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The main types of negative impact of technology on the natural environment are gaseous, solid and
liquid emissions, heat emissions, resource depletion. As a result of repeated movement of machines across
the field, there is a significant over compaction of the soil, which spreads to a great depth (up to 100 cm),
and machine tracks cover up to 80.0% of the field. Soil density increases by 20.0-40.0% under the influence
of heavy machinery. Exhaust gases are the main source of toxic emissions. They are a mixture of gaseous
products of complete and incomplete combustion of fuel, excess air and various trace impurities. Diesel
engines are extremely toxic due to their high content of NO,, benzene, aldehydes and soot, although they
have significantly lower CO and CH emissions compared to gasoline engines. Carbon monoxide (CO) is the
leader among harmful substances in terms of absolute emissions. Its figure is 10.3 million tons per year.
Nitrogen dioxide (NO,) is on the second place with 1.8 million tons per year. Hydrocarbons (CH) are on the
third place with 1.5 million tons per year. The priority belongs to NO,, lead (Pb), sulfur dioxide (S0,) and
soot particles in terms of environmental hazard. It is necessary to ensure the reduction of emissions of
these substances in the first place. Emissions of SO,, CO and benzopyrene play a significant role in air

pollution. At first it is necessary to ensure the reduction of emissions of these substances.
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Introduction. Nowadays, the agriculture has
become a powerful factor of environmental impact
along with the industry. The use of machinery in ag-
riculture entails consequences that negatively affect
an environment. Prevention and minimization of
these consequences are the most important tasks of
“greening” the agricultural sector (Tirion, 1999).

The main types of negative impact of technology
on the natural environment are gaseous, solid and lig-
uid emissions, heat emissions, resource depletion.

Tractor emissions are in first place in terms of the
guantitative content and degree of negative impact on
humans, flora and fauna (Siedlecki et al., 2017).

At present, the issues of increasing the reliability
of equipment, improving working conditions, reduc-
ing injuries and morbidity remain relevant for agricul-
tural production. Leading manufacturers of tractors
and agricultural machines pay special attention not
only to improving designs and increasing the reliabil-
ity of machines, but also to eliminating their harmful
effects on the environment and humans. The need
to improve occupational safety in crop and livestock
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farming, an increase in energy saturation, an emer-
gence of new equipment and technologies as well as
a widespread use of mobile machines with diesel en-
gines in the aggregates requires the development of
engineering methods and technical means for clean-
ing exhaust gases from toxic components (Housden,
2005; Jorgensen, 2012).

Soil erosion is also an important problem in ag-
riculture. Lands used for the production of agricul-
tural products, arable land, hay fields, pastures are
classified as land (agricultural) resources. Lands that
provide the world's population with most of the food
products make up only 13.0% of the land surface.

The process of increasing the area of land used
for growing crops has been going on throughout the
history of mankind. Territories were deforested, wet-
lands were drained and deserts were irrigated. But at
the same time, people were already losing their agri-
cultural land. The area of arable land was about
4.5 billion hectares before the intensive development
of agriculture. Currently, there are only 2.5 billion hec-
tares. Almost 7 million hectares of arable land are

IHxxeHepis npupogokopucTyBaHHs, 2021, Ne1(19), c. 41 - 47
Engineering of nature management, 2021, #1(19), p. 41 - 47



IHTeHCMBHa eKkcnyaTauisi CiNbCbKOrocnoAapcbKoi TeXHIKM Ta i BNAUB ...

Sustainability of the use of agricultural machinery and its impact ...

irretrievably lost every year, which means a loss of the
life base for 21 million people (Kanianska, 2016).

The soil does not receive enough organic ferti-
lizers, which are important for the formation of hu-
mus, maintenance and improvement of the soil
structure. This is due to the steady reduction in the
number of livestock, pigs and poultry. This leads to
a decrease in the production of organic fertilizers by
the livestock industry (Maji et al., 2020). For a num-
ber of years, agricultural enterprises have not com-
pensated for the nutrients taken out by the crop
(Daxini et al., 2019). This causes an excessive re-
moval of nutrients from humus for the formation of a
crop, leads to a deterioration in the quality of soils,
the accumulation of nitrates in food, as well as pollu-
tion of water bodies. The most important problem is
the deterioration of the economic fertility of soil,
which often causes irreparable damage to the land.
A logical continuation of this process is a drop in
yield and, as a result, a decrease in the gross yield
of products, which in turn negatively affects the fi-
nancial results of agricultural enterprises.

