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Иɫɩɨɥɶɡɨваɧɢɟ аɞɞɢɬɢвɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɩɪɨɢɡвɨɞɫɬва ɞɟɬаɥɟɣ – ɨɞɢɧ ɢɡ ɝɥавɧɵɯ 
ɬɪɟɧɞɨв ɩɨɫɥɟɞɧɢɯ ɥɟɬ в ɫɮɟɪɟ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɩɪɨɢɡвɨɞɫɬва. ɉɪɢɦɟɧɟɧɢɟ ɬɟɯɧɨɥɨɝɢɢ 
«ɩɨɫɥɨɣɧɨɝɨ вɵɪаɳɢваɧɢɹ» ɨɛɟɫɩɟɱɢваɟɬ ɷɤɨɧɨɦɢɸ ɦаɬɟɪɢаɥɨв, ɡɧаɱɢɬɟɥɶɧɨɟ ɫɨɤɪаɳɟ-
ɧɢɟ ɬɪɭɞɨɟɦɤɨɫɬɢ ɢ ɩɨɡвɨɥɹɟɬ ɫɨɡɞаваɬɶ ɞɟɬаɥɢ ɥɸɛɵɯ ɫɥɨɠɧɨɫɬɢ ɢ ɤɨɧɮɢɝɭɪаɰɢɢ.  

Ⱦɥɹ ɫɧɢɠɟɧɢɹ ɡɧаɱɟɧɢɣ ɲɟɪɨɯɨваɬɨɫɬɢ ɩɨвɟɪɯɧɨɫɬɢ ɞɟɬаɥɟɣ, ɢɡɝɨɬɨвɥɟɧɧɵɯ ɩɨ аɞ-
ɞɢɬɢвɧɨɣ ɬɟɯɧɨɥɨɝɢɢ, авɬɨɪаɦɢ ɩɪɟɞɥɨɠɟɧ ɦɟɬɨɞ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɨɛɪаɛɨɬɤɢ в ɤɢɫ-
ɥɨɬɧɵɯ ɷɥɟɤɬɪɨɥɢɬаɯ, ɩɨɡвɨɥɹɸɳɢɣ ɞɨɛɢɬɶɫɹ ɫɧɢɠɟɧɢɹ ɡɧаɱɟɧɢɣ ɲɟɪɨɯɨваɬɨɫɬɢ ɩɨ-
вɟɪɯɧɨɫɬɢ ɛɨɥɟɟ ɱɟɦ в 5 ɪаɡ, ɩɨ ɫɪавɧɟɧɢɸ ɫ ɢɫɯɨɞɧɨɣ, ɢ ɨɛɪаɛаɬɵваɬɶ ɞɟɬаɥɢ ɥɸɛɵɯ 
ɫɥɨɠɧɨɫɬɢ ɢ ɤɨɧɮɢɝɭɪаɰɢɢ.  

Ключевые слова: аɞɞɢɬɢвɧɨɟ ɩɪɨɢɡвɨɞɫɬвɨ, ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤаɹ ɨɛɪаɛɨɬɤа, ɩɨɥɢɪɨ-
ваɧɢɟ, ɠаɪɨɩɪɨɱɧɵɣ ɧɢɤɟɥɟвɵɣ ɫɩɥав, ɨɛɪаɛɨɬɤа ɩɨвɟɪɯɧɨɫɬɢ, ɲɟɪɨɯɨваɬɨɫɬɶ ɩɨвɟɪɯ-
ɧɨɫɬɢ. 

 
A.A. Nikiforov1, S.A. Demin1, K.M. Khmeleva1 
 
ELECTROCHEMICAL  TREATMENT  OF  PARTS  OBTAINED  
BY  SELECTIVE  LASER  FUSION 
 

The use of additive technologies for the production of parts is one of the main trends in re-
cent years in the field of industrial production. Application oП the technoloРв oП «laвer-by-layer 
РroаinР» proviНes savinРs in materials, a siРniПicant reНuction in laЛor intensitв, anН alloаs 
you to create parts of any complexity and configuration. 

To reduce the surface roughness values of parts manufactured using additive technology, the 
authors proposed a method of electrochemical treatment in acid electrolytes, which makes it 
possible to achieve a decrease in surface roughness values by more than 5 times compared to 
the original one, and to process parts of any complexity and configuration. 

Keywords: additive manufacturing, electrochemical machining, polishing, high-temperature 
nickel alloy, surface treatment, surface roughness. 

 
1Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɭɧɢɬɚɪɧɨɟ ɩɪɟɞɩɪɢɹɬɢɟ «ȼɫɟɪɨɫɫɢɣɫɤɢɣ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ 
ɢɧɫɬɢɬɭɬ ɚɜɢɚɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ» Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɧɚɭɱɧɵɣ ɰɟɧɬɪ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ [Federal 
State Unitary Enterprise «AХХ-Russian Scientific Research Institute of AvТКЭТШЧ MКЭОrТКХs» State Research 
Center of the Russian Federation]; e-mail: admin@viam.ru 

 
ȼвɟɞɟɧиɟ 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ ɤɚɱɟɫɬɜɟ ɩɪɢɨɪɢɬɟɬɨɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɪɚɡɜɢɬɢɹ ɜɫɟ 
ɛɨɥɶɲɟ ɩɪɟɞɥɚɝɚɸɬɫɹ ɩɟɪɫɩɟɤɬɢɜɧɵɟ ɬɟɯɧɨɥɨɝɢɢ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɲɢɪɨɤɨɦ ɩɪɢɦɟɧɟɧɢɢ 
ɧɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɢ ɝɥɭɛɨɤɨɣ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɩɪɨɢɡɜɨɞ-
ɫɬɜɟɧɧɵɯ ɩɪɨɰɟɫɫɨɜ Д1Ж.  

Ɍɟɯɧɨɥɨɝɢɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɞɟɬɚɥɟɣ ɦɟɬɨɞɨɦ ɩɪɹɦɨɝɨ ɢɥɢ ɫɟɥɟɤɬɢɜɧɨɝɨ ɥɚɡɟɪɧɨɝɨ 
ɫɩɥɚɜɥɟɧɢɹ (ɋɅɋ) ɨɛɟɫɩɟɱɢɜɚɸɬ ɩɨɥɭɱɟɧɢɟ ɞɟɬɚɥɢ ɢɥɢ ɡɚɝɨɬɨɜɤɢ ɜ ɨɞɧɭ ɫɬɚɞɢɸ ɢɧɧɨ-
ɜɚɰɢɨɧɧɨɣ (ɨɪɢɝɢɧɚɥɶɧɨɣ) ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɮɨɪɦɵ ɫɨ ɫɥɨɠɧɨɣ ɤɨɧɮɢɝɭɪɚɰɢɟɣ ɢ ɧɚɥɢ-
ɱɢɟɦ ɜɧɭɬɪɟɧɧɢɯ ɬɪɭɞɧɨɞɨɫɬɭɩɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ Д2Ж.  
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ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɷɤɨɧɨɦɢɹ ɫɵɪɶɹ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɚɞɞɢɬɢɜɧɵɯ 
ɬɟɯɧɨɥɨɝɢɣ ɦɨɠɟɬ ɞɨɫɬɢɝɚɬɶ 7η %, ɬɨɝɞɚ ɤɚɤ ɜ ɬɪɚɞɢɰɢɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢɹɯ ɢɫɩɨɥɶɡɨɜɚ-
ɧɢɟ ɦɚɬɟɪɢɚɥɚ ɫɨɫɬɚɜɥɹɥɨ ɜ ɥɭɱɲɟɦ ɫɥɭɱɚɟ η0 %, ɚ ɜ ɧɟɤɨɬɨɪɵɯ ɜɢɞɚɯ ɨɛɪɚɛɨɬɤɢ – ɧɟ 
ɛɨɥɟɟ 20–30 % [3]. 

Ɉɫɧɨɜɧɵɦ ɩɨɤɚɡɚɬɟɥɟɦ ɤɚɱɟɫɬɜɚ ɩɨɜɟɪɯɧɨɫɬɢ ɞɟɬɚɥɢ ɹɜɥɹɟɬɫɹ ɲɟɪɨɯɨɜɚɬɨɫɬɶ 
ɩɨɜɟɪɯɧɨɫɬɢ, ɬ. ɟ. ɫɨɜɨɤɭɩɧɨɫɬɶ ɱɟɪɟɞɭɸɳɢɯɫɹ ɜɩɚɞɢɧ ɢ ɜɵɫɬɭɩɨɜ. ȼɵɫɨɤɢɟ ɡɧɚɱɟɧɢɹ 
ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɢ ɫɧɢɠɚɸɬ ɬɚɤɢɟ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɤɚɤ ɢɡ-
ɧɨɫɨɫɬɨɣɤɨɫɬɶ, ɝɟɪɦɟɬɢɱɧɨɫɬɶ ɫɨɟɞɢɧɟɧɢɹ, ɭɫɬɚɥɨɫɬɧɚɹ ɩɪɨɱɧɨɫɬɶ ɞɟɬɚɥɢ, ɩɨɜɟɪɯɧɨɫɬ-
ɧɚɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɢ ɤɨɪɪɨɡɢɨɧɧɚɹ ɫɬɨɣɤɨɫɬɶ [4]. Шɟɪɨɯɨɜɚɬɨɫɬɶ ɩɨɜɟɪɯɧɨɫɬɢ ɦɨ-
ɠɟɬ ɧɚɪɭɲɚɬɶ ɯɚɪɚɤɬɟɪ ɫɨɩɪɹɠɟɧɢɹ ɞɟɬɚɥɟɣ ɡɚ ɫɱɟɬ ɫɦɹɬɢɹ ɢɥɢ ɢɧɬɟɧɫɢɜɧɨɝɨ ɢɡɧɨɫɚ 
ɜɵɫɬɭɩɨɜ ɩɪɨɮɢɥɹ, ɜ ɫɬɵɤɨɜɵɯ ɫɨɟɞɢɧɟɧɢɹɯ ɢɡ-ɡɚ ɡɧɚɱɢɬɟɥɶɧɨɣ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɫɧɢɠɚ-
ɟɬɫɹ ɠɟɫɬɤɨɫɬɶ ɫɬɵɤɨɜ, ɱɬɨ ɦɨɠɟɬ ɜɵɡɵɜɚɬɶ ɩɨɜɵɲɟɧɧɵɣ ɢɡɧɨɫ ɭɩɥɨɬɧɢɬɟɥɶɧɵɯ ɦɚɬɟ-
ɪɢɚɥɨɜ, ɚ ɬɚɤɠɟ ɫɧɢɠɚɬɶ ɤɚɱɟɫɬɜɨ ɥɚɤɨɤɪɚɫɨɱɧɵɯ ɩɨɤɪɵɬɢɣ. ɋɢɥɶɧɨɟ ɜɥɢɹɧɢɟ ɲɟɪɨɯɨ-
ɜɚɬɨɫɬɶ ɨɤɚɡɵɜɚɟɬ ɧɚ ɬɨɱɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɞɟɬɚɥɟɣ [5]. 

ɋ ɩɨɜɵɲɟɧɢɟɦ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɨɛɥɟɝɱɚɟɬɫɹ ɫɦɚɱɢɜɚɧɢɟ ɦɟɬɚɥɥɚ ɢ ɧɚ ɟɝɨ ɩɨɜɟɪɯ-
ɧɨɫɬɢ ɮɨɪɦɢɪɭɟɬɫɹ ɛɨɥɶɲɟ ɚɤɬɢɜɧɵɯ ɦɟɫɬ, ɱɬɨ ɭɜɟɥɢɱɢɜɚɟɬ ɤɨɧɰɟɧɬɪɚɰɢɸ ɪɟɚɤɰɢɨɧ-
ɧɨɫɩɨɫɨɛɧɵɯ ɱɚɫɬɢɰ ɤɨɪɪɨɡɢɨɧɧɨɣ ɫɪɟɞɵ. ɇɚ ɛɨɥɟɟ ɝɥɚɞɤɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɮɨɪɦɢɪɭɟɬɫɹ 
ɛɨɥɟɟ ɩɥɨɬɧɚɹ ɢ ɨɞɧɨɪɨɞɧɚɹ ɩɥɟɧɤɚ ɨɤɫɢɞɨɜ, ɡɚɳɢɳɚɸɳɢɯ ɦɟɬɚɥɥ ɜ ɧɚɱɚɥɶɧɵɣ ɩɟɪɢɨɞ 
ɪɚɡɜɢɬɢɹ ɤɨɪɪɨɡɢɢ ДθЖ. 

ɉɪɢɦɟɧɟɧɢɟ ɬɪɚɞɢɰɢɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɨɛɪɚɛɨɬɤɢ ɩɨɜɟɪɯɧɨɫɬɢ ɞɥɹ ɞɟɬɚɥɟɣ 
ɫɥɨɠɧɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ, ɩɨɥɭɱɟɧɧɵɯ ɦɟɬɨɞɨɦ ɋɅɋ, ɬɪɭɞɨɟɦɤɨ ɢ ɧɟ ɜɫɟɝɞɚ ɨɛɟɫɩɟɱɢɜɚ-
ɟɬ ɬɪɟɛɭɟɦɵɣ ɪɟɡɭɥɶɬɚɬ, ɨɫɨɛɟɧɧɨ ɧɚ ɜɧɭɬɪɟɧɧɢɯ ɩɨɜɟɪɯɧɨɫɬɹɯ [7]. 

ɗɥɟɤɬɪɨɯɢɦɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɡɜɨɥɹɟɬ ɞɨɛɢɬɶɫɹ ɪɚɜɧɨɦɟɪɧɨɝɨ 
ɫɧɢɠɟɧɢɹ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɧɚ ɜɫɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɞɟɬɚɥɢ ɩɪɢ ɜɵɫɨɤɨɣ ɫɤɨɪɨɫɬɢ ɩɪɨɜɟɞɟ-
ɧɢɹ ɩɪɨɰɟɫɫɚ. Ɉɞɧɚɤɨ ɢɡ-ɡɚ ɧɟɪɚɜɧɨɦɟɪɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɢɥɨɜɵɯ ɥɢɧɢɣ ɷɥɟɤɬɪɢɱɟ-
ɫɤɨɝɨ ɬɨɤɚ ɩɨ ɩɨɜɟɪɯɧɨɫɬɢ ɞɟɬɚɥɢ ɫɥɨɠɧɨɝɨ ɩɪɨɮɢɥɹ ɩɪɨɰɟɫɫ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɨɛɪɚ-
ɛɨɬɤɢ ɞɟɬɚɥɟɣ, ɩɨɥɭɱɟɧɧɵɯ ɦɟɬɨɞɨɦ ɋɅɋ, ɬɪɟɛɭɟɬ ɜɵɛɨɪɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ 
ɪɟɠɢɦɚ ɨɛɪɚɛɨɬɤɢ ɞɥɹ ɤɚɠɞɨɣ ɞɟɬɚɥɢ Д8Ж. 

 
Ɇаɬɟɪиаɥɵ и ɦɟɬɨɞɵ 

Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢɫɩɨɥɶɡɨɜɚɧɵ ɨɛɪɚɡɰɵ ɢɡ ɠɚɪɨɩɪɨɱɧɨɝɨ ɧɢɤɟɥɟɜɨɝɨ ɫɩɥɚɜɚ 
ȼɀ1ηλ, ɩɨɥɭɱɟɧɧɵɟ ɦɟɬɨɞɨɦ ɋɅɋ ɧɚ ɨɛɨɪɭɞɨɜɚɧɢɢ CШЧМОЩЭ LКsОr M2 CЮsТЧР ɜ ɫɪɟɞɟ 
ɚɡɨɬɚ, ɜɵɪɚɛɚɬɵɜɚɟɦɨɝɨ ɲɬɚɬɧɵɦ ɝɟɧɟɪɚɬɨɪɨɦ MТНТРКs 2 ɮɢɪɦɵ CШЧМОЩЭ LКsОr (Ƚɟɪ-
ɦɚɧɢɹ).  

Ƚɨɪɹɱɟɟ ɢɡɨɫɬɚɬɢɱɟɫɤɨɟ ɩɪɟɫɫɨɜɚɧɢɟ (Ƚɂɉ) ɨɫɭɳɟɫɬɜɥɹɥɢ ɜ ɝɚɡɨɫɬɚɬɟ Quintus-16 
ɮɢɪɦɵ ASEA (Шɜɟɰɢɹ). 

Ⱦɥɹ ɩɨɥɢɪɨɜɚɧɢɹ ɨɛɪɚɡɰɨɜ (ɪɟɠɢɦ ɩɨɥɢɪɨɜɚɧɢɹμ ɬɟɦɩɟɪɚɬɭɪɚ 70 °ɋ, ɩɥɨɬɧɨɫɬɶ 
ɬɨɤɚ ɨɬ 2η ɞɨ 100 Ⱥ/ɞɦ2) ɢɫɩɨɥɶɡɨɜɚɥɢ ɷɥɟɤɬɪɨɥɢɬ ɫɥɟɞɭɸɳɟɝɨ ɫɨɫɬɚɜɚ, ɝ/ɥ ДλЖμ 

 
H3PO4 (ɩɥɨɬɧɨɫɬɶ 1,θη ɝ/ɫɦ3) 500–1100 
H2SO4 (ɩɥɨɬɧɨɫɬɶ 1,8η ɝ/ɫɦ3) 250–550 
CrO3 30 

 
ɗɥɟɤɬɪɨɯɢɦɢɱɟɫɤɭɸ ɨɛɪɚɛɨɬɤɭ ɨɛɪɚɡɰɨɜ ɠɚɪɨɩɪɨɱɧɨɝɨ ɧɢɤɟɥɟɜɨɝɨ ɫɩɥɚɜɚ 

ȼɀ1ηλ ɨɫɭɳɟɫɬɜɥɹɥɢ ɩɪɢ ɩɨɦɨɳɢ ɢɫɬɨɱɧɢɤɚ ɬɨɤɚ FХОб KrКПЭ 1M. 
ɉɚɪɚɦɟɬɪɵ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɨɩɪɟɞɟɥɹɥɢ ɧɚ ɥɚɡɟɪɧɨɦ γD-ɩɪɨɮɢɥɨɦɟɬɪɟ OХвЦЩЮs 

LEXT OLS 4100. 
Ɏɨɬɨɝɪɚɮɢɪɨɜɚɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɨɜ ɩɪɨɜɨɞɢɥɢ ɧɚ ɫɤɚɧɢɪɭɸɳɟɦ ɷɥɟɤ-

ɬɪɨɧɧɨɦ ɦɢɤɪɨɫɤɨɩɟ Phenom Pro X. 
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Ɋɟɡɭɥьɬаɬɵ и ɨɛɫɭɠɞɟɧиɟ 
Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɥɢɹɧɢɹ ɪɟɠɢɦɨɜ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɩɨɜɟɪɯɧɨɫɬɢ 

ɞɟɬɚɥɟɣ, ɩɨɥɭɱɟɧɧɵɯ ɦɟɬɨɞɨɦ ɋɅɋ, ɜɵɛɪɚɧ ɠɚɪɨɩɪɨɱɧɵɣ ɧɢɤɟɥɟɜɵɣ ɫɩɥɚɜ ȼɀ1ηλ, 
ɢɦɟɸɳɢɣ ɜɵɫɨɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɫɜɚɪɢɜɚɟɦɨɫɬɢ, ɩɪɢɦɟɧɹɟɦɵɣ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɞɟɬɚɥɟɣ 
ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ ȽɌȾμ ɠɚɪɨɜɨɣ ɬɪɭɛɵ ɚɜɢɚɰɢɨɧɧɵɯ ɝɚɡɨɬɭɪɛɢɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ (ȽɌȾ) ɢ 
ɫɬɚɬɨɪɧɵɯ ɷɥɟɦɟɧɬɨɜ ɝɚɡɨɬɭɪɛɢɧɧɵɯ ɭɫɬɚɧɨɜɨɤ (ȽɌɍ) [10–15]. 

ɉɨɜɟɪɯɧɨɫɬɶ ɨɛɪɚɡɰɚ ɢɡ ɫɩɥɚɜɚ ȼɀ1ηλ, ɩɨɥɭɱɟɧɧɨɝɨ ɦɟɬɨɞɨɦ ɋɅɋ, ɢɦɟɟɬ ɜɨɥ-
ɧɨɨɛɪɚɡɧɵɣ ɪɟɥɶɟɮ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɫɨɞɟɪɠɢɬ ɜɤɥɸɱɟɧɢɹ ɱɚɫɬɢɰ ɢɫɯɨɞɧɨɝɨ ɩɨɪɨɲɤɨɜɨ-
ɝɨ ɦɚɬɟɪɢɚɥɚ. ɇɚ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ ɩɥɨɳɚɞɶɸ 1 ɫɦ2 ɫɨɞɟɪɠɢɬɫɹ з(θ0–80) ɱɚɫɬɢɰ 
ɞɢɚɦɟɬɪɨɦ 20–40 ɦɤɦ (ɪɢɫ. 1), ɱɬɨ ɫɨɫɬɚɜɥɹɟɬ ɢɫɯɨɞɧɭɸ ɲɟɪɨɯɨɜɚɬɨɫɬɶ Ra ɧɚ ɭɪɨɜɧɟ ɨɬ 
8 ɞɨ 12 ɦɤɦ. 

 
ɛ)а)

 
 

Ɋɢɫ. 1. ɋɬɪɭɤɬɭɪɚ (а – ×1000; ɛ – ×1η00) ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ ɢɡ ɫɩɥɚɜɚ ȼɀ1ηλ, ɩɨɥɭɱɟɧɧɨɝɨ 
ɦɟɬɨɞɨɦ ɋɅɋ 

 
ȼɨɥɧɨɨɛɪɚɡɧɵɣ ɪɟɥɶɟɮ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɜɬɨɪɹɟɬɫɹ ɫ ɩɟɪɢɨɞɢɱɧɨɫɬɶɸ ɜ 100–

150 ɦɤɦ. Ɍɚɤɚɹ ɫɬɪɭɤɬɭɪɚ ɨɛɪɚɡɭɟɬɫɹ ɢɡ-ɡɚ ɜɵɯɨɞɚ ɝɪɚɧɟɣ ɩɥɨɫɤɨɫɬɢ ɫɩɟɤɚɧɢɹ ɫɥɨɹ ɩɨ-
ɪɨɲɤɨɜɨɝɨ ɦɚɬɟɪɢɚɥɚ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ. 

ɉɪɨɰɟɫɫ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɩɪɨɢɫɯɨɞɢɬ ɜ ɪɚɫɬɜɨɪɟ ɷɥɟɤɬɪɨɥɢɬɚ ɩɪɢ 
ɩɨɞɤɥɸɱɟɧɢɢ ɞɟɬɚɥɢ ɜ ɤɚɱɟɫɬɜɟ ɚɧɨɞɚ ɢ ɩɪɨɩɭɫɤɚɧɢɢ ɩɪɹɦɨɝɨ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɨɤɚ. 
ɗɥɟɤɬɪɨɥɢɬ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɣ ɪɚɫɬɜɨɪ ɤɢɫɥɨɬ ɫ ɮɭɧɤɰɢɨɧɚɥɶɧɵ-
ɦɢ ɞɨɛɚɜɤɚɦɢ. ȼ ɩɪɨɰɟɫɫɟ ɩɨɥɢɪɨɜɚɧɢɹ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɩɟɪɟɦɟɲɢɜɚɬɶ ɪɚɫɬɜɨɪ ɢɥɢ 
ɜɫɬɪɹɯɢɜɚɬɶ ɞɟɬɚɥɢ ɜ ɟɦɤɨɫɬɢ. ɗɬɨ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɭɫɬɪɚɧɹɬɶ ɫɤɨɩɥɟɧɢɟ ɩɭɡɵɪɶɤɨɜ 
ɜɨɞɨɪɨɞɚ ɧɚ ɨɬɞɟɥɶɧɵɯ ɭɱɚɫɬɤɚɯ ɞɟɬɚɥɢ, ɱɬɨ ɩɨɜɵɲɚɟɬ ɤɚɱɟɫɬɜɨ ɨɛɪɚɛɨɬɤɢ ɩɨɜɟɪɯɧɨ-
ɫɬɢ [16]. 

ɋɝɥɚɠɢɜɚɧɢɟ ɲɟɪɨɯɨɜɚɬɨɫɬɟɣ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɨɣ ɫɜɹɡɚɧɨ ɫ ɧɟɪɚɜ-
ɧɨɦɟɪɧɨɫɬɶɸ ɜɬɨɪɢɱɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɨɤɚ ɩɨ ɦɢɤɪɨɪɟɥɶɟɮɭ ɩɨɜɟɪɯɧɨɫɬɢ ɚɧɨɞɚ (ɞɟ-
ɬɚɥɢ) ɢ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɵɦɢ ɢɡɦɟɧɟɧɢɹɦɢ ɜ ɩɪɢɚɧɨɞɧɨɦ ɫɥɨɟ ɷɥɟɤɬɪɨɥɢɬɚ. ɋɤɨɪɨɫɬɶ 
ɪɚɫɬɜɨɪɟɧɢɹ ɦɟɬɚɥɥɚ ɜɨɡɪɚɫɬɚɟɬ ɫ ɭɦɟɧɶɲɟɧɢɟɦ ɬɨɥɳɢɧɵ ɜɹɡɤɨɝɨ ɩɪɢɚɧɨɞɧɨɝɨ ɫɥɨɹ 
ɷɥɟɤɬɪɨɥɢɬɚ ɧɚ ɭɱɚɫɬɤɚɯ ɦɢɤɪɨɜɵɫɬɭɩɨɜ ɩɨɜɟɪɯɧɨɫɬɢ. ɗɬɢ ɮɚɤɬɨɪɵ ɞɟɣɫɬɜɭɸɬ ɩɪɢ 
ɫɝɥɚɠɢɜɚɧɢɢ ɫɪɚɜɧɢɬɟɥɶɧɨ ɛɨɥɶɲɢɯ ɲɟɪɨɯɨɜɚɬɨɫɬɟɣ, ɧɨ ɬɟɪɹɸɬ ɫɜɨɟ ɡɧɚɱɟɧɢɟ ɩɨ ɦɟɪɟ 
ɢɯ ɭɦɟɧɶɲɟɧɢɹ [17]. 

Ɏɨɪɦɢɪɨɜɚɧɢɟ ɧɚ ɚɧɨɞɟ ɜ ɩɪɨɰɟɫɫɟ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɩɚɫɫɢɜɢɪɭɸ-
ɳɟɣ ɩɥɟɧɤɢ ɫɩɨɫɨɛɫɬɜɭɟɬ ɩɨɜɵɲɟɧɢɸ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɨɞɧɨɪɨɞɧɨɫɬɢ ɟɟ ɩɨɜɟɪɯɧɨ-
ɫɬɢ, ɬɚɤ ɤɚɤ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨɟ ɪɚɫɬɜɨɪɟɧɢɟ ɩɪɨɢɫɯɨɞɢɬ ɧɚ ɭɱɚɫɬɤɚɯ ɧɟɨɞɧɨɪɨɞɧɨɫɬɟɣ 
ɫɬɪɭɤɬɭɪɧɨɝɨ ɢ ɦɢɤɪɨɝɟɨɦɟɬɪɢɱɟɫɤɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ, ɝɞɟ ɬɨɥɳɢɧɚ ɩɥɟɧɤɢ ɦɟɧɶɲɟ 
(ɪɢɫ. 2) [18]. 
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ɋɢɥɨɜɵɟ ɥɢɧɢɢ ɬɨɤɚ

Ɇɢɤɪɨɪɟɥɶɟɮ 
ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ

ɉɥɟɧɤɚ ɨɤɫɢɞɨɜ ɧɢɤɟɥɹ
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Ɋɢɫ. 2. ɋɯɟɦɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɢɥɨɜɵɯ ɥɢɧɢɣ ɬɨɤɚ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ ɢɡ ɫɩɥɚɜɚ ȼɀ-159 

 
ɇɚ ɚɧɨɞɟ ɨɞɧɨɜɪɟɦɟɧɧɨ ɩɪɨɢɫɯɨɞɢɬ ɮɨɪɦɢɪɨɜɚɧɢɟ ɢ ɪɚɫɬɜɨɪɟɧɢɟ ɨɤɫɢɞɧɨɣ ɩɥɟɧɤɢ. 

ȿɫɥɢ ɫɤɨɪɨɫɬɶ ɟɟ ɮɨɪɦɢɪɨɜɚɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɤɨɪɨɫɬɢ ɬɪɚɜɥɟɧɢɹ ɛɨɥɶɲɟ, ɬɨ ɪɟɡɭɥɶɬɚɬɨɦ 
ɷɥɟɤɬɪɨɥɢɡɚ ɦɨɠɟɬ ɫɬɚɬɶ ɨɛɪɚɡɨɜɚɧɢɟ ɨɤɫɢɞɧɨɝɨ ɫɥɨɹ ɛɨɥɶɲɨɣ ɬɨɥɳɢɧɵ. ɉɪɟɨɛɥɚɞɚɧɢɟ 
ɩɪɨɰɟɫɫɚ ɪɚɫɬɜɨɪɟɧɢɹ ɩɥɟɧɤɢ ɩɪɢɜɟɞɟɬ ɤ ɢɡɛɵɬɨɱɧɨɦɭ ɬɪɚɜɥɟɧɢɸ ɦɟɬɚɥɥɚ. ɗɮɮɟɤɬ ɫɝɥɚ-
ɠɢɜɚɧɢɹ ɧɟɪɨɜɧɨɫɬɟɣ ɧɚɫɬɭɩɚɟɬ ɥɢɲɶ ɩɪɢ ɛɥɢɡɤɢɯ ɫɤɨɪɨɫɬɹɯ ɨɛɨɢɯ ɩɪɨɰɟɫɫɨɜ  

ɉɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɷɥɟɤɬɪɨɥɢɬɚ ɞɨ θη–70 °ɋ ɫɩɨɫɨɛɫɬɜɭɟɬ ɡɧɚɱɢɬɟɥɶɧɨɦɭ 
ɭɥɭɱɲɟɧɢɸ ɜɧɟɲɧɟɝɨ ɜɢɞɚ ɨɛɪɚɡɰɨɜ ɢɡ ɠɚɪɨɩɪɨɱɧɵɯ ɧɢɤɟɥɟɜɵɯ ɫɩɥɚɜɨɜ. ɗɬɨ ɨɛɭɫɥɨɜ-
ɥɟɧɨ ɬɟɦ, ɱɬɨ ɩɪɨɰɟɫɫ ɯɢɦɢɱɟɫɤɨɝɨ ɪɚɫɬɜɨɪɟɧɢɹ ɨɤɫɢɞɨɜ ɦɟɬɚɥɥɨɜ, ɜɯɨɞɹɳɢɯ ɜ ɫɨɫɬɚɜ 
ɫɩɥɚɜɨɜ, ɨɛɥɟɝɱɚɟɬɫɹ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɫɬɜɨɪɚ. ɑɚɫɬɢɱɧɨɟ ɪɚɫɬɜɨɪɟɧɢɟ 
ɨɤɫɢɞɧɨɝɨ ɫɥɨɹ ɫɩɨɫɨɛɫɬɜɭɟɬ ɩɨɜɵɲɟɧɢɸ ɜɵɯɨɞɚ ɩɨ ɬɨɤɭ ɪɟɚɤɰɢɢ ɚɧɨɞɧɨɝɨ ɪɚɫɬɜɨɪɟ-
ɧɢɹ ɦɟɬɚɥɥɚ. ɉɪɢ ɷɬɨɦ ɨɛɟɫɩɟɱɟɧɢɟ ɛɚɥɚɧɫɚ ɦɟɠɞɭ ɩɪɨɰɟɫɫɚɦɢ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɝɨ 
ɨɛɪɚɡɨɜɚɧɢɹ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɨɤɫɢɞɨɜ ɢ ɢɯ ɯɢɦɢɱɟɫɤɨɝɨ ɪɚɫɬɜɨɪɟɧɢɹ ɫɩɨɫɨɛɫɬɜɭɟɬ 
ɫɝɥɚɠɢɜɚɧɢɸ ɦɢɤɪɨɩɪɨɮɢɥɹ ɩɨɜɟɪɯɧɨɫɬɢ [19]. 

ȼɥɢɹɧɢɟ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚ ɚɧɨɞɧɵɣ ɩɪɨɰɟɫɫ ɦɨɠɟɬ ɛɵɬɶ ɫɬɨɥɶ 
ɜɟɥɢɤɨ, ɱɬɨ ɩɚɫɫɢɜɢɪɭɸɳɚɹ ɨɤɫɢɞɧɚɹ ɩɥɟɧɤɚ ɧɟ ɫɩɨɫɨɛɧɚ ɟɝɨ ɧɢɜɟɥɢɪɨɜɚɬɶ, ɢ ɬɨɝɞɚ 
ɜɨɡɧɢɤɚɸɬ ɞɟɮɟɤɬɵ ɩɨɜɟɪɯɧɨɫɬɢ – ɬɨɱɟɱɧɨɟ ɬɪɚɜɥɟɧɢɟ, ɩɨɥɨɫɱɚɬɨɫɬɶ ɢ ɧɟɪɚɜɧɨɦɟɪɧɵɣ 
ɛɥɟɫɤ. ɉɪɟɞɨɬɜɪɚɬɢɬɶ ɩɨɹɜɥɟɧɢɟ ɞɟɮɟɤɬɨɜ ɦɨɠɧɨ ɡɚ ɫɱɟɬ ɫɨɡɞɚɧɢɹ ɛɨɥɟɟ ɫɨɜɟɪɲɟɧɧɨɝɨ 
ɩɚɫɫɢɜɢɪɭɸɳɟɝɨ ɫɥɨɹ, ɱɬɨ ɞɨɫɬɢɝɚɟɬɫɹ ɜɜɟɞɟɧɢɟɦ ɜ ɷɥɟɤɬɪɨɥɢɬ ɯɪɨɦɚɬɨɜ. ɂɡɦɟɧɟɧɢɟ 
ɫɬɪɭɤɬɭɪɵ ɢ ɫɜɨɣɫɬɜ ɩɚɫɫɢɜɢɪɭɸɳɟɣ ɩɥɟɧɤɢ ɩɪɢɜɨɞɢɬ ɢ ɤ ɢɡɦɟɧɟɧɢɸ ɫɜɨɣɫɬɜ ɩɨɜɟɪɯ-
ɧɨɫɬɢ ɚɧɨɞɚ. ɍɦɟɧɶɲɚɟɬɫɹ ɩɨɜɟɪɯɧɨɫɬɧɨɟ ɧɚɬɹɠɟɧɢɟ ɧɚ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ «ɦɟɬɚɥɥ–ɝɚɡ», 
ɱɬɨ ɨɛɥɟɝɱɚɟɬ ɨɬɪɵɜ ɜɵɞɟɥɹɸɳɢɯɫɹ ɩɪɢ ɷɥɟɤɬɪɨɥɢɡɟ ɩɭɡɵɪɶɤɨɜ ɤɢɫɥɨɪɨɞɚ ɢ ɫɩɨɫɨɛ-
ɫɬɜɭɟɬ ɩɪɟɞɨɬɜɪɚɳɟɧɢɸ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɬɨɱɟɱɧɨɝɨ ɬɪɚɜɥɟɧɢɹ. 

ɂɫɫɥɟɞɨɜɚɧɨ ɢɡɦɟɧɟɧɢɟ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɦɚɫɫɵ ɨɛɪɚɡɰɨɜ ɢɡ ɫɩɥɚɜɚ 
ȼɀ1ηλ, ɩɨɥɭɱɟɧɧɨɝɨ ɦɟɬɨɞɨɦ ɋɅɋ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ ɢ ɩɪɨɞɨɥɠɢɬɟɥɶ-
ɧɨɫɬɢ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ (ɪɢɫ. γ).  

ȼ ɩɪɨɰɟɫɫɟ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɭɫɬɚɧɨɜɥɟɧɵ ɧɟɥɢɧɟɣɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ 
ɢɡɦɟɧɟɧɢɹ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɨɜ ɨɬ ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ ɢ ɥɢɧɟɣɧɨɟ ɢɡɦɟɧɟɧɢɟ 
ɭɛɵɥɢ ɦɚɫɫɵ. ȼ ɧɚɱɚɥɶɧɵɣ ɦɨɦɟɧɬ ɩɪɨɰɟɫɫɚ (ɨɬ 0 ɞɨ γ ɦɢɧ) ɩɪɢ ɡɧɚɱɢɬɟɥɶɧɨɣ ɜɵɫɨɬɟ 
ɭɱɚɫɬɤɨɜ ɩɨɜɟɪɯɧɨɫɬɢ ɫ ɜɤɥɸɱɟɧɢɹɦɢ ɦɚɤɪɨɪɚɡɦɟɪɧɵɯ ɱɚɫɬɢɰ ɫɤɚɡɵɜɚɟɬɫɹ ɩɨɜɵɲɟɧɧɚɹ 
ɤɨɧɰɟɧɬɪɚɰɢɹ ɫɢɥɨɜɵɯ ɥɢɧɢɣ ɬɨɤɚ ɧɚ ɢɯ ɜɟɪɲɢɧɚɯ, ɱɬɨ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɭɦɟɧɶɲɟɧɢɟɦ ɢɯ 
ɜɵɫɨɬɵ. ɍɜɟɥɢɱɟɧɢɟ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɩɪɨɰɟɫɫɚ (ɨɬ γ ɞɨ 7 ɦɢɧ) ɩɪɢɜɨɞɢɬ ɤ ɞɚɥɶɧɟɣɲɟ-
ɦɭ ɜɵɪɚɜɧɢɜɚɧɢɸ ɪɟɥɶɟɮɚ, ɨɞɧɚɤɨ ɩɪɢ ɷɬɨɦ ɩɪɨɢɫɯɨɞɢɬ ɬɚɤɠɟ ɭɛɵɥɶ ɦɚɫɫɵ ɦɟɬɚɥɥɚ ɧɚ 
ɭɱɚɫɬɤɚɯ ɩɨɜɟɪɯɧɨɫɬɢ, ɩɪɢɥɟɝɚɸɳɢɯ ɤ ɦɚɤɪɨɱɚɫɬɢɰɚɦ. ɋɤɨɪɨɫɬɶ ɭɛɵɥɢ ɦɚɫɫɵ ɦɟɬɚɥɥɚ 
ɫɧɢɠɚɟɬɫɹ, ɚ ɪɚɞɢɭɫ ɡɚɤɪɭɝɥɟɧɢɹ ɜɟɪɲɢɧ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɩɨ ɦɟɪɟ ɢɯ (ɜɟɪɲɢɧ) ɫɤɪɭɝɥɟɧɢɹ ɢ 
ɩɟɪɟɯɨɞɚ ɤ ɜɨɥɧɨɨɛɪɚɡɧɨɦɭ ɦɢɤɪɨɪɟɥɶɟɮɭ. ɉɨɫɥɟ ɩɟɪɟɯɨɞɚ ɤ ɜɨɥɧɨɨɛɪɚɡɧɨɦɭ ɪɟɥɶɟɮɭ 
ɫɤɨɪɨɫɬɶ ɜɵɪɚɜɧɢɜɚɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɫɭɳɟɫɬɜɟɧɧɨ ɡɚɦɟɞɥɹɟɬɫɹ. 
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Ɋɢɫ. γ. ɂɡɦɟɧɟɧɢɟ ɡɧɚɱɟɧɢɣ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɢ (а) ɢ ɦɚɫɫɵ (ɛ) ɨɛɪɚɡɰɚ ɢɡ ɫɩɥɚɜɚ 

ȼɀ1ηλ, ɩɨɥɭɱɟɧɧɨɝɨ ɦɟɬɨɞɨɦ ɋɅɋ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ ɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ 
ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ 

 
ɉɪɢ ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ 100 Ⱥ/ɞɦ2 ɲɟɪɨɯɨɜɚɬɨɫɬɶ ɨɛɪɚɡɰɨɜ ɞɨɫɬɢɝɚɟɬ ɡɧɚɱɟɧɢɣ ɞɨ 

2,5 ɦɤɦ ɫɨ ɜɬɨɪɨɣ ɦɢɧɭɬɵ ɩɪɨɜɟɞɟɧɢɹ ɩɪɨɰɟɫɫɚ, ɢ ɞɚɥɟɟ ɫɤɨɪɨɫɬɶ ɩɪɨɰɟɫɫɚ ɫɭɳɟɫɬɜɟɧ-
ɧɨ ɡɚɦɟɞɥɹɟɬɫɹ, ɱɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɫɧɢɠɟɧɢɟɦ ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɢɥɨɜɵɯ ɥɢɧɢɣ ɬɨɤɚ ɧɚ 
ɭɱɚɫɬɤɚɯ ɫ ɦɚɤɪɨɪɟɥɶɟɮɨɦ ɢ ɩɨɜɵɲɟɧɧɨɣ ɲɟɪɨɯɨɜɚɬɨɫɬɶɸ, ɚ ɬɚɤɠɟ ɛɨɥɟɟ ɪɚɜɧɨɦɟɪɧɵɦ 
ɢɯ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɩɨ ɪɟɥɶɟɮɭ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ. ɉɪɢ ɫɧɢɠɟɧɢɢ ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ 
ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɨɣ ɧɚɛɥɸɞɚɟɬɫɹ ɚɧɚɥɨɝɢɱɧɵɣ ɷɮɮɟɤɬ ɢɡɦɟɧɟɧɢɹ ɲɟɪɨɯɨ-
ɜɚɬɨɫɬɢ, ɨɞɧɚɤɨ ɢɡɦɟɧɟɧɢɟ ɡɧɚɱɟɧɢɣ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɛɨɥɟɟ ɩɥɚɜɧɨɟ, ɱɬɨ ɫɜɹɡɚɧɨ ɫ ɛɨɥɟɟ 
ɧɢɡɤɨɣ ɫɤɨɪɨɫɬɶɸ ɩɪɨɰɟɫɫɚ. ɇɚ ɪɢɫ. 4 ɢ η ɩɨɤɚɡɚɧ ɜɧɟɲɧɢɣ ɜɢɞ ɭɱɚɫɬɤɨɜ ɨɛɪɚɡɰɨɜ ɢɡ 
ɫɩɥɚɜɚ ȼɀ1ηλ ɩɨɫɥɟ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɩɨɜɟɪɯɧɨɫɬɢ ɩɪɢ ɪɚɡɥɢɱɧɨɣ ɩɥɨɬ-
ɧɨɫɬɢ ɬɨɤɚ ɜ ɬɟɱɟɧɢɟ γ; η ɢ 10 ɦɢɧ. 

 

γ ɦɢɧ η ɦɢɧ 10 ɦɢɧ

Ɉɛɪɚɛɨɬɤɚ ɩɪɢ ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ 2η Ⱥ/ɞɦ2

γ ɦɢɧ η ɦɢɧ 10 ɦɢɧ

Ɉɛɪɚɛɨɬɤɚ ɩɪɢ ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ η0 Ⱥ/ɞɦ2

γ ɦɢɧ η ɦɢɧ 10 ɦɢɧ

Ɉɛɪɚɛɨɬɤɚ ɩɪɢ ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ 7η Ⱥ/ɞɦ2

γ ɦɢɧ η ɦɢɧ 10 ɦɢɧ

Ɉɛɪɚɛɨɬɤɚ ɩɪɢ ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ 100 Ⱥ/ɞɦ2

 
Ɋɢɫ. 4. ɍɱɚɫɬɤɢ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɨɜ ɢɡ ɫɩɥɚɜɚ ȼɀ1ηλ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ ɢ 

ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɨɛɪɚɛɨɬɤɢ 
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ɛ)

а)

ɝ)

в)

ɞ)

 
Ɋɢɫ. η. Ɇɨɪɮɨɥɨɝɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɨɜ (а – ɛɟɡ ɨɛɪɚɛɨɬɤɢ) ɢɡ ɫɩɥɚɜɚ ȼɀ1ηλ ɩɨɫɥɟ  

10 ɦɢɧ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɩɪɢ ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ 2η (ɛ), 50 (в), 75 (ɝ) ɢ 100 Ⱥ/ɞɦ2 (ɞ) 
 
ɍɜɟɥɢɱɟɧɢɟ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɩɪɨɰɟɫɫɚ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɫɩɨ-

ɫɨɛɫɬɜɭɟɬ ɡɧɚɱɢɬɟɥɶɧɨɦɭ ɫɝɥɚɠɢɜɚɧɢɸ ɪɟɥɶɟɮɚ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɨɜ, ɨɞɧɚɤɨ ɩɪɢ 
ɷɬɨɦ ɫɭɳɟɫɬɜɟɧɧɨ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɭɛɵɥɶ ɦɚɫɫɵ ɦɟɬɚɥɥɚ. ɇɚ ɪɢɫ. θ ɩɪɟɞɫɬɚɜɥɟɧɚ ɞɢɧɚ-
ɦɢɤɚ ɢɡɦɟɧɟɧɢɹ ɬɨɥɳɢɧɵ ɨɛɪɚɡɰɨɜ ɢɡ ɫɩɥɚɜɚ ȼɀ1ηλ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ 
ɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɨɛɪɚɛɨɬɤɢ ɢ ɦɢɤɪɨɲɥɢɮ ɨɛɪɚɡɰɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɩɪɢ ɷɥɟɤɬɪɨɯɢ-
ɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɟ ɩɪɢ ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ 100 Ⱥ/ɞɦ2. 
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Ⱦɢɧɚɦɢɤɚ ɩɪɨɰɟɫɫɚ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ 
ɨɛɪɚɡɰɚ ɫɩɥɚɜɚ ȼɀ1ηλ ɩɪɢ ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ 100 Ⱥ/ɞɦ2
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Ɋɢɫ. θ. Ⱦɢɧɚɦɢɤɚ ɢɡɦɟɧɟɧɢɹ ɬɨɥɳɢɧɵ ɨɛɪɚɡɰɨɜ ɢɡ ɫɩɥɚɜɚ ȼɀ1ηλ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɥɨɬɧɨ-

ɫɬɢ ɬɨɤɚ ɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɨɛɪɚɛɨɬɤɢ 

 
Ⱦɥɹ ɢɡɭɱɟɧɢɹ ɦɟɯɚɧɢɡɦɚ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɞɟɬɚɥɟɣ, ɩɨɥɭɱɟɧɧɵɯ 

ɦɟɬɨɞɨɦ ɋɅɋ, ɢɫɫɥɟɞɨɜɚɧɨ ɢɡɦɟɧɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɲɟɪɨɯɨɜɚɬɨɫɬɢ Rku ɢ Rsk. 
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ɉɚɪɚɦɟɬɪ Rku, ɨɩɪɟɞɟɥɹɸɳɢɣ ɨɫɬɪɨɜɟɪɲɢɧɧɨɫɬɶ ɩɪɨɮɢɥɹ, ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɨɫɬɪɨ-
ɬɭ ɤɪɢɜɨɣ ɩɥɨɬɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜɵɫɬɭɩɨɜ ɢ ɜɩɚɞɢɧ (ɪɢɫ. 7). ȿɫɥɢ ɡɧɚɱɢɬɟɥɶɧɚɹ 
ɱɚɫɬɶ ɜɵɫɬɭɩɨɜ ɢ ɜɩɚɞɢɧ ɫɤɨɧɰɟɧɬɪɢɪɨɜɚɧɚ ɨɤɨɥɨ ɫɪɟɞɧɟɣ ɥɢɧɢɢ ɩɨɜɟɪɯɧɨɫɬɢ, ɬɨ ɩɚ-
ɪɚɦɟɬɪ Rku = 3. 
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Ɋɢɫ. 7. Ɂɚɜɢɫɢɦɨɫɬɶ ɩɥɨɬɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜɵɫɬɭɩɨɜ ɢ ɜɩɚɞɢɧ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɨɜ 

ɢɡ ɫɩɥɚɜɚ ȼɀ1ηλ ɨɬ ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ ɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɨɛɪɚɛɨɬɤɢ 
 
ɍɜɟɥɢɱɟɧɢɟ ɡɧɚɱɟɧɢɣ ɩɚɪɚɦɟɬɪɚ Rku ɜ ɧɚɱɚɥɶɧɵɣ ɩɟɪɢɨɞ ɨɛɪɚɛɨɬɤɢ ɦɨɠɟɬ ɫɜɢ-

ɞɟɬɟɥɶɫɬɜɨɜɚɬɶ ɨ ɬɨɦ, ɱɬɨ ɢɞɟɬ ɡɚɨɫɬɪɟɧɢɟ ɱɚɫɬɢɰ ɩɨɪɨɲɤɚ, ɨɫɬɚɜɲɢɯɫɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ 
ɞɟɬɚɥɢ, ɚ ɪɟɡɤɨɟ ɫɧɢɠɟɧɢɟ ɡɧɚɱɟɧɢɣ ɩɚɪɚɦɟɬɪɚ Rku ɜ ɩɪɨɦɟɠɭɬɤɟ ɜɪɟɦɟɧɢ ɨɛɪɚɛɨɬɤɢ ɨɬ 
γ ɞɨ η ɦɢɧ – ɨ ɩɨɥɧɨɦ ɪɚɫɬɜɨɪɟɧɢɢ ɱɚɫɬɢɰ ɩɨɪɨɲɤɚ. 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɩɪɨɰɟɫɫ ɷɥɟɤɬɪɨ-
ɯɢɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɞɟɬɚɥɟɣ, ɢɡɝɨɬɨɜɥɟɧɧɵɯ ɦɟɬɨɞɨɦ ɋɅɋ ɢ ɢɦɟɸɳɢɯ ɦɚɤɪɨɲɟɪɨ-
ɯɨɜɚɬɨɫɬɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɜɢɞɟ ɱɚɫɬɢɰ ɪɚɞɢɭɫɨɦ ɨɬ λ ɞɨ 20 ɦɤɦ, ɢɞɟɬ ɫ ɛɨɥɶɲɟɣ ɢɧ-
ɬɟɧɫɢɜɧɨɫɬɶɸ ɧɚ ɨɫɧɨɜɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɞɟɬɚɥɢ ɢ ɦɟɧɶɲɟɣ – ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɱɚɫɬɢɰ, 
ɱɬɨ ɫɜɹɡɚɧɨ ɫ ɪɚɡɥɢɱɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ (ɪɢɫ. 8).  
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Ɋɢɫ. 8. ɋɯɟɦɚ ɩɪɨɰɟɫɫɚ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɞɟɬɚɥɟɣ, ɩɨɥɭɱɟɧɧɵɯ ɦɟɬɨɞɨɦ ɋɅɋ 

 
ɉɨ ɦɟɪɟ ɭɜɟɥɢɱɟɧɢɹ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɩɪɨɰɟɫɫɚ ɪɚɫɬɟɬ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɧɚ ɨɫ-

ɧɨɜɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɧɚɱɚɥɭ ɬɪɚɜɥɟɧɢɹ ɦɚɤɪɨɱɚɫɬɢɰ, ɩɨɫɬɟɩɟɧɧɨɦɭ  
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ɜɵɪɚɜɧɢɜɚɧɢɸ ɩɪɨɮɢɥɹ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɩɟɪɟɯɨɞɭ ɟɝɨ ɤ ɜɨɥɧɨɨɛɪɚɡɧɨɦɭ ɪɟɥɶɟɮɭ ɫ ɜɵ-
ɪɚɜɧɢɜɚɧɢɟɦ ɫɢɥɨɜɵɯ ɥɢɧɢɣ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɨɤɚ, ɱɬɨ ɡɧɚɱɢɬɟɥɶɧɨ ɡɚɦɟɞɥɹɟɬ ɩɪɨɰɟɫɫ 
ɫɝɥɚɠɢɜɚɧɢɹ ɦɚɬɟɪɢɚɥɚ. ɉɪɢ ɩɟɪɟɯɨɞɟ ɤ ɜɨɥɧɢɫɬɨɦɭ ɪɟɥɶɟɮɭ ɢɡɦɟɧɹɟɬɫɹ ɩɚɪɚɦɟɬɪ Rsk, 
ɨɩɪɟɞɟɥɹɸɳɢɣ ɡɚɜɢɫɢɦɨɫɬɶ ɚɫɢɦɦɟɬɪɢɢ ɧɟɪɨɜɧɨɫɬɢ ɩɪɨɮɢɥɹ ɩɨɜɟɪɯɧɨɫɬɢ (ɪɢɫ. λ). 
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Ɋɢɫ. λ. Ɂɚɜɢɫɢɦɨɫɬɶ ɚɫɢɦɦɟɬɪɢɢ ɧɟɪɨɜɧɨɫɬɢ ɩɪɨɮɢɥɹ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɨɜ ɢɡ ɫɩɥɚɜɚ 

ȼɀ1ηλ ɨɬ ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ ɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɨɛɪɚɛɨɬɤɢ 

 
ɉɪɢ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɟ ɩɨɜɟɪɯɧɨɫɬɟɣ ɫɝɥɚɠɢɜɚɸɬɫɹ ɩɪɟɠɞɟ ɜɫɟɝɨ 

ɩɟɪɢɨɞɢɱɟɫɤɢɟ ɧɟɪɨɜɧɨɫɬɢ, ɢɞɟɧɬɢɱɧɵɟ ɩɨ ɜɵɫɨɬɟ ɢ ɤɨɧɮɢɝɭɪɚɰɢɢ, ɡɚɤɨɧɨɦɟɪɧɨɫɬɶ 
ɤɨɬɨɪɵɯ ɡɚɞɚɧɚ ɪɟɠɢɦɨɦ ɮɨɪɦɢɪɨɜɚɧɢɹ ɞɟɬɚɥɢ. ɋɥɭɱɚɣɧɵɟ, ɯɚɨɬɢɱɧɨ ɪɚɫɩɨɥɨɠɟɧɧɵɟ 
ɧɟɪɨɜɧɨɫɬɢ ɧɟɨɞɢɧɚɤɨɜɵ ɩɨ ɜɵɫɨɬɟ ɢ ɮɨɪɦɟ, ɩɨɷɬɨɦɭ ɫɝɥɚɠɢɜɚɸɬɫɹ ɦɟɧɟɟ ɢɧɬɟɧɫɢɜɧɨ 
ɢ ɩɨɥɧɨ. Ɇɢɤɪɨɩɪɨɮɢɥɶ ɢɡɦɟɧɹɟɬɫɹ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɟɝɨ ɧɟɪɨɜɧɨɫɬɟɣ ɜ 
ɛɨɥɟɟ ɩɨɥɨɝɢɣ ɜɢɞ ɫɨ ɫɤɪɭɝɥɟɧɧɵɦɢ ɜɟɪɲɢɧɚɦɢ, ɱɬɨ ɬɚɤɠɟ ɫ ɛɨɥɶɲɟɣ ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ 
ɩɪɨɢɫɯɨɞɢɬ ɭ ɩɟɪɢɨɞɢɱɟɫɤɢɯ ɧɟɪɨɜɧɨɫɬɟɣ.  

Ⱦɚɥɶɧɟɣɲɟɟ ɭɜɟɥɢɱɟɧɢɟ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ 
(>10 ɦɢɧ) ɩɪɢɜɨɞɢɬ ɤ ɬɨɱɟɱɧɨɦɭ ɪɚɫɬɪɚɜɥɢɜɚɧɢɸ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɨɛɪɚɡɨɜɚɧɢɸ ɩɢɬɬɢɧ-
ɝɨɜ (ɪɢɫ. 10). 

 
ɛ)а)

 
Ɋɢɫ. 10. Ɋɟɥɶɟɮ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ ɢɡ ɫɩɥɚɜɚ ȼɀ1ηλ, ɩɨɥɭɱɟɧɧɨɝɨ ɦɟɬɨɞɨɦ ɋɅɋ, ɩɨɫɥɟ 

ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɜ ɬɟɱɟɧɢɟ 10 (а) ɢ 1η ɦɢɧ (ɛ) ɩɪɢ ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ 100 Ⱥ/ɞɦ2 

 
ɉɪɢɦɟɧɟɧɢɟ ɫɨɟɞɢɧɟɧɢɣ ɋr+6 ɡɚɦɟɞɥɹɟɬ ɩɪɨɰɟɫɫ ɩɢɬɬɢɧɝɨɨɛɪɚɡɨɜɚɧɢɹ ɧɚ ɩɨ-

ɜɟɪɯɧɨɫɬɢ ɠɚɪɨɩɪɨɱɧɨɝɨ ɫɩɥɚɜɚ ȼɀ1ηλ ɛɥɚɝɨɞɚɪɹ ɫɨɡɞɚɧɢɸ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɩɚɫɫɢ-
ɜɢɪɭɸɳɟɝɨ ɫɥɨɹ, ɨɞɧɚɤɨ ɩɨ ɦɟɪɟ ɫɧɢɠɟɧɢɹ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɨɛɪɚɡɰɚ ɜɥɢɹɧɢɟ ɢɧɝɢɛɢɪɨ-
ɜɚɧɢɹ ɜ ɩɪɨɰɟɫɫɟ ɬɪɚɜɥɟɧɢɹ ɫɩɥɚɜɚ ɩɚɫɫɢɜɢɪɭɸɳɟɝɨ ɫɥɨɹ ɫɧɢɠɚɟɬɫɹ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ 
ɜɨɡɪɚɫɬɚɟɬ ɫɤɨɪɨɫɬɶ ɬɪɚɜɥɟɧɢɹ ɫɩɥɚɜɚ ɜ ɨɪɬɨɮɨɫɮɨɪɧɨɣ ɤɢɫɥɨɬɟ. 
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Ɂаɤɥɸчɟɧия 
ɉɪɨɜɟɞɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɩɪɢɦɟɧɟɧɢɸ ɩɪɨɰɟɫɫɚ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɨɛɪɚ-

ɛɨɬɤɢ ɨɛɪɚɡɰɨɜ ɢɡ ɠɚɪɨɩɪɨɱɧɨɝɨ ɧɢɤɟɥɟɜɨɝɨ ɫɩɥɚɜɚ ȼɀ1ηλ ɞɨɤɚɡɚɥɢ ɟɝɨ ɷɮɮɟɤɬɢɜ-
ɧɨɫɬɶ – ɲɟɪɨɯɨɜɚɬɨɫɬɶ ɫɧɢɡɢɥɚɫɶ ɜ η ɪɚɡ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɢɫɯɨɞɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ. Ɍɚ-
ɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɨɰɟɫɫ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɹɜɥɹɟɬɫɹ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɞɥɹ ɨɛ-
ɪɚɛɨɬɤɢ ɞɟɬɚɥɟɣ, ɩɨɥɭɱɟɧɧɵɯ ɦɟɬɨɞɨɦ ɋɅɋ, ɢ ɨɛɥɚɞɚɟɬ ɪɹɞɨɦ ɩɪɟɢɦɭɳɟɫɬɜ ɩɨ ɫɪɚɜɧɟ-
ɧɢɸ ɫ ɞɪɭɝɢɦɢ ɜɢɞɚɦɢ ɨɛɪɚɛɨɬɤɢ. ɉɪɨɰɟɫɫ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɪɨɫɬɨɣ ɢ ɦɚɥɨɡɚɬɪɚɬɧɵɣ, 
ɚ ɧɚ ɦɧɨɝɢɯ ɩɪɟɞɩɪɢɹɬɢɹɯ ɭɠɟ ɢɦɟɟɬɫɹ ɢɧɮɪɚɫɬɪɭɤɬɭɪɚ ɢ ɧɟɨɛɯɨɞɢɦɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ.  

ɗɥɟɤɬɪɨɯɢɦɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ ɜ ɷɥɟɤɬɪɨɥɢɬɚɯ ɧɚ ɨɫɧɨɜɟ ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ ɤɢɫɥɨɬ 
ɰɟɥɟɫɨɨɛɪɚɡɧɚ ɬɚɦ, ɝɞɟ ɡɚɬɪɭɞɧɟɧɨ ɢɥɢ ɧɟɜɨɡɦɨɠɧɨ ɩɪɨɜɟɫɬɢ ɦɟɯɚɧɢɱɟɫɤɭɸ ɨɛɪɚɛɨɬɤɭ 
(ɬɪɭɞɧɨɞɨɫɬɭɩɧɵɟ ɜɧɭɬɪɟɧɧɢɟ ɩɨɥɨɫɬɢ). ɉɪɢ ɩɪɢɦɟɧɟɧɢɢ ɥɨɤɚɥɶɧɨɝɨ ɢɧɫɬɪɭɦɟɧɬɚ ɢɥɢ 
ɷɤɪɚɧɨɜ ɜɨɡɦɨɠɧɨ ɬɚɤɠɟ ɜɵɛɨɪɨɱɧɨ ɨɛɪɚɛɚɬɵɜɚɬɶ ɭɱɚɫɬɤɢ ɞɟɬɚɥɢ.  

Ⱦɨɩɨɥɧɢɬɟɥɶɧɨ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɭɸ ɨɛɪɚɛɨɬɤɭ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɫɧɢɠɟ-
ɧɢɹ ɦɚɫɫɵ ɞɟɬɚɥɢ ɢɥɢ ɭɬɨɧɟɧɢɹ ɨɬɞɟɥɶɧɵɯ ɟɟ ɭɱɚɫɬɤɨɜ. 

ȼɧɟɞɪɟɧɢɟ ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɶ ɩɪɨɰɟɫɫɚ ɢɡɝɨɬɨɜɥɟɧɢɹ ɞɟɬɚɥɟɣ ɦɟɬɨɞɨɦ ɋɅɋ ɫ 
ɩɨɫɥɟɞɭɸɳɟɣ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɨɣ ɦɨɠɟɬ ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ ɪɚɡɜɢɬɢɸ ɪɟɰɟɩ-
ɬɭɪ ɷɥɟɤɬɪɨɥɢɬɨɜ ɫ ɰɟɥɶɸ ɫɧɢɠɟɧɢɹ ɢɯ ɚɝɪɟɫɫɢɜɧɨɫɬɢ, ɩɪɢɦɟɧɟɧɢɸ ɛɨɥɟɟ ɷɮɮɟɤɬɢɜ-
ɧɵɯ ɞɨɛɚɜɨɤ, ɜɥɢɹɸɳɢɯ ɧɚ ɩɪɢɷɥɟɤɬɪɨɞɧɵɣ ɫɥɨɣ, ɚ ɬɚɤɠɟ ɪɚɡɜɢɬɢɸ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 
ɩɪɢɟɦɨɜ, ɭɥɭɱɲɚɸɳɢɯ ɤɚɱɟɫɬɜɨ ɨɛɪɚɛɨɬɤɢ ɩɨɜɟɪɯɧɨɫɬɢ, ɬɚɤɢɯ ɤɚɤ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɧɟ-
ɫɬɚɰɢɨɧɚɪɧɵɯ ɪɟɠɢɦɨɜ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɨɤɚ, ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɨɛɪɚɛɨɬɤɢ ɢ ɞɪ. 
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ɍɊɈȼɇȿɆ  ɈɋɌȺɌɈɑɇɕɏ  ɇȺɉɊəɀȿɇɂɃ  ɂɁ  ȺɅɘɆɂɇɂȿȼɈȽɈ   
ɋɉɅȺȼȺ  1933ɫɛ  ɋȻȺɅȺɇɋɂɊɈȼȺɇɇɈȽɈ  ɋɈɋɌȺȼȺ 
 
DOI: 10.18577/2307-6046-2021-0-7-13-21 

 
ȼ ɫɬаɬɶɟ ɩɨ ɪɟɡɭɥɶɬаɬаɦ ɫɪавɧɢɬɟɥɶɧɵɯ ɢɫɫɥɟɞɨваɧɢɣ ɢ ɢɫɩɵɬаɧɢɣ ɩɨɤаɡаɧɵ 

ɩɪɟɢɦɭɳɟɫɬва ɦаɫɫɢвɧɵɯ ɩɨɤɨвɨɤ ɫ ɩɨɧɢɠɟɧɧɵɦ ɭɪɨвɧɟɦ ɨɫɬаɬɨɱɧɵɯ ɧаɩɪɹɠɟɧɢɣ 
ɢɡ аɥɸɦɢɧɢɟвɨɝɨ ɫɩɥава 1933ɫɛ ɫɛаɥаɧɫɢɪɨваɧɧɨɝɨ ɫɨɫɬава ɩɨ ɫɪавɧɟɧɢɸ ɫ аɧаɥɨɝɢɱ-
ɧɵɦɢ ɫɟɪɢɣɧɵɦɢ ɩɨɥɭɮаɛɪɢɤаɬаɦɢ. Ɇаɫɫɢвɧɵɟ ɩɨɤɨвɤɢ ɬɨɥɳɢɧɨɣ 100–150 ɦɦ ɢɡ 
ɫɩɥава 1933ɫɛ, ɩɨɞвɟɪɝɧɭɬɵɟ ɩɪавɤɟ ɫɠаɬɢɟɦ в ɫвɟɠɟɡаɤаɥɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɢɦɟɸɬ 
ɩɨɧɢɠɟɧɧɵɣ (ɛɨɥɟɟ ɱɟɦ в 2 ɪаɡа) ɭɪɨвɟɧɶ ɡаɤаɥɨɱɧɵɯ ɨɫɬаɬɨɱɧɵɯ ɧаɩɪɹɠɟɧɢɣ ɩɪɢ 
ɩɨвɵɲɟɧɧɵɯ ɩɪɨɱɧɨɫɬɧɵɯ ɯаɪаɤɬɟɪɢɫɬɢɤаɯ (ɧа 30–40 Ɇɉа ɢ ɛɨɥɟɟ), ɨɫɨɛɟɧɧɨ в ɩɨ-
ɩɟɪɟɱɧɨɦ ɩɨ ɬɨɥɳɢɧɟ ɧаɩɪавɥɟɧɢɢ (ɛɨɥɟɟ ɱɟɦ ɧа 10 %), ɭɪɨвɧɟ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɭɞɥɢ-
ɧɟɧɢɹ ɢ вɹɡɤɨɫɬɢ ɪаɡɪɭɲɟɧɢɹ. 

Ключевые слова: ɫɩɥав 1933ɫɛ, ɦаɫɫɢвɧɵɟ ɩɨɤɨвɤɢ, ɨɫɬаɬɨɱɧɵɟ ɧаɩɪɹɠɟɧɢɹ, ɦɟ-
ɯаɧɢɱɟɫɤɢɟ ɫвɨɣɫɬва, ɤɨɪɪɨɡɢɨɧɧɵɟ ɫвɨɣɫɬва, вɹɡɤɨɫɬɶ ɪаɡɪɭɲɟɧɢɹ. 
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STRUCTURE  AND  PROPERTIES  OF  MASSIVE  FORGINGS 
WITH  A  REDUCED  LEVEL  OF  RESIDUAL  STRESSES  
MADE  OF  ALUMINUM  ALLOY  1933sb  OF  BALANCED  COMPOSITION 
 

Based on the results of comparative studies and tests, the article shows the advantages of 
massive forgings with a reduced level of residual stresses made of 1933sb alloy balanced com-
position in comparison with similar serial semi-finished products. Massive forgings with a 
thickness of 100–150 mm from a 1933sb alloy of a balanced composition have a lower (more 
than 2 times) level of quenching residual stresses with strength characteristics increased (by 
30–40 MPa and higher), especially in the direction of transverse in thickness (more than 10 %), 
the level of elongation and fracture toughness. 

Keyword: alloy 1933sb, forgings, residual stresses, mechanical properties, corrosion prop-
erties, fracture toughness. 
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ȼвɟɞɟɧиɟ 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫɭɳɟɫɬɜɟɧɧɨ ɜɨɡɪɨɫɥɢ ɬɪɟɛɨɜɚɧɢɹ ɤ ɫɥɭɠɟɛɧɵɦ ɢ ɬɟɯɧɨɥɨ-
ɝɢɱɟɫɤɢɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɦɚɬɟɪɢɚɥɨɜ ɜ ɰɟɥɹɯ ɨɛɟɫɩɟɱɟɧɢɹ ɫɧɢɠɟɧɢɹ ɦɚɫɫɵ ɢ ɩɨɜɵ-
ɲɟɧɢɹ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɡɞɟɥɢɣ ɚɜɢɚɰɢɨɧɧɨɣ ɢ ɪɚɤɟɬɧɨ-ɤɨɫɦɢɱɟɫɤɨɣ 
ɬɟɯɧɢɤɢ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ. ɋɩɥɚɜɵ ɰɢɧɤɨɜɨɣ ɝɪɭɩɩɵ, ɨɫɨɛɟɧɧɨ ɜ ɜɢɞɟ ɤɨɜɚɧɵɯ, ɩɪɟɫ-
ɫɨɜɚɧɧɵɯ ɢ ɤɚɬɚɧɵɯ ɩɨɥɭɮɚɛɪɢɤɚɬɨɜ, ɩɪɢɦɟɧɹɟɦɵɯ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɫɥɨɠɧɨɤɨɧɬɭɪɧɵɯ 
ɞɟɬɚɥɟɣ ɫɢɥɨɜɨɝɨ ɤɚɪɤɚɫɚ ɩɥɚɧɟɪɚ ɫɚɦɨɥɟɬɚ, ɧɟ ɢɫɱɟɪɩɚɥɢ ɫɜɨɢɯ ɩɨɬɟɧɰɢɚɥɶɧɵɯ ɜɨɡɦɨɠ-
ɧɨɫɬɟɣ. ɍɥɭɱɲɟɧɢɟ ɤɨɦɩɥɟɤɫɚ ɫɥɭɠɟɛɧɵɯ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɦɚɬɟɪɢɚɥɨɜ  
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ɹɜɥɹɟɬɫɹ ɜɚɠɧɟɣɲɟɣ ɡɚɞɚɱɟɣ ɫɨɜɪɟɦɟɧɧɨɝɨ ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɹ, ɪɟɲɟɧɢɟ ɤɨɬɨɪɨɣ ɩɨɡɜɨ-
ɥɢɬ ɨɛɟɫɩɟɱɢɬɶ ɩɨɜɵɲɟɧɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɪɟɫɭɪɫɚ ɢ ɧɚɞɟɠɧɨɫɬɢ ɢɡɞɟɥɢɣ ɚɜɢɚɰɢɨɧɧɨɣ 
ɢ ɪɚɤɟɬɧɨ-ɤɨɫɦɢɱɟɫɤɨɣ ɬɟɯɧɢɤɢ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ ɧɚɪɹɞɭ ɫ ɩɨɜɵɲɟɧɢɟɦ ɷɤɨɧɨɦɢɱɟ-
ɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɨɥɭɱɟɧɢɹ ɢɡɞɟɥɢɣ ɛɥɚɝɨɞɚɪɹ ɫɧɢɠɟɧɢɸ ɬɪɭɞɨɟɦɤɨɫɬɢ ɢɡɝɨɬɨɜɥɟ-
ɧɢɹ ɞɟɬɚɥɟɣ ɢ ɭɜɟɥɢɱɟɧɢɸ ɤɨɷɮɮɢɰɢɟɧɬɚ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɚɬɟɪɢɚɥɨɜ 1–11  

ɉɪɢ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɟ ɞɟɬɚɥɟɣ, ɨɫɨɛɟɧɧɨ ɫɥɨɠɧɨɣ ɮɨɪɦɵ, ɢɡ ɬɟɪɦɨ-
ɭɩɪɨɱɧɹɟɦɵɯ ɚɥɸɦɢɧɢɟɜɵɯ ɫɩɥɚɜɨɜ ɧɟɪɟɞɤɨ ɩɪɨɢɫɯɨɞɢɬ ɢɯ ɤɨɪɨɛɥɟɧɢɟ, ɩɪɢɱɢɧɨɣ ɤɨ-
ɬɨɪɨɝɨ ɹɜɥɹɸɬɫɹ ɨɫɬɚɬɨɱɧɵɟ ɡɚɤɚɥɨɱɧɵɟ ɧɚɩɪɹɠɟɧɢɹ. ɍɫɬɪɚɧɟɧɢɟ ɤɨɪɨɛɥɟɧɢɹ ɬɪɟɛɭɟɬ 
ɩɪɨɜɟɞɟɧɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɩɪɚɜѝɥɶɧɵɯ ɨɩɟɪɚɰɢɣ, ɩɨɫɤɨɥɶɤɭ ɫɭɳɟɫɬɜɟɧɧɨɟ ɨɬɤɥɨɧɟ-
ɧɢɟ ɨɬ ɡɚɞɚɧɧɵɯ ɪɚɡɦɟɪɨɜ ɩɪɢɜɨɞɢɬ ɤ ɛɪɚɤɭ ɢɡɞɟɥɢɹ. ɋɧɢɠɟɧɢɟ ɨɫɬɚɬɨɱɧɵɯ ɧɚɩɪɹɠɟ-
ɧɢɣ ɜ ɩɨɥɭɮɚɛɪɢɤɚɬɚɯ ɩɨɡɜɨɥɢɬ ɫɭɳɟɫɬɜɟɧɧɨ ɫɨɤɪɚɬɢɬɶ ɬɪɭɞɨɟɦɤɨɫɬɶ ɬɟɪɦɢɱɟɫɤɨɣ ɢ 
ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɨɤ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɞɟɬɚɥɟɣ ɧɚ ɫɚɦɨɥɟɬɨɫɬɪɨɢɬɟɥɶɧɵɯ ɡɚɜɨɞɚɯ, 
ɩɨɜɵɫɢɬɶ ɤɨɷɮɮɢɰɢɟɧɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɚɬɟɪɢɚɥɚ ɩɪɢ ɨɛɟɫɩɟɱɟɧɢɢ ɜɵɫɨɤɨɝɨ ɭɪɨɜɧɹ 
ɬɪɟɛɨɜɚɧɢɣ ɤɨɧɫɬɪɭɤɬɨɪɨɜ ɤ ɤɨɦɩɥɟɤɫɭ ɦɟɯɚɧɢɱɟɫɤɢɯ ɢ ɤɨɪɪɨɡɢɨɧɧɵɯ ɫɜɨɣɫɬɜ ɤɪɭɩɧɨ-
ɝɚɛɚɪɢɬɧɵɯ ɩɨɥɭɮɚɛɪɢɤɚɬɨɜ. 

Ɉɞɧɢɦ ɢɡ ɢɡɜɟɫɬɧɵɯ ɢ ɷɮɮɟɤɬɢɜɧɵɯ ɦɟɬɨɞɨɜ ɫɧɢɠɟɧɢɹ ɨɫɬɚɬɨɱɧɵɯ ɧɚɩɪɹɠɟɧɢɣ 
ɹɜɥɹɟɬɫɹ ɩɪɚɜɤɚ ɩɨɥɭɮɚɛɪɢɤɚɬɨɜ ɜ ɫɜɟɠɟɡɚɤɚɥɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ ɦɟɬɨɞɚɦɢ ɪɚɫɬɹɠɟɧɢɹ 
ɢɥɢ ɫɠɚɬɢɹ ɫ ɨɫɬɚɬɨɱɧɨɣ ɞɟɮɨɪɦɚɰɢɟɣ ɞɨ γ–η %. Ⱦɚɧɧɵɣ ɦɟɬɨɞ ɩɪɢɦɟɧɹɟɬɫɹ ɧɚ ɦɟɬɚɥ-
ɥɭɪɝɢɱɟɫɤɢɯ ɡɚɜɨɞɚɯ, ɨɫɧɚɳɟɧɧɵɯ ɧɟɨɛɯɨɞɢɦɵɦ ɨɛɨɪɭɞɨɜɚɧɢɟɦ – ɪɚɫɬɹɠɧɵɦɢ ɦɚɲɢ-
ɧɚɦɢ ɢ ɩɪɟɫɫɚɦɢ ɞɥɹ ɩɪɚɜɤɢ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɫɢɥɨɜɵɯ ɞɟɬɚɥɟɣ ɫɨɜɪɟɦɟɧɧɵɯ ɫɚɦɨɥɟɬɨɜ 
Sukhoi Superjet 100, Ɇɋ-21 ɢ ɞɪɭɝɢɯ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɤɪɭɩɧɨɝɚɛɚɪɢɬɧɵɟ ɦɚɫɫɢɜ-
ɧɵɟ ɩɨɤɨɜɤɢ ɢɡ ɜɵɫɨɤɨɩɪɨɱɧɨɝɨ ɚɥɸɦɢɧɢɟɜɨɝɨ ɫɩɥɚɜɚ 1λγγ.  

ȼɜɢɞɭ ɬɨɝɨ, ɱɬɨ ɞɨɩɭɫɬɢɦɚɹ ɬɨɥɳɢɧɚ ɩɨɥɭɮɚɛɪɢɤɚɬɨɜ ɢɡ ɚɥɸɦɢɧɢɟɜɵɯ ɫɩɥɚɜɨɜ 
ɩɪɢ ɡɚɤɚɥɤɟ ɨɝɪɚɧɢɱɟɧɚ ɢɯ ɩɪɨɤɚɥɢɜɚɟɦɨɫɬɶɸ, ɦɚɫɫɢɜɧɵɟ ɩɨɥɭɮɚɛɪɢɤɚɬɵ ɧɚ ɫɚɦɨɥɟɬɨ-
ɫɬɪɨɢɬɟɥɶɧɵɟ ɡɚɜɨɞɵ ɩɨɫɬɚɜɥɹɸɬ ɛɟɡ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɢ ɛɟɡ ɩɪɚɜɤɢ. ɇɚ ɫɚɦɨɥɟ-
ɬɨɫɬɪɨɢɬɟɥɶɧɵɯ ɡɚɜɨɞɚɯ  ɡɚɝɨɬɨɜɤɭ ɞɟɬɚɥɢ ɩɨɞɜɟɪɝɚɸɬ ɡɚɤɚɥɤɟ ɩɨɫɥɟ ɱɟɪɧɨɜɨɣ ɦɟɯɚɧɢ-
ɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ. ɉɪɢ ɷɬɨɦ ɜ ɡɚɝɨɬɨɜɤɚɯ ɜɨɡɧɢɤɚɸɬ ɨɫɬɚɬɨɱɧɵɟ ɡɚɤɚɥɨɱɧɵɟ ɧɚɩɪɹɠɟ-
ɧɢɹ, ɤɨɬɨɪɵɟ ɩɪɢɜɨɞɹɬ ɤ ɧɟɠɟɥɚɬɟɥɶɧɵɦ ɩɨɜɨɞɤɚɦ ɢ ɤɨɪɨɛɥɟɧɢɸ ɞɟɬɚɥɟɣ ɩɪɢ ɢɯ ɨɤɨɧ-
ɱɚɬɟɥɶɧɨɣ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɟ. ɉɨɷɬɨɦɭ ɧɚ ɫɚɦɨɥɟɬɨɫɬɪɨɢɬɟɥɶɧɵɯ ɡɚɜɨɞɚɯ ɡɚɢɧ-
ɬɟɪɟɫɨɜɚɧɵ ɜ ɩɨɥɭɱɟɧɢɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɫ ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɢɯ ɡɚɜɨɞɨɜ ɦɚɫɫɢɜɧɵɯ ɩɨ-
ɥɭɮɚɛɪɢɤɚɬɨɜ ɜ ɬɟɪɦɨɭɩɪɨɱɧɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ ɫ ɩɨɧɢɠɟɧɧɵɦ ɭɪɨɜɧɟɦ ɨɫɬɚɬɨɱɧɵɯ ɡɚ-
ɤɚɥɨɱɧɵɯ ɧɚɩɪɹɠɟɧɢɣ. 

ɋ ɰɟɥɶɸ ɪɚɫɲɢɪɟɧɢɹ ɞɢɚɩɚɡɨɧɚ ɬɨɥɳɢɧ ɩɨɥɭɮɚɛɪɢɤɚɬɨɜ ɢɡ ɫɩɥɚɜɚ 1λγγ ɜ ɫɨɫɬɨ-
ɹɧɢɹɯ Ɍ2 ɢ Ɍγ, ɩɨɫɬɚɜɥɹɟɦɵɯ ɫ ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɢɯ ɡɚɜɨɞɨɜ ɫ ɩɨɧɢɠɟɧɧɵɦ ɭɪɨɜɧɟɦ ɨɫɬɚ-
ɬɨɱɧɵɯ ɧɚɩɪɹɠɟɧɢɣ, ɧɟɨɛɯɨɞɢɦɨ ɩɨɜɵɫɢɬɶ ɩɪɨɤɚɥɢɜɚɟɦɨɫɬɶ ɫɩɥɚɜɚ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚ-
ɧɟɟ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 12, 13 ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɢ ɫɛɚɥɚɧɫɢɪɨɜɚɧɧɨɦ ɥɟɝɢ-
ɪɨɜɚɧɢɢ ɫɩɥɚɜɚ 1λγγ ɰɢɧɤɨɦ ɢ ɦɚɝɧɢɟɦ (ɨɬɧɨɲɟɧɢɟ Zn:Mg ≥ 4,0) ɟɝɨ ɩɪɨɤɚɥɢɜɚɟɦɨɫɬɶ 
ɩɨɜɵɲɚɟɬɫɹ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɭɜɟɥɢɱɢɬɶ ɬɨɥɳɢɧɭ ɡɚɤɚɥɢɜɚɟɦɵɯ ɩɨɤɨɜɨɤ ɢɡ ɫɩɥɚɜɚ ɫ 80 ɞɨ 
1η0 ɦɦ ɛɟɡ ɫɧɢɠɟɧɢɹ ɦɟɯɚɧɢɱɟɫɤɢɯ ɢ ɤɨɪɪɨɡɢɨɧɧɵɯ ɫɜɨɣɫɬɜ, ɜɹɡɤɨɫɬɢ ɪɚɡɪɭɲɟɧɢɹ ɢ ɫ 
ɭɦɟɧɶɲɟɧɢɟɦ ɞɢɚɩɚɡɨɧɚ ɡɧɚɱɟɧɢɣ ɫɜɨɣɫɬɜ ɩɨ ɬɨɥɳɢɧɟ ɦɚɫɫɢɜɧɵɯ ɩɨɥɭɮɚɛɪɢɤɚɬɨɜ, ɱɬɨ 
ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɫɧɢɠɟɧɢɹ ɭɪɨɜɧɹ ɨɫɬɚɬɨɱɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɜ ɩɨɥɭɮɚɛɪɢɤɚ-
ɬɚɯ ɦɟɬɨɞɨɦ ɩɪɚɜɤɢ ɜ ɫɜɟɠɟɡɚɤɚɥɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ ɧɚ ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɨɦ ɡɚɜɨɞɟ. 

ȼ ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɫɪɚɜɧɢɬɟɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ ɩɨɤɚɡɚɧɵ 
ɩɪɟɢɦɭɳɟɫɬɜɚ ɦɚɫɫɢɜɧɵɯ ɩɨɤɨɜɨɤ ɫ ɩɨɧɢɠɟɧɧɵɦ ɭɪɨɜɧɟɦ ɨɫɬɚɬɨɱɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɢɡ 
ɫɩɥɚɜɚ 1λγγ ɫɛɚɥɚɧɫɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɚɜɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɚɧɚɥɨɝɢɱɧɵɦɢ ɩɨɥɭɮɚɛɪɢɤɚɬɚ-
ɦɢ ɢɡ ɫɩɥɚɜɚ ɫɟɪɢɣɧɨɝɨ ɫɨɫɬɚɜɚ 14, 15. 
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Ɇаɬɟɪиаɥɵ и ɦɟɬɨɞɵ 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɪɨɜɨɞɢɥɢ ɧɚ ɦɚɫɫɢɜɧɵɯ ɩɨɤɨɜɤɚɯ ɬɨɥɳɢɧɨɣ 100–1η0 ɦɦ, ɢɡɝɨ-
ɬɨɜɥɟɧɧɵɯ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɭɫɥɨɜɢɹɯ ȺɈ «ȺɆɊ» ɢɡ ɫɩɥɚɜɚ ɦɚɪɤɢ 1λγγɫɛ ɩɨ ɨɩɬɢ-
ɦɢɡɢɪɨɜɚɧɧɨɣ ɞɥɹ ɞɚɧɧɨɝɨ ɫɩɥɚɜɚ ɬɟɯɧɨɥɨɝɢɢ, ɜɤɥɸɱɚɸɳɟɣ ɞɜɭɯɫɬɭɩɟɧɱɚɬɵɣ ɪɟɠɢɦ 
ɝɨɦɨɝɟɧɢɡɚɰɢɢ ɫɥɢɬɤɨɜ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɣ ɩɨɜɵɲɟɧɢɟ ɢɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɩɥɚɫɬɢɱɧɨ-
ɫɬɢ, ɡɚɤɚɥɤɭ, ɩɪɚɜɤɭ ɜ ɫɜɟɠɟɡɚɤɚɥɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ ɫɠɚɬɢɟɦ ɫɨ ɫɬɟɩɟɧɶɸ ɨɫɬɚɬɨɱɧɨɣ 
ɞɟɮɨɪɦɚɰɢɢ 2–η % ɞɥɹ ɫɧɢɠɟɧɢɹ ɨɫɬɚɬɨɱɧɵɯ ɧɚɩɪɹɠɟɧɢɣ, ɦɧɨɝɨɫɬɭɩɟɧɱɚɬɵɟ ɪɟɠɢɦɵ 
ɫɬɚɪɟɧɢɹ Ɍ2ɇ ɢ Ɍγɇ. 

Ɉɛɪɚɡɰɵ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɬɪɭɤɬɭɪɵ, ɨɩɪɟɞɟɥɟɧɢɹ ɦɟɯɚɧɢɱɟɫɤɢɯ ɢ ɤɨɪɪɨɡɢɨɧ-
ɧɵɯ ɫɜɨɣɫɬɜ, ɜɹɡɤɨɫɬɢ ɪɚɡɪɭɲɟɧɢɹ ɨɬɛɢɪɚɥɢ ɢɡ ɪɚɡɥɢɱɧɵɯ ɡɨɧ ɩɨ ɬɨɥɳɢɧɟ ɦɚɫɫɢɜɧɵɯ 
ɩɨɤɨɜɨɤ. 

Ⱥɧɚɥɢɡ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɩɪɨɜɨɞɢɥɢ ɧɚ ɦɢɤɪɨɫɤɨɩɟ Olympus GX 51 ɩɨ ɦɟɬɨɞɢɤɟ 
ɆɊ 21-31–85.  

ɗɥɟɤɬɪɨɧɧɨ-ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢɟ ɫɬɪɭɤɬɭɪɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɵɩɨɥɧɹɥɢ ɧɚ ɩɪɨ-
ɫɜɟɱɢɜɚɸɳɟɦ ɷɥɟɤɬɪɨɧɧɨɦ ɦɢɤɪɨɫɤɨɩɟ JEM 200CX (EM 132039-4λ) ɩɨ ɦɟɬɨɞɢɤɟ 
ɆɆ 1.595-17-344–2007. Ɏяɥɶɝɢ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢɡɝɨɬɚɜɥɢɜɚɥɢ ɷɥɟɤɬɪɨɷɪɨɡɢɨɧɧɨɣ 
ɪɟɡɤɨɣ, ɲɥɢɮɨɜɤɨɣ ɢ ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɨɣ ɩɨɥɢɪɨɜɤɨɣ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ –38 °ɋ ɜ ɫɩɢɪɬɨ-
ɜɨɦ ɪɚɫɬɜɨɪɟ ɚɡɨɬɧɨɣ ɤɢɫɥɨɬɵ. 

Ɉɛɪɚɡɰɵ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ (ɩɪɟɞɟɥɨɜ ɬɟɤɭɱɟɫɬɢ (σ0,2) ɢ 
ɩɪɨɱɧɨɫɬɢ (σɜ), ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɭɞɥɢɧɟɧɢɹ (δ) ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ) ɢɫɩɵɬɵɜɚɥɢ ɧɚ ɦɚɲɢɧɟ 
Zwick/Roell Z250 ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɧɚ ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ ɨɛɪɚɡɰɚɯ (ɩɨ η ɨɛ-
ɪɚɡɰɨɜ ɧɚ ɬɨɱɤɭ) ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ ȽɈɋɌ 14λ7–84. 

Ʉɪɢɬɢɱɟɫɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɜɹɡɤɨɫɬɢ ɪɚɡɪɭɲɟɧɢɹ K1ɫ ɩɪɢ ɜɧɟɰɟɧɬɪɟɧɧɨɦ ɪɚɫɬɹ-
ɠɟɧɢɢ ɤɨɦɩɚɤɬɧɵɯ ɨɛɪɚɡɰɨɜ (ɩɨ η ɨɛɪɚɡɰɨɜ ɧɚ ɬɨɱɤɭ) ɨɩɪɟɞɟɥɹɥɢ ɧɚ ɢɫɩɵɬɚɬɟɥɶɧɨɣ 
ɦɚɲɢɧɟ Walter + Bai LFMZ-2η0 ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɈɋɌ 2η.η0θ–85. 

ɋɤɥɨɧɧɨɫɬɶ ɤ ɦɟɠɤɪɢɫɬɚɥɥɢɬɧɨɣ ɤɨɪɪɨɡɢɢ ɨɩɪɟɞɟɥɹɥɢ ɩɨ ȽɈɋɌ λ.021–74 
(ɩɨ 6 ɨɛɪɚɡɰɨɜ ɧɚ ɬɨɱɤɭ). 

Ɉɫɬɚɬɨɱɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɜ ɢɫɫɥɟɞɭɟɦɵɯ ɩɨɥɭɮɚɛɪɢɤɚɬɚɯ, ɩɨɞɜɟɪɝɧɭɬɵɯ ɩɪɚɜɤɟ ɜ 
ɫɜɟɠɟɡɚɤɚɥɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɚ ɡɚɬɟɦ ɫɨɫɬɚɪɟɧɧɵɯ ɩɨ ɪɟɠɢɦɚɦ Ɍ2ɇ ɢ Ɍγɇ, ɨɰɟɧɢɜɚɥɢ 
ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɵɦ ɦɟɬɨɞɨɦ ɧɚ ɚɧɚɥɢɡɚɬɨɪɟ ɨɫɬɚɬɨɱɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɩɨ ɦɟɬɨɞɢɤɟ 
ɆɆ 1.ηλη-17-225–2004. Ɋɚɫɱɟɬ ɡɧɚɱɟɧɢɣ ɨɫɬɚɬɨɱɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɜɵɩɨɥɧɹɥɢ ɩɨ ɦɟɬɨɞɭ 
«sТЧ2ψ». ɂɧɮɨɪɦɚɰɢɨɧɧɚɹ ɝɥɭɛɢɧɚ ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɪɟɧɬɝɟɧɨɜɫɤɨɝɨ ɩɭɱɤɚ ɫɨɫɬɚɜɥɹɥɚ 
60 ɦɤɦ. 

 
Ɋɟɡɭɥьɬаɬɵ и ɨɛɫɭɠɞɟɧиɟ 

ɋɬɪɭɤɬɭɪа ɢ ɫвɨɣɫɬва ɦаɫɫɢвɧɵɯ ɩɨɤɨвɨɤ ɬɨɥɳɢɧɨɣ 100–150 ɦɦ  
ɢɡ ɫɩɥавɨв 1933ɫɛ ɢ 1933 

ɂɫɫɥɟɞɨɜɚɧɧɵɟ ɩɨɤɨɜɤɢ ɢɡ ɫɩɥɚɜɚ 1λγγɫɛ, ɢɡɝɨɬɨɜɥɟɧɧɵɟ ɢɡ ɫɥɢɬɤɨɜ, ɝɨɦɨɝɟɧɢ-
ɡɢɪɨɜɚɧɧɵɯ ɩɨ ɞɜɭɯɫɬɭɩɟɧɱɚɬɨɦɭ ɪɟɠɢɦɭ, ɢ ɞɟɮɨɪɦɢɪɨɜɚɧɧɵɟ ɩɨ ɨɩɬɢɦɚɥɶɧɨɦɭ ɪɟ-
ɠɢɦɭ ɤɨɜɤɢ, ɢɦɟɸɬ ɨɞɧɨɪɨɞɧɭɸ ɩɨ ɬɨɥɳɢɧɟ ɱɚɫɬɢɱɧɨ ɪɟɤɪɢɫɬɚɥɥɢɡɨɜɚɧɧɭɸ ɫɬɪɭɤɬɭɪɭ 
(ɪɢɫ. 1, а, ɛ). ȼ ɫɬɪɭɤɬɭɪɟ ɫɟɪɢɣɧɵɯ ɩɨɤɨɜɨɤ ɢɡ ɫɩɥɚɜɚ 1λγγ ɨɬɦɟɱɚɟɬɫɹ ɭɤɪɭɩɧɟɧɢɟ 
ɦɢɤɪɨɡɟɪɧɚ ɜ ɰɟɧɬɪɚɥɶɧɨɣ ɡɨɧɟ ɩɨ ɫɟɱɟɧɢɸ ɩɨɤɨɜɤɢ (ɪɢɫ. 1, в, ɝ). 

Ɉɫɬɚɬɨɱɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɩɨɫɥɟ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɨɩɪɟɞɟɥɹɥɢ ɧɚ ɩɨɜɟɪɯɧɨ-
ɫɬɢ ɩɨɤɨɜɨɤ ɜ ɪɚɡɥɢɱɧɵɯ ɡɨɧɚɯ ɩɨ ɞɥɢɧɟ ɢ ɲɢɪɢɧɟ ɩɨɥɭɮɚɛɪɢɤɚɬɨɜ. Ɋɟɡɭɥɶɬɚɬɵ ɨɛɪɚ-
ɛɨɬɤɢ ɞɚɧɧɵɯ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 1.  
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ɛ)а)

ɝ)в)

 
Ɋɢɫ. 1. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɩɨɜɟɪɯɧɨɫɬɧɨɣ (а, в) ɢ ɰɟɧɬɪɚɥɶɧɨɣ ɡɨɧ (ɛ, ɝ) ɦɚɫɫɢɜɧɵɯ ɩɨɤɨɜɨɤ 

ɬɨɥɳɢɧɨɣ 1η0 ɦɦ ɢɡ ɫɩɥɚɜɚ 1λγγɫɛ (а, ɛ) ɢ ɫɟɪɢɣɧɵɯ ɩɨɤɨɜɨɤ ɢɡ ɫɩɥɚɜɚ 1λγγ (в, ɝ) 
 

Ɍаɛɥɢɰа 1 
Ɉɫɬаɬɨчɧɵɟ ɧаɩɪяɠɟɧия в ɩɨɤɨвɤаɯ ɬɨɥɳиɧɨɣ 100–150 ɦɦ иɡ ɫɩɥавɨв 1933ɫɛ и 1933 

ɋɩɥɚɜ ɋɨɫɬɨɹɧɢɟ 
ɫɩɥɚɜɚ Ɇɟɬɨɞ ɨɛɪɚɛɨɬɤɢ 

Ɉɫɬɚɬɨɱɧɵɟ ɧɚɩɪɹɠɟɧɢɹ  ɨɫɬ, Ɇɉɚ 

1λγγɫɛ 
Ɍ2ɇ ɉɪɚɜɤɚ ɜ ɫɜɟɠɟɡɚɤɚɥɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ  

ɫɠɚɬɢɟɦ ɫɨ ɫɬɟɩɟɧɶɸ ɞɟɮɨɪɦɚɰɢɢ 2–5 % 
(–8211)(–9015) 

Ɍγɇ (–7230)(–7812) 

1933 
Ɍ2 Ȼɟɡ ɩɪɚɜɤɢ 

–18511  
Ɍγ –15611 

 
ȼɫɟ ɢɡɦɟɪɟɧɧɵɟ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɤɨɜɨɤ ɧɚɩɪɹɠɟɧɢɹ ɹɜɥɹɸɬɫɹ ɧɚɩɪɹɠɟɧɢɹɦɢ 

ɫɠɚɬɢɹ. ɍɪɨɜɟɧɶ ɨɫɬɚɬɨɱɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɜ ɩɨɤɨɜɤɚɯ ɛɥɚɝɨɞɚɪɹ ɩɪɚɜɤɟ ɫɠɚɬɢɟɦ ɫɧɢɠɟɧ 
ɛɨɥɟɟ ɱɟɦ ɜ 2 ɪɚɡɚ. Ɉɬɦɟɱɚɟɬɫɹ ɬɟɧɞɟɧɰɢɹ ɤ ɧɟɡɧɚɱɢɬɟɥɶɧɨɦɭ ɭɦɟɧɶɲɟɧɢɸ ɡɧɚɱɟɧɢɣ 
ɨɫɬɚɬɨɱɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɜ ɩɨɤɨɜɤɚɯ ɩɨɫɥɟ ɫɬɚɪɟɧɢɹ ɩɨ ɛɨɥɟɟ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɦɭ 
ɪɟɠɢɦɭ ɫɬɚɪɟɧɢɹ Ɍγɇ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɪɟɠɢɦɨɦ Ɍ2ɇ. 
 

Ɇɟɯаɧɢɱɟɫɤɢɟ ɫвɨɣɫɬва ɢ вɹɡɤɨɫɬɶ ɪаɡɪɭɲɟɧɢɹ 
ɉɪɨɜɟɞɟɧɧɵɟ ɢɫɩɵɬɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɢɫɫɥɟɞɨɜɚɧɧɵɯ 

ɩɨɤɨɜɨɤ ɢɡ ɫɩɥɚɜɨɜ 1λγγɫɛ ɢ 1λγγ ɜ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɡɨɧɟ ɛɥɢɡɤɢ ɦɟɠɞɭ ɫɨɛɨɣ ɢ ɢɦɟɸɬ ɜ 
ɩɪɨɞɨɥɶɧɨɦ ɢ ɩɨɩɟɪɟɱɧɨɦ ɧɚɩɪɚɜɥɟɧɢɹɯ ɫɥɟɞɭɸɳɢɟ ɡɧɚɱɟɧɢɹμ 

– ɜ ɫɨɫɬɨɹɧɢɢ Ɍ2ɇμ ɜ = 500–η2η Ɇɉɚ, 0,2 = 440–47η Ɇɉɚ,  = 11,5–15 %; 
– ɜ ɫɨɫɬɨɹɧɢɢ Ɍγɇμ ɜ = 455–4θη Ɇɉɚ, 0,2 = 390–41η Ɇɉɚ,  = 12,5–16 %. 

Ɉɛɭɫɥɨɜɥɟɧɧɨɟ ɩɪɨɤɚɥɢɜɚɟɦɨɫɬɶɸ ɪɚɡɥɢɱɢɟ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɜ ɰɟɧɬɪɚɥɶ-
ɧɨɣ ɡɨɧɟ ɩɨ ɬɨɥɳɢɧɟ ɩɨɥɭɮɚɛɪɢɤɚɬɨɜ ɢɡ ɫɩɥɚɜɨɜ ɫɛɚɥɚɧɫɢɪɨɜɚɧɧɨɝɨ ɢ ɫɟɪɢɣɧɨɝɨ ɫɨ-
ɫɬɚɜɨɜ ɩɨɤɚɡɚɧɨ ɜ ɬɚɛɥ. 2.  

ɂɡ ɞɚɧɧɵɯ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜ ɬɚɛɥ. 2, ɫɥɟɞɭɟɬ, ɱɬɨ ɩɨɞɜɟɪɝɧɭɬɵɟ ɩɪɚɜɤɟ ɫɠɚɬɢɟɦ 
ɩɨɤɨɜɤɢ ɢɡ ɫɩɥɚɜɚ ɫɛɚɥɚɧɫɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɚɜɚ 1λγγɫɛ ɢɦɟɸɬ ɭɪɨɜɟɧɶ ɩɪɨɱɧɨɫɬɧɵɯ ɯɚ-
ɪɚɤɬɟɪɢɫɬɢɤ ɧɚ γ0–40 Ɇɉɚ ɛɨɥɶɲɟ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɨɤɨɜɤɚɦɢ ɢɡ ɫɩɥɚɜɚ ɫɟɪɢɣɧɨɝɨ ɫɨ-
ɫɬɚɜɚ. ɉɪɢ ɷɬɨɦ ɩɨ ɭɪɨɜɧɸ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɭɞɥɢɧɟɧɢɹ ɢ ɜɹɡɤɨɫɬɢ ɪɚɡɪɭɲɟɧɢɹ, ɨɫɨɛɟɧ-
ɧɨ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɩɨ ɬɨɥɳɢɧɟ, ɬɚɤɠɟ ɢɦɟɸɬ ɩɪɟɢɦɭɳɟɫɬɜɨ (ɧɚ з10 %) ɩɨɤɨɜɤɢ ɢɡ ɫɩɥɚ-
ɜɚ 1λγγɫɛ. 
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Ɍаɛɥɢɰа 2 
Ɇɟɯаɧичɟɫɤиɟ ɫвɨɣɫɬва и вяɡɤɨɫɬь ɪаɡɪɭɲɟɧия  

в ɰɟɧɬɪаɥьɧɨɣ ɡɨɧɟ ɩɨɤɨвɨɤ ɬɨɥɳиɧɨɣ 100–150 ɦɦ иɡ ɫɩɥавɨв 1933ɫɛ и 1933 

ɋɩɥɚɜ  
ɋɨɫɬɨɹ-
ɧɢɟ  

ɫɩɥɚɜɚ 

ɇɚɩɪɚɜɥɟɧɢɟ 
ɜɨɥɨɤɧɚ  
ɜ ɨɛɪɚɡɰɟ 

ɉɪɟɞɟɥ ɩɪɨɱ-
ɧɨɫɬɢ ɩɪɢ ɪɚɫ-
ɬɹɠɟɧɢɢ*, Ɇɉɚ 

ɍɫɥɨɜɧɵɣ 
ɩɪɟɞɟɥ ɬɟɤɭ-
ɱɟɫɬɢ* , Ɇɉɚ 

Ɉɬɧɨɫɢɬɟɥɶ-
ɧɨɟ ɭɞɥɢɧɟ-
ɧɢɟ*, % 

ȼɹɡɤɨɫɬɶ 
ɪɚɡɪɭɲɟɧɢɹ*, 
Ɇɉɚ ɦ  

1λγγɫɛ Ɍ2ɇ 

ɉɪɨɞɨɥɶɧɨɟ 
 

ɉɨɩɟɪɟɱɧɨɟ  
ɩɨ ɬɨɥɳɢɧɟ 

500–515 
505 

470–475 
470 

465–475 
470 

440–450 
445 

8,0–8,5 
8,0 

5,5–6,0 
5,5 

35,8–36,2 
36,0 

26–28,5 
27  

1933 Ɍ2 

ɉɪɨɞɨɥɶɧɨɟ 
 

ɉɨɩɟɪɟɱɧɨɟ  
ɩɨ ɬɨɥɳɢɧɟ 

460–480 
475 

440–455 
445 

410–430 
415 

390–420 
405 

6,5–7,5 
7,0 

2,0–3,5 
3,0 

32–34 
32,5 

22,3–24 
23 

1λγγɫɛ Ɍγɇ 

ɉɪɨɞɨɥɶɧɨɟ 
 

ɉɨɩɟɪɟɱɧɨɟ  
ɩɨ ɬɨɥɳɢɧɟ  

450–460 
455 

425–435 
430 

410–430 
420 

395–405 
400 

9,5–10,5 
10,0 

6,0–7,0 
6,5 

41,0–41,8 
41,6 

26,0–28,5 
27 

1933 Ɍγ 

ɉɪɨɞɨɥɶɧɨɟ 
 

ɉɨɩɟɪɟɱɧɨɟ  
ɩɨ ɬɨɥɳɢɧɟ  

410–430 
415 

390–410 
395 

330–350 
340 

310–330 
315 

7,0–8,0 
7,5 

2,5–4,0 
3,0 

40,0–40,8 
40,3 

22,5–25 
23,5 

* ȼ ɱɢɫɥɢɬɟɥɟ – ɦɢɧɢɦɚɥɶɧɨɟ ɢ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɹ, ɜ ɡɧɚɦɟɧɚɬɟɥɟ – ɫɪɟɞɧɟɟ. 

 
Ʉɨɪɪɨɡɢɨɧɧɵɟ ɯаɪаɤɬɟɪɢɫɬɢɤɢ 

Ɇɚɫɫɢɜɧɵɟ ɩɨɤɨɜɤɢ ɫ ɩɨɧɢɠɟɧɧɵɦ ɭɪɨɜɧɟɦ ɨɫɬɚɬɨɱɧɵɯ ɡɚɤɚɥɨɱɧɵɯ ɧɚɩɪɹɠɟ-
ɧɢɣ ɢɡ ɫɩɥɚɜɚ 1λγγɫɛ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɜɵɫɨɤɨɣ ɤɨɪɪɨɡɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɶɸ (ɬɚɛɥ. γ) – 
ɫɤɥɨɧɧɨɫɬɶ ɤ ɪɚɫɫɥɚɢɜɚɸɳɟɣ ɤɨɪɪɨɡɢɢ ɫɨɫɬɚɜɥɹɟɬ 2/γ ɛɚɥɥɚ ɜ ɫɨɫɬɨɹɧɢɹɯ Ɍ2ɇ ɢ Ɍγɇ. 
ɉɪɢ ɢɫɩɵɬɚɧɢɹɯ ɧɚ ɫɬɨɣɤɨɫɬɶ ɤ ɦɟɠɤɪɢɫɬɚɥɥɢɬɧɨɣ ɤɨɪɪɨɡɢɢ ɜɵɹɜɥɹɸɬɫɹ ɥɢɲɶ ɟɞɢ-
ɧɢɱɧɵɟ ɨɱɚɝɢ ɝɥɭɛɢɧɨɣ, ɧɟ ɩɪɟɜɵɲɚɸɳɟɣ λ0 ɦɤɦ. ɋɟɪɢɣɧɵɟ ɩɨɤɨɜɤɢ ɢɡ ɫɩɥɚɜɚ 1λγγ ɜ 
ɫɨɫɬɨɹɧɢɹɯ Ɍ2/Ɍγ ɩɨ ɤɨɪɪɨɡɢɨɧɧɵɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɧɟɡɧɚɱɢɬɟɥɶɧɨ ɭɫɬɭɩɚɸɬ ɩɨɤɨɜ-
ɤɚɦ ɢɡ ɫɩɥɚɜɚ ɫɛɚɥɚɧɫɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɚɜɚ. 

 
Ɍаɛɥɢɰа 3 

Ʉɨɪɪɨɡиɨɧɧɵɟ ɫвɨɣɫɬва ɩɨɤɨвɨɤ ɬɨɥɳиɧɨɣ 100–150 ɦɦ иɡ ɫɩɥавɨв 1933ɫɛ и 1933 

ɋɩɥɚɜ ɋɨɫɬɨɹɧɢɟ 
ɫɩɥɚɜɚ 

Ɂɨɧɚ ɜɵɪɟɡɤɢ 
ɨɛɪɚɡɰɨɜ 

Ɋɚɫɫɥɚɢɜɚɸɳɚɹ 
ɤɨɪɪɨɡɢɹ, ɛɚɥɥ 

Ɇɟɠɤɪɢɫɬɚɥɥɢɬɧɚɹ 
ɤɨɪɪɨɡɢɹ, ɦɤɦ 

1λγγɫɛ Ɍ2ɇ 
ɉɨɜɟɪɯɧɨɫɬɶ 2/2 48 (ɟɞɢɧɢɱɧɵɟ ɨɱɚɝɢ) 
ɋɟɪɟɞɢɧɚ 2/3 λ0 (ɟɞɢɧɢɱɧɵɟ ɨɱɚɝɢ) 

1933 Ɍ2 
ɉɨɜɟɪɯɧɨɫɬɶ 3/4 105–175 
ɋɟɪɟɞɢɧɚ 4/4 147–175 

1λγγɫɛ Ɍγɇ 
ɉɨɜɟɪɯɧɨɫɬɶ 2/2 42 (ɟɞɢɧɢɱɧɵɟ ɨɱɚɝɢ) 
ɋɟɪɟɞɢɧɚ 2/2 48 (ɟɞɢɧɢɱɧɵɟ ɨɱɚɝɢ) 

1933 Ɍγ 
ɉɨɜɟɪɯɧɨɫɬɶ 2/4 50–105 
ɋɟɪɟɞɢɧɚ 3/4 50–70 

 
ɗɥɟɤɬɪɨɧɧɨ-ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɨɟ ɢɫɫɥɟɞɨваɧɢɟ ɫɬɪɭɤɬɭɪɵ ɦаɫɫɢвɧɵɯ ɩɨɤɨвɨɤ 
ɉɨɥɭɱɟɧɧɵɟ ɪɚɡɥɢɱɢɹ ɩɨ ɭɪɨɜɧɸ ɦɟɯɚɧɢɱɟɫɤɢɯ ɢ ɤɨɪɪɨɡɢɨɧɧɵɯ ɫɜɨɣɫɬɜ  

ɫɪɚɜɧɢɜɚɟɦɵɯ ɩɨɤɨɜɨɤ ɢɡ ɫɩɥɚɜɨɜ ɞɜɭɯ ɫɨɫɬɚɜɨɜ ɫɜɹɡɚɧɵ ɫ ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɢɯ ɬɨɧɤɨɣ 
ɫɬɪɭɤɬɭɪɵ. 
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Ȼɨɥɟɟ ɜɵɫɨɤɚɹ ɭɫɬɨɣɱɢɜɨɫɬɶ ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ ɫɩɥɚɜɚ 1λγγɫɛ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɪɨ-
ɤɚɥɢɜɚɟɦɨɫɬɶ ɩɨ ɜɫɟɣ ɬɨɥɳɢɧɟ ɦɚɫɫɢɜɧɨɣ ɩɨɤɨɜɤɢ – ɜɵɞɟɥɟɧɢɹ -ɮɚɡɵ ɧɚ ɝɪɚɧɢɰɚɯ 
ɡɟɪɟɧ ɜ ɡɚɤɚɥɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ ɩɪɚɤɬɢɱɟɫɤɢ ɨɬɫɭɬɫɬɜɭɸɬ (ɪɢɫ. 2, а). ȼ ɰɟɧɬɪɚɥɶɧɨɣ ɡɨɧɟ 
ɩɨɤɨɜɤɢ ɬɨɥɳɢɧɨɣ 1η0 ɦɦ ɢɡ ɫɩɥɚɜɚ 1λγγ ɫɬɚɧɞɚɪɬɧɨɝɨ ɫɨɫɬɚɜɚ ɩɪɨɢɫɯɨɞɢɬ ɪɚɫɩɚɞ 
ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ ɧɚ ɝɪɚɧɢɰɚɯ ɡɟɪɟɧ (ɪɢɫ. 2, ɛ) ɜɜɢɞɭ ɧɟɞɨɫɬɚɬɨɱɧɨɣ ɩɪɨɤɚɥɢɜɚɟɦɨɫɬɢ, 
ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɩɪɨɱɧɨɫɬɧɵɯ ɫɜɨɣɫɬɜ, ɩɥɚɫɬɢɱɧɨɫɬɢ ɢ ɤɨɪɪɨɡɢɨɧɧɨɣ ɫɬɨɣɤɨ-
ɫɬɢ ɜ ɰɟɧɬɪɚɥɶɧɨɣ ɡɨɧɟ ɩɨɤɨɜɤɢ ɩɨɫɥɟ ɫɬɚɪɟɧɢɹ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫɨ ɫɜɨɣɫɬɜɚɦɢ ɚɧɚɥɨɝɢɱ-
ɧɨɣ ɩɨɤɨɜɤɢ ɢɡ ɫɩɥɚɜɚ 1λγγɫɛ.  

 

ɛ)а)

 
Ɋɢɫ. 2. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɝɪɚɧɢɰ ɡɟɪɟɧ ɜ ɰɟɧɬɪɚɥɶɧɨɣ ɡɨɧɟ ɫɟɱɟɧɢɹ ɩɨɤɨɜɨɤ ɬɨɥɳɢɧɨɣ 1η0 ɦɦ  

ɢɡ ɫɩɥɚɜɨɜ 1λγγɫɛ (а) ɢ 1λγγ (ɛ) ɩɨɫɥɟ ɡɚɤɚɥɤɢ 
 
Ɂɚɦɟɬɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɨɞɧɨɪɨɞɧɨɫɬɶ ɢ ɭɪɨɜɟɧɶ ɩɪɨɱɧɨɫɬɧɵɯ ɫɜɨɣɫɬɜ ɢ ɩɥɚɫɬɢɱɧɨ-

ɫɬɢ ɜ ɩɨɤɨɜɤɟ ɨɤɚɡɵɜɚɟɬ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɞɢɫɩɟɪɫɨɢɞɨɜ – ɱɚɫɬɢɰ -ɮɚɡɵ ɨɤɪɭɝɥɨɣ ɮɨɪɦɵ. 
ɉɨɥɨɠɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɞɜɭɯɫɬɭɩɟɧɱɚɬɨɝɨ ɪɟɠɢɦɚ ɝɨɦɨɝɟɧɢɡɚɰɢɢ ɫɥɢɬɤɨɜ, ɢɡ ɤɨɬɨɪɵɯ 
ɢɡɝɨɬɨɜɥɟɧɵ ɩɨɤɨɜɤɢ ɢɡ ɫɩɥɚɜɚ 1λγγɫɛ ɫ ɩɨɧɢɠɟɧɧɵɦ ɭɪɨɜɧɟɦ ɨɫɬɚɬɨɱɧɵɯ ɡɚɤɚɥɨɱɧɵɯ 
ɧɚɩɪɹɠɟɧɢɣ, ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ ɱɚɫɬɢɰɵ ʹ-ɮɚɡɵ ɪɚɫɩɪɟɞɟɥɟɧɵ ɪɚɜɧɨɦɟɪɧɨ ɢ ɢɯ ɤɨɥɢɱɟ-
ɫɬɜɨ ɜ ɨɛɴɟɦɟ ɦɚɬɟɪɢɚɥɚ ɡɚɦɟɬɧɨ ɛɨɥɶɲɟ (ɪɢɫ. γ, а), ɱɟɦ ɜ ɫɬɪɭɤɬɭɪɟ ɫɟɪɢɣɧɨɣ ɩɨɤɨɜɤɢ 
(ɪɢɫ. γ, ɛ).  

 
ɛ)а)

 
Ɋɢɫ. γ. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɞɢɫɩɟɪɫɨɢɞɨɜ – ɱɚɫɬɢɰ -ɮɚɡɵ (Al3Zr) ɜ ɨɛɪɚɡɰɚɯ ɢɡ ɩɨɤɨɜɨɤ ɫɩɥɚɜɨɜ 

1933cɛ (а) ɢ 1λγγ (ɛ)  
 

Хɚɪɚɤɬɟɪɧɵɦɢ ɭɩɪɨɱɧɹɸɳɢɦɢ ɮɚɡɚɦɢ ɞɥɹ ɫɨɫɬɚɪɟɧɧɵɯ ɨɛɪɚɡɰɨɜ ɢɡ ɫɩɥɚɜɨɜ 
1λγγɫɛ ɢ 1λγγ ɜ ɫɨɫɬɨɹɧɢɢ Ɍ2ɇ ɹɜɥɹɸɬɫɹ ɦɟɬɚɫɬɚɛɢɥɶɧɵɟ η-ɮɚɡɵ. Ⱦɥɹ ɨɛɪɚɡɰɚ ɢɡ 
ɩɨɤɨɜɤɢ ɫɩɥɚɜɚ 1λγγɫɛ ɜ ɫɨɫɬɨɹɧɢɢ Ɍ2ɇ ɯɚɪɚɤɬɟɪɟɧ ɢɧɬɟɧɫɢɜɧɵɣ ɪɚɫɩɚɞ ɫ ɜɵɞɟɥɟ-
ɧɢɟɦ ηƍ-ɮɚɡɵ (ɪɢɫ. 4, а), ɪɚɡɦɟɪ ɤɨɬɨɪɨɣ ɧɟɫɤɨɥɶɤɨ ɛɨɥɶɲɟ, ɱɟɦ ɭ ηƍ-ɮɚɡɵ ɜ ɩɨɤɨɜɤɟ ɢɡ 
ɫɩɥɚɜɚ 1λγγ (ɪɢɫ. 4, в). ɑɚɫɬɢɰɵ η-ɮɚɡɵ ɧɚ ɝɪɚɧɢɰɚɯ ɜɵɞɟɥɹɸɬɫɹ ɪɚɜɧɨɦɟɪɧɨ, ɨɛɪɚɡɭɹ 
ɭɡɤɭɸ ɡɨɧɭ, ɫɜɨɛɨɞɧɭɸ ɨɬ ɜɵɞɟɥɟɧɢɣ (Ɂɋȼ)μ з2η ɧɦ (ɪɢɫ. 4, ɛ). 
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ɛ)а)

ɝ)в)

 
Ɋɢɫ. 4. ȼɵɞɟɥɟɧɢɟ ɭɩɪɨɱɧɹɸɳɢɯ ɱɚɫɬɢɰ -ɮɚɡɵ ɜ ɨɛɴɟɦɟ ɢ ɧɚ ɝɪɚɧɢɰɚɯ ɡɟɪɟɧ (а, в) ɢ ɡɨɧɵ, 

ɫɜɨɛɨɞɧɵɟ ɨɬ ɜɵɞɟɥɟɧɢɣ (ɛ, ɝ), ɜ ɨɛɪɚɡɰɚɯ ɢɡ ɩɨɤɨɜɨɤ ɫɩɥɚɜɨɜ 1λγγɫɛ (а, ɛ) ɢ 1λγγ (в, ɝ) ɜ ɫɨɫɬɨ-
ɹɧɢɢ Ɍ2ɇ (ɬɟɦɧɨɩɨɥɶɧɨɟ (а, в) ɢ ɫɜɟɬɥɨɩɨɥɶɧɨɟ ɢɡɨɛɪɚɠɟɧɢɹ (ɛ, ɝ))  

 
ȼ ɫɬɪɭɤɬɭɪɟ ɨɛɪɚɡɰɨɜ ɢɡ ɩɨɤɨɜɤɢ ɫɩɥɚɜɚ 1λγγ ɜ ɫɨɫɬɨɹɧɢɢ Ɍ2ɇ ɩɨ ɝɪɚɧɢɰɚɦ 

ɧɚɛɥɸɞɚɟɬɫɹ ɧɟɪɚɜɧɨɦɟɪɧɵɣ ɩɨ ɪɚɡɦɟɪɭ ɪɚɫɩɚɞ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɛɨɥɟɟ ɲɢɪɨɤɨɣ Ɂɋȼμ 
~50 ɧɦ (ɪɢɫ. 4, в, ɝ). ɋ ɬɚɤɨɣ ɫɬɪɭɤɬɭɪɨɣ ɝɪɚɧɢɰɵ ɡɟɪɟɧ ɫɜɹɡɚɧɚ ɛɨɥɶɲɚɹ ɫɤɥɨɧɧɨɫɬɶ ɩɨ-
ɤɨɜɨɤ ɢɡ ɫɩɥɚɜɚ 1λγγ ɜ ɫɨɫɬɨɹɧɢɢ Ɍ2ɇ ɤ ɦɟɠɤɪɢɫɬɚɥɥɢɬɧɨɣ ɤɨɪɪɨɡɢɢ.  

ȼ ɬɚɛɥ. 4 ɩɪɢɜɟɞɟɧɨ ɫɪɚɜɧɟɧɢɟ ɞɚɧɧɵɯ ɢɡ ɧɨɪɦɚɬɢɜɧɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ (ɈɋɌ, Ɍɍ) 
ɩɨ ɦɟɯɚɧɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɩɨɤɨɜɨɤ ɢɡ ɜɵɫɨɤɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ ɬɢɩɚ 1λγγ ɢ ɲɢɪɨɤɨ 
ɩɪɢɦɟɧɹɟɦɨɝɨ ɜ ɚɜɢɚɰɢɨɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɹɯ ɫɪɟɞɧɟɩɪɨɱɧɨɝɨ ɤɨɜɨɱɧɨɝɨ ɫɩɥɚɜɚ ȺɄθ-Ɍ1, 
ɚ ɬɚɤɠɟ ɨɛɨɛɳɟɧɵ ɞɚɧɧɵɟ ɩɨ ɡɧɚɱɟɧɢɹɦ ɨɫɬɚɬɨɱɧɵɯ ɡɚɤɚɥɨɱɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɜ ɩɨɤɨɜ-
ɤɚɯ, ɩɨɞɜɟɪɝɚɟɦɵɯ ɩɪɚɜɤɟ ɜ ɫɜɟɠɟɡɚɤɚɥɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ ɞɥɹ ɫɧɢɠɟɧɢɹ ɨɫɬɚɬɨɱɧɵɯ 
ɧɚɩɪɹɠɟɧɢɣ, ɢ ɜ ɩɨɤɨɜɤɚɯ ɛɟɡ ɩɪɚɜɤɢ. 

 
Ɍаɛɥɢɰа 4 

Ɉɫɧɨвɧɵɟ ɫвɨɣɫɬва ɦаɫɫивɧɵɯ ɩɨɤɨвɨɤ иɡ ɫɩɥава  
ɫɛаɥаɧɫиɪɨваɧɧɨɝɨ ɫɨɫɬава 1933ɫɛ ɬɨɥɳиɧɨɣ 100–150 ɦɦ  

в ɫɨɫɬɨяɧияɯ Ɍ2ɇ/Ɍ3ɇ в ɫɪавɧɟɧии ɫɨ ɫɩɥаваɦи-аɧаɥɨɝаɦи 9, 11, 13, 15 

ɋɜɨɣɫɬɜɚ 

ɇɚɩɪɚɜ-
ɥɟɧɢɟ 
ɜɵɪɟɡɤɢ 
ɨɛɪɚɡɰɚ 

Ɂɧɚɱɟɧɢɹ ɫɜɨɣɫɬɜ ɞɥɹ ɩɨɤɨɜɨɤ ɢɡ ɫɩɥɚɜɚ 
1λγγɫɛ 1933 ȺɄθ 

ɜ ɫɨɫɬɨɹɧɢɢ 
Ɍ2ɇ Ɍγɇ Ɍ2ɇ Ɍγɇ Ɍ2 Ɍγ Ɍ1 
ɩɨɫɥɟ ɩɪɚɜɤɢ ɫɠɚɬɢɟɦ (2–5 %)  
ɜ ɫɜɟɠɟɡɚɤɚɥɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ 

ɛɟɡ ɩɪɚɜɤɢ 

ɉɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ  
ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ, Ɇɉɚ Ⱦ ≥4λ0 ≥440 ≥4θ0 ≥410 ≥480 ≥4γ0 ≥γ70 

ɉɪɟɞɟɥ ɬɟɤɭɱɟɫɬɢ, Ɇɉɚ Ⱦ ≥440 ≥γ80 ≥410 ≥γγ0 ≥4γ0 ≥γ70 ≥27η 
Ɉɬɧɨɫɢɬɟɥɶɧɨɟ ɭɞɥɢɧɟɧɢɟ, % Ⱦ ≥7 ≥8 ≥θ ≥7 ≥θ ≥7 ≥8 
ȼɹɡɤɨɫɬɶ ɪɚɡɪɭɲɟɧɢɹ,  
Ɇɉɚ ɦ  

Ⱦɉ ≥γ4 ≥γλ ≥28 ≥γη ≥γλ ≥4γ ≥γθ 

Ɉɫɬɚɬɨɱɧɵɟ ɧɚɩɪɹɠɟɧɢɹ, Ɇɉɚ − ±82 ±7η ±110 ±110 ±180 ±1ηθ ±1γη 
Ɍɨɥɳɢɧɚ ɩɨɤɨɜɤɢ  
ɩɪɢ ɡɚɤɚɥɤɟ, ɦɦ 

− 150 150 150 150 80 80 100 
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Ɂаɤɥɸчɟɧия 
Ɇɚɫɫɢɜɧɵɟ ɩɨɤɨɜɤɢ ɬɨɥɳɢɧɨɣ 100–1η0 ɦɦ ɢɡ ɫɩɥɚɜɚ ɫɛɚɥɚɧɫɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɚɜɚ 

1λγγɫɛ, ɩɨɞɜɟɪɝɧɭɬɵɟ ɩɪɚɜɤɟ ɫɠɚɬɢɟɦ ɜ ɫɜɟɠɟɡɚɤɚɥɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɢɦɟɸɬ ɩɨɧɢɠɟɧ-
ɧɵɣ (ɛɨɥɟɟ ɱɟɦ ɜ 2 ɪɚɡɚ) ɭɪɨɜɟɧɶ ɡɚɤɚɥɨɱɧɵɯ ɨɫɬɚɬɨɱɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɩɪɢ ɩɨɜɵɲɟɧɧɵɯ 
(ɧɚ γ0–40 Ɇɉɚ) ɩɪɨɱɧɨɫɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɯ ɢ ɛɨɥɟɟ ɜɵɫɨɤɢɯ, ɨɫɨɛɟɧɧɨ ɜ ɜɵɫɨɬɧɨɦ 
ɩɨ ɬɨɥɳɢɧɟ ɧɚɩɪɚɜɥɟɧɢɢ (ɛɨɥɟɟ ɱɟɦ ɧɚ 10 %), ɭɪɨɜɧɹɯ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɭɞɥɢɧɟɧɢɹ ɢ 
ɜɹɡɤɨɫɬɢ ɪɚɡɪɭɲɟɧɢɹ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɚɧɚɥɨɝɢɱɧɵɦɢ ɩɨɤɨɜɤɚɦɢ ɢɡ ɫɩɥɚɜɚ ɦɚɪɨɱɧɨɝɨ 
ɫɨɫɬɚɜɚ 1λγγ, ɚ ɬɚɤɠɟ ɦɟɧɶɲɭɸ ɫɤɥɨɧɧɨɫɬɶ ɤ ɦɟɠɤɪɢɫɬɚɥɥɢɬɧɨɣ ɤɨɪɪɨɡɢɢ. 

ɉɨɜɵɲɟɧɧɵɣ ɭɪɨɜɟɧɶ ɩɪɨɤɚɥɢɜɚɟɦɨɫɬɢ, ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ, ɜɹɡɤɨɫɬɢ ɪɚɡɪɭ-
ɲɟɧɢɹ ɢ ɤɨɪɪɨɡɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɢ ɩɨɤɨɜɨɤ ɢɡ ɫɩɥɚɜɚ 1λγγɫɛ ɜ ɫɨɫɬɨɹɧɢɹɯ Ɍ2/Ɍγ ɨɛɭ-
ɫɥɨɜɥɟɧ ɛɨɥɶɲɟɣ ɭɫɬɨɣɱɢɜɨɫɬɶɸ ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ ɞɚɧɧɨɝɨ ɫɩɥɚɜɚ, ɮɨɪɦɢɪɨɜɚɧɢɟɦ 
ɛɨɥɟɟ ɨɞɧɨɪɨɞɧɨɣ ɫɬɪɭɤɬɭɪɵ ɱɚɫɬɢɰ ɞɢɫɩɟɪɫɨɢɞɨɜ -ɮɚɡɵ ɢ ɭɩɪɨɱɧɹɸɳɢɯ -ɮɚɡ ɤɚɤ ɜ 
ɨɛɴɟɦɟ, ɬɚɤ ɢ ɧɚ ɝɪɚɧɢɰɚɯ ɡɟɪɟɧ.  

Ⱦɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɤɪɭɩɧɨɝɚɛɚɪɢɬɧɵɯ ɞɟɬɚɥɟɣ ɢɡɞɟɥɢɣ ɚɜɢɚɰɢɨɧɧɨɣ ɬɟɯɧɢɤɢ ɪɟ-
ɤɨɦɟɧɞɭɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟ ɦɚɫɫɢɜɧɵɯ ɩɨɤɨɜɨɤ ɢɡ ɫɩɥɚɜɚ ɫɛɚɥɚɧɫɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɚɜɚ 
1λγγɫɛ ɜ ɫɨɫɬɨɹɧɢɹɯ Ɍ2ɇ/Ɍγɇ ɫ ɩɨɧɢɠɟɧɧɵɦ ɭɪɨɜɧɟɦ ɨɫɬɚɬɨɱɧɵɯ ɡɚɤɚɥɨɱɧɵɯ ɧɚɩɪɹ-
ɠɟɧɢɣ, ɱɬɨ ɩɨɡɜɨɥɢɬ ɢɫɤɥɸɱɢɬɶ ɬɟɪɦɢɱɟɫɤɭɸ ɨɛɪɚɛɨɬɤɭ ɡɚɝɨɬɨɜɨɤ ɧɚ ɫɚɦɨɥɟɬɨɫɬɪɨɢ-
ɬɟɥɶɧɵɯ ɡɚɜɨɞɚɯ, ɫɨɤɪɚɬɢɬɶ ɬɪɭɞɨɟɦɤɨɫɬɶ ɢɡɝɨɬɨɜɥɟɧɢɹ ɞɟɬɚɥɟɣ ɢ ɩɨɜɵɫɢɬɶ ɤɨɷɮɮɢɰɢ-
ɟɧɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɚɬɟɪɢɚɥɚ. 

 
Ȼиɛɥиɨɝɪаɮичɟɫɤиɣ ɫɩиɫɨɤ 

1. Ʉɚɛɥɨɜ ȿ.ɇ. ɂɧɧɨɜɚɰɢɨɧɧɵɟ ɪɚɡɪɚɛɨɬɤɢ ɎȽɍɉ «ȼɂȺɆ» Ƚɇɐ ɊɎ ɩɨ ɪɟɚɥɢɡɚɰɢɢ «ɋɬɪɚɬɟ-
ɝɢɱɟɫɤɢɯ ɧɚɩɪɚɜɥɟɧɢɣ ɪɚɡɜɢɬɢɹ ɦɚɬɟɪɢɚɥɨɜ ɢ ɬɟɯɧɨɥɨɝɢɣ ɢɯ ɩɟɪɟɪɚɛɨɬɤɢ ɧɚ ɩɟɪɢɨɞ ɞɨ 
2030 ɝɨɞɚ» // Ⱥɜɢɚɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ ɢ ɬɟɯɧɨɥɨɝɢɢ. 201η. № 1 (γ4). ɋ. γ–33. DOI: 
10.18577/2071-9140-2015-0-1-3-33. 

2. Ʉɚɛɥɨɜ ȿ.ɇ. ȼɂȺɆμ ɉɪɨɞɨɥɠɟɧɢɟ ɩɭɬɢ // ɇɚɭɤɚ ɜ Ɋɨɫɫɢɢ. 2012. № 11. ɋ. 1θ–21. 
3. Ʉɚɛɥɨɜ ȿ.ɇ. Ɇɚɬɟɪɢɚɥɵ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ ɢ ɰɢɮɪɨɜɵɟ ɬɟɯɧɨɥɨɝɢɢ ɢɯ ɩɟɪɟɪɚɛɨɬɤɢ // ȼɟɫɬ-

ɧɢɤ Ɋɨɫɫɢɣɫɤɨɣ ɚɤɚɞɟɦɢɢ ɧɚɭɤ. 2020. Ɍ. λ0. № 4. ɋ. γγ1–334. 
4. Ʉɚɛɥɨɜ ȿ.ɇ. ɋɬɚɧɨɜɥɟɧɢɟ ɨɬɟɱɟɫɬɜɟɧɧɨɝɨ ɤɨɫɦɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɹ // ȼɟɫɬɧɢɤ 

ɊɎɎɂ. 2017. № γ. ɋ. λ7–105. 
5. Ʌɚɩɬɟɜ Ⱥ.Ȼ., ɉɚɜɥɨɜ Ɇ.Ɋ., ɇɨɜɢɤɨɜ Ⱥ.Ⱥ., ɋɥɚɜɢɧ Ⱥ.ȼ. ɋɨɜɪɟɦɟɧɧɵɟ ɬɟɧɞɟɧɰɢɢ ɪɚɡɜɢɬɢɹ 

ɢɫɩɵɬɚɧɢɣ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɫɬɨɣɤɨɫɬɶ ɤ ɤɥɢɦɚɬɢɱɟɫɤɢɦ ɮɚɤɬɨɪɚɦ (ɨɛɡɨɪ). ɑɚɫɬɶ 1. ɂɫɩɵɬɚ-
ɧɢɹ ɧɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ // Ɍɪɭɞɵ ȼɂȺɆ. 2021. № 1 (λη). ɋɬ. 12. URL: http://www.viam-works 
(ɞɚɬɚ ɨɛɪɚɳɟɧɢɹμ 08.04.2021). DOI: 10.18577/2307-6046-2021-0-1-114-122. 

6. Ⱥɧɬɢɩɨɜ ȼ.ȼ. ɉɟɪɫɩɟɤɬɢɜɵ ɪɚɡɜɢɬɢɹ ɚɥɸɦɢɧɢɟɜɵɯ, ɦɚɝɧɢɟɜɵɯ ɢ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ ɞɥɹ 
ɢɡɞɟɥɢɣ ɚɜɢɚɰɢɨɧɧɨ-ɤɨɫɦɢɱɟɫɤɨɣ ɬɟɯɧɢɤɢ // Ⱥɜɢɚɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ ɢ ɬɟɯɧɨɥɨɝɢɢ. 2017. 
№ S. ɋ. 18θ–194. DOI: 10.18577/2071-9140-2017-0-S-186-194. 

7. ɋɟɥɢɜɚɧɨɜ Ⱥ.Ⱥ., Ɍɤɚɱɟɧɤɨ ȿ.Ⱥ., ɉɨɩɨɜɚ Ɉ.ɂ., Ȼɚɛɚɧɨɜ ȼ.ȼ. ȼɵɫɨɤɨɩɪɨɱɧɵɣ ɚɥɸɦɢɧɢɟɜɵɣ 
ɞɟɮɨɪɦɢɪɭɟɦɵɣ ɫɜɚɪɢɜɚɟɦɵɣ ɫɩɥɚɜ ȼ-1λθγ ɞɥɹ ɞɟɬɚɥɟɣ ɫɢɥɨɜɨɝɨ ɧɚɛɨɪɚ ɢɡɞɟɥɢɣ ɫɨɜɪɟ-
ɦɟɧɧɨɣ ɚɜɢɚɰɢɨɧɧɨɣ ɬɟɯɧɢɤɢ // Ɍɪɭɞɵ ȼɂȺɆ. 2017. № 2 (η0). ɋɬ. 01. URL: 
http://www.viam-works (ɞɚɬɚ ɨɛɪɚɳɟɧɢɹμ 08.04.2021). DOI: 10.18577/2307-6046-2017-0-2-1-1. 

8. Ⱦɭɸɧɨɜɚ ȼ.Ⱥ., ɇɟɱɚɣɤɢɧɚ Ɍ.Ⱥ., Ɉɝɥɨɞɤɨɜ Ɇ.ɋ., əɤɨɜɥɟɜ Ⱥ.Ʌ., Ʌɟɨɧɨɜ Ⱥ.Ⱥ. ɉɟɪɫɩɟɤɬɢɜɧɵɟ 
ɪɚɡɪɚɛɨɬɤɢ ɜ ɨɛɥɚɫɬɢ ɥɟɝɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ ɫɨɜɪɟɦɟɧɧɨɣ ɚɜɢɚɤɨɫɦɢɱɟɫɤɨɣ ɬɟɯɧɢɤɢ // Ɍɟɯ-
ɧɨɥɨɝɢɹ ɥɟɝɤɢɯ ɫɩɥɚɜɨɜ. 2018. № 4. ɋ. 28–43. 

9. Ɏɪɢɞɥɹɧɞɟɪ ɂ.ɇ., ɋɟɧɚɬɨɪɨɜɚ Ɉ.Ƚ., Ɍɤɚɱɟɧɤɨ ȿ.Ⱥ., Ɇɨɥɨɫɬɨɜɚ ɂ.ɂ. Ɋɚɡɜɢɬɢɟ ɢ ɩɪɢɦɟɧɟɧɢɟ 
ɜɵɫɨɤɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ ɫɢɫɬɟɦɵ AХ–Zn–Mg–CЮ ɞɥɹ ɚɜɢɚɤɨɫɦɢɱɟɫɤɨɣ ɬɟɯɧɢɤɢ // 7η ɥɟɬ. 
Ⱥɜɢɚɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ. Ɇ.μ ȼɂȺɆ, 2007. ɋ. 1ηη–163. 
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ɉɪɟɞɫɬавɥɟɧɵ ɪɟɡɭɥɶɬаɬɵ ɢɫɫɥɟɞɨваɧɢɹ вɥɢɹɧɢɹ ɝɨɪɹɱɟɝɨ ɢɡɨɫɬаɬɢɱɟɫɤɨɝɨ ɩɪɟɫɫɨ-
ваɧɢɹ (ȽИɉ) ɢ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪаɛɨɬɤɢ ɧа ɫɬɪɭɤɬɭɪɭ ɢ ɦɟɯаɧɢɱɟɫɤɢɟ ɫвɨɣɫɬва ɩɪɢ ɪаɫ-
ɬɹɠɟɧɢɢ ɫɢɧɬɟɡɢɪɨваɧɧɵɯ ɡаɝɨɬɨвɨɤ, ɩɨɥɭɱɟɧɧɵɯ ɦɟɬɨɞɨɦ ɫɟɥɟɤɬɢвɧɨɝɨ ɥаɡɟɪɧɨɝɨ 
ɫɩɥавɥɟɧɢɹ ɢɡ ɦɟɬаɥɥɨɩɨɪɨɲɤɨвɨɣ ɤɨɦɩɨɡɢɰɢɢ ɫɩɥава ɦаɪɤɢ ȼɌ6. Ɂаɝɨɬɨвɤɢ ɛɵɥɢ ɩɨɞ-
вɟɪɝɧɭɬɵ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪаɛɨɬɤɟ ɩɪɢ ɪаɡɥɢɱɧɵɯ ɬɟɦɩɟɪаɬɭɪаɯ в ɫɨɫɬɨɹɧɢɢ ɩɨɫɥɟ ɫɢɧ-
ɬɟɡа, а ɬаɤɠɟ ɩɨɫɥɟ ȽИɉ. ȼɥɢɹɧɢɟ ɪаɡɥɢɱɧɵɯ ɪɟɠɢɦɨв ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪаɛɨɬɤɢ ɨɰɟɧɢ-
ваɥɨɫɶ ɩɨ ɪɟɡɭɥɶɬаɬаɦ ɩɪɨвɟɞɟɧɢɹ ɢɫɩɵɬаɧɢɣ ɧа ɪаɫɬɹɠɟɧɢɟ ɢ ɢɫɫɥɟɞɨваɧɢɣ ɦɢɤɪɨ-
ɫɬɪɭɤɬɭɪɵ. 

Ключевые слова: ɫɟɥɟɤɬɢвɧɨɟ ɥаɡɟɪɧɨɟ ɫɩɥавɥɟɧɢɟ, аɞɞɢɬɢвɧɨɟ ɩɪɨɢɡвɨɞɫɬвɨ, ɝɨɪɹ-
ɱɟɟ ɢɡɨɫɬаɬɢɱɟɫɤɨɟ ɩɪɟɫɫɨваɧɢɟ (ȽИɉ), ваɤɭɭɦɧɵɣ ɨɬɠɢɝ, ɦɟɯаɧɢɱɟɫɤɢɟ ɫвɨɣɫɬва ɩɪɢ 
ɪаɫɬɹɠɟɧɢɢ, ɦɢɤɪɨɫɬɪɭɤɬɭɪа. 

 
A.I. Vasilev1, P.V. Panin1, S.V. Putyrskiy1, A.M. Rogalev1 
 
INVESTIGATION  OF  HOT  ISOSTATIC  PRESSING  AND  HEAT  TREATMENT  
EFFECT  ON  STRUCTURE  AND  MECHANICAL  PROPERTIES  
OF  3D-PRINTED  SAMPLES  MADE  FROM  VT6-PS  GRADE  MATERIAL 
 

Presents the results of the investigation of the influence of hot isostatic pressing and heat 
treatment on the structure and mechanical properties during tension of synthesized workpieces 
obtained by selective laser alloying from a metal-powder composition of VT6 alloy. The blanks 
were subjected to heat treatment at various temperatures in the state after synthesis, as well af-
ter HIP. The influence of different heat treatment modes was assessed by the results of tensile 
tests and structural researches. 

Keywords: selective laser melting, additive manufacturing, hot isostatic pressing (HIP), 
 vacuum annealing, tensile mechanical properties, microstructure. 

 
1Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɭɧɢɬɚɪɧɨɟ ɩɪɟɞɩɪɢɹɬɢɟ «ȼɫɟɪɨɫɫɢɣɫɤɢɣ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ 
ɢɧɫɬɢɬɭɬ ɚɜɢɚɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ» Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɧɚɭɱɧɵɣ ɰɟɧɬɪ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ [Federal 
State Unitary Enterprise «AХХ-Russian Scientific Research Institute of AviaЭТШЧ MКЭОrТКХs» State Research 
Center of the Russian Federation]; e-mail: admin@viam.ru 
 

ȼвɟɞɟɧиɟ 
ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜɡɚɦɟɧ ɬɪɚɞɢɰɢɨɧɧɵɯ ɫɩɨɫɨɛɨɜ ɢɡɝɨɬɨɜɥɟɧɢɹ ɞɟɬɚɥɟɣ ɩɪɢɯɨ-

ɞɹɬ ɧɨɜɵɟ ɬɟɯɧɨɥɨɝɢɢ ɢɯ ɩɨɥɭɱɟɧɢɹ. ɇɚ ɛɥɢɠɚɣɲɟɟ ɞɟɫɹɬɢɥɟɬɢɟ ɪɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɨɜ 
ɚɞɞɢɬɢɜɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɜ ɪɨɫɫɢɣɫɤɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɜɚɠɧɟɣɲɢɯ 
ɧɚɩɪɚɜɥɟɧɢɣ ɜ ɪɚɡɜɢɬɢɢ ɦɚɬɟɪɢɚɥɨɜ ɢ ɬɟɯɧɨɥɨɝɢɣ. ɉɪɢɦɟɧɟɧɢɟ ɧɨɜɵɯ ɬɟɯɧɨɥɨɝɢɣ ɩɨɡɜɨ-
ɥɢɬ ɫɧɢɡɢɬɶ ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɢɡɞɟɥɢɣ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɜɚɠɧɵɯ ɮɚɤɬɨɪɨɜ ɜ ɚɜɢɚɰɢɨɧ-
ɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ Д1Ж. ɋ ɜɧɟɞɪɟɧɢɟɦ ɚɞɞɢɬɢɜɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɞɟɬɚ-
ɥɟɣ ɦɨɠɧɨ ɞɨɛɢɬɶɫɹ ɫɭɳɟɫɬɜɟɧɧɨɣ ɨɩɬɢɦɢɡɚɰɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɚ ɢɦɟɧɧɨ ɭɦɟɧɶɲɟɧɢɹ ɤɨ-
ɥɢɱɟɫɬɜɚ ɷɬɚɩɨɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɰɢɤɥɚ ɩɨɥɭɱɟɧɢɹ ɞɟɬɚɥɢ ɢ ɜɨɡɦɨɠɧɨɫɬɢ ɩɨɥɭɱɟɧɢɹ 
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ɫɛɨɪɨɱɧɨɣ ɟɞɢɧɢɰɵ ɩɪɢ ɫɨɤɪɚɳɟɧɢɢ ɤɨɥɢɱɟɫɬɜɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɨɩɟɪɚɰɢɣ. ɉɪɢɦɟɧɟ-
ɧɢɟ ɚɞɞɢɬɢɜɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɜ ɫɨɜɪɟɦɟɧɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɬɚɤɠɟ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɨɡ-
ɦɨɠɧɨɫɬɶ ɩɨɜɵɲɟɧɢɹ ɬɨɩɥɢɜɧɨɣ ɷɤɨɧɨɦɢɱɧɨɫɬɢ ɢ ɧɚɞɟɠɧɨɫɬɢ ɞɜɢɝɚɬɟɥɟɣ ɡɚ ɫɱɟɬ ɩɪɢ-
ɦɟɧɟɧɢɹ ɤɨɧɫɬɪɭɤɰɢɣ, ɩɪɨɲɟɞɲɢɯ ɬɨɩɨɥɨɝɢɱɟɫɤɭɸ ɨɩɬɢɦɢɡɚɰɢɸ [2].  

Ɏɭɧɤɰɢɨɧɚɥɶɧɨɫɬɶ, ɭɜɟɥɢɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɚɬɟɪɢɚɥɚ ɢ ɫɨ-
ɤɪɚɳɟɧɢɟ ɜɪɟɦɟɧɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɢɡɞɟɥɢɣ ɨɛɭɫɥɚɜɥɢɜɚɸɬ ɢɧɬɟɪɟɫ ɪɚɡɪɚɛɨɬɱɢɤɨɜ ɧɨɜɨɣ 
ɬɟɯɧɢɤɢ ɤ ɚɞɞɢɬɢɜɧɵɦ ɬɟɯɧɨɥɨɝɢɹɦ ɜ ɚɷɪɨɤɨɫɦɢɱɟɫɤɨɣ ɢ ɚɜɢɚɰɢɨɧɧɨɣ ɨɬɪɚɫɥɹɯ ДγЖ. 
Ɋɚɫɫɦɚɬɪɢɜɚɹ ɪɚɡɥɢɱɧɵɟ ɦɟɬɨɞɵ ɚɞɞɢɬɢɜɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɬɪɟɛɨɜɚɧɢɹ, ɩɪɟɞɴɹɜɥɹɟɦɵɟ ɤ ɢɫɯɨɞɧɨɦɭ ɦɚɬɟɪɢɚɥɭ, ɬɚɤ ɤɚɤ ɞɥɹ ɤɚɠ-
ɞɨɝɨ ɦɟɬɨɞɚ ɨɧɢ ɪɚɡɥɢɱɧɵ. Ɇɟɬɨɞ ɫɟɥɟɤɬɢɜɧɨɝɨ ɥɚɡɟɪɧɨɝɨ ɫɩɥɚɜɥɟɧɢɹ (ɋɅɋ) ɦɟɬɚɥɥɨ-
ɩɨɪɨɲɤɨɜɨɣ ɤɨɦɩɨɡɢɰɢɢ (ɆɉɄ) ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɯ ɦɟɬɨ-
ɞɨɜ ɚɞɞɢɬɢɜɧɵɯ ɬɟɯɧɨɥɨɝɢɣ. 

ɋɟɥɟɤɬɢɜɧɨɟ ɥɚɡɟɪɧɨɟ ɫɩɥɚɜɥɟɧɢɟ (sОХОМЭТЯО ХКsОr ЦОХЭТЧР ‒ SLM) – ɦɟɬɨɞ ɚɞɞɢ-
ɬɢɜɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɡɚɝɨɬɨɜɨɤ ɞɟɬɚɥɟɣ, ɜ ɤɨɬɨɪɨɦ ɢɫɩɨɥɶɡɭɸɬ ɥɚɡɟɪɵ ɜɵɫɨɤɨɣ ɦɨɳ-
ɧɨɫɬɢ (ɤɚɤ ɩɪɚɜɢɥɨ, ɢɬɬɟɪɛɢɟɜɵɟ ɜɨɥɨɤɨɧɧɵɟ ɥɚɡɟɪɵ) ɞɥɹ ɫɨɡɞɚɧɢɹ ɬɪɟɯɦɟɪɧɵɯ ɮɢɡɢ-
ɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ ɡɚ ɫɱɟɬ ɫɩɥɚɜɥɟɧɢɹ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɩɨɪɨɲɤɨɜ Д4Ж. Ɍɟɯɧɨɥɨɝɢɹ ɋɅɋ 
ɩɨɡɜɨɥɹɟɬ ɩɪɨɢɡɜɨɞɢɬɶ ɞɟɬɚɥɢ ɫɥɨɠɧɨɣ ɮɨɪɦɵ ɡɚ ɧɟɛɨɥɶɲɨɣ ɩɪɨɦɟɠɭɬɨɤ ɜɪɟɦɟɧɢ 
ɩɪɚɤɬɢɱɟɫɤɢ ɛɟɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɨɫɧɚɫɬɤɢ, ɡɚ ɫɱɟɬ ɱɟɝɨ ɫɭɳɟɫɬɜɟɧɧɨ 
ɫɨɤɪɚɳɚɟɬɫɹ ɰɢɤɥ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢɡɞɟɥɢɣ Дη–8Ж. ȼ ɬɟɯɧɨɥɨɝɢɢ ɋɅɋ ɢɫɩɨɥɶɡɭɟɬɫɹ ɭɩɪɚɜ-
ɥɹɟɦɵɣ ɥɚɡɟɪ ɜɵɫɨɤɨɣ ɦɨɳɧɨɫɬɢ ɞɥɹ ɢɡɛɢɪɚɬɟɥɶɧɨɝɨ ɪɚɫɩɥɚɜɥɟɧɢɹ ɬɨɧɤɨɝɨ ɫɥɨɹ ɩɨ-
ɪɨɲɤɚ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ γD-ɦɨɞɟɥɶɸ ДλЖ. ȼ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɧɚɛɥɸɞɚɟɬɫɹ ɡɧɚɱɢɬɟɥɶɧɵɣ 
ɪɨɫɬ ɩɪɢɦɟɧɟɧɢɹ ɚɞɞɢɬɢɜɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɩɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɫɥɨɠɧɨɩɪɨɮɢɥɶɧɵɯ ɞɟɬɚ-
ɥɟɣ ɢɡ ɬɪɭɞɧɨɨɛɪɚɛɚɬɵɜɚɟɦɵɯ ɦɚɬɟɪɢɚɥɨɜ. 

Ɍɢɬɚɧɨɜɵɟ ɫɩɥɚɜɵ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɚɜɢɚɫɬɪɨɟɧɢɢ, ɱɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɜɵɫɨ-
ɤɢɦ ɭɪɨɜɧɟɦ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɩɨɥɭɮɚɛɪɢɤɚɬɨɜ ɢ ɞɟɬɚɥɟɣ ɢɡ ɷɬɢɯ ɫɩɥɚɜɨɜ Д10Ж. 
Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɞɟɬɚɥɟɣ ɦɟɬɨɞɚɦɢ ɚɞɞɢɬɢɜɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɧɟɨɛɯɨɞɢɦɨ ɢɦɟɬɶ ɢɫɯɨɞɧɨɟ 
ɫɵɪɶɟ ɜɵɫɨɤɨɝɨ ɤɚɱɟɫɬɜɚ, ɤɨɬɨɪɨɟ ɨɬɜɟɱɚɥɨ ɛɵ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ ɬɪɟɛɨɜɚɧɢɹɦ. Ⱦɥɹ ɦɟ-
ɬɨɞɚ ɩɨɫɥɨɣɧɨɝɨ ɫɢɧɬɟɡɚ ɢɫɯɨɞɧɵɦ ɫɵɪɶɟɦ ɹɜɥɹɟɬɫɹ ɆɉɄ. ɇɚɢɛɨɥɟɟ ɡɧɚɱɢɦɵɦ ɤɪɢɬɟ-
ɪɢɟɦ ɤɚɱɟɫɬɜɚ ɆɉɄ ɹɜɥɹɟɬɫɹ ɫɮɟɪɢɱɧɨɫɬɶ ɱɚɫɬɢɰ ɩɨɪɨɲɤɚ. ɋɮɟɪɢɱɟɫɤɚɹ ɮɨɪɦɚ ɱɚɫɬɢɰ 
ɨɛɟɫɩɟɱɢɜɚɟɬ ɦɢɧɢɦɚɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɢ ɩɨɞɚɱɟ ɩɨɪɨɲɤɚ ɢ ɛɨɥɟɟ ɩɥɨɬɧɭɸ 
«ɭɤɥɚɞɤɭ» ɦɚɬɟɪɢɚɥɚ ɜ ɧɟɨɛɯɨɞɢɦɵɣ ɤɨɦɩɚɤɬɧɵɣ ɨɛɴɟɦ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ ɢɡɞɟ-
ɥɢɹ ɫ ɬɪɟɛɭɟɦɨɣ ɦɢɤɪɨɫɬɪɭɤɬɭɪɨɣ ɢ ɦɢɧɢɦɚɥɶɧɵɦ ɤɨɥɢɱɟɫɬɜɨɦ ɞɟɮɟɤɬɨɜ ɜ ɜɢɞɟ ɧɟ-
ɫɩɥɚɜɥɟɧɢɣ Д11Ж. ɇɟɨɛɯɨɞɢɦɨ ɬɚɤɠɟ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɧɟɨɬɴɟɦɥɟɦɵɦ ɭɫɥɨɜɢɟɦ ɩɪɨɰɟɫɫɚ 
ɜɵɪɚɳɢɜɚɧɢɹ ɡɚɝɨɬɨɜɨɤ ɢɡ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ ɹɜɥɹɟɬɫɹ ɫɨɡɞɚɧɢɟ ɡɚɳɢɬɧɨɣ ɫɪɟɞɵ ɢɡ 
ɝɚɡɚ ɚɪɝɨɧɚ ɜ ɤɚɦɟɪɟ ɩɨɫɬɪɨɟɧɢɹ.  

Ɉɞɧɢɦ ɢɡ ɤɥɸɱɟɜɵɯ ɭɫɥɨɜɢɣ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɡɚɝɨɬɨɜɨɤ ɞɟɬɚɥɟɣ ɦɟɬɨɞɨɦ ɋɅɋ 
ɹɜɥɹɟɬɫɹ ɩɨɥɭɱɟɧɢɟ ɧɟɨɛɯɨɞɢɦɨɝɨ ɭɪɨɜɧɹ ɩɨɤɚɡɚɬɟɥɟɣ ɤɚɱɟɫɬɜɚ ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɝɨ ɦɚ-
ɬɟɪɢɚɥɚ. Ʉ ɧɢɦ ɨɬɧɨɫɹɬɫɹ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɡɚ-
ɝɨɬɨɜɨɤ, ɚ ɬɚɤɠɟ ɫɬɪɭɤɬɭɪɚ, ɩɨɥɭɱɚɟɦɚɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɰɟɫɫɚ ɫɢɧɬɟɡɚ ɦɚɬɟɪɢɚɥɚ, ɜ ɬɨɦ 
ɱɢɫɥɟ ɨɬɫɭɬɫɬɜɢɟ ɩɨɪɢɫɬɨɫɬɢ ɜ ɦɚɬɟɪɢɚɥɟ. Ⱦɨɫɬɢɠɟɧɢɟ ɧɟɨɛɯɨɞɢɦɵɯ ɡɧɚɱɟɧɢɣ ɭɤɚɡɚɧ-
ɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɤɚɱɟɫɬɜɚ ɜɨɡɦɨɠɧɨ ɩɭɬɟɦ ɩɨɞɛɨɪɚ ɪɟɠɢɦɨɜ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ 
ɢ(ɢɥɢ) ɝɨɪɹɱɟɝɨ ɢɡɨɫɬɚɬɢɱɟɫɤɨɝɨ ɩɪɟɫɫɨɜɚɧɢɹ (Ƚɂɉ) ɩɨɫɥɟ ɩɪɨɰɟɫɫɚ ɫɢɧɬɟɡɚ ɡɚɝɨɬɨɜɨɤ. 

ȼ ɫɬɚɬɶɟ Д12Ж ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɥɢɹɧɢɹ Ƚɂɉ ɢ ɪɚɡɥɢɱɧɵɯ 
ɪɟɠɢɦɨɜ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɧɚ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ ɢ ɦɢɤɪɨ-
ɫɬɪɭɤɬɭɪɭ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɡɚɝɨɬɨɜɨɤ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɪɟɚɥɢɡɚɰɢɢ ɤɨɦɩɥɟɤɫɧɨɣ ɧɚɭɱɧɨɣ ɩɪɨɛɥɟɦɵ 10.4. 
«Ɍɟɯɧɨɥɨɝɢɢ ɩɨɥɭɱɟɧɢɹ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɢ ɦɟɬɚɥɥɨɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɦɟɬɨɞɚɦɢ 
ɫɟɥɟɤɬɢɜɧɨɝɨ ɥɚɡɟɪɧɨɝɨ ɢ ɷɥɟɤɬɪɨɧɧɨ-ɥɭɱɟɜɨɝɨ ɫɢɧɬɟɡɚ ɢɡ ɦɟɬɚɥɥɨɩɨɪɨɲɤɨɜɵɯ ɤɨɦɩɨ-
ɡɢɰɢɣ ɫɩɥɚɜɨɜ ɧɚ ɨɫɧɨɜɟ ɧɢɤɟɥɹ, ɤɨɛɚɥɶɬɚ, ɬɢɬɚɧɚ, ɚɥɸɦɢɧɢɹ, ɠɟɥɟɡɚ ɢ ɢɧɬɟɪɦɟɬɚɥɥɢ-
ɞɨɜ ɧɢɤɟɥɹ ɢ ɬɢɬɚɧɚ» («ɋɬɪɚɬɟɝɢɱɟɫɤɢɟ ɧɚɩɪɚɜɥɟɧɢɹ ɪɚɡɜɢɬɢɹ ɦɚɬɟɪɢɚɥɨɜ ɢ ɬɟɯɧɨɥɨɝɢɣ 
ɢɯ ɩɟɪɟɪɚɛɨɬɤɢ ɧɚ ɩɟɪɢɨɞ ɞɨ 20γ0 ɝɨɞɚ») Д1γЖ. 
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Ɇаɬɟɪиаɥɵ и ɦɟɬɨɞɵ 
Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜɵɛɪɚɧ ɬɢɬɚɧɨɜɵɣ (α + β)-ɫɩɥɚɜ ɦɚɪɤɢ ȼɌθ, ɤɨɬɨ-

ɪɵɣ ɨɛɥɚɞɚɟɬ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɨɣ ɭɞɟɥɶɧɨɣ ɩɪɨɱɧɨɫɬɶɸ ɢ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨɣ ɬɟɩɥɨ-
ɩɪɨɜɨɞɧɨɫɬɶɸ, ɛɥɚɝɨɞɚɪɹ ɱɟɦɭ ɲɢɪɨɤɨ ɜɨɫɬɪɟɛɨɜɚɧ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɞɟɬɚɥɟɣ ɜɨɟɧɧɵɯ 
ɢ ɝɪɚɠɞɚɧɫɤɢɯ ɫɚɦɨɥɟɬɨɜ, ɚɜɢɚɰɢɨɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ, ɬɟɩɥɨɨɛɦɟɧɧɢɤɨɜ ɪɚɡɥɢɱɧɨɣ ɩɪɨ-
ɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ, ɫɭɞɨɜɵɯ ɝɪɟɛɧɵɯ ɜɢɧɬɨɜ, ɷɥɟɦɟɧɬɨɜ ɪɚɤɟɬ ɢ ɤɨɫɦɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɨɜ, 
ɚ ɬɚɤɠɟ ɢɡɞɟɥɢɣ ɦɟɞɢɰɢɧɫɤɨɝɨ ɧɚɡɧɚɱɟɧɢɹ Д14Ж. 

ɋ ɰɟɥɶɸ ɩɪɨɜɟɞɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɦɟɬɨɞɨɦ ɋɅɋ ɢɡɝɨɬɨɜɥɟɧɵ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɟ 
ɡɚɝɨɬɨɜɤɢ ɢɡ ɫɩɥɚɜɚ ɦɚɪɤɢ ȼɌθ-ɉɋ (ɫɩɥɚɜ ȼɌθ ɫ ɩɨɫɥɨɣɧɵɦ ɫɢɧɬɟɡɨɦ). ȼɟɫɶ ɬɟɯɧɨɥɨ-
ɝɢɱɟɫɤɢɣ ɰɢɤɥ ɢɡɝɨɬɨɜɥɟɧɢɹ ɡɚɝɨɬɨɜɨɤ ɜɵɩɨɥɧɹɥɢ ɜɨ ɎȽɍɉ «ȼɂȺɆ». ɋɧɚɱɚɥɚ ɢɡɝɨ-
ɬɚɜɥɢɜɚɥɢ ɢɫɯɨɞɧɨɟ ɫɵɪɶɟ – ɆɉɄ ɢɡ ɫɩɥɚɜɚ ȼɌθ ‒ ɫɩɨɫɨɛɨɦ ɜɚɤɭɭɦɧɨɣ ɢɧɞɭɤɰɢɨɧɧɨɣ 
ɩɥɚɜɤɢ ɢ ɝɚɡɨɜɨɝɨ ɪɚɫɩɵɥɟɧɢɹ ɧɚ ɭɫɬɚɧɨɜɤɟ ȼɂɉɢȽɊ η0/η00. Ɉɫɧɨɜɧɵɦɢ ɬɪɟɛɨɜɚɧɢɹ-
ɦɢ, ɩɪɟɞɴɹɜɥɹɟɦɵɦɢ ɤ ɆɉɄ ɞɥɹ ɫɢɧɬɟɡɚ ɡɚɝɨɬɨɜɨɤ ɦɟɬɨɞɨɦ ɋɅɋ, ɹɜɥɹɸɬɫɹ ɯɢɦɢɱɟ-
ɫɤɢɣ, ɮɪɚɤɰɢɨɧɧɵɣ ɢ ɝɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɦɚɬɟɪɢɚɥɚ. ɇɟɨɛɯɨɞɢɦɵɦ ɪɚɡɦɟɪɨɦ 
ɮɪɚɤɰɢɢ ɆɉɄ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɋɅɋ ɩɪɢɧɹɬɨ ɫɱɢɬɚɬɶ 10–θγ ɦɤɦ, ɩɨɪɨɲɨɤ ɞɨɥɠɟɧ ɨɛ-
ɥɚɞɚɬɶ ɫɮɟɪɢɱɟɫɤɨɣ ɮɨɪɦɨɣ Д14Ж. Ɏɚɤɬɢɱɟɫɤɢɣ ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɆɉɄ ɢɡ ɫɩɥɚɜɚ ɦɚɪ-
ɤɢ ȼɌθ ɫɥɟɞɭɸɳɢɣμ 

 
ɗɥɟɦɟɧɬ Ti Al  V Fe ɋ O N H 
ɋɨɞɟɪɠɚɧɢɟ, % (ɩɨ ɦɚɫɫɟ) Ɉɫɧɨɜɚ 5,38 4,4 0,12 0,014 0,12 0,0090 0,0028 

 
ȼɧɟɲɧɢɣ ɜɢɞ ɝɪɚɧɭɥ ɆɉɄ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫ. 1, ɮɪɚɤɰɢɨɧɧɵɣ ɫɨɫɬɚɜ ɩɪɢɜɟɞɟɧ 

ɧɚ ɪɢɫ. 2. ɋɪɟɞɧɢɣ ɪɚɡɦɟɪ ɱɚɫɬɢɰ ɫɨɫɬɚɜɥɹɟɬ γ8,7 ɦɤɦ. 
 

 
Ɋɢɫ. 1. ȼɧɟɲɧɢɣ ɜɢɞ ɝɪɚɧɭɥ ɦɟɬɚɥɥɨɩɨɪɨɲɤɨɜɨɣ ɤɨɦɩɨɡɢɰɢɢ ɢɡ ɫɩɥɚɜɚ ȼɌθ ɮɪɚɤɰɢɢ  

10–63 ɦɤɦ (ɪɚɫɬɪɨɜɚɹ ɷɥɟɤɬɪɨɧɧɚɹ ɦɢɤɪɨɫɤɨɩɢɹ ɜ ɪɟɠɢɦɟ ɜɬɨɪɢɱɧɵɯ ɷɥɟɤɬɪɨɧɨɜ) 
 

 
Ɋɢɫ. 2. Ɏɪɚɤɰɢɨɧɧɵɣ ɫɨɫɬɚɜ ɦɟɬɚɥɥɨɩɨɪɨɲɤɨɜɨɣ ɤɨɦɩɨɡɢɰɢɢ ɢɡ ɫɩɥɚɜɚ ȼɌθ 
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Ɇɟɬɨɞɨɦ ɋɅɋ ɢɡɝɨɬɨɜɥɟɧɵ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɟ ɡɚɝɨɬɨɜɤɢ ɢɡ ɫɩɥɚɜɚ ȼɌθ-ɉɋ ɜ ɤɨɥɢ-
ɱɟɫɬɜɟ 40 ɲɬ. ɋɢɧɬɟɡ ɡɚɝɨɬɨɜɨɤ ɩɪɨɜɟɞɟɧ ɧɚ ɭɫɬɚɧɨɜɤɟ γDSystems DMP 350 Flex (ɪɢɫ. 3) 
ɩɭɬɟɦ ɜɵɪɚɳɢɜɚɧɢɹ ɜ ɞɜɭɯ ɧɚɩɪɚɜɥɟɧɢɹɯμ ɜ ɩɥɨɫɤɨɫɬɢ XY (180 ɝɪɚɞɭɫɨɜ) ɢ ɨɫɢ Z 
(90 ɝɪɚɞɭɫɨɜ), ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɣ ɩɥɨɫɤɨɫɬɢ XY. 

 

  
Ɋɢɫ. γ. ɋɢɧɬɟɡɢɪɨɜɚɧɧɵɟ ɡɚɝɨɬɨɜɤɢ ɢɡ ɫɩɥɚɜɚ 
ȼɌθ-ɉɋ, ɩɨɥɭɱɟɧɧɵɟ ɧɚ ɭɫɬɚɧɨɜɤɟ γDSystems 

DMP 350 Flex 

Ɋɢɫ. 4. ɍɫɬɚɧɨɜɤɚ ɫɟɥɟɤɬɢɜɧɨɝɨ ɥɚɡɟɪɧɨɝɨ 
ɫɩɥɚɜɥɟɧɢɹ γDSystems DMP 350 Flex 

 

 
Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ ɢɡɝɨɬɨɜɥɟɧɢɹ ɡɚɝɨɬɨɜɨɤ ɦɟɬɨɞɨɦ ɋɅɋ ɩɪɨɜɨɞɢɥɫɹ ɩɨ 

ɫɥɟɞɭɸɳɟɣ ɫɯɟɦɟμ  
‒ ɤɨɧɜɟɪɬɚɰɢɹ, ɩɨɞɝɨɬɨɜɤɚ ɢ ɪɚɡɞɟɥɟɧɢɟ ɧɚ ɫɥɨɢ γD-ɦɨɞɟɥɟɣ ɡɚɝɨɬɨɜɨɤ; 
‒ ɩɨɞɝɨɬɨɜɤɚ ɩɥɢɬɵ ɩɨɫɬɪɨɟɧɢɹ ɦɟɬɨɞɨɦ ɩɟɫɤɨɫɬɪɭɣɧɨɣ ɨɛɪɚɛɨɬɤɢ; 
‒ ɫɭɲɤɚ ɆɉɄ ɢɡ ɫɩɥɚɜɚ ȼɌθ ɜ ɜɚɤɭɭɦɧɨɣ ɫɪɟɞɟ; 
‒ ɩɪɨɜɟɞɟɧɢɟ ɩɪɨɰɟɫɫɚ ɋɅɋ ɜ ɢɧɟɪɬɧɨɣ ɫɪɟɞɟ; 
‒ ɨɬɞɟɥɟɧɢɟ ɡɚɝɨɬɨɜɨɤ ɨɬ ɩɥɢɬɵ ɩɨɫɬɪɨɟɧɢɹ ɩɭɬɟɦ ɨɬɪɟɡɤɢ. 

ɉɪɨɰɟɫɫ ɋɅɋ ɩɪɨɯɨɞɢɥ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. ɇɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɧɚɝɪɟɬɭɸ 
ɩɥɚɬɮɨɪɦɭ ɩɨɫɬɪɨɟɧɢɹ ɧɚɧɨɫɢɥɢ ɬɨɧɤɢɣ ɫɥɨɣ ɆɉɄ (ɨɛɵɱɧɨ γ0–θ0 ɦɤɦ), ɩɨɫɥɟ ɱɟɝɨ 
ɆɉɄ ɜɵɛɨɪɨɱɧɨ (ɫɟɥɟɤɬɢɜɧɨ) ɫɩɥɚɜɥɹɥɢ ɥɚɡɟɪɧɵɦ ɥɭɱɨɦ ɩɨ ɷɥɟɤɬɪɨɧɧɨɣ ɦɨɞɟɥɢ, 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɨɛɪɚɛɨɬɚɧɧɨɣ ɫ ɩɨɦɨɳɶɸ ɫɩɟɰɢɚɥɶɧɨɝɨ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ. 
ɉɨɫɥɟ ɫɩɥɚɜɥɟɧɢɹ ɫɥɨɹ ɧɚ ɧɟɝɨ ɧɚɧɨɫɢɥɢ ɫɥɟɞɭɸɳɢɣ ɫɥɨɣ ɢ ɩɨɜɬɨɪɹɥɢ ɩɪɨɰɟɫɫ ɞɨ ɩɨɥ-
ɧɨɝɨ ɩɨɫɬɪɨɟɧɢɹ ɡɚɝɨɬɨɜɤɢ ɞɟɬɚɥɢ. ɉɪɨɰɟɫɫ ɫɩɥɚɜɥɟɧɢɹ ɩɪɨɯɨɞɢɥ ɜ ɢɧɟɪɬɧɨɣ ɚɬɦɨɫɮɟ-
ɪɟ ɝɚɡɚ ɚɪɝɨɧɚ. 

Ɉɫɧɨɜɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɩɪɨɰɟɫɫɚ ɋɅɋ, ɜɥɢɹɸɳɢɦɢ ɧɚ ɤɚɱɟɫɬɜɨ ɩɨɥɭɱɚɟɦɵɯ 
ɡɚɝɨɬɨɜɨɤ, ɹɜɥɹɸɬɫɹ ɦɨɳɧɨɫɬɶ ɥɚɡɟɪɧɨɝɨ ɥɭɱɚ, ɫɤɨɪɨɫɬɶ ɢ ɢɧɬɟɪɜɚɥ ɫɤɚɧɢɪɨɜɚɧɢɹ. ȼɵ-
ɛɪɚɧɧɵɣ ɨɩɬɢɦɚɥɶɧɵɣ ɪɟɠɢɦ ɫɩɥɚɜɥɟɧɢɹ ɆɉɄ ɩɨɡɜɨɥɢɥ ɩɨɥɭɱɢɬɶ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɟ 
ɡɚɝɨɬɨɜɤɢ ɫ ɨɛɴɟɦɧɨɣ ɞɨɥɟɣ ɩɨɪ, ɧɟ ɩɪɟɜɵɲɚɸɳɟɣ 0,1 %.  

Ƚɨɪɹɱɟɟ ɢɡɨɫɬɚɬɢɱɟɫɤɨɟ ɩɪɟɫɫɨɜɚɧɢɟ ɡɚɝɨɬɨɜɨɤ ɩɨɫɥɟ ɫɢɧɬɟɡɚ ɜɵɩɨɥɧɹɥɢ ɧɚ ɥɚ-
ɛɨɪɚɬɨɪɧɨɣ ɥɢɧɢɢ ɝɚɡɨɫɬɚɬɢɱɟɫɤɨɝɨ ɩɪɟɫɫɨɜɚɧɢɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ Tɩ.ɩ – 30 °ɋ, ɝɞɟ Tɩ.ɩ – 
ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɥɧɨɝɨ ɩɨɥɢɦɨɪɮɧɨɝɨ ɩɪɟɜɪɚɳɟɧɢɹ ɞɥɹ ɫɩɥɚɜɚ ȼɌθ. ɉɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ 
Ƚɂɉ ɡɚɝɨɬɨɜɤɢ ɩɨɞɜɟɪɝɚɥɢ ɜɚɤɭɭɦɧɨɦɭ ɨɬɠɢɝɭ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 7η0 °ɋ ɞɥɹ ɫɧɹɬɢɹ 
ɨɫɬɚɬɨɱɧɵɯ ɧɚɩɪɹɠɟɧɢɣ. 

Ɍɟɪɦɢɱɟɫɤɭɸ ɨɛɪɚɛɨɬɤɭ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɡɚɝɨɬɨɜɨɤ (ɛɟɡ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ  
Ƚɂɉ-ɨɛɪɚɛɨɬɤɢ) ɩɪɨɜɨɞɢɥɢ ɜ ɜɚɤɭɭɦɧɨɣ ɬɟɪɦɢɱɟɫɤɨɣ ɩɟɱɢ MШЧШTСОrЦ (ɪɢɫ. η) ɩɨ ɬɪɟɦ 
ɪɟɠɢɦɚɦ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 7η0, 800 ɢ 8η0 °ɋ. 
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Ɋɢɫ. η. ɉɟɱɶ ɞɥɹ ɜɚɤɭɭɦɧɨɣ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ MШЧШTСОrЦ 

 
ɂɫɩɵɬɚɧɢɹ ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ ɩɨ ȽɈɋɌ 14λ7‒84 ɩɪɨɜɟɞɟɧɵ ɧɚ ɢɫɩɵɬɚɬɟɥɶɧɨɣ ɦɚ-

ɲɢɧɟ ГаТМФ/RШОХХ Г 400 ɧɚ ɨɛɪɚɡɰɚɯ, ɜɵɪɟɡɚɧɧɵɯ ɢɡ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɡɚɝɨɬɨɜɨɤ, ɩɨɥɭ-
ɱɟɧɧɵɯ ɩɨɫɥɟ Ƚɂɉ ɢ ɜɚɤɭɭɦɧɨɝɨ ɨɬɠɢɝɚ, ɚ ɬɚɤɠɟ ɩɨɫɥɟ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ ɩɪɢ ɬɟɦɩɟɪɚ-
ɬɭɪɚɯ 7η0, 800 ɢ 8η0 °ɋ. 

Ɇɟɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɡɚɝɨɬɨɜɨɤ ɩɪɨɜɨɞɢɥɢ ɫ ɩɨɦɨɳɶɸ 
ɚɧɚɥɢɡɚɬɨɪɚ ɮɪɚɝɦɟɧɬɨɜ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɬɜɟɪɞɵɯ ɬɟɥ (ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɉɂ 1.2.78η‒2009) 
ɧɚ ɬɪɚɜɥɟɧɵɯ ɩɨɩɟɪɟɱɧɵɯ ɦɢɤɪɨɲɥɢɮɚɯ ɜ ɱɟɬɵɪɟɯ ɪɚɡɥɢɱɧɵɯ ɫɨɫɬɨɹɧɢɹɯ. 

 
Ɋɟɡɭɥьɬаɬɵ и ɨɛɫɭɠɞɟɧиɟ 

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ ɧɚ ɨɩɪɟɞɟɥɟɧɢɟ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ 
ɨɛɪɚɡɰɨɜ ɢɡ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɡɚɝɨɬɨɜɨɤ ɫɩɥɚɜɚ ȼɌθ-ɉɋ, ɩɪɨɲɟɞɲɢɯ ɱɟɬɵɪɟ ɪɚɡɥɢɱɧɵɯ 
ɪɟɠɢɦɚ ɨɛɪɚɛɨɬɤɢ, ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 2.  

 
Ɍаɛɥɢɰа 2 

Ɇɟɯаɧичɟɫɤиɟ ɫвɨɣɫɬва (ɫɪɟɞɧиɟ ɡɧачɟɧия) ɩɪи ɪаɫɬяɠɟɧии  
ɫиɧɬɟɡиɪɨваɧɧɵɯ ɡаɝɨɬɨвɨɤ иɡ ɫɩɥава ȼɌ6-ɉɋ 

ɍɫɥɨɜɧɵɣ 
ɧɨɦɟɪ 
ɪɟɠɢɦɚ 

Ɋɟɠɢɦ ɬɟɪɦɨɨɛɪɚ-
ɛɨɬɤɢ (ɌɈ) 

ɇɚɩɪɚɜ-
ɥɟɧɢɟ ɫɢɧ-
ɬɟɡɚ, ɝɪɚɞɭɫ 

ɉɪɟɞɟɥ ɩɪɨɱ-
ɧɨɫɬɢ ɩɪɢ ɪɚɫ-

ɬɹɠɟɧɢɢ 
σɜ, Ɇɉɚ 

Ɉɬɧɨɫɢɬɟɥɶɧɨɟ 
ɭɞɥɢɧɟɧɢɟ 

δ5, % 

Ɉɬɧɨɫɢɬɟɥɶɧɨɟ 
ɫɭɠɟɧɢɟ  
ψ, % 

1 
Ƚɂɉ + ɌɈ ɩɪɢ ɬɟɦ-
ɩɟɪɚɬɭɪɟ 7η0 °ɋ 

90 935 16,5 45,0 
180 970 16,3 39,4 

2 
ɌɈ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 

750 °ɋ 
90 1100 13,3 38,7 
180 1105 12,7 36,5 

3 
ɌɈ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 

800 °ɋ 
90 1065 16,0 51,0 
180 1080 13,6 41,5 

4 
ɌɈ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 

850 °ɋ 
90 1035 16,7 52,0 
180 1050 16,5 48,5 

 
Ɋɟɡɭɥɶɬɚɬɵ ɦɟɬɚɥɥɨɝɪɚɮɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɨɛɪɚɡɰɨɜ ɢɡ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɡɚɝɨɬɨ-

ɜɨɤ ɫɩɥɚɜɚ ȼɌθ-ɉɋ, ɩɪɨɲɟɞɲɢɯ ɱɟɬɵɪɟ ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɚ ɨɛɪɚɛɨɬɤɢ, ɩɪɢɜɟɞɟɧɵ ɧɚ 
ɪɢɫ. θ. 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɱɟ-
ɬɵɪɟ ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɚ ɨɛɪɚɛɨɬɤɢ ɨɛɪɚɡɰɨɜ ɢɡ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɡɚɝɨɬɨɜɨɤ ɫɩɥɚɜɚ 
ȼɌθ-ɉɋ ɨɤɚɡɵɜɚɸɬ ɜɥɢɹɧɢɟ ɧɚ ɫɬɪɭɤɬɭɪɭ ɢ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ. 
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ɛ)

а)

ɝ)

в)

 
 

Ɋɢɫ. θ. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɡɚɝɨɬɨɜɨɤ ɢɡ ɫɩɥɚɜɚ ȼɌθ-ɉɋ ɩɨɫɥɟ ɪɚɡɥɢɱɧɵɯ ɪɟ-
ɠɢɦɨɜ ɨɛɪɚɛɨɬɤɢμ Ƚɂɉ + ɬɟɪɦɨɨɛɪɚɛɨɬɤɚ ɩɪɢ 7η0 °ɋ (а), ɚ ɬɚɤɠɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɬɟɪɦɨɨɛɪɚ-
ɛɨɬɤɢ (ɛɟɡ Ƚɂɉ) 7η0 (ɛ), 800 (в) ɢ 8η0 °ɋ 

 
ɇɚɢɛɨɥɶɲɭɸ ɩɪɨɱɧɨɫɬɶ ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ (σɜ > 1100 Ɇɉɚ) ɞɟɦɨɧɫɬɪɢɪɭɸɬ ɡɚɝɨ-

ɬɨɜɤɢ, ɩɪɨɲɟɞɲɢɟ ɬɟɪɦɢɱɟɫɤɭɸ ɨɛɪɚɛɨɬɤɭ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 7η0 °ɋ. ɇɚɢɛɨɥɶɲɢɟ ɡɧɚ-
ɱɟɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɥɚɫɬɢɱɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ ɩɨɤɚɡɚɥɢ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɟ ɨɛɪɚɡɰɵ ɩɨ-
ɫɥɟ ɨɬɠɢɝɚ ɩɪɢ 8η0 °ɋ – ɬɟɦɩɟɪɚɬɭɪɚ, ɧɚɢɛɨɥɟɟ ɩɪɢɛɥɢɠɟɧɧɚɹ ɤ ɬɟɦɩɟɪɚɬɭɪɟ Tɩ.ɩ 
ɫɩɥɚɜɚ ȼɌθ-ɉɋ. ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɨɬɠɢɝɚ 800 °ɋ ɞɥɹ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɡɚɝɨɬɨɜɨɤ ɢɡ 
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ɦɚɬɟɪɢɚɥɚ ȼɌθ-ɉɋ ɩɨɥɭɱɟɧɵ ɫɪɟɞɧɢɟ ɫɛɚɥɚɧɫɢɪɨɜɚɧɧɵɟ ɡɧɚɱɟɧɢɹ ɩɪɨɱɧɨɫɬɢ ɢ ɩɥɚ-
ɫɬɢɱɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ – σɜ = 1070 Ɇɉɚ, δ5 = 15 %, ψ = 4η %. 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɫɫɥɟɞɨɜɚɧɢɣ ɨɛɪɚɡɰɨɜ, ɢɡɝɨɬɨɜɥɟɧɧɵɯ ɢɡ ɡɚɝɨɬɨɜɨɤ ɩɨɫɥɟ ɩɪɨ-
ɜɟɞɟɧɢɹ Ƚɂɉ, ɡɚɦɟɱɟɧɨ ɫɧɢɠɟɧɢɟ ɡɧɚɱɟɧɢɣ ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɥɚ-
ɫɬɢɱɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɨɛɪɚɡɰɚɦɢ, ɩɪɨɲɟɞɲɢɦɢ ɬɟɪɦɢɱɟɫɤɭɸ ɨɛɪɚɛɨɬɤɭ. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɨɜɟɞɟɧɢɟ ɨɩɟɪɚɰɢɢ Ƚɂɉ ɩɟɪɟɞ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɨɣ ɧɟ ɹɜɥɹɟɬɫɹ ɪɟ-
ɤɨɦɟɧɞɭɟɦɨɣ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. ȼɦɟɫɬɟ 
ɫ ɬɟɦ ɚɜɬɨɪɵ ɞɚɧɧɨɣ ɫɬɚɬɶɢ ɨɛɪɚɳɚɸɬ ɜɧɢɦɚɧɢɟ ɧɚ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɩɪɨɜɟɞɟɧɢɹ ɞɨɩɨɥɧɢ-
ɬɟɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ ɜɥɢɹɧɢɸ Ƚɂɉ ɧɚ ɩɨɥɧɵɣ ɤɨɦɩɥɟɤɫ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɦɚɬɟ-
ɪɢɚɥɚ. Ɍɚɤ, ɪɹɞ ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɢ ɡɚɪɭɛɟɠɧɵɯ ɚɜɬɨɪɨɜ ɨɬɦɟɱɚɸɬ ɩɨɥɨɠɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ 
Ƚɂɉ ɧɚ ɭɫɬɚɥɨɫɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɩɥɚɜɚ ɫɨɫɬɚɜɚ Ti–6Al–4V [15–18].  

ɉɨɦɢɦɨ ɨɰɟɧɤɢ ɯɚɪɚɤɬɟɪɚ ɜɨɡɞɟɣɫɬɜɢɹ ɪɟɠɢɦɨɜ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɢ Ƚɂɉ 
ɧɚ ɫɬɪɭɤɬɭɪɭ ɢ ɫɜɨɣɫɬɜɚ ɦɚɬɟɪɢɚɥɚ ɬɚɤɠɟ ɩɪɨɫɥɟɠɢɜɚɟɬɫɹ ɡɚɜɢɫɢɦɨɫɬɶ ɩɨ ɜɥɢɹɧɢɸ 
ɧɚɩɪɚɜɥɟɧɢɹ ɫɢɧɬɟɡɚ ɧɚ ɩɨɥɭɱɚɟɦɵɟ ɫɜɨɣɫɬɜɚ ɡɚɝɨɬɨɜɨɤ. Ɂɧɚɱɟɧɢɹ ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ 
ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ ɨɛɪɚɡɰɨɜ, ɜɵɪɚɳɟɧɧɵɯ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɩɥɨɫɤɨɫɬɢ ɏY, ɧɟɡɧɚɱɢɬɟɥɶɧɨ 
(ɧɚ 1–2 %) ɩɪɟɜɵɲɚɸɬ ɫɜɨɣɫɬɜɚ ɨɛɪɚɡɰɨɜ, ɜɵɪɚɳɟɧɧɵɯ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɨɫɢ Z. Хɚɪɚɤɬɟ-
ɪɢɫɬɢɤɢ ɩɥɚɫɬɢɱɧɨɫɬɢ (ɨɬɧɨɫɢɬɟɥɶɧɵɟ ɭɞɥɢɧɟɧɢɟ ɢ ɫɭɠɟɧɢɟ) ɨɛɪɚɡɰɨɜ, ɢɡɝɨɬɨɜɥɟɧɧɵɯ 
ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɨɫɢ Z, ɛɨɥɶɲɟ, ɱɟɦ ɭ ɨɛɪɚɡɰɨɜ, ɜɵɪɚɳɟɧɧɵɯ ɜ ɩɥɨɫɤɨɫɬɢ ɏY. ɋɬɨɢɬ ɨɬ-
ɦɟɬɢɬɶ, ɱɬɨ ɜ ɫɥɭɱɚɟ ɨɛɪɚɡɰɨɜ, ɩɨɞɜɟɪɝɧɭɬɵɯ Ƚɂɉ, ɪɚɡɛɪɨɫ ɡɧɚɱɟɧɢɣ ɩɪɟɞɟɥɚ ɩɪɨɱɧɨ-
ɫɬɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɧɚɩɪɚɜɥɟɧɢɹ ɜɵɪɚɳɢɜɚɧɢɹ ɭɜɟɥɢɱɢɜɚɟɬɫɹ. Ɍɚɤ, ɡɧɚɱɟɧɢɹ ɫɜɨɣɫɬɜ 
ɞɥɹ ɨɛɪɚɡɰɨɜ, ɫɢɧɬɟɡ ɤɨɬɨɪɵɯ ɜɵɩɨɥɧɹɥɫɹ ɜ ɩɥɨɫɤɨɫɬɢ ɏY, ɩɪɟɜɵɲɚɸɬ ɧɚ γ–4 % ɡɧɚɱɟ-
ɧɢɹ ɫɜɨɣɫɬɜ ɞɥɹ ɨɛɪɚɡɰɨɜ, ɢɡɝɨɬɨɜɥɟɧɧɵɯ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɨɫɢ Z. ɗɬɚ ɪɚɡɧɢɰɚ ɦɨɠɟɬ ɛɵɬɶ 
ɨɛɭɫɥɨɜɥɟɧɚ ɫɬɪɭɤɬɭɪɧɵɦɢ ɩɪɟɜɪɚɳɟɧɢɹɦɢ, ɩɪɨɢɫɯɨɞɹɳɢɦɢ ɜ ɩɪɨɰɟɫɫɟ Ƚɂɉ, ɧɚ ɤɨɬɨ-
ɪɵɯ ɨɬɞɟɥɶɧɨ ɨɫɬɚɧɨɜɢɦɫɹ ɜ ɞɚɥɶɧɟɣɲɟɦ. 

Ɂɧɚɱɟɧɢɹ ɩɨɤɚɡɚɬɟɥɟɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɥɚɫɬɢɱɧɨɫɬɢ ɞɥɹ ɨɛɪɚɡɰɨɜ ɩɨɫɥɟ ɬɟɪɦɢɱɟ-
ɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɢ Ƚɂɉ, ɢɡɝɨɬɨɜɥɟɧɧɵɯ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɨɫɢ Z, ɩɪɟɜɵɲɚɸɬ ɡɧɚɱɟɧɢɹ 
ɫɜɨɣɫɬɜ ɞɥɹ ɨɛɪɚɡɰɨɜ, ɜɵɪɚɳɟɧɧɵɯ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɩɥɨɫɤɨɫɬɢ ɏYμ ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɭɞɥɢ-
ɧɟɧɢɟ δ5 ‒ ɧɚ 5 %, ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɫɭɠɟɧɢɟ ψ ‒ ɧɚ 10 %.  

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɩɪɨɜɟɞɟɧɧɨɝɨ ɦɟɬɚɥɥɨɝɪɚɮɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɞɥɹ ɢɫɫɥɟɞɭɟɦɵɯ 
ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɡɚɝɨɬɨɜɨɤ ɧɚɛɥɸɞɚɟɬɫɹ ɬɢɩɢɱɧɚɹ ɩɥɚɫɬɢɧɱɚɬɚɹ ɫɬɪɭɤɬɭɪɚ, ɯɚɪɚɤɬɟɪ-
ɧɚɹ ɞɥɹ ɫɩɥɚɜɚ ȼɌθ. ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɦɟɬɨɞɚ ɋɅɋ ɧɚɛɥɸɞɚɟɬɫɹ ɯɚɨɬɢɱɧɨɟ ɪɚɫɩɨɥɨ-
ɠɟɧɢɟ ɩɥɚɫɬɢɧ α-ɮɚɡɵ, ɫɪɟɞɧɹɹ ɬɨɥɳɢɧɚ ɤɨɬɨɪɵɯ ɫɨɫɬɚɜɥɹɟɬ 1–2 ɦɤɦ. Ƚɪɚɧɢɰɵ β-ɡɟɪɟɧ 
ɧɟ ɧɚɛɥɸɞɚɸɬɫɹ. 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɫɤɨɪɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ ɡɚɝɨɬɨɜɨɤ ɜ ɩɪɨɰɟɫɫɟ ɋɅɋ ɞɨɜɨɥɶɧɨ 
ɜɵɫɨɤɢ. ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɛɵɫɬɪɚɹ ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɦɟɥɤɭɸ ɫɬɪɭɤɬɭ-
ɪɭ, ɱɬɨ ɩɪɢɞɚɟɬ ɦɚɬɟɪɢɚɥɭ ɜɵɫɨɤɭɸ ɩɪɨɱɧɨɫɬɶ. ɉɪɨɰɟɫɫ Ƚɂɉ, ɡɚɤɥɸɱɚɸɳɢɣɫɹ ɜ ɩɪɨ-
ɞɨɥɠɢɬɟɥɶɧɨɦ ɧɚɝɪɟɜɟ ɡɚɝɨɬɨɜɨɤ ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ ɞɚɜɥɟɧɢɹ, ɩɪɢɜɨɞɢɬ ɤ ɭɤɪɭɩɧɟɧɢɸ 
ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɜɫɥɟɞɫɬɜɢɟ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɝɨ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ. 
ɗɬɢɦ ɨɛɴɹɫɧɹɟɬɫɹ ɧɚɥɢɱɢɟ ɭɜɟɥɢɱɟɧɧɨɣ ɬɨɥɳɢɧɵ ɩɥɚɫɬɢɧ (η–8 ɦɤɦ) ɜ ɦɢɤɪɨɫɬɪɭɤɬɭɪɟ 
ɨɛɪɚɡɰɚ ɩɨɫɥɟ Ƚɂɉ-ɨɛɪɚɛɨɬɤɢ Д1λЖ. 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɚɧɚɥɢɡɚ ɦɢɤɪɨɫɬɪɭɤɬɭɪ ɨɛɪɚɡɰɨɜ ɩɨɫɥɟ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ 
ɩɨ ɪɚɡɥɢɱɧɵɦ ɪɟɠɢɦɚɦ ɫɭɳɟɫɬɜɟɧɧɨɝɨ ɜɥɢɹɧɢɹ ɪɟɠɢɦɨɜ ɧɚ ɫɬɪɭɤɬɭɪɭ ɨɛɪɚɡɰɨɜ ɧɟ ɨɛ-
ɧɚɪɭɠɟɧɨ. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɨɛɪɚɡɰɨɜ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɩɥɚɫɬɢɧɱɚɬɨɣ 
ɦɨɪɮɨɥɨɝɢɟɣ α-ɮɚɡɵ ɫ ɪɚɡɨɪɢɟɧɬɢɪɨɜɚɧɧɵɦɢ ɩɥɚɫɬɢɧɱɚɬɵɦɢ ɤɨɥɨɧɢɹɦɢ. ɋɥɟɞɭɟɬ ɬɚɤ-
ɠɟ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ ɨɛɪɚɡɰɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɦɟɬɨɞɨɦ ɋɅɋ, ɢɦɟɟɬ ɧɟɤɨɬɨ-
ɪɭɸ ɢɞɟɧɬɢɱɧɨɫɬɶ ɫɨ ɫɬɪɭɤɬɭɪɨɣ, ɩɨɥɭɱɚɟɦɨɣ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɬɪɚɞɢɰɢɨɧɧɵɯ ɦɟɬɨɞɨɜ 
ɝɨɪɹɱɟɣ ɞɟɮɨɪɦɚɰɢɢ (ɤɨɜɤɚ, ɲɬɚɦɩɨɜɤɚ, ɩɪɨɤɚɬɤɚ) Д20Ж. 
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Ɂаɤɥɸчɟɧия 
ɉɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɫɪɚɜɧɢɬɟɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ ɜɥɢɹɧɢɸ ɪɟɠɢɦɨɜ ɬɟɪ-

ɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɢ Ƚɂɉ ɧɚ ɫɬɪɭɤɬɭɪɭ ɢ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ 
ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɡɚɝɨɬɨɜɨɤ ɢɡ ɫɩɥɚɜɚ ȼɌθ-ɉɋ. ɉɨɤɚɡɚɧɵ ɨɩɬɢɦɚɥɶɧɵɟ ɬɟɦɩɟɪɚɬɭɪɧɵɟ 
ɢɧɬɟɪɜɚɥɵ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɜɚɤɭɭɦɧɨɝɨ ɨɬɠɢɝɚ ɫ ɰɟɥɶɸ ɞɨɫɬɢɠɟɧɢɹ ɧɟɨɛɯɨɞɢɦɵɯ ɩɨɤɚ-
ɡɚɬɟɥɟɣ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ. 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɟɠɢɦɨɜ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ ɫɜɨɣɫɬɜɚ ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɝɨ ɦɚɬɟɪɢ-
ɚɥɚ ɢɡɦɟɧɹɸɬɫɹμ ɩɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ σɜ ‒ ɨɬ λγη ɞɨ 1100 Ɇɉɚ, ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɭɞɥɢɧɟɧɢɟ 
δ5 ‒ ɨɬ 12,7 ɞɨ 1θ,7 %, ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɫɭɠɟɧɢɟ ψ ‒ ɨɬ γθ,η ɞɨ η1,0 %. 

ɉɪɨɜɟɞɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɥɢɹɧɢɹ ɪɟɠɢɦɨɜ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ ɢ Ƚɂɉ ɡɚɝɨɬɨɜɨɤ 
ɧɚ ɫɬɪɭɤɬɭɪɭ ɢ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɢɡ ɫɩɥɚɜɚ ȼɌθ-ɉɋ 
ɩɨɡɜɨɥɹɬ ɜ ɞɚɥɶɧɟɣɲɟɦ ɩɨɥɭɱɚɬɶ ɤɚɱɟɫɬɜɟɧɧɭɸ ɫɬɪɭɤɬɭɪɭ ɢ ɧɟɨɛɯɨɞɢɦɵɣ ɭɪɨɜɟɧɶ 
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ɉɪɟɞɫɬавɥɟɧ ɨɛɡɨɪ ɢɫɫɥɟɞɨваɧɢɣ ɩɨ ɪаɡɪаɛɨɬɤɟ ɬɟɯɧɨɥɨɝɢɣ ɫɨɡɞаɧɢɹ ɧɟɪаɡɴɟɦɧɵɯ 
ɫɨɟɞɢɧɟɧɢɣ ɢɧɬɟɪɦɟɬаɥɥɢɞɧɵɯ ɬɢɬаɧɨвɵɯ ɫɩɥавɨв. ȼ ɧаɫɬɨɹɳɟɟ вɪɟɦɹ ɧаɢɛɨɥɟɟ ɪаɫ-
ɩɪɨɫɬɪаɧɟɧɧɵɦ ɦɟɬɨɞɨɦ ɩɨɥɭɱɟɧɢɹ ɫваɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɞаɧɧɨɝɨ ɤɥаɫɫа ɫɩɥавɨв ɹвɥɹɟɬ-
ɫɹ ɷɥɟɤɬɪɨɧɧɨ-ɥɭɱɟваɹ ɫваɪɤа. ɉɪɢвɟɞɟɧɵ ɦаɪɤɢ ɩɪɢɫаɞɨɱɧɵɯ ɦаɬɟɪɢаɥɨв ɢ ɩɪɢɩɨɟв, 
ɩɪɢɦɟɧɹɟɦɵɯ ɞɥɹ ɢɧɬɟɪɦɟɬаɥɥɢɞɧɵɯ ɬɢɬаɧɨвɵɯ ɫɩɥавɨв, а ɬаɤɠɟ ɫвɨɣɫɬва, ɤɨɬɨɪɵɟ 
ɭɞаɟɬɫɹ ɩɨɥɭɱɢɬɶ ɩɪɢ ɢɯ ɢɫɩɨɥɶɡɨваɧɢɢ. Ɋаɫɫɦɨɬɪɟɧɵ ɩɨɞɯɨɞɵ ɤ вɵɛɨɪɭ ɬɟɯɧɨɥɨɝɢɢ 
ɫваɪɤɢ, ɨɛɟɫɩɟɱɢваɸɳɟɣ ɩɨɥɭɱɟɧɢɟ ɤаɱɟɫɬвɟɧɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɫ ɬɪɟɛɭɟɦɵɦɢ ɯаɪаɤɬɟ-
ɪɢɫɬɢɤаɦɢ. 

Ключевые слова: ɷɥɟɤɬɪɨɧɧɨ-ɥɭɱɟваɹ ɫваɪɤа, ɥаɡɟɪɧаɹ ɫваɪɤа, аɪɝɨɧɨ-ɞɭɝɨваɹ ɫваɪɤа, 
ɢɧɬɟɪɦɟɬаɥɥɢɞɧɵɟ ɬɢɬаɧɨвɵɟ ɫɩɥавɵ, ɩɪɢɫаɞɨɱɧɵɟ ɦаɬɟɪɢаɥɵ, ɩаɣɤа, ɠаɪɨɩɪɨɱɧɵɟ 
ɦаɬɟɪɢаɥɵ. 
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CREATION  OF  JOINTS  FROM   
INTERMETALLIC  TITANIUM  ALLOYS  (review)  
 

An review of studies on the development of technologies for creating joints of intermetallic 
titanium alloys is presented. Today, electron beam welding is most common method for produc-
ing welded joints of this class of alloys. Brands of filler materials and solders used for interme-
tallic titanium alloys, as well as the properties that can be obtained when using them, are given. 
Approaches to the choice of welding technology that ensure the production of high-quality 
joints with the required characteristics are described. 

Keywords: electron-beam welding, laser welding, argon arc welding, intermetallic titanium 
alloys, filler materials, brazing, heat-resistant materials. 
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ȼвɟɞɟɧиɟ 
ɉɨɜɵɲɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɛɨɬɵ ɚɜɢɚɰɢɨɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ ɢ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ 

ɭɫɬɚɧɨɜɨɤ ɧɟɜɨɡɦɨɠɧɨ ɛɟɡ ɪɚɡɪɚɛɨɬɤɢ ɢ ɜɧɟɞɪɟɧɢɹ ɧɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɨɛɥɚɞɚɸɳɢɯ 
ɤɨɦɩɥɟɤɫɨɦ ɫɜɨɣɫɬɜ, ɤɨɬɨɪɵɟ ɪɚɧɟɟ ɛɵɥɢ ɧɟɞɨɫɬɢɠɢɦɵ. Ɉɫɨɛɵɟ ɬɪɟɛɨɜɚɧɢɹ ɩɪɟɞɴɹɜ-
ɥɹɸɬ ɤ ɠɚɪɨɩɪɨɱɧɵɦ ɫɩɥɚɜɚɦ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɦ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɥɨɩɚɬɨɤ, ɞɢɫɤɨɜ, 
ɧɚɩɪɚɜɥɹɸɳɢɯ ɚɩɩɚɪɚɬɨɜ ɢ ɤɨɪɩɭɫɧɵɯ ɷɥɟɦɟɧɬɨɜ ɤɨɦɩɪɟɫɫɨɪɚ ɢ ɬɭɪɛɢɧɵ, ɩɨɫɤɨɥɶɤɭ ɷɬɢ 
ɞɟɬɚɥɢ ɩɨɞɜɟɪɝɚɸɬɫɹ ɜɵɫɨɤɢɦ ɬɟɩɥɨɜɵɦ ɢ ɫɢɥɨɜɵɦ ɧɚɝɪɭɡɤɚɦ. Ⱦɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɨɬɜɟɬ-
ɫɬɜɟɧɧɵɯ ɞɟɬɚɥɟɣ ɝɚɡɨɬɭɪɛɢɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ (ȽɌȾ) ɞɨ ɧɟɞɚɜɧɟɝɨ ɜɪɟɦɟɧɢ ɩɪɢɦɟɧɹɥɢ ɬɚ-
ɤɢɟ ɥɟɝɤɢɟ ɠɚɪɨɩɪɨɱɧɵɟ ɦɚɬɟɪɢɚɥɵ, ɤɚɤ ɩɫɟɜɞɨ-α- ɢ (α + β)-ɬɢɬɚɧɨɜɵɟ ɫɩɥɚɜɵ ɬɢɩɚ 
ȼɌ2ηɍ ɢ ȼɌ18ɍ (ɊɎ), IMI 8γ4 (ȼɟɥɢɤɨɛɪɢɬɚɧɢɹ), TТθ242S ɢ TТЦОЭКХ 1100 (ɋШȺ), ɫ ɪɚ-
ɛɨɱɟɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɞɨ ηη0–θ00 °ɋ ɢ ɩɥɨɬɧɨɫɬɶɸ 4,η–4,θ ɝ/ɫɦ3. Ɉɞɧɚɤɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 
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ɞɚɧɧɵɯ ɫɩɥɚɜɨɜ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ˃θ00 °ɋ ɨɝɪɚɧɢɱɟɧɨ ɪɟɡɤɢɦ ɫɧɢɠɟɧɢɟɦ ɠɚɪɨɩɪɨɱ-
ɧɵɯ ɫɜɨɣɫɬɜ ɢ ɩɨɜɵɲɟɧɧɵɦ ɨɤɢɫɥɟɧɢɟɦ, ɨɛɭɫɥɨɜɥɟɧɧɵɦ ɞɟɝɪɚɞɚɰɢɟɣ ɫɬɪɭɤɬɭɪɵ.  
Ʉ ɦɚɬɟɪɢɚɥɚɦ, ɤɨɬɨɪɵɟ ɦɨɝɥɢ ɛɵ ɱɚɫɬɢɱɧɨ ɡɚɦɟɧɢɬɶ ɬɪɚɞɢɰɢɨɧɧɵɟ ɠɚɪɨɩɪɨɱɧɵɟ ɧɢɤɟ-
ɥɟɜɵɟ ɫɩɥɚɜɵ ɢ ɫɬɚɥɢ ɫ ɩɥɨɬɧɨɫɬɶɸ 8–8,η ɝ/ɫɦ3, ɨɬɧɨɫɹɬɫɹ ɥɟɝɤɢɟ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɵɟ 
ɫɩɥɚɜɵ ɧɚ ɨɫɧɨɜɟ Ȗ(TТAХ)- ɢ ɨɪɬɨ(TТ2AlNb)-ɮɚɡ ɫ ɩɥɨɬɧɨɫɬɶɸ 4–4,γ ɢ η,1–η,4 ɝ/ɫɦ3 ɫɨɨɬ-
ɜɟɬɫɬɜɟɧɧɨ. ɂɧɬɟɪɦɟɬɚɥɥɢɞɵ ɬɢɬɚɧɚ ɢ ɫɩɥɚɜɵ ɧɚ ɢɯ ɨɫɧɨɜɟ ɩɪɢɜɥɟɤɚɸɬ ɜɧɢɦɚɧɢɟ ɦɟ-
ɬɚɥɥɨɜɟɞɨɜ ɛɥɚɝɨɞɚɪɹ ɭɧɢɤɚɥɶɧɨɦɭ ɫɨɱɟɬɚɧɢɸ ɮɢɡɢɱɟɫɤɢɯ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ 
ɫɜɨɣɫɬɜ, ɪɟɚɥɢɡɚɰɢɹ ɤɨɬɨɪɵɯ ɧɚ ɩɪɚɤɬɢɤɟ ɩɨɦɨɠɟɬ ɪɟɲɢɬɶ ɫɚɦɵɟ ɚɦɛɢɰɢɨɡɧɵɟ ɡɚɞɚɱɢ 
ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɝɚɡɨ- ɢ ɬɭɪɛɨɫɬɪɨɟɧɢɹ Д1–6]. 

Ȼɨɥɶɲɨɣ ɢɧɬɟɪɟɫ ɤ ɫɩɥɚɜɚɦ ɧɚ ɨɫɧɨɜɟ ɢɧɬɟɪɦɟɬɚɥɥɢɞɚ TТAХ ɫɜɹɡɚɧ ɫ ɢɯ ɜɵɫɨɤɢ-
ɦɢ ɬɟɦɩɟɪɚɬɭɪɨɣ ɩɥɚɜɥɟɧɢɹ ɢ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɭɩɪɭɝɨɫɬɢ, ɧɢɡɤɨɣ ɩɥɨɬɧɨɫɬɶɸ ɢ ɯɨɪɨ-
ɲɟɣ ɫɬɨɣɤɨɫɬɶɸ ɤ ɨɤɢɫɥɟɧɢɸ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɷɬɢ ɫɩɥɚɜɵ ɹɜɥɹɸɬɫɹ ɧɚɢɛɨɥɟɟ ɩɟɪ-
ɫɩɟɤɬɢɜɧɨɣ ɚɥɶɬɟɪɧɚɬɢɜɨɣ ɠɚɪɨɩɪɨɱɧɵɦ ɫɬɚɥɹɦ ɢ ɫɩɥɚɜɚɦ ɜ ɚɜɢɚɰɢɨɧɧɵɯ ȽɌȾ, ɩɥɚɧɟ-
ɪɚɯ ɢ ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɞɜɢɝɚɬɟɥɹɯ. Ɉɞɧɚɤɨ ɧɢɡɤɢɟ ɩɥɚɫɬɢɱɧɨɫɬɶ ɢ ɜɹɡɤɨɫɬɶ ɪɚɡɪɭɲɟɧɢɹ 
ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɞɨɥɝɨɟ ɜɪɟɦɹ ɩɪɟɩɹɬɫɬɜɨɜɚɥɢ ɢɯ ɩɪɨɦɵɲɥɟɧɧɨɦɭ ɩɪɢɦɟ-
ɧɟɧɢɸ Д7Ж. Ɍɚɤɢɟ ɫɩɥɚɜɵ ɭɠɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɥɨɩɚɬɨɤ ɜ ɞɜɢɝɚɬɟɥɹɯ 
GEЧбTM, ɚ ɧɨɜɵɣ ɫɬɚɛɢɥɢɡɢɪɨɜɚɧɧɵɣ ɫɩɥɚɜ TТAХ (TNM) – ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɥɨɩɚɬɨɤ 
LPT ɜ ɞɜɢɝɚɬɟɥɹɯ PА1100G™ Д8, λЖ.  

Ⱦɥɹ ɲɢɪɨɤɨɝɨ ɜɧɟɞɪɟɧɢɹ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɢɧɬɟɪɦɟ-
ɬɚɥɥɢɞɧɵɯ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ, ɜ ɤɨɧɫɬɪɭɤɰɢɢ ɚɜɢɚɰɢɨɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ ɧɟɨɛɯɨɞɢɦɚ 
ɪɚɡɪɚɛɨɬɤɚ ɬɟɯɧɨɥɨɝɢɣ ɫɜɚɪɤɢ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɣ ɩɨɥɭɱɟɧɢɟ ɤɚɱɟɫɬɜɟɧɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɫ 
ɜɵɫɨɤɢɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ ɢɯ ɦɟɯɚɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ Д10–12]. 

Ʉɚɤ ɩɪɚɜɢɥɨ, ɨɫɧɨɜɧɵɟ ɦɟɬɨɞɵ ɫɜɚɪɤɢ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɞɥɹ ɨɛɵɱɧɵɯ ɬɢɬɚɧɨɜɵɯ 
ɫɩɥɚɜɨɜ, ɬɚɤɠɟ ɦɨɠɧɨ ɩɪɢɦɟɧɹɬɶ ɢ ɞɥɹ ɫɨɟɞɢɧɟɧɢɹ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɵɯ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚ-
ɜɨɜ. Ɉɞɧɚɤɨ ɧɟɨɛɯɨɞɢɦɨ ɨɩɬɢɦɢɡɢɪɨɜɚɬɶ ɩɚɪɚɦɟɬɪɵ ɩɪɨɰɟɫɫɚ ɫɜɚɪɤɢ. ȼ ɧɟɤɨɬɨɪɵɯ 
ɫɥɭɱɚɹɯ, ɧɚɩɪɢɦɟɪ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɫɪɚɜɧɢɬɟɥɶɧɨ ɧɢɡɤɨɣ ɫɤɨɪɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ ɫɜɚɪɧɨ-
ɝɨ ɲɜɚ, ɬɪɟɛɭɟɬɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɚɹ ɨɫɧɚɫɬɤɚ, ɤɨɬɨɪɚɹ ɦɢɧɢɦɢɡɢɪɭɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɨɛɪɚ-
ɡɨɜɚɧɢɹ ɬɪɟɳɢɧ, ɚ ɬɚɤɠɟ ɫɩɨɫɨɛɫɬɜɭɟɬ ɮɨɪɦɢɪɨɜɚɧɢɸ ɨɩɬɢɦɚɥɶɧɨɣ ɫɬɪɭɤɬɭɪɵ ɫɜɚɪɧɨ-
ɝɨ ɫɨɟɞɢɧɟɧɢɹ ɢ ɩɨɥɭɱɟɧɢɸ ɬɪɟɛɭɟɦɵɯ ɦɟɯɚɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ. 

Ɉɩɭɛɥɢɤɨɜɚɧɧɵɟ ɤ ɧɚɫɬɨɹɳɟɦɭ ɜɪɟɦɟɧɢ ɪɚɛɨɬɵ ɩɨ ɫɜɚɪɢɜɚɟɦɨɫɬɢ ɢɧɬɟɪɦɟɬɚɥ-
ɥɢɞɧɵɯ ɫɩɥɚɜɨɜ ɜ ɨɫɧɨɜɧɨɦ ɪɚɫɫɦɚɬɪɢɜɚɸɬ ɫɨɟɞɢɧɟɧɢɟ TТ3AХ ɫ ɫɚɦɢɦ ɫɨɛɨɣ ɢɥɢ ɫɨ 
ɫɩɥɚɜɨɦ ɧɚ ɨɫɧɨɜɟ ɬɢɬɚɧɚ. ȼ ɦɟɧɶɲɟɣ ɫɬɟɩɟɧɢ ɢɫɫɥɟɞɨɜɚɧɵ ɫɩɥɚɜɵ Ti2AlNb ɢ Ti3AlNb.  

ȼ ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɨɫɧɨɜɧɵɟ ɞɨɫɬɢɠɟɧɢɹ ɜ ɨɛɥɚɫɬɢ ɫɨɡɞɚɧɢɹ ɧɟɪɚɡɴ-
ɟɦɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɢɡ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɵɯ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ. Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦ-
ɤɚɯ ɪɟɚɥɢɡɚɰɢɢ ɤɨɦɩɥɟɤɫɧɨɣ ɧɚɭɱɧɨɣ ɩɪɨɛɥɟɦɵ 10.8. «Ɍɟɯɧɨɥɨɝɢɢ ɫɜɚɪɤɢ ɩɥɚɜɥɟɧɢɟɦ 
ɧɨɜɵɯ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ» («ɋɬɪɚɬɟɝɢɱɟɫɤɢɟ ɧɚɩɪɚɜɥɟɧɢɹ ɪɚɡɜɢɬɢɹ ɦɚɬɟɪɢ-
ɚɥɨɜ ɢ ɬɟɯɧɨɥɨɝɢɣ ɢɯ ɩɟɪɟɪɚɛɨɬɤɢ ɧɚ ɩɟɪɢɨɞ ɞɨ 20γ0 ɝɨɞɚ») Д1γЖ. 

 
ɋваɪɤа ɩɥавɥɟɧиɟɦ иɧɬɟɪɦɟɬаɥɥиɞɧɵɯ ɬиɬаɧɨвɵɯ ɫɩɥавɨв 

ɇɟɤɨɬɨɪɵɟ ɦɟɬɨɞɵ ɫɨɡɞɚɧɢɹ ɧɟɪɚɡɴɟɦɧɵɯ ɫɨɟɞɢɧɟɧɢɣ, ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɟɦɵɟ  
ɜ ɚɜɢɚɰɢɨɧɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ (ɚɪɝɨɧɨ-ɞɭɝɨɜɚɹ, ɷɥɟɤɬɪɨɧɧɨ-ɥɭɱɟɜɚɹ ɢ ɥɚɡɟɪɧɚɹ ɫɜɚɪ-
ɤɚ), ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɫɨɟɞɢɧɟɧɢɹ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɵɯ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ ɫ ɩɟɪɟɦɟɧɧɵɦ 
ɭɫɩɟɯɨɦ. Ɍɚɤ, ɤɪɚɬɤɨɜɪɟɦɟɧɧɚɹ ɩɪɨɱɧɨɫɬɶ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɫɜɚɪɧɵɯ ɫɨɟɞɢ-
ɧɟɧɢɣ ɫɩɥɚɜɨɜ ɫɨɫɬɚɜɨɜ TТ–24Al–17NЛ ɢ TТ–22Al–27NЛ, ɩɨɥɭɱɟɧɧɵɯ ɥɚɡɟɪɧɨɣ ɫɜɚɪɤɨɣ, 
ɫɨɨɬɜɟɬɫɬɜɨɜɚɥɚ ɩɨɤɚɡɚɬɟɥɹɦ ɩɪɨɱɧɨɫɬɢ ɨɫɧɨɜɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. ɋɜɚɪɧɵɟ ɫɨɟɞɢɧɟɧɢɹ 
ɪɚɡɥɢɱɧɵɯ ɫɩɥɚɜɨɜ – ɧɚɩɪɢɦɟɪ, ɫɩɥɚɜɚ ɫɨɫɬɚɜɚ TТ–22Al–2ηNЛ ɢ ɫɩɥɚɜɚ TC11, ɜɵɩɨɥ-
ɧɟɧɧɵɟ ɷɥɟɤɬɪɨɧɧɨ-ɥɭɱɟɜɨɣ ɫɜɚɪɤɨɣ, ɞɨɫɬɢɝɚɥɢ ɡɧɚɱɟɧɢɣ ɩɪɨɱɧɨɫɬɢ, ɯɚɪɚɤɬɟɪɧɵɯ ɞɥɹ 
ɫɩɥɚɜɚ TC11 [14–19].  
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ɉɨɫɤɨɥɶɤɭ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɵɟ ɬɢɬɚɧɨɜɵɟ ɫɩɥɚɜɵ ɨɛɥɚɞɚɸɬ ɧɢɡɤɨɣ ɩɥɚɫɬɢɱɧɨ-
ɫɬɶɸ ɢ ɜɵɫɨɤɢɦɢ ɬɟɪɦɢɱɟɫɤɢɦɢ ɧɚɩɪɹɠɟɧɢɹɦɢ, ɜɨɡɧɢɤɚɸɳɢɦɢ ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ ɬɟɪ-
ɦɢɱɟɫɤɨɝɨ ɰɢɤɥɚ ɫɜɚɪɤɢ ɩɥɚɜɥɟɧɢɟɦ, ɢɯ ɫɨɟɞɢɧɟɧɢɹ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɜɵɫɨɤɨɣ ɫɤɥɨɧ-
ɧɨɫɬɶɸ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɯɨɥɨɞɧɵɯ ɬɪɟɳɢɧ. Ɉɞɧɚɤɨ ɞɚɧɧɵɣ ɷɮɮɟɤɬ ɦɨɠɧɨ ɭɦɟɧɶɲɢɬɶ 
ɩɭɬɟɦ ɬɳɚɬɟɥɶɧɨɝɨ ɜɵɛɨɪɚ ɩɚɪɚɦɟɬɪɨɜ ɫɜɚɪɤɢ ɢ ɫ ɩɨɦɨɳɶɸ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɩɨɞɨ-
ɝɪɟɜɚ ɫɩɥɚɜɨɜ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 700–800 °C Д20Ж. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɣ ɦɟɬɨɞ ɩɨɥɭɱɟɧɢɹ ɫɜɚɪɧɵɯ ɫɨ-
ɟɞɢɧɟɧɢɣ ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ ɧɚ ɨɫɧɨɜɟ ɚɥɸɦɢɧɢɞɨɜ ɬɢɬɚɧɚ – ɷɥɟɤɬɪɨɧɧɨ-ɥɭɱɟɜɚɹ 
ɫɜɚɪɤɚ Д21, 22Ж. Ⱦɥɹ ɞɟɬɚɥɟɣ ɧɟɛɨɥɶɲɢɯ ɪɚɡɦɟɪɨɜ ɜɥɢɹɧɢɟ ɮɚɡɨɜɨɝɨ ɩɪɟɜɪɚɳɟɧɢɹ ɧɚ ɜɟ-
ɪɨɹɬɧɨɫɬɶ ɨɛɪɚɡɨɜɚɧɢɹ ɯɨɥɨɞɧɵɯ ɬɪɟɳɢɧ ɹɜɥɹɟɬɫɹ ɩɪɟɨɛɥɚɞɚɸɳɢɦ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 
ɩɚɪɚɦɟɬɪɵ ɩɪɨɰɟɫɫɚ ɫɜɚɪɤɢ ɞɨɥɠɧɵ ɨɛɟɫɩɟɱɢɜɚɬɶ ɩɪɨɬɟɤɚɧɢɟ ɮɚɡɨɜɨɝɨ ɩɪɟɜɪɚɳɟɧɢɹ 
α → Ȗ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ (Ȗ + α2)-ɫɬɪɭɤɬɭɪɵ ɫɜɚɪɧɨɝɨ ɲɜɚ. Ⱦɥɹ ɤɪɭɩɧɨɝɚɛɚɪɢɬɧɵɯ ɞɟɬɚɥɟɣ 
ɢ ɠɟɫɬɤɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɜɥɢɹɧɢɟ ɮɚɡɨɜɵɯ ɩɪɟɜɪɚɳɟɧɢɣ ɧɚ ɫɜɚɪɢɜɚɟɦɨɫɬɶ ɭɦɟɧɶɲɚɟɬɫɹ 
ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɜɥɢɹɧɢɟɦ ɨɫɬɚɬɨɱɧɵɯ ɧɚɩɪɹɠɟɧɢɣ Д7Ж. ɉɨɦɢɦɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɚɪɚ-
ɦɟɬɪɨɜ ɫɢɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɩɪɨɰɟɫɫ ɷɥɟɤɬɪɨɧɧɨ-ɥɭɱɟɜɨɣ ɫɜɚɪɤɢ ɨɤɚɡɵɜɚɟɬ ɫɨɞɟɪɠɚɧɢɟ 
ɥɟɝɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ. ɇɚɩɪɢɦɟɪ, ɞɨɛɚɜɤɚ ɧɢɨɛɢɹ ɜ ɤɨɥɢɱɟɫɬɜɟ η–8 % (ɩɨ ɦɚɫɫɟ) ɫɩɨ-
ɫɨɛɫɬɜɭɟɬ ɩɨɜɵɲɟɧɢɸ ɡɧɚɱɟɧɢɣ ɩɪɨɱɧɨɫɬɢ, ɩɨɥɡɭɱɟɫɬɢ ɢ ɤɨɪɪɨɡɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɢ Д18Ж. 

Ⱦɪɭɝɢɦ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɦɟɬɨɞɨɦ ɫɨɡɞɚɧɢɹ ɧɟɪɚɡɴɟɦɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɢɧɬɟɪɦɟ-
ɬɚɥɥɢɞɧɵɯ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɝɨ ɢɫɬɨɱɧɢɤɚ ɷɧɟɪ-
ɝɢɢ, ɧɚɪɹɞɭ ɫ ɷɥɟɤɬɪɨɧɧɵɦ ɥɭɱɨɦ, ɹɜɥɹɟɬɫɹ ɥɚɡɟɪɧɚɹ ɫɜɚɪɤɚ Д2γЖ. ȼ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ 
ɛɥɚɝɨɞɚɪɹ ɭɧɢɜɟɪɫɚɥɶɧɨɫɬɢ ɢ ɝɢɛɤɨɫɬɢ ɷɬɨɝɨ ɩɪɨɰɟɫɫɚ, ɜɵɫɨɤɢɦ ɭɞɟɥɶɧɨɣ ɩɨɝɨɧɧɨɣ 
ɷɧɟɪɝɢɢ ɢ ɫɤɨɪɨɫɬɢ, ɚ ɬɚɤɠɟ ɦɚɥɵɦ ɞɟɮɨɪɦɚɰɢɹɦ ɜɨɡɪɨɫ ɢɧɬɟɪɟɫ ɤ ɥɚɡɟɪɧɨɣ ɫɜɚɪɤɟ ɬɢ-
ɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɧɚ ɨɫɧɨɜɟ ɢɧɬɟɪɦɟɬɚɥɥɢɞɚ TТAХ Д24Ж. Ʉɚɤ ɢ ɜ ɫɥɭɱɚɟ ɫ 
ɷɥɟɤɬɪɨɧɧɨ-ɥɭɱɟɜɨɣ ɫɜɚɪɤɨɣ, ɩɟɪɟɞ ɩɪɨɜɟɞɟɧɢɟɦ ɩɪɨɰɟɫɫɚ ɥɚɡɟɪɧɨɣ ɫɜɚɪɤɢ ɫɨɟɞɢɧɹɟ-
ɦɵɟ ɞɟɬɚɥɢ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɩɨɞɨɝɪɟɜɚɬɶμ ɱɟɦ ɛɨɥɶɲɟ ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɞɨɝɪɟɜɚ, ɬɟɦ ɜɵɲɟ 
ɦɨɠɟɬ ɛɵɬɶ ɫɤɨɪɨɫɬɶ ɫɚɦɨɝɨ ɩɪɨɰɟɫɫɚ. ȼ ɪɚɛɨɬɟ Д1λЖ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɤɚɱɟɫɬɜɟɧɧɵɟ 
ɫɜɚɪɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɠɚɪɨɩɪɨɱɧɵɯ ɫɩɥɚɜɨɜ ɧɚ ɨɫɧɨɜɟ ɚɥɸɦɢɧɢɞɨɜ ɬɢɬɚɧɚ ɦɨɠɧɨ ɩɨɥɭ-
ɱɢɬɶ ɩɪɢ ɫɤɨɪɨɫɬɢ ɫɜɚɪɤɢ η0 ɦɦ/ɫ, ɟɫɥɢ ɧɚɱɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɫɨɫɬɚɜɥɹɥɚ θ00 °C, ɩɪɢ 
ɫɤɨɪɨɫɬɢ 4γ ɦɦ/ɫ ɢ ɬɟɦɩɟɪɚɬɭɪɟ 400 °C, ɚ ɬɚɤɠɟ ɩɪɢ ɫɤɨɪɨɫɬɢ γγ ɦɦ/ɫ ɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦ-
ɩɟɪɚɬɭɪɟ. ȼ ɫɬɚɬɶɟ Д2γЖ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɛɥɚɝɨɞɚɪɹ ɩɪɢɦɟɧɟɧɢɸ ɥɚɡɟɪɧɨɝɨ ɢɫɬɨɱɧɢɤɚ ɢ ɨɪ-
ɝɚɧɢɡɚɰɢɢ ɤɚɱɟɫɬɜɟɧɧɨɣ ɡɚɳɢɬɵ ɫɜɚɪɨɱɧɨɣ ɜɚɧɧɵ ɨɬ ɜɨɡɞɟɣɫɬɜɢɹ ɝɚɡɨɜ ɚɬɦɨɫɮɟɪɵ ɩɨ-
ɥɭɱɟɧɵ ɫɜɚɪɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɢɡ ɫɩɥɚɜɚ ɫɨɫɬɚɜɚ Ti–22Al–27Nb, ɨɛɥɚɞɚɸɳɢɟ ɩɪɨɱɧɨɫɬɶɸ, 
ɛɥɢɡɤɨɣ ɤ ɩɪɨɱɧɨɫɬɢ ɨɫɧɨɜɧɨɝɨ ɦɚɬɟɪɢɚɥɚ.  

ȼ ɪɚɛɨɬɟ Д2ηЖ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ ɛɟɡɞɟɮɟɤɬɧɵɯ ɫɜɚɪ-
ɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɢɡ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɨɝɨ Ȗ-ɬɢɬɚɧɨɜɨɝɨ ɫɩɥɚɜɚ ɦɟɬɨɞɨɦ ɚɪɝɨɧɨ-ɞɭɝɨɜɨɣ 
ɫɜɚɪɤɢ ɛɟɡ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɩɨɞɨɝɪɟɜɚ ɩɪɢ ɭɫɥɨɜɢɢ ɨɛɟɫɩɟɱɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨɣ ɜɟɥɢ-
ɱɢɧɵ ɬɨɤɚ ɫɜɚɪɤɢ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɞɥɹ ɬɨɥɳɢɧɵ ɫɨɟɞɢɧɹɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ 2 ɦɦ ɡɧɚɱɟ-
ɧɢɟ ɬɨɤɚ ɞɨɥɠɧɨ ɛɵɬɶ ɧɟ ɦɟɧɟɟ 7η Ⱥ. 

 
ɉɪиɫаɞɨчɧɵɟ ɦаɬɟɪиаɥɵ ɞɥя ɫваɪɤи иɧɬɟɪɦɟɬаɥɥиɞɧɵɯ ɬиɬаɧɨвɵɯ ɫɩɥавɨв 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɧɚɢɛɨɥɟɟ ɠɚ-
ɪɨɩɪɨɱɧɵɦɢ ɫɟɪɢɣɧɨ ɢɡɝɨɬɚɜɥɢɜɚɟɦɵɦɢ ɫɜɚɪɨɱɧɵɦɢ ɩɪɨɜɨɥɨɤɚɦɢ ɹɜɥɹɸɬɫɹ ɩɪɨɜɨɥɨ-
ɤɢ ɦɚɪɨɤ ȼɌ20-1ɫɜ ɢ ȼɌ20-2ɫɜ. Ɉɞɧɚɤɨ ɨɧɢ ɧɟ ɫɩɨɫɨɛɧɵ ɨɛɟɫɩɟɱɢɬɶ ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ 
ɩɪɨɱɧɨɫɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɪɢ ɪɚɛɨɱɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ˃η00 ɋ (ɜ ɱɚɫɬɧɨɫɬɢ, ɞɥɢɬɟɥɶ-
ɧɭɸ ɩɪɨɱɧɨɫɬɶ), ɚ ɫɜɚɪɨɱɧɵɟ ɦɚɬɟɪɢɚɥɵ ɞɥɹ ɫɩɥɚɜɨɜ ɧɚ ɨɫɧɨɜɟ ɢɧɬɟɪɦɟɬɚɥɥɢɞɚ TТAХ 
ɨɬɫɭɬɫɬɜɭɸɬ.  

Ɂɚ ɪɭɛɟɠɨɦ, ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɜ ɄɇɊ, ɚɤɬɢɜɧɨ ɜɟɞɭɬɫɹ ɪɚɛɨɬɵ ɩɨ ɢɫɫɥɟɞɨɜɚɧɢɸ 
ɜɥɢɹɧɢɹ ɧɚ ɫɬɪɭɤɬɭɪɭ ɢ ɫɜɨɣɫɬɜɚ ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɵɯ ɬɢɬɚɧɨɜɵɯ 
ɫɩɥɚɜɨɜ ɫɨɫɬɚɜɚ ɩɪɢɫɚɞɨɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɚ ɬɚɤɠɟ ɩɨ ɢɯ ɪɚɡɪɚɛɨɬɤɟ. Ɍɚɤ, ɜ ɫɬɚɬɶɟ Д2θЖ 
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ɩɪɟɞɫɬɚɜɥɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɧɢɹ ɩɪɢɫɚɞɨɱɧɨɝɨ ɦɚɬɟɪɢɚɥɚ (ɱɢɫɬɨɝɨ ɧɢɨɛɢɹ) ɧɚ 
ɫɬɪɭɤɬɭɪɭ ɢ ɫɜɨɣɫɬɜɚ ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɫɩɥɚɜɚ ɫɨɫɬɚɜɚ TТ–24Al–1ηNЛ, ɩɨɥɭɱɟɧɧɵɯ ɫ 
ɩɨɦɨɳɶɸ ɥɚɡɟɪɧɨɣ ɫɜɚɪɤɢ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫɬɪɭɤɬɭɪɚ ɦɟɬɚɥɥɚ ɲɜɚ, ɢɡɝɨɬɨɜɥɟɧɧɨɝɨ 
ɛɟɡ ɩɪɢɫɚɞɨɱɧɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɨɱɟɬɚɧɢɟ ɯɪɭɩɤɨɣ -α2  ɢ B2-ɮɚɡ. 
ɉɪɨɱɧɨɫɬɶ ɫɜɚɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɫɨɫɬɚɜɢɥɚ γγ0 Ɇɉɚ, ɩɪɢ ɷɬɨɦ ɪɚɡɪɭ-
ɲɟɧɢɟ ɩɪɨɢɫɯɨɞɢɥɨ ɩɨ ɲɜɭ. ɉɪɢɦɟɧɟɧɢɟ ɩɪɢɫɚɞɨɱɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɩɨɡɜɨɥɢɥɨ ɡɧɚɱɢ-
ɬɟɥɶɧɨ ɩɨɜɵɫɢɬɶ ɷɬɭ ɦɟɯɚɧɢɱɟɫɤɭɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ ɞɨ 724 Ɇɉɚ (ɱɬɨ ɫɨɫɬɚɜɥɹɟɬ 0,82 ɨɬ 
ɩɪɨɱɧɨɫɬɢ ɨɫɧɨɜɧɨɝɨ ɦɚɬɟɪɢɚɥɚ), ɨɤɚɡɵɜɚɹ ɫɢɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɟɝɨ ɫɨɫɬɚɜ ɢ ɦɢɤɪɨ-
ɫɬɪɭɤɬɭɪɭ. ɉɨ ɫɪɚɜɧɟɧɢɸ ɫɨ ɫɜɚɪɧɵɦɢ ɲɜɚɦɢ, ɢɡɝɨɬɨɜɥɟɧɧɵɦɢ ɛɟɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɪɢ-
ɫɚɞɨɱɧɨɝɨ ɦɟɬɚɥɥɚ, ɜ ɫɜɚɪɧɵɯ ɲɜɚɯ, ɩɨɥɭɱɟɧɧɵɯ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɧɢɨɛɢɹ, ɭɜɟɥɢɱɢɜɚɟɬɫɹ 
ɫɨɞɟɪɠɚɧɢɟ ɩɨɫɥɟɞɧɟɝɨ ɢ ɭɦɟɧɶɲɚɟɬɫɹ ɫɨɞɟɪɠɚɧɢɟ ɚɥɸɦɢɧɢɹ, ɱɬɨ ɫɩɨɫɨɛɫɬɜɭɟɬ ɜɵɞɟ-
ɥɟɧɢɸ ɨɪɬɨ-ɮɚɡɵ ɜ ɦɚɬɪɢɰɟ B2 ɢ ɫɞɟɪɠɢɜɚɟɬ ɨɛɪɚɡɨɜɚɧɢɟ ɦɚɪɬɟɧɫɢɬɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 
ɚɜɬɨɪɵ ɪɚɛɨɬɵ Д2θЖ ɫɱɢɬɚɸɬ, ɱɬɨ ɞɥɹ ɭɥɭɱɲɟɧɢɹ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɫɜɚɪɧɵɯ ɫɨɟɞɢ-
ɧɟɧɢɣ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɵɯ ɨɪɬɨ-ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɥɚɡɟɪɧɨɣ ɫɜɚɪɤɨɣ, ɰɟ-
ɥɟɫɨɨɛɪɚɡɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ ɤɚɱɟɫɬɜɟ ɩɪɢɫɚɞɨɱɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɱɢɫɬɵɣ ɧɢɨɛɢɣ. 

ɉɪɢɦɟɧɟɧɢɟ ɩɪɢɫɚɞɨɱɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɨɪɢɝɢɧɚɥɶɧɨɝɨ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ 
ɩɨɡɜɨɥɢɬ ɫɨɟɞɢɧɹɬɶ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɵɟ ɬɢɬɚɧɨɜɵɟ ɫɩɥɚɜɵ ɫ ɠɚɪɨɩɪɨɱɧɵɦɢ ɫɩɥɚɜɚ-
ɦɢ ɧɚ ɧɢɤɟɥɟɜɨɣ ɨɫɧɨɜɟ, ɹɜɥɹɸɳɢɦɢɫɹ ɨɞɧɢɦɢ ɢɡ ɨɫɧɨɜɧɵɯ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɦɚɬɟ-
ɪɢɚɥɨɜ ɞɥɹ ȽɌȾ. ɂɫɫɥɟɞɨɜɚɧɢɹ ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɫɨɱɟɬɚɧɢɹ ɫɩɥɚɜɚ ɫɨɫɬɚɜɚ  
Ti–24Al–15Nb–1MШ ɢ ɫɩɥɚɜɚ In718, ɢɡɝɨɬɨɜɥɟɧɧɵɯ ɚɪɝɨɧɨ-ɞɭɝɨɜɨɣ ɫɜɚɪɤɨɣ ɫ ɢɫɩɨɥɶɡɨ-
ɜɚɧɢɟɦ ɩɪɢɫɚɞɨɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɫɢɫɬɟɦ Ti–Nb ɢ Ti–Ni–Nb, ɩɨɤɚɡɚɥɢ, ɱɬɨ ɧɚɢɛɨɥɶɲɟɝɨ 
ɡɧɚɱɟɧɢɹ ɩɪɨɱɧɨɫɬɢ ɫɜɚɪɧɨɝɨ ɲɜɚ ɭɞɚɟɬɫɹ ɞɨɫɬɢɱɶ ɩɪɢ ɛɨɥɶɲɟɦ ɫɨɞɟɪɠɚɧɢɢ ɧɢɨɛɢɹ ɢ 
ɨɬɫɭɬɫɬɜɢɢ ɧɢɤɟɥɹ ɜ ɫɨɫɬɚɜɟ ɩɪɢɫɚɞɤɢ Д14Ж. 

ȼ ɪɚɛɨɬɟ Д27Ж ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɵ ɩɪɟɢɦɭɳɟɫɬɜɚ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɪɢɫɚɞɨɱɧɨɝɨ 
ɦɚɬɟɪɢɚɥɚ ɩɪɢ ɥɚɡɟɪɧɨɣ ɫɜɚɪɤɟ ɫɩɥɚɜɚ ɧɚ ɨɫɧɨɜɟ ɢɧɬɟɪɦɟɬɚɥɥɢɞɚ ɬɢɬɚɧɚ. Ɍɚɤ, ɩɪɢɦɟɧɟ-
ɧɢɟ ɜ ɤɚɱɟɫɬɜɟ ɫɜɚɪɨɱɧɨɣ ɩɪɨɜɨɥɨɤɢ ɱɢɫɬɨɝɨ ɬɢɬɚɧɚ ɩɨɡɜɨɥɢɥɨ ɩɨɜɵɫɢɬɶ ɩɪɨɱɧɨɫɬɶ 
ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɞɨ 0,7η ɨɬ ɨɫɧɨɜɧɨɝɨ ɦɚɬɟɪɢɚɥɚ.  

 
ɋваɪɤа ɞавɥɟɧиɟɦ иɧɬɟɪɦɟɬаɥɥиɞɧɵɯ ɬиɬаɧɨвɵɯ ɫɩɥавɨв 

ɉɨɫɤɨɥɶɤɭ ɫɩɥɚɜɵ ɧɚ ɨɫɧɨɜɟ ɢɧɬɟɪɦɟɬɚɥɥɢɞɚ ɬɢɬɚɧɚ ɨɛɥɚɞɚɸɬ ɜɵɫɨɤɨɣ ɫɤɥɨɧ-
ɧɨɫɬɶɸ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɬɪɟɳɢɧ, ɩɪɢɦɟɧɟɧɢɟ ɦɟɬɨɞɨɜ ɫɜɚɪɤɢ ɜ ɬɜɟɪɞɨɣ ɮɚɡɟ ɹɜɥɹɟɬɫɹ 
ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɧɟɪɚɡɴɟɦɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɷɬɨɝɨ ɤɥɚɫɫɚ 
ɦɚɬɟɪɢɚɥɨɜ. Ɉɞɧɢɦ ɢɡ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɟɦɵɯ ɦɟɬɨɞɨɜ ɹɜɥɹɟɬɫɹ ɞɢɮɮɭɡɢɨɧɧɚɹ ɫɜɚɪɤɚ. 
ɇɚɢɛɨɥɟɟ ɱɚɫɬɨ ɜɫɬɪɟɱɚɸɳɢɣɫɹ ɞɟɮɟɤɬ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɞɚɧɧɨɝɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ 
ɩɪɨɰɟɫɫɚ – ɷɬɨ ɧɟɫɩɥɨɲɧɨɫɬɶ, ɨɛɪɚɡɭɸɳɚɹɫɹ ɩɪɢ ɧɟɞɨɫɬɚɬɨɱɧɨɣ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ 
ɢɥɢ ɬɟɦɩɟɪɚɬɭɪɟ ɜɵɞɟɪɠɤɢ. Ɍɟɪɦɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ ɩɨɫɥɟ ɞɢɮɮɭɡɢɨɧɧɨɣ ɫɜɚɪɤɢ ɩɨɡ-
ɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ ɫɨɟɞɢɧɟɧɢɹ, ɪɚɜɧɵɟ ɩɨ ɩɪɨɱɧɨɫɬɢ ɨɫɧɨɜɧɨɦɭ ɦɚɬɟɪɢɚɥɭ Д7Ж. 

ȼ ɪɚɛɨɬɟ Д28Ж ɩɨɤɚɡɚɧɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɟɪɫɩɟɤɬɢɜɧɨɝɨ ɞɥɹ ɤɨɧɫɬɪɭɤɰɢɢ ȽɌȾ ɦɟ-
ɬɨɞɚ ɥɢɧɟɣɧɨɣ ɫɜɚɪɤɢ ɬɪɟɧɢɟɦ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɢɡ ɫɩɥɚɜɚ ɧɚ ɨɫ-
ɧɨɜɟ ɢɧɬɟɪɦɟɬɚɥɥɢɞɚ TТ2AХNЛ. ɋɬɪɭɤɬɭɪɚ ɫɜɚɪɧɨɝɨ ɲɜɚ ɩɪɟɞɫɬɚɜɥɹɥɚ ɫɨɛɨɣ B2-ɮɚɡɭ ɫ 
ɜɤɥɸɱɟɧɢɹɦɢ ɨɪɬɨ- ɢ α2-ɮɚɡ. ɉɪɨɱɧɨɫɬɶ ɫɜɚɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɨɜɚɥɚ ɩɪɨɱɧɨ-
ɫɬɢ ɨɫɧɨɜɧɨɝɨ ɦɟɬɚɥɥɚ. 

 
ɉаɣɤа иɧɬɟɪɦɟɬаɥɥиɞɧɵɯ ɬиɬаɧɨвɵɯ ɫɩɥавɨв 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ ɦɢɪɟ ɫɨɡɞɚɧɨ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɪɢɩɨɟɜ ɞɥɹ ɩɚɣɤɢ ɬɢɬɚ-
ɧɨɜɵɯ ɫɩɥɚɜɨɜ, ɤɨɬɨɪɵɟ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɬɪɢ ɨɫɧɨɜɧɵɟ ɝɪɭɩɩɵμ  

– ɩɪɢɩɨɢ ɧɚ ɨɫɧɨɜɟ ɚɥɸɦɢɧɢɹ; 
– ɩɪɢɩɨɢ ɧɚ ɨɫɧɨɜɟ ɫɟɪɟɛɪɚ; 
– ɫɥɨɠɧɨɥɟɝɢɪɨɜɚɧɧɵɟ ɩɪɢɩɨɢ ɧɚ ɨɫɧɨɜɟ ɫɩɥɚɜɚ ɫɢɫɬɟɦɵ Ti–Ni–Cu. 
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ɇɚɢɛɨɥɟɟ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɦɵɟ ɩɪɢɩɨɢ ɞɥɹ ɩɚɣɤɢ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ ɩɪɟɞɫɬɚɜ-
ɥɟɧɵ ɜ ɬɚɛɥ. 1 ɢ 2 Д2λ–34]. 
 

Ɍаɛɥɢɰа 1 
ɉɪиɩɨи ɧа ɨɫɧɨвɟ ɫɟɪɟɛɪа и аɥɸɦиɧия 

ɋɩɥɚɜ Хɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɫɩɥɚɜɚ, % (ɩɨ ɦɚɫɫɟ) Ɍɟɦɩɟɪɚɬɭɪɚ ɩɚɣɤɢ, ɋ 
– Ag–5Al 920–980 
– Ag–5Al–5Ti 920–940 
– Ag–5Al–0,5Mn 970–980 
– Ag–23Cu–5Ti ‒ 
– Ag–27Cu–5Sn 820–850 
– Al–1Mn 660–690 

AA3003 Al–1Mn–0,6Si–0,7Fe 660–670 
Gapasil-9 Ag–9Pd–9Ga ‒ 

SCP-1 Ag–26,5Cu–5Pd ‒ 
VH720 Ag–24Cu–14,5In ‒ 
VH850 Au–20Ag–20Cu ‒ 

– Al–4,8Si–3,8Cu–0,2Fe–0,2Ni 610–680 

 
Ɍаɛɥɢɰа 2 

ɉɪиɩɨи ɧа ɨɫɧɨвɟ ɫɩɥава ɫиɫɬɟɦɵ Ti–Ni–Cu 

ɋɩɥɚɜ 
Хɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɫɩɥɚɜɚ, % (ɩɨ ɦɚɫɫɟ) Ɍɟɦɩɟɪɚɬɭɪɚ 

ɩɚɣɤɢ, ɋ Ti Zr Cu Ni Co Nb Cr Mo Ag Be 
BTi-1 Ɉɫɬ.* ‒ 15 15 ‒ ‒ ‒ ‒ ‒ ‒ 980–1050 
BTi-2 Ɉɫɬ. ‒ 15 25 ‒ ‒ ‒ ‒ ‒ ‒ 930–950 
BTi-3 Ɉɫɬ. 26 14 14 ‒ ‒ ‒ 0,5 ‒ ‒ 860–890 
BTi-4 Ɉɫɬ. 20 20 20 ‒ ‒ ‒ ‒ ‒ ‒ 870–890 
BTi-5 Ɉɫɬ. 37,5 15 10 ‒ ‒ ‒ ‒ ‒ ‒ 850–880 

MBF-5001 ‒ Ɉɫɬ. ‒ 17 ‒ ‒ ‒ ‒ ‒ ‒ 990–1020 
MBF-5004 Ɉɫɬ. 25 50 ‒ ‒ ‒ ‒ ‒ ‒ ‒ 860–900 
MBF-5011 Ɉɫɬ. ‒ 18,5 27,5 ‒ ‒ ‒ ‒ ‒ ‒ 970–980 
MBF-5012 Ɉɫɬ. ‒ 20 20 ‒ ‒ ‒ ‒ ‒ ‒ 940–970 
ȼɉɪ16 Ɉɫɬ. 12,5 22,5 9 ‒ ‒ ‒ ‒ ‒ ‒ 930–960 
ȼɉɪ28 Ɉɫɬ. 22,5 15,5 15,5 ‒ ‒ ‒ ‒ ‒ ‒ 860–870 
ȼɉɪγ8 ‒ ‒ 20 9 ‒ 1 ‒ ‒ ‒ ‒ 1000–1050 

ɋɬɟɦɟɬ 1201 Ɉɫɬ. 12 12 12 ‒ ‒ ‒ ‒ ‒ ‒ 900–1000 
ɋɬɟɦɟɬ 1406 11 Ɉɫɬ. 13 14 ‒ ‒ ‒ ‒ ‒ ‒ 900 

– Ɉɫɬ. 12 12 12 ‒ ‒ 14 ‒ ‒ ‒ 940–970 
– Ɉɫɬ. 40 ‒ 20,5 ‒ ‒ ‒ ‒ ‒ ‒ 870–885 
– Ɉɫɬ. 41 ‒ 14 ‒ ‒ ‒ ‒ ‒ 4 870–885 
– Ɉɫɬ. ‒ 21 21 ‒ ‒ ‒ ‒ 16 ‒ 930–960 
– Ɉɫɬ. 48 ‒ ‒ ‒ ‒ ‒ ‒ ‒ 2 930 
– Ɉɫɬ. 10 ‒ 20 ‒ 15 ‒ ‒ ‒ ‒ 950–980 
– Ɉɫɬ. 20 20 20 ‒ ‒ ‒ ‒ ‒ ‒ 930–970 
– Ɉɫɬ. 25,5 13 12 2,5 ‒ ‒ 2,0 ‒ ‒ 880–930 
– Ɉɫɬ. 24 7,5 25 <5 ‒ ‒ ‒ ‒ 910–1030 
– Ɉɫɬ. 30 15 9 5 ‒ ‒ ‒ ‒ ‒ 910–930 

*Ɉɫɬ. ‒ ɨɫɬɚɥɶɧɨɟ. 
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ɉɪɢɩɨɢ ɧɚ ɨɫɧɨɜɟ ɫɟɪɟɛɪɚ ɨɛɥɚɞɚɸɬ ɜɵɫɨɤɢɦɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢ-
ɤɚɦɢ, ɯɨɪɨɲɨ ɫɦɚɱɢɜɚɸɬ ɬɢɬɚɧɨɜɵɟ ɫɩɥɚɜɵ ɢ ɢɦɟɸɬ ɧɟɜɵɫɨɤɭɸ ɬɟɦɩɟɪɚɬɭɪɭ ɩɚɣɤɢ. 
ɉɚɹɧɵɟ ɫɨɟɞɢɧɟɧɢɹ, ɜɵɩɨɥɧɟɧɧɵɟ ɫ ɢɯ ɩɪɢɦɟɧɟɧɢɟɦ, ɞɨɫɬɚɬɨɱɧɨ ɩɥɚɫɬɢɱɧɵ, ɨɞɧɚɤɨ 
ɢɦɟɸɬ ɧɟɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɩɨɜɵɲɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɢ ɧɢɡɤɭɸ ɤɨɪɪɨ-
ɡɢɨɧɧɭɸ ɫɬɨɣɤɨɫɬɶ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɫɪɟɞ, ɫɨɞɟɪɠɚɳɢɯ ɢɨɧɵ ɯɥɨɪɚ. ȼɜɢɞɭ ɫɭɳɟɫɬɜɟɧ-
ɧɵɯ ɧɟɞɨɫɬɚɬɤɨɜ ɩɪɢɩɨɢ ɧɚ ɨɫɧɨɜɟ ɫɟɪɟɛɪɚ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɨɱɬɢ ɧɟ ɩɪɢɦɟɧɹɸɬɫɹ. 

ɉɪɢɩɨɢ ɧɚ ɨɫɧɨɜɟ ɚɥɸɦɢɧɢɹ ɢɧɬɟɧɫɢɜɧɨ ɪɚɡɪɚɛɚɬɵɜɚɥɢ ɜ 1λθ0–1970-ɯ ɝɝ. ɇɢɡ-
ɤɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ ɚɥɸɦɢɧɢɹ ɩɨɡɜɨɥɹɟɬ ɥɟɝɤɨ ɫɨɡɞɚɜɚɬɶ ɧɚ ɟɝɨ ɨɫɧɨɜɟ ɩɪɢɩɨɢ ɫ 
ɬɟɦɩɟɪɚɬɭɪɨɣ ɩɥɚɜɥɟɧɢɹ ɦɟɧɶɲɟ ɬɟɦɩɟɪɚɬɭɪɵ β-ɩɪɟɜɪɚɳɟɧɢɹ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ, ɱɬɨ 
ɫɨɯɪɚɧɹɟɬ ɜɵɫɨɤɢɟ ɩɪɨɱɧɨɫɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɨɟɞɢɧɹɟɦɵɯ ɦɚɬɟɪɢɚɥɨɜ. ɉɚɹɧɵɟ ɫɨ-
ɟɞɢɧɟɧɢɹ, ɜɵɩɨɥɧɟɧɧɵɟ ɚɥɸɦɢɧɢɟɜɵɦɢ ɩɪɢɩɨɹɦɢ, ɩɨɤɚɡɵɜɚɸɬ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɭɸ 
ɩɪɨɱɧɨɫɬɶ ɩɪɢ ɫɪɟɡɟ. Ɉɞɧɚɤɨ ɢɡ-ɡɚ ɨɛɪɚɡɨɜɚɧɢɹ ɧɚ ɝɪɚɧɢɰɟ ɩɚɹɧɨɝɨ ɲɜɚ ɢ ɨɫɧɨɜɧɨɝɨ 
ɦɚɬɟɪɢɚɥɚ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɵɯ ɜɤɥɸɱɟɧɢɣ TiAl , ɩɚɹɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɯɪɭɩɤɢɟ, ɨɛɥɚɞɚɸɬ 
ɧɢɡɤɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɭɫɬɚɥɨɫɬɢ ɢ ɭɞɚɪɧɨɣ ɜɹɡɤɨɫɬɢ. ɉɪɢ ɷɬɨɦ 
ɞɥɢɬɟɥɶɧɚɹ ɷɤɫɩɥɭɚɬɚɰɢɹ ɩɚɹɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ, ɜɵɩɨɥɧɟɧɧɵɯ ɚɥɸ-
ɦɢɧɢɟɜɵɦɢ ɩɪɢɩɨɹɦɢ, ɩɨɤɚɡɚɥɚ ɫɤɥɨɧɧɨɫɬɶ ɷɬɢɯ ɫɨɟɞɢɧɟɧɢɣ ɤ ɤɨɪɪɨɡɢɢ ɩɪɚɤɬɢɱɟɫɤɢ 
ɜɨ ɜɫɟɯ ɭɫɥɨɜɢɹɯ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫɥɨɠɧɨɥɟɝɢɪɨɜɚɧɧɵɟ ɩɪɢɩɨɢ ɧɚ ɨɫɧɨɜɟ ɫɩɥɚɜɨɜ ɫɢɫɬɟɦ 
Ti–Cu–Ni ɢ TТ–Zr–Cu–NТ ɩɨɡɜɨɥɹɸɬ ɩɨɥɭɱɢɬɶ ɧɚɢɛɨɥɟɟ ɜɵɫɨɤɨɩɪɨɱɧɵɟ ɩɚɹɧɵɟ ɫɨɟɞɢ-
ɧɟɧɢɹ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ, ɤɨɬɨɪɵɟ ɧɚɲɥɢ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɜɨ 
ɜɫɟɦ ɦɢɪɟ. ɉɚɹɧɵɟ ɫɨɟɞɢɧɟɧɢɹ, ɜɵɩɨɥɧɟɧɧɵɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɚɤɢɯ ɩɪɢɩɨɟɜ, ɨɛɥɚ-
ɞɚɸɬ ɧɚɢɛɨɥɟɟ ɜɵɫɨɤɨɣ ɩɪɨɱɧɨɫɬɶɸ ɩɪɢ ɩɨɜɵɲɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɢ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ 
ɩɨɞɜɟɪɠɟɧɵ ɤɨɪɪɨɡɢɢ. Ⱦɚɧɧɚɹ ɝɪɭɩɩɚ ɩɪɢɩɨɟɜ ɩɨɹɜɢɥɚɫɶ ɜ 1λ70-ɯ ɝɝ. ɂɯ ɪɚɡɪɚɛɚɬɵɜɚɥɢ 
ɧɟɡɚɜɢɫɢɦɨ ɞɪɭɝ ɨɬ ɞɪɭɝɚ ɬɚɤɢɟ ɢɫɫɥɟɞɨɜɚɬɟɥɢ, ɤɚɤ ɋ.E. SЦОХЭгОr, A.N. HКЦЦОr ɢ 
ȼ.ɋ. Ɋɵɥɶɧɢɤɨɜ. Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɧɢɡɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟɧɢɹ ɞɚɧɧɚɹ ɝɪɭɩɩɚ ɩɪɢɩɨɟɜ 
ɫɨɞɟɪɠɢɬ ɜ ɫɜɨɟɦ ɫɨɫɬɚɜɟ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɦɟɞɢ ɢ ɧɢɤɟɥɹ, ɤɨɬɨɪɵɟ ɮɨɪɦɢɪɭɸɬ ɜ 
ɩɚɹɧɨɦ ɲɜɟ ɡɧɚɱɢɬɟɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɯɪɭɩɤɢɯ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɵɯ ɢ ɷɜɬɟɤɬɢɱɟɫɤɢɯ 
ɫɬɪɭɤɬɭɪ, ɞɟɥɚɸɳɢɯ ɩɚɹɧɵɣ ɲɨɜ ɯɪɭɩɤɢɦ. Ɉɞɧɚɤɨ ɛɥɚɝɨɞɚɪɹ ɩɪɢɦɟɧɟɧɢɸ ɝɨɦɨɝɟɧɢɡɢ-
ɪɭɸɳɟɣ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɩɚɹɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɫɨɞɟɪɠɚɧɢɟ ɯɪɭɩɤɢɯ ɜɤɥɸɱɟɧɢɣ ɜ 
ɩɚɹɧɨɦ ɲɜɟ ɡɧɚɱɢɬɟɥɶɧɨ ɫɨɤɪɚɳɚɟɬɫɹ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ ɜɵɫɨɤɨɩɪɨɱɧɵɟ ɨɬɧɨɫɢ-
ɬɟɥɶɧɨ ɩɥɚɫɬɢɱɧɵɟ ɩɚɹɧɵɟ ɫɨɟɞɢɧɟɧɢɹ. Ɉɫɧɨɜɧɵɦɢ ɧɟɞɨɫɬɚɬɤɚɦɢ ɬɚɤɢɯ ɩɪɢɩɨɟɜ ɹɜɥɹ-
ɸɬɫɹ ɧɟɜɵɫɨɤɚɹ ɠɚɪɨɫɬɨɣɤɨɫɬɶ ɢ ɧɟɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ɩɪɨɱɧɨɫɬɢ ɩɚɹɧɵɯ ɫɨ-
ɟɞɢɧɟɧɢɣ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ˃θ00 ɋ.  

