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ɸʥʥʦʪʘʮʠʷ: ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʪʝʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ ʧʨʦʯʥʦʩʪʠ ʙʝ-
ʪʦʥʘ ʥʝʨʘʟʨʫʰʘʶʱʠʤʠ ʤʝʪʦʜʘʤʠ ʫʧʨʫʛʦʛʦ ʦʪʩʢʦʢʘ, ʫʜʘʨʥʦʛʦ ʠʤʧʫʣʴʩʘ ʠ ʫʣʴʪʨʘʟʚʫʢʦ-
ʚʦʛʦ ʧʨʦʟʚʫʯʠʚʘʥʠʷ. ʄʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʩʪʘʥʜʘʨʪʥʳʤ, 
ʦʧʠʩʘʥʥʳʤ ʚ ɻʆʉʊ ʠ ʧʘʩʧʦʨʪʘʭ ʥʘ ʧʨʠʙʦʨʳ. ʊʦʯʥʦʩʪʴ ʥʝʨʘʟʨʫʰʘʶʱʠʭ ʤʝʪʦʜʦʚ ʦʧʨʝ-
ʜʝʣʷʣʘʩʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʟʨʫʰʘʶʱʠʤʠ ʠʩʧʳʪʘʥʠʷʤʠ ʦʙʨʘʟʮʦʚ ʙʝʪʦʥʘ ʥʘ ʛʠʜʨʘʚʣʠʯʝ-
ʩʢʦʤ ʧʨʝʩʩʝ. ɹʳʣʦ ʠʟʛʦʪʦʚʣʝʥʦ 5 ʩʝʨʠʡ ʧʦ 6 ʢʦʥʪʨʦʣʴʥʳʭ ʦʙʨʘʟʮʦʚ-ʢʫʙʦʚ ʪʷʞʝʣʦʛʦ 
ʙʝʪʦʥʘ ʢʣʘʩʩʘ ɺ25. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʡ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʜʦʚʝʨʠʪʝʣʴʥʳʝ ʠʥʪʝʨ-
ʚʘʣʳ ʩʨʝʜʥʝʡ ʧʨʦʯʥʦʩʪʠ ʙʝʪʦʥʘ. ʇʨʝʜʣʦʞʝʥ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜ ʚ ʚʠʜʝ ʧʝʨʝʩʝʯʝ-
ʥʠʷ ʜʦʚʝʨʠʪʝʣʴʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʧʦ ʜʚʫʤ ʥʘʠʙʦʣʝʝ ʪʦʯʥʳʤ ʤʝʪʦʜʘʤ ʫʧʨʫʛʦʛʦ ʦʪʩʢʦʢʘ ʠ 
ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ. ʅʘʣʦʞʝʥʠʝʤ ʧʝʨʝʩʝʯʝʥʠʷ ʠʥʪʝʨʚʘʣʦʚ ʥʘ ʵʪʘʣʦʥʥʳʡ 
ʜʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ ʧʨʝʩʩʦʚʳʭ ʠʩʧʳʪʘʥʠʡ ʦʧʨʝʜʝʣʝʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠ-
ʩʪʠʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʡ: ʩʤʝʱʝʥʠʝ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ, ʨʘʟʙʨʦʩ ʠ ʜʦʚʝʨʠʪʝʣʴʥʘʷ 
ʚʝʨʦʷʪʥʦʩʪʴ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʧʨʦʯʥʦʩʪʠ. 
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ANALYSIS OF THE ACCURACY OF NON-DESTRUCTIVE METHODS 
OF CONCRETE STRENGTH CONTROL 

Abstract: The results of comparative tests of concrete strength by non-destructive methods 
of elastic rebound, impact pulse and ultrasonic sounding are presented. The testing strength 
methods corresponded to the standard ones described in state standards and standards for de-
vices. The accuracy of non-destructive methods was determined by comparison with destruc-
tive tests of concrete samples on a hydraulic press. 5 series of 6 control samples cubes 
of heavy concrete of class B25 were produced. Based on the test results the confidence inter-
vals of the average concrete strength were constructed. A combined method is proposed in the 
form of the confidence intervals intersection using two of the most accurate methods of elastic 
rebound and ultrasonic sounding. By superimposing the intervals intersection on the reference 
confidence interval of the press tests, the statistical characteristics of the test results were de-
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ρȢ ˏ̃̆̅̆̎̉̆
ʅʝʨʘʟʨʫʰʘʶʱʠʝ ʤʝʪʦʜʳ ʢʦʥʪʨʦʣʷ 

