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Slurry Acidification as a Tool to Reduce Ammonia Emissions

Erik Sindhaj', Justin Casimir’,

Ph.D.(Agroecology), chief researcher; M.Sc.(Sustainable Development and Environmental
Kalvi Tamm?, Sciences), researcher

Ph.D.(Agr.), senior researcher; Roman Uvarov’,

Aleksandr Bryukhanov?, Ph.D.(Eng.), researcher;

Dr.Sc.(Eng.), professor of the Russian Academy of Sciences, Natalia Oblomkova®,

chief researcher, e-mail: sznii@yandex.ru; researcher;

'Research Institutes of Sweden (RISE), Uppsala, Sweden;

*Estonian Crop Research Institute, Saku, Estonia;

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

Abstract. Ammonia emissions are a worldwide major environmental concern. In 2017, ammonia emissions in the European part of
Russia amounted to 80.9 thousand tons, of which up to 56.9 thousand tons came from agriculture. The main source of ammonia in this
sector is the farm animal/poultry manure (slurry) utilisation technologies. Slurry acidification technology (SAT) is one of the methods
to reduce ammonia emissions. (Research purpose) To assess the potential application of this technology in the Russian part of the
Baltic Sea catchment area within the North-West Federal District of the Russian Federation. (Materials and methods) The area under
study included Republic of Karelia, Kaliningrad, Leningrad, Novgorod and Pskov Regions. The authors considered the statistical data
on the farm animal stock and the slurry output in the pilot area. The dynamic pattern of pig slurry pH was experimentally determined.
The economic efficiency of slurry acidification technology was calculated for two functioning livestock complexes. (Results and
discussion) According to statistical data, around 11.8 million tons of animal/poultry manure is produced in the pilot area annually,
including around 7.4 million tons of slurry, which could potentially be acidified. Three SAT options — in-house, in-storage and in-field
application — were considered for the Russian conditions. The main limiting factors for SAR application were identified. The SAT
introduction costs and economic benefits were compared. (Conclusions) The prospects of SAT introduction in the pilot region were
estimated. The need for the integrated research under the Russian conditions involving engineers, biologists, soil scientists, ecologists
and other specialists, who could prove the feasibility and economic efficiency of the slurry acidification technology, was established.
Keywords: manure, slurry, acidification, ammonia emission, North-West Federal District of the Russian Federation.

I For citation: Sindhoj E., Tamm K.,Bryukhanov A., Casimir J., Uvarov R., Oblomkova N. Slurry acidification as
atool to reduce ammonia emissions. Sel’skokhozyaystvennye mashiny i tekhnologii. 2019. Vol. 13. N5. 4-10 (In English).
DOI 10.22314/2073-7599-2019-13-5-4-10.
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JKonorug

