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ɻ. ʆʨʪʘʤʝʚʟʠ
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, ʢ.ʪ.ʥ 

ɸʥʘʣʠʟ ʤʝʪʦʜʘ ʨʝʤʦʥʪʘ ʚʘʣʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʪʫʣʢʠ 

 The shaft repair method using a sleeve in aircraft shafts and general purpose 

shafts is analyzed in this paper. Also, the analysis of the fitting dimensions of 

the shaft and the sleeve, the thickness of the wall of the sleeve, the diameter of 

the common shaft and the material of the sleeve was performed. Based on the 

analysis performed, a comparison of the stress, strain, and deformation parame-

ters in the shaft and sleeve is performed. 

 ɺ ʜʘʥʽʡ ʩʪʘʪʪʽ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʤʝʪʦʜʫ ʨʝʤʦʥʪʫ ʚʘʣʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʚʪʫʣʢʠ ʚ ʘʚʽʘʮʽʡʥʠʭ ʚʘʣʘʭ ʪʘ ʚʘʣʘʭ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. ʊʘʢʦʞ, ʚʠʢʦ-

ʥʘʥʠʡ ʘʥʘʣʽʟ ʧʦʩʘʜʦʯʥʠʭ ʨʦʟʤʽʨʽʚ ʚʘʣʘ ʽ ʚʪʫʣʢʠ, ʪʦʚʱʠʥʠ ʩʪʽʥʢʠ ʚʪʫʣʢʠ, 

ʜʽʘʤʝʪʨʘ ʟʘʛʘʣʴʥʦʛʦ ʚʘʣʫ ʽ ʤʘʪʝʨʽʘʣʫ ʚʪʫʣʢʠ. ʅʘ ʧʽʜʩʪʘʚʽ ʧʨʦʚʝʜʝʥʠʭ 

ʘʥʘʣʽʟʽʚ ʚʠʢʦʥʘʥʦ ʧʦʨʽʚʥʷʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʥʘʧʨʫʛʠ, ʥʘʪʷʛʫ ʽ ʜʝʬʦʨʤʘʮʽʾ ʫ 

ʚʘʣʽ ʪʘ ʚʪʫʣʮʽ. 

 

                                                
1
 ʋʥʠʚʝʨʩʠʪʝʪ ɸʣʘʥʠʠ ɸʣʘʘʜʜʠʥ ʂʝʡʢʫʙʘʪ 
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ɯʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ, ʤʝʭʘʥʽʢʘ ʪʘ ʢʝʨʫʚʘʥʥʷ 

ɺʚʝʜʝʥʠʝ 

ʇʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʚʘʣʘ ʠʥʦʛʜʘ ʜʦʧʫʩʢʘʝʪʩʷ ʦʰʠʙʢʘ ʜʠʘʤʝʪʨʘ ʵʪʦʡ 

ʜʝʪʘʣʠ. ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʦʰʠʙʢʘ ʙʳʣʘ ʜʦʧʫʱʝʥʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʩʝʢʘ ʧʦʜ-

ʰʠʧʥʠʢʘ, ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʨʘʟʤʝʨʘʤ, ʪʦ ʦʜʝʚʘʥʠʝ 

ʧʦʜʰʠʧʥʠʢʘ ʩ ʟʘʟʦʨʦʤ ʙʫʜʝʪ ʚʣʝʯʴ ʟʘ ʩʦʙʦʡ ʨʷʜ ʧʨʦʙʣʝʤ. 

