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Abstract. The analysis suggests that to solve the
contradiction between the need of ensuring the required
level of serviceability of combine harvesters and
capabilities of existing system and repair management of
the technical state of combine harvesters at the present
stage, there is a need to improve the subsystem recovery
combine harvesters subject to the requirements of
readiness to perform tasks on purpose and financial
capacity for its maintenance.

Analysis of scientific literature showed that today the
unsolved problem of search and introduction of effective
methods and repair combine harvesters are: development
of mathematical models of the process and repair, which
would allow comparative assessment of technical and
economic efficiency of different modes, and repair objects
combine harvesters, alternative strategies for their repair,
with the aim of improving the quality of control of
technical condition of the vessel in conditions of limited
funding.

Consideration of the process of technical
maintenance of combine harvesters as a set of stages and
repair objects combine harvesters allows to identify
possible directions of improving the system restore. The
analysis allowed to determine four basic options for its
organization and to make a qualitative assessment of the
benefits and disadvantages of each of these options.

Reduced operating costs in the operation of combine
harvesters, along with other measures of organizational
and technical nature require greater automation of control
of technical condition. Automation of technical state
control of combine harvesters developed in the following
areas: embedded systems control, on-board automated
control systems, specialized control systems and universal
control systems dismantled equipment. A large share of
false failures in equipment, violation of industrial
relations in the repair network on-board equipment, the
shortage of maintenance fund requires implementation
and operation.

Most fully able to examine the efficiency of the
process of operation of complex technical systems using
analytical models.

Existing approaches to the assessment of the
recovery system can be classified also according to the
used indicators of effectiveness: the number of

constructive variables of units that are replaced (restored)
for a predetermined period of operation of the control
object, repair cost of the constituent elements of the
functional system for a specific period at different depths
of the control and completeness of the recovery, the
downtime of the test object within a certain period, for
comprehensive reliability, such as coefficient of
readiness, coefficient of technical use.

Key words: analyze, effectiveness,
operation, technology, reliability, combine.

process,

Introduction

As is known, the choice of indicators to assess the
effectiveness of the process, which is investigated, is an
important part of the analysis, the quality of which depend
the results of the analysis and the objectivity of rational
choice (optimal for the modern period) solutions.

Formulation of problem

In this regard, in the modern period in literature,
which is devoted to techno-economic analysis of the
efficiency of operation of complex technical systems
(CTS), has developed three main approaches [1-12]:

- evaluation of the effectiveness of one composite
index (scalar),

- based on a number of indicators (vector),

- evaluation metrics used in common, the most
important indicators.

Analysis of recent research results

Under the effectiveness of any technical system
understand the degree of completeness of implementation
of the tasks set before her, and the magnitude of costs
associated with its implementation under certain
conditions and time interval [13-20]. Efficiency is
characterized by the intensity of its manifestation, which
is called the index of effectiveness [21]. Thus, the
efficiency index W is a measure of the degree of
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conformity of real result Y the result is what you want
(goal) SW. In turn, based on the goal of the recovery
subsystem on-Board equipment of the vessel [22], the
goal of the process and R, and hence the process of
technical operation (PTO) SK associated with the costs of
various resources: material C, Tr employment, financial
F, time T, and the resource. Therefore, when evaluating
the effectiveness of the recovery process objects combine
harvesters it is necessary to consider, in addition to the
target score g, and the costs of different resources (C, Tr,
F, T) occurring when executing operations. It follows that
the efficiency indicators of operational modes of the
objects combine harvesters must have a technical and
economic nature [23].

Purpose of research

In paper carried out the analytical and generalization
analysis and evaluation of performance indicators of
process operational and technological reliability of
combine harvesters.

Results of research

Thus, the results Y the recovery process, combine
harvesters, what is studied, is an R-dimensional vector of
characteristics result the operating rules including the
appropriate groups component R =+, +r3+...:

Y<R> — (g<l’1> ’C<r2>, Tr<r3>!F<r5>"") 1)

That is, the result required, should also be
represented by a target vector to lodging,

Y§R>:(gg”>,CQ2>,Trg3>,Fg5>,---)' (2

what sets the boundaries of permissible values of the
corresponding indicators Y® of real result of the
operation process that is studied.

To describe the correspondence between Y and Y,
use some numerical function o on the set of the results
of the recovery process that is considered, and that is a
function matching:

p=p (Y(),Ye), ueU.
where: U the many options for organizing the recovery
process, which represent the system of rules of control of
technical condition of the objects combine harvesters for
maintenance or repair, which directly determine the scope
(volume) the type and frequency of recovery operations.

The magnitude of the correspondence between
elements of the same name the component Y and Y,:

(01,91,
p3(9,.9,,.)

pg(gﬁ’gﬁ@-)

pE(Trrg, ’Trrs 6 )

define the set of partial performance indicators Wérﬁ,

Wc<r2>, W14<r4>’ WF<'5>, WT<r6>, ..., each of which may

represent a scalar or more generally a vector that is
created by group of indicators of the effectiveness of this.

Partial indices W, r=1,R efficiency, reliability
(reliability), economic, social and other types of

5
performance form a vector efficiency W index of
restoration of objects of combine harvesters in the process
and repair management

e d -

W (u) =W, (U)W, (u),... W, (u),...,Ws(u)), r=1R,
where R is the total number of partial indicators of the
effectiveness of the recovery process.

