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ɂɫɫɥɟɞɨɜɚɧɨ ɜɥɢɹɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɪɟɠɢɦɚ ɫɜɚɪɤɢ ɬɪɟɧɢɟɦ ɫ ɩɟɪɟɦɟɲɢɜɚɧɢɟɦ (ɋɌɉ) 
ɚɥɸɦɢɧɢɣ-ɥɢɬɢɟɜɵɯ ɫɩɥɚɜɨɜ ȼ-1461 ɢ ȼ-1469 ɧɚ ɲɟɪɨɯɨɜɚɬɨɫɬɶ ɩɨɜɟɪɯɧɨɫɬɢ ɲɜɚ ɢ ɦɟ-
ɯɚɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ. ɉɨɥɭɱɟɧɵ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ (ɪɟɝɪɟɫɫɢ-
ɨɧɧɵɟ) ɦɨɞɟɥɢ ɡɚɜɢɫɢɦɨɫɬɟɣ ɩɪɨɱɧɨɫɬɢ ɢ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɨɬ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɰɟɫɫɚ 
ɋɌɉ. Ⱦɥɹ ɤɚɠɞɨɝɨ ɢɡ ɢɫɫɥɟɞɭɟɦɵɯ ɫɩɥɚɜɨɜ ɭɫɬɚɧɨɜɥɟɧɚ ɨɛɥɚɫɬɶ ɪɟɠɢɦɨɜ ɋɌɉ, ɨɛɟɫɩɟ-
ɱɢɜɚɸɳɢɯ ɲɟɪɨɯɨɜɚɬɨɫɬɶ ɩɨɜɟɪɯɧɨɫɬɢ ɫɜɚɪɧɨɝɨ ɲɜɚ Rz≤50 ɦɤɦ ɢ ɩɪɨɱɧɨɫɬɶ ɫɜɚɪɧɨɝɨ 
ɫɨɟɞɢɧɟɧɢɹ ɧɚ ɭɪɨɜɧɟ 0,75–0,8 ɨɬ ɩɪɨɱɧɨɫɬɢ ɨɫɧɨɜɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. 

Кɥɸɱɟɜыɟ ɫɥɨɜɚ: ɫɜɚɪɤɚ ɬɪɟɧɢɟɦ ɫ ɩɟɪɟɦɟɲɢɜɚɧɢɟɦ, ɪɟɝɪɟɫɫɢɨɧɧɚɹ ɦɨɞɟɥɶ, ɚɥɸɦɢ-
ɧɢɣ-ɥɢɬɢɟɜɵɟ ɫɩɥɚɜɵ, ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ, ɭɫɬɚɥɨɫɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. 

 
 
M.M. Bakradze1, M.D. Panteleev1, A.A. Skupov1, V.E. Belozor2, P.A. Ponomarev2 
 
FSW-JOINTS  MECHANICAL  CHARACTERISTICS  OPTIMIZATION 
BY  MODERN  COMPUTING  SYSTEMS 
 

The influence of the friction stir welding parameters of aluminum-lithium alloys V-1461 and 
V-1469 on welded joint surface roughness and mechanical properties has been investigated. 
Experiment planning was carried out and mathematical models for the dependencies of strength 
and roughness on the parameters of the FSW process were developed. For each of the studied 
alloys a welding parameter range has been established, which ensures an increased purity of 
the weld surface after welding (Rz≤50 μm), КЛsОnМО oП НОПОМЭs КnН ЭСО аОlНОН УoТnЭ sЭrОnРЭС  
level about 0,75–0,8 of the base metal strength. 

Keywords: friction stir welding, regression model, aluminum-lithium alloys, mechanical 
properties, fatigue characteristics. 
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ɢɧɫɬɢɬɭɬ ɚɜɢɚɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ» Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɧɚɭɱɧɵɣ ɰɟɧɬɪ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ [Federal 
SЭКЭО UЧТЭКrв EЧЭОrЩrТsО «AХХ-RЮssТКЧ SМТОЧЭТПТМ RОsОКrМС IЧsЭТЭЮЭО ШП AЯТКЭТШЧ εКЭОrТКХs» SЭКte Research 
Center of the Russian Federation]; e-mail: admin@viam.ru 
2Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɛɸɞɠɟɬɧɨɟ ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ  
Ɇɨɫɤɨɜɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦ. ɇ.ɗ. Ȼɚɭɦɚɧɚ (ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚ-
ɬɟɥɶɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ) [Bauman Moscow State Technical University (National Research University of 
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ȼɜɟɞɟɧɢɟ 
Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɜɨɡɪɚɫɬɚɸɳɢɯ ɬɪɟɛɨɜɚɧɢɣ ɤ ɧɚɞɟɠɧɨɫɬɢ, ɪɟɫɭɪɫɭ ɢ ɜɟɫɨɜɨɣ 

ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɫɨɜɪɟɦɟɧɧɵɯ ɥɟɬɚɬɟɥɶɧɵɯ ɚɩɩɚɪɚɬɨɜ ɩɪɨɢɫɯɨɞɢɬ ɩɨɫɬɨɹɧɧɨɟ ɫɨɜɟɪɲɟɧ-
ɫɬɜɨɜɚɧɢɟ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɚɥɸɦɢɧɢɟɜɵɯ ɫɩɥɚɜɨɜ ɩɨ ɥɟɝɢɪɭɸɳɢɦ ɷɥɟɦɟɧɬɚɦ ɢ ɩɪɢ-
ɦɟɫɹɦ, ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɢ ɬɟɯɧɨɥɨɝɢɣ ɢɯ ɩɪɨɢɡɜɨɞɫɬɜɚ Д1–3Ж. ɉɨɜɵɲɟɧɧɵɟ 
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ɤɨɧɫɬɪɭɤɬɢɜɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɤɨɧɫɬɪɭɤɰɢɢ ɜɨɡ-
ɞɭɲɧɨɝɨ ɫɭɞɧɚ, ɚ ɬɚɤɠɟ ɫɨɜɪɟɦɟɧɧɵɟ ɜɨɡɦɨɠɧɨɫɬɢ ɫɨɡɞɚɧɢɹ ɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɦɚɬɟɪɢɚ-
ɥɨɜ ɨɛɭɫɥɚɜɥɢɜɚɸɬ ɩɟɪɟɯɨɞ ɤ ɩɪɢɦɟɧɟɧɢɸ ɧɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ ɫ ɡɚɞɚɧɧɵɦɢ ɮɢɡɢɤɨ-
ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɤ ɤɨɬɨɪɵɦ ɨɬɧɨɫɹɬɫɹ ɜɵɫɨɤɨɦɨɞɭɥɶɧɵɟ ɚɥɸɦɢɧɢɣ-
ɥɢɬɢɟɜɵɟ ɫɩɥɚɜɵ ɩɨɧɢɠɟɧɧɨɣ ɩɥɨɬɧɨɫɬɢ. ȼɚɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɫɨɡɞɚɧɢɟ ɜɵɫɨɤɨɷɮɮɟɤ-
ɬɢɜɧɵɯ ɢɡɞɟɥɢɣ ɚɜɢɚɰɢɨɧɧɨɣ ɬɟɯɧɢɤɢ ɧɟɜɨɡɦɨɠɧɨ ɛɟɡ ɭɫɩɟɲɧɨɝɨ ɪɟɲɟɧɢɹ ɜɨɩɪɨɫɨɜ, 
ɫɜɹɡɚɧɧɵɯ ɫ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ ɩɪɨɰɟɫɫɚɦɢ ɢɯ ɩɟɪɟɪɚɛɨɬɤɢ Д4–9]. 

Ɉɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ ɜɟɤɬɨɪɨɜ ɪɚɡɜɢɬɢɹ ɦɟɬɚɥɥɭɪɝɢɢ ɚɥɸɦɢɧɢɟɜɵɯ ɫɩɥɚɜɨɜ, 
ɧɚɩɪɚɜɥɟɧɧɵɯ ɧɚ ɩɨɜɵɲɟɧɢɟ ɜɟɫɨɜɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɡɞɟɥɢɣ ɚɜɢɚɰɢɨɧɧɨɣ ɢ ɤɨɫɦɢɱɟ-
ɫɤɨɣ ɬɟɯɧɢɤɢ, ɹɜɥɹɟɬɫɹ ɫɨɡɞɚɧɢɟ ɜɵɫɨɤɨɩɪɨɱɧɵɯ ɞɟɮɨɪɦɢɪɭɟɦɵɯ ɬɟɪɦɢɱɟɫɤɢ ɭɩɪɨɱɧɹ-
ɟɦɵɯ ɚɥɸɦɢɧɢɟɜɵɯ ɫɩɥɚɜɨɜ ɫɢɫɬɟɦɵ Al–Cu–Li ɢ ɪɚɡɪɚɛɨɬɤɚ ɫɨɜɪɟɦɟɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ 
ɩɨɥɭɱɟɧɢɹ ɢɯ ɧɟɪɚɡɴɟɦɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ. ɉɪɢ ɷɬɨɦ ɫɜɚɪɤɚ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɵɦ ɬɟɯɧɨɥɨ-
ɝɢɱɟɫɤɢɦ ɩɪɨɰɟɫɫɨɦ ɩɨɥɭɱɟɧɢɹ ɬɚɤɢɯ ɫɨɟɞɢɧɟɧɢɣ. 

ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɢɡɝɨɬɨɜɥɟɧɢɟ ɤɪɭɩɧɨɝɚɛɚɪɢɬɧɵɯ ɫɜɚɪɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɬɪɚɞɢɰɢ-
ɨɧɧɵɦɢ ɦɟɬɨɞɚɦɢ ɫɜɚɪɤɢ ɩɥɚɜɥɟɧɢɟɦ ɢɡ ɜɵɫɨɤɨɩɪɨɱɧɵɯ ɚɥɸɦɢɧɢɣ-ɥɢɬɢɟɜɵɯ ɫɩɥɚɜɨɜ 
ɫɜɹɡɚɧɨ ɫ ɫɟɪɶɟɡɧɵɦɢ ɬɪɭɞɧɨɫɬɹɦɢ ɜɫɥɟɞɫɬɜɢɟ ɢɯ ɧɢɡɤɨɣ ɫɬɨɣɤɨɫɬɢ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɝɨ-
ɪɹɱɢɯ ɬɪɟɳɢɧ ɢ ɪɚɡɭɩɪɨɱɧɟɧɢɸ ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ ɬɟɪɦɢɱɟɫɤɨɝɨ ɰɢɤɥɚ Д10–12]. 

Ɋɟɲɢɬɶ ɭɤɚɡɚɧɧɵɟ ɩɪɨɛɥɟɦɵ ɢ ɩɨɜɵɫɢɬɶ ɫɜɨɣɫɬɜɚ ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɫɩɥɚɜɨɜ 
ɫɢɫɬɟɦɵ Al–Cu–Li ɦɨɠɧɨ, ɢɫɩɨɥɶɡɭɹ ɩɟɪɫɩɟɤɬɢɜɧɵɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ ɫɨɟɞɢ-
ɧɟɧɢɹ ɜ ɬɜɟɪɞɨɣ ɮɚɡɟ – ɩɪɨɰɟɫɫ ɫɜɚɪɤɢ ɬɪɟɧɢɟɦ ɫ ɩɟɪɟɦɟɲɢɜɚɧɢɟɦ (ɋɌɉ) [13]. 

ɋɩɨɫɨɛ ɋɌɉ ɛɵɥ ɡɚɩɚɬɟɧɬɨɜɚɧ ɜ ɋɋɋɊ ɜ 1965 ɝ. Д14Ж ɢ ɨɛɥɚɞɚɟɬ ɪɹɞɨɦ ɩɪɟɢɦɭ-
ɳɟɫɬɜ, ɤɨɬɨɪɵɟ ɨɛɭɫɥɨɜɥɟɧɵ ɫɨɟɞɢɧɟɧɢɟɦ ɜ ɬɜɟɪɞɨɣ ɮɚɡɟ. Ʉ ɧɢɦ ɨɬɧɨɫɹɬɫɹ: ɦɚɥɨɟ ɬɟɩ-
ɥɨɜɥɨɠɟɧɢɟ ɩɪɢ ɫɜɚɪɤɟ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɦɚɥɨɟ ɪɚɡɭɩɪɨɱɧɟɧɢɟ ɜ ɡɨɧɟ ɬɟɪɦɢɱɟɫɤɨɝɨ 
ɜɥɢɹɧɢɹ (ɁɌȼ); ɧɢɡɤɢɟ ɨɫɬɚɬɨɱɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɜ ɫɜɚɪɧɨɦ ɫɨɟɞɢɧɟɧɢɢ, ɩɪɢɜɨɞɹɳɢɟ ɤ 
ɦɢɧɢɦɢɡɚɰɢɢ ɞɟɮɨɪɦɚɰɢɢ, ɱɬɨ ɨɫɨɛɟɧɧɨ ɜɚɠɧɨ ɩɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɤɪɭɩɧɨɝɚɛɚɪɢɬɧɵɯ 
ɫɜɚɪɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɢɡ ɬɟɪɦɢɱɟɫɤɢ ɭɩɪɨɱɧɹɟɦɵɯ ɚɥɸɦɢɧɢɟɜɵɯ ɫɩɥɚɜɨɜ Д15, 16Ж. ɉɨ-
ɦɢɦɨ ɷɬɨɝɨ, ɫɩɨɫɨɛ ɋɌɉ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɵɫɨɤɭɸ ɫɬɚɛɢɥɶɧɨɫɬɶ ɪɚɡɦɟɪɨɜ ɢ ɜɨɫɩɪɨɢɡɜɨ-
ɞɢɦɨɫɬɶ ɩɪɨɰɟɫɫɚ, ɨɬɫɭɬɫɬɜɢɟ ɜɵɝɨɪɚɧɢɹ ɥɟɝɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ ɢ ɨɬɫɭɬɫɬɜɢɟ ɜɧɭɬɪɟɧ-
ɧɢɯ ɞɟɮɟɤɬɨɜ ɬɢɩɚ ɩɨɪ ɢ ɬɪɟɳɢɧ, ɚ ɬɚɤɠɟ ɡɧɚɱɢɬɟɥɶɧɨɟ ɫɧɢɠɟɧɢɟ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɡɚ-
ɬɪɚɬ. Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ ɋɌɉ ɦɨɠɟɬ ɭɫɩɟɲɧɨ ɩɪɢɦɟɧɹɬɶɫɹ ɞɥɹ ɫɨɟɞɢɧɟɧɢɹ 
ɚɥɸɦɢɧɢɟɜɵɯ ɫɩɥɚɜɨɜ, ɨɬɧɨɫɹɳɢɯɫɹ ɤ ɤɚɬɟɝɨɪɢɢ ɧɟɫɜɚɪɢɜɚɟɦɵɯ ɦɟɬɨɞɚɦɢ ɫɜɚɪɤɢ, ɤɨ-
ɝɞɚ ɜɵɧɭɠɞɟɧɧɨ ɩɪɢɦɟɧɹɸɬɫɹ ɡɚɤɥɟɩɨɱɧɵɟ ɫɨɟɞɢɧɟɧɢɹ. ɗɬɨ ɡɧɚɱɢɬɟɥɶɧɨ ɭɩɪɨɳɚɟɬ 
ɬɟɯɧɨɥɨɝɢɸ ɫɛɨɪɤɢ, ɩɨɡɜɨɥɹɟɬ ɩɨɜɵɫɢɬɶ ɭɪɨɜɟɧɶ ɟɟ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɢ ɫɧɢɡɢɬɶ ɦɚɫɫɭ 
ɤɨɧɫɬɪɭɤɰɢɢ. ɉɪɢ ɷɬɨɦ ɩɪɢɦɟɧɟɧɢɟ ɋɌɉ ɞɥɹ ɫɨɟɞɢɧɟɧɢɹ ɥɢɫɬɨɜ ɢɡ ɚɥɸɦɢɧɢɟɜɵɯ ɫɩɥɚ-
ɜɨɜ, ɥɟɝɢɪɨɜɚɧɧɵɯ ɥɢɬɢɟɦ, ɩɨɡɜɨɥɹɟɬ ɩɨɜɵɫɢɬɶ ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɨɱɧɨɫɬɢ ɫɨɟɞɢɧɟɧɢɹ ɞɨ 
80% ɨɬ ɩɪɨɱɧɨɫɬɢ ɨɫɧɨɜɧɨɝɨ ɦɚɬɟɪɢɚɥɚ [17]. 

