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B Hacrosmee BpeMsi pa3paboTaHO MHOTO BapUaHTOB peau3allii aJlfOPUTMa 10 OOHOBIICHHIO
napka 3epHOyOOpOYHBIX CPEACTB. B cOOTBETCTBUY C ypOKaWHHOCTBIO U YUETOM APYTHX MOKa3aTesen
MIPENIOKEHBl PEKOMEHIAIMH 110 (OPMUPOBAHUIO U OOHOBIICHHIO TTApKa 3epPHOYOOPOYHON TEXHUKH
JUCKPETHO B BUAE TAabiIML WK auarpamm. JlannHas ¢opma nHpopMauy He BCErAa COOTBETCTBYET
TpeOOBaHUSM ONEPATUBHOIO KOPPEKTUPOBAHMS U HE MO3BOJISET OLEHHUTH TEXHOJIOTMYECKHE BO3-
MOXXHOCTH YOOPOUHBIX arperatoB B 3aBUCMMOCTH OT ycioBUH yoopku. [Ipeanoxen crocod cosep-
LICHCTBOBaHMS (YOPMHPOBAHHUSA MCXOAHOW WH(OpMAIMU AJsl ONEPAaTUBHOTO MPHHSATHS PEIICHHUS
10 3G(EeKTUBHOMY OOHOBJICHHUIO TEXHHYECKUX CPEJCTB 3€PHOYOOPOYHOIO KOMIUIEKCA C YYETOM
30HANBHBIX 0COOEHHOCTEH KOHKpEeTHOTro arpompennpustud. Paspabortan rpadoaHamuTHdecKuit
METO]l OIIPEAEIICHNS] OCHOBHBIX IIapaMeTpOB 0a30BbIX YOOPOUHBIX CPEICTB B 3aBUCUMOCTH OT IIPO-
THO3UPYEMOTO YPOBHSI YPOKafHOCTH U JlaHa OLIEHKA BIMSAHUS (DaKTOPOB, OMPENEIISIONINX COCTAB
rapka 3epHOyOOpOYHOT0 KoMIuiekca. JlaHHbIi METOJ ITO3BOJISIET BHISIBUTH HAaUOOJIEE palioHaIbHbIC
OCHOBHEBIE MTapaMeTphl alIbTEPHATUBHBIX 0a30BBIX YOOPOUHBIX CPEACTB KOHKPETHOTO arpoIpeanpH-
atusa. Ha TIIEPBOM ITAIIC ONPCACIIAIOT OCHOBHBIC IMapaMETpPbI 0a30BBIX TEXHHYECKUX CpC€acCTB, 3aT€M
IIPOU3BOAST BBIOOP COOTBETCTBYIOIIMX THUIIOPA3MEPHBIX PsIOB CAMOXOJHBIX MOJIOTHIIOK KOMOaii-
HOB M kaTokK. [lanee GopMUPYIOT albTepPHATHBHBIC BAPUAHTBI PA3JIMUHBIX MOAEJICH 3epHOYOOpOU-
HBIX arperaroB M KOMILJIEKCOB. J{JIsl moceayomero BbIioopa paoHalbHbIX THHIAKEH YOOPOUHBIX
CPE/CTB U MX KPUTEPUAIBbHOW OLCHKH MPHUBICKAIOT TEXHUKO-TEXHOJIOTHYECKHE, SKOIOTHYECKHUE U
JpyTHe MoKa3arelu. DKCIEPTHO-IOTHUECKUI aHann3 WHPOPMAIMOHHBIX PECypCOB JaeT BO3MOXK-
HOCTD BBISIBUTH U J1aTh OLICHKY q)aKTOpaM, OIpEACIAOIUM KOJIMYECTBEHHBIM COCTAB TEXHUYECKUX
CPEICTB 3epHOYOOPOIHOTO KoMIuiekca. MIToroBeIM dTamoM (hOpMHpOBAHUS MCXOMHOW HH(OpMa-
LUH IS IPUHATHS PELICHUS 10 OOHOBJICHUIO TEXHUYECKUX CPEICTB 3€pHOYOOPOUHOIO KOMILIEKCA
JOJDKHA CTaTh MX DKOHOMHYECKas OLIEHKA, MMO3BOJISIONIAsl MPOrHO3MPOBAaTh KOHKYPEHTOCIOCO0-
HOCTh HAMOJIAYMBAEMOT0 3€PHA.