ʧʨʦʯʥʦʩʪʠ ʙʝʪʦʥʘ ʨʘʟʜʝʣʷʶʪ ʥʘ ʧʨʷʤʳʝ 
ʠ ʢʦʩʚʝʥʥʳʝ. ʇʨʷʤʳʝ ʤʝʪʦʜʳ ʦʪʨʳʚʘ, 
ʦʪʨʳʚʘ ʩʦ ʩʢʘʣʳʚʘʥʠʝʤ ʠ ʩʢʘʣʳʚʘʥʠʷ 
ʨʝʙʨʘ ʜʦʚʦʣʴʥʦ ʪʨʫʜʦʝʤʢʠ. ʂʦʩʚʝʥʥʳʝ 
ʤʝʪʦʜʳ ʫʜʘʨʥʦʛʦ ʠʤʧʫʣʴʩʘ, ʫʧʨʫʛʦʛʦ 
ʦʪʩʢʦʢʘ, ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ 
ʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʤʝʪʦʜ ʪʨʝʙʫʶʪ ʧʦ-
ʩʪʨʦʝʥʠʷ ʛʨʘʜʫʠʨʦʚʦʯʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ, 
ʯʪʦ ʧʨʠ ʦʙʩʣʝʜʦʚʘʥʠʷʭ ʟʜʘʥʠʡ ʥʝ ʚʩʝʛʜʘ 
ʚʦʟʤʦʞʥʦ. ʇʨʠʤʝʥʝʥʠʝ ʢʦʩʚʝʥʥʳʭ ʤʝ-
ʪʦʜʦʚ ʙʝʟ ʠʭ ʛʨʘʜʫʠʨʦʚʢʠ ʮʝʣʝʩʦʦʙʨʘʟ-
ʥʦ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʟʦʥ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ 
ʧʨʦʯʥʦʩʪʠ ʙʝʪʦʥʘ ʠ ʢʘʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥ-
ʢʠ ʧʨʦʯʥʦʩʪʠ. ɼʣʷ ʵʪʦʛʦ ʯʘʱʝ ʚʩʝʛʦ ʨʝ-
ʢʦʤʝʥʜʫʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʣʴʪʨʘʟʚʫʢʦ-
ʚʦʡ ʤʝʪʦʜ, ʤʝʪʦʜʳ ʫʜʘʨʥʦʛʦ ʠʤʧʫʣʴʩʘ ʠ 
ʫʧʨʫʛʦʛʦ ʦʪʩʢʦʢʘ, ʠ ʠʭ ʩʦʯʝʪʘʥʠʷ [1, 2]. 
ʋʣʴʪʨʘʟʚʫʢʦʚʦʡ ʤʝʪʦʜ ʫʜʦʙʝʥ ʜʣʷ ʥʝ-
ʨʦʚʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʪʦʥʢʠʭ ʰʚʦʚ, 
ʘ ʪʘʢʞʝ ʜʣʷ ʫʚʣʘʞʥʝʥʥʳʭ ʠʣʠ ʧʨʦʤʘʩ-
ʣʝʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ ʚʥʦʩʷʪ 
ʟʥʘʯʠʪʝʣʴʥʫʶ ʧʦʛʨʝʰʥʦʩʪʴ ʚ ʦʧʨʝʜʝʣʝ-
ʥʠʝ ʧʨʦʯʥʦʩʪʠ ʙʝʪʦʥʘ ʜʨʫʛʠʤʠ ʥʝʨʘʟ-
ʨʫʰʘʶʱʠʤʠ ʤʝʪʦʜʘʤʠ [3, 4]. ʆʜʥʘʢʦ 
ʧʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʫʯʝʩʪʴ, ʯʪʦ ʧʨʠ ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʧʨʦʟʚʫʯʠ-
ʚʘʥʠʷ ʪʦʣʱʠʥʘ ʩʣʦʷ ʙʝʪʦʥʘ, ʚʣʠʷʶʱʝʛʦ 
ʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʦʣʥʳ, ʩʦʩʪʘʚʣʷʝʪ 
3ï4 ʩʤ, ʘ ʩʚʦʡʩʪʚʘ ʙʝʪʦʥʘ ʚ ʟʦʥʝ ʧʣʘʩʪʠ-
ʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ 
ʧʨʠʤʝʨʥʦ ʜʚʦʡʥʳʤ ʨʘʜʠʫʩʦʤ ʦʪʧʝʯʘʪʢʘ 
ʠʥʜʝʥʪʦʨʘ 6ï10 ʤʤ [5]. 

ʂʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜʳ ʢʦʥʪʨʦʣʷ 
ʧʨʦʯʥʦʩʪʠ ʧʦʟʚʦʣʷʶʪ ʫʤʝʥʴʰʠʪʴ ʧʦ-
ʛʨʝʰʥʦʩʪʴ [5, 6] ʟʘ ʩʯʝʪ ʘʜʜʠʪʠʚʥʦʛʦ 
ʦʙʲʝʜʠʥʝʥʠʷ ʦʮʝʥʦʢ ʩ ʚʝʩʦʚʳʤʠ ʢʦʵʬ-
ʬʠʮʠʝʥʪʘʤʠ, ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴ-
ʥʳʤʠ ʜʠʩʧʝʨʩʠʷʤ. ʇʦʜʦʙʥʳʝ ʧʦʜʭʦʜʳ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʩʪʦʡ ʠ ʤʥʦʞʝ-
ʩʪʚʝʥʥʦʡ ʨʝʛʨʝʩʩʠʠ ʧʨʝʜʣʘʛʘʶʪʩʷ ʚ ʟʘ-
ʨʫʙʝʞʥʦʡ ʧʨʘʢʪʠʢʝ [7, 8]. ʈʘʟʨʘʙʦʪʘʥ 
ʪʘʢʞʝ ʛʨʘʬʠʯʝʩʢʠʡ ʢʦʣʠʯʝʩʪʚʝʥʥʦ-
ʢʘʯʝʩʪʚʝʥ-ʥʳʡ ʤʝʪʦʜ ʢʦʥʪʨʦʣʷ ʧʨʦʯʥʦ-
ʩʪʠ ʙʝʪʦʥʘ [9]. ʀʟʚʝʩʪʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʢʦʤʙʠʥʘʮʠʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʤʝʪʦʜʘ ʠ 
ʫʜʘʨʥʦʛʦ ʠʤʧʫʣʴʩʘ [1, 2], ʫʣʴʪʨʘʟʚʫʢʦ-
ʚʦʛʦ ʤʝʪʦʜʘ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʤʦʜʝʣʝʡ 
ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʨʦʯʥʦʩʪʠ ʙʝʪʦʥʘ [10], 
ʩʦʯʝʪʘʥʠʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʤʝʪʦʜʦʚ ʠ 
ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʢʦʥʪʨʦʣʷ [11], ʤʝʪʦʜʘ 
ʫʧʨʫʛʦʛʦ ʦʪʩʢʦʢʘ ʠ ʩʢʦʨʦʩʪʠ ʫʣʴʪʨʘʟʚʫ-
ʢʦʚʦʛʦ ʠʤʧʫʣʴʩʘ [12], ʩʦʯʝʪʘʥʠʷ ʥʝʨʘʟ-
ʨʫʰʘʶʱʠʭ ʤʝʪʦʜʦʚ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ 
ʧʨʦʯʥʦʩʪʠ ʙʝʪʦʥʘ ʚ ʷʜʨʝ ʢʦʥʩʪʨʫʢʮʠʠ 
ʨʘʟʨʫʰʘʶʱʠʤ ʤʝʪʦʜʦʤ [7].  

