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PaccmoTtpen Bompoc NpoU3BOIUTEILHOCTH COBPEMEHHBIX MOJIEIel 3epHOYOOPOYHBIX KOMOAHHOB
npomsBonctBa OO0 «Pocrcenmsmanm u OAO «l'oMcensMary B CBA3KE ¢ HOMEHKIIATYPOU ITOCTABIIS-
€MBIX K HHM YaTOK JUIsl IPSIMOTO KOMOAWHUPOBAHUS W B 3aBUCUMOCTH OT YPOXXKAHHOCTH 3€PHOBBIX
KYJIbTYp, TUIWYHOH [yt Cubupckoro peruoHa. st onpezeneHus paiMoHaIBHOTO COCTaBa yOOpOU-
HOTO arperara u3 CIIcKa pacCMaTpUBaEMbIX MOJICJICH pacueTHO-TpapUIECKIUM METOIOM OTIPEICICHBI
MOJIeTT KOMOAIfHOB, 3arpy3ka KOTOPBIX MOXeET ObITh oOecrieueHa B CHOMPCKOM pEeTHOHE Ha YPOBHE,
OIM3KOM HMJTM PABHOM MaKCHUMAaJIbHOW MMPOU3BOAUTEIHHOCTH. YCTAHOBIIEHO, YTO IIPH YCIOBUU HCIIOIb-
30BaHMS JKaTOK MUPUHON 3axBara 9,0 M ¢ pOCCHHCKUMH MOAETIIMU KOMOalHOB 1 9,2 M — ¢ Genopyc-
CKHMH TSl IPOBENICHUST YOOPOUHBIX padoT paroHaIbHO HCIIONB30BaTh Vector 410 mpu ypoBHE ypo-
xaitroctu 1,8-2,4 1/ra, GS 10 PRO — 2,45-3,00 1/ra. [Ipn 3TOM MOXET OBITH IIOJIHOCTHIO PEA30BaH
WX TEXHHYCCKUH TIOTSHIIMAT M 00ecleueHa MaKCHMallbHas MPOU3BOAUTEIBHOCTh KaK Mo yOpaHHO!
IJIONIA/IU, TAK U TI0 HAMOJIOTY 3epHa. Vcnonb3oBanue 0ojiee MPONU3BOIUTEILHBIX KOMOAHOB Ha yOOP-
K€ 3€pPHOBBIX MPSMBIM KoMbOaliHupoBanueMm B Cubupu He BCerna ONpaBaaHo, MOCKOIBKY MIPU CyIIIe-
CTBYIOIIEM 3/IeCh B HACTOSAIIECE BPeMs YPOBHE YPOKaHOCTH 3€pHA WX TEXHWYECKHUI MOTEHIIHAN He
MOXKET OBITH B IOJIHOW Mepe peann3oBaH. Ha oCHOBe MpOBENEHHBIX WCCIIEIOBAaHUH TTOyYEHBI JHa-
IPaMMBI, C TIOMOIIBI0 KOTOPBIX MOXKHO TIPOBECTH MOI00P YOOPOUHOTO arperara «KoMOaiH + jxaTkay,
C YYE€TOM YPOBHSI YPOXKAWHOCTH U KOHTYPHOCTH ITOJICH B KOHKPETHOM XO3SHCTBE, BapbUPYs INIUPHHON
3axBaTa *KaTKH.

KuroueBble cjioBa: 3epHOBBIE KYJIBTYphI, YPOXKAWHOCTH 3€pHA, KOMOAWH, IMPON3BOAUTEIBHOCTh
KoMOaifHa, IMpUHA 3aXBaTa KATKH

ON THE RATIONAL CHOICE OF A COMBINE HARVESTER AND A REAPER
FOR GRAIN HARVESTING IN CONDITIONS OF SIBERIA

x)Mikhaltsov E.M., Chekusov M.S., Kem A.A., Schmidt A.N., Damansky R.V.
Omsk Agrarian Research Center

