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Abstract. The constant aspiration of a person to replace manual labor with the work of machines and
mechanisms is reproduced in such concepts as "mechanization", "automation", "machine-tool" and others. In
the construction industry, the most common and most favorable for the disclosure of this desire is an indicator
of the level of mechanization. But in the techniques and recommendations that provide advice on the definition
of this indicator, its calculation is carried out using generalizations of mechanization of labor without giving
any clear representations as to the determination of production volumes in a purely mechanized way.

The article reveals the essence of the indicator of the level of mechanization of road production, which
determines the expediency of improving the structure of the main production assets of the enterprise for the
implementation of such a program of work, which would contribute to maximizing profits. In general, the
definition of the rational level of mechanization is based on the implementation of an iterative algorithm, which
includes a number of stages.

Thus, at the first stage, the initial (basic) program of a road organization is determined using data on
the quantity and quality of the main production assets and the usual program of work for this enterprise. De-
termining the structure of this program, consisting of a number of road works and labor processes, in turn, is
carried out using the developed algorithm, which involves the maximum technological use of all types of
resources, including technical, which contribute to the mechanized mode of work. Next, using the data on the
structure of the works, it is possible to obtain the estimated value of profit that can be obtained as a result of
the implementation of the initial program of work.

On the basis of the information about the estimated value of profit formed part of it in the form of a
production development fund. The size of the fund for the development of production is the basis for reforming
the machine park of the road organization. Options for changing the quantitative and qualitative composition
of the machine park include the steps to assess their residual value, the purchase of new machines, major
repairs or replacement of existing units of equipment.

Using the data of various variants of the modernization of the park of machines and mechanisms, the
corresponding changes for working hours for them are determined for the year, that is, the initial annual of
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working time is recalculated. The updated information on annual working time funds is used to determine the
appropriate modifications to the park of machines of the work program of the road organization. For each
option of updated programs of work determined by the calculated profit, and its maximum value is approved
rational program of work.

At the last stage, using data on total costs of manual and mechanized labor, as well as data on the total
number of performers, indicators are calculated that characterize the level of mechanization of a road enter-
prise. The obtained indicators, as characteristics of the level of mechanization, can be used to solve various
tasks in the field of road production management.

Key words: level of mechanization, program of work, estimated profit, indicators of mechanization.

Presenting main material

As you know, the level of mechanization of production is used in the processes of enterprise man-
agement in order to determine or confirm the sustainability and success of its activities. The indicator of the
level of mechanization is used in the process of forming an offer for participation in competitive bidding, as
an indicator of the formation of the wage level of the program executors, as a mandatory indicator of enterprise
activity reporting, as well as a criterion for evaluating the results of the production and economic activity of
the enterprise. In general, the definition and prediction of the indicator of mechanization of production is de-
termined by its relevance and comprehensive necessity.

Determination of the level of mechanization takes place at different levels of production manage-
ment, that is, it can be determined at the level of individual works, at the level of execution of individual
programs of works or contracts or at the level of the entire enterprise. In all these cases, the calculation of the
level (indicator) of mechanization of production is quite simple, that is, it is determined by the ratio of volumes
of work that were performed mechanized way to the total output [1,2]. But the problem of implementing such
a method of calculating the level of mechanization lies in the fact that the determination of the fate of "mech-
anized" share of work in the total volume of production is extremely complex and virtually unresolved prob-
lem, because this part of the work can be imagined as the cost of energy workers, whether it is the number of
executed products, is it a lot of labor. Therefore, the use to determine the level of mechanization of information
on the cost of manual and machine labor or the number of performers (workers and machine operators) will
only lead to the calculation of indicators characterizing the level of mechanization.

On the basis of the system-technical analysis of the suburbs of the indicator of the level of production
mechanization, it is possible to conclude that it has a relative nature, and therefore its significance does not
directly affect the achievement of the best results of production, but, on the other hand, is an inherent charac-
teristic of the organization of production. In general, the level of mechanization should be understood as the
tendency to reduce manual labor in the production process, provided that the cost of its production is reduced
and that a positive socioeconomic effect is achieved. In road production, as a criterion for achieving a favorable
result, the profit that can be obtained as a result of the implementation of the program of work can be best
taken.

On the basis of the analysis of the trends in determining the profit in transport construction, one can
conclude that in practice only the concept and meaning of estimated profit are actually used. Since the defini-
tion of estimated profits is carried out at the design stage as part of a consolidated estimated calculation [2],
then in the further material it is a question of a predominant definition of the planned level of both company
profits and the possible level of mechanization that contributes to achieving this profit.

