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ɉɈəɋɇɂɌȿɅЬɇȺə ɁȺɉɂɋɄȺ 

 

Ɇɟɬɨɞɢɱɟɫɤɢɟ ɪɟɤɨɦɟɧɞɚɰɢɢ ɩɨ ɜɵɩɨɥɧɟɧɢɸ ɩɪɚɤɬɢɱɟɫɤɢɯ ɪɚɛɨɬ ɩɨ 
ɞɢɫɰɢɩɥɢɧɟ «Ɍɟɯɧɢɱɟɫɤɚɹ ɦɟɯɚɧɢɤɚ»  ɫɨɫɬɚɜɥɟɧɵ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ɬɪɟɛɨɜɚɧɢɹɦɢ ɎȽɈɋ ɋɉɈ ɤ ɦɢɧɢɦɭɦɭ ɫɨɞɟɪɠɚɧɢɹ ɢ ɭɪɨɜɧɸ ɩɨɞɝɨɬɨɜɤɢ 
ɜɵɩɭɫɤɧɢɤɨɜ ɋɉɈ ɩɨ ɫɩɟɰɢɚɥɶɧɨɫɬɢ 23.02.06 Ɍɟɯɧɢɱɟɫɤɚɹ ɷɤɫɩɥɭɚɬɚɰɢɹ 
ɩɨɞɜɢɠɧɨɝɨ ɫɨɫɬɚɜɚ ɠɟɥɟɡɧɵɯ ɞɨɪɨɝ (ɜɚɝɨɧɵ, ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɨɣ ɩɨɞɜɢɠɧɨɣ 
ɫɨɫɬɚɜ) ɢ ɧɚ ɨɫɧɨɜɟ ɪɚɛɨɱɟɣ ɩɪɨɝɪɚɦɦɵ ɞɢɫɰɢɩɥɢɧɵ. Ⱦɚɧɧɚɹ ɞɢɫɰɢɩɥɢɧɚ 
ɨɬɧɨɫɢɬɫɹ ɤ ɛɥɨɤɭ ɨɛɳɟɩɪɨɮɟɫɫɢɨɧɚɥɶɧɵɯ ɞɢɫɰɢɩɥɢɧ, ɭɫɬɚɧɚɜɥɢɜɚɸɳɢɯ 
ɛɚɡɨɜɵɟ ɡɧɚɧɢɹ ɞɥɹ ɨɫɜɨɟɧɢɹ ɉɆ  

ȼ ɪɟɡɭɥɶɬɚɬɟ ɨɫɜɨɟɧɢɹ ɞɢɫɰɢɩɥɢɧɵ ɨɛɭɱɚɸɳɢɣɫɹ ɞɨɥɠɟɧ ɭɦɟɬɶ: 

- ɢɫɩɨɥɶɡɨɜɚɬɶ ɦɟɬɨɞɵ ɩɪɨɜɟɪɨɱɧɵɯ ɪɚɫɱɟɬɨɜ ɧɚ ɩɪɨɱɧɨɫɬɶ, 
ɞɟɣɫɬɜɢɣ ɢɡɝɢɛɚ ɢ ɤɪɭɱɟɧɢɹ; 

- ɜɵɛɢɪɚɬɶ ɫɩɨɫɨɛ ɩɟɪɟɞɚɱɢ ɜɪɚɳɚɬɟɥɶɧɨɝɨ ɦɨɦɟɧɬɚ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɨɫɜɨɟɧɢɹ ɞɢɫɰɢɩɥɢɧɵ ɨɛɭɱɚɸɳɢɣɫɹ ɞɨɥɠɟɧ ɡɧɚɬɶ: 

- ɨɫɧɨɜɧɵɟ ɩɨɥɨɠɟɧɢɹ ɢ ɚɤɫɢɨɦɵ ɫɬɚɬɢɤɢ, ɤɢɧɟɦɚɬɢɤɢ, ɞɢɧɚɦɢɤɢ ɢ 
ɞɟɬɚɥɟɣ ɦɚɲɢɧ. 

ɉɪɨɰɟɫɫ ɢɡɭɱɟɧɢɹ ɞɢɫɰɢɩɥɢɧɵ ɧɚɩɪɚɜɥɟɧ ɧɚ ɮɨɪɦɢɪɨɜɚɧɢɟ ɨɛɳɢɯ 
ɤɨɦɩɟɬɟɧɰɢɣ, ɜɤɥɸɱɚɸɳɢɯ ɜ ɫɟɛɹ ɫɩɨɫɨɛɧɨɫɬɶ  

ɈК 1. ɉɨɧɢɦɚɬɶ ɫɭɳɧɨɫɬɶ ɢ ɫɨɰɢɚɥɶɧɭɸ ɡɧɚɱɢɦɨɫɬɶ ɫɜɨɟɣ ɛɭɞɭɳɟɣ 
ɩɪɨɮɟɫɫɢɢ, ɩɪɨɹɜɥɹɬɶ ɤ ɧɟɣ ɭɫɬɨɣɱɢɜɵɣ ɢɧɬɟɪɟɫ. 

ɈК 2. Ɉɪɝɚɧɢɡɨɜɵɜɚɬɶ ɫɨɛɫɬɜɟɧɧɭɸ ɞɟɹɬɟɥɶɧɨɫɬɶ, ɨɩɪɟɞɟɥɹɬɶ ɦɟɬɨɞɵ ɢ 
ɫɩɨɫɨɛɵ ɜɵɩɨɥɧɟɧɢɹ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɵɯ ɡɚɞɚɱ, ɨɰɟɧɢɜɚɬɶ ɢɯ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 
ɢ ɤɚɱɟɫɬɜɨ. 

ɈК 3. Ɋɟɲɚɬɶ ɩɪɨɛɥɟɦɵ, ɨɰɟɧɢɜɚɬɶ ɪɢɫɤɢ ɢ ɩɪɢɧɢɦɚɬɶ ɪɟɲɟɧɢɹ ɜ 
ɧɟɫɬɚɧɞɚɪɬɧɵɯ ɫɢɬɭɚɰɢɹɯ. 

ɈК 4. Ɉɫɭɳɟɫɬɜɥɹɬɶ ɩɨɢɫɤ, ɚɧɚɥɢɡ ɢ ɨɰɟɧɤɭ ɢɧɮɨɪɦɚɰɢɢ, ɧɟɨɛɯɨɞɢɦɨɣ 
ɞɥɹ ɩɨɫɬɚɧɨɜɤɢ ɢ ɪɟɲɟɧɢɹ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɵɯ ɡɚɞɚɱ, ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨɝɨ ɢ 
ɥɢɱɧɨɫɬɧɨɝɨ ɪɚɡɜɢɬɢɹ. 

ɈК 5. ɂɫɩɨɥɶɡɨɜɚɬɶ ɢɧɮɨɪɦɚɰɢɨɧɧɨ - ɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ 
ɞɥɹ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ. 

ɈК 6. Ɋɚɛɨɬɚɬɶ ɜ ɤɨɥɥɟɤɬɢɜɟ ɢ ɤɨɦɚɧɞɟ, ɨɛɟɫɩɟɱɢɜɚɬɶ ɟɟ ɫɩɥɨɱɟɧɢɟ, 
ɷɮɮɟɤɬɢɜɧɨ ɨɛɳɚɬɶɫɹ ɫ ɤɨɥɥɟɝɚɦɢ, ɪɭɤɨɜɨɞɫɬɜɨɦ, ɩɨɬɪɟɛɢɬɟɥɹɦɢ.  

ɈК 7. ɋɬɚɜɢɬɶ ɰɟɥɢ, ɦɨɬɢɜɢɪɨɜɚɬɶ ɞɟɹɬɟɥɶɧɨɫɬɶ ɩɨɞɱɢɧɟɧɧɵɯ, 
ɨɪɝɚɧɢɡɨɜɵɜɚɬɶ ɢ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɢɯ ɪɚɛɨɬɭ ɫ ɩɪɢɧɹɬɢɟɦ ɧɚ ɫɟɛɹ 
ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɢ ɡɚ ɪɟɡɭɥɶɬɚɬ ɜɵɩɨɥɧɟɧɢɹ ɡɚɞɚɧɢɣ. 

ɈК 8. ɋɚɦɨɫɬɨɹɬɟɥɶɧɨ ɨɩɪɟɞɟɥɹɬɶ ɡɚɞɚɱɢ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨɝɨ ɢ 
ɥɢɱɧɨɫɬɧɨɝɨ ɪɚɡɜɢɬɢɹ, ɡɚɧɢɦɚɬɶɫɹ ɫɚɦɨɨɛɪɚɡɨɜɚɧɢɟɦ, ɨɫɨɡɧɚɧɧɨ ɩɥɚɧɢɪɨɜɚɬɶ 
ɩɨɜɵɲɟɧɢɟ ɤɜɚɥɢɮɢɤɚɰɢɢ. 

ɈК 9. Ȼɵɬɶ ɝɨɬɨɜɵɦ ɤ ɫɦɟɧɟ ɬɟɯɧɨɥɨɝɢɣ ɜ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨɣ 
ɞɟɹɬɟɥɶɧɨɫɬɢ. 

ɋɨɞɟɪɠɚɧɢɟ ɞɢɫɰɢɩɥɢɧɵ ɨɪɢɟɧɬɢɪɨɜɚɧɨ ɧɚ ɩɨɞɝɨɬɨɜɤɭ ɫɬɭɞɟɧɬɨɜ ɤ 
ɨɫɜɨɟɧɢɸ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɵɯ ɦɨɞɭɥɟɣ ɩɨ ɫɩɟɰɢɚɥɶɧɨɫɬɢ ɢ ɨɜɥɚɞɟɧɢɸ 
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ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɵɦɢ ɤɨɦɩɟɬɟɧɰɢɹɦɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɨɫɧɨɜɧɵɦ ɜɢɞɚɦ 
ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ: 

ɉК 1. 1. Эɤɫɩɥɭɚɬɢɪɨɜɚɬɶ ɩɨɞɜɢɠɧɨɣ ɫɨɫɬɚɜ ɠɟɥɟɡɧɨɣ ɞɨɪɨɝɢ. 
ɉК 1.2. ɉɪɨɢɡɜɨɞɢɬɶ ɬɟɯɧɢɱɟɫɤɨɟ ɨɛɫɥɭɠɢɜɚɧɢɟ ɢ ɪɟɦɨɧɬ ɩɨɞɜɢɠɧɨɝɨ 

ɫɨɫɬɚɜɚ ɠɟɥɟɡɧɵɯ ɞɨɪɨɝ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 
ɩɪɨɰɟɫɫɨɜ. 

ɉК 2.3. Кɨɧɬɪɨɥɢɪɨɜɚɬɶ ɢ ɨɰɟɧɢɜɚɬɶ ɤɚɱɟɫɬɜɨ ɜɵɩɨɥɧɹɟɦɵɯ ɪɚɛɨɬ. 
ɉК 3.2. Ɋɚɡɪɚɛɚɬɵɜɚɬɶ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ ɧɚ ɪɟɦɨɧɬ ɨɬɞɟɥɶɧɵɯ 

ɞɟɬɚɥɟɣ ɢ ɭɡɥɨɜ ɩɨɞɜɢɠɧɨɝɨ ɫɨɫɬɚɜɚ ɠɟɥɟɡɧɵɯ ɞɨɪɨɝ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ɧɨɪɦɚɬɢɜɧɨɣ ɞɨɤɭɦɟɧɬɚɰɢɟɣ 

Ɋɚɛɨɱɚɹ ɩɪɨɝɪɚɦɦɚ ɭɱɟɛɧɨɣ ɞɢɫɰɢɩɥɢɧɵ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ 34 ɱɚɫɚ 

ɩɪɚɤɬɢɱɟɫɤɢɯ ɡɚɧɹɬɢɣ. 
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ɉɟɪɟɱɟɧɶ ɩɪɚɤɬɢɱɟɫɤɢɯ ɪɚɛɨɬ 

 

№ 

ɩ/ɩ 
ɇɚɡɜɚɧɢɟ ɪɚɛɨɬɵ 

Ɉɛɴɟɦ 
ɱɚɫɨɜ 

1. Ɉɩɪɟɞɟɥɟɧɢɟ ɧɚɩɪɚɜɥɟɧɢɹ ɪɟɚɤɰɢɣ ɫɜɹɡɟɣ ɨɫɧɨɜɧɵɯ 
ɬɢɩɨɜ. 2 

2. Ɋɚɫɱёɬ ɪɟɚɤɰɢɣ ɨɩɨɪ ɞɥɹ ɩɥɨɫɤɨɣ ɫɢɫɬɟɦɵ ɫɯɨɞɹɳɢɯɫɹ 
ɫɢɥ. 2 

3. Ɉɩɪɟɞɟɥɟɧɢɟ ɨɩɨɪɧɵɯ ɪɟɚɤɰɢɣ ɛɚɥɤɢ. 2 

4. Ɉɩɪɟɞɟɥɟɧɢɟ ɰɟɧɬɪɚ ɬɹɠɟɫɬɢ ɫɥɨɠɧɨɣ ɮɢɝɭɪɵ. 2 

5. ɉɨɫɬɪɨɟɧɢɟ ɤɢɧɟɦɚɬɢɱɟɫɤɢɯ ɝɪɚɮɢɤɨɜ. 2 

6. Ɉɩɪɟɞɟɥɟɧɢɟ ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɢ. 2 

7. Ⱦɜɢɠɟɧɢɟ ɬɜёɪɞɨɝɨ ɬɟɥɚ. 2 

8. Ɋɚɫɱёɬ ɧɚ ɩɪɨɱɧɨɫɬɶ ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ ɢ ɫɠɚɬɢɢ. 2 

9. Ɋɚɫɱёɬ ɦɨɦɟɧɬɨɜ ɢɧɟɪɰɢɢ ɫɨɫɬɚɜɧɵɯ ɮɢɝɭɪ. 2 

10. Ɋɚɫɱёɬ ɧɚ ɩɪɨɱɧɨɫɬɶ ɢ ɠёɫɬɤɨɫɬɶ ɩɪɢ ɤɪɭɱɟɧɢɢ. 2 

11. Ɋɚɫɱёɬ ɧɚ ɩɪɨɱɧɨɫɬɶ ɩɪɢ ɢɡɝɢɛɟ. 2 

12. Ɋɚɫɱёɬ ɜɚɥɚ ɧɚ ɫɨɜɦɟɫɬɧɨɟ ɞɟɣɫɬɜɢɟ ɢɡɝɢɛɚ ɢ ɤɪɭɱɟɧɢɹ. 2 

13. Ɋɚɫɱёɬ ɨɫɧɨɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɩɪɢɜɨɞɚ. 2 

14. Ɋɚɫɱёɬ ɩɟɪɟɞɚɱɢ. 2 

15. Ɋɚɫɱɟɬɵ ɤɨɧɢɱɟɫɤɢɯ ɩɟɪɟɞɚɱ. 2 

16. Ɍɟɩɥɨɜɨɣ ɪɚɫɱɟɬ ɱɟɪɜɹɱɧɨɣ ɩɟɪɟɞɚɱɢ. 2 

17. ɉɪɨɟɤɬɢɪɨɜɨɱɧɵɣ ɢ ɩɪɨɜɟɪɨɱɧɵɣ ɪɚɫɱɟɬɵ ɩɟɪɟɞɚɱɢ. 2 

ɂɌɈȽɈ 34 
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ɉɊȺɄɌɂɑȿɋɄȺə ɊȺȻɈɌȺ № 1 

 

Ɍɟɦɚ: Ɉɩɪɟɞɟɥɟɧɢɟ ɧɚɩɪɚɜɥɟɧɢя ɪɟɚɤɰɢɣ ɫɜяɡɟɣ ɨɫɧɨɜɧɵɯ ɬɢɩɨɜ. 
ɐɟɥɶ ɪɚɛɨɬɵ: ɇɚɭɱɢɬɶ ɨɩɪɟɞɟɥɹɬɶ ɧɚɩɪɚɜɥɟɧɢɹ ɪɟɚɤɰɢɣ ɫɜɹɡɟɣ ɨɫɧɨɜ-

ɧɵɯ ɬɢɩɨɜ. 
 

Ⱥɥɝɨɪɢɬɦ ɪɟɲɟɧɢɹ ɡɚɞɚɱ: 
1. ɍɤɚɡɵɜɚɸɬ ɬɨɱɤɭ, ɪɚɜɧɨɜɟɫɢɟ ɤɨɬɨɪɨɣ ɪɚɫɫɦɚɬɪɢɜɚɸɬ (ɰɟɧɬɪ ɬɹ-

ɠɟɫɬɢ ɬɟɥɚ ɢɥɢ ɩɟɪɟɫɟɱɟɧɢɹ ɜɫɟɯ ɫɬɟɪɠɧɟɣ ɢ ɧɢɬɟɣ). 
2. ɉɪɢɤɥɚɞɵɜɚɸɬ ɤ ɧɟɣ ɚɤɬɢɜɧɵɟ ɫɢɥɵ. 
3. Ɇɵɫɥɟɧɧɨ ɨɬɛɪɚɫɵɜɚɸɬ ɫɜɹɡɢ, ɡɚɦɟɧɹɹ ɢɯ ɪɟɚɤɰɢɹɦɢ. 
4. ȼɵɛɢɪɚɸɬ ɩɨɥɨɠɟɧɢɟ ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ (ɧɚɱɚɥɨ 

ɤɨɨɪɞɢɧɚɬ ɫɨɜɦɟɳɚɸɬ ɫ ɬɨɱɤɨɣ, ɪɚɜɧɨɜɟɫɢɟ ɤɨɬɨɪɨɣ ɪɚɫɫɦɚɬɪɢɜɚɸɬ). 
5. ɋɨɫɬɚɜɥɹɸɬ ɢ ɪɟɲɚɸɬ ɭɪɚɜɧɟɧɢɹ ɪɚɜɧɨɜɟɫɢɹ. ɉɪɢ ɷɬɨɦ ɭɞɨɛɧɨ, 

ɟɫɥɢ ɨɞɧɚ ɢɡ ɨɫɟɣ ɫɨɜɩɚɞɚɟɬ ɫ ɧɟɢɡɜɟɫɬɧɨɣ ɪɟɚɤɰɢɟɣ. ȿɫɥɢ ɨɬɜɟɬ ɩɨɥɭɱɢɥɫɹ 
ɫɨ ɡɧɚɤɨɦ «-», ɷɬɨ ɡɧɚɱɢɬ, ɱɬɨ ɧɚɩɪɚɜɥɟɧɢɟ ɪɟɚɤɰɢɢ ɜ ɞɟɣɫɬɜɢɬɟɥɶɧɨɫɬɢ ɨɛ-
ɪɚɬɧɨ ɬɨɦɭ, ɤɨɬɨɪɨɟ ɜɵɛɪɚɧɨ ɧɚ ɱɟɪɬɟɠɟ. 

6. ɉɪɨɜɟɪɤɚ ɪɟɲɟɧɢɹ ɜɵɩɨɥɧɹɟɬɫɹ ɝɪɚɮɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ, ɥɢɛɨ ɜɵ-
ɛɨɪɨɦ ɞɪɭɝɨɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ, ɧɚɩɪɢɦɟɪ, ɞɪɭɝɨɣ ɩɨɜɨɪɨɬ ɨɫɟɣ. 

 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ: 

Ɂɚɞɚɱɚ: Ɉɩɪɟɞɟɥɢɬɶ ɜɟɥɢɱɢɧɭ ɢ ɧɚɩɪɚɜɥɟɧɢɟ ɪɟɚɤɰɢɣ ɫɜɹɡɟɣ ɞɥɹ ɫɯɟɦɵ 
(ɪɢɫ. 1) ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɝɪɭɡɚ G = 150 ɤɇ. 

 

ɉɨɪɹɞɨɤ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬɵ 

1. Ɋɚɫɫɦɨɬɪɢɦ ɬɟɥɨ, ɨɩɢɪɚɸɳɟɟɫɹ 
ɧɚ ɩɥɨɫɤɨɫɬɶ ɢ ɩɨɞɜɟɲɟɧɧɨɟ ɧɚ ɧɢɬɶ. Ɂɚ-
ɦɟɧɢɦ ɬɟɥɨ ɬɨɱɤɨɣ Ɉ, ɫɨɜɩɚɞɚɸɳɟɣ ɫ ɰɟɧ-
ɬɪɨɦ ɬɹɠɟɫɬɢ. 

2. ɉɪɢɥɨɠɢɦ ɤ ɬɨɱɤɟ Ɉ ɚɤɬɢɜɧɭɸ 
ɫɢɥɭ, ɬ.ɟ. ɫɨɛɫɬɜɟɧɧɵɣ ɜɟɫ G, ɧɚɩɪɚɜɥɟɧ-
ɧɵɣ ɜɟɪɬɢɤɚɥɶɧɨ ɜɧɢɡ (ɪɢɫ. 1, ɛ). 

3. Ɇɵɫɥɟɧɧɨ ɨɬɛɪɨɫɢɦ ɫɜɹɡɢ – 

ɩɥɨɫɤɨɫɬɶ ɢ ɧɢɬɶ, ɡɚɦɟɧɢɦ ɢɯ ɪɟɚɤɰɢɹɦɢ 
R1 ɢ R2. ɉɪɢɱɟɦ ɪɟɚɤɰɢɹ ɧɢɬɢ R1 ɧɚɩɪɚɜ-
ɥɟɧɚ ɜɞɨɥɶ ɧɟɟ ɨɬ ɬɨɱɤɢ, ɚ ɪɟɚɤɰɢɹ ɩɥɨɫ-

ɤɨɫɬɢ R2 – ɨɬ ɩɥɨɫɤɨɫɬɢ ɩɨ ɧɨɪɦɚɥɢ. ȼɫɟ ɬɪɢ ɫɢɥɵ (ɜɟɫ ɢ ɞɜɟ ɪɟɚɤɰɢɢ) ɞɨɥɠ-
ɧɵ ɩɟɪɟɫɟɤɚɬɶɫɹ ɜ ɬɨɱɤɟ Ɉ. ɂɡɨɛɪɚɡɢɦ ɢɯ ɧɚ ɨɬɞɟɥɶɧɨɦ ɪɢɫɭɧɤɟ (ɪɢɫ. 1, ɜ). 