ʊʘʢʞʝ, ʚ ʩʚʷʟʠ ʩ ʙʦʣʴʰʠʤʠ ʥʘʛʨʫʟʢʘʤʠ ʠʣʠ ʠʟʥʦʩʦʤ ʧʨʠ ʜʣʠʪʝʣʴʥʦʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʘʣʘ, ʢʦʪʦʨʳʡ ʠʟʥʘʯʘʣʴʥʦ ʠʤʝʣ ʜʦʧʫʩʪʠʤʳʝ ʨʘʟʤʝʨʳ, ʚ ʤʦ-

ʤʝʥʪ ʟʘʤʝʥʳ ʧʦʜʰʠʧʥʠʢʘ ʠʣʠ ʜʨʫʛʠʭ ʦʜʝʚʘʶʱʠʭ ʜʝʪʘʣʝʡ, ʤʝʞʜʫ ʵʣʝʤʝʥ-

ʪʘʤʠ ʩʦʝʜʠʥʷʶʱʠʭ ʜʝʪʘʣʝʡ ʚʦʟʥʠʢʘʝʪ ʟʘʟʦʨ.  

ʅʝʩʦʤʥʝʥʥʦ, ʧʨʠ ʪʘʢʠʭ ʩʠʪʫʘʮʠʷʭ ʩʘʤʳʤ ʣʫʯʰʠʤ ʨʝʰʝʥʠʝʤ ʙʫʜʝʪ 

ʠʟʛʦʪʦʚʣʝʥʠʝ ʥʦʚʦʛʦ ʚʘʣʘ. ʆʜʥʘʢʦ, ʠʥʦʛʜʘ ʤʦʞʝʤ ʩʪʦʣʢʥʫʪʴʩʷ ʩ ʪʝʤ, ʯʪʦ 

ʨʝʤʦʥʪ ʩʪʘʨʦʛʦ ʚʘʣʘ ʮʝʣʝʩʦʦʙʨʘʟʥʝʡ ʠ ʣʝʛʯʝ ʦʪ ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʦʚʦʛʦ ʚʘʣʘ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʤʝʪʦʜʘ ʨʝʤʦʥʪʘ ʚʘʣʘ ʩ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝʤ ʚʪʫʣʢʠ ʚ ʘʚʠʘʮʠʦʥʥʳʭ ʚʘʣʘʭ ʠ ʚʘʣʘʭ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ.  

ʕʪʦʪ ʤʝʪʦʜ ʨʝʘʣʠʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

- ʠʟʛʦʪʦʚʣʝʥʠʝ ʚʪʫʣʢʠ ʩ ʥʘʨʫʞʥʳʤ ʜʠʘʤʝʪʨʦʤ ʪʨʝʙʫʝʤʦʛʦ ʨʘʟʤʝʨʘ ʠ 
ʫʯʝʪʦʤ ʜʦʧʫʩʢʘ ʜʣʷ ʦʧʝʨʘʮʠʠ ʰʣʠʬʦʚʘʥʠʷ. 

- ʦʙʨʘʙʦʪʢʘ ʦʪʩʝʢʘ ʚʘʣʘ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʦʰʠʙʢʫ, ʜʦ ʨʘʟʤʝʨʘ ʚʥʫʪʨʝʥʥʝʛʦ 
ʜʠʘʤʝʪʨʘ ʚʪʫʣʢʠ. 

- ʦʜʝʚʘʥʠʝ ʚʪʫʣʢʠ ʥʘ ʚʘʣ ʠ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʠʭ ʦʢʦʥʯʘʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ. 

ʊʘʢʞʝ, ʚ ʵʪʦʡ ʩʪʘʪʴʝ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʧʦʩʘʜʦʯʥʳʭ ʨʘʟʤʝʨʦʚ ʚʘʣʘ ʠ 

ʚʪʫʣʢʠ, ʪʦʣʱʠʥʳ ʩʪʝʥʢʠ ʚʪʫʣʢʠ, ʜʠʘʤʝʪʨʘ ʦʙʱʝʛʦ ʚʘʣʘ ʠ ʤʘʪʝʨʠʘʣʘ ʚʪʫʣ-

ʢʠ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

1. ʉʦʟʜʘʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʣʷ ʪʨʝʙʫʝʤʦʡ ʩʠʪʫʘʮʠʠ. 

2. ʆʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʧʦʩʘʜʦʯʥʳʭ ʨʘʟʤʝʨʦʚ ʚʪʫʣʢʠ ʠ ʚʘʣʘ. 

3. ʆʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʡ ʪʦʣʱʠʥʳ ʩʪʝʥʢʠ ʚʪʫʣʢʠ. 

4. ʇʨʦʚʝʜʝʥʠʝ ʘʥʘʣʠʟʘ ʩ ʫʯʝʪʦʤ ʨʘʟʥʳʭ ʜʠʘʤʝʪʨʦʚ ʚʘʣʘ. 

5. ʇʨʦʚʝʜʝʥʠʝ ʘʥʘʣʠʟʘ ʩ ʨʘʟʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʚʪʫʣʢʠ ʠ ʧʨʠ ʨʘʟʥʳʭ ʪʝʤ-

ʧʝʨʘʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭ. 

6. ʉʨʘʚʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʥʘʧʨʷʞʝʥʠʷ, ʥʘʪʷʞʝʥʠʷ ʠ ʜʝʬʦʨʤʘʮʠʠ ʚ ʚʘʣʝ ʠ 

ʚʪʫʣʢʝ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʘʥʘʣʠʟʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʪʫʣʢʠ 

ʉ ʮʝʣʴʶ ʨʘʩʯʝʪʘ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʪʫʣʢʠ, 

ʧʨʝʜʩʪʘʚʠʤ ʚʪʫʣʢʫ ʚ ʢʘʯʝʩʪʚʝ ʧʨʷʤʦʛʦ ʩʪʝʨʞʥʷ ʧʦʩʪʦʷʥʥʦʛʦ ʩʝʯʝʥʠʷ ʚ 

ʫʩʣʦʚʠʷʭ ʨʘʩʪʷʞʝʥʠʷ, ʪʘʢ ʢʘʢ ʚʪʫʣʢʘ ʧʦʣʫʯʘʝʪ ʪʘʢʦʝ ʞʝ ʥʘʧʨʷʞʝʥʠʝ ʠ ʜʝ-

ʬʦʨʤʘʮʠʶ, ʢʘʢ ʠ ʩʪʝʨʞʝʥʴ ʚ ʩʦʩʪʦʷʥʠʠ ʨʘʩʪʷʞʝʥʠʷ.  
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ʋʯʠʪʳʚʘʷ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʨʝʰʝʥʠʷ ʟʘʜʘʯ [1] ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

ʝʜʠʥʳʡ ʧʣʘʥ ʧʦʩʪʘʥʦʚʢʠ ʠ ʨʝʰʝʥʠʷ ʧʨʷʤʦʡ ʟʘʜʘʯʠ ʜʣʷ ʩʪʝʨʞʥʷ: ʟʘʜʘʶʪʩʷ 

ʫʩʣʦʚʠʷ ʜʣʷ ʜʝʬʦʨʤʘʮʠʡ ʧʨʦʜʦʣʴʥʳʭ ʚʦʣʦʢʦʥ ʩʪʝʨʞʥʷ; ʟʘʧʠʩʳʚʘʶʪʩʷ ʟʘ-

ʚʠʩʠʤʦʩʪʠ, ʩʚʦʡʩʪʚʝʥʥʳʝ ʵʪʦʤʫ ʚʠʜʫ ʜʝʬʦʨʤʘʮʠʠ; ʚʳʜʝʣʷʝʪʩʷ ʦʩʥʦʚʥʦʝ 

ʥʝʠʟʚʝʩʪʥʦʝ, ʢʦʪʦʨʦʝ ʠʤʝʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʫʶ ʩʚʷʟʴ ʩ ʜʨʫʛʠʤʠ ʠʩʢʦʤʳʤʠ 

ʚʝʣʠʯʠʥʘʤʠ; ʚʳʧʦʣʥʷʝʪʩʷ ʨʝʰʝʥʠʝ. 

