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ɺʣʘʜʠʤʠʨ ʀʚʘʥʦʚʠʯ ɽʨʦʬʝʝʚ, ɽʣʝʥʘ ɽʚʛʝʥʴʝʚʥʘ ʃʠʩʝʥʢʦʚʘ. ɼʚʠʞʝʥʠʝ ʥʘʛʨʫʟʢʠ ʧʦ 
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ɼɺʀɾɽʅʀɽ ʅɸɻʈʋɿʂʀ ʇʆ ʉʊʈʋʅɽ,  

ʃɽɾɸʑɽʁ ʅɸ ʅɽʃʀʅɽʁʅʆ-ʋʇʈʋɻʆʄ ʆʉʅʆɺɸʅʀʀ 
 

É ɺʣʘʜʠʤʠʨ ʀʚʘʥʦʚʠʯ ɽʨʦʬʝʝʚ1, ɽʣʝʥʘ ɽʚʛʝʥʴʝʚʥʘ ʃʠʩʝʥʢʦʚʘ1,2   
1ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, 

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 
2ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʠʥʩʪʠʪʫʪ ʫʧʨʘʚʣʝʥʠʷ ï ʬʠʣʠʘʣ ʈɸʅʍʠɻʉ, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

erof.vi@yandex.ru       

 
ɸʥʥʦʪʘʮʠʷ. ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʦʣʥʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ ʥʘʛʨʫʟʢʠ 

ʧʦ ʩʪʨʫʥʝ, ʣʝʞʘʱʝʡ ʥʘ ʥʝʣʠʥʝʡʥʦ-ʫʧʨʫʛʦʤ ʦʩʥʦʚʘʥʠʠ. ɺ ʩʣʫʯʘʝ ʞʝʩʪʢʦʛʦ ʪʠʧʘ 

ʥʝʣʠʥʝʡʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʳ ʯʘʩʪʦʪʘ ʥʝʧʨʦʧʫʩʢʘʥʠʷ ʠ ʢʨʠʪʠʯʝʩʢʠʝ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ 

ʥʘʛʨʫʟʢʠ, ʧʨʠ ʧʝʨʝʭʦʜʝ ʯʝʨʝʟ ʢʦʪʦʨʳʝ ʢʘʯʝʩʪʚʝʥʥʦ ʤʝʥʷʝʪʩʷ ʢʘʨʪʠʥʘ ʚʦʣʥʦʦʙʨʘʟʦʚʘʥʠʷ. 

ʇʨʠ ʯʘʩʪʦʪʝ ʠʩʪʦʯʥʠʢʘ, ʣʝʞʘʱʝʡ ʚ ʧʦʣʦʩʝ ʥʝʧʨʦʧʫʩʢʘʥʠʷ, ʥʘʡʜʝʥʘ ʧʦʩʪʦʷʥʥʘʷ 

ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʠʣʳ ʚʦʣʥʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʠʩʩʣʝʜʫʝʪʩʷ ʝʝ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʩʢʦʨʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ʥʘʛʨʫʟʢʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʨʫʥʘ ʥʘ ʥʝʣʠʥʝʡʥʦ-ʫʧʨʫʛʦʤ ʦʩʥʦʚʘʥʠʠ, ʚʦʣʥʘ, ʜʚʠʞʫʱʘʷʩʷ ʥʘʛʨʫʟʢʘ, 

ʚʦʣʥʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʷʣʘʩʴ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ɻʨʘʥʪ ˉ 14-19-01637)  

 

 

MOTION OF LOADING BY  STRING WHICH LIE ON  NON-LINEARLY -

ELASTIC BASE 
 

É V.I. Erofeev1,  E.E. Lissenkova1,2 

 1Mechanical Engineering Research Institute, Russian Academy of Sciences, 

Nizhny Novgorod, Russia 
2Nizhegorodsky Institute of Management, Nizhny Novgorod, Russia 

erof.vi@yandex.ru   

    

Abstract. The work is devoted to the study of the wave resistance of motion of a load along a string 

lying on a nonlinear elastic foundation. In the case of a hard type of nonlinearity, the frequency of 

non-transmission and the critical velocities of the load motion are determined, and when passing 

through these, the pattern of wave formation qualitatively changes. At a frequency of the source 

lying in the non-transmission band, a constant component of the wave drag force is found and its 

dependence on the speed of the load is investigated. 

Keywords: string on a non-linear elastic foundation, wave, moving load, wave resistance. 
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ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʦʜʥʦʤʝʨʥʳʭ ʫʧʨʫʛʠʭ ʩʠʩʪʝʤ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʜʚʠʞʫʱʠʭʩʷ ʥʘʛʨʫʟʦʢ ʯʘʱʝ ʚʩʝʛʦ ʚ ʢʘʯʝʩʪʚʝ ʥʘʧʨʘʚʣʷʶʱʠʭ ʠʩʧʦʣʴʟʫʶʪ ʩʪʨʫʥʫ ʠʣʠ ʙʘʣʢʫ, 

ʣʝʞʘʱʠʭ ʥʘ ʣʠʥʝʡʥʦʤ ʚʠʥʢʣʝʨʦʚʩʢʦʤ ʦʩʥʦʚʘʥʠʠ [1ï3]. ʀʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʶʪ ʨʘʙʦʪʳ [4, 

http://www.vntr.ru/
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5], ʛʜʝ ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʨʘʚʥʦʤʝʨʥʦʝ ʜʚʠʞʝʥʠʝ ʧʦʩʪʦʷʥʥʦʡ ʥʘʛʨʫʟʢʠ ʧʦ ʩʪʨʫʥʝ, ʣʝʞʘʱʝʡ ʥʘ 

ʥʝʣʠʥʝʡʥʦ-ʫʧʨʫʛʦʤ ʦʩʥʦʚʘʥʠʠ. ɸʥʘʣʠʟ ʟʘʜʘʯʠ ʚ [4, 5] ʧʨʦʚʦʜʠʣʩʷ ʩ ʧʦʤʦʱʴʶ ʬʘʟʦʚʦʡ 

ʧʣʦʩʢʦʩʪʠ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʞʝʩʪʢʦʡ ʥʝʣʠʥʝʡʥʦʩʪʠ ʫʧʨʫʛʦʛʦ ʦʩʥʦʚʘʥʠʷ 

ʢʘʯʝʩʪʚʝʥʥʳʭ ʨʘʟʣʠʯʠʡ ʩ ʣʠʥʝʡʥʳʤ ʩʣʫʯʘʝʤ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ.  

ʅʘ ʦʩʥʦʚʝ ʵʪʦʛʦ, ʨʝʰʠʤ ʟʘʜʘʯʫ ʦ ʩʦʧʨʦʪʠʚʣʝʥʠʠ ʨʘʚʥʦʤʝʨʥʦʤʫ ʜʚʠʞʝʥʠʶ ʥʘʛʨʫʟʢʠ ʚʜʦʣʴ  

ʥʘʧʨʘʚʣʷʶʱʝʡ, ʣʝʞʘʱʝʡ ʥʘ ʥʝʣʠʥʝʡʥʦʤ ʫʧʨʫʛʦʤ ʦʩʥʦʚʘʥʠʠ, ʚʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʧʨʦʮʝʜʫʨʦʡ, 

ʢʦʪʦʨʫʶ ʦʙʳʯʥʦ ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤ. 

ʇʫʩʪʴ ʜʝʡʩʪʚʠʝ ʥʘʛʨʫʟʢʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʩʠʣʦʡ 

() ( )ʢ.ʩ.exp
2

1
0 +W= tiPtP  ʩ ʯʘʩʪʦʪʦʡ W, ʘʤʧʣʠʪʫʜʦʡ 

0P  (ʢ.ʩ. ï ʢʦʤʧʣʝʢʩʥʦ-ʩʦʧʨʷʞʝʥʥʘʷ 

ʚʝʣʠʯʠʥʘ), ʜʚʠʞʫʱʝʡʩʷ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ V. ɼʚʠʞʝʥʠʝ ʧʦʩʪʦʷʥʥʦʡ ʥʘʛʨʫʟʢʠ 

ʧʦʣʫʯʘʝʪʩʷ ʧʨʦʩʪʳʤ ʚʳʨʦʞʜʝʥʠʝʤ ʧʨʠ 0­W . ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠ ʥʘʧʨʘʚʣʷʶʱʝʡ ʚʳʙʝʨʝʤ 

ʩʪʨʫʥʫ, ʧʦʧʝʨʝʯʥʳʝ ʢʦʣʝʙʘʥʠʷ ( )txU ,  ʢʦʪʦʨʦʡ ʦʧʠʩʳʚʘʶʪʩʷ ʧʣʦʪʥʦʩʪʴʶ ʬʫʥʢʮʠʠ ʃʘʛʨʘʥʞʘ 
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UhUhNUU xtrl , ʛʜʝ r ʠ N  ï ʧʦʛʦʥʥʘʷ ʧʣʦʪʥʦʩʪʴ ʠ ʥʘʪʷʞʝʥʠʝ ʩʪʨʫʥʳ, 

ʧʘʨʘʤʝʪʨ ʥʝʣʠʥʝʡʥʦʩʪʠ 
1h  ʷʚʣʷʝʪʩʷ ʤʘʣʦʡ ʜʦʙʘʚʢʦʡ ʢ ʞʝʩʪʢʦʩʪʠ ʦʩʥʦʚʘʥʠʷ 00²h  ʩʪʨʫʥʳ. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʢʘ 1h  ʠʤʝʝʤ ʩʠʩʪʝʤʫ ʣʠʙʦ ʩ çʞʝʩʪʢʠʤè (01>h ), ʣʠʙʦ ʩ çʤʷʛʢʠʤè (01<h ) 

ʪʠʧʦʤ ʥʝʣʠʥʝʡʥʦʩʪʠ. 

ʉʦʛʣʘʩʥʦ [6], ʧʦʩʪʘʥʦʚʢʘ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ  
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ʉʦʦʪʥʦʰʝʥʠʷ (2) ʦʧʨʝʜʝʣʷʶʪ ʫʩʣʦʚʠʷ ʥʝʧʨʝʨʳʚʥʦʩʪʠ, (3) ï ʙʘʣʘʥʩʘ ʩʠʣ ʥʘ ʜʚʠʞʫʱʝʡʩʷ 

ʛʨʘʥʠʮʝ Vtx= , (4) ï  ʫʩʣʦʚʠʷ, ʟʘʜʘʥʥʳʝ ʥʘ ʙʝʩʢʦʥʝʯʥʦʩʪʠ (ʯʪʦ ʛʘʨʘʥʪʠʨʫʝʪ ʦʪʩʫʪʩʪʚʠʝ 

ʢʘʢʠʭ-ʣʠʙʦ ʜʨʫʛʠʭ ʠʩʪʦʯʥʠʢʦʚ), ʧʦʜ ()tR  ʧʦʥʠʤʘʝʪʩʷ ʩʠʣʘ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ 

ʨʘʚʥʦʤʝʨʥʦʛʦ ʟʘʢʦʥʘ ʜʚʠʞʝʥʠʷ, hS  ï ʩʢʦʨʦʩʪʴ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ [6, 7], h ï ʧʣʦʪʥʦʩʪʴ 

ʵʥʝʨʛʠʠ, S ï ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʵʥʝʨʛʠʠ. ʂʚʘʜʨʘʪʥʳʝ ʩʢʦʙʢʠ ʦʟʥʘʯʘʶʪ ʨʘʟʥʦʩʪʴ ʧʨʝʜʝʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ, ʩʪʦʷʱʠʭ ʚ ʥʠʭ ʚʝʣʠʯʠʥ. 

ʉʯʠʪʘʷ ʧʨʦʮʝʩʩ ʚʦʟʙʫʞʜʝʥʠʷ ʢʦʣʝʙʘʥʠʡ ʚ ʩʪʨʫʥʝ ʫʩʪʘʥʦʚʠʚʰʠʤʩʷ, ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ (1)-(4) 

ʩʣʝʚʘ (j=1) ʠ ʩʧʨʘʚʘ (j=2) ʦʪ ʥʘʛʨʫʟʢʠ ʙʫʜʝʤ ʠʩʢʘʪʴ ʚ ʬʦʨʤʝ 

 ( ) ( ){ } ..exp
2

1
, ʩʢxktiAtxU jjj +-= w      (5) 

ʛʜʝ jA  ï ʢʦʤʧʣʝʢʩʥʘʷ ʘʤʧʣʠʪʫʜʘ,  

 

( )jj
j

Ai
t

A
w

µ

µ  ~ ( )jj
j

Aik
x

A
-

µ

µ  ~ 1<<e , 
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 ʘ ʯʘʩʪʦʪʳ 
jw  ʠ ʚʦʣʥʦʚʳʝ ʯʠʩʣʘ jk  ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (ʠʥʜʝʢʩ j ʦʧʫʱʝʥ) 

 

îí
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ì
ë
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=+++- *
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mww 0
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0
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      (6) 

 

ɿʜʝʩʴ rNʩ=0
 ï ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥ ʚ ʩʪʨʫʥʝ ʙʝʟ ʫʯʝʪʘ ʦʩʥʦʚʘʥʠʷ, rw 0* h=  

ï ʥʘʠʥʠʟʰʘʷ ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ ʩʪʨʫʥʳ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʥʘʣʠʯʠʝʤ ʣʠʥʝʡʥʦʛʦ ʫʧʨʫʛʦʛʦ 

ʦʩʥʦʚʘʥʠʷ, 
r

m
2

1
*

h
= . ʇʝʨʚʦʝ ʠʟ ʫʨʘʚʥʝʥʠʡ ʩʠʩʪʝʤʳ (6) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʣʠʥʝʡʥʦʝ 

ʜʠʩʧʝʨʩʠʦʥʥʦʝ ʫʨʘʚʥʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʨʠ 01­h  ʚʳʨʦʞʜʘʝʪʩʷ ʚ ʜʠʩʧʝʨʩʠʦʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ 

ʧʦʧʝʨʝʯʥʳʭ ʚʦʣʥ ʚ ʩʪʨʫʥʝ ʥʘ ʣʠʥʝʡʥʦʤ ʚʠʥʢʣʝʨʦʚʩʢʦʤ ʦʩʥʦʚʘʥʠʠ, ʘ ʚʪʦʨʦʝ ï 

ʢʠʥʝʤʘʪʠʯʝʩʢʠʡ ʠʥʚʘʨʠʘʥʪ [2, 8].  

ʋʯʝʪ ʣʠʥʝʡʥʦʛʦ ʫʧʨʫʛʦʛʦ ʦʩʥʦʚʘʥʠʷ, ʢʘʢ ʠʟʚʝʩʪʥʦ [1ï3], ʧʨʠʚʦʜʠʪ ʢ ʥʘʣʠʯʠʶ ʦʙʣʘʩʪʠ 

ʥʝʧʨʦʧʫʩʢʘʥʠʷ [8, 9], ʢʦʛʜʘ ʚʦʣʥʳ ʚ ʩʠʩʪʝʤʝ ʤʦʛʫʪ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ, ʥʘʯʠʥʘʷ ʩ ʯʘʩʪʦʪ 

*ww> . ɺ ʩʠʩʪʝʤʝ ʩ ʞʝʩʪʢʦʡ ʥʝʣʠʥʝʡʥʦʩʪʴʶ ʦʙʣʘʩʪʴ ʥʝʧʨʦʧʫʩʢʘʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ ʧʨʠ 

ʤʷʛʢʦʡ ï ʫʤʝʥʴʰʘʝʪʩʷ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʣʠʰʴ ʩʠʩʪʝʤʫ ʩ ʞʝʩʪʢʠʤ ʪʠʧʦʤ 

ʥʝʣʠʥʝʡʥʦʩʪʠ ʠ ʩʠʪʫʘʮʠʶ, ʢʦʛʜʘ ʯʘʩʪʦʪʘ ʠʩʪʦʯʥʠʢʘ ʣʝʞʠʪ ʚ ʧʦʣʦʩʝ ʥʝʧʨʦʧʫʩʢʘʥʠʷ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʝʩʣʠ ʯʘʩʪʦʪʘ ʠʩʪʦʯʥʠʢʘ ʣʝʞʠʪ ʚ ʧʦʣʦʩʝ ʥʝʧʨʦʧʫʩʢʘʥʠʷ, ʪʦ ʥʝʧʦʜʚʠʞʥʳʡ 

ʠʩʪʦʯʥʠʢ ʚʦʣʥ ʥʝ ʠʟʣʫʯʘʝʪ, ʥʦ ʜʚʠʛʘʷʩʴ ʩ ʥʝʢʦʪʦʨʦʡ ʩʢʦʨʦʩʪʠ 
*VV > , ʦʥ ʥʘʯʠʥʘʝʪ ʠʭ 

ʠʟʣʫʯʘʪʴ. ʊʘʢʦʝ ʠʟʣʫʯʝʥʠʝ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʪʦʨʤʦʟʥʳʤ [10], ʘ ʩʢʦʨʦʩʪʴ 
*V , ʧʨʠ ʧʝʨʝʭʦʜʝ 

ʯʝʨʝʟ ʢʦʪʦʨʫʶ ʢʘʯʝʩʪʚʝʥʥʦ ʤʝʥʷʝʪʩʷ ʢʘʨʪʠʥʘ ʚʦʣʥʦʦʙʨʘʟʦʚʘʥʠʷ ï ʢʨʠʪʠʯʝʩʢʦʡ [1ï3]. 

ɼʣʷ ʩʪʨʫʥʳ ʥʘ ʣʠʥʝʡʥʦ-ʫʧʨʫʛʦʤ ʦʩʥʦʚʘʥʠʠ ʠʩʪʦʯʥʠʢ ʯʘʩʪʦʪʳ 
*w<W  ʙʫʜʝʪ ʠʟʣʫʯʘʪʴ ʚʦʣʥʳ 

ʧʨʠ ʩʢʦʨʦʩʪʠ 2
0* )/(1 *W-=> wcVV  [1, 3]. 

ɼʣʷ ʩʪʨʫʥʳ, ʣʝʞʘʱʝʡ ʥʘ ʥʝʣʠʥʝʡʥʦʤ ʦʩʥʦʚʘʥʠʠ, ʢʘʢ ʧʦʢʘʟʘʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʢʨʠʪʠʯʝʩʢʘʷ 

ʩʢʦʨʦʩʪʴ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʯʘʩʪʦʪʳ, ʥʦ ʪʘʢʞʝ ʦʪ ʘʤʧʣʠʪʫʜʳ ʚʳʥʫʞʜʘʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʠ ʧʘʨʘʤʝʪʨʘ ʥʝʣʠʥʝʡʥʦʩʪʠ  
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ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʯʝʩʪʚʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʦʪ ʯʘʩʪʦʪʳ ʩ  
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ʫʯʝʪʦʤ (ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ) ʠ ʚ ʦʪʩʫʪʩʪʚʠʠ (ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ) ʧʘʨʘʤʝʪʨʘ ʥʝʣʠʥʝʡʥʦʩʪʠ. 

ɺʠʜʥʦ, ʯʪʦ ʚ ʩʠʩʪʝʤʝ ʩ ʞʝʩʪʢʠʤ ʪʠʧʦʤ ʥʝʣʠʥʝʡʥʦʩʪʠ ʫʧʨʫʛʦʛʦ ʦʩʥʦʚʘʥʠʷ ʢʨʠʪʠʯʝʩʢʘʷ 

ʩʢʦʨʦʩʪʴ 
**V  ʠ ʯʘʩʪʦʪʘ ʥʝʧʨʦʧʫʩʢʘʥʠʷ 

r

m
ww

0

0*2
***

c

P
+=  ʚʳʰʝ, ʯʝʤ ʚ ʧʨʝʥʝʙʨʝʞʝʥʠʠ 

ʥʝʣʠʥʝʡʥʦʩʪʴʶ.  

ʀʟ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ (1)ï(4) ʧʨʠ 
**w<W  ʩʣʝʜʫʝʪ, ʯʪʦ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʩʠʣʳ ʚʦʣʥʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʠʤʝʝʪ ʚʠʜ 
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ʉʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʵʪʦʡ ʬʦʨʤʫʣʝ ʟʘʚʠʩʠʤʦʩʪʴ ʚ ʙʝʟʨʘʟʤʝʨʥʳʭ ʧʝʨʝʤʝʥʥʳʭ  

2
0

0
0

c

P
P
r
= , 

0c

V
V = , 

*w

W
=W , 

2
*

0*
*
w

m
m

ʩ
= , 

2
0c

R
R
r
=

 ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2. ɻʨʘʬʠʢ ʧʦʩʪʨʦʝʥ ʧʨʠ 

ʩʣʝʜʫʶʱʠʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ 2.00=P , 6.0=W , 1.0* =m  . 

 

 

ʈʠʩ. 2 

 

ɼʚʠʞʝʥʠʝ ʩʦ ʩʢʦʨʦʩʪʷʤʠ ʙʣʠʟʢʠʤʠ ʢ rNʩ=0
 ʥʝʚʦʟʤʦʞʥʦ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ 

0cV­  ʩʠʣʘ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ <R>  ­ ¤. ʉʦʛʣʘʩʥʦ ʨʘʩʯʝʪʘʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʚʠʞʝʥʠʶ ʨʝʟʢʦ 

ʚʦʟʨʘʩʪʘʝʪ ʥʝ ʪʦʣʴʢʦ ʧʨʠ 
0cV­  ( 10­cV , ¤­R ), ʥʦ ʠ ʧʨʠ ʩʪʨʝʤʣʝʥʠʠ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ 

ʥʘʛʨʫʟʢʠ V  ʢ ʢʨʠʪʠʯʝʩʢʦʡ. ʇʨʠʯʝʤ, ʝʩʣʠ ʚ ʦʪʩʫʪʩʪʚʠʠ ʥʝʣʠʥʝʡʥʦʩʪʠ <R>  ­ ¤ ʧʨʠ 
*VV­ , 
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ʪʦ ʫʯʝʪ ʥʝʣʠʥʝʡʥʦʩʪʠ ʫʧʨʫʛʦʛʦ ʦʩʥʦʚʘʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʧʨʠ  
**VV =  ʩʠʣʘ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʦʥʝʯʥʘ, ʭʦʪʷ ʩʫʱʝʩʪʚʫʝʪ ʨʘʟʨʳʚ ʧʝʨʚʦʛʦ ʨʦʜʘ (ʨʠʩ. 2).  

ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚʦʟʤʦʞʥʘ ʧʦʪʝʨʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʚʥʦʤʝʨʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʪ.ʝ. 

ʚʦʟʙʫʞʜʝʥʠʝ ʧʨʦʜʦʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʥʘʛʨʫʟʢʠ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʜʘʚʣʝʥʠʝ ʚʦʣʥ ʩʦʟʜʘʝʪ 

ʪʦʨʤʦʟʥʦʝ ʫʩʠʣʠʝ, ʢʦʪʦʨʦʝ, ʢʘʢ ʧʦʢʘʟʳʚʘʶʪ ʨʘʩʯʝʪʳ, ʠʤʝʝʪ ʧʘʜʘʶʱʠʡ ʫʯʘʩʪʦʢ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʨʠʩ. 2). ʅʘ ʪʘʢʦʤ ʫʯʘʩʪʢʝ, ʩʦʛʣʘʩʥʦ ʢʘʥʦʥʘʤ ʪʝʦʨʠʠ ʢʦʣʝʙʘʥʠʡ [11], 

ʜʠʥʘʤʠʯʝʩʢʦʝ ʪʨʝʥʠʝ ʦʪʨʠʮʘʪʝʣʴʥʦ ʠ ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ ʘʚʪʦʢʦʣʝʙʘʪʝʣʴʥʳʡ ʨʝʞʠʤ.  
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ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʦʪʨʝʥʘ ʩʘʤʦʚʦʟʙʫʞʜʘʶʱʘʷʩʷ ʘʚʪʦʢʦʣʝʙʘʪʝʣʴʥʘʷ ʚʠʙʨʦʫʜʘʨʥʘʷ 

ʩʠʩʪʝʤʘ, ʩʦʜʝʨʞʘʱʘʷ ʫʜʘʨʥʳʡ ʦʩʮʠʣʣʷʪʦʨ ʠ ʤʝʭʘʥʠʟʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʩʫʱʝʩʪʚʦʚʘʥʠʝ 

ʘʚʪʦʨʝʟʦʥʘʥʩʥʳʭ ʚʠʙʨʦʫʜʘʨʥʳʭ ʨʝʞʠʤʦʚ ʜʚʠʞʝʥʠʷ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʩʦʙʩʪʚʝʥʥʘʷ 

ʯʘʩʪʦʪʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʣʠʥʝʡʥʦʛʦ ʦʩʮʠʣʣʷʪʦʨʘ ʬʣʫʢʪʫʠʨʫʝʪ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʰʠʨʦʢʦʧʦʣʦʩʥʳʡ ʩʣʫʯʘʡʥʳʡ ʧʨʦʮʝʩʩ. ʈʝʰʘʝʪʩʷ ʟʘʜʘʯʘ ʦʙ ʦʮʝʥʢʝ ʫʢʘʟʘʥʥʦʡ ʬʣʫʢʪʫʘʮʠʠ ʥʘ 

ʜʠʥʘʤʠʢʫ ʩʠʩʪʝʤʳ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜʠʢʘ ʨʘʩʯʸʪʘ ʠ ʘʥʘʣʠʟʘ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʢ 

ʢʚʘʟʠʠʟʦʭʨʦʥʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ, ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʤʘʣʦʩʪʠ ʟʘʟʦʨʘ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ 

ʫʩʨʝʜʥʝʥʠʷ ʚ ʚʠʙʨʦʫʜʘʨʥʳʭ ʩʠʩʪʝʤʘʭ ʠ ʦʜʠʥ ʠʟ ʤʝʪʦʜʦʚ ʈ.ʃ. ʉʪʨʘʪʦʥʦʚʠʯʘ. ʆʧʨʝʜʝʣʷʶʪʩʷ 

ʥʝʦʙʭʦʜʠʤʳʝ ʧʘʨʘʤʝʪʨʳ ʨʝʞʠʤʘ ʜʚʠʞʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʣʫʯʘʡʥʳʡ ʚʠʙʨʦʫʜʘʨʥʳʡ ʧʨʦʮʝʩʩ, ʧʝʨʠʦʜʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ ɻʨʠʥʘ, 

ʘʚʪʦʨʝʟʦʥʘʥʩ, ʬʘʟʘ ʫʜʘʨʘ, ʠʤʧʫʣʴʩ ʫʜʘʨʘ, ʬʣʫʢʪʫʮʠʦʥʥʘʷ ʧʦʧʨʘʚʢʘ, ʩʧʝʢʪʨʘʣʴʥʘʷ 

ʧʣʦʪʥʦʩʪʴ. 
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Abstract. A self-excited self-oscillating vibro-impact system containing a shock oscillator and a 

mechanism ensuring the existence of autoresonant vibro-impact regimes of motion is considered. It 

is assumed that the eigenfrequency of the corresponding linear oscillator fluctuates and is a 

broadband random process. The problem of estimating this fluctuation on the dynamics of the 

system is solved. A technique is proposed for calculating and analyzing such a system for a quasi-

isochronous approximation, if the gap is small. The method of averaging in vibro-impact systems 

and one of the methods of R.L. Stratonovich are used. The necessary parameters of the driving 

mode are determined. 

