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INNOVATIVE METHODS OF CREATING ELEMENTS OF IMPLEMENTS WITH 

INCREASED BEARING CAPACITY 
 

L. Khmara, Prof., Dr., Eng. Sc., Prydniprovs’ka State Academy of Civil Engineering 

and Architecture, Dnipropetrovsk, V. Talalay, Assoc. Prof., Cand., Eng. Sc., 

Donbas National Academy of Civil Engineering and Architecture, Makeevka 
 

Abstract. Methods of creating reliable and durable elements of implements for construction machinery 
based on the research into static and dynamic beam loading which ruins the element metal structures. 
Destruction zones have been determined; methods of local or complete strengthening at the expense of 
reasonable cross-sections and composite materials have been proposed. 
 
Key words: reliability, durability, strain, destruction, effort, research, cross-section, metal structure,  
aggregate. 
 

 

 

 

ϔϾ ϴϿ ϼ  ϻϴ϶ϸϴ  ϴ Ϸ  ϴ ϼ ϵ -

ϸ ϶ϴ  є ϻϴϵϹϻ Ϲ Ϲ  ϴϸ Ͻ , ϸ ϶Ϸ ϶ -

  ϶ϼ Ͼϼ  Ͼϴϻ ϼϾ ϶  ϵ Ϸ  

ϵϿϴϸ ϴ  ϴ Ͻ Ϸ  ϹϿϹ Ϲ ϶, ϼ  ϶ϴ-
ϺϿϼ϶ϼ  ϴϾ Ϻ є Ϲ ϵ ϸ  ϻ ϼϺϹ  Ϲ ϴ-
Ͽ є .  
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Ϥ ϻ϶’ ϻϴ  ϸϴ  ϻϴϸϴ  є Ϲ ϺϿϼ϶ϼ  ϵϹϻ 
ϻϴ ϶ϴ  ϴ ϼ  Ϲ Ͽ Ϸ Ͻ  Ϲ ϸϼϾ 
϶ Ϲ  ϶ϼ Ͼ Ϲ ϹϾ ϼ϶ ϼ  ϴ ϼ . ϛϴ -

϶ϴ  ϴ ϴϿ ϼ   Ϲ ϴϿ Ͼ Ͼ-
Ͻ, Ͼ ϻϼ Ͻ ϼ , Ͼ ϵ ϶ϴ ϼ  ϴ Ϲ ϴϿ ϶ 

 Ͼ Ͼ  ϵ Ϸ  ϵϿϴϸ ϴ  ϸ ϻ϶ -

Ͽϼ  ϸ϶ϼ ϼ ϼ Ϲ  ϻϸϴ  ϵ Ϸ  

ϵϿϴϸ ϴ , ϴ ϴϾ Ϻ ϼ є ϻ ϼϺϹ  Ϲ-
ϴϿ  ϶ϼ ϴ . 

 

  

 

ϣ ϸ϶ϼ Ϲ  Ϲ ϹϾ ϼ϶  ϵ ϸ ϶ϹϿ ϼ  ϴ-
ϼ  ϻϴ ϴ Ͼ ϶ϴ ϼ  ϵ ϶ ϸ-

϶ϼ Ϲ  ϴϸ Ͻ , ϸ ϶Ϸ ϶    

Ϲ ϴϿ Ͼ Ͼ Ͻ ϵ ϼ  Ϸϴ ϶ є ϴϾ ϴ-
Ͽ ϼ  Ϲ , ϴ ϴϾ Ϻ Ϸ Ͽ ϶ ϼ  ϻϴ϶ϸϴ -

 ϼ ϴ  ϹϾ ϶ϴ  ϴ ϶ Ϲ -

 ϴ , Ͼ  ϵ ϸ ϶ϹϿ  Ϲ Ͼϼ [1–5]. 

 

І ϶ϴ Ͻ  Ϲ ϸϼ ϸ϶ϼ Ϲ   Ϲ-
ϴϿ Ͼ Ͼ Ͻ ϵϴϻ  ϴ Ͼ ’ -

Ϲ  ϸϹϿ ϶ϴ  (ϸ Ͽ ϸϺϹ ), ϴ ϴϾ Ϻ 

ϴ  ϴ Ϲ ϴϿϼ ϸ ϻ϶ Ͽ  ϸ Ϸ ϼ Ϲ ϵ-
ϸ Ϸ  Ϲϻ Ͽ ϴ  [1–5]. 

