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The analysis of factors affecting the technical condition of combine harvesters
(further — combine) shows that, in addition to operating conditions, the repair system
has a significant impact [1]. Currently, the system of repairs is carried out according
to the system of preventive repairs [2], a characteristic feature of which is the
implementation of preventive and repair work through equal and multiple periods [3],
expressed in mileage kilometres or calendar terms [4].

However, with the equality and multiplicity of the designated maintenance
periods [5], the existing system does not take into account the change in technical
condition and reliability [6], which occurs as a result of the action of various
operating conditions [7]. The lack of accounting for these features is one of the
reasons for the increased damage of machinery in operation [8], and leads to a
decrease in the number of machinery employed in the production of agricultural
products [9]. Therefore [10], one of the main ways to increase the operating time of
the equipment between the relevant types of repairs is to further improve the planning
of putting the equipment into repair, taking into account their technical condition. In
this regard, the task of determining a rational system of maintenance of equipment
taking into account its technical condition is important and relevant [10]. The
selection of inter-repair periods is carried out on the basis of minimizing the specific
costs of funds per unit of equipment production [11].

The task is solved for the accepted periodicity of the repair

221



X MixHapoOHa HayKogo-rpakmuyHa KoHgepeHuis «KpamaposchbKi YumaHHs»

CyzlimlCt:min, (1)
t—oo t

. K N
provided that T, < T

—1, where T, — the total time the equipment is in all types of

repairs per work t taking into account repair technology; C, — specific costs of funds;
C, — expenses for scheduled and unscheduled repairs, taking into account the repair
technology for earnings t; q — the productivity of the equipment in working
condition if there is a work front; K, — coefficient of availability of work front; N —

equipment park; W is the productivity of the equipment required to perform a given
volume of work in a given period.

The system of scheduled restorations for equipment is built according to the
periods of restoration of its nodes and elements, obtained as a result of repeated
selection of periods by solving problem (1).

The equipment model is built with the assumption that the equipment consists
of a set of elements {w,}, i=i,M, the failure of each of which is an independent
event and the intensity of equipment failures will be:

M= 210 @

where A,(t) — intensity of element failures ®,, t — mileage (service life) of the
equipment from the moment of its construction.

We will set the system as a set of pairs {xk,Vk},k:1,2,..., where x, — mileage
(work-in), during which repairs are carried out in volumeV, .

To assess the impact of repairs, in volume V, on the intensity of failures of its
equipment, it is suggested to use the repair model:
Atx, V)=RVA(t), t>x, (3)
where x — mileage (work-up), after which extensive repairs are carried out V;
RY — repair operator.

Let's consider the classic model of the repair effect, which represents the
replacement of one or another element with a new one.

Let t,,t,,..t,, the last moments of earnings, when the corresponding elements
were replaced. In this case, taking into account (2) and (3), we have:

Mt X, V) =RV b, 0) = DA, (t—t)+ D A, (t—X).
0, eQ\V eV

In this ratio t>x> lmaﬁ{ti}. The main requirement for the reliability of the

volumeVand earnings x is that after earning ¢ the intensity of failures did not
exceed values A.
The requirement for reliability of equipment can be written in the form:

Z(P((Di)z @,

eV

where ¢(w,)=2, (x+£—-t)-%, (/) and o= 3 kwi(x+£—ti)—i,

;€
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With a certain degree of accuracy, spending money on repairs in volume V
can be estimated as follows:

F(V)= > f(w),

0;€Q
where f(w;) —expenses for restoration (repair) of the element c; .
Note that the actual costs will not exceed the value F(V). Thus, if x given and
given ¢,%, then we come to the problem:
F(V) — min, 4)
provided Y ¢(w)>a, V<O Regarding the determination of the rational volume of

w;,eV

repairs, we have that the solution to problem (4) can be presented in the form:
Vi(p)={weQ:f(0)-un-ew)<0},

where is the Lagrange multiplier p is determined from the condition Y ¢(0)>a

®e Vs
Based on the fact that the intensity of failures is determined by statistical data for the
equipment that is included in the sample, it will be rational, from the point of view of
the introduction of errors, to carry out calculations of the system of their retention
through the H-characteristics of nodes and aggregates for which all the provisions of
the relevant A -characteristic.