Keywords: random vibro-impact process, periodic Green's function, autoresonance, impact phase, 

impact pulse, fluctuation correction, spectral density. 
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1. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ. ʈʘʩʩʤʦʪʨʠʤ ʘʚʪʦʨʝʟʦʥʘʥʩʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʩʭʝʤʘ ʢʦʪʦʨʦʛʦ ʧʦʢʘʟʘʥʘ 

ʥʘ ʨʠʩ.1 [1-3]. ʋʜʘʨʥʳʡ ʦʩʮʠʣʣʷʪʦʨ ʩʦʚʝʨʰʘʝʪ ʢʦʣʝʙʘʥʠʷ ʩ ʩʦʫʜʘʨʝʥʠʷʤʠ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʩ 

ʥʝʧʦʜʚʠʞʥʳʤ ʦʛʨʘʥʠʯʠʪʝʣʝʤ 2, ʥʘ ʢʦʪʦʨʦʤ ʩʤʦʥʪʠʨʦʚʘʥ ʜʘʪʯʠʢ ʠʤʧʫʣʴʩʦʚ ʫʜʘʨʘ (J), 

ʬʦʨʤʠʨʫʶʱʠʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʡ ʚʝʣʠʯʠʥʝ J. ʕʪʦʪ ʩʠʛʥʘʣ 

ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʥʝʢʦʪʦʨʫʶ ʬʫʥʢʮʠʶ ŮA(J), ʢʦʪʦʨʘʷ ʧʦʩʣʝ ʧʝʨʝʤʥʦʞʝʥʠʷ ʩ ʩʠʛʥʘʣʦʤ x , 

ʧʦʩʪʫʧʘʶʱʠʤ ʩ ʜʘʪʯʠʢʘ ʩʢʦʨʦʩʪʠ 1, ʧʦʜʘʝʪʩʷ ʥʘ ʚʦʟʙʫʜʠʪʝʣʴ ʢʦʣʝʙʘʥʠʡ 4.  

ʇʨʝʜʧʦʣʘʛʘʷ ʙʣʠʟʦʩʪʴ ʩʠʩʪʝʤʳ ʢ ʢʦʥʩʝʨʚʘʪʠʚʥʦʡ ʠʟʦʭʨʦʥʥʦʡ ʩʠʩʪʝʤʝ ʟʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʝ 

ʜʚʠʞʝʥʠʷ ʚ ʚʠʜʝ  

 
2 2

0
ʌ( , ) [ ( ) ʌ ( , ) 2 ]x x x x A J x x bxe+W + = + -.                                       (1) 

 

ɿʜʝʩʴ 
0

ʌ( , ) ʠʌ ( , )x x x xʫʧʨʫʛʘʷ ʠ ʜʠʩʩʠʧʘʪʠʚʥʘʷ ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʠʣʳ ʫʜʘʨʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, b- ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʩʩʠʧʘʮʠʠ, e- ʤʘʣʳʡ ʧʘʨʘʤʝʪʨ. ʇʦʨʷʜʦʢ ʧʨʘʚʦʡ ʯʘʩʪʠ 

ʚʳʙʨʘʥ O( 2e) ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʜʘʣʴʰʝ ʙʫʜʫʪ ʩʣʫʯʘʡʥʳʝ ʩʠʣʳ ʫʯʠʪʳʚʘʪʴʩʷ e.  

ʋʢʘʟʘʥʥʘʷ ʢʚʘʟʠʠʟʦʭʨʦʥʥʦʩʪʴ ʚʳʨʘʞʘʝʪʩʷ ʧʨʝʜʧʦʣʦʞʝʥʠʝʤ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʟʘʟʦʨʘ (ʥʘʪʷʛʘ) 
2

0
;  (1).OeD = D D=ʇʨʠʤʝʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ A(J) = A0J

-1, A0> 0. 

ɼʠʩʩʠʧʘʮʠʷ ʵʥʝʨʛʠʠ ʧʨʠ ʫʜʘʨʘʭ ʫʯʠʪʳʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʛʠʧʦʪʝʟʳ ʅʴʶʪʦʥʘ ʦ ʢʦʵʬʬʠʮʠʝʥʪʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ [1, 2]. ʇʫʩʪʴ ʫʜʘʨ ʧʨʦʠʩʭʦʜʠʪ ʚ ʥʝʢʦʪʦʨʳʡ ʧʨʦʠʟʚʦʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 

t ta=  ʪʦʛʜʘ ( 0) ( 0);  0 1x t Rx t Ra a- =- + < ¢. ʊʦʛʜʘ ʜʠʩʩʠʧʘʪʠʚʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʠʣʳ ʫʜʘʨʘ 

0F (1 )R- . ɼʣʷ ʢʘʞʜʦʛʦ ʫʜʘʨʘ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ [5, 6]: 

0[ ʌ ]| ( ); (1 )| ( 0)|t t J t t J R x t
a a ad=F- = - = + -.ɿʜʝʩʴ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʙʦʟʥʘʯʝʥʦ: J  - ʠʤʧʫʣʴʩ 

ʫʜʘʨʘ; ( ) - -ʬʫʥʢʮʠʷtd d ; ta- ʤʦʤʝʥʪ ʥʝʢʦʪʦʨʦʛʦ a-ʛʦ ʫʜʘʨʘ. ɽʩʣʠ ʫʜʘʨʳ ʩʣʝʜʫʶʪ T-

ʧʝʨʠʦʜʠʯʝʩʢʠ, ʪʦ ʩʠʣʘ ʫʜʘʨʘ ʝʩʪʴ ( )TJ td j- , ʛʜʝ ( )T td -T-ʧʝʨʠʦʜʠʯʝʩʢʘʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ d-ʬʫʥʢʮʠʡ, j-ʧʨʦʠʟʚʦʣʴʥʳʡ ʤʦʤʝʥʪ ʫʜʘʨʘ. 

ʇʝʨʝʡʜʝʤ ʢ ʥʦʚʳʤ ʬʘʟʦʚʳʤ ʧʝʨʝʤʝʥʥʳʤ çʠʤʧʫʣʴʩ-ʬʘʟʘè [1, 2, 4]: ( , ) ( , )x x Jy­  ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʫʣʘʤʠ  

 

[ , ( )],  ( ) [ , ( )]x J J x J J Jycy w w c y w=- =- ,                                       (2) 

 

ʛʜʝ ʧʨʠʥʷʪʦ ʚʦ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʧʨʠ e=0 ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʠʤʝʝʪ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʡ ʠ 
ʠʟʫʯʝʥʥʳʡ ʚʠʜ: 
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W
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       (3) 

 

ʇʨʠ ʵʪʦʤ ( )tc - ʧʝʨʠʦʜʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ ɻʨʠʥʘ (ʇʌɻ) ï ʨʝʘʢʮʠʷ ʣʠʥʝʡʥʦʛʦ ʦʩʮʠʣʣʷʪʦʨʘ ʥʘ ʊ-

ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʚ ʚʠʜʝ d-ʬʫʥʢʮʠʡ (( )T td ). ɺ ʩʠʣʫ ʩʚʦʝʡ ʢʚʘʟʠʠʟʦʭʨʦʥʦʩʪʠ 

ʢʦʣʝʙʘʥʠʷ ʧʨʦʠʩʭʦʜʷʪ ʚʙʣʠʟʠ ʯʘʩʪʦʪʳ 2W [1]. 

ʇʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʤʦʞʥʦ ʧʨʠʡʪʠ ʢ ʩʠʩʪʝʤʝ ʩ ʙʳʩʪʨʦʡ ʬʘʟʦʡ. ʋʩʨʝʜʥʷʷ ʧʦ ʥʝʡ, ʧʨʠʤʝʤ 

ʚʦ ʚʥʠʤʘʥʠʝ, ʚʳʯʠʩʣʝʥʥʦʝ ʚ ʨʘʙʦʪʝ [5] ʠ, ʢʨʦʤʝ ʪʦʛʦ, ʪʘʢʞʝ ʠ ʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ, ʯʪʦ 

ʜʠʩʩʠʧʘʮʠʷ ʧʨʠ ʫʜʘʨʘʭ ʜʦʣʞʥʘ ʫʯʠʪʳʚʘʪʴʩʷ ʯʣʝʥʦʤ 
2 ( ),  1TrJ r Re d y- = -. ɹʫʜʝʤ ʠʤʝʪʴ ʚ 

ʨʝʟʫʣʴʪʘʪʝ (ʩʤ. ʪʘʢʞʝ ʜʘʣʝʝ): 
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1 2 1 11
02

[ (r ) ];  2 (1 2 )J b J A Je e p e y e p- - -=- W+ - = W - WD                           (4) 
 

ʃʝʛʢʦ ʚʠʜʝʪʴ, ʯʪʦ ʟʜʝʩʴ ʩʫʱʝʩʪʚʫʝʪ ʝʜʠʥʩʪʚʝʥʥʳʡ ʩʪʘʮʠʦʥʘʨʥʳʡ ʨʝʞʠʤ 
 

1 1

0 0[2( )]J J A r bp- -¹ = W+ ,                                                   (5) 
 

ʆʙʱʝʝ ʨʝʰʝʥʠʝ ʧʝʨʚʦʛʦ ʠʟ ʜʚʫʭ ʚʳʧʠʩʘʥʥʳʭ ʫʨʘʚʥʝʥʠʡ (4) 
 

2 1 2 1

0( ) {1 exp[ [( )]} (0)exp[ [( )]}J t J r b J r be p e p- -= - - W+ + - W+ 
 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʝʰʝʥʠʷ 0J  ʠ ʩʘʤʦʚʦʟʙʫʞʜʘʝʤʦʩʪʠ 

ʩʠʩʪʝʤʳ. ɼʝʢʨʝʤʝʥʪ ʢʦʣʝʙʘʥʠʡ 
2 1[( )]r bg e p-= W+ . 

ʏʘʩʪʦʪʘ ʘʚʪʦʨʝʟʦʥʘʥʩʥʦʛʦ ʨʝʞʠʤʘ 
 

 2 1 1 1

0 02 [1 4 ( ) ].r b Aw e p p- - -= W - D W+ W                                        (6) 
 

ʅʘʰʘ ʮʝʣʴ ʨʘʩʩʤʦʪʨʝʪʴ ʠ ʠʟʫʯʠʪʴ ʧʦʚʝʜʝʥʠʝ ʩʠʩʪʝʤʳ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʯʘʩʪʦʪʘ ʩʠʩʪʝʤʳ 

ʠʟʤʝʥʷʝʪʩʷ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʠ ʫʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ (1) ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʪʘʢ: 
 

2 2 1

0 0
[1 ( )] ʌ( , ) [ ʌ ( , ) 2 ]x t x x x A J x x bxex e -+W + + = + -,                           (7) 

 

ʛʜʝ ʬʫʥʢʮʠʷ ( )tx  - ʦʧʠʩʳʚʘʝʪ ʩʣʫʯʘʡʥʳʡ ʮʝʥʪʨʠʨʦʚʘʥʥʳʡ ʩʪʘʮʠʦʥʘʨʥʳʡ ʩʣʫʯʘʡʥʳʡ 

ʧʨʦʮʝʩʩ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʡ ʫʩʣʦʚʠʷʤ ʩʠʣʴʥʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ. ɺ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯʘʭ 

ʫʩʣʦʚʠʝ ʩʠʣʴʥʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʤʦʞʝʪ ʦʟʥʘʯʘʪʴ ʪʨʝʙʦʚʘʥʠʝ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʦʛʦ ʚʨʝʤʝʥʠ 

ʢʦʨʨʝʣʷʮʠʠ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʵʪʦ ʩʚʦʜʠʪʩʷ ʢ ʧʨʝʜʧʦʣʦʞʝʥʠʶ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʦʮʝʥʢʠ ʥʘ ʢʦʨʨʝʣʷʮʠʦʥʥʫʶ ʬʫʥʢʮʠʶ: 
 

 
0 0( ) exp( ),  , const>0.K N Nxt ft f= - =  

 

2. ʄʝʪʦʜ ʨʝʰʝʥʠʷ. ɺʦʩʧʦʣʴʟʫʝʤʩʷ ʤʝʪʦʜʦʤ ʈ.ʃ. ʉʪʨʘʪʦʥʦʚʠʯʘ [6], ʟʘʢʣʶʯʘʶʱʝʤʩʷ ʥʘ 

ʚʳʯʠʩʣʝʥʠʠ ʬʣʫʢʪʫʘʮʠʦʥʥʦʡ ʧʦʧʨʘʚʢʠ ʢ ʨʝʰʝʥʠʶ ʫʩʨʝʜʥʝʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ. ʌʦʨʤʘʣʠʟʘʮʠʷ 

ʤʝʪʦʜʘ ʙʳʣʘ ʧʨʦʜʝʣʘʥʘ ʈ.ɿ. ʍʘʩʴʤʠʥʩʢʠʤ ʚ ʨʘʙʦʪʝ [7].  

ʈʘʩʩʤʦʪʨʠʤ ʩʪʦʭʘʩʪʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ  
 

 
2

1
( , ) ( , ),   M 0, nt te e= + = Íy Y y Y y Y y R , 

 

ʧʨʠʯʸʤ ʬʫʥʢʮʠʠ Yʠ 
1

Y - ʩʣʫʯʘʡʥʳʝ ʧʨʦʮʝʩʩʳ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʫʩʣʦʚʠʶ ʩʠʣʴʥʦʛʦ 

ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʠ ʝʱʸ ʨʷʜʫ ʪʨʝʙʦʚʘʥʠʡ. ʆʙʦʟʥʘʯʠʤ ʫʩʨʝʜʥʝʥʥʳʝ ʚʝʢʪʦʨʥʳʝ ʤʦʤʝʥʪʳ ʵʪʠʭ 

ʧʨʦʮʝʩʩʦʚ ʪʘʢ: 

 

 

0 1

( ) ( )

0

1
( ) M ( , ) ,

1
( ) M[Y ( ,s)Y ( , )] ,

1
( ) M[Y ( ,s)Y( , )] .

lim

lim

lim

T

T

T T
q k

qk
T

T s

T T

t dt
T

b ds t dt
T

ds t dt
T

t

t

t t

t t

t

t t

+

­¤

+ +

­¤

+

­¤ -

=

=

¡=

ñ

ñ ñ

ñ ñ y

Y y Y y

y y y

K y y y

                                       (8) 

  

ʇʨʠ ʵʪʦʤ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʧʨʝʜʝʣʴʥʳʭ ʧʝʨʝʭʦʜʦʚ ʧʦ t ʠ y. ʏʝʨʝʟ ( )Y ( ,s)q y  

ʦʙʦʟʥʘʯʝʥʘ q-z ʢʦʤʧʦʥʝʥʪʘ ʧʨʦʮʝʩʩʘ.  
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ʊʦʛʜʘ ʥʘ ʦʪʨʝʟʢʝ 
2

0
0 te t¢ <ʧʨʦʮʝʩʩ 2( ),  = ,tt t ey ʷʚʣʷʶʱʝʡʩʷ ʨʝʰʝʥʠʝʤ ʠʩʭʦʜʥʦʡ ʩʠʩʪʝʤʳ 

ʧʨʠ 0e­ ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ ʨʝʰʝʥʠʝʤ ʩʪʦʭʘʩʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʀʪʦ ʚʠʜʘ 

 

 0 0 0( ) [ ( )] [ ( )] ( ),d d dt t t t t= +y B y ů y w  

 

ʛʜʝ ( )tw - n-ʤʝʨʥʳʡ ʚʠʥʝʨʦʚʩʢʠʡ ʧʨʦʮʝʩʩ, 
0 0

( ) ( ) ( ),= +B y K y Y y  [ ( )] [ ( )] ( );
qk

bt t* =ů y ů y y

ʟʚʸʟʜʦʯʢʘ ʦʙʦʟʥʘʯʘʝʪ ʪʨʘʥʩʧʦʥʠʨʦʚʘʥʠʝ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʩʥʦʩʘ ( )B y  ʦʧʨʝʜʝʣʷʝʪ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʫʶ ʯʘʩʪʴ ʫʨʘʚʥʝʥʠʷ. ʕʪʘ ʯʘʩʪʴ 

ʧʦʣʫʯʘʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʩʨʝʜʥʝʥʠʷ ʠʩʭʦʜʥʦʡ ʩʠʩʪʝʤʳ. ʌʣʫʢʪʫʘʮʠʦʥʥʫʶ ʧʦʧʨʘʚʢʫ 

ʦʧʨʝʜʝʣʷʝʪ ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ  ( )ů y. 

 

3. ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʠʢʠ ʜʣʷ ʨʝʰʝʥʠʷ ʠʩʭʦʜʥʦʡ ʟʘʜʘʯʠ. ɺʝʨʥʸʤʩʷ ʢ ʫʨʘʚʥʝʥʠʶ ʜʚʠʞʝʥʠʷ 

(7). ʇʨʠʚʝʜʸʤ ʝʛʦ ʚ ʧʝʨʝʤʝʥʥʳʭ çʠʤʧʫʣʴʩ-ʬʘʟʘè ʢ ʩʪʘʥʜʘʨʪʥʦʡ ʬʦʨʤʝ. 

  

 

2 2

0

1 2 2

0

{ r ( ) 4[2 ( ) ( ) ( ) ( ) ] ( )},

4 [2 ( ) ( ) ( ) ( ) ] ( ).

TJ J t bJ t J t t A t t

J bJ t A t J t t t

e e d j e c j c j x e c j e c j

j e e c j e c j c j x e c j-

=- - + - + W - - - - W D -

=- - - - + W - - W D -
 

 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʝʨʚʳʡ ʯʣʝʥ ʚ ʧʝʨʚʦʤ ʫʨʘʚʥʝʥʠʝ ʦʪʚʝʯʘʝʪ çʜʦʤʥʦʞʝʥʠʶ ʜʝʣʴʪʘ-

ʬʫʥʢʮʠʠ ʥʘ ʨʘʟʨʳʚè, ʪʘʢ ʢʘʢ ʧʨʠ t kTj- = (k-ʮʝʣʦʝ ʯʠʩʣʦ) ʬʫʥʢʮʠʷ ( )tc j-  ʠʤʝʝʪ ʩʢʘʯʦʢ [1, 

2]. ʊʘʢʘʷ ʟʘʧʠʩʴ, ʧʦʵʪʦʤʫ ʤʦʞʝʪ ʧʦʥʠʤʘʪʴʩʷ ʪʦʣʴʢʦ ʢʘʢ ʥʝʢʦʪʦʨʳʡ ʬʦʨʤʘʣʴʥʳʡ ʩʠʤʚʦʣ, 

ʫʯʠʪʳʚʘʶʱʠʡ ʤʛʥʦʚʝʥʥʫʶ ʧʦʪʝʨʶ ʵʥʝʨʛʠʠ ʧʨʠ ʫʜʘʨʝ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʫʩʨʝʜʥʝʥʠʝ ʫʩʪʨʘʥʠʪ 

ʥʝʢʦʨʨʝʢʪʥʦʩʪʴ. ʆʪʥʦʩʷʱʠʝʩʷ ʢ ʵʪʦʤʫ ʟʘʤʝʯʘʥʠʶ ʚʦʧʨʦʩʳ ʦʙʩʫʞʜʘʶʪʩʷ ʚ ʢʥʠʛʘʭ [1, 2, 4, 8]. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧ.2 ʤʦʞʥʦ ʚʚʝʩʪʠ ʦʙʦʟʥʘʯʝʥʠʷ: 

 

 
(1)

(2)

(1) 2 (2) 2

1 2

2

1 2 0 2

1 2

1 1 0 1

4 ( ) ( ),  4 ( ) ( ),

4[2 ( ) ( ) ( ) ( )] ( ),

4 [2 ( ) ( ) ( )].

T

Y J f t t Y f t t

Y bJf t t t A f t rJ t

Y J bJf t t A f t

j x j x

j c j x j d j

j c j j-

=- W - =- W -

=- - -W D - - - - -

=- - -W D - - -

 

 

ɺ ʩʠʣʫ ʬʦʨʤʫʣʳ (3) ʠ ʩʜʝʣʘʥʥʦʛʦ ʟʘʤʝʯʘʥʠʷ ʦ ʯʘʩʪʦʪʝ ʢʦʣʝʙʘʥʠʡ ʚ ʢʚʘʟʠʠʟʦʭʨʦʥʥʦʤ ʩʣʫʯʘʝ, 

ʤʦʞʝʤ ʧʦʣʫʯʠʪʴ: 

 

 
1

2

2

1( ) ( ) ( ) sin 2 ,   0 ,
8

1( ) ( ) (1 cos2 ),    0 .
8

f t t t t t

f t t t t

pc c

pc

= = W ¢ <
W W

= = + W ¢ <
W

 

 

ʋʯʠʪʳʚʘʷ ʧʝʨʠʦʜʠʯʥʦʩʪʴ, ʧʨʠ ʧʦʩʨʝʜʩʪʚʝ ʬʦʨʤʫʣ (8), ʦʧʨʝʜʝʣʷʝʤ ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʥʦʩʘ ʠ 

ʜʠʬʬʫʟʠʠ. ʇʦʩʣʝ ʚʳʯʠʩʣʝʥʠʡ, ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʚʨʝʤʷ ʢʦʨʨʝʣʷʮʠʠ ʤʘʣʦ, ʤʦʞʥʦ ʥʘʡʪʠ  

 

 

2 2

11 12

(1) 2 (1) 1

0 0 0

1 (2 ) ,   0,
4

3 1(2 ) ,   ( ) .
8 2

b J S b

K J S Y r b J A

x

x

p

p p-

= W W =

= W W =- W+ +
 

 

ʇʨʠʯʝʤ ʟʜʝʩʴ ( )S
x
w - ʩʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʧʨʦʮʝʩʩʘ. 

ʊʝʧʝʨʴ ʦʪʩʶʜʘ ʠ ʧʨʠ ʧʦʤʦʱʠ ʫʨʘʚʥʝʥʠʷ ʀʪʦ, ʜʘʥʥʦʛʦ ʚ ʧ. 2, ʥʘʭʦʜʠʤ ʫʨʘʚʥʝʥʠʝ ʜʣʷ 

ʥʘʭʦʞʜʝʥʠʷ ʠʤʧʫʣʴʩʘ: 
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0

2 1 0 0

0 0
3 1 1[ (2 ) ( )] ( ) (2 ) ,
8 2 2

dJ S r b J A J t S
d x x

p p x p
t

-= W W - W+ + + W W                 (9) 

 

ʛʜʝ 
0
( )tx -ʩʪʘʥʜʘʨʪʥʳʡ ʙʝʣʳʡ ʰʫʤ ʝʜʠʥʠʯʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ.  

ʋʨʘʚʥʝʥʠʝ (9) ʤʦʞʝʪ ʙʳʪʴ ʠʩʩʣʝʜʦʚʘʥʦ ʤʝʪʦʜʘʤʠ ʜʠʬʬʫʟʠʦʥʥʳʭ ʤʘʨʢʦʚʩʢʠʭ ʧʨʦʮʝʩʩʦʚ [9]. 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʫʨʘʚʥʝʥʠʝ ʌʦʢʢʝʨʘ-ʇʣʘʥʢʘ-ʂʦʣʤʦʛʦʨʦʚʘ (ʌʇʂ) ʧʨʠʤʝʪ ʟʜʝʩʴ ʚʠʜ: 

 
2

0 0 0 0 0 0

11 11 110 2 0

1 1
[ ( ) ( )] {[ ( ) ( ) ( )] ( )}

2 ( ) 2

d d
b J p J B J b J b J p J

d J dJ
¡= + ,                   (10) 

 

ʛʜʝ  

 

 0 2 1 03( ) (2 ) ( )]
8

B J S r b J
x

p p-= W W - W+  

 

- ʧʝʨʚʳʡ ʯʣʝʥ ʚ ʫʨʘʚʥʝʥʠʠ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʠʤʧʫʣʴʩʘ (9), 0( )p J  - ʧʣʦʪʥʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʠ, 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʪʦʨʦʡ ʠ ʟʘʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝ ʌʇʂ. 

ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ: 0(0) ( ) 0,  0p p J= ¤ = ². 

ɺ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʥʫʣʝʚʦʛʦ ʧʦʪʦʢʘ ʚʝʨʦʷʪʥʦʩʪʠ ʯʝʨʝʟ ʛʨʘʥʠʮʳ [6] ʥʘʭʦʜʠʤ  

 

 
0

0 0

00

11

const ( )
( ) exp[2 ].

1 ( )(2 )
2

B J
p J dJ

b JJ S
x

p
=

W W
ñ  

 

ʇʦʜʩʪʘʚʣʷʷ ʩʶʜʘ ʟʥʘʯʝʥʠʷ 0( )B J  ʠ 0

11
( )b J , ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ, ʧʦʣʫʯʘʝʤ 

 

 
0 0 1

0

const
( ) ( ) exp( ),

1 (2 )
2

p J J
JS

a

x

b

p

-= -
W W

                                          (11) 

 

ʧʨʠʯʸʤ ʟʜʝʩʴ ʦʙʦʟʥʘʯʝʥʦ 

 
2 1 1

1

0

2 2

3 (2 ) ( )
8 ,   = 0

1 1(2 ) (2 )
2 4

S r b A

S S

x

x x

p p p
a b

- -
-W W - W+

= >
W W W W

. 

 

ʀʟ (11) ʚʠʜʥʦ, ʯʪʦ ʧʨʠ 
0 00:   ( ) 0J p J­ ­  ʜʣʷ ʣʶʙʦʛʦ ʟʥʘʯʝʥʠʷ a. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʦʜʥʦ ʠʟ 

ʜʚʫʭ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʚʳʧʦʣʥʷʝʪʩʷ ʚʩʝʛʜʘ.  

ɽʩʣʠ ʚʝʣʠʯʠʥʘ 0a< , ʪʦ ʚʝʣʠʯʠʥʘ 1 0a- < ʟʘʚʝʜʦʤʦ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʝʩʣʠ 
0 0 ( ) 0J p J­¤ ­  

ʠ ʚʪʦʨʦʝ ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ ʚʳʧʦʣʥʷʝʪʩʷ ʪʘʢʞʝ.  

ʋʩʣʦʚʠʝ 0a< , ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʟʘʚʝʜʦʤʦ ʚʳʧʦʣʥʷʝʪʩʷ ʝʩʣʠ  

 

 1 23 (2 )
8

r b S
x

p-W+ > W W,                                                    (12) 

 

ʪʦ ʝʩʪʴ, ʝʩʣʠ ʟʘʧʘʩ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʜʦʩʪʘʪʦʯʝʥ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʩʪʝʤʳ ʚ 

ʩʨʝʜʥʝʤ. 

ɺ ʫʩʣʦʚʠʠ (12) ʟʥʘʯʝʥʠʝ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚʳʙʠʨʘʝʪʩʷ ʥʘ ʯʘʩʪʦʪʝ ʛʣʘʚʥʦʛʦ ʣʠʥʝʡʥʦʛʦ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʨʝʟʦʥʘʥʩʘ. ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʚ ʚʳʙʠʨʘʝʤʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʩʠʩʪʝʤʘ 
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ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʚʦʩʧʨʠʥʠʤʘʝʪ ʚʥʝʰʥʶʶ ʵʥʝʨʛʠʶ, ʧʝʨʝʥʦʩʠʤʫʶ ʰʠʨʦʢʦʧʦʣʦʩʥʦʡ 

ʬʣʫʢʪʫʘʮʠʝʡ ʢʘʢ ʨʘʟ ʥʘ ʵʪʦʡ ʯʘʩʪʦʪʝ. 