Ⱦɥɹ ɩɚɣɤɢ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɵɯ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ ɧɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɦɢ ɜ 
ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫɱɢɬɚɸɬɫɹ ɫɥɨɠɧɨɥɟɝɢɪɨɜɚɧɧɵɟ ɩɪɢɩɨɢ ɧɚ ɨɫɧɨɜɟ ɫɩɥɚɜɚ ɫɢɫɬɟɦɵ 
Ti–Ni–CЮ, ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɫɨɞɟɪɠɚɳɢɟ ɜ ɫɜɨɟɦ ɫɨɫɬɚɜɟ CШ, NЛ ɢ MШ, ɤɨɬɨɪɵɟ ɩɨɜɵɲɚ-
ɸɬ ɠɚɪɨɫɬɨɣɤɨɫɬɶ ɢ ɠɚɪɨɩɪɨɱɧɨɫɬɶ ɩɚɹɧɵɯ ɫɨɟɞɢɧɟɧɢɣ (ɬɚɛɥ. γ) Дγ0, γ2, γ4Ж. 

 
Ɍаɛɥɢɰа 3 

ɉɪиɩɨи ɧа ɨɫɧɨвɟ ɫɩɥава ɫиɫɬɟɦ Ti–Ni–CЮ и Ti–Zr–Cu–Ni,  
ɞɨɩɨɥɧиɬɟɥьɧɨ ɥɟɝиɪɨваɧɧɵɟ CШ, NЛ и MШ  

ɉɚɬɟɧɬ 
Хɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɫɩɥɚɜɚ, % (ɩɨ ɦɚɫɫɟ) 

Ti Zr Cu Ni Co Nb Mo 
CN110605498A Ɉɫɬ.* 8–11 – 18–22 ‒ 14–17 ‒ 
CN103949802A Ɉɫɬ. 24–27 12–14 11–13 1,8–4,2 ‒ 1,2–1,8 
CN102430874A Ɉɫɬ. 25–35 10–24 5–15 0,5–8,0 ‒ ‒ 

*Ɉɫɬ. ‒ ɨɫɬɚɥɶɧɨɟ. 
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Ɂаɤɥɸчɟɧия 
Ⱥɧɚɥɢɡ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ ɥɢɬɟɪɚɬɭɪɵ ɜ ɨɛɥɚɫɬɢ ɫɨɡɞɚɧɢɹ ɧɟɪɚɡɴɟɦɧɵɯ ɫɨɟɞɢ-

ɧɟɧɢɣ ɢɡ ɫɩɥɚɜɨɜ ɧɚ ɨɫɧɨɜɟ ɢɧɬɟɪɦɟɬɚɥɥɢɞɨɜ TiAl ɩɨɤɚɡɚɥ, ɱɬɨ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɩɨɫɜɹ-
ɳɟɧɧɵɟ ɞɚɧɧɨɦɭ ɜɨɩɪɨɫɭ, ɡɚɬɪɚɝɢɜɚɸɬ ɜɫɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ, ɪɚɫɩɪɨɫɬɪɚɧɟɧ-
ɧɵɟ ɜ ɚɜɢɚɰɢɨɧɧɨɣ ɨɬɪɚɫɥɢ. Ɉɫɧɨɜɧɵɟ ɬɪɭɞɧɨɫɬɢ ɫɜɹɡɚɧɵ ɫ ɧɢɡɤɨɣ ɩɥɚɫɬɢɱɧɨɫɬɶɸ 
ɫɩɥɚɜɨɜ ɷɬɨɝɨ ɤɥɚɫɫɚ ɢ ɢɯ ɜɵɫɨɤɨɣ ɫɤɥɨɧɧɨɫɬɶɸ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɯɨɥɨɞɧɵɯ ɬɪɟɳɢɧ. ɉɪɢ 
ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɦɟɬɨɞɨɜ ɫɜɚɪɤɢ ɩɥɚɜɥɟɧɢɟɦ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɨɞɨɝɪɟɜɚɬɶ 
ɡɚɝɨɬɨɜɤɢ ɢ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɮɚɡɨɜɵɟ ɩɪɟɜɪɚɳɟɧɢɹ ɩɚɪɚɦɟɬɪɚɦɢ ɩɪɨɰɟɫɫɚ ɢ ɩɪɢɦɟɧɟ-
ɧɢɟɦ ɩɪɢɫɚɞɨɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ.  
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Ɋаɫɫɦɨɬɪɟɧɵ ɥɢɬɟɣɧɵɟ ɬɢɬаɧɨвɵɟ ɫɩɥавɵ, ɩɪɢɦɟɧɹɟɦɵɟ в ɤɨɧɫɬɪɭɤɰɢɢ авɢаɰɢɨɧ-
ɧɵɯ ɢɡɞɟɥɢɣ ɢ ɞвɢɝаɬɟɥɟɣ. ɉɪɟɞɫɬавɥɟɧɵ ɨɩɢɫаɧɢɹ ɥɢɬɟɣɧɵɯ ɫвɨɣɫɬв ɬɢɬаɧɨвɵɯ ɫɩɥа-
вɨв. Иɡɥɨɠɟɧɵ ɬɪɟɛɨваɧɢɹ ɤ ɨɬɥɢвɤаɦ ɢɡ ɬɢɬаɧɨвɵɯ ɫɩɥавɨв, ɭɤаɡаɧɧɵɟ в ɨɬɪаɫɥɟвɨɣ 
ɧɨɪɦаɬɢвɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ ɞɨɤɭɦɟɧɬаɰɢɢ. Ɋаɫɫɦɨɬɪɟɧɵ ɨɫɧɨвɧɵɟ ɯаɪаɤɬɟɪɢɫɬɢɤɢ ɢɯ 
ɫвɨɣɫɬв, ɞɨɫɬɨɢɧɫɬва ɢ ɧɟɞɨɫɬаɬɤɢ. Ɉɩɢɫаɧɵ ɧɟɤɨɬɨɪɵɟ ɦɟɬɨɞɵ ɩɨвɵɲɟɧɢɹ ɩɨɤаɡа-
ɬɟɥɟɣ ɦɟɯаɧɢɱɟɫɤɢɯ ɫвɨɣɫɬв. ɋɞɟɥаɧɵ вɵвɨɞɵ ɨ ɫɨвɪɟɦɟɧɧɨɣ ɫɢɬɭаɰɢɢ в ɨɛɥаɫɬɢ авɢа-
ɰɢɨɧɧɵɯ ɥɢɬɟɣɧɵɯ ɬɢɬаɧɨвɵɯ ɫɩɥавɨв ɢ ɢɡɞɟɥɢɣ ɢɡ ɧɢɯ. 

Ключевые слова: ɬɢɬаɧ, ɥɢɬɟɣɧɵɟ ɫɩɥавɵ, ɥɢɬɟɣɧɵɟ ɫвɨɣɫɬва, ɝɨɪɹɱɟɟ ɢɡɨɫɬаɬɢɱɟ-
ɫɤɨɟ ɩɪɟɫɫɨваɧɢɟ, ɬɟɪɦɢɱɟɫɤаɹ ɨɛɪаɛɨɬɤа, ɢɧɬɟɪɦɟɬаɥɥɢɞɧɵɟ ɫɩɥавɵ, ɥɟɝɢɪɭɸɳɢɟ ɷɥɟ-
ɦɟɧɬɵ. 

 
M.A. Makushina1, A.S. Kochetkov1, N.A. Nochovnaya1 
 
CAST  TITANIUM  ALLOYS  
FOR  AVIATION  EQUIPMENT  (review) 
 

This article discusses cast titanium alloys used in the construction of aircraft products and 
engines. Descriptions of the casting properties of titanium alloys are presented. The require-
ments for castings made of titanium alloys specified in the industry regulatory and technical 
documentation are set out. The main characteristics of their properties, advantages and disad-
vantages are considered. Some methods of increasing the parameters of mechanical properties 
are described. Conclusions are drawn about the current situation in the field of aviation found-
ry titanium alloys and products made from them. 

Keywords: titanium, casting alloys, casting properties, hot isostatic pressing, heat treatment, 
intermetallic alloys, alloying elements. 

 
1Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɭɧɢɬɚɪɧɨɟ ɩɪɟɞɩɪɢɹɬɢɟ «ȼɫɟɪɨɫɫɢɣɫɤɢɣ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ 
ɢɧɫɬɢɬɭɬ ɚɜɢɚɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ» Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɧɚɭɱɧɵɣ ɰɟɧɬɪ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ [Federal 
State Unitary Enterprise «AХХ-RЮssТКЧ SМТОЧЭТПТМ RОsОКrМС IЧsЭТЭЮЭО ШП AЯТКЭТШЧ MКЭОrТКХs» State Research 
Center of the Russian Federation]; e-mail: admin@viam.ru 

 
ȼвɟɞɟɧиɟ 

Шɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ ɜ ɤɨɧɫɬɪɭɤɰɢɹɯ ɚɜɢɚɰɢɨɧɧɨɣ ɢ ɪɚɤɟɬ-
ɧɨɣ ɬɟɯɧɢɤɢ ɧɚɱɚɥɨɫɶ ɟɳɟ ɜ ɫɟɪɟɞɢɧɟ 1λθ0-ɯ ɝɝ. ɉɪɢɱɢɧɨɣ ɷɬɨɝɨ ɫɬɚɥɢ ɢɡɜɟɫɬɧɵɟ ɩɪɟ-
ɢɦɭɳɟɫɬɜɚ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ – ɧɚɩɪɢɦɟɪ, ɬɚɤɢɟ ɤɚɤ ɛɨɥɟɟ ɜɵɫɨɤɚɹ ɭɞɟɥɶɧɚɹ ɩɪɨɱ-
ɧɨɫɬɶ (ɨɬɧɨɲɟɧɢɟ ɩɪɨɱɧɨɫɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɤ ɩɥɨɬɧɨɫɬɢ) ɜ ɲɢɪɨɤɨɦ ɢɧɬɟɪɜɚɥɟ ɬɟɦ-
ɩɟɪɚɬɭɪ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫɨ ɫɩɥɚɜɚɦɢ ɚɥɸɦɢɧɢɹ, ɫɬɚɥɹɦɢ ɢ ɞɪɭɝɢɦɢ ɫɩɥɚɜɚɦɢ (ɬɚɛɥ. 1), ɚ 
ɬɚɤɠɟ ɤɨɪɪɨɡɢɨɧɧɚɹ ɫɬɨɣɤɨɫɬɶ ɜ ɪɚɡɥɢɱɧɵɯ ɫɪɟɞɚɯ Д1–3Ж. ɉɨɜɵɲɟɧɢɟ ɭɞɟɥɶɧɨɣ ɩɪɨɱɧɨ-
ɫɬɢ ɦɚɬɟɪɢɚɥɚ ɞɟɬɚɥɟɣ, ɤɚɤ ɢɡɜɟɫɬɧɨ, ɜɟɞɟɬ ɤ ɨɛɥɟɝɱɟɧɢɸ ɤɨɧɫɬɪɭɤɰɢɢ, ɱɬɨ ɹɜɥɹɟɬɫɹ 
ɨɞɧɢɦ ɢɡ ɨɫɧɨɜɨɩɨɥɚɝɚɸɳɢɯ ɩɪɢɧɰɢɩɨɜ ɫɨɜɪɟɦɟɧɧɵɯ ɪɚɡɪɚɛɨɬɨɤ, ɢ ɨɬɪɚɠɟɧɨ ɜ ɫɬɪɚɬɟ-
ɝɢɢ ɪɚɡɜɢɬɢɹ ɎȽɍɉ «ȼɂȺɆ» Д4Ж. 
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Ɍаɛɥɢɰа 1 
ɋɪавɧиɬɟɥьɧɵɟ ɭɞɟɥьɧɵɟ ɯаɪаɤɬɟɪиɫɬиɤи ɫɩɥавɨв ɧа ɨɫɧɨвɟ Ti, Al, Mg и Fe [5] 

ɋɩɥɚɜ Ɉɫɧɨɜɚ  
ɫɩɥɚɜɚ 

ɉɥɨɬɧɨɫɬɶ d, 
ɤɝ/ɦ3 

ɉɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ ɩɪɢ 
ɪɚɫɬɹɠɟɧɢɢ σɜ, Ɇɉɚ 

ɍɞɟɥɶɧɚɹ ɩɪɨɱɧɨɫɬɶ  
σɜ/d, ɦ2/ɫ2 

ȺɄ12 
ȺɄλ 
ȺɆη 

Ⱥɥɸɦɢɧɢɣ 
2660 
2650 
2780 

160 
230 
335 

7400 
8700 
12000 

ɆɅη 
ɆɅ12 Ɇɚɝɧɢɣ 1830 

1810 
230 
230 

12600 
12700 

ɋɬɚɥɶ 2ηɅ 
Х18ɇλɌɅ ɀɟɥɟɡɨ 7850 

7900 
450 
490 

5700 
6200 

ȼɌηɅ 
ȼɌ20Ʌ Ɍɢɬɚɧ 4410 

4500 
690 
940 

15400 
20900 

 
ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɚɢɛɨɥɶɲɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɨɥɭɱɢɥɢ ɥɢɬɟɣɧɵɟ ɢ ɞɟɮɨɪ-

ɦɢɪɭɟɦɵɟ ɬɢɬɚɧɨɜɵɟ ɫɩɥɚɜɵ. Ʌɢɬɟɣɧɵɟ ɫɩɥɚɜɵ ɢɦɟɸɬ ɦɟɧɶɲɢɟ ɩɪɨɱɧɨɫɬɶ, ɩɥɚɫɬɢɱ-
ɧɨɫɬɶ ɢ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɭɫɬɚɥɨɫɬɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɟɮɨɪɦɢɪɭɟɦɵɦɢ. Ɉɞɧɚɤɨ ɭ ɥɢɬɟɣ-
ɧɵɯ ɫɩɥɚɜɨɜ ɢɦɟɸɬɫɹ ɢ ɧɟɨɫɩɨɪɢɦɵɟ ɩɪɟɢɦɭɳɟɫɬɜɚ – ɜɨɡɦɨɠɧɨɫɬɶ ɢɡɝɨɬɨɜɥɟɧɢɹ ɢɡ 
ɧɢɯ ɲɢɪɨɤɨɣ ɧɨɦɟɧɤɥɚɬɭɪɵ ɫɥɨɠɧɨɩɪɨɮɢɥɶɧɵɯ ɮɚɫɨɧɧɵɯ ɞɟɬɚɥɟɣ, ɚ ɬɚɤɠɟ ɩɨɜɵɲɟɧ-
ɧɵɣ (ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɡɚɝɨɬɨɜɤɚɦɢ, ɨɛɪɚɛɚɬɵɜɚɟɦɵɦɢ ɞɚɜɥɟɧɢɟɦ ɢ ɩɨɫɥɟɞɭɸɳɟɣ ɦɟɯɚ-
ɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɨɣ) ɤɨɷɮɮɢɰɢɟɧɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɚɬɟɪɢɚɥɚ (ɄɂɆ). ɉɪɢ ɢɡɝɨɬɨɜɥɟ-
ɧɢɢ ɫɥɨɠɧɵɯ ɬɢɬɚɧɨɜɵɯ ɞɟɬɚɥɟɣ ɢɡ ɲɬɚɦɩɨɜɚɧɧɵɯ ɡɚɝɨɬɨɜɨɤ ɄɂɆ ɫɨɫɬɚɜɥɹɟɬ  
0,05–0,1η. ɉɪɢɦɟɧɟɧɢɟ ɮɚɫɨɧɧɨɝɨ ɥɢɬɶɹ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɬɚɤɢɯ ɠɟ ɞɟɬɚɥɟɣ, ɢɥɢ ɛɥɢɡɤɢɯ 
ɤ ɧɢɦ ɩɨ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɮɨɪɦɟ, ɩɨɡɜɨɥɹɟɬ ɩɨɜɵɫɢɬɶ ɄɂɆ ɞɨ 0,γ ɢ ɛɨɥɟɟ Д2Ж. ɇɟɫɦɨɬɪɹ 
ɧɚ ɨɩɢɫɚɧɧɵɟ ɩɪɟɢɦɭɳɟɫɬɜɚ, ɜɧɟɞɪɟɧɢɟ ɥɢɬɟɣɧɵɯ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ ɜ ɦɚɲɢɧɨɫɬɪɨɢ-
ɬɟɥɶɧɭɸ ɨɬɪɚɫɥɶ ɧɚɱɚɥɨɫɶ ɝɨɪɚɡɞɨ ɩɨɡɞɧɟɟ, ɱɟɦ ɞɟɮɨɪɦɢɪɭɟɦɵɯ. Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɬɢɬɚɧ 
ɚɤɬɢɜɧɨ ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɫ ɝɚɡɚɦɢ ɢ ɮɨɪɦɨɜɨɱɧɵɦɢ ɦɚɬɟɪɢɚɥɚɦɢ ɜ ɪɚɫɩɥɚɜɥɟɧɧɨɦ ɫɨ-
ɫɬɨɹɧɢɢ, ɜ ɫɜɹɡɢ ɫ ɷɬɢɦ ɩɨɬɪɟɛɨɜɚɥɚɫɶ ɪɚɡɪɚɛɨɬɤɚ ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɧɨɜɨɝɨ ɤɥɚɫɫɚ ɨɛɨɪɭ-
ɞɨɜɚɧɢɹ – ɜɚɤɭɭɦɧɨɝɨ. ɉɪɨɛɥɟɦɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɮɨɪɦɨɜɨɱɧɵɦɢ ɦɚɬɟɪɢɚɥɚɦɢ ɜ 
ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɬɚɤɠɟ ɪɟɲɟɧɚ – ɮɨɪɦɵ ɢɡɝɨɬɚɜɥɢɜɚɸɬ ɢɡ ɝɪɚɮɢɬɚ, ɤɨɪɭɧɞɚ, ɦɚɝɧɟɡɢɬɚ 
ɢ ɫɢɥɢɤɚɬɧɨɝɨ ɩɟɫɤɚ ‒ ɦɚɬɟɪɢɚɥɨɜ, ɢɦɟɸɳɢɯ ɧɚɢɦɟɧɶɲɟɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ ɪɚɫɩɥɚɜ-
ɥɟɧɧɵɦ ɦɟɬɚɥɥɨɦ ДθЖ. 

 
Ʌиɬɟɣɧɵɟ ɯаɪаɤɬɟɪиɫɬиɤи ɫɩɥавɨв ɧа ɨɫɧɨвɟ ɬиɬаɧа  

ȼɨɡɦɨɠɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɞɟɬɚɥɟɣ, ɢɡɝɨɬɨɜɥɟɧɧɵɯ ɥɢɬɶɟɦ, ɞɥɹ ɢɡɞɟɥɢɣ ɨɬɜɟɬ-
ɫɬɜɟɧɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ, ɜ ɬɨɦ ɱɢɫɥɟ ɚɜɢɚɰɢɨɧɧɵɯ, ɡɚɜɢɫɢɬ ɧɟ ɬɨɥɶɤɨ ɨɬ ɭɪɨɜɧɹ ɢɯ ɦɟɯɚ-
ɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɧɨ ɢ ɨɬ ɤɨɦɩɥɟɤɫɚ ɥɢɬɟɣɧɵɯ ɫɜɨɣɫɬɜ ɜɵɛɪɚɧɧɨɝɨ ɫɩɥɚɜɚ. Ɉɫ-
ɧɨɜɨɩɨɥɚɝɚɸɳɢɦɢ ɥɢɬɟɣɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ ɹɜɥɹɸɬɫɹ ɡɚɩɨɥɧɹɟɦɨɫɬɶ ɢ ɠɢɞɤɨɬɟɤɭɱɟɫɬɶ, 
ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɢɧɬɟɪɜɚɥ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɥɢɧɟɣɧɚɹ ɢ ɨɛɴɟɦɧɚɹ ɭɫɚɞɤɚ, ɨɫɬɚɬɨɱɧɵɟ 
ɦɚɤɪɨɧɚɩɪɹɠɟɧɢɹ. 

Ɍɢɬɚɧɨɜɵɟ ɫɩɥɚɜɵ ɨɬ ɩɪɢɪɨɞɵ ɨɛɥɚɞɚɸɬ ɞɨɜɨɥɶɧɨ ɯɨɪɨɲɢɦɢ ɥɢɬɟɣɧɵɦɢ ɫɜɨɣ-
ɫɬɜɚɦɢ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ ɞɜɨɣɧɨɣ ɞɢɚɝɪɚɦɦɟ ɫɨɫɬɨɹɧɢɹ Ti–Al ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɢɧɬɟɪɜɚɥ 
ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɬɚɤɨɣ ɫɢɫɬɟɦɵ ɧɟɛɨɥɶɲɨɣ Дθ, 7Ж. Ʌɟɝɢɪɨɜɚɧɢɟ ɫɩɥɚɜɨɜ ɞɪɭɝɢɦɢ ɷɥɟ-
ɦɟɧɬɚɦɢ ɨɤɚɡɵɜɚɟɬ ɧɟɤɨɬɨɪɨɟ ɜɥɢɹɧɢɟ ɧɚ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɢɧɬɟɪɜɚɥ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ 
[8, λЖ, ɧɨ ɞɥɹ ɛɨɥɶɲɢɧɫɬɜɚ ɢɫɩɨɥɶɡɭɟɦɵɯ ɤɨɦɩɨɡɢɰɢɣ ɨɧ ɨɛɵɱɧɨ ɧɟ ɩɪɟɜɵɲɚɟɬ  
50–70 °ɋ (ɬɚɛɥ. 2). 

 
Ɍаɛɥɢɰа 2 

Ɍɟɦɩɟɪаɬɭɪɵ ɥиɤвиɞɭɫ и ɫɨɥиɞɭɫ ɥиɬɟɣɧɵɯ ɬиɬаɧɨвɵɯ ɫɩɥавɨв [10] 
ɋɩɥɚɜ ȼɌ1Ʌ ȼɌηɅ ȼɌθɅ ȼɌɁ-1Ʌ ȼɌλɅ ȼɌ14Ʌ ȼɌ20Ʌ ȼɌ21Ʌ 
Ʌɢɤɜɢɞɭɫ, °ɋ  1670 1640 1650 1620 1620 1650 1620 1630 
ɋɨɥɢɞɭɫ, °ɋ 1655 1600 1590 1560 1560 1590 1560 1550 
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ɀɢɞɤɨɬɟɤɭɱɟɫɬɶ – ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ, ɩɨɤɚɡɵɜɚɸɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɫɩɥɚɜɚ ɡɚɩɨɥɧɹɬɶ 
ɮɨɪɦɭ ɢ ɨɩɪɟɞɟɥɹɟɦɚɹ ɩɨ ɩɪɟɤɪɚɳɟɧɢɸ ɬɟɱɟɧɢɹ ɪɚɫɩɥɚɜɚ ɜ ɤɚɧɚɥɚɯ ɫɩɟɰɢɚɥɶɧɵɯ ɩɪɨɛ. 
ɀɢɞɤɨɬɟɤɭɱɟɫɬɶ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ ɧɚɯɨɞɢɬɫɹ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɧɚ ɭɪɨɜɧɟ ɠɢɞɤɨɬɟɤɭ-
ɱɟɫɬɢ ɭɝɥɟɪɨɞɢɫɬɨɣ ɫɬɚɥɢ ɢ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɨ ɩɨɜɵɲɚɟɬɫɹ ɩɪɢ ɥɟɝɢɪɨɜɚɧɢɢ ɬɢɬɚɧɚ 
ɚɥɸɦɢɧɢɟɦ. Ɍɚɤɢɟ ɷɥɟɦɟɧɬɵ, ɤɚɤ ɰɢɪɤɨɧɢɣ, ɦɨɥɢɛɞɟɧ, ɧɢɨɛɢɣ ɢ ɨɥɨɜɨ, ɨɤɚɡɵɜɚɸɬ ɧɟ-
ɡɧɚɱɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɠɢɞɤɨɬɟɤɭɱɟɫɬɶ ɫɩɥɚɜɨɜ, ɚ ɯɪɨɦ, ɦɚɪɝɚɧɟɰ, ɠɟɥɟɡɨ, ɦɟɞɶ ɢ 
ɤɪɟɦɧɢɣ ɭɯɭɞɲɚɸɬ ɟɟ. 

ɉɪɚɤɬɢɱɟɫɤɢ ɜɫɟ ɥɢɬɟɣɧɵɟ ɬɢɬɚɧɨɜɵɟ ɫɩɥɚɜɵ, ɩɪɢɦɟɧɹɟɦɵɟ ɜ ɚɜɢɚ- ɢ ɦɚɲɢɧɨ-
ɫɬɪɨɟɧɢɢ, ɢɦɟɸɬ ɛɥɢɡɤɢɟ ɡɧɚɱɟɧɢɹ ɭɫɚɞɤɢ. Ʌɢɧɟɣɧɚɹ ɭɫɚɞɤɚ ɫɩɥɚɜɨɜ ɜ ɫɪɟɞɧɟɦ ɫɨɫɬɚɜ-
ɥɹɟɬ 1,η % ɩɪɢ ɥɢɬɶɟ ɜ ɤɟɪɚɦɢɱɟɫɤɭɸ ɮɨɪɦɭ ɢ з2 % – ɜ ɦɟɬɚɥɥɢɱɟɫɤɭɸ. Ɉɛɴɟɦɧɚɹ 
ɭɫɚɞɤɚ ɫɨɫɬɚɜɥɹɟɬ зγ %. 

Ɉɫɬɚɬɨɱɧɵɟ ɧɚɩɪɹɠɟɧɢɹ I ɪɨɞɚ (ɦɚɤɪɨɧɚɩɪɹɠɟɧɢɹ) ɨɤɚɡɵɜɚɸɬ ɨɫɨɛɟɧɧɨ ɡɚɦɟɬ-
ɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɤɨɪɨɛɥɟɧɢɟ ɤɪɭɩɧɵɯ ɤɨɪɩɭɫɧɵɯ ɨɬɥɢɜɨɤ. Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɢɡɛɟɠɚɬɶ ɩɨ-
ɞɨɛɧɵɯ ɹɜɥɟɧɢɣ, ɧɚ ɨɬɥɢɜɤɟ ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɬɟɯɧɨɥɨɝɢɱɟɫɤɭɸ ɩɟɪɟɦɵɱɤɭ, ɩɪɟɩɹɬɫɬɜɭɸ-
ɳɭɸ ɞɟɮɨɪɦɚɰɢɢ ɨɬɥɢɜɤɢ ɩɪɢ ɢɡɜɥɟɱɟɧɢɢ ɟɟ ɢɡ ɮɨɪɦɵ. Ⱦɪɭɝɨɣ ɫɩɨɫɨɛ ɢɡɛɚɜɥɟɧɢɹ ɨɬ 
ɨɫɬɚɬɨɱɧɵɯ ɧɚɩɪɹɠɟɧɢɣ – ɨɬɠɢɝ, ɫɬɚɛɢɥɢɡɢɪɭɸɳɢɣ ɫɬɪɭɤɬɭɪɭ ɢ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ. 
Ɉɬɥɢɜɤɢ, ɢɦɟɸɳɢɟ ɤɨɪɨɛɥɟɧɢɹ, ɬɚɤɠɟ ɦɨɝɭɬ ɛɵɬɶ ɩɨɞɜɟɪɝɧɭɬɵ ɩɪɚɜɤɟ ɜ ɯɨɥɨɞɧɨɦ ɫɨ-
ɫɬɨɹɧɢɢ ɢɥɢ ɩɨɞɨɝɪɟɬɵɦɢ ɞɨ η00 °ɋ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɤɨɧɬɪɨɥɟɦ ɨɬɫɭɬɫɬɜɢɹ ɬɪɟɳɢɧ Д11Ж. 

 
Ɍɪɟɛɨваɧия ɤ ɥиɬɟɣɧɵɦ ɬиɬаɧɨвɵɦ ɫɩɥаваɦ и ɨɬɥивɤаɦ иɡ ɧиɯ 

Ʉɚɤ ɩɨɤɚɡɚɧɨ ɪɚɧɟɟ, ɩɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ ɢ ɭɫɬɚɥɨɫɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɥɢɬɵɯ ɢɡ-
ɞɟɥɢɣ ɧɢɠɟ, ɱɟɦ ɭ ɞɟɮɨɪɦɢɪɨɜɚɧɧɵɯ, ɩɨɷɬɨɦɭ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɧɚɢɥɭɱɲɢɯ ɩɨɤɚɡɚɬɟɥɟɣ 
ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɩɪɢɦɟɧɹɸɬ ɝɚɡɨɫɬɚɬɢɪɨɜɚɧɢɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 1000–1150 °C ɢ 
ɞɚɜɥɟɧɢɢ ɝɚɡɚ ɞɨ 100 Ɇɉɚ ДθЖ. Ɂɚ ɪɭɛɟɠɨɦ ɷɬɭ ɨɛɪɚɛɨɬɤɭ ɧɚɡɵɜɚɸɬ ɝɚɡɨɫɬɚɬɢɱɟɫɤɢɦ 
ɢɡɨɬɟɪɦɢɱɟɫɤɢɦ ɩɪɟɫɫɨɜɚɧɢɟɦ ɢɥɢ ɝɨɪɹɱɢɦ ɢɡɨɫɬɚɬɢɱɟɫɤɢɦ ɩɪɟɫɫɨɜɚɧɢɟɦ (Ƚɂɉ).  
ȼ ɞɟɣɫɬɜɢɬɟɥɶɧɨɫɬɢ ɩɪɟɫɫɨɜɚɧɢɹ ɨɬɥɢɜɨɤ ɤɚɤ ɬɚɤɨɜɨɝɨ ɧɟ ɩɪɨɢɫɯɨɞɢɬ. ɉɨɷɬɨɦɭ ɩɨɹɜɢ-
ɥɨɫɶ ɞɪɭɝɨɟ ɧɚɡɜɚɧɢɟ ɷɬɨɝɨ ɩɪɨɰɟɫɫɚ – ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɚɹ ɝɚɡɨɫɬɚɬɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ 
(ȼȽɈ). ɉɪɢ ɝɚɡɨɫɬɚɬɢɪɨɜɚɧɢɢ ɡɚɥɟɱɢɜɚɸɬɫɹ ɞɟɮɟɤɬɵ ɥɢɬɶɹ ɢ ɢɡɦɟɥɶɱɚɟɬɫɹ ɫɬɪɭɤɬɭɪɚ, 
ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɭɥɭɱɲɟɧɢɸ ɤɨɦɩɥɟɤɫɚ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ. Ɉɩɬɢɦɚɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ 
ɝɚɡɨɫɬɚɬɢɪɨɜɚɧɢɹ ɩɨɡɜɨɥɹɸɬ ɩɨɜɵɫɢɬɶ ɩɪɟɞɟɥ ɜɵɧɨɫɥɢɜɨɫɬɢ ɩɪɢ ɰɢɤɥɢɱɟɫɤɢɯ ɧɚɝɪɭɡ-
ɤɚɯ ɧɟ ɦɟɧɟɟ ɱɟɦ ɜ 1,η‒2 ɪɚɡɚ Д2, 12Ж.  

ɋɨɝɥɚɫɧɨ ɬɪɟɛɨɜɚɧɢɹɦ ɈɋɌ 1 λ00θ0‒λ2 ɨɬɥɢɜɤɢ ɢɡ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ ɩɨɫɬɚɜ-
ɥɹɸɬɫɹ ɜ ɥɢɬɨɦ ɫɨɫɬɨɹɧɢɢ ɛɟɡ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ, ɨɞɧɚɤɨ ɩɨ ɫɨɝɥɚɫɨɜɚɧɢɸ ɦɟɠɞɭ 
ɉɨɫɬɚɜɳɢɤɨɦ ɢ Ɂɚɤɚɡɱɢɤɨɦ ɞɨɩɭɫɬɢɦɚ ɩɨɫɬɚɜɤɚ ɨɬɥɢɜɨɤ, ɩɪɨɲɟɞɲɢɯ ɨɛɪɚɛɨɬɤɭ Ƚɂɉ ɢ 
ɩɨɞɜɟɪɝɧɭɬɵɯ ɬɟɪɦɨɨɛɪɚɛɨɬɤɟ. ɉɨɤɚɡɚɬɟɥɢ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɨɬɥɢɜɨɤ ɩɪɟɞɫɬɚɜɥɟ-
ɧɵ ɜ ɬɚɛɥ. γ. 

 
Ɍаɛɥɢɰа 3 

Ɇɟɯаɧичɟɫɤиɟ ɫвɨɣɫɬва ɨɬɥивɨɤ иɡ ɬиɬаɧɨвɵɯ ɫɩɥавɨв 

ɋɩɥɚɜ 
ɉɪɟɞɟɥ ɩɪɨɱɧɨ-
ɫɬɢ ɩɪɢ ɪɚɫɬɹɠɟ-

ɧɢɢ, Ɇɉɚ 

ɉɪɟɞɟɥ  
ɬɟɤɭɱɟɫɬɢ,  

Ɇɉɚ 

Ɉɬɧɨɫɢɬɟɥɶɧɨɟ ɍɞɚɪɧɚɹ  
ɜɹɡɤɨɫɬɶ, 
Ⱦɠ/ɫɦ2 

ɭɞɥɢɧɟɧɢɟ ɫɭɠɟɧɢɟ 
% 

ɧɟ ɦɟɧɟɟ 
ȼɌηɅ 690–980 620 6 14 29 
ȼɌθɅ 880–1080 790 5 10 25 
ȼɌλɅ 930–1130 810 4 8 20 
ȼɌ20Ʌ 880–1130 780 5 12 27 
ȼɌ21Ʌ 980–1130 840 4 8 20 
ȼɌ40Ʌ 1030–1200 900 5 12 28 
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ɉɨ ɈɋɌ 1 λ00θ0‒λ2 ɩɪɟɞɴɹɜɥɹɸɬɫɹ ɬɪɟɛɨɜɚɧɢɹ ɤ ɞɟɮɟɤɬɚɦ ɧɟɨɛɪɚɛɚɬɵɜɚɟɦɵɯ 
ɩɨɜɟɪɯɧɨɫɬɟɣ ɨɬɥɢɜɨɤ (ɞɨɩɭɫɤɚɸɬɫɹ ɞɟɮɟɤɬɵ, ɧɟ ɩɪɟɜɵɲɚɸɳɢɟ ɩɨ ɪɚɡɦɟɪɭ ɢ ɤɨɥɢɱɟ-
ɫɬɜɭ ɭɤɚɡɚɧɧɵɟ ɜ ɬɚɛɥ. 4) ɢ ɜɧɭɬɪɟɧɧɟɣ ɩɨɪɢɫɬɨɫɬɢ (ɬɚɛɥ. η) ɫɨɝɥɚɫɧɨ ɛɚɥɥɭ ɩɨɪɢɫɬɨɫɬɢ, 
ɨɩɪɟɞɟɥɹɟɦɨɦɭ ɩɨ ɫɨɝɥɚɫɨɜɚɧɢɸ ɦɟɠɞɭ ɉɨɫɬɚɜɳɢɤɨɦ ɢ Ɂɚɤɚɡɱɢɤɨɦ Д11Ж. 

 
Ɍаɛɥɢɰа 4 

ɇɨɪɦɵ ɞɨɩɭɫɬиɦɵɯ ɩɨвɟɪɯɧɨɫɬɧɵɯ ɞɟɮɟɤɬɨв в ɨɬɥивɤаɯ иɡ ɬиɬаɧɨвɵɯ ɫɩɥавɨв 

ɉɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ 
ɨɬɥɢɜɤɢ, ɫɦ2 

Ʉɨɥɢɱɟɫɬɜɨ ɞɟɮɟɤɬɨɜ  
ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɩɥɨɳɚɞɶɸ 100 ɫɦ2 

Ʉɨɥɢɱɟɫɬɜɨ ɞɟɮɟɤɬɨɜ  
ɧɚ ɨɞɧɨɣ ɞɟɬɚɥɢ 

ɧɟ ɛɨɥɟɟ 
Ⱦɨ γ00 2 6 

ɋɜɵɲɟ γ00 ɞɨ θ00 3 8 
ɋɜɵɲɟ θ00 ɞɨ 1000 4 12 

ɋɜɵɲɟ 1000 6 15 
 

Ɍаɛɥɢɰа 5 
ɇɨɪɦɵ ɞɨɩɭɫɬиɦɨɣ вɧɭɬɪɟɧɧɟɣ ɩɨɪиɫɬɨɫɬи в ɨɬɥивɤаɯ иɡ ɬиɬаɧɨвɵɯ ɫɩɥавɨв 

Ȼɚɥɥ  
ɩɨɪɢɫɬɨɫɬɢ 

Хɚɪɚɤɬɟɪ ɩɨɪɢɫɬɨɫɬɢ 
ɉɨɪɢɫɬɨɫɬɶ (ɧɟ ɛɨɥɟɟ) 

Ɋɚɡɦɟɪ ɩɨɪ, ɦɦ 
Ʉɨɥɢɱɟɫɬɜɨ ɩɨɪ  
ɧɚ ɩɥɨɳɚɞɢ 1 ɫɦ2 

I Ɇɚɥɚɹ ɩɨɪɢɫɬɨɫɬɶ 0,1 4 

II  ɉɨɧɢɠɟɧɧɚɹ ɩɨɪɢɫɬɨɫɬɶ 0,5 
1,0 

4 
2 

III ɋɪɟɞɧɹɹ ɩɨɪɢɫɬɨɫɬɶ 0,5 
1,0 

8 
4 

IV  ɉɨɜɵɲɟɧɧɚɹ ɩɨɪɢɫɬɨɫɬɶ 0,5 
1,0 

10 
6 

V Ȼɨɥɶɲɚɹ ɩɨɪɢɫɬɨɫɬɶ Ɉɬ 0,1 ɞɨ 1,η 20 
 

ɏаɪаɤɬɟɪиɫɬиɤи ɥиɬɟɣɧɵɯ ɬиɬаɧɨвɵɯ ɫɩɥавɨв 
Ɇɚɬɟɪɢɚɥɵ ɞɥɹ ɮɚɫɨɧɧɨɝɨ ɬɢɬɚɧɨɜɨɝɨ ɥɢɬɶɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɟɫɤɨɥɶɤɢɦɢ ɤɥɚɫɫɚɦɢμ 

– α-ɫɩɥɚɜɵ (ȼɌ1Ʌ ɢ ȼɌηɅ);  
– ɩɫɟɜɞɨ-α-ɫɩɥɚɜɵ (ȼɌ18ɍɅ, ȼɌ20Ʌ ɢ ȼɌ21Ʌ) Д1γЖ;  
– (α + β)-ɫɩɥɚɜɵ ɫɨ ɫɪɚɜɧɢɬɟɥɶɧɨ ɧɟɜɵɫɨɤɢɦ ɤɨɥɢɱɟɫɬɜɨɦ β-ɮɚɡɵ (ȼɌθɅ, ȼɌ8Ʌ, 

ȼɌλɅ, ȼɌ14Ʌ ɢ ȼɌγ-1Ʌ);  
– ɩɫɟɜɞɨ-β-ɫɩɥɚɜ ȼɌγηɅ;  
– ɠɚɪɨɩɪɨɱɧɵɟ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɵɟ ɬɢɬɚɧɨɜɵɟ Ȗ-ɫɩɥɚɜɵ (Ti-48-2-2, ȼɌɂ-γɅ, ȼɂɌ7Ʌ) 

[13, 14].  
Ⱦɥɹ ɥɢɬɟɣɧɵɯ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ ɱɚɳɟ ɜɫɟɝɨ ɩɪɢɦɟɧɹɸɬ ɞɜɚ ɜɢɞɚ ɬɟɪɦɢɱɟɫɤɨɣ 

ɨɛɪɚɛɨɬɤɢμ ɨɬɠɢɝ ɞɥɹ ɪɟɥɚɤɫɚɰɢɢ ɧɚɩɪɹɠɟɧɢɣ ɢ ɫɬɚɛɢɥɢɡɚɰɢɢ ɫɬɪɭɤɬɭɪɵ (ɫɩɥɚɜɵ ɩɫɟɜ-
ɞɨ-α- ɢ (α + β)-ɤɥɚɫɫɨɜ) ɢ ɫɬɚɪɟɧɢɟ (ɩɫɟɜɞɨ-β-ɤɥɚɫɫ, ɬɚɤ ɤɚɤ ɫɩɥɚɜ ȼɌγηɅ ɧɚɯɨɞɢɬɫɹ ɜ 
ɡɚɤɚɥɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ ɩɨɫɥɟ ɡɚɥɢɜɤɢ) Д7Ж. 

ɋɩɥɚɜ ȼɌ1Ʌ ɜɩɟɪɜɵɟ ɩɪɢɦɟɧɟɧ ɞɥɹ ɮɚɫɨɧɧɨɝɨ ɥɢɬɶɹ ɟɳɟ ɜ 1ληθ ɝ. Д2Ж. Ɉɬɥɢɜɤɢ 
ɢɡ ɧɟɝɨ ɨɛɥɚɞɚɸɬ ɧɢɡɤɢɦɢ ɩɪɨɱɧɨɫɬɧɵɦɢ ɫɜɨɣɫɬɜɚ, ɨɞɧɚɤɨ ɢɯ ɩɨɤɚɡɚɬɟɥɢ ɩɥɚɫɬɢɱɧɨɫɬɢ 
ɧɚɢɛɨɥɟɟ ɜɵɫɨɤɢɟ ɫɪɟɞɢ ɞɪɭɝɢɯ ɥɢɬɟɣɧɵɯ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ. ɋɩɥɚɜ ȼɌ1Ʌ ɨɛɥɚɞɚɟɬ 
ɯɨɪɨɲɢɦ ɤɨɦɩɥɟɤɫɨɦ ɥɢɬɟɣɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɚ ɬɚɤɠɟ ɯɨɪɨɲɟɣ ɫɜɚɪɢɜɚɟɦɨɫɬɶɸ. Ɉɛ-
ɥɚɫɬɶ ɟɝɨ ɩɪɢɦɟɧɟɧɢɹ – ɤɨɪɪɨɡɢɨɧɧɨɫɬɨɣɤɚɹ ɚɪɦɚɬɭɪɚ ɞɥɹ ɯɢɦɢɱɟɫɤɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ. 

ɋɚɦɵɦ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ ɹɜɥɹɟɬɫɹ α-ɫɩɥɚɜ ȼɌηɅ, ɱɬɨ ɜɵɡɜɚɧɨ ɨɬɫɭɬɫɬɜɢɟɦ ɞɨ-
ɪɨɝɨɫɬɨɹɳɢɯ ɢ ɪɟɞɤɢɯ ɷɥɟɦɟɧɬɨɜ ɜ ɟɝɨ ɫɨɫɬɚɜɟ, ɯɨɪɨɲɢɦ ɤɨɦɩɥɟɤɫɨɦ ɪɚɡɥɢɱɧɵɯ ɦɟɯɚ-
ɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ (ɭɞɚɪɧɚɹ ɜɹɡɤɨɫɬɶ, ɰɢɤɥɢɱɟɫɤɚɹ ɜɵɧɨɫɥɢɜɨɫɬɶ, ɩɥɚɫɬɢɱɧɨɫɬɶ), ɚ ɬɚɤɠɟ 
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ɜɵɫɨɤɢɦɢ ɥɢɬɟɣɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ. Ɂɧɚɱɟɧɢɟ ɠɢɞɤɨɬɟɤɭɱɟɫɬɢ ɫɩɥɚɜɚ ȼɌηɅ ɧɚɢɛɨɥɶɲɟɟ 
ɫɪɟɞɢ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ Д12, 1ηЖ. ɇɟɞɨɫɬɚɬɤɨɦ ɫɩɥɚɜɚ ɹɜɥɹɟɬɫɹ ɧɟɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ɝɚ-
ɪɚɧɬɢɪɨɜɚɧɧɨɣ ɩɪɨɱɧɨɫɬɢ Д1θ, 17Ж. Ɉɬɥɢɜɤɢ ɢɡ ɫɩɥɚɜɚ ɯɨɪɨɲɨ ɫɜɚɪɢɜɚɸɬɫɹ ɢ ɜ ɬɨ ɠɟ 
ɜɪɟɦɹ ɧɟ ɫɤɥɨɧɧɵ ɤ ɝɨɪɹɱɟɦɭ ɪɚɫɬɪɟɫɤɢɜɚɧɢɸ. Ɉɛɥɚɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɫɩɥɚɜɚ – ɥɢɬɶɟ ɮɚ-
ɫɨɧɧɵɯ ɨɬɥɢɜɨɤ ɞɥɹ ɷɥɟɦɟɧɬɨɜ ɤɨɧɫɬɪɭɤɰɢɢ ɫɚɦɨɥɟɬɨɜ ɢ ɞɟɬɚɥɟɣ ȽɌȾ, ɚ ɬɚɤɠɟ ɞɥɹ ɫɨ-
ɡɞɚɧɢɹ ɫɥɨɠɧɵɯ ɫɜɚɪɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɫ ɩɨɜɵɲɟɧɧɵɦɢ ɬɪɟɛɨɜɚɧɢɹɦɢ ɤ ɧɚɞɟɠɧɨɫɬɢ ɜ 
ɭɫɥɨɜɢɹɯ ɷɤɫɩɥɭɚɬɚɰɢɢ. Ⱦɥɹ ɫɬɚɛɢɥɢɡɚɰɢɢ ɫɬɪɭɤɬɭɪɵ ɢ ɫɧɹɬɢɹ ɨɫɬɚɬɨɱɧɵɯ ɧɚɩɪɹɠɟɧɢɣ 
ɨɬɥɢɜɤɢ ɢɡ ɫɩɥɚɜɚ ȼɌηɅ ɦɨɝɭɬ ɩɨɞɜɟɪɝɚɬɶɫɹ ɩɨɥɧɨɦɭ ɢɥɢ ɧɟɩɨɥɧɨɦɭ ɨɬɠɢɝɭ. 

ɋɩɥɚɜ ȼɌθɅ ɥɟɝɢɪɨɜɚɧ Al  ɢ V, ɩɨɷɬɨɦɭ ɢɦɟɟɬ ɩɪɟɢɦɭɳɟɫɬɜɨ ɩɟɪɟɞ ɫɩɥɚɜɨɦ 
ȼɌηɅ ɩɨ ɩɪɨɱɧɨɫɬɧɵɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɩɪɢ ɫɯɨɠɢɯ ɥɢɬɟɣɧɵɯ ɫɜɨɣɫɬɜɚɯ ɢ ɩɨɤɚɡɚɬɟɥɹɯ 
ɩɥɚɫɬɢɱɧɨɫɬɢ. ɋɩɥɚɜ ȼɌθɅ ɯɨɪɨɲɨ ɫɜɚɪɢɜɚɟɬɫɹ, ɩɨɷɬɨɦɭ ɟɝɨ ɩɪɢɦɟɧɹɸɬ ɞɥɹ ɫɨɡɞɚɧɢɹ 
ɧɚɞɟɠɧɵɯ ɫɜɚɪɧɵɯ ɷɥɟɦɟɧɬɨɜ ɜ ɫɨɱɟɬɚɧɢɢ ɫ ɞɟɮɨɪɦɢɪɨɜɚɧɧɵɦɢ ɢɡɞɟɥɢɹɦɢ ɢɡ ɫɩɥɚɜɚ 
ȼɌθ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɞɟɬɚɥɹɯ ɫɚɦɨɥɟɬɚ ɢ ɚɜɢɚɰɢɨɧɧɵɯ ɞɜɢɝɚɬɟɥɹɯ Д2Ж. Ⱦɥɹ ɫɧɹɬɢɹ  
ɨɫɬɚɬɨɱɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɩɪɨɜɨɞɹɬ ɨɬɠɢɝ, ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɟɟ ɜɚɤɭɭɦɧɵɣ (ɞɥɹ ɩɪɟɞɨɬ-
ɜɪɚɳɟɧɢɹ ɨɤɢɫɥɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɫɧɢɠɟɧɢɹ ɫɤɨɪɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ), ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 
700–800 °C.  

ȼɫɟ ɡɚɪɭɛɟɠɧɵɟ ɫɩɥɚɜɵ, ɩɪɢɦɟɧɹɟɦɵɟ ɞɥɹ ɮɚɫɨɧɧɨɝɨ ɥɢɬɶɹ, ɫɨɜɩɚɞɚɸɬ ɩɨ ɫɨ-
ɫɬɚɜɭ ɫ ɚɧɚɥɨɝɢɱɧɵɦɢ ɞɟɮɨɪɦɢɪɭɟɦɵɦɢ ɫɩɥɚɜɚɦɢ. ɇɚɢɛɨɥɶɲɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɨɥɭ-
ɱɢɥ ɫɩɥɚɜ ɦɚɪɤɢ TТ-6-4, ɤɨɬɨɪɵɣ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ ɬɢɬɚɧɨɜɵɦ 
ɫɩɥɚɜɨɦ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɮɚɫɨɧɧɵɯ ɨɬɥɢɜɨɤ ɫ ɧɚɱɚɥɚ 1λη0-ɯ ɝɝ., ɩɨɫɤɨɥɶɤɭ ɨɛɥɚɞɚɟɬ 
ɧɚɢɥɭɱɲɢɦ ɫɨɱɟɬɚɧɢɟɦ ɩɪɨɱɧɨɫɬɧɵɯ, ɩɥɚɫɬɢɱɟɫɤɢɯ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ. ɋɩɥɚ-
ɜɵ, ɪɚɡɪɚɛɨɬɚɧɧɵɟ ɩɨɡɞɧɟɟ, ɩɪɟɜɨɫɯɨɞɹɬ ɫɩɥɚɜ ɦɚɪɤɢ TТ-6-4 ɢɥɢ ɩɨ ɭɪɨɜɧɸ ɩɪɨɱɧɨɫɬɢ, 
ɢɥɢ ɩɨ ɭɪɨɜɧɸ ɩɥɚɫɬɢɱɧɨɫɬɢ, ɢɥɢ ɩɨ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɠɚɪɨɩɪɨɱɧɨɫɬɢ ɢ ɜɹɡɤɨɫɬɢ ɪɚɡ-
ɪɭɲɟɧɢɹ, ɧɨ ɧɢ ɨɞɢɧ ɢɡ ɧɢɯ ɧɟ ɢɦɟɟɬ ɬɚɤɢɯ ɫɛɚɥɚɧɫɢɪɨɜɚɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɤɚɤ 
ɫɩɥɚɜ TТ-6-4. ɋɩɥɚɜ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɟɬɫɹ ‒ ɢɡ ɧɟɝɨ ɢɡɝɨɬɚɜɥɢɜɚɸɬ ɪɚɡɥɢɱɧɵɟ ɞɟɬɚɥɢ 
ɫɥɨɠɧɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ. 

ɋɩɥɚɜɵ ȼɌγ-1Ʌ, ȼɌλɅ ɢ ȼɌ14Ʌ ‒ ɞɜɭɯɮɚɡɧɵɟ ɫɩɥɚɜɵ ɫ ɞɨɜɨɥɶɧɨ ɡɧɚɱɢɬɟɥɶɧɵɦ 
(10–15 % (ɩɨ ɦɚɫɫɟ)) ɫɨɞɟɪɠɚɧɢɟɦ β-ɮɚɡɵ Д14Ж. ɉɟɪɜɵɟ ɞɜɚ ɫɩɥɚɜɚ ɨɛɥɚɞɚɸɬ ɩɨɜɵɲɟɧ-
ɧɨɣ ɠɚɪɨɩɪɨɱɧɨɫɬɶɸ, ɜ ɫɜɹɡɢ ɫ ɱɟɦ ɢɯ ɢɫɩɨɥɶɡɭɸɬ ɜ ɚɜɢɚɰɢɨɧɧɵɯ ɞɜɢɝɚɬɟɥɹɯ ɞɥɹ ɞɟɬɚ-
ɥɟɣ ɫ ɜɵɫɨɤɢɦɢ ɬɪɟɛɨɜɚɧɢɹɦɢ ɤ ɪɚɛɨɱɟɣ ɬɟɦɩɟɪɚɬɭɪɟ. Ɋɚɧɟɟ ɷɬɢ ɞɟɬɚɥɢ ɢɡɝɨɬɚɜɥɢɜɚɥɢ 
ɲɬɚɦɩɨɜɤɨɣ ɢɡ ɬɟɯ ɠɟ ɫɩɥɚɜɨɜ, ɩɨɷɬɨɦɭ ɩɪɢ ɩɟɪɟɯɨɞɟ ɧɚ ɥɢɬɶɟ ɩɪɢɡɧɚɧɨ ɧɟɰɟɥɟɫɨɨɛ-
ɪɚɡɧɵɦ ɦɟɧɹɬɶ ɢɯ ɦɚɪɤɭ Дθ]. 

ɉɨ ɚɧɚɥɨɝɢɱɧɨɣ ɩɪɢɱɢɧɟ ɫɪɟɞɢ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯ ɞɥɹ ɢɡɝɨ-
ɬɨɜɥɟɧɢɹ ɨɬɥɢɜɨɤ, ɩɨɹɜɢɥɫɹ ɫɩɥɚɜ ȼɌ14Ʌ. ɉɪɢ ɪɚɡɪɚɛɨɬɤɟ ɞɚɧɧɨɝɨ ɫɩɥɚɜɚ ɭɱɢɬɵɜɚɥɢ 
ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɫɨɟɞɢɧɟɧɢɹ ɨɬɥɢɜɨɤ ɢɡ ɫɩɥɚɜɚ ȼɌ14Ʌ ɫ ɨɛɲɢɜɤɨɣ ɢɡ ɫɩɥɚɜɚ ȼɌ14 ɦɟɬɨ-
ɞɨɦ ɫɜɚɪɤɢ ɩɥɚɜɥɟɧɢɟɦ, ɩɨɫɤɨɥɶɤɭ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɨɬɥɢɜɨɤ ɫɩɥɚɜɚ 
ɞɪɭɝɨɣ ɦɚɪɤɢ ɩɨɬɪɟɛɨɜɚɥɨ ɛɵ ɩɪɨɜɟɞɟɧɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ. Ⱦɥɹ ɞɚɧɧɨɝɨ 
ɫɩɥɚɜɚ ɯɚɪɚɤɬɟɪɧɵ ɩɨɜɵɲɟɧɧɵɟ ɩɪɨɱɧɨɫɬɧɵɟ ɫɜɨɣɫɬɜɚ ɩɪɢ ɫɨɯɪɚɧɟɧɢɢ ɭɞɨɜɥɟɬɜɨɪɢ-
ɬɟɥɶɧɨɣ ɩɥɚɫɬɢɱɧɨɫɬɢ ɢ ɯɨɪɨɲɚɹ ɫɜɚɪɢɜɚɟɦɨɫɬɶ. 

Ʉɪɨɦɟ ɬɨɝɨ, ɞɥɹ ɮɚɫɨɧɧɨɝɨ ɥɢɬɶɹ ɧɟɪɟɞɤɨ ɩɪɢɦɟɧɹɟɬɫɹ ɫɩɥɚɜ ȼɌ20Ʌ. Ʌɟɝɢɪɨɜɚ-
ɧɢɟ ɞɨɩɨɥɧɢɬɟɥɶɧɨ Mo ɢ Zr ɨɛɟɫɩɟɱɢɜɚɟɬ ɟɝɨ ɩɪɟɜɨɫɯɨɞɫɬɜɨ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫɨ ɫɩɥɚɜɨɦ 
ȼɌηɅ ɩɨ ɩɪɨɱɧɨɫɬɧɵɦ ɫɜɨɣɫɬɜɚɦ. ɉɪɢ ɷɬɨɦ ɫɩɥɚɜ ɨɬɥɢɱɚɟɬɫɹ ɯɨɪɨɲɢɦɢ ɥɢɬɟɣɧɵɦɢ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɢ ɨɬɥɢɱɧɨɣ ɫɜɚɪɢɜɚɟɦɨɫɬɶɸ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɫɨ ɫɩɥɚɜɚɦɢ ɞɪɭɝɢɯ ɦɚ-
ɪɨɤ. ɋɩɥɚɜ ȼɌ20Ʌ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɤɨɧɫɬɪɭɤɰɢɢ ɩɥɚɧɟɪɚ – 
ɤɨɥɟɰ, ɮɥɚɧɰɟɜ, ɨɛɨɣɦ, ɤɨɪɩɭɫɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ ɞɟɬɚɥɟɣ ɫɥɨɠɧɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ, ɚ ɬɚɤɠɟ 
ɩɪɨɱɢɯ ɞɟɬɚɥɟɣ ɢ ɭɡɥɨɜ ɫɚɦɨɥɟɬɨɜ ɢ ɪɚɤɟɬɧɨ-ɤɨɫɦɢɱɟɫɤɨɣ ɬɟɯɧɢɤɢ. 

ɋɩɟɰɢɚɥɶɧɨ ɪɚɡɪɚɛɨɬɚɧɧɵɣ ɥɢɬɟɣɧɵɣ ɫɩɥɚɜ ȼɌ21Ʌ ɭɫɬɭɩɚɟɬ ɨɫɬɚɥɶɧɵɦ ɫɩɥɚɜɚɦ 
ɩɨ ɫɜɨɢɦ ɥɢɬɟɣɧɵɦ ɫɜɨɣɫɬɜɚɦ, ɧɨ ɩɪɟɜɨɫɯɨɞɢɬ ɢɯ ɩɨ ɩɪɨɱɧɨɫɬɧɵɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ 
ДθЖ. Ʌɟɝɢɪɨɜɚɧɢɟ Гr, ɋr ɢ Ɇɨ ɡɧɚɱɢɬɟɥɶɧɨ ɪɚɫɲɢɪɹɟɬ ɨɛɥɚɫɬɶ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɫɩɥɚɜɚ ɢ, 
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ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɞɥɹ ɧɟɝɨ ɯɚɪɚɤɬɟɪɧɵ ɩɨɧɢɠɟɧɧɚɹ ɠɢɞɤɨɬɟɤɭɱɟɫɬɶ ɢ ɩɨɜɵɲɟɧɧɚɹ ɫɤɥɨɧ-
ɧɨɫɬɶ ɤ ɩɨɪɨɨɛɪɚɡɨɜɚɧɢɸ. Ɉɬɥɢɜɤɢ ɢɡ ɫɩɥɚɜɚ ȼɌ21Ʌ ɨɛɥɚɞɚɸɬ ɩɨɜɵɲɟɧɧɵɦ ɭɪɨɜɧɟɦ 
ɩɪɨɱɧɨɫɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɧɨ ɢɯ ɩɥɚɫɬɢɱɧɨɫɬɶ ɧɟɜɟɥɢɤɚ. ɋɩɥɚɜ ɩɪɢɦɟɧɹɟɬɫɹ ɞɥɹ ɢɡ-
ɝɨɬɨɜɥɟɧɢɹ ɨɬɥɢɜɨɤ ɩɪɨɫɬɨɣ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɮɨɪɦɵ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɤɨɧɫɬɪɭɤɰɢɹɯ, 
ɩɨɞɜɟɪɝɚɸɳɢɯɫɹ ɜɨɡɞɟɣɫɬɜɢɸ ɜɵɫɨɤɢɯ ɧɚɝɪɭɡɨɤ. 

ɋɪɟɞɢ ɥɢɬɟɣɧɵɯ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ ɩɪɢɫɭɬɫɬɜɭɟɬ ɫɩɥɚɜ ȼɌ2γɅ, ɨɛɥɚɞɚɸɳɢɣ 
ɜɵɫɨɤɢɦɢ ɩɪɨɱɧɨɫɬɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ. Ɉɞɧɚɤɨ ɫɩɥɚɜɵ ȼɌ1Ʌ ɢ ȼɌηɅ ɩɪɟɜɨɫɯɨɞɹɬ 
ɞɚɧɧɵɣ ɫɩɥɚɜ ɩɨ ɩɥɚɫɬɢɱɧɨɫɬɢ. Ʌɢɬɟɣɧɵɟ ɫɜɨɣɫɬɜɚ ɫɩɥɚɜɚ ȼɌ2γɅ ɬɚɤɠɟ ɧɚɯɨɞɹɬɫɹ ɧɚ 
ɧɟɜɵɫɨɤɨɦ ɭɪɨɜɧɟ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɤɨɪɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ ɫɬɪɭɤɬɭɪɚ ɢɡɞɟɥɢɣ ɢɡ ɫɩɥɚ-
ɜɚ ȼɌ2γɅ ɦɨɠɟɬ ɫɨɫɬɨɹɬɶ ɢɡ α-, β- ɢ αʹʹ-ɮɚɡ. ɂɡɞɟɥɢɹ, ɢɡɝɨɬɨɜɥɟɧɧɵɟ ɢɡ ɧɟɝɨ, ɩɪɢɦɟɧɹ-
ɸɬɫɹ ɜ ɭɡɥɚɯ ɢ ɚɝɪɟɝɚɬɚɯ, ɷɤɫɩɥɭɚɬɢɪɭɟɦɵɯ ɜ ɭɫɥɨɜɢɹɯ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ Д1θ, 18].  

ɂɡ-ɡɚ ɜɵɫɨɤɨɝɨ ɫɨɞɟɪɠɚɧɢɹ β-ɫɬɚɛɢɥɢɡɚɬɨɪɨɜ ɜ ɫɩɥɚɜɟ ȼɌγηɅ ɩɪɢ ɨɯɥɚɠɞɟɧɢɢ 
ɩɨɫɥɟ ɡɚɬɜɟɪɞɟɜɚɧɢɹ ɫɨɯɪɚɧɹɟɬɫɹ ɦɟɬɚɫɬɚɛɢɥɶɧɚɹ -ɫɬɪɭɤɬɭɪɚ. ɉɨɫɥɟɞɭɸɳɟɟ ɝɚɡɨɫɬɚ-
ɬɢɪɨɜɚɧɢɟ ɢ ɫɬɚɪɟɧɢɟ ɨɛɟɫɩɟɱɢɜɚɸɬ ɜɵɫɨɤɢɟ ɩɪɨɱɧɨɫɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢ ɫɨɯɪɚ-
ɧɟɧɢɢ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨɣ ɩɥɚɫɬɢɱɧɨɫɬɢ, ɩɨɷɬɨɦɭ ɫɩɥɚɜ ɨɬɧɨɫɹɬ ɤ ɜɵɫɨɤɨɩɪɨɱɧɵɦ, ɫ 
ɜɵɫɨɤɨɣ ɭɫɬɚɥɨɫɬɧɨɣ ɞɨɥɝɨɜɟɱɧɨɫɬɶɸ. Ɍɟɯɧɨɥɨɝɢɱɧɨɫɬɶ ɫɩɥɚɜɚ ɧɚɯɨɞɢɬɫɹ ɩɪɢɛɥɢɡɢ-
ɬɟɥɶɧɨ ɧɚ ɨɞɧɨɦ ɭɪɨɜɧɟ ɫɨ ɫɩɥɚɜɨɦ ȼɌ20Ʌ. ɂɡ ɫɩɥɚɜɚ ȼɌγηɅ ɦɨɝɭɬ ɢɡɝɨɬɚɜɥɢɜɚɬɶ ɥɢ-
ɬɵɟ ɜɵɫɨɤɨɧɚɝɪɭɠɟɧɧɵɟ ɞɟɬɚɥɢ ɞɥɹ ɤɨɫɦɢɱɟɫɤɨɣ ɢ ɚɜɢɚɰɢɨɧɧɨɣ ɬɟɯɧɢɤɢ Д2, 1λЖ.  

ɂɡ ɩɫɟɜɞɨ-α-ɬɢɬɚɧɨɜɨɝɨ ɫɩɥɚɜɚ ȼɌ18ɍɅ ɢɡɝɨɬɚɜɥɢɜɚɸɬ ɨɬɥɢɜɤɢ ɞɟɬɚɥɟɣ ɤɪɵɥɶ-
ɱɚɬɨɤ ɢ ɬɭɪɛɢɧ, ɬɟɦɩɟɪɚɬɭɪɚ ɷɤɫɩɥɭɚɬɚɰɢɢ ɤɨɬɨɪɵɯ ɞɨɫɬɢɝɚɟɬ ηη0 °ɋ. ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɟɝɨ 
ɫɩɨɫɨɛɧɨɫɬɶɸ ɫɨɯɪɚɧɹɬɶ ɜɵɫɨɤɢɟ ɡɧɚɱɟɧɢɹ ɩɪɨɱɧɨɫɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɞɚɠɟ ɩɪɢ ɩɨ-
ɜɵɲɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ. Ʌɢɬɟɣɧɵɟ ɫɜɨɣɫɬɜɚ ɫɩɥɚɜɚ ɜɵɫɨɤɢɟ ɛɥɚɝɨɞɚɪɹ ɯɨɪɨɲɟɣ ɠɢɞ-
ɤɨɬɟɤɭɱɟɫɬɢ ɢ ɡɚɩɨɥɧɹɟɦɨɫɬɢ Д12, 20Ж. 

ȼ ɧɚɱɚɥɟ 2000-ɯ ɝɝ. ɜɨ ɎȽɍɉ «ȼɂȺɆ» ɫɨɡɞɚɧ ɧɨɜɵɣ ɬɢɬɚɧɨɜɵɣ ɥɢɬɟɣɧɵɣ ɫɩɥɚɜ 
ȼɌ40Ʌ. ɉɪɢ ɟɝɨ ɪɚɡɪɚɛɨɬɤɟ ɢɫɩɨɥɶɡɨɜɚɧ ɩɪɢɧɰɢɩ ɷɤɨɧɨɦɧɨɝɨ ɥɟɝɢɪɨɜɚɧɢɹ, ɤɨɬɨɪɵɣ 
ɨɫɧɨɜɚɧ ɧɚ  ɩɪɢɦɟɧɟɧɢɢ ɧɟɛɨɥɶɲɢɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɥɟɝɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ, ɢɦɟɸɳɢɯ 
ɫɪɚɜɧɢɬɟɥɶɧɨ ɧɟɜɵɫɨɤɭɸ ɫɬɨɢɦɨɫɬɶ ɢ/ɢɥɢ ɜɯɨɞɹɳɢɯ ɜ ɫɨɫɬɚɜ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧ-
ɧɵɯ ɥɢɝɚɬɭɪ (ȼɧȺɥ, ȺɆɌ, ɆɎɌȺ ɢ ɬ. ɞ.). ȼ ɬɚɤɢɯ ɫɩɥɚɜɚɯ ɬɚɤɠɟ ɜɨɡɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚ-
ɧɢɟ ɞɨɫɬɭɩɧɵɯ «ɟɫɬɟɫɬɜɟɧɧɵɯ» ɥɢɝɚɬɭɪ ‒ ɧɚɩɪɢɦɟɪ, ɮɟɪɪɨɬɢɬɚɧɚ. ɉɪɟɢɦɭɳɟɫɬɜɨɦ ɬɚ-
ɤɨɣ ɤɨɧɰɟɩɰɢɢ ɥɟɝɢɪɨɜɚɧɢɹ ɫɩɥɚɜɨɜ ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɨɬɯɨɞɨɜ ɬɢɬɚɧɨɜɨɝɨ ɩɪɨ-
ɢɡɜɨɞɫɬɜɚ ɢ ɥɨɦɚ ɩɪɢ ɜɵɩɥɚɜɤɟ. ɋɩɥɚɜ ȼɌ40Ʌ ɩɨɦɢɦɨ ɨɫɧɨɜɧɵɯ ɥɟɝɢɪɭɸɳɢɯ ɷɥɟɦɟɧ-
ɬɨɜ ɫɨɞɟɪɠɢɬ ɷɥɟɦɟɧɬɵ ɜɧɟɞɪɟɧɢɹ – ɭɝɥɟɪɨɞ ɢ ɤɢɫɥɨɪɨɞ, ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ ɫɢɥɶɧɵɦɢ 
ɭɩɪɨɱɧɢɬɟɥɹɦɢ. Ɉɞɧɚɤɨ, ɤɚɤ ɢɡɜɟɫɬɧɨ, ɷɥɟɦɟɧɬɵ ɜɧɟɞɪɟɧɢɹ ɫɧɢɠɚɸɬ ɩɥɚɫɬɢɱɧɨɫɬɶ 
ɫɩɥɚɜɚ, ɜ ɫɜɹɡɢ ɫ ɱɟɦ ɜɨ ɎȽɍɉ «ȼɂȺɆ» ɩɪɨɜɟɞɟɧɚ ɪɚɛɨɬɚ ɩɨ ɩɨɞɛɨɪɭ ɨɩɬɢɦɚɥɶɧɨɝɨ 
ɫɨɞɟɪɠɚɧɢɹ ɤɢɫɥɨɪɨɞɚ ɢ ɭɝɥɟɪɨɞɚ ɜ ɫɩɥɚɜɟ ȼɌ40Ʌ Д21–2γЖ ‒ ɜ ɪɟɡɭɥɶɬɚɬɟ ɞɨɫɬɢɝɧɭɬɵ 
ɜɵɫɨɤɢɟ ɡɧɚɱɟɧɢɹ ɧɚɞɟɠɧɨɫɬɢ ɢ ɩɪɨɱɧɨɫɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɜ ɞɢɚɩɚɡɨɧɟ ɪɚɛɨɱɢɯ ɬɟɦ-
ɩɟɪɚɬɭɪ (ɬɚɛɥ. θ). ȼ ɬɚɛɥ. 7 ɩɪɟɞɫɬɚɜɥɟɧɵ ɫɪɚɜɧɢɬɟɥɶɧɵɟ ɞɚɧɧɵɟ ɨ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣ-
ɫɬɜɚɯ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɯ ɥɢɬɟɣɧɵɯ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ. 

 
Ɍаɛɥɢɰа 6 

Ɇɟɯаɧичɟɫɤиɟ ɫвɨɣɫɬва ɫɩɥава ȼɌ40Ʌ ɩɪи ɪаɡɥичɧɵɯ ɬɟɦɩɟɪаɬɭɪаɯ Д6Ж 
Ɍɟɦɩɟɪɚɬɭɪɚ 
ɢɫɩɵɬɚɧɢɹ, 

°ɋ 
σɜ, Ɇɉɚ 

δ ψ KCU KCT 350
100σ , 

Ɇɉɚ % ɆȾɠ/ɦ2 

–70 1340 7,3–8,5 14–21 – – – 

 20 1030–1170 10,0–12,8 14–37 0,37–0,5 0,13–0,17 – 

 350 790–855 10,7–12,7 27–40,3 – – 760 

 400 780–840 13,1–13,3 42 – – – 
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Ɍаɛɥɢɰа 7 
Ɇɟɯаɧичɟɫɤиɟ ɫвɨɣɫɬва ɥиɬɟɣɧɵɯ ɬиɬаɧɨвɵɯ ɫɩɥавɨв Д8Ж 

ɋɩɥɚɜ σɜ, Ɇɉɚ σ0,2, Ɇɉɚ δ, % ψ, % KɋU, Ⱦɠ/ɫɦ2 

ȼɌηɅ 690 618 6 14 29,4 
ȼɌθɅ 834 736 5 10 24,5 
ȼɌ20Ʌ 932 834 8 20 24,5 
ȼɌ40Ʌ 1030 900 5 12 29,4 

 
Ʉɚɤ ɜɢɞɧɨ ɢɡ ɞɚɧɧɵɯ, ɩɪɢɜɟɞɟɧɧɵɯ ɜ ɬɚɛɥ. θ ɢ 7, ɷɤɨɧɨɦɧɨɥɟɝɢɪɨɜɚɧɧɵɣ ɥɢɬɟɣ-

ɧɵɣ ɬɢɬɚɧɨɜɵɣ ɫɩɥɚɜ ȼɌ40Ʌ ɩɪɟɜɨɫɯɨɞɢɬ ɫɟɪɢɣɧɵɟ ɩɪɨɦɵɲɥɟɧɧɵɟ ɫɩɥɚɜɵ ȼɌθɅ ɢ 
ȼɌ20Ʌ ɩɨ ɦɟɯɚɧɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ. ɉɪɢɦɟɧɟɧɢɟ ɨɬɥɢɜɨɤ ɢɡ ɫɩɥɚɜɚ ȼɌ40Ʌ ɜɡɚɦɟɧ ɨɬɥɢ-
ɜɨɤ ɢɡ ɫɩɥɚɜɨɜ ȼɌθɅ ɢ ȼɌ20Ʌ ɩɪɢɜɟɞɟɬ ɤ ɡɚɦɟɬɧɨɦɭ ɭɜɟɥɢɱɟɧɢɸ ɩɪɨɱɧɨɫɬɢ ɤɨɧɫɬɪɭɤ-
ɰɢɢ, ɩɨɜɵɲɟɧɢɸ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɭɫɬɚɥɨɫɬɢ, ɚ ɬɚɤɠɟ ɤ ɫɧɢɠɟɧɢɸ ɦɚɫɫɵ ɤɨɧɫɬɪɭɤɰɢɢ. 

ɋɩɥɚɜ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɮɚɫɨɧɧɵɯ ɨɬɥɢɜɨɤ ɤɪɨɧɲɬɟɣɧɨɜ, ɤɨɪɩɭɫɨɜ, 
ɤɪɵɥɶɱɚɬɨɤ, ɬɭɪɛɢɧɧɵɯ ɤɨɥɟɫ ɢ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɨɩɨɪ. Ɉɬɥɢɜɤɢ ɢɡ ɷɬɨɝɨ ɫɩɥɚɜɚ ɢɦɟɸɬ 
ɩɪɨɱɧɨɫɬɶ ɧɚ ɭɪɨɜɧɟ 10γ0 Ɇɉɚ ɢ ɩɨɜɵɲɟɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɧɨɝɨɱɚɫɨɜɨɣ ɩɪɨɱɧɨ-
ɫɬɢ ɩɪɢ ɫɨɩɪɨɬɢɜɥɟɧɢɢ ɭɫɬɚɥɨɫɬɢ, ɩɨɷɬɨɦɭ ɦɨɝɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɜɡɚɦɟɧ ɫɩɥɚɜɨɜ ȼɌθɅ 
ɢ ȼɌ20Ʌ.  

ȼɨ ɎȽɍɉ «ȼɂȺɆ» ɢɦɟɟɬɫɹ ɩɨɥɧɵɣ ɰɢɤɥ ɩɪɨɢɡɜɨɞɫɬɜɚ ɥɢɬɵɯ ɢɡɞɟɥɢɣ ɢɡ ɫɩɥɚ-
ɜɨɜ ɬɢɬɚɧɚ, ɜ ɬɨɦ ɱɢɫɥɟ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɵɯ, ɜɤɥɸɱɚɸɳɟɟ ɜɚɤɭɭɦɧɨ-ɞɭɝɨɜɵɟ ɩɟɱɢ ɞɥɹ 
ɜɵɩɥɚɜɤɢ ɫɥɢɬɤɨɜ ɦɚɫɫɨɣ ɞɨ γη ɤɝ, ɭɱɚɫɬɨɤ ɢɡɝɨɬɨɜɥɟɧɢɹ ɤɟɪɚɦɢɱɟɫɤɢɯ ɮɨɪɦ ɢ ɜɚɤɭɭɦ-
ɧɨ-ɢɧɞɭɤɰɢɨɧɧɭɸ ɩɟɱɶ ɫ ɜɨɞɨɨɯɥɚɠɞɚɟɦɵɦ ɬɢɝɥɟɦ ɞɥɹ ɥɢɬɶɹ ɨɬɥɢɜɨɤ ɦɚɫɫɨɣ ɞɨ  
2–3 ɤɝ, ɝɚɡɨɫɬɚɬ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ Ƚɂɉ (ȼȽɈ), ɚ ɬɚɤɠɟ ɜɚɤɭɭɦɧɵɟ ɢ ɚɬɦɨɫɮɟɪɧɵɟ ɩɟɱɢ 
ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ. ɇɚ ɨɛɨɪɭɞɨɜɚɧɢɢ ɎȽɍɉ «ȼɂȺɆ» ɜɨɡɦɨɠɧɨ 
ɢɡɝɨɬɨɜɥɟɧɢɟ ɨɬɥɢɜɨɤ ɩɪɚɤɬɢɱɟɫɤɢ ɢɡ ɥɸɛɵɯ ɥɢɬɟɣɧɵɯ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ 
ɢɡ ɫɩɥɚɜɚ ȼɌ40Ʌ. 

 
Ɂаɤɥɸчɟɧия 

Ʌɢɬɟɣɧɵɟ ɬɢɬɚɧɨɜɵɟ ɫɩɥɚɜɵ ɲɢɪɨɤɨ ɜɨɫɬɪɟɛɨɜɚɧɵ ɜɜɢɞɭ ɫɭɳɟɫɬɜɟɧɧɨɝɨ ɩɨɜɵ-
ɲɟɧɢɹ ɄɂɆ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɫɥɨɠɧɨɩɪɨɮɢɥɶɧɵɯ ɞɟɬɚɥɟɣ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɬɟɯɧɨɥɨɝɢ-
ɟɣ ɢɡɝɨɬɨɜɥɟɧɢɹ ɞɟɮɨɪɦɢɪɭɟɦɵɯ ɫɩɥɚɜɨɜ ɞɚɠɟ ɧɟɫɦɨɬɪɹ ɧɚ ɩɪɟɜɨɫɯɨɞɫɬɜɨ ɩɨɫɥɟɞɧɢɯ 
ɩɨ ɦɟɯɚɧɢɱɟɫɤɢɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ. ɉɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɢɡɞɟɥɢɣ ɫɥɨɠɧɨɣ 
ɤɨɧɮɢɝɭɪɚɰɢɢ ɬɟɯɧɨɥɨɝɢɹ ɨɛɪɚɛɨɬɤɢ ɞɚɜɥɟɧɢɟɦ ɫɭɳɟɫɬɜɟɧɧɨ ɭɫɬɭɩɚɟɬ ɥɢɬɟɣɧɨɣ ɬɟɯ-
ɧɨɥɨɝɢɢ. Ɉɞɧɚɤɨ ɞɨɫɬɨɢɧɫɬɜɚ ɞɟɮɨɪɦɢɪɨɜɚɧɧɵɯ ɢɡɞɟɥɢɣ ɨɱɟɜɢɞɧɵ. Ʌɢɬɟɣɧɵɟ ɯɚɪɚɤ-
ɬɟɪɢɫɬɢɤɢ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ ɜɵɫɨɤɢ ɜɜɢɞɭ ɩɪɢɪɨɞɧɵɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɫɩɥɚɜɨɜ, ɩɨɷɬɨɦɭ 
ɩɪɢ ɨɫɜɨɟɧɢɢ ɬɟɯɧɨɥɨɝɢɢ ɥɢɬɶɹ ɧɟ ɩɨɬɪɟɛɨɜɚɥɚɫɶ ɪɚɡɪɚɛɨɬɤɚ ɫɩɥɚɜɨɜ ɫɩɟɰɢɚɥɶɧɵɯ ɫɨ-
ɫɬɚɜɨɜ – ɛɨɥɶɲɢɧɫɬɜɨ ɦɚɪɨɤ ɫɩɥɚɜɨɜ ɩɨ ɨɫɧɨɜɧɵɦ ɥɟɝɢɪɭɸɳɢɦ ɷɥɟɦɟɧɬɚɦ ɫɨɜɩɚɞɚɟɬ ɫ 
ɫɨɫɬɚɜɨɦ ɞɟɮɨɪɦɢɪɭɟɦɵɯ ɫɩɥɚɜɨɜ. Ɍɢɬɚɧɨɜɵɟ ɫɩɥɚɜɵ ɯɨɪɨɲɨ ɫɜɚɪɢɜɚɸɬɫɹ, ɩɨɷɬɨɦɭ 
ɜɨɡɦɨɠɧɨ ɢɡɝɨɬɨɜɥɟɧɢɟ ɫɥɨɠɧɵɯ ɫɜɚɪɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɢɡ ɞɟɮɨɪɦɢɪɨɜɚɧɧɵɯ ɢ ɥɢɬɵɯ 
ɱɚɫɬɟɣ ɚɧɚɥɨɝɢɱɧɵɯ ɩɨ ɫɨɫɬɚɜɭ ɫɩɥɚɜɨɜ. 

ȼ ɚɜɢɚɫɬɪɨɟɧɢɢ ɧɚɢɛɨɥɟɟ ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɟɦɵɦɢ ɫɩɥɚɜɚɦɢ ɹɜɥɹɸɬɫɹ ɫɩɥɚɜɵ ɦɚ-
ɪɨɤ ȼɌηɅ, ȼɌθɅ ɢ ȼɌ20Ʌ. Ɉɞɧɚɤɨ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫɭɳɟɫɬɜɭɟɬ ɫɩɥɚɜ, ɩɪɟɜɨɫɯɨɞɹ-
ɳɢɣ ɩɨ ɦɟɯɚɧɢɱɟɫɤɢɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɢ ɭɞɟɥɶɧɵɦ ɫɜɨɣɫɬɜɚɦ ɭɩɨɦɹɧɭɬɵɟ ɫɩɥɚɜɵ – 
ɷɬɨ ɫɩɥɚɜ ȼɌ40Ʌ. Ɂɚɦɟɧɚ ɚɜɢɚɰɢɨɧɧɵɯ ɞɟɬɚɥɟɣ ɢɡ ɫɩɥɚɜɨɜ ȼɌηɅ, ȼɌθɅ ɢ ȼɌ20Ʌ ɧɚ 
ɚɧɚɥɨɝɢɱɧɵɟ ɞɟɬɚɥɢ ɢɡ ɫɩɥɚɜɚ ȼɌ40Ʌ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɫɭɳɟɫɬɜɟɧɧɨɦɭ ɭɥɭɱɲɟɧɢɸ 
ɜɟɫɨɜɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɤ ɩɨɜɵɲɟɧɢɸ ɬɨɩɥɢɜɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ. 
ɉɪɨɢɡɜɨɞɢɬɟɥɟɦ ɨɬɥɢɜɨɤ ɢɡ ɫɩɥɚɜɚ ȼɌ40Ʌ ɧɚɪɹɞɭ ɫ ɞɪɭɝɢɦɢ ɩɪɟɞɩɪɢɹɬɢɹɦɢ ɨɬɪɚɫɥɢ 
ɦɨɠɟɬ ɛɵɬɶ ɢ ɎȽɍɉ «ȼɂȺɆ».  
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ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ ɤɨɧɫɬɪɭɤɰɢɢ ɚɜɢɚɰɢɨɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɢɫ-
ɩɨɥɶɡɨɜɚɬɶ ɥɢɬɵɟ ɥɨɩɚɬɤɢ ɬɭɪɛɢɧɵ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ ɢɡ ɢɧɬɟɪɦɟɬɚɥɥɢɞɧɵɯ ɬɢɬɚɧɨɜɵɯ 
Ȗ-ɫɩɥɚɜɨɜ ɜɡɚɦɟɧ ɥɨɩɚɬɨɤ ɢɡ ɠɚɪɨɩɪɨɱɧɵɯ ɧɢɤɟɥɟɜɵɯ ɫɩɥɚɜɨɜ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɜɨ ɎȽɍɉ 
«ȼɂȺɆ» ɩɪɨɜɨɞɹɬɫɹ ɚɤɬɢɜɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɪɚɡɪɚɛɨɬɤɚ ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ ɬɚɤɨɣ ɡɚɦɟ-
ɧɵ Д24–27]. 
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ɉɪɨвɟɞɟɧɨ ɢɫɫɥɟɞɨваɧɢɟ вɥɢɹɧɢɹ ɬɟɦɩɟɪаɬɭɪɵ ɩɟɱаɬɢ ɩɨɥɢɷɬɢɥɟɧа ɧа ɮɨɪɦɨɭɫɬɨɣ-
ɱɢвɨɫɬɶ ɨɛɪаɡɰɨв, ɩɨɥɭɱɟɧɧɵɯ ɫɩɨɫɨɛɨɦ FDM-ɩɟɱаɬɢ. ɉɨɤаɡаɧɨ, ɱɬɨ ɢɡɦɟɧɟɧɢɟ ɬɟɦɩɟ-
ɪаɬɭɪɵ ɫɨɩɥа ɨɬ 200 ɞɨ 260 °ɋ ɩɪɢвɨɞɢɬ ɤ ɭɦɟɧɶɲɟɧɢɸ ɨɬɤɥɨɧɟɧɢɹ ɨɬ ɩɥɨɫɤɨɫɬɢ в вɨ-
ɫɟɦɶ ɪаɡ. ɉɪɢ ɷɬɨɦ ɩɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ ɨɫɬаɟɬɫɹ ɩɪаɤɬɢɱɟɫɤɢ ɧɟɢɡɦɟɧɧɵɦ, а ɨɬɧɨɫɢ-
ɬɟɥɶɧɨɟ ɭɞɥɢɧɟɧɢɟ ɭвɟɥɢɱɢваɟɬɫɹ ɧа 30 %. Ɇɟɬɨɞаɦɢ ɪɟɨɥɨɝɢɱɟɫɤɢɯ ɢ ɦɢɤɪɨɫɬɪɭɤɬɭɪ-
ɧɵɯ ɢɫɫɥɟɞɨваɧɢɣ ɭɫɬаɧɨвɥɟɧɨ, ɱɬɨ ɧаɛɥɸɞаɟɦɵɣ ɷɮɮɟɤɬ ɫвɹɡаɧ ɫ ɢɡɦɟɧɟɧɢɟɦ ɫɬɪɭɤ-
ɬɭɪɵ ɩɨɥɢɷɬɢɥɟɧа, ɤɨɬɨɪɨɟ ɢɧɢɰɢɢɪɭɟɬɫɹ ɩɨвɵɲɟɧɧɨɣ ɬɟɦɩɟɪаɬɭɪɨɣ ɝɨɥɨвɤɢ ɷɤɫɬɪɭ-
ɞɟɪа ɩɪɢɧɬɟɪа. ɋɞɟɥаɧɨ ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɨ ɬɨɦ, ɱɬɨ вɟɪɨɹɬɧɨɣ ɩɪɢɱɢɧɨɣ ɢɡɦɟɧɟɧɢɹ 
ɫɬɪɭɤɬɭɪɵ ɩɨɥɢɷɬɢɥɟɧа ɹвɥɹɟɬɫɹ ɢɡɦɟɧɟɧɢɟ ɩɪɨɬɟɤаɧɢɹ ɩɪɨɰɟɫɫа ɤɪɢɫɬаɥɥɢɡаɰɢɢ ɢɡ-ɡа 
ɱаɫɬɢɱɧɨɣ ɬɟɪɦɨɨɤɢɫɥɢɬɟɥɶɧɨɣ ɞɟɫɬɪɭɤɰɢɢ ɩɨɥɢɦɟɪɧɨɣ ɦаɬɪɢɰɵ в ɷɤɫɬɪɭɞɟɪɧɨɣ ɝɨ-
ɥɨвɤɟ 3D-ɩɪɢɧɬɟɪа. 
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The study of the influence of the temperature of polyethylene printing on the dimensional 
stability of samples obtained by the method of FDM printing has been carried out. It is shown 
that a chanРe in the temperature oП the noггle Пrom 200 to 260 °C leaНs to a Нecrease in the de-
viation from the plane by a factor of eight. In this case, the tensile strength remains practically 
unchanged, and the elongation increases by 30 %. It has been established by the methods of 
rheological and microstructural studies that the observed effect is associated with a change in 
the structure of polyethylene, which is initiated by an increased temperature of the printer's ex-
truder head. It has been suggested that the likely reason for the change in the structure of poly-
ethylene is a change in the course of the crystallization process due to partial thermal oxidative 
destruction of the polymer matrix in the extruder head of a 3D printer. 

Keywords: FDM printing, polyolefins, warpage, physical and mechanical properties, rheo-
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ȼвɟɞɟɧиɟ 

Ɉɫɧɨɜɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ, ɤɨɬɨɪɨɟ ɫɬɢɦɭɥɢɪɭɟɬ ɪɚɡɜɢɬɢɟ ɤɨɧɰɟɩɰɢɢ ɱɟɬɜɟɪɬɨɣ 
ɩɪɨɦɵɲɥɟɧɧɨɣ ɪɟɜɨɥɸɰɢɢ «ɂɧɞɭɫɬɪɢɹ 4.0», ɹɜɥɹɟɬɫɹ ɪɚɡɜɢɬɢɟ ɚɞɞɢɬɢɜɧɵɯ ɬɟɯɧɨɥɨɝɢɣ 
[1–3Ж. Ⱦɥɹ ɩɟɪɟɪɚɛɨɬɤɢ ɬɟɪɦɨɩɥɚɫɬɢɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɢɦɟɸɳɢɯ ɛɨɥɶɲɨɣ ɩɨɬɟɧɰɢɚɥ  
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ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɚɜɢɚɫɬɪɨɟɧɢɢ Д4–7Ж, ɧɚɢɛɨɥɟɟ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɨɞɢɧ ɢɡ ɜɢɞɨɜ  
ɚɞɞɢɬɢɜɧɨɣ ɬɟɯɧɨɥɨɝɢɢ – FDM-ɩɟɱɚɬɶ (Fused Deposition Modeling). 

ɉɨɫɬɪɨɟɧɢɟ ɞɟɬɚɥɢ ɩɪɢ ɞɚɧɧɨɦ ɫɩɨɫɨɛɟ ɩɟɱɚɬɢ ɩɪɨɢɫɯɨɞɢɬ ɩɭɬɟɦ ɧɚɧɟɫɟɧɢɹ ɧɢ-
ɬɢ ɪɚɫɩɥɚɜɥɟɧɧɨɝɨ ɬɟɪɦɨɩɥɚɫɬɢɱɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɧɚ ɩɪɟɞɵɞɭɳɢɟ ɫɥɨɢ ɢɡɞɟɥɢɹ, ɤɨɬɨɪɨɟ 
ɧɚɯɨɞɢɬɫɹ ɧɚ ɪɚɛɨɱɟɦ ɫɬɨɥɟ. ɉɨɫɥɟ ɡɚɜɟɪɲɟɧɢɹ ɩɨɫɬɪɨɟɧɢɹ ɨɱɟɪɟɞɧɨɝɨ ɫɥɨɹ ɫɬɨɥ ɨɩɭɫ-
ɤɚɟɬɫɹ ɢ ɩɪɨɰɟɫɫ ɩɨɜɬɨɪɹɟɬɫɹ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɪɨɹɜɥɹɟɬɫɹ ɬɟɧɞɟɧɰɢɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ FDM-ɬɟɯɧɨɥɨɝɢɢ ɧɟ 
ɬɨɥɶɤɨ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɩɪɨɬɨɬɢɩɨɜ, ɧɨ ɢ ɪɟɚɥɶɧɵɯ ɢɡɞɟɥɢɣ, ɜ ɱɚɫɬɧɨɫɬɢ, ɤɨɧɫɬɪɭɤɰɢɨɧ-
ɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ. Ʉɪɚɣɧɟ ɩɟɪɫɩɟɤɬɢɜɧɵɦɢ ɞɥɹ ɷɬɨɣ ɰɟɥɢ ɹɜɥɹɸɬɫɹ ɱɚɫɬɢɱɧɨ-
ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ ɩɨɥɢɦɟɪɵ. Ⱦɚɧɧɨɟ ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ ɨɛɴɹɫɧɹɟɬ ɢɧɬɟɪɟɫ ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ ɤ 
ɜɨɡɦɨɠɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ FDM-ɩɪɨɰɟɫɫɨɜ ɞɥɹ ɩɟɪɟɪɚɛɨɬɤɢ ɩɨɥɢɦɟɪɧɵɯ ɦɚɬɪɢɰ ɷɬɨɝɨ 
ɬɢɩɚ, ɨɛɥɚɞɚɸɳɢɯ ɜɵɫɨɤɢɦɢ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ ɢ ɬɟɪɦɨɫɬɨɣɤɨɫɬɶɸ, ɬɚ-
ɤɢɦɢ ɤɚɤ ɩɨɥɢɷɮɢɪɷɮɢɪɤɟɬɨɧ Д8, λЖ, ɩɨɥɢɚɦɢɞ Д10, 11Ж, ɩɨɥɢɮɟɧɢɥɟɧɫɭɥɶɮɢɞ [12, 13]. 

Ɉɞɧɢɦ ɢɡ ɮɚɤɬɨɪɨɜ, ɤɨɬɨɪɵɣ ɫɞɟɪɠɢɜɚɟɬ ɲɢɪɨɤɨɟ ɩɪɨɦɵɲɥɟɧɧɨɟ ɩɪɢɦɟɧɟɧɢɟ 
ɞɚɧɧɨɝɨ ɫɩɨɫɨɛɚ ɢ ɨɝɪɚɧɢɱɢɜɚɟɬ ɬɢɩ ɢɫɩɨɥɶɡɭɟɦɨɣ ɩɨɥɢɦɟɪɧɨɣ ɦɚɬɪɢɰɵ, ɹɜɥɹɟɬɫɹ ɤɨ-
ɪɨɛɥɟɧɢɟ ɢɡɞɟɥɢɹ ɢ ɢɡɦɟɧɟɧɢɟ ɟɝɨ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɪɚɡɦɟɪɨɜ ɜ ɯɨɞɟ FDM-ɩɪɨɰɟɫɫɚ Д14Ж. 
ȼɟɥɢɱɢɧɭ ɞɚɧɧɨɝɨ ɷɮɮɟɤɬɚ ɨɩɪɟɞɟɥɹɟɬ ɭɫɚɞɤɚ ɩɨɥɢɦɟɪɚ Д1ηЖ ɢɡ-ɡɚ ɭɦɟɧɶɲɟɧɢɹ ɟɝɨ ɨɛɴ-
ɟɦɚ ɩɪɢ ɡɚɫɬɵɜɚɧɢɢ ɧɢɬɢ ɪɚɫɩɥɚɜɚ, ɚ ɬɚɤɠɟ ɡɚɜɢɫɢɦɨɫɬɶ ɪɟɥɚɤɫɚɰɢɢ ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɝɨ 
ɫɨɫɬɨɹɧɢɹ ɦɚɤɪɨɦɨɥɟɤɭɥ ɨɬ ɝɪɚɞɢɟɧɬɨɜ ɬɟɦɩɟɪɚɬɭɪɵ, ɜɨɡɧɢɤɚɸɳɢɯ ɩɪɢ ɩɟɱɚɬɢ Д1θ, 17Ж. 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɚɦɨɪɮɧɵɦɢ ɦɚɬɟɪɢɚɥɚɦɢ ɜɟɥɢɱɢɧɚ ɭɫɚɞ-
ɤɢ ɜ ɱɚɫɬɢɱɧɨ-ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɩɨɥɢɦɟɪɚɯ ɨɤɚɡɵɜɚɟɬɫɹ ɫɭɳɟɫɬɜɟɧɧɨ ɛɨɥɶɲɟ ɢɡ-ɡɚ ɛɨ-
ɥɟɟ ɩɥɨɬɧɨɣ ɭɩɚɤɨɜɤɢ ɦɚɤɪɨɦɨɥɟɤɭɥ ɜ ɩɪɨɰɟɫɫɟ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ Д18, 1λЖ. ȼ ɪɚɛɨɬɟ Д20Ж 
ɩɨɤɚɡɚɧɨ, ɱɬɨ ɛɨɥɶɲɟɟ ɭɜɟɥɢɱɟɧɢɟ ɩɥɨɬɧɨɫɬɢ ɩɪɢɜɨɞɢɬ ɤ ɛɨɥɶɲɟɦɭ ɢɡɦɟɧɟɧɢɸ ɨɛɴɟɦɚ 
ɡɚɫɬɵɜɚɸɳɟɣ ɞɨɪɨɠɤɢ ɪɚɫɩɥɚɜɚ ɩɪɢ FDM-ɩɟɱɚɬɢ. 

ɍɦɟɧɶɲɢɬɶ ɷɮɮɟɤɬ ɤɨɪɨɛɥɟɧɢɹ ɩɨɡɜɨɥɹɟɬ ɩɨɞɛɨɪ ɨɩɬɢɦɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɬɟɯ-
ɧɨɥɨɝɢɱɟɫɤɨɝɨ ɪɟɠɢɦɚ ɩɟɱɚɬɢ Д21–2γЖ ɢ ɪɚɡɪɚɛɨɬɤɚ ɚɥɝɨɪɢɬɦɨɜ ɩɟɱɚɬɢ, ɭɱɢɬɵɜɚɸɳɢɯ 
ɢɡɦɟɧɟɧɢɟ ɪɚɡɦɟɪɨɜ ɞɟɬɚɥɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɰɟɫɫɨɜ ɭɫɚɞɤɢ Д24Ж, ɚ ɬɚɤɠɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 
ɜ ɫɨɫɬɚɜɟ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɤɨɦɩɟɧɫɢɪɭɸɳɢɯ ɩɨɹɜɥɟɧɢɟ ɞɟɮɟɤɬɨɜ Д2ηЖ. 

Ⱦɪɭɝɨɣ ɩɨɞɯɨɞ ɤ ɪɟɲɟɧɢɸ ɡɚɞɚɱɢ ɫɬɚɛɢɥɶɧɨɫɬɢ ɮɨɪɦɵ ɢɡɞɟɥɢɹ ɢɡ ɱɚɫɬɢɱɧɨ-
ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɩɨɥɢɦɟɪɨɜ ɫɜɹɡɚɧ ɫ ɦɨɞɢɮɢɤɚɰɢɟɣ ɩɨɥɢɦɟɪɧɨɣ ɦɚɬɪɢɰɵ. Ɍɚɤ, ɞɥɹ 
ɦɨɞɢɮɢɤɚɰɢɢ ɩɨɥɢɩɪɨɩɢɥɟɧɚ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɪɚɫɬɢɬɟɥɶɧɵɟ ɜɨɥɨɤɧɚ ɢɡ ɤɨ-
ɧɨɩɥɢ Д2θЖ ɢ ɰɟɥɥɸɥɨɡɵ Д27Ж, ɚ ɬɚɤɠɟ ɝɢɩɫ Д28Ж ɢ ɩɟɪɥɢɬ Д2λЖ. ȼɜɟɞɟɧɢɟ ɜ ɦɚɬɪɢɰɭ 
ɧɚɩɨɥɧɢɬɟɥɟɣ ɫɧɢɠɚɟɬ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɥɢɧɟɣɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɢ ɷɮɮɟɤ-
ɬɢɜɧɨ ɭɦɟɧɶɲɚɟɬ ɤɨɪɨɛɥɟɧɢɟ. Ɉɞɧɚɤɨ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɷɮɮɟɤɬɚ ɬɪɟɛɭɟɬ-
ɫɹ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɚɹ ɫɬɟɩɟɧɶ ɧɚɩɨɥɧɟɧɢɹ – ɨɤɨɥɨ 1η–20 % (ɩɨ ɦɚɫɫɟ), ɱɬɨ ɦɨɠɟɬ ɩɪɢ-
ɜɨɞɢɬɶ ɤ ɚɝɥɨɦɟɪɚɰɢɢ ɜɨɥɨɤɨɧ ɧɚɩɨɥɧɢɬɟɥɹ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɤ ɜɨɡɧɢɤɧɨɜɟɧɢɸ ɤɨɧɰɟɧ-
ɬɪɚɬɨɪɨɜ ɧɚɩɪɹɠɟɧɢɣ Д27Ж. 

Ⱦɥɹ ɫɧɢɠɟɧɢɹ ɷɮɮɟɤɬɚ ɤɨɪɨɛɥɟɧɢɹ ɬɚɤɠɟ ɦɨɝɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɩɨɥɢɦɟɪɧɵɟ ɫɦɟɫɢ. 
ȼ ɪɚɛɨɬɟ Д2λЖ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɛɵɫɬɪɚɹ ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ ɩɨɥɢɷɬɢɥɟɧɬɟɪɟɮɬɚɥɚɬɚ ɜ ɫɦɟɫɢ «ɩɨ-
ɥɢɩɪɨɩɢɥɟɧ + ɩɨɥɢɷɬɢɥɟɧɬɟɪɟɮɬɚɥɚɬ» ɫɭɳɟɫɬɜɟɧɧɨ ɭɥɭɱɲɚɟɬ ɤɚɱɟɫɬɜɨ ɩɟɱɚɬɢ. ȼ ɪɚɛɨɬɟ 
Дγ0Ж ɩɨɤɚɡɚɧɨ, ɱɬɨ ɞɨɛɚɜɤɚ 20 % (ɩɨ ɦɚɫɫɟ) ɧɢɡɤɨɦɨɥɟɤɭɥɹɪɧɵɯ ɭɝɥɟɜɨɞɨɪɨɞɧɵɯ ɫɦɨɥ ɜ 
ɩɨɥɢɩɪɨɩɢɥɟɧ ɭɦɟɧɶɲɚɟɬ ɟɝɨ ɤɨɪɨɛɥɟɧɢɟ ɜ η ɪɚɡ, ɨɞɧɚɤɨ ɩɪɢ ɷɬɨɦ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɦɟɫɢ ɫɧɢɠɚɸɬɫɹ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɱɢɫɬɵɦ ɩɨɥɢɩɪɨɩɢɥɟɧɨɦ. 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɫɨɩɨɥɢɦɟɪɨɜ ɱɚɫɬɢɱɧɨ-ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɩɨɥɢɦɟɪɨɜ ɜ ɤɚɱɟɫɬɜɟ 
ɫɵɪɶɹ ɞɥɹ FDM-ɩɟɱɚɬɢ ɬɚɤɠɟ ɩɨɥɨɠɢɬɟɥɶɧɨ ɜɥɢɹɟɬ ɧɚ ɮɨɪɦɨɭɫɬɨɣɱɢɜɨɫɬɶ ɧɚɩɟɱɚɬɚɧ-
ɧɵɯ ɞɟɬɚɥɟɣ Дγ1Ж. 

ɐɟɥɶ ɞɚɧɧɨɣ ɪɚɛɨɬɵ – ɢɫɫɥɟɞɨɜɚɧɢɟ ɧɟ ɨɩɢɫɚɧɧɨɝɨ ɪɚɧɟɟ ɫɩɨɫɨɛɚ ɭɦɟɧɶɲɟɧɢɹ 
ɭɫɚɞɨɱɧɵɯ ɹɜɥɟɧɢɣ ɜ ɩɪɨɰɟɫɫɟ FDM-ɩɟɱɚɬɢ – ɫɬɪɭɤɬɭɪɨɨɛɪɚɡɨɜɚɧɢɹ ɩɨɥɢɷɬɢɥɟɧɚ, ɢɧɢ-
ɰɢɢɪɨɜɚɧɧɨɝɨ ɩɨɜɵɲɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɷɤɫɬɪɭɡɢɢ. 
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Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɪɟɚɥɢɡɚɰɢɢ ɤɨɦɩɥɟɤɫɧɨɝɨ ɧɚɭɱɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ 10. 
«ɗɧɟɪɝɨɷɮɮɟɤɬɢɜɧɵɟ, ɪɟɫɭɪɫɨɫɛɟɪɟɝɚɸɳɢɟ ɢ ɚɞɞɢɬɢɜɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɩɨɥɭɱɟɧɢɹ ɞɟɬɚ-
ɥɟɣ, ɩɨɥɭɮɚɛɪɢɤɚɬɨɜ ɢ ɤɨɧɫɬɪɭɤɰɢɣ» («ɋɬɪɚɬɟɝɢɱɟɫɤɢɟ ɧɚɩɪɚɜɥɟɧɢɹ ɪɚɡɜɢɬɢɹ ɦɚɬɟɪɢɚ-
ɥɨɜ ɢ ɬɟɯɧɨɥɨɝɢɣ ɢɯ ɩɟɪɟɪɚɛɨɬɤɢ ɧɚ ɩɟɪɢɨɞ ɞɨ 20γ0 ɝɨɞɚ») Дγ2Ж. 
 

Ɇаɬɟɪиаɥɵ и ɦɟɬɨɞɵ 
ȼ ɤɚɱɟɫɬɜɟ ɨɛɴɟɤɬɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢɫɩɨɥɶɡɨɜɚɥɢ ɩɨɥɢɷɬɢɥɟɧ ɦɚɪɤɢ ɉȼȾ 1η8-03-020, 

ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɣ 0,2 % (ɩɨ ɦɚɫɫɟ) ɷɤɫɬɪɭɞɚɬɨɦ ɩɨɥɢɚɦɢɞɚ ɫ ɞɟɤɚɛɪɨɦɞɢɮɟɧɢɥɨɤɫɢ-
ɞɨɦ ɢ ɬɟɯɧɢɱɟɫɤɢɦ ɭɝɥɟɪɨɞɨɦ ɦɚɪɤɢ ɉ-80γ (ȽɈɋɌ 7885–8θ), ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ 0,2 % (ɩɨ 
ɦɚɫɫɟ); ɦɨɞɢɮɢɤɚɬɨɪ ɜɜɟɞɟɧ ɞɥɹ ɭɜɟɥɢɱɟɧɢɹ ɚɞɝɟɡɢɢ ɞɟɬɚɥɢ ɤ ɪɚɛɨɱɟɦɭ ɫɬɨɥɭ. Ɏɢɥɚ-
ɦɟɧɬ ɞɥɹ ɩɟɱɚɬɢ ɞɢɚɦɟɬɪɨɦ 1,7η ɦɦ ɢɡɝɨɬɨɜɥɟɧ ɦɟɬɨɞɨɦ ɷɤɫɬɪɭɡɢɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 
190 °ɋ ɧɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɥɢɧɢɢ RСОШsФКЦ. ȼ ɫɨɫɬɚɜ ɥɢɧɢɢ ɜɯɨɞɹɬ ɷɤɫɬɪɭɞɟɪ ɢ ɧɚɦɨ-
ɬɨɱɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɫ ɢɡɦɟɪɢɬɟɥɶɧɵɦ ɦɨɞɭɥɟɦ ГЮЦЛКМС ODAC 1θ БВ. Ɉɛɪɚɡɰɵ (ɥɨɩɚɬ-
ɤɢ – ɬɢɩ η ɩɨ ȽɈɋɌ 112θ2–2017) ɢɡɝɨɬɨɜɥɟɧɵ ɧɚ ɩɪɢɧɬɟɪɟ Magnum Creative 2 PRO ɩɪɢ 
ɨɪɢɟɧɬɚɰɢɢ ɧɢɬɟɣ ɩɟɱɚɬɢ ɩɨɞ ɭɝɥɨɦ ±4η ɝɪɚɞɭɫɨɜ, ɡɚɩɨɥɧɟɧɢɟ ɜɧɭɬɪɢɤɨɧɬɭɪɧɨɝɨ ɩɪɨ-
ɫɬɪɚɧɫɬɜɚ – ɞɨ 100 %. 

Ɋɟɨɥɨɝɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɚɫɩɥɚɜɨɜ ɧɚɧɨɤɨɦɩɨɡɢɬɚ ɩɪɨɜɨɞɢɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚ-
ɧɢɟɦ ɪɟɨɦɟɬɪɚ AR 2000 ex ɜ ɨɫɰɢɥɹɰɢɨɧɧɨɦ ɪɟɠɢɦɟ ɢɡɦɟɪɟɧɢɣ. ɂɡɦɟɪɟɧɢɹ ɦɨɞɭɥɟɣ 
ɧɚɤɨɩɥɟɧɢɹ ɢ ɩɨɬɟɪɶ (Gƍ, Gƍƍ), ɚ ɬɚɤɠɟ ɬɚɧɝɟɧɫɚ ɭɝɥɚ ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɨɬɟɪɶ (tgδ) ɩɪɨɜɨ-
ɞɢɥɢ ɩɪɢ ɞɢɧɚɦɢɱɟɫɤɨɦ ɧɚɝɪɟɜɟ ɨɛɪɚɡɰɨɜ ɫ ɩɨɫɬɨɹɧɧɨɣ ɫɤɨɪɨɫɬɶɸ 2 °ɋ/ɦɢɧ ɜ ɞɢɚɩɚ-
ɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ ɨɬ 100 ɞɨ 2η0 °ɋ. Ɂɚɜɢɫɢɦɨɫɬɢ ɪɟɨɥɨɝɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɨɬ ɱɚɫɬɨ-
ɬɵ ɩɨɥɭɱɚɥɢ ɜ ɭɫɥɨɜɢɹɯ ɢɫɩɵɬɚɧɢɣ ɩɪɢ ɱɚɫɬɨɬɚɯ ɨɬ 0,1 ɞɨ 100 ɪɚɞ/ɫ ɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 80, 
100, 140 ɢ 180 °ɋ. 

ɗɤɫɩɟɪɢɦɟɧɬɵ ɩɨ ɬɟɪɦɨɝɪɚɜɢɦɟɬɪɢɢ ɢ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɫɤɚɧɢɪɭɸɳɟɣ  
ɤɚɥɨɪɢɦɟɬɪɢɢ (ȾɋɄ) ɩɪɨɜɨɞɢɥɢ ɫ ɩɨɦɨɳɶɸ ɩɪɢɛɨɪɚ ɫɢɧɯɪɨɧɧɨɝɨ ɬɟɪɦɨɚɧɚɥɢɡɚɬɨɪɚ 
STA 449 F1 ɫ ɞɚɬɱɢɤɨɦ DSK γ. Ɉɛɪɚɡɰɵ ɩɪɨɝɪɟɜɚɥɢ ɧɚ ɜɨɡɞɭɯɟ ɫɨ ɫɤɨɪɨɫɬɶɸ ɧɚɝɪɟɜɚ 
10 °ɋ/ɦɢɧ. 

Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɢɡ ɨɛɪɚɡɰɨɜ ɩɨɥɢɨɥɟɮɢɧɚ ɢɡɝɨɬɨɜɥɟɧɵ ɧɢɡ-
ɤɨɬɟɦɩɟɪɚɬɭɪɧɵɟ ɫɤɨɥɵ ɜ ɠɢɞɤɨɦ ɚɡɨɬɟ, ɩɨɫɥɟ ɱɟɝɨ ɨɧɢ ɩɪɢɤɥɟɢɜɚɥɢɫɶ ɫ ɩɨɦɨɳɶɸ ɬɨ-
ɤɨɩɪɨɜɨɞɹɳɟɝɨ ɤɥɟɹ ɧɚ ɨɫɧɨɜɟ ɭɝɥɟɪɨɞɚ ɤ ɞɟɪɠɚɬɟɥɸ ɨɛɪɚɡɰɨɜ ɫɤɚɧɢɪɭɸɳɟɝɨ ɷɥɟɤ-
ɬɪɨɧɧɨɝɨ ɦɢɤɪɨɫɤɨɩɚ. ɉɨɫɥɟ ɩɨɥɧɨɝɨ ɜɵɫɵɯɚɧɢɹ ɤɥɟɹ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɩɨ-
ɜɟɪɯɧɨɫɬɶ ɫɤɨɥɨɜ (ɬɨɪɟɰ) ɩɨɞɜɟɪɝɚɥɚɫɶ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɨɦɭ ɬɪɚɜɥɟɧɢɸ ɜ ɜɚɤɭɭɦɧɨɣ 
ɭɫɬɚɧɨɜɤɟ JFC-1100 (ɮɢɪɦɚ JОШХ). Ⱦɥɹ ɫɧɹɬɢɹ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɡɚɪɹɞɨɜ ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ 
ɨɛɪɚɡɰɨɜ ɜ ɫɤɚɧɢɪɭɸɳɟɦ ɷɥɟɤɬɪɨɧɧɨɦ ɦɢɤɪɨɫɤɨɩɟ ɧɚ ɧɢɯ ɧɚɧɨɫɢɬɫɹ ɫɥɨɣ ɡɨɥɨɬɚ. ɉɨɞ-
ɝɨɬɨɜɥɟɧɧɵɟ ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɨɜ ɢɫɫɥɟɞɨɜɚɥɢ ɜ ɫɤɚɧɢɪɭɸɳɟɦ ɷɥɟɤ-
ɬɪɨɧɧɨɦ ɦɢɤɪɨɫɤɨɩɟ TESCAN VEGA γ БMU ɜ ɪɟɠɢɦɟ ɜɬɨɪɢɱɧɵɯ ɷɥɟɤɬɪɨɧɨɜ ɩɪɢ ɭɜɟ-
ɥɢɱɟɧɢɹɯ ɨɬ ×10000 ɞɨ ×100000. 

Ɏɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɩɪɟɞɟɥɹɥɢ ɩɨ ȽɈɋɌ Ɋ ηθ800–201η ɫ ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɟɦ ɪɚɡɪɵɜɧɨɣ ɦɚɲɢɧɵ ГаТМФ/RШОХХ Г020. ɋɤɨɪɨɫɬɶ ɪɚɫɬɹɠɟɧɢɹ ɫɨɫɬɚɜɥɹɥɚ 
η0 ɦɦ/ɦɢɧ. 

Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɬɟɩɟɧɢ ɤɪɢɫɬɚɥɥɢɱɧɨɫɬɢ ɨɛɪɚɡɰɨɜ ɢɡ ɩɨɥɢɷɬɢɥɟɧɚ ɢɫɩɨɥɶɡɨ-
ɜɚɥɢ ɦɟɬɨɞɢɤɢ ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɝɨ ɚɧɚɥɢɡɚ. Ɋɟɝɢɫɬɪɚɰɢɹ ɞɢɮɪɚɤɬɨɝɪɚɦɦ ɜɵɩɨɥɧɟɧɚ 
ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɞɢɮɪɚɤɬɨɦɟɬɪɚ Empyrean ɜ ɦɨɧɨɯɪɨɦɚɬɢɱɟɫɤɨɦ Cu Kα-ɢɡɥɭɱɟɧɢɢ  
(ɧɚ ɞɥɢɧɟ ɜɨɥɧɵ 0,1η418 ɧɦ), ɜ ɞɢɚɩɚɡɨɧɟ ɭɝɥɨɜ 2ș = 15–100 ɝɪɚɞɭɫɨɜ ɫ ɲɚɝɨɦ  
Δ2ș = 0,016 ɝɪɚɞɭɫɨɜ ɢ ɜɵɞɟɪɠɤɨɣ η0 ɫ. Ɋɚɫɲɢɮɪɨɜɤɚ ɞɢɮɪɚɤɬɨɝɪɚɦɦ ɩɪɨɜɟɞɟɧɚ c ɩɪɢ-
ɦɟɧɟɧɢɟɦ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɣ ɩɪɨɝɪɚɦɦɵ HighScore ɢ ɛɚɡɵ ɞɚɧɧɵɯ PDF-2. Ʉɨɥɢɱɟ-
ɫɬɜɟɧɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɮɚɡ ɢ ɩɟɪɢɨɞɵ ɪɟɲɟɬɤɢ ɨɩɪɟɞɟɥɟɧɵ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɩɨɥɧɨɩɪɨ-
ɮɢɥɶɧɨɝɨ ɦɟɬɨɞɚ Ɋɢɬɜɟɥɶɞɚ. 
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Ʉɨɪɨɛɥɟɧɢɟ ɨɛɪɚɡɰɚ ɯɚɪɚɤɬɟɪɢɡɨɜɚɥɢ ɜɟɥɢɱɢɧɨɣ ɈɊ – ɨɬɤɥɨɧɟɧɢɟɦ ɨɬ ɩɥɨɫɤɨ-
ɫɬɢ, ɬ. ɟ. ɦɚɤɫɢɦɚɥɶɧɵɦ ɫɦɟɳɟɧɢɟɦ ɩɨ ɜɟɪɬɢɤɚɥɢ ɧɢɠɧɟɣ ɝɪɚɧɢ ɥɨɩɚɬɤɢ (ɪɢɫ. 1), ɤɨɬɨ-
ɪɨɟ ɜɵɱɢɫɥɹɥɢ ɩɨ ɮɨɪɦɭɥɟ 
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Ɋɢɫ. 1. ɋɯɟɦɚ ɤ ɮɨɪɦɭɥɟ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɜɟɥɢɱɢɧɵ ɨɬɤɥɨɧɟɧɢɹ ɨɬ ɩɥɨɫɤɨɫɬɢ OP 

 
Ɋɟɡɭɥьɬаɬɵ и ɨɛɫɭɠɞɟɧиɟ 

ɇɚ ɪɢɫ. 2 ɩɪɢɜɟɞɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɨɬɤɥɨɧɟɧɢɹ ɨɬ ɩɥɨɫɤɨɫɬɢ ɨɬ ɬɟɦɩɟ-
ɪɚɬɭɪɵ ɫɨɩɥɚ FDM-ɩɪɢɧɬɟɪɚ. 
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Ɋɢɫ. 2. Ɂɚɜɢɫɢɦɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɨɬɤɥɨɧɟɧɢɹ ɨɛɪɚɡɰɨɜ ɨɬ ɩɥɨɫɤɨɫɬɢ  

ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɫɨɩɥɚ FDM-ɩɪɢɧɬɟɪɚ 
 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɩɪɢɜɟɞɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ, ɭɦɟɧɶɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɫɨɩɥɚ М 2θ0  
ɞɨ 200 °ɋ ɩɪɢɜɨɞɢɬ ɤ ɫɭɳɟɫɬɜɟɧɧɨɦɭ ɭɜɟɥɢɱɟɧɢɸ ɜɟɥɢɱɢɧɵ OP (ɨɬ 0,28±0,08 ɞɨ 
1,λ1±0,78 ɦɦ) ɢ ɩɪɨɝɢɛɭ ɩɥɨɫɤɨɫɬɢ ɞɟɬɚɥɢ (ɪɢɫ. γ). 
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Ɋɢɫ. γ. ȼɧɟɲɧɢɣ ɜɢɞ ɨɛɪɚɡɰɨɜ, 

ɩɨɥɭɱɟɧɧɵɯ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɫɨɩɥɚ FDM-ɩɪɢɧɬɟɪɚ 2θ0 (1) ɢ 200 °ɋ (2) 
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ɇɚ ɪɢɫ. 4 ɩɪɢɜɟɞɟɧɵ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɛɪɚɡɰɨɜ, ɩɨɥɭɱɟɧ-
ɧɵɯ ɩɪɢ ɪɚɡɥɢɱɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɝɨɥɨɜɤɢ ɷɤɫɬɪɭɞɟɪɚ FDM-ɩɪɢɧɬɟɪɚ. 
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Ɋɢɫ. 4. Ɂɚɜɢɫɢɦɨɫɬɢ ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ ɢ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɭɞɥɢɧɟɧɢɹ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɫɨɩɥɚ 

 
Ʉɚɤ ɜɢɞɧɨ ɢɡ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɞɚɧɧɵɯ, ɭɜɟɥɢɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɷɤɫɬɪɭɞɢɪɨɜɚɧɢɹ 

ɩɨɥɢɦɟɪɧɨɣ ɧɢɬɢ ɩɪɢɜɨɞɢɬ ɤ ɦɨɧɨɬɨɧɧɨɦɭ ɭɜɟɥɢɱɟɧɢɸ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɭɞɥɢɧɟɧɢɹ – ɨɬ 
220 ɞɨ 280 %. ɉɪɢ ɷɬɨɦ ɜɟɥɢɱɢɧɚ ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ ɨɫɬɚɟɬɫɹ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɫɬɨɹɧɧɨɣ 
ɢ ɫɨɫɬɚɜɥɹɟɬ 8,θ–λ,γ Ɇɉɚ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɡɧɚɱɟɧɢɹ ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ ɢ ɨɬɧɨ-
ɫɢɬɟɥɶɧɨɝɨ ɭɞɥɢɧɟɧɢɹ ɨɛɪɚɡɰɨɜ ɩɨɥɢɷɬɢɥɟɧɚ, ɩɨɥɭɱɟɧɧɵɯ ɫɩɨɫɨɛɨɦ ɥɢɬɶɹ ɩɨɞ ɞɚɜɥɟ-
ɧɢɟɦ, ɫɨɫɬɚɜɥɹɸɬ 17,7±0,18 Ɇɉɚ ɢ 210,2±10,2η % ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

Ɋɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɵɣ ɚɧɚɥɢɡ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɫɬɟɩɟɧɶ ɤɪɢɫɬɚɥɥɢɱɧɨɫɬɢ ɢɫɫɥɟɞɨ-
ɜɚɧɧɵɯ ɨɛɪɚɡɰɨɜ ɫɥɚɛɨ ɡɚɜɢɫɢɬ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɫɨɩɥɚ ɢ ɭɦɟɧɶɲɚɟɬɫɹ ɫ 4θ ɞɨ 44 % ɩɪɢ 
ɭɜɟɥɢɱɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɫɨɩɥɚ ɨɬ 200 ɞɨ 2θ0 °ɋ. 

ȼɨɡɦɨɠɧɨɣ ɩɪɢɱɢɧɨɣ ɧɚɛɥɸɞɚɟɦɵɯ ɷɮɮɟɤɬɨɜ ɹɜɥɹɟɬɫɹ ɢɡɦɟɧɟɧɢɟ ɫɬɪɭɤɬɭɪɵ 
ɩɨɥɢɷɬɢɥɟɧɚ, ɤɨɬɨɪɨɟ ɢɧɢɰɢɢɪɭɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɝɨɥɨɜɤɢ ɷɤɫɬɪɭɞɟɪɚ. 
ɉɨɞɬɜɟɪɠɞɟɧɢɟɦ ɞɚɧɧɨɝɨ ɩɪɟɞɩɨɥɨɠɟɧɢɹ ɹɜɥɹɸɬɫɹ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɟɨɥɨɝɢ-
ɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢɫɯɨɞɧɨɝɨ ɮɢɥɚɦɟɧɬɚ ɢ ɨɛɪɚɡɰɨɜ ɩɨɥɢɷɬɢɥɟɧɚ, ɧɚɩɟɱɚɬɚɧɧɵɯ ɩɪɢ 
ɪɚɡɥɢɱɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɫɨɩɥɚ (ɪɢɫ. η). ɇɚ ɪɢɫ. 5, а ɩɪɢɜɟɞɟɧɵ ɢɡɦɟɧɟɧɢɹ ɦɨɞɭɥɟɣ 
ɧɚɤɨɩɥɟɧɢɹ ɢ ɩɨɬɟɪɶ ɢɫɯɨɞɧɨɝɨ ɮɢɥɚɦɟɧɬɚ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɩɪɨɰɟɫɫɟ 
ɧɚɝɪɟɜɚ. 
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Ɋɢɫ. η. Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɦɨɞɭɥɟɣ ɧɚɤɨɩɥɟɧɢɹ Gƍ ɢ ɩɨɬɟɪɶ Gƍƍ 
ɢɫɯɨɞɧɨɝɨ ɮɢɥɚɦɟɧɬɚ ɩɪɢ ɟɝɨ ɧɚɝɪɟɜɚɧɢɢ ɫ ɩɨɫɬɨɹɧɧɨɣ ɫɤɨɪɨɫɬɶɸ (а) 

ɢ ɬɚɧɝɟɧɫɚ ɭɝɥɚ ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɨɬɟɪɶ tgδ (ɛ) ɞɥɹ ɨɛɪɚɡɰɨɜ, 
ɧɚɩɟɱɚɬɚɧɧɵɯ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯμ 200 (1), 240 (2) ɢ 2θ0 °ɋ (3) 

 
Ʉɚɤ ɜɢɞɧɨ ɢɡ ɩɪɢɜɟɞɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ, ɩɪɢ ɩɨɜɵɲɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɫɩɥɚɜɚ 

>180 °ɋ ɧɚɛɥɸɞɚɟɬɫɹ ɪɨɫɬ ɦɨɞɭɥɹ ɧɚɤɨɩɥɟɧɢɹ Gƍ, ɱɬɨ ɦɨɠɟɬ ɛɵɬɶ ɫɜɹɡɚɧɨ ɤɚɤ ɫ ɩɪɨɰɟɫɫɨɦ 



ǽȜșȖȚȓȞțȩȓ ȚаȠȓȞȖаșȩ 

 

 

ȀǾȁДЫ  ВǶАǺ  № 7 (101)  2021                                                                                                                       53 

 

ɨɛɪɚɡɨɜɚɧɢɹ ɩɨɩɟɪɟɱɧɵɯ ɯɢɦɢɱɟɫɤɢɯ ɫɜɹɡɟɣ ɦɟɠɞɭ ɦɚɤɪɨɦɨɥɟɤɭɥɚɦɢ Дγγ, γ4Ж, ɬɚɤ ɢ ɫ 
ɭɜɟɥɢɱɟɧɢɟɦ ɩɥɨɬɧɨɫɬɢ ɮɢɡɢɱɟɫɤɢɯ ɭɡɥɨɜ ɫɟɬɤɢ ɡɚɰɟɩɥɟɧɢɹ Дγη, γθЖ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, 
ɱɬɨ ɯɨɬɹ ɤɪɢɜɚɹ ɦɨɞɭɥɹ ɧɚɤɨɩɥɟɧɢɹ ɧɟ ɩɟɪɟɫɟɤɚɟɬ ɤɪɢɜɭɸ ɦɨɞɭɥɹ ɩɨɬɟɪɶ, ɪɚɫɩɥɚɜ ɮɢ-
ɥɚɦɟɧɬɚ ɬɟɱɟɬ ɩɪɢ ɩɪɢɥɨɠɟɧɢɢ ɜɧɟɲɧɟɝɨ ɞɚɜɥɟɧɢɹ. ȼɟɥɢɱɢɧɚ ɩɨɜɵɲɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ 
ɪɚɫɩɥɚɜɚ ɫɨɫɬɚɜɥɹɟɬ 1,2 ɝ/ɦɢɧ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɥɨɤɚɥɶɧɨɫɬɢ ɩɪɨɰɟɫɫɨɜ ɫɬɪɭɤɬɭ-
ɪɢɪɨɜɚɧɢɹ. 

