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Agricultural production and the industry is growing are you quite costly and produced cereal products are low 
competitive. The main component of the cost mechanism is the high energy consumption of running processes in 
the cultivation of crops. The reason for this is the use of outdated engine technology, based on the prevailing use 
of classic treatments of the soil. According to research by the FSBSI VIM only 10–15 % of farms use innovative 
management techniques and resource saving technology. Forecasts of this institution show that during the next 
15–20 years against the background of increasing energy consumption is not expected technological breakthroughs 
in the provision of alternative sources of energy. Consequently, the in implementation of technological processes 
in the agricultural enterprises will remain copper sky energy. The way technological development will depend on 
the choice of a particular base technology that becomes the basis for many subsequent improvements. Statistical 
indicator of the intensity of technological processes is the traction resistance of agricultural machinery related to the 
physical properties of the soil, its hardness. Investigated the continuous on-line condition monitoring of hardness 
(density) of the soil because of its moisture in the soil treatment. In determining soil moisture used its relationship 
with the thermal radiation of the soil in the surrounding area, which is measured pyroelectric infrared sensors. 
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The production of grain, a strategic prod-
uct, remains dominated-conductive in the crop 
sector agricultural production, both Russia and 
Siberia. However, the implemented technolo-
gies have a high energy intensity and material 
intensity. In accordance with the principle of 
Bellman optimal trajectory of single compo-
nents is also optimal. In [7] it is noted that in 
the cultivation of crops up to 40 % of the re-
source capacity is consumed for the techno-
logical process of processing of the soil, and 
its share of, for example, in the wheat crop, for 
the conditions of Ural and Siberia is close to 
20 %. And more than 50 % of mechanical work 
is performed with deviations from agronomic 
requirements. This is especially true of the 
main and additional processing of the soil, dur-
ing which the deviation is increased to 200 % 
[7]. According to the academician V.P. Yaku-
shev, annual soil degradation in Russia reaches 
450–500 thousand ha, due to the imperfection 
of the prevailing classical application of dump 
technologies. According to studies, I.I. Sventit-
skiy, the intensity of technical (anthropogenic) 
impacts on soil proportional to its saturation. 

Analysis of tendencies of development of 
production in Russia shows that the rising cost 
of energy and material resources is outpacing 
the growth in number of end products – growth 
in productivity. The concept of increasing pro-
ductivity in agro-industrial complex based on 
the use of intensive technologies with the use 
of powerful resource-technology in the modern 
conditions,  have shown to be ineffective.

The modern state of agriculture in its stra-
tegic development focused on energy saving 
technologies based on minimization soil treat-
ment up to zero, including No-Till technology. 
For conditions of Siberia, as follows from the 
above work, the abandonment of tillage leads 
to a reduction of 20–25 % of the total cost of 
implementing the technology. It is noted that 
the use of No-Till does not always provide 
a high yield, however, an important ecologi-
cal and economic benefi ts. It is believed that 
agricultural intensifi cation is the only way to 
ensure the world’s population with food. Ac-
cording to L.V. Pogorelyi, creation of fl exible 
technological systems allows to increase pro-
ductivity in 2 and more times.

The aim of the study is to improve the 
quality of soil treatment on the basis of increas-
ing precision of operational control of its state.

The use of ecologically-oriented energy-
saving automated technologies of cultivation 
and sowing of grain crops provides individ-
ual need of different type of soil in complex 
stress, restoring their fertility. Effi ciency of 
the adaptive tillage Assembly (ATM), and 
hence yields, facilitates the continuous de-
termination of density of soil directly when 
performing technological operations in ma-
chine-tractor unit. Because of the spots with 
a sharp change in the density of the soil the 
process of change in the traction resistance is 
random non-stationary. In [1, 2, 5, 9] analyzed 
model of the soil and generalized model that 
takes into account the diversity of soils and 
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their statistical characteristics, designed and 
tested in a production environment, the auto-
matic control system as ATM, proven methods 
of operational control of the hardness (density) 
of the soil. It is shown that it is necessary to 
consider many factors that affect soil fertility, 
including its moisture content. However, the 
methods and technical means to ensure serving 
its records directly in the process of technolog-
ical operations but rather studied and have no 
practical use. To address this shortcoming and 
dedicated to this work.

It is known that yield losses depend on the 
density (hardness) of the soil [3]:

PU = knρmd, 
where ρmd – average density of the soil. 

Studies have found that between moisture 
and density (hardness) of soil there is a linear 
dependence with the increase of humidity de-
creases the hardness. For example, empirical 
relationships between the hardness y and hu-
midity x black soil have the form [10]:

 Background – couples plowing on the ho-
rizon 10...15 cm:
 y = 2,792 – 0,042x;    υ = 0,472.  (1) 

Background – stubble on the horizon 
10...15 cm:

y = 5,137 – 0,099 x;    υ = 0,559,
where y is in MPa, x in percent; υ – coeffi cient 
of variation.

Similar dependencies were obtained at 
depths 0...5 cm 5...10 cm (with different coef-
fi cients). Given the temperatures at which the 
hardness is particularly effective in the pro-
cessing of the soil complex content (including 
sod-podzolic, sulfur-forest, etc.), which have 
a strong correlation between moisture content 
and hardness.