4. ȼɵɛɟɪɟɦ ɩɨɥɨɠɟɧɢɟ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ. ɇɚɱɚɥɨ ɤɨɨɪɞɢɧɚɬ ɫɨɜɦɟ-
ɳɚɟɦ ɫ ɬɨɱɤɨɣ Ɉ, ɨɫɶ y ɧɚɩɪɚɜɥɹɟɦ ɜɞɨɥɶ ɥɢɧɢɢ ɞɟɣɫɬɜɢɹ Rɧ, ɚ ɨɫɶ x – ɩɟɪ-
ɩɟɧɞɢɤɭɥɹɪɧɨ ɨɫɢ y. Ɉɩɪɟɞɟɥɢɦ ɭɝɥɵ ɦɟɠɞɭ ɨɫɹɦɢ ɤɨɨɪɞɢɧɚɬ ɢ ɫɢɥɚɦɢ (ɪɢɫ. 
1, ɝ). 

Ɋɢɫɭɧɨɤ 1 
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5. ɋɨɫɬɚɜɢɦ ɭɪɚɜɧɟɧɢɹ ɪɚɜɧɨɜɟɫɢɹ ɞɥɹ ɜɫɟɯ ɫɢɥ, ɩɪɢɥɨɠɟɧɧɵɯ ɤ ɬɨɱɤɟ 
Ɉ, ɜ ɩɪɨɟɤɰɢɢ ɧɚ ɤɨɨɪɞɢɧɚɬɧɵɟ ɨɫɢ: 

;015sin15cos2  
GRX  

/015cos15sin21  
GRRY  

Ɋɟɲɢɦ ɩɨɥɭɱɟɧɧɭɸ ɫɢɫɬɟɦɭ ɭɪɚɜɧɟɧɢɣ. ɂɡ ɩɟɪɜɨɝɨ ɭɪɚɜɧɟɧɢɹ ɧɚɯɨɞɢɦ 

.2,40
97,0

26,0150

15cos

15sin
2 ɤɇG

R 







 

ɂɡ ɜɬɨɪɨɝɨ ɭɪɚɜɧɟɧɢɹ ɧɚɯɨɞɢɦ 

.15697,015026,02,4015cos15sin21 ɤɇGRR  
 

6. ɉɪɨɜɟɪɤɚ ɪɟɲɟɧɢɹ. Ⱦɥɹ ɷɬɨɝɨ ɜɵɛɟɪɟɦ ɞɪɭɝɭɸ ɫɢɫɬɟɦɭ ɤɨɨɪɞɢɧɚɬ: 
ɧɚɩɪɚɜɢɦ ɨɫɶ x ɜɞɨɥɶ ɪɟɚɤɰɢɢ ɩɥɨɫɤɨɫɬɢ (ɬ.ɟ. ɝɨɪɢɡɨɧɬɚɥɶɧɨ), ɨɫɶ y ɛɭɞɟɬ ɟɣ 
ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɚ (ɜɟɪɬɢɤɚɥɶɧɚ) (ɪɢɫ.1, ɞ). ɋɨɫɬɚɜɢɦ ɢ ɪɟɲɢɦ ɭɪɚɜɧɟɧɢɹ ɪɚɜ-
ɧɨɜɟɫɢɹ ɞɥɹ ɩɪɨɟɤɰɢɣ ɫɢɥ ɧɚ ɷɬɢ ɨɫɢ ɤɨɨɪɞɢɧɚɬ. 

;015sin12  
RRX  

.015cos1  
RGY  

ɂɡ ɜɬɨɪɨɝɨ ɭɪɚɜɧɟɧɢɹ ɧɚɯɨɞɢɦ 

.155
97,0

150

15cos
1 ɤɇG

R 
  

ɂɡ ɩɟɪɜɨɝɨ ɭɪɚɜɧɟɧɢɹ: 
.3,4026,015515sin12 ɤɇRR  
 

ɋ ɭɱɟɬɨɦ ɩɨɝɪɟɲɧɨɫɬɢ ɩɪɢ ɨɤɪɭɝɥɟɧɢɢ ɡɧɚɱɟɧɢɣ ɬɪɢɝɨɧɨɦɟɬɪɢɱɟɫɤɢɯ 
ɮɭɧɤɰɢɣ, ɩɪɨɜɟɪɤɚ ɩɨɤɚɡɚɥɚ ɜɟɪɧɨɫɬɶ ɪɟɲɟɧɢɹ. 

 

Ʉɨɧɬɪɨɥɶɧɵɟ ɜɨɩɪɨɫɵ. 

1. Ɉɫɧɨɜɧɵɟ ɜɢɞɵ ɫɜɹɡɢ: ɝɥɚɞɤɚɹ ɩɥɨɫɤɨɫɬɶ, ɩɨɜɟɪɯɧɨɫɬɶ ɢ ɨɩɨɪɚ, ɝɢɛɤɚɹ 
ɧɢɬɶ, ɧɟɜɟɫɨɦɵɣ ɫɬɟɪɠɟɧɶ, ɪɟɚɤɰɢɢ ɷɬɢɯ ɫɜɹɡɟɣ. 

2. Ɋɟɲɢɬɶ ɡɚɞɚɱɭ:  

К ɜɟɪɬɢɤɚɥɶɧɨɣ ɫɬɟɧɟ Ⱥȼ ɧɚ ɬɪɨɫɟ Ⱥɋ ɩɨɞɜɟɲɟɧ ɲɚɪ 
ɫ ɰɟɧɬɪɨɦ Ɉ (ɪɢɫ. ɚ) ɢ ɜɟɫɨɦ F = 120 ɇ. Ɍɪɨɫ ɫɨɫɬɚɜ-
ɥɹɟɬ ɫɨ ɫɬɟɧɨɣ ɭɝɨɥ = 30°. Ɉɩɪɟɞɟɥɢɬɶ ɪɟɚɤɰɢɢ σ 
ɧɚɬɹɠɟɧɢɹ ɬɪɨɫɚ ɢ ɞɚɜɥɟɧɢɹ ɲɚɪɚ ɜ ɬɨɱɤɟ D ɫɬɟɧɵ 
Ⱥȼ.  
 

 

 

 

 

 

 

ɋɨɞɟɪɠɚɧɢɟ ɨɬɱɟɬɚ: ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ ɫ ɩɨɹɫɧɟɧɢɟɦ. 
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ɉɊȺɄɌɂɑȿɋɄȺə ɊȺȻɈɌȺ № 2 

Ɍɟɦɚ: Ɋɚɫɱёɬ ɪɟɚɤɰɢɣ ɨɩɨɪ ɞɥя ɩɥɨɫɤɨɣ ɫɢɫɬɟɦɵ ɫɯɨɞящɢɯɫя ɫɢɥ. 
ɐɟɥɶ ɪɚɛɨɬɵ: ɇɚɭɱɢɬɶ ɪɚɫɫɱɢɬɵɜɚɬɶ ɪɟɚɤɰɢɣ ɨɩɨɪ ɞɥɹ ɩɥɨɫɤɨɣ 

ɫɢɫɬɟɦɵ ɫɯɨɞɹɳɢɯɫɹ ɫɢɥ. 
 

Ɂɚɞɚɧɢɟ 

1. ɉɪɢɦɟɪ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ 

2. Ɋɟɲɟɧɢɟ ɡɚɞɚɱ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ 

 

ɉɪɢɦɟɪ ɪɟɲɟɧɢɹ 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ: 
Ɂɚɞɚɱɚ: ɋɬɟɪɠɧɢ Ⱥɋ ɢ ȼɋ (ɪɢɫ. 2, ɚ) ɫɨɟɞɢɧɟɧɵ ɦɟɠɞɭ ɫɨɛɨɣ ɲɚɪɧɢɪɨɦ 

ɋ, ɚ ɫ ɜɟɪɬɢɤɚɥɶɧɨɣ ɫɬɟɧɨɣ — ɩɨɫɪɟɞɫɬɜɨɦ ɲɚɪɧɢɪɨɜ Ⱥ ɢ ȼ. ȼ ɲɚɪɧɢɪɟ ɋ 
ɩɪɢɥɨɠɟɧɚ ɫɢɥɚ F = 1260 ɇ. Ɍɪɟɛɭɟɬɫɹ ɨɩɪɟɞɟɥɢɬɶ ɪɟɚɤɰɢɢ σ1 ɢ σ2 ɫɬɟɪɠɧɟɣ 
ɞɟɣɫɬɜɭɸɳɢɟ ɧɚ ɲɚɪɧɢɪ ɋ, ɟɫɥɢ α = 30° ɢ β = 60˚. 

 

ɉɨɪɹɞɨɤ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬɵ 

Ɋɚɫɫɦɚɬɪɢɜɚɟɦ ɪɚɜɧɨɜɟɫɢɟ ɬɨɱɤɢ ɋ, ɤɨɬɨɪɚɹ ɫɱɢɬɚɟɬɫɹ ɧɟɫɜɨɛɨɞɧɨɣ, 
ɬɚɤ ɤɚɤ ɧɚ ɧɟɟ ɧɚɥɨɠɟɧɵ ɫɜɹɡɢ ɜ ɜɢɞɟ ɫɬɟɪɠɧɟɣ Аɋ ɢ Вɋ. Ɉɫɜɨɛɨɠɞɚɟɦ ɬɨɱɤɭ 
ɋ ɨɬ ɫɜɹɡɟɣ ɢ ɡɚɦɟɧɹɟɦ ɢɯ ɫɢɥɚɦɢ ɪɟɚɤɰɢɣ ɫɜɹɡɟɣ, ɫɱɢɬɚɹ, ɱɬɨ ɫɬɟɪɠɟɧɶ Аɋ 

ɪɚɫɬɹɝɢɜɚɟɬɫɹ, ɚ ɫɬɟɪɠɟɧɶ Вɋ ɫɠɢɦɚɟɬɫɹ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɫɢɥɵ F. Ɉɛɨɡɧɚɱɢɦ 
ɪɟɚɤɰɢɸ ɫɬɟɪɠɧɹ Аɋ ɱɟɪɟɡ N1, ɚ ɪɟɚɤɰɢɸ ɫɬɟɪɠɧɹ Вɋ ɱɟɪɟɡ N2. ȼ ɢɬɨɝɟ ɬɨɱɤɚ 
ɋ ɫɬɚɧɨɜɢɬɫɹ ɫɜɨɛɨɞɧɨɣ, ɧɚɯɨɞɹɫɶ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɩɥɨɫɤɨɣ ɫɢɫɬɟɦɵ ɬɪɟɯ 
ɫɯɨɞɹɳɢɯɫɹ ɫɢɥ: ɚɤɬɢɜɧɨɣ ɫɢɥɵ F ɢ ɫɢɥ ɪɟɚɤɰɢɣ N1 ɢ N2 (ɪɢɫ. 2, ɛ). ɉɪɢɧɹɜ 
ɬɨɱɤɭ Ɉ ɡɚ ɧɚɱɚɥɨ ɤɨɨɪɞɢɧɚɬ, ɩɟɪɟɧɟɫɟɦ ɫɢɥɵ F, N1 ɢ N2 ɩɚɪɚɥɥɟɥɶɧɨ ɫɚɦɢɦ 
ɫɟɛɟ ɜ ɷɬɭ ɬɨɱɤɭ (ɪɢɫ. 2, ɜ) ɢ ɫɨɫɬɚɜɥɹɟɦ ɭɪɚɜɧɟɧɢɹ ɩɪɨɟɤɰɢɣ ɫɢɥ ɧɚ ɨɫɢ 
ɤɨɨɪɞɢɧɚɬ: 

 

 
Ɋɢɫɭɧɨɤ 2 
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 0
2

3

2

1
21  NN  

ɢ 

FNN 
2

1

2

3
21  

ɍɦɧɨɠɢɦ ɭɪɚɜɧɟɧɢɟ ɧɚ 3 , ɩɨɥɭɱɢɦ 
 

;0
2

3

2

3
21  NN  

 

FNN 
2

1

2

3
21  

 

ɉɨɫɥɟ ɫɥɨɠɟɧɢɹ ɭɪɚɜɧɟɧɢɣ ɢ ɩɨɥɭɱɢɦ 

,
2

1

2

3
22 FNN 

 

ɨɬɤɭɞɚ 2σ2 = F ɢɥɢ 630
2

1260

2
2 

F
N ɇ. ɂɡ ɭɪɚɜɧɟɧɢɹ ɩɨɥɭɱɚɟɦ, ɱɬɨ 

36301 N  ɢɥɢ 9,108973,16301 N  ɇ. 
 

Ƚɪɚɮɢɱɟɫɤɢɣ ɦɟɬɨɞ. Ⱦɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɷɬɢɦ ɦɟɬɨɞɨɦ ɜɵɛɢɪɚɟɦ 
ɦɚɫɲɬɚɛ ɫɢɥɵ F (ɧɚɩɪɢɦɟɪ, 10 ɇ = 1 ɦɦ) ɢ ɫɬɪɨɢɦ ɡɚɦɤɧɭɬɵɣ ɬɪɟɭɝɨɥɶɧɢɤ 
ɫɢɥ (ɪɢɫ. 2, ɝ). ɂɡ ɩɪɨɢɡɜɨɥɶɧɨɣ ɬɨɱɤɢ Ɉ ɩɪɨɜɨɞɢɦ ɩɪɹɦɭɸ, ɩɚɪɚɥɥɟɥɶɧɭɸ 
ɜɟɤɬɨɪɭ F, ɢ ɨɬɤɥɚɞɵɜɚɟɦ ɧɚ ɷɬɨɣ ɩɪɹɦɨɣ ɜ ɜɵɛɪɚɧɧɨɦ ɦɚɫɲɬɚɛɟ ɜɟɤɬɨɪ. ɂɡ 
ɤɨɧɰɚ ɜɟɤɬɨɪɚ (ɬɨɱɤɚ Ⱥ) ɩɪɨɜɨɞɢɦ ɩɪɹɦɭɸ, ɩɚɪɚɥɥɟɥɶɧɭɸ ɜɟɤɬɨɪɭ, ɚ ɢɡ ɬɨɱɤɢ 
Ɉ — ɩɪɹɦɭɸ, ɩɚɪɚɥɥɟɥɶɧɭɸ ɜɟɤɬɨɪɭ. ɉɟɪɟɫɟɱɟɧɢɟ ɷɬɢɯ ɩɪɹɦɵɯ ɞɚɟɬ ɬɨɱɤɭ ȼ. 
ɉɨɥɭɱɢɥɢ ɡɚɦɤɧɭɬɵɣ ɬɪɟɭɝɨɥɶɧɢɤ ɫɢɥ ɈȺȼ, ɫɬɨɪɨɧɵ ɤɨɬɨɪɨɝɨ ɜ ɜɵɛɪɚɧɧɨɦ 
ɦɚɫɲɬɚɛɟ ɢɡɨɛɪɚɠɚɸɬ ɫɢɥɵ, ɫɯɨɞɹɳɢɟɫɹ ɜ ɬɨɱɤɟ ɋ. ȼɟɥɢɱɢɧɵ ɫɢɥ σ1ɢ σ2 
ɨɩɪɟɞɟɥɢɦ ɩɨɫɥɟ ɢɡɦɟɪɟɧɢɹ ɫɬɨɪɨɧ Ⱥȼ ɢ ȼɈ ɬɪɟɭɝɨɥɶɧɢɤɚ ɈȺȼ. 

Ɉɬɜɟɬ: σ1 = 1089,9 H; σ2 = 630 H 

 

Кɨɧɬɪɨɥɶɧɵɟ ɜɨɩɪɨɫɵ. 
1. Кɚɤɢɟ ɫɢɥɵ ɧɚɡɵɜɚɸɬɫɹ ɫɯɨɞɹɳɢɦɢɫɹ? 

2. ȼ ɱɟɦ ɫɨɫɬɨɢɬ ɝɟɨɦɟɬɪɢɱɟɫɤɨɟ ɭɫɥɨɜɢɟ ɪɚɜɧɨɜɟɫɢɹ ɫɢɫɬɟɦɵ 
ɫɯɨɞɹɳɢɯɫɹ ɫɢɥ? 

3. Ɋɟɲɢɬɶ ɡɚɞɚɱɭ: Ⱦɜɚ ɠɟɫɬɤɢɯ ɫɬɟɪɠɧɹ Ⱥȼ ɢ Ⱥɋ 
ɢɦɟɸɬ ɨɛɳɭɸ ɲɚɪɧɢɪɧɭɸ ɬɨɱɤɭ Ⱥ ɢ ɲɚɪɧɢɪɧɵɟ 
ɨɩɨɪɵ ȼ ɢ ɋ (ɪɢɫ. ɚ). ɋɢɥɚ F = 500 ɇ ɩɪɢɥɨɠɟɧɚ ɤ 
ɲɚɪɧɢɪɧɨɦɭ ɜɚɥɢɤɭ ɜ ɬɨɱɤɟ Ⱥ. ɋɬɟɪɠɧɢ Ⱥȼ ɢ Ⱥɋ ɨɛ-
ɪɚɡɭɸɬ ɭɝɥɵ ɩɨ 30° ɫ ɥɢɧɢɟɣ ɞɟɣɫɬɜɢɹ ɫɢɥɵ F. Ɉɩɪɟ-
ɞɟɥɢɬɶ ɭɫɢɥɢɹ ɜ ɫɬɟɪɠɧɹɯ. 

 

ɋɨɞɟɪɠɚɧɢɟ ɨɬɱɟɬɚ: ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ ɫ ɩɨɹɫɧɟɧɢɟɦ. 
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ɉɊȺɄɌɂɑȿɋɄȺə ɊȺȻɈɌȺ № 3 

Ɍɟɦɚ: Ɉɩɪɟɞɟɥɟɧɢɟ ɨɩɨɪɧɵɯ ɪɟɚɤɰɢɣ ɛɚɥɤɢ. 
ɐɟɥɶ ɪɚɛɨɬɵ: ɇɚɭɱɢɬɶ ɨɩɪɟɞɟɥɹɬɶ ɨɩɨɪɧɵɟ ɪɟɚɤɰɢɢ ɛɚɥɨɤ. 
 

Ⱥɥɝɨɪɢɬɦ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ: 
1. Ȼɚɥɤɭ ɨɫɜɨɛɨɞɢɬɶ ɨɬ ɫɜɹɡɟɣ (ɫɜɹɡɢ) ɢ ɢɯ (ɟɝɨ) ɞɟɣɫɬɜɢɟ ɡɚɦɟɧɢɬɶ 

ɫɢɥɚɦɢ ɪɟɚɤɰɢɣ. 
2. ȼɵɛɪɚɬɶ ɤɨɨɪɞɢɧɚɬɧɵɟ ɨɫɢ. 
3. ɋɨɫɬɚɜɢɬɶ ɢ ɪɟɲɢɬɶ ɭɪɚɜɧɟɧɢɹ ɪɚɜɧɨɜɟɫɢɹ. 
Ɋɟɚɤɰɢɢ ɨɩɨɪ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ, ɢɫɯɨɞɹ ɢɡ ɬɪɟɯ ɮɨɪɦ ɭɪɚɜɧɟɧɢɣ 

ɪɚɜɧɨɜɟɫɢɹ: 
ɚ) 

 Fi ɯ = 0; 

 Fi ɭ = 0; 

ɆА = 0; 

ɛ) 

 Fi ɯ = 0; 

ɆА = 0; 

ɆВ = 0; 

ɜ) 

ɆА = 0; 

ɆВ = 0; 

Ɇɋ = 0. 

4. ɉɪɨɜɟɪɢɬɶ ɩɪɚɜɢɥɶɧɨɫɬɶ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ. ɉɪɨɜɟɪɤɭ ɧɟɨɛɯɨɞɢɦɨ 
ɩɪɨɢɡɜɨɞɢɬɶ ɩɨ ɬɨɦɭ ɭɪɚɜɧɟɧɢɸ ɪɚɜɧɨɜɟɫɢɹ, ɤɨɬɨɪɨɟ ɧɟ ɛɵɥɨ ɢɫɩɨɥɶɡɨɜɚɧɨ ɩɪɢ 
ɪɟɲɟɧɢɢ ɞɚɧɧɨɣ ɡɚɞɚɱɢ (ɡɚɞɚɱɚ ɪɟɲɟɧɚ ɩɪɚɜɢɥɶɧɨ ɥɢɲɶ ɜ ɬɨɦ ɫɥɭɱɚɟ, ɟɫɥɢ 
ɩɨɫɥɟ ɩɨɫɬɚɧɨɜɤɢ ɡɧɚɱɟɧɢɣ ɚɤɬɢɜɧɵɯ ɢ ɪɟɚɤɬɢɜɧɵɯ ɫɢɥ ɜ ɭɪɚɜɧɟɧɢɟ ɪɚɜɧɨɜɟɫɢɹ 
ɜɵɩɨɥɧɹɟɬɫɹ ɭɫɥɨɜɢɟ ɪɚɜɧɨɜɟɫɢɹ). 

5. ɋɞɟɥɚɬɶ ɚɧɚɥɢɡ ɪɟɲɟɧɧɨɣ ɡɚɞɚɱɢ (ɟɫɥɢ ɩɪɢ ɪɟɲɟɧɢɢ ɡɚɞɚɱɢ ɪɟɚɤɰɢɢ 
ɨɩɨɪ ɢɥɢ ɪɟɚɤɬɢɜɧɵɣ ɦɨɦɟɧɬ ɩɨɥɭɱɚɟɬɫɹ ɨɬɪɢɰɚɬɟɥɶɧɵɦ, ɬɨ ɢɯ ɞɟɣɫɬɜɢɬɟɥɶɧɨɟ 
ɧɚɩɪɚɜɥɟɧɢɟ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨ ɩɪɢɧɹɬɨɦɭ). 