Determination of the rational relation between the enterprise activity program with the defined
structure of work necessary for its successful implementation by the level of mechanization and planned profit
is carried out using the method of iterative modeling of the processes of solving such problem in the following
stages:
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IIP1 -> KII1 -> IIM ->1IP2 ->KII2; E=KII2—-KIII, @))

where IIP1 - procedures for modeling the processes of implementation of the initial program of works
of the enterprise;

KII1 - calculation of the estimated profit that can be obtained as a result of the implementation of
the IIP1 program;

IIM - procedures for simulation of processes for improving the condition of main industrial assets;

IIP2 - procedures for modeling the implementation of the program of work after the renewal of the main
production assets of the enterprise;
KII2 - calculation of estimated profit, which can be received as a result of program [IP2;
E - is the economic effect that can be obtained as a result of the renewal of the structure of the main
productive assets.

To solve the stages of the problem (1) a system of initial data that characterizes the activity of a
road enterprise is formed and includes:

- list and amount of labor and technical resources available to the road enterprise - » = 1, 2, ..., R,
where r is the type of resource (or group of resources of one class);

- estimated annual working time fund of each group of resources, which is measured in hum. x h for
labor. and for technical resources - in the mash.x h - Fr; which forms the so-called "cash desk" of resources;

- a list of characteristic works and groups of labor processes, which constitute the latest program of
work of the road enterprise - i = 1, 2, .. , n, where i is the kind of characteristic work (or group of labor
processes). The list of characteristic work and labor processes is established on the basis of the analysis of acts
on executed work in the form number Kb-2B;

- the cost of performing a unit of measurement of a characteristic work or a group of labor processes -
Ci, which can be determined from acts Ne Kb-2B, UAH;

- calculation of the technologically possible duration of a typical work or a dedicated group of labor
processes - Ti, A.

The source data system also includes a normative base on the cost of resources per unit of meas-
urement of a characteristic work or group of labor processes, which uses state Resource Element Estimates
(RECNs - PEKH) [4,5]

Procedures for simulating the processes of implementing the enterprise program's initial program
of work - ITPI begin with the determination of the feasibility of each i - th work characteristic of this program
throughout the year, during the period 7i. For this purpose, for each work, the level of its provision with re-
sources is set, which can be demonstrated by such an example.

The characteristic work corresponds to REKN - DSTU B D.2.2 - 2013, Sb. 27, tab. 27 - 14 [4]. Unit
of measurement of this work - 100 m?, the estimated time of its execution is 600 hours. A fragment of the
calculation of the level of resource provision is presented in the table 1.
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Table 1 — A fragment of the results of calculating the level of provision of resources
Tabnui 1 — @parMeHT pe3yabTaTiB PO3PAXYHKY PiBHS 3a0€3MEUCHHS pecypcamMu

Resource expenditures
Number of per 100 m* (PEKH) | Maximum | Costs Take The coefti
Name enterprise volume of | resource into cient is se-
resources resources unit cost work, m® | resource | conside cured by
measuring | resources Vmax on ration resources
Vmax Kap.,ir
1 2 3 4 5 6 7 8
1.Cost of labor 68 hum. x h 17,9 33835 6056 10,1 6,73
(workers)
2 Motor 3 mash. x h 5,32 33835 1800 3 1
gradars,
99xW
3.Road roller, 2 mash. x h 22,92 33835 7755 12,93 0,15
13t

The maximum amount of work - Vmax is determined by the performance of the lead resource, which in this
case adopted an motor grader. Then:
Vmax = (600/5,32) x 100) x 3 = 33835 m®

Resource Coefficient - K3p., i r (column &, table 1) is determined by dividing column data 2 into
column data 7. The estimated factor providing the resources of the above work is the minimum value of all the
supply factors for each type of resource, that is, 0.15 , that is K3p., 1=0.15.

Then, depending on the value of the coefficients of providing resources, all the characteristic work
and labor processes are divided into 2 groups. The first group includes such works and labor processes in which
Ksp., i > 1, that is, the enterprise has enough resources to perform this work (or labor process) throughout the
technological period. The second group includes such works and labor processes in which Ksp., i <I.

From these two groups there is a general ordered "queue" of work and labor processes, which begins
with their ordering in the first group. In this case, the work (or labor process) which has a higher specific value
- PSi, which is calculated as: PSi = (Vmax x Ci) / Ti, occupies a higher place. The characteristic work (labor
processes) is arranged in order of decreasing their coefficient of providing resources - K3p., i .

