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Abstract. Comprehensive assessment of the use of
grain harvesters is the result of simultaneous and
coordinated research of a set of private qualitative and
quantitative indicators that reflect the main aspects of
operation of grain harvesters in given economic conditions,
and generalized conclusions on the results of comparing
actual values of private indicators with basic in previous
periods in different conditions, desirable, etc.). The need
for a comprehensive assessment of the use of grain
harvesters arose based on the requirements of comparing
the results of a single grain harvester or several machines
combined into a harvesting unit or harvesting complex, not
only on individual indicators, but also on a generalized
criterion.

The main task of research into the efficiency of
technical systems, including grain harvesters, is to choose
a strategy for using machines that provides the best results
in these conditions. To date, when choosing a strategy for
a given operation, the criteria of minimum cost, minimum
labor costs or maximum useful effect, such as productivity,
are most often used.

Analysis of scientific research of many domestic and
foreign scientists has shown that the easiest to determine,
but reliable are the indicators that take into account the
functioning of the machine over time. Such indicators
include, first of all, the most common and fairly universal
technical and economic indicator of machine performance,
as well as the utilization rate of change time, indicators of
machine reliability, etc. These indicators are applicable to
assess the use of the entire fleet of grain harvesters. Widely
used indicators have not only advantages in their use, but
also disadvantages.

Key words: criterion, grain harvesting machine,
harvesting and transport complex, grain culture, efficiency.

Introduction

To date, widely used in feasibility studies of various
technological processes, including harvesting cereals,
techniques developed in the early 20th century [1], taking
into account the minimum full cost of a given operation or
use of the machine [2].

Formulation of problem

Thus [3], when using the criterion — the minimum cost
[4], first calculate the direct operating costs for harvesting
cereals according to formula (1), and then they are
attributed to the harvested area or to the gross grain harvest

[5]:
C=Cs+Cyq+Cyg + Cupy + Cos 1)
where Cg — salaries of combine harvesters, UAH;

C,4 — depreciation deductions for the renovation of a
combine harvester, UAH;

Cyr — costs for repair, maintenance and storage of
combines, UAH;

Cuu — cost of consumables (fuel, lubricants and
auxiliary materials), UAH;

Caw — cost of ancillary works (transportation and
refueling, lubricants, etc.), UAH.

The choice of combine harvesters when updating the
fleet of combine harvesters [6] is recommended to be
carried out according to the following main criteria: the
degree of reduction of the cost of work [7], reducing the
need for fuel and mechanization [8].

Then methods were used based on determining the
efficiency of capital investments [9], or its inverse value —
the payback period [10].

Analysis of recent research results

A number of works have been published, in which a
comparison of technological processes in crop production
taking into account energy consumption is given [11].

Thus, in the research [12] the minimum energy
consumption is estimated taking into account the number
of technical means involved in the technological process
(TP) and their energy saturation (Nt power of the internal
combustion engine) [13]:

XMy - Nip) - min. 2

Scientists have formed a whole group of individual
performance indicators, which were defined as the ratio of
economic result (or effect) to one of the indicators of
economic resource or their corresponding growth [14].

The indicators of economic resources include, in
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particular;

» labor costs (estimated productivity) [15];

» production assets (estimated rate of return) [16];

» capital investments (the efficiency of capital
investments is estimated taking into account the growth of
production) [17].

The unit of profitability of production was also used
as a unit indicator of efficiency [18].

All of the above indicators suggest a cost principle in
assessing efficiency. These criteria are somewhat one-
sided, but in some cases they are quite acceptable [19].

Purpose of research

The purpose of these studies is to determine the
criteria for assessing the effectiveness of the use of
machines in the agro-industrial complex.

Results of research

Proposed and applied to the comparison of combine
harvesters Don-1500B, Don-2600 and Western 8570 a
comprehensive indicator in the form of a function of the
quality of the combine, which represents the volume of the
triangular pyramid in space

V= %XYZ, A3)
where X, Y, Z — respectively, the loss, crushing and
clogging of the grain, deposited in space in Cartesian
rectangular coordinates.

In the study it is proposed to evaluate the
agrotechnological efficiency of combine harvesters
according to the generalized criterion, which is defined as
the average value of combine throughput of all maximum
values of this indicator obtained for possible combinations
of grain harvesting conditions in this soil-climatic zone.
However, this generalized criterion of efficiency can be
used only with a significant amount of statistical
information.