 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ: 

Ɂɚɞɚɱɚ:  Ɉɩɪɟɞɟɥɢɬɶ ɪɟɚɤɰɢɢ ɨɩɨɪ ɛɚɥɤɢ, ɟɫɥɢ F = 20 ɤɇ, Ɇ =10 ɤɇ ɦ, 
q = 1 ɤɇ/ɦ (ɪɢɫ. 3). 

 
Ɋɢɫɭɧɨɤ 3 

 

ɉɨɪɹɞɨɤ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬɵ 
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1. ɂɡɨɛɪɚɠɚɟɦ ɛɚɥɤɭ ɜɦɟɫɬɟ ɫ ɧɚɝɪɭɡɤɚɦɢ. 
2. ȼɵɛɢɪɚɟɦ ɪɚɫɩɨɥɨɠɟɧɢɟ ɤɨɨɪɞɢɧɚɬɧɵɯ ɨɫɟɣ, ɫɨɜɦɟɫɬɢɜ ɨɫɶ ɏ ɫ 

ɛɚɥɤɨɣ, ɚ ɨɫɶ ɍ, ɧɚɩɪɚɜɢɜ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɨɫɢ ɏ. 
3. ɉɪɨɢɡɜɨɞɢɦ ɧɟɨɛɯɨɞɢɦɵɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɡɚɞɚɧɧɵɯ ɚɤɬɢɜɧɵɯ ɫɢɥ: 

ɫɢɥɭ, ɧɚɤɨɩɥɟɧɧɭɸ ɤ ɨɫɢ ɛɚɥɤɢ ɩɨɞ ɭɝɥɨɦ α, ɡɚɦɟɧɹɟɦ ɞɜɭɦɹ ɜɡɚɢɦɧɨ 
ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɵɦɢ ɫɨɫɬɚɜɥɹɸɳɢɦɢ 

Fɯ = F ɫos 30 = 20 0,866 = 17, 32 ɤɇ 

Fɭ = F ɫos 60 = 20 0,5 = 10 ɤɇ, 

ɚ ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɭɸ ɧɚɝɪɭɡɤɭ - ɟё ɪɚɜɧɨɞɟɣɫɬɜɭɸɳɟɣ 

Q = q  CD = 1  2 = 2 ɤɇ, 

Ɋɚɜɧɨɞɟɣɫɬɜɭɸɳɚɹ Q ɩɪɢɥɨɠɟɧɚ ɜ ɫɟɪɟɞɢɧɟ ɭɱɚɫɬɤɚ ωD, ɜ ɬɨɱɤɟ К. 

 

 

4. Ɉɫɜɨɛɨɠɞɚɟɦ ɛɚɥɤɭ ɨɬ ɨɩɨɪ, ɡɚɦɟɧɢɜ ɢɯ ɨɩɨɪɧɵɦɢ ɪɟɚɤɰɢɹɦɢ, 
ɧɚɩɪɚɜɥɟɧɧɵɦɢ ɜɞɨɥɶ ɜɵɛɪɚɧɧɵɯ ɨɫɟɣ ɤɨɨɪɞɢɧɚɬ. 

 

 

 

 

5.ɋɨɫɬɚɜɥɹɟɦ ɭɪɚɜɧɟɧɢɹ 
ɪɚɜɧɨɜɟɫɢɹ ɫɬɚɬɢɤɢ ɞɥɹ 
ɩɪɨɢɡɜɨɥɶɧɨɣ ɩɥɨɫɤɨɣ ɫɢɫɬɟɦɵ ɫɢɥ 
ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɢ ɜ ɬɚɤɨɣ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, ɱɬɨɛɵ ɪɟɲɟɧɢɟɦ ɤɚɠɞɨɝɨ ɢɡ ɷɬɢɯ ɭɪɚɜɧɟɧɢɣ ɛɵɥɨ 
ɨɩɪɟɞɟɥɟɧɢɟ ɨɞɧɨɣ ɢɡ ɧɟɢɡɜɟɫɬɧɵɯ ɪɟɚɤɰɢɣ ɨɩɨɪ ɢ ɨɩɪɟɞɟɥɹɟɦ ɧɟɢɡɜɟɫɬɧɵɟ 
ɪɟɚɤɰɢɢ ɨɩɨɪ. 

 ɆА = 0; Fɭ  АВ + M + Q AK - RDy AD = 0 (1) 

 ɆD = 0; RAy AD - Fɭ  ВD + M - Q KD = 0 (2) 

 Fiɯ = 0; RAɯ - Fɯ = 0 (3) 

6. Ɉɩɪɟɞɟɥɹɟɦ ɪɟɚɤɰɢɢ ɨɩɨɪ ɛɚɥɨɤ RAy, RDy ɢ RAɯ ɪɟɲɚɹ ɭɪɚɜɧɟɧɢɹ. 
ɂɡ ɭɪɚɜɧɟɧɢɹ ( 1 ) ɩɨɥɭɱɚɟɦ 

RDy = Fɭ  АВ + M + Q AK / AD = 10  1 + 10 + 2  3 / 4 = 6,5 ɤɇ 

ɂɡ ɭɪɚɜɧɟɧɢɹ ( 2 ) ɩɨɥɭɱɚɟɦ 
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RAy = Fɭ  ВD - M + Q KD / AD =10  3 - 10 + 2 / 4 = 5,5 ɤɇ 

ɂɡ ɭɪɚɜɧɟɧɢɹ ( 3 ) ɩɨɥɭɱɚɟɦ 

RAɯ = Fɯ = F ɫos 30 = 20 0,866 = 17, 32 ɤɇ 

7. ɉɪɨɜɟɪɹɟɦ ɩɪɚɜɢɥɶɧɨɫɬɶ ɧɚɣɞɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ: 
 Fi y = 0; RAy - Fɭ - Q + RDy = 5,5 - 10 - 2 + 6,5 = 0 

ɍɫɥɨɜɢɟ ɪɚɜɧɨɜɟɫɢɹ  Fi y = 0 ɜɵɩɨɥɧɹɟɬɫɹ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɪɟɚɤɰɢɢ ɨɩɨɪ 
ɧɚɣɞɟɧɵ ɜɟɪɧɨ. 

 

Кɨɧɬɪɨɥɶɧɵɟ ɜɨɩɪɨɫɵ. 
1. Кɥɚɫɫɢɮɢɤɚɰɢɹ ɧɚɝɪɭɡɨɤ ɢ ɜɢɞɵ ɨɩɨɪ? 

2. Ȼɚɥɨɱɧɵɟ ɫɢɫɬɟɦɵ? 

3. Ɋɟɲɢɬɶ ɡɚɞɚɱɭ: Ɉɩɪɟɞɟɥɢɬɶ ɪɟɚɤɰɢɢ ɨɩɨɪ ɞɥɹ ɛɚɥɤɢ ɫ ɠɟɫɬɤɨɣ 
ɡɚɞɟɥɤɨɣ 

    Ⱦɚɧɨ: F1 = 20 ɤɇ; F2 = 40 ɤɇ; M = 30 ɤɇɦ; q = 10 ɤɇ/ɦ; Х1 = 2 ɦ; Х2 = 4 

ɦ; Х3 = 4 ɦ. 
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Ɍɟɦɚ: Ɉɩɪɟɞɟɥɟɧɢɟ ɰɟɧɬɪɚ ɬяɠɟɫɬɢ ɫɥɨɠɧɨɣ ɮɢɝɭɪɵ. 

ɐɟɥɶ ɪɚɛɨɬɵ: ɇɚɭɱɢɬɶ ɨɩɪɟɞɟɥɹɬɶ ɰɟɧɬɪ ɬɹɠɟɫɬɢ ɫɥɨɠɧɨɣ ɮɢɝɭɪɵ. 

 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ: 
Ɂɚɞɚɱɚ: Ɉɩɪɟɞɟɥɢɬɶ ɤɨɨɪɞɢɧɚɬɵ ɰɟɧɬɪɚ ɬɹɠɟɫɬɢ ɫɨɫɬɚɜɧɨɝɨ ɫɟɱɟɧɢɹ, 

ɫɨɫɬɨɹɳɟɝɨ ɢɡ ɥɢɫɬɚ ɢ ɩɪɨɤɚɬɧɵɯ ɩɪɨɮɢɥɟɣ. 

 
 

ɉɨɪɹɞɨɤ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬɵ 

1. ȼɵɛɢɪɚɟɦ ɨɫɢ ɤɨɨɪɞɢɧɚɬ, ɬɚɤ ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ. 
2. Ɉɛɨɡɧɚɱɢɦ ɮɢɝɭɪɵ ɧɨɦɟɪɚɦɢ ɢ ɜɵɩɢɲɟɦ ɢɡ ɬɚɛɥɢɰɵ 

ɧɟɨɛɯɨɞɢɦɵɟ ɞɚɧɧɵɟ:  
1 – ɲɜɟɥɥɟɪ №10; ɜɵɫɨɬɚ h=100 ɦɦ;  ɲɢɪɢɧɚ  b=46 ɦɦ; 

ɩɥɨɳɚɞɶ ɫɟɱɟɧɢɹ ; 

2  - ɞɜɭɬɚɜɪ №16;  ɜɵɫɨɬɚ h=160 ɦɦ;  ɲɢɪɢɧɚ  b=81 ɦɦ; 

ɩɥɨɳɚɞɶ ɫɟɱɟɧɢɹ ; 

3 – ɥɢɫɬ 5ɯ100; ɬɨɥɳɢɧɚ 5 ɦɦ; ɲɢɪɢɧɚ 100 ɦɦ. 
3. ȼɵɱɢɫɥɹɟɦ ɤɨɨɪɞɢɧɚɬɵ ɰɟɧɬɪɚ ɬɹɠɟɫɬɢ ɤɚɠɞɨɣ ɮɢɝɭɪɵ. 

ɋɨɫɬɚɜɧɨɟ ɫɟɱɟɧɢɟ ɫɢɦɦɟɬɪɢɱɧɨ, ɩɨɷɬɨɦɭ ɰɟɧɬɪ ɬɹɠɟɫɬɢ ɧɚɯɨɞɢɬɫɹ ɧɚ 

ɨɫɢ ɫɢɦɦɟɬɪɢɢ ɢ ɤɨɨɪɞɢɧɚɬɚ .  Ɋɟɡɭɥɶɬɚɬɵ ɜɵɱɢɫɥɟɧɢɣ ɡɚɧɨɫɢɦ 
ɜ ɬɚɛɥɢɰɭ 

№ 
ɮɢɝɭɪɵ 

ɉɥɨɳɚɞɶ 

ɮɢɝɭɪɵ Ⱥ,  

Кɨɨɪɞɢɧɚɬɵ ɰɟɧɬɪɚ ɬɹɠɟɫɬɢ 

ɏ
, ɫɦ 

ɍ, ɫɦ 

1 =10,9 0 

2  0 
 

3 0 
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4. ȼɵɱɢɫɥɹɟɦ ɤɨɨɪɞɢɧɚɬɵ ɰɟɧɬɪɚ ɬɹɠɟɫɬɢ ɮɢɝɭɪɵ ɩɨ 
ɮɨɪɦɭɥɚɦ:              

 
Ɉɬɜɟɬ: ɋ(0; 10) 
 

 

Кɨɧɬɪɨɥɶɧɵɟ ɜɨɩɪɨɫɵ. 
1. ɑɬɨ ɧɚɡɵɜɚɟɬɫɹ ɰɟɧɬɪɨɦ ɬɹɠɟɫɬɢ ɬɟɥɚ? 

2. Кɚɤ ɨɩɪɟɞɟɥɹɟɬɫɹ ɰɟɧɬɪ ɬɹɠɟɫɬɢ ɩɥɨɫɤɨɣ ɮɢɝɭɪɵ ɫɥɨɠɧɨɣ ɮɨɪɦɵ? 

3. Ɋɟɲɢɬɶ ɡɚɞɚɱɭ: Ɉɩɪɟɞɟɥɢɬɶ ɰɟɧɬɪ ɬɹɠɟɫɬɢ ɫɥɨɠɧɨɣ ɮɢɝɭɪɵ 

 
 

ɋɨɞɟɪɠɚɧɢɟ ɨɬɱɟɬɚ: ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ ɫ ɩɨɹɫɧɟɧɢɟɦ. 
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Ɍɟɦɚ: ɉɨɫɬɪɨɟɧɢɟ ɤɢɧɟɦɚɬɢɱɟɫɤɢɯ ɝɪɚɮɢɤɨɜ. 
ɐɟɥɶ ɪɚɛɨɬɵ: Ɉɡɧɚɤɨɦɢɬɶ ɫ ɚɥɝɨɪɢɬɦɨɦ ɩɨɫɬɪɨɟɧɢɹ ɤɢɧɟɦɚɬɢɱɟɫɤɢɯ 

ɝɪɚɮɢɤɨɜ. 
 

ɉɨɪɹɞɨɤ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬɵ 

Кɢɧɟɦɚɬɢɱɟɫɤɨɣ ɞɢɚɝɪɚɦɦɨɣ ɩɪɢɧɹɬɨ ɧɚɡɵɜɚɬɶ ɡɚɜɢɫɢɦɨɫɬɶ ɤɚɤɨɝɨ-

ɥɢɛɨ ɩɚɪɚɦɟɬɪɚ ɞɜɢɠɟɧɢɹ ɡɜɟɧɚ ɨɬ ɜɪɟɦɟɧɢ ɢɥɢ ɩɚɪɚɦɟɬɪɚ ɩɟɪɟɦɟɳɟɧɢɹ 
ɜɟɞɭɳɟɝɨ ɡɜɟɧɚ, ɩɪɟɞɫɬɚɜɥɹɟɦɭɸ ɝɪɚɮɢɱɟɫɤɢ ɤɪɢɜɨɣ ɜ ɩɪɹɦɨɭɝɨɥɶɧɨɣ 
ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ. 

ɇɚɢɜɵɫɲɢɣ ɢɧɬɟɪɟɫ ɩɪɟɞɫɬɚɜɥɹɸɬ ɝɪɚɮɢɤɢ ɩɟɪɟɦɟɳɟɧɢɹ S, ɫɤɨɪɨɫɬɢ 
V, ɭɫɤɨɪɟɧɢɣ А ɜɟɞɨɦɵɯ ɡɜɟɧɶɟɜ. ȼ ɤɚɱɟɫɬɜɟ ɩɚɪɚɦɟɬɪɚ ɩɟɪɟɦɟɳɟɧɢɹ S 
ɜɟɞɭɳɟɝɨ ɡɜɟɧɚ ɦɨɝɭɬ ɛɵɬɶ ɜɵɛɪɚɧɵ, ɥɢɛɨ ɭɝɨɥ ɩɨɜɨɪɨɬɚ , ɥɢɛɨ ɨɞɧɚ ɢɡ 
ɤɨɨɪɞɢɧɚɬ ɩɪɢɧɚɞɥɟɠɚɳɟɣ ɟɦɭ ɬɨɱɤɢ. Эɬɢ ɩɚɪɚɦɟɬɪɵ ɫɜɹɡɚɧɵ ɫ ɩɚɪɚɦɟɬɪɨɦ 
ɜɪɟɦɟɧɢ. 

Кɚɤ ɢɡɜɟɫɬɧɨ, ɮɭɧɤɰɢɢ S, V ɢ А ɞɜɢɠɟɧɢɹ ɤɚɤɨɣ-ɥɢɛɨ ɬɨɱɤɢ ɦɨɝɭɬ 
ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɵ ɩɪɢ ɩɨɦɨɳɢ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ ɢɥɢ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ. 

ɉɨɫɬɪɨɟɧɢɟ ɞɢɚɝɪɚɦɦɵ ɩɟɪɟɦɟщɟɧɢя. 
ɋɬɪɨɢɦ 12 ɩɨɥɨɠɟɧɢɣ. 
Ɂɚ ɧɚɱɚɥɨ ɨɬɫɱɟɬɚ ɩɪɢɧɢɦɚɟɦ ɩɨɥɨɠɟɧɢɟ ɩɨɪɲɧɹ ȼɨ. 
Ɂɚɬɟɦ, ɜɵɛɪɚɜ ɫɢɫɬɟɦɭ ɤɨɨɪɞɢɧɚɬ ,t ɩɨ ɨɫɢ ɚɛɫɰɢɫɫ ɨɬɤɥɚɞɵɜɚɟɦ 

ɨɬɪɟɡɨɤ L(ɦɦ) ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɜɪɟɦɟɧɢ Ɍ ɨɞɧɨɝɨ ɨɛɨɪɨɬɚ ɤɪɢɜɨɲɢɩɚ. 
Ɉɬɤɥɚɞɵɜɚɟɦ ;  ɢ ɬ.ɞ., ɝɞɟ ;  ɢ ɬ.ɞ. 

ɨɬɪɟɡɤɢ, ɨɬɪɚɠɚɸɳɢɟ ɩɟɪɟɦɟɳɟɧɢɹ ɬ.ȼ ɧɚ ɩɥɚɧɚɯ ɦɟɯɚɧɢɡɦɚ. 
k-ɤɨɷɮɮɢɰɢɟɧɬ ɤɪɚɬɧɨɫɬɢ ɨɪɞɢɧɚɬ ɝɪɚɮɢɤɚ  ɢ ɨɬɪɟɡɤɨɜ 

ɢɡɨɛɪɚɠɚɸɳɢɯ ɩɟɪɟɦɟɳɟɧɢɹ ,  ɬ.ȼ ɧɚ ɩɥɚɧɚɯ ɦɟɯɚɧɢɡɦɚ. 
Ɇɟɠɞɭ ɦɚɫɲɬɚɛɨɦ ɩɥɚɧɚ ɦɟɯɚɧɢɡɦɚ ɢ ɦɚɫɲɬɚɛɨɦ ɨɪɞɢɧɚɬ ɞɢɚɝɪɚɦɦɵ 

ɩɟɪɟɦɟɳɟɧɢɣ ɫɭɳɟɫɬɜɭɟɬ ɡɚɜɢɫɢɦɨɫɬɶ: 
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Ɋɢɫ.32 

Ɇɚɫɲɬɚɛ ɜɪɟɦɟɧɢ, ɨɬɤɥɚɞɵɜɚɟɦɨɝɨ ɩɨ ɨɫɢ ɚɛɫɰɢɫɫ: 

 
ɝɞɟ Ɍ - ɜɪɟɦɹ ɨɞɧɨɝɨ ɨɛɨɪɨɬɚ ɜɟɞɭɳɟɝɨ ɡɜɟɧɚ ɜ ɫɟɤɭɧɞɚɯ. 

ȿɫɥɢ ɱɢɫɥɨ ɨɛɨɪɨɬɨɜ ɤɪɢɜɨɲɢɩɚ , ɬɨ 
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Ⱥɧɚɥɨɝɢɱɧɨ ɫɬɪɨɢɬɫɹ ɝɪɚɮɢɤ ɭɝɥɨɜɵɯ ɩɟɪɟɦɟɳɟɧɢɣ ɡɜɟɧɚ 
ɫɨɜɟɪɲɚɸɳɟɟ ɜɪɚɳɚɬɟɥɶɧɨɟ ɞɜɢɠɟɧɢɟ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɩɨ ɨɫɢ ɨɪɞɢɧɚɬ 
ɨɬɤɥɚɞɵɜɚɸɬɫɹ ɨɬɪɟɡɤɢ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɟ ɜɟɥɢɱɢɧɚɦ ɭɝɥɨɜɵɯ 
ɩɟɪɟɦɟɳɟɧɢɣ. 

ɉɨɫɬɪɨɟɧɢɟ ɝɪɚɮɢɤɨɜ ɫɤɨɪɨɫɬɢ ɢ ɭɫɤɨɪɟɧɢɹ ɩɨ ɝɪɚɮɢɤɭ ɩɟɪɟɦɟɳɟɧɢɹ. 

 

ɉɨɫɬɪɨɟɧɢɟ ɝɪɚɮɢɤɨɜ  ɢ  ɩɨ ɝɪɚɮɢɤɭ 

 ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɦɟɬɨɞɨɦ ɝɪɚɮɢɱɟɫɤɨɝɨ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ, ɫɭɳɧɨɫɬɶ 
ɤɨɬɨɪɨɝɨ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ. 

ɉɭɫɬɶ ɟɫɬɶ ɩɟɪɟɦɟɳɟɧɢɟ ɧɟɤɨɬɨɪɨɣ ɬɨɱɤɢ ɡɚ ɦɚɥɵɣ ɩɪɨɦɟɠɭɬɨɤ 
ɜɪɟɦɟɧɢ. ɉɪɨɜɟɞɟɦ ɫɟɤɭɳɭɸ ȼɋ, ɚ ɢɡ ɩɨɥɸɫɚ Ɋ, ɜɵɛɪɚɧɧɨɝɨ ɩɪɨɢɡɜɨɥɶɧɨ ɧɚ 
ɪɚɫɫɬɨɹɧɢɢ ɇ ɨɬ ɧɚɱɚɥɚ ɤɨɨɪɞɢɧɚɬ ɥɭɱ, ɩɚɪɚɥɥɟɥɶɧɵɣ ȼɋ. ɂɡ ɩɨɞɨɛɢɹ ɊȺɈ ɢ 
ȼɈȾ ɫɥɟɞɭɟɬ: 

 
Ⱦɟɣɫɬɜɢɬɟɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɩɟɪɟɦɟɳɟɧɢɹ ɡɚ ɜɪɟɦɹ ɨɬɨɛɪɚɠɚɟɬɫɹ 

ɨɬɪɟɡɤɨɦ: 

 

Ɉɬɪɟɡɨɤ ɨɫɢ ɚɛɫɰɢɫɫ  - ɨɬɨɛɪɚɠɚɟɬ ɞɥɢɬɟɥɶɧɨɫɬɶ 
ɢɧɬɟɪɜɚɥɚ ɜɪɟɦɟɧɢ ɜ ɦɚɫɲɬɚɛɟ. 