ʇʝʨʩʧʝʢʪʠʚʥʦ ʢʦʤʙʠʥʠʨʦʚʘʥʠʝ ʤʝ-
ʪʦʜʦʚ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ, ʥʝʢʦ-
ʪʦʨʳʝ ʠʟ ʢʦʪʦʨʳʭ ʚ ʦʩʥʦʚʥʦʤ ʯʫʚʩʪʚʠ-
ʪʝʣʴʥʳ ʢ ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ, 
ʘ ʜʨʫʛʠʝ ʢ ʩʦʜʝʨʞʘʥʠʶ ʚ ʙʝʪʦʥʝ ʚʣʘʛʠ, 
ʢʦʪʦʨʘʷ ʙʣʘʛʦʧʨʠʷʪʩʪʚʫʝʪ ʧʨʦʥʠʢʥʦʚʝ-
ʥʠʶ ʘʛʨʝʩʩʠʚʥʳʭ ʚʝʱʝʩʪʚ ʠ ʨʘʟʚʠʪʠʶ 
ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʚʥʫʪʨʝʥʥʠʭ ʨʝʘʢʮʠʡ, 
ʚʣʠʷʶʱʠʭ ʥʘ ʜʦʣʛʦʚʝʯʥʦʩʪʴ. ʂ ʧʦʩʣʝʜ-
ʥʠʤ ʦʪʥʦʩʷʪ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝ-
ʥʠʝ, ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʡ ʤʝʪʦʜ (GPR), 
ʫʣʴʪʨʘʟʚʫʢʦʚʳʝ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʣʥʳ 
ʠ ʝʤʢʦʩʪʥʦʡ ʤʝʪʦʜ [11]. ɼʠʵʣʝʢʪʨʠʯʝ-
ʩʢʠʡ ʤʝʪʦʜ, ʤʝʪʦʜ ʷʜʝʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ 
ʨʝʟʦʥʘʥʩʘ, ʫʣʴʪʨʘʟʚʫʢʦʚʳʝ ʤʝʪʦʜʳ ʧʦʜ-
ʭʦʜʷʪ ʜʣʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʠʟʤʝʨʝʥʠʷ 
ʩʭʚʘʪʳʚʘʥʠʷ ʠ ʪʚʝʨʜʝʥʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ 
ʨʘʩʪʚʦʨʦʚ ʠ ʙʝʪʦʥʦʚ [13ï15]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʦʯ-
ʥʦʩʪʠ ʥʝʨʘʟʨʫʰʘʶʱʠʭ ʤʝʪʦʜʦʚ ʢʦʥ-
ʪʨʦʣʷ ʧʨʦʯʥʦʩʪʠ ʙʝʪʦʥʘ ʘʢʪʫʘʣʴʥʦ, ʢʘʢ 
ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʣʠʷʶʱʠʭ ʬʘʢʪʦʨʦʚ, ʪʘʢ 
ʠ ʩ ʮʝʣʴʶ ʨʘʟʨʘʙʦʪʢʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ 
ʤʝʪʦʜʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ 
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ʚʣʠʷʥʠʝ ʦʰʠʙʦʢ ʤʝʪʦʜʘ, ʩʦʩʪʦʷʥʠʷ ʧʦ-
ʚʝʨʭʥʦʩʪʠ ʠ ʠʟʤʝʥʝʥʠʷ ʬʠʟʠʢʦ-
ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ 
ʙʝʪʦʥʘ. ʉʨʝʜʠ ʚʣʠʷʶʱʠʭ ʬʘʢʪʦʨʦʚ ʩʣʝ-
ʜʫʝʪ ʦʪʤʝʪʠʪʴ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ, ʜʠʥʘ-
ʤʠʯʝʩʢʫʶ ʚʷʟʢʦʩʪʴ, ʩʪʨʫʢʪʫʨʥʫʶ ʥʝʦʜ-
ʥʦʨʦʜʥʦʩʪʴ, ʩʦʩʪʘʚ ʙʝʪʦʥ, ʪʝʤʧʝʨʘʪʫʨʫ, 
ʚʣʘʞʥʦʩʪʴ. 

