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ȼɵɩɭcɤɧaɹ ɤɜaɥɢɮɢɤaɰɢɨɧɧaɹ paɛɨɬa ɩɨ ɬeɦe «ɉepeɜɨɞ ɤɨɬeɥɶɧɨɣ ɦaɥɨɣ 
ɦɨɳɧɨcɬɢ cɬaɧɰɢɹ Aɛaɤɭɦɨɜɤa ɧa aɥɶɬepɧaɬɢɜɧɨe ɬɨɩɥɢɜɨ» cɨɞepɠɢɬ 76 
cɬpaɧɢɰ ɬeɤcɬɨɜɨɝɨ ɞɨɤɭɦeɧɬa, 8 ɢɥɥɸcɬpaɰɢɣ, 18 ɬaɛɥɢɰ, 15 ɢcɩɨɥɶɡɨɜaɧɧɵɯ 
ɢcɬɨɱɧɢɤɨɜ. 

CɏEɆA ɌEɉɅɈCɇAȻɀEɇɂə, ɂCɌɈɑɇɂɄ ɌEɉɅɈCɇAȻɀEɇɂə, 
ɀEɅEɁɇɈȾɈPɈɀɇAə CɌAɇɐɂə AȻAɄɍɆɈȼɄA, CEɅɈ 
ɇɈȼɈɇɂɄɈɅAEȼɄA, ȼɈȾɈȽPEɃɇɕɃ ɄɈɌEɅ, ȽAɁɈȼɕɃ ɄɈɌEɅ, 
ȽAɁɈȼAə ɄɈɌEɅɖɇAə, ɄɈɌEɅɖɇAə. 

ɐeɥɶɸ ɞaɧɧɨɣ paɛɨɬɵ ɹɜɥɹeɬcɹ paccɦɨɬpeɧɢe ɜɨɩpɨca ɩepeɯɨɞa 
ɤɨɬeɥɶɧɵɯ ɦaɥɨɣ ɦɨɳɧɨcɬɢ, pacɩɨɥɨɠeɧɧɵɯ ɜɞaɥɢ ɨɬ ɰeɧɬpaɥɢɡɨɜaɧɧɵɯ  
ɢcɬɨɱɧɢɤɨɜ ɝaɡɨcɧaɛɠeɧɢɹ, c ɩpɢɦeɧeɧɢeɦ ɜ ɤaɱecɬɜe ɨcɧɨɜɧɨɝɨ ɜɢɞa ɬɨɩɥɢɜa 
cɠɢɠeɧɧɵɣ ɭɝɥeɜɨɞɨpɨɞɧɵɣ ɝaɡ, ɧa ɩpɢɦepe ɤɨɬeɥɶɧɨɣ, pacɩɨɥɨɠeɧɧɨɣ  
ɜ c. ɇɨɜɨɧɢɤɨɥaeɜɤa ɂɥaɧcɤɨɝɨ paɣɨɧa Ʉpacɧɨɹpcɤɨɝɨ ɤpaɹ.  

Ɂaɞaɱaɦɢ ɞaɧɧɨɣ paɛɨɬɵ ɹɜɥɹɸɬcɹ: 
1. Aɧaɥɢɡ cɭɳecɬɜɭɸɳeɝɨ ɩɨɥɨɠeɧɢɹ ɢ ɜɵɹɜɥeɧɢe ɩpɨɛɥeɦ; 
2. ɉɨɢcɤ ɬeɯɧɢɱecɤɢɯ peɲeɧɢɣ; 
3. Aɧaɥɢɡ peɲeɧɢɣ ɢ ɜɵɛɨp ɜapɢaɧɬa; 
4. ȼɵɩɨɥɧeɧɢe pacɱeɬɨɜ ɞɥɹ ɨɛɨcɧɨɜaɧɢɹ ɜapɢaɧɬa; 
5. ɉɨɞɛɨp ɨɛɨpɭɞɨɜaɧɢɹ. 
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ɜ c. ɇɨɜɨɧɢɤɨɥaeɜɤa ɂɥaɧcɤɨɝɨ paɣɨɧa Ʉpacɧɨɹpcɤɨɝɨ ɤpaɹ..  

Ɂaɞaɱaɦɢ ɞaɧɧɨɣ paɛɨɬɵ ɹɜɥɹɸɬcɹ: 
1. Aɧaɥɢɡ cɭɳecɬɜɭɸɳeɝɨ ɩɨɥɨɠeɧɢɹ ɢ ɜɵɹɜɥeɧɢe ɩpɨɛɥeɦ; 
2. ɉɨɢcɤ ɬeɯɧɢɱecɤɢɯ peɲeɧɢɣ; 
3. Aɧaɥɢɡ peɲeɧɢɣ ɢ ɜɵɛɨp ɜapɢaɧɬa; 
4. ȼɵɩɨɥɧeɧɢe pacɱeɬɨɜ ɞɥɹ ɨɛɨcɧɨɜaɧɢɹ ɜapɢaɧɬa; 
5. ɉɨɞɛɨp ɨɛɨpɭɞɨɜaɧɢɹ. 
Ʉɨɬeɥɶɧaɹ ɛaɥaɧcɨɜɨɣ ɩpɢɧaɞɥeɠɧɨcɬɢ Ʉpacɧɨɹpcɤɨɣ ɞɢpeɤɰɢɢ  

ɩɨ ɬeɩɥɨɜɨɞɨcɧaɛɠeɧɢɸ – cɬpɭɤɬɭpɧɨɝɨ ɩɨɞpaɡɞeɥeɧɢɹ ɐeɧɬpaɥɶɧɨɣ ɞɢpeɤɰɢɢ 
ɩɨ ɬeɩɥɨɜɨɞɨcɧaɛɠeɧɢɸ ɮɢɥɢaɥa ɈAɈ «PɀȾ» (ɞaɥee – Ⱦɢpeɤɰɢɹ) 
pacɩɨɥɨɠeɧa ɜ c. ɇɨɜɨɧɢɤɨɥaeɜɤa (ɠeɥeɡɧɨɞɨpɨɠɧaɹ cɬaɧɰɢɹ Aɛaɤɭɦɨɜɤa 
Ʉpacɧɨɹpcɤɨɣ ɠeɥeɡɧɨɣ ɞɨpɨɝɢ) ɂɥaɧcɤɨɝɨ paɣɨɧa Ʉpacɧɨɹpcɤɨɝɨ ɤpaɹ, ɝɞe 
ɹɜɥɹeɬcɹ eɞɢɧcɬɜeɧɧɵɦ ɰeɧɬpaɥɢɡɨɜaɧɧɵɦ ɢcɬɨɱɧɢɤɨɦ ɬeɩɥɨcɧaɛɠeɧɢɹ.  

ȼ ɞaɧɧɨɦ ɧaceɥeɧɧɨɦ ɩɭɧɤɬe ɰeɧɬpaɥɢɡɨɜaɧɧɵɦ ɬeɩɥɨcɧaɛɠeɧɢeɦ 
ɨɛecɩeɱeɧɵ 20 % ɧaceɥeɧɢɹ. Ɉcɬaɥɶɧaɹ eɝɨ ɱacɬɶ ɨcɭɳecɬɜɥɹeɬ ɨɬɨɩɥeɧɢe 
ɞɨɦɨɜ cɨɛcɬɜeɧɧɵɦɢ cɢɥaɦɢ ɨɬ ɭcɬaɧɨɜɥeɧɧɵɯ ɭɝɨɥɶɧɵɯ ɤɨɬɥɨɜ ɢ ɩeɱeɣ. 
ɇaceɥeɧɢe ɩɨ cɨcɬɨɹɧɢɸ ɧa 2020 ɝ. cɨcɬaɜɥɹeɬ 1400 ɱeɥɨɜeɤ. Ʉɨɬeɥɶɧaɹ ɛɵɥa 
ɩɨcɬpɨeɧa ɜ 2002 ɝ. 

ɉɨcɤɨɥɶɤɭ ɜ ɩɨcɥeɞɧɢe ɝɨɞɵ ɭɞeɥɹeɬcɹ ɨɝpɨɦɧɨe ɜɧɢɦaɧɢe ɜɨɩpɨcaɦ 
ɷɤɨɥɨɝɢɢ, ɬeɦa ɩepeɯɨɞa c ɭɝɥɹ ɧa ɝaɡɨɜɨe ɬɨɩɥɢɜɨ ɹɜɥɹeɬcɹ ɜecɶɦa aɤɬɭaɥɶɧɨɣ.   
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1 Aɤɬɭaɥɶɧɨcɬɶ paɛɨɬɵ 
1.1  Ɉɩɢcaɧɢe ɨɛɴeɤɬa ɢccɥeɞɨɜaɧɢɹ  

 

Ʉɥɢɦaɬ ɜ paccɦaɬpɢɜaeɦɨɦ paɣɨɧe peɡɤɨ-ɤɨɧɬɢɧeɧɬaɥɶɧɵɣ, aɛcɨɥɸɬɧɵɣ 
ɦaɤcɢɦɭɦ ɬeɦɩepaɬɭpɵ ɜɨɡɞɭɯa cɨcɬaɜɥɹeɬ +38 °C, aɛcɨɥɸɬɧɵɣ ɦɢɧɢɦɭɦ  
– 53 °C. Ɉɬɨɩɢɬeɥɶɧɵɣ ceɡɨɧ – 251 ɞeɧɶ.  

Ƚɨɞɨɜɨe ɤɨɥɢɱecɬɜɨ ɨcaɞɤɨɜ pacɩpeɞeɥeɧɨ cɥeɞɭɸɳɢɦ ɨɛpaɡɨɦ:  
c ɮɟɜɪaɥɹ ɩɨ ɦapɬ ɧaɛɥɸɞaeɬcɹ ɧaɢɦeɧɶɲee ɤɨɥɢɱecɬɜɨ (12-13 ɦɦ), ɧaɢɛɨɥɶɲee 
– ɜ ɢɸɥe (76 ɦɦ). Ɇaɤcɢɦɭɦ ɨcaɞɤɨɜ ɜɵɩaɞaeɬ ɜ ɩepɢɨɞ c aɩpeɥɹ ɩɨ ɨɤɬɹɛpɶ  
(342 ɦɦ). 

Cpeɞɧɹɹ ɞaɬa ɩepɜɨɝɨ ɡaɦɨpɨɡɤa ɜ ɜɨɡɞɭɯe – 5 ceɧɬɹɛpɹ. Ⱦaɬa ɩɨcɥeɞɧeɝɨ 
ɡaɦɨpɨɡɤa ɜ ɜɨɡɞɭɯe – 3 ɢɸɧɹ. Cpeɞɧɹɹ ɩpɨɞɨɥɠɢɬeɥɶɧɨcɬɶ ɛeɡɦɨpɨɡɧɨɝɨ 
ɩepɢɨɞa ɜ ɜɨɡɞɭɯe – 94 ɞɧɹ. 

Cpeɞɧɹɹ ɝɨɞɨɜaɹ ɬeɦɩepaɬɭpa cɨcɬaɜɥɹeɬ -1,3 °C. Caɦɵɣ ɯɨɥɨɞɧɵɣ ɦecɹɰ  
ɜ ɝɨɞɭ – ɹɧɜapɶ cɨ cpeɞɧeɦecɹɱɧɨɣ ɬeɦɩepaɬɭpɨɣ ɜɨɡɞɭɯa -25,7 °C, caɦɵɣ 
ɬeɩɥɵɣ ɦecɹɰ – ɢɸɥɶ cɨ cpeɞɧeɦecɹɱɧɨɣ ɬeɦɩepaɬɭpɨɣ +17,9 °C. 

Cpeɞɧeɝɨɞɨɜɵe ɩɨɤaɡaɬeɥɢ ɬeɦɩepaɬɭpɵ ɧapɭɠɧɨɝɨ ɜɨɡɞɭɯa  
ɜ c. ɇɨɜɨɧɢɤɨɥaeɜɤa ɩpeɞcɬaɜɥeɧɵ ɧa pɢcɭɧɤe 1. 

 
Pɢcɭɧɨɤ 1 – Cpeɞɧeɝɨɞɨɜɵe ɩɨɤaɡaɬeɥɢ ɧapɭɠɧɨɝɨ ɜɨɡɞɭɯa  

ɜ c. ɇɨɜɨɧɢɤɨɥaeɜɤa. 
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1.2  ɏapaɤɬepɢcɬɢɤa cɭɳecɬɜɭɸɳeɣ ɤɨɬeɥɶɧɨɣ 
 

Ʉɨɬeɥɶɧaɹ pacɩɨɥɨɠeɧa ɜ ɩɨɥɨce ɨɬɜɨɞa ɠeɥeɡɧɨɣ ɞɨpɨɝɢ. ɇaɡɧaɱeɧɢe 
ɨɛɴeɤɬa – ɨɛecɩeɱeɧɢe ɬeɩɥɨcɧaɛɠeɧɢeɦ ɛaɡɵ ɞɢcɬaɧɰɢɢ ɩɭɬɢ (ɉɑ-12),  
a ɢɦeɧɧɨ: ɞeɩɨ ɦaɲɢɧ ɬɹɠeɥɨɝɨ ɬɢɩa, 2 ɝapaɠa, aɞɦɢɧɢcɬpaɬɢɜɧɨ-ɛɵɬɨɜɨɝɨ 
ɤɨpɩɭca ɧa 35 ɱeɥɨɜeɤ,  ɧacɨcɧɨɣ cɬaɧɰɢɢ ɩɨɠapɨɬɭɲeɧɢɹ, cɭɳecɬɜɭɸɳɢɯ 
ɡɞaɧɢɣ: ɩɨcɬa ɷɥeɤɬpɢɱecɤɨɣ ɰeɧɬpaɥɢɡaɰɢɢ (ɗɐ) ɢ ɩaccaɠɢpcɤɨɝɨ (ɉɁ),  
ɠɢɥɵɯ ɞɨɦɨɜ (ɞeɜɹɬɶ 2-ɯ ɤɜapɬɢpɧɵɯ, ɬpɢ 16-ɬɢ ɤɜapɬɢpɧɵɯ) ɢ ɞeɬcɤɨɝɨ caɞa.  

ɍcɬaɧɨɜɥeɧɧaɹ ɦɨɳɧɨcɬɶ – 2 Ƚɤaɥ/ɱac (2,3 Ɇȼɬ), ɢcɩɨɥɶɡɭeɦɨe ɬɨɩɥɢɜɨ – 
Ȼɨpɨɞɢɧcɤɢɣ ɭɝɨɥɶ ɦapɤɢ 2ȻP. 

Cɢcɬeɦa ɬeɩɥɨcɧaɛɠeɧɢɹ ɞɜɭɯɬpɭɛɧaɹ, ɡaɤpɵɬaɹ. ɇaɝpeɜ ɬeɩɥɨɧɨcɢɬeɥɹ  
ɜ ɤɨɬeɥɶɧɨɣ ɩpɨɢɡɜɨɞɢɬcɹ ɩɨ ɞɜɭɦ ɤɨɧɬɭpaɦ: ɩɨ ɜɧɭɬpeɧɧeɦɭ ɢ ɜɧeɲɧeɦɭ.  
ȼɨ ɜɧɭɬpeɧɧeɦ ɤɨɧɬɭpe: ɤɨɬɥɵ-ɬeɩɥɨɨɛɦeɧɧɢɤɢ, ɬeɩɥɨɧɨcɢɬeɥɶ - ɜɨɞa  
c ɩapaɦeɬpaɦɢ 105-80 ℃; ɜɨ ɜɧeɲɧeɦ: ɬeɩɥɨɨɛɦeɧɧɢɤɢ - ɩɨɬpeɛɢɬeɥɶ, 
ɬeɩɥɨɧɨcɢɬeɥɶ - ɜɨɞa c ɩapaɦeɬpaɦɢ 95-70 ℃. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Pɢcɭɧɨɤ 2 – ȼɢɞ ɤɨɬeɥɶɧɨɣ 
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1.3  Ɉɩɢcaɧɢe ɤɨɬeɥɶɧɨɣ 
 
ȼ ɤɨɬeɥɶɧɨɣ cɬ. Aɛaɤɭɦɨɜɤa ɭcɬaɧɨɜɥeɧɵ 2 cɬaɥɶɧɵɯ ɜɨɞɨɝpeɣɧɵɯ 

ɤɨɬɥɨaɝpeɝaɬa – Ʉȼp-1,0.  

Pɢcɭɧɨɤ 3 – Ʉɨɬeɥ Ʉȼp-1,0 
 

Ɍeɯɧɢɱecɤɢe ɯapaɤɬepɢcɬɢɤɢ ɭcɬaɧɨɜɥeɧɧɨɝɨ ɤɨɬɥɨaɝpeɝaɬa Ʉȼp-1,0 
ɩpeɞcɬaɜɥeɧɵ ɜ ɬaɛɥɢɰe 1. 
 

Ɍaɛɥɢɰa 1 – Ɍeɯɧɢɱecɤɢe ɯapaɤɬepɢcɬɢɤɢ ɤɨɬɥa Ʉȼp-1,0 
ɇaɢɦeɧɨɜaɧɢe ɩɨɤaɡaɬeɥɹ Ɂɧaɱeɧɢe 

ɇɨɦɢɧaɥɶɧaɹ 
ɬeɩɥɨɩpɨɢɡɜɨɞɢɬeɥɶɧɨcɬɶ, Ɇȼɬ 

(Ƚɤaɥ/ɱ) 

1,16 (1,0) 

Ⱦɢaɩaɡɨɧ peɝɭɥɢpɨɜaɧɢɹ 
ɬeɩɥɨɩpɨɢɡɜɨɞɢɬeɥɶɧɨcɬɢ  

ɩɨ ɨɬɧɨɲeɧɢɸ ɤ ɧɨɦɢɧaɥɶɧɨɣ, % 

30-100 

Paɛɨɱee ɞaɜɥeɧɢe ɜɨɞɵ, Ɇɉa 0,6 
Ɍeɦɩepaɬɭpa ɜɨɞɵ ɧa ɜɵɯɨɞe ɢɡ ɤɨɬɥa, 

°C 
100 

Ɍeɦɩepaɬɭpa ɜɨɞɵ ɧa ɜɯɨɞe ɜ ɤɨɬeɥ, 
°C 

75 

Ɍeɦɩepaɬɭpa ɭɯɨɞɹɳɢɯ ɝaɡɨɜ, °C 150 
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ȼ ɛɥɨɤe ɤɨɬeɥɶɧɨɣ pacɩɨɥɨɠeɧɵ cɥeɞɭɸɳɢe ɩɨɦeɳeɧɢɹ: ɤɨɬeɥɶɧɵɣ ɡaɥ, 
ɨɬɞeɥeɧɢe ɡɨɥɨɲɥaɤɨɭɞaɥeɧɢɹ (ɒɁɍ), ɨɩepaɬɨpcɤaɹ, ɨɬɞeɥeɧɢe ɯpaɧeɧɢɹ  
ɢ ɞpɨɛɥeɧɢɹ ɭɝɥɹ, a ɬaɤɠe ɧacɨcɧaɹ. 

ɍɝɨɥɶ ɞɨcɬaɜɥɹeɬcɹ aɜɬɨɦɨɛɢɥeɦ. 
Ⱦɥɹ ɢɡɦeɥɶɱeɧɢɹ ɭɝɥɹ c 200 ɦɦ ɞɨ ɮpaɤɰɢɢ 5 ɦɦ ɭcɬaɧɨɜɥeɧa ɞpɨɛɢɥɤa  

Ⱦ-AP-154 (55). Ƚɨɞɨɜɨɣ pacɯɨɞ ɭɝɥɹ cɨcɬaɜɥɹeɬ 1150 ɬ/ɝɨɞ. 
ɍcɬaɧɨɜɥeɧɵ pɭɤaɜɧɵe ɮɢɥɶɬpɵ, ɷɮɮeɤɬɢɜɧɨcɬɶ ɨɱɢcɬɤɢ ɞɨ 99 %. 
Ɉɛɨpɭɞɨɜaɧɢe ɡɨɥɨɭɞaɥeɧɢɹ pacɩɨɥɨɠeɧɨ ɜ ɩɨɦeɳeɧɢɢ ɒɁɍ. 
Ɉɬ ɤɨɬeɥɶɧɨɣ, ɞɥɹ ɨɛecɩeɱeɧɢɹ ɩɨɬpeɛɢɬeɥeɣ ɰeɧɬpaɥɢɡɨɜaɧɧɵɦ 

ɬeɩɥɨcɧaɛɠeɧɢeɦ, ɩpɨɥɨɠeɧa ɬeɩɥɨɜaɹ ceɬɶ ɜ ɞɜɭɯɬpɭɛɧɨɦ ɢcɩɨɥɧeɧɢɢ 
ɩpɨɬɹɠeɧɧɨcɬɶɸ 1,9 ɤɦ. 

ɏapaɤɬepɢcɬɢɤa ɬeɩɥɨɜɵɯ ceɬeɣ ɩpeɞcɬaɜɥeɧa ɜ ɬaɛɥɢɰe 2. 
 

Ɍaɛɥɢɰa 2 – ɏapaɤɬepɢcɬɢɤa ɬeɩɥɨɜɨɣ ceɬɢ cɬ. Aɛaɤɭɦɨɜɤa 
ɍcɥɨɜɧɵɣ 
ɞɢaɦeɬp 

ɬpɭɛɨɩpɨɜɨɞa, ɦɦ 

ɇapɭɠɧɵɣ 
ɞɢaɦeɬp 

ɬpɭɛɨɩpɨɜɨɞa, ɦɦ 

Ⱦɥɢɧa 
ɬpɭɛɨɩpɨɜɨɞa, ɦ 

Ɇaɬepɢaɥɶɧaɹ 
ɯapaɤɬepɢcɬɢɤa, ɦ2 

0,033 0,038 289,4 11 
0,05 0,059 148,1 9 

0,069 0,076 366,6 17 
0,082 0,089 540,4 48 

0,1 0,108 348,5 38 
0,125 0,133 115 15 
0,15 0,159 56 9 

0,207 0,219 36 8 
ɂɬɨɝɨ: 1900 154,3 
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Pɢcɭɧɨɤ 4- Cɯeɦa pacɩɨɥɨɠeɧɢɹ ɤɨɬeɥɶɧɨɣ ɢ ɬeɩɥɨɜɵɯ ceɬeɣ  
cɬ. Aɛaɤɭɦɨɜɤa 

 
ȼɨɞɨcɧaɛɠeɧɢe ɤɨɬeɥɶɧɨɣ ɩpɨɢɡɜɨɞɢɬcɹ ɨɬ cɭɳecɬɜɭɸɳeɝɨ 

ɯɨɡɹɣcɬɜeɧɧɨ-ɩɢɬɶeɜɨɝɨ ɜɨɞɨɩpɨɜɨɞa Ⱦɢpeɤɰɢɢ ɧa cɬ. Aɛaɤɭɦɨɜɤa.  
ɉpɨɢɡɜɨɞcɬɜeɧɧɵe ɢ ɛɵɬɨɜɵe cɬɨɤɢ ɨɬɜɨɞɹɬcɹ ɜ ceɩɬɢɤ ɨɛɴeɦɨɦ 25 ɦ3, 

ɩɨcɥe ɱeɝɨ ɜɵɜɨɡɹɬcɹ ɧa ɨɱɢcɬɧɵe cɨɨpɭɠeɧɢɹ Ⱦɢpeɤɰɢɢ ɧa cɬ. ɂɥaɧcɤaɹ 
Ʉpacɧɨɹpcɤɨɣ ɠeɥeɡɧɨɣ ɞɨpɨɝɢ (ɝ. ɂɥaɧcɤɢɣ). 
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1.4  Ɉɩɢcaɧɢe ɬeɯɧɢɱecɤɢɯ peɲeɧɢɣ 

ȼ cɜɹɡɢ c ɩɨɢcɤɨɦ peɲeɧɢɹ ɩpɨɛɥeɦ ɷɤɨɥɨɝɢɢ, paɡɜɢɬɢeɦ ɧɨɜɵɯ 
ɬeɯɧɨɥɨɝɢɣ ɩɨ cɠɢɝaɧɢɸ paɡɥɢɱɧɵɯ ɜɢɞɨɜ ɬɨɩɥɢɜ, ɢɡɭɱeɧɢɹ ɧɨɜɵɯ ɜɢɞɨɜ 
ɬɨɩɥɢɜ, ɢɦeeɬcɹ ɧeɨɛɯɨɞɢɦɨcɬɶ paccɦɨɬpeɧɢɹ ɩpɨeɤɬa «ɉepeɜɨɞ ɤɨɬeɥɶɧɨɣ 
ɦaɥɨɣ ɦɨɳɧɨcɬɢ cɬaɧɰɢɹ Aɛaɤɭɦɨɜɤa ɧa aɥɶɬepɧaɬɢɜɧɨe ɬɨɩɥɢɜɨ». 

Ɍaɤ, ɩpɨeɤɬɨɦ ɩpeɞɭcɦaɬpɢɜaeɬcɹ ɡaɦeɧa cɭɳecɬɜɭɸɳeɝɨ ɨɛɨpɭɞɨɜaɧɢɹ, 
a ɢɦeɧɧɨ: 2 ɤɨɬeɥɶɧɵɯ aɝpeɝaɬɨɜ, ɞpɨɛɢɥɨɤ, ɨɛɨpɭɞɨɜaɧɢɹ ɡɨɥɨɭɞaɥeɧɢɹ  
ɧa ɝaɡɨɜɵe ɤɨɬɥɵ «Ɍɭpɛɨɬepɦ Ɉɩɬɢɦa – 1500 (1,5 Ɇȼɬ)» ɨɬ ɤɨɦɩaɧɢɢ 
«PɗɆEɄC Pɨccɢɹ» ɜ ɤɨɥɢɱecɬɜe 3 ɲɬ., a ɬaɤɠe cɨɩɭɬcɬɜɭɸɳeɝɨ ɨɛɨpɭɞɨɜaɧɢɹ 
ɞɥɹ ɯpaɧeɧɢɹ, cɥɢɜa ɢ ɩpɢɝɨɬɨɜɥeɧɢɹ ɤ cɠɢɝaɧɢɸ cɠɢɠeɧɧɨɝɨ ɭɝɥeɜɨɞɨpɨɞɧɨɝɨ 
ɝaɡa. 

Ⱦaɧɧɵe ɤɨɬeɥɶɧɵe aɝpeɝaɬɵ ɨɛɨpɭɞɨɜaɧɵ ɝaɡɨɜɵɦɢ ɝɨpeɥɤaɦɢ Weishaupt 
WM-G 20/2 A. 

Pacɲɢɮpɭeɦ ɜɵɲeɭɤaɡaɧɧɭɸ ɦapɤɢpɨɜɤɭ ɝɨpeɥɨɤ: 
1. Ɍɢɩ – WM (Ƚɨpeɥɤa ɬɢɩɨɩɨpɹɞɤa monarch); 
2. G – ɬɢɩ ɢcɩɨɥɶɡɭeɦɨɝɨ ɬɨɩɥɢɜa (ɝaɡ); 
3. Ɍɢɩɨpaɡɦep – 20; 
4. Ʉɥacc ɦɨɳɧɨcɬɢ – 2 (cɠɢɠeɧɧɵɣ ɝaɡ); 
5. Ɍɢɩ ɤɨɧcɬpɭɤɰɢɢ A. 
ɏapaɤɬepɢcɬɢɤɢ ɜɵɛpaɧɧɨɝɨ ɤɨɬeɥɶɧɨɝɨ aɝpeɝaɬa ɩpeɞcɬaɜɥeɧɵ  

ɜ ɬaɛɥɢɰe 3. 

 
Pɢcɭɧɨɤ 5- ɤɨɬeɥɶɧɵɣ aɝpeɝaɬ  

«ɌɍPȻɈɌEPɆ ɈɉɌɂɆA – 1500 (1.5 Ɇȼɬ)» 
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Ɍaɛɥɢɰa 3 – ɯapaɤɬepɢcɬɢɤa ɤɨɬɥa «ɌɍPȻɈɌEPɆ ɈɉɌɂɆA – 1500 (1.5 Ɇȼɬ)». 
ɇaɢɦeɧɨɜaɧɢe 

ɩɨɤaɡaɬeɥɹ 
Eɞɢɧɢɰa ɢɡɦepeɧɢɹ ɉapaɦeɬp 

ɇɨɦɢɧaɥɶɧaɹ 
ɬeɩɥɨɩpɨɢɡɜɨɞɢɬeɥɶɧɨcɬɶ 

Ɇȼɬ (Ƚɤaɥ/ɱ) 1,5 (1,29) 

ɄɉȾ % 92 
Pacɯɨɞ ɬɨɩɥɢɜa ɧ.ɦ3/ɱ 178 

Ɍeɦɩepaɬɭpa ɭɯɨɞɹɳɢɯ 
ɝaɡɨɜ 

ɨC 210 

Ɍeɦɩepaɬɭpa ɜɨɞɵ ɧa 
ɜɯɨɞe 

ɨC 60 

Ɍeɦɩepaɬɭpa ɜɨɞɵ ɧa 
ɜɵɯɨɞe 

ɨC 105 

Pacɯɨɞ ɜɨɞɵ ɱepeɡ ɤɨɬeɥ ɬ/ɱ 64,5 
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1.5  ȼɵɛɨp ɜapɢaɧɬa ɢ eɝɨ ɨɛɨcɧɨɜaɧɢe 
 

ȼ ɧacɬɨɹɳee ɜpeɦɹ ɜ ɦɢpe ɜeɞeɬcɹ ɛɨpɶɛa ɡa ɷɤɨɥɨɝɢɸ ɜ cɜɹɡɢ c ee 
ɭɯɭɞɲeɧɢeɦ ɜ ɰeɥɨɦ, ɬaɤ ɜ ɷɧepɝeɬɢɤe ɜɧeɞpɹɸɬ ɜeɬpɨɷɧepɝeɬɢɱecɤɢe 
ɭcɬaɧɨɜɤɢ, cɨɥɧeɱɧɵe ɛaɬapeɢ ɢ ɬ.ɞ., ɧɨ ɧe ɜɨ ɜceɯ peɝɢɨɧaɯ ɭcɬaɧɨɜɤa ɬaɤɢɯ 
ɷɤɨɥɨɝɢɱɧɵɯ cɢcɬeɦ ɹɜɥɹeɬcɹ ɰeɥecɨɨɛpaɡɧɨɣ, ɜ cɜɹɡɢ c ɢɯ ɭcɥɨɜɢɹɦɢ 
pacɩɨɥɨɠeɧɢɹ ɢ ɨcɨɛeɧɧɨcɬɹɦɢ ɦecɬɧɨcɬɢ. ȼ Pɨccɢɣcɤɨɣ Ɏeɞepaɰɢɢ 
ɜɧeɞpɹɸɬcɹ ɬaɤɢe cɢcɬeɦɵ, ɧɨ ɬaɤɠe ɢɦeeɬcɹ ɨɝpɨɦɧɨe ɤɨɥɢɱecɬɜɨ Ɍɗɐ  
ɢ ɤɨɬeɥɶɧɵɯ, paɛɨɬaɸɳɢɯ ɧa ɭɝɥe, ɨɛɨpɭɞɨɜaɧɢe ɢ ɬeɯɧɨɥɨɝɢɹ ɤɨɬɨpɵɯ 
ɭcɬapeɥa. Ʉaɠɞɵɣ ɝɨɞ, ɛɥaɝɨɞapɹ cɬpɨɢɬeɥɶcɬɜɭ ɝaɡɨɩpɨɜɨɞɨɜ, ɢɧɜecɬɢɰɢɨɧɧɵɯ 
ɜɥɨɠeɧɢɣ, ɩpɨɢɡɜɨɞcɬɜɨ ɬeɩɥɨɜɨɣ ɢ ɷɥeɤɬpɢɱecɤɨɣ ɷɧepɝɢɢ c ɩpɢɦeɧeɧɢeɦ 
ɭɝɥɹ ɡɧaɱɢɬeɥɶɧɨ cɨɤpaɳaeɬcɹ. ɉɨ ɩpɢɱɢɧe ɨɝpɨɦɧɵɯ ɬeppɢɬɨpɢɣ ɜ Pɨccɢɢ, 
ɤɨɥɨccaɥɶɧɨɣ cɬɨɢɦɨcɬɢ ɩɨ cɬpɨɢɬeɥɶcɬɜɭ ɰeɧɬpaɥɢɡɨɜaɧɧɵɯ ɝaɡɨɩpɨɜɨɞɨɜ, 
ɨɬcɭɬcɬɜɭeɬ ɜɨɡɦɨɠɧɨcɬɶ ɨpɝaɧɢɡaɰɢɢ ɩɨɞɜɨɞa ɝaɡa ɤɨ ɜceɦ ɧaceɥeɧɧɵɦ 
ɩɭɧɤɬaɦ. ȼ ɬaɤɢɯ cɥɭɱaɹɯ ɢcɩɨɥɶɡɭeɬcɹ cɠɢɠeɧɧɵɣ ɭɝɥeɜɨɞɨpɨɞɧɵɣ ɝaɡ (ɞaɥee 
– CɍȽ). Ɍaɤ, c ɩpɢɦeɧeɧɢeɦ ɧɨɜɵɯ ɬeɯɧɨɥɨɝɢɣ ɩɨ cɠɢɝaɧɢɸ CɍȽ ɢɦeeɬcɹ 
ɜɨɡɦɨɠɧɨcɬɶ ɨɛecɩeɱɢɬɶ ɧaceɥeɧɢe ɬeɩɥɨɦ ɨɬ aɥɶɬepɧaɬɢɜɧɨɝɨ ɢcɬɨɱɧɢɤa, ɱɬɨ 
ɩpɢɜeɞeɬ ɤ cɧɢɠeɧɢɸ ɜpeɞɧɵɯ ɜɵɛpɨcɨɜ ɨɬ ɬeɩɥɨɜɵɯ cɬaɧɰɢɣ, paɛɨɬaɸɳɢɯ  
ɧa ɬɜepɞɨɦ ɬɨɩɥɢɜe.  

ȼ ɞaɧɧɨɣ paɛɨɬe paccɦaɬpɢɜaeɬcɹ ɩepeɜɨɞ ɤɨɬeɥɶɧɨɣ cɬaɧɰɢɹ Aɛaɤɭɦɨɜɤa  
ɧa aɥɶɬepɧaɬɢɜɧɨe ɬɨɩɥɢɜɨ, ɤɨɬɨpɵɦ ɹɜɥɹeɬcɹ cɠɢɠeɧɧɵɣ ɭɝɥeɜɨɞɨpɨɞɧɵɣ ɝaɡ.  
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1.6  Pɢcɤɢ 
 

Ɉɛɨpɭɞɨɜaɧɢe, ɭcɬaɧɨɜɥeɧɧɨe ɧa ɤɨɬeɥɶɧɨɣ, ɩɨcɬeɩeɧɧɨ ɢɡɧaɲɢɜaeɬcɹ, 
eɝɨ ɧaɞeɠɧɨcɬɶ ɩaɞaeɬ, ɄɉȾ cɨcɬaɜɥɹeɬ 60%. ȼ cɜɹɡɢ c ɢɡɧɨcɨɦ ɨɛɨpɭɞɨɜaɧɢɹ, 
ɨɬcɭɬcɬɜɢeɦ aɜɬɨɦaɬɢɡɢpɨɜaɧɧɨɝɨ ɭɩpaɜɥeɧɢɹ ɱacɬɢ ɨɛɨpɭɞɨɜaɧɢɹ, 
ɨɬcɭɬcɬɜɢeɦ ɦeɯaɧɢɱecɤɨɣ ɩɨɞaɱɢ ɬɨɩɥɢɜa ɜ ɬɨɩɤɭ ɤɨɬɥɨɜ, paɛɨɬa ɬaɤɨɣ 
ɤɨɬeɥɶɧɨɣ cɬaɧɨɜɢɬcɹ ɧe paɰɢɨɧaɥɶɧɨɣ. ȼ ɬeɩɥɨɜɵɯ ceɬɹɯ ɩpɨɢcɯɨɞɢɬ ɢɡɧɨc 
ɬpɭɛɨɩpɨɜɨɞɨɜ, ɩɨɬepɢ ɩpeɞcɬaɜɥeɧɵ ɜ ɬaɛɥɢɰe 4. 

 
Ɍaɛɥɢɰa 4 – ɇɨpɦaɬɢɜɧɵe ɢ ɮaɤɬɢɱecɤɢe ɩɨɬepɢ ɜ ɬeɩɥɨɜɵɯ ceɬɹɯ  

ɇaɢɦeɧɨɜaɧɢe 
ɢcɬɨɱɧɢɤa 

ɉɥaɧ, Ƚɤaɥ Ɏaɤɬ, Ƚɤaɥ 
C ɭɬeɱɤaɦɢ ɑepeɡ 

ɢɡɨɥɹɰɢɸ 
C ɭɬeɱɤaɦɢ ɑepeɡ 

ɢɡɨɥɹɰɢɸ 
Ʉɨɬeɥɶɧaɹ  

cɬ. Aɛaɤɭɦɨɜɤa 
70,2 1212,32 71,3 3764,75 

 
ɂcɯɨɞɹ ɢɡ ɞaɧɧɵɯ ɬaɛɥɢɰɵ 3, ɜɢɞɧɨ, ɱɬɨ ɮaɤɬɢɱecɤɢe ɩɨɬepɢ ɜ ɬeɩɥɨɜɵɯ 

ceɬɹɯ ɤɨɬeɥɶɧɨɣ  ɱepeɡ ɢɡɨɥɹɰɢɸ ɜɬpɨe ɩpeɜɵɲaɸɬ ɧɨpɦaɬɢɜɧɵe ɡɧaɱeɧɢɹ, 
cɥeɞɨɜaɬeɥɶɧɨ, ɬeɦɩepaɬɭpa ɬeɩɥɨɧɨcɢɬeɥɹ ɜ ɩpɨɰecce ɩepeɞaɱɢ ɬeɩɥa 
cɬaɧɨɜɢɬcɹ ɦeɧɶɲe pacɱeɬɧɨɝɨ ɡɧaɱeɧɢɹ, ɷɬɨ ɧeɝaɬɢɜɧɨ ɜɥɢɹeɬ ɧa ɄɉȾ. 
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2 Pacɱeɬɧaɹ ɱacɬɶ 
2.1 Ɉɩɢcaɧɢe ɢ pacɱeɬ ɬeɩɥɨɜɨɣ cɯeɦɵ ɤɨɬeɥɶɧɨɣ 

 
C ɭɱeɬɨɦ ɩepcɩeɤɬɢɜɧɨɝɨ paɡɜɢɬɢɹ cɬaɧɰɢɢ ɞɨ 2030 ɝ. ɩɥaɧɢpɭeɬcɹ 

ɭɜeɥɢɱeɧɢe ɨɯɜaɬa ɬeɩɥɨɜɵɯ ɩɨɬpeɛɢɬeɥeɣ (ɩɨɞɤɥɸɱeɧɢe ɧaceɥeɧɢɹ) ɞɨ 10 % cɨ 
cɬpɨɢɬeɥɶcɬɜɨɦ ɧɨɜɵɯ ceɬeɣ. ȼ ɷɬɨɣ cɜɹɡɢ, ɧeɨɛɯɨɞɢɦɨ ɩpɨɢɡɜecɬɢ pacɱeɬ 
ɬpeɛɭeɦɨɣ ɧaɝpɭɡɤɢ ɞɥɹ ɩɨɞɛɨpa ɤɨɬeɥɶɧɵɯ aɝpeɝaɬɨɜ ɢ cɨɩɭɬcɬɜɭɸɳeɝɨ ɤ ɧeɦɭ 
ɨɛɨpɭɞɨɜaɧɢɹ. 

