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The data on the application of graph theory to model the thermal state of the
working area of industrial facilities on the example of agricultural building department piglets
and sows.
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HageneHno aani moao 3acrocyBaHHs Teopii rpadgis 1 MOJe/JIOBAHHA TEIUIOBOr0 CTAHY
po0040i 30HM BHPOOHUYHMX NPHUMIlllEeHb HA NPHUKJIALL CiIbCHKOrOCHOAAPCHLKOI OyAiBJi LeEXy
MOPOCHAT i CBHHOMATKH.

Kurouogi cjioBa: Teopisi rpagis, mex nopocsT i CBMHOMATOK, TEIJIOBUIi CTAH.

Statement of the problem.

The process of maintaining thermal conditions in production facilities are known to define the basic
characteristics of heating systems, such as their type, capacity, working principle and others. This
technological features of heating systems can maintain the required temperature in the work zone facilities.

This paper discussed the problem of keeping the thermal state space industrial complexes in the case
of agricultural livestock building, including plant piglets and sows. Livestock buildings are characterized
by their relatively large geometrical dimensions, complicating the job of providing a microclimate.
Therefore, for such premises promising direction is the use of combined heating systems that are based on
background air and special local heating to maintain certain temperature parameters directly in the habitats
of animals. The combination of different heating systems in a complex complicated engineering
calculations determine the necessary parameters of the microclimate. This is due primarily to the different
heat exchange processes that occur directly in the places of thecnological process. Therefore, investigation
of thermal modes of production facilities is very important.

Analysis of recent research and publications.

Requirements of practice calculating the thermal regime in the technological areas of industrial
facilities, including agricultural, cause necessity of in-depth studies of thermal processes in work areas.
Various aspects of this area of research is devoted to a number of studies [1, 4, 5, 6].

Formulation of paper objectives.

This work is devoted to peculiarities of the temperature industrial premises. Special attention
was paid to the modeling of heat transfer processes in the technological area plant piglets and sows using
graph theory.

The main material.

For simulation of thermal interactions in plant piglets and sows the basis is the theory of graphs.
Zone sows being presented as a system of heat capacities, participating in heat exchange and interact with
sources of heat. In the study area singled heat capacity: air of technological zones (Z); envelope (E); sow

(S), and the source of heat: heating panel (Q,,, ); sow (Q;); air (Q, ); envelope (Q,,, ),that were depicted

as the top (V,) graf (G,). Heat flows q;, that meet heat transfer between the i-unit sources of heat and heat
capacities shown on the graph as edges (£1), that connect the tops (fig.1).
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Fig. 1 Graf of heat flow zone stays sows.

Thus the set of graph vertex is:
Vl(Gl): {E’S’ Z;Qpan;Qenv;Qa;QS} (1)
and the plurality of edges:
El (Gl) _ {(Qpan ! E); (Q pan? Z ); (Qpan ! S)’ (Qenv' E)’ (Qenv ! Z)} (2)
(Q..2)(Q..E}(Qs. 2):(Qs . E)

For thermal capacitances included in the graph as the tops number of edges is equal to:
deg(E) =3,
deg(S) =2,

deg(Z) = 4.
Incidence matrix A, for graf Gy, in which the rows correspond to the tops (heat capacities) and

columns — edges (heat flows) has the form:

9;| 95 d; 95 9; ds 4y d; G
E 1| 0 0 1
(3)
s ol o 1 1 0
zZ ol 1 1 1 0 1 0
E S z Q
E 0 QE—Z QE—S Q;Zm +Qs? +Qa0 )
S QS—E 0 QS-Z Q;fan + Qesnv
Z| Qe Qs 0 | Q% +Qs, +Q7 +Q7

For keeping pigs zone based on graph theory constructed graph of heat flows (Fig. 2) that displays
the relationship of thermal capacities of air (A), envelope (Env) and piglets (P) with sources of heat mat

(Qyp ), infrared heater (Q,,, ) ,envelope (Q,,, ), air (Q,) and piglets (Q,).
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Fig. 2. A simple graph of heat flows zone being piglets.