ɺ ʬʦʨʤʫʣʫ (11) ʚʭʦʜʠʪ ʧʦʩʪʦʷʥʥʘʷ ʥʦʨʤʠʨʦʚʢʠ. ɽʸ ʤʦʞʥʦ ʥʘʡʪʠ, ʝʩʣʠ ʫʯʝʩʪʴ, ʯʪʦ 00 J< ¢¤ 

ʠ [10] 

 

 0 1 0

0
0

( ) exp( ) ( ),    0,        J dJ
J

a ab
b a a

¤
- - = G - <ñ  

 

ʛʜʝ ( )xG - G- ʬʫʥʢʮʠʷ ʕʡʣʝʨʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ 

 

 0 1 0 1

0
( ) [ ( )] ( ) exp( ).p J J

J

a a b
b a- - -= G - -                                                 (13) 

 

ɺʳʯʠʩʣʝʥʥʘʷ ʧʣʦʪʥʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʠ (13) ʠ ʦʧʨʝʜʝʣʷʝʪ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʳʭ 

ʚʳʩʦʢʦʛʦ ʧʦʨʷʜʢʘ ʩʣʫʯʘʡʥʳʡ ʧʨʦʮʝʩʩ 0( )J t .  

ʄʦʤʝʥʪʳ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ 

 

 ( ) 0 0 0

0

[ ( )]
( ) ( )

( )

n n n

J

n
m J p J dJ

a
b
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¤ G- +
= =

G -
ñ  

 

ʦʧʨʝʜʝʣʝʥʳ, ʢʦʛʜʘ 0na+ <. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʨʝʙʦʚʘʥʠʶ, ʫʩʠʣʠʚʘʶʱʝʤʫ ʫʩʣʦʚʠʝ 

ʫʩʪʦʡʯʠʚʦʩʪʠ 

 

 1 23
(2 )

8

n
r b S

x
p-

+
W+ > W W. 

 

ʆʧʨʝʜʝʣʠʤ ʤʦʜʫ ʧʨʦʮʝʩʩʘ. ʅʘʭʦʜʷ ʤʘʢʩʠʤʫʤ ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ 
0( )p J , ʠʤʝʝʤ: 

 

 
1
20 0

1 211 ( ) (2 )
4

M

A
J

r b S
x

b

a p p-
= =
- W+ - W W

.                                           (14) 

 

ʇʫʩʪʴ ʩʠʩʪʝʤʘ ʩʪʨʝʤʠʪʩʷ ʢ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʡ, ʠ ʬʣʫʢʪʫʘʮʠʷ ʩʪʨʝʤʠʪʩʷ ʢ ʥʫʣʶ. ʊʦʛʜʘ 

0S
x
­ , ʘ 0 0 0( ) ( )

M
p J J Jd­ - . ɿʥʘʯʝʥʠʝ 0

M
J  ʩʦʚʧʘʜʘʝʪ ʩʦ ʩʪʘʮʠʦʥʘʨʥʳʤ ʟʥʘʯʝʥʠʝʤ 

ʠʤʧʫʣʴʩʘ, ʧʦʣʫʯʘʝʤʳʤ ʧʦʩʨʝʜʩʪʚʦʤ ʤʝʪʦʜʘ ʫʩʨʝʜʥʝʥʠʷ (5). 

ʕʪʦ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʠ ʠʟ ʫʨʘʚʥʝʥʠʷ (9), ʝʩʣʠ ʧʦʣʦʞʠʪʴ ʥʫʣʶ ʟʥʘʯʝʥʠʝ S
x
 ʠ ʧʨʠʨʘʚʥʷʪʴ ʥʫʣʶ 

ʧʨʘʚʫʶ ʯʘʩʪʴ. 

ɿʥʘʥʠʝ ʫʜʘʨʥʦʛʦ ʠʤʧʫʣʴʩʘ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʟʘʜʘʯ ʜʠʥʘʤʠʢʠ ʚʠʙʨʦʫʜʘʨʥʳʭ ʩʠʩʪʝʤ 

ʦʢʘʟʳʚʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʳʤ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʠ ʧʦʤʦʱʠ ʬʦʨʤʫʣ (2), (3) ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʧʨʠʙʣʠʞʝʥʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʟʘʢʦʥʘ ʩʣʫʯʘʡʥʦʛʦ ʨʝʞʠʤʘ ʜʚʠʞʝʥʠʷ ʚ ʚʠʜʝ  

 

 0( ) ( ) ( ),  const.x t J t tc j j=- - =   

 

ɺʩʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʣʫʯʘʡʥʦʛʦ ʧʨʦʮʝʩʩʘ ( )x t  ʚʳʯʠʩʣʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʭ 

ʩʦʦʪʥʦʰʝʥʠʡ ʪʝʦʨʠʠ ʩʣʫʯʘʡʥʳʭ ʧʨʦʮʝʩʩʦʚ [9].  
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PNEUMO-HYDRAULIC C YLINDER  WITH CAPACITY  FOR 

REGULATION OF  POWER MOTION SPEED  
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Abstract. The scheme of the pneumo-hydraulic cylinder is presented. One can change the speed of 

tool power motion to creeping speed in the pneumo-hydraulic cylinder due to introducing of 

additional sealing high-pressure zone connected to hydraulic chamber by means of 

controlled throttle and back-pressure valve. Throttle and back-pressure valve are installed in the 

face of booster cylinder rod. 

Keywords: pneumo-hydraulic booster, regulation of power motion speed, high-pressure zone, 

throttle valve, back-pressure valve. 

 

 

ʇʥʝʚʤʦʛʠʜʨʦʮʠʣʠʥʜʨʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʦʝ ʫʩʠʣʠʝ ʥʘ ʚʳʭʦʜʥʦʤ ʰʪʦʢʝ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʝʙʦʣʴʰʦʤ ʝʛʦ ʧʝʨʝʤʝʱʝʥʠʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʥʝʚʤʦʛʠʜʨʦʮʠʣʠʥʜʨʳ ʧʨʠ 

çʢʦʨʦʪʢʠʭè ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʷʭ ʪʠʧʘ ʟʘʞʠʤʘ ʜʝʪʘʣʝʡ, ʟʘʧʨʝʩʩʦʚʢʠ, ʢʣʝʧʢʠ ʠ 

ʚʳʨʫʙʢʠ ʠʟʜʝʣʠʡ ʠʟ ʣʠʩʪʘ. ʀʟ ʚʩʝʭ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʦʧʝʨʘʮʠʷ ʚʳʨʫʙʢʠ ʦʪʣʠʯʘʝʪʩʷ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʡ ʜʠʥʘʤʠʢʦʡ ʧʨʦʮʝʩʩʘ.  ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʚʳʩʝʯʥʳʤ 

ʧʫʘʥʩʦʥʦʤ º 0,5 ʪʦʣʱʠʥʳ ʣʠʩʪʘ ʧʨʦʠʩʭʦʜʠʪ ʩʨʝʟ ʤʘʪʝʨʠʘʣʘ, ʥʘʛʨʫʟʢʘ ʨʝʟʢʦ ʧʘʜʘʝʪ, ʠ 

ʚʳʭʦʜʥʦʝ ʟʚʝʥʦ ʩ ʧʫʘʥʩʦʥʦʤ, ʥʘʭʦʜʷʩʴ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʦʟʜʫʭʘ, ʢʘʢ ʩʠʣʴʥʦʡ ʧʨʫʞʠʥʳ, 

çʚʳʩʪʨʝʣʠʚʘʝʪè. ʅʘʢʦʧʣʝʥʥʘʷ ʚ ʵʪʦʡ ʧʨʫʞʠʥʝ ʵʥʝʨʛʠʷ ʛʘʩʠʪʩʷ ʫʜʘʨʦʤ ʚʩʝʡ ʧʦʜʚʠʞʥʦʡ 

ʤʘʩʩʳ ʥʘ ʚʥʫʪʨʝʥʥʝʤ ʠʣʠ ʥʘʨʫʞʥʦʤ ʫʧʦʨʝ. ʕʪʦʪ ʥʝʜʦʩʪʘʪʦʢ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪ 

ʜʠʥʘʤʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ ʥʘ ʢʦʥʩʪʨʫʢʮʠʶ ʚ ʮʝʣʦʤ ʠ, ʥʘʨʷʜʫ ʩ ʧʦʚʳʰʝʥʥʳʤ ʰʫʤʦʤ ʥʘ 
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ʧʨʦʠʟʚʦʜʩʪʚʝ, ʧʨʠʚʦʜʠʪ ʢ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ ʦʧʦʨʥʳʭ ʠ ʫʧʣʦʪʥʠʪʝʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ. 

ʅʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʜʚʠʞʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʠ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝʣʠʥʝʡʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʩʠʣʳ 

ʨʝʟʘʥʠʷ ʚ ʧʥʝʚʤʦʛʠʜʨʦʮʠʣʠʥʜʨʘʭ ʤʦʞʥʦ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʫʩʪʨʘʥʠʪʴ ʧʫʪʝʤ 

ʦʨʛʘʥʠʟʘʮʠʠ ʚ ʛʠʜʨʦʢʘʤʝʨʝ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʫʩʠʣʠʪʝʣʷ ʩʧʝʮʠʘʣʴʥʦʡ ʟʦʥʳ, ʧʝʨʝʪʝʢʘʥʠʝ 

ʤʘʩʣʘ ʚ ʢʦʪʦʨʫʶ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʜʨʦʩʩʝʣʴ ʩ ʦʙʨʘʪʥʳʤ ʢʣʘʧʘʥʦʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠ 

ʥʝʠʟʤʝʥʥʦ ʙʦʣʴʰʠʭ ʩʢʦʨʦʩʪʷʭ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʤʦʞʥʦ ʠʟʤʝʥʷʪʴ ʩʢʦʨʦʩʪʴ ʩʠʣʦʚʦʛʦ ʭʦʜʘ 

ʚʧʣʦʪʴ ʜʦ ʧʦʣʟʫʯʝʡ. ʕʪʦ ʥʦʚʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ [ 1 ] ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʠʞʝ. 
 

ʇʥʝʚʤʦʛʠʜʨʦʮʠʣʠʥʜʨʳ, ʧʨʠ ʚʩʝʤ ʩʚʦʝʤ ʨʘʟʥʦʦʙʨʘʟʠʠ [2, 3, 4] ʧʦ ʨʘʩʧʦʣʦʞʝʥʠʶ ʨʘʙʦʯʝʛʦ 

ʮʠʣʠʥʜʨʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʩʠʣʠʪʝʣʴʥʦʛʦ, ʦʙʣʘʜʘʶʪ ʦʜʥʠʤ ʦʙʱʠʤ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤ ʩʚʦʡʩʪʚʦʤ: 

ʚʩʝʛʜʘ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʩʠʣʦʚʦʛʦ ʭʦʜʘ ʧʦʨʰʝʥʴ ʨʘʙʦʯʝʛʦ ʮʠʣʠʥʜʨʘ ʠ ʰʪʦʢ ʫʩʠʣʠʪʝʣʴʥʦʛʦ 

ʥʘʭʦʜʷʪʩʷ ʚ ʟʘʤʢʥʫʪʦʡ ʛʠʜʨʦʢʘʤʝʨʝ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʯʝʨʝʟ ʥʝʩʞʠʤʘʝʤʫʶ ʞʠʜʢʦʩʪʴ. 

ɼʘʚʣʝʥʠʝ, ʢʦʪʦʨʦʝ ʨʘʟʚʠʚʘʝʪʩʷ ʚ ʛʠʜʨʦʢʘʤʝʨʝ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʦʪʥʦʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʳʭ 

ʧʣʦʱʘʜʝʡ ʧʦʨʰʥʷ ʠ ʰʪʦʢʘ ʫʩʠʣʠʪʝʣʴʥʦʛʦ ʮʠʣʠʥʜʨʘ, ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪ ʢʦʵʬʬʠʮʠʝʥʪ 

ʫʩʠʣʝʥʠʷ ʧʥʝʚʤʦʛʠʜʨʦʮʠʣʠʥʜʨʘ ʠ ʜʦʩʪʠʛʘʝʪ ʚʝʣʠʯʠʥʳ 25 ʠ ʙʦʣʝʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʩʠʣʠʝ ʥʘ 

ʚʳʭʦʜʥʦʤ ʟʚʝʥʝ ʨʘʙʦʯʝʛʦ ʮʠʣʠʥʜʨʘ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʜʝʩʷʪʢʠ ʪʦʥʥ ʧʨʠ ʜʘʚʣʝʥʠʠ ʚʦʟʜʫʭʘ 6 

ʢʛ/ʩʤ2 [5]. 

 
 

   

ʘ) ʙ) ʚ) ʛ) 

ʈʠʩ 1. ʘ ï ʩʭʝʤʘ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʧʥʝʚʤʦʛʠʜʨʦʮʠʣʠʥʜʨʘ; ʙ, ʚ, ʛ ï ʩʭʝʤʳ 

ʧʥʝʚʤʦʛʠʜʨʦʮʠʣʠʥʜʨʘ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʝʛʫʣʠʨʦʚʢʠ ʩʢʦʨʦʩʪʠ ʩʠʣʦʚʦʛʦ ʭʦʜʘ ʚ 
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ʨʘʟʥʳʭ ʬʘʟʘʭ ʜʚʠʞʝʥʠʷ: ʧʨʠ ʙʳʩʪʨʦʤ ʭʦʜʝ ʚʚʝʨʭ (ʙ); ʧʨʠ ʩʠʣʦʚʦʤ ʭʦʜʝ ʚʚʝʨʭ (ʚ); ʧʨʠ 

ʚʦʟʚʨʘʪʝ ʚ ʠʩʭʦʜʥʦʝ ʧʦʣʦʞʝʥʠʝ (ʛ). 

ʅʘ  ʨʠʩ. 1,ʘ ʧʦʢʘʟʘʥʘ ʪʨʘʜʠʮʠʦʥʥʘʷ ʩʭʝʤʘ ʧʥʝʚʤʦʛʠʜʨʦʮʠʣʠʥʜʨʘ, ʚ ʢʦʪʦʨʦʤ ʩʠʣʦʚʦʡ ʠ 

ʫʩʠʣʠʪʝʣʴʥʳʡ ʮʠʣʠʥʜʨʳ ʨʘʩʧʦʣʦʞʝʥʳ ʩʦʦʩʥʦ ʚ ʦʜʥʦʤ ʢʦʨʧʫʩʝ. ʊʦʯʝʯʥʳʤ ʤʫʘʨʦʤ ʧʦʢʘʟʘʥʘ 

ʟʦʥʘ, ʟʘʧʦʣʥʝʥʥʘʷ ʤʘʩʣʦʤ. ɺ ʠʩʭʦʜʥʦʤ ʧʦʣʦʞʝʥʠʠ ʫʩʠʣʠʪʝʣʴʥʳʡ ʮʠʣʠʥʜʨ, ʦʙʨʘʟʦʚʘʥʥʳʡ 

ʧʦʨʰʥʝʤ 1 ʠ ʰʪʦʢʦʤ 2, ʥʘʭʦʜʠʪʩʷ ʚ ʢʨʘʡʥʝʤ ʧʦʣʦʞʝʥʠʠ. ʇʨʠ ʵʪʦʤ ʢʘʥʘʚʢʘ ʥʘ ʰʪʦʢʝ 2 

ʦʙʨʘʟʫʝʪ ʟʘʟʦʨ ʤʝʞʜʫ ʰʪʦʢʦʤ ʠ ʫʧʣʦʪʥʝʥʠʝʤ 3, ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʚ ʧʝʨʝʛʦʨʦʜʢʝ 4. ɿʘʟʦʨ 

ʩʦʝʜʠʥʷʝʪ ʢʘʤʝʨʳ ʥʠʟʢʦʛʦ 5 ʠ ʚʳʩʦʢʦʛʦ 6 ʜʘʚʣʝʥʠʷ. ʇʨʠ ʧʦʜʘʯʝ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ ʚ ʢʘʥʘʣ Q1 

ʧʝʨʝʤʝʱʘʝʪʩʷ ʧʦʨʰʝʥʴ 7 ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ, ʚʳʜʘʚʣʠʚʘʷ ʤʘʩʣʦ ʯʝʨʝʟ ʟʘʟʦʨ ʠʟ ʢʘʤʝʨʳ 5 ʚ ʢʘʤʝʨʫ 

6, ʪʝʤ ʩʘʤʳʤ ʚʳʜʚʠʛʘʷ ʜʚʫʭʩʪʦʨʦʥʥʠʡ ʰʪʦʢ 8 ʨʘʙʦʯʝʛʦ ʮʠʣʠʥʜʨʘ, ʥʝʩʫʱʝʛʦ ʚʳʨʫʙʥʦʡ 

ʠʥʩʪʨʫʤʝʥʪ 9. ʇʦʩʢʦʣʴʢʫ ʥʘʛʨʫʟʢʘ ʦʪʩʫʪʩʪʚʫʝʪ, ʧʨʦʠʩʭʦʜʠʪ ʙʳʩʪʨʳʡ ʭʦʣʦʩʪʦʡ ʭʦʜ ʚʧʝʨʝʜ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʜʘʚʣʝʥʠʷ ʚʦʟʜʫʭʘ ʚ ʢʘʥʘʣʝ Q1. ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʠʥʩʪʨʫʤʝʥʪʦʤ 9 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʜʝʪʘʣʠ 10, ʯʪʦ ʬʠʢʩʠʨʫʝʪʩʷ ʜʘʪʯʠʢʦʤ ʠʟʤʝʥʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚ ʢʘʥʘʣʝ Q1 ʠʣʠ 

ʜʘʪʯʠʢʦʤ ʧʦʣʦʞʝʥʠʷ (ʥʘ ʩʭʝʤʝ ʜʘʪʯʠʢʠ ʥʝ ʧʦʢʘʟʘʥʳ), ʙʫʜʝʪ ʧʦʜʘʥʦ ʜʘʚʣʝʥʠʝ ʚʦʟʜʫʭʘ ʚ ʢʘʥʘʣ 

Q2, ʚʦʟʜʝʡʩʪʚʫʶʱʠʡ ʥʘ ʧʦʨʰʝʥʴ 1 ʫʩʠʣʠʪʝʣʴʥʦʛʦ ʮʠʣʠʥʜʨʘ. ʇʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʧʦʨʰʥʷ 1 ʝʛʦ 

ʰʪʦʢ 2 ʧʝʨʝʢʨʦʝʪ ʟʘʟʦʨ ʚ ʧʝʨʝʛʦʨʦʜʢʝ 4, ʠ ʚ ʟʘʛʝʨʤʝʪʠʟʠʨʦʚʘʥʥʦʡ ʛʠʜʨʦʢʘʤʝʨʝ 6 ʙʫʜʝʪ 

ʚʦʟʨʘʩʪʘʪʴ ʜʘʚʣʝʥʠʝ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ p max = k pʚ, 

ʛʜʝ pʚ ï ʜʘʚʣʝʥʠʝ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ, ʘ k ï ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ, ʨʘʚʥʳʡ ʦʪʥʦʰʝʥʠʶ ʧʣʦʱʘʜʠ 

S1 ʧʦʨʰʥʷ 1 ʢ ʧʣʦʱʘʜʠ S2 ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʰʪʦʢʘ 2. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʪʨʘʜʠʮʠʦʥʥʦʡ ʩʭʝʤʝ ʥʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʛʫʣʠʨʦʚʘʪʴ ʩʢʦʨʦʩʪʴ ʩʠʣʦʚʦʛʦ ʭʦʜʘ, ʪ.ʢ. ʦʥʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʣʴʢʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʠʥʩʪʨʫʤʝʥʪʘ 9 ʠ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʜʝʪʘʣʠ 10.  

ʅʘ ʨʠʩ.1ʙ, ʚ, ʛ ʚ ʨʘʟʥʳʭ ʬʘʟʘʭ ʜʚʠʞʝʥʠʷ ʧʦʢʘʟʘʥʘ ʥʦʚʘʷ ʩʭʝʤʘ ʧʥʝʚʤʦʛʠʜʨʦʮʠʣʠʥʜʨʘ [1], ʚ 

ʢʦʪʦʨʦʤ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʩʢʦʨʦʩʪʠ ʩʠʣʦʚʦʛʦ ʭʦʜʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʨʘʟʜʝʣʝʥʠʷ ʢʘʤʝʨʳ 

ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʜʚʝ ʟʦʥʳ, ʧʝʨʝʪʝʢʘʥʠʝ ʤʘʩʣʘ ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʧʨʦʠʩʭʦʜʠʪ ʯʝʨʝʟ 

ʨʝʛʫʣʠʨʫʝʤʳʡ ʜʨʦʩʩʝʣʴ ʩ ʦʙʨʘʪʥʳʤ ʢʣʘʧʘʥʦʤ. ɼʣʷ ʵʪʦʛʦ ʰʪʦʢ 2 ʫʩʠʣʠʪʝʣʴʥʦʛʦ ʮʠʣʠʥʜʨʘ 

ʚʳʧʦʣʥʷʝʪʩʷ ʧʦʣʳʤ - ʩʥʘʙʞʝʥʥʳʤ ʚʥʫʪʨʝʥʥʠʤ ʦʪʚʝʨʩʪʠʝʤ 11, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ 

ʩʦʝʜʠʥʝʥʥʳʤ ʩ ʢʘʤʝʨʦʡ 6 ʯʝʨʝʟ ʨʘʜʠʘʣʴʥʳʝ ʦʪʚʝʨʩʪʠʷ 12, ʨʘʟʤʝʱʝʥʥʳʝ ʚ ʢʘʥʘʚʢʝ ʰʪʦʢʘ 2, ʘ 

ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ï ʩʦ ʩʪʦʨʦʥʳ ʪʦʨʮʘ ʰʪʦʢʘ 2 ʟʘʢʨʳʪʳʤ ʨʝʛʫʣʠʨʫʝʤʳʤ ʜʨʦʩʩʝʣʝʤ 13 ʩ 

ʦʙʨʘʪʥʳʤ ʢʣʘʧʘʥʦʤ 14. ɺ ʜʚʫʭʩʪʦʨʦʥʥʝʤ ʰʪʦʢʝ 8 ʨʘʙʦʯʝʛʦ ʮʠʣʠʥʜʨʘ ʪʘʢʞʝ ʚʳʧʦʣʥʷʝʪʩʷ 

ʩʢʚʦʟʥʦʝ ʦʪʚʝʨʩʪʠʝ, ʚ ʢʦʪʦʨʦʤ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʤʘʥʞʝʪʘ 15, ʢʦʥʪʘʢʪʠʨʫʶʱʘʷ ʩ ʥʘʨʫʞʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʰʪʦʢʘ 2. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚ ʢʘʤʝʨʝ 6 ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʚʳʜʝʣʷʝʪʩʷ ʟʘʢʨʳʪʘʷ ʟʦʥʘ 

16.  

ɺ ʠʩʭʦʜʥʦʤ ʧʦʣʦʞʝʥʠʠ (ʨʠʩ.1,ʙ) ʧʨʠ ʧʦʜʘʯʝ ʜʘʚʣʝʥʠʷ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ ʚ ʢʘʥʘʣ Q1 ʧʦʨʰʝʥʴ 7 

ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ, ʧʨʦʜʘʚʣʠʚʘʷ ʤʘʩʣʦ ʯʝʨʝʟ ʟʘʟʦʨ ʫʧʣʦʪʥʝʥʠʷ 3, ʦʙʝʩʧʝʯʠʪ ʚ ʢʘʤʝʨʝ 6 ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʦʪʚʝʨʩʪʠʠ 11 ʙʦʣʴʰʝʝ ʜʘʚʣʝʥʠʝ, ʯʝʤ ʚ ʟʦʥʝ 16. ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʣʘʧʘʥ 14 

ʦʪʢʨʦʝʪʩʷ, ʠ ʨʘʙʦʯʠʡ ʮʠʣʠʥʜʨ ʩʦʚʝʨʰʠʪ ʙʳʩʪʨʳʡ ʭʦʣʦʩʪʦʡ ʭʦʜ ʚʧʝʨʝʜ ʜʦ ʢʦʥʪʘʢʪʘ 

ʠʥʩʪʨʫʤʝʥʪʘ 9 ʩ ʟʘʛʦʪʦʚʢʦʡ 10 (ʨʠʩ.1,ʚ), ʧʦʩʣʝ ʯʝʛʦ, ʢʘʢ ʠ ʚ ʪʨʘʜʠʮʠʦʥʥʦʡ ʩʭʝʤʝ, 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʝʨʝʢʣʶʯʝʥʠʝ ʥʘ ʩʠʣʦʚʦʡ ʭʦʜ. 

ʇʨʠ ʧʦʜʘʯʝ ʜʘʚʣʝʥʠʷ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ ʚ ʢʘʥʘʣ Q2 (ʨʠʩ. 1,ʛ) ʫʩʠʣʠʪʝʣʴʥʦʛʦ ʮʠʣʠʥʜʨʘ ʰʪʦʢ 2, 

ʧʝʨʝʤʝʱʘʷʩʴ ʚʚʝʨʭ, ʫʧʣʦʪʥʝʥʠʝʤ 3 ʟʘʛʝʨʤʝʪʠʟʠʨʫʝʪ ʢʘʤʝʨʫ 6 ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ. ɼʘʚʣʝʥʠʝ 

ʥʘʯʥʝʪ ʚʦʟʨʘʩʪʘʪʴ, ʥʦ ʚʩʝʛʜʘ ʚ ʩʠʣʫ ʜʝʡʩʪʚʠʷ ʩʠʣʳ ʩʦ ʩʪʦʨʦʥʳ ʫʩʠʣʠʪʝʣʴʥʦʛʦ ʮʠʣʠʥʜʨʘ 

ʜʘʚʣʝʥʠʝ ʚ ʟʦʥʝ 16 ʙʫʜʝʪ ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ, ʯʝʤ ʚ ʢʘʤʝʨʝ 6. ʂʣʘʧʘʥ 14 ʙʫʜʝʪ ʟʘʢʨʳʪ, ʘ 

ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ 9 ʦʧʨʝʜʝʣʠʪʩʷ, ʚ ʦʩʥʦʚʥʦʤ, ʛʠʜʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʜʨʦʩʩʝʣʷ 

13. ʇʦʩʣʝ ʚʳʨʫʙʢʠ ʠʟʜʝʣʠʷ, ʢʦʛʜʘ ʫʩʠʣʠʝ ʨʝʟʘʥʠʷ ʨʝʟʢʦ ʫʧʘʜʝʪ, ʩʠʪʫʘʮʠʷ ʥʝ ʠʟʤʝʥʠʪʩʷ; 

ʦʙʨʘʪʥʳʡ ʢʣʘʧʘʥ 14 ʦʩʪʘʝʪʩʷ ʟʘʢʨʳʪʳʤ, ʠ ʜʚʫʭʩʪʦʨʦʥʥʠʡ ʰʪʦʢ 8 ʨʘʙʦʯʝʛʦ ʮʠʣʠʥʜʨʘ ʙʝʟ 

ʫʜʘʨʘ, ʥʘ ʤʘʣʦʡ ʩʢʦʨʦʩʪʠ çʩʷʜʝʪè ʥʘ ʚʥʫʪʨʝʥʥʠʡ ʠʣʠ ʥʘʨʫʞʥʳʡ ʫʧʦʨ.  