From the known researches at calculation of standard
sizes of grain harvesters for different regions of Ukraine
apply the generalized zonal coefficient Kz that considers
humidity of straw, clutter and fallowness by a stalk and
unevenness of a crop on length of a run. This article
presents the values of short circuits for the regions of
Ukraine, table 1.

Table1l. The value of the generalized zonal
coefficient.

Regions of Ukraine Kz
Kyiv 0.82
Cherkasy 0.71
Vinnitsa 0.92
Poltava 0.82
Zhitomir 0.78
Mikolayiv 0.67

However, the coefficient Kz takes into account the
indicators of the state of the crop being harvested and does
not take into account one of the most important indicators
of the work of combine harvesters in the economy, the

intensity of their use. The article proposes a universal (in
the opinion of the authors of the article) indicator of
combine operation, which is defined as the ratio of the
share of gross grain threshing by a combine or a group of
combines in total threshing by all combines to the share of
one combine or group of combines in the combine fleet.
This indicator is called the lead factor by the authors of the
work. The advance coefficient was determined for 13
groups of combines that differ in seasonal grain threshing.
This factor is used to characterize combine harvesters.
However, it is difficult to use it as an indicator of assessing
the conditions of use of combine harvesters.

Very often, to compare the use of combine harvesters,
a target function is used that takes into account the
minimum loss or crushing of grain.

Scientists have developed various methodological
approaches to modeling the efficiency of combine
harvesters. Thus, in the criterion of losses of efficiency Kl
take into account the consumer properties of combine
harvesters (P,, P,, ..., PB,); conditions of the agricultural
producer (Y, Y, ..., ¥) and external conditions (B, B, ...,
B,):

Kg = f(Py, Py, ., P, Yy, Yay o, Vi, Bi, By, s By) (4)

However, quite often there are situations of
uncertainty when choosing a criterion of effectiveness. In
this case, it is necessary to apply additional principles or
rules for selecting the criterion of effectiveness. The
criterion of efficiency is made on the basis of one of the
following concepts of rational selection of decisions:
suitability, optimization, adaptation [].According to the
concept of suitability, any solution will be rational if the
value of the selected performance indicator is not below the
required level W™, that is

W) =W ueU, (5)
where U — many possible solutions.

According to the concept of optimization, a rational
solution will be one that provides maximum effect

W(u*) = maxW(u),u € U. (6)

According to the concept of adaptation, it is possible
to quickly respond to current or projected information to
achieve a given result under changing conditions of this
operation.

According to the concept of adaptation, the result is
considered the best u (t) of the many U (t, t). The condition
is fulfilled:

W, (u*(t),7) = WHWu(t),1),u(t) e Ut,1) (7)
where t —time, T — ahead of the forecast.

Of the above concepts of rational choice of solutions
to date, the most developed concept of suitability.

When choosing a method of harvesting cereals
depending on the load on one unit during the season took
into account 5 private indicators: the rate of harvesting
cereals on the farm (Rh), the probability of harvesting
machine technological operation during the shift (P0),
biological yield of cereals (By), losses (Lg) and injury of
grain (lg) by harvesting units.

For each selected private performance indicator, the
ratio of its actual value was calculated W, to the necessary
%nll

Ky = W, /W (8)

For the ideal technology of harvesting grain crops all

value W, = W that is K,,=1.
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In this case, the ideal assembly technology is
conventionally represented by a polygon with the number
of angles equal to the number of private efficiency
indicators. In this case, the angles of the polygon are
placed on the axes of private indicators with coordinates
equal to 1 (Fig. 1). The starting point K, of the minimizing
indicators in the center of the intersection of the axes, and
maximizing on the outer circle. After calculating the value
of K, for real assembly technologies, polygons are
constructed for the considered assembly technologies.

The technology of harvesting cereals was compared
by a generalized factor:

Mo = Sc/Sus o 2 1, )
where S¢, S, - areas relating to comparable and ideal
harvesting technologies.

The closer p0 to 1, the more efficient the harvesting
technology.

KTy

Fig. 1. Multicriteria evaluation model.

When comparing the efficiency of serial combine
harvester and experimental, equipped with a device for pre-
threshing grain, the complex criterion took into account the
biological yield of grain, which was collected and the
proportion of crushed grain [].