ɉpɢ ɬeɩɥɨɜɨɦ pacɱeɬe ɰeɧɬpaɥɢɡɨɜaɧɧɨɝɨ ɬeɩɥɨcɧaɛɠeɧɢɹ ɤɨɬeɥɶɧɨɣ  
cɬ. Aɛaɤɭɦɨɜɤa ɛɵɥɢ ɩpɢɧɹɬɵ ɭcɥɨɜɢɹ, ɩpeɞcɬaɜɥeɧɧɵe ɜ ɬaɛɥɢɰe 5. 

 
Ɍaɛɥɢɰa 5 – pacɱeɬɧɵe ɩapaɦeɬpɵ cɢcɬeɦɵ ɬeɩɥɨcɧaɛɠeɧɢɹ cɬ. Aɛaɤɭɦɨɜɤa.  

№ ɩ/ɩ ɇaɢɦeɧɨɜaɧɢe ɩɨɤaɡaɬeɥɹ Eɞɢɧɢɰa 
ɢɡɦepeɧɢɹ 

ɉɨɤaɡaɬeɥɶ 

1 Ɍeɦɩepaɬɭpa ɧapɭɠɧɨɝɨ 
ɜɨɡɞɭɯa (pacɱeɬɧaɹ, ɞɥɹ 

ɨɬɨɩɥeɧɢɹ) 

°C - 42 

2 Ɍeɦɩepaɬɭpa ɜɨɡɞɭɯa ɜɧɭɬpɢ 
ɩɨɦeɳeɧɢɣ 

°C + 20 

3 Ɍeɦɩepaɬɭpa ɜɨɞɵ ɜ ɩɨɞaɸɳeɦ 
ɬpɭɛɨɩpɨɜɨɞe 

°C + 95 

Ɍeɦɩepaɬɭpa ɜɨɞɵ ɜ ɨɛpaɬɧɨɦ 
ɬpɭɛɨɩpɨɜɨɞe 

°C + 70 

 

Ʉɨɷɮɮɢɰɢeɧɬ ɭɦeɧɶɲeɧɢɹ pacɯɨɞa ɬeɩɥɨɬɵ ɧa ɨɬɨɩɥeɧɢe ɢ ɜeɧɬɢɥɹɰɢɸ 
ɞɥɹ ɡɢɦɧeɝɨ (ɯɨɥɨɞɧɨɝɨ) ɦecɹɰa: 

 Кʝʑ = ሺt˅ː−tːሻሺt˅ː−t౦ˑሻ,                                 (1) 

 
ɝɞe t˅ː — ɬeɦɩepaɬɭpa ɜɨɡɞɭɯa ɜ ɩɨɦeɳeɧɢɢ, °C, tː — ɬeɦɩepaɬɭpa ɨɤpɭɠaɸɳeɝɨ ɜɨɡɞɭɯa (pacɱeɬɧaɹ), °C, t୮ˑ — ɬeɦɩepaɬɭpa ɧapɭɠɧɨɝɨ ɜɨɡɞɭɯa (ɜ ɯɨɥɨɞɧɵɣ ɦecɹɰ), °C. 

 

Ɍeɦɩepaɬɭpa ɜɨɞɵ ɧa ɨɬɨɩɥeɧɢe ɢ ɜeɧɬɢɥɹɰɢɸ ɜ ɥɢɧɢɢ ɩɨɞaɱɢ, °C: 
 tଵ = ͻͷ °C.                     (2) 
 
Ɍeɦɩepaɬɭpa ɨɛpaɬɧɨɣ ceɬeɜɨɣ ɜɨɞɵ (ɩɨcɥe ɨɬɨɩɥeɧɢɹ ɢ ɜeɧɬɢɥɹɰɢɢ), °C,:  
 tଵ = ͹Ͳ °C.                     (3) 

 



 

18 
 

Ɉɩpeɞeɥɢɦ ɨɛɴeɦ pacɯɨɞa ɜɨɞɵ ɜ ɥɢɧɢɢ ɩɨɞaɱɢ ɬeɩɥɨcɧaɛɠeɧɢɹ  
(ɞɥɹ ȽȼC), ɬ/ɱ: 

 𝐺ˆ˅ = ଼଺଴∗ொˆ˅ሺtˆ˅˒−tc˅ሻ,                    (4) 

 
ɝɞe tˆ˅˒— ɬeɦɩepaɬɭpa ɝɨpɹɱeɣ ɜɨɞɵ, ɤɨɬɨpaɹ ɩɨcɬɭɩaeɬ ɩɨɬpeɛɢɬeɥɹɦ, 
 tୡ˅.— ɬeɦɩepaɬɭpa cɵpɨɣ ɜɨɞɵ (ɡɢɦɨɣ 5 °C, ɥeɬɨɦ 15 °C). 
 𝐺ˆ˅ = ଼଺଴∗଴,ଵଵሺଽହ−ହሻ = ͳ,Ͳͷ, 

 
Ɉɩpeɞeɥɢɦ ɨɛɴeɦ pacɯɨɞa ɜɨɞɵ ɧa ɧɭɠɞɵ ɨɬɨɩɥeɧɢɹ ɢ ɜeɧɬɢɥɹɰɢɢ, ɬ/ɱ: 
 𝐺ˑ˅ = ଼଺଴∗ሺொˑ+ொ˅ሻሺtభ−tమሻ ,                    (5) 

 𝐺ˑ˅ = ଼଺଴∗଴,ସሺଽହ−଻଴ሻ = ͳ͵,͹͸, 

 
Ɉɩpeɞeɥɢɦ ɨɛɴeɦ pacɯɨɞa ɜɨɞɵ ɩɨɬpeɛɢɬeɥɹɦɢ (ɨɬɨɩɥeɧɢe, ɜeɧɬɢɥɹɰɢɹ ɢ 

ȽȼC), ɬ/ɱ: 
 𝐺˅ː = 𝐺ˑ˅ + 𝐺ˆ˅,                    (6) 
 𝐺˅ː = ͳ,Ͳͷ + ͳ͵,͹͸ = ͳͶ,ͺͳ,  
 
Ɉɩpeɞeɥɢɦ ɬeɦɩepaɬɭpɭ ɨɛpaɬɧɨɣ ceɬeɜɨɣ ɜɨɞɵ ɩɨcɥe ɩɨɬpeɛɢɬeɥeɣ, °C: 
 tˑ˄୮ = tଶ = ͹Ͳ°C.                    (7) 
 
Ɉɩpeɞeɥɢɦ ɨɛɴeɦ ɩɨɞɩɢɬɨɱɧɨɣ ɜɨɞɵ (ɧa ɜɨcɩɨɥɧeɧɢe ɭɬeɱeɤ ɜ ɬeɩɥɨɜɵɯ 

ceɬɹɯ), ɬ/ɱ: 
 𝐺˖˕ = Ͳ,Ͳͳ ∗ К˕ୡ ∗ 𝐺˅ː,                   (8) 
 𝐺˖˕ = Ͳ,Ͳͳ ∗ ͳͶ,ͺͳ ∗ ͳͶ,ͺͳ = ʹ,ͳͻ,  
 
Ɉɩpeɞeɥɢɦ pacɯɨɞ cɵpɨɣ ɜɨɞɵ, ɩɨcɬɭɩaɸɳɢɣ ɧa ɯɢɦɢɱecɤɭɸ 

ɜɨɞɨɨɱɢcɬɤɭ, ɬ/ɱ: 
 𝐺ୡ˅ = ͳ,͵ ∗ 𝐺˖˕,                  (9) 

 𝐺ୡ˅ = ͳ,͵ ∗ ʹ,ͳͻ = ʹ,ͺͶ͹, 
 

Ɉɩpeɞeɥɢɦ ɬeɦɩepaɬɭpɭ ɏȼɈ ɡa ɨɯɥaɞɢɬeɥeɦ ɞeaɷpɢpɨɜaɧɧɨɣ  
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ɜɨɞɵ, °C: 
 t˘ˑ˅.ˑˇ = t˘ˑ˅ଵ + ቀ ˖ீ˕˘ீˑ˅భቁ ∗ (𝑡˒ˑˇ˒ଵ − 𝑡˒ˑˇ˒ଶ) ∗ 𝜂,             (10) 

 

ɝɞe t˘ˑ˅ଵ=18 °C — ɬeɦɩepaɬɭpa cɵpɨɣ ɜɨɞɵ ɩepeɞ ɏȼɈ, 𝑡˒ˑˇ˒ଵ= 104 °C — ɬeɦɩepaɬɭpa ɩɨɞɩɢɬɨɱɧɨɣ ɜɨɞɵ ɡa ɞeaɷpaɬɨpɨɦ, 𝑡˒ˑˇ˒ଶ= 70 °C — ɬeɦɩepaɬɭpa ɩɨɞɩɢɬɨɱɧɨɣ ɜɨɞɵ ɡa ɨɯɥaɞɢɬeɥeɣ 
ɞeaɷpɢpɨɜaɧɧɨɣ ɜɨɞɵ,  𝐺˘ˑ˅ଵ—ɩpɢɧɹɬɵɣ pacɯɨɞ ɯɢɦɢɱecɤɢ ɨɱɢɳeɧɧɨɣ ɜɨɞɵ (ɩpeɞɜapɢɬeɥɶɧɨ), 
ɬ/ɱ. 

 t˘ˑ˅.ˑˇ = ͳͺ + ቀଶ,଼ସ଻ଵ଴ ቁ ∗ ሺͳͲͶ − ͹Ͳሻ = ʹ͹,͹,  

 
Ɍeɦɩepaɬɭpa ɏȼɈ, ɩɨcɬɭɩaɸɳeɣ ɜ ɞeaɷpaɬɨp, °C: 

 t˘ˑ˅.ˇ = t˘ˑ˅.ˑˇ + ቀ ீ˒ˑˇ˘ீˑ˅భቁ ∗ (𝑡˅ˍଶ − 𝑡ˆ୮),               (11) 

 
ɝɞe 𝐺˒ˑˇ = ͳͲ ɬ/ɱ — pacɯɨɞ ɝpeɸɳeɣ ɜɨɞɵ ɧa ɩɨɞɨɝpeɜaɬeɥɶ ɏȼɈ,   𝑡ˆ୮ = 146 °C — ɬeɦɩepaɬɭpa ɜɨɞɵ ɩɨcɥe ɩɨɞɨɝpeɜaɬeɥɹ ɏȼɈ. 
ɉpɨɜepɢɦ ɬeɦɩepaɬɭpɭ cɵpɨɣ ɜɨɞɵ ɩepeɞ ɏȼɈ, °C: 
 t˘ˑ˅.ˇ = ͵͵,ͷ + ቀଵ଴ଶ଴ቁ ∗ ሺͳ͸Ͳ − ͳͶ͸ሻ = ͶͶ, 

 t˘ˑ˅.ଵ = tୡ˅ + ቀீ˒ˑˇீc˅ ቁ ∗ (𝑡ˆ୮ − 𝑡˒ˑˇ˒ଶ),                 (12) 

 t˘ˑ˅.ଵ = ͷ + ቀ ଵହଵଵ,ଽቁ ∗ ሺͳͶ͸ − ͹Ͳሻ = ͳͲͲ,ͺ,   

 
Ɍɨɝɞa pacɯɨɞ ɝpeɸɳeɣ ɜɨɞɵ ɧa ɞeaɷpaɬɨp, ɬ/ɱ: 
 𝐺ˇ.ˆ୮ = ሺ ˖ீ˕∗௧˒ˑˇ˒భ− ˘ீˑ˅భ∗௧˘ˑ˅.ˇሻ௧˅ˍమ ,                (13) 

 𝐺ˇ.ˆ୮ = ሺଽ,ଵସ∗ଵ଴ସ−ଶ଴∗ସସሻଵ଺଴ = Ͳ,ͶͶͳ,  

 
ɉpɨɜepɢɦ pacɯɨɞ ɯɢɦɢɱecɤɢ ɨɱɢɳeɧɧɨɣ ɜɨɞɵ ɧa ɩɨɞɩɢɬɤɭ ɬeɩɥɨceɬɢ, ɬ/ɱ: 

 𝐺˘ˑ˅ = 𝐺˖˕ − 𝐺ˇ.ˆ୮,                 (14) 
 𝐺˘ˑ˅ = ʹ,ͳͻ − Ͳ,ͶͶͳ = ͳ,͹Ͷͻ  
 
Ɉɩpeɞeɥɢɦ pacɯɨɞ ɬeɩɥɨɬɵ ɧa ɩɨɞɨɝpeɜ cɵpɨɣ ɜɨɞɵ, ɏȼɈ ɧa ɞeaɷpaɬɨp.  
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Ɉɩpeɞeɥɢɦ pacɯɨɞ ɬeɩɥɨɬɵ ɧa ɩɨɞɨɝpeɜ cɵpɨɣ ɜɨɞɵ, Ɇȼɬ: 
 𝑄ୡ˅ = Ͳ.Ͳͳͳ͸ ∗ 𝐺௖˅ ∗ ሺ𝑡˘ˑ˅ଵ − 𝑡ୡ˅ሻ,               (15) 
  𝑄ୡ˅ = Ͳ.Ͳͳͳ͸ ∗ ʹ,ͺͶ͹ ∗ ሺͳͲͲ,ͺ − ͷሻ = ͳ,͵, 
 
Ɉɩpeɞeɥɢɦ pacɯɨɞ ɬeɩɥɨɬɵ ɧa ɩɨɞɨɝpeɜ ɯɢɦɢɱecɤɢ ɨɱɢɳeɧɧɨɣ ɜɨɞɵ, 

Ɇȼɬ: 
 𝑄˘ˑ˅ = Ͳ.Ͳͳͳ͸ ∗ 𝐺˒ˑˇ ∗ ሺ𝑡˘ˑ˅.ˑˇ − 𝑡˘ˑ˅.ଶሻ              (16) 
 𝑄˘ˑ˅ = Ͳ.Ͳͳͳ͸ ∗ ͳͲ ∗ ሺͶͶ − ʹͷሻ = ͳ,ͳ  
 
Ɉɩpeɞeɥɢɦ pacɯɨɞ ɬeɩɥɨɬɵ ɧa ɞeaɷpaɬɨp, Ɇȼɬ: 
 𝑄ˇ = Ͳ.Ͳͳͳ͸ ∗ 𝐺ˇˆ୮ ∗ ሺ𝑡˅ˍଶ − 𝑡˒ˑˇ˒ଵሻ,              (17) 
 𝑄ˇ = Ͳ.Ͳͳͳ͸ ∗ Ͳ,ͶͶͳ ∗ ሺͳ͸Ͳ − ͳͲͶሻ = Ͳ,͵, 
 
Ɉɩpeɞeɥɢɦ pacɯɨɞ ɬeɩɥɨɬɵ ɧa ɩɨɞɨɝpeɜ ɏȼɈ ɜ ɨɯɥaɞɢɬeɥe 

ɞeaɷpɢpɨɜaɧɧɨɣ ɜɨɞɵ, Ɇȼɬ: 
 𝑄ˑ˘ˎ = Ͳ.Ͳͳͳ͸ ∗ ͳ,͹Ͷͻ ∗ ሺͳͲͶ − ͹Ͳሻ = Ͳ,͹,             (18) 
 
Ɉɩpeɞeɥɢɦ cɭɦɦapɧɵɣ pacɯɨɞ ɬeɩɥɨɬɵ, ɧeɨɛɯɨɞɢɦɵɣ ɞɥɹ ɩɨɥɭɱeɧɢɹ  

ɜ ɤɨɬɥaɯ, a ɬaɤɠe ɮaɤɬɢɱecɤɭɸ ɦɨɳɧɨcɬɶ ɤɨɬeɥɶɧɨɣ, Ɇȼɬ: 
 ∑𝑄 = 𝑄 + 𝑄ୡ˅ + 𝑄˘ˑ˅ + 𝑄ˇ − 𝑄ˑ˘ˎ,                        (19) 
 ∑𝑄 = ͳ,͹Ͷͻ + ͳ,͵ + ͳ,ͳ + Ͳ,͵ − Ͳ,͹ = ͵,͹Ͷͻ. 
 
Ɉɩpeɞeɥɢɦ pacɯɨɞ ɬeɩɥa ɧa cɨɛcɬɜeɧɧɵe ɧɭɠɞɵ ɤɨɬeɥɶɧɨɣ, Ɇȼɬ: 

 ∑𝑄 = 𝑄ୡ˅ + 𝑄˘ˑ˅ + 𝑄ˇ − 𝑄ˑ˘ˎ,                         (20) 
 ∑𝑄 = ͳ,͵ + ͳ,ͳ + Ͳ,͵ − Ͳ,͹ = ʹ.  

 

2.2 Ɉɩpeɞeɥeɧɢe ɬeɩɥɨɜɨɣ ɦɨɳɧɨcɬɢ ɤɨɬeɥɶɧɨɣ 

ɉpɨɢɡɜeɞeɦ pacɱeɬ ɬeɩɥɨɜɵɯ ɧaɝpɭɡɨɤ ɩɨɬpeɛɢɬeɥeɣ, ɩɨɞɤɥɸɱaeɦɵɯ  
ɤ ɝaɡɨɜɨɣ ɤɨɬeɥɶɧɨɣ. 

Ɇaɤcɢɦaɥɶɧɵɣ ɬeɩɥɨɜɨɣ ɩɨɬɨɤ ɧa ɨɬɨɩɥeɧɢe ɠɢɥɵɯ ɢ ɨɛɳecɬɜeɧɧɵɯ 
ɡɞaɧɢɣ, Ƚɤaɥ/ɱ: 
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𝐐𝐨𝐯𝐩 = 𝛃 ∗ 𝐪𝐨𝐯 ∗ 𝐕ː ∗ (𝐭˅ − 𝐭𝐨𝐩) ∗ ૚૙−૟,                 (21) 
 

ɝɞe 𝐪𝐨𝐯 - ɭɞeɥɶɧaɹ ɨɬɨɩɢɬeɥɶɧaɹ ɯapaɤɬepɢcɬɢɤa ɧa ɨɬɨɩɥeɧɢe  
1 ɦeɬpa ɤɭɛɢɱecɤɨɝɨ (ɤɤaɥ/(ɦ3ɱ ɨC),  

β –ɤɨɷɮɮɢɰɢeɧɬ, ɤɨɬɨpɵɣ ɭɱɢɬɵɜaeɬ ɤɥɢɦaɬɢɱecɤɢe ɭcɥɨɜɢɹ paɣɨɧa, 𝐕ː – ɧapɭɠɧɵɣ ɨɛɴeɦ ɡɞaɧɢɹ, ɦ3; 𝐭˅ – pacɱeɬɧaɹ ɬeɦɩepaɬɭpa ɜɧɭɬpeɧɧeɝɨ ɜɨɡɞɭɯa ɨɬaɩɥɢɜaeɦɵɯ ɡɞaɧɢɣ, 
ɨC, 𝐭𝐨𝐩 – pacɱeɬɧaɹ ɬeɦɩepaɬɭpa ɧapɭɠɧɨɝɨ ɜɨɡɞɭɯa ɞɥɹ ɨɬɨɩɥeɧɢɹ, ɨC. 
 

Ɍeɩɥɨɜɨɣ ɩɨɬɨɤ ɧa ɜeɧɬɢɥɹɰɢɸ ɨɛɳecɬɜeɧɧɵɯ ɡɞaɧɢɣ (ɦaɤcɢɦaɥɶɧɵɣ) 
ɨɩpeɞeɥɢɦ, Ƚɤaɥ/ɱac: 

 𝐐𝐩˅ = 𝛃 ∗ 𝐪˅ ∗ 𝐕ː ∗ ሺ𝐭˅ − 𝐭ː˅ሻ ∗ ૚૙−૟,                       (22) 
 

ɝɞe 𝐪˅ – ɭɞeɥɶɧaɹ ɜeɧɬɢɥɹɰɢɨɧɧaɹ ɯapaɤɬepɢcɬɢɤa (ɤɤaɥ/(ɦ3.ɱ. ɨC)); 𝐭ː˅– pacɱeɬɧaɹ ɬeɦɩepaɬɭpa ɧapɭɠɧɨɝɨ ɜɨɡɞɭɯa ɞɥɹ ɜeɧɬɢɥɹɰɢɢ, ɨC. 
 

Ɇaɤcɢɦaɥɶɧɵɣ ɬeɩɥɨɜɨɣ ɩɨɬɨɤ ɧa ȽȼC ɠɢɥɵɯ ɢ ɨɛɳecɬɜeɧɧɵɯ ɡɞaɧɢɣ, 
Ɇȼɬ: 

 𝐐ˆ˅𝐜࢓𝒂𝒙 = ૛, ૝ ∗ 𝐐ˆ˅𝐜𝒄࢖ ,                       (23) 
 
ɝɞe 2,4 – ɤɨɷɮɮɢɰɢeɧɬ ɱacɨɜɨɣ ɧepaɜɧɨɦepɧɨcɬɢ; Qɝɜୡ௖௣ – cpeɞɧɢɣ ɬeɩɥɨɜɨɣ ɩɨɬɨɤ ɧa ɝɨpɹɱee ɜɨɞɨcɧaɛɠeɧɢe ɠɢɥɵɯ  

ɢ ɨɛɳecɬɜeɧɧɵɯ ɡɞaɧɢɣ, Ƚɤaɥ/ɱ: 
 Qɝɜୡ௖௣ = ଵ,ଶ∗௠∗ሺ௔+௕ሻ∗ሺହହ−txሻଶସ ∗ ͳͲ−଺,                                                                  (24) 

 
ɝɞe m – pacɱeɬɧɨe ɱɢcɥɨ ɩɨɬpeɛɢɬeɥeɣ ɝɨpɹɱeɣ ɜɨɞɵ; 
a – ɧɨpɦa pacɯɨɞa ɜɨɞɵ ɧa ɝɨpɹɱee ɜɨɞɨcɧaɛɠeɧɢe ɩpɢ ɬeɦɩepaɬɭpe 55 ɨC 

ɧa ɨɞɧɨɝɨ ɱeɥɨɜeɤa ɜ cɭɬɤɢ, ɩpɨɠɢɜaɸɳeɝɨ ɜ ɡɞaɧɢɢ c ɝɨpɹɱɢɦ 
ɜɨɞɨcɧaɛɠeɧɢeɦ, ɩpɢɧɢɦaeɦaɹ ɜ ɡaɜɢcɢɦɨcɬɢ ɨɬ cɬeɩeɧɢ ɤɨɦɮɨpɬɧɨcɬɢ ɥ/cɭɬ.; 

b – ɧɨpɦa pacɯɨɞa ɜɨɞɵ ɧa ȽȼC ɜ ɨɛɳecɬɜeɧɧɵɯ ɡɞaɧɢɹɯ ɩpɢ ɬeɦɩepaɬɭpe 
55 ɨC; 

c = 4,187 ɤȾɠ/(ɤɝ* ɨC) – ɭɞeɥɶɧaɹ ɬeɩɥɨeɦɤɨcɬɶ ɜɨɞɵ; 
t х – ɬeɦɩepaɬɭpa ɯɨɥɨɞɧɨɣ (ɜɨɞɨɩpɨɜɨɞɧɨɣ) ɜɨɞɵ ɜ ɨɬɨɩɢɬeɥɶɧɵɣ ɩepɢɨɞ 

(ɩpɢ ɨɬcɭɬcɬɜɢɢ ɞpɭɝɢɯ ɞaɧɧɵɯ ɩpɢɧɢɦaeɬcɹ paɜɧɨɣ 5 ɨC), ɨC. 
ȼɵɩɨɥɧɹeɦ pacɱeɬ ɩɨ ɜɵɲeɭɤaɡaɧɧɵɦ ɮɨpɦɭɥaɦ ɞɥɹ ɩɨɬpeɛɢɬeɥeɣ, 

peɡɭɥɶɬaɬɵ ɜɧɨcɢɦ ɜ ɬaɛɥɢɰɭ №5. 
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Ɍaɛɥɢɰa 5 – pacɱeɬ ɬeɩɥɨɜɵɯ ɦɨɳɧɨcɬeɣ ɤɨɬeɥɶɧɨɣ. 
ɇaɢɦeɧɨɜaɧɢe 
ɩɨɬpeɛɢɬeɥɹ 

Ɉɛɴeɦ 
ɡɞaɧɢɹ, 

ɦ3 

β qov, ˍˍaˎˏ͵˚ ∗ C tɜ, ɨC top, 
ɨC 

Qov
p, 

Ƚɤaɥ/ɱ 

Aɞɦɢɧɢcɬpaɬɢɜɧɨ-
ɛɵɬɨɜɨɣ ɤɨpɩɭc ɧa 
35 ɱeɥɨɜeɤ 

2000 0,9 0,51 20 -42 0,037 

Ƚapaɠ 1 440 0,9 0,33 20 -42 0,08 
Ƚapaɠ 2 465 0,9 0,33 20 -42 0,09 
Ⱦeɩɨ ɦaɲɢɧ 
ɬɹɠeɥɨɝɨ ɬɢɩa 

1200 0,9 0,5 20 -42 0,022 

Ⱦeɬcɤɢɣ caɞ 5160 0,9 0,35 20 -42 0,095 
ɀɢɥɨɣ ɞɨɦ 2-ɯ 
ɤɜapɬɢpɧɵɣ 1 

515 0,9 0,33 20 -42 0,009 

ɀɢɥɨɣ ɞɨɦ 2-ɯ 
ɤɜapɬɢpɧɵɣ 2 

515 0,9 0,33 20 -42 0,009 

ɀɢɥɨɣ ɞɨɦ 2-ɯ 
ɤɜapɬɢpɧɵɣ 3 

515 0,9 0,33 20 -42 0,009 

ɀɢɥɨɣ ɞɨɦ 2-ɯ 
ɤɜapɬɢpɧɵɣ 4 

515 0,9 0,33 20 -42 0,009 

ɀɢɥɨɣ ɞɨɦ 2-ɯ 
ɤɜapɬɢpɧɵɣ 5 

515 0,9 0,33 20 -42 0,009 

ɀɢɥɨɣ ɞɨɦ 2-ɯ 
ɤɜapɬɢpɧɵɣ 6 

515 0,9 0,33 20 -42 0,009 

ɀɢɥɨɣ ɞɨɦ 2-ɯ 
ɤɜapɬɢpɧɵɣ 7 

515 0,9 0,33 20 -42 0,009 

ɀɢɥɨɣ ɞɨɦ 2-ɯ 
ɤɜapɬɢpɧɵɣ 8 

515 0,9 0,33 20 -42 0,009 

ɀɢɥɨɣ ɞɨɦ 2-ɯ 
ɤɜapɬɢpɧɵɣ 9 

515 0,9 0,33 20 -42 0,009 

ɀɢɥɨɣ ɞɨɦ 16-ɬɢ 
ɤɜapɬɢpɧɵɣ 1 

2610 0,9 0,51 20 -42 0,048 

ɀɢɥɨɣ ɞɨɦ 16-ɬɢ 
ɤɜapɬɢpɧɵɣ 2 

2610 0,9 0,51 20 -42 0,048 

ɀɢɥɨɣ ɞɨɦ 16-ɬɢ 
ɤɜapɬɢpɧɵɣ 3 

2610 0,9 0,51 20 -42 0,048 
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Ɉɤɨɧɱaɧɢe ɬaɛɥɢɰɵ № 5 
ɇacɨcɧaɹ cɬaɧɰɢɹ 
ɩɨɠapɨɬɭɲeɧɢɹ 

230 0,9 0,33 20 -42 0,004 

ɉaccaɠɢpcɤɨe 
ɡɞaɧɢe 

500 0,9 0,33 20 -42 0,009 

ɉɨcɬ ɗɐ 230 0,9 0,33 20 -42 0,004 
ɂɌɈȽɈ 0.418 

 
Ɉɛɴeɦɵ ɬeɩɥɨɜɵɯ ɩɨɬɨɤɨɜ ɧa ɜeɧɬɢɥɹɰɢɸ (ɮ. 22) ɜɧeceɧɵ ɜ ɬaɛɥɢɰɭ 6. 
 

Ɍaɛɥɢɰa 6 - Pacɱeɬ ɬeɩɥɨɜɵɯ ɩɨɬɨɤɨɜ ɧa ɜeɧɬɢɥɹɰɢɸ. 
ɇaɢɦeɧɨɜaɧɢe 
ɩɨɬpeɛɢɬeɥɹ 

Ɉɛɴeɦ 
ɡɞaɧɢɹ, 
ɦ3 

Ʉɨɷɮɮɢɰɢeɧɬ β  
q˅, ˍˍaˎˏ͵˚∗ C 

tɜ, ɨC tɧɜ, ɨC Qɜp, 
Ƚɤaɥ/ɱ 

Aɞɦɢɧɢcɬpaɬɢɜɧɨ-
ɛɵɬɨɜɨɣ ɤɨpɩɭc ɧa 
35 ɱeɥɨɜeɤ 

2000 0,9 0,889 20 -25 0,072 

Ƚapaɠ 1 440 0,9 0,889 20 -25 0,016 
Ƚapaɠ 2 465 0,9 0,889 20 -25 0,017 
Ⱦeɩɨ ɦaɲɢɧ 
ɬɹɠeɥɨɝɨ ɬɢɩa 

1200 0,9 0,889 20 -25 0,043 

Ⱦeɬcɤɢɣ caɞ 5160 0,9 0,889 20 -25 0,186 
ɀɢɥɨɣ ɞɨɦ 2-ɯ 
ɤɜapɬɢpɧɵɣ 1 

515 0,9 0,889 20 -25 0,019 

ɀɢɥɨɣ ɞɨɦ 2-ɯ 
ɤɜapɬɢpɧɵɣ 2 

515 0,9 0,889 20 -25 0,019 

ɀɢɥɨɣ ɞɨɦ 2-ɯ 
ɤɜapɬɢpɧɵɣ 3 

515 0,9 0,889 20 -25 0,019 

ɀɢɥɨɣ ɞɨɦ 2-ɯ 
ɤɜapɬɢpɧɵɣ 4 

515 0,9 0,889 20 -25 0,019 

ɀɢɥɨɣ ɞɨɦ 2-ɯ 
ɤɜapɬɢpɧɵɣ 5 

515 0,9 0,889 20 -25 0,019 

ɀɢɥɨɣ ɞɨɦ 2-ɯ 
ɤɜapɬɢpɧɵɣ 6 

515 0,9 0,889 20 -25 0,019 

ɀɢɥɨɣ ɞɨɦ 2-ɯ 
ɤɜapɬɢpɧɵɣ 7 

515 0,9 0,889 20 -25 0,019 

ɀɢɥɨɣ ɞɨɦ 2-ɯ 
ɤɜapɬɢpɧɵɣ 8 

515 0,9 0,889 20 -25 0,019 

ɀɢɥɨɣ ɞɨɦ 2-ɯ 
ɤɜapɬɢpɧɵɣ 9 

515 0,9 0,889 20 -25 0,019 
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Ɉɤɨɧɱaɧɢe ɬaɛɥɢɰɵ 6 
ɀɢɥɨɣ ɞɨɦ 16-ɬɢ 
ɤɜapɬɢpɧɵɣ 1 

2610 0,9 0,889 20 -25 0,094 

ɀɢɥɨɣ ɞɨɦ 16-ɬɢ 
ɤɜapɬɢpɧɵɣ 2 

2610 0,9 0,889 20 -25 0,094 

ɀɢɥɨɣ ɞɨɦ 16-ɬɢ 
ɤɜapɬɢpɧɵɣ 3 

2610 0,9 0,889 20 -25 0,094 

ɇacɨcɧaɹ cɬaɧɰɢɹ 
ɩɨɠapɨɬɭɲeɧɢɹ 

230 0,9 0,889 20 -25 0,008 

ɉaccaɠɢpcɤɨe 
ɡɞaɧɢe 

500 0,9 0,889 20 -25 0,018 

ɉɨcɬ ɗɐ 230 0,9 0,889 20 -25 0,008 
ɂɌɈȽɈ 0.481 

 
Pacɱeɬ ɬeɩɥɨɜɵɯ ɩɨɬɨɤɨɜ ɧa ɝɨpɹɱee ɜɨɞɨcɧaɛɠeɧɢe ɩpeɞcɬaɜɥeɧ  

ɜ ɬaɛɥɢɰe 7. 
 

Ɍaɛɥɢɰa 7- Pacɱeɬ ɬeɩɥɨɜɵɯ ɩɨɬɨɤɨɜ ɧa ɝɨpɹɱee ɜɨɞɨcɧaɛɠeɧɢe. 
ɇaɢɦeɧɨɜaɧɢe ɩɨɬpeɛɢɬeɥɹ m, ɱeɥ a(b), ɥ/cɭɬ QȽɜccp, 

Ƚɤaɥ/ɱ 
QȽɜcmax, 

Ƚɤaɥ/ɱ 
Aɞɦɢɧɢcɬpaɬɢɜɧɨ-ɛɵɬɨɜɨɣ ɤɨpɩɭc 

ɧa 35 ɱeɥɨɜeɤ 
35 8 0,008 0,02 

Ƚapaɠ 1 6 8 0,001 0,003 
Ƚapaɠ 2 6 8 0,001 0,003 

Ⱦeɩɨ ɦaɲɢɧ ɬɹɠeɥɨɝɨ ɬɢɩa 10 8 0,002 0,005 
Ⱦeɬcɤɢɣ caɞ 160 8 0,03 0,08 

ɀɢɥɨɣ ɞɨɦ 2-ɯ ɤɜapɬɢpɧɵɣ 1 6 85 0,01 0,03 
ɀɢɥɨɣ ɞɨɦ 2-ɯ ɤɜapɬɢpɧɵɣ 2 6 85 0,01 0,03 
ɀɢɥɨɣ ɞɨɦ 2-ɯ ɤɜapɬɢpɧɵɣ 3 6 85 0,01 0,03 
ɀɢɥɨɣ ɞɨɦ 2-ɯ ɤɜapɬɢpɧɵɣ 4 6 85 0,01 0,03 
ɀɢɥɨɣ ɞɨɦ 2-ɯ ɤɜapɬɢpɧɵɣ 5 6 85 0,01 0,03 
ɀɢɥɨɣ ɞɨɦ 2-ɯ ɤɜapɬɢpɧɵɣ 6 6 85 0,01 0,03 
ɀɢɥɨɣ ɞɨɦ 2-ɯ ɤɜapɬɢpɧɵɣ 7 6 85 0,01 0,03 
ɀɢɥɨɣ ɞɨɦ 2-ɯ ɤɜapɬɢpɧɵɣ 8 6 85 0,01 0,03 
ɀɢɥɨɣ ɞɨɦ 2-ɯ ɤɜapɬɢpɧɵɣ 9 6 85 0,01 0,03 

ɀɢɥɨɣ ɞɨɦ 16-ɬɢ ɤɜapɬɢpɧɵɣ 1 40 85 0,09 0,22 
ɀɢɥɨɣ ɞɨɦ 16-ɬɢ ɤɜapɬɢpɧɵɣ 2 40 85 0,09 0,22 
ɀɢɥɨɣ ɞɨɦ 16-ɬɢ ɤɜapɬɢpɧɵɣ 3 40 85 0,09 0,22 

ɇacɨcɧaɹ cɬaɧɰɢɹ ɩɨɠapɨɬɭɲeɧɢɹ 1 8 0,002 0,0005 
ɉaccaɠɢpcɤɨe ɡɞaɧɢe 40 8 0,009 0,02 

ɉɨcɬ ɗɐ 1 8 0,002 0,0005 
ɂɌɈȽɈ 1,11 
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2.4 Ɉɩpeɞeɥeɧɢe pacɯɨɞɨɜ ceɬeɜɨɣ ɜɨɞɵ ɭ ɩɨɬpeɛɢɬeɥeɣ 
 
Pacɱeɬɧɵe ɱacɨɜɵe pacɯɨɞɵ ceɬeɜɨɣ ɜɨɞɵ ɨɩpeɞeɥɹɸɬcɹ ɨɬɞeɥɶɧɨ ɞɥɹ 

ɨɬɨɩɥeɧɢɹ, ɜeɧɬɢɥɹɰɢɢ ɢ ȽȼC. 
Pacɯɨɞ ɜɨɞɵ ɧa ɨɬɨɩɥeɧɢe (pacɱeɬɧɵɣ) ɨɩpeɞeɥɹeɬcɹ ɤaɤ, ɤɝ/ɱ: 
 𝐺୭୮ = ொ౥౦௖∗ሺ𝜏భ−𝜏మሻ,                   (24) 

 
ɝɞe 𝜏ଵ − 𝜏ଶ - ɬeɦɩepaɬɭpa ɜɨɞɵ ɜ ɩɨɞaɸɳeɦ ɢ ɨɛpaɬɧɨɦ ɬpɭɛɨɩpɨɜɨɞe 

ɬeɩɥɨɜɨɣ ceɬɢ ɩpɢ pacɱeɬɧɨɣ ɬeɦɩepaɬɭpe ɧapɭɠɧɨɝɨ ɜɨɡɞɭɯa ɧa ɨɬɨɩɥeɧɢe 𝑡୭୮, 

c = 1 ɤɤaɥ/ɤɝ* ɨC – ɭɞeɥɶɧaɹ ɬeɩɥɨeɦɤɨcɬɶ ɜɨɞɵ. 
 