Ɉ ɫɬɪɭɤɬɭɪɢɪɨɜɚɧɢɢ ɪɚɫɩɥɚɜɚ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɝɨɥɨɜɤɢ ɷɤɫɬɪɭɞɟɪɚ 
ɬɚɤɠɟ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɬɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɬɚɧɝɟɧɫɚ ɭɝɥɚ ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɨɬɟɪɶ 
ɞɥɹ ɨɛɪɚɡɰɨɜ, ɧɚɩɟɱɚɬɚɧɧɵɯ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ (ɪɢɫ. η, ɛ). ɇɚɥɢɱɢɟ ɧɚ ɤɪɢ-
ɜɨɣ tgδ ɪɹɞɚ ɥɨɤɚɥɶɧɵɯ ɦɚɤɫɢɦɭɦɨɜ, ɩɨɤɚɡɵɜɚɟɬ ɩɪɢɫɭɬɫɬɜɢɟ ɜ ɪɚɫɩɥɚɜɟ ɪɹɞɚ ɩɨɞɫɢ-
ɫɬɟɦ ɫ ɪɚɡɥɢɱɧɵɦɢ ɜɪɟɦɟɧɚɦɢ ɪɟɥɚɤɫɚɰɢɢ. 

ɇɚ ɪɢɫ. θ ɩɪɟɞɫɬɚɜɥɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ɜɹɡɤɨɫɬɢ ɪɚɫɩɥɚɜɚ ɨɬ ɱɚɫɬɨɬɵ 
ɞɢɧɚɦɢɱɟɫɤɢɯ ɢɫɩɵɬɚɧɢɣ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɩɨɥɭɱɟɧɧɵɟ ɞɥɹ ɨɛɪɚɡɰɨɜ 
ɤɨɬɨɪɵɟ ɧɚɩɟɱɚɬɚɧɵ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɷɤɫɬɪɭɞɟɪɧɨɣ ɝɨɥɨɜɤɢ 200 ɢ 2θ0 °C. 
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Ɋɢɫ. θ. ɑɚɫɬɨɬɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɜɹɡɤɨɫɬɢ ɪɚɫɩɥɚɜɚ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɞɥɹ ɨɛɪɚɡɰɨɜ, 

ɧɚɩɟɱɚɬɚɧɧɵɯ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 200 ɢ 2θ0 °ɋ 
 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɩɪɢɜɟɞɟɧɧɵɯ ɞɚɧɧɵɯ, ɱɚɫɬɨɬɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɜɹɡɤɨɫɬɢ ɪɚɫɩɥɚɜɚ 
ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɛɨɥɶɲɟ ɬɟɦɩɟɪɚɬɭɪɵ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɞɥɹ ɨɛɪɚɡɰɨɜ, ɧɚɩɟɱɚɬɚɧɧɵɯ 
ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 200 ɢ 2θ0 °C, ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɨɬɥɢɱɚɸɬɫɹ. ɉɪɢ ɭɦɟɧɶɲɟɧɢɢ 
ɬɟɦɩɟɪɚɬɭɪɵ ɞɨ 80–100 °C ɜɹɡɤɨɫɬɶ ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɨɞɧɚɤɨ ɦɚɫɲɬɚɛ ɷɬɨɝɨ ɭɜɟɥɢɱɟɧɢɹ 
ɫɭɳɟɫɬɜɟɧɧɨ ɪɚɡɥɢɱɚɟɬɫɹμ ɟɫɥɢ ɞɥɹ ɨɛɪɚɡɰɚ, ɩɨɥɭɱɟɧɧɨɝɨ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɫɨɩɥɚ 
260 °ɋ, ɜɹɡɤɨɫɬɶ ɩɪɢ ɱɚɫɬɨɬɟ 0,1 Ƚɰ ɢɡɦɟɧɹɟɬɫɹ ɨɬ 8·103 ɞɨ γ·104 ɉɚ·ɫ, ɬɨ  
ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɩɟɱɚɬɢ ɨɛɪɚɡɰɚ 200 °ɋ ɢɡɦɟɧɟɧɢɟ ɜɹɡɤɨɫɬɢ ɨɤɚɡɵɜɚɟɬɫɹ ɨɬ 8·103 ɞɨ 
2·105–1·106 ɉɚ·ɫ, ɬ. ɟ. ɧɚ ɞɜɚ ɩɨɪɹɞɤɚ ɛɨɥɶɲɟ. 

ɋɨɝɥɚɫɧɨ ɩɨɞɯɨɞɭ, ɤɨɬɨɪɵɣ ɩɪɟɞɥɨɠɟɧ ɜ ɪɚɛɨɬɟ Дγ7Ж, ɜɹɡɤɨɫɬɶ η ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɫɢɥɚɦɢ ɦɟɠɦɨɥɟɤɭɥɹɪɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ, ɤɨɬɨɪɵɟ ɡɚɜɢɫɹɬ ɨɬ ɫɪɟɞɧɟɝɨ ɪɚɫɫɬɨɹɧɢɹ 
ɦɟɠɞɭ ɦɨɥɟɤɭɥɚɦɢ, ɚ ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɨɬ ɦɨɥɹɪɧɨɝɨ ɨɛɴɟɦɚ ɜɟɳɟɫɬɜɚ Vm, ɢ ɦɨɠɟɬ ɛɵɬɶ 
ɜɵɪɚɠɟɧɚ ɜ ɜɢɞɟ 
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,
η

bV
ɫ

m       (1) 

ɝɞɟ c ɢ b – ɤɨɧɫɬɚɧɬɵ; Vm = ȝ/ρ(T); ȝ – ɦɨɥɟɤɭɥɹɪɧɚɹ ɦɚɫɫɚ; ρ – ɩɥɨɬɧɨɫɬɶ. 
 

Ⱦɥɹ ɭɞɨɛɫɬɜɚ ɞɚɥɶɧɟɣɲɟɝɨ ɚɧɚɥɢɡɚ ɩɪɟɞɫɬɚɜɢɦ ɮɨɪɦɭɥɭ (1) ɜ ɜɢɞɟ 

.
)(ρȝ

)(ρ
)(η

Ɍb

ɌɫɌ       (2) 

Ɏɢɡɢɱɟɫɤɢɣ ɫɦɵɫɥ ɮɨɪɦɭɥɵ (2) ɨɱɟɜɢɞɟɧ. ɉɪɢ ɦɚɥɵɯ ɡɧɚɱɟɧɢɹɯ ɩɥɨɬɧɨɫɬɢ 
ɜɹɡɤɨɫɬɶ ɥɢɧɟɣɧɨ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɩɥɨɬɧɨɫɬɢ, ɚ ɩɪɢ ɛɨɥɶɲɢɯ ɩɥɨɬɧɨɫɬɹɯ 
ɩɪɚɤɬɢɱɟɫɤɢ ɨɬ ɩɥɨɬɧɨɫɬɢ ɧɟ ɡɚɜɢɫɢɬ ɢ ɨɫɬɚɟɬɫɹ ɩɨɫɬɨɹɧɧɨɣ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɟɦ ɛɨɥɶɲɟ ɢɡɦɟɧɟɧɢɟ ɜɹɡɤɨɫɬɢ ɩɪɢ ɭɦɟɧɶɲɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ, 
ɬɟɦ ɛɨɥɶɲɢɦ ɛɭɞɟɬ ɢɡɦɟɧɟɧɢɟ ɩɥɨɬɧɨɫɬɢ, ɚ ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢ ɭɫɚɞɤɚ ɩɪɢ ɡɚɫɬɵɜɚɧɢɢ 
ɪɚɫɩɥɚɜɚ. ɂɦɟɧɧɨ ɬɚɤɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɧɚɛɥɸɞɚɟɬɫɹ ɜ ɨɩɢɫɵɜɚɟɦɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɯ. 
ɉɨɥɭɱɟɧɧɵɣ ɪɟɡɭɥɶɬɚɬ ɤɨɪɪɟɥɢɪɭɟɬ ɫ ɞɚɧɧɵɦɢ ɪɚɛɨɬɵ Дγ8Ж ɢ ɩɨɡɜɨɥɹɟɬ ɨɛɨɫɧɨɜɚɬɶ 
ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɪɟɨɥɨɝɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ ɞɥɹ ɜɵɛɨɪɚ ɫɨɫɬɚɜɚ 
ɮɢɥɚɦɟɧɬɚ ɞɥɹ FDM-ɩɟɱɚɬɢ. 

Ʉɨɫɜɟɧɧɵɦ ɩɨɞɬɜɟɪɠɞɟɧɢɟɦ ɜɥɢɹɧɢɹ ɧɚ ɫɬɪɭɤɬɭɪɭ ɩɨɥɢɦɟɪɚ ɬɟɦɩɟɪɚɬɭɪɵ 
ɩɟɱɚɬɢ ɫɥɭɠɚɬ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɨɛɪɚɡɰɨɜ ɩɨɥɢɷɬɢɥɟɧɚ, 
ɧɚɩɟɱɚɬɚɧɧɵɯ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 200 (ɪɢɫ. 7, а–в) ɢ 2θ0 °ɋ (ɪɢɫ. 7, ɝ–ɟ). ȿɫɥɢ ɫɱɢɬɚɬɶ, 
ɱɬɨ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɨɝɨ ɬɪɚɜɥɟɧɢɹ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɞɟɫɬɪɭɤɬɢɪɭɸɬ 
ɭɱɚɫɬɤɢ ɦɚɬɪɢɰɵ ɫ ɦɚɥɵɦ ɦɟɠɦɨɥɟɤɭɥɹɪɧɵɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ, ɬɨ ɧɚ ɨɫɧɨɜɚɧɢɢ 
ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɦɢɤɪɨɫɬɪɭɤɬɭɪ ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɤɨɥɢɱɟɫɬɜɨ ɬɚɤɢɯ ɨɛɥɚɫɬɟɣ ɜ 
ɨɛɪɚɡɰɟ, ɷɤɫɬɪɭɞɢɪɨɜɚɧɧɨɦ ɩɪɢ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɭɜɟɥɢɱɢɜɚɟɬɫɹ. ɉɨ-
ɜɢɞɢɦɨɦɭ, ɷɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɦɟɧɟɟ ɩɥɨɬɧɨɣ ɭɩɚɤɨɜɤɟ ɦɨɥɟɤɭɥ ɜ ɬɚɤɨɦ ɨɛɪɚɡɰɟ. 
 

ɛ)а)

ɝ)

в)

ɟ)ɞ)

 
 

Ɋɢɫ. 7. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɵ ɨɛɪɚɡɰɨɜ ɩɨɥɢɷɬɢɥɟɧɚ, ɩɨɥɭɱɟɧɧɵɯ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɫɨɩɥɚ 
ɷɤɫɬɪɭɞɟɪɧɨɣ ɝɨɥɨɜɤɢ 200 (а–в) ɢ 2θ0 °ɋ (ɝ–ɟ), ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɭɜɟɥɢɱɟɧɢɹɯ 
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ɇɚɢɛɨɥɟɟ ɜɟɪɨɹɬɧɨɣ ɩɪɢɱɢɧɨɣ ɢɡɦɟɧɟɧɢɹ ɫɬɪɭɤɬɭɪɵ ɩɨɥɢɷɬɢɥɟɧɚ ɹɜɥɹɟɬɫɹ 
ɢɡɦɟɧɟɧɢɟ ɩɪɨɬɟɤɚɧɢɹ ɩɪɨɰɟɫɫɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɢɡ-ɡɚ ɱɚɫɬɢɱɧɨɣ ɬɟɪɦɨɨɤɢɫɥɢɬɟɥɶɧɨɣ 
ɞɟɫɬɪɭɤɰɢɢ ɩɨɥɢɦɟɪɧɨɣ ɦɚɬɪɢɰɵ ɜ ɷɤɫɬɪɭɞɟɪɧɨɣ ɝɨɥɨɜɤɟ γD-ɩɪɢɧɬɟɪɚ. ɉɪɢ ɨɯɥɚɠɞɟɧɢɢ 
ɪɚɫɩɥɚɜɚ, ɤɨɬɨɪɵɣ ɫɨɞɟɪɠɢɬ ɮɪɚɝɦɟɧɬɵ ɫ ɦɟɧɶɲɟɣ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɨɣ, ɜ ɩɟɪɜɭɸ 
ɨɱɟɪɟɞɶ ɩɪɨɢɫɯɨɞɢɬ ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ ɢɦɟɧɧɨ ɷɬɢɯ ɮɪɚɝɦɟɧɬɨɜ ɡɚ ɫɱɟɬ ɢɯ ɛɨɥɟɟ ɜɵɫɨɤɨɣ 
ɩɨɞɜɢɠɧɨɫɬɢ. Ɉɛɪɚɡɨɜɚɜɲɢɟɫɹ ɤɪɢɫɬɚɥɥɢɬɵ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɬɨɪɦɨɡɹɬ ɞɜɢɠɟɧɢɟ 
ɩɨɥɢɦɟɪɧɵɯ ɰɟɩɟɣ ɦɨɥɟɤɭɥ ɜ ɚɦɨɪɮɧɵɯ ɨɛɥɚɫɬɹɯ, ɬɟɦ ɫɚɦɵɦ ɡɚɦɟɞɥɹɹ ɫɤɥɚɞɵɜɚɧɢɟ ɜ 
ɤɪɢɫɬɚɥɥɵ ɰɟɩɟɣ ɫ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɨɣ ɢ ɭɦɟɧɶɲɚɹ ɫɨɨɬɧɨɲɟɧɢɟ ɦɟɠɞɭ 
ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɢ ɚɦɨɪɮɧɨɣ ɮɚɡɚɦɢ ɜ ɡɚɫɬɵɜɲɟɦ ɪɚɫɩɥɚɜɟ. ɍɜɟɥɢɱɟɧɢɟ ɞɨɥɢ ɩɨɥɢɦɟɪɚ 
«ɡɚɫɬɟɤɥɨɜɚɧɧɨɝɨ» ɜ ɚɦɨɪɮɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɭɦɟɧɶɲɚɟɬ ɢɡɦɟɧɟɧɢɟ ɨɛɴɟɦɚ ɪɚɫɩɥɚɜɚ ɩɪɢ 
ɟɝɨ ɡɚɫɬɵɜɚɧɢɢ, ɚ ɬɚɤɠɟ ɭɫɚɞɨɱɧɵɟ ɹɜɥɟɧɢɹ Д20Ж. 

ɇɚ ɪɢɫ. 8, а ɩɪɢɜɟɞɟɧɵ ɞɚɧɧɵɟ ɬɟɪɦɨɝɪɚɜɢɦɟɬɪɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ, 
ɩɨɤɚɡɵɜɚɸɳɢɟ, ɱɬɨ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɱɚɥɚ ɩɨɬɟɪɢ ɦɚɫɫɵ ɜ ɢɫɯɨɞɧɨɦ ɩɨɥɢɷɬɢɥɟɧɟ 
ɫɨɫɬɚɜɥɹɟɬ 2γη °ɋ. ɉɨɫɥɟ ɷɤɫɬɪɭɡɢɢ ɩɨɥɢɷɬɢɥɟɧɚ ɩɪɢ 2θ0 °ɋ ɷɬɚ ɜɟɥɢɱɢɧɚ 
ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɞɨ 240 °ɋ, ɩɪɢ ɷɬɨɦ ɫɤɨɪɨɫɬɶ ɩɨɬɟɪɢ ɦɚɫɫɵ ɨɤɚɡɵɜɚɟɬɫɹ ɛɨɥɟɟ ɜɵɫɨɤɨɣ, 
ɱɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬ ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɨ ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɨɬɟɤɚɧɢɹ ɩɪɨɰɟɫɫɚ ɬɟɪɦɨ-
ɨɤɢɫɥɢɬɟɥɶɧɨɣ ɞɟɫɬɪɭɤɰɢɢ ɜ ɫɨɩɥɟ ɩɪɢɧɬɟɪɚ. ɇɚ ɪɢɫ. 8, ɛ ɩɪɢɜɟɞɟɧɵ ɤɪɢɜɵɟ ȾɋɄ 
ɮɢɥɚɦɟɧɬɚ, ɩɨɞɜɟɪɝɧɭɬɨɝɨ ɞɟɣɫɬɜɢɸ ɰɢɤɥɚ «ɧɚɝɪɟɜ–ɨɯɥɚɠɞɟɧɢɟ–ɩɨɜɬɨɪɧɵɣ ɧɚɝɪɟɜ».  
ȼ ɯɨɞɟ ɜɬɨɪɨɝɨ ɩɪɨɝɪɟɜɚ ɧɚ ȾɋɄ-ɤɪɢɜɨɣ ɩɨɹɜɥɹɸɬɫɹ ɩɟɪɟɝɢɛɵ ɜ ɨɛɥɚɫɬɢ ɬɟɦɩɟɪɚɬɭɪ, 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɧɚɱɚɥɭ ɪɟɥɚɤɫɚɰɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ ɜ ɩɨɥɢɷɬɢɥɟɧɟ – ɨɤɨɥɨ η0–55 °ɋ, 
ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɛɵɬɶ ɢɧɬɟɪɩɪɟɬɢɪɨɜɚɧɵ ɤɚɤ «ɯɨɥɨɞɧɚɹ» ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ ɢɡ 
«ɡɚɫɬɟɤɥɨɜɚɧɧɨɝɨ» ɩɪɢ ɨɯɥɚɠɞɟɧɢɢ ɚɦɨɪɮɧɨɝɨ ɫɨɫɬɨɹɧɢɹ. Ʉɪɨɦɟ ɬɨɝɨ, ɜɟɥɢɱɢɧɚ 
ɬɟɩɥɨɜɨɝɨ ɷɮɮɟɤɬɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɬɨɧɤɢɯ ɩɥɟɧɨɤ ɩɨɥɢɷɬɢɥɟɧɚ, ɷɤɫɬɪɭɞɢɪɨɜɚɧɧɵɯ ɢɡ 
ɫɨɩɥɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 2θ0 ɢ 200 °ɋ, ɫɨɫɬɚɜɥɹɟɬ 47 ɢ θ2 Ⱦɠ/ɝ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɱɬɨ 
ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɦɟɧɶɲɟɣ ɫɬɟɩɟɧɢ ɤɪɢɫɬɚɥɥɢɱɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ, ɧɚɩɟɱɚɬɚɧɧɨɝɨ ɩɪɢ 
ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. 
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Ɋɢɫ. 8. ȾɋɄ-ɤɪɢɜɵɟμ а – ɢɫɯɨɞɧɨɝɨ ɩɨɥɢɷɬɢɥɟɧɚ (1), 
ɩɨɥɢɷɬɢɥɟɧɚ, ɧɚɩɟɱɚɬɚɧɧɨɝɨ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 200 (2) ɢ 2θ0 °ɋ (3); 

ɛ – ɮɢɥɚɦɟɧɬɚ ɜ ɯɨɞɟ ɰɢɤɥɚ ɧɚɝɪɟɜ (1), ɨɯɥɚɠɞɟɧɢɟ, ɩɨɜɬɨɪɧɵɣ ɧɚɝɪɟɜ (2) 

 
Ɂаɤɥɸчɟɧия 

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɫɨɩɥɚ FDM-ɩɪɢɧɬɟɪɚ ɤɨɪɨɛɥɟɧɢɟ ɨɛ-
ɪɚɡɰɨɜ ɩɨɥɢɷɬɢɥɟɧɚ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɩɨɥɢɚɦɢɞɨɦ ɫ ɞɟɤɚɛɪɨɦɞɢɮɟɧɢɥɨɤɫɢɞɨɦ ɢ 
ɬɟɯɧɢɱɟɫɤɢɦ ɭɝɥɟɪɨɞɨɦ, ɭɦɟɧɶɲɚɟɬɫɹ. ɂɡɦɟɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɫɨɩɥɚ ɨɬ 200 ɞɨ 2θ0 °ɋ 
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ɩɪɢɜɨɞɢɬ ɤ ɭɦɟɧɶɲɟɧɢɸ ɨɬɤɥɨɧɟɧɢɹ ɨɬ ɩɥɨɫɤɨɫɬɢ ɜ 8 ɪɚɡ. ɉɪɢ ɷɬɨɦ ɩɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ 
ɨɫɬɚɟɬɫɹ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟɢɡɦɟɧɧɵɦ, ɚ ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɭɞɥɢɧɟɧɢɟ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɧɚ γ0 %. 

Ɇɟɬɨɞɚɦɢ ɪɟɨɥɨɝɢɱɟɫɤɢɯ ɢ ɦɢɤɪɨɫɬɪɭɤɬɭɪɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ 
ɧɚɛɥɸɞɚɟɦɵɣ ɷɮɮɟɤɬ ɫɜɹɡɚɧ ɫ ɢɡɦɟɧɟɧɢɟɦ ɫɬɪɭɤɬɭɪɵ ɩɨɥɢɷɬɢɥɟɧɚ, ɤɨɬɨɪɨɟ ɢɧɢɰɢɢɪɭ-
ɟɬɫɹ ɩɨɜɵɲɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɝɨɥɨɜɤɢ ɷɤɫɬɪɭɞɟɪɚ ɩɪɢɧɬɟɪɚ. 

ɇɚɢɛɨɥɟɟ ɜɟɪɨɹɬɧɨɣ ɩɪɢɱɢɧɨɣ ɢɡɦɟɧɟɧɢɹ ɫɬɪɭɤɬɭɪɵ ɩɨɥɢɷɬɢɥɟɧɚ ɹɜɥɹɟɬɫɹ ɢɡ-
ɦɟɧɟɧɢɟ ɩɪɨɬɟɤɚɧɢɹ ɩɪɨɰɟɫɫɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɢɡ-ɡɚ ɱɚɫɬɢɱɧɨɣ ɬɟɪɦɨɨɤɢɫɥɢɬɟɥɶɧɨɣ 
ɞɟɫɬɪɭɤɰɢɢ ɩɨɥɢɦɟɪɧɨɣ ɦɚɬɪɢɰɵ ɜ ɷɤɫɬɪɭɞɟɪɧɨɣ ɝɨɥɨɜɤɟ γD-ɩɪɢɧɬɟɪɚ. ɗɬɨ ɩɪɢɜɨɞɢɬ ɤ 
ɭɜɟɥɢɱɟɧɢɸ ɞɨɥɢ ɩɨɥɢɦɟɪɚ «ɡɚɫɬɟɤɥɨɜɚɧɧɨɝɨ» ɜ ɚɦɨɪɮɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɭɦɟɧɶɲɚɟɬ ɢɡ-
ɦɟɧɟɧɢɟ ɨɛɴɟɦɚ ɪɚɫɩɥɚɜɚ ɩɪɢ ɟɝɨ ɡɚɫɬɵɜɚɧɢɢ, ɚ ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɫɧɢɠɚɟɬ ɭɫɚɞɤɭ. 

Ɉɛɨɫɧɨɜɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɪɟɨɥɨɝɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɞɥɹ ɜɵɛɨɪɚ ɫɨɫɬɚɜɚ ɮɢɥɚɦɟɧɬɚ ɞɥɹ FDM-ɩɟɱɚɬɢ. 

 
ɋɬаɬɶɹ ɩɨɞɝɨɬɨвɥɟɧа в ɪаɦɤаɯ вɵɩɨɥɧɟɧɢɹ ɪаɛɨɬ ɩɨ ɝɪаɧɬɭ ɊɎɎИ № 18-29-

03253 «Иɫɫɥɟɞɨваɧɢɟ вɨɡɦɨɠɧɨɫɬɢ FDM-ɩɟɱаɬɢ ɧаɧɨɤɨɦɩɨɡɢɬɨв ɧа ɨɫɧɨвɟ ɩɨɥɢɨɥɟ-
ɮɢɧɨв ɢ ɧаɧɨɪаɡɦɟɪɧɨɝɨ вɨɥɨɤɧа ɨɤɫɢɞа аɥɸɦɢɧɢɹ Nafen, ɩɨɥɭɱɟɧɧɵɯ ɦɟɬɨɞɨɦ in situ 
ɩɨɥɢɦɟɪɢɡаɰɢɢ ɫ аɩɩɪɟɬɢɪɨваɧɢɟɦ вɨɥɨɤɧа». 
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ɉɪɟɞɫɬавɥɟɧɵ ɨɛɡɨɪ ɢɫɩɨɥɶɡɭɟɦɵɯ ɡвɭɤɨɩɨɝɥɨɳаɸɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ (ɁɉɄ), а ɬаɤɠɟ 
ɧаɩɪавɥɟɧɢɹ ɢɫɫɥɟɞɨваɧɢɣ ɩɨ ɫɨвɟɪɲɟɧɫɬвɨваɧɢɸ ɤаɤ ɫаɦɢɯ ɤɨɧɫɬɪɭɤɰɢɣ, ɬаɤ ɢ ɩɪɢɦɟ-
ɧɹɟɦɵɯ ɞɥɹ ɢɯ ɢɡɝɨɬɨвɥɟɧɢɹ ɦаɬɟɪɢаɥɨв. Ɋаɫɫɦɨɬɪɟɧɵ ɩɪɟɢɦɭɳɟɫɬва ɢ ɧɟɞɨɫɬаɬɤɢ 
ɫɭɳɟɫɬвɭɸɳɢɯ ваɪɢаɧɬɨв ɁɉɄ. Ʉɥаɫɫɢɮɢɰɢɪɨваɧɵ ɢ ɨɩɢɫаɧɵ ɨɫɧɨвɧɵɟ ɩɨɞɯɨɞɵ ɤ ɪɟ-
ɲɟɧɢɸ вɨɩɪɨɫа ɩɨвɵɲɟɧɢɹ аɤɭɫɬɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢвɧɨɫɬɢ ɬаɤɢɯ ɤɨɧɫɬɪɭɤɰɢɣ. ɉɪɢвɟɞɟ-
ɧɵ ɩɪɟɢɦɭɳɟɫɬва ɢ ɧɟɞɨɫɬаɬɤɢ ɩɪаɤɬɢɱɟɫɤɨɣ ɪɟаɥɢɡаɰɢɢ ɤаɠɞɨɝɨ ɩɨɞɯɨɞа. ɋɞɟɥаɧ вɵ-
вɨɞ ɨ ɧаɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢвɧɨɦ ɧаɩɪавɥɟɧɢɢ ɢɫɫɥɟɞɨваɧɢɣ.  

Ключевые слова: ɡвɭɤɨɩɨɝɥɨɳаɸɳɢɣ ɦаɬɟɪɢаɥ, ɡвɭɤɨɩɨɝɥɨɳаɸɳаɹ ɤɨɧɫɬɪɭɤɰɢɹ, аɤɭ-
ɫɬɢɱɟɫɤаɹ ɷɮɮɟɤɬɢвɧɨɫɬɶ, ɩɨвɟɪɯɧɨɫɬɧаɹ ɩɥɨɬɧɨɫɬɶ, ɩɨɪɢɫɬɵɣ ɦаɬɟɪɢаɥ, ɷɤɫɩɥɭаɬа-
ɰɢɨɧɧɵɟ ɫвɨɣɫɬва. 

 
E.M. Shuldeshov1, I.D. Kraev1, E.P. Obraztsova1 
 
MATERIALS  FOR  SOUND-PROOF  DESIGNS 
OF  AIRCRAFT  ENGINES  (review) 
 

An overview of applied sound-proof designs, and also the directions of researches on im-
provement both designs, and materials applied to their manufacturing. The advantages and dis-
advantages of the existing ZPK options are considered. The main approaches to the solution of 
question of increase of acoustic efficiency of sound-proof designs are classified and described. 
Advantages and shortcomings of practical implementation of each approach are given. The 
conclusion is drawn on the most perspective direction of researches. 

Keywords: sound-proof material, sound-proof design, acoustic efficiency, surface density, 
porous material, operational properties. 
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ɨɞɢɧ ɢɡ ɨɫɧɨɜɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ, ɤɨɬɨɪɵɣ ɧɚɯɨɞɢɬɫɹ ɧɚ ɜɬɨɪɨɦ ɦɟɫɬɟ ɩɨɫɥɟ ɨɛɟɫɩɟɱɟɧɢɹ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɨɥɟɬɚ Д1Ж.  
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ɚɜɢɚɰɢɢ (ɂɄȺɈ; International Civil Aviation Organization ‒ ICAO) ɢ ɩɪɢɦɟɧɹɸɬɫɹ ɞɥɹ 
ɪɚɫɱɟɬɚ ɡɨɧ ɡɚɲɭɦɥɟɧɧɨɫɬɢ ɚɷɪɨɩɨɪɬɨɜ Д2Ж. Ɉɬɫɭɬɫɬɜɢɟ ɞɚɧɧɵɯ ɢɥɢ ɢɯ ɧɟɫɨɨɬɜɟɬɫɬɜɢɟ 
ɬɪɟɛɨɜɚɧɢɹɦ ɂɄȺɈ ɜ ɪɹɞɟ ɫɬɪɚɧ ɩɪɢɜɨɞɢɬ ɥɢɛɨ ɤ ɡɚɩɪɟɬɭ ɷɤɫɩɥɭɚɬɚɰɢɢ ȼɋ, ɥɢɛɨ ɤ 
ɭɩɥɚɬɟ ɤɪɭɩɧɵɯ ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɲɬɪɚɮɨɜ. ɇɚɩɪɢɦɟɪ, ɫ 2002 ɝ. ȿɜɪɨɩɟɣɫɤɢɦ ɫɨɸɡɨɦ ɜ 
ɨɞɧɨɫɬɨɪɨɧɧɟɦ ɩɨɪɹɞɤɟ ɩɪɢɧɹɬɚ ɞɢɪɟɤɬɢɜɚ № 2002/γ0/ȿɋ, ɜɜɨɞɹɳɚɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ 
ɨɝɪɚɧɢɱɟɧɢɹ ɧɚ ɷɤɫɩɥɭɚɬɚɰɢɸ ȼɋ, ɭɪɨɜɧɢ ɲɭɦɚ ɤɨɬɨɪɵɯ ɧɟ ɢɦɟɸɬ ɡɚɩɚɫɚ ɜ η EPN ɞȻ ɢ 
ɛɨɥɟɟ ДγЖ. 
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ɉɨɫɤɨɥɶɤɭ ɬɪɟɛɨɜɚɧɢɹ ɩɨ ɭɪɨɜɧɸ ɲɭɦɚ ɧɚ ɦɟɫɬɧɨɫɬɢ ɢɦɟɸɬ ɬɟɧɞɟɧɰɢɸ ɤ ɭɠɟɫɬɨ-
ɱɟɧɢɸ, ɫɧɢɠɟɧɢɟ ɲɭɦɚ ɪɚɡɪɚɛɚɬɵɜɚɟɦɵɯ ɢ ɫɭɳɟɫɬɜɭɸɳɢɯ ȼɋ ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ  
ɡɚɞɚɱɟɣ.  

Ɉɫɧɨɜɧɵɦ ɢɫɬɨɱɧɢɤɨɦ ɚɤɭɫɬɢɱɟɫɤɨɣ ɷɦɢɫɫɢɢ ɝɪɚɠɞɚɧɫɤɢɯ ȼɋ ɹɜɥɹɟɬɫɹ ɞɜɢɝɚ-
ɬɟɥɶ. Ⱦɥɹ ɬɭɪɛɨɪɟɚɤɬɢɜɧɵɯ ɞɜɭɯɤɨɧɬɭɪɧɵɯ ɞɜɢɝɚɬɟɥɟɣ (ɌɊȾȾ) ɫɨ ɫɬɟɩɟɧɶɸ ɞɜɭɯɤɨɧ-
ɬɭɪɧɨɫɬɢ ˃8 ɲɭɦ ɜɟɧɬɢɥɹɬɨɪɚ ɹɜɥɹɟɬɫɹ ɞɨɦɢɧɢɪɭɸɳɢɦ ɧɚ ɪɟɠɢɦɚɯ ɜɡɥɟɬɚ ɢ ɧɚɛɨɪɚ 
ɜɵɫɨɬɵ. ɇɚ ɪɟɠɢɦɟ ɩɨɫɚɞɤɢ ɩɪɟɨɛɥɚɞɚɟɬ ɲɭɦ ɨɛɬɟɤɚɧɢɹ ɷɥɟɦɟɧɬɨɜ ɩɥɚɧɟɪɚ Д4Ж.  

ɋɭɳɟɫɬɜɭɸɳɢɟ ɫɩɨɫɨɛɵ ɫɧɢɠɟɧɢɹ ɲɭɦɚ ɌɊȾȾ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɞɜɟ ɤɚɬɟɝɨ-
ɪɢɢ ДηЖμ 

‒ ɫɧɢɠɟɧɢɟ ɝɟɧɟɪɚɰɢɢ ɲɭɦɚ ɷɥɟɦɟɧɬɚɦɢ ɞɜɢɝɚɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ (Ⱦɍ) ɢ ɪɟɚɤɬɢɜɧɨɣ 
ɫɬɪɭɟɣ. Ʉ ɞɚɧɧɨɣ ɤɚɬɟɝɨɪɢɢ ɨɬɧɨɫɹɬɫɹ ɫɥɟɞɭɸɳɢɟ ɫɩɨɫɨɛɵμ ɨɩɬɢɦɢɡɚɰɢɹ ɤɨɧɫɬɪɭɤɰɢɢ 
ɫɬɭɩɟɧɢ ɜɟɧɬɢɥɹɬɨɪɚ, ɨɩɬɢɦɢɡɚɰɢɹ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɢ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢ-
ɫɬɢɤ ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ, ɫɧɢɠɟɧɢɟ ɲɭɦɚ ɫɬɪɭɢ, ɫɧɢɠɟɧɢɟ ɲɭɦɚ, ɝɟɧɟɪɢɪɭɟɦɨɝɨ ɡɚ ɫɱɟɬ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫɬɪɭɢ ɢ ɷɥɟɦɟɧɬɨɜ ɮɸɡɟɥɹɠɚ. Ɋɟɚɥɢɡɚɰɢɹ ɞɚɧɧɵɯ ɫɩɨɫɨɛɨɜ ɦɨɠɟɬ ɩɪɢ-
ɜɨɞɢɬɶ ɤ ɭɯɭɞɲɟɧɢɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɌɊȾȾ (ɭɜɟɥɢɱɟɧɢɸ ɦɚɫɫɵ, ɭɦɟɧɶɲɟɧɢɸ ɬɹɝɢ 
ɢ ɬ. ɞ.); 

‒ ɫɧɢɠɟɧɢɟ ɲɭɦɚ ɩɪɢ ɟɝɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɢ. Ʉ ɞɚɧɧɨɣ ɤɚɬɟɝɨɪɢɢ ɨɬɧɨɫɹɬɫɹ ɫɥɟɞɭɸ-
ɳɢɟ ɫɩɨɫɨɛɵμ ɨɩɬɢɦɢɡɚɰɢɹ ɮɨɪɦɵ ɤɚɧɚɥɚ ɢ ɜɵɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ ɜɨɡɞɭɯɨɡɚɛɨɪɧɢɤɚ, 
ɷɤɪɚɧɢɪɨɜɚɧɢɟ ɲɭɦɚ ɫɬɪɭɢ ɢ ɜɟɧɬɢɥɹɬɨɪɚ Ⱦɍ ɩɥɚɧɟɪɨɦ ȼɋ ДθЖ, ɩɪɢɦɟɧɟɧɢɟ ɡɜɭɤɨɩɨ-
ɝɥɨɳɚɸɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ (ɁɉɄ) ɜ ɫɥɟɞɭɸɳɢɯ ɭɡɥɚɯμ ɜɨɡɞɭɯɨɡɚɛɨɪɧɵɣ ɤɚɧɚɥ, ɨɛɟ ɩɨ-
ɜɟɪɯɧɨɫɬɢ ɤɚɧɚɥɚ ɧɚɪɭɠɧɨɝɨ ɤɨɧɬɭɪɚ, ɤɚɦɟɪɚ ɫɦɟɲɟɧɢɹ ɩɨɬɨɤɨɜ ɤɚɧɚɥɨɜ ɜɧɭɬɪɟɧɧɟɝɨ ɢ 
ɧɚɪɭɠɧɨɝɨ ɤɨɧɬɭɪɚ. Ʉ ɨɝɪɚɧɢɱɢɜɚɸɳɢɦ ɮɚɤɬɨɪɚɦ ɩɪɢɦɟɧɟɧɢɹ ɁɉɄ ɦɨɠɧɨ ɨɬɧɟɫɬɢ 
ɭɜɟɥɢɱɟɧɢɟ ɦɚɫɫɵ ɢɡɞɟɥɢɹ, ɚ ɜ ɪɹɞɟ ɫɥɭɱɚɟɜ ɨɬɫɭɬɫɬɜɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɪɚɡɦɟɳɟɧɢɹ ɁɉɄ 
ɜ ɭɡɥɚɯ ɭɠɟ ɫɭɳɟɫɬɜɭɸɳɢɯ ɞɜɢɝɚɬɟɥɟɣ. 

Ɉɩɵɬ ɪɚɡɪɚɛɨɬɤɢ ȼɋ ɩɨɤɚɡɚɥ, ɱɬɨ ɩɪɢɦɟɧɟɧɢɹ ɫɩɨɫɨɛɨɜ ɩɟɪɜɨɣ ɤɚɬɟɝɨɪɢɢ ɞɥɹ 
ɞɨɫɬɢɠɟɧɢɹ ɬɪɟɛɭɟɦɵɯ ɂɄȺɈ ɭɪɨɜɧɟɣ ɲɭɦɚ ɧɟɞɨɫɬɚɬɨɱɧɨ, ɩɨɷɬɨɦɭ ɜɨɩɪɨɫɵ ɫɧɢɠɟɧɢɹ 
ɲɭɦɚ ȼɋ ɧɟɪɚɡɪɵɜɧɨ ɫɜɹɡɚɧɵ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɁɉɄ ɜ ɤɚɧɚɥɚɯ ɫɢɥɨɜɨɣ ɭɫɬɚɧɨɜɤɢ ɢ ɜɨɡ-
ɞɭɯɨɡɚɛɨɪɧɢɤɟ Д7Ж.  

ȼ ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɪɚɫɫɦɨɬɪɟɧɵ ɜɨɩɪɨɫɵ ɪɚɡɪɚɛɨɬɤɢ ɢ ɫɨɡɞɚɧɢɹ ɧɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ 
ɢ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɪɟɲɟɧɢɣ ɞɥɹ ɁɉɄ.  

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɪɟɚɥɢɡɚɰɢɢ ɤɨɦɩɥɟɤɫɧɨɣ ɧɚɭɱɧɨɣ ɩɪɨɛɥɟɦɵ 1η.γ. 
«Ɇɚɬɟɪɢɚɥɵ ɢ ɩɨɤɪɵɬɢɹ ɞɥɹ ɡɚɳɢɬɵ ɨɬ ɗɆɂ, ɭɞɚɪɧɵɯ, ɜɢɛɪɚɰɢɨɧɧɵɯ, ɚɤɭɫɬɢɱɟɫɤɢɯ ɢ 
ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɜɨɡɞɟɣɫɬɜɢɣ» («ɋɬɪɚɬɟɝɢɱɟɫɤɢɟ ɧɚɩɪɚɜɥɟɧɢɹ ɪɚɡɜɢɬɢɹ ɦɚɬɟɪɢɚɥɨɜ ɢ 
ɬɟɯɧɨɥɨɝɢɣ ɢɯ ɩɟɪɟɪɚɛɨɬɤɢ ɧɚ ɩɟɪɢɨɞ ɞɨ 20γ0 ɝɨɞɚ»). 

 
ɉɪиɦɟɧяɟɦɵɟ ɦаɬɟɪиаɥɵ и ɤɨɧɫɬɪɭɤɰии 

Ⱥɤɬɢɜɧɵɟ ɪɚɛɨɬɵ ɩɨ ɪɚɡɪɚɛɨɬɤɟ ɁɉɄ ɧɚɱɚɥɢɫɶ ɜ 1λη0-ɟ ɝɝ. Ʉ ɡɜɭɤɨɩɨɝɥɨɳɚɸ-
ɳɢɦ ɤɨɧɫɬɪɭɤɰɢɹɦ ɩɟɪɜɵɯ ɦɨɞɢɮɢɤɚɰɢɣ ɩɪɟɞɴɹɜɥɹɥɢ ɫɥɟɞɭɸɳɢɟ ɬɪɟɛɨɜɚɧɢɹμ ɝɚɲɟɧɢɟ 
ɚɤɭɫɬɢɱɟɫɤɢɯ ɤɨɥɟɛɚɧɢɣ ɧɟ ɦɟɧɟɟ ɨɞɧɨɣ ɝɚɪɦɨɧɢɤɢ, ɫɧɢɠɟɧɢɟ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɫɨ-
ɩɪɨɬɢɜɥɟɧɢɹ, ɞɨɫɬɚɬɨɱɧɚɹ ɤɨɧɫɬɪɭɤɰɢɨɧɧɚɹ ɩɪɨɱɧɨɫɬɶ. ɉɟɪɜɵɟ ɜɚɪɢɚɧɬɵ ɁɉɄ ɜɤɥɸɱɚ-
ɥɢ ɩɟɪɮɨɪɢɪɨɜɚɧɧɭɸ ɨɛɲɢɜɤɭ ɢɡ ɦɟɬɚɥɥɚ ɢɥɢ ɚɫɛɨɰɟɦɟɧɬɚ ɢ ɡɚɩɨɥɧɢɬɟɥɶ ɢɡ ɫɥɨɟɜ ɜɨ-
ɥɨɤɧɢɫɬɵɯ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɨɫɧɨɜɟ ɫɬɟɤɥɨ-, ɦɢɧɟɪɚɥɶɧɵɯ ɢɥɢ ɞɪɭɝɢɯ ɬɢɩɨɜ ɜɨɥɨɤɨɧ Д8Ж. 
ȼɨɡɞɟɣɫɬɜɢɟ ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɚɝɪɟɫɫɢɜɧɵɯ ɠɢɞɤɨɫɬɟɣ (ɦɚɫɥɚ, ɤɟɪɨɫɢɧ ɢ ɬ. ɞ.), 
ɜɥɚɝɢ ɢ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ (ɩɵɥɶ, ɩɟɫɨɤ, ɫɚɠɚ) ɩɪɢɜɨɞɢɥɨ ɤ ɭɜɟɥɢɱɟɧɢɸ ɦɚɫɫɵ ɬɚ-
ɤɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɡɧɚɱɢɬɟɥɶɧɨɦɭ ɫɧɢɠɟɧɢɸ ɢɯ ɚɤɭɫɬɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ.  

ɉɚɪɚɥɥɟɥɶɧɨ ɜ ɚɜɢɚɰɢɨɧɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɩɨɥɭɱɢɥɚ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɪɚɤɬɢ-
ɤɚ ɩɪɢɦɟɧɟɧɢɹ ɫɨɬɨɜɵɯ ɡɚɩɨɥɧɢɬɟɥɟɣ ɜ ɫɨɫɬɚɜɟ ɬɪɟɯɫɥɨɣɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ. Ⱦɚɧɧɨɟ ɪɟɲɟ-
ɧɢɟ ɩɨɡɜɨɥɹɥɨ ɫɧɢɡɢɬɶ ɦɚɫɫɭ ɞɨ γ0 % ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɜɚɪɢɚɧɬɚɦɢ, ɫɨɫɬɨɹɳɢɦɢ ɢɡ ɨɛɲɢ-
ɜɨɤ, ɫɨɟɞɢɧɟɧɧɵɯ ɩɪɨɞɨɥɶɧɵɦɢ ɢɥɢ ɩɨɩɟɪɟɱɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ, ɚ ɬɚɤɠɟ ɨɛɟɫɩɟɱɢɬɶ  
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ɜɵɫɨɤɭɸ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɭɸ ɧɚɞɟɠɧɨɫɬɶ ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɬɟɯɧɨɥɨɝɢɱɧɨɫɬɶ ɩɪɨɢɡɜɨɞɫɬɜɚ 
ДλЖ. ɋ ɫɟɪɟɞɢɧɵ 1λθ0-ɯ ɝɝ. ɫɨɬɨɜɵɟ ɡɚɩɨɥɧɢɬɟɥɢ ɫɬɚɥɢ ɩɪɢɦɟɧɹɬɶɫɹ ɜ ɤɚɱɟɫɬɜɟ ɜɧɭɬɪɟɧ-
ɧɢɯ ɫɥɨɟɜ ɁɉɄ.  

Ɋɟɡɨɧɚɧɫɧɵɟ ɁɉɄ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɬɪɟɯɫɥɨɣɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ, ɮɪɨɧɬɚɥɶɧɚɹ 
ɨɛɲɢɜɤɚ ɤɨɬɨɪɵɯ ɩɟɪɮɨɪɢɪɨɜɚɧɚ (ɪɢɫ. 1). 

 

1

23
 

Ɋɢɫ. 1. ɋɯɟɦɚɬɢɱɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɨɞɧɨɫɥɨɣɧɨɣ ɡɜɭɤɨɩɨɝɥɨɳɚɸɳɟɣ ɤɨɧɫɬɪɭɤɰɢɢμ 1 – ɩɟɪ-
ɮɨɪɢɪɨɜɚɧɧɵɣ ɥɢɫɬ; 2 – ɫɨɬɨɜɵɣ ɡɚɩɨɥɧɢɬɟɥɶ; 3 – ɧɟɩɟɪɮɨɪɢɪɨɜɚɧɧɵɣ ɥɢɫɬ [10] 

 
Ʉɪɨɦɟ ɜɵɫɨɤɢɯ ɩɪɨɱɧɨɫɬɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɢ ɧɢɡɤɨɣ ɦɚɫɫɵ ɩɨɞɨɛɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ 

ɨɛɥɚɞɚɸɬ ɜɵɫɨɤɨɣ ɫɬɨɣɤɨɫɬɶɸ ɤ ɜɨɡɞɟɣɫɬɜɢɸ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɮɚɤɬɨɪɨɜ ɢ ɩɨɡɜɨɥɹɸɬ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɢɯ ɞɥɢɬɟɥɶɧɨɟ ɜɪɟɦɹ ɛɟɡ ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɭɯɭɞɲɟɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ. 

ɉɪɢɧɰɢɩ ɞɟɣɫɬɜɢɹ ɪɟɡɨɧɚɧɫɧɵɯ ɁɉɄ ɨɫɧɨɜɚɧ ɧɚ ɷɮɮɟɤɬɚɯ ɩɨɝɥɨɳɟɧɢɹ ɢ ɪɚɫɫɟɹ-
ɧɢɹ ɲɭɦɚ ɨɬɞɟɥɶɧɵɦɢ ɪɟɡɨɧɚɧɫɧɵɦɢ ɹɱɟɣɤɚɦɢ Д11Ж. ɋɧɢɠɟɧɢɟ ɚɤɭɫɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ 
ɩɪɨɢɫɯɨɞɢɬ ɛɥɚɝɨɞɚɪɹ ɨɛɪɚɡɨɜɚɧɢɸ ɜɢɯɪɟɣ ɩɪɢ ɩɪɨɯɨɠɞɟɧɢɢ ɜɨɥɧɵ ɱɟɪɟɡ ɨɬɜɟɪɫɬɢɹ 
ɩɟɪɮɨɪɢɪɨɜɚɧɧɨɝɨ ɫɥɨɹ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɢɯ ɪɚɫɫɟɢɜɚɧɢɟɦ Д12, 1γЖ. ɉɪɢ ɷɬɨɦ ɩɨɬɟɪɢ 
ɦɚɤɫɢɦɚɥɶɧɵ ɧɚ ɪɟɡɨɧɚɧɫɧɨɣ ɱɚɫɬɨɬɟ. 

Ɋɟɡɨɧɚɧɫɧɵɟ ɁɉɄ ɢɦɟɸɬ ɜɵɫɨɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ ɜ ɭɡɤɨɦ ɞɢɚɩɚ-
ɡɨɧɟ ɱɚɫɬɨɬ (ɧɟ ɛɨɥɟɟ η00–700 Ƚɰ) Д14Ж ɢ, ɤɚɤ ɩɪɚɜɢɥɨ, ɜɢɞ ɤɪɢɜɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɡɜɭɤɨ-
ɩɨɝɥɨɳɟɧɢɹ ɨɬ ɱɚɫɬɨɬɵ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɧɚ ɪɢɫ. 2. 
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Ɋɢɫ. 2. ɋɯɟɦɚɬɢɱɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɤɪɢɜɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ ɨɞɧɨɫɥɨɣɧɵɯ ɡɜɭ-
ɤɨɩɨɝɥɨɳɚɸɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɨɬ ɱɚɫɬɨɬɵ 

 
Ⱥɤɭɫɬɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɁɉɄ ɡɚɜɢɫɹɬ ɨɬ ɫɥɟɞɭɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜμ ɬɨɥɳɢɧɵ 

ɩɟɪɮɨɪɢɪɨɜɚɧɧɨɝɨ ɥɢɫɬɚ, ɩɪɨɰɟɧɬɚ ɩɟɪɮɨɪɚɰɢɢ (ɨɬɧɨɲɟɧɢɹ ɩɥɨɳɚɞɢ ɨɬɜɟɪɫɬɢɣ ɤ ɩɥɨ-
ɳɚɞɢ ɩɟɪɮɨɪɢɪɨɜɚɧɧɨɝɨ ɥɢɫɬɚ), ɞɢɚɦɟɬɪɚ ɨɬɜɟɪɫɬɢɣ, ɚ ɬɚɤɠɟ ɨɬ ɜɵɫɨɬɵ ɫɨɬɨɜɨɝɨ ɡɚ-
ɩɨɥɧɢɬɟɥɹ ɢ ɩɨɩɟɪɟɱɧɨɝɨ ɪɚɡɦɟɪɚ ɹɱɟɣɤɢ [5]. Ⱦɚɧɧɵɟ ɩɚɪɚɦɟɬɪɵ ɩɨɞɛɢɪɚɸɬ ɬɚɤɢɦ ɨɛ-
ɪɚɡɨɦ, ɱɬɨɛɵ ɩɨɥɭɱɢɬɶ ɨɩɬɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɢɦɩɟɞɚɧɫɚ, ɤɨɬɨɪɵɟ ɪɚɫɫɱɢɬɵɜɚɸɬ ɞɥɹ 
ɤɚɠɞɨɝɨ ɭɡɥɚ ɫɢɫɬɟɦɵ ɲɭɦɨɝɥɭɲɟɧɢɹ ɞɥɹ ɪɟɠɢɦɨɜ ɩɨɫɚɞɤɢ, ɧɚɛɨɪɚ ɜɵɫɨɬɵ ɢ ɜɡɥɟɬɚ 
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Д1ηЖ, ɫɨɡɞɚɜɚɹ ɬɚɤɢɟ ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ, ɩɪɢ ɤɨɬɨɪɵɯ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɚ-
ɬɭɯɚɧɢɟ ɲɭɦɚ ɩɪɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɢ ɡɜɭɤɚ ɜ ɤɚɧɚɥɚɯ Ⱦɍ Д1θЖ. Ɋɟɡɨɧɚɧɫɧɭɸ ɱɚɫɬɨɬɭ ɜɵ-
ɛɢɪɚɸɬ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɞɨɛɢɬɶɫɹ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɫɧɢɠɟɧɢɹ ɲɭɦɚ ɧɚ ɱɚɫɬɨɬɟ ɫɥɟ-
ɞɨɜɚɧɢɹ ɥɨɩɚɬɨɤ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ [17].  

Ʉɨɧɫɬɪɭɤɰɢɢ ɦɨɝɭɬ ɢɡɝɨɬɚɜɥɢɜɚɬɶ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɬɢɬɚɧɨɜɵɯ ɢɥɢ ɚɥɸɦɢɧɢɟɜɵɯ 
ɫɩɥɚɜɨɜ, ɧɟɪɠɚɜɟɸɳɢɯ ɫɬɚɥɟɣ Д14Ж ɢ ɩɨɥɢɦɟɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ Д18, 1λЖ. ɂɫɩɨɥɶɡɭɸɬɫɹ 
ɬɚɤɠɟ ɤɨɧɫɬɪɭɤɰɢɢ ɫ ɬɪɭɛɱɚɬɵɦ ɡɚɩɨɥɧɢɬɟɥɟɦ – ɧɚɩɪɢɦɟɪ, ɧɚ ɦɨɞɢɮɢɤɚɰɢɹɯ ɞɜɢɝɚɬɟɥɹ 
ɉɋ-λ0 (ɪɢɫ. γ) Д20Ж. 

 

 
Ɋɢɫ. γ. ɋɯɟɦɚɬɢɱɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɩɚɧɟɥɢ ɫ ɬɪɭɛɱɚɬɵɦ ɡɚɩɨɥɧɢɬɟɥɟɦ 

 
ɉɪɟɢɦɭɳɟɫɬɜɚ ɬɪɭɛɱɚɬɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɫɥɟɞɭɸɳɢɟμ ɜɨɡɦɨɠɧɨɫɬɶ ɫɥɢɜɚ ɠɢɞɤɨɫɬɢ 

ɢɡ ɁɉɄ ɛɥɚɝɨɞɚɪɹ ɨɛɪɚɡɨɜɚɧɢɸ ɫɩɥɨɲɧɵɯ ɤɚɧɚɥɨɜ ɢ ɩɨɜɵɲɟɧɢɸ ɩɪɨɱɧɨɫɬɢ ɤɥɟɟɜɨɝɨ 
ɫɨɟɞɢɧɟɧɢɹ ɡɚɩɨɥɧɢɬɟɥɹ ɫ ɨɛɲɢɜɤɚɦɢ ɜɫɥɟɞɫɬɜɢɟ ɭɜɟɥɢɱɟɧɢɹ ɩɥɨɳɚɞɢ ɤɨɧɬɚɤɬɚ. ɇɟɞɨ-
ɫɬɚɬɤɚɦɢ ɬɪɭɛɱɚɬɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɹɜɥɹɸɬɫɹμ ɦɟɧɶɲɚɹ ɚɤɭɫɬɢɱɟɫɤɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ, 
ɛɨɥɶɲɚɹ ɬɪɭɞɨɟɦɤɨɫɬɶ ɢɡɝɨɬɨɜɥɟɧɢɹ ɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɡɚɬɪɚɬɵ ɧɚ ɨɞɧɨɪɚɡɨɜɵɟ ɜɫɩɨɦɨ-
ɝɚɬɟɥɶɧɵɟ ɦɚɬɟɪɢɚɥɵ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɮɨɪɦɨɜɚɧɢɹ ɬɪɭɛɱɚɬɨɝɨ ɡɚɩɨɥɧɢɬɟɥɹ Д20Ж. 

ɇɟɞɨɫɬɚɬɤɢ ɨɩɢɫɚɧɧɵɯ ɪɟɡɨɧɚɧɫɧɵɯ ɁɉɄ ɫɥɟɞɭɸɳɢɟμ ɧɟɛɨɥɶɲɨɣ ɞɢɚɩɚɡɨɧ ɷɮ-
ɮɟɤɬɢɜɧɨɝɨ ɲɭɦɨɩɨɝɥɨɳɟɧɢɹ, ɫɥɨɠɧɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɚɤɭɫɬɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɧɚ 
ɩɨɡɞɧɢɯ ɫɬɚɞɢɹɯ ɪɚɡɪɚɛɨɬɤɢ Ⱦɍ, ɱɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ ɫɨɯɪɚɧɟɧɢɹ ɩɪɨɱ-
ɧɨɫɬɧɵɯ ɢ ɝɚɛɚɪɢɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɁɉɄ, ɚ ɬɚɤɠɟ ɡɚɜɢɫɢɦɨɫɬɶ ɚɤɭɫɬɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟ-
ɪɢɫɬɢɤ ɨɬ ɭɪɨɜɧɹ ɡɜɭɤɨɜɨɝɨ ɞɚɜɥɟɧɢɹ.  

ɍɠɟɫɬɨɱɟɧɢɟ ɬɪɟɛɨɜɚɧɢɣ ɩɨ ɲɭɦɭ ɧɚ ɦɟɫɬɧɨɫɬɢ ɩɪɢɜɟɥɨ ɤ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɪɚɫ-
ɲɢɪɟɧɢɹ ɱɚɫɬɨɬɧɨɝɨ ɞɢɚɩɚɡɨɧɚ ɷɮɮɟɤɬɢɜɧɨɝɨ ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ ɁɉɄ [15]. 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɩɨɜɵɲɟɧɢɸ ɚɤɭɫɬɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɁɉɄ ɜɵɩɨɥɧɹɸɬɫɹ 
ɩɨ ɩɹɬɢ ɧɚɩɪɚɜɥɟɧɢɹɦμ  

– ɭɜɟɥɢɱɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɫɥɨɟɜ ɪɟɡɨɧɚɧɫɧɵɯ ɁɉɄ; 
– ɪɚɡɪɚɛɨɬɤɚ ɢ ɭɬɨɱɧɟɧɢɟ ɪɚɫɱɟɬɧɵɯ ɦɨɞɟɥɟɣ ɤɚɤ ɁɉɄ, ɬɚɤ ɢ ɫɢɫɬɟɦ ɲɭɦɨɝɥɭɲɟɧɢɹ; 
– ɪɚɡɪɚɛɨɬɤɚ ɧɨɜɵɯ ɢɥɢ ɦɨɞɢɮɢɤɚɰɢɹ ɫɭɳɟɫɬɜɭɸɳɢɯ ɡɚɩɨɥɧɢɬɟɥɟɣ;  
– ɩɨɢɫɤ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɜɚɪɢɚɧɬɨɜ ɢɥɢ ɦɨɞɢɮɢɤɚɰɢɹ ɩɟɪɮɨɪɢɪɨɜɚɧɧɵɯ ɫɥɨɟɜ;  
– ɩɪɢɦɟɧɟɧɢɟ ɩɨɪɢɫɬɵɯ ɦɚɬɟɪɢɚɥɨɜ ɜ ɤɚɱɟɫɬɜɟ ɜɧɭɬɪɟɧɧɢɯ ɫɥɨɟɜ ɁɉɄ. 

Ɋɚɫɫɦɨɬɪɢɦ ɞɚɧɧɵɟ ɧɚɩɪɚɜɥɟɧɢɹ ɩɨɞɪɨɛɧɟɟ. 
 

ɍвɟɥɢɱɟɧɢɟ ɤɨɥɢɱɟɫɬва ɫɥɨɟв ɁɉɄ 
Ⱦɜɭɯɫɥɨɣɧɵɟ ɪɟɡɨɧɚɧɫɧɵɟ ɁɉɄ ɫ ɫɨɬɨɜɵɦ ɢ ɬɪɭɛɱɚɬɵɦ ɡɚɩɨɥɧɢɬɟɥɟɦ ɩɪɟɞɫɬɚɜ-

ɥɟɧɵ ɧɚ ɪɢɫ. 4 Д18, 21Ж. 
ȼɬɨɪɨɣ ɫɥɨɣ ɩɨɡɜɨɥɹɟɬ ɪɚɫɲɢɪɢɬɶ ɱɚɫɬɨɬɧɵɣ ɞɢɚɩɚɡɨɧ ɷɮɮɟɤɬɢɜɧɨɝɨ ɡɜɭɤɨɩɨ-

ɝɥɨɳɟɧɢɹ, ɩɨɫɤɨɥɶɤɭ ɩɨɹɜɥɹɟɬɫɹ ɛɨɥɶɲɟɟ ɱɢɫɥɨ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ Д22Ж, ɚ ɬɚɤɠɟ ɜɬɨɪɨɣ 
ɪɟɡɨɧɚɧɫɧɵɣ ɩɢɤ. ɋɯɟɦɚɬɢɱɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɤɪɢɜɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ 
ɞɜɭɯɫɥɨɣɧɵɯ ɁɉɄ ɨɬ ɱɚɫɬɨɬɵ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫ. η. 
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Ɋɢɫ. 4. ɋɯɟɦɚɬɢɱɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɞɜɭɯɫɥɨɣɧɨɣ ɡɜɭɤɨɩɨɝɥɨɳɚɸɳɟɣ ɤɨɧɫɬɪɭɤɰɢɢ ɫ ɫɨɬɨɜɵɦ 
(а: 1 – ɮɪɨɧɬɚɥɶɧɵɣ ɩɟɪɮɨɪɢɪɨɜɚɧɧɵɣ ɥɢɫɬ; 2 – ɩɟɪɜɵɣ ɫɥɨɣ ɫɨɬɨɜɨɝɨ ɡɚɩɨɥɧɢɬɟɥɹ; 3 – ɜɧɭɬɪɟɧ-
ɧɢɣ ɩɟɪɮɨɪɢɪɨɜɚɧɧɵɣ ɥɢɫɬ; 4 – ɜɬɨɪɨɣ ɫɥɨɣ ɫɨɬɨɜɨɝɨ ɡɚɩɨɥɧɢɬɟɥɹ; 5 – ɧɟɩɟɪɮɨɪɢɪɨɜɚɧɧɵɣ ɥɢɫɬ) 
ɢ ɬɪɭɛɱɚɬɵɦ ɡɚɩɨɥɧɢɬɟɥɟɦ (ɛ: 1 – ɧɟɩɟɪɮɨɪɢɪɨɜɚɧɧɵɣ ɥɢɫɬ; 2 – ɩɟɪɜɵɣ ɫɥɨɣ ɬɪɭɛɱɚɬɨɝɨ ɡɚɩɨɥ-
ɧɢɬɟɥɹ; 3 – ɜɧɭɬɪɟɧɧɢɣ ɩɟɪɮɨɪɢɪɨɜɚɧɧɵɣ ɥɢɫɬ; 4 – ɜɬɨɪɨɣ ɫɥɨɣ ɬɪɭɛɱɚɬɨɝɨ ɡɚɩɨɥɧɢɬɟɥɹ;  
5 – ɮɪɨɧɬɚɥɶɧɵɣ ɩɟɪɮɨɪɢɪɨɜɚɧɧɵɣ ɥɢɫɬ) 
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Ɋɢɫ. η. ɋɯɟɦɚɬɢɱɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɤɪɢɜɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ ɞɜɭɯɫɥɨɣɧɵɯ  
ɡɜɭɤɨɩɨɝɥɨɳɚɸɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɨɬ ɱɚɫɬɨɬɵ 

 
ɉɨɹɜɥɟɧɢɟ ɞɜɭɯɫɥɨɣɧɵɯ ɁɉɄ ɭɜɟɥɢɱɢɥɨ ɝɢɛɤɨɫɬɶ ɧɚɫɬɪɨɣɤɢ ɫɢɫɬɟɦɵ ɲɭɦɨɝɥɭ-

ɲɟɧɢɹ, ɱɬɨ ɩɨɜɵɫɢɥɨ ɟɟ ɷɮɮɟɤɬɢɜɧɨɫɬɶ. ɉɪɢ ɷɬɨɦ ɞɜɭɯɫɥɨɣɧɵɟ ɁɉɄ ɫɨɯɪɚɧɢɥɢ ɜɵɫɨ-
ɤɢɟ ɩɪɨɱɧɨɫɬɧɵɟ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɫɜɨɣɫɬɜɚ.  

ɇɟɞɨɫɬɚɬɤɚɦɢ ɬɚɤɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɹɜɥɹɸɬɫɹ ɭɜɟɥɢɱɟɧɢɟ ɦɚɫɫɵ ɢ ɬɪɭɞɨɟɦɤɨɫɬɢ 
ɢɡɝɨɬɨɜɥɟɧɢɹ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɨɞɧɨɫɥɨɣɧɵɦɢ ɁɉɄ.  

ɑɚɫɬɨɬɧɵɣ ɞɢɚɩɚɡɨɧ ɲɭɦɚ, ɝɟɧɟɪɢɪɭɟɦɨɝɨ ɫɨɜɪɟɦɟɧɧɵɦɢ ɌɊȾȾ ɫɨ ɫɜɟɪɯɜɵɫɨ-
ɤɨɣ ɫɬɟɩɟɧɶɸ ɞɜɭɯɤɨɧɬɭɪɧɨɫɬɢ, ɫɦɟɳɚɟɬɫɹ ɜ ɨɛɥɚɫɬɶ ɧɢɡɤɢɯ ɱɚɫɬɨɬ, ɱɬɨ ɜɵɧɭɠɞɚɟɬ 
ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɩɪɢɦɟɧɟɧɢɟ ɬɪɟɯɫɥɨɣɧɵɯ ɪɟɡɨɧɚɧɫɧɵɯ ɁɉɄ, ɤɨɬɨɪɵɟ ɩɨɡ-
ɜɨɥɹɸɬ ɪɚɫɲɢɪɢɬɶ ɞɢɚɩɚɡɨɧ ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ Д2γ, 24Ж. ɇɟɞɨɫɬɚɬɤɢ ɬɪɟɯɫɥɨɣɧɵɯ ɤɨɧ-
ɫɬɪɭɤɰɢɣ ɚɧɚɥɨɝɢɱɧɵ ɞɜɭɯɫɥɨɣɧɵɦμ ɛɨɥɶɲɢɟ ɦɚɫɫɚ ɢ ɬɪɭɞɨɟɦɤɨɫɬɶ ɢɡɝɨɬɨɜɥɟɧɢɹ, ɱɬɨ 
ɞɟɥɚɟɬ ɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɡɚɬɪɭɞɧɢɬɟɥɶɧɵɦ ɢ ɡɚɬɪɚɬɧɵɦ. Ⱦɚɥɶɧɟɣɲɟɟ ɭɜɟɥɢɱɟɧɢɟ ɫɥɨɟɜ 
ɁɉɄ ɧɟɰɟɥɟɫɨɨɛɪɚɡɧɨ, ɩɨɫɤɨɥɶɤɭ ɤ ɪɚɫɫɦɨɬɪɟɧɧɵɦ ɧɟɞɨɫɬɚɬɤɚɦ ɞɨɛɚɜɥɹɟɬɫɹ ɫɬɟɫɧɟɧɢɟ 
ɩɨɬɨɤɚ. 

 
Иɫɫɥɟɞɨваɧɢɹ ɩɨ ɪаɡɪаɛɨɬɤɟ ɢ ɭɬɨɱɧɟɧɢɸ  

ɪаɫɱɟɬɧɵɯ ɦɨɞɟɥɟɣ ɁɉɄ ɢ ɫɢɫɬɟɦ ɲɭɦɨɝɥɭɲɟɧɢɹ 
Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ ɫɧɢɠɟɧɢɹ ɲɭɦɚ ɩɪɢ ɟɝɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɢ ɜ ɜɨɡɞɭɲɧɵɯ ɤɚɧɚɥɚɯ 

ɞɜɢɝɚɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ ɨɫɧɨɜɚɧɨ ɧɚ ɭɪɚɜɧɟɧɢɢ Ȼɥɨɯɢɧɰɟɜɚ. ɉɨɫɤɨɥɶɤɭ ɜ ɞɜɢɝɚɬɟɥɟ 
ɫɬɟɧɤɚɦɢ ɤɚɧɚɥɨɜ ɹɜɥɹɸɬɫɹ ɁɉɄ, ɢɯ ɢɦɩɟɞɚɧɫ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɝɪɚɧɢɱɧɵɯ 
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ɭɫɥɨɜɢɣ [7]. Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɢɦɩɟɞɚɧɫɚ ɫɬɟɧɨɤ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɦɚɤ-
ɫɢɦɚɥɶɧɨɟ ɡɚɬɭɯɚɧɢɟ ɲɭɦɚ ɩɪɢ ɭɫɥɨɜɢɢ ɧɚɥɢɱɢɹ ɜɨɡɞɭɲɧɨɝɨ ɩɨɬɨɤɚ, ɩɪɟɞɫɬɚɜɥɟɧɨ  
ɜ ɪɚɛɨɬɟ Д2ηЖ.  

Ⱦɚɥɟɟ ɩɪɨɜɨɞɹɬ ɪɚɫɱɟɬ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɁɉɄ, ɨɫɧɨɜɵɜɚɹɫɶ ɧɚ ɤɨɬɨ-
ɪɵɯ ɜɨɡɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɬɪɟɛɭɟɦɵɟ ɡɧɚɱɟɧɢɹ ɢɦɩɟɞɚɧɫɚ. ɇɚɥɢɱɢɟ ɜ ɤɚɧɚɥɚɯ ɞɜɢɝɚɬɟɥɶ-
ɧɵɯ ɭɫɬɚɧɨɜɨɤ ɧɟɥɢɧɟɣɧɵɯ ɷɮɮɟɤɬɨɜ ɜɵɧɭɠɞɚɟɬ ɩɪɢ ɪɚɫɱɟɬɟ ɢɦɩɟɞɚɧɫɚ ɁɉɄ ɭɱɢɬɵ-
ɜɚɬɶ ɪɹɞ ɮɢɡɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɩɪɢɜɟɫɬɢ ɤ ɪɚɫɯɨɠɞɟɧɢɸ ɪɚɫɱɟɬɧɵɯ ɢ 
ɮɚɤɬɢɱɟɫɤɢɯ ɡɧɚɱɟɧɢɣ. ɇɚɩɪɢɦɟɪ, ɜɥɢɹɧɢɟ ɦɨɝɭɬ ɨɤɚɡɵɜɚɬɶμ ɤɨɥɢɱɟɫɬɜɨ ɨɬɜɟɪɫɬɢɣ 
ɩɟɪɮɨɪɚɰɢɢ, ɩɪɢɯɨɞɹɳɢɯɫɹ ɧɚ ɨɞɧɭ ɹɱɟɣɤɭ ɡɚɩɨɥɧɢɬɟɥɹ, ɢ ɢɯ ɪɚɫɩɨɥɨɠɟɧɢɟ; ɭɪɨɜɟɧɶ 
ɡɜɭɤɨɜɨɝɨ ɞɚɜɥɟɧɢɹ ɢ ɮɨɪɦɚ ɫɩɟɤɬɪɚ ɲɭɦɚ, ɚ ɬɚɤɠɟ ɦɟɯɚɧɢɡɦ ɩɨɝɥɨɳɟɧɢɹ ɡɜɭɤɚ ɜ ɨɬ-
ɜɟɪɫɬɢɢ ɩɟɪɮɨɪɚɰɢɢ Д26–29].  

Ȼɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɪɚɛɨɬ ɩɨɫɜɹɳɟɧɨ ɜɨɩɪɨɫɭ ɢɡɭɱɟɧɢɹ ɨɫɨɛɟɧɧɨɫɬɟɣ ɩɪɨɜɟɞɟɧɢɹ 
ɢɫɫɥɟɞɨɜɚɧɢɣ ɚɤɭɫɬɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɜ ɬɨɦ ɱɢɫɥɟ ɩɪɢ ɜɵɫɨɤɢɯ ɭɪɨɜɧɹɯ ɡɜɭɤɨɜɨɝɨ 
ɞɚɜɥɟɧɢɹ Д30–33]. 

ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɹɜɥɹɸɬɫɹ ɨɫɧɨɜɨɣ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɩɨɥɭɷɦɩɢɪɢɱɟɫɤɢɯ ɦɨɞɟ-
ɥɟɣ, ɤɨɬɨɪɵɟ ɩɨɜɵɲɚɸɬ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɁɉɄ Дγ4Ж.  

Ɋɚɫɱɟɬ ɚɤɭɫɬɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɜɨɡɦɨɠɧɨ ɜɵɩɨɥɧɹɬɶ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɩɟ-
ɰɢɚɥɢɡɢɪɨɜɚɧɧɵɯ ɩɪɨɝɪɚɦɦɧɵɯ ɩɪɨɞɭɤɬɨɜ, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɸɬ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɬɶ ɪɚɫ-
ɱɟɬɵ ɢ ɩɪɨɜɨɞɢɬɶ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɰɟɫɫɨɜ, ɩɪɨɯɨɞɹɳɢɯ ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɜ ɁɉɄ Дγ5–37]. 

 
Ɋаɡɪаɛɨɬɤа ɧɨвɵɯ ɢɥɢ ɦɨɞɢɮɢɤаɰɢɹ ɫɭɳɟɫɬвɭɸɳɢɯ ɡаɩɨɥɧɢɬɟɥɟɣ 

ȼ ɪɚɛɨɬɟ Дγ8Ж ɩɨɤɚɡɚɧɨ, ɱɬɨ ɫɨɬɨɜɵɣ ɡɚɩɨɥɧɢɬɟɥɶ ɫ ɛɨɥɶɲɢɦ ɪɚɡɦɟɪɨɦ ɝɪɚɧɢ 
ɹɱɟɟɤ ɩɪɢ ɟɝɨ ɩɪɢɦɟɧɟɧɢɢ ɜ ɁɉɄ ɩɨɜɵɲɚɟɬ ɤɨɷɮɮɢɰɢɟɧɬ ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ (α) ɧɚ ɱɚ-
ɫɬɨɬɚɯ ɞɨ 1000 Ƚɰ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɩɟɪɮɨɪɚɰɢɹ ɹɱɟɟɤ ɫɨɬɨɜɨɝɨ ɡɚɩɨɥɧɢɬɟɥɹ ɭɜɟɥɢɱɢɜɚɟɬ 
ɞɚɧɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɧɚ ɱɚɫɬɨɬɚɯ ɞɨ 2000 Ƚɰ. ȼ ɩɚɬɟɧɬɟ ДγλЖ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɩɟɪ-
ɮɨɪɢɪɨɜɚɧɢɹ ɫɬɟɧɨɤ ɹɱɟɟɤ ɩɪɟɞɥɚɝɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɥɚɡɟɪ, ɷɥɟɤɬɪɨɧɧɵɣ ɩɭɱɨɤ ɥɢɛɨ 
ɯɢɦɢɱɟɫɤɨɟ ɬɪɚɜɥɟɧɢɟ.  

ȼ ɫɬɚɬɶɟ Д40Ж ɩɪɟɞɫɬɚɜɥɟɧɨ ɨɩɢɫɚɧɢɟ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ ɁɉɄ, ɫɨɫɬɨɹɳɟɣ ɢɡ ɩɨɜɬɨ-
ɪɹɸɳɢɯɫɹ ɜ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɵɯ ɧɚɩɪɚɜɥɟɧɢɹɯ ɛɥɨɤɨɜ, ɤɨɬɨɪɵɟ ɜɤɥɸɱɚɸɬ ɧɟɫɤɨɥɶɤɨ 
ɪɟɡɨɧɚɬɨɪɨɜ, ɧɚɫɬɪɨɟɧɧɵɯ ɧɚ ɨɬɥɢɱɚɸɳɢɟɫɹ ɞɪɭɝ ɨɬ ɞɪɭɝɚ ɱɚɫɬɨɬɵ. Ʉɨɧɫɬɪɭɤɰɢɹ ɩɨɡ-
ɜɨɥɹɟɬ ɪɚɫɲɢɪɢɬɶ ɞɢɚɩɚɡɨɧ ɷɮɮɟɤɬɢɜɧɨɝɨ ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ, ɫɧɢɠɚɹ ɲɭɦ ɧɟ ɬɨɥɶɤɨ ɧɚ 
ɱɚɫɬɨɬɟ ɫɥɟɞɨɜɚɧɢɹ ɥɨɩɚɬɨɤ ɜɟɧɬɢɥɹɬɨɪɚ, ɧɨ ɢ ɧɚ ɱɚɫɬɨɬɟ ɟɟ ɝɚɪɦɨɧɢɤɢ. Ʉ ɧɟɞɨɫɬɚɬɤɚɦ 
ɤɨɧɫɬɪɭɤɰɢɢ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɜɵɫɨɤɭɸ ɬɪɭɞɨɟɦɤɨɫɬɶ ɢɡɝɨɬɨɜɥɟɧɢɹ, ɱɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɧɟ-
ɛɨɥɶɲɢɦɢ ɪɚɡɦɟɪɚɦɢ ɪɟɡɨɧɚɬɨɪɨɜ, ɤɨɬɨɪɵɟ ɫɨɢɡɦɟɪɢɦɵ ɫ ɪɚɡɦɟɪɚɦɢ ɹɱɟɟɤ ɫɨɬ ɢ ɩɪɢ 
ɷɬɨɦ ɬɪɟɛɭɸɬ ɪɚɡɥɢɱɧɨɣ ɩɟɪɮɨɪɚɰɢɢ ɞɥɹ ɤɚɠɞɨɝɨ ɪɟɡɨɧɚɬɨɪɚ.  

ȼ ɪɚɛɨɬɟ Д41Ж ɨɩɢɫɚɧɚ ɤɨɦɛɢɧɢɪɨɜɚɧɧɚɹ ɨɛɥɢɰɨɜɤɚ ɫ ɱɟɪɟɞɭɸɳɢɦɢɫɹ ɫɟɤɰɢɹɦɢ 
ɩɨɝɥɨɳɚɸɳɢɯ ɢ ɪɟɚɤɬɢɜɧɵɯ ɷɥɟɦɟɧɬɨɜ. Ɋɟɚɤɬɢɜɧɵɟ ɷɥɟɦɟɧɬɵ ɜɵɡɵɜɚɸɬ ɬɪɚɧɫɮɨɪɦɚ-
ɰɢɸ ɧɢɡɤɢɯ ɱɚɫɬɨɬ ɚɤɭɫɬɢɱɟɫɤɨɝɨ ɩɨɥɹ. ȼ ɤɚɱɟɫɬɜɟ ɬɚɤɨɝɨ ɷɥɟɦɟɧɬɚ ɦɨɠɟɬ ɜɵɫɬɭɩɚɬɶ, 
ɧɚɩɪɢɦɟɪ, ɪɟɲɟɬɱɚɬɵɣ ɝɥɭɲɢɬɟɥɶ Д42Ж. ɉɪɢɦɟɧɟɧɢɟ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ ɨɛɥɢɰɨɜɤɢ, ɩɨ 
ɨɰɟɧɤɟ ɚɜɬɨɪɨɜ, ɩɨɜɵɲɚɟɬ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɫɧɢɠɟɧɢɹ ɲɭɦɚ ɧɚ 2–γ ɞȻ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɨɥɶɤɨ ɁɉɄ.  

Ɋɚɫɲɢɪɟɧɢɹ ɱɚɫɬɨɬɧɨɝɨ ɞɢɚɩɚɡɨɧɚ ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ ɦɨɠɧɨ ɞɨɛɢɬɶɫɹ ɩɭɬɟɦ ɢɡɦɟ-
ɧɟɧɢɹ ɜɵɫɨɬɵ ɪɟɡɨɧɚɬɨɪɨɜ, ɧɚɩɪɢɦɟɪ, ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɜ ɁɉɄ ɝɨɮɪɨɜɵɯ ɫɬɪɭɤɬɭɪ, ɱɬɨ 
ɩɪɢɜɨɞɢɬ ɤ ɪɚɫɲɢɪɟɧɢɸ ɩɢɤɚ ɡɚɬɭɯɚɧɢɹ, ɩɪɢ ɷɬɨɦ ɫɧɢɠɚɹ ɟɝɨ ɦɚɤɫɢɦɭɦ Д10, 4γ–45].  

ȼ ɫɬɚɬɶɟ Д4θЖ ɨɩɢɫɚɧ ɹɱɟɢɫɬɵɣ ɡɚɩɨɥɧɢɬɟɥɶ, ɫɨɫɬɨɹɳɢɣ ɢɡ ɝɨɮɪɢɪɨɜɚɧɧɵɯ ɩɪɨ-
ɮɢɥɟɣ, ɤɨɬɨɪɵɟ ɫɨɟɞɢɧɟɧɵ ɦɟɠɞɭ ɫɨɛɨɣ. Ɉɬɦɟɱɚɟɬɫɹ ɪɚɫɲɢɪɟɧɢɟ ɱɚɫɬɨɬɧɨɝɨ ɞɢɚɩɚɡɨɧɚ 
ɷɮɮɟɤɬɢɜɧɨɝɨ ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ, ɨɫɨɛɟɧɧɨ ɜ ɫɥɭɱɚɟ ɦɧɨɝɨɫɥɨɣɧɨɝɨ ɢɫɩɨɥɧɟɧɢɹ. Ɉɞɧɚ-
ɤɨ ɜ ɪɚɛɨɬɟ Д20Ж ɭɤɚɡɵɜɚɟɬɫɹ, ɱɬɨ ɬɨɱɧɨɫɬɶ ɜɵɪɟɡɤɢ ɩɚɡɨɜ, ɜɵɩɨɥɧɹɟɦɵɯ ɦɟɯɚɧɢɱɟɫɤɨɣ 
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ɨɛɪɚɛɨɬɤɨɣ, ɜɥɢɹɟɬ ɧɚ ɩɪɨɱɧɨɫɬɧɵɟ ɢ ɚɤɭɫɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ, ɱɬɨ ɫɧɢɠɚɟɬ ɬɟɯɧɨɥɨɝɢɱ-
ɧɨɫɬɶ ɢɡɝɨɬɨɜɥɟɧɢɹ ɡɚɩɨɥɧɢɬɟɥɹ ɢ ɤɨɧɫɬɪɭɤɰɢɣ ɧɚ ɟɝɨ ɨɫɧɨɜɟ. 

ȼ ɪɚɛɨɬɟ Д47Ж ɩɪɟɞɫɬɚɜɥɟɧ ɡɚɩɨɥɧɢɬɟɥɶ ɜ ɜɢɞɟ ɬɪɢɤɨɬɚɠɧɨɝɨ ɩɨɥɨɬɧɚ ɫ ɜɵɞɚɜ-
ɥɟɧɧɵɦɢ ɹɱɟɣɤɚɦɢ ɜ ɮɨɪɦɟ ɭɫɟɱɟɧɧɵɯ ɩɢɪɚɦɢɞ. ȿɝɨ ɩɪɟɢɦɭɳɟɫɬɜɨɦ ɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠ-
ɧɨɫɬɶ ɢɡɝɨɬɨɜɥɟɧɢɹ ɤɪɢɜɨɥɢɧɟɣɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɛɥɚɝɨɞɚɪɹ ɩɭɫɬɨɬɚɦ ɦɟɠɞɭ ɩɢɪɚɦɢ-
ɞɚɦɢ. Ʉ ɧɟɞɨɫɬɚɬɤɚɦ ɨɬɧɨɫɢɬɫɹ ɫɥɨɠɧɨɫɬɶ ɩɨɞɛɨɪɚ ɦɚɬɟɪɢɚɥɚ, ɢɡ ɤɨɬɨɪɨɝɨ ɢɡɝɨɬɚɜɥɢ-
ɜɚɟɬɫɹ ɡɚɩɨɥɧɢɬɟɥɶ, ɫ ɪɚɛɨɱɟɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ˃λ0 °ɋ, ɱɬɨ ɨɝɪɚɧɢɱɢɜɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɟɝɨ 
ɩɪɢɦɟɧɟɧɢɹ ɜ ɚɜɢɚɰɢɨɧɧɵɯ ɞɜɢɝɚɬɟɥɹɯ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɚɥɶɬɟɪɧɚɬɢɜɧɵɟ ɫɨɬɨɜɵɦ ɡɚɩɨɥɧɢɬɟɥɢ ɩɨɡɜɨɥɹɸɬ ɪɚɫɲɢɪɢɬɶ 
ɱɚɫɬɨɬɧɵɣ ɞɢɚɩɚɡɨɧ ɷɮɮɟɤɬɢɜɧɨɝɨ ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ ɛɟɡ ɢɡɦɟɧɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɢ/ɢɥɢ 
ɬɨɥɳɢɧɵ ɫɥɨɟɜ. Ɉɞɧɚɤɨ ɬɚɤɚɹ ɡɚɦɟɧɚ ɡɚɱɚɫɬɭɸ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɦɚɫɫɵ ɤɨɧ-
ɫɬɪɭɤɰɢɢ Д44Ж ɢ/ɢɥɢ ɫɧɢɠɟɧɢɸ ɟɟ ɩɪɨɱɧɨɫɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ Д48Ж ɢ ɧɟɰɟɥɟɫɨɨɛɪɚɡɧɚ 
ɩɪɢ ɢɯ ɩɪɢɦɟɧɟɧɢɢ ɜ ɫɨɫɬɚɜɟ Ⱦɍ ȼɋ. ɉɪɢ ɷɬɨɦ ɫɨɯɪɚɧɹɟɬɫɹ ɜɵɫɨɤɚɹ ɬɪɭɞɨɟɦɤɨɫɬɶ ɢɡ-
ɝɨɬɨɜɥɟɧɢɹ ɞɜɭɯ- ɢ ɬɪɟɯɫɥɨɣɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɜɫɥɟɞɫɬɜɢɟ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɩɟɪɮɨɪɚɰɢɢ 
ɤɚɠɞɨɝɨ ɫɥɨɹ.  

 
Ɇɨɞɢɮɢɤаɰɢɹ ɩɟɪɮɨɪɢɪɨваɧɧɵɯ ɫɥɨɟв 

ɉɨɫɤɨɥɶɤɭ ɩɟɪɮɨɪɢɪɨɜɚɧɧɵɟ ɫɥɨɢ ɢɦɟɸɬ ɜɵɫɨɤɢɟ ɬɪɭɞɨɟɦɤɨɫɬɶ ɢɡɝɨɬɨɜɥɟɧɢɹ ɢ 
ɦɚɫɫɭ, ɜɨɩɪɨɫɭ ɢɯ ɦɨɞɢɮɢɤɚɰɢɢ ɩɨɫɜɹɳɟɧɨ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɢɫɫɥɟɞɨɜɚɧɢɣ. ɇɚɩɪɢ-
ɦɟɪ, ɚɜɬɨɪɵ ɪɚɛɨɬɵ Д4λЖ ɩɪɟɞɥɚɝɚɸɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɦɢɤɪɨɩɨɪɢɫɬɵɟ ɩɚɧɟɥɢ, ɢɡɝɨɬɚɜɥɢɜɚ-
ɟɦɵɟ ɩɨ ɬɟɯɧɨɥɨɝɢɢ ɥɚɡɟɪɧɨɝɨ ɩɪɨɠɢɝɚ ɚɥɸɦɢɧɢɟɜɵɯ ɢɥɢ ɬɢɬɚɧɨɜɵɯ ɩɥɚɫɬɢɧ ɥɢɛɨ ɫ 
ɩɨɦɨɳɶɸ ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɨɝɨ ɨɫɚɠɞɟɧɢɹ ɧɢɤɟɥɟɜɵɯ ɩɥɚɫɬɢɧ. Ʉɨɧɫɬɪɭɤɰɢɢ ɫ ɩɪɢ-
ɦɟɧɟɧɢɟɦ ɩɨɞɨɛɧɵɯ ɩɥɚɫɬɢɧ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɡɚɜɢɫɹɬ ɨɬ ɭɪɨɜɧɹ ɡɜɭɤɨɜɨɝɨ ɞɚɜɥɟɧɢɹ. 
ɇɟɞɨɫɬɚɬɤɨɦ ɹɜɥɹɟɬɫɹ ɧɟɨɞɧɨɪɨɞɧɨɫɬɶ ɚɤɭɫɬɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɨ ɩɨɜɟɪɯɧɨɫɬɢ 
ɩɚɧɟɥɢ. 

ȼ ɪɚɛɨɬɟ Дη0Ж ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟ ɝɭɫɬɨɣ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɫɟɬɤɢ ɫɚɪɠɟ-
ɜɨɝɨ ɩɥɟɬɟɧɢɹ ɫ ɩɥɨɬɧɨɫɬɶɸ λ70 ɝ/ɦ2. Ɉɬɦɟɱɟɧɨ, ɱɬɨ ɚɤɭɫɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɡɚɜɢɫɹɬ ɨɬ 
ɮɨɪɦɵ ɢ ɪɚɡɦɟɪɨɜ ɨɬɜɟɪɫɬɢɣ, ɤɨɬɨɪɵɟ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɨɩɪɟɞɟɥɹɸɬɫɹ ɫɩɨɫɨɛɨɦ ɩɥɟɬɟ-
ɧɢɹ. ɋɟɬɤɢ ɢɡ ɩɨɥɢɦɟɪɧɵɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢɦɟɸɬ ɩɥɨɬɧɨɫɬɶ 210–220 ɝ/ɦ2, 
ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɦɚɫɫɚ ɩɟɪɮɨɪɢɪɨɜɚɧɧɵɯ ɥɢɫɬɨɜ ɦɨɠɟɬ ɞɨɯɨɞɢɬɶ ɞɨ 2100 ɝ/ɦ2 Дη1Ж. ɉɪɢ-
ɦɟɧɟɧɢɟ ɚɤɭɫɬɢɱɟɫɤɢɯ ɫɟɬɨɤ ɩɨɡɜɨɥɹɟɬ ɪɚɫɲɢɪɢɬɶ ɞɨ ɞɜɭɯ ɨɤɬɚɜ ɞɢɚɩɚɡɨɧ ɷɮɮɟɤɬɢɜɧɨ-
ɝɨ ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ, ɚ ɬɚɤɠɟ ɫɧɢɡɢɬɶ ɡɚɜɢɫɢɦɨɫɬɶ ɡɜɭɤɨɩɨɝɥɨɳɚɸɳɢɯ ɫɜɨɣɫɬɜ ɨɬ 
ɭɪɨɜɧɹ ɡɜɭɤɨɜɨɝɨ ɞɚɜɥɟɧɢɹ, ɬɪɭɞɨɟɦɤɨɫɬɶ ɢɡɝɨɬɨɜɥɟɧɢɹ ɁɉɄ ɢ ɟɟ ɦɚɫɫɭ Дη2Ж. ɇɟɞɨɫɬɚɬ-
ɤɨɦ ɚɤɭɫɬɢɱɟɫɤɢɯ ɫɟɬɨɤ ɹɜɥɹɟɬɫɹ ɧɢɡɤɚɹ ɫɬɨɣɤɨɫɬɶ ɤ ɡɚɝɪɹɡɧɟɧɢɸ, ɱɬɨ ɫɧɢɠɚɟɬ ɜɨɡɦɨɠ-
ɧɨɫɬɶ ɢɯ ɩɪɢɦɟɧɟɧɢɹ ɜɡɚɦɟɧ ɮɪɨɧɬɚɥɶɧɨɝɨ ɩɟɪɮɨɪɢɪɨɜɚɧɧɨɝɨ ɥɢɫɬɚ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ 
ɫɟɬɨɤ ɜɦɟɫɬɨ ɜɧɭɬɪɟɧɧɢɯ ɩɟɪɮɨɪɢɪɨɜɚɧɧɵɯ ɫɥɨɟɜ ɞɜɭɯ- ɢ ɬɪɟɯɫɥɨɣɧɵɯ ɁɉɄ ɩɪɢɜɨɞɢɬ ɤ 
ɫɧɢɠɟɧɢɸ ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɫɠɚɬɢɢ. 

ȼ ɩɚɬɟɧɬɟ ДηγЖ ɨɩɢɫɚɧɚ ɤɨɧɫɬɪɭɤɰɢɹ ɫ ɪɚɫɩɨɥɨɠɟɧɧɨɣ ɦɟɠɞɭ ɩɟɪɮɨɪɢɪɨɜɚɧɧɵɦ ɥɢ-
ɫɬɨɦ ɢ ɫɨɬɨɜɵɦ ɡɚɩɨɥɧɢɬɟɥɟɦ ɚɤɭɫɬɢɱɟɫɤɨɣ ɫɟɬɤɨɣ. Ⱦɚɧɧɨɟ ɪɟɲɟɧɢɟ ɩɨɜɵɲɚɟɬ ɚɤɭɫɬɢɱɟ-
ɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɧɨ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɦɚɫɫɵ ɁɉɄ.  

Ⱦɥɹ ɫɨɯɪɚɧɟɧɢɹ ɩɪɨɱɧɨɫɬɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɧɚ ɭɪɨɜɧɟ ɪɟɡɨɧɚɧɫɧɵɯ ɁɉɄ ɚɤɭɫɬɢ-
ɱɟɫɤɢɟ ɫɟɬɤɢ ɢɥɢ ɩɨɪɢɫɬɵɟ ɦɚɬɟɪɢɚɥɵ ɪɚɡɦɟɳɚɸɬ ɜɧɭɬɪɢ ɹɱɟɟɤ ɫɨɬɨɜɨɝɨ ɡɚɩɨɥɧɢɬɟɥɹ. 
ɇɚɩɪɢɦɟɪ, ɜ ɪɚɛɨɬɟ Дη4Ж ɩɪɟɞɫɬɚɜɥɟɧ ɫɨɬɨɜɵɣ ɡɚɩɨɥɧɢɬɟɥɶ ɫ ɪɚɡɦɟɳɟɧɧɵɦ ɜɧɭɬɪɢ ɡɜɭ-
ɤɨɩɨɝɥɨɳɚɸɳɢɦ ɫɥɨɟɦ, ɬɨɥɳɢɧɚ ɤɨɬɨɪɨɝɨ ɞɨɫɬɢɝɚɟɬ η0 % ɨɬ ɬɨɥɳɢɧɵ ɡɚɩɨɥɧɢɬɟɥɹ. 
ɉɪɢ ɷɬɨɦ ɩɨ ɨɛɟ ɫɬɨɪɨɧɵ ɡɜɭɤɨɩɨɝɥɨɳɚɸɳɟɝɨ ɫɥɨɹ ɞɨɥɠɧɵ ɛɵɬɶ ɜɨɡɞɭɲɧɵɟ ɩɨɥɨɫɬɢ 
ɬɨɥɳɢɧɨɣ ˃1,2η % ɨɬ ɬɨɥɳɢɧɵ ɡɜɭɤɨɩɨɝɥɨɳɚɸɳɟɝɨ ɫɥɨɹ. ɋɯɟɦɚɬɢɱɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ 
ɨɩɢɫɚɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫ. θ. 
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Ɋɢɫ. θ. ɋɯɟɦɚɬɢɱɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɹɱɟɢɫɬɨɝɨ ɡɚɩɨɥɧɢɬɟɥɹ ɫ ɪɚɡɦɟɳɟɧɧɵɦɢ ɜɧɭɬɪɢ ɚɤɭɫɬɢɱɟ-

ɫɤɨɣ ɫɟɬɤɨɣ ɢ ɩɨɪɢɫɬɵɦ ɦɚɬɟɪɢɚɥɨɦμ 1 – ɩɟɪɮɨɪɢɪɨɜɚɧɧɵɣ ɥɢɫɬ; 2 – ɩɨɪɢɫɬɵɣ ɦɚɬɟɪɢɚɥ;  
3 – ɚɤɭɫɬɢɱɟɫɤɚɹ ɫɟɬɤɚ; 4 – ɫɨɬɨɜɵɣ ɡɚɩɨɥɧɢɬɟɥɶ; 5 – ɦɨɧɨɥɢɬɧɵɣ ɫɥɨɣ 

 
ɉɪɢɦɟɧɟɧɢɟ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɡɚɩɨɥɧɢɬɟɥɹ ɜ ɁɉɄ ɩɨɡɜɨɥɹɟɬ ɩɨɜɵɫɢɬɶ ɚɤɭɫɬɢ-

ɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢ ɫɧɢɡɢɬɶ ɦɚɫɫɭ. ɉɪɢ ɷɬɨɦ ɬɟɯɧɨɥɨɝɢɱɧɨɫɬɶ ɪɚɡɦɟɳɟɧɢɹ ɡɜɭɤɨ-
ɩɨɝɥɨɳɚɸɳɟɝɨ ɫɥɨɹ ɩɪɢɨɛɪɟɬɚɟɬ ɛɨɥɶɲɨɟ ɡɧɚɱɟɧɢɟ. ȼ ɩɚɬɟɧɬɟ ДηηЖ ɨɩɢɫɚɧ ɩɨɞɨɛɧɵɣ 
ɦɚɬɟɪɢɚɥ, ɫɩɨɫɨɛ ɢɡɝɨɬɨɜɥɟɧɢɹ ɤɨɬɨɪɨɝɨ ɜɤɥɸɱɚɟɬ ɫɥɟɞɭɸɳɢɟ ɨɩɟɪɚɰɢɢμ  

– ɧɚɪɟɡɤɚ ɡɚɝɨɬɨɜɨɤ ɢɡ ɜɨɡɞɭɯɨɩɪɨɧɢɰɚɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ ɜ ɤɨɥɢɱɟɫɬɜɟ, ɫɨɜɩɚɞɚɸɳɟɦ 
ɫ ɤɨɥɢɱɟɫɬɜɨɦ ɹɱɟɟɤ ɫɨɬɨɜɨɝɨ ɡɚɩɨɥɧɢɬɟɥɹ. ɉɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɡɚɝɨɬɨɜɨɤ ɞɨɥɠɧɚ 
ɛɵɬɶ ɛɨɥɶɲɟ ɩɥɨɳɚɞɢ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɹɱɟɣɤɢ; 

– ɪɚɫɩɨɥɨɠɟɧɢɟ ɡɚɝɨɬɨɜɤɢ ɢ ɟɟ ɜɞɚɜɥɢɜɚɧɢɟ ɜɧɭɬɪɶ ɹɱɟɣɤɢ ɫ ɩɨɦɨɳɶɸ ɨɫɧɚɫɬɤɢ, ɩɨ-
ɩɟɪɟɱɧɨɟ ɫɟɱɟɧɢɟ ɤɨɬɨɪɨɣ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɤɚɱɟɫɬɜɟɧɧɨɝɨ ɪɚɫɩɨɥɨɠɟɧɢɹ ɡɚ-
ɝɨɬɨɜɤɢ ɧɚ ɡɚɞɚɧɧɨɣ ɜɵɫɨɬɟ. ɉɪɢ ɷɬɨɦ ɤɪɚɹ ɡɚɝɨɬɨɜɤɢ ɡɚɝɢɛɚɸɬɫɹ, ɨɛɪɚɡɭɹ ɮɥɚɧɰɵ, 
ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɜɞɨɥɶ ɫɬɟɧɨɤ ɹɱɟɟɤ, ɢ ɭɞɟɪɠɢɜɚɸɬ ɡɚɝɨɬɨɜɤɭ ɜɧɭɬɪɢ ɜɫɥɟɞɫɬɜɢɟ ɬɪɟɧɢɹ; 

– ɩɪɨɩɢɬɤɚ ɮɥɚɧɰɟɜ ɤɥɟɟɜɵɦ ɫɨɫɬɚɜɨɦ ɜ ɩɪɨɩɢɬɨɱɧɨɣ ɜɚɧɧɟ. Ƚɥɭɛɢɧɚ ɨɤɭɧɚɧɢɹ ɜɵ-
ɛɢɪɚɟɬɫɹ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɢɫɤɥɸɱɢɬɶ ɩɨɩɚɞɚɧɢɟ ɤɥɟɟɜɨɝɨ ɫɨɫɬɚɜɚ ɧɚ ɪɚɫɩɨɥɨɠɟɧ-
ɧɭɸ ɦɟɠɞɭ ɫɬɟɧɤɚɦɢ ɹɱɟɟɤ (ɩɚɪɚɥɥɟɥɶɧɨ ɩɨɜɟɪɯɧɨɫɬɢ ɫɨɬɨɜɨɝɨ ɡɚɩɨɥɧɢɬɟɥɹ) ɱɚɫɬɶ ɡɚ-
ɝɨɬɨɜɤɢ.  

Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɞɚɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɧɟɨɛɯɨɞɢɦɵ ɫɨɬɨɜɵɣ ɡɚɩɨɥɧɢɬɟɥɶ ɫ ɜɵɫɨɤɨɣ 
ɬɨɱɧɨɫɬɶɸ ɢɡɝɨɬɨɜɥɟɧɢɹ ɹɱɟɟɤ, ɚ ɬɚɤɠɟ ɚɜɬɨɦɚɬɢɡɚɰɢɹ ɩɪɨɰɟɫɫɚ ɢɡɝɨɬɨɜɥɟɧɢɹ, ɱɬɨ ɨɛɭ-
ɫɥɨɜɥɟɧɨ ɛɨɥɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɹɱɟɟɤ ɧɚ 1 ɦ2 ɩɨɜɟɪɯɧɨɫɬɢ ɡɚɩɨɥɧɢɬɟɥɹ. ɗɬɨ ɩɪɢɜɨɞɢɬ 
ɤ ɭɜɟɥɢɱɟɧɢɸ ɫɬɨɢɦɨɫɬɢ ɟɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɨɬɪɚɠɚɟɬɫɹ ɧɚ ɤɨɧɟɱɧɨɣ 
ɫɬɨɢɦɨɫɬɢ ɩɪɨɞɭɤɰɢɢ.  

ȼ ɪɚɛɨɬɟ ДηθЖ ɭɤɚɡɚɧɨ, ɱɬɨ ɚɤɭɫɬɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɧɫɬɪɭɤɰɢɣ ɫ ɩɪɢɦɟ-
ɧɟɧɢɟɦ ɩɨɞɨɛɧɵɯ ɡɚɩɨɥɧɢɬɟɥɟɣ ɡɚɜɢɫɹɬ ɨɬ ɜɨɡɞɭɯɨɩɪɨɧɢɰɚɟɦɨɫɬɢ ɜɫɬɚɜɤɢ (ɫɨɩɪɨɬɢɜ-
ɥɟɧɢɟ ɩɨɬɨɤɚ ɜɨɡɞɭɯɚ), ɪɚɫɫɬɨɹɧɢɹ ɨɬ ɜɫɬɚɜɤɢ ɞɨ ɮɪɨɧɬɚɥɶɧɨɝɨ ɫɥɨɹ, ɬɨɥɳɢɧɵ ɫɨɬɨɜɨɝɨ 
ɡɚɩɨɥɧɢɬɟɥɹ. Ⱦɚɧɧɵɣ ɜɚɪɢɚɧɬ ɩɨɡɜɨɥɹɟɬ ɩɪɨɜɨɞɢɬɶ «ɧɚɫɬɪɨɣɤɭ» ɚɤɭɫɬɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟ-
ɪɢɫɬɢɤ ɛɟɡ ɢɡɦɟɧɟɧɢɹ ɩɪɨɱɧɨɫɬɧɵɯ ɢ ɝɚɛɚɪɢɬɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ, ɨɛɥɟɝɱɚɹ ɞɨɪɚɛɨɬɤɭ ɫɢ-
ɫɬɟɦɵ ɲɭɦɨɝɥɭɲɟɧɢɹ ɧɚ ɩɨɡɞɧɢɯ ɫɬɚɞɢɹɯ ɞɨɜɨɞɤɢ ɞɜɢɝɚɬɟɥɶɧɵɯ ɭɫɬɚɧɨɜɨɤ. Ɉɬɦɟɱɚɟɬ-
ɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɮɨɪɦɨɜɚɧɢɹ ɞɟɬɚɥɟɣ ɫɥɨɠɧɨɣ ɤɪɢɜɢɡɧɵ ɢ ɫɬɵɤɨɜɤɢ ɩɚɧɟɥɟɣ ɛɟɡ ɲɜɨɜ. 
Ɍɚɤɨɣ ɦɚɬɟɪɢɚɥ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ Ⱦɍ ɩɪɨɢɡɜɨɞɫɬɜɚ General Electric ɢ Rolls-Royce ɢ ɞɪ. ɉɨ 
ɡɚɹɜɥɟɧɢɹɦ ɪɚɡɪɚɛɨɬɱɢɤɚ, ɩɪɢɦɟɧɟɧɢɟ ɦɚɬɟɪɢɚɥɚ ɩɨɡɜɨɥɹɟɬ ɩɨɜɵɫɢɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 
ɫɧɢɠɟɧɢɹ ɲɭɦɚ ɢ ɭɦɟɧɶɲɢɬɶ ɦɚɫɫɭ ɁɉɄ ɧɚ γ0 % Дη7Ж.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢ ɩɟɪɟɯɨɞɟ ɨɬ ɦɧɨɝɨɫɥɨɣɧɵɯ ɪɟɡɨɧɚɧɫɧɵɯ ɁɉɄ ɤ ɨɞɧɨɫɥɨɣ-
ɧɵɦ ɤɨɧɫɬɪɭɤɰɢɹɦ ɫ ɪɚɡɦɟɳɟɧɧɨɣ ɜ ɤɚɠɞɨɣ ɹɱɟɣɤɟ ɚɤɭɫɬɢɱɟɫɤɨɣ ɫɟɬɤɨɣ ɷɮɮɟɤɬɢɜ-
ɧɨɫɬɶ ɁɉɄ ɩɨɜɵɫɢɥɚɫɶ, ɚ ɢɯ ɦɚɫɫɚ ɫɧɢɡɢɥɚɫɶ. Ɉɞɧɚɤɨ ɬɚɤɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ, ɤɚɤ ɞɨɥɝɨ-
ɜɟɱɧɨɫɬɶ, ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɨɞɧɨɫɥɨɣɧɵɦ ɤɨɧɫɬɪɭɤɰɢɹɦ ɜ ɫɬɚɬɶɹɯ ɩɨɞɪɨɛɧɨ ɧɟ ɪɚɫɫɦɚɬ-
ɪɢɜɚɟɬɫɹ. 



ǸȜȚȝȜȕȖȤȖȜțțȩȓ ȚаȠȓȞȖаșȩ  

 

 

ȀǾȁДЫ  ВǶАǺ  № 7 (101)  2021                                                                                                                       67 

 

ɉɪɢɦɟɧɟɧɢɟ ɩɨɪɢɫɬɵɯ ɦаɬɟɪɢаɥɨв в ɤаɱɟɫɬвɟ вɧɭɬɪɟɧɧɢɯ ɫɥɨɟв ɁɉɄ 
ɉɨɪɢɫɬɵɟ ɦɚɬɟɪɢɚɥɵ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɜ ɤɚɱɟɫɬɜɟ ɡɜɭɤɨɩɨɝɥɨɳɚɸɳɢɯ, ɨɬɥɢɱɚɸɬɫɹ 

ɜɵɫɨɤɢɦ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɱɚɫɬɨɬ, ɧɨ, ɤɚɤ ɩɪɚ-
ɜɢɥɨ, ɢɦɟɸɬ ɧɢɡɤɢɟ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɫɜɨɣɫɬɜɚ Дη8Ж. ɉɪɢ ɷɬɨɦ ɚɤɭɫɬɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟ-
ɪɢɫɬɢɤɢ ɁɉɄ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɩɨɪɢɫɬɵɯ ɦɚɬɟɪɢɚɥɨɜ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɡɚɜɢɫɹɬ ɨɬ ɭɪɨɜɧɹ 
ɡɜɭɤɨɜɨɝɨ ɞɚɜɥɟɧɢɹ. ɇɟɫɦɨɬɪɹ ɧɚ ɢɦɟɸɳɢɟɫɹ ɧɟɞɨɫɬɚɬɤɢ, ɤɨɬɨɪɵɟ ɩɵɬɚɸɬɫɹ ɭɫɬɪɚɧɢɬɶ 
ɪɚɡɥɢɱɧɵɦɢ ɫɩɨɫɨɛɚɦɢ, ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɨɡɦɨɠɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɨɪɢɫɬɵɯ ɦɚɬɟɪɢɚ-
ɥɨɜ ɜ ɁɉɄ ɚɤɬɢɜɧɨ ɜɟɞɭɬɫɹ.  

ȼ ɪɚɛɨɬɟ ДηλЖ ɪɚɫɫɦɨɬɪɟɧ ɫɩɨɫɨɛ ɩɨɜɵɲɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ ɧɚ 
ɧɢɡɤɢɯ ɱɚɫɬɨɬɚɯ ɛɟɡ ɢɡɦɟɧɟɧɢɹ ɬɨɥɳɢɧɵ ɦɚɬɟɪɢɚɥɚ ɛɥɚɝɨɞɚɪɹ ɫɤɜɨɡɧɨɣ ɢɥɢ ɧɟɫɤɜɨɡɧɨɣ 
ɩɟɪɮɨɪɚɰɢɢ ɫ ɡɚɞɚɧɧɵɦɢ ɞɢɚɦɟɬɪɨɦ ɨɬɜɟɪɫɬɢɣ ɢ ɩɪɨɰɟɧɬɨɦ ɩɟɪɮɨɪɚɰɢɢ. 
Ⱥɧɚɥɨɝɢɱɧɨɝɨ ɪɟɡɭɥɶɬɚɬɚ ɦɨɠɧɨ ɞɨɛɢɬɶɫɹ ɩɭɬɟɦ ɪɚɫɩɨɥɨɠɟɧɢɹ ɡɜɭɤɨɩɨɝɥɨɳɚɸɳɟɝɨ 
ɦɚɬɟɪɢɚɥɚ ɧɚ ɧɟɤɨɬɨɪɨɦ ɪɚɫɫɬɨɹɧɢɢ ɨɬ ɡɚɞɧɟɣ ɫɬɟɧɤɢ ɤɨɧɫɬɪɭɤɰɢɢ. ɉɨɝɥɨɳɟɧɢɟ ɛɭɞɟɬ 
ɦɚɤɫɢɦɚɥɶɧɵɦ ɜ ɫɥɭɱɚɟ ɪɚɡɦɟɳɟɧɢɹ ɦɚɬɟɪɢɚɥɚ ɧɚ ɪɚɫɫɬɨɹɧɢɢ, ɫɨɫɬɚɜɥɹɸɳɟɦ ɱɟɬɜɟɪɬɶ 
ɞɥɢɧɵ ɜɨɥɧɵ Дθ0Ж.  

ɉɨɪɢɫɬɵɟ ɦɚɬɟɪɢɚɥɵ, ɪɚɡɪɚɛɨɬɚɧɧɵɟ ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ ɜ ɁɉɄ Ⱦɍ, ɦɨɠɧɨ ɪɚɡɞɟ-
ɥɢɬɶ ɧɚ ɞɜɟ ɝɪɭɩɩɵ – ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ɞɨ η00–700 °ɋ ɢ ɞɨ 200–γ00 °ɋ. 

Ʉ ɩɟɪɜɨɣ ɝɪɭɩɩɟ ɨɬɧɨɫɹɬ, ɧɚɩɪɢɦɟɪ, ɦɚɬɟɪɢɚɥ ɬɢɩɚ ɆɊ, ɫɨɫɬɨɹɳɢɣ ɢɡ ɫɩɪɟɫ-
ɫɨɜɚɧɧɵɯ ɩɪɨɜɨɥɨɱɧɵɯ ɫɩɢɪɚɥɟɣ ɢ ɢɦɟɸɳɢɣ ɩɨɪɢɫɬɭɸ ɦɟɬɚɥɥɢɱɟɫɤɭɸ ɫɬɪɭɤɬɭɪɭ. 
Ɇɚɬɟɪɢɚɥ ɨɛɥɚɞɚɟɬ ɜɵɫɨɤɢɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ ɜ ɲɢɪɨɤɨɦ ɱɚɫɬɨɬɧɨɦ 
ɞɢɚɩɚɡɨɧɟ. Ʉ ɩɨɞɨɛɧɵɦ ɦɚɬɟɪɢɚɥɚɦ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɦɚɬɟɪɢɚɥɵ ɢɡ ɬɨɧɤɢɯ ɦɟɬɚɥɥɢ-
ɱɟɫɤɢɯ ɜɨɥɨɤɨɧ ɫ ɬɟɦɩɟɪɚɬɭɪɚɦɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɨɬ η00 ɞɨ 7η0 °ɋ, ɪɚɡɪɚɛɨɬɚɧɧɵɟ ɜɨ 
ɎȽɍɉ «ȼɂȺɆ» Дθ1–63].  

ȼ ɪɚɛɨɬɟ Дθ4Ж ɢɫɫɥɟɞɭɟɬɫɹ ɦɚɬɟɪɢɚɥ ɧɚ ɨɫɧɨɜɟ ɤɟɪɚɦɢɤɢ, ɫɨɫɬɨɹɳɢɣ ɢɡ ɩɭɫɬɨɬɟ-
ɥɵɯ ɫɮɟɪ ɫ ɛɨɥɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɨɬɜɟɪɫɬɢɣ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ. Ɇɚɬɟɪɢɚɥ ɨɛɥɚɞɚɟɬ ɜɵɫɨ-
ɤɢɦɢ ɚɤɭɫɬɢɱɟɫɤɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɱɚɫɬɨɬ. ȼ ɫɬɚɬɶɟ ДθηЖ ɪɚɫ-
ɫɦɨɬɪɟɧ ɤɨɦɩɨɡɢɰɢɨɧɧɵɣ ɦɚɬɟɪɢɚɥ ɞɥɹ ɝɨɪɹɱɟɝɨ ɤɨɧɬɭɪɚ ɞɜɢɝɚɬɟɥɹ, ɫɨɫɬɨɹɳɢɣ ɢɡ  
ɧɢɬɟɣ ɧɚ ɨɫɧɨɜɟ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɢ ɤɜɚɪɰɚ. Ɇɚɬɟɪɢɚɥ ɨɛɥɚɞɚɟɬ ɧɢɡɤɨɣ ɩɥɨɬɧɨɫɬɶɸ, 
ɜɵɫɨɤɨɣ ɩɨɪɢɫɬɨɫɬɶɸ ɢ ɹɜɥɹɟɬɫɹ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ ɜ ɁɉɄ Ⱦɍ ɜ ɫɥɭɱɚɟ 
ɪɟɲɟɧɢɹ ɩɪɨɛɥɟɦ ɫ ɜɥɚɝɨɩɨɝɥɨɳɟɧɢɟɦ. 

Ʉɨ ɜɬɨɪɨɣ ɝɪɭɩɩɟ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɪɚɡɪɚɛɨɬɚɧɧɵɟ ɜɨ ɎȽɍɉ «ȼɂȺɆ» ɦɚɬɟɪɢɚɥɵ 
ɦɚɪɨɤ ȼɌɂ-7 ɢ ȼɌɂ-12. Ɇɚɬɟɪɢɚɥ ȼɌɂ-7 ɫɨɫɬɨɢɬ ɢɡ ɧɟɬɤɚɧɨɝɨ ɩɨɥɨɬɧɚ ɧɚ ɨɫɧɨɜɟ ɩɨ-
ɥɢɨɤɫɚɞɢɚɡɨɥɚ, ɩɪɨɩɢɬɚɧɧɨɝɨ ɤɪɟɦɧɢɣɨɪɝɚɧɢɱɟɫɤɢɦ ɫɜɹɡɭɸɳɢɦ, ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ ɷɤɫ-
ɩɥɭɚɬɚɰɢɢ ɨɬ –θ0 ɞɨ +200 °ɋ ДθθЖ. Ɇɚɬɟɪɢɚɥ ȼɌɂ-12 ɫɨɫɬɨɢɬ ɢɡ ɧɟɬɤɚɧɨɝɨ ɩɨɥɨɬɧɚ ɧɚ 
ɨɫɧɨɜɟ ɩɨɥɢɢɦɢɞɧɨɝɨ ɜɨɥɨɤɧɚ, ɩɪɨɩɢɬɚɧɧɨɝɨ ɩɨɥɢɢɦɢɞɧɵɦ ɫɜɹɡɭɸɳɢɦ, ɫ ɬɟɦɩɟɪɚɬɭ-
ɪɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ɨɬ –θ0 ɞɨ +γ00 °ɋ. Ⱦɨɫɬɨɢɧɫɬɜɚɦɢ ɞɚɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɦɨɠɧɨ ɫɱɢɬɚɬɶ 
ɜɵɫɨɤɢɟ ɡɜɭɤɨɩɨɝɥɨɳɚɸɳɢɟ ɫɜɨɣɫɬɜɚ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɱɚɫɬɨɬ. Ɍɚɤ, ɁɉɄ ɫ ɩɪɢɦɟ-
ɧɟɧɢɟɦ ɦɚɬɟɪɢɚɥɚ ȼɌɂ-7 ɢɦɟɟɬ ɞɢɚɩɚɡɨɧ ɷɮɮɟɤɬɢɜɧɨɝɨ ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ ɨɬ 1000 ɞɨ 
η000 Ƚɰ, ɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɚɬɟɪɢɚɥɚ ȼɌɂ-12 – ɨɬ 800 ɞɨ η000 Ƚɰ; ɧɚ ɨɬɞɟɥɶɧɵɯ ɱɚ-
ɫɬɨɬɚɯ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɡɚɬɭɯɚɧɢɟ, ɛɥɢɡɤɨɟ ɤ ɪɚɫɱɟɬɧɨɦɭ ɦɚɤɫɢɦɚɥɶɧɨɦɭ ɡɧɚɱɟɧɢɸ Дθ7Ж.  

Ɂɚ ɪɭɛɟɠɨɦ ɩɪɨɜɨɞɢɥɢɫɶ ɢɫɫɥɟɞɨɜɚɧɢɹ ɡɜɭɤɨɩɨɝɥɨɳɚɸɳɟɝɨ ɦɚɬɟɪɢɚɥɚ «Ʉɟɜɥɚɪ» 
ɜ ɫɨɫɬɚɜɟ ɜɨɡɞɭɯɨɡɚɛɨɪɧɢɤɚ ɞɜɢɝɚɬɟɥɹ JT15D Дθ8Ж, ɩɨɤɚɡɚɜɲɢɟ ɲɢɪɨɤɢɣ ɞɢɚɩɚɡɨɧ ɫɧɢ-
ɠɟɧɢɹ ɲɭɦɚ.  

Ɉɫɧɨɜɧɨɟ ɩɪɟɢɦɭɳɟɫɬɜɨ ɁɉɄ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɩɨɪɢɫɬɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɧɟɡɚɜɢɫɢɦɨ 
ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɷɤɫɩɥɭɚɬɚɰɢɢ, – ɲɢɪɨɤɢɣ ɞɢɚɩɚɡɨɧ ɷɮɮɟɤɬɢɜɧɨɝɨ ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ, ɚ 
ɧɟɞɨɫɬɚɬɤɚɦɢ ɹɜɥɹɸɬɫɹ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɪɟɲɟɧɢɹ ɜɨɩɪɨɫɚ ɫɧɢɠɟɧɢɹ ɩɪɨɱɧɨɫɬɢ, ɩɨ ɫɪɚɜ-
ɧɟɧɢɸ ɫ ɪɟɡɨɧɚɧɫɧɵɦɢ ɁɉɄ, ɚ ɬɚɤɠɟ ɧɢɡɤɚɹ ɫɬɨɣɤɨɫɬɶ ɤ ɜɨɡɞɟɣɫɬɜɢɸ ɚɝɪɟɫɫɢɜɧɵɯ 
ɠɢɞɤɨɫɬɟɣ ɢ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɡɧɚɱɢ-
ɬɟɥɶɧɨɦɭ ɭɜɟɥɢɱɟɧɢɸ ɦɚɫɫɵ ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɪɟɡɤɨɦɭ ɫɧɢɠɟɧɢɸ ɚɤɭɫɬɢɱɟɫɤɨɣ ɷɮɮɟɤ-
ɬɢɜɧɨɫɬɢ.  
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ɍɦɟɧɶɲɢɬɶ ɜɥɢɹɧɢɟ ɬɚɤɢɯ ɧɟɝɚɬɢɜɧɵɯ ɮɚɤɬɨɪɨɜ ɭɞɚɥɨɫɶ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɜɨ 
ɎȽɍɉ «ȼɂȺɆ» ɡɜɭɤɨɩɨɝɥɨɳɚɸɳɟɝɨ ɦɚɬɟɪɢɚɥɚ-ɤɨɧɫɬɪɭɤɰɢɢ ɦɚɪɤɢ ȼɁɆɄ-1, ɤɨɬɨɪɵɣ 
ɫɨɫɬɨɢɬ ɢɡ ɩɪɨɦɵɲɥɟɧɧɨ ɩɪɨɢɡɜɨɞɢɦɨɝɨ ɫɨɬɨɜɨɝɨ ɡɚɩɨɥɧɢɬɟɥɹ ɫ ɪɚɫɩɨɥɨɠɟɧɧɨɣ ɜɧɭɬ-
ɪɢ ɤɚɠɞɨɣ ɹɱɟɣɤɢ ɩɨɪɢɫɬɨɣ ɜɫɬɚɜɤɨɣ ɢ ɨɬɤɪɵɬɨ-ɩɨɪɢɫɬɨɝɨ ɩɟɧɨɩɥɚɫɬɚ, ɩɪɨɩɢɬɚɧɧɨɝɨ 
ɝɢɞɪɨɮɨɛɢɡɢɪɭɸɳɢɦ ɫɨɫɬɚɜɨɦ ДθλЖ. Ƚɢɞɪɨɮɨɛɢɡɢɪɭɸɳɢɣ ɫɨɫɬɚɜ ɜɵɛɪɚɧ ɬɚɤɢɦ ɨɛɪɚ-
ɡɨɦ, ɱɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ ɞɨɫɬɚɬɨɱɧɭɸ ɞɥɹ ɡɚɤɪɟɩɥɟɧɢɹ ɩɨɪɢɫɬɨɣ ɜɫɬɚɜɤɢ ɚɞɝɟɡɢɸ, ɧɨ ɩɪɢ 
ɷɬɨɦ ɭɥɭɱɲɢɬɶ ɚɤɭɫɬɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɡɧɚɱɢɬɟɥɶɧɨ ɩɨɜɵɫɢɬɶ 
ɫɬɨɣɤɨɫɬɶ ɦɚɬɟɪɢɚɥɚ ɤ ɜɨɡɞɟɣɫɬɜɢɸ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɮɚɤɬɨɪɨɜ. 

ɋɬɪɭɤɬɭɪɚ ɡɜɭɤɨɩɨɝɥɨɳɚɸɳɟɝɨ ɦɚɬɟɪɢɚɥɚ-ɤɨɧɫɬɪɭɤɰɢɢ ɦɚɪɤɢ ȼɁɆɄ-1 ɩɪɟɞ-
ɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 7. 
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Ɋɢɫ. 7. ɋɬɪɭɤɬɭɪɚ ɡɜɭɤɨɩɨɝɥɨɳɚɸɳɟɝɨ ɦɚɬɟɪɢɚɥɚ-ɤɨɧɫɬɪɭɤɰɢɢ ɦɚɪɤɢ ȼɁɆɄ-1 (а – ɢɡɨɦɟɬɪɢ-

ɱɟɫɤɚɹ ɩɪɨɟɤɰɢɹ, ɛ – ɜɢɞ ɫɛɨɤɭ)μ 1 – ɫɨɬɨɜɵɣ ɡɚɩɨɥɧɢɬɟɥɶ; 2 – ɩɨɪɢɫɬɚɹ ɜɫɬɚɜɤɚ; 3 ɢ 4 – ɜɨɡɞɭɲ-
ɧɵɟ ɩɨɥɨɫɬɢ 

 
ɉɨɥɭɱɟɧɧɵɣ ɦɚɬɟɪɢɚɥ ɩɨɡɜɨɥɹɟɬ ɫɧɢɡɢɬɶ ɦɚɫɫɭ ɁɉɄ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɜ ɫɨɫɬɚɜɟ 

ȼɁɆɄ-1 ɢ ɩɨɜɵɫɢɬɶ ɟɟ ɚɤɭɫɬɢɱɟɫɤɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɁɉɄ ɪɟɡɨɧɚɧɫɧɨɝɨ 
ɬɢɩɚ. ɋɥɟɞɭɟɬ ɬɚɤɠɟ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɁɉɄ ɫ ɦɚɬɟɪɢɚɥɨɦ ɦɚɪɤɢ ȼɁɆɄ-1 ɩɨɡɜɨɥɹɟɬ ɢɡɦɟ-
ɧɹɬɶ ɚɤɭɫɬɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɭɬɟɦ ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɢ ɪɚɫɩɨɥɨɠɟɧɢɹ ɩɨɪɢ-
ɫɬɨɣ ɜɫɬɚɜɤɢ, ɱɬɨ ɨɛɥɟɝɱɚɟɬ ɩɪɨɰɟɫɫ ɞɨɜɨɞɤɢ ɫɢɫɬɟɦɵ ɲɭɦɨɝɥɭɲɟɧɢɹ ɧɚ ɩɨɡɞɧɢɯ  
ɫɬɚɞɢɹɯ ɪɚɡɪɚɛɨɬɤɢ Ⱦɍ Д70Ж.  

 
Ɂаɤɥɸчɟɧия 

ɋɭɳɟɫɬɜɭɸɳɢɟ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜɚɪɢɚɧɬɵ ɪɚɡɜɢɬɢɹ ɁɉɄ ɧɚɩɪɚɜɥɟɧɵ ɧɚ ɩɨ-
ɜɵɲɟɧɢɟ ɢɯ ɚɤɭɫɬɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ. ɉɪɢ ɷɬɨɦ ɪɹɞ ɪɟɲɟɧɢɣ ɩɪɢɜɨɞɢɬ ɥɢɛɨ ɤ 
ɫɧɢɠɟɧɢɸ ɩɪɨɱɧɨɫɬɧɵɯ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɤɨɧɫɬɪɭɤɰɢɢ, ɥɢɛɨ ɤ ɭɜɟ-
ɥɢɱɟɧɢɸ ɟɟ ɦɚɫɫɵ ɢ ɹɜɥɹɟɬɫɹ ɧɟɰɟɥɟɫɨɨɛɪɚɡɧɵɦ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɁɉɄ ɜ ɫɨɫɬɚɜɟ Ⱦɍ. 
ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɜɚɠɧɨ ɩɪɨɜɟɫɬɢ ɨɰɟɧɤɭ ɢ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɟ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɫɜɨɣɫɬɜ 
ɧɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ Д71–73].  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ ɁɉɄ, ɤɚɤ ɢ ɫɚɦɢɯ ɤɨɧɫɬɪɭɤɰɢɣ, 
ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɤɨɦɩɥɟɤɫ ɫɜɨɣɫɬɜ ɬɚɤɢɯ ɦɚɬɟɪɢɚɥɨɜ, ɚ ɬɚɤɠɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ 
ɩɪɨɰɟɫɫɵ ɢɯ ɢɡɝɨɬɨɜɥɟɧɢɹ. 

ɇɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɡɚɦɟɧɭ ɜɧɭɬɪɟɧɧɢɯ ɩɟɪ-
ɮɨɪɢɪɨɜɚɧɧɵɯ ɫɥɨɟɜ ɧɚ ɚɤɭɫɬɢɱɟɫɤɢɟ ɫɟɬɤɢ ɥɢɛɨ ɩɨɪɢɫɬɵɟ ɦɚɬɟɪɢɚɥɵ ɜ ɫɥɭɱɚɟ ɞɨɫɬɢ-
ɠɟɧɢɹ ɜɵɫɨɤɢɯ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ. 
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Ⱦаɧɧаɹ ɪаɛɨɬа ɩɨɫвɹɳɟɧа ɨɞɧɨɣ ɢɡ аɤɬɭаɥɶɧɵɯ ɩɪɨɛɥɟɦ ɫɨвɪɟɦɟɧɧɨɝɨ ɦаɬɟɪɢаɥɨвɟ-
ɞɟɧɢɹ ɧɟɦɟɬаɥɥɨв – ɯɢɦɢɱɟɫɤɨɣ ɦɨɞɢɮɢɤаɰɢɢ аɤɬɢвɧɵɦɢ ɪаɡɛавɢɬɟɥɹɦɢ ɢ ɛɢɫɦаɥɟɢɦɢ-
ɞаɦɢ ɬɟɪɦɨɪɟаɤɬɢвɧɵɯ ɫɢɫɬɟɦ ɧа ɨɫɧɨвɟ ɷɩɨɤɫɢɞɧɵɯ ɨɥɢɝɨɦɟɪɨв: ɩɨɥɢɦɟɪɧɵɯ ɫвɹɡɭɸ-
ɳɢɯ ɞɥɹ аɪɦɢɪɨваɧɧɵɯ ɩɥаɫɬɢɤɨв, ɤɥɟɟв, ɤɨɦɩаɭɧɞɨв, ɝɟɪɦɟɬɢɤɨв, ɡаɳɢɬɧɵɯ ɥаɤɨɤɪа-
ɫɨɱɧɵɯ ɩɨɤɪɵɬɢɣ. На ɨɫɧɨвɟ аɧаɥɢɡа ɨɬɟɱɟɫɬвɟɧɧɨɣ ɢ ɡаɪɭɛɟɠɧɨɣ ɧаɭɱɧɨɣ ɥɢɬɟɪаɬɭ-
ɪɵ, а ɬаɤɠɟ ɩаɬɟɧɬɨв ɧа ɢɡɨɛɪɟɬɟɧɢɹ ɫɞɟɥаɧ вɵвɨɞ ɨ ɩɟɪɫɩɟɤɬɢвɧɨɫɬɢ ɞаɥɶɧɟɣɲɢɯ  
ɢɫɫɥɟɞɨваɧɢɣ в ɞаɧɧɨɦ ɧаɩɪавɥɟɧɢɢ. ɉɪɢɦɟɧɟɧɢɟ ɨɩɢɫаɧɧɵɯ вɢɞɨв ɦɨɞɢɮɢɤаɬɨɪɨв ɩɨɡ-
вɨɥɹɟɬ ɩɨвɵɲаɬɶ ɯɢɦɢɱɟɫɤɭɸ ɫɬɨɣɤɨɫɬɶ, ɬɪɟɳɢɧɨɫɬɨɣɤɨɫɬɶ, ɩɪɨɱɧɨɫɬɶ, ɭɞаɪɧɭɸ вɹɡ-
ɤɨɫɬɶ, ɬɟɩɥɨɫɬɨɣɤɨɫɬɶ ɢ ɞɪɭɝɢɟ ɯаɪаɤɬɟɪɢɫɬɢɤɢ ɩɨɥɢɦɟɪɧɵɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦаɬɟɪɢ-
аɥɨв (ɉɄɆ) ɧа ɨɫɧɨвɟ ɷɩɨɤɫɢɞɧɨɣ ɩɨɥɢɦɟɪɧɨɣ ɦаɬɪɢɰɵ.  

Ключевые слова: ɉɄɆ, ɷɩɨɤɫɢɞɧɵɣ ɨɥɢɝɨɦɟɪ, ɦɨɞɢɮɢɤаɰɢɹ, аɤɬɢвɧɵɟ ɪаɡɛавɢɬɟɥɢ, 
ɛɢɫɦаɥɟɢɦɢɞɵ.  

 
A.G. Zagora1, A.I. Tkachuk1, I.V. Terekhov1, R.R. Mukhametov1 
 
METHODS  OF  CHEMICAL  MODIFICATION  
OF  EPOXY  OLIGOMERS  (review) 
 

This paper is devoted to one of the most pressing problems of modern non – metallic materi-
als science-chemical modification of thermosetting systems based on epoxy oligomers with ac-
tive diluents and bismaleimides: polymer binders for reinforced plastics, adhesives, compounds, 
sealants, and protective paint coatings. Based on the analysis of domestic and foreign scientific 
literature, as well as patents for inventions, a conclusion was made about the prospects for fur-
ther research in this direction. The use of these types of modifiers can increase the chemical  
resistance, crack resistance, strength, impact strength, heat resistance and other valuable  
properties of polymer composite materials (PCM) based on an epoxy polymer matrix. 

Keywords: PCM, epoxy oligomer, modification, reactive diluents, bismaleimides. 
 

1Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɭɧɢɬɚɪɧɨɟ ɩɪɟɞɩɪɢɹɬɢɟ «ȼɫɟɪɨɫɫɢɣɫɤɢɣ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ 
ɢɧɫɬɢɬɭɬ ɚɜɢɚɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ» Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɧɚɭɱɧɵɣ ɰɟɧɬɪ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ [Federal 
State Unitary Enterprise «AХХ-RЮssТКЧ SМТОЧЭТПТМ RОsОКrМС IЧsЭТЭЮЭО ШП AЯТКЭТШЧ MКЭОrТКХs» State Research 
Center of the Russian Federation]; e-mail: admin@viam.ru 

 
ȼвɟɞɟɧиɟ 

ȼɚɠɧɟɣɲɢɦ ɪɟɡɭɥɶɬɚɬɨɦ ɪɚɡɜɢɬɢɹ ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɹ ɜ XXI ɜ. ɹɜɥɹɸɬɫɹ ɩɨɥɢ-
ɦɟɪɧɵɟ ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ (ɉɄɆ) Д1–4Ж. Ȼɟɡ ɧɢɯ ɧɟɜɨɡɦɨɠɧɨ ɫɨɡɞɚɧɢɟ ɜɵɫɨ-
ɤɨɩɪɨɱɧɵɯ ɤɨɦɩɨɡɢɬɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɫɬɪɨɢɬɟɥɶɫɬɜɟ, ɩɪɨɦɵɲɥɟɧɧɨ-
ɫɬɢ, ɫɟɥɶɫɤɨɦ ɯɨɡɹɣɫɬɜɟ. Ɉɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɩɪɢɦɟɧɹɟɦɵɯ ɬɢɩɨɜ ɉɄɆ ɞɥɹ ɩɨɥɭɱɟɧɢɹ 
ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɩɨɥɢɦɟɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɹɜɥɹɸɬɫɹ ɷɩɨɤɫɢɞɧɵɟ ɫɦɨɥɵ Дη–8Ж. Ɍɟɪɦɨɪɟ-
ɚɤɬɢɜɧɵɟ ɫɢɫɬɟɦɵ ɧɚ ɨɫɧɨɜɟ ɷɩɨɤɫɢɞɧɵɯ ɨɥɢɝɨɦɟɪɨɜ ɨɛɥɚɞɚɸɬ ɪɹɞɨɦ ɰɟɧɧɵɯ ɫɜɨɣɫɬɜμ 
ɜɵɫɨɤɨɣ ɚɞɝɟɡɢɟɣ ɤ ɪɚɡɥɢɱɧɵɦ ɧɚɩɨɥɧɢɬɟɥɹɦ, ɧɢɡɤɨɣ ɭɫɚɞɤɨɣ ɩɪɢ ɨɬɜɟɪɠɞɟɧɢɢ, ɯɢɦɢ-
ɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɶɸ ɩɨɫɥɟ ɨɬɜɟɪɠɞɟɧɢɹ ɢ ɞɪɭɝɢɦɢ. Ɉɞɧɚɤɨ ɩɪɢ ɜɫɟɯ ɫɜɨɢɯ ɩɪɟɢɦɭɳɟ-
ɫɬɜɚɯ ɛɨɥɶɲɢɧɫɬɜɨ ɨɬɜɟɪɠɞɟɧɧɵɯ ɷɩɨɤɫɢɞɧɵɯ ɫɦɨɥ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɞɨɫɬɚɬɨɱɧɨ 
ɯɪɭɩɤɢɟ ɦɚɬɟɪɢɚɥɵ, ɢɦɟɸɳɢɟ ɧɢɡɤɢɟ ɞɟɮɨɪɦɚɰɢɨɧɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɢ ɭɞɚɪɨɫɬɨɣɤɨɫɬɶ. 
ɉɪɢɱɟɦ ɱɟɦ ɛɨɥɶɲɟ ɱɚɫɬɨɬɚ ɭɡɥɨɜ ɩɨɥɢɦɟɪɧɨɣ ɫɟɬɤɢ ɢ ɠɟɫɬɤɨɫɬɶ ɰɟɩɟɣ ɦɟɠɞɭ ɭɡɥɚɦɢ, 
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ɬɟɦ ɧɢɠɟ, ɤɚɤ ɩɪɚɜɢɥɨ, ɢɯ ɭɫɬɨɣɱɢɜɨɫɬɶ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɢ ɪɨɫɬɭ ɬɪɟɳɢɧ. ɉɨɷɬɨɦɭ ɚɤɬɭ-
ɚɥɶɧɨɣ ɩɪɨɛɥɟɦɨɣ ɹɜɥɹɟɬɫɹ ɦɨɞɢɮɢɤɚɰɢɹ ɤɨɦɩɨɡɢɰɢɣ ɧɚ ɨɫɧɨɜɟ ɷɩɨɤɫɢɞɧɵɯ ɨɥɢɝɨɦɟɪɨɜ 
[9–11].  

Ⱦɥɹ ɭɥɭɱɲɟɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɨɥɢɦɟɪ-
ɧɵɯ ɦɚɬɟɪɢɚɥɨɜμ ɭɜɟɥɢɱɟɧɢɹ ɜɪɟɦɟɧɢ ɝɟɥɟɨɛɪɚɡɨɜɚɧɢɹ, ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɪɟɨɥɨɝɢɱɟɫɤɢɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɭɥɭɱɲɟɧɢɹ ɭɩɪɭɝɨ-ɩɪɨɱɧɨɫɬɧɵɯ ɫɜɨɣɫɬɜ ɢ ɫɬɨɣɤɨɫɬɢ ɤ ɚɝɪɟɫɫɢɜɧɵɦ 
ɮɚɤɬɨɪɚɦ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ (ɜ ɱɚɫɬɧɨɫɬɢ, ɬɟɩɥɨ-, ɛɢɨ- ɢ ɯɢɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ), ɩɨ-
ɜɵɲɟɧɢɹ ɞɢɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ, ɫɧɢɠɟɧɢɹ ɝɨɪɸɱɟɫɬɢ, ɚ ɬɚɤɠɟ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ 
ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɢ ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ (ɫɨɤɪɚɳɟɧɢɹ ɪɚɫɯɨɞɚ ɯɢɦɢɱɟɫɤɢɯ ɤɨɦɩɨ-
ɧɟɧɬɨɜ; ɫɧɢɠɟɧɢɹ ɢɯ ɫɬɨɢɦɨɫɬɢ; ɪɚɡɪɚɛɨɬɤɢ ɩɨɥɢɦɟɪɧɵɯ ɫɜɹɡɭɸɳɢɯ, ɧɟ ɫɨɞɟɪɠɚɳɢɯ 
ɥɟɝɤɨɥɟɬɭɱɢɯ ɪɚɫɬɜɨɪɢɬɟɥɟɣ ɢ ɬɨɤɫɢɱɧɵɯ ɜɟɳɟɫɬɜ; ɭɬɢɥɢɡɚɰɢɢ ɨɬɯɨɞɨɜ ɩɪɨɢɡɜɨɞɫɬɜ) 
ɩɪɨɜɨɞɢɬɫɹ ɦɨɞɢɮɢɤɚɰɢɹ ɫɜɹɡɭɸɳɢɯ ɧɚ ɨɫɧɨɜɟ ɪɟɚɤɬɨɩɥɚɫɬɨɜ. Ɇɨɞɢɮɢɤɚɰɢɹ ɡɚɤɥɸɱɚ-
ɟɬɫɹ ɜ ɰɟɥɟɧɚɩɪɚɜɥɟɧɧɨɦ ɪɟɝɭɥɢɪɨɜɚɧɢɢ ɫɬɪɭɤɬɭɪɵ ɢ ɫɜɹɡɚɧɧɵɯ ɫ ɧɟɸ ɫɜɨɣɫɬɜ ɩɨɥɢɦɟ-
ɪɚ ɧɚ ɪɚɡɥɢɱɧɵɯ ɭɪɨɜɧɹɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɢ ɞɨɥɠɧɚ ɨɫɧɨɜɵɜɚɬɶɫɹ ɧɚ ɡɧɚɧɢ-
ɹɯ ɨ ɩɪɟɞɩɨɥɚɝɚɟɦɵɯ ɞɟɮɟɤɬɚɯ ɜ ɨɛɪɚɡɭɸɳɟɣɫɹ ɩɨɥɢɦɟɪɧɨɣ ɦɚɬɪɢɰɟ ɢ/ɢɥɢ ɧɚ ɝɪɚɧɢɰɟ 
ɪɚɡɞɟɥɚ ɮɚɡ «ɩɨɥɢɦɟɪ/ɧɚɩɨɥɧɢɬɟɥɶ» ɞɥɹ ɤɨɦɩɟɧɫɚɰɢɢ ɜɥɢɹɧɢɹ ɫɬɪɭɤɬɭɪɧɵɯ ɧɟɨɞɧɨ-
ɪɨɞɧɨɫɬɟɣ ɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɉɄɆ. 

ɋɭɳɟɫɬɜɭɸɬ ɬɪɢ ɨɫɧɨɜɧɵɯ ɩɭɬɢ ɦɨɞɢɮɢɤɚɰɢɢμ ɯɢɦɢɱɟɫɤɚɹ, ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɚɹ 
ɢ ɮɢɡɢɱɟɫɤɚɹ. ɇɚ ɩɪɚɤɬɢɤɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɟ ɦɟɬɨɞɵ.  

Ɏɢɡɢɱɟɫɤаɹ ɦɨɞɢɮɢɤаɰɢɹ ɷɩɨɤɫɢɞɧɵɯ ɨɥɢɝɨɦɟɪɨɜ ɢ ɫɜɹɡɭɸɳɢɯ ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ 
ɢɯ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɜɢɛɪɨɚɤɭɫɬɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɟ. 

Ɏɢɡɢɤɨ-ɯɢɦɢɱɟɫɤаɹ ɦɨɞɢɮɢɤаɰɢɹ ɞɨɫɬɢɝɚɟɬɫɹ ɩɭɬɟɦ ɜɜɟɞɟɧɢɹ ɜ ɫɨɫɬɚɜ ɷɩɨɤɫɢɞ-
ɧɨɣ ɫɢɫɬɟɦɵ ɢɧɟɪɬɧɵɯ ɪɚɡɛɚɜɢɬɟɥɟɣ ɢɥɢ ɩɥɚɫɬɢɮɢɤɚɬɨɪɨɜ, ɬɟɪɦɨɩɥɚɫɬɢɱɧɵɯ ɩɨɥɢɦɟ-
ɪɨɜ, ɠɢɞɤɢɯ ɤɚɭɱɭɤɨɜ Д12Ж, ɭɝɥɟɪɨɞɧɵɯ ɢɥɢ ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ ɧɚɩɨɥɧɢɬɟɥɟɣ, ɩɨɜɟɪɯ-
ɧɨɫɬɧɨ-ɚɤɬɢɜɧɵɯ ɜɟɳɟɫɬɜ (ɉȺȼ) Д1γЖ, ɫɬɚɛɢɥɢɡɚɬɨɪɨɜ ɢ ɥɟɝɢɪɭɸɳɢɯ ɞɨɛɚɜɨɤ. 

ɏɢɦɢɱɟɫɤаɹ ɦɨɞɢɮɢɤаɰɢɹ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɜɚɪɶɢɪɨɜɚɧɢɢ ɯɢɦɢɱɟɫɤɨɝɨ ɫɬɪɨɟɧɢɹ 
ɨɛɪɚɡɭɸɳɟɣɫɹ ɷɩɨɤɫɢɞɧɨɣ ɫɟɬɤɢ ɡɚ ɫɱɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɪɚɡɥɢɱɧɵɯ ɤɥɚɫɫɨɜ ɷɩɨɤɫɢɞɧɵɯ 
ɫɦɨɥ ɢ ɨɬɜɟɪɞɢɬɟɥɟɣ, ɚ ɬɚɤɠɟ ɜɜɟɞɟɧɢɹ ɜ ɫɢɫɬɟɦɭ ɪɟɚɤɰɢɨɧɧɨɫɩɨɫɨɛɧɵɯ ɨɥɢɝɨɦɟɪɨɜ 
(ɧɚɩɪɢɦɟɪ, ɢɡɨɰɢɚɧɚɬɨɜ, ɚɤɬɢɜɧɵɯ ɪɚɡɛɚɜɢɬɟɥɟɣ ɢ ɬ. ɞ.), ɫɩɨɫɨɛɧɵɯ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɯɢ-
ɦɢɱɟɫɤɢɯ ɫɜɹɡɟɣ ɫ ɩɨɥɢɦɟɪɧɨɣ ɦɚɬɪɢɰɟɣ. Хɢɦɢɱɟɫɤɚɹ ɦɨɞɢɮɢɤɚɰɢɹ ɱɚɳɟ ɜɫɟɝɨ ɪɟɚɥɢ-
ɡɭɟɬɫɹ ɩɪɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɦ ɭɱɚɫɬɢɢ ɦɨɞɢɮɢɰɢɪɭɸɳɢɯ ɚɝɟɧɬɨɜ ɜ ɪɟɚɤɰɢɢ ɨɬɜɟɪɠɞɟ-
ɧɢɹ ɥɢɛɨ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɜɟɳɟɫɬɜ, ɤɨɬɨɪɵɟ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ ɫ ɷɩɨɤɫɢɞɧɨɣ ɦɚɬɪɢ-
ɰɟɣ ɧɚ ɫɬɚɞɢɢ ɫɨɜɦɟɳɟɧɢɹ ɤɨɦɩɨɧɟɧɬɨɜ. 

ɇɚɢɛɨɥɟɟ ɡɧɚɱɢɦɨɣ ɪɚɡɧɨɜɢɞɧɨɫɬɶɸ ɭɥɭɱɲɟɧɢɹ ɫɜɨɣɫɬɜ ɷɩɨɤɫɢɩɨɥɢɦɟɪɨɜ ɹɜɥɹ-
ɟɬɫɹ ɯɢɦɢɱɟɫɤɚɹ ɦɨɞɢɮɢɤɚɰɢɹ Д14–17Ж. ɐɟɥɶ ɞɚɧɧɨɝɨ ɨɛɡɨɪɚ – ɪɚɫɫɦɨɬɪɟɧɢɟ ɫɨɜɪɟɦɟɧ-
ɧɵɯ ɬɟɧɞɟɧɰɢɣ ɩɨ ɜɨɩɪɨɫɭ ɦɨɞɢɮɢɤɚɰɢɢ ɷɩɨɤɫɢɞɧɵɯ ɨɥɢɝɨɦɟɪɨɜ ɚɤɬɢɜɧɵɦɢ ɪɚɡɛɚɜɢ-
ɬɟɥɹɦɢ (ɞɥɹ ɭɥɭɱɲɟɧɢɹ ɭɩɪɭɝɨɩɪɨɱɧɨɫɬɧɵɯ ɫɜɨɣɫɬɜ) ɢ ɛɢɫɦɚɥɟɢɦɢɞɚɦɢ (ɞɥɹ ɩɨɜɵɲɟ-
ɧɢɹ ɬɟɩɥɨ- ɢ ɬɟɪɦɨɫɬɨɣɤɨɫɬɢ). 

Ⱦɚɧɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɵɩɨɥɧɟɧɨ ɜ ɪɚɦɤɚɯ ɪɟɚɥɢɡɚɰɢɢ ɤɨɦɩɥɟɤɫɧɨɝɨ ɧɚɭɱɧɨɝɨ 
ɧɚɩɪɚɜɥɟɧɢɹ 1γ. «ɉɨɥɢɦɟɪɧɵɟ ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ» («ɋɬɪɚɬɟɝɢɱɟɫɤɢɟ ɧɚɩɪɚɜ-
ɥɟɧɢɹ ɪɚɡɜɢɬɢɹ ɦɚɬɟɪɢɚɥɨɜ ɢ ɬɟɯɧɨɥɨɝɢɣ ɢɯ ɩɟɪɟɪɚɛɨɬɤɢ ɧɚ ɩɟɪɢɨɞ ɞɨ 20γ0 ɝɨɞɚ») [2]. 

 
Ɇɨɞиɮиɤаɰия ɷɩɨɤɫиɞɧɵɯ ɤɨɦɩɨɡиɰиɣ аɤɬивɧɵɦи ɪаɡɛавиɬɟɥяɦи  

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɨɬɟɱɟɫɬɜɟɧɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɯɢɦɢ-
ɱɟɫɤɢ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ ɷɩɨɤɫɢɞɧɵɯ ɤɨɦɩɨɡɢɰɢɣ ɜ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɵ ɩɨɥɢɦɟɪɧɨɣ 
ɦɚɬɪɢɰɵ ɢɫɩɨɥɶɡɭɸɬ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɱɟɬɵɪɟ ɦɚɪɤɢ ɫɦɨɥμ  

– ɗȾ-20 – ɛɢɮɭɧɤɰɢɨɧɚɥɶɧɚɹ (ɞɢɚɧɨɜɚɹ) ɢɥɢ ɟɟ ɛɥɢɡɤɢɟ, ɜɡɚɢɦɨɡɚɦɟɧɹɟɦɵɟ ɚɧɚɥɨɝɢ 
(ɗȾ-24, ɗȾ-22, ɗȾ-1θ, ɄȾȺ); ɫɨɡɞɚɜɚɟɦɵɟ ɧɚ ɢɯ ɨɫɧɨɜɟ ɤɨɦɩɨɡɢɰɢɢ ɡɚɧɢɦɚɸɬ ɥɢɞɢɪɭ-
ɸɳɟɟ ɦɟɫɬɨ ɫɪɟɞɢ ɞɪɭɝɢɯ ɫɦɨɥ; 

– ɗɌɎ – ɬɪɢɮɭɧɤɰɢɨɧɚɥɶɧɚɹ;  
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– ɗХȾ – ɬɟɬɪɚɮɭɧɤɰɢɨɧɚɥɶɧɚɹ;  
– ɍɉ-643 – ɷɩɨɤɫɢɧɨɜɨɥɚɱɧɚɹ. 

ɉɪɢɦɟɧɟɧɢɟ ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɨɥɢɝɨɦɟɪɨɜ ɜ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɵɯ ɩɨɡɜɨɥɹɟɬ ɮɨɪɦɢ-
ɪɨɜɚɬɶ ɬɟɩɥɨɫɬɨɣɤɢɟ ɢ ɩɪɨɱɧɵɟ ɩɨɥɢɦɟɪɧɵɟ ɦɚɬɪɢɰɵ. 

Ɉɞɧɢɦ ɢɡ ɧɚɩɪɚɜɥɟɧɢɣ ɯɢɦɢɱɟɫɤɨɣ ɦɨɞɢɮɢɤɚɰɢɢ ɷɩɨɤɫɢɞɧɵɯ ɫɦɨɥ ɹɜɥɹɟɬɫɹ 
ɜɜɟɞɟɧɢɟ ɚɤɬɢɜɧɵɯ ɪɚɡɛɚɜɢɬɟɥɟɣ Д18–25Ж, ɤ ɤɨɬɨɪɵɦ ɩɪɟɞɴɹɜɥɹɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɬɪɟɛɨ-
ɜɚɧɢɹμ 

– ɧɟ ɞɨɥɠɧɵ ɜɵɞɟɥɹɬɶɫɹ ɜ ɜɢɞɟ ɨɬɞɟɥɶɧɨɣ ɮɚɡɵ (ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɜɵɩɨ-
ɬɟɜɚɧɢɹ, ɪɚɫɫɥɨɟɧɢɹ) ɜ ɤɨɧɟɱɧɨɣ ɤɨɦɩɨɡɢɰɢɢ ɩɪɢ ɯɪɚɧɟɧɢɢ; 

– ɧɟ ɞɨɥɠɧɵ ɜɡɚɢɦɨɞɟɣɫɬɜɨɜɚɬɶ ɫ ɨɫɧɨɜɧɨɣ ɷɩɨɤɫɢɞɧɨɣ ɫɦɨɥɨɣ ɩɪɢ ɧɨɪɦɚɥɶɧɵɯ 
ɭɫɥɨɜɢɹɯ ɯɪɚɧɟɧɢɹ; 

– ɞɨɥɠɧɵ ɨɬɜɟɪɠɞɚɬɶɫɹ ɩɪɢ ɫɤɨɪɨɫɬɢ ɪɟɚɤɰɢɢ, ɛɥɢɡɤɨɣ ɤ ɫɤɨɪɨɫɬɢ ɨɬɜɟɪɠɞɟɧɢɹ ɛɚ-
ɡɨɜɵɯ ɷɩɨɤɫɢɞɧɵɯ ɫɦɨɥ; 

– ɧɟ ɞɨɥɠɧɵ ɡɧɚɱɢɬɟɥɶɧɨ ɫɧɢɠɚɬɶ ɬɟɦɩɟɪɚɬɭɪɭ ɫɬɟɤɥɨɜɚɧɢɹ ɨɬɜɟɪɠɞɟɧɧɨɣ ɩɨɥɢ-
ɦɟɪɧɨɣ ɦɚɬɪɢɰɵ; 

– ɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɧɟ ɞɨɥɠɧɨ ɩɪɢɜɨɞɢɬɶ ɤ ɭɞɨɪɨɠɚɧɢɸ ɷɩɨɤɫɢɞɧɨɣ ɤɨɦɩɨɡɢɰɢɢ. 
Ⱦɨɛɚɜɥɟɧɢɟ ɚɤɬɢɜɧɵɯ ɪɚɡɛɚɜɢɬɟɥɟɣ ɜ ɫɜɹɡɭɸɳɢɟ, ɤɥɟɢ, ɤɪɚɫɤɢ, ɩɨɤɪɵɬɢɹ, ɤɨɦ-

ɩɚɭɧɞɵ, ɝɟɪɦɟɬɢɤɢ ɫɧɢɠɚɟɬ ɢɯ ɜɹɡɤɨɫɬɶ, ɩɨɜɵɲɚɟɬ ɷɥɚɫɬɢɱɧɨɫɬɶ, ɬɟɯɧɨɥɨɝɢɱɧɨɫɬɶ ɩɪɢ 
ɩɪɨɩɢɬɤɟ ɜɨɥɨɤɧɢɫɬɵɯ ɢ ɞɢɫɩɟɪɫɧɵɯ ɧɚɩɨɥɧɢɬɟɥɟɣ ɞɥɹ ɉɄɆ, ɨɝɧɟɫɬɨɣɤɨɫɬɶ, ɝɢɞɪɨ-
ɮɨɛɧɵɟ ɢ ɞɪɭɝɢɟ ɡɧɚɱɢɦɵɟ ɫɜɨɣɫɬɜɚ ɨɫɧɨɜɧɨɝɨ ɷɩɨɤɫɢɞɧɨɝɨ ɨɥɢɝɨɦɟɪɚ. Ʉɨɥɢɱɟɫɬɜɨ 
ɞɨɛɚɜɥɹɟɦɨɝɨ ɚɤɬɢɜɧɨɝɨ ɪɚɡɛɚɜɢɬɟɥɹ ɫɨɫɬɚɜɥɹɟɬ ɨɬ η ɞɨ 2η % (ɩɨ ɦɚɫɫɟ) ɨɬ ɤɨɥɢɱɟɫɬɜɚ 
ɛɚɡɨɜɵɯ ɷɩɨɤɫɢɞɧɵɯ ɫɦɨɥ.  

ɗɩɨɤɫɢɞɧɵɟ ɚɤɬɢɜɧɵɟ ɪɚɡɛɚɜɢɬɟɥɢ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɫɥɟɞɭɸɳɢɟ ɨɫɧɨɜɧɵɟ 
ɬɢɩɵμ ɦɨɧɨɮɭɧɤɰɢɨɧɚɥɶɧɵɟ, ɛɢɮɭɧɤɰɢɨɧɚɥɶɧɵɟ, ɬɪɢɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɢ ɩɨɥɢɮɭɧɤɰɢɨ-
ɧɚɥɶɧɵɟ. ɗɬɨ ɨɛɳɢɟ ɬɢɩɵ ɚɥɢɮɚɬɢɱɟɫɤɢɯ, ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɢ ɰɢɤɥɨɚɥɢɮɚɬɢɱɟɫɤɢɯ ɷɮɢ-
ɪɨɜ. Ɇɨɧɨɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɪɚɡɛɚɜɢɬɟɥɢ ɹɜɥɹɸɬɫɹ ɨɫɧɨɜɧɵɦ ɬɢɩɨɦ ɫ ɞɨɥɟɣ ɨɫɧɨɜɧɨɝɨ 
ɩɪɨɢɡɜɨɞɫɬɜɚ >η0 % ɨɬ ɨɛɳɟɦɢɪɨɜɨɝɨ ɪɵɧɤɚ ɚɤɬɢɜɧɵɯ ɪɚɡɛɚɜɢɬɟɥɟɣ, ɢɯ ɝɥɚɜɧɵɦɢ ɩɨ-
ɬɪɟɛɢɬɟɥɹɦɢ ɹɜɥɹɸɬɫɹ ɩɪɟɞɩɪɢɹɬɢɹ ɥɚɤɨɤɪɚɫɨɱɧɨɣ ɨɬɪɚɫɥɢ. ɉɪɟɞɥɚɝɚɟɦɵɟ ɦɨɧɨɮɭɧɤ-
ɰɢɨɧɚɥɶɧɵɟ ɪɚɡɛɚɜɢɬɟɥɢ ɨɛɥɚɞɚɸɬ ɫɥɟɞɭɸɳɢɦɢ ɫɜɨɣɫɬɜɚɦɢμ ɯɨɪɨɲɟɣ ɚɞɝɟɡɢɟɣ, ɜɨɞɨ- 
ɢ ɩɨɝɨɞɨɫɬɨɣɤɨɫɬɶɸ, ɯɨɪɨɲɢɦɢ ɫɦɚɱɢɜɚɸɳɢɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɜɵɫɨɤɢɦɢ ɝɢɛɤɨɫɬɶɸ ɢ 
ɭɞɚɪɧɨɣ ɜɹɡɤɨɫɬɶɸ, ɧɢɡɤɢɦɢ ɭɫɚɞɤɨɣ ɢ ɩɨɜɟɪɯɧɨɫɬɧɵɦ ɧɚɬɹɠɟɧɢɟɦ. 

Ɋɚɧɟɟ ɨɫɧɨɜɧɵɦ ɫɞɟɪɠɢɜɚɸɳɢɦ ɮɚɤɬɨɪɨɦ ɞɥɹ ɪɨɫɬɚ ɩɪɢɦɟɧɟɧɢɹ ɷɩɨɤɫɢɞɧɵɯ 
ɚɤɬɢɜɧɵɯ ɪɚɡɛɚɜɢɬɟɥɟɣ ɛɵɥɨ ɬɪɚɞɢɰɢɨɧɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɪɚɫɬɜɨɪɢɬɟɥɟɣ ɜ ɩɪɨɦɵɲ-
ɥɟɧɧɨɫɬɢ – ɤɚɤ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɥɚɤɨɤɪɚɫɨɱɧɨɣ ɩɪɨɞɭɤɰɢɢ, ɬɚɤ ɢ ɪɚɫɬɜɨɪɧɵɯ ɫɜɹɡɭɸ-
ɳɢɯ, ɨɞɧɚɤɨ ɭɜɟɥɢɱɟɧɢɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɜɨ ɜɫɟɦ ɦɢɪɟ ɜ ɫɮɟɪɟ ɨɯɪɚɧɵ 
ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɢ ɡɞɨɪɨɜɶɹ, ɫɜɹɡɚɧɧɨɣ ɫ ɡɚɳɢɬɨɣ ɨɬ  ɜɵɞɟɥɹɸɳɢɯɫɹ ɩɚɪɨɜ ɪɚɫɬɜɨ-
ɪɢɬɟɥɟɣ, ɱɬɨ ɜ ɢɬɨɝɟ ɫɩɨɫɨɛɫɬɜɭɟɬ ɧɟɭɤɥɨɧɧɨɦɭ ɪɨɫɬɭ ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɩɨɤɫɢɞɧɵɯ ɚɤɬɢɜ-
ɧɵɯ ɪɚɡɛɚɜɢɬɟɥɟɣ. 

ȼ 2018 ɝ. ɨɛɴɟɦ ɦɢɪɨɜɨɝɨ ɪɵɧɤɚ ɚɤɬɢɜɧɵɯ ɪɚɡɛɚɜɢɬɟɥɟɣ ɢɡ ɷɩɨɤɫɢɞɧɵɯ ɨɥɢɝɨ-
ɦɟɪɨɜ ɫɨɫɬɚɜɢɥ, ɩɨ ɪɚɡɥɢɱɧɵɦ ɞɚɧɧɵɦ, ɨɬ 800 ɞɨ λ00 ɦɥɧ ɞɨɥɥ. ɋШȺ*. Ɋɟɝɢɨɧɵ-
ɥɢɞɟɪɵ ɩɨ ɩɪɨɦɵɲɥɟɧɧɨɦɭ ɩɪɨɢɡɜɨɞɫɬɜɭ ɞɚɧɧɵɯ ɩɪɨɞɭɤɬɨɜ ɪɚɫɩɨɥɨɠɢɥɢɫɶ ɜ ɫɥɟɞɭ-
ɸɳɟɦ ɩɨɪɹɞɤɟμ ɚɡɢɚɬɫɤɨ-ɬɢɯɨɨɤɟɚɧɫɤɢɣ ɪɟɝɢɨɧ, ɋɟɜɟɪɧɚɹ Ⱥɦɟɪɢɤɚ, ȿɜɪɨɩɚ. ȼ ɛɥɢ-
ɠɚɣɲɟɟ ɜɪɟɦɹ ɫɪɟɞɧɟɝɨɞɨɜɨɣ ɬɟɦɩ ɪɨɫɬɚ ɝɥɨɛɚɥɶɧɨɝɨ ɪɵɧɤɚ ɚɤɬɢɜɧɵɯ ɪɚɡɛɚɜɢɬɟɥɟɣ ɩɪɨ-
ɝɧɨɡɢɪɭɟɬɫɹ ɧɚ ɭɪɨɜɧɟ θ %. ɋɪɟɞɢ ɪɚɡɥɢɱɧɵɯ ɨɛɥɚɫɬɟɣ ɩɪɢɦɟɧɟɧɢɹ ɞɚɧɧɵɯ ɪɟɚɝɟɧɬɨɜ 
ɥɢɞɢɪɭɟɬ ɩɪɨɢɡɜɨɞɫɬɜɨ ɥɚɤɨɤɪɚɫɨɱɧɵɯ ɩɨɤɪɵɬɢɣ, ɞɚɥɟɟ ɫɥɟɞɭɟɬ ɢɡɝɨɬɨɜɥɟɧɢɟ ɉɄɆ; ɬɪɟ-
ɬɶɹ ɩɨ ɡɧɚɱɢɦɨɫɬɢ ɫɮɟɪɚ ɩɪɢɦɟɧɟɧɢɹ – ɩɪɨɢɡɜɨɞɫɬɜɨ ɤɥɟɟɜ ɢ ɝɟɪɦɟɬɢɤɨɜ.  
 
* ɉɨ ɞɚɧɧɵɦ www.orianresearch.com, www.marketsandmarkets.com. 
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ɇɚɢɛɨɥɟɟ ɜɚɠɧɵɦɢ ɨɬɪɚɫɥɹɦɢ ɞɥɹ ɤɨɧɟɱɧɨɝɨ ɩɨɬɪɟɛɥɟɧɢɹ ɚɤɬɢɜɧɵɯ ɪɚɡɛɚɜɢɬɟɥɟɣ 
ɹɜɥɹɸɬɫɹ ɫɬɪɨɢɬɟɥɶɫɬɜɨ, ɚɜɬɨɦɨɛɢɥɟɫɬɪɨɟɧɢɟ, ɷɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ ɷɥɟɤɬɪɨɧɢɤɚ, ɜɟɬɪɨɷɧɟɪ-
ɝɟɬɢɤɚ.  

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɡɚɪɭɛɟɠɧɵɦɢ ɤɨɦɩɚɧɢɹɦɢ, ɪɚɛɨɬɚɸɳɢɦɢ ɜ ɫɮɟɪɟ ɩɪɢɦɟɧɟ-
ɧɢɹ ɷɩɨɤɫɢɞɧɵɯ ɚɤɬɢɜɧɵɯ ɪɚɡɛɚɜɢɬɟɥɟɣ, ɹɜɥɹɸɬɫɹμ ArФОЦК, HЮЧЭsЦКЧ CШrЩШrКЭТШЧ, Hex-
ion, Aditya Birla Chemicals, Dow Chemical Company, King Industries Inc., SACHEM Inc., 
EMS-CHEMIE HOLDING AG, Air Products and Chemicals Inc., Arnette Polymers, LLC, 
Cardolite, GABRIEL Chem, Evonik, Brentagg ɢ Sakamoto Yakuhin Kogyo. 

ȼ ɤɚɱɟɫɬɜɟ ɚɤɬɢɜɧɵɯ ɪɚɡɛɚɜɢɬɟɥɟɣ ɩɪɢɦɟɧɹɸɬ ɪɚɡɥɢɱɧɵɟ ɜɟɳɟɫɬɜɚ, ɧɚɩɪɢɦɟɪμ  
– ɦɨɧɨ- ɢ ɞɢɝɥɢɰɢɞɢɥɨɜɵɟ ɷɮɢɪɵ ɚɥɤɢɥɮɟɧɨɥɨɜ ɢ ɚɥɢɮɚɬɢɱɟɫɤɢɯ ɫɩɢɪɬɨɜ;  
– ɝɥɢɰɟɪɢɧɨɜɵɟ ɷɮɢɪɵ ɮɟɧɨɥɚ, ɮɭɪɮɭɪɢɥɨɜɨɝɨ, ɛɭɬɢɥɨɜɨɝɨ ɢ ɛɟɧɡɢɥɨɜɨɝɨ ɫɩɢɪɬɨɜ.  

Ɇɨɥɟɤɭɥɵ ɚɤɬɢɜɧɵɯ ɪɚɡɛɚɜɢɬɟɥɟɣ, ɫɨɞɟɪɠɚɳɢɟ ɨɞɧɭ ɷɩɨɤɫɢɞɧɭɸ ɝɪɭɩɩɭ, 
ɭɦɟɧɶɲɚɸɬ ɱɚɫɬɨɬɭ ɫɲɢɜɤɢ ɡɚ ɫɱɟɬ ɩɪɟɤɪɚɳɟɧɢɹ ɪɨɫɬɚ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɩɨɥɢɦɟɪɧɨɣ 
ɫɟɬɤɢ.  

Ɉɞɧɢɦ ɢɡ ɬɢɩɨɜ ɚɤɬɢɜɧɵɯ ɪɚɡɛɚɜɢɬɟɥɟɣ ɷɩɨɤɫɢɞɧɵɯ ɨɥɢɝɨɦɟɪɨɜ ɹɜɥɹɸɬɫɹ ɚɥɢ-
ɮɚɬɢɱɟɫɤɢɟ ɷɩɨɤɫɢɞɧɵɟ ɫɦɨɥɵ (Ⱥɗɋ). Ɉɬɟɱɟɫɬɜɟɧɧɵɟ ɦɚɪɤɢ ɞɚɧɧɵɯ ɩɪɨɞɭɤɬɨɜ ɫɥɟɞɭ-
ɸɳɢɟμ ȾɗȽ-1, ɌɗȽ-1, ɆɗȽ-2, ɗɗɌ-1, ɌɗȽ-17, ȾɗȽ-1λ. Ɉɞɧɚɤɨ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɪɨ-
ɦɵɲɥɟɧɧɨ ɩɪɨɢɡɜɨɞɢɬɫɹ ɬɨɥɶɤɨ ɩɪɨɞɭɤɬ ȾɗȽ-1. Ɇɨɥɟɤɭɥɵ ɩɟɪɟɱɢɫɥɟɧɧɵɯ Ⱥɗɋ  
ɫɨɞɟɪɠɚɬ ɨɬ γ ɞɨ λ % ɝɢɞɪɨɤɫɢɥɶɧɵɯ ɝɪɭɩɩ ɢ ɥɟɝɤɨ ɫɨɜɦɟɳɚɸɬɫɹ ɫ ɢɫɩɨɥɶɡɭɟɦɵɦɢ ɜ ɤɚ-
ɱɟɫɬɜɟ ɨɫɧɨɜɧɨɝɨ ɨɥɢɝɨɦɟɪɚ ɷɩɨɤɫɢɞɢɚɧɨɜɵɦɢ ɫɦɨɥɚɦɢ, ɤɨɬɨɪɵɟ ɬɚɤɠɟ ɫɨɞɟɪɠɚɬ ɝɢɞ-
ɪɨɤɫɢɥɶɧɵɟ ɝɪɭɩɩɵ. ɇɚɥɢɱɢɟ ɞɚɧɧɵɯ ɡɚɦɟɫɬɢɬɟɥɟɣ ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɩɨɜɵɲɟɧɧɭɸ ɪɟɚɤɰɢ-
ɨɧɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ Ⱥɗɋ, ɩɨɫɤɨɥɶɤɭ ɝɢɞɪɨɤɫɢɥɶɧɵɟ ɝɪɭɩɩɵ ɤɚɬɚɥɢɡɢɪɭɸɬ ɪɟɚɤɰɢɸ ɫɲɢ-
ɜɚɧɢɹ ɚɦɢɧɧɵɦɢ ɨɬɜɟɪɞɢɬɟɥɹɦɢ. Ɍɚɤɢɟ ɝɪɭɩɩɵ ɬɚɤɠɟ ɹɜɥɹɸɬɫɹ ɩɪɢɱɢɧɨɣ ɭɜɟɥɢɱɟɧɢɹ  
ɜɥɚɝɨɩɨɝɥɨɳɟɧɢɹ ɨɬɜɟɪɠɞɟɧɧɨɝɨ ɷɩɨɤɫɢɩɨɥɢɦɟɪɚ ɩɪɢ ɧɚɱɚɥɶɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɚɦɢɧɚ 
>25 % (ɩɨ ɦɚɫɫɟ). ȼ ɫɥɭɱɚɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɚɧɝɢɞɪɢɞɧɵɯ ɨɬɜɟɪɞɢɬɟɥɟɣ ɫɨɪɛɰɢɹ ɜɨɞɵ  
ɨɤɚɡɵɜɚɟɬɫɹ ɦɟɧɶɲɟ, ɩɨɫɤɨɥɶɤɭ ɩɪɢ ɷɬɨɦ ɨɛɪɚɡɭɸɬɫɹ ɷɮɢɪɧɵɟ ɝɪɭɩɩɵ.  

ɋɭɳɟɫɬɜɭɸɬ ɬɚɤɠɟ ɚɤɬɢɜɧɵɟ ɪɚɡɛɚɜɢɬɟɥɢ ɷɩɨɤɫɢɞɧɵɯ ɨɥɢɝɨɦɟɪɨɜ ɨɥɢɝɨɷɮɢɪɧɨ-
ɝɨ ɬɢɩɚ. Ɇɨɥɟɤɭɥɵ ɞɚɧɧɵɯ ɜɟɳɟɫɬɜ, ɤɚɤ ɢ ɦɨɥɟɤɭɥɵ Ⱥɗɋ, ɫɨɞɟɪɠɚɬ ɩɪɨɫɬɵɟ ɷɮɢɪɧɵɟ 
ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɝɪɭɩɩɵ. Ɉɞɧɚɤɨ ɦɨɥɟɤɭɥɵ ɨɥɢɝɨɷɮɢɪɷɩɨɤɫɢɞɧɵɯ ɪɚɡɛɚɜɢɬɟɥɟɣ ɧɟ ɫɨ-
ɞɟɪɠɚɬ ɝɢɞɪɨɤɫɢɥɶɧɵɯ ɝɪɭɩɩ. Ⱦɚɧɧɵɟ ɦɨɞɢɮɢɤɚɬɨɪɵ ɩɨɥɭɱɚɸɬ ɢɡ ɨɥɢɝɨɨɤɫɢɩɪɨɩɢ-
ɥɟɧɩɨɥɢɨɥɨɜ. ɂɯ ɦɨɥɟɤɭɥɵ ɫɨɞɟɪɠɚɬ ɩɨ ɞɜɟ ɢɥɢ ɬɪɢ ɝɥɢɰɢɞɢɥɨɜɵɟ ɝɪɭɩɩɵ, ɚ ɫɬɟɩɟɧɶ 
ɩɨɥɢɤɨɧɞɟɧɫɚɰɢɢ ɧɟ ɩɪɟɜɵɲɚɟɬ 11. 

ȼ ɋɨɜɟɬɫɤɨɦ ɋɨɸɡɟ ɩɪɨɦɵɲɥɟɧɧɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ ɷɩɨɤɫɢɞɧɵɯ ɪɟɚɤɰɢɨɧɧɨɫɩɨ-
ɫɨɛɧɵɯ ɪɚɡɛɚɜɢɬɟɥɟɣ ɛɵɥɨ ɦɚɫɫɨɜɵɦ. Ⱥɫɫɨɪɬɢɦɟɧɬ ɜɵɩɭɫɤɚɟɦɨɣ ɩɪɨɞɭɤɰɢɢ ɧɟɩɪɟ-
ɪɵɜɧɨ ɪɚɫɲɢɪɹɥɫɹ. ɉɪɨɢɡɜɨɞɫɬɜɨ ɚɤɬɢɜɧɵɯ ɪɚɡɛɚɜɢɬɟɥɟɣ ɛɵɥɨ ɪɚɡɜɟɪɧɭɬɨ ɜ ɪɚɡɥɢɱɧɵɯ 
ɝɨɪɨɞɚɯ ɋɋɋɊ – ɧɚɩɪɢɦɟɪ, ɜ ɝ. Ⱦɨɧɟɰɤɟ ɍɤɪɚɢɧɫɤɨɣ ɋɋɊ, ɜ ɇɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɦ 
ɢɧɫɬɢɬɭɬɟ ɩɥɚɫɬɢɱɟɫɤɢɯ ɦɚɫɫ, ɜ ɤɨɬɨɪɨɦ ɜɵɩɭɫɤɚɥɢ ɩɪɨɞɭɤɬɵ ɫɥɟɞɭɸɳɢɯ ɦɚɪɨɤμ ɗɎȽ, 
ɍɉ-θ1θ, ɍɉ-θ24, ɍɉ-θ4λ, ɗ-181, ɍɉ-θηη, ɍɉ-θη7, ɍɉ-θη8, ɍɉ-θηλ ɢ ɍɉ-θθ0 (ɚɛɛɪɟɜɢ-
ɚɬɭɪɚ ɍɉ ɨɡɧɚɱɚɟɬ «ɍɤɪɚɢɧɫɤɢɟ ɩɨɥɢɦɟɪɵ»). 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɦɚɫɲɬɚɛɵ ɢɡɝɨɬɨɜɥɟɧɢɹ ɪɟɚɤɰɢɨɧɧɨɫɩɨɫɨɛɧɵɯ ɪɚɡɛɚɜɢɬɟɥɟɣ 
ɡɚɦɟɬɧɨ ɫɧɢɡɢɥɢɫɶ. Ɉɞɧɚɤɨ ɩɪɨɦɵɲɥɟɧɧɵɦ ɩɪɨɢɡɜɨɞɫɬɜɨɦ ɚɤɬɢɜɧɵɯ ɪɚɡɛɚɜɢɬɟɥɟɣ 
ɷɩɨɤɫɢɞɧɵɯ ɨɥɢɝɨɦɟɪɨɜ ɡɚɧɢɦɚɟɬɫɹ ɪɹɞ ɪɨɫɫɢɣɫɤɢɯ ɩɪɟɞɩɪɢɹɬɢɣ, ɬɚɤɢɯ ɤɚɤ ɁȺɈ 
«ХɂɆɗɄɋ Ʌɢɦɢɬɟɞ» (ɝ. ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝ), ɎɄɉ «Ɂɚɜɨɞ ɢɦɟɧɢ ə.Ɇ. ɋɜɟɪɞɥɨɜɚ» 
(ɝ. Ⱦɡɟɪɠɢɧɫɤ ɇɢɠɟɝɨɪɨɞɫɤɨɣ ɨɛɥɚɫɬɢ), ɈɈɈ ɉɪɟɞɩɪɢɹɬɢɟ «ȾɈɊɈɋ» (ɝ. əɪɨɫɥɚɜɥɶ), 
ɈȺɈ «ɇɂɂХɂɆɉɈɅɂɆȿɊ» (ɝ. Ɍɚɦɛɨɜ), ɈɈɈ «ɋɭɩɟɪɩɥɚɫɬ» (ɝ. Ɇɨɫɤɜɚ) ɢ ɧɟɤɨɬɨɪɵɟ 
ɞɪɭɝɢɟ. ɇɚɢɛɨɥɶɲɢɦɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɦɢ ɦɨɳɧɨɫɬɹɦɢ ɢ ɧɚɢɛɨɥɟɟ ɲɢɪɨɤɢɦ ɚɫɫɨɪɬɢ-
ɦɟɧɬɨɦ ɯɢɦɢɱɟɫɤɢɯ ɦɨɞɢɮɢɤɚɬɨɪɨɜ ɞɚɧɧɨɝɨ ɤɥɚɫɫɚ ɨɛɥɚɞɚɟɬ ɈɈɈ «ɇɉɉ «Ɇɚɤɪɨɦɟɪ» 
ɢɦ. ȼ.ɋ. Ʌɟɛɟɞɟɜɚ», ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɜɲɟɟ ɜ 2001 ɝ. ɬɨɜɚɪɧɵɣ ɡɧɚɤ ɞɥɹ ɨɛɨɡɧɚɱɟɧɢɹ  
ɚɤɬɢɜɧɵɯ ɪɚɡɛɚɜɢɬɟɥɟɣ ɫɨɛɫɬɜɟɧɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ – «Ʌɚɩɪɨɤɫɢɞ» Д2θ, 27Ж. ȼ ɬɚɛɥ. 1 
ɩɪɢɜɟɞɟɧɵ ɫɜɨɣɫɬɜɚ ɪɹɞɚ ɥɚɩɪɨɤɫɢɞɨɜ.  
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Ɍаɛɥɢɰа 1 
ɏаɪаɤɬɟɪиɫɬиɤи ɧаиɛɨɥɟɟ ɩɪиɦɟɧяɟɦɵɯ ɨɬɟчɟɫɬвɟɧɧɵɯ  

аɤɬивɧɵɯ ɪаɡɛавиɬɟɥɟɣ ɦаɪɤи «Ʌаɩɪɨɤɫиɞ» 
Ɇɚɪɤɚ 

ɥɚɩɪɨɤɫɢɞɚ 
Ɏɭɧɤɰɢɨɧɚɥɶ-

ɧɨɫɬɶ 
Ⱦɢɧɚɦɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ 2η °ɋ, ɉɚ·ɫ 

Ɇɚɫɫɨɜɚɹ ɞɨɥɹ  
ɷɩɨɤɫɢɞɧɵɯ ɝɪɭɩɩ, % 

603 3 0,08–0,15 16,5–19,5 
702 2 0,07–0,12 7,5–10,5 
703 3 0,09–0,16 13,5–16,5 
ȻȾ 2 0,01–0,03 28,0–33,0 

ȾɗȽ-1 2 Ⱦɨ 0,07 Ɉɬ 24,0 
ɌɆɉ 3 0,15–0,25 27,0–31,0 
ɗ-181 2 Ⱦɨ 0,08 Ɉɬ 2η,0 
ɇȿɈ 2 0,015–0,035 26,0–30,0 

 
ȼ ɩɪɨɰɟɫɫɟ ɫɦɟɲɟɧɢɹ ɤɨɦɩɨɧɟɧɬɨɜ ɬɟɪɦɨɪɟɚɤɬɢɜɧɵɯ ɷɩɨɤɫɢɞɧɵɯ ɫɢɫɬɟɦ ɦɨɥɟ-

ɤɭɥɵ ɨɥɢɝɨɦɟɪɧɵɯ ɚɤɬɢɜɧɵɯ ɪɚɡɛɚɜɢɬɟɥɟɣ ɜɫɬɪɚɢɜɚɸɬɫɹ ɦɟɠɞɭ ɰɟɩɧɵɦɢ ɦɨɥɟɤɭɥɚɦɢ 
ɨɫɧɨɜɧɨɣ ɷɩɨɤɫɢɞɧɨɣ ɫɦɨɥɵ, ɫɨɡɞɚɜɚɹ ɬɟɦ ɫɚɦɵɦ ɩɥɚɫɬɢɮɢɰɢɪɭɸɳɢɣ ɷɮɮɟɤɬ. ɉɪɢ 
ɷɬɨɦ ɩɪɨɢɫɯɨɞɢɬ ɤɚɤ ɭɜɟɥɢɱɟɧɢɟ ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ ɦɚɤɪɨɦɨɥɟɤɭɥɚɦɢ, ɬɚɤ ɢ ɫɧɢɠɟɧɢɟ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɩɨɥɹɪɧɵɯ ɝɪɭɩɩ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɩɨɜɵɲɟɧɢɸ ɫɟɝɦɟɧɬɚɥɶɧɨɣ ɩɨɞɜɢɠ-
ɧɨɫɬɢ ɰɟɩɧɵɯ ɦɨɥɟɤɭɥ. ȼ ɩɪɨɰɟɫɫɟ ɨɬɜɟɪɠɞɟɧɢɹ ɷɩɨɤɫɢɞɧɵɟ ɢ ɝɢɞɪɨɤɫɢɥɶɧɵɟ ɝɪɭɩɩɵ 
ɝɥɚɜɧɨɣ ɫɦɨɥɵ ɢ ɚɤɬɢɜɧɨɝɨ ɪɚɡɛɚɜɢɬɟɥɹ ɪɟɚɝɢɪɭɸɬ ɫ ɪɚɡɥɢɱɧɵɦɢ ɮɭɧɤɰɢɨɧɚɥɶɧɵɦɢ 
ɝɪɭɩɩɚɦɢ ɨɬɜɟɪɞɢɬɟɥɟɣ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɨɛɪɚɡɭɟɬɫɹ ɟɞɢɧɚɹ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ-ɫɲɢɬɚɹ ɫɟɬɤɚ 
ɤɨɜɚɥɟɧɬɧɵɯ ɯɢɦɢɱɟɫɤɢɯ ɫɜɹɡɟɣ. ȼ ɫɥɭɱɚɟ ɩɪɢɦɟɧɟɧɢɹ Ⱥɗɋ ɜ ɤɚɱɟɫɬɜɟ ɚɤɬɢɜɧɨɝɨ ɪɚɡ-
ɛɚɜɢɬɟɥɹ ɞɚɧɧɚɹ ɫɬɪɭɤɬɭɪɚ ɩɨɞɨɛɧɚ ɫɬɪɭɤɬɭɪɟ ɩɪɢɜɢɬɵɯ ɫɨɩɨɥɢɦɟɪɨɜ. 

Ⱦɥɹ ɬɚɤɢɯ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ ɨɬɜɟɪɠɞɟɧɧɵɯ ɫɢɫɬɟɦ ɯɚɪɚɤɬɟɪɟɧ ɬɢɩ ɩɥɚɫɬɢɱɟ-
ɫɤɨɣ ɞɟɮɨɪɦɚɰɢɢ ɩɟɪɟɞ ɮɪɨɧɬɨɦ ɧɚɫɬɭɩɚɸɳɟɣ ɭɞɚɪɧɨɣ ɢɥɢ ɭɫɬɚɥɨɫɬɧɨɣ ɬɪɟɳɢɧɵ, ɜ 
ɨɬɥɢɱɢɟ ɨɬ ɯɪɭɩɤɨɝɨ – ɞɥɹ ɧɟɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɣ ɤɨɦɩɨɡɢɰɢɢ Д28Ж. ɗɬɨ ɬɚɤɠɟ ɦɨɠɧɨ 
ɨɛɴɹɫɧɢɬɶ ɩɪɢɫɭɬɫɬɜɢɟɦ ɜ ɪɚɡɛɚɜɢɬɟɥɹɯ ɝɢɛɤɢɯ ɮɪɚɝɦɟɧɬɨɜ, ɤɨɬɨɪɵɟ ɧɚ ɫɬɚɞɢɢ ɨɬɜɟɪ-
ɠɞɟɧɢɹ, ɜɫɬɪɚɢɜɚɹɫɶ ɜ ɷɩɨɤɫɢɞɧɭɸ ɫɟɬɤɭ, ɨɛɟɫɩɟɱɢɜɚɸɬ ɮɨɪɦɢɪɨɜɚɧɢɟ ɧɚ ɦɨɥɟɤɭɥɹɪ-
ɧɨɦ ɭɪɨɜɧɟ ɦɟɧɟɟ ɞɟɮɟɤɬɧɨɣ ɫɬɪɭɤɬɭɪɵ ɢ ɫɩɨɫɨɛɫɬɜɭɸɬ ɫɧɢɠɟɧɢɸ ɨɫɬɚɬɨɱɧɵɯ ɧɚɩɪɹ-
ɠɟɧɢɣ. ɉɨɷɬɨɦɭ ɩɪɢ ɦɟɯɚɧɢɱɟɫɤɨɦ ɜɨɡɞɟɣɫɬɜɢɢ ɜ ɫɜɹɡɢ ɫ ɧɚɥɢɱɢɟɦ ɬɚɤɢɯ ɷɥɚɫɬɢɱɧɵɯ 
ɮɪɚɝɦɟɧɬɨɜ ɩɪɨɢɫɯɨɞɢɬ ɩɨɝɥɨɳɟɧɢɟ ɷɧɟɪɝɢɢ ɪɚɡɪɭɲɟɧɢɹ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɛɨɥɟɟ ɛɵɫɬ-
ɪɨɦɭ ɢ ɩɨɥɧɨɦɭ ɩɪɨɬɟɤɚɧɢɸ ɪɟɥɚɤɫɚɰɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ. Ȼɥɚɝɨɞɚɪɹ ɩɨɜɵɲɟɧɢɸ ɷɥɚ-
ɫɬɢɱɧɨɫɬɢ ɷɩɨɤɫɢɩɨɥɢɦɟɪɨɜ, ɚɤɬɢɜɧɵɟ ɪɚɡɛɚɜɢɬɟɥɢ ɧɚɡɵɜɚɸɬ «ɮɥɟɤɫɢɛɢɥɢɡɚɬɨɪɚɦɢ». 

Ʉɪɨɦɟ ɬɨɝɨ, ɞɚɧɧɵɟ ɦɨɞɢɮɢɤɚɬɨɪɵ ɧɟ ɩɪɨɫɬɨ ɫɧɢɠɚɸɬ ɜɹɡɤɨɫɬɶ, ɧɨ ɢ ɭɜɟɥɢɱɢ-
ɜɚɸɬ ɩɥɨɳɚɞɶ ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ ɮɚɡ «ɫɜɹɡɭɸɳɟɟ/ɧɚɩɨɥɧɢɬɟɥɶ»; ɭɫɤɨɪɹɸɬ ɢ ɢɧɬɟɧɫɢɮɢ-
ɰɢɪɭɸɬ ɩɪɨɰɟɫɫ ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɤɨɦɩɨɡɢɰɢɢ ɜ ɞɟɮɟɤɬɵ ɬɜɟɪɞɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɩɨɪɵ ɢ 
ɦɟɠɜɨɥɨɤɨɧɧɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ ɡɚ ɫɱɟɬ ɞɟɣɫɬɜɢɹ ɤɚɩɢɥɥɹɪɧɵɯ ɫɢɥ, ɫɢɥɵ ɬɹɠɟɫɬɢ, ɚɬɦɨ-
ɫɮɟɪɧɨɝɨ ɞɚɜɥɟɧɢɹ ɢ ɫɢɥ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ. Ȼɥɚɝɨɞɚɪɹ ɬɚɤɢɦ ɜɨɡɞɟɣɫɬɜɢɹɦ 
ɫɬɚɧɨɜɢɬɫɹ ɜɨɡɦɨɠɧɵɦ ɜɜɟɞɟɧɢɟ ɜ ɫɜɹɡɭɸɳɟɟ ɛɨɥɶɲɟɝɨ ɤɨɥɢɱɟɫɬɜɚ ɧɚɩɨɥɧɢɬɟɥɹ, ɱɬɨ 
ɫɩɨɫɨɛɫɬɜɭɟɬ ɜɨɡɧɢɤɧɨɜɟɧɢɸ ɛɨɥɟɟ ɩɪɨɱɧɨɝɨ ɚɞɝɟɡɢɨɧɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɧɚ ɝɪɚɧɢɰɟ 
ɪɚɡɞɟɥɚ ɮɚɡ «ɩɨɥɢɦɟɪɧɚɹ ɦɚɬɪɢɰɚ/ɧɚɩɨɥɧɢɬɟɥɶ». 

Ɉɞɧɚɤɨ ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜɜɟɞɟɧɢɟ ɚɤɬɢɜɧɵɯ ɪɚɡɛɚɜɢɬɟɥɟɣ, ɫɨɞɟɪɠɚɳɢɯ ɜ 
ɫɜɨɟɣ ɫɬɪɭɤɬɭɪɟ ɝɢɛɤɢɟ ɮɪɚɝɦɟɧɬɵ, ɩɪɢɜɨɞɢɬ ɤ ɧɟɤɨɬɨɪɨɦɭ ɭɯɭɞɲɟɧɢɸ ɷɤɫɩɥɭɚɬɚɰɢ-
ɨɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɤɨɧɟɱɧɨɝɨ ɢɡɞɟɥɢɹ – ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɬɟɩɥɨɫɬɨɣɤɨɫɬɢ, ɦɟɯɚɧɢ-
ɱɟɫɤɨɣ ɩɪɨɱɧɨɫɬɢ, ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɢ ɯɢɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ. ɉɨɧɢɠɟɧɢɟ ɬɟɦɩɟ-
ɪɚɬɭɪɵ ɫɬɟɤɥɨɜɚɧɢɹ ɩɪɢ ɜɜɟɞɟɧɢɢ ɦɨɞɢɮɢɤɚɬɨɪɚ ɫɜɹɡɚɧɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɩɨɞɜɢɠɧɨɫɬɢ 
ɫɟɬɤɢ, ɬɚɤ ɤɚɤ ɞɚɠɟ ɩɪɢ ɨɞɧɨɣ ɢ ɬɨɣ ɠɟ ɩɥɨɬɧɨɫɬɢ ɟɟ ɭɩɚɤɨɜɤɢ ɮɚɤɬɢɱɟɫɤɢɣ ɫɜɨɛɨɞɧɵɣ 
ɨɛɴɟɦ, ɧɟɨɛɯɨɞɢɦɵɣ ɞɥɹ ɩɪɨɹɜɥɟɧɢɹ ɩɨɞɜɢɠɧɨɫɬɢ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɯɚɪɚɤɬɟɪɨɦ ɞɜɢɠɟɧɢɣ 
ɫɟɝɦɟɧɬɨɜ ɢ ɢɯ ɪɚɡɦɟɪɨɦ, ɤɨɬɨɪɵɣ ɫɧɢɠɚɟɬɫɹ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɝɢɛɤɨɫɬɢ ɦɚɤɪɨɰɟɩɟɣ. 
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Ɉɞɧɢɦ ɢɡ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɟɦɵɯ ɚɤɬɢɜɧɵɯ ɪɚɡɛɚɜɢɬɟɥɟɣ ɹɜɥɹɟɬɫɹ ɛɭɬɢɥɝɥɢɰɢɞɢ-
ɥɨɜɵɣ ɷɮɢɪ. ȼ ɬɚɛɥ. 2 ɩɪɢɜɟɞɟɧɵ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɚɧɧɨɝɨ ɦɨɞɢɮɢɤɚɬɨɪɚ, ɢɡɝɨɬɨɜɥɟɧ-
ɧɨɝɨ ɪɚɡɧɵɦɢ ɤɨɦɩɚɧɢɹɦɢ.  

 
Ɍаɛɥɢɰа 2 

Ɉɫɧɨвɧɵɟ ɫвɨɣɫɬва ɨɞɧɨɝɨ иɡ аɤɬивɧɵɯ ɪаɡɛавиɬɟɥɟɣ –  
ɛɭɬиɥɝɥиɰиɞиɥɨвɨɝɨ ɷɮиɪа, ɩɪɟɞɫɬавɥɟɧɧɨɝɨ ɪаɡɥичɧɵɦи ɩɪɨиɡвɨɞиɬɟɥяɦи 

ɋɜɨɣɫɬɜɚ 
Ɂɧɚɱɟɧɢɹ ɫɜɨɣɫɬɜ ɪɚɡɛɚɜɢɬɟɥɹ, ɩɪɨɢɡɜɟɞɟɧɧɨɝɨ ɤɨɦɩɚɧɢɟɣ 

Henan Tianfu Chemi-
cal Co., Ltd (Ʉɢɬɚɣ) 

Tokyo Chemical Indus-
try, TCI (əɩɨɧɢɹ) 

Millipore Sigma, Merck 
kGaA (Ƚɟɪɦɚɧɢɹ) 

ɋɬɟɩɟɧɶ ɱɢɫɬɨɬɵ, % 96 98 95 
Ɍɟɦɩɟɪɚɬɭɪɚ ɤɢɩɟɧɢɹ, °ɋ 168 167 167 
Ɍɟɦɩɟɪɚɬɭɪɚ ɜɫɩɵɲɤɢ, °ɋ 57 59 58 
ɉɥɨɬɧɨɫɬɶ, ɝ/ɫɦ3 0,92 0,92 0,91 
ɉɨɤɚɡɚɬɟɥɶ ɩɪɟɥɨɦɥɟɧɢɹ 1,42 1,42 1,418 

 
Ⱥɧɚɥɢɡ ɫɨɜɪɟɦɟɧɧɨɣ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ ɥɢɬɟɪɚɬɭɪɵ ɩɨɤɚɡɚɥ, ɱɬɨ ɦɧɨɝɢɟ ɡɚɪɭ-

ɛɟɠɧɵɟ ɤɨɦɩɚɧɢɢ ɢ ɧɚɭɱɧɵɟ ɤɨɥɥɟɤɬɢɜɵ ɡɚɧɢɦɚɸɬɫɹ ɢɡɭɱɟɧɢɟɦ ɜɥɢɹɧɢɹ ɚɤɬɢɜɧɵɯ 
ɪɚɡɛɚɜɢɬɟɥɟɣ ɧɚ ɫɜɨɣɫɬɜɚ ɷɩɨɤɫɢɞɧɵɯ ɫɢɫɬɟɦ Д2λ–γηЖ. ɇɚɩɪɢɦɟɪ, ɜ ɪɚɛɨɬɟ ДγθЖ, ɩɪɢɜɟ-
ɞɟɧ ɩɪɨɰɟɫɫ ɢɡɝɨɬɨɜɥɟɧɢɹ ɫɬɟɤɥɨɩɥɚɫɬɢɤɨɜɵɯ ɬɪɭɛ ɧɚ ɷɩɨɤɫɢɞɧɨɣ ɦɚɬɪɢɰɟ. ȼ ɤɚɱɟɫɬɜɟ 
ɨɬɜɟɪɠɞɚɸɳɟɝɨ ɚɝɟɧɬɚ ɜ ɞɚɧɧɨɦ ɢɫɫɥɟɞɨɜɚɧɢɢ ɢɫɩɨɥɶɡɨɜɚɥɢ ɦɟɬɢɥɬɟɬɪɚɝɢɞɪɨɮɬɚɥɟ-
ɜɵɣ ɚɧɝɢɞɪɢɞ. ȼ ɫɨɫɬɚɜ ɩɨɥɢɦɟɪɧɨɣ ɤɨɦɩɨɡɢɰɢɢ ɬɚɤɠɟ ɛɵɥɢ ɜɤɥɸɱɟɧɵ ɢɧɢɰɢɚɬɨɪ 
(ɛɟɧɡɢɥɬɪɢɷɬɢɥɚɦɦɨɧɢɣ ɯɥɨɪɢɞ) ɢ ɚɤɬɢɜɧɵɣ ɪɚɡɛɚɜɢɬɟɥɶ (ɞɢɝɥɢɰɢɞɢɥɨɜɵɣ ɷɮɢɪ ɛɭ-
ɬɚɧɞɢɨɥɚ). Ⱦɨɛɚɜɥɟɧɢɟ ɩɨɫɥɟɞɧɟɝɨ ɩɨɡɜɨɥɢɥɨ ɝɨɦɨɝɟɧɢɡɢɪɨɜɚɬɶ ɫɦɟɫɶ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 
30 °ɋ ɢ ɷɮɮɟɤɬɢɜɧɨ ɫɧɢɡɢɬɶ ɜɹɡɤɨɫɬɶ ɫɜɹɡɭɸɳɟɝɨ, ɱɬɨ ɭɥɭɱɲɢɥɨ ɩɪɨɩɢɬɤɭ ɜɨɥɨɤɧɢɫɬɨ-
ɝɨ ɧɚɩɨɥɧɢɬɟɥɹ. Ȼɥɚɝɨɞɚɪɹ ɜɜɟɞɟɧɢɸ ɚɤɬɢɜɧɨɝɨ ɪɚɡɛɚɜɢɬɟɥɹ ɭɞɚɥɨɫɶ ɬɚɤɠɟ ɩɨɜɵɫɢɬɶ 
ɫɨɞɟɪɠɚɧɢɟ ɢɧɢɰɢɚɬɨɪɚ ɜ ɫɢɫɬɟɦɟ ɞɨ η,η % (ɩɨ ɦɚɫɫɟ), ɱɬɨ ɩɨɡɜɨɥɢɥɨ ɫɨɤɪɚɬɢɬɶ ɩɪɨ-
ɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɨɬɜɟɪɠɞɟɧɢɹ. Ⱦɨɛɚɜɥɟɧɢɟ 10 % (ɩɨ ɦɚɫɫɟ) ɞɢɝɥɢɰɢɞɢɥɨɜɨɝɨ ɷɮɢɪɚ ɛɭ-
ɬɚɧɞɢɨɥɚ ɩɪɢɜɟɥɨ ɤ ɧɟɡɧɚɱɢɬɟɥɶɧɨɦɭ ɫɧɢɠɟɧɢɸ ɬɟɦɩɟɪɚɬɭɪɵ ɫɬɟɤɥɨɜɚɧɢɹ – ɫɨ 12θ ɞɨ 
119 °ɋ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɨɥɭɱɟɧɵ ɬɪɭɛɵ ɜɵɫɨɤɨɝɨ ɤɚɱɟɫɬɜɚ.  

ȼ ɢɫɫɥɟɞɨɜɚɧɢɢ Дγ7Ж ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɪɚɡɪɚɛɨɬɤɢ ɷɩɨɤɫɢɞɧɵɯ ɫɜɹɡɭɸɳɢɯ 
ɞɥɹ ɩɟɪɟɪɚɛɨɬɤɢ ɜɨɥɨɤɧɢɫɬɵɯ ɉɄɆ ɜ ɢɡɞɟɥɢɹ ɩɨ ɬɟɯɧɨɥɨɝɢɹɦ RTM (resin transfer mold-
ing) ɢ VaRTM (vacuum assisted resin transfer molding). Ȼɥɚɝɨɞɚɪɹ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɚɤɬɢɜ-
ɧɨɝɨ ɪɚɡɛɚɜɢɬɟɥɹ ɭɞɚɥɨɫɶ ɡɧɚɱɢɬɟɥɶɧɨ (ɞɨ 1 ɉɚ·ɫ) ɫɧɢɡɢɬɶ ɜɹɡɤɨɫɬɶ ɫɜɹɡɭɸɳɟɝɨ ɢ ɩɨɞ-
ɞɟɪɠɢɜɚɬɶ ɟɟ ɧɚ ɷɬɨɦ ɭɪɨɜɧɟ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ. Ⱦɚɠɟ ɩɪɢ ɜɜɟɞɟɧɢɢ 
10 % (ɩɨ ɦɚɫɫɟ) ɦɨɞɢɮɢɤɚɬɨɪɚ ɜɹɡɤɨɫɬɶ ɭɦɟɧɶɲɢɥɚɫɶ ɧɚ ɧɟɫɤɨɥɶɤɨ ɩɨɪɹɞɤɨɜ. ɉɨɜɵɲɟ-
ɧɢɟ ɬɟɤɭɱɟɫɬɢ ɤɨɦɩɨɡɢɰɢɢ ɩɨɡɜɨɥɢɥɨ ɞɚɠɟ ɩɪɢ ɧɟɜɵɫɨɤɨɦ ɞɚɜɥɟɧɢɢ ɨɫɭɳɟɫɬɜɢɬɶ ɟɟ 
ɢɧɠɟɤɰɢɸ ɜ ɮɨɪɦɨɜɨɱɧɨɟ ɭɫɬɪɨɣɫɬɜɨ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɨɣ ɪɚɛɨɬɵ ɨɩɪɟɞɟɥɟɧɵ 
ɨɩɬɢɦɚɥɶɧɵɟ ɪɟɰɟɩɬɭɪɵ ɫɜɹɡɭɸɳɢɯ ɫ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɢɦɢ ɬɟɦɩɟɪɚɬɭɪɚɦɢ ɫɬɟɤɥɨɜɚ-
ɧɢɹ ɜ ɨɬɜɟɪɠɞɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ ɢ ɜ ɬɨ ɠɟ ɜɪɟɦɹ ɩɪɢɝɨɞɧɵɯ ɞɥɹ ɩɟɪɟɪɚɛɨɬɤɢ ɦɟɬɨɞɚɦɢ 
RTM ɢ VaRTM.  

Ɉɛɡɨɪ ɩɚɬɟɧɬɧɨɣ ɥɢɬɟɪɚɬɭɪɵ ɜɵɹɜɢɥ ɪɹɞ ɪɨɫɫɢɣɫɤɢɯ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɯ ɧɚɭɱɧɵɯ 
ɭɱɪɟɠɞɟɧɢɣ ɢ ɜɭɡɨɜ, ɤɨɬɨɪɵɟ ɜ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɩɪɨɜɨɞɹɬ  ɢɫɫɥɟɞɨɜɚɧɢɹ ɷɩɨɤɫɢɞɧɵɯ 
ɤɨɦɩɨɡɢɰɢɣ, ɫɨɞɟɪɠɚɳɢɯ ɜ ɤɚɱɟɫɬɜɟ ɦɨɞɢɮɢɰɢɪɭɸɳɢɯ ɞɨɛɚɜɨɤ ɚɤɬɢɜɧɵɟ ɪɚɡɛɚɜɢɬɟɥɢμ 
ɎȽɍɉ «ȼɂȺɆ» Ƚɇɐ ɊɎ (ɝ. Ɇɨɫɤɜɚ) Дγ8–40Ж, ɎȽɍɉ «ɇɂɂ ɩɨɥɢɦɟɪɨɜ» (ɝ. Ⱦɡɟɪɠɢɧɫɤ) 
Д41Ж, ɎȽȻɈɍ ȼɈ ɆȽɌɍ «ɋɌȺɇɄɂɇ» (ɝ. Ɇɨɫɤɜɚ) Д42Ж, ɎȽȻɈɍ ȼɉɈ ɑȽɍ (ɝ. ɑɟɛɨɤɫɚ-
ɪɵ) Д4γЖ, ɎȽɍɉ «ȼɇɂɂȺ» (ɝ. Ɇɨɫɤɜɚ) Д44, 4ηЖ, ɎȽȺɈɍ ȼɉɈ ɄɎɍ (ɝ. Ʉɚɡɚɧɶ) Д4θЖ, 
ɎȽȻɈɍ ȼɉɈ ɊȽɍɉɋ (ɝ. Ɋɨɫɬɨɜ-ɧɚ-Ⱦɨɧɭ) Д47Ж. Ʉɪɨɦɟ ɬɨɝɨ, ɚɤɬɢɜɧɵɟ ɪɚɡɛɚɜɢɬɟɥɢ ɷɩɨɤ-
ɫɢɞɧɵɯ ɨɥɢɝɨɦɟɪɨɜ ɩɪɢɦɟɧɹɸɬ ɜ ɫɨɜɪɟɦɟɧɧɵɯ ɪɚɡɪɚɛɨɬɤɚɯ ɫɩɟɰɢɚɥɢɫɬɵ ɨɬɟɱɟɫɬɜɟɧ-
ɧɵɯ ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɪɟɞɩɪɢɹɬɢɣ ɢ ɤɨɦɩɚɧɢɣ Д48–54]. 
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Ɇɨɞиɮиɤаɰия ɷɩɨɤɫиɞɧɵɯ ɤɨɦɩɨɡиɰиɣ ɛиɫɦаɥɟиɦиɞаɦи 
ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ, ɩɨɦɢɦɨ ɚɤɬɢɜɧɵɯ ɪɚɡɛɚɜɢɬɟɥɟɣ, ɜ ɤɚɱɟɫɬɜɟ ɦɨɞɢɮɢɤɚɬɨɪɨɜ 

ɷɩɨɤɫɢɞɧɨɣ ɦɚɬɪɢɰɵ ɞɥɹ ɉɄɆ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɸɬɫɹ ɚɪɨɦɚɬɢɱɟɫɤɢɟ ɛɢɫɦɚɥɟɢɦɢɞɵ 
(ȻɆɂ). Ⱦɚɧɧɵɟ ɜɟɳɟɫɬɜɚ ɩɨɡɜɨɥɹɸɬ ɮɨɪɦɨɜɚɬɶ ɫɥɨɢɫɬɵɟ ɩɥɚɫɬɢɤɢ ɫ ɩɨɜɵɲɟɧɧɵɦɢ 
ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɦɢ, ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦɢ ɢ ɷɥɟɤɬɪɢɱɟɫɤɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ. ɉɨ-
ɥɢɦɟɪɧɵɟ ɫɜɹɡɭɸɳɢɟ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɟ ȻɆɂ Дηη–η7Ж, ɩɟɪɟɪɚɛɚɬɵɜɚɸɬ ɥɢɬɶɟɜɵɦ 
ɩɪɟɫɫɨɜɚɧɢɟɦ, ɧɚɦɨɬɤɨɣ, ɚɜɬɨɤɥɚɜɧɵɦ ɮɨɪɦɨɜɚɧɢɟɦ ɢ ɩɪɨɩɢɬɤɨɣ ɩɥɟɧɨɱɧɵɦ ɫɜɹɡɭɸ-
ɳɢɦ. ȼɫɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɜɹɡɭɸɳɢɯ ɧɚ ɨɫɧɨɜɟ ȻɆɂ – ɨɫɨɛɟɧɧɨ ɬɪɟɳɢɧɨɫɬɨɣɤɨɫɬɶ ɢ 
ɬɟɪɦɨɦɟɯɚɧɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ – ɡɧɚɱɢɬɟɥɶɧɨ ɡɚɜɢɫɹɬ ɨɬ ɜɵɛɨɪɚ ɯɢɦɢɱɟɫɤɢɯ ɤɨɦɩɨ-
ɧɟɧɬɨɜ ɢ ɪɟɠɢɦɚ ɨɬɜɟɪɠɞɟɧɢɹ. ɉɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɢɡɞɟɥɢɣ ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɨɝɨ (ɷɥɟɤ-
ɬɪɨɢɡɨɥɹɰɢɹ ɦɨɳɧɵɯ ɞɜɢɝɚɬɟɥɟɣ) ɢ ɷɥɟɤɬɪɨɧɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ (ɬɟɩɥɨɫɬɨɣɤɢɟ ɩɟɱɚɬɧɵɟ 
ɩɥɚɬɵ), ɚ ɬɚɤɠɟ ɤɪɭɩɧɨɝɚɛɚɪɢɬɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɚɜɢɚɤɨɫɦɢɱɟɫɤɨɝɨ ɧɚɡɧɚɱɟɧɢɹ ɧɚɢɛɨ-
ɥɟɟ ɤɪɢɬɢɱɟɫɤɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɞɥɹ ɞɚɧɧɵɯ ɫɜɹɡɭɸɳɢɯ ɫɬɚɧɨɜɹɬɫɹ ɜɨɞɨɫɬɨɣɤɨɫɬɶ ɢ 
ɜɹɡɤɨɫɬɶ ɪɚɡɪɭɲɟɧɢɹ.  

Ɍɚɤɨɣ ɩɨɜɵɲɟɧɧɵɣ ɢɧɬɟɪɟɫ ɤ ɷɬɢɦ ɦɨɞɢɮɢɤɚɬɨɪɚɦ ɜɵɡɜɚɧ ɭɧɢɤɚɥɶɧɨɫɬɶɸ 
ɛɢɫɦɚɥɟɢɦɢɞɧɨɝɨ ɰɢɤɥɚ, ɡɚɤɥɸɱɚɸɳɟɣɫɹ ɜ ɜɨɡɦɨɠɧɨɫɬɢ ɜɫɬɭɩɚɬɶ ɜ ɪɟɚɤɰɢɢ ɪɚɞɢɤɚɥɶ-
ɧɨɣ, ɚɧɢɨɧɧɨɣ ɢ ɚɞɞɢɬɢɜɧɨɣ (ɫɨ)ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɢ ɰɢɤɥɨɩɪɢɫɨɟɞɢɧɟɧɢɹ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ 
ɛɨɥɶɲɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟɧɢɹ ɞɚɧɧɵɯ ɜɟɳɟɫɬɜ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɨɛɪɚɡɭɸɬɫɹ ɩɨɥɢɦɟɪɵ 
ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ ɫɬɪɨɟɧɢɹ ɫ ɜɵɫɨɤɢɦɢ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ, ɫɨɯɪɚ-
ɧɹɸɳɢɦɢɫɹ ɩɪɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ.  

Ȼɢɫɦɚɥɟɢɦɢɞɵ ɩɨɥɭɱɚɸɬ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ ɞɢɚɦɢɧɨɜ ɪɚɡɥɢɱɧɨɝɨ ɫɬɪɨɟɧɢɹ ɫ ɚɧ-
ɝɢɞɪɢɞɨɦ ɦɚɥɟɢɧɨɜɨɣ ɤɢɫɥɨɬɵμ 
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ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɞɜɨɣɧɚɹ ɫɜɹɡɶ ɜ ɛɢɫɦɚɥɟɢɦɢɞɧɨɦ ɰɢɤɥɟ ɛɥɚɝɨɞɚɪɹ ɧɚɥɢ-

ɱɢɸ ɤɚɪɛɨɧɢɥɶɧɵɯ ɝɪɭɩɩ ɢɦɢɞɧɨɝɨ ɰɢɤɥɚ ɹɜɥɹɟɬɫɹ ɷɥɟɤɬɪɨɧɨɞɟɮɟɰɢɬɧɨɣ ɢ ɦɨɠɟɬ ɬɚɤ-
ɠɟ ɜɫɬɭɩɚɬɶ ɜɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ ɚɥɥɢɥɶɧɵɦɢ ɫɨɟɞɢɧɟɧɢɹɦɢ ɪɚɡɥɢɱɧɨɣ ɯɢɦɢɱɟɫɤɨɣ 
ɩɪɢɪɨɞɵ. Ⱦɚɧɧɵɣ ɮɚɤɬ ɩɨɡɜɨɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɢɯ ɤɚɤ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɦɚɤɪɨ- ɢ ɨɥɢɝɨ-
ɦɟɪɧɵɯ ɦɨɥɟɤɭɥ (ɢɡɝɨɬɨɜɥɟɧɢɟ ɩɪɟɩɨɥɢɦɟɪɚ ɫ ɥɭɱɲɟɣ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɣ ɫɨɜɦɟɫɬɢ-
ɦɨɫɬɶɸ, ɛɨɥɟɟ ɧɢɡɤɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɪɚɡɦɹɝɱɟɧɢɹ ɢ ɜɹɡɤɨɫɬɶɸ ɪɚɫɩɥɚɜɚ), ɬɚɤ ɢ ɞɥɹ ɩɨ-
ɥɭɱɟɧɢɹ ɬɪɟɯɦɟɪɧɨ-ɫɲɢɬɵɯ ɩɨɥɢɦɟɪɨɜ ɢ ɢɡɞɟɥɢɣ ɧɚ ɢɯ ɨɫɧɨɜɟ. Ⱦɚɧɧɨɟ ɫɜɨɣɫɬɜɨ ȻɆɂ 
ɩɨɡɜɨɥɹɟɬ ɢɫɫɥɟɞɨɜɚɬɟɥɹɦ ɜɚɪɶɢɪɨɜɚɬɶ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɯɚɪɚɤɬɟ-
ɪɢɫɬɢɤɢ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɤɨɧɟɱɧɨɝɨ ɢɡɞɟɥɢɹ ɫ ɨɩɬɢɦɚɥɶɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɜ ɩɟɪɜɭɸ ɨɱɟ-
ɪɟɞɶ ɨɬɥɢɱɚɸɳɟɝɨɫɹ ɩɨɜɵɲɟɧɧɵɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ ɬɟɪɦɨ- ɢ ɬɟɩɥɨɫɬɨɣɤɨɫɬɢ. 
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Ɉɞɧɚɤɨ ɱɢɫɬɵɟ ɨɬɜɟɪɠɞɟɧɧɵɟ ɝɨɦɨɩɨɥɢɦɟɪɵ ȻɆɂ ɹɜɥɹɸɬɫɹ ɠɟɫɬɤɢɦɢ ɝɭɫɬɨ-
ɫɟɬɱɚɬɵɦɢ ɩɪɨɞɭɤɬɚɦɢ ɫ ɧɟɜɵɫɨɤɨɣ ɦɟɯɚɧɢɱɟɫɤɨɣ ɩɪɨɱɧɨɫɬɶɸ Дη8Ж, ɩɨɷɬɨɦɭ ɞɥɹ ɭɥɭɱ-
ɲɟɧɢɹ ɫɜɨɣɫɬɜ ɩɨɥɢɦɟɪɨɜ ɧɚ ɨɫɧɨɜɟ ȻɆɂ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɫɬɢ ɢɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ 
ɛɢ- ɢɥɢ ɩɨɥɢɮɭɧɤɰɢɨɧɚɥɶɧɵɦɢ ɧɭɤɥɟɨɮɢɥɶɧɵɦɢ ɚɝɟɧɬɚɦɢ, ɩɨɥɭɱɚɹ ɩɪɢ ɷɬɨɦ ɩɨɥɢɦɟ-
ɪɵ ɫ ɝɢɛɤɢɦɢ ɦɨɫɬɢɤɨɜɵɦɢ ɫɜɹɡɹɦɢ ɦɟɠɞɭ ȻɆɂ-ɮɪɚɝɦɟɧɬɚɦɢ. ȼɨɞɨɩɨɝɥɨɳɟɧɢɟ ȻɆɂ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɨɫɦɨɬɢɱɟɫɤɢɦɢ ɩɪɨɰɟɫɫɚɦɢ ɩɪɢ ɚɞɫɨɪɛɰɢɢ ɜɨɞɵ ɜɬɨɪɢɱɧɵɦɢ ɢ ɬɪɟɬɢɱ-
ɧɵɦɢ ɚɡɨɬɫɨɞɟɪɠɚɳɢɦɢ ɝɪɭɩɩɚɦɢ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɩɪɨɧɢɤɧɨɜɟɧɢɟɦ ɜɨɞɵ ɦɟɠɞɭ ɪɟɞɤɨ 
ɫɲɢɬɵɦɢ ɭɱɚɫɬɤɚɦɢ ɦɚɤɪɨɦɨɥɟɤɭɥ ɨɬɜɟɪɠɞɟɧɧɨɝɨ ɫɜɹɡɭɸɳɟɝɨ.  

Ⱦɥɹ ɪɟɲɟɧɢɹ ɷɬɨɣ ɩɪɨɛɥɟɦɵ ɧɟɨɛɯɨɞɢɦ ɤɨɦɩɥɟɤɫɧɵɣ ɩɨɞɯɨɞ ɤ ɮɨɪɦɢɪɨɜɚɧɢɸ 
ɧɚɞɦɨɥɟɤɭɥɹɪɧɨɣ ɫɬɪɭɤɬɭɪɵ ɨɬɜɟɪɠɞɟɧɧɨɣ ɦɚɬɪɢɰɵ ȻɆɂ. Ɍɚɤ, ɜ ɫɟɪɟɞɢɧɟ 1λ80-ɯ ɝɝ. ɜ 
ɋШȺ ɛɵɥɨ ɪɚɡɪɚɛɨɬɚɧɨ ɷɩɨɤɫɢɛɢɫɦɚɥɟɢɦɢɞɧɨɟ ɫɜɹɡɭɸɳɟɟ ɧɚ ɨɫɧɨɜɟ ɩɨɥɢɮɭɧɤɰɢɨ-
ɧɚɥɶɧɵɯ ɷɩɨɤɫɢɞɧɵɯ ɫɦɨɥ (ɧɚɩɪɢɦɟɪ, ɬɟɬɪɚɝɥɢɰɢɞɢɥɞɢɚɦɢɧɨɞɢɮɟɧɢɥɦɟɬɚɧɚ ɢɥɢ ɬɪɢɝ-
ɥɢɰɢɞɢɥɚɦɢɧɨɮɟɧɨɥɚ), ɞɢɚɦɢɧɨɞɢɮɟɧɢɥɫɭɥɶɮɨɧɚ ɢ ɞɢɮɟɧɢɥɟɧɦɟɬɚɧɛɢɫɦɚɥɟɢɦɢɞɚ ɜ 
ɩɨɥɹɪɧɨɦ ɨɪɝɚɧɢɱɟɫɤɨɦ ɪɚɫɬɜɨɪɢɬɟɥɟ (ɞɢɦɟɬɢɥɮɨɪɦɚɦɢɞɟ) ДηλЖ.  

ɉɨ ɚɧɚɥɨɝɢɱɧɨɦɭ ɚɥɝɨɪɢɬɦɭ (ɮɨɪɩɨɥɢɦɟɪ ɝɨɬɨɜɹɬ ɫɦɟɲɢɜɚɧɢɟɦ ɚɪɨɦɚɬɢɱɟɫɤɢɯ 
ɞɢɚɦɢɧɨɜ ɢ ɧɟɧɚɫɵɳɟɧɧɵɯ ɛɢɫ-ɢɦɢɞɨɜ ɜ ɪɚɡɥɢɱɧɵɯ ɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɢɯ ɫɨɨɬɧɨɲɟɧɢɹɯ 
ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɮɨɪɤɨɧɞɟɧɫɚɰɢɟɣ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 100–250 °ɋ) ɪɚɡɪɚɛɨɬɚɧ ɪɹɞ 
ɷɩɨɤɫɢɛɢɫɦɚɥɟɢɦɢɞɧɵɯ ɫɜɹɡɭɸɳɢɯ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɫɥɨɢɫɬɵɯ ɢɡɞɟ-
ɥɢɣ (ɨɬɜɟɪɠɞɟɧɢɟ ɩɪɨɜɨɞɢɬɫɹ ɩɨɞ ɞɚɜɥɟɧɢɟɦ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 200–250 °ɋ). Ⱦɥɹ ɫɨɜ-
ɦɟɳɟɧɢɹ ɮɨɪɩɨɥɢɦɟɪɚ ɫ ɷɩɨɤɫɢɞɧɵɦɢ ɫɦɨɥɚɦɢ ɢ/ɢɥɢ ɪɟɚɤɰɢɨɧɧɨɫɩɨɫɨɛɧɵɦɢ ɪɚɡɛɚɜɢ-
ɬɟɥɹɦɢ (ɜɢɧɢɥɶɧɵɟ ɦɨɧɨɦɟɪɵ ɫ ɩɟɪɟɤɢɫɧɵɦɢ ɢɧɢɰɢɚɬɨɪɚɦɢ) ɟɝɨ ɪɚɫɬɜɨɪɹɸɬ ɜ ɨɪɝɚɧɢ-
ɱɟɫɤɢɯ ɪɚɫɬɜɨɪɢɬɟɥɹɯ (ɧɚɩɪɢɦɟɪ, ɞɢɦɟɬɢɥɮɨɪɦɚɦɢɞ). 

ɇɟɞɨɫɬɚɬɤɨɦ ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɷɩɨɤɫɢɛɢɫɦɚɥɟɢɦɢɞɧɵɯ ɫɜɹɡɭɸɳɢɯ ɹɜɥɹɟɬɫɹ ɧɟɨɛ-
ɯɨɞɢɦɨɫɬɶ ɭɞɚɥɟɧɢɹ ɢɡ ɧɢɯ ɩɨɫɥɟ ɩɪɨɩɢɬɤɢ ɚɪɦɢɪɭɸɳɟɝɨ ɧɚɩɨɥɧɢɬɟɥɹ ɜɵɫɨɤɨɤɢɩɹɳɟ-
ɝɨ ɬɨɤɫɢɱɧɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ, ɱɬɨ ɭɞɨɪɨɠɚɟɬ ɩɪɨɢɡɜɨɞɫɬɜɨ ɢ ɡɚɝɪɹɡɧɹɟɬ ɨɤɪɭɠɚɸɳɭɸ 
ɫɪɟɞɭ Дθ0–62].  

ɉɨɫɤɨɥɶɤɭ ɭɞɚɥɢɬɶ ɜɟɫɶ ɪɚɫɬɜɨɪɢɬɟɥɶ ɩɪɚɤɬɢɱɟɫɤɢ ɧɢɤɨɝɞɚ ɧɟ ɭɞɚɟɬɫɹ, ɜ ɩɪɨɰɟɫ-
ɫɟ ɞɚɥɶɧɟɣɲɟɝɨ ɬɟɪɦɢɱɟɫɤɨɝɨ ɮɨɪɦɨɜɚɧɢɹ ɢɡɞɟɥɢɣ (ɡɚ ɫɱɟɬ ɢɫɩɚɪɟɧɢɹ ɨɫɬɚɬɨɱɧɵɯ ɤɨ-
ɥɢɱɟɫɬɜ ɪɚɫɬɜɨɪɢɬɟɥɹ) ɩɪɨɢɫɯɨɞɢɬ ɨɛɪɚɡɨɜɚɧɢɟ ɩɨɪ, ɱɬɨ ɫɧɢɠɚɟɬ ɜɥɚɝɨɫɬɨɣɤɨɫɬɶ ɢ ɦɟ-
ɯɚɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ (ɩɪɨɱɧɨɫɬɶ ɢ ɭɞɚɪɧɭɸ ɜɹɡɤɨɫɬɶ) ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚ-
ɥɨɜ, ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ ɨɝɪɚɧɢɱɢɜɚɟɬɫɹ ɚɫɫɨɪɬɢɦɟɧɬ ɢɡɝɨɬɚɜɥɢɜɚɟɦɵɯ ɢɡɞɟɥɢɣ.  

ȼ ɩɪɨɰɟɫɫɟ ɢɡɭɱɟɧɢɹ ɡɚɪɭɛɟɠɧɵɯ ɫɬɚɬɟɣ Дθγ–θλЖ ɜɵɹɜɥɟɧɚ ɬɟɧɞɟɧɰɢɹ ɤ ɩɪɢɦɟ-
ɧɟɧɢɸ ɛɢɫɦɚɥɟɢɦɢɞɨɜ ɜ ɤɚɱɟɫɬɜɟ ɦɨɞɢɮɢɤɚɬɨɪɨɜ ɷɩɨɤɫɢɞɧɵɯ ɤɨɦɩɨɡɢɰɢɣ. ȼ ɞɚɧɧɵɯ 
ɪɚɛɨɬɚɯ ɩɨɤɚɡɚɧɨ ɡɚɤɨɧɨɦɟɪɧɨɟ ɩɨɜɵɲɟɧɢɟ (ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɫɨɞɟɪɠɚɧɢɹ ȻɆɂ) ɞɟɮɨɪ-
ɦɚɰɢɨɧɧɨɣ ɬɟɩɥɨɫɬɨɣɤɨɫɬɢ, ɬɟɪɦɨɫɬɚɛɢɥɶɧɨɫɬɢ ɢ ɪɚɡɥɢɱɧɵɯ ɦɟɯɚɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟ-
ɪɢɫɬɢɤμ ɦɨɞɭɥɹ ɭɩɪɭɝɨɫɬɢ, ɩɪɟɞɟɥɨɜ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ ɢ ɢɡɝɢɛɟ, ɭɞɚɪɧɨɣ 
ɜɹɡɤɨɫɬɢ. 

ȼ ɪɚɛɨɬɟ Д70Ж ɩɨɥɭɱɟɧɵ ɧɨɜɵɟ ɉɄɆ, ɫɨɞɟɪɠɚɳɢɟ ɜɨɥɨɤɧɢɫɬɵɣ ɧɚɩɨɥɧɢɬɟɥɶ ɢ 
ɷɩɨɤɫɢɛɢɫɦɚɥɟɢɦɢɞɧɨɟ ɫɜɹɡɭɸɳɟɟ. ɗɩɨɤɫɢɞɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɧɚ ɨɫɧɨɜɟ ɛɢɫɮɟɧɨɥɚ Ⱥ 
ɩɨɦɟɳɚɥɚɫɶ ɜ ɩɨɥɢɦɨɱɟɜɢɧɨɮɨɪɦɚɥɶɞɟɝɢɞɧɵɟ ɦɢɤɪɨɤɚɩɫɭɥɵ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧ-
ɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɜɜɟɞɟɧɢɟ ɨɬ 2 ɞɨ 10 % (ɩɨ ɦɚɫɫɟ) ɦɢɤɪɨɤɚɩɫɭɥ ɩɪɢɜɨ-
ɞɢɬ ɤ ɩɨɜɵɲɟɧɢɸ ɫɥɟɞɭɸɳɢɯ ɫɜɨɣɫɬɜ ɉɄɆμ ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɢɡɝɢɛɟ – ɧɚ 1γ–
14 %, ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɦɟɠɫɥɨɣɧɨɦ ɫɞɜɢɝɟ – ɧɚ λ–15 %, ɭɞɚɪɧɨɣ ɜɹɡɤɨɫɬɢ – ɧɚ 
19–25 %.  

Ɋɚɛɨɬɚ Д71Ж ɩɨɫɜɹɳɟɧɚ ɩɨɥɭɱɟɧɢɸ ɤɨɦɩɨɡɢɰɢɢ ɧɚ ɨɫɧɨɜɟ ɷɩɨɤɫɢɧɨɜɨɥɚɱɧɨɝɨ 
ɤɪɟɡɨɥɮɨɪɦɚɥɶɞɟɝɢɞɧɨɝɨ ɨɥɢɝɨɦɟɪɚ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ȻɆɂ, ɢ ɢɡɭɱɟɧɢɸ ɟɟ ɫɜɨɣɫɬɜ. 
ȼ ɤɚɱɟɫɬɜɟ ɨɬɜɟɪɠɞɚɸɳɟɝɨ ɚɝɟɧɬɚ ɢɫɩɨɥɶɡɨɜɚɧ 4,4ʹ-ɞɢɚɦɢɧɨɞɢɮɟɧɢɥɫɭɥɶɮɨɧ. Ɋɟɡɭɥɶ-
ɬɚɬɵ ɩɪɨɜɟɞɟɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ ɞɜɚ ɪɚɡɥɢɱɧɵɯ ɡɧɚɱɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ 
ɫɬɟɤɥɨɜɚɧɢɹ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɩɨɜɵɲɟɧɢɢ ɬɟɩɥɨɫɬɨɣɤɨɫɬɢ ɤɨɦɩɨɡɢɰɢɢ ɡɚ ɫɱɟɬ 
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ɦɨɞɢɮɢɰɢɪɭɸɳɟɝɨ ɞɟɣɫɬɜɢɹ ȻɆɂ, ɚ ɬɚɤɠɟ ɨ ɜɨɡɦɨɠɧɨɦ ɮɨɪɦɢɪɨɜɚɧɢɢ ɩɪɢ ɨɬɜɟɪɠɞɟ-
ɧɢɢ ɫɬɪɭɤɬɭɪɵ ɜɡɚɢɦɨɩɪɨɧɢɤɚɸɳɢɯ ɩɨɥɢɦɟɪɧɵɯ ɫɟɬɨɤ. Ʉɪɨɦɟ ɬɨɝɨ, ɭ ɨɬɜɟɪɠɞɟɧɧɨɣ 
ɦɚɬɪɢɰɵ ɨɬɦɟɱɟɧɨ ɫɧɢɠɟɧɢɟ ɜɥɚɝɨɩɨɝɥɨɳɟɧɢɹ ɢ ɩɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɱɚɥɚ ɬɟɪ-
ɦɢɱɟɫɤɨɝɨ ɪɚɡɥɨɠɟɧɢɹ.  

ȼ Ɋɨɫɫɢɢ ɫɨɬɪɭɞɧɢɤɚɦɢ ɎȽɍɉ «Ɉɇɉɉ «Ɍɟɯɧɨɥɨɝɢɹ» ɜ 200θ ɝ. ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ 
ɜ ɚɜɢɚɤɨɫɦɢɱɟɫɤɨɣ ɬɟɯɧɢɤɟ ɪɚɡɪɚɛɨɬɚɧɨ ɞɜɚ ɜɚɪɢɚɧɬɚ ɷɩɨɤɫɢɛɢɫɦɚɥɟɢɦɢɞɧɨɝɨ ɫɜɹɡɭ-
ɸɳɟɝɨ ɢ ɩɪɟɩɪɟɝɚ ɧɚ ɟɝɨ ɨɫɧɨɜɟ [72, 73]. ȼ ɩɟɪɜɨɦ ɜɚɪɢɚɧɬɟ ɫɨɫɬɚɜ ɫɨɞɟɪɠɢɬ ɫɥɟɞɭɸ-
ɳɢɟ ɤɨɦɩɨɧɟɧɬɵμ ɜ ɤɚɱɟɫɬɜɟ ɩɨɥɢɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɷɩɨɤɫɢɞɧɵɯ ɫɦɨɥ – N,N,Nʹ,Nʹ-
ɬɟɬɪɚɝɥɢɰɢɞɢɥ-4,4ʹ-ɞɢɚɦɢɧɨ-γ,γʹ-ɞɢɯɥɨɪɞɢɮɟɧɢɥɦɟɬɚɧ (ɫɦɨɥɚ ɗХȾ) ɢ ɬɪɢɝɥɢɰɢɞɢɥɚ-
ɦɢɧɨɮɟɧɨɥ (ɫɦɨɥɚ ɍɉ-θ10), ɜ ɤɚɱɟɫɬɜɟ ȻɆɂ – ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɢɣ ɩɨɪɨɲɨɤ N,N'-
ɝɟɤɫɚɦɟɬɢɥɟɧɛɢɫɦɚɥɟɢɦɢɞɚ ɢ ɩɨɪɨɲɨɤ 4,4ʹ-ɞɢɚɦɢɧɨɞɢɮɟɧɢɥɫɭɥɶɮɨɧɚ ɜ ɤɚɱɟɫɬɜɟ 
ɨɬɜɟɪɞɢɬɟɥɹ. ȼ ɞɪɭɝɨɣ ɦɨɞɢɮɢɤɚɰɢɢ ɷɩɨɤɫɢɛɢɫɦɚɥɟɢɦɢɞɧɨɝɨ ɫɜɹɡɭɸɳɟɝɨ ɬɪɢɮɭɧɤɰɢ-
ɨɧɚɥɶɧɚɹ ɚɡɨɬɫɨɞɟɪɠɚɳɚɹ ɫɦɨɥɚ ɦɚɪɤɢ ɍɉ-610 ɡɚɦɟɧɟɧɚ ɧɚ ɛɨɥɟɟ ɠɢɞɤɭɸ ɷɩɨɤɫɢɞɢɚ-
ɧɨɜɭɸ ɫɦɨɥɭ ɦɚɪɤɢ ɗȾ-22. Ⱦɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɫɜɹɡɭɸɳɟɝɨ ɤ ɝɨɦɨɝɟɧɧɨɦɭ ɪɚɫɩɥɚɜɭ ɩɨ-
ɥɢɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɷɩɨɤɫɢɞɧɵɯ ɫɦɨɥ ɩɪɢ ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɢ ɬɟɦɩɟɪɚɬɭɪɟ 120–130 °ɋ 
ɞɨɛɚɜɥɹɸɬ ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɢɣ ɩɨɪɨɲɨɤ 4,4ʹ-ɞɢɚɦɢɧɨɞɢɮɟɧɢɥɫɭɥɶɮɨɧɚ ɡɚ ɦɢɧɢ-
ɦɚɥɶɧɨɟ ɜɪɟɦɹ, ɞɨɫɬɚɬɨɱɧɨɟ ɞɥɹ ɩɨɥɧɨɝɨ ɟɝɨ ɪɚɫɬɜɨɪɟɧɢɹ, ɡɚɬɟɦ ɬɟɦɩɟɪɚɬɭɪɭ ɩɨɥɭɱɟɧ-
ɧɨɝɨ ɝɨɦɨɝɟɧɧɨɝɨ ɪɚɫɩɥɚɜɚ ɩɨɧɢɠɚɸɬ ɞɨ λ0–100 °ɋ ɢ ɩɪɢ ɢɧɬɟɧɫɢɜɧɨɦ ɩɟɪɟɦɟɲɢɜɚɧɢɢ 
ɞɨɛɚɜɥɹɸɬ ɤ ɪɚɫɩɥɚɜɭ ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɢɣ ɩɨɪɨɲɨɤ N,Nʹ-ɝɟɤɫɚɦɟɬɢɥɟɧɛɢɫɦɚɥɟɢɦɢɞɚ 
ɡɚ ɦɢɧɢɦɚɥɶɧɨɟ ɜɪɟɦɹ, ɞɨɫɬɚɬɨɱɧɨɟ ɞɥɹ ɩɨɥɧɨɝɨ ɟɝɨ ɪɚɫɬɜɨɪɟɧɢɹ. ɇɚ ɨɫɧɨɜɟ ɪɚɡɪɚɛɨ-
ɬɚɧɧɨɝɨ ɫɜɹɡɭɸɳɟɝɨ ɢɡɝɨɬɚɜɥɢɜɚɸɬ ɩɪɟɩɪɟɝ, ɫɨɞɟɪɠɚɳɢɣ 20–48 % (ɩɨ ɦɚɫɫɟ) ɜɵɲɟ-
ɭɤɚɡɚɧɧɨɝɨ ɷɩɨɤɫɢɛɢɫɦɚɥɟɢɦɢɞɧɨɝɨ ɫɜɹɡɭɸɳɟɝɨ ɢ η2–80 % (ɩɨ ɦɚɫɫɟ) ɜɨɥɨɤɧɢɫɬɨɝɨ 
ɧɚɩɨɥɧɢɬɟɥɹ. ɉɨɥɢɦɟɪɧɵɟ ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ ɩɨɥɭɱɚɸɬ ɩɭɬɟɦ ɮɨɪɦɨɜɚɧɢɹ 
ɩɚɤɟɬɨɜ ɢɡ ɞɚɧɧɨɝɨ ɩɪɟɩɪɟɝɚ. Ɉɩɢɫɚɧɧɵɟ ɦɚɪɤɢ ɫɜɹɡɭɸɳɟɝɨ ɨɬɥɢɱɚɸɬɫɹ ɜɵɫɨɤɢɦɢ 
ɩɨɤɚɡɚɬɟɥɹɦɢ ɠɢɡɧɟɫɩɨɫɨɛɧɨɫɬɢ. ȼ 201θ ɝ. ɫɩɟɰɢɚɥɢɫɬɵ ɎȽɍɉ «Ɉɇɉɉ «Ɍɟɯɧɨɥɨɝɢɹ» 
ɬɚɤɠɟ ɨɩɭɛɥɢɤɨɜɚɥɢ ɩɚɬɟɧɬ ɧɚ ɷɩɨɤɫɢɛɢɫɦɚɥɟɢɦɢɞɧɭɸ ɫɦɨɥɭ ɢ ɫɩɨɫɨɛɵ ɟɟ ɩɨɥɭɱɟɧɢɹ 
[74].  

ȼ ɪɟɡɭɥɶɬɚɬɟ ɬɚɤɨɣ ɦɨɞɢɮɢɤɚɰɢɢ ɦɨɠɧɨ ɭɜɟɥɢɱɢɬɶ ɬɟɩɥɨɫɬɨɣɤɨɫɬɶ ɨɬɜɟɪɠɞɟɧ-
ɧɨɣ ɷɩɨɤɫɢɞɧɨɣ ɦɚɬɪɢɰɵ >150 °ɋ, ɚ ɬɚɤɠɟ ɩɨɜɵɫɢɬɶ ɬɪɟɳɢɧɨɫɬɨɣɤɨɫɬɶ, ɭɩɪɭɝɨɩɪɨɱ-
ɧɨɫɬɧɵɟ ɢ ɜɥɚɝɨɫɬɨɣɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. 

 
Ɂаɤɥɸчɟɧия 

ɇɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ ɩɟɪɢɨɞɢɱɟɫɤɢɯ ɧɚɭɱɧɵɯ ɢɡɞɚɧɢɣ ɢ ɩɚɬɟɧɬɧɨɣ ɥɢɬɟɪɚɬɭɪɵ 
ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɫɥɟɞɭɸɳɢɟ ɜɵɜɨɞɵμ  

– ɯɢɦɢɱɟɫɤɚɹ ɦɨɞɢɮɢɤɚɰɢɹ ɷɩɨɤɫɢɞɧɵɯ ɫɦɨɥ ɚɤɬɢɜɧɵɦɢ ɪɚɡɛɚɜɢɬɟɥɹɦɢ ɢ ɛɢɫɦɚɥɟ-
ɢɦɢɞɚɦɢ ɹɜɥɹɟɬɫɹ ɫɨɜɪɟɦɟɧɧɵɦ ɢ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɪɚɡɜɢɬɢɹ ɦɚɬɟɪɢɚɥɨ-
ɜɟɞɟɧɢɹ ɧɟɦɟɬɚɥɥɨɜ; 

– ɦɨɥɟɤɭɥɵ ɞɚɧɧɵɯ ɦɨɞɢɮɢɤɚɬɨɪɨɜ ɨɫɨɛɵɦ ɨɛɪɚɡɨɦ ɫɨɜɟɪɲɟɧɫɬɜɭɸɬ ɧɚɞɦɨɥɟɤɭ-
ɥɹɪɧɭɸ ɫɬɪɭɤɬɭɪɭ ɨɛɪɚɡɭɸɳɟɣɫɹ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ-ɫɲɢɬɨɣ ɩɨɥɢɦɟɪɧɨɣ ɦɚɬɪɢɰɵ; 

– ɜɜɟɞɟɧɢɟ ɛɢɫɦɚɥɟɢɦɢɞɨɜ ɢ ɚɤɬɢɜɧɵɯ ɪɚɡɛɚɜɢɬɟɥɟɣ ɜ ɷɩɨɤɫɢɞɧɵɟ ɤɨɦɩɨɡɢɰɢɢ ɩɨɡ-
ɜɨɥɹɟɬ ɭɥɭɱɲɢɬɶ ɪɟɨɥɨɝɢɱɟɫɤɢɟ, ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɟ ɢ ɢɧɵɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ 
ɩɪɨɢɡɜɨɞɢɦɵɯ ɧɚ ɢɯ ɨɫɧɨɜɟ ɪɚɡɥɢɱɧɵɯ ɩɨɥɭɮɚɛɪɢɤɚɬɨɜ – ɩɪɟɩɪɟɝɨɜ, ɩɪɟɦɢɤɫɨɜ, ɩɪɟɫɫ-
ɩɨɪɨɲɤɨɜ, ɜɨɥɨɤɧɢɬɨɜ; 

– ɨɩɢɫɚɧɧɵɟ ɪɚɧɟɟ ɜɢɞɵ ɦɨɞɢɮɢɤɚɰɢɢ ɫɩɨɫɨɛɫɬɜɭɸɬ ɩɨɜɵɲɟɧɢɸ ɯɢɦɢɱɟɫɤɨɣ ɫɬɨɣ-
ɤɨɫɬɢ, ɬɟɦɩɟɪɚɬɭɪɵ ɫɬɟɤɥɨɜɚɧɢɹ, ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢɡɝɨɬɚɜɥɢɜɚɟ-
ɦɵɯ ɉɄɆ. Ɏɨɪɦɭɟɦɵɟ ɢɡ ɬɚɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɢɡɞɟɥɢɹ ɨɛɥɚɞɚɸɬ ɜɵɫɨɤɢɦɢ ɷɤɫɩɥɭɚɬɚɰɢ-
ɨɧɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ – ɬɟɩɥɨɫɬɨɣɤɨɫɬɶɸ, ɞɥɢɬɟɥɶɧɨɣ ɦɟɯɚɧɢɱɟɫɤɨɣ ɩɪɨɱɧɨɫɬɶɸ, 
ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɶɸ ɢ ɧɢɡɤɨɣ ɫɤɨɪɨɫɬɶɸ ɪɨɫɬɚ ɬɪɟɳɢɧ. 
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Ɋаɫɫɦɨɬɪɟɧɨ вɥɢɹɧɢɟ ɞɨɛавɨɤ ɫɭɥɶɮаɬа ɧɢɤɟɥɹ в ɫɢɥɢɤаɬɧɨ-ɳɟɥɨɱɧɨɣ ɷɥɟɤɬɪɨɥɢɬ 
ɞɥɹ ɦɢɤɪɨɞɭɝɨвɨɝɨ ɨɤɫɢɞɢɪɨваɧɢɹ ɬɢɬаɧɨвɵɯ ɫɩɥавɨв ɧа ɫвɨɣɫɬва ɮɨɪɦɢɪɭɟɦɵɯ 
ɷɥɟɤɬɪɨɥɢɬɧɨ-ɩɥаɡɦɟɧɧɵɯ ɩɨɤɪɵɬɢɣ. ɍɫɬаɧɨвɥɟɧɨ вɥɢɹɧɢɟ ɤɨɦɩɨɧɟɧɬɧɨɝɨ ɫɨɫɬава 
ɷɥɟɤɬɪɨɥɢɬа ɧа ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬав ɩɨɤɪɵɬɢɣ, ɢɯ ɡаɳɢɬɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ, ɩɨɪɢɫɬɨɫɬɶ ɢ 
ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɯаɪаɤɬɟɪɢɫɬɢɤɢ. ɉɨɤаɡаɧɨ, ɱɬɨ ɧаɢɛɨɥɟɟ ɤɨɪɪɨɡɢɨɧɧɨɫɬɨɣɤɢɟ ɩɨɤɪɵɬɢɹ 
ɮɨɪɦɢɪɭɸɬɫɹ ɢɡ ɷɥɟɤɬɪɨɥɢɬɨв ɫ ɧɢɡɤɢɦ ɫɨɞɟɪɠаɧɢɟɦ ɫɭɥɶɮаɬа ɧɢɤɟɥɹ, а ɭвɟɥɢɱɟɧɢɟ 
ɫɨɞɟɪɠаɧɢɹ ɧɢɤɟɥɹ в ɩɨɤɪɵɬɢɢ ɧɟ ɩɪɢвɨɞɢɬ ɤ ɡɧаɱɢɬɟɥɶɧɨɦɭ ɢɡɦɟɧɟɧɢɸ ɟɝɨ ɷɥɟɤɬɪɢɱɟɫ-
ɤɨɣ ɩɪɨвɨɞɢɦɨɫɬɢ.  

Ключевые слова: ɬɢɬаɧɨвɵɣ ɫɩɥав, ɦɢɤɪɨɞɭɝɨвɨɟ ɨɤɫɢɞɢɪɨваɧɢɟ, ɷɥɟɤɬɪɨɥɢɬɧɨ-
ɩɥаɡɦɟɧɧɨɟ ɩɨɤɪɵɬɢɟ, ɷɥɟɤɬɪɢɱɟɫɤаɹ ɩɪɨвɨɞɢɦɨɫɬɶ, ɤɨɪɪɨɡɢɨɧɧаɹ ɫɬɨɣɤɨɫɬɶ. 

 
V.A. Duyunova1, M.S. Oglodkov1, M.V. Gerasimov2, I.A. Kozlov1, A.V. Knyazev1 
 
FEATURES  OF  FORMATION  OF  ELECTROLYTE-PLASMA  COATINGS  
FROM  NICKEL-CONTAINING  ELECTROLYTES  ON  TITANIUM  ALLOYS 
 

Influence of nickel sulfate additives in silicate-alkaline electrolyte for microarc oxidation of 
titanium alloys on properties of formed electrolyte-plasma coatings was investigated. The influ-
ence of the component composition of the electrolyte on the chemical composition of the coat-
ings, their protective ability, porosity and electrical characteristics was established. It is shown 
that the most corrosion-resistant coatings are formed from electrolytes with a low content of 
nickel sulfate, and an increase in the content of nickel in the coating does not lead to a signifi-
cant change in its electrical conductivity. 

Keywords: titanium alloy, microarc oxidation, electrolyte-plasma coating, electrical conduc-
tivity, corrosion resistance. 
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ȼвɟɞɟɧиɟ 

Ɍɢɬɚɧɨɜɵɟ ɫɩɥɚɜɵ ɛɥɚɝɨɞɚɪɹ ɪɹɞɭ ɩɪɟɢɦɭɳɟɫɬɜ (ɢɧɟɪɬɧɨɫɬɶ ɜɨ ɦɧɨɝɢɯ ɫɪɟɞɚɯ, 
ɜɵɫɨɤɢɟ ɤɨɪɪɨɡɢɨɧɧɚɹ ɫɬɨɣɤɨɫɬɶ ɢ ɩɪɨɱɧɨɫɬɶ, ɧɢɡɤɚɹ ɩɥɨɬɧɨɫɬɶ) ɩɨɥɭɱɢɥɢ ɲɢɪɨɤɨɟ 
ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɜɨ ɦɧɨɝɢɯ ɨɬɪɚɫɥɹɯ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ (ɚɜɢɚɰɢɨɧɧɨɣ, ɦɟɞɢɰɢɧɟ ɢ ɞɪ.). 
Ɉɞɧɚɤɨ ɢɯ ɧɟɞɨɫɬɚɬɤɚɦɢ ɹɜɥɹɸɬɫɹ ɫɤɥɨɧɧɨɫɬɶ ɤ ɧɚɜɨɞɨɪɨɠɢɜɚɧɢɸ ɢ ɨɯɪɭɩɱɢɜɚɧɢɸ, 
ɧɟɞɨɫɬɚɬɨɱɧɚɹ ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ ɜ ɩɚɪɚɯ ɬɪɟɧɢɹ ɬɜɟɪɞɨɫɬɶ, ɚ ɬɚɤɠɟ ɧɢɡɤɚɹ ɚɞɝɟɡɢɹ ɤ ɩɨ-
ɥɢɦɟɪɧɵɦ ɦɚɬɟɪɢɚɥɚɦ Д1‒ηЖ. 
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ɂɡɜɟɫɬɧɨ, ɱɬɨ ɚɞɝɟɡɢɹ ɤɥɟɟɜ (ɩɨɥɢɦɟɪɨɜ) ɤ ɩɨɜɟɪɯɧɨɫɬɢ ɢɡɞɟɥɢɣ ɢɡ ɬɢɬɚɧɨɜɵɯ 
ɫɩɥɚɜɨɜ ɧɟɜɵɫɨɤɚɹ ɢ ɡɧɚɱɢɬɟɥɶɧɨ ɫɧɢɠɚɟɬɫɹ (ɧɚ 70 % ɢ ɛɨɥɟɟ) ɩɪɢ ɜɵɞɟɪɠɤɟ ɫɤɥɟɟɧɧɨ-
ɝɨ ɢɡɞɟɥɢɹ ɜɨ ɜɥɚɠɧɵɯ ɫɪɟɞɚɯ. Ⱦɥɹ ɩɪɟɨɞɨɥɟɧɢɹ ɷɬɨɝɨ ɧɟɞɨɫɬɚɬɤɚ ɩɪɢɦɟɧɹɸɬ ɪɚɡɥɢɱ-
ɧɵɟ ɦɟɬɨɞɵ ɨɛɪɚɛɨɬɤɢ, ɧɚɩɪɚɜɥɟɧɧɵɟ ɧɚ ɭɜɟɥɢɱɟɧɢɟ ɤɚɤ ɦɟɯɚɧɢɱɟɫɤɨɣ, ɬɚɤ ɢ ɯɢɦɢɱɟ-
ɫɤɨɣ ɫɜɹɡɢ ɩɨɜɟɪɯɧɨɫɬɢ ɬɢɬɚɧɚ ɫ ɩɨɥɢɦɟɪɚɦɢ Д1Ж. ɇɚɢɛɨɥɟɟ ɩɪɨɫɬɵɦɢ ɢ ɪɚɫɩɪɨɫɬɪɚ-
ɧɟɧɧɵɦɢ ɦɟɬɨɞɚɦɢ ɹɜɥɹɸɬɫɹ ɦɟɯɚɧɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ ɢ ɬɪɚɜɥɟɧɢɟ ɜ ɪɚɫɬɜɨɪɚɯ ɤɢɫɥɨɬ ɢ 
ɳɟɥɨɱɟɣ Дθ, 7Ж. ɑɚɫɬɨ ɞɥɹ ɫɨɡɞɚɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨ ɪɚɡɜɢɬɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɫ ɢɟɪɚɪɯɢɱɟɫɤɨɣ 
ɫɬɪɭɤɬɭɪɨɣ ɩɟɫɤɨɫɬɪɭɣɧɭɸ ɨɛɪɚɛɨɬɤɭ ɢ ɬɪɚɜɥɟɧɢɟ ɜ ɪɚɫɬɜɨɪɚɯ ɤɢɫɥɨɬ ɫɨɜɦɟɳɚɸɬ. Ʌɭɱ-
ɲɢɟ ɪɟɡɭɥɶɬɚɬɵ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɦɟɯɚɧɢɱɟɫɤɨɣ ɩɨɞɝɨɬɨɜɤɨɣ ɢ ɬɪɚɜɥɟɧɢɟɦ, ɩɨɤɚɡɵɜɚɟɬ 
ɮɨɫɮɚɬɧɨɮɬɨɪɢɫɬɚɹ ɨɛɪɚɛɨɬɤɚ, ɧɚ ɨɫɧɨɜɚɧɢɢ ɤɨɬɨɪɨɣ ɪɚɡɪɚɛɨɬɚɧɨ ɦɧɨɠɟɫɬɜɨ ɦɨɞɢɮɢ-
ɰɢɪɨɜɚɧɧɵɯ ɫɩɨɫɨɛɨɜ ɨɛɪɚɛɨɬɤɢ. ȼ ɩɪɨɰɟɫɫɟ ɯɢɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ (ɮɨɫɮɚɬɧɨɮɬɨɪɢ-
ɫɬɨɣ ɢ ɚɧɚɥɨɝɢɱɧɵɦ ɟɣ) ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɮɨɪɦɢɪɭɟɬɫɹ ɤɨɧɜɟɪɫɢɨɧɧɨɟ ɩɨɤɪɵɬɢɟ, ɫɨɫɬɨ-
ɹɳɟɟ ɢɡ ɫɨɥɟɣ ɬɢɬɚɧɨɜɵɯ ɢ ɮɬɨɪɬɢɬɚɧɨɜɵɯ ɤɢɫɥɨɬ, ɫ ɦɚɤɫɢɦɚɥɶɧɨ ɪɚɡɜɢɬɨɣ ɩɨɜɟɪɯɧɨ-
ɫɬɶɸ ɢ ɜɵɫɨɤɨɣ ɫɦɚɱɢɜɚɟɦɨɫɬɶɸ, ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɯɨɪɨɲɭɸ ɚɞɝɟɡɢɸ ɩɨɥɢɦɟɪɨɜ Д8, λЖ. 
Ɍɪɚɞɢɰɢɨɧɧɵɦ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɦ ɫɩɨɫɨɛɨɦ ɩɨɜɵɲɟɧɢɹ ɚɞɝɟɡɢɢ ɬɢɬɚɧɚ ɤ ɩɨɥɢɦɟɪ-
ɧɵɦ ɦɚɬɟɪɢɚɥɚɦ ɹɜɥɹɟɬɫɹ ɚɧɨɞɢɪɨɜɚɧɢɟ ɜ ɪɚɫɬɜɨɪɚɯ ɳɟɥɨɱɟɣ, ɩɪɢ ɷɬɨɦ ɜ ɪɚɫɬɜɨɪ ɚɧɨ-
ɞɢɪɨɜɚɧɢɹ ɜɜɨɞɹɬ ɞɨɛɚɜɤɢ (ɧɚɩɪɢɦɟɪ, ɮɬɨɪɢɞ ɧɚɬɪɢɹ, ɤɪɟɦɧɢɣɨɪɝɚɧɢɱɟɫɤɢɟ ɫɨɟɞɢɧɟ-
ɧɢɹ) ɞɥɹ ɫɨɡɞɚɧɢɹ ɨɩɪɟɞɟɥɟɧɧɨɣ ɫɬɪɭɤɬɭɪɵ ɢ ɦɨɪɮɨɥɨɝɢɢ ɨɤɫɢɞɚ ɬɢɬɚɧɚ ɧɚ ɩɨɜɟɪɯɧɨ-
ɫɬɢ, ɱɬɨ ɫɩɨɫɨɛɫɬɜɭɟɬ ɭɜɟɥɢɱɟɧɢɸ ɚɞɝɟɡɢɢ Д1Ж. ɉɨɜɵɲɟɧɢɟ ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɢ ɩɨɜɟɪɯɧɨ-
ɫɬɢ ɞɟɬɚɥɟɣ ɢɡ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ ɜɨɡɦɨɠɧɨ ɩɭɬɟɦ ɨɤɫɢɞɢɪɨɜɚɧɢɹ, ɧɚɫɵɳɟɧɢɹ ɛɨɪɨɦ, 
ɚɡɨɬɨɦ, ɤɪɟɦɧɢɟɦ ɢ ɞɪ. [10, 11]. 

