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ɉɊɈȼɈȾəɓȿȿ ɉɈɄɊɕɌɂȿ ɆɂɄɊɈɋȻɈɊɄɂ, ɂɁȽɈɌɈȼɅȿɇɇɈɃ 
ɉɈ ɌȿɏɇɈɅɈȽɂɂ 3D ɂɇɌȿȽɊȺɐɂɂ 

Ɇɚɬɜɟɟɜ ȼɢɤɬɨɪ Ɇɢɯɚɣɥɨɜɢɱ,  
Ʌɢɬɜɢɧɟɧɤɨ Ɋɨɦɚɧ ɋɟɪɝɟɟɜɢɱ, 

ɢɧɠɟɧɟɪɵ, ɇɉɄ “Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɰɟɧɬɪ”, Ɇɨɫɤɜɚ 

ȺɇɇɈɌȺɐɂə 

ȼ ɫɬɚɬɶɟ ɨɩɢɫɵɜɚɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɩɪɨɜɨɞɹɳɟɝɨ ɩɨɤɪɵɬɢɹ ɞɥɹ ɦɢɤɪɨɦɨɞɭɥɟɣ ɧɚ ɨɫɧɨɜɟ ɧɨɜɨɣ 
ɬɟɯɧɨɥɨɝɢɢ 3D ɢɧɬɟɝɪɚɰɢɢ. Ɍɟɯɧɨɥɨɝɢɹ ɩɨɡɜɨɥɹɟɬ ɢɡɝɨɬɚɜɥɢɜɚɬɶ ɦɨɞɭɥɢ ɫ ɦɟɧɶɲɟɣ ɡɚɧɢɦɚɟɦɨɣ 
ɩɥɨɳɚɞɶɸ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɥɚɧɚɪɧɨɣ ɬɟɯɧɨɥɨɝɢɟɣ. Ʉɪɨɦɟ ɬɨɝɨ, ɬɟɯɧɨɥɨɝɢɹ 3D ɫɩɨɫɨɛɧɚ ɫɨɱɟɬɚɬɶ ɜ 
ɫɟɛɟ ɩɪɟɢɦɭɳɟɫɬɜɚ ɫɭɳɟɫɬɜɭɸɳɢɯ ɫɬɚɧɞɚɪɬɧɵɯ ɬɟɯɧɨɥɨɝɢɣ. Ʉɨɦɩɨɧɟɧɬɵ ɭɫɬɪɨɣɫɬɜɚ ɝɪɭɩɩɢɪɭɸɬɫɹ ɜ 
ɫɬɟɤɢ, ɨɛɪɚɡɭɹ ɦɧɨɝɨɭɪɨɜɧɟɜɭɸ ɫɛɨɪɤɭ. Ⱥɝɪɟɝɚɬ ɩɨɥɢɬ ɫ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɣ ɫɦɟɫɶɸ ɞɥɹ ɦɟɯɚɧɢɱɟɫɤɢ 
ɩɪɟɞɨɯɪɚɧɟɧɢɹ. ɋɬɟɤɢ ɫɨɟɞɢɧɹɸɬɫɹ ɱɟɪɟɡ ɬɨɤɨɩɪɨɜɨɞɹɳɢɟ ɞɨɪɨɠɤɢ, ɨɛɪɚɡɨɜɚɧɧɵɟ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ 
ɦɨɞɭɥɹ. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɬɨɤɨɩɪɨɜɨɞɹɳɟɟ ɩɨɤɪɵɬɢɟ ɜɵɩɨɥɧɟɧɨ ɢɡ ɧɢɤɟɥɹ. ȼɚɠɧɟɣɲɢɦɢ ɚɫɩɟɤɬɚɦɢ 
ɦɟɬɚɥɥɢɡɚɰɢɢ ɹɜɥɹɸɬɫɹ ɫɨɫɬɚɜ ɪɚɫɬɜɨɪɚ ɢ ɤɚɱɟɫɬɜɨ ɩɨɜɟɪɯɧɨɫɬɢ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: 3D ɢɧɬɟɝɪɚɰɢɹ; ɬɨɤɨɩɪɨɜɨɞɹɳɟɟ ɩɨɤɪɵɬɢɟ; ɦɢɤɪɨɫɛɨɪɤɚ. 