There is the ambiguity of determining the 
hardness of dry and wet soil. Possible but sea-
sonal or short-term increase in soil moisture. 
Therefore, it may be, wrong decision about 
the impact on soil (including the payment of 
ameliorants or fertilizers), suggesting that its 
hardness does not require exposure, although 
humidity is declining, its hardness increases 
and can exceed permissible limits, this requires 
who to act on the soil to change its state.

Found that the traction resistance Ra 
ATM linearly related to the hardness (den-
sity) of the soil [4]:
 Ra = Fk + abmTmd, (2)

where Fk is the force of rolling, a and b are 
plowing depth and width, m – empirical coef-

fi cient: m = 0,014 in the case of the working 
bodies without sticking; m = 0,030…. 0,032 in 
case of sticking of the case of the working bod-
ies of the soil; Tmd – the average soil hardness 
in the depth of plowing.

In other cases [8] also use a linear relation-
ship between the specifi c resistance of oriented 
soil ка and its hardness Tmd: 

 kа = 5, 4843Tmd – 2,8153. (2а)

Since the tractive resistance is evaluated on 
the working speed modes close to n = nnom (n – 
frequency of crankshaft rotation), then from 
the equation of power balance

 Ra ≈ β(Nep – Nex),  (3)

where  – coeffi cient of proportionality, con-
stant for a given traction vehicle and defi ned 
in the calibration by means of a traction dy-
namometer; the indices p and x correspond to 
the working (under load) and idle passages of 
the unit.

Using one or another indirect parameter PN, 
refl ecting the power of the engine it is possible 
to determine the traction resistance tillage units:

 Ra ≈ β(PNр – PNх).  (4)

From equations (2)–(4) we get:

 Tmd = (/abm)(Nep – Nex) = kcp(PNр – PNх),  (5)

where kcp = (/abm) – the coupling coeffi cient.
As a parameter PN can be applied to the fol-

lowing quantities: 

     

        

PN7 = pk;   PN8 = Т;  

 PN9 = рk input;    PN10 = рр;

      

    

   

      

   

where     – average rectifi ed 
value components of the angular acceleration 
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of the crankshaft: compressor, gas, thermo-
dynamic, are multiples of 3...4 th harmonics 
of the rotation frequency of the crankshaft; 
in PN2... PN6 applied the maximum and mean 
square values  ; pk – boost pressure; ωT 
and εT – angular velocity and acceleration of 
the turbocharger rotor; pk input – air pressure up-
stream of the compressor; Δpp – suction air at 
the compressor inlet; in PN11...PN18 with index 
34 – average rectifi ed and index 34max – max-
imum values are pk, pk input, Δpp, εT, are multi-
ples of 3...4 th harmonics of the rotation fre-
quency of the crankshaft; in PN19...PN20 applied 
offset the total acceleration of the crankshaft 
relatively instantaneous acceleration of the 
crankshaft when passing piston at TDC (the 
zero line) εTDC, which simultaneously leads to 
a shift by φTDC crank angle or time interval, cor-
responding to the angle between the TDC and 
the point of transition instantaneous accelera-
tion through zero; in PN21...PN22 used values Ig 

and Ing or Ig = Id;  or  (Ing and 
Ug – load voltage and DC current generators 
with parallel and independent excitation; Id and 
Ud – rectifi ed load current and voltage rectifi er 
generator with independent excitation).

Established between soil moisture and ther-
mal radiation (fl ux) of soil in the surrounding 
space there is a linear correlation. For exam-
ple, in dynamic mode, when the evaporation of 
moisture from the soil: 

 mc(dE/dt) = Gb = kTQm,  (6)

where mc is the mass of absolutely dry soil; E – 
liquid coeffi cient of the soil; Gb – the fl ow of 
evaporated water; Qm – heat fl ow; kT – coef-
fi cient of proportionality. 

In static mode, the heat fl ow Qm is asso-
ciated with the moisture evaporating from the 
empirical relation:

 Qm = (597 + 0,45Tb)Gb,  (7)

where Tb is the temperature of the evapo-
rated moisture; Gb – the flow of evaporated 
water, kg/h.

Therefore the measured thermal radiation 
of the soil to assess its moisture content and 
to determine the hardness of the soil based on 
its moisture content. To measure the thermal 
radiation of the soil can be used pyroelectric 
infrared sensors that convert the energy of the 
absorbed thermal radiation into an electrical 
signal (for example, Japanese sensor company 
IRA IRA-E410 QW1 angle 17° or IRA-E710 
ST1 with a viewing angle of 45°). Depending 
on the width of the working bodies of tillage 

mouth-line is selected from multiple pyroelec-
tric infrared sensors to ensure the desired angle.