Formation of the initial (basic) program of work - /1P is carried out by allocating according to
certain rules and in a certain sequence from the "cash desk" resources of their required volumes for each work
(labor process). Allocation of resources from their "cash desk" represents a system of simulation procedures
that are implemented in the following sequence:

- to the first in a ranged sequence of work and labor processes is provided "cash" resources, from
which "selected" part of the resources necessary for this work - Fir, z, where z = 1, 2, .., Z is the number of
the iterative step of allocating resources for work and labor processes. Necessary part of resources is deter-
mined by the multiplication of the time available for the time allocation of the resource, which is in the current
"cash desk", by the ratio of demand - Knomp., ir, z [6]. This coefficient is determined on the basis of the
information on the maximum and the limited (allowable by the coefficients of provision) the volume of pro-
duction of all works and work processes, the timing of their execution and the performance of the leading
resources. Thus, after the "provision" of the first work or labor resource process in the amount of Fir, 1, in the
"cash register" a balance is formed that is used to meet the needs of the subsequent work (labor process);

- the resources remaining after the previous distribution in the "cash register", are transferred to the
subsequent work (labor process) in accordance with the specified order. Next, for this subsequent work (pro-
cess), the necessary amount of resources is calculated - (i + 1) r, I in accordance with the demand-calculated
by current information — Knomp., (i + 1) r, I;

- then the residual after the previous use of the "cash register" of resources is "passed" to the queue of
work (labor process) until such time as all work and processes of the program of work are secured in accord-
ance with a definite part. This completes the first iteration of resource allocation, z = I;
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- then the distribution of resources is carried out for the following iterations, when z = 2, 3, ..., Z. The
expansion of resources ends on that iteration, that is Z, when the residual "box office" will not find the neces-
sary resource for the next labor process. This iteration is canceled and the resource allocation is stopped. In
principle, the number of iterations can be calculated (the formula in the article is not given), but, as the practice
of the calculations performed shows, their number is from 7 to 12.

In parallel with the allocation of resources for work and labor processes, at each iteration, the vol-
ume of work that can be performed by the given part of resources - Vi, z, and their sum over all iterations gives
the opportunity to determine the total amount of each work (or labor process) - Vi, and in the general form of
their list and the physical expression forms the initial program of works - //P!. In addition, the calculation of
the spent working time of each resource is made - Fr,eump. and the remainder after the time allocation is F7,
sanuws. The information makes it possible to take further decisions that the resource base of the company and
streamlining the work program. So, for example, with data value fund of working time each resource - Fr,sump.
expended in carrying out the program of work and remaining after the distribution of stock of time - — F7,
sanuw. may calculate the amount of each r - th resource used respectively during execution program of work
and remains unused after its execution. Such information is the basis for drawing up the so - called balance of
resources.

First of all, for the determined initial program of work - [7P1I calculated estimated arrived - K/ in
accordance with the provisions of the existing sectoral documents [4]. According to the method of determining
profit, its value mainly depends on the value of the work performed (in other words, on the volumes of pro-
duction) and the structure of labor, that is, the relation between manual and mechanization labor. But in any
case, profits are a generator of the formation of late economic foundations, among which there is a fund for
the development of production and serves as a source of improvement of the quantitative and qualitative state
of the main productive assets, and first of all - working machines and mechanisms.

Procedures for modeling the processes of improving the state of the main production assets repre-
sent a definition of possible options for changing the quantity and quality of machines and mechanisms. In
general, the designation of the options for the modernization of the machine park - v (where - v = 1,2, ... V)
appears as a sequence of expert procedures, each of which has its purpose. So, with the formation of options
for the modernization of the machine park, opportunities can be considered:

- estimates of the state of machines and mechanisms at residual value [7] and their replacement
for new ones in order to obtain negative results;

- the purchase of new machines and mechanisms that are inadequate in the road organization,
which caused the suspension of the development of the program of work at the stage of distributing the "cash"
of resources for work and ore processes;

- major repairs of machines that are close or perish the terms of their lifetime.

Formation of each variant of the change in the quantitative and qualitative composition of the ma-
chine park is carried out within the framework of a definite development fund for testing. For any variant of
the change in the machine park, the annual funds of working time for those resources that are subject to change
in the appropriate version are Fr, v(where-r= 1,2, ... R, v=12,.. V).

Thus, new values of annual working time resources of all resources are formed, which serve as the
initial data for modeling the processes of implementation of the program of work after the renewal of the main
production assets of the enterprise - /IP2. For each of the v - their variants of the modernization of the machine
park, and accordingly to the change in the annual resources of working time resources, formed options for
annual work programs - //P2, v. For each option of the updated program of work the profit is calculated - K712,
v, but as the final version of the perspective program of work, the one that corresponds to the maximum profit
value - K712, v -> max is taken.