 

CONDUCTIVE COATING OF THE MICROASSEMBLY MADE BY 3D 

INTEGRATION TECHNOLOGY 

Matveev V.M., 

Litvinenko R.S., 

EnРТnООrs, SMC “TОМСnoloРТМКl МОntОr”, MosМoа 

ABSTRACT 

The article describes the development of conductive coating for micromodules based on the new 3D 

integration technology. The technology allows to manufacture modules with reduced occupied area compared 

to planar technology. Besides the 3D technology is able to combine advantages of existing standard 

technologies. Device components are grouped in stacks to form a multi-level assembly. The assembly is 

poured with specialized compound for mechanical protection. Stacks are connected via conductive tracks 

formed on the surface of the module. The experimental conductive coating is made from nickel. Critical 

aspects of metal plating are solution composition and surface quality. 

Keywords: 3D integration; conductive coating; microassembly. 
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ȼɜɟɞɟɧɢɟ 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɨɣ ɨɫɬɚɟɬɫɹ ɬɪɚɞɢɰɢɨɧɧɚɹ ɩɥɚɧɚɪɧɚɹ 
ɬɟɯɧɨɥɨɝɢɹ, ɨɫɧɨɜɚɧɧɚɹ ɧɚ ɪɚɡɦɟɳɟɧɢɢ ɨɬɞɟɥɶɧɵɯ ɦɢɤɪɨɫɯɟɦ ɢɥɢ ɞɪɭɝɢɯ ɷɥɟɤɬɪɨɧɧɵɯ 
ɤɨɦɩɨɧɟɧɬɨɜ ɧɚ ɩɟɱɚɬɧɵɯ ɩɥɚɬɚɯ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɫɨɜɪɟɦɟɧɧɵɟ ɭɫɥɨɜɢɹ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɪɢ-
ɛɨɪɨɜ ɬɪɟɛɭɸɬ ɩɨɫɬɨɹɧɧɨɣ ɦɢɧɢɚɬɸɪɢɡɚɰɢɢ. 3D ɬɟɯɧɨɥɨɝɢɢ Д1,2Ж ɬɢɩɚ LTCC (ɧɢɡɤɨɬɟɦ-
ɩɟɪɚɬɭɪɧɚɹ ɤɟɪɚɦɢɤɚ), SoC (ɫɢɫɬɟɦɚ ɧɚ ɤɪɢɫɬɚɥɥɟ), 3D-MID (ɬɪɟɯɦɟɪɧɨɟ ɮɨɪɦɨɜɚɧɧɨɟ 
ɦɟɠɫɨɟɞɢɧɢɬɟɥɶɧɨɟ ɭɫɬɪɨɣɫɬɜɨ) ɩɨɡɜɨɥɹɸɬ ɡɧɚɱɢɬɟɥɶɧɨ ɭɦɟɧɶɲɢɬɶ ɝɚɛɚɪɢɬɵ ɤɨɧɟɱɧɨɝɨ 
ɭɫɬɪɨɣɫɬɜɚ, ɧɨ ɡɚɱɚɫɬɭɸ ɧɟɰɟɥɟɫɨɨɛɪɚɡɧɵ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɮɢɧɚɧɫɨɜɵɯ ɢ ɜɪɟɦɟɧɧɵɯ ɡɚ-
ɬɪɚɬ. Ɉɞɧɚɤɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɢɧɬɟɝɪɚɰɢɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɞɥɹ ɨɬɞɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ, 
ɧɚɩɪɢɦɟɪ, ɦɨɞɭɥɟɣ ɩɚɦɹɬɢ ɢɥɢ ɩɟɪɟɞɚɬɱɢɤɚ, ɹɜɥɹɟɬɫɹ ɪɚɡɭɦɧɵɦ ɩɨɞɯɨɞɨɦ Д3Ж. 

Ɍɟɯɧɨɥɨɝɢɹ 3D ɢɧɬɟɝɪɚɰɢɢ, ɪɚɡɪɚɛɨɬɚɧɧɚɹ ɜ ɇɉɄ "Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɰɟɧɬɪ", ɩɨɡɜɨ-
ɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɬɪɚɞɢɰɢɨɧɧɵɟ ɩɥɨɫɤɢɟ ɩɟɱɚɬɧɵɟ ɩɥɚɬɵ ɢ ɨɛɴɟɞɢɧɹɬɶ ɢɯ ɜ ɦɧɨɝɨɭɪɨɜ-
ɧɟɜɭɸ ɦɢɤɪɨɫɛɨɪɤɭ. 

