predict the duration of their 

reliable operation is substantiated. 

 

Keywords: acoustic emission, X-ray method, inspection, solder joints, reliability, electronic equipment. 

 

ȼɜɟɞɟɧɢɟ. ȼ ɪɚɞɢɨɷɥɟɤɬɪɨɧɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ 

ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɩɚɹɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɷɥɟɦɟɧɬɨɜ 
ɉɉ. Ⱦɥɹ ɨɰɟɧɤɢ ɢɯ ɧɚɞɟɠɧɨɫɬɢ ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ 
ɦɟɯɚɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɜɹɡɭɸɳɟɝɨ ɦɚɬɟɪɢɚɥɚ, 
ɜ ɱɢɫɥɨ ɤɨɬɨɪɵɯ ɬɚɤɠɟ ɜɯɨɞɢɬ ɞɨɥɝɨɜɟɱɧɨɫɬɶ. 
ɉɪɢ ɤɨɧɬɪɨɥɟ ɤɚɱɟɫɬɜɚ ɜɵɩɭɫɤɚɟɦɨɣ ɷɥɟɤɬɪɨɧɧɨɣ 

ɩɪɨɞɭɤɰɢɢ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɨɫɧɨɜɧɨɦ ɞɜɚ ɦɟɬɨɞɚ 
ɧɟɪɚɡɪɭɲɚɸɳɟɝɨ ɤɨɧɬɪɨɥɹ – ɨɩɬɢɤɨ-ɷɥɟɤɬɪɢɱɟɫɤɢɣ  

ɢ ɪɟɧɬɝɟɧɨɜɫɤɢɣ.  

Иɫɩɵɬɚɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ, ɨɫɧɨɜɚɧɧɨɟ ɧɚ ɫɨ-
ɜɦɟɫɬɧɨɦ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɨɩɬɢɱɟɫɤɨɝɨ ɢ ɷɥɟɤɬɪɢɱɟ-
ɫɤɨɝɨ ɦɟɬɨɞɨɜ ɤɨɧɬɪɨɥɹ, ɜɤɥɸɱɚɟɬ 3D-ɫɢɫɬɟɦɵ ɚɜɬɨ-
ɦɚɬɢɱɟɫɤɨɣ ɨɩɬɢɱɟɫɤɨɣ ɢɧɫɩɟɤɰɢɢ (ISIS ɤɨɦɩɚɧɢɢ 

Mirtec [1], Symbion S36 ɤɨɦɩɚɧɢɢ ORPROVision [2]) ɢ 

ɫɢɫɬɟɦɵ ɢɡɦɟɪɟɧɢɹ ɫ ɥɟɬɚɸɳɢɦɢ ɩɪɨɛɧɢɤɚɦɢ (SPEA 

4060 [3]). Эɬɢ ɫɢɫɬɟɦɵ ɩɨɡɜɨɥɹɸɬ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɢ 

ɚɧɚɥɢɡɢɪɨɜɚɬɶ ɪɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ 
ɫɛɨɪɨɱɧɨ-ɦɨɧɬɚɠɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɢɡɦɟɪɹɬɶ ɩɚ-
ɪɚɦɟɬɪɵ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟ ɤɚɱɟɫɬɜɨ ɩɚɹɧɵɯ ɫɨɟɞɢɧɟ-
ɧɢɣ. Ⱦɚɧɧɵɟ ɫɢɫɬɟɦɵ ɧɟ ɝɚɪɚɧɬɢɪɭɸɬ ɜɵɹɜɥɟɧɢɹ ɥɚ-
ɬɟɧɬɧɵɯ ɞɟɮɟɤɬɨɜ ɩɚɹɧɵɯ ɫɨɟɞɢɧɟɧɢɣ, ɤɨɬɨɪɵɟ ɩɪɟɞ-
ɫɬɚɜɥɹɸɬ ɧɚɢɛɨɥɶɲɭɸ ɨɩɚɫɧɨɫɬɶ ɞɥɹ ɪɚɛɨɬɨɫɩɨɫɨɛ-
ɧɨɫɬɢ ɉɉ ɜ ɞɚɥɶɧɟɣɲɟɦ. Ɋɟɧɬɝɟɧɨɜɫɤɢɣ ɦɟɬɨɞ ɩɪɢ 

ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɫɨɜɪɟɦɟɧɧɵɯ ɬɨɦɨɝɪɚɮɨɜ (Phoenix 

nanome|x 180 [4], XT V 160 [5]) ɩɨɡɜɨɥɹɟɬ «ɩɪɨɫɜɟ-
ɬɢɬɶ» ɜɫɸ ɩɥɚɬɭ ɢ ɫ ɪɚɡɪɟɲɟɧɢɟɦ ɦɟɧɟɟ 0,5 ɦɤɦ, ɜɵ-

ɹɜɢɬɶ ɜɫɟ ɧɟɫɩɥɨɲɧɨɫɬɢ ɜ ɩɚɹɧɵɯ ɫɨɟɞɢɧɟɧɢɹɯ ɢ ɫɨɡ-
ɞɚɬɶ ɩɨɞɪɨɛɧɭɸ 3D-ɦɨɞɟɥɶ ɢɫɫɥɟɞɭɟɦɨɝɨ ɨɛɴɟɤɬɚ.  
ɇɚ ɩɪɨɜɟɞɟɧɢɟ ɬɚɤɨɝɨ ɚɧɚɥɢɡɚ ɬɪɟɛɭɟɬɫɹ ɡɧɚɱɢɬɟɥɶ-
ɧɵɟ ɜɪɟɦɟɧɧɵɟ ɡɚɬɪɚɬɵ. Ʉɪɨɦɟ ɬɨɝɨ, ɧɭɠɧɵ ɞɨɩɨɥɧɢ-

ɬɟɥɶɧɵɟ ɨɰɟɧɤɢ ɩɨ ɨɩɚɫɧɨɫɬɢ ɜɵɹɜɥɟɧɧɵɯ ɞɟɮɟɤɬɨɜ. 
Ⱥɧɚɥɢɡ ȺЭ, ɫɨɩɪɨɜɨɠɞɚɸɳɟɣ ɞɟɮɨɪɦɚɰɢɸ ɢ ɪɚɡ-

ɪɭɲɟɧɢɟ ɬɜɟɪɞɵɯ ɬɟɥ, ɹɜɥɹɟɬɫɹ ɨɱɟɧɶ ɷɮɮɟɤɬɢɜɧɵɦ ɜ 
ɷɬɨɦ ɨɬɧɨɲɟɧɢɢ. Ɇɟɬɨɞ ȺЭ – ɫɪɟɞɫɬɜɨ ɧɟɪɚɡɪɭɲɚɸ-

ɳɟɝɨ ɤɨɧɬɪɨɥɹ ɢ ɨɰɟɧɤɢ ɦɚɬɟɪɢɚɥɨɜ, ɨɫɧɨɜɚɧɧɨɟ ɧɚ 
ɨɛɧɚɪɭɠɟɧɢɢ ɭɩɪɭɝɢɯ ɜɨɥɧ [6]. Ʌɸɛɨɣ ɞɟɮɟɤɬ ɩɪɨɢɡ-
ɜɨɞɢɬ ɫɜɨɣ ɫɨɛɫɬɜɟɧɧɵɣ ɚɤɭɫɬɢɱɟɫɤɢɣ ɫɢɝɧɚɥ, ɪɟɝɢɫɬ-
ɪɚɰɢɹ ɤɨɬɨɪɨɝɨ ɜɨɡɦɨɠɧɚ ɧɚ ɛɨɥɶɲɨɦ ɪɚɫɫɬɨɹɧɢɢ.  

Ʉ ɨɫɨɛɟɧɧɨɫɬɹɦ ɦɟɬɨɞɚ ɚɤɭɫɬɢɱɟɫɤɨɝɨ ɤɨɧɬɪɨɥɹ ɨɬɧɨ-

ɫɹɬɫɹ ɜɵɫɨɤɚɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɢ ɩɪɢɧɰɢɩɢɚɥɶɧɚɹ 
ɜɨɡɦɨɠɧɨɫɬɶ ɪɚɧɧɟɝɨ ɨɛɧɚɪɭɠɟɧɢɹ ɞɟɮɟɤɬɨɜ ɧɟɡɚɜɢ-

ɫɢɦɨ ɨɬ ɢɯ ɨɪɢɟɧɬɚɰɢɢ, ɮɨɪɦɵ ɢ ɩɨɥɨɠɟɧɢɹ, ɚ ɬɚɤɠɟ 
ɜɨɡɦɨɠɧɨɫɬɶ ɧɚɛɥɸɞɟɧɢɹ ɜ ɪɟɚɥɶɧɨɦ ɦɚɫɲɬɚɛɟ ɜɪɟ-
ɦɟɧɢ [7]. 