Using the information on the structure of the program of work, both //P/ and I7P2, indicators that
characterize the level of mechanization - /IM according to the formulas can be calculated:

TP M
M=—""" oo PM=—
TP, + TPum (M +P)

where TPum - the complexity of work performed mechanized way, that is, mechanized, mash.x h .;
TPp - total labor complexity of manual labor, hum. x h .;

)
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M - number of machines in the production unit, person ;
P - number of workers in the production unit, people.

Obtained by the formulas of indicators of the /M, characterizing the level of mechanization, can
be taken to improve the practical activities of the enterprise. But even in this case, a comparative analysis of
the comparison of values of indicators of the level of mechanization of /7M, that can be obtained as a result of
programs /1P and [1P2 is useful.

Conclusions

The article presents one of the approaches to the assessment of the nature of the level of mechanization of
production, based on the idea of its development in order to implement a more perfect program of work of the
enterprise and achieve more profits. The definition of rational relations between the structure of the production
program of the enterprise, the quantitative and qualitative composition of the main productive assets and the
profit is realized on the basis of an iterative expert - analytical model. The obtained indicators of estimation of
the level of mechanization of road production can be used to evaluate the activity of road economy units at
different levels of management.
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BU3HAUYEHHS PAIIIOHAJIBHOI'O PIBHSI MEXAHI3AIIT
JOPOXKHbBOI'O BUPOBHUILITBA
Jluxoctyn Mukoja MuKoJIaioBUY, KaHIUIAT TEXHIYHUX HAYK, TOICHT, JOLUEHT Kadeapu TPAHCIIO-
PTHOTO OYIBHUIITBA Ta YIIPABIIiHHSA MaifHOM HallioHaJIbHOTO TPaHCIIOPTHOTO YHIBEPCUTETY,
https://orcid.org/0000-0001-8139-1768
Bapdosiomees FOpiit MukosaiioBu4, KaHIUAaT TEXHIYHUX HAYK, JOLCHT KadeApH JOPOKHIX MaIIIMH
HamionansHOro TpaHCOPTHOTO yHiBEpcUTeETY, https://orcid.org/0000-0001-5388-6624

Amnoranisi. IlocTiliHe TIparHeHHs JIFOAWHA J0 3aMiHH PYYIHOI Ipari Ha poOOTy MaITuH 1 MeXaHi3MiB BIATBO-
PIOETHCS B TAKHUX MOHATTAX SIK “MexaHizalis’, “aBromMaruzamis’, “MexaHoo30poeHicTh” Ta iHIuX. B Oyxise-
JBHOMY BUPOOHUITBI HAMOIIBII PO3NOBCIOKEHUM Ta HAMOIIBII CIPUSTIMBUM [UIS PO3KPUTTS LBOTO par-
HEHHS € TIOKa3HUK PiBHSA MeXaHi3allii. Aje B METOAMKAX Ta PEKOMEHAAIINX, B AKUX HaJaHI MOpaayd BU3HA-
YEHHS [[bOT'0 MOKA3HUKA, HOTO PO3PaXyHOK 3/1IHCHIOETHCS 13 BUKOPUCTAHHSAM y3araJlbHIOIOUHX YSBJICHb PO
MeXaHi3alliro npari 0e3 HagaHHs Oy/Jb — IKUX YiTKUX YSABJICHB 1[0 O BU3HAYCHHS 0OCSTiB BUPOOHUIITBA Ha-
CITpaBi YUCTO MEXaHI30BaHUM CTIOCOOOM.

B crarTi po3KkpuBa€eTHCS CyTh TOKa3HHUKA PIBHSI MEXaHi3allil JOPOXKHHEOTO BUPOOHUIITBA, SIKUU BU3HAYAE

