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Development of Agricultural Mechanization in China and Its Current
Strategic Focus
Shang Shugqi, Wang Jiasheng;
professor, Wang Dongwei,

e-mail: jiasheng0813@163.com; professor

College of Mechanical and Electrical Engineering, Qingdao Agricultural University, Qingdao, China

Abstract. China's agricultural machinery development has gone through five stages in its 100-year history: Germination stage
of agricultural machinery development (1917-1949), Construction Stage of Modern Agricultural Machinery Industry System
in China (1949-1979), System transformation Stage (1980-1995), Market-oriented stage (1996-2003), Rapid development
stage (2004-2014). After the 12th Five-Year Plan, China's 13th Five-Year Plan has been going on for three years. Significant
Achievements in Agricultural Mechanization has also made in recent 10 years. Although Agricultural Mechanization in China
has made considerable progress, there are still great gaps in agricultural mechanization level compared with developed countries.
In order to further narrow the gap between China's agricultural mechanization and developed countries, enhance the scientific
and technological innovation ability of agricultural machinery, strategic focus of agricultural mechanization have been presented
in China. The development strategy of "three steps" is defined, that is, the strategic objectives of China's agricultural machinery
science and technology innovation and agricultural mechanization development to 2025, 2035 and 2050. Two Development
Principles which are full process mechanization and Comprehensive mechanization, and from 1.0 to 4.0 of China Agricultural
machinery are emphasized in China.

Keywords: agricultural mechanization, China, agricultural machinery development strategy.

0 For citation: Shugqi S., Jiasheng W., Dongwei W. Development of Agricultural Mechanization in China and Its
Current Strategic Focus. Sel’skokhozyaystvennye mashiny i tekhnologii. 2019. Vol. 13. N3. 4-7 (In English). DOI
10.22314/2073-7599-2019-13-3-4-7.

Pa3Butue mexaHusauum cenbCKoro xos3sucrea B Kutae u ero TeKyLwiasa
CcTparternyeckas HanpassieHHOCTb

Mlan Myxn, Ban L3sa13H;
npodeccop, e-mail: jiasheng0813@163.com,; Ban Jlonrseii, mpodeccop

Konnemx mexanuku u anekTpoTexHuku, Cenbckoxo3siicTBeHHbIN yHUBepeuTeT Llunnao, [{luagao, Kurait

Pedepar. B 100-netHelt uctopuu pa3BUTHS CETbCKOX03AHCTBEHHOTO MAIMHOCTPOeHUs B KTae MOXHO BBIIETUTH IISTh 3TAIIOB:
3apoxzenue orpaciu (1917-1949); cucremuoe passurue (1949-1979); npeobpazosanue cucremsl (1980-1995); opuenraius Ha
poiHOK (1996-2003); naTeHcHBHOE pazBuTue (2004-2014). Ha ceropHsuHuii IeHb B CTpaHe TPETHI TO MPOAOIKACTCS peat3a-
st 13-ro matunerrero mnana. B mocnennwe 10 et TOCTHTHYTH 3HAYUTENBHBIE YCTIEXH B MEXAHU3AIMH CETHCKOTO XO3SICTRA.
OzHaxo ee ypoBeHb HE JA0CTaTOUEH MO CPABHEHHUIO C PA3BUTHIMU CTpaHaMu. YUTOOB! COKPATUTh 3TOT Pa3phiB, @ TAKKE MOBBICUTD
KOHKYPEHTOCIIOCOOHOCTD CEbCKOXO03SHCTBEHHOM TeXHNKH, B Kurtae paspaboTana crparerusi HayqHO-TEXHHYECKOTO HHHOBAIIU-
OHHOTO Pa3BUTHS MEXaHH3aLMH CENbCKOro X03diicTBa. OHA MOTy4niIa Ha3BaHUE «CTPATErHy TPeX LIAroB», TaK Kak B Hel 000-
3HAYCHBI LEIA PA3BUTHUA CENBbCKOXO3IHCTBEHHOTO MaIlIrMHOCTPOCHHU MEXaHU3allun arpapHoﬁ OTpacyii B COOTBETCTBUU C TPEMA
nepuonamu — 1o 2025, 2035 u 2050 romos. B HacTosmee Bpemst B Kutae peanusyiorcs Ba IpUHINIA PAa3BUTHS, KOTOPHIE TIPe-
CTaBILIOT CO0OM MOJTHYI0 MEXaHM3AIMIO TIPOM3BOJCTBEHHBIX MPOLIECCOB U BCETO CENBCKOTO X035HCTBA B KOMILIEKCE.

KitoueBpie croBa: MexaHn3aIms CeNbCKOTO X03s1CTBa, KuTtail, cTparerust pa3BUTHS CETbCKOX03SICTBEHHOTO MAITTHOCTPOCHHS.

mechanization. The experience of all countries in in China has played an important role in improving
the world shows that agricultural mechanizationis agricultural labor productivity, land productivity and
an important scientific and technological support for resource utilization, and has made important contributions
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The fundamental way out for agriculture lies in  modern agricultural construction. Agricultural mechanization




to ensuring food safety. It can be said that the level of me-
chanization of a country also reflects its comprehensive
national strength. In the past hundred years, China's poli-
tical situation has changed from turbulence to stability,
and the agricultural mechanization of New China has also
experienced a gradual development from backwardness
before the founding of the People's Republic, and has made
tremendous progress [1-6].

1 History of Agricultural Mechanization

Germination stage of agricultural machinery deve-
lopment (1917-1949)

Before the founding of New China, China could only
produce hand-made farm tools such as hoes, sickles, sho-
vels and some old-fashioned animal farm tools. Since the
1930s, China's agricultural machinery has developed to a
certain extent. Eight farm implements factories have been
set up. They are small in scale and simple in equipment.
They mainly imitate machines, but their level is not high.
During the World War 11, livestock products, manual spray-
ers and other products began to be developed and pro-
duced. These backward technologies and low efficiency
farm implements played a very limited role in promoting
agricultural production. In 1945, the Government accept-
ed the financial support of the United States Universal
Corporation and sent 20 students to study the design and
manufacture of agricultural machinery in USA. After
three years, they returned home and were all allocated to
universities, research institutes, factories and government
departments in the field of agricultural machinery.

Construction Stage of Modern Agricultural Machi-
nery Industry System (1949-1979)

China invested 324 million Yuan to set up a number
of farm machinery factories. Starting from the produc-
tion of old farm implements and imitation of new foreign
farm implements, by 1957, the national farm machinery
repair and manufacture factories had grown to 276, with
123,000 employees and a total industrial output value of
384 million yuan. Industrial machinery, and began to plan
the production of tractors, agricultural machinery indust-
ry output value rapid growth. Agricultural mechanization
schools were established in all provinces and some key
areas of agricultural machinery development, thus for-
ming a relatively perfect agricultural machinery educa-
tion system.

After 1960, China's key industries such as tractors, in-
ternal combustion engines, machine-driven agricultural
tools and other key industries have developed rapidly, and
the production capacity has increased considerably, basi-
cally forming a product system corresponding to the le-
vel of agricultural development and rural purchasing po-
wer at that time, which provides a strong guarantee for
the recovery and development of agricultural production.

System transformation Stage (1980-1995)

From 1980 to 1995, it was the stage of system trans-
formation of agricultural machinery industry in China.
With the deepening of reform and opening up, the role of
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market mechanism in the production and extension of ag-
ricultural machinery is gradually enhanced. The state has
gradually liberalized the planning and management of ag-
ricultural machinery industry. Social and non-govern-
mental capital began to enter the field of agricultural ma-
chinery industry. Farmers were allowed to buy and use
agricultural machinery independently. The pattern of co-
existence of diversified management forms of agricultur-
al machinery and equipment. The structure of agricultur-
al machinery products has also changed accordingly.

The first is to adjust from large and medium-sized ag-
ricultural machinery to small and medium-sized agricul-
tural machinery. Secondly, the production and sales of
various small and medium-sized tractors, small and me-
dium-sized combine harvesters, small and medium-sized
agricultural by-products processing machinery, feed ma-
chinery, animal husbandry machinery and aquatic fee-
ding equipment have increased rapidly. Small four-wheel
tractors and agricultural transport vehicles with Chinese
characteristics emerged as the times require.

Market-oriented stage (1996-2003)

Since the mid-1990s, the process of industrialization
and urbanization in China has accelerated. With the trans-
fer of rural labor to non-agricultural industries and cities,
the seasonal and structural shortage of rural labor force
has appeared. The voice for accelerating the process of
agricultural mechanization has become increasingly high.
Under the strong pull of market demand, a new round of
development climax of China's agricultural machinery in-
dustry has emerged.

In the late 1990s, great progress was made in the re-
search and development of self-propelled corn harvester,
self-propelled full-feeding rice-wheat combine harvester
and mobile rice transplanter with Chinese characteristics.
The technology of the product was gradually mature, and
it had the ability of mass production and marketing.

The number of private enterprises has increased year
by year, and the proportion of assets and sales revenue has
increased year by year. International famous multination-
al corporations have built factories wholly or jointly in
China. A diversified industrial structure consisting of
state-owned or state-owned holding enterprises, private
enterprises and foreign-funded enterprises has initially
been formed.

Rapid development stage (2004-2014)

China launched the subsidy policy for the purchase of
agricultural machinery in 2004. The central government
allocated 0.7 billion yuan (RMB) in subsidies In 2004,
and in 2015, 23.75 billion yuan (RMB) in subsidies. The
central government has invested 214 billion yuan in sup-
porting farmers to purchase advanced agricultural ma-
chinery till 2017.

In 2010, the China State Council promulgated the Opi-
nions on Promoting Agricultural Mechanization and the
Sound and Rapid Development of Agricultural Machi-
nery Industry.
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From 2004 to 2014, the national policy support, the
scale of agricultural machinery industry, enterprises' in-
dependent innovation ability, scientific research and de-
velopment, product quality level, joint venture coopera-
tion and import and export trade all reached the highest
level in history. China's agricultural machinery ushered
in the best period of development in history, known as the
"golden decade" of China's agricultural machinery.

11 Present Situation of Agricultural Mechanization

After the 12th Five-Year Plan, China's 13th Five-Year
Plan has been going on for three years. Significant Achieve-
ments in Agricultural Mechanization has also made in re-
cent ten years. According to the statistics, total power of
agricultural machinery in 2017 reached 1.146 billion kilo-
watts, large and medium-sized tractors, transplanters,
combine were 6.454 million units, 771,000 units and
1902,000 units, respectively. The level of comprehensive
mechanization of crop cultivation has reached over 66%.
By 2017, the level of mechanization of crop tillage, seed-
ing and harvesting in China was 83.45%, 59.36% and
54.21%, respectively. The level of mechanization of weak
links such as rice transplanting and maize harvesting by
machine had made remarkable breakthroughs, and the
mechanization of production of major cash crops such as
cotton oil and sugar had made substantial progress, with
production increasing efficiency and resources saving.
The area of environmental friendly agricultural mecha-
nization is growing.

In 2017, there were 187,000 agricultural machinery op-
eration service organizations in China, of which 63,000
specialized agricultural machinery cooperatives were es-
tablished; the total income of agricultural machinery ope-
ration in China reached 538.8 billion yuan, the system of
agricultural machinery specialization and socialization
was more perfect, and the efficiency was continuously
improved, making it a prosperous rural economy. And an
important force to increase farmers' income.

111 Strategic Focus of Agricultural Mechanization

Although Agricultural Mechanization in China has
made considerable progress, there are still great gaps in
agricultural mechanization level compared with developed
countries. In order to further narrow the gap between Chi-
na's agricultural mechanization and developed countries,
enhance the scientific and technological innovation abil-
ity of agricultural machinery, strategic focus of agricul-
tural mechanization have been presented in China.

Three-step Strategic Target

Step I: By 2025, agricultural mechanization will be
basically realized, and the ability of scientific and tech-
nological innovation of agricultural machinery will be
significantly enhanced. We will focus on breaking through
the weak links and key core technologies in the develop-
ment of agricultural mechanization to achieve "from
scratch" and "from scratch to completion” of Agricultu-
ral Mechanization in China.

Step II: By 2035, agricultural mechanization will be
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realized in an all-round way, and the scientific and tech-
nological innovation ability of agricultural machinery will
basically reach the level of developed countries, with em-
phasis on information technology to enhance the level of
agricultural mechanization, so as to realize the "from all
to good" Agricultural Mechanization in China.

Step I11: By 2050, agricultural mechanization will
reach a higher level and realize automation and intellec-
tualization. Agricultural machinery science and technol-
ogy innovation ability will run side by side with devel-
oped countries, and some areas will lead the development
of agricultural machinery, focusing on Intelligent tech-
nology, so as to realize the "from good to strong" of Ag-
ricultural Mechanization in China.

Two Development Principles

Principle I: Full process mechanization and Compre-
hensive mechanization.

Full process mechanization mainly includes the pro-
duction mechanization of each link. The whole process
of pre-production, production and post-production is mech-
anized. Comprehensive mechanization mainly refers to
mechanization of crops in all, industrial development and
regional development. Crop in all is from grain crops to
cash crops, horticultural crops, forage crops. The com-
prehensive development of industry: from planting to
breeding (livestock, poultry, aquatic products), and pri-
mary processing of agricultural products. The compre-
hensive development of "regional": from plain area to hilly
area.

Principle II: From 1.0 to 4 .0 of China Agricultural
machinery.

Agricultural machinery 1.0 refers to "from scratch",
characterized by the replacement of human and animal
power by machines. At present, China has made great
achievements in this stage, but there are still many "short-
comings" and weak links. Agricultural Machinery 2.0 re-
fers to "from existing to complete", which is character-
ized by full mechanization. This is the direction that Chi-
na should vigorously "popularize" at the present stage.
Agricultural machinery 3.0 refers to "from whole to good",
characterized by the use of information technology to en-
hance the level of agricultural mechanization, this stage
is being tested "demonstration". Agricultural Machinery
4.0 refers to "from good to strong", that is, to achieve auto-
mation and intellectualization of agricultural machinery,
agricultural machinery + Internet, that is, intelligent ag-
riculture and agricultural robotics technology, this direc-
tion needs to be actively explored.

According to China's national conditions, from agri-
cultural machinery 1.0 to agricultural machinery 4.0 can
not follow the path of sequential development, we must
develop in parallel and promote synchronously.

SumMmMARY

With the increasingly serious global food crisis and la-
bor shortage, new opportunities and challenges put for-
ward the need to accelerate the development of agricul-
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tural mechanization. With the rapid development of agri-
cultural mechanization, how to save costs, eco-environ-
mental protection and improve efficiency is the task fa-
cing every country.

Although Agricultural Mechanization in China has
made considerable progress, there are still great gaps in
agricultural mechanization level, agricultural machinery
equipment manufacturing level, product reliability and
agricultural machinery operation efficiency compared
with developed countries. The weak basic research and
key technology research of agricultural mechanization,
the low degree of technology integration and the weak
ability of sustainable development have become the "short
board" and bottleneck restricting the transformation and
upgrading of agriculture.

Great strides in economy and science and technology
have made great achievements in the development of Ag-

INNOVATION

ricultural Mechanization in China, and the content of sci-
ence and technology in agriculture is also increasing. In
the era of knowledge-based economy, modern agricultur-
al mechanization equipment with multi-disciplinary and
cross-cutting characteristics is the solid backing to sup-
port the sustainable development of agriculture. There-
fore, we should actively strengthen the innovation of sci-
ence and technology and the improvement of management
level, grasp the market law, develop agriculture, seize the
opportunity, promote the development of agricultural ma-
chinery science and technology, strengthen the techno-
logical innovation of agricultural machinery, and con-
struct a perfect new agricultural mechanization service
system, so as to make the leap-forward development of
agricultural mechanization become a reality in China.
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increasingly important. Intensive farming with
application of annual moldboard plowing as the main
cultivation method without taking into account agro-ecological
characteristics of a relief, leads to the degradation of a soil
cover. Strengthening of erosive processes on these soils leads
to impoverishment of organic matter, decreased soil fertility,
and deterioration in a phytosanitary condition of crops.
An important factor in increasing the yield of grain
crops is effective scientifically based tillage. Repeated
tillage contribute to topsoil dispersion, soil structure dis-
turabance, fast decomposition of organic matter, degra-
dation and decrease of the soil fertility, the compaction of
topsoil and plough-pan, erosive processes and significant
increase in material inputs.

The problem of rational using farmlands has become
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The conventional tillage technology is based on mold-
board plowing and requires considerable power and labor
expenses. It takes about 36-38% of fuel from the need for
cultivation of any crop as a rule, plowing is not carried
out at the optimum time, and in the most cases, it is nec-
essary to carry out spring plowing, which significantly
delays the sowing time.

At zero-tillage farming there is no turnover of layer,
and the stubble remains of plants do not penetrate com-
pletely into the soil, they are only mixed up with it, thus
forming the mulching layer. This organic matter is accu-
mulated mainly in the upper part of the topsoil, where fa-
vorable conditions for the access of air, moisture and heat
are created, which contribute to the rough microbiologi-
cal processes in the soil.
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The problem of degradation of arable lands owing to
appearance of erosive processes is particularly acute not
only in Kazakhstan. Increase in population, intensive de-
velopment of agricultural production result in increased
anthropogenic effects. Intensive farming, leading to de-
crease in fertility of the soil, change of the natural soil
cover, plowing of virgin lands of forest-steppe and steppe
areas, deforestation, strengthen erosive processes even
more. It leads to the reduction of arable land areas, their
degradation and thus, reduced crop yields of a decreased
quality.

One of the factors reducing the fertility of eroded soils
is the impoverishment of organic matter leading to a de-
crease in biological activity. Due to the disturbance of nor-
mal microbiological processes, accumulation of mineral
nutrients by plants, decomposition of plant residues, hu-
mus synthesis, etc. are weakened in these soils.

Another factor, significantly reducing the field crop
yields is the contamination of crops by weeds. Weeds, ow-
ing to their biological features, negatively influence on
the balance of nutrients, water-air, heat and light condi-
tions; they fiercely compete with cultural plants for life
factors, oppressing their growth, reducing the effective-
ness of applied agricultural methods, mineral and organ-
ic fertilizers, and, as a result, the crop yield decreases. The
use of soil-protective tillage technologies without apply-
ing highly effective herbicides leads to more intensive
contamination of field crops with perennial weeds, and
unsystematic use of pesticides leads to environmental pol-
lution and deterioration of the phytosanitary condition of
crops.

According to V.A. Zakharenko (2004), potential yield
losses from pests on average account for 50.1 million tons
of grain on agricultural enterprises, and on personal farms—
48.7 million tons. Potential yield losses for different crops
from weeds account for 17.3-26.6%; diseases of 8-24%;
and pests of 8.25-20%.

Agricultural experience of many enterprises shows
that up to 40% and more areas of grain crops are cultivat-
ed on adverse predecessors. According to generalized da-
ta, the yield of barley is reduced to 30% exactly due to
phytosanitary reasons as crops are sown after bad prede-
cessors. In modern agriculture the greatest opportunities
to save energy resources are available on condition that
fodder grass cultivation is organization more efficiently,
which is one of the main links of agricultural biologiza-
tion.

Therefore, now, when the range of safe chemical agents
extends and their application grows, there is a need to de-
velop new systems of crop protection combined with soil
protection tillage systems, which would consider agro-eco-
logical features of farm lands. This will allow reducing
anthropogenic impacts, erosive losses, while improving
the phytosanitary condition of crops and ensuring stable
crop yields of high quality [1].

Broad use of pesticides in agricultural practice has led
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to the fact that all countries of the world face problems of
the waste of pesticides. According to T. Bicki and A.Fel-
sot, in the USA there are 14,000 agrochemical companies
for storage, sale, mixing or use of pesticides. The similar
enterprises are placed in many other countries as well.
The condition of the soil polluted by pesticides because
of floods, improper storage, inadequate disposal of wash-
outs and containers and accumulation of the remains of
chemical agents of crop protection is become a current
problem not only in the USA, the countries of Europe, the
CIS, but also in our Republic [2, 3].

Migration or transfer of elements and natural com-
pounds is one of the geochemical regularities of the bio-
sphere. Recently, the various xenobiotic substances, which
are artificially put into the landscape are involved in this
all-planetary process as well; it is also related to pesti-
cides, products of their transformation and destruction.
The process of migration is believed to determine the var-
ious consequences for the biosphere of biocides and oth-
er xenobiotics (landscape-regional, regional-basin and
global after-effects). Migration can be characterized as a
complex process of the redistribution of xenobiotics (and
products of their transformation) in space and time. Pes-
ticides can be transformed into various products in the
process of such redistribution. Invariable initial com-
pounds with products of its transformation are usually
called pesticide residues. Processes of pesticide transfor-
mation in soils were considered in detail [3-5].

In laboratory researches of pesticide behavior in the
environment, the following processes are considered sep-
arately: metabolism by microorganisms, movement in the
soil, photodecomposition on the surface and in the vapor-
ous state, evaporation from surfaces of plants or the soil,
absorption by plants. But these processes can take place
at the molecular level in the environment, so at each stage
of the dispersion of pesticides, one or several processes
can play a major role. At present, used various methods
are used to study the accumulation, action and extent of
pesticide decomposition in soils, and also their neutral-
izations by chemical, biological and other means. Soil pol-
lution is controlled based on monitoring the threshold lim-
it values (TLV) of harmful substances in the soil which
are established approximately for 50 substances, mainly
the toxic chemicals used for crop protection against pests
and diseases.

So far as adverse influence of pollutants on the soil is
shown through the trophic chain, in practice use is made
of two indicators to assess the extent of soil pollution:

- threshold limit value in the soil (TLV), mg/kg;

- acceptable residual quantities (ARQ), mg/kg of crop
mass (Table) [6].

In Kazakhstan, the research in the field of the envi-
ronmental and economic assessment of agricultural lands
started from the 1990s and they are taking rather a new
course. The situation is complicated by the absence or lim-
itation of environmental monitoring data on land resourc-
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Table
THRESHOLD LIMIT VALUES (TLV) OF HARMFUL SUBSTANCES IN THE SOIL
Pesticide IE;/K’g $§/$é

Chlorophos (trichlorfon) 0.5 1.0
Karbofos (malathion) 2.0 1.0
Prometrin (prometrin) 0.5 0.1
Polychlorocamphene (toxaphene) 0.5 0.1
Ramrod (propachlor) 0.3 0.2

es. Therefore, the development and implementation of en-
vironmental and economic assessment did not reach the
level of foreign countries with developed economies. Nev-
ertheless, at present certain theoretical-methodical bases
are formed and practical experience of carrying out envi-
ronmental and economic assessment of agricultural lands
located in different regions of the country with various
natural-economic conditions is gained.

According to data of Committee of Statistics of the
RK Ministry of Economics, in 2018, in Kazakhstan 15.135
million hectares were sown by grain crops that is 2% low-
er than the last season indicator. According to data, wheat
crops were reduced almost by 570 thousand hectares (4-
5%). Also the acreages of rice, rye and buckwheat de-
creased to 102 thousand hectares (-3%), 21.6 thousand
hectares (—11%) and 99.2 thousand hectares (-33%) re-
spectively. Nevertheless, the acreages, recorded for this
crop — 2.5 million hectares, are sown with barley that is
22% higher than the last season indicator.

Diversification of the crop industry in specific climat-
ic conditions of Kazakhstan showed high ecological and
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economic fitness of barley that allows to develop
ecologically flexible, salt-, drought-resistant vari-
eties of this crop. Barley continues to be the most
economical and productive grain and fodder crop
in Kazakhstan, and it has considerable specific
weight in the grain crop structure — 26% [8].

In developing the integrated systems of protec-
tion against pests, one should constantly search for
pesticides, which are low-toxic for the humans, and
the dangers associated with their destruction and

transformations in the environment, circulation as both
initial combinations and metabolites should be avoided. It
should be noted that development costs of highly effective
and ecologically safe pesticides are very high, both in terms
of economics, and research, however in case of positive
result they pay off, taking into account social interests.
Long corresponding researches, which will allow to re-
think the strategy of their use, are necessary to clarify the
process regularities of cleaning landscape and its separate
elements from pesticide residues. Development of meth-
ods to reduce the mobility of pesticides, studying the op-
portunities to determine bio-accumulation of pesticides in
terrestrial organisms and interaction of the agro-ecosys-
tem with other ecosystems are relevant as well.

According to the above facts, we can recommend that
toxicological and hygienic research should be done to es-
tablish of hygienic regulations and standards of pesticide
content in the objects of external environment — air of the
work area, atmospheric air, the soil, water reservoirs, and
foodstuff [7].
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Pedepar. Ins pa3paboTku Teopur U MPaKTUKK YIPABICHUS MPOLECCAMU B TEIUIHIE HEOOXOAUMO CO3aTh MAaTeMaTHUYECKYHO
MOJIENb CBETOKYIBTYpHL. (Llens ucciedosanus) Pazpaborars METORUKY MOIENHPOBAHNS U aHAIIN3a SHEPTOIKOJIOTHIHOCTH CBETO-
KyIbTypbl. (Mamepuanvt u memoost) [IpoBenu SKCIiepUMeHTANbHOE MOATBEPKACHHUE NPEVIOKEHHOH METOIUKHU JUIs CBETOKYIb-
TYpPBI paccajibl TOMaTa, BEIPAIMBAEMON B TaOOPaTOPHBIX YCIOBHSAX C KOHTPOIMPYEMBIMH MapaMeTpaMu cpeasl. Mcmonp3oBamm
00nyyaresb, COCTOSIIMI U3 CBETOMMONHON MATPHUIBI ¢ BTOPUYHOM ONMTUKOM M npaiieepoM. Dotomeprosa coctaBisil 16 dacos.
OKCTIepUMEHT 3aBepLIMIN Ha 46 cyTku. MeToanKa BKIIFOYaeT aHanu3 9Q(eKTHBHOCTH MpeoOpa3oBaHus SHEPTUU Ha Pa3IHIHbIX
Tamax B ONOKaX MOIENN MCKYCCTBCHHON OMOPHEPreTHUESCKOH CHCTEMBI CBETOKYIBTYDPHL: HCTOYHHK SIEKTPUYECKOTO MUTAHNS;
MCTOYHHK M3IyYEHHUs; ONITUYECKas YacTh; IPOCTPAHCTBEHHOE paclpelelieHue TIOTOKa; IIOBEPXHOCTHOE paclpeeneHne MOTOKa;
pacterue. [Ipeanoxwtm GopMyITs! TS BEIYHCICHHS SHEPTOEMKOCTH KK I0TO 13 OJIOKOB HCKYCCTBEHHOM OHOIHEPTeTHIECKOH CH-
CTEMBI CBETOKYIBTYPHI. BBIBILIH, UTO JUIS IPUHATHIX MO SKCTIEPTHBIM OLEHKaM 3HAYCHHH SHEPrOEMKOCTH KaXKI0To 0J10Ka 00mias
3HEproeMkocth coctasiseT 0,32-2,27 Merajkoyis Ha OAUH IPaMM ChIPOI Macchl PaCTEHHUs, TO €CTh Pa3INYacTCs IPAKTUIECKH
Ha TOPSIOK, B 3aBHCHMOCTH OT KOHKPETHO! pealn3alliil TEXHONOTHH CBETOKYIBTYpHI. [lokazait, 9To ONTHMI3AIHS HE CBOIHT-
C4 K TIOCIIeIOBATeNbHOMY BBIOOPY Ha KaXJIOM HTarle BapHaHTa ¢ HAMMEHbBIIMM 3HaYeHHEM dHEProeMKOCTH, HO TpeOyeT moucka
ONTHMAJIFHOTO MapuipyTa Ha rpade BapuaHToB. (Pezyiomamsl u o6cysrcoenue) JIns ycloBuid SKCIEPUMEHTa 00TIIas SHEProeM-
KOCTh MCKYCCTBEHHO!N OMOIHEPreTHUECKON CUCTEMBI CBETOKYJIBTYPBI COCTaBHIIA 3,77 METaIXKOYIIs Ha OIMH rPaMM ChIPOH Macchl
pacterus. [Ipnunna HU3KOH 3D YEKTHBHOCTH — HEYOBIETBOPHUTEIbHAS (DOTOHHAS OTAa49a CBETOAMOAHON MATPHIIBI M MaJiast Ipo-
IyKTHBHOCTBH (DOTOCHHTE32 B pacTeHUH. (Bvi600b1) PazpaboTaHHas METOMMKA MOAETHPOBAHKS M aHATN32 SHEPTOIKOTIOTHIHOCTH
CBETOKYIBTYPbI TO3BOJIHNA OLEHUTh BO3BMOXKHOCTH IHEProcOepeskeH s Ha KaKIoM dTarie Ipeodpa3oBaHus SHEPTHUH U BELIECTBA B
CBETOKYNBTYpe. TeopeTndecku BO3MOKHOE CHIKEHHE TTOTEPh B HCTOUHHKE MEKTPHYECKOTO MUTAHIA COCTABISET 22 MPOIEHTA; B
ONTHYECKOH YacTH — 14 mpoueHToB; npH (OPMUPOBAHUM MPOCTPAHCTBEHHOTO pacHpeieieHusl TOTOKa — 16 MPOLEHTOB; MOBEpPX-
HOCTHOTO pacmpesieneHus motoka — 10 mponeHToB. Bo3MOXHOCTS ITOBBIIICHHS 3(Q(EKTUBHOCTH HCTOYHNKA H3TYYEHHS 3aBHCHT
OT JOCTUTHYTOTO YPOBHS TEXHUKH, KOTOPBII B HACTOAIIEE BpeMsl 00eCTieurBaeT OTAa4Y He MEHee 2,5 MUKPOMOILS ¢ OAHOTO KO-
yiist. J7ist TIOBBIIEHUS TIPOAYKTUBHOCTH CBETOKYIBTYPBI HEOOXOIUMO TOYHOE COTNIACOBAHHE MAPAMETPOB CBETOBOTO PEXHMA
TpeOOBaHUH PacTCHHUIA.

KitroueBble ¢/10Ba: TEINTMYHOE OBOIIEBOACTBO, KYIBTUBALMOHHbIE COOPYKEHHS, JHEPTOIKONOTHS CBETOKYIBTYPBI, 3HEProdpdek-
THBHOCTH TIPOH3BOJICTBA.

I Ins nurupoBanus: PakyTteko C.A., PakyThko E.H. MoaenupoBaHue U YUCICHHBIN aHATN3 SHEPTOIKOIOTHYHO-
CTH CBETOKYIBTY pBI // Cenvckoxozsiicmeennvle mawunvl u mexuwonoeuu. 2019. T. 13.N3. C. 11-17. DOI 10.22314/2073-
7599-2019-13-3-11-17.
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Abstract. To develop the theory and practice of operation procedures in a greenhouse, a mathematical model of indoor plant lighting
is required. (Research purpose) Development of a simulation and analysis technique of energy-and-ecological compatibility of
indoor plant lighting. (Materials and methods) The authors experimentally verified the proposed technique for the indoor plant
lighting of tomato seedlings grown under laboratory conditions with controlled environmental parameters. An irradiator consisting
of a LED matrix with secondary optics and a driver was used. The photoperiod amounted to 16 hours. The experiment was
completed for 46 days. The technique includes an analysis of the energy conversion efficiency at various stages in the blocks of the
artificial bioenergy system of indoor plant lighting (ABES): a source of electrical power; a radiation source; an optical part; spatial
flow distribution; surface flow distribution; and a plant. The authors proposed formulas for calculating the energy consumption
of each ABES unit. It was revealed that for the estimated values of the energy consumption of ABES blocks taken according to
expert estimates, the total energy consumption accounts for 0.32-2.27 megajoule per one gramme of wet weight of a plant, i.e.
differs by almost an order of magnitude, depending on the specific implementation of the lighting technology. It is shown that
optimization cannot be limited by consistent selection of an option with the lowest value of energy consumption at each stage,
but requires finding the optimal route on the graph of options. (Results and discussion) For the experimental conditions, the total
energy consumption of ABES was 3.77 megajoule per one gramme of the wet weight of a plant. The low efficiency was caused by
the unsatisfactory efficiency of the LED matrix and the low productivity of the plant photosynthesis. (Conclusions) The developed
technique for modeling and analyzing the energy-and-ecological compatibility of indoor plant lighting allowed assessing possible
energy saving at each stage of energy and substance conversion in indoor plant lighting. Theoretically, possible reduction of losses
in the source of electrical power is 22 percent, in the optical part — 14 percent; in spatial flow distribution — 16 percent; in surface
flow distribution — 10 percent. Possible increasing of the lighting source efficiency depends on the achieved level of technology,
which currently provides an output of 2.5 micromole per joule and more. To increase the productivity of indoor plant lighting, it
is necessary to precisely match the parameters of the lighting mode and the requirements of plants.

Keywords: greenhouse vegetable growing, cultivation facilities, energy-and-ecological assessment of indoor plant lighting,

energy efficiency of production.

I For citation: Rakut'ko S.A., Rakut'ko E.N. Modelirovanie i chislenniy analiz energoekologichnosti svetokul'tury
[Simulation and numerical analysis of energy-and-ecological compatibility of indoor plant lighting]. Sel 'skokhozyaystvennye
mashiny i tekhnologii. 2019. Vol. 13. N3. 11-17 (In Russian). DOI 10.22314/2073-7599-2019-13-3-11-17.

€JIbCKOX0341iCTBEHHOE IIPOU3BOACTBO — AOCTATOY-
HO CIIOXKHBII 00beKT ynpasineHus. Ero ontumu-
3aIus BOSMOYKHA Iy TeM ITI(POBU3aLINH U BHEIpE-
HHS HOBEHIIMX MH(POPMALIMOHHBIX aBTOMATHU3UPOBaH-
HBIX CHCTEM yTpasiyieHus [1]. 3To cipaBeaInBo AJist BceX
otpacnei AIIK, B Tom unciie u 415 TEMIWYHON OTPaciiH,
YPOBEHBb TPOM3BOACTBA MPOYKIIMH B KOTOPOH B HACTO-
sIIee BpeMs UMeeT OOJBIINe Pe3ePBHI IS POCTa B UC-
KYCCTBEHHOW OMOHEPreTHUECKOI CHCTEME CBETOKYIIBTY-
poL. 1715 moBeITIeHUS 9K TUBHOCTH CIIEYEST COBEPILCH-
CTBOBaTh M ONTUMHU3UPOBATH TEXHOJIOTHYECKHUE MPOLIEC-
CBI, a TAK)KE BHEJPITH HHHOBAIIHOHHOE 000PY/I0BaHHE.
UroOb! yIpaBIIsITh IPOLECCAMU B TEILTHIIE, HATIPH-
Mep MPONYKTUBHOCTHIO pACTEHUH, HEOOXOAMMO OTIEPH-
poBaTh MaTEMaTUYECKOW MOJIENTBIO CBETOKYIIBTYPHI [2].
[Ton MaTemMaTHYE€CKUM MOAEITUPOBAHUEM TEIIUYHOIO
MIPOU3BOJCTBA IOHUMAIOT OIIMCAHUE BIUAHUSA YCIOBUM
OKpYKaIOIIeH cpenbl (TeMIepaTy pbl, 00TYICHHOCTH U
JIpyrux (pakToOpoB) HA pocT pacTeHui [3]. DTo Hampas-
JIEHWE UCCIIEIOBAHUM 3apOAIIIOCh B KOoHIle 60-X TT. Ipo-
LIJIOTO CTOJNETHS OJaronaps pa3BUTHIO PU3UOIOTHH pac-
TEHUW U BBIYUCIUTEIbHON TeXHUKH. MaTtemaTrndeckast
MOJIEJIb MPeICTaBIsIeT cOO0M aOCTpaKLHIO PEaIbHOTO
00BEKTa, U €€ 1IeIb 3aKJIF0UASTCS B U3YUCHUH U aHATU3E
TIOBE/ICHUS] CUCTEMBbI [I0J] BIMAHUEM Pa3In4HbIX ycoBuii [4].
Ontuyeckoe uznyuenue (OM) B ob6mactu potocuHTe-
TUYECKH aKTUBHOH panuanuu (DAP) ciyxut BaxxHe-
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M (pakTOpPOM BEIpALTHBAHUS PACTCHHH B UCKYCCTBEH-
HO CO3JIaHHOH CpeJie KYJIbTHBALIHOHHOTO COOPYKEHUS,
KOTOPBI IMeeT HauOONBIINY BEC B COCTAaBE 3aTpaT Ha
BbIpalluBaHue pacteHuii [5]. Mcnonb3oBaHue cBeTOAM-
onHbIX (CJ]) ICTOYHUKOB CBETa MO3BOJIIET 00ECIICYUTh
BO3MO)KHOCTH BAPbUPOBaHUs apaMeTpaMH paIHAI[HOH-
HOU cpeibl (MHTEHCHBHOCTBIO, CIIEKTPATIbHBIM COCTABOM,
MPOJOIKUTEILHOCTHIO 00TyUeHUsT). YIIpaBiieHHE 00Ty~
YCHHEM B YCIIOBHSX CBETOKYJIBTYPhI HEPa3PBIBHO CBSI3a-
HO ¢ mpobaemamu obecriedeHust SHeProdPHEeKTUBHOCTH
M DKOJIOTHYHOCTH MPOU3BOACTBA [6].