Pacɯɨɞ ɜɨɞɵ ɧa ɜeɧɬɢɥɹɰɢɸ (pacɱeɬɧɨe ɡɧaɱeɧɢe), ɤɝ/ɱ: 
 𝐺୮˅ = ொ౦˅௖∗ሺ𝜏భ−𝜏మሻ,                   (25) 

 
ɝɞe 𝜏ଵ − 𝜏ଶ - ɬeɦɩepaɬɭpa ɜɨɞɵ ɜ ɩɨɞaɸɳeɦ ɢ ɨɛpaɬɧɨɦ ɬpɭɛɨɩpɨɜɨɞe 

ɬeɩɥɨɜɨɣ ceɬɢ ɩpɢ pacɱeɬɧɨɣ ɬeɦɩepaɬɭpe ɧapɭɠɧɨɝɨ ɜɨɡɞɭɯa ɧa ɜeɧɬɢɥɹɰɢɸ 𝑡୮˅. 

 

Ɇaɤcɢɦaɥɶɧɵɣ pacɯɨɞ ɜɨɞɵ ɧa ɝɨpɹɱee ɜɨɞɨcɧaɛɠeɧɢe ɞɥɹ ɡaɤpɵɬɨɣ 
cɢcɬeɦɵ ɩpɢ ɞɜɭɯcɬɭɩeɧɱaɬɨɣ cɯeɦe ɩpɢcɨeɞɢɧeɧɢɹ ɜɨɞɨɩɨɞɨɝpeɜaɬeɥeɣ: 

 𝐺ˆ˅௖௠௔𝑥 = ଴,ହହ∗ொˆ˅𝑐೘𝑎𝑥௖∗ሺ௧భˏ−௧మˏሻ,                   (26) 

 
ɝɞe 𝐺ˆ˅௖௠௔𝑥 - ɦaɤcɢɦaɥɶɧɵɣ ɬeɩɥɨɜɨɣ ɩɨɬɨɤ ɧa ȽȼC ɠɢɥɵɯ ɢ ɨɛɳecɬɜeɧɧɵɯ 

ɡɞaɧɢɣ, Ƚɤaɥ/ɱac; 𝑡ଵˏ − 𝑡ଶˏ - ɢɡɦeɧeɧɢe ɬeɦɩepaɬɭpɵ ɜɨɞɵ ɩɨɞaɸɳeɝɨ ɢ ɨɛpaɬɧɨɝɨ 
ɬpɭɛɨɩpɨɜɨɞa ɬeɩɥɨɜɨɣ ceɬɢ. 

ɉpɨɢɡɜeɞeɦ pacɱeɬɵ ɩɨ ɜɵɲeɭɤaɡaɧɧɵɦ ɮɨpɦɭɥaɦ ɞɥɹ ɩɨɬpeɛɢɬeɥeɣ, 
peɡɭɥɶɬaɬɵ ɜɧɨcɢɦ ɜ ɬaɛɥɢɰɭ 8. 
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Ɍaɛɥɢɰa 8 - Peɡɭɥɶɬaɬ pacɱeɬa pacɯɨɞɨɜ ceɬeɜɨɣ ɜɨɞɵ ɭ ɩɨɬpeɛɢɬeɥeɣ 
ɇaɢɦeɧɨɜaɧɢe 
ɩɨɬpeɛɢɬeɥɹ 

Qov
p, 

Ƚɤaɥ/ɱ 
Qɜ

p, Ƚɤaɥ/ɱ QȽɜc
max, 

Ƚɤaɥ/ɱ 
𝐺୭୮, ɬ/ɱ 𝐺ɜ୮, 

ɤɝ/ɱ 
𝐺ɝɜ௖௠௔𝑥, 
ɤɝ/ɱ 

Aɞɦɢɧɢcɬpaɬɢɜɧɨ-
ɛɵɬɨɜɨɣ ɤɨpɩɭc ɧa 
35 ɱeɥɨɜeɤ 

0,037 0,072 0,02 0.176 0.688 0.097 

Ƚapaɠ 1 0,08 0,016 0,003 0.039 0.151 0.017 
Ƚapaɠ 2 0,09 0,017 0,003 0.409 0.16 0.017 
Ⱦeɩɨ ɦaɲɢɧ 
ɬɹɠeɥɨɝɨ ɬɢɩa 

0,022 0,043 0,005 1.055 0.413 0.028 

Ⱦeɬcɤɢɣ caɞ 0,095 0,186 0,08 4.539 1.775 0.441 
ɀɢɥɨɣ ɞɨɦ 2-ɯ 
ɤɜapɬɢpɧɵɣ 1 

0,009 0,019 0,03 0.453 0.177 0.088 

ɀɢɥɨɣ ɞɨɦ 2-ɯ 
ɤɜapɬɢpɧɵɣ 2 

0,009 0,019 0,03 0.453 0.177 0.088 

ɀɢɥɨɣ ɞɨɦ 2-ɯ 
ɤɜapɬɢpɧɵɣ 3 

0,009 0,019 0,03 0.453 0.177 0.088 

ɀɢɥɨɣ ɞɨɦ 2-ɯ 
ɤɜapɬɢpɧɵɣ 4 

0,009 0,019 0,03 0.453 0.177 0.088 

ɀɢɥɨɣ ɞɨɦ 2-ɯ 
ɤɜapɬɢpɧɵɣ 5 

0,009 0,019 0,03 0.453 0.177 0.088 

ɀɢɥɨɣ ɞɨɦ 2-ɯ 
ɤɜapɬɢpɧɵɣ 6 

0,009 0,019 0,03 0.453 0.177 0.088 

ɀɢɥɨɣ ɞɨɦ 2-ɯ 
ɤɜapɬɢpɧɵɣ 7 

0,009 0,019 0,03 0.453 0.177 0.088 

ɀɢɥɨɣ ɞɨɦ 2-ɯ 
ɤɜapɬɢpɧɵɣ 8 

0,009 0,019 0,03 0.453 0.177 0.088 

ɀɢɥɨɣ ɞɨɦ 2-ɯ 
ɤɜapɬɢpɧɵɣ 9 

0,009 0,019 0,03 0.453 0.177 0.088 

ɀɢɥɨɣ ɞɨɦ 16-ɬɢ 
ɤɜapɬɢpɧɵɣ 1 

0,048 0,094 0,22 2.296 0.898 0.117 

ɀɢɥɨɣ ɞɨɦ 16-ɬɢ 
ɤɜapɬɢpɧɵɣ 2 

0,048 0,094 0,22 2.296 0.898 0.117 

ɀɢɥɨɣ ɞɨɦ 16-ɬɢ 
ɤɜapɬɢpɧɵɣ 3 

0,048 0,094 0,22 2.296 0.898 0.117 

ɇacɨcɧaɹ cɬaɧɰɢɹ 
ɩɨɠapɨɬɭɲeɧɢɹ 

0,004 0,008 0,0005 0.202 0.079 0.003 

ɉaccaɠɢpcɤɨe 
ɡɞaɧɢe 

0,009 0,018 0,02 0.44 0.172 0.11 

ɉɨcɬ ɗɐ 0,004 0,008 0,0005 0.202 0.079 0.003 
ɂɌɈȽɈ 0.418 0.481 1,11 18.026 7.804 1.857 
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2.5 Ɉɩpeɞeɥeɧɢe ɝɨɞɨɜɵɯ pacɯɨɞɨɜ ɬeɩɥa ɭ ɩɨɬpeɛɢɬeɥeɣ 
 

Ƚɨɞɨɜɨɣ pacɯɨɞ ɬeɩɥɨɬɵ ɩɨɬpeɛɢɬeɥɹɦɢ paɣɨɧa ɬeɩɥɨcɧaɛɠeɧɢɹ, Ƚɤaɥ: 
 𝑄 = 𝑄ɨ̂ˑˇ + 𝑄ɜ̂ˑˇ + 𝑄ɝɜ௖ˆˑˇ + 𝑄ɬ̂ˑ ˇ ,                (27) 
 
ɝɞe Qɨ̂ˑ

ˇ - ɝɨɞɨɜɨɣ pacɯɨɞ ɬeɩɥa ɧa ɨɬɨɩɥeɧɢe, Ƚɤaɥ, paccɱɢɬɵɜaeɬcɹ  
ɩɨ ɮɨpɦɭɥe (28), Qɜ̂ˑ

ˇ- ɝɨɞɨɜɨɣ pacɯɨɞ ɬeɩɥa ɧa ɜeɧɬɢɥɹɰɢɸ, Ƚɤaɥ, paccɱɢɬɵɜaeɬcɹ ɩɨ 
ɮɨpɦɭɥe (31), Qɝɜୡˆˑˇ- ɝɨɞɨɜɨɣ pacɯɨɞ ɬeɩɥa ɧa ɝɨpɹɱee ɜɨɞɨcɧaɛɠeɧɢe, Ƚɤaɥ, Qɬ̂

ˑˇ - ɝɨɞɨɜɨɣ pacɯɨɞ ɬeɩɥa ɧa ɬeɯɧɨɥɨɝɢɱecɤɢe ɧɭɠɞɵ, Ƚɤaɥ. 
 𝑄ˑ̂ˑˇ = 𝑄௖ˑ௣ ∗ (𝑛ˑ − 𝑛ˇ) + 𝑛ˇ ∗ ௧˅ˇ−௧ɦ𝑐𝑝ˑ௧ˍ𝑝−௧ɦ𝑐𝑝ˑ,               (28) 

 
ɝɞe nˑ, ɞɧeɣ - ɩpɨɞɨɥɠɢɬeɥɶɧɨcɬɶ ɨɬɨɩɢɬeɥɶɧɨɝɨ ɩepɢɨɞa ɞɥɹ  

cɬ. Aɛaɤɭɦɨɜɤa, 𝑛ˇ (ɱ/ɝɨɞ) - ɞɥɢɬeɥɶɧɨcɬɶ paɛɨɬɵ ɞeɠɭpɧɨɝɨ ɨɬɨɩɥeɧɢɹ, (ɞeɠɭpɧɨe 
ɨɬɨɩɥeɧɢe ɧe ɩpeɞɭcɦɨɬpeɧɨ), 𝑡˅ˇ, - ɬeɦɩepaɬɭpa ɜɧɭɬpeɧɧeɝɨ ɜɨɡɞɭɯa ɩpɢ ɞeɠɭpɧɨɦ ɨɬɨɩɥeɧɢɢ, ɨC 

Ⱦɥɹ ɨɩpeɞeɥeɧɢɹ cpeɞɧeɣ ɬeɦɩepaɬɭpɵ ɧapɭɠɧɨɝɨ ɜɨɡɞɭɯa ɡa ɥɸɛɨɣ 
ɢɧɬepɜaɥ ɨɬɨɩɢɬeɥɶɧɨɝɨ ɩepɢɨɞa, ɩpɢɦeɦ: ɢɧɬepɜaɥ ɨɬɨɩɢɬeɥɶɧɨɝɨ ɩepɢɨɞa  
ɨɬ +8 ɨC ɞɨ pacɱeɬɧɨɣ ɧa ɨɬɨɩɥeɧɢe ɬeɦɩepaɬɭpɵ ɧapɭɠɧɨɝɨ ɜɨɡɞɭɯa paɜɧɨɣ  
-40 ɨC, ɬ.e. pacɱeɬ ɩpɨɢɡɜɨɞɢɬcɹ ɩɨ cɥeɞɭɸɳeɣ ɮɨpɦɭɥe: 

 𝑡ɦ௖௣ˑ = ௡భ∗௧ɦభ𝑐𝑝+௡మ∗௧ɦమ𝑐𝑝+௡೘∗௧ɦ೘𝑐𝑝௡భ+௡మ+௡೘ ,                 (29) 

 
Ɍaɤ, cpeɞɧɹɹ ɦɧɨɝɨɥeɬɧɹɹ ɬeɦɩepaɬɭpa ɜɨɡɞɭɯa ɡa ɨɬɨɩɢɬeɥɶɧɵɣ ɩepɢɨɞ 

cɨcɬaɜɢɥa t cpɨɧ = -8,44 ɨC.  
Cpeɞɧɹɹ ɬeɩɥɨɜaɹ ɧaɝpɭɡɤa ɡa ɨɬɨɩɢɬeɥɶɧɵɣ ɩepɢɨɞ ɨɩpeɞeɥɹeɬcɹ ɩɨ 

ɮɨpɦɭɥe, Ƚɤaɥ/ɱ: 
 𝑄ɨ௖௣ = 𝑄ɨ௖௣ ∗ ௧ɜ𝑝−௧ɧ𝑐𝑝ˑ௧ɜ𝑝−௧ɧɨ ,                  (30) 

 
ɝɞe 𝑄ɨ௖௣ - pacɱeɬɧɵɣ pacɯɨɞ ɬeɩɥa ɧa ɨɬɨɩɥeɧɢe, Ƚɤaɥ/ɱ, 𝑡ɜ௣ - pacɱeɬɧaɹ ɬeɦɩepaɬɭpa ɜɧɭɬpeɧɧeɝɨ ɜɨɡɞɭɯa ɨɬaɩɥɢɜaeɦɵɯ 

ɩɨɦeɳeɧɢɣ, 0C ɩpɢɧɢɦaeɦaɹ ɜ ɡaɜɢcɢɦɨcɬɢ ɨɬ ɧaɡɧaɱeɧɢɹ ɡɞaɧɢɹ, 𝑡ɧɨ = - 40 ɨC - pacɱeɬɧaɹ ɬeɦɩepaɬɭpa ɧapɭɠɧɨɝɨ ɜɨɡɞɭɯa ɞɥɹ 
ɩpɨeɤɬɢpɨɜaɧɢɹ ɨɬɨɩɥeɧɢɹ,  
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𝑡ɧ௖௣ˑ= -8,44 ɨC - cpeɞɧɹɹ ɬeɦɩepaɬɭpa ɜɨɡɞɭɯa ɡa ɨɬɨɩɢɬeɥɶɧɵɣ ɩepɢɨɞ ɞɥɹ  
c. Aɛaɤɭɦɨɜɤa. 

 
Ⱦɥɹ paccɱɢɬɵɜaeɦɵɯ ɩɨɬpeɛɢɬeɥeɣ 𝑛ˇ = Ͳ ɢ ɭpaɜɧeɧɢe (10) ɩpɢɧɢɦaeɬ 

ɜɢɞ: 
 𝑄ɨ̂ˑˇ = 𝑄ɨ௖௣ ∗ 𝑛଴,                   (31) 
 
Ɉɩpeɞeɥɢɦ pacɯɨɞ ɬeɩɥa ɧa ɜeɧɬɢɥɹɰɢɸ (ɡa ɝɨɞ), Ƚɤaɥ: 
 𝑄ɜ̂ˑˇ = 𝑄ɜ௣ ∗ ቆ𝑛ɜ + ௧˅𝑝−௧ɧ𝑐𝑝˅௧˅𝑝−௧ɧ𝑒𝑐𝑝˅ ሺ𝑛ɨ − 𝑛ɜሻቇ ∗ ሺͳ − ௡ˇ˅௡బሻ,              (32) 

 
ɝɞe 𝑛ɜ = Ͷͻʹ ˚ - ɩpɨɞɨɥɠɢɬeɥɶɧɨcɬɶ ɨɬɨɩɢɬeɥɶɧɨɝɨ ɩepɢɨɞa  

c ɬeɦɩepaɬɭpɨɣ ɧapɭɠɧɨɝɨ ɜɨɡɞɭɯa tɧ<tɧɜ, 𝑛ˇ˅ = ͳͺͷ͸ ˚ - ɩpɨɞɨɥɠɢɬeɥɶɧɨcɬɶ ɨɬɨɩɢɬeɥɶɧɨɝɨ ɩepɢɨɞa ɛeɡ paɛɨɬɵ 
ɜeɧɬɢɥɹɰɢɢ, 𝑡ɧ௖௣˅ - cpeɞɧɹɹ ɬeɦɩepaɬɭpa ɧapɭɠɧɨɝɨ ɜɨɡɞɭɯa (ɨɬ ɧaɱaɥa ɨɬɨɩɢɬeɥɶɧɨɝɨ 
ɩepɢɨɞa ɞɨ pacɱeɬɧɨɣ ɬeɦɩepaɬɭpɵ ɧa ɜeɧɬɢɥɹɰɢɸ), ɨC: 

 𝑡ɧ௖௣˅ = ௡భ∗௧ɦభ𝑐𝑝+௡మ∗௧ɦమ𝑐𝑝+௡೘∗௧ɦ೘𝑐𝑝௡భ+௡మ+௡೘ ,                 (33) 

 
Ƚɨɞɨɜɨɣ pacɯɨɞ ɬeɩɥɨɬɵ ɧa ȽȼC, Ƚɤaɥ: 
 𝑄ɝɜ௖ˆˑˇ = 𝑄ɝɜ௖௖௣ ∗ ሺ𝑛ɨ + 𝜑ˆ˅௖ˎ ∗ ௧ˆ−௧хˎ௧ˆ−௧˘́ ሺ𝑛ɝ − 𝑛ɨሻሻ,               (34) 

 
ɝɞe 𝑄ɝɜ௖௖௣ - cpeɞɧeɧeɞeɥɶɧɵɣ pacɯɨɞ ɬeɩɥa ɧa ɝɨpɹɱee ɜɨɞɨcɧaɛɠeɧɢe, 𝑛ɝ = ͺͶʹͶ ˚-ɞɥɢɬeɥɶɧɨcɬɶ paɛɨɬɵ cɢcɬeɦɵ ɝɨpɹɱeɝɨ ɜɨɞɨcɧaɛɠeɧɢɹ, 𝜑ˆ˅௖ˎ = Ͳ,ͺ - ɤɨɷɮɮɢɰɢeɧɬ cɧɢɠeɧɢɹ ɱacɨɜɨɝɨ pacɯɨɞa ɜɨɞɵ ɧa ɝɨpɹɱee 

ɜɨɞɨcɧaɛɠeɧɢe ɜ ɥeɬɧɢɣ ɩepɢɨɞ, 𝑡ˆ , ɨC - ɬeɦɩepaɬɭpa ɝɨpɹɱeɣ ɜɨɞɵ, 𝑡хˎ  , ɨC - ɬeɦɩepaɬɭpa ɯɨɥɨɞɧɨɣ ɜɨɞɨɩpɨɜɨɞɧɨɣ ɜɨɞɵ ɥeɬɨɦ, 𝑡˘́  , ɨC - ɬeɦɩepaɬɭpa ɯɨɥɨɞɧɨɣ ɜɨɞɨɩpɨɜɨɞɧɨɣ ɜɨɞɵ ɡɢɦɨɣ, 
Pacɯɨɞ ɬeɩɥɨɬɵ ɧa ɬeɯɧɨɥɨɝɢɱecɤɢe ɧɭɠɞɵ ɢcɬɨɱɧɢɤa ɨɬcɭɬcɬɜɭeɬ. 
 
ɉpɨɢɡɜɨɞɢɦ pacɱeɬɵ ɩɨ ɩɨɬpeɛɢɬeɥɹɦ, ɢcɩɨɥɶɡɭɹ ɜɵɲeɭɤaɡaɧɧɵe 

ɮɨpɦɭɥɵ, ɩɨɥɭɱɢɜɲɢecɹ peɡɭɥɶɬaɬɵ ɜɧɨcɢɦ ɜ ɬaɛɥɢɰɭ 9. 
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Ɍaɛɥɢɰa 9 – Ƚɨɞɨɜɵe pacɯɨɞɵ ɬeɩɥa ɩɨ ɩɨɬpeɛɢɬeɥɹɦ. 
ɇaɢɦeɧɨɜaɧɢe 
ɩɨɬpeɛɢɬeɥɹ 

 𝑡ɜ, ˑC 
 𝑄௢௩୮ ,Гɤ𝑎ɥ

ч
 

 𝑄୮˅,Гɤ𝑎ɥ
ч

 

 𝑄ˆ˅௖ୡ୮ ,Гɤ𝑎ɥ
ч

 

 𝑄଴ɝɨɞ,Гɤ𝑎ɥ
ч

 

 𝑄˅ɝɨɞ,Гɤ𝑎ɥ
ɝɨɞ

 

 𝑄ˆ˅௖ɝɨɞ,Гɤ𝑎ɥ
ɝɨɞ

 

 
Aɞɦɢɧɢcɬpaɬɢɜɧ
ɨ-ɛɵɬɨɜɨɣ 
ɤɨpɩɭc ɧa 35 
ɱeɥɨɜeɤ 

20 0,037 0,072 0,0008 105.158 35.458 15.19 

Ƚapaɠ 1 20 0,08 0,016 0,0001 23.135 7.801 2.278 
Ƚapaɠ 2 20 0,09 0,017 0,0001 24.449 8.244 2.278 
Ⱦeɩɨ ɦaɲɢɧ 
ɬɹɠeɥɨɝɨ ɬɢɩa 

20 0,022 0,043 0,0002 63.095 21.275 3.797 

Ⱦeɬcɤɢɣ caɞ 20 0,095 0,186 0,003 271.301 91.482 6.076 
ɀɢɥɨɣ ɞɨɦ 2-ɯ 
ɤɜapɬɢpɧɵɣ 1 

20 0,009 0,019 0,001 27.078 9.13 22.785 

ɀɢɥɨɣ ɞɨɦ 2-ɯ 
ɤɜapɬɢpɧɵɣ 2 

20 0,009 0,019 0,001 27.078 9.13 22.785 

ɀɢɥɨɣ ɞɨɦ 2-ɯ 
ɤɜapɬɢpɧɵɣ 3 

20 0,009 0,019 0,001 27.078 9.13 22.785 

ɀɢɥɨɣ ɞɨɦ 2-ɯ 
ɤɜapɬɢpɧɵɣ 4 

20 0,009 0,019 0,001 27.078 9.13 22.785 

ɀɢɥɨɣ ɞɨɦ 2-ɯ 
ɤɜapɬɢpɧɵɣ 5 

20 0,009 0,019 0,001 27.078 9.13 22.785 

ɀɢɥɨɣ ɞɨɦ 2-ɯ 
ɤɜapɬɢpɧɵɣ 6 

20 0,009 0,019 0,001 27.078 9.13 22.785 

ɀɢɥɨɣ ɞɨɦ 2-ɯ 
ɤɜapɬɢpɧɵɣ 7 

20 0,009 0,019 0,001 27.078 9.13 22.785 

ɀɢɥɨɣ ɞɨɦ 2-ɯ 
ɤɜapɬɢpɧɵɣ 8 

20 0,009 0,019 0,001 27.078 9.13 22.785 

ɀɢɥɨɣ ɞɨɦ 2-ɯ 
ɤɜapɬɢpɧɵɣ 9 

20 0,009 0,019 0,001 27.078 9.13 22.785 

ɀɢɥɨɣ ɞɨɦ 16-ɬɢ 
ɤɜapɬɢpɧɵɣ 1 

20 0,048 0,094 0,009 137.231 46.273 167.088 

ɀɢɥɨɣ ɞɨɦ 16-ɬɢ 
ɤɜapɬɢpɧɵɣ 2 

20 0,048 0,094 0,009 137.231 46.273 167.088 

ɀɢɥɨɣ ɞɨɦ 16-ɬɢ 
ɤɜapɬɢpɧɵɣ 3 

20 0,048 0,094 0,009 137.231 46.273 167.088 

ɇacɨcɧaɹ 
cɬaɧɰɢɹ 
ɩɨɠapɨɬɭɲeɧɢɹ 

20 0,004 0,008 0,0002 12.093 4.078 0.38 
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Ɉɤɨɧɱaɧɢe ɬaɛɥɢɰɵ 9 
ɉaccaɠɢpcɤɨe 
ɡɞaɧɢe 

20 0,009 0,018 0,0009 26.289 8.865 15.19 

ɉɨcɬ ɗɐ 20 0,004 0,008 0,0002 12.093 4.078 0.38 
ɂɌɈȽɈ  0.418 0.481 0.099 1193 402.272 751.896 
 

2.6 Pacɱeɬ ɬeɩɥɨɜɵɯ ɩɨɬepɶ ɩpɢ ɬpaɧcɩɨpɬɢpɨɜɤe ɬeɩɥɨɧɨcɢɬeɥɹ 
 

Ɉɩpeɞeɥɢɦ ɉɨɬepɢ ɬeɩɥɨɜɨɣ ɷɧepɝɢɢ Qɭ, cɜɹɡaɧɧɵe c ɭɬeɱɤaɦɢ  
ɢɡ ɬeɩɥɨɜɨɣ ceɬɢ, Ƚɤaɥ/ɝɨɞ: 

 𝑄˖ = 𝑎 ∗ 𝑉௖ ∗ 𝑝 ∗ 𝐶 ∗ ቀ௧೙−௧బଶ − 𝑡˘˅ቁ ∗ ʹͶ ∗ 𝑍 ∗ ͳͲ−଺ ,             (35) 

 

ɝɞe 𝑎 ∗ 𝑉௖ = Ͳ,ͲͲʹͷ ɦଷ
ч

-ɱacɨɜaɹ ɞɨɥɹ ɩɨɬepɶ ɬeɩɥɨɧɨcɢɬeɥɹ ɨɬ ɨɛɴeɦa 

ɞɜɭɯɬpɭɛɧɨɣ ceɬɢ, 𝑝 = ͻͻ͹ ɤɝ
ɦଷ – ɩɥɨɬɧɨcɬɶ ɬeɩɥɨɧɨcɢɬeɥɹ (ceɬeɜɨɣ ɜɨɞɵ), 𝑡௡ - cpeɞɧɹɹ ɬeɦɩepaɬɭpa ɬeɩɥɨɧɨcɢɬeɥɹ ɩɨɞaɸɳeɝɨ ɬpɭɛɨɩpɨɜɨɞa, 𝑡௡ - cpeɞɧɹɹ ɬeɦɩepaɬɭpa ɬeɩɥɨɧɨcɢɬeɥɹ ɨɛpaɬɧɨɝɨ ɬpɭɛɨɩpɨɜɨɞa, 𝑡˘˅ = ͷ ɨC -ɬeɦɩepaɬɭpa ɯɨɥɨɞɧɨɣ ɜɨɞɵ ɜ ɨɬɨɩɢɬeɥɶɧɵɣ ɩepɢɨɞ, 𝑍 = ͵ͷͳ ɞeɧɶ - ɞɥɢɬeɥɶɧɨcɬɶ paɛɨɬɵ ɬeɩɥɨɜɵɯ ceɬeɣ. 

 
Ɉɩpeɞeɥɹeɦ ɬeɩɥɨɜɵe ɩɨɬepɢ ɱepeɡ ɢɡɨɥɢpɨɜaɧɧɭɸ ɩɨɜepɯɧɨcɬɶ 

ɩɨɞaɸɳeɣ ɢ ɨɛpaɬɧɨɣ ɥɢɧɢɣ ɬpɭɛɨɩpɨɜɨɞɨɜ ɩpɢ ɬpaɧcɩɨpɬe ɬeɩɥɨɧɨcɢɬeɥɹ.  
Ʉɨɥɢɱecɬɜɨ ɬeɩɥɨɜɨɣ ɷɧepɝɢɢ, ɬepɹeɦɨɣ ɩpɢ ɬpaɧcɩɨpɬe ɬeɩɥɨɧɨcɢɬeɥɹ  

ɨɬ ɬeɩɥɨɢcɬɨɱɧɢɤa ɞɨ ɩɨɬpeɛɢɬeɥɹ ɞɥɹ ɩɨɞɡeɦɧɨɣ ɩpɨɤɥaɞɤɢ ɨɩpeɞeɥɹeɦ  
ɩɨ ɮɨpɦɭɥaɦ, Ƚɤaɥ/ɝɨɞ: 

 𝑄˒˒ = 𝛴𝓫 ∗ 𝑞˒˒ ∗ 𝐿௖ ∗ 𝑍 ∗ ͳͲ−଺,                (36) 
 Q˒ˑ = Σβ ∗ q˒ˑ ∗ Lୡ ∗ Z ∗ ͳͲ−଺,                 (37) 
 
ɝɞe Q˒˒-cpeɞɧeɝɨɞɨɜɵe ɬeɩɥɨɜɵe ɩɨɬepɢ ɩɨɞaɸɳeɝɨ ɩɨɞɡeɦɧɨɝɨ 

ɬpɭɛɨɩpɨɜɨɞa, Ƚɤaɥ/ɝɨɞ, Q˒ˑ-cpeɞɧeɝɨɞɨɜɵe ɬeɩɥɨɜɵe ɩɨɬepɢ ɨɛpaɬɧɨɝɨ ɩɨɞɡeɦɧɨɝɨ ɬpɭɛɨɩpɨɜɨɞa, 
Ƚɤaɥ/ɝɨɞ, 𝛴𝓫 = ͳ,ʹͷ – ɤɨɷɮɮɢɰɢeɧɬ, ɭɱɢɬɵɜaɸɳɢɣ ɩɨɬepɢ ɬeɩɥa apɦaɬɭpɨɣ, 
ɤɨɦɩeɧcaɬɨpaɦɢ, 𝑞˒˒ = ʹͷ,ʹͶ ɤɤ௔ɥˏ∗˚ - ɧɨpɦa ɩɥɨɬɧɨcɬɢ ɬeɩɥɨɜɨɝɨ ɩɨɬɨɤa, ɤɤaɥ/(ɦ*ɱac), ɩpɢ 
cpeɞɧeɣ ɦɧɨɝɨɥeɬɧeɣ ɬeɦɩepaɬɭpe ɜɨɡɞɭɯa ɡa ɨɬɨɩɢɬeɥɶɧɵɣ ɩepɢɨɞ paɜɧɨɣ  
-8,44 ɨC, ɬeɦɩepaɬɭpaɯ ɬeɩɥɨɧɨcɢɬeɥɹ ɞɥɹ ɷɬɨɣ ɬeɦɩepaɬɭpɵ ɩɨ ɬeɦɩepaɬɭpɧɨɦɭ 
ɝpaɮɢɤɭ ɬeɩɥɨɜɨɣ ceɬɢ 95 ɨC ɜ ɩpɹɦɨɦ ɬpɭɛɨɩpɨɜɨɞe, 
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𝑞˒ˑ = ͳͻ,͵ʹ ɤɤ௔ɥˏ∗˚ - ɧɨpɦa ɩɥɨɬɧɨcɬɢ ɬeɩɥɨɜɨɝɨ ɩɨɬɨɤa, ɤɤaɥ/(ɦ*ɱac),  

ɩpɢ cpeɞɧeɣ ɦɧɨɝɨɥeɬɧeɣ ɬeɦɩepaɬɭpe ɜɨɡɞɭɯa ɡa ɨɬɨɩɢɬeɥɶɧɵɣ ɩepɢɨɞ paɜɧɨɣ 
-8,44 ɨC, ɬeɦɩepaɬɭpaɯ ɬeɩɥɨɧɨcɢɬeɥɹ ɞɥɹ ɷɬɨɣ ɬeɦɩepaɬɭpɵ ɩɨ ɬeɦɩepaɬɭpɧɨɦɭ 
ɝpaɮɢɤɭ ɬeɩɥɨɜɨɣ ceɬɢ 70 ɨC ɜ ɨɛpaɬɧɨɦ ɬpɭɛɨɩpɨɜɨɞe, 𝐿௖- ɩpɨɬɹɠeɧɧɨcɬɶ ɬeɩɥɨɜɨɣ ceɬɢ, ɦ, 𝑍 = ͺͶʹͶ ˚ - ɩpɨɞɨɥɠɢɬeɥɶɧɨcɬɶ paɛɨɬɵ ɬeɩɥɨɜɵɯ ceɬeɣ (ɜ ɝɨɞ). 

Ɉɩpeɞeɥɢɦ ɨɛɴeɦ ɬeɩɥɨɜɨɣ ɷɧepɝɢɢ, ɤɨɬɨpaɹ ɬepɹeɬcɹ  
ɩpɢ ɬpaɧcɩɨpɬɢpɨɜɤe ɬeɩɥɨɧɨcɢɬeɥɹ ɞɥɹ ɬpɭɛɨɩpɨɜɨɞa Ⱦɭ -100 ɦɦ:  

Ɍɨɝɞa ɢɡɦeɧeɧɢe ɬeɦɩepaɬɭp ɬeɩɥɨɧɨcɢɬeɥɹ ɢ ɧapɭɠɧɨɝɨ ɜɨɡɞɭɯa:  
ȼ ɩpɹɦɨɦ ɬpɭɛɨɩpɨɜɨɞe: 
 𝛥𝑡˒௣ = ͻͷ − ሺ−ͺ,ͶͶሻ = ͳͲ͵.ͶͶ, 
 
ȼ ɨɛpaɬɧɨɦ ɬpɭɛɨɩpɨɜɨɞe: 
 𝛥𝑡ˑ˄௣ = ͹Ͳ − ሺ−ͺ,ͶͶሻ = ͹ͺ.ͶͶ, 
 
Ɉɛɴeɦ ɩɨɬepɶ ɬeɩɥɨɜɨɣ ɷɧepɝɢɢ ɩpɢ ɬpaɧcɩɨpɬɢpɨɜɤe ɬeɩɥɨɧɨcɢɬeɥɹ  

ɨɬ ɢcɬɨɱɧɢɤa ɞɨ ɩɨɬpeɛɢɬeɥɹ ɞɥɹ 1 ɭɱacɬɤa: 
 𝑄˒˒ = ʹͷ,ʹͶ ∗ ͳ,ʹͷ ∗ ͳͳͷ ∗ ͺͶʹͶ ∗ ͳͲ−଺ = ʹͻ,ͷͷͺ ʒˍ௔ˎˆˑˇ , 

 𝑄˒ˑ = ͳͻ,͵ʹ ∗ ͳ,ʹͷ ∗ ͳͳͷ ∗ ͺͶʹͶ ∗ ͳͲ−଺ = ʹͲ,͵͵Ͷ ʒˍ௔ˎˆˑˇ . 

 
Ɍeɩɥɨɜɵe ɩɨɬepɢ ɞɥɹ ɬpɭɛɨɩpɨɜɨɞɨɜ ɞpɭɝɢɯ ɞɢaɦeɬpɨɜ ɢ ɭɱacɬɤɨɜ 

ɨɩpeɞeɥɹeɦ aɧaɥɨɝɢɱɧɨ, peɡɭɥɶɬaɬɵ pacɱeɬɨɜ cɜɨɞɢɦ ɜ ɬaɛɥɢɰɭ 10. 
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Ɍaɛɥɢɰa 10 – Ɍeɩɥɨɜɵe ɩɨɬepɢ ɜ ɬpɭɛɨɩpɨɜɨɞaɯ. 
№ 
ɭɱ 

ɇaɢɦeɧɨɜaɧɢe 
ɩɨɬpeɛɢɬeɥɹ 

Dɜɧ, 
ɦɦ 

Lc, ɦ ɉpɹɦɨɣ 
ɬpɭɛɨɩpɨɜɨɞ 

Ɉɛpaɬɧɵɣ 
ɬpɭɛɨɩpɨɜɨɞ 

ɂɬɨɝɨ 

qɧɩ, 
ɤɤaɥ/ 
(ɦ*ɱ) 

Qɧɩ, 
Ƚɤaɥ/ɝɨɞ 

qɧɨ, 
ɤɤaɥ/(ɦ*ɱ) 

Qɧɨ, 
Ƚɤaɥ/ɝɨɞ 

Qɧ, 
Ƚɤaɥ/ɝɨɞ 

1 Aɞɦɢɧɢcɬpaɬɢɜɧɨ-
ɛɵɬɨɜɨɣ ɤɨpɩɭc ɧa 
35 ɱeɥɨɜeɤ 

0.125 115 17.26 2.0901 13.22 1.6009 3.691 

2 Ƚapaɠ 1 0.125 2.0901 1.6009 3.691 
3 Ƚapaɠ 2 0.125 2.0901 1.6009 3.691 
4 Ⱦeɩɨ ɦaɲɢɧ 

ɬɹɠeɥɨɝɨ ɬɢɩa 
0.15 56 23.58 1.3905 18.06 1.065 2.4554 

5 Ⱦeɬcɤɢɣ caɞ 0.15 
6 ɀɢɥɨɣ ɞɨɦ 2-ɯ 

ɤɜapɬɢpɧɵɣ 1 
0.082 540.4 17.26 9.821 13.22 7.5227 17.34 

7 ɀɢɥɨɣ ɞɨɦ 2-ɯ 
ɤɜapɬɢpɧɵɣ 2 

0.082 9.821 7.5227 17.34 

8 ɀɢɥɨɣ ɞɨɦ 2-ɯ 
ɤɜapɬɢpɧɵɣ 3 

0.082 9.821 7.5227 17.34 

9 ɀɢɥɨɣ ɞɨɦ 2-ɯ 
ɤɜapɬɢpɧɵɣ 4 

0.082 9.821 7.5227 17.34 

10 ɀɢɥɨɣ ɞɨɦ 2-ɯ 
ɤɜapɬɢpɧɵɣ 5 

0.082 9.821 7.5227 17.34 

11 ɀɢɥɨɣ ɞɨɦ 2-ɯ 
ɤɜapɬɢpɧɵɣ 6 

0.082 9.821 7.5227 17.34 

12 ɀɢɥɨɣ ɞɨɦ 2-ɯ 
ɤɜapɬɢpɧɵɣ 7 

0.069 366.6 18.6 7.1802 14.24 5.4971 12.67 

13 ɀɢɥɨɣ ɞɨɦ 2-ɯ 
ɤɜapɬɢpɧɵɣ 8 

0.069 7.1802 5.4971 12.67 

14 ɀɢɥɨɣ ɞɨɦ 2-ɯ 
ɤɜapɬɢpɧɵɣ 9 

0.069 7.1802 5.4971 12.67 

15 ɀɢɥɨɣ ɞɨɦ 16-ɬɢ 
ɤɜapɬɢpɧɵɣ 1 

0.1 348.5 18.6 6.8257 14.24 5.2257 12.05 

16 ɀɢɥɨɣ ɞɨɦ 16-ɬɢ 
ɤɜapɬɢpɧɵɣ 2 

0.1 6.8257 5.2257 12.05 

17 ɀɢɥɨɣ ɞɨɦ 16-ɬɢ 
ɤɜapɬɢpɧɵɣ 3 

0.1 6.8257 5.2257 12.05 

18 ɇacɨcɧaɹ cɬaɧɰɢɹ 
ɩɨɠapɨɬɭɲeɧɢɹ 

0.033 289.4 17.26 5.2598 13.22 4.0286 9.288 

19 ɉaccaɠɢpcɤɨe 
ɡɞaɧɢe 

0.207 36 17.26 0.6543 13.22 0.5011 1.155 

20 ɉɨcɬ ɗɐ 0.05 148.1 17.26 2.6917 13.22 2.0616 4.7533 
ɂɌɈȽɈ 209.433 

 
ɉɨcɥe ɩpɨɜɨɞɢɦ pacɱeɬ ɩɨɬepɶ ɬeɩɥa ɜ ɬeɩɥɨɜɵɯ ceɬɹɯ: 
 𝑄ɬ௖˒ˑ˕ = Ͷ,͵͸Ͷ + ʹͲͻ.Ͷ͵͵ = ʹͳ͵.͹ ʒˍaˎˆˑˇ = Ͳ,Ͳʹ͸ ʒˍaˎ˚ . 
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2.7 Pacɯɨɞ ɬeɩɥa ɧa cɨɛcɬɜeɧɧɵe ɧɭɠɞɵ ɤɨɬeɥɶɧɨɣ 
 

Cɨɛcɬɜeɧɧɵe ɧɭɠɞɵ ɤɨɬeɥɶɧɨɣ ɩɨ ɭɤpɭɩɧeɧɧɵɦ ɞaɧɧɵɦ ɞɥɹ cɨɜpeɦeɧɧɵɯ 
ɜɨɞɨɝpeɣɧɵɯ ɤɨɬeɥɶɧɵɯ, paɛɨɬaɸɳɢɯ ɧa ɝaɡɨɜɨɦ ɬɨɩɥɢɜe, ɜ ɨcɧɨɜɧɨɦ 
cɨcɬaɜɥɹɸɬ ɡaɬpaɬɵ ɬeɩɥa ɧa ɨɬɨɩɥeɧɢe ɤɨɬeɥɶɧɨɣ ɢ paɜɧɵ 1,0-1,5%  
ɨɬ ɦaɤcɢɦaɥɶɧɨɣ ɜɵpaɛɨɬɤɢ ɬeɩɥa. 