 

Ϙ  Ϸ ϸ  Ϲ ϻ ϵϿϹ  Ͼ Ͼ Ϲ ϼ  ϹϾ -

Ϲ ϸϴ Ͻ, Ϲ ϸϼϾϼ ϻ  ϶ Ϲ  ϶ϼ Ͼ -

 ( ϼ  ϴϿ  Ϲ ϴϿ є ) Ͼ -

Ͼ  ϵ Ϸ  ϵϿϴϸ ϴ  ϵ ϸ ϶ϹϿ  

Ϲ Ͼϼ. 

 

    

 

ϠϹ  ϴ  є ϶ϼϻ ϴ Ϲ  Ϲ ϹϾ ϼ϶ ϼ  Ϲ -

ϸϼϾ ϸ϶ϼ Ϲ  Ϲ  ϻϸϴ  ϹϿϹ Ϲ ϶ 
ϵ Ϸ  ϵϿϴϸ ϴ  ϵ ϸ ϶ϹϿ ϼ  ϴ ϼ  ϴ 
ϸ ϴ϶  Ϲ Ϲ ϼ Ϸ  ϸ Ͽ ϸϺϹ  ϴ Ϸϼ, 

Ͼϴ ϶ϼ ϼϾϴє ϶ Ϲ ϴϿ Ͼ Ͼ  ϼ ϸ  ϴ 
Ϲ  ϹϾ϶ ϶ϴϿϹ ϴ ϴ ϼ ϼ  ϼϿ ϻ ϶ϼϾ ϼ ϴ -

 ϴ Ϸ  Ϸ ϴ Ϸ  ϻϴϵϹϻ Ϲ Ϲ . 

 

ϛϴ϶ϸϴ  ϵ ϼ Ͽ Ϸϴє  ϻ ϵ  ϶ϴ-
Ͻ ϼ  Ϲ ϸϼϾ ϸ϶ϼ Ϲ   ϹϿϹ Ϲ-

϶ ϵ Ϸ  ϵϿϴϸ ϴ  ϵ ϸ ϶ϹϿ ϼ  ϴ-
ϼ ,  ϵϴϻ  ϴ ϻϴ ϶ϴ ϼ  ϴ ϶Ϲ-
ϸϹ  Ϲ Ϲ ϼ ϼ  ϸ Ͽ ϸϺϹ  ϻϴ ϸ Ϸ  

ϴ Ϸ  Ϸ ϴ Ϸ  ϻϴϵϹϻ Ϲ Ϲ . 

 

     

 

 

ϧ Ϲ  ϵ ϼ ϹϿϹ Ϲ ϼ ϵ Ϸ  ϵϿϴϸ-
ϴ  ϵ ϸ ϶ϹϿ ϼ  ϴ ϼ  ϼϽ ϴ  ϼ -

ϾϴϿ  ϴ Ϸϼ  ϻϷϼ ϴϿ  Ϲ ϼ. ϦϹ Ϲ-
ϼ ϼϽ ϴ ϴϿ ϻ ϸ ϻ϶ Ͽ є ϼ ϼ ϼ,  ϼ 

ϸ  ϴ϶ϴ ϴϺϹ  ϹϿϹ Ϲ ϼ ϵ Ϸ  ϵϿϴϸ ϴ-
  ϻ ϶ϴ ϼ ϶  Ϲ ϶  ϷϹ Ϲ -

ϼ  ϼ,  ϼϻ϶ϹϸϹ ϸ  Ͻ ϶ϴ  

Ͼ Ͼ . Ϧ  ϴϾ ϴϿ ϼ  ϴє ϼ ϴ  

ϻ ϵϾϼ Ϲ ϸϼϾ, Ͼ  ϵ ϸ ϻ϶ ϿϼϿϼ ϸ϶ϼ ϼ-

ϼ  ϴ ϴϸ Ͻ  Ͼ Ͼ Ͻ. ϛϴϸϿ  

ϸ Ϸ Ϲ  є  Ϲ ϼ ϵ Ͽ  ϻ ϵϿϹ  ϼ 

Ϲ ϸϼϾϼ: 

 

