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ǜǱǳȊǸǱ 
Ɍɨɧɤɨɫɬɟɧɧɵɟ ɰɟɥɶɧɨɦɟɬɚɥɥɢɱɟɫɤɢɟ ɭɩɥɨɬɧɟɧɢɹ (ɨɛɨɥɨɱɤɢ) ɧɚɲɥɢ ɩɪɢɦɟɧɟɧɢɟ ɜɨ ɦɧɨɝɢɯ ɫɢɫɬɟɦɚɯ ɫ ɜɵɫɨɤɢɦɢ ɬɪɟɛɨɜɚɧɢɹɦɢ 
ɤ ɝɟɪɦɟɬɢɱɧɨɫɬɢ. ɋɨɟɞɢɧɟɧɢɹ ɫ ɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɛɥɚɞɚɸɬ ɪɹɞɨɦ ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɫɜɨɣɫɬɜ ɢ ɫɩɨɫɨɛɧɵ ɨɛɟɫɩɟɱɢɬɶ ɧɟɨɛɯɨ-
ɞɢɦɵɣ ɭɪɨɜɟɧɶ ɝɟɪɦɟɬɢɱɧɨɫɬɢ ɡɚɬɜɨɪɚ ɩɪɢ ɧɟɜɵɫɨɤɢɯ ɡɧɚɱɟɧɢɹɯ ɝɟɪɦɟɬɢɡɢɪɭɸɳɟɝɨ ɭɫɢɥɢɹ. Ɉɞɧɚɤɨ ɬɚɤɢɟ ɭɩɥɨɬɧɟɧɢɹ ɧɟ 
ɥɢɲɟɧɵ ɢ ɧɟɞɨɫɬɚɬɤɨɜ, ɨɞɧɢɦ ɢɡ ɤɨɬɨɪɵɯ ɹɜɥɹɟɬɫɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɤ ɭɫɥɨɜɢɹɦ ɧɚɝɪɭɠɟɧɢɹ. ɉɪɢ ɞɨɫɬɢɠɟɧɢɢ ɨɩɪɟɞɟɥɟɧɧɵɯ 
ɡɧɚɱɟɧɢɣ ɭɫɢɥɢɹ ɫɨ ɫɬɨɪɨɧɵ ɩɪɢɜɨɞɚ ɦɨɠɟɬ ɩɪɨɢɡɨɣɬɢ ɪɚɡɪɭɲɟɧɢɟ ɬɨɧɤɨɫɬɟɧɧɵɯ ɭɩɥɨɬɧɟɧɢɣ, ɱɬɨ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɩɪɢɜɟɞɟɬ ɤ 
ɩɨɬɟɪɟ ɝɟɪɦɟɬɢɱɧɨɫɬɢ ɡɚɬɜɨɪɚ. ɋɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɭɩɥɨɬɧɟɧɢɣ ɦɨɠɟɬ ɡɚɤɥɸɱɚɬɶɫɹ ɜ ɫɧɢɠɟɧɢɢ ɩɪɢɜɟɞɟɧɧɨɣ ɠɟɫɬɤɨɫɬɢ ɨɛɨ-
ɥɨɱɤɢ ɡɚ ɫɱɟɬ ɟɟ ɪɚɡɦɟɳɟɧɢɹ ɧɚ ɭɩɪɭɝɨɣ ɩɥɚɫɬɢɧɟ, ɥɢɛɨ ɭɫɥɨɠɧɟɧɢɹ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɮɨɪɦɵ. Ɋɚɫɫɦɨɬɪɟɧɧɵɣ ɜ ɧɚɭɱɧɨɣ ɫɬɚɬɶɟ 
ɩɨɞɯɨɞ ɤ ɨɩɪɟɞɟɥɟɧɢɸ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ (ɬɨɥɳɢɧɵ) ɬɨɧɤɨɫɬɟɧɧɨɝɨ ɭɩɥɨɬɧɟɧɢɹ ɩɨɧɢɠɟɧɧɨɣ ɠɟɫɬɤɨɫɬɢ ɩɨɡɜɨɥɹɟɬ 
ɩɨɫɬɚɜɢɬɶ ɡɚɞɚɱɢ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ (ɛɟɡ ɞɚɜɥɟɧɢɹ ɝɟɪɦɟɬɢɡɢɪɭɟɦɨɣ ɫɪɟɞɵ) ɢ ɫɬɚɬɢɱɟɫɤɨɝɨ (ɤɨɝɞɚ ɞɚɜɥɟɧɢɟ ɧɚɱɢɧɚɟɬ ɞɟɣ-
ɫɬɜɨɜɚɬɶ ɧɚ ɷɥɟɦɟɧɬɵ ɡɚɬɜɨɪɚ). Ɋɚɫɱɟɬ ɬɨɥɳɢɧɵ ɜɵɩɨɥɧɹɟɬɫɹ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɩɚɤɟɬɚ PTC Mathcad, ɩɨɥɭɱɟɧ-
ɧɵɟ ɡɧɚɱɟɧɢɹ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɦɨɞɭɥɟ APM Structure 3D-ɩɪɨɝɪɚɦɦɵ APM WinMachine v.20.0 ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɫɬɚɬɢɱɟɫɤɨɝɨ 
ɪɚɫɱɟɬɚ ɫ ɭɱɟɬɨɦ ɞɚɜɥɟɧɢɹ ɪɚɛɨɱɟɣ ɫɪɟɞɵ. ɗɤɜɢɜɚɥɟɬɧɵɟ ɧɚɩɪɹɠɟɧɢɹ, ɜɨɡɧɢɤɚɸɳɢɟ ɜ ɬɨɧɤɨɫɬɟɧɧɨɦ ɭɩɥɨɬɧɟɧɢɢ, ɩɨɡɜɨɥɹɸɬ 
ɨɰɟɧɢɬɶ ɜɵɩɨɥɧɟɧɢɟ ɬɪɟɛɨɜɚɧɢɣ ɩɨ ɩɪɨɱɧɨɫɬɢ ɜ ɦɨɦɟɧɬ ɫɨɭɞɚɪɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɡɚɬɜɨɪɚ, ɚ ɬɚɤɠɟ ɡɧɚɱɟɧɢɟ ɞɚɜɥɟɧɢɹ ɝɟɪɦɟɬɢɡɢ-
ɪɭɟɦɨɣ ɫɪɟɞɵ, ɤɨɬɨɪɵɦ ɦɨɠɟɬ ɛɵɬɶ ɧɚɝɪɭɠɟɧɨ «ɫɟɞɥɨ». ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ ɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 
ɦɨɝɭɬ ɩɪɢɦɟɧɹɬɶɫɹ ɩɪɢ ɩɪɨɟɬɢɪɨɜɚɧɢɢ ɭɩɥɨɬɧɢɬɟɥɶɧɵɯ ɫɨɟɞɢɧɟɧɢɣ, ɫɨɞɟɪɠɚɳɢɯ ɬɨɧɤɨɫɬɟɧɧɵɟ ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɭɩɥɨɬɧɟɧɢɹ, 
ɧɚɩɪɢɦɟɪ ɛɵɫɬɪɨɞɟɣɫɬɜɭɸɳɢɯ ɤɥɚɩɚɧɨɜ. 
 
ǖǷȊȃǱǮȇǱ ǽǷǺǮǬ 
ɬɪɭɛɨɩɪɨɜɨɞɧɚɹ ɚɪɦɚɬɭɪɚ, «ɫɟɞɥɨ» ɤɥɚɩɚɧɚ, ɬɨɧɤɨɫɬɟɧɧɨɟ ɦɟɬɚɥɥɢɱɟɫɤɨɟ ɭɩɥɨɬɧɟɧɢɟ, ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɨɟ ɦɨɞɟɥɢɪɨɜɚ-
ɧɢɟ, ɭɩɥɨɬɧɟɧɢɹ ɩɨɧɢɠɟɧɧɨɣ ɠɟɫɬɤɨɫɬɢ 
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 Abstract 
Thin-walled all-metal seals (shells) have found application in many systems with high requirements for tightness. Connections with their 

use have a number of positive properties and are able to provide the required level of tightness of the gate at low values of the sealing 

force. However, such seals are not without disadvantages, one of which is the sensitivity of the thin-walled seal to loading conditions. 