OHeprodpGeKTUBHOCTH CBETOKYIIBTY PHI 3aKIII0YALT-
Csl B IOCTIDKCHHUH TPeOyeMOro ypOBHS POy KTUBHOCTH
pacTeHH IPU UCIIOIb30BAHUN MEHBIIETO KOJTUYECTBA
SHEpPTUH, YTO 00ECIIEINBACTCS TPUMEHEHNEM HANITY -
IIUX JOCTYIHBIX TeXHONOTHI cBeTOKYyIbTyphl (HIATC)
13 apceHasia TeXHUYIECKOT0 M TEXHOJIOTUIECKOro odecIe-
gyenwust. [Tokazarens 3Heprodh(HheKTHBHOCTH XapaKTEepH-
3yeT JOJIO TIOTOKA YHEPTHH, UCTIOTB3YEMOH /IS oIy Ye-
HUSI TTOJIE3HOH MPOIYKIHMH, OT OOIIETO KOIMYeCTBa 3a-
TpauynBaeMoM dHEPruu. [{Jist YHUCIEHHOr0 ONpeaeIeHU s
MOKa3aTesel, 0TpaKaloINX pacupeeIeHHe IIOTOKOB
SHEPI'HH B IENIX 00eCIIeUeHUsI HOPMHUPYEMBIX ITapame-
TPOB MUKPOKJIUMATA M PEXKMMOB TEXHOJIOTHUESCKOT0 IIPO-
1iecca BEIpalllMBaHUS PACTCHUH, IPOBOAST IPOLETYPY
SHEproayauTa (3HEPreTHIECKOro 00cIeJ0BaHU ) CBETO-
KYJBTYPEL.
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OKOIOTHYHOCTH CBETOKYJBTY PBI IPOSIBIISIETCS B U3~
MepseMBIX U (MJIM) OLICHUBAEMbIX CBOMCTBAX IMpoliecca
BBIPAIIMBAHMS PACTEHUI B KOHTPOIHUPYEMBIX YCIOBHSIX
kak HITC, npencraBasionux ero eCTECTBEHHYIO UITH
HaMepEHHO 00ECIIEYeHHY 0 CIIOCOOHOCTH OKA3hIBATh BO3-
JeMCTBUE Ha OKPYIKAIOIIYIO CPEy JIUIIb B TOITYCTHMBIX
npenenax. s oleHKu coONI0IeHU s HOpPMATHBHBIX TPe-
0OoBaHMI1 B 00JIACTH OXpaHbl OKPYKAIOIICH Cpeabl | T0-
JyYEHUS SKOJIOTHYECKH YUCTON NPOAYKIIUU IPOBOAST
9K0AYIUT (FKOJIOTHYECKOE 00CIIeI0BAHUE) CBETOKYIIBTYPBI.

OO01meMupoBOl TEHACHITNEH MTOCICAHUX ECATUIIC-
THH cTana TecHas CBsI3b MpooOsieM dHeprodPGheKTHBHO-
CTH B 9KOJIOTHYHOCTHU TEXHOIOTHIESCKIX IPOIIECCOB, Ue-
My CIIOCOOCTBOBAJIO YKECTOUCHHE SKOJIOTMYECKUX HOPM
Y TIOBBITIICHHE TPEOOBAHU K KA4eCTBY TOTOBOW TPOTYK-
uuu. O6beJMHEHNE SHEPTETUUECKOTO U IKOJIOTHYECKO-
T'0 MOJIXOJIOB MO3BOJISIET MPEJIOKUTH MOHATHE YHEPTO-
AKOJOTHYHOCTHU CBETOKYJIBTYPBI, CBSI3BIBAIOIICH TOTOKU
sHepruu OU 1 MOTOKM IPOAYKTOB (POTOCHHTE3A B CBE-
TOKynbType [7].

MHTerpanapHblii TOAX0A K TpobaeMe NOBBIIEHHS d-
(heKTUBHOCTH CBETOKYJIBTYPHI IPEIIONaracT yuIeT KaK
(hM3UYIECKIX MPOLECCOB B TEXHHUECKUX CPEACTBAX, TaK
1 OMOJIOTUYECKUX MTPOLIECCOB B PACTCHHSX.

LIEnb nccnEnOBAHUA — pa3paboTaTh METOAMKH MO-
JIETTUPOBAHUS M aHAJIM3a YHEPTOIKOJIIOTUYHOCTH CBETO-
KYJBTYPBIL.

MAaTEPMANBI M METOABI. TIpOBENTN SKCIIEPUMEHT IS
TMIOATBCPIKACHUA Hpe}l.]'[O)KeHHOfI METOJAUKHU DHEPIOIKO-
JIOTHYECKOT0 aHATHM3a OTHOTO U3 BAPUAHTOB CBETOKYIIb-
TYpBI paccajibl ToMara, peanuzoBannoil Ha CJI. 3mepe-
HUS IPOBOJIIH B TAOOPATOPHH SHEPT OIKOIOTUH CBETO-
KyJIbTypbl MTHCTUTYTa arpOMHKEHEPHBIX U KOOI HYe-
CKHUX IPOOIIEM CEThCKOXO03SIHCTBEHHOT O IIPOU3BOICTBA —
¢unmana GHAIL BUM B mapte 2019 1. Pesynberarst 00-
pabartbeiBanu ¢ noMoinbto nakera MS Excel.

Pacmumenvnuvrii mvamepuan. B kauecTBe 00bEKTa HC-
ClIeJOBaHUS B3SUIM paccaay Tomara (Solanum Lycopersicum
L.) llonones F|. B3pocinbie TUCThs TOMAaTa SHIIEBUTHEIC
1 HEYETHO-MIEPUCTOCIOKHBIE. OOBIYHO MPUCYTCTBYIOT
TPH HapHhI TITYOOKO JIOMMACTHBIX OOJIBITUX OOKOBBIX JIH-
CTOYKOB. Mex 1y O0BIIIMHU OOKOBBIMH JTUCTOYKAMU pac-
MoJaralTcs mapsl 0oyiee MeTKUX HepasIeIeHHBIX JINCTH-
KOB. B II1TOM 1ITH IIECTOM y371€ HAJ CeMSIOISIMH JTHCThS
JIOCTUTAIOT CBOETO MOJIHOTO pa3Mepa U CI0KHOCTH, Xa-
PaKTEPHBIX IJIs1 TaHHOTO COpTa TOMaTa. DT OCOOCHHO-
CTH OIIPEIENAI0T apXUTEKTOHUKY pacTeHus. Paccany Bbl-
paluBajIi B KOHTeHHEpax 00beMOM OJIUH JTUTP ¢ TOpho-
TPYHTOM, COCTOSIIIIMM M3 OIHOU gacTH cyOcTpara «XKu-
Bast 3eMJIs» U ABYX 4acTeil Topda. [IpoBonunu HeoOxo-
JIIUMBIH TTOJINB ¥ TOJKOPMKH. bruomeTpruueckue nsmepe-
Hus TB ocymiecTBisiau Ha 46 CyTKH TOCTIE BCXOIO0B.

Texnuuecxue cpedcmea ceéemoxynvmypul. Temrepa-
TYpY BO3IyXa B JIA0OPaTOPHOM MOMEIIECHIH O ICPIKHU-
BaJIM C IIOMOILBIO CUCTEMBI BEHTHJISILIUU Ha ypoBHE 20-
22°C. BnaxHocTts Bo3ayxa coctanisina 60-70%. Mcnons-
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30BasTu 00y4varesib Ha 6aze CJI-MaTpHIIbI, BHITOTHEH-
Hoii o Texnonoruu COB (chip-on-board) ¢ npaiiBepom
XC-1100W3A-HTP w muuzoit 90°. IlacriopTHBIE naHHBIE
IpaiiBepa: Hanps keHue nuTanus 85-265B, moTpebise-
MBI TOK 110 1,38 A, BeixogHOe HanpsixeHue 23-35 B, Tok
Harpy3ku 3000 MA. CriekTp, 3a71aBaeMblii COOTHOIICHU-
€M UHTEHCUBHOCTH U3ITy4eHUs B cHHEM kp (400-500 HM),
3esneHoM kg (500-600 HM) 1 kpacHOM kg (600-700 HM)
criekTpanbHbIX quamna3zoHax ®AP, cocrassin, %: kg: kg:
kg =31:20:49. CooTHOIICHNE KPACHOTO H3JIyYCHUS K 1alTb-
HekpacHOMY kg (700-780 HM) paBHO 2,7 OTH. ea. POTOH-
HYI0 001y4eHHOCTD B 30He DAP B mporecce skcnepu-
MEHTa MO/ IepKNUBaJIN Ha ypoBHe £=140 MKMOIEM>-c”
W3MEHEHHEM BBICOTHI ITOIBECA 00y yaTesne Hajl BepXy -
KaMu pacteHuid. @oTonepros rmocjie pacCTaHOBKH pac-
canpl coctaBui Ton = 16 4 (c 7.00 mo 23.00 u). [Ipogon-
XHUTEIBHOCTH pabOTHI 00Ty IaTEIbHOM yCTAaHOBKH 3a Bpe-
MSI OKCIIEPUMEHTA COCTAaBHIIA!

T=3600 T T5=3600-16-46=2,65-10°.

Memoouxka snepaosxonozuyeckozo ananusa. B cae-
TOKYJBTYPE MOTYT OBITh BBIACICHBI Pa3IUYHEBIC Hepap-
XUYECKUE YPOBHHU, UTO TO3BOJISICT TOBOPUTH O HEH Kak
00 HCKYCCTBEHHOU OHOZHEPre THIECKON CHCTEME CBETO-
kynbTypbl (MBDCC) [8]. Ha pucynxe I mokazana 610k-cxe-
ma moxenu UBOCC.

[IpensioskeHo BBIIETUTD HIECTh OJIOKOB MJIM TAIIOB,
npeoOpasoBanus 3ueprun B moaeau MBDCC. BxonHoit
CHUTHAJI KX JO0ro clieAyIoulero stana GopMupyeTcs Ha
BBIXOJIE ITPEBIAYILETO i-T'0 JTaIa.

BenmdnHa cyMMapHBIX TOTEPh:

5
AQ = 3 AQ; . D
i=1

Hanuuue noteps 03HayaeT NOTEHIMAIBHO UMEIOIIHE-
sl pe3epBBl 3HeprocoepexeHus. VX mouck Ha KaXI0M
JTarne 00eceYnT HaMMEHBITY 0 00Ty IO SHEPTOEMKOCTb.

Ilepewiti sman ipeoOpa30BaHUS SHEPTHH TPOUCXOTHUT
B UCTOYHMKE IEKTpudeckoro nuranus /. Ero 3amaua —
crabmiu3npoBaTh notpedisiemblid Tok CJ1 Ha ypoBHe /)
IpU HEKOTOPOM YCTaHOBUBILEMcs HanpsbkeHuu U;. [pu
9TOM TOK Ha BXOJI€ paBeH /iy IPH CETEBOM HAIPsKEHUN
Uy. BXOIHO# CHTHAJ TpeICcTaBIseT co0oi moTpebdse-
MYIO OT CETH MOIIHOCTb Py. BbIX0nHOI curHan — Moui-
HOCTH Py, moTpedasemyto CJI. DHepreTHYeCKUe MOTEPH
HAa JJAaHHOM 3Talle CBA3aHbI C IOTEPSIMU SHEPTUH B UCTOY-
HHUKE NIEKTPUUYECKOTO NUTAHHUS.

DHeproeMKOoCTh JAHHOTO 3Tara Mpeo0pa3oBaHus SHEP-
THUHU IpeAcTaBiseT coboit Bennunny, oopatHyto KI1/]
IpaiiBepa 7, OTH. €1., U paBHa:

L 0,0 _ROT _U,0bL,0
m@ Q@ AOT  U(O)4L()
CoBpemennsie npaiiBepst aist C/] umeror KITJ B nu-
anazone 7,=0,79-0,95 oTH. e11., B 3aBUCUMOCTH OT 3arpy3-
KU ApaliBepa. bosee BEICOKHME 3HAUEHU I COOTBETCTBYIOT
HOMMHAJIBHOMY PEXUMY 3arpy3KH. DTO JaeT OLEHKY

@

&) =
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Puc. 1. Modenv uckyccmeenHoll OuodHepeemuyeckol cucmemvl
ceemoxynvmypsl (MBEDCC):

1 — ucmounux snekmpuyecko2o NUManua, 2 — UCIMOYHUK U3TyYe-
HusA; 3 — onmuyeckas wacme, 4 — npocmpancmeentoe pacnpede-
JleHue Nomoka; 5 — HOBEPXHOCHIHOEe pacnpedeleHue nomoka, 6 —
pacmenue; BIID — 6nox npeobpazosanus snepeuu, BIIB — 6nok
npeobpasosanusn geujecmsa;, Quy — UCXOOH®INL NOMOK IHEPIUl;
M,y — ucxoouwiti nomok eewgecmea, My — 6bIX00HOU NOMOK Geuye-
cmea; AM — nomepu eewjecmea; AQ — cymmapuvle nomepu sHep-
euu; Q-Qs — NOMOKU SHEpeUU HA bIXO0e COOMBENCMEYIOUWUX
6n0xo6 modenu; AQ\-AQs — nomepu snepeuu 8 cOOmMEemMcmeyio-
wux onoxkax mooenu; Py — nompebnsemas om cemu mowHOCmy,
P\ — nompebnsiemasn ucmounukom mowHocms, Py — nOMoK ucmou-
Hura,; @y — nomok obnyuamens; Py — NOMOK HA KPOHY PACMEHUSL;
Dy — NOMOK HA TUCMBSL, €~ — FHEP2OEMKOCHIU ONIOKOG

Fig. 1. Model of an artificial bio-energetic system light crops
(ABES): 1 — the source of electrical power; 2 — radiation source;
3 — the optical part;, 4 — the spatial distribution of the flow; 5 —
surface flow distribution; 6 — plants; BIID — energy conversion
unit; BIIB — substance conversion unit; Qy — input energy flow;
My — input substance flow; My — output substance flow; AM —
substance loss; AQ — total enegry loss; Q,-Qs — output energy on
the corresponding units;, AQ,-AQs — output energy losses on the
corresponding units; Py — rated power,; P, — light source power;
@y — light source flow; @, — irradiator flow;, ®@x — crown flow;
Dy — leaves flow; &1-g5 — units power consumption.

SHEPTOEMKOCTH JaHHOTOo dTana £,=1,05-1,27 otH. ex. Pe-
3€PB CHIDKCHUSI JHEPTOEMKOCTH 3aKIJIFOUaeTCs B IPUMeE-
HEeHHUM 00JIee TEXHUYECKH COBEPIICHHBIX JIPaiBEPOB H
oOecreyeHn HOMHUHAIILHOTO PEKUMa UX PaOOTHI.
Bmopoii sman cBg3aH ¢ reHepanueil GOTOHOB B UCTOY-
HUKe m3nydeHns 2. [Ipu MogenupoBaHIH 3TOTO dTama «Ka-
4eCcTBO» POTOHOB JIJIsl PACTEHHUS [T0KA HE pacCMaTpUBACTCS.
DHepreTuyeckue MoTEPH Ha JaHHOM dTarle CBS3aHbI C He-
TIOJTHBIM MIPE00pa30BaHUEM 3IEKTPOIHEPTUH B SHEPTHIO (O-
TOHHOT'O MOTOKA. P HEKTUBHOCTH reHepaluy (POTOHOB Olle-
HUBAIOT BeNNIMHON moToka O (BRIXOAHOW CUTHA JAHHO-
0 3Tamna), OTHECEHHOH K 3aTpadeHHOH Ha ero reHepaluio
ANEKTPUYECKON MOIITHOCTH P, MKMOJIB ¢ BT, 4T0 3K BHBa-
JICHTHO OTHOIIEHHIO KOJMYECTBA TEHEPUPYEMBIX MUKPOMO-
7eit k MomHOCTH ((POTOHHAS OTHAYA 7)), MEMONE; " [9].
DHEpProeMKOCTh IAHHOTO JTalla paBHa:

Bl 00 _ 00 __ 00

m(t)  0y(t) y(OT T [ldo
4
J7st HaX0XKIEHUS U3JTy4aeMOTr0 MTOTOKA CHITY U3JTY-

yeHus I, ot CJ] MHTErpupyOT 10 BCEMY IPOCTPAHCTBY
(47) MO 30HAIBHBIM YTJIAM .
B 3aBUCHMOCTH OT TEXHOJIOT MM H3TOTOBIICHHS COBPE-

©)
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merHBIe C/] XapakTepu3yioTcs poToHHOH oTaaueit 71,=1,0-
2,5 MKMOJH;I[;K". JTO AaeT OIIeHKY PHEPTOEMKOCTH J1aH-
HoOro 7Tama &,=1,0-0,4 Jlsx-Mkmons . PesepBoM cHIXe-
HHS DHEPTOEMKOCTH CTaHeT IIpUMeHeHue Ooee coBpe-
MeHHBIX C/] ¢ ToBBITIICHHOH (OTOHHOM OTHaYEeH.

Tpemuti sman mpeodpa3OBaHUS YHEPTUU — U3ITyUe-
HHE (POTOHHOTO MOTOKA O0IydaTeneM 3. DHepreTuye-
CKHe TIOTEPH 31eCh CBSI3aHBI C ONTHIECKOH YacThIO: B OT-
paxarene 1100 BO BTOPUYHOM ONTHKE (JInH3aX). Beixoa-
HOW CUTHAJI — IOTOK o0iry4aTens @,.

OHeproeMKoCTh IaHHOT'O 3Talla paBHa!

L _00_ 00 _ 00
(@) () D, OT T [Ildw
4

st HaxoXAeHUS IIOTOKA 00Ty 9aTelst CHITY U3ITyde-
HU [," THTETPUPYIOT IO BCEMY MPOCTPAHCTBY.

KII[ onTrveckoi yacTh 001ydaTesisi COCTaBISCT
7;=0,8-0,95 oTH. ex1. DTO TaeT OLEHKY YHEPTrOEMKOCTH
JaHHoro sTama &;=1,05-1,25 otH. ex. /i ee CHIKCHUS
CJIeTyeT UCIOIB30BaTh 00JIee COBEPIICHHYIO ONITHYe-
CKYIO CUCTEMY 00ydaTers.

Ha yvemegepmom smane ocyuiecTBIsieTCs IPOCTPaAH-
CTBEHHOE pacmpenesicHne (OTOHHOTO IMOTOKa, MOJICIIH-
pyemMoro 6J10koM 4. DHepreTH4ecKre NOTepH Ha TaHHOM
JTare MPOUCXOIAT U3-3a TOTO, UTO YACTh H3ITYUIESHHOTO
MOTOKA He ToMajlaeT Ha 00JiyyaeMble pacTeHUs, OTJIO-
IasiCh CTEHAMH, IPOXOJIaMH U JPYTHUMH dJIEMEHTaMHU
KYJBTUBALIMOHHOT'O COOPYKEHHUSI.

BeIxoHOM cHTHAN JaHHOTO ATala MPeJICTaBIAeT cOO0M
notok OK, 3aKi1i0ueHHBIH B IIpeeax TeNecHoro yria O, 06-
Pa30BaHHOTO MIPOCTPAHCTBEHHBIM KOHYCOM, OMTUPAIOIIIM-
s Ha KOHTYPbI 00Ty 9aeMOi MOBEPXHOCTH (KPOHY PACTEHHSA).

DHeproeMKoCTh IaHHOT0 dTalla paBHa!

I OO _ O OO )
O4() PxOT  T[IZ(ndw

Q
B 3aBHCHMOCTH OT KOHCTpYKIMH obrydarens KIT/]

MOXKHO OLIEHUTH B mpeaenax 7,=0,60-0,95 oTH. exn., uTo
JlaeT OIeHKY 3Heproemkoctu £,=1,00-1,67 otH. ex. Pe-
3ePB CHUKEHUS YHEPrOEMKOCTH 3aJI0KEH B COBEPILIECH-
CTBOBAHMHM CBETOpPACIpECICHH 00IyyaTens.

Ha namom smane nmpeoOpa3oBaHus SHEPTUH (POTOH-
HBII NOTOK E; ;, MOJETHPYEMBIil OJ10KOM 3, pacipesnens-
eTCs Ha JINCTOBOU MOBEpXHOCTH. OT ypOBHS (POTOHHOM
00JIy4eHHOCTH HEMOCPEACTBEHHO 3aBUCUT UHTEHCHUB-
HOCTB IIPOIIECCOB B PACTEHUHU. DHEPreTHUCCKUE TOTEPH
Ha JaHHOM JTalle CBA3aHbI C TEM, YTO YaCTh NOTOKA IIPO-
XOOUT CKBO3b KPOHY paCTCHUSA, HC NoNajas Ha JIUCThs.
BrIxogHOM cUTHAN MpeAcTaBiseT co0oi moTok @y, na-
JIAIOIIHI Ha JINCTOBYIO MMOBEPXHOCTH M 00ECIIeUrBato-
LU CUHTE3 OMOMACCHI.

DHepProeMKoCTh IaHHOT0 dTalla paBHa!

ey= L QO 00 _ 0

n5(t) Os(t) @p(OT T[E, ,(0)dS
S

& (1) =

A0

©)

B 3aBucHMOCTH OT KOMITOHOBOYHOM CXEMBI pa3Melrie-
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HHUS pacTeHUH (Ha IIOCKOM MOBEPXHOCTH, BEPTHKAIb-
HBIE KOJIOHHBI, CJIO)KHOE B IPOCTPAHCTBE) 0Opa3yeTcs
pasnuuHas popma noBepxHocTH neno3a. KI1/1 nanHoro
JTamna MOXKHO OLIEHHTH B mpenenax #75=0,7-0,8 oTH. ex.,
4YTO JJa€T OLIEHKY dHEProeMKocTH &5=1,43-1,79 oTH. en.
CHH3HUTB SHEPrOEMKOCTh MOKHO ITYTEM COTJIACOBAHUS
MPOCTPAHCTBEHHOTO paclpe/ieIeHHsI TOTOKa OT U3yda-
TEJS U CTPYKTYPHI IIEHO3a.

Llecmoii 3man npeoOpa3oBaHMs YHEPTUU 3aKII0Ya-
ercs B GOpMUPOBAHHUH ITPOAYKTOB PoTOCHHTE3a My (BBI-
XoJHOM curHan dtana 6 u Bceit mogenu MB2CC) u3 uc-
XOJHOTO IIOTOKA BellecTBa My o ASHMCTBUEM ITOTOKA
sHepruu Qs. C y4eToM IPHHATHIX 0003HAYECHUH MOMXKHO
3amucaTh CyMMapHYIO peakiuio GOTOCHHTE3A!

My (CO+H,0) + Qs (v) = My (buomacca) + AM (ote-
pu BewecTBa) + AQ (MOTepH SHEPTUN).

[Totepu Ha TaHHOM 3Tarle CBA3aHbI C TEM, YTO U3 OHO-
JIOCTYITHOW paJiialliy 9acTh POTOHOB TepsieTCs H3-3a He-
MIOJTHOM a0COPOIIMH B X0/I€ IEPeHOCca IO aHTEHHBIM KOM-
IUTEKCaM | Jaliee B IIporeccax npeodpa3oBaHust SHEPTUU
B pacTeHuu. JInubs BecbMa HeOobIIast 0I5 MOTOKA UAET
Ha YHCTHII IPUPOCT OMOMACCEHL.

DHEProeMKOCTb 3TOT'0 3Tala paBHa:

1o
n6(1) M (2)
[ToTok Gmomacchl mpeacTaBIseT cOO0H QYHKIIHUIO OC-
HOBHBIX ITApaMETPOB PaJUAILIIOHHOTO pexuMa: 00IydeH-
HOCTH, CIIEKTPAIBHOTO cocTaBa, ¢potonepuona [10].
[MpomyKTHBHOCTH pacTeHUl BappUPYET B 3aBUCHMO-
CTH OT COYETaHHS TapaMeTPOB paJUAIMOHHOTO PeKHUMa
B mupokux npenenax. [Ipuuss KI1J[ cuaTe3a 3enenoi
Maccsl 776=0,4-0,8 r-Monb ™, MI0JIy4aeM OLICHKY SHEPrOeM-
KocTH £5= 1,25-2,5 MonbT . Pe3epBoM CHMKEHHMS dHEP-
TOEMKOCTH OyAeT o0ecriedeHre ONTUMAIBHOTO COYeTa-
HUSI TapaMeTPOB PaJUAIIUOHHOTO PEKHUMA.
Dueproemkocts bI13:

5
Exmn (D) = H & ().

g(t) = (7

®)
i=1
Oueproemkocts BIIB:
gEHB(t) = gG(t) . (9)
O6mas saeproemrocts MBICC:
5
W)=, ]e (). (10)
i=1

C y4eTOM MPUHSTHIX MO SKCIIEPTHBIM JTaHHBIM OIle-
HOYHBIX 3HAUCHHI YHEPTOEMKOCTH Ha KaXIOM dTarle Mo-
nyqaem ec=0,32-2,27 MJIx-T", To €CTh MUHUMAITbHbIE 1
MaKCHMaJIbHbIE 3HAYCHU S PA3INIAIOTCS IIPAKTHIECKH Ha
nopsaok. [lonydyaemas BenuunHa A1 KOHKPETHOM pea-
JU3ALHUHN TEXHOJIOTHH CBETOKYJIBTYPBI 3aBUCHUT OT BHI-
OpaHHBIX CIIOCOOOB peaH3aliy KaXkI0ro dTamna npeod-
pa3oBaHMS SHEPTHUU.

PaccmoTpum BaXXHBIM MOMEHT, KOTOPBIH CIETYET YIH-
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TBIBATh [IPU AHAJIM3E IIOCIEJOBATEIBHOCTH 3TAIIOB pa3-
JIMYHOM TEXHUYECKOW pealin3aluu Kaxaoro stana. Ha
pucynke 2 TIOKa3aH IpuMep rpada s Tpex mociaeoBa-
TENbHBIX 3TAIOB IPe0Opa30BaHMs SHEPTUU.

[TycTh Ha OCHOBaHWM aHAN3a CYIIECTBYOIIEH TeX-
HOJIOTHUHU Ha i-OM 3Talle CYLIECTBYIOT TPU BapUaHTa €ro
peanuzauun A(1,3), B(1,7) u C(1,5), Ha i+] sTamne — 4eThl-
pe BapuanTa D(1,9), E(1,1), F(1,6) u G(1,8), Ha 3Tane n —
Tpu Bapuanta H(1,8), I(1,5) u J(1,2). B ckoOkax yka3aHsbl
3HaUEHHUs SHEPIrOEMKOCTU COOTBETCTBYIOLIUX BapHaH-
TOB B OTHOCUTEJIbHBIX €IMHUIIAX. 3aJaya ONTUMHU3aLHH
3aKJIF0YAETCA B MOMCKE ONTUMAIIBHOTO MapuIpyTa mpo-
X0J/1a Ha Tpade, mpu KOTOPOM 00IIIasi SHEPrOeMKOCTh MH-
HUMabHa. B naHHOM mpuMepe Hanboliee ONTHMAaIBEHO
codeTaHue BapuaHnToB B-E-J. JHEProeMKOCTh P 3TOM
pasua 1,7-1,1-1,2=2,24 oTH. ex., 4TO MEHbIIIE APYTHUX CO-
YyeTaHUU. DTOT MAPLIPYT CIAEAYET CUUTATh HAMIIyullel
JIOCTYITHOM T€XHOJIOTUeH JJ1s1 CBETOKYJIBTYPHI.

YucneHHbIl npuMep HATrJISIHO MTOKA3bIBAET, YTO OI-

Ar—— Bpm——y C

H JEAVR N
£/ g/ By
L8 | L3] L2l on

Puc. 2. Ipag sozmooichbix peanusayuii 5manog ¢ ONMUMAaiIbHbIM
Mapupymom
Fig. 2. The graph of the possible implementation of the stages with
the best route

THMH3aIHs HE CBOJUTCS K MOCIIEIOBATEIIBHOMY BBIOOPY
Ha Ka)KJIOM dTaIle BapuaHTa ¢ HANMEHBIINM 3HAYCHHEM
SHEProeMKOCTH. Tak, Ha EPBOM ITalle MUHUMAJIbHOE
3HAYCHHE YHEPrOSMKOCTH Ha0JIFOIaeTCs IIPH BEIOOPE Ba-
puanTa 4. OnHaKo npu najibHeiIeM IBHKEHUH 10 rpa-
¢y Ha IPyTrux 3Tanax 3a TOH BETBBIO CIETYIOT AIEMEH-
ThI, BKJIaJI KOTOPBIX B OOIIYI0 SHEProeMKOCTb IIpolecca
npeBbIIaeT 3 GEKT OT CHUKCHUS SHEPrOEMKOCTH Ha
TIEPBOM JTaIre.

PE3YNbTATBI 1 OBCYXAEHME. J[JIst HCIIOIB3yEeMOTO B
SKCIIEPHMEHTE JIpaiiBepa H3MEPHIIN dJICKTPUUCCKIE Ta-
paMeTphbl, XapaKTepu3yIoliiue SHEPrOeMKOCTh IIEPBOIo
JTamna npeodpa3oBaHus SHepruu. [Ipu ceTeBoM Hamps-
xenun Uy=220 B noTpebnsemblii Tok coctaBui I5=0,47 A.
[Ipu »TOM Ha BBIXOZIE 0OEcTIeunBaICs CTAOUITU3UPOBaH-
HBIY TOK [,=2,92 A npu Hanpspxkennun U;=29,1 B. Takum
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o0Opa3om, moTpedisieMas U3 CETH MOIIHOCTb:

Py=I4Uy; =0,47-220=103,4 Br.

MomHOCTh Ha BBIXOJIE IpalBepa:

P=1U,=2,92-29,1=84,9 Br.

DHeprus 3a Bce BpeMs paboThI 001yyaTeIbHON YCTaHOB-
KH Ha BXOJIE U BRIXOJIE IpaiiBepa COOTBETCTBEHHO PaBHA:

Oy= PyT=103,4-2,65-10° =273,97 M/Ix u

0,=P,T=84,9-2,6510° =224,95 m]x.

[ytem poromerpupoBanus C/I-MaTpUIIbl BHISBHIIH,
4T0 €€ POTOMETPHUECKOE TEIIO MPECTABIISIET COO0M Ce-
PY, KacaTeIbHYIO K H3ITyYafoliell INIOCKOCTH, TO €CTh H3-
Jlydarenb KpyriocuMmmeTpudeH. HaliieHo BeIipaskeHue
JUTSL KPUBOM CHJIBI CBETA:

1,=I, cosa,
rre [y — oceBasi CHIIa H3JIyUCHHUS;

1,=4,46 Mxmonp-c’-cp™.

®oTtonubIM MoToK CJI-MaTpHUIIbL:

@y =, =3,1420,56=64,56 mxmonb-c”. DHeprus Ha
BBIXOJIE BTOPOTO dTana:

0= ®;T=64,562,65-10° =171,06 Monb.

doromeTprpoBaHue 00Iy4aTeNsi BMECTE C JIMH3O0M
MO3BOJIMJIO HAWTH TOTOK @y=57,05 MKMOJTBC ™. Dueprus
HAa BBIXOJIC TPETHEro dTara:

0y= @ T=57,052,65-10° =151,01 Monb.

Jlns obecniedeHn s HOPMHPOBAHHOW 00JIYYCHHOCTH
BBICOTA TIOBECA 00yYaTens HaJ pacCTeHHEM COCTaBIIS-
na 0,33 m, nuametp kponsl pactenus — 0,4 m. [loToxk, ma-
JAIOIIUH HAa KPOHY PACTEHU, 3aKJIIOUCH B IIPEIeiaX Te-
JIECHOTO yTJ1a, 00pa30BaHHOTr0 IUNIOCKUM yTIIoM 36°, 1 pa-
BeH @ =48,88 MKkMonb ™. DHEprus H3TydeHus B mpejie-
JIaX 3TOTO TEJIECHOTO YTJIa 3a Bce BpeMsi paboThl 00yya-
TEIbHOW YCTaHOBKH (BBIXOJ] YSTBEPTOrO dTaIa) paBHa:

0,= O T=48,88-2,65-10° =129,51 Mo,

PacTenne TomMaTa K OKOHYaHHIO SKCIIEPIMEHTA HMe-
JI0 ICBSTH SIPYCOB OMIIO3UTHO PACIOI0KEHHBIX JINCTHEB.
CTpyKTypa KpOHBI TAKOBA, YTO YaCTh MOTOKA MPOXOIUT
Yepes Hee, He MMorajasi Ha JJUCTOBYIO MOBEPXHOCTh. DTy
YaCTh ONPEACIISIIH METOIOM (POTOTPaMMETPUH Ty TEM
MOy YeHUS IU(PPOBOTO CHIMKA KPOHBI M3 TOUYKH HO/IBE-
ca o0iryyaress ¥ ero nocjieayroueii moporooit oopadoT-
KH, TIO3BOJIAIOIIEH pa3ieuTh 001acT Ha (POTOCHUMKE,
MIPUHAIeKAIINE TUCTHSIM PACTCHUS U POHY. YCTaHOBH-
JIM TIOTOK, MaJaomuii Ha TUcThs, @, =44,71 MKMOIbC .
OHeprus, MonaBmas Ha JTUCThS PACTCHHS 32 BCE BpeMs
paboTHl 00Ty4YaTENIEHON YCTAHOBKH (BBIXOJ IISITOTO dTa-
na) paBHa Qs= @ T=44,71-2,65-10° =118,46 momb.

Ha BEIXOZIE CBETOKYIBTYPHI (IIOCIE IIECTOTO dTama
npeoOpa3oBaHuii), MpU JAHHOM COUYETaHUH MTAPAMETPOB
PaAMalnOHHOTO PEKUMA, OTYYHIIH PACTCHHE TOMATa C
CBIpOI Maccoit 73 .

UrncneHHbIC 3HAYEHU S SHEPTUH Ha BXOAX M BEIXOJaX
oTHenbHBIX 3TanoB, ux KI1/1 u 3HeproeMKoCTh ISl 9acT-
HOTO CJIy4asi CBETOKYJIBTYPBI CBEJICHBI B mab.iuyy.

OueproemkocTsh bBIID g5y =1,22:1,32:1,14-1,16-1,10=
=2,34 MJIx-Momb ™.

DueproemkocTs BIIB e55=1,61 MomsT™.
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Ta6bnuuya Table

Oueprusi, KM v 3HEPrOEMKOCTb B 9KCMEPUMEHTE
ENERGY EFFICIENCY AND ENERGY INTENSITY IN THE EXPERIMENT

o OHEepProeMKocTb
EE| Fpenem | ey Energy
Mo consumption

1 0r=273,97 mJIx 7,=0,82 OTH. eJ1. &=1,22 oTH. ex.

0,=224.,95 mJIx
0,=171,06 monb
05=151,16 monp
0,=129,51 monp

05=118,46 monb
M,=73 1

1

#75=0,76 MxMonb-Jlx" | £,=1,32 JI-MKMOID ~

75=0,88 oTH. ex. &+=1,14 otH. en.

74=0,86 OTH. ex. £4=1,16 oTH. ex.

75=0,91 oTH. ex. &=1,10 oTH. ex.

AN | AW N

76=0,62 Mo £6=1,61 monpT"

Oo6mas sueproemkocts MBOCC

ec=2,34-1,61 =3,77 M.

AHaNu3 NOJyYCHHBIX TAHHBIX MMO3BOJISICT B HATIIS -
HO# (popMe OLleHUTh 3P PEKTHBHOCTH 3TANOB Mpeodpa-
30BaHMS YHEPTUU B CBETOKYJIbTYpe. [Ipoie 3To cnenarsb
IUTS 9TATIOB, PHEPTOEMKOCTE KOTOPBIX XapaKTePU3yeTCs
OTHOCHUTEJIbHBIMU EAMHUIIAMH. 3/1€Ch TPEBBILICHUE YHC-
JICHHOT'0 3HAYCHUS SHEPTOEMKOCTH HaJl eTUHHUIIEH Xapak-
TEepU3yeT NoTepu npeodbpazoBanus. Tak, Ha HEPBOM FTa-
1€ 3TU NIOTEepHU cocTaBaAtoT 22%, Ha TpeTheM — 14, Ha
yeTBepTOM — 16, Ha aTOM — 10%. Ha BTOpOM 3Tane mo-
JTy4EeHHOE pa3MEepHOE 3HAYUCHHUE YHEPTOEMKOCTH JI0JKHO
CPaBHUBATHCS C CYIIECTBYIOIINMHI HHHOBAITHOHHBIMHU
nocTkenuam (1,32 J-MKMOJIBL ™" COOTBETCTBYET CITHII-
KoM MaJioi (oToHHOM otnade ans CIl Ha ceroqHAMHANA
MomeHT). Ha mectom sTane BEISIBJICHBI O4€HB OOJBIIIHE
3aTpaThl SHEPTUU U3TyYCHHS Ha CHHTE3 OMOMACChI, YTO
MIO3BOJISICT MPETIONOKUTE HEIOCTATOYHOE COOTBETCTBHE
CIEKTPaIbHBIX XapaKTEPUCTUK HICTOYHHUKA U IPYTUX Ta-
pamMeTpoB paUaIlHOHHON Cpe/ibl TPeOOBAHU M PACTCHHI.