Omsk, Russia

(<)e-mail: mihalcov@anc55.ru

The issue of productivity of modern models of grain harvesters produced by OOO Rostselmash
and OAO Gomselmash in connection with the nomenclature of reapers supplied to them for direct
harvestering and depending on the grain crop yields typical for the Siberian region was considered. To
determine the rational composition of the harvesting unit from the list of models under consideration,
the models of combines, the loading of which can be provided in the Siberian region at a level close to
or equal to the maximum productivity, were determined by calculation and graphical method. It was
found that on condition of using 9,0 m wide reapers with Russian models of combine harvesters and
9,2 m with Byelorussian models, for harvesting works it is rational to use Vector 410 with the yield
of 1,8-2,4 t/ha and GS 10 PRO with the yield of 2,45-3,00 t/ha. In this case, their technical potential
can be fully realized and the maximum productivity in terms of both harvested area and threshed grain
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can be ensured. The use of more productive combine harvesters for direct harvesters in Siberia is not
always justified, because at the current level of grain yields here their technical potential cannot be
fully realized. On the basis of the research, diagrams were obtained, which can be used to select the
harvesting machine “combine harvester + reaper”, taking into account the level of yield and the con-
tour of fields in a particular farm, varying the coverage of the reaper.

Keywords: grain crops, grain yield, combine, combine performance, reaper coverage
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INTRODUCTION

The cultivation of cereal crops remains a
fundamental and traditional activity in the agri-
culture of the Russian Federation. Many studies
are dedicated to the development of cultivation
and harvesting technologies for grains in Russia.
The organization and technology of conducting
harvesting operations hold a significant place
in grain production technology [1-3]. They ac-
count for 25-45% of the direct technical costs
associated with the entire technology of cereal
crop production [4]. Therefore, the efficiency
of investment in grain production by a farm is
largely determined by the rational choice of a
combine harvester and an accompanying reaper.

The question of rational choice of harvesting
equipment is becoming especially relevant un-
der conditions of its total reduction in the agri-
cultural sector [5, 6]. Hence, the choice of the
harvesting unit’s composition (combine + reap-
er) for a specific agricultural producer should be
justified and rational, taking into account the pe-
culiarities of the cultivated crops and their yields
in the farm over several past years.

Currently, most industries in Russia are under
the conditions of sanction pressure. Agriculture
is no exception. The purchase of foreign agricul-
tural equipment has become impractical due to
its unjustifiably high cost and the unpredictabil-
ity of future deliveries of spare parts and con-
sumables. Under the prevailing conditions of
reducing the number and aging of the machine
and tractor fleet, Russian agricultural producers

are constrained to choose harvesting equipment
primarily from the model range of the combines
produced in the Russian Federation and the Re-
public of Belarus [7].

The purpose of the study is to determine the
rational composition of the harvesting units,
consisting of modern models of grain harvest-
ers produced by LLC “Rostselmash” and JSC
“Gomselmash” and accompanying direct com-
bining reapers to them. With these, the maxi-
mum loading of the threshing and separating de-
vice and the maximum productivity per harvest-
ed area in the conditions of the Siberian region
would be achieved.

To achieve the set goal, it is necessary to
solve the following tasks:

1. Identify the component of the harvesting
unit that limits its productivity at the yield of ce-
real crops typical for Siberia.

2. Based on the solution of the first task,
determine the rational composition of the har-
vesting unit, which will ensure the maximum
loading of the harvesting unit at the maximum
productivity per the harvested area.

MATERIAL AND METHODS

Modern grain harvesters produced by LLC
“Rostselmash” and JSC “Gomselmash” have
been examined. Tables 1 and 2 present the per-
formance indicators of the grain harvesters man-
ufactured by these enterprises, the width of the
reapers recommended for use with them, and the
power of the installed engines.

MexaHu3a1wst, aBTOMATH3ALsl, MOZIC/IMPOBAHHE
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Ta6a. 1. XapakTepuCTUKH OCHOBHBIX MoJieneit
3epHOYOOPOYHBIX KOMOAHOB, MPOU3BOAMMBIX

B Poccuiickoit @enepaiuu

Table 1. Characteristics of the main models

of combine harvesters produced in the Russian
Federation

Width of

Maximum the reapin Engine

Combine model capacity, t/h machilr)l esg power,

’ used, m kW/hp.
Nova 10 4:5;6;7 132/180
Vector 410 12 5:6;7;,9 154/210
Acros 550 (585) 25 5.6:7:9 ég?ggg)
T-500 30 7,9 264/360
RSM 161 36 7,9 294/400
Torum 785 45 7;9 383/520