Ι. ϡϴϽϵ Ͽ  Ϲ ϹϾ ϼ϶ ϼ  ϵ  ϸ϶ϼ-

Ϲ  Ϲ  ϻϸϴ   Ͼ Ͼ-
 є ϻϴ ϶ϴ  ϻϴ ϶ ϶ϴ ϴ Ϻ ϼ ϼ  

ϵ’є ϶ Ϲ ϴϿ Ͼ Ͼ Ͻ (ϠϞ) ϻ Ϸ  Ϲ-
Ϲ ϻ . Ϣϸ ϴϾ  ϶ϴ Ϸ  Ϲ ϸ  

ϸ϶ϼ Ϲ    Ͼ Ͼ  

ϵ Ϸ  ϵϿϴϸ ϴ  ϾϿϴϸϴє  ϻ ϸϹϾ Ͽ Ͼ  

Ϲ ϴ ϶: 1 – ϴ ϴϿ ϼ Ϸ ,  Ͽ Ϸϴє ϶ ϴ ϴϿ ϻ  

( ϻ ϴ Ͼ  ϴ ϸϹϿ ϶ϴ ) ϼϿ,  ϸ  

ϴ ϠϞ, ϼ Ϲ   ϴ Ͼ , ϻ ϴ ϸϺϹ  

ϴϽϵ Ͽ  ϴ϶ϴ ϴϺϹ  ϸ Ͽ Ͼϼ, Ͼϴ ϻϴϻ ϴє 
Ͻ ϶ Ϸ  ϶ Ͽϼ϶  Ͼ ϴ ϼ Ϸ , ϴϾ  ϸϼ ϴ-
Ϸ  ϴ϶ϴ ϴϺϹ ; 2 – Ͼ Ͼ ϼ϶ Ϸ , 

 Ͽ Ϸϴє ϶ Ϲ϶  ϻ Ϲ  ϴϽϵ Ͽ  

ϴ϶ϴ ϴϺϹ  ϸ Ͽ Ͼϼ Ͽ  ϻϴ ϶ϴ  

ϻϴ ϶ ϶ϴ ϴ. 
 

ϣ ϼ ϶ϹϸϹ  ϴ ϴϿ ϼ Ϸ  Ϲ ϴ  ϼ ϴ  

Ϲ ϼ ϴ Ϸ ϼ  Ͼ Ͼ Ͻ ϴ ϼ 

( ϼ . 1) ϸ ϻ϶ Ͽ  ϶ϼϻ ϴ ϼ ϼ Ϲ Ͽ ϾϴϿ -

Ϸ  ϵϹ ϶ϴ . 

 

      
 

Ϥϼ . 1. ϤϹϻ Ͽ ϴ ϼ Ϸ  ϴ ϴϿ ϻ  ϶ ϴϿ Ϸ  ϵ ϴ ϵ Ͽ ϸ ϻϹ ϴ ϻ ϻϴϻ ϴ Ϲ  ϴϽϵ Ͽ  

ϿϴϵϾϼ   Ͼ Ͼ  
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ϣ Ͽ  ϶ϹϸϹ  ϴ ϴϿ ϻ  ϴ ϶ ϴ ϶ϿϹ  

ϹϵϹϻ Ϲ  ϻ ϼ ϶ϼϻ ϴ ϴє  Ͼ Ͼ Ϲ  Ͽ -

Ͻ  ϴ ϴ Ϲ ϼ ϻ ϼ ϵϹ ϶ϴ  ϴ  ϵ Ϸ. 
 

ϥ ϼ ϴ ϼ  ϴ Ϲϻ Ͽ ϴ ϼ ϸ Ͽ ϸϺϹ , ϴ϶Ϲ-
ϸϹ ϼ  ϴ ϼ . 1, ϶ ϻ Ϲ  Ϲ   Ͽ -

ϾϴϿ Ϲ ϻ Ϲ , Ͼ Ͼ ϼ϶ ϼϽ Ϲ ϴ  Ͼ -

Ϸ  ϻϾ ϼ  ϴ ϼ . 2. 

 

 
 

 
 

Ϥϼ . 2. Ϟ Ͼ ϼ϶ ϼϽ Ϲ ϴ  Ϲ ϸ  ϸ϶ϼ-

Ϲ  : ϴ – Ͼ Ͼ  ϹϿϹ Ϲ -

ϴ ϴ ϼ ϸ  ϻ Ϲ ; ϵ – Ϻ ϼ  

ϻ ϼ Ͼ Ϲ ϴ  ϴ ϺϹ  ϻ Ϲ  

ϻϴ ϶ ϶ϴ Ϲ  

 

II. Ϣ ϵϿϼ϶  Ϲ ϸ  ϶ Ϲ  ϶ϼ  ϹϿϹ-
Ϲ ϶ ϵ Ϸ  ϵϿϴϸ ϴ  ϻ ϸ϶ϼ Ϲ ϼ ϼ 

Ϲ ϼ ϼ ϻϸϴ ϼ Ͽ Ϸϴє ϶ ϸ ϸϴ  

Ͽ  ϠϞ ϴ ϴϿ  ϼ ( ϵ-

ϴ , ϵϴϷϴ Ϸ ϴ ). 