ɉɨɞɫɬɚɜɢɜ ɷɬɢ ɡɧɚɱɟɧɢɹ  ɢ  ɜ ɪɚɜɟɧɫɬɜɨ ɧɚɣɞɟɦ: 
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ɨɬɧɨɲɟɧɢɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɬɨɱɤɢ ɧɚ 
ɩɭɬɢ ɞɥɢɧɧɨɣ , ɬɨ ɫɥɟɞɭɟɬ: 

  
 

 

ȿɫɥɢ ɩɪɢɧɹɬɶ ɦɚɫɲɬɚɛ ɫɤɨɪɨɫɬɢ  

ɬɨ ɢɡ ɪɚɜɟɧɫɬɜɚ ɨɬɪɟɡɨɤ ɈȺ ɨɬɨɛɪɚɠɚɟɬ ɜɟɥɢɱɢɧɭ ɫɪɟɞɧɟɣ ɫɤɨɪɨɫɬɢ 
ɞɜɢɠɟɧɢɹ ɬɨɱɤɢ. 

Ⱦɨɩɭɫɤɚɹ ɧɟɤɨɬɨɪɭɸ ɩɨɝɪɟɲɧɨɫɬɶ, ɫɱɢɬɚɸɬ, ɱɬɨ ɷɬɨ ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ 
ɫɤɨɪɨɫɬɢ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɪɟɞɧɟɦɭ ɦɝɧɨɜɟɧɢɸ ɩɪɨɦɟɠɭɬɤɚ t, ɬ.ɟ. ɬɨɱɤɟ F. 

ɉɪɢ ɢɡɥɨɠɟɧɧɨɦ ɫɩɨɫɨɛɟ ɞɭɝɚ ȼɋ ɡɚɦɟɧɢɥɚɫɶ ɯɨɪɞɨɣ ȼɋ. Ⱦɨɩɭɫɬɢɦɚ 
ɬɚɤɠɟ ɡɚɦɟɧɚ ɞɭɝɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɨɬɪɟɡɤɨɦ ɤɚɫɚɬɟɥɶɧɨɣ. ȼ ɨɛɨɢɯ ɫɥɭɱɚɹɯ 
ɪɟɡɭɥɶɬɚɬɵ ɩɨɥɭɱɚɸɬɫɹ ɫ ɩɨɝɪɟɲɧɨɫɬɶɸ. 

Ƚɪɚɮɢɤ ɭɫɤɨɪɟɧɢɹ ɫɬɪɨɢɬɫɹ ɚɧɚɥɨɝɢɱɧɨ, ɩɭɬɟɦ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ 
ɝɪɚɮɢɤɚ V. ɉɪɢ ɷɬɨɦ ɧɨɜɨɟ ɩɨɥɸɫɧɨɟ ɪɚɫɫɬɨɹɧɢɟ  

Ɉɩɪɟɞɟɥɟɧɢɟ ɦɚɫɲɬɚɛɚ ɝɪɚɮɢɤɚ  ɩɨɥɭɱɚɟɦ, ɡɚɦɟɧɢɜ 
ɜɟɥɢɱɢɧɭ  ɚ ɜɦɟɫɬɨ  

 
ȼɫɥɟɞɫɬɜɢɟ ɞɜɭɤɪɚɬɧɨɝɨ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ, ɞɢɚɝɪɚɦɦɵ  ɦɨɝɭɬ 

ɩɨɥɭɱɢɬɶɫɹ ɫɨ ɡɧɚɱɢɬɟɥɶɧɵɦɢ ɢɫɤɚɠɟɧɢɹɦɢ. 
 

ɋɨɞɟɪɠɚɧɢɟ ɨɬɱɟɬɚ: ɨɩɢɫɚɧɢɟ ɚɥɝɨɪɢɬɦɚ ɜɵɩɨɥɧɟɧɢɹ ɡɚɞɚɱɢ. 
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Ɍɟɦɚ: Ɉɩɪɟɞɟɥɟɧɢɟ ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɢ. 
ɐɟɥɶ ɪɚɛɨɬɵ: ɇɚɭɱɢɬɶ ɨɩɪɟɞɟɥɹɬɶ ɭɝɥɨɜɭɸ ɫɤɨɪɨɫɬɶ. 
 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ: 

Ɂɚɞɚɱɚ: Ɋɟɣɤɚ 1, ɫɬɭɩɟɧɱɚɬɨɟ ɤɨɥɟɫɨ 2 ɫ 
ɪɚɞɢɭɫɚɦɢ R2 ɢ r2 ɢ  ɤɨɥɟɫɨ 3 ɪɚɞɢɭɫɚ R3, 

ɫɤɪɟɩɥɟɧɧɨɟ ɫ ɜɚɥɨɦ ɪɚɞɢɭɫɚ r3, ɧɚɯɨɞɹɬɫɹ ɜ 
ɡɚɰɟɩɥɟɧɢɢ; ɧɚ ɜɚɥ ɧɚɦɨɬɚɧɚ ɧɢɬɶ ɫ ɝɪɭɡɨɦ 4 
ɧɚ ɤɨɧɰɟ. Ɋɟɣɤɚ ɞɜɢɠɟɬɫɹ ɩɨ ɡɚɤɨɧɭ  

   

Ⱦɚɧɨ: R2=6 ɫɦ, r2=4 ɫɦ, R3=8 ɫɦ, r3=3 

ɫɦ,  (S  ɜ ɫɚɧɬɢɦɟɬɪɚɯ,  t  ɜ ɫɟɤɭɧ-

ɞɚɯ),  А - ɬɨɱɤɚ ɨɛɨɞɚ ɤɨɥɟɫɚ 3, t1=3 ɫ. 
Ɉɩɪɟɞɟɥɢɬɶ: , , ,  ɜ ɦɨɦɟɧɬ 
ɜɪɟɦɟɧɢ t = t1. 

ɉɨɪɹɞɨɤ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬɵ 

ɍɫɥɨɜɢɦɫɹ ɨɛɨɡɧɚɱɚɬɶ ɫɤɨɪɨɫɬɢ ɬɨɱɟɤ, 
ɥɟɠɚɳɢɯ ɧɚ ɜɧɟɲɧɢɯ ɨɛɨɞɚɯ ɤɨɥɟɫ (ɪɚɞɢɭɫɚ R1), ɱɟɪɟɡ V1, ɚ ɬɨɱɟɤ, ɥɟɠɚɳɢɯ 
ɧɚ ɜɧɭɬɪɟɧɧɢɯ ɨɛɨɞɚɯ (ɪɚɞɢɭɫɚ r1), ɱɟɪɟɡ U1. 

1. Ɂɧɚɹ ɡɚɤɨɧ ɞɜɢɠɟɧɢɹ ɪɟɣɤɢ 1, ɧɚɯɨɞɢɦ ɟɟ ɫɤɨɪɨɫɬɶ:     
.                                        

Ɍɚɤ ɤɚɤ ɪɟɣɤɚ ɢ ɤɨɥɟɫɨ 2 ɧɚɯɨɞɹɬɫɹ ɜ ɡɚɰɟɩɥɟɧɢɢ, ɬɨ V2=V1 ɢɥɢ 

. ɇɨ ɤɨɥɟɫɚ 2 ɢ 3 ɬɨɠɟ ɧɚɯɨɞɹɬɫɹ ɜ ɡɚɰɟɩɥɟɧɢɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, 
 ɢɥɢ . ɂɡ ɷɬɢɯ ɪɚɜɟɧɫɬɜ ɧɚɯɨɞɢɦ: 

,     .   

Ɍɨɝɞɚ ɞɥɹ ɦɨɦɟɧɬɚ ɜɪɟɦɟɧɢ t1 = 3 ɫɟɤ. ɩɨɥɭɱɢɦ  = 6,75 ɫ-1
. 

2. Ɉɩɪɟɞɟɥɹɟɦ V4. Ɍɚɤ ɤɚɤ , ɬɨ ɩɪɢ t1=3 Мɟɤ. V4= 20,25 ɫɦ/ɫ. 
3. Ɉɩɪɟɞɟɥɹɟɦ . ɍɱɢɬɵɜɚɹ ɜɬɨɪɨɟ ɢɡ ɪɚɜɟɧɫɬɜ (53), 

ɩɨɥɭɱɢɦ . 

 Ɍɨɝɞɚ ɩɪɢ t1 = 3 ɫɟɤ.  = 4,5 ɫ-2
. 

4. Ɉɩɪɟɞɟɥɹɟɦ . Ⱦɥɹ ɬɨɱɤɢ Ⱥ , ɝɞɟ ɱɢɫɥɟɧɧɨ 

, . Ɍɨɝɞɚ ɞɥɹ ɦɨɦɟɧɬɚ ɜɪɟɦɟɧɢ t1 = 3 ɫɟɤ.  ɢɦɟɟɦ = 36 ɫɦ/ɫ2, = 

364,5 ɫɦ/ɫ2. 

= 366,3 ɫɦ/ɫ2
, 

ȼɫɟ ɫɤɨɪɨɫɬɢ ɢ ɭɫɤɨɪɟɧɢɹ ɬɨɱɟɤ, ɚ ɬɚɤɠɟ ɧɚɩɪɚɜɥɟɧɢɹ ɭɝɥɨɜɵɯ 
ɫɤɨɪɨɫɬɟɣ ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫ.2. 
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Ɉɬɜɟɬ:  , ɫɦ/ɫ, , . 

 

 

Кɨɧɬɪɨɥɶɧɵɟ ɜɨɩɪɨɫɵ. 
1. ȼɵɪɚɠɟɧɢɟ ɫɤɨɪɨɫɬɢ, ɧɨɪɦɚɥɶɧɨɝɨ, ɤɚɫɚɬɟɥɶɧɨɝɨ ɢ ɩɨɥɧɨɝɨ 

ɭɫɤɨɪɟɧɢɣ ɜɪɚɳɚɸɳɟɝɨɫɹ ɬɟɥɚ ɱɟɪɟɡ ɟɝɨ ɭɝɥɨɜɭɸ ɫɤɨɪɨɫɬɶ ɢ ɭɝɥɨɜɨɟ 
ɭɫɤɨɪɟɧɢɟ. 

2. ȼ ɩɟɪɢɨɞ ɪɚɡɝɨɧɚ ɪɨɬɨɪ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɜɪɚɳɚɟɬɫɹ ɩɨ 
ɡɚɤɨɧɭ 32t , ɝɞɟ t ɜ ɫɟɤ,   ɜ ɪɚɞ. Ɉɩɪɟɞɟɥɢɬɶ ɜ ɤɨɧɰɟ 4-ɣ ɫɟɤɭɧɞɵ ɥɢɧɟɣɧɭɸ 
ɫɤɨɪɨɫɬɶ, ɜɪɚɳɚɬɟɥɶɧɨɟ, ɨɫɟɫɬɪɟɦɢɬɟɥɶɧɨɟ ɢ ɩɨɥɧɨɟ ɭɫɤɨɪɟɧɢɹ ɬɨɱɤɢ, 
ɥɟɠɚɳɟɣ ɧɚ ɨɛɨɞɟ ɪɨɬɨɪɚ, ɟɫɥɢ ɞɢɚɦɟɬɪ ɪɨɬɨɪɚ D = 40 ɫɦ. 

 

 

ɋɨɞɟɪɠɚɧɢɟ ɨɬɱɟɬɚ: ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ ɫ ɩɨɹɫɧɟɧɢɟɦ. 
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Ɍɟɦɚ: Ⱦɜɢɠɟɧɢɟ ɬɜёɪɞɨɝɨ ɬɟɥɚ. 
ɐɟɥɶ ɪɚɛɨɬɵ: ɇɚɭɱɢɬɶ ɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶ ɞɜɢɠɟɧɢɟ ɬɜёɪɞɨɝɨ ɬɟɥɚ. 
 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ: 

Ɂɚɞɚɱɚ: ɉɪɢ ɫɜɨɛɨɞɧɨɦ ɩɚɞɟɧɢɢ ɫɬɟɪɠɧɹ АВ ɟɝɨ ɫɟɪɟɞɢɧɚ ɋ ɞɜɢɠɟɬɫɹ 
ɜɟɪɬɢɤɚɥɶɧɨ ɜɧɢɡ ɫ ɩɨɫɬɨɹɧɧɵɦ ɭɫɤɨɪɟɧɢɟɦ g = 9,8 ɦ/ɫ2, ɚ ɫɚɦ ɫɬɟɪɠɟɧɶ 
ɜɪɚɳɚɟɬɫɹ ɜ ɜɟɪɬɢɤɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ ɜɨɤɪɭɝ ɰɟɧɬɪɚ ɋ ɫ ɩɨɫɬɨɹɧɧɨɣ ɭɝɥɨɜɨɣ 
ɫɤɨɪɨɫɬɶɸ  1/ɫ. Ⱦɥɢɧɚ ɫɬɟɪɠɧɹ 2 ɦ. 

ȼ ɧɚɱɚɥɶɧɵɣ ɦɨɦɟɧɬ ɫɬɟɪɠɟɧɶ ɝɨɪɢɡɨɧɬɚɥɟɧ. ɇɚɣɬɢ ɫɤɨɪɨɫɬɶ ɟɝɨ 
ɤɨɧɰɨɜ А ɢ В ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ t1 = 2 ɫ. 

 

ɉɨɪɹɞɨɤ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬɵ 

ɂɡɨɛɪɚɠɚɟɦ ɫɬɟɪɠɟɧɶ ɜ 
ɩɨɥɨɠɟɧɢɢ, ɨɩɪɟɞɟɥɹɟɦɨɦ ɭɝɥɨɦ  ɜ 
ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ t1 = 2 ɫɟɤ, 

 ɪɚɞ, . 

ȼɵɛɟɪɟɦ ɡɚ ɩɨɥɸɫ ɬɨɱɤɭ ɋ, ɬɚɤ ɤɚɤ 
ɭɫɥɨɜɢɟɦ ɡɚɞɚɱɢ ɨɩɪɟɞɟɥɟɧ ɡɚɤɨɧ ɟɟ 
ɞɜɢɠɟɧɢɹ: ɩɪɹɦɨɥɢɧɟɣɧɨɟ 
ɪɚɜɧɨɭɫɤɨɪɟɧɧɨɟ ɞɜɢɠɟɧɢɟ ɫ 
ɭɫɤɨɪɟɧɢɟɦ . 

ɋɤɨɪɨɫɬɶ ɩɨɥɸɫɚ ɩɪɢ t1 = 2 ɫɟɤ: 
 ɦ/ɫ. 

Ɂɚɩɢɲɟɦ ɭɪɚɜɧɟɧɢɹ ɬɢɩɚ ɞɥɹ 
ɤɨɧɰɨɜ А ɢ В ɫɬɟɪɠɧɹ 

  

 

ɋɤɨɪɨɫɬɢ  ɢ  ɧɚɩɪɚɜɥɟɧɵ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɫɬɟɪɠɧɸ АВ ɜ 
ɫɬɨɪɨɧɭ ɜɪɚɳɟɧɢɹ, ɢɯ ɦɨɞɭɥɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

  

Ɇɨɞɭɥɢ ɫɤɨɪɨɫɬɟɣ ɬɨɱɟɤ А ɢ В ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

 

 
 

Кɨɧɬɪɨɥɶɧɵɟ ɜɨɩɪɨɫɵ. 
1. ȼɢɞɵ ɞɜɢɠɟɧɢɹ ɬɜёɪɞɨɝɨ ɬɟɥɚ? 

2. Ɋɟɲɢɬɶ ɡɚɞɚɱɭ: ɇɚɣɬɢ ɫɤɨɪɨɫɬɶ ɢ ɭɫɤɨɪɟɧɢɟ ɬɨɱɤɢ ɋ ɲɚɬɭɧɚ Ⱥȼ 
ɤɪɢɜɨɲɢɩɧɨ-ɩɨɥɡɭɧɧɨɝɨ ɦɟɯɚɧɢɡɦɚ ɞɥɹ ɩɨɥɨɠɟɧɢɹ, ɭɤɚɡɚɧɧɨɝɨ ɧɚ 
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ɪɢɫɭɧɤɟ, ɟɫɥɢ ɤɪɢɜɨɲɢɩ ɈȺ ɞɥɢɧɨɣ r = 1 ɦ ɜɪɚɳɚɟɬɫɹ ɫ ɭɝɥɨɜɵɦ 
ɭɫɤɨɪɟɧɢɟɦ   2c

-2
 ɢ ɢɦɟɟɬ ɜ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɭɝɥɨɜɭɸ ɫɤɨɪɨɫɬɶ 

  3ɫ-1, Ⱥɋ = ɋȼ  
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Ɍɟɦɚ: Ɋɚɫɱёɬ ɧɚ ɩɪɨɱɧɨɫɬɶ ɩɪɢ ɪɚɫɬяɠɟɧɢɢ ɢ ɫɠɚɬɢɢ. 
ɐɟɥɶ ɪɚɛɨɬɵ: ɇɚɭɱɢɬɶ ɪɚɫɱёɬɭ ɧɚ ɩɪɨɱɧɨɫɬɶ ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ ɢ ɫɠɚɬɢɢ. 
 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ: 

Ɂɚɞɚɱɚ: Ɉɩɪɟɞɟɥɢɬɶ ɜɟɥɢɱɢɧɭ ɪɚɫɬɹɝɢɜɚɸɳɟɣ ɫɢɥɵ F, ɟɫɥɢ ɢɡɜɟɫɬɧɨ, 
ɱɬɨ ɩɨɞ ɟɟ ɞɟɣɫɬɜɢɟɦ ɛɪɭɫ ɭɞɥɢɧɢɥɫɹ ɧɚ ɜɟɥɢɱɢɧɭ ΔL.  ɍɞɥɢɧɟɧɢɟ ɛɪɭɫɚ ΔL = 
0,005 ɦɦ; Ɇɨɞɭɥɶ ɩɪɨɞɨɥɶɧɨɣ ɭɩɪɭɝɨɫɬɢ ɛɚɥɤɢ ȿ = 2,0×105 Ɇɉɚ; ɉɥɨɳɚɞɶ 
ɫɟɱɟɧɢɹ ɛɪɭɫɚ A = 0,01 ɦ2; Ɋɚɡɦɟɪɵ ɛɪɭɫɚ ɢ ɬɨɱɤɚ ɩɪɢɥɨɠɟɧɢɹ ɫɢɥɵ F 
ɩɪɢɜɟɞɟɧɵ ɧɚ ɫɯɟɦɟ. 

 

ɉɨɪɹɞɨɤ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬɵ 

 
Ɋɟɲɢɬɶ ɡɚɞɚɱɭ ɦɨɠɧɨ, ɢɫɩɨɥɶɡɭɹ ɢɡɜɟɫɬɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɦɟɠɞɭ 

ɥɢɧɟɣɧɵɦɢ ɭɞɥɢɧɟɧɢɹɦɢ ɢ ɧɚɝɪɭɡɤɚɦɢ (ɡɚɤɨɧ Ƚɭɤɚ).  
ɋɨɝɥɚɫɧɨ ɡɚɤɨɧɭ Ƚɭɤɚ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɦɭ ɜ ɪɚɫɲɢɪɟɧɧɨɦ ɜɢɞɟ: 
ΔL = FL/(EA),     ɨɬɤɭɞɚ:     F = (ΔLEA)/L. 
ɉɨɫɤɨɥɶɤɭ ɫɢɥɚ F ɩɪɢɥɨɠɟɧɚ ɧɟ ɤ ɤɪɚɣɧɟɦɭ ɫɟɱɟɧɢɸ ɛɪɭɫɚ, ɚ ɤ ɟɝɨ 

ɫɟɪɟɞɢɧɟ, ɬɨ ɭɞɥɢɧɢɥɫɹ ɥɢɲɶ ɭɱɚɫɬɨɤ ɦɟɠɞɭ ɠɟɫɬɤɨɣ ɡɚɞɟɥɤɨɣ ɢ ɫɟɱɟɧɢɟɦ, ɤ 
ɤɨɬɨɪɨɦɭ ɩɪɢɥɨɠɟɧɚ ɪɚɫɬɹɝɢɜɚɸɳɚɹ ɫɢɥɚ, ɢɦɟɸɳɢɣ ɞɥɢɧɭ L1 = 2 ɦ.  

ɍɱɢɬɵɜɚɹ ɷɬɨ, ɨɩɪɟɞɟɥɹɟɦ ɫɢɥɭ, ɜɵɡɜɚɜɲɭɸ ɭɞɥɢɧɟɧɢɟ ɛɪɭɫɚ (ɧɟ 
ɡɚɛɵɜɚɟɦ ɩɪɢɜɟɫɬɢ ɜɫɟ ɜɟɥɢɱɢɧɵ ɤ ɟɞɢɧɢɰɚɦ ɫɢɫɬɟɦɵ ɋɂ): 

F = (ΔLEA)/L1 = (0,005×10-3×2×1011×0,01)/2 = 5000 ɇ = 5,0 ɤɇ. 
 