Ɇɟɬɨɞ ɯɨɪɨɲɨ ɡɚɪɟɤɨɦɟɧɞɨɜɚɥ ɫɟɛɹ ɩɪɢ ɢɫɩɵɬɚ-
ɧɢɹɯ ɨɛɪɚɡɰɨɜ ɢɡ ɨɥɨɜɹɧɧɨ-ɫɜɢɧɰɨɜɨɝɨ ɩɪɢɩɨɹ ɉɈɋ-61 

ɞɥɹ ɥɨɤɚɰɢɢ ɞɟɮɟɤɬɨɜ [8–10]. Ʉɪɨɦɟ ɬɨɝɨ, ɛɵɥɢ ɩɨɥɭ-
ɱɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɩɪɢɦɟɧɟɧɢɹ ɚɤɭɫɬɢɱɟɫɤɨɣ ɷɦɢɫɫɢɢ  

ɢ ɩɪɢ ɰɢɤɥɢɱɟɫɤɢɯ ɢɫɩɵɬɚɧɢɹɯ. 
ɉɪɢɦɟɧɟɧɢɟ ȺЭ ɞɥɹ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɪɚɡɪɭ-

ɲɟɧɢɹ ɦɚɬɟɪɢɚɥɚ. Ⱦɥɹ ɨɬɪɚɛɨɬɤɢ ɦɟɬɨɞɚ ȺЭ ɢ ɨɩɪɟ-
ɞɟɥɟɧɢɹ ɜɢɞɚ ɮɭɧɤɰɢɢ ɩɨɜɪɟɠɞɟɧɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ 
ɩɪɨɜɟɞɟɧɚ ɫɟɪɢɹ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɨ ɞɟɮɨɪɦɢɪɨɜɚɧɢɸ 

ɨɛɪɚɡɰɨɜ ɩɪɢɩɨɹ ɉɈɋ-61 ɜ ɜɢɞɟ ɥɨɩɚɬɨɤ ɢ ɩɪɨɜɨɥɨ-
ɱɟɤ ɢ ɨɛɪɚɡɰɨɜ ɩɥɚɬ ɫ BGA-ɤɨɪɩɭɫɚɦɢ ɫ ɪɟɝɢɫɬɪɚɰɢɟɣ 

ɚɤɭɫɬɢɱɟɫɤɢɯ ɫɢɝɧɚɥɨɜ ɭɫɬɚɧɨɜɤɨɣ ȺЭ Micro2 digital 

AE system [11]. ɉɨɥɭɱɟɧɵ ɞɢɚɝɪɚɦɦɵ ɧɚɤɨɩɥɟɧɢɹ 
ɚɤɭɫɬɢɱɟɫɤɢɯ ɫɢɝɧɚɥɨɜ ɨɬ ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɞɟɮɟɤɬɨɜ  
ɜ ɩɪɨɰɟɫɫɟ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɤɨɧɬɚɤɬɚ, ɨɩɪɟɞɟɥɟɧɚ 
ɬɨɱɧɨɫɬɶ ɦɟɬɨɞɚ, ɩɚɪɚɦɟɬɪɵ ɦɨɞɟɥɢ ɧɚɤɨɩɥɟɧɢɹ ɩɨ-
ɜɪɟɠɞɟɧɢɣ ɢ ɦɨɦɟɧɬɵ ɡɚɪɨɠɞɟɧɢɹ ɞɟɮɟɤɬɨɜ ɜ ɩɪɨɰɟɫ-
ɫɟ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ. ɇɚ ɨɫɧɨɜɚɧɢɢ ɚɧɚɥɢɡɚ 
ɪɟɡɭɥɶɬɚɬɨɜ ɩɪɨɜɟɞɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɨɫɬɪɨɟɧ 

ɝɪɚɮɢɤ ɧɚɤɨɩɥɟɧɢɹ ɚɤɭɫɬɢɱɟɫɤɢɯ ɢɦɩɭɥɶɫɨɜ (ɪɢɫ. 1), 

ɜɨɡɧɢɤɚɸɳɢɯ ɩɪɢ ɪɚɡɜɢɬɢɢ ɞɟɮɟɤɬɨɜ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ 

ɨɬ ɞɟɮɨɪɦɚɰɢɣ ɨɛɪɚɡɰɚ [12]. 