ςȢ ˙̜̆̓̏̅ иссл̠̆̅̏̃́̎̉
ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʧʳʪʘʥʠʡ ʧʨʠʤʝ-

ʥʷʣʠʩʴ ʥʝʨʘʟʨʫʰʘʶʱʠʝ ʤʝʪʦʜʳ, ʢʦʪʦ-
ʨʳʝ ʩʨʘʚʥʠʚʘʣʠʩʴ ʩ ʢʦʥʪʨʦʣʴʥʳʤʠ ʨʘʟ-
ʨʫʰʘʶʱʠʤʠ ʠʩʧʳʪʘʥʠʷʤʠ. ʇʨʠʤʝʥʝʥ-
ʥʳʝ ʤʝʪʦʜʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʪʨʝʙʦʚʘ-
ʥʠʷʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʩʪʘʥʜʘʨʪʦʚ 
ʠ ʨʫʢʦʚʦʜʩʪʚ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʠʙʦ-
ʨʦʚ. 

ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʟʤʝʨʠ-
ʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ ʠ ʥʦʤʝʨ ʩʪʘʥʜʘʨʪʘ ʥʘ 
ʤʝʪʦʜ ʠʩʧʳʪʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ 
ʚ ʪʘʙʣ. 1. ʀʩʧʦʣʴʟʫʝʤʳʝ ʩʨʝʜʩʪʚʘ ʠʤʝʣʠ 
ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʦ ʧʦʚʝʨʢʝ ʥʘ ʤʦʤʝʥʪ ʧʨʦ-
ʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ.  

ʄʝʪʦʜʠʢʘ ʨʘʟʨʘʙʦʪʢʠ ʢʦʤʙʠʥʠʨʦ-
ʚʘʥʥʦʛʦ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʯʥʦʩʪʠ 
ʙʝʪʦʥʘ ʥʝʨʘʟʨʫʰʘʶʱʠʤʠ ʤʝʪʦʜʘʤʠ 
ʚʢʣʶʯʘʣʘ: 

ï ʠʟʛʦʪʦʚʣʝʥʠʝ 5 ʩʝʨʠʡ ʧʦ 6 ʢʦʥ-
ʪʨʦʣʴʥʳʭ ʦʙʨʘʟʮʦʚ-ʢʫʙʦʚ ʨʝʙʨʦʤ 
100 ʤʤ, ʢʣʘʩʩ ʪʷʞʝʣʦʛʦ ʙʝʪʦʥʘ ɺ25; 

ï ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʙʝʪʦʥʘ 
ʥʘ ʩʞʘʪʠʝ ʫʣʴʪʨʘʟʚʫʢʦʚʳʤ ʤʝʪʦʜʦʤ, 
ʜʚʫʤʷ ʧʨʠʙʦʨʘʤʠ ʫʜʘʨʥʦʛʦ ʠʤʧʫʣʴʩʘ, 
ʤʝʪʦʜʦʤ ʫʧʨʫʛʦʛʦ ʦʪʩʢʦʢʘ, ʘ ʪʘʢʞʝ ʠʩ-
ʧʳʪʘʥʠʷ ʦʙʨʘʟʮʦʚ ʜʦ ʨʘʟʨʫʰʝʥʠʷ ʥʘ 
ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʤʘʰʠʥʝ WAW-600 kN; 

ï ʦʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʩʨʝʜʥʝʡ 
ʧʨʦʯʥʦʩʪʠ, ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʛʦ ʦʪʢʣʦ-
ʥʝʥʠʷ, ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʘʨʠʘʮʠʠ ʠ ʢʣʘʩʩʘ 
ʙʝʪʦʥʘ (ʚ ʩʝʨʠʠ ʠ ʧʦ ʧʷʪʠ ʩʝʨʠʷʤ); 

ï ʦʧʨʝʜʝʣʝʥʠʝ 95-ʪʠ ʧʨʦʮʝʥʪʥʳʭ ʜʦ-
ʚʝʨʠʪʝʣʴʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʧʨʦʯʥʦʩʪʠ ʜʣʷ 
ʢʘʞʜʦʛʦ ʤʝʪʦʜʘ; 

ï ʦʙʦʩʥʦʚʘʥʠʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʤʝ-
ʪʦʜʘ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʧʨʦʯ-
ʥʦʩʪʠ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʝʟʫʣʴʪʘ-
ʪʳ, ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʙʣʠʞʝʥʥʳʝ ʢ ʦʧʨʝ-

ʜʝʣʝʥʥʳʤ ʨʘʟʨʫʰʘʶʱʠʤ ʠʩʧʳʪʘʥʠʷʤ 
ʩ ʫʯʝʪʦʤ ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ. 

σȢ ˝̝̆̈̔̌̓аты сравнительных ис-
̜̐̓́̎̉̊ 

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʫʩʨʝʜʥʝʥ-
ʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʯʥʦʩʪʠ 
ʙʝʪʦʥʘ ʧʦ 5 ʩʝʨʠʷʤ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦ-
ʜʘʤʠ, ʦʧʠʩʘʥʥʳʤʠ ʚ ʪʘʙʣ. 1. 