Ɇɟɬɨɞɵ 

Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɬɟɯɧɨɥɨɝɢɹ ɨɫɧɨɜɚɧɚ ɧɚ ɪɚɡɞɟɥɟɧɢɢ ɤɨɧɫɬɪɭɤɰɢɢ ɭɫɬɪɨɣɫɬɜɚ ɧɚ ɨɬ-
ɞɟɥɶɧɵɟ ɷɥɟɦɟɧɬɵ (ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɨɞɥɨɠɤɢ) ɞɥɹ ɢɯ ɫɛɨɪɤɢ ɢ ɩɨɫɥɟɞɭɸɳɟɣ ɝɟɪɦɟɬɢɡɚ-
ɰɢɢ ɤɨɦɩɚɭɧɞɨɦ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɦɟɯɚɧɢɱɟɫɤɨɣ ɩɪɨɱɧɨɫɬɢ ɦɢɤɪɨɦɨɞɭɥɹ. Ɉɫɧɨɜɧɚɹ ɢɞɟɹ 
ɬɟɯɧɨɥɨɝɢɢ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɨɡɞɚɧɢɢ ɦɟɠɫɬɟɤɨɜɵɯ ɤɨɦɦɭɬɚɰɢɣ (ɦɟɠɫɨɟɞɢɧɟɧɢɣ ɦɟɠɞɭ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ ɩɨɞɥɨɠɤɚɦɢ) ɧɚ ɛɨɤɨɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɦɢɤɪɨɦɨɞɭɥɹ ɩɭɬɟɦ ɧɚɧɟɫɟɧɢɹ 
ɧɚ ɦɢɤɪɨɦɨɞɭɥɶ ɩɪɨɜɨɞɹɳɟɝɨ ɦɟɬɚɥɥɚ ɢ ɩɨɫɥɟɞɭɸɳɟɝɨ ɮɨɪɦɢɪɨɜɚɧɢɹ ɬɨɩɨɥɨɝɢɱɟɫɤɨɝɨ 
ɪɢɫɭɧɤɚ Д4,5Ж.  

Ɉɫɧɨɜɧɵɦ ɩɪɟɢɦɭɳɟɫɬɜɨɦ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɬɪɟɯɦɟɪɧɨɣ ɢɧɬɟɝɪɚɰɢɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɚɧɚɥɨɝɢɱɧɵɦɢ ɦɟɬɨɞɚɦɢ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɬɟɯɧɨɥɨɝɢɹ ɨɫɧɨɜɚɧɚ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɬɟɤɫɬɨ-
ɥɢɬɨɜɵɯ ɩɟɱɚɬɧɵɯ ɩɥɚɬ ɢ ɫɬɚɧɞɚɪɬɧɨɣ ɷɥɟɤɬɪɨɧɧɨɣ ɤɨɦɩɨɧɟɧɬɧɨɣ ɛɚɡɵ, ɢɡɝɨɬɨɜɥɟɧɧɨɣ ɩɨ 
ɩɪɨɜɟɪɟɧɧɵɦ ɬɟɯɧɨɥɨɝɢɹɦ. ɗɬɨ ɡɧɚɱɢɬɟɥɶɧɨ ɭɩɪɨɳɚɟɬ ɫɨɡɞɚɧɢɟ ɬɢɩɢɱɧɵɯ ɦɢɤɪɨɦɨɞɭɥɟɣ. 
Ʉɪɨɦɟ ɬɨɝɨ, ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɣ ɩɪɨɰɟɫɫ ɧɟ ɬɪɟɛɭɟɬ ɩɪɢɦɟɧɟɧɢɹ ɫɩɟɰɢɮɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚ-
ɥɨɜ ɢɥɢ ɭɧɢɤɚɥɶɧɨɝɨ ɞɨɪɨɝɨɫɬɨɹɳɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. Ɍɟɯɧɨɥɨɝɢɹ ɨɫɧɨɜɚɧɚ ɧɚ ɢɫɩɨɥɶɡɨɜɚ-
ɧɢɢ ɭɠɟ ɢɡɜɟɫɬɧɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ. 