When certain values of force from the drive are reached, destruction of thin-walled seals and loss of tightness of the gate can occur. One 

of the directions of improvement of seals is the reduction of the reduced rigidity of the shell due to its placement on an elastic plate, or a 

more complex geometric shape. The approach to determining the geometric parameters (thickness) of a thin-walled seal of low rigidity 

considered in the scientific article allows us to set the tasks of dynamic calculation without pressure of the sealed medium and static - 

when the pressure begins to act on the elements of the gate. The calculation of geometric parameters (thickness) is performed using the 

PTC Mathcad mathematical package, the obtained values are used in the APM Structure 3D module of the APM Win-Machine v.20.0 

program for performing a static calculation taking into account the pressure of the working medium. Equivalent stresses arising in a thin-

walled seal allow us to evaluate the fulfillment of strength requirements at the moment of impact of the valve elements, as well as the 

value of the pressure of the sealed medium, which can load the «seat». The obtained results of analytical calculation and modeling can be 

used in designing sealing joints containing thin-walled metal seals, for example, in quick-acting valves. 
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ВǮǱǰǱǹǴǱ 
Ɍɪɭɛɨɩɪɨɜɨɞɧɚɹ ɚɪɦɚɬɭɪɚ (ɌɉȺ) ɹɜɥɹɟɬ-

ɫɹ ɧɟɨɬɴɟɦɥɟɦɨɣ ɱɚɫɬɶɸ ɦɧɨɝɢɯ ɨɬɜɟɬɫɬɜɟɧɧɵɯ 
ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ 
ɩɨɬɨɤɨɦ ɪɚɛɨɱɟɣ ɫɪɟɞɵ ɜ ɫɢɫɬɟɦɚɯ ɛɵɬɨɜɨɝɨ ɢ 
ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ [1–3]. ɉɟɪɟɤɪɵɬɢɟ 
ɩɨɬɨɤɚ ɪɚɛɨɱɟɣ ɫɪɟɞɵ ɫ ɨɩɪɟɞɟɥɟɧɧɨɣ ɫɬɟɩɟ-
ɧɶɸ ɝɟɪɦɟɬɢɱɧɨɫɬɢ ɜɵɩɨɥɧɹɟɬ, ɧɚɩɪɢɦɟɪ, ɡɚ-
ɩɨɪɧɚɹ ɚɪɦɚɬɭɪɚ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɢɩɚ, ɡɚ-
ɩɨɪɧɚɹ ɌɉȺ ɦɨɠɟɬ ɛɵɬɶ ɜɵɩɨɥɧɟɧɚ ɜ ɜɢɞɟ ɡɚ-
ɞɜɢɠɤɢ, ɤɥɚɩɚɧɚ, ɤɪɚɧɚ ɢɥɢ ɞɢɫɤɨɜɨɝɨ ɡɚɬɜɨɪɚ. 

ȼ ɤɥɚɩɚɧɟ ɡɚɩɢɪɚɸɳɢɣ ɢɥɢ ɪɟɝɭɥɢɪɭɸ-
ɳɢɣ ɷɥɟɦɟɧɬ («ɡɨɥɨɬɧɢɤ») ɩɟɪɟɦɟɳɚɟɬɫɹ ɜɞɨɥɶ 
ɨɫɢ ɩɨɬɨɤɚ ɪɚɛɨɱɟɣ ɫɪɟɞɵ [4]. Ɉɬɜɟɬɧɚɹ ɱɚɫɬɶ 
ɡɨɥɨɬɧɢɤɚ («ɫɟɞɥɨ») ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɟɩɨ-
ɞɜɢɠɧɵɣ ɷɥɟɦɟɧɬ, ɭɫɬɚɧɨɜɥɟɧɧɵɣ ɜ ɤɨɪɩɭɫɟ 
ɌɉȺ. ɋɨɜɨɤɭɩɧɨɫɬɶ ɩɚɪɵ ɷɥɟɦɟɧɬɨɜ «ɡɨɥɨɬ-
ɧɢɤ – ɫɟɞɥɨ» ɨɛɪɚɡɭɸɬ ɡɚɬɜɨɪ ɭɩɥɨɬɧɢɬɟɥɶɧɨɝɨ 
ɫɨɟɞɢɧɟɧɢɹ, ɧɚɩɪɢɦɟɪ ɤɥɚɩɚɧɚ, ɤɨɬɨɪɵɣ ɨɛɟɫ-
ɩɟɱɢɜɚɟɬ ɬɪɟɛɭɟɦɭɸ ɫɬɟɩɟɧɶ ɝɟɪɦɟɬɢɱɧɨɫɬɢ. 

ɇɚ ɪɢɫ. 1 ɩɪɟɞɫɬɚɜɥɟɧɚ ɩɪɢɧɰɢɩɢɚɥɶɧɚɹ 
ɫɯɟɦɚ ɡɚɬɜɨɪɚ ɤɥɚɩɚɧɚ ɜ ɨɬɤɪɵɬɨɦ ɩɨɥɨɠɟɧɢɢ. 

 

 
Ɋɢɫ. 1. Ɂɚɬɜɨɪ ɤɥɚɩɚɧɚ 

Fig. 1. Valve shutter 

 

ȼ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɩɪɢɦɟɪɟ «ɫɟɞɥɨ» 
ɤɥɚɩɚɧɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɬɨɧɤɨɫɬɟɧɧɭɸ ɨɫɟ-
ɫɢɦɦɟɬɪɢɱɧɭɸ ɨɛɨɥɨɱɤɭ, ɚ «ɡɨɥɨɬɧɢɤ» ɢɦɟɟɬ 
ɬɚɪɟɥɶɱɚɬɭɸ ɮɨɪɦɭ ɫ ɤɨɧɭɫɧɨɣ ɭɩɥɨɬɧɢɬɟɥɶ-
ɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ. 

ɉɟɪɟɤɪɵɬɢɟ ɩɨɬɨɤɚ ɪɚɛɨɱɟɣ ɫɪɟɞɵ ɜ ɡɚ-
ɬɜɨɪɟ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɡɚ ɫɱɟɬ ɩɟɪɟɦɟɳɟɧɢɹ «ɡɨ-

ɥɨɬɧɢɤɚ» ɢ ɩɨɫɚɞɤɢ ɟɝɨ ɧɚ «ɫɟɞɥɨ» ɫ ɭɫɢɥɢɟɦ 
Fɩɪ, ɫɨɡɞɚɜɚɟɦɵɦ ɩɪɢɜɨɞɨɦ ɤɥɚɩɚɧɚ. 

ɉɨɬɨɤ ɪɚɛɨɱɟɣ ɫɪɟɞɵ ɫɨɡɞɚɟɬ ɞɚɜɥɟɧɢɟ 
Pɪ, ɤɨɬɨɪɨɟ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɧɚɩɪɚɜɥɟɧɢɹ ɹɜɥɹ-
ɟɬɫɹ ɩɪɨɬɢɜɨɞɟɣɫɬɜɭɸɳɢɦ ɭɫɢɥɢɸ ɫɨ ɫɬɨɪɨɧɵ 
ɩɪɢɜɨɞɚ Fɩɪ, ɥɢɛɨ ɞɨɩɨɥɧɹɸɳɢɦ ɟɝɨ: 
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DN

PFF


 , 

ɝɞɟ Fɝɟɪ – ɧɚɝɪɭɡɤɚ, ɩɪɢ ɤɨɬɨɪɨɣ ɢɫɤɥɸɱɚɟɬɫɹ 
ɝɚɡɨɜɵɣ ɢɥɢ ɠɢɞɤɨɫɬɧɨɣ ɨɛɦɟɧ ɦɟɠɞɭ ɪɚɡɞɟ-
ɥɟɧɧɵɦɢ ɩɨɥɨɫɬɹɦɢ ɡɚɬɜɨɪɚ; DN – ɧɨɦɢɧɚɥɶ-
ɧɵɣ ɞɢɚɦɟɬɪ, ɨɩɪɟɞɟɥɹɸɳɢɣ ɤɨɧɫɬɪɭɤɬɢɜɧɵɣ 
ɩɚɪɚɦɟɬɪ ɌɉȺ ɩɨ ɬɢɩɨɪɚɡɦɟɪɭ ɫɨɟɞɢɧɹɟɦɵɯ 
ɱɚɫɬɟɣ ɚɪɦɚɬɭɪɵ. 

ȼ ɪɚɛɨɬɚɯ [5, 6] ɭɤɚɡɚɧɨ, ɱɬɨ ɨɞɧɢɦ ɢɡ 
ɧɚɩɪɚɜɥɟɧɢɣ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɭɩɥɨɬɧɟɧɢɣ, 
ɜɵɩɨɥɧɟɧɧɵɯ ɢɡ ɬɨɧɤɨɫɬɟɧɧɨɣ ɨɛɨɥɨɱɤɢ, ɹɜɥɹ-
ɟɬɫɹ ɫɧɢɠɟɧɢɟ ɩɪɢɜɟɞɟɧɧɨɣ ɠɟɫɬɤɨɫɬɢ, ɱɬɨ 
ɩɨɡɜɨɥɹɟɬ ɨɛɟɫɩɟɱɢɬɶ ɤɨɦɩɟɧɫɚɰɢɸ (ɱɚɫɬɢɱɧɨ) 
ɭɞɚɪɧɵɯ ɧɚɝɪɭɠɟɧɢɣ, ɚ ɬɚɤɠɟ ɦɢɧɢɦɢɡɚɰɢɸ 
ɝɟɪɦɟɬɢɡɢɪɭɸɳɟɝɨ ɭɫɢɥɢɹ ɜ ɡɚɬɜɨɪɟ. 

