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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 systemsin 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 deter mine 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 ar e 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 a., 2016; Voznyak et
al., 2005). Comfort conditions at first are determined by the air velocity and interna 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 apremise also must be taken into account (Kapalo et al., 2019; Kapao 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 hillets of different diameters of ventilation, identify ways to improve the instalation of
ventilation in small production facilities and justification cal cul ation.

Target of thisarticle

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 hillets 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 personnd in the industria
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 a., 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 a., 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 systemin the production premise

Before ingtallation 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 ., 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 a., 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 = ¢+ X under constraints (1):

{aix1 +aX% < ag 1)
b +b,% <bs

Here x; means the number (running meter, for example in hundreds of meters) of the manufactured
pipe billet with a diameter of d;, and x,, respectively — d,, and x;> Qand X, > 0. Suppose there are a3
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.

Thefirst inequality ayx; + axX, <as requires staying in that part of the non-negative quadrant, which
consists of points (x1, x2) with coordinates that satisfy this inequality. The easiest way to determine such
an areais to draw a boundary line a.x;+ axx,= as at two points (one on the OX; axis and the other on the
OX; axis). If x;=0, then x, = ag/ay. If x, =0, then x;= az/a; . These two points (ag/as; 0) and (0; az/ay) 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).

Fig. 2. Inequality solution ayx; + axx, < a3

For the second inequality, the boundary line will be byx; + byX, = bs, and its points of intersection
with the coordinate axes — (bs/by; 0) and (0; bs/b,), asshownin Fig. 3.

Any point of this convex set satisfies the inequality byx; + box,<bs. 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 al possible combinations of blanks d; and d,, which can be made
in the presence of az 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 isthe
case when al available resources are completely spent on the production of blanks d; and d,. Any point of
the line aux; + ax, = as, for example (0; as/ay), requires the use of a; running meters of metal without
residue, similarly, any point of the line byx; + box, = bs requires the full use of al 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
coordinatesi and j are determined from (2) and (3), respectively.

i — agh, —ah; . 2
ab, —ah

joabs—ah @)
ab, —axy

Fig. 3. Inequality solution byx; + bax, <bs

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 = ¢1x; + c2X. This expression is considered as the left part of some
eguation, which connects the variables x; and x,. For example, the equation ciX; + ¢xX, = 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 c1x; + c1% = 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, asit isno longer possibleto ook for a solution outsideit.
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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 paralel to itself (Fig. 5), and the last valid position of this line will be its
passage through point A (i; j). The objective function will have the maximum value z. (4), (5):

Zmax:Cli+02j, (4)

agh, —ayhs +c, ab; —agh . (5)
ab, —ah ab, —ahy

The optimal production plan is to produce, respectively, x; = i units, ie according to the condition

83D, — 803 meter pipe billet diameter dy, and x, = j units, ie 2% =3B meter diameter d,. This will
ab, — aphy ab, — ahy

yield a profit of z. units of value. Such a kind of “stretching” of the objective function through a
convex set accurs precisely when special algebraic methods of the simplex method are used.

In the simplex method, the iterative process begins at any extreme point (asin 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 Zya).

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 A (i; j)
and B (bs/by;0) will be optimal, aswell asal 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.

Znax =C
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A similar general geometric interpretation is given for multidimensiona problems of manufactu-
ring a pipe billet not of two different diameters, but of alarger number of them according to the specifica-
tion. A convex polyhedron is formed, defined by these constraints, and it remainsto “pass’ through it the
objective function in the direction leading to the optimum. Y ou 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 characteristicsis 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.
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VY cratrTi npencTaBiIeH] pe3yNnbTaTH TEOPETHYHUX JOCTIKCHb OTPUMAHHA MaKCHUMaJIBHOTO IPUOYTKY
MOHTa)KHO-3aI'OTiBEJIbHUM MIANIPUEMCTBOM B IPOIECI BUTOTOBJIEHHS Ta peanizamnii TpyOHO! 3arOTOBKH IS
MOHTQ)XXy CHCTEMH BEHTIJIAIIl Y BUPOOHHYIOMY HpPUMIIICHHI HeBeInKoro o6’ emy. HaBemeHo rpadiuni Ta
AQHATITUYHI 3aJIe)KHOCTI Tmporecy. PesynbraTamMu AOCHiIKeHb OOIPYHTOBAaHO OTPUMAHHA MaKCHMAlIbHOTO
npuOYTKY IiJ 4ac BUTOTOBJICHHS Ta peati3amii BEHTIIALINHOI TpyOHOI 3arOTOBKH LIJIOTO CIEKTPY AiaMeTpiB
MOHTa)KHO-3aTrOTiBEJIbHIM IiIIPHEMCTBOM. MeToI0 poOOTH € MiABUIIUTH €()EKTHBHICTH MOHTAXY CHCTEMH
BEHTHJIAII] Y BUPOOHWYHMX MPUMIIICHHSIX HEBEITUKOTO 00’ €My, BH3HAYUTH MAKCUMAIbHUHA MPHOYTOK IS
MOHTa)KHO-3aI'OTiBEJIFHOTO ITiIIPHUEMCTBA B MPOLIECi BUTOTOBJICHHS Ta peaiisamii TpyOHOi 3arOTOBKH Pi3HUX
JIiaMeTpiB BEHTWISLIMHOI CHCTEMH 3a HAsSBHOCTI NIEKITbKOX OOMEKEHb — 3a MarepiajlaMH Ta TPYIOBHMH
pecypcaMu, a TaKOX BHSBHTH LUIIXU MiJABUIIEHHS €(EKTHBHOCTI MOHTa)Xy CHCTEMH BEHTHJIALIi y BHPOO-
HUYUX TPUMINICHHAX HEBETUKOro 00’ €My Ta OOIpYHTYBaTH METOIUKY IXHBOI'O pO3paxyHKy. BcraHOBIEHO
KiJIBKICHI XapaKTepUCTHKH IiNbOBOI (YHKLII IpH 3aJaHUX BUXITHHX YMOBaxX Ta OTPUMAaHO PO3PaXyHKOBI
3aJIEKHOCTI ISl BU3HAYEHHS IapaMeTpiB 1iboBoi GpyHKHii. OTpUMaHi pe3yabTaTH JAl0Th 3MOTY BH3HAUYNUTH
ONTUMAJIbHI TapaMeTpH BEIMYMH TPU 3aJaHUX OOMEKECHHSX IMOAO0 MaTepialiB Ta TPYIOEMHOCTI MPOIECy
BUPOOHMITBA. 3aCTOCYBaHHs rpadiyHOrO METOLY Ta CUMILIEKC-METOY /I BU3HAYCHHS HEOOXIJHUX mapa-
METpIB 3ar0TOBKHM JJ03BOJISIE 3HAYHO IMIJBHIIUTH KpuTepii epeKTHBHOCTI NPOBEACHHS 3aroTiBeIbHO-MOHTaX-
HUX POOIT i THM CAMUM 3MCHIINTH KiTbKICTh TPYIOBUX PECYPCIB Ta BUTPATY MATEPiajiB JJIs BUTOTOBICHHS i
MOHT@)Xy BEHTIIALIIHHOI CHCTEMH 3arajioM.

KrouoBi cjoBa: 3arotiBebHO-MOHTaXHI po0OTH, cHcTeMa BeHTHJsALil, BUTpaTa MartepiaJis,
TPYIOBi pecypcH, NpuOyTOK, CUMILIEKC-METO/I.