The rational amount of repair of equipment will be called such amount of
repair V, which must be performed at the moment x (x is the amount of work
(mileage)) so that at the moment x+/(¢ — earnings (mileage) from moment X)
growth rate of the average number of failures h(x+¢) would not exceed the

predetermined value h.
The growth rate of the average number of failures for earnings (mileage) x+/¢
(under the condition that at time x the repair volume V is carried out) will be:

h V)= 3 hy( ){t X+€+Zhi(t—x){t_x+/,

ieQ\V ieV
it should not exceed , that is:

h(x+¢Jx,V)<h. (5)
If, in case of restored equipment (repair of volume V), elements are replaced
with new ones, then condition (5) will have the following form:
> h(x+0)+ X h(¢)<h. (6)
ieQ\V ieVv
Inequality (6) can be written in the form:
Shi(x+0)-3h(x+0)+ Xh(¢)<h, or%hi(x +0)=h < ¥ (h(x +£)-h;(0)).
ieQ iev ieV i=1 i

Note that

m
<

(Pi:hi(x+£)_hi(£)’a:Zhi(x"'g)_ﬁs (7)
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then E(V)= Y ¢,, shows how much the growth rate of the average number of failures
ieV
per moment will decrease x+¢ under the condition that at time x the repair volume V
is carried out. To solve the problem, it is necessary to
FI(V): 2.¢; —> min an(V): 2eza.
iev ieV

In terms of N the characteristics of determining the rational amount of repair
came down to the need to minimize the cost of repair (4) in such a way that the sum
of the difference in the rate of increase in the average number of failures of all the
elements of equipment that were repaired was at least a, which is determined by
formula (7).

The task of determining a rational maintenance system is a multi-parameter
task and boils down to determining the minimum of a function that depends on three

variables: the maximum allowable growth rate of the average number of failures h,
the minimum mileage between the nearest repairs ¢ and mileage until the end of the
operation of equipment X.

The results that were obtained in the process of solving the scientific problem
do not contradict the known results, are characterized by additional elements of
novelty and are distinguished by a higher efficiency of practical application.
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JInst migBUINEHHS €KOHOMIYHOiI e(EeKTHUBHOCTI W KOHKYPEHTOCIPOMOXKHOCTI
BUPOOHMIITBA COHAILIHUKY Ta KyKYPYI3U, IPOLIEC BUMArae BIPOBAIKEHHS Cy4aCHUX
1HHOBAIIHHUX TexHoJsorid s migsuiieHHs KPI 3 rekrapa 3emii [1]. 3Hauny yBary
CiI ~ TOPUIISATH  OPraHi3aliiHO-TEXHOJIOTIYHUM  YUHHUKAM  BHYTPIIIHBOTO
CepelIoBUIA  CIILCHKOTOCIOAAPCHKUX  TOBAPOBUPOOHUKIB.  YHACHIJIOK  3MIHU
KJIIMAaTUYHUX YMOB BiJOYBAa€TbCsl MOCTYMOBa 3MiHA TEXHOJOrIT BHPOIILYBaHHS
3€pHOBHUX KYJIbTYp [2]. 3MIHA TEXHOJIOTIT BUPOIILYBaHHs Niependavyae nepexiJ Ha HOBI
CLTbCHKOTOCTIONIAPCHhKI arperaTtu, siki 3a0e3medyBaTUMyTh TOYHE 3eMiepoOcTBo [3].
be3 mpaBunbHOTO O0TpYHTYBaHHS €(heKTUBHOCTI BUKOPUCTAHHS HOBITHIX TEXHOJIOT1H
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