Indicators in the evaluation of the effectiveness of
the process of technical operation of the vessel, and hence
the operation of the recovery system combine harvesters,
as a rule, divided into the indicators of technical
efficiency and economic efficiency.

Indicators of technical efficiency. In accordance with
the purpose of functioning of the repair system,
effectiveness of the recovery system on-Board equipment
of combine harvesters we understand its ability to
maintain a given level of readiness of combine harvesters
to carry out tasks as directed.

Thus, the problem reduces to the selection of
indicators to quantify the quality of recovery of the
system and its impact on the efficiency of the process of
technical operation of combine harvesters.

A property of the system of technical maintenance
and repair of grain harvesters to complete the task
relatively continuous maintain a given degree of readiness
of combine harvesters to carry out tasks is determined by
its effectiveness which includes the technical perfection
of design and operational reliability of grain harvesters.

Numerous studies evaluating the effectiveness of the
process of technical maintenance of combine harvesters,
show that the willingness of harvesters to use is largely
determined by its reliability. Moreover, the reliability
depending on the purpose of the study refers to the
combination of such elements as: reliability,
maintainability, durability and persistence.

Since the main function of system restore is the
translation of the object of repair to a healthy state, it is
logical to assume that system restore affects the efficiency
of the object through the characteristics of its reliability.
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On the other hand, the main requirement when
selecting a performance indicator is a compliance
indicator the purpose of the study the aim of this study is
to improve the system of technical maintenance and repair
of combine harvesters, so that as the main figure should
choose one of the indicators of reliability.

All the components of reliability are assessed using
quantitative parameters.

In the practice of evaluation of reliability of combine
harvesters used the figures given in the table 1.

Table 1. Main indicators of reliability of combine
harvesters.

Property | Index | Marking
Single
Probability of failure P(t)
Failure rate /”t(t)
o Parameter flow of (t)
Reliability failures @
Average time to T
failure 1
Average time to
failure To
Average resource T,
Service resource
Durability (average service Te
resource)
Gamma-percent Too
service resource 7e%
Probability of P.
recovery
Maintainability Recovery rate ,u(t)
Average duration of Te
recovery
Average time T,

persistence

Persistence

Gamma-percent T %
resource persistence
Integrated
Availability K.
Reliability and Coetficient of Ko
maintainability |-oPerational readiness
Coefficient of K

technical use

As can be seen from table 1, the individual indicators
of reliability characterize one of the properties of a
technical object (e.g., reliability) while integrated
indicators characterize several properties.

The main indicators of reliability of non-renewable
combine harvesters in accordance with DSTU 2862 is the
probability of failure, failure rate, mean time between
combine harvesters to failure. The probability P(t) of
failure-free operation of combine harvesters is the
probability that within a given experience of failure will
not occur, that is, the object began to work at time t =0,
to perform reliably over time 1 :

P(t)=P(§ >t)=1-F(t).

where: & — random operating time of combine harvesters

to failure, F;(t) — distribution function developments

combine harvesters to failure.lt is obvious that the
distribution function of the achievements of combine
harvesters to failure | g(t) the probability of failure of

the object over time 1.
In differential form the law of distribution of time to
failure is called the density of distribution of time to

failure fg(t):

oP(t)
f.t)=—""--2
)=——
Value characterizes fg(t)ﬁt the probability of

failure over a range (t + 6t) of developments combine

harvesters, taken at random from the set of identical
harvesters.

It is unknown whether this functional object to the
beginning of the interval at the time t, was denied

informed. It's not always convenient in practice fé(t),

as an independent indicator finds limited application.
Often used similar definition of failure rate:
f.(t
ﬂ,(t) — & .
P(t)
Failure rate, generally regarded as the relative rate of
reduction in the value of the reliability function P(t) with

increasing .
Performance elements of the combine harvesters
(functional ~ systems, modules, assemblies, parts)

characterized by their serviceability, that is, the condition
that meets the requirements of normative-technical
documentation. Any deviation from the technical
requirements is considered as a fault and is defined by the
term rejection.

Combine harvesters and their functional systems
relate to the recovery of objects, the performance which in
case of detection of failure to restore these conditions by
repair or replacement of nodes or elements, that had
failed. The process of their functioning is described by
continuous random variables characterizing the length of
time of correct operation, T, the duration of the recovery

period TgiaH , or time between failures and updates
Ts =T +T

6ion "

In addition, we introduce a discrete random variable
characterizing the number of failures n(ti_l,t) or
recoveries N, (ti_l,t) over a period of time [ti_l,t].

As features the average number of failures expected
in a small period of time for recovery of objects using a
parameter of stream of refusals a)(t) that for ordinary
stationary flow failure is determined by the formula

(O(t) = :I/To )
ie. a)(t) — expected number of failures of combine

harvesters with the recovery per unit time for steady-state
operation.



146 R. F. Ovchar

Usually in the theory of reliability, as a rule, do not
distinguish between intensity and parameter flow of
failures, due to the fact that the stream of refusals is
physically there always ordinary. Therefore, the
parameter of stream of refusals is asymptotically equal to

the probability of failures in the interval At .

