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The article presents the results of theoretical research on obtaining of the maximum profit by
the installation and procurement company in the manufacture and sale of pipe billets for the
installation of ventilation systems in the production premise. Graphical and analytical dependences are
given. The results of research substantiate the receipt of the maximum profit in the manufacture and
sale of the ventilation pipe billets of the different diameters by the installation and procurement
enterprise. The purpose of the work is to increase the efficiency of ventilation system installationin
production facilities, to determine the maximum profit for the installation and procurement company
in the manufacture and sale of pipe billets of the different diameters of ventilation system in the
presence of several restrictions on materials and manpower, identify ways to improve installation of
ventilation system in production facilities of small volume and justification of the calculation method.
Quantitative characteristics of the objective function under given initial conditions are established. The
calculated dependences for determining the parameters of the objective function are obtained. The
obtained results allow to determine the optimal parameters of the values at the given restrictions on
materials and labor intensity of production. The maximum profit in the manufacture and sale of
ventilation pipe billets of different diameters by the procurement and installation company is
determined. Using of the graphical method and the simplex method to determine the required
parameters can significantly increase the efficiency criteria for procurement and installation work and
thus reduce the amount of labor and material consumption for the manufacture and installation of
ventilation systems.
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Introduction

The physical state of the air space in the industrial rooms is characterized by different indoor
climate characteristics that are maintained by system of ventilation (Gumen et al., 2016; Voznyak et
al., 2005). Comfort conditions at first are determined by the air velocity and internal temperature (Dovhaliuk
& Mileikovskyi, 2007; Voznyak et al., 2005). These values are supported by ventilation devices and
depend on the designed structure both of air exchange and air distribution schemes (Dovhaliuk &
Mileikovskyi, 2008; Voznyak et al., 2019). Normalized characteristics of indoor air must be provided in
the working area of industrial premises, since the fact that the sanitary-hygienic characteristics of the
room microclimate of the industrial rooms correspond to the physiological needs of a person depends, to a
large extent, on its health and efficiency (Dovhaliuk & Mileikovskyi, 2013; Voznyak et al., 2005). In this
case, the working area is situated both in the direct and in the return air stream of the incoming air flow.
Combination of all factors determines the nature of the air flow at its leakage in a premise (Kapalo et al.,
2018). CO, concentration in a premise also must be taken into account (Kapalo et al., 2019; Kapalo et al.,
2014).
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To implement these tasks there is a need to increase the efficiency of installation of ventilation in
production facilities, increase profits for procurement and installation companies in the manufacture and
sale of pipe billets of different diameters of ventilation, identify ways to improve the installation of
ventilation in small production facilities and justification calculation.

Target of this article

The purpose of the work is to increase the efficiency of installation of ventilation in production
facilities, determine the maximum profit for the procurement and installation company in the manufacture
and sale of pipe billets of different diameters of ventilation system in the presence of several restrictions
on materials and manpower, identify ways to improve small volume and justification of the calculation
method.

Techniques used

The importance of providing normalized characteristics of the room microclimate due to low
gabarites and presence of technological equipment as well maintenance personnel in the industrial
premise on air velocity distribution and their features, is researched in (Gumen et al., 2016; Dovhaliuk &
Mileikovskyi, 2007; Dovhaliuk & Mileikovskyi, 2008). It is known for example air distributors with a
high intensity of the velocity and temperature extinguishing of the incoming air, that is, devices that
provide an intense mixing of the tidal air with the environment (Dovhaliuk & Mileikovskyi, 2013;
Voznyak et al., 2019). It is a great number of different designs of the air distribution devices and circuits
of incoming air distribution, both in the upper and in the room serviced area, where the effect of the jets
laying on the interior surfaces of walls or ceilings, which is a fairly wide spread phenomenon in
ventilation technology (Voznyak et al., 2005).

All these devices, together with the piping, make up the ventilation system (Zhelykh et al., 2019).The
ventilation system is located in the manufacturing premise (Fig. 1).