ECOLOGY

Pedepar. BriOpocsr aMMuaka IpeacTaBIsioT co0oi cepbe3Hylo IpobIeMy i OKpyKarommer cpensl Bo BceM Mupe. B 2017 ro-
Iy BBIOpOCHI aMMuaka B eBporneiickoii yact Poccun coctasiuiu 80,9 ThICSY TOHH, M3 KOTOPBIX 110 56,9 THICSY TOHH MPHUILIOCH HA
CcenbeKoe X039HcTBO. OCHOBHBIM HCTOYHUKOM aMMHUAKa B 3TOM CEKTOPE SBJIAIOTCS TEXHONIOTHH YTHIM3ALUY HaBO3a KUBOTHBIX U
OTHYBETO TIOMETA (KUIKOTO HABO3a). TeXHONOTHS MOAKUCICHUS KUIKOTO HABO3a CTasa OJHUM U3 METOIOB CHHKEHHS BHIOPOCOB
ammuaxka. ([fens uccrnedosanus) OUECHATH TEPCTICKTUBBI IPUMEHEHHS ITOK TEXHONOTHH B POCCUHACKOM 4acTH BogocOopHOro Oac-
ceitna banrniickoro Mops B npenenax Cesepo-3ananHoro denepansHoro okpyra Poccuiickoit @enepaunu. (Mamepuanvt u memo-
0vl). VccmenoBanu TeppuTopHo, BKIovaromyto Pecryomuky Kapenus, Kamununrpanckyto, Jlenunrpaackyto, Hosroponckyio u
[IckoBcKyto 00macTi. ABTOPBI PACCMOTPEIH CTATUCTHYECKIE JAHHBIE O CTPYKTYPE TOTOJNOBBS CENbCKOXO3MHCTBEHHBIX KHBOTHBIX
1 00IIIeM KOJM4eCTBE (BBIXOJIE) KHUAKOTO HaB03a B MUJIOTHON 30HE. DKCIEPUMEHTAIBEHO ONPEIENIN JMHAMAYECKYI0 KapTuHy pH
HaB03a CBUHEH. PaccunTarmm skoHOMITIecKyI0 3 (heKTHBHOCT TEXHOTIOTHH ITOKICICHHAS )KUIKOTO HAB03a IS ABYX JICHCTBYIOIINX
’KMBOTHOBOIUECKUX KOMILIEKCOB. (Pe3yrbmamul u 06cysicoenue) CoracHO CTaTUCTUYECKUM JaHHBIM, B TUJIOTHON 30HE €XKETOAHO
HpOU3BOAUTCA OKOJIO 11,8 MUIIMOHA TOHH HaBO3a ¥ ITUYLETO NIOMETA, B TOM YMCIIE OKOJIO 7,4 MUILUIMOHA TOHH XHIKOIO HaBO3a,
KOTOPBIi MOTEHIHATBHO MOXKET OBITH TIOAKHCIEH. {711 pOCCHIACKHX YCIOBHI PaccMOTPENH TPH BAPHAHTA TEXHONOTHI OKUCIE-
HUS XKUJIKOTO HaBO3a: B CTAIIMOHAPHBIX YCIOBHUAX, B IEPHOJ] XPAHEHHUS U B TIOJIEBBIX YCIOBUAX. ONpeaenuan 0CHOBHbIE OTpaHHYH-
Baromye HaKTopsl AN MPAMEHEHHS TEXHOIOTUH OAKUCIEHHS XKHUAKOTO HaBo3a. COTOCTABIUIH 3aTPaThl Ha BHEAPEHIE TEXHONIO-
TUH TIOAKUCTICHUS KUKOTO HABO3a U PACCUUTAIN IKOHOMUYECKas 3P()EeKTHBHOCTD. (Bb1600vi) OLEHUIM NEPCIEKTUBBI BHEAPSHHUS
TEXHOJIOTHH MOJKUCIICHAS XHIKOTO HAB03a B MIJIOTHOM PETHOHE. YCTAHOBIIIM HEOOXOXUMOCTS IIPOBEACHMS KOMILIEKCHBIX HCCIe-
JI0BaHHH B POCCUHCKHX YCIOBUSX C YUACTHEM HHKEHEPOB, OMOIOTOB, TOYBOBEIOB, SKONOTOB H JPYTHX CIICIUAIACTOB, KOTOPHIE
MOIIIH OBl JI0Ka3aTh 11e7eCO00Pa3HOCTh M SKOHOMHUYECKYHO 3(P(PEKTHBHOCTH TEXHOIOTUU TOAKUCIIEHHUS KUIKOTO HABO3A.
KitoueBble c10Ba: HaBO3, XUIKUI HABO3, TOAKKMCIIEHIE, BLIOPOCH aMMHuaka, CeBepo-3amaiHblil henepalibHbIi okpyT Poccuiickoit
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nrecent years, the need to improve the environmental

compliance of production has become increasingly

important. Owing to higher intensification, substantially
more products are produced. At the same time, the increased
pressure is being placed on the environment, with agriculture
contributing greatly in this respect: agricultural facilities
account for above 80% of ammonia emissions [1, 2].
According to the European statistics, the total ammonia
emission in the EU countries steadily increased from 2012
to 2017, primarily, due to more intensive agricultural
sources (Fig. I).