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʣʶʙʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʜʚʠʞʝʥʠʠ ʧʥʝʚʤʦʮʠʣʠʥʜʨʦʚ, ʪʦʯʥʝʝ ʠʭ 

ʰʪʦʢʦʚ 2 ʠ 8, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʛʠʜʨʦʢʘʤʝʨʝ, ʜʦʣʞʥʘ ʧʨʦʠʩʭʦʜʠʪʴ ʧʝʨʝʪʝʯʢʘ ʤʘʩʣʘ ʤʝʞʜʫ 

ʛʠʜʨʦʟʦʥʘʤʠ 6 ʠ 16. ʆʙʲʝʤ ʧʝʨʝʪʝʢʘʝʤʦʡ ʞʠʜʢʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʪʥʦʰʝʥʠʝʤ ʵʬʬʝʢʪʠʚʥʳʭ 

ʧʣʦʱʘʜʝʡ ʰʪʦʢʦʚ 2 ʠ 8. ʇʨʠ ʟʘʢʨʳʪʦʤ ʦʙʨʘʪʥʦʤ ʢʣʘʧʘʥʝ 14 ʠ ʧʦʣʥʦʩʪʴʶ ʟʘʪʷʥʫʪʦʤ ʜʨʦʩʩʝʣʝ 
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13 ʩʠʩʪʝʤʘ ʣʠʰʘʝʪʩʷ ʧʦʜʚʠʞʥʦʩʪʠ, ʠ ʧʥʝʚʤʦʛʠʜʨʦʮʠʣʠʥʜʨ çʟʘʧʠʨʘʝʪʩʷè. ʇʦʵʪʦʤʫ 

ʨʝʛʫʣʠʨʦʚʢʦʡ ʜʨʦʩʩʝʣʷ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʩʢʦʣʴ ʫʛʦʜʥʦ ʤʘʣʦʡ ʩʢʦʨʦʩʪʠ ʩʠʣʦʚʦʛʦ ʭʦʜʘ.  

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʦʙʨʘʪʥʦʛʦ ʭʦʜʘ (ʨʠʩ. 1,ʛ) ʢʘʥʘʣʳ Q1 ʠ Q2 ʩʦʝʜʠʥʷʝʤ ʩ ʘʪʤʦʩʬʝʨʦʡ, ʘ 

ʩʞʘʪʳʡ ʚʦʟʜʫʭ ʧʦʜʘʝʤ ʚ ʢʘʥʘʣʳ Q3 ʫʩʠʣʠʪʝʣʴʥʦʛʦ ʧʥʝʚʤʦʮʠʣʠʥʜʨʘ ʠ Q4 ʨʘʙʦʯʝʛʦ. ʇʨʠ ʵʪʦʤ 

ʜʘʚʣʝʥʠʝ ʚ ʛʠʜʨʦʟʦʥʝ 16 ʙʫʜʝʪ ʤʝʥʴʰʝ, ʯʝʤ ʚ 6, ʦʙʨʘʪʥʳʡ ʢʣʘʧʘʥ 14 ʦʪʢʨʦʝʪʩʷ, ʠ ʧʨʦʠʟʦʡʜʝʪ 

ʙʳʩʪʨʳʡ ʦʙʨʘʪʥʳʡ ʭʦʜ ʚ ʠʩʭʦʜʥʦʝ ʧʦʣʦʞʝʥʠʝ (ʨʠʩ.1,ʙ). ʉʢʦʨʦʩʪʴ ʙʳʩʪʨʦʛʦ ʦʙʨʘʪʥʦʛʦ ʭʦʜʘ 

ʤʦʞʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʝʤ ʚʳʭʦʜʥʦʛʦ ʢʘʥʘʣʘ Q5 ʨʘʙʦʯʝʛʦ ʮʠʣʠʥʜʨʘ. 

ɼʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʛʫʣʠʨʦʚʢʠ ʜʨʦʩʩʝʣʷ 13 ʚ ʪʘʢʦʡ ʟʘʢʨʳʪʦʡ ʧʥʝʚʤʦʛʠʜʨʦʩʠʩʪʝʤʝ ʦʩʝʚʦʝ 

ʦʪʚʝʨʩʪʠʝ ʚ ʜʚʫʭʩʪʦʨʦʥʥʝʤ ʰʪʦʢʝ 8 ʨʘʙʦʯʝʛʦ ʮʠʣʠʥʜʨʘ ʚʳʧʦʣʥʷʝʪʩʷ ʩʢʚʦʟʥʳʤ ʠ ʩʦ ʩʪʦʨʦʥʳ 

ʨʘʙʦʯʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʟʘʛʣʫʰʘʝʪʩʷ ʧʨʦʙʢʦʡ 17. ʕʪʦ ʦʪʚʝʨʩʪʠʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʘʢʞʝ ʥʘʨʷʜʫ ʩ 

ʜʨʫʛʠʤʠ ʦʪʚʝʨʩʪʠʷʤʠ (ʥʘ ʩʭʝʤʝ ʥʝ ʧʦʢʘʟʘʥʳ) ʜʣʷ ʟʘʣʠʚʢʠ ʨʘʙʦʯʝʡ ʩʨʝʜʳ ʠ ʫʜʘʣʝʥʠʷ ʚʦʟʜʫʭʘ. 

ɼʣʷ ʨʝʛʫʣʠʨʦʚʢʠ ʜʨʦʩʩʝʣʷ ʧʥʝʚʤʦʛʠʜʨʦʮʠʣʠʥʜʨ ʚʳʚʦʜʠʪʩʷ ʚ ʧʦʣʦʞʝʥʠʝ, ʚ ʢʦʪʦʨʦʤ ʪʦʨʝʮ 

ʰʪʦʢʘ 2 ʥʘʠʙʦʣʝʝ ʙʣʠʟʦʢ ʢ ʟʘʛʣʫʰʝʥʥʦʤʫ ʦʪʚʝʨʩʪʠʶ, ʠʟ ʰʪʦʢʘ 8 ʚʳʚʦʨʘʯʠʚʘʝʪʩʷ ʥʘʩʘʜʢʘ, 

ʥʝʩʫʱʘʷ ʠʥʩʪʨʫʤʝʥʪ 9, ʫʜʘʣʷʝʪʩʷ ʟʘʛʣʫʰʢʘ 17, ʠ ʯʝʨʝʟ ʦʪʢʨʳʪʦʝ ʦʪʚʝʨʩʪʠʝ ʩʪʘʥʜʘʨʪʥʳʤ 

ʜʣʠʥʥʦʤʝʨʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ, ʥʘʧʨʠʤʝʨ, ʦʪʚʝʨʪʢʦʡ, ʤʦʞʥʦ ʧʦʚʝʨʥʫʪʴ ʨʝʛʫʣʠʨʫʝʤʳʡ 

ʵʣʝʤʝʥʪ ʜʨʦʩʩʝʣʷ. 

 

ʈʠʩ. 2 ʂʦʥʩʪʨʫʢʮʠʷ ʛʠʜʨʦʜʨʦʩʩʝʣʷ, ʚʳʧʦʣʥʝʥʥʘʷ ʥʘ ʵʣʝʤʝʥʪʘʭ ʦʙʨʘʪʥʦʛʦ ʢʣʘʧʘʥʘ. 

 

ʅʘ ʨʠʩ. 1, ʙ, ʚ, ʛ ʜʨʦʩʩʝʣʴ 13 ʠ ʦʙʨʘʪʥʳʡ ʢʣʘʧʘʥ 14 ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʝʥʳ ʠ ʨʘʟʤʝʱʝʥʳ ʚ ʪʦʨʮʝ 

ʰʪʦʢʘ 8 ʫʩʠʣʠʪʝʣʴʥʦʛʦ ʮʠʣʠʥʜʨʘ. ʅʘ ʩʘʤʦʤ ʜʝʣʝ ʨʘʟʤʝʩʪʠʪʴ ʪʘʤ ʵʪʠ ʜʚʘ ʵʣʝʤʝʥʪʘ 

ʜʦʩʪʘʪʦʯʥʦ ʥʝ ʧʨʦʩʪʦ, ʪʘʢ ʢʘʢ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʧʥʝʚʤʦʛʠʜʨʦʫʩʠʣʠʪʝʣʷ ʩʪʨʝʤʷʪʩʷ ʩʜʝʣʘʪʴ 

ʜʠʘʤʝʪʨ ʰʪʦʢʘ ʤʠʥʠʤʘʣʴʥʳʤ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ ʩʠʩʪʝʤʳ. ʕʪʫ ʟʘʜʘʯʫ 

ʤʦʞʥʦ ʨʝʰʠʪʴ, ʚʳʧʦʣʥʠʚ ʜʨʦʩʩʝʣʴ ʥʘ ʵʣʝʤʝʥʪʘʭ ʦʙʨʘʪʥʦʛʦ ʢʣʘʧʘʥʘ ʪʘʢ, ʥʘʧʨʠʤʝʨ, ʢʘʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2. ɿʜʝʩʴ ʛʠʣʴʟʘ 1 ʢʣʘʧʘʥʘ ʩ ʦʪʚʝʨʩʪʠʝʤ 2, ʢʦʪʦʨʦʝ ʧʝʨʝʢʨʳʚʘʝʪʩʷ ʰʘʨʠʢʦʤ 3 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʨʫʞʠʥʳ 4, ʟʘʧʨʝʩʩʦʚʳʚʘʝʪʩʷ ʚ ʦʪʚʝʨʩʪʠʝ 5 ʰʪʦʢʘ. ɻʠʣʴʟʘ 1 ʥʘ ʩʚʦʝʡ 

ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʤʝʝʪ ʜʚʝ ʠʣʠ ʪʨʠ ʧʨʦʜʦʣʴʥʳʝ ʢʘʥʘʚʢʠ 6. ʇʨʫʞʠʥʘ 4 ʩʚʦʠʤ ʚʪʦʨʳʤ 

ʢʦʥʮʦʤ ʦʧʠʨʘʝʪʩʷ ʥʘ ʪʦʨʝʮ ʨʝʟʴʙʦʚʦʡ ʚʪʫʣʢʠ 7, ʚ ʢʦʪʦʨʦʤ ʚʳʧʦʣʥʝʥʦ ʩʢʚʦʟʥʦʝ ʦʪʚʝʨʩʪʠʝ 8 ʠ 

ʧʨʦʬʠʣʴʥʦʝ ʦʪʚʝʨʩʪʠʝ 9, ʥʘʧʨʠʤʝʨ, ʚʥʫʪʨʝʥʥʠʡ ʰʝʩʪʠʛʨʘʥʥʠʢ, ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʚʦʨʦʪʘ 

ʚʪʫʣʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʘʨʘʣʣʝʣʴʥʦ ʦʙʨʘʪʥʦʤʫ ʢʣʘʧʘʥʫ ʥʘ ʝʛʦ ʵʣʝʤʝʥʪʘʭ ʚʳʧʦʣʥʝʥ ʢʘʥʘʣ 

ʧʝʨʝʪʝʯʢʠ ʞʠʜʢʦʩʪʠ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʦʪʚʝʨʩʪʠʷ 8, ʤʝʞʪʦʨʮʝʚʦʛʦ ʟʘʟʦʨʘ 10 ʠ ʧʨʦʜʦʣʴʥʳʭ 

ʢʘʥʘʚʦʢ 6. ʇʨʠ ʧʦʚʦʨʦʪʝ ʨʝʟʴʙʦʚʦʡ ʚʪʫʣʢʠ 7 ʙʫʜʝʪ ʠʟʤʝʥʷʪʴʩʷ ʤʝʞʪʦʨʮʝʚʦʡ ʟʘʟʦʨ 10 ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʨʦʩʩʝʣʷ. 
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ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʦʪʨʝʥʘ ʄʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʷ ʵʥʝʨʛʠʠ ʫʜʘʨʘ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʦʪʙʦʡʥʳʭ 

ʤʦʣʦʪʢʦʚ ʠ ʧʝʨʬʦʨʘʪʦʨʦʚ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ɽʚʨʦʧʝʡʩʢʦʡ ɸʩʩʦʮʠʘʮʠʝʡ ʇʨʦʠʟʚʦʜʠʪʝʣʝʡ 

ʕʣʝʢʪʨʦʠʥʩʪʨʫʤʝʥʪʘ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʘʧʧʘʨʘʪʫʨʘ, ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ 

ʵʥʝʨʛʠʠ ʫʜʘʨʥʦʛʦ ʠʤʧʫʣʴʩʘ ʠ ʤʝʪʦʜʠʢʘ ʠʩʧʳʪʘʥʠʡ ʵʣʝʢʪʨʦʠʥʩʪʨʫʤʝʥʪʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʚ ʆʆʆ çʋɼɸʈʄɸʐè ʫʩʪʘʥʦʚʢʦʡ çʋʀʇʋ-4ʄè ʠ ʦʪʝʯʝʩʪʚʝʥʥʳʤ 

ʩʪʘʥʜʘʨʪʦʤ ʥʘ ʠʩʧʳʪʘʥʠʷ ʦʪʙʦʡʥʳʭ ʤʦʣʦʪʢʦʚ ɻʆʉʊ 55162 ï 2012. ʆʪʤʝʯʝʥʳ 

ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʄʝʪʦʜʠʢʠ ʠ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʦʪʙʦʡʥʳʝ ʤʦʣʦʪʢʠ, ʵʣʝʪʨʦʧʝʨʬʦʨʘʪʦʨʳ, ʵʥʝʨʛʠʷ ʫʜʘʨʘ, 

ʤʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʡ, ɽʚʨʦʧʝʡʩʢʘʷ ɸʩʩʦʮʠʘʮʠʷ ʇʨʦʠʟʚʦʜʠʪʝʣʝʡ ʕʣʝʢʪʨʦʠʥʩʪʨʫʤʝʥʪʘ, 

ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʤʝʪʦʜʠʢʠ. 
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Abstract. The procedure for measuring the impact energy of electric hammers and breakers, 

developed by The European Power Tools Association, is discussed. The method for shock pulse 

energy measuring, equipment for it and power tool testing procedure are considered in comparison 

with the national standard GOST 55162 ï 2012 and the "UIPU-4M" system developed by 

"UDARMASH". The possibilities to improve the procedure and increase the accuracy of 

measurements are marked. 

Key words: electric power tools, single impact energy, measurement technique, The European 

Power Tools Association, proposals to improve the procedure. 

 
1. ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ. ɺ 2009 ʛʦʜʫ ɽʚʨʦʧʝʡʩʢʘʷ ɸʩʩʦʮʠʘʮʠʷ ʇʨʦʠʟʚʦʜʠʪʝʣʝʡ 

ʕʣʝʢʪʨʦʠʥʩʪʨʫʤʝʥʪʘ (The European Power Tools Association ï ʜʘʣʝʝ ɸʩʩʦʮʠʘʮʠʷ ɽʈʊɸ) 

ʚʳʧʫʩʪʠʣʘ ʢʦʨʧʦʨʘʪʠʚʥʳʡ ʩʪʘʥʜʘʨʪ çʄʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʷ ʝʜʠʥʠʯʥʦʡ ʵʥʝʨʛʠʠ ʫʜʘʨʘ 

ʧʝʨʬʦʨʘʪʦʨʦʚ ʠ ʦʪʙʦʡʥʳʭ ʤʦʣʦʪʢʦʚè  (Procedure 05 ñMeasurement of the single impact energy 

of rotary hammers and breakersò ï  ʜʘʣʝʝ ʄʝʪʦʜʠʢʘ, ʄʝʪʦʜʠʢʘ ɽʈʊɸ). ɺ ʦʢʪʷʙʨʝ 2016 ʛʦʜʘ 
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ʚʳʰʣʘ ʝʛʦ ʚʪʦʨʘʷ ʨʝʜʘʢʮʠʷ [1]. ʉ 1 ʷʥʚʘʨʷ 2018 ʛʦʜʘ ʚʩʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʵʣʝʢʪʨʦʠʥʩʪʨʫʤʝʥʪʘ, 

ʚʭʦʜʷʱʠʝ ʚ ʜʘʥʥʫʶ ɸʩʩʦʮʠʘʮʠʶ1, ʦʙʷʟʘʥʳ ʫʢʘʟʳʚʘʪʴ ʚ ʢʘʪʘʣʦʛʘʭ ʥʘ ʩʚʦʶ ʧʨʦʜʫʢʮʠʶ 

ʩʚʝʜʝʥʠʷ ʦʙ ʵʥʝʨʛʠʠ ʫʜʘʨʘ ʦʪʙʦʡʥʳʭ ʤʦʣʦʪʢʦʚ ʠ ʧʝʨʬʦʨʘʪʦʨʦʚ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʜʘʥʥʳʤ ʩʪʘʥʜʘʨʪʦʤ. 

ʄʳ ʧʨʝʜʣʘʛʘʝʤ ʯʠʪʘʪʝʣʷʤ ʩʪʘʪʴʶ, ʚ ʢʦʪʦʨʦʡ ʜʘʥ ʘʥʘʣʠʟ ʄʝʪʦʜʠʢʠ ɽʈʊɸ, ʘ ʪʘʢʞʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʝʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʠ ʜʦʨʘʙʦʪʢʝ. ʂ ʩʦʞʘʣʝʥʠʶ, ʄʝʪʦʜʠʢʘ 

ɽʈʊɸ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʦʧʫʙʣʠʢʦʚʘʥʘ (ʦʥʘ ʜʦʩʪʫʧʥʘ ʣʠʰʴ ʫʟʢʦʤʫ ʢʨʫʛʫ ʩʧʝʮʠʘʣʠʩʪʦʚ ʬʠʨʤ, 

ʚʭʦʜʷʱʠʭ ʚ ɸʩʩʦʮʠʘʮʠʶ ɽʈʊɸ). ɸʚʪʦʨʳ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʨʘʩʧʦʣʘʛʘʶʪ ʪʝʢʩʪʦʤ ʄʝʪʦʜʠʢʠ ʥʘ 

ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʝ, ʢʦʪʦʨʳʡ ʙʳʣ ʧʨʝʜʦʩʪʘʚʣʝʥ ʠʤ ʦʜʥʦʡ ʠʟ ʦʨʛʘʥʠʟʘʮʠʡ, ʧʨʦʠʟʚʦʜʷʱʝʡ 

ʵʣʝʢʪʨʦʠʥʩʪʨʫʤʝʥʪ.  

ʄʳ ʧʦʣʘʛʘʝʤ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʮʠʪʠʨʦʚʘʪʴ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʝ ʬʨʘʛʤʝʥʪʳ ʄʝʪʦʜʠʢʠ ʥʘ ʷʟʳʢʝ 

ʦʨʠʛʠʥʘʣʘ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʥʝʪʦʯʥʦʩʪʝʡ ʚ ʧʝʨʝʚʦʜʝ ʠ ʠʩʢʣʶʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʜʚʫʩʤʳʩʣʝʥʥʦʛʦ ʪʦʣʢʦʚʘʥʠʷ ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʝʨʝʚʦʜʘ. 

ʇʨʝʞʜʝ ʯʝʤ ʧʨʠʩʪʫʧʠʪʴ ʢ ʘʥʘʣʠʟʫ ʄʝʪʦʜʠʢʠ ɽʈʊɸ, ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʪʝʨʤʠʥ çʵʥʝʨʛʠʷ 

ʝʜʠʥʠʯʥʦʛʦ ʫʜʘʨʘè. ɺ ʄʝʪʦʜʠʢʝ ʜʘʝʪʩʷ ʩʣʝʜʫʶʱʝʝ ʦʧʨʝʜʝʣʝʥʠʝ: 
 

(2) single impact energy ï energy content of the first impact impulse shock wave, generated when 

the beat piece hits the connection end of the test rod 
 

ʕʥʝʨʛʠʷ ʝʜʠʥʠʯʥʦʛʦ ʫʜʘʨʘ ï ʝʩʪʴ ʵʥʝʨʛʦʩʦʜʝʨʞʘʥʠʝ ʧʝʨʚʦʛʦ ʠʤʧʫʣʴʩʘ ʫʜʘʨʥʦʡ ʚʦʣʥʳ, 

ʚʦʟʥʠʢʘʶʱʝʡ ʧʨʠ ʫʜʘʨʝ ʧʨʦʤʤʘʩʩʳ ʧʦ ʭʚʦʩʪʦʚʠʢʫ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʰʪʘʥʛʠ. 

ɼʣʷ ʨʘʟʲʷʩʥʝʥʠʷ ʜʘʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʩʤʦʪʨʠʤ ʧʨʠʥʮʠʧʠʘʣʴʥʫʶ ʩʭʝʤʫ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʫʜʘʨʥʦʡ ʤʘʰʠʥʳ, ʧʦʢʘʟʘʥʥʫʶ ʥʘ ʨʠʩ. 1. ʊʘʢʘʷ ʤʘʰʠʥʘ ʫʜʘʨʥʦʛʦ ʜʝʡʩʪʚʠʷ ï ʙʫʜʴ ʪʦ 

ʦʪʙʦʡʥʳʡ ʤʦʣʦʪʦʢ ʠʣʠ ʧʝʨʬʦʨʘʪʦʨ ï ʩʦʩʪʦʠʪ ʠʟ ʢʦʨʧʫʩʘ 1, ʚ ʢʦʪʦʨʦʤ ʨʘʟʤʝʱʝʥ 

ʢʨʠʚʦʰʠʧʥʳʡ ʤʝʭʘʥʠʟʤ 2, ʫʜʘʨʥʠʢ 3, ʧʨʦʤʤʘʩʩʘ (ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʫʜʘʨʥʠʢ) 4, ʠ ʨʘʙʦʯʠʡ 

ʠʥʩʪʨʫʤʝʥʪ 5. 

ʎʠʢʣ ʫʜʘʨʥʦʡ ʤʘʰʠʥʳ ʚʢʣʶʯʘʝʪ 

ʨʘʙʦʯʠʡ ʠ ʭʦʣʦʩʪʦʡ ʭʦʜ. ʇʨʠ 

ʨʘʙʦʯʝʤ ʭʦʜʝ ʢʨʠʚʦʰʠʧʥʳʡ 

ʤʝʭʘʥʠʟʤ ʨʘʟʛʦʥʷʝʪ ʫʜʘʨʥʠʢ, 

ʧʦʩʣʝʜʥʠʡ ʥʘʥʦʩʠʪ ʫʜʘʨ ʧʦ 

ʧʨʦʤʤʘʩʩʝ, ʢʦʪʦʨʘʷ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʫʜʘʨʷʝʪ ʧʦ ʭʚʦʩʪʦʚʠʢʫ 

ʠʥʩʪʨʫʤʝʥʪʘ. ʅʘ ʭʦʣʦʩʪʦʤ ʭʦʜʫ ʟʘ 

ʩʯʝʪ ʨʘʟʨʷʞʝʥʠʷ ʢʨʠʚʦʰʠʧʥʳʡ 

ʤʝʭʘʥʠʟʤ ʚʦʟʚʨʘʱʘʝʪ ʫʜʘʨʥʠʢ ʚ 

ʠʩʭʦʜʥʦʝ ʧʦʣʦʞʝʥʠʝ (ʚʚʝʨʭ). 

ʋʜʘʨʳ ʧʦʚʪʦʨʷʶʪʩʷ ʩ ʯʘʩʪʦʪʦʡ 

ʦʢʦʣʦ 50 ɻʮ. 

ʊʨʘʜʠʮʠʦʥʥʦ ʧʦʜ ʵʥʝʨʛʠʝʡ ʫʜʘʨʘ ʤʘʰʠʥʳ 

ʫʜʘʨʥʦʛʦ ʜʝʡʩʪʚʠʷ ʧʦʥʠʤʘʝʪʩʷ ʢʠʥʝʪʠʯʝʩʢʘʷ 

ʵʥʝʨʛʠʷ ʫʜʘʨʥʠʢʘ ʧʝʨʝʜ ʝʛʦ ʫʜʘʨʦʤ ʧʦ 

ʨʘʙʦʯʝʤʫ ʠʥʩʪʨʫʤʝʥʪʫ [2-4]. ɺ ʄʝʪʦʜʠʢʝ 

ɽʈʊɸ ʦʙʲʝʢʪʦʤ ʠʟʤʝʨʝʥʠʡ ʷʚʣʷʝʪʩʷ ʧʝʨʚʘʷ 

ʫʜʘʨʥʘʷ ʚʦʣʥʘ, ʚʦʟʥʠʢʘʶʱʘʷ ʧʨʠ ʫʜʘʨʝ ʚ 

ʠʥʩʪʨʫʤʝʥʪʝ. ɺ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʵʪʘ ʚʦʣʥʘ ʥʦʩʠʪ ʩʧʝʮʠʘʣʴʥʦʝ ʥʘʟʚʘʥʠʝ ï ʫʜʘʨʥʳʡ 

ʠʤʧʫʣʴʩ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʄʝʪʦʜʠʢʝ ɽʈʊɸ ʧʦʜ ʝʜʠʥʠʯʥʦʡ ʵʥʝʨʛʠʝʡ ʫʜʘʨʘ ʧʦʥʠʤʘʝʪʩʷ 

                                                           
1 ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ɽʈʊɸ ʚʭʦʜʷʪ 16 ʢʨʫʧʥʝʡʰʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ: Hilti , 

BOSCH, Makita, Hitachi, Ingersoll Rand, Metabo, SPARKY, BAIER, ʀʥʪʝʨʩʢʦʣ ʠ ʜʨ. 

ʈʠʩ. 1. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ  

ʫʜʘʨʥʦʡ ʤʘʰʠʥʳ 

1 ï ʢʦʨʧʫʩ; 2 ï ʢʨʠʚʦʰʠʧʥʳʡ ʤʝʭʘʥʠʟʤ; 3 ï 

ʫʜʘʨʥʠʢ:  

4 ï ʧʨʦʤʤʘʩʩʘ; 5 ï ʨʘʙʦʯʠʡ ʠʥʩʪʨʫʤʝʥʪ;  

6 ï ʫʜʘʨʥʳʡ ʠʤʧʫʣʴʩ 
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ʵʥʝʨʛʠʷ ʫʜʘʨʥʦʛʦ ʠʤʧʫʣʴʩʘ. ʀʤʝʥʥʦ ʵʪʘ ʬʠʟʠʯʝʩʢʘʷ ʚʝʣʠʯʠʥʘ ʧʦʜʣʝʞʠʪ ʠʟʤʝʨʝʥʠʶ ʠ 

ʜʝʢʣʘʨʠʨʦʚʘʥʠʶ. 