ɉɪɟɞɫɬɚɜɥɟɧɧɵɟ ɧɚ ɪɢɫ. 1 ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ 
ɤɪɢɜɵɟ ɫ ɩɨɝɪɟɲɧɨɫɬɶɸ ɧɟ ɛɨɥɟɟ 3 % ɚɩɩɪɨɤɫɢɦɢɪɭ-
ɸɬɫɹ ɫɨɨɬɧɨɲɟɧɢɟɦ 

 

 N (x) = A1·(th(A2(x – x0)) + 1),     x = ε1/2, (1) 
 

ɝɞɟ N – ɤɨɥɢɱɟɫɬɜɨ ɢɦɩɭɥɶɫɨɜ ɚɤɭɫɬɢɱɟɫɤɢɯ ɫɢɝɧɚɥɨɜ; 
ε – ɞɟɮɨɪɦɚɰɢɹ; А1, А2, ɯ0 – ɩɚɪɚɦɟɬɪɵ ɦɨɞɟɥɢ (ɞɥɹ 
ɦɚɬɟɪɢɚɥɚ ɩɪɢɩɨɹ ɩɚɪɚɦɟɬɪɵ А1 = 42,5, А2 = 12,5,  
ɯ0 = 0,26442); th – ɮɭɧɤɰɢɹ ɝɢɩɟɪɛɨɥɢɱɟɫɤɨɝɨ ɬɚɧɝɟɧɫɚ. 
ɇɚ ɪɢɫ. 1 ɜɢɞɧɨ, ɱɬɨ ɧɚɤɨɩɥɟɧɢɟ ɩɨɜɪɟɠɞɟɧɢɣ ɜ 

ɦɚɬɟɪɢɚɥɟ ɤɨɧɬɚɤɬɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɢɞɟɬ ɜ ɬɪɢ ɷɬɚɩɚ. 
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ɇɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɩɪɨɢɫɯɨɞɢɬ ɧɚɤɨɩɥɟɧɢɟ ɦɢɤɪɨɩɨ-
ɜɪɟɠɞɟɧɢɣ ɜ ɨɞɧɨɣ ɨɛɥɚɫɬɢ (ɞɨɫɬɢɝɚɟɬɫɹ ɬɨɱɤɚ ɞɟɫɬ-
ɪɭɤɰɢɢ D – ɩɪɟɞɟɥ ɬɟɤɭɱɟɫɬɢ ɦɚɬɟɪɢɚɥɚ), ɧɚ ɜɬɨɪɨɦ 
ɷɬɚɩɟ ɦɢɤɪɨɩɨɜɪɟɠɞɟɧɢɹ ɩɟɪɟɪɚɫɬɚɸɬ ɜ ɦɢɤɪɨɬɪɟɳɢ-
ɧɵ (ɨɫɧɨɜɧɚɹ ɱɚɫɬɶ ɫɨɛɵɬɢɣ ȺЭ) ɢ ɞɨɫɬɢɝɚɟɬɫɹ ɦɚɤ-
ɫɢɦɭɦ ɧɚɝɪɭɡɤɢ), ɧɚ ɬɪɟɬɶɟɦ ɷɬɚɩɟ ɨɛɪɚɡɭɟɬɫɹ ɦɚɤɪɨ-
ɬɪɟɳɢɧɚ ɢ ɤɨɥɢɱɟɫɬɜɨ ɫɨɛɵɬɢɣ ȺЭ ɨɫɬɚɟɬɫɹ ɩɪɚɤɬɢ-
ɱɟɫɤɢ ɧɟɢɡɦɟɧɧɵɦ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ 
ɦɟɬɨɞɚ ɚɤɭɫɬɢɱɟɫɤɨɣ ɷɦɢɫɫɢɢ ɞɚɟɬ ɤɨɪɪɟɤɬɧɵɟ ɪɟ-
ɡɭɥɶɬɚɬɵ ɨɛɧɚɪɭɠɟɧɢɹ ɪɨɫɬɚ ɞɟɮɟɤɬɚ (ɤɚɤ ɤɨɧɤɪɟɬɧɨ-
ɝɨ ɫɨɛɵɬɢɹ, ɬɚɤ ɢ ɡɚɜɢɫɢɦɨɫɬɶ ɤɨɥɢɱɟɫɬɜɚ ɢɦɩɭɥɶɫɨɜ 
ɨɬ ɜɪɟɦɟɧɢ) ɜɩɥɨɬɶ ɞɨ ɦɨɦɟɧɬɚ ɪɚɡɪɭɲɟɧɢɹ ɨɛɪɚɡɰɚ. 