 

ϪϹϽ Ϲ ϸ Ϻ ϴ ϸ Ͽϼ ϼ ϴ ϼ ϴ Ͼϼ 

(Ͼ ϺϹ  ϻ Ͼϼ  ϶ϼϾ є ϶  Ϲ ): 

 

ϔ) ϻ Ϲ  ϻ Ϲ Ϲ  Ϲ ϴϿ є  Ϲ Ϲ ϻ 
ϴ ϴϿ Ϸ  Ͽ  ϶ϼ Ϲ  ϴ ϼ Ϲ  

϶ ϼ  Ͼϼ ϼ ϻϴϵϹϻ Ϲ Ϲ  Ͼϴϻ ϼϾ ϶ 
, Ͼ  ϴϸϼ Ͻ ϴ Ͼ Ͼ  ( -

Ͽ  Ϲ Ϲ ϼ ); 

 

ϕ) ϻ Ϲ  ϸ϶ϼ Ϲ   ϵϹ Ϲ  Ϲ-
Ϲ ϻ ϻ ϴ ϴϿ ϼ  ϿϹ  ϴ ϻ Ͼϴϻ ϼ-

Ͼϴ ϼ ϶ ϼ Ͼϼ, Ͼ   ϴϸϼ Ͻ Ͻ 

Ͼ Ͼ ; 

 

ϖ) ϻ Ϲ  ϸ϶ϼ Ϲ   ϵϹ Ϲ  Ϲ-
Ϲ ϻ ϻ ϴ ϴϿ ϼ  ϿϹ  ϴ ϻ Ͼϴϻ ϼ-

Ͼϴ ϼ ϶ ϼ Ͼϼ, Ͼ   ϴϸϼ Ͻ Ͻ 

Ͼ Ͼ , ϴ ϻϴ ϶ є   Ͼ -

Ͼ  ϻϴ ϶ ϶ϴ Ϲ  (Ͽ ϾϴϿ  – Ͽ Ͼϼ 

ϴϽϵ Ͽ  ϴ ϺϹ  ϻ ). 

 

 
 

Ϥϼ . 3. ϙ ϴ  ϔ 

 

 
 

Ϥϼ . 4. ϙ ϴ  ϕ 

 

ϣϹ Ϲ϶ϴϷ  ϸϴ Ϸ  Ϲ ϸ  є ϶ ϸ  ϴ 
Ϲ Ͽ Ϸ   ϶ϼϷ ϶ϿϹ  Ͻ ϴ ϹϾ -

 Ϲ ϴϿ  ϻϴ ϶ϼ Ͼ  Ϲ  ϻϸϴ .  

 

ϕϴϷϴ ϴ ϸ Ͽ ϸ ϼϾϴ ϼ ϻϴϻ ϴ ϴϿ ,  -

ϵϴ ϼ ϴє ϴ ϶ϴ ϼ Ͼ ϵ Ͻ ϴ Ͽϼ Ϲ  ϴ-
ϸ , ϵϿϼϻ Ͼ Ͻ ϸ  Ͻ ϶ϴ  ϵϹ ; ϸ  Ϸ  

ϵϴ є Ͽϼ Ϲ ϴϿ ϵϾ , Ͼ   Ϲ ϶ϾϿ ϴ-
ϼ ϶ ϵ  ϶Ϻϼ  Ϲ ϴϿ ϼ  ϻϴ ϸ ϶. 
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Ϥϼ . 5. ϙ ϴ  ϖ 

 

IІI. Ϣ ϵϿϼ϶  Ϲ ϸ  є Ϲ,  ϸϿ  ϻϵ Ͽ -

Ϲ  ϴϸϷϹϻ  ϴ ϴϿ ϼ  є ϻϴ ϶ϴ  

ϴ ϼ  ϴϵ  Ͼ ϴ ϼ  ϹϿϹ Ϲ ϶, Ͼ  

ϴ  Ͽ  ϻ ϻϴ ϶ ϶ϴ Ϲ , ϼ  ϴ-
ϼ  ϼ ϵ ϵϹ  Ͼ Ͼ  ϻ 
ϴ Ϲ Ϻ Ϲ . 

 

.  