ʕʥʝʨʛʠʷ ʫʜʘʨʥʦʛʦ ʠʤʧʫʣʴʩʘ ʙʦʣʝʝ ʧʦʣʥʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʜʘʨʥʦʡ ʤʘʰʠʥʳ, 

ʧʦʩʢʦʣʴʢʫ ʵʪʦ ʵʥʝʨʛʠʷ, ʧʝʨʝʜʘʥʥʘʷ ʤʘʰʠʥʦʡ ʩʚʦʝʤʫ ʠʥʩʪʨʫʤʝʥʪʫ, ʢʦʪʦʨʳʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʩʦʚʝʨʰʘʝʪ ʧʦʣʝʟʥʫʶ ʨʘʙʦʪʫ ʧʦ ʫʜʘʨʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ. 

ʉʦʧʦʩʪʘʚʠʤ ʵʥʝʨʛʠʶ ʫʜʘʨʥʦʛʦ ʠʤʧʫʣʴʩʘ ʠ ʵʥʝʨʛʠʶ ʫʜʘʨʘ ʚ ʝʝ ʪʨʘʜʠʮʠʦʥʥʦʤ ʧʦʥʠʤʘʥʠʠ.  

ʇʫʩʪʴ ʤʘʩʩʘ ʫʜʘʨʥʠʢʘ ὓ, ʝʛʦ ʧʨʝʜʫʜʘʨʥʘʷ ʩʢʦʨʦʩʪʴ ὠ ʠ ʩʢʦʨʦʩʪʴ ʦʪʩʢʦʢʘ ὠ, ʧʨʦʤʤʘʩʩʘ 

ʠʤʝʝʪ ʤʘʩʩʫ ά ʠ ʝʝ ʩʢʦʨʦʩʪʴ ʦʪʩʢʦʢʘ ʧʨʠ ʫʜʘʨʝ ὺ, ʵʥʝʨʛʠʷ ʫʜʘʨʥʦʛʦ ʠʤʧʫʣʴʩʘ ὡ. ʊʦʛʜʘ ʜʣʷ 
ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʭʝʤʳ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʫʜʘʨʥʦʡ ʤʘʰʠʥʳ ʠʤʝʝʤ ʫʨʘʚʥʝʥʠʝ ʙʘʣʘʥʩʘ ʵʥʝʨʛʠʠ ʚ 

ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʧʝʨʠʦʜʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ 
 

ὓὠ

ς
 ὤ ᾀ  

ὓὠ

ς
 
άὺ

ς
 ὤ ᾀ ὡ ὗȟ                                      ρ 

 

ʛʜʝ  ὤ , ᾀ  ʠ ὤ , ᾀï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ 
ʫʜʘʨʥʠʢʘ ʠ ʧʨʦʤʤʘʩʩʳ ʜʦ ʠ ʧʦʩʣʝ ʫʜʘʨʘ; ὗ ï ʩʦʚʦʢʫʧʥʳʝ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʥʘ ʩʦʧʫʪʩʪʚʫʶʱʠʝ 

ʫʜʘʨʫ ʷʚʣʝʥʠʷ (ʪʨʝʥʠʝ, ʠʟʣʫʯʝʥʠʝ ʟʚʫʢʘ, ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʶ, ʤʘʛʥʠʪʦʠʥʜʫʢʮʠʶ ʠ ʜʨ.). 

ʇʦʩʢʦʣʴʢʫ  ὤ ὤ  ʠ  ᾀ ᾀ (ʚ ʩʠʣʫ ʟʘʪʫʭʘʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʚ ʪʝʯʝʥʠʝ 

ʨʘʙʦʯʝʛʦ ʮʠʢʣʘ ʤʘʰʠʥʳ), ʠʟ ʬʦʨʤʫʣʳ (1) ʩʣʝʜʫʝʪ, ʯʪʦ ʵʥʝʨʛʠʷ ʫʜʘʨʥʦʛʦ ʠʤʧʫʣʴʩʘ ὡ ʚʩʝʛʜʘ 

ʤʝʥʴʰʝ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʫʜʘʨʥʠʢʘ, ʪ.ʝ. ʵʥʝʨʛʠʠ ʫʜʘʨʘ ʚ ʝʝ ʪʨʘʜʠʮʠʦʥʥʦʤ ʧʦʥʠʤʘʥʠʠ. 

ʈʘʟʥʠʮʘ ʚ ʵʥʝʨʛʠʷʭ ʤʦʞʝʪ ʙʳʪʴ ʟʥʘʯʠʪʝʣʴʥʦʡ, ʧʦʵʪʦʤʫ ʧʝʨʝʭʦʜ ʢ ʄʝʪʦʜʠʢʝ ɽʈʊɸ, ʪ.ʝ. 

ʧʝʨʝʭʦʜ ʢ ʥʦʨʤʠʨʦʚʘʥʠʶ ʵʥʝʨʛʠʠ ʫʜʘʨʥʦʛʦ ʠʤʧʫʣʴʩʘ, ʧʨʠʚʝʣ ʢ ʨʝʟʢʦʤʫ ʩʥʠʞʝʥʠʶ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʫʜʘʨʥʳʭ ʤʘʰʠʥ, ʢʦʪʦʨʦʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʢʘʪʘʣʦʛʘʭ 

ʚʝʜʫʱʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʵʣʝʢʪʨʦʠʥʩʪʨʫʤʝʥʪʘ ʩ 2009 ʛʦʜʘ. 

ʕʥʝʨʛʠʷ ʫʜʘʨʥʦʛʦ ʠʤʧʫʣʴʩʘ ʠʟʤʝʨʷʝʪʩʷ ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʡ 

ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʦʡ ʘʧʧʘʨʘʪʫʨʳ ʠ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʚ ʚʠʜʝ ʜʣʠʥʥʳʭ 

ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʰʪʘʥʛ ʩ ʪʝʥʟʦʜʘʪʯʠʢʘʤʠ (ʪʝʥʟʦʨʝʟʠʩʪʦʨʘʤʠ) [1, 5-8]. ʕʥʝʨʛʠʷ ʫʜʘʨʥʦʛʦ 

ʠʤʧʫʣʴʩʘ ὡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʫʣʦʡ  

ὡ ὧὉὛ‐ ὸὨὸȟ                                                                     ς 

 

ʛʜʝ ὧ ï ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ ʚ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʰʪʘʥʛʝ; Ὁ ï ʤʦʜʫʣʴ ʖʥʛʘ ʰʪʘʥʛʠ; Ὓ ï ʧʣʦʱʘʜʴ 
ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʰʪʘʥʛʠ; Ὕ ï ʜʣʠʪʝʣʴʥʦʩʪʴ ʫʜʘʨʥʦʛʦ ʠʤʧʫʣʴʩʘ; ‐ ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ 
ʜʝʬʦʨʤʘʮʠʷ ʫʯʘʩʪʢʘ ʰʪʘʥʛʠ ʧʦʜ ʪʝʥʟʦʜʘʪʯʠʢʦʤ; ὸ ï ʚʨʝʤʷ. 

ʄʝʪʦʜʠʢʘ ɽʈʊɸ ʬʦʨʤʫʣʠʨʫʝʪ ʦʙʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʤʝʪʦʜʫ ʠ ʩʨʝʜʩʪʚʘʤ ʠʟʤʝʨʝʥʠʷ ʵʥʝʨʛʠʠ 

ʫʜʘʨʥʦʛʦ ʠʤʧʫʣʴʩʘ ʠ ʤʝʪʦʜʫ ʠʩʧʳʪʘʥʠʡ ʨʫʯʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʫʜʘʨʥʦʡ ʤʘʰʠʥʳ. 

ʄʳ ʙʫʜʝʤ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʄʝʪʦʜʠʢʫ ɽʈʊɸ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʋʩʪʘʥʦʚʢʦʡ çʋʀʇʋ-4ʄè2 [8] ʠ 

ʦʪʝʯʝʩʪʚʝʥʥʳʤ ʩʪʘʥʜʘʨʪʦʤ ʥʘ ʦʪʙʦʡʥʳʝ ʤʦʣʦʪʢʠ ɻʆʉʊ 55162 ï 2012 [7]. 

ʋʩʪʘʥʦʚʢʘ  çʋʀʇʋ-4ʄè  ʨʘʟʨʘʙʦʪʘʥʘ  ʆʆʆ çʋɼɸʈʄɸʐè ʥʘ ʙʘʟʝ ʩʝʨʠʠ  ʫʩʪʘʥʦʚʦʢ 

çʋʀʇʋè [6, 8] ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʨʘʟʚʠʪʠʷ ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʫʜʘʨʘ ʟʘ ʧʦʩʣʝʜʥʠʝ 50 ʣʝʪ. 

ɺ ɻʆʉʊ 55162 ï 2012 çʆʙʦʨʫʜʦʚʘʥʠʝ ʛʦʨʥʦ-ʰʘʭʪʥʦʝ. ʄʦʣʦʪʢʠ ʦʪʙʦʡʥʳʝ ʧʥʝʚʤʘʪʠʯʝʩʢʠʝ. 

ʊʨʝʙʦʚʘʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʤʝʪʦʜʳ ʠʩʧʳʪʘʥʠʡè ʠʟʣʦʞʝʥ ʩʦʚʝʪʩʢʠʡ ʠ ʨʦʩʩʠʡʩʢʠʡ ʦʧʳʪ 

ʠʩʧʳʪʘʥʠʡ ʨʫʯʥʳʭ ʤʘʰʠʥ ʫʜʘʨʥʦʛʦ ʜʝʡʩʪʚʠʷ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ, 

ʚʠʙʨʘʮʠʦʥʥʳʭ ʠ ʰʫʤʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʅʘʯʘʪʴ ʘʥʘʣʠʟ ʄʝʪʦʜʠʢʠ ɽʈʊɸ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʩ ʧʨʠʙʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʵʥʝʨʛʠʠ ʫʜʘʨʥʦʛʦ ʠʤʧʫʣʴʩʘ. 

 

                                                           
2 çʋʀʇʋè ï  ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʀʟʤʝʨʝʥʠʷ ʇʘʨʘʤʝʪʨʦʚ ʋʜʘʨʘ. 
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2. ʀʟʤʝʨʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʠ ʢʘʣʠʙʨʦʚʢʘ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʪʨʘʢʪʘ.  

ʀʟʤʝʨʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʩʦʛʣʘʩʥʦ ʄʝʪʦʜʠʢʝ ɽʈʊɸ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ 2. ʆʥʘ ʩʦʩʪʦʠʪ ʠʟ 

ʵʣʝʢʪʨʦʠʥʩʪʨʫʤʝʥʪʘ (ʤʦʣʦʪʢʘ), ʚ ʧʘʪʨʦʥ ʢʦʪʦʨʦʛʦ ʫʩʪʘʥʦʚʣʝʥʘ ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʰʪʘʥʛʘ, 

ʙʝʪʦʥʥʦʛʦ ʙʣʦʢʘ, ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʦʛʦ ʫʩʠʣʠʪʝʣʷ ʠ ʮʠʬʨʦʚʦʛʦ ʟʘʧʠʩʳʚʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ. 

(4.2) A test rod with a tool connection end as recommended by the manufacturer shall be used. On hammers with a 

hexagon tool holder, the diameter of the test rod equals the width across flats of the corresponding tool bit. Itôs 

recommended that there are no steps along the entire length of the test rod. To ensure a central impact, the connection 

end of the test rod shall be convex with a radius of maximum 100 mm. 

Test rods shall be made of steel such as 115 Cr V 3. Both ends shall be hardened to (55 Ñ 5) HRC or equivalent HRA. 

In the area where the strain gauges are applied the test rod shall have the same hardness over the whole cross section.  

The Young's modulus of the test rod is fixed at 210 GPa. Calculations shall be done with a constant Poisson's ratio of 

0,29. The value of the density is given as 7 850 kg/m.. The velocity of sound in steel is 5 180 m/s. 

ʀʟʤʝʨʠʪʝʣʴʥʘʷ ʰʪʘʥʛʘ ʠʟʛʦʪʘʚʣʠʚʘʝʪʩʷ ʠʟ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ ʩʪʘʣʠ ʤʘʨʢʠ 115 Cr V 3, 

ʢʦʥʮʳ ʢʦʪʦʨʦʡ ʟʘʢʘʣʠʚʘʶʪ ʜʦ ʪʚʝʨʜʦʩʪʠ 

(55 Ñ 5) HRC. ʍʚʦʩʪʦʚʠʢ ʰʪʘʥʛʠ ʚʳʧʦʣʥʷʝʪʩʷ 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʠʟʛʦʪʦʚʠʪʝʣʷ 

ʵʣʝʢʪʨʦʠʥʩʪʨʫʤʝʥʪʘ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʮʝʥʪʨʘʣʴʥʦʩʪʠ ʫʜʘʨʘ ʪʦʨʝʮ ʭʚʦʩʪʦʚʠʢʘ ʰʪʘʥʛʠ 

ʜʦʣʞʝʥ ʠʤʝʪʴ ʨʘʜʠʫʩ ʥʝ ʙʦʣʝʝ 100 ʤʤ3.  

ʈʝʢʦʤʝʥʜʫʝʪʩʷ, ʯʪʦʙʳ ʧʦ ʚʩʝʡ ʜʣʠʥʝ 

ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʰʪʘʥʛʠ ʥʝ ʙʳʣʦ ʫʩʪʫʧʦʚ 

(ʙʫʨʪʦʚ). ʐʪʘʥʛʘ ʚʳʙʠʨʘʝʪʩʷ ʪʘʢ, ʯʪʦʙʳ 

ʫʜʘʨʥʳʡ ʠʤʧʫʣʴʩ ʧʦʣʥʦʩʪʴʶ ʫʢʣʘʜʳʚʘʣʩʷ ʧʦ 

ʝʝ ʜʣʠʥʝ, ʘ ʦʪʨʘʞʝʥʥʘʷ ʦʪ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʛʦ 

ʢʦʥʮʘ ʰʪʘʥʛʠ ʚʦʣʥʘ (ʦʪʨʘʞʝʥʥʳʡ ʠʤʧʫʣʴʩ) ʥʝ 

ʥʘʢʣʘʜʳʚʘʣʘʩʴ ʥʘ ʥʝʛʦ. 

ʅʘ ʠʟʤʝʨʠʪʝʣʴʥʫʶ ʰʪʘʥʛʫ ʜʠʘʤʝʪʨʘʣʴʥʦ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʥʘʢʣʝʠʚʘʶʪʩʷ 4 ʦʜʠʥʘʢʦʚʳʭ 

ʪʝʥʟʦʜʘʪʯʠʢʘ (ʪʝʥʟʦʨʝʟʠʩʪʦʨʘ): ʜʚʘ ʚʜʦʣʴ ʦʩʠ 

ʰʪʘʥʛʠ ʠ ʜʚʘ ʧʦʧʝʨʝʢ ʦʩʠ. ɼʘʪʯʠʢʠ 

ʩʦʝʜʠʥʷʶʪʩʷ ʧʦ ʤʦʩʪʦʚʦʡ ʩʭʝʤʝ (ʤʦʩʪ 

ʋʠʪʩʪʦʥʘ). 

ʈʝʢʦʤʝʥʜʫʝʤʘʷ ʜʣʠʥʘ ʰʪʘʥʛʠ ʠ ʤʝʩʪʦ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʪʝʥʟʦʜʘʪʯʠʢʦʚ ʜʘʥʳ ʚ ʊʘʙʣʠʮʝ 

1 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʠʘʤʝʪʨʘ ʰʪʘʥʛʠ ʠ ʪʠʧʘ 

ʝʝ ʭʚʦʩʪʦʚʠʢʘ 
ʌʠʟʠʯʝʩʢʠʝ ʢʦʥʩʪʘʥʪʳ ʠʟʤʝʨʠʪʝʣʴʥʦʡ 

ʰʪʘʥʛʠ ʞʝʩʪʢʦ ʟʘʜʘʥʳ: ʩʪʘʣʴ 115 Cr V 3, 

ʧʣʦʪʥʦʩʪʴ ï 7850 ʢʛ/ʤ3, ʤʦʜʫʣʴ ʖʥʛʘ ï 

210 ɻʇʘ, ʩʢʦʨʦʩʪʴ ʧʨʦʜʦʣʴʥʦʡ ʚʦʣʥʳ 

(ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ) ï 5180 ʤ/ʩ, ʢʦʵʬʬʠʮʠʝʥʪ 

ʇʫʘʩʩʦʥʘ ï 0,29. 
(4.3) The concrete block shall have the minimum 

dimensions 800 mm x 500 mm and 200 mm in height and 

a compressive strength from 40 N/mm. to 50 N/mm. 

                                                           
3 ɺ ʄʝʪʦʜʠʢʝ ɽʈʊɸ ʥʝ ʫʢʘʟʘʥʦ, ʢʘʢʦʚʘ ʜʦʣʞʥʘ ʙʳʪʴ ʛʝʦʤʝʪʨʠʷ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʛʦ ʪʦʨʮʘ ʰʪʘʥʛʠ. 

ʈʠʩ. 2. ʀʟʤʝʨʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʩʦʛʣʘʩʥʦ  

ʄʝʪʦʜʠʢʝ ɽʈʊɸ 

ʊʘʙʣʠʮʘ 1 ï ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʠʟʤʝʨʠʪʝʣʴʥʳʭ 

ʰʪʘʥʛ 

ʊʠʧ  

ʭʚʦʩʪʦʚʠʢʘ 

ɼʠʘʤʝʪʨ 

ʰʪʘʥʛʠ  

ʤʤ 

ɼʣʠʥʘ 

ʰʪʘʥʛʠ ʤʤ 

ʈʘʩʩʪʦʷʥʠʝ 

ʦʪ ʪʦʨʮʘ  

ʭʚʦʩʪʦʚʠʢʘ 

ʜʦ 

ʪʝʥʟʦʜʘʪʯʠ-

ʢʦʚ, ʤʤ 

 SDS-PLUS (TE-C) 10 600 150 

 SDS-TOP (TE-T) 14 600 150 

 SDS-MAX (TE-Y) 18 800 200 
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ʈʘʟʤʝʨʳ ʙʝʪʦʥʥʦʛʦ ʙʣʦʢʘ ʜʦʣʞʥʳ ʙʳʪʴ ʥʝ ʤʝʥʝʝ 800 ʤʤ ³ 500 ʤʤ, ʘ ʚʳʩʦʪʘ ʥʝ ʤʝʥʝʝ 200 ʤʤ; 

ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʞʘʪʠʝ 40é50 ʅ/ʤʤ2. 
 

(4.4) For signal conditioning a DC strain amplifier shall be used. The cut-off frequency (-1 dB) of the amplifier shall be 

at least 100 kHz. If the amplifier has a cut-off-frequency of more than 100 kHz, the bandwidth shall be limited to 100 

kHz with built-in or external analogue low-pass filters (minimum 4th order and Bessel characteristics are 

recommended) to keep the signal noise low. Voltage supply: the bridge supply voltage shall be 5 V or higher with an 

accuracy of Ñ0,5 % during the measurement. 

Data acquisition: sampling rate Ó 1 MHz A/D-converter with at least 12 bit resolution. 

ʈʝʢʦʤʝʥʜʫʝʤʳʝ ʄʝʪʦʜʠʢʦʡ ɽʈʊɸ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣʠʮʝ 24. 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʫʜʘʨʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʚ ʄʝʪʦʜʠʢʝ ɽʈʊɸ ʧʨʠʤʝʥʝʥ ʫʩʠʣʠʪʝʣʴ ʧʦʩʪʦʷʥʥʦʛʦ 

ʪʦʢʘ, ʩʠʛʥʘʣ ʩ ʢʦʪʦʨʦʛʦ ʧʦʜʘʝʪʩʷ ʥʘ ʮʠʬʨʦʚʦʝ ʟʘʧʠʩʳʚʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ ï ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʡ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʠ ʢʦʤʧʴʶʪʝʨ, ʢʦʪʦʨʳʝ ʚʳʧʦʣʥʷʶʪ ʦʮʠʬʨʦʚʢʫ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 

ʫʩʠʣʠʪʝʣʷ, ʝʛʦ ʟʘʧʠʩʴ, ʦʙʨʘʙʦʪʢʫ ʠ ʨʘʩʯʝʪ ʵʥʝʨʛʠʠ ʫʜʘʨʥʦʛʦ ʠʤʧʫʣʴʩʘ. 

ʊʘʙʣʠʮʘ 2 ï ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  

ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʩʦʛʣʘʩʥʦ ʄʝʪʦʜʠʢʝ ɽʈʊɸ 

ʉʚʝʜʝʥʠʷ ʦ ʪʨʝʙʦʚʘʥʠʷʭ ʢ ʢʘʣʠʙʨʦʚʢʝ 

ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʪʨʘʢʪʘ ʚ ʄʝʪʦʜʠʢʝ ɽʈʊɸ ʥʝ 

ʧʨʠʚʦʜʷʪʩʷ. ʋʢʘʟʘʥʦ ʣʠʰʴ, ʯʪʦ ʧʝʨʝʜ ʢʘʞʜʳʤ 

ʠʟʤʝʨʝʥʠʝʤ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʢʦʨʨʝʢʮʠʶ 

ʥʫʣʷ ʩ ʫʯʝʪʦʤ ʚʝʩʘ ʠʩʧʳʪʳʚʘʝʤʦʛʦ 

ʵʣʝʢʪʨʦʠʥʩʪʨʫʤʝʥʪʘ. 

ʀʩʭʦʜʷ ʠʟ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʭʝʤʳ (ʨʠʩ. 2), 

ʄʝʪʦʜʠʢʘ ɽʈʊɸ ʜʘʝʪ ʩʣʝʜʫʶʱʫʶ ʬʦʨʤʫʣʫ 

ʜʣʷ ʨʘʩʯʝʪʘ ʵʥʝʨʛʠʠ ʫʜʘʨʥʦʛʦ ʠʤʧʫʣʴʩʘ 

ὡ : 

ὡ
τὧὉὛ

Ὧ‍Ὗ ρ ʈ
Ὗ ὸὨὸȟ       σ 

ʛʜʝ Ὧ ï ʢʦʬɻʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ 

ʪʝʥʟʦʫʩʠʣʠʪʝʣʷ; ‍ ï ʢʦʵʬʬʠʮʠʝʥʪ 

ʪʝʥʟʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʪʝʥʟʦʨʝʟʠʩʪʦʨʘ; Ὗ ï 

ʥʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ ʤʦʩʪʘ ʋʠʥʩʪʦʥʘ; ʈ ï 

ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ ʤʘʪʝʨʠʘʣʘ 

ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʰʪʘʥʛʠ; Ὗ ὸ ï ʠʟʤʝʨʷʝʤʳʡ 

ʩʠʛʥʘʣ ʧʦ ʥʘʧʨʷʞʝʥʠʶ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ὸ. 

(5.1.5) The test rod shall be properly earthed.  

NOTE It is recommended using ribbon cable for earthing the test rod.  

Only shielded measuring cord shall be used. 

ʄʝʪʦʜʠʢʘ ɽʈʊɸ ʪʨʝʙʫʝʪ, ʯʪʦʙʳ ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʰʪʘʥʛʘ ʙʳʣʘ ʜʦʣʞʥʳʤ ʦʙʨʘʟʦʤ ʟʘʟʝʤʣʝʥʘ, ʥʦ 

ʥʝ ʦʙʲʷʩʥʷʝʪ, ʯʪʦ ʟʥʘʯʠʪ çʜʦʣʞʥʳʤ ʦʙʨʘʟʦʤè.  

ʇʦ ʦʧʳʪʫ ʨʘʟʨʘʙʦʪʢʠ ʫʩʪʘʥʦʚʦʢ çʋʀʇʋè [6, 8] ʤʳ ʟʥʘʝʤ, ʯʪʦ ʥʘ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʩʠʛʥʘʣ 

ʚʣʠʷʶʪ ʧʦʤʝʭʠ ʵʣʝʢʪʨʦʩʝʪʠ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʚʦʣʥʳ ʚ ʯʘʩʪʦʪʥʦʤ ʚ ʜʠʘʧʘʟʦʥʝ ʜʦ 300 ʢɻʮ, ʘ 

ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʵʣʝʢʪʨʦʠʥʩʪʨʫʤʝʥʪʘ ï ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʧʦʤʝʭʠ, ʩʦʟʜʘʚʘʝʤʳʝ ʨʘʙʦʪʦʡ ʩʘʤʦʡ 

ʫʜʘʨʥʦʡ ʤʘʰʠʥʳ. 

ʋʤʝʥʴʰʠʪʴ ʚʣʠʷʥʠʝ ʵʪʠʭ ʧʦʤʝʭ ʤʦʞʥʦ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ:  

                                                           
4 ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʋʩʪʘʥʦʚʢʠ çʋʀʇʋ-4ʄè ʜʘʥʳ ʚ ʨʘʙʦʪʝ [8].  

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

 

ɿʥʘʯʝʥʠʝ 

ʂʦʣʠʯʝʩʪʚʦ ʪʝʥʟʦʨʝʟʠʩʪʦʨʦʚ 4 

ɼʣʠʥʘ ʩʝʪʢʠ ʪʝʥʟʦʨʝʟʠʩʪʦʨʘ < 6 ʤʤ 

ʕʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʪʝʥʟʦʨʝʟʠʩʪʦʨʘ 
> 350 ʆʤ 

ʏʘʩʪʦʪʥʳʡ ʜʠʘʧʘʟʦʥ 

ʪʝʥʟʦʫʩʠʣʠʪʝʣʷ (ʧʦ ʫʨʦʚʥʶ ï1 ʜɹ) 
0 ɻʮé100 

ʢɻʮ 

ʅʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ ʤʦʩʪʘ 

ʪʝʥʟʦʜʘʪʯʠʢʦʚ 
Ó 5 ɺ 

ʅʝʩʪʘʙʠʣʴʥʦʩʪʴ ʥʘʧʨʷʞʝʥʠʷ 

ʧʠʪʘʥʠʷ ʪʝʥʟʦʜʘʪʯʠʢʦʚ 
< 0,5% 

ʈʘʟʨʷʜʥʦʩʪʴ ɸʎʇ Ó 12 ʙʠʪ 

ʏʘʩʪʦʪʘ ʜʠʩʢʨʝʜʠʪʘʮʠʠ 

ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʜʘʥʥʳʭ 

Ó 1 ʄɻʮ 
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- ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʘʚʪʦʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʜʣʷ ʧʠʪʘʥʠʷ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʳ; 

- ʛʘʣʴʚʘʥʠʯʝʩʢʦʡ ʨʘʟʚʷʟʢʠ ʮʝʧʝʡ ʧʠʪʘʥʠʷ ʵʣʝʢʪʨʦʠʥʩʪʨʫʤʝʥʪʘ ʠ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ; 

- ʟʘʟʝʤʣʝʥʠʷ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʠ ʰʪʘʥʛʠ ʚ ʝʜʠʥʦʡ ʪʦʯʢʝ. 