 𝑄௖ɧ = Ͳ,Ͳͳͷ ∗ 𝑄ɤɨɬ.ч.,                  (38) 
 𝑄௖ɧ = Ͳ,Ͳͳͷ ∗ ͳ,ʹͶʹ = Ͳ.Ͳͳͻ. 
 
ɂcɬɨɱɧɢɤɨɦ ɜɨɞɨcɧaɛɠeɧɢɹ ɞɥɹ ɩɨɞɩɢɬɤɢ cɢcɬeɦɵ ɤɨɬɥɨɜɨɝɨ  

ɢ ɨɬɨɩɢɬeɥɶɧɨɝɨ ɤɨɧɬɭpa cɥɭɠɢɬ ɯɨɡɹɣcɬɜeɧɧɨ-ɩɢɬɶeɜɨɣ ɜɨɞɨɩpɨɜɨɞ Ⱦɢpeɤɰɢɢ. 
ȼɨɞa ɤɨɬɥɨɜɨɝɨ ɤɨɧɬɭpa ɭɦɹɝɱaeɬcɹ ɭcɬaɧɨɜɤɨɣ ɞɨɡɢpɨɜaɧɢɹ ɤɨɦɩɥeɤcɨɧaɬa 
Ʉaɱecɬɜɨ ɜɨɞɵ ɭɞɨɜɥeɬɜɨpɹeɬ ɬpeɛɨɜaɧɢɹɦ caɧɢɬapɧɨ-ɝɢɝɢeɧɢɱecɤɢɯ ɧɨpɦ 
Caɧɉɢɧ 2.1.4.1116-02).  
 

2.8 ȼɵɛɨp ɤɨɬeɥɶɧɨɝɨ aɝpeɝaɬa 
 

ɇa ɨcɧɨɜaɧɢɢ ɩɨɥɭɱeɧɧɵɯ pacɱeɬɧɵɯ ɞaɧɧɵɯ ɩɨ ɬeɩɥɨɜɵɦ ɧaɝpɭɡɤaɦ 
ɩɨɬpeɛɢɬeɥeɣ ɢ ɩɨɬepɹɦ ɬeɩɥɨɜɨɣ ɷɧepɝɢɢ ɜ ceɬɹɯ, ɜɵɩɨɥɧɢɦ ɜɵɛɨp ɤɨɬɥɨɜɵɯ 
aɝpeɝaɬɨɜ ɜ cɨcɬaɜe ɤɨɬeɥɶɧɨɣ. Ⱦɥɹ ɤɨɬeɥɶɧɨɣ ɩpɢɧɢɦaeɦ ɬpɢ ɤɨɬeɥɶɧɵɯ 
aɝpeɝaɬa, ɨɞɢɧ – paɛɨɱɢɣ, ɜɬɨpɨɣ ɢ ɬpeɬɢɣ – peɡepɜɧɵɣ.  

Pacɱeɬɧaɹ ɬeɩɥɨɜaɹ ɧaɝpɭɡɤa ɩɨɬpeɛɢɬeɥeɣ: 
 Q˒ˑ˕୮ = Q୭v୮ + Qɜ

୮ + Qɝɜୡˏaˍୡ,                 (39) 
 Q˒ˑ˕୮ = Ͳ,Ͷͺͳ + Ͳ,Ͷͳͺ + Ͳ.ͳͳͳ = ͳ.ͲͲͻ ʒˍaˎ˚ . 

 
ɉɨɬepɢ ɬeɩɥa ɜ ɬeɩɥɨɜɵɯ ceɬɹɯ: 
 Q˒ˑ˕˕ୡ = Ͳ,Ͳʹ͸ ʒˍaˎ˚ . 

 
Ɍpeɛɭeɦaɹ ɦɢɧɢɦaɥɶɧaɹ ɦɨɳɧɨcɬɶ ɨɞɧɨɝɨ ɤɨɬɥɨɜɨɝɨ aɝpeɝaɬa (c ɭɱeɬɨɦ 

10 % ɡaɩaca ɩɨ ɦɨɳɧɨcɬɢ): 
 Q˒ˑ˕୮ = ͳ,ʹ ∗ ሺQ˒ˑ˕୮ + Q˒ˑ˕˕ୡ ሻ,                 (40) 
 Q˒ˑ˕୮ = ͳ,ʹ ∗ ሺͳ.ͲͲͻ + Ͳ,Ͳʹ͸ሻ = ͳ.ʹͶʹ ʒˍaˎ˚ = ͳ.ͶͶͶ ʛʑ˕. 

 
Pacɯɨɞ ɜɨɞɵ ɱepeɡ ɜɨɞɨɝpeɣɧɵe ɤɨɬɥɵ, ɬ/ɱ: 
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Gk = ଼଺଴∗∑Qሺtభ˅ˍ−tమ˅ˍሻ,                  (41) 

 
ɝɞe  t˅ˍଵ = ͺͷ °C – ɬeɦɩepaɬɭpa ɧa ɜɯɨɞe ɜ ɜɨɞɨɝpeɣɧɵɣ ɤɨɬeɥ. 
 
Ɉɩpeɞeɥɹeɬcɹ pacɯɨɞ ɜɨɞɵ ɧa peɰɢpɤɭɥɹɰɢɸ, ɬ/ɱ: 

 G୮ୣ˙ = ୋˍ∗ሺtమ˅ˍ−tˑ˄౦ሻሺtభ˅ˍ−tˑ˄౦ሻ ,                 (42) 

 
Ɉɩpeɞeɥɹeɬcɹ pacɯɨɞ ɜɨɞɵ ɩɨ ɩepeɩɭcɤɧɨɣ ɥɢɧɢɢ, ɬ/ɱ: 
 G˒ୣ୮ = ୋ˅ː∗ሺtభ˅ˍ−tభሻሺtభ˅ˍ−tˑ˄౦ሻ ,                 (43) 

 

Ɉɩpeɞeɥɹeɬcɹ pacɯɨɞ ceɬeɜɨɣ ɜɨɞɵ ɨɬ ɜɧeɲɧɢɯ ɩɨɬpeɛɢɬeɥeɣ ɱepeɡ 
ɨɛpaɬɧɭɸ ɥɢɧɢɸ, ɬ/ɱ: 

 Gˑ˄୮ = G˅ː − G˖˕,                  (44) 

 

Pacɱeɬɧɵɣ pacɯɨɞ ɜɨɞɵ ɱepeɡ ɤɨɬɥɵ, ɬ/ɱ: 
 Gk̀ = G˅ː + Gˆ୮˒ˑˇ + G୮ୣ˙ − G˒ୣ୮,                (45) 

 
Ɉɩpeɞeɥɹeɬcɹ pacɯɨɞ ɜɨɞɵ, ɩɨcɬɭɩaɸɳeɣ ɤ ɜɧeɲɧɢɦ ɩɨɬpeɛɢɬeɥɹɦ ɩɨ 

ɩɨɞaɸɳeɣ ɥɢɧɢɢ, ɬ/ɱ: 
 G˅ː` = Gk̀ − Gˆ୮̌ − G୮ୣ˙ − Gˆ୮˒ˑˇ + G˒ୣ୮,               (46) 

 
Ɉɩpeɞeɥɹeɬcɹ paɡɧɢɰa ɦeɠɞɭ ɧaɣɞeɧɧɵɦ paɧee ɢ ɭɬɨɱɧeɧɧɵɦ pacɯɨɞɨɦ 

ɜɨɞɵ ɜɧeɲɧɢɦɢ ɩɨɬpeɛɢɬeɥɹɦɢ, %: 
 ∆G = ଵ଴଴∗ሺୋ˅ː−ୋ` ሻୋ˅ː .                 (47) 

 

Peɡɭɥɶɬaɬɵ  pacɱeɬɨɜ ɩpeɞcɬaɜɥeɧɵ ɜ ɬaɛɥɢɰe 11: 
 
 



 

35 
 

Ɍaɛɥɢɰa 11 - Pacɱeɬ ɬeɩɥɨɜɨɣ cɯeɦɵ ɜɨɞɨɝpeɣɧɨɣ ɤɨɬeɥɶɧɨɣ, paɛɨɬaɸɳeɣ ɧa 
ɡaɤpɵɬɭɸ cɢcɬeɦɭ ɬeɩɥɨcɧaɛɠeɧɢɹ 

ȼeɥɢɱɢɧa Ɉɛɨɡɧaɱeɧɢe Ɂɧaɱeɧɢe ɞɥɹ pacɱeɬɧɵɯ peɠɢɦɨɜ 
Ɇaɤc. 

ɡɢɦɧɢɣ 
ɏɨɥ. 

ɦecɹɰ 
Ʌeɬɧɢɣ 

Pacɩɨɥɨɠeɧɢe ɤɨɬeɥɶɧɨɣ - Ceɥɨ ɇɨɜɨɧɢɤɨɥaeɜɤa 
Pacɱeɬɧaɹ ɬeɦɩepaɬɭpa ɧapɭɠɧɨɝɨ 
ɜɨɡɞɭɯa, °C 

tː -40 -6,7 - 

Pacɱeɬɧaɹ ɬeɦɩepaɬɭpa 
ɜɧɭɬpeɧɧeɝɨ ɜɨɡɞɭɯa, °C 

t˅ː 20 20 - 

Pacɱeɬɧaɹ ɬeɦɩepaɬɭpa cɵpɨɣ 
ɜɨɞɵ, °C 

tୡ˅ 5 5 15 

Ɍeɦɩepaɬɭpa cɵpɨɣ ɜɨɞɵ ɩepeɞ 
ɏȼɈ, °C 

t′˘ˑ˅ 20 
 

Ʉɨɷɮɮɢɰɢeɧɬ cɨɛcɬɜeɧɧɵɯ ɧɭɠɞ 
ɏȼɈ 

К˘˅ˑ 1,35 

Ɍeɦɩepaɬɭpa ɜɨɞɵ ɧa ɜɵɯɨɞe ɢɡ 
ɜɨɞɨɝpeɣɧɵɯ ɤɨɬɥɨɜ, °C 

 t˅ˍଵ 
 

105 
 

105 
 

105 
Ɍeɦɩepaɬɭpa ɜɨɞɵ ɧa ɜɯɨɞe ɜ 
ɜɨɞɨɝpeɣɧɵe ɤɨɬɥɵ, °C 

 t˅ˍଶ 
 

60 
 Pacɱeɬɧaɹ ɬeɦɩepaɬɭpa ɝɨpɹɱeɣ 
ɜɨɞɵ ɩɨcɥe ɬeɩɥɨɨɛɦeɧɧɢɤɨɜ 
ȽȼC, °C 

 tˆ˅˒ˑ ˕୮ 
 

50 

Ɍeɦɩepaɬɭpa ɝpeɸɳeɣ ɜɨɞɵ ɩɨcɥe 
ɩɨɞɨɝpeɜaɬeɥɹ ɯɢɦɢɱecɤɢ 
ɨɱɢɳeɧɧɨɣ ɜɨɞɵ, °C 

 t′′ˆ୮ 
 

85 

 ɄɉȾ ɩɨɞɨɝpeɜaɬeɥeɣ η 0,98 
ɉpɨɰeɧɬ ɭɬeɱeɤ ɜ ɬeɩɥɨɜɨɣ ceɬɢ К˕ୡ 2 
Ʉɨɷɮɮɢɰɢeɧɬ cɧɢɠeɧɢɹ pacɯɨɞa 
ɬeɩɥɨɬɵ ɧa ɨɬɨɩɥeɧɢe ɢ 
ɜeɧɬɢɥɹɰɢɸ 

 Кˑ˅ 
 

1,053 
 

0,468 
 
- 

Ɍeɦɩepaɬɭpa ɜɨɞɵ ɜ ɩɨɞaɸɳeɣ 
ɥɢɧɢɢ ɬeɩɥɨɜɨɣ ceɬɢ, °C 

 tଵ 
 

95 
 

65 
 

60 
Ɍeɦɩepaɬɭpa ɨɛpaɬɧɨɣ ceɬeɜɨɣ 
ɜɨɞɵ ɩɨcɥe cɢcɬeɦ ɨɬɨɩɥeɧɢɹ ɢ 
ɜeɧɬɢɥɹɰɢɢ, °C 

 tଶ 
 

70 
 

50 
 

23 

Pacɯɨɞ ɜɨɞɵ ɜ ɬpɭɛɨɩpɨɜɨɞe 
ɝɨpɹɱeɝɨ ɜɨɞɨcɧaɛɠeɧɢɹ, ɬ/ɱ 

 Gˆ˅˒ˑ ˕୮ 
 

40,34 
 

40,34 
 

32,87 
Ɍeɩɥɨɜaɹ ɧaɝpɭɡɤa ɩɨɞɨɝpeɜaɬeɥɹ 
ɩepɜɨɣ cɬɭɩeɧɢ, Ƚɤaɥ/ɱ 

 Qˆ˅ଵ  
 

2,57 
 

1,64 
 
0 

Ɍeɩɥɨɜaɹ ɧaɝpɭɡɤa ɩɨɞɨɝpeɜaɬeɥɹ 
ɜɬɨpɨɣ cɬɭɩeɧɢ, Ƚɤaɥ/ɱ 

 Qˆ˅ଶ  
 

0,006 
 

0,94 
 

1,72 
Pacɯɨɞ ceɬeɜɨɣ ɜɨɞɵ ɧa 
ɬeɩɥɨɨɛɦeɧɧɢɤ ɜɬɨpɨɣ cɬɭɩeɧɢ, 
ɬ/ɱ 

 Gˆଶ˅  
 

0,21 
 

5,4 
 

3,3 

Ɍeɦɩepaɬɭpa ɨɛpaɬɧɨɣ ceɬeɜɨɣ 
ɜɨɞɵ ɩɨcɥe ɜɧeɲɧɢɯ 
ɩɨɬpeɛɢɬeɥeɣ, °C 

 tˑ˄୮ 
 

62,8 
 

45,2 
 

24,1 
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ɉpɨɞɨɥɠeɧɢe ɬaɛɥɢɰɵ 11 
Pacɯɨɞ ɯɢɦɢɱecɤɢ ɨɱɢɳeɧɧɨɣ 
ɜɨɞɵ ɞɥɹ ɜɨcɩɨɥɧeɧɢɹ ɭɬeɱeɤ ɜ 
ɬeɩɥɨɜɵɯ ceɬɹɯ, ɬ/ɱ 

 G˘ˑ˅ 
 

0,063 
 

0,06 
 

0,007 

Pacɯɨɞ cɵpɨɣ ɜɨɞɵ, ɩɨcɬɭɩaɸɳeɣ 
ɧa ɏȼɈ, ɬ/ɱ 

Gୡ˅ 0,085 0,081 0,009 

 ɉpeɞɜapɢɬeɥɶɧɵɣ pacɯɨɞ ɜɨɞɵ ɜ 
ɩɨɞɩɢɬɨɱɧɨɣ ɥɢɧɢɢ, ɬ/ɱ 

 G˒ˑˇ˒′  
 

0,089 
 

0,086 
 

0,013 
ɉpeɞɜapɢɬeɥɶɧɵɣ pacɯɨɞ  
ɝpeɸɳeɣ ɜɨɞɵ ɧa ɩɨɞɨɝpeɜaɬeɥɶ 
ɨɱɢɳeɧɧɨɣ ɜɨɞɵ, ɬ/ɱ 

 Gˆ୮˒ˑˇ 
 

0,028 
 

0,003 
 

0,027 

 Ɍ-pa ɯɢɦɢɱecɤɢ ɨɱɢɳeɧɧɨɣ ɜɨɞɵ, 
ɩɨcɬɭɩaɸɳeɣ ɜ ɞeɤapɛɨɧɢɡaɬɨp, 
°C 

  t˘ˑ˅ˇ  
 

25 

 ɉpɨɜepɤa ɬeɦɩepaɬɭpɵ 
ɩɨɞɨɝpeɬɨɣ cɵpɨɣ ɜɨɞɵ ɩepeɞ 
ɏȼɈ, °C 

  t˘ˑ˅ 
 

30,4 
 

30,3 
 

29,8 

ɇeɜɹɡɤa ɦeɠɞɭ ɩpɢɧɹɬɨɣ paɧee ɢ 
ɩɨɥɭɱeɧɧɨɣ  ɬeɦɩepaɬɭpɨɣ 
ɩɨɞɨɝpeɬɨɣ cɵpɨɣ ɜɨɞɵ ɩepeɞ 
ɏȼɈ, %  

  ∆t˘ˑ˅ 
 

0,4 
 

0,3 
 

0,2 

Pacɯɨɞ ɝpeɸɳeɣ ɜɨɞɵ ɧa 
ɞeɤapɛɨɧɢɡaɬɨp, ɬ/ɱ 

Gˆ୮̌ 0,026 0,025 0,006 

 ɉpɨɜepɤa pacɯɨɞa ɜɨɞɵ ɜ 
ɩɨɞɩɢɬɨɱɧɨɣ ɥɢɧɢɢ, ɬ/ɱ 

 G˒ˑˇ˒ 
 

0,089 
 

0,085 
 

0,013 

 ɇeɜɹɡɤa ɦeɠɞɭ ɩpɢɧɹɬɵɦ paɧee ɢ 
ɩɨɥɭɱeɧɧɵɦ pacɯɨɞɨɦ ɜɨɞɵ 
ɩɨɞɩɢɬɨɱɧɨɣ ɥɢɧɢɢ, % 

 ∆G˒ˑˇ˒ 
 

0,5 
 

1,3 
 

1,2 

 Pacɯɨɞ ɬeɩɥɨɬɵ ɧa ɩɨɞɨɝpeɜ 
cɵpɨɣ ɜɨɞɵ, Ƚɤaɥ/ɱ 

Qୡ˅ 0,001 0,001 0,000014 

Pacɯɨɞ ɬeɩɥɨɬɵ ɧa ɩɨɞɨɝpeɜ 
ɯɢɦɢɱecɤɢ ɨɱɢɳeɧɧɨɣ ɜɨɞɵ, 
Ƚɤaɥ/ɱ 

 Q˘ˑ˅ 
 

0,001 
 

0,001 
 

0,00004 

 Pacɯɨɞ ɬeɩɥɨɬɵ ɧa 
ɞeɤapɛɨɧɢɡaɬɨp, Ƚɤaɥ/ɱ 

Qˇ  0,002 0,002 0,0001 

 Pacɯɨɞ ɬeɩɥɨɬɵ ɧa ɩɨɞɨɝpeɜ 
ɯɢɦɢɱecɤɢ ɨɱɢɳeɧɧɨɣ ɜɨɞɵ , 
Ƚɤaɥ/ɱ 

 Qˑ˘ˎ 
 

0,003 
 

0,003 
 

0,0005 

Cɭɦɦapɧɵɣ pacɯɨɞ ɬeɩɥɨɬɵ, 
ɤɨɬɨpɵɣ ɧeɨɛɯɨɞɢɦɨ ɩɨɥɭɱɢɬɶ ɜ 
ɤɨɬɥaɯ, Ɇȼɬ 

  ∑Q 
 

3,8 
 

3,2 
 

1,3 

Pacɯɨɞ ɜɨɞɵ ɱepeɡ  ɤɨɬɥɵ, ɬ/ɱ Gˍ  64,5 37 21 
Pacɯɨɞ ɜɨɞɵ ɧa peɰɢpɤɭɥɹɰɢɸ, 
ɬ/ɱ 

G୮ୣ˙ 6,5 4 1,8 

Pacɯɨɞ ɜɨɞɵ ɩɨ ɩepeɩɭcɤɧɨɣ 
ɥɢɧɢɢ, ɬ/ɱ 

G˒ୣ୮ 118,6 71,6 11,9 

 Pacɯɨɞ ceɬeɜɨɣ ɜɨɞɵ ɱepeɡ 
ɨɛpaɬɧɭɸ ɥɢɧɢɸ (c ɭɱeɬɨɦ 
ɭɬeɱɤɢ), ɬ/ɱ 

 Gˑ˄୮ 
 

177 
 

107,3 
 

19,4 
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Ɉɤɨɧɱaɧɢe ɬaɛɥɢɰɵ 11 

 Pacɱeɬɧɵɣ pacɯɨɞ ɜɨɞɵ ɱepeɡ 
ɤɨɬɥɵ, ɬ/ɱ 

G′̱  53,7 44,3 23,5 

Pacɯɨɞ ɜɨɞɵ, ɩɨcɬɭɩaɸɳeɣ ɤ 
ɜɧeɲɧɢɦ ɩɨɬpeɛɢɬeɥɹɦ ɩɨ 
ɩpɹɦɨɣ ɥɢɧɢɢ, ɬ/ɱ 

 G′  
 

205,4 
 

186,8 
 

32,9 

 Paɡɧɢɰa ɦeɠɞɭ ɧaɣɞeɧɧɵɦ paɧee 
ɢ ɭɬɨɱɧeɧɧɵɦ pacɯɨɞɨɦ ɜɨɞɵ 
ɜɧeɲɧɢɦɢ ɩɨɬpeɛɢɬeɥɹɦɢ, %  

 ∆G 
 

0,008 
 

0,008 
 

0,019 

 

2.9 Pacɱeɬ ɩɨɬpeɛɧɨcɬɢ ɜ ɬɨɩɥɢɜe 
 
ȼ ɤaɱecɬɜe ɨcɧɨɜɧɨɝɨ ɜɢɞa ɬɨɩɥɢɜa ɧa ɤɨɬeɥɶɧɨɣ ɩpeɞɩɨɥaɝaeɬcɹ 

ɢcɩɨɥɶɡɨɜaɧɢe cɠɢɠeɧɧɨɝɨ ɭɝɥeɜɨɞɨpɨɞɧɨɝɨ ɝaɡa (CɍȽ, ɩpɨɩaɧ-ɛɭɬaɧ).  
Pacɯɨɞ ɭcɥɨɜɧɨɝɨ ɬɨɩɥɢɜa ɨɩpeɞeɥɹeɦ ɩɨ ɮɨpɦɭɥe, ɤɝ ɭ.ɬ.: 
 𝐵˖.˕. = 𝑏˖.˕.˕ ∗ 𝑄ˆˑˇ = 𝑏˖.˕.˕ ∗ ሺ𝑄଴̂ˑˇ + 𝑄˅̂ˑˇ + 𝑄ˆ˅௖ˆˑˇ + 𝑄˒ˑ˕ˆˑˇሻ,            (48) 
 
ɝɞe b˖.˕.˕  - ɭɞeɥɶɧɵɣ pacɯɨɞ ɭcɥɨɜɧɨɝɨ ɬɨɩɥɢɜa ɧa ɜɵpaɛɨɬɤɭ ɬeɩɥɨɬɵ  

ɜ ɤɨɬeɥɶɧɨɣ ɛeɡ ɭɱeɬa ɩɨɬepɶ ɜɨ ɜɧɭɬpeɧɧɢɯ ɤɨɦɦɭɧɢɤaɰɢɹɯ, 
 b˖.˕.˕ = ଵ଴଴଴଴଴଴଻଴଴∗ηˍ = ଵସଶ,଼ηˍ  ,                  (49) 

 
ɝɞe ηˍ=92% - ɄɉȾ ɛpɭɬɬɨ ɤɨɬɥa. 
 
Ɍɨɝɞa: 
 b˖.˕.˕ = ଵସଶ,଼଴,ଽଶ = ͳͷͷ,ʹʹ ɤɝ ɭ.ɬ./Ƚɤaɥ 

 B˖.˕. = ͳͷͷ,ʹʹ ∗ ሺͳͳͻ͵ + ͶͲʹ,ʹ͹ʹ + ͹ͷͳ,ͺͻ͸ + ʹͳ͵,͹ሻ ∗ Ͳ,ͲͲͳ = ͵ͻ͹.ͷ.ɬ.ɭ.ɬ. 
 
ɉepecɱeɬ ɭcɥɨɜɧɨɝɨ ɬɨɩɥɢɜa ɜ ɧaɬɭpaɥɶɧɨe ɜɵɩɨɥɧɢɦ ɜ cɨɨɬɜeɬcɬɜɢɢ c 

ɯapaɤɬepɢcɬɢɤɨɣ ɬɨɩɥɢɜa ɢ ɡɧaɱeɧɢeɦ eɝɨ ɤaɥɨpɢɣɧɨɝɨ ɷɤɜɢɜaɥeɧɬa, ɬ. ɧ.ɧ.: 
 Bːa˕ = ୆˖.˕.Э ,                    (50) 

 
ɝɞe Bːa˕., B˖.˕. – ɩɨɬpeɛɧɨcɬɶ ɤɨɬeɥɶɧɨɣ ɜ ɬɨɩɥɢɜe cɨɨɬɜeɬcɬɜeɧɧɨ 

ɧaɬɭpaɥɶɧɨɦ ɢ ɭcɥɨɜɧɨɦ;  
ɗ – ɤaɥɨpɢɣɧɵɣ ɷɤɜɢɜaɥeɧɬ ɬɨɩɥɢɜa, ɨɩpeɞeɥɹeɦɵɣ ɩɨ ɮɨpɦɭɥe: 
 Э = ொ𝑝ːொː ˖.˕.𝑝 ,                    (51) 
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ɝɞe Qpɧ, Qpɧ.ɭ.ɬ. – cɨɨɬɜeɬcɬɜeɧɧɨ ɧɢɡɲaɹ ɬeɩɥɨɬa cɝɨpaɧɢɹ ɧaɬɭpaɥɶɧɨɝɨ  
ɢ ɭcɥɨɜɧɨɝɨ ɬɨɩɥɢɜa, ɤɤaɥ/ɤɝ.  

Pacɯɨɞ ɧaɬɭpaɥɶɧɨɝɨ ɬɨɩɥɢɜa ɜ ɝɨɞ: 
 Bːa˕ = ଷଽ଻,ହ∗଻଴଴଴଻ଽହ଴ = ͵ͷͲ ɬɵc. ɦ3. 
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3 ȼɵɛɨp ɨɛɨpɭɞɨɜaɧɢɹ ɤɨɬeɥɶɧɨɣ 
3.1  Ʉɨɬeɥ «ɌɍPȻɈɌEPɆ» 

 

ȼ paɡɞeɥe «1.4 Ɉɩɢcaɧɢe ɬeɯɧɢɱecɤɢɯ peɲeɧɢɣ» ɛɵɥ ɜɵɛpaɧ ɤɨɬeɥɶɧɵɣ 
aɝpeɝaɬ «ɌɍPȻɈɌEPɆ ɈɉɌɂɆA – 1500 (1.5Ɇȼɬ)» (cɦ. pɢcɭɧɨɤ 5).  

ɇa pɢcɭɧɤe 6 ɩpeɞcɬaɜɥeɧa cɯeɦa ɞɜɢɠeɧɢɹ ɝaɡɨɜ ɜ ɤɨɬɥe. 

 
Pɢcɭɧɨɤ 6 – Cɯeɦa ɞɜɢɠeɧɢɹ ɝaɡɨɜ ɜ ɤɨɬɥe  
«ɌɍPȻɈɌEPɆ ɈɉɌɂɆA – 1500 (1.5Ɇȼɬ)» 

 
ɉpɢɧɰɢɩ paɛɨɬɵ ɤɨɬɥa cɥeɞɭɸɳɢɣ: 
ȼɨɞa ɬpɭɛaɦ ɩɨcɬɭɩaeɬ ɜ cɢcɬeɦɭ ɤɨɬeɥɶɧɨɣ, ɝɞe ɨɱɢɳaeɬcɹ. ɑepeɡ ɧacɨc 

ɰɢpɤɭɥɹɰɢɢ ɨɧa ɩɨɞaeɬcɹ ɜ ɬeɩɥɨɨɛɦeɧɧɢɤ ɢɜ ɤɨɬeɥ. ɉɨcɥe ɱeɝɨ ɨɬɤpɵɜaeɬcɹ 
ɝaɡɨɜɵɣ ɤɥaɩaɧ ɢ ɜ ɝɨpeɥɤɭ ɩɨcɬɭɩaeɬ ɝaɡɨɜɨe ɬɨɩɥɢɜɨ. Ɍɭɬ ɠe ɜɤɥɸɱaeɬcɹ 
cɢcɬeɦa pɨɡɠɢɝa, ɡaɝɨpaeɬcɹ ɝaɡ. ɉɨcɬɭɩɢɜɲaɹ ɜ ɤɨɬeɥ ɜɨɞa ɧaɝpeɜaeɬcɹ  
ɢ ɧaɩpaɜɥɹeɬcɹ ɞaɥee ɜ cɢcɬeɦɭ ɤɨɬeɥɶɧɨɣ. 
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3.2  Pacɱeɬ ɝaɡɨɧaɩɨɥɧɢɬeɥɶɧɨɣ cɬaɧɰɢɢ 

ɉɨcɤɨɥɶɤɭ ɜ c. ɇɨɜɨɧɢɤɨɥaeɜɤa ɨɬcɭɬcɬɜɭeɬ ɰeɧɬpaɥɢɡɨɜaɧɧaɹ ceɬɶ 
ɝaɡɨcɧaɛɠeɧɢɹ, ɝaɡ ɩɨcɬɭɩaeɬ ɞɨ ɤɨɬeɥɶɧɨɣ ɜ aɜɬɨɦɨɛɢɥɶɧɨɣ ɢɥɢ 
ɠeɥeɡɧɨɞɨpɨɠɧɨɣ ɰɢcɬepɧe ɜ eɦɤɨcɬɹɯ ɩɨ 28 ɦ3.  

Ƚaɡɨɧaɩɨɥɧɢɬeɥɶɧɵe cɬaɧɰɢɢ (ȽɇC) ɹɜɥɹɸɬcɹ ɨcɧɨɜɧɵɦɢ 
ɩpɨɢɡɜɨɞcɬɜeɧɧɵɦɢ eɞɢɧɢɰaɦɢ ɜ cɢcɬeɦe cɧaɛɠeɧɢɹ cɠɢɠeɧɧɵɦ ɝaɡɨɦ 
ɩpɨɦɵɲɥeɧɧɵɯ ɢ ɢɧɵɯ ɨɛɴeɤɬɨɜ.  

Ɂɞecɶ ɩpɨɢɡɜɨɞɢɬcɹ cɥɢɜ, ɨcɭɳecɬɜɥeɧɢe ɡaɩaca ɬɨɩɥɢɜa, eɝɨ paɡɞeɥeɧɢe 
ɢ ɨɬɩpaɜɤa ɬɨɩɥɢɜa ɤɨɧeɱɧɵɦ ɩɨɬpeɛɢɬeɥɹɦ. 

ɇa ȽɇC ɢɦeɸɬcɹ cɥɢɜɧɵe ɷcɬaɤaɞɵ, ɨɬɞeɥ ɡaɩaca ɬɨɩɥɢɜa c ɧeɨɛɯɨɞɢɦɵɦ 
ɨɛɨpɭɞɨɜaɧɢeɦ ɢ peɡepɜɭapaɦɢ ɞɥɹ CɍȽ, a ɬaɤɠe ɰeɯaɦɢ ɢ ɯɨɡɹɣcɬɜeɧɧɨ-
ɛɵɬɨɜɵɦɢ ɩɨɦeɳeɧɢɹɦɢ c ɧacɨcɧɨ-ɤɨɦɩpeccɨpɧɵɦ, ɧaɩɨɥɧɢɬeɥɶɧɵɦ, cɥɢɜɧɵɦ 
ɨɬɞeɥeɧɢɹɦɢ, ɛɥɨɤaɦɢ ɜcɩɨɦɨɝaɬeɥɶɧɵɯ ɩɨɦeɳeɧɢɣ c ɦeɯaɧɢɱecɤɢɦɢ 
ɦacɬepcɤɢɦɢ, ɤɨɬeɥɶɧɵɦɢ, aɞɦɢɧɢcɬpaɬɢɜɧɨ-ɯɨɡɹɣcɬɜeɧɧɵɦɢ ɩɨɦeɳeɧɢɹɦɢ, 
ɝapaɠaɦɢ ɞɥɹ aɜɬɨɬpaɧcɩɨpɬa ɢ ɨɛɨpɭɞɨɜaɧɵ cɢcɬeɦaɦɢ ɜɨɞɨ- ,ɬeɩɥɨ-, 
ɷɥeɤɬpɨcɧaɛɠeɧɢɹ, cɜɹɡɢ ɢ ɤaɧaɥɢɡaɰɢɢ.  

ɇa ȽɇC cɠɢɠeɧɧɵɯ ɝaɡɨɜ ɨcɭɳecɬɜɥɹɸɬcɹ cɥeɞɭɸɳɢe ɨɩepaɰɢɢ: 
─ ɩɨcɬaɜɤa ɢ ɩpɢeɦ CɍȽ; 
─ paɡɝpɭɡɤa CɍȽ ɜ ɛaɤɢ; 
─ ɨɛecɩeɱeɧɢe cɨɯpaɧɧɨcɬɢ ɢ ɰeɥɨcɬɧɨcɬɢ ɜ ɛaɤaɯ; 
─ ɧaɩɨɥɧeɧɢe CɍȽ ɜ ɛaɥɥɨɧɵ, aɜɬɨɦɨɛɢɥɶɧɵe ɰɢcɬepɧɵ; 
─ pacɩpeɞeɥeɧɢe CɍȽ ɜ eɦɤɨcɬɢ ɞɥɹ ɯpaɧeɧɢɹ ɢ ɜɧɭɬpeɧɧeɣ 

ɬpɭɛɨɩpɨɜɨɞɧɨɣ ceɬɢ; 
─ ɬeɯɧɨɥɨɝɢɱecɤɨe ɢ ɢɧɨe ɨɛcɥɭɠɢɜaɧɢe ɨɛɨpɭɞɨɜaɧɢɹ ȽɇC. 
Ⱦɥɹ ɯpaɧeɧɢɹ cɠɢɠeɧɧɵɯ ɝaɡɨɜ ɧa ȽɇC ɜ ɩpɨeɤɬe ɜɵɛpaɧɵ 

ɝɨpɢɡɨɧɬaɥɶɧɵe ɰɢɥɢɧɞpɢɱecɤɢe peɡepɜɭapɵ eɦɤɨcɬɶɸ 75 ɦ3, ɤɨɬɨpɵe 
ɭcɬaɧaɜɥɢɜaɸɬcɹ ɩɨɞ ɡeɦɥeɣ (ɜ ɧaɲeɦ cɥɭɱae).  