KioueBble ciioBa: y0opka ypokas, YpOoKailHOCTb, 3€pHOYOOPOYHBIH KOMILIEKC, OOHOBJICHHUE
TEeXHUYECKUX CPEIICTB, arpOIPEAIPUSITHE
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Many options have been developed for the implementation of the algorithm for updating the fleet
of grain harvesters to date. In accordance with the yield and other indicators, recommendations for
the formation and renewal of the harvester fleet are proposed discretely in the form of tables or charts.
This form of information does not always meet the requirements of operational correction and does
not allow assessing the technological capabilities of the harvesting units, depending on the harvesting
conditions. The method to improve the formation of the initial information for operational decision-
making on the effective upgrading of technical means of grain harvesting complex taking into account
the zonal features of a particular agricultural enterprise is proposed. A graph-analytical method for
determining the main parameters of the basic harvesting tools depending on the predicted yield level
is developed and the influence of the factors determining the composition of the grain harvesting fleet
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is assessed. This method makes it possible to identify the most rational basic parameters of alterna-
tive basic harvesting tools for a specific agricultural enterprise. The first step is to determine the basic
parameters of the basic equipment, then select the appropriate size series of self-propelled threshers
for combine harvesters and reapers. Further, alternative versions of various models of grain harvesting
units and complexes are formed. For the subsequent selection of rational types of cleaning agents and
their criterion assessment, technical and technological, environmental and other indicators are used.
The expert-logical analysis of information resources makes it possible to identify and assess the fac-
tors that determine the quantitative composition of the technical means of the grain harvesting com-
plex. The final stage in the formation of the initial information for making a decision on updating the
technical means of the grain harvesting complex should be their economic assessment, which makes

it possible to predict the competitiveness of the threshed grain.
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enterprise
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INTRODUCTION

Timely effective renewal of technical means
of grain harvesting complex of agricultural
enterprise allows to obtain quality grain of dif-
ferent purposes in appropriate agrotechnical
terms with minimal losses. At present, many
variants of the formation of technical strategy
for the renewal of grain harvesting facilities
have been developed [1-5]. All variants take
into account zonal conditions of harvesting,
financial condition and other production and
technological features of grain grower.

Grain yield is the most informative indica-
tor that reflects the conditions of harvesting,
since its level determines the value of tech-
nological loading of harvesting machine [2,
3, 5-7]. In this regard, in accordance with the
level of this indicator recommendations for
the formation and renewal of the fleet of grain
harvesting equipment are given. The materials
of the recommendations are presented mainly
discretely in the form of tables or charts [2, 3,
5, 6]. This form of presentation of the original
information does not always meet the require-
ments of its operational correction and does

not allow to assess the trends in the techno-
logical capabilities of harvesting units.

At present, grain growers are presented
with a very diverse market of technical means
of harvesting complex with comparable tech-
nical and technological capabilities. In this re-
gard, the decision to update the fleet of grain
harvesting equipment is always associated
with a comparative assessment of alternative
technical means analogues. For its implemen-
tation it is necessary to choose certain criteria.
Economic, technical and technological and
other indicators may be involved in the crite-
rial evaluation [1, 4, 7]. Multicriteria not only
reflect the distinctive production features of a
particular agricultural enterprise, but also in-
dicate the lack of a single generally accepted
approach to the selection of effective technical
means and the multistage nature of its imple-
mentation [1, 7-9].

The dominant input data for the classical
calculation of the need for grain harvesting
equipment are the volume of work, productiv-
ity of technical means and agrotechnical terms
of harvesting. These analytically interrelated
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dominants, in turn, depend on different levels
of production situational factors that signifi-
cantly affect the final results of the calculation.
It is necessary to identify and evaluate the fac-
tors determining the quantitative composition
of the grain harvesting machinery fleet for the
production of competitive basic crop produc-
tion.