One of the quantitative indicators of reliability of
combine harvesters being restored is the average time
between failures:

7= T
" Mn()]
where: M [n(t)] — the expected number of failures over

a given period of operating time 7.

The individual indicators of reliability have a
peculiar technological character: they are necessary for
use in calculations of integrated (operational) indicators
of reliability of combine harvesters. These indicators are
intended for subsystems (elements) of complex technical
systems (CTS). For example, if CTS is convenient to
characterize the availability (operational metric), each of
the constituent elements must be characterized by a single
performance — distribution practices and the recovery
time (or their main parameters such as mathematical
expectation) as they allow to calculate the reliability index
of the system as a whole, taking into account features of
the processes of operation and maintenance.

It should be noted that the statistical material these
parameters are calculated by the operating time of
combine harvesters excluding downtime for operations
and R.

To account for periods of repair and maintenance are
calculated complex indicators of reliability. These include
the coefficient of readiness, coefficient of operational
readiness and the coefficient of technical use.

Awvailability factor Kg(t) is defined as the likelihood
that harvesters will be in working state at any time, except
the planned periods during which the use of combine
harvesters for the purpose not provided.

For any distribution of achievements between failure
and recovery time can prove that the stationary
availability factor is equal to:

— M (TO) , (3)
M(To)+M(T,)
where: M(T,) - average time of finding combine
harvesters in good condition,
M(T,) average

harvesters.

The dependence of K.(t) on time is often called the
nonstationary availability factor (function ready). To
obtain the expression for non-stationary coefficient of
readiness in the analytical form is quite complicated in the
General case

K.(t)= P(t)+ iP(t —17)- @, (r )t

where: @g(7) — parameter of stream restorations.

In DSTU introduce also the notion of the coefficient
of operational readiness K.(t, t + 7) as the probability that
the object will be in working order for any period of time,

K-

recovery time combine

except for planned periods during which the use of
combine harvesters for the purpose provided, and from
this point on, will work flawlessly within a given time
interval .

K.(tt+7)= P(t + T)+}P(t +T— X)~a)8(x)dt-

Along with the availability factor in the study of
influence of methods and regimes of maintenance on the
efficiency of the process of technical operation used
K e the coefficient of technical use is equal to the ratio

of mathematical expectation (MO) time interval of stay of
combine harvesters in a healthy state for a certain period

of operation M (T) to the sum of the MO residence

time of combine harvesters in working condition and the
total downtime in all types of maintenance and repairs is

M(7,,):
M(To)

M(To)+M(7),)
where: M(7,,) — the sum of mathematical expectations

K"‘I@ =

of downtime of combine harvesters on a periodic, regular,
seasonal work, when carrying out improvements, repairs,
Troubleshooting and so on.

The analysis of the advantages and disadvantages of
the above indicators of technical efficiency shows that as
the indicator that characterizes the efficiency of
organizational structures, from the point of view of
providing the required level of readiness of combine
harvesters to the application, it is advisable to choose a

stationary coefficient of readiness K, , characterizing the

readiness of combine harvesters to be used in an arbitrary
sufficiently remote period of time and defined as the
value of the coefficient of readiness defined by the
working conditions of combine harvesters, when the
average parameter flow of failures and the average
duration of the recovery remain constant. Stationary
availability factor is a complex indicator of reliability that
characterizes simultaneously two different object
properties — reliability and maintainability.

It is clear that when using this indicator, the impact
of the system recovery determines the average recovery
time depends on many factors (comprehensiveness and
technological cooldown system, logistics, etc.).

The next task is the selection of the indicators, giving
a guantitative estimate on the price achieved or that the
value of the stationary coefficient of readiness for the
chosen variant of the organization of the recovery system

u,uel.

Under the economic indicators of complex
engineering systems understand the indicators of the
expenditures for the development, manufacture and
operation of products and economic efficiency of its
operation.

Abroad, in the practice of the design and operation of
combine harvesters found a use method of assessing the
effectiveness of the concepts developed according to the
indicator life-cycle costs.

Under the life cycle cost of a system refers to a
specific type of integral discounted the cost of its
development, production and operation.
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Under the life cycle (LC) system is the calendar time
period covering the stage of research, development and
testing stage of production the required number of
systems and the operational stage.

The leading foreign construction firms have
developed a number of methods for evaluating the
lifecycle cost of the ship and engines on the basis of
mathematical models, allowing to calculate the values on
the electronic computing machines (computers).

So, according to foreign sources known to the
analytical model of the lifecycle cost of combine
harvesters and engines of combine harvesters, which were
used to optimize the tactical and technical parameters of
the prospective combine harvesters, as well as operational
and technical characteristics of hell to them.

As a rule, the indicator of life cycle cost is used as
objective function for optimization of the processes of
development, production and operation of combine
harvesters on the stage. It is an integrated indicator,
giving the opportunity to more fully consider the costs
and effects at all stages of the life cycle. Cost analysis of
life cycle objects combine harvesters allows to obtain at
the early stages of creating the information necessary for
the evaluation of the decisions taken at various stages of
the life cycle.

Because the harvesters not a manufacturing sector
and does not give a positive economic effect resulting
from its operation, to evaluate the economic efficiency of
functioning of system operation of grain harvesters it is
advisable to use only those indicators that reflect the
magnitude of different cost elements (material, energy E
and labour Tr, F financial, etc.) presented in any form
(absolute, relative, specific, reduced), to achieve a certain
result.