Ɏɨɪɦɢɪɨɜɚɧɢɟ ɫɜɚɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɩɪɢ ɋɌɉ ɩɪɨɢɫɯɨɞɢɬ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɚɡɨɝɪɟɜɚ 
ɦɟɬɚɥɥɚ ɜ ɡɨɧɟ ɫɜɚɪɤɢ ɞɨ ɩɥɚɫɬɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɡɚ ɫɱɟɬ ɬɪɟɧɢɹ ɢ ɩɟɪɟɦɟɳɟɧɢɹ ɩɨɞ 
ɜɵɫɨɤɢɦ ɞɚɜɥɟɧɢɟɦ ɜ ɨɛɴɟɦɟ, ɨɝɪɚɧɢɱɟɧɧɨɦ ɪɚɛɨɱɢɦɢ ɩɨɜɟɪɯɧɨɫɬɹɦɢ ɢɧɫɬɪɭɦɟɧɬɚ ɢ 
ɩɨɞɤɥɚɞɤɢ. Ɉɫɧɨɜɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɋɌɉ ɹɜɥɹɸɬɫɹ ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ (Ȧ) ɢɧɫɬɪɭɦɟɧ-
ɬɚ, ɫɤɨɪɨɫɬɶ ɥɢɧɟɣɧɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ ɢɧɫɬɪɭɦɟɧɬɚ (ɫɤɨɪɨɫɬɶ ɫɜɚɪɤɢ Vɫɜ), ɚ ɬɚɤɠɟ ɭɫɢɥɢɟ 
ɩɪɢɠɚɬɢɹ ɢɧɫɬɪɭɦɟɧɬɚ (ɪɢɫ. 1). 

ɉɟɪɟɱɢɫɥɟɧɧɵɟ ɩɚɪɚɦɟɬɪɵ ɨɩɪɟɞɟɥɹɸɬ ɭɫɥɨɜɢɹ ɮɪɢɤɰɢɨɧɧɨɝɨ ɧɚɝɪɟɜɚ ɦɟɬɚɥɥɚ 
ɜ ɡɨɧɟ ɫɜɚɪɤɢ ɢ ɫɭɳɟɫɬɜɟɧɧɨ ɜɥɢɹɸɬ ɧɟ ɬɨɥɶɤɨ ɧɚ ɡɧɚɱɟɧɢɹ ɢ ɨɪɢɟɧɬɚɰɢɸ ɫɢɥ, ɞɟɣ-
ɫɬɜɭɸɳɢɯ ɧɚ ɩɥɚɫɬɢɮɢɰɢɪɨɜɚɧɧɵɣ ɦɟɬɚɥɥ, ɧɨ ɢ ɧɚ ɤɨɥɢɱɟɫɬɜɟɧɧɨɟ ɮɚɡɨɜɨɟ ɫɨɫɬɨɹɧɢɟ 
ɲɜɚ ɢ ɨɤɨɥɨɲɨɜɧɨɣ ɡɨɧɵ Д18Ж. ɂɦɟɧɧɨ ɩɨɷɬɨɦɭ ɜɚɠɧɟɣɲɢɦ ɷɬɚɩɨɦ ɪɚɡɪɚɛɨɬɤɢ ɬɟɯɧɨ-
ɥɨɝɢɢ ɋɌɉ ɹɜɥɹɟɬɫɹ ɜɵɛɨɪ ɩɚɪɚɦɟɬɪɨɜ ɪɟɠɢɦɚ ɫɜɚɪɤɢ, ɤɨɬɨɪɵɟ ɨɩɪɟɞɟɥɹɸɬ ɧɟ ɬɨɥɶɤɨ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɢɡɝɨɬɨɜɥɟɧɢɹ ɫɜɚɪɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɜ ɰɟɥɨɦ, ɧɨ ɢ ɭɪɨɜɟɧɶ ɦɟɯɚɧɢ-
ɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɫɨɟɞɢɧɟɧɢɣ Д19, 20Ж. ɉɨɷɬɨɦɭ ɷɮɮɟɤɬɢɜɧɵɣ ɩɨɢɫɤ ɨɩɬɢɦɚɥɶɧɵɯ  
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ɞɢɚɩɚɡɨɧɨɜ ɩɚɪɚɦɟɬɪɨɜ ɪɟɠɢɦɚ ɫɜɚɪɤɢ ɧɟɨɛɯɨɞɢɦ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɫɛɚɥɚɧɫɢɪɨɜɚɧɧɨɝɨ 
ɤɨɦɩɥɟɤɫɚ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ, ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɢ ɪɟɫɭɪɫɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɫɜɚɪɧɨɣ 
ɤɨɧɫɬɪɭɤɰɢɢ. 