Ʉɨɧɫɬɪɭɤɰɢɹ ɡɚɩɨɥɧɟɧɚ ɫɩɟɰɢɚɥɶɧɵɦ ɫɨɫɬɚɜɨɦ, ɤɨɬɨɪɵɣ ɫɥɭɠɢɬ ɦɟɯɚɧɢɱɟɫɤɨɣ ɡɚ-
ɳɢɬɨɣ, ɢ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɨɣ ɞɥɹ ɨɛɪɚɡɨɜɚɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɦɟɠɞɭ ɲɬɚɛɟɥɹɦɢ. 
Ⱦɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɦɟɠɫɨɟɞɢɧɟɧɢɣ ɦɨɞɭɥɶ ɩɨɤɪɵɜɚɟɬɫɹ ɫɥɨɟɦ ɦɟɬɚɥɥɚ, ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɧɢɤɟɥɶ. ɇɢɤɟɥɶ ɨɛɥɚɞɚɟɬ ɧɟɨɛɯɨɞɢɦɨɣ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶɸ, ɚ ɬɚɤɠɟ ɫɨɡɞɚ-
ɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ ɡɚɳɢɬɭ ɦɨɞɭɥɹ ɨɬ ɜɨɡɞɟɣɫɬɜɢɹ ɜɧɟɲɧɟɣ ɫɪɟɞɵ Д6Ж. 

ɂɫɫɥɟɞɨɜɚɧɵ ɜɚɪɢɚɧɬɵ ɧɢɤɟɥɢɪɨɜɚɧɢɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɢɫɥɵɯ ɢ ɳɟɥɨɱɧɵɯ ɪɚɫ-
ɬɜɨɪɨɜ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɤɢɫɥɵɟ ɪɚɫɬɜɨɪɵ, ɬɪɟɛɭɸɳɢɟ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɨɛɪɚɛɨɬɤɢ 
(90°ɋ ɢ ɜɵɲɟ), ɪɚɫɬɜɨɪɹɸɬ ɫɨɟɞɢɧɟɧɢɟ ɨɛɪɚɡɰɨɜ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɞɥɹ ɧɢɤɟɥɢɪɨɜɚɧɢɹ ɛɵɥ 
ɜɵɛɪɚɧ ɳɟɥɨɱɧɨɣ ɪɚɫɬɜɨɪ. Ɍɟɦɩɟɪɚɬɭɪɚ ɩɪɨɰɟɫɫɚ 40°C.  

Ȼɵɥɨ ɨɬɦɟɱɟɧɨ, ɱɬɨ ɨɛɪɚɡɰɵ ɩɨɫɥɟ 40 ɦɢɧɭɬ ɧɢɤɟɥɢɪɨɜɚɧɢɹ ɢɦɟɥɢ ɪɚɜɧɨɦɟɪɧɨɟ ɧɢ-
ɤɟɥɟɜɨɟ ɩɨɤɪɵɬɢɟ, ɧɚɛɥɸɞɚɥɫɹ ɩɟɪɥɚɦɭɬɪɨɜɵɣ ɛɥɟɫɤ. ɑɟɪɟɡ 80 ɦɢɧɭɬ ɩɨɤɪɵɬɢɟ ɫɬɚɥɨ ɨɞ-
ɧɨɪɨɞɧɵɦ, ɩɟɪɥɚɦɭɬɪɨɜɨɝɨ ɛɥɟɫɤɚ ɧɟ ɨɛɧɚɪɭɠɢɥɨɫɶ, ɩɨɹɜɢɥɫɹ ɛɥɟɫɤ, ɯɚɪɚɤɬɟɪɧɵɣ ɞɥɹ ɦɟ-
ɬɚɥɥɢɱɟɫɤɢɯ ɩɨɤɪɵɬɢɣ.   Ɍɨɥɳɢɧɚ ɫɥɨɹ Ni ɩɪɢɧɢɦɚɟɬ ɡɧɚɱɟɧɢɹ 2,5-2,9 ɦɤɦ. 

ɉɨɫɥɟ ɧɢɤɟɥɢɪɨɜɚɧɢɹ ɩɪɨɜɨɞɢɥɢ ɬɟɪɦɨɰɢɤɥɢɪɨɜɚɧɢɟ. Ɉɛɪɚɡɰɵ ɩɨɦɟɳɚɥɢ ɜ ɬɟɪɦɨ-
ɤɚɦɟɪɭ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ 10 ɰɢɤɥɨɜ ɜ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ (-40°C ÷ 125°C ). Ɂɚɬɟɦ ɛɵɥɚ 
ɢɡɭɱɟɧɚ ɦɨɪɮɨɥɨɝɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɩɪɨɜɨɞɹɳɟɝɨ ɩɨɤɪɵɬɢɹ. ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɫ 
ɩɨɦɨɳɶɸ ɫɤɚɧɢɪɭɸɳɟɝɨ ɷɥɟɤɬɪɨɧɧɨɝɨ ɦɢɤɪɨɫɤɨɩɚ ɫ ɫɮɨɤɭɫɢɪɨɜɚɧɧɵɦ ɩɭɱɤɨɦ ɢɨɧɨɜ 
FEI. Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɚɯ 1-2. 
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Ɋɢɫɭɧɨɤ 1 – Ɇɨɪɮɨɥɨɝɢɹ ɩɪɨɜɨɞɹɳɟɝɨ ɩɨɤɪɵɬɢɹ, ɦɚɫɲɬɚɛ 350ɏ 