ɼʣʷ ʯʠʩʪʦʛʦ ʨʘʩʪʷʞʝʥʠʷ ʟʘʜʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʫʩʣʦʚʠʷ: 1) ʩʝʯʝʥʠʷ 

ʦʩʪʘʶʪʩʷ ʧʣʦʩʢʠʤʠ, ʪ. ʝ. ʚʩʝ ʚʦʣʦʢʥʘ, ʧʘʨʘʣʣʝʣʴʥʳʝ ʦʩʠ ʩʪʝʨʞʥʷ, ʜʝʬʦʨ-

ʤʠʨʫʷʩʴ ʦʜʠʥʘʢʦʚʦ, ʠʩʧʳʪʳʚʘʶʪ ʪʦʣʴʢʦ ʨʘʩʪʷʞʝʥʠʝ, ʜʝʬʦʨʤʘʮʠʠ ʩʜʚʠʛʘ 

ʦʪʩʫʪʩʪʚʫʶʪ, ʦʪʢʫʜʘ ʩʦʛʣʘʩʥʦ ʬʠʟʠʯʝʩʢʦʤʫ ʟʘʢʦʥʫ ʩʣʝʜʫʝʪ, ʯʪʦ ʢʘʩʘʪʝʣʴ-

ʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʚʥʫʪʨʝʥʥʠʝ ʫʩʠʣʠʷ ʚ ʧʦʧʝʨʝʯʥʳʭ 

ʩʝʯʝʥʠʷʭ ʩʪʝʨʞʥʷ (ʧʦʧʝʨʝʯʥʳʝ ʩʠʣʳ ʠ ʢʨʫʪʷʱʠʝ ʤʦʤʝʥʪ) ʨʘʚʥʳ ʥʫʣʶ; 

2) ʨʘʩʪʷʞʝʥʠʝ ʢʘʞʜʦʛʦ ʠʟ ʚʦʣʦʢʦʥ ʨʘʚʥʦʤʝʨʥʦʝ, ʪ. ʝ. ʚ ʧʨʝʜʝʣʘʭ ʚʦʣʦʢʥʘ (ʠ 

ʚʩʝʛʦ ʩʪʝʨʞʥʷ) Ůx= const, Ůy=  Ůz= ï ɜŮx= const; 3) ʬʠʟʠʯʝʩʢʠʡ ʟʘʢʦʥ ï ʟʘʢʦʥ 

ɻʫʢʘ ʜʣʷ ʦʜʥʦʦʩʥʦʛʦ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ; ʠʟ ʥʝʛʦ ʚʳʪʝʢʘʝʪ, ʯʪʦ ůʭ= 

const; ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʠʟʛʠʙʘʶʱʠʝ ʤʦʤʝʥʪʳ ʧʨʠ ʩʦʚʤʝʱʝʥʠʠ ʮʝʥʪʨʘ ʧʨʠʚʝ-

ʜʝʥʠʷ ʩ ʮʝʥʪʨʦʤ ʪʷʞʝʩʪʠ ʦʙʨʘʱʘʶʪʩʷ ʚ ʥʫʣʴ; 4) ʟʘʜʘʥʘ ʚʝʣʠʯʠʥʘ ʧʨʦʜʦʣʴ-

ʥʦʡ ʩʠʣʳ N. 

ʉ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʩʪʷʥʫʪʦʛʦ ʩʪʝʨʞʥʷ Ůʭ, ʠ ůʭ 

ʠʤʝʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʟʘʚʠʩʠʤʦʩʪʠ: 

x

A

N dA= sñ , (1) 

 

/ʭ u ʭe =µ µ , (2) 
     

.ʭ ʭɽs = e  (3) 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʥʝʠʟʚʝʩʪʥʦʛʦ, ʯʝʨʝʟ ʢʦʪʦʨʦʝ ʚʳʨʘʞʘʶʪʩʷ 

ʦʩʪʘʣʴʥʳʝ ʠʩʢʦʤʳʝ ʚʝʣʠʯʠʥʳ, ʧʨʠʥʠʤʘʝʪʩʷ Ůx. ʊʘʢ ʢʘʢ ʧʝʨʝʤʝʱʝʥʠʝ u ï 

ʬʫʥʢʮʠʷ ʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʭ, ʪʦ 

 /  ,ʭ du dxe =   (4) 