 
Ɋɢɫ. 1. ɋɯɟɦɚ ɩɪɨɰɟɫɫɚ ɫɜɚɪɤɢ ɬɪɟɧɢɟɦ ɫ ɩɟɪɟɦɟɲɢɜɚɧɢɟɦ Д17Ж 

 
ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɪɟɠɢɦɚ ɋɌɉ ɥɢɫɬɨɜɵɯ 

ɩɨɥɭɮɚɛɪɢɤɚɬɨɜ ɢɡ ɚɥɸɦɢɧɢɣ-ɥɢɬɢɟɜɵɯ ɫɩɥɚɜɨɜ ȼ-1461 ɢ ȼ-1469, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɭɪɨ-
ɜɟɧɶ ɩɪɨɱɧɨɫɬɢ ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɧɟ ɧɢɠɟ 0,7 ɨɬ ɩɪɨɱɧɨɫɬɢ ɨɫɧɨɜɧɨɝɨ ɦɟɬɚɥɥɚ ɜ ɫɨɱɟ-
ɬɚɧɢɢ ɫ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɦɚɥɨɰɢɤɥɨɜɨɣ ɭɫɬɚɥɨɫɬɢ ɧɚ ɭɪɨɜɧɟ ɧɟ ɧɢɠɟ 150 ɬɵɫ. ɰɢɤɥɨɜ. 
ɉɨɞɨɛɧɵɣ ɪɟɫɭɪɫ ɨɫɨɛɟɧɧɨ ɜɚɠɟɧ ɞɥɹ ɤɨɧɫɬɪɭɤɰɢɣ ɬɨɥɳɢɧɨɣ 5ޒ ɦɦ, ɤɨɝɞɚ ɩɨɫɥɟɞɭɸ-
ɳɚɹ ɦɟɯɚɧɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɦɨɠɟɬ ɛɵɬɶ ɡɚɬɪɭɞɧɟɧɚ. 

 
Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ 

ȼɵɛɨɪ ɨɩɬɢɦɚɥɶɧɵɯ ɪɟɠɢɦɨɜ ɫɜɚɪɤɢ ɨɫɧɨɜɚɧ ɧɚ ɩɨɢɫɤɟ ɷɤɫɬɪɟɦɭɦɚ ɰɟɥɟɜɨɣ 
ɮɭɧɤɰɢɢ ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɪɚɡɪɵɜɟ ɢ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɢ. ɉɪɟɞɟɥ ɩɪɨɱ-
ɧɨɫɬɢ ɩɪɢ ɪɚɡɪɵɜɟ ɨɞɧɨɡɧɚɱɧɨ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɫɬɚɬɢɱɟɫɤɭɸ ɩɪɨɱɧɨɫɬɶ ɫɜɚɪɧɨɝɨ ɫɨɟɞɢ-
ɧɟɧɢɹ. ȼ ɤɚɱɟɫɬɜɟ ɤɨɫɜɟɧɧɨɝɨ ɩɨɤɚɡɚɬɟɥɹ ɞɨɥɝɨɜɟɱɧɨɫɬɢ ɫɜɚɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɩɪɢɧɹɬɨ 
ɡɧɚɱɟɧɢɟ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɢ, ɩɨɫɤɨɥɶɤɭ, ɜɨ-ɩɟɪɜɵɯ, ɜɵɫɨɤɢɟ ɡɧɚɱɟɧɢɹ ɲɟɪɨ-
ɯɨɜɚɬɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɢ ɫɧɢɠɚɸɬ ɰɢɤɥɢɱɟɫɤɭɸ ɩɪɨɱɧɨɫɬɶ, ɜɨ-ɜɬɨɪɵɯ, ɫɩɨɫɨɛ ɋɌɉ ɩɨɡ-
ɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ ɝɥɚɞɤɭɸ ɩɨɜɟɪɯɧɨɫɬɶ ɛɟɡ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ. 

ɐɟɥɟɜɭɸ ɮɭɧɤɰɢɸ ɫɬɪɨɢɥɢ ɧɚ ɨɫɧɨɜɟ ɪɟɝɪɟɫɫɢɨɧɧɨɝɨ ɚɧɚɥɢɡɚ ɩɭɬɟɦ ɨɛɪɚɛɨɬɤɢ 
ɪɟɡɭɥɶɬɚɬɨɜ ɷɤɫɩɟɪɢɦɟɧɬɚ Д21, 22Ж. ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɨɩɪɟɞɟɥɹɥɢ ɞɢɚɩɚɡɨɧ ɬɟɯɧɨɥɨɝɢɱɟ-
ɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɫɜɚɪɤɢ ɫɩɥɚɜɨɜ ȼ-1461 ɢ ȼ-1469, ɨɛɟɫɩɟɱɢɜɚɸɳɢɣ ɛɟɡɞɟɮɟɤɬɧɨɟ ɮɨɪ-
ɦɢɪɨɜɚɧɢɟ ɫɜɚɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ. 

ɂɡɝɨɬɨɜɥɟɧɧɵɟ ɢɡ ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɨɛɪɚɡɰɵ ɢɫɩɵɬɵɜɚɥɢ ɧɚ ɫɬɚɬɢɱɟɫɤɨɟ ɪɚɫ-
ɬɹɠɟɧɢɟ ɢ ɦɚɥɨɰɢɤɥɨɜɭɸ ɭɫɬɚɥɨɫɬɶ. ɉɟɪɟɦɟɧɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɜɵɛɪɚɧɵ ɫɤɨɪɨɫɬɶ 
ɜɪɚɳɟɧɢɹ ɢ ɥɢɧɟɣɧɨɟ ɩɟɪɟɦɟɳɟɧɢɟ ɢɧɫɬɪɭɦɟɧɬɚ. 

ɉɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɪɚɡɪɵɜɟ (ıɜ) ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɨɩɪɟɞɟɥɹɥɢ ɜ ɫɨɨɬɜɟɬ-
ɫɬɜɢɢ ɫ ȽɈɋɌ 6996–66. 

ɒɟɪɨɯɨɜɚɬɨɫɬɶ ɩɨɜɟɪɯɧɨɫɬɢ ɲɜɚ ɜ ɡɨɧɟ ɜɨɡɞɟɣɫɬɜɢɹ ɪɚɛɨɱɟɝɨ ɢɧɫɬɪɭɦɟɧɬɚ ɢɡ-
ɦɟɪɹɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɨɧɮɨɤɚɥɶɧɨɝɨ ɥɚɡɟɪɧɨɝɨ ɫɤɚɧɢɪɭɸɳɟɝɨ ɦɢɤɪɨɫɤɨɩɚ 
OLYMPUS LEXT OLS3100. 

ɂɫɩɵɬɚɧɢɹ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɦɚɥɨɰɢɤɥɨɜɨɣ ɭɫɬɚɥɨɫɬɢ ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɩɪɨ-
ɜɨɞɢɥɢ ɫɨɝɥɚɫɧɨ ȽɈɋɌ 25.502–79. 

