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OILEHKA U BBIBOP MAIINMHHO-TPAKTOPHBIX AI'PEI'ATOB
PU KYJIBTUBALIUMU 110 SQHEPTETUYECKHUM 3ATPATAM

(<) Hazapos H.H., HexpacoBa U.B.

Cubupcxuil ghedepanvhvlil HaAYYHbII YeHmp azpodbuomexnonocull Poccutickotl akademuu Hayk
HoBocubupckas obnacts, p.i. KpacHooo6ck, Poccust

(<) e-mail: sibime-nazarov@yandex.ru

[IpencraBineHsl MaTepHalIbl IO OIICHKE W BHIOOPY MAIIMHHO-TPAKTOPHBIX arperaroB IO KpHTe-
pUSAM MHUHUMH3ALUM 3aTpaT Ha UX MPOMU3BOACTBO M IKCIUIyaTallMio (CyMMapHas yJesbHas JHep-
roemkocTb MTA Ha ero mpou3BOJCTBO M IKCIUTyaTallMI0) U MaKCHUMaJIbHON NMPOU3BOAUTEIHHOCTH
IIPU BBITOJHEHUH TEXHOJIOTMYECKOTO IMpoLecca KyJIbTHBALMU MOYBbl. YCTAHOBJIEHO, YTO HOMEH-
KJIaTypa TEXHOJOTHYECKUX MAIIWH I MPOBEACHUS TEXHOJIOTHYECKOTO Tpolecca KyIbTHBAIUS
IIPH MOIITHOCTH MOOWJIBHBIX dHEPTETHIECKHX cpencTB 10 110 m.c. ompenensercs KyIpTHBATOpaMHU
tuna KI1C-4, KbM-4,2 ¢ ucnons3zoBanueM TpaktopoB JD5620, AGCO MF3640, FOM3-6, JIT3 955,
ID6020, MT3-80/82, MT3-920, Benapyc-900, benapyc-921, benapyc-923, Deutz Agrofarm 430 u
MT3-1025. OHr UMEIOT CyMMapHbI€ y/IeIbHbIC JHEPTOSMKOCTH HCITIOJIb30BaHMS ¢ 0003HAYCHHBIMU
TEXHOJIOTHYECKUMH MalllMHAMU Ha MHHUMAJIbHOM YPOBHE, IPOU3BOJUTEIHLHOCTh — HA MaKCUMaJIb-
HoM. B nmamazone momrHOocTel TpakTopoB oT 110 qo 145 n1.c. menecoobpa3Ho HCTONB30BaTh KyIlb-
tuBatopsl KIITY-5, KIIY-6, KITC-8I1 ¢ MOOMIBHBIMU 3HEpreTHUSCKUME cpeacTBamu New Holland
T6050 Delta, CASE IH Maxxum 125, JD 6130D, JD 6135, MT3-1221, benapyc 1220, JIT3-155
1 MT3-1222, uMeronyMy Takke MaKCHMaJIbHYIO POU3BOAUTEIBHOCT TP MUHUMAIBHOM YpPOB-
HE CYMMapHBIX yAEJIbHBIX SHEPrOeMKOCTEH Ha UX MPOM3BOJICTBO M AKCIUTyaTaluio. BeisiBiIeHO, YTO
npu npuMeHeHun KyiasruatopoB tuma KIITY-12, KbM-7,2I1, KEM-10,811, Jlugep-6H, AIIK-7,2,
RTS-1831, KI10-7,2, KORUND 8/900 (MomHOCTh 3HEpreTHUecKoro cpeactra a0 150-210 m.c.)
10 0003HAYEHHBIM KpUTEPHAM 3(PPEKTUBHOCTH IeIeco00pa3HO HCIIONB30BaTh TpakTopsl T-150K,
MT3-1523, XT3-121, XTA 200-10, benapycp 1525, XT3 17221, Terrion ATM 3180, Deutz Fahr
Agrotron 165.7, JD 7030, ATM 4200 Terrion, MT3-2022. YcTaHOBIICHO, YTO ISl UCIIOJIb30BaHUS
KyasTuBatopoB Jlugep-7,2H, Jluaep-8 mo 0603Ha4eHHBIM KPUTEPHUSIM MUHUMHU3ALUH 3aTpatr dHep-
MM 1 MAaKCUMAIIbHON MTPOU3BOAUTEILHOCTH TPEOYIOTCS TPAKTOPhI MOIIHOCTHIO 10 210-240 n.c. JD
7830, JD 7930, New Holland 7060, Deutz Fahr Agrotron L720 DCR, Claas Axion 850.