The current Russian agriculture features the strong
growth associated with the importance to ensure the food
security of the country. In 2017, ammonia emissions in
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Fig. 1. Ammonia emissions in EU countries in 2012-2017 (Data
from Centre on Emission Inventories and Projections — CEIP)
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the European part of Russia amounted to 874.5 thousand
tons against 793.7 thousand tons in 2012, of which up to
748.9 thousand tons came from agriculture against 692.0
thousand tons in 2012 (Fig. 2).

At the present time, the transition to the best available
technologies (BAT) system as a tool to minimize the
adverse environmental effect of livestock farming is
underway in Russia. In farming, the animal/poultry manure
utilization processes pose the main threat to the ecological
balance. Available practices to reduce emissions during
animal/poultry manure processing and spreading (covered
storages, timely incorporation of organic fertilizers after
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Fig. 2. Dynamic pattern of ammonia emissions from various
sources in the European part of Russia in 2012-2017 (Data from
CEIP)
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their surface spreading, extensive use of injectors, etc.)
cannot dramatically change the situation as they are not
used widely enough [3, 4].

Institute for Engineering and Environmental Problems
in Agricultural Production (IEEP) — branch of Federal
Scientific Agroengineering Center VIM is an active
participant in international projects aimed at improving
the environmental compliance of agricultural production.
The Institute regularly studies the foreign experience on
existing and emerging practices for reducing emissions
associated with agricultural organic waste processing.

Slurry acidification is one of the promising technologies
for reducing ammonia emissions associated with agricultural
waste processing. In recent years, this technology is
becoming increasingly common in the Nordic countries.
It was first proposed by S.C. Jarvis and B.F. Pain in 1990,
who found that under pH values close to 5, the ammonia
emission from the slurry did not exceed 1-2% [5]. The
studies of various types of slurry revealed the sulfuric
acid (H,SO,) with the concentration above 94% to be the
most suitable substance for lowering slurry pH [6].

In 2016-2019 EU Interreg Baltic Sea Region project
“Baltic Slurry Acidification” was implemented by 20
teams from Baltic Sea countries, with the main objective
being to promote the implementation of slurry acidification
techniques (SATs) throughout the Baltic Sea Region to
reduce the airborne eutrophication and to create a more
competitive and sustainable farming sector. Russia and
Belarus were invited to participate in the project to identify
the possibility of using SATs in these countries.

THE RESEARCH PURPOSE is to assess the perspectives
of slurry acidification in Russia in the case study of the
Russian part of the Baltic Sea catchment area within the
North-West Federal District of the Russian Federation.

MAaTERIALS AND METHODS. The Russian part of Baltic
Sea catchment area was chosen as the pilot region since
the geographical and climatic conditions are much similar
to other Baltic countries, which carried out a similar
assessment in the framework of the Baltic Slurry Acidification
project [7]. The pilot region included the Republic of
Karelia, Kaliningrad, Leningrad, Novgorod, and Pskov
Regions (Fig. 3). As of the end of 2017, the pilot region
housed 2,345 thousand head of cattle, 15 thousand head
of sheep and goats, over 39 million head of poultry and
above 1,300 thousand head of pigs. The animal and poultry
stock produced in total about 11.8 million tons of animal/
poultry manure, of which 7.4 million tons (62%) were
slurry and could potentially be acidified.

The economic assessment of SAT was carried out for
two pig-rearing enterprises in the pilot region. The
assessment results were compared with the economic
effect calculated by Estonian Crop Research Institute for
a pig farm in Estonia.

Experimental studies were carried out in the analytical
laboratory of IEEP. The physical and chemical composition
of'the test samples was determined in accordance with the
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relevant State Standards in force in Russia. The obtained
experimental data were processed by the methods of
mathematical statistics.