Ʉ ɨɞɧɨɦɭ ɢɡ ɧɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɫɩɨɫɨɛɨɜ ɨɛɪɚɛɨɬɤɢ ɩɨɜɟɪɯɧɨɫɬɢ ɢɡɞɟɥɢɣ 
ɢɡ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ ɨɬɧɨɫɹɬ ɦɢɤɪɨɞɭɝɨɜɨɟ ɨɤɫɢɞɢɪɨɜɚɧɢɟ (ɆȾɈ), ɤɨɬɨɪɨɟ ɩɨɡɜɨɥɹɟɬ 
ɡɚ ɤɨɪɨɬɤɨɟ ɜɪɟɦɹ ɫɮɨɪɦɢɪɨɜɚɬɶ ɩɪɨɱɧɨ ɫɰɟɩɥɟɧɧɨɟ ɫ ɩɨɞɥɨɠɤɨɣ ɩɨɤɪɵɬɢɟ. ɗɥɟɤɬɪɨ-
ɥɢɬɧɨ-ɩɥɚɡɦɟɧɧɵɟ ɩɨɤɪɵɬɢɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɰɟɫɫɚ ɮɨɪɦɢɪɨɜɚɧɢɹ ɦɨ-
ɝɭɬ ɛɵɬɶ ɡɚɳɢɬɧɵɦɢ (ɨɬ ɤɨɪɪɨɡɢɢ), ɢɡɧɨɫɨɫɬɨɣɤɢɦɢ, ɝɢɞɪɨɮɨɛɧɵɦɢ ɢɥɢ ɝɢɞɪɨɮɢɥɶ-
ɧɵɦɢ ɥɢɛɨ ɜ ɪɚɡɥɢɱɧɵɯ ɜɚɪɢɚɰɢɹɯ ɫɨɱɟɬɚɬɶ ɩɟɪɟɱɢɫɥɟɧɧɵɟ ɫɜɨɣɫɬɜɚ Д12–14Ж. ɂɡɞɟɥɢɹ 
ɢ ɞɟɬɚɥɢ ɢɡ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ, ɨɛɪɚɛɨɬɚɧɧɵɟ ɦɟɬɨɞɨɦ ɆȾɈ, ɦɨɝɭɬ ɛɵɬɶ ɥɢɲɟɧɵ ɩɪɢ-
ɫɭɳɢɯ ɢɦ ɧɟɞɨɫɬɚɬɤɨɜ, ɩɨɫɤɨɥɶɤɭ ɷɥɟɤɬɪɨɥɢɬɧɨ-ɩɥɚɡɦɟɧɧɨɟ ɩɨɤɪɵɬɢɟ ɩɪɟɞɫɬɚɜɥɹɟɬ 
ɫɨɛɨɣ ɡɚɳɢɬɧɵɣ ɢɡɧɨɫɨɫɬɨɣɤɢɣ ɤɟɪɚɦɨɩɨɞɨɛɧɵɣ ɫɥɨɣ ɬɨɥɳɢɧɨɣ ɞɨ ɧɟɫɤɨɥɶɤɢɯ ɫɨɬɟɧ 
ɦɢɤɪɨɦɟɬɪɨɜ. ɉɨɤɪɵɬɢɹ ɯɨɪɨɲɨ ɫɰɟɩɥɟɧɵ ɫ ɩɨɞɥɨɠɤɨɣ, ɤɨɦɩɚɤɬɧɵ ɢ ɬɟɪɦɨɫɬɨɣɤɢ, ɧɟ 
ɪɚɡɪɭɲɚɸɬɫɹ ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ ɦɟɯɚɧɢɱɟɫɤɢɯ ɢ ɬɟɪɦɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ Д14‒1λЖ. 

Ⱦɚɧɧɵɟ ɤɨɪɪɨɡɢɨɧɧɨ- ɢ ɢɡɧɨɫɨɫɬɨɣɤɢɟ ɫɥɨɢ ɦɨɝɭɬ ɛɵɬɶ ɩɨɥɭɱɟɧɵ ɧɚ ɬɢɬɚɧɟ ɢ 
ɟɝɨ ɫɩɥɚɜɚɯ ɜ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɚɯ ɧɟɬɨɤɫɢɱɧɵɯ ɷɥɟɤɬɪɨɥɢɬɨɜ ɩɨɞ ɜɵɫɨɤɢɦ ɧɚɩɪɹɠɟɧɢɟɦ 
(ɞɨ θ00 ȼ). ȼɨɡɦɨɠɧɨ ɮɨɪɦɢɪɨɜɚɧɢɟ ɩɨɤɪɵɬɢɣ ɫ ɦɚɥɨɣ ɫɤɜɨɡɧɨɣ ɩɨɪɢɫɬɨɫɬɶɸ, ɱɬɨ 
ɨɛɟɫɩɟɱɢɜɚɟɬ «ɷɤɪɚɧɢɪɨɜɚɧɢɟ» ɩɨɜɟɪɯɧɨɫɬɢ, ɩɪɢ ɫɭɳɟɫɬɜɟɧɧɨɦ ɩɨɜɵɲɟɧɢɢ ɟɟ ɢɡɧɨɫɨ-
ɫɬɨɣɤɨɫɬɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɧɟɨɛɪɚɛɨɬɚɧɧɵɦ ɬɢɬɚɧɨɜɵɦ ɫɩɥɚɜɨɦ. ɉɨɤɪɵɬɢɟ ɩɪɟɞɫɬɚɜɥɹ-
ɟɬ ɫɨɛɨɣ ɤɟɪɚɦɨɩɨɞɨɛɧɵɣ ɫɥɨɣ ɧɚ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɨɫɧɨɜɟ. ȼ ɫɨɫɬɚɜɟ ɩɨɤɪɵɬɢɹ ɜɜɢɞɭ 
ɨɫɨɛɟɧɧɨɫɬɟɣ ɩɪɨɰɟɫɫɚ ɆȾɈ ɮɨɪɦɢɪɭɸɬɫɹ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɟ ɮɚɡɵ ɢ ɦɨɞɢɮɢɤɚ-
ɰɢɢ – ɧɚɩɪɢɦɟɪ, Ȗ-Al 2O3 ɢ TiO2 ɜ ɜɢɞɟ ɪɭɬɢɥɚ, ɨɛɥɚɞɚɸɳɢɟ ɩɨɜɵɲɟɧɧɨɣ ɦɢɤɪɨɬɜɟɪɞɨ-
ɫɬɶɸ, ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɶɸ ɢ ɚɞɝɟɡɢɟɣ ɤ ɤɥɟɹɦ Д20–26]. 

ȼ ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɪɚɫɫɦɨɬɪɟɧ ɫɩɨɫɨɛ ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɨɤɪɵɬɢɣ ɧɚ ɢɡɞɟɥɢɹɯ ɢɡ ɬɢ-
ɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ, ɤɨɬɨɪɵɣ ɩɨɡɜɨɥɹɟɬ ɮɨɪɦɢɪɨɜɚɬɶ ɤɚɤ ɢɡɧɨɫɨɫɬɨɣɤɢɟ, ɬɚɤ ɢ ɚɞɝɟɡɢɨɧ-
ɧɵɟ ɩɨɤɪɵɬɢɹ ɩɭɬɟɦ ɜɚɪɶɢɪɨɜɚɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɣ ɜɯɨɞɹɳɢɯ ɜ ɫɨɫɬɚɜ ɷɥɟɤɬɪɨɥɢɬɚ ɤɨɦ-
ɩɨɧɟɧɬɨɜ. ɉɪɟɞɥɨɠɟɧɧɵɣ ɫɩɨɫɨɛ ɦɨɠɟɬ ɧɚɣɬɢ ɩɪɢɦɟɧɟɧɢɟ ɩɪɢ ɩɨɞɝɨɬɨɜɤɟ ɩɨɜɟɪɯɧɨ-
ɫɬɢ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ ɤ ɧɚɧɟɫɟɧɢɸ ɩɨɥɢɦɟɪɧɵɯ ɩɨɤɪɵɬɢɣ, ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɢɡɧɨɫɨ- ɢ 
ɤɨɪɪɨɡɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɢ ɞɟɬɚɥɟɣ ɢɡ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ. ɉɨɞɨɛɧɵɟ ɩɨɤɪɵɬɢɹ ɢɫɩɨɥɶ-
ɡɭɸɬɫɹ ɜ ɚɜɢɚ- ɢ ɤɨɪɚɛɥɟɫɬɪɨɟɧɢɢ, ɜ ɦɟɞɢɰɢɧɟ ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɢɦɩɥɚɧɬɚɬɨɜ ɢ ɜ ɤɚɱɟɫɬɜɟ 
ɦɚɬɟɪɢɚɥɨɜ ɩɚɪɵ ɬɪɟɧɢɹ – ɧɚɩɪɢɦɟɪ, ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɩɪɨɬɟɡɨɜ ɫɭɫɬɚɜɨɜ.  
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Ɇаɬɟɪиаɥɵ и ɦɟɬɨɞɵ 
ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɨɞɢɥɢ ɧɚ ɨɛɪɚɡɰɚɯ ɢɡ ɬɢɬɚɧɨɜɨɝɨ ɫɩɥɚɜɚ 

ɦɚɪɤɢ ȼɌη ɞɢɦɟɬɪɨɦ 20 ɦɦ ɢ ɬɨɥɳɢɧɨɣ 7 ɦɦ. Хɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɞɚɧɧɨɝɨ ɫɩɥɚɜɚ ɩɪɢ-
ɜɟɞɟɧ ɜ ɬɚɛɥ. 1. 

Ɍаɛɥɢɰа 1 
ɏиɦичɟɫɤиɣ ɫɨɫɬав ɫɩɥава ɦаɪɤи ȼɌ5 (% (ɩɨ ɦаɫɫɟ)) 

Ti Al  Mo V Zr Si Fe C O N H 
Ɉɫɧɨɜɚ 5,420 0,270 0,420 0,020 0,017 0,065 0,005 0,100 0,008 0,003 

 
Ɇɢɤɪɨɞɭɝɨɜɨɟ ɨɤɫɢɞɢɪɨɜɚɧɢɟ ɩɪɨɜɟɞɟɧɨ ɜ ɚɧɨɞɧɨ-ɤɚɬɨɞɧɨɦ ɪɟɠɢɦɟ ɩɪɢ ɱɚɫɬɨɬɟ 

η0 Ƚɰ, ɪɚɜɟɧɫɬɜɟ ɚɧɨɞɧɨɝɨ ɢ ɤɚɬɨɞɧɨɝɨ ɬɨɤɨɜ ɢ ɢɯ ɫɭɦɦɚɪɧɨɣ ɩɥɨɬɧɨɫɬɢ γ0 Ⱥ/ɞɦ2. ɉɪɨ-
ɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɨɛɪɚɛɨɬɤɢ ɫɨɫɬɚɜɢɥɚ 20 ɦɢɧ.  

ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɧɢɹ ɫɨɫɬɚɜɚ ɷɥɟɤɬɪɨɥɢɬɚ ɧɚ ɬɨɥɳɢɧɭ ɢ ɦɨɪɮɨɥɨɝɢɸ ɩɨɜɟɪɯ-
ɧɨɫɬɢ, ɚ ɬɚɤɠɟ ɧɚ ɫɨɫɬɚɜ, ɷɥɟɤɬɪɨɮɢɡɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɟ ɩɨ-
ɜɟɞɟɧɢɟ ɷɥɟɤɬɪɨɥɢɬɧɨ-ɩɥɚɡɦɟɧɧɵɯ ɩɨɤɪɵɬɢɣ ɩɪɨɜɨɞɢɥɢ ɜ ɫɢɥɢɤɚɬɧɨ-ɳɟɥɨɱɧɵɯ ɷɥɟɤ-
ɬɪɨɥɢɬɚɯ, ɫɨɞɟɪɠɚɳɢɯ 2,η ɝ/ɥ ɪɚɫɬɜɨɪɚ ɝɢɞɪɨɤɫɢɞɚ ɤɚɥɢɹ (KOH), λ ɝ/ɥ ɠɢɞɤɨɝɨ ɧɚɬɪɢɟ-
ɜɨɝɨ ɫɬɟɤɥɚ ɢ ɞɨɛɚɜɤɭ ɫɭɥɶɮɚɬɚ ɧɢɤɟɥɹ (NiSO4) ɜ ɤɨɧɰɟɧɬɪɚɰɢɢ 0,η (ɷɥɟɤɬɪɨɥɢɬ 1) ɢ 
5 ɝ/ɥ (ɷɥɟɤɬɪɨɥɢɬ 2). 

Ɍɨɥɳɢɧɭ ɷɥɟɤɬɪɨɥɢɬɧɨ-ɩɥɚɡɦɟɧɧɵɯ ɩɨɤɪɵɬɢɣ ɨɩɪɟɞɟɥɹɥɢ ɫ ɩɨɦɨɳɶɸ ɜɢɯɪɟɬɨ-
ɤɨɜɨɝɨ ɬɨɥɳɢɧɨɦɟɪɚ ȼɌ-201, ɚ ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɨɜɟɪɯɧɨɫɬɢ ɢɫɫɥɟɞɨ-
ɜɚɥɢ ɩɪɢ ɩɨɦɨɳɢ ɨɩɬɢɱɟɫɤɨɝɨ ɦɢɤɪɨɫɤɨɩɚ Neophot. 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɷɥɟɦɟɧɬɧɨɝɨ ɫɨɫɬɚɜɚ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɫɥɨɹ ɩɨɤɪɵɬɢɣ ɩɪɨɜɨɞɢɥɢ 
ɦɟɬɨɞɨɦ ɷɥɟɤɬɪɨɧɧɨ-ɡɨɧɞɨɜɨɝɨ ɪɟɧɬɝɟɧɨɫɩɟɤɬɪɚɥɶɧɨɝɨ ɦɢɤɪɨɚɧɚɥɢɡɚ ɧɚ ɩɪɢɛɨɪɟ 
CКЦОЛКб. ɉɪɢ ɷɬɨɦ ɢɫɩɨɥɶɡɨɜɚɥɢ ɬɜɟɪɞɨɬɟɥɶɧɵɣ SТ(LТ)-ɞɟɬɟɤɬɨɪ. Ƚɥɭɛɢɧɚ ɚɧɚɥɢɡɚ ɫɨ-
ɫɬɚɜɥɹɥɚ з1 ɦɤɦ ɩɪɢ ɪɚɫɬɪɟ ɫɤɚɧɢɪɨɜɚɧɢɹ η0 ɦɤɦ2, ɭɫɤɨɪɹɸɳɟɦ ɧɚɩɪɹɠɟɧɢɢ 1η ɤɷȼ, 
ɬɨɤɟ 1η0 ɧȺ ɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɧɚɛɨɪɚ ɫɩɟɤɬɪɚ 100 ɫ.  

ɗɥɟɤɬɪɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɷɥɟɤɬɪɨɥɢɬɧɨ-ɩɥɚɡɦɟɧɧɵɯ ɩɨɤɪɵɬɢɣ ɢɫɫɥɟɞɨɜɚ-
ɥɢ ɩɭɬɟɦ ɢɡɦɟɪɟɧɢɹ ɩɪɨɜɨɞɢɦɨɫɬɢ ɫ ɩɨɦɨɳɶɸ ɭɧɢɜɟɪɫɚɥɶɧɨɝɨ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɢɡɦɟ-
ɪɢɬɟɥɹ RLC (ȿ7-8) ɧɚ ɩɟɪɟɦɟɧɧɨɦ ɬɨɤɟ ɫ ɱɚɫɬɨɬɨɣ 1000 Ƚɰ ɩɨɫɥɟ ɧɚɧɟɫɟɧɢɹ ɧɚ ɩɨɜɟɪɯ-
ɧɨɫɬɶ ɨɛɪɚɡɰɨɜ ɬɨɤɨɩɪɨɜɨɞɹɳɟɝɨ ɤɥɟɹ «Ʉɨɧɬɚɤɬɨɥ» (ɩɥɨɳɚɞɶ ɧɚɧɟɫɟɧɢɹ 1 ɫɦ2) ɢ ɩɨɫɥɟ-
ɞɭɸɳɟɝɨ ɪɚɫɱɟɬɚ ɭɞɟɥɶɧɨɝɨ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɨɤɫɢɞɧɨɝɨ ɫɥɨɹ.  

ɉɪɨɛɨɣɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɢɡɦɟɪɹɥɢ ɫ ɩɨɦɨɳɶɸ ɩɪɨɛɨɣɧɨɣ ɭɫɬɚɧɨɜɤɢ ɍɉɍ-ηɆ. 
Ʉ ɬɟɫɬɢɪɭɟɦɨɦɭ ɨɛɪɚɡɰɭ ɫ ɷɥɟɤɬɪɨɥɢɬɧɨ-ɩɥɚɡɦɟɧɧɵɦ ɩɨɤɪɵɬɢɟɦ ɩɪɢɤɥɚɞɵɜɚɥɨɫɶ ɥɢ-
ɧɟɣɧɨ ɧɚɪɚɫɬɚɸɳɟɟ ɜɨ ɜɪɟɦɟɧɢ ɧɚɩɪɹɠɟɧɢɟ ɫɨ ɫɤɨɪɨɫɬɶɸ ɪɚɡɜɟɪɬɤɢ 10 ȼ/М, ɨɞɧɨɜɪɟ-
ɦɟɧɧɨ ɢɡɦɟɪɹɥɢ ɩɪɨɬɟɤɚɸɳɢɣ ɱɟɪɟɡ ɩɨɤɪɵɬɢɟ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɬɨɤ. ȼ ɦɨɦɟɧɬ ɩɪɟɜɵɲɟ-
ɧɢɹ ɩɪɨɬɟɤɚɸɳɢɦ ɱɟɪɟɡ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɟ ɩɨɤɪɵɬɢɟ ɬɨɤɨɦ ɩɨɪɨɝɨɜɨɝɨ ɡɧɚɱɟɧɢɹ 
(0,1 ɦȺ – ɪɟɤɨɦɟɧɞɭɟɦɵɣ ɬɨɤ ɪɟɝɢɫɬɪɚɰɢɢ ɩɪɨɛɨɹ) ɮɢɤɫɢɪɨɜɚɥɢ ɧɚɩɪɹɠɟɧɢɟ ɩɪɨɛɨɹ. 
ɗɥɟɤɬɪɢɱɟɫɤɭɸ ɩɪɨɱɧɨɫɬɶ ɩɨɤɪɵɬɢɣ ɪɚɫɫɱɢɬɵɜɚɥɢ ɤɚɤ ɨɬɧɨɲɟɧɢɟ ɩɪɨɛɨɣɧɨɝɨ ɧɚɩɪɹ-
ɠɟɧɢɹ ɤ ɬɨɥɳɢɧɟ ɩɨɤɪɵɬɢɹ. 

ɗɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɨɞɢɥɢ ɜ ɪɚɫɬɜɨɪɟ ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ ɤɨɧ-
ɰɟɧɬɪɚɰɢɟɣ 2η % (ɩɨ ɦɚɫɫɟ) ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 2η °ɋ. ɉɨɫɥɟ ɜɵɞɟɪɠɤɢ ɜ ɤɚɬɨɞɧɨɣ ɨɛɥɚ-
ɫɬɢ ɜ ɬɟɱɟɧɢɟ η00 ɫ ɩɪɢ ɡɧɚɱɟɧɢɢ ɩɨɬɟɧɰɢɚɥɚ –1,0 ȼ (ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɚɫɵɳɟɧɧɨɝɨ ɯɥɨɪ-
ɫɟɪɟɛɪɹɧɨɝɨ ɷɥɟɤɬɪɨɞɚ) ɡɚɞɚɜɚɥɚɫɶ ɩɨɬɟɧɰɢɨɞɢɧɚɦɢɱɟɫɤɚɹ ɩɨɥɹɪɢɡɚɰɢɹ ɢɡ ɤɚɬɨɞɧɨɣ 
ɨɛɥɚɫɬɢ ɜ ɚɧɨɞɧɭɸ ɫɨ ɫɤɨɪɨɫɬɶɸ ɪɚɡɜɟɪɬɤɢ 1 ɦȼ/ɫ. 

 
Ɋɟɡɭɥьɬаɬɵ и ɨɛɫɭɠɞɟɧиɟ 

Ɇɨɠɧɨ ɜɵɞɟɥɢɬɶ ɞɜɚ ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɪɚɡɧɵɯ ɜɢɞɚ ɷɥɟɤɬɪɨɥɢɬɧɨ-ɩɥɚɡɦɟɧɧɵɯ 
ɩɨɤɪɵɬɢɣ, ɮɨɪɦɢɪɭɟɦɵɯ ɧɚ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɚɯ ɢɡ ɫɢɥɢɤɚɬɧɨ-ɳɟɥɨɱɧɵɯ ɷɥɟɤɬɪɨɥɢɬɨɜ. 
ɉɟɪɜɵɣ ɜɢɞ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɤɨɪɪɨɡɢɨɧɧɨɫɬɨɣɤɨɟ ɩɨɤɪɵɬɢɟ ɫ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɜɵɫɨ-
ɤɨɣ ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɶɸ, ɫɨɫɬɨɢɬ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɢɡ ɞɢɨɤɫɢɞɚ ɤɪɟɦɧɢɹ ɢ ɯɚɪɚɤɬɟɪɢɡɭ-
ɟɬɫɹ ɜɵɫɨɤɨɣ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɩɨɪɢɫɬɨɫɬɶɸ. ȼɬɨɪɨɣ ɜɢɞ ɩɨɤɪɵɬɢɣ ɫɨɫɬɨɢɬ ɜ ɨɫɧɨɜɧɨɦ ɢɡ 
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ɞɢɨɤɫɢɞɚ ɬɢɬɚɧɚ ɜ ɮɚɡɟ ɪɭɬɢɥ ɫ ɜɤɥɸɱɟɧɢɹɦɢ ɞɢɨɤɫɢɞɚ ɤɪɟɦɧɢɹ ɢ ɨɛɥɚɞɚɟɬ ɛɨɥɟɟ ɜɵ-
ɫɨɤɨɣ ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɶɸ, ɧɨ ɦɟɧɶɲɟɣ ɤɨɪɪɨɡɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɶɸ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɟɪ-
ɜɵɦ ɜɢɞɨɦ. ɉɟɪɜɵɣ ɜɚɪɢɚɧɬ ɛɨɥɶɲɟ ɩɨɞɯɨɞɢɬ ɞɥɹ ɩɨɞɝɨɬɨɜɤɢ ɩɨɜɟɪɯɧɨɫɬɢ ɤ ɧɚɧɟɫɟ-
ɧɢɸ ɩɨɥɢɦɟɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɜɫɥɟɞɫɬɜɢɟ ɛɨɥɶɲɟɣ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɩɨɪɢɫɬɨɫɬɢ, ɜɬɨɪɨɣ ‒ 
ɩɪɟɞɩɨɱɬɢɬɟɥɟɧ ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɬɪɭɳɢɯɫɹ ɩɨɜɟɪɯɧɨɫɬɟɣ. ȼɨɡɦɨɠɟɧ ɩɪɨɦɟɠɭɬɨɱɧɵɣ ɜɚ-
ɪɢɚɧɬ, ɤɨɝɞɚ ɩɨɤɪɵɬɢɟ ɫɨɫɬɨɢɬ ɢɡ ɫɦɟɫɢ ɞɢɨɤɫɢɞɚ ɤɪɟɦɧɢɹ ɢ ɞɢɨɤɫɢɞɚ ɬɢɬɚɧɚ Д27Ж.  

ɉɪɢ ɨɞɢɧɚɤɨɜɨɣ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɨɤɫɢɞɢɪɨɜɚɧɢɹ (20 ɦɢɧ) ɢɡ ɷɥɟɤɬɪɨɥɢɬɚ 1 
(0,5 ɝ/ɥ NiSO4) ɮɨɪɦɢɪɭɟɬɫɹ ɩɨɤɪɵɬɢɟ ɦɨɥɨɱɧɨ-ɛɟɥɨɝɨ ɰɜɟɬɚ ɬɨɥɳɢɧɨɣ з40 ɦɤɦ, ɚ ɢɡ 
ɷɥɟɤɬɪɨɥɢɬɚ 2 (η ɝ/ɥ NiSO4) – ɩɨɤɪɵɬɢɟ ɱɟɪɧɨɝɨ ɰɜɟɬɚ ɬɨɥɳɢɧɨɣ з1η ɦɤɦ, ɱɬɨ ɨɛɟɫɩɟ-
ɱɟɧɨ ɜɤɥɸɱɟɧɢɟɦ ɫɨɟɞɢɧɟɧɢɣ ɧɢɤɟɥɹ ɜ ɟɝɨ ɫɨɫɬɚɜ. Ɇɨɪɮɨɥɨɝɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɷɥɟɤɬɪɨ-
ɥɢɬɧɨ-ɩɥɚɡɦɟɧɧɵɯ ɩɨɤɪɵɬɢɣ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 1.  

 
ɛ)а)

 
Ɋɢɫ. 1. Ɇɨɪɮɨɥɨɝɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɨɜ ɢɡ ɫɩɥɚɜɚ ɦɚɪɤɢ ȼɌη ɫ ɩɨɤɪɵɬɢɹɦɢ, ɫɮɨɪɦɢɪɨ-

ɜɚɧɧɵɦɢ ɦɟɬɨɞɨɦ ɦɢɤɪɨɞɭɝɨɜɨɝɨ ɨɤɫɢɞɢɪɨɜɚɧɢɹ ɜ ɷɥɟɤɬɪɨɥɢɬɚɯ c ɞɨɛɚɜɤɨɣ 0,5 (а) ɢ η ɝ/ɥ (ɛ) 
ɫɭɥɶɮɚɬɚ ɧɢɤɟɥɹ 

 
ɉɨɤɪɵɬɢɹ, ɮɨɪɦɢɪɭɟɦɵɟ ɦɟɬɨɞɨɦ ɆȾɈ ɜ ɷɥɟɤɬɪɨɥɢɬɚɯ ɫ ɧɢɡɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ 

NiSO4 (ɪɢɫ. 1, а), ɨɛɥɚɞɚɸɬ ɹɪɤɨ ɜɵɪɚɠɟɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɩɨɪɢɫɬɨɫɬɶɸ, ɱɬɨ ɹɜɥɹɟɬɫɹ 
ɩɨɥɨɠɢɬɟɥɶɧɵɦ ɮɚɤɬɨɪɨɦ ɞɥɹ ɭɜɟɥɢɱɟɧɢɹ ɩɪɨɱɧɨɫɬɢ ɫɨɟɞɢɧɟɧɢɹ ɫ ɩɨɥɢɦɟɪɚɦɢ. 
ȼ ɷɥɟɤɬɪɨɥɢɬɚɯ ɫ ɜɵɫɨɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ NiSO4 ɮɨɪɦɢɪɭɸɬɫɹ ɦɟɧɟɟ ɩɨɪɢɫɬɵɟ, ɤɨɦ-
ɩɚɤɬɧɵɟ ɩɨɤɪɵɬɢɹ, ɱɬɨ ɫɩɨɫɨɛɫɬɜɭɟɬ ɭɜɟɥɢɱɟɧɢɸ ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɢ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ 
ɩɚɪ ɬɪɟɧɢɹ. 

ɗɥɟɦɟɧɬɧɵɣ ɫɨɫɬɚɜ ɆȾɈ-ɩɨɤɪɵɬɢɣ, ɫɮɨɪɦɢɪɨɜɚɧɧɵɯ ɜ ɷɥɟɤɬɪɨɥɢɬɚɯ 1 ɢ 2, 
ɩɪɢɜɟɞɟɧ ɜ ɬɚɛɥ. 2. ɂɫɫɥɟɞɨɜɚɧɢɹ ɷɥɟɦɟɧɬɧɨɝɨ ɫɨɫɬɚɜɚ ɩɨɥɭɱɟɧɧɵɯ ɩɨɤɪɵɬɢɣ ɩɨɤɚɡɚɥɢ, 
ɱɬɨ ɩɪɢ ɧɢɡɤɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ NiSO4 ɜ ɷɥɟɤɬɪɨɥɢɬɟ (0,η ɝ/ɥ) ɜ ɩɨɤɪɵɬɢɢ ɩɪɟɨɛɥɚɞɚɸɬ 
ɤɢɫɥɨɪɨɞ ɢ ɤɪɟɦɧɢɣ, ɩɪɢ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ NiSO4 (η ɝ/ɥ) – ɤɢɫɥɨɪɨɞ, ɬɢɬɚɧ 
ɢ ɤɪɟɦɧɢɣ. ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɭɥɶɮɚɬɚ ɧɢɤɟɥɹ ɜ ɪɚɫɬɜɨɪɟ ɫɨɞɟɪɠɚɧɢɟ ɧɢ-
ɤɟɥɹ ɜ ɩɨɤɪɵɬɢɢ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫ 0,47 ɞɨ γ,η0 % (ɩɨ ɦɚɫɫɟ). 

 
Ɍаɛɥɢɰа 2 

ɗɥɟɦɟɧɬɧɵɣ ɫɨɫɬав ɷɥɟɤɬɪɨɥиɬɧɨ-ɩɥаɡɦɟɧɧɵɯ ɩɨɤɪɵɬиɣ 

ɗɥɟɦɟɧɬ 
ɋɨɞɟɪɠɚɧɢɟ ɷɥɟɦɟɧɬɨɜ ɜ ɩɨɤɪɵɬɢɢ, ɫɮɨɪɦɢɪɨɜɚɧɧɨɦ ɜ ɷɥɟɤɬɪɨɥɢɬɟ 

1 2 
% (ɚɬɨɦɧ.) % (ɩɨ ɦɚɫɫɟ) % (ɚɬɨɦɧ.) % (ɩɨ ɦɚɫɫɟ) 

Ɉ θ4,θθ±1,40 η0,18±1,0λ θη,01±1,87 4γ,γγ±1,2η 
Al  1,γθ±0,77 1,7λ±1,01 2,22±0,8γ 2,η0±0,λ4 
Si γ2,8λ±γ,17 44,λ4±4,γγ 14,2θ±γ,λ1 1θ,θλ±4,η7 
Ti 1,12±0,88 2,θ2±2,0θ 1θ,λ2±2,1γ γγ,77±4,2η 
Ni 0,1θ±0,1γ 0,47±0,γθ 1,4γ±0,8η γ,η0±2,08 
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ɍɜɟɥɢɱɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɜ ɩɨɤɪɵɬɢɢ ɬɢɬɚɧɚ ɢ ɧɢɤɟɥɹ ɢ ɭɦɟɧɶɲɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ 
ɤɪɟɦɧɢɹ ɩɪɢ ɨɤɫɢɞɢɪɨɜɚɧɢɢ ɜ ɷɥɟɤɬɪɨɥɢɬɟ ɫ ɞɨɛɚɜɤɨɣ η ɝ/ɥ NТSO4 ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ 
ɡɚɬɪɭɞɧɟɧɢɢ ɩɪɨɰɟɫɫɚ ɮɨɪɦɢɪɨɜɚɧɢɹ ɦɚɬɟɪɢɚɥɚ ɷɥɟɤɬɪɨɥɢɬɧɨ-ɩɥɚɡɦɟɧɧɵɯ ɩɨɤɪɵɬɢɣ ɡɚ 
ɫɱɟɬ ɫɢɥɢɤɚɬɧɨɝɨ ɤɨɦɩɨɧɟɧɬɚ ɷɥɟɤɬɪɨɥɢɬɚ ɩɪɢ ɩɨɜɵɲɟɧɧɨɦ ɫɨɞɟɪɠɚɧɢɢ ɫɭɥɶɮɚɬɚ ɧɢ-
ɤɟɥɹ ɜ ɧɟɦ. ɋɭɥɶɮɚɬ ɧɢɤɟɥɹ ɜ ɳɟɥɨɱɧɨɣ ɫɪɟɞɟ ɨɛɪɚɡɭɟɬ ɝɢɞɪɨɤɫɢɞ ɧɢɤɟɥɹ, ɤɨɬɨɪɵɣ ɜ 
ɡɨɧɟ ɦɢɤɪɨɞɭɝɨɜɵɯ ɪɚɡɪɹɞɨɜ ɪɚɡɥɚɝɚɟɬɫɹ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɨɤɫɢɞɨɜ ɧɢɤɟɥɹ. ɗɬɨ, ɜ ɫɜɨɸ 
ɨɱɟɪɟɞɶ, ɩɪɢɜɨɞɢɬ ɤ ɭɦɟɧɶɲɟɧɢɸ ɪɇ ɷɥɟɤɬɪɨɥɢɬɚ ɧɢɠɟ ɭɪɨɜɧɹ з11, ɱɬɨ ɡɚɩɭɫɤɚɟɬ ɩɪɨ-
ɰɟɫɫ ɝɢɞɪɨɥɢɡɚ ɫɢɥɢɤɚɬɚ ɧɚɬɪɢɹ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɝɟɥɹ ɤɪɟɦɧɢɟɜɨɣ ɤɢɫɥɨɬɵ, ɫɧɢɠɚɹ ɜɨɡ-
ɦɨɠɧɨɫɬɶ ɭɱɚɫɬɢɹ ɫɢɥɢɤɚɬ-ɚɧɢɨɧɨɜ ɜ ɚɧɨɞɧɨɦ ɩɪɨɰɟɫɫɟ ɮɨɪɦɢɪɨɜɚɧɢɹ ɷɥɟɤɬɪɨɥɢɬɧɨ-
ɩɥɚɡɦɟɧɧɨɝɨ ɩɨɤɪɵɬɢɹ, ɨ ɱɟɦ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɭɦɟɧɶɲɟɧɢɟ ɬɨɥɳɢɧɵ ɩɨɤɪɵɬɢɹ ɫ 40 ɞɨ 
1η ɦɤɦ. 

ɋɨɫɬɚɜ ɨɤɫɢɞɧɵɯ ɫɥɨɟɜ ɡɧɚɱɢɬɟɥɶɧɨ ɜɥɢɹɟɬ ɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɮɨɪɦɢɪɨɜɚɧɧɵɯ 
ɩɨɤɪɵɬɢɣ, ɜ ɱɚɫɬɧɨɫɬɢ ɧɚ ɷɥɟɤɬɪɢɱɟɫɤɢɟ. ɋɨɞɟɪɠɚɧɢɟ ɧɢɤɟɥɹ ɜ ɨɤɫɢɞɧɨɦ ɫɥɨɟ, ɫɮɨɪ-
ɦɢɪɨɜɚɧɧɨɦ ɜ ɷɥɟɤɬɪɨɥɢɬɟ ɫ ɞɨɛɚɜɤɨɣ η ɝ/ɥ NТSO4, ɫɨɫɬɚɜɥɹɟɬ γ,η % (ɩɨ ɦɚɫɫɟ) (ɬɚɛɥ. 1). 
ɂɫɯɨɞɹ ɢɡ ɷɬɨɝɨ, ɫɥɟɞɨɜɚɥɨ ɛɵ ɨɠɢɞɚɬɶ ɩɨɜɵɲɟɧɢɹ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɢ ɫɧɢɠɟɧɢɹ 
ɭɞɟɥɶɧɨɝɨ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɨɤɪɵɬɢɹ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɚɧɚɥɨɝɢɱɧɵɦɢ ɷɥɟɤ-
ɬɪɨɥɢɬɧɨ-ɩɥɚɡɦɟɧɧɵɦɢ ɩɨɤɪɵɬɢɹɦɢ ɧɚ ɬɢɬɚɧɟ, ɩɨɥɭɱɟɧɧɵɦɢ ɜ ɫɢɥɢɤɚɬɧɨ-ɳɟɥɨɱɧɵɯ 
ɢɥɢ ɚɥɸɦɢɧɚɬɧɵɯ ɷɥɟɤɬɪɨɥɢɬɚɯ, ɧɟ ɫɨɞɟɪɠɚɳɢɯ ɫɨɟɞɢɧɟɧɢɣ ɧɢɤɟɥɹ. Ɉɞɧɚɤɨ, ɤɚɤ ɩɨ-
ɤɚɡɚɥɢ ɢɡɦɟɪɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɨɤɫɢɞɧɵɯ ɫɥɨɟɜ, ɫɮɨɪɦɢɪɨɜɚɧɧɵɯ ɜ 
ɧɢɤɟɥɶɫɨɞɟɪɠɚɳɢɯ ɷɥɟɤɬɪɨɥɢɬɚɯ, ɧɚɛɥɸɞɚɟɬɫɹ ɜɟɫɶɦɚ ɜɵɫɨɤɨɟ ɭɞɟɥɶɧɨɟ ɷɥɟɤɬɪɢɱɟɫɤɨɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ. ɉɪɢɱɟɦ ɞɥɹ ɩɨɤɪɵɬɢɣ, ɩɨɥɭɱɟɧɧɵɯ ɜ ɷɥɟɤɬɪɨɥɢɬɟ, ɫɨɞɟɪɠɚɳɟɦ η ɝ/ɥ 
NiSO4, ɨɧɨ ɜ γ,η ɪɚɡɚ ɛɨɥɶɲɟ, ɱɟɦ ɞɥɹ ɩɨɤɪɵɬɢɣ, ɩɨɥɭɱɟɧɧɵɯ ɜ ɷɥɟɤɬɪɨɥɢɬɟ ɫ ɞɨɛɚɜɤɨɣ 
0,η ɝ/ɥ NТSO4 (ɬɚɛɥ. γ). 

 
Ɍаɛɥɢɰа 3 

ɗɥɟɤɬɪичɟɫɤиɟ ɫвɨɣɫɬва ɷɥɟɤɬɪɨɥиɬɧɨ-ɩɥаɡɦɟɧɧɵɯ ɩɨɤɪɵɬиɣ 

ɋɜɨɣɫɬɜɚ 
Ɂɧɚɱɟɧɢɟ ɫɜɨɣɫɬɜ ɞɥɹ ɷɥɟɤɬɪɨɥɢɬɚ 

1 
(ɫ ɬɨɥɳɢɧɨɣ ɩɨɤɪɵɬɢɹ 40 ɦɤɦ) 

2 
(ɫ ɬɨɥɳɢɧɨɣ ɩɨɤɪɵɬɢɹ 1η ɦɤɦ) 

ɗɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ, ɧɋɦ 0,3 0,2 
ɍɞɟɥɶɧɨɟ ɷɥɟɤɬɪɢɱɟɫɤɨɟ  
ɫɨɩɪɨɬɢɜɥɟɧɢɟ, ȽɈɦ·ɦ 

8 31 

ɉɪɨɛɨɣɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, ȼ 630 260 
ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɩɪɨɱɧɨɫɬɶ, ȼ/ɦɤɦ 15,75 17,33 

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚɥɢɱɢɟ ɜ ɫɨɫɬɚɜɟ ɨɤɫɢɞɧɨɝɨ ɫɥɨɹ ɧɢɤɟɥɹ ɢ ɩɨɜɵɲɟɧɢɟ ɟɝɨ ɫɨ-

ɞɟɪɠɚɧɢɹ ɩɨɱɬɢ ɧɚ ɩɨɪɹɞɨɤ ɧɟ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɷɥɟɤɬɪɨ-
ɥɢɬɧɨ-ɩɥɚɡɦɟɧɧɵɯ ɩɨɤɪɵɬɢɣ. ɗɬɨ ɨɫɨɛɟɧɧɨ ɜɚɠɧɨ ɞɥɹ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɞɚɧ-
ɧɵɯ ɩɨɤɪɵɬɢɣ ɜ ɩɚɪɚɯ ɬɪɟɧɢɹ, ɬɚɤ ɤɚɤ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɜɵɫɨɤɢɯ ɢɡɨɥɹɰɢɨɧɧɵɯ ɫɜɨɣ-
ɫɬɜɚɯ ɩɨɤɪɵɬɢɣ, ɤɨɪɪɨɡɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɢ ɢ, ɤɨɫɜɟɧɧɨ, ɨ ɧɢɡɤɨɣ ɫɤɜɨɡɧɨɣ ɩɨɪɢɫɬɨɫɬɢ. 

ɋɨɞɟɪɠɚɧɢɟ ɫɭɥɶɮɚɬɚ ɧɢɤɟɥɹ ɜ ɷɥɟɤɬɪɨɥɢɬɟ ɜɥɢɹɟɬ ɬɚɤɠɟ ɧɚ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɨɥɭɱɟɧɧɵɯ ɩɨɤɪɵɬɢɣ. Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢɯ ɫɤɜɨɡɧɨɣ ɩɨɪɢɫɬɨɫɬɢ ɩɪɨ-
ɜɟɞɟɧɵ ɩɨɥɹɪɢɡɚɰɢɨɧɧɵɟ ɢɡɦɟɪɟɧɢɹ ɜ ɦɨɞɟɥɶɧɨɦ 2η %-ɧɨɦ ɪɚɫɬɜɨɪɟ ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ. 
ɋɬɨɥɶ ɠɟɫɬɤɢɟ ɭɫɥɨɜɢɹ ɜɵɛɪɚɧɵ ɜ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɬɢɬɚɧ ɢ ɟɝɨ ɫɩɥɚɜɵ ɩɚɫɫɢɜɢɪɭɸɬɫɹ 
ɩɪɢ ɚɧɨɞɧɨɣ ɩɨɥɹɪɢɡɚɰɢɢ ɜ ɲɢɪɨɤɨɦ ɪɹɞɭ ɫɪɟɞ. 

Ⱥɧɨɞɧɵɟ ɩɨɥɹɪɢɡɚɰɢɨɧɧɵɟ ɤɪɢɜɵɟ ɞɥɹ ɨɛɪɚɡɰɨɜ ɢɡ ɫɩɥɚɜɚ ɦɚɪɤɢ ȼɌη ɛɟɡ ɩɨ-
ɤɪɵɬɢɹ ɢ ɫ ɆȾɈ-ɩɨɤɪɵɬɢɹɦɢ (ɪɢɫ. 2) ɢɦɟɸɬ ɫɯɨɞɧɵɣ ɯɚɪɚɤɬɟɪ, ɚ ɢɦɟɧɧɨμ ɦɚɤɫɢɦɭɦ 
ɚɧɨɞɧɨɝɨ ɬɨɤɚ ɧɚɯɨɞɢɬɫɹ ɩɪɢ ɡɧɚɱɟɧɢɢ ɩɨɬɟɧɰɢɚɥɚμ –0,γη ȼ, ɚ ɨɛɥɚɫɬɶ ɩɚɫɫɢɜɧɨɫɬɢ – 
ɩɨɥɨɠɢɬɟɥɶɧɟɟ (–0,2 ȼ). ɉɨɥɹɪɢɡɚɰɢɨɧɧɵɟ ɤɪɢɜɵɟ ɞɥɹ ɨɛɪɚɡɰɨɜ ɢɡ ɫɩɥɚɜɚ ȼɌη ɢ ɫ 
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ɷɥɟɤɬɪɨɥɢɬɧɨ-ɩɥɚɡɦɟɧɧɵɦ ɩɨɤɪɵɬɢɟɦ, ɩɨɥɭɱɟɧɧɵɦ ɜ ɷɥɟɤɬɪɨɥɢɬɟ ɫ ɞɨɛɚɜɤɨɣ 
5 ɝ/ɥ NiSO4, ɜ ɡɨɧɟ ɦɚɤɫɢɦɭɦɚ ɚɧɨɞɧɨɝɨ ɪɚɫɬɜɨɪɟɧɢɹ (ɨɬ –0,η ɞɨ –0,2 ȼ) ɩɪɚɤɬɢɱɟɫɤɢ 
ɫɨɜɩɚɞɚɸɬ. Ⱦɚɥɟɟ, ɜ ɩɚɫɫɢɜɧɨɣ ɨɛɥɚɫɬɢ, ɬɨɤ ɞɥɹ ɨɛɪɚɡɰɚ ɫ ɩɨɤɪɵɬɢɟɦ ɫɬɚɧɨɜɢɬɫɹ ɦɟɧɶ-
ɲɟ, ɱɟɦ ɞɥɹ ɨɛɪɚɡɰɚ ɢɡ ɫɩɥɚɜɚ ȼɌη ɛɟɡ ɩɨɤɪɵɬɢɹ. Ɍɨɤɢ ɞɥɹ ɨɛɪɚɡɰɚ ɫ ɩɨɤɪɵɬɢɟɦ, ɩɨɥɭ-
ɱɟɧɧɵɦ ɜ ɷɥɟɤɬɪɨɥɢɬɟ ɫ ɞɨɛɚɜɤɨɣ 0,η ɝ/ɥ NiSO4, ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɧɚ ɩɨɥɩɨɪɹɞɤɚ ɦɟɧɶ-
ɲɟ. ɗɬɨ ɦɨɠɟɬ ɛɵɬɶ ɫɜɹɡɚɧɨ ɫ ɛɨɥɶɲɟɣ ɬɨɥɳɢɧɨɣ ɩɨɤɪɵɬɢɹ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɫ ɛɨɥɟɟ 
ɧɢɡɤɨɣ ɫɤɜɨɡɧɨɣ ɩɨɪɢɫɬɨɫɬɶɸ.  

 

–0,2

–0,4

–0,6

–0,8

–1,0

–6 –6 –5 –4

0,2Ʉɚɬɨɞɧɵɣ ɬɨɤ
–5–4

ɉɨɬɟɧɰɢɚɥ 
(ɯɥɨɪɫɟɪɟɛɪɹɧɵɣ 
ɷɥɟɤɬɪɨɞ),  ȼ

0,4

0,6

Ʌɨɝɚɪɢɮɦ 
ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ, Ⱥ/ɫɦ2

 
 

Ɋɢɫ. 2. ɉɨɥɹɪɢɡɚɰɢɨɧɧɵɟ ɤɪɢɜɵɟ ɞɥɹ ɨɛɪɚɡɰɨɜ ɢɡ ɫɩɥɚɜɚ ɦɚɪɤɢ ȼɌη ɛɟɡ ɩɨɤɪɵɬɢɹ (─)  
ɢ ɫ ɩɨɤɪɵɬɢɟɦ (– ∙ –  ɷɥɟɤɬɪɨɥɢɬ 1 ɢ - - - ɷɥɟɤɬɪɨɥɢɬ 2), ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ ɢɫɩɵɬɚɧɢɢ ɜ ɪɚɫɬɜɨɪɟ 
ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ (2η % (ɩɨ ɦɚɫɫɟ)) ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 2η °ɋ  

 
ɉɨɫɥɟ ɚɧɨɞɧɨɣ ɩɨɥɹɪɢɡɚɰɢɢ ɰɜɟɬ ɩɨɤɪɵɬɢɣ ɢɡɦɟɧɹɟɬɫɹ, ɨɫɨɛɟɧɧɨ ɞɥɹ ɨɛɪɚɡɰɨɜ, 

ɩɨɥɭɱɟɧɧɵɯ ɜ ɷɥɟɤɬɪɨɥɢɬɟ ɫ ɞɨɛɚɜɤɨɣ η ɝ/ɥ NiSO4 (ɪɢɫ. γ), – ɩɨɜɟɪɯɧɨɫɬɶ ɫɜɟɬɥɟɟɬ, ɱɬɨ 
ɨɛɭɫɥɨɜɥɟɧɨ ɜɵɬɪɚɜɥɟɧɢɟɦ ɫɨɟɞɢɧɟɧɢɣ ɧɢɤɟɥɹ.  

 

 
Ɋɢɫ. γ. Ɇɨɪɮɨɥɨɝɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ ɢɡ ɫɩɥɚɜɚ ɦɚɪɤɢ ȼɌη c ɩɨɤɪɵɬɢɟɦ (ɷɥɟɤɬɪɨɥɢɬ 2)  

ɩɨɫɥɟ ɚɧɨɞɧɨɣ ɩɨɥɹɪɢɡɚɰɢɢ 
 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɛɪɚɡɰɵ ɫ ɷɥɟɤɬɪɨɥɢɬɧɨ-ɩɥɚɡɦɟɧɧɵɦ ɩɨɤɪɵɬɢɟɦ, ɩɨɥɭɱɟɧɧɵɦ ɜ 

ɷɥɟɤɬɪɨɥɢɬɟ ɫ ɞɨɛɚɜɤɨɣ 0,η ɝ/ɥ NiSO4, ɫɨɫɬɨɹɳɢɟ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɢɡ ɞɢɨɤɫɢɞɚ ɤɪɟɦ-
ɧɢɹ, ɩɨɤɚɡɚɥɢ ɧɚɢɥɭɱɲɭɸ ɤɨɪɪɨɡɢɨɧɧɭɸ ɫɬɨɣɤɨɫɬɶ ɩɪɢ ɚɧɨɞɧɨɦ ɪɚɫɬɜɨɪɟɧɢɢ 
(ɧɚɢɦɟɧɶɲɢɟ ɬɨɤɢ). ɉɪɢ ɷɬɨɦ ɜɜɟɞɟɧɢɟ ɫɭɥɶɮɚɬɚ ɧɢɤɟɥɹ ɜ ɷɥɟɤɬɪɨɥɢɬ ɞɥɹ ɆȾɈ ɜ ɤɨɥɢ-
ɱɟɫɬɜɟ 0,η ɝ/ɥ ɧɟɫɭɳɟɫɬɜɟɧɧɨ ɜɥɢɹɟɬ ɧɚ ɫɨɫɬɚɜ ɩɨɥɭɱɟɧɧɨɝɨ ɩɨɤɪɵɬɢɹ. ɍɜɟɥɢɱɟɧɢɟ  
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ɫɨɞɟɪɠɚɧɢɹ NiSO4 ɜ ɷɥɟɤɬɪɨɥɢɬɟ ɞɨ η ɝ/ɥ ɩɪɢɜɨɞɢɬ ɤ ɡɧɚɱɢɬɟɥɶɧɨɦɭ ɭɦɟɧɶɲɟɧɢɸ ɬɨɥ-
ɳɢɧɵ ɆȾɈ-ɩɨɤɪɵɬɢɹ ɢ ɢɡɦɟɧɟɧɢɸ ɟɝɨ ɫɨɫɬɚɜɚ, ɫɭɳɟɫɬɜɟɧɧɨ ɭɜɟɥɢɱɢɜɚɹ ɜ ɧɟɦ ɫɨɞɟɪ-
ɠɚɧɢɟ ɨɤɫɢɞɨɜ ɬɢɬɚɧɚ ɢ ɧɢɤɟɥɹ. 

Ʉɪɨɦɟ ɬɨɝɨ, ɩɨɤɪɵɬɢɟ, ɫɨɞɟɪɠɚɳɟɟ ɡɧɚɱɢɬɟɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɨɤɫɢɞɚ ɬɢɬɚɧɚ, 
ɞɨɥɠɧɨ ɨɛɥɚɞɚɬɶ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɶɸ Д28, 2λЖ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɧɟɨɛɯɨɞɢɦɵɦ 
ɭɫɥɨɜɢɟɦ ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ ɩɨɞɨɛɧɵɯ ɩɨɤɪɵɬɢɣ ɜ ɤɚɱɟɫɬɜɟ ɩɚɪ ɬɪɟɧɢɹ. 

Ʉɨɪɪɨɡɢɨɧɧɵɟ ɢɫɩɵɬɚɧɢɹ ɩɨɤɪɵɬɢɣ ɜ ɦɨɞɟɥɶɧɨɦ 2η %-ɧɨɦ ɪɚɫɬɜɨɪɟ ɫɟɪɧɨɣ 
ɤɢɫɥɨɬɵ ɩɪɢ 100 ɨɋ ɩɨɞɬɜɟɪɞɢɥɢ ɫɞɟɥɚɧɧɵɟ ɧɚ ɨɫɧɨɜɚɧɢɢ ɚɧɨɞɧɵɯ ɩɨɥɹɪɢɡɚɰɢɨɧɧɵɯ 
ɤɪɢɜɵɯ ɩɪɟɞɩɨɥɨɠɟɧɢɹ ɨ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɤɨɪɪɨɡɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɢ ɩɨɤɪɵɬɢɣ, ɮɨɪɦɢɪɭ-
ɟɦɵɯ ɜ ɷɥɟɤɬɪɨɥɢɬɟ ɫ ɞɨɛɚɜɤɨɣ 0,η ɝ/ɥ NiSO4. Ɍɚɤ, ɜɪɟɦɹ ɞɨ ɪɚɡɪɭɲɟɧɢɹ ɩɨɤɪɵɬɢɹ, ɫɨ-
ɫɬɨɹɳɟɝɨ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɢɡ ɞɢɨɤɫɢɞɚ ɤɪɟɦɧɢɹ, ɛɵɥɨ ɛɨɥɶɲɟ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɨɤɪɵ-
ɬɢɟɦ, ɫɨɞɟɪɠɚɳɢɦ ɛɨɥɶɲɭɸ ɱɚɫɬɶ ɞɢɨɤɫɢɞɚ ɬɢɬɚɧɚ. Ɋɚɡɪɭɲɟɧɢɟ ɡɚɮɢɤɫɢɪɨɜɚɧɨ ɤɚɤ 
ɜɢɡɭɚɥɶɧɨ, ɬɚɤ ɢ ɩɨ ɪɟɡɤɨɦɭ ɫɦɟɳɟɧɢɸ ɩɨɬɟɧɰɢɚɥɚ ɤɨɪɪɨɡɢɢ ɜ ɨɛɥɚɫɬɶ ɨɬɪɢɰɚɬɟɥɶɧɵɯ 
ɡɧɚɱɟɧɢɣ. 

 
Ɂаɤɥɸчɟɧия 

ɍɜɟɥɢɱɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɭɥɶɮɚɬɚ ɧɢɤɟɥɹ ɜ ɷɥɟɤɬɪɨɥɢɬɟ ɫ 0,η ɞɨ η ɝ/ɥ ɩɪɢɜɨɞɢɬ 
ɤ ɭɦɟɧɶɲɟɧɢɸ ɬɨɥɳɢɧɵ ɷɥɟɤɬɪɨɥɢɬɧɨ-ɩɥɚɡɦɟɧɧɨɝɨ ɩɨɤɪɵɬɢɹ ɫ 40 ɞɨ 1η ɦɤɦ ɢ ɫɧɢɠɟ-
ɧɢɸ ɟɝɨ ɫɤɜɨɡɧɨɣ ɩɨɪɢɫɬɨɫɬɢ. 

ȼɜɟɞɟɧɢɟ ɫɭɥɶɮɚɬɚ ɧɢɤɟɥɹ ɜ ɤɨɥɢɱɟɫɬɜɟ 0,η ɝ/ɥ ɜ ɷɥɟɤɬɪɨɥɢɬ ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɦɟ-
ɬɨɞɨɦ ɆȾɈ ɧɟ ɨɤɚɡɵɜɚɟɬ ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɜɥɢɹɧɢɹ ɧɚ ɫɨɫɬɚɜ ɩɨɤɪɵɬɢɹ, ɫɨɫɬɨɹɳɟɝɨ ɩɪɟ-
ɢɦɭɳɟɫɬɜɟɧɧɨ ɢɡ ɨɤɫɢɞɚ ɤɪɟɦɧɢɹ. 

ɍɜɟɥɢɱɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɭɥɶɮɚɬɚ ɧɢɤɟɥɹ ɜ ɫɢɥɢɤɚɬɧɨ-ɳɟɥɨɱɧɨɦ ɷɥɟɤɬɪɨɥɢɬɟ 
ɞɨ η ɝ/ɥ ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɫɨɞɟɪɠɚɧɢɹ ɜ ɩɨɤɪɵɬɢɢ ɤɪɟɦɧɢɹ ɢ ɭɜɟɥɢɱɟɧɢɸ ɫɨɞɟɪ-
ɠɚɧɢɹ ɬɢɬɚɧɚ ɢ ɧɢɤɟɥɹ. 

ɍɜɟɥɢɱɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɧɢɤɟɥɹ ɜ ɩɨɤɪɵɬɢɢ ɫ 0,47 ɞɨ γ,η % (ɩɨ ɦɚɫɫɟ) ɧɟ ɩɪɢɜɨ-
ɞɢɬ ɤ ɩɨɜɵɲɟɧɢɸ ɟɝɨ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɜɨɞɢɦɨɫɬɢ. 

ɍɜɟɥɢɱɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɭɥɶɮɚɬɚ ɧɢɤɟɥɹ ɫ 0,η ɞɨ η ɝ/ɥ ɜ ɷɥɟɤɬɪɨɥɢɬɟ ɞɥɹ ɨɛ-
ɪɚɛɨɬɤɢ ɦɟɬɨɞɨɦ ɆȾɈ ɫɧɢɠɚɟɬ ɤɨɪɪɨɡɢɨɧɧɭɸ ɫɬɨɣɤɨɫɬɶ ɩɨɤɪɵɬɢɣ ɜ ɦɨɞɟɥɶɧɨɦ ɪɚɫ-
ɬɜɨɪɟ ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ (2η % (ɩɨ ɦɚɫɫɟ)). 
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Ⱦаɧа ɨɰɟɧɤа вɥɢɹɧɢɹ ɩɨɪɢɫɬɨɫɬɢ ɧа ɷɮɮɟɤɬɢвɧɭɸ ɬɟɩɥɨɩɪɨвɨɞɧɨɫɬɶ ɬɟɩɥɨɢɡɨɥɹɰɢ-
ɨɧɧɵɯ ɦаɬɟɪɢаɥɨв. Ɋаɫɫɦɨɬɪɟɧɵ ɨɫɧɨвɧɵɟ ɮаɤɬɨɪɵ, ɨɤаɡɵваɸɳɢɟ вɥɢɹɧɢɟ ɧа ɬɟɩɥɨ-
ɩɪɨвɨɞɧɨɫɬɶ ɦаɬɟɪɢаɥа, ɬаɤɢɟ ɤаɤ ɩɥɨɬɧɨɫɬɶ, вɢɞ ɩɨɪɢɫɬɨɣ ɫɬɪɭɤɬɭɪɵ ɦаɬɟɪɢаɥа ɢ 
вɥаɠɧɨɫɬɶ. Ɉɩɢɫаɧа ɦɟɬɨɞɢɤа ɩɪɨвɟɞɟɧɢɹ ɢɡɦɟɪɟɧɢɹ ɬɟɩɥɨɩɪɨвɨɞɧɨɫɬɢ ɦɟɬɨɞаɦɢ 
ɫɬаɰɢɨɧаɪɧɨɝɨ ɬɟɩɥɨвɨɝɨ ɩɨɬɨɤа ɢ ɝɨɪɹɱɟɣ ɨɯɪаɧɧɨɣ ɡɨɧɵ. ɉɪɢвɟɞɟɧа ɦɟɬɨɞɢɤа ɪаɫɱɟ-
ɬа ɷɮɮɟɤɬɢвɧɨɣ ɬɟɩɥɨɩɪɨвɨɞɧɨɫɬɢ вɨɥɨɤɧɢɫɬɵɯ ɦаɬɟɪɢаɥɨв. ɉɪɨвɟɞɟɧɵ ɪаɫɱɟɬɧɨ-
ɷɤɫɩɟɪɢɦɟɧɬаɥɶɧɨɟ ɢɫɫɥɟɞɨваɧɢɟ ɷɮɮɟɤɬɢвɧɨɣ ɬɟɩɥɨɩɪɨвɨɞɧɨɫɬɢ ɢ аɧаɥɢɡ ɩɨɥɭɱɟɧɧɵɯ 
ɪɟɡɭɥɶɬаɬɨв. 

Ключевые слова: ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɵɟ ɦаɬɟɪɢаɥɵ, вɨɥɨɤɧɢɫɬɵɟ ɦаɬɟɪɢаɥɵ, ɩɨɪɢɫɬɨɫɬɶ, 
ɬɟɩɥɨɩɪɨвɨɞɧɨɫɬɶ, ɬɟɩɥɨɩɟɪɟɞаɱа, ɬɟɩɥɨвɨɣ ɩɨɬɨɤ. 

 
N.N. Vorobev1, D.Ya. Barinov1, A.V. Zuev1, S.I. Pakhomkin1 

 
COMPUTATIONAL  AND  EXPERIMENTAL  STUDY  
OF  THE  EFFECTIVE  THERMAL  CONDUCTIVITY  OF  FIBROUS  MATERIALS 
 

The article is devoted to the evaluation of the effect of porosity on the effective thermal con-
ductivity of thermal insulation materials. The main factors influencing the thermal conductivity 
of the material, such as density, the type of porous structure of the material and humidity, are 
considered. The method of measuring the thermal conductivity by the stationary heat flow 
method and the hot zone method is described. A method for calculating the effective thermal 
conductivity of fibrous materials is presented. A computational and experimental study of the ef-
fective thermal conductivity is carried out and the results are analyzed. 

Keywords: thermal insulation materials, fibrous materials, porosity, thermal conductivity, 
heat transfer, heat flow. 
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ȼвɟɞɟɧиɟ 
Ɉɞɧɢɦ ɢɡ ɚɤɬɭɚɥɶɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɪɚɡɜɢɬɢɹ ɚɜɢɚɰɢɨɧɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɹɜ-

ɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɤɨɧɫɬɪɭɤɰɢɣ ɢɡ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɜ ɫɜɹɡɢ ɫ ɱɟɦ ɤ ɧɢɦ 
ɩɪɟɞɴɹɜɥɹɸɬɫɹ ɜɫɟ ɛɨɥɟɟ ɠɟɫɬɤɢɟ ɬɪɟɛɨɜɚɧɢɹ. Ɉɧɢ ɞɨɥɠɧɵ ɨɛɥɚɞɚɬɶ ɩɨɜɵɲɟɧɧɨɣ ɬɟɪ-
ɦɨɫɬɨɣɤɨɫɬɶɸ, ɜɵɫɨɤɢɦɢ ɡɜɭɤɨɢɡɨɥɹɰɢɨɧɧɵɦɢ, ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɢ 
ɯɨɪɨɲɢɦɢ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ Д1Ж. ɉɟɪɟɞ ɪɚɡɪɚɛɨɬɱɢɤɚɦɢ ɫɬɨɢɬ ɪɹɞ ɧɚɭɱɧɨ-
ɬɟɯɧɢɱɟɫɤɢɯ ɡɚɞɚɱ, ɬɪɟɛɭɸɳɢɯ ɪɟɲɟɧɢɹ, ɬɚɤɢɯ ɤɚɤ ɭɦɟɧɶɲɟɧɢɟ ɦɚɬɟɪɢɚɥɨɟɦɤɨɫɬɢ 
ɩɪɨɞɭɤɰɢɢ, ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɟ, ɪɚɰɢɨɧɚɥɶɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɪɟɫɭɪɫɨɜ ɢ ɞɪ. Д2–4Ж. Ɉɞɧɨ 
ɢɡ ɚɤɬɭɚɥɶɧɵɯ ɞɥɹ ɪɚɡɪɚɛɨɬɱɢɤɨɜ ɦɚɬɟɪɢɚɥɨɜ ɧɚɩɪɚɜɥɟɧɢɣ – ɫɨɡɞɚɧɢɟ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧ-
ɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɫ ɩɨɧɢɠɟɧɧɨɣ ɩɥɨɬɧɨɫɬɶɸ, ɜɵɫɨɤɢɦɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ, 
ɨɬɜɟɱɚɸɳɟɝɨ ɬɪɟɛɨɜɚɧɢɹɦ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ. Ʉɨɦɩɨɡɢɰɢɨɧɧɵɟ, ɜ ɬɨɦ ɱɢɫɥɟ  
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ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɵɟ, ɦɚɬɟɪɢɚɥɵ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɫɬɪɨɢɬɟɥɶɫɬɜɟ, ɚɜɢɚɰɢɢ, ɚɜɬɨ-
ɦɨɛɢɥɟɫɬɪɨɟɧɢɢ, ɷɧɟɪɝɟɬɢɤɟ ɢ ɞɪ. Дη–8Ж. Ɉɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ ɬɪɟɛɨɜɚɧɢɣ ɤ ɬɟɩɥɨɢɡɨɥɹ-
ɰɢɨɧɧɵɦ ɦɚɬɟɪɢɚɥɚɦ ɞɥɹ ɚɜɢɚɤɨɫɦɢɱɟɫɤɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɦɚɲɢɧɨɫɬɪɨɟɧɢɹ, ɷɧɟɪ-
ɝɟɬɢɤɢ ɢ ɞɪɭɝɢɯ ɨɬɪɚɫɥɟɣ ɹɜɥɹɟɬɫɹ ɢɯ ɧɢɡɤɚɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ.  

Ɍɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɜ ɜɨɥɨɤɧɢɫɬɵɯ ɦɚɬɟɪɢɚɥɚɯ ɫɨɫɬɨɢɬ ɢɡ ɬɪɟɯ ɫɨɫɬɚɜɥɹɸɳɢɯ – 
ɤɨɧɞɭɤɬɢɜɧɨɝɨ ɩɟɪɟɧɨɫɚ ɬɟɩɥɚ, ɢɡɥɭɱɟɧɢɹ ɢ ɤɨɧɜɟɤɰɢɢ. ɉɟɪɟɧɨɫ ɬɟɩɥɚ ɩɨ ɜɨɥɨɤɧɚɦ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɭɬɟɦ ɤɨɧɞɭɤɬɢɜɧɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɡɚ ɫɱɟɬ ɤɨɥɟɛɚɧɢɣ ɚɬɨɦɨɜ ɜ 
ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɟ. ɉɨɫɤɨɥɶɤɭ ɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ ɪɟɲɟɬɤɚ ɨɛɥɚɞɚɟɬ ɩɪɨɱɧɵɦɢ 
ɫɜɹɡɹɦɢ, ɤɨɧɜɟɤɬɢɜɧɵɣ ɩɟɪɟɧɨɫ ɬɟɩɥɚ ɧɟɜɨɡɦɨɠɟɧ ɢ ɩɪɨɢɫɯɨɞɢɬ ɬɨɥɶɤɨ ɫ ɩɨɦɨɳɶɸ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ (ɮɨɧɨɧɧɚɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ). ȼ ɠɢɞɤɨɫɬɹɯ ɢ ɝɚɡɚɯ, ɡɚɩɨɥɧɹɸɳɢɯ 
ɩɪɨɫɬɪɚɧɫɬɜɨ ɦɟɠɞɭ ɜɨɥɨɤɧɚɦɢ, ɩɟɪɟɧɨɫ ɬɟɩɥɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɡɚ ɫɱɟɬ ɬɟɩɥɨɜɨɝɨ ɞɜɢ-
ɠɟɧɢɹ ɦɨɥɟɤɭɥ ɢ ɩɨɫɪɟɞɫɬɜɨɦ ɩɟɪɟɦɟɳɟɧɢɹ ɦɚɤɪɨɫɤɨɩɢɱɟɫɤɢɯ ɨɛɴɟɦɨɜ ɠɢɞɤɨɫɬɢ, ɚ 
ɬɚɤɠɟ ɤɨɧɜɟɤɰɢɟɣ ɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶɸ. Ʌɭɱɢɫɬɵɣ ɬɟɩɥɨɨɛɦɟɧ ɜ ɜɨɥɨɤɧɢɫɬɵɯ ɬɟɩɥɨ-
ɢɡɨɥɹɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɚɯ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɬɟɩɟɧɶɸ ɱɟɪɧɨɬɵ ɬɜɟɪɞɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɭɫɪɟɞ-
ɧɟɧɧɵɦ ɪɚɫɫɬɨɹɧɢɟɦ ɦɟɠɞɭ ɜɨɥɨɤɧɚɦɢ, ɢɡɥɭɱɚɬɟɥɶɧɨɣ ɢ ɩɨɝɥɨɳɚɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɶɸ 
ɝɚɡɚ ɧɚɩɨɥɧɢɬɟɥɹ. Ⱦɨɥɹ ɨɛɳɟɝɨ ɩɨɬɨɤɚ ɬɟɩɥɚ, ɩɪɢɯɨɞɹɳɚɹɫɹ ɧɚ ɤɚɠɞɭɸ ɢɡ ɫɨɫɬɚɜɥɹɸ-
ɳɢɯ, ɡɚɜɢɫɢɬ ɨɬ ɫɨɜɨɤɭɩɧɨɫɬɢ ɨɩɪɟɞɟɥɹɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜμ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɜɨɥɨɤɨɧ ɢ 
ɝɚɡɚ, ɞɢɚɦɟɬɪɚ ɜɨɥɨɤɨɧ, ɢɯ ɨɪɢɟɧɬɚɰɢɢ, ɫɬɟɩɟɧɢ ɱɟɪɧɨɬɵ ɢ ɬ. ɞ. Ⱦɥɹ ɨɰɟɧɤɢ ɷɮɮɟɤɬɢɜ-
ɧɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɦɚɬɟɪɢɚɥɨɜ ɧɟɨɛɯɨɞɢɦɨ ɢɡɭɱɢɬɶ ɜɤɥɚɞ ɤɚɠɞɨɣ ɢɡ ɫɨɫɬɚɜɥɹɸɳɢɯ 
ɨɛɳɟɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɜ ɦɚɬɟɪɢɚɥɟ.  

ɂɡ ɜɫɟɯ ɞɨɫɬɭɩɧɵɯ ɢ ɲɢɪɨɤɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɯ ɜɟɳɟɫɬɜ ɜɨɡɞɭɯ ɨɛɥɚɞɚɟɬ 
ɧɚɢɦɟɧɶɲɟɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶɸ, ɩɨɷɬɨɦɭ ɨɫɧɨɜɧɚɹ ɢɞɟɹ ɩɨɥɭɱɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɝɨ ɬɟɩ-
ɥɨɢɡɨɥɹɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɫɨɫɬɨɢɬ ɜ ɩɪɟɞɟɥɶɧɨɦ ɧɚɫɵɳɟɧɢɢ ɦɚɬɟɪɢɚɥɚ ɩɨɪɚɦɢ, ɡɚ-
ɩɨɥɧɟɧɧɵɦɢ ɜɨɡɞɭɯɨɦ. Ⱦɥɹ ɦɚɬɟɪɢɚɥɨɜ, ɨɬɜɟɱɚɸɳɢɯ ɬɪɟɛɨɜɚɧɢɹɦ ɬɟɩɥɨɢɡɨɥɹɰɢɢ, ɯɚ-
ɪɚɤɬɟɪɧɵ ɦɚɥɚɹ ɨɛɴɟɦɧɚɹ ɩɥɨɬɧɨɫɬɶ (10 < ρ < 1η0 ɤɝ/ɦ3) ɢ ɜɵɫɨɤɚɹ ɩɨɪɢɫɬɨɫɬɶ 
(60 < m < 95 %) ДλЖ. ɂɫɫɥɟɞɨɜɚɧɢɹ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɵɯ ɦɚɬɟ-
ɪɢɚɥɨɜ, ɩɪɢɜɟɞɟɧɧɵɟ ɜ ɪɚɛɨɬɚɯ Д10, 11Ж, ɩɨɤɚɡɚɥɢ, ɱɬɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɩɥɨɬɧɨɫɬɢ ɜɨɡɪɚɫ-
ɬɚɟɬ ɷɮɮɟɤɬɢɜɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ. ɉɪɢ ɩɨɜɵɲɟɧɢɢ ɦɟɠɜɨɥɨɤɧɢɫɬɨɣ 
ɩɨɪɢɫɬɨɫɬɢ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɜɤɥɚɞ ɜ ɨɛɳɭɸ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɤɨɧɜɟɤɬɢɜɧɨɣ ɫɨɫɬɚɜɥɹɸ-
ɳɟɣ. Ɉɫɨɛɟɧɧɨ ɡɚɦɟɬɟɧ ɜɤɥɚɞ ɜ ɤɨɧɜɟɤɬɢɜɧɭɸ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɩɪɢ ɩɨɜɵɲɟɧɧɵɯ 
ɬɟɦɩɟɪɚɬɭɪɚɯ. ɋ ɪɨɫɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ ɨɬ 0 ɞɨ η00 °ɋ ɩɟɪɟɞɚɱɚ ɬɟɩɥɚ ɱɟɪɟɡ ɩɨɪɵ ɞɢɚɦɟɬ-
ɪɨɦ 1 ɢ θ ɦɦ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜ η,γ ɢ 11,7 ɪɚɡɚ Д12Ж. ȼ ɩɨɪɚɯ ɞɢɚɦɟɬɪɨɦ 
<5 ɦɦ ɜɥɢɹɧɢɟ ɤɨɧɜɟɤɰɢɢ ɧɚɫɬɭɩɚɟɬ ɩɪɢ ɪɚɡɧɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪ ɜ 100 °ɋ, ɚ ɜ ɩɨɪɚɯ ɞɢɚ-
ɦɟɬɪɨɦ >10 ɦɦ – ɩɪɢ ɪɚɡɧɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪ ɜ 2 °ɋ ДλЖ. ɉɨɷɬɨɦɭ ɞɥɹ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɵɯ 
ɦɚɬɟɪɢɚɥɨɜ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɟɟ ɦɟɥɤɨɩɨɪɢɫɬɨɟ ɫɬɪɨɟɧɢɟ ɫ ɡɚɦɤɧɭɬɵɦɢ ɩɨɪɚɦɢ. Ⱦɚɥɟɟ 
ɩɪɢɜɟɞɟɧɚ ɤɨɥɢɱɟɫɬɜɟɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɜɨɡɞɭɯɚ ɨɬ ɪɚɡɦɟɪɚ ɩɨɪ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ 10 °ɋ Д12Жμ 

 
ɋɪɟɞɧɢɣ ɪɚɡɦɟɪ ɩɨɪ, ɦɦ 0,1 1 2 4 5 8 10 
Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ, 
ȼɬ/(ɦ·Ʉ) 0,026 0,029 0,038 0,041 0,044 0,053 0,063 

 
Ɍɟɩɥɨɢɡɨɥɹɰɢɨɧɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɡɚɜɢɫɹɬ ɤɚɤ ɨɬ ɨɛɴɟɦɚ ɜɨɡɞɭɯɚ, ɡɚɤɥɸɱɟɧɧɨɝɨ ɜ 

ɩɨɪɚɯ ɦɚɬɟɪɢɚɥɚ, ɬɚɤ ɢ ɨɬ ɟɝɨ ɪɚɜɧɨɦɟɪɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ. ȼ ɦɟɫɬɚɯ ɫ ɩɨɜɵɲɟɧɧɵɦ 
ɫɨɞɟɪɠɚɧɢɟɦ ɬɜɟɪɞɨɣ ɮɚɡɵ ɨɛɪɚɡɭɸɬɫɹ ɬɚɤ ɧɚɡɵɜɚɟɦɵɟ «ɦɨɫɬɢɤɢ ɯɨɥɨɞɚ» – ɡɨɧɵ ɩɨ-
ɜɵɲɟɧɧɨɣ ɬɟɩɥɨɩɟɪɟɞɚɱɢ Д12Ж. ɇɚɥɢɱɢɟ ɬɚɤ ɧɚɡɵɜɚɟɦɵɯ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɦɨɫɬɨɜ ɩɪɢɜɨ-
ɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɢ ɹɜɥɹɟɬɫɹ ɩɪɢɱɢɧɨɣ 
ɨɛɪɚɡɨɜɚɧɢɹ ɤɨɧɞɟɧɫɚɬɚ.  
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Ȼɨɥɶɲɨɟ ɜɥɢɹɧɢɟ ɧɚ ɷɮɮɟɤɬɢɜɧɭɸ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɦɚɬɟɪɢɚɥɚ ɨɤɚɡɵɜɚɸɬ ɞɢɚ-
ɦɟɬɪ ɢ ɨɪɢɟɧɬɚɰɢɹ ɜɨɥɨɤɧɚ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. Ɍɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɦɚɬɟɪɢ-
ɚɥɚ ɫ ɜɨɥɨɤɧɚɦɢ, ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɦɢ ɩɚɪɚɥɥɟɥɶɧɨ ɬɟɩɥɨɜɨɦɭ ɩɨɬɨɤɭ, ɛɨɥɶɲɟ, ɱɟɦ ɭ ɦɚ-
ɬɟɪɢɚɥɚ ɫ ɜɨɥɨɤɧɚɦɢ, ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɦɢ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɬɟɩɥɨɜɨɦɭ ɩɨɬɨɤɭ, – 
ɜ 1,4 ɪɚɡɚ ɜ ɜɨɡɞɭɯɟ ɢ ɜ 2 ɪɚɡɚ ɜ ɜɚɤɭɭɦɟ Д1γЖ. ɉɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɜɨɥɨɤɧɢɫɬɨɝɨ ɦɚɬɟɪɢɚ-
ɥɚ ɨɩɬɢɦɚɥɶɧɨɣ ɫɬɪɭɤɬɭɪɵ ɧɟɨɛɯɨɞɢɦɨ ɩɨɥɭɱɚɬɶ ɜɨɥɨɤɧɚ ɤɪɭɝɥɨɝɨ ɪɚɜɧɨɦɟɪɧɨɝɨ ɫɟɱɟ-
ɧɢɹ ɫ ɝɥɚɞɤɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɢ ɦɢɧɢɦɚɥɶɧɵɦ ɞɢɚɦɟɬɪɨɦ. ɍɦɟɧɶɲɟɧɢɟ ɞɢɚɦɟɬɪɚ ɜɨɥɨ-
ɤɨɧ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɬɟɪɦɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɦɚɬɟɪɢɚɥɚ ɡɚ ɫɱɟɬ ɭɦɟɧɶɲɟ-
ɧɢɹ ɩɥɨɳɚɞɢ ɤɨɧɬɚɤɬɨɜ ɦɟɠɞɭ ɜɨɥɨɤɧɚɦɢ. ȼ ɨɛɥɚɫɬɢ, ɩɪɢɦɵɤɚɸɳɟɣ ɤ ɦɟɫɬɭ ɤɨɧɬɚɤɬɚ, 
ɩɪɨɢɫɯɨɞɢɬ ɢɧɬɟɧɫɢɜɧɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɮɨɧɨɧɨɜ ɞɪɭɝ ɫ ɞɪɭɝɨɦ, ɱɬɨ ɜɵɡɵɜɚɟɬ ɞɨɩɨɥ-
ɧɢɬɟɥɶɧɨɟ ɬɟɪɦɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ. Ʉɪɨɦɟ ɬɨɝɨ, ɭɦɟɧɶɲɟɧɢɟ ɞɢɚɦɟɬɪɚ ɜɨɥɨɤɧɚ 
ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɪɚɡɪɵɜɟ, ɬɚɤ ɤɚɤ ɬɨɥɫɬɵɟ ɜɨɥɨɤɧɚ ɨɛɥɚɞɚɸɬ ɩɨ-
ɜɵɲɟɧɧɨɣ ɯɪɭɩɤɨɫɬɶɸ. Ɍɟɩɥɨɢɡɨɥɹɰɢɨɧɧɵɣ ɦɚɬɟɪɢɚɥ, ɢɡɝɨɬɨɜɥɟɧɧɵɣ ɢɡ ɛɨɥɟɟ ɬɨɧɤɢɯ 
ɜɨɥɨɤɨɧ, ɢɦɟɟɬ ɥɭɱɲɢɟ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɟ ɢ ɭɩɪɭɝɢɟ ɫɜɨɣɫɬɜɚ, ɨɛɥɚɞɚɟɬ ɦɟɧɶɲɟɣ ɫɪɟɞ-
ɧɟɣ ɩɥɨɬɧɨɫɬɶɸ, ɛɨ ɥɶɲɢɦɢ ɭɩɪɭɝɨɫɬɶɸ ɢ ɩɪɨɱɧɨɫɬɶɸ ɩɪɢ ɢɡɝɢɛɟ.  

Ⱦɥɹ ɜɨɥɨɤɧɢɫɬɵɯ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɯɚɪɚɤɬɟɪɧɚ ɨɬɤɪɵɬɚɹ ɩɨɪɢ-
ɫɬɨɫɬɶ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɢɯ ɧɟɨɛɪɚɬɢɦɨɦɭ ɭɜɥɚɠɧɟɧɢɸ ɩɪɢ ɧɟɞɨɫɬɚɬɨɱɧɨɣ ɡɚɳɢɬɟ ɨɬ 
ɜɨɡɞɟɣɫɬɜɢɹ ɜɨɞɵ ɢ ɜɥɚɝɢ. ɍɜɥɚɠɧɟɧɢɟ ɦɚɬɟɪɢɚɥɚ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɩɪɢɜɨɞɢɬ ɤ ɪɟɡɤɨɦɭ 
ɭɜɟɥɢɱɟɧɢɸ ɟɝɨ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ, ɱɬɨ ɜɵɡɵɜɚɟɬ ɭɯɭɞɲɟɧɢɟ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɯɚɪɚɤɬɟ-
ɪɢɫɬɢɤ ɦɚɬɟɪɢɚɥɚ. ɋɜɨɛɨɞɧɚɹ ɜɨɞɚ ɜ ɟɝɨ ɫɨɫɬɚɜɟ ɨɬɪɢɰɚɬɟɥɶɧɨ ɜɥɢɹɟɬ ɧɚ ɩɪɨɱɧɨɫɬɧɵɟ ɯɚ-
ɪɚɤɬɟɪɢɫɬɢɤɢ, ɦɨɪɨɡɨɫɬɨɣɤɨɫɬɶ ɢ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɵɟ ɫɜɨɣɫɬɜɚ ɦɚɬɟɪɢɚɥɚ Д14]. Ɍɚɤ, ɬɟɩɥɨ-
ɩɪɨɜɨɞɧɨɫɬɶ ɞɥɹ ɫɭɯɨɝɨ ɤɢɪɩɢɱɚ Ȝ = 0,35 ȼɬ/(ɦ·Ʉ), ɞɥɹ ɜɨɞɵ Ȝ = 0,60 ȼɬ/(ɦ·Ʉ), ɚ ɞɥɹ ɜɥɚɠ-
ɧɨɝɨ ɤɢɪɩɢɱɚ Ȝ = 1 ȼɬ/(ɦ·Ʉ). ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɭɜɟɥɢɱɟɧɢɟ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɤɢɪɩɢɱɚ 
ɩɪɢ ɟɝɨ ɭɜɥɚɠɧɟɧɢɢ ɦɨɠɧɨ ɨɛɴɹɫɧɢɬɶ ɪɨɫɬɨɦ ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɩɟɪɟɧɨɫɚ ɬɟɩɥɚ ɡɚ ɫɱɟɬ 
ɤɚɩɢɥɥɹɪɧɨɝɨ ɞɜɢɠɟɧɢɹ ɜɨɞɵ ɜ ɩɨɪɚɯ ɦɚɬɟɪɢɚɥɚ. Ʉɪɨɦɟ ɬɨɝɨ, ɚɛɫɨɪɛɰɢɨɧɧɨ ɫɜɹɡɚɧɧɚɹ 
ɜɥɚɝɚ ɢɦɟɟɬ ɞɪɭɝɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫɨ ɫɜɨɛɨɞɧɨɣ ɜɨɞɨɣ. 

ɉɟɪɟɧɨɫ ɬɟɩɥɚ ɜ ɜɨɥɨɤɧɢɫɬɵɯ ɦɚɬɟɪɢɚɥɚɯ ɢɡɭɱɚɟɬɫɹ ɫ ɤɨɧɰɚ XIX ɜ. ɢ ɞɨ ɧɚɫɬɨɹ-
ɳɟɝɨ ɜɪɟɦɟɧɢ. ȼɨɩɪɨɫɭ ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɨɪɢɫɬɵɯ ɦɚɬɟ-
ɪɢɚɥɨɜ ɩɨɫɜɹɳɟɧɨ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɪɚɛɨɬμ Ⱦ.Ʌ. Ɍɢɦɪɨɬɚ Д1ηЖ, Ȼ.ɇ. Ʉɚɭɮɦɚɧɚ Д1θЖ, 
Ⱥ.Ɏ. ɑɭɞɧɨɜɫɤɨɝɨ Д17Ж ɢ ɪɹɞɚ ɞɪɭɝɢɯ ɚɜɬɨɪɨɜ. ȼɨ ɦɧɨɝɢɯ ɪɚɛɨɬɚɯ ɬɚɤɠɟ ɩɪɟɞɫɬɚɜɥɟɧɨ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɨɩɪɟɞɟɥɟɧɢɟ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ. ɉɪɨɢɡɜɨɞɢɥɢɫɶ ɩɨɩɵɬɤɢ ɩɨɫɬɪɨɟ-
ɧɢɹ ɡɚɜɢɫɢɦɨɫɬɟɣ, ɫɜɹɡɵɜɚɸɳɢɯ ɷɮɮɟɤɬɢɜɧɭɸ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɜɨɥɨɤɧɢɫɬɨɝɨ ɦɚɬɟ-
ɪɢɚɥɚ ɫ ɞɢɚɦɟɬɪɨɦ ɜɨɥɨɤɨɧ, ɩɥɨɬɧɨɫɬɶɸ, ɜɟɫɨɜɨɣ ɢ ɨɛɴɟɦɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɦɚɬɟɪɢɚ-
ɥɚ. ɗɦɩɢɪɢɱɟɫɤɢɟ ɡɚɜɢɫɢɦɨɫɬɢ, ɩɨɥɭɱɟɧɧɵɟ ɨɛɨɛɳɟɧɢɟɦ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ, 
ɩɨɡɜɨɥɹɸɬ ɨɰɟɧɢɬɶ ɷɮɮɟɤɬɢɜɧɭɸ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɤɨɧɤɪɟɬɧɨɝɨ ɢɫɫɥɟɞɭɟɦɨɝɨ ɦɚɬɟ-
ɪɢɚɥɚ. ɉɨɞɨɛɧɵɟ ɮɨɪɦɭɥɵ ɩɪɟɞɥɨɠɢɥ Ȼ.ɇ. Ʉɚɭɮɦɚɧμ  

– ɞɥɹ ɦɢɧɟɪɚɥɶɧɨɣ ɜɚɬɵμ 
Ȝ = 4,7·10–2 + η,η·10–2·(ρ – 0,1η) + 1,η·10–4·(n – 10) + η,η·10–4·(d – 3);  (1) 

– ɞɥɹ ɫɬɟɤɥɨɜɚɬɵμ 
Ȝ = 4,γ·10–2 + θ·10–2·(ρ – 0,1η) + 2,η·10–4·(d – 3),   (2) 

ɝɞɟ Ȝ – ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɦɚɬɟɪɢɚɥɚ, ɤɤɚɥ/(ɦ∙ɱ∙°ɋ); ρ – ɩɥɨɬɧɨɫɬɶ, ɝ/ɫɦ3; n – ɤɨɧɰɟɧɬɪɚɰɢɹ,  
% (ɩɨ ɦɚɫɫɟ); d – ɞɢɚɦɟɬɪ ɜɨɥɨɤɧɚ, ɦɤɦ. 

 
ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɞɚɧɧɵɯ ɮɨɪɦɭɥɚɯ ɧɟ ɭɱɢɬɵɜɚɸɬɫɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ 

ɤɨɦɩɨɧɟɧɬɨɜ ɢ ɫɬɟɩɟɧɶ ɱɟɪɧɨɬɵ ɩɨɜɟɪɯɧɨɫɬɢ ɜɨɥɨɤɨɧ. 
ɋɬɪɟɦɥɟɧɢɟ ɤ ɛɨɥɟɟ ɞɟɬɚɥɶɧɨɦɭ ɚɧɚɥɢɡɭ ɪɚɫɱɟɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɜ ɦɚɬɟɪɢɚɥɚɯ 

ɫ ɯɚɨɬɢɱɟɫɤɢɦ ɪɚɫɩɨɥɨɠɟɧɢɟɦ ɜɨɥɨɤɨɧ ɩɪɢɜɟɥɨ ɤ ɪɚɡɪɚɛɨɬɤɟ ɭɩɪɨɳɟɧɧɵɯ ɦɚɬɟɦɚɬɢɱɟ-
ɫɤɢɯ ɦɨɞɟɥɟɣ Д18–21Ж. Ɉɞɧɚ ɢɡ ɬɚɤɢɯ ɩɪɨɫɬɟɣɲɢɯ ɦɨɞɟɥɟɣ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɜɢɞɟ ɱɟɪɟɞɭ-
ɸɳɢɯɫɹ ɫɥɨɟɜ ɜɨɥɨɤɨɧ ɢ ɜɨɡɞɭɯɚ, ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɯ ɩɪɨɞɨɥɶɧɨ ɢ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ  
ɩɨɬɨɤɭ ɬɟɩɥɚ. ɗɮɮɟɤɬɢɜɧɭɸ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɞɚɧɧɨɣ ɦɨɞɟɥɢ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ 
ɮɨɪɦɭɥɨɣ 
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   ,

ȜȜ
1

αȜ1ȜαȜ

1

2

1

2
2221 mm

mm                                         (3) 

ɝɞɟ α ɢ α  – ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɨɛɴɟɦɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɨɥɨɤɨɧ, ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɯ ɩɪɨɞɨɥɶɧɨ 

ɢ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɩɨɬɨɤɭ ɬɟɩɥɚ (α = 1/3; α = 2/3).  

ɉɟɪɟɧɨɫ ɬɟɩɥɚ ɜ ɬɚɤɨɣ ɦɨɞɟɥɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɬɨɥɶɤɨ ɡɚ ɫɱɟɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 
ɦɚɬɟɪɢɚɥɚ. Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɩɨɞɨɛɧɵɦ ɨɛɪɚɡɨɦ ɧɟ ɭɱɢɬɵɜɚɟɬ ɮɨɪɦɵ 
ɜɨɥɨɤɨɧ ɢ ɩɨɪ, ɯɚɪɚɤɬɟɪ ɢɯ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɢ ɢɡɨɯɪɨɧɧɨɫɬɶ ɬɚɤɨɝɨ 
ɦɚɬɟɪɢɚɥɚ. 

 
Ɇаɬɟɪиаɥɵ и ɦɟɬɨɞɵ 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɞɥɹ ɪɚɫɱɟɬɚ ɷɮɮɟɤɬɢɜɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 
ɜɵɛɪɚɧɚ ɦɟɬɨɞɢɤɚ, ɩɪɢɜɟɞɟɧɧɚɹ ɜ ɦɟɬɨɞɢɤɟ ɆȾɋ 41-7.2004 Д22Ж, ɤɨɬɨɪɚɹ ɪɚɡɪɚɛɨɬɚɧɚ ɜ 
ɈȺɈ «Ɍɟɩɥɨɩɪɨɟɤɬ» ɢ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɨɰɟɧɤɢ ɜɥɢɹɧɢɹ ɜɥɚɠɧɨɫɬɢ ɧɚ ɬɟɩɥɨɡɚɳɢɬ-
ɧɵɟ ɫɜɨɣɫɬɜɚ ɬɟɩɥɨɢɡɨɥɹɰɢɢ. ȼ ɧɟɣ ɫɨɞɟɪɠɚɬɫɹ ɩɪɟɞɥɨɠɟɧɢɹ ɩɨ ɧɨɪɦɢɪɨɜɚɧɢɸ ɪɚɫ-
ɱɟɬɧɵɯ ɡɧɚɱɟɧɢɣ ɩɨ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɜ ɤɨɧɫɬɪɭɤɰɢɹɯ. Ɇɟɬɨɞɢɤɚ ɬɚɤɠɟ ɩɨɡɜɨɥɹɟɬ ɩɪɢ 
ɨɬɫɭɬɫɬɜɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɨɰɟɧɢɜɚɬɶ ɡɧɚɱɟɧɢɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɞɥɹ ɫɥɭ-
ɱɚɹ ɨɪɢɟɧɬɢɪɨɜɚɧɢɹ ɜɨɥɨɤɨɧ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɨɬɧɨɫɢɬɟɥɶɧɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ. 

Ʉɚɤ ɨɬɦɟɱɟɧɨ ɪɚɧɟɟ, ɷɮɮɟɤɬɢɜɧɚɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɹɜɥɹɟɬɫɹ ɨɛɨɛɳɟɧɧɨɣ ɯɚ-
ɪɚɤɬɟɪɢɫɬɢɤɨɣ ɤɨɧɞɭɤɬɢɜɧɨɝɨ, ɪɚɞɢɚɰɢɨɧɧɨɝɨ ɢ ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɩɟɪɟɧɨɫɚ ɬɟɩɥɚμ  

Ȝɷɮ = Ȝq + Ȝɪ + Ȝɤ,                                                      (4) 
ɝɞɟ Ȝq – ɤɨɧɞɭɤɬɢɜɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ; Ȝɪ – ɪɚɞɢɚɰɢɨɧɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩ-
ɥɨɩɪɨɜɨɞɧɨɫɬɢ; Ȝɤ – ɤɨɧɜɟɤɬɢɜɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ. 
 

ȼɤɥɚɞ ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɜ ɫɭɦɦɚɪɧɨɦ ɩɟɪɟɧɨɫɟ ɬɟɩɥɚ ɡɚɜɢɫɢɬ ɨɬ 
ɦɧɨɠɟɫɬɜɚ ɮɚɤɬɨɪɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ ɨɬ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɦɚɬɟɪɢɚɥɚ, ɟɝɨ ɫɬɪɭɤɬɭɪɵ, 
ɫɨɫɬɚɜɚ ɢ ɞɚɜɥɟɧɢɹ ɝɚɡɨɜɨɣ ɫɪɟɞɵ, ɜ ɤɨɬɨɪɨɣ ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɚɬɟɪɢɚɥ. 

Ɍɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɛɚɡɚɥɶɬɨɜɨɝɨ ɜɨɥɨɤɧɚ Ȝɜ ɩɪɢ ɡɚɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɧɚɯɨɞɹɬ 
ɩɨ ɫɩɪɚɜɨɱɧɨɣ ɧɚɭɱɧɨɣ ɥɢɬɟɪɚɬɭɪɟ ɥɢɛɨ ɪɚɫɫɱɢɬɵɜɚɸɬ ɩɨ ɮɨɪɦɭɥɟ  

.
875

857,0Ȝɜ
T                                                          (5) 

ɉɨɪɢɫɬɨɫɬɶ ɜɨɥɨɤɧɢɫɬɨɝɨ ɦɚɬɟɪɢɚɥɚ ɪɚɫɫɱɢɬɵɜɚɸɬ ɩɨ ɮɨɪɦɭɥɟ  

.
ρ
ρ

1ɉ
ɜ

ɤɚɠ                                                                     (6) 

ɉɪɢ ɷɬɨɦ ɩɥɨɬɧɨɫɬɶ ɞɥɹ ɛɚɡɚɥɶɬɨɜɨɝɨ ɜɨɥɨɤɧɚ ρɜ ɩɪɢɧɢɦɚɸɬ ɪɚɜɧɨɣ 28γ0 ɤɝ/ɦ3. 
ɋɪɟɞɧɢɣ ɪɚɡɦɟɪ ɩɨɪ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ 

,ɉ
1

ɉ
ɜɩɨɪ LL 


                                                               (7) 

ɝɞɟ ɪɚɡɦɟɪ ɜɨɥɨɤɧɚ .
4
π 2

ɜ
d

L   

 
Ɋɚɞɢɚɰɢɨɧɧɭɸ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɪɚɫɫɱɢɬɵɜɚɸɬ ɩɨ ɫɨɨɬɧɨɲɟɧɢɸ  

,
)ɉ1(4

πσȜ
ɨɫɥ

3

ɪ  d

k

T
                                                              (8) 

ɝɞɟ kɨɫɥ = 70πdT + 5000(1 – ɉ)2T–1 – ɤɨɷɮɮɢɰɢɟɧɬ ɨɫɥɚɛɥɟɧɢɹ. 



ǶȟȝȩȠаțȖȭ ȚаȠȓȞȖаșȜȐ 

 

 

ȀǾȁДЫ  ВǶАǺ  № 7 (101)  2021                                                                                                                       99 

 

ɉɪɢ d > 20 ɦɤɦ ɤɨɷɮɮɢɰɢɟɧɬ ɨɫɥɚɛɥɟɧɢɹ kɨɫɥ ɩɪɢɧɢɦɚɸɬ ɪɚɜɧɵɦ 0,8. 
Ⱦɥɹ ɪɚɫɱɟɬɚ ɩɟɪɟɧɨɫɚ ɬɟɩɥɚ ɩɨ ɜɨɥɨɤɧɚɦ ɩɨɪɢɫɬɨɝɨ ɦɚɬɟɪɢɚɥɚ ɩɪɢɦɟɧɹɸɬ 

ɮɨɪɦɭɥɵ  

,

ȜȜ
)1(
1Ȝ

21

aaq                                                           (9) 

Ȝ1 = (1 – T)Ȝɫɤ + ɉȜɝ,                                                   (10) 

,

Ȝ
ɉ

Ȝ
ɉ)(1
1Ȝ

ɝɫɤ

2       (11) 

ɝɞɟ Ȝɫɤ – ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɤɚɪɤɚɫɚ ɦɚɬɟɪɢɚɥɚ; Ȝɝ – ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɝɚɡɚ-ɧɚɩɨɥɧɢɬɟɥɹ ɦɚɬɟɪɢ-
ɚɥɚ; а – ɤɨɷɮɮɢɰɢɟɧɬ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ ɫɬɪɭɤɬɭɪɭ ɦɚɬɟɪɢɚɥɚ (ɞɥɹ ɛɚɡɚɥɶɬɨɜɨɝɨ ɜɨɥɨɤɧɚ ɪɚɜ-
ɧɵɣ 0,7). 
 

Ɉɬɧɨɫɢɬɟɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɤɨɧɜɟɤɬɢɜɧɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɨɩɢɫɵɜɚɟɬɫɹ 
ɭɪɚɜɧɟɧɢɟɦ  

.
ȜȜ
ȜȜȜ

ɪ

ɤɪ
ɤ 


q

qE      (12) 

Ɂɚɜɢɫɢɦɨɫɬɶ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɤɨɧɜɟɤɬɢɜɧɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɨɬ 
ɱɢɫɥɚ Ɋɷɥɟɹ ɞɥɹ ɩɥɨɫɤɨɝɨ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɨɝɨ ɫɥɨɹ ɢɦɟɟɬ ɜɢɞ  

Eɤ = (Ra)0,05                                                          (13) 
ɩɪɢ ɜɵɱɢɫɥɟɧɢɢ ɱɢɫɥɚ Ɋɷɥɟɹ ɩɨ ɮɨɪɦɭɥɟ 

,
1078,2)Ȝȝ(Ȝ
Δρβ

Ra
4

ɪ

2




q

p TcKLg
                                                       (14) 

ɝɞɟ ȝ – ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɧɚɦɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ, ɉɚ·ɫ; g – ɭɫɤɨɪɟɧɢɟ ɫɜɨɛɨɞɧɨɝɨ ɩɚɞɟɧɢɹ, ɦ/ɫ2; 
ρ – ɩɥɨɬɧɨɫɬɶ, ɤɝ/ɦ3; ɫɪ – ɭɞɟɥɶɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ, Ⱦɠ/(ɤɝ∙Ʉ); β – ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ 
ɥɢɧɟɣɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ, Ʉ–1; ΔɌ – ɩɟɪɟɩɚɞ ɬɟɦɩɟɪɚɬɭɪ, °ɋ; L – ɬɨɥɳɢɧɚ ɫɥɨɹ ɢɡɨɥɹɰɢɢ, ɦ. 

 
ɉɪɢ ɡɧɚɱɟɧɢɢ Ra ≤ 40 ɜɟɥɢɱɢɧɚ Eɤ = 1 – ɤɨɧɜɟɤɬɢɜɧɵɣ ɩɟɪɟɧɨɫ ɨɬɫɭɬɫɬɜɭɟɬ, ɬ. ɟ. 

Ȝɤ = 0. 
Ʉɨɷɮɮɢɰɢɟɧɬ ɮɢɥɶɬɪɚɰɢɨɧɧɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɪɚɫɫɱɢɬɵɜɚɸɬ ɩɨ ɫɨɨɬɧɨɲɟɧɢɸ 

,

)
100

1(4
4

ɉ
2

3










 


d

nɉ
K                                                         (15) 

ɝɞɟ n – ɫɨɞɟɪɠɚɧɢɟ ɧɟɜɨɥɨɤɧɢɫɬɵɯ ɜɤɥɸɱɟɧɢɣ, %. 
 
Ɉɫɧɨɜɧɵɦ ɨɛɴɟɤɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜ ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɹɜɥɹɟɬɫɹ ɜɨɥɨɤɧɢɫɬɚɹ ɬɟɩ-

ɥɨɢɡɨɥɹɰɢɹ ɧɚ ɨɫɧɨɜɟ ɛɚɡɚɥɶɬɨɜɨɝɨ ɜɨɥɨɤɧɚ ɫ ɩɥɨɬɧɨɫɬɶɸ η0; 80 ɢ 120 ɤɝ/ɦ3, ɞɢɚ-
ɦɟɬɪɨɦ ɜɨɥɨɤɧɚ 11 ɦɤ ɢ ɩɨɪɢɫɬɨɫɬɶɸ 8λ; λ1 ɢ λ2 %. ɂɡɦɟɪɟɧɢɟ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 
ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 2η °ɋ ɩɪɨɜɨɞɢɥɢ ɧɚ ɭɫɬɚɧɨɜɤɟ HFM 4γθ ɮɢɪɦɵ Netzsch ɫɬɚɰɢɨɧɚɪ-
ɧɵɦ ɦɟɬɨɞɨɦ. Ⱦɚɧɧɵɣ ɩɪɢɛɨɪ ɩɪɢɦɟɧɹɟɬɫɹ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɧɢɡɤɨ-
ɬɟɩɥɨɩɪɨɜɨɞɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. Ʉɚɥɢɛɪɨɜɚɥɢ ɩɪɢɛɨɪ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɦɟɬɨɞɨɦ, ɢɡɥɨ-
ɠɟɧɧɵɦ ɜ ȽɈɋɌ 707θ–99. 
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Ⱦɥɹ ɢɫɩɵɬɚɧɢɣ ɢɡɝɨɬɚɜɥɢɜɚɥɢ ɨɛɪɚɡɰɵ ɜ ɜɢɞɟ ɩɪɹɦɨɭɝɨɥɶɧɨɝɨ ɩɚɪɚɥɥɟɥɟɩɢɩɟɞɚ 
ɫ ɥɢɧɟɣɧɵɦɢ ɪɚɡɦɟɪɚɦɢ γ00×γ00×20 ɦɦ. Ɉɛɪɚɡɟɰ ɩɨɦɟɳɚɥɢ ɜ ɩɪɢɛɨɪ ɦɟɠɞɭ ɞɜɭɦɹ ɝɨ-
ɪɢɡɨɧɬɚɥɶɧɵɦɢ ɩɥɚɫɬɢɧɚɦɢμ ɜɟɪɯɧɹɹ ɩɥɚɫɬɢɧɚ – ɝɨɪɹɱɚɹ, ɧɢɠɧɹɹ – ɯɨɥɨɞɧɚɹ. ȼ ɯɨɞɟ 
ɷɤɫɩɟɪɢɦɟɧɬɚ ɬɟɦɩɟɪɚɬɭɪɭ ɜɟɪɯɧɟɣ ɢ ɧɢɠɧɟɣ ɩɥɚɫɬɢɧ ɩɨɞɞɟɪɠɢɜɚɥɢ ɩɨɫɬɨɹɧɧɨɣ, ɜ ɪɟ-
ɡɭɥɶɬɚɬɟ ɱɟɪɟɡ ɨɛɪɚɡɟɰ ɩɪɨɯɨɞɢɥ ɨɞɧɨɦɟɪɧɵɣ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ ɦɟɠɞɭ ɧɚɝɪɟɜɚɟɦɨɣ ɢ 
ɨɯɥɚɠɞɚɟɦɨɣ ɫɬɨɪɨɧɚɦɢ. Ɍɟɩɥɨɜɨɣ ɩɨɬɨɤ, ɩɪɨɯɨɞɹɳɢɣ ɱɟɪɟɡ ɨɛɪɚɡɟɰ, ɢɡɦɟɪɹɥɢ ɞɜɭɦɹ 
ɤɚɥɢɛɪɨɜɚɧɧɵɦɢ ɞɚɬɱɢɤɚɦɢ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ. ɉɨɫɥɟ ɞɨɫɬɢɠɟɧɢɹ ɬɟɩɥɨɜɨɝɨ ɪɚɜɧɨɜɟ-
ɫɢɹ ɢɡɦɟɪɟɧɢɟ ɡɚɤɚɧɱɢɜɚɥɢ. 

Ⱦɥɹ ɢɡɦɟɪɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ γ00 ɢ η00 °ɋ 
ɢɫɩɨɥɶɡɨɜɚɥɢ ɩɪɢɛɨɪ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɦɟɬɨɞɟ ɝɨɪɹɱɟɣ ɨɯɪɚɧɧɨɣ ɡɨɧɵ ɦɚɪɤɢ GHP 4ηθ TТЭКЧ 
ɮɢɪɦɵ Netzsch. Ɇɟɬɨɞ ɝɨɪɹɱɟɣ ɨɯɪɚɧɧɨɣ ɡɨɧɵ ɩɪɢɡɧɚɧ ɧɚɢɛɨɥɟɟ ɬɨɱɧɵɦ ɫɬɚɰɢɨɧɚɪ-
ɧɵɦ ɦɟɬɨɞɨɦ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ Д2γ, 24Ж. ȼ ɢɫɫɥɟɞɭɟɦɵɯ ɨɛɪɚɡɰɚɯ ɫɨ-
ɡɞɚɟɬɫɹ ɨɞɧɨɦɟɪɧɵɣ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ, ɩɪɢ ɷɬɨɦ ɬɟɩɥɨɜɵɟ ɭɬɟɱɤɢ ɨɬ ɨɛɪɚɡɰɨɜ ɢ ɧɚɝɪɟɜɚ-
ɬɟɥɹ ɤɨɦɩɟɧɫɢɪɭɸɬɫɹ ɧɚɝɪɟɜɚɟɦɨɣ ɩɥɚɫɬɢɧɨɣ. Ʉɪɨɦɟ ɬɨɝɨ, ɜ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɹɱɟɣɤɟ 
ɩɪɢɛɨɪɚ ɤɨɧɬɪɨɥɢɪɭɸɬɫɹ ɫɨɫɬɚɜ ɢ ɞɚɜɥɟɧɢɟ ɝɚɡɨɜɨɣ ɫɪɟɞɵ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɢɫɫɥɟɞɨɜɚɬɶ 
ɟɟ ɜɥɢɹɧɢɟ ɧɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɜ ɦɚɬɟɪɢɚɥɟ. 

 
Ɋɟɡɭɥьɬаɬɵ и ɨɛɫɭɠɞɟɧиɟ 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɢɡɦɟɪɟɧɢɟ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɩɪɨɜɨɞɢɥɢ ɫɬɚɰɢɨɧɚɪɧɵɦ ɦɟɬɨ-
ɞɨɦ ɩɪɢ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɪɚɫɩɨɥɨɠɟɧɢɢ ɧɚɝɪɟɜɚɬɟɥɹ ɢ ɯɨɥɨɞɢɥɶɧɢɤɚ ɧɚ ɩɪɢɛɨɪɟ ɦɚɪɤɢ 
HFM 4γθ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢ ɦɟɬɨɞɨɦ 
ɝɨɪɹɱɟɣ ɨɯɪɚɧɧɨɣ ɡɨɧɵ ɧɚ ɩɪɢɛɨɪɟ ɦɚɪɤɢ GHP 4ηθ TТЭКЧ ɩɨ ɬɪɟɦ ɨɛɪɚɡɰɚɦ ɛɚɡɚɥɶɬɨɜɨɣ 
ɬɟɩɥɨɢɡɨɥɹɰɢɢ ɫ ɩɥɨɬɧɨɫɬɶɸ η0; 80 ɢ 120 ɤɝ/ɦ3. Ɋɚɡɧɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪ ɥɢɰɟɜɵɯ ɝɪɚɧɟɣ 
ɨɛɪɚɡɰɨɜ ɫɨɫɬɚɜɥɹɥɚ 20 °ɋ (ɩɪɢ ɢɡɦɟɪɟɧɢɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɩɪɢ 2η °ɋ ɬɟɦɩɟɪɚɬɭɪɚ 
ɧɢɠɧɟɣ/ɜɟɪɯɧɟɣ ɝɪɚɧɢ ɨɛɪɚɡɰɚ ɫɨɫɬɚɜɥɹɥɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 1η/γη °ɋ). Ɋɟɡɭɥɶɬɚɬɵ ɢɡɦɟ-
ɪɟɧɢɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɧɚ ɨɫɧɨɜɟ ɛɚɡɚɥɶɬɨɜɨɝɨ ɜɨɥɨɤ-
ɧɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ. 
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Ɂɚɜɢɫɢɦɨɫɬɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɛɚɡɚɥɶɬɨɜɨɝɨ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ 

ɨɬ ɩɥɨɬɧɨɫɬɢ (а) ɢ ɬɟɦɩɟɪɚɬɭɪɵ (ɛ) 
 
Ⱦɥɹ ɪɚɫɱɟɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɛɚɡɚɥɶɬɨɜɨɝɨ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɡɚ-

ɞɚɜɚɥɢ ɩɥɨɬɧɨɫɬɶ, ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɢ ɞɢɚɦɟɬɪ ɛɚɡɚɥɶɬɨɜɨɝɨ ɜɨɥɨɤɧɚ, ɚ ɬɚɤɠɟ ɬɟɩɥɨɮɢ-
ɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɝɚɡɚ-ɧɚɩɨɥɧɢɬɟɥɹ, ɬɚɤɢɟ ɤɚɤ ɩɥɨɬɧɨɫɬɶ, ɞɢɧɚɦɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ, ɬɟɩ-
ɥɨɟɦɤɨɫɬɶ ɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ. Ɋɟɡɭɥɶɬɚɬɵ, ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ ɷɤɫɩɟɪɢɦɟɧɬɟ, ɩɪɢɜɟɞɟɧɵ 
ɜ ɬɚɛɥɢɰɟ. 
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Ɂавиɫиɦɨɫɬь ɦɟɠɞɭ ɪаɡɦɟɪɨɦ ɩɨɪ и ɬɟɩɥɨɩɪɨвɨɞɧɨɫɬьɸ вɨɡɞɭɯа ɩɪи ɬɟɦɩɟɪаɬɭɪɟ 10 °ɋ 

Ɍɟɦɩɟɪɚɬɭɪɚ  
ɢɫɩɵɬɚɧɢɹ, °ɋ 

Ɍɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɜɨɡɞɭɯɚ, ȼɬ/(ɦ∙Ʉ),  
ɩɪɢ ɩɥɨɬɧɨɫɬɢ ɛɚɡɚɥɶɬɨɜɨɝɨ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɤɝ/ɦ3 

50  80  120  
ɗɤɫɩɟɪɢ-
ɦɟɧɬ Ɋɚɫɱɟɬ ɗɤɫɩɟɪɢ- 

ɦɟɧɬ Ɋɚɫɱɟɬ ɗɤɫɩɟɪɢ- 
ɦɟɧɬ Ɋɚɫɱɟɬ 

25 0,036 0,043 0,036 0,042 0,037 0,041 
300 0,140 0,132 0,096 0,082 0,078 0,068 
500 0,233 0,156 0,178 0,156 0,122 0,104 
 
Ʉɚɤ ɜɢɞɧɨ ɢɡ ɝɪɚɮɢɤɨɜ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɧɚ ɪɢɫɭɧɤɟ, ɭɜɟɥɢɱɟɧɢɟ ɩɥɨɬɧɨɫɬɢ ɩɪɢ-

ɜɨɞɢɬ ɤ ɭɦɟɧɶɲɟɧɢɸ ɷɮɮɟɤɬɢɜɧɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ. Ɉɫɧɨɜɧɨɣ ɜɤɥɚɞ ɜ ɩɟ-
ɪɟɧɨɫ ɬɟɩɥɚ ɜɧɨɫɢɬ ɤɨɧɞɭɤɬɢɜɧɚɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ. ɍɦɟɧɶɲɟɧɢɟ ɩɥɨɬɧɨɫɬɢ, ɚ ɫɥɟɞɨ-
ɜɚɬɟɥɶɧɨ, ɩɨɜɵɲɟɧɢɟ ɩɨɪɢɫɬɨɫɬɢ, ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɞɨɥɢ ɦɨɥɟɤɭɥɹɪɧɨɣ ɫɨɫɬɚɜ-
ɥɹɸɳɟɣ ɩɟɪɟɧɨɫɚ ɬɟɩɥɚ, ɜɦɟɫɬɟ ɫ ɬɟɦ ɤɨɧɞɭɤɬɢɜɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 
ɦɨɧɨɬɨɧɧɨ ɫɧɢɠɚɟɬɫɹ. ɉɪɢ ɩɨɜɵɲɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɦɚɬɟɪɢɚɥɚ ɦɨ-
ɧɨɬɨɧɧɨ ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɩɪɢ ɷɬɨɦ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 2η °ɋ ɩɥɨɬɧɨɫɬɶ ɦɚɬɟɪɢɚɥɚ ɩɪɚɤɬɢ-
ɱɟɫɤɢ ɧɟ ɨɤɚɡɵɜɚɟɬ ɧɢɤɚɤɨɝɨ ɜɥɢɹɧɢɹ ɧɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ. Ɋɚɫɱɟɬ ɩɨ ɦɟɬɨɞɢɤɟ, ɨɩɢ-
ɫɚɧɧɨɣ ɜ ɆȾɋ 41-7.2004 Д22Ж, ɞɚɟɬ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨɟ ɫɨɝɥɚɫɨɜɚɧɢɟ ɫ ɷɤɫɩɟɪɢɦɟɧ-
ɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ (ɫɦ. ɬɚɛɥɢɰɭ).  

 
Ɂаɤɥɸчɟɧия 

ȼ ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɪɚɫɫɦɨɬɪɟɧɵ ɨɫɧɨɜɧɵɟ ɮɚɤɬɨɪɵ, ɜɥɢɹɸɳɢɟ ɧɚ ɬɟɩɥɨɩɪɨɜɨɞ-
ɧɨɫɬɶ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɩɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ ɥɢɬɟɪɚɬɭ-
ɪɵ, ɩɨɫɜɹɳɟɧɧɵɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɦɭ ɦɨɞɟɥɢɪɨɜɚɧɢɸ ɬɟɩɥɨɩɟɪɟɧɨɫɚ ɜ ɩɨɪɢɫɬɵɯ ɢ ɜɨ-
ɥɨɤɧɢɫɬɵɯ ɦɚɬɟɪɢɚɥɚɯ.  

ɂɡɦɟɪɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɩɪɨɜɨɞɢɥɢ ɫɬɚɰɢɨɧɚɪɧɵɦ ɦɟɬɨɞɨɦ ɢ 
ɦɟɬɨɞɨɦ ɝɨɪɹɱɟɣ ɨɯɪɚɧɧɨɣ ɡɨɧɵ. Ⱦɚɧɧɵɟ ɦɟɬɨɞɵ ɨɛɟɫɩɟɱɢɜɚɸɬ ɛɨ ɥɶɲɭɸ ɬɨɱɧɨɫɬɶ ɢ 
ɞɨɫɬɨɜɟɪɧɨɫɬɶ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ, ɩɨɝɪɟɲɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ 
ɫɨɫɬɚɜɢɥɚ ±γ %. ɉɨɫɬɪɨɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɛɚɡɚɥɶɬɨɜɨɝɨ ɬɟɩɥɨɢɡɨɥɹ-
ɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɨɬ ɩɥɨɬɧɨɫɬɢ ɢ ɬɟɦɩɟɪɚɬɭɪɵ.  

Ɉɩɢɫɚɧɚ ɦɟɬɨɞɢɤɚ ɪɚɫɱɟɬɚ ɷɮɮɟɤɬɢɜɧɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɜɨɥɨɤɧɢɫɬɵɯ ɦɚɬɟ-
ɪɢɚɥɨɜ ɫ ɨɪɢɟɧɬɚɰɢɟɣ ɜɨɥɨɤɨɧ, ɧɚɩɪɚɜɥɟɧɧɵɯ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɬɟɩɥɨɜɨɦɭ ɩɨɬɨɤɭ. 
Ɋɚɫɱɟɬ ɩɨ ɩɪɟɞɥɨɠɟɧɧɨɣ ɦɟɬɨɞɢɤɟ ɞɚɟɬ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨɟ ɫɨɝɥɚɫɨɜɚɧɢɟ ɫ ɷɤɫɩɟɪɢ-
ɦɟɧɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɨɬɫɭɬɫɬɜɭɸɬ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ, ɫ ɩɨ-
ɦɨɳɶɸ ɤɨɬɨɪɵɯ ɦɨɠɧɨ ɫ ɞɨɫɬɚɬɨɱɧɨɣ ɬɨɱɧɨɫɬɶɸ ɜɵɱɢɫɥɢɬɶ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɦɚɬɟɪɢ-
ɚɥɚ. ɂɡ-ɡɚ ɯɚɨɬɢɱɟɫɤɨɝɨ ɪɚɫɩɨɥɨɠɟɧɢɹ ɜɨɥɨɤɨɧ ɜ ɦɚɬɟɪɢɚɥɟ ɧɟɨɛɯɨɞɢɦɨ ɛɨɥɶɲɨɟ ɤɨɥɢ-
ɱɟɫɬɜɨ ɩɨɩɪɚɜɨɤ ɢ ɞɨɩɭɳɟɧɢɣ, ɫɜɹɡɚɧɧɵɯ ɫ ɝɟɨɦɟɬɪɢɱɟɫɤɢɦɢ ɪɚɡɦɟɪɚɦɢ ɩɨɪ. 
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ɉɪɨвɟɞɟɧɨ ɨɩɪɟɞɟɥɟɧɢɟ Al , Cr, Cu, Fe, Ni, Si ɢ Y в ɤаɬɨɞаɯ ɦаɪɤɢ ɋȾɉ-6 ɧа ɨɫɧɨвɟ ɤɨ-
ɛаɥɶɬа ɢ Al , Cr, Cu, Fe, W, Si, Ta, Hf ɢ Y в ɤаɬɨɞаɯ ɦаɪɨɤ ɋȾɉ-1 ɢ Ⱥɀ8 ɧа ɧɢɤɟɥɟвɨɣ ɨɫ-
ɧɨвɟ ɦɟɬɨɞɨɦ ɪɟɧɬɝɟɧɨɮɥɭɨɪɟɫɰɟɧɬɧɨɣ ɫɩɟɤɬɪɨɫɤɨɩɢɢ. ȼɵɩɨɥɧɟɧа ɤɨɪɪɟɤɰɢɹ ɝɪаɞɭɢɪɨ-
вɨɱɧɵɯ ɡавɢɫɢɦɨɫɬɟɣ ɫ ɭɱɟɬɨɦ ɧаɥɨɠɟɧɢɣ ɫɢɝɧаɥɨв ɨɬ ɦɟɲаɸɳɢɯ ɷɥɟɦɟɧɬɨв ɧа аɧаɥɢ-
ɬɢɱɟɫɤɢɣ ɫɢɝɧаɥ ɢ ɢɡɦɟɧɟɧɢɣ ɢɧɬɟɧɫɢвɧɨɫɬɢ, вɵɡɵваɟɦɵɯ ɦɟɠɷɥɟɦɟɧɬɧɵɦɢ вɥɢɹɧɢɹɦɢ 
в ɦаɬɪɢɰɟ. ɉɪɨвɟɞɟɧ ɛɟɡɷɬаɥɨɧɧɵɣ аɧаɥɢɡ ɫɩɨɫɨɛɨɦ ɮɭɧɞаɦɟɧɬаɥɶɧɵɯ ɩаɪаɦɟɬɪɨв. 
ɉɪавɢɥɶɧɨɫɬɶ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬаɬɨв ɩɨɞɬвɟɪɠɞɟɧа ɫɪавɧɢɬɟɥɶɧɵɦ аɧаɥɢɡɨɦ ɦɟɬɨ-
ɞаɦɢ аɬɨɦɧɨ-ɷɦɢɫɫɢɨɧɧɨɣ ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɢ ɦаɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɢ вɵɫɨɤɨɝɨ ɪаɡɪɟɲɟɧɢɹ ɫ 
ɬɥɟɸɳɢɦ ɪаɡɪɹɞɨɦ. 

Ключевые слова: ɪɟɧɬɝɟɧɨɮɥɭɨɪɟɫɰɟɧɬɧаɹ ɫɩɟɤɬɪɨɫɤɨɩɢɹ, ɪɟɧɬɝɟɧɨɮɥɭɨɪɟɫɰɟɧɬɧɵɣ 
аɧаɥɢɡ, ɧɢɤɟɥɟвɵɟ ɫɩɥавɵ, ɤаɬɨɞɵ, аɧаɥɢɡ ɧɢɤɟɥɹ, аɧаɥɢɡ ɤɨɛаɥɶɬа. 
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ANALYSIS  OF  COBALT  AND  NICKEL  BASES  CATHODES  
BY  X-RAY  FLUORESCENCE  SPECTROSCOPY 

 
In this work, Al, Cr, Cu, Fe, Ni, Si and Y were determined in SDP-6 cathodes based on co-

balt and SDP-1 and AZh8 nickel-based cathodes by x-ray fluorescence spectroscopy. The cali-
bration dependences are corrected taking into account the superposition of signals from inter-
fering elements on the analytical signal and changes in intensity caused by inter-element influ-
ences in the matrix. A standard-free analysis was carried out using the method of fundamental 
parameters. The correctness of the results obtained was confirmed by a comparative analysis by 
atomic emission spectroscopy and high-resolution mass spectrometry with a glow discharge. 

Keywords: ɯ-ray fluorescence spectroscopy, x-ray fluorescence analysis, nickel alloys, cath-
odes, nickel analysis, cobalt analysis. 
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ɢɧɫɬɢɬɭɬ ɚɜɢɚɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ» Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɧɚɭɱɧɵɣ ɰɟɧɬɪ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ [Federal 
State Unitary Enterprise «AХХ-RЮssТКЧ SМТОЧЭТПТМ RОsОКrМС IЧsЭТЭЮЭО ШП AЯТКЭТШЧ MКЭОrТКХs» State Research 
Center of the Russian Federation]; e-mail: admin@viam.ru 
 

ȼвɟɞɟɧиɟ 
ɉɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɫɨɜɪɟɦɟɧɧɵɯ ɝɚɡɨɬɭɪɛɢɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ ɢ ɭɫɬɚɧɨɜɨɤ ɚɤɬɢɜɧɨ 

ɩɪɢɦɟɧɹɸɬɫɹ ɧɢɤɟɥɟɜɵɟ ɫɩɥɚɜɵ, ɨɛɥɚɞɚɸɳɢɟ ɩɨɜɵɲɟɧɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɠɚɪɨ-
ɩɪɨɱɧɨɫɬɢ ɢ ɬɟɪɦɨɫɬɨɣɤɨɫɬɢ Д1, 2Ж. Ɉɞɧɚɤɨ ɜɨ ɜɪɟɦɹ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢɡɞɟɥɢɹ ɢɡ ɞɚɧɧɵɯ 
ɫɩɥɚɜɨɜ ɩɨɞɜɟɪɝɚɸɬɫɹ ɝɚɡɨɜɨɣ ɤɨɪɪɨɡɢɢ ɢ ɝɚɡɨɚɛɪɚɡɢɜɧɨɦɭ ɢɡɧɨɫɭ, ɱɬɨ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ 
ɤ ɢɯ ɪɚɡɪɭɲɟɧɢɸ. Ⱦɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɤɨɪɪɨɡɢɣɧɵɯ ɩɪɨɰɟɫɫɨɜ, ɚ ɬɚɤɠɟ ɞɥɹ ɩɪɢɞɚɧɢɹ 
ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɠɚɪɨɫɬɨɣɤɨɫɬɢ ɢ ɬɟɩɥɨɡɚɳɢɬɵ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɢɡɞɟɥɢɣ ɢɡ ɧɢɤɟɥɟɜɵɯ 
ɫɩɥɚɜɨɜ ɧɚɧɨɫɹɬ ɩɨɤɪɵɬɢɹ ɢɡ ɫɩɥɚɜɨɜ ɫɢɫɬɟɦ Me–Cr–Al–Y ( ɝɞɟ Me: Ni ɢɥɢ Ni–Co), ɩɪɢ 
ɷɬɨɦ ɢɫɩɨɥɶɡɭɸɬ ɢɨɧɧɨ-ɩɥɚɡɦɟɧɧɭɸ ɬɟɯɧɨɥɨɝɢɸ, ɜ ɤɨɬɨɪɨɣ ɡɚɳɢɬɧɵɣ ɦɚɬɟɪɢɚɥ ɩɨ-
ɤɪɵɬɢɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɤɚɤ ɤɚɬɨɞ. ȼ ɩɪɨɰɟɫɫɟ ɧɚɧɟɫɟɧɢɹ ɩɨɤɪɵɬɢɹ ɦɚɬɟɪɢɚɥ ɤɚɬɨɞɚ ɢɫɩɚ-
ɪɹɟɬɫɹ, ɞɥɹ ɱɟɝɨ ɩɪɢɦɟɧɹɟɬɫɹ ɫɢɥɶɧɨɬɨɱɧɵɣ ɞɭɝɨɜɨɣ ɪɚɡɪɹɞ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɞɟɣɫɬɜɢɹ ɤɨ-
ɬɨɪɨɝɨ ɝɟɧɟɪɢɪɭɟɬɫɹ ɩɥɚɡɦɚ ɢ ɨɫɚɠɞɚɟɬɫɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɡɚɳɢɳɚɟɦɨɝɨ ɨɛɪɚɡɰɚ Дγ–6]. 
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Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɤɚɱɟɫɬɜɟɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɤɚɬɨɞɨɜ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɨɞɢɬɶ ɤɨɧ-
ɬɪɨɥɶ ɢɯ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɤɚɤ ɜ ɯɨɞɟ ɩɥɚɜɤɢ ɦɚɬɟɪɢɚɥɚ, ɬɚɤ ɢ ɜ ɝɨɬɨɜɨɣ ɩɪɨɞɭɤɰɢɢ, 
ɠɟɥɚɬɟɥɶɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɪɢ ɷɬɨɦ ɨɞɢɧ ɦɟɬɨɞ ДθЖ. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɧɟɨɛɯɨɞɢɦɨ ɛɵɥɨ 
ɩɪɨɜɟɫɬɢ ɨɩɪɟɞɟɥɟɧɢɟ Al , Cr, Cu, Fe, Ni, Si ɢ Y ɜ ɨɛɪɚɡɰɚɯ ɤɚɬɨɞɨɜ ɦɚɪɤɢ ɋȾɉ-θ ɧɚ ɨɫ-
ɧɨɜɟ ɤɨɛɚɥɶɬɚ ɢ Al , Cr, Cu, Fe, W, Si, Ta, Hf ɢ Y ɜ ɤɚɬɨɞɚɯ ɦɚɪɨɤ ɋȾɉ-1 ɢ Ⱥɀ8 ɧɚ ɧɢɤɟ-
ɥɟɜɨɣ ɨɫɧɨɜɟ. 