ɐɟɥɶɸ ɫɬɚɬɶɢ ɹɜɥɹɟɬɫɹ ɭɬɨɱɧɟɧɢɟ ɞɢɧɚ-
ɦɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ ɬɨɧɤɨɫɬɟɧɧɨɝɨ ɭɩɥɨɬɧɟɧɢɹ 
ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɧɚ ɧɟɝɨ ɞɚɜɥɟɧɢɹ ɪɚɛɨɱɟɣ ɫɪɟ-
ɞɵ, ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɭɩɥɨɬɧɟɧɢɹ ɜ APM Structure 

3D, ɢɫɯɨɞɹ ɢɡ ɞɨɩɭɫɬɢɦɵɯ ɧɚɝɪɭɡɨɤ ɞɥɹ ɨɛɟɫɩɟ-
ɱɟɧɢɹ ɩɪɨɱɧɨɫɬɢ ɫɨɟɞɢɧɟɧɢɹ. 
 
ǛǺǽǾǬǹǺǮǶǬ ǳǬǰǬȃǴ 

ȼ ɪɚɛɨɬɟ [7] ɩɪɢɜɨɞɢɬɫɹ ɢɧɠɟɧɟɪɧɚɹ ɦɟ-
ɬɨɞɢɤɚ ɪɚɫɱɟɬɚ ɪɚɰɢɨɧɚɥɶɧɵɯ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ 
ɪɚɡɦɟɪɨɜ ɞɥɹ ɬɨɧɤɨɫɬɟɧɧɨɝɨ ɨɛɨɥɨɱɟɱɧɨ-

ɩɥɚɫɬɢɧɱɚɬɨɝɨ «ɫɟɞɥɚ» ɤɥɚɩɚɧɚ, ɩɨɡɜɨɥɹɸɳɚɹ ɫ 
ɧɟɨɛɯɨɞɢɦɨɣ ɬɨɱɧɨɫɬɶɸ ɨɫɭɳɟɫɬɜɢɬɶ ɜɵɛɨɪ 
ɨɩɬɢɦɚɥɶɧɵɯ ɬɨɥɳɢɧ ɞɥɹ ɷɥɟɦɟɧɬɨɜ ɡɚɬɜɨɪɚ 
(ɨɛɨɥɨɱɤɢ ɢ ɩɥɚɫɬɢɧɵ) ɜ ɭɫɥɨɜɢɹɯ ɭɞɚɪɧɨɝɨ 
ɧɚɝɪɭɠɟɧɢɹ ɢ ɧɟɨɩɪɟɞɟɥɟɧɧɨɣ ɦɚɤɫɢɦɚɥɶɧɨɣ 
ɞɢɧɚɦɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ ɩɪɢ ɧɟɩɪɟɜɵɲɟɧɢɢ ɞɨ-
ɩɭɫɤɚɟɦɵɯ ɧɚɩɪɹɠɟɧɢɣ ɞɥɹ ɦɚɬɟɪɢɚɥɚ «ɫɟɞɥɚ». 

ɂɫɯɨɞɧɵɟ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ «ɡɚ-
ɬɜɨɪɚ», ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɢɫɫɥɟɞɨɜɚ-
ɧɢɣ, ɩɪɟɞɫɬɚɜɢɦ ɜ ɜɢɞɟ ɪɚɫɱɟɬɧɨɣ ɫɯɟɦɵ (ɪɢɫ. 2). 
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ɑɟɪɟɡ «ɡɨɥɨɬɧɢɤ» ɡɚɬɜɨɪɚ ɧɚ «ɫɟɞɥɨ» ɩɟ-
ɪɟɞɚɟɬɫɹ ɞɚɜɥɟɧɢɟ ɫɨ ɫɬɨɪɨɧɵ ɩɪɢɜɨɞɚ Fɩɪ, 

ɨɛɟɫɩɟɱɢɜɚɸɳɟɟ ɧɟɨɛɯɨɞɢɦɨɟ ɭɫɢɥɢɟ ɝɟɪɦɟɬɢ-
ɡɚɰɢɢ qɝɟɪ ɩɨ ɩɟɪɢɦɟɬɪɭ ɭɩɥɨɬɧɟɧɢɹ. ɇɚɢɛɨɥɶ-
ɲɟɟ ɡɧɚɱɟɧɢɟ ɝɟɪɦɟɬɢɡɢɪɭɸɳɟɣ ɫɢɥɵ ɩɪɢ ɫɬɚ-
ɬɢɱɟɫɤɨɦ ɧɚɝɪɭɠɟɧɢɢ (Fst) ɢ ɛɟɡ ɩɨɬɟɪɢ «ɫɟɞ-
ɥɨɦ» ɩɪɨɱɧɨɫɬɧɵɯ ɫɜɨɣɫɬɜ ɭɤɚɡɚɧɨ ɜ ɬɚɛɥ. 1. 

 

 
Ɋɢɫ. 2. Ɋɚɫɱɟɬɧɚɹ ɦɨɞɟɥɶ: 

hɨ – ɬɨɥɳɢɧɚ ɨɛɨɥɨɱɤɢ; hɪ – ɬɨɥɳɢɧɚ ɩɥɚɫɬɢɧɵ; 
l0 – ɜɵɫɨɬɚ ɨɛɨɥɨɱɤɢ; D0 – ɞɢɚɦɟɬɪ ɨɛɪɚɡɭɸɳɟɣ 

ɨɛɨɥɨɱɤɢ; Dɪ – ɞɢɚɦɟɬɪ ɩɥɚɫɬɢɧɵ 

Fig. 2. Calculation model: 

hɨ – shell thickness; hɪ – plate thickness; 

l0 – shell height; D0 – shell generatrix diameter; 

Dɪ – plate diameter 

 
Ɍɚɛɥɢцɚ 1. Ƚɟɨɦɟɬɪɢɱɟɫɤɢɟ ɪɚɡɦɟɪɵ «ɫɟɞɥɚ» 

ɤɥɚɩɚɧɚ ɢ ɧɚɝɪɭɡɤɚ 

Table 1. Geometric dimensions of the valve seat and load 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɨɤɚɡɚɬɟɥɹ 

Name of the indicator 
Ɂɧɚɱɟɧɢɟ 

ɇɚɝɪɭɡɤɚ (Fst, ɇ) 
Load 

450 

Ɍɨɥɳɢɧɚ (hɨ / hp, ɦɦ) 
Thickness 

1/1 

ȼɵɫɨɬɚ (l0, ɦɦ) 
Height 

βl/β(hɨ) 

Ⱦɢɚɦɟɬɪ (Dɨ / Dp, ɦɦ) 

Diametert 
39/85 

ɍɝɨɥ ɤɨɧɭɫɚ (α, ɝɪɚɞ.) 
Cone angle 

15 

 

Ɂɧɚɱɟɧɢɟ β ɨɩɪɟɞɟɥɹɟɬ ɩɚɪɚɦɟɬɪ ɨɛɨɥɨ-
ɱɟɱɧɨɝɨ ɷɥɟɦɟɧɬɚ, ɤɨɬɨɪɵɣ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ 
ɮɨɪɦɭɥɟ: 

   
4

22

2

ɨ
13

hr
h




 . 

Ɋɚɫɱɟɬɧɵɟ ɫɯɟɦɵ ɬɨɧɤɨɫɬɟɧɧɨɝɨ «ɫɟɞɥɚ» 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 3. ɉɪɢɧɢɦɚɟɬɫɹ ɞɨɩɭɳɟ-
ɧɢɟ ɨ ɩɪɢɥɨɠɟɧɢɢ ɧɚɝɪɭɡɨɤ ɩɨ ɫɪɟɞɢɧɧɨɣ ɩɨ-
ɜɟɪɯɧɨɫɬɢ [7]. 