ɉɨɞɡeɦɧaɹ ɭcɬaɧɨɜɤa peɡepɜɭapɨɜ ɧa ȽɇC ɛɵɥɨ ɜɵɛpaɧɨ ɩɨ cɥeɞɭɸɳɢɦ 
ɩpɢɱɢɧaɦ: 

─ ɛɨɥee ɛeɡɨɩacɧɵ (ɩɨ ɩɨɠapɧɨɣ ɱacɬɢ); 
─ ɛɨɥee ɧaɞeɠɧaɹ ɬeɩɥɨɢɡɨɥɹɰɢɹ ɜ ɡɢɦɧee ɜpeɦɹ; 
─ ɞeɲeɜaɹ ɷɤcɩɥɭaɬaɰɢɹ. 
ɇeɨɛɯɨɞɢɦɨe ɤɨɥɢɱecɬɜɨ ɭcɬaɧaɜɥɢɜaeɦɵɯ peɡepɜɭapɨɜ ɞɥɹ ɯpaɧeɧɢɹ  

ɨɩpeɞeɥɢɦ, ɢcɯɨɞɹ ɢɡ ɝɨɞɨɜɨɝɨ ɨɛɴeɦa ɩɨɬpeɛɥeɧɢɹ, ɡaɩac paccɱɢɬɵɜaeɦ ɧa 5 
cɭɬɨɤ, ɬ.ɤ. paccɬɨɹɧɢe ɞɨ ɩɨcɬaɜɳɢɤa ɧe ɩpeɜɵɲaeɬ 500 ɤɦ (CɍȽ ɩɨcɬaɜɥɹeɬcɹ 
ɢɡ ɝ. ɂɥaɧcɤɢɣ). 

Ⱦɥɹ ɜɵɩɨɥɧeɧɢɹ ɞaɧɧɨɝɨ pacɱeɬa ɧeɨɛɯɨɞɢɦɨ ɨɩpeɞeɥɢɬɶ ɨcɧɨɜɧɵe 
ɩapaɦeɬpɵ ɝaɡa. Ⱦɥɹ ɷɬɨɝɨ ɧaɣɞeɦ ɩɥɨɬɧɨcɬɶ ɝaɡɨɜɨɣ ɮaɡɵ: 
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 𝜌ˆ = 𝑘˒௣ ∗ 𝜌˒௣ˆ௔ˊ + 𝑘˄˖˕ ∗ 𝜌˄˖˕ˆ௔ˊ,                 (52) 
 

ɝɞe    𝑘˒௣ = Ͳ,ͺͷ - ɞɨɥɹ ɩpɨɩaɧa ɜ ɝaɡe, 𝑘˄˖˕ = Ͳ,ͳͷ - ɞɨɥɹ ɛɭɬaɧa ɜ ɝaɡe, 𝜌˒௣ˆ௔ˊ = ʹ,ͲͲ͵͹ ˍˆˏయ - ɩɥɨɬɧɨcɬɶ ɝaɡɨɜɨɣ ɮaɡɵ ɩpɨɩaɧa, 𝜌˄˖˕ˆ௔ˊ = ʹ,ͷͳͻ ˍˆˏయ- ɩɥɨɬɧɨcɬɶ ɝaɡɨɜɨɣ ɮaɡɵ ɛɭɬaɧa, 

 𝜌ˆ = Ͳ,ͺͷ ∗ ʹ,ͲͲ͵͹ + Ͳ,ͳͷ ∗ ʹ,ͷͳͻ = ʹ,Ͳͺͳ ˍˆˏయ. 

 
Paccɱɢɬaeɦ ɩɥɨɬɧɨcɬɶ ɠɢɞɤɨɣ ɮaɡɵ, ɤɝ/ɦ3: 
 𝜌ˉ = 𝑘˒௣ ∗ 𝜌˒௣̄ + 𝑘˄˖˕ ∗ 𝜌˄˖˕ˉ ,                 (53) 
 

ɝɞe    𝜌˒௣̄ = ͷʹͷ ˍˆˏయ - ɩɥɨɬɧɨcɬɶ ɠɢɞɤɨɣ ɮaɡɵ ɩpɨɩaɧa, 𝜌˄˖˕ˉ = ͸ͲͲ ˍˆˏయ- ɩɥɨɬɧɨcɬɶ ɠɢɞɤɨɣ ɮaɡɵ ɛɭɬaɧa, 

 𝜌ˆ = Ͳ,ͺͷ ∗ ͷʹͷ + Ͳ,ͳͷ ∗ ͸ͲͲ = ͷ͵͸,ʹͷ ˍˆˏయ. 

 
Paccɱɢɬaeɦ ɧɢɡɲɭɸ ɨɛɴeɦɧɭɸ ɬeɩɥɨɬɭ cɝɨpaɧɢɹ CɍȽ, ɤȾɠ/ɦ3: 
 𝑄ː ሺˑሻ௣ = 𝑘˒௣ ∗ 𝑄ː ሺ˒௣.ˑሻ௣ + 𝑘˄˖˕ ∗ 𝑄ː ሺ˄˖˕.ˑሻ௣ ,               (54) 
 

ɝɞe    𝑄ː ሺ˒௣.ˑሻ௣ = ͻͳ,ͳ͵Ͳ ʛʓЖˏయ  - ɧɢɡɲaɹ ɨɛɴeɦɧaɹ ɬeɩɥɨɬa cɝɨpaɧɢɹ ɩpɨɩaɧa, 𝑄ː ሺ˄˖˕.ˑሻ௣ = ͳͳͺ,ͷʹͲ ʛʓЖˏయ  - ɧɢɡɲaɹ ɨɛɴeɦɧaɹ ɬeɩɥɨɬa cɝɨpaɧɢɹ ɛɭɬaɧa, 𝑄ː ሺˑሻ௣ = Ͳ,ͺͷ ∗ ͻͳ,ͳ͵Ͳ + Ͳ,ͳͷ ∗ ͳͳͺ,ͷʹͲ = ͻͷ,ʹͶ ʛʓЖˏయ . 

 
Paccɱɢɬaeɦ ɧɢɡɲɭɸ ɦaccɨɜɭɸ ɬeɩɥɨɬɭ cɝɨpaɧɢɹ CɍȽ, ɤȾɠ/ɦ3: 
 𝑄ː ሺˏሻ௣ = 𝑘˒௣ ∗ 𝑄ː ሺ˒௣.ˏሻ௣ + 𝑘˄˖˕ ∗ 𝑄ː ሺ˄˖˕.ˏሻ௣ ,               (55) 
 

ɝɞe    𝑄ː ሺ˒௣.ˏሻ௣ = Ͷ͸,͵ ʛʓЖˏయ  - ɧɢɡɲaɹ ɦaccɨɜaɹ ɬeɩɥɨɬa cɝɨpaɧɢɹ ɩpɨɩaɧa, 𝑄ː ሺ˄˖˕.ˏሻ௣ = Ͷ͹,͵ ʛʓЖˏయ  - ɧɢɡɲaɹ ɦaccɨɜaɹ ɬeɩɥɨɬa cɝɨpaɧɢɹ ɛɭɬaɧa, 

 𝑄ː ሺˏሻ௣ = Ͳ,ͺͷ ∗ Ͷ͸,͵ + Ͳ,ͳͷ ∗ Ͷ͹,͵ = Ͷ͸,Ͷͷ ʛʓЖˏయ . 

 
ɉepeɣɞeɦ ɤ pacɱeɬɭ ɝaɡɨɧaɩɨɥɧɢɬeɥɶɧɨɣ cɬaɧɰɢɢ. Ɉɛɳɢɣ ɨɛɴeɦ ɯpaɧeɧɢɹ 

ɝaɡa ɧa ȽɇC, ɦ3: 
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 𝑉 = ொˆ∗௡ଷ଺ହ∗ఘˉ∗𝑘,                   (56) 

 
ɝɞe n = 5 cɭɬ. - ɡaɩac ɯpaɧeɧɢɹ,  
ɤ = 0,85 - ɤɨɷɮɮɢɰɢeɧɬ ɡaɩɨɥɧeɧɢɹ peɡepɜɭapa 0,85-0,9 (ɞɥɹ ɩɨɞɡeɦɧɨɝɨ 

paɡɦeɳeɧɢɹ), 𝜌ˉ - ɩɥɨɬɧɨcɬɶ ɠɢɞɤɨɣ ɮaɡɵ, ɤɝ/ɦ3, 𝑄ˆ = ʹ͸͸ͲͲͲ ˍˆ- ɝɨɞɨɜɨe ɩɨɬpeɛɥeɧɢe (ɦaccɨɜɨe ɤɨɥɢɱecɬɜɨ) ɝaɡa. 
 
ɑɬɨɛɵ ɨɩpeɞeɥɢɬɶ ɝɨɞɨɜɨɣ ɨɛɴeɦ ɩɨɬpeɛɥeɧɢɹ ɝaɡa, ɧeɨɛɯɨɞɢɦɨ 

ɩpɨɢɡɜecɬɢ pacɱeɬ   
 𝑉 = ଶ଺଺଴଴଴∗ହଷ଺ହ∗ହଷ଺,ଶହ∗଴,଼ହ = ͳͲ.ͷͳͻ ˏଷ. 

 
ɇeɨɛɯɨɞɢɦɨe ɤɨɥɢɱecɬɜɨ peɡepɜɭapɨɜ ɩpɢ eɞɢɧɢɱɧɨɦ ɨɛɴeɦe ɨɞɧɨɝɨ 

peɡepɜɭapa, ɲɬ.: 
 𝑉 = ௏௏𝑝,                                                                                                            (57) 

 
ɝɞe 𝑉 - ɨɛɳɢɣ ɨɛɴeɦ ɯpaɧeɧɢɹ ɝaɡa ɧa ȽɇC, 𝑉௣ = ͹ͷ ˏଷ - ɨɛɴeɦ ɩpɢɧɹɬɨɝɨ ɤ ɭcɬaɧɨɜɤe peɡepɜɭapa, 
 𝑉 = ଵ଴.ହଵଽ଻ହ = Ͳ.ͳͶ ˛˕. 

 
Ɉɤpɭɝɥɢɦ ɞɨ ɰeɥɨɝɨ ɡɧaɱeɧɢɹ, ɢɬɨɝɨ ɧeɨɛɯɨɞɢɦ peɡepɜɭap ɜ ɤɨɥɢɱecɬɜe  

1 ɲɬ. 
 

3.3 Pacɱeɬ ɱɢcɥa ɰɢcɬepɧ 
 

ɉɨcɤɨɥɶɤɭ CɍȽ ɩɨcɬɭɩaeɬ ɧa ɤɨɬeɥɶɧɭɸ ɜ aɜɬɨ ɢɥɢ ɠɞ ɰɢcɬepɧaɯ, 
ɧeɨɛɯɨɞɢɦɨ ɩpɨɢɡɜecɬɢ pacɱeɬ ɱɢcɥa ɰɢcɬepɧ ɞɥɹ ɨcɭɳecɬɜɥeɧɢɹ 
ɬeɯɧɨɥɨɝɢɱecɤɨɝɨ ɩpɨɰecca paɛɨɬɵ ɤɨɬeɥɶɧɨɣ. 

Ɉɬɞeɥeɧɢe ɧaɩɨɥɧeɧɢɹ ɛaɥɥɨɧɨɜ ɹɜɥɹeɬcɹ ɨɞɧɢɦ ɢɡ ɨcɧɨɜɧɵɯ ȽɇC. 
Ɉɧɨ ɨɛɨpɭɞɨɜaɧɨ pɭɱɧɵɦɢ, ɩɨɥɭaɜɬoɦaɬɢɱecɤɢɦɢ, aɜɬɨɦaɬɢɱecɤɢɦɢ  

ɢ paɡɞaɬɨɱɧɵɦɢ ɩɨcɬaɦɢ: ɜ ɡaɜɢcɢɦɨcɬɢ ɨɬ ɱɢcɥa ɡaɩɨɥɧɹeɦɵɯ ɰɢcɬepɧ.  
Ʉɨɥɢɱecɬɜɨ ɡaɩɨɥɧɹeɦɨɝɨ ɝaɡa ɨɰeɧɢɜaeɬcɹ ɜɡɜeɲɢɜaɧɢeɦ ɢɥɢ ɢɡɦepeɧɢeɦ 

ɨɛɴeɦa ɠɢɞɤɨcɬɢ.  
Ɉɬɩɭcɤ cɠɢɠeɧɧɵɯ ɝaɡɨɜ c aɜɬɨɰɢcɬepɧɵ ɜ ȽɇC ɨcɭɳecɬɜɥɹeɬcɹ ɱepeɡ 

ɝaɡɨpaɡɞaɬɨɱɧɵe ɤɨɥɨɧɤɢ.  
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ɑɢcɥɨ ɤɨɥɨɧɨɤ ɨɩpeɞeɥɹeɬcɹ ɢcɯɨɞɹ ɢɡ ɧeɨɛɯɨɞɢɦɨcɬɢ cɭɬɨɱɧɨɣ 
peaɥɢɡaɰɢɢ ɝaɡa ɜ aɜɬɨɰɢcɬepɧaɯ, ɲɬ.: 

 𝑁˄ = ீ𝑐˖˕𝑔 ,                    (58) 
 

ɝɞe g =21 ɬ – ɦacca ɝaɡa ɜ ɨɞɧɨɦ ɛaɥɥɨɧe,  𝐺௖˖˕- cɭɬɨɱɧɵɣ pacɯɨɞ ɝaɡa, ɬ/cɭɬ: 
 𝐺௖˖˕ = ொˆˑˇ∗𝑘ଷ଺ହ ,                   (59) 

 
ɝɞe ɤ=0,05– ɞɨɥɹ peaɥɢɡaɰɢɢ ɝaɡa ɱepeɡ ɝaɡɨɛaɥɥɨɧɧɵe ɭcɬaɧɨɜɤɢ,  
 𝐺௖˖˕ = ଶ଺଺଴଴଴∗଴,଴ହଷ଺ହ = ͵͸,Ͷ͵ͺ ɬ/cɭɬ, 
 𝑁˄ = ଷ଺.ସଷ଼଴.଴ଶଵ = ͳ.͹͵ͷ = ʹ ɲɬ. 
 
ɇeɨɛɯɨɞɢɦɨe ɤɨɥɢɱecɬɜɨ ɛaɥɥɨɧɨɜ ɜ cɭɬɤɢ cɨcɬaɜɥɹeɬ 2 ɲɬɭɤɢ. 

 
3.4 Pacɱeɬ ɱɢcɥa aɜɬɨɦɨɛɢɥeɣ ɞɥɹ ɩepeɜɨɡɤɢ ɰɢcɬepɧ 

 
ȽɇC ɞɨɥɠɧɵ ɢɦeɬɶ ɧeɨɛɯɨɞɢɦɨe ɤɨɥɢɱecɬɜɨ aɜɬɨɦɨɛɢɥɶɧɨɝɨ ɬpaɧcɩɨpɬa 

ɞɥɹ ɩɨɜɵɲeɧɢɹ ɷɮɮeɤɬɢɜɧɨcɬɢ ɨɛecɩeɱeɧɢɹ ɤɨɬeɥɶɧɨɣ ɝaɡɨɦ. Ⱦɥɹ ɷɬɨɝɨ 
ɢɦeeɬcɹ ɧeɨɛɯɨɞɢɦɨcɬɶ ɜ pacɱeɬe ɤɨɥɢɱecɬɜa ɬpaɧcɩɨpɬa ɞɥɹ ɩepeɜɨɡɤɢ 
ɰɢcɬepɧ.  

Ɉɩpeɞeɥɢɦ ɱɢcɥɨ aɜɬɨɰɢcɬepɧ: 
 𝐴ʝʥ = ௏𝑐௏̇ ∗୬,                    (60) 

 
ɝɞe𝑉௖- cpeɞɧecɭɬɨɱɧɵɣ pacɯɨɞ cɠɢɠeɧɧɨɝɨ ɝaɡa, ɦ³; 𝑉 = ͸,ʹ ˏ͵ - ɩɨɥeɡɧɵɣ ɨɛɴeɦ, ɞɥɹ AɐɌ – 8 – 130,  
n – ɱɢcɥɨ peɣcɨɜ ɜ cɭɬɤɢ: 
 n = τଶ∗೗𝑐+ଶ∗௧భ,                    (61) 

 
ɝɞe t - ɜpeɦɹ paɛɨɬɵ ɜ cɭɬɤɢ, 8 ɱ; 
l - paccɬɨɹɧɢe ɨɬ ȽɇC ɞɨ ɩɨɬpeɛɢɬeɥɹ , 5 ɤɦ; 𝑐 - cpeɞɧɹɹ ɬeɯɧɢɱecɤaɹ cɤɨpɨcɬɶ aɜɬɨɦɨɛɢɥɹ, 40 ɤɦ/ɱ; 𝑡ଵ - ɜpeɦɹ ɩɨɝpɭɡɤɢ – paɡɝpɭɡɤɢ, 1,5ɱ. 
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n = ଼ଶ∗ ఱరబ+ଶ∗ଵ,ହ = ʹ.Ͷ͸ʹ = ͵. 

 𝑉௖ = ʹ͸͸ͲͲͲ ∗ Ͳ.ͻ = 239400, 
 𝐴ʝʥ = ଶଷଽସ଴଴଺.ଶ∗ଷ = ͳʹͺ͹Ͳ. 

 
Ɉɩpeɞeɥɹeɦ ɤɨɥɢɱecɬɜɨ ɡaɩpaɜɨɱɧɵɯ ɤɨɥɨɧɨɤ: 
 𝑛𝑘 = ௏𝑐௤∗𝑘∗௥,                    (62) 

 
ɝɞe q - pacɱeɬɧaɹ ɩpɨɢɡɜɨɞɢɬeɥɶɧɨcɬɶ ɤɨɥɨɧɤɢ, 5 ɬ/ɱ; 
k - ɤɨɷɮɮɢɰɢeɧɬ ɢcɩɨɥɶɡɨɜaɧɢɹ aɜɬɨɬpaɧcɩɨpɬa, 0,65; 
r - ɜpeɦɹ paɛɨɬɵ ɤɨɥɨɧɤɢ, 8ɱ; 
 𝑛𝑘 = ଷସହ∗଴.଺ହ∗଴.଼∗ଶ = ʹ. 

 
Ɉɩpeɞeɥɹeɦ cpeɞɧɢɣ ɨɛɴeɦ ɩepeɜɨɡɨɤ: 
 𝑞ଵ = q ∗ n,                    (63) 
 
ɝɞe q - ɝpɭɡɨɩɨɞɴeɦɧɨcɬɶ ɨɞɧɨɝɨ aɜɬɨɦɨɛɢɥɹ, 0,8 ɬ. 
 𝑞ଵ = ʹ ∗ Ͳ.ͺ = ͳ.͸. 
 
Ɉɩpeɞeɥɹeɦ ɧeɨɛɯɨɞɢɦɵɣ ɨɛɴeɦ ɩepeɜɨɡɨɤ ɜ cɭɬɤɢ, ɬ: 
 𝑞ଶ = Q∗k∗𝑘భே ,                    (64) 

 
ɝɞe Q- ɨɛɴeɦ peaɥɢɡaɰɢɢ ɝaɡa ɡa ɝɨɞ, ɬ; 
N – ɱɢcɥɨ paɛɨɱɢɯ ɞɧeɣ ɜ ɝɨɞɭ, 364; 
ɤ – ɤɨɷɮɮɢɰɢeɧɬ ɧepaɜɧɨɦepɧɨcɬɢ, 1,5; 
 𝑞ଶ = ଶ଺଺∗ଵ.ହ∗଴.ଵଷ଺ସ = Ͳ.ͳͳ. 

 
Ɉɩpeɞeɥɹeɦ ɬpeɛɭeɦɨe ɱɢcɥɨ aɜɬɨɦɨɛɢɥeɣ ɬɢɩa «ɤɥeɬɤa», ɲɬ: 
 𝐴˙ = ௤మ௤భ,                    (65) 

 𝐴˙ = ଴.ଵଵଵ.଺ = Ͳ.Ͳ͹ = ͳ ˛˕. 
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3.5 Pacɱeɬ cɥɢɜɧɵɯ ɷcɬaɤaɞ 
 

ɗcɬaɤaɞa – ɷɬɨ ɫɨɨɪɭɠɟɧɢɟ, ɜɵɩɨɥɧɟɧɧɨɟ ɢɡ ɦɟɬɚɥɥɚ, ɜɵɫɨɬɚ ɫɨɫɬɚɜɥɹɟɬ 
ɩɨɪɹɞɤɚ 5 ɦɟɬɪɨɜ, ɚ ɞɥɢɧɚ – 180 ɦɟɬɪɨɜ. ɑɢɫɥɨ cɥɢɜɧɨ-ɧaɥɢɜɨɱɧɵɯ ɭcɬpɨɣcɬɜ 
ɜɵɛɢɪɚɟɬɫɹ ɢɫɯɨɞɹ ɢɡ ɤɨɥɢɱɟɫɬɜɚ ɩɨɬɪɟɛɥɟɧɢɹ ɬɨɩɥɢɜɚ ɜ ɫɭɬɤɢ, ɚ ɬɚɤɠɟ 
ɜɦɟɫɬɢɦɨɫɬɢ ɟɦɤɨɫɬɟɣ ɢ ɜɨɡɦɨɠɧɨɫɬɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɜ ɩɨɞɧɹɬɢɢ ɰɢɫɬɟɪɧ. 

Ʉɨɥɢɱecɬɜɨ cɥɢɜɧɵɯ ɷcɬaɤaɞ, ɲɬ.: 
 𝑁 = ொ೘𝑎𝑥ଷ଺଴∗ீ,                   (66) 

 
ɝɞe 𝑄௠௔𝑥 = ʹʹͳ͹ ˍˆ  - ɦaɤcɢɦaɥɶɧɵɣ ɦecɹɱɧɵɣ ɤpɭɝɨɨɛɨpɨɬ, 𝐺 = ͵ʹ ˕. – ɦacca ɝaɡa ɜ ɨɞɧɨɣ ɰɢcɬepɧe, 
 𝑁 = ଶଶଵ଻ଷ଺଴∗ଷଶ଴଴଴ = Ͳ.ʹ ≈ ͳ ˛˕. 

 
C ɭɱeɬɨɦ paɡɜɢɬɢɹ ȽɇC ɢ ɝaɡɢɮɢɤaɰɢɢ ɜ ɞaɧɧɨɦ paɣɨɧe ɩpɢɧɢɦaeɦ 1 

cɥɢɜɧɭɸ ɷcɬaɤaɞɭ. 
 

3.6 Pacɱeɬ ɩpeɞɨɯpaɧɢɬeɥɶɧɨ-ɡaɩɨpɧɵɯ ɤɥaɩaɧɨɜ 
 

ȼ ɫɜɹɡɢ ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ ɩɨɜɵɲɟɧɢɹ ɞɚɜɥɟɧɢɹ ɝɚɡɚ ɫɜɵɲɟ ɞɨɩɭɫɬɢɦɵɯ 
ɧɨɪɦ ɜ ɰɢɫɬɟɪɧɚɯ, ɩɪɟɞɭɫɦɨɬɪɟɧɚ ɭɫɬɚɧɨɜɤɚ ɡɚɩɨɪɧɨ-ɫɛɪɨɫɧɵɯ ɤɥɚɩɚɧɨɜ ɞɥɹ 
ɨɛɟɫɩɟɱɟɧɢɹ ɛɟɡɨɩɚɫɧɨɫɬɢ ɬɚɤɢɯ ɫɢɫɬɟɦ. ɑɚɳɟ ɜɫɟɝɨ ɩɪɢɦɟɧɹɸɬɫɹ ɩpɭɠɢɧɧɵe 
ɡaɩɨpɧɨ-cɛpɨcɧɵe ɤɥaɩaɧɵ (ɉɁɄ), ɧɚɩɪɢɦɟɪ, ɉɉK4 ɢ ɉɉK4P. 

ɉɪɢɦɟɧɹɸɬɫɹ ɉɁɄ ɞɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɞɨɩɭɫɬɢɦɨɝɨ ɞɚɜɥɟɧɢɹ ɜ ɪɟɡɟɪɜɭɚɪɚɯ 
ɋɍȽ, ɱɬɨ ɷɮɮɟɤɬɢɜɧɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɛɟɡɨɩɚɫɧɨɫɬɶ ɪɚɛɨɬɵ ɬɟɯɧɢɱɟɫɤɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɩɨɥɨɠɢɬɟɥɶɧɨ ɜɥɢɹɟɬ ɧɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ. ɂɯ ɪɚɛɨɬɚ 
ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ: ɩɪɢ ɩɨɜɵɲɟɧɢɢ ɞɚɜɥɟɧɢɹ ɜ ɪɟɡɟɪɜɭɚɪɟ ɞɨ 
ɨɩɪɟɞɟɥɟɧɧɨɣ ɨɬɦɟɬɤɢ, ɝɚɡ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɫɬɪɚɜɥɢɜɚɟɬɫɹ ɜ ɚɬɦɨɫɮɟɪɭ, ɚ ɩɨɫɥɟ 
ɜɵɪɚɜɧɢɜɚɧɢɹ ɞɚɜɥɟɧɢɹ ɢ ɟɝɨ ɭɦɟɧɶɲɟɧɢɹ, ɉɁɄ aɜɬɨɦaɬɢɱecɤɢ ɡaɤpɵɜaeɬcɹ.  

ɉɪɢɦɟɧɟɧɢɟ ɤɥɚɩɚɧɨɜ ɉɁɄ ɧɚ ɤɨɬɟɥɶɧɵɯ, ɢɫɩɨɥɶɡɭɸɳɢɯ ɋɍȽ, ɹɜɥɹɟɬcɹ 
ɨɛɹɡaɬeɥɶɧɨɣ, ɜ ɫɜɹɡɢ ɫ ɧɚɪɭɲɟɧɢɟɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ: 

- ɧɚɤɚɥɢɜɚɧɢɟ ɭɥɶɬɪɚɮɢɨɥɟɬɨɜɵɦ ɢɡɥɭɱɟɧɢɟɦ ɨɬ ɫɨɥɧɟɱɧɨɝɨ ɢɫɬɨɱɧɢɤɚ 
ɥɢɛɨ ɨɬ ɢɫɬɨɱɧɢɤɚ ɜɨɫɩɥɚɦɟɧɟɧɢɹ (ɜ cɥɭɱae ɩɨɠapa); 

- ɭɜeɥɢɱeɧɢe ɨɛɴɟɦɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɋɍȽ ɩɪɢ ɟɝɨ ɪɚɫɲɢɪɟɧɢɢ ɨɬ ɧɚɝɪɟɜɚ 
ɟɦɤɨɫɬɢ; 

ȼ ɟɦɤɨɫɬɢ ɋɍȽ, ɱɬɨɛɵ ɩpeɞɭɩpeɞɢɬɶ ɩpeɜɵɲeɧɢe ɞaɜɥeɧɢɹ, 
ɭcɬaɧaɜɥɢɜaɸɬ  ɩpeɞɨɯpaɧɢɬeɥɶɧɵɟ ɤɥaɩaɧɵ, ɱɬɨ ɹɜɥɹɟɬɫɹ apɦaɬɭpɨɣ, ɤɨɬɨpaɹ 
ɩɪɢɦɟɧɹɟɬɫɹ ɞɥɹ aɜɬɨɦaɬɢɱecɤɨɝɨ ɫɬɪɚɜɥɢɜɚɧɢɹ ɠɢɞɤɢɯ ɢ ɝaɡɨɨɛpaɡɧɵɯ cpeɞ ɢɡ 
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ɫɪɟɞɵ ɫ ɛɨɥɶɲɢɦ ɞaɜɥeɧɢɟɦ ɜ cɪɟɞɭ ɧɢɡɲɟɝɨ ɞaɜɥeɧɢɹ, ɢɯ ɧɚɡɧɚɱɟɧɢɟ – 
ɛeɡɨɩacɧɚɹ ɢ ɷɮɮɟɤɬɢɜɧɚɹ ɛɟɡɚɜɚɪɢɣɧɚɹ ɪɚɛɨɬɚ ɬɟɯɧɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 

Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɧɚɣɬɢ ɧɭɠɧɭɸ ɧɚɦ ɩɥɨɳaɞɶ ɩpɨɯɨɞɧɨɝɨ ceɱeɧɢɹ 
ɜɵɲɟɭɤɚɡɚɧɧɨɝɨ ɤɥaɩaɧa, ɢɦɟɟɬɫɹ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜ ɪɚɫɱɟɬɟ,  ɢɫɯɨɞɹ ɢɡ ɩpaɜɢɥ 
ɭcɬpɨɣcɬɜa ɢ ɛeɡɨɩacɧɨɣ ɷɤcɩɥɭaɬaɰɢɢ cɨcɭɞɨɜ, paɛɨɬaɸɳɢɯ ɩɨɞ ɞaɜɥeɧɢeɦ, 
ɦɦ2: 
 𝐹௖ = 𝜎ଵହ,ଽ∗𝛼∗஻∗ሺሺ௉భ−௉మሻఘሻభమ,                  (67) 

 
ɝɞe 𝜎 – ɫɩɨɫɨɛɧɨɫɬɶ ɩɪɨɩɭɫɤɚ ɤɥɚɩɚɧɨɦ ɝɚɡɚ (ɦɚɤɫɢɦɚɥɶɧɚɹ), ɤɝ/ɱ, 𝓪 = Ͳ,͸  - ɡɧɚɱɟɧɢɟ ɨɛɴɟɦɚ pacɯɨɞa ɋɍȽ ɞɚɧɧɵɦ ɤɥaɩaɧɨɦ, 𝐵 – ɡɧɚɱɟɧɢɟ, ɤɨɬɨɪɨɟ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɢɡɦɟɧɟɧɢɟ pacɲɢpeɧɢe ɜɧɭɬɪɟɧɧɟɣ 

cpeɞɵ, 𝑃ଵ – ɞɚɜɥɟɧɢɟ ɝaɡa ɩepeɞ ɤɥaɩaɧɨɦ (ɦɚɤɫɢɦɚɥɶɧɨɟ ɢ ɢɡɛɵɬɨɱɧɨɟ), Ɇɉa, 𝑃ଶ - ɞaɜɥeɧɢe ɡa ɉɁɄ (ɢɡɛɵɬɨɱɧɨɟ), Ɇɉa, 𝜌 - ɩɥɨɬɧɨcɬɶ ɝaɡa ɩpɢ paɛɨɱɢɯ ɩapaɦeɬpaɯ P1 ɢ t1, ɤɝ/ɦ3. 
 

Ɉɩɪɟɞɟɥɢɦ ɦaɤcɢɦaɥɶɧɨe ɢɡɛɵɬɨɱɧɨe ɞaɜɥeɧɢe ɝaɡa ɩepeɞ ɤɥaɩaɧɨɦ, Ɇɉa: 
 𝑃ଵ = 𝑃௣ + Ͳ,ͳ ∗ 𝑃௣ + Ͳ,ͳ,                  (68) 
 
ɝɞe 𝑃௣ = ʹ ʛʞ𝑎 - paɛɨɱee ɞaɜɥeɧɢe ɤɥaɩaɧa, 
 𝑃ଵ = ʹ + Ͳ,ͳ ∗ ʹ + Ͳ,ͳ = ʹ,͵. 
 
Paccɱɢɬaeɦ ɩɥɨɬɧɨcɬɶ ɝaɡa ɩpɢ paɛɨɱɢɯ ɩapaɦeɬpaɯ, ɤɝ/ɦ3: 
 𝜌 = ఘː∗௉భ∗Тː௉ː ∗Тభ∗𝑧 ,                    (69) 

 
ɝɞe 𝜌ː = ʹ,ʹͻ ˍˆ/ˏ͵ - ɩɥɨɬɧɨcɬɶ ɩpɢ ɧɨpɦaɥɶɧɵɯ ɭcɥɨɜɢɹɯ, Тː = ʹ͹͵ К - ɬeɦɩepaɬɭpa ɩpɢ ɧɨpɦaɥɶɧɵɯ ɭcɥɨɜɢɹɯ, 𝑃 = ͳͲ͵͵ʹ ˍˆ/ˏʹ - ɞaɜɥeɧɢe ɩpɢ ɧɨpɦaɥɶɧɵɯ ɭcɥɨɜɢɹɯ, 𝑃ଵ = ʹ͵ͲͲͲ ˍˆ/ˏʹ - ɞaɜɥeɧɢe ɩpɢ paɛɨɱɢɯ ɭcɥɨɜɢɹɯ, Тଵ = ͵͵͵ К - ɬeɦɩepaɬɭpa ɩpɢ paɛɨɱɢɯ ɭcɥɨɜɢɹɯ, 𝑍 = ʹ – ɤɨɷɮɮɢɰɢeɧɬ cɠɢɦaeɦɨcɬɢ peaɥɶɧɨɝɨ ɝaɡa. 
 𝜌 = ଶ,ଶଽ∗ଶଷ଴଴଴∗ଶ଻ଷଷଷଷ∗ଵ଴ଷଷଶ∗଴,ଽ = Ͷ,͸Ͷ ˍˆ/ˏ͵. 

 
Ɉɩpeɞeɥɹeɦ ɦaɤcɢɦaɥɶɧɭɸ ɩpɨɢɡɜɨɞɢɬeɥɶɧɨcɬɶ ɤɥaɩaɧa, ɤɝ/ɱ: 
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𝜎 = 𝐾∗ி∗ሺ௧˅−௧ˉሻ௤భ ,                   (70) 

 

ɝɞe 𝐾 = ʹ͵,ʹ ʑ˕ˏଶ˚∗ˆ௣௔ˇ.஼ - ɤɨɷɮɮɢɰɢeɧɬ ɬeɩɥɨɩepeɞaɱɢ ɨɬ ɨɤpɭɠaɸɳeɝɨ 
ɝɨpɹɱeɝɨ ɜɨɡɞɭɯa ɱepeɡ cɬeɧɤɭ ɰɢɫɬɟɪɧɵ ɤ ɠɢɞɤɨcɬɢ, 𝐹 = ͳͶͺ ɦ2– ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɜɧɟɲɧɟɣ ɪɚɫɫɱɢɬɵɜɚɟɦɨɝɨ peɡepɜɭapa, 𝑡˅ = ͷͷͲ °C - ɬeɦɩepaɬɭpa ɨɤpɭɠaɸɳeɣ cpeɞɵ, 𝑡ˉ = ͷͲ °C - ɬeɦɩepaɬɭpa ɤɢɩeɧɢɹ ɠɢɞɤɨcɬɢ ɩpɢ aɛcɨɥɸɬɧɨɦ ɞaɜɥeɧɢɢ ee ɜ 
peɡepɜɭape, 𝑞ଵ = ͳͶ͵ͻ ʑ˕ˍˆ - cɤpɵɬaɹ ɬeɩɥɨɬa ɢcɩapeɧɢɹ ɩpɢ 𝑡ˉ. 

 𝜎 = ଶଷ,ଶ∗ଵସ଼∗ሺହହ଴−ହ଴ሻଵସଷଽ = ͳͳͻ͵,ͳ ˍˆ̊
. 

 
Ⱦɥɹ ɩpɨɜepɤɢ ɩɨɥɭɱeɧɧɨɝɨ peɡɭɥɶɬaɬa ɜɨcɩɨɥɶɡɭeɦcɹ ɷɦɩɢpɢɱecɤɨɣ 

ɮɨpɦɭɥɨɣ, ɬ/ɱ: 
 σଵ = ͳͲͲͲ ∗ 𝐷 ∗ ሺ𝐿 + ஽ଶሻ,                 (71) 

 
ɝɞe D = 14,2 ɦ – ɞɢaɦeɬp peɡepɜɭapa, 
L = 3 ɦ– ɩɨɥɧaɹ ɞɥɢɧa peɡepɜɭapa. 
 σଵ = ͳͲͲͲ ∗ ͵ ∗ ቀͳͶ,ʹ + ଷଶቁ = Ͷ͹,ͳ ˕̊

. 

 
Ⱦɥɹ ɩɨɞɡeɦɧɵɯ peɡepɜɭapɨɜ ɩpɨɩɭcɤɧaɹ cɩɨcɨɛɧɨcɬɶ, ɬ/ɱ: 
  σ = Ͳ,͵ ∗ σଵ,                   (72) 
 
ɝɞe σଵ – ɷɦɩɢpɢɱecɤaɹ ɮɨpɦɭɥɭ ɞɥɹ ɨpɢeɧɬɢpɨɜɨɱɧɵɯ pacɱeɬɨɜ. 
 σ = Ͳ,͵ ∗ Ͷ͹,ͳ = ͳͶ,ͳ ˕̊

 . 

 
Ɉɩpeɞeɥɢɦ ɩɥɨɳaɞɶ ɩpɨɯɨɞɧɨɝɨ ceɱeɧɢɹ, ɦɦ2: 
 Fୡ = ଵସ,ଵଵହ,ଽ∗଴,଺−଴,଻ଶ∗ሺሺଶ,ଷ−଴ሻ∗ସ,଺ସሻభమ = ͸͵Ͳ ˏˏଶ. 

 
ɉɨɞɛɢpaeɦ ɩpeɞɨɯpaɧɢɬeɥɶɧɵɣ ɩɨɥɧɨ ɩɨɞɴёɦɧɵɣ ɤɥaɩaɧ ɦapɤɢ ɉɉɄ4-16, 

dɭ=50 ɦɦ, dc=50 ɦɦ, c ɩpɭɠɢɧɨɣ ɧɨɦep 3a, ɩpeɞeɥɵ peɝɭɥɢpɨɜaɧɢɹ 1,9-2,3 Ɇɉa 
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3.7 Pacɱeɬ ȽPɍ ɞɥɹ ɤɨɬeɥɶɧɨɣ 
 

Ʉɨɥɢɱecɬɜɨ peɡepɜɭapɨɜ ɧeɨɛɯɨɞɢɦɨe ɞɥɹ ɝaɡɨcɧaɛɠeɧɢɹ ɤɨɬeɥɶɧɨɣ 
ɨɩpeɞeɥɹeɬcɹ ɢcɯɨɞɹ ɢɡ pacɱeɬɧɨɝɨ cɭɬɨɱɧɨɝɨ pacɯɨɞa, ɤɝ/ɱ: 

 Gୡ˖˕ = G ∗ p,                            (73) 
 
ɝɞe G – pacɱeɬɧɵɣ pacɯɨɞ ɝaɡa, ˏ͵/ɱ p – ɩɥɨɬɧɨcɬɶ ɝaɡa ɜ ɩepecɱeɬe c ɩpɢpɨɞɧɨɝɨ ɧa cɠɢɠeɧɧɵɣ, ɤɝ/ ˏ͵, 
 Gୡ˖˕ = ͶͲ ∗ ʹ.ͳʹ͸ = ͺͷ. 
 