 

 
ɚ 
 

 
ɛ 

 
Ɋɢɫ. 1. ɇɚɤɨɩɥɟɧɢɟ ȺЭ-ɢɦɩɭɥɶɫɨɜ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɞɟɮɨɪɦɚɰɢɢ ε1/2 ɞɥɹ ɨɛɪɚɡɰɨɜ ɩɪɢɩɨɹ ɜ ɜɢɞɟ ɥɨɩɚɬɨɤ (ɚ) 
ɢ ɩɪɨɜɨɥɨɤɢ (ɛ): 1 – ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ, 
 

2 – ɚɩɩɪɨɤɫɢɦɢɪɭɸɳɢɟ ɤɪɢɜɵɟ 

ȼ ɪɚɦɤɚɯ ɪɚɛɨɬɵ ɩɪɨɜɟɞɟɧɵ ɢɫɩɵɬɚɧɢɹ ɨɛɪɚɡɰɨɜ 
ɉɉ ɫ ɤɨɪɩɭɫɚɦɢ BGA. ɇɚ ɪɢɫ. 2 ɩɪɢɜɟɞɟɧɚ ɞɢɚɝɪɚɦɦɚ 
ɥɨɤɚɰɢɢ ɢɫɬɨɱɧɢɤɨɜ ȺЭ ɨɛɪɚɡɭɸɳɢɯɫɹ ɞɟɮɟɤɬɨɜ  
ɜ ɩɚɹɧɵɯ ɫɨɟɞɢɧɟɧɢɹɯ ɤɨɪɩɭɫɚ BGA ɫ Эɉ (ɪɚɡɦɟɪ Эɉ 

0,085 × 0,2 ɦ). 

ȼ ɯɨɞɟ ɪɚɛɨɬɵ ɪɚɡɪɚɛɨɬɚɧ ɫɩɨɫɨɛ ɭɬɨɱɧɟɧɢɹ ɨɩɪɟ-
ɞɟɥɟɧɢɹ ɦɟɫɬɨɩɨɥɨɠɟɧɢɹ ɞɟɮɟɤɬɚ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɦɟ-
ɬɨɞɚ ȺЭ ɩɪɢ ɩɥɨɫɤɨɫɬɧɨɣ ɥɨɤɚɰɢɢ. Ɍɨɱɧɨɫɬɶ ɫɩɨɫɨɛɚ 
ɩɨɡɜɨɥɹɟɬ ɥɨɤɚɥɢɡɨɜɚɬɶ ɞɟɮɟɤɬ ɫ ɩɨɝɪɟɲɧɨɫɬɶɸ 1 ɦɦ. 

ɇɚ ɫɬɚɧɞɚɪɬɧɨɦ ɤɨɪɩɭɫɟ ɦɢɤɪɨɱɢɩɚ ɫ ɲɚɝɨɦ 1 ɦɦ 

ɜɟɪɨɹɬɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɞɟɮɟɤɬɧɨɝɨ ɤɨɧɬɚɤɬɚ ɫɨ-
ɫɬɚɜɥɹɟɬ ɨɬ 95 %. Ʉ ɩɪɢɦɟɪɭ, ɢɫɫɥɟɞɨɜɚɬɟɥɢ ɤɨɦɩɚɧɢɢ 

Mistras ɢ Cisco (ɪɚɡɪɚɛɨɬɱɢɤɢ ɚɩɩɚɪɚɬɭɪɵ ɚɤɭɫɬɢɱɟ-
ɫɤɨɣ ɷɦɢɫɫɢɢ) ɞɨɫɬɢɝɥɢ ɬɨɱɧɨɫɬɢ ɥɨɤɚɥɢɡɚɰɢɢ ɞɟɮɟɤ-
ɬɚ ɧɚ ɤɨɪɩɭɫɚɯ BGA ɫ ɩɨɝɪɟɲɧɨɫɬɶɸ 5 ɦɦ [13–15].  

ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɪɨɜɟɞɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɨ-
ɫɬɪɨɟɧɚ ɦɨɞɟɥɶ ɧɚɤɨɩɥɟɧɢɹ ɩɨɜɪɟɠɞɟɧɢɣ (Ɇɇɉ) ɢɫ-
ɫɥɟɞɭɟɦɨɝɨ ɨɛɴɟɤɬɚ (ɩɚɹɧɵɟ ɤɨɧɬɚɤɬɧɵɟ ɫɨɟɞɢɧɟɧɢɹ 
ɤɨɪɩɭɫɚ ɱɢɩɚ ɉɉ ɊЭȺ), ɤɨɬɨɪɚɹ ɚɞɟɤɜɚɬɧɨ ɨɬɪɚɠɚɟɬ 
ɫɜɨɣɫɬɜɚ ɫ ɩɨɝɪɟɲɧɨɫɬɶɸ, ɧɟ ɩɪɟɜɵɲɚɸɳɟɣ 3 %.  