ʂʘʢ ʚʠʜʠʤ, ʧʨʠʙʦʨʳ ʫʜʘʨʥʦʛʦ ʠʤ-
ʧʫʣʴʩʘ ʀʇʉ-ʄɻ-4.03 ʠ ʆʅʀʂʉ-2.5 ʧʦ-
ʢʘʟʘʣʠ ʥʝʩʢʦʣʴʢʦ ʟʘʚʳʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 
ʧʨʦʯʥʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʧʳʪʘʥʠʷʤʠ 
ʥʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʤ ʧʨʝʩʩʝ. ʈʘʟʙʨʦʩ ʟʥʘ-
ʯʝʥʠʡ ʧʨʦʯʥʦʩʪʠ ʜʣʷ ʢʦʩʚʝʥʥʳʭ ʥʝʨʘʟ-
ʨʫʰʘʶʱʠʭ ʠ ʧʨʷʤʦʛʦ ʧʨʝʩʩʦʚʦʛʦ ʤʝʪʦ-
ʜʘ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚ: ʥʘʙʣʶʜʘʝʤʘʷ 
ʚʘʨʠʘʮʠʷ ʧʨʦʯʥʦʩʪʠ ʠʟʤʝʥʷʣʘʩʴ ʦʪ 5,2 
ʜʦ 8,7 %. 

ʉʨʘʚʥʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʙʝʪʦʥʘ 
ʥʘ ʩʞʘʪʠʝ, ʫʩʨʝʜʥʝʥʥʦʡ ʧʦ ʧʷʪʠ ʩʝʨʠʷʤ 
ʦʙʨʘʟʮʦʚ, ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2. ʅʘʠʙʦʣʝʝ 
ʙʣʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʢ ʵʪʘʣʦʥʥʳʤ ʨʘʟʨʫ-
ʰʘʶʱʠʤ ʠʩʧʳʪʘʥʠʷʤ ʧʦʢʘʟʘʣʠ ʫʣʴʪʨʘ-
ʟʚʫʢʦʚʦʡ ʤʝʪʦʜ (ʇʫʣʴʩʘʨ-1.2) ʠ ʤʝʪʦʜ 
ʫʧʨʫʛʦʛʦ ʦʪʩʢʦʢʘ (ʤʦʣʦʪʦʢ ʐʤʠʜʪʘ). 

ʉʨʘʚʥʝʥʠʝ ʢʣʘʩʩʦʚ ʙʝʪʦʥʘ ʥʘ ʩʞʘ-
ʪʠʝ, ʫʩʨʝʜʥʝʥʥʦʡ ʧʦ ʧʷʪʠ ʩʝʨʠʷʤ ʦʙʨʘʟ-
ʮʦʚ, ʢʘʯʝʩʪʚʝʥʥʦ ʧʦʚʪʦʨʷʝʪ ʛʨʘʬʠʢ 
ʥʘ ʨʠʩ. 2, ʪʘʢ ʢʘʢ ʚʘʨʠʘʮʠʠ ʧʨʦʯʥʦʩʪʠ 
ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʦʢʘʟʘʣʠʩʴ ʧʨʠ-
ʤʝʨʥʦ ʦʜʠʥʘʢʦʚʳʤʠ. ʂʣʘʩʩ ʙʝʪʦʥʘ 
ʧʦ ʧʨʝʩʩʦʚʳʤ ʠʩʧʳʪʘʥʠʷʤ ï 22,3 ʄʇʘ, 
ʫʣʴʪʨʘʟʚʫʢʦʚʳʤ ʤʝʪʦʜʦʤ (ʇʫʣʴʩʘʨ-1.2) 
ï 23,9 ʄʇʘ, ʤʝʪʦʜʦʤ ʫʧʨʫʛʦʛʦ ʦʪʩʢʦʢʘ
(ʤʦʣʦʪʦʢ ʐʤʠʜʪʘ) ï 24,5 ʄʇʘ. 

ɼʘʣʝʝ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʜʦʚʝʨʠʪʝʣʴ-
ʥʳʝ ʠʥʪʝʨʚʘʣʳ ʩʨʝʜʥʝʡ ʧʨʦʯʥʦʩʪʠ 
ʠ ʢʣʘʩʩʘ ʙʝʪʦʥʘ ʥʘ ʫʨʦʚʥʝ ʜʦʚʝʨʠʪʝʣʴ-
ʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ 0,95. ɻʨʘʬʠʢʠ ʜʦʚʝʨʠ-
ʪʝʣʴʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʩʨʝʜʥʝʡ ʧʨʦʯʥʦʩʪʠ 
ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 3. ʇʝʨʝʩʝʯʝʥʠʷ ʜʦʚʝ-
ʨʠʪʝʣʴʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ 
ʤʝʪʦʜʘ (ʇʫʣʴʩʘʨ-1.2) ʠ ʤʝʪʦʜʘ ʫʧʨʫʛʦʛʦ 
ʦʪʩʢʦʢʘ (ʤʦʣʦʪʦʢ ʐʤʠʜʪʘ) ʜʘʶʪ ʥʘʠʙʦ-
ʣʝʝ ʙʣʠʟʢʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʢ ʵʪʘʣʦʥʥʳʤ 
ʠʩʧʳʪʘʥʠʷʤ ʥʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʤ ʧʨʝʩʩʝ. 
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ʊʘʙʣʠʮʘ 1 
ʆʩʥʦʚʥʳʝ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʩʨʝʜʩʪʚʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʄʝʪʦʜ ʢʦʥʪʨʦʣʷ 
ʧʨʦʯʥʦʩʪʠ, ɻʆʉʊ 