Ⱦɥɹ ɮɪɚɤɬɨɝɪɚɮɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɢɫɩɨɥɶɡɨɜɚɥɢ ɫɤɚɧɢɪɭɸ-
ɳɢɣ ɷɥɟɤɬɪɨɧɧɵɣ ɦɢɤɪɨɫɤɨɩ VОrТШs 460 БHR ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ  
ɆɆ1.2 020–2002. 
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ɗɤɫɩɟɪɢɦɟɧɬɵ ɜɵɩɨɥɧɹɥɢ ɧɚ ɨɛɪɚɡɰɚɯ ɢɡ ɥɢɫɬɨɜ ɬɨɥɳɢɧɨɣ ɨɬ 3 ɞɨ 4 ɦɦ ɫɩɥɚɜɨɜ 
ȼ-1461-Ɍ1 ɢ ȼ-1469-Ɍ1. 

Ⱦɥɹ ɫɜɚɪɤɢ ɢɫɩɨɥɶɡɨɜɚɥɢ ɥɚɛɨɪɚɬɨɪɧɭɸ ɭɫɬɚɧɨɜɤɭ ɋɌɉ ɧɚ ɛɚɡɟ ɜɟɪɬɢɤɚɥɶɧɨɝɨ 
ɮɪɟɡɟɪɧɨɝɨ ɫɬɚɧɤɚ; ɫɜɚɪɤɭ ɩɪɨɜɨɞɢɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɟɪɢɣɧɨɝɨ ɢɧɫɬɪɭɦɟɧɬɚ ɩɪɨɢɡ-
ɜɨɞɫɬɜɚ ȺɈ «ȼɇɂɂȺɥɦɚɡ». 

 
Ɋɟɡɭɥɶɬɚɬɵ ɢ ɨɛɫɭɠɞɟɧɢɟ 

Ɂɚɜɢɫɢɦɨɫɬɢ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɢ ɩɪɨɱɧɨɫɬɢ ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɨɬ ɩɚɪɚɦɟɬɪɨɜ 
ɪɟɠɢɦɚ ɋɌɉ ɧɟɥɢɧɟɣɧɵ ɢ ɫɭɳɟɫɬɜɭɟɬ ɨɛɥɚɫɬɶ ɫ ɦɚɤɫɢɦɚɥɶɧɵɦɢ (ɦɢɧɢɦɚɥɶɧɵɦɢ) ɡɧɚ-
ɱɟɧɢɹɦɢ. Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɞɨɛɧɵɯ ɧɟɥɢɧɟɣɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɧɟɨɛɯɨɞɢɦɨ ɩɪɢɦɟɧɟ-
ɧɢɟ ɤɚɤ ɦɢɧɢɦɭɦ ɬɪɟɯ ɭɪɨɜɧɟɣ ɜɚɪɶɢɪɨɜɚɧɢɹ (ɉɎɗ 32) ɧɚ ɨɫɧɨɜɚɧɢɢ ɪɟɡɭɥɶɬɚɬɨɜ ɞɟɜɹ-
ɬɢ ɩɪɨɜɟɞɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɞɥɹ ɤɚɠɞɨɝɨ ɫɩɥɚɜɚ. Ɋɟɡɭɥɶɬɚɬɵ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢ-
ɦɟɧɬɚ ɩɨ ɦɚɬɪɢɰɟ ɩɥɚɧɚ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ ȼ2 ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 1 Д23Ж. 

 
Ɍɚɛɥɢɰɚ 1 

Ɇɚɬɪɢɰɚ ɩɥɚɧɚ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ ȼ2 
ɍɫɥɨɜɧɵɣ ɧɨɦɟɪ ɨɛɪɚɡɰɚ ɉɥɚɧ ɷɤɫɩɟɪɢɦɟɧɬɚ 

X1 X2 
1 – – 
2 + – 
3 – + 
4 + + 
5 – 0 
6 + 0 
7 0 – 
8 0 + 
9 0 0 

 
ɋɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ ɢɧɫɬɪɭɦɟɧɬɚ Ȧ (ɮɚɤɬɨɪ X1) ɜɚɪɶɢɪɨɜɚɥɚɫɶ ɜ ɩɪɟɞɟɥɚɯ  

515–790 ɨɛ/ɦɢɧ, ɫɤɨɪɨɫɬɶ ɫɜɚɪɤɢ Vɫɜ (ɮɚɤɬɨɪ X2) – ɜ ɩɪɟɞɟɥɚɯ 64–112 ɦɦ/ɦɢɧ. Ɋɟɡɭɥɶɬɚ-
ɬɵ ɩɥɚɧɢɪɨɜɚɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɪɚɡɪɵɜɟ (ıɜ) ɢ 
ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɢ ɲɜɚ ɜ ɡɨɧɟ ɜɨɡɞɟɣɫɬɜɢɹ ɪɚɛɨɱɟɝɨ ɢɧɫɬɪɭɦɟɧɬɚ (Rz) ɞɥɹ 
ɤɚɠɞɨɝɨ ɫɩɥɚɜɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 2. ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɨɜ 
ɪɚɧɞɨɦɢɡɢɪɨɜɚɧɚ. 

 
Ɍɚɛɥɢɰɚ 2 

Ɋɟɡɭɥɶɬɚɬɵ ɩɥɚɧɢɪɨɜɚɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ 
ɍɫɥɨɜɧɵɣ ɧɨɦɟɪ  

ɨɛɪɚɡɰɚ 
ɋɩɥɚɜ ȼ-1469 ɋɩɥɚɜ ȼ-1461 

ıɜ, Ɇɉɚ Rz, ɦɤɦ ıɜ, Ɇɉɚ Rz, ɦɤɦ 
1 395 82 380 77 
2 375 91 360 99 
3 405 89 365 125 
4 415 66 390 101 
5 415 70 385 78 
6 420 54 390 71 
7 405 74 395 68 
8 425 67 400 96 
9 435 48 410 54 

 
Ɉɛɪɚɛɨɬɤɭ ɪɟɡɭɥɶɬɚɬɨɜ ɷɤɫɩɟɪɢɦɟɧɬɚ (ɬɚɛɥ. 3) ɢ ɩɨɫɥɟɞɭɸɳɟɟ ɩɨɫɬɪɨɟɧɢɟ  

ɫɢɫɬɟɦɵ ɥɢɧɢɣ ɭɪɨɜɧɹ (ɪɢɫ. 2 ɢ 3) ɩɪɨɜɨɞɢɥɢ ɜ ɩɪɨɝɪɚɦɦɟ «Statistica». 
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Ɋɢɫ. 2. Ɂɚɜɢɫɢɦɨɫɬɢ ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɪɚɡɪɵɜɟ (ɚ, ɛ) ɢ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɢ (ɜ, ɝ) 

ɞɥɹ ɫɜɚɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɫɩɥɚɜɨɜ ȼ-1469 ɢ ȼ-1461 ɨɬ ɪɟɠɢɦɨɜ ɫɜɚɪɤɢ ɬɪɟɧɢɟɦ ɫ ɩɟɪɟɦɟɲɢɜɚɧɢɟɦ 

 
Ɋɢɫ. 3. ɉɨɜɟɪɯɧɨɫɬɢ ɮɭɧɤɰɢɣ ɨɬɤɥɢɤɚ ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɪɚɡɪɵɜɟ (ɚ, ɛ) ɢ ɲɟɪɨɯɨɜɚ-