BuiBogbl

Pa3paboTanHas MeTOMKa MOACTUPOBAHUS U AHAJIHU-
32 DHEPTr'OIKOJIOTUYHOCTH CBETOKYIBTY PHI TO3BOJIILIIA
OLICHUTH BO3MOXXHOCTH SHEProcOepexeH s Ha KaxJ0M
srare npeoOpa3oBaHMs PHEPTHH U BEIIESCTBA B CBETO-
KYJIBTYypE.

TeopeTHueck BO3MOKHOE CHUKEHHE MTOTEPh B UCTOU-
HUKE 3JIEKTPUYECKOr0 MUTAHUs cocTaBiseT 22%; B on-
THUYEeCKOil yacTu — 14; npu popMHUPOBAHUM IPOCTPAH-
CTBEHHOTO paclpeie]IeHUs TOTOKa — 16; TOBEpXHOCTHO-
ro pacmnpenenenus noroka — 10%.

Bo3MoxHOCTH MOBBITICHHS 3P (HEKTHUBHOCTH UCTOY-
HUKA U3JTyYEHHS 3aBUCUT OT JOCTUTHYTOTO YPOBHS TEX-
HUKH, KOTOPBII B HACTOAIIEE BpeMs 00ECIIeunBaeT OT-
Jlaqy He MEeHee 2,5 MKMOJIb C OJTHOTO JXKOYJIsl. J{J1s TOBHI-
HIEHUS TPOJYKTUBHOCTH CBETOKYJIBTYPbl HEOOXOIHMO
TOYHOE COTJTIACOBAHUE [TAPaMETPOB CBETOBOT'O PEKUMA H
TpeboBaHMil pacTeHUI.
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Pedepar. Uem myume BHITONHEHE! TIOJEBIE ONIEPAIH, TEM HIDKE 3aCOPEHHOCTD IIOCEBOB, a 3HAYHT, TPEOYETCS MEHBIIE XHMHU-
YECKUX CPECTB 3aIIUTHL, UTO HONOKHUTENBHO OTPAKAETCS Ha MIOJOPOIMH 1104B, KaUeCTBE YPOxKas U 3KONOTHUEeCKOi 00CTaHOB-
Ke B 1enoM. (Lfens uccnedoganus) V3yauts Kpyrood0poT COPHIKOB B MAIIMHHBIX arpOTEXHONOTHSX MPOU3BOACTBA 3EPHOBBIX 1
TPEeIIOKATE CIOCOOBI YMEHBIIEHHS 32COPEHHOCTH Ha BCEX 3TANaxX BO3IEIBIBAHKS C YUETOM ONArOMPUATHOTO IKONOTHYECKOTO
oTKIHKa arpodoHa. (Mamepuanst u memoodst) Packpbliin 0CHOBOIONAraONINEe KPUTEPHUH BHIMOIHEHUS TOJEBBIX ONepaluii Ha oc-
HOBE MHOTO(AKTOPHOH MOJIEIH BO3/ICIBIBAHIS CEbCKOX03MHCTBEHHEIX KYJIBTYp: CHIKCHHE 3aCOPEHHOCTH, YMEHBIICHUE yIacT-
KOB TIEPEyIIOTHEHNUS MOUBBI M OBTOPHOI 00paboTKH, SKOIOrH4eCKUi OTKINK. [IponeMoHCTpHpoBaIu KpyroodopoT COPHSIKOB
B TPAAULMOHHBIX TEXHOJIOTHUAX IIPOU3BOJCTBA 36PHOBBIX KYJIBTYp. BBIABUIN AMHAMUKY pa3BUTHS COPHSKOB U UX PaclpoCTpaHe-
HUA B arpodone. (Pesyrvmamol u obcyscoenue) [IpoBeny KOHTPOIb CEMSH COPHBIX PacTeHHil Ha MOCEBaxX APOBOH MIIEHHIBI B
TPOM3BOJCTBEHHEIX YCIOBHUAX B TeUeHHE yOOPOdHBIX ce30HOB 2016 1 2017 romoB. OOHAPYKIIHM ONBITHBIM ITyTEM B BBIICIICH-
HBIX TIPOIYKTaX 0OMOJOTA TIOBBIIICHHOE COAEPIKAHIE CeMSH MPOCOBHIHBIX COPHAKOB, Macca KOTOPHIX BapbHPOBANACH OT 5 10
16 rpaMMOB Ha KBaJpaTHBINA METp. YICIbHBIN BeC CEMSH COPHAKOB B OYHKEPHOM 3epHE COCTaBILAN 2,9 NpoueHTa. BeisBumy, 4To
CeMEHa COPHBIX PaCTCHHH, BBIICICHHBIE KOMOAHHOM, COXPAHSIOT BCXOXKECTh IIOCTIE OCEHHMX 00padoTOK mouBHl. [lomepeunas
MOYBOOOPAdOTKA YBEIMUMBAECT 00IACTH 3aCOPEHHOCTH B 2 pa3a u Oonee. [Ipeiokuim KOMILIEKCHYI0 cHCTeMy 00pBOBI ¢ COpHOT
PACTHTENHLHOCTHIO Ha BCEX ITAlax IOJNEBEIX paboT ¢ YUETOM IKOJIOTHUECKOTo OTKIMKa arpodona. [lokazanu, 9to ocoboe 3Hade-
HUE MMEET OT/IENeHHE 1 YHHUTOKEHUE CeMsSH COPHAKOB Ha 3Tarne yoopku ypoxas. [IpencTaBuiiu TeXHUKO-TEXHOJIOTHYECKUE pe-
IICHHS CHIDKEHUS COPHOH PacTHTENBHOCTH, 0bectieueH s O1aronpHsATHOR 3KONOrHUeckoil 00CTaHOBKHU. (Bs1600si) BricTponiu
KOMIUIEKCHYIO CHCTEMY CHIDKEHHUS 3acopeHHOCTH. COKpaThIii OOIIy0 HArpy3Ky OT IEHCTBUS CPENCTB 3aIUThI pacTeHui Ha 30
HPOLIEHTOB.

KiioueBble cJ10Ba: CHIDKEGHHE COPHOH PACTHTENBHOCTH, XUMHYECKasi POIIONKA, TTOJEBBIE ONEPaIiy, 3ePHOYOOPOTHBIA KOM-
0aifH, OTZIeNeHNE 1 TPAaBMUPOBAHHIE CEMSH COPHSKOB, SKOJIOTHUECKHI OTKIIMK arpoIeH03a.

I Jast untuposanus: [lunaenos A.B., UBanos H.M. UHkeHepHO-9KOIOTHUECKOE 0OecieueHre 60pbOBI ¢ COPHOI
pactutensHOCTHIO // Cenbckoxossaiicmeenuvie mawunvt u mexronoeuu. 2019. T. 13. N3. C. 18-23. DOI 10.22314/2073-
7599-2019-13-3-18-23.

Engineering and Environmental Support for Weed Control
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Abstract. Better field operations are performed result in lower weed contamination of crops, which means less chemical protection
is required. This makes a positive effect on soil fertility, crop quality and the ecological situation in general. (Research purpose) To
study weed circulation in mechanized farm technologies for cereal production and propose ways of reducing the weed content at
all stages of cultivation, taking into account the favorable environmental response of the agricultural background. (Materials and
methods) The authors have revealed the fundamental criteria for the implementation of field operations based on a multifactorial
model of crop cultivation: reduction of the weed content, reduction of soil compaction sites and re-processing, and environmental
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response. They have demonstrated weed circulation in traditional cereal production technologies, identified the development
dynamics of weeds and their distribution in the agricultural background. (Results and discussion) The authors controlled weed
seeds on spring wheat fields under production conditions during the harvest seasons of 2016 and 2017. They experimentally
found an increased content of miliary weed seeds in the selected threshing products, the mass of which ranged from 5 to 16
grams per m’. The share of weed seeds in grain hopper amounted to 2.9 percent. It was revealed that weed seeds isolated by a
combine remain viable after autumn tillage. Transverse tillage increases the area of contamination in 2 times or more. The authors
propose a comprehensive system of weed control at all stages of field operations, taking into account the environmental response
of the agricultural background. It is shown that the separation and destruction of weed seeds at the harvest stage is of particular
importance. The authors present technical and technological solutions to reduce weeds and ensure a favorable ecological situation.
(Conclusions) The authors have designed a comprehensive system to reduce weed contamination, thus reducing the overall impact
of plant protection remedies by 30 percent.

Keywords: weeds, application of plant protection means, field operations, harvester-thresher, separation and breaches in weed
seeds, environmental response.

I For citation: Shindelov A.V., Ivanov N.M. Inzhenerno-ekologicheskoe obespechenie bor'by s sornoy rastitel'nost'yu
[Engineering and environmental support for weed control]. Selskokhosyaystvennye mashiny i tekhnologii. 2019. Vol.

13. N3. 18-23 (In Russian). DOI 10.22314/2073-7599-2019-13-3-18-23.

€M JIy4UIC BBITIOJIHCHBI IMOJICBBIC OII€palli, TEM

HUXE 3aCOPEHHOCTH IIOCEBOB, 4 3HAYUT, TPEOyeT-

Cs1 MCHBIIIE XUMUYECKUX CPEJCTB 3aIIUTHI, YTO
MOJOKHUTEIBHO OTPA’KACTCsI HA TUIOJOPOIHH II0YB, Kade-
CTBE YpOXKast ¥ IKOJIOTHUECKOH 00CTaHOBKE B IICIIOM.

CornacHo pe3yJbpraTaM NOCTIeIHUX UCCIeNOBaHUHN 1
pacueTaMm HayIHBIX yUpEKICHUI MOTEPH YPOXKasi CeIb-
CKOXO35MCTBEHHBIX KYJIBTYP OT COPHSKOB JOCTHUTAIOT
50%. bonb10ii Bpen copHble paCTeHUsI IPUYUHSIOT B CE-
MEHOBOJICTBE CEIbCKOX03IHCTBEHHBIX KYJIBTYP (0COOSH-
HO MHOTOJICTHUX TpaB). Hanuyue B ceMeHax KyJIbTyp-
HBIX PACTEHUH COMYyTCTBYIOIIUX COPHSIKOB BHI3BIBACT HE-
O6XO,Z[I/IMOCTI) MIPOBOAUTH MHOI'OKPATHBIC OYUCTKH UX B
CEMSOYHICTUTEIHHBIX MallITHAX, KOTOPBIC IIPUBOISAT K
notepe 10 30% BBIpAILlIEHHOTO ypoXkKas. YpoxKalHOCTb
OOJBIINHCTBA KYJIBTYpP CHHKACTCS N3-32 HU3KOM BCXO-
JKECTH KYJIBTYPHBIX PACTCHHUI HA 3aCOPCHHBIX TEPPUTO-
pusx.

B HoBocubupckoii ob1actu 3acopenst 6oee 60% mo-
ceBoB. [Lnomaau, mopakeHHBIC COPHIKAMU B CUIIBHOW U
cpenneii crenenu (10 mt. Ha 1 M> 1 Goee), MPEBHIIAIOT
1 MuTH Ta. AHAIIU3 3aCOPEHHOCTH [TOCEBOB MIICHUIIBI B
KemepoBckoii o0acTu mokasall, 4To, HECMOTPS Ha TI0-
CTOSIHHBIE XHMHYECKHUE TPOTIOIKY, HEU3MEHHOM 0CTaeT-
Cs1 3aCOPEHHOCTB SIPOBBIMU cOopHsiKaMH (710 50%) u kop-
HeoTIHphIcKoBEIMH. B KemepoBckoii o0macTu U3 roja B
T'OJ1 BO3PAaCTAeT IUIONIaAb FepOuIIuaHOM 00paboTKu. Tak,
B 1989 1. ona cocrasisia 44 teic. ra (32% MOCEBHBIX IIIO-
maeit mmenwunsl), a c 2005 1. o6padaTriBaroT 343,4 THIC. Ta
(99%) I[Ipu 3TOM repOULIUIBI HECYT B ce0e MOTCHIIHATb-
HYI0 OIIAaCHOCTD JIJIS HelleIeBbIX 00beKTOB [1]. B npyroi
KJIMMaTH4YECKOU 30He, HanpuMmep B OpeHOyprckoii 06ma-
CTH, CHJIbHAS ¥ CPETHSS CTEIIEHb 3aCOPCHHOCTH JI0OCTH-
raet 39% ot 001e# noma U, HopaxeHHOW COPHOH pac-
TUTEIBHOCTHI0. OCHOBHBIMHU IIpUuInHaAMH CHJIBHOM 3aC0-
PEHHOCTH OCTAIOTCS HECOOTIOICHIE CEBOOOOPOTa, MU-
HUMH3AU A 00paO0TKH OYBBI, HEPALIMOHATBHOCTH T'ep-
oMM IHBIX 00paboTOK B peas Ay e roasl [2]. B Ceepa-
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noBckoi obaactu B 2015 1. Ha 326,774 THIC. ra BRISABUIN
MPEBBIIICHUE YKOHOMUIECKOTO IOPOTa BPEIOHOCHOCTH.
[To nanHbBIM 00CEe0BaHMI, 3aCOPEHHOCTH ITOCEBOB Xa-
paKTepHU3yeTCs TJIABHBIM 00pa30M CpelHeH U CUITLHOM
crenenbio [1, 3]. [TomoOHas cuTyamus CKIaapIBaeTCs U B
JIPYTHUX 00acTAX.

LIENe NCCNEOOBAHUS — U3YyUYUTH KPYrooOOpOT cop-
HSKOB B MallIMHHBIX arpOTEXHOJIOTUSIX MPOU3BOICTBA
3€pHOBBIX U MPEIIOKHUTH CITIOCOOBI YMEHBIIICHHS 3aCO-
PEHHOCTH Ha BCEX dTalax X BO3JAENbIBAHUS C yUETOM
OIaronpUsTHOTO SKOJIOTHYECKOTO OTKIINKA arpodoHa.

MATEPUANEI 1 METOABI. MccnenoBanust MPOBOAMIN
B ceBepHoOU iecoctenu [IproObs Ha moceBax si{pOBOH Miie-
aubl YOX «IIpaktuk» HoBocnbupckoro I'AY (puc. 1).
KoHTposb ceMsiH COpHBIX pacTEHUH BBIIIOJHUIIN Ha MO-
ceBax SPOBOH MIIEHUIIH B TPOM3BOIACTBEHHEIX YCIOBH-
X B T€UeHUE YOOpouHbIX ce30HOB 2016 u 2017 rr. IIpo-
BEJIH 110 3 3aMepa Ha 6 IPOXOAax 3epPHOYOOPOUHBIX KOM-
OaitHoB. [Ipu ycToldnBOM paboTe MOJOTHIILHO-CETIAPH-
pyroueii cuctemsl (MCY') MepHas miomaaka riomaapo
0,5 M’ COOTBETCTBOBAJIA [IONIAIH MEXy IEpEAHUMH U
3aJJHUMHU Koyiecamu komOatina. [Tocie mpoxoaa komoOaii-
Ha IIOACYHUTBhIBAJIN:

- KOJINYECTBO CEMSTH COPHBIX PAaCTEHUH, BBIICIIEHHBIX
u3 MCY Ha OBEpXHOCTH TIOJIS;

- KOIMYECTBO CEMSTH COPHBIX PaCTEHHH, POMISATITNX

Puc. 1. 3axnaoka onvimnot niowaoku u vloeienue npooyKmos

obmonoma
Fig. 1. Laying out an experimental site and analyzing threshing
products
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MCY u oka3aBmuxcs B OyHKepe;

- IOTEePH ypOXKasl.

B npon3BoacTBEHHOM OIBITE Ha MOJISX BBICEBAIIH SIPO-
ByI0 niieHuIty copra HoBocubupckast 29. Cpok nmoceBa —
MocJeIHIe Yucia Mast, HopMma BeiceBa — 270 kr/ra. [Ipen-
[IECTBEHHUK — OMHOJICTHUE TPaBBL. B KOHIIE HIOHS [TOCEB
obOpaboTtanu 6akoBoO# cMechio fuaHarta (nukamba, BP, 1.8.
— IMMETHIIAaMHAHHAsI colib; HopMa — 0,15 Ji/ra). B ombitax
3a/1eicCTBOBAJIN 3epHOYOOpOoUHbIe KoMOaitHbI «Iloneche
GS 812» u Acros 585.

PE3YNbTATBI 1 OBCYXAEHUE. [IpakTHKa U TUTEpa-
TypPHBIC HICTOYHUKH YKa3bIBAIOT Ha BEICOKYO, TOPOii Ipo-
TPECCHPYIOIIYIO 3ACOPEHHOCTH PACTUTEIHHBIX MaCCH-
BOB B pa3JIMYHBIX peruoHax [1-3].

PaccMoTpuM noseBsie onepanuu (mo4BooOpadoTKYy,
noces, 06pabOTKy MPOTUB OONE3HEH U BpeauTenei, yoop-
KY) KaK OTACIbHBIC ITAITbI BEIPAIIUBAHIS 36PHOBBIX B I1e-
JIOCTHOH TEXHOJOTUYECKOH CHCTEME B BUIE pacipere-
JICHHBIX OJIOKOB U C U3JIO)KCHUEM X COCTABIISIOMIMNX.
Kasx b1t 010K, COOTBETCTBYIOIU I KaKOH-THOO MOJIEBOM
olepaluu, ONPEENSeTCs KaK CHCTeMa C pacipeieseH-
HBIMH ITapaMeTpamu. Takol METOAO0IOTHYECKHH TTOAXO0/
YUYUTHIBACT BCIO COBOKYITHOCTh TEXHHUECKHUX CPEACTB,
YYaCTBYIOIINX B BO3/CIBIBAHIHU 3€PHOBBIX Ha Pa3HBIX
sTanax (ypOBHSX IOJICHCTEM) TEXHOIOTUHU, HCIOIH3yeT
UX OOLIYI0 TEXHUKO-TEXHOJIOTHYECKY0 HAPABICHHOCTh
Ha COXpaHEHHE IKOJIOTHIECKONH 00OCTAHOBKY M CHIKEHIE
COPHOI pacTUTENBHOCTH (puc. 2). AHATU3UPYS CXEMY,
BUJIMM, YTO HAa UCXOJHBIE HACTPOUKH KakA0H II0JIEBOU
OIlepaIliy BIUSAET TEKyIIee COCTOSHUE COPHOH pacTH-
TENBHOCTH Y, a TAK)KEe HaJIM4Ke U BEeINYKMHA 30H TOBTOP-
HOW 00pabOTKH P, BOSHHKAIONIUX BCIICIACTBUE TIEPEKPhI-
THSI CMEXHBIX IIPOXOJIOB arperara. 3a4acTyro 3TO Mpo-
HCXOIHT IpU 00BE37e €CTECTBEHHBIX U HCKYCCTBEHHBIX
MPETSATCTBUH (KOJIKA, OOPEI TUHUU ICKTPOIePENayH,
TCUAPAHTA U MPOYUX) U BEIPAKACTCS B MEPEYIIIOTHCHUU
TIOYBHI ¥ TIOBBIIIEHHOM BHECEHHH SITOXIMHUKATOB Ha OTrpa-
HUYEHHOM MTPOCTPAHCTBE, YTO HAPYLIAET ECTECTBEHHBIE
(usHoIIOrHYECKHe TTPOIECCH B arporieHose [1, 4-6].

B nporniecce mouBooOpaboTku moj Bo3aeiicteueM MTA
MIPY CMEIIEHU U MPOXOJIOB MOYBA TPHOOPETACT MOBHIIICH-
HOE YIUToTHeHue (puc. 2). Y4acTKH ¢ IOBTOPHOU o0Opa-
00TKOH P;, orpexu B 00paboTKe 1 HepaloHaIbHbIC Ha-
CTPOUKH IOYBOOOPAOATHIBAIOIIHUX OPYIUH IIpEIoTIpeIe-
JIAIOT YPOBEHb 3aCOPEHHOCTH Y, [0, 7].

B nporiecce moceBa yIjIOTHEHHE TOYBBI JOTIOIHHU-
TEJEHO YBEJIIMIUBACTCS 32 CUET ICHCTBHSI TOCEBHBIX arpe-
ratoB. [Liomaas moBTOpHO 00pabOTaHHBIX YUACTKOB JI0-
CTHTaeT YPOBHA P, M3-3a HAJIOKEHHS IIPOXOJIOB arpera-
Ta APYyT Ha IpyTa, 0OCOOEHHO B MecTax 00be3/1a mpersT-
CTBH1, TEM CaMbIM CO31aI0TCSI 30HBI MHOTOKPATHOTO IO~
ceBa. 3aCOPEHHOCTh IPeTepIieBaeT U3MEHEHHU I, C OJHON
CTOPOHBI, BCIIE/ICTBUE MEXaHIMYECKOTO YHUITOKEHUS CO-
PHSIKOB pab0OYNMU OpraHaMU HOCEBHOI MaITUHEL, C IPY-
rOi CTOPOHBI, B PE3YJIBTATE OTPEXOB U IOHUKEHHON HOP-
MBI BEICEBA, UTO Ja€T BO3MOKHOCTH €CTECTBEHHOTO JI0-
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Puc. 2. Koiuuecmeennvie u KauecmeeHHble NOKA3AMeny 6blnoHe-
HUsL NONLeBbIX Onepayuil
Fig.2. Quantitative and qualitative indicators of field operations

MUHHUPOBAHUS COPHIKOB HaJl MOJIE3HON KYIBTYPOH. Ypo-
BEHb 3aCOPEHHOCTHU NIPHOOpETACT 3HAUCHHE Y.

BHecenue cpeAcTB 3alIUTHI e1ie OoJIblIe YIJIOTHIET
TOYBY M3-3a JABJICHUS JBUKUTEJEH ONPBICKUBATEIICH.
BozHuKaroT mioma iy nepeKprITHs COCETHUX TPOXOI0B
ONPBICKUBATEISI HA YPOBHE P3, a 3aCOPEHHOCTh PACTH-
TEJIHHOTO MacCUBA IIPETepIeBaeT N3MCHEHHU I, KaK Ipa-
BHJIO, B CTOPOHY YMEHBIIEHUS 10 YPOBHs V3. [leificTBue
XUMHUYECKUX MPETapaToB 00yCIOBINBAET PEAKIINIO arpo-
(hoHa, BEIpAXKEHHYIO Yepe3 MUKPOOHBIH OTKIUK O(f) 1
onurotrpodHocTh J(f). Ocob60 HETaTUBHBIE TIOCIEACTBUA,
MIPOSIBIISIONINECS B UPE3MEPHOM IIINTEIIEHOM YTHETCHIH
(hU3HOTIOTHYECKUX TPOLECCOB U MUKPOOUOTHI B ITOYBE,
HaOJIFOIAl0TCA B 30HAX TIOBTOPHOM 00padoTku [1, 4, 8]. B
repuon yOOpKH MOMHMO 3€PHOYOOPOUHBIX KOMOAITHOB
BCTYHAlOT B paboTy TEXHUUECKUE CPEACTBA A cOopa,
IIepEeTpy3KU U TPAHCIIOPTHPOBKHY 36PHOBOU U HE3EPHO-
BOIf yacTeii ypoxas. [lo3ToMy yrmiioTHEHHE TOYBHI CYIIIE-
CTBEHHO BO3pacTaeT 110 YPOBHA P,, a BUANMAs 3aCOPEH-
HOCTB Y, TpaHcopMHUPyETCS B KOJIMUECTBO OCTABIINX-
Cs Ha TI0JIE COPHSKOB, UX CEMSIH, BBIJICIIEHHBIX U3 3¢PHO-
yOOpoUHOro KoMOaiHa M CIOCOOHBIX K ITpopacTaHuio [§].

[Ipu nouBo0OpaboTKeE, TOCEBE, BHECEHUU CPEACTB 3a-
OIUTHI PACTCHHH, yOOpKE H3MEHSIOTCS KOJINYCCTBEHHEIE
Y KaueCTBEHHBIE I0Ka3aTeJIM COPHOI paCTUTENbHOCTH U
BEIIMYMHBI 30H MMOBTOPHOU 00paboTku. HekoppekTHOE
pearupoBaHue Ha 3TH U3MEHEHUS JIMLIb yCyTyOseT ux.
IloaToMy Tekylliee COCTOSIHUE COPHOM PaCTUTEIBHOCTH
oTIpeseNsieM, UCTIOIb3YsI OObEKTHBHBIC II€JICBBIC HH/IH-
KaTopbl, KOTOPBIE OTPAXKAIOT BIUSIHUE KAYeCTBA BHITION-
HEHHOU OTNepaIuy Ha UCXOJHBIE HACTPOHKH 1O BBITION-
HEHHUIO MOCJIeYIOLIEeH onepaluu, a Ha dTane BHECEHU S
CPEJICTB 3aIUTHI PACTEHUH OPUCHTUPYEMCS Ha DKOJIOT H-
YECKUH OTKIIUK arporeHosa (puc. 3).

[IpeBbiieHNEe HOPM BHECEHU ST XUMUYECKUX CPE/ICTB
3aIIHUTH PACTCHUH COXPaHSCT OTATYAIONINH XapaKTep
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Puc. 3. Dnemenmvi mexHono2uu 6030€1bI6AHUS 3EPHOBBIX
Fig. 3. Elements of the grain cultivation technology

MPOJOJDKUTENFHOE BPEMS U yXYyIIIaeT IUI0J0POIUE T10-
YBHI B [1eJIOM. [109TOMY KOMILIEKCHBIN aJITOPUTM peaju-
3aIMH TOJEBBIX 3JIEMEHTOB TEXHOJIOTHI BO3ACIBIBAHUS
1es1ecoo0pa3Ho CTPOUTH HA TEKYIUX [TapaMeTpax cop-
HOH pacTUTENFHOCTH M Ha 9KOJIOTUIECKOM OTKJIMKE arpo-
ueno3a (puc. 4). [Ipu nouBooOpaboTKe, YTOOBI COKPATUTH
YHUCIIO COPHSKOB, YBEIMINBAEM HHTCHCUBHOCTE Pa0OTHI
Mo4YBoOOpadaThIBAOIINX OpraHoB. Hanmpumep, MOXHO
perynnpoBaTh 4aCTOTY BPAIIEHUS KATKOB, KOTOPHIC BEI-
JEISII0T COPHBIE PACTCHUS HAa MOBEPXHOCTH moJsl. Jlomon-
HUTEJIBHO U3MEHSIEM YPOBEHb BO3JICHCTBHSI HAa 00pabda-
TBIBAaEMBIH CIIOH, pETryInpys MOATIOPHYIO MIIACTHHY TOX
kaTkamu. [Ipu 3TOM MEHSETCS CTENEHb Pa3pyIICHHsI 109~
BEHHBIX KOMBEB H, KaK CIEACTBHE, 3P(PEKTUBHOCTD BHI-
JIeJIeHHsI COPHBIX pacTeHuid. [Ipuyem nuddepennupo-
BaHHas 00pabOTKa MOYBKI C IEPEMEHHOW HHTCHCHBHO-
CTBIO pabOTHI pa0OYUX OPTraHOB CIIOCOOCTBYET JAONTO-
CPOYHOM 3alIUTE OYBHI.

[Ipu moceBe nI1st TOMUHUPOBAHMS HAJT COPHOM pacTH-
TEJNILHOCTHIO YBEIMYUBAIOT HOPMY BBICEBA IO MAKCUMAJITb-
HOT'O YPOBHSI, UCXO/SI U3 MOTECHIHAIA TUTATEIBHBIX BE-
IIecTB y4yacTKa. V30eraroT moBTOPHEIX 00BE3I0B Mpe-
NATCTBUH JIJIs1 HICKJTIOUYEHHUS niepecesa [4, 8, 9].

BHecenue cpencTB 3alIUTH PETJIAMEHTHPYIOT 10 9KO-
JIOTHYECKOMY OTKIIUKY C IIeTbI0 00eCIedeHus yCTONYH-
BBIX (DH3MOJIOTMYECKHX ITPOIIECCOB B TOYBE, KOTOPHIE MO-
TyT BEIPAXKAThCS B CHIYKEHUU MUK POOHOIOT MIECKON aK-
THBHOCTH 1 3aMEIJICHUH TpaHC(HOPMAITHOHHBIX ITPOILEC-
coB [10]. ITpu faHHOM OMMAaCHOCTH HOPMY ITPUBOIAT K MU-
HUMAaJIbHOMY 3HAYCHHUIO.

B 60opb0e ¢ copHOIT pacTHTENBHOCTHIO Ha POHE YMEHbB-
[ICHUS IPUMEHEHHU ST XUMUYECKUX CPEACTB 00BEKTUBHO
BCTAaeT 3aJ1a4a OTJCICHUS U YHHYTOXXECHUS CEMSH COp-
HBIX PACTEHUH Ha dTare YOOPKH C IEeIbI0 HEMOMYIICHUS
UX nocienytoiero npopactranus. [locnenoBaTenbHblIi
KOHTPOJIb U yIIPaBIIEHUE COPHOU PaCTHTEIHFHOCTHIO Ha
BCEX ATAMax BO3JENBIBAHUS CHIDKAIOT YPOBEHD MTPHMeE-
HEHUSI XUMHYECKUX CPEICTB 3alIUTH PACTCHUH, IT03BO-
JSOT pa3apoOJICHHBIE COPHIKY HATIPABIISITh B KAYECTBE
OpraHnYecKoro ynoOpeHus Ha moje. TeM caMBIM 3aMBI-
KaeTcs JJOrMUecKas Uenb OOPBOBI ¢ COPHBIMU PaCTCHHUS-
MU Ha OCHOBHBIX 9TanaX TeXHOJIOTHH BRIPAIIUBAHUS CEITb-
CKOXO3SHCTBEHHBIX KYJIBTY:
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Fig. 4. Designing the technology of crop cultivation
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- [IpY IOYBOOOPAOOTKE pa3pyIatOT IOYBEHHBIE KOMbSI
U BBIAETISIOT COPHSIKH Ha OBEPXHOCTB OIS,

- IIPY TIOCEBE CTUMYJIUPYIOT €CTECTBEHHOE yTHETE-
HHUE COPHIKOB JOMHUHUPOBAHHUEM ITOJIC3HBIX PACTCHUN;

- 00pabOTKy CpeICTBAMH 3alIUTHI PACTCHHUH BBITION-
HSIOT C yY4ETOM 3KOJIOTHYECKOT0 OTKIJIMKA arpoIlIeH03a;

- Ipu YOOpKe yposkasi CeMeHa COPHIIKOB OTAETISAIOT
MOABEPraroT MEXaHMIECKOMY TPAaBMUPOBAHUIO C IENBI0
HCKJIIOUCHU S UX TpOpaCTaHuA.

PazpaboTanHOE TEXHIKO-TEXHOIOTHIECKOE PEIICHIE
3aIMINEHO MaTeHTOM Ha n3obpetenune «Crocod Bo3ze-
TIBIBAHUS CENTLCKOXO3IUCTBEHHBIX KyIbTYp» (ITaT. 2637521P
MIIK A01B79/00). [ToneBsie Habmroaenus 2016-2017 rr.
BBISIBUJIM IIPOCTPAHCTBEHHOE PACIIPECICHIE COPHOH
pacturensHOCTH. [IpraeM ee ogaru GOpMHUPYIOTCS CILIOMI-
HBIM MacCUBOM (puc. 5).

[Tpu 06paboTKe TepOUIIMIaMI MOYKHO SBHO BBIJICITUTH
TOYKH MEePEKIIOUCHIS HACTPOCK OMPBICKUBATENS, a TaK-
e BRICTPOUTH MOJIETIb €T0 PAllHOHAIBHEIX TPOoXonoB. Ha
ONBITHBIX TONSAX KOJMYECTBO COPHBIX pacTeHui Ha 1 M
BapeupoBasock oT 60 1o 80 . OHA U3 IPUYKH, COTIIac-
HO HaIllUM HaOJIOICHUSM, 3aKJII0YaeTCsI B BEIICIICHUN
3epHOYOOPOUYHBIM KOMOAWHOM CEMSIH COPHBIX PACTEHHH,
KOTOPBIE COXPAHSIOT CBOIO [IEJIOCTHOCTH B CITIOCOOHOCTH
K IIpopacTaHuto (puc. 6a).

Ha onbITHOM nt011a 1K€ HArs THO TPEACTABIEHO KO-
JMYECTBEHHOS JOMUHHPOBAHHIE CEMH IPOCOBUIHBIX
COPHSIKOB. Macca BbIJICIICHHBIX Ha TI0JIC CEMSIH COPHSIKOB
cocTtaBsna 5-18 r/m”. BOTBIIMHCTBO M3 HUX COXPAHSAIOT
BCXOXKECTh U IPOPACTAIOT [0 MAPILIPYTY ABMXKEHUS Y0O-
pOYHOI MalIuHbI (puc. 6).

OO0mue notepu ypoxasi 3a MCVY pocturanu 8,3%.
OpnHa 13 IPUYHH — CTPEMIICHHE KOMOaifHEpOB MaKCH-
MaJIBHO OTJCTHUTE IIPUMECH OT 3epHa. CpeqHsis Macca ce-
MSH COPHSKOB B Ip06ax OYHKEPHOT0 3epHA COCTaBIIsLIA
2,9% OT HAMOJIOTA, TO €CTh 5,15 r/M*. OGBIYHO OCEHBIO
CPOKH MOYBOOOpaOATHIBAIOIINX PAaOOT PacTATUBAIOTCS,
YTO HE O3BOJISIET B IOTHON Mepe YHUUTOXKHUTH COPHSIKH,
OOJNBITMHCTBO U3 KOTOPBIX COXPAHSIOT CBOIO )KH3HECIIO-
cobHOCTH (puc. 7). Kak BUAMM, IEHTA BCXOJ0B COPHSKOB
HaMHOTO IIIHPE BaJIKa HE3EPHOBOH MaCCHI, BBIIEIISIEMOTO
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13 3epHOY00pOYHOro KoMbaiiHa. [TouBooOpaboTKa Hore-
PeK IBIKEHHS 36pHOYOOPOUYHBIX KOMOAHOB yBEIHYH-
BaeT UIMPUHY TIOJIOCHI CO BCXOIaMU COPHSIKOB B 2 pa3a n
Ooree, 3a4acTyio 00pa3ys yCTOHYUBBIE apeajIbl CILUIONI-
HOI 3acopeHHOCTH. OOBEeKTHBHA HEOOXOIUMOCTH OT/Ie-
JICHUS M YHIUTOXCHHUS COPHSKOB Ha dTare yoopku. st
s pexTrBHON 00pAOOTKH MOYBHI U BBIJCICHHS COPHSI-
KOB Ha IMIOBEPXHOCTH MOJIS pa3paboTaHbl KOMOMHUPOBAH-
Hble NOYBOOOpadaThIBaromye arperatel. OHM CHA0XKEHBI
KaTKaMH C PEAyKTOPOM, PETYIUPYIOMIUM JacCTOTy UX
BpAIIEHN, 1 TIOIIOPHOI! IIITaCTHHOM, TTO3BOJISIONIEH IT0-
n00paTh CTETIIEHb BO3JICHCTBHS arperara Ha 00pabaThl-
BaeMbIi MOYBEHHBIN ciioH [4, 6, 10].