JOLITBHICTh YIOCKOHAJICHHS CTPYKTYPH OCHOBHUX BUPOOHMYMX (POHMIB MiANMPHUEMCTBA AJISl BUKOHAHHS TAKO1
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nporpamu pooiT, sika cipusia O JOCATHEHHS MaKCUMaJIbHOTO NpUOYTKy. B 1inoMy BH3Ha4YeHHS pallioHANb-
HOTO PiBHA MeXaHi3amii 6a3yeThCcs Ha peaizallii iTepaTHBHOTO allTOpPUTMY, KA BKIIIOYA€E B ceOe psijl eTalliB.
Tak Ha mepmomMy erari BU3HAYA€ThCS MoYaTKoBa (0a30Ba) mporpama JOPOKHBOI OpraHizarii i3 BUKOPUCTaH-
HSM TaHHX PO KITBKICTH Ta AKICHUHM CTaH OCHOBHHMX BHPOOHMYNX (DOHIB Ta 3BUIHY IS ITHOTO ITiIMPHUEMCTBA
nporpamy po0it. BusHaueHHs CTPYKTYpH Li€l Mporpamu, 1o CKIagaeThes i3 psiy JOPOXKHIX POOIT Ta TpyI0-
BHX IPOIIECIB, B CBOIO YEPr'y 3MIHCHIOETHCS 13 BUKOPUCTAHHAM PO3POOJICHOIO aJiIrOPUTMY, SKHH Hepeadayae
MaKCUMaJIbHE TEXHOJIOTIYHE BUKOPUCTAHHS BCIX BHUIIB PECYPCiB, B TOMY YHCHI 1 TEXHIYHUX, SKi CIIPHIIOTH
MEXaHi30BaHOMY CITOCOOY BUKOHaHHSI po0iT. J[ami i3 BUKOPUCTAHHSAM JJaHUX PO CTPYKTYPY POOIT MOKIHBO
OTpPUMAaTH PO3PaxXyHKOBE 3HAUCHHS MPHOYTKY, IKUH MOKe OyTH OTPHUMaHUI B pe3ysbTaTi BUKOHAHHS T10YaT-
KOBOI ITporpamMu pooir.

Ha ocHoBi iHdopmartii npo po3paxyHKOBe 3HaUeHHS NPUOYTKY POPMY€ETHCS HOTO YacTUHA y BUIIISAAL (o-
HAY PO3BUTKY BUPOOHHLTBA. Bennunna GoHIY pO3BUTKY BUPOOHHUIITBA € OCHOBOIO JUIsl peOpMyBaHHS Ma-
MIUHHOTO MTAapKy TOPOKHBOI opraHizaiii. BapiaHTH 3MiHN KUTBKICHOTO Ta SIKICHOTO CKJIATy MAaITHHHOTO ITapKy
nepen0ayvarTh €TalH OMIHKY iX 3aIMIIKOBOI BAPTOCTI, MPUAOAHHS HOBHUX MAIHH, KaIlliTalbHOTO PEMOHTY a00
3aMiHH ICHYHOUUX OJMHUIIL TEXHIKH.

I3 BUKOpHCTaHHAM JaHWX Pi3HUX BapiaHTiB MOJAEPHi3alil MapKy MAalIHH Ta MEXaHI3MiB BH3HAYaIOTHCH 1
BIJIMTOBIIHI IJIs1 HUX 3MiHH po00YO0ro yacy poOOTH Ha IIPOTsI3i POKY, TOOTO MEPepaxoByOThCS MOYATKOBI PidHi
¢donau pobouoro yacy. 3miHeHa iH(opMmalig npo piuHi GoHIU POOOUOTo Yacy BUKOPUCTOBYETHCS JIJIsl BU3HA-
YeHHS BIJMOBIAHMX JI0 BapiaHTiB 3MiH MApKy MAIlKMH NporpaM poOiT AOPOKHBOI opranizamii. s KoKHOTro
BapiaHTy OHOBJICHHX IIPOTrpaM poOiT BU3HAYAETHCS PO3PAXYHKOBUH MPUOYTOK, a 3a HOTr0 MaKCHMaJILHUM 3Ha-
YEHHSIM 3aTBEPIKYETHCS pallioHaIbHA TTporpaMa pooir.

Ha ocrannpoMy etari i3 BUKOPUCTaHHIM JaHUX PO CyMapHi BUTPATH Py4yHOI Ta MEXaHi30BaHOI mpali, a
TaKOXX TaHWUX IPO KITBKICTh BUKOHABIIIB, PO3PAaXOBYIOTHCS MMOKA3HUKH, SIKI XapaKTEPHU3yIOTh PIBEHb MEXaHi-
3arii JOPOKHBOTO TiampueMcTBa. OTpUMaHi TOKa3HUKH, SK XapaKTCPUCTHKU PIBHSA MeXaHizallii, MOXYThb
OyTH BUKOPHUCTaHI I BUPILICHHS Pi3HOMAaHITHUX 3aJa4 B cepi yIpaBIiHHA JOPOKHIM BUPOOHUIITBOM.

Kuro4osi ciioBa: piBeHs MexaHizallii, mporpama poOiT, po3paxyHKOBHUH NMPUOYTOK, HOKa3HUKU MeXa-
Hi3arii.
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