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Annotation: The article considers the urgency and necessity of using systems that allow to utilize the heat of steam-air 

mixtures as energy wastes. Different variants of utilization on the example of gas boilers as sources of a large amount of 
energy waste in the form of flue gases are considered, their drawbacks are highlighted. For a more profound utilization of the
steam-air mixtures heat, the possibility of using a heat pump, as well as improving the system of automatic control of the 
process of utilization of the flue gases heat with a heat pump in the composition, is proposed for further increase of energy
efficiency. A parametrized scheme of the process of flue gas heat recovery is presented. The results of experiments, on the 
study of the utilization process in the automatic mode on the physical model, developed by the authors are presented. The 
analysis of results is carried out. The structural identification of the process of utilization of heat of flue gases as a control 
object is carried out, the main control channels, cross-links between them, and the most influential perturbations are 
allocated. A structural scheme of the process is created as an control object. The parametric identification of the main control 
channels, cross-links and controlled disturbances was carried out, during which mathematical models of the main channels for 
transformation of coordinate actions were obtained.



               - Volume 11, Issue 1 /2019              
http://www.atbp.onaft.edu.ua/

33
 

1.

[4, 5, 6, 8]. 

[7]. , 
40

7, 11]

–

-

[4, 5, 6]

-



               - Volume 11, Issue 1 /2019              
http://www.atbp.onaft.edu.ua/

34
 

2.

. 1 –

1 – 1  °C];
– 2  [20…40°C];

G – G 3 ];
P –   ];
P – ];
G –

–   °C];
–   °C];
– °C];
– °C];
–
–



               - Volume 11, Issue 1 /2019              
http://www.atbp.onaft.edu.ua/

35
 

–   °C];
–   °C];

G – G 3 ];
–   °C];
–   °C];

G – G 3 ];
–
–

G –
–

N –

1.
2.
3.

2.1.

-

G

G . 
-5.

    
–

– –
–

– – – 230 

– – –



               - Volume 11, Issue 1 /2019              
http://www.atbp.onaft.edu.ua/

36
 

      
. 3 –

–

. 4 –

–

G
G

-

2.2.



               - Volume 11, Issue 1 /2019              
http://www.atbp.onaft.edu.ua/

37
 

. 5 –

[8, 9, 17]

-

N

Nk).
)

).

-

(
G )

N ).

(N ) –
Nk (1 – Nk =40 – Nk =45 – Nk =50

– Nk = 55 – Nk =60 –
(1 – – –

–
– – – =400 

–

N
– –



               - Volume 11, Issue 1 /2019              
http://www.atbp.onaft.edu.ua/

38
 

  
      

. 6 – N

–
1 – Nk =45 – Nk =50 – Nk

=55 – Nk =
–

  

. 7 – N –
N

. –
N , 2 – , 3 –
, 4 – , 5 –

, 6 – . 

N ) –
(1 – , 2 – , 3 – , 4 – , 5 –

N ) –
– N - N N

G ). 

– – –
– – –



               - Volume 11, Issue 1 /2019              
http://www.atbp.onaft.edu.ua/

39
 

     
. 8 –

N

. 9 –

N –

N –



               - Volume 11, Issue 1 /2019              
http://www.atbp.onaft.edu.ua/

40
 

. 10 – Nk –

N

3.

2
0

0
0

0

0
0 1

;
1

00

pT
eK

pW
pT
eK

pW
pp

.

–

N –
113,18

0455,0 25,9

0 p
epW

p

2

7,3

0 138,11
0455,0

p
epW

p

N –

110
08,0 28

0 p
epW

p

2

5,23

0 188,6
08,0

p
epW

p

N –
15,16

112,0 2,24

0 p
epW

p

2

05,15

0 106,12
112,0

p
epW

p

N –
175,58

077,0 5,54

0 p
epW

p

2

5,36

0 188,36
077,0

p
epW

p

N –
1256

135,0 2.63

0 p
epW

p

2

5,42

0 13.192
077,0

p
epW

p



               - Volume 11, Issue 1 /2019              
http://www.atbp.onaft.edu.ua/

41
 

–

N –
1375,0

034,0 22,0

0 p
epW

p

2

01,0

0 1275,0
034,0

p
epW

p

N –

18
08,0 23

0 p
epW

p

2

18

0 18.5
08,0

p
epW

p

   

–
11.18

1 2.10

0 p
epW

p

2

1.7

0 12.14
1

p
epW

p

–
11.25

16,0 5.12

0 p
epW

p

2

2.6

0 13.15
16,0

p
epW

p

–

4.

[1]
– 2010. – –

[2] – 2014.  
[3] . 

, , // – 2017. – –
[4]

/ // — 2008. — 30, 2. — 90-98. — 10
—

[5] –
http://studbooks.net/1897332/

[6] / , 
, – 2013.