Ʉɨɥɢɱecɬɜɨ peɡepɜɭapɨɜ, ɲɬ.: 
 N = 𝑧∗ୋc˖˕௏౦eˊ∗௣ˉ,                    (74) 

 
ɝɞe 𝑧 – ɱɢcɥɨ cɭɬɨɤ ɦeɠɞɭ ɨɱepeɞɧɵɦɢ ɡaɩpaɜɤaɦɢ peɡepɜɭapa ɝaɡɨɦ; 𝑉୮ୣˊ-ɨɛɴeɦ peɡepɜɭapa; 𝑝ˉ − ɩɥɨɬɧɨcɬɶ ɠɢɞɤɨɣ ɮaɡɵ ɝaɡa; 
 N = ଵ଴∗ଶ଴ହ∗ହଷ଺.ଶହ = Ͳ.Ͳ͹ͷ = ͳ ˛˕. 

 
ɉɨ ɩpɨɢɡɜɨɞɢɬeɥɶɧɨcɬɢ ɤɨɬeɥɶɧɨɣ ɜɵɛɢpaeɦ ɬɢɩ ɢcɩapɢɬeɥɹ – 

ɮɨpcɭɧɨɱɧɵɣ, ɩpɨɢɡɜɨɞɢɬeɥɶɧɨcɬɶɸ 100 ɤɝ/ɱ, ɬɨɝɞa: 
 𝑁௨ = ଼ହଵ଴଴ = Ͳ,ͺͷ. 

 
Ʉ ɭcɬaɧɨɜɤe ɩpɢɧɢɦaeɦ 1 ɮɨpcɭɧɨɱɧɵɣ ɢcɩapɢɬeɥɶ. 

 
3.8 Pacɱeɬ ɧacɨcɧɨ-ɤɨɦɩpeccɨpɧɨɝɨ ɨɬɞeɥeɧɢɹ 

 
ɇa ȽɇC ɞɥɹ ɩepeɦeɳeɧɢɹ ɋɍȽ ɩɪɢɦɟɧɹɟɬɫɹ ɫɥɟɞɭɸɳɟɟ ɨɛɨɪɭɞɨɜɚɧɢɟ: 

ɩɟɪɟɤɚɱɢɜɚɸɳɢɟ ɧacɨcɵ ɢ ɤɨɦɩpeccɨpɵ.  
Ʉɨɦɩɪɟɫɫɨɪɵ ɩɪɢɦɟɧɹɸɬɫɹ ɩɪɢ ɪɚɡɝɪɭɡɤɟ ɧɚɩɨɥɧɟɧɧɵɯ ɚɜɬɨ  

ɢ ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɯ ɪɟɡɟɪɜɭɚɪɨɜ ɋɍȽ, ɤɨɧɬɪɨɥɹ ɞɚɜɥɟɧɢɹ ɜ ɫɢɫɬɟɦɟ ɢ ɫɨɡɞɚɧɢɹ 
ɧɟɨɛɯɨɞɢɦɵɯ ɭɫɥɨɜɢɣ ɞɥɹ ɪɚɛɨɬɵ ɧɚɫɨɫɧɨɝɨ ɢ ɜɫɩɨɦɨɝɚɸɳɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 
ɤɨɬɟɥɶɧɨɣ.   

Ʉɨɦɩpeccɨpɵ ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɜ ɛɵɬɨɜɵɯ ɡɞɚɧɢɹɯ ɢɥɢ ɧɚ ɡɚɳɢɳɟɧɧɨɦ 
ɨɬɤɪɵɬɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɫɨ ɫɪɟɞɧɟɝɨɞɨɜɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɜɨɡɞɭɯɚ ɧɟ ɦɟɧɟɟ  
+5 °C.  
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ȿɝɨ ɧɚɡɧɚɱɟɧɢɟ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ: ɤɨɦɩpeccɨp ɭɞɚɥɹɟɬ ɩapɨɜɭɸ 
ɮaɡɭ ɢɡ ɯɪɚɧɢɥɢɳɚ (ɢɫɩɨɥɶɡɭɟɦɨɣ ɰɢɫɬɟɪɧɵ), ɧɚɩɪɚɜɥɹɟɬ eё ɜ ɩapɨɜɨe 
ɩpɨcɬpaɧcɬɜɨ ɰɢcɬepɧɵ. Ȼɥɚɝɨɞɚɪɹ ɢɦɟɸɳɟɣɫɹ paɡɧɨcɬɢ ɞaɜɥeɧɢɣ, ɠɢɞɤɚɹ 
ɱɚɫɬɶ ɩɟɪɟɤɚɱɢɜɚɟɬɫɹ. ɇaɝɧeɬaeɦɵe ɤɨɦɩpeccɨpɨɦ ɩapɵ cɠɢɠeɧɧɨɝɨ ɝaɡa c 
ɩɨɜɵɲeɧɧɨɣ ɬeɦɩepaɬɭpɨɣ, cɨɩpɢɤacaɹcɶ c ɯɨɥɨɞɧɨɣ ɩɨɜepɯɧɨcɬɶɸ, 
ɩɨɞɨɝpeɜaɸɬ ɜepɯɧɢɣ cɥɨɣ ɠɢɞɤɨcɬɢ ɢ cɩɨcɨɛcɬɜɭɸɬ ɢcɩapeɧɢɸ ɢ 
ɞɨɩɨɥɧɢɬeɥɶɧɨɦɭ ɩɨɜɵɲeɧɢɸ ɞaɜɥeɧɢɹ ɜ ɨɩɨpɨɠɧɹeɦɨɦ cɨcɭɞe. Ɉɬcacɵɜaɧɢe 
ɩapɨɜ ɢɡ ɡaɩɨɥɧɹeɦɨɝɨ peɡepɜɭapa ɧe ɬɨɥɶɤɨ cɧɢɠaeɬ ɞaɜɥeɧɢe, ɧɨ ɢ ɭcɢɥɢɜaeɬ 
ɢcɩapeɧɢe ɢ ɨɯɥaɠɞeɧɢe ɠɢɞɤɨcɬɢ, ɱɬɨ ɭcɤɨpɹeɬ ɩpɨɰecc cɥɢɜa. ɉɨcɥe cɥɢɜa 
ɠeɥeɡɧɨɞɨpɨɠɧɵɯ ɰɢcɬepɧ ɤɨɦɩpeccɨp ɨɬcacɵɜaeɬ ɩapɵ ɢ ɧaɩpaɜɥɹeɬ ɢɯ  
ɜ peɡepɜɭapɵ ɯpaɧɢɥɢɳa.  

ɉɨɞɛepeɦ ɤɨɦɩpeccop ɞɥɹ cɥɢɜa ɝaɡa ɢɡ ɬpeɯ ɠeɥeɡɧɨɞɨpɨɠɧɵɯ ɰɢcɬepɧ 
Ɉɛɴeɦɨɦ: Vˆ = ͷͳ ˏ͵, paɡɦepaɦɢ D = 2,6 ɦ, L=10,8 ɦ, ɞɢaɦeɬp cɥɢɜɧɨɣ 

ɬpɭɛɵ d˕ = ͳͲͲ ˏˏ, ɩpɢɜeɞeɧɧaɹ ɞɥɢɧa 𝑙˕ = ʹͷͲ ˏ, ɜpeɦɹ cɥɢɜa τ=2ɱ. 
ɉpɨɢɡɜɨɞɢɬeɥɶɧɨcɬɶ ɤɨɦɩpeccɨpa ɧaɣɞeɦ ɩɨ ɮɨpɦɭɥe, ɤɝ/ɱ: 
 G˚ = Кభ∗ி∗𝛥௉௥∗√τ ,                   (75) 

 
ɝɞe Кଵ = ͶͲ- ɤɨɷɮɮɢɰɢeɧɬ, 
F-ɩɨɜepɯɧɨcɬɶ ɡepɤaɥa ɤɨɧɞeɧcaɰɢɢ, ɦ2; 
r- cɤpɵɬaɹ ɬeɩɥɨɬa ɩapɨɨɛpaɡɨɜaɧɢɹ, ɤɤaɥ/ɤɝ; 
ΔP- ɩepeɩaɞ ɞaɜɥeɧɢɹ, ɤɝc/ cɦ2. 
Cɤɨpɨcɬɶ ɞɜɢɠeɧɢɹ ɠɢɞɤɨcɬɢ ɜ cɥɢɜɧɨɦ ɬpɭɛɨɩpɨɜɨɞe, ɦ/c: 
 Wˉ = Vˆ∗𝐾୤˕∗τ∗ଷ଺଴଴,                   (76) 

 
ɝɞe Ʉ = 0,8 - ɤɨɷɮɮɢɰɢeɧɬ ɡaɩɨɥɧeɧɢɹ ɰɢcɬepɧɵ, 
 Wˉ = ଷ∗ହଵ∗଴,଼଴,଻଼ହ∗ଶ∗ଷ଺଴଴∗ሺ଴,ଵሻమ = ʹ,ͳ͸ ௖ˏ. 

 
Ƚɢɞpaɜɥɢɱecɤɨe cɨɩpɨɬɢɜɥeɧɢe ɬpɭɛɨɩpɨɜɨɞa ɨɩpeɞeɥɹeɦ ɩɨ ɮɨpɦɭɥe, 

ɤɝc/cɦ2: 
 ΔP̞ = L˕ୢ˕ ∗ ρ∗𝜔మ̄ଶ𝑔 , 

 
ɝɞe λ = 0,02 - ɤɨɷɮɮɢɰɢeɧɬ ɝɢɞpaɜɥɢɱecɤɨɝɨ ɬpeɧɢɹ ɬpɭɛɵ,  
ρ – ɩɥɨɬɧɨcɬɶ cɦecɢ, ɤɝ/ɦ3 . 
 ΔP̞ = L˕ୢ˕ ∗ ρ∗𝜔మ̄ଶ𝑔 ,                  (77) 
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ɍɱɢɬɵɜaɹ paɡɧɨcɬɶ ɭpɨɜɧeɣ ɢ cɤɨpɨcɬɧɨɣ ɧaɩɨp, ɩpɢɧɢɦaeɦ ΔP̞ =2,0 

ɤɝc/cɦ2 =0,2 Ɇɉa. 
 
 
Ɇaɤcɢɦaɥɶɧaɹ ɩɨɜepɯɧɨcɬɶ ɡepɤaɥa ɢcɩapeɧɢɹ ɨɞɧɨɣ ɰɢcɬepɧɵ, ɦ2: 
 
F= D∙L,                                                                                                             (78) 
 
F= 2,6*10,8=28 ɦ2.  
 
Ɉɩpeɞeɥɢɦ cpeɞɧɸɸ ɩpɨɢɡɜɨɞɢɬeɥɶɧɨcɬɶ ɤɨɦɩpeccɨpa ɩpɢ   τ௖௣ = τଶ = ͳ ˚. 

 G˚ = ଷ∗ସ଴∗ଶ଼∗ଶ,ହ଼଴∗√ଵ = ͳͲͷ ˍˆ̊
. 

 
Paɛɨɬa ɤɨɦɩpeccɨpa ɜ ɩepɜɵe 5 ɦɢɧɭɬ ɛɭɞeɬ paɜɧa, ɤɝ/ɱ: 
 𝐺˚ː ௔˚ = ଷ∗ସ଴∗ଶ଼∗ଶ,ହ଼଴∗√଴,଴଼ଷ = ͵͸Ͷ ˍˆ̊

. 

 
Ɍaɤɢɦ ɨɛpaɡɨɦ, ɩpɨɢɡɜɨɞɢɬeɥɶɧɨcɬɶ ɤɨɦɩpeccɨpa ɞɨɥɠɧa ɛɵɬɶ ɛɨɥee  

105 ɤɝ/ɱ, ɧɨ ɧe ɞɨɥɠɧa ɩpeɜɵɲaɬɶ 364 ɤɝ/ɱ. ȼ peaɥɶɧɵɯ ɭcɥɨɜɢɹɯ ɩɨ ɦepe 
ɨɩɨpɨɠɧeɧɢɹ ɬpaɧcɩɨpɬɧɨɣ ɰɢcɬepɧɵ paɡɜɢɜaeɦɵɣ ɤɨɦɩpeccɨpɨɦ ɩepeɩaɞ 
ɞaɜɥeɧɢɹ ɛɭɞeɬ ɭɦeɧɶɲaɬɶcɹ. Ʉ ɭcɬaɧɨɜɤe ɩpɢɧɢɦaeɦ ɤɨɦɩpeccɨp Aɍ-45  
c ɩɨɞaɱeɣ 318,2 ɤɝ/ɱ ɩpɢ ɞaɜɥeɧɢɢ ɜcacɵɜaɧɢɹ 0,4 Ɇɉa c ɦɨɳɧɨcɬɶɸ ɞɜɢɝaɬeɥɹ 
10,7 ɤȼɬ ɢ ɱacɬɨɬɨɣ ɜpaɳeɧɢɹ 910 ɨɛ/ɦɢɧ. 
 

3.9 ȼɵɛɨp ɧacɨcɧɨɝɨ ɨɛɨpɭɞɨɜaɧɢɹ 

 
ȼɵɛɨp ɧacɨcɨɜ ɜɵɩɨɥɧɹeɬcɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɨɫɧɨɜɧɵɦɢ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ. Ɍɚɤɨɜɵɦɢ ɞɥɹ ɰeɧɬpɨɛeɠɧɵɯ ɧacɨcɨɜ ɹɜɥɹɸɬcɹ: 
ɩpɨɢɡɜɨɞɢɬeɥɶɧɨcɬɶ (ɦ3/ɱ), ɩɨɥɧɵɣ ɧaɩɨp (ɦɦ ɜɨɞɧɨɝɨ cɬɨɥɛɚ), ɩɨɬpeɛɥɹeɦaɹ 
ɦɨɳɧɨcɬɶ (ɤȼɬ), ɄɉȾ (%), ɚ ɬɚɤɠɟ ɱacɬɨɬa ɜpaɳeɧɢɹ (ɨɛ/ɦɢɧ). 

ɉpɢ ɜɵɛɨpe ɧacɨca ɧɚɯɨɞɢɬɫɹ ɬpeɛɭeɦɵɣ ɧaɩɨp (c ɡaɩacɨɦ 10 %)  
ɢ ɩpɨɢɡɜɨɞɢɬeɥɶɧɨcɬɶ (c ɡaɩacɨɦ 20 %).  

ȼɵɛɨp ɫɞɟɥɚɧ c ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦaɤcɢɦaɥɶɧɨ ɜɨɡɦɨɠɧɨɝɨ ɄɉȾ ɧacɨca. 
 

3.9.1 ɉɨɞɛɨp ceɬeɜɨɝɨ ɧacɨca 
 
Pacɱeɬɧɵɣ ɧaɩɨp ɞɥɹ ceɬeɜɨɝɨ ɧacɨca, ɦ: 
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ʜୡː = ͳ,ͳ ∗ ሺ∆ʜ˕ୡ + ∆ʜˍ ሻ,                 (79) 

 

ɝɞe  ∆ʜ˕ୡ = ʹͲ  – ɩɨɬepɢ ɞaɜɥeɧɢɹ ɜ ɬeɩɥɨɜɨɣ ceɬɢ, ɦ, ∆ʜˍ = Ͳ,ʹͷ – ɝɢɞpaɜɥɢɱecɤɨe cɨɩpɨɬɢɜɥeɧɢe ɤɨɬɥa, ʜୡː = ͷͲ ɦ, 

 

Pacɱeɬɧaɹ ɩpɨɢɡɜɨɞɢɬeɥɶɧɨcɬɶ ceɬeɜɨɝɨ ɧacɨca, ɦ3/ɱ: 

 Gୡː = ͳ,ʹ ∗ ሺG˅ː + Gˆ୮˒ˑˇሻ,                (80) 

 Gୡː = ͳ,ʹ ∗ ሺ͵Ͳ,͵͸ + Ͳ,Ͳʹͺሻ = ͵͵,͵. 

 

ɑɢcɥɨ ceɬeɜɵɯ ɧacɨcɨɜ ɱeɬɵpe. 

ȼɵɛɢpaeɦ ɧacɨc Grundfos NK 50-250/205 c ɯapaɤɬepɢcɬɢɤaɦɢ: 
 ɉpɨɢɡɜɨɞɢɬeɥɶɧɨcɬɶ – 45 ɦ3/ɱ; 
 ɇaɩɨp – 50 ɦ.; 
 ɑacɬɨɬa ɜpaɳeɧɢɹ 2940 ɨɛ/ɦɢɧ.; 
 ɉɨɬpeɛɥɹeɦaɹ ɦɨɳɧɨcɬɶ – 15 ɤȼɬ; 
 ɄɉȾ – 91 %. 
 

3.9.2ɉɨɞɛɨp ɧacɨca cɵpɨɣ ɜɨɞɵ 

 

Pacɱeɬɧɵɣ ɧaɩɨp ɞɥɹ ɧacɨca cɵpɨɣ ɜɨɞɵ, ɦ: 

 ʜୡ˅ː = ͳ,ͳ ∗ ሺhˇ + ∆ʜ˘˅ˑ + ∆ʜ˒ˑˇሻ,               (81) 

 

ɝɞe  hˇ = ͳͲˏ – ɜɵcɨɬa pacɩɨɥɨɠeɧɢɹ ɞeɤapɛɨɧɢɡaɬɨpa,  ∆ʜ˒ˑˇ = ͳͲˏ– ɩɨɬepɢ ɧaɩɨpa ɜ ɩɨɞɨɝpeɜaɬeɥɹɯ, ∆ʜ˘˅ˑ = ͵ͷˏ – ɝɢɞpaɜɥɢɱecɤɨe cɨɩpɨɬɢɜɥeɧɢe ɥɢɧɢɢ ɏȼɈ. 

 ʜୡ˅ː = ͳ,ͳ ∗ ሺͳͲ + ͳͲ + ͵ͷሻ = ͸Ͳ,ͷ. 
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Pacɱeɬɧaɹ ɩpɨɢɡɜɨɞɢɬeɥɶɧɨcɬɶ ɧacɨca cɵpɨɣ ɜɨɞɵ, ɦ3/ɱ: Gୡ˅ː = ͳ,ʹ ∗ Gୡ˅,                   (82) Gୡ˅ː = ͳ,ʹ ∗ Ͳ,Ͳͺͷ = Ͳ,ͳͲʹ, 

 

ɑɢcɥɨ ɧacɨcɨɜ cɵpɨɣ ɜɨɞɵ ɧe ɦeɧee ɞɜɭɯ, ɨɞɢɧ ɢɡ ɤɨɬɨpɵɯ ɜ peɡepɜe. 

ȼɵɛɢpaeɦ ɧacɨcɵ NGLM 2c ɯapaɤɬepɢcɬɢɤaɦɢ: 
 ɉpɨɢɡɜɨɞɢɬeɥɶɧɨcɬɶ – 0,2 ɦ3/ɱ; 
 ɇaɩɨp – 70 ɦ.; 
 ɉɨɬpeɛɥɹeɦaɹ ɦɨɳɧɨcɬɶ – 0,4 ɤȼɬ; 
 ɄɉȾ – 82 %. 

 
3.9.3 ɉɨɞɛɨp ɩɨɞɩɢɬɨɱɧɨɝɨ ɧacɨca 

 

Pacɱeɬɧɵɣ ɧaɩɨp ɞɥɹ ɩɨɞɩɢɬɨɱɧɨɝɨ ɧacɨca, ɦ: 

 ʜ˒ˑˇː = ͳ,ͳ ∗ ሺʜˑ˄୮ + ʜ˕୮ሻ,                (83) 

 

ɝɞe  ʜˑ˄୮ = ʹͲˏ – ɧaɩɨp ɜ ɨɛpaɬɧɨɣ ɦaɝɢcɬpaɥɢ ɬeɩɥɨɜɨɣ ceɬɢ, ʜ˕୮ = ͷˏ – ɝɢɞpaɜɥɢɱecɤɨe cɨɩpɨɬɢɜɥeɧɢe ɬpɭɛɨɩpɨɜɨɞa ɧa ɥɢɧɢɢ ɨɬ 

ɛaɤa ɞeɤapɛɨɧɢɡɢpɨɜaɧɧɨɣ ɜɨɞɵ ɞɨ ɨɛpaɬɧɨɣ ɦaɝɢcɬpaɥɢ ɬeɩɥɨɜɨɣ ceɬɢ. 

 ʜ˒ˑˇː = ͳ,ͳ ∗ ሺͷ + ʹͲሻ = ʹ͹,ͷ, 

ɉpɨɢɡɜɨɞɢɬeɥɶɧɨcɬɶ ɩɨɞɩɢɬɨɱɧɨɝɨ ɧacɨca, ɦ3/ɱ: 

 G˒ˑˇː = ͳ,ʹ ∗ G˒ˑˇ˒,                  (84) 

 G˒ˑˇː = ͳ,ʹ ∗ Ͳ,Ͳͺͻ = Ͳ,ͳͲ͸, 

 

ɑɢcɥɨ ɩɨɞɩɢɬɨɱɧɵɯ ɧacɨcɨɜ ɧe ɦeɧee ɞɜɭɯ, ɨɞɢɧ ɢɡ ɤɨɬɨpɵɯ ɜ peɡepɜe. 

ȼɵɛɢpaeɦ ɧacɨcɵ MHI 203-400 c ɯapaɤɬepɢcɬɢɤaɦɢ: 
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 ɉpɨɢɡɜɨɞɢɬeɥɶɧɨcɬɶ – 0,2 ɦ3/ɱ; 
 ɇaɩɨp – 30 ɦ.; 
 ɉɨɬpeɛɥɹeɦaɹ ɦɨɳɧɨcɬɶ – 0,5 ɤȼɬ; 
 ɄɉȾ – 82 %. 

 
3.9.4 ɉɨɞɛɨp peɰɢpɤɭɥɹɰɢɨɧɧɨɝɨ ɧacɨca 

 

Pacɱeɬɧɵɣ ɧaɩɨp ɞɥɹ peɰɢpɤɭɥɹɰɢɨɧɧɨɝɨ ɧacɨca, ɦ: 

 ʜ୮ୣ˙ː = ͳ,ͳ ∗ ∆ʜˍ ,                  (85) 

 ʜ୮ୣ˙ː = ͳ,ͳ ∗ ʹ,͹ = ͵ ˏ, 

 

ɉpɨɢɡɜɨɞɢɬeɥɶɧɨcɬɶ peɰɢpɤɭɥɹɰɢɨɧɧɨɝɨ ɧacɨca, ɦ3/ɱ: 

 G୮ୣ˙ː = ଵ,ଶ∗ୋ౦e˙௡ ,                   (86) 

 

ɝɞe  n – ɱɢcɥɨ ɤɨɬɥɨɜ ɤɨɬeɥɶɧɨɣ. 

 G୮ୣ˙ː = ଵ,ଶ∗ଵ଴,ସ଺ = ʹ,Ͳͺ. 

 

ɑɢcɥɨ peɰɢpɤɭɥɹɰɢɨɧɧɵɯ ɧacɨcɨɜ ɨɞɢɧ ɧa ɭcɬaɧɨɜɥeɧɧɵɣ ɤɨɬeɥ, ɨɞɢɧ  

ɜ peɡepɜe. 

ȼɵɛɢpaeɦ 7 ɧacɨcɨɜ ɬɢɩa DAB BMH 30/250.40T 

 ɇaɩɨp – 3 ɦ, 

 ɉpɨɩɭcɤɧaɹ cɩɨcɨɛɧɨcɬɶ – 2,4
ˏయ̊

, 

  ɉɨɬpeɛɥɹeɦaɹ ɦɨɳɧɨcɬɶ – 140 ȼɬ, 
 ɄɉȾ – 89 %. 
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4 Ʉɨɦɩɨɧɨɜɤa ɤɨɬeɥɶɧɨɣ 
 

ɉɨ peɡɭɥɶɬaɬaɦ ɩpɨɜeɞeɧɧɵɯ pacɱeɬɨɜ ɛɵɥɨ ɜɵɛpaɧɨ ɨcɧɨɜɧɨe  
ɢ ɜcɩɨɦɨɝaɬeɥɶɧɨe ɨɛɨpɭɞɨɜaɧɢe. ɉɨcɥe ɱeɝɨ cɨcɬaɜɥɹeɬcɹ ɤɨɦɩɨɧɨɜɤa 
ɤɨɬeɥɶɧɨɣ (cɦ. Pɢcɭɧɨɤ 7). 

 
1 – ɇaɩɨɥɧɢɬeɥɶɧɵɣ ɰeɯ, 2 – peɡepɜɭap ɞɥɹ ɯpaɧeɧɢɹ cɠɢɠeɧɧɨɝɨ ɝaɡa,  

3 – ɷcɬaɤaɞa ɞɥɹ cɥɢɜa cɠɢɠeɧɧɨɝɨ ɝaɡa, 4 – cɥɢɜɧɨɣ peɡepɜɭap, 5 – aɜɬɨɤɨɥɨɧɤa,  
6 – ɛɥɨɤ ɜcɩɨɦɨɝaɬeɥɶɧɵɯ ɩɨɦeɳeɧɢɣ, 7 – aɜɬɨɜecɵ, 8 – ɬpaɧcɮɨpɦaɬɨpɧaɹ ɩɨɞcɬaɧɰɢɹ, 9 – 

peɡepɜɭap ɞɥɹ ɜɨɞɵ, 10 – ɝeɧepaɬɨpɧaɹ. 
Pɢcɭɧɨɤ 7 - Ʉɨɦɩɨɧɨɜɤa ɤɨɬeɥɶɧɨɣ 
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5 ȼɨɞɨcɧaɛɠeɧɢe 
5.1 ɏapaɤɬepɢcɬɢɤa ɢcɬɨɱɧɢɤa ɜɨɞɨcɧaɛɠeɧɢɹ 

ɂcɬɨɱɧɢɤɨɦ ɜɨɞɨcɧaɛɠeɧɢɹ ɤɨɬeɥɶɧɨɣ cɥɭɠaɬ cɭɳecɬɜɭɸɳɢe ceɬɢ 
ɜɨɞɨɩpɨɜɨɞa cɬ. Aɛaɤɭɦɨɜɤa. 

Cɢcɬeɦa ɜɨɞɨɩpɨɜɨɞa ɩɨ cɬeɩeɧɢ ɨɛecɩeɱeɧɧɨcɬɢ, cɨɝɥacɧɨ [13], 
ɨɬɧɨcɢɬcɹ ɤ III ɤaɬeɝɨpɢɢ (ɧaceɥeɧɢe cɬ. Aɛaɤɭɦɨɜɤa ɦeɧee 5000 ɱeɥɨɜeɤ).  
Ʉ ɞaɧɧɨɣ ɤaɬeɝɨpɢɢ ɩpeɞɭcɦɨɬpeɧɵ cɥeɞɭɸɳɢe ɬpeɛɨɜaɧɢɹ: ɞɨɩɭcɤaeɬcɹ 
cɧɢɠeɧɢe ɩɨɞaɱɢ ɜɨɞɵ ɧa ɯɨɡɹɣcɬɜeɧɧɨ-ɩɢɬɶeɜɵe ɧɭɠɞɵ ɧe ɛɨɥee 30% 
pacɱeɬɧɨɝɨ pacɯɨɞa ɢ ɧa ɩpɨɢɡɜɨɞcɬɜeɧɧɵe ɧɭɠɞɵ ɞɨ ɩpeɞeɥa, 
ɭcɬaɧaɜɥɢɜaeɦɨɝɨ aɜapɢɣɧɵɦ ɝpaɮɢɤɨɦ paɛɨɬɵ ɩpeɞɩpɢɹɬɢɣ; 
ɞɥɢɬeɥɶɧɨcɬɶ cɧɢɠeɧɢɹ ɩɨɞaɱɢ ɧe ɞɨɥɠɧa ɩpeɜɵɲaɬɶ 15 cɭɬ. ɉepepɵɜ  
ɜ ɩɨɞaɱe ɜɨɞɵ ɩpɢ cɧɢɠeɧɢɢ ɩɨɞaɱɢ ɧɢɠe ɭɤaɡaɧɧɨɝɨ ɩpeɞeɥa 
ɞɨɩɭcɤaeɬcɹ ɧa ɜpeɦɹ ɧe ɛɨɥee ɱeɦ ɧa 24 ɱ 

 
5.2 ɏɨɡɹɣcɬɜeɧɧɨ-ɩɢɬɶeɜɨe ɜɨɞɨcɧaɛɠeɧɢe 

 
ɏɨɡɹɣcɬɜeɧɧɨ-ɩɢɬɶeɜɨɣ ɜɨɞɨɩpɨɜɨɞ ɩpeɞɧaɡɧaɱeɧ ɞɥɹ ɩɨɞaɱɢ ɜɨɞɵ  

ɧa ɬeɯɧɨɥɨɝɢɱecɤɢe ɧɭɠɞɵ ɤɨɬeɥɶɧɨɣ, a ɬaɤɠe ɜ ɛɵɬɨɜɵe ɩɨɦeɳeɧɢɹ  
ɤ caɧɢɬapɧɵɦ ɩpɢɛɨpaɦ (ɭɧɢɬaɡaɦ, ɭɦɵɜaɥɶɧɢɤaɦ, ɞɭɲeɜɵɦ ɭcɬaɧɨɜɤaɦ). 

 
5.3 ȼɵɛɨp cɢcɬeɦɵ ɜɨɞɨɩɨɞɝɨɬɨɜɤɢ 

 
Ɉɛpaɛɨɬɤa ɢcɯɨɞɧɨɣ ɜɨɞɵ ɧa ɤɨɬeɥɶɧɨɣ ɜ ɨɛɳeɦ cɥɭɱae ɩpeɞɭcɦaɬpɢɜaeɬ: 

ɭɞaɥeɧɢe ɜɡɜeɲeɧɧɵɯ ɩpɢɦeceɣ (ɮɢɥɶɬpaɰɢɹ), cɧɢɠeɧɢe ɠecɬɤɨcɬɢ 
(ɭɦɹɝɱeɧɢe), ɩɨɞɞepɠaɧɢe ɨɩpeɞeɥeɧɧɨɣ ɳeɥɨɱɧɨcɬɢ, cɧɢɠeɧɢe ɨɛɳeɝɨ 
cɨɥecɨɞepɠaɧɢɹ, ɭɞaɥeɧɢe pacɬɜɨpeɧɧɵɯ aɝpeccɢɜɧɵɯ ɝaɡɨɜ. Cɧɢɠeɧɢe 
ɠecɬɤɨcɬɢ ɢ ɨɛɳeɝɨ cɨɥecɨɞepɠaɧɢɹ, ɩɨɞɞepɠaɧɢe ɳeɥɨɱɧɨcɬɢ ɩpɨɢɡɜɨɞɹɬ  
c ɩɨɦɨɳɶɸ ɯɢɦɢɱecɤɨɣ ɨɛpaɛɨɬɤɢ ɢcɯɨɞɧɨɣ ɜɨɞɵ. 

ȼ ɜɨɞɨɝpeɣɧɨɣ ɤɨɬeɥɶɧɨɣ ɤapɛɨɧaɬɧaɹ ɠecɬɤɨcɬɶ ɩɨɞɩɢɬɨɱɧɨɣ ɜɨɞɵ 
ɞɥɹ ɜɨcɩɨɥɧeɧɢɹ ɭɬeɱeɤ ɜ ɬeɩɥɨɜɨɣ ceɬɢ ɧe ɞɨɥɠɧa ɩpeɜɵɲaɬɶ0,75 ɦɝ⋅ɷɤɜ/ɥ. 
Ecɥɢ ɤapɛɨɧaɬɧaɹ ɠecɬɤɨcɬɶ ɢcɯɨɞɧɨɣ ɜɨɞɵ Жˋ˅ˍ  >0,75 ɦɝ⋅ɷɤɜ/ɥ ɞɥɹ 
ɜɨɞɨɝpeɣɧɨɣ ɤɨɬeɥɶɧɨɣ, ɬɨ ɧeɨɛɯɨɞɢɦa ɜɨɞɨɩɨɞɝɨɬɨɜɤa c ɭɦɹɝɱeɧɢeɦ ɜɨɞɵ. 
 
Ɍaɛɥɢɰa 12 – ɏɢɦɢɱecɤɢɣ cɨcɬaɜ ɩɨɞɡeɦɧɵɯ ɜɨɞ, ɞɨɛɵɜaeɦɵɯ ɢɡ cɤɜaɠɢɧɵ ɧa 
cɬ. Aɛaɤɭɦɨɤa. 

ɉɨɤaɡaɬeɥɶ ph Жec˕ˍˑc˕˟ 

ɨɛɳaɹ 

Жec˕ˍˑc˕˟ ˍap˄ˑːa˕ːaя Cɭɥɶɮaɬɵ 

Ɂɧaɱeɧɢe 6 2,6 ɦɝ-ɷɤɜ/ɥ 1.3 ɦɝ-ɷɤɜ/ɥ 5 ɦɝ/ɥ 
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Ɍaɤ ɤaɤ Жˋ˅ˍ >0,75 ɦɝ⋅ɷɤɜ/ɥ, ɢɦeeɬcɹ ɧeɨɛɯɨɞɢɦɨcɬɶ ɩpɢɦeɧeɧɢɹ cɯeɦɵ 

ɜɨɞɨɩɨɞɝɨɬɨɜɤɢ. 

ȼ ɜɨɞɨɝpeɣɧɨɣ ɤɨɬeɥɶɧɨɣ ɛɵɥɨ ɜɵɛpaɧɨ ɢcɩɨɥɶɡɨɜaɧɢe ɭcɬaɧɨɜɤɢ 

ɞɨɡɢpɨɜaɧɢɹ ɤɨɦɥeɤcɨɧaɬa (ɍȾɄ). ɍcɬaɧɨɜɤa ɞɨɡɢpɨɜaɧɢɹ ɤɨɦɩɥeɤcɨɧaɬa 

(ɍȾɄ) – ɨɛɨpɭɞɨɜaɧɢe, ɨɛecɩeɱɢɜaɸɳee ɩpɨɩɨpɰɢɨɧaɥɶɧɨe ɞɨɡɢpɨɜaɧɢe 

(ɧeɨɛɯɨɞɢɦɨe ɤɨɥɢɱecɬɜɨ peaɝeɧɬa ɧa eɞɢɧɢɰɭ ɜɨɞɵ). Cɯeɦa ɍȾɄ ɩpeɞcɬaɜɥeɧa 

ɧa pɢcɭɧɤe 7. 

 

ɍcɥɨɜɧɵe ɨɛɨɡɧaɱeɧɢɹ: 1 – ȼɨɞɨcɱeɬɱɢɤ c ɭcɬpɨɣcɬɜɨɦ ɜɜɨɞa peaɝeɧɬpa ɢ aɞaɩɬepɨɦ, 
2 – Pacɬɜɨp ɤɨɦɩɥeɤcɨɧa, 3– Ȼɥɨɤ aɜɬɨɦaɬɢɤɢ, 4 – ɇacɨc – ɞɨɡaɬɨp, 5 – ɮɢɥɶɬp. 

Pɢcɭɧɨɤ 8 – Cɯeɦa ɍȾɄ 
 

ɉpɢɧɰɢɩ paɛɨɬɵ ɭcɬaɧɨɜɤɢ: ɍcɬaɧɨɜɤa paɛɨɬaeɬ ɜ aɜɬɨɦaɬɢɱecɤɨɦ 
peɠɢɦe. Peaɝeɧɬ ɜɜɨɞɢɬcɹ ɜ ɥɢɧɢɸ ɩɨɞɩɢɬɤɢ ɧacɨcɨɦ-ɞɨɡaɬɨpɨɦ 4 ɩɨ cɢɝɧaɥɭ c 
ɛɥɨɤa ɭɩpaɜɥeɧɢɹ 3. ȼeɥɢɱɢɧa ɜɜɨɞɢɦɨɣ ɞɨɡɵ peaɝeɧɬa ɩpɨɩɨpɰɢɨɧaɥɶɧa 
ɤɨɥɢɱecɬɜɭ ɩɨɞɩɢɬɨɱɧɨɣ ɜɨɞɵ, ɢɡɦepeɧɧɨɦɭ pacɯɨɞɨɦepɨɦ ɧa ɦaɝɢcɬpaɥɢ 
ɩɨɞɩɢɬɤɢ. 

 
5.4 ȼɵɛɨp ɞeɤapɛɨɧɢɡaɬɨpa 

 
Ⱦeɤapɛɨɧɢɡaɬɨp – ɭcɬpɨɣcɬɜɨ, ɩpeɞɧaɡɧaɱeɧɧɨe ɞɥɹ ɭɞaɥeɧɢɹ ɢɡ ɜɨɞɵ 

CO2, ɩɭɬeɦ ɩpɨɞɭɜaɧɢɹ ɜɨɞɵ ɜɨɡɞɭɯɨɦ. 
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ɍcɥɨɜɧɵe ɨɛɨɡɧaɱeɧɢɹ: 1 – ɰɢɥɢɧɞpɢɱecɤɢɣ ɤɨpɩɭc; 2 – ɧacaɞɤa; 3 - ɨɬɜɨɞ ɝaɡɨɜɨɣ 
cɦecɢ; 4 - ɩɨɞɜɨɞ ɜɨɞɵ; 5 - pacɩpeɞeɥɢɬeɥɶɧɵe ɬpɭɛɤɢ ɞɥɹ ɩɨɞaɱɢ ɜɨɞɵ ɧa ɧacaɞɤɭ; 6 -

 ɜepɯɧɢɣ ɳɢɬ; 7 - ɩɨɞɜɨɞ ɜɨɡɞɭɯa; 8 - ɨɬɜɨɞ ɞeɤapɛɨɧɢɡɢpɨɜaɧɧɨɣ ɜɨɞɵ; 9 - ɧɢɠɧɢɣ 
ɩɨɞɞepɠɢɜaɸɳɢɣ ɧacaɞɤɭ ɳɢɬ. 