Fig. 1. Ventilation system in the production premise

Before installation of this system in the production room there is a process of its production at the
assembly and procurement enterprise according to the specification (Zhelykh et al., 2019). It is clear that
in the process of manufacturing a ventilation system there are production restrictions on materials and
resources (Gass, 1961; Danzig, 1966; Lyashenko et al., 1975; Pupkov, 1974). This article offers tools and
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ways to optimize the production process to maximize profits and minimize production waste (Gass, 1961;
Danzig, 1966; Lyashenko et al., 1975; Pupkov, 1974).

Consider the problem: the production of procurement and installation company (supply in the
production room) products of two types — pipe billet ventilation system diameters d; and d, in the
presence of restrictions on raw materials — (first equation of the system (1)) and labor — (second equation
of the system (1)). Thus, the problem is two-dimensional and is as follows: to maximize the objective
profit function z = ¢1x1+ ¢,x, under constraints (1):

{013‘1 +a,x%, Say (1)
byx; +byx, < by

Here x; means the number (running meter, for example in hundreds of meters) of the manufactured
pipe billet with a diameter of dj, and x, respectively — d», and x;> ( and x, > 0. Suppose there are a;

units of raw materials (for example, a; tens of running meters of metal) and b; units for labor resources
(for example, b; man-days of labor). Define the solution space, which is located in a non-negative
quadrant.

The first inequality aix; + ax, <a; requires staying in that part of the non-negative quadrant, which
consists of points (x;, x,) with coordinates that satisfy this inequality. The easiest way to determine such
an area is to draw a boundary line a;x;+ a,x,= a3 at two points (one on the OX; axis and the other on the
0X; axis). If x;= 0, then x, = a3 /a,. If x, = 0, then x;= a3/a; . These two points (as/ay; 0) and (0; a3 /a) lie
on this boundary line. All points that lie in the shaded area and on the line that limits it, satisfy the
inequalities a x, + a,x, < a, (Fig. 2).
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Fig. 2. Inequality solution a;x; + ax;<a;

For the second inequality, the boundary line will be byx; + byx, = b3, and its points of intersection
with the coordinate axes — (b5 /by; 0) and (0; b3 /b,), as shown in Fig. 3.

Any point of this convex set satisfies the inequality bix; + bx,<b;. We will find a solution that
would satisfy both inequalities by combining the two shaded areas in one graph (Fig. 4) — their common
part will be the desired space of solutions.

This combined solution space is all possible combinations of blanks ¢; and d,, which can be made
in the presence of @; running meters of metal and b; man-days, ie the constraint of the problem satisfies
only the points belonging to the shaded area.

Until now, the problem of finding all the extreme points of the convex solution space, except for
one point 4, which is obtained at the intersection of two boundary lines, has been solved. This point is the
case when all available resources are completely spent on the production of blanks d; and d,. Any point of
the line ayx; + axx; = a3, for example (0; as/a,), requires the use of a; running meters of metal without
residue, similarly, any point of the line b,x; + byx, = b3 requires the full use of all available human -days.
It is clear that both requirements are satisfied when we consider the point A of intersection of two lines
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with coordinates A(i; j), which is obtained by solving a system of equations describing both lines. The
coordinates 7 and j are determined from (2) and (3), respectively.
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Fig. 3. Inequality solution bx; + byx; < b;
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Fig. 4. Solution of the system of inequalities (1)

The next step is to determine which of the infinite number of points in the shaded area maxi-
mizes the target profit function z = c¢ix; + ¢x,. This expression is considered as the left part of some
equation, which connects the variables x; and x,. For example, the equation c;x; + cox; = 0 is repre-
sented by the line shown in Fig. 5 by a dotted line. The equality of zero of the target function of profit z
means that the procurement and assembly company does not produce any products, as evidenced by the
direct ¢;x; + ¢1x, = 0. However, there is a need for the direct profit to shift in the direction of its growth,
but without violating the conditions of restriction. associated with the availability of resources for both
raw materials and labor intensity. It is necessary to move the direct profit only on the shaded area to a
stop at the border, as it is no longer possible to look for a solution outside it.
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Fig. 5. Optimization of the objective function

We will demonstrate a geometric interpretation. This movement of the line of profit should be
carried out by moving it up parallel to itself (Fig. 5), and the last valid position of this line will be its
passage through point 4 (i; j). The objective function will have the maximum value z,,x (4), (5):