Ɇɟɬɨɞɨɦ ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɢɢ ɜɨɡɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɦɟɞɶ ɜ ɤɨɛɚɥɶɬɟ ɢ ɧɢɤɟɥɟ ɜ 
ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɤɨɧɰɟɧɬɪɚɰɢɣ ‒ ɨɬ 0,0002 ɞɨ 2,0 % (ɩɨ ɦɚɫɫɟ). ɇɚɜɟɫɤɭ ɩɪɨɛɵ ɪɚɫ-
ɬɜɨɪɹɸɬ ɜ ɚɡɨɬɧɨɣ ɤɢɫɥɨɬɟ, ɭɩɚɪɢɜɚɸɬ, ɞɨɛɚɜɥɹɸɬ ɞɢɷɬɢɥɞɢɬɢɨɤɚɪɛɚɦɚɬ ɫɜɢɧɰɚ, ɤɨɬɨ-
ɪɵɣ ɨɛɪɚɡɭɟɬ ɫ ɦɟɞɶɸ ɤɨɦɩɥɟɤɫɧɨɟ ɫɨɟɞɢɧɟɧɢɟ, ɢɦɟɸɳɟɟ ɫɜɟɬɨɩɨɝɥɨɳɟɧɢɟ ɩɪɢ ɞɥɢɧɟ 
ɜɨɥɧɵ 4γθ ɧɦ Д7Ж. Ʉɪɟɦɧɢɣ ɜ ɤɨɛɚɥɶɬɟ ɢ ɧɢɤɟɥɟ ɬɚɤɠɟ ɦɨɠɧɨ ɨɩɪɟɞɟɥɹɬɶ ɦɟɬɨɞɨɦ ɫɩɟɤ-
ɬɪɨɮɨɬɨɦɟɬɪɢɢ ɩɪɢ ɫɨɞɟɪɠɚɧɢɢ ɨɬ 0,000γ ɞɨ 0,0η % (ɩɨ ɦɚɫɫɟ). ɉɨɫɥɟ ɪɚɫɬɜɨɪɟɧɢɹ 
ɩɪɨɛɵ ɜ ɚɡɨɬɧɨɣ ɤɢɫɥɨɬɟ ɩɪɨɜɨɞɹɬ ɷɤɫɬɪɚɤɰɢɸ ɛɭɬɢɥɨɜɵɦ ɫɩɢɪɬɨɦ, ɡɚɬɟɦ ɞɨɛɚɜɥɹɸɬ 
ɚɦɦɨɧɢɣ ɦɨɥɢɛɞɟɧɨɜɨɤɢɫɥɵɣ ɢ ɞɜɭɯɥɨɪɢɫɬɨɟ ɨɥɨɜɨ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɨɛɪɚɡɭɟɬɫɹ 
ɤɪɟɦɧɟɦɨɥɢɛɞɟɧɨɜɨɟ ɤɨɦɩɥɟɤɫɧɨɟ ɫɨɟɞɢɧɟɧɢɟ. ɋɜɟɬɨɩɨɝɥɨɳɟɧɢɟ ɢɡɦɟɪɹɸɬ ɩɪɢ ɞɥɢɧɟ 
ɜɨɥɧɵ θ10 ɢɥɢ 810 ɧɦ Д8Ж. Ⱦɚɧɧɵɟ ɦɟɬɨɞɢɤɢ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɱɪɟɡɜɵɱɚɣɧɨ ɛɨɥɶɲɨɣ 
ɬɪɭɞɨɟɦɤɨɫɬɶ ɢ ɞɥɢɬɟɥɶɧɨɫɬɶɸ, ɚ ɬɚɤɠɟ ɜɨɡɦɨɠɧɨɫɬɶɸ ɨɩɪɟɞɟɥɹɬɶ ɨɞɧɨɜɪɟɦɟɧɧɨ ɬɨɥɶ-
ɤɨ ɨɞɢɧ ɷɥɟɦɟɧɬ. 

Ɉɩɪɟɞɟɥɟɧɢɟ ɠɟɥɟɡɚ ɜ ɤɨɛɚɥɶɬɟ ɢ ɧɢɤɟɥɟ ɩɪɢ ɫɨɞɟɪɠɚɧɢɢ ɨɬ 0,001 ɞɨ 1,0 % (ɩɨ 
ɦɚɫɫɟ) ɜɨɡɦɨɠɧɨ ɜɵɩɨɥɧɹɬɶ ɦɟɬɨɞɨɦ ɚɬɨɦɧɨ-ɚɛɫɨɪɛɰɢɨɧɧɨɣ ɫɩɟɤɬɪɨɦɟɬɪɢɢ (ȺȺɋ). 
Ⱥɧɚɥɢɡɢɪɭɟɦɵɣ ɨɛɪɚɡɟɰ ɪɚɫɬɜɨɪɹɸɬ ɜ ɚɡɨɬɧɨɣ ɤɢɫɥɨɬɟ, ɪɚɫɬɜɨɪ ɪɚɡɛɚɜɥɹɸɬ ɢ ɪɚɫɩɵ-
ɥɹɸɬ ɜ ɩɥɚɦɟɧɢ ɚɰɟɬɢɥɟɧ-ɜɨɡɞɭɯ, ɢɡɦɟɪɹɹ ɚɛɫɨɪɛɰɢɸ ɩɪɢ ɞɥɢɧɟ ɜɨɥɧɵ 248,γ ɢɥɢ 
248,8 ɧɦ ДλЖ. Ɇɟɬɨɞɨɦ ȺȺɋ ɬɚɤɠɟ ɨɩɪɟɞɟɥɹɸɬ ɧɢɤɟɥɶ ɜ ɤɨɛɚɥɶɬɟ ɩɪɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɨɬ 
0,001 ɞɨ 0,θ % (ɩɨ ɦɚɫɫɟ), ɪɚɫɬɜɨɪɹɹ ɩɪɨɛɭ ɜ ɚɡɨɬɧɨɣ ɤɢɫɥɨɬɟ ɢ ɩɪɨɜɨɞɹ ɚɛɫɨɪɛɢɰɢɸ ɜ 
ɩɥɚɦɟɧɢ ɚɰɢɬɟɥɟɧ-ɜɨɡɞɭɯ ɩɪɢ ɞɥɢɧɟ ɜɨɥɧɵ 2γ2,0 ɢɥɢ 2γ1,1 ɧɦ Д10Ж. Ɇɟɬɨɞ ȺȺɋ ɩɨɡɜɨ-
ɥɹɟɬ ɜɵɩɨɥɧɹɬɶ ɚɧɚɥɢɡ, ɦɢɧɭɹ ɫɬɚɞɢɢ ɞɥɢɬɟɥɶɧɨɣ ɩɪɨɛɨɩɨɞɝɨɬɨɜɤɢ, ɨɞɧɚɤɨ ɞɚɧɧɵɦ ɦɟ-
ɬɨɞɨɦ ɦɨɠɧɨ ɨɩɪɟɞɟɥɹɬɶ ɨɞɧɨɜɪɟɦɟɧɧɨ ɬɨɥɶɤɨ ɨɞɢɧ ɷɥɟɦɟɧɬ. 

Ɇɟɬɨɞɨɦ ɚɬɨɦɧɨ-ɷɦɢɫɫɢɨɧɧɨɣ ɫɩɟɤɬɪɨɦɟɬɪɢɢ ɫ ɢɧɞɭɤɬɢɜɧɨ ɫɜɹɡɚɧɧɨɣ ɩɥɚɡɦɨɣ 
(ɂɋɉ-Ⱥɗɋ) ɜɨɡɦɨɠɧɨ ɨɞɧɨɜɪɟɦɟɧɧɨ ɨɩɪɟɞɟɥɹɬɶ ɧɟɫɤɨɥɶɤɨ ɷɥɟɦɟɧɬɨɜ. ȼ ɦɟɬɨɞɢɤɟ Д11Ж 
ɜɵɩɨɥɧɟɧɨ ɨɩɪɟɞɟɥɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɞɟɫɹɬɢ ɷɥɟɦɟɧɬɨɜ (Al , Fe, Cd, Si, Mg, Mn, Cu, Ni, P, 
Zn) ɜ ɤɨɛɚɥɶɬɟ. Ɇɟɬɨɞ ɨɫɧɨɜɚɧ ɧɚ ɜɨɡɛɭɠɞɟɧɢɢ ɫɩɟɤɬɪɚ ɢɧɞɭɤɬɢɜɧɨ ɫɜɹɡɚɧɧɨɣ ɩɥɚɡɦɨɣ 
ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɪɟɝɢɫɬɪɚɰɢɟɣ ɢɡɥɭɱɟɧɢɹ ɫɩɟɤɬɪɚɥɶɧɵɯ ɥɢɧɢɣ ɮɨɬɨɷɥɟɤɬɪɢɱɟɫɤɢɦ ɫɩɨ-
ɫɨɛɨɦ. ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɚɧɚɥɢɡɚ ɢɫɩɨɥɶɡɭɸɬ ɡɚɜɢɫɢɦɨɫɬɶ ɢɧɬɟɧɫɢɜɧɨɫɬɟɣ ɫɩɟɤɬɪɚɥɶɧɵɯ 
ɥɢɧɢɣ ɷɥɟɦɟɧɬɨɜ ɨɬ ɢɯ ɦɚɫɫɨɜɵɯ ɞɨɥɟɣ ɜ ɩɪɨɛɟ. ɉɪɨɛɭ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɪɚɫɬɜɨɪɹɸɬ ɜ 
ɫɦɟɫɢ ɫɨɥɹɧɨɣ ɢ ɚɡɨɬɧɨɣ ɤɢɫɥɨɬ. Ɉɫɧɨɜɧɵɦɢ ɧɟɞɨɫɬɚɬɤɚɦɢ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ ɹɜɥɹɟɬɫɹ 
ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɩɪɨɜɟɞɟɧɢɹ ɞɥɢɬɟɥɶɧɨɣ ɢ ɬɪɭɞɨɟɦɤɨɣ ɩɪɨɛɨɩɨɞɝɨɬɨɜɤɢ, ɚ ɬɚɤɠɟ ɧɚɥɢ-
ɱɢɟ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɫɩɟɤɬɪɚɥɶɧɵɯ ɢɧɬɟɪɮɟɪɟɧɰɢɣ (ɧɚɥɨɠɟɧɢɣ). ȼ ɞɚɧɧɨɦ ɫɬɚɧ-
ɞɚɪɬɟ Д11Ж ɬɚɤɠɟ ɨɩɢɫɚɧɨ ɨɩɪɟɞɟɥɟɧɢɟ 18 ɷɥɟɦɟɧɬɨɜ (Al , Bi, Fe, Cd, Ca, Si, Mg, Mn, Cu, 
As, Ni, Sn, Pb, Se, Sb, P, Cr, Zn) ɦɟɬɨɞɨɦ ɞɭɝɨɜɨɣ ɚɬɨɦɧɨ-ɷɦɢɫɫɢɨɧɧɨɣ ɫɩɟɤɬɪɨɦɟɬɪɢɢ. 
Ɇɟɬɨɞ ɢɡɦɟɪɟɧɢɹ ɨɫɧɨɜɚɧ ɧɚ ɜɨɡɛɭɠɞɟɧɢɢ ɫɩɟɤɬɪɚ ɜ ɞɭɝɟ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɫ ɩɨɫɥɟɞɭ-
ɸɳɟɣ ɪɟɝɢɫɬɪɚɰɢɟɣ ɢɡɥɭɱɟɧɢɹ ɫɩɟɤɬɪɚɥɶɧɵɯ ɥɢɧɢɣ ɮɨɬɨɝɪɚɮɢɱɟɫɤɢɦ ɢɥɢ ɮɨɬɨɷɥɟɤ-
ɬɪɢɱɟɫɤɢɦ ɫɩɨɫɨɛɨɦ. Ƚɥɚɜɧɵɦ ɧɟɞɨɫɬɚɬɤɨɦ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ ɹɜɥɹɟɬɫɹ ɧɟɨɛɯɨɞɢɦɨɫɬɶ 
ɩɟɪɟɜɨɞɚ ɩɪɨɛɵ ɜ ɨɤɫɢɞɧɭɸ ɮɨɪɦɭ. 

Ɇɟɬɨɞ ɪɟɧɬɝɟɧɨɮɥɭɨɪɟɫɰɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ (ɊɎȺ) ɩɨɡɜɨɥɹɟɬ ɨɞɧɨɜɪɟɦɟɧɧɨ ɨɩɪɟ-
ɞɟɥɹɬɶ ɛɨɥɶɲɨɟ ɱɢɫɥɨ ɷɥɟɦɟɧɬɨɜ ɜ ɲɢɪɨɤɢɯ ɞɢɚɩɚɡɨɧɚɯ ɤɨɧɰɟɧɬɪɚɰɢɣ. Ⱦɚɧɧɵɣ ɦɟɬɨɞ 
ɨɫɧɨɜɚɧ ɧɚ ɢɡɦɟɪɟɧɢɢ ɫɩɟɤɬɪɨɜ ɢɫɩɭɫɤɚɟɦɨɝɨ ɚɧɚɥɢɡɢɪɭɟɦɵɦ ɜɟɳɟɫɬɜɨɦ ɯɚɪɚɤɬɟɪɢ-
ɫɬɢɱɟɫɤɨɝɨ ɪɟɧɬɝɟɧɨɜɫɤɨɝɨ ɢɡɥɭɱɟɧɢɹ, ɜɨɡɧɢɤɚɸɳɟɝɨ ɜɫɥɟɞɫɬɜɢɟ ɷɥɟɤɬɪɨɧɧɵɯ ɩɟɪɟɯɨ-
ɞɨɜ ɦɟɠɞɭ ɜɧɭɬɪɟɧɧɢɦɢ ɷɥɟɤɬɪɨɧɧɵɦɢ ɭɪɨɜɧɹɦɢ ɚɬɨɦɚ, ɢɡ-ɡɚ ɱɟɝɨ ɤɨɥɢɱɟɫɬɜɨ ɥɢɧɢɣ ɜ 
ɫɩɟɤɬɪɟ, ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɜɨɡɦɨɠɧɵɯ ɫɩɟɤɬɪɚɥɶɧɵɯ ɧɚɥɨɠɟɧɢɣ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɟ, 
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ɱɟɦ ɜ ɦɟɬɨɞɟ ɂɋɉ-Ⱥɗɋ Д12Ж. Ɉɞɧɚɤɨ ɨɫɧɨɜɧɵɦ ɧɟɞɨɫɬɚɬɤɨɦ ɦɟɬɨɞɚ ɊɎȺ ɨɫɬɚɟɬɫɹ ɦɚɬ-
ɪɢɱɧɵɣ ɷɮɮɟɤɬ – ɜɥɢɹɧɢɟ ɧɚ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɝɨ ɪɟɧɬɝɟɧɨɜɫɤɨɝɨ ɢɡɥɭ-
ɱɟɧɢɹ ɨɞɧɨɝɨ ɷɥɟɦɟɧɬɚ ɩɪɢɫɭɬɫɬɜɢɹ ɞɪɭɝɢɯ ɷɥɟɦɟɧɬɨɜ Д1γЖ. ɉɨɷɬɨɦɭ ɱɚɳɟ ɜɫɟɝɨ ɦɟɬɨ-
ɞɨɦ ɊɎȺ ɩɪɨɜɨɞɹɬ ɚɧɚɥɢɡ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɬɚɧɞɚɪɬɧɵɯ ɨɛɪɚɡɰɨɜ (ɋɈ) ɫɨɫɬɚɜɚ ɚɧɚɥɢ-
ɡɢɪɭɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɤɨɪɪɟɤɰɢɟɣ ɩɨɥɭɱɟɧɧɵɯ ɝɪɚɞɭɢɪɨɜɨɱɧɵɯ ɡɚɜɢɫɢ-
ɦɨɫɬɟɣ, ɚ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɋɈ ɩɪɢɦɟɧɹɸɬ ɫɩɨɫɨɛ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ Д14Ж, ɦɟ-
ɬɨɞɢɤɚ ɤɨɬɨɪɨɝɨ ɜɤɥɸɱɟɧɚ ɜ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɜɫɟɯ ɫɨɜɪɟɦɟɧɧɵɯ ɪɟɧɬɝɟɧɨ-
ɮɥɭɨɪɟɫɰɟɧɬɧɵɯ ɫɩɟɤɬɪɨɦɟɬɪɨɜ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɰɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɥɨɫɶ ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɨɡɦɨɠɧɨɫɬɢ 
ɨɩɪɟɞɟɥɟɧɢɹ Al , Cr, Cu, Fe, Ni, Si ɢ Y ɜ ɨɛɪɚɡɰɚɯ ɤɚɬɨɞɨɜ ɦɚɪɤɢ ɋȾɉ-θ ɧɚ ɨɫɧɨɜɟ ɤɨ-
ɛɚɥɶɬɚ ɢ Al , Cr, Cu, Fe, W, Si, Ta, Hf ɢ Y ɜ ɤɚɬɨɞɚɯ ɦɚɪɨɤ ɋȾɉ-1 ɢ Ⱥɀ8 ɧɚ ɧɢɤɟɥɟɜɨɣ 
ɨɫɧɨɜɟ ɦɟɬɨɞɨɦ ɪɟɧɬɝɟɧɨɮɥɭɨɪɟɫɰɟɧɬɧɨɣ ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɩɭɬɟɦ ɩɨɥɭɱɟɧɢɹ ɝɪɚɞɭɢɪɨ-
ɜɨɱɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɫ ɢɯ ɩɨɫɥɟɞɭɸɳɟɣ ɤɨɪɪɟɤɰɢɟɣ, ɚ ɬɚɤɠɟ c ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɩɨɫɨ-
ɛɚ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɪɟɚɥɢɡɚɰɢɢ ɤɨɦɩɥɟɤɫɧɨɣ ɧɚɭɱɧɨɣ ɩɪɨɛɥɟɦɵ λ.1. 
«Ɇɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ ɠɚɪɨɩɪɨɱɧɵɟ ɫɭɩɟɪɫɩɥɚɜɵ, ɜɤɥɸɱɚɹ ɷɜɬɟɤɬɢɱɟɫɤɢɟ ɢ ɟɫɬɟ-
ɫɬɜɟɧɧɵɟ ɤɨɦɩɨɡɢɬɵ» («ɋɬɪɚɬɟɝɢɱɟɫɤɢɟ ɧɚɩɪɚɜɥɟɧɢɹ ɪɚɡɜɢɬɢɹ ɦɚɬɟɪɢɚɥɨɜ ɢ ɬɟɯɧɨɥɨ-
ɝɢɣ ɢɯ ɩɟɪɟɪɚɛɨɬɤɢ ɧɚ ɩɟɪɢɨɞ ɞɨ 20γ0 ɝɨɞɚ») Д1Ж.  

 
Ɇаɬɟɪиаɥɵ и ɦɟɬɨɞɵ 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɨɜɚɥɢ ɪɟɧɬɝɟɧɨɮɥɭɨɪɟɫɰɟɧɬɧɵɣ ɫɩɟɤɬɪɨɦɟɬɪ ɦɚɪɤɢ S8 
TIGER (ɮɢɪɦɚ BRUKER AXS, Ƚɟɪɦɚɧɢɹ). Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɵɯ ɚɧɚɥɢɬɢɱɟ-
ɫɤɢɯ ɫɢɝɧɚɥɨɜ ɨɩɪɟɞɟɥɹɟɦɵɯ ɷɥɟɦɟɧɬɨɜ ɜɵɩɨɥɧɹɥɢ ɚɜɬɨɦɚɬɢɱɟɫɤɭɸ ɧɚɫɬɪɨɣɤɭ ɩɚɪɚ-
ɦɟɬɪɨɜ ɪɚɛɨɬɵ ɩɪɢɛɨɪɚ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɫɬɚɧɞɚɪɬɧɨɣ ɩɪɨɰɟɞɭɪɨɣ ɩɨɞɝɨɬɨɜɤɢ ɩɪɢɛɨ-
ɪɚ, ɡɚɞɚɧɧɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɟɦ (ɬɚɛɥ. 1). 

 
Ɍаɛɥɢɰа 1 

ɉаɪаɦɟɬɪɵ ɧаɫɬɪɨɣɤи ɩɪиɛɨɪа 
ɉɚɪɚɦɟɬɪ ɩɪɢɛɨɪɚ Ɂɧɚɱɟɧɢɟ ɩɚɪɚɦɟɬɪɚ 

ɇɚɩɪɹɠɟɧɢɟ ɜɵɫɨɤɨɜɨɥɶɬɧɨɝɨ ɝɟɧɟɪɚɬɨɪɚ, ɤȼ Ʌɟɝɤɢɟ ɷɥɟɦɟɧɬɵ (<26 (Fe)): 30 

Ɍɹɠɟɥɵɟ ɷɥɟɦɟɧɬɵ (>2θ (Fe)): 60 

Ɍɨɤ ɜɵɫɨɤɨɜɨɥɶɬɧɨɝɨ ɝɟɧɟɪɚɬɨɪɚ, ɦȺ Ʌɟɝɤɢɟ ɷɥɟɦɟɧɬɵ (<2θ (Fe)): 80 

Ɍɹɠɟɥɵɟ ɷɥɟɦɟɧɬɵ (>2θ (Fe)): 40 
Ɇɨɳɧɨɫɬɶ ɜɵɫɨɤɨɜɨɥɶɬɧɨɝɨ ɝɟɧɟɪɚɬɨɪɚ, ɤȼɬ 4,0 
Ɇɚɬɟɪɢɚɥ ɚɧɨɞɚ ɪɟɧɬɝɟɧɨɜɫɤɨɣ ɬɪɭɛɤɢ Rh 

Ʉɪɢɫɬɚɥɥɵ-ɚɧɚɥɢɡɚɬɨɪɵ LiF 200, LiF 220, XS-Ge-C, PET, XS-CEM, 
XS-55, XS-B 

Ʉɨɥɥɢɦɚɬɨɪɵ, ɝɪɚɞɭɫ 0,23; 0,46; 2,0; 0,12 
Ʉɨɥɥɢɦɚɬɨɪɧɵɟ ɦɚɫɤɢ, ɦɦ 34, 28, 18, 5 

Ⱦɟɬɟɤɬɨɪɵ ɉɪɨɬɨɱɧɵɣ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɣ ɫɱɟɬɱɢɤ 
ɋɰɢɧɬɢɥɥɹɰɢɨɧɧɵɣ ɫɱɟɬɱɢɤ 

ɑɢɫɥɨ ɪɟɩɥɢɤ ɞɥɹ ɨɛɪɚɡɰɚ 10 
ɗɤɫɩɨɡɢɰɢɹ, ɫ 200 

 
Ⱦɥɹ ɪɚɛɨɬɵ ɩɪɨɬɨɱɧɨɝɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɝɨ ɫɱɟɬɱɢɤɚ ɢɫɩɨɥɶɡɨɜɚɥɢ ɝɚɡɨɜɭɸ 

ɫɦɟɫɶ ɚɪɝɨɧɚ ɫ 10 % (ɨɛɴɟɦɧ.) ɦɟɬɚɧɚ. ɉɪɢ ɞɢɫɩɟɪɝɢɪɨɜɚɧɢɢ ɷɦɢɫɫɢɨɧɧɨɝɨ ɪɟɧɬɝɟɧɨɜ-
ɫɤɨɝɨ ɢɡɥɭɱɟɧɢɹ ɩɪɢɦɟɧɹɥɢ ɫɯɟɦɭ ɂɨɝɚɧɫɫɨɧɚ.  

Ⱦɥɹ ɨɛɪɚɛɨɬɤɢ ɨɛɪɚɡɰɨɜ ɩɟɪɟɞ ɚɧɚɥɢɡɨɦ ɢɫɩɨɥɶɡɨɜɚɥɢ ɨɬɪɟɡɧɨɣ ɫɬɚɧɨɤ  
Labotom-η ɫ ɨɬɪɟɡɧɵɦɢ ɤɪɭɝɚɦɢ ɞɢɚɦɟɬɪɨɦ 2η0 ɦɦ ɢ ɬɨɥɳɢɧɨɣ 1,η ɦɦ ɬɢɩɚ θ0Ⱥ2η. ɉɪɢ 
ɩɨɞɝɨɬɨɜɤɟ ɩɨɜɟɪɯɧɨɫɬɢ ɩɪɨɛ ɩɪɢɦɟɧɹɥɢ ɩɥɨɫɤɨɲɥɢɮɨɜɚɥɶɧɵɣ ɫɬɚɧɨɤ Herzog HT-350 
ɫ ɚɛɪɚɡɢɜɧɵɦɢ ɞɢɫɤɚɦɢ ɧɚ ɛɭɦɚɠɧɨɣ ɨɫɧɨɜɟ ɡɟɪɧɢɫɬɨɫɬɶɸ 40 ɢ 80 ɟɞ. 
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Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ ɝɪɚɞɭɢɪɨɜɨɱɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɢɧɬɟɧɫɢɜɧɨɫɬɟɣ ɫɢɝɧɚɥɨɜ ɨɬ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɢɫɩɨɥɶɡɨɜɚɥɢ ɦɟɬɨɞ ɜɧɟɲɧɢɯ ɫɬɚɧɞɚɪɬɨɜ, ɤɨɬɨɪɵɟ ɛɵɥɢ ɚɬɬɟɫɬɨɜɚɧɵ 
ɞɜɭɦɹ ɞɪɭɝɢɦɢ ɦɟɬɨɞɚɦɢ. 

ɋɛɨɪ ɢ ɨɛɪɚɛɨɬɤɭ ɞɚɧɧɵɯ ɩɪɨɜɨɞɢɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟ-
ɧɢɹ ɪɟɧɬɝɟɧɨɮɥɭɨɪɟɫɰɟɧɬɧɨɝɨ ɫɩɟɤɬɪɨɦɟɬɪɚ SpectraPLUS. 

Ɂɚ ɪɟɡɭɥɶɬɚɬ ɢɡɦɟɪɟɧɢɣ ɩɪɢɧɢɦɚɥɢ ɫɪɟɞɧɟɟ ɚɪɢɮɦɟɬɢɱɟɫɤɨɟ ɪɟɡɭɥɶɬɚɬɨɜ ɱɟɬɵ-
ɪɟɯ ɩɚɪɚɥɥɟɥɶɧɵɯ ɩɪɨɛ (ɜɤɥɸɱɚɹ ɜɫɟ ɫɬɚɞɢɢ ɩɪɨɛɨɩɨɞɝɨɬɨɜɤɢ). 

Ⱦɥɹ ɫɪɚɜɧɢɬɟɥɶɧɵɯ ɢɫɩɵɬɚɧɢɣ ɢ ɚɬɬɟɫɬɚɰɢɢ ɫɬɚɧɞɚɪɬɧɵɯ ɨɛɪɚɡɰɨɜ ɢɫɩɨɥɶɡɨɜɚ-
ɥɢ ɚɬɨɦɧɨ-ɷɦɢɫɫɢɨɧɧɵɣ ɫɩɟɤɬɪɨɦɟɬɪ ɫ ɢɧɞɭɤɬɢɜɧɨ ɫɜɹɡɚɧɧɨɣ ɩɥɚɡɦɨɣ Varian 730ES 
(ɚɧɚɥɢɡ ɜɵɩɨɥɧɹɥɢ ɢɡ ɪɚɫɬɜɨɪɚ) ɢ ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪ ɜɵɫɨɤɨɝɨ ɪɚɡɪɟɲɟɧɢɹ ɫ ɢɨɧɢɡɚɰɢɟɣ 
ɜ ɬɥɟɸɳɢɦ ɪɚɡɪɹɞɟ Element GD (ɚɧɚɥɢɡ ɜɵɩɨɥɧɹɥɢ ɫ ɩɨɦɨɳɶɸ ɬɜɟɪɞɨɝɨ ɨɛɪɚɡɰɚ). 

 ɂɫɫɥɟɞɨɜɚɥɢ ɨɛɪɚɡɰɵ ɤɚɬɨɞɨɜ ɧɚ ɤɨɛɚɥɶɬɨɜɨɣ ɨɫɧɨɜɟ ɦɚɪɤɢ ɋȾɉ-6 (ɋȾɉ-6-1, 
ɋȾɉ-6-2, ɋȾɉ-6-γ, ɋȾɉ-6-4, ɋȾɉ-6-η, ɋȾɉ-6-θ) ɢ ɩɪɢɩɨɢ ɦɚɪɨɤ ɋȾɉ-1 (ɋȾɉ-1-1, 
ɋȾɉ-1-2, ɋȾɉ-1-γ, ɋȾɉ-1-4, ɋȾɉ-1-η, ɋȾɉ-1-θ) ɢ Ⱥɀ8 (Ⱥɀ8-1, Ⱥɀ8-2, Ⱥɀ8-γ, Ⱥɀ8-
4, Ⱥɀ8-η, Ⱥɀ8-θ) ɧɚ ɨɫɧɨɜɟ ɧɢɤɟɥɹ. 

 
Ɋɟɡɭɥьɬаɬɵ и ɨɛɫɭɠɞɟɧиɟ 

ɇɚ ɧɚɱɚɥɶɧɨɦ ɷɬɚɩɟ ɪɚɛɨɬɵ ɞɥɹ ɜɵɛɨɪɚ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɥɢɧɢɣ ɢ ɩɪɨɜɟɞɟɧɢɹ ɤɚ-
ɱɟɫɬɜɟɧɧɨɝɨ ɚɧɚɥɢɡɚ ɩɨɥɭɱɚɥɢ ɨɛɡɨɪɧɵɟ ɪɟɧɬɝɟɧɨɮɥɭɨɪɟɫɰɟɧɬɧɵɟ ɫɩɟɤɬɪɵ ɨɛɪɚɡɰɨɜ 
ɤɚɬɨɞɨɜ ɦɚɪɨɤ ɋȾɉ-θ, ɋȾɉ-1 ɢ Ⱥɀ8. ȼ ɬɚɛɥ. 2 ɩɪɢɜɟɞɟɧɵ ɨɩɬɢɦɚɥɶɧɵɟ ɚɧɚɥɢɬɢɱɟɫɤɢɟ 
ɭɫɥɨɜɢɹ ɞɥɹ ɚɧɚɥɢɡɚ ɤɚɬɨɞɨɜ ɧɚ ɤɨɛɚɥɶɬɨɜɨɣ ɨɫɧɨɜɟ ɦɟɬɨɞɨɦ ɪɟɧɬɝɟɧɨɮɥɭɨɪɟɫɰɟɧɬɧɨɣ 
ɫɩɟɤɬɪɨɫɤɨɩɢɢ. Ⱦɥɹ ɜɫɟɯ ɷɥɟɦɟɧɬɨɜ ɜɵɛɪɚɥɢ ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɥɢɧɢɢ, ɧɟ ɢɦɟɸɳɢɟ ɧɚɥɨ-
ɠɟɧɢɣ ɫ ɥɢɧɢɹɦɢ ɞɪɭɝɢɯ ɷɥɟɦɟɧɬɨɜ. 

 

Ɍаɛɥɢɰа 2 
Ⱥɧаɥиɬичɟɫɤиɟ ɭɫɥɨвия аɧаɥиɡа ɤаɬɨɞɨв ɧа ɤɨɛаɥьɬɨвɨɣ ɨɫɧɨвɟ  

ɦɟɬɨɞɨɦ ɪɟɧɬɝɟɧɨɮɥɭɨɪɟɫɰɟɧɬɧɨɣ ɫɩɟɤɬɪɨɫɤɨɩии 

ɗɥɟɦɟɧɬ 
Ⱥɧɚɥɢɬɢ-
ɱɟɫɤɚɹ 
ɥɢɧɢɹ 

ɉɨɥɨɠɟɧɢɟ  
ɦɚɤɫɢɦɭɦɚ 

ɩɢɤɚ 2ș, ɝɪɚɞɭɫ 

Ɋɟɠɢɦɵ ɪɚɛɨɬɵ 
ɪɟɧɬɝɟɧɨɜɫɤɨɣ  

ɬɪɭɛɤɢ 
ɍɝɨɥ ɪɚɫɤɪɵ-
ɬɢɹ ɤɨɥɥɢɦɚɬɨ-

ɪɚ, ɝɪɚɞɭɫ 

Ɍɢɩ  
ɤɪɢɫɬɚɥɥɚ- 
ɚɧɚɥɢɡɚɬɨɪɚ 

Ɍɢɩ 
ɫɱɟɬɱɢɤɚ ɧɚɩɪɹɠɟɧɢɟ, 

ɤȼ 
ɬɨɤ, 
ɦȺ 

Al  Kα 58,537 30 135 0,46 PET 
ɉɪɨɩɨɪɰɢɨ-
ɧɚɥɶɧɵɣ 

Cr Kα 24,628 60 29 0,23 LiF200 
ɋɰɢɧɬɢɥɥɹ-
ɰɢɨɧɧɵɣ 

Cu Kα 80,927 60 67 0,23 LiF200 
ɋɰɢɧɬɢɥɥɹ-
ɰɢɨɧɧɵɣ 

Fe Kα 35,250 60 67 0,46 LiF200 
ɋɰɢɧɬɢɥɥɹ-
ɰɢɨɧɧɵɣ 

Ni Kβ 76,809 60 67 0,23 LiF200 
ɋɰɢɧɬɢɥɥɹ-
ɰɢɨɧɧɵɣ 

Si Kα 12,495 30 135 0,46 PET 
ɉɪɨɩɨɪɰɢɨ-
ɧɚɥɶɧɵɣ 

Y Kα 101,395 60 56 0,23 LiF220 
ɋɰɢɧɬɢɥɥɹ-
ɰɢɨɧɧɵɣ 

 
ȼ ɬɚɛɥ. γ ɩɪɢɜɟɞɟɧɵ ɨɩɬɢɦɚɥɶɧɵɟ ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ ɞɥɹ ɚɧɚɥɢɡɚ ɤɚɬɨɞɨɜ ɧɚ 

ɧɢɤɟɥɟɜɨɣ ɨɫɧɨɜɟ ɦɟɬɨɞɨɦ ɪɟɧɬɝɟɧɨɮɥɭɨɪɟɫɰɟɧɬɧɨɣ ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɫ ɭɱɟɬɨɦ ɜɨɡɦɨɠɧɵɯ 
ɫɩɟɤɬɪɚɥɶɧɵɯ ɢɧɬɟɪɮɟɪɟɧɰɢɣ (ɧɚɥɨɠɟɧɢɣ) ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɥɢɧɢɣ ɞɪɭɝ ɧɚ ɞɪɭɝɚ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɞɨɛɪɚɧɵ ɭɫɥɨɜɢɹ ɢ ɩɚɪɚɦɟɬɪɵ ɧɚɫɬɪɨɟɤ ɩɪɢɛɨɪɚ ɞɥɹ ɚɧɚɥɢɡɚ 
ɤɚɬɨɞɨɜ ɦɚɪɨɤ ɋȾɉ-θ, ɋȾɉ-1 ɢ Ⱥɀ8 ɦɟɬɨɞɨɦ ɪɟɧɬɝɟɧɨɮɥɭɨɪɟɫɰɟɧɬɧɨɣ ɫɩɟɤɬɪɨɫɤɨɩɢɢ. 
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Ɍаɛɥɢɰа 3 
Ⱥɧаɥиɬичɟɫɤиɟ ɭɫɥɨвия аɧаɥиɡа ɤаɬɨɞɨв ɧа ɧиɤɟɥɟвɨɣ ɨɫɧɨвɟ  

ɦɟɬɨɞɨɦ ɪɟɧɬɝɟɧɨɮɥɭɨɪɟɫɰɟɧɬɧɨɣ ɫɩɟɤɬɪɨɫɤɨɩии 

ɗɥɟɦɟɧɬ 
Ⱥɧɚɥɢɬɢ-
ɱɟɫɤɚɹ 
ɥɢɧɢɹ 

ɉɨɥɨɠɟɧɢɟ 
ɦɚɤɫɢɦɭɦɚ 

ɩɢɤɚ 2ș, ɝɪɚɞɭɫ 

Ɋɟɠɢɦɵ ɪɚɛɨɬɵ  
ɪɟɧɬɝɟɧɨɜɫɤɨɣ  

ɬɪɭɛɤɢ 
ɍɝɨɥ ɪɚɫɤɪɵ-
ɬɢɹ ɤɨɥɥɢɦɚ-
ɬɨɪɚ, ɝɪɚɞɭɫ 

Ɍɢɩ  
ɤɪɢɫɬɚɥɥɚ- 
ɚɧɚɥɢɡɚɬɨɪɚ 

Ɍɢɩ 
ɫɱɟɬɱɢɤɚ ɧɚɩɪɹɠɟ-

ɧɢɟ, ɤȼ 
ɬɨɤ, 
ɦȺ 

Al  Kα 58,537 55 110 0,58 PET ɉɪɨɩɨɪɰɢɨ-
ɧɚɥɶɧɵɣ 

Cr Kβ 49,294 65 85 0,28 LiF200 ɋɰɢɧɬɢɥɥɹ-
ɰɢɨɧɧɵɣ 

Cu Kα 80,927 70 95 0,54 LiF200 ɋɰɢɧɬɢɥɥɹ-
ɰɢɨɧɧɵɣ 

Fe Kα 35,250 25 40 0,32 LiF200 ɋɰɢɧɬɢɥɥɹ-
ɰɢɨɧɧɵɣ 

W Kβ 76,809 30 55 0,18 LiF200 ɋɰɢɧɬɢɥɥɹ-
ɰɢɨɧɧɵɣ 

Si Kα 12,495 30 50 0,45 PET ɉɪɨɩɨɪɰɢɨ-
ɧɚɥɶɧɵɣ 

Y Kα 101,395 85 69 0,23 LiF220 ɋɰɢɧɬɢɥɥɹ-
ɰɢɨɧɧɵɣ 

Ta Kα 68,294 70 25 0,27 LiF220 ɋɰɢɧɬɢɥɥɹ-
ɰɢɨɧɧɵɣ 

Hf Kα 52,328 80 44 0,31 PET ɉɪɨɩɨɪɰɢɨ-
ɧɚɥɶɧɵɣ 

 
ɉɨɫɬɪɨɟɧɢɟ ɝɪаɞɭɢɪɨвɨɱɧɵɯ ɡавɢɫɢɦɨɫɬɟɣ 

ɇɚ ɫɥɟɞɭɸɳɟɦ ɷɬɚɩɟ ɪɚɛɨɬɵ ɩɨɫɥɟ ɚɧɚɥɢɡɚ ɩɹɬɢ ɨɛɪɚɡɰɨɜ ɤɚɬɨɞɨɜ ɦɚɪɤɢ ɋȾɉ-6 
(ɋȾɉ-6-1, ɋȾɉ-6-2, ɋȾɉ-6-3, ɋȾɉ-6-4, ɋȾɉ-6-η) ɦɟɬɨɞɨɦ ɊɎȺ ɩɨɫɬɪɨɢɥɢ ɝɪɚɞɭɢɪɨ-
ɜɨɱɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɞɥɹ ɜɫɟɯ ɢɫɤɨɦɵɯ ɷɥɟɦɟɧɬɨɜ. ɋɨɞɟɪɠɚɧɢɟ ɷɥɟɦɟɧɬɨɜ ɜ ɞɚɧɧɵɯ ɨɛ-
ɪɚɡɰɚɯ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɭɫɬɚɧɚɜɥɢɜɚɥɢ ɦɟɬɨɞɚɦɢ ɂɋɉ-Ⱥɗɋ ɢ ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɟɣ ɜɵ-
ɫɨɤɨɝɨ ɪɚɡɪɟɲɟɧɢɹ ɫ ɬɥɟɸɳɢɦ ɪɚɡɪɹɞɨɦ. ȼ ɬɚɛɥ. 4 ɩɪɟɞɫɬɚɜɥɟɧɵ ɩɚɪɚɦɟɬɪɵ ɧɚɣɞɟɧɧɵɯ 
ɡɚɜɢɫɢɦɨɫɬɟɣ ɜ ɜɢɞɟ ɥɢɧɟɣɧɵɯ ɮɭɧɤɰɢɣ, ɢɦɟɸɳɢɯ ɨɛɳɟɟ ɭɪɚɜɧɟɧɢɟμ ɋ = a + b · I, ɝɞɟ  
ɋ – ɤɨɧɰɟɧɬɪɚɰɢɹ ɷɥɟɦɟɧɬɚ ɜ ɨɛɪɚɡɰɟ; I – ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɪɟɧɬɝɟɧɨɜɫɤɨɣ ɮɥɭɨɪɟɫɰɟɧɰɢɢ 
(ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɥɢɧɢɢ); a ɢ b – ɤɨɷɮɮɢɰɢɟɧɬɵ ɥɢɧɟɣɧɨɣ ɪɟɝɪɟɫɫɢɢ. Ɋɚɫɫɱɢɬɵɜɚɥɢ ɬɚɤ-
ɠɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɤɨɪɪɟɥɹɰɢɢ r, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟ ɛɥɢɡɨɫɬɶ ɩɨɥɭɱɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧ-
ɬɚɥɶɧɵɯ ɬɨɱɟɤ ɤ ɪɚɫɫɱɢɬɚɧɧɨɣ ɩɪɹɦɨɣ (ɞɥɹ ɢɞɟɚɥɶɧɨɝɨ ɜɚɪɢɚɧɬɚ r = 1) ɢ ɞɢɫɩɟɪɫɢɸ ɪɟ-
ɝɪɟɫɫɢɨɧɧɨɣ ɮɭɧɤɰɢɢ s2 [15]. 

 
Ɍаɛɥɢɰа 4 

ɉаɪаɦɟɬɪɵ ɝɪаɞɭиɪɨвɨчɧɵɯ ɡавиɫиɦɨɫɬɟɣ ɤɨɧɰɟɧɬɪаɰии ɷɥɟɦɟɧɬɨв  
ɨɬ иɧɬɟɧɫивɧɨɫɬи ɪɟɧɬɝɟɧɨвɫɤɨɣ ɮɥɭɨɪɟɫɰɟɧɰии ɞɥя ɤаɬɨɞɨв ɦаɪɤи ɋДɉ-6 

ɗɥɟɦɟɧɬ a b r s2 
Al  2,57 0,0023 0,62 5,9 
Cr 8,35 0,0074 0,58 3,4 
Cu 10,08 0,0088 0,52 11,1 
Fe 21,08 0,00098 0,85 8,3 
Ni 15,32 0,0056 0,66 9,2 
Si 30,51 0,0081 0,50 12,5 
Y 25,93 0,0032 0,70 14,9 

 
ɉɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɤɨɪɪɟɥɹɰɢɢ ɢ ɞɢɫɩɟɪɫɢɢ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ 

ɨ ɧɟɥɢɧɟɣɧɨɦ ɯɚɪɚɤɬɟɪɟ ɪɚɫɫɱɢɬɚɧɧɵɯ ɝɪɚɞɭɢɪɨɜɨɱɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɢɡ-ɡɚ ɫɢɥɶɧɨɝɨ 
ɦɟɠɷɥɟɦɟɧɬɧɨɝɨ (ɦɚɬɪɢɱɧɨɝɨ) ɜɥɢɹɧɢɹ ɢ ɧɟɜɨɡɦɨɠɧɨɫɬɢ ɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɪɢ ɤɨɥɢɱɟ-
ɫɬɜɟɧɧɨɦ ɷɥɟɦɟɧɬɧɨɦ ɚɧɚɥɢɡɟ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢ ɪɚɫɱɟɬɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɤɚɠɞɨɝɨ  
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ɷɥɟɦɟɧɬɚ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɧɟ ɬɨɥɶɤɨ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɥɢɧɢɢ ɞɚɧɧɨ-
ɝɨ ɷɥɟɦɟɧɬɚ, ɧɨ ɢ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɥɢɧɢɣ ɞɪɭɝɢɯ (ɦɟɲɚɸɳɢɯ) ɷɥɟɦɟɧɬɨɜ. ȼ ɛɨɥɶɲɢɧɫɬɜɟ 
ɫɥɭɱɚɟɜ ɞɥɹ ɪɟɲɟɧɢɹ ɞɚɧɧɨɣ ɩɪɨɛɥɟɦɵ ɢɫɩɨɥɶɡɭɸɬ ɭɪɚɜɧɟɧɢɹ ɦɧɨɠɟɫɬɜɟɧɧɨɣ ɪɟɝɪɟɫ-
ɫɢɢ ɢɦɟɸɳɢɟ ɨɛɳɢɣ ɜɢɞ 

,2

1,1,11
0 j

n

j
jiji

n

jiji
jij

n

j
jAA IaIIaIaaC  

  

ɝɞɟ CA – ɤɨɧɰɟɧɬɪɚɰɢɹ ɨɩɪɟɞɟɥɹɟɦɨɝɨ ɷɥɟɦɟɧɬɚ; a0A, aj, aji – ɤɨɪɪɟɤɬɢɪɭɸɳɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ;  
I i, Ij – ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɪɟɧɬɝɟɧɨɜɫɤɨɣ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɨɩɪɟɞɟɥɹɟɦɨɝɨ ɷɥɟɦɟɧɬɚ, ɚ ɬɚɤɠɟ ɜɫɟɯ  
ɦɟɲɚɸɳɢɯ ɷɥɟɦɟɧɬɨɜ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.  
 

Ʉɨɪɪɟɤɬɢɪɭɸɳɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɨɞɨɛɪɚɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɝɪɚɦɦɧɨɝɨ 
ɨɛɟɫɩɟɱɟɧɢɹ ɪɟɧɬɝɟɧɨɮɥɭɨɪɟɫɰɟɧɬɧɨɝɨ ɫɩɟɤɬɪɨɦɟɬɪɚ ɫ ɭɱɟɬɨɦ ɢɧɬɟɧɫɢɜɧɨɫɬɟɣ ɥɢɧɢɣ 
ɜɫɟɯ ɷɥɟɦɟɧɬɨɜ Д1ηЖ. ɉɨɥɭɱɟɧɵ ɫɥɟɞɭɸɳɢɟ ɭɪɚɜɧɟɧɢɹ ɦɧɨɠɟɫɬɜɟɧɧɨɣ ɪɟɝɪɟɫɫɢɢμ 

 

CAl = –2,θ8 + 4,28 ∙ IAl + θ,8 ∙ 10–4IAl
 2 + 8,γ ∙ 10–1ICo + 1,8 ∙ 10–4IAlICo + 2,1 ∙ 10–4ICo

2; 
CCr = η,8γ + 10,4γ ∙ ICr – 7,λ ∙ 10–3ICr

2 + η,0 ∙ 10–2ICo – 2,2 ∙ 10–4ICrICo + γ,4 ∙ 10–3ICo
2; 

CCu = –2,0η + γ8,12 ∙ ICu + 2,7 ∙ 10–4ICu
2 + 7,θ ∙ 10–2ICo + 8,γ ∙ 10–2ICuICo – 1,γ ∙ 10–4ICo

2 + θ,0 ∙ IFe
2; 

CFe = λ,21 + 1γ,γ0 ∙ IFe + γ,γ ∙ 10–2IFe
2 – γ,8 ∙ 10–2ICo + θ,7 ∙ 10–3IFeICo – λ,γ ∙ 10–5ICo

2; 
CNi = 4,0λ + γ1,88 ∙ INi – 7,0 ∙ 10–5INi

2 + 8,0 ∙ 10–2ICo + λ,γ ∙ 10–5INiICo + 1,2 ∙ 10–3ICo
2; 

CSi = 8,71 + 2,4θ ∙ ISi + γ,8 ∙ 10–3ISi
2 + γ,7 ∙ 10–4ICo – 8,0 ∙ 10–4ISiICo + 7,7 ∙ 10–3ICo

2; 
CY = 0,θλ + 8,γ1 ∙ IY – θ,2 ∙ 10–4IY

2 – 8,0 ∙ 10–3ICo + θ,2 ∙ 10–4IYICo + η,1 ∙ 10–4ICo
2. 

 
Ʉɚɤ ɜɢɞɧɨ ɢɡ ɩɪɢɜɟɞɟɧɧɵɯ ɭɪɚɜɧɟɧɢɣ, ɤɨɧɰɟɧɬɪɚɰɢɹ ɨɩɪɟɞɟɥɹɟɦɨɝɨ ɷɥɟɦɟɧɬɚ 

ɡɚɜɢɫɢɬ ɧɟ ɬɨɥɶɤɨ ɨɬ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɪɟɧɬɝɟɧɨɜɫɤɨɣ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɞɚɧɧɨɝɨ ɷɥɟɦɟɧɬɚ ɜ 
ɥɢɧɟɣɧɨɣ ɢ ɤɜɚɞɪɚɬɢɱɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ, ɧɨ ɢ ɨɬ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɨɫɧɨɜɵ (ɦɚɬɪɢɰɵ) – ɤɨ-
ɛɚɥɶɬɚ, ɚ ɞɥɹ ɦɟɞɢ ‒ ɨɬ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɠɟɥɟɡɚ. 

Ⱥɧɚɥɨɝɢɱɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɩɨɥɭɱɟɧɵ ɞɥɹ ɤɚɬɨɞɨɜ ɦɚɪɨɤ ɋȾɉ-1 ɢ Ⱥɀ8 ɧɚ ɧɢɤɟ-
ɥɟɜɨɣ ɨɫɧɨɜɟ. 

 

Ⱥɧаɥɢɡ ɤаɬɨɞа ɦаɪɤɢ ɋȾɉ-6 ɦɟɬɨɞɨɦ ɊɎȺ 
Ⱦɚɥɟɟ ɩɪɨɜɨɞɢɥɢ ɨɩɪɟɞɟɥɟɧɢɟ Al , Cr, Cu, Fe, Ni, Si ɢ Y ɜ ɨɛɪɚɡɰɟ ɩɪɨɢɡɜɨɞ-

ɫɬɜɟɧɧɨɣ ɩɥɚɜɤɢ ɤɚɬɨɞɚ ɦɚɪɤɢ ɋȾɉ-6 ɦɟɬɨɞɨɦ ɊɎȺ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɝɪɚɞɭɢɪɨɜɨɱɧɨɣ 
ɡɚɜɢɫɢɦɨɫɬɢ, ɫɤɨɪɪɟɤɬɢɪɨɜɚɧɧɨɣ ɝɪɚɞɭɢɪɨɜɨɱɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɢ ɦɟɬɨɞɚ ɮɭɧɞɚɦɟɧ-
ɬɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ (ɬɚɛɥ. η). 
 

Ɍаɛɥɢɰа 5 
Ɋɟɡɭɥьɬаɬɵ ɨɩɪɟɞɟɥɟɧия Al, Cr, Cu, Fe, Ni, Si и Y в ɤаɬɨɞɟ ɦаɪɤи ɋДɉ-6  

ɦɟɬɨɞɨɦ ɊФȺ ɫ ɩɪиɦɟɧɟɧиɟɦ ɝɪаɞɭиɪɨвɨчɧɨɣ ɡавиɫиɦɨɫɬи, ɫɤɨɪɪɟɤɬиɪɨваɧɧɨɣ  
ɝɪаɞɭиɪɨвɨчɧɨɣ ɡавиɫиɦɨɫɬи и ɦɟɬɨɞа ɮɭɧɞаɦɟɧɬаɥьɧɵɯ ɩаɪаɦɟɬɪɨв (n = 4, P = 0,95) 

ɗɥɟɦɟɧɬ 

ɋɨɞɟɪɠɚɧɢɟ ɷɥɟɦɟɧɬɚ, % (ɩɨ ɦɚɫɫɟ), ɨɩɪɟɞɟɥɟɧɧɨɟ 

ɩɨ ɝɪɚɞɭɢɪɨɜɨɱ-
ɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ 

ɩɨ ɫɤɨɪɪɟɤɬɢɪɨɜɚɧɧɨɣ 
ɝɪɚɞɭɢɪɨɜɨɱɧɨɣ  
ɡɚɜɢɫɢɦɨɫɬɢ 

ɫɩɨɫɨɛɨɦ  
ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ 

ɩɚɪɚɦɟɬɪɨɜ 
ɩɨ ɚɬɬɟɫɬɨɜɚɧ-
ɧɨɦɭ ɡɧɚɱɟɧɢɸ 

Al  8,2±0,1 11,3±0,4* 10,3±0,2 11,2±0,3 
Cr 6,68±0,09 22,7±0,6 22,8±0,3 22,9±0,4 
Cu 0,85±0,04 0,025±0,002 0,057±0,008 0,023±0,002 
Fe 0,021±0,002 0,17±0,02 0,18±0,02 0,17±0,02 
Ni 1,17±0,05 7,3±0,1 5,34±0,08 7,2±0,1 
Si 1,56±0,09 0,059±0,008 0,56±0,06 0,061±0,006 
Y 0,042±0,006 0,39±0,05 1,8±0,1 0,35±0,04 

* ȼɵɞɟɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ, ɭɞɨɜɥɟɬɜɨɪɹɸɳɢɟ ɭɫɥɨɜɢɸ ɬɨɱɧɨɫɬɢ. 
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Ʉɚɤ ɜɢɞɧɨ ɢɡ ɞɚɧɧɵɯ ɬɚɛɥ. η, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɤɨɪɪɟɤɬɢɪɨɜɚɧɧɵɯ ɝɪɚɞɭɢɪɨɜɨɱ-
ɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ (ɭɪɚɜɧɟɧɢɹ ɦɧɨɠɟɫɬɜɟɧɧɨɣ ɪɟɝɪɟɫɫɢɢ) ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɬɨɱɧɨɟ 
ɡɧɚɱɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɞɥɹ ɜɫɟɯ ɷɥɟɦɟɧɬɨɜ (ɚɬɬɟɫɬɨɜɚɧɧɨɟ ɡɧɚɱɟɧɢɟ ɩɨɩɚɞɚɟɬ ɜ ɞɨɜɟɪɢ-
ɬɟɥɶɧɵɣ ɢɧɬɟɪɜɚɥ ɩɨɥɭɱɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ).  

ȼ ɛɟɡɷɬɚɥɨɧɧɨɦ ɫɩɨɫɨɛɟ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɢɫɩɨɥɶɡɭɟɬɫɹ ɬɟɨɪɟɬɢɱɟ-
ɫɤɢ ɪɚɫɫɱɢɬɵɜɚɟɦɚɹ ɩɪɹɦɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɥɢɧɢɢ ɪɟɧɬɝɟɧɨɜɫɤɨɣ ɮɥɭɨɪɟɫ-
ɰɟɧɰɢɢ ɤɨɧɤɪɟɬɧɨɝɨ ɷɥɟɦɟɧɬɚ ɨɬ ɟɝɨ ɤɨɧɰɟɧɬɪɚɰɢɢ ɫ ɭɱɟɬɨɦ ɜɫɟɯ ɜɨɡɦɨɠɧɵɯ ɩɚɪɚɦɟɬ-
ɪɨɜ (ɭɪɚɜɧɟɧɢɟ Ȼɥɨɯɢɧɚ–Шɟɪɦɚɧɚ Д1ηЖ). ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɷɬɨɬ ɫɩɨɫɨɛ ɪɚɫɱɟɬɚ ɤɨɧɰɟɧ-
ɬɪɚɰɢɣ ɪɟɚɥɢɡɨɜɚɧ ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɪɟɧɬɝɟɧɨɮɥɭɨɪɟɫɰɟɧɬɧɨɝɨ 
ɫɩɟɤɬɪɨɦɟɬɪɚ ɫ ɭɱɟɬɨɦ ɢɧɬɟɧɫɢɜɧɨɫɬɟɣ ɥɢɧɢɣ ɜɫɟɯ ɷɥɟɦɟɧɬɨɜ. Ɍɨɱɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨ-
ɥɭɱɟɧɵ ɬɨɥɶɤɨ ɞɥɹ ɯɪɨɦɚ ɢ ɠɟɥɟɡɚ (ɬɚɛɥ. η), ɱɬɨ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɫɜɹɡɚɧɨ ɫ ɧɚɥɢɱɢɟɦ ɜ 
ɚɧɚɥɢɡɢɪɭɟɦɨɦ ɨɛɪɚɡɰɟ ɧɟɨɩɪɟɞɟɥɹɟɦɵɯ ɷɥɟɦɟɧɬɨɜ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ Al, Cr, Cu, Fe, Ni, Si ɢ Y ɜ ɤɚɬɨɞɟ ɦɚɪɤɢ ɋȾɉ-6 
ɦɟɬɨɞɨɦ ɊɎȺ ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɤɨɪɪɟɤɬɢɪɨɜɚɧɧɵɟ ɝɪɚɞɭɢɪɨɜɨɱɧɵɟ ɡɚɜɢɫɢɦɨ-
ɫɬɢ (ɭɪɚɜɧɟɧɢɹ ɦɧɨɠɟɫɬɜɟɧɧɨɣ ɪɟɝɪɟɫɫɢɢ), ɩɨɥɭɱɟɧɧɵɟ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɋɈ ɫɨɫɬɚɜɚ ɤɨ-
ɛɚɥɶɬɨɜɵɯ ɤɚɬɨɞɨɜ. 

 

Ⱥɧаɥɢɡ ɤаɬɨɞɨв ɦаɪɨɤ ɋȾɉ-1 ɢ Ⱥɀ8 ɦɟɬɨɞɨɦ ɊɎȺ 
Ⱦɚɥɟɟ ɩɪɨɜɨɞɢɥɢ ɨɩɪɟɞɟɥɟɧɢɟ Al , Cr, Cu, Fe, W, Si, Ta, Hf ɢ Y ɜ ɨɛɪɚɡɰɚɯ ɩɪɨɢɡ-

ɜɨɞɫɬɜɟɧɧɵɯ ɩɥɚɜɨɤ ɤɚɬɨɞɨɜ ɦɚɪɨɤ ɋȾɉ-1 ɢ Ⱥɀ8 ɦɟɬɨɞɨɦ ɊɎȺ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɝɪɚɞɭ-
ɢɪɨɜɨɱɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ, ɫɤɨɪɪɟɤɬɢɪɨɜɚɧɧɨɣ ɝɪɚɞɭɢɪɨɜɨɱɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɢ ɦɟɬɨɞɚ 
ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ (ɬɚɛɥ. θ ɢ 7). 

Ɍɨɱɧɵɟ ɪɟɡɭɥɶɬɚɬɵ, ɤɨɝɞɚ ɚɬɬɟɫɬɨɜɚɧɧɨɟ ɡɧɚɱɟɧɢɟ ɩɨɩɚɞɚɟɬ ɜ ɞɨɜɟɪɢɬɟɥɶɧɵɣ 
ɢɧɬɟɪɜɚɥ ɩɨɥɭɱɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ, ɩɨɥɭɱɟɧɵ ɞɥɹ ɜɫɟɯ ɷɥɟɦɟɧɬɨɜ  ɬɨɥɶɤɨ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚ-
ɧɢɢ ɫɤɨɪɪɟɤɬɢɪɨɜɚɧɧɵɯ ɝɪɚɞɭɢɪɨɜɨɱɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ‒ ɭɪɚɜɧɟɧɢɣ ɦɧɨɠɟɫɬɜɟɧɧɨɣ 
ɪɟɝɪɟɫɫɢɢ. Ⱦɥɹ ɛɟɡɷɬɚɥɨɧɧɨɝɨ ɦɟɬɨɞɚ ɬɨɱɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɞɨɫɬɢɝɧɭɬɵ ɞɥɹ ɜɨɥɶɮɪɚɦɚ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ Al , Cr, Cu, Fe, W, Si, Ta, Hf ɢ Y ɜ ɤɚɬɨɞɚɯ ɦɚɪɨɤ 
ɋȾɉ-1 ɢ Ⱥɀ8 ɦɟɬɨɞɨɦ ɊɎȺ ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɤɨɪɪɟɤɬɢɪɨɜɚɧɧɵɟ ɝɪɚɞɭɢɪɨ-
ɜɨɱɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ (ɭɪɚɜɧɟɧɢɹ ɦɧɨɠɟɫɬɜɟɧɧɨɣ ɪɟɝɪɟɫɫɢɢ), ɩɨɥɭɱɟɧɧɵɟ ɫ ɩɪɢɦɟɧɟɧɢ-
ɟɦ ɫɬɚɧɞɚɪɬɧɵɯ ɨɛɪɚɡɰɨɜ ɫɨɫɬɚɜɚ ɧɢɤɟɥɟɜɵɯ ɤɚɬɨɞɨɜ. 
 

Ɍаɛɥɢɰа 6 
Ɋɟɡɭɥьɬаɬɵ ɨɩɪɟɞɟɥɟɧия Al, Cr, Cu, Fe, W, Si, Ta, Hf и Y в ɤаɬɨɞɟ ɦаɪɤи ɋДɉ-1  

ɦɟɬɨɞɨɦ ɊФȺ ɫ ɩɪиɦɟɧɟɧиɟɦ ɝɪаɞɭиɪɨвɨчɧɨɣ ɡавиɫиɦɨɫɬи, ɫɤɨɪɪɟɤɬиɪɨваɧɧɨɣ  
ɝɪаɞɭиɪɨвɨчɧɨɣ ɡавиɫиɦɨɫɬи и ɦɟɬɨɞа ɮɭɧɞаɦɟɧɬаɥьɧɵɯ ɩаɪаɦɟɬɪɨв (n = 4, P = 0,95) 

ɗɥɟɦɟɧɬ 

ɋɨɞɟɪɠɚɧɢɟ ɷɥɟɦɟɧɬɚ, % (ɩɨ ɦɚɫɫɟ), ɨɩɪɟɞɟɥɟɧɧɨɟ 

ɩɨ ɝɪɚɞɭɢɪɨɜɨɱ-
ɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ 

ɩɨ ɫɤɨɪɪɟɤɬɢɪɨɜɚɧɧɨɣ 
ɝɪɚɞɭɢɪɨɜɨɱɧɨɣ  
ɡɚɜɢɫɢɦɨɫɬɢ 

ɫɩɨɫɨɛɨɦ  
ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ 

ɩɚɪɚɦɟɬɪɨɜ 

ɩɨ ɚɬɬɟɫɬɨɜɚɧ-
ɧɨɦɭ ɡɧɚɱɟɧɢɸ 

Al  0,98±0,05 10,8±0,3* 5,2±0,7 10,6±0,3 
Cr 6,32±0,08 18,2±0,7 13,3±0,7 18,0±0,5 
Cu 1,03±0,05 0,85±0,08 0,74±0,06 0,81±0,07 
Fe 0,85±0,04 0,10±0,01 0,20±0,02 0,10±0,01 
W 5,23±0,08 3,25±0,09 3,23±0,05 γ,20±0,07 
Si 1,γ2±0,07 0,28±0,02 0,58±0,08 0,26±0,02 
Ta 1,08±0,07 1,87±0,07 γ,2γ±0,05 1,81±0,04 
Hf 2,λ8±0,07 4,58±0,09 0,γ2±0,08 4,θ1±0,08 

* ȼɵɞɟɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ, ɭɞɨɜɥɟɬɜɨɪɹɸɳɢɟ ɭɫɥɨɜɢɸ ɬɨɱɧɨɫɬɢ. 
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Ɍаɛɥɢɰа 7 
Ɋɟɡɭɥьɬаɬɵ ɨɩɪɟɞɟɥɟɧия Al, Cr, Cu, Fe, W, Si, Ta, Hf и Y в ɤаɬɨɞɟ ɦаɪɤи Ⱥɀ8 

ɦɟɬɨɞɨɦ ɊФȺ ɫ ɩɪиɦɟɧɟɧиɟɦ ɝɪаɞɭиɪɨвɨчɧɨɣ ɡавиɫиɦɨɫɬи, ɫɤɨɪɪɟɤɬиɪɨваɧɧɨɣ 
ɝɪаɞɭиɪɨвɨчɧɨɣ ɡавиɫиɦɨɫɬи и ɦɟɬɨɞа ɮɭɧɞаɦɟɧɬаɥьɧɵɯ ɩаɪаɦɟɬɪɨв (n = 4, P = 0,95) 

ɗɥɟɦɟɧɬ 

ɋɨɞɟɪɠɚɧɢɟ ɷɥɟɦɟɧɬɚ, % (ɩɨ ɦɚɫɫɟ), ɨɩɪɟɞɟɥɟɧɧɨɟ 

ɩɨ ɝɪɚɞɭɢɪɨɜɨɱ-
ɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ 

ɩɨ ɫɤɨɪɪɟɤɬɢɪɨɜɚɧɧɨɣ 
ɝɪɚɞɭɢɪɨɜɨɱɧɨɣ  
ɡɚɜɢɫɢɦɨɫɬɢ 

ɫɩɨɫɨɛɨɦ  
ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ 

ɩɚɪɚɦɟɬɪɨɜ 

ɩɨ ɚɬɬɟɫɬɨɜɚɧ-
ɧɨɦɭ ɡɧɚɱɟɧɢɸ 

Al  1,65±0,09 0,75±0,06* 0,36±0,08 0,72±0,04 
Cr 1,05±0,08 12,1±0,5 10,3±0,4 11,9±0,4 
Cu 0,36±0,08 0,21±0,02 0,85±0,06 0,23±0,02 
Fe 5,28±0,09 0,75±0,06 0,87±0,03 0,70±0,06 
W 15,2±0,1 8,21±0,07 8,29±0,09 8,2η±0,06 
Si 2,36±0,09 0,54±0,04 0,36±0,07 0,59±0,05 
Ta 2,87±0,04 0,44±0,08 8,0γ±0,04 0,41±0,08 
Hf 1,0η±0,0λ 2,74±0,09 1,82±0,07 2,7λ±0,0λ 

* ȼɵɞɟɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ, ɭɞɨɜɥɟɬɜɨɪɹɸɳɢɟ ɭɫɥɨɜɢɸ ɬɨɱɧɨɫɬɢ. 
 

Ɂаɤɥɸчɟɧия 
ɇɚ ɨɫɧɨɜɟ ɩɪɨɞɟɥɚɧɧɨɣ ɪɚɛɨɬɵ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɫɥɟɞɭɸɳɢɟ ɜɵɜɨɞɵμ 

– ɞɥɹ ɤɨɧɬɪɨɥɹ ɤɚɱɟɫɬɜɚ ɡɚɳɢɬɧɵɯ, ɚɧɬɢɤɨɪɪɨɡɢɣɧɵɯ ɩɨɤɪɵɬɢɣ, ɜ ɱɚɫɬɧɨɫɬɢ ɨɩɪɟɞɟ-
ɥɟɧɢɹ Al , Cr, Cu, Fe, Ni, Si ɢ Y ɜ ɤɚɬɨɞɚɯ ɦɚɪɤɢ ɋȾɉ-θ ɧɚ ɨɫɧɨɜɟ ɤɨɛɚɥɶɬɚ ɢ Al , Cr, Cu, 
Fe, W, Si, Ta, Hf ɢ Y ɜ ɤɚɬɨɞɚɯ ɦɚɪɨɤ ɋȾɉ-1 ɢ Ⱥɀ8 ɧɚ ɧɢɤɟɥɟɜɨɣ ɨɫɧɨɜɟ, ɧɚɢɛɨɥɟɟ 
ɩɨɞɯɨɞɹɳɢɦ ɹɜɥɹɟɬɫɹ ɦɟɬɨɞ ɊɎȺ; 

– ɦɟɬɨɞ ɊɎȺ ɩɨɡɜɨɥɹɟɬ ɨɞɢɧɚɤɨɜɨ ɷɮɮɟɤɬɢɜɧɨ ɩɪɨɜɨɞɢɬɶ ɯɢɦɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɤɚɤ 
ɝɨɬɨɜɨɣ ɩɪɨɞɭɤɰɢɢ, ɬɚɤ ɨɫɭɳɟɫɬɜɥɹɬɶ ɤɨɧɬɪɨɥɶ ɜ ɯɨɞɟ ɩɥɚɜɤɢ ɦɚɬɟɪɢɚɥɚ; 

– ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɬɨɱɧɨɝɨ ɚɧɚɥɢɡɚ ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɤɨɪɪɟɤɬɢɪɨɜɚɧɧɵɟ 
ɝɪɚɞɭɢɪɨɜɨɱɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ (ɭɪɚɜɧɟɧɢɹ ɦɧɨɠɟɫɬɜɟɧɧɨɣ ɪɟɝɪɟɫɫɢɢ), ɩɨɥɭɱɟɧɧɵɟ ɫ 
ɩɪɢɦɟɧɟɧɢɟɦ ɋɈ ɫɨɫɬɚɜɚ ɩɪɢɩɨɹ; 

– ɛɟɡɷɬɚɥɨɧɧɵɣ ɫɩɨɫɨɛ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɩɨɞɯɨɞɢɬ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 
ɬɨɥɶɤɨ ɱɚɫɬɢ ɷɥɟɦɟɧɬɨɜμ ɯɪɨɦɚ ɢ ɠɟɥɟɡɚ ‒ ɜ ɤɚɬɨɞɟ ɦɚɪɤɢ ɋȾɉ-θ ɢ ɜɨɥɶɮɪɚɦɚ ‒ ɜ ɤɚɬɨ-
ɞɚɯ ɦɚɪɨɤ ɋȾɉ-1 ɢ Ⱥɀ8; 

– ɩɪɚɜɢɥɶɧɨɫɬɶ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɩɨɞɬɜɟɪɠɞɟɧɚ ɫɪɚɜɧɢɬɟɥɶɧɵɦ ɚɧɚɥɢɡɨɦ ɦɟ-
ɬɨɞɚɦɢ ɂɋɉ-Ⱥɗɋ ɢ ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɟɣ ɜɵɫɨɤɨɝɨ ɪɚɡɪɟɲɟɧɢɹ ɫ ɬɥɟɸɳɢɦ ɪɚɡɪɹɞɨɦ. 
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Ɋаɫɫɦɨɬɪɟɧɵ ɨɫɧɨвɧɵɟ ɷɬаɩɵ ɠɢɡɧɟɧɧɨɝɨ ɩɭɬɢ ɞɨɤɬɨɪа ɬɟɯɧɢɱɟɫɤɢɯ ɧаɭɤ, ɩɪɨɮɟɫ-

ɫɨɪа, ɡаɫɥɭɠɟɧɧɨɝɨ ɞɟɹɬɟɥɹ ɧаɭɤɢ ɢ ɬɟɯɧɢɤɢ ɊɋɎɋɊ, ɤɪɭɩɧɨɝɨ ɫɩɟɰɢаɥɢɫɬа в ɨɛɥаɫɬɢ 
ɫɨɡɞаɧɢɹ ɢ вɧɟɞɪɟɧɢɹ в ɩɪɨɦɵɲɥɟɧɧɨɫɬɶ ɩɨɥɢɦɟɪɨв ɞɥɹ ɧɨвɵɯ авɢаɰɢɨɧɧɵɯ ɦаɬɟɪɢаɥɨв – 
Нɢɤɨɥаɹ ɋɟɦɟɧɨвɢɱа Ʌɟɡɧɨва (17.12.1904–25.06.1984). ɉɪɨаɧаɥɢɡɢɪɨваɧɵ ɢ ɨɩɢɫаɧɵ 
ɧаɭɱɧɵɟ ɬɪɭɞɵ ɢ ɞɨɫɬɢɠɟɧɢɹ ɨɫɧɨваɬɟɥɹ ɥаɛɨɪаɬɨɪɢɢ ɫɢɧɬɟɡа ɩɨɥɢɦɟɪɨв, ɫвɹɡɭɸɳɢɯ 
ɞɥɹ ɧɟɦɟɬаɥɢɱɟɫɤɢɯ ɦаɬɟɪɢаɥɨв ɢ ɫɩɟɰɢаɥɶɧɵɯ ɠɢɞɤɨɫɬɟɣ, а ɬаɤɠɟ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ 
ɢɫɫɥɟɞɨваɧɢɹ ɩɨɥɢɦɟɪɧɵɯ ɦаɬɟɪɢаɥɨв ȼИȺɆ.  

Ключевые слова: ɩɨɥɢɨɪɝаɧɨɫɢɥɨɤɫаɧɵ, ɩɨɥɢɷɬɢɥɫɢɥɨɤɫаɧɵ, ɤɪɟɦɧɢɣɨɪɝаɧɢɱɟɫɤɢɟ 
ɫвɹɡɭɸɳɢɟ, ɷɩɨɤɫɢɞɧɵɟ ɫвɹɡɭɸɳɢɟ, ɩɨɥɢɢɦɢɞɧɵɟ ɫвɹɡɭɸɳɢɟ, авɢаɰɢɨɧɧаɹ ɩɪɨɦɵɲɥɟɧ-
ɧɨɫɬɶ.  

 
N.S. Kitaeva1, Yu.M. Shiryakina1, R.R. Mukhametov1, R.O. Shitov1 
 
NIKOLAY  SEMENOVICH  LEZNOV:  BIOGRAPHY 
AND  CONTRIBUTION  TO  THE  DEVELOPMENT  OF  SCIENCE 
 

The main life stages of a doctor of technical sciences, professor, honored worker of science 
and technology of the RSFSR, a major specialist in the field of creation and implementation of 
polymers for new aviation materials, whose name was Nikolai Semenovich Leznov (12/17/1904–
06/25/1984), were considered. The scientific works and achievements of the founder of the la-
boratory for the synthesis of polymers, binders for non-metallic materials, special liquids and 
physical and chemical studies of polymer materials of VIAM were analyzed and described. 

Keywords: polyorganosiloxanes, polyethylsiloxanes, organosilicon binders, epoxy binders, 
polyimide binders, aviation industry. 

 
1Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɭɧɢɬɚɪɧɨɟ ɩɪɟɞɩɪɢɹɬɢɟ «ȼɫɟɪɨɫɫɢɣɫɤɢɣ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ 
ɢɧɫɬɢɬɭɬ ɚɜɢɚɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ» Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɧɚɭɱɧɵɣ ɰɟɧɬɪ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ [Federal 
SЭКЭО UЧТЭКrв EЧЭОrЩrТsО «AХХ-RЮssТКЧ SМТОЧЭТПТМ RОsОКrМС IЧsЭТЭЮЭО ШП AЯТКЭТШЧ MКЭОrТКХs» SЭКЭО RОsОКrМС 
Center of the Russian Federation]; e-mail: admin@viam.ru 

 
ȼвɟɞɟɧиɟ 

ɂɧɧɨɜɚɰɢɨɧɧɨɟ ɪɚɡɜɢɬɢɟ Ɋɨɫɫɢɢ ɬɟɫɧɨ ɫɜɹɡɚɧɨ ɫ ɭɫɩɟɯɚɦɢ ɢ ɞɨɫɬɢɠɟɧɢɹɦɢ 
ɛɨɥɶɲɢɯ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɯ ɧɚɭɱɧɵɯ ɰɟɧɬɪɨɜ ɛɥɚɝɨɞɚɪɹ ɢɯ ɫɬɪɟɦɥɟɧɢɸ ɜɫɟɝɞɚ ɛɵɬɶ ɜ 
ɚɜɚɧɝɚɪɞɟ ɧɚɭɱɧɵɯ ɪɚɡɪɚɛɨɬɨɤ Д1–7Ж. Ɉɞɧɢɦ ɢɡ ɬɚɤɢɯ ɰɟɧɬɪɨɜ ɹɜɥɹɟɬɫɹ ɎȽɍɉ  
«ȼɂȺɆ», ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɵɣ ɪɟɫɭɪɫ ɤɨɬɨɪɨɝɨ ɧɚ ɩɪɨɬɹɠɟɧɢɢ ɜɫɟɣ ɢɫɬɨɪɢɢ ɟɝɨ ɫɭɳɟ-
ɫɬɜɨɜɚɧɢɹ ɢɦɟɥ ɨɩɪɟɞɟɥɹɸɳɟɟ ɡɧɚɱɟɧɢɟ ɞɥɹ ɷɮɮɟɤɬɢɜɧɨɣ ɢ ɤɚɱɟɫɬɜɟɧɧɨɣ ɪɚɛɨɬɵ 
ɩɪɟɞɩɪɢɹɬɢɹ Д8Ж. Ȼɟɡɭɫɥɨɜɧɨ, ɎȽɍɉ «ȼɂȺɆ» – ɷɬɨ ɩɪɟɠɞɟ ɜɫɟɝɨ ɬɚɥɚɧɬɥɢɜɵɟ ɥɸɞɢ, 
ɹɜɥɹɸɳɢɟɫɹ ɩɪɢɦɟɪɨɦ ɞɥɹ ɦɧɨɝɢɯ ɩɨɤɨɥɟɧɢɣ ɭɱɟɧɵɯ ɤɚɤ ɜ ɧɪɚɜɫɬɜɟɧɧɨɦ ɚɫɩɟɤɬɟ, ɬɚɤ 
ɢ ɜ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ. ɂɦɟɧɧɨ ɬɚɤɢɦ ɛɵɥ ɇɢɤɨɥɚɣ ɋɟɦɟɧɨɜɢɱ 
Ʌɟɡɧɨɜ – ɞɨɤɬɨɪ ɬɟɯɧɢɱɟɫɤɢɯ ɧɚɭɤ, ɩɪɨɮɟɫɫɨɪ, ɡɚɫɥɭɠɟɧɧɵɣ ɞɟɹɬɟɥɶ ɧɚɭɤɢ ɢ ɬɟɯɧɢɤɢ 
ɊɋɎɋɊ, ɤɪɭɩɧɵɣ ɫɩɟɰɢɚɥɢɫɬ ɜ ɨɛɥɚɫɬɢ ɫɨɡɞɚɧɢɹ ɢ ɜɧɟɞɪɟɧɢɹ ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɶ ɩɨ-
ɥɢɦɟɪɨɜ ɞɥɹ ɧɨɜɵɯ ɚɜɢɚɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. 



ВȩȒаȬщȖȓȟȭ ȡȥȓțȩȓ ВǶАǺ  

 

 

ȀǾȁДЫ  ВǶАǺ  № 7 (101)  2021                                                                                                                       113 

 

 
 

ɇɢɤɨɥɚɣ ɋɟɦɟɧɨɜɢɱ Ʌɟɡɧɨɜ  
4(17).12.1904 – 25.06.1984 

 
Ɋɨɞɢɥɫɹ ɜ ɝ. ȿɥɶɰɟ Ɉɪɥɨɜɫɤɨɣ ɝɭɛɟɪɧɢɢ ɜ ɫɟɦɶɟ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɝɨ ɫɥɭɠɚɳɟɝɨ 

ɋɟɦɟɧɚ ȼɚɫɢɥɶɟɜɢɱɚ Ʌɟɡɧɨɜɚ ɢ ɟɝɨ ɠɟɧɵ ɉɪɚɫɤɨɜɶɢ ɉɪɨɤɨɮɶɟɜɧɵ. ɍ ɧɟɝɨ ɛɵɥɨ ɬɪɢ 
ɫɟɫɬɪɵ, ɱɶɢ ɩɪɨɮɟɫɫɢɢ ɜ ɛɭɞɭɳɟɦ ɬɟɫɧɨ ɫɜɹɡɚɧɵ ɫ ɦɟɞɢɰɢɧɨɣ ɢ ɯɢɦɢɟɣ. 

 

Ⱥɥɟɤɫɚɧɞɪɚ ɋɟɦɟɧɨɜɧɚ, ɜɪɚɱ
(1901–1947)

ȼɚɪɜɚɪɚ ɋɟɦɟɧɨɜɧɚ, ɜɪɚɱ
(1902–1982)

ɇɚɞɟɠɞɚ ɋɟɦɟɧɨɜɧɚ, ɯɢɦɢɤ
(1907–1978)

 
ɋɟɫɬɪɵ ɇɢɤɨɥɚɹ ɋɟɦɟɧɨɜɢɱɚ Ʌɟɡɧɨɜɚ 

 
ȼ 1λ22 ɝ. ɇɢɤɨɥɚɣ ɨɤɨɧɱɢɥ ɲɤɨɥɭ ІІ ɫɬɭɩɟɧɢ ɜ ɝ. ȿɥɶɰɟ.  
ɍɱɟɛɭ ɜ ɲɤɨɥɟ ɇɢɤɨɥɚɣ ɫɨɜɦɟɳɚɥ ɫ ɪɚɛɨɬɨɣ ɜ ɩɪɨɞɨɜɨɥɶɫɬɜɟɧɧɨɦ ɤɨɦɢɬɟɬɟ ɩɪɢ 

ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɣ ɫɬɚɧɰɢɢ ȿɥɟɰ.  
ȼ 1λ22 ɝ. ɇ.ɋ. Ʌɟɡɧɨɜ ɛɵɥ ɨɬɤɨɦɚɧɞɢɪɨɜɚɧ Ʉɚɥɭɠɫɤɢɦ ɝɭɛɩɪɨɮɫɨɜɟɬɨɦ ɧɚ ɭɱɟɛɭ 

ɜ ɂɦɩɟɪɚɬɨɪɫɤɢɣ Ʉɨɧɫɬɚɧɬɢɧɨɜɫɤɢɣ ɦɟɠɟɜɨɣ ɢɧɫɬɢɬɭɬ ɜ Ɇɨɫɤɜɟ, ɩɨɫɥɟ ɪɚɫɮɨɪɦɢɪɨɜɚ-
ɧɢɹ ɤɨɬɨɪɨɝɨ ɨɧ ɜ 1λ2γ ɝ. ɩɟɪɟɯɨɞɢɬ ɜ ɂɧɫɬɢɬɭɬ ɧɚɪɨɞɧɨɝɨ ɯɨɡɹɣɫɬɜɚ ɢɦ. Ʉ. Ɇɚɪɤɫɚ (ɧɵɧɟ 
Ɋɨɫɫɢɣɫɤɚɹ ɷɤɨɧɨɦɢɱɟɫɤɚɹ ɚɤɚɞɟɦɢɹ ɢɦ. Ƚ.ȼ. ɉɥɟɯɚɧɨɜɚ). Ɉɞɧɚɤɨ ɜ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɤɭɪɫ 
ɫɪɟɞɧɟɣ ɲɤɨɥɵ ɢɦ ɧɟ ɛɵɥ ɩɪɨɣɞɟɧ, ɢɧɫɬɢɬɭɬ ɩɪɢɲɥɨɫɶ ɨɫɬɚɜɢɬɶ. ȼ 1λ27–1λ28 ɝɝ. ɇɢɤɨɥɚɣ 
ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ ɨɫɜɚɢɜɚɟɬ ɤɭɪɫ ɫɪɟɞɧɟɣ ɲɤɨɥɵ. 
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ȼɬɨɪɨɟ ɩɪɢɯɨɞɫɤɨɟ ɭɱɢɥɢɳɟ (ɇɢɤɨɥɚɣ Ʌɟɡɧɨɜ ɪɹɞɨɦ ɫ ɭɱɢɬɟɥɶɧɢɰɟɣ ɫɩɪɚɜɚ).  
ɝ. ȿɥɟɰ, 1γ ɦɚɹ 1λ14 ɝ. Ɏɨɬɨɝɪɚɮɢɹ Ɋ.Ʌ. Ʉɭɧɰɟ 

 
ȼ 1λ2λ ɝ. ɩɨ ɞɨɩɨɥɧɢɬɟɥɶɧɨɦɭ ɩɪɢɟɦɭ ɜ ɯɢɦɢɱɟɫɤɢɟ ɜɭɡɵ ɇ.ɋ. Ʌɟɡɧɨɜ ɛɵɥ ɡɚ-

ɱɢɫɥɟɧ ɧɚ ɩɟɪɜɵɣ ɤɭɪɫ ɍɪɚɥɶɫɤɨɝɨ ɩɨɥɢɬɟɯɧɢɱɟɫɤɨɝɨ ɢɧɫɬɢɬɭɬɚ (ɝ. ɋɜɟɪɞɥɨɜɫɤ), ɨɬɤɭɞɚ 
ɨɫɟɧɶɸ ɬɨɝɨ ɠɟ ɝɨɞɚ ɩɟɪɟɜɟɞɟɧ ɜ Ɇɨɫɤɨɜɫɤɨɟ ɜɵɫɲɟɟ ɬɟɯɧɢɱɟɫɤɨɟ ɭɱɢɥɢɳɟ (ɆȼɌɍ; 
ɧɵɧɟ Ɇɨɫɤɨɜɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦ. ɇ.ɗ. Ȼɚɭɦɚɧɚ) ɧɚ ɯɢ-
ɦɢɱɟɫɤɢɣ ɮɚɤɭɥɶɬɟɬ. 

ȼ 1λγ0 ɝ. ɜ ɫɜɹɡɢ ɫ ɪɟɨɪɝɚɧɢɡɚɰɢɟɣ ɆȼɌɍ ɩɟɪɟɜɟɞɟɧ ɜ Ɇɨɫɤɨɜɫɤɢɣ ɯɢɦɢɤɨ-
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ (ɆХɌɂ) ɢɦ. Ⱦ.ɂ. Ɇɟɧɞɟɥɟɟɜɚ (ɧɵɧɟ Ɋɨɫɫɢɣɫɤɢɣ ɯɢɦɢɤɨ-
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦ. Ⱦ.ɂ. Ɇɟɧɞɟɥɟɟɜɚ), ɤɨɬɨɪɵɣ ɡɚɤɨɧɱɢɥ ɜ 1λγ2 ɝ., ɩɨɥɭ-
ɱɢɜ ɫɩɟɰɢɚɥɶɧɨɫɬɶ «ɢɧɠɟɧɟɪ-ɬɟɯɧɨɥɨɝ ɚɧɢɥɢɧɨ-ɤɪɚɫɨɱɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ». 

ɉɨɫɥɟ ɨɤɨɧɱɚɧɢɹ ɢɧɫɬɢɬɭɬɚ ɇ.ɋ. Ʌɟɡɧɨɜ ɪɚɛɨɬɚɥ ɜ ɪɹɞɟ ɨɪɝɚɧɢɡɚɰɢɣ (ɨɩɵɬɧɵɣ 
ɡɚɜɨɞ Ɇɢɧɢɫɬɟɪɫɬɜɚ ɯɢɦɢɱɟɫɤɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɋɋɋɊ, Ƚɥɚɜɧɨɟ ɭɩɪɚɜɥɟɧɢɟ ɚɧɢɥɢ-
ɧɨɜɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɇɚɪɤɨɦɚɬɚ ɯɢɦɢɱɟɫɤɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɋɋɋɊ ɢ ɞɪ.), ɚ ɬɚɤɠɟ 
ɩɪɟɩɨɞɚɜɚɥ ɜ ɆХɌɂ ɢɦ. Ⱦ.ɂ. Ɇɟɧɞɟɥɟɟɜɚ, ɧɚ ɯɢɦɢɱɟɫɤɨɦ ɮɚɤɭɥɶɬɟɬɟ ȼɫɟɫɨɸɡɧɨɣ 
ɩɪɨɦɵɲɥɟɧɧɨɣ ɚɤɚɞɟɦɢɢ ɢɦ. Ʌ. Ʉɚɝɚɧɨɜɢɱɚ ɇɚɪɤɨɦɚɬɚ ɬɹɠɟɥɨɝɨ ɦɚɲɢɧɨɫɬɪɨɟɧɢɹ 
ɋɋɋɊ, ɜɨ ȼɫɟɫɨɸɡɧɨɣ ɲɤɨɥɟ ɬɟɯɧɢɤɨɜ. 

Ɉɫɟɧɶɸ 1λ41 ɝ. ɇɢɤɨɥɚɣ ɋɟɦɟɧɨɜɢɱ ɛɵɥ ɦɨɛɢɥɢɡɨɜɚɧ ɜ ɚɪɦɢɸ, ɜ ɧɨɹɛɪɟ 1λ41 ɝ. 
ɞɟɦɨɛɢɥɢɡɨɜɚɧ ɢ ɧɚɩɪɚɜɥɟɧ ɧɚ ɪɚɛɨɬɭ ɧɚ ɯɢɦɢɱɟɫɤɢɣ ɡɚɜɨɞ, ɨɬɤɭɞɚ ɜ ɫɟɧɬɹɛɪɟ 1λ4γ ɝ. 
ɨɬɨɡɜɚɧ ɜ ɇɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɢɧɫɬɢɬɭɬ ɨɪɝɚɧɢɱɟɫɤɢɯ ɩɨɥɭɩɪɨɞɭɤɬɨɜ ɢ ɤɪɚɫɢɬɟ-
ɥɟɣ (ɇɂɂɈɉɢɄ). 

 

 
ɇɢɤɨɥɚɣ ɋɟɦɟɧɨɜɢɱ Ʌɟɡɧɨɜ ɜɨ ɜɪɟɦɹ ȼɟɥɢɤɨɣ Ɉɬɟɱɟɫɬɜɟɧɧɨɣ ɜɨɣɧɵ 
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ȼ ɬɨɦ ɠɟ ɜɨɟɧɧɨɦ 1λ4γ ɝ. ɇ.ɋ. Ʌɟɡɧɨɜ ɩɨɫɬɭɩɢɥ ɧɚ ɪɚɛɨɬɭ ɜɨ ȼɫɟɫɨɸɡɧɵɣ ɧɚɭɱ-
ɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɢɧɫɬɢɬɭɬ ɚɜɢɚɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ (ȼɂȺɆ), ɝɞɟ ɬɪɭɞɢɥɫɹ ɫɬɚɪ-
ɲɢɦ ɢɧɠɟɧɟɪɨɦ, ɦɥɚɞɲɢɦ ɧɚɭɱɧɵɦ ɫɨɬɪɭɞɧɢɤɨɦ (1λ4θ ɝ.), ɫɬɚɪɲɢɦ ɧɚɭɱɧɵɦ ɫɨɬɪɭɞ-
ɧɢɤɨɦ (1λ47 ɝ.), ɧɚɱɚɥɶɧɢɤɨɦ ɨɬɞɟɥɚ (1ληθ ɝ.), ɧɚɱɚɥɶɧɢɤɨɦ ɥɚɛɨɪɚɬɨɪɢɢ № 2η (1ληλ ɝ.), 
ɧɚɱɚɥɶɧɢɤɨɦ ɫɟɤɬɨɪɚ (1λ70 ɝ.). 

ȼ 1λ47 ɝ. ɜ ɭɱɟɧɨɦ ɫɨɜɟɬɟ Ɇɨɫɤɨɜɫɤɨɝɨ ɢɧɫɬɢɬɭɬɚ ɯɢɦɢɱɟɫɤɨɝɨ ɦɚɲɢɧɨɫɬɪɨɟɧɢɹ 
(ɆɂХɆ; ɧɵɧɟ Ɇɨɫɤɨɜɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɧɠɟɧɟɪɧɨɣ ɷɤɨɥɨɝɢɢ ɜ ɫɨ-
ɫɬɚɜɟ Ɇɨɫɤɨɜɫɤɨɝɨ ɩɨɥɢɬɟɯɧɢɱɟɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ) ɇ.ɋ. Ʌɟɡɧɨɜ ɡɚɳɢɬɢɥ ɤɚɧɞɢɞɚɬ-
ɫɤɭɸ ɞɢɫɫɟɪɬɚɰɢɸ ɧɚ ɬɟɦɭ «ɋɢɧɬɟɡ ɬɪɢɚɥɥɢɥɨɜɵɯ ɷɮɢɪɨɜ ɬɪɟɯɨɫɧɨɜɧɵɯ ɤɢɫɥɨɬ ɢ ɩɨ-
ɥɢɦɟɪɢɡɚɰɢɹ ɢɯ» ɢ ɟɦɭ ɛɵɥɚ ɩɪɢɫɜɨɟɧɚ ɭɱɟɧɚɹ ɫɬɟɩɟɧɶ ɤɚɧɞɢɞɚɬɚ ɬɟɯɧɢɱɟɫɤɢɯ ɧɚɭɤ. 

ȼ ɩɨɫɥɟɜɨɟɧɧɨɟ ɜɪɟɦɹ ɜ ɩɟɪɢɨɞ ɢɧɬɟɧɫɢɜɧɨɝɨ ɪɚɡɜɢɬɢɹ ɝɪɚɠɞɚɧɫɤɨɣ ɢ ɜɨɟɧɧɨɣ 
ɚɜɢɚɰɢɢ ɫɭɳɟɫɬɜɟɧɧɨ ɭɜɟɥɢɱɢɥɫɹ ɫɩɪɨɫ ɧɚ ɩɨɥɢɦɟɪɵ, ɫɩɨɫɨɛɧɵɟ ɪɚɛɨɬɚɬɶ ɩɪɢ ɜɵɫɨɤɢɯ 
ɬɟɦɩɟɪɚɬɭɪɚɯ, ɚ ɬɚɤɠɟ ɨɛɥɚɞɚɸɳɢɟ ɪɹɞɨɦ ɫɩɟɰɢɚɥɶɧɵɯ ɫɜɨɣɫɬɜ Дλ, 10Ж. 

ɉɟɪɜɨɣ ɡɚɞɚɱɟɣ, ɡɚ ɪɟɲɟɧɢɟ ɤɨɬɨɪɨɣ ɜɡɹɥɫɹ ɜɵɫɨɤɨɷɪɭɞɢɪɨɜɚɧɧɵɣ ɢ ɧɚɤɨɩɢɜ-
ɲɢɣ ɤ ɷɬɨɦɭ ɜɪɟɦɟɧɢ ɛɨɥɶɲɨɣ ɨɩɵɬ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɣ ɪɚɛɨɬɵ ɇ.ɋ. Ʌɟɡɧɨɜ, 
ɛɵɥɨ ɫɨɡɞɚɧɢɟ ɠɢɞɤɨɫɬɟɣ ɢ ɦɚɫɟɥ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɯɫɹ ɧɢɡɤɢɦɢ (–60 °ɋ) ɬɟɦɩɟɪɚɬɭɪɚ-
ɦɢ ɡɚɫɬɵɜɚɧɢɹ, ɧɟɜɵɫɨɤɢɦ ɬɟɦɩɟɪɚɬɭɪɧɵɦ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɜɹɡɤɨɫɬɢ ɢ ɪɹɞɨɦ ɫɩɟɰɢɮɢ-
ɱɟɫɤɢɯ ɫɜɨɣɫɬɜ, ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ ɜ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɫɢɫɬɟɦɚɯ ɧɨɜɵɯ ɫɚɦɨɥɟɬɨɜ. ɗɬɚ ɪɚ-
ɛɨɬɚ ɢɦɟɥɚ ɨɱɟɧɶ ɜɚɠɧɨɟ ɡɧɚɱɟɧɢɟ, ɟɟ ɜɵɩɨɥɧɟɧɢɟ ɩɪɨɯɨɞɢɥɨ ɩɨɞ ɫɬɪɨɝɢɦ ɤɨɧɬɪɨɥɟɦ 
Ɇɢɧɢɫɬɟɪɫɬɜɚ ɚɜɢɚɰɢɨɧɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. 

ɂɫɯɨɞɹ ɢɡ ɩɪɟɞɩɨɫɵɥɤɢ, ɱɬɨ ɩɨɞɨɛɧɵɦ ɤɨɦɩɥɟɤɫɨɦ ɫɜɨɣɫɬɜ ɦɨɝɭɬ ɨɛɥɚɞɚɬɶ ɩɨ-
ɥɢɨɪɝɚɧɨɫɢɥɨɤɫɚɧɵ ɫ ɨɛɪɚɦɥɟɧɢɟɦ ɜ ɜɢɞɟ ɷɬɢɥɶɧɵɯ ɝɪɭɩɩ, ɨɛɴɟɤɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɣ 
ɇ.ɋ. Ʌɟɡɧɨɜɚ ɫɬɚɥɢ ɩɨɥɢɞɢɷɬɢɥɫɢɥɨɤɫɚɧɵ (ɉɗɋ). 

Ɉɫɧɨɜɧɵɦ ɢɫɯɨɞɧɵɦ ɫɵɪɶɟɦ ɞɥɹ ɫɢɧɬɟɡɚ ɉɗɋ ɛɵɥ ɜɵɛɪɚɧ ɞɢɷɬɢɥɞɢɷɬɨɤɫɢɫɢɥɚɧ 
(ȾɗȾɗɈɋ) ɢ ɟɝɨ ɫɦɟɫɢ ɫ ɬɪɢɷɬɢɥɷɬɨɤɫɢɫɢɥɚɧɨɦ (ɌɗɗɈɋ). ɉɪɨɝɪɚɦɦɚ ɪɚɛɨɬ ɩɪɟɞɭ-
ɫɦɚɬɪɢɜɚɥɚ ɢɫɫɥɟɞɨɜɚɧɢɟ ɪɟɚɤɰɢɣ ɨɛɪɚɡɨɜɚɧɢɹ ɩɨɥɢɞɢɚɥɤɢɥ(ɚɥɤɢɥɮɟɧɢɥ)ɫɢɥɨɤɫɚɧɨɜ 
ɢɡ ɞɢɚɥɤɢɥ(ɚɥɤɢɥɮɟɧɢɥ)ɞɢɷɬɨɤɫɢɫɢɥɚɧɨɜ ɢ ɪɚɡɪɚɛɨɬɤɭ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɫɩɨɫɨɛɚ ɩɪɨɢɡ-
ɜɨɞɫɬɜɚ ɩɨɥɢɨɪɝɚɧɨɫɢɥɨɤɫɚɧɨɜɵɯ ɠɢɞɤɨɫɬɟɣ.  

Ʉ ɷɬɨɦɭ ɜɪɟɦɟɧɢ ɢɡ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ ɥɢɬɟɪɚɬɭɪɵ ɛɵɥ ɢɡɜɟɫɬɟɧ ɥɢɲɶ ɨɞɢɧ 
ɫɩɨɫɨɛ ɩɨɥɭɱɟɧɢɹ ɉɗɋ – ɩɭɬɟɦ ɜɨɞɧɨɝɨ ɝɢɞɪɨɥɢɡɚ ɞɢɚɥɤɢɥɞɢɷɬɨɤɫɢɫɢɥɚɧɨɜ. ɉɪɨɜɟ-
ɞɟɧɧɵɟ ɇ.ɋ. Ʌɟɡɧɨɜɵɦ ɢ ɟɝɨ ɤɨɥɥɟɝɚɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɩɪɢ ɝɢɞɪɨɥɢɡɟ 
ȾɗȾɗɈɋ ɜɨɞɨɣ ɢ ɜɨɞɧɵɦɢ ɪɚɫɬɜɨɪɚɦɢ ɤɢɫɥɨɬ ɨɛɪɚɡɭɟɬɫɹ ɫɦɟɫɶ ɰɢɤɥɢɱɟɫɤɢɯ ɢ ɥɢɧɟɣ-
ɧɵɯ ɉɗɋ.  

ɉɪɢɫɭɬɫɬɜɢɟ ɧɚ ɤɨɧɰɚɯ ɥɢɧɟɣɧɵɯ ɦɨɥɟɤɭɥ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ –Ɉɇ- ɢ –Ɉɋ2ɇ5-ɝɪɭɩɩ 
ɜ ɫɨɫɬɚɜɟ ɩɨɥɭɱɟɧɧɵɯ ɠɢɞɤɨɫɬɟɣ ɫɧɢɠɚɟɬ ɬɟɪɦɢɱɟɫɤɭɸ ɢ ɯɢɦɢɱɟɫɤɭɸ ɫɬɚɛɢɥɶɧɨɫɬɶ 
ɩɨɫɥɟɞɧɢɯ. ɉɨɥɧɨɝɨ ɭɫɬɪɚɧɟɧɢɹ –Ɉɋ2ɇ5-ɝɪɭɩɩ ɞɨɫɬɢɱɶ ɧɟ ɭɞɚɟɬɫɹ, ɬɚɤ ɤɚɤ ɢɯ ɚɤɬɢɜ-
ɧɨɫɬɶ ɤ ɝɢɞɪɨɥɢɡɭ ɩɨ ɦɟɪɟ ɭɜɟɥɢɱɟɧɢɹ ɞɥɢɧɵ ɦɨɥɟɤɭɥ ɭɦɟɧɶɲɚɟɬɫɹ ɢ ɞɥɹ ɟɝɨ ɨɫɭ-
ɳɟɫɬɜɥɟɧɢɹ ɬɪɟɛɭɟɬɫɹ ɛɨɥɟɟ ɠɟɫɬɤɨɟ ɜɨɡɞɟɣɫɬɜɢɟ, ɱɟɦ ɜɨɡɞɟɣɫɬɜɢɟ ɜɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ 
ɤɢɫɥɨɬɵ.  

Ⱦɥɹ ɩɪɢɞɚɧɢɹ ɫɬɚɛɢɥɶɧɨɫɬɢ ɠɢɞɤɨɫɬɹɦ, ɩɨɥɭɱɟɧɧɵɦ ɩɪɢ ɜɨɞɧɨ-ɤɢɫɥɨɬɧɨɦ 
ɝɢɞɪɨɥɢɡɟ ȾɗȾɗɈɋ, ɢɯ ɨɛɪɚɛɚɬɵɜɚɥɢ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɫɟɪɧɨɣ ɤɢɫɥɨɬɨɣ. ɉɪɢ ɷɬɨɦ 
ɜɵɹɫɧɢɥɢ, ɱɬɨ ɧɚɪɹɞɭ ɫ ɩɨɥɧɵɦ ɢɥɢ ɱɚɫɬɢɱɧɵɦ ɭɫɬɪɚɧɟɧɢɟɦ ɨɤɫɢɝɪɭɩɩ, ɜ ɡɚɜɢɫɢɦɨ-
ɫɬɢ ɨɬ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɫɨɨɬɧɨɲɟɧɢɹ ɪɟɚɝɟɧɬɨɜ, ɦɨɝɭɬ ɛɵɬɶ ɩɨɥɧɨɫɬɶɸ ɭɫɬɪɚɧɟɧɵ 
ɷɬɨɤɫɢɝɪɭɩɩɵ ɜ ɜɢɞɟ ɷɬɢɥɫɟɪɧɨɣ ɤɢɫɥɨɬɵ. ȼɵɞɜɢɧɭɬɨ ɩɪɟɞɩɨɥɨɠɟɧɢɟ, ɱɬɨ ɩɪɹɦɨɟ ɜɡɚ-
ɢɦɨɞɟɣɫɬɜɢɟ ɫ ɫɟɪɧɨɣ ɤɢɫɥɨɬɨɣ ɩɪɢɜɟɞɟɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɉɗɋ, ɫɜɨɛɨɞɧɵɯ ɨɬ ɮɭɧɤɰɢɨ-
ɧɚɥɶɧɵɯ ɝɪɭɩɩ, ɛɥɚɝɨɞɚɪɹ ɩɪɨɜɟɞɟɧɢɸ ɪɟɚɤɰɢɢ ɩɪɚɤɬɢɱɟɫɤɢ ɜ ɛɟɡɜɨɞɧɨɣ ɫɪɟɞɟ ɢ ɞɟ-
ɝɢɞɪɚɬɢɪɭɸɳɟɦɭ ɞɟɣɫɬɜɢɸ ɫɟɪɧɨɣ ɢ ɨɛɪɚɡɭɸɳɟɣɫɹ ɷɬɢɥɫɟɪɧɨɣ ɤɢɫɥɨɬ ɫɨɝɥɚɫɧɨ ɫɥɟ-
ɞɭɸɳɟɣ ɫɯɟɦɟμ  
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   .SiO)H(C Si(OH))H(C )HSi(OC)H(C 2522252
HOSOHC

SOH
252252

352

42
x    (1) 

 
ɉɪɨɜɟɞɟɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɵ ɩɨɥɧɨɫɬɶɸ ɩɨɞɬɜɟɪɞɢɥɢ ɷɬɨ ɩɪɟɞɩɨɥɨɠɟɧɢɟ. ɍɫɬɚ-

ɧɨɜɥɟɧɨ ɜɥɢɹɧɢɟ ɫɨɨɬɧɨɲɟɧɢɹ ɢɫɯɨɞɧɵɯ ɪɟɚɝɟɧɬɨɜ, ɬɟɦɩɟɪɚɬɭɪɵ, ɤɨɧɰɟɧɬɪɚɰɢɢ ɤɢɫɥɨ-
ɬɵ, ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɩɪɨɰɟɫɫɚ ɢ ɜɵɛɪɚɧɧɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ ɧɚ ɜɵɯɨɞ ɩɨɥɭɱɟɧɧɵɯ 
ɉɗɋ, ɚ ɬɚɤɠɟ ɧɚ ɢɯ ɤɚɱɟɫɬɜɟɧɧɵɣ ɢ ɮɪɚɤɰɢɨɧɧɵɣ ɫɨɫɬɚɜɵ. ɂɫɫɥɟɞɨɜɚɧɵ ɪɟɚɤɰɢɢ 
ȾɗȾɗɈɋ ɫ ɞɪɭɝɢɦɢ ɤɢɫɥɨɬɚɦɢμ ɮɨɫɮɨɪɧɨɣ, ɛɨɪɧɨɣ, ɪɹɞɨɦ ɦɨɧɨɤɚɪɛɨɧɨɜɵɯ (ɦɭɪɚɜɶɢ-
ɧɨɣ, ɭɤɫɭɫɧɨɣ, ɩɪɨɩɢɨɧɨɜɨɣ, ɧ-ɦɚɫɥɹɧɨɣ ɢ ɯɥɨɪɭɤɫɭɫɧɨɣ) ɢ ɞɢɤɚɪɛɨɧɨɜɵɯ ɤɢɫɥɨɬ (ɳɚ-
ɜɟɥɟɜɨɣ, ɹɧɬɚɪɧɨɣ, ɦɚɥɟɢɧɨɜɨɣ ɢ ɚɞɢɩɢɧɨɜɨɣ), ɚ ɬɚɤɠɟ ɫɨ ɦɧɨɝɢɦɢ ɚɥɶɞɟɝɢɞɚɦɢ, ɮɟɧɨ-
ɥɨɦ, ɷɩɢɯɥɨɪɝɢɞɪɢɧɨɦ ɢ ɝɥɢɤɨɥɹɦɢ ɬɢɩɚ ɯɥɨɪɚɥɶɝɢɞɪɚɬɚ.  

Ⱦɥɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ȾɗȾɗɈɋ ɫ ɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɨɣ ɇ.ɋ. Ʌɟɡɧɨɜ ɩɪɟɞɥɨɠɢɥ ɫɥɟ-
ɞɭɸɳɭɸ ɫɯɟɦɭ, ɫɨɫɬɨɹɳɭɸ ɢɡ ɞɜɭɯ ɫɬɚɞɢɣμ  

– ɩɟɪɜɚɹ ɫɬɚɞɢɹ ɩɪɨɯɨɞɢɬ ɫ ɪɚɫɳɟɩɥɟɧɢɟɦ Si–O-ɫɜɹɡɢ ɢ ɨɛɪɚɡɨɜɚɧɢɟɦ ɩɪɨɦɟɠɭɬɨɱ-
ɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ – ɞɢɷɬɢɥɞɢɚɰɟɬɨɤɫɢɫɢɥɚɧɚ (ȾɗȾȺɋ)μ 

;OHH2C)Si(OCOCH)H(C COOH2CH)HSi(OC)H(C 52232523252252    (2) 
 

– ɜɬɨɪɚɹ ɫɬɚɞɢɹ ɩɪɨɯɨɞɢɬ ɫ ɪɚɫɳɟɩɥɟɧɢɟɦ ɋ–Ɉ-ɫɜɹɡɢμ    .SiO)H(C Si(OH))H(C OHH2C)Si(OCOCH)H(C 2522252HCOOCCH25223252
523 x    (3) 

ȼɵɞɜɢɧɭɬɨ ɬɚɤɠɟ ɩɪɟɞɩɨɥɨɠɟɧɢɟ, ɱɬɨ ɨɛɪɚɡɨɜɚɧɢɟ ɉɗɋ ɧɚ ɜɬɨɪɨɣ ɫɬɚɞɢɢ ɦɨɠɟɬ 
ɛɵɬɶ ɪɟɡɭɥɶɬɚɬɨɦ ɝɟɬɟɪɨɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɤɨɧɞɟɧɫɚɰɢɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɢɡ ȾɗȾɗɈɋ ɢ 
ɨɛɪɚɡɭɸɳɟɝɨɫɹ ɧɚ ɩɟɪɜɨɣ ɫɬɚɞɢɢ ȾɗȾȺɋμ 

  .HCOOCCH2SiO)H(C  )Si(OCOCH)H(C)HSi(OC)H(C 52325223252252252  x  (4) 
 

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜɜɟɞɟɧɢɟ ɜ ɪɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ 0,1–0,2 % (ɩɨ ɦɚɫɫɟ) ɫɟɪɧɨɣ 
ɤɢɫɥɨɬɵ ɩɪɢɜɨɞɢɬ ɤ ɪɟɡɤɨɦɭ ɭɜɟɥɢɱɟɧɢɸ ɫɤɨɪɨɫɬɢ ɪɟɚɤɰɢɢ; ɩɪɢ ɷɬɨɦ ɪɚɡɧɢɰɚ ɜ ɞɥɢ-
ɬɟɥɶɧɨɫɬɢ ɩɪɨɰɟɫɫɚ, ɡɚɜɢɫɹɳɟɣ ɨɬ ɫɢɥɵ ɤɚɪɛɨɧɨɜɨɣ ɤɢɫɥɨɬɵ, ɫɜɨɞɢɬɫɹ ɤ ɦɢɧɢɦɭɦɭ. 
Ɉɞɧɨɜɪɟɦɟɧɧɨɟ ɜɜɟɞɟɧɢɟ ɭɤɚɡɚɧɧɨɝɨ ɤɚɬɚɥɢɡɚɬɨɪɚ ɩɨɡɜɨɥɹɟɬ ɫɧɢɡɢɬɶ ɢɡɛɵɬɨɤ ɤɢɫɥɨɬɵ, 
ɧɟɨɛɯɨɞɢɦɵɣ ɞɥɹ ɩɪɟɞɭɩɪɟɠɞɟɧɢɹ ɨɛɪɚɡɨɜɚɧɢɹ ɩɨɥɢɦɟɪɨɜ, ɫɨɞɟɪɠɚɳɢɯ ɜ ɦɚɤɪɨɦɨɥɟ-
ɤɭɥɟ ɷɬɨɤɫɢɝɪɭɩɩɵ Д11Ж. 

ɂɡ ɭɪɚɜɧɟɧɢɹ (γ) ɜɢɞɧɨ, ɱɬɨ ɩɪɢ ɞɟɣɫɬɜɢɢ ɫɩɢɪɬɨɜ ɧɚ ȾɗȾȺɋ ɞɨɥɠɧɵ ɩɨɥɭɱɚɬɶ-
ɫɹ ɭɤɫɭɫɧɨɷɬɢɥɨɜɵɟ ɷɮɢɪɵ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɫɩɢɪɬɨɜ ɢ ɉɗɋ. Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, ɩɪɢ ɞɟɣ-
ɫɬɜɢɢ ɨɫɭɲɟɧɧɵɯ ɦɟɬɚɧɨɥɚ ɢɥɢ ɷɬɚɧɨɥɚ ɧɚ ȾɗȾȺɋ ɩɨɥɭɱɟɧɵ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɚɥɤɢ-
ɥɚɰɟɬɚɬɵ ɢ ɉɗɋ. ɉɨɫɥɟɞɧɢɟ ɫɨɞɟɪɠɚɥɢ γ–5 % ɚɥɤɨɤɫɢɝɪɭɩɩ. ɗɬɨ ɭɤɚɡɵɜɚɟɬ ɧɚ ɬɨ, ɱɬɨ 
ɧɚɪɹɞɭ ɫ ɪɚɫɳɟɩɥɟɧɢɟɦ ɫɜɹɡɢ ɋ‒Ɉ ɜ ȾɗȾȺɋ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɫɩɢɪɬɚ, ɩɪɢɜɨɞɹɳɢɦ ɤ ɨɛ-
ɪɚɡɨɜɚɧɢɸ ɷɮɢɪɚ ɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɵ ɢ ɉɗɋ, ɫɜɨɛɨɞɧɵɯ ɨɬ ɷɬɨɤɫɢɝɪɭɩɩ, ɩɪɨɢɫɯɨɞɢɬ 
ɪɚɡɪɵɜ ɩɨ Si‒Ɉ-ɫɜɹɡɢ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɨɬɨɪɨɝɨ ɨɛɪɚɡɭɸɬɫɹ ɷɬɨɤɫɢɩɪɨɢɡɜɨɞɧɵɟ ɢ ɭɤɫɭɫɧɚɹ 
ɤɢɫɥɨɬɚ. ɉɨɫɥɟɞɭɸɳɟɟ ɨɦɵɥɟɧɢɟ ɷɬɨɤɫɢɝɪɭɩɩ ɪɚɡɛɚɜɥɟɧɧɵɦ ɪɚɫɬɜɨɪɨɦ ɭɤɫɭɫɧɨɣ ɤɢɫ-
ɥɨɬɵ ɩɪɢɜɨɞɢɬ ɤ ɩɨɥɭɱɟɧɢɸ ɉɗɋ, ɫɨɞɟɪɠɚɳɢɯ ɷɬɨɤɫɢɝɪɭɩɩɵ.  

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɵɯ ɇ.ɋ. Ʌɟɡɧɨɜɵɦ ɢ ɟɝɨ ɤɨɥɥɟɝɚɦɢ ɢɫɫɥɟɞɨɜɚɧɢɣ Д12–16] 
ɩɨɥɭɱɟɧɵ ɫɥɟɞɭɸɳɢɟ ɪɟɡɭɥɶɬɚɬɵμ  

– ɢɡɭɱɟɧɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ȾɗȾɗɈɋ ɫ ɜɨɞɨɣ, ɜɨɞɧɵɦɢ ɪɚɫɬɜɨɪɚɦɢ ɤɢɫɥɨɬ, ɤɨɧɰɟɧɬɪɢ-
ɪɨɜɚɧɧɵɦɢ ɦɢɧɟɪɚɥɶɧɵɦɢ ɤɢɫɥɨɬɚɦɢ, ɦɨɧɨ- ɢ ɞɢɤɚɪɛɨɧɨɜɵɦɢ ɤɢɫɥɨɬɚɦɢ, ɚɥɶɞɟɝɢɞɚ-
ɦɢ, ɮɟɧɨɥɨɦ ɢ ɝɥɢɤɨɥɹɦɢ;  

– ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɉɗɋ, ɫɜɨɛɨɞɧɵɟ ɨɬ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɝɪɭɩɩ, ɦɨɝɭɬ ɛɵɬɶ ɩɨɥɭɱɟ-
ɧɵ ɩɪɢ ɪɟɚɤɰɢɹɯ ȾɗȾɗɈɋ ɫ ɦɢɧɟɪɚɥɶɧɵɦɢ ɢ ɤɚɪɛɨɧɨɜɵɦɢ ɤɢɫɥɨɬɚɦɢ. ɉɨɤɚɡɚɧɚ ɡɚɜɢ-
ɫɢɦɨɫɬɶ ɤɚɱɟɫɬɜɟɧɧɨɝɨ ɢ ɮɪɚɤɰɢɨɧɧɨɝɨ ɫɨɫɬɚɜɨɜ ɉɗɋ ɨɬ ɩɪɢɪɨɞɵ ɞɟɣɫɬɜɭɸɳɟɝɨ ɜɟɳɟ-
ɫɬɜɚ ɢ ɭɫɥɨɜɢɣ ɪɟɚɤɰɢɢ;  
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– ɢɡɭɱɟɧɵ ɪɟɚɤɰɢɢ ɩɟɪɟɝɪɭɩɩɢɪɨɜɨɤ ɉɗɋ, ɩɨɡɜɨɥɹɸɳɢɟ ɢɡɦɟɧɹɬɶ ɢɯ ɤɚɱɟɫɬɜɟɧɧɵɣ 
ɢ ɮɪɚɤɰɢɨɧɧɵɣ ɫɨɫɬɚɜɵ; 

– ɩɪɟɞɥɨɠɟɧ ɦɟɯɚɧɢɡɦ ɪɟɚɤɰɢɢ ȾɗȾɗɈɋ ɫ ɤɚɪɛɨɧɨɜɵɦɢ ɤɢɫɥɨɬɚɦɢ;  
– ɧɚɣɞɟɧ ɫɩɨɫɨɛ ɩɨɥɭɱɟɧɢɹ ɝɟɤɫɚɚɥɤɢɥɩɨɥɢɮɟɧɢɥɚɥɤɢɥɫɢɥɨɤɫɚɧɨɜ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ 

ɪɟɚɤɰɢɢ ɮɟɧɢɥɷɬɢɥɞɢɷɬɨɤɫɢɫɢɥɚɧɚ ɫ ɬɪɢɚɥɤɢɥɫɢɥɢɥɮɨɫɮɚɬɨɦ;  
– ɢɫɫɥɟɞɨɜɚɧɵ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɢ ɬɟɯɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɠɢɞɤɨ-

ɫɬɟɣ ɢ ɢɯ ɫɦɟɫɟɣ ɫ ɦɢɧɟɪɚɥɶɧɵɦɢ ɦɚɫɥɚɦɢ ɢ ɩɨɤɚɡɚɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɨɬ 
ɫɨɫɬɚɜɚ ɢ ɫɬɪɨɟɧɢɹ. ɂɧɞɢɜɢɞɭɚɥɶɧɵɟ ɨɥɢɝɨɦɟɪɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɥɢɧɟɣɧɨɝɨ ɢ ɰɢɤɥɢɱɟ-
ɫɤɨɝɨ ɫɬɪɨɟɧɢɹ (ɫ n = 3–8) ɜɵɞɟɥɟɧɵ ɩɭɬɟɦ ɦɧɨɝɨɤɪɚɬɧɨɝɨ ɮɪɚɤɰɢɨɧɢɪɨɜɚɧɢɹ ɫɦɟɫɢ 
ɩɨɥɢɦɟɪɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɩɟɪɟɝɪɭɩɩɢɪɨɜɤɨɣ ɰɢɤɥɢɱɟɫɤɢɯ ɉɗɋ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɝɟɤ-
ɫɚɷɬɢɥɞɢɫɢɥɨɤɫɚɧɚ ɩɨɞ ɜɥɢɹɧɢɟɦ ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ. ɂɫɫɥɟɞɨɜɚɧɵ ɢɯ (ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ 
ɨɥɢɝɨɦɟɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ) ɬɟɦɩɟɪɚɬɭɪɵ ɡɚɫɬɵɜɚɧɢɹ, ɩɥɨɬɧɨɫɬɢ, ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɪɟ-
ɥɨɦɥɟɧɢɹ, ɡɚɜɢɫɢɦɨɫɬɶ ɜɹɡɤɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɢɧɬɟɪɜɚɥɟ ɨɬ –70 ɞɨ +η0 °ɋ, ɭɩɪɭ-
ɝɨɫɬɶ ɩɚɪɨɜ ɢ ɞɪ.   

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜɨ ɜɪɟɦɹ ɩɪɨɜɟɞɟɧɢɹ ɪɚɛɨɬ ɜ ɪɚɫɩɨɪɹɠɟɧɢɢ ɢɫɫɥɟɞɨɜɚɬɟ-
ɥɟɣ ɧɟ ɛɵɥɨ ɫɨɜɪɟɦɟɧɧɵɯ ɦɟɬɨɞɨɜ ‒ ɬɚɤɢɯ ɤɚɤ ɝɟɥɶ-ɩɪɨɧɢɤɚɸɳɚɹ ɯɪɨɦɚɬɨɝɪɚɮɢɹ ɢ ɦɟ-
ɬɨɞ ɹɞɟɪɧɨɝɨ ɦɚɝɧɢɬɧɨɝɨ ɪɟɡɨɧɚɧɫɚ (əɆɊ). Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɩɪɨɮɟɫɫɨɪ Ƚɚɪɜɚɪɞɫɤɨɝɨ ɭɧɢ-
ɜɟɪɫɢɬɟɬɚ ɗ.Ɇ. ɉɟɪɫɟɥɥ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɜ ɷɬɨ ɠɟ ɜɪɟɦɹ ɬɨɥɶɤɨ ɨɬɤɪɵɥ ɩɪɢɧɰɢɩ əɆɊ ɜ 
ɠɢɞɤɨɫɬɹɯ ɢ ɬɜɟɪɞɵɯ ɬɟɥɚɯ ɢ ɪɚɡɪɚɛɨɬɚɥ ɩɪɢɛɨɪ ɞɥɹ ɢɡɭɱɟɧɢɹ ɫɬɪɭɤɬɭɪɵ ɜɟɳɟɫɬɜɚ, ɡɚ 
ɱɬɨ ɢ ɩɨɥɭɱɢɥ ɜɦɟɫɬɟ ɫ Ɏ. Ȼɥɨɯɨɦ ɜ 1λη2 ɝ. ɇɨɛɟɥɟɜɫɤɭɸ ɩɪɟɦɢɸ ɩɨ ɮɢɡɢɤɟ Д17Ж. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɵɯ ɇ.ɋ. Ʌɟɡɧɨɜɵɦ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨɥɭɱɟ-
ɧɵ ɧɨɜɵɟ ɪɟɚɤɰɢɢ ɨɛɪɚɡɨɜɚɧɢɹ ɩɨɥɢɞɢɨɪɝɚɧɨɫɢɥɨɤɫɚɧɨɜ, ɧɟɨɛɯɨɞɢɦɵɟ ɩɪɢ ɜɵɛɨɪɟ 
ɫɩɨɫɨɛɚ ɩɪɨɢɡɜɨɞɫɬɜɚ ɉɗɋ-ɠɢɞɤɨɫɬɟɣ ɢ ɜɧɟɞɪɟɧɢɹ ɟɝɨ ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɶ. 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɫɜɨɣɫɬɜ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɠɢɞɤɨɫɬɟɣ, ɫɜɟɞɟɧɢɹ ɨ ɤɨɬɨɪɵɯ ɧɚ 
ɬɨɬ ɦɨɦɟɧɬ ɜ ɦɢɪɨɜɨɣ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ ɥɢɬɟɪɚɬɭɪɟ ɢ ɩɪɚɤɬɢɤɟ ɨɬɫɭɬɫɬɜɨɜɚɥɢ, 
ɫɩɨɫɨɛɫɬɜɨɜɚɥɢ ɜɵɛɨɪɭ ɨɛɥɚɫɬɟɣ ɩɪɢɦɟɧɟɧɢɹ ɉɗɋ ɜ ɬɟɯɧɢɤɟ.  

ȼ 1λ47–1ληη ɝɝ. ɇ.ɋ. Ʌɟɡɧɨɜɵɦ ɪɚɡɪɚɛɨɬɚɧɵ ɢ ɜɧɟɞɪɟɧɵ ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɶ 
22 ɦɚɪɤɢ ɩɨɥɢɷɬɢɥɫɢɥɨɤɫɚɧɨɜɵɯ ɠɢɞɤɨɫɬɟɣ, ɧɚɲɟɞɲɢɯ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜ ɚɜɢɚɰɢ-
ɨɧɧɨɣ ɢ ɞɪɭɝɢɯ ɨɬɪɚɫɥɹɯ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. 

Ɂɚ ɷɬɭ ɪɚɛɨɬɭ ɇɢɤɨɥɚɣ ɋɟɦɟɧɨɜɢɱ ɫ ɤɨɥɥɟɝɚɦɢ Ʉ.Ⱥ. Ⱥɧɞɪɢɚɧɨɜɵɦ ɢ Ʌ.Ⱥ. ɋɚɛɭɧ 
ɜ 1λη0 ɝ. ɭɞɨɫɬɨɟɧ ɋɬɚɥɢɧɫɤɨɣ ɩɪɟɦɢɢ γ-ɣ ɫɬɟɩɟɧɢ. 

ȼ 1ληγ ɝ. ɨɧ ɛɵɥ ɩɪɢɤɨɦɚɧɞɢɪɨɜɚɧ ɜ ɞɨɤɬɨɪɚɧɬɭɪɭ ɂɧɫɬɢɬɭɬɚ ɧɟɮɬɢ Ⱥɇ ɋɋɋɊ 
(ɧɵɧɟ ɂɧɫɬɢɬɭɬ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ ɊȺɇ), ɝɞɟ ɜ 1ληη–
1956 ɝɝ. ɜɵɩɨɥɧɢɥ ɞɨɤɬɨɪɫɤɭɸ ɞɢɫɫɟɪɬɚɰɢɸ ɧɚ ɬɟɦɭ «ɂɡɭɱɟɧɢɟ ɪɟɚɤɰɢɢ ɨɛɪɚɡɨɜɚɧɢɹ 
ɩɨɥɢɨɪɝɚɧɨɫɢɥɨɤɫɚɧɨɜɵɯ ɠɢɞɤɨɫɬɟɣ ɢɡ ɚɥɤɢɥ(ɚɥɤɢɥɚɪɢɥ)ɷɬɨɤɫɢɫɢɥɚɧɨɜ ɢ ɪɚɡɪɚɛɨɬɤɚ 
ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɦɟɬɨɞɚ ɩɪɨɢɡɜɨɞɫɬɜɚ» (ɧɚɭɱɧɵɣ ɤɨɧɫɭɥɶɬɚɧɬ – ɚɤɚɞɟɦɢɤ Ⱥ.ȼ. Ɍɨɩɱɢ-
ɟɜ). Ɂɚɳɢɬɚ ɞɢɫɫɟɪɬɚɰɢɢ ɫ ɩɪɢɫɭɠɞɟɧɢɟɦ ɇ.ɋ. Ʌɟɡɧɨɜɭ ɭɱɟɧɨɣ ɫɬɟɩɟɧɢ ɞɨɤɬɨɪɚ ɬɟɯɧɢ-
ɱɟɫɤɢɯ ɧɚɭɤ ɫɨɫɬɨɹɥɚɫɶ 2λ ɦɚɪɬɚ 1ληθ ɝ. Д18Ж. 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɨ ɫɥɨɠɢɜɲɟɣɫɹ ɜ ɬɟ ɝɨɞɵ ɩɪɚɤɬɢɤɟ, ɤɚɤ ɭ ɧɚɫ ɜ ɫɬɪɚɧɟ, 
ɬɚɤ ɢ ɡɚ ɪɭɛɟɠɨɦ, ɡɧɚɱɢɦɵɟ ɪɚɛɨɬɵ ɩɨ ɜɵɫɨɤɨɬɟɪɦɨɫɬɨɣɤɢɦ ɩɨɥɢɫɢɥɨɤɫɚɧɚɦ ɢ ɞɪɭɝɢɦ 
ɩɨɥɢɦɟɪɚɦ, ɩɪɟɞɫɬɚɜɥɹɜɲɢɟ ɢɧɬɟɪɟɫ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɦɚɬɟɪɢɚɥɨɜ ɚɜɢɚɤɨɫɦɢɱɟɫɤɨɝɨ 
ɩɪɢɦɟɧɟɧɢɹ, ɧɟ ɩɨɞɥɟɠɚɥɢ ɨɩɭɛɥɢɤɨɜɚɧɢɸ ɜ ɨɬɤɪɵɬɨɣ ɩɟɱɚɬɢ. ɉɨɷɬɨɦɭ ɭ ɇɢɤɨɥɚɹ ɋɟ-
ɦɟɧɨɜɢɱɚ ɛɨɥɟɟ η0 ɚɜɬɨɪɫɤɢɯ ɫɜɢɞɟɬɟɥɶɫɬɜ, ɚ ɪɚɛɨɬ, ɨɩɭɛɥɢɤɨɜɚɧɧɵɯ ɜ ɨɬɤɪɵɬɨɣ ɩɟɱɚ-
ɬɢ, ɧɟɦɧɨɝɨ Д1λ–24] – ɪɚɡɪɟɲɚɥɢ ɩɭɛɥɢɤɨɜɚɬɶ ɬɨɥɶɤɨ ɫɜɨɣɫɬɜɚ ɦɚɬɟɪɢɚɥɨɜ ɛɟɡ ɭɩɨɦɢ-
ɧɚɧɢɹ ɤɚɤɢɯ-ɥɢɛɨ ɞɟɬɚɥɟɣ. Ɍɟɦ ɧɟ ɦɟɧɟɟ ɢɦɹ ɇ.ɋ. Ʌɟɡɧɨɜɚ ɛɵɥɨ ɯɨɪɨɲɨ ɢɡɜɟɫɬɧɨ ɜ 
ɤɪɭɝɚɯ ɫɩɟɰɢɚɥɢɫɬɨɜ, ɡɚɧɢɦɚɸɳɢɯɫɹ ɤɚɤ ɤɪɟɦɧɢɣɨɪɝɚɧɢɱɟɫɤɢɦɢ ɫɨɟɞɢɧɟɧɢɹɦɢ, ɬɚɤ ɢ 
ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɦɢ ɩɨɥɢɦɟɪɚɦɢ, ɩɨɫɤɨɥɶɤɭ ɢɫɫɥɟɞɨɜɚɬɟɥɶ ɭɱɚɫɬɜɨɜɚɥ ɜ ɪɚɛɨɬɟ 
ɦɧɨɝɢɯ ɤɨɧɮɟɪɟɧɰɢɣ, ɜ ɬɨɦ ɱɢɫɥɟ ɡɚɪɭɛɟɠɧɵɯ.  
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ɉɪɢɝɥɚɲɟɧɢɟ ɧɚ ɫɢɦɩɨɡɢɭɦ. Ʌɨɧɞɨɧ, 1λη8 ɝ. 
 