 

 
Ɋɢɫ. 3. Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ «ɫɟɞɥɚ»: 

T – ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɨɫɟɜɨɣ ɫɢɥɵ; Q – ɢɧɬɟɧɫɢɜɧɨɫɬɶ 
ɪɚɞɢɚɥɶɧɨɣ ɫɢɥɵ; Msp, Mso – ɢɡɝɢɛɚɸɳɢɟ ɦɨɦɟɧɬɵ 

Fig. 3. Saddle calculation scheme: 

T – axial force intensity; Q – radial force intensity; 

Msp, Mso – bending moments 

 

ɉɟɪɜɨɟ ɭɫɥɨɜɢɟ ɫɨɜɦɟɫɬɧɨɫɬɢ ɞɟɮɨɪɦɚ-
ɰɢɣ «ɫɟɞɥɚ»: 
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Ɉɛɴɟɞɢɧɟɧɧɨɟ ɜɬɨɪɨɟ ɢ ɬɪɟɬɶɟ ɭɫɥɨɜɢɹ 
ɫɨɜɦɟɫɬɧɨɫɬɢ ɞɟɮɨɪɦɚɰɢɣ «ɫɟɞɥɚ»: 
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ɑɟɬɜɟɪɬɨɟ ɭɫɥɨɜɢɟ ɫɨɜɦɟɫɬɧɨɫɬɢ ɞɟɮɨɪ-
ɦɚɰɢɣ «ɫɟɞɥɚ»: 

     

.0

;4

ln
2

2
1

23
0

ɨ13ɨ

ɨ
2

0

ɨ

2
ɨ1





















p

p

pp

R

C
RC

lK
D

Q
lKAlKA

R

r

D

Tr

r

C
rC

 

Ɇɟɬɨɞɢɤɚ ɩɨɡɜɨɥɹɟɬ ɩɨɫɬɚɧɨɜɢɬɶ ɫɥɟɞɭ-
ɸɳɢɟ ɡɚɞɚɱɢ ɪɚɫɱɟɬɚ ɬɨɧɤɨɫɬɟɧɧɨɝɨ «ɫɟɞɥɚ»: 

1. Ⱦɢɧɚɦɢɱɟɫɤɢɣ ɪɚɫɱɟɬ «ɫɟɞɥɚ» (ɭɱɢɬɵ-
ɜɚɟɬɫɹ Eɤ):  

– ɰɟɥɟɜɚɹ ɮɭɧɤɰɢɹ: cɩɪ(hɨ, hp) → min; 

– ɨɝɪɚɧɢɱɟɧɢɹ: 
ıɷɤɜ.ɨ.max(x) ≤ ıadm; 

ıɷɤɜ.p.max(rp) ≤ ıadm. 
2. ɉɪɨɜɟɪɨɱɧɵɣ ɪɚɫɱɟɬ ɫɟɞɥɚ ɤɥɚɩɚɧɚ 

(F = Fst) ɫ ɭɱɟɬɨɦ ɞɟɣɫɬɜɢɹ ɪɚɛɨɱɟɣ ɫɪɟɞɵ (w*):  

– ɨɝɪɚɧɢɱɟɧɢɹ: 
ıɷɤɜ.ɨ.max(x) ≤ ıadm; 

ıɷɤɜ.p.max(rp) ≤ ıadm. 
Ⱦɢɧɚɦɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɬɨɧɤɨɫɬɟɧɧɨɝɨ 

«ɫɟɞɥɚ» ɜɵɩɨɥɧɢɦ ɫ ɩɪɢɦɟɧɟɧɢɟɦ PTC Mathcad. 

ɉɪɨɜɟɪɨɱɧɵɣ ɪɚɫɱɟɬ ɩɪɢ ɫɬɚɬɢɱɟɫɤɨɦ ɧɚɝɪɭɠɟ-
ɧɢɢ «ɫɟɞɥɚ» ɜɵɩɨɥɧɢɦ ɜ ɦɨɞɭɥɟ APM Structure 
3D ɫɢɫɬɟɦɵ APM WinMachine v.20.0. 

ɉɪɨɰɟɫɫ ɩɟɪɟɤɪɵɬɢɹ ɩɨɬɨɤɚ ɪɚɛɨɱɟɣ ɫɪɟ-
ɞɵ Pp ɦɨɠɟɬ ɩɪɨɬɟɤɚɬɶ ɞɨɫɬɚɬɨɱɧɨ ɛɵɫɬɪɨ. 
ȼ [7–9] ɦɚɤɫɢɦɚɥɶɧɚɹ ɞɢɧɚɦɢɱɟɫɤɚɹ (ɭɞɚɪɧɚɹ) 
ɧɚɝɪɭɡɤɚ ɩɪɢ ɩɟɪɟɤɪɵɬɢɢ ɡɚɬɜɨɪɚ ɦɨɠɟɬ ɛɵɬɶ 
ɨɩɪɟɞɟɥɟɧɚ ɩɨ ɮɨɪɦɭɥɟ: 
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        
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ɝɞɟ c1 – ɠɟɫɬɤɨɫɬɶ ɩɪɢɜɨɞɧɨɣ ɱɚɫɬɢ ɡɚɬɜɨɪɚ; 
c2 – ɪɚɞɢɚɥɶɧɚɹ ɠɟɫɬɤɨɫɬɶ ɨɛɨɥɨɱɤɢ; c3 – ɠɟɫɬ-
ɤɨɫɬɶ ɩɥɚɫɬɢɧɵ. 

ɉɚɪɚɦɟɬɪɵ Fdin, c2 ɢ c3 ɩɨɤɚɡɚɧɵ ɤɚɤ 
ɮɭɧɤɰɢɢ, ɡɚɜɢɫɹɳɢɟ ɨɬ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɪɚɡɦɟ-
ɪɨɜ ɬɨɧɤɨɫɬɟɧɧɨɝɨ «ɫɟɞɥɚ». 

ȼ ɤɚɱɟɫɬɜɟ ɦɚɬɟɪɢɚɥɚ ɬɨɧɤɨɫɬɟɧɧɨɝɨ ɨɛɨ-
ɥɨɱɟɱɧɨ-ɩɥɚɫɬɢɧɱɚɬɨɝɨ «ɫɟɞɥɚ» ɜɵɛɟɪɟɦ ɫɩɥɚɜ 
ȻɪɈ5ɐ5ɋ5, ɢɦɟɸɳɢɣ ɫɥɟɞɭɸɳɢɟ ɩɚɪɚɦɟɬɪɵ: 

– ɦɨɞɭɥɶ ɘɧɝɚ E = 9 104 Ɇɉɚ; 
– ɤɨɷɮɮɢɰɢɟɧɬ ɉɭɚɫɫɨɧɚ μ = 0,35; 
– ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ ɜ ɫɬɵɤɟ f = 0,1; 

 

– ɩɚɪɚɦɟɬɪ ɨɛɨɥɨɱɤɢ βl = 3; 

– ɤɢɧɟɬɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ Eɤ = 100 ɇ ∙ ɦɦ; 
– ɷɧɟɪɝɢɹ ɜɵɛɨɪɚ ɨɬɤɥɨɧɟɧɢɹ ɮɨɪɦɵ Eɮ = 0; 

– ɞɨɩɭɫɤɚɟɦɨɟ ɧɚɩɪɹɠɟɧɢɟ ıadm = 260 Ɇɉɚ. 
Ɂɧɚɱɟɧɢɹ ɬɨɥɳɢɧ ɨɛɨɥɨɱɤɢ hɨ ɢ ɩɥɚɫɬɢɧɵ 

hp (ɫɦ. ɬɚɛɥ. 1) ɹɜɥɹɸɬɫɹ ɧɚɱɚɥɶɧɵɦɢ ɩɪɢɛɥɢ-
ɠɟɧɢɹɦɢ, ɤɨɬɨɪɵɟ ɡɚɞɚɸɬɫɹ ɩɟɪɟɞ ɪɚɫɱɟɬɨɦ. ȼ 
ɞɚɥɶɧɟɣɲɟɦ ɪɟɲɟɧɢɟ ɨɩɬɢɦɢɡɚɰɢɨɧɧɨɣ ɡɚɞɚɱɢ 
ɫ ɦɢɧɢɦɢɡɚɰɢɟɣ ɬɨɥɳɢɧɵ ɬɨɧɤɨɫɬɟɧɧɨɝɨ ɨɛɨ-
ɥɨɱɟɱɧɨ-ɩɥɚɫɬɢɧɱɚɬɨɝɨ «ɫɟɞɥɚ» ɩɪɢ ɭɫɥɨɜɢɢ 
ɫɨɯɪɚɧɟɧɢɹ ɩɪɨɱɧɨɫɬɧɵɯ ɫɜɨɣɫɬɜ ɩɨɡɜɨɥɢɬ 
ɭɬɨɱɧɢɬɶ ɷɬɢ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ. 

ɉɨɞɫɬɚɜɢɜ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɜ ɪɚɧɟɟ ɭɤɚ-
ɡɚɧɧɭɸ ɦɟɬɨɞɢɤɭ, ɜɵɩɨɥɧɢɦ ɪɚɫɱɟɬ ɬɨɧɤɨɫɬɟɧ-
ɧɨɝɨ ɨɛɨɥɨɱɟɱɧɨ-ɩɥɚɫɬɢɧɱɚɬɨɝɨ «ɫɟɞɥɚ» ɤɥɚɩɚ-
ɧɚ (ɪɢɫ. 2). ɋ ɰɟɥɶɸ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɪɚɫɱɟɬɨɜ 
ɜɵɩɨɥɧɢɦ ɟɝɨ ɜ ɢɧɠɟɧɟɪɧɨɦ ɦɚɬɟɦɚɬɢɱɟɫɤɨɦ 
ɩɚɤɟɬɟ PTC Mathcad. 