ʦʪʢʫʜʘ 

.x xu dx C x C= e + =e +ñ  (5)
 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚʩʝ ʚʦʣʦʢʥʘ ʦʜʠʥʘʢʦʚʦ ʟʘʢʨʝʧʣʝʥʳ, ʪ. ʝ. ʠʤʝʶʪ 

ʦʜʠʥʘʢʦʚʳʝ ʥʘʯʘʣʴʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ u(0). ʀʟ ʫʩʣʦʚʠʷ: ʧʨʠ ʭ = 0, u = u(0) 

ʩʣʝʜʫʝʪ, ʯʪʦ ʉ = u(0), ʠ ʩʣʝʜʦʚʘʪʝʣʴʥʦ 

()   0 .ʭu ʭ u=e +   (6) 

ʋʜʣʠʥʝʥʠʝ ʩʪʝʨʞʥʷ ʥʘ ʫʯʘʩʪʢʝ 0ïʭ ʨʘʚʥʦ 

 .x xxl =e  (7) 

ʇʨʠ ʭ = l, ʛʜʝ l ï ʜʣʠʥʘ ʩʪʝʨʞʥʷ 

 .xll =e  (8) 
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ʀʥʪʝʛʨʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʧʨʠ  constxs =  ʧʨʠʥʠʤʘʝʪ ʚʠʜ 

 ,xN ɸ=s   (9) 

ʦʪʢʫʜʘ 

  .ʭ N As =   (10) 

ʆʙʨʘʱʘʷʩʴ ʢ ʬʠʟʠʯʝʩʢʦʤʫ ʟʘʢʦʥʫ, ʦʧʨʝʜʝʣʷʝʪʩʷ 

 / ( )ʭ N ɽɸe =   (11) 

ʠ ʦʢʦʥʯʘʪʝʣʴʥʳʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʡ ʠ ʫʜʣʠʥʝʥʠʡ: 

( )( ) )   ,(0u Nx EA u= +   (12) 
    

( )( )  ,x Nx Eɸl =   (13) 
 

( )( )   .Nl EAl =   (14) 

ʇʨʠ ʩʞʘʪʠʠ ʧʨʦʜʦʣʴʥʘʷ ʩʠʣʘ N ʠʤʝʝʪ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ. 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʩʣʝʜʫʶʱʠʤ ʚʳʚʦʜʘʤ: 

1. ʅʘ ʦʩʥʦʚʘʥʠʠ ʩʪʘʪʠʯʝʩʢʦʛʦ ʛʨʘʥʠʯʥʦʛʦ ʫʩʣʦʚʠʷ ʥʘ ʪʦʨʮʘʭ ʧʦʩʪʦʷʥʥʦʝ 
ʥʘʧʨʷʞʝʥʠʝ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʚ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʫʶ ʥʘʛʨʫʟʢʫ 

ʍʨ=ůʭ, ʢʦʪʦʨʘʷ ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʯʠʩʪʦʛʦ 

ʨʘʩʪʷʞʝʥʠʷ. 

2. ʅʘʧʨʷʞʝʥʠʝ ůʭ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ N ʠ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ 

ɸ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʟʘʜʘʥʥʦʡ ʧʨʦʜʦʣʴʥʦʡ ʩʠʣʝ ʥʘʧʨʷʞʝʥʠʝ ʤʦʞʥʦ 

ʫʤʝʥʴʰʠʪʴ, ʫʚʝʣʠʯʠʚ ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ. 

3. ʋʜʣʠʥʝʥʠʝ ʩʪʝʨʞʥʷ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʚʝʣʠʯʠʥʝ ɽɸ, ʥʘʟʳʚʘʝ-

ʤʦʡ ʞʝʩʪʢʦʩʪʴʶ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ. ɾʝʩʪʢʦʩʪʴ ʦʧʨʝʜʝʣʷʶʪ ʤʦʜʫʣʴ ʫʧʨʫ-

ʛʦʩʪʠ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʝʯʝʥʠʷ. 

ɺ ʜʘʥʥʦʤ ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʤʝʪʦʜʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʫʯʠʪʳʚʘʝʪʩʷ ʪʦʣʴʢʦ 

ʯʠʩʪʦʝ ʨʘʩʪʷʞʝʥʠʝ. ʆʜʥʘʢʦ, ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʚʘʣʘ ʩ ʚʪʫʣʢʦʡ ʧʨʦʠʩʭʦ-

ʜʠʪ ʥʘʧʨʷʞʝʥʠʝ ʠ ʜʝʬʦʨʤʘʮʠʷ ʟʘ ʩʯʝʪ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʩʠʣʳ ʠ ʜʘʚʣʝʥʠʷ. 

ɼʣʷ ʨʘʩʯʝʪʘ ʚʩʝʭ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʄʂʕ). 

ʉʦʟʜʘʥʠʝ 3D ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ 

ɼʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʦʩʘʜʦʯʥʳʭ ʨʘʟʤʝʨʦʚ ʚʘʣʘ ʠ ʚʪʫʣʢʠ, ʪʦʣʱʠʥʳ 

ʩʪʝʥʢʠ ʚʪʫʣʢʠ, ʜʠʘʤʝʪʨʘ ʦʙʱʝʛʦ ʚʘʣʘ ʠ ʤʘʪʝʨʠʘʣʘ ʚʪʫʣʢʠ ʩʦʟʜʘʥʳ 3D ʠ ʤʘ-

ʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʨʘʩʯʝʪʦʤ ʥʝʦʙʭʦʜʠʤʳʭ ʧʘʨʘʤʝʪʨʦʚ 

(ʥʘʧʨʷʞʝʥʠʝ, ʥʘʪʷʞʝʥʠʝ, ʜʝʬʦʨʤʘʮʠʷ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ) [2-5] ʤʝʪʦ-

ʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ.  

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ 3D ʤʦʜʝʣʴ ʚʘʣʘ ʠ ʚʪʫʣʢʠ.  

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʚʳʙʨʘʥ ʚʘʣ ʩ ʜʠʘʤʝʪʨʦʤ ʦʪʩʝʢʘ ʤ25 ʤÅ  ʜʣʷ 

ʧʦʜʰʠʧʥʠʢʘ SKF 6205.   
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ʈʠʩ. 1. 3D ʤʦʜʝʣʴ ʚʘʣʘ ʠ ʚʪʫʣʢʠ 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʄʂʕ ʥʘ ʨʠʩ. 2 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʩʯʝʪʥʘʷ ʤʦʜʝʣʴ ʚʘʣʘ ʠ ʚʪʫʣʢʠ. 

 

ʈʠʩ. 2. ʈʘʩʯʝʪʥʘʷ ʤʦʜʝʣʴ ʚʘʣʘ ʠ ʚʪʫʣʢʠ 

ʀʩʧʦʣʴʟʫʝʤʳʝ ʤʘʪʝʨʠʘʣʳ 

ɺ 3D ʤʦʜʝʣʷʭ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ: ʘʣʶʤʠʥʠʝʚʳʡ 

ʩʧʣʘʚ ʜʣʷ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ ʠ ʢʦʥʩʪʨʫʢʮʠʦʥʥʘʷ ʩʪʘʣʴ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʢʘʟʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1. 

ʊʘʙʣʠʮʘ 1. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʦʚ 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʤʘʪʝʨʠʘʣʘ 