Taba. 2. XapakTepuCTUKA OCHOBHBIX MOJIEICH
3epHOYOOPOYHBIX KOMOAHHOB, IPOM3BOAUMBIX

B PecniyOnuke benapych

Table 2. Characteristics of the main models of
combine harvesters produced in the Republic

of Belarus

Maximum capacity Width
C . (determined at grain | of the Engine
ombine . .
model weight to straw reaping power,
ode weight ratio of 1.0 : | machines | kW/hp.
1.2), t/h used, m
GS 812 PRO 13,0 4;5;6;7| 169/230
GS 10 PRO 16,3 6;7;9,2 | 184/250
GS 12A1 19,6 6;7;9,2 | 243/330
GS 2124 26,2 9,2 390/530

The data in Tables 1 and 2 indicate that mod-
ern grain harvesters of domestic production and
those produced in the Republic of Belarus have
high productivity and engine power with a reap-
er width not exceeding 9.0-9.2 m. However, the
characteristics of a combine’s high productivity
should not be dominant when a consumer choos-

es the harvesting equipment. In practice, it often
happens that even the largest reaper width from
the produced range, combined with the recom-
mended speed of movement during harvesting
and the ordinarily not high yield in local condi-
tions, does not provide machine loading close to
nominal. In this case, the efficiency of using a
high-performance combine becomes lower than
the efficiency of a less productive combine se-
lected according to the criteria of ensuring opti-
mal loading.

According to the Ministry of Agriculture and
Food of the Omsk Region for 2020, 2021, and
9 months of 2022, agricultural organizations in
the region purchased 619 units of various brands
of grain harvesters. Among them, the most pro-
ductive ones were Acros, of which 182 units (or
29.4%) were purchased. The study examined the
question of their characteristics corresponding
to the working conditions in Siberia.

In the Siberian Federal District, the highest
yield of grain crops for the 2010s was obtained
in 2021. In this year, the highest level of average
grain yield was recorded in the Krasnoyarsk Ter-
ritory - 2.88 t/ha. The lowest was 1.65 t/ha in the
Republic of Altai. Based on these two boundary
values, the choice of the reapers and combines
from the assortment produced by LLC “Rostsel-
mash” and JSC “Gomselmash” is determined by
the criteria of loading close to optimal and high
productivity per harvested area.

It is noted that the issue of the effective use of
the fleet of grain harvesters and the formation of
its optimal model composition in the economy
has been worked out by a number of studies and
has several solutions 2 [8—14].

However, the use of most of the proposed
methods is complicated in the conditions of
farms due to the complexity of the calculations
performed, which take into account a large num-
ber of criteria and factors, which can be quite
challenging to consider and calculate in practice.
When determining the advisability of applying a
particular combine model, the calculations took
the header width, yield, and maximum combine

IShchitov S.V,, Kidyaeva N.P. Selection of combines by importance coefficients // Technics and equipment for rural areas, 2014,

No. 5, pp. 24-26.

Kidyaeva N.P, Shchitov S.V. Optimization of the choice of combine harvesters by weather conditions // Mechanization and elec-
trification of technological processes in agricultural production. Collection of scientific papers, Blagoveshchensk, 2013, pp. 80-87.
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productivity declared by their manufacturers as
the initial data. It was assumed that in the mode of
optimal loading of the engine and threshing-sep-
arating device, the economic efficiency of using
the combine would be a priori maximum, and
losses - within permissible limits. Other opera-
tional characteristics were not considered in the
calculations.

RESULTS AND DISCUSSION

The productivity of a combine harvester is
conventionally measured by the amount of crop
mass processed by the threshing-separating de-
vice per unit of time. The ratio of grain to straw
in this crop mass can vary widely, depending on
factors such as the cutting height, and the spe-
cies and varietal characteristics of the harvested
crops. For instance, this ratio can reach 1.0:1.2
for barley and 1:2 for winter rye. For most grain
crop varieties cultivated in Siberia, the grain to
straw mass ratio falls within this range.

In calculating the grain yield during the har-
vest, we used the formula:

Max. performance RSM161

V., xVxB xk,
10

where J'p is the working speed of the combine
in km/h, V is the yield per grain part in t/ha, Bx
is the constructive cutting width of the reaper in
meters, and i is the coefficient accounting for
the overlap between the adjacent reaper passes
(taken as 0.95 for calculations).