In the proposed to evaluate the economic efficiency
of the process of technical operation of combine
harvesters in the parameters of the cost and complexity of
IT and R.

TO . .
(the ratio of the complexity
num

that is mathematical expectation of the total labor costs
for maintenance of combine harvesters for a certain
period of operation to mathematical expectation of the
developments of combine harvesters during this period:

" Mg

where TrTOi the effort required to conduct the i-th,

Labour intensity Tr

N - number of works for the period of operation,
which is considered

tOi — life object as a part of combine harvesters in

the i-th cycle of operation.
Taking into account the above notation, we get:

J K P F
M{ZTFO.Oﬁc.j + kZ:Trﬂ.Oéc.k + zTrﬁiaeﬂ.p + ZTF 3. f :|
=1 =] p=1

o —

— period of operation of combine

T " (T):

num

where Tr0.06c N

harvesters is considered:

TrH.06c.k —labor for K operational services,
Tfﬂiazn.p — work on the periodic maintenance,
effort required to perform the robot, the diagnostics of
combine harvesters,

Tr35 f - work on the execution of works on the

first save.

The specific complexity of the repairs T, Pert- (the
num.

ratio of the complexity of the repairs) is the mathematical
expectation of the total labor costs for carrying out all
types of repairs of objects of combine harvesters for a
certain period of operation to the mathematical
expectation of the operating time of the object during the
same period:

H V
M|:szBi()H.h + ZTF IZW.PL’M.V:|
h=1 v=1
|
M/ |
i=1

— the effort at elimination on the h-th

T PEM.(T):

r num.

where: TrBiaH h

failure or refusal,
T —work v-th planned maintenance.

It is obvious that the figures Tr;?m and

I Iin.PemN

T Pem

I num
expressed by the formula value that will correspond to the

unit cost of maintenance CnTgn (T) and the unit cost of

repair of combine harvesters C ,5;2’ (T ) respectively.

Integrated assessment process the technical operation
of combine harvesters from the point of view of economic

efficiency, regardless of the adopted strategy and C ,ZZE

combine harvesters, use the index of unit costs of process
of technical exploitation as the ratio of expected costs of
the process of technical maintenance of combine
harvesters during the period of operation expressed in
value or complexity, the mathematical expectation of the
operating time of the object during the same period, and
that taking into account the accepted notation takes the
form

) K H v
C Z‘T; (1)=M) ¥ Copies* Y. Crones + 2 Camen + 2 Crupus |
j=1 k=1 h=1 =1
: ' M{Ztg_i}.

z p W F Q
) Crpat Y Cluonp ) Conn DNETED) Coug
=1 p=1

w=1 f=1 =1
D cost of j operational services,

where C

0.06c.
C, ., — the cost of k-th periodic maintenance,

Chiun _ the cost of restoration of h-th failure or

refusal,
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C iy, peny — the cost of carrying out the n-th planned X él )
maintenance M [Cs (T )]_ EC@- _QGi M [ni(T )]
C iaon p — the cost of performing work at the p-th o\ [C,(T)] - the mathematical expectation of costs

object diagnostics of combine harvesters,
Cuop.z — the cost of performing j-th job,

CTpn.W
combine harvesters,
Cs.¢ — the cost of the f-saving (idle period in good

condition) objects combine harvesters ,
Coug ~ costs associated with the expectation of

combine harvesters of various types and repiar.
As can be seen from the expression rate in contrast

CHTE  T0 gnd C”e" allows to take into account one

num. num

indicator of the redistribution of the costs of the process
of technical operation (PTO) combine harvesters between
operational, periodic types and scheduled, unscheduled
repairs with the economic assessment of different
strategies and repiar.

But considering the purpose of the study, when
determining the cost of recovery of combine harvesters
during operation due to the fact that the process of
recovery combine harvesters does not affect the regimes
and the adoption of the strategy and repiar, cost
accounting at operational, periodic, seasonal works,
planned repairs and improvements does not make sense.
Additionally, if you select one option or the other
organizations of the recovery process, more important is
the definition of a direct cost recovery system for
reaching a specified level of serviceability combine
harvesters.

Recovery system for combine harvesters as an
integral part of the system of technical maintenance and
repair has a significant impact on quantitative and
qualitative characteristics of the exchange Fund combine
harvesters. Therefore, when determining the cost of
recovery of grain harvesters, it is necessary to consider
the cost of the system to ensure (supply) for the creation,
storage, transportation and replenishment of the exchange
fund combine harvesters.

Thus the costs for repairing the combine harvester
during operation is proposed to determine how the total
cost of the recovery system and supply system according
to the expression

M[C,s (T)|=M[C,(T)]+mlc ()}
where: M [CBZ (T )J — the average total recovery cost of

combine harvesters during the period under review,
M[C,(T)] — average cost for the restoration of

combine harvesters during the period under review,

M[C36 (T)J — the average cost of the assurance

system in the reporting period.