KuroueBble ¢jioBa: TEXHOJIOTHIECKHE TIPOIECCHI, MAIIMHHO-TPAKTOPHBIE arperarsl, (GopMupo-
BaHUeE, yAelbHas SHEPTOEMKOCTh

EVALUATION AND SELECTION OF MACHINE-TRACTOR UNITS DURING
CULTIVATION BY ENERGY COSTS

(<) Nazarov N.N., Nekrasova L.V.

Siberian Federal Scientific Centre of Agro-BioTechnologies of the Russian Academy of Sciences
Krasnoobsk, Novosibirsk region, Russia

(<) e-mail: sibime-nazarov(@yandex.ru

The materials on evaluation and selection of machine-tractor units by the criteria of minimization
of their production and operation costs (total specific energy intensity of MTU for its production and
operation) and maximum productivity in carrying out the technological process of soil cultivation
are presented. It has been established that the range of technological machines for carrying out the
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technological process "cultivation" with the power of mobile power plants up to 110 hp is determined
by cultivators such as KPS-4, KBM-4.2 type using tractors JD5620, AGCO MF3640, UMZ-6, LTZ
95B, JD6020, MTZ-80/82, MTZ-920, Belarus 900, Belarus-921, Belarus-923, Deutz Agrofarm 430
and MTZ-1025. They have the total specific energy intensity of use with the designated technological
machines at the minimum level, and the productivity at the maximum. In the power range of tractors
from 110 to 145 hp it is advisable to use cultivators KSHU-5, KSHU-6, KPS-8P with mobile power
tools New Holland T6050 Delta, CASE IH Maxxum 125, JD 6130D, JD 6135, MTZ-1221, Belarus
1220, LTZ-155 and MTZ-1222, which also have the maximum productivity at the minimum level
of the total specific energy consumption for their production and operation. It has been found that
when using cultivators of the type KSHU-12, KBM-7.2P, KBM-10.8P, Leader-6N, APC-7,2, RTS-
1831, KPO-7.2, KORUND 8/900 (power of the energy means up to 150-210 hp), according to the
indicated efficiency criteria, it is advisable to use tractors T-150K, MTZ-1523, HTZ-121, HTA 200-
10, Belarus 1525, HTZ 17221, Terrion ATM 3180, Deutz Fahr Agrotron 165.7, JD 7030, ATM 4200
Terrion, MTZ-2022. It has been established that for the use of cultivators Leader-7.2N, Leader-8,
according to the indicated criteria for minimizing energy consumption and maximum productivity,
tractors with a power of up to 210-240 hp like JD 7830, JD 7930, New Holland 7060, Deutz Fahr
Agrotron L720 DCR, Claas Axion 850 are required.

Keywords: technological processes, machine-tractor units, formation, specific energy intensity
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INTRODUCTION

One of the main issues faced by agricultural
producers in the implementation of technologi-
cal processes in crop cultivation technologies is
the formation of a rational composition of ma-
chine-tractor units (MTU). At the present time
the market of agricultural machinery offers a
wide choice of mobile power units and techno-
logical machines, equipped with the necessary
devices for operation, control and management
of tillage processes, sowing of seeds of agri-
cultural crops, application of various forms of
mineral fertilizers, etc. However, this causes
a significant increase in the cost of purchased
machinery and the corresponding financial
costs in its operation. In addition, the choice of

a rational composition of MTU is complicated
by a large volume of calculations in the forma-
tion of technological maps for the cultivation of
crops in determining the direct operating costs
due to the increased nomenclature of technical
support of technological processes.

In this regard, at the initial stage it is advis-
able to form machine-tractor units according
to the criteria of minimizing the cost of their
production and operation (total specific energy
intensity of MTU for its production and opera-
tion) and maximum productivity in perform-
ing the corresponding technological processes
[1-10].

The research of the leading scientists of Si-
beria in the implementation of technological
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processes of tillage, application of liquid forms
of mineral fertilizers, sowing of grain crops in
the conditions of the Siberian region is aimed at
solving the issues of reducing energy consump-
tion in the production of agricultural products
[11-15].