ʕʥʝʨʛʠʷ ʫʜʘʨʥʦʛʦ ʠʤʧʫʣʴʩʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʫʪʝʤ ʢʦʩʚʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʜʣʷ ʥʝʝ ʥʝʪ 

ʦʙʨʘʟʮʦʚʳʭ ʤʝʨ, ʩ ʢʦʪʦʨʳʤʠ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʩʦʧʦʩʪʘʚʠʪʴ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ʊʦ ʝʩʪʴ 

ʤʦʞʥʦ ʦʪʢʘʣʠʙʨʦʚʘʪʴ ʪʝʥʟʦʫʩʠʣʠʪʝʣʴ ʠ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʪʨʘʢʪ, ʚʳʧʦʣʥʠʪʴ ʨʘʩʯʝʪʳ ʧʦ 

ʬʦʨʤʫʣʘʤ (2) ʠ (3), ʥʦ ʦʩʪʘʝʪʩʷ ʚʦʧʨʦʩ: çʥʘʩʢʦʣʴʢʦ ʨʝʟʫʣʴʪʘʪ ʠʟʤʝʨʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʨʝʘʣʴʥʦʡ ʵʥʝʨʛʠʠ?è. 

ʄʝʪʦʜʠʢʘ ɽʈʊɸ ʧʨʝʜʣʘʛʘʝʪ ʩʣʝʜʫʶʱʝʝ ʨʝʰʝʥʠʝ ʵʪʦʛʦ ʚʦʧʨʦʩʘ. 
 

(4.5) The test rod shall be validated with the applied strain gauges by a drop test with a massé 

To validate the measuring chain the kinetic energy of a drop weight, which hits the test rod, is compared with the 

impact energy. 

For that purpose a dedicated drop rig shall be used, where the drop weight is properly guided, either accelerated by 

gravity or by suitable drives (e.g. pressured air). The impact velocity ὺ  and the recoil velocity of the drop weight 

ὺ  shall be measured with suitable equipment (e.g. laser light barrier) to a maximum allowable uncertainty of 1 % 

of measured velocity. The recoil velocity of the drop weight shall be measured before the reflected wave in the rod 

arrives at the connection end. 
 

Note. If the drop weight rebounds after arrival of the reflected wave at the connection end, the recoil velocity is 

consequently regarded to be zero.  
 

The applied kinetic energy of the drop weight should be chosen close to the expected value of the impact energy the 

velocity of the drop weight being (10 Ñ 3) m/s. The difference between the determined energy by the drop test rig and 

the measured energy, see equation (17), which includes the complete measurement chain, shall be smaller than 10 %, 

otherwise the test rod is not valid. 

ʅʘʜʦ ʧʨʦʚʝʩʪʠ ʧʨʦʚʝʨʦʯʥʦʝ ʠʩʧʳʪʘʥʠʝ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʰʪʘʥʛʠ ʧʫʪʝʤ ʩʙʨʘʩʳʚʘʥʠʷ ʥʘ ʥʝʝ 

ʛʨʫʟʘ ʥʝʢʦʪʦʨʦʡ ʤʘʩʩʳ ά̄  ʩ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʝʡ ʫʜʘʨʥʦʛʦ ʠʤʧʫʣʴʩʘ ʜʝʬʦʨʤʘʮʠʠ, 

ʧʨʝʜʫʜʘʨʥʦʡ ʩʢʦʨʦʩʪʠ ʛʨʫʟʘ ὺ  ʠ ʩʢʦʨʦʩʪʠ ʝʛʦ ʦʪʩʢʦʢʘ ὺ . ʇʨʠ ʵʪʦʤ ʨʘʟʥʦʩʪʴ 

ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʛʨʫʟʘ Ўὃ ʜʦ ʫʜʘʨʘ ʠ ʧʦʩʣʝ ʥʝʛʦ ʥʝʦʙʭʦʜʠʤʦ ʩʨʘʚʥʠʪʴ ʩ ʵʥʝʨʛʠʝʡ 

ʫʜʘʨʥʦʛʦ ʠʤʧʫʣʴʩʘ, ʨʘʩʩʯʠʪʘʥʥʦʡ ʧʦ ʬʦʨʤʫʣʝ (3): 
 

Ўὃ
ά̄

ς
ὺ

ά̄

ς
ὺ Ȣ                     

ʀʟʤʝʨʠʪʝʣʴʥʘʷ ʰʪʘʥʛʘ ʧʨʠʟʥʘʝʪʩʷ ʛʦʜʥʦʡ ʜʣʷ 

ʠʟʤʝʨʝʥʠʡ ʧʦ ʄʝʪʦʜʠʢʝ ɽʈʊɸ, ʝʩʣʠ ʟʥʘʯʝʥʠʷ Ўὃ ʠ 

ὡ  ʦʪʣʠʯʘʶʪʩʷ ʤʝʥʝʝ ʯʝʤ ʥʘ 10 %. 

ʉʭʝʤʘ ʧʨʦʚʝʨʦʯʥʦʛʦ ʠʩʧʳʪʘʥʠʷ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 4. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʡ ʩʭʝʤʳ ʠʩʧʦʣʴʟʫʶʪ ʩʧʝʮʠʘʣʴʥʳʡ 

ʩʪʝʥʜ, ʢʦʥʩʪʨʫʢʮʠʶ ʢʦʪʦʨʦʛʦ ʄʝʪʦʜʠʢʘ ɽʈʊɸ ʥʝ ʜʘʝʪ. 

ʀʤʝʪʁʩʷ ʪʦʣʴʢʦ ʩʣʝʜʫʶʱʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ: ʨʘʟʛʦʥ 

ʛʨʫʟʘ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʢʘʢ ʟʘ ʩʯʝʪ ʩʠʣʳ ʪʷʞʝʩʪʠ, 

ʪʘʢ ʠ ʩʞʘʪʳʤ ʚʦʟʜʫʭʦʤ; ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʠ ʛʨʫʟʘ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʧʪʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʩ 

ʣʘʟʝʨʥʳʤʠ ʣʫʯʘʤʠ, ʧʨʦʭʦʜʷʱʠʤʠ ʯʝʨʝʟ ʜʠʘʬʨʘʛʤʫ. 
ʊʨʝʙʦʚʘʥʠʷ ʢ ʩʙʨʘʩʳʚʘʝʤʦʤʫ ʛʨʫʟʫ ʚ ʄʝʪʦʜʠʢʝ ɽʈʊɸ 

ʪʘʢʞʝ ʥʝ ʫʢʘʟʘʥʳ, ʦʜʥʘʢʦ ʥʘ ʨʠʩ. 4 ʧʦʢʘʟʘʥ ʛʨʫʟ 

ʨʘʚʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʩ ʠʟʤʝʨʠʪʝʣʴʥʦʡ 

ʰʪʘʥʛʦʡ ʠ ʧʣʦʩʢʠʤ ʩʦʫʜʘʨʷʝʤʳʤ ʪʦʨʮʦʤ. ʊʘʢʞʝ 

ʥʠʯʝʛʦ ʥʝ ʩʢʘʟʘʥʦ ʦ ʩʦʦʩʥʦʩʪʠ ʩʦʫʜʘʨʝʥʠʷ ʛʨʫʟʘ ʩʦ 

ʰʪʘʥʛʦʡ ʠ ʮʝʥʪʨʘʣʴʥʦʩʪʠ ʫʜʘʨʘ, ʯʪʦ ʚʘʞʥʦ, ʪ.ʢ. 

ʈʠʩ. 4. ʉʭʝʤʘ ʠʩʧʳʪʘʥʠʡ  

ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʰʪʘʥʛʠ 
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ʠʟʛʠʙʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʠʩʢʘʞʘʶʪ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʩʠʛʥʘʣ. 
ʉʢʦʨʦʩʪʴ ʫʜʘʨʘ ʥʦʨʤʠʨʫʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ (10 Ñ 3) ʤ/ʩ. ɼʦʧʫʩʪʠʤʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ 

ʩʢʦʨʦʩʪʠ ʫʜʘʨʘ ʠ ʩʢʦʨʦʩʪʠ ʦʪʩʢʦʢʘ 1 %. 
ɽʩʣʠ ʛʨʫʟ ʦʪʩʢʘʢʠʚʘʝʪ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʦʪʨʘʞʝʥʥʘʷ ʚʦʣʥʘ ʚ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʰʪʘʥʛʝ ʜʦʩʪʠʛʣʘ ʝʝ 

ʭʚʦʩʪʦʚʠʢʘ, ʪʦ ʩʢʦʨʦʩʪʴ ʦʪʩʢʦʢʘ ʧʨʠʥʠʤʘʶʪ ʨʘʚʥʦʡ ʥʫʣʶ5. 

ʈʘʩʩʤʦʪʨʠʤ ʙʘʣʘʥʩ ʵʥʝʨʛʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʨʦʚʝʨʦʯʥʦʤʫ ʠʩʧʳʪʘʥʠʶ ʠʟʤʝʨʠʪʝʣʴʥʦʡ 

ʰʪʘʥʛʠ: 

ά̄

ς
ὺ ὡ  

ά̄

ς
ὺ  ὤ ὗȟ                                                τ 

ʛʜʝ ὤ ï ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʛʨʫʟʘ. 

ʀʟ (4) ʩʣʝʜʫʝʪ 

 

Ўὃ ὡ  

Ўὃ

 ὤ ὗ

Ўὃ
  
ὤ ὗ

ὃ̄
 ȟ    ̄̅ ̆ ὃ̄  

ά̄

ς
ὺ Ȣ                                υ 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʝʦʤʝʪʨʠʠ ʛʨʫʟʘ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʝʛʦ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ  ὤ 

ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 10 % ʦʪ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʧʝʨʝʜ ʫʜʘʨʦʤ. ʉʦʦʪʥʦʰʝʥʠʝ (5) ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʰʪʘʥʛʘ, ʩʦʛʣʘʩʥʦ ʄʝʪʦʜʠʢʝ ɽʈʊɸ, ʜʦʣʞʥʘ ʙʳʪʴ ʧʨʠʟʥʘʥʘ ʥʝʧʨʠʛʦʜʥʦʡ ʜʣʷ 

ʠʟʤʝʨʝʥʠʡ, ʭʦʪʷ ʠʩʪʠʥʥʦʡ ʧʨʠʯʠʥʦʡ ʝʝ ʚʳʙʨʘʢʦʚʢʠ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʙʫʜʝʪ ʥʝʧʨʘʚʠʣʴʥʳʡ 

ʚʳʙʦʨ ʛʨʫʟʘ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʤʝʭʘʥʠʯʝʩʢʠʡ ʫʜʘʨ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʤʥʦʞʝʩʪʚʦʤ ʧʘʨʘʟʠʪʥʳʭ (ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʠʟʤʝʨʝʥʠʡ) ʷʚʣʝʥʠʡ (ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʷ, ʤʘʛʥʠʪʦʠʥʜʫʢʮʠʷ, ʪʨʠʙʦʵʬʬʝʢʪ ʠ ʜʨ.). ʆʥʠ 

ʛʝʥʝʨʠʨʫʶʪ ʧʦʤʝʭʠ, ʢʦʪʦʨʳʝ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʶʪ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ. ʕʪʠ ʧʦʤʝʭʠ ʤʦʞʥʦ 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʡ ʟʘʜʝʣʢʠ ʚʳʚʦʜʦʚ ʢʦʥʪʘʢʪʦʚ ʪʝʥʟʦʜʘʪʯʠʢʦʚ [8]. ɹʝʟ 

ʪʘʢʦʡ ʟʘʜʝʣʢʠ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʰʪʘʥʛʠ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 3é4 %6. 

ɸʥʘʣʦʛʠʯʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ ʚʳʟʳʚʘʶʪ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʰʪʘʥʛʠ ʠ ʨʘʩʢʣʝʧ ʝʝ ʪʦʨʮʘ. 

ʄʝʪʦʜʠʢʘ ɽʈʊɸ ʥʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʪʨʝʙʦʚʘʥʠʡ ʢ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʰʪʘʥʛ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʦ ʢʨʠʪʝʨʠʶ ʄʝʪʦʜʠʢʠ ɽʈʊɸ, ʛʦʜʥʦʡ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʟʥʘʥʘ ʠ ʥʝʩʪʘʙʠʣʴʥʘʷ ʰʪʘʥʛʘ 

ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʧʦʤʝʭ. 

ʇʨʦʚʝʨʢʘ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʰʪʘʥʛʠ, ʢʘʢ ʦʥʘ ʧʨʦʧʠʩʘʥʘ ʚ ʄʝʪʦʜʠʢʝ ɽʈʊɸ, ʥʝ ʧʦʟʚʦʣʷʝʪ 

ʦʧʨʝʜʝʣʠʪʴ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʵʥʝʨʛʠʠ ʫʜʘʨʥʦʛʦ ʠʤʧʫʣʴʩʘ ʵʣʝʢʪʨʦʠʥʩʪʨʫʤʝʥʪʘ, ʦʥʘ 

ʜʘʝʪ ʣʠʰʴ ʝʝ ʚʝʨʭʥʶʶ ʦʮʝʥʢʫ ï 10 %. ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʨʫʯʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ 

ʜʝʥʴ ʪʘʢʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʩʣʠʰʢʦʤ ʚʝʣʠʢʘ [8]. 

ɺ ʨʘʙʦʪʝ [9] ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʨʝʜʣʘʛʘʝʤʘʷ ʥʘʤʠ ʘʣʴʪʝʨʥʘʪʠʚʥʘʷ ʤʝʪʦʜʠʢʘ ʘʪʪʝʩʪʘʮʠʠ 

ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʰʪʘʥʛʠ ʠ ʠʟʤʝʨʝʥʠʷ ʵʥʝʨʛʠʠ ʫʜʘʨʥʦʛʦ ʠʤʧʫʣʴʩʘ ʩ ʧʦʤʦʱʴʶ ʋʩʪʘʥʦʚʢʠ 

çʋʀʇʋ-4ʄè. 

ʉʫʱʥʦʩʪʴ ʤʝʪʦʜʠʢʠ ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ. ɼʣʷ ʘʪʪʝʩʪʘʮʠʠ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʰʪʘʥʛʠ, 

ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʟʘʢʦʥʦʤ ʩʦʭʨʘʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ ʧʨʠ ʫʜʘʨʝ. ɿʘʧʠʰʝʤ ʝʛʦ ʚ 

ʩʢʘʣʷʨʥʦʤ ʚʠʜʝ (ʦʩʴ ʢʦʦʨʜʠʥʘʪ ʥʘʧʨʘʚʣʝʥʘ ʚ ʩʪʦʨʦʥʫ ʫʜʘʨʘ): 
 

                                                           
5 ɼʘʥʥʦʝ ʪʨʝʙʦʚʘʥʠʝ ʄʝʪʦʜʠʢʠ ɽʈʊɸ ʩʦʚʝʨʰʝʥʥʦ ʥʝʧʨʠʝʤʣʝʤʦ: ʠʩʢʣʶʯʠʪʴ ʥʘʣʦʞʝʥʠʝ ʧʨʷʤʦʛʦ ʠ 

ʦʪʨʘʞʝʥʥʦʛʦ ʠʤʧʫʣʴʩʦʚ ʤʦʞʥʦ ʧʨʘʚʠʣʴʥʳʤ ʚʳʙʦʨʦʤ ʛʝʦʤʝʪʨʠʠ ʛʨʫʟʘ, ʫʤʝʥʴʰʠʚ ʝʛʦ ʜʣʠʥʫ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʫʜʘʨʥʦʛʦ ʠʤʧʫʣʴʩʘ. 
6 ʆʆʆ çʋɼɸʈʄɸʐè ʨʘʟʨʘʙʦʪʘʥʳ ʧʨʝʮʠʟʠʦʥʥʳʝ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ (ʧʠʢʠ), ʚ ʢʦʪʦʨʳʭ 

ʚʣʠʷʥʠʝ ʫʢʘʟʘʥʥʳʭ ʬʘʢʪʦʨʦʚ ʤʠʥʠʤʘʣʴʥʦ, ʘ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʪʨʘʢʪʘ ʫʩʪʘʥʦʚʢʠ 

çʋʀʇʋ-4ʄè ʩ ʫʯʝʪʦʤ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʥʝ ʧʨʝʚʳʰʘʝʪ 0,15 % [8]. 
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άὺ  ὉὛ ‐ὸὨὸάὺ ȟ   ὺ πȢ                                        φ 

ʇʦʩʢʦʣʴʢʫ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ‐ὸ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʨʝʛʠʩʪʨʠʨʫʝʤʦʤʫ 

ʵʣʝʢʪʨʠʯʝʩʢʦʤʫ ʥʘʧʨʷʞʝʥʠʶ Ὗὸ, ʪ.ʝ. ‐ὸ ʇϽὟὸ, ʛʜʝ ʇ ï ʢʦʵʬʬʠʮʠʝʥʪ 
ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ, ʪʦ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ (6) ʩʣʝʜʫʝʪ 

 

ʇ
ά ὺ ὺ

ὉὛ᷿ ὟὸὨὸ
Ȣ                                                                           

 

ʌʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʢʦʵʬʬʠʮʠʝʥʪʘ ʇ ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ: ʦʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪ ɹʚʩʝʛʦ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʪʨʘʢʪʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʠ, 

ʚʢʣʶʯʘʷ ʪʝʥʟʦʜʘʪʯʠʢʠ, ʫʩʠʣʠʪʝʣʠ, ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʠ ʢʦʥʝʯʥʳʡ 

ʧʦʢʘʟʳʚʘʶʱʠʡ ʧʨʠʙʦʨ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʫʷ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ, 

ʤʳ ʬʘʢʪʠʯʝʩʢʠ ʧʨʦʚʦʜʠʤ ʩʢʚʦʟʥʫʶ ʢʘʣʠʙʨʦʚʢʫ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʪʨʘʢʪʘ. 

ʊʝʧʝʨʴ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʥʘ ʫʜʘʨʥʦʡ ʤʘʰʠʥʝ ʥʘʤ ʥʝ ʥʫʞʥʦ ʟʥʘʪʴ ʥʠ ʢʦʵʬʬʠʮʠʝʥʪ 

ʪʝʥʟʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʪʝʥʟʦʨʝʟʠʩʪʦʨʦʚ, ʥʠ ʥʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ ʪʝʥʟʦʜʘʪʯʠʢʦʚ, ʥʠ 

ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʪʝʥʟʦʫʩʠʣʠʪʝʣʷ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʥʩʦʥʘ, ʪ.ʝ. ʚʩʝ ʪʝ ʟʥʘʯʝʥʠʷ, 

ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʄʝʪʦʜʠʢʝ ɽʈʊɸ (ʩʤ. ʬʦʨʤʫʣʫ (3)). ɺʳʧʦʣʥʠʚ ʦʙʨʘʟʮʦʚʳʡ ʫʜʘʨ ʥʘ 

ʛʨʘʜʫʠʨʦʚʦʯʥʦʤ ʩʪʝʥʜʝ çʉɻʋ-3è7 ʫʩʪʘʥʦʚʢʠ çʋʀʇʋ-4ʄè ʠ ʦʧʨʝʜʝʣʠʚ ʢʦʵʬʬʠʮʠʝʥʪ ʇ, ʤʳ 
ʘʪʪʝʩʪʦʚʳʚʘʝʤ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ, ʘ ʵʥʝʨʛʠʶ ʫʜʘʨʥʦʛʦ ʠʤʧʫʣʴʩʘ ʨʘʩʩʯʠʪʳʚʘʝʤ 

ʧʦ ʬʦʨʤʫʣʝ: 
 

Ὁ ʇὧὉὛ Ὗɻ ὸὨὸȟ                                                                       χ 

 

ʛʜʝ Ὗ̞ ὸ ï ʫʜʘʨʥʳʡ ʠʤʧʫʣʴʩ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʠ ʨʘʙʦʪʝ ʤʘʰʠʥʳ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʝʪʦʜʠʢʠ ʪʘʢʦʚʳ: ʧʨʠ ʧʦʤʦʱʠ ʦʜʥʦʛʦ ʦʙʨʘʟʮʦʚʦʛʦ ʫʜʘʨʘ ʦʥʘ 

ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʪʨʘʢʪʘ ʇ, ʩʢʦʨʦʩʪʴ 
ʟʚʫʢʘ ʚ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʰʪʘʥʛʝ ὧ ʠ ʤʦʜʫʣʴ ʖʥʛʘ Ὁ ï ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʢʦʥʩʪʘʥʪʳ ʜʣʷ 

ʚʳʯʠʩʣʝʥʠʷ ʵʥʝʨʛʠʠ ʫʜʘʨʥʦʛʦ ʠʤʧʫʣʴʩʘ, ʚʭʦʜʷʱʠʝ ʚ ʬʦʨʤʫʣʫ (3). ʀ ʦʧʨʝʜʝʣʠʪʴ ʵʪʠ 

ʚʝʣʠʯʠʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʘ ʥʝ ʙʨʘʪʴ ʠʭ ʠʟ ʪʝʢʩʪʘ ʄʝʪʦʜʠʢʠ ɽʈʊɸ. ʇʦ ʥʘʰʠʤ ʦʮʝʥʢʘʤ 

ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʵʥʝʨʛʠʠ ʫʜʘʨʥʦʛʦ ʠʤʧʫʣʴʩʘ ʩ ʧʦʤʦʱʴʶ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʤʝʪʦʜʠʢʠ 

ʩʦʩʪʘʚʠʪ ʦʢʦʣʦ 3 % [9]. 

ʉʦʛʣʘʩʥʦ ʄʝʪʦʜʠʢʝ ɽʈʊɸ ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʧʠʢʘ ʜʦʣʞʥʘ ʙʳʪʴ ʠʟʛʦʪʦʚʣʝʥʘ ʠʟ ʩʪʘʣʠ ʤʘʨʢʠ 

115 Cr V 3. ɸʣʴʪʝʨʥʘʪʠʚʥʘʷ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʠʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʠʟʤʝʨʝʥʠʡ ʨʘʙʦʯʠʡ 

ʠʥʩʪʨʫʤʝʥʪ ʫʜʘʨʥʳʭ ʤʘʰʠʥ, ʠʤʝʶʱʝʡʩʷ ʚ ʨʦʟʥʠʯʥʦʡ ʧʨʦʜʘʞʝ, ʧʦʩʢʦʣʴʢʫ ʟʥʘʯʝʥʠʷ ʚʩʝʭ 

ʚʝʣʠʯʠʥ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʨʘʩʯʝʪʦʚ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠ, ʯʪʦ 

ʥʝʤʘʣʦʚʘʞʥʦ, ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʪʨʫʜʦʝʤʢʦʩʪʴʶ. 

ɸʣʴʪʝʨʥʘʪʠʚʥʘʷ ʤʝʪʦʜʠʢʘ ʘʪʪʝʩʪʘʮʠʠ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʧʠʢʠ ʠ ʠʟʤʝʨʝʥʠʷ ʵʥʝʨʛʠʠ ʫʜʘʨʥʦʛʦ 

ʠʤʧʫʣʴʩʘ ʙʳʣʘ ʘʧʨʦʙʠʨʦʚʘʥʘ ʆʆʆ çʋɼɸʈʄɸʐè ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʦʪʙʦʡʥʳʭ 

ʤʦʣʦʪʢʦʚ ʬʠʨʤ çʀʥʪʝʨʩʢʦʣè, çBOSCHè, çHiltiè ʠ çMakitaè, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʨʘʙʦʪʝ [8]. 

ʊʝʧʝʨʴ ʤʦʞʥʦ ʧʝʨʝʡʪʠ ʢ ʘʥʘʣʠʟʫ ʧʨʦʮʝʜʫʨʳ ʠʩʧʳʪʘʥʠʡ ʧʦ ʄʝʪʦʜʠʢʝ ɽʈʊɸ. 

                                                           
7 ʅʘ ʩʪʝʥʜʝ ʫʜʘʨʥʠʢ ʨʘʟʛʦʥʷʝʪʩʷ ʩʞʘʪʳʤ ʚʦʟʜʫʭʦʤ ʚʚʝʨʭ ʠ ʥʘ ʩʚʦʙʦʜʥʦʤ ʚʳʣʝʪʝ, ʧʝʨʝʩʝʢʘʷ ʣʫʯʠ 

ʦʧʪʠʯʝʩʢʦʡ ʙʘʟʳ, ʥʘʥʦʩʠʪ ʫʜʘʨ ʧʦ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʰʪʘʥʛʝ. ʆʧʪʠʯʝʩʢʘʷ ʙʘʟʘ ʩʪʝʥʜʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʩ 

ʪʦʯʥʦʩʪʴʶ Ñ0,01 ʤʤ, ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʠ ʫʜʘʨʥʠʢʘ 10 ʤ/ʩ ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 0,1 %. ʇʨʠ 

ʠʟʤʝʨʝʥʠʠ ʩʢʦʨʦʩʪʠ ʦʪʩʢʦʢʘ, ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʡ ʧʦʨʷʜʢʘ 1,5 ʤ/ʩ, ʫʯʠʪʳʚʘʝʪʩʷ ʩʠʣʘ ʪʷʞʝʩʪʠ.  
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3. ʄʝʪʦʜʠʢʘ ʠʩʧʳʪʘʥʠʡ ʵʣʝʢʪʨʦʠʥʩʪʨʫʤʝʥʪʘ 

(5.1.3) The concrete block and the scale to determine the feed force shall be placed in a way that the operator is able to 

run the power tool without any disturbances.  
(5.1.4) For machines without vibration reducing mechanisms, the feed force applied to the tool in addition to its weight 

shall be sufficient to ensure stable operation. However the feed force shall not exceed 250 N. 
For machines with vibration reducing mechanisms, the feed force applied to the tool shall be such that the vibration 

reducing mechanism is able to operate as close as possible to normal without permanent overloading. 

(5.1.5) During measurement the operator shall stand on a scale or on a similar device, which indicates the actual value, 

to ensure that he can control the feed force. The average feed force during the measurement shall be reported. 
(5.2) The concrete block shall be prepared by a hole to the diameter of the test rod to ensure a proper guidance during 

measurement. The hole shall be between 5 to 10 mm deep.  

ʉʦʛʣʘʩʥʦ ʄʝʪʦʜʠʢʝ ɽʈʊɸ ʠʩʧʳʪʘʥʠʝ ʫʜʘʨʥʦʡ ʤʘʰʠʥʳ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʨʫʢʘʭ ʯʝʣʦʚʝʢʘ-

ʦʧʝʨʘʪʦʨʘ ʧʨʠ ʨʘʙʦʪʝ ʧʦ ʙʝʪʦʥʥʦʤʫ ʙʣʦʢʫ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 5. ɺ ʙʝʪʦʥʥʦʤ ʙʣʦʢʝ 

ʚʳʧʦʣʥʷʶʪ ʦʪʚʝʨʩʪʠʝ, ʨʘʚʥʦʝ ʜʠʘʤʝʪʨʫ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʰʪʘʥʛʠ. ɻʣʫʙʠʥʘ ʦʪʚʝʨʩʪʠʷ ʜʦʣʞʥʘ 

ʩʦʩʪʘʚʣʷʪʴ ʦʪ 5 ʜʦ 10 ʤʤ.  