Pɢcɭɧɨɤ 8 – Cɯeɦa ɞeɤapɛɨɧɢɡaɬɨpa 
 

Ɉɩɢcaɧɢe paɛɨɬɵ ɭcɬaɧɨɜɤɢ: Ⱦeɤapɛɨɧɢɡɢpɭeɦaɹ ɜɨɞa ɱepeɡ ɜɯɨɞɧɨɣ 
ɩaɬpɭɛɨɤ ɧaɩpaɜɥɹeɬcɹ ɜ ɜepɯɧɸɸ ɱacɬɶ ɞeɤapɛɨɧɢɡaɬɨpa, ɩɨcɥe ɱeɝɨ cɬpɭɹɦɢ 
ɩaɞaeɬ ɧa ɧacaɞɤɭ. Pacɬeɤaɹcɶ ɩɨ ɧacaɞɤe ɬɨɧɤɨɣ ɩɥёɧɤɨɣ, ɜɨɞa ɭcɬpeɦɥɹeɬcɹ 
ɜɧɢɡ. ɉɨɞaɸɳɢɣcɹ cɧɢɡɭ ɜcɬpeɱɧɵɣ ɩɨɬɨɤ ɜɨɡɞɭɯa ɭɧɨcɢɬ ɡa cɨɛɨɣ 
ɜɵɞeɥɹɸɳɢɣcɹ ɢɡ ɜɨɞɵ ɭɝɥeɤɢcɥɵɣ ɝaɡ, ɤɨɬɨpɵɣ ɜɵɯɨɞɢɬ ɱepeɡ ɜepɯɧɢe 
ɩaɬpɭɛɤɢ. Ⱦeɤapɛɨɧɢɡɢpɨɜaɧɧaɹ ɜɨɞa ɜɵɯɨɞɢɬ ɱepeɡ ɧɢɠɧɢɣ ɩaɬpɭɛɨɤ. 

ɉɨ ɢɦeɸɳɢɦcɹ ɩapaɦeɬpaɦ ɛɵɥ ɜɵɛpaɧ ɞeɤapɛɨɧɢɡaɬɨp:  
1) ɉpɨɢɡɜɨɞɢɬeɥɶɧɨcɬɶ, 125,7 ɬ/ɱ;  
2) ɤapɛɨɧaɬɧaɹ ɠecɬɤɨcɬɶ, 1,3ɦɝ-ɷɤɜ/ɥ.  
Ⱦaɧɧɵe ɞeɤapɛɨɧɢɡaɬɨpa ɜɧeceɧɵ ɜ ɬaɛɥɢɰɭ 13: 
 

Ɍaɛɥɢɰa 13 – ɏapaɤɬepɢcɬɢɤɢ ɞeɤapɛɨɧɢɡaɬɨpa 
ɉpɨɢɡɜɨɞɢɬeɥɶɧɨcɬɶ ˏଷ̊

 

Pacɯɨɞ 

ɜɨɡɞɭɯa, ˏయ̊
 

Ʉapɛɨɧaɬɧaɹ 

ɠecɬɤɨcɬɶ, 

ɦɝ-ɷɤɜ/ɥ 

ɒɢpɢɧa, 

ɦɦ 

ȼɵcɨɬa, 

ɦɦ 

Ⱦɢaɦeɬp, 

ɦɦ 

Ɇacca, 

ɤɝ 

126 2500 4 610 5220 1630 6936 
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6 Pacɱeɬ ɜɵɛpɨcɨɜ 

6.1 Pacɱeɬ ɨɛɴeɦa ɞɵɦɨɜɵɯ ɝaɡɨɜ 

Paccɱɢɬaeɦ ɤɨɥɢɱecɬɜɨ ɜɵɛpɨcɨɜ ɨɤcɢɞɨɜ aɡɨɬa ɩpɢ cɠɢɝaɧɢɢ 
ɩpɢpɨɞɧɨɝɨ ɝaɡa. 

Cɭɦɦapɧɨe ɤɨɥɢɱecɬɜɨ ɨɤcɢɞɨɜ aɡɨɬa NO ɜ ɩepecɱeɬe ɧa NO2 (ɜ ɬ/ɝɨɞ), 
ɜɵɛpacɵɜaeɦɵɯ ɜ aɬɦɨcɮepɭ c ɞɵɦɨɜɵɦɢ ɝaɡaɦɢ, ɨɩpeɞeɥɹɸɬcɹ ɩɨ ɮɨpɦɭɥe: 

 Mேை𝑥 = B௣ ∗ Qir ∗ K୒୓ଶr ∗ βk ∗ β௧ ∗ βα ∗ ሺͳ − βˆሻ ∗ ሺͳ − βδሻ ∗ k୬,           (87) 
 
ɝɞe B௣- pacɱeɬɧɵɣ pacɯɨɞ ɬɨɩɥɢɜa, ɧɦ3/c (ɬɵc. ɧɦ3/ɝɨɞ);  
ɩpɢ paɛɨɬe ɤɨɬɥa ɜ cɨɨɬɜeɬcɬɜɢɢ c peɠɢɦɧɨɣ ɤapɬɨɣ c ɞɨcɬaɬɨɱɧɨɣ 

cɬeɩeɧɶɸ ɬɨɱɧɨcɬɢ ɦɨɠeɬ ɛɵɬɶ ɩpɢɧɹɬɨ - B௣ = 𝐵 ɮaɤɬɢɱecɤɨɦɭ pacɯɨɞɭ 
ɬɨɩɥɢɜa ɧa ɤɨɬeɥ; Qir - ɧɢɡɲaɹ ɬeɩɥɨɬa cɝɨpaɧɢɹ ɬɨɩɥɢɜa, ɆȾɠ/ɧɦ3; K୒୓ଶr  - ɭɞeɥɶɧɵɣ ɜɵɛpɨc ɨɤcɢɞɨɜ aɡɨɬa ɩpɢ cɠɢɝaɧɢɢ ɝaɡa, ɝ/ɆȾɠ, ɞɥɹ 
ɜɨɞɨɝpeɣɧɵɯ ɤɨɬɥɨɜ: 

 K୒୓ଶr = Ͳ,Ͳͳͳ͵ ∗ √Q˕ + Ͳ,Ͳ͵,                (88) 
 
ɝɞe Q˕ - ɮaɤɬɢɱecɤaɹ ɬeɩɥɨɜaɹ ɦɨɳɧɨcɬɶ ɤɨɬɥa ɩɨ ɜɜeɞeɧɧɨɦɭ ɜ ɬɨɩɤɭ 

ɬeɩɥɭ, Ɇȼɬ, ɨɩpeɞeɥɹeɦaɹ ɩɨ ɮɨpɦɭɥe: 
 Q˕ = B௣ ∗ Qir ,                   (89) 
 βk – 1,0 ɛeɡpaɡɦepɧɵɣ ɤɨɷɮɮɢɰɢeɧɬ, ɭɱɢɬɵɜaɸɳɢɣ ɩpɢɧɰɢɩɢaɥɶɧɭɸ 

ɤɨɧcɬpɭɤɰɢɸ ɝɨpeɥɤɢ. β௧ - ɛeɡpaɡɦepɧɵɣ ɤɨɷɮɮɢɰɢeɧɬ, ɭɱɢɬɵɜaɸɳɢɣ ɬeɦɩepaɬɭpɭ ɜɨɡɞɭɯa, 
ɩɨɞaɜaeɦɨɝɨ ɞɥɹ ɝɨpeɧɢɹ: 

 β௧ = ͳ + Ͳ.ͲͲʹ ∗ ሺtˆ˅ − ͵Ͳሻ,                (90) 
 
ɝɞe tˆ˅ - ɬeɦɩepaɬɭpa ɝɨpɹɱeɝɨ ɜɨɡɞɭɯa, ɨC 
 βα = ͳ,ʹʹͷ - ɛeɡpaɡɦepɧɵɣ ɤɨɷɮɮɢɰɢeɧɬ, ɭɱɢɬɵɜaɸɳɢɣ ɜɥɢɹɧɢe ɢɡɛɵɬɤa 

ɜɨɡɞɭɯa ɧa ɨɛpaɡɨɜaɧɢe ɨɤcɢɞɨɜ aɡɨɬa βˆ - ɛeɡpaɡɦepɧɵɣ ɤɨɷɮɮɢɰɢeɧɬ, ɭɱɢɬɵɜaɸɳɢɣ ɜɥɢɹɧɢe peɰɢpɤɭɥɹɰɢɢ 
ɞɵɦɨɜɵɯ ɝaɡɨɜ ɱepeɡ ɝɨpeɥɤɢ ɧa ɨɛpaɡɨɜaɧɢe ɨɤcɢɞɨɜ aɡɨɬa: 

 βˆ = Ͳ,ͳ͸ ∗ √r,                   (91) 
 
ɝɞe r – cɬeɩeɧɶ peɰɢpɤɭɥɹɰɢɢ ɞɵɦɨɜɵɯ ɝaɡɨɜ, %. 
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βδ ɛeɡpaɡɦepɧɵɣ ɤɨɷɮɮɢɰɢeɧɬ, ɭɱɢɬɵɜaɸɳɢɣ cɬɭɩeɧɱaɬɵɣ ɜɜɨɞ ɜɨɡɞɭɯa 
ɜ ɬɨɩɨɱɧɭɸ ɤaɦepɭ, 

 βδ = Ͳ,Ͳʹʹ ∗ δ,                            (92) 
 
ɝɞe δ - ɞɨɥɹ ɜɨɡɞɭɯa, ɩɨɞaɜaeɦɨɝɨ ɜ ɩpɨɦeɠɭɬɨɱɧɭɸ ɡɨɧɭ ɮaɤeɥa  

(ɜ ɩpɨɰeɧɬaɯ ɨɬ ɨɛɳeɝɨ ɤɨɥɢɱecɬɜa ɨpɝaɧɢɡɨɜaɧɧɨɝɨ ɜɨɡɞɭɯa); 
 k୬ = ͳͲ−ଷ ɬ/ɝɨɞ- ɤɨɷɮɮɢɰɢeɧɬ ɩepecɱeɬa. 
 Mேை𝑥 = ͵ͷͲͲͲͲ ∗ Ͷ͸.Ͷͷ ∗ Ͷͷͷ.͸ͷ͵ ∗ ͳ ∗ ͳ.ͷ ∗ ͳ.ʹʹͷ ∗ ሺͳ − Ͳ.ͻͲͷሻ ∗ሺͳ − Ͳ.͸ሻ ∗ ͳͲ−ଷ = ͳʹ͹ͷͲͲͲ.   
 
Cɭɦɦapɧɨe ɤɨɥɢɱecɬɜɨ ɨɤcɢɞɨɜ cepɵ 𝐌𝐒𝐎૛, ɜɵɛpacɵɜaeɦɵɯ ɜ aɬɦɨcɮepɭ 

c ɞɵɦɨɜɵɦɢ ɝaɡaɦɢ (ɬ/ɝɨɞ), ɜɵɱɢcɥɹɸɬ ɩɨ ɮɨpɦɭɥe: 

 𝐌𝐒𝐎૛ = ૙. ૙૛ ∗ ۰ ∗ ሺ𝐒𝐫 + ૙, 𝟗૝ ∗ 𝐇૛𝑺ሻ ∗ (૚ − 𝛈𝐒𝐎૛′ ) ∗ (૚ − 𝛈𝐒𝐎૛′′ ),          (93) 

 

ɝɞe 𝐒𝐫 - cɨɞepɠaɧɢe cepɵ ɜ ɬɨɩɥɢɜe ɧa paɛɨɱɭɸ ɦaccɭ, %; 𝐇૛𝐒 - cɨɞepɠaɧɢe ɧa paɛɨɱɭɸ ɦaccɭ cepɨɜɨɞɨpɨɞa ɜ ɬɨɩɥɢɜe, %. 𝛈𝐒𝐎૛′ = ૙ - ɞɨɥɹ ɨɤcɢɞɨɜ cepɵ, cɜɹɡɵɜaeɦɵɯ ɥeɬɭɱeɣ ɡɨɥɨɣ ɜ ɤɨɬɥe ; 𝛈𝐒𝐎૛′′ = ૙ ɞɨɥɹ ɨɤcɢɞɨɜ cepɵ, ɭɥaɜɥɢɜaeɦɵɯ ɜ ɦɨɤpɨɦ ɡɨɥɨɭɥɨɜɢɬeɥe 

ɩɨɩɭɬɧɨ c ɭɥaɜɥɢɜaɧɢeɦ ɬɜepɞɵɯ ɱacɬɢɰ. 

Pacɱeɬ ɤɨɥɢɱecɬɜa ɜɵɛpɨcɨɜ CɈ ɜɵɩɨɥɧɹeɬcɹ ɩɨ cɨɨɬɧɨɲeɧɢɸ: 
 𝐌۱𝐎 = ۰ ∗ ۱𝐜𝐨 ∗ ሺ૚ − 𝐪૝૚૙૙ሻ,                (94) 

 

ɝɞe ۱𝐜𝐨 - ɜɵɯɨɞ ɨɤcɢɞa ɭɝɥepɨɞa ɩpɢ cɠɢɝaɧɢɢ ɬɨɩɥɢɜa, ɝ/ɤɝ ɤɝ/ɬɵc. ɧɦ3. 

Ɉɩpeɞeɥɹeɬcɹ ɩɨ ɮɨpɦɭɥe: 

 ۱𝐜𝐨 = ૜ࢗ ∗ 𝐑 ∗ 𝐐𝐢𝐫,                           (95) 
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ɝɞe 𝐑 = 0,5 - ɤɨɷɮɮɢɰɢeɧɬ, ɭɱɢɬɵɜaɸɳɢɣ ɞɨɥɸ ɩɨɬepɢ ɬeɩɥa ɜcɥeɞcɬɜɢe 

ɯɢɦɢɱecɤɨɣ ɧeɩɨɥɧɨɬɵ cɝɨpaɧɢɹ ɬɨɩɥɢɜa, ɨɛɭcɥɨɜɥeɧɧɭɸ ɧaɥɢɱɢeɦ  

ɜ ɩpɨɞɭɤɬaɯ ɧeɩɨɥɧɨɝɨ cɝɨpaɧɢɹ ɨɤcɢɞa ɭɝɥepɨɞa; ɩpɢɧɢɦaeɬcɹ ɞɥɹ ɝaɡa. ࢗ૜ = ૙. ૛ - ɩɨɬepɢ ɬeɩɥa ɜcɥeɞcɬɜɢe ɦeɯaɧɢɱecɤɨɣ ɧeɩɨɥɧɨɬɵ 

cɝɨpaɧɢɹ ɬɨɩɥɢɜa, %. ࢗ૝ = ૙ - ɩɨɬepɢ ɬeɩɥa ɜcɥeɞcɬɜɢe ɯɢɦɢɱecɤɨɣ ɧeɩɨɥɧɨɬɵ cɝɨpaɧɢɹ 

ɬɨɩɥɢɜa, %. 

 𝐌𝐒𝐎૛ = ૙. ૙૛ ∗ ૜૞૙૙૙૙ ∗ ሺ૛ + ૙, 𝟗૝ ∗ ૙ሻ ∗ ሺ૚ − ૙ሻ ∗ ሺ૚ − ૙ሻ = ૚૝૙૙૙. 

 

6.2 ȼɵɛɨp ɢ pacɱeɬ ɞɵɦɨɜɨɣ ɬpɭɛɵ 

 

ȼɵcɨɬa ɬpɭɛɵ ɨɩpeɞeɥɹeɬcɹ ɩɨ ɮɨpɦɭɥe, ɦ: 

 

ɇ = √ ଴,ଽ୅୊௡ ∗ெM𝑺ࡻ૛
ɉȾɄ𝑺ࡻ૛− Mࡻࡺ𝐱

ɉȾɄࡻࡺ𝐱 ∗ √ 𝑽ceɤ∆Ɍ࢔
య ,                (96) 

 

ɝɞe     A – ɤɨɷɮɮɢɰɢeɧɬ ɬeɦɩepaɬɭpɧɨɣ cɬpaɬɢɮɢɤaɰɢɢ aɬɦɨcɮepɵ, ɡaɜɢcɹɳɢɣ 

ɨɬ peɝɢɨɧa, ɞɥɹ Cɢɛɢpɢ 200, 

M – ɦaccɨɜɵe cɭɦɦapɧɵe ɜɵɛpɨcɵ, ɝ/c, 

F = 1, ɤɨɷɮɮɢɰɢeɧɬ, ɭɱɢɬɵɜaɸɳɢɣ cɤɨpɨcɬɶ ɨcaɠɞeɧɢɹ ɬɨɤcɢɱɧɵɯ 

ɜɵɛpɨcɨɜ,  

ɉȾɄ𝑺ࡻ૛ = Ͳ,ʹ ɦɝ/ɦଷ – ɩpeɞeɥɶɧaɹ ɞɨɩɭcɬɢɦaɹ ɤɨɧɰeɧɬpaɰɢɹ SO2, 

ɉȾɄࡻࡺ𝐗 = Ͳ,ͲͶ ɦɝ/ɦଷ – ɩpeɞeɥɶɧaɹ ɞɨɩɭcɬɢɦaɹ ɤɨɧɰeɧɬpaɰɢɹ NO2, Vୡୣɤ − ceɤɭɧɞɧɵɣ pacɯɨɞ ɞɵɦɨɜɵɯ ɝaɡɨɜ: 

 𝑉௖𝑒ɤ = ஻𝑝∗௏ɝ∗௡ɤɬ∗ሺ𝑡ɭх+మళయሻమళయଷ଺଴଴ ,                  (97) 
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ɝɞe  𝑛ɤɬ = ͵ −ɱɢcɥɨ ɤɨɬɥɨɜ ɧa ɨɞɧɭ ɬpɭɛɭ, 

 𝑉௖𝑒ɤ = ଷହ଴∗ଵ଴,଺ଵ଺∗ଷ∗ሺమభబ+మళయሻమళయଷ଺଴଴ = Ͷ,ͺͺ,                (98) 

 ∆Ɍ − paɡɧɨcɬɶ ɬeɦɩepaɬɭp ɭɯɨɞɹɳɢɯ ɝaɡɨɜ ɢ ɬeɦɩepaɬɭpɵ ɨɤpɭɠaɸɳeɣ 

cpeɞɵ, ℃: 

 ∆Ɍ = ʹͳͲ − ʹͲ = ͳͻͲ . 

 𝑛 − ɤɨɷɮɮɢɰɢeɧɬ, ɡaɜɢcɹɳɢɣ ɨɬ ɩapaɦeɬpa 𝑣ˏ: 

 𝑣ˏ = Ͳ.͸͵ ∗ √௏ceˍ∆Тℎయ
,                 (99) 

 

ɝɞe  h = 30 – ɩpeɞɜapɢɬeɥɶɧɨ ɩpɢɧɹɬaɹ ɜɵcɨɬa ɞɵɦɨɜɨɣ ɬpɭɛɵ, ɦ, 

 𝑣ˏ = Ͳ.͸͵ ∗ √ସ,଼଼∗ଵଽ଴ଷ଴య = ͳ,ͻͺ, 

 

n = 1 – ɤɨɥɢɱecɬɜɨ ɞɵɦɨɜɵɯ ɬpɭɛ, 

 ʜ = √଴,ଽ∗ଶ଴଴∗ଷ∗ଶ଼,ଽ଺బ,9లబ,బమ−ఱ,లబ,ర ∗  √ ૚ସ,଼଼∗ଶଵ଴య = ʹͻ,͸. 

 

Ⱦɢaɦeɬp ɭcɬɶɹ, ɦ: 

 ʓ˖ = √ ସ∗௏𝑐𝑒ˍଷ.଴ସ∗௡∗గ,                 (100) 
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ʓ˖ = √ ସ∗ସ.଼଼ଷ.଴ସ∗ଵ∗ଷ.ଵସ = ͳ. 
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7 Ɍeɯɧɢɤɨ-ɷɤɨɧɨɦɢɱecɤɢe ɩɨɤaɡaɬeɥɢ ɤɨɬeɥɶɧɨɣ 

Ɍeɯɧɢɤɨ-ɷɤɨɧɨɦɢɱecɤɢe ɩɨɤaɡaɬeɥɢ ɤɨɬeɥɶɧɨɣ ɩpeɞcɬaɜɥeɧɵ  
ɜ ɬaɛɥɢɰe 14. 
Ɍaɛɥɢɰa 14 – Ɍeɯɧɢɤɨ-ɷɤɨɧɨɦɢɱecɤɢe ɩɨɤaɡaɬeɥɢ ɤɨɬeɥɶɧɨɣ cɬ. Aɛaɤɭɦɨɜɤa. 

№ ɩ/ɩ ɇaɢɦeɧɨɜaɧɢe ɩɨɤaɡaɬeɥɹ Eɞɢɧɢɰa 
ɢɡɦepeɧɢɹ 

Ʉɨɥɢɱecɬɜɨ 

1 ɉpɨɢɡɜɨɞɢɬeɥɶɧɨcɬɶ ɤɨɬeɥɶɧɨɣ ɆȼɌ (Ƚɤaɥ/ɱ) 1,5 (1,29) 
2 ɍcɬaɧɨɜɥeɧɧaɹ 

ɩpɨɢɡɜɨɞɢɬeɥɶɧɨcɬɶ ɤɨɬeɥɶɧɨɣ 
Ɇȼɬ (Ƚɤaɥ/ɱ) 4,5 (3,87) 

3 Ƚɨɞɨɜaɹ ɜɵpaɛɨɬɤa ɬeɩɥa ɬɵc. Ƚɤaɥ/ɱ 11,3 
4 ɑɢcɥɨ ɱacɨɜ ɭcɬaɧɨɜɥeɧɧɨɣ 

ɩpɨɢɡɜɨɞɢɬeɥɶɧɨcɬɢ (ɜ ɝɨɞ) 
ɱac 2075 

5 Ƚɨɞɨɜɨɣ pacɯɨɞ ɬɨɩɥɢɜa ɬɵc. ɦ3 350 
6 Pacɯɨɞ ɷɥeɤɬpɨɷɧepɝɢɢ (ɜ ɝɨɞ) ɬɵc. ɤȼɬ*ɱ 697,88 
7 Pacɯɨɞ ɜɨɞɵ (ɜ ɝɨɞ) ɬɵc. ɦ3 565020 
8 ɑɢcɥeɧɧɨcɬɶ ɩepcɨɧaɥa ɱeɥ 11 
9 Ɉɛɳaɹ ɩɥɨɳaɞɶ ɡacɬpɨɣɤɢ 

ɡɞaɧɢɣ ɢ cɨɨpɭɠeɧɢɣ 
ɦ2 1100 

10 Ceɛecɬɨɢɦɨcɬɶ Ƚɤaɥ 
ɨɬɩɭɳeɧɧɨɝɨ ɬeɩɥa 

pɭɛ. 7900 

 
Ɍeɩɥɨɜɵe ɩpɢcɨeɞɢɧɹeɦɵe ɧaɝpɭɡɤɢ ɤɨɬeɥɶɧɨɣ ɜ ɦaɤcɢɦaɥɶɧɨ-ɡɢɦɧɢɣ 

ɩepɢɨɞ cɨcɬaɜɥɹɸɬ: ɧa ɨɬɨɩɥeɧɢe – 1,193 Ɇȼɬ (1,032 Ƚɤaɥ/ɱ), ɧa ɜeɧɬɢɥɹɰɢɸ – 
0,402 Ɇȼɬ (0,35 Ƚɤaɥ/ɱ).  

Pacɯɨɞ ɬeɩɥa ɧa cɨɛcɬɜeɧɧɵe ɧɭɠɞɵ ɤɨɬeɥɶɧɨɣ cɨcɬaɜɥɹɸɬ:  
0,019 Ƚɤaɥ/ɱ (ɮaɤɬɢɱecɤɢe ɩɨɤaɡaɬeɥɢ paɛɨɬɵ ɤɨɬeɥɶɧɨɣ ɡa 2020 ɝ.). 

 
Ƚɨɞɨɜaɹ ɜɵpaɛɨɬɤa ɬeɩɥɨɜɨɣ ɷɧepɝɢɢ, ȽȾɠ 

 

Qɜɵp
ɝ = Qɝ

ɬɩ+Qcɧ               (101) 

 

ɝɞe  Qɝ
ɬɩ - ɝɨɞɨɜaɹ ɨɬɩɭɳeɧɧaɹ ɬeɩɥɨɜaɹ ɷɧepɝɢɹ: 

 ∑𝑄˒˕ˆ = 𝑄ˑ˅ˏ́ ∗ 𝑛ˑ˅ˏ́ ∗ ͵.͸ + 𝑄ˑ˅˘ˏ ∗ 𝑛ˑ˅˘ˏ ∗ ͵.͸ + 𝑄ˆ˅ˏ́ ∗ 𝑛ˆ˅ˏ́ ∗ ͵.͸ + 𝑄ˆ˅̆ˏ ∗ 𝑛ˆ˅˘ˏ ∗͵,͸ + 𝑄˕𝑒˘ˎ ∗ ሺͺ͹͸Ͳ − 𝑛ˑ˅ˏ́ − 𝑛ˑ˅˘ˏሻ ∗ ͵,͸ + 𝑄˕𝑒˘ˏˊ ∗ 𝑛ˆ𝑒˘ˏˊ ∗ ͵.͸ + 𝑄˕𝑒˘ˏˊ ∗ 𝑛˕𝑒˘ˏˊ ∗ ͵.͸,  (102) 

ɝɞe  n - ɱɢcɥɨ ɱacɨɜ ɨɬɨɩɢɬeɥɶɧɨɝɨ ɩepɢɨɞa, 
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𝑄ˆ˅ˏ́  - pacɱeɬɧɵɣ pacɯɨɞ ɬeɩɥɨɜɨɣ ɷɧepɝɢɢ ɜ ɦaɤcɢɦaɥɶɧɨ ɡɢɦɧɢɣ ɩepɢɨɞ,  𝑄ˆ˅̆ˏ  - pacɱeɬɧɵɣ pacɯɨɞ ɬeɩɥɨɜɨɣ ɷɧepɝɢɢ ɜ ɯɨɥɨɞɧɵɣ ɦecɹɰ,  𝑄ˆ˅ˎ - pacɱeɬɧɵɣ pacɯɨɞ ɬeɩɥɨɜɨɣ ɷɧepɝɢɢ ɜ ɥeɬɧɢɣ ɩepɢɨɞ,  𝑄˕𝑒˘ - pacɯɨɞ ɬeɩɥɨɜɨɣ ɷɧepɝɢɢ ɧa ɬeɯɧɨɥɨɝɢɸ ɜ ɡɢɦɧɢɣ ɢ ɥeɬɧɢɣ 

ɩepɢɨɞɵ 𝑄ˑ˅- pacɯɨɞ ɬeɩɥɨɜɨɣ ɷɧepɝɢɢ ɡa ɨɬɨɩɢɬeɥɶɧɵɣ ɩepɢɨɞ ɧa ɨɬɨɩɥeɧɢe  

ɢ ɜeɧɬɢɥɹɰɢɸ. 𝑄௖ː - ɝɨɞɨɜɨɣ pacɯɨɞ ɬeɩɥɨɜɨɣ ɷɧepɝɢɢ ɧa cɨɛcɬɜeɧɧɵe ɧɭɠɞɵ ɤɨɬeɥɶɧɨɣ: 

 𝑄௖ː = Ͳ,ͳͷ ∗ 𝑄ˑ˕                    (103) 

 

Ƚɨɞɨɜɨɣ pacɯɨɞ ɬɨɩɥɢɜa, ɬ/ɝɨɞ 

 𝐵 = 𝐵௣ ∗ 𝑛ˍ௔ ∗ ʹͶ ∗ ͵͸ͷ               (104) 

 

ɝɞe  𝐵௣ − pacɯɨɞ ɬɨɩɥɢɜa ɧa 1 ɤɨɬeɥɶɧɵɣ aɝpeɝaɬ, ɬ/ɱ, 𝑛ˍ௔ − ɱɢcɥɨ ɤɨɬeɥɶɧɵɯ aɝpeɝaɬɨɜ ɜ ɤɨɬeɥɶɧɨɣ. 

Ƚɨɞɨɜɨɣ pacɯɨɞ ɜɨɞɵ ɧa ɤɨɬeɥɶɧɭɸ: 

 𝐺ˆ˅ = 𝐺ˏˊ′ ∗ 𝑛ˏˊ + 𝐺˘ˏ′ ∗ 𝑛˘ˏ + 𝐺 ′ˎ ∗ 𝑛ˎ ,             (105) 

 

Ƚɨɞɨɜɨɣ pacɯɨɞ ɷɥeɤɬpɢɱecɤɨɣ ɷɧepɝɢɢ ɧa ɤɨɬɥɵ: 

 𝐺ˠˠ = 𝑁 ∗ 𝑛ˏˊ + 𝑁 ∗ 𝑛˘ˏ + 𝑁 ∗ 𝑛ˎ ,             (106) 

 

ɝɞe  N – ɤɨɥɢɱecɬɜɨ ɷɥeɤɬpɨɷɧepɝɢɢ, ɩɨɬpeɛɥɹeɦɨe ɤɨɬɥaɦɢ. 
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Ɍaɛɥɢɰa 15 – Ɍeɯɧɢɤɨ-ɷɤɨɧɨɦɢɱecɤɢe ɩɨɤaɡaɬeɥɢ ɤɨɬeɥɶɧɨɣ. 
 

ɇaɢɦeɧɨɜaɧɢe ɩɨɤaɡaɬeɥɹ 
Eɞɢɧɢɰa 

ɢɡɦepeɧɢɹ 

«ɌɍPȻɈɌEPɆ 
ɈɉɌɂɆA – 1500 

(1.5Ɇȼɬ)» 
Ƚɨɞɨɜaɹ ɜɵpaɛɨɬɤa ɬeɩɥɨɜɨɣ ɷɧepɝɢɢ  Ƚɤaɥ 11300 
Ƚɨɞɨɜɨɣ pacɯɨɞ ɬɨɩɥɢɜa Ɍɵc. ɦ3 350 
Ƚɨɞɨɜɨɣ pacɯɨɞ ɜɨɞɵ  ɬɨɧɧ 565020 
Ƚɨɞɨɜɨe ɩɨɬpeɛɥeɧɢe ɷɥeɤɬpɨɷɧepɝɢɢ  ɤȼɬ 163900 
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8 ɗɤɨɧɨɦɢɱecɤaɹ ɱacɬɶ 
8.1 Ɉɩpeɞeɥeɧɢe ɷɤɨɧɨɦɢɱecɤɢɯ ɩɨɤaɡaɬeɥeɣ ɤɨɬeɥɶɧɨɣ 

 

Ⱦɥɹ ɷɤɨɧɨɦɢɱecɤɨɝɨ ɨɛɨcɧɨɜaɧɢɹ ɩpɨeɤɬa, ɧeɨɛɯɨɞɢɦɨ ɨɩpeɞeɥɢɬɶ 
ɨcɧɨɜɧɵe ɷɤɨɧɨɦɢɱecɤɢe ɩɨɤaɡaɬeɥɢ. 

 
Ɍaɛɥɢɰa 16 – ɂcɯɨɞɧɵe ɞaɧɧɵe ɞɥɹ pacɱeɬa ɷɤɨɧɨɦɢɱecɤɢɯ ɩɨɤaɡaɬeɥeɣ 
ɤɨɬeɥɶɧɨɣ 

Cpeɞɧeɝɨɞɨɜɨɣ ɮɨɧɞ ɨɩɥaɬɵ ɬpɭɞa ɨɞɧɨɝɨ paɛɨɬaɸɳeɝɨ  442679 
Ɉɛɹɡaɬeɥɶɧɵe cɬpaɯɨɜɵe ɜɵɩɥaɬɵ ɨɬ ɎɈɌ, % 30,40 
Cpeɞɧɹɹ ɧɨpɦa aɦɨpɬɢɡaɰɢɢ cɬaɧɰɢɢ ɜ ɰeɥɨɦ, % 6,70 
ɇɨpɦa ɨɬɱɢcɥeɧɢɣ ɧa peɦɨɧɬɧɨe ɨɛcɥɭɠɢɜaɧɢe ɨɬ ɤaɩ. ɜɥɨɠeɧɢɣ, % 5 
ɍcɬaɧɨɜɥeɧɧaɹ 
ɦɨɳɧɨcɬɶ, Nɭ 

Ɇȼɬ 
Aɝpeɝaɬ Ʉɨɥɢɱecɬɜɨ  ȼɢɞ ɬɨɩɥɢɜa 

1,5 
«ɌɍPȻɈɌEPɆ 

ɈɉɌɂɆA – 
1500 (1.5Ɇȼɬ)» 

3 CɍȽ 

ɐeɧa ɬɨɩɥɢɜa, 
pɭɛ./ɬ. 

Ɉpɢeɧɬɢpɨɜɨɱɧaɹ ɬeɩɥɨɬa cɝɨpaɧɢɹ 
ɬɨɩɥɢɜa, ɤɤaɥ/ɦ3 

Ɉpɢeɧɬɢpɨɜɨɱɧɵɣ ɲɬaɬɧɵɣ 
ɤɨɷɮɮɢɰɢeɧɬ 

7900 7950 0,39 
 

ɗɤcɩɥɭaɬaɰɢɨɧɧɵe pacɯɨɞɵ ɜ ɩpɨeɤɬɧɵɯ ɬeɯɧɢɤɨ-ɷɤɨɧɨɦɢɱecɤɢɯ 

pacɱёɬaɯ, ɝpɭɩɩɢpɭɸɬcɹ ɜ ɭɤpɭɩɧёɧɧɵe cɬaɬɶɢ ɤaɥɶɤɭɥɹɰɢɢ, ɦɥɧ. pɭɛ./ɝɨɞ: 

 𝑈ˠ = 𝑈˕ + 𝑈ˊ˒ + 𝑈a + 𝑈˕୮ + 𝑈˒୮                  (107) 

 

ɝɞe   𝑈˕   – ɡaɬpaɬɵ ɧa ɬɨɩɥɢɜɨ; 𝑈ˊ˒  – pacɯɨɞɵ ɧa ɨɩɥaɬɭ ɬpɭɞa; 𝑈a –  aɦɨpɬɢɡaɰɢɹ ɨcɧɨɜɧɵɯ ɩpɨɢɡɜɨɞcɬɜeɧɧɵɯ cpeɞcɬɜ; 𝑈˕୮ – pacɯɨɞɵ ɧa peɦɨɧɬ ɨcɧɨɜɧɵɯ cpeɞcɬɜ; 𝑈˒୮ – ɩpɨɱɢe pacɯɨɞɵ. 

Pacɱeɬ ceɛecɬɨɢɦɨcɬɢ ɩpɨeɤɬa ɧaɱɢɧaeɬcɹ c ɨɩpeɞeɥeɧɢɹ ɱɢcɥa ɱacɨɜ 

paɛɨɬɵ ɨcɧɨɜɧɨɝɨ ɨɛɨpɭɞɨɜaɧɢɹ.  

ɑɢcɥɨ ɱacɨɜ paɛɨɬɵ ɨcɧɨɜɧɨɝɨ ɨɛɨpɭɞɨɜaɧɢɹ, ɬ. e. ɤaɥeɧɞapɧɨe ɜpeɦɹ ɡa 

ɜɵɱeɬɨɦ ɜpeɦeɧɢ ɩpɨcɬɨɹ ɜ ɤaɩɢɬaɥɶɧɨɦ ɢ ɬeɤɭɳeɦ peɦɨɧɬe, ɱac/ɝɨɞ: 
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Tp  8760  Tpeɦ                   (108) 

 

ɝɞe  Tpeɦ – ɜpeɦɹ ɩpɨcɬɨɹ ɜ peɦɨɧɬe, ɱ 

ȼɵpaɛɨɬɤa ɬeɩɥɨɷɧepɝɢɢ, Ƚɤaɥ: 

 

W  N ɭcɬ  Tɭcɬ                         (109) 

 

ɝɞe N ɭcɬ – ɭcɬaɧɨɜɥeɧɧaɹ ɦɨɳɧɨcɬɶ ɤɨɬeɥɶɧɨɣ, Ƚɤaɥ/ɱ; 

Tɭcɬ – ɱɢcɥɨ ɱacɨɜ ɢcɩɨɥɶɡɨɜaɧɢɹ ɭcɬaɧɨɜɥeɧɧɨɣ ɦɨɳɧɨcɬɢ, ɱ, 

ɩpɢɧɢɦaeɬcɹ ɧa 100 ɦeɧɶɲe 𝑇୮. 

Cpeɞɧɹɹ ɧaɝpɭɡɤa ɤɨɬeɥɶɧɨɣ, Ɇȼɬ: 

 𝑃 ˑ˕ = ௐ்౦                          (110) 

 

ɝɞe  𝑇୮ –  ɱɢcɥɨ ɱacɨɜ ɮaɤɬɢɱecɤɨɣ paɛɨɬɵ, ɱ. 

Cpeɞɧeɝɨɞɨɜaɹ ɧaɝpɭɡɤa ɨɞɧɨɝɨ ɤɨɬɥa, Ƚɤaɥ: 

 𝑃 a = 𝑃 ˑ˕/𝑛ˍ௔                       (111) 

 

ɝɞe  𝑛ˍ௔  – ɱɢcɥɨ ɤɨɬɥɨɜ, ɭcɬaɧɨɜɥeɧɧɵɯ ɜ ɤɨɬeɥɶɧɨɣ . 

Ƚɨɞɨɜɨɣ pacɯɨɞ ɬɨɩɥɢɜa ɤɨɬeɥɶɧɨɣ ɧa ɜɵpaɛɨɬɤɭ ɬeɩɥɨɜɨɣ ɧaɝpɭɡɤɢ ɝɨɞ: 

 𝐵ˍˑ˕ = 𝐵ˍ௔ ∙ 𝑛ˍ௔ ∙ 𝑡ˇː               (112) 

 

ɝɞe 𝐵ˍ௔  – pacɯɨɞ ɬɨɩɥɢɜa ɨɞɧɨɝɨ ɤɨɬeɥɶɧɨɝɨ aɝpeɝaɬa, ɬ/ɱ. 𝑛ˍ௔ – ɤɨɥɢɱecɬɜɨ ɤɨɬeɥɶɧɵɯ aɝpeɝaɬɨɜ. 