When considering the issues of energy sav-
ing in technological modules of crops cultiva-
tion, it is necessary to take into account the fact
that technological processes of the same func-
tional orientation must be performed in full and
in the required time interval. This kind of dual
goal requires a logical solution, taking into ac-
count the assessment of the significance of fac-
tors affecting the choice of machine-tractor ag-
gregates.

The purpose of the work is to choose a ra-
tional composition of machine-tractor units on
energy indicators in the implementation of the
technological process of cultivation.

The research objective is to evaluate the ef-
fectiveness of the technological aggregates ac-
cording to the criterion of minimization of total
specific energy inputs during the technological
process of cultivation.

MATERIAL AND METHODS

The method for determining the anthropo-
genic energy of production and operation of
mobile energy vehicles and technological ma-
chines is described by known dependencies in
accordance with recommendations 7 [16]. In
this case we are talking about assessing the ef-
ficiency of using machine-tractor aggregates
by two quality indicators: the minimum cost
of their production and operation (total specific
energy intensity of MTU for its production and

operation) and the maximum productivity when
performing the corresponding technological
processes. It is advisable to solve the presented
two-criteria task as follows:

— determination of anthropogenic energy of
production and operation of mobile energy ve-
hicles and technological machines;

— determination of energy consumption of
the operating personnel;

— determination of specific (per 1 hour of
work) energy intensity of tractors, technologi-
cal machines and couplings in the performance
of the corresponding technological process.

Anthropogenic energy of production and op-
eration of mobile energy facilities and techno-
logical machines is determined by the formula

E =F =E+EF +E+E)/ W, (1)
where E i — energy costs in the implementa-
tion and selection of a particular (j-ro) techno-
logical process; E/,_- specific direct energy con-
sumption for the implementation of j-ro PPM,
MJ/ha; El | - energy inputs of live labor during
implementation of the j-th CHP, MJ/h; Ej m +
Ei_+ Bl - energy intensity of technological ma-
chines, couplings, tractors respectively per 1
hour of shift time, MJ/h; Wjo]DS - output per shift
of MTA in the j-th CHP, ha/h.

Energy costs of the operating personnel

| A <A
E P = WO]{S )
where n ., 71— he number of main workers
(tractor drivers, combine operators, drivers)
and indirect labor (sowers, tractor drivers, load-
ers), respectively; A, A—energy equivalents of

"Milaev P.P. System biogeoenergetic analysis of the agricultural production processes: Methodological recommendations.

Novosibirsk, 2005. 80 p.

*Zhuchenko A.A., Afanasiev V.N. Energy Analysis in Agriculture: Methodological and Methodical Recommendations.

Kishinev: Stiinza, 1988. 128 p.

3Zhuchenko A.A., Ursul A.D. Strategy of adaptive intensification of agricultural production. Kishinev: Shtinitsa, 1983. 304 p.
*The method for determining the energy efficiency of mineral, organic and lime materials. Minsk, 1996. 50 p.

SMethodology of resource-ecological assessment of the farming efficiency on a bioenergetic basis. Kursk, 1999. 48 p.
®Mindrin A.S. Energy and economic assessment of agricultural production. M, 1997. 197 p.

"Methodology for determining the economic efficiency of technologies and agricultural machinery: Regulatory and reference

material. M., 1998. Vol. 2. 251 p.
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labor costs of the main and indirect labor, MJ/
person/h.

The following energy equivalents for labor,
MJ/person/h were accepted: tractor drivers,
combine operators, drivers - 60.8; indirect la-
bor - 33.3 (see footnote 4).

The specific energy intensity of tractors, tech-
nological machines and couplings is calculated
by the following formulas (3) — (4):Yaensnyto
HEPrOEMKOCTh TPAKTOPOB, TEXHOJIOTUYECKHX
MaIlliH ¥ CHENOK ompeneisieM mo (opmynam

() —4):
oo Mea [a | 4
100 | T, T @

M A |-am L ay ]

T VA

“4)

where E, E_ are the specific energy intensity of
tractors and technological machines according-
ly per 1 hour of work, MJ/h; A, A_ - norm of
deductions for renovation of tractors and tech-
nological machines accordingly, %; Mrt - norm
of deductions for renovation of tractors, %; att,
atm - norms of deductions respectively for cur-
rent repair, maintenance and storage of tractors
and technological machines, %; Tnt,Tnm - nor-
mative annual load of tractors and technological
machines respectively, h; T , T - zonal annual
load of tractors and technological machines re-
spectively, h.