Previously for a specifi c type of ATM is 
measured by a tachometer frequency of rota-
tion of the crankshaft of the internal combus-
tion engine and the transmission of working 
set. When idle passage ATM alternately set 
and measured parameters PNх, refl ection engine 
power and then on the same program at the 
same engine speed is similar to set and meas-
ure the parameters PNp, refl ected-of damaging 
the engine power at an operating passage ATM. 
Simultaneously, via the traction dynamometer 
measured tractive resistance. Determined in 
accordance with (4) the coeffi cients of pro-
portionality β between the traction accompa-
nied and the difference parameters PNр – PNх. 
As a result of a series of measurements deter-
mined by the mean value of coeffi cients of β. 
Then, when the con-controlling the passage 
of this unit on a particular fi eld, the extent of 
sticking the RA working bodies, m (2). With 
the help of the device coupling coeffi cient is 
introduced into the determinant of the hard-
ness of the soil alternately the corresponding 
values of the coupling coeffi cient of the kcp (5). 
With humidity setpoint coeffi cient and hard-
ness of the soil is introduced manually into 
the soil moisture determinant factors known 
in advance, according to (6) and (7) based on 
soil temperature and soil hardness determinant 
based humidity – according to relations (1) and 
the like. Carry out basic treatment of soil on 
the working transmission. With the speed of 
the crankshaft sensor and tachometer control 
speed, which should be equal to that at which 
the determined coeffi cients β and kcp.

Continuous operational control of soil 
condition in the course of its processing can 
improve fl exibility, signifi cantly increase the 
accuracy and reliability of the determined di-
vision-soil hardness because of its moisture, 
resolve the ambiguity in the defi nition of soil 
hardness and provide quality tillage soil tillage 
implements in use, motor-vehicle comprising 
an internal combustion engine. Roughly, in 
comparison with the known solution [6], the 
accuracy of determining the hardness of the 
soil is reduced by 10...20 %.

Insights
1. It is established that the production of 

grain products is expensive, due to high energy 
consumption. The static intensity of techno-
logical processes in machine technology is the 
tractive resistance of the prima taken of the ag-
ricultural, having a linear relationship with the 
rate of chopping of the soil.
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2. The obtained expression, taking into ac-
count the relationship of the traction resistance 
of agricultural machinery with the main indica-
tors of physical – mechanical soil properties – 
its hardness and humidity.

3. Proposed solution for an operational 
defi nition of indicators, taking into account the 
hardness of the soil moisture.

References
1. Dobrolyubov I.P., Optimization of characteristics SAUR 

arable unit / I.P. Dobrolyubov, G.L. Utenkov // Tractors and ag-
ricultural cars. – 2000. – № 4. – Р. 37–39.

2. Dobrolyubov I.P., Utenkov G.L. Environmental and 
energy-saving adaptive units of cultivation and seeding of grain 
crops // Еhe Ecological aspects of the technologies of crop pro-
duction / Intern. agroecological forum may 21–23, 2013. St. Pe-
tersburg, Russia. Vol. 2. The Russian Academy of agricultural 
Sciences, North-West research Institute of mechanization and 
electrifi cation of agriculture. – SPb., 2013. – P. 31–36.

3. Kushnarev A.S. Methodological bases of selection of pa-
rameters of zonal work sneeze organs of tillers // Technique in 
agriculture. – 1991. – № 3. – P. 12–14.

4. Ogryzkov E.P. Evaluation of the resistance of soils ac-
cording to their hardness / B.E. Ogryzkov, V.P. Ogryzkov // 
Tractors and agricultural cars. – 2004. – № 3. – P. 24–25. 

5. Patent RU 2298778 C1, IPC G01N3/42, G01N33/24. 
Device for the continuous determination of hardness of the soil / 
I.P. Dobrolyubov, G.L. Utenkov, M.G. Utenkova. – applica-
tion № 2005119041/15, appl. 20.06.2005; publ. 10.05.2007. 
Bul. № 13.

6. Patent RU 2535102 C1, IPC G01N33/24. Device for 
continuous determination of the hardness of the soil / I.P. Dobro-
lyubov, G.L. Utenkov. – application № . 2013145771/15, appl. 
11.10.2013; publ. 10.12.2014. Bul. № 34.

7. Svechnikov P.G. Modernization of soil-cultivating work-
ing bodies on the basis of research of process of their interaction 
with the soil // The dissertation author’s doctor of technical sci-
ences. – Chelyabinsk, 2013. – 43 с.

8. Skorlyakov V.I. The baselines and quality indicators 
for deep tillage in agricultural enterprises of Krasnodar region / 
V.I. Skorlyakov, T.A. Yurina, O.N. Negreba // Machinery and 
equipment for the village. – 2014. – № 9. – P. 10–13.

9. Utenkov G.L. Automated technological systems of cul-
tivation / G.L. Utenkov, I.P. Dobrolyubov. – RAAS. Siberian 
branch. Sibime. – Novosibirsk, 2006. – 380 с.

10. Utenkov G.L. The problem of technical equipment 
of resource-saving machine technologies of cultivation of 
grain crops in Siberia // Actual problems of scientific sup-
port of production of agricultural products in Siberia: mate-
rials of the intern. scientific-practical conf. / Russian Acad-
emy of Agricultural Sciences. SSI Sib. scientific Institute of 
mechanization of agriculture of the RAAS. – Novosibirsk, 
2011. – P. 207–2014.