The cost recovery of complex technical systems,
consisting of a large number of blocks, modules, circuit
boards or other structurally-replaceable units (the COA),
without considering the cost of Troubleshooting the
failure of the block in the operating organization, it is
advisable to assess by using the expression:

— the cost w-transportation (delivery) of

for recovery of combine harvesters during the period
under review,
C, — the purchase price of the object of combine

harvesters (unit, unit, unit) of the i-th type,
Q . — complete reconstruction of the i-th unit in the

61
operating organization,
M [n,(T)] — the average number of substitutions of
the i-th block (COA) system for the period of operation of
K — the number of types, the user will be restored.
Costs of providing system using the define method,
as described by the expression:

M[C35(T)]=ti{l' 'ng -k + M[(Cmpn) +C3 {k T .efN.m— +

Kk

I (RIS Y11 ]

i=1 - j=1
where: M [C36 J — the average cost of the assurance

system during the period under review,
C —the purchase price, COA,
34

M[(Cmpn)] — the average cost of the system to

ensure transportation of spare parts for the period that is
investigated,

C - notional value saves one CC for one hour,
3

N _ the number of objects of a particular type of
operation,

A —the failure rate of an object combines harvesters,

T _ the period of time that is considered,

t3 — interval AF procurement,

M lfjJ — the expected time to the occurrence of the

first failure in a finite time interval T ,

k — the scope of supply (procurement) during the
study time, which is defined as

=M[n(T)]-1),

where: | — point of order.

Based on the analysis of existing indicators of the
effectiveness of complex technical systems and the
objectives of the study proposes to assess the influence of
the recovery system of combine harvesters on efficiency
of their maintenance and repair using the following
indicators:

KZ — stationary coefficient of readiness of combine
harvesters,

M[C,, (T
of combine harvesters during the period under review,

M[ng(t)] — the average number of substitutions
(recoveries) combine harvesters for a certain period of
operation.

Thus, the selected basic indicators of efficiency of
functioning of systems of combine harvesters, which fully

)J — the average total cost of recovery
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reflect its impact on the efficiency of the process and R
combine harvesters that operated.

Existing approaches to the assessment of technical
and economic efficiency of combine harvesters differ in
the degree of the given set of objects, which are
investigated, and the period of their functioning.

As practice shows techno-economic assessment of
complex technical objects define four approaches in
which last seen:

1) as a single object,

2) the totality of the Park of the same objects,

3) in a certain operating organization,

4) in the aggregate of organizations operating the
same type of objects.

The first and third approaches generally relate to the
formulation in statics, i.e. relative to some fixed point in
time, the second and fourth approaches involve dynamic
methods of solving the problem by evaluating the
technical and economic efficiency of technical objects.

The choice of a particular approach is determined by
the purpose of the task, which is solved.

In addition, analysis of these approaches shows that
the choice of a particular one depends essentially on the
completeness and volume of the original information of
the monitored process of technical operation of technical
objects at the time of the study.

Detailed and complete source of information about
the process under study, allows to receive more accurate
and complete characterization of the operation of the
facility and make the most informed decisions for
management of the technical condition of the exploited.

However, in practice, have only a limited amount of
input data, usually determined by the stage of the life
cycle of the object on which the research is being
conducted. For example, during the development phase of
a technical object provides the least amount of
information regarding actual operational performance of
the new object, while at the stage of mass exploitation on
the basis of the results of the statistical evaluation of the
functioning of the park of the same objects there is the
most complete and reliable information.

In this regard, it is advisable to use different
approaches towards techno-economic assessment of the
process of technical maintenance of combine harvesters.

From the analysis of literature, devoted to technical-
economic estimation of objects of the combine harvesters,
the methods currently used to predict the performance of
their efficacy at various stages of the life cycle, are
divided into three groups.

1. Methods based on the collection of statistical
information and evaluation of actual values of indicators
of technical and economic efficiency of existing models
of technical objects, as well as methods of extrapolation
and interpolation based on the use of the principle of
analogy to objects that are created. At the core of these
methods is the study of the relationship of the key
operational and technical characteristics of analogues
(prototypes) with indicators of technical and economic
efficiency, extrapolation and interpolation of these ties on
the parameters of the objects that are investigated.

2. Structural-logical methods and decision trees
(methods of examination), are to determine the trends in
the indicators of technical and economic efficiency on the

basis of expert assessments. This uses the questionnaire
survey, the weighted estimates, metric methods, the
method of paired evaluations, etc.

3. Methods of mathematical modeling allow to
investigate the dynamics of performance indicators in key
operational and technical characteristics of combine
harvesters, modes and repair, maintenance strategy.

Each of these methods has its advantages and
disadvantages, which determine their degree of
applicability to predict the performance indicators for
different stages of the life cycle combine harvesters.

So to predict the technical and economic indicators
at the stages of development and production is most
commonly used in domestic and in foreign practice,
methods of analogies and expert estimations, while for
forecasting the costs of maintenance and repair uses
different methods of modeling.

The main disadvantage of the methods of the first
group is the necessity of practical implementation of
methods and modes, and repair to obtain the statistical
data that is associated with the risk of significant material
losses.

Structural-logical methods are quite simple to apply,
but require a large number of experts to develop
appropriate schemes of decision-making that is not
always possible.

In addition, these methods have the following
disadvantages: subjective views of experts, the inability to
assess the adequacy of the decisions taken, the solution of
the problem only on a qualitative level, without a
guantitative assessment of performance indicators.