The purpose of the study is to improve the
way of forming the initial information for op-
erational decision-making on the effective re-
newal of technical means of grain harvesting
complex, taking into account the zonal fea-
tures of a particular agricultural enterprise.

Research objectives:

— using the graph-analytical method to de-
termine the main parameters of basic harvest-
ing tools depending on the projected yield
level;

— identify and assess the factors determin-
ing the need for technical means of grain har-
vesting complex.

MATERIAL AND METHODS

Graphoanalytical method as the initial
stage of forming the initial information for
making decisions on updating the basic tech-
nical means of grain harvesting complex is
implemented due to the fact that the main pa-
rameters of the latter have a formalized rela-
tionship with the yield as the main informa-
tion indicator, reflecting the zonal harvesting
conditions. The generally accepted analytical
dependence, which is used to estimate both
the required level of grain crop yield and its
"boundary" value [3, 7], is as follows

Y =360P°/ (BV, (1+9)),c/ha, (1)
where P° is the nominal (nameplate) carrying
capacity of threshing and separating working
bodies of the combine harvester, kg/s; B — the
width of the cutterbar, m; V gr — the maximum
speed of combine harvester in specific condi-
tions, km/h; ¢ - specific indicator of strawiness

of threshed bread mass; 360 — the coefficient
of agreement of measurement units.

Analytical dependence (1) after substitution
of numerical values of its constituent values
(Vgr = 7.2 km/h and ¢ = 1.5) is transformed
into the following final equation:

Y = 20P° /B. 2)

Graphical representation of this equation (2)
and its inverse solution will allow us to esti-
mate the main parameters of basic harvesting
tools depending on the predicted level of yield
of a particular agricultural enterprise.

The main method of identifying and evalu-
ating the factors determining the quantitative
composition of the grain harvesting machinery
fleet is an expert-logical analysis of informa-
tion resources concerning the machine use of
technical means that implement resource-sav-
ing technologies of harvesting grain crops.

RESULTS AND DISCUSSION

Efficiency of the renewal of the grain har-
vesting complex fleet is determined by the ra-
tionality of the choice of the basic parameters
of its basic technical means: self-propelled
thresher combine and harvesters, designed to
implement direct or separate harvesting. The
main parameters of the basic technical means,
which determine the productivity of the com-
bine harvester are throughput and working
width. Graphical representation of the result-
ing equation (2) in linear form, in contrast to
the previously obtained result' allows us to
predict the completeness of grain harvesting
units with less error (see figure).

The figure shows that the inverse solution
of the final equation makes it possible to deter-
mine the basic parameters of the basic harvest-
ing tools needed for a particular agricultural
enterprise with a given, predicted or estab-
lished level of yield. Thus, for an agricultural
enterprise with the yield of 20 c/ha the follow-
ing dimension range of self-propelled thresh-
ers is the most effective: Grade 3 - 5-6 kg/s,

!Chemodanov S.1I. Update of the grain harvesting equipment complex. Agrarian science to agriculture: materials: 15th
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Grade 4 - 7-8, Grade 5 - 9-10, Grade 6 - 11-12
kg/s. At the same time the nominal size range
of cutterbars should be respectively 6, 7, 9 and
12 m regardless of the phase of harvesting.
The design parameters of the working width
shown in the figure apply to headers, universal
cutterbars, as well as to windrower cutterbars,
including those with the ability to form twin
windrows.

At the first stage the basic parameters of the
basic technical means are determined, then
the choice of the appropriate size series of
self-propelled threshers of combines and har-
vesters is made. Further, alternative variants
of different models of grain harvester units
and complexes are formed. For the subse-
quent selection of rational types of harvesters
and their criterial evaluation technical, tech-
nological, environmental and other indicators
are involved. These intermediate indicators,
which take into account the production pecu-
liarities of a particular grain producer, should

LT
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be aimed at the rational use of the resource
provision of the agricultural enterprise. Thus,
the step-by-step identification of the most
priority basic technical means makes it pos-
sible to choose the optimal variants of grain
harvesting units and complexes.