The economic efficiency of SAT applied on a particular
operating farm was calculated using a mathematical model
developed by the Estonian Crop Research Institute in the
framework of Baltic Slurry Acidification project [8]. The
environmental impact fee was calculated following the
methodology of Research Institute for Atmospheric Air
Protection (Russia). The pollution fee for atmospheric
ammonia emissions from manure processing facilities is
calculated by the gross ammonia emission from manure
during the processing and the established payment rates
for ammonia emissions into the air from stationary sources
by the formula [9]:

PNH3= GNHJ‘SNHf M
where Gyy, — gross ammonia emission into the atmospheric
air from the processing, t/year;

S, — payment rate for ammonia emissions into the
air from stationary sources 1.95 euros/t.

The gross emission of ammonia during the processing
of raw pig slurry is calculated by the formula:

GNH3=31‘5'1076' 9o Vi Ky ()
where Gy, — gross ammonia emission into the atmospheric
air from the processing, t/year;

q.v — average filling of manure storage facilities per
year, t;

vu— specific ammonia emissions from pig manure into
the air, microgram/t dry matter;

K4— wet to dry matter conversion factor;

31.5-10 ° — conversion factor of microgram/s to t/year.

The gross emission of ammonia during the processing
of the liquid fraction of pig slurry is calculated by the
formula (3):

>z

Repubic of Kaveta

Fig. 3. The pilot region for assessing the potential application of
SATs in Russia — the Russian part of the Baltic Sea catchment area
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Gyy,=315->.PM,,

n=1
where N, — the number of selected gradations of the average
wind speed u related to the standard height of the weather
vane z,= 10 m;

P,—dimensionless (in fractions from 0 to 1), repeatability
of n-th gradation of wind speed;

M, ;;—emission rate of the substance in question from
the j-th source for the concentration and the average wind
speed u, assumed to be equal to the mid-point of the n-th
gradation, g/s;

31.5 — conversion factor of g/s to t/year.

REesuLTs AND DIscussioN. The main slurry processing
technique in the region under consideration is the long-
term storing (maturing) — above 90% of agricultural
enterprises consider it as a basic slurry utilisation technology.
The widespread use of this technique would make it possible
to introduce SAT in the storage facilities with their minor
reconstruction. However, the specific national feature is
that manure storages are much larger than those used in
the Baltic Sea countries; therefore, the homogenization of
acidified slurry would be challenging.

About 90% of the liquid organic fertiliser produced
from slurry are applied by spraying. In 2012-2017, the
share of band spreading increased significantly from 2%
to 9% of the total liquid fertilisers applied. The remaining
application techniques account for 3-4% (Fig. 4). Above
60% of the liquid fertilizers are applied for supplementary
fertilization of perennial grasses; 40% of the liquid fertilisers
are applied during the ploughing before the perennial and
arable crops seeding and incorporated within 1-2 hours
after application.
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Fig. 4. Share of different application techniques of the liquid
organic fertilizers produced from slurry in the pilot region (Data
from CEIP)

Three options of SAT are distinguished [6, 10]:

* In-house acidification: the sulfuric acid is added to
slurry in a covered treatment tank outside the livestock
house under stirring to reach a fixed pH level of 5.5. Part
of acidified slurry is returned to slurry channels, where it
mixes with the new slurry, and part is discharged to the
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storage. The average application rate of the acid is 3-4
litres per one ton of slurry.

* In-storage acidification: the acid is added to the storage
tank or lagoon under heavy mixing to reach a pH level of
6. Much foam is produced upon the addition, and its removal
is the main constraint of this acidification option. The
entire amount of slurry may be acidified in the main storage
or a part of it is intensively acidified in the buffer tank and
mixed with the slurry in the main storage. The acid
consumption is 2-3 litres per one ton of slurry.