Puc. 5. Pacnpedenenue copHaxos 6 pacmumenbHOM MACCUse

Fig. 5. Location of weeds in the vegetation

Jng yMeHbIIeHH s, 2 TOPOH U MOTHOTO 0TKa3a OT XH-
MUYECKIX CpeACTB Hauboee 3 QeKTHBHEI OTACIEHUE 1
YHUUTOXXEHUE CEMSIH COPHBIX PACTEHUM Ha BCEX dTanax
BO3JICNIBIBAHUS PACTCHHM, M 0co0eHHO yoopku. C aToi
LEJIBIO TIPe/IIOKEHa JIOTHYeCcKasi COBOKYITHOCTh TEXHO-
JIOTUYECKUX U TEXHUUYECKUX PEIICHUH, HallpaBICHHBIX
HA CHIDKCHHE 3aCOPEHHOCTH PACTUTEIBHBIX MACCHBOB U
ypoKast, HOBU3HA U YHUKAJIEHOCTb KOTOPBIX ITOATBEPXK Ie-
Ha MATCHTaMU Ha H300peTeH:

- c11oco0 BO3ETIBIBAHUS CEILCKOX03SHCTBEHHBIX KYJIb-
TYp, HAIIPaBJICHHBIH HA BHITIOJTHEHHUE MTOJIEBEIX ONEPAITHii
C COKpAIIEHHEM TeKyIed 3aCOPEHHOCTH B YYETOM 3KO-
JIOTHYECKOT0 OTKJIMKa arpodoHna (mareHT 2637521 PO,
MIIK A01B79/00). Ha xaxxgoMm sTamne u3MepsoT U Mak-
CHUMaJIbHO CHUIKAIOT UMEIOLLYIOCS U KOHTPOJIMPYIOT
OCTaBIIYIOCS 32COPEHHOCTS. [ TOTO perynupyroT uH-
TEHCHBHOCTH Pa0OThI TOYBOOOPaOATHIBAIOIINX OPTAHOB
710 MAaKCIMaJIEHO BO3MOKHOTO YHHUTOXCHHU S COPHSKOB.
[Ipu moceBe periiaMeHTUPYIOT HOPMY BHECCHHS C yUe-
TOM €CTECTBEHHOU O0pbOBI KYIBTYPEI M COpHsKOB. Hop-
MY BHECCHHH CPEICTB 3aIIUTHl yCTAHABIMBAIOT HCXOS
U3 YPOBHS 3aCOPEHHOCTH. [lOMOTHUTENBHO ONPEAEIISIOT
9KOJIOTUYECK I OTKJIMK arporeHo03a, BEIpaKeHHBIN B Ipe-
JENBbHO JOIYCTUMBIX YPOBHSX ITOJABICHUSI MUKPOOUO-
THI ¥ TIOBBIIICHUSI OTUTOTPO(HOCTH TOUBEI, U COTTACHO
€My KOPPEKTUPYIOT HOPMY BHECEHUS CPEACTB 3aIIHTHI
pacTeHui;

- crtoco0 yOOpKU 3epHOBBIX KYJIBTYp U MallliHA IS
€ro OCYLIEeCTBIICHHsI, 00eCIIeYHBAONIUE BhIICIICHUE U3
3epHOBOTI'0 BOPOXA CEMSTH COPHBIX PACTEHHH U MX TPaB-
MHPOBaHHE BO N30eKaHUE TPOPACTAHMUSI, YTO CHIKAET
3aCOpPEHHOCTh YOpaHHBIX MoJiel. J[aHHOe peneHue moj-
pa3yMeBaeT yCTAaHOBKY JOMOJHUTEIHHOTO PEeIIeTa ISt
BBIJICJICHUS CEMSTH COPHSIKOB, KOTOPBIE OyAyT HampasJie-
HEBI Ha JIpOo0OJICHHUE CTIEITHATBHBIM 0apabaHOM U BBITPYkKe-
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Puc. 6. Cemena copuaxoe cpeou npodykmog oomonoma, gvioenem-
HbIX KOMOQUHOM HA NOGEPXHOCMb NOA (@) U ux 6cxoowl (b)

Fig. 6. Threshing products separated by combine on the field
surface (a) and their shoots (b)
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Puc. 7. 3acopennocme nons nocie noueooopabomru
Fig. 7. location of the weeds in the field after tillage

HEI Ha TIOJIE B pa3apoOICHHOM BHJIE B Ka4ecTBE yao0pe-
HUS;

- croco0 yOOPKHU 3epHOBBIX KYJIETY P B 3¢pHOYO0pOY-
Hasl MAIIMHA JIJIS €T0 OCYILECTBICHHUS, 00CCIICUNBAIOIIUC
BBIJICJICHUE U3 36PHOBOTO BOPOXA JIETKOBECHBIX IIPHMeE-
CeH M CeMsIH COPHBIX PACTCHHH C IIOMOIIBIO HATIPABIICH-
HBIX BO3JYIITHBIX IIOTOKOB 3aMKHYTOTI'O IUKJIA U acTiupa-
[IHOHHOH KaMepHl, UTO CHIKAeT 3aCOPCHHOCTh yOpaH-
HBIX MOJICH COPHIKAMHU U OKPY KAIOIIEH CPeIbl MBLIBIO
W3 JIETKOBECHBIX MpuMecel (mateHTt 2659244Pd, MIIK
AO01]J] 91/04; A01/1 41/02).

Bbisoapbl

1. Beigenenue 3¢pHOyOOPOYHBIM KOMOAHHOM CeMSIH
MPOCOBUIHBIX COPHIKOB, CIIOCOOHBIX K MPOPACTAHHUIO,
cocTaByIseT 6osee 5 r/M’, UTO 0OYCIOBINBACT 3HAUNTE b-
HYI0 HOCJIEAYIOIYI0 3aCOPEHHOCTh MacCHBOB. YIeib-
HEIH BeC CEMSTH COPHIIKOB B OYHKEPHOM 3€pHE COCTABIIS-
eT B cpeqaeM 2,9%.

2. [TouBo0OpaboOTKa NOMIEpEeK IBHXKEHUS 3epHOY00-
POYHBIX KOMOAWHOB YBEITUYNBAET I PHUHY HOJOCHI CO
BCXOJIaMU COPHSKOB B 2 pa3a u 0oJiee, 3a4acTyro oOpa-
3ys yCTOWUYMBBIE apeabl CIIJIONIHOM 3aCOPEHHOCTH.

3. O0ocHOBaIM OCHOBHBIE KPUTEPUU XapaKTEPUCTH-
KU TEXHOJIOTHH BO3ICIBIBAHUS CEIBXO3KYIBTYP: TEKy-
1asi 3aCOPEHHOCTD U AKOJIOTUYECK I OTKIIUK arpoOIeHO-
3a, BRIPAKEHHBIH Yepe3 K03 QUITHESHT OTUTOTPOPHOCTH
¥ MUKPOOHOJIOTHYECKON aKTUBHOCTH arpoQoHa.

4. KoMILIeKCHAsI CUCTEMAa CHUKCHHSI 3aCOPECHHOCTH
BEICTPOEHA HA OTCIICKUBAHUN (PAaKTUIESCKOTO COCTOSHUS
3aCOPEHHOCTH Ha BCEX ATAIax BO3ICIBIBAHMS, a HA ITa-
e XUMHUYECKOM OPOIMOJKHU JOTTOJHUTCIIBHO MPUHAT B
y9eT SKOJOTHUECKUH OTKIIMK arpoIeHo3a, 9To MO3BOIH-
JI0 COKPATUTh OOIIYI0 HATPYy3KY OT JCHCTBUS CPEICTB 3a-
muThl pactenuit Ha 30% u Gonee.

5. lpennoxunu 3G PpeKTUBHBIN TPUEM CHUKCHHUSI 3a-
COPEHHOCTH arpogoHa: OTAeJICHUE U TPABMUPOBAHHUE CE-
MSTH COPHBIX PACTCHHU [JIS1 UCKITIOUEHUS UX TOCIEAYIO-
IIero NpopacTaHus Ha 3Tare 0OMOoJIOTa 3epHOYOOpOY-
HBIM KOMOaiHOM.
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Bbi60p cucTeMbl peLMKIIMHIa HaBo3a AJiIi MOJIOYHOM hepmbli
C NPUBSA3HbIM copepXXaHueM
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WHCTHTYT arponmHKeHEPHBIX U 9KOJIOTHUYECKHX ITPOOJIEM CeJIbCKOXO3SICTBEHHOTO TPOU3BOACTBA — puinan Dene-
PaNBHOTO HAYYHOTO arpoumkeHepHoro neHTpa BUM, CankTt-IletepOypr, Poccuiickas ®enepanns

Pedepar. Pa3pabotka u anpobamus HOBbIX 3(YEKTHBHBIX U 3KOIOTHUYECKH 0E30MACHBIX TEXHOMOTUH YTHIH3AUH OTXO0B MPesi-
CTaBISIeT COOOH MPUOPUTETHYIO 3a[ady arpO3KOJIOTHH M PAIHOHATBHOTO MPHPONONonb30Banusd. OHa U3 TAKUX TEXHONOTUH —
nepepaboTKa HaBo3a KPYITHOTO POraToro CKoTa B MOACTHIIKY JUIS XKHBOTHBIX. (L[ens uccredosanus) IKOHOMUYECKH 000CHOBATh
TPUMEHEHHE PA3TNIHBIX BAPHAHTOB TEXHOIOTUMH NPOU3BOACTBA MOACTUIKH M3 HABO3a B YCIOBHAX (DYHKIMOHHPYIOIIETO JKU-
BOTHOBOIUECKOTO Mpennpustus. (Mamepuansi u memoowi) Ha mprMepe MONOYHOH KHBOTHOBOTYECKOH (DEPMEI C OTOJIOBHEM
100 KOpoB JOIHOTO CTa/ia PACCMOTPENHN TPH BaphUaHTa peau3alliy JaHHOH TexHomoruu: | — paszienenye HaBo3a Ha (pakiuu ¢
nocneayronel adpoOHol (epMeHTaIeit TBepoi (pakiiy HaBo3a B yCTaHOBKaX OapabanHoro Thma; Il — cMelmuBanue Hece-
MapUPOBAHHOTO HaB03a C TOP(OM U Mocleayomas adpodHas pepMeHTalus B ycTaHOBKax OapabanHoro Tuna; [1- cmemmBanne
HEeCeTaprpoBaHHOTO HaB03a ¢ TOPHOM U MOCIenyIomas a3podHast (epMEHTAIMS B yCTAHOBKAX KaMepHOro Tuma. CpaBHHIM Ka-
TIUTABHEIE, YKCILTyaTAI[OHHBIE U TPYIOBBIC 3aTPAThL, a TAKXKE CPOK OKyIaeMOCTH. (Pesyrbmamsl u obcyscoenue) Onpenenunm
KOMILICKC HEOOXOMMBIX COOPYKECHHUI 1 000pyI0BAaHHS 15 HEpepabOTKU HABO3a M XPAHEHHUS MOTYyYCHHOTO MPOAYKTA JUIS BCEX
BapHaHTOB. [IpoBeN SKOHOMIYECKYIO OIICHKY YKa3aHHBIX BapHaHTOB. [loka3amm, uTo i BapraHTa | KanuTanbHEIE 3aTpaThl Ha
BHEJIpeHue cocTaBuiu 18,2 Musmona pyonen, sKcrnyaTanioHHble — 8,9 MuioHa pyOiei, Tpyno3arparsl — 5,1 yenoBeko-yaca
Ha TOHHY, CPOK OKymaemocTH — 2,1 roma. Beisieuny, uro BapuanTam II u 111 cooTBeTcTBOBAMH BBICOKHE 3aTpaThl, TO €CTh IPOU3-
BOJICTBO TIOJICTIJIKH € JOOABICHIEM TOpda 0Ka3anochk YORITOUHBIM. (Bbisodsr) Onpeneniny Hanbosee 3EeKTUBHBIA 1 SKOHOMH-
4eCcKi 000CHOBaHHBII BAPUAHT TEXHOIOTHH MEpepabOTKH HaBo3a: pa3elicHUe ero Ha (pakiiuy, a9poOHas GepMeHTanus TBepaoi
(pakuym B ycTaHOBKAX 0apabaHHOTO THIIA H IUTUTENHHOE BBIICPKIBAHIE KUAKOH (pakiid B HaBo30XpaHunile. Bapuantsr 11
u I sxoHOMUYECKH HETIeNeco00pa3HBl.

KitoueBble cj10Ba: pEIMKIMHT HaBO3a, MOJIOYHAS (pepMa, MOJICTIIIKA, a3po0Has hepMeHTaIlNsA, SKOHOMIYECKast 3PHEKTHBHOCTb.

I s uuTupoBanus: Yeapos P.A. BeiOop cHCTEMBI pEIMKIIMHTa HABO3a 7151 MOJIOYHOM ()EPMBI C TPUBSI3HBIM CO-
nepxanueM // Cenvckoxossiicmeenuvie mawunsl u mexronoeuu. 2019. T. 13. N3. C. 24-29. DOI 10.22314/2073-7599-
2019-13-3-24-29.

Choosing a Manure Recycling System for a Dairy Farm with Tied Housing

Roman A. Uvarov,
Ph.D.(Eng.), research engineer

Institute for Engineering and Environmental Problems in Agricultural Production — Branch of Federal Scientific
Agroengineering Center VIM, Saint Petersburg, Russian Federation

Abstract. Development and testing of new more efficient and environmentally friendly waste management technologies is one of
the priorities of agroecology aimed at introducing the basic principles of the sustainable use of natural resources. An example of
such a technology may be the recycling of cattle manure into the bedding for farm animals. (Research purpose) Feasibility study
of different technological options for the production of bedding from manure under conditions of an operating livestock enterprise.
(Materials and methods) In the study, three options of this technology were considered as exemplified by a dairy farm for 100
milking cows: Option 1 — separation of manure into fractions followed by aerobic fermentation of the solid manure fraction in a
drum-type fermentor; Option 2 — mixing the unprocessed manure with peat and its subsequent aerobic fermentation in a drum-
type fermentor; Option 3 — mixing the unprocessed manure with peat and its subsequent aerobic fermentation in a chamber-
type fermentor. The author has estimated capital and operation costs as well as labour inputs and payback period. (Results and
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discussion) The number of facilities and equipment required for manure recycling and the resulting product storage has been
calculated for each option. The author has made an economic assessment of the three options. For Option 1, the capital costs of
implementation amount to 18.2 million roubles, operating costs — 8.9 million roubles, labour inputs — 5.1 man-hour per tonne, and
the payback period — 2.1 years. It has been revealed that options 2 and 3 feature high capital costs, therefore, bedding production
with the use of peat proved to be inefficient. (Conclusions) The study has allowed to determine the most efficient and economically
feasible technological method of manure recycling: manure separation into fractions with subsequent aerobic fermentation of the
solid fraction in a drum-type fermentor. Options 2 and 3 have been found economically unfeasible.

Keywords: manure recycling, dairy farm, bedding, aerobic fermentation, economic efficiency.

I For citation: Uvarov R.A. Vybor sistemy retsiklinga navoza dlya molochnoi fermy s privyaznym soderzhaniem
[Choosing a Manure Recycling System for a Dairy Farm with Tied Housing]. Sel 'skokhozyaystvennye mashiny i
tekhnologii. 2019. Vol. 13. N3. 24-29 (In Russian). DOI 10.22314/2073-7599-2019-13-3-24-29.

HTCHCU(HUKAIUS CEITLCKOTO X035 CTBa, BHEIPE-

HUE HAaWTYUIINUX JOCTYIHBIX TEXHOJIOT U, epe-

XOJI Ha HOBBIC TEXHOJIOTHH COJICPKAHUS KUBOT-
HBIX — BCE 3TO MOBBIIIAET 00BEMBI TPOU3BOICTBA HE TOb-
KO OCHOBHOI ITPOIYKIINH CENBXO3MPEAPUITHH (MOJIOKA,
MsICa, ST, TOTOJIOBBS JKUBOTHBIX U IITHITBI), HO M COITYT-
CTBYIOILIET0 BTOPUYHOI'O CHIPbS — HABO3a U omeTa [1].

MHorue xXUBOTHOBOJYECKUE IIPEANIPUSTUS HE UMe-
IOT COOCTBEHHBIX 3€MEIIbHBIX YTOAUN CEIbCKOX035H-
CTBCHHOT'0 Ha3HAUCHHU I, AJOCTATOUHBIX JIJIsI BHECCHHUS 00-
pa3zyeMoro HaBo3a, I03TOMY BBIHY K AE€HbI HCKaTh HOBBIE,
6onee 3(h(hekTUBHBIE CIIOCOOBI €ro NepepaboTKU U MpU-
MeHeHus1. OUH U3 TaKUX COCOOOB — IIPON3BOJCTBO MOA-
CTUJIKU JIJIs 5KUBOTHBIX HA OCHOBE HaBo3a. JlaHHas Tex-
HOJIOTHsI BIIEPBEIC ObLIIa aIipoOMpoBaHa MOJIBEKA Ha3a (B
3aCyNUIMBBIX 3anagHbIX paioHax CIIA. Beugy Beicoko-
r'o pucKa OakTepuaIbHOM Harpy3KH HA )KUBOTHBIX B TEX-
HOJIOTHIO BKITIOUMIIH JONOMHATENBHBIE CTaTul 00paboT-
KM, HAIIpaBJIECHHbIC HA CHUKEHUE KOJINYECTBA MATOr€HOB
B KOHEYHOM IIPOAYKTE IIyTEM IOBBILIEHUS TEMIIEpaTy-
pbl [2]. B mocneaHue HECKONBKO JIET 3Ta TEXHOIOT Ul BCE
LIMpPE PACIPOCTPAHSIETCS U B JPYTUX cTpaHax [3-5].

Yka3zaHHBIN cI0c00 IepepaboTKH HABO3a MO3BOJISICT
MOBBICUTh PEHTA0EIBHOCTH MPEIIPUITHS B pe3yJIbTaTe
CHIDKEHUS 3aTpaT Ha BHECEHHE ITepepaboTaHHOT 0 HaBO-
3a ¥ 3aKyIIKy MaTepuaa JJisi HOACTUIKU.

Paznuuator gBa cioco0a MpoM3BOACTBA HOACTUIKI
U3 HaBO3a:

— pa3geneHue HaBo3a Ha (PaKIUU C MOCIeayoImei
a3poOHOH GepMeHTaIel TBepaol ppakiuu [6];

— CMEUIMBaHUE HaBO3a U BIATrONOITIOTUTENS C [TOCTIe-
JYIOIINM KOMIIOCTHPOBaHUEM [7].

LLENb NCCNEAOBAHNSA — 5KOHOMHYECKH 0OOCHOBATH
PUMCHEHHE PA3NUYHBIX BAPHAHTOB TEXHOJIOTUH IIPOU3-
BOJICTBA NOACTHJIKH U3 HABO3a KPYITHOTO POraToro CKo-
Ta (KPC) B ycnoBusX (yHKIIMOHUPYIOMIETO XKUBOTHO-
BOJUECKOT'O MPEANIPUATHS.

MATEPMANBI M METOABI. B KayecTBe paccmarprBae-
MOT0 MPEAIPUSITUS BEIOpaHa MojogHas ¢pepma Ha 100
roJIOB JOWHOTO cTajla IpUBI3HOTro conepkanus [8]. B Te-
yeHue roga ona gaet oxkouo 800 T moioka, 18 T msca B
JKHBOM Bece 1 16 cBepxpeMOHTHBIX HeTenel. [Ipennpu-
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SITHE pacroiaraeT coOCTBEHHBIMHU 36MENTbHBIMHA YT OB
mu B pazmepe 100 ra, pacnosio)keHHBIMH B pajinyce 10
20 kM OT pepMBbI, Ha KOTOPHIX BHIPAIIMBAIOT SIPOBBIC U
03UMBIC 371aKOBEIe. Ha mpennpusTuu MpUMEHSIOT MPH-
BA3HYIO CUCTEMY COIEPKAaHUs )KUBOTHBIX. ['0ogoBas mo-
TpeOHOCTB MPEINPHSITHS B IIOJICTHIIKE COCTaBIISIET 36,5 T.
[Ipu pacueTe BeIOpaH HauboIee OIM3KUI IO OpraHo-
JEITHYECKUM U (PU3UKO-XUMUIECKIM CBOMCTBAM K IIe-
pepaboTaHHON TBepAOH (hpaKIIuy HaBO3a MaTepHall —
Top(d (B COOTBETCTBUHU C METOAMYESCKIUMH PEKOMEH A1~
ssmu PJI-ATIK 1.10.01.01-18, PocurdopmarpoTex, 2018).

B xauecTBe BapHaHTOB TEXHOJOT Uil mepepaboTKu pac-
CMOTPEHBI:

* pazziefeHre HaBo3a Ha (pakiuy ¢ MOCIeNyoIeH
aspoOHoOl (epMeHTaIMEl TBEpIOH (Pppakiuy HaBO3a B
yCTaHOBKaX 0apabaHHOTO THIIA;

* CMEIINBAaHME IIEBHOT0 HaB0O3a C TOP(HOM U mocie-
IyIolas adpobHas epMeHTaIMS B yCTaHOBKaX OapabaH-
HOT'0 THIIA;

* CMEIIMBAaHME IIETFHOT0 HaB0O3a C TOP(HOM H Imoce-
Iyromas a3poOHasi pepMeHTAIUs B YCTAHOBKaX KaMep-
HOro Tuiia.

CyTO4YHBIH 1 TOTOBOY BBIXO/I HABO3a PACCUNTAIIH ITPH
MOMOIITY pa3paboTaHHOII METOIMKH, almpOoOUPOBAHHON
Ha 20 )KHUBOTHOBOAYECKUX H IITUIICBOAUYECKUX IIPEATIPH-
stusx [8].

CyTo4Has IPOU3BOANTENBHOCT OnoepMeHTaHOH-
HEIX YCTAHOBOK OOYCIIOBJICHA WX THIIOPA3MEPHBIM psi-
JI0M, C(OPMHUPOBAHHBIM C Y4ETOM IrapaHTHUPOBAHHOTO
o0e33apaxuBaHus MaTepuaa [9-12].

BeInonHss pacyeTsl, MPEANOIOKUIH, YTO TPOTEKa-
HUE TIpoliecca adpoOHOH epMeHTalnu B TBEpIOH (hpak-
nun HaBo3a KPC u cmecu HaBo3a KPC ¢ Topdom He Tpe-
OyeT no0aBIeHUs MHBIX KOMIOHEHTOB [13]. s pacue-
Ta YKOHOMHUYECKOH 3P PEKTUBHOCTH pacCMaTPHUBAEMBIX
BapUAHTOB TEXHOJOTUU IPUMEHUIIH PETJIaMEHTUPOBaH-
HYI0 METOAUKY OIpECIICHUS SKOHOMUYeCKOH dpdek-
TUBHOCTH TE€XHOJIOTUH U CEJICKOX03UCTBEHHOM TEXHU-
ku (COCT P 53056-2008. TexHHKA CETBCKOX03SHCTBEH-
Hast. MeTonbl 5KOHOMUYEeCKOH OlleHKH). CTOMMOCTHBIC
XapaKTCPUCTUKHU O6’BCKTOB N TEXHUYCCKUX CPEACTB YTU-
JIM3aIlM¥ HaBO3a aKTyaJbHbI Ha Jiekaopb 2018 1.
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PE3VYNLTATLI 1 OBCYXAEHME. TIpH MPHUBSI3HOM CIIO-
co0e copepkaHus CpeHssl BIaXXHOCTh HABO3a B HCXO/-
HOM cocTossHUU cocTaBisieT 88% (mo marabiM PI-ATIK
1.10.15.02-17, Pocundopmarporex, 2018). Berxon HaBo3a
JU1s1 ePMBI C paccMaTPUBAEMBIM MTOTOJIOBBEM COCTABIIS-
et 9,7 t/cyT (3540,5 1/Tom).

Bapuanm I. Pazdenenue nagosa na ppaxyuu c nocie-
oyrowetl aspobrotl hepmenmayueti meepooi ppaxyuu
HAa803a 8 yCMAHOBKAX 6Apabanno2o muna.

Hcnonp30Banne MEXaHUUECKUX CEMApaTOPOB MO3BO-
TSET NOOUTHCS CHIKCHHSI BIAYKHOCTH TBEPHOH HpaKIIiu
B cpenHeM 110 68%, 9To OJIM3KO K ONTUMAJILHBIM 3HaYe-
HHUSM JUTS POTEKAaHUS TIpolecca adpoOHor (hepMeHTa-
uuu. KonnuecTBo mpoayKToB, MOJy4aeMoe pH MPUBS3-
HOM c1toco0e conepKaHus KUBOTHBIX:

- BBIXOZ TBepAoH ppakumu HaBo3a — 2546 Kr/cyT
(3,9 M’/cyT);

- BII&XXHOCTH TMOCIE cenapanuu — 68%;

- KOJIMYECTBO CYyXOT'0 BellecTBa B HaBo3e —1164 kr;

- KOJIMYECTBO CYXOT'0 BEMIECTBA B TBEPIOH (PpaKIIHH
814,8 kT

- HeoOXOoMMas TPOU3BOUTEIBHOCTH OnodepmeHTa-
TOpa C YY4ETOM THIIOPa3MEPHOTO psiga — 3 T/CYT.

Hcnonb3oBanue nepepadoTaHHOTO HABO3a B KAYECTBE
MOJICTUIIKH TPEOYeT COOIIOCHHMS TIPABHIT 0€30MMaCHOCTH
JUJ151 )KUBOTHBIX. DKCIIEPUMEHTAIBHO YCTAaHOBJICHO, YTO
rapaHTHpOBaHHOE 00e33apakuBaHUE OT MATOTEHHOW MU-
KpoJIOpHI ¥ TaPa3UTOB HACTYMAET 0 ucteueHun 120 u
(5 cyT) ¢ MOMeHTa Hadana (pepMEeHTAIIUN IPH 3aITyCKe
nporecca u pu 96 1 (4 cyT) — Ipu MOTOKOBOM PEXUME
dbepmentanuu [13]. C ydeToMm peraaMeHTUPOBAHHOTO
CpoKa rmepepaboTKH U pa3paboTaHHOTO TUIOPa3MEPHO-
ro pana OuodepMeHTaIMOHHBIX YCTAHOBOK, YCTAHOBJIE-
HO, 4TO JiIsl IepepaboTKH TBEpAoH hpaKiuu HEOOXOIHM
Oro(pepMEHTATOP TPOU3BOAUTEIHFHOCTRIO 3 T/CYT: IPU
crenenu 3anonHenus 0,75 pabounii o0bem Oapabana 6uo-
depmenTaTopa coctapiser 18,8 M°, 4TO JOCTATOYHO A
€ro NoToKoBoro ¢pyHkuuoHuposanus [9]. Konnuectso
00pa3yeMoii MOACTHUIIKH C yUIETOM IIOTEPh MACCHI M BIIaXK-
HocTH cocTaBiseT 1,91 T/cyT.

lomoBOE KOTUYECTBO TPOU3BEACHHON MOJCTUIIKH —
697 T, 4TO CylIECTBEHHO MpeBbIIIaeT Tpedyembie 660,5 T).
W3nuimku MoryT ObITh BEIBE3EHBI HA MOJISI U UCTIONB30-
BaHEI B KAUECTBE OPTaHUYCCKOTO yIOOPEHUSI.

Bapuanm II. Cmewusanue yeavio2o Hago3a ¢ mop-
Gom u nocredyrowas aspobrnas epmenmayus 8 ycma-
HosKkax bapabannozo muna.

Jis yerenrHoro nmpoTekaHusi mporecca adpoOHOM
(hepMeHTaHH HEOOXO0IUMO MTPHUBECHHUE BIAXKHOCTH CYO-
cTpara st HepMEeHTUPOBAHHUS K COJEPKAHUIO BIaru
68%. TpeOyemoe KOITHMIECTBO BIATOMOTIIOTHTENS (TOp-
¢a) Haxogum no popmyie (1):

mr = my(Wy— W)/ We — W, Q)]

rne mr — HeoOxoauMas Macca Topda, T;
my —Macca 00pa3yemMoro HaBo3a, T;
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Wy — BIaXXHOCTH HaBO3a, %o;

W — BnaxxHOCTB cyOcTpara, %o;.

W; — BinaxxHOCTE TOpda, %.

[Ipu ycioBuu exenneBHOro oopa3zoBanus 9,7 T HaBO-
3a HeoOxonumo 14,9 T Topda BraxxHOCTHIO 55%. O0mas
Macca cyocTpara s (pepMEeHTalHK cocTaBisaeT 24,6 T.
s ero nepepaboTku TpeOyIOTCs 2 YCTaHOBKH MTPOU3-
BOJIUTEIBHOCTHIO 9 T UCXOTHOTO CyOCTpaTa B CyTKH (00b-
eMoM 73,85 M°) 1 1 ycTaHOBKA MPOM3BOAMTENBHOCTHIO
6 T/cyT (06BeMOM 49,2 M°).

C yueToM MoTeph Macchl U BJIAXXHOCTH B IIpoLiecce
(hepMeHTALIMH, CYTOYHOE KOJIMYECTBO 00pa3ytomiencs
HOACTHIIKU cocTaBuT 18,5 T, romoBoe — 6740,6 T. OTOT
00beM CYIIECTBEHHO NMEPEKpPbIBaeT MOTPEOHOCTH Mpe-
MIPHUSATHUS B IIOJACTHIIKE, & TAK)KE CTABHT 33439y peann3a-
LIUM U3JIMILIKOB, TaK Kak 6740,1 T nepepaboTaHHOTrO Ma-
Tepuasa B TOJI MPEBHIIIACT IOMYCTUMOE KOTUYECTBO OP-
TaHHYECKOT0 yIOOPEHUs, KOTOPOE MOXKET OBITH BHECEHO
Ha 3eMeIIbHBIE YTO/IbsI, COMY TCTBYIOIIHE dKUBOTHOBOIUE-
CKOMY TIPEIIPHUSTHIO TAKOTO pa3Mepa.

Bapuanum Il Cmewusanue yeibHoeo Haso3a ¢ mop-
@om u nocrnedyrowasn a’spodouas pepmenmayus ¢ ycma-
HOBKAX KAMEPHO20 MUnA.

IlepepaboTka OpraHMYECKUX OTXOI0B B YCTAHOBKAX
KaMEpHOTO THIIa XapaKTepH3yeTCs] MCHBIICH HHTCHCHB-
HOCTBIO 110 CPABHEHHIO C YyCTaHOBKaMU 0apabaHHOTO TH-
1a, 9TO MPUBOIUT K MEHBIIUM HOTEPSIM BJIaru 1 00Jb-
e TPOAOIKUTENBHOCTH ITpouecca pepmenTaunu. [o-
JIOBOE KOJTMYECTBO MPON3BEACHHOMN TAKMM CIIOCOOOM MO~
CTUJIKH cocTaBHT 7189,9 T.

OTnnunTenbHas 0cOOEHHOCTh adpoOHOH pepMeHTa-
LMY B yCTAHOBKaX KAMEPHOTO TUIIA 3aKITF0YACTCS B KU~
HOCTH Ipolecca nepepaboTku, TO €CTh B HEBO3MOXKHO-
CTH €KECTHEBHOU OTI'PY3KH YaCTH TOTOBOTO MPOAYKTA U
3arpy3ku B OnohepMeHTaTOp CBEXKEH mopuu cyocrpa-
ta. C y4eToM Mpon3BOJICTBA MOACTHIIKH, a 3HAYUT, OoJiee
KECTKUX CAHUTAPHO-TUTHEHUIECKHUX TPeOOBaHUH K ITO-
JIy4aeMOMY NPOAYKTY U MOBBIIIEHHOW CTENIEHU €T0
MOJICYIIKY JUINTETHHOCTH OHOTO IIUKJIa OnodepmeHTa-
LMY IPUHSITA PAaBHOU 8 CYT B COOTBETCTBHH C METOIH-
yeckuMu pexomenaanusamu PI-AITK 1.10.15.02-17.

B 3aBucHMOCTH OT CTEIIEHH 3arpy3KH OHOpepMeHTa-
TOpa ¥ IVIOTHOCTH MepepadaThIBAeMOro MaTepraia BMe-
CTHMOCTbH OTHOW KaMEpPHOH YCTaHOBKH COCTABISIET 55-
65 T ucxoxHoro cyoctpara. Ilpu BEIIIOTHEHUN PACYEeTOB
MpUHsITa BMecTUMOCTh 60 T. Jlyist hepMeHTaINY TTOTTY-
YeHHOTo cyOcTpara TpedyeTcs 5 pepMEeHTAIHOHHBIX
YCTaHOBOK KaMEpHOTO Tuna (maban. I).

[t BEISIBIICHHSI OITUMAJIFHOM TEXHOJIOTUH OIIEHUM
SKOHOMHYECKYI0 3(EKTUBHOCTH BCE TPEX BAPUAHTOB.
[Tpu pacyeTe HEOOXOAMMOTO KOJIUYECTBA 3IaHUM, CO-
OPYKCHUU ¥ TEXHHYECKUX CPEICTB, YUTCHBI 3aeHCTBO-
BaHHBIC 00HEMBI, TIJIOIIAIH, TPOU3BOAUTEILHOCTH TPAHC-
MOPTHBIX CPENICTB, HOPMBI BEIPAOOTKH U pEKOMEHIYEMEIe
JI03bl BHECEHH S TBEPABIX OPTaHUUYECKUX YAOOPEHU.

[Ipu paznenennn HaBo3a HAa HPAKIUH U TOCIETYIO-
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Table 1

LECLUTER]

LlVIKHOFPAMMA SANOJIHEHUA ®EPMEHTALUMOHHbIX YCTAHOBOK KAMEPHOIO TUNA
SEQUENCE DIAGRAM OF FILLING CHAMBER-TYPE FERMENTERS

Ne Buodgepmentaropa CyTtku nukia nepepaéorku / Day of a recycling cycle
Biofermenter 1 2 3 4 5 6 7 8 9 10 11 12
1 24,6% | 24,6* | 10,8* it it it it it it it it B
2 n B 13,8*% | 24,6*% | 21,6* it it bl it it id n
3 n it it B 3 24,6*% | 24,6* 7,8*% n it id n
4 i g I bid hid I B 16,8*% | 24,6* | 18,6* bid hid
5 hid I I 1| bid I I bid B 6* 24,6% | 24,6*

TIpumeuanue: * — Macca 3arpysaeMoro B pepMeHTaTop cyOcTpara, T;
1 — nepepaboTka cybcTpara;

B — BBITPY3Ka FOTOBOTO MPOAYKTA.

Note: * — mass of the substrate fed into the fermenter, t;

n — the substrate processing;

B — the finished product unloading.

ieii a’3poOHoI pepMeHTauu TBEPIOH (PppakInu HaBO3a
B YCTaHOBKax OapabaHHoro THna (¢apuanm I) nepepa-
0oTka HaBo3a TpeOyeT CIeAYIOMINX 3aTPar:

* Ha yJacTKe cemapaluy HaBo3a: 1 37aHmne 00beMOM
9x6x3 M° (810 ThIC. py6.); | eMKOCTH HAKOIJICHHS 06be-
MoM 9x4x3 M (540 ThIC. py6.); 1 cenmaparop 3amaHHOI
npoussoauTtenbHoctH (850 ToIC. py6.); 1 Hacoc 11 HaBO-
3a (260 TeIC. py0.); 1 Mukcep (650 ThIC. pyO.);

* Ha yYacTKe IIPOU3BOICTBA IOACTIIKH: 1 6eTOHHPO-
BaHHAs TUIOIAIKA TLIOMAbI0 4x10 M (100 TBIC. PYO.);
1 buodepMeHTaIMOHHAS YCTAHOBKA Oapa0aHHOTO THIIA
npou3BoAUTENBHOCTHIO 3 T/cyT (3500 ThIC. py0.); 1 mpH-
eMHbIi OyHKep (100 ThIC. py0); 1 3arpy304HOE YCTPOIi-
ctBO (60 THIC. pYO.);

* Ha y4aCTKE XpaHEHUs IPOAYKTOB MepepaboTKU Ha-
BO3a U IPOYNX KOMIIOHEHTOB 151 IPOU3BOJICTBA IO/~
CTHJIKH: 2 XpAaHUITHIIA XKHAKOH Ppakiuy o6bemom 1500 v’
(2200 THIC. py0.); 1 OeTOHMpOBaHHAS ILIOMAKA C HABE-
coM momansio 18x12 m* (540 Teic. py6.);

* TEXHUYECKHE CPEICTBA, 3aICHCTBOBAHHBIC TPH TPAHC-
HOPTHPOBKE HABO3a U IIPOTYKTOB €ro nepepaboTku: 1 Tpy-
6ompoBOAHBIN TpaHCTIOPT ¢ HacocoM (280 TrIC. pyo.);
1 tpaktop k1. Tsru 2,0 (1250 TeIC. py06.); 1 mputien BmMe-
cTUMOCTHIO 6 T (750 ThIC. py0.); 1 hpoHTaNBHBIH HOTPY3-
4iK 00BeMoM KoBIIa He Meree 1,5 m° (1450 Thic. py6.);

* TEXHHYECKIE CPEACTBA, 33/ICHCTBOBAaHHEIC ITPH BHE-
CEHHMH OPraHUYECKOro YAOOpeHHUs:: 1 TPaKTop C K. TATU
2,0 (1250 Thic. py0.); 1 MamnHa 1)1 BHECCHUS TBEPIBIX
OpraHu4ecKux yao0peHuit BMecTuMocThio 6 T (800 ThIC.
py0.); 1 TpakTop k. Tsire 3,0 (1800 ThIC. py0); 1 MammHa
IUTS] BHECEHHUS JKUJKUX OPraHNIeCKUX YAOOPCHUI BMe-
ctumocThio 11 T (1800 ThIC. pYO0.).