Basic research tool of efficiency of processes of
technical maintenance in conditions of rapid development
of computer technology are the methods of the third
group. Distinguish between analytical, simulation and
combined mathematical models. Simulation models of
operating processes based on simulation, usually with the
help of computers, accumulation products developments,
operations and repair, write-off, the formation of reserves
and the like. Simulation models are largely adequate to
the processes that are investigated, but require a much
larger volume of information than analytical, the time of
preparation of source data and calculation.

Methods of simulation allow relatively easy to
quantify the efficiency of the process of maintenance of
technical system construction of complex models, and
successfully complement analytical methods of solution
in the case of the bulkiness of the latter.

But simulation has the following significant
drawbacks: the impossibility of obtaining optimal
solutions in a compact mathematical form, low visibility,
large amounts of computation.

Most fully able to examine the efficiency of the
process of operation of complex technical systems (CTS)
using analytical models.

Analytical models (in discrete or continuous form) of
processes of functioning of CTS that uses the theory of
recovery, the theory of random processes, sequential
analysis, theory of inventory management, mathematical
programming can solve a wide range of tasks that are
limited by the difficulties of computational character.

The development of computational techniques has
allowed to generate and implement on a computer more
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complex analytical models of operational processes of
CTS, represent a system of integro-differential equations
which are reduced to the recurrent differential procedures
and are solved by numerical methods.

In the analytical models of the process of functioning
of object of the research is presented in the form of
certain functional relations or logical conditions.

The most complete study can be carried out while
obtaining the explicit dependencies linking activities
performance indicators with the parameters that
characterize a process of technical operations, and the
initial conditions of the study.

The analysis suggests that the most rational approach
to evaluation and forecasting of technical and economic
efficiency of the process of technical maintenance of
combine harvesters in the assessment of the effect of the
introduction of hardware-software means of control and
diagnostics of its technical condition, the effects of
different operational parameters and modes, and repair,
alternative recovery strategies marine systems is
mathematical modeling of the process that is investigated.

Conclusions

1. To assess the effectiveness of the process of
technical maintenance of combine harvesters have
developed and applied a wide range of indicators.
Therefore, to implement a comprehensive assessment of
the impact of the recovery process dismantled due to the
failure of equipment combine harvesters on technical and
economic efficiency of the process of technical operation
of grain harvesters it is necessary to use a vector
performance indicator that includes a number of private
utilization, reliability and economic efficiency with the
isolation of the group overall, the most important
indicators.

2. Comparative analysis of different methods and
approaches showed that the task of estimation and
forecasting of technical and economic efficiency of the
process of technical operation of modern combine
harvesters, taking into account various operational factors,
the strategy they then repair must be solved with the use
of the concept of mathematical modeling.
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AHAJI3 EOEKTUBHOCTI ITPOLIECY
EKCILUIY ATALIIMHOI I TEXHOJIOITYHOT
HAJIIMHOCTI CUIbCbKOI'OCITOJIAPCHKHX
MAIIVH
P. @. Osuap

AHoTauis. [IpoBeneHnit anasi3 CBIAYUTH PO Te, M0
JUIA  BUPIMNICHHSA MPOTHPIYYS MK  HEOOXigHICTIO
3a0e3neueHHs  HEOOXiTHOTO  DIBHA  Mpane3qaTHOCTI
KOMOalHIB 1 MOJMJIMBOCTSIMU ICHYIOUOi CHCTEMH 1
YIPaBIiHHAM PEMOHTOM TEXHIYHOTO CTaHy KOMOaiHiB Ha
Cy4acHOMY erarmi HEeoOXiHO BJIOCKOHAJIIOBATH
IiIcKCTEMY BiJHOBJIEHHS KOMOAlHIB 3 ypaxyBaHHSIM
BUMOI TOTOBHOCTI /10 BHUKOHAaHHS 3aBAaHb 32
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MpPU3HAYCHHAM Ta (DIHAHCOBUX MOXIIUBOCTEH s 11
00CITyTOBYBaHHSI .

AHami3 HayKoOBOI JiTepaTypH TIOKa3aB, IO Ha
CBOTOMHIMHI  JCHP  HEBHUPIMICHWMH  IPOoOJIeMaMu
MIONTYKY 1 BIIPOBA/KCHHA €()eKTUBHUX METOIIB PEMOHTY
3epHO30MpaNTEHIX KOMOAHHIB €: po3poOKa MaTeMaTHIHUX
MoJieJield TIPOLeCy 1 PEMOHTY, 1110 JO3BOJISIOTH IIPOBOUTH
MOPIBHSUIbHY OILIIHKY TEXHIKO-€KOHOMIYHOI €(peKTUBHOCTI
pI3HMX  peXuMiB, OO'€KTIB PEMOHTY KOMOaiHiB,
AIBTEPHATHBHUX CTpaTerii iX peMOHTY, 3 METOI0
MIBUIIEHHS  SIKOCTI KOHTPOJIIO TEXHIYHOTO  CTaHy
MaIllMHU B YMOBaxX 00MeKeHOTro (hiHaHCYBaHHSI.