Ɂaɬpaɬɵ ɧa ɬɨɩɥɢɜɨ, ɦɥɧ. pɭɛ./ɝɨɞ: 

 

U ɬ  ɐBˍˑ˕106                (113) 
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ɝɞe ɐ – ɰeɧa ɬɨɩɥɢɜa, pɭɛ. 

Paccɱɢɬaɬɶ ɡapaɛɨɬɧɭɸ ɩɥaɬɭ ɩpɢɛɥɢɠёɧɧɨ ɩɨ ɤɨɬeɥɶɧɨɣ ɦɨɠɧɨ 

ɢcɩɨɥɶɡɭɹ ɮɨpɦɭɥɭ, ɦɥɧ. pɭɛ./ɝɨɞ: 

 

U ɡɩ  N ɭ  n ɭ  Ɏ ɡɩ 10 6                 (114) 

 

ɝɞe  n ɭ – ɲɬaɬɧɵɣ ɤɨɷɮɮɢɰɢeɧɬ, ɱeɥ./Ɇȼɬ, 

Ɏɡɩ – cpeɞɧɹɹ ɡapɩɥaɬa ɨɞɧɨɝɨ paɛɨɬɧɢɤa ɡa ɝɨɞ. 

Paɡɦep aɦɨpɬɢɡaɰɢɨɧɧɵɯ ɨɬɱɢcɥeɧɢɣ, ɦɥɧ. pɭɛ./ɝɨɞ: 

 

Ua  K  Ha                        (115) 

 

ɝɞe  Ha – cpeɞɧɹɹ ɧɨpɦa aɦɨpɬɢɡaɰɢɢ ɤɨɬeɥɶɧɨɣ ɜ ɰeɥɨɦ, 

K – ɤaɩɢɬaɥɶɧɵe ɜɥɨɠeɧɢɹ ɜ ɤɨɬeɥɶɧɭɸ, ɦɥɧ. pɭɛ./ɝɨɞ: 

 

K  (K  K ɤa  (n ɤa 1))                     (116) 

 

ɝɞe K ɢ Kɤa – ɤaɩɢɬaɥɶɧɵe ɜɥɨɠeɧɢɹ, cɜɹɡaɧɧɵe c ɭcɬaɧɨɜɤɨɣ ɨɞɧɨɝɨ 

ɤɨɬɥa ɢ ɤaɠɞɨɝɨ ɩɨcɥeɞɭɸɳeɝɨ, ɦɥɧ. pɭɛ. 

Pacɯɨɞɵ ɩɨ peɦɨɧɬɭ, ɦɥɧ. pɭɛ./ɝɨɞ: 

 

Uɬp  K  Hɬp                 (117) 

 

ɝɞe  Hɬp – ɧɨpɦa ɨɬɱɢcɥeɧɢɣ ɧa peɦɨɧɬɧɨe ɨɛcɥɭɠɢɜaɧɢe ɨɬ ɤaɩɢɬaɥɶɧɵɯ 

ɜɥɨɠeɧɢɣ ɜ ɤɨɬeɥɶɧɭɸ. 

Ʉ ɩpɨɱɢɦ pacɯɨɞaɦ ɨɬɧɨcɹɬcɹ: a) ɨɛɳeɰeɯɨɜɵe pacɯɨɞɵ; ɛ) pacɯɨɞɵ  

ɩɨ ɨɯpaɧe ɬpɭɞa ɢ ɬeɯɧɢɤɢ ɛeɡɨɩacɧɨcɬɢ; ɜ) ɧaɥɨɝɢ ɢ cɛɨpɵ; ɝ) ɩɥaɬa ɡa ɡeɦɥɸ 

ɂɯ ɜeɥɢɱɢɧa ɩpɢɧɢɦaeɬcɹ 20 – 30 % ɨɬ cɭɦɦapɧɵɯ ɡaɬpaɬ  

ɧa aɦɨpɬɢɡaɰɢɸ, peɦɨɧɬ ɢ ɡapɩɥaɬɭ, c ɭɱёɬɨɦ cɬpaɯɨɜɵɯ ɜɡɧɨcɨɜ, ɦɥɧ. pɭɛ./ɝɨɞ: 
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U ɩp  0,2 (U a  U ɬp  U ɡɩ )   CɈɐ               (118) 

 
ɝɞe  CɈɐ – cɬpaɯɨɜɵe ɜɡɧɨcɵ ɜɨ ɜɧeɛɸɞɠeɬɧɵe ɮɨɧɞɵ, ɦɥɧ. pɭɛ./ɝɨɞ: 

 𝐶ʝʥ = 𝐻௖˅ ∙ 𝑈ˊ˒                (119) 

 
ɝɞe  𝐻௖˅ – ɧɨpɦaɬɢɜ cɬpaɯɨɜɵɯ ɜɡɧɨcɨɜ, ɞɨɥɢ. 

Ⱦɥɹ ɨɰeɧɤɢ ɞɨcɬɨɜepɧɨcɬɢ pacɱёɬɨɜ ɨɩpeɞeɥɹeɬcɹ ɭɞeɥɶɧɵɣ ɜec 
ɬɨɩɥɢɜɧɨɣ cɨcɬaɜɥɹɸɳeɣ ceɛecɬɨɢɦɨcɬɢ: 

 𝑇 ˇ.˅ = ௎˕௎ˠ                                        (120) 

 
Paɡɦep ɬɨɩɥɢɜɧɨɣ cɨcɬaɜɥɹɸɳeɣ ɩɨɡɜɨɥɹeɬ cɞeɥaɬɶ ɜɵɜɨɞ  

ɨ ɩpɢeɦɥeɦɨcɬɢ peɡɭɥɶɬaɬɨɜ pacɱёɬa ɢɡɞepɠeɤ ɩpɨɢɡɜɨɞcɬɜa, ecɥɢ ɨɧ 
cɨcɬaɜɥɹeɬ30-50% ɨɬ ɩɨɥɧɨɣ ɩpɨɢɡɜɨɞcɬɜeɧɧɨɣ ceɛecɬɨɢɦɨcɬɢ. 

Ɍaɛɥɢɰa 17 – Peɡɭɥɶɬaɬɵ ɬeɯɧɢɤɨ-ɷɤɨɧɨɦɢɱecɤɢɯ ɩɨɤaɡaɬeɥeɣ ɤɨɬeɥɶɧɨɣ  

ɇaɢɦeɧɨɜaɧɢe ɩɨɤaɡaɬeɥɹ 
«ɌɍPȻɈɌEPɆ ɈɉɌɂɆA – 

1500 (1.5Ɇȼɬ)» 
ɑɢcɥɨ ɱacɨɜ ɮaɤɬɢɱecɤɨɣ paɛɨɬɵ ɤɨɬɥa, ɱ/ɝɨɞ 8600 
ɑɢcɥɨ ɱacɨɜ ɢcɩɨɥɶɡɨɜaɧɢɹ ɭcɬaɧɨɜɥeɧɧɨɣ 
ɦɨɳɧɨcɬɢ, ɱ 

8500 

ȼɵpaɛɨɬɤa ɭcɬaɧɨɜɥeɧɧɨɣ ɦɨɳɧɨcɬɢ, 
Ƚɤaɥ/ɝɨɞ  11300 

Cpeɞɧɹɹ ɧaɝpɭɡɤa ɤɨɬeɥɶɧɨɣ, Ƚɤaɥ 1,4 
Cpeɞɧeɝɨɞɨɜaɹ ɧaɝpɭɡɤa ɤɨɬɥa , Ƚɤaɥ 1,4 
Ƚɨɞɨɜɨɣ pacɯɨɞ ɬɨɩɥɢɜa, ɬɵc. ɦ3/ɝɨɞ 350 
Ɂaɬpaɬɵ ɧa ɬɨɩɥɢɜɨ, ɦɥɧ.pɭɛ./ɝɨɞ 11,8 
Pacɯɨɞɵ ɩɨ ɨɩɥaɬe ɬpɭɞa, ɦɥɧ.pɭɛ./ɝɨɞ   2,624 
Aɦɨpɬɢɡaɰɢɨɧɧɵe ɨɬɱɢcɥeɧɢɹ , ɦɥɧ.pɭɛ./ɝɨɞ 7,359 
Ʉaɩɢɬaɥɶɧɵe ɜɥɨɠeɧɢɹ, ɦɥɧ.pɭɛ./ɝɨɞ 5,4 
Pacɯɨɞɵ ɩɨ peɦɨɧɬɧɨɦɭ ɨɛcɥɭɠɢɜaɧɢɸ, 
ɦɥɧ.pɭɛ./ɝɨɞ   0,27 

Cɬpaɯɨɜɵe ɜɡɧɨcɵ ɜɨ ɜɧeɛɸɞɠeɬɧɵe ɮɨɧɞɵ, 
ɦɥɧ.pɭɛ./ɝɨɞ 

2,165 

ɉpɨɱɢe pacɯɨɞɵ , ɦɥɧ.pɭɛ./ɝɨɞ 0,65 
ɍɞeɥɶɧɵɣ ɜec ɬɨɩɥɢɜɧɨɣ cɨcɬaɜɥɹɸɳeɣ 
ceɛecɬɨɢɦɨcɬɢ, % 

26 

ɗɤcɩɥɭaɬaɰɢɨɧɧɵe pacɯɨɞɵ, ɦɥɧ.pɭɛ./ɝɨɞ   2,5 
Ƚɨɞɨɜɨɣ ɨɬɩɭcɤ ɬeɩɥɨɷɧepɝɢɢ, Ƚɤaɥ/ɱ 11300 
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8.2 Pacɱeɬ ɩɨɤaɡaɬeɥeɣ ɷɤɨɧɨɦɢɱecɤɨɣ ɷɮɮeɤɬɢɜɧɨcɬɢ cɬpɨɢɬeɥɶcɬɜa 
ɤɨɬeɥɶɧɨɣ 

 
ɗɮɮeɤɬɢɜɧɨcɬɶ ɢɧɜecɬɢɰɢɨɧɧɨɝɨ ɩpɨeɤɬa ɯapaɤɬepɢɡɭeɬcɹ cɢcɬeɦɨɣ 

ɷɤɨɧɨɦɢɱecɤɢɯ ɩɨɤaɡaɬeɥeɣ, ɨɬpaɠaɸɳɢɯ cɨɨɬɧɨɲeɧɢe cɜɹɡaɧɧɵɯ c ɩpɨeɤɬɨɦ 
ɡaɬpaɬ ɢ peɡɭɥɶɬaɬɨɜ, ɢ ɩɨɡɜɨɥɹɸɳɢɯ cɭɞɢɬɶ ɨɛ ɷɤɨɧɨɦɢɱecɤɨɣ 
ɩpɢɜɥeɤaɬeɥɶɧɨcɬɢ ɩpɨeɤɬa ɞɥɹ eɝɨ ɭɱacɬɧɢɤɨɜ, ɨɛ ɷɤɨɧɨɦɢɱecɤɢɯ 
ɩpeɢɦɭɳecɬɜaɯ ɨɞɧɢɯ ɩpɨeɤɬɨɜ ɧaɞ ɞpɭɝɢɦɢ. 

ɉɨɤaɡaɬeɥɢ ɷɮɮeɤɬɢɜɧɨcɬɢ ɦɨɝɭɬ ɨɩpeɞeɥɹɬɶcɹ paɡɧɵɦɢ ɦeɬɨɞaɦɢ. 
Cɬaɬɢɱecɤɢe ɦeɬɨɞɵ ɧe ɭɱɢɬɵɜaɸɬ ɢɡɦeɧeɧɢɹ ɞɜɢɠeɧɢɹ ɤaɩɢɬaɥa ɜ ɬeɱeɧɢe 
ɜpeɦeɧɢ ɨcɭɳecɬɜɥeɧɢɹ ɩpɨeɤɬa, ɦeɬɨɞɵ ɞɢcɤɨɧɬɢpɨɜaɧɢɹ ɩɨɡɜɨɥɹɸɬ ɭɱecɬɶ 
ɧepaɜɧɨɰeɧɧɨcɬɶ ɨɞɢɧaɤɨɜɵɯ cɭɦɦ ɩɨcɬɭɩɥeɧɢɣ ɢ ɩɥaɬeɠeɣ, ɨɬɧɨcɹɳɢɯcɹ ɤ 
paɡɧɵɦ ɩepɢɨɞaɦ ɜpeɦeɧɢ ɨcɭɳecɬɜɥeɧɢɹ ɩpɨeɤɬa. 

Ɍapɢɮ ɧa ɨɬɩɭɳeɧɧɵɣ Ƚɤaɥ, pɭɛ./Ƚɤaɥ: 
 
Tɷ (1P) ⋅U                  (121) 

 

ȼɵpɭɱɤa ɨɬ peaɥɢɡaɰɢɢ ɬeɩɥɨɜɨɣ ɷɧepɝɢɢ ɨɬ ɤɨɬeɥɶɧɨɣ cɨcɬaɜɢɬ, pɭɛ: 

 

ȼPɉ Tɬ ⋅Wɨɬɩ                                 (122) 

 

ɝɞe  Wɨɬɩ  - ɝɨɞɨɜɨɣ ɨɬɩɭcɤ ɬeɩɥɨɜɨɣ ɷɧepɝɢɢ ɨɬ ɤɨɬeɥɶɧɨɣ, Ƚɤaɥ, 

Tɬ - ɬapɢɮ ɧa ɬeɩɥɨɜɭɸ ɷɧepɝɢɸ. 

Ⱦɨɯɨɞ ɨɬ ɨcɧɨɜɧɨɣ ɞeɹɬeɥɶɧɨcɬɢ, ɦɥɧ pɭɛ: 

Ⱦɨcɧ ȼPɉ 𝐶˒ˑˎː                     (123) 

 

ɝɞe  𝐶˒ˑˎː  - ɩɨɥɧaɹ ceɛecɬɨɢɦɨcɬɶ ɩpɨɢɡɜɨɞcɬɜa ɢ ɨɬɩɭcɤa ɬeɩɥɨɜɨɣ ɷɧepɝɢɢ c 

ɤɨɬeɥɶɧɨɣ, ɦɥɧ pɭɛ.: 

 𝐶˒ˑˎː  U ɷ ⋅Wɨɬɩ                (124) 

 

Uɷ – ceɛecɬɨɢɦɨcɬɶ eɞɢɧɢɰɵ ɨɬɩɭɳeɧɧɨɣ ɬeɩɥɨɜɨɣ ɷɧepɝɢɢ c ɤɨɬeɥɶɧɨɣ. 

ɇaɥɨɝ ɧa ɩpɢɛɵɥɶ ɩɨ cɬaɜɤe 20% cɨcɬaɜɢɬ, ɦɥɧ pɭɛ: 
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 ʜ˒௣ = ʓˑ௖ː Ͳ,ʹ                (125) 

 

ɑɢcɬaɹ ɩpɢɛɵɥɶ, ɦɥɧ pɭɛ: 

 ʦʓʞ௧ = ʦʞ௧ + 𝑈௔                 (126) 

 

ɑɢcɬɵɣ ɞeɧeɠɧɵɣ ɩɨɬɨɤ, ɦɥɧ pɭɛ: 

 

ɑȾɉt ɑɉt At                               (127) 

 

ɝɞe  At - aɦɨpɬɢɡaɰɢɨɧɧɵe ɨɬɱɢcɥeɧɢɹ ɜ ɝɨɞ. 

ɑɢcɬɵɣ ɞeɧeɠɧɵɣ ɩɨɬɨɤ ɧapacɬaɸɳɢɦ ɢɬɨɝɨɦ: 

 ʦʓʞʜИ௧ = ʦʓʞʜИ௧−ଵ + ʦʓʞ௧             (128) 

 

Ⱦɢcɤɨɧɬɢpɨɜaɧɧɵɣ ɞeɧeɠɧɵɣ ɩɨɬɨɤ: 

 ʓʓʞ௧ = ʦʓʞ𝑡ሺଵ+௥ሻ𝑡                   (129) 

 

ɝɞe 𝑟 – ɧɨpɦa ɞɢcɤɨɧɬa ɩpɢɧɢɦaeɬcɹ paɜɧɨɣ  𝑟 = ͳͲ %. 

Ⱦɢcɤɨɧɬɢpɨɜaɧɧɵɣ ɞeɧeɠɧɵɣ ɩɨɬɨɤ ɧapacɬaɸɳɢɦ ɢɬɨɝɨɦ: 

 ʓʓʞʜИ௧ = ʓʓʞʜИ௧−ଵ + ʓʓʞ௧                 (130) 

 

ɀɢɡɧeɧɧɵɣ ɰɢɤɥ ɩpɨeɤɬa cɨcɬaɜɥɹeɬ 15 ɥeɬ. Pacɱёɬ ɩɨɤaɡaɬeɥeɣ 

ɷɮɮeɤɬɢɜɧɨcɬɢ ɢɧɜecɬɢɰɢɣ ɜ ɜapɢaɧɬ cɬpɨɢɬeɥɶcɬɜa ɤɨɬeɥɶɧɨɣ cɜɨɞɢɬcɹ  

ɜ ɬaɛɥɢɰɭ 18.  



 

 
 

Ɍaɛɥɢɰa 18 – ɉɨɤaɡaɬeɥɢ ɷɮɮeɤɬɢɜɧɨcɬɢ cɬpɨɢɬeɥɶcɬɜa ɤɨɬeɥɶɧɨɣ 

Ⱦeɧ. 
ɩɨɬɨɤ 0 1 2 3 4 5 6 7 8 9 10 11 12 

 
 

13 

 
 

14 

 
 

15 

Ɍɷ  7900 7900 7900 7900 7900 7900 7900 7900 7900 7900 7900 7900 7900 7900 7900 

ȼPɉ, 
ɦɥɧ   105,955 105,955 105,955 105,955 105,955 105,955 105,955 105,955 105,955 105,955 105,955 105,955 105,955 105,955 105,955 

Ⱦɨcɧ, 
ɦɥɧ   -14,187 -14,187 -14,187 -14,187 -14,187 -14,187 -14,187 -14,187 -14,187 -14,187 -14,187 -14,187 -14,187 -14,187 -14,187 

Ceɛecɬ. 
ɦɥɧ   105,969 105,969 105,969 105,969 105,969 105,969 105,969 105,969 105,969 105,969 105,969 105,969 105,969 105,969 105,969 
ɇɩp, 
ɦɥɧ   -2,837 -2,837 -2,837 -2,837 -2,837 -2,837 -2,837 -2,837 -2,837 -2,837 -2,837 -2,837 -2,837 -2,837 -2,837 

ɑɉ, 
ɦɥɧ   -11,35 -11,35 -11,35 -11,35 -11,35 -11,35 -11,35 -11,35 -11,35 -11,35 -11,35 -11,35 -11,35 -11,35 -11,35 

Aɦɨpɬ. 
ɦɥɧ   7,36 7,36 7,36 7,36 7,36 7,36 7,36 7,36 7,36 7,36 7,36 7,36 7,36 7,36 7,36 

ɑȾɉt, 
ɦɥɧ -95,52 7,3485 

7,3485 7,3485 7,3485 7,3485 7,3485 7,3485 7,3485 7,3485 7,3485 7,3485 7,3485 7,3485 7,3485 7,3485 

ɑȾɉɇ
ɂt, ɦɥɧ 

 
-95,52 -88,172 -80,823 -73,474 -66,126 -58,778 -51,429 -44,081 -36,732 -29,383 -22,035 -14,687 -7,4 10,061 7,958 14,706 

ȾȾɉt, 
ɦɥɧ 

 
-95,52 6,68 6,073 5,521 5,019 4,563 4,148 3,77 3,428 3,116 2,833 2,576 2,341 2,129 1,935 1,759 

ȾȾɉɇ
ɂt, ɦɥɧ 

 
-95,52 -88,84 -82,766 -77,245 -72,226 -67,663 -63,315 -59,745 -56,316 -53,2 -50,367 -47,791 -45,449 

-
43,321 

-
41,386 

-
39,627 



 

 
 

9 Ɇepɨɩpɢɹɬɢɹ ɩɨ ɩpeɞɭɩpeɠɞeɧɢɸ ɱpeɡɜɵɱaɣɧɵɯ cɢɬɭaɰɢɣ 
 

Cɨɝɥacɧɨ [6,7,8,9], ɨɯpaɧa ɬeɩɥɨɜɵɯ ceɬeɣ ɨcɭɳecɬɜɥɹeɬcɹ ɞɥɹ 
ɨɛecɩeɱeɧɢɹ cɨɯpaɧɧɨcɬɢ ɢɯ ɷɥeɦeɧɬɨɜ ɢ ɛecɩepeɛɨɣɧɨcɬɢ ɬeɩɥɨcɧaɛɠeɧɢɹ 
ɩɨɬpeɛɢɬeɥeɣ ɬeɩɥa ɩɭɬeɦ ɩpɨɜeɞeɧɢɹ ɤɨɦɩɥeɤca ɦep ɨpɝaɧɢɡaɰɢɨɧɧɨɝɨ  
ɢ ɡaɩpeɬɢɬeɥɶɧɨɝɨ ɯapaɤɬepa. Ɉɯpaɧe ɩɨɞɥeɠɢɬ ɜecɶ ɤɨɦɩɥeɤc cɨɨpɭɠeɧɢɣ  
ɢ ɭcɬpɨɣcɬɜ, ɜɯɨɞɹɳɢɯ ɜ ɬeɩɥɨɜɭɸ ceɬɶ: ɬpɭɛɨɩpɨɜɨɞɵ ɢ ɤaɦepa c ɡaɩɨpɧɨɣ 
apɦaɬɭpɨɣ ɢ ɤɨɧɬpɨɥɶɧɨ-ɢɡɦepɢɬeɥɶɧɨɣ aɩɩapaɬɭpɨɣ, ɤɨɦɩeɧcaɬɨpɵ, ɨɩɨpɵ. 
Ɉɯpaɧa ɬeɩɥɨɜɨɣ ceɬɢ ɨcɭɳecɬɜɥɹeɬcɹ ɩpeɞɩpɢɹɬɢeɦ, ɜ ɜeɞeɧɢɢ ɤɨɬɨpɨɝɨ 
ɧaɯɨɞɹɬcɹ ɬeɩɥɨɜɵe ceɬɢ. 

ȼ ɩpeɞeɥaɯ ɬeɩɥɨɜɵɯ ceɬeɣ ɧe ɞɨɩɭcɤaeɬcɹ:  
A) ɩpɨɢɡɜɨɞɢɬɶ ɞeɣcɬɜɢɹ, ɤɨɬɨpɵe ɦɨɝɭɬ ɩɨɜɥeɱɶ ɡa cɨɛɨɣ ɧapɭɲeɧɢɹ  

ɜ ɧɨpɦaɥɶɧɨɣ paɛɨɬe ɬeɩɥɨɜɵɯ ceɬeɣ, ɢɯ ɩɨɜpeɠɞeɧɢe, a ɬaɤɠe ɩpeɩɹɬcɬɜɭɸɳɢe 
ɢɯ peɦɨɧɬɭ; 

Ȼ) ɨɬɤpɵɜaɬɶ, cɧɢɦaɬɶ, ɡacɵɩaɬɶ ɥɸɤɢ ɤaɦep ɬeɩɥɨɜɨɣ ceɬɢ; 
Cɛpacɵɜaɬɶ ɜ ɤaɦepɭ ɦɭcɨp, ɨɬɯɨɞɵ, cɧeɝ ɢ ɩpɨɱee. 
ɉpeɞɩpɢɹɬɢɹ, ɜ ɜeɞeɧɢɢ ɤɨɬɨpɵɯ ɧaɯɨɞɹɬcɹ ceɬɢ ɜɨɞɨɩpɨɜɨɞa, 

ɤaɧaɥɢɡaɰɢɢ, ɞɨɥɠɧɵ ɧeɡaɦeɞɥɢɬeɥɶɧɨ ɩpɢɧɢɦaɬɶ ɦepɵ ɩɨ ɭcɬpaɧeɧɢɸ 
ɩpɢɱɢɧ, ɜɵɡɵɜaɸɳɢɯ ɩɨɩaɞaɧɢe ɜɨɞɵ ɜ ɬeɩɥɨɜɵe ceɬɢ. 

Ɍpɭɛɵ, apɦaɬɭpɭ ɢ ɢɡɞeɥɢɹ ɢɡ cɬaɥɢ ɢ ɱɭɝɭɧa ɞɥɹ ɬeɩɥɨɜɨɣ ceɬɢ cɥeɞɭeɬ 
ɩpɢɧɢɦaɬɶ ɜ cɨɨɬɜeɬcɬɜɢɢ c [10]. 

Cɨɝɥacɧɨ [14], ɩ.7.1.10 ɩpɢɦeɱaɧɢe 1 – ɞɥɹ ɤɨɬeɥɶɧɵɯ ɬeɩɥɨɜɨɣ 
ɦɨɳɧɨcɬɶɸ ɦeɧee 200 Ƚɤaɥ, paɛɨɬaɸɳɢɯ ɧa ɬɜepɞɨɦ, ɠɢɞɤɨɦ ɢ ɝaɡɨɨɛpaɡɧɨɦ 
ɬɨɩɥɢɜe, paɡɦep caɧɢɬapɧɨ-ɡaɳɢɬɧɨɣ ɡɨɧɵ ɭcɬaɧaɜɥɢɜaeɬcɹ ɜ ɤaɠɞɨɦ 
ɤɨɧɤpeɬɧɨɦ cɥɭɱae ɧa ɨcɧɨɜaɧɢɢ pacɱeɬɨɜ pacceɢɜaɧɢɹ ɡaɝpɹɡɧeɧɢɣ 
aɬɦɨcɮepɧɨɝɨ ɜɨɡɞɭɯa ɢ ɮɢɡɢɱecɤɨɝɨ ɜɨɡɞeɣcɬɜɢɹ ɧa aɬɦɨcɮepɧɵɣ ɜɨɡɞɭɯ 
(ɲɭɦ, ɜɢɛpaɰɢɹ ɢ ɬ.ɞ.), a ɬaɤɠe ɧa ɨcɧɨɜaɧɢɢ peɡɭɥɶɬaɬɨɜ ɧaɬɭpɧɵɯ 
ɢccɥeɞɨɜaɧɢɣ ɢ ɢɡɦepeɧɢɣ. 

Cɨɝɥacɧɨ [14]ɩ. 3.4. paɡɦep caɧɢɬapɧɨ-ɡaɳɢɬɧɨɣ ɡɨɧɵ ɭcɬaɧaɜɥɢɜaeɬcɹ ɨɬ 
ɢcɬɨɱɧɢɤa ɜɵɛpɨcɨɜ (ɞɵɦɨɜɨɣ ɬpɭɛɵ). 

Ⱦɥɹ pacɱeɬa pacceɢɜaɧɢɹ ɡaɝpɹɡɧɹɸɳɢɯ ɜeɳecɬɜ ɜ aɬɦɨcɮepɭ, ɭcɥɨɜɧɨ 
ɩpɢɧɹɬa ɧɨpɦaɬɢɜɧaɹ caɧɢɬapɧɨ-ɡaɳɢɬɧaɹ ɡɨɧa ɨɬ ɞɵɦɨɜɨɣ ɬpɭɛɵ 50 ɦ ɜɨ ɜceɯ 
ɧaɩpaɜɥeɧɢɹɯ. 

ɉpɢ paɛɨɬe ɬeɯɧɨɥɨɝɢɱecɤɨɝɨ ɨɛɨpɭɞɨɜaɧɢɹ ɜɨɡɧɢɤaɸɬ ɲɭɦɨɜɵe  
ɢ ɜɢɛpaɰɢɨɧɧɵe ɜɨɡɞeɣcɬɜɢɹ, ɞɥɹ ɡaɳɢɬɵ ɨɬ ɤɨɬɨpɵɯ ɢcɩɨɥɶɡɭɸɬcɹ ɡaɳɢɬɧɵe 
ɤɨɠɭɯɢ ɢ ɤɨɦɩeɧcaɬɨpɵ.  
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ɁAɄɅɘɑEɇɂE 
 
Ɍaɤɢɦ ɨɛpaɡɨɦ, ɩɨ peɡɭɥɶɬaɬaɦ ɜɵɩɨɥɧeɧɢɹ paɛɨɬɵ ɛɵɥa ɩɨɥɭɱeɧa 

cɥeɞɭɸɳaɹ ɢɧɮɨpɦaɰɢɹ: ɤɨɬeɥɶɧaɹ ɧa ɠeɥeɡɧɨɞɨpɨɠɧɨɣ cɬaɧɰɢɢ Aɛaɤɭɦɨɜɤa 
c. ɇɨɜɨɧɢɤɨɥaeɜɤa ɂɥaɧcɤɨɝɨ paɣɨɧa Ʉpacɧɨɹpcɤɨɝɨ ɤpaɹ ɩɨcɬpɨeɧa ɜ 2002 ɝ.  
ɢ ɹɜɥɹeɬcɹ cɨɛcɬɜeɧɧɨcɬɶɸ Ʉpacɧɨɹpcɤɨɣ ɞɢpeɤɰɢɢ ɩɨ ɬeɩɥɨɜɨɞɨcɧaɛɠeɧɢɸ 
Ɉɛecɩeɱɢɜaeɬ ɰeɧɬpaɥɢɡɨɜaɧɧɵɦ ɬeɩɥɨcɧaɛɠeɧɢeɦ ɛaɡɭ ɉɑ-12, ɡɞaɧɢɣ ɩɨcɬa 
ɗɐ, ɉɁ, a ɬaɤɠe ɠɢɥɵe ɞɨɦa ɢ ɞeɬcɤɢɣ caɞ. 

Ʉɨɬeɥɶɧaɹ paɛɨɬaeɬ ɩɨ ɝpaɮɢɤɭ 95/70 ℃, cɢcɬeɦa ɬeɩɥɨcɧaɛɠeɧɢɹ 
ɞɜɭɯɬpɭɛɧaɹ, ɡaɤpɵɬaɹ. 

Ʉɨɬeɥɶɧaɹ ɦaɥɨɣ ɦɨɳɧɨcɬɢ ɨɛɨpɭɞɨɜaɧa ɬpeɦɹ ɤɨɬɥaɦɢ «Ɍɭpɛɨɬepɦ 
Ɉɩɬɢɦa - 1,5 Ɇȼɬ» cɭɦɦapɧɨɣ ɭcɬaɧɨɜɥeɧɧɨɣ ɦɨɳɧɨcɬɶɸ 4,5 Ɇȼɬ, 
ɢcɩɨɥɶɡɭeɦɨe ɬɨɩɥɢɜɨ – cɠɢɠeɧɧɵɣ ɭɝɥeɜɨɞɨpɨɞɧɵɣ ɝaɡ, ɤɨɬɨpɵɣ 
ɩɨcɬaɜɥɹeɬcɹ ɜ ɰɢcɬepɧaɯ aɜɬɨɦɨɛɢɥɶɧɵɦ ɢɥɢ ɠeɥeɡɧɨɞɨpɨɠɧɵɦ ɬpaɧcɩɨpɬɨɦ. 
Ʉɨɬeɥɶɧaɹ pacɩɨɥaɝaeɬ ɷcɬaɤaɞɨɣ ɞɥɹ cɥɢɜa cɠɢɠeɧɧɨɝɨ ɝaɡa, ɰɢcɬepɧaɦɢ  
ɞɥɹ ɩɨɞɡeɦɧɨɝɨ ɯpaɧeɧɢɹ ɝaɡa, ɜ ɨɛɳeɦ, ɨɛecɩeɱeɧa ɩɨɥɧɨcɬɶɸ ɨɛɨpɭɞɨɜaɧɢeɦ 
ɞɥɹ aɜɬɨɧɨɦɧɨɣ paɛɨɬɵ ɜɞaɥɢ ɨɬ ɰeɧɬpaɥɢɡɨɜaɧɧɨɝɨ ɢcɬɨɱɧɢɤa ɝaɡɨcɧaɛɠeɧɢɹ. 
Ȼɵɥɢ ɩɨɞɨɛpaɧɵ ceɬeɜɨɣ, ɩɨɞɩɢɬɨɱɧɵɣ, peɰɢpɤɭɥɹɰɢɨɧɧɵɣ ɧacɨcɵ. 

ȼ paɛɨɬe ɛɵɥɢ ɨɩpeɞeɥeɧɵ pacɯɨɞɵ ceɬeɜɨɣ ɜɨɞɵ ɭ ɩɨɬpeɛɢɬeɥeɣ, 
ɝɨɞɨɜɵe pacɯɨɞɵ ɬeɩɥa, ɩɨɬepɢ ɩpɢ ɬpaɧcɩɨpɬɢpɨɜɤe ɬeɩɥɨɧɨcɢɬeɥɹ, ɜɵɩɨɥɧeɧ 
pacɱeɬ ɜɵɛpɨcɨɜ ɢ ɩɨɞɨɛpaɧa ɞɵɦɨɜaɹ ɬpɭɛa. 

Ɍaɤɠe ɛɵɥɨ ɨɩpeɞeɥeɧɨ, ɱɬɨ ɜɨɞɨcɧaɛɠeɧɢe ɤɨɬeɥɶɧɨɣ ɨɛecɩeɱɢɜaeɬcɹ  
ɨɬ ɯɨɡɹɣcɬɜeɧɧɨ-ɩɢɬɶeɜɨɝɨ ɜɨɞɨɩpɨɜɨɞa Ⱦɢpeɤɰɢɢ, ɛɵɥa ɜɵɛpaɧa ɭcɬaɧɨɜɤa 
ɞɨɡɢpɨɜaɧɢɹ ɤɨɦɩɥeɤcɨɧaɬa ɞɥɹ ɩɨɞɝɨɬɨɜɤɢ ɜɨɞɵ ɤ paɛɨɬe ɜ ɬeɯɧɨɥɨɝɢɱecɤɨɦ 
ɩpɨɰecce.  
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CɉɂCɈɄ CɈɄPAЩEɇɂɃ 
 

ȼɉɍ – ȼɨɞɨɩɨɞɝɨɬɨɜɢɬeɥɶɧaɹ ɭcɬaɧɨɜɤa, 

ȽȼC – ɝɨpɹɱee ɜɨɞɨcɧaɛɠeɧɢe, 

ȽPɍ – ɝaɡɨpacɩpeɞeɥɢɬeɥɶɧɨe ɭcɬpɨɣcɬɜɨ. 

Ʌ - Peɠɢɦ paɛɨɬɵ ɤɨɬeɥɶɧɨɣ ɜ ɥeɬɧee ɜpeɦɹ ɝɨɞa, 

ɆɁ - Peɠɢɦ paɛɨɬɵ ɤɨɬeɥɶɧɨɣ ɜ ɦaɤcɢɦaɥɶɧɨ ɯɨɥɨɞɧɵɣ ɦecɹɰ ɝɨɞa,  

CɍȽ – cɠɢɠeɧɧɵɣ ɭɝɥeɨɞɨpɨɞɧɵɣ ɝaɡ. 

Ɍɗɉ – Ɍeɯɧɢɤɨ-ɷɤɨɧɨɦɢɱecɤɢe ɩɨɤaɡaɬeɥɢ, 

ɍȾɄ – ɍcɬaɧɨɜɤa ɞɨɡɢpɨɜaɧɢɹ ɤɨɦɩɥeɤcɨɧaɬa 

ɏɆ - Peɠɢɦ paɛɨɬɵ ɤɨɬeɥɶɧɨɣ ɜ ɯɨɥɨɞɧɨe ɜpeɦɹ ɝɨɞa. 
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CɉɂCɈɄ ɂCɉɈɅɖɁɈȼAɇɇɕɏ ɂCɌɈɑɇɂɄɈȼ 
 

1) Ⱦɧeɜɧɢɤ ɩɨɝɨɞɵ [ɗɥeɤɬpɨɧɧɵɣ pecɭpc] // Cɩpaɜɨɱɧaɹ cɢcɬeɦa ɩɨɝɨɞɵ 
«Ƚɢcɦeɬeɨ» - Peɠɢɦ ɞɨcɬɭɩa: www.gismeteo.ru; 

2) ɂɧcɬpɭɤɰɢɹ ɩɨ ɦɨɧɬaɠɭ ɢ ɷɤcɩɥɭaɬaɰɢɢ ɤɨɬɥa Ɍɭpɛɨɬepɦ – Ɉɩɬɢɦa, 
ɤɨɬɥɵ ɜɨɞɨɝpeɣɧɵe cɬaɥɶɧɵe ɠapɨɬpɭɛɧɵe ɦɨɳɧɨcɬɶɸ 350 – 4000 ɤȼɬ. – 
Ƚpɭɩɩa ɤɨɦɩaɧɢɣ «PɗɆɗɄC», 2013 ɝ. - 21 c.;  

3) E.ȼ.ɒɭɦɢɥɢɧ «Pacɱeɬ ɬeɩɥɨɜɵɯ cɯeɦ ɢ ɩɨɞɛɨp ɨcɧɨɜɧɨɝɨ 
ɨɛɨpɭɞɨɜaɧɢɹ ɤɨɬeɥɶɧɵɯ». Ƚ.ɏaɛapɨɜcɤ – 2013ɝ; 

4) Caɧɉɢɧ 2.2.1/2.1.1. 1200-03 «Caɧɢɬapɧɨ-Ɂaɳɢɬɧɵe ɡɨɧɵ ɢ caɧɢɬapɧaɹ 
ɤɥaccɢɮɢɤaɰɢɹ ɩpeɞɩpɢɹɬɢɣ, cɨɨpɭɠeɧɢɣ ɢ ɢɧɵɯ ɨɛɴeɤɬɨɜ»;  

5) Cɉ 12-135-2003 «Ȼeɡɨɩacɧɨcɬɶ ɬpɭɞa ɜ cɬpɨɢɬeɥɶcɬɜe» ɱ. 1»Ɉɛɳɢe 
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