ɬɨɫɬɶ ɩɨɜɟɪɯɧɨɫɬɢ (ɜ, ɝ) ɜ ɢɫɫɥɟɞɭɟɦɨɣ ɨɛɥɚɫɬɢ ɪɟɠɢɦɨɜ ɫɜɚɪɤɢ ɬɪɟɧɢɟɦ ɫ ɩɟɪɟɦɟɲɢɜɚɧɢɟɦ ɞɥɹ 
ɫɩɥɚɜɨɜ ȼ-1469 ɢ ȼ-1461 
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Ɍɚɛɥɢɰɚ 3 
Ɋɟɡɭɥɶɬɚɬɵ ɜɵɱɢɫɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɦɨɞɟɥɢ 

Ʉɨɷɮɮɢɰɢɟɧɬɵ  
ɪɟɝɪɟɫɫɢɢ 

Ɏɭɧɤɰɢɹ ɨɬɤɥɢɤɚ ɞɥɹ ɫɩɥɚɜɚ 
ȼ-1469 ȼ-1461 

ıɜ.ɫɜ, Ɇɉɚ Rz, ɦɤɦ ıɜ.ɫɜ, Ɇɉɚ Rz, ɦɤɦ 
b0 -105,677 525,01 -131,14 709,662 
b1 0,991832 -0,70125 1,34465 -1,0407 
b2 4,488076 -5,2476 2,18065 -7,8716 

b12 0,00237 -0,00248 0,003331 -0,00346 
b11 -0,00093 0,000682 -0,00125 0,001029 
b22 -0,03147 0,037977 -0,02387 0,060547 

 
ɋ ɭɱɟɬɨɦ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɢɡ ɬɚɛɥ. 3, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɡɚɜɢɫɢɦɨɫɬɢ ɦɨɝɭɬ ɛɵɬɶ 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɜɢɞɟ: 
ɞɥɹ ɫɩɥɚɜɚ ȼ-1469 

ıɜ=-105,677+0,9918Vɫɜ+4,488Ȧ+0,00237Vɫɜ·Ȧ-0,00093 2
ɫɜV -0,03147Ȧ2, 

(1) 
Rz=525,01-0,70125Vɫɜ-5,2476Ȧ-0,00248Vɫɜ·Ȧ+0,000682 2

ɫɜV +0,037977Ȧ2; 

ɞɥɹ ɫɩɥɚɜɚ ȼ-1461 
ıɜ=-131,14+1,34465Vɫɜ+2,18065Ȧ+0,003331Vɫɜ·Ȧ-0,00125 2

ɫɜV -0,02387Ȧ2, 
(2) 

Rz=709,662-1,0407Vɫɜ-7,8716Ȧ-0,00346Vɫɜ·Ȧ+0,001029 2
ɫɜV +0,060547Ȧ2. 

 
Ⱦɥɹ ɤɚɠɞɨɣ ɦɨɞɟɥɢ ɪɚɫɫɱɢɬɚɧɚ ɞɢɫɩɟɪɫɢɹ ɚɞɟɤɜɚɬɧɨɫɬɢ ɢ ɞɢɫɩɟɪɫɢɹ ɨɲɢɛɨɤ, 

ɨɩɪɟɞɟɥɹɸɳɚɹ ɦɟɪɭ ɪɚɫɫɟɹɧɢɹ, ɜɵɡɜɚɧɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɨɲɢɛɤɨɣ, ɩɨ ɮɨɪɦɭɥɚɦ: 

;)ˆ-(
2-

1 2

1

2
ɚɞ ii

n

i
i YYp

n
S                                                       (3) 

 

,

-

)ˆ-(

1

1 1

2

2
ɨɲ 




 
n

i
i

n

i

p

j
iij

np

YY

S

i

                                                      (4) 

ɝɞɟ iŶ  – ɡɧɚɱɟɧɢɟ ɜɟɥɢɱɢɧɵ Y, ɩɪɟɞɫɤɚɡɚɧɧɨɟ ɩɨɥɭɱɟɧɧɨɣ ɷɦɩɢɪɢɱɟɫɤɨɣ ɦɨɞɟɥɶɸ ɞɥɹ ɤɚɠɞɨɝɨ 
ɢɡ ɡɧɚɱɟɧɢɣ Xi; iY  – ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɮɭɧɤɰɢɢ ɨɬɤɥɢɤɚ ɜ i-ɨɦ ɨɩɵɬɟ; n – ɱɢɫɥɨ ɨɩɵɬɨɜ; pi – 
ɱɢɫɥɨ ɩɚɪɚɥɥɟɥɶɧɵɯ ɢɡɦɟɪɟɧɢɣ ɜ i-ɨɦ ɨɩɵɬɟ. 
 

Ⱥɞɟɤɜɚɬɧɨɫɬɶ ɦɨɞɟɥɟɣ ɩɪɨɜɟɪɹɥɢ ɩɨ ɤɪɢɬɟɪɢɸ Ɏɢɲɟɪɚ (ɬɚɛɥ. 4): 

.
2
ɨɲ

2
ɚɞ

p
S

S
F                                                                (5) 

 
Ɍɚɛɥɢɰɚ 4 

Ʉɪɢɬɟɪɢɢ Ɏɢɲɟɪɚ ɞɥɹ ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɦɨɞɟɥɟɣ 
ɋɩɥɚɜ Ɇɨɞɟɥɶ ɮɭɧɤɰɢɢ Ɋɚɫɱɟɬɧɨɟ ɡɧɚɱɟɧɢɟ ɤɪɢɬɟɪɢɹ Fp Ɍɚɛɥɢɱɧɨɟ ɡɧɚɱɟɧɢɟ Fp 
ȼ-1469 Ɇɨɞɟɥɶ ı 2,159 

2,227 
 Ɇɨɞɟɥɶ Rz 1,316 

ȼ-1461 Ɇɨɞɟɥɶ ı 2,172 
 Ɇɨɞɟɥɶ Rz 0,526 
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ȼɢɞɧɨ, ɱɬɨ ɧɚɢɛɨɥɶɲɟɟ ɜɥɢɹɧɢɟ ɧɚ ɲɟɪɨɯɨɜɚɬɨɫɬɶ ɥɢɰɟɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 
ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ (ɢ ɤɚɤ ɫɥɟɞɫɬɜɢɟ – ɧɚ ɭɫɬɚɥɨɫɬɧɭɸ ɞɨɥɝɨɜɟɱɧɨɫɬɶ Д24Ж)  
ɨɤɚɡɵɜɚɟɬ ɫɤɨɪɨɫɬɶ ɫɜɚɪɤɢ, ɬɚɤ ɤɚɤ ɩɟɪɟɞ ɧɟɣ ɫɬɨɢɬ ɧɚɢɛɨɥɶɲɢɣ ɤɨɷɮɮɢɰɢɟɧɬ Ɏɢ-
ɲɟɪɚ. ɉɪɢ ɷɬɨɦ ɦɨɞɟɥɢ ɦɟɧɟɟ ɱɭɜɫɬɜɢɬɟɥɶɧɵ ɤ ɢɡɦɟɧɟɧɢɸ ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ  
ɢɧɫɬɪɭɦɟɧɬɚ. 