ʆʩʥʦʚʥʦʝ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ 
ʅʘʠʤʝʥʦʚʘʥʠʝ, ʤʘʨʢʘ ʧʨʠʙʦʨʘ ʇʦʛʨʝʰʥʦʩʪʴ 

ʧʦ ʧʘʩʧʦʨʪʫ 
ʇʨʝʜʝʣ 

ʠʟʤʝʨʝʥʠʡ 
ʋʜʘʨʥʦʛʦ ʠʤʧʫʣʴʩʘ 
ɻʆʉʊ 22690-2015 

ʀʟʤʝʨʠʪʝʣʴ ʧʨʦʯʥʦʩʪʠ ʙʝʪʦʥʘ 
ʵʣʝʢʪʨʦʥʥʳʡ ʀʇʉ-ʄɻ4.03 

Ñ 8% 3ï100 ʄʇʘ 

ʋʜʘʨʥʦʛʦ ʠʤʧʫʣʴʩʘ 
ɻʆʉʊ 22690-2015 

ʕʣʝʢʪʨʦʥʥʳʡ ʩʢʣʝʨʦʤʝʪʨ ʆʅʀʂʉ-
2.5 

Ñ 8% 1ï100 ʄʇʘ 

ʋʧʨʫʛʦʛʦ ʦʪʩʢʦʢʘ 
ɻʆʉʊ 22690-2015 

ʄʦʣʦʪʦʢ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʙʝʪʦʥʘ 
SilverSchmidt PC N 

ï 10ï100 H/ʤʤ2 

ʋʣʴʪʨʘʟʚʫʢʦʚʦʡ 
ʤʝʪʦʜ 
ɻʆʉʊ 17624-2021 

ʇʨʠʙʦʨ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʇʫʣʴʩʘʨ-1.2 Ñ (0,01ĿV + 10) 5ï100 ʄʇʘ 

ʈʘʟʨʫʰʘʶʱʠʡ 
ɻʆʉʊ 28570-2019 

ɻʠʜʨʘʚʣʠʯʝʩʢʘʷ ʠʩʧʳʪʘʪʝʣʴʥʘʷ ʤʘ-
ʰʠʥʘ WAW-600 kN 

Ñ 1% ɼʦ 600 ʢʅ 

ʈʠʩ. 1. ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʧʨʦʯʥʦʩʪʠ ʙʝʪʦʥʘ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ 
(ʨʠʩʫʥʦʢ ʘʚʪʦʨʦʚ) 

ʈʠʩ. 2. ʉʨʘʚʥʝʥʠʝ ʩʨʝʜʥʝʡ ʧʨʦʯʥʦʩʪʠ ʙʝʪʦʥʘ ʥʘ ʩʞʘʪʠʝ 
(ʨʠʩʫʥʦʢ ʘʚʪʦʨʦʚ) 
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ʧʨʦʯʥʦʩʪʠ ʙʝʪʦʥʘ 
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ʈʠʩ. 3. ʉʨʘʚʥʝʥʠʝ ʜʦʚʝʨʠʪʝʣʴʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʧʨʦʯʥʦʩʪʠ ʙʝʪʦʥʘ ʥʘ ʩʞʘʪʠʝ 
(ʨʠʩʫʥʦʢ ʘʚʪʦʨʦʚ) 

4. ʂʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜ
ɼʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ ʩʨʝʜʥʝʛʦ 

ʟʥʘʯʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʙʝʪʦʥʘ ʜʣʷ ʤʝʪʦʜʘ 
ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʥʘ ʫʨʦʚʥʝ 
ʜʦʚʝʨʠʷ 0,95 ʥʘʭʦʜʠʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

v R v Rt S t SR R R
n n

  
−   +  (1) 

ʛʜʝ tv ï ʢʚʘʥʪʠʣʴ t-ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʫʨʦʚ-
ʥʷ ʜʦʚʝʨʠʷ  ʠ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ 
v = n ï 1 (ʧʨʠ ʙʦʣʴʰʦʤ ʯʠʩʣʝ ʠʟʤʝʨʝʥʠʡ 
t0,95 = 1,645 ʧʨʠ 10 ʠʟʤʝʨʝʥʠʷʭ 
t0,95 = 1,833);  
SR ï ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʧʨʦʯʥʦʩʪʠ; 
n ï ʢʦʣʠʯʝʩʪʚʦ ʠʟʤʝʨʝʥʠʡ.  
ʂʚʘʥʪʠʣʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ 
2ʌ(t) = , ʛʜʝ ʌ(t) ï ʪʘʙʫʣʠʨʦʚʘʥʥʘʷ 
ʬʫʥʢʮʠʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʥʦʨʤʘʣʴʥʦʛʦ 
ʨʘʩʧʨʝʜʝʣʝʥʠʷ (ʬʫʥʢʮʠʷ ʃʘʧʣʘʩʘ). ɺʳ-
ʨʘʞʝʥʠʝ, ʟʘʜʘʶʱʝʝ ʜʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥ-
ʪʝʨʚʘʣ, ʥʘʟʳʚʘʶʪ ʦʰʠʙʢʦʡ ʩʨʝʜʥʝʛʦ: 

v Rt S
n

 
 =  (2) 

ʅʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʦʯ-
ʥʦʩʪʠ ʙʫʜʝʪ ʥʘʭʦʜʠʪʴʩʷ ʥʘ ʧʝʨʝʩʝʯʝʥʠʠ 
ʜʦʚʝʨʠʪʝʣʴʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʜʚʫʭ ʤʝʪʦ-
ʜʦʚ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ: 