 
ǛǼǺǮǱǼǶǬ ǮȇǻǺǷǹǱǹǴȋ ǿǽǷǺǮǴȋ 
ǻǺ ǰǺǻǿǽǶǬǱǸȇǸ ǹǬǻǼȋǲǱǹǴȋǸ 

ɉɨɞɩɪɨɝɪɚɦɦɵ ɞɥɹ ɩɪɨɜɟɪɤɢ ɭɫɥɨɜɢɹ ɩɨ 
ɞɨɩɭɫɤɚɟɦɵɦ ɧɚɩɪɹɠɟɧɢɹɦ ɞɥɹ ɨɛɨɥɨɱɤɢ ɢ 
ɩɥɚɫɬɢɧɵ ɜɵɩɨɥɧɟɧɵ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɭɤɚɡɚɧɢ-
ɹɦɢ [7, 9]. ɉɟɪɟɞ ɜɵɩɨɥɧɟɧɢɟɦ ɩɨɞɩɪɨɝɪɚɦɦ 
ɨɩɪɟɞɟɥɹɸɬɫɹ ɡɧɚɱɟɧɢɹ ɚɪɝɭɦɟɧɬɨɜ R, X ɢ ɡɧɚ-
ɱɟɧɢɹ ɮɭɧɤɰɢɣ ı(R), ı(X) ɞɥɹ ɩɥɚɫɬɢɧɵ ɢ ɨɛɨ-
ɥɨɱɤɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ: 

R = 42,5; X = βl/β(h0); 

rp = 19,5, 19,6 … R; x = 0, 0.1 … X; 
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ɉɨɞɩɪɨɝɪɚɦɦɚ ɞɥɹ ɨɛɨɥɨɱɤɢ: 
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ȼɧɭɬɪɢ ɰɢɤɥɨɜ (while R < rk ɢ while X < 

xk) ɞɥɹ N ɡɧɚɱɟɧɢɣ ɚɪɝɭɦɟɧɬɚ ɨɩɪɟɞɟɥɹɸɬɫɹ 
ɡɧɚɱɟɧɢɹ ɮɭɧɤɰɢɣ ı(R) ɢ ı(X). Ʉɚɠɞɨɟ ɡɧɚɱɟ-
ɧɢɟ ɮɭɧɤɰɢɢ ɫɪɚɜɧɢɜɚɟɬɫɹ ɫ ɩɪɟɞɵɞɭɳɢɦ ɢ, 
ɟɫɥɢ ɨɧɨ ɛɨɥɶɲɟ ɩɪɟɞɵɞɭɳɟɝɨ, ɡɚɩɢɫɵɜɚɟɬɫɹ 
ɤɚɤ ɦɚɤɫɢɦɚɥɶɧɨɟ A1, ɬɚɤ ɠɟ R1 ɢ X1 ɡɚɩɢɫɵ-
ɜɚɸɬɫɹ ɤɚɤ ɡɧɚɱɟɧɢɹ ɚɪɝɭɦɟɧɬɨɜ [7, 10]. 

ɉɨ ɨɤɨɧɱɚɧɢɢ ɪɚɫɱɟɬɨɜ (ɡɚɤɪɵɬɢɟ ɰɢɤɥɚ 
while) ɩɨɫɥɟɞɧɢɟ ɡɧɚɱɟɧɢɹ A1, R1 ɢ A1, X1 ɜɵ-
ɜɨɞɹɬɫɹ ɢɡ ɩɨɞɩɪɨɝɪɚɦɦ ɫ ɩɨɦɨɳɶɸ ɫɨɫɬɚɜɧɵɯ 
ɦɚɫɫɢɜɨɜ [10]. 
 
ǜǱǳǿǷȈǾǬǾȇ ǼǬǽȃǱǾǬ 

ɉɨɫɥɟ ɩɪɨɜɟɞɟɧɧɨɝɨ ɪɚɫɱɟɬɚ ɢ ɭɬɨɱɧɟɧɢɹ 
ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɬɨɧɤɨɫɬɟɧɧɨɝɨ ɦɟ-
ɬɚɥɥɢɱɟɫɤɨɝɨ «ɫɟɞɥɚ» ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɫɥɟɞɭɸ-
ɳɢɟ ɡɧɚɱɟɧɢɹ ɬɨɥɳɢɧ: 

– ɞɥɹ ɨɛɨɥɨɱɤɢ «ɫɟɞɥɚ» hɨ = 0,936 ɦɦ; 
– ɞɥɹ ɩɥɚɫɬɢɧɵ «ɫɟɞɥɚ» hp = 1,757 ɦɦ. 
Ⱦɥɹ ɩɪɨɜɟɪɤɢ ɧɟɩɪɟɜɵɲɟɧɢɹ ɩɨɥɭɱɟɧɧɵɯ 

ɡɧɚɱɟɧɢɣ ɷɤɜɢɜɚɥɟɧɬɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɞɥɹ ɡɚ-
ɞɚɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ «ɫɟɞɥɚ» ɧɚɞ ɞɨɩɭɫɤɚɟɦɵɦɢ 
ɜɵɩɨɥɧɢɦ ɩɨɫɬɪɨɟɧɢɟ ɝɪɚɮɢɤɨɜ ɞɥɹ ɨɛɨɥɨɱɤɢ ɢ 
ɩɥɚɫɬɢɧɵ (ɪɢɫ. 4). 
 

 
ɚ 

 
ɛ 

Ɋɢɫ. 4. Ƚɪɚɮɢɤɢ ɧɚɩɪɹɠɟɧɢɣ, ɜɨɡɧɢɤɚɸɳɢɯ 

ɜ ɬɨɧɤɨɫɬɟɧɧɨɦ ɭɩɥɨɬɧɟɧɢɢ: 
ɚ – ɜ ɨɛɨɥɨɱɤɟ; ɛ – ɜ ɩɥɚɫɬɢɧɟ 

Fig. 4. Graphs of stresses arising in a thin-walled seal: 

a – in the shell; ɛ – in the plate 

 

ɇɚɢɛɨɥɶɲɢɟ ɷɤɜɢɜɚɥɟɧɬɧɵɟ ɧɚɩɪɹɠɟɧɢɹ 
ɜ ɨɛɨɥɨɱɤɟ ɜɨɡɧɢɤɚɸɬ ɩɪɢ ɡɧɚɱɟɧɢɢ ɤɨɨɪɞɢɧɚ-
ɬɵ x = 0 ɦɦ (ɪɢɫ. 5, ɚ) ɜ ɦɟɫɬɟ ɤɨɧɬɚɤɬɚ «ɫɟɞɥɚ» 
ɫ «ɡɨɥɨɬɧɢɤɨɦ». Ɇɚɤɫɢɦɚɥɶɧɵɟ ɷɤɜɢɜɚɥɟɧɬɧɵɟ 
ɧɚɩɪɹɠɟɧɢɹ ɜ ɩɥɚɫɬɢɧɟ, ɜɨɡɧɢɤɚɸɬ ɩɪɢ ɡɧɚɱɟ-
ɧɢɢ ɪɚɞɢɭɫɚ rp = 20,6 ɦɦ (ɪɢɫ. 5, ɛ). 

 

 
ɚ 
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Ɋɢɫ. 5. ȼɵɜɨɞ ɪɟɡɭɥɶɬɚɬɨɜ ɩɨ ɧɚɩɪɹɠɟɧɢɹɦ: 
ɚ – ɞɥɹ ɨɛɨɥɨɱɤɢ; ɛ – ɞɥɹ ɩɥɚɫɬɢɧɵ 

Fig. 5. Output of stress results: 

a – for the shell; ɛ – for the plate 

 

ȼ ɦɟɫɬɟ ɫɨɩɪɹɠɟɧɢɹ ɩɥɚɫɬɢɧɵ ɢ ɨɛɨɥɨɱɤɢ 
ɡɧɚɱɟɧɢɹ ɷɤɜɢɜɚɥɟɧɬɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɫɨɜɩɚɞɚɸɬ: 

ıɷɤɜ.ɨ.max(x, hɨ, hp) = ıɷɤɜ.p.max(hp, hɨ, rp) =  

= 256,72 Ɇɉɚ, 
ɩɪɢ ɡɧɚɱɟɧɢɹɯ rp = 19,5 ɦɦ ɢ x = 10,6685 ɦɦ. 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɷɤɜɢɜɚɥɟɧɬɧɵɟ 
ɧɚɩɪɹɠɟɧɢɹ, ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ ɩɟɪɜɨɧɚɱɚɥɶɧɨɦ 