ʇʣʦʪ-

ʥʦʩʪʴ, 

ʢʛ/ʤ
3
 

ʇʨʝʜʝʣ ʪʝ-

ʢʫʯʝʩʪʠ 

ʧʨʠ ʨʘʩʪʷ-

ʞʝʥʠʠ, 

ʄʇʘ 

ʇʨʝʜʝʣ 

ʪʝʢʫʯʝ-

ʩʪʠ ʧʨʠ 

ʩʞʘʪʠʠ, 

ʄʇʘ 

ʇʨʝʜʝʣ 

ʧʨʦʯʥʦʩʪʠ 

ʧʨʠ ʨʘʩʪʷ-

ʞʝʥʠʠ, 

ʄʇʘ 

ʂʦʵʬʬʠʮʠ-

ʝʥʪ ʪʝʧʣʦʚʦ-

ʛʦ ʨʘʩʰʠʨʝ-

ʥʠʷ, C
-1
*10

-6 

ʂʦʥʩʪʨʫʢʮʠʦʥ-

ʥʘʷ ʩʪʘʣʴ ʦʙʱʝ-

ʛʦ ʥʘʟʥʘʯʝʥʠʷ 

7850 250 250 460 12 

ɸʣʶʤʠʥʠʝʚʳʡ 

ʩʧʣʘʚ ʦʙʱʝʛʦ 

ʥʘʟʥʘʯʝʥʠʷ 

2770 280 280 310 23 
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ʈʘʩʯʝʪʳ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ  

ʦʧʪʠʤʘʣʴʥʳʭ ʧʦʩʘʜʦʯʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʪʫʣʢʠ ʠ ʚʘʣʘ 

1. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʘʪʷʛʘ ʩʦʟʜʘʥʳ ʪʨʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ 
ʤʦʜʝʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʪʫʣʢʠ ʚʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ, ʢʦʪʦʨʦʡ ʩʦ-

ʩʪʘʚʣʷʝʪ:  1120 ,-Å  
2020 ,-Å  2920-Å . 

ʅʘ ʨʠʩ. 3 ï ʨʠʩ. 5 ʧʨʠʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʥʘʧʨʷʞʝʥʠʷ, ʥʘʪʷʞʝʥʠʷ ʠ ʜʝ-

ʬʦʨʤʘʮʠʠ ʚʘʣʘ ʠ ʚʪʫʣʢʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʘʪʷʛʘ ʩ ʨʘʟʥʳʤʠ 

ʧʦʩʘʜʦʯʥʳʤʠ ʨʘʟʤʝʨʘʤʠ, ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʣʷʶʪ: 1120 ,-Å  
2020 ,-Å  2920-Å . ɸ 

ʪʘʢʞʝ, ʦʧʨʝʜʝʣʝʥ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʜʣʷ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚʪʫʣʢʠ ʠ ʚʘ-

ʣʘ. 

 

 

ʈʠʩ. 3. ʈʘʩʯʝʪʳ ʥʘʧʨʷʞʝʥʠʷ, ʥʘʪʷʞʝʥʠʷ, ʜʝʬʦʨʤʘʮʠʠ ʠ  

ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʧʘʩʘ ʩ ʧʦʩʘʜʦʯʥʳʤ ʨʘʟʤʝʨʦʤ 1120-Å  
 

 

 

ʈʠʩ. 4. ʈʘʩʯʝʪʳ ʥʘʧʨʷʞʝʥʠʷ, ʥʘʪʷʞʝʥʠʷ, ʜʝʬʦʨʤʘʮʠʠ ʠ  

ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʧʘʩʘ ʩ ʧʦʩʘʜʦʯʥʳʤ ʨʘʟʤʝʨʦʤ 2020-Å  
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ʈʠʩ. 5. ʈʘʩʯʝʪʳ ʥʘʧʨʷʞʝʥʠʷ, ʥʘʪʷʞʝʥʠʷ, ʜʝʬʦʨʤʘʮʠʠ ʠ  

ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʧʘʩʘ ʩ ʧʦʩʘʜʦʯʥʳʤ ʨʘʟʤʝʨʦʤ 2920-Å  

2. ɼʣʷ ʘʥʘʣʠʟʘ ʠʟʤʝʥʝʥʠʡ ʧʦʩʘʜʦʯʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʪʫʣʢʠ ʠ ʚʘʣʘ ʚ 
ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʠʘʤʝʪʨʘ, ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʣʷʝʪ: 29,15-Å  2920-Å , 

2925-Å .  