It is necessary to link the environmental condi-
tions, terrain, modes of operation of diesel engines,
types of work performed, in-cylinder processes with
the formation of nitrogen oxides, carbon monoxide,
hydrocarbons, soot and particulate matter, alde-
hydes and benzopyrene in the context of the use of
agricultural mechanization means, when consider-
ing the problem of reducing the environmental im-
pact of mobile equipment on the environment. The
above processes are implemented by establishing
compliance of the levels of harmful emissions with
the standards due to the maximum permissible con-
centrations and maximum permissible emissions
(Nicolae et al., 2013; Sugozu et al., 2010).

The issues of the environmental friendliness of
all production and technical means are becoming in-
creasingly important as the role of technology in the
interaction of people with nature increases. Environ-
mental friendliness is understood as such a state of
the source of danger, in which its permissible impact
on the technosphere and (or) the biosphere is ob-
served in terms of life safety.

Materials and Methods. The issues of the
means assessment to reduce the harmful emissions
of diesel from mobile machinery can be solved with
different reliability by many methods. The main re-
quirements for the assessment method are data reli-
ability, ease of operations, comprehensiveness and
clarity of assessment criteria, the ability to check the
selection results by other methods and use them in
the resulting selection. The methods of the theory of
operations, their principles and methodology were
used as the basis for the choice of assessment. In
contrast to similar techniques, a universal approach is
considered and reasonable groups of criteria are
identified. The generalized criterion has the form of

the weighting factors of environmental, economical,
technical and economical, technical and technological
and operational criteria.

Results and Discussion. It was found that large-
scale use of machinery in agriculture contributes to
the growth of productivity and labor efficiency (Fig. 1).

However, it is also associated with negative en-
vironmental consequences (Tab. 1).
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Figure 1. Mechanization of agriculture and its
potential for reducing the labor intensity of man-
ual labor and increasing labor productivity.

The applied technologies for growing agricul-
tural crops provide for multiple impacts of the chas-
sis of tractor machinery units on a soil.

A significant overcompaction of the soil, which
spreads to a great depth (up to 100 cm), occurs under
the influence of a repeated movement of machines
across the field. As a result, machine tracks cover up
to 80.0% of the field. Soil density increases by 20.0-
40.0% under the influence of heavy machinery. The
suppression of the activity of soil microorganisms,
overconsolidation of the soil and disturbance of its
structure, the demolition of ground soil by water and
wind are negative consequences of the impact on the
arable land of the running systems and working organs
of tillage implements (machine soil degradation).

A serious consequence of soil compaction is an
increase in its resistivity. The resistivity is largely de-
pendent on reconsolidation of the soil by various pro-
pulsion devices and suspensions. It corresponds to
the effort spent on cutting the seam, turning it over
and rubbing the soil against the working surface of
the equipment.

Overconsumption of fuel increases significantly
due to an increase in soil resistance. In addition, soil
crumbling worsens with overcompaction. The arable
land becomes blocky, which leads to uneven em-
bedding of seeds, a decrease in their field germina-
tion. As a result, a significant crop shortfall occurs.

The high density of the soil leads to a sharp de-
terioration in its physicochemical and agrophysical
properties. Compacted soils offer great resistance to
the penetration of plant root systems into them. The
water-air and nutrient regimes deteriorate in such
soils and erosion processes develop.
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The optimum soil density (bulk density) is
1.1 g/cm3. An increase in soil density by 0.1 g/cm?3
leads to a shortage of 6.0-8.0% of the yield. Total
yield losses due to soil compaction on black earth
reach 45.0% per year. The grain yield is reduced by
20.0% only due to soil overconsolidation, and the po-
tato yield is reduced by 40.0-50.0%.

Measures to reduce soil compaction include:

- organizational and technological measures;

- agrotechnical methods to increase the resist-
ance of soils to compaction and decompaction;

- improvement of the running systems of agricul-
tural machinery with bringing the pressure on the soil
to permissible values.

Table 1. Production processes and its possible negative consequences

Manufacturing processes

Negative consequences

1. Use of mobile energy
means(cars, tractors, self-
propelled agricultural ma-
chines)

- chemical, mechanical and acoustic pollution of the atmosphere;

- pollution of the environment with liquid oil products;

- compacting and destructive action on the soil as a result of pressure, dynamic action
and vibration.