When choosing the most efficient technology for
harvesting sorghum sorghum, the maximum effect and
minimum costs are formalized as follows:

u*: maX(p(K(u));
uelu
Ki(w) = 1;
K(w) <1,

(10)

where
mq

Wi
K, = l_[_pr
m
Wi
KZ = 1_[ WHp

i=mq+1

Dependence (10) is presented in the form of a graph
(Fig. 2).

In fig. 2 characters U;, U,, ..., Ug the cost-effect ratio
for possible sorghum harvesting technologies is shown.
The zone of effective sorghum harvesting technologies is
zone A (see Fig. 2), and the best of the two technologies U,
and U, is the technology Us, as it meets the condition K;>1,
K,<1, and the value of K; for U; is greater than for U,, the
value of K, for U, is less than for U,.

The cost of transportation of hay rolls in a
comprehensive criterion is appropriate if the difference
between the components (one or more) operating costs that
determine the cost of comparable technologies, more than

10%.
U3 Us
@ U4 oUG
1
U2 U7
.Ul Us
0 1 K2

Fig. 2. Scheme of the method “cost — effect”.

At a complex estimation of quality of work of grain
harvesters used two unit indicators of loss of grain on the
combine direct Lg and crushing Lcr.

We present a comprehensive criterion of efficiency in

the form of:
kE =m {—PgalPC$l }
Vl]/ZPchr
where P, P4 — respectively, the allowable levels of direct
losses and grain crushing, y;,y, — respectively, the
coefficients of relative importance of direct losses and
grain crushing.

Conclusions

1. Thus, when assessing the efficiency of agricultural
machinery is currently the most commonly used concept of
suitability, on the basis of which the criterion of efficiency
is developed, taking into account the actual and desired
level of private indicators that are part of it.

2.1t is proposed to carry out a comprehensive
assessment of the efficiency of grain harvesting machines
according to the generalized criterion, taking into account
the values of its private indicators and their relative
importance.
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KPUTEPUN OLIEHKU 5ODPEKTMBHOCTU
NCIIOJIb30BAHNA MAIIIVH B
AT'POITPOMBIIIJIEHHOM KOMIIJIEKCE

JI. JI. Tumosa
Annoranusa. KoMmiiekcHas OI€HKa HCITOJIb30BaHMS
3epHOYOOpPOUHBIX ~ MAIUH  SIBISETCA  PE3yJIbTaTOM
OJIHOBPEMEHHOTO M  COIVIACOBAHHOTO  HCCJIEIOBAHUS
COBOKYITHOCTH YAaCTHBIX Ka4eCTBEHHBIX Hu

KOJIMYECTBEHHBIX IOKA3aTeNeH, OTPa’KaroLINX OCHOBHBIE
aCTeKThl IKCIUTyaTallMd 3€pPHOYOOPOYHBIX MAIIMH B
3aJJaHHBIX XO3AWCTBEHHBIX YCIOBHSX, W OOOOICHHBIE
BBIBOABI O pe3ylbTaTaX CpPaBHEHUS (HaKTHIECKUX
3HAQUeHWH  YacTHBIX  IIOKazaTened ¢ 0a30BBIMH
(TI1aHOBBIMHU, HOPMATUBHBIMH, JIyYIIUMHI U3 MOTYYSHHBIX
B IIPE/IBIIYIINE TIEPUOJIBI B PA3HBIX YCIOBUSIX, )KEJIAHHBIMU
u T.a1.). HeobxomguMocTh  KOMIIEKCHOM  OLIEHKH
UCIIOJIb30BaHMsl  3€PHOYOOPOYHBIX MAIIMH  BO3HHKIIA
UCXOAs W3 TPEeOOBaHMI COIMOCTABIICHUS Pe3yJIbTATOB
paboThl  OTHEIBHOW 3epHOYOOPOYHOH MAIIUHBI HJIH
HECKOJIbKMX MAIllfH, 00bEANHEHHBIX B YOOPOUHYIO 3BCHO
win yOopOYHO-TPAHCIIOPTHBIM KOMIIIEKC, HE TOJBKO 32
OTACNBHBIMH YacTHBIMHM IIOKa3aTeJIMH, HO H IO
0000IIEeHHOMY KPUTEPHIO.