ʅʘ ʨʠʩ. 6 ï ʨʠʩ. 8 ʧʨʠʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʥʘʧʨʷʞʝʥʠʷ, ʥʘʪʷʞʝʥʠʷ ʠ ʜʝ-

ʬʦʨʤʘʮʠʠ ʚʘʣʘ ʠ ʚʪʫʣʢʠ ʜʣʷ ʘʥʘʣʠʟʘ ʠʟʤʝʥʝʥʠʡ ʧʦʩʘʜʦʯʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʚʪʫʣʢʠ ʠ ʚʘʣʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʠʘʤʝʪʨʘ, ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʣʷʝʪ: 29,15-Å  

2920-Å , 2925-Å . ɸ ʪʘʢʞʝ, ʦʧʨʝʜʝʣʝʥ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʜʣʷ ʜʘʥʥʦʛʦ ʤʘ-

ʪʝʨʠʘʣʘ ʚʪʫʣʢʠ ʠ ʚʘʣʘ. 

 

 

ʈʠʩ. 6. ʈʘʩʯʝʪʳ ʥʘʧʨʷʞʝʥʠʷ, ʥʘʪʷʞʝʥʠʷ, ʜʝʬʦʨʤʘʮʠʠ ʠ  

ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʧʘʩʘ ʜʣʷ ʚʘʣʘ ʠ ʚʪʫʣʢʠ ʩ ʜʠʘʤʝʪʨʦʤ 2915-Å  
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ɯʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ, ʤʝʭʘʥʽʢʘ ʪʘ ʢʝʨʫʚʘʥʥʷ 

 

 

ʈʠʩ. 7. ʈʘʩʯʝʪʳ ʥʘʧʨʷʞʝʥʠʷ, ʥʘʪʷʞʝʥʠʷ, ʜʝʬʦʨʤʘʮʠʠ ʠ  

ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʧʘʩʘ ʜʣʷ ʚʘʣʘ ʠ ʚʪʫʣʢʠ ʩ ʜʠʘʤʝʪʨʦʤ 2920-Å  
 

 

 

ʈʠʩ. 8. ʈʘʩʯʝʪʳ ʥʘʧʨʷʞʝʥʠʷ, ʥʘʪʷʞʝʥʠʷ, ʜʝʬʦʨʤʘʮʠʠ ʠ ʢʦʵʬʬʠʮʠ-

ʝʥʪʘ ʟʘʧʘʩʘ ʜʣʷ ʚʘʣʘ ʠ ʚʪʫʣʢʠ ʩ ʜʠʘʤʝʪʨʦʤ 2925-Å  

3. ɼʣʷ ʘʥʘʣʠʟʘ ʠʟʤʝʥʝʥʠʡ ʧʦʩʘʜʦʯʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʪʫʣʢʠ ʠ ʚʘʣʘ ʚ 
ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʣʱʠʥʳ ʩʪʝʥʢʠ ʚʪʫʣʢʠ, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʣʷʝʪ: 1,5 ʤʤ, 

2,5 ʤʤ, 3,5 ʤʤ.  

ʅʘ ʨʠʩ. 9 ï ʨʠʩ. 11 ʧʨʠʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʥʘʧʨʷʞʝʥʠʷ, ʥʘʪʷʞʝʥʠʷ ʠ ʜʝ-

ʬʦʨʤʘʮʠʠ ʚʘʣʘ ʠ ʚʪʫʣʢʠ ʜʣʷ ʘʥʘʣʠʟʘ ʠʟʤʝʥʝʥʠʡ ʧʦʩʘʜʦʯʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʚʪʫʣʢʠ ʠ ʚʘʣʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʣʱʠʥʳ ʩʪʝʥʢʠ ʚʪʫʣʢʠ, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʣʷ-

ʝʪ: 1,5 ʤʤ, 2,5 ʤʤ, 3,5 ʤʤ. ɸ ʪʘʢʞʝ, ʦʧʨʝʜʝʣʝʥ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʜʣʷ 

ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚʪʫʣʢʠ ʠ ʚʘʣʘ. 

 