Zmax — Cli + C2j . (4)

—c ashy — aybs ‘e aby —ash ®))

y4 .
max 1 2
ab, — ayby aib, — ayb,

The optimal production plan is to produce, respectively, x; = i units, ie according to the condition
a3b) —aybs meter pipe billet diameter d,, and x, = ; units, ie aby — asby  meter diameter d,. This will
aby — ayb, aby — ayby
yield a profit of z,., units of value. Such a kind of “stretching” of the objective function through a
convex set occurs precisely when special algebraic methods of the simplex method are used.

In the simplex method, the iterative process begins at any extreme point (as in this case x; =0, x, = 0).
Then it is determined which are the more favorable solutions located at the extreme points, and one of
them is tested. This iterative process improves the solution in terms of optimizing the objective function,
moving from some extreme point to a more favorable one, with a larger value of z. Iterations continue
until an extreme point is found that no longer allows for further improvement (x;= i, x, = j, and Zy,).

The distinguishing feature of the simplex method, which makes it so economical, is that it
determines the path from one extreme point to a more favorable neighboring one, sorting only a small
subset of the set of all extreme points.

Point 4 (i;j) is the optimal production plan for a wide range of objective functions. If the profit
from the sale of products d; or d, changes, then the angle of the direct profit will change — geometrically
it will be the rotation of the direct profit around the point 4 (i;j). However, a significant change in the
coefficients of profit can tilt our line so much that the optimum will be at another point. For any direct
profit, the optimum is reached at one of the four extreme points. If the objective function occupies a
boundary position that includes the boundary of the convex set, then the ambiguity of the optimal solution
will arise. For an objective function with the same coefficients z = cx; + cx,, the extreme points 4 (i; j)
and B (b3 /b1;0) will be optimal, as well as all points on the segment connecting them.

This approach can be used in solving any two-dimensional problem. In this case, you have to find
only those points that are necessary for the boundary lines, as well as the extreme point at which the
objective function last touches the convex set of solutions.
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A similar general geometric interpretation is given for multidimensional problems of manufactu-
ring a pipe billet not of two different diameters, but of a larger number of them according to the specifica-
tion. A convex polyhedron is formed, defined by these constraints, and it remains to “pass” through it the
objective function in the direction leading to the optimum. You can clearly imagine situations that arise in
three-dimensional space, considering the room as a convex set, defined by the constraints of some linear
program. However, problems with more than two variables are not solved graphically, but only using the
simplex method.

Conclusions

On the basis of the obtained results we state:

- the quantitative description of the objective function characteristics is established;

— calculation dependences for determining of the objective function parameters are obtained;

— the maximum profit in the manufacture and sale of ventilation pipe billets of different
diameters by the procurement and installation company is determined;

— the use of the graphical method and the simplex method of determining the parameters
allows to significantly increase the efficiency criteria for procurement and installation work
and thus reduce the number of labor resources and consumption of materials for the
manufacture of ventilation systems.

References

Kapalo, P., Domnita, F., Bacotiu, C., & Spodyniuk, N. (2018). The impact of carbon dioxide concentration
on the human health — case study, Journal of Applied Engineering Sciences, Vol. 8, no. 1, 61-66. ISSN 2284-7197,
doi:10.2478/jaes-2018-0008

Kapalo, P., Meciarova, L., Vilcekova, S., Burdova, E., Domnita, F., Bacotiu, & C. Peterfi, K. (2019). Investigation
of CO, production depending on physical activity of students. International Journal of Environmental Health
Research. Vol. 29, Issue 1, 31-44. ISSN:09603123. doi:10.1080/09603123.2018.1506570

Kapalo, P., Sedlakova, A., KoSicanova, D., Voznyak, O., Lojkovics, J., & Siroczki, P. (2014). Effect of ventilation
on indoor environmental quality in buildings. The 9th International Conference “Environmental Engineering”, 22-23
May 2014, Vilnius, Lithuania SELECTED PAPERS, eISSN 2029-7092 / eISBN 978-609-457-640-9 Section:
Energy for Buildings.