2. Soil cultivation

- development of water, wind and technical erosion;
- the formation of a plow sole: growing conditions of plants deteriorate;
- increased tractive effort as a result of soil compaction.

3. Application of mineral and
organic fertilizers and plant
protection

- pollution of water and soil with chemicals and disease-causing organisms;
- the negative impact of pesticides on living organisms and ecosystems in general.

4. Cultivation and harvesting
of roots and tubers

- development of erosion, soil compaction;
- removal of soil from the field during transportation of insufficiently peeled roots and tubers;
- damage to tubers: loss of production during storage.

5. Harvesting of grain and
forage crops

- quantitative losses of cereals: improved nutritional conditions for pests;

- loss of green mass when it is loaded onto vehicles;

- quality losses: crushing and injury of grain;

- death of animals under the knives of the mower when the harvesting units move into
the drive.

6. Drying, cleaning, sorting
and storage of grain and
seeds. Getting of herbal flour

- environmental pollution by flue gases during the drying process;

- obtaining insufficiently cleaned seed as a result of poor-quality cleaning: increased
contamination of crops;

- damage to grain and seeds and loss of products during storage.

7. Operation of the machine
and tractor fleet

Environmental pollution and destructive effects on its components as a result of:

- the use of energy-intensive machines with a large mass and high speed;

- the presence of faults and shortcomings in the organization of the use of MTP;

- carrying out maintenance and technical maintenance in the absence of appropriate
equipment and special sites;

- deficiencies in the organization of the oil industry (poor condition of tanks, dispensers, etc.);
- lack of warm heated rooms for diesel cars and tractors;

- environmental pollution with metals due to corrosion during storage of agricultural ma-
chines and untimely delivery of decommissioned equipment.

8. Land reclamation

- drainage: destruction of the fertile soil layer, lowering the level of groundwater, de-
struction of natural ecosystems;

- irrigation: waterlogging and soil salinization; rise in the level of groundwater; destruc-
tion of the fertile soil layer with increased intensity of rain created by sprinkler units.

9. Mechanization of produc-
tion processes in animal
husbandry

- pollution and contamination of the environment with manure;

- environmental pollution during washing of milking equipment and dairy equipment,
during washing of roots and tubers;

- air pollution by gases generated during the life of animals and the decomposition of
manure, as well as dust and microorganisms during ventilation of premises.

Over 5 million tons of harmful substances per
year are emitted only by diesel engines of tractors
and combines in Ukraine. Emissions of automotive
vehicles with diesel engines for the year are pre-
sented in Table. 2.

Accidental and operational spills of fuel and lub-
ricants pose a serious hazard. Environmental pollu-
tion from battery acid, preservatives, detergents,
coolants and other operating materials, as well as
corrosion products, is increasing everywhere.
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Copper, vanadium, molybdenum, nickel and
chromium are released into the air and soil when the
brake pads are abraded. Abrasion of tires is accom-
panied by the release of cadmium, lead and zinc into
the soil. The special danger of these emissions is
that they contain soot, which contributes to the deep
penetration of heavy metals into the human body. A
data presented in Table 3 shows volume of solid
emissions produced by automotive vehicles per one
year in Ukraine.
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Table 2. Emissions of diesel engines of automotive
vehicles in Ukraine for a calendar year

Emissions of harmful
substances, million tons
Type of equip- c 4, =3 5 L » 0
ment | $5 85| 38|28 23
Tractors 1.50 | 0.80 | 0.15 | 0.10 | 0.06
Self-propelled |4 54 | 64 | 012 | 0.08 | 0.03
vehicles
Combines 0.30 | 0.16 | 0.03 | 0.01 | 0.01
Total 3.00 | 1.60 | 0.30 | 0.19 | 0.10

Table 3. Solid emissions of automotive
vehicles in Ukraine per year

Wear products of tires, brakes, thousand tons 90
Tires, million units 30
Metal, million tons 3