The figure on the abscissa shows the ca-
pacity of the self-propelled threshing ma-
chine, which defines the passport (theoreti-
cal) capacity as an assessment of the poten-
tial capabilities of the grain harvester under
normalized operating conditions. Real oper-
ating conditions reduce the realization of the
potential capabilities of the grain harvester.
Therefore, the required number of harvesting
units is determined based on the real (oper-
ational) capacity, as well as taking into ac-
count the harvesting area in the peak period
and the permissible agricultural terms of har-
vesting. The quantitative composition of the
harvesting park depends on the technical lev-
el and efficiency of the use of technological
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I'padmueckas nHTEpIpETALNS B3AUMOCBSI3M YPOBHSI YPOXKAMHOCTH M MIPOITYCKHON CITIOCOOHOCTH CaMo-
XOJIHBIX MOJIOTHJIOK KoMOaifHa NpH pa3inyHON IMpUHE 3aXBaTa *kaTok (B)

Graphical interpretation of the relationship between the yield level and the throughput of self-propelled
combine threshers at different reaper capture widths (B)
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machines, the structure and size of the sown
areas, the harvesting technologies adopted,
the technical equipment of post-harvest grain
processing stations, the professional level of
machine operators and specialists.

Operational performance of the grain har-
vesting complex is determined by the level
of availability of technical means. It largely
depends on the scheduled preventive mainte-
nance and appropriate repair (preferably ag-
gregate) in the inter-harvest period. Qualita-
tive implementation of these measures allows
maintaining the availability factor at a suffi-
ciently high level throughout the life of the
harvesting equipment, but at the same time
direct operating costs will be increased.

From the economic point of view, for ef-
fective harvesting, it is necessary to maxi-
mize the potential of all technical means of
the harvesting and transport complex. The
priority object is a combine harvester as the
most expensive basic technical means in
technological process. Experimental stud-
ies have revealed that the maximum possible
level of technological loading of the combine
harvester also allows us to obtain the mini-
mum indicators of grain injury and meet the
environmental requirements for the content
of harmful engine exhaust gases.

The implementation of different harvest-
ing technologies must be interconnected with
the previous and subsequent modules of grain
production. This initial agrotechnical require-
ment assumes the presence of grain dryers
and tedders of appropriate capacity in agri-
cultural enterprises, as well as "engineering"
crop rotations. Formation of "engineered"
crop rotations as planning of sowing areas for
crops with different periods of vegetation and
terms of sowing is desirable to be carried out
taking into account the routing of technical
means. The implementation of the modular
relationship of grain production will provide
an opportunity to expand the calendar agri-
cultural terms of harvesting, i.e. reduce the
peak load on the harvesting equipment and,
consequently, its need.

Increasing the harvesting period to the be-
ginning of intensive shattering of grain in the
phase of hard ripeness also contributes to the
implementation of separate harvesting in the
classical version (with drying of the bread
mass in windrows). Extension of the bound-
aries of effective functioning of harvesting
units is possible with the use of combing
harvester in grain harvesting complex and in-
troduction of technology of harvesting high-
moisture grain (including threshing-free) for
fodder purposes with subsequent condition-
ing and preservation [10]. It should be taken
into account that the limitation in the use of
combing working tools is the condition of
the productive part of the crop, prone to self-
drainage during the phase of firm ripeness.

The expediency of the quantitative com-
position of technical means of grain-harvest-
ing complex is determined by the method of
classical calculation of the need for grain-
harvesting equipment, taking into account the
actual and estimated dominant source data.
The final stage of formation of the initial
information for making decisions on the re-
newal of the structural and quantitative com-
position of the grain harvesting complex is
their economic evaluation. The efficiency of
renewal is estimated by "minimum direct op-
erating costs" (GOST 34393-2018), because
this indicator allows predicting the competi-
tiveness of threshed grain.

CONCLUSIONS

1. The grapho-analytical method of deter-
mining the basic parameters of the basic har-
vesting tools for any agricultural enterprise
with a given, predicted or established interval
of grain yield. This makes it possible to ob-
tain illustrative initial information at the initial
stage for operative decision-making on the re-
newal of technical means of grain-harvesting
complex.

2. Expert-logical analysis of information
resources allows you to identify and evaluate
the factors that determine the need for techni-
cal means of grain harvesting complex.
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