Posrmsim  mpomecy  TEXHIYHOTO — OOCITyTOBYBaHHS
3epHO30MpANEHIX KOMOAWHIB SK CYKYITHOCTI eTamiB i
00'eKTiB peMOHTY KOMOAlHIB J0O3BOIISIE BUSIBUTH MOIIUBI
HalpPsAMKH ~ BJOCKOHAJEGHHA CHCTEMH  BiIHOBJCHHSL.
[IpoBenenuit aHami3 [OO3BOJIMB BHU3HAYHTH YOTHPH
OCHOBHI BapiaHTH HOro opraizamii i SKiCHO OLIHUTH
JIOCTOTHCTBA 1 HEJOJIIKM KOXKHOTO 3 IIMX BapiaHTiB.

3HWKEHHS eKCIUTyaTaliitHuX BUTpAr npu
eKCIuTyaTarfii KoMmOaifHiB, MOpsJ 3 IHIIAMH 3aXOJaMHU
OpraHi3aniifHO-TEXHIYHOTO XapakTepy, BUMarae OiuIbIIOl
aBTOMATH3aLil KOHTPOJIIO TEXHIYHOTO CTaHy.
ABTOMaTH3AIlisI KOHTPOJIFO TEXHIYHOTO CTaHy KOMOaiHiB
po3pobiicHa 3a HACTYIHHUMH HampsMKaMu: BOyIOBaHi
CHCTEMH KOHTPOJIO, GOPTOBi aBTOMaTH30BaHi CHCTEMH

KOHTPOJIIO, CIEIialli30BaHi CHCTEMH KOHTPOIIIO Ta
VHIBEpCalbHI ~ CHCTEMH  KOHTPOJIO  JIEMOHTYETHCS
obnanHaHHsA.  Benmuka YacTka MOMHJIKOBHUX BiJMOB
00JaHAaHHS, TOPYIICHHS BHPOOHMYMX BIAHOCHH B
PEMOHTHIH Mepexki OOpTOBOro oONagHaHHS, Ae(IIUT
peMoHTHOTO  (G)OHAY  BHMarae  BIPOBADKCHHA 1
eKCIUTyaTarfii.

Haii6inbim MIOBHO 3MaTHUN JIOCITIKYBaTH

e(eKTHBHICTh TMPOIECY POOOTH CKIAMHUX TEXHIYHHX
CHCTEM 32 JIOTIOMOTOI0 aHAJITUYHHUX MOJIEIICH.

IcHyrO4UI miIXOAW MO OIHKH CHCTEMH peKymepamii
MOXKHa KJIACH(iKyBaTH TaKOX IO BHKOPHCTOBYBaHHX
MMOKa3HUKaMH e()eKTHBHOCTI: KUTBKOCTI KOHCTPYKTHBHUX
3MIHHMX OJIMHHUIb, 3aMIHHUX (BiJHOBIIOBaHHMX) 3a
3aJaHui TepioJ] eKcInryaramii o0'€KTa  YIpaBIiHHA,
PEMOHT BapTICTh CKJIAJIOBHX €JIEeMEHTIB (pYHKIIOHAIbHOT
CHUCTEMM 3a KOHKPETHMH Nepio] mpH pi3Hid TiuOuHI
KOHTPOJIIO 1 TOBHOTH BiJIHOBJICHHSI, Yac MPOCTOI0 00'€KTa
KOHTPOJIIO TPOTITOM IEBHOTO ITIepiojly, Ha KOMIUIEKCHY
HAAIWHICTh,  HANPUKIAJ,  KOCQIIIEHT  TOTOBHOCTI,
KOEQIIiEHT TeXHIYHE BUKOPHUCTAHHSL.

KiarouoBi cioBa: anami3, eQeKTHBHICTH, IPOIIEC,
poOoTa, TEeXHOJIOTIs1, HATIHHICTh, KOMOAITH.

AHAJIA3 SOPEKTHBHOCTH ITPOLECCA
SKCIUTYATALIMMOHHOU 1 TEXHOJIOTUYECKOU
HAJIEXKHOCTHU CEJIbCKOXO3MCTBEHHbBIX

MAIIWH

P. @. Oguap
AHHOTaNMA. IIpoBeneHHbIi aHaIu3
CBUJIETEIILCTBYET O TOM, 4YTO [UIsl  pa3pelieHus

MPOTHBOPEYHS MEXIY HEOOXOTUMOCTBIO OOeCIeUeHHS
HEOO0XOIUMOT0 YPOBHS PabOTOCIIOCOOHOCTH KOMOAiHOB

u BO3MOXXHOCTAMHU CyIIICCTByIOIlICﬁ CHUCTEMBI n
yIpaBJI€HUEM  PEMOHTOM  TEXHHUYCCKOI'O COCTOSAHHUA
KOMOaWHOB Ha COBPEMECHHOM  3TallC H€06XOHI/IMO

COBEpPILIEHCTBOBAThH MOJCHCTEMY BOCCTAHOBIICHUS
KOMOaifHOB ¢ ydeToM TpeOOBaHW TOTOBHOCTH K
BBITIOJTHEHHUIO 3a/laHUH 0 HA3HAUYCHHWIO W (MHAHCOBBIX
BO3MOXKHOCTEH [UIs €€ 00CTyKUBaHHUS.