The combustion of 1.0 kg of diesel fuel releases
about 80.0-100.0 g of toxic components (20.0-30.0 g
of CO; 20.0-40.0g of NO,; 4.0-10.0g of CH;
10.0-30.0 g of SO,, 0.8-1.0 g of aldehydes; 3.0-5.0 g
of soot, etc.). The contribution of diesel emissions
from vehicles to the total concentration of nitrogen
oxides in the atmosphere is about 20.0-26.0%. Die-
sels are extremely toxic due to the increased content
of NO, benzene, aldehydes and soot, despite the
fact that compared to gasoline engines they have
significantly lower €O and CH emissions. Carbon
monoxide (CO0) is the leader in absolute emissions
among harmful substances (10.3 million tons per
year). Nitrogen dioxide (NO,) is in second place
(1.8 million tons per year). Hydrocarbons (CH) are
located on the third place (1.5 million tons per year).
Priority belongs to NO,, Pb, SO, and soot particles in
terms of environmental hazard. It is necessary to pro-
vide the reduction of emission of these substances at
first. Emissions of SO,, CO and benzopyrene play a
significant role in air pollution. A serious danger is also
posed by asbestos dust, which is a part of friction ma-
terials. A dust is emitted from lining of driving clutch
discs and brake pads, from abrasion of tires and as-
phalt road surfaces, as well as C0O, emissions. Toxic
substances are released into the atmospheric air to-
gether with fuel vapors, blow-by gases and exhaust
gases during the operation of internal combustion en-
gines. Fuel vapors enter the atmosphere from the el-
ements of the power system. Fuel vapors can be ne-
glected, due to the low volatility of diesel fuel and the
tightness of the diesel fuel system when determining
the degree of environmental safety of diesel engines.
In total, about 8.0% of CH hydrocarbons are emitted
into the atmosphere with vapors.

The share of crankcase gases, which are a mix-
ture of unburned hydrocarbons, which enter the

crankcase with fuel and oil vapors through leaks in
the cylinder-piston group, in the crankcase of a die-
sel engine does not exceed 0.2-0.3% of the total
emission of toxic substances.

Exhaust gases are the main source of toxic
emissions and are a mixture of gaseous products of
complete and incomplete combustion of fuel, excess
air and various trace impurities (gaseous, liquid and
solid particles) that comes from the engine cylinders
into its exhaust system. Various physicochemical,
physical and chemical methods are used to deter-
mine the individual components of the exhaust
gases. The complexity of evaluating the exhaust
gases of automotive diesel engines lies in the variety
of harmful substances, as well as in a wide range of
changes in their concentrations.

Dangerous accumulators of carcinogenic sub-
stances, in particular benzopyrene, are solid parti-
cles of soot as a carbon product. Diesel engines emit
10-1000 times tinier soot particles into the atmos-
phere during the test cycle than gasoline engines.
The emission of such particles by weight reaches
1.0% of the fuel consumption. In addition, three un-
burned carbon atoms per 1000 burned ones give the
smoke of the exhaust gases about 30.0%.

The exhaust gas toxicity of diesel engines is
largely dependent on the quality of the diesel fuel.
With a decrease in the sulfur content in the fuel from
0.31 to 0.03%, the NO, content in the exhaust gases
decreases by 0.2-1.8%; CO, - by 24.4%; soot - by
13.2-22.6%.

An increase in the cetane number of the fuel from
45 to 51 leads to a decrease in the ignition period, en-
gine severity and maximum combustion pressure. As
a result, smoke is reduced at start-up and at medium
loads. At increased loads, the cetane number has
practically no effect on the smoke, although in this
mode there is an intense emission of soot.

The technical condition of the engine has a
strong influence on the amount of emissions of
harmful substances with exhaust gases. Any mal-
function of the elements of the fuel supply system
increases the smoke of the exhaust gases in diesel
engines, and the development of the engine's motor
resource increases the emission of toxic substances
(Table 4). So, the opacity can double due to wear of
the parts of the cylinder-piston group.

The advance angle of the start of fuel injection
has a significant effect on the amount of harmful sub-
stances in the exhaust gases of a diesel engine. Re-
ducing the injection angle reduces the formation of
nitrogen oxides, however, this increases soot emis-
sions and deteriorates the power and economic pa-
rameters of the engine.

Smoke is also increased by factors such as a de-
crease in the lifting pressure of the nozzle needle and
coking of its nozzle holes, clogging of the air filter.

Faults in the transmission and running gear of
automotive vehicles increase power consumption,
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and, consequently, fuel consumption, which also
leads to an increase emissions of harmful sub-
stances with engine exhaust gases.