 

Ϥϼ . 6. ϕϴϿϾϼ ϻ Ϸ  Ϲ Ϲ ϻ  ϻ Ϲ  ϻϴ-
϶ ϶ϴ Ϲ ,  ϴє Ϲ ϴϿ ϼϽ ϴ -

ϼϽ Ϲ ϺϹ  

 

Ϟ Ͼ ϼ϶ Ϲ Ϲ  ϸϴ Ϸ  Ϲ ϸ : 

– ϶ ϶ϴ ϼ ϵ ϵϹ  Ͼ Ͼ  ϤϢ ϻ 
ϴϿ  ϶ ϼ  Ͼϼ, ϴϿϹ ϼ 

 ϼϿϼ ϼ Ͼ Ͼ  Ϲ ϴϿ ϼ  

ϴ ϶ϴ  (ϻϴ ϶ϴ  Ϲ ϴϿϹ϶ Ϸ  

Ϲ Ϻ , ϾϿϴϸϹ Ϸ  ϶ ϵϹ ); 

– ϼ϶ϴ ϼ ϼ ϻϴ ϸ Ϸ  ϻ϶ϴ ϶ϴ  ϸ  

϶  Ͼ Ͽ  ϻϴ ϶ ϶ϴ  

Ͼ Ͼ  ϹϿϹ Ϲ ϼ ϸϿ  ϻϵ Ͽ Ϲ  ϴϸϷϹϻ . 

 

ϛϴ ϶ є  ϸ  ϠϞ ϕϘϠ ϶ϼϾ ϼ ϴ  Ͼ 
ϻϴ ϶ ϶ϴ ϴ Ϻ  ( ϼ ) Ͼ -

Ͼ Ͻ ϵϹ  ( ϵ ϵϹ ϶ϴ ), ϸϿ  ϻ ϼ  

϶ ϻϿ ϶ ϕϘϠ ϴ ϴϿ  ϶ Ͼ  ϻ ϴ -

϶ϴ  ϴϵ  Ͼ ϴ ϶ϴ  ( ϼ . 6) [3, 6, 8]. 

 

ϡϴ ϸ ϴ϶  ϻϴ ϶ϴ  Ϲ ϸϼϾϼ ϵ -

ϵϹ ϶ϴ  ϻ Ϲ ϴϿ ϼ  ϴ ϶ϴ  ϵ Ͽ  

϶ Ϲ  Ͼ Ͼ  ϵ  ϵϴϿϾϼ ϤϢ ϸ-

϶ϼ Ϲ   ( ϼ . 7). 

 

.  

 

Ϥϼ . 7. Ϧ ϵ ϵϹ ϴ Ͼ Ͼ  ϻ ϴ -

Ϲ Ϻ Ϲ  

 

 

 

ϖϼϾ ϼ ϴ   ϴ ϴϿ Ϸ  Ͽ  -

 ϵϴϿϾϼ Ͼ ϹϿϹ Ϲ ϴ Ͼ Ͼ  ϵ -

Ϸ  ϵϿϴϸ ϴ  ϸ ϻ϶ Ͽ є ϸ϶ϼ ϼ ϼ  -

,  ϻϼ ϼ϶  ϶ Ͽϼ϶ϴє ϴ Ͼϴϻ ϼϾϼ 

ϴϸ Ͻ , ϸ ϶Ϸ ϶  ϴ ϴ Ϲϻϸϴ  

є  Ͼ Ͼ  ϶ Ͽ . 

 

ϛϴ ϶ ϶ϴ  Ͼ ϻϼ Ͻ ϼ  Ͼ Ͼ Ͻ 

ϤϢ ϻ ϴϿ  ϶ ϼ  Ͼϼ ϴ ϴ -

Ϲ Ϻ Ϲ  ϸ ϻ϶ Ͽ є ϻ Ϲ ϼ ϼ ϴ  Ͼ -

Ͼ  ϼ  Ϲ ϻ ϼϺ ϼ Ͼϴϻ ϼϾ ϶ -

. 

 

 

 

1. ϞϿϼ Ϲ Ͼ  Ϩ.Є. ϠϹ ϴϿϹ϶  Ͼ Ͼ  / 

Ϩ.Є. ϞϿϼ Ϲ Ͼ , ϖ.Ϡ. ϕϴ ϴϵϴ , ϟ.I. ϥ -

ϺϹ Ͼ . – 2-Ϲ ϶ϼϸ., ϶ϼ .  ϸ . – ϟ ϶ ϶: 
ϥ϶ , 2002. – 316 . 
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