OcHoBHO# 3amadeill uccrnemnoBaHmii d()HEKTHBHOCTH
TEXHHYECKUX CHCTEM, B TOM HYHCIIE M 3€pHOYOOPOUHBIX
MallhH,  3aKIoYaeTcs B BbIOOpEe  CTpareruu
UCIIOJIb30BaHMsl MAIMH, KOTOpas o0ecrednBaeT JIydllunii
pe3ysbTaT B NaHHBIX ycioBHsx. K HacTosmeMy BpeMeHH
IpH BBIOOpE CTPATETHK BBINIOJIHEHHS 33aJ]aHHOM onepanuu
yamie BCEro IPUMEHSIOT KPUTEPHH MHHHMAJIbHON
ce0ecCTOMMOCTH, MHHUMAIBHBIX 3aTpar Tpyda HIH
MaKCHUMaJIbHOTO  Toie3Horo  3¢exra,  Hampumep,
TIPOU3BOINTEIBHOCTH TPY/Ia.

KnaloueBble cioBa: Kputepuid, 3epHOYyOOpOUHas
MallnHa, yOOPOYHO-TPAHCHOPTHBII KOMIUIEKC, 3€pHOBAs
KyJNbTypa, 3 PEKTHBHOCTE.

KPUTEPIT OIIIHKU E®@EKTUBHOCTI
BUKOPUCTAHHS MAIIIMH B
ATPOITPOMUCJIOBOMY KOMIIJIEKCI
JI.JI. Timosa

Anortanis. KowmrekcHa oOIiHKa BHKOPUCTAHHS
3epHO30MPANEHIX MAIIWH € Pe3yJITATOM OJHOYACHOTO i
Y3rO/DKCHOTO  JTOCTIKCHHST ~CYKYIIHOCTI IPUBATHUX
SKICHUX 1 KUIBKICHUX ITOKa3HUKIB, IO BiIOOpaXKaroTh
OCHOBHI aCIIeKTH EeKCILTyaTamii 3¢epHO30UPaIbHIX MaIIUH
B 33JaHUX TOCIONAPCHKUX yMOBaX, 1 Yy3arajlbHEHi
BHCHOBKHM IIPO PE3yJbTaTH TMOPIBHAHHS (HaKTHYHUX
3HaueHb MPUBATHUX MMOKA3HHUKIB 3 0a30BUMH (TIJITAHOBUMH,
HOPMATHBHUMH, HAWKPAIIUMHU 3 OTPUMAHUX B TONEPEIHI
mepiogd B PI3HUX yMOBax, OaXaHMMH 1 T.IL).
HeoOxigHiCTh  KOMIUIEKCHOI ~ OIIIHKM  BUKOPHCTAHHS
3epHO30MPANbHAX MAIIMH BHUHHMKJIA BUXOISYH 3 BHMOT
3icTaBICHHS pe3yJsbTaTiB pobotu OKpeMoi
3epHO30MpANBEHOT  MamMHA a00 JEKIIbKOX MAIUH,
0o0’enHaHnX B 30WMpanbHy JaHKy abo 30upainbHO-
TPAaHCHIOPTHUH KOMIUICKC, HE TIIBKH 33 OKPEMHUMH
MPUBAaTHUMH TIOKa3HWKAaMH, a W 3a Yy3araJlbHCHUM
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KpUTEPIiEM.

OCHOBHMM 3aBIAaHHSIM JOCIiPKEHb €(EKTUBHOCTI
TEXHIYHUX CHUCTEM, B TOMY YHCII i 3epHO30MpaIbHUX
MaIlliH, TIOJiTae y BHOOpI cTparerii BUKOPHUCTAHHS
MaIllvH, sSKa 3a0e3nedye HaHKpamlimid pe3yabTaT B JaHUX
ymoBax. Jlo TemepimrHpOTO HYacy HpH BHOOpi cTparterii
BUKOHAHHS 3aJaHoi omepauii HaiyacTilie 3aCTOCOBYIOTh
KpuTepii MiHIMaNbHOI co0iBapTOCTI, MIHIMAJILHUX BUTPAT
mpari  abo  MaKCHMMaJbHOTO  KOPUCHOTO  edekry,
HAalpHKJIaJ, NPOJYKTUBHOCTI Mpalli.

KoarouoBi cioBa:  kpurepili, 3epHO30MpanbHa
MallliHa, 30MPabHO-TPAHCIIOPTHUH KOMIUIEKC, 3€pHOBA
KyJnbTypa, e(eKTUBHICTb.
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