1 1 1 1 2 2 2 2R ;R R ;R   −  +   − +      (3)

ʅʘʣʦʞʝʥʠʝʤ ʧʝʨʝʩʝʯʝʥʠʷ ʠʥʪʝʨʚʘ-
ʣʦʚ ʥʘ ʜʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ ʧʨʝʩʩʦ-
ʚʳʭ ʠʩʧʳʪʘʥʠʡ ʤʦʛʫʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ 
ʪʘʢʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʡ, ʢʘʢ ʩʤʝʱʝʥʠʝ 
ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ, ʨʘʟʙʨʦʩ ʠ ʜʦʚʝʨʠ-
ʪʝʣʴʥʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ 
ʠʥʪʝʨʚʘʣʘ ʧʨʦʯʥʦʩʪʠ. ʀʪʦʛʦʚʳʡ ʠʥʪʝʨ-
ʚʘʣ  min maxR ;R ʙʫʜʝʪ ʧʝʨʝʩʝʯʝʥʠʝʤ ʠʥ-
ʪʝʨʚʘʣʘ (3) ʩ ʜʦʚʝʨʠʪʝʣʴʥʳʤ ʠʥʪʝʨʚʘ-
ʣʦʤ ʨʘʟʨʫʰʘʶʱʠʭ ʠʩʧʳʪʘʥʠʡ, ʢʘʢ ʵʪʦ 
ʚʠʜʥʦ ʥʘ ʨʠʩ. 3. ʇʨʠ ʵʪʦʤ ʩʨʝʜʥʝʝ ʟʥʘ-
ʯʝʥʠʝ ʠʥʪʝʨʚʘʣʘ ʤʦʞʝʪ ʙʳʪʴ ʩʤʝʱʝʥʦ 
ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʨʝʜʥʝʡ ʧʨʦʯʥʦʩʪʠ ʨʘʟ-
ʨʫʰʘʶʱʠʭ ʠʩʧʳʪʘʥʠʡ ʥʘ ʛʠʜʨʘʚʣʠʯʝ-
ʩʢʦʤ ʧʨʝʩʩʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʮʝʥʢʘ 
ʧʨʦʯʥʦʩʪʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ ʤʝʪʦʜʦʤ 
ʤʦʞʝʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ ʩʤʝʱʝʥʠʝʤ 
ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʪʘ-
ʣʦʥʥʳʤʠ ʧʨʝʩʩʦʚʳʤʠ ʠʩʧʳʪʘʥʠʷʤʠ: 

cR R R= −  (4) 
ʉ ʫʯʝʪʦʤ ʩʤʝʱʝʥʠʷ ʩʨʝʜʥʝʛʦ ʜʦʚʝ-

ʨʠʪʝʣʴʥʫʶ ʚʝʨʦʷʪʥʦʩʪʴ ʠʥʪʝʨʚʘʣʘ 
ʧʨʦʯʥʦʩʪʠ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʝʨʝʩʝʯʝʥʠʝʤ 
ʜʦʚʝʨʠʪʝʣʴʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʧʦ ʜʚʫʤ ʤʝ-
ʪʦʜʘʤ, ʚʦʟʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʯʝʨʝʟ 
ʢʚʘʥʪʠʣʴ t-ʨʘʩʧʨʝʜʝʣʝʥʠʷ: 

( )minc
v

R

R R n
t

S

−
= (5) 
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ɿʥʘʷ tv ʠ ʢʦʣʠʯʝʩʪʚʦ ʠʟʤʝʨʝʥʠʡ 
n = v + 1, ʥʘʭʦʜʠʤ ʪʘʙʫʣʠʨʦʚʘʥʥʫʶ 
ʬʫʥʢʮʠʶ ʃʘʧʣʘʩʘ ʠ ʦʧʨʝʜʝʣʷʝʤ ʚʝʨʦʷʪ-
ʥʦʩʪʴ ʧʦʧʘʜʘʥʠʷ ʧʨʦʯʥʦʩʪʠ ʚ ʜʦʚʝʨʠ-
ʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ 2ʌ(t) = . 