* In-field acidification of the slurry: the acid is added
to the slurry immediately before the soil application, in a
static mixer installed in the output of the slurry tanker.
The acid consumption is 1.5-2.5 litres per one ton of slurry
to reach the pH of 6.4.

SAT is widely used in Denmark. Today, about 16% of
all slurry produced in Denmark is SAT-processed [11].
During the field trials in Sweden in 2016-2017, the acidified
slurry application contributed to 22.2% higher green mass
yields compared to reference and 8.6% higher green mass
yields compared to the non-acidified slurry application
[12, 13]. This increase is owing to better nitrogen saving
in the acidified slurry, and, accordingly, its greater nutri-
tional value.

Our studies showed that under conditions of the North-
West Federal District of the Russian Federation the in-
field acidification was the most technically feasible
technique, however it required the substantial upgrading
of the available machine and tractor fleet [14]. The increased
wear of equipment, associated with the high acidity of
applied slurry, and higher qualification requirements for
the personnel involved should be taken into account as
well. The main challenge in introducing this slurry
acidification technique may be the serious safety requirements
for transportation and use of aggressive acids, sulfuric
acid included.

The in-house acidification is also challenging, as on
the operating livestock farms the pumping of slurry back
to the livestock house is not technically feasible. Moreover,
there are several regulatory restrictions to this process.
However, in some special cases, for example, when a flash-
flume system is used, this technique can be successfully
implemented.

The next stage of the work was the laboratory analysis
of pig slurry samples, their physical and chemical composition
(Tab. 1). Sample 1 was non-separated pig slurry taken at
the exit from the pig house; Sample 2 was the liquid fraction

Table 1

PHYSICAL AND CHEMICAL COMPOSITION OF THE SLURRY SAMPLES
UNDER STUDY
Indicators Sample 1 Sample 1
Dry matter/, % 13.0 3.5
pH 8.1 6.4
Nia1 content, % 0.840 1.540
Including ammonium nitrogen 0.495 0.477
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of the pig slurry taken at the outlet of the separator. The
samples were taken within 48 hours prior to the study.

The dry matter content in the test samples was determined
by drying in accordance with the State Standard GOST
26713-85 “Organic fertilizers. Method for determination
of moisture and dry residue”; the acidity (pH) was determined
using Expert-001 3 (01) fluid analyzer in accordance with
the State Standard GOST 27979-88 “Organic fertilizers.
pH determination method”; Ntotal content was determined
by the photometric method in accordance with the State
Standard GOST 26715-85 “Organic fertilizers. Methods
for determination of total nitrogen”; the ammonium nitrogen
content was determined using an Expert-001 3 (01) fluid
analyzer in accordance with the State Standard GOST
26716-85 “Organic fertilizers. Methods for determination
of ammonium nitrogen”.

To reduce slurry pH to 5.5, the sulphuric acid with 96%
concentration was added to Sample 1 at the rate of 3.7 I/'m’,
and to Sample 2 at the rate of 1.2 I/m’. (Fig. 5).
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Fig. 5. Pattern of pig slurry pH change during the experimental
study

A gradual pH increase was observed during the first
day up to 6.1 (Sample 1) and 5.9 (Sample 2). No significant
fluctuations were observed during the rest 12 days. This
may support the assumption about the key role of the
uniform acid distribution over the entire volume of the
treated slurry in order to eliminate or minimize the re-
acidification. The higher pH of Sample 1 after acidification
was caused by the higher dry matter content of slurry
compared to Sample 2 (Tab. ). The dry matter has pH
buffering effect after the slurry acidification.

A decrease in the ammonia emission was also established.
However, additional research is required over a longer
time-period to obtain the reliable data. At the same time,
significant foaming when adding the acid to the slurry
should be considered. This occurs, presumably, as a result
of gas emission during the decomposition of carbonates.
This issue also requires additional investigations.