Figures 1-4 show diagrams constructed for the
mass of threshed grain per hour of pure combine
operation at working speeds from 6 to 8 km/h,
corresponding to the real operating conditions
of grain harvesters in Siberia, at various reaper
cutting widths in direct combining. The green
shading on the diagrams marks the productivity
interval falling within the range of the working
speeds from 6 to 8 km/h and yields from 1.65 to
2.90 t/ha. The diagrams consider that under real
field conditions, not all of the constructive cut-
ting width of the reaper is used, but only about
0.95 of its size.
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Puc. 1. luarpamma ajsi onpeiesieH s pallioHaIbHOTO COCTaBa yOOPOUHOro arperara npu padbote ¢ xKaTkoi
HIMPUHOMN 3axBaTa 9 M B 3aBUCHMOCTH OT yPOXXaHOCTH M CKOPOCTH ABMKECHUS KOMOaiiHa

Fig. 1. Diagram for determining the rational composition of the harvesting unit when working with a reaper
with a coverage of 9 m, depending on the yield and speed of the combine
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Puc. 2. Jlnarpamma 115 OTIpEAeTICHUS PAOHAIFHOTO COCTaBa yOOPOTHOTO arperara rmpu padoTe ¢ )Kar-
KOW IMUPUHON 3aXBaTa 7 M B 3aBUCUMOCTH OT YPOXKaHHOCTH M CKOPOCTH JIBIDKEHUS KoMOaitHa

Fig. 2. Diagram for determining the rational composition of the harvesting unit when working with a reap-
er with a coverage of 7 m, depending on the yield and speed of the combine
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Puc. 3. luarpamma aj1sl onpeieNieH s paioHaIbHOIO COCTaBa yOOPOUHOIo arperara nmpu padboTe ¢ Kar-
KO IIMPUHOM 3axBaTa 6 M B 3aBUCUMOCTH OT YPOJKallHOCTH M CKOPOCTH JBIKCHMS KoMOaiiHa

Fig. 3. Diagram for determining the rational composition of the harvesting unit when working with a reap-
er with a coverage of 6 m, depending on the yield and speed of the combine
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35 Max. performance Acros

Threshing weight for 1 hour of clean work, t
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== 8 km/h
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Puc. 4. Jlnarpamma i1 onpezieNieH s pariioHaIbHOTO COCTaBa YOOPOUHOTO arperara rnpu padboTe ¢ )KaTKon
IMTUPUHON 3aXBaTa 5 M B 3aBUCUMOCTH OT YPOXKAaHHOCTH M CKOPOCTH IBMKEHUS KOMOaitHa

Fig. 4. Diagram for determining the rational composition of the harvesting unit when working with a reap-
er with a coverage of 5 m, depending on the yield and speed of the combine

For clarity, the diagrams are marked with hor-
izontals corresponding to the maximum grain
productivity for each of the considered combine
models. Considering that it’s advisable to start
equipping the harvesting unit with the selection
of the reaper with the maximum possible cutting
width, the diagrams in the text are arranged in
descending order from 9 to 5 meters.

The calculations assume a stand of crop with-
out lodging, not requiring a reduction of the
harvesting unit’s working speed from nominal
values.

Analysis of the presented diagrams shows
that at a yield lower than 1.75 t/ha, it is im-
possible to ensure the loading of the combines
from the considered list, even when using reap-
ers with a cutting width of 9.0 and 9.2 m (see
Fig. 1). For the harvest of grains with a yield
from 1.75 to 2.88 t/ha, several models of mod-
ern combines can be used, whose optimal load-
ing can be ensured by equipping them with the
reapers of corresponding width: GS 12A1, GS
10 PRO - with a reaper cutting width of 9.2 m;
Vector 410 - with a reaper cutting width of 9

m; GS 10 PRO, Vector 410, GS 812 PRO, and
Nova - with reapers cutting width of 7 m; Vec-
tor 410, GS 812 PRO, and Nova - with reapers
cutting width of 6 m. Clearly, to reduce the du-
ration and cost of harvesting, it is rational to
use combines with wider headers. Preference
should be given to harvesting units with small-
er cutting width only in cases where the use of
wider machines is hampered by the terrain and
field configuration.

It is impractical to use reapers with a S5m cut-
ting width at the corresponding yield range as
they are low-productive, lead to prolonged har-
vesting times, and require a larger number of
harvesting units. In this case, even the least pro-
ductive combine from the considered list (Nova)
achieves loading only at speeds ranging from 7
to 8 km/h.