Kapalo, P., Voznyak, O., Yurkevych, Yu., Myroniuk, Kh., & Sukholova, 1. (2018). Ensuring comfort
microclimate in the classrooms under condition of the required air exchange, Eastern European Journal of
Enterprise Technologies, Vol. 5/10 (95), 6-14.

Kapalo, P., Vilcekova, S., & Voznyak, O. (2014).Using experimental measurements the concentrations of
carbon dioxide for determining the intensity of ventilation in the rooms, Chemical Engineering Transactions,
Vol. 39, 1789-1794. ISBN 978-88-95608-30-3; ISSN 2283-9216

Kapalo, P., Vilcekova, S., Domnita, F., Bacotiu, C., & Voznyak, O. (2017). Determining the Ventilation Rate
inside an Apartment House on the Basis of Measured Carbon Dioxide Concentrations — Case Study, The 10th
International Conference on Environmental Engineering, Vilnius, Lithuania, Selected Papers, 30-35.

Voznyak, O., Korbut, V., Davydenko, B., & Sukholova, I. (2019). Air distribution efficiency in a room by a
two-flow device. Proceedings of CEE, Advances in Resourse-saving Technologies and Materials in Civil and
Environmental Engineering, Springer, Vol. 47, 526-533.

Voznyak, O., Myroniuk, K., & Dovbush, O. (2005). Relationship between a Person Heat Exchange and
Indoor Climate. Selected scientific Papers 10" Rzeszow-Lviv-Kosice Conference 2005 Supplementary Issue. Technical
University of Kosice. 148—152.

Gumen, O. M., Dovhaliuk, V. B., & Mileikovskyi, V. O. (2016). Determination of the intensity of turbulence
of streams with large-scale vortices on the basis of geometric and kinematic analysis of macrostructure. Proc. of
Lviv Polytechnic National University: The theory and building practice, No. 844, 76—83 (in Ukrainian).



Increase of Ventilation Systems Procurement and Installation Works Efficiency 83

Dovhaliuk, V. B., & Mileikovskyi, V. O. (2007). Efficiency of organization of air exchange in heat-stressed
premises in compressed conditions, Journal: Building of Ukraine, No. 3, 36. (in Ukrainian).

Dovhaliuk, V. B., & Mileikovskyi, V. O. (2008).Estimated model of non-isothermal stream, which is laid out
on a convex cylindrical surface.Ventilation, Illumination and Heat and Gas Supply: Scientific and Technical
Collection, Issue 12, Kyiv, KNUBA, 11-32 (in Ukrainian).

Dovhaliuk, V. B., & Mileikovskyi, V. O. (2013). Analytical studies of the macrostructure of jet currents for
calculating energy-efficient systems of air distribution. Energy efficiency in construction and architecture, Issue 4,
11-32 (in Ukrainian).

Zhelykh, V. M, Voznyak, O. T, Dovbush, O. M, Yurkevich, Yu. S., Savchenko, O. O. (2019). Technologies
of procurement and installation of heating and ventilation systems. Lviv: Lviv Polytechnic Publishing House (in
Ukrainian).

Gass, S. (1961). Linear programming (methods and applications. Moscow, M: Fizmatgiz (in Russian).

Danzig, J. (1966). Linear programming, its applications and generalizations. Translation from English.
Moscow, M: Progress (in Russian).

Lyashenko, I. N, et al. (1975). Linear and nonlinear programming. Kyiv: High School (in Russian).

Pupkov, K. A. (1974). Fundamentals of Cybernetics. Mathematical foundations of cybernetics. M.: High
School (in Russian).