To estimate the annual economic effect of the in-storage
SAT application, the ECRI mathematical model was used.
This effect is based on the condition that SAT application
will save more nitrogen in the organic fertilizer and increase
the sulfur content, thereby reducing the purchasing costs
of relevant mineral fertilisers. The annual economic effect
was calculated for the entire technological chain: animal
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housing system, slurry storage and processing systems,
and slurry application technique (7ab. 2).

The estimated economic effect of SAT introduction is
defined as the difference between the costs related to
preparation and application of organic and mineral fertilizers
in order to obtain the target yields by the traditional
technology and using an additional slurry acidification
unit. At the same time, the SAT introduction costs are
offset by the reduced requirement for nitrogen and sulfur
application with the mineral fertilizers through the lower
loss of ammonium nitrogen and higher sulfur content in
the slurry. Nitrogen loss reduction and corresponding
slurry nitrogen content increase is calculated for the entire
production cycle with due account for the applied environmental
measures, for example, covered storages, slurry injection, etc.

The economic effect of the in-storage SAT introduction
was calculated for two Russian pig-rearing complexes.

The first pig complex had the animal stock of 105,000
head and the complete production cycle including the long-
term slurry storing (maturing) in film lagoons. The complex
applies the technology of non-separated (raw) pig slurry
processing. The estimated SAT introduction costs would
be 122,375 euros per year. According to formulas (1) and
(2), the pollution fee is 164 euros per year that is 747 times
lower than the SAT introduction costs.

The second pig complex had the animal stock of 108,000
head and the complete production cycle, with the slurry
being separated into fractions and the long-term storing
(maturing) of the liquid fraction in concrete lagoons and
the passive composting of the solid fraction in piles. The
estimated SAT costs of the liquid fraction would be 42,689
euros per year. According to formulas (1) and (3), the
pollution fee is 8.88 euros per year, i.e. 4,800 times lower
than the SAT introduction costs [15].

The results obtained were compared with the similar
calculation for a pig farm in Estonia made by Estonian
Crop Research Institute. The cost-effectiveness of SAT
calculated for a fattening pig farm with the animal stock
of 40,000 head located in Estonia and governed by EU
Directives amounted to 44,000 euros per year achieved,
primarily, by reducing the cost of mineral fertilizers
purchased.

ConcLusions

The study performed in IEEP —FSAC VIM demonstrated
the certain promise of the slurry acidification technology
application under conditions of the pilot region, where 7.4
million tons of slurry are produced annually. The available
material and technical facilities allow for SAT introduction
if they are upgraded.

According to the preliminary analysis of the situation
in the agricultural sector and current relevant legislation,
the in-storage and in-field slurry acidification options had
more prospects for the introduction. The economic efficiency
estimation, however, revealed the lower cost of mineral
fertilizers purchased for crop and fodder production to be
the key factor affecting the SAT attractiveness. When the
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EsTiMATION THE ECONOMIC EFFECT OF SAT INTRODUCTION

Table 2

Values

Indicators

Russian Federation ‘

Estonia

Capital costs of SAT introduction

OrumSmeden equipment set, which is a system for the acid supply from the tank to the storage;
mounted on a mixer.The cost is 14,000 euros per set

Operating costs:

maintenance costs 60 euros per year

60 euros per year

labour costs of service personnel

at a wage rate of 3.6 euro per hour, the labour
costs to process 1 m® of slurry are 0.002 euros

ata wage rate of 7.39 euro per hour, the labour
costs to process 1 m® of slurry are 0.005 euros

fuels, lubricants and electricity costs
associated with slurry acidification

0.36 euros per 1 m® of slurry

0.59 euros per 1 m*® of slurry

Other costs:

purchase costs of work clothes, protective

Jevices 160.55 euros per year

160.55 euros per year

additional costs associated with slurry
storage*

0.01 euros per 1 m® of slurry

0.01 euros per 1 m® of slurry

purchase and transportation costs of

nitrogen-containing mineral fertilisers nitrogen

523 euros per ton of mineral fertiliser

720 euros per ton of nitrogen within mineral
fertilisers

purchase and transportation costs of sulfur-

containing mineral fertilisers sulphur

150 euros per ton of mineral fertiliser

148 euros per ton of mineral fertiliser
sulphur

additional soil liming costs**

20 euros per ton of dolomitic meal

16.7 euros per ton of lime

sulfur acid purchase costs associated with
slurry acidification

0.155 euros per litre of acid

0.216 euros per litre of acid

operating storage;