 
 

ɇ.ɋ. Ʌɟɡɧɨɜ ɫ ɚɤɚɞɟɦɢɤɨɦ Ⱥɇ ɋɋɋɊ, ɞɨɤɬɨɪɨɦ ɯɢɦɢɱɟɫɤɢɯ ɧɚɭɤ Ʉ.Ⱥ. Ⱥɧɞɪɢɚɧɨɜɵɦ  
ɧɚ ɤɨɧɮɟɪɟɧɰɢɢ ɜ Ʌɨɧɞɨɧɟ ɜ 1λη8 ɝ. 

 

 
 

Ƚɪɭɩɩɚ ɭɱɟɧɵɯ ȼɂȺɆ ɧɚ ɫɨɜɟɳɚɧɢɢ ɩɨ ɤɪɟɦɧɢɣɨɪɝɚɧɢɱɟɫɤɢɦ ɫɨɟɞɢɧɟɧɢɹɦ  
ɜ Ⱥɤɚɞɟɦɢɢ ɧɚɭɤ ɋɋɋɊ (ɇ.ɋ. Ʌɟɡɧɨɜ ɫɥɟɜɚ ɜɜɟɪɯɭ). 1ληλ ɝ. 
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ɂɧɬɟɪɟɫ ɤ ɜɵɫɨɤɨɬɟɪɦɨɫɬɨɣɤɢɦ ɩɨɥɢɦɟɪɚɦ ɢ ɩɨɬɪɟɛɧɨɫɬɶ ɜ ɧɢɯ ɤɨɧɫɬɪɭɤɬɨɪɨɜ – 
ɫɨɡɞɚɬɟɥɟɣ ɚɜɢɚɰɢɨɧɧɨɣ ɬɟɯɧɢɤɢ ɨɩɪɟɞɟɥɢɥɢ ɨɛɥɚɫɬɶ ɞɚɥɶɧɟɣɲɢɯ ɪɚɛɨɬ ɇ.ɋ. Ʌɟɡɧɨɜɚ ɢ 
ɜɨɡɝɥɚɜɥɹɟɦɨɣ ɢɦ ɫ 1ληλ ɝ. ɥɚɛɨɪɚɬɨɪɢɢ ɜ ȼɂȺɆ. 

ȼ 1ληη–1λθη ɝɝ. ɇ.ɋ. Ʌɟɡɧɨɜ ɪɚɡɪɚɛɨɬɚɥ ɭɧɢɤɚɥɶɧɵɣ ɢ ɧɟɢɡɜɟɫɬɧɵɣ ɞɨ ɷɬɨɝɨ ɜ 
ɦɢɪɨɜɨɣ ɩɪɚɤɬɢɤɟ ɦɟɬɨɞ ɩɨɥɭɱɟɧɢɹ ɬɜɟɪɞɵɯ ɢ ɠɢɞɤɢɯ ɤɪɟɦɧɢɣɨɪɝɚɧɢɱɟɫɤɢɯ ɨɥɢɝɨɦɟ-
ɪɨɜ ɪɚɡɧɨɝɨ ɫɬɪɨɟɧɢɹ, ɚ ɬɚɤɠɟ ɨɫɭɳɟɫɬɜɢɥ ɟɝɨ ɩɪɨɦɵɲɥɟɧɧɨɟ ɜɧɟɞɪɟɧɢɟ. Ⱦɚɧɧɵɣ ɫɩɨ-
ɫɨɛ ɹɜɥɹɟɬɫɹ ɭɧɢɜɟɪɫɚɥɶɧɵɦ, ɩɨɫɤɨɥɶɤɭ ɩɨɡɜɨɥɹɟɬ ɜɜɨɞɢɬɶ ɩɪɚɤɬɢɱɟɫɤɢ ɥɸɛɵɟ ɪɚɞɢɤɚ-
ɥɵ ɜ ɨɛɪɚɦɥɟɧɢɟ ɫɢɥɨɤɫɚɧɨɜɵɯ ɰɟɩɟɣ.  

ȼ ɨɬɥɢɱɢɟ ɨɬ ɩɪɨɞɭɤɬɨɜ, ɩɨɥɭɱɚɟɦɵɯ ɦɟɬɨɞɨɦ ɝɢɞɪɨɥɢɬɢɱɟɫɤɨɣ ɩɨɥɢɤɨɧɞɟɧɫɚ-
ɰɢɢ, ɜ ɬɚɤɢɯ ɩɨɥɢɨɪɝɚɧɨɫɢɥɨɤɫɚɧɚɯ ɫɨɯɪɚɧɹɟɬɫɹ ɬɨ ɫɨɨɬɧɨɲɟɧɢɟ ɚɥɤɢɥɶɧɵɯ, ɚɪɢɥɶɧɵɯ, 
ɤɚɪɛɨɪɚɧɢɥɶɧɵɯ ɢ ɞɪɭɝɢɯ ɡɚɦɟɫɬɢɬɟɥɟɣ ɩɪɢ ɚɬɨɦɚɯ ɤɪɟɦɧɢɹ, ɤɨɬɨɪɨɟ ɡɚɞɚɧɨ ɫɨɨɬɧɨɲɟ-
ɧɢɟɦ ɨɪɝɚɧɨɯɥɨɪɫɢɥɚɧɨɜ ɜ ɢɫɯɨɞɧɨɣ ɫɦɟɫɢ ɦɨɧɨɦɟɪɨɜ. Ʉɪɨɦɟ ɬɨɝɨ, ɜɨɡɦɨɠɧɨ ɩɨɥɭɱɟ-
ɧɢɟ ɫɬɚɛɢɥɶɧɵɯ ɩɪɢ ɯɪɚɧɟɧɢɢ ɫɦɨɥ ɫ ɮɭɧɤɰɢɨɧɚɥɶɧɨɫɬɶɸ ɨɬ 2,η ɞɨ γ,1, ɜ ɬɨɦ ɱɢɫɥɟ ɫ 
ɫɨɨɬɧɨɲɟɧɢɟɦ C/Si ɦɟɧɶɲɟ 1, ɱɬɨ ɢɫɤɥɸɱɟɧɨ ɩɪɢ ɦɟɬɨɞɟ ɝɢɞɪɨɥɢɬɢɱɟɫɤɨɣ ɩɨɥɢɤɨɧ-
ɞɟɧɫɚɰɢɢ Д2η–27]. 

ɗɬɢ ɨɥɢɝɨɨɪɝɚɧɨɫɢɥɫɟɫɤɜɢɨɤɫɚɧɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɬɜɟɪɞɵɟ ɬɟɪɦɨɪɟɚɤɬɢɜ-
ɧɵɟ ɨɥɢɝɨɦɟɪɵ («ɫɦɨɥɵ»), ɫɨɯɪɚɧɹɸɳɢɟ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ 
ɫɜɨɣɫɬɜɚ ɩɪɢ ɞɥɢɬɟɥɶɧɨɦ ɯɪɚɧɟɧɢɢ (ɜ ɬɟɱɟɧɢɟ ɧɟɫɤɨɥɶɤɢɯ ɥɟɬ) ɢ ɨɛɥɚɞɚɸɳɢɟ ɯɨɪɨ-
ɲɟɣ ɪɚɫɬɜɨɪɢɦɨɫɬɶɸ ɩɪɚɤɬɢɱɟɫɤɢ ɜɨ ɜɫɟɯ ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɩɟɪɟɪɚɛɚɬɵɜɚɸɳɟɣ ɩɪɨ-
ɦɵɲɥɟɧɧɨɫɬɢ ɪɚɫɬɜɨɪɢɬɟɥɹɯ. Хɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɫɪɟɞɧɟɱɢɫɥɨɜɨɣ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɨɣ 
900–4000 ɢ ɞɨɫɬɚɬɨɱɧɨ ɭɡɤɢɦ ɦɨɥɟɤɭɥɹɪɧɨ-ɦɚɫɫɨɜɵɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ. ɋɨɞɟɪɠɚɬ ɧɟ-
ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ (ɞɨ θ % ɜ ɫɭɦɦɟ) ɝɢɞɪɨɤɫɢ- ɢ ɦɟɬɨɤɫɢɝɪɭɩɩ.  

ɋɭɬɶ ɦɟɬɨɞɚ ɇ.ɋ. Ʌɟɡɧɨɜɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɪɟɚɤɰɢɢ ɨɪɝɚɧɨɯɥɨɪɫɢɥɚɧɚ ɢɥɢ ɫɦɟɫɢ 
ɨɪɝɚɧɨɯɥɨɪɫɢɥɚɧɨɜ ɫ ɚɰɟɬɢɥɢɪɭɸɳɢɦ ɚɝɟɧɬɨɦ, ɤɨɬɨɪɵɦ ɦɨɠɟɬ ɛɵɬɶ ɚɰɟɬɚɬ ɤɚɥɢɹ, ɭɤ-
ɫɭɫɧɵɣ ɚɧɝɢɞɪɢɞ ɢɥɢ (ɱɬɨ ɯɭɠɟ) ɭɤɫɭɫɧɚɹ ɤɢɫɥɨɬɚ. ɉɨɥɭɱɟɧɧɵɟ ɚɰɟɬɨɤɫɢɩɪɨɢɡɜɨɞɧɵɟ 
ɛɟɡ ɜɵɞɟɥɟɧɢɹ ɢɡ ɬɨɥɭɨɥɶɧɨɝɨ ɪɚɫɬɜɨɪɚ ɩɨɞɜɟɪɝɚɸɬɫɹ ɚɥɤɨɝɨɥɢɡɭ ɦɟɬɢɥɨɜɵɦ (ɪɟɠɟ 
ɷɬɢɥɨɜɵɦ) ɫɩɢɪɬɨɦ ɜ ɤɨɧɬɪɨɥɢɪɭɟɦɵɯ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɭɫɥɨɜɢɹɯ. ɇɚɩɪɚɜɥɟɧɢɟ ɪɟɚɤɰɢɢ 
ɡɚɜɢɫɢɬ ɨɬ ɪɇ ɫɪɟɞɵ ɢ ɡɚɞɚɟɬɫɹ ɡɚɪɚɧɟɟ ɫɨɨɬɧɨɲɟɧɢɟɦ ɢɫɯɨɞɧɵɯ ɪɟɚɝɟɧɬɨɜ (ɨɪɝɚ-
ɧɨɯɥɨɪɫɢɥɚɧ ɢ ɚɰɟɬɢɥɢɪɭɸɳɢɣ ɚɝɟɧɬ) Д28Ж.  

ɋɢɧɬɟɡ ɩɨɥɢɚɥɤɢɥ(ɚɪɢɥ)ɫɢɥɫɟɫɤɜɢɨɤɫɚɧɚ ɥɟɫɬɧɢɱɧɨɣ ɫɬɪɭɤɬɭɪɵ ɜɤɥɸɱɚɟɬ ɬɪɢ 
ɨɫɧɨɜɧɵɟ ɫɬɚɞɢɢμ 

1) ɚɰɟɬɢɥɢɪɨɜɚɧɢɟ ɚɥɤɢɥ- ɢ ɚɪɢɥɬɪɢɯɥɨɪɫɢɥɚɧɨɜ ɚɰɟɬɚɬɨɦ ɤɚɥɢɹμ 

KCl;6)ArSi(OCOCH)HAlkSi(OCOC  COOKCH6ArSiClAlkSiCl 3333333   (5) 

2) ɚɥɤɨɝɨɥɢɡ ɚɰɟɬɨɤɫɢɩɪɨɢɡɜɨɞɧɵɯ ɤɪɟɦɧɢɹ ɦɟɬɢɥɨɜɵɦ ɫɩɢɪɬɨɦ, ɩɪɢɜɨɞɹɳɢɣ 
ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɚɥɤɢɥ- ɢ ɚɪɢɥɬɪɢɫɢɥɚɧɨɜμ 

.OCOCHCH6)ArSi(OH)AlkSi(OH  OHCH6)ArSi(OCOCH)HAlkSi(OCOC 33333333333   (6) 

ɇɚɩɪɚɜɥɟɧɢɟ ɪɟɚɤɰɢɢ ɚɥɤɨɝɨɥɢɡɚ ɡɚɜɢɫɢɬ ɨɬ ɫɪɟɞɵ. Ʉɢɫɥɚɹ ɫɪɟɞɚ ɩɪɢɜɨɞɢɬ ɤ ɩɨ-
ɥɭɱɟɧɢɸ ɬɪɢɝɢɞɪɨɤɫɢɫɢɥɚɧɨɜ, ɬɨɝɞɚ ɤɚɤ ɩɪɢ ɧɟɣɬɪɚɥɶɧɨɣ ɫɪɟɞɟ ɩɪɨɬɟɤɚɟɬ ɨɛɦɟɧɧɚɹ 
ɪɟɚɤɰɢɹ, ɩɪɢɜɨɞɹɳɚɹ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɨɪɝɚɧɨɦɟɬɨɤɫɢɫɢɥɚɧɨɜμ 

 

COOHCH6)ArSi(OCH)AlkSi(OCH  OHCH6)ArSi(OCOCH)HAlkSi(OCOC 3333333333   (7) 
 

ɢɥɢ ɩɪɨɞɭɤɬɨɜ ɧɟɩɨɥɧɨɝɨ ɚɥɤɨɝɨɥɢɡɚ ɬɢɩɚ 
 

.)OCOCH)(ArSi(OH,OCOCH)ArSi(OH,)OCOCH)(AlkSi(OH,OCOCH)AlkSi(OH 23322332  

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɪɢ ɩɨɥɭɱɟɧɢɢ ɚɥɤɢɥ(ɚɪɢɥ)ɫɢɥɫɟɫɤɜɢɨɤɫɚɧɚ ɧɚ ɫɬɚɞɢɢ ɚɥɤɨɝɨɥɢ-
ɡɚ ɜɚɠɧɨ ɩɨɫɬɨɹɧɧɨ ɩɨɞɞɟɪɠɢɜɚɬɶ ɪɇ ɫɪɟɞɵ, ɪɚɜɧɵɣ з2; 
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3) ɤɨɧɞɟɧɫɚɰɢɹ ɬɪɢɝɢɞɪɨɤɫɢɚɥɤɢɥ- ɢ ɬɪɢɝɢɞɪɨɤɫɢɚɪɢɥɫɢɥɚɧɨɜ, ɩɪɨɬɟɤɚɸɳɚɹ 
ɩɪɢ ɨɬɝɨɧɤɟ ɬɨɥɭɨɥɚ, ɜ ɤɨɬɨɪɨɦ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫɢɧɬɟɡ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɨɛɪɚɡɭɟɬɫɹ   
ɩɨɥɢɚɥɤɢɥ(ɚɪɢɥ)ɫɢɥɫɟɫɤɜɢɨɤɫɚɧ ɥɟɫɬɧɢɱɧɨɝɨ ɫɬɪɨɟɧɢɹ. Ɉɞɧɚɤɨ ɩɨɫɤɨɥɶɤɭ ɧɚ ɫɬɚɞɢɢ ɚɥ-
ɤɨɝɨɥɢɡɚ ɮɨɪɦɢɪɭɟɬɫɹ ɧɟɤɨɬɨɪɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɪɨɞɭɤɬɨɜ ɧɟɩɨɥɧɨɝɨ ɝɢɞɪɨɥɢɡɚ, ɬɨ ɨɛɪɚ-
ɡɭɟɬɫɹ ɫɨɩɨɥɢɦɟɪ ɥɟɫɬɧɢɱɧɨɝɨ ɫɬɪɨɟɧɢɹ, ɧɨ ɫ ɞɟɮɟɤɬɧɨɣ ɫɬɪɭɤɬɭɪɨɣ, ɫɨɞɟɪɠɚɳɢɣ ɜ ɰɟ-
ɩɢ ɨɩɪɟɞɟɥɟɧɧɨɟ ɱɢɫɥɨ ɪɚɡɜɟɬɜɥɟɧɧɵɯ ɢ ɥɢɧɟɣɧɵɯ ɡɜɟɧɶɟɜ. 

ɉɪɢ ɛɨɥɟɟ ɜɵɫɨɤɨɦ ɪɇ ɩɪɨɞɭɤɬɚɦɢ ɪɟɚɤɰɢɣ ɹɜɥɹɸɬɫɹ ɠɢɞɤɢɟ ɫɦɟɫɢ ɥɢɧɟɣɧɵɯ ɢ 
ɰɢɤɥɢɱɟɫɤɢɯ ɨɥɢɝɨɚɥɤɢɥ(ɚɪɢɥ)ɫɢɥɨɤɫɚɧɨɜ ɫ n = 2–10, ɫɨɞɟɪɠɚɳɢɟ ɧɟ ɦɟɧɟɟ ɨɞɧɨɣ ɚɥ-
ɤɨɤɫɢɝɪɭɩɩɵ ɩɪɢ ɤɚɠɞɨɦ ɚɬɨɦɟ ɤɪɟɦɧɢɹ. ɗɬɢ ɨɥɢɝɨɦɟɪɵ ɛɥɚɝɨɞɚɪɹ ɢɯ ɧɢɡɤɨɣ ɜɹɡɤɨɫɬɢ 
ɢ ɛɨɥɶɲɨɦɭ ɤɨɥɢɱɟɫɬɜɭ ɦɟɬɨɤɫɢɥɶɧɵɯ ɝɪɭɩɩ ɧɚɲɥɢ ɩɪɢɦɟɧɟɧɢɟ ɜ ɤɚɱɟɫɬɜɟ ɫɬɪɭɤɬɭɪɢ-
ɪɭɸɳɢɯ ɚɝɟɧɬɨɜ ɩɪɢ ɜɭɥɤɚɧɢɡɚɰɢɢ ɩɨɥɢɞɢɚɥɤɢɥ(ɚɪɢɥ)ɫɢɥɨɤɫɚɧɨɜɵɯ ɝɟɪɦɟɬɢɤɨɜ ɢ 
ɤɨɦɩɚɭɧɞɨɜ ɯɨɥɨɞɧɨɝɨ ɨɬɜɟɪɠɞɟɧɢɹ, ɚ ɬɚɤɠɟ ɜ ɤɚɱɟɫɬɜɟ ɚɤɬɢɜɧɵɯ ɪɚɡɛɚɜɢɬɟɥɟɣ ɤɪɟɦ-
ɧɢɣɨɪɝɚɧɢɱɟɫɤɢɯ ɫɦɨɥ (ɫɜɹɡɭɸɳɢɟ Ʉ-9-70, ȻɄ-9-0 ɢ ɞɪ.) Д2λ–35].  

ȼ 1λθη–1λ7θ ɝɝ. ɇ.ɋ. Ʌɟɡɧɨɜ ɫ ɤɨɥɥɟɝɚɦɢ ɩɨɷɬɚɩɧɨ ɨɪɝɚɧɢɡɨɜɚɥɢ ɩɪɨɦɵɲɥɟɧ-
ɧɨɟ ɫɟɪɢɣɧɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ ɬɜɟɪɞɵɯ ɫɦɨɥ Ʉ-4, Ʉ-λ, Ʉ-10, Ʉ-210η, Ʉ-81 ɢ Ʉ-4, ɥɚɤɨɜ 
ɄɈ-ηη4 ɢ ɄɈ-0γλ ɧɚ ɡɚɜɨɞɟ «Ʉɪɟɦɧɢɣɩɨɥɢɦɟɪ» (ɝ. Ɂɚɩɨɪɨɠɶɟ ɍɤɪɚɢɧɫɤɨɣ ɋɋɊ) ɫ ɦɚɫ-
ɲɬɚɛɨɦ ɜɵɩɭɫɤɚ ɞɨ 20 ɬɨɧɧ ɜ ɝɨɞ, ɠɢɞɤɢɯ ɨɥɢɝɨɦɟɪɨɜ Ʉ-101-0 ɢ Ʉ-9-0, ɚ ɩɨɡɞɧɟɟ – ɨɩɵɬ-
ɧɨ-ɩɪɨɦɵɲɥɟɧɧɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ ɨɥɢɝɨɤɚɪɛɨɪɚɧɫɢɥɨɤɫɚɧɨɜɵɯ ɫɦɨɥ Ʉ-2104, Ʉ-210γ ɢ ɨɥɢ-
ɝɨɦɟɪɚ Ʉ-2104-0, ɫɨɞɟɪɠɚɳɢɯ ɤɚɪɛɨɪɚɧɨɜɵɟ ɝɪɭɩɩɢɪɨɜɤɢ ɜ ɨɛɪɚɦɥɟɧɢɢ ɫɢɥɨɤɫɚɧɨɜɵɯ  
ɰɟɩɟɣ ДγθЖ.  

ɇɚ ɨɫɧɨɜɟ ɷɬɢɯ ɩɪɨɞɭɤɬɨɜ ɜ ȼɂȺɆ ɫɨɡɞɚɧ ɲɢɪɨɤɢɣ ɪɹɞ ɬɟɪɦɨɫɬɨɣɤɢɯ ɚɜɢɚɰɢɨɧ-
ɧɵɯ ɦɚɬɟɪɢɚɥɨɜμ ɫɬɟɤɥɨɬɟɤɫɬɨɥɢɬɵ ɋɄ-101, ɋɄ-λɎȺ, ɋɄ-λХ, ɋɄ-10, ɋɌɄɆ, ɋɌɄɆ-ɋ ɢ 
ɋɄ-9-70; ɤɥɟɣ ȼɄ-2; ɩɪɟɫɫ-ɦɚɬɟɪɢɚɥɵ ɉɄ-101, ɉɄ-10, ɉɄɈ-2-2-θ, ɉɄɈ-2-2-7, ɉɄɈ-2-2-8, 
ɉɄɈ-2-2-λ ɢ ɉɄɈ-2-2-10; ɝɟɪɦɟɬɢɤɢ ȼȽɎ-4-10 ɢ ȼȽɎ-7-10; ɤɨɦɩɚɭɧɞ ȼɂɄɋɂɇɌ 
ɉɉɄ-21; ɭɩɥɨɬɧɢɬɟɥɶɧɵɣ ɦɚɬɟɪɢɚɥ 18ȼɄ-2Ƚ ɢ ɞɪ.).  

ɉɭɬɟɦ ɯɢɦɢɱɟɫɤɨɣ ɦɨɞɢɮɢɤɚɰɢɢ ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɩɨɥɢɨɪɝɚɧɨɫɢɥɨɤɫɚɧɨɜ ɨɪɝɚ-
ɧɢɱɟɫɤɢɦɢ ɢ ɷɥɟɦɟɧɬɨɨɪɝɚɧɢɱɟɫɤɢɦɢ ɩɨɥɢɦɟɪɚɦɢ ɫɨɡɞɚɧɵ ɫɜɹɡɭɸɳɢɟ Ʉ-9-ɗ, ɄȺɇ-9, 
ȻɄ-9-0 ɢ ɞɪ. ɞɥɹ ɫɬɟɤɥɨɩɥɚɫɬɢɤɨɜ ɢ ɤɥɟɟɜ, ɚ ɧɚ ɨɫɧɨɜɟ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ ɫɜɹɡɭɸɳɢɯ – 
ɫɬɟɤɥɨɩɥɚɫɬɢɤɢ ɋɄȺɇ-λ, ɋɄ-λХ ɢ ɋɄ-λХɄ; ɩɪɟɫɫ-ɦɚɬɟɪɢɚɥ ȺɄ-λɎ; ɤɥɟɢ ȼɄ-θ, ȼɄ-8, 
ȼɄ-γ8, ȼɄ-48, ȼɄ-48Ɇ, ȼɄ-η4 ɢ ȼɄ-η4Ɇ; ɝɪɭɧɬɨɜɨɱɧɨɟ ɩɨɤɪɵɬɢɟ ɄɈ-0140; ɧɚɩɵɥɹɟ-
ɦɵɟ ɷɪɨɡɢɨɧɧɨɫɬɨɣɤɢɟ ɩɨɤɪɵɬɢɹ ȼɌɁ-80, ȼɌɁ-87 ɢ ȼɌɁ-9.  

ȼ ɪɚɡɜɢɬɢɟ ɜɨɡɦɨɠɧɨɫɬɟɣ ɦɟɬɨɞɚ ɇ.ɋ. Ʌɟɡɧɨɜɚ ɜ 1λ82–1λ8λ ɝɝ. ɜ ȼɂȺɆ ɫɨɜ-
ɦɟɫɬɧɨ ɫ ȽɇɂɂХɌɗɈɋ ɪɚɡɪɚɛɨɬɚɧ ɫɢɧɬɟɡ ɬɜɟɪɞɵɯ ɨɥɢɝɨɚɥɤɢɥ(ɚɪɢɥ)ɫɢɥɫɟɤɫɜɢɨɤɫɚɧɨɜ 
(ɫɦɨɥ) ɚɰɢɞɨɥɢɡɨɦ ɫ ɩɨɦɨɳɶɸ ɥɟɞɹɧɨɣ ɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɵ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɷɬɟɪɢɮɢɰɢ-
ɪɨɜɚɧɧɨɣ ɫɦɟɫɢ ɨɪɝɚɧɨɯɥɨɪɫɢɥɚɧɨɜ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɵμ  

     .HCOOCCHRSiO COOHCH)HRSi(OC 5231,53352 
x

   (8) 
ɂɡɛɵɬɨɤ 

 
ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɬɚɤɚɹ ɦɨɞɢɮɢɤɚɰɢɹ ɦɟɬɨɞɚ ɇ.ɋ. Ʌɟɡɧɨɜɚ ɚɤɬɢɜɧɨ ɪɚɡɜɢɜɚɟɬɫɹ 

ɚɤɚɞɟɦɢɤɨɦ Ⱥ.Ɇ. Ɇɭɡɚɮɚɪɨɜɵɦ ɩɨɞ ɧɚɡɜɚɧɢɟɦ «ɋɢɧɬɟɡ ɩɨɥɢɨɪɝɚɧɨɫɢɥɨɤɫɚɧɨɜ ɜ ɚɤ-
ɬɢɜɧɨɣ ɫɪɟɞɟ» Дγ7–41]. 

Ʉɪɭɝ ɧɚɭɱɧɵɯ ɢɧɬɟɪɟɫɨɜ ɇ.ɋ. Ʌɟɡɧɨɜɚ ɧɟ ɨɝɪɚɧɢɱɢɜɚɥɫɹ ɬɨɥɶɤɨ ɩɨɥɢɨɪɝɚɧɨɫɢ-
ɥɨɤɫɚɧɚɦɢ. ɉɨɞ ɟɝɨ ɪɭɤɨɜɨɞɫɬɜɨɦ Ʌ.ɂ. ȼɨɥɤɨɜɨɣ ɢ ȿ.Ɇ. ɉɨɧɢɬɤɨɜɨɣ ɪɚɡɪɚɛɨɬɚɧ ɪɹɞ 
ɷɩɨɤɫɢɞɧɵɯ ɫɜɹɡɭɸɳɢɯ ɞɥɹ ɫɬɟɤɥɨ-, ɭɝɥɟ- ɢ ɨɪɝɚɧɨɩɥɚɫɬɢɤɨɜμ ɫɜɹɡɭɸɳɢɟ ɗȾɌ-10 ɢ 
ɗȾɌ-10ɉ, ɞɨ ɫɢɯ ɩɨɪ ɫ ɭɫɩɟɯɨɦ ɩɪɢɦɟɧɹɟɦɵɟ ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ; ɫɜɹɡɭɸɳɢɟ ɫɦɟɲɚɧɧɨɝɨ 
ɬɢɩɚ Ʉ-9-ɗ, ɗȾɇɆ, η-211Ȼ, η-211Ȼɇ, ɗɇɎȻ, ɗȻɋɆ, ɗȾɂ-2 ɢ ɦɧɨɝɢɟ ɞɪɭɝɢɟ. ɇɚɢɛɨɥɟɟ 
ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɧɚɲɥɢ ɫɜɹɡɭɸɳɢɟ ɗȾɌ-10 ɢ ɗȾɌ-10ɉ, ɤɨɬɨɪɵɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ 
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ɢɡɝɨɬɨɜɥɟɧɢɹ ɞɟɬɚɥɟɣ ɜɧɟɲɧɟɝɨ ɨɛɜɨɞɚ ɫɚɦɨɥɟɬɨɜ, ɚɧɬɟɧɧɵɯ ɨɛɬɟɤɚɬɟɥɟɣ, ɤɨɪɩɭɫɨɜ 
ɬɜɟɪɞɨɬɨɩɥɢɜɧɵɯ ɪɚɤɟɬɧɵɯ ɞɜɢɝɚɬɟɥɟɣ, ɛɚɥɥɨɧɨɜ ɢ ɪɹɞɚ ɢɡɞɟɥɢɣ ɚɜɢɚɰɢɨɧɧɨɣ ɢ 
ɞɪɭɝɢɯ ɨɬɪɚɫɥɟɣ ɬɟɯɧɢɤɢ. ɋɜɹɡɭɸɳɟɟ ɗȾɌ-10 ɩɨɥɭɱɢɥɨ ɦɚɫɫɨɜɨɟ ɩɪɢɦɟɧɟɧɢɟ ɛɥɚ-
ɝɨɞɚɪɹ ɫɜɨɟɣ ɜɵɫɨɤɨɣ ɬɟɯɧɨɥɨɝɢɱɧɨɫɬɢ, ɩɨɡɜɨɥɹɸɳɟɣ ɩɟɪɟɪɚɛɚɬɵɜɚɬɶ ɟɝɨ ɜ ɢɡɞɟɥɢɹ 
ɦɟɬɨɞɚɦɢ ɩɪɨɩɢɬɤɢ ɩɨɞ ɞɚɜɥɟɧɢɟɦ, ɦɨɤɪɨɣ ɢ ɫɭɯɨɣ ɧɚɦɨɬɤɢ ɢ ɩɨ ɩɪɟɩɪɟɝɨɜɨɣ  
ɬɟɯɧɨɥɨɝɢɢ. 

ɉɨ ɢɧɢɰɢɚɬɢɜɟ ɢ ɩɨɞ ɪɭɤɨɜɨɞɫɬɜɨɦ ɇɢɤɨɥɚɹ ɋɟɦɟɧɨɜɢɱɚ ɂ.ɇ. Ʌɹɦɢɧɨɣ ɪɚɡɪɚ-
ɛɨɬɚɧɵ ɜɵɫɨɤɨɬɟɪɦɨɫɬɨɣɤɢɟ ɩɨɥɢɢɦɢɞɵ ɦɚɪɨɤ ɉɆȾɂ ɢ ȻɎȾɂ ɢ ɧɚ ɢɯ ɨɫɧɨɜɟ ɫɨɡɞɚɧɵ 
ɠɟɫɬɤɢɟ ɧɟɝɨɪɸɱɢɟ ɩɟɧɨɩɥɚɫɬɵ ɦɚɪɨɤ ɉɉɂ-1 ɢ ɉɉɂ-2. ɉɟɧɨɩɥɚɫɬ ɉɉɂ-1 ɢɫɩɨɥɶɡɨɜɚ-
ɥɢ ɜ ɤɚɱɟɫɬɜɟ ɬɟɩɥɨɡɚɳɢɬɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɧɚ ɤɨɫɦɢɱɟɫɤɢɯ ɥɟɬɚɬɟɥɶɧɵɯ ɚɩɩɚɪɚɬɚɯ  
«ȼɟɧɟɪɚ-λ» ɢ «ȼɟɧɟɪɚ-10».  

ɇɚ ɨɫɧɨɜɚɧɢɢ ɪɚɛɨɬ ɇ.ɋ. Ʌɟɡɧɨɜɚ ɪɚɡɪɚɛɨɬɚɧɨ ɧɟ ɦɟɧɟɟ 1η ɧɚɢɦɟɧɨɜɚɧɢɣ ɦɚɬɟ-
ɪɢɚɥɨɜ ɬɟɩɥɨɡɚɳɢɬɧɨɝɨ ɢ ɪɚɞɢɨɬɟɯɧɢɱɟɫɤɨɝɨ ɧɚɡɧɚɱɟɧɢɹ, ɤɨɬɨɪɵɟ ɧɚɲɥɢ ɩɪɢɦɟɧɟɧɢɟ  
ɜ ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɢɡɞɟɥɢɹɯ ɜɟɞɭɳɢɯ ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɡɚɜɨɞɨɜ ɢ ɤɨɧɫɬɪɭɤɬɨɪɫɤɢɯ ɛɸɪɨ. 

Ɂɚ ɪɚɡɪɚɛɨɬɤɭ ɢ ɢɡɝɨɬɨɜɥɟɧɢɟ ɦɚɬɟɪɢɚɥɚ ɦɚɪɤɢ ɉɄ-10, ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɜ ɤɨɧ-
ɫɬɪɭɤɰɢɹɯ ɤɨɫɦɢɱɟɫɤɨɝɨ ɤɨɪɚɛɥɹ «ȼɨɫɬɨɤ», ɇ.ɋ. Ʌɟɡɧɨɜɭ ɩɪɢɤɚɡɨɦ ɩɨ ɢɧɫɬɢɬɭɬɭ  
ɨɛɴɹɜɥɟɧɚ ɛɥɚɝɨɞɚɪɧɨɫɬɶ. 

ɇɢɤɨɥɚɣ ɋɟɦɟɧɨɜɢɱ ɜɟɥ ɧɟ ɬɨɥɶɤɨ ɚɤɬɢɜɧɭɸ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɭɸ, ɧɨ ɢ ɩɟ-
ɞɚɝɨɝɢɱɟɫɤɭɸ ɞɟɹɬɟɥɶɧɨɫɬɶ. ɉɪɢ ɟɝɨ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɦ ɭɱɚɫɬɢɢ ɜ ɤɚɱɟɫɬɜɟ ɧɚɭɱɧɨɝɨ ɪɭ-
ɤɨɜɨɞɢɬɟɥɹ ɩɨɞɝɨɬɨɜɥɟɧɵ ɢ ɡɚɳɢɳɟɧɵ ɞɢɫɫɟɪɬɚɰɢɨɧɧɵɟ ɪɚɛɨɬɵ ɫɨɬɪɭɞɧɢɤɚɦɢ ȼɂȺɆ ɢ 
ɞɪɭɝɢɯ ɨɬɪɚɫɥɟɜɵɯ ɢɧɫɬɢɬɭɬɨɜ. Ɇɧɨɝɨ ɥɟɬ ɇ.ɋ. Ʌɟɡɧɨɜ ɱɢɬɚɥ ɤɭɪɫ ɥɟɤɰɢɣ ɫɬɭɞɟɧɬɚɦ 
ɆХɌɂ ɢɦ. Ⱦ.ɂ. Ɇɟɧɞɟɥɟɟɜɚ ɩɨ ɯɢɦɢɢ ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɧɚ ɤɚɮɟɞɪɟ 
ɩɟɪɟɪɚɛɨɬɤɢ ɩɥɚɫɬɦɚɫɫ, ɜ ɤɨɬɨɪɨɦ ɨɧ ɬɚɤɠɟ ɛɵɥ ɱɥɟɧɨɦ ɭɱɟɧɨɝɨ ɫɨɜɟɬɚ. ȼ 1λθ8 ɝ. ɟɦɭ 
ɩɪɢɫɜɨɟɧɨ ɭɱɟɧɨɟ ɡɜɚɧɢɟ ɩɪɨɮɟɫɫɨɪɚ. 

Ⱦɟɹɬɟɥɶɧɨɫɬɶ ɇ.ɋ. Ʌɟɡɧɨɜɚ ɜɵɫɨɤɨ ɨɰɟɧɟɧɚ. ȼ 1λθη ɝ. ɟɦɭ ɩɪɢɫɜɨɟɧɨ ɩɨɱɟɬɧɨɟ 
ɡɜɚɧɢɟ «Ɂɚɫɥɭɠɟɧɧɵɣ ɞɟɹɬɟɥɶ ɧɚɭɤɢ ɢ ɬɟɯɧɢɤɢ ɊɋɎɋɊ», ɚ ɜ 1966 ɝ. ɨɧ ɧɚɝɪɚɠɞɟɧ ɨɪɞɟ-
ɧɨɦ Ʌɟɧɢɧɚ. ɂɦɟɟɬ ɬɚɤɠɟ ɦɟɞɚɥɢ «Ɂɚ ɞɨɛɥɟɫɬɧɵɣ ɬɪɭɞ ɜ ɝɨɞɵ ȼɟɥɢɤɨɣ Ɉɬɟɱɟɫɬɜɟɧɧɨɣ 
ɜɨɣɧɵ 1941–1λ4η ɝɝ.», «ȼ ɩɚɦɹɬɶ 800-ɥɟɬɢɹ Ɇɨɫɤɜɵ» ɢ «Ɂɚ ɞɨɛɥɟɫɬɧɵɣ ɬɪɭɞ. ȼ ɨɡɧɚɦɟ-
ɧɨɜɚɧɢɟ 100-ɥɟɬɢɹ ɫɨ ɞɧɹ ɪɨɠɞɟɧɢɹ ȼ.ɂ. Ʌɟɧɢɧɚ».  

 

 
 

ɇɢɤɨɥɚɣ ɋɟɦɟɧɨɜɢɱ Ʌɟɡɧɨɜ ɡɚ ɫɜɨɢɦ ɪɚɛɨɱɢɦ ɫɬɨɥɨɦ. ȼɂȺɆ, 1λ7θ ɝ. 
 
ɇɢɤɨɥɚɣ ɋɟɦɟɧɨɜɢɱ Ʌɟɡɧɨɜ ɨɛɥɚɞɚɥ ɬɚɤɢɦɢ ɡɧɚɱɢɦɵɦɢ ɞɥɹ ɭɱɟɧɨɝɨ ɤɚɱɟɫɬɜɚɦɢ, 

ɤɚɤ ɷɪɭɞɢɰɢɹ ɢ ɫɩɨɫɨɛɧɨɫɬɶ ɞɨɜɨɞɢɬɶ ɧɚɭɱɧɵɟ ɡɧɚɧɢɹ ɞɨ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɪɢɦɟɧɟɧɢɹ. 
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Ɉɧ ɛɵɥ ɨɬɤɪɵɬ ɧɨɜɵɦ ɢɞɟɹɦ ɢ ɩɪɢɜɟɬɫɬɜɨɜɚɥ ɢɧɢɰɢɚɬɢɜɭ ɫɜɨɢɯ ɫɨɬɪɭɞɧɢɤɨɜ. ɗɬɨ ɢɫ-
ɤɥɸɱɢɬɟɥɶɧɨ ɞɨɛɪɨɫɨɜɟɫɬɧɵɣ ɢ ɩɪɢɧɰɢɩɢɚɥɶɧɵɣ ɱɟɥɨɜɟɤ ɤɚɤ ɜ ɧɚɭɱɧɵɯ, ɬɚɤ ɢ ɜ ɨɛɳɟ-
ɫɬɜɟɧɧɵɯ ɜɨɩɪɨɫɚɯ, ɤɨɬɨɪɵɣ ɧɟ ɬɟɪɩɟɥ ɧɟɬɨɱɧɨɫɬɢ, ɯɚɥɬɭɪɵ ɢ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɨɬ-
ɧɨɲɟɧɢɹ ɤ ɞɟɥɭ. Ɉɧ ɞɚɠɟ ɰɜɟɬɵ ɧɚ ɫɜɨɟɣ ɞɚɱɟ ɜɵɪɚɳɢɜɚɥ ɫɨ ɫɜɨɣɫɬɜɟɧɧɵɦ ɟɦɭ 
ɧɚɭɱɧɵɦ ɩɨɞɯɨɞɨɦ. ɋ ɜɟɫɧɵ ɢ ɞɨ ɨɫɟɧɢ ɟɝɨ ɫɨɬɪɭɞɧɢɤɢ ɢ ɤɨɥɥɟɝɢ ɭɧɨɫɢɥɢ ɞɨɦɨɣ 
ɨɯɚɩɤɢ ɱɭɞɟɫɧɵɯ ɢ ɧɟɨɛɵɤɧɨɜɟɧɧɵɯ ɪɨɡ, ɢɪɢɫɨɜ, ɬɸɥɶɩɚɧɨɜ, ɝɥɚɞɢɨɥɭɫɨɜ ɢ ɫɢɪɟɧɢ 
ɪɟɞɱɚɣɲɢɯ ɫɨɪɬɨɜ. 
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«ɉɨɥɢɦɟɪɵ-2014» (Ɇɨɫɤɜɚ, 27–γ1 ɹɧɜ. 2014 ɝ.)μ ɜ 2 ɬ. Ɇ.μ ɆȽɍ ɢɦ. Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ, 2014. 
Ɍ. 1. ɋ. 106. 

40. ɋɩɨɫɨɛ ɩɨɥɭɱɟɧɢɹ ɥɢɧɟɣɧɨɝɨ ɩɨɥɢɦɟɬɢɥɮɟɧɢɥɫɢɥɨɤɫɚɧɚ ɫ ɤɨɧɰɟɜɵɦɢ ɝɢɞɪɨɤɫɢɥɶɧɵɦɢ 
ɝɪɭɩɩɚɦɢ ɩɨɥɢɤɨɧɞɟɧɫɚɰɢɟɣ ɦɟɬɢɥɮɟɧɢɥɞɢɚɥɤɨɤɫɢɫɢɥɚɧɚ ɜ ɚɤɬɢɜɧɨɣ ɫɪɟɞɟμ ɩɚɬ. 24ηθγ07 
Ɋɨɫ. Ɏɟɞɟɪɚɰɢɹ. № 201110ηθ0/04; ɡɚɹɜɥ. 22.0γ.11; ɨɩɭɛɥ. 20.07.12. 

41. ɋɩɨɫɨɛ ɩɨɥɭɱɟɧɢɹ ɥɢɧɟɣɧɵɯ ɩɨɥɢɞɢɦɟɬɢɥɫɢɥɨɤɫɚɧɨɜ ɫ ɤɨɧɰɟɜɵɦɢ ɝɢɞɪɨɤɫɢɥɶɧɵɦɢ ɝɪɭɩ-
ɩɚɦɢ ɩɨɥɢɤɨɧɞɟɧɫɚɰɢɟɣ ɞɢɦɟɬɢɥɚɥɤɨɤɫɢɫɢɥɚɧɨɜ ɜ ɚɤɬɢɜɧɨɣ ɫɪɟɞɟμ ɩɚɬ. 24ηθγ08 Ɋɨɫ. Ɏɟɞɟ-
ɪɚɰɢɹ. № 20101γ0782/04; ɡɚɹɜɥ. 2γ.07.10; ɨɩɭɛɥ. 20.07.12. 
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Ɋȿɒȿɇɂȿ 
 

VII ȼɋȿɊɈɋɋɂɃɋɄɈɃ ɇȺɍɑɇɈ-ɌȿɏɇɂɑȿɋɄɈɃ ɄɈɇФȿɊȿɇɐɂɂ 
«ɊɈɅɖ ФɍɇДȺɆȿɇɌȺɅɖɇɕɏ ɂɋɋɅȿДɈȼȺɇɂɃ  

ɉɊɂ ɊȿȺɅɂɁȺɐɂɂ ɋɌɊȺɌȿȽɂɑȿɋɄɂɏ ɇȺɉɊȺȼɅȿɇɂɃ  
ɊȺɁȼɂɌɂə ɆȺɌȿɊɂȺɅɈȼ ɂ ɌȿɏɇɈɅɈȽɂɃ ɂɏ ɉȿɊȿɊȺȻɈɌɄɂ 

ɇȺ ɉȿɊɂɈД ДɈ 2030 ȽɈДȺ» 
 

28 ɢɸɧɹ 2021 ɝ. 
ɎȽɍɉ «ȼɂȺɆ» Ƚɇɐ ɊɎ, ɝ. Ɇɨɫɤɜɚ 

 
ȼ ɪɚɛɨɬɟ VII ȼɫɟɪɨɫɫɢɣɫɤɨɣ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ ɤɨɧɮɟɪɟɧɰɢɢ «Ɋɨɥɶ ɮɭɧɞɚɦɟɧ-

ɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɢ ɪɟɚɥɢɡɚɰɢɢ ɋɬɪɚɬɟɝɢɱɟɫɤɢɯ ɧɚɩɪɚɜɥɟɧɢɣ ɪɚɡɜɢɬɢɹ ɦɚɬɟɪɢɚ-
ɥɨɜ ɢ ɬɟɯɧɨɥɨɝɢɣ ɢɯ ɩɟɪɟɪɚɛɨɬɤɢ ɧɚ ɩɟɪɢɨɞ ɞɨ 20γ0 ɝɨɞɚ» (ɞɚɥɟɟ – ɤɨɧɮɟɪɟɧɰɢɹ),  
ɩɪɨɜɟɞɟɧɧɨɣ ɜɨ ɎȽɍɉ «ȼɂȺɆ» Ƚɇɐ ɊɎ 28 ɢɸɧɹ 2021 ɝɨɞɚ, ɩɪɢɧɹɥɢ ɭɱɚɫɬɢɟ ɫɩɟɰɢɚ-
ɥɢɫɬɵ ɨɪɝɚɧɢɡɚɰɢɣ, ɡɚɧɢɦɚɸɳɢɯɫɹ ɪɚɡɪɚɛɨɬɤɨɣ, ɩɪɨɢɡɜɨɞɫɬɜɨɦ ɢ ɩɪɢɦɟɧɟɧɢɟɦ ɦɚɬɟ-
ɪɢɚɥɨɜ ɢ ɬɟɯɧɨɥɨɝɢɣ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ, ɩɪɟɞɫɬɚɜɢɬɟɥɢ Ɋɨɫɫɢɣɫɤɨɣ ɚɤɚɞɟɦɢɢ ɧɚɭɤ, 
ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɯ ɢɧɫɬɢɬɭɬɨɜ ɢ ɜɵɫɲɢɯ ɭɱɟɛɧɵɯ ɡɚɜɟɞɟɧɢɣ. 

ɉɨ иɬɨɝаɦ ɨɛɦɟɧа ɦɧɟɧияɦи ɩɨ ɬɟɦаɬиɤɟ ɤɨɧɮɟɪɟɧɰии ɟɟ ɭчаɫɬɧиɤи ɪɟɲиɥи 
ɫɥɟɞɭɸɳɟɟ: 

1. ɉɪɢɡɧɚɬɶ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɟ ɢ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨ-ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɟ ɢɫɫɥɟɞɨɜɚ-
ɧɢɹ, ɩɪɨɜɨɞɢɦɵɟ ɜɟɞɭɳɢɦɢ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɦɢ ɨɪɝɚɧɢɡɚɰɢɹɦɢ, ɝɨɫɭɞɚɪɫɬɜɟɧ-
ɧɵɦɢ ɧɚɭɱɧɵɦɢ ɰɟɧɬɪɚɦɢ ɫɨɜɦɟɫɬɧɨ ɫ ɢɧɫɬɢɬɭɬɚɦɢ ɊȺɇ, ɧɚɰɢɨɧɚɥɶɧɵɦɢ ɢɫɫɥɟɞɨɜɚ-
ɬɟɥɶɫɤɢɦɢ ɭɧɢɜɟɪɫɢɬɟɬɚɦɢ ɢ ɜɵɫɲɢɦɢ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɵɦɢ ɨɛɪɚɡɨɜɚɬɟɥɶɧɵɦɢ ɭɱɪɟ-
ɠɞɟɧɢɹɦɢ, ɨɫɧɨɜɨɣ ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɪɚɡɜɢɬɢɹ ɞɟɹɬɟɥɶɧɨɫɬɢ ɩɨ ɫɨɡɞɚɧɢɸ ɦɚɬɟɪɢɚɥɨɜ 
ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ ɜ ɪɚɦɤɚɯ ɪɟɚɥɢɡɚɰɢɢ «ɋɬɪɚɬɟɝɢɱɟɫɤɢɯ ɧɚɩɪɚɜɥɟɧɢɣ ɪɚɡɜɢɬɢɹ ɦɚɬɟɪɢ-
ɚɥɨɜ ɢ ɬɟɯɧɨɥɨɝɢɣ ɢɯ ɩɟɪɟɪɚɛɨɬɤɢ ɧɚ ɩɟɪɢɨɞ ɞɨ 20γ0 ɝɨɞɚ». 

Ɉɬɦɟɬɢɬɶ ɨɫɧɨɜɨɩɨɥɚɝɚɸɳɭɸ ɪɨɥɶ «ɋɬɪɚɬɟɝɢɱɟɫɤɢɯ ɧɚɩɪɚɜɥɟɧɢɣ ɪɚɡɜɢɬɢɹ  
ɦɚɬɟɪɢɚɥɨɜ ɢ ɬɟɯɧɨɥɨɝɢɣ ɢɯ ɩɟɪɟɪɚɛɨɬɤɢ ɧɚ ɩɟɪɢɨɞ ɞɨ 20γ0 ɝɨɞɚ» ɜ ɤɚɱɟɫɬɜɟ ɤɥɸɱɟɜɨɝɨ 
ɞɨɤɭɦɟɧɬɚ ɫɬɪɚɬɟɝɢɱɟɫɤɨɝɨ ɩɥɚɧɢɪɨɜɚɧɢɹ ɜ Ɋɨɫɫɢɢ ɜ ɱɚɫɬɢ ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɹ. 

2. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɨɬɫɭɬɫɬɜɭɟɬ ɩɨɥɢɬɢɤɚ ɟɞɢɧɨɝɨ ɪɟɫɭɪɫɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ 
ɧɚɭɱɧɨɣ, ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ ɢ ɢɧɧɨɜɚɰɢɨɧɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ, ɧɚɪɭɲɟɧɚ ɩɪɟɟɦɫɬɜɟɧ-
ɧɨɫɬɶ ɢ ɫɬɚɞɢɣɧɨɫɬɶ ɜɵɩɨɥɧɟɧɢɹ ɧɚɭɱɧɵɯ ɩɪɨɟɤɬɨɜ, ɧɟ ɜɵɪɚɛɨɬɚɧɵ ɫɢɫɬɟɦɧɵɟ ɦɟɪɵ ɩɨ 
ɩɪɢɜɥɟɱɟɧɢɸ ɢɧɜɟɫɬɢɰɢɣ ɜ ɧɚɭɱɧɭɸ, ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɭɸ ɢ ɢɧɧɨɜɚɰɢɨɧɧɭɸ ɫɮɟɪɵ. 

Ɍɟɤɭɳɟɟ ɮɢɧɚɧɫɨɜɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɪɚɡɜɢɬɢɹ ɧɚɭɱɧɨɣ, ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ ɢ ɢɧ-
ɧɨɜɚɰɢɨɧɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ ɜ ɱɚɫɬɢ ɨɛɴɟɦɚ ɜɧɭɬɪɟɧɧɢɯ ɡɚɬɪɚɬ, ɞɢɧɚɦɢɤɢ ɤɨɥɢɱɟɫɬɜɚ 
ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ ɢ ɞɨɥɢ ɪɚɫɯɨɞɨɜ ɜ ɫɬɪɭɤɬɭɪɟ ȼȼɉ ɨɫɬɚɟɬɫɹ ɧɚ ɧɟɞɨɫɬɚɬɨɱɧɨɦ ɭɪɨɜɧɟ 
ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɩɪɨɪɵɜɧɨɝɨ ɪɚɡɜɢɬɢɹ Ɋɨɫɫɢɢ, ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɉɪɟɡɢɞɟɧɬɨɦ Ɋɨɫɫɢɣɫɤɨɣ 
Ɏɟɞɟɪɚɰɢɢ ɜ ɧɚɰɢɨɧɚɥɶɧɵɯ ɰɟɥɹɯ ɧɚ ɩɟɪɢɨɞ ɞɨ 20γ0 ɝɨɞɚ. 

ȼ ɫɜɹɡɢ ɫ ɜɵɲɟɢɡɥɨɠɟɧɧɵɦ ɫɥɟɞɭɟɬ ɩɨɪɭɱɢɬɶ Ɉɪɝɚɧɢɡɚɰɢɨɧɧɨɦɭ ɤɨɦɢɬɟɬɭ 
ɧɚɩɪɚɜɢɬɶ ɨɛɪɚɳɟɧɢɟ ɜ ɚɞɪɟɫ Ɇɢɧɨɛɪɧɚɭɤɢ Ɋɨɫɫɢɢ ɨ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɢ ɢɧɢɰɢɢɪɨɜɚɧɢɹ 
ɩɪɨɪɚɛɨɬɤɢ ɢɡɦɟɧɟɧɢɣ ɜ Ȼɸɞɠɟɬɧɵɣ ɤɨɞɟɤɫ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ, ɩɪɟɞɭɫɦɨɬɪɟɜ ɪɚɡ-
ɞɟɥ ɛɸɞɠɟɬɧɨɣ ɤɥɚɫɫɢɮɢɤɚɰɢɢ «Ɏɭɧɞɚɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɫɨɞɟɣɫɬɜɢɟ ɧɚɭɱɧɨ-
ɬɟɯɧɢɱɟɫɤɨɦɭ ɩɪɨɝɪɟɫɫɭ», ɤɨɧɫɨɥɢɞɢɪɭɸɳɢɣ ɪɚɫɯɨɞɵ ɧɚ ɧɚɭɤɭ ɫ ɜɵɞɟɥɟɧɢɟɦ ɨɬɞɟɥɶ-
ɧɨɣ ɫɬɚɬɶɢ – «ɨɩɵɬɧɨ-ɤɨɧɫɬɪɭɤɬɨɪɫɤɢɟ ɪɚɛɨɬɵ ɩɨ ɫɨɡɞɚɧɢɸ ɤɨɧɤɪɟɬɧɵɯ ɨɛɪɚɡɰɨɜ ɜɵ-
ɫɨɤɨɬɟɯɧɨɥɨɝɢɱɧɨɣ ɩɪɨɞɭɤɰɢɢ». 

γ. ɉɪɢɡɧɚɬɶ, ɱɬɨ ɦɟɠɨɬɪɚɫɥɟɜɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɧɚɭɱɧɨɣ ɢ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ 
ɞɟɹɬɟɥɶɧɨɫɬɢ, ɡɚɞɚɱɢ ɩɨ ɮɨɪɦɢɪɨɜɚɧɢɸ ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɨɣ ɤɨɨɩɟɪɚɰɢɢ ɢ ɢɧɬɟɝɪɚɰɢɢ 
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ɧɚɭɱɧɨɣ ɢ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ ɫ ɢɧɧɨɜɚɰɢɨɧɧɨɣ, ɩɪɨɦɵɲɥɟɧɧɨɣ ɢ ɨɛɪɚ-
ɡɨɜɚɬɟɥɶɧɨɣ ɫɮɟɪɚɦɢ ɪɟɲɚɸɬɫɹ ɧɟɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɵɦɢ ɬɟɦɩɚɦɢ. 

Ɉɬɦɟɬɢɬɶ ɡɧɚɱɢɬɟɥɶɧɵɟ ɞɨɫɬɢɠɟɧɢɹ ɭɱɚɫɬɧɢɤɨɜ ɤɨɧɮɟɪɟɧɰɢɢ ɩɨ ɜɵɫɬɪɚɢɜɚɧɢɸ 
ɤɨɨɩɟɪɚɰɢɢ ɢ ɲɢɪɨɤɨɦɭ ɜɨɜɥɟɱɟɧɢɸ ɜ ɧɚɭɱɧɭɸ ɞɟɹɬɟɥɶɧɨɫɬɶ ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɪɟɞ-
ɩɪɢɹɬɢɣ. Ɋɟɤɨɦɟɧɞɨɜɚɬɶ ɭɱɚɫɬɧɢɤɚɦ ɩɪɢɧɹɬɶ ɚɤɬɢɜɧɨɟ ɭɱɚɫɬɢɟ ɜ ɩɨɫɬɚɧɨɜɤɟ ɢ ɪɟɚɥɢɡɚ-
ɰɢɢ ɦɟɪɨɩɪɢɹɬɢɣ ɜ ɪɚɦɤɚɯ ɉɪɨɝɪɚɦɦɵ ɫɬɪɚɬɟɝɢɱɟɫɤɨɝɨ ɚɤɚɞɟɦɢɱɟɫɤɨɝɨ ɥɢɞɟɪɫɬɜɚ 
(ɉɪɢɨɪɢɬɟɬ-2030). 

ɉɨɪɭɱɢɬɶ Ɉɪɝɚɧɢɡɚɰɢɨɧɧɨɦɭ ɤɨɦɢɬɟɬɭ ɩɨɞɝɨɬɨɜɢɬɶ ɨɛɪɚɳɟɧɢɟ ɜ ɚɞɪɟɫ  
Ɇɢɧɨɛɪɧɚɭɤɢ Ɋɨɫɫɢɢ ɨ ɜɚɠɧɨɫɬɢ ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɜɨɜɥɟɱɟɧɢɹ ɨɬɪɚɫɥɟɜɵɯ ɧɚɭɱɧɵɯ ɢ 
ɩɪɨɦɵɲɥɟɧɧɵɯ ɨɪɝɚɧɢɡɚɰɢɣ ɜ ɩɪɨɰɟɫɫ ɮɨɪɦɢɪɨɜɚɧɢɹ ɬɟɦɚɬɢɤɢ ɩɪɨɝɪɚɦɦ ɪɚɡɜɢɬɢɹ 
ɭɧɢɜɟɪɫɢɬɟɬɨɜ ɜ ɪɚɦɤɚɯ ɩɪɨɟɤɬɚ ɉɪɢɨɪɢɬɟɬ-2030. 

4. ȼ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɧɚɛɥɸɞɚɟɬɫɹ ɪɚɞɢɤɚɥɶɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɨɬ ɨɛɳɟɦɢɪɨ-
ɜɨɣ ɩɪɚɤɬɢɤɢ ɜ ɱɚɫɬɢ ɜɟɧɱɭɪɧɨɝɨ ɮɢɧɚɧɫɢɪɨɜɚɧɢɹ ɜɵɫɨɤɨɪɢɫɤɨɜɵɯ ɢɧɧɨɜɚɰɢɨɧɧɵɯ 
ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ ɪɚɡɪɚɛɨɬɨɤ. 

ȼɟɧɱɭɪɧɵɦɢ ɢɧɜɟɫɬɢɰɢɹɦɢ, ɫɨɝɥɚɫɧɨ ɡɚɤɨɧɨɞɚɬɟɥɶɫɬɜɭ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ, 
ɹɜɥɹɟɬɫɹ ɮɢɧɚɧɫɨɜɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɡɚ ɫɱɟɬ ɫɪɟɞɫɬɜ ɛɸɞɠɟɬɧɨɣ ɫɢɫɬɟɦɵ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟ-
ɞɟɪɚɰɢɢ, ɩɪɢ ɷɬɨɦ ɜ ɭɫɬɨɹɜɲɟɣɫɹ ɨɛɳɟɦɢɪɨɜɨɣ ɩɪɚɤɬɢɤɟ ɜɟɧɱɭɪɧɨɟ ɮɢɧɚɧɫɢɪɨɜɚɧɢɟ 
ɩɪɟɞɩɨɥɚɝɚɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɱɚɫɬɧɵɯ, ɜɧɟɛɸɞɠɟɬɧɵɯ ɫɪɟɞɫɬɜ. 

ɇɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜɟɧɱɭɪɧɵɦ ɮɢɧɚɧɫɢɪɨɜɚɧɢɟɦ ɜ Ɋɨɫɫɢɢ ɡɚɧɢɦɚɸɬɫɹ 
ɫɨɡɞɚɧɧɵɟ ɝɨɫɭɞɚɪɫɬɜɨɦ ɢɧɫɬɢɬɭɬɵ ɪɚɡɜɢɬɢɹ, ɧɨ ɧɨɪɦɚɬɢɜɧɨ-ɩɪɚɜɨɜɚɹ ɛɚɡɚ ɧɟ ɩɨɡɜɨɥɹ-
ɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶ ɜɟɧɱɭɪɧɨɟ ɮɢɧɚɧɫɢɪɨɜɚɧɢɟ ɤɪɭɩɧɵɦ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɦ ɤɨɪɩɨɪɚɰɢɹɦ. 

ɉɨɪɭɱɢɬɶ Ɉɪɝɚɧɢɡɚɰɢɨɧɧɨɦɭ ɤɨɦɢɬɟɬɭ ɩɨɞɝɨɬɨɜɢɬɶ ɨɛɪɚɳɟɧɢɟ ɜ ɚɞɪɟɫ  
Ɇɢɧɨɛɪɧɚɭɤɢ Ɋɨɫɫɢɢ ɨ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɢ ɪɚɡɪɚɛɨɬɤɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɧɨɪɦɚɬɢɜɧɨ-
ɩɪɚɜɨɜɨɣ ɛɚɡɵ, ɭɫɬɪɚɧɹɸɳɟɣ ɜɨɡɧɢɤɚɸɳɢɟ ɧɚ ɩɪɚɤɬɢɤɟ ɩɪɚɜɨɜɵɟ ɤɨɥɥɢɡɢɢ, ɩɪɟɞɭ-
ɫɦɨɬɪɟɜ ɤɨɦɩɥɟɤɫ ɩɪɨɡɪɚɱɧɵɯ ɦɟɯɚɧɢɡɦɨɜ, ɩɨɡɜɨɥɹɸɳɢɯ ɤɪɭɩɧɵɦ ɱɚɫɬɧɵɦ ɤɨɦɩɚɧɢ-
ɹɦ, ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɦ ɤɨɪɩɨɪɚɰɢɹɦ – ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ ɥɢɞɟɪɚɦ ɚɤɬɢɜɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɢɧɫɬɪɭɦɟɧɬ ɜɟɧɱɭɪɧɨɝɨ ɮɢɧɚɧɫɢɪɨɜɚɧɢɹ. 

η. ɋɭɳɟɫɬɜɭɸɳɢɟ ɩɪɨɛɥɟɦɵ ɬɪɚɧɫɮɟɪɚ ɬɟɯɧɨɥɨɝɢɣ ɢ ɞɢɜɟɪɫɢɮɢɤɚɰɢɢ ɩɪɨɞɭɤ-
ɰɢɢ ɞɜɨɣɧɨɝɨ ɢ ɫɩɟɰɢɚɥɶɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ ɧɟ ɪɟɲɟɧɵ. 

Ⱦɟɣɫɬɜɭɸɳɚɹ ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɩɪɚɜɚɦɢ ɧɚ ɪɟɡɭɥɶɬɚɬɵ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɣ  
ɞɟɹɬɟɥɶɧɨɫɬɢ (ɊɂȾ) ɜɨɟɧɧɨɝɨ, ɫɩɟɰɢɚɥɶɧɨɝɨ ɢ ɞɜɨɣɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ ɧɟ ɨɬɜɟɱɚɟɬ ɡɚɞɚ-
ɱɚɦ, ɩɨɫɬɚɜɥɟɧɧɵɦ ɉɪɟɡɢɞɟɧɬɨɦ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɜ ɱɚɫɬɢ ɞɢɜɟɪɫɢɮɢɤɚɰɢɢ  
ɩɪɨɢɡɜɨɞɫɬɜɚ, ɢ ɧɟ ɫɬɢɦɭɥɢɪɭɟɬ ɩɪɟɞɩɪɢɹɬɢɹ ɤ ɜɟɞɟɧɢɸ ɯɨɡɹɣɫɬɜɟɧɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ ɜ 
ɨɬɧɨɲɟɧɢɢ ɩɨɥɭɱɟɧɧɵɯ ɊɂȾ. 

Ɉɬɦɟɬɢɬɶ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɶ ɭɫɤɨɪɟɧɢɹ ɪɚɛɨɬ ɩɨ ɮɨɪɦɢɪɨɜɚɧɢɸ ɩɪɟɞɥɨɠɟɧɢɣ  
ɜ ɪɚɦɤɚɯ ɉɥɚɧɚ-ɝɪɚɮɢɤɚ ɩɨɞɝɨɬɨɜɤɢ ɧɨɪɦɚɬɢɜɧɨ-ɩɪɚɜɨɜɵɯ ɚɤɬɨɜ, ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ  
ɪɟɚɥɢɡɚɰɢɢ ɧɨɪɦ Ɏɟɞɟɪɚɥɶɧɨɝɨ ɡɚɤɨɧɚ № 456-ɎɁ ɨɬ 22.12.2020. 

ɇɚɫɬɨɹɳɟɟ ɪɟɲɟɧɢɟ ɨɛɫɭɠɞɟɧɨ ɢ ɫɨɝɥɚɫɨɜɚɧɨ ɫ ɭɱɚɫɬɧɢɤɚɦɢ ɤɨɧɮɟɪɟɧɰɢɢ. 
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Ⱥɥɟɤɫɟɟɜ Ⱥɧɞɪɟɣ ȼɥɚɞɢɦɢɪɨɜɢɱ  ɇɚɭɱɧɵɣ ɫɨɬɪɭɞɧɢɤ, ɤ.ɛ.ɧ. 
Ⱥɫɬɚɲɤɢɧ Ⱥɥɟɤɫɚɧɞɪ ɂɝɨɪɟɜɢɱ   ɂɧɠɟɧɟɪ 2 ɤɚɬɟɝɨɪɢɢ 
Ⱥɮɚɧɚɫɶɟɜ-Хɨɞɵɤɢɧ Ⱥɥɟɤɫɚɧɞɪ ɇɢɤɨɥɚɟɜɢɱ  ɇɚɱɚɥɶɧɢɤ ɫɟɤɬɨɪɚ 
Ȼɚɛɚɧɨɜ ȼɢɬɚɥɢɣ ȼɢɤɬɨɪɨɜɢɱ  ȼɟɞɭɳɢɣ ɢɧɠɟɧɟɪ 
Ȼɚɪɢɧɨɜ Ⱦɦɢɬɪɢɣ əɤɨɜɥɟɜɢɱ  ɂɧɠɟɧɟɪ 2 ɤɚɬɟɝɨɪɢɢ 
ȼɚɫɢɥɶɟɜ Ⱥɧɬɨɧ ɂɝɨɪɟɜɢɱ   ɂɧɠɟɧɟɪ 
ȼɨɪɨɛɶɟɜ ɇɢɤɢɬɚ ɇɢɤɨɥɚɟɜɢɱ  ɂɧɠɟɧɟɪ 
Ƚɭɫɟɜɚ Ɇɚɪɢɧɚ Ⱥɥɟɤɫɚɧɞɪɨɜɧɚ  ɋɬɚɪɲɢɣ ɧɚɭɱɧɵɣ ɫɨɬɪɭɞɧɢɤ, ɤ.ɯ.ɧ. 
Ⱦɟɦɢɧ ɋɟɦɟɧ Ⱥɧɚɬɨɥɶɟɜɢɱ   ȼɟɞɭɳɢɣ ɢɧɠɟɧɟɪ  
Ⱦɭɸɧɨɜɚ ȼɢɤɬɨɪɢɹ Ⱥɥɟɤɫɚɧɞɪɨɜɧɚ  ɇɚɱɚɥɶɧɢɤ ɇɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɝɨ ɨɬɞɟɥɟɧɢɹ, 

ɤ.ɬ.ɧ. 
Ɂɚɝɨɪɚ Ⱥɪɬɟɦ Ƚɪɢɝɨɪɶɟɜɢɱ  ɂɧɠɟɧɟɪ 2 ɤɚɬɟɝɨɪɢɢ 
Ɂɭɟɜ Ⱥɧɞɪɟɣ ȼɥɚɞɢɦɢɪɨɜɢɱ  Ɂɚɦɟɫɬɢɬɟɥɶ ɧɚɱɚɥɶɧɢɤɚ ɥɚɛɨɪɚɬɨɪɢɢ, ɤ.ɬ.ɧ. 
Ʉɚɛɥɨɜ ȿɜɝɟɧɢɣ ɇɢɤɨɥɚɟɜɢɱ  Ƚɟɧɟɪɚɥɶɧɵɣ ɞɢɪɟɤɬɨɪ, ɚɤɚɞɟɦɢɤ ɊȺɇ 
Ʉɢɬɚɟɜɚ ɇɚɬɚɥɶɹ ɋɟɪɝɟɟɜɧɚ  ȼɟɞɭɳɢɣ ɢɧɠɟɧɟɪ 
Ʉɧɹɡɟɜ Ⱥɧɞɪɟɣ ȼɚɞɢɦɨɜɢɱ  ȼɟɞɭɳɢɣ ɢɧɠɟɧɟɪ 
Ʉɨɡɥɨɜ ɂɥɶɹ Ⱥɧɞɪɟɟɜɢɱ   ɇɚɱɚɥɶɧɢɤ ɥɚɛɨɪɚɬɨɪɢɢ, ɤ.ɬ.ɧ. 
Ʉɨɧɞɪɚɲɨɜ ɋɬɚɧɢɫɥɚɜ ȼɥɚɞɢɦɢɪɨɜɢɱ  Ɂɚɦɟɫɬɢɬɟɥɶ ɧɚɱɚɥɶɧɢɤɚ ɥɚɛɨɪɚɬɨɪɢɢ ɩɨ ɧɚɭɤɟ, ɞ.ɬ.ɧ. 
Ʉɨɱɟɬɤɨɜ Ⱥɥɟɤɫɟɣ ɋɟɪɝɟɟɜɢɱ  ɇɚɱɚɥɶɧɢɤ ɫɟɤɬɨɪɚ, ɤ.ɬ.ɧ. 
Ʉɪɚɟɜ ɂɜɚɧ Ⱦɦɢɬɪɢɟɜɢɱ    ɂɧɠɟɧɟɪ-ɬɟɯɧɨɥɨɝ 1 ɤɚɬɟɝɨɪɢɢ 
Ʌɚɪɢɨɧɨɜ ɋɟɪɝɟɣ Ⱥɥɟɤɫɚɧɞɪɨɜɢɱ  ɂɧɠɟɧɟɪ 1 ɤɚɬɟɝɨɪɢɢ 
Ɇɚɤɭɲɢɧɚ Ɇɚɪɢɧɚ Ⱥɥɟɤɫɚɧɞɪɨɜɧɚ  ɂɧɠɟɧɟɪ 
Ɇɟɥɶɧɢɤɨɜ Ⱥɧɞɪɟɣ Ⱥɧɞɪɟɟɜɢɱ  ȼɟɞɭɳɢɣ ɧɚɭɱɧɵɣ ɫɨɬɪɭɞɧɢɤ, ɤ.ɬ.ɧ. 
Ɇɭɯɚɦɟɬɨɜ Ɋɚɦɢɥɶ Ɋɢɮɨɜɢɱ  ɇɚɱɚɥɶɧɢɤ ɥɚɛɨɪɚɬɨɪɢɢ, ɤ.ɬ.ɧ. 
ɇɢɤɢɮɨɪɨɜ Ⱥɧɞɪɟɣ Ⱥɥɟɤɫɚɧɞɪɨɜɢɱ  ɇɚɱɚɥɶɧɢɤ ɫɟɤɬɨɪɚ 
ɇɨɱɨɜɧɚɹ ɇɚɞɟɠɞɚ Ⱥɥɟɤɫɟɟɜɧɚ  Ɂɚɦɟɫɬɢɬɟɥɶ ɧɚɱɚɥɶɧɢɤɚ ɥɚɛɨɪɚɬɨɪɢɢ, ɞ.ɬ.ɧ. 
Ɉɛɪɚɡɰɨɜɚ ȿɥɟɧɚ ɉɟɬɪɨɜɧɚ   ɂɧɠɟɧɟɪ-ɬɟɯɧɨɥɨɝ 

Ɉɝɥɨɞɤɨɜ Ɇɢɯɚɢɥ ɋɟɪɝɟɟɜɢɱ   Ɂɚɦɟɫɬɢɬɟɥɶ ɧɚɱɚɥɶɧɢɤɚ ɇɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɝɨ 
ɨɬɞɟɥɟɧɢɹ, ɤ.ɬ.ɧ. 

Ɉɪɥɨɜ Ƚɟɧɧɚɞɢɣ ȼɚɫɢɥɶɟɜɢɱ  ȼɟɞɭɳɢɣ ɢɧɠɟɧɟɪ 
ɉɚɜɥɟɧɤɨ ɋɟɪɝɟɣ Ⱥɥɟɤɫɚɧɞɪɨɜɢɱ  ɂɧɠɟɧɟɪ 2 ɤɚɬɟɝɨɪɢɢ 
ɉɚɧɢɧ ɉɚɜɟɥ ȼɚɫɢɥɶɟɜɢɱ  ȼɟɞɭɳɢɣ ɧɚɭɱɧɵɣ ɫɨɬɪɭɞɧɢɤ, ɤ.ɬ.ɧ. 
ɉɚɯɨɦɤɢɧ ɋɬɚɧɢɫɥɚɜ ɂɝɨɪɟɜɢɱ  ȼɟɞɭɳɢɣ ɢɧɠɟɧɟɪ 
ɉɟɬɪɨɜ ɉɚɜɟɥ ɋɟɪɝɟɟɜɢɱ  Ɍɟɯɧɢɤ 1 ɤɚɬɟɝɨɪɢɢ 
ɉɭɬɵɪɫɤɢɣ ɋɬɚɧɢɫɥɚɜ ȼɥɚɞɢɦɢɪɨɜɢɱ  Ɂɚɦɟɫɬɢɬɟɥɶ ɧɚɱɚɥɶɧɢɤɚ ɥɚɛɨɪɚɬɨɪɢɢ 
ɉɵɯɬɢɧ Ⱥɥɟɤɫɚɧɞɪ Ⱥɥɟɤɫɟɟɜɢɱ  Ʉɚɧɞɢɞɚɬ ɬɟɯɧɢɱɟɫɤɢɯ ɧɚɭɤ  
Ɋɨɝɚɥɟɜ Ⱥɥɟɤɫɟɣ Ɇɢɯɚɣɥɨɜɢɱ   ɇɚɱɚɥɶɧɢɤ ɫɟɤɬɨɪɚ 
ɋɜɢɪɢɞɨɜ Ⱥɥɟɤɫɚɧɞɪ ȼɥɚɞɢɦɢɪɨɜɢɱ  ɇɚɱɚɥɶɧɢɤ ɥɚɛɨɪɚɬɨɪɢɢ, ɤ.ɬ.ɧ. 
ɋɟɥɢɜɚɧɨɜ Ⱥɧɞɪɟɣ Ⱥɪɤɚɞɶɟɜɢɱ  ɇɚɱɚɥɶɧɢɤ ɥɚɛɨɪɚɬɨɪɢɢ, ɤ.ɬ.ɧ. 
ɋɤɭɩɨɜ Ⱥɥɟɤɫɟɣ Ⱥɥɟɤɫɟɟɜɢɱ  ɇɚɱɚɥɶɧɢɤ ɫɟɤɬɨɪɚ, ɤ.ɬ.ɧ. 
Ɍɟɪɟɯɨɜ ɂɜɚɧ ȼɥɚɞɢɦɢɪɨɜɢɱ  ɋɬɚɪɲɢɣ ɧɚɭɱɧɵɣ ɫɨɬɪɭɞɧɢɤ, ɤ.ɯ.ɧ. 
Ɍɤɚɱɟɧɤɨ ȿɜɝɟɧɢɹ Ⱥɧɚɬɨɥɶɟɜɧɚ  ɋɬɚɪɲɢɣ ɧɚɭɱɧɵɣ ɫɨɬɪɭɞɧɢɤ 
Ɍɤɚɱɭɤ Ⱥɧɚɬɨɥɢɣ ɂɜɚɧɨɜɢɱ  ɇɚɱɚɥɶɧɢɤ ɫɟɤɬɨɪɚ, ɤ.ɯ.ɧ. 
Хɦɟɥɟɜɚ Ʉɫɟɧɢɹ Ɇɢɯɚɣɥɨɜɧɚ  Ɍɟɯɧɢɤ 
Хɨɞɚɤɨɜɚ ȿɥɢɡɚɜɟɬɚ Ⱥɥɟɤɫɚɧɞɪɨɜɧɚ  ȼɟɞɭɳɢɣ ɢɧɠɟɧɟɪ 
Шɢɪɹɤɢɧɚ ɘɥɢɹ Ɇɢɯɚɣɥɨɜɧɚ  ɋɬɚɪɲɢɣ ɧɚɭɱɧɵɣ ɫɨɬɪɭɞɧɢɤ, ɤ.ɯ.ɧ. 
Шɢɬɨɜ Ɋɨɦɚɧ Ɉɥɟɝɨɜɢɱ   ɂɧɠɟɧɟɪ 2 ɤɚɬɟɝɨɪɢɢ 
Шɭɥɶɞɟɲɨɜ ȿɜɝɟɧɢɣ Ɇɢɯɚɣɥɨɜɢɱ  Ʉɚɧɞɢɞɚɬ ɬɟɯɧɢɱɟɫɤɢɯ ɧɚɭɤ 

ɎȽȻɍН  «Иɧɫɬɢɬɭɬ ɮɢɡɢɱɟɫɤɨɣ ɯɢɦɢɢ ɢ ɷɥɟɤɬɪɨɯɢɦɢɢ ɢɦɟɧɢ Ⱥ.Н. Ɏɪɭɦɤɢɧа ɊȺН»;  
e-mail: dir@phyche.ac.ru 

Ƚɟɪɚɫɢɦɨɜ Ɇɢɯɚɢɥ ȼɥɚɞɢɦɢɪɨɜɢɱ   ɋɬɚɪɲɢɣ ɧɚɭɱɧɵɣ ɫɨɬɪɭɞɧɢɤ, ɤ.ɬ.ɧ. 
 



 

AUTHORS INFORMATION 
 

Authors named Position, academic degree 
FSUE «All-Russian scientiПic research institute oП aviation materials» SSC of RF; e-mail: admin@viam.ru 

Andrey V. Alekseev  Researcher, Candidate of Sciences (Bio.) 
Alexander I. Astashkin  Second Category Engineer 
Alexander N. Afanasev-Khodykin  Head of Sector 
Vitaly V. Babanov  Leading Engineer 
Dmitry Ya. Barinov   Second Category Engineer 
Anton I. Vasilev  Engineer 
Nikita N. Vorobev   Engineer 
Marina A. Guseva  Senior Researcher, Candidate of Sciences (Chem.) 
Semyon A. Demin   Leading Engineer 
Victoria A. Duyunova   Head of Scientific-Research Bureau, Candidate of Sciences (Tech.) 
Artem G. Zagora  Second Category Engineer 
Andrey V. Zuev   Deputy Head of Laboratory, Candidate of Sciences (Tech.) 
Evgeny N. Kablov  Director General, academician of RAS 
Natalya S. Kitaeva  Leading Engineer 
Andrey V. Knyazev  Leading Engineer 
Ilya A. Kozlov   Head of Laboratory, Candidate of Sciences (Tech.) 

Stanislav V. Kondrashov  
Deputy Head of the Laboratory for Science, Doctor of Sciences 
(Tech.) 

Alexey S. Kochetkov Head of Sector, Candidate of Sciences (Tech.) 
Ivan D. Kraev First category engineer-technologist  
Sergey A. Larionov  First Category Engineer 
Marina A. Makushina  Engineer 
Andrey A. Melnikov  Leading Researcher, Candidate of Sciences (Tech.) 
Ramil R. Mukhametov  Head of Laboratory, Candidate of Sciences (Tech.) 
Andrey A. Nikiforov  Head of Sector 
Nadezhda A. Nochovnaya   Deputy Head of Laboratory, Doctor of Sciences (Tech.) 
Elena P. Obraztsova  Engineer-technologist 

Mikhail S. Oglodkov  
Deputy Head of Scientific-Research Bureau, Candidate  
of Sciences (Tech.) 

Gennady V. Orlov  Leading Engineer 
Sergey A. Pavlenko  Second Category Engineer 
Pavel V. Panin    Leading Researcher, Candidate of Sciences (Tech.) 
Stanislav I. Pakhomkin    Leading Engineer 
Pavel S. Petrov   First Category Technician 
Stanislav V. Putyrskiy  Deputy Head of Laboratory  
Alexander A. Pykhtin Candidate of Sciences (Tech.) 
Aleksey M. Rogalev  Head of Sector 
Alexander V. Sviridov  Head of Laboratory, Candidate of Sciences (Tech.) 
Andrey A. Selivanov  Head of Laboratory, Candidate of Sciences (Tech.) 
Aleksey A. Skupov  Head of Sector, Candidate of Sciences (Tech.) 
Ivan V. Terekhov  Senior Researcher, Candidate of Sciences (Chem.) 
Evgeniya A. Tkachenko  Senior Researcher 
Anatoly I. Tkachuk  Head of Sector, Candidate of Sciences (Chem.) 
Ksenia M. Khmeleva  Technician 
Elizaveta A. Khodakova  Leading Engineer 
Yulia M. Shiryakina  Senior Researcher, Candidate of Sciences (Chem.) 
Roman O. Shitov   Second Category Engineer 
Evgeny M. Shuldeshov   Candidate of Sciences (Tech.) 

Frumkin Institute of Physical Chemistry and Electrochemistry, Russian Academy of Sciences;  
e-mail: dir@phyche.ac.ru 

Mikhail V. Gerasimov  Senior Researcher,  Candidate of Sciences (Tech.) 

 
 



 



 



 



 



 



 



 



 



 
ɌРȿȻɈВАɇИЯ  К  РɍКɈɉИɋИ  ɋɌАɌЬИ 

ɉРИ  ɉɈДȽɈɌɈВКȿ  К  ИɁДАɇИɘ 
  

1. Ɋɭɤɨɩɢɫɶ ɩɪɟɞɨɫɬɚɜɥɹɟɬɫɹ ɜ Ɋɟɞɚɤɰɢɨɧɧɨ-ɢɡɞɚɬɟɥɶɫɤɢɣ ɨɬɞɟɥ ɎȽɍɉ «ȼИАɆ» ɧɚ ɛɭɦɚɠɧɨɦ ɢ ɷɥɟɤɬ-
ɪɨɧɧɨɦ ɧɨɫɢɬɟɥɹɯ (ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɧɟ ɧɢɠɟ Windows’2003). 

2. ɇɚ ɪɭɤɨɩɢɫɶ ɞɨɥɠɧɨ ɛɵɬɶ ɨɮɨɪɦɥɟɧɨ Эɤɫɩɟɪɬɧɨɟ ɡɚɤɥɸɱɟɧɢɟ ɨ ɜɨɡɦɨɠɧɨɫɬɢ ɨɩɭɛɥɢɤɨɜɚɧɢɹ ɜ  
ɨɬɤɪɵɬɨɣ ɩɟɱɚɬɢ. 

3. Ɋɭɤɨɩɢɫɶ ɞɨɥɠɧɚ ɛɵɬɶ ɩɨɞɩɢɫɚɧɚ ɜɫɟɦɢ ɚɜɬɨɪɚɦɢ ɫɬɚɬɶɢ. 
4. К ɤɚɠɞɨɣ ɪɭɤɨɩɢɫɢ ɧɚ ɨɬɞɟɥɶɧɨɣ ɫɬɪɚɧɢɰɟ ɧɚ ɪɭɫɫɤɨɦ ɢ ɚɧɝɥɢɣɫɤɨɦ ɹɡɵɤɚɯ ɩɪɟɞɨɫɬɚɜɥɹɟɬɫɹ ɪɟɮɟɪɚɬ 

(ɨɛɴɟɦɨɦ 500–600 ɡɧɚɤɨɜ, ɜɤɥɸɱɚɹ ɩɪɨɛɟɥɵ), ɜ ɤɨɬɨɪɨɦ ɤɪɚɬɤɨ ɢɡɥɚɝɚɟɬɫɹ ɨɫɧɨɜɧɨɟ ɫɨɞɟɪɠɚɧɢɟ  
ɪɚɛɨɬɵ, ɢ ɤɥɸɱɟɜɵɟ ɫɥɨɜɚ. 

5. Ɏɚɦɢɥɢɢ ɚɜɬɨɪɨɜ ɢ ɧɚɡɜɚɧɢɟ ɫɬɚɬɶɢ ɞɨɥɠɧɵ ɢɦɟɬɶ ɩɟɪɟɜɨɞ ɧɚ ɚɧɝɥɢɣɫɤɢɣ ɹɡɵɤ. 
6. К ɪɭɤɨɩɢɫɢ ɞɨɥɠɟɧ ɛɵɬɶ ɩɪɢɥɨɠɟɧ ɫɩɢɫɨɤ ɚɜɬɨɪɨɜ ɫ ɭɤɚɡɚɧɢɟɦ ɮɚɦɢɥɢɢ, ɢɦɟɧɢ, ɨɬɱɟɫɬɜɚ (ɩɨɥɧɨ-

ɫɬɶɸ), ɞɨɥɠɧɨɫɬɢ, ɧɨɦɟɪɚ ɬɟɥɟɮɨɧɚ ɢ ɚɞɪɟɫɚ ɷɥɟɤɬɪɨɧɧɨɣ ɩɨɱɬɵ. 
7. Ɋɟɤɨɦɟɧɞɭɟɬɫɹ ɫɥɟɞɭɸщɚɹ ɫɬɪɭɤɬɭɪɚ ɪɭɤɨɩɢɫɢ: 

– ɡɚɝɨɥɨɜɨɤ ɫɬɚɬɶɢ; 
– ɫɜɟɞɟɧɢɹ ɨɛ ɚɜɬɨɪɚɯ; 
– ɪɟɮɟɪɚɬ; 
– ɤɥɸɱɟɜɵɟ ɫɥɨɜɚ; 
– ɜɜɟɞɟɧɢɟ; 
– ɦɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ; 
– ɪɟɡɭɥɶɬɚɬɵ; 
– ɨɛɫɭɠɞɟɧɢɟ ɢ ɡɚɤɥɸɱɟɧɢɹ; 
– ɛɥɚɝɨɞɚɪɧɨɫɬɢ (ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ); 
– ɫɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ. 

8. Ɋɟɤɨɦɟɧɞɭɟɦɵɣ ɨɛɴɟɦ ɪɭɤɨɩɢɫɢ ɨɬ – 15 000 ɞɨ 30 000 ɡɧɚɤɨɜ, ɜɤɥɸɱɚɹ ɩɪɨɛɟɥɵ.  
9. Ɉɫɧɨɜɧɵɟ ɬɟɯɧɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɪɭɤɨɩɢɫɢ: 

– ɲɪɢɮɬ – Times New Roman; 
– ɪɚɡɦɟɪ ɲɪɢɮɬɚ – 12; 
– ɢɧɬɟɪɜɚɥ – 1,5; 
– ɩɨɥɹ: ɜɟɪɯɧɟɟ – 2; ɧɢɠɧɟɟ – 2,5; ɥɟɜɨɟ – 2,5; ɩɪɚɜɨɟ – 2,5; 
– ɚɜɬɨɦɚɬɢɱɟɫɤɚɹ ɪɚɫɫɬɚɧɨɜɤɚ ɩɟɪɟɧɨɫɨɜ; 
– ɧɚɛɨɪ ɮɨɪɦɭɥ ɜ Microsoft Equation 3.0; 
– ɲɬɪɢɯɨɜɵɟ ɪɢɫɭɧɤɢ ɞɨɥɠɧɵ ɛɵɬɶ ɜɵɩɨɥɧɟɧɵ ɜ ɩɪɨɝɪɚɦɦɟ Microsoft Power Point ɢɥɢ Microsoft Excel.  

ɇɚ ɤɚɠɞɵɣ ɪɢɫɭɧɨɤ ɞɨɥɠɧɚ ɛɵɬɶ ɫɫɵɥɤɚ ɜ ɬɟɤɫɬɟ; 
– ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ, ɮɨɬɨɝɪɚɮɢɢ ɩɪɢɛɨɪɨɜ, ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɨɥɠɧɵ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɷɥɟɤɬɪɨɧɧɨɦ 

ɜɢɞɟ ɜ ɩɪɨɝɪɚɦɦɟ Photoshop JPEG; 
– ɪɚɡɦɟɪ ɢɥɥɸɫɬɪɚɰɢɣ ɧɟ ɞɨɥɠɟɧ ɩɪɟɜɵɲɚɬɶ ɮɨɪɦɚɬ А4; 
– ɬɚɛɥɢɰɵ ɞɨɥɠɧɵ ɛɵɬɶ ɜɵɩɨɥɧɟɧɵ ɜ ɩɪɨɝɪɚɦɦɟ Microsoft Word, ɩɪɨɧɭɦɟɪɨɜɚɧɵ ɢ ɢɦɟɬɶ ɬɟɦɚɬɢɱɟɫɤɢɟ 

ɡɚɝɨɥɨɜɤɢ. ɇɚ ɤɚɠɞɭɸ ɬɚɛɥɢɰɭ ɞɨɥɠɧɚ ɛɵɬɶ ɫɫɵɥɤɚ ɜ ɬɟɤɫɬɟ; 
– ɟɞɢɧɢɰɵ ɢɡɦɟɪɟɧɢɹ ɮɢɡɢɱɟɫɤɢɯ ɜɟɥɢɱɢɧ ɞɨɥɠɧɵ ɛɵɬɶ ɩɪɢɜɟɞɟɧɵ ɜ ɫɢɫɬɟɦɟ ɋИ. 

10. Ɏɨɪɦɚ ɩɨɞɚɱɢ ɪɭɤɨɩɢɫɢ: 
– ɬɟɤɫɬ ɧɚ ɛɭɦɚɠɧɨɦ ɧɨɫɢɬɟɥɟ ɢ ɜ ɷɥɟɤɬɪɨɧɧɨɦ ɜɢɞɟ ɨɬɞɟɥɶɧɵɦ ɮɚɣɥɨɦ; 
– ɩɪɨɧɭɦɟɪɨɜɚɧɧɵɟ ɪɢɫɭɧɤɢ ɧɚ ɛɭɦɚɠɧɨɦ ɧɨɫɢɬɟɥɟ ɢ ɜ ɷɥɟɤɬɪɨɧɧɨɦ ɜɢɞɟ ɨɬɞɟɥɶɧɵɦɢ ɮɚɣɥɚɦɢ; 
– ɩɪɨɧɭɦɟɪɨɜɚɧɧɵɟ ɩɨɞɩɢɫɢ ɤ ɪɢɫɭɧɤɚɦ ɧɚ ɛɭɦɚɠɧɨɦ ɧɨɫɢɬɟɥɟ ɢ ɜ ɷɥɟɤɬɪɨɧɧɨɦ ɜɢɞɟ ɨɬɞɟɥɶɧɵɦ ɮɚɣɥɨɦ. 

11. ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ, ɡɚɜɟɪɲɚɸщɢɣ ɪɭɤɨɩɢɫɶ, ɞɨɥɠɟɧ ɛɵɬɶ ɬщɚɬɟɥɶɧɨ ɜɵɜɟɪɟɧ ɢ ɭɧɢɮɢɰɢɪɨɜɚɧ ɜ  
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ȽɈɋɌ 7.0.5–2008. 

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ ɞɨɥɠɟɧ ɜɤɥɸɱɚɬɶ ɧɟ ɦɟɧɟɟ 15 ɢɫɬɨɱɧɢɤɨɜ. 
ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɫɫɵɥɨɤ ɜ ɬɟɤɫɬɟ ɞɨɥɠɧɚ ɫɬɪɨɝɨ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɩɪɢɜɟɞɟɧɧɨɝɨ 

ɫɩɢɫɤɚ ɥɢɬɟɪɚɬɭɪɵ. 
ɋɫɵɥɤɢ ɧɚ ɧɟɨɩɭɛɥɢɤɨɜɚɧɧɵɟ ɪɚɛɨɬɵ (ɨɬɱɟɬɵ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɯ ɭɱɪɟɠɞɟɧɢɣ ɢ ɡɚɜɨɞɨɜ, ɫɬɚɧ-

ɞɚɪɬɵ ɩɪɟɞɩɪɢɹɬɢɹ ɢ ɬ. ɩ.) ɧɟ ɞɨɩɭɫɤɚɸɬɫɹ.  
Ⱦɨɩɭɫɤɚɟɬɫɹ ɧɟ ɛɨɥɟɟ ɨɞɧɨɣ ɫɫɵɥɤɢ ɧɚ ɪɚɛɨɬɵ, ɩɪɢɧɹɬɵɟ ɤ ɩɟɱɚɬɢ, ɫ ɭɤɚɡɚɧɢɟɦ ɧɨɦɟɪɚ ɢɡɞɚɧɢɹ,  

ɜ ɤɨɬɨɪɨɦ ɩɥɚɧɢɪɭɟɬɫɹ ɩɭɛɥɢɤɚɰɢɹ. 
  
Сɨɛɥɸɞɟɧɢɟ ɞɚɧɧɵɯ ɩɪɚɜɢɥ ɨɛɥɟɝɱɚɟɬ ɪɚɛɨɬɭ ɧɚɭɱɧɨɝɨ ɪɟɞɚɤɬɨɪɚ, ɪɟɰɟɧɡɟɧɬɚ ɢ ɪɟɞɚɤɬɨɪɚ,  

ɭɫɤɨɪɹɟɬ ɩɨɞɝɨɬɨɜɤɭ ɫɬɚɬɶɢ ɤ ɩɟɱɚɬɢ.  
  
Пɨ ɪɟɤɨɦɟɧɞɚɰɢɢ ɧɚɭɱɧɨɝɨ ɪɟɞɚɤɬɨɪɚ ɢɥɢ ɪɟɰɟɧɡɟɧɬɚ ɫɬɚɬɶɹ ɦɨɠɟɬ ɛɵɬɶ ɧɚɩɪɚɜɥɟɧɚ ɚɜɬɨɪɚɦ ɧɚ 

ɞɨɪɚɛɨɬɤɭ. Пɨɫɥɟ ɞɨɪɚɛɨɬɤɢ ɚɜɬɨɪɵ ɞɨɥɠɧɵ ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɪɟɞɚɤɰɢɸ ɩɟɪɜɨɧɚɱɚɥɶɧɵɣ ɢ ɞɨɪɚɛɨɬɚɧɧɵɣ 
ɜɚɪɢɚɧɬɵ ɫɬɚɬɶɢ ɫ ɨɬɜɟɬɚɦɢ ɧɚ ɜɫɟ ɜɨɩɪɨɫɵ ɢ ɡɚɦɟɱɚɧɢɹ ɧɚɭɱɧɨɝɨ ɪɟɞɚɤɬɨɪɚ ɢɥɢ ɪɟɰɟɧɡɟɧɬɚ.  

  
Сɬɚɬɶɹ, ɧɚɯɨɞɹɳɚɹɫɹ ɧɚ ɞɨɪɚɛɨɬɤɟ ɭ ɚɜɬɨɪɨɜ ɛɨɥɟɟ ɨɞɧɨɝɨ ɦɟɫɹɰɚ, ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɢ ɩɪɢɧɢɦɚɟɬ-

ɫɹ ɤ ɩɭɛɥɢɤɚɰɢɢ ɤɚɤ ɜɧɨɜɶ ɩɨɫɬɭɩɢɜɲɚɹ. 
  

 

ɌРȿȻɈВАɇИЯ  К  РɍКɈɉИɋИ  ɋɌАɌЬИ
ɉРИ  ɉɈДȽɈɌɈВКȿ  К  ИɁДАɇИɘ

1. Ɋɭɤɨɩɢɫɶ ɩɪɟɞɨɫɬɚɜɥɹɟɬɫɹ ɜ Ɋɟɞɚɤɰɢɨɧɧɨ ɢɡɞɚɬɟɥɶɫɤɢɣ ɨɬɞɟɥ ɎȽɍɉ «ȼИАɆ» ɧɚ ɛɭɦɚɠɧɨɦ 
ɢ ɷɥɟɤɬ ɪɨɧɧɨɦ ɧɨɫɢɬɟɥɹɯ (ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɧɟ ɧɢɠɟ ’2003).

2. ɇɚ ɪɭɤɨɩɢɫɶ ɞɨɥɠɧɨ ɛɵɬɶ ɨɮɨɪɦɥɟɧɨ Эɤɫɩɟɪɬɧɨɟ ɡɚɤɥɸɱɟɧɢɟ ɨ ɜɨɡɦɨɠɧɨɫɬɢ ɨɩɭɛɥɢɤɨɜɚ-
ɧɢɹ ɜ 
ɨɬɤɪɵɬɨɣ ɩɟɱɚɬɢ.

3. Ɋɭɤɨɩɢɫɶ ɞɨɥɠɧɚ ɛɵɬɶ ɩɨɞɩɢɫɚɧɚ ɜɫɟɦɢ ɚɜɬɨɪɚɦɢ ɫɬɚɬɶɢ.
4. К ɤɚɠɞɨɣ ɪɭɤɨɩɢɫɢ ɧɚ ɨɬɞɟɥɶɧɨɣ ɫɬɪɚɧɢɰɟ ɧɚ ɪɭɫɫɤɨɦ ɢ ɚɧɝɥɢɣɫɤɨɦ ɹɡɵɤɚɯ ɩɪɟɞɨɫɬɚɜɥɹɟɬ-

ɫɹ ɪɟɮɟɪɚɬ (ɨɛɴɟɦɨɦ 500–600 ɡɧɚɤɨɜ, ɜɤɥɸɱɚɹ ɩɪɨɛɟɥɵ), ɜ ɤɨɬɨɪɨɦ ɤɪɚɬɤɨ ɢɡɥɚɝɚɟɬɫɹ ɨɫɧɨɜɧɨɟ 
ɫɨɞɟɪɠɚɧɢɟ 
ɪɚɛɨɬɵ, ɢ ɤɥɸɱɟɜɵɟ ɫɥɨɜɚ.

5. Ɏɚɦɢɥɢɢ ɚɜɬɨɪɨɜ ɢ ɧɚɡɜɚɧɢɟ ɫɬɚɬɶɢ ɞɨɥɠɧɵ ɢɦɟɬɶ ɩɟɪɟɜɨɞ ɧɚ ɚɧɝɥɢɣɫɤɢɣ ɹɡɵɤ.
6. К ɪɭɤɨɩɢɫɢ ɞɨɥɠɟɧ ɛɵɬɶ ɩɪɢɥɨɠɟɧ ɫɩɢɫɨɤ ɚɜɬɨɪɨɜ ɫ ɭɤɚɡɚɧɢɟɦ ɮɚɦɢɥɢɢ, ɢɦɟɧɢ, ɨɬɱɟɫɬɜɚ 

(ɩɨɥɧɨɫɬɶɸ), ɞɨɥɠɧɨɫɬɢ, ɧɨɦɟɪɚ ɬɟɥɟɮɨɧɚ ɢ ɚɞɪɟɫɚ ɷɥɟɤɬɪɨɧɧɨɣ ɩɨɱɬɵ.
7. Ɋɟɤɨɦɟɧɞɭɟɬɫɹ ɫɥɟɞɭɸщɚɹ ɫɬɪɭɤɬɭɪɚ ɪɭɤɨɩɢɫɢ:

– ɡɚɝɨɥɨɜɨɤ ɫɬɚɬɶɢ;
– ɫɜɟɞɟɧɢɹ ɨɛ ɚɜɬɨɪɚɯ;
– ɪɟɮɟɪɚɬ;
– ɤɥɸɱɟɜɵɟ ɫɥɨɜɚ;
– ɜɜɟɞɟɧɢɟ;
– ɦɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ;
– ɪɟɡɭɥɶɬɚɬɵ;
– ɨɛɫɭɠɞɟɧɢɟ ɢ ɡɚɤɥɸɱɟɧɢɹ;
– ɛɥɚɝɨɞɚɪɧɨɫɬɢ (ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ);
– ɫɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ.

8. Ɋɟɤɨɦɟɧɞɭɟɦɵɣ ɨɛɴɟɦ ɪɭɤɨɩɢɫɢ ɨɬ – 000 ɞɨ 30 000 ɡɧɚɤɨɜ, ɜɤɥɸɱɚɹ ɩɪɨɛɟɥɵ. 
9. Ɉɫɧɨɜɧɵɟ ɬɟɯɧɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɪɭɤɨɩɢɫɢ:

– ɲɪɢɮɬ –
– ɪɚɡɦɟɪ ɲɪɢɮɬɚ –
– ɢɧɬɟɪɜɚɥ –
– ɩɨɥɹ: ɜɟɪɯɧɟɟ – 2; ɧɢɠɧɟɟ – 2,5; ɥɟɜɨɟ – 2,5; ɩɪɚɜɨɟ –
– ɚɜɬɨɦɚɬɢɱɟɫɤɚɹ ɪɚɫɫɬɚɧɨɜɤɚ ɩɟɪɟɧɨɫɨɜ;
– ɧɚɛɨɪ ɮɨɪɦɭɥ ɜ 
– ɲɬɪɢɯɨɜɵɟ ɪɢɫɭɧɤɢ ɞɨɥɠɧɵ ɛɵɬɶ ɜɵɩɨɥɧɟɧɵ ɜ ɩɪɨɝɪɚɦɦɟ ɢɥɢ 

ɇɚ ɤɚɠɞɵɣ ɪɢɫɭɧɨɤ ɞɨɥɠɧɚ ɛɵɬɶ ɫɫɵɥɤɚ ɜ ɬɟɤɫɬɟ;
– ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ, ɮɨɬɨɝɪɚɮɢɢ ɩɪɢɛɨɪɨɜ, ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɨɥɠɧɵ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 

ɷɥɟɤɬɪɨɧɧɨɦ ɜɢɞɟ ɜ ɩɪɨɝɪɚɦɦɟ 
– ɪɚɡɦɟɪ ɢɥɥɸɫɬɪɚɰɢɣ ɧɟ ɞɨɥɠɟɧ ɩɪɟɜɵɲɚɬɶ ɮɨɪɦɚɬ А4;
– ɬɚɛɥɢɰɵ ɞɨɥɠɧɵ ɛɵɬɶ ɜɵɩɨɥɧɟɧɵ ɜ ɩɪɨɝɪɚɦɦɟ ɩɪɨɧɭɦɟɪɨɜɚɧɵ ɢ ɢɦɟɬɶ ɬɟ-

ɦɚɬɢɱɟɫɤɢɟ ɡɚɝɨɥɨɜɤɢ. ɇɚ ɤɚɠɞɭɸ ɬɚɛɥɢɰɭ ɞɨɥɠɧɚ ɛɵɬɶ ɫɫɵɥɤɚ ɜ ɬɟɤɫɬɟ;
– ɟɞɢɧɢɰɵ ɢɡɦɟɪɟɧɢɹ ɮɢɡɢɱɟɫɤɢɯ ɜɟɥɢɱɢɧ ɞɨɥɠɧɵ ɛɵɬɶ ɩɪɢɜɟɞɟɧɵ ɜ ɫɢɫɬɟɦɟ ɋИ.

10. Ɏɨɪɦɚ ɩɨɞɚɱɢ ɪɭɤɨɩɢɫɢ:
– ɬɟɤɫɬ ɧɚ ɛɭɦɚɠɧɨɦ ɧɨɫɢɬɟɥɟ ɢ ɜ ɷɥɟɤɬɪɨɧɧɨɦ ɜɢɞɟ ɨɬɞɟɥɶɧɵɦ ɮɚɣɥɨɦ;
– ɩɪɨɧɭɦɟɪɨɜɚɧɧɵɟ ɪɢɫɭɧɤɢ ɧɚ ɛɭɦɚɠɧɨɦ ɧɨɫɢɬɟɥɟ ɢ ɜ ɷɥɟɤɬɪɨɧɧɨɦ ɜɢɞɟ ɨɬɞɟɥɶɧɵɦɢ ɮɚɣ-

ɥɚɦɢ;
– ɩɪɨɧɭɦɟɪɨɜɚɧɧɵɟ ɩɨɞɩɢɫɢ ɤ ɪɢɫɭɧɤɚɦ ɧɚ ɛɭɦɚɠɧɨɦ ɧɨɫɢɬɟɥɟ ɢ ɜ ɷɥɟɤɬɪɨɧɧɨɦ ɜɢɞɟ ɨɬɞɟɥɶɧɵɦ 

ɮɚɣɥɨɦ.
ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ, ɡɚɜɟɪɲɚɸщɢɣ ɪɭɤɨɩɢɫɶ, ɞɨɥɠɟɧ ɛɵɬɶ ɬщɚɬɟɥɶɧɨ ɜɵɜɟɪɟɧ ɢ ɭɧɢɮɢɰɢɪɨɜɚɧ ɜ 

ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ȽɈɋɌ 7.0.5–
ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ ɞɨɥɠɟɧ ɜɤɥɸɱɚɬɶ ɧɟ ɦɟɧɟɟ 15 ɢɫɬɨɱɧɢɤɨɜ.
ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɫɫɵɥɨɤ ɜ ɬɟɤɫɬɟ ɞɨɥɠɧɚ ɫɬɪɨɝɨ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɩɪɢɜɟɞɟɧɧɨɝɨ 

ɌРȿȻɈВАɇИЯ  К  РɍКɈɉИɋИ  ɋɌАɌЬИ
ɉРИ  ɉɈДȽɈɌɈВКȿ  К  ИɁДАɇИɘ

1. Ɋɭɤɨɩɢɫɶ ɩɪɟɞɨɫɬɚɜɥɹɟɬɫɹ ɜ Ɋɟɞɚɤɰɢɨɧɧɨ ɢɡɞɚɬɟɥɶɫɤɢɣ ɨɬɞɟɥ ɎȽɍɉ «ȼИАɆ» ɧɚ ɛɭɦɚɠɧɨɦ 
ɢ ɷɥɟɤɬ ɪɨɧɧɨɦ ɧɨɫɢɬɟɥɹɯ (ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɧɟ ɧɢɠɟ ’2003).

2. ɇɚ ɪɭɤɨɩɢɫɶ ɞɨɥɠɧɨ ɛɵɬɶ ɨɮɨɪɦɥɟɧɨ Эɤɫɩɟɪɬɧɨɟ ɡɚɤɥɸɱɟɧɢɟ ɨ ɜɨɡɦɨɠɧɨɫɬɢ ɨɩɭɛɥɢɤɨɜɚ-
ɧɢɹ ɜ 
ɨɬɤɪɵɬɨɣ ɩɟɱɚɬɢ.

3. Ɋɭɤɨɩɢɫɶ ɞɨɥɠɧɚ ɛɵɬɶ ɩɨɞɩɢɫɚɧɚ ɜɫɟɦɢ ɚɜɬɨɪɚɦɢ ɫɬɚɬɶɢ.
4. К ɤɚɠɞɨɣ ɪɭɤɨɩɢɫɢ ɧɚ ɨɬɞɟɥɶɧɨɣ ɫɬɪɚɧɢɰɟ ɧɚ ɪɭɫɫɤɨɦ ɢ ɚɧɝɥɢɣɫɤɨɦ ɹɡɵɤɚɯ ɩɪɟɞɨɫɬɚɜɥɹɟɬ-

ɫɹ ɪɟɮɟɪɚɬ (ɨɛɴɟɦɨɦ 500–600 ɡɧɚɤɨɜ, ɜɤɥɸɱɚɹ ɩɪɨɛɟɥɵ), ɜ ɤɨɬɨɪɨɦ ɤɪɚɬɤɨ ɢɡɥɚɝɚɟɬɫɹ ɨɫɧɨɜɧɨɟ 
ɫɨɞɟɪɠɚɧɢɟ 
ɪɚɛɨɬɵ, ɢ ɤɥɸɱɟɜɵɟ ɫɥɨɜɚ.

5. Ɏɚɦɢɥɢɢ ɚɜɬɨɪɨɜ ɢ ɧɚɡɜɚɧɢɟ ɫɬɚɬɶɢ ɞɨɥɠɧɵ ɢɦɟɬɶ ɩɟɪɟɜɨɞ ɧɚ ɚɧɝɥɢɣɫɤɢɣ ɹɡɵɤ.
6. К ɪɭɤɨɩɢɫɢ ɞɨɥɠɟɧ ɛɵɬɶ ɩɪɢɥɨɠɟɧ ɫɩɢɫɨɤ ɚɜɬɨɪɨɜ ɫ ɭɤɚɡɚɧɢɟɦ ɮɚɦɢɥɢɢ, ɢɦɟɧɢ, ɨɬɱɟɫɬɜɚ 

(ɩɨɥɧɨɫɬɶɸ), ɞɨɥɠɧɨɫɬɢ, ɧɨɦɟɪɚ ɬɟɥɟɮɨɧɚ ɢ ɚɞɪɟɫɚ ɷɥɟɤɬɪɨɧɧɨɣ ɩɨɱɬɵ.
7. Ɋɟɤɨɦɟɧɞɭɟɬɫɹ ɫɥɟɞɭɸщɚɹ ɫɬɪɭɤɬɭɪɚ ɪɭɤɨɩɢɫɢ:

– ɡɚɝɨɥɨɜɨɤ ɫɬɚɬɶɢ;
– ɫɜɟɞɟɧɢɹ ɨɛ ɚɜɬɨɪɚɯ;
– ɪɟɮɟɪɚɬ;
– ɤɥɸɱɟɜɵɟ ɫɥɨɜɚ;
– ɜɜɟɞɟɧɢɟ;
– ɦɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ;
– ɪɟɡɭɥɶɬɚɬɵ;
– ɨɛɫɭɠɞɟɧɢɟ ɢ ɡɚɤɥɸɱɟɧɢɹ;
– ɛɥɚɝɨɞɚɪɧɨɫɬɢ (ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ);
– ɫɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ.

8. Ɋɟɤɨɦɟɧɞɭɟɦɵɣ ɨɛɴɟɦ ɪɭɤɨɩɢɫɢ ɨɬ – 000 ɞɨ 30 000 ɡɧɚɤɨɜ, ɜɤɥɸɱɚɹ ɩɪɨɛɟɥɵ. 
9. Ɉɫɧɨɜɧɵɟ ɬɟɯɧɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɪɭɤɨɩɢɫɢ:

– ɲɪɢɮɬ –
– ɪɚɡɦɟɪ ɲɪɢɮɬɚ –
– ɢɧɬɟɪɜɚɥ –
– ɩɨɥɹ: ɜɟɪɯɧɟɟ – 2; ɧɢɠɧɟɟ – 2,5; ɥɟɜɨɟ – 2,5; ɩɪɚɜɨɟ –
– ɚɜɬɨɦɚɬɢɱɟɫɤɚɹ ɪɚɫɫɬɚɧɨɜɤɚ ɩɟɪɟɧɨɫɨɜ;
– ɧɚɛɨɪ ɮɨɪɦɭɥ ɜ 
– ɲɬɪɢɯɨɜɵɟ ɪɢɫɭɧɤɢ ɞɨɥɠɧɵ ɛɵɬɶ ɜɵɩɨɥɧɟɧɵ ɜ ɩɪɨɝɪɚɦɦɟ ɢɥɢ 

ɇɚ ɤɚɠɞɵɣ ɪɢɫɭɧɨɤ ɞɨɥɠɧɚ ɛɵɬɶ ɫɫɵɥɤɚ ɜ ɬɟɤɫɬɟ;
– ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ, ɮɨɬɨɝɪɚɮɢɢ ɩɪɢɛɨɪɨɜ, ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɨɥɠɧɵ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 

ɷɥɟɤɬɪɨɧɧɨɦ ɜɢɞɟ ɜ ɩɪɨɝɪɚɦɦɟ 
– ɪɚɡɦɟɪ ɢɥɥɸɫɬɪɚɰɢɣ ɧɟ ɞɨɥɠɟɧ ɩɪɟɜɵɲɚɬɶ ɮɨɪɦɚɬ А4;
– ɬɚɛɥɢɰɵ ɞɨɥɠɧɵ ɛɵɬɶ ɜɵɩɨɥɧɟɧɵ ɜ ɩɪɨɝɪɚɦɦɟ ɩɪɨɧɭɦɟɪɨɜɚɧɵ ɢ ɢɦɟɬɶ ɬɟ-

ɦɚɬɢɱɟɫɤɢɟ ɡɚɝɨɥɨɜɤɢ. ɇɚ ɤɚɠɞɭɸ ɬɚɛɥɢɰɭ ɞɨɥɠɧɚ ɛɵɬɶ ɫɫɵɥɤɚ ɜ ɬɟɤɫɬɟ;
– ɟɞɢɧɢɰɵ ɢɡɦɟɪɟɧɢɹ ɮɢɡɢɱɟɫɤɢɯ ɜɟɥɢɱɢɧ ɞɨɥɠɧɵ ɛɵɬɶ ɩɪɢɜɟɞɟɧɵ ɜ ɫɢɫɬɟɦɟ ɋИ.

10. Ɏɨɪɦɚ ɩɨɞɚɱɢ ɪɭɤɨɩɢɫɢ:
– ɬɟɤɫɬ ɧɚ ɛɭɦɚɠɧɨɦ ɧɨɫɢɬɟɥɟ ɢ ɜ ɷɥɟɤɬɪɨɧɧɨɦ ɜɢɞɟ ɨɬɞɟɥɶɧɵɦ ɮɚɣɥɨɦ;
– ɩɪɨɧɭɦɟɪɨɜɚɧɧɵɟ ɪɢɫɭɧɤɢ ɧɚ ɛɭɦɚɠɧɨɦ ɧɨɫɢɬɟɥɟ ɢ ɜ ɷɥɟɤɬɪɨɧɧɨɦ ɜɢɞɟ ɨɬɞɟɥɶɧɵɦɢ ɮɚɣ-

ɥɚɦɢ;
– ɩɪɨɧɭɦɟɪɨɜɚɧɧɵɟ ɩɨɞɩɢɫɢ ɤ ɪɢɫɭɧɤɚɦ ɧɚ ɛɭɦɚɠɧɨɦ ɧɨɫɢɬɟɥɟ ɢ ɜ ɷɥɟɤɬɪɨɧɧɨɦ ɜɢɞɟ ɨɬɞɟɥɶɧɵɦ 

ɮɚɣɥɨɦ.
ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ, ɡɚɜɟɪɲɚɸщɢɣ ɪɭɤɨɩɢɫɶ, ɞɨɥɠɟɧ ɛɵɬɶ ɬщɚɬɟɥɶɧɨ ɜɵɜɟɪɟɧ ɢ ɭɧɢɮɢɰɢɪɨɜɚɧ ɜ 

ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ȽɈɋɌ 7.0.5–
ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ ɞɨɥɠɟɧ ɜɤɥɸɱɚɬɶ ɧɟ ɦɟɧɟɟ 15 ɢɫɬɨɱɧɢɤɨɜ.
ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɫɫɵɥɨɤ ɜ ɬɟɤɫɬɟ ɞɨɥɠɧɚ ɫɬɪɨɝɨ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɩɪɢɜɟɞɟɧɧɨɝɨ 

ɌРȿȻɈВАɇИЯ  К  РɍКɈɉИɋИ  ɋɌАɌЬИ
ɉРИ  ɉɈДȽɈɌɈВКȿ  К  ИɁДАɇИɘ

1. Ɋɭɤɨɩɢɫɶ ɩɪɟɞɨɫɬɚɜɥɹɟɬɫɹ ɜ Ɋɟɞɚɤɰɢɨɧɧɨ ɢɡɞɚɬɟɥɶɫɤɢɣ ɨɬɞɟɥ ɎȽɍɉ «ȼИАɆ» ɧɚ ɛɭɦɚɠɧɨɦ 
ɢ ɷɥɟɤɬ ɪɨɧɧɨɦ ɧɨɫɢɬɟɥɹɯ (ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɧɟ ɧɢɠɟ ’2003).

2. ɇɚ ɪɭɤɨɩɢɫɶ ɞɨɥɠɧɨ ɛɵɬɶ ɨɮɨɪɦɥɟɧɨ Эɤɫɩɟɪɬɧɨɟ ɡɚɤɥɸɱɟɧɢɟ ɨ ɜɨɡɦɨɠɧɨɫɬɢ ɨɩɭɛɥɢɤɨɜɚ-
ɧɢɹ ɜ 
ɨɬɤɪɵɬɨɣ ɩɟɱɚɬɢ.

3. Ɋɭɤɨɩɢɫɶ ɞɨɥɠɧɚ ɛɵɬɶ ɩɨɞɩɢɫɚɧɚ ɜɫɟɦɢ ɚɜɬɨɪɚɦɢ ɫɬɚɬɶɢ.
4. К ɤɚɠɞɨɣ ɪɭɤɨɩɢɫɢ ɧɚ ɨɬɞɟɥɶɧɨɣ ɫɬɪɚɧɢɰɟ ɧɚ ɪɭɫɫɤɨɦ ɢ ɚɧɝɥɢɣɫɤɨɦ ɹɡɵɤɚɯ ɩɪɟɞɨɫɬɚɜɥɹɟɬ-

ɫɹ ɪɟɮɟɪɚɬ (ɨɛɴɟɦɨɦ 500–600 ɡɧɚɤɨɜ, ɜɤɥɸɱɚɹ ɩɪɨɛɟɥɵ), ɜ ɤɨɬɨɪɨɦ ɤɪɚɬɤɨ ɢɡɥɚɝɚɟɬɫɹ ɨɫɧɨɜɧɨɟ 
ɫɨɞɟɪɠɚɧɢɟ 
ɪɚɛɨɬɵ, ɢ ɤɥɸɱɟɜɵɟ ɫɥɨɜɚ.

5. Ɏɚɦɢɥɢɢ ɚɜɬɨɪɨɜ ɢ ɧɚɡɜɚɧɢɟ ɫɬɚɬɶɢ ɞɨɥɠɧɵ ɢɦɟɬɶ ɩɟɪɟɜɨɞ ɧɚ ɚɧɝɥɢɣɫɤɢɣ ɹɡɵɤ.
6. К ɪɭɤɨɩɢɫɢ ɞɨɥɠɟɧ ɛɵɬɶ ɩɪɢɥɨɠɟɧ ɫɩɢɫɨɤ ɚɜɬɨɪɨɜ ɫ ɭɤɚɡɚɧɢɟɦ ɮɚɦɢɥɢɢ, ɢɦɟɧɢ, ɨɬɱɟɫɬɜɚ 

(ɩɨɥɧɨɫɬɶɸ), ɞɨɥɠɧɨɫɬɢ, ɧɨɦɟɪɚ ɬɟɥɟɮɨɧɚ ɢ ɚɞɪɟɫɚ ɷɥɟɤɬɪɨɧɧɨɣ ɩɨɱɬɵ.
7. Ɋɟɤɨɦɟɧɞɭɟɬɫɹ ɫɥɟɞɭɸщɚɹ ɫɬɪɭɤɬɭɪɚ ɪɭɤɨɩɢɫɢ:

– ɡɚɝɨɥɨɜɨɤ ɫɬɚɬɶɢ;
– ɫɜɟɞɟɧɢɹ ɨɛ ɚɜɬɨɪɚɯ;
– ɪɟɮɟɪɚɬ;
– ɤɥɸɱɟɜɵɟ ɫɥɨɜɚ;
– ɜɜɟɞɟɧɢɟ;
– ɦɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ;
– ɪɟɡɭɥɶɬɚɬɵ;
– ɨɛɫɭɠɞɟɧɢɟ ɢ ɡɚɤɥɸɱɟɧɢɹ;
– ɛɥɚɝɨɞɚɪɧɨɫɬɢ (ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ);
– ɫɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ.

8. Ɋɟɤɨɦɟɧɞɭɟɦɵɣ ɨɛɴɟɦ ɪɭɤɨɩɢɫɢ ɨɬ – 000 ɞɨ 30 000 ɡɧɚɤɨɜ, ɜɤɥɸɱɚɹ ɩɪɨɛɟɥɵ. 
9. Ɉɫɧɨɜɧɵɟ ɬɟɯɧɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɪɭɤɨɩɢɫɢ:

– ɲɪɢɮɬ –
– ɪɚɡɦɟɪ ɲɪɢɮɬɚ –
– ɢɧɬɟɪɜɚɥ –
– ɩɨɥɹ: ɜɟɪɯɧɟɟ – 2; ɧɢɠɧɟɟ – 2,5; ɥɟɜɨɟ – 2,5; ɩɪɚɜɨɟ –
– ɚɜɬɨɦɚɬɢɱɟɫɤɚɹ ɪɚɫɫɬɚɧɨɜɤɚ ɩɟɪɟɧɨɫɨɜ;
– ɧɚɛɨɪ ɮɨɪɦɭɥ ɜ 
– ɲɬɪɢɯɨɜɵɟ ɪɢɫɭɧɤɢ ɞɨɥɠɧɵ ɛɵɬɶ ɜɵɩɨɥɧɟɧɵ ɜ ɩɪɨɝɪɚɦɦɟ ɢɥɢ 

ɇɚ ɤɚɠɞɵɣ ɪɢɫɭɧɨɤ ɞɨɥɠɧɚ ɛɵɬɶ ɫɫɵɥɤɚ ɜ ɬɟɤɫɬɟ;
– ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ, ɮɨɬɨɝɪɚɮɢɢ ɩɪɢɛɨɪɨɜ, ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɨɥɠɧɵ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 

ɷɥɟɤɬɪɨɧɧɨɦ ɜɢɞɟ ɜ ɩɪɨɝɪɚɦɦɟ 
– ɪɚɡɦɟɪ ɢɥɥɸɫɬɪɚɰɢɣ ɧɟ ɞɨɥɠɟɧ ɩɪɟɜɵɲɚɬɶ ɮɨɪɦɚɬ А4;
– ɬɚɛɥɢɰɵ ɞɨɥɠɧɵ ɛɵɬɶ ɜɵɩɨɥɧɟɧɵ ɜ ɩɪɨɝɪɚɦɦɟ ɩɪɨɧɭɦɟɪɨɜɚɧɵ ɢ ɢɦɟɬɶ ɬɟ-

ɦɚɬɢɱɟɫɤɢɟ ɡɚɝɨɥɨɜɤɢ. ɇɚ ɤɚɠɞɭɸ ɬɚɛɥɢɰɭ ɞɨɥɠɧɚ ɛɵɬɶ ɫɫɵɥɤɚ ɜ ɬɟɤɫɬɟ;
– ɟɞɢɧɢɰɵ ɢɡɦɟɪɟɧɢɹ ɮɢɡɢɱɟɫɤɢɯ ɜɟɥɢɱɢɧ ɞɨɥɠɧɵ ɛɵɬɶ ɩɪɢɜɟɞɟɧɵ ɜ ɫɢɫɬɟɦɟ ɋИ.

10. Ɏɨɪɦɚ ɩɨɞɚɱɢ ɪɭɤɨɩɢɫɢ:
– ɬɟɤɫɬ ɧɚ ɛɭɦɚɠɧɨɦ ɧɨɫɢɬɟɥɟ ɢ ɜ ɷɥɟɤɬɪɨɧɧɨɦ ɜɢɞɟ ɨɬɞɟɥɶɧɵɦ ɮɚɣɥɨɦ;
– ɩɪɨɧɭɦɟɪɨɜɚɧɧɵɟ ɪɢɫɭɧɤɢ ɧɚ ɛɭɦɚɠɧɨɦ ɧɨɫɢɬɟɥɟ ɢ ɜ ɷɥɟɤɬɪɨɧɧɨɦ ɜɢɞɟ ɨɬɞɟɥɶɧɵɦɢ ɮɚɣ-

ɥɚɦɢ;
– ɩɪɨɧɭɦɟɪɨɜɚɧɧɵɟ ɩɨɞɩɢɫɢ ɤ ɪɢɫɭɧɤɚɦ ɧɚ ɛɭɦɚɠɧɨɦ ɧɨɫɢɬɟɥɟ ɢ ɜ ɷɥɟɤɬɪɨɧɧɨɦ ɜɢɞɟ ɨɬɞɟɥɶɧɵɦ 

ɮɚɣɥɨɦ.
ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ, ɡɚɜɟɪɲɚɸщɢɣ ɪɭɤɨɩɢɫɶ, ɞɨɥɠɟɧ ɛɵɬɶ ɬщɚɬɟɥɶɧɨ ɜɵɜɟɪɟɧ ɢ ɭɧɢɮɢɰɢɪɨɜɚɧ ɜ 

ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ȽɈɋɌ 7.0.5–
ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ ɞɨɥɠɟɧ ɜɤɥɸɱɚɬɶ ɧɟ ɦɟɧɟɟ 15 ɢɫɬɨɱɧɢɤɨɜ.
ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɫɫɵɥɨɤ ɜ ɬɟɤɫɬɟ ɞɨɥɠɧɚ ɫɬɪɨɝɨ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɩɪɢɜɟɞɟɧɧɨɝɨ 