Accordingly, the set of vertices V,(G,) and edges E»(Gy) is:
VZ(GZ):{E;P;A;Qi.h;Qenv;Qh.m;Qa;QP} ' ®)
(Qi.h ' E)’ (Qi.h ' P)’ (Qenv ’ E)’ (Qenv ’ P)’
(Qenv ! P)’ (Qh.m ’ P)’ (Qh.m ’ Z)’ (Qa ! Z)' !
(Q..E}(Q:.2):(Qs.E)

For heat capacities that characterize the thermal state of zone stays of piglets the number of edges:
deg(E)=4,

deg(P)=3,
deg(Z) = 4.
Incidence matrix M, for graf G,:

Ez(Gz): )

i 4, 95 d; 95 G G, G do Gy Oy
E 0 0 0 1 @)
P 0 1 0 1 0 ’
Z 0O 0 O 1 0 1 1 0 1 0
Extended matrix with display of heat sources:
E P Z Q
El[ 0 Qep Qez| Q5+Q5L+Qr+Q; ©
Pl Qe 0 Qo | Qi +Qu’+Quy
Z QZ—E QZ—P O Qeznv +Qrfm +Qaz +QPZ

The thermal state department piglets and sows can be represented as a simple graph Gs (fig. 3),
which is a combination of simple graphs that reflect the processes of heat exchange stay zones of sows G;

and piglets G..
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Fig. 3. A simple graph of heat flows zone being piglets and sow.

Thus:

G,=G,UG, aV, =V, UV, AE, UE,

At the same time is made connection the same vertices belonging graphs G; and G,, while leaving
the incident edges. Extended matrix of thermal capacities with the reflection of heat sources is as follows:

E IT Tlop Cs Q
El 0 Qc, Qer Qcs| Qr +Qs +Q; +Qp, +Q; +Qq,
Z Q, ¢ 0 Q,p Qu; QPZ +Q}$m + Qeznv +szan +Qsz + Qaz : ©)
Pl Qee Qp; 0 Qe Qih + Qenv + Qu
S| Qse Qsz Qs 0 QSan + Qe

Based on the extended matrix (9) formulated a system of balance equations describing the thermal
processes in conditions that are considered.

Conclusions.

The mathematical model is the basis of the specified methods of calculating temperatures
departments piglets and sows with combined heating systems. Application of graph theory in modeling
these processes, makes it possible to identify patterns of thermal processes, the flow of which is directly in
the places of stay animals.

1. /lpacanos B.X. [Ipumenenue meniomvl 6 cenvckom xosscmse | /pocanosé 5. X~ M.: Aeponpomuzoam,
1990. — 350 c.(on ru) 2. JKemux B.M. ExcnepumenmanvHi OOCHONCEHHS MEMNEePAMyPHUX DPEeNCUMIB
CIIbCbKO2OCNOOAPCOKUX — NPUMILYEHb NpPU  CMBOPEHHI  JIOKAAbHO20 —MIKpOKIiMamy i3  3acmOCy8AHHAM
inghpauepsonoeo naepisy. | Kenux B.M., @ianko HM. Il [lpomviunennas meniomexnuxa. — 2011 Nel. Tom 33 —
C. 70-74.(on ua). 3. JKemux B.M. Tennoeoe cocmosiHue MEXHONOSUYECKOU 30HbL HCUBOMHOBOOHUECKUX
nomewenuil npu UCHOAbL308anuu un@paxpacuvix nazpesameneti | XKemux B.M., Quarxo HM., [Ipoxonoe B.I". I
Tpomviunennas Tennomexnika. — 2011 No2. Tom 33 — C. 19-23. (on ru). 4. Mukpoxiumam nMUYHUKOS:
OCHOBHbIE NOHAMUSL, NAPAMEMPbl U UX GIUSAHUE HA NPOOYKMUBHOCHb NMUYbL U IKOI0SUHECKYI0 De30NACHOCHb
npoussoocmea [UH. Hexo, B. A. Menvnux, C. B. Kymwbaba u Op. Il IImaxisnuymeo: mixceioomuuil
memamuunutl Haykoguu 36ipnuk — 2005, — Bun. 56. — C. 51 — 61. — (II1 YAAH).(on ru). 5. Muwypoe H.II.
Dnepeocbepezarowee obopydosanue O obecnedeHus MUKpOKIUMAMaA 6 JCUBOMHOBOOUECKUX HNOMEUWCHUSX:
[Hayunori ananumuueckuti 0630p | | Muwypos H.II., Kyzemuna T.H. — Mocksea. — 2004. — 94 ¢. (on ru).
6. Peovko A.®@. Pacuem unmenHcusHOCmU OOTYHEHUsI 8 NPOUZBOOCHBEHHBIX NOMEWEHUsX, OMANIUBAeMbIX
MeMHbIMU 2a308bIMU UHGPaKpachbimu Haepesamensimu | Peovko A.@., Jlanybepe H.I'., bonomckux H.H. I/
K. "Duepeocbepescenue. Dnepzemuxa. Suepeoayoum' . — 2009, — Ne 5. — C. 55-64.(on ru).

50