Consequently, most of the factors affecting the
environmental performance of diesel engines under
operating conditions can be eliminated by timely
maintenance and repair.

Table 4. Influence of the technical condition
of the engine on emissions
of harmful substances with exhaust gases

Change in emissions,%

Types of malfunc-

tion co | cH | No, [SMOK

iness

Fuel con-
sumption
change,%

Violation of injec- +5- | +5. | -25 | 425-

tion pump adjust- 50 | 25 | _+25]| 100 +5-25

ment
Violation of the ad-
+5- -100 | -25
vance angle of the 50 0-25 4100|450 +5-25

start of fuel injection

Wear of the main

. +50 |+100| -25 |+100 +15
engine parts

Malfunction of in-| +25-|+50- -25

iectors 50 |100| 2° |..+25| *10-20

Increased re-

sistance to air in-| 207 [*20-| 50 |4100| +15
100 | 100

take and exhaust

Increased re-

sistance to move-| Increase up to 20.0% +5-20

ment

Thus, at present, the main problem of the envi-
ronmental safety of the country's agricultural sector
is to reduce the toxicity of exhaust gases from auto-
motive vehicles, as well as to reduce liquid and solid
emissions and save natural resources.

Organizational and technological measures pro-
vide for the development and implementation of
technologies for the cultivation of agricultural crops
with a minimum number of passes through the fields
of heavy wheeled vehicles (combination of opera-
tions) (Parkhomenko et al., 2019).

Cultivation of soils and increasing the content of
humus in them are agricultural practices.

Loosening of the arable and subsoil layers with
using chisels and subsoilers is applied to loosen the
soil. The combination of loosening with the applica-
tion of organic fertilizers and calcium-containing sub-
stances leads to a significant reduction in the nega-
tive consequences of machine soil degradation
(Zhao & Sharma, 2014).

It is important that only such mechanisms work
in the fields, the pressure of the propellers of which
on the soil does not exceed 0.1 MPa. For these pur-
poses, it is better to use caterpillar propellers or
wheel drives with elastic tires, the pressure of which
on the soil is 80-100 and 30-60 kPa, respectively.

Energy-saving technology with minimum tillage
provides for the use of the combined machines that
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perform several process steps in one pass. At the
same time, the soil is less compacted and sprayed,
and its resistance to erosion increases. In addition,
the need for equipment, fuel and lubricants is re-
duced (by 8.0-27.0%), and the cost of funds and la-
bor is reduced (by 18.0-35.0%) (Qadri, 2019).

Plowing a field with moldboard plows is accom-
panied by the destruction of the surface layers of the
soil. At the same time, the grass cover and sod are
destroyed, stubble and other crop residues are
plowed, protecting the soil from being blown out and
washed away. It is also possible that less fertile soil
layers may be turned up on the surface.

Loosening of the soil with flat cutters should be
used in areas dominated by wind erosion. This sys-
tem allows to minimize a soil destruction, ensures
rational use of land, increases crop yields in combi-
nation with the introduction of grassland crop rota-
tions, correct crop rotation, cutting fields perpendic-
ular to the wind direction, strip placement of crops
and other techniques (Volkov & Fomin, 2018).

The total loss of soil with products and on working
bodies of agricultural machines, wheels and tracks
(especially in wet weather) reaches about 16.0%. Up
to 4 t/ha of soil is removed from the most fertile layer
with roots in rainy weather. The total annual soil loss
is 1.5 billion tons (Rohila et al., 2017). Agrophilic (soil-
protecting) running systems are an effective means of
combating machine soil degradation.

The use of petroleum products as fuel leads to
environmental pollution, including soil.

The main consumers of liquid fuel are tractors,
automobiles, and grain harvesters. Exhaust emis-
sions from low-lying tailpipes cause environmental
pollution that can be compared to the impact on the
atmosphere of large industrial plants (due to the pe-
culiarities of pollution of the surface layer) (Jablo-
nicky et al., 2018; Miloslaw, 2016).

However, diesel engines are inferior to carbure-
tor ones in the content of other components per 1 kg
of burned fuel, namely, soot, benzopyrene, alde-
hydes (in terms of hazard level, carbon monoxide is
the least harmful of the generated air pollutants)
(Soltani et al., 2016; Gulbis & Smigins, 2005).