ɈɊɂȽɂɇȺɅɖɇȺə ɋɌȺɌɖə 
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ɪɚɫɱɟɬɟ ɬɨɧɤɨɫɬɟɧɧɨɝɨ «ɫɟɞɥɚ», ɦɨɝɭɬ ɩɪɟɜɵ-
ɲɚɬɶ ɞɨɩɭɫɤɚɟɦɵɟ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɫɥɟɞɫɬɜɢɟɦ 
ɪɹɞɚ ɨɝɪɚɧɢɱɟɧɢɣ ɫɢɫɬɟɦɵ PTC Mathcad. ɂɫ-
ɩɨɥɶɡɭɟɦɵɣ ɞɥɹ ɪɚɫɱɟɬɚ ɛɥɨɤ Given ɨɝɪɚɧɢɱɟɧ 
ɧɚɱɚɥɶɧɵɦɢ ɩɪɢɛɥɢɠɟɧɢɹɦɢ ɢ ɜɵɩɨɥɧɹɟɬ ɡɚ-
ɞɚɧɧɵɟ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɞɨɩɭɫɤɚɟɦɵɦ ɧɚɩɪɹɠɟ-
ɧɢɹɦ ɬɨɥɶɤɨ ɞɥɹ ɪɚɫɫɱɢɬɚɧɧɵɯ ɤɨɨɪɞɢɧɚɬ, ɧɟ 
ɩɪɨɜɨɞɹ ɩɪɨɜɟɪɤɢ ɩɨ ɜɫɟɦɭ ɪɚɞɢɭɫɭ ɩɥɚɫɬɢɧɵ 
rp ɢ ɜɵɫɨɬɟ ɨɛɨɥɨɱɤɢ lɨ ɬɨɧɤɨɫɬɟɧɧɨɝɨ «ɫɟɞɥɚ». 

ɉɪɢɦɟɧɟɧɢɟ ɩɨɞɩɪɨɝɪɚɦɦ ɩɨɢɫɤɚ ɷɤɫ-
ɬɪɟɦɭɦɚ ɮɭɧɤɰɢɢ ɩɨɡɜɨɥɹɟɬ ɡɚɩɭɫɬɢɬɶ ɩɪɨɜɟɪ-
ɤɭ ɩɨ ɜɫɟɦɭ ɪɚɞɢɭɫɭ ɩɥɚɫɬɢɧɵ ɢ ɞɥɢɧɟ ɨɛɨɥɨɱ-
ɤɢ ɫ ɰɟɥɶɸ ɭɬɨɱɧɟɧɢɣ ɤɨɨɪɞɢɧɚɬɵ ɢ ɧɚɢɛɨɥɶ-
ɲɟɝɨ ɡɧɚɱɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɜ ɧɟɣ ɞɥɹ ɪɚɫɱɟɬɧɨ-
ɝɨ ɛɥɨɤɚ Given PTC Mathcad. ɍɤɚɡɚɧɧɭɸ ɩɪɨ-
ɜɟɪɤɭ ɦɨɠɧɨ ɩɪɨɜɨɞɢɬɶ ɧɟɨɝɪɚɧɢɱɟɧɧɨɟ ɤɨɥɢ-
ɱɟɫɬɜɨ ɪɚɡ, ɭɬɨɱɧɹɹ ɡɧɚɱɟɧɢɟ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ 
ɪɚɡɦɟɪɨɜ (ɬɨɥɳɢɧɵ) «ɫɟɞɥɚ» ɞɥɹ ɫɨɛɥɸɞɟɧɢɹ 
ɭɫɥɨɜɢɣ ɩɨ ɞɨɩɭɫɤɚɟɦɵɦ ɧɚɩɪɹɠɟɧɢɹɦ. 
 
ǘǺǰǱǷǴǼǺǮǬǹǴǱ «ǽǱǰǷǬ» 

ɋɦɨɞɟɥɢɪɭɟɦ ɬɨɧɤɨɫɬɟɧɧɨɟ ɨɛɨɥɨɱɟɱɧɨ-

ɩɥɚɫɬɢɧɱɚɬɨɟ «ɫɟɞɥɨ» ɤɥɚɩɚɧɚ ɜ ɦɨɞɭɥɟ ɤɨɧɟɱ-
ɧɨ-ɷɥɟɦɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ APM Structure 3D ɫɢ-
ɫɬɟɦɵ APM WinMachine v.20.0 [11–13] ɫ ɭɱɟ-
ɬɨɦ ɪɚɫɫɱɢɬɚɧɧɵɯ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ 
(ɬɨɥɳɢɧɵ). 

Ʉɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɚɹ ɦɨɞɟɥɶ ɬɨɧɤɨɫɬɟɧ-
ɧɨɝɨ «ɫɟɞɥɚ» ɤɥɚɩɚɧɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 6. 
Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɜɨɞɢɬɫɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɤɨɧɟɱɧɨɝɨ ɷɥɟɦɟɧɬɚ «ɩɥɚɫɬɢɧɚ» ɞɥɹ ɨɛɨɥɨɱɤɢ 
ɬɨɥɳɢɧɨɣ hɨ = 0,936 ɦɦ, ɚ ɞɥɹ ɩɥɚɫɬɢɧɵ «ɫɟɞ-
ɥɚ» hp = 1,757 ɦɦ. 
 

 
Ɋɢɫ. 6. Ʉɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɚɹ ɦɨɞɟɥɶ ɬɨɧɤɨɫɬɟɧɧɨɝɨ 

ɨɛɨɥɨɱɟɱɧɨ-ɩɥɚɫɬɢɧɱɚɬɨɝɨ «ɫɟɞɥɚ» ɤɥɚɩɚɧɚ 

Fig. 6. Finite element model of a thin-walled shell-plate 

valve seat 

 

ɇɚɝɪɭɡɤɚ ɩɪɢɜɨɞɚ ɧɚ ɬɨɧɤɨɫɬɟɧɧɨɟ «ɫɟɞ-
ɥɨ» ɩɟɪɟɞɚɟɬɫɹ ɱɟɪɟɡ ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɭɡɟɥ ɢ 
ɝɪɭɩɩɭ ɫɩɟɰɢɚɥɶɧɵɯ ɫɬɟɪɠɧɟɣ (ɪɢɫ. 7), ɨɛɨɡɧɚ-
ɱɟɧɧɵɯ ɜ APM Structure 3D ɤɚɤ «ɠɟɫɬɤɢɟ ɷɥɟ-
ɦɟɧɬɵ». Ɂɧɚɱɟɧɢɟ ɭɫɢɥɢɹ, ɫɨɡɞɚɜɚɟɦɨɝɨ ɩɪɢɜɨ-

ɞɨɦ Fst, ɭɤɚɡɚɧɨ ɜ ɬɚɛɥ. 1. ɍɝɨɥ ɩɪɢɥɨɠɟɧɢɹ 
ɧɚɝɪɭɡɤɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɭɝɥɚɦɢ ɤɨɧɭɫɧɨɫɬɢ «ɡɨ-
ɥɨɬɧɢɤɚ» α = 15 ɢ ɬɪɟɧɢɹ f = 0,1 (5°). 

 

 
Ɋɢɫ. 7. Ɇɨɞɟɥɶ «ɫɟɞɥɚ», ɧɚɝɪɭɠɟɧɧɨɝɨ ɫɢɥɨɣ Fst 

ɫ ɠɟɫɬɤɨɣ ɡɚɞɟɥɤɨɣ ɩɨ ɩɟɪɢɦɟɬɪɭ ɩɥɚɫɬɢɧɵ 

Fig. 7. Model of a «saddle» loaded with force Fst 

with rigid fixation around the perimeter of the plate 

 

ɉɨ ɩɟɪɢɦɟɬɪɭ ɩɥɚɫɬɢɧɵ (ɜɧɟɲɧɟɦɭ ɪɚɞɢ-
ɭɫɭ) ɦɨɞɟɥɢɪɭɟɬɫɹ ɠɟɫɬɤɚɹ ɡɚɞɟɥɤɚ. Ⱦɥɹ ɞɨɩɨɥ-
ɧɢɬɟɥɶɧɨɝɨ ɭɡɥɚ, ɱɟɪɟɡ ɤɨɬɨɪɵɣ ɩɟɪɟɞɚɟɬɫɹ 
ɧɚɝɪɭɡɤɚ «ɠɟɫɬɤɢɦ ɷɥɟɦɟɧɬɚɦ», ɨɝɪɚɧɢɱɢɜɚɸɬ-
ɫɹ ɩɨɜɨɪɨɬɵ ɢ ɩɟɪɟɦɟɳɟɧɢɹ ɞɥɹ ɜɫɟɯ ɨɫɟɣ, ɡɚ 
ɢɫɤɥɸɱɟɧɢɟɦ Z, ɜɞɨɥɶ ɤɨɬɨɪɨɣ ɩɟɪɟɦɟɳɚɟɬɫɹ 
«ɡɨɥɨɬɧɢɤ». 