 

Ɋɢɫɭɧɨɤ 2 – Ɇɨɪɮɨɥɨɝɢɹ ɩɪɨɜɨɞɹɳɟɝɨ ɩɨɤɪɵɬɢɹ, ɦɚɫɲɬɚɛ 1500ɏ 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɩɪɨɜɨɞɹɳɟɟ ɩɨɤɪɵɬɢɟ ɦɢɤɪɨɫɛɨɪɤɢ ɢɦɟɟɬ ɨɞɧɨɪɨɞɧɭɸ 
ɫɬɪɭɤɬɭɪɭ. Ɋɚɡɦɟɪ ɩɭɫɬɨɬ ɜɧɭɬɪɢ ɩɨɤɪɵɬɢɹ ɧɟ ɩɪɟɜɵɲɚɟɬ 1-2 ɦɤɦ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɫɞɟɥɚɬɶ 
ɜɵɜɨɞ ɨ ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɢ ɤɚɱɟɫɬɜɚ ɩɨɤɪɵɬɢɹ ɢ ɫɬɨɣɤɨɫɬɢ ɦɚɬɟɪɢɚɥɚ ɤ ɜɧɟɲɧɢɦ ɮɚɤɬɨɪɚɦ. 

ȼɵɜɨɞɵ 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɚɡɪɚɛɨɬɚɧ ɩɪɨɰɟɫɫ ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɪɨɜɨɞɹɳɟɝɨ ɩɨɤɪɵɬɢɹ ɧɚ ɩɨ-
ɜɟɪɯɧɨɫɬɢ ɦɢɤɪɨɫɛɨɪɨɤ, ɜɵɩɨɥɧɟɧɧɵɯ ɩɨ ɬɟɯɧɨɥɨɝɢɢ 3D ɢɧɬɟɝɪɚɰɢɢ. ɓɟɥɨɱɧɨɣ ɪɚɫɬɜɨɪ 
ɛɵɥ ɜɵɛɪɚɧ ɞɥɹ ɧɢɤɟɥɢɪɨɜɚɧɢɹ, ɩɨɫɤɨɥɶɤɭ ɨɧ ɧɟ ɬɪɟɛɭɟɬ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɞɥɹ ɩɪɨ-
ɰɟɫɫɚ ɢ ɧɟ ɪɚɫɬɜɨɪɹɟɬ ɫɨɟɞɢɧɟɧɢɟ ɨɛɪɚɡɰɨɜ. Ɍɨɥɳɢɧɚ ɫɥɨɹ NТ ɩɪɢɧɢɦɚɟɬ ɡɧɚɱɟɧɢɹ 2,5-2,9 

ɦɤɦ. ɉɪɨɜɨɞɹɳɢɣ ɫɥɨɣ ɩɨɡɜɨɥɹɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶ ɧɟɨɛɯɨɞɢɦɵɟ ɫɨɟɞɢɧɟɧɢɹ ɦɟɠɞɭ ɫɬɟɤɚɦɢ 
ɦɢɤɪɨɫɛɨɪɨɤ. ȼ ɯɨɞɟ ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɤɚɱɟɫɬɜɨ ɩɨɜɟɪɯɧɨɫɬɢ ɹɜɥɹɟɬɫɹ 
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ɨɩɪɟɞɟɥɹɸɳɢɦ ɮɚɤɬɨɪɨɦ ɚɞɝɟɡɢɢ ɧɢɤɟɥɹ. Ⱦɚɥɶɧɟɣɲɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɭɞɭɬ ɧɚɩɪɚɜɥɟɧɵ ɧɚ 
ɭɬɨɱɧɟɧɢɟ ɩɪɨɰɟɫɫɚ ɩɨɞɝɨɬɨɜɤɢ ɩɨɜɟɪɯɧɨɫɬɢ ɤɨɦɩɚɭɧɞɚ ɩɟɪɟɞ ɧɢɤɟɥɢɪɨɜɚɧɢɟɦ ɢ ɪɚɡɪɚ-
ɛɨɬɤɭ ɩɪɨɰɟɫɫɚ ɮɢɧɢɲɧɨɝɨ ɡɨɥɨɱɟɧɢɹ. Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ Ɇɢ-
ɧɢɫɬɟɪɫɬɜɚ ɨɛɪɚɡɨɜɚɧɢɹ ɢ ɧɚɭɤɢ ɊɎ ɩɨ ɞɨɝɨɜɨɪɭ № 14.574.21.0155 (ɭɧɢɤɚɥɶɧɵɣ ɢɞɟɧɬɢ-
ɮɢɤɚɬɨɪ ɩɪɢɤɥɚɞɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ RFMEFI57417Б0155). 
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ɍȾɄ 519 