Thus, environmentally friendly machines and
technologies ensure the safety of the environment,
life and health of the population. The key problem of
using agricultural machinery is to preserve not only
fertility, but also soil resources (Merkisz et al., 2013).

Analysis of the literature showed that to solve
the problem, it is necessary:

- to determine targeted actions to solve environ-
mental safety, based on a deep understanding of the
processes of formation and cleaning of exhaust
gases, spark and flame emission from the exhaust
pipes of diesel engines;

- to determine the leading methods of influenc-
ing the working processes of catalytic converters,
mufflers, flame arresters and use them to solve cer-
tain aspects of the problem;
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- to perform the mathematical modeling of pro-
cesses in reactors of catalytic converters and use its
results in the formation of complex means of reduc-
ing harmful emissions.

The deterioration in the quality of the land is an
alarming and intractable phenomenon. Destruction
of the fertile soil layer, depletion, waterlogging, pol-
lution, salinization of land, overgrowing with weeds,
improper plowing under conditions of wind and water
erosion can not only remove land from agricultural
use for a long time, but also disrupt long-term eco-
logical ties, change the water balance, lead to de-
struction fauna, depletion of forests, desertification.
These processes can lead on a large scale to partial
climate change in the long term. All this necessitates
the rational use and special protection of lands pro-
vided for the needs of agriculture, as well as those
intended and suitable for these purposes.

Determination of the ecological and economic
damage to agricultural production requires further
research. It is necessary to deeply penetrate into the
essence of the relationship between environmental
and economic factors, develop technologies that en-
sure the environmental efficiency of the industry.

Conclusion

Further development of agricultural production,
its mechanization and chemicalization of land signifi-
cantly increase the role of environmental protection in
agriculture. Environmental requirements are so signif-
icant and fundamentally important. Therefore, it is im-
possible to talk about the economic efficiency of agri-
cultural production without meeting these require-
ments. This is of particular importance for agriculture,
since this branch of social production is closely re-
lated to living and inanimate objects of nature.
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AHoTauiA
IHTeHCMBHa eKcnyaTauis CiNlbCbKOrocnoaapcbKoi TeXHIKU
Ta ii BNJIMB Ha HABKOJIULLHE cepeaoBuLle

B.l. CemeHuoB, B.B. CemeHuoB, A.l. Manin, A.IN. MNanin, C.A. YurpuHa

OCHOBHUMM BMAAMKN HEraTMBHOIrO BNAMBY TEXHOMOriN Ha NPUpOAHe cepeaoBULLe € ra3onoaibHi, Teepai
Ta pigki BMkugwn, BUKUOW Tenna, BudepnaHHs pecypcis. B pesynbTati 6aratopa3oBoro nepemilleHHs MaluvH
no noso BiAOYBAETLCA 3HAYHE YLUINbHEHHS IPYHTY, SIKAIA NOLUMPHOETLCA Ha BeNuKy rmmnbuHy (oo 100 cm), a
MaLmHHI Konii nokpmatoTb A0 80,0% nons. LWWinbHICTb FPyHTY Nig BNAMBOM BaXKOi TEXHIKM 36inbLIYETLCA Ha
20,0-40,0%. BuxnomnHi rasm € OCHOBHUM JKEPEenomM TOKCUYHUX BUKMAIB. BoHM aBNsOTbL coboto cymiw ra-
30M04IOHMX MPOJYKTIB MOBHOMO Ta HEMOBHOMO 3rOPSHHA Nanvea, Hag MWKy MOBITPA Ta Pi3HMX CRigoBUX
AOMiWOoK. [In3enbHi ABUIYHN HAA3BUYAMHO TOKCUYHI 3aBOSAKM BMCOKOMY BMICTY NO,, GeH3ony, anbgerigiB i
Caxi, xo4ya BOHM MatoTb 3HA4YHO MeHLi BUKMan CO Ta CH nopiBHAHO 3 6eH3nHoBUMU asuryHamu. OKnc ByrneLio
(CO) € ninepom cepep LWKIANMBUX PeYOBUH 3a abCOMIOTHUMM BUKMAAMU. MOro MOKasHWMK CTaHOBWTHL
10,3 minbioHa TOHH Ha pik. [IBookuc a3oTy (NO,) nocigae gpyre micue 3 1,8 MnH. T Ha pik. ByrnesoaHi (CH)
nocigarTb TpeTe Micue 3 1,5 MrH. T Ha pik. [epLicTb, 3 TOYKM 30pY EKONOriYHOT HEGEe3nekun, TPUMaKTb AioKCua
asoty (NO,), ceuHeub (Pb), giokena cipku (S0,) i YacTkmn caxi. Buknam okcmay cipku (SO,), MOHOOKCMAY BY-
rneuto (CO) i BeHsonipeHy BigirpatoTb 3HAaYHY ponb B 3abpyAHeHHi nosiTpa. Tomy HeobXiaHO B nepLuy yepry
3a6e3neyvnTn CKOPOYEHHS BUKUAIB LIMX PEYOBVH.