 

Кɨɧɬɪɨɥɶɧɵɟ ɜɨɩɪɨɫɵ. 
1. ȼɧɭɬɪɟɧɧɢɟ ɫɢɥɨɜɵɟ ɮɚɤɬɨɪɵ ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ ɢ ɫɠɚɬɢɢ. 
2. ɉɪɨɞɨɥɶɧɵɟ ɢ ɩɨɩɟɪɟɱɧɵɟ ɞɟɮɨɪɦɚɰɢɢ. 
3. Ɋɟɲɢɬɶ ɡɚɞɚɱɭ: Ɉɩɪɟɞɟɥɢɬɶ ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɶ ɢ ɭɞɥɢɧɟɧɢɟ ɛɚɥɤɢ, 

ɟɫɥɢ R=160 Ɇɉɚ ; A=12 ɫɦ2
;  
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Ɍɟɦɚ: Ɋɚɫɱёɬ ɦɨɦɟɧɬɨɜ ɢɧɟɪɰɢɢ ɫɨɫɬɚɜɧɵɯ ɮɢɝɭɪ. 
ɐɟɥɶ ɪɚɛɨɬɵ: ɇɚɭɱɢɬɶ ɪɚɫɱёɬɭ ɦɨɦɟɧɬɨɜ ɢɧɟɪɰɢɢ ɫɨɫɬɚɜɧɵɯ ɮɢɝɭɪ. 
 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ: 

Ɂɚɞɚɱɚ:  Ɉɩɪɟɞɟɥɢɬɶ ɤɨɨɪɞɢɧɚɬɵ ɰɟɧɬɪɚ ɬɹɠɟɫɬɢ ɢ ɨɫɟɜɵɟ ɦɨɦɟɧɬɵ 
ɢɧɟɪɰɢɢ ɫɟɱɟɧɢɹ ɜ ɜɢɞɟ ɤɪɭɝɚ ɪɚɞɢɭɫɨɦ  r =3ɚ  ɫ ɤɪɭɝɨɜɵɦ 
ɨɬɜɟɪɫɬɢɟɦ  ɪɚɞɢɭɫɚ  r0  = a, ɤɚɫɚɸɳɢɦɫɹ ɰɟɧɬɪɚ ɤɪɭɝɚ (ɫɦ. ɪɢɫ.). 

 

ɉɨɪɹɞɨɤ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬɵ 

ɉɪɢɧɢɦɚɟɦ ɡɚ 1-ɣ ɷɥɟɦɟɧɬ 
ɫɩɥɨɲɧɨɣ ɤɪɭɝ ɪɚɞɢɭɫɨɦ  r =3ɚ, ɡɚ 
ɜɬɨɪɨɣ ɷɥɟɦɟɧɬ ɨɬɜɟɪɫɬɢɟ 
ɪɚɞɢɭɫɚ r0  = a. ɇɚɱɚɥɶɧɵɟ ɨɫɢ 
ɩɪɨɜɨɞɢɦ ɱɟɪɟɡ ɰɟɧɬɪ ɬɹɠɟɫɬɢ 1-ɝɨ 
ɷɥɟɦɟɧɬɚ. 

Ɍɨɝɞɚ ɢɦɟɟɦ: 
;    ; 

;  ;  . 

Ɍɚɤ ɤɚɤ ɨɫɶ  ɪ  ɹɜɥɹɟɬɫɹ ɨɫɶɸ 
ɫɢɦɦɟɬɪɢɢ ɫɟɱɟɧɢɹ, ɬɚɤ ɠɟ ɤɚɤ ɢ ɨɫɹɦɢ 

ɫɢɦɦɟɬɪɢɢ ɷɥɟɦɟɧɬɨɜ ɫɟɱɟɧɢɹ, ɬɨ ɷɬɚ ɨɫɶ ɹɜɥɹɟɬɫɹ ɰɟɧɬɪɚɥɶɧɨɣ 
ɨɫɶɸ  ɭ  ɢ  . ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɥɨɠɟɧɢɹ ɰɟɧɬɪɚ 
ɬɹɠɟɫɬɢ ɫɟɱɟɧɢɹ ɬɪɟɛɭɟɬɫɹ ɨɩɪɟɞɟɥɢɬɶ ɬɨɥɶɤɨ ɤɨɨɪɞɢɧɚɬɭ ɪɫ 

. 

Кɨɨɪɞɢɧɚɬɵ ɰɟɧɬɪɨɜ ɬɹɠɟɫɬɢ ɷɥɟɦɟɧɬɨɜ ɨɬɧɨɫɢɬɟɥɶɧɨ ɰɟɧɬɪɚɥɶɧɵɯ 
ɨɫɟɣ: 

;     ;     ;    .  

Ɉɫɟɜɵɟ ɦɨɦɟɧɬɵ ɢɧɟɪɰɢɢ ɤɪɭɝɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɨɛɫɬɜɟɧɧɵɯ 
ɰɟɧɬɪɚɥɶɧɵɯ ɨɫɟɣ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

. 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɢɦɟɟɦ: 

;     . 

Ɉɩɪɟɞɟɥɹɟɦ ɨɫɟɜɵɟ ɦɨɦɟɧɬɵ ɢɧɟɪɰɢɢ ɫɟɱɟɧɢɹ 

; 
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. 

Ɍɚɤ ɤɚɤ ɫɟɱɟɧɢɟ ɢɦɟɟɬ ɨɫɶ ɫɢɦɦɟɬɪɢɢ, ɬɨ ɰɟɧɬɪɨɛɟɠɧɵɣ ɦɨɦɟɧɬ 
ɢɧɟɪɰɢɢ ɫɟɱɟɧɢɹ ɪɚɜɟɧ ɧɭɥɸ ɢ ɨɫɢ  ɭ,  z  ɹɜɥɹɸɬɫɹ ɝɥɚɜɧɵɦɢ. 

  

 

Кɨɧɬɪɨɥɶɧɵɟ ɜɨɩɪɨɫɵ. 
1. Ƚɥɚɜɧɵɟ ɨɫɢ ɢ ɝɥɚɜɧɵɟ ɰɟɧɬɪɚɥɶɧɵɟ ɦɨɦɟɧɬɵ ɢɧɟɪɰɢɢ. 
2. Ɉɫɟɜɵɟ ɦɨɦɟɧɬɵ ɢɧɟɪɰɢɢ ɩɪɨɫɬɟɣɲɢɯ ɫɟɱɟɧɢɣ. 
3. Ɋɟɲɢɬɶ ɡɚɞɚɱɭ: Ɉɩɪɟɞɟɥɢɬɶ ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɰɟɧɬɪɚɥɶɧɨɣ ɨɫɢ Ɉɭ ɨɞɧɨɪɨɞɧɨɣ ɬɨɧɤɨɣ ɤɜɚɞɪɚɬɧɨɣ ɩɥɚɫɬɢɧɵ ɦɚɫɫɨɣ Ц = 0,3 
ɤɝ, ɢɦɟɸɳɟɣ ɨɬɜɟɪɫɬɢɟ ɪɚɞɢɭɫɚ r = 0,04 ɦ 

 
 

 



27 

 

ɉɊȺɄɌɂɑȿɋɄȺə ɊȺȻɈɌȺ № 10 

Ɍɟɦɚ: Ɋɚɫɱёɬ ɧɚ ɩɪɨɱɧɨɫɬɶ ɢ ɠёɫɬɤɨɫɬɶ ɩɪɢ ɤɪɭɱɟɧɢɢ. 
ɐɟɥɶ ɪɚɛɨɬɵ: ɇɚɭɱɢɬɶ ɩɪɨɢɡɜɨɞɢɬɶ ɪɚɫɱёɬɵ ɧɚ ɩɪɨɱɧɨɫɬɶ ɢ ɠёɫɬɤɨɫɬɶ 

ɩɪɢ ɤɪɭɱɟɧɢɢ. 
 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ: 

Ɂɚɞɚɱɚ: ɉɨɞɨɛɪɚɬɶ ɞɢɚɦɟɬɪ ɫɩɥɨɲɧɨɝɨ ɜɚɥɚ, ɩɟɪɟɞɚɸɳɟɝɨ ɦɨɳɧɨɫɬɶ 
N=450 ɥ.ɫ. ɩɪɢ ɱɚɫɬɨɬɟ ɜɪɚɳɟɧɢɹ Ч=300 ɨɛ/ɦɢɧ. ɍɝɨɥ ɡɚɤɪɭɱɢɜɚɧɢɹ ɧɟ 
ɞɨɥɠɟɧ ɩɪɟɜɵɲɚɬɶ ɨɞɧɨɝɨ ɝɪɚɞɭɫɚ ɧɚ 2 ɦɟɬɪɚ ɞɥɢɧɵ ɜɚɥɚ; ДĲЖ=40 Ɇɉɚ, 
G=8·104Ɇɉɚ. 

 

ɉɨɪɹɞɨɤ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬɵ 

Ɉɩɪɟɞɟɥɹɟɦ ɤɪɭɬɹɳɢɣ ɦɨɦɟɧɬ. 

 
Ⱦɢɚɦɟɬɪ ɜɚɥɚ ɩɨ ɭɫɥɨɜɢɸ ɩɪɨɱɧɨɫɬɢ 

 
Ⱦɢɚɦɟɬɪ ɜɚɥɚ ɩɨ ɭɫɥɨɜɢɸ ɠɟɫɬɤɨɫɬɢ 

 
ȼɵɛɢɪɚɟɦ ɛɨɥɶɲɢɣ ɪɚɡɦɟɪ 0,112 ɦ. 
 

Кɨɧɬɪɨɥɶɧɵɟ ɜɨɩɪɨɫɵ. 
1. ȼɧɭɬɪɟɧɧɢɟ ɫɢɥɨɜɵɟ ɮɚɤɬɨɪɵ ɩɪɢ ɤɪɭɱɟɧɢɢ. 
2. ɇɚɩɪɹɠɟɧɢɹ ɜ ɩɨɩɟɪɟɱɧɨɦ ɫɟɱɟɧɢɢ. 
3. ɑɢɫɬɵɣ ɫɞɜɢɝ. 
4. Ɋɟɲɢɬɶ ɡɚɞɚɱɭ: ɇɚ ɭɱɚɫɬɤɟ ɫɩɥɨɲɧɨɝɨ ɤɪɭɝɥɨɝɨ ɜɚɥɚ D=10 ɫɦ 

ɞɟɣɫɬɜɭɟɬ ɤɪɭɬɹɳɢɣ ɦɨɦɟɧɬ Ɍ=8 ɤHɦ. ɉɪɨɜɟɪɢɬɶ ɩɪɨɱɧɨɫɬɶ ɢ ɠёɫɬɤɨɫɬɶ 
ɜɚɥɚ, ɟɫɥɢ τadm=50 Ɇɉɚ, Кt adm=0,5 ɝɪɚɞ/ɦ ɢ ɦɨɞɭɥɶ ɫɞɜɢɝɚ G=0,8∙105 Ɇɉɚ. 
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Ɍɟɦɚ: Ɋɚɫɱёɬ ɧɚ ɩɪɨɱɧɨɫɬɶ ɩɪɢ ɢɡɝɢɛɟ. 
ɐɟɥɶ ɪɚɛɨɬɵ: ɇɚɭɱɢɬɶ ɩɪɨɢɡɜɨɞɢɬɶ ɪɚɫɱёɬɵ ɧɚ ɩɪɨɱɧɨɫɬɶ ɩɪɢ ɢɡɝɢɛɟ. 
 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ: 

Ɂɚɞɚɱɚ: ȼ ɧɟɤɨɬɨɪɨɦ ɫɟɱɟɧɢɢ ɛɚɥɤɢ ɩɪɹɦɨɭɝɨɥɶɧɨɝɨ ɫɟɱɟɧɢɹ 20×30ɫɦ 

Ɇ=28 ɤɇɦ, Q=19 ɤɇ. Ɍɪɟɛɭɟɬɫɹ: 
ɚ) ɨɩɪɟɞɟɥɢɬɶ ɧɨɪɦɚɥɶɧɨɟ ɢ ɤɚɫɚɬɟɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɹ ɜ ɡɚɞɚɧɧɨɣ 

ɬɨɱɤɟ К, ɨɬɫɬɨɹɳɟɣ ɨɬ ɧɟɣɬɪɚɥɶɧɨɣ ɨɫɢ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 11 ɫɦ, 
ɛ) ɩɪɨɜɟɪɢɬɶ ɩɪɨɱɧɨɫɬɶ ɞɟɪɟɜɹɧɧɨɣ ɛɚɥɤɢ, ɟɫɥɢ ДıЖ=10 Ɇɉɚ, ДĲЖ=3 

Ɇɉɚ. 

 
 

ɉɨɪɹɞɨɤ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬɵ 

ɚ) Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ı(К), Ĳ(К) ɢ maxı, maxĲ ɩɨɬɪɟɛɭɟɬɫɹ ɡɧɚɬɶ ɜɟɥɢɱɢɧɵ 
ɨɫɟɜɨɝɨ ɦɨɦɟɧɬɚ ɢɧɟɪɰɢɢ ɜɫɟɝɨ ɫɟɱɟɧɢɹ Iɇ.Ɉ., ɨɫɟɜɨɝɨ ɦɨɦɟɧɬɚ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ Wɇ.Ɉ., ɫɬɚɬɢɱɟɫɤɨɝɨ ɦɨɦɟɧɬɚ ɨɬɫɟɱёɧɧɨɣ ɱɚɫɬɢ  ɢ ɫɬɚɬɢɱɟɫɤɨɝɨ 
ɦɨɦɟɧɬɚ ɩɨɥɨɜɢɧɵ ɫɟɱɟɧɢɹ Smax: 

 
Ɍɨɝɞɚ: 
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ɛ) ɉɪɨɜɟɪɤɚ ɩɪɨɱɧɨɫɬɢ: 
— ɩɨ ɭɫɥɨɜɢɸ ɩɪɨɱɧɨɫɬɢ ɧɨɪɦɚɥɶɧɵɯ ɧɚɩɪɹɠɟɧɢɣ: 

 
— ɩɨ ɭɫɥɨɜɢɸ ɩɪɨɱɧɨɫɬɢ ɤɚɫɚɬɟɥɶɧɵɯ ɧɚɩɪɹɠɟɧɢɣ: 

 
 

Кɨɧɬɪɨɥɶɧɵɟ ɜɨɩɪɨɫɵ. 
1. Ɉɫɧɨɜɧɵɟ ɩɨɧɹɬɢɹ ɢ ɨɩɪɟɞɟɥɟɧɢɹ. Кɥɚɫɫɢɮɢɤɚɰɢɹ ɜɢɞɨɜ ɢɡɝɢɛɚ. 
2. ȼɧɭɬɪɟɧɧɢɟ ɫɢɥɨɜɵɟ ɮɚɤɬɨɪɵ ɩɪɢ ɩɪɹɦɨɦ ɢɡɝɢɛɟ. 
3. ɉɨɞɨɛɪɚɬɶ ɫɟɱɟɧɢɟ ɞɟɪɟɜɹɧɧɨɣ ɛɚɥɤɢ ɜ ɞɜɭɯ ɜɚɪɢɚɧɬɚɯ: ɤɪɭɝɥɨɟ ɢ 

ɩɪɹɦɨɭɝɨɥɶɧɨɟ (ɩɪɢ h/b=2), ɟɫɥɢ ДıЖ=10 Ɇɉɚ, ДĲЖ=3 Ɇɉɚ, ɢ ɫɪɚɜɧɢɬɶ ɢɯ ɩɨ 
ɪɚɫɯɨɞɭ ɦɚɬɟɪɢɚɥɚ. 

 

http://prosopromat.ru/wp-content/uploads/2014/09/2014-09-15-23-06-19-%D0%A1%D0%BA%D1%80%D0%B8%D0%BD%D1%88%D0%BE%D1%82-%D1%8D%D0%BA%D1%80%D0%B0%D0%BD%D0%B0.png
http://prosopromat.ru/wp-content/uploads/2014/09/2014-09-15-23-07-03-%D0%A1%D0%BA%D1%80%D0%B8%D0%BD%D1%88%D0%BE%D1%82-%D1%8D%D0%BA%D1%80%D0%B0%D0%BD%D0%B0.png
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Ɍɟɦɚ: Ɋɚɫɱёɬ ɜɚɥɚ ɧɚ ɫɨɜɦɟɫɬɧɨɟ ɞɟɣɫɬɜɢɟ ɢɡɝɢɛɚ ɢ ɤɪɭɱɟɧɢя. 
ɐɟɥɶ ɪɚɛɨɬɵ: ɇɚɭɱɢɬɶ ɩɪɨɢɡɜɨɞɢɬɶ ɪɚɫɱёɬɵ ɜɚɥɚ ɧɚ ɫɨɜɦɟɫɬɧɨɟ 

ɞɟɣɫɬɜɢɟ ɢɡɝɢɛɚ ɢ ɤɪɭɱɟɧɢɹ. 
 

Ɂɚɞɚɱɚ: ɋɬɚɥɶɧɨɣ ɜɚɥ ɩɨɫɬɨɹɧɧɨɝɨ ɫɟɱɟɧɢɹ (ɪɢɫ.1, ɚ) ɜɪɚɳɚɟɬɫɹ ɫ 
ɱɚɫɬɨɬɨɣ n ɨɛ/ɦɢɧ ɢ ɩɟɪɟɞɚɟɬ ɦɨɳɧɨɫɬɶ N ɤȼɬ. ɉɨɞɨɛɪɚɬɶ ɞɢɚɦɟɬɪ ɜɚɥɚ, ɟɫɥɢ 
ɡɚɞɚɧɵ ɩɪɟɞɟɥ ɬɟɤɭɱɟɫɬɢ ɦɚɬɟɪɢɚɥɚ  ɢ ɡɚɩɚɫ ɩɪɨɱɧɨɫɬɢ . 

ɑɢɫɥɨɜɵɟ ɞɚɧɧɵɟ ɤ ɡɚɞɚɱɟ: ɚ = 0,3 ɦ; b = 0,3 ɦ; c = 0,2 ɦ; D1 = 0,3 

ɦ; D2 = 0,6 ɦ; N = 20 ɤȼɬ; n1 = 120 ɨɛ/ɦɢɧ; ɦɚɬɟɪɢɚɥ ɋɬ50; =300 Ɇɉɚ; ɡɚɩɚɫ 
ɩɪɨɱɧɨɫɬɢ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɩɪɟɞɟɥɭ ɬɟɤɭɱɟɫɬɢ . 

 

 

ɉɨɪɹɞɨɤ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬɵ 

1. Ɉɩɪɟɞɟɥɟɧɢɟ ɧɚɝɪɭɡɨɤ, ɩɟɪɟɞɚɸɳɢɯɫɹ ɧɚ ɜɚɥ 

1.1. Ɉɩɪɟɞɟɥɟɧɢɟ ɤɪɭɬɹɳɟɝɨ ɦɨɦɟɧɬɚ ɩɨ ɮɨɪɦɭɥɟ 

 
1.2. Ɉɩɪɟɞɟɥɟɧɢɟ ɨɤɪɭɠɧɵɯ ɭɫɢɥɢɣ ɩɨ ɮɨɪɦɭɥɚɦ ɢ ɪɚɡɥɨɠɟɧɢɟ ɢɯ ɧɚ 

ɜɟɪɬɢɤɚɥɶɧɭɸ ɢ ɝɨɪɢɡɨɧɬɚɥɶɧɭɸ ɫɨɫɬɚɜɥɹɸɳɢɟ 
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ȼɵɩɨɥɧɹɟɦ ɜɵɱɢɫɥɟɧɢɹ ɢ ɩɨɤɚɡɵɜɚɟɦ ɜɫɟ ɧɚɣɞɟɧɧɵɟ ɫɢɥɵ ɧɚ 
ɪɚɫɱɟɬɧɨɣ ɫɯɟɦɟ ɜɚɥɚ (ɪɢɫ.1, ɛ) 

 

 

2. ɉɨɫɬɪɨɟɧɢɟ ɷɩɸɪ ɦɨɦɟɧɬɨɜ  

2.1. ɉɨɫɬɪɨɟɧɢɟ ɷɩɸɪɵ ɤɪɭɬɹɳɢɯ ɦɨɦɟɧɬɨɜ   

Эɩɸɪɚ ɤɪɭɬɹɳɢɯ ɦɨɦɟɧɬɨɜ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɦɟɠɞɭ ɲɤɢɜɚɦɢ, ɬ.ɤ. 
ɫɤɪɭɱɢɜɚɟɬɫɹ ɬɨɥɶɤɨ ɷɬɨɬ ɭɱɚɫɬɨɤ ɜɚɥɚ. ȼɟɥɢɱɢɧɚ ɤɪɭɬɹɳɟɝɨ ɦɨɦɟɧɬɚ 
ɨɩɪɟɞɟɥɟɧɚ ɜ ɩ.1.1.: =1,60 ɤɇɦ (ɪɢɫ.1, ɜ) 

2.2. ɉɨɫɬɪɨɟɧɢɟ ɷɩɸɪɵ ɢɡɝɢɛɚɸɳɢɯ ɦɨɦɟɧɬɨɜ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɟɣ ɏ – 

Ɇɯ ɢɡɝɢɛ ɜɟɪɬɢɤɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ 

ɋɯɟɦɚ ɧɚɝɪɭɡɨɤ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ. 1, ɝ. 
ɇɚɯɨɞɢɦ ɨɩɨɪɧɵɟ ɪɟɚɤɰɢɢ 

           

       

ɉɪɨɜɟɪɤɚ: 
 

Ɍɨɱɧɨɫɬɶ  

ȼɵɱɢɫɥɹɟɦ ɦɨɦɟɧɬɵ ɜ ɯɚɪɚɤɬɟɪɧɵɯ ɬɨɱɤɚɯ: 

 
ɉɨ ɜɵɱɢɫɥɟɧɧɵɦ ɡɧɚɱɟɧɢɹɦ ɦɨɦɟɧɬɨɜ ɫɬɪɨɢɬɫɹ ɷɩɸɪɚ (ɪɢɫ.1, ɞ). 