ɉɨɥɭɱɟɧɧɚɹ Ɇɇɉ ɨɛɟɫɩɟɱɢɜɚɟɬ ɬɨɱɧɨɫɬɶ ɩɪɨɝɧɨɡɢɪɨ-
ɜɚɧɢɹ ɨɫɬɚɜɲɟɝɨɫɹ ɪɟɫɭɪɫɚ ɠɢɡɧɢ ɨɬ ɩɥɚɧɢɪɭɟɦɨɝɨ 
ɫɪɨɤɚ ɷɤɫɩɥɭɚɬɚɰɢɢ ɫ ɩɨɝɪɟɲɧɨɫɬɶɸ ɧɟ ɛɨɥɟɟ 9 % ɢ 

ɨɬɨɛɪɚɠɚɟɬ ɩɨɜɟɞɟɧɢɟ ɞɚɧɧɨɝɨ ɨɛɴɟɤɬɚ ɧɟ ɦɟɧɟɟ ɱɟɦ 

80 % ɨɬ ɩɥɚɧɢɪɭɟɦɨɝɨ ɫɪɨɤɚ ɷɤɫɩɥɭɚɬɚɰɢɢ. 

Ɂɚɤɥɸɱɟɧɢɟ. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɩɪɨɜɟɞɟɧɧɨɝɨ ɢɫɫɥɟ-
ɞɨɜɚɧɢɹ ɜɵɹɜɥɟɧɨ, ɱɬɨ ɦɟɬɨɞ ɚɤɭɫɬɢɤɨ-ɷɦɢɫɫɢɨɧɧɨɝɨ 
ɤɨɧɬɪɨɥɹ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɹɬɶ ɦɟɫɬɨɩɨɥɨɠɟɧɢɟ ɪɚɡ-
ɜɢɜɚɸɳɢɯɫɹ ɞɟɮɟɤɬɨɜ ɢ ɫɬɟɩɟɧɶ ɢɯ ɨɩɚɫɧɨɫɬɢ ɞɥɹ 
ɰɟɥɨɫɬɧɨɫɬɢ ɩɚɹɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ, ɬɟɦ ɫɚɦɵɦ ɨɝɪɚɧɢ-

ɱɢɜɚɹ ɨɛɥɚɫɬɶ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɫɨɤɪɚɳɚɹ ɜɪɟɦɟɧɧɵɟ 
ɡɚɬɪɚɬɵ ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɦɟɬɨɞɚ ɪɟɧɬɝɟɧɨɜɫɤɨɣ ɬɨɦɨ-
ɝɪɚɮɢɢ, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɨɝɨ ɭɬɨɱɧɹɟɬɫɹ ɥɨɤɚɰɢɹ ɢ 

ɝɟɨɦɟɬɪɢɹ ɞɟɮɟɤɬɚ.    
ɋɨɜɦɟɫɬɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɦɟɬɨɞɚ ɪɟɧɬɝɟɧɨɜɫɤɨɣ 

ɬɨɦɨɝɪɚɮɢɢ ɢ ɦɟɬɨɞɚ ɚɤɭɫɬɢɤɨ-ɷɦɢɫɫɢɨɧɧɨɝɨ ɤɨɧɬɪɨ-
ɥɹ ɩɨɡɜɨɥɢɬ ɤɚɤ ɧɚ ɷɬɚɩɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɨɬɪɚɛɨɬɤɢ, 

ɬɚɤ ɩɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ Эɉ ɫ ɜɵɫɨɤɨɣ ɜɟɪɨɹɬɧɨɫɬɶɸ 

ɜɵɹɜɥɹɬɶ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɞɟɮɟɤɬɵ ɢ ɩɪɨɝɧɨɡɢɪɨ-
ɜɚɬɶ ɫɪɨɤ ɢɯ ɧɚɞɟɠɧɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ. 

 

 

 
 

Ɋɢɫ. 2. Ⱦɢɚɝɪɚɦɦɚ ɥɨɤɚɰɢɢ ɢɫɬɨɱɧɢɤɨɜ ȺЭ: 

● – ɞɚɬɱɢɤ (ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ȺЭ); ■ – ɢɫɬɨɱɧɢɤɢ ȺЭ 
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