 
ǜǱǳǿǷȈǾǬǾȇ ǸǺǰǱǷǴǼǺǮǬǹǴȋ «ǽǱǰǷǬ» 

ɉɪɨɜɟɞɟɧɧɵɣ ɫɬɚɬɢɱɟɫɤɢɣ ɪɚɫɱɟɬ (ɛɟɡ 
ɭɱɚɬɚ ɞɚɜɥɟɧɢɹ ɪɚɛɨɱɟɣ ɫɪɟɞɵ) ɨɛɨɥɨɱɟɱɧɨ-

ɩɥɚɫɬɢɧɱɚɬɨɝɨ «ɫɟɞɥɚ» ɤɥɚɩɚɧɚ ɜ APM Structure 
3D (ɪɢɫ. 8) ɩɨɤɚɡɚɥ, ɱɬɨ ɧɚɢɛɨɥɶɲɢɟ ɡɧɚɱɟɧɢɹ 
ɧɚɩɪɹɠɟɧɢɣ ɜɨɡɧɢɤɚɸɬ ɧɚ ɬɨɪɰɟ ɨɛɨɥɨɱɤɢ – 

133,6 Ɇɉɚ. 
ȼ ɦɟɫɬɟ ɫɨɩɪɹɠɟɧɢɹ ɩɥɚɫɬɢɧɵ ɢ ɨɛɨɥɨɱ-

ɤɢ, ɚ ɬɚɤɠɟ ɩɨ ɩɟɪɢɦɟɬɪɭ ɩɥɚɫɬɢɧɵ ɜ ɡɚɞɟɥɤɟ 
ɡɧɚɱɟɧɢɹ ɧɚɩɪɹɠɟɧɢɣ ɦɟɧɶɲɟ (ɪɢɫ. 9). Ɋɚɫɱɟɬ ɜ 
APM Structure 3D ɬɚɤɠɟ ɩɨɤɚɡɚɥ ɨɬɫɭɬɫɬɜɢɟ 
ɦɚɤɫɢɦɚɥɶɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɩɪɢ ɡɧɚɱɟɧɢɢ ɪɚɞɢ-
ɭɫɚ ɩɥɚɫɬɢɧɵ rp = 20,6 ɦɦ ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɚɧɚɥɢ-
ɬɢɱɟɫɤɢɦɢ ɪɚɫɱɟɬɚɦɢ PTC Mathcad. 

 

 
Ɋɢɫ. 8. Ʉɚɪɬɚ ɪɟɡɭɥɶɬɚɬɨɜ ɧɚɩɪɹɠɟɧɢɣ SVM 

ɩɪɢ ɫɬɚɬɢɱɟɫɤɨɦ ɪɚɫɱɟɬɟ «ɫɟɞɥɚ» 

Fig. 8. SVM stress map results for static saddle calculation 
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Ɋɢɫ. 9. Ɂɧɚɱɟɧɢɹ ɧɚɩɪɹɠɟɧɢɣ SVM: 

1 – ɧɚ ɬɨɪɰɟ ɨɛɨɥɨɱɤɢ; 2 – ɜ ɦɟɫɬɟ ɫɨɩɪɹɠɟɧɢɹ 

ɨɛɨɥɨɱɤɢ ɢ ɩɥɚɫɬɢɧɵ; 3 – ɜ ɡɚɞɟɥɤɟ 

Fig. 9. SVM stress values: 

1 – at the end of the shell; 2 – at the junction 

between the shell and the plate; 3 – in the embedment 

 

ɇɚ ɪɢɫ. 10 ɩɪɟɞɫɬɚɜɥɟɧɚ ɞɟɮɨɪɦɢɪɨɜɚɧ-
ɧɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɬɨɧɤɨɫɬɟɧɧɨɝɨ «ɫɟɞɥɚ» ɤɥɚɩɚ-
ɧɚ. ȼɢɡɭɚɥɢɡɚɰɢɹ ɞɟɮɨɪɦɚɰɢɣ «ɫɟɞɥɚ» ɧɚ «Ʉɚɪ-
ɬɟ ɧɚɩɪɹɠɟɧɢɣ» ɧɨɫɢɬ ɭɫɥɨɜɧɵɣ ɯɚɪɚɤɬɟɪ ɢ 
ɩɨɤɚɡɚɧɚ ɫ ɭɱɟɬɨɦ ɛɨɥɟɟ ɧɚɝɥɹɞɧɨɝɨ ɩɪɟɞɫɬɚɜ-
ɥɟɧɢɹ ɢɡɦɟɧɟɧɢɹ ɝɟɨɦɟɬɪɢɢ ɭɩɥɨɬɧɟɧɢɹ. 

ɉɪɟɞɫɬɚɜɥɟɧɧɚɹ ɞɟɮɨɪɦɢɪɨɜɚɧɧɚɹ ɦɨɞɟɥɶ 
ɭɩɥɨɬɧɟɧɢɹ, ɚ ɬɚɤɠɟ ɜɨɡɧɢɤɲɢɟ ɧɚɩɪɹɠɟɧɢɹ ɯɚ-
ɪɚɤɬɟɪɧɵ ɩɨɫɥɟ ɡɚɬɭɯɚɧɢɹ ɤɨɥɟɛɚɧɢɣ ɜ ɡɚɬɜɨɪɟ ɢ 
ɧɚɝɪɭɠɟɧɢɹ «ɫɟɞɥɚ» ɭɫɢɥɢɟɦ ɝɟɪɦɟɬɢɡɚɰɢɢ qɝɟɪ. 

 

 
Ɋɢɫ. 10. Ʉɚɪɬɚ ɞɟɮɨɪɦɚɰɢɣ ɬɨɧɤɨɫɬɟɧɧɨɝɨ «ɫɟɞɥɚ» 

Fig. 10. Deformation map of a thin-walled «saddle» 

 

Ɂɧɚɱɟɧɢɹ ɷɤɜɢɜɚɥɟɧɬɧɵɯ ɧɚɩɪɹɠɟɧɢɣ, 
ɩɨɥɭɱɟɧɧɵɯ ɩɪɢ ɞɢɧɚɦɢɱɟɫɤɨɦ (ɭɞɚɪɧɨɦ) 
ɧɚɝɪɭɠɟɧɢɢ (260 Ɇɉɚ) ɬɨɧɤɨɫɬɟɧɧɨɝɨ «ɫɟɞɥɚ», 
ɩɪɚɤɬɢɱɟɫɤɢ ɜ 2 ɪɚɡɚ ɩɪɟɜɵɲɚɸɬ ɡɧɚɱɟɧɢɹ ɩɪɢ 
ɫɬɚɬɢɱɟɫɤɨɦ ɪɚɫɱɟɬɟ (133,6 Ɇɉɚ). ɗɬɨ ɟɳɟ ɪɚɡ 
ɩɨɞɬɜɟɪɠɞɚɟɬ, ɱɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɥɢɧɟɣɧɵɯ 
ɦɨɞɟɥɟɣ ɧɚɝɪɭɠɟɧɢɹ ɨɛɨɥɨɱɤɢ ɧɚ ɭɱɚɫɬɤɟ ɮɚɤ-
ɬɢɱɟɫɤɨɣ ɧɟɥɢɧɟɣɧɨɫɬɢ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɡɧɚ-
ɱɢɬɟɥɶɧɵɦ ɨɲɢɛɤɚɦ ɜ ɨɰɟɧɤɟ ɩɪɨɱɧɨɫɬɢ ɬɨɧ-
ɤɨɫɬɟɧɧɨɝɨ ɭɩɥɨɬɧɟɧɢɹ [14, 15]. 

Ɋɚɧɟɟ ɛɵɥɨ ɩɪɢɧɹɬɨ, ɱɬɨ ɡɚ ɜɪɟɦɹ ɛɵɫɬ-
ɪɨɞɟɣɫɬɜɭɸɳɟɝɨ ɭɞɚɪɧɨɝɨ ɧɚɝɪɭɠɟɧɢɹ «ɫɟɞɥɚ» 
ɞɚɜɥɟɧɢɟ ɪɚɛɨɱɟɣ ɫɪɟɞɵ ɧɟ ɜɨɡɞɟɣɫɬɜɭɟɬ ɧɚ 
ɬɨɧɤɨɫɬɟɧɧɨɟ ɭɩɥɨɬɧɟɧɢɟ [16–18]. Ɋɚɫɫɱɢɬɚɧ-
ɧɵɟ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ «ɫɟɞɥɚ» ɩɨɡɜɨ-
ɥɹɸɬ ɜɵɞɟɪɠɚɬɶ ɩɟɪɜɢɱɧɨɟ ɫɨɭɞɚɪɟɧɢɟ ɷɥɟɦɟɧ-
ɬɨɜ ɡɚɬɜɨɪɚ. Ɂɧɚɱɟɧɢɟ ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ 
«ɡɨɥɨɬɧɢɤɚ» ɩɪɢ ɩɨɫɥɟɞɭɸɳɢɯ ɫɨɭɞɚɪɟɧɢɹɯ ɫ 
«ɫɟɞɥɨɦ» ɦɟɧɶɲɟ ɢ ɜ ɞɚɥɶɧɟɣɲɟɦ ɤɨɦɩɟɧɫɢɪɭ-
ɟɬɫɹ ɫɢɥɨɣ ɬɪɟɧɢɹ ɜ ɫɬɵɤɟ. ɉɨɫɥɟ ɩɟɪɟɤɪɵɬɢɹ 
ɩɨɬɨɤɚ ɪɚɛɨɱɟɣ ɫɪɟɞɵ ɩɪɨɢɫɯɨɞɢɬ ɧɚɝɪɭɠɟɧɢɟ 
ɫɟɞɥɚ ɟɟ ɞɚɜɥɟɧɢɟɦ. 