The energy equivalent of 1 kg of physical
weight of tractors and cars is taken at the level
of 142.2 MJ, that of agricultural machinery -
116.1, the norms of the annual load, deductions
for renovation, overhaul and current repairs,
maintenance and storage of agricultural ma-
chinery are taken from the recommendations
(see footnotes 4, 6).

RESULTS AND DISCUSSION

The assortment of technological machines
for carrying out the technological process of
cultivation is presented quite capacious. In

each drawbar category of mobile energy equip-
ment, the main type of use of these machines
is defined with the presentation of the total
specific energy intensity of both technological
machines and mobile energy equipment of the
corresponding class and the productivity of an
aggregate as an integral part of the evaluation
of its use efficiency.

When using mobile power tools up to 110 hp
the following main technological machines are
used: cultivators KPS-4, KBM-2,1 and KBM-
4,2 (see Fig. 1).

Analysis of the material shows that with
almost the same productivity (4,0-4,3 ha/h),
cultivators KPS-4 and KBM-4,2 have at least
a twofold advantage over the KBM-2,1 cultiva-
tor. In addition, the total specific energy inten-
sity of the use of technological machines and
mobile power equipment is in a similar ratio.
In this connection two kinds of technological
machines with the following mobile power
equipment are offered for realization: JD5620,
AGCO MF3640, UMZ-6, LTZ 95B, JD6020,
MTZ-80/82, MTZ-920, Belarus-921, Belar-
us-923, Deutz Agrofarm 430 and MTZ-1025,
having the total specific power consumption of
the mentioned technological machines use at
the minimum level, productivity - at the maxi-
mum.

When using mobile power equipment with
the power of 110-145 hp it is advisable to use
the following technological machines which
form the basis in the presented class of tractors:
cultivators Stepnyak-4,2, KSHU-5, KSHU-6
and KPS-8P.

It should be noted that Stepnyak-4,2 cou-
pled with mobile energy equipment has a high
(almost 2 times) total specific power capacity
compared to the cultivators of this class (see
Fig. 2). Besides, its productivity is 1,8-2,0 times
lower than that of the indicated cultivators. In
this connection for practical realization we take
cultivators KSHU-5, KSHU-6 and KPS-8P in
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Puc. 1. CymmapHasi ylienbHasi SHEPrOEMKOCTh UCTIONB30BAHUS TEXHOJIOTMUECKUX MAIIHH () U TIPOU3BO-
JTUTEITFHOCTD TIPH KyJABTUBAIUH (6) (MOITHOCTH TpakTopa o 110 m.c.)

Fig. 1. Total specific energy intensity of using technological machines (a) and productivity during

cultivation (6) (tractor power up to 110 hp)

the aggregate with New Holland T6050 Delta,
CASE IH Maxxum 125, JD 6130D, JD 6135,
MTZ-1221, Belarus-1220, LTZ-155 and MTZ-
1222 mobile power vehicles. It is inexpedient
to use RTM-160 tractor with this class of tech-
nological machines because of high total spe-
cific power consumption.

For mobile power equipment with the power
of 150-210 hp there is a wide range of tech-
nological machines (cultivators): KBM-6,
KBM-7,2P, KBM-10,8P, Leader-4, Leader-6N,
APK-7,2, RTS-1831, Stepnyak-5,6, KPO-7,2,
KSHU-12, KORUND 8/900, KPE-3,8. This list
can be continued (see Fig. 3).

Initial assessment of the appropriateness
of using technological machines according to
the minimum total specific energy intensity re-
vealed that the lowest value of it has the cul-
tivator KSHU-12 (61-69 MJ/ha). Then follow
KBM-6 and KBM-7,2P cultivators according
to this indicator (86-106 and 88-104 MJ/ha re-
spectively).

There is no denying the possibility of op-
erating other technological machines in the
technological process of cultivation (it is more
related to the sustainability of economic de-
velopment of agricultural producers), but we
recommend a scientifically sound rational ap-
proach to the choice of mobile power tools and
related technological machines by the criteri-
on of the lowest total specific energy intensity
of their use.

For the final evaluation and selection of a
promising variant of the unit with the desig-
nated criterion, it is advisable to further evalu-
ate their use by the productivity of the compiled
units (ha/h) (see Fig. 4).