KnrouoBi cnoBa: 008kinid; cinbCbko2ocrnofapcbka MexHika;, 8rnsue Ha HasKoNuWHE cepedosuwle; 8u-
Kulu; epyHm

AHHoOTauunA
NHTeHcuBHas JKcnnyaTtauuAa CeNnbCKOXO3AUCTBEHHOM TeXHUKHU
M ee BNUsIHME Ha OKpPYXXaloLy cpeay

B.UN. CemeHuo0B, B.B. CemeHuoB, A.T. Manun, A.MN. Nanui, C.A. YurpuHa

OCHOBHbIMKU BUOAMW HEFATMBHOIO BO3AENCTBUSA TEXHUKM HA OKPYXKAIOLLYIO cpeay ABMATCA ra3oobpas-
Hble, TBEpPAbIE U XUOKNE BbIOPOCHI, TENMOBLIAENEHNE, UCTOLLEHME PECYPCOB. B pesynbTaTte MHOrokpaTHOro
nepeaBwXeHUst MaLllnH MO MOS0 NPOUCXOAMT 3HAYUTENBHOE NepeynnoTHEHME NOYBbI, KOTOpasa pacnpocTpa-
HsAeTcA Ha 6onbLuyto rnyouny (ao 100 cm), a ryceHuusl MawwunH nokpeiatoT Ao 80,0% nons. MnoTHOCTL NOYBkI
yBenuumnaeTcs Ha 20,0-40,0% nog Bo3gencTBneM TSXKENon TEXHUKU. BbIXNonHble rasbl ABMS0TCA OCHOBHbLIM
WUCTOYHMKOM TOKCUYHbIX BbIOpocoB. OHM NpeacTaBnsioT cobon cMecb ra3oobpasHbix NPOAYKTOB MOSTHOMo U
HEMOSHOro CropaHus Tonnmea, N3bbITOYHOro BO34yXa M pasnuyHbIX MUKponpuMmecen. [indensHble auratenu
Ype3Bbl4YalHO TOKCUYHBI U3-3a BbICOKOTo coaepxxaHus NO,, 6eH3ona, anbAerMaoB U caxu, XOTs OHU UMEIDT
3HauuTenbHO 6onee HuMskue BbiBpockl CO N CH No cpaBHeHWo ¢ 6eH3nHoBbIMK Asuratensmu. OKUCh yrne-
poga (CO) saBnseTcsa nuaepoMm cpean BpeAHbIX BeLecTs no abcontoTHbIM Bbibpocam. Ero nokasartens coctas-
nget 10,3 munnuoHa ToHH B rod. Ha BTopom Mecte anokeuna asota (NO,) - 1,8 MNH TOHH B rod. Ha TpeTbem
MecTe - yrnesogopoabl (CH) - 1,5 MnH TOHH B rod. [epBeHCTBO, C TOUKM 3pEHUs IKOMNOrMYecKon onacHoOCTy,
aepxat guokeug asota (NO,), ceuHey (Pb), agnokeug cepbl (SO,) 1 Yactuubl caxu. Beibpockl okcnaa cepbl
(S0,), moHoOoKcuaa yrnepoaa (C0) n 6eH3onupeHa NrpatoT 3HAYMTENBbHYIO POSb B 3arps3HeHumn Bosgyxa. lo-
3TOMy Heobxo4MMO B NEPBYIO 04epeab 00ecneunTb CoKpalleHe BbIOPOCOB 3TUX BELLECTB.

KnrouyeBble cnoBa: okpyxarouwjasi cpeda; celbCKoX035UCmeeHHasi mexHuKka; 803delicmeue Ha OKpyxa-
rowyto cpedy; 8blbpochki; noysa.
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