[lepepaboTka HaBO3a, CMEIIAHHOTO ¢ TOP(HOM, B yCTa-
HOBKax OapabaHHoro TUMa (8apuarm I1) TpedyeTt HaIH-
YUs CIACTYIOMNX COOPYKEHUH U 000pyIOBAHHUS:

* Ha y4acTKe IPOU3BOICTBA OACTUWIKH: 1 6ETOHHPO-
BaHHAs MUIOIIAIKA IJIOMAAb0 15%15 M? (562,5 THIC. py0.);
1 6modepMeHTAIIIOHHAS YCTAHOBKA OapabaHHOTO THITA
MPOU3BOAUTENBHOCTEIO 6 T/cyT (7500 ThIC. py0.); 2 OHO-
(hepMeHTAITMOHHBIC YCTAHOBKH OapaOaHHOTO THIIA TTPO-
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H3BOIUTENBHOCTRIO 9 T/cyT (25000 THIC. PY0.); 3 IpHEM-
HBIX OyHKepa (420 ThIC. py0.); 3 3arpy304HbIX YCTPOWi-
ctBa (180 THIC. py0.);

* Ha y9acTKe XpaHCHUS IPOLYKTOB IepepaboTKH Ha-
B03a M MPOYUX KOMIIOHEHTOB /1JI51 IPOU3BOACTBA MOJCTHII-
Ku: 1 6eTOHHpOBaHHAS TUIONIAIKA C HABECOM JIJISI XpaHe-
HHUsA Topda ¢ yUeTOM TpexAHeBHOro 3amaca 27x10 m” (675
ThIC. py0.); 1 6eTOHNpPOBaHHAS IIOIIAIKA C HABECOM JJISI
XpaHeHHs roToBoM moxcTuiku 50x40 M (5000 TrIC. py6.);

* TEXHUYECKHE CPEJICTBA, 3a/1eHCTBOBAHHBIE ITPU TPaHC-
IIOPTUPOBKE HABO3a U MIPOAYKTOB €ro NepepadoTKU:
3 tpakropa k. TsrH 2,0 (3750 ThIC. py0.); 3 npuLiena BMe-
cTUMOCTBIO 6 T (2250 THIC. py0.); 2 PPOHTATBHBIX TIOTPY3-
YHKa ¢ KOBIIOM 06beMoM He MeHee 3 M° (4500 Thic. py6.);

* TEXHUYECKHUE CPE/ICTBA, 3/ICHCTBOBAHHBIE PH BHE-
CEHHUH OPTaHUYECKOTO YIOOpEHHS: 6 TPAaKTOPOB KII. TsI-
ru 2,0 (7500 Thic. py0.); 6 MallIKH JJ151 BHECEHH S TBEPIBIX
OpraHHYECKUX YA0OpeHHit BMecTUMOCTBIO 6 T (4800 THIC.
py0.).

[lepepaboTka HaBO3a, CMEIIaHHOTO C TOPHOM, B yCTa-
HOBKax kamepHoro tumna (eéapuanm I1I) Tpebyet cieny-
IOLIUX COOPYKEHUH U 000pYyIOBaHUS:

* Ha yJacTKe IIPOU3BOACTBA NOACTIIKHU: 1 6eTOHUpO-
BaHHAs IJIONIA1Ka MIomabko 27x16 M* (1080 Thic. py6.);
5 6uodepMeHTAIMOHHBIX YCTAHOBOK KAMEPHOTO THIIA
(10000 TBIC. py0.); 1 DpOHTATBHBIN TOTPY3UHMK C KOBIIOM
06BeMoM He MeHee 3 M’ (2250 Thic. py6.);

* Ha y9acTKe XpaHCHUS IPOLYKTOB IepepaboTKH Ha-
B03a M POYUX KOMIIOHEHTOB /1JI51 IPOU3BOACTBA MOJCTHII-
Ku: 1 6eTOHHpOBaHHAS TUIONIAIKA C HABECOM JIJISI XpaHe-
HHUsA Topda ¢ yUeToM TpexAHeBHOro 3amaca 27x10 m” (675
ThIC. py0.); 1 6eTOHNPOBaHHAS IIOIIAIKA C HABECOM JIJISI
XpaHeHHs roToBoi moacTuiku 40x40 M (4000 TrIC. py6.);

* TEXHUYECKHE CPEJICTBA, 3a/1eHCTBOBAHHBIE ITPU TPaHC-
IIOPTUPOBKE HABO3a U MIPOAYKTOB €ro NepepadoTKU:
3 tpakropa k. TsrH 2,0 (3750 ThIC. py0.); 3 npuLiena BMe-
cTUMOCTBIO 6 T (2250 THIC. py0.); 2 PPOHTATBHBIX TIOTPY3-
YHKa ¢ KOBIIOM 06beMoM He MeHee 3 M° (4500 Thic. py6.);

* TEXHUYECKHUE CPEACTBA, 3aICHCTBOBAHHBIE TIPH BHE-
CCHHU OPTaHUIECKOTO YIOOPEHH: 6 TPAaKTOPOB KII. TATH
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Ta6nuua 2 Table 2
CPABHUTENIbHASI 3KOHOMUYECKAS OLEHKA TEXHONOI N PELIMKINHIA HABO3A B NOACTUSIKY
COMPARATIVE ECONOMIC ASSESSMENT OF THE OPTIONS OF MANURE RECYCLING INTO BEDDING FOR ANIMALS
IMoxazaTeln Bapuantbl / Variants
Indicators 1 10 101
KanuranpHble 3aTpaThl, THIC. pyO., B T.4.:
) L C 4190 6237,5 15755
Caplgal costs, thousgpc_l rubles, including: 14000 55900 25050
buildings and facilities
technical means and equipment
VienpHbIE KAUTaIbHBIE 3aTPATHI, THIC. PyO./T
Specific capital costs, thousand rubles / t Sl Lo LoE
OKCITyaTal[HOHHBIE 3aTPATHI, THIC. pyO0./TOJ, B T.4.:
aMOPTH3AI[HOHHBIC OTYHCIICHHS
3arpaTsl Ha TO ¥ peMOHT 060pyOBaHUS
;:ig:?; Ez ;J(;gg;;?aﬁeprmo ?igg,g 254781149,75 221832207 ’18
3apaboTHas miara paboTHHKOB 1 305 5198’7 2329 ’65
3aTpaThl Ha 3aKyINKY Topda ’ 2
Operating costs, thousand rubles / year, including: ST LA o2
depreciation c,harges ’ 111;1 1739 23? 51 13 33 193%%’36
maintenance and repair costs B 1414 1414
fuel costs
electricity costs
salaries and wages of employees
peat purchase costs
VienpHbIE 9KCIUTyaTalHOHHBIE 3aTPATHI, THIC.pyO./T'TOX 25 701 6.02
Specific operating costs, thousand rubles / t - year ’ > ’
3arparsl TpyAa, 4el. u/T
Labour costs, people. - H/t 9 = 1
IIpuGsLask, THIC. pyO.
Profit, thousand rubles Sl —HLE B
CpoK OKyIlaeMoCTH, JET 21 _ _
Payback period, years ’

2,0 (7500 ThIc. py0.); 6 MAIINH 1151 BHECEHUS TBEPIBIX OP-
TaHWYECKUX yI00peHHH BMeCTUMOCTEIO 6 T (4800 ThIC. pyo.).

CpaBHUTENIbHAS IKOHOMUYECKAS OLICHKA TEXHOJIOT Uil
PEIUKINHTA HABO3a B IMOJCTIJIKY BBISIBIUIA IIPEUMYIIIC-
CTBO IIEPBOI'0 BApHAHTA, OCTAJBHEIC IBA OKA3AJUCH YOBI-
TOYHBIMU (mabn. 2).

Tl'ogoBoe MpOM3BOACTBO MOACTIIIKU IPEBHIIIALT II0-
TpeOHOCTD mpeAnpusaTU B Hell (36,5 T). M3nuImKu Mox-
HO WCTIOJIB30BATh Ha MOJISX KaK Ka4eCTBEHHOE OpTaHH-
Yyeckoe y100peH1e WK peaTu30BbIBaTh CTOPOHHUM Ipel-
MPUSTHAM, TEM CAMBIM MOBBIIIAs PEHTA0CIBHOCTD MPO-
H3BOJICTBA.

[pu peanuzauuu éapuarnma I TEXHOIOTUU PELUKINH-
ra TOI0BOE KOJIMYECTBO TPON3BEACHHON ITOJCTHIIKH CO-
craBuseT 697 1, sapuanmog I v 111 — 6740,6 u 7189,9 T
cooTBeTCTBEHHO. llepen mpeanpusTHeM BCTaeT HOBAs
3a/1a4a — MOKMCK MOTEHIIUAIBHBIX IOTPEOUTENEH Mpon3-
BEJICHHOTO MaTepualia, Tak KaK JaHHOE KOJTHUYeCTBO Tie-

pepaboTaHHOTO HaBO3a B BUJI€ OPraHMYECKOro ynobpe-
HUSI HE MOXKET OBITH BHECCHO Ha COOCTBEHHBIC 3€MEITh-
HBIE YTOJIbs B PErJIaMEHTHPOBAHHBIC CPOKH.

BbiBoabl. Hanbosee s5k0HOMUYECKH OIIpaBIaHHbBIN
cnoco0 YTHIIM3aluK HaBo3a — 3TO gapuanm I TEXHOO-
TUH peIUKInHTa (pa3aesieHue HaBo3a Ha Qpakiuu, as-
poOHast pepMeHTaNHS TBEPAOH (HPAKIIMK B YCTAHOBKAX
0apabaHHOrO THIIA U JJIUTEIHHOE BBIICPKUBAHUC KHUJI-
KOH (pak1iuy B HaBO30XpaHmiInile). OH XapaKTepu3yeT-
Csl HAMMEHBIIUMHU KanuTajabHeIMU (18,2 MITH py0.) ¥ 9KC-
IUTyaTauoHHBIMU (8,9 MutH py0.) 3aTpaTaMu, HAMMEHb-
MU 3aTpataMu Tpyaa (5,1 yen. u/T), a TakKe KOPOTKUM
cpokoM okynaemocTH (2,1 roxa). Bapuanmut 11 u 111 Tpe-
OYyIOT CYyIIECTBEHHO OOJBININUX 3aTpaT Ha BHEAPEHUE U
IKCILTYaTAIHIO, YTO B KOHEYHOM UTOT'E JIeTIaeT IPOU3BO/I-
CTBO YOBITOYHBIM.
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Pedepat. B MupoBoii mpakTuke i BHECEHUS TBEPIbIX MUHEPANbHBIX Y10OpeHui moutd 90 mpoLeHTOB MAIlMH MCTOIb3YIOT
BBICEBAIOIINE anmapatsl OpockoBoro Tuna. [lokazany, 4To HAWTyYIMME TTOKA3aTeNIsIMI 00Ia/[aloT 3ePHOTYKOBBIE CESIIKH, Y KO-
TOPBIX HEPABHOMEPHOCTH BHECEHHS yIOoOpeHui coctapisieT okono 10 mponerTos. [lopTBepaumm, 4To U3-3a HEOOMBIIOH IINPHHEL
3aXBaTa MPOU3BOAUTENBHOCT ITHX MAlIMH HeJocTaTouHa. Ha mpakTike UX HE MCTIONB3YIOT IS BHECEHHS! OCHOBHOM JJ03bI Y10~
OpeHuit py TIOATOTOBKE ITOYBHI 1O oceB. (Lens uccredoganus) Co3maTh MHEBMATHYECKYIO IITAHTOBYIO MAIIHY, TI03BOJISIO-
IIYIO IOBBICHTH PABHOMEPHOCTD pacceBa yIoOpeHUH i BHECEHUH OCHOBHOI 03Bl U TIOAKOPMKE 110 BETeTUPYIOLIUM PACTEHHUSIM.
(Mamepuanst u memoost) Ilonyanimg 3aBHCHMOCTH, O3BOJISIONIIE ONPEIEINTh PALOHANBHBIC KOHCTPYKTHBHO-KHHEMATHIECKIE
TapaMeTpsl YCTPOUCTBA O3UPOBAHUS M PaCIpeIeICHHS YIOOPEHHI Yepe3 MKEKTOPHI H PACCEHBAIOIINE TOBEPXHOCTH C MCIONb-
30BaHMEM 3aKOHOB M METOJIOB KJIACCUUYECKOW MEXaHUKH U MaTeMaTHKH. [IpoBesn dKCIiepMMEHTANIbHbBIE NCCIIEOBAHNS Ha pa3pa-
0OTaHHOM M U3rOTOBNEHHOM 00pasie. [IpoBepumu ero paboTocmocoOHOCTh B TIONEBHIX YCIOBHAX MO CTAHAAPTHEIM M YaCTHBIM
MetoukaM. Onpeneniny, 4To Ha Ka4eCTBO pacceBa yIoOpeHHH THEBMATHYECKON IITAHTOBOI MAIIMHON OCHOBHOE BIMSHHE OKa-
3BIBAIOT PABHOMEPHOCTD TO/IaYM UX KaTYLIEYHbIMHU alapaTaMy B BO3AYIIHYIO CTPYIO, B IITAHTH C OTBEPCTHAMH U XapakTep pac-
TpeIeeHNs YIOOPEHHHT M0 BKEKTOpaM B 3aBUCHMOCTH OT PACCTOSHUS MEKITy HUMH. (Pezyrvmamol u 06¢yscoenie) YCTaHOBUAIN
3aKOHOMEPHOCTH TPAHCIIOPTHPOBAHMUS U JO3UPOBAHUS YIOOPEHMI KaTyIICIHBIMH BBICEBAIOIMMHE allllapaTaMyi ¢ 000CHOBAHIEM
METOJIa U c1ocoda pactpeeneHnst BO3AyIIHO-MUHEPAIbHON cMecH 10 KaHanaM tanry. [lonyuuny MareMaTnueckoe onucaHue
TPOLIECCOB BHECEHHSI MUHEPANBHBIX YIOOPEHHH C y4eTOM Ka4eCTBEHHBIX MOKa3aTeneld paBHOMEPHOCTH PacCeMBaHUs HX 110 T10-
BEpXHOCTH Tomst. OTMETIUIH, YTO HEPaBHOMEPHOCTH paclpeIeNeHns yIo0peHni IPU COOTBETCTBYIOMIEH IIMHE IITAHT COOTBET-
CTBYET pacueTHBIM HOpMaM. (Bvi600b1) BbIABUIH, UTO B MOJIEBBIX HCTILITAHUAX MAIIUHBI HEPABHOMEPHOCTb BHECEHHSI aMMUAYHOI
CENUTPbl COCTaBUNIA § TIPOLEHTOB. YCTAHOBUIIH, YTO YXKE Ha CTAJUH NMPOEKTUPOBAHKS MAIIMH MOXHO OLEHUTb [10KA3aTeNH 110
HEPaBHOMEPHOCTHU B 3aBUCHMOCTH OT KaueCTBa JO3UPOBAHUS U PACCTOSHUS MEXKY BBICEBAIOIIMMH HKEKTOPAMH.
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Abstract. In the world practice of introducing solid mineral fertilizers, almost 90 percents of the machines used are equipped
with throw-type seeding units. It has been proved that seed drills have shown the best performance, as their irregularity of
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fertilizer application is about 10 percents. It has been still confirmed that their small width of application results in insufficient
productivity, and in practice they are not used for introducing the main amount of fertilizers in pre-sowing soil preparation.
(Research purpose) Designing a pneumatic sucker-rod machine providing for increased uniformity of fertilizer dispersing
when introducing the main amount of fertilizers and further dressing vegetative plants. (Materials and methods) The authors
obtained relationships allowing to determine rational constructive-and-kinematic parameters of a device for fertilizer metering
and distributing through ejectors and dispersing surfaces using the laws and methods of classical mechanics and mathematics.
Experimental studies were carried out using a developed and manufactured sample, and testing its operability in field conditions
using standard and specific techniques. It was determined that the quality of fertilizer dispersing with a pneumatic sucker-rod
machine is mainly affected by the uniformity of their supply by reel-type units to the air stream and rods with holes, and the
pattern of fertilizer distribution to ejectors depending on the distance between them. (Results and discussion) The authors have
made patterns of fertilizer transportation and metering with reel-type sowing units and determined the method and pattern of
distributing an air-mineral mixture through the rod channels. The authors obtained a mathematical description of the processes
of mineral fertilizer application, taking into account the qualitative indicators of their uniform dispersion over the field surface.
It was noted that the uneven distribution of fertilizers when the rod length is appropriate corresponds to the design standards.
(Conclusions) The authors have revealed that the rate of distribution unevenness of ammonium nitrate amounted to 8 percents.
It has been found that even at the machinery designing stage it is possible to evaluate performance indicators in terms of
unevenness depending on the metering quality and the distance between sowing ejectors.

Keywords: sucker-rod machine, ejectors, fertilizers, dispersion uniformity, mathematical relationships

I For citation: Makarov V.A., Zhuravleva O.I., Shemyakin A.V. Pnevmaticheskaya shtangovaya mashina dlya
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PH OTIpeeIIeHNH KaueCTBEHHEIX IT0Ka3aTeNei Ma-

IIVH 715l BHECCHU S TBEPABIX MUHEPATBHBIX Y10~

OpeHwuit ocodoe BHUMaHUE YAETIACTCS BOIIPOcaM
PaBHOMEPHOCTH pacceBa YacTHII IO TOBEPXHOCTH ITOJIS
(Pat. WO 02/090223 A2) [1-3]. s mamuH ¢ pabouynMu
opraHaMu OpPOCKOBOT'O THIIa Ba)KHOE 3HAUCHUE UMEIOT
TpaHyJIOMETPUUECKUN COCTaB YIOOpEeHHH, paBHOMED-
HOCTB IIOJJa9M WX BHICEBAIOMIMMH alllapaTaMu, BIax-
HOCTb BO3/lyXa, HalpaBJIeHUE U CKOPOCTh BETpa OTHOCH-
TEILHO OCH JIBM)KCHUSI arperaTa 1o MoJto.

LIENb NCCNEQOBAHUSA — cO31aTh THEBMATHYECKY O
ITAaHTOBYIO MAIIWHY, TO3BOJISIONIY IO MTOBBICUTE PABHO-
MEPHOCTH pacceBa YI0OpESHHH TPH BHECEHUU OCHOBHOM
JI03BI ¥ TOJKOPMKE 10 BET€TUPYIOLIUM PACTEHUSAM.

MATEPUANBI M METOABI. J{J151 perieH s TpoOIeMBbI 10-
BBIIICHUS PABHOMEPHOCTH IIOBEPXHOCTHOTO pacceBa TBEp-
JIBIX MUHEPaIbHBIX yI0OpEHUH 1 yCTpaHEHU I UMEFOIIX-
CsI HEZIOCTATKOB Y CYIIECTBYIOMHNX pa3OpackiBaTeneit
MOYKHO MCIIOJIb30BaTh MHEBMATUYECKYO0 MAIIMHY CO
MITAaHTOBBIMU pabourMu opraHamu (puc. 1).

PE3ynbTATEI M OBCYXAEHUE. Ha kadecTBO pacceBa yio-
OpeHuii MTHEBMAaTUYECKON MAIIMHOM, OCHAIIICHHOW I TaH-
TOH C OTBEPCTUAMH IO BCEH TJIMHE, OCHOBHOE BIIMSHUE
OKa3bIBAIOT PABHOMEPHOCTH OJIa4H YA00pEeH M KaTy1ey-
HBIMH anmnapaTaMy B BO3AYIIHYIO CTPYIO, CO3JaBACMYI0
BEHTHJIATOPOM, a TAKKE B OTBEPCTHUS (3KEKTOPHI). YUUTHI-
BAIOT M XapaKkTep pacrpeiesieHus yI100peHHH B 3aBUCHMO-
CTH OT PaCCTOSHUS MKy STUMHU KeKTopamu (puc. 2).

[IpoBenu TeopeTHUECKHE U IKCIIEPUMEHTAIBHBIE HC-
CIIEIOBaHUS AT ONPEACITICHUSI 3aBUCHMOCTEH, TI03BOJIS-
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Puc. 1. Ilpunyunuanrvnas cxema NHeGMAMUYECKOU WMAH20BOU
MAUUHBL ]I PACCEUBAHUSL MBEPOLIX MUHEPATILHBIX YOOOPEeHULL:

1 —pama; 2 — kapoannwlii 6an; 3 — obeonnaa mygpma, 4 —anacmuy-
Has my¢ma,; 5 — pemennas nepeoaua; 6 — eenmunamop; 7 — cme-
cumenvrasa xkamepa, 8 — 6030yx0600, 9 — pacnpederumens y000-
penuii; 10 — 6ynxep; 11 — evicesarowuii annapam, 12 — onopnoe
Koneco; 13 — eudpoyunundp, 14 — wmanea ¢ pacceusamensimu
Fig. 1. Schematic diagram of a pneumatic sucker-rod machine for
dispersing solid mineral fertilizers:

1 — frame; 2 — driveshaft; 3 — overrunning clutch; 4 — elastic
coupling; 5 — belt drive; 6 — fan; 7 — mixing chamber; 8 — air duct;
9 — fertilizer spreader; 10 — fertilizer tank; 11 — sowing unit; 12 —
support wheel; 13 — hydraulic cylinder, 14 — rod with dispersers

IOIIHX MTOJIYYHUTh PAITUOHAIBHBIC KOHCTPYKTHBHO-KHHE-
MaTHYeCKHUE TapaMeTPbl yCTPOUCTBA TO3UPOBAHHUS U pac-
TpeieNIeHu s yI0OpeHUH uepe3 MKEKTOPHI U paCcCEUBaI0-
I[1€ MOBEPXHOCTHU C UCIOJIb30BAHUEM 3aKOHOB U METO-
JIOB KJIACCUYECKOM MEXaHUKH U MaTeMaTuku [4, 5]. Ec-
JIM U3BECTHBI HEPAaBHOMEPHOCTH MOJIaYU yI0OPCHUH B
BO3AYIIHBIM MOTOK K BBICEBAIOLIUM 3KEKTOpAM, XapakK-
Tep UX pacHpeneseHUs U MMOIauy BO3Ay ITHO-MUHEPATh-
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HOU CMECH Ha pacCenBaTEIH, TO KAa4eCTBO pacIpeieie-
HUSl YaCTHUIl yIOOpEHUN B 3aBUCIMOCTH OT PACCTOSHUS
MEXIy MKEKTOPaMHU MOKHO OIICHUTH €IIIe Ha CTaJNH Pas3-
PpabOTKM KOHCTPYKIUH AJIA LITAHTOBBIX MAIlIMH U CBOEB-
PEMEHHO BHECTH HEOOXOUMBIE KOPPEKTUBEI B X KOH-
cTpykuuto [6-10].

HepaBHOMEpHOCTH 103UpOBaHUS YIOOPEHUI B BBICE-
BAIOMIUE IKEKTOPHI XapaKTePHU3yeTCsl CPETHEN Mmo1adeit
my ¥ CPEAHEKBAAPATHYECKUM OTKJIOHEHHEM Oy. DTOT IO-
Ka3aTelb OIPEAEIIAIOT 110 Pe3yIbTaTaM HKCIIEPHUMEHTA.

—

—

¥i

L

—_
i
il
¥

fint

- X X J

Puc. 2. Cxema k onpedenenuro HepagHomepnocmu paccesa yoo-
6peHutl no wupuHe 3ax6ama.:

1 —wmanea; 2 — gvicesaiowyue 201cekmopsl; 3 — pacceusamenu
Fig. 2. Scheme to determine uneven dispersing of fertilizers along
the operating width:

1 —rod; 2 — sowing ejectors; 3 — dispersers

Pacnipenenenue ynoOpenuii pacceuBaTeIs MU MOKHO
omucaTh PyHKIIMOHAIBEHON 3aBUCHMOCTBIO BHIIA y=f(X),
YTO MO3BOJISAET AaHATTUTHIECKUM METO/IOM BBISIBUTH HE-
PaBHOMEPHOCTH paclpeesIeHAs TP H3MEHEHNH PacCTo-
STHUSI MeXKy MKeKTopaMu. Torna Ha y4acTke Mexay ABY-
MS CMEKHBIMH KEKTOpaMH pacipeaeieHne yroopeHuit
ONHCHIBAEM CIIEAYIOIUMHU 3aBUCUMOCTSIMU:

SO+ (x=1)

pu 0§x§x1’

0

P {f(x)+f(x—1>_

npu x; < x < xp°

S+ f(x=D+ f(x-2])
mpu x, < x </
e / — paccTOsSHUE MEXKIY CMEKHBIMU MKEKTOPAMH, M.
Cpennee 3HaueHue GyHKIUU F(X) HA 9TOM y4acTKe
MPEICTaBUM B BUJE:

y= % [0 F(x)dx. Q)

OnpeneneHHbli HHTETpal GyHKLIUU Fy) HA OTpe3Ke /
paBeH olpeieIecHHOMY HHTerpany GyHKIuu f(x) Ha OT-
peske [-Z, Z], nosToMy cpennee 3HaueHue QyHKIuu Fy,
MOYXHO BBIYHCIHUTE IO hOpMyIIE:

y =11, fns, 3)
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rue jfz f(x)dx cOOTBETCTBYET CpenHeii momave ynodpe-
HUM B BBICEBAIOMIMH 9KEKTOP /1 D, HOdTOMY V' = m, / [.

CpenHee KBaapaTHUECKOE OTKJIOHEHUE pacipeaesie-
HHS yA0OpEHUH KEKTOPaMU 10 LIUPUHE 0, 3aXBaTa MOX-
HO MPEICTABUTH B BUJIC:

%=ﬁﬁwm—ﬂ%x )

BrruucnuMm cpenHee KBagpaTUUECKOE OTKJIOHEHHE
pactipeneneHust y1o0peH i 1o MOBEPXHOCTH MOJIS C yue-
TOM HEPaBHOMEPHOCTH MOJIa4H UX B 33KEKTOPBI:

o= \/ 05 + 0f + 274,040, ()

[JI€ 04 — CPEAHEKBAIPATHYECKOE OTKJIOHEHHE OCTYILIe-
HUS YIOOPEHUH B 2)KEKTOPBL;

¥4p — KO3 OHULUEHT KOPPENALMHU TTOAAUN yI00pEHUs
B 9)KEKTOPEL.

Takum 006pa3oM, HEpPaBHOMEPHOCTH PacHpeneIeHus
ynoOpeHuil Ha IIOBEPXHOCTH OIS [0 HIMPUHE 3axXBaTa
MAIIIMHBI IPUMET BH]I 3aBUCHMOCTH:

Np = \/ 041 + O'g + Zrle'dl O'dlap 100/}7, (6)

rac Np — HIMPpUHA 3aXBaTa MalllUHbI, M.

HepaBHOMepHOCTE pacceBa ynoOpeHUs 110 ITOBEPXHO-
CTH I10J15 paBHA CyMMe HEPaBHOMEPHOCTH JJO3UPOBAHHU S
IO PKEKTOPaM.

BbiBoabl. TIpeasioxkeHHBIH METOM OMpeaeICHHUS He-
paBHOMEPHOCTH pacceBa yaoOpeHni MOXKeT ObITh HC-
ITOJIE30BaH MPH pa3paboTKe KOHCTPYKIUH B ITHEBMATH-
YEeCKOM paccerBaTelie yJ00pEeHUs C HKEKTOPaMH 110 JUTH-
He MTaHT. [Ipy NCTIBITAHUSX B ITOJICBBIX YCIOBHUIX HEPAB-
HOMEPHOCTH BHECEHU I aMMHUaYHOI CEeNUTPBI K aMMO(O-
ca coctaBmia 6-7% (mpu o0Omieit IrHe IWTaHr 12 M 1 HOp-
Me BHeceHus 600 Kr/ra), 9TO HECKOIBKO HUXKE MO CPaB-
HEHUIO C MaIIMHAMU, 000pYAOBaHHBIMU OPOCKOBBIMHU pa-
0OYMMU OpraHaMHU M yTBEPKICHHBIMH arpoTpeOOBaHHU-
SIMH K HAM.

Omnpenenuny, 9T0 HEPaBHOMEPHOCTE pacceBa ynoope-
HUU THEBMATHYECKUM PacCEUBATEIISIMU TIO3BOJISCT YKE
Ha CTaINY IPOCKTHPOBAHUS OLICHUTH TOKA3aTEIH 0 He-
PaBHOMEPHOCTH B 3aBHCUMOCTH OT PACCTOSHUS MEKITY
BBICEBAIOLIMMU 3KEKTOPaMHU. XapaKkTep pacipeiesieHus
aMMHUaYHOH CeTTUTPHI 110 TN PUHE 3aXBaTa yCTaHABIHBA-
€TC 110 Pe3yJIbTaTaM OIBITOB.

[Ipr mpoBepke MHEBMaTHIECKOT'O PACCEUBATEIS B IIPO-
M3BOJICTBEHHBIX YCIOBHUAX HEPABHOMEPHOCTD PacCenBa-
HUSI aMMHUAQYHOM CCJIUTPBI COCTaBUJIa MO AJIWHE ITAHTH
B ripenenax 7,5-8,0%, mpu oOmiel muprHe mranr 12 M u
no3ax BHeceHus 200 u 600 Kr/ra, 9TO CBUJICTEIBCTBYET
00 yJI0BIETBOPUTEIHHOM COBIIAICHAH pe3yabTaToB. Ompe-
JieJIeHHe HEPaBHOMEPHOCTH pacceBa TBEP/bIX MHUHEPaIb-
HBIX yI00peHUI! 10 HOBEPXHOCTH HOJIS C YIETOM HEpaB-
HOMEPHOCTH HOAAaYH HX B BBICEBAIOIIUE IKECKTOPHI MO-
3BOJISICT OLIEHMBATh KaueCTBEHHbIE MTOKA3aTeNIn paboThI
MAIIIWHEI B IIEJIOM.
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Y36exkucTtan

Pedepar. Ommcamu ycoBust, HeOOXOIMMEIE TS PABHOMEPHOH 00paOOTKH TIOYBHI Ha 3aaHHyI0 TTyOuHy. [lokasamm, 4to omop-
HbIE Koneca MoyBoo0pabaThIBAIOMINX MAILIMH JIOJKHBI OBITH IIOCTOSHHO MPIKATHI K OBEPXHOCTH T04BHI. [loaTBepanm Heobxo-
IMMOCTB OTIpE/IeTICHNUs ONTHMAIBHOTO 3HAYCHHUS BEPTHKAIBHON CHIIBI HaBIEHHS OTIOPHBIX KoJiec Ha mouBy. (Llens ucciedosanis)
BhISBUTE BOBMOXKHOCTH 00ECIEUeHHS 3aJaHHOH TTyOHHBI U TPpeOyeMol paBHOMEPHOCTH 00pabOTKHU MOUBEI HA PUMEPE HABEC-
HOTO IITyTa C OIOPHBIM KoJtecoM. (Mamepuans u memoost) [IpoBen HCcaeqoBaHus ¢ HCIIOMb30BaHHEM METOIOB TEOPETHYECKON
¥ 3eMJICICITBYECKON MEXaHHKH, a TAKKE aHAUTHIECKOH reoMeTprit. COCTABILIN CXEMY CHII, IEHCTBYIONINX HA ILIYT B IpoOLecce
Benatku. (Pesyrsmamst u 06cysicoenue) I1omyduny aHATMTHISCKYIO 3aBHCUMOCTD IS ONPE/IeIeHHS BEPTHKANBHON CUIIBI 1aB-
JIeHHS OTIOPHOTO KONeca HABECHOTO TUIyTa Ha TIOYBY € YIETOM pa3MepOB U IapaMeTPOB MEXaHM3Ma HABECKU TPAKTOPA, @ TAKKe
HaBECHOTO YCTPOMCTBA Iyra. I paguueckuM METooM ONpeAeniIn ONTUMAIbHbIE 3HAYEHUS PACCTOSHUS 110 BEPTUKAIH OT ONOp-
HOH TUIOCKOCTH IUTyTa JI0 €T0 HIKHUX MPHCOSANHUTEIBHBIX TOUeK. BEIUHCITIIN ONTHMAaIBHBIC YHCIICHHBIC 3HAYCHHS YIUTHIBaC-
MBIX TTAPAMETPOB: PACCTOSHHE TI0 BEPTHKAIH OT OIOPHOH ITIOCKOCTH TPAKTOPa IO TOUKU KPEIUICHHS HIDKHUX TAT €10 MEXaHH3Ma
HaBecku — 0,6 MeTpa; YMCII0 KOPIIYyCOB, YCTAHOBIECHHBIX HA ILIYT, — 4 IITyKH; Macca OQHOTO KopIyca miyra — 250 KunorpaMMos;
K03 punuenT noesnoro jeiicteus miyra — 0,7; miyouna Benaniku (00padotku) — 0,3 MeTpa; paccTOSHHE 110 TOPU3OHTAIH OT
HIDKHUX [PUCOEIVHUTENbHBIX TOUEK ITyra J0 HOCKa JeMexa mepBoro xopmyca — 0,45 MeTpa; MpofoIbHOE PacCTOSHUE MEXLY
Koprycamu turyra — 1,0 MeTp; muprHa MoJIeBoi Tocku miyra — 0,2 MeTpa; KodQQUIMEHT COMPOTHBICHHUS MEPEKAThIBAHHMIO OTIOP-
HOro Kojeca ruryra — 0,2; inamerp onopHoro koieca — 0,5 Metpa u apyrue. (Bsigoost) YCTaHOBIIIH, YTO U1 00eCTIeYeH s 3a1aH-
HOH ITyOHMHB! ¥ TpeOyeMoi paBHOMEPHOCTH BCHAIIKK PACCTOSHUE 110 BEPTUKATH OT OTNIOPHBIX IIOCKOCTEH YETHIPEXKOPIYCHBIX
IUTYTOB, arperaTupyeMBIX ¢ KOJECHBIME TPAKTOpaMH Ki1acca 3-4, 10 HIKHHX TPHCOSIUTENHHBIX TOYEK JOJKHO OBITh B Ipeenax
0,703-0,771 metpa.

KioueBble ci10Ba: mouBooOpadoTKa, ITyONHA 1 paBHOMEPHOCTH BCIIATIIKH, HABECHOM IUTYT, BEPTHKAIBHAS CHIIA TABICHIS OTIOp-
HOTO KoJeca.

I Ins uutupoBanusi: TyxrakysueB A. ObeciieueHre paBHOMEPHOCTH IIIyOHHBI 00paboTku 04BEI // Cenbckoxo-
3atcmeennvle mawiunst u mexuonozuu. 2019. T. 13. N3. C. 34-38. DOI 10.22314/2073-7599-2019-13-3-34-38.

Ensuring the Uniformity of Tillage Depth

Abdusalim Tukhtakuziev,
Dr.Sc.(Eng.), professor, senior research engineer

Research Institute of Agricultural Mechanization, Tashkent region, Republic of Uzbekistan

Abstract. The authors have described the required conditions for uniform soil tillage at a given depth. It has been shown that
depth wheels of tillage machines should be constantly pressed to the soil surface. The study has confirmed the need to determine
the optimal value of the vertical pressure force exerted by the depth wheels on the soil. (Research purpose) To determine ways to
ensure the given depth of tillage and the required uniformity using a mounted plow with a depth wheel. (Materials and methods)
The authors conducted theoretical studies using methods of theoretical and agricultural mechanics, as well as analytical geometry.
They made a diagram of forces acting on the plow in the process of plowing. (Results and discussion) The authors obtained an
analytical relationship to determine the vertical pressure force exerted on the soil by a depth wheel of a mounted plow taking
into account dimensions and parameters of a tractor mounting system as well as a plow mounting linkage. The optimal values
of vertical distance from the plow supporting plane to its lower connecting points were graphically determined. The authors
calculated the optimal numerical values of the parameters taken into account: the vertical distance from the tractor's supporting
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plane to the attachment point of the lower links of its attachment mechanism is 0.6 meters; the number of bodies installed on a
plow —4; the weight of one plow body is 250 kilograms; the plow efficiency — 0.7; plowing (tillage) depth — 0.3 meters; horizontal
distance from the lower connecting points of the plow to the share point of the first body — 0.45 meter; longitudinal distance
between the plow bodies — 1.0 meter; plow landside width — 0.2 meters; coefficient of rolling resistance to the depth wheel of the
plow — 0.2; the diameter of the depth wheel — 0.5 meters etc. (Conclusions) It has been established that in order to ensure a required
plowing depth and uniformity, vertical distance from the supporting plane of four-body plows coupled with 3-4 class wheeled
tractors to the lower connecting points should be within 0.703-0.771 meters.

Keywords: soil tillage, plowing depth and uniformity, mounted plow, vertical pressure of a depth wheel.

I For citation: Tukhtakuziev A. Obespechenie ravnomernosti glubiny obrabotki pochvy [Ensuring the uniformity
of tillage depth] . Sel’skokhozyaystvennye mashiny i tekhnologii. 2019. Vol. 13. N3. 34-38 (In Russian). DOI
10.22314/2073-7599-2019-13-3-34-38.

TyOWHA U PABHOMEPHOCTH 00PaOOTKY IMOYBBI CIIY’KAT OCHOBHBIMH MTOKA3aTeNIIMU pa0OTHI BCEX IMOYBOOOpa-
OarpiBaromux MamuH. Ux obecriedueHue mo3BoiseT Co31aTh OJaronpUsSTHEIC YCIIOBHSI AL POCTa U Pa3BUTHUS
pacTeHuH, MOIyUYEeHHS BRICOKOTO ypoxas IPpH OHOBPEMEHHOM co3peBanuu [1-3].