ɉɪɨɜɟɞɟɦ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɢ ɪɚɫɱɟɬ ɬɨɧɤɨ-
ɫɬɟɧɧɨɝɨ «ɫɟɞɥɚ» ɩɪɢ ɡɧɚɱɟɧɢɹɯ ɞɚɜɥɟɧɢɹ ɪɚ-
ɛɨɱɟɣ ɫɪɟɞɵ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɝɨ ɧɟɩɪɟɜɵɲɟɧɢɟ 
ɞɨɩɭɫɤɚɟɦɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ıadm = 260 Ɇɉɚ. 

ɇɚ ɪɢɫ. 11 ɩɪɟɞɫɬɚɜɥɟɧɚ ɤɚɪɬɚ ɷɤɜɢɜɚ-
ɥɟɧɬɧɵɯ ɧɚɩɪɹɠɟɧɢɣ, ɩɨɥɭɱɟɧɧɵɯ ɩɪɢ ɦɨɞɟɥɢ-
ɪɨɜɚɧɢɢ «ɫɟɞɥɚ» ɩɨɫɥɟ ɩɟɪɟɤɪɵɬɢɹ ɡɚɬɜɨɪɚ ɢ 
ɧɚɝɪɭɠɟɧɢɹ ɭɩɥɨɬɧɟɧɢɹ ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ 
ɧɚɝɪɭɡɤɨɣ ɞɚɜɥɟɧɢɹ ɪɚɛɨɱɟɣ ɫɪɟɞɵ Pp = 0,77 

ɇ/ɦɦ2. ɍɤɚɡɚɧɧɨɟ ɡɧɚɱɟɧɢɟ ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ 
ɧɚɝɪɭɡɤɢ ɩɪɢɥɨɠɟɧɨ ɤ ɤɚɠɞɨɦɭ ɩɥɚɫɬɢɧɱɚɬɨɦɭ 
ɷɥɟɦɟɧɬɭ ɨɛɨɥɨɱɤɢ ɢ ɩɥɚɫɬɢɧɵ. 

 

 
Ɋɢɫ. 11. Ʉɚɪɬɚ ɧɚɩɪɹɠɟɧɢɣ SVM ɩɪɢ ɩɨɞɚɱɟ ɞɚɜɥɟɧɢɹ 

ɪɚɛɨɱɟɣ ɫɪɟɞɵ ɧɚ «ɫɟɞɥɨ» 

Fig. 11. SVM stress map when applying pressure 

of the working medium to the «saddle» 

 
ǓǬǶǷȊȃǱǹǴǱ 

ɉɪɟɞɫɬɚɜɥɟɧɧɚɹ ɦɟɬɨɞɢɤɚ ɪɚɫɱɟɬɚ ɩɨɡɜɨ-
ɥɹɟɬ ɜɵɩɨɥɧɢɬɶ ɨɩɬɢɦɢɡɚɰɢɨɧɧɵɣ ɪɚɫɱɟɬ «ɫɟɞ-
ɥɚ» ɩɪɢ ɡɚɪɚɧɟɟ ɧɟɨɩɪɟɞɟɥɟɧɧɨɣ ɞɢɧɚɦɢɱɟɫɤɨɣ 
ɧɚɝɪɭɡɤɟ ɢ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɚɯ (ɬɨɥɳɢ-
ɧɵ). Ʌɨɝɢɱɟɫɤɢɦ ɪɚɡɜɢɬɢɟɦ ɩɪɨɜɟɞɟɧɧɵɯ ɪɚɫ-
ɱɟɬɨɜ «ɫɟɞɥɚ» ɹɜɥɹɟɬɫɹ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɜ APM 

Structure 3D, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɭɬɨɱɧɢɬɶ ɡɧɚɱɟɧɢɟ 
ɞɚɜɥɟɧɢɹ ɪɚɛɨɱɟɣ ɫɪɟɞɵ ɭɠɟ ɩɨɫɥɟ ɩɟɪɟɤɪɵɬɢɹ 
ɡɚɬɜɨɪɚ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟ-
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ɦɨɦ ɩɪɢɦɟɪɟ ɩɪɢɧɹɬɨ ɧɚɩɪɚɜɥɟɧɢɟ ɩɨɬɨɤɚ ɪɚ-
ɛɨɱɟɣ ɫɪɟɞɵ «ɧɚ ɡɨɥɨɬɧɢɤ». Ⱦɥɹ ɦɨɞɟɥɢɪɨɜɚ-
ɧɢɹ ɨɛɪɚɬɧɨɣ ɫɢɬɭɚɰɢɢ (ɫɪɟɞɚ ɧɚɩɪɚɜɥɟɧɚ «ɩɨɞ 
ɡɨɥɨɬɧɢɤ») ɞɨɫɬɚɬɨɱɧɨ ɩɪɢɥɨɠɢɬɶ ɡɧɚɱɟɧɢɟ 
ɭɤɚɡɚɧɧɨɝɨ ɞɚɜɥɟɧɢɹ ɫɨ ɡɧɚɤɨɦ «–» ɤ ɞɨɩɨɥɧɢ-
ɬɟɥɶɧɨɦɭ ɭɡɥɭ (ɞɥɹ ɩɥɚɫɬɢɧɵ), ɩɟɪɟɞɚɸɳɟɦɭ 
ɭɫɢɥɢɟ ɫɨ ɫɬɨɪɨɧɵ ɩɪɢɜɨɞɚ. Ⱦɚɜɥɟɧɢɟ ɧɚ ɨɛɨ-
ɥɨɱɤɭ ɦɨɞɟɥɢɪɭɟɬɫɹ ɩɨ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨ-
ɫɬɢ ɚɧɚɥɨɝɢɱɧɨ ɪɚɫɫɦɨɬɪɟɧɧɨɦɭ ɩɪɢɦɟɪɭ. 

ɉɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɷɤɜɢɜɚɥɟɧɬɧɵɯ 
ɧɚɩɪɹɠɟɧɢɣ ɜ ɬɨɧɤɨɫɬɟɧɧɨɦ «ɫɟɞɥɟ» ɩɨɡɜɨɥɹɸɬ 
ɨɩɪɟɞɟɥɢɬɶ ɢ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ɡɧɚɱɟɧɢɹ ɞɨɩɭ-

ɫɬɢɦɵɯ ɧɚɝɪɭɡɨɤ ɫ ɰɟɥɶɸ ɨɛɟɫɩɟɱɟɧɢɹ ɩɪɨɱɧɨ-
ɫɬɢ ɭɩɥɨɬɧɟɧɢɹ. Ʉɪɨɦɟ ɬɨɝɨ, ɩɨɫɥɟ ɜɵɩɨɥɧɟɧɢɹ 
ɫɬɚɬɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ ɜ APM Structure 3D ɦɨɠɟɬ 
ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɚ ɫɬɚɬɢɱɟɫɤɚɹ ɧɚɝɪɭɡɤɚ ɧɚ «ɫɟɞɥɨ» 
ɞɥɹ ɮɥɚɧɰɟɜɵɯ ɫɨɟɞɢɧɟɧɢɣ, ɜ ɤɨɬɨɪɵɯ ɞɢɧɚɦɢɱɟ-
ɫɤɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɨɬɫɭɬɫɬɜɭɟɬ. 

ɉɪɟɞɫɬɚɜɥɟɧɧɵɟ ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɪɟɡɭɥɶɬɚɬɵ 
ɪɚɫɱɟɬɚ ɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚ-
ɧɵ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɭɩɥɨɬɧɢɬɟɥɶɧɵɯ ɫɨɟɞɢ-
ɧɟɧɢɣ, ɫɨɞɟɪɠɚɳɢɯ ɬɨɧɤɨɫɬɟɧɧɵɟ ɦɟɬɚɥɥɢɱɟɫɤɢɟ 
ɭɩɥɨɬɧɟɧɢɹ, ɧɚɩɪɢɦɟɪ ɛɵɫɬɪɨɞɟɣɫɬɜɭɸɳɢɯ ɤɥɚ-
ɩɚɧɨɜ [19, 20]. 
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