2.3. ɉɨɫɬɪɨɟɧɢɟ ɷɩɸɪɵ ɢɡɝɢɛɚɸɳɢɯ ɦɨɦɟɧɬɨɜ  (ɢɡɝɢɛ ɜ 
ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ) 

ɋɯɟɦɚ ɧɚɝɪɭɡɨɤ, ɞɟɣɫɬɜɭɸɳɢɯ ɜ ɷɬɨɣ ɩɥɨɫɤɨɫɬɢ, ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ.1, ɟ). 
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ɇɚɯɨɞɢɦ ɨɩɨɪɧɵɟ ɪɟɚɤɰɢɢ: 

 
ɉɪɨɜɟɪɤɚ: 

 
ȼɵɱɢɫɥɹɟɦ ɦɨɦɟɧɬɵ ɜ ɯɚɪɚɤɬɟɪɧɵɯ ɬɨɱɤɚɯ: 

 
ɉɨ ɧɚɣɞɟɧɧɵɦ ɡɧɚɱɟɧɢɹɦ ɫɬɪɨɢɬɫɹ ɷɩɸɪɚ ɢɡɝɢɛɚɸɳɢɯ ɦɨɦɟɧɬɨɜ ɜ 

ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ  (ɪɢɫ. 1, ɠ). 
3. ɉɨɞɛɨɪ ɫɟɱɟɧɢɹ (ɨɩɪɟɞɟɥɟɧɢɟ ɞɢɚɦɟɬɪɚ ɜɚɥɚ) 
Ɇɚɬɟɪɢɚɥ ɋɬ50, =380 Ɇɉɚ, ɡɚɩɚɫ =3. 

ɇɚɯɨɞɢɦ  ɞɨɩɭɫɤɚɟɦɨɟ ɧɚɩɪɹɠɟɧɢɟ: 

 
Ɉɩɚɫɧɵɦ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ  ɹɜɥɹɟɬɫɹ ɫɟɱɟɧɢɟ ɋ, ɬɚɤ ɤɚɤ ɜ ɷɬɨɦ ɫɟɱɟɧɢɢ 

ɜɫɟ ɦɨɦɟɧɬɵ ɧɚɢɛɨɥɶɲɢɟ, ɱɬɨ ɜɢɞɧɨ ɩɨ ɷɩɸɪɚɦ. ȼɵɩɢɫɵɜɚɟɦ ɜɟɥɢɱɢɧɵ 
ɦɨɦɟɧɬɨɜ ɜ ɫɟɱɟɧɢɢ ɋ: 

 
ȼɵɱɢɫɥɹɟɦ ɩɪɢɜɟɞɟɧɧɵɣ ɪɚɫɱɟɬɧɵɣ ɦɨɦɟɧɬ: 

 
ɉɨ ɮɨɪɦɭɥɟ ɞɥɹ ɤɪɭɝɨɜɨɝɨ ɫɟɱɟɧɢɹ ɜɵɱɢɫɥɹɟɦ ɞɢɚɦɟɬɪ ɜɚɥɚ: 

 
 

 

Кɨɧɬɪɨɥɶɧɵɟ ɜɨɩɪɨɫɵ. 
1. ȼɢɞɵ ɧɚɩɪɹɠɟɧɧɵɯ ɫɨɫɬɨɹɧɢɣ. 
2. Кɪɢɬɢɱɟɫɤɚɹ ɫɢɥɚ, ɤɪɢɬɢɱɟɫɤɨɟ ɧɚɩɪɹɠɟɧɢɟ. 
3. Ɋɟɲɢɬɶ ɡɚɞɚɱɭ: ɒɤɢɜ ɫ ɞɢɚɦɟɬɪɨɦ D1= 1 ɦ ɢ ɭɝɥɨɦ ɧɚɤɥɨɧɚ ɜɟɬɜɟɣ ɤ 

ɝɨɪɢɡɨɧɬɭ  =40°  ɞɟɥɚɟɬ  n=600 ɨɛ/ɦɢɧ ɢ ɩɟɪɟɞɚɟɬ ɦɨɳɧɨɫɬɶ N1 = 60 ɤȼɬ. 
Ⱦɜɚ ɞɪɭɝɢɯ ɲɤɢɜɚ ɢɦɟɸɬ ɨɞɢɧɚɤɨɜɵɣ ɞɢɚɦɟɬɪ D2= D3= 0,8 ɦ ɢ ɨɞɢɧɚɤɨɜɵɟ 
ɭɝɥɵ ɧɚɤɥɨɧɚ ɜɟɬɜɟɣ ɪɟɦɧɹ ɤ ɝɨɪɢɡɨɧɬɭ =60°, 
ɢ ɤɚɠɞɵɣ ɢɡ ɧɢɯ ɩɟɪɟɞɚɟɬ 
ɦɨɳɧɨɫɬɶ . Ɍɪɟɛɭɟɬɫɹ ɩɨɞɨɛɪɚɬɶ 
ɞɢɚɦɟɬɪ ɜɚɥɚ ɩɪɢ = 700 ɤȽɫ/ɫɦ2

 = 70  Ɇɉɚ. 
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Ɍɟɦɚ: Ɋɚɫɱёɬ ɨɫɧɨɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɩɪɢɜɨɞɚ. 
ɐɟɥɶ ɪɚɛɨɬɵ: ɇɚɭɱɢɬɶ ɩɪɨɢɡɜɨɞɢɬɶ ɪɚɫɱёɬɵ ɨɫɧɨɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ 

ɩɪɢɜɨɞɚ. 
 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ: 

Ɂɚɞɚɱɚ: ɉɪɢɜɨɞ ɫɨɫɬɨɢɬ ɢɡ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɦɨɳɧɨɫɬɶɸ ɊȾȼ =11 ɤȼɬ ɫ 
ɱɚɫɬɨɬɨɣ ɜɪɚɳɟɧɢɹ ɜɚɥɚ ɩɞɜ=1460 ɨɛ/ɦɢɧ ɢ 
ɦɧɨɝɨɫɬɭɩɟɧɱɚɬɨɣ ɩɟɪɟɞɚɱɢ. Ɍɪɟɛɭɟɬɫɹ ɨɩɪɟɞɟɥɢɬɶ: ɚ) 
ɨɛɳɢɟ КɉȾ ɢ ɩɟɪɟɞɚɬɨɱɧɨɟ ɱɢɫɥɨ ɩɪɢɜɨɞɚ; ɛ) 
ɦɨɳɧɨɫɬɢ, ɜɪɚɳɚɸɳɢɟ ɦɨɦɟɧɬɵ ɢ ɭɝɥɨɜɵɟ ɫɤɨɪɨɫɬɢ 
ɞɥɹ ɜɫɟɯ ɜɚɥɨɜ. 

 

 

ɉɨɪɹɞɨɤ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬɵ 

1. Кɢɧɟɦɚɬɢɱɟɫɤɚɹ ɢ ɤɨɧɫɬɪɭɤɬɢɜɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢɜɨɞɚ: 
ɩɟɪɟɞɚɱɚ ɞɜɭɯɫɬɭɩɟɧɱɚɬɚɹ, ɩɨɧɢɠɚɸɳɚɹ (ɬ.ɟ. ɭɦɟɧɶɲɚɸɳɚɹ ɭɝɥɨɜɭɸ 
ɫɤɨɪɨɫɬɶ, ɬɚɤ ɤɚɤ ɜ ɤɚɠɞɨɣ ɫɬɭɩɟɧɢ ɞɢɚɦɟɬɪ ɜɵɯɨɞɧɨɝɨ ɡɜɟɧɚ ɛɨɥɶɲɟ, ɱɟɦ 
ɜɯɨɞɧɨɝɨ). ɉɟɪɜɚɹ ɫɬɭɩɟɧɶ - ɩɟɪɟɞɚɱɚ ɰɟɩɧɚɹ, ɜɬɨɪɚɹ - ɰɢɥɢɧɞɪɢɱɟɫɤɚɹ 
ɤɨɫɨɡɭɛɚɹ ɉɟɪɟɞɚɱɚ ɡɚɤɪɵɬɚɹ, ɬ.ɟ. ɜ ɝɟɪɦɟɬɢɱɧɨɦ ɤɨɪɩɭɫɟ, ɩɨɧɢɠɚɸɳɚɹ 
ɧɚɡɵɜɚɟɬɫɹ ɪɟɞɭɤɬɨɪɨɦ. Ⱦɥɹ ɩɨɞɫɨɟɞɢɧɟɧɢɹ ɤ ɜɟɞɭɳɟɦɭ ɢ ɜɟɞɨɦɨɦɭ ɜɚɥɚɦ 
ɪɟɞɭɤɬɨɪɚ ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɭɩɪɭɝɢɟ ɦɭɮɬɵ. 

2. КɉȾ ɩɟɪɟɞɚɱ 

ɤɨɫɨɡɭɛɨɝɨ ɪɟɞɭɤɬɨɪɚ: ηɪɟɞ = 0,98; 

ɰɟɩɧɨɣ ɩɟɪɟɞɚɱɢ: ηɰ.ɩ. = 0,92; 

Ɉɛɳɢɣ КɉȾ ɩɟɪɟɞɚɱɢ η0 = ηɰ.ɩ. · ηɪɟɞ = 0,92 · 0,98 = 0,9. 
3. Ɇɨɳɧɨɫɬɢ ɧɚ ɜɚɥɚɯ: 
Ɋ1 = Ɋɞɜ=11ɤВɬ 

P2 = P1 · ηɰ.ɩ. = 11·0,92 = 10,1ɤВɬ 

P3 = P2 · ηɪɟɞ = 10,1·0,98 = 9,9 ɤВɬ 

Ɇɨɳɧɨɫɬɶ ɧɚ ɬɪɟɬɶɟɦ ɜɚɥɭ ɦɨɠɧɨ ɛɵɥɨ ɨɩɪɟɞɟɥɢɬɶ ɢ ɢɧɚɱɟ: 
P3 = P1 · η0 = 11·0,9 = 9,9ɤВɬ 

ɉɟɪɟɞɚɬɨɱɧɵɟ ɱɢɫɥɚ ɨɬɞɟɥɶɧɵɯ ɩɟɪɟɞɚɱ: 

 
ɉɟɪɟɞɚɬɨɱɧɵɟ ɨɬɧɨɲɟɧɢɹ ɪɚɜɧɵ ɩɟɪɟɞɚɬɨɱɧɵɦ ɱɢɫɥɚɦ. Ɉɛɳɟɟ 

ɩɟɪɟɞɚɬɨɱɧɨɟ ɨɬɧɨɲɟɧɢɟ ɩɟɪɟɞɚɱɢ 

ɢ0 = ɢɪɟɞ · ɢɰ.ɩ. = 4 · 3 = 12. 
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4. ɍɝɥɨɜɵɟ ɫɤɨɪɨɫɬɢ ɜɚɥɨɜ: 
 

 
Ɉɬɫɸɞɚ 

 
ɨɬɫɸɞɚ 

 
 

 

Кɨɧɬɪɨɥɶɧɵɟ ɜɨɩɪɨɫɵ. 
1. Ɋɟɲɢɬɶ ɡɚɞɚɱɭ: ɉɪɨɢɡɜɟɫɬɢ ɤɢɧɟɦɚɬɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɩɪɢɜɨɞɚ, 

ɩɨɤɚɡɚɧɧɨɝɨ ɧɚ ɪɢɫ.1.4, ɩɪɢ ɫɥɟɞɭɸɳɢɯ ɞɚɧɧɵɯ: ɞɢɚɦɟɬɪ ɛɚɪɚɛɚɧɚ D = 500 
ɦɦ, ɬɹɝɨɜɨɟ ɭɫɢɥɢɟ ɧɚ ɥɟɧɬɟ Ɋ = 4000 ɇ, ɫɤɨɪɨɫɬɶ ɥɟɧɬɵ v = 0,8 ɦ/ɫ. 
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Ɍɟɦɚ: Ɋɚɫɱёɬ ɩɟɪɟɞɚɱɢ. 
ɐɟɥɶ ɪɚɛɨɬɵ: ɇɚɭɱɢɬɶ ɩɪɨɢɡɜɨɞɢɬɶ ɪɚɫɱёɬɵ ɩɟɪɟɞɚɱɢ. 
 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ: 

Ɂɚɞɚɱɚ: Ɋɚɫɫɱɢɬɚɬɶ ɰɢɥɢɧɞɪɢɱɟɫɤɭɸ ɡɭɛɱɚɬɭɸ ɩɟɪɟɞɚɱɭ ɇɨɜɢɤɨɜɚ 
ɨɞɧɨɫɬɭɩɟɧɱɚɬɨɝɨ ɪɟɞɭɤɬɨɪɚ, ɜɵɩɨɥɧɟɧɧɨɝɨ ɜ ɜɢɞɟ ɨɬɞɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ, ɩɪɢ 
ɭɫɥɨɜɢɢ, ɱɬɨ ɦɨɳɧɨɫɬɶ, ɩɟɪɟɞɚɜɚɟɦɚɹ ɲɟɫɬɟɪɧɟɣ Ɋ1=10 ɤȼɬ, ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ 
ɲɟɫɬɟɪɧɢ Ȧ1=78 ɪɚɞ/ɫ (n1=750 ɦɧɢ-1), ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ ɤɨɥɟɫɚ Ȧ2=39 

ɪɚɞ/ɫ (n1=375 ɦɧɢ-1). ɇɚɝɪɭɡɤɚ ɩɟɪɟɞɚɱɢ ɩɨɫɬɨɹɧɧɚɹ, ɧɨ ɜɨ ɜɪɟɦɹ ɩɭɫɤɚ 
ɪɟɞɭɤɬɨɪɚ ɨɧɚ ɤɪɚɬɤɨɜɪɟɦɟɧɧɨ ɩɨɜɵɲɚɟɬɫɹ ɜ 1,6 ɪɚɡɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɧɨɦɢɧɚɥɶɧɨɣ. ɋɪɨɤ ɫɥɭɠɛɵ ɩɟɪɟɞɚɱɢ 30000 ɱ. 

 

ɉɨɪɹɞɨɤ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬɵ 

Ⱦɥɹ ɩɟɪɟɞɚɱɢ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɦ ɞɨɡɚɩɨɥɸɫɧɨɟ ɡɚɰɟɩɥɟɧɢɟ ɫ ɞɜɭɦɹ 
ɥɢɧɢɹɦɢ ɡɚɰɟɩɥɟɧɢɹ ɢ ɢɫɯɨɞɧɵɦ ɤɨɧɬɭɪɨɦ ɩɨ ȽɈɋɌ 15023-76. Ɇɚɬɟɪɢɚɥ ɢ 
ɬɟɪɦɨɨɛɪɚɛɨɬɤɭ ɡɭɛɶɟɜ ɧɚɡɧɚɱɚɟɦ ɬɟ ɠɟ, ɱɬɨ ɢ ɜ ɩɪɢɦɟɪɟ ɪɚɫɱɟɬɚ 
ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɤɨɫɨɡɭɛɨɣ ɩɟɪɟɞɚɱɢ. ɑɢɫɥɨ ɡɭɛɶɟɜ ɲɟɫɬɟɪɧɢ zl=14, ɭɝɨɥ 
ɧɚɤɥɨɧɚ ɡɭɛɶɟɜ β=24° ɢ ɤɨɷɮɮɢɰɢɟɧɬ ɨɫɟɜɨɝɨ ɩɟɪɟɤɪɵɬɢɹ εβ=2,3. Ɋɚɫɱɟɬɨɦ 
ɡɭɛɶɟɜ ɧɚ ɢɡɥɨɦɧɭɸ ɩɪɨɱɧɨɫɬɶ ɩɨ ɮɨɪɦɭɥɟ ɨɩɪɟɞɟɥɢɦ ɦɨɞɭɥɶ ɡɭɛɶɟɜ m. 

ɑɢɫɥɨ ɡɭɛɶɟɜ ɤɨɥɟɫɚ ɩɨ ɮɨɪɦɭɥɟ 

 
ɉɨ ɝɪɚɮɢɤɭ, ɤɨɷɮɮɢɰɢɟɧɬ Ku=0,34 ɢ ɤɨɷɮɮɢɰɢɟɧɬ ȥK=1,28. 

Эɤɜɢɜɚɥɟɧɬɧɨɟ ɱɢɫɥɨ ɡɭɛɶɟɜ ɲɟɫɬɟɪɧɢ ɩɨ ɮɨɪɦɭɥɟ 

 
Кɨɷɮɮɢɰɢɟɧɬ ɮɨɪɦɵ ɡɭɛɶɟɜ ɲɟɫɬɟɪɧɢ Yβ1=0,98. ɉɪɢɦɟɦ KβKv=1,2. 

Ⱦɨɩɭɫɤɚɟɦɨɟ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɢɡɝɢɛ ɞɥɹ ɡɭɛɶɟɜ ɲɟɫɬɟɪɧɢ ДıF] ɨɩɪɟɞɟɥɢɦ 
ɩɨ ɮɨɪɦɭɥɟ, ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɜɵɱɢɫɥɢɜ ɡɧɚɱɟɧɢɹ ɜɟɥɢɱɢɧ, ɜɯɨɞɹɳɢɯ ɜ 
ɞɚɧɧɭɸ ɮɨɪɦɭɥɭ. 

ɉɪɟɞɟɥ ɜɵɧɨɫɥɢɜɨɫɬɢ ɩɪɢ ɫɢɦɦɟɬɪɢɱɧɨɦ ɰɢɤɥɟ ɧɚɩɪɹɠɟɧɢɣ ɩɪɢ 
ɢɡɝɢɛɟ ɞɥɹ ɦɚɬɟɪɢɚɥɚ ɡɭɛɶɟɜ ɲɟɫɬɟɪɧɢ ɩɨ ɮɨɪɦɭɥɟ 

 
Ȼɚɡɨɜɨɟ ɱɢɫɥɨ ɰɢɤɥɨɜ ɧɚɩɪɹɠɟɧɢɣ NF0=10

7. Эɤɜɢɜɚɥɟɧɬɧɨɟ ɱɢɫɥɨ 
ɰɢɤɥɨɜ ɢɡɦɟɧɟɧɢɹ ɧɚɩɪɹɠɟɧɢɣ (ɫɦ. ɩɪɢɦɟɪ) NfE=135×106. Ɍɚɤ 
ɤɚɤ NFE=135×106

>NF0=10×106, ɬɨ ɤɨɷɮɮɢɰɢɟɧɬ ɞɨɥɝɨɜɟɱɧɨɫɬɢ KFL=1. 

Ⱦɨɩɭɫɤɚɟɦɨɟ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɢɡɝɢɛ ɞɥɹ ɡɭɛɶɟɜ ɲɟɫɬɟɪɧɢ ɩɨ ɮɨɪɦɭɥɟ 

 
Кɪɭɬɹɳɢɣ ɦɨɦɟɧɬ, ɩɟɪɟɞɚɜɚɟɦɵɣ ɲɟɫɬɟɪɧɟɣ, T1=128 ɇ×ɦ (ɫɦ. 

ɩɪɢɦɟɪ.). 
Ɇɨɞɭɥɶ ɡɭɛɶɟɜ ɩɨ ɮɨɪɦɭɥɟ 
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ɉɨ ȽɈɋɌ 1486—69 ɩɪɢɧɢɦɚɟɦ Ц=2,5 ɦɦ. 

Ⱦɟɥɢɬɟɥɶɧɵɟ ɢ ɧɚɱɚɥɶɧɵɟ ɞɢɚɦɟɬɪɵ ɲɟɫɬɟɪɧɢ ɢ ɤɨɥɟɫɚ ɩɨ ɮɨɪɦɭɥɚɦ: 
ɞɥɹ ɲɟɫɬɟɪɧɢ 

 
ɞɥɹ ɤɨɥɟɫɚ 

 

 
ɉɪɨɜɟɪɢɦ ɡɭɛɶɹ ɪɚɫɱɟɬɨɦ ɧɚ ɤɨɧɬɚɤɬɧɭɸ ɩɪɨɱɧɨɫɬɶ ɩɨ ɮɨɪɦɭɥɟ. 

Ⱦɨɩɭɫɤɚɟɦɨɟ ɤɨɧɬɚɤɬɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɞɥɹ ɡɭɛɶɟɜ ДıHЖ=890 Ɇɉɚ (ɫɦ. ɩɪɢɦɟɪ.). 
ɉɨ ɝɪɚɮɢɤɭ, ɤɨɷɮɮɢɰɢɟɧɬ Кb=0,25. Кɨɷɮɮɢɰɢɟɧɬ Кp=2×10-5

 1/Ɇɉɚ ɢ μ=2. 

ɉɨ ɮɨɪɦɭɥɟ ɧɚɣɞɟɦ 

 

 

 
 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɪɨɱɧɨɫɬɶ ɡɭɛɶɟɜ ɩɨ ɤɨɧɬɚɤɬɧɵɦ ɧɚɩɪɹɠɟɧɢɹɦ ɜɩɨɥɧɟ 
ɨɛɟɫɩɟɱɟɧɚ. 

Ɋɚɡɦɟɪɵ ɡɭɛɶɟɜ, ɞɢɚɦɟɬɪɵ ɜɟɪɲɢɧ da ɢ ɜɩɚɞɢɧ df ɲɟɫɬɟɪɧɢ ɢ ɤɨɥɟɫɚ, 
ɲɢɪɢɧɚ ɡɭɛɱɚɬɵɯ ɜɟɧɰɨɜ b ɩɨ ɮɨɪɦɭɥɚɦ: 

 

 

 
 

ɞɥɹ ɲɟɫɬɟɪɧɢ 
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ɞɥɹ ɤɨɥɟɫ 

 

 

 

 
Ⱦɟɥɢɬɟɥɶɧɨɟ ɦɟɠɨɫɟɜɨɟ ɪɚɫɫɬɨɹɧɢɟ ɩɟɪɟɞɚɱɢ ɩɨ ɮɨɪɦɭɥɟ 

 
ɂɡ ɫɪɚɜɧɟɧɢɹ ɷɬɨɣ ɩɟɪɟɞɚɱɢ ɫ ɷɜɨɥɶɜɟɧɬɧɨɣ ɤɨɫɨɡɭɛɨɣ, ɪɚɫɫɱɢɬɚɧɧɨɣ ɜ 

ɩɪɢɦɟɪɟ, ɫɥɟɞɭɟɬ, ɱɬɨ ɩɟɪɟɞɚɱɚ ɇɨɜɢɤɨɜɚ ɡɧɚɱɢɬɟɥɶɧɨ ɤɨɦɩɚɤɬɧɟɟ. 
 