J11s1 BRIIOJTHEHUSI STUX YCIOBUH OMOPHEIE KOJIeca II0YBO0OOPadaTHIBAIOIINX MAIIUH JTOJDKHBI OBITH TIOCTOSTHHO
MPUKATHI K MOBEPXHOCTH TIOYBBL. BepTukanbHas criia UX JaBJICHUS Ha TOYBY UMEET ONPENEICHHOE 3HAUYCHHE:

QZ :QOHT’
rae O, — BepTUKaJIbHAs CUJjia JaBJICHHS OMOPHBIX KOJEC Ha MTOYBY;

Qonr — ONTUMATBHOE 3HAUCHHE BEPTUKAJIBHON CHUIIBI TABJICHUS OMOPHBIX KOJIEC Ha TIOYBY.

Ipu Q0,<Q,,; ONOPHEIE KoJEeca IIOYBOOOPAOATHIBAIOIINX MAIIMH HEAOCTATOYHO KAYECTBEHHO KOITHPYIOT HEPOB-
HOCTH TIOBEPXHOCTH TOJIA U B pe3yJIbTaTe He 00ECIIeYNBAIOT HEOOXOAUMYI0 PABHOMEPHOCTD IITyOUHBI 00pabOTKH
MOYBEI, a TpU Q> TPATUTCS U3JIHIIHSISA U OCIIONIe3Hast SHEPT U Ha UX NiepekaTsiBanue [1, 4, 5].

B panee mpoBeICHHBIX UCCIIEAOBAHUSX BONIPOCHI obecneueHus! yeaoBUs O, =0, UCCICIOBAHBI HEOCTATOYHO,
B YaCTHOCTH, OTCYTCTBYIOT KOHKPETHBIC PEKOMEHIAITIH 110 00ECTICUYCHHIO STOT'0 YCIOBHS C yIETOM TapaMeTPOB Me-
XaHU3MOB HABECOK TPAKTOPOB M HABECHBIX YCTPOMCTB MOYBOOOPpaOaTHIBAIOIIMX MAIlWH. HacTosmue ucciaenosa-
HUSI IPOBEJICHBI I BOCIIOJIHEHHU I 3TOTO Tipoderna [4, 6-11].

LIEnb NCCNEAOBAHUS — BBISIBUTH BO3MOXKHOCTH 00ECIIeUeH S 3aIJaHHOM TTyOHHBI U TpeOyeMOoil pABHOMEPHOCTH
00pabOTKH MOYBHI HA IPHMEPE HABECHOT'O IUTYTa C OIIOPHBIM KOJIECOM.

MATEPMANBI M METOABI. MccieioBanus MPOBENH C HCTIOIb30BAHUEM METOJO0B TEOPETHIESCKOHN U 3eMJleeIbue-
CKOM MEXaHMKH, a TAKXKE aHATUTUUECKOI FeOMEeTPUU.

PE3YNLTATBI N OBCYXAEHME. TT0oab3ysCch CXEMOIA, ONpeIeNIiM BEPTHKAJIBHYO CHITY AaBJICHHUS OIIOPHOT0 KOJIe-
ca miyra Ha nouBy (puc. 1):

0,=N,= Mg(Xn+IG)+RXZ(X,,+e+nk_1L+ 'sz Vsinyy, — Ry, (Hy + Z;) %
2 sinyy,

XcosWy, — I (H +Z; —0,5by)

XTC +lN —,U(Hl +ZT[ —h—O,SdT)

rae N, — BepTUKaIbHasl COCTABIIONIAs peakuu N OBkl Ha OMOpHOE KoJieco, H;

M —macca nnyra, Kr;

g — yCKOpeHHe cBoOOoIHOro naaenus, 9,81 m/c?;

X, Z; — COOTBETCTBEHHO, MTPOJIOJILHOE M BEPTUKAIHLHOE PACCTOSIHUS OT HH)KHUX MPUCOETUHUTEIHHBIX TOUEK
nnyra 10 €TO MI'HOBCHHOT O ueHTpa BpameHm{ TB HpOHOHLHO—BCpTHKaHLHOﬁ IIJIOCKOCTH, M,

g — paccTostHUE TI0 TOPU3OHTAIH OT HUKHUX MPUCOSAMHUTEIBHBIX TOUEK ITyTa JI0 €ro ICHTPA TAKECTH, M;

R,, — paBHOJEHCTBYOIAS CHII, ICHCTBYIONIUX HA JIEMEITHO-OTBAIBHYIO MOBEPXHOCTH KOPITyCOB Tutyra, H;

€ — PacCTOSIHHE 110 TOPU30HTAIU OT HUKHUX MPUCOSTUHUTEIBHBIX TOYEK TUTYTa JI0 HOCKA JIeMeXa MIepBOTo KOp-
myca, M;

N, — YUCJIO KOPITYCOB, YCTAHOBJICHHBIX Ha ILIYT, IIT.;

L — potofibHOE PACcCTOSHUE MEXKY KOPITyCaMHu ITyTa, M;

Pxz— PACCTOSHUE OT HOCKA JIeMeXa CpeAHero (MU yCIOBHO CPEIHETO) KOPITyca A0 JTUHUU NEHCTBUS CUITHI R, ,, M;

Wy, — YTOJl HAKJIOHA CHJIBI R, K TOPU30HTY, T'Pal.;
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Puc. 1. Cxema cun, oeticmgyowux Ha niye 8 npoyecce 6CNAWKU
Fig. 1. Diagram of forces acting on a plow in the plowing process

H, — paccTostHYE 110 BEPTHUKAIH OT OIMTOPHOM IIJIOCKOCTH ILTYTA JI0 €r0 HIDKHUX IIPUCOCTMHHUTEIBHUX TOYCK, M;

F, — paBHOEHCTBYOIIAs CHJI TPEHUS MOJIEBBIX JOCOK O CTEHKH 60po31, kKH;

b, — mmpuHa TONEBOH JOCKH IIITyTa, M;

4 —K03(D(DUIIUEHT CONPOTUBJICHUS TIEPEKATHIBAHUIO OMIOPHOTO KOJIeca IIyTa;

h —riryOuHa Benaniku (00paboTkH), M;

dr — TuaMeTp OMOPHOT0 KoJieca, M;

lN — PpaCCTOAHUC IO TOPU3OHTAJIN OT HUKHUX IMPUCOCAUHUTEIIbHBIX TOYECK IIYyTa 10 OCU BpalllECHUA €ro OIIOPHO-
r'o KoJeca, M.

Juist npunanus Bepakennio (1) obiero Buga u yao0cTBa MpoOBOAUMEBIX TI0 HEMY PacdeToB, MOIb3ysICh METO/a-
MU aHAJINTHYECKOH TeOMETPHH, PACCTOSHHE X; M Z, BEIPa3uM depe3 MapaMeTphl MeXaHu3Ma HaBECKU TPAaKTOpa U
HABECHOTO yCTpoiicTBa myra, a M, Is, R,,, F; u Iy — 4epe3 pu3nKo-MeXaHUYECKUE CBOWCTBA TIOYBHI M TAPAMET Pl
myra [1, 3]

Hz\/zg —0.25(1-c)> = (Hs +h _H1>2t\/zg —0.25(1-c)> = (Hy + h— H)* —XB}

X = ) 2 > > 2
(H2 _ZB)\/I6 —0,25(1—0) —(H3 +h—H1) —(H3 +h—H1)XB

Hy(Hy+h —Hl)[\/zg —025( - ) = (Hy + h— Hy)? —XB}

Zp= > > > 5 ©)
(Hz _ZB)\/IG —0,25(1—0) —(H3 +h—H1) —(H3 +h—H1)XB

M =namy; @
lg=e+ 1y, )
INn =e+(ne—1)L; (6)
R, - R, _ n Kb h : o
COSWxz COSYWxz
1 1
FX = ERX = gnKﬂKth, (8)

rne H, — paccTOsTHUE 0 BEPTUKAIU MEXKTY HUKHUMU U BEpXHEH TPUCOCTUHUTEIFHBIMH TOUKAMHY TUTYTa, M;

H; — paccrosiHHe IO BEPTHUKAIN OT OIIOPHOH MIOCKOCTH TPAKTOPA A0 TOUYKH KPETUICHHUS HUKHUX TAT €ro MexXa-
HU3Ma HABECKH, M;

ls — ANIMHA HUKHUX TAT MEXaHW3Ma HABECKH TPAKTOPa, M;

X3, Zg — COOTBETCTBEHHO PACCTOSIHIS IO TOPH3OHTAIH M BEPTHKAIH MEX Y MIAPHUPAMU KPETUICHUS HHKHUX U
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BEPXHEH TST MEXaHW3Ma HaABECKH TPAKTOPA, M;
| — monepeyHoe paccTOSHIE MKy HIDKHUMHU MPUCOSTUHUTETBHBIMU TOYKAMHU ILTYTa, M;
¢ — TIONIEPETHOE PACCTOSTHUE MEXAY MapHUPAMHU KPETJICHHSI HIKHUX TAT MEXaHU3Ma HaBECKH TPAKTOPa, M;
m, — Macca OJJHOTO KOopITyca ILTyTa, KT
R, — Ipo0IpHAs COCTABIAIONIAS CHIL, IEHCTBYIOMNX Ha JIEMEITHO-OTBAIBHYIO IOBEPXHOCTH KOPITYCOB IuTyTa, H;
7 — KO3 PHUIMEHT MOJIE3HOTO NCHCTBHUS ILTYTa;
K — YIeJIbHOE COMPOTUBIICHUE MTOYBbI TPH Bemnanike, [1a;
b, — mmpuHa 3axBaTa KOpIyca IIyTa, M.
C ydetom BelpaxkeHui (2)-(8) ypaBuenue (1) mpumeT cieqyromuii Bum:

gzzr = %:(’1K’11Kéz _F-’1k77’<lZw}Zté: ylxz ) X

)
H 2 =0.25(1—¢)’ —(H, + h—H,}* I —0.25( —¢)’ —(H, +h—H,)’ — X,
X
(Hy = Z W2 =0,25(1 =)’ —(H, +h—H,)* —(H,+h—H)X,

Hy(Hy+h —Hl)[\/zg ~0.25(1-¢)* = (Hy +h—H;)? —XB}
n, —1

7
- (g ny b h) +nemeg(e+ L)+ ©9)

(H, - ZB)\/I62 —025(-c)? —(Hy +h—Hy)? —(Hy+h—H)Xg

+ n,nxb, h ! [(e+n_1L+ 'p"z )siny  —H, cosy —I(HI—O,SbO)} :
cosy . |_ 2 siny 6

HZ\/zg ~0.25(1—c)? —(H3 +h—Hy)? wzg ~0.25(1—c)? —(H3 +h—Hy)? —XB}
+e+

(H, —213)\/162 —0,25(I—¢)? —(H3 +h—Hy)* —(H; +h—H,)Xp

Hy(Hy+h —Hl)[\/l% —0.25(1—¢)? —(Hy +h—Hy)? —XB}

+(ng =D)L+ pusH) + ~h—0,5d

(H, _zB)\/zg —025(1—c)? —(Hy+h—H)*> —(Hy+h—H;)Xp

Tak KaK B 3TOM BBIpaXeHUH 3HaueHUs Hs, Xg, Zp, Is, C 6000
3aJlaHbl U M3BECTHBI KaK MapaMeTphl TpakTopa, H, u / — OH
CTaHJAPTU3UPOBaHbl, M, Ig, I\, dr, e, L — npuHUMAIOTCA 500

B OCHOBHOM M3 YCJIOBHH HaJEKHOTO U KAYECTBEHHOTO
BBITIOJTHEHHSI [UTYTOM 33 JAHHOT'0 TEXHOJOT MYECKOTO IPO-
1ecca Ipu MEHUMAaJIbHBIX SHEpro3aTparax, TO yCIOBHE
0,=Qqu:, @ CEIOBATENBHO 3aJJaHHAS TTyOMHA U Tpelye- .

5000

Masi paBHOMEPHOCTH BCIIAIIKH 3aBUCIT B OCHOBHOM OT 4500
paccrosiHus H,. JI5s onpeaeneHns ero onTUMaabHOTO
3HAYCHUS 110 BEIPAXKEHUIO (9) moCTporT rpaduuecKyro 4000 47

3aBucUMOCTE Q; = f(H)) (puc. 2). Y3 Hee 1o N3BECTHOMY
3HAUYEHUIO (J,;; BRIUUCIMIN ONTUMAJIBHOE 3HaUeHue H. 1500

CuuTtaeM, 9TO JJIs IPUMEHSAEMBIX B CEIbCKOXO035IH- 0.60 065 0707 075 0771 gg0
CTBEHHOM IIpou3BozcTBe PecnyOuuku Y36ekucTaH Ko- il
JIECHBIX TPAKTOPOB KJacca 3-4 U arperaTupyeMbIX C HU-  Puc. 2. 3asucumocmo 6epmukanvHoli Ciltbl 0a61eHUs OROPHO20 KO-
MU HaBECHBIX 4-KOPIYCHBIX ILJTYTOB C OMOPHBIM KOJIECOM  ieca niyea Ha nousy Q7 om paccmosnus no 6epmuKaii om onopHot
CIIPaBEUIMBBI CIIEAYIOIINE YACICHHBIC 3HAUCHUS NIAPA-  MI0CKOCHU NAY2d 00 €20 HUNCHUX NpUcoeOuHumenshux mouex H,
MeTpoB: H; = 0,6 Mm; Xg=0,3 M; Zg = 0,56 M; [ = 0,95 M;  Fig. 2. Relationship between the vertical pressure force of a depth
c=0,62m; H,=09 m; [= 1,04 m; n.=4 mrt.; m, =250 Kr;  wheel on the soil Q, and the vertical distance from the supporting
7 =07,k =10,9-10° TIa; b, = 0,45 m; g = 9,81 m/c, Px. = plane of a plow to its lower connecting points H,
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0,15m; w,, =12% h=030M;¢=0,45m; L=1,0m; b,=0,2 m; u =0,2; dr = 0,5 M. [ToncraBnss 3HaueHus Q. (5,0-
5,5 xH), onpenenum, 4to 1151 o0ecnieueHus NOCTOSSHHOM ri1yOuHbl Benamku 0,3 M BepTUKAIbHOE PACCTOSHHUE OT
OIIOPHBIX INIOCKOCTEH 10 HIPKHUX MPHUCOSTNHUTENBHBIX TOUCK 4-KOPITYCHBIX IIITyTOB, aTPEraTHPYEMBIX C KOJIECHBI-
MU TpaKTOpaMu Kiacca 3-4, moJnkHO ObITh B ipeaenax 0,703-0,771 m [4].

BbiBoabl. 3aganHas riryOouHa 1 TpedyeMast paBHOMEPHOCTh 00pabOTKH MOYBHI IIPH BCIIAIIKE HABECHBIM ILITyTOM
C OITOPHBIM KOJIECOM 3aBHCST OT BEPTHUKAIBHOTO PACCTOSHUS MEXK Y OTIOPHOH IIOCKOCTHIO U HIDKHUMH ITPHCOEIU-
HUTEIbHBIMHU TOYKAMU. YCTAHOBHUJIH, YTO Y 4-KOPITYCHBIX TUIYTOB, arPEraTUPYEMbIX C KOJIECHBIMHU TPAKTOPaMHU
kiacca 3-4, nis obecrieueHns 3aJJaHHOM NTyOUHBI H TpeOyeMol paBHOMEPHOCTH BCIIAITIKY ATOT MIOKAa3aTeNb JI0J-
JKeH HaxonuThes B npeaenax 0,703-0,771 m.

BUBJIMOTPADUYECKUIA CMUCOK

1. Cuneoxos I'H., [TanoB .M. Teopus u pacuet nouBoobpa-
OarpiBatomux Maniud. M.: MamurocTpoenue. 1977. 328 c.

2. Coxono @.A. ATpOHOMHYECKHE OCHOBBI KOMILIIEKCHON Me-
XaHM3auy xiaonkosoactsa. Tamkedt: @an. 1977. 224 c.

3. Knennn H.M., Cakyn B.A. Cenbckoxo3siiCTBEHHBIE U Me-
auopatuBHble MamuHbL. M.: Koioc. 2005. 671 c.

4. bypuenko [1.H. MexaHuKko-TeXHONOT NYECKHE OCHOBBI TI0YBO-
00pabaThIBaIOIIMX MALIXH HOBOTO TToKosieHus. M.: BUM. 2002.
212¢.

5. baennsix B.B. YerpoiicTBo, pacueT ¥ NpoeKTHpOBaHKE
nouBooOpabareiBatomux opyauit. Yensounack: UTAA. 2010.
203 c.

6. JIypwe A.B., Jlrooumos A.U. Illupoko3axBaTHbIe OYBOOO-
pabarbiBarornue ManuHeL. JI.: MamurOocTpoeHue. 1981. 270 c.

7. I'tues JI.B. BiausHue MeXaHUYECKUX IIapaMeTPOB [IOYBO-

00pabaThIBAIOMNX MAIIMH HAa yCTOHYMBOCTH X072 X pabounx
opranoB / Texuuxa 6 cenvckom xo3aticmee. 1988. N3. C. 28-30.

8. AxmeToB A.A. HccnenoBanue cxeMbl MEXaHU3Ma HABECKH
YHUBEPCAJIBHOTO peanoceBHoro opyaus OI1Y-4 // Mexanusa-
yus xnonkosoocmea. 1988. N6. C. 4-6.

9. Srivastava A.K., Goering C.E., Rohrbach R.P, Buckmaster
D.R. Engineering principles of agricultural machines. SA:
ASABE. 2006. 559.

10. Tyxraky3ues A., ['aii0ymnaeB b. O6ocHOBaHME Tapame-
TPOB HaBECKH ILTyTa K oBoweBogueckomy Tpaktopy TT3-100SP /
Texnuxa ¢ cenvcxom xosaticmee. 2014. N3. C. 15-16.

11. Jlo6auesckwuii S1.I1., Crapooiito C.1., Yemucos H.H.
OHepreTHYecKas M TEXHOJIOTHIECKAS OLCHKA T0YBO0OPaOaThI-
BaroIero padouero oprauna / Cenbckoxosaucmeentvle Mautu-
Hol u mexnoaoeuu. 2015. T. 9. N5. C. 10-13.

REFERENCES

1. Sineokov G.N., Panov [.M. Teoriya i raschet pochvoobraba-
tyvayushchikh mashin [Theory and calculation of soil-cultivat-
ing machines]. Moscow: Mashinostroenie. 1977. 328 (In Russian).

2. Sokolov F.A. Agronomicheskie osnovy kompleksnoy mekha-
nizatsii khlopkovodstva [Agronomic basics of complex mechani-
zation of cotton growing]. Tashkent: Fan. 1977. 224 (In Russian).

3.Klenin N.L, Sakun V.A. Sel'skokhozyaystvennye i meliora-
tivnye mashiny [Agricultural and land-improvement machines].
Moscow: Kolos. 2005. 671 (In Russian).

4. Burchenko P.N. Mekhaniko-tekhnologicheskie osnovy poch-
voobrabatyvayushchikh mashin novogo pokoleniya [Mechani-
cal and technological basics of soil-cultivating machines of a
new generation]. Moscow: VIM. 2002. 212 (In Russian).

5. Blednykh V.V. Ustroystvo, raschet i proektirovanie pochvoo-
brabatyvayushchikh orudiy [Construction, calculation, and design
of tillage tools]. Chelyabinsk: ChGAA. 2010. 203 (In Russian).

6. Lur'ye A.B., Lyubimov A.I. Shirokozakhvatnye pochvoo-
brabatyvayushchie mashiny [Wide-coverage tillage machines].
Leningrad: Mashinostroenie. 1981. 270 (In Russian).

7. Gyachev L.V. Vliyanie mekhanicheskikh parametrov poch-
voobrabatyvayushchikh mashin na ustoychivost' khoda ikh rab-

Kon¢aukr unTepecoB. ABTop 3asBiseT 00 OTCYTCTBUH KOH-
(puKTa HHTEPECOB.

Craths noctynuia B penaxkuuro 21.03.2019

The paper was submitted
to the Editorial Office on 21.03.2019

CENIbCKOXO3AMCTBEHHBIE MALIMHbI 1A TEXHONIOTMM + Tom 13 +N3 + 2019

ochikh organov [Influence of mechanical parameters of soil-cul-
tivating machines on the travel stability of their operating parts].
Tekhnika v sel'skom khozyaystve. 1988. N3. 28-30 (In Russian).

8. Akhmetov A.A. Issledovanie skhemy mekhanizma naveski
universal'nogo predposevnogo orudiya OPU-4 [Study of the mount-
ing mechanism scheme of a universal pre-sowing tool OPU-4].
Mekhanizatsiya khlopkovodstva. 1988. N6. 4-6 (In Russian).

9. Srivastava A K., Goering C.E., Rohrbach R.P., Buckmaster
D.R. Engineering principles of agricultural machines. SA: ASA-
BE. 2006. 559 (In English).

10. Tukhtakuziev A., Gaybullaev B. Obosnovanie parametrov
naveski pluga k ovoshchevodcheskomu traktoru TTZ-100SP
[Determination of the plow mounting scheme on the vegeta-
ble-cultivation tractor TTZ-100SP]. Tekhnika v sel'skom khozyay-
stve. 2014. N3. 15-16 (In Russian).

11. Lobachevskiy Ya.P., Starovoytov S.I., Chemisov N.N. En-
ergeticheskaya i tekhnologicheskaya otsenka pochvoobrabaty-
vayushchego rabochego organa [Energy and technological as-
sessment of the tillage working body]. Sel'skohozyaystvennye
mashiny i tekhnologii. 2015. V. 9. N5. 10-13.

Conflict of interest. The author declares no conflict of interest.

CraTbs npunsTa K nyoaukanun 17.06.2019
The paper was accepted
for publication on 17.06.2019

AGRICULTURAL MACHINERY AND TECHNOLOGIES « Volume 13 N3+ 2019



TEXHUKA )19 OBPABOTKW MOYBbI MACHINERY FOR SOIL CULTIVATION

YAK 631.312.312.024 (c DOI 10.22314/2073-7599-2019-13-3-39-43

Mpo4HOCTHbIE N pecypCHble XapaKTepPUCTUKU
NOYBOPEXYLUUX pabo4ynx opraHoB

Hdenuc Anexcanaposny MUpPOHOB, Cepreii Anexceesuu Cujaopos,
KaHIUAAT TEXHUYECKHUX HayK, JOKTOP TeXHHYECKUX HAYK,
Hay4HBIA COTPYHUK, TJIaBHBIM HAyYHBIH COTPYAHUK;
e-mail: mironov-denis87@mail.ru; Hrops BukToposuy JInckun,

Hay4HBIN COTPYAHUK
®DenepalibHBIN HAYYHBIN arponHkuHEepHbIN HenTp BUM, MockBa, Poccuiickas @eaepanus

Pedepar. Baxneiimas 3a1a4a npu co3aHIN KOHKYPEHTOCTIOCOOHOM CeTbCKOX03HCTBEHHON TEXHUKHU — TIPOM3BOJICTBO BHICOKOpE-
cypcHbIX aetaneil. Pa3paboTka HOBBIX TEXHONOTHI U MaTEPHANOB ONpPeNeNIeT TEXHUUECKUH YPOBEHb CENbCKOXO3IHCTBEHHOTO Ma-
IMHOCTpOEHHs. JIeMex TIyra CIyXUT Hanbosee HarpyKeHHO! M BaXKHOH JICTaJIbIo, OT apaMETPOB KOTOPOii 3aBUCAT KaueCTBEH-
HBIE, JHEPTETHICCKUE F SKOHOMUUYECKHE TOKa3aTeNi TEXHOJIOTHIESCKON OTepali BCmamk. (L{ens ucciedosanus) Pazpaborars u
NOATBEPAUTDH TCOPETUUCCKN MATCPUATIOBEIUECKUE U TEXHOJIOTUICCKUE MAPAMETPhI JIEMEXOB ILTYyTOB, O6CCHC‘II/IB3IOHII/IC TIOBBIIIC-
HHE UX JIOJTOBEYHOCTH U paboTocriocobHOCTH. (Mamepuanvt u memodst) OTMETHIIM HU3KHH YPOBEHb KA4€CTBA OTEYECTBEHHBIX
JIEMEXO0B IITYTOB, H3TOTOBICHHbIX 0€3 IPUMEHEHNUS COBPEMEHHBIX TeXHONOrui. [Ipoananu3yupoBany MaTepuasl IEMEX0B U IPYTHX
Jetaneil 0YB00OPa0ATHIBAIOIINX OPYINH, BEITYCKAEMBIX BEAYIIUMH 3apyOeKHBIMU (HpMaMH, 1 IPUIILIH K BEIBOTY, YTO B HX TIPO-
M3BOJICTBE HCTIONB3YIOT HI3KO- M CPEIHEYIIIEPOMCTEIE OOpCosiep kalllie JIeTHPOBaHHbIE H BHICOKOJIETHPOBaHHbIE cTalH. Bexymme
MHUPOBBIC MTPOU3BOAUTEIIN ;[eTaneﬁ TaKKC 4aCTO NMPUMCHAIOT MOBEPXHOCTHOC HAIJIABOYHOC YIIPOUYHCHUE UX TBEPIOCIITIaBHBIMU
TOKPHITHAMA. (Pesyromamor u obcyscoenue) TeopeTHIeCKH U IKCIIEPHIMEHTAIBHO 000CHOBAH HAPABIECHHS MOBBIIEHHS TPOY-
HOCTH Y M3HOCOCTOMKOCTH JIEMEIIHBIX paboduX OpraHoB. BriOpany MaTepHaibsl OCHOBBI JIEMEXOB NMPEUMYILECTBEHHO UCXOA U3
mapameTpoB npoyHoctH. [IpoBenn cpaBHUTENBHBIE Ta0OPaTOPHBIC HCIBITAHMS PA3TIMIHBIX MaTePHANoB i 00pa3oB-CBUACTENCH
(B TOM uHMCIIE ABYXCIOHHBIX) Ha a0pa3UBHYI0 H3HOCOCTOHKOCTD Ha JBYX CTEHIOBBIX ycTaHOBKaX. Ompenenny MaTepralsl TBep-
JOCTUIABHBIX TOKPBITHH, YTOUHWIN KO3((HUINEHTH OTHOCUTENBHON W3HOCOCTOWKOCTH PEKOMEHIOBAHHBIX K HCTONB30BAHUIO B
KOHCTPYKIIHSX JIEMEXOB CTajlel TBEPIOCIUIABHBIX CIOEB. PaccMOTpENH TEXHONOTHYECKHIT CIIOCO0 YIPOUHEHHS MAITHHHBIX Pado-
YHUX OpraHoB. (Bb1600bt) IIpeanoxuny ynporeHHy0 pacueTHy 0 METOAUKY BEIOOpa KOHCTPYKTHBHO-MATEPHATOBEIIECKUX Mapa-
METPOB (TOJIIMHEL U MHPUHE! YIPOUHSIONINX TIOKPBITHIA) JTE3BHil IEMEXOB M HAKITAIHBIX J0JIOT, B 3aBHCHMOCTH OT H3HOCHBIX Xa-
PAKTEPUCTUK MPUMEHSEMBbIX MaTEPHAIOB U TONIMHBI MaTEpHaja OCHOBBI JIeMeX0B. PazpaboTamm MaTeMaTHUeCKie 3aBUCHMOCTH,
OTIpE/ICIISIONINE TMHEHHBIH N3HOC JIe3BUS JIEMEXa M ero J0J0Ta B 3aBUCHMOCTH OT XapaKTEPUCTHK MPHMEHAEMBIX MATEPHAJIOB,
KOHCTPYKTHBHBIX [apaMeTpOB, OYBEHHBIX YCIOBUN M 00beMa HapaOoTKH. OCYIIECTBUIN POBEPOUHBIC IKCILTyaTAHOHHO-PE-
CypCHBIE CpPaBHUTENbHbIE MCIIBITAHMS HOBBIX pa3pa00TaHHBIX JeMexoB. [lokasanu, 4To mpesenbHas HapaboTKa HOBBIX M3IENHH
TPEBHIIIAET PECYPC CEPUIHHBIX AaHATIOTOB B PA3NTMYHBIX TOYBEHHO-KJIMMATHYECKHX YCIOBUSIX B 3,5-5,5 pas.

KnioueBble c;10Ba: Mo4BoOpexyIue paboure opraHel, ieMexa IUTyToB, THHEHHBINH H3HOC, pecypc, KOHCTPYKTHBHbIC TApaMeTphL.
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MOYBOPEXKYIHUX pabounx opranoB // Cenvckoxossiicmeennvie mawunsl u mexnonozuu. 2019. T. 13. N3. C. 39-43. DOI
10.22314/2073-7599-2019-13-3-39-43.

Strength and Durability Characteristics of Soil-Cutting Working Tools
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Abstract. The most important task in designing competitive agricultural machinery is the production of parts with long service life.
The development of new technologies and materials determines the technical level of agricultural engineering. The plowshare blade
is the most loaded and important part, as its parameters determine the quality, energy and economic indicators of the technological
operation of plowing. (Research purpose) To determine and confirm theoretically material and technological parameters of
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plowshares, ensuring an increase in their durability and performance efficiency. (Materials and methods) The authors note the
low quality level of domestic plowshares manufactured without the use of modern technologies. Then they analyze construction
materials of plowshares and other parts of tillage implements produced by leading foreign companies, and come to a conclusion
that low- and medium-carbon boron-containing alloyed and high-alloyed steels are used in their production. Leading global
manufacturers of machine parts also often apply surface hardfacing with carbide coatings. (Results and discussion) The authors
have theoretically and experimentally determined the directions of increasing the strength and durability of plowshare working
tools. They have chosen basic materials for plowshares basing mainly on the strength parameters. They have conducted comparative
laboratory tests of various materials and witness samples (including double-layer ones) for abrasive wear resistance on two bench
installations; identified materials for carbide coatings, clarified the relative wear resistance coefficients of steel carbide layers
recommended for use in the design of plowshares; and considered a technological method of hardening machine working tools.
(Conclusions) The authors propose a simplified computational procedure for selecting design and material parameters (thickness
and width of hardening coatings) of plowshare blades and over-chisels, depending on the wear characteristics of the materials used
and the plowshare thickness. They have stated mathematical relationships that determine the linear wear of plowshare blades and
chisels depending on the characteristics of the materials used, design parameters, soil conditions and total operation time and carried
out comparative operational and duration testing of newly developed plowshares. It has been shown that the marginal operating
time of new products exceeds the duration indicators of serial counterparts in different soil and climatic conditions in 3.5-5.5 times.
Keywords: soil-cutting working tools, plowshares, plows, linear wear, service life, design parameters.

I For citation: Mironov D.A., Sidorov S.A., Liskin L.V. Prochnostnye i resursnye kharakteristiki pochvorezhushchikh
rabochikh organov [Strength and durability characteristics of soil-cutting working tools]. Sel'skokhozyaystvennye

mashiny i tekhnologii. 2019. Vol. 13. N3. 39-43 (In Russian). DOI 10.22314/2073-7599-2019-13-3-39-43.

POU3BOJCTBO BBICOKOPECYPCHBIX KOHKYPEHTO-

CIIOCOOHBIX JieTajiel CeTbCKOX03SICTBEHHBIX Ma-

LIMH CTaJI0 OAHOW U3 BAXKHEH KX 3a7a4 IIPH CO3-
JAaHUM KOHKYPEHTOCIIOCOOHO! cenbX0o3TeXHUKU. Pa3pa-
00TKa HOBBIX MaT€pPHaJIOB U TEXHOJIOTHi{, B YaCTHOCTH,
CO3/IaHUE BBICOKOIIPOYHBIX U3HOCOCTOMKUX MOKPBHITUH,
B 3HAYUTEIbHON CTEIIEHU ONPEACIISIET TEXHUUECKHUH ypo-
BEHb CEJIbXO3MAIIMHOCTPOEHUS U CEJIbCKOX03HCTBEH-
HOT'O IIPOU3BOACTBA B LeNOM. JlemMex miryra ciy>kKuT ca-
MOW Harpy>KEHHOM M BaYKHOH JIETAIIBIO, OT MaPaMeTPOB KO-
TOPOH B IpeodIajatoIel CTeneH! 3aBUCST KaueCTBEHHBIE,
SHEPreTUYECKHE U SIKOHOMUYECKHE [10Ka3aTeIH TEXHOIIO-
ruueckoii onepanuu Benamks [ 1]. [ToaTomy Tak BaxkHO 1o-
BBICUTH PECYPCHBIE U OKCIIITyaTallHOHHBIE XapaKTEPUCTHU-
KU 3TOM MacCOBOM AeTanu. MaTepuaibl, IpUMEHSEMBbIE B
KOHCTPYKIUAX JIEMEXOB IUTYTOB, U TEXHOJIOTHHU HX YIPOU-
HEHUS B OCHOBHOM OIIPEIEINSIOT TEXHUUECKUH YPOBEHbD,
paboTOCIOCOOHOCTD U pecypc JIEMEXOB IIIYTOB HapSAy
C UX KOHCTPYKTUBHBIMU NTapamMeTpaMu. B cepuiinom mpo-
M3BOZICTBE JIEMEXOB IIYroB B PO ucronb3yoT ycrapes-
LIMEe MaTepUabl U TEXHOIOTUU YIPOUHEHUS. DTO — OfHA
U3 IMIaBHBIX IPUINH HU3KOH KOHKYPEHTOCIIOCOOHOCTH JaH-
HOTO BUJIa POCCUIICKON MPOAYKLIUH.

LlEnb nccnepoBAHNS — pa3paboTka H 000CHOBaHHE
MaTepHaJIOBEIUECKUX U TEXHOJOTHYECKUX TapaMETPOB
JIEMEXOB ITYTOB, 00€CTIIEYNBAOIIINX ITOBBIIICHHUE UX TO0JI-
TOBEYHOCTH U pabOTOCTIOCOOHOCTH.

MaTePMANbI 1 METOABI. Hu3kuii ypoBeHb KaduecTBa
JIEMEXOB ILTYT'OB, H3TOTOBJICHHBIX 0€3 TPUMEHEHHUS CO-
BPEMEHHBIX TEXHOJOIHYECKUX MPOLIECCOB UX 00paboT-
KH, IPOSIBISICTCA MIPEXkKIAE BCETO B TAKHMX IIpoIieccax, Kak:

-M3MeHEeHHE (POPMEI JIeMeXa ITPH HKCILTYyaTalluu 3-32
MPEKICBPEMEHHOT0 H3HOCA HOCOBOH YacTH;

- 3aTyILJIEHUE JIE3BU s JIeMeXa U €ro HOCKa;
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- TMHEHHBIN H3HOC JIeMeXa IO ITUPIHE JIE3BUS U HOCKA,

- U3HOC KPETEKHBIX OOITOB U OTBEPCTHIA;

- nepopManus v MoOJIOMKa JIEMEXOB, B TOM YHUCIIE B
OTACHBIX CCUCHHIX M B MECTaX UCTOHUCHHUS BCIICACTBHE
ITOYBEHHOTO a0pa3WBHOTO M3HAIINBAHUS.

AmHanmu3 MaTepUalioB JIEMEXOB U APYTUX AeTaici
0YBOOOPa0ATHIBAIOIINX OPYAHMA, BBITYCKAEMBIX BEIY-
IUMH 3apyOexkHbIMU hupmamu (Kverneland — Hopse-
rusi; Lemken, Frank —Tepmanus; Kuhn, Gregoire-Besson —
®pannus; Vogel& Noot — ABctpus; Malmd — Jlanus n
IIp.), TOKA3aJ, 4TO B UX MPOU3BOJICTBE UCTIONB3YIOT HU3-
KO- ¥ CpeTHEYTIEPOAUCTEIC OOpcomepsKalue JerHpOBaH-
HBIC U BEICOKOJICTHPOBAHHBIE CTAH C TIPEICIIOM MPOY-
HocTH g, = 1700-2000 MIIa, oTHOCUTENBHBIM YATMHEHU-
eM 0 = 7,0-9,5% u MoBepXHOCTHOH TBEpAOCTHIO 49-56
HRC. Benyuiue MUpOBBIE TPOU3BOAUTENH JETAJICH, IKC-
IITyaTUPYIOLINXCS B IOUBEHHO-a0pa3nBHOU cperie, Tak-
K€ 9aCTO MPUMEHSIOT MTOBEPXHOCTHOE HAILIABOYHOE
YIPOYHEHUE UX TBEPAOCIIABHBIMH MMOKPHITUSIMU C TBEP-
nocteio 60-68 HRC [2].