 

 

 

 

 

 

 

 

 

ʘ)                  ʙ)    

ʈʠʩ. 5. ʉʭʝʤʘ ʠʩʧʳʪʘʥʠʡ ʵʣʝʢʪʨʦʠʥʩʪʨʫʤʝʥʪʘ ʧʦ ʄʝʪʦʜʠʢʝ ɽʈʊɸ 

ʘ) ʢʘʢ ʦʥʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʝʢʩʪʝ ʄʝʪʦʜʠʢʠ; ʙ) ʨʝʘʣʴʥʘʷ ʧʦʟʘ ʦʧʝʨʘʪʦʨʘ 

ʄʝʪʦʜʠʢʘ ɽʈʊɸ ʥʝ ʥʦʨʤʠʨʫʝʪ ʜʦʧʫʩʢ ʥʘ ʦʪʚʝʨʩʪʠʝ ʧʦʜ ʠʟʤʝʨʠʪʝʣʴʥʫʶ ʰʪʘʥʛʫ, ʤʝʩʪʦ ʝʛʦ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʚ ʙʝʪʦʥʥʦʤ ʙʣʦʢʝ, ʧʨʝʜʝʣʴʥʫʶ ʛʣʫʙʠʥʫ ʚʥʝʜʨʝʥʠʷ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʰʪʘʥʛʠ ʚ 

ʙʝʪʦʥʥʳʡ ʙʣʦʢ. ʊʘʢʞʝ ʦʩʪʘʝʪʩʷ ʥʝʷʩʥʳʤ, ʩʢʦʣʴʢʦ ʦʪʚʝʨʩʪʠʡ ʧʦʜ ʠʟʤʝʨʠʪʝʣʴʥʫʶ ʰʪʘʥʛʫ 

ʤʦʞʝʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʙʣʦʢʘ, ʠ ʢʘʢʦʚʳ ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʥʠʤʠ. 

ʄʝʪʦʜʠʢʘ ɽʈʊɸ ʪʘʢʞʝ ʥʝ ʥʦʨʤʠʨʫʝʪ ʠ ʪʨʝʙʦʚʘʥʠʡ ʢ ʨʘʙʦʯʝʡ ʧʦʟʝ ʦʧʝʨʘʪʦʨʘ. 

ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʷʪ ʚ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʤʘʰʠʥʳ. ʋʩʠʣʠʝ ʥʘʞʘʪʠʷ ʥʘ ʤʘʰʠʥʫ, 

ʩʦʟʜʘʚʘʝʤʦʝ ʦʧʝʨʘʪʦʨʦʤ, ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʚʝʩʦʚ, ʥʘ ʢʦʪʦʨʳʭ ʦʥ ʩʪʦʠʪ. ʋʩʠʣʠʝ 

ʥʘʞʘʪʠʷ ʜʦʣʞʥʦ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʳʤ ʜʣʷ ʩʪʘʙʠʣʴʥʦʡ ʨʘʙʦʪʳ ʤʘʰʠʥʳ.  

ʂʨʠʪʝʨʠʡ çʩʪʘʙʠʣʴʥʘʷ ʨʘʙʦʪʘ ʤʘʰʠʥʳè ʚ ʄʝʪʦʜʠʢʝ ɽʈʊɸ ʥʝ ʦʙʲʷʩʥʷʝʪʩʷ. 

ɼʣʷ ʤʘʰʠʥ ʙʝʟ ʚʠʙʨʦʟʘʱʠʪʳ ʫʩʠʣʠʝ ʥʘʞʘʪʠʷ ʚ ʄʝʪʦʜʠʢʝ ɽʈʊɸ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʚʝʣʠʯʠʥʦʡ 

250 ʅ. 

ʇʨʦ ʤʘʰʠʥʳ ʩ ʚʠʙʨʦʟʘʱʠʪʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʩʢʘʟʘʥʦ, ʯʪʦ ʫʩʠʣʠʝ ʥʘʞʘʪʠʷ ʥʝ ʜʦʣʞʥʦ 

ʚʳʢʣʶʯʘʪʴ ʵʪʠ ʫʩʪʨʦʡʩʪʚʘ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ. ʂʘʢʦʚʦ ʧʨʝʜʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʫʩʠʣʠʷ ʥʘʞʘʪʠʷ 
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ʜʣʷ ʪʘʢʠʭ ʤʘʰʠʥ, ʠ ʢʘʢ ʧʨʦʚʝʨʠʪʴ ʨʘʙʦʪʫ ʚʠʙʨʦʟʘʱʠʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʠʟ ʪʝʢʩʪʘ ʄʝʪʦʜʠʢʠ 

ɽʈʊɸ ʥʝʷʩʥʦ. 

(5.2) The test rod shall not be stuck during the measurement.  

Place the power tool with the inserted test rod into the prepared hole of the concrete block. It has to be ensured that 

there will be no bending moment due to the feed force, because otherwise the resulting friction at the tool holder would 

falsify the measurement. 
(5.1.3) Ensure that the power tool, respective the test rod, is placed orthogonal to the surface of the concrete block. 

ʀʟʤʝʨʠʪʝʣʴʥʘʷ ʰʪʘʥʛʘ ʜʦʣʞʥʘ ʨʘʩʧʦʣʘʛʘʪʩɹʷ ʚʝʨʪʠʢʘʣʴʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʙʝʪʦʥʥʦʤʫ 

ʙʣʦʢʫ. ɺ ʧʨʦʮʝʩʩʝ ʠʟʤʝʨʝʥʠʡ ʦʥʘ ʥʝ ʜʦʣʞʥʘ ʟʘʩʪʨʝʚʘʪʴ (ʟʘʢʣʠʥʠʚʘʪʴ) ʚ ʦʪʚʝʨʩʪʠʠ. 

ʅʝʦʙʭʦʜʠʤʦ ʠʩʢʣʶʯʠʪʴ ʠʟʛʠʙʥʳʡ ʤʦʤʝʥʪ ʦʪ (ʥʝʩʦʦʩʥʦʩʪʠ) ʫʩʠʣʠʷ ʥʘʞʘʪʠʷ, ʠʥʘʯʝ ʩʠʣʳ 

ʪʨʝʥʠʷ ʚ ʧʘʪʨʦʥʝ ʫʜʘʨʥʦʡ ʤʘʰʠʥʳ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʠʩʢʘʞʝʥʠʶ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ. 

ʄʳ ʩʯʠʪʘʝʤ, ʯʪʦ ʦʪʚʝʨʩʪʠʝ ʛʣʫʙʠʥʦʡ 5é10 ʤʤ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʨʠʝʥʪʘʮʠʶ ʰʪʘʥʛʠ ʚ 

ʧʨʦʮʝʩʩʝ ʠʟʤʝʨʝʥʠʡ, ʦʥʦ ʚʩʝʛʦ ʣʠʰʴ ʬʠʢʩʠʨʫʝʪ ʝʝ ʩʚʦʙʦʜʥʳʡ ʢʦʥʝʮ ʥʘ ʧʣʦʩʢʦʩʪʠ ʙʝʪʦʥʥʦʛʦ 

ʙʣʦʢʘ, ʯʪʦʙʳ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʠʥʩʪʨʫʤʝʥʪʘ ʰʪʘʥʛʘ ʥʝ çʟʘʙʝʛʘʣʘè ʧʦ ʝʛʦ 

ʧʦʚʝʨʭʥʦʩʪʠ. ɿʘʜʘʯʘ ʦʨʠʝʥʪʘʮʠʠ ʵʣʝʢʪʨʦʠʥʩʪʨʫʤʝʥʪʘ ʠ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʰʪʘʥʛʠ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʮʝʣʠʢʦʤ ʣʦʞʠʪʩʷ ʥʘ ʦʧʝʨʘʪʦʨʘ. 

ʇʨʝʜʩʪʘʚʠʤ ʩʭʝʤʫ, ʧʦʢʘʟʘʥʥʫʶ ʥʘ ʨʠʩ. 5, ʘ ʩ ʫʯʝʪʦʤ ʨʝʘʣʴʥʳʭ ʨʘʟʤʝʨʦʚ ʩʦʩʪʘʚʣʷʶʱʠʭ ʝʝ 

ʵʣʝʤʝʥʪʦʚ. 

ɺʦʟʴʤʝʤ ʤʦʱʥʳʡ ʵʣʝʢʪʨʦʤʦʣʦʪʦʢ BOSCH GSH 11 VC Professional. ʆʥ ʠʤʝʝʪ ʜʣʠʥʫ 

680 ʤʤ ʠ ʧʘʪʨʦʥ SDS-MAX. ɺʳʙʠʨʘʝʤ ʙʝʪʦʥʥʳʡ ʙʣʦʢ, ʤʠʥʠʤʘʣʴʥʘʷ ʚʳʩʦʪʘ ʢʦʪʦʨʦʛʦ ʨʘʚʥʘ 

200 ʤʤ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʘʙʣ. 1 ʚʳʙʠʨʘʝʤ ʠʟʤʝʨʠʪʝʣʴʥʫ  ʁʰʪʘʥʛʫ ʜʣʠʥʦʡ 800 ʤʤ. ʉʣʦʞʠʚ 

ʵʪʠ ʜʘʥʥʳʝ ʠ ʚʳʯʠʪʘʷ ʜʣʠʥʫ ʭʚʦʩʪʦʚʠʢʘ ʰʪʘʥʛʠ 90 ʤʤ, ʧʦʣʫʯʠʤ ʚʳʩʦʪʫ, ʥʘ ʢʦʪʦʨʦʡ ʙʫʜʝʪ 

ʥʘʭʦʜʠʪʴʩʷ ʨʫʢʦʷʪʢʘ ʵʣʝʢʪʨʦʤʦʣʦʪʢʘ ï 1590 ʤʤ. 

ʉʨʝʜʥʠʡ ʨʦʩʪ ʦʧʝʨʘʪʦʨʘ (ʤʫʞʯʠʥʳ) 178 ʩʤ. ɿʥʘʯʠʪ, ʨʫʢʦʷʪʢʘ ʤʦʣʦʪʢʘ ʚʦ ʚʨʝʤʷ ʠʩʧʳʪʘʥʠʡ 

ʙʫʜʝʪ ʨʘʟʤʝʱʘʪʴʩʷ ʥʘ ʫʨʦʚʥʝ ʣʠʮʘ ʦʧʝʨʘʪʦʨʘ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 5, ʙ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʩʦʛʣʘʩʥʦ ʄʝʪʦʜʠʢʝ ɽʈʊɸ, ʚʦ ʚʨʝʤʷ ʠʩʧʳʪʘʥʠʡ ʦʧʝʨʘʪʦʨ ʜʦʣʞʝʥ ʙʫʜʝʪ ʩʪʦʷʪʴ, ʧʦʜʥʷʚ ʨʫʢʠ 

ʚʚʝʨʭ, ʫʜʝʨʞʠʚʘʪʴ ʤʦʣʦʪʦʢ ʠ ʦʩʫʱʝʩʪʚʣʷʪʴ ʪʨʝʙʫʝʤʦʝ ʫʩʠʣʠʝ ʥʘʞʘʪʠʷ 200é250 ʅ, 

ʧʦʜʜʝʨʞʠʚʘʷ ʝʛʦ ʧʦʩʪʦʷʥʥʳʤ ʠ ʢʦʥʪʨʦʣʠʨʦʣʠʨʫʷ ʝʛʦ ʚʝʣʠʯʠʥʫ ʧʦ ʰʢʘʣʝ ʚʝʩʦʚ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʦʜ ʥʦʛʘʤʠ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʦʥ ʜʦʣʞʝʥ ʙʫʜʝʪ ʩʦʭʨʘʥʷʪʴ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʩʪʴ 

ʰʪʘʥʛʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʙʝʪʦʥʥʦʛʦ ʙʣʦʢʘ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʠʟʛʠʙʥʦʛʦ ʤʦʤʝʥʪʘ 

ʰʪʘʥʛʠ. 

ɺ ʦʧʠʩʘʥʥʦʡ ʧʦʟʝ ʚʨʷʜ ʣʠ ʙʫʜʝʪ ʚʦʟʤʦʞʥʦ ʢʦʨʨʝʢʪʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʫʢʘʟʘʥʥʳʝ ʧʨʦʮʝʜʫʨʳ. 

ʇʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʯʪʦʙʳ ʩʦʭʨʘʥʠʪʴ ʪʠʧʦʚʫʶ ʧʦʟʫ ʦʧʝʨʘʪʦʨʘ ʧʨʠ ʨʘʙʦʪʝ ʩ 

ʵʣʝʢʪʨʦʠʥʩʪʨʫʤʝʥʪʦʤ, ʚ ʩʭʝʤʫ ʠʩʧʳʪʘʥʠʡ ʄʝʪʦʜʠʢʠ ɽʈʊɸ, ʧʦʢʘʟʘʥʥʫʶ ʥʘ ʨʠʩ. 5, ʩʣʝʜʫʝʪ 

ʚʥʝʩʪʠ ʧʦʜʩʪʘʚʢʫ ʧʦʜ ʥʦʛʠ ʦʧʝʨʘʪʦʨʘ ʠ ʫʩʪʘʥʦʚʠʪʴ ʝʝ ʨʘʟʤʝʨʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʣʠʥʳ 

ʵʣʝʢʪʨʦʠʥʩʪʨʫʤʝʥʪʘ ʠ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʰʪʘʥʛʠ.  

ʇʦʟʠʮʠʷ ʘʚʪʦʨʦʚ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʧʦ ʚʦʧʨʦʩʫ ʠʩʧʳʪʘʥʠʡ ʨʫʯʥʳʭ ʫʜʘʨʥʳʭ ʤʘʰʠʥ ʪʘʢʦʚʘ: 

ʠʩʧʳʪʘʥʠʷ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ, ʚʠʙʨʘʮʠʦʥʥʳʭ ʠ ʰʫʤʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʤʘʰʠʥ ʜʦʣʞʥʳ  ʧʨʦʚʦʜʠʪʴʩʷ ʚ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ; ʜʣʷ ʢʘʞʜʦʛʦ ʚʠʜʘ ʠʩʧʳʪʘʥʠʡ 

ʥʘʞʠʤʥʦʡ ʫʟʝʣ ʠ ʦʙʲʝʢʪ ʦʙʨʘʙʦʪʢʠ ʜʦʣʞʥʳ ʙʳʪʴ ʦʜʠʥʘʢʦʚʳ, ʫʩʠʣʠʝ ʥʘʞʘʪʠʷ ʪʘʢʞʝ 

ʦʜʠʥʘʢʦʚʦ. ʀʟʤʝʨʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ ʚʠʙʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʞʝʣʘʪʝʣʴʥʦ 

ʧʨʦʚʦʜʠʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ. ʈʝʘʣʠʟʘʮʠʷ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʢ ʠʩʧʳʪʘʥʠʷʤ ʦʪʙʦʡʥʳʭ ʤʦʣʦʪʢʦʚ 

ʠʟʣʦʞʝʥʘ ʚ ɻʆʉʊ 55162 ï 2012 [7]. 

ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ ʤʝʪʦʜʠʢʠ ʠʩʧʳʪʘʥʠʡ, ʨʘʩʩʤʦʪʨʠʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʠ ʚʠʙʨʘʮʠʦʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʜʘʨʥʳʭ ʤʘʰʠʥ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʠʣʠʷ ʥʘʞʘʪʠʷ [10]. ɼʣʷ ʧʨʠʤʝʨʘ ʚʦʟʴʤʝʤ 

ʧʥʝʚʤʘʪʠʯʝʩʢʠʡ ʦʪʙʦʡʥʳʡ ʤʦʣʦʪʦʢ ʄʆ-2 ʧʨʦʠʟʚʦʜʩʪʚʘ ʆɸʆ çʊʦʤʩʢʠʡ 

ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʡ ʟʘʚʦʜ ʠʤ.ɺ.ɺ.ɺʘʭʨʫʰʝʚʘè (ʊʕʄɿ), ʨʘʙʦʪʘʶʱʠʡ ʧʨʠ ʜʘʚʣʝʥʠʠ 0,4 
ʄʇʘ. ɽʛʦ ʵʥʝʨʛʠʷ ʫʜʘʨʘ 27 ɼʞ ʙʣʠʟʢʘ ʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʤʦʱʥʳʭ ʵʣʝʢʪʨʦʤʦʣʦʪʢʦʚ8.  

                                                           
8  ʇʨʠ ʜʘʚʣʝʥʠʠ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ 0,4 ʄʇʘ ʯʘʩʪʦʪʘ ʫʜʘʨʦʚ ʤʦʣʦʪʢʘ ʄʆ-2 ʩʦʩʪʘʚʣʷʝʪ 20 ʩ-1. 
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ʅʘ ʨʠʩ. 6 ʚʚʝʨʭʫ ʧʦʢʘʟʘʥʳ ʢʨʠʚʳʝ ʫʜʘʨʥʦʡ ʤʦʱʥʦʩʪʠ ʤʦʣʦʪʢʘ ʄʆ-2 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʫʩʠʣʠʷ ʥʘʞʘʪʠʷ ʠ ʩʢʦʨʦʩʪʠ ʚʥʝʜʨʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ (ʧʠʢʠ) ʚ ʨʘʟʨʫʰʘʝʤʳʡ ʤʘʪʝʨʠʘʣ,  

ʧʦʣʫʯʝʥʥʳʝ ʥʘ  ʩʪʝʥʜʝ ʪʠʧʘ çʉʆʈʇè 

[7, 11]. ʅʘ ʢʨʠʚʳʭ ʥʘʙʣʶʜʘʝʪʩʷ 

ʨʝʟʢʠʡ ʨʦʩʪ ʫʜʘʨʥʦʡ ʤʦʱʥʦʩʪʠ ʚ 

ʜʠʘʧʘʟʦʥʝ ʫʩʠʣʠʡ  50é150 ʅ. ʇʨʠ 

ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʫʩʠʣʠʷ 

ʫʜʘʨʥʘʷ ʤʦʱʥʦʩʪʴ ʤʦʣʦʪʢʘ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟʤʝʥʥʘ, ʧʨʠʯʝʤ ʦʥʘ 

ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ ʚʥʝʜʨʝʥʠʷ 

ʠʥʩʪʨʫʤʝʥʪʘ (ʪ.ʝ. ʧʨʦʯʥʦʩʪʠ 

ʨʘʟʨʫʰʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ). 

ʅʘ ʨʠʩ. 6 ʚʥʠʟʫ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʚʠʙʨʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʦʛʦ 

ʞʝ ʤʦʣʦʪʢʘ ʄʆ-2 ï ʫʨʦʚʥʠ 

ʚʠʙʨʦʩʢʦʨʦʩʪʠ ʥʘ ʦʩʥʦʚʥʦʡ ʯʘʩʪʦʪʝ 

ʤʦʣʦʪʢʘ ʚ ʦʢʪʘʚʥʦʡ ʧʦʣʦʩʝ 16 ɻʮ ï 

ʪʘʢʞʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʠʣʠʷ 

ʥʘʞʘʪʠʷ ʠ ʩʢʦʨʦʩʪʠ ʚʥʝʜʨʝʥʠʷ 

ʠʥʩʪʨʫʤʝʥʪʘ. ʉʦʧʦʩʪʘʚʣʷʷ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʠ ʚʠʙʨʘʮʠʦʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʣʦʪʢʘ, ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʜʠʘʧʘʟʦʥ ʫʩʠʣʠʡ, ʚ 

ʢʦʪʦʨʦʤ ʨʘʙʦʪʘʝʪ ʚʠʙʨʦʟʘʱʠʪʥʦʝ 

ʫʩʪʨʦʡʩʪʚʦ ʫʜʘʨʥʦʡ ʤʘʰʠʥʳ. 

ʄʳ ʧʨʝʜʣʘʛʘʝʤ ʧʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ 

ʢʦʥʪʨʦʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ 

ʵʣʝʢʪʨʦʠʥʩʪʨʫʤʝʥʪʘ ʧʦʣʫʯʘʪʴ 

ʘʥʘʣʦʛʠʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ï 

ʵʥʝʨʛʠʷ ʫʜʘʨʘ (ʠʣʠ ʫʜʘʨʥʘʷ 

ʤʦʱʥʦʩʪʴ) ʠ ʫʨʦʚʝʥʴ ʚʠʙʨʘʮʠʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʠʣʠʷ ʥʘʞʘʪʠʷ ï ʠ 

ʧʦ ʥʠʤ ʫʩʪʘʥʦʚʠʪʴ ʥʦʤʠʥʘʣʴʥʦʝ 

ʫʩʠʣʠʝ ʥʘʞʘʪʠʷ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʧʦ 

ʄʝʪʦʜʠʢʝ ɽʈʊɸ9.  

ʅʦʤʠʥʘʣʴʥʳʤ ʫʩʠʣʠʝʤ ʥʘʞʘʪʠʷ ʧʦ   

ɻʆʉʊ 55162 ï 2012 [7] ʩʯʠʪʘʝʪʩʷ ʪʘʢʦʝ 

ʤʠʥʠʤʘʣʴʥʦʝ ʫʩʠʣʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʜʦʩʪʠʛʘʝʪʩʷ 97 % ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʡ ʫʜʘʨʥʦʡ ʤʦʱʥʦʩʪʠ 

ʤʘʰʠʥʳ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʀɻɼ ʠʤ. ɸ.ɸ.ʉʢʦʯʠʥʩʢʦʛʦ (ʜʘʣʝʝ ï ʀɻɼ), ʀɻɼ ʉʆ ʈɸʅ, 

ɺʎʅʀʀʆʊ ɺʎʉʇʉ (ʄʀʆʊ), ʀʥʩʪʠʪʫʪʦʤ ʤʝʜʠʮʠʥʳ ʪʨʫʜʘ ʠ ʧʨʦʬʟʘʙʦʣʝʚʘʥʠʡ ʜʨ. 

ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʘʙʦʪʘ ʨʫʯʥʦʡ ʤʘʰʠʥʳ ʚ ʨʫʢʘʭ ʯʝʣʦʚʝʢʘ-ʦʧʝʨʘʪʦʨʘ ʜʘʝʪ 

ʙʦʣʴʰʦʡ ʨʘʟʙʨʦʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. ʇʦʵʪʦʤʫ ʚ ʉʉʉʈ ʙʳʣʘ ʧʨʠʥʷʪʘ ʠ ʨʘʟʨʘʙʦʪʘʥʘ 

ʢʦʥʮʝʧʮʠʷ ʧʨʠʤʝʥʝʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʩʪʝʥʜʦʚ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʨʫʯʥʳʭ ʤʘʰʠʥ. ʊʘʢʦʡ 

ʠʩʧʳʪʘʪʝʣʴʥʳʡ ʩʪʝʥʜ ʤʦʜʝʣʠʨʫʝʪ ʪʠʧʦʚʫʶ ʨʘʙʦʯʫʶ ʦʧʝʨʘʮʠʶ ʩ ʫʜʘʨʥʦʡ ʤʘʰʠʥʦʡ, 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʯʝʣʦʚʝʢʘ-ʦʧʝʨʘʪʦʨʘ (ʤʝʭʘʥʠʯʝʩʢʠʡ ʠʤʧʝʜʘʥʩ ʨʫʢʠ) ʠ ʦʙʲʝʢʪ 

ʦʙʨʘʙʦʪʢʠ (ʦʙʲʝʢʪ ʨʘʟʨʫʰʝʥʠʷ) [7, 11-13]. 

ʂʘʢ ʧʦʢʘʟʘʣʘ ʧʨʘʢʪʠʢʘ, ʩʪʝʥʜʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʡ. 

ʅʘ ʩʪʝʥʜʘʭ ʪʠʧʘ çʉʆʈʇè [11] ʩ 1980 ʛ. ʚ ʀɻɼ ʠ  ʥʘ çʊʕʄɿè  ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʧʳʪʘʥʠʷ 

                                                           
9 ʅʦʤʠʥʘʣʴʥʦʝ ʫʩʠʣʠʝ ʥʘʞʘʪʠʝ ʤʦʞʝʪ ʙʳʪʴ ʫʢʘʟʘʥʦ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ ʚ ʇʘʩʧʦʨʪʝ ʫʜʘʨʥʦʡ ʤʘʰʠʥʳ. 

ʈʠʩ. 6. ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ (ʘ) ʠ ʚʠʙʨʘʮʠʦʥʥʳʝ (ʙ) 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʪʙʦʡʥʦʛʦ ʤʦʣʦʪʢʘ ʄʆ-2 ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʠʣʠʷ ʥʘʞʘʪʠʷ:  

ὔ ï ʫʜʘʨʥʘʷ ʤʦʱʥʦʩʪʴ;  

ὒ ï ʫʨʦʚʝʥʴ ʚʠʙʨʦʩʢʦʨʦʩʪʠ ʚ ʦʢʪʘʚʥʦʡ ʧʦʣʦʩʝ  

16 ɻʮ 

ʙ

) 
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ʦʪʙʦʡʥʳʭ, ʨʫʙʠʣʴʥʳʭ, ʢʣʝʧʘʣʴʥʳʭ ʤʦʣʦʪʢʦʚ (ʪʠʧʦʚʳʝ, ʧʝʨʠʦʜʠʯʝʩʢʠʝ, ʧʨʠʝʤʦ-ʩʜʘʪʦʯʥʳʝ, 

ʩʝʨʪʠʬʠʢʘʮʠʦʥʥʳʝ), ʘ ʩ 2001 ʛ. ï ʙʝʪʦʥʦʣʦʤʦʚ. ʉʣʠʯʠʪʝʣʴʥʳʝ ʠʩʧʳʪʘʥʠʷ ʤʝʞʜʫ 

ʣʘʙʦʨʘʪʦʨʠʷʤʠ ʀɻɼ ʠ çʊʕʄɿè ʧʦʢʘʟʘʣʠ ʨʘʩʭʦʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦ ʵʥʝʨʛʠʠ ʫʜʘʨʘ ʠ 

ʫʜʘʨʥʦʡ ʤʦʱʥʦʩʪʠ ʤʦʣʦʪʢʦʚ ʥʝ ʙʦʣʝʝ 1,5 % [8]. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʄʝʪʦʜʠʢʘ ɽʈʊɸ ʥʝ ʧʨʠʚʦʜʠʪ ʩʚʝʜʝʥʠʡ ʦ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʠʟʣʦʞʝʥʥʦʛʦ ʚ 

ʥʝʡ ʤʝʪʦʜʘ ʠʩʧʳʪʘʥʠʡ. 

ʅʘ ʥʘʰ ʚʟʛʣʷʜ, ʚ ʩʠʣʫ ʦʪʩʫʪʩʪʚʠʷ ʞʝʩʪʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʦʧʝʨʘʪʦʨʫ ʫʜʘʨʥʦʡ ʤʘʰʠʥʳ, ʝʛʦ 

ʧʦʟʝ, ʫʩʠʣʠʶ ʥʘʞʘʪʠʷ, ʩʣʦʞʥʦʩʪʠ ʢʦʥʪʨʦʣʷ ʫʩʠʣʠʷ ʦʧʝʨʘʪʦʨʦʤ, ʩʪʦʷʱʠʤ ʥʘ ʚʝʩʘʭ ʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʤʘʥʠʧʫʣʠʨʫʶʱʠʤ ʤʘʰʠʥʦʡ, ʨʘʟʙʨʦʩ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʜʘʥʥʳʭ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ 

ʧʦ ʄʝʪʦʜʠʢʝ ɽʈʊɸ ʙʫʜʝʪ ʙʦʣʴʰʠʤ, ʘ ʪʨʫʜʦʝʤʢʦʩʪʴ ʠʩʧʳʪʘʥʠʡ ʟʥʘʯʠʪʝʣʴʥʦʡ10. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʠʤʝʥʥʦ ʚ ʩʠʣʫ ʦʪʩʫʪʩʪʚʠʷ ʫʢʘʟʘʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ, ʯʝʣʦʚʝʢ-ʦʧʝʨʘʪʦʨ ʚ 

ʄʝʪʦʜʠʢʝ ɽʈʊɸ ʚʧʦʣʥʝ ʤʦʞʝʪ ʙʳʪʴ ʟʘʤʝʥʝʥ ʠʩʧʳʪʘʪʝʣʴʥʳʤ ʩʪʝʥʜʦʤ, ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ 

ʚʳʧʦʣʥʷʪʴ ʜʚʝ ʬʫʥʢʮʠʠ: ʩʦʟʜʘʚʘʪʴ ʪʨʝʙʫʝʤʦʝ ʫʩʠʣʠʝ ʥʘʞʘʪʠʷ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʩʪʴ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʰʪʘʥʛʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʙʝʪʦʥʥʦʛʦ ʙʣʦʢʘ. 