[7] Kovalchuk D., Mazur A., Hudz S. The model for power efficiency assessment of condensation heating installations
- – 2017. – – 3.

[8]
– 2014. – – -31.

[9]
– 2013.

[10]
Works. – 2016. – –

[11]
– 2014. – – –



               - Volume 11, Issue 1 /2019              
http://www.atbp.onaft.edu.ua/

42
 

[12]
– 2011.

[13] .
, , //Automation of

technological and business processes. – 2018. – –
[14]

– 2008. –
[15] - – 2013. – –

24-24.
[16]

– 2013. 
– –

[17]
– –

References
[1] Tyurin M. P. et al, Effektivnyie tipovyie ustroystva dlya utilizatsii teplotyi ot teplotehnologicheskogo oborudovaniya, 

Uspehi v himii i himicheskoy tehnologii,  vol. 24, no. 1, p. 106,  2010.
[2] A. B. Suhotskiy, Vtorichnyie energeticheskie resursyi, 2014.
[3] D.A. Kovalchuk, A. V. Mazur, S. S. Hudz,  Otsenka energeticheskoy effektivnosti gazovogo kondensatsionnogo

vodogreynogo kotla kak ob'ekta upravleniya, Naukovi pratsi ONAHT, vol. 80, no. 2, 2017.
[4] ZhovmIr M.M., UtilIzatsIya nizkotemperaturnoyi teploti produktiv zgorannya paliv za dopomogoyu teplovih nasosIv,

Promyishlennaya teplotehnika, vol. 30,  no. 2, pp. 90-98, 2008.
[5] Ispolzovanie teplotyi kondensata «gluhogo» para i teplotyi parovozdushnoy smesi [Online]. Available at: 

http://studbooks.net/1897332/
[6] A. V. Efimov, A. L. Goncharenko, Sistema glubokoy utilizatsii teplotyi gazov, uhodyaschih iz kotelnyih agregatov, 

2013.
[7] D. A. Kovalchuk, A. V. Mazur, S. S. Hudz, The model for power efficiency assessment of condensation heating 

installations, AvtomatizatsIya tehnologIchnih ta bIznes-protsesIv, vol. 9, no. 3, 2017
[8] P. V Rotov et al, Povyishenie effektivnosti rabotyi tsentralizovannyih sistem teplosnabzheniya za schet primeneniya 

teplonasosnyih ustanovok, Promyishlennaya energetika, no. 7, pp. 27-31, 2014.
[9] M.M. Chepurniy, N.V Rezident. Vikoristannya teploti vIdhIdnih produktIv zgorannya paliva v teplonasosnih 

ustanovkah, 2013.
[10] A. V. Solodkaya, Izuchenie protsessov teploperenosa v teploobmennike s granulirovannoy nasadkoy, Scientific 

Works, vol. 80, no. 2, 2016.
[11] N. A. Petrikeeva et al, Ispolzovanie polnoy teplotyi sgoraniya topliva v kotelnyih ustanovkah, Nauchnyiy zhurnal. 

Inzhenernyie sistemyi i sooruzheniya,  vol. 2, no. 4, p. 76, 2014.
[12] V. N. Klimenko, Nekotoryie osobennosti primeneniya parokompressionyih teplovyih nasosov dlya utilizatsii sbrosnoy 

teplotyi otopitelnyih kotlov, Promyishlennaya teplotehnika, 2011.
[13] D. A. Kovalchuk, A. V. Mazur, S. S. Hudz, DoslIdzhennya protsesIv utilIzatsIYi tepla paropovItryanih sumIshey: 

laboratorna ustanovka, vimIryuvanI zmInnI, avtomatizatsIya eksperimentIv, Automation of technological and business 
processes, vol. 10, no. 2, 2018.

[14] V. A. Hobin, Sistemyi garantiruyuschego upravleniya tehnologicheskimi agregatami: osnovyi teorii, praktika 
primeneniya, Odessa: TES, vol. 306, 2008.

[15] A. Yu. Zhuk, Adaptivnyie sistemyi upravleniya, Molodezhnyiy nauchno-tehnicheskiy vestnik, no. 5, p. 24-24, 2013.
[16] A. M.Ibraev et al, Analiz energeticheskih poter parokompressionnoy holodilnoy mashinyi, svyazannyih s protsessom 

peregreva rabochego tela v isparitele, Vestnik Kazanskogo tehnologicheskogo universiteta, vol. 16, no. 21, 2013.
[17] G. N. Petrakov, Povyishenie effektivnosti rabotyi teplovogo nasosa v sistemah teplosnabzheniya za schet 

modernizatsii kondensatora.  dis. kand. tehn. nauk : 05.14.04. – Voronezh, 2006.