AHanu3 HaydYHOM JMTepaTyphl IIOKasal, YTO Ha
CETOIHAIIHUK JICHb HEPEIICHHBIMH IPOOIEMaMH ITOHCKa
n  BHeapeHusT A(PQEKTHBHBIX  METOZOB  pEMOHTA
3epHOYOOpPOYHBIX KOMOAHOB SIBJIAIOTCS: pa3paboTka
MaTeMaTHUeCKUX Mojened Imporecca U PEMOHTA,
MO3BOJISIIOIUX ~ IPOBOJAUTH  CPAaBHUTEIbHYIO  OLECHKY
TEXHUKO-DKOHOMUYECKOH 3((HEKTUBHOCTH  Pa3IMYHBIX
PEXUMOB, 00BEKTOB peMoHTa KOMOaifHOB,
IbTEPHATHBHBIX CTPATETHH MX PEMOHTA, C LEIBI0
MOBBIIIEHUST ~ KadecTBa  KOHTPOMSI ~ TEXHUYECKOTO
COCTOSHASI MAIIMHBI B  YCIOBUSAX OTPAHHYCHHOTO
(UHAHCUPOBAHHS.

Paccmotpenne npouecca TEXHHYECKOTO
o0CIy)XMBaHUsI ~ 3CpHOYOOPOYHBIX  KOMOAiHOB  Kak
COBOKYITHOCTH 3TalloB U OOBEKTOB peMOHTa KOMOailHOB
MO3BOJSIET  BBIABUTH  BO3MOJKHBIE HalpaBICHUSI
COBEpPIIICHCTBOBAHU CUCTEMBI BOCCTAHOBJICHUSI.
IIpoBeneHHBIM aHaNU3 IO3BOJIMI OIPEIEIUTh YEThIPE
OCHOBHBIX BapHaHTa €ro OpraHM3alliil ¥ KadeCTBEHHO
OLICHUTh JOCTOMHCTBA W HEIOCTATKU KaXJOr0 M3 3THX

BapHaHTOB.

CHIDKEHNE  OKCIUIyaTallMOHHBIX  PacXoJOB  IIPH
SKCIUTyaTallid  KOMOaiHOB, Hapsiy ¢  JOpYTHUMH
MEPOIPUATHIMH OPraHU3aMOHHO-TEXHMYECKOTO

Xapakrtepa, TpedyeT OoiblIell aBTOMAaTH3alUU KOHTPOJIS
TEXHUYECKOTO COCTOSIHUSA. ABTOMATH3aIMsl KOHTPOJI
TEXHHUYECKOTO COCTOSHMSI KOMOalHOB pa3paboTaHa IO
CIEIYIOUIMM HAIPAaBICHUAM: BCTPOEHHBIE CHCTEMBI
KOHTPOJsI, OOpTOBBIE aBTOMATHU3UPOBAHHBIE CHCTEMBI
KOHTPOJISI, CHEeNHMaIU3UPOBAHHBIE CHCTEMBI KOHTPONIS U
YHHUBEPCAJIbHBIE CHUCTEMBI KOHTPOJS JIEMOHTHPYEMOTO

obopynoBanus. bonbmmast  1onst  JOKHBIX  OTKa30B
o0opynoBaHus, HapylIeHHe MIPOM3BOICTBEHHBIX
OTHOIICHUH B PEMOHTHOI cetn 6opToBOTO

o0opynoBaHus, AepUIUT PEeMOHTHOTO (GoHIa Tpedyer
BHEJIPEHHS ¥ SKCIUTyaTaI|H.

Hanbomnee TIOJTHO criocobeH HCCIIeI0BATh
3¢ HEeKTUBHOCTH mporecca paboThI CIIOXHBIX
TEXHUYECKUX CHUCTEM C TOMOLIbI0 aHAIUTHYECKUX
MoJIeNen.

CyliecTByIOIME TOAXOAbI K OIEHKE CHCTEMBI
peKylepauuy MOXHO KiIacCH(UUMpOBATh TaKKe MO
UCTIOJIb3YEMBIM MOKa3aTeIsIM 3¢ PEKTUBHOCTH:
KOJIMYECTBY KOHCTPYKTHBHBIX IEPEMEHHBIX E€AWHHIL,
3aMEHsIeMbIX (BOCCTAHABIMBAEMbIX) 32 3aJaHHBII ITEPHOJ
9KCILTyaTalii 00BbEeKTa yIpaBleHUs,, PEMOHT CTOMMOCTh
COCTaBHBIX JJIEMEHTOB (DYHKIMOHAJIBHOW CHCTEMBI 32
KOHKPETHBIH TepHoJ| NPH pa3HOH TiIyOWHE KOHTpOJS U
MOJIHOTBI BOCCTaHOBIICHHsI, BpeMsi MNpPOCTOsi 00BEeKTa
KOHTPOJISI B TEUEHHE ONpEIeIEHHOT0 MepHojaa, Ha
KOMIUIEKCHYIO HAJEXHOCTh, Hampumep, KodpduuueHt

TFOTOBHOCTH, KO3 PHUIHEHT TEXHUUYECKOE
UCTIONIb30BaHME.
KialoueBble ciaoBa: aHamu3, A(PQPEKTHBHOCTB,

npouecc, pa60Ta, TCXHOJIOIUA, HAACKHOCTD, KOMOaiH.
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