 

Кɨɧɬɪɨɥɶɧɵɟ ɜɨɩɪɨɫɵ. 
1. ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɤɥɚɫɫɢɮɢɤɚɰɢɹ ɢ ɨɛɥɚɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɡɭɛɱɚɬɵɯ 

ɩɟɪɟɞɚɱ. 
2. ȼɢɞɵ ɪɚɡɪɭɲɟɧɢɣ ɡɭɛɱɚɬɵɯ ɤɨɥɟɫ. 
3. Ɋɚɫɫɱɢɬɚɬɶ ɡɭɛɱɚɬɭɸ ɤɨɫɨɡɭɛɭɸ ɩɟɪɟɞɚɱɭ. 
 

ɋɨɞɟɪɠɚɧɢɟ ɨɬɱɟɬɚ: ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ 
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Ɍɟɦɚ: Ɋɚɫɱёɬɵ ɤɨɧɢɱɟɫɤɢɯ ɩɟɪɟɞɚɱ. 

ɐɟɥɶ ɪɚɛɨɬɵ: ɇɚɭɱɢɬɶ ɩɪɨɢɡɜɨɞɢɬɶ ɪɚɫɱёɬɵ ɤɨɧɢɱɟɫɤɢɯ ɩɟɪɟɞɚɱɢ. 
 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ: 

Ɂɚɞɚɱɚ: Ɋɚɫɫɱɢɬɚɬɶ ɤɨɧɢɱɟɫɤɭɸ ɩɪɹɦɨɡɭɛɭɸ ɩɟɪɟɞɚɱɭ 
ɨɞɧɨɫɬɭɩɟɧɱɚɬɨɝɨ ɪɟɞɭɤɬɨɪɚ ɨɛɳɟɝɨ ɧɚɡɧɚɱɟɧɢɹ ɩɪɢ ɭɫɥɨɜɢɢ, ɱɬɨ ɦɨɳɧɨɫɬɶ, 
ɩɟɪɟɞɚɜɚɟɦɚɹ ɲɟɫɬɟɪɧɟɣ, Ɋ1=5 ɤȼɬ; ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ ɲɟɫɬɟɪɧɢ Ȧ1=105 

ɪɚɞ/ɫ (n1=1000 ɦɢɧ-1); ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ ɤɨɥɟɫɚ Ȧ2= 34 ɪɚɞ/ɫ (n2=325 ɦɢɧ-1
). 

ɇɚɝɪɭɡɤɚ ɩɟɪɟɞɚɱɢ ɩɨɫɬɨɹɧɧɚɹ. ɋɪɨɤ ɫɥɭɠɛɵ 15 000 ɱ. 
 

 

ɉɨɪɹɞɨɤ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬɵ 

Ⱦɥɹ ɩɟɪɟɞɚɱɢ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɦ ɷɜɨɥɶɜɟɧɬɧɨɟ ɡɚɰɟɩɥɟɧɢɟ ɛɟɡ 
ɫɦɟɳɟɧɢɹ. ɉɟɪɟɞɚɬɨɱɧɨɟ ɨɬɧɨɲɟɧɢɟ (ɩɟɪɟɞɚɬɨɱɧɨɟ ɱɢɫɥɨ) ɩɨ ɮɨɪɦɭɥɟ 

 
ɉɪɢɦɟɦ ɩɨ ȽɈɋɌ 12289-76 u=3,15. 

Ɋɚɫɫɱɢɬɚɟɦ ɡɭɛɶɹ ɩɟɪɟɞɚɱɢ ɧɚ ɤɨɧɬɚɤɬɧɭɸ ɩɪɨɱɧɨɫɬɶ. Ɉɩɪɟɞɟɥɢɦ 
ɧɚɱɚɥɶɧɵɣ ɫɪɟɞɧɢɣ ɞɢɚɦɟɬɪ ɲɟɫɬɟɪɧɢ dwm1 ɩɨ ɮɨɪɦɭɥɟ 

 
 

Ⱦɥɹ ɷɬɨɝɨ ɜɵɱɢɫɥɢɦ ɡɧɚɱɟɧɢɹ ɜɟɥɢɱɢɧ, ɜɯɨɞɹɳɢɯ ɜ ɞɚɧɧɭɸ ɮɨɪɦɭɥɭ. 
Кɪɭɬɹɳɢɣ ɦɨɦɟɧɬ, ɩɟɪɟɞɚɜɚɟɦɵɣ ɲɟɫɬɟɪɧɟɣ: 
 

 
 

Кɨɷɮɮɢɰɢɟɧɬ ȥbd=0,4. ɉɪɢ ȥbd=0,4 ɢ ɬɜɟɪɞɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɢ ɡɭɛɶɟɜ ɇȼ460 ɩɨ 
ɝɪɚɮɢɤɭ 1ɚ ɤɨɷɮɮɢɰɢɟɧɬ KHβ=1,4. 

ɉɪɟɞɟɥ ɤɨɧɬɚɤɬɧɨɣ ɜɵɧɨɫɥɢɜɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɟɣ ɡɭɛɶɟɜ ıH lim b=1014 

Ɇɉɚ (ɫɦ. ɩɪɢɦɟɪ). Кɨɷɮɮɢɰɢɟɧɬ ɛɟɡɨɩɚɫɧɨɫɬɢ sH=1,1; ɤɨɷɮɮɢɰɢɟɧɬ ZR=0,95; 

ɤɨɷɮɮɢɰɢɟɧɬ Zv=1. Ȼɚɡɨɜɨɟ ɱɢɫɥɨ ɰɢɤɥɨɜ ɧɚɩɪɹɠɟɧɢɣ NH0=70×106
. 

Эɤɜɢɜɚɥɟɧɬɧɨɟ ɱɢɫɥɨ ɰɢɤɥɨɜ ɧɚɩɪɹɠɟɧɢɣ ɞɥɹ ɲɟɫɬɟɪɧɢ ɩɨ ɮɨɪɦɭɥɟ 

 
Ⱦɥɹ ɨɬɧɨɲɟɧɢɹ NHE/NH0=900×106

 /(70×106)≈11 ɩɨ ɝɪɚɮɢɤɭ 
ɤɨɷɮɮɢɰɢɟɧɬ ɞɨɥɝɨɜɟɱɧɨɫɬɢ KHL=0,9 

. 
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Ⱦɨɩɭɫɤɚɟɦɨɟ ɤɨɧɬɚɤɬɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɨ ɮɨɪɦɭɥɟ 

 
ɇɚɱɚɥɶɧɵɣ ɫɪɟɞɧɢɣ ɞɢɚɦɟɬɪ ɲɟɫɬɟɪɧɢ ɩɨ ɮɨɪɦɭɥɟ 

 
 

 

 
Ⱦɟɥɢɬɟɥɶɧɵɣ ɫɪɟɞɧɢɣ ɞɢɚɦɟɬɪ ɲɟɫɬɟɪɧɢ dm1=dwm1=76 ɦɦ. ȼɵɩɨɥɧɢɦ 

ɩɪɨɜɟɪɨɱɧɵɣ ɪɚɫɱɟɬ ɡɭɛɶɟɜ ɧɚ ɢɡɝɢɛ ɩɨ ɮɨɪɦɭɥɟ 

 
ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɜɵɱɢɫɥɢɦ ɡɧɚɱɟɧɢɹ ɜɟɥɢɱɢɧ, ɜɯɨɞɹɳɢɯ ɜ ɞɚɧɧɭɸ 

ɮɨɪɦɭɥɭ. Ɋɚɫɱɟɬ ɡɭɛɶɟɜ ɧɚ ɢɡɝɢɛ ɩɪɨɢɡɜɟɞɟɦ ɩɨ ɲɟɫɬɟɪɧɟ, ɬɚɤ ɤɚɤ ɟɟ ɡɭɛɶɹ ɭ 
ɨɫɧɨɜɚɧɢɹ ɬɨɧɶɲɟ ɡɭɛɶɟɜ ɤɨɥɟɫɚ. 

ɑɢɫɥɨ ɡɭɛɶɟɜ ɲɟɫɬɟɪɧɢ z1=20. ɑɢɫɥɨ ɡɭɛɶɟɜ ɤɨɥɟɫɚ ɩɨ ɮɨɪɦɭɥɟ 
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ɋɪɟɞɧɢɣ ɦɨɞɭɥɶ ɡɭɛɶɟɜ ɩɨ ɮɨɪɦɭɥɟ 

 
ɍɝɥɵ ɧɚɤɥɨɧɚ ɞɟɥɢɬɟɥɶɧɵɯ ɤɨɧɭɫɨɜ ɲɟɫɬɟɪɧɢ δ1 ɢ ɤɨɥɟɫɚ δ2 ɩɨ 

ɮɨɪɦɭɥɟ 

 
ɫɥɟɞɨɜɚɬɟɥɶɧɨ, δ1=17°40′ ɢ δ2=72°20′. ɒɢɪɢɧɚ ɡɭɛɱɚɬɨɝɨ ɜɟɧɰɚ ɩɨ 

ɮɨɪɦɭɥɟ 

 

 
Ɇɨɞɭɥɶ ɡɭɛɶɟɜ m (ɜɧɟɲɧɢɣ ɨɤɪɭɠɧɨɣ ɞɟɥɢɬɟɥɶɧɵɣ) ɩɨ ɮɨɪɦɭɥɟ 

 
ɉɨ ȽɈɋɌ 9563-60 (ɋɌ ɋЭȼ 310-76) ɩɪɢɦɟɦ Ц=4 ɦɦ ɋɪɟɞɧɢɣ ɦɨɞɭɥɶ 

 

 
ɇɚɱɚɥɶɧɵɣ ɫɪɟɞɧɢɣ ɞɢɚɦɟɬɪ ɲɟɫɬɟɪɧɢ ɩɨ ɮɨɪɦɭɥɟ 

 
ɋɤɨɪɨɫɬɶ ɩɟɪɟɞɚɱɢ ɩɨ ɮɨɪɦɭɥɟ 

 
Эɤɜɢɜɚɥɟɧɬɧɨɟ ɱɢɫɥɨ ɡɭɛɶɟɜ ɲɟɫɬɟɪɧɢ ɩɨ ɮɨɪɦɭɥɟ 
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ɉɨ ɝɪɚɮɢɤɭ ɤɨɷɮɮɢɰɢɟɧɬ ɮɨɪɦɵ ɡɭɛɶɟɜ YF=4. ɉɪɢ ɬɜɟɪɞɨɫɬɢ 
ɩɨɜɟɪɯɧɨɫɬɢ ɡɭɛɶɟɜ ɇȼ460 ɢ ψbd=0,4 ɩɨ ɝɪɚɮɢɤɭ 1ɚ (ɪɢɫ. 3) 
ɤɨɷɮɮɢɰɢɟɧɬ KFβ=1,7; ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɧɚɦɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ KFv=1,1 (ɋɦ. 
ɬɚɛɥ.). Кɨɷɮɮɢɰɢɟɧɬ ψm ɩɨ ɮɨɪɦɭɥɟ 

 

http://www.metiz-krepej.ru/dop/tablica11.html
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Ɉɩɪɟɞɟɥɢɦ ɞɥɹ ɡɭɛɶɟɜ ɲɟɫɬɟɪɧɢ ɞɨɩɭɫɤɚɟɦɨɟ ɧɚɩɪɹɠɟɧɢɟ ɧɚ 
ɢɡɝɢɛ ДσF] ɩɨ ɮɨɪɦɭɥɟ 
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Ⱦɥɹ ɷɬɨɝɨ ɜɵɱɢɫɥɢɦ ɡɧɚɱɟɧɢɹ ɜɟɥɢɱɢɧ, ɜɯɨɞɹɳɢɯ ɜ ɞɚɧɧɭɸ 
ɮɨɪɦɭɥɭ. ɉɪɟɞɟɥ ɜɵɧɨɫɥɢɜɨɫɬɢ ɡɭɛɶɟɜ ɩɪɢ ɢɡɝɢɛɟ σF lim b=580 Ɇɉɚ (ɫɦ. 
ɬɚɛɥ.); ɤɨɷɮɮɢɰɢɟɧɬ ɛɟɡɨɩɚɫɧɨɫɬɢ sF=l,7; ɤɨɷɮɮɢɰɢɟɧɬ KFc=1; ɛɚɡɨɜɨɟ ɱɢɫɥɨ 
ɰɢɤɥɨɜ ɧɚɩɪɹɠɟɧɢɣ NF0=4×106. Эɤɜɢɜɚɥɟɧɬɧɨɟ ɱɢɫɥɨ ɰɢɤɥɨɜ 
ɧɚɩɪɹɠɟɧɢɣ NFE=NHE=900×l06. Ɍɚɤ ɤɚɤ NF0=900×106

>NF0=4×106, ɬɨ 
ɤɨɷɮɮɢɰɢɟɧɬ ɞɨɥɝɨɜɟɱɧɨɫɬɢ KFL=1. 

Ⱦɨɩɭɫɤɚɟɦɨɟ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɢɡɝɢɛ ɡɭɛɶɟɜ ɲɟɫɬɟɪɧɢ ɩɨ ɮɨɪɦɭɥɟ 

 
ɉɪɨɢɡɜɟɞɟɦ ɩɪɨɜɟɪɨɱɧɵɣ ɪɚɫɱɟɬ ɡɭɛɶɟɜ ɲɟɫɬɟɪɧɢ ɧɚ ɢɡɝɢɛ ɩɨ ɮɨɪɦɭɥɟ 

 

 

 
ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɚ ɢɡɝɢɛ ɡɭɛɶɹ ɩɟɪɟɞɚɱɢ ɜɩɨɥɧɟ ɩɪɨɱɧɵɟ. 
Ⱦɟɥɢɬɟɥɶɧɵɟ ɜɧɟɲɧɢɟ ɞɢɚɦɟɬɪɵ ɲɟɫɬɟɪɧɢ de1 ɢ ɤɨɥɟɫɚ de2 ɩɨ ɮɨɪɦɭɥɟ 

 

 
ɉɨ ȽɈɋɌ 12289-76 ɛɥɢɠɚɣɲɟɟ ɫɬɚɧɞɚɪɬɧɨɟ ɡɧɚɱɟɧɢɟ de2=250 ɦɦ ɢ, 

ɫɥɟɞɨɜɚɬɟɥɶɧɨ, de2=252 ɦɦ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ȽɈɋɌɭ. 
ɒɢɪɢɧɚ ɡɭɛɶɟɜ ɜɟɧɰɚ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ȽɈɋɌɨɦ Л=38 ɦɦ. 

Ɉɩɪɟɞɟɥɢɦ ɪɚɡɦɟɪɵ ɡɭɛɶɟɜ. ɉɨ ȽɈɋɌ 13754-81 (ɋɌ ɋЭȼ 516-77) 

ɤɨɷɮɮɢɰɢɟɧɬ ɜɵɫɨɬɵ ɝɨɥɨɜɨɤ ɡɭɛɶɟɜ h
•
a=1 ɢ ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɞɢɚɥɶɧɨɝɨ 

ɡɚɡɨɪɚ ɡɭɛɶɟɜ ɫ•
=0,2. 

ȼɵɫɨɬɚ ɝɨɥɨɜɨɤ ɡɭɛɶɟɜ 

 
ȼɵɫɨɬɚ ɧɨɠɟɤ ɡɭɛɶɟɜ 

 
ȼɵɫɨɬɚ ɡɭɛɶɟɜ 
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ȼɧɟɲɧɢɣ ɞɢɚɦɟɬɪ ɜɟɪɲɢɧ dae ɢ ɞɢɚɦɟɬɪ ɜɩɚɞɢɧ dfe ɩɨ ɮɨɪɦɭɥɚɦ: 
ɞɥɹ ɲɟɫɬɟɪɧɢ 

 

 
ɞɥɹ ɤɨɥɟɫɚ 

 

 
 

Кɨɧɬɪɨɥɶɧɵɟ ɜɨɩɪɨɫɵ. 
1. Ɋɚɫɫɱɢɬɚɬɶ ɤɨɧɢɱɟɫɤɭɸ ɩɪɹɦɨɡɭɛɭɸ ɩɟɪɟɞɚɱɭ ɨɞɧɨɫɬɭɩɟɧɱɚɬɨɝɨ 

ɪɟɞɭɤɬɨɪɚ ɨɛɳɟɝɨ ɧɚɡɧɚɱɟɧɢɹ ɩɪɢ ɭɫɥɨɜɢɢ, ɱɬɨ ɦɨɳɧɨɫɬɶ, 
ɩɟɪɟɞɚɜɚɟɦɚɹ ɲɟɫɬɟɪɧɟɣ, Ɋ1=5 ɤȼɬ; ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ ɲɟɫɬɟɪɧɢ 
Ȧ1=105 ɪɚɞ/ɫ (Ч1=1000 ɦɢɧ-1); ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ ɤɨɥɟɫɚ Ȧ2= 34 ɪɚɞ/ɫ 
(Ч2=325 ɦɢɧ-1). ɇɚɝɪɭɡɤɚ ɩɟɪɟɞɚɱɢ ɩɨɫɬɨɹɧɧɚɹ. ɋɪɨɤ ɫɥɭɠɛɵ 
15 000 ɱ. 
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Ɍɟɦɚ: Ɍɟɩɥɨɜɨɣ ɪɚɫɱɟɬ ɱɟɪɜɹɱɧɨɣ ɩɟɪɟɞɚɱɢ. 
ɐɟɥɶ ɪɚɛɨɬɵ: ɇɚɭɱɢɬɶ ɩɪɨɢɡɜɨɞɢɬɶ ɬɟɩɥɨɜɵɟ ɪɚɫɱёɬɵ ɱɟɪɜɹɱɧɨɣ 

ɩɟɪɟɞɚɱɢ. 
 

 

ɉɨɪɹɞɨɤ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬɵ 

Ɇɟɯɚɧɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ, ɩɨɬɟɪɹɧɧɚɹ ɜ ɩɟɪɟɞɚɱɚɯ, ɩɟɪɟɯɨɞɢɬ ɜ ɬɟɩɥɨɜɭɸ, 
ɜɵɡɵɜɚɸɳɭɸ ɧɚɝɪɟɜ ɞɟɬɚɥɟɣ ɢ ɦɚɫɥɚ. ȼɜɢɞɭ ɧɟɜɵɫɨɤɨɝɨ КɉȾ ɱɟɪɜɹɱɧɵɟ 
ɩɟɪɟɞɚɱɢ ɪɚɛɨɬɚɸɬ ɫ ɛɨɥɶɲɢɦ ɬɟɩɥɨɜɵɞɟɥɟɧɢɟɦ. Ɉɞɧɚɤɨ ɧɚɝɪɟɜ ɦɚɫɥɚ ɞɨ 
ɬɟɦɩɟɪɚɬɭɪɵ ɫɜɵɲɟ 95° ɩɪɢɜɨɞɢɬ ɤ ɪɟɡɤɨɦɭ ɫɧɢɠɟɧɢɸ ɟɝɨ ɜɹɡɤɨɫɬɢ ɢ 
ɡɚɳɢɬɧɵɯ ɫɜɨɣɫɬɜ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɤ ɩɨɹɜɥɟɧɢɸ ɨɩɚɫɧɨɫɬɢ ɡɚɟɞɚɧɢɹ 
ɩɟɪɟɞɚɱɢ. ɉɨɷɬɨɦɭ ɬɟɦɩɟɪɚɬɭɪɚ ɦɚɫɥɚ ɜ ɤɚɪɬɟɪɟ ɩɟɪɟɞɚɱɢ ɧɟ ɞɨɥɠɧɚ 
ɩɪɟɜɵɲɚɬɶ ɞɨɩɭɫɤɚɟɦɭɸ ДtɦЖ = 70...90 °ɋ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɪɬɚ ɦɚɫɥɚ. 

Ⱦɥɹ ɧɨɪɦɚɥɶɧɨɣ ɪɚɛɨɬɵ ɩɟɪɟɞɚɱɢ ɧɟɨɛɯɨɞɢɦɨ ɨɛɟɫɩɟɱɟɧɢɟ ɬɟɩɥɨɜɨɝɨ 
ɛɚɥɚɧɫɚ, ɬ. ɟ. ɱɬɨɛɵ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɜɵɞɟɥɹɸɳɟɟɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɩɪɟɜɪɚɳɟɧɢɹ ɦɟɯɚɧɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɜ ɬɟɩɥɨɜɭɸ, ɧɟ ɩɪɟɜɵɲɚɥɨ ɤɨɥɢɱɟɫɬɜɨ 
ɬɟɩɥɨɬɵ, ɨɬɜɨɞɢɦɨɣ ɨɬ ɩɟɪɟɞɚɱɢ ɟɫɬɟɫɬɜɟɧɧɵɦ ɢɥɢ ɢɫɤɭɫɫɬɜɟɧɧɵɦ ɩɭɬɟɦ. 

Кɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ Q1, ɜɵɞɟɥɹɸɳɟɣɫɹ ɜ ɩɟɪɟɞɚɱɟ, 

(3.83) 

ɝɞɟ Ɋ — ɦɨɳɧɨɫɬɶ ɧɚ ɜɟɞɭɳɟɦ ɜɚɥɭ; η — КɉȾ ɩɟɪɟɞɚɱɢ. 
Кɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ Q2, ɨɬɜɨɞɢɦɨɣ ɱɟɪɟɡ ɫɬɟɧɤɢ ɪɟɞɭɤɬɨɪɚ ɜ ɨɤɪɭ-

ɠɚɸɳɭɸ ɫɪɟɞɭ ɟɫɬɟɫɬɜɟɧɧɵɦ ɩɭɬɟɦ, 

(3.84) 

ɝɞɟ А — ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ ɤɨɪɩɭɫɚ ɪɟɞɭɤɬɨɪɚ (ɛɟɡ 
ɭɱɟɬɚ ɞɧɢɳɚ); КT = 8... 17 ȼɬ/(ɦ2·ɝɪɚɞ) — ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɫɬɟɧɨɤ 
(ɛɨɥɶɲɢɟ ɡɧɚɱɟɧɢɹ ɩɪɢ ɯɨɪɨɲɟɣ ɰɢɪɤɭɥɹɰɢɢ ɜɨɡɞɭɯɚ ɜ ɩɨɦɟɳɟɧɢɢ); tM — 

ɬɟɦɩɟɪɚɬɭɪɚ ɦɚɫɥɚ; t0 
=
 20 °ɋ — ɪɚɫɱɟɬɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ. 

ɉɥɨɳɚɞɶ А ɩɨɜɟɪɯɧɨɫɬɢ ɨɯɥɚɠɞɟɧɢɣ ɤɨɪɩɭɫɚ ɪɟɞɭɤɬɨɪɚ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɩɨ ɮɨɪɦɭɥɟ (ɫɦ. ɪɢɫ. 3.27; ɜ ɢ ɪɢɫ 3.28): 

 (3.85) 

ɝɞɟ — ɜɵɫɨɬɚ ɤɨɪɩɭɫɚ; — ɞɥɢɧɚ ɤɨɪɩɭɫɚ; 

— ɲɢɪɢɧɚ ɤɨɪɩɭɫɚ. 
ȿɫɥɢ , ɬɨ ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɞɨɫɬɚɬɨɱɧɨ, ɜ ɩɪɨɬɢɜɧɨɦ 

ɫɥɭɱɚɟ ɧɚɞɨ ɭɜɟɥɢɱɢɬɶ ɩɨɜɟɪɯɧɨɫɬɶ ɨɯɥɚɠɞɟɧɢɹ, ɫɞɟɥɚɜ ɫɬɟɧɤɢ ɤɨɪɩɭɫɚ 
ɪɟɛɪɢɫɬɵɦɢ (ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɩɪɢ ɪɚɫɱɟɬɟ ɭɱɢɬɵɜɚɸɬ 50% ɩɥɨɳɚɞɢ ɩɨɜɟɪɯ-

ɧɨɫɬɢ ɪɟɛɟɪ). 
ɉɪɢ ɞɨɫɬɚɬɨɱɧɨɦ ɟɫɬɟɫɬɜɟɧɧɨɦ ɨɯɥɚɠɞɟɧɢɢ ɫɨɛɥɸɞɚɟɬɫɹ ɫɥɟɞɭɸɳɟɟ 

ɭɫɥɨɜɢɟ: 
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(3.86) 

ȿɫɥɢ ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɧɟɞɨɫɬɚɬɨɱɧɨ, ɬ. ɟ. , ɬɨ ɩɪɢ-

ɦɟɧɹɟɬɫɹ ɢɫɤɭɫɫɬɜɟɧɧɨɟ ɨɯɥɚɠɞɟɧɢɟ, ɩɪɢ ɤɨɬɨɪɨɦ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ 
ɡɧɚɱɢɬɟɥɶɧɨ ɩɨɜɵɲɚɟɬɫɹ. 

Ⱦɥɹ ɡɭɛɱɚɬɵɯ ɢ ɦɚɥɨɦɨɳɧɵɯ ɱɟɪɜɹɱɧɵɯ ɩɟɪɟɞɚɱ ɨɛɵɱɧɨ ɞɨɫɬɚɬɨɱɧɨ 

ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ; ɞɥɹ ɱɟɪɜɹɱɧɵɯ ɩɟɪɟɞɚɱ ɛɨɥɶɲɨɣ ɦɨɳɧɨɫɬɢ ɫ 
ɧɟɜɵɫɨɤɢɦ КɉȾ ɢ ɞɥɹ ɜɫɟɯ ɝɥɨɛɨɢɞɧɵɯ ɩɟɪɟɞɚɱ ɩɪɢɦɟɧɹɸɬ ɢɫɤɭɫɫɬɜɟɧɧɨɟ 
ɨɯɥɚɠɞɟɧɢɟ. 

Ɉɫɧɨɜɧɵɟ ɫɩɨɫɨɛɵ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫ. 
ɚ — ɜɨɡɞɭɲɧɨɟ ɨɯɥɚɠɞɟɧɢɟ ɫ ɩɨɦɨɳɶɸ ɜɟɧɬɢɥɹɬɨɪɚ, ɜɫɬɪɨɟɧɧɨɝɨ ɜ 

ɤɨɪ- 

 
ɩɭɫ ɪɟɞɭɤɬɨɪɚ (ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɩɪɢ ɷɬɨɦ ɫɩɨɫɨɛɟ КɌ = 20...28 

ȼɬ/(ɦ2·ɝɪɚɞ); ɛ — ɜɨɞɹɧɨɟ ɨɯɥɚɠɞɟɧɢɟ ɫ ɩɨɦɨɳɶɸ ɡɦɟɟɜɢɤɚ ɫ ɩɪɨɬɨɱɧɨɣ 
ɜɨɞɨɣ, ɜɫɬɪɨɟɧɧɨɝɨ ɜ ɤɨɪɩɭɫ ɪɟɞɭɤɬɨɪɚ (ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɩɪɢ ɷɬɨɦ 
ɫɩɨɫɨɛɟ КɌ = 70... 100 ȼɬ/(ɦ2

-ɝɪɚɞ); ɜ — ɰɢɪɤɭɥɹɰɢɨɧɧɨɟ ɨɯɥɚɠɞɟɧɢɟ ɦɚɫɥɚ ɫ 
ɩɪɢɦɟɧɟɧɢɟɦ ɫɩɟɰɢɚɥɶɧɵɯ ɯɨɥɨɞɢɥɶɧɢɤɨɜ. ɋɥɟɞɭɟɬ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɩɪɢ 
ɩɨɫɥɟɞɧɢɯ ɞɜɭɯ ɫɩɨɫɨɛɚɯ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɨɯɥɚɠɞɟɧɢɹ ɡɚɜɢɫɢɬ ɧɟ ɬɨɥɶɤɨ ɨɬ 
ɩɥɨɳɚɞɢ ɩɨɜɟɪɯɧɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ ɤɨɪɩɭɫɚ ɪɟɞɭɤɬɨɪɚ, ɩɨɷɬɨɦɭ ɩɪɢɦɟɧɹɬɶ 
ɜɵɲɟɩɪɢɜɟɞɟɧɧɵɟ ɮɨɪɦɭɥɵ ɞɥɹ ɬɟɩɥɨɜɨɝɨ ɪɚɫɱɟɬɚ ɧɟɥɶɡɹ. 

ȼ ɱɟɪɜɹɱɧɵɯ ɩɟɪɟɞɚɱɚɯ ɜɨɡɦɨɠɧɨ ɢɧɬɟɧɫɢɜɧɨɟ ɢɡɧɚɲɢɜɚɧɢɟ ɚɤɬɢɜɧɵɯ 
ɩɨɜɟɪɯɧɨɫɬɟɣ ɡɭɛɶɟɜ ɱɟɪɜɹɱɧɨɝɨ ɤɨɥɟɫɚ, ɚ ɬɚɤɠɟ ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɡɚɟɞɚɧɢɹ ɢ 
ɟɝɨ ɨɩɚɫɧɨɣ ɮɨɪɦɵ — ɡɚɞɢɪɚ. ɉɨɷɬɨɦɭ ɜ ɷɬɢɯ ɩɟɪɟɞɚɱɚɯ ɪɟɤɨɦɟɧɞɭɟɬɫɹ 
ɩɪɢɦɟɧɹɬɶ ɧɟɮɬɹɧɵɟ ɦɚɫɥɚ ɩɨɜɵɲɟɧɧɨɣ ɜɹɡɤɨɫɬɢ ɫ ɞɨɛɚɜɥɟɧɢɟɦ (ɞɥɹ 
ɭɥɭɱɲɟɧɢɹ ɩɪɨɬɢɜɨɡɚɞɢɪɧɵɯ ɫɜɨɣɫɬɜ) ɪɚɫɬɢɬɟɥɶɧɨɝɨ ɦɚɫɥɚ, ɥɢɛɨ ɩɪɢɦɟɧɹɬɶ 
ɫɢɧɬɟɬɢɱɟɫɤɢɟ ɦɚɫɥɚ, ɧɚɩɪɢɦɟɪ ɷɮɢɪɧɵɟ ɢ ɬ.ɞ. 

 

 

Кɨɧɬɪɨɥɶɧɵɟ ɜɨɩɪɨɫɵ. 
1. ɑɟɪɜɹɱɧɚɹ ɩɟɪɟɞɚɱɚ ɫ Ⱥɪɯɢɦɟɞɨɜɵɦ ɱɟɪɜɹɤɨɦ. 
2. Ƚɟɨɦɟɬɪɢɱɟɫɤɢɟ ɫɨɨɬɧɨɲɟɧɢɹ, ɩɟɪɟɞɚɬɨɱɧɨɟ ɱɢɫɥɨ, КɉȾ. 
3. ȼɢɞɵ ɪɚɡɪɭɲɟɧɢɹ ɡɭɛɶɟɜ ɱɟɪɜɹɱɧɵɯ ɤɨɥɟɫ. 
 

 



47 

 

ɉɊȺɄɌɂɑȿɋɄȺə ɊȺȻɈɌȺ № 17 

Ɍɟɦɚ: ɉɪɨɟɤɬɢɪɨɜɨɱɧɵɣ ɢ ɩɪɨɜɟɪɨɱɧɵɣ ɪɚɫɱɟɬɵ ɩɟɪɟɞɚɱɢ. 
ɐɟɥɶ ɪɚɛɨɬɵ: ɇɚɭɱɢɬɶ ɩɪɨɢɡɜɨɞɢɬɶ ɩɪɨɟɤɬɢɪɨɜɨɱɧɵɣ ɢ ɩɪɨɜɟɪɨɱɧɵɣ 

ɪɚɫɱɟɬɵ ɩɟɪɟɞɚɱɢ. 
 

Ⱥɥɝɨɪɢɬɦ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ: 
ɉɪɨɟɤɬɧɵɣ ɪɚɫɱɟɬ ɡɚɤɪɵɬɨɣ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɩɟɪɟɞɚɱɢ 

Ɉɩɪɟɞɟɥɢɦ ɪɚɫɱёɬɧɵɣ ɦɨɦɟɧɬ ɧɚ ɲɟɫɬɟɪɧɟ 
2333332011929550nNK9550T 21 ,/.,/   ɇ·ɦ 

ɉɪɟɞɩɨɥɚɝɚɟɦɨɟ ɩɟɪɟɞɚɬɨɱɧɨɟ ɱɢɫɥɨ 

3519174291nnU
0
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0 ,,/,/   
ɉɪɟɞɩɨɥɚɝɚɟɦɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɲɢɪɢɧɵ ɲɟɫɬɟɪɧɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɟё 

ɧɚɱɚɥɶɧɨɝɨ ɞɢɚɦɟɬɪɚ ɜɵɛɢɪɚɸ ɪɚɜɧɵɦ .9.00 bd  

ɉɪɟɞɩɨɥɚɝɚɟɦɨɟ ɦɟɠɨɫɟɜɨɟ ɪɚɫɫɬɨɹɧɢɟ 
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ɀɟɥɚɟɦɨɟ ɦɟɠɨɫɟɜɨɟ ɪɚɫɫɬɨɹɧɢɟ ɜɵɛɢɪɚɸ ɪɚɜɧɵɦ 300awg  ɦɦ. 
Ⱦɨɩɭɫɬɢɦɨɟ ɨɬɤɥɨɧɟɧɢɟ ɦɟɠɨɫɟɜɨɝɨ ɪɚɫɫɬɨɹɧɢɹ 15aw  ɦɦ. 
ɉɪɟɞɩɨɥɚɝɚɟɦɵɣ ɧɚɱɚɥɶɧɵɣ ɞɢɚɦɟɬɪ ɲɟɫɬɟɪɧɢ 

969413530021Ua2d
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1w ,),/()/(  ɦɦ 

Ɉɩɪɟɞɟɥɹɟɦ ɩɪɟɞɩɨɥɚɝɚɟɦɭɸ ɪɚɛɨɱɭɸ ɲɢɪɢɧɭ  
4685969490db
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ɉɪɟɞɩɨɥɚɝɚɟɦɵɣ ɦɨɞɭɥɶ 
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ȼɵɛɢɪɚɟɦ ɡɧɚɱɟɧɢɟ ɦɨɞɭɥɹ ɩɨ ɋɌ ɋЭȼ 310-76 ɪɚɜɧɵɦ 4,5ɦɦ. 
Кɨɷɮɮɢɰɢɟɧɬɵ ɫɦɟɳɟɧɢɹ ɲɟɫɬɟɪɧɢ ɢ ɤɨɥɟɫɚ ɪɚɜɧɵɦɢ ɏ1 = 0,5, ɏ2 = 

0,5. 

ɂɫɯɨɞɧɵɣ ɤɨɧɬɭɪ ɡɭɛɶɟɜ ɩɨ ȽɈɋɌ 13755-81 α=200
, h

*
f =1,25, h

*
a = 1, 

h
*

L=2.  

ɉɪɨɜɟɪɨɱɧɵɣ ɪɚɫɱёɬ ɩɟɪɟɞɚɱɢ ɩɨ ɤɨɧɬɚɤɬɧɵɦ ɧɚɩɪяɠɟɧɢяɦ 

ɉɪɨɢɡɜɨɞɢɦ ɪɚɫɱёɬ ɝɟɨɦɟɬɪɢɢ ɩɨ ȽɈɋɌ 16532-70. 

Ɉɩɪɟɞɟɥɹɟɦ ɫɭɦɦɭ ɱɢɫɟɥ ɡɭɛɶɟɜ  
13311221ZZZ 21   

ɑɚɫɬɨɬɭ ɜɪɚɳɟɧɢɹ ɤɨɥɟɫɚ ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 
2417354291Unn 12 ,,/,/  ɦɢɧ-1

 

Ɇɨɞɭɥɶ ɨɬɤɥɨɧɟɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɨɬ ɠɟɥɚɟɦɨɣ 
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850n05019172417nnn D2
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ɇɚɯɨɞɢɦ ɬɨɪɰɨɜɵɣ ɭɝɨɥ ɩɪɨɮɢɥɹ 
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t 20020tgarctgtgarctg  )cos/()cos/(   
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Ɇɨɞɭɥɶ ɨɬɤɥɨɧɟɧɢɹ ɦɟɠɨɫɟɜɨɝɨ ɪɚɫɫɬɨɹɧɢɹ ɨɬ ɠɟɥɚɟɦɨɝɨ 

533005303aaa wgwR ..  ɦɦ 

Ⱦɟɥɢɬɟɥɶɧɵɣ ɞɢɚɦɟɬɪ ɲɟɫɬɟɪɧɢ 
59402154Zmd 11 .cos/.cos/   ɦɦ 

Ⱦɟɥɢɬɟɥɶɧɵɣ ɞɢɚɦɟɬɪ ɤɨɥɟɫɚ 
504011254Zmd 22  cos/.cos/  ɦɦ 

ɇɚɱɚɥɶɧɵɣ ɞɢɚɦɟɬɪ ɲɟɫɬɟɪɧɢ 
8953332153032ZZa2d 1w1w ././   ɦɦ 

ɇɚɱɚɥɶɧɵɣ ɞɢɚɦɟɬɪ ɤɨɥɟɫɚ 
251133311253032ZZa2d 2w2w ././   ɦɦ 

Ɉɫɧɨɜɧɨɣ ɞɢɚɦɟɬɪ ɲɟɫɬɟɪɧɢ 
88820594dd t11b .cos.cos   ɦɦ 

Ɉɫɧɨɜɧɨɣ ɞɢɚɦɟɬɪ ɤɨɥɟɫɚ 
50420504dd t22b  coscos ɦɦ 

Ⱦɢɚɦɟɬɪ ɜɟɪɲɢɧ ɡɭɛɶɟɜ ɲɟɫɬɟɪɧɢ 

108501542594Xhm2dd 1a11a  ).(..)( *

ɦɦ 

Ⱦɢɚɦɟɬɪ ɜɟɪɲɢɧ ɡɭɛɶɟɜ ɤɨɥɟɫɚ 

5517501542504Xhm2dd 2a22a .).(.)( *  ɦɦ 

Ⱦɢɚɦɟɬɪ ɜɩɚɞɢɧ ɡɭɛɶɟɜ ɲɟɫɬɟɪɧɢ 

587501542594Xhm2dh 1f11f ,),(,,)( *  ɦɦ 

Ⱦɢɚɦɟɬɪ ɜɩɚɞɢɧ ɡɭɛɶɟɜ ɤɨɥɟɫɚ 

2497501542504Xhm2dh 2f21f ,),(.)( *  ɦɦ 

Ɉɫɧɨɜɧɨɣ ɨɤɪɭɠɧɨɣ ɲɚɝ 
11302054143mP tbt ,cos/cos..cos/cos   ɦɦ 

Ɉɫɟɜɨɣ ɲɚɝ 
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1314054143mPx ,sin/..sin/   ɦɦ 

ɍɝɨɥ ɩɪɨɮɢɥɹ ɡɭɛɚ ɲɟɫɬɟɪɧɢ ɜ ɬɨɱɤɟ ɧɚ ɨɤɪɭɠɧɨɫɬɢ ɜɟɪɲɢɧ  
0

1a1b1a 236108888dd ,)/,arccos()/arccos(   
ɍɝɨɥ ɩɪɨɮɢɥɹ ɡɭɛɚ ɤɨɥɟɫɚ ɜ ɬɨɱɤɟ ɧɚ ɨɤɪɭɠɧɨɫɬɢ ɜɟɪɲɢɧ 

0
2a2b2a 82555176473dd ,),/,arccos()/arccos(   

 

Кɨɷɮɮɢɰɢɟɧɬ ɬɨɪɰɨɜɨɝɨ ɩɟɪɟɤɪɵɬɢɹ 

23
1432

20tg133825tg112236tg21

2

tgZtgZtgZ tw2a21a1 ,
.

,,)(









 





 

Кɨɷɮɮɢɰɢɟɧɬ ɨɫɟɜɨɝɨ ɩɟɪɟɤɪɵɬɢɹ 
8431470Pxbw ,,//   

Кɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɤɪɵɬɢɹ 
82384v  ,, 

 

80n

20n

.

.



 

 
ɋɪɟɞɧɹɹ ɫɭɦɦɚɪɧɚɹ ɞɥɢɧɚ ɤɨɧɬɚɤɬɧɵɯ ɥɢɧɢɣ 

22402370bl bwm  cos/,cos/  ɦɦ 

Кɨɷɮɮɢɰɢɟɧɬ ɫɪɟɞɧɟɝɨ ɢɡɦɟɧɟɧɢɹ ɫɭɦɦɚɪɧɨɣ ɞɥɢɧɵ ɤɨɧɬɚɤɬɧɵɯ ɥɢɧɢɣ 

980
8423

8020
1

nn
1K ,

,,

,,














 

 
ɇɚɢɦɟɧɶɲɚɹ ɫɭɦɦɚɪɧɚɹ ɞɥɢɧɚ ɤɨɧɬɚɤɬɧɵɯ ɥɢɧɢɣ 

70b6221980224Kll wm  ,,min  ɦɦ 

ɑɢɫɥɨ ɡɭɛɶɟɜ ɲɟɫɬɟɪɧɢ, ɨɛɯɜɚɬɵɜɚɟɦɵɯ ɧɨɪɦɚɥɟɦɟɪɨɦ ɨɩɪɟɞɟɥɹɟɦ ɩɨ 
ɮɨɪɦɭɥɟ 

50inv
Z

tgX2tgZ
Z t

1

1

b
2

1X1
1n .)

cos
( 


 







 

0425
050221

2021

X2Z

Z

11

t1
2X .

cos.

cos

cos

cos
arccos 














 

9742500160
21

20tg502

0

0425tg

143

21
Z

21n ..).
.

cos

.
(

.





 
ɉɪɢɧɢɦɚɟɦ Zn1 = 3. 

ɑɢɫɥɨ ɡɭɛɶɟɜ ɤɨɥɟɫɚ, ɨɯɜɚɬɵɜɚɟɦɵɯ ɧɨɪɦɚɥɟɦɟɪɨɦ 

5.0)
2

cos
(

2

2

2

22
2 


 t

b

X

n inv
Z

tgXtgZ
Z 





  

87521
0302112

4120112

2Z

Z

2

t2
2X .

cos.

.cos

cos

cos
arccos 














 

238500160
112

20tg502

0

87521tg

143

112
Z

22n ..).
,

cos

.
(

.
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ɉɪɢɧɢɦɚɟɦ Zn2 = 8. 

Ɉɩɪɟɞɟɥɹɟɦ ɞɥɢɧɭ ɨɛɳɟɣ ɧɨɪɦɚɥɢ ɲɟɫɬɟɪɧɢ 
 
 

ɦɦ38743127W

570205401602120tg502503143W

bminvZtgX250ZW

1

1

wt111n1

..

sin/cos...).(.

sin/cos).(




 

 
Ⱦɥɢɧɚ ɨɛɳɟɣ ɧɨɪɦɚɥɢ ɤɨɥɟɫɚ 

 
 

ɦɦ3878979W

5702054016011220tg502508143W

bminvZtgX250ZW

2

2

wt222n2

..

sin/cos..,).(.

sin/cos).(




  

 
 

 

 