ɺ ʮʝʣʷʭ ʧʦʚʳʰʝʥʠʷ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʡ ʠ ʫʤʝʥʴʰʝʥʠʷ ʠʭ 

ʪʨʫʜʦʝʤʢʦʩʪʠ, ʤʳ ʨʝʢʦʤʝʥʜʫʝʤ ʫʙʨʘʪʴ ʠʟ ʄʝʪʦʜʠʢʠ ɽʈʊɸ ʯʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ ʠ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʪʝʥʜʳ ʜʣʷ ʨʫʯʥʳʭ ʫʜʘʨʥʳʭ ʤʘʰʠʥ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʝ 

ʫʩʣʦʚʠʷ ʠʩʧʳʪʘʥʠʡ. 

ʆʙʨʘʪʠʤʩʷ ʪʝʧʝʨʴ ʢ ʧʨʠʝʤʥʠʢʫ ʵʥʝʨʛʠʠ ʫʜʘʨʘ, ʢʦʪʦʨʳʡ ʚ ʄʝʪʦʜʠʢʝ ɽʈʊɸ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʠʟʤʝʨʠʪʝʣʴʥʫʶ ʰʪʘʥʛʫ ʠ ʙʝʪʦʥʥʳʡ ʙʣʦʢ. 

ʅʘʤ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʪʦʨʝʮ ʭʚʦʩʪʦʚʠʢʘ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʰʪʘʥʛʠ ʜʦʣʞʝʥ ʠʤʝʪʴ ʨʘʜʠʫʩ ʥʝ ʙʦʣʝʝ 

100 ʤʤ. ʂʘʢʦʚʘ ʛʝʦʤʝʪʨʠʷ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʛʦ ʪʦʨʮʘ ʰʪʘʥʛʠ, ʦʧʠʨʘʶʱʝʛʦʩʷ ʥʘ ʙʝʪʦʥʥʳʡ 

ʙʣʦʢ, ʚ ʄʝʪʦʜʠʢʝ ɽʈʊɸ ʥʝ ʫʢʘʟʘʥʦ. ɺ ʪʝʢʩʪʝ ʄʝʪʦʜʠʢʠ ʪʘʢʞʝ ʥʠʯʝʛʦ ʥʝ ʛʦʚʦʨʠʪʩʷ ʦ 

ʨʘʟʨʫʰʝʥʠʠ ʙʝʪʦʥʥʦʛʦ ʙʣʦʢʘ, ʚʥʝʜʨʝʥʠʠ ʚ ʥʝʛʦ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʰʪʘʥʛʠ, ʫʛʣʫʙʣʝʥʠʠ 

ʦʪʚʝʨʩʪʠʷ ʧʦʜ ʰʪʘʥʛʫ ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʫʜʘʨʥʦʡ ʤʘʰʠʥʳ. ʉʣʝʜʫʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʰʪʘʥʛʘ 

ʚʥʝʜʨʷʝʪʩʷ ʚ ʙʝʪʦʥ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʠ ʢʦʥʝʮ ʰʪʘʥʛʠ, ʦʧʠʨʘʶʱʠʡʩʷ ʥʘ ʙʝʪʦʥʥʳʡ ʙʣʦʢ, ʠʤʝʝʪ 

ʧʣʦʩʢʠʡ (ʠʣʠ ʙʣʠʟʢʠʡ ʢ ʧʣʦʩʢʦʤʫ) ʪʦʨʝʮ11. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʙʲʝʢʪʘ ʦʙʨʘʙʦʪʢʠ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʙʝʪʦʥʥʦʛʦ ʙʣʦʢʘ) 

ʚʣʠʷʶʪ ʥʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʫʜʘʨʥʦʡ ʤʘʰʠʥʳ ʦʧʦʩʨʝʜʦʚʘʥʥʦ ʯʝʨʝʟ ʦʪʩʢʦʢ 

ʫʜʘʨʥʠʢʘ ʠ ʚʠʙʨʘʮʠʶ, ʚʳʟʚʘʥʥʫʶ ʦʙʨʘʪʥʳʤʠ ʫʜʘʨʘʤʠ ʰʪʘʥʛʠ ʧʦ ʢʦʨʧʫʩʫ ʤʘʰʠʥʳ [3-4, 10]. 

ʉʦʛʣʘʩʥʦ ʄʝʪʦʜʠʢʝ ɽʈʊɸ ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʰʪʘʥʛʘ ʚʳʙʠʨʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʜʣʠʥʥʦʡ, ʠ ʚʦʣʥʘ, 

ʦʪʨʘʞʝʥʥʘʷ ʦʪ ʙʝʪʦʥʥʦʛʦ ʙʣʦʢʘ, ʥʝ ʥʘʢʣʘʜʳʚʘʝʪʩʷ ʥʘ ʫʜʘʨʥʳʡ ʠʤʧʫʣʴʩ. ɿʥʘʯʠʪ, ʦʪʩʢʦʢ 

ʧʨʦʤʤʘʩʩʳ ʠ ʫʜʘʨʥʠʢʘ (ʩʤ. ʨʠʩ. 1) ʧʨʦʠʩʭʦʜʠʪ ʨʘʥʴʰʝ ʧʨʠʭʦʜʘ ʦʪʨʘʞʝʥʥʦʡ ʚʦʣʥʳ, ʠ ʧʦʪʦʤʫ 

ʫʜʘʨʥʘʷ ʩʠʩʪʝʤʘ ʵʣʝʢʪʨʦʤʦʣʦʪʢʘ ʥʠʯʝʛʦ çʥʝ ʟʥʘʝʪè ʦ ʩʚʦʡʩʪʚʘʭ ʤʘʪʝʨʠʘʣʘ, ʧʦ ʢʦʪʦʨʦʤʫ 

ʥʘʥʦʩʠʪʩʷ ʫʜʘʨ.  

ʄʳ ʦʪʤʝʯʘʣʠ, ʯʪʦ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʫʜʘʨʥʘʷ ʤʘʰʠʥʘ ʜʦʣʞʥʘ ʨʘʙʦʪʘʪʴ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʫʩʠʣʠʷʭ ʥʘʞʘʪʠʷ12. ɺ ʵʪʦʤ ʩʣʫʯʘʝ (ʩʤ. ʨʠʩ. 6) ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʰʠʥʳ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʚʠʙʨʘʮʠʠ ʢʦʨʧʫʩʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʭʦʜʷ ʠʟ ʪʨʝʙʦʚʘʥʠʡ ʄʝʪʦʜʠʢʠ ɽʈʊɸ, ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʵʣʝʢʪʨʦʠʥʩʪʨʫʤʝʥʪʘ 

ʚʳʙʦʨ ʦʙʲʝʢʪʘ ʦʙʨʘʙʦʪʢʠ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʥʝ ʠʤʝʝʪ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʙʝʪʦʥʥʳʡ ʙʣʦʢ, 

ʠʣʠ ʩʪʘʣʴʥʘʷ ʧʣʘʩʪʠʥʘ, ʦʧʠʨʘʶʱʘʷʩʷ ʥʘ ʣʠʩʪ ʩʳʨʦʡ ʨʝʟʠʥʳ [8] ʠʣʠ ʧʦʛʣʦʪʠʪʝʣʴ ʵʥʝʨʛʠʠ ʩʦ 

ʩʪʘʣʴʥʳʤʠ ʰʘʨʠʢʘʤʠ ʧʦ ISO 8662-5: 1992 [14]. ɽʜʠʥʩʪʚʝʥʥʦʝ ʪʨʝʙʦʚʘʥʠʝ ʢ ʥʝʤʫ ï 

ʦʪʩʫʪʩʪʚʠʝ ʚʥʝʜʨʝʥʠʷ ʰʪʘʥʛʠ ʚ ʧʨʦʮʝʩʩʝ ʠʩʧʳʪʘʥʠʡ. 

ɺ ʧʨʘʢʪʠʢʝ ʠʟʤʝʨʝʥʠʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʥʝʚʤʘʪʠʯʝʩʢʠʭ ʦʪʙʦʡʥʳʭ ʤʦʣʦʪʢʦʚ ʥʘ 

ʫʩʪʘʥʦʚʢʝ çʋʀʇʋ-4ʄè ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʙʲʝʢʪ ʦʙʨʘʙʦʪʢʠ ʚ ʚʠʜʝ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʣʘʩʪʠʥʳ 

                                                           
10 ʀʩʧʳʪʘʥʠʝ ʦʪʙʦʡʥʦʛʦ ʤʦʣʦʪʢʘ ʥʘ ʩʪʝʥʜʝ ʪʠʧʘ çʉʆʈʇè ʩ ʧʦʣʫʯʝʥʠʝʤ ʝʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʋʩʪʘʥʦʚʢʝ çʋʀʇʋ-4ʄè ʟʘʥʠʤʘʝʪ ʥʝ ʙʦʣʝʝ 5 ʤʠʥʫʪ. 
11 ʅʘ ʩʭʝʤʝ ʠʩʧʳʪʘʥʠʡ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʰʪʘʥʛʠ, ʨʠʩ. 4, ʧʦʢʘʟʘʥ ʠʤʝʥʥʦ ʧʣʦʩʢʠʡ ʪʦʨʝʮ. 
12 ʇʨʠ ʥʝʜʦʩʪʘʪʦʯʥʦʤ ʫʩʠʣʠʠ ʥʘʞʘʪʠʷ ʪʦʯʢʘ ʫʜʘʨʘ (ʪʦʯʢʘ ʚʩʪʨʝʯʠ ʧʨʦʤʤʘʩʩʳ ʠ ʰʪʘʥʛʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʢʦʨʧʫʩʘ) çʧʣʘʚʘʝʪè ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʰʠʥʳ ʥʝʩʪʘʙʠʣʴʥʳ. 
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ʈʠʩ. 8. ɺʦʣʥʦʚʦʡ ʧʨʦʮʝʩʩ ʚ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʰʪʘʥʛʝ 

ʧʨʠ ʨʘʙʦʪʝ ʦʪʙʦʡʥʦʛʦ ʤʦʣʦʪʢʘ 

ʪʦʣʱʠʥʦʡ 6 ʤʤ ʠʟ ʩʪʘʣʠ ʤʘʨʢʠ ʉʪ.20, ʦʧʠʨʘʶʱʝʡʩʷ ʥʘ ʣʠʩʪ ʩʳʨʦʡ ʨʝʟʠʥʳ ʪʦʣʱʠʥʦʡ 10 ʤʤ. 

ʊʘʢʦʡ ʦʙʲʝʢʪ ʦʙʨʘʙʦʪʢʠ ʧʨʦʱʝ ʠ ʜʝʰʝʚʣʝ ʙʝʪʦʥʥʦʛʦ ʙʣʦʢʘ, ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʦʛʦ 

ʄʝʪʦʜʠʢʦʡ ɽʈʊɸ. 

 

4. ʆʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʡ 

(5.2) The recorded length of data acquisition shall be at least 3 s and at least 75 impacts (for hammers with 

low impact frequency). 

(6.2) The impact time T is here defined as the time between the beginnings of the first compression wave of 

the impact up to the beginning of the first reflected wave and is hereafter called evaluation time Tt. 

In a first step the evaluation limits t0 and t1 of have to be determined out of the measured signal. Therefore 

two straight lines along the flanks of the waves should be created, whereby the lines have to meet the waves 

both at 30 % and at 70 % of the maximum amount. The limits t0 and t1 are defined by the intersection of the 

line and the time axis Tt.  

The offset value which has to be subtracted from the signal within the evaluation time is calculated from the 

average value of the signal within the time range Tt:  Toff.= (t0 ï 1500 ɛs) - (t0 ï 50 ɛs).  

Since the corrected signal differs from the original signal because of the offset correction, finally the 

evaluation limits t0 and t1 have to be determined once again in the algorithm.  

If the reflected wave could not be clearly identified (for example superimposed impacts) the evaluation time 

is limited by 0,9 ³ Tt. 

ɺ ʧʨʦʮʝʩʩʝ ʠʩʧʳʪʘʥʠʡ ʫʜʘʨʥʦʡ ʤʘʰʠʥʳ ʧʦ ʄʝʪʦʜʠʢʝ ɽʈʊɸ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚʦʣʥʦʚʦʡ ʧʨʦʮʝʩʩ 

ʚ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʰʪʘʥʛʝ ʚ ʪʝʯʝʥʠʝ ʥʝ ʤʝʥʝʝ 3-ʭ ʩʝʢʫʥʜ (ʤʠʥʠʤʫʤ 75 ʫʜʘʨʦʚ). ʊʠʧʦʚʦʡ ʩʠʛʥʘʣ 

ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 8. 

ʀʟ ʚʦʣʥʦʚʦʛʦ ʧʨʦʮʝʩʩʘ ʚʳʜʝʣʷʶʪʩʷ ʧʝʨʚʳʝ ʫʜʘʨʥʳʝ ʠʤʧʫʣʴʩʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʘʞʜʦʤʫ 

ʫʜʘʨʫ ʠ ʚʳʧʦʣʥʷʝʪʩʷ ʢʦʨʨʝʢʮʠʷ ʥʫʣʷ ʠʤʧʫʣʴʩʘ ʧʦ ʫʨʦʚʥʶ ʩʠʛʥʘʣʘ ʚ ʪʝʯʝʥʠʝ 1,5 ʤʩ ʧʝʨʝʜ 

ʠʤʧʫʣʴʩʦʤ.  

ʂ ʩʦʞʘʣʝʥʠʶ, ʘʣʛʦʨʠʪʤ ʚʳʜʝʣʝʥʠʷ ʧʝʨʚʳʭ ʫʜʘʨʥʳʭ ʠʤʧʫʣʴʩʦʚ ʚ ʄʝʪʦʜʠʢʝ ɽʈʊɸ ʥʝ 

ʠʟʣʦʞʝʥ. 
 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚʦʣʥʦʚʦʡ ʧʨʦʮʝʩʩ ʚ 
ʠʥʩʪʨʫʤʝʥʪʝ ʫʜʘʨʥʳʭ ʤʘʰʠʥ 
ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʟʘʪʫʭʘʝʪ ʢ 
ʤʦʤʝʥʪʫ ʩʣʝʜʫʶʱʝʛʦ ʫʜʘʨʘ [2, 8]. 
ʇʦʵʪʦʤʫ ʧʝʨʚʳʡ ʫʜʘʨʥʳʡ ʠʤʧʫʣʴʩ 
ʩʞʘʪʠʷ, ʵʥʝʨʛʠʶ ʢʦʪʦʨʦʛʦ 
ʥʝʦʙʭʦʜʠʤʦ ʠʟʤʝʨʠʪʴ, ʩʣʝʜʫʝʪ 
ʠʩʢʘʪʴ ʧʨʠ ʨʝʟʢʦʤ (ʩʢʘʯʢʦʦʙʨʘʟʥʦʤ) 
ʚʦʟʨʘʩʪʘʥʠʠ ʩʠʛʥʘʣʘ ʧʦʩʣʝ ʝʛʦ 
ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʟʘʪʫʭʘʥʠʷ. ʆʙʣʘʩʪʴ 
ʥʘʭʦʞʜʝʥʠʷ ʫʜʘʨʥʦʛʦ ʠʤʧʫʣʴʩʘ 
ʦʙʚʝʜʝʥʘ ʥʘ ʨʠʩ. 8 ʦʚʘʣʦʤ ʢʨʘʩʥʦʛʦ 
ʮʚʝʪʘ. 
ʅʘ ʨʠʩ. 9, ʘ ʵʪʘ ʘʥʘʣʠʟʠʨʫʝʤʘʷ 
ʦʙʣʘʩʪʴ ʧʦʢʘʟʘʥʘ ʚ ʫʚʝʣʠʯʝʥʥʦʤ 
ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ. ʇʝʨʚʳʡ 
ʫʜʘʨʥʳʡ ʠʤʧʫʣʴʩ ʚʳʜʝʣʝʥ ʞʝʣʪʳʤ 
ʮʚʝʪʦʤ ï ʦʪ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ ὸ ʜʦ 
ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ ὸ, ʚ ʢʦʪʦʨʳʭ 
ʥʘʧʨʷʞʝʥʠʝ ʠ ʜʝʬʦʨʤʘʮʠʷ ʨʘʚʥ r
ʥʫʣʶ13. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʫʜʘʨʥʦʛʦ ʠʤʧʫʣʴʩʘ, ʪ.ʝ. ʜʣʠʪʝʣʴʥʦʩʪʴ ʫʜʘʨʘ Ὕ ʨʘʚʥʘ Ὕ ὸ 
ὸ . ɺ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ὸ ʨʘʟʨʳʚʘʝʪʩʷ ʢʦʥʪʘʢʪ ʫʜʘʨʥʠʢʘ (ʧʨʦʤʤʘʩʩʳ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

                                                           
13 ʂʦʨʨʝʢʮʠʷ ʥʫʣʷ ʧʝʨʝʜ ʠʤʧʫʣʴʩʦʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʚʝʜʝʥʘ. 
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ʈʠʩ. 8. ʆʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʧʦ ʄʝʪʦʜʠʢʝ 

ɽʈʊɸ:  

ʘ) ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʝʜʝʣʦʚ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ; ʙ) ʠʤʧʫʣʴʩʳ, 

ʚʢʣʶʯʝʥʥʳʝ ʚ ʨʘʩʯʝʪ 

 

ʙ) ʠʤʧʫʣʴʩʳ, ʚʢʣʶʯʝʥʥʳʝ ʚ ʨʘʩʯʝʪ 

ʦʪʙʦʡʥʦʛʦ ʤʦʣʦʪʢʘ) ʩ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʰʪʘʥʛʦʡ, ʠ ʦʥ ʦʪʩʢʘʢʠʚʘʝʪ ʦʪ ʥʝʝ. ʋʜʘʨʥʳʡ ʠʤʧʫʣʴʩ ʚ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ὸ ʧʦʣʥʦʩʪʴʶ ʩʬʦʨʤʠʨʦʚʘʥ ʠ ʜʘʣʝʝ ʚ ʥʝʠʟʤʝʥʥʦʤ ʚʠʜʝ ʜʚʠʞʝʪʩʷ ʢ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤʫ ʢʦʥʮʫ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʰʪʘʥʛʠ. 

ɺʩʝ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʣʝ ʤʦʤʝʥʪʘ 

ʚʨʝʤʝʥʠ ὸ ʠ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ 

ʪʝʥʟʦʜʘʪʯʠʢʘʤʠ, ʬʠʟʠʯʝʩʢʠ ʥʝ ʠʤʝʝʪ 

ʦʪʥʦʰʝʥʠʷ ʢ ʫʜʘʨʥʦʤʫ ʠʤʧʫʣʴʩʫ ʠ ʢ 

ʝʛʦ ʵʥʝʨʛʠʠ, ʠ ʧʦʪʦʤʫ ʥʝ ʜʦʣʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ, ʠʟʤʝʨʷʪʴʩʷ ʠ 

ʚʭʦʜʠʪʴ ʚ ʨʘʩʯʝʪʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʬʠʟʠʯʝʩʢʠ 

ʢʦʨʨʝʢʪʥʦʡ ʚʝʣʠʯʠʥʳ ʵʥʝʨʛʠʠ 

ʫʜʘʨʥʦʛʦ ʠʤʧʫʣʴʩʘ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ 

ʥʫʞʥʦ ʧʨʦʠʟʚʦʜʠʪʴ ʥʘ ʦʪʨʝʟʢʝ 

ʚʨʝʤʝʥʠ [ὸ, ὸ]. 

ʄʝʪʦʜʠʢʘ ɽʈʊɸ ʧʨʝʜʣʘʛʘʝʪ 

ʨʘʩʰʠʨʠʪʴ ʨʘʩʯʝʪʥʳʡ ʠʥʪʝʨʚʘʣ 

ʚʨʝʤʝʥʠ ʜʦ ʤʦʤʝʥʪʘ ʧʨʠʭʦʜʘ 

ʧʝʨʚʦʛʦ ʦʪʨʘʞʝʥʥʦʛʦ ʠʤʧʫʣʴʩʘ (ʩʤ. 

ʨʠʩ. 8, ʘ). ɺ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ ʩʠʛʥʘʣʘ, 

ʧʦʢʘʟʘʥʥʦʤ ʥʘ ʵʪʦʤ ʨʠʩʫʥʢʝ, 

ʦʰʠʙʢʘ ʙʫʜʝʪ ʥʝʚʝʣʠʢʘ, ʪ.ʢ. ʥʘ 

ʠʥʪʝʨʚʘʣʝ [ὸ, ὸ] ʩʠʛʥʘʣ ʙʣʠʟʦʢ ʢ 
ʥʫʣʶ, ʘ ʧʨʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʠ ʩʠʛʥʘʣ 

ʚʦʟʚʦʜʠʪʩʷ ʚ ʢʚʘʜʨʘʪ. 

ʉ ʜʘʥʥʳʤ ʧʨʝʜʣʦʞʝʥʠʝʤ ʤʦʞʥʦ 

ʙʳʣʦ ʙʳ ʩʦʛʣʘʩʠʪʴʩʷ, ʝʩʣʠ ʙʳ ʪʘʢʦʡ 

ʩʠʛʥʘʣ ʥʘʙʣʶʜʘʣʩʷ ʚʩʝʛʜʘ. ʅʦ ʥʘ 

ʨʠʩ. 8, ʙ, ʪʘʢʞʝ ʚʟʷʪʦʤ ʠʟ ʧʨʠʤʝʨʦʚ 

ʄʝʪʦʜʠʢʠ ɽʈʊɸ, ʧʦʢʘʟʘʥʘ 

ʩʦʚʝʨʰʝʥʥʦ ʜʨʫʛʘʷ ʢʘʨʪʠʥʘ. ʇʦʩʣʝ 

ʟʘʚʝʨʰʝʥʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʜʘʨʥʦʛʦ 

ʠʤʧʫʣʴʩʘ (ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ὸ) 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʥʘʙʣʶʜʘʶʪʩʷ ʪʨʠ 

ʠʤʧʫʣʴʩʘ ï 1, 2 ʠ 3. ɸʤʧʣʠʪʫʜʳ  

ʧʝʨʚʳʭ ʜʚʫʭ ʥʝʚʝʣʠʢʠ, ʠ ʦʥʠ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʥʝ ʚʥʝʩʫʪ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʚʢʣʘʜʘ ʚ ʨʝʟʫʣʴʪʘʪ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ. ʅʦ ʦ ʪʨʝʪʴʝʤ ʠʤʧʫʣʴʩʝ ʵʪʦʛʦ ʩʢʘʟʘʪʴ ʥʝʣʴʟʷ: ʧʦ ʜʣʠʪʝʣʴʥʦʩʪʠ ʦʥ 

ʩʦʧʦʩʪʘʚʠʤ ʩ ʧʝʨʚʳʤ ʫʜʘʨʥʳʤ ʠʤʧʫʣʴʩʦʤ (ὸ Ὕ), ʘ ʝʛʦ ʘʤʧʣʠʪʫʜʘ ʩʦʩʪʘʚʣʷʝʪ 12,7 % ʦʪ 

ʘʤʧʣʠʪʫʜʳ ʫʜʘʨʥʦʛʦ ʠʤʧʫʣʴʩʘ. 

ʄʳ ʯʠʩʣʝʥʥʦ ʧʨʦʠʥʪʝʛʨʠʨʦʚʘʣʠ ʩʠʛʥʘʣ, ʚʳʜʝʣʝʥʥʳʡ ʞʝʣʪʳʤ ʮʚʝʪʦʤ ʥʘ ʨʠʩ. 8, ʙ. ʕʥʝʨʛʠʷ, 

ʟʘʢʣʶʯʝʥʥʘʷ ʚ ʠʤʧʫʣʴʩʘʭ 1, 2 ʠ 3 ʩʦʩʪʘʚʠʣʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 1,47 % ʦʪ ʵʥʝʨʛʠʠ ʧʝʨʚʦʛʦ 

ʫʜʘʨʥʦʛʦ ʠʤʧʫʣʴʩʘ ʠ 1,45 % ʦʪ ʚʩʝʡ ʵʥʝʨʛʠʠ ʚʳʜʝʣʝʥʥʦʛʦ ʩʠʛʥʘʣʘ. 

ʅʘ ʥʘʰ ʚʟʛʣʷʜ, ʵʪʦ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʘʷ ʤʝʪʦʜʠʯʝʩʢʘʷ ʦʰʠʙʢʘ, ʝʩʣʠ ʢ ʪʦʤʫ ʞʝ ʧʨʠʥʷʪʴ ʚʦ 

ʚʥʠʤʘʥʠʝ, ʯʪʦ ʧʝʨʚʳʡ ʠ ʪʨʝʪʠʡ ʠʤʧʫʣʴʩ rʝʩʪʴ ʠʤʧʫʣʴʩ rʨʘʩʪʷʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʬʠʟʠʯʝʩʢʠ 

ʥʠʢʘʢ ʥʝ ʤʦʛʫʪ ʩʦʚʝʨʰʘʪʴ ʧʦʣʝʟʥʫʶ ʨʘʙʦʪʫ ʧʦ ʫʜʘʨʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ. 

ʀʤʧʫʣʴʩʳ, ʥʘʙʣʶʜʘʝʤʳʝ ʧʦʩʣʝ ʨʘʟʨʳʚʘ ʢʦʥʪʘʢʪʘ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʰʪʘʥʛʠ ʩ ʫʜʘʨʥʠʢʦʤ 

(ʧʨʦʤʤʘʩʩʦʡ), ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʠʟ-ʟʘ ʦʪʨʘʞʝʥʠʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʦʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʭʚʦʩʪʦʚʠʢʘ ʰʪʘʥʛʠ (ʥʘʣʠʯʠʝ ʙʫʨʪʦʚ, ʧʘʟʦʚ, ʩʪʫʧʝʥʯʘʪʳʭ ʧʝʨʝʭʦʜʦʚ ʤʝʞʜʫ 

ʨʘʟʥʳʤʠ ʜʠʘʤʝʪʨʘʤʠ ʠ ʪ.ʧ.), ʧʦʚʪʦʨʥʳʭ ʫʜʘʨʦʚ ʧʨʦʤʤʘʩʩʳ, ʘ ʪʘʢʞʝ ʦʪ ʧʦʤʝʭ, ʚʳʟʚʘʥʥʳʭ 

ʘ) 

ʙ) 
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