PE3YNbTATBI M OBCYXAEHUE. [TpoBeeHHbIE TEOpE-
THYECKHE M DKCIIEPUMEHTAJIbHBIC UCCIIETOBAHMUS TTOKA-
3aJIH, YTO MPOOJIEMY HOBBIIICHHSI TPOYHOCTHBIX XapakK-
TEPHUCTHK JIEMEXOB OTEUECTBECHHBIX ILUIYT'OB MOYKHO pe-
[IUTH ITyTEM BHEIPEHU S B UX KOHCTPYKIIHIO PSIIa IOIIOJI-
HUTEJIBHBIX HOBIIECTB [3, 4]. HeoOxomumo:

- HCTIONB30BATh JIEMeXa M3 METAJIIIOB C IIPeeIoM IIPOY-
HOCTH (BPEMEHHOT'O COIPOTHBIICHUS Pa3phIBY) o, Ha 50-
70% BrIme, gwem y ctanu (Ct.45, JIS3 u 65I') n nocraTou-
HBIM OTHOCHUTEIBHBIM YIJITUHEHUEM (0 He MeHee 7%);

- M3TOTABJIMBATH HAKJIAIHOE I0JIOTO KakK (aKkTop 3a-
IIMTHl MAKCHMAJIEHO HArpy>KeHHOU 30HBI OIIACHOTO Ce-
YEHUS JIeMeXa OT 3HAYMTEIIBHOTO HCTHPAHMS METaslIa
JeMexa U COOTBETCTBYIOUIETO OCIA0JIEHHUS €ro 10 TOJ-
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IIUHE, TO €CTh 3AIMUTUTH €0 OT TaK HAa3bIBAECMOTI'0O «JIy-
YCBOT'O U3HOCA»,

- IpUBapUBAaTh JONOJHUTEIbHYIO HAKJIAAKy B 30HE
MOJIEBOT0 00pe3a JieMeXa, MOBBILIAIOIIY 0 TPOYHOCTHBIE
IIapaMeTpbl €ro HOCOBOM YaCTH.

[lepeuncneHHble MEPHI MO3BOIMIIN CO3/IATh JIEMEX C
rapaHTHel 0T ITOJIOMOK U ie(opMaluii Ha IIepHoj BbIpa-
OOTKH IOITHOTO pecypca Mo KPUTEPUIO H3HOCOCTOHKOCTH.

IloBbileHHe pecypca o KpUTEPHIO TPEEeSIbHOTO 13-
HaIllUBaHUs JIEMEXOB JIOCTUTHYTO IIyTEM BHECEHUS B KOH-
CTPYKLHIO JIeMeXa CIeAYIOUIUX U3MEHEHHH: HCIIOJIb30-
BaHa KOHCTPYKI XA HOBOT'O JIEMEXA C 9BOJIbBEHTHLIM IIPO-
(hutem, B YaCTHOCTH, 00ECTICUNBAIOIIUM CHH)KCHHE YTJIOB
pe3aHus B JIE3BUMHOM YacTH JIeMeXa 10 3HAUEHU O 3a/He-
ro yria pe3anus a0 4-11° B oinuue ot cepuiiHoro (22-
25°). lanHas Mepa, COrjlacHO alpuOPHBIM HAyYHBIM JaH-
HBIM O BJIMAHWUU BCIINYUHBI YTJIa pC3aHUs HA O6H.[I/Ie u
yAeNbHbIE Harpy3KH, I03BOJIAET YMEHBIIUTD YAEIbHbIE
HArpy3KH Ha JIe3BUHHYIO 4acTh jieMexa. M3BecTHO, 4TO
M3HOC [IPONIOPLIMOHAJIEH YAEIbHBIM HArpy3KaM; COOTBET-
CTBEHHO U3HOC JIE3BUITHON 4aCTH HOBOT'O OIMBITHOIO Jie-
MeXa ¢ MEHBIIUMHU YIJIAMH PE3aHUSI CHUYKAETCS B CPaB-
HEHUU C CEpUUHBIM aHAJIOTOM IIPU MPOYHUX PaBHBIX yC-
noBusx [1, 5]; co3nana KOHCTPYKLMS JemMexa ¢ HaKkJa-
HBIM BBIJIBHKHBIM J10JIOTOM Ha HOCOBOM YacTH, yCTaHOB-
JIEHHBIM TIO/ OTIPEAETICHHBIM MOBBIIIEHHBIM YIJIOM KPO-
IIEHU ST; TPH TOM 0Ka3aJI0Ch, YTO BRICTyMaloIee Ha 2-6 cM
J0J10TO o0ecnieunBaeT «3(p(eKT onepexaromen Tpeiu-
HBI», YTO TaK)Ke TapaHTUPYET NOoMaJaHue Ha JIC3BHE Jie-
Mexa [OYBEHHOM Macchl B 3HAUUTEJILHON CTENEHU yKe
Pa3pBIXJIEHHONW, COOTBETCTBEHHO, C YMEHBIICHHBIMHU
yAEIbHBIMU HAaIpy3KaMHu, a 3TO IPUBOJUT K HOHUKEHHO-
MY U3HOCY MaTepHaa; JIe3BHe U I0JIOTO JieMeXa yIpoy-
HEHBI ¢ HUXKHEN CTOPOHBI HOBBIM TBEPAOCIIABHBIM I10-
KPBITHEM C ITOBBIICHHBIM KO3 PUIIHEHTOM OTHOCHTEIb-
HOW M3HOCOCTONKOCTH; ITapaMeTPhI TOIIIINH TBEPIOCIIOMN-
HBIX TOKPBHITHH HA JIE3BUU U TOJIOTE IMOIT0OpaHBI Kak ¢
TOUYKH 3PEHUS OBBIICHU S THHEHHON U3HOCOCTOMKOCTH
JeTayel, Tak ¥ ¢ TOYKU 3pCHUS yIyqmeHus GopMsbI ca-
MOT0 JIE3BHS U 10JI0TA KaK CPEICTBA 3aLIUTHI OT 3aTyILJIe-
HUs; pa3paboTaHa KOHCTPYKIHS BBIBHKHOTO YIIPOY-
HEHHOI'0 HaKJIaJIHOI'0 CMEHHOI'0 10JI0Ta, KOTOPOE B IPO-
Hecce IKCILTyaTalli Ha MPOTSKEHUH BCETO MePHo/Ia pa-
00THI 0OecTIeunBaeT HOCOBOM YACTH JIEMEXa BO3MOXKHOCTD
COOTBETCTBYIOIIETO YCTOHYMBOTrO 3ariyOeHus AeTaln
1 COXpaHEHHUs ee B pab0oTOCIIOCOOHOM COCTOSIHHH JIO Ha-
CTYIUIEHU IPEEIIbHOT0 3HAUEH U 110 KPUTEPUIO YMEHbB-
LICHHS ITUPUHBI JIe3BHs (MeHee 90 MMm).

Hcxonst u3 TEXHOJOTHUECKUX, SKCILTYyaTallHOHHBIX,
MPOU3BOJICTBEHHBIX M SKOHOMUYECKUX YCIOBUH, OIpee-
TN COCO0 TMOBBITIEHHSI H3HOCOCTOHKOCTH JIE3BUHHBIX
yacTel 1 JOJIOT JIEMEXOB IUTYTOB C HCIIOIb30BaHUEM I1J1a3-
MEHHOHU AyTrOBOH HaIlJIaBKHU TBEPAOCILIaBHBIX MaTepHa-
JIOB B cpejie cxxaToro Bo3ayxa. [IpoBeneHs m1abopaTopHBIe
HCTIBITAHUS IO U3BHOCOCTOMKOCTH 00Pa31I0OB U3 pa3iny-
HBIX CTajJel U ¢ pa3HbIMHU TBEPAOCIONHBIMU OKPBITHS-
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MU Ha JIBYX UCTIBITATEIBHBIX YCTAHOBKAX: MAaIluHE TPe-
Hua UM-1; kpyrosoM nouseHHoM crenpe. Ilo ux pesyns-
TaTaM BEIOpaHbI MAaTEPHAJIBl TBEPIOCIIABHBIX TOKPBITHH
¢ 1o6aBKamMu TUTOro Kapouaa sonsdpama WC, umeroniue
TIOBBIINIEHHYO OTHOCUTENBHY 0 H3HOCOCTOWKOCTH (BBIIIE
Ha 27-48% 1o cpaBHEHUIO C CEPUHHBIMH KeNe30yTIepo-
JUCTBIMM CIJITABaMH) U, COOTBETCTBEHHO, B 3,7-4,6 paza
BBIIIIE [T0 CPAaBHEHHIO ¢ KOHCTPYKIIMOHHBIMHA CTAIISIMH —
MaTtepuanamu ocHOBBI Jiemexa (Ct.45; JI53; 65T°) [6-10].

Ha ocHoBe ananmmn3a mpOYHOCTHBIX U M3HOCHBIX Xa-
PaKTEPUCTUK BEIOPaHbI 0a30BbIC MATEPUAIBI OCHOBHI JIE3-
BHUsI JIeMeXa U ero J0J0Ta:

- ctaib 30XT'CA, TepMooOpaboTaHHas HA TBEPIOCTh
47-50 HRC (x03¢p(HUIHEHT U3HOCOCTOMKOCTH OTHOCH-
tenbHO cTanu Ct.45 — 1,05-1,08), o,= 1590-1650 MIla;

- IMLIEH3UOHHAs! UMIIOPTHAas Oopcoaepxalias cTab
30MnB5 (usrotoBuTens — MapuynoJibCKUid METaJTYP-
rUYecKuil KoOMOMHAT, YKpanHa), TepMo0oOpaboTaHHAsI HA
TBepAocTh 51-53 HRC, k03¢ GHULHEHT OTHOCUTETBHON H3-
HococToiikocTh —1,42-1,57; o,= 1730-1810 Mna.

[Ipennoxena ynpoieHHas pacueTHas METOANKA BbI-
00pa KOHCTPYKTUBHO-MATCPHATIOBETICCKUX TApaMETPOB
JBYXCJIOWHBIX JIE3BUH JIEMEXOB U UX JA0JOT, KOTOpas Oa-
3UpyeTcs Ha yYeTe MaKCUMAJIbHOM JINHEHHON 1 KOHCTPYK-
LHOHHOW U3HOCOCTOMKOCTH, BBIPAXKEHHON 3aBUCUMOCTBIO
JIJ151 OLIGHKU CPaBHUTENBHOTO JIMHEHHOT0 U3HOCA IBYX-
CJIOITHOTO TTOYBOPEKYIIIETO JIC3BUS:

K
— U, 10,5...0,6
U.wu.(l) - U}IHH. ’ (K ) :
osyxci. U,
hm@ cna. 70,7-0,8
(14K, lmson o708,
me.cnu. b

OCH

1€ Uy ) M Usis sisyxen, — MTAHEHHBIE H3HOCHI OJTHOPOJIHO-
T'0 ¥ IByXCJIOWHOTO MIOYBOPEKYITUX JIE3BHIA; Kyj, — KO-
(UIHEHT OTHOCUTEIBLHON H3HOCOCTOMKOCTH MaTepHaa
OCHOBBI JIBYXCJIOMHOM JieTanu (CTau) BhIIIE (HJIH HAKE),
4yeM y omHopoaHoro Matepuaina ( Ky,); Ky, ... — Koadpu-
LUEHT OTHOCUTEIBHOM U3HOCOCTOMKOCTH MaTepHuasa
YIIPOYHSIOIIETO TBEPAOCIIABHOTO CJI05 (OTHOCHTEIBHO
cranu 30XT'CA); A,y oy, — TOJIIUHA CIIOSI TBEPOTO CIIIA-
Ba JIByXCJIOWHOTO JIE3BHS, MM; Dy, — TOJIIMHA MaTECPH-
ajia OCHOBBI JIBYXCJIOHHOTO JIC3BH S, MM.

Jns ynydmensoro ¢popmooOpa3oBaHus qBYXCIOH-
HOTO TIOYBOPEKYIIETO JIE3BHS HEOOXOIMMO, UTOOBI U3-
HOC BEPXHETO CJIOS B MPOIECCE NU3HAIIMBAHUS HECKOJIb-
KO MPEBHIIIAN H3HOC HIKHETO CJI0s, TO €CTh:

UBer.J‘II/III. >

C onpeneneHHBIM JOMYIEHUEM PEICTaBICHHOE BBIPa-
KEHHE MOXKET OBITh OTHECEHO ¥ K COOTHONICHHIO TMHEHHBIX
M3HOCOB MOHOMETAJUTMYECKOTO U ABYXCIIOWHOTO JIE3BUU.

[To pe3ynbraTaM MHOTOJIETHUX UCCIIEIOBAHUN BBISI-
BHUTH, YTO YCIIOBUS (POPMOOOPA30BaAHMS JaXKe HA MPO-
6HGMHBIX TUIIaX IMIOYB JOJI’KHBI OTB€YATh OTHOILICHUIO
JIUHEHHBIX H3HOCOB OJTHOCJIONHOTO M JABYCJIOHHOTO MOYBO-
pexymux ne3uii 1,7-1,8 (u 6onee) 17151 pabounx opraHos
Tomuaoi 10-12 mm:

UIH/I)I(H.J'H/HI.'
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. hms.cm. ]0;7-~-0»8 > 1,7_1’8 .

OCH

U
aun.(1) :[1+KU

.
oagyxci.

IIpu sTom npuHumMaem, uto Ky, = Ky, TO €cTh Mate-
pHYaJl OCHOBBI CPAaBHUBAEMBIX JIEMEXOB UICHTHUYCH, UJIH:

1,085,

me.cni.

h
K, et 108umh

me.cni. me.cni.
OCH U

C y4eToMm TOro, 4To BEIOpaHHbII TBEpPABIH CILJIaB UMe-
eT ycpeaHeHHoe 3HaueHnue Ky, ..., paBHoe 4,05, moxacra-
BHM €r0 B ()OPMYITY U TIOTYUHM:

- 7151 IBYXCJIOMHOTO JIE3BUS JIEeMeXa C YITyYIICHHBIM
(hopmoobpazoBaHueM (bo,, = 10 MM) Ay o> 2,67 MM;

- nas gonota aemexa (bog, =12 MM) Ay cnn > 3,2 MM.

o pe3ynbpraTam TEOpETHUECKO-IKCIIEPUMEHTATBbHBIX
WCCIeI0OBAaHU pa3paboTaHbl 3aBUCUMOCTH, OTIPEIEIISIO-
1Y€ 3HAYCHU S TMHEIHOT0 M3HOCA JIBY XCJIOIHOTO MTOYBO-
PeXYIIEro JIe3BUsI JIEeMEXa U €ro 0J0Ta. TOYHOCTH 1Mo~
Jy4eHHBIX Pe3yJIbTaTOB cocTaBiseT 15%:

_ AL1+1,05-T")
K 0.5 ’

me.cni.

T, MM,

JIUH.
J1e36.

osyxci. v

rie A —MareMaTU4eCKO€e OIIUCAHUE U3HAIIMBAIOIIEH CIIO-
COOHOCTH TTOYB, MM/Ta (oTIpenenseTcs mo Mmetoguke Cu-
noposa C.A. [5]);

7— HapaOOTKa Ha JieMeX, Ta.

AHANOTUYHO HaliIeM 3aBHCHMOCTb, OTPEIEIISIONIY IO Be-
TYUHY JHHEHHOTO U3HOCA ABYXCIONHOTO JIOJIOTA JIeMeXa:

AM4+3,5-T")
K, h%
U,

me.cni.

T, MM.

UH.
donom.

ogyxci. me.cni.

Hcexons n3 anann3a JaHHBIX 3aBUCUMOCTEN U 3HAYE-
HUW KPUTEPUEB MPEICIbHOT0 COCTOSHH JIeMeXa, BBIOpa-
JIA TIapaMeTphl IIUPUHBI HATIJIABJICHHOTO CJIOS: Ha Jie3-
BUH JeMeXa — 22-24 MM; Ha fgoiote — 35-42 Mm.

[TpoBenu mupoKue HKCIITyaTallHOHHO-PECYPCHBIE HC-
MBITAaHUS pa3paboTaHHBIX JiIeMeXoB (puc. 1, 2) B cpaBHe-
HHUH C CEpUHBIMU B TPEX TOYBEHHBIX 30HAX IO CIICIIH-
aJbHO pa3paboTaHHBIM MIPOTPaAMME U METOTHKE.

ITo pe3ynbsraTam UCHBITAHUH peCypC OMBITHBIX pa3-
paboTaHHBIX YIIPOYHEHHBIX JIEMEXOB C SBOJIbLBEHTHBIM
MpoQrIIeM ¥ HAKJIaTHBIM BBIJIBHIKHBIM CMEHHBIM JI0JIO-
TOM MOBBILIEH B 3,5-5,5 pa3 ¢ rapaHTHEH OT MOJOMKH.

BbiBoabl

1. TTpenyioxuiv 1 000CHOBAJIM TEOPETUUECKUN BBI-
60p KOHCprKTI/IBHLIX napaMeTpOB JIeMExa Hnyra OBOJIBBCHT-
HOTO MPO(GHUIIS C HAKJIATHBIM BBIJBUTAIOIITUMCS CMCH-
HBIM JI0JI0TOM, 00ECTIeUHBAIOLIUX YMEHbBIICHUE YIEIb-
HOM MOYBEHHO-N3HOCHOW HArpy3KH HA OCHOBHYIO 4acTh

MACHINERY FOR SOIL CULTIVATION

Puc. 1. Obwuii 6u0 onvlmuvX USHOWIEHHBIX pA3PAOOMAHHBIX
960/Ib8EHMHBIX leMex08 (a) u donom (b), U320MOGNIEHHbIX U3 CMA-
au 30XI'CA ¢ nnasmennoll nHanaagxoll nocie napabomxu 7,5 2a
Ha Kopnyc ¢ msicenvix nousennvix yenosusix (CIIA(K) «Kysvmun-
ckutly, Cepeuego-Ilocadckuii paiion Mockosckou obnacmu)

Fig. 1. General view of experimental worn-out developed involute
plowshares (a) and chisels (b) made of the 30XI'CA steel with
plasma surfacing after operating 7.5 hectares per unit in difficult
soil conditions (Farm enterprise “Kuzminsky”, Sergiev Posad
district, Moscow region)

Puc. 2. Buowi: a) Hosozo (6HU3Y) U USHOUIEHHO20 (c8epXy) Hannas-
JIEHHBIX HAKLAOHBIX 000M PA3pabOMAaHHBIX 1eMeX08;

b) HepabomocnocobHO20 USHOUEHHO20 CEPUTIHO20 JleMexa Nocie
napabomku 3,5 ea (CIHA(K) «Kysvmunckuily Cepeueso-Ilocao-
ckuil pation Mockogckotl obnacmu,)

Fig. 2. ypes: a) new (below) and worn-out (above) welded over-
chisels of the developed plowshares; b) an inoperable worn out
tillage share after operating 3.5 ha (Farm enterprise “Kuzminsky”,
Sergiev-Posad district, Moscow region)

JIe3BUS JIEMEXa M, COOTBETCTBEHHO, TO3BOJISIOMINX CHU-
3UTh U3HOC JICTAJIH.

2. BeiOpasu 6a30BbIe MaTepraIbl OCHOBBI IEMEXOB —
craau 30XT'CA u 30MnBS5, obecnieunBaroue MOBBIIIIC-
HUE UX TPOYHOCTHLBIX U TPOTUBOU3HOCHLIX MTapaMETPOB
C TapaHTHEN OT MTOJIOMKH.

3. Pazpabotanu 3¢ ek TUBHBII 5KOHOMHUUECKHH CI10-
€00 yIIpOYHEHMsI JI€3BUH U JOJIOT JIEMEXOB METOIOM I1JIa3-
MEHHO TyTrOBOW HAIUIAaBKH B CPEJIE CIKATOTO BO3AyXa
TBEPIIBIX CIUIABOB Ha )KEJIE3HOH OCHOBE ¢ JOOABKaMH JTH-
TOro KapOuaa Boiabppama.

4. TIpenyoKuim METOMKY BBIOOPa KOHCTPYKTHBHO-Ma-
TEPUAJOBEIICCKHUX ITapaMETPOB IBYXCIOWHBIX JIEMEXOB
Y HAKJIaTHBIX JOJIOT (TOJIIHUHA M ITMPUHA HATUTABICHHO-
'O CJIOS B 3aBUCHMOCTH OT IIPUMEHSIEMBIX MaTepPHAJIOB).

5. Tlokazanu, 9T0 pecypc pa3paboTaHHBIX JIEMEXOB C
YKa3aHHBIMU KOHCTPYKTHBHO-MAaTC€PUAJIOBEAYECCKUMU
mapaMeTpaMH MPEBHIIIAET PECyPC CEPUIHHBIX aHAIOTOB
TIPH KCILIYaTAIlMH B Pa3IMYHBIX TOYBEHHO-KIIMMATHYC-
CKMX 30Hax B 3,5-5,5 pas.
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O6ocHOBaHMe NapamMeTpoB HOXEeW BbipaBHUBATENA-PbIXINTENS

Xypuea I'apypoBuu Adaysixaes, Mupkomua Mup3aToinéosuy XaJinjioB,
CTaplIUi Hay4YHBIH COTPYIHUK, TOKTOPAHT, MIAaAIINHA HAyYHBIH COTPYAHUK, JOKTOPAHT
e-mail: paytbaev@list.ru;

VY30eKcKkuil HayYHO-UCCIICIOBATEIIbCKUI HHCTUTYT MEXaHU3aIMH CEIbCKOTO X035UCTBa, TalIkeHTCcKass 00J1acTh,
Pecnybnuka Y30ekuctan

Pedepar. Obecnieuenre Ka4eCTBEHHOIO I0CEBA U PABHOMEPHOCTH BCXOHOB CEMSH 3aBHCHUT OT NPEINIOCEBHON MOATOTOBKH I10-
YBBI: pa3paBHUBAHMUS IOBEPXHOCTH MOJIEH, YILIOTHEHHS TOYBHI 0 TpeOyeMoii CTerieH! 1 00pa30BaHUs METKOKOMKOBATOTO MYJIb-
YHPYIONIETO CIIOS HA €€ TIOBEPXHOCTH. JIJI BBIONHEHHS THX OIEpanuii pa3paboTany BRIpaBHIBATEb-PEIXIATENS. (Llens uc-
cnedosanusi) OGOCHOBATh YINBI 3a0CTPEHUS, JIMHBI U IIUPHHBI MEXKIYCICIUS PEKYIIUX HOXKEH BBIPABHHBATEIS-PHIXIUATEISL.
(Mamepuanst u memoost) TIpoBeny TeopeTHYECKHE UCCIEAOBAHNS C IPUMEHEHHEM METOIOB BBICIICH MaTeMaTHKH U TEepeTHde-
ckoii Mmexanuku. [lonyunnn aHanuTHYecKue 3aBUCUMOCTH, ONPEENIONINE PALOHAIbHbIE 3HAYSHHUS YTl 3a0CTPEHUS PEKYLLIX
HOXeH M IMmpuHy ux Mexaycnenus. (Pesyniomamer u obcyscoenue) Tlokazanu, uto nepepHss 4acTh BEIPABHUBATENS YCTPAHSET
HEPOBHOCTH [OBEPXHOCTH I10YBBI, a 33HASA YacTh YIUIOTHAET. KoMKH, Haxo[siyecs Ha IOBEPXHOCTH T10YBbI, YACTHYHO U3MeEJIb-
YAIOTCS PeKYIIMMH HOKaMHU M YaCTHYHO BIABIMBAIOTCA B 0UBY. DOpMUpyeTCS MyIBUUPYIOLIME CI0H TONIIMHOM 4-6 caHTHMe-
TpoB. [IpuHsIM ATMHY HOXEH paBHOM TTyOMHE TOCeBa CEMsH XJomuaTHUKa. ONPENeNiin yroi 3a0CTPEHHS HOXKEH U3 YCIOBUS
OTCYTCTBUS CTPY)KMBAHUS IOYBHI NIEpe]] HUMH M UCKITIOUEHHS 3alIUIIaHus ee Ha ux paboueii moBepxHoCTH. (Bvi6o0sr) BeisBuiy,
4TO JUIs 00ECIIeyeHHs! KaueCTBEHHON TTOTOTOBKH TOYBHI K CEBY IIPH MHHUMAIIBHBIX 3aTpPaTax 3HEPrUU IOl 3a0CTPCHHUS PEXKY-
X HOXEH BBIPABHUBATEIS-PBIXJINTENS JOJDKEH OBITh B TIpeesax 54-66 rpamgycoB. YUHTBIBas, YTO BRIPABHUBATEIb-PHIXIHTENh
TPUMEHSIOT B OCHOBHOM IIPU MOATOTOBKE TIOYBHI MOJ] TI0CEB XJIOMYATHHUKA, a 3a/IENIKy CEMSIH XJIOMYaTHUKA IPOBOAAT Ha TIYOHHY
4-6 caHTUMETPOB, TIPSO TIPUHATH JJIMHY HOXKEH PaBHOM 5 caHTHMETpaM. Paccuutani, 4To MUpHHA MEXIYCIEIUs PEKY-
IUX HOXeEH He IOJDKHA TpeBbIlath 10 caHTUMETPOB.

KitoueBble c10Ba: BHIpaBHUABATENb-PHIXIIUTENb, IPEANOCEBHAS 00pa0OTKa MOYBBI, PEKYIINN HOXK, YTOJ 3a0CTPEHHUS, [IHPHUHA
MEXTyCIeus, [TyOnHa 00pabOTKH MOYBEI, CKOPOCTD ABHKCHHSL.

I Ins uurupoBanus: A6aynxaes X.I, Xaauinor M.M. O6ocHOBaHHE MapaMeTPOB HOXKEH BHIPABHUBATEIS-PBIX-
nutens // Ceavckoxosaticmeennvle mawunsl u mexnonozuu. 2019. T. 13. N3. C. 44-47. DOI 10.22314/2073-7599-2019-

13-3-44-47.

Determining the Parameters of Leveler-Ripper Shanks
Khurshed G. Abdulkhaeyv, Mirkomil M. Khalilov,
senior research engineer, post-doc researcher, junior research engineer, post-doc researcher

e-mail: paytbaev@list.ru;
Uzbekistan Research Institute for Farm Mechanization, Tashkent Region, Republic of Uzbekistan

Abstract. In order to ensure high-quality sowing and smooth seed germination, the main task in pre-sowing soil preparation is
field surface leveling, soil compaction to the required degree and the formation of a mildly mulching layer on the soil surface. For
combined implementation of these operations, a leveler-ripper has been designed. (Research Purpose) Determination of cutting-
edge angles, the inter-leg length and width of the shanks of a leveler-ripper (Materials and Methods) Theoretical studies were
carried out using the methods of higher mathematics and theoretical mechanics. The authors obtained analytical dependences that
help determine the rational values of the cutting-edge angle of the shanks and their inter-leg width. (Results and Discussion) It has
been shown that the front part of a leveler aligns the unevenness of field surface, and the rear part compacts the soil. At the same
time, the lumps located on the soil surface are partially crushed with the shanks and partially pressed into the soil. As a result, a
mulching layer about 4-6 centimeters thick is formed. The shank length was taken equal to the sowing depth of cotton seeds. The
authors determined the cutting-edge angle of the shanks proceeding from the condition of no soil build-up in front of them and no
soil sticking to their working surface. (Conclusions) It has been revealed that to ensure quality soil preparation for sowing with
minimal energy consumption, the cutting-edge angle of the shanks of a leveler-ripper should be in the range of 54-66 degrees.
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Taking into account that a leveler-ripper is used mainly for soil preparation for cotton sowing, and cotton seeds are sealed at a
depth of 4-6 centimeters, the shank length can take an average of 5 centimeters. It has been calculated that the inter-leg width

should not exceed 10 centimeters.

Keywords: leveler-ripper, pre-sowing soil treatment, shank, cutting-edge angle, inter-leg width, soil tillage depth, travel speed.

I For citation: Abdulkhaev Kh.G., Khalilov M.M. Obosnovaniye parametrov nozhey vyravnivatelya-rykhlitelya
[Determining the parameters of leveler-ripper shanks]. Sel ’skokhozyaystvennye mashiny i tekhnologii. 2019. Vol. 13.
N3. 44-47 (In Russian). DOI 10.22314/2073-7599-2019-13-3-44-47.

yenoBusix PeciyOnnku Y30ekuctan ooecriedeHue

KaueCTBEHHOT'O TIOCEBAa U PAaBHOMEPHOCTH BCXO-

JIOB CEMSTH 3aBUCHT OT IIPEIIIOCEBHOI OATOTOB-
KU TIOYBBL: pa3paBHUBAHUS [IOBEPXHOCTH MOJIEH, YILIIOT-
HEHUS IMOYBHI JJ0 TPeOyeMOl CTENeHH U 00pa3oBaHUs
MEJIKOKOMKOBATOI'0 MYJIBYUMPYIOILETO CJI0S Ha €€ TOBEPX-
HOCTH. [[7151 3TOT0 MBI pa3paboTaiy BEIpaBHUBATEIb-PhIX-
mutens (puc. 1). OH COCTOUT U3 BEIpaBHUBATEIsS, 000PY-
JIOBaHHOTO PEXYIIMMHU HOXKaMU, U 3y04aToro KaTka, map-
HHUPHO MPUCOETNHEHHOTO K HeMY [1]. Arperar npumeHnsi-
10T IIPU TIOATOTOBKE MOJIEH K CEBY XJIOMYAaTHUKA, 3€PHO-
BBIX ¥ IOBTOPHBIX KYJIBTYp. 3a OMUH IIPOXOJ OH BEIPAB-
HUBAaeT MOBEPXHOCTH MOJIEeH, yNJIOTHIET MOYBY U 00pa-
3yeT MEJIKOKOMKOBATBIH CJION Ha €€ TIOBEPXHOCTH, TO ECTh
COBMEIIAET BCE TPH OTIEPALIHH.

LIEnb MCCNEQOBAHUS — 0GOCHOBATH YTJIBI 330CTPE-
HUS, JUTHHBI U U PUHBI MEKYCIEIbs PeKYIINX HOXEN
BBIPABHUBATEIS-PBIXIUTEISL.

MATEPMANBI M METOALI. TeopeTHUecKHe HCCea0Ba-
HUS IPOBEITU C IPIMEHEHHEM METOJIOB BEICIIEH MaTeMa-
THKHU U T€peTUUYECKOW MeXxaHuKH. [lonydunu aHaTuTu-
YeCKHe 3aBUCHUMOCTH, OIMCHIBAONINC PAI[HOHAIBHBIC
3HA4YEeHH S yTJIa 3a0CTPEHUS PEXKYIIUX HOXKEH U LTUPUHY
UX MEKTyCIEIHS.

PE3YNbTATLI 1 OBCYXAEHME. B xo/1¢e uccienoBanuit
U3Y4UIIU apaMeTPhl PEKYIIUX HOXKEN BbIpaBHUBATE-
JSA-PBIXTUTEIIS:

2y — yrod 3a0CTpeHus, Tpa.;

o
o]
o

Puc. 1. Koncmpyxmusnas cxema 8blpagHuGamensi-pulxaumest

1 — pama c Hageckoii; 2 — ebipagHusamens, 3 — pexcyuyue Hoxlcu,;
4 —msea; 5 — 3y608biil Kamox

Fig. 1. Design scheme of a leveler-ripper

1 — a frame with an attachment, 2 — a leveler; 3 — shanks;

4 —arod; 5— atoothed roller
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a — WIUpUHA MEXIYCIEIUs, M;

h — nnuHa (BBICOTA), M.

YTroJ13a0CTpEHN S HOXKEN OPeNeIIsieM U3 yCIIOBUS OT-
CYTCTBUS CTPYKUBAaHUS IOYBBI IEPE]l HUMHU U UCKJITIOYE-
HUS 3aJIMTIAaHUS ee Ha MX pabodel moBepxHOCTH. [l 9T0-
ro He00XOJUMO BBITIIOJHUTH clleayoLlee yciosue [2, 4]:

/s

y<S-e )
r7e y — IOJIOBUHA yIJla 3a0CTPEHUS PEXKYIIEro HOXKa,
rpan.;

¢ — BHELIHUH YToJl TPEHUS [IOUBBI, I'PALL.

[Ipu BeImoONHEHUN ycnoBu (1) moa BIUsSHUEM HOP-
MAaJIbHOM CUIIBI Ny M CHJIBI TPEHHUS [y, IPUTIOKEHHEIX CO
CTOPOHHI paboyell HOBEPXHOCTH PEXYIIET0 HOXKA, YaCTH-
116l IOYBBI HA TOPH30HTAJIBHOM IJIOCKOCTH NIEpEMEAt0T-
Cs1 ITO HANIPABJICHHUIO UX PaBHOAEHCTBYIOIIEH R, CO CKO-
pocteto V, (puc. 2):

Vo1 siny

a

@

b
cos @

rje V' — cKopocTh arperaTa mpy NOCTYNaTEIbHOM JIBUXKE-
Huu. [Tonb3ysace cxeMoH, onpeaensieM NepHeH IUKYIIp-

Puc. 2. Cxema 0na onpedenenus yena 3a0Cmperus Hoxca 8blpas-
Husamens-poixaumens: N, — nopmanvnasn cuna; F, — cuna mpe-
nusa; R, — paénooeiicmsyiowas; M — wacmuya nousvl; 2y — yeon
300CMPenUst; (¢ — BHEWHUL Y20l mpeHus noussl, V — ckopocmo
nepemeujeHus Yacmuybl noYesl, V, — nepneHOUKyIsApHas cocmas-
JAOWASL CKOPOCTU, I — HOPMATIb, NPOBEOEHHAs. K paboyell nogepx-
HOCMU HOJICA

Fig. 2. Scheme for determining the cutting-edge angle of the
leveler-ripper shanks: N, — normal force; F, — friction force; R, —
resultant force; M — a soil particle; 2y — the cutting-edge angle;
@ — the external angle of soil friction; V — the speed of movement
of the soil particles; V, — a perpendicular component of the speed;
n — a normal line to the working surface of a shank
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HYIO K HAIPaBJICHHIO ABHIKEHHUS COCTABIISIONIY IO V; CKO-
poctu V, (puc. 2b):

V.=V cos(y + ). 3)
cos@

B Bripaskenuu (3) mpumem V' =2 m/c. [loctpoum rpa-
(GUKH U3MEHEHHS CKOPOCTH V B 3aBUCHMOCTH OT YTJIa
TIPH pa3HbIX 3HAYCHUIX ¢ (puc. 3). U3 rpadmkoB BHIHO,
YTO CKOPOCTH V B 3aBUCUMOCTH OT YIJIa Y U3MEHSCTCS
0 3aKOHY BBIITYKJIOW apa®oIIbl U IIPH HEKOTOPBIX 3Ha-
YCHUSX yIIIa Y MMEeT MAKCHMAJIbHOE 3HAUCHUE.

OdeBHIHO, UTO NTPH 3HAYCHUSX yTIa Y, COOTBECTBY-

0,65 4

0.55

05

045

0.4
zpad 45

1-p=25%2—¢=30°u3—p=35°

Puc. 3. Usmenenue ckopocmu V, 6 3agucumocmu om yena y npu
PA3HBIX 3HAYEHUAX BHEUIHE20 Y2ld MPEeHUsi NOYGbL ¢
1-25°2-30° 3—-45°

Fig. 3. Change in speed Vi depending on angle y at different values
of the external angle of soil friction ¢

1-25°2-30°3-45°

IOLUX MaKCUMAaJIbHON CKOPOCTHU V, BEPOSATHOCTH 3aJIU-
MaHUS MOYBBI HA paboyeii TOBEPXHOCTH HOXKEH BBIPaB-
HUBATEIS-PHIXJIUTENS U CTPYKUBAHHUS €€ Iepel HUMU
OyneT oueHb Maja. B pesynbrare obecreunBaeTcs Kaue-
CTBEHHOE BBHITIOTHEHHE TEXHOJOTHIECKOTO IIpoIiecca U
CHUKEHUE TSTOBOI'O COIPOTUBIIECHUS.

Jns onpeneneHus 3HaU€HUS yria y, Ipu KOTopoM V.
OyZIeT UMEeTh MaKCHUMaJbHOE 3HAUCHHE, HCCICyEeM BBI-
paxenue (3) Ha SKCTpEMyYM 110 y. J{1 3TOro onpeaenum
TIEpPBYI0 TPOU3BOAHYIO BRIPAKEHHUS (3) IO y U TOTyUeH-
HBIH pe3yJbTaT MpUpaBHAEM K HYIIO [5]:

- Mul  TEXHWKA AN OBPABOTKM MOYBbI
-
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av, _ V cos (p[cos 7 cosy +@)—sin ysin(y + go)] =0 @)
Danu

cos(2y +¢)=0. ®)
W3 BeIpakeHus (5) MoIyduM:
T @

y="-Z

4 2 ©)

[loncTtaBnsist u3BecTHBIE 3HAUEeHUS ¢ (25-35°) B BBIpa-
skeHue (6), OIPEeITHIIN, 9YTO YOI § JIOJKEH OBITH B IIpe-
nenax 27-33° a yroJi 3a0CTpeHHUs HOXa BbIpaBHUBATE-
Ts-peIxyauTens 2y — 54-66° [6, 7].