For the practical implementation according to
the mentioned criteria of minimization of energy
consumption and maximum productivity of the
unit created on this base it is reasonable to use
KSHU-12 cultivator in combination with mobile
energy vehicles T-150K, MTZ-1523, HTZ-121,
HTA 200-10, Belarus 1525, HTZ 17221, Ter-
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Fig. 2. Total specific energy intensity of using technological machines (a) and productivity during
cultivation (6) (tractor power 110-145 hp)
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Fig. 3. Total specific energy intensity of using technological machines during cultivation (tractor power
150-210 hp)
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rion ATM 3180, Deutz Fahr Agrotron 165.7, JD
7030, ATM 4200 Terrion, MTZ-2022.

A separate position is occupied by a num-
ber of cultivators with acceptable in this area
performance: KBM-7,2P, KBM-10,8P, Leader-
6N, APK-7,2, RTS-1831, KPO-7,2, KORUND
8/900 (88-104, 110-123,98-113, 171-184, 129-
141, 171-182, 114-128 MJ/ha) while operating
the same mobile power equipment.

Increasing the power of mobile power tools up
to 210-240 hp ensures the operation of wide-cut
cultivators of Leader-7,2H, Leader-8 and Pros-
tor-5,4 types. The unambiguous leader by the
minimum of the total specific energy intensity of
the use of technological machines is the cultivator
Leader-7,2H (111-119 MJ/ha) (see Fig. 5).

According to this evaluation criterion, the
values are quite close when using Lider-8 and
Prostor-5,4 cultivators (147-156 MJ/ha), which
exceed the total specific energy intensity when
using Lider-7,2H cultivator.

Evaluating the effectiveness of these techno-
logical machines by the second criterion - pro-
ductivity - it should be noted that the productiv-
ity of cultivators Leader-7,2H, Leader-8 is 1,7
and 1,8 times higher than that of the cultivator
Prostor-5,4.

Taking into account the above material, we
recommend for practical implementation in this
class of mobile power tools JD 7830, JD 7930,
New Holland 7060, Deutz Fahr Agrotron L720
DCR, Claas Axion 850, cultivators Leader-
7,2H and Leader-8.

Further increase of the power of mobile
power tools (up to 240-280 hp) enables to op-
erate wide-cut cultivators such as KBM-14,4P,
KD-720ML, Stepnyak-7,4, Stepnyak-10 and
KPSH-9.

In terms of minimum energy consumption
in the operation of the presented technological
machines, the most representative is the culti-
vator KPSH-9 (96-108 MJ/ha) (see Fig. 6).

All the above-mentioned cultivators have
energy intensity of their use exceeding the val-
ues of 145 MJ/ha and more. It is important to
note that by productivity KPSH-9 is almost
equal to KBM-14,4P and Stepnyak-10 cultiva-
tors (see Fig. 7).

Evaluating the stated material by the criteria
of total specific power consumption of tech-
nological machinery and productivity in their
operation, it is advisable to use KPSH-9 culti-
vator in the unit with mobile energy equipment
MTZ-2522, K-700A Slavich, K-701 Slavich,
MTZ-2822 and Terrion ATM 5280.

—
N

—
N

Productivity, ha/h
S o

o0

)

N
L

N
1

S
1

KBM-6
Leader-4 -

Leader-6H

KBM-7,211
KBM-10,811

KPE-3.8 _

APK-7,2
KPO-7,2
KSHU-12

RTS-1831

Stepnyak-5,6 -
kD900 RSN

Puc. 4. IIpon3BOIUTENFHOCTD TEXHOIOTHIECKON MAIIMHBI PH KYJIBTHBANNHN (MOIIHOCTH TPAKTOpa —

150-210 n.c.)

Fig. 4. Process machine productivity during cultivation (tractor power - 150-210 hp)
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CONCLUSIONS

1. At the initial stage of formation of ma-
chine-tractor units it is advisable to evaluate the
effectiveness of their acquisition by the criteria
of minimizing the cost of their production and
operation (the total specific energy intensity of
MTU for its production and operation) and the

maximum productivity when performing the
corresponding technological process.

2. The use of the proposed methodological
approach to the evaluation and selection of the
rational composition of a machine-tractor ag-
gregate provides a 20-25% reduction in mate-
rial costs for the purchase of technical support
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Fig. 7. Productivity of technological machines
during cultivation (tractor power — 240-280 hp)

of technological processes in the technologies
of cultivation of crops.
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