υȢ ˛̂̒̔̇̅̆̎̉̆
ɺ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʘʭ 

ʯʘʱʝ ʚʩʝʛʦ ʧʨʝʜʣʘʛʘʝʪʩʷ ʢʦʤʙʠʥʠʨʦʚʘʪʴ 
ʫʣʴʪʨʘʟʚʫʢʦʚʦʝ ʧʨʦʟʚʫʯʠʚʘʥʠʝ ʩ ʤʝʪʦ-
ʜʦʤ ʫʧʨʫʛʦʛʦ ʦʪʩʢʦʢʘ ʠʣʠ ʫʜʘʨʥʦʛʦ ʠʤ-
ʧʫʣʴʩʘ [1, 2, 7, 12]. ɺ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩ-
ʩʣʝʜʦʚʘʥʠʷʭ ʥʘʠʙʦʣʝʝ ʪʦʯʥʳʝ ʨʝʟʫʣʴ-
ʪʘʪʳ ʧʦʢʘʟʘʣʦ ʩʦʯʝʪʘʥʠʝ ʫʣʴʪʨʘʟʚʫʢʦ-
ʚʦʛʦ ʤʝʪʦʜʘ ʠ ʤʝʪʦʜʘ ʫʧʨʫʛʦʛʦ ʦʪʩʢʦʢʘ. 
ʇʨʠ ʵʪʦʤ ʩʪʘʪʠʩʪʠʯʝʩʢʦʤʫ ʘʥʘʣʠʟʫ 
ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ ʫʜʝʣʝʥʦ ʥʝ-
ʜʦʩʪʘʪʦʯʥʦʝ ʚʥʠʤʘʥʠʝ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ [5, 11, 13], ʥʘ ʨʝʟʫʣʴ-
ʪʘʪʳ ʥʝʨʘʟʨʫʰʘʶʱʠʭ ʠʩʧʳʪʘʥʠʡ (ʚ ʘʥ-
ʛʣʦʷʟʳʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ NDT-ʤʝʪʦʜʦʚ) 
ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʩʦʩʪʦʷʥʠʝ ʧʦʚʝʨʭʥʦ-
ʩʪʠ ʙʝʪʦʥʘ, ʝʛʦ ʩʦʩʪʘʚ, ʤʦʜʫʣʴ ʫʧʨʫʛʦ-
ʩʪʠ, ʜʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ, ʪʝʤʧʝʨʘ-
ʪʫʨʘ, ʚʣʘʞʥʦʩʪʴ ʠ ʧʨ. ʇʦʵʪʦʤʫ ʜʣʷ ʢʦʤ-
ʙʠʥʘʮʠʠ ʚʘʞʥʦ ʚʳʙʠʨʘʪʴ ʤʝʪʦʜʳ, ʦʙʣʘ-
ʜʘʶʱʠʝ ʩʚʦʡʩʪʚʦʤ ʢʦʤʧʣʝʤʝʥʪʘʨʥʦʩʪʠ 
(ʚʟʘʠʤʥʦʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦʩʪʠ) [5], ʚʳ-
ʨʘʞʘʶʱʝʤʩʷ ʚʦ ʚʟʘʠʤʥʦʡ ʢʦʤʧʝʥʩʘʮʠʠ 

ʧʦʛʨʝʰʥʦʩʪʝʡ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʧʨʦʯʥʦ-
ʩʪʠ ʙʝʪʦʥʘ. ʕʪʦʤʫ ʫʩʣʦʚʠʶ ʫʜʦʚʣʝʪʚʦ-
ʨʷʝʪ ʫʣʴʪʨʘʟʚʫʢʦʚʦʝ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʠʣʠ 
ʩʢʚʦʟʥʦʝ ʧʨʦʟʚʫʯʠʚʘʥʠʝ ʚ ʩʦʯʝʪʘʥʠʠ ʩ 
ʤʝʪʦʜʘʤʠ ʚʥʝʜʨʝʥʠʷ ʠʥʜʝʥʪʦʨʘ (ʫʜʘʨʘ 
ʙʦʡʢʘ). ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʜʫʠʨʦʚʦʯʥʦʡ 
ʟʘʚʠʩʠʤʦʩʪʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʠʩʧʳʪʘ-
ʥʠʷ ʧʨʦʯʥʦʩʪʠ ʠʩʧʦʣʴʟʫʶʪ ʝʛʦ ʢʦʤʙʠ-
ʥʘʮʠʶ ʩ ʦʪʨʳʚʦʤ ʩʦ ʩʢʘʣʳʚʘʥʠʝʤ ʠʣʠ 
ʩʢʘʣʳʚʘʥʠʝʤ ʨʝʙʨʘ. 

φȢ ˔̟̘́̋̌̆̎̉̆
ʅʘʠʙʦʣʝʝ ʙʣʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʧʨʦʯʥʦ-

ʩʪʠ ʢ ʵʪʘʣʦʥʥʳʤ ʠʩʧʳʪʘʥʠʷʤ ʥʘ ʧʨʝʩʩʝ 
ʧʦʢʘʟʘʣʠ ʤʝʪʦʜ ʫʧʨʫʛʦʛʦ ʦʪʩʢʦʢʘ (ʤʦʣʦ-
ʪʦʢ ʐʤʠʜʪʘ) ʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʤʝʪʦʜ 
(ʇʫʣʴʩʘʨ-1.2). ʇʨʝʜʣʦʞʝʥ ʢʦʤʙʠʥʠʨʦ-
ʚʘʥʥʳʡ ʤʝʪʦʜ ʠʩʧʳʪʘʥʠʷ ʙʝʪʦʥʘ, ʨʝʘʣʠ-
ʟʫʝʤʳʡ ʧʝʨʝʩʝʯʝʥʠʝʤ ʜʚʫʭ ʜʦʚʝʨʠʪʝʣʴ-
ʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʩʨʝʜʥʝʡ ʧʨʦʯʥʦʩʪʠ. 
ʆʧʠʩʘʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠ-
ʩʪʠʢʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʤʝʪʦʜʘ. 

ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʫʜʫʪ 
ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʦʮʝʥʢʫ ʚʣʠʷʥʠʷ ʚʣʘʞʥʦ-
ʩʪʠ, ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʠ ʟʘʤʘʩʣʠʚʘʥʠʷ ʧʦ-
ʚʝʨʭʥʦʩʪʠ ʙʝʪʦʥʘ ʥʘ ʪʦʯʥʦʩʪʴ ʥʝʨʘʟ-
ʨʫʰʘʶʱʠʭ ʤʝʪʦʜʦʚ ʠʩʧʳʪʘʥʠʡ ʧʨʦʯʥʦ-
ʩʪʠ. 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʫʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ 
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