O. T. Bo3usik, X. B. Muponiok, I. €. Cyxoaosa, O. M. loBoym, M. €. Kacuneub
Hamionaneuuit yHiBepcuteT “JIpBiBChKa MOTITEXHIKA ™,
kadeapa TEIUIOra30MOCTaYaHHs 1 BEHTHIISIIIT

HNIABUINEHHA EOEKTUBHOCTI 3AI'OTIBEJIBHO-MOHTAKHHUX
POBIT CUCTEM BEHTHJISALIIT

© Bosuax O. T., Muponiok X. B., Cyxonosa I. €., /losoyu O. M., Kacuneyo M. €., 2020

VY cratrTi npencTaBieH] pe3yNnbTaTH TEOPETHYHUX JOCTIKCHb OTPUMAHHA MaKCHUMaJIIBHOTO IPUOYTKY
MOHTa)KHO-3aI'OTiBEJIbHUM HIiAIIPUEMCTBOM B IPOIECI BUTOTOBJIEHHS Ta peanizamnii TpyOHOT 3arOTOBKH IS
MOHTQ)XXy CHCTEMH BEHTIIAIIl Y BUPOOHHYIOMY NpPUMIIICHHI HeBeIMKOro o6’emy. HaBemeHo rpadiuni Ta
AQHATITUYHI 3aJIe)KHOCTI Tmporecy. PesynbraTamMu AOCHiIKeHb OOIPYHTOBAaHO OTPUMAHHS MaKCHMATIbHOTO
npuOYTKY IiJ] 4ac BUTOTOBJICHHS Ta peani3amii BEHTIIALINHOT TpyOHOI 3arOTOBKH LIJIOTO CIEKTPY AiaMeTpiB
MOHTa)KHO-3aTrOTiBEJIbHIM IiINPHEMCTBOM. MeToI0 poOOTH € MiABUIIUTH €()EKTHBHICTH MOHTAXY CHCTEMH
BEHTWJIALI] Y BUPOOHMYMX HPUMILICHHSIX HEBEJIUKOrO 00’€MY, BU3HAYUTH MAKCUMAJbHUI NMPUOYTOK IS
MOHTa)KHO-3aI'OTiBEJIFHOTO ITiIIPHUEMCTBA B MPOLIECi BUTOTOBJICHHS Ta peaii3amii TpyOHOi 3arOTOBKH Pi3HUX
JIiaMeTpiB BEHTWISLIMHOI CHCTEMH 3a HAsSBHOCTI NEKITbKOX OOMEKEHb — 3a MarepiajlaMH Ta TPYIOBHMH
pecypcaMu, a TaKOX BHSBHUTH LUIIXU MiJABUIIEHHS €(EKTHBHOCTI MOHTa)Xy CHCTEMH BEHTHJIALIi y BHPOO-
HUYUX TPUMINICHHAX HEBEIUKOro 00’eMy Ta OOIpYHTYBaTH METOIUKY IXHBOI'O pO3paxyHKy. BcraHOBiIEeHO
KiJIBKICHI XapaKTepUCTHKH IiNbOBOI (YHKLII IpU 3aJaHUX BUXITHHX YMOBaxX Ta OTPUMAHO PO3PaXyHKOBI
3aJIEKHOCTI JJIs1 BUSHAYEHHS IapaMeTpiB 1iboBoi GyHKHii. OTpUMaHi pe3yabTaTH JAl0Th 3MOTY BH3HAUYNTH
ONTUMAJIbHI TapaMeTpH BEIWYMH TPU 3aJaHUX OOMEXKEHHSX IIOAO0 MaTepialiB Ta TPYIOEMHOCTI MPOIECy
BUPOOHMITBA. 3aCTOCYBaHHs rpadiyHOr0 METOLY Ta CUMIUIEKC-METOY /IS BU3HAYCHHS HEOOXIJHUX mapa-
METpIB 3ar0TOBKHU JJ03BOJISIE 3HAYHO IIJBHIIUTH KpuTepii epeKTHBHOCTI NPOBEACHHS 3aroTiBeIbHO-MOHTaX-
HUX POOIT i TUM CAMUM 3MCHIINTH KiTBbKICTh TPYIOBUX PECYPCIB Ta BUTPATY MATEPiajiB JJIs BUTOTOBICHHS i
MOHT@)Xy BEHTIIALIIHHOI CHCTEMH 3arajioM.

KnarouoBi cjoBa: 3arotiBejbHO-MOHTaXHI po0OTH, cHCTeMa BeHTHIANil, BUTpaTa MaTepiaJis,
TPYIOBi pecypcH, NpUOYTOK, CUMILIEKC-METO/I.