JlmuHy HOKEH OTpee)TMM UCXO/S U3 NIy OMHBI Ioce-
Ba CEMSH, TaK KaK HOXH JOJKHBI 00pabaThIBaTh MOYBY
Ha 3Ty r1youny [8, 9].

Ecnu yuecTs, yTo pa3paboTaHHas MallHa IPUMEH -
€TCsl B OCHOBHOM ITPH HOJATOTOBKE MOYBHI IO/ TIOCEB XJIOT-
YaTHUKA, a TIOCEB CEMSH XJIOMMYATHUKA POBOAUTCS HA
r1yOouny 4-6 cM, TO INIMHY HOXEH MOXXHO NIPUHSATH B
CpemHeM paBHOM 5 cM.

[Mupuny Mexgyciaenns HoKel OIpeNeIuM U3 yCIIo-
BUsI 00eCIIeYeH N TIOJTHON OATOTOBKH 00padaThiBaeMo-
ro CJOos:

a<2htgyy, @)
T Y5 — yroJI OOKOBOTO CKaJIBIBAHUS TOUBEI, TPal.

PacueTsl, npoBeeHHbIE 11O BhIpaxkeHUto (7), Ipu
h =15 cM U s = 45° mokasaiy, 4TO IMHUPHUHA MEXKTyCIe-
IIHsE PEXYITIX HOKeH TomKHa OBITh He 6onee 10 oM [10-12].

BriBoabl. [Iist obecrieyeHns KaueCTBEHHOM MOATO0-
TOBKH IIOYBHI K CEBY ITPH MHHIMAJIEHBIX 3aTpaTax Hep-
THUU YTOJl 3a0CTPEHUS PEXKYILNX HOXKEH BhIpaBHUBATE-
TSA-PBIXITUTEIS, OPEACICHHBIN U3 YCIOBUS OTCYTCTBUS
CI'PYKUBaHHUS [TOYBHI [I€pPe]l HUIMHU U UCKIIIOUESHHU S 3aITH-
MaHUA ee Ha X pabovyo OBEPXHOCTH, a TAKKE 0Oecte-
YCHUST MAKCUMAJIBHOM CKOPOCTH ITEPEMETICHU ST YaCTHLIBI
MTOYBHI B TIOTIEPEYHOM HAIIPABJIEHUH, IOJKEH OBITH B IIpe-
nenax 54-66°. YuuTtsiBas, 4TO BEIPAaBHUBATEIb-PHIXJIH-
TeJb IPUMEHSIOT B OCHOBHOM ITPH TOATOTOBKE MOYBBI MO
MIOCEB XJIOITYATHHKA, a 3a/IeJIKY CEMSTH XJIOMYaTHUKA ITPO-
BOJISIT Ha TITYOHHY 4-6 CM, TIPEITIOKHUITN TPUHATD THHY
HOKel paBHOH 5 cM. PaccunTanu, 4To mupruHa MEXyc-
TeAns pexXyIInX HOXKEH He ToJKHA peBbimatsh 10 cm.
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NccnepoBaHne 6MoausenbHOro TonsMea ¢ fo6aBkamMmum nasbMoOBOro macna u
nepeKkucu Bopgopopa
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KaHIUAaT GU3MKO-MaTeMaTHYECKHUX HayK, KaHIMUJAT TEXHUYECKUX HayK, ACCUCTEHT
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K.A. Tumupszesa, Mocksa, Poccuiickas @eneparus

Pedepar. [TansmoBoe MacIio 1Mo TEIIOTE CrOpaHusl, CTEXHOMETPIHIECKOMY COOTHOILICHHUIO, [IETAHOBOMY YHCITy Hanboee OITi3Ko K
TPaAULHOHHOMY JU3eNbHOMY TOTUTHBY. OJIHAKO MOBBINICHHBIE KHHEMATHYECKas BA3KOCTh, TEMIIEpaTypa 3aCThIBAHUS 3aTPYAHSAIOT
€ro TIPMEHEHIE B YHCTOM BHJIE B U3ENbHBIX IBHTATeIsIX. (Lenv uccnedosanus) VI3yauTs 0cOOEHHOCTH TOPEHHS: AU3EIBHOTO
TOIUTHBA C PA3IMYHBIMU 100ABKaMHU MAIbMOBOTO Macia (0MOAU3eIbHOTO TOIUNBA); YicToro 100-mponeHTHOro manbsMoBOro Mac-
Ja; OMOM3ENBHOTO TOIUTMBA C PA3IMYHBIMU T00aBKaMH NaJbMOBOTO Macia 1 MEPEKHUCH BOXOPOZA, a TAkKe pa3paboTaTh METOX
yIpaBJIeHHs IPOLECCOM ero ropeHust. (Mamepuanst u memoost) s onpeaeneHus BpeMeHH 33/IepKKK BOCIIIaMEHEeHUs BEIOpau
METOJIMKY KHHETHYECKOTO MOJISTTMPOBAHMS MPOIIEcca CaMOBOCIIAMEHEHUsI OMOIM3ENIEHOTO TOTUTHBA B BO3AyXxe. MojiemnpoBaHue
nporecca caMOBOCIIAMEHEHHS TIPOBOJIMIHN B TporpamMMHuoM komriekce Chemical Workbench. B pacuerax ncrmons3oBanu mMo-
JIeNb anabaTuueckoi KanopumeTpuaeckoil 6oMOb1. J{1st onucanus mporecca caMOBOCIIAMEHEHHUS HCTIONb30BAH YHHBEPCAIIb-
HBI KHHETHYECKHUH MEXaHM3M, KOTOPEIi OB BepH(HUIIPOBAH AN pacieTa CaMOBOCIIIAMEHEHHS CyppOTaToB U3EIBHOTO, OHO-
JIU3ENBHOTO TOILTHBA, 00Pa30BaHKs TOKCHYHBIX BELIECTB U CAXU B IpoLieccax ropenus. (Pesyrvmamet u obcysxcoenue) [lokazanu,
4TO 100ABKHU NAJIBMOBOTO Macia K TM3eIbHOMY TOIUIMBY YBETMUMBAIOT 33/ICPIKKY €r0 CaMOBOCIUIAMEHEHHS, 0COOCHHO B 0011acTn
HU3KHX U cpemHuX Temmeparyp — 750-950 kenpBuHOB. Onpenenuiy, 9To mpu 1o6aBke 10 10 mpomeHToB MaabMOBOTO Macia Bpe-
Ml 38IepKKH BOCTUTAMEHEHHUSI OMOAN3EIBHOTO TOIUTNBA MPAKTHIECKH HE OTIIMYAETCA OT MOKa3aTells AU3eIbHOTO TOILTHBA — He 00-
nee 5 mporieHToB. [1oBbIIeHNe J0OABKU TAIBEMOBOTO Maca 1o 30 poIeHTOB 1 6oJiee 3aMETHO YBEIIMUHMBAET 3aIEPIKKy BOCILIA-
MeHeHHS ToIUIMBa. [1py HCIoNb30BaHNK B Ka4€CTBE TOILIMBA TONBKO MAIbMOBOTO Macia 3a/IepKKa BOCIUIAMEHEHHS B IUarla30He
temmepatyp 800-950 kenbBUHOB BO3pacTaet B 2 pas3a. PaccuuTanu 11 KaxI0ro cocTaBa OMOIU3EIbHOTO TOIUIHBA C PA3THYHBIMH
no0aBKaMy TIATBMOBOTO Macia ONTHMAIbHOE KONMMYECTBO MEpEeKUcH Bopopona. (Buisoosr) Tlokasanm, kak ¢ MOMOIIBI0 100aBOK
TIEPEKICH BOIOPOJIa MOKHO BIHATH HA PEAKIIMOHHYIO CTIOCOOHOCTD OMOIM3ENBHOTO TOIUTMBA M TEM CaMbIM PETYIUPOBATh BPeMsI
3aJIepKKH €r0 BOCIUIAMEHEHNS.

KitoueBble c/10Ba: ManbMoOBOE Macio, albTepPHATHBHBIE BUABI TOILINBA, OMOTOMIMBO, OMOIHU3ENbHOE TOTLIHBO, BPEeMs 3a1ePKKH
BOCIUIAMEHEHHS, JOOABKY MEPEKUCH BOIOPOLIA, TH3EIb.

I Jost uurupoBanus: Omenkos [1LI1., 3aes U.A., Cmupnos C.B., buxaes A.B. Hccnenosanue 6HOU3€IBHOTO TO-

TUTHBA C 0O0aBKaMH MTaJIbMOBOTO Maciia M IepekucH Bogopoaa // Cenbckoxosaticmeennblie MAuuHbl U MexHOI02UU.
2019. T. 13. N3. C. 48-53. DOI 10.22314/2073-7599-2019-13-3-48-53.
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Abstract. Palm oil is comparable to traditional diesel fuel in terms of calorific value, stoichiometric ratio, and cetane number.
However, its increased kinematic viscosity and pour point make it difficult to use in pure form in diesel engines. (Research
purpose) To study specific features of burning: diesel fuel with various additives of palm oil (biodiesel fuel); pure 100-percent
palm oil; biodiesel fuel with various additives of palm oil and hydrogen peroxide, as well as to develop a method to control its
combustion process. (Materials and methods) To determine the ignition time lag, the authors chose a method of kinetic modeling
of self-ignition of biodiesel fuel in the air. The self-ignition process was simulated using the Chemical Workbench software
package. An adiabatic calorimetric bomb model was used to perform calculations. To describe the process of self-ignition, a
universal kinetic mechanism was used, which was verified to calculate self-ignition of diesel and biodiesel fuel surrogates, as well
as the formation of toxic substances and soot in the combustion processes. (Results and discussion) It is shown that adding palm oil
to diesel fuel increases its ignition time lag, especially at low and medium temperatures of 750-950 kelvin. It was determined that
with addition of 10 percent palm oil, the ignition time lag of biodiesel fuel is almost the same as that of diesel fuel - no more than
5 percent. Increasing the amount of palm oil additive up to 30 percent and more significantly increases the ignition time lag of the
fuel. When using only palm oil as a fuel, the ignition time lag in the temperature range of 800-950 kelvin increases in two times.
The study determined the optimal amount of hydrogen peroxide to be used for each composition of biodiesel fuel with various
additives of palm oil. (Conclusions) It is shown that additives of hydrogen peroxide can influence the reactivity of biodiesel fuel

and thereby regulate its ignition time lag.

Keywords: palm oil, alternative fuels, biofuel, biodiesel fuel, ignition time lag, hydrogen peroxide additives, diesel.
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OTpeOIICHHE TOILITNBA TPAHCIIOPTOM OIIPEASISICT

MHPOBOH CIIPOC Ha HEPTH U )KUAKHE OUOTOIIIH-

Ba (6omee 55%) [1]. Co BpemMeHeM 3amachl yrie-
BOJIOPOJIOB COKPAILIAIOTCA, IO3TOMY BO MHOTUX CTpaHax
MHUpa TPOBOJIAT HCCIICIOBAHUS 0 TOUCKY allbTEPHATHB-
HBIX BUJOB TOIUIHBA IS IBUTATEJICH BHY TPEHHETO CrO-
panus. K2040 r. ansTepHaTUBHOE TOIUIMBO B TPAHCIIOPT-
HOM cekTope Oynet nqocturath 20% o0b1mero odbema crpo-
ca Ha 3Hepruio [2, 3].

Haunbonee pacripocTpaHeHbI iBa THIIA OMOTOILIMBA —
9TaHOI ¥ OHOTU3EITHHOE TOILTHBO [4].

PazBuBaromuecs crpansl, Takue kak Manaisus, 1n-
nonesus, Tannana, Hurepus, akTHUBHO OAAEPKUBAIOT
TEHJICHIUIO MMPOU3BOJICTBAa OMOTOIIMBA U3 BHY TPEHHHUX
BO300OHOBJISIEMBIX PECYPCOB.

Hurepus Bxogut B TOII-10 crpan-npousBoguTeneit
[aJIBMOBOT'O Maciia. ABTOMOOUIIBHBIN TPAHCIIOPT B 3TON
CTpaHe OCYIIECTBIISIET OONBIIYIO YaCTh IPYy30BBIX U ITac-
CaXXMPCKUX IIEPEBO30K, & B CEITLCKOM X035 HCTBE 3aHITO
65% nacenenus [5]. [To nauuawim The Global Petroleum
Club n 1pyrux UCTOYHUKOB, CPEld PACTEHUI HAUOOIb-
I BBIXOJ Maciia C TeKTapa XapaKTepeH AJIsI MacIid-
HOM nanbMBl [6, 7].

[Tpu ncnonb30BaHUM MaEMOBOIO Macja B KauecTBe
n00aBKH K OCHOBHOMY BHAY TOILTHBA B TPAHCIIOPTHOM
CEKTOpEe CEeNbCKOTO X03giicTBa Hurepnu MoxxHo cyie-
CTBEHHO YMEHBIIUTH NOTPEOICHNE TU3EIHFHOTO TOILIH-
Ba, COKPaTUTh TPAHCIOPTHBIE U3AEPKKHU HA IEPEBO3KY
HE(TENPOAYKTOB M CHU3UTH TOKCHIHOCTH OTPa0OTaH-
HBIX T'a30B JU3EIBHBIX TPAHCIOPTHBIX CPEICTB, HCTIONb-
3yeMBIX B arpapHBIX paiioHax CTpaHsl [2, 3, §].

MupoBsle TuIEepHI IT0 TPOU3BOCTBY AIBEMOBOTO Mac-
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na—Wuanone3ns u Manaisus. B cBsI31 ¢ akTyaJbHOCTBIO
BOIIPOCA MTPOBOJIAT HAyYHBIE HCCIIEIOBAHUS 110 UCTIONb-
30BaHMIO MAJIBMOBOTO Macja B Ka4eCTBE aJIbTePHATHB-
HOT'O TOTLIMBA JIJISI TU3ENTbHBIX ABUTaTenei [7, 8].

CpaBHeHME GU3NKO-XUMHUYECKUX CBOHCTB PACTHUTEIb-
HBIX Macell MOKa3bIBaeT, YTO MaJTbMOBOE MACJIO IO Te-
MJIOTE CTOPaHUsl, CTEXHOMETPUUECKOMY COOTHOIICHHIO,
[IETAHOBOMY YHCITY HauOosee OJIM3KO K TPATUITHOHHOMY
au3enbHoMY TOrUBY [9-11]. OnHako MOBBIIEHHbIE KU-
HEMAaTHYECKasl BI3KOCTh, TEMIIEpATypa 3aCThIBAHUS 3a-
TPYIHSIOT €ro IPUMEHEHHNE B YUCTOM BU/JIE B AU3EIIBHBIX
JBUTATENSAX O3 BHECEHUS U3MEHEHHU I B KOHCTPYKITHIO
JIBUTATEIIS] U TOTUITMBHOW aImapaTyphbl.

Heo06xonumo npoBecTu UCCIeI0BaHUs XapaKTepH-
CTHK OMOJU3EIIBHOTO TOTUTUBA, MPEACTABIISIIONIETO CO-
00li cMech TU3eNIBHOr0 TOIMJIMBA U MaJIbMOBOI'O Maca,
IIpH paboTe Ha KOTOPOM He TpeOyeTCsl BHOCUTD CyIIle-
CTBEHHBIE U3MEHEHUS B KOHCTPYKIIHIO nBuratesns. [Ipo-
LIECC TOPEHHUSI TOTLIMBA BO MHOTOM OIIPEEIISIT MOIIIHOCT-
HBIC ¥ SKOHOMUYECKHE ITOKA3aTeIIH pabOTHI JIBUTATEIIS.

LLENb NCCNEAOBAHMSA — U3YYHUTH OCOOCHHOCTH rope-
HHUS: JTU3EILHOTO TOILTHBA C PA3TUYHBIMH 100aBKaMH
MaJbMOBOTO Macia (0HOIU3eTBHOTO TOILINBA); YUCTOTO
100% manpMoOBOT0 Maciia; GMOAM3EIbHOTO TOIUIMBA C Pas3-
JUYHBIMHU T00aBKaMH MaJIbMOBOTO MAcJIa U TIEPEKHUCH BO-
JI0poJia, a TaK¥kKe pa3pabdoTaTh METOJ YIIpaBISHUS IMPO-
1IECCOM €TO TOPEHUS.

MATEPMANBI M METOABI. JIJ1sl TEOPETHYECKOM OLIEHKH
napaMeTpoB pabOTHI IBUTATEN S IPOBEIU pacyeTHBIC UC-
CIIE/IOBaHUS IMapaMeTPOB Mpoliecca TOPEHUs UCClleye-
MBIX TOILIIUB.

BrimensroT aBa mportecca, 3aBUCSIINAE OT PEAKIIHOH-
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HOU CIIOCOOHOCTH TOIUTHBA: MOMEHT CAaMOBOCILIIaAMEHE-
HUS TOININBOBO3YIIHON CMECH U IIPOIIECC paclpocTpa-
HEHMS TaMHHApHOTO uiaMeHu. [1epBeIil u3 HUX onpene-
JSIETCS] KHHETHKON CaMOBOCILIAMEHEHU I TOIUTHBA, BTO-
pOii — KOHCTPYKTHUBHBIMHU U IPYTUMHU MMapaMeTPaMu Op-
raHu3anuu padodero mpomecca (MEIKOCTh PacIbLIHBA-
HUsI TOIUTMBA, (popMa KaMephl CTOpaHHs B IIOPIIHE, CTe-
TICHB 3aKPyTKHU OTOKa). [Ipy coXxpaHeHUH KOHCTPYKTHB-
HBIX APaMETPOB JU3EIHHOTO IBUTATEIIsI HANOOIBIIUAN
HWHTEpEeC IPEICTABIACT PETYIHNPOBaHUE CTATUN CaMO-
BOCILIAMEHCHHUS TOPIOYEH CMECH ISl 00EeCIIeUCHHS OTI-
THMaJIbHBIX YCJIOBUU BOCTIJIAMEHEHU I ¥ TIOCJIE Y FOIIETO
CTOpaHUs TOILIHBA.

HccnenoBanu BIusHUE COCTaBa OMOIU3EIBHOTO TO-
IMBa (Ir3eabHOe TOIIMBO + MaJbMOBOE MAcCjI0) Ha Xa-
PaKTEPHUCTUKH €r0 BOCILIAMEHEHUS B YCIOBHUSIX PaOOTEHI
JIM3EIIBHOTO JIBUTATEN S, @ TAKIKE OIEHUIH BO3MOXHOCTD
MOBBILICHUS €T0 PEaKIIHOHHON CIIOCOOHOCTH C TOMOIIIBIO
n00aBOK K HEMY IIEpEKUCH BOJOPO/A.

O CKJIIOHHOCTH JU3EIBHOTO TOILINBA K CAMOBOCILIA-
MEHEHHIO CYJAT Mo LeTaHoBOMY uuciy. IIponecc camo-
BOCIUTAMEHEHUS TOILTNBO-BO3AYIITHONH CMECH XapaKTe-
pHU3yeTcs BpeMeHEeM 3aJIep’KKU BocIulaMeHeHus. iMen-
HO T10 3TOMY NapaMeTPy MOXKHO OIIeHUTh 3P PekTHBHOCTH
HCIIONE30BaHUS TAJIEMOBOTO MAcCJIa B IU3EIHBIX IBUT A~
Tenax 0e3 uxX CylecTBeHHON MonuduKaIuu.

st omipenieneHust BpeMeHH 3aIepKKH BOCIIIIaMEHe-
HUSI BEIOpATU METOAMKY KHHETHYECKOTO MOACIUPOBA-
HUS IIPOLIECCa CAMOBOCIUIAMEHEH U OMOIN3ETIFHOTO TO-
IJTHBA B BO3IYyXE.

PeanbHoe qu3enbHOE TOTUTMBO MPEACTABISAET COOOM
CMECh COTEH yTICBOIOPOIOB, MOJICIIMPOBAHNE CAMOBOC-
MJIaMEHEeHH sl KOTOPOH 3aTPyIHEHO U3-3a OTCYTCTBUS 1aH-
HBIX O XUMHYECKUX PEaKIUIX BCEX BO3MOKHBIX YTJIEBO-
nopooB. PeanbHOE H3€IbHOE TOMIIIMBO 3aMEHSIOT Cy -
poraToM — H-renTaHoM. H-rentan nMeeT eTaHoBOE YHC-
710, GJIM3KOE K TU3EIEHOMY TOILTUBY, TO €CTh JEMOHCTPU-
pyeT noJo0HbIe XapaKTepUCTUKH CAMOBOCILIIAMEHEHHSI.
Panee H-renTaH UCTIONB30BATHN B Ka4€CTBE KOMIIOHEHTA
cypporaTa Iu3enbHoro Torausa. Jlanee Oynem Ha3pIBaTh
ero nu3enbHbIM TorutuBoM (A T) [12].

BuoTtomuBo mpencraniseT co00i pe3ynbTaT dTepudpH-
KaI[iH paCTUTEIBHBIX Macel. B ciyuae mampmMoBoro mMac-
JIa OCHOBHBIMH KOMIIOHEHTaMH OYyT METHII-3(HPHI Mab-
MOBOH M 0JIenHOBOH KUCHOT [13]. DkBUMOINIApHas cMeCh
MeTHI-3(Hpa MasbMOBOM U OJICMHOBOW KHCIIOT HCIIOJIB3Y-
€TCs B KauecTBe cypporara najibmMoBoro macia (IIM).

[Tpu KHETHYECKOM MOJICITPOBAHUH MPOIIECCa CAMO-
BOCIIIAMECHEHU S ONOIM3EIEHOTO TOILIMBA IIPUHSIITH CIIe-
JYIOIINE YCIOBHS 1JIsI MOMEHTA BIIPHICKA M CAMOBOCILIIA-
MEHEHHUS TOIUTHBA AU3EIEHOM IBUTATEIC:

* CTEXUOMETPUUECKas TOIUIMBO-BO3AYIIIHAS CMECH
(camoBoOCTITIaMEHEHHE BIIEPBBIE TPOUCXOIUT UMECHHO B
30HE, TJie KO3 GUIIUEHT U30bITKA BO3AyXa paBeH 1);

* IMana30H HA4aJIbHBIX TEMIIEPaTyp, XapaKTEePHBIX
IUJIST TEMIIEPATyPHI CKATOTO BO3AyXa BOJIM3H BEpXHEH
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mepTBoii Touku, — 700-1100 K;

* naBnenue 40 Oap;

* cocTaB OMOAM3EIHHOTO TOILIIMBA OTIPEIEIIETCS Mac-
COBOM J10JIe}i TaIbMOBOT'O MacJa y, KOTOpas MOXET U3Me-
HsThCA B quamna3one ot 0% (auctoe JT) mo 100% (uu-
croe [IM);

* B TEOPETUUYECKUX pacueTax MaccoBasi A0S MepeKu-
cu Bogopoaa uaMeHsercs ot 0 10 93% (ot 0 mo 930 r H,0,
Ha | KT TOMJIHBA).

MonenupoBanue mporecca cCaMOBOCTIIIAMEHEHHSI ITPO-
BOJMJIH B IIpOr paMMHOM Komriuiekce Chemical Workbench,
B pacueTax UCIMOJIb30BAIM MOJICNIb aJTua0aTHUECKOM Ka-
JIOpUMETpHIECKOi 60MOBI [14].

Jnst onucanus npoiecca caMOBOCILIAMEHEHU S HC-
[I0TB30BAJIA YHUBEPCAIBHBIH KHHETHIECKU N MEXaHU3M,
KOTOPBIH ObLT Bepu(UIIMPOBAH JJIsI pacieTa CaMOBOC-
MJIAMEHEHHUS CyppOTaToOB JU3EIHHOI0, OMOANU3EIBHOTO
TOILTHBA, 00pa30BaHMs TOKCHYHBIX BEIICCTB M CAXKU B
npoueccax ropenus [12, 15, 16].

PE3YNBTATBI M OBCYXAEHME. PaccunTanu Bpems 3a-
JIEPKKU BOCIUIAMEHEHHS OT HAYaJIbHON TeMIIepaTypbl
cmecesoro ToruBa (100 — y)% AT + y% IIM B Bozmyxe
Ut KodpuireHTa n30bITKa Bo3nyxa a =1 (puc. ). lo-
0aBku [IM k [IT yBenuuuBarT 3aA€pKKY CaMOBOCILIa-
MEHEHHI TOIINBa B Bo3ayxe. Hamboiee cymecTBeHHO
yBEJIMYEHHUE B 00JIACTH HU3KUX U CPETHUX TEMIepaTyp —
750-950 K. IMeHHO mpu JaHHBIX TEMIIEpaTypax MpoHc-
XOIHUT CAMOBOCITJIAMEHEHHUSI TOIUIMBA B TA3€IIe BOTU3H
BEpXHEH MEPTBOM TOUKHU.

0,0014

0,0012

sec

0,0030 —— 100%A4T+0%1M
—— B0%AT+10%M
0,0008 — 70%OT+30% 1M

50%0T+50% MM

lgnitiontime |ag,

0,0006 30%OT+70%NM

—— 0%,0T+100%MM

Bpema 3agepHu BocnaameHeHwa,

0,0004
700 200 900 1000 1100
HauaneHaa TemnepaTtypa TBC, K
startingtempeature of air-fuel mixture, K

Puc.
Cmu Om HAYAIbHOU MeMnepamypvl mMoniueo-6030YUHOU CMecu

1. Bpe/ml 3adepofc1<u B0CNJAMEHEHUA monjiuea 6 3a6UCuUmo-

T — ousenvrnoe monauso,; I[IM — nanbmosoe macio
Fig. 1. Ignition time lag of fuel depending on the initial temperature
of the fuel-air mixture /[T — diesel fuel; IIM — palm oil

IIpu mob6aBke no 10% 1M Bpems 3a1epKKH BOCILIa-
MEHEHHs1 OMOJIU3EJIbHOTO TOTIJIMBA PAKTUUECKH HE OT-
JIMYAETCS OT MOKA3aTelIsl AU3EILHOI0 TOILIMBA — HE 00-
aee 5%. IloBeimenue qooasku IIM g0 30% u Goiree 3a-
METHO yBeJII/I‘II/IBaeT 3azlep>1<1<y BOCIIJNIAMCHCHU A TOIIJIU-
Ba. [Ipu UCIOIL30BaHUH B Ka4e€CTBE TOMJIMBA TOJIHKO
MaJbMOBOTO Maciia 3aJepKKa BOCIUIAMEHEHHUsI B TUama-
3one Temiepatyp 800-950 K Bo3pacraer B 2 pasa.
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JI7s1 rcce1oBaHM S BO3MOYKHOCTH TIOBBIIIICHU S peaK-
IUOHHOM CIIOCOOHOCTH OHOMTNU3ETHHOTO TOILIHBA TPOBE-
JI CEPHUI0 PAaCUYETOB BPEMEHH 3aJICP)KKH BOCIIIIAMEHEHU S
gucrtoro JIT, a Takxke 11t OMOIU3EIBHBIX TOILIHB «J10-
6aska [1M 30» (70% AT + 30% IIM) u «no6aBka [TM 70»
(30% AT + 70% I[IM) B coueTaHUM EPEKUCHIO BOJOPO-
1a H,O, ot 0 o 13% 1o macce (puc. 2, 3).
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NM30j

— NobaekallM30 +0.13% H02
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H
©
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2
B

ime |lag, sec

0,0006 NoGaskaM30+0.27%H,0,

0,0004 OofaskalM30+1.3% H0,

0,0002

[fo6aska N30+ 2.7% H,0,

Bpens aanepH

0 —— [ofaska N30 +8.2% Hy05
700 800 500 1000 1100

Temnepatypa TBC, K
Tempeature of air-fuel mixture, K

Puc. 2. Bpems 3a0epocku 6ocniamenenus OuoOu3enbHo20 moniu-
6a (30% nanvmogozo macna)  3agucumocmu om 0oobasku H,O, u
HAYanbLHOU memMnepamypbl MonauB0-6030YUWHOU cMecU

Fig. 2. Ignition time lag of biodiesel fuel (30% palm oil) depending
on the H,O, additive and the initial temperature of the fuel-air

mixture

Jlnst Onomu3enbHOro ToInBa «xooaska IIM 30» ¢ me-
pekuckio Bogopona B konuuectse 0,13-0,27% mo macce
(1,3-2,7 rHa 1 Kr TONJIMBA) O3BOJISIET MOAU(PHUIIUPOBATD
KHHETHKY €T0 BOCINIAMEHEHHS TaKUM 00pa3oM, uTo 3a-
Jep>KKa BOCILNIAMCHEHH I TPAKTHICCKU HE OTIMIASTCS OT
3a/1ep kK BociuiaMeHenus J|T B Anama3one remmnepaTtyp
750-900 K. IIpu mo6aske 13,0% H,O, Bpems 3amepxku
BOCIIJIAMEHEHUS COKpallaeTcs Ha 25% npu Temmnepary-
pe cxkaroro Boznyxa 850 K.

s moBBILIEHN I peaKLIMOHHOM ClTOCOOHOCTH TOTLIIHU-
Ba «s1o6aBka I[IM 70» o yposus T HeoOXonuMBIi ypo-
BEHb JOOABOK IEPEKICH BOIOPO/IA CYIIECTBEHHO BO3-
pactaet — 110 9,3%. [Ipu 3TOM peak1inoHHast CIOCOOHOCTH
TomnaMBa B Ananaszone remmeparyp 750-900 K nrke, yem
y AT, a npu remnepatypax 850-900 K — Bbime.

Taxk kak 11 OMOAN3EIBHOI0 TOILINBA «H00aBka [IM
70» B nuanazone remmneparyp 750-850 K nossinienue pe-
AKIIMOHHOM CITOCOOHOCTH 3a c4YeT 100aBOK MEPEKUCH BO-
nopona 110 9,3% He O3BOIMIIO0 JOCTUYH TIOKa3aTeNel Bpe-
MEHHU 3aJIep>KKu BocriameneHus /[T, To Obliia BBITIOTHE-
Ha JIOTIOTHUTEIBHAS CEPUS PACUETOB C OOJIBITUM IIPO-
LEHTHBIM cofepxkanueM H,O, (puc. 4).

YBenuueHnue 106aBKu nepekucu Boxoposa 1o 18,6%
HE COKpATHJIO CYIIECTBEHHO BpeMs 3aJCPKKH BOCILIA-
MEHEHHS B HauboJiee BaXXHOM JHaNa30He TeMIepaTyp
nst camoBoctiamenenust 750-820 K. Ipessimenue 18,6%
J00ABKY MEPEKUCH MPUBOIUT K HEraTUBHOMY YD PEKTY:
3a/Iep>KKa BOCIUIAMCHEHHU I OMOIN3EIFHOTO TOIIJINBA Ha-
YHUHAET pacTH o cpaBHeHMIO ¢ [T.

Pesyibrarhl pacueToB MOKa3bIBAIOT, YTO AJIS KaXK10-
T'0 cOCTaBa OMOJM3EIBHOTO TOILUIHBA C PA3IMIHBIMH JI0-
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Puc. 3. Bpems 3a0epocku gocniamenenus OuoOU3enbH020 moniu-
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Fig. 3. Ignition time lag of biodiesel fuel (70% palm oil) depending
on the H,0, additive and the initial temperature of the fuel-air
mixture
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Puc. 4. Bpemsa 3a0epoicku socniamenenus Guoou3enbHo20 moniu-
6a (70% nanbmogoco macia) 6 3a8UCUMOCTU OM NOBBLIUEHHOU
oobasku H,O, u HayanibHoll memnepamypsl monaueo-6030yuHou
cmecu

Fig. 4. Ignition time lag of biodiesel fuel (70% palm 0il) depending
on the increased H,O, additive and the initial temperature of the
fuel-air mixture

0aBKaMM TAIbMOBOT'0 Macja CyIIeCTBYET ONTHMAIBHOE
3HaYeHHE KOJMYECTBA IEPEKUCH BOLOPOAA, KOTOPOE TOIIK-
HO OBITBH T0OABIIEHO K TOTIUBY JIJI MAKCUMAJIBHOTO T10-
BBIIICHHS €T0 PEaKIIMOHHON crtocoOHOCTH. UeM GobIine
nobaBKa MajTbMOBOT'O Macia K TU3EIBbHOMY TOILTUBY, TEM
BBIIIIC ONITUMAIBHOE 3HaUEeHNE T00aBKY IEPEKUCH BOJIO-
porna st MaKCHMaTbHOW PEaKIIMOHHON CIIOCOOHOCTH
OMOIM3ENBHOTO TOTUTHBA.

BriBogbl. YeTanoBuu BiusiHUE JOOABOK [ATBMOBO-
ro Macja 1 IePeKrcH BOJOPOa Ha BpeMs 3aIeP>KKHU BOC-
MIJIaMEHEHHUSI TOIIITNBA.

[Ipu nobaske 10 10% I[IM BpeMs 3aIepKKH BOCILIA-
MEHEHU 1 OMOIN3ETHLHOT0 TOTINBA BO3pacTaeT HE3HAY -
TEJTBHO IO CPABHEHUIO C TU3EIHHBIM TOILITMBOM — He 00-
nee 5%. JanpHeiimee ypenuueHue no6asku [IM — cBbI-
e 30% — 3aMeTHO yCHJIMBAET 3a/IepKKY BOCIJIaMEHe-
HUs TorunBa. [Ipy HCIOIB30BaHUH B KAY€CTBE TOILINBA
TOJIBKO MAJIBMOBOT'O Maciia 3aJep)kKKa BOCIIIIAMCHEHUS B
nuana3one temmeparyp 800-950 K Bo3zpacraer B 2 pa3sa.

UccnenoBanus nokasanu 3¢ HeKTUBHOCTH UCTIONB30-
Banus H,O, B kauecTBe 100aBKH K OHOIH3EIBHOMY TO-
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uBy. J1st Onoau3enbHOro TornBa «1obaska [TM 30
B couetanuu ¢ H,O, B konnuecTse 1,3-2,7% 1o Macce mo-
3BOJISICT MPUOIU3UTH 3aJCPKKY BOCIIIIAMEHEHU I TAHHO-
r'0 TOIJIMBA B 1uana3one temmeparyp ot 750-900 K k Tou-
Ke BOCILUIAMEHEHU I TU3EIBHOTO TOIJINBA, a MIPH J1allb-
HeleM yBenuueHun cogepxxkanusa H,O, cBoie 2,7%
BpeMsI 3aJIep>KKH BOCILUIAMEHEHHU S 110 CPABHEHUIO C TH-
3€NBHBIM TOILTHBOM yMeHbImaeTcs. [Ipu modaske 13%
H,0, cokpaiiienue 3Toro nokasareis coctaBuset 25%
Ipu TeMIepaType cxkaroro Bozayxa 850 K.

J17151 IOBBIIIEHU ST PEAKITMOHHOM CITOCOOHOCTH TOIIH-
Ba «706aska I[IM 70» ¢ neiapro mpuOIHKEHUS K YPOBHIO
3aepkku BociuiamMeHeHus J|T HeoOX0aMMO YBEIIHUUTh
conepxkanne H,O, 10 9,3% mo macce. OgHako 10CTUYb
BpeMeHU 3a1epkku BociiameHenus T B quanazone
TeMIepaTyp cxaroro Boznyxa 750-820 K He ynaercs.

PaccunTaiu, 94To IS KaXKJI0ro cOCTaBa OMOAU3EIIb-
HOT'O TOILTMBA C Pa3JIMYHBIMH JOOABKaMH MaJTbMOBOT'O

- MuT  IPOBMEMbI Y PELLEHMS PROBLEMS AND DECISIONS

Macjia CyImecTByeT ONTUMaIbHOE 3HAYCHHE TPOIICHTHO-
r'0 IO Macce COMICPIKaHUs IIEPEKUCH BOIOPOA, KOTOPOE
cieyeT J00aBUTh K TOIJIMBY JIISI MAKCUMAIIBHOTO TI0-
BBIIIICHHS €TI0 PEaKIIMOHHON crTocoOHOCTH. [Tpruem yem
OonbIre qo0aBKa MAJIBMOBOTO Maciia K JU3EITLHOMY TO-
IJIMBY, TEM BBIIIIE OyIeT ONTHMAJIBHOE COIEPIKAHME TIe-
peKHCcH BOIOPO/ia 1Sl MAKCUMaJIbHOM peaKIIMOHHOM cI1o-
COOHOCTH OMOIM3EIILHOIO TOILJINBA.

BrisiBUIM BAMSHHE EPEKUCH BOAOPO/a HAa PeaKilu-
OHHYIO CTIOCOOHOCTH ATOT'0 TOTUTHBA C JOOaBKAMH ITaJTh-
MOBOT'0 MacJja, 4YTO MO3BOJISIEeT PEryIMPOBaTh BpeMs 3a-
JePKKU BOCIUIAMEHEHU S ONOIM3EIBHOTO TOIIHBA.

Ilybauxkayusi noocomosnena npu QuHancoso noo-
Odeporcke Munobpuayku Poccuu (coenawernue Ne 2.
A03.21.0008).
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