* Due to intensive foaming, the additional storage volume is to be provided for when constructing the storage facilities that increases the maintenance costs of the

** Theoretically, 1 to 1.8 kg of lime per liter of acid consumed is required depending on the soil type. The actual need for liming also depends on the soil properties. The
project field experiment results did not show the significant soil acidification due to the use of acidified slurry

primary objective of the farm is to utilize the manure
produced without the possibility of growing a part of the
fodder on its own fields, the SAT costs are many times
higher than the economic effect of lower pollution fees.

Along with the advantages of SAT introduction, several
limiting factors should be noted:

* stricter requirements for working with especially
hazardous substances and precursors, namely sulfuric
acid;

» the need for additional liming of soils at the estimated
rate of 1.0-1.8 kg of lime per 1 liter of acid.

Taking into account the current environmental legislation
and the low interest of livestock enterprises in the more
efficient use of organic fertilizer nitrogen produced, SAT
introduction seems somewhat premature in Russia. The

positive experience of using this technology in the EU
countries, however, allows attributing SATs to the realizable
technologies. The transition to BAT system, which would
govern the activities of large-scale pig and cattle complexes
in Russia, suggests that in the near future, the interest in
such technologies should increase. At the moment, the
livestock complexes are more concerned about the reduction
of odorous emissions than in lower nitrogen loss.