ɈȻɊȺȻɈɌɄȺ ɂɁɈȻɊȺɀȿɇɂɃ ɋ ɂɋɉɈɅɖɁɈȼȺɇɂȿɆ ɌȿɈɊɂɂ  
ɇȿɑȿɌɄɂɏ ɆɇɈɀȿɋɌȼ 

Ɍɚɜɛɨɟɜ ɋɢɪɨɠɢɞɞɢɧ Ⱥɯɛɭɬɚɟɜɢɱ,  
ɤɚɧɞ.ɬɟɯ.ɧɚɭɤ., ɞɨɰɟɧɬ Ⱦɠɢɡɚɤɫɤɨɝɨ ɩɨɥɢɬɟɯɧɢɱɟɫɤɨɝɨ ɢɧɫɬɢɬɭɬɚ, Ⱦɠɢɡɚɤ, 

ɍɡɛɟɤɢɫɬɚɧ 

ɂɫɤɚɧɞɚɪɨɜɚ Ɂɢёɞɚ Ⱥɛɞɭɦɚɠɢɞɨɜɧɚ, 
ɩɪɟɩɨɞɚɜɚɬɟɥɶ Ⱦɠɢɡɚɤɫɤɨɝɨ ɩɨɥɢɬɟɯɧɢɱɟɫɤɨɝɨ ɢɧɫɬɢɬɭɬɚ, Ⱦɠɢɡɚɤ, ɍɡɛɟɤɢɫɬɚɧ 

ȺɇɇɈɌȺɐɂə 

ȼ ɪɚɛɨɬɟ ɜɟɞɟɧɨ ɚɥɝɨɪɢɬɦɵ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɨɛɪɚɛɨɬɤɢ ɢɡɨɛɪɚɠɟɧɢɣ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɬɟɨɪɢɢ 
ɧɟɱɟɬɤɢɯ ɦɧɨɠɟɫɬɜ. ɉɪɢ ɷɬɨɦ ɨɫɧɨɜɧɨɟ ɜɧɢɦɚɧɢɟ ɭɞɟɥɟɧɨ ɤ ɡɚɞɚɱɟ ɩɨɜɵɲɟɧɢɹ ɤɨɧɬɪɚɫɬɨɜ 
ɢɡɨɛɪɚɠɟɧɢɣ. Ɋɟɡɭɥɶɬɚɬɵ ɩɪɨɜɟɞёɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ ɷɬɨɦɭ ɧɚɩɪɚɜɥɟɧɢɸ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɦɟɬɨɞɵ 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɨɛɪɚɛɨɬɤɢ ɢɡɨɛɪɚɠɟɧɢɣ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɬɟɨɪɢɢ ɧɟɱɟɬɤɢɯ ɦɧɨɠɟɫɬɜ, ɩɨɡɜɨɥɹɸɬ 
ɩɨɥɭɱɢɬɶ ɞɨɫɬɚɬɨɱɧɨ ɫɛɚɥɚɧɫɢɪɨɜɚɧɧɵɟ ɢɡɨɛɪɚɠɟɧɢɹ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɢɡɨɛɪɚɠɟɧɢɹ; ɤɚɱɟɫɬɜɚ; ɨɛɪɚɛɨɬɤɚ; ɧɟɱɟɬɤɢɟ ɦɧɨɠɟɫɬɜɚ; ɧɟɱɟɬɤɚɹ ɥɨɝɢɤɚ. 
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