Ⱦɥɹ ɩɨɥɭɱɟɧɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɨɬɤɥɢɤɚ ɧɚɣɞɟɧɵ (ɬɚɛɥ. 5) ɷɤɫɬɪɟɦɭɦɵ ɢ ɫɨɨɬɜɟɬ-
ɫɬɜɭɸɳɢɟ ɢɦ ɡɧɚɱɟɧɢɹ ɫɤɨɪɨɫɬɢ ɫɜɚɪɤɢ ɢ ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ ɢɧɫɬɪɭɦɟɧɬɚ. 
 

Ɍɚɛɥɢɰɚ 5 
ɗɤɫɬɪɟɦɭɦɵ ɮɭɧɤɰɢɣ σɜ ɢ Rz ɞɥɹ ɫɩɥɚɜɨɜ ȼ-1469 ɢ ȼ-1461 

ɋɩɥɚɜ Ɏɭɧɤɰɢɹ Ɂɧɚɱɟɧɢɟ Ȧ Vɫɜ 

ȼ-1469 ı 435 655,5 96 
 Rz 47 680,1 91 

ȼ-1461 ı 413 660 92 
 Rz 45 646 84 

 
ȼ ɬɚɛɥ. 6 ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚɢɛɨɥɟɟ ɜɵɫɨɤɢɟ ɡɧɚɱɟɧɢɹ ɦɟɯɚɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 

ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ, ɩɨɥɭɱɟɧɢɟ ɤɨɬɨɪɵɯ ɜɨɡɦɨɠɧɨ ɩɪɢ ɫɨɛɥɸɞɟɧɢɢ ɪɟɠɢɦɨɜ, ɫɨɨɬɜɟɬ-
ɫɬɜɭɸɳɢɯ ɪɚɫɱɟɬɧɵɦ ɡɧɚɱɟɧɢɹɦ. 

 
Ɍɚɛɥɢɰɚ 6 

Ɇɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɫɩɥɚɜɨɜ ȼ-1469 ɢ ȼ-1461 

ɋɩɥɚɜ ıɜ, Ɇɉɚ* k=ıɜ.ɫɜ/ıɜ 

ȼ-1469 415–440 
435 

0,8 

ȼ-1461 390–400 
395 

0,75 

* ȼ ɱɢɫɥɢɬɟɥɟ – ɦɢɧɢɦɚɥɶɧɵɟ ɢ ɦɚɤɫɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ, ɜ ɡɧɚɦɟɧɚɬɟɥɟ – ɫɪɟɞɧɢɟ. 

 
Ⱥɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɨɛɥɚɫɬɶ ɦɢɧɢɦɚɥɶɧɨɣ ɲɟɪɨɯɨ-

ɜɚɬɨɫɬɢ Rz≤50 ɦɤɦ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɜɧɭɬɪɢ ɨɛɥɚɫɬɢ ıɜ.ɫɜ/ıɜ≤0,8. ɉɨɥɭɱɟɧɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ 
ɩɨɡɜɨɥɹɸɬ ɩɪɢ ɡɚɞɚɧɧɵɯ ɩɚɪɚɦɟɬɪɚɯ ɪɟɠɢɦɚ ɩɪɨɝɧɨɡɢɪɨɜɚɬɶ ɡɧɚɱɟɧɢɹ ɲɟɪɨɯɨɜɚɬɨɫɬɢ 
ɢ ɩɪɨɱɧɨɫɬɢ ɫɜɚɪɧɨɝɨ ɲɜɚ ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɢɫɩɨɥɶɡɭɟɦɨɦɭ ɢɧɫɬɪɭɦɟɧɬɭ. 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɢ ɞɟɬɚɥɟɣ ɫɧɢɠɚɸɬɫɹ 
ɢɯ ɭɫɬɚɥɨɫɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ Д25Ж. ɉɪɢ ɋɌɉ ɮɨɪɦɢɪɭɟɬɫɹ ɫɩɟɰɢɮɢɱɟɫɤɚɹ ɩɨɜɟɪɯ-
ɧɨɫɬɶ ɲɜɚ – ɛɨɥɟɟ ɝɪɭɛɚɹ, ɱɟɦ ɢɫɯɨɞɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɥɢɫɬɚ. ɉɨɷɬɨɦɭ ɩɪɢ ɭɫɥɨɜɢɢ ɨɬ-
ɫɭɬɫɬɜɢɹ ɜɧɭɬɪɟɧɧɢɯ ɞɟɮɟɤɬɨɜ ɦɚɥɨɰɢɤɥɨɜɚɹ ɭɫɬɚɥɨɫɬɶ (Ɇɐɍ) ɫɜɚɪɧɨɝɨ ɨɛɪɚɡɰɚ ɛɭɞɟɬ 
ɩɪɟɞɨɩɪɟɞɟɥɹɬɶɫɹ ɢɦɟɧɧɨ ɦɨɪɮɨɥɨɝɢɟɣ ɥɢɰɟɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɲɜɚ, ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɛɵɬɶ 
ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧɚ ɩɚɪɚɦɟɬɪɨɦ ɲɟɪɨɯɨɜɚɬɨɫɬɢ Rz, ɦɟɧɹɸɳɢɦɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɟɠɢ-
ɦɚ ɫɜɚɪɤɢ. Ⱦɥɹ ɭɫɬɚɧɨɜɥɟɧɢɹ ɯɚɪɚɤɬɟɪɚ ɷɬɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɢɫɩɵɬɵɜɚɥɢ ɨɛɪɚɡɰɵ ɢɡ ɫɩɥɚ-
ɜɨɜ ȼ-1469 ɢ ȼ-1461 ɧɚ Ɇɐɍ ɩɪɢ ɧɚɩɪɹɠɟɧɢɢ ɧɟɬɬɨ

maxı 196 Ɇɉɚ. ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚ-
ɬɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 4. 

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫɜɚɪɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɫɩɥɚɜɨɜ ȼ-1469 ɢ ȼ-1461 ɫ ɲɟɪɨɯɨɜɚɬɨɫɬɶɸ 
ɩɨɜɟɪɯɧɨɫɬɢ ɲɜɨɜ Rz≤50 ɦɤɦ ɩɨɤɚɡɵɜɚɸɬ ɜɵɫɨɤɢɟ ɡɧɚɱɟɧɢɹ Ɇɐɍ: ɛɨɥɟɟ 300 ɬɵɫ. ɰɢɤɥɨɜ 
ɛɟɡ ɪɚɡɪɭɲɟɧɢɹ ɞɥɹ ɫɩɥɚɜɚ ȼ-1461 ɢ ɛɨɥɟɟ 150 ɬɵɫ. ɰɢɤɥɨɜ ɞɥɹ ɫɩɥɚɜɚ ȼ-1469. 
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Ɋɢɫ. 4. Ɂɚɜɢɫɢɦɨɫɬɶ Ɇɐɍ ɨɬ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɢ ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɫɩɥɚɜɨɜ  

ȼ-1469 ɢ ȼ-1461 (ɩɪɢ ɧɚɩɪɹɠɟɧɢɢ ɧɟɬɬɨ
maxı 196 Ɇɉɚ) 

 
Ɏɪɚɤɬɨɝɪɚɮɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɫɩɥɚɜɨɜ ȼ-1469 ɢ ȼ-1461 ɩɨɫɥɟ 

ɢɫɩɵɬɚɧɢɣ ɧɚ Ɇɐɍ ɩɨɤɚɡɚɥ, ɱɬɨ ɨɱɚɝɢ ɢɡɥɨɦɨɜ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɫɜɹɡɚɧɵ ɫ ɧɟɪɨɜɧɨ-
ɫɬɹɦɢ ɫɜɚɪɧɨɝɨ ɲɜɚ. ɉɪɢ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɥɢɰɟɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɫɜɚɪɧɨɝɨ ɲɜɚ Rz≤50 ɦɤɦ 
ɜ ɢɡɥɨɦɚɯ ɫɜɚɪɧɵɯ ɨɛɪɚɡɰɨɜ ɧɚɛɥɸɞɚɟɬɫɹ ɨɞɢɧ ɪɚɡɜɢɬɵɣ ɨɱɚɝ ɪɚɡɪɭɲɟɧɢɹ. Ɋɚɡɪɭɲɟɧɢɟ 
ɫɜɚɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɫɩɥɚɜɚ ȼ-1469 ɪɚɡɜɢɜɚɟɬɫɹ ɨɬ ɭɫɬɚɥɨɫɬɧɵɯ ɬɪɟɳɢɧ (ɪɢɫ. 5). 

 

 
Ɋɢɫ. 5. ɋɜɚɪɧɨɟ ɫɨɟɞɢɧɟɧɢɟ ɫɩɥɚɜɚ ȼ-1469 (ɚ) ɫ ɨɞɧɨɨɱɚɝɨɜɵɦ (ɛ) ɢ ɦɧɨɝɨɨɱɚɝɨɜɵɦ 

ɯɚɪɚɤɬɟɪɨɦ ɪɚɡɪɭɲɟɧɢɹ (ɜ) 
 
ɉɪɢ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɥɢɰɟɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɲɜɚ Rz≥60 ɦɤɦ ɨɱɚɝɚɦɢ ɪɚɡɪɭɲɟɧɢɹ 

ɫɜɚɪɧɵɯ ɨɛɪɚɡɰɨɜ ɹɜɥɹɸɬɫɹ ɝɪɭɛɵɟ ɧɟɪɨɜɧɨɫɬɢ ɫɜɚɪɧɨɝɨ ɲɜɚ ɢ ɪɚɡɪɭɲɟɧɢɟ ɫɬɚɧɨɜɢɬɫɹ 
ɦɧɨɝɨɨɱɚɝɨɜɵɦ, ɪɚɡɜɢɜɚɹɫɶ ɧɚ ɜɫɟ ɫɟɱɟɧɢɟ ɨɛɪɚɡɰɚ. 
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Ɂɚɤɥɸɱɟɧɢɹ 
1. ɉɨɫɬɪɨɟɧɵ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ (ɪɟɝɪɟɫɫɢɨɧɧɵɟ) ɦɨɞɟɥɢ ɡɚɜɢɫɢɦɨɫɬɟɣ ɩɪɨɱɧɨɫɬɢ 

ɢ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɢ ɫɨɟɞɢɧɟɧɢɣ, ɜɵɩɨɥɧɟɧɧɵɯ ɋɌɉ, ɨɬ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɚ-
ɪɚɦɟɬɪɨɜ ɫɜɚɪɤɢ – ɫɤɨɪɨɫɬɢ ɫɜɚɪɤɢ (Vɫɜ) ɢ ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ ɢɧɫɬɪɭɦɟɧɬɚ (Ȧ). 

2. Ɉɩɪɟɞɟɥɟɧɚ ɨɛɥɚɫɬɶ ɪɟɠɢɦɨɜ ɋɌɉ ɞɥɹ ɚɥɸɦɢɧɢɣ-ɥɢɬɢɟɜɵɯ ɫɩɥɚɜɨɜ ȼ-1469 ɢ 
ȼ-1461, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɩɪɨɱɧɨɫɬɶ ɫɜɚɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɧɚ ɭɪɨɜɧɟ 0,75–0,8 ɨɬ ɩɪɨɱ-
ɧɨɫɬɢ ɨɫɧɨɜɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɢ ɡɧɚɱɟɧɢɹ Ɇɐɍ ɛɨɥɟɟ 300 ɬɵɫ. ɰɢɤɥɨɜ ɛɟɡ ɪɚɡɪɭɲɟɧɢɹ 
(ɩɪɢ ɧɚɩɪɹɠɟɧɢɢ ɧɟɬɬɨ

maxı 196 Ɇɉɚ). 
3. ɉɪɢɦɟɧɟɧɢɟ ɪɟɠɢɦɨɜ ɋɌɉ ɫ ɩɨɧɢɠɟɧɧɨɣ ɲɟɪɨɯɨɜɚɬɨɫɬɶɸ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɡ-

ɜɨɥɹɟɬ ɩɨɜɵɫɢɬɶ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɭɫɬɚɥɨɫɬɢ ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ. 
4. ɍɫɬɚɧɨɜɥɟɧɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ Ɇɐɍ ɨɬ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ 

ɫɩɥɚɜɨɜ ȼ-1469 ɢ ȼ-1461 ɩɨɡɜɨɥɹɬ ɩɪɨɝɧɨɡɢɪɨɜɚɬɶ ɩɨɬɟɧɰɢɚɥɶɧɵɣ ɪɟɫɭɪɫ ɫɜɚɪɧɵɯ ɫɨ-
ɟɞɢɧɟɧɢɣ ɢ ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɜɜɨɞɢɬɶ ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ ɭɥɭɱɲɟɧɢɸ ɱɢɫɬɨɬɵ ɩɨɜɟɪɯ-
ɧɨɫɬɢ ɫɜɚɪɧɵɯ ɲɜɨɜ. 

5. Ɉɩɪɟɞɟɥɟɧɨ ɤɪɢɬɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ ɲɟɪɨɯɨɜɚɬɨɫɬɢ (Rz≤50 ɦɤɦ) ɩɨɜɟɪɯɧɨɫɬɢ 
ɫɜɚɪɧɵɯ ɲɜɨɜ, ɜɵɩɨɥɧɟɧɧɵɯ ɋɌɉ, ɩɪɢ ɤɨɬɨɪɨɦ ɦɟɧɹɟɬɫɹ ɯɚɪɚɤɬɟɪ ɪɚɡɪɭɲɟɧɢɹ ɫɜɚɪ-
ɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɫ ɦɧɨɝɨɨɱɚɝɨɜɨɝɨ ɞɨ ɨɞɧɨɨɱɚɝɨɜɨɝɨ ɢ ɩɪɨɢɫɯɨɞɢɬ ɩɨɜɵɲɟɧɢɟ ɯɚɪɚɤɬɟ-
ɪɢɫɬɢɤ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɭɫɬɚɥɨɫɬɢ ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ. 
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