Reviewing the diagrams also allows for a
graphical method to obtain data characterizing
the optimal loading of various harvesting units
for grain harvesting with a yield ranging from
0.5 to 5.0 t/ha. However, at a yield less than 1.75
t/ha and a speed up to 8 km/h, any of the consid-
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ered harvesting units will operate under partial
loading conditions.

The results of calculations to determine the
rational composition of the harvesting unit at
various yield levels are summarized in Table 3.

The results of the calculations presented in
Table 3 indicate that in the conditions of the Si-
berian region, characterized by grain yields rang-
ing from 1.65 to 2.9 t/ha, it is advisable to carry
out the grain harvest with GS 10 PRO combines
with a 9.2m cutting width and Vector 410 with a
9m cutting width. In this case, higher productivi-
ty will be ensured when using GS 10 PRO. More
productive machines in this yield range will not
receive loading close to the maximum.

Guided by the data in Table 3 on the “min-
imum-maximum yield” range and productivity
per harvested area, a rational composition of the
harvesting unit (combine + reaper) can be select-
ed. In addition to the yield level, the features of
the terrain and field configuration in a particular
farm should be considered, which may require
the use of reapers with a smaller cutting width
and a less productive combine.

CONCLUSION

In the conditions of Siberia, with the current
level of grain yield, the factor limiting the use
of high-performance grain harvesters is the cut-
ting width of the reaper. For grain harvesting
with a yield typical for Siberia (1.65-2.90 t/ha),
considering the loading conditions of the com-
bine’s engine and threshing-separating device, it
is advisable to use combines with a maximum
productivity from 12 to 16 t/h and reapers with
a cutting width of 9.0-9.2 m. The use of more
productive combines under such conditions is
economically unjustified since their technical
potential under partial loading conditions of the
main units remains unrealized. However, such
machines can be used in farms where a higher
level of applied technologies ensures a higher
yield level, and also in the selection of paired
rolls during two-phase harvesting.

It has been established that when using 9m
cutting width reapers with Russian combine
models and 9.2m with Belarusian ones for har-
vesting works on crops with a yield typical for
Siberia, it is rational to use Vector 410 at a yield

Tao6a. 3. PanmonansHble cOCTaBbl YOOPOUHBIX
arperaroB Npu yOOpKe 3epHOBBIX C Pa3IUIHON
YPOXKalHOCTBIO MPSIMBIM KOMOAHHUPOBAaHUEM U
COOTBETCTBYIOIIASI UM MPOU3BOJUTEIBHOCTD TI0
yOpaHHO TToIa TN

Table 3. Rational compositions of harvesting
units when harvesting grain crops with different
yields by direct combining and the corresponding
productivity for the harvested area

Combine model Mir.n'mal Maximum .
combine; (hailxlif:lsczing yield i\;[;;é?tl;glf
rf;cp}:ﬁ at the speed t(}?:rsvzsgzin(%faé the harvested
coverage of St/l;I:/h), kml/ah), tha area, ha/h

Reaping machine with a coverage of 9,2 m

GS 10 PRO 2,4 3 5,2-7,0

GS 12A1 2,85 3,8 5,2-7,0

GS 2124 3,85 5,0 5,2-7,0

Reaping machine with a coverage of 9 m

Vector 410 1,75 2,35 5,1-6,8

Acros 3,65 4,85 5,1-6,8

Reaping machine with a coverage of 7 m

Nova 1,9 2,5 4,0-5,3

Vector 410 2,25 3,0 4,0-5,3

GS 812 PRO 2,45 3,25 4,0-5,3

GS 10 PRO 3,1 4,1 4,0-5,3

GS 12A1 3,7 4,9 4,0-5,3

Reaping machine with a coverage of 6 m

Nova 2,2 2,9 3,4-4,6

Vector 410 2,65 3,5 3,446

GS 812 PRO 2,85 3,8 3,4-4,6

GS 10 PRO 3,6 4,8 3,4-4,6

Reaping machine with a coverage of 5 m

Nova 2,65 3,5 2,9-3,8

Vector 410 3,15 4,2 2,9-3,8

GS 812 PRO 3.4 4,6 2,9-3,8

level of 1.8-2.4 t/ha, GS 812 PRO — 1.95-2.6 t/
ha, GS 10 PRO —2.45-3.0 t/ha.
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