As Russia does not have the experience in SAT application
so far, the integrated research is required under the Russian
conditions involving engineers, biologists, soil scientists,
ecologists and other specialists who could prove the
feasibility and economic efficiency of this slurry treatment
technique.
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Pedepar. IIpu moceBe GONBITMHCTBO COMIHUKOB CESNIOK BXOAAT B MOUBY CBepXy. OHH BCTPEUAtOT TBEPABIC KOMbS TIOYBHI, ITOJ-
CKaKMBAIOT, U3MEH:AS TIYyOHHY 3a/enku ceMsH. HekoTophle ceMeHa BEIOPACHIBAIOTCS HA TIOBEPXHOCTh. B pesynbrare cHikaeTcs
TIOCEBHAS BCXOXKECTh, & 3HAYUT, U YPOXKAUHOCTD. ([]env uccredosanus) Pa3pabotath MHHOBAIIMOHHYIO TOYBOOOPAOATHIBAIOIILYIO
CTPENBYATYIO JIAITy, HCKIFOYAIONTY0 0TOpAChIBAHIE MOYBHI M ()OPMIPOBAHKE HEBBIPOBHEHHOW TTOBEPXHOCTH, a TAK)KE TIOBBIIIA-
IO TIPOU3BOAUTENBHOCTD KYJIbTHBaTOpa. (Mamepuansl u memoost) ONpeeNniIn YCTaHOBOYHbIE TTapaMeTphl pa3paboTaHHON
Ie)IIeKTOPHOH CTPENbYaTol JIallbl ¢ IPUBICYECHIEM MaTeMaTHIECKOTO aImapara i yIeToM TpeOOBaHHH, IPebIBIIEMBIX K pado-
YUM OpraHaM noypoo0padaThIBAIOMINX arperaroB. (Pesyismamul u 06cyxcoenue) PazpaboTani HHHOBALMOHHYIO Ae(IEKTOPHYIO
cTpenbyaryio namy. Pacmonoxwmmy gedmekrop TpeyroasbHoi (opMmel Hax nemexoMm. Onpenenuin ONTHMANBHEIH YTol HaKIoHa
nedIeKTopa B TOPH30HTAIBHOM IIIOCKOCTH — 15-25 TpaycoB, a BRICOTA YCTAHOBKY CTPEIBIATOH JIabl Hal Jie3BHeM — B 1,5 pa3a
NpeBHIIIAeT TTyOuHY 00paOOTKM TOYBHI. BRIACHWIN, UTO 3aHASL YacTh Je(eKTopa, nMeromas 3y0ouaryro GopMy U H30THYTas
BHH3, I03BOJIIET M3MENBYATh MOYBY, (POPMIPYS METKOKOMKOBATYIO CTpYKTypy. [lokazanu, 4to mousa, mepeMentasch 1o Jeuekro-
DY, IpH CTOJIKHOBEHHH C M30THYTOH YacThI0 BO3BpAIaeTCs Ha TOBEPXHOCTh, 3aKPbIBas 1 BHIPABHIBAs 00Pa30BaBLIYOCS O0PO3Y.
TpeyrompHas (popMa CTOHKM MEXIy JTeMEXOM U Ie(IeKTopoM CYIIECTBEHHO CHIDKAET 3a0MBAaEMOCTH COITHUKOB PACTHTENbHBI-
MU ocTatkaMmu. (Boigoder) Jloka3am, 4T0 BRIPOBHEHHYIO OBEPXHOCTH MOYBBI ¢ MEIKOKOMKOBATOH CTPYKTYPOH BEPXHETO CIIOS
MO’KHO TIOJIYYUTb, HCTIONB3YS AE(IEKTOPHYIO CTPEIBIATYIO JaIy, 9T0 HCKITI0UaeT NpIMEHEeHHEe KaTkoB. [Ipi 3ToM yMeHbIIatoTes
MaTepHaNTOEMKOCTh KyJIBTHBATOPA, PACXO] TOIUTHBA, & IPOU3BOAUTENFHOCTD MOBBIMIAETCS Ha S0 IPOLICHTOB B PE3YNBTATEe YBEIU-
YEHHs] CKOPOCTH 00pabOTKH MOYBHI 10 18 KHIOMETpOB B yac.

KiroueBble cioBa: mpeamnoceBHas 00padoTKa MOUBEL, CONIHUK, CTpepIaTas ama, Je(IeKTop, KyIbTHBALMS MOYBE, YTOI KPo-
IICHHS, ITyOUHA 00pabOTKU MOYBBL.

I {ns uutupoBanusi: Pynenxo H.E., [lImarko I'T., Pynenko B.H., Anynpuenko M.A. IHHOBannoHHasi nediek-

TopHasi mouyBooOpabaTeiBatomias nana / Cenvckoxozsaticmeennvie mawunsl u mexnonoeuu. 2019. T. 13. N5. C. 11-14.
DOI 10.22314/2073-7599-2019-13-5-11-14.

Innovative Deflector Soil-Cultivating Paw

Niklolay E. Rudenko', Valeriy N. Rudenko’,
Dr.Sc.(Agr.), professor; Ph.D.(Eng.), associate professor;
Gennadiy G. Shmatko', Maksim A. Anuprienko',
Ph.D.(Eng.), associate professor; undergraduate

'Stavropol State Agricultural University, Stavropol, Russian Federation;
2 Astrakhan State University, Astrakhan, Russian Federation

Abstract. When planting, most planters coulters enter the ground from the top. They meet hard clods of soil, jump, changing the
depth of planting seeds. Some seeds are thrown to the surface. As a result, the sowing germination, as well as yield, decreases.
(Research purpose) To develop an innovative soil-cultivating pointed paw, eliminating the rejection of soil and the formation of
unevenness of the surface, as well as increasing the productivity of the cultivator. (Materials and methods) The authors determined
the setting parameters of the developed deflector pointed paw with the involvement of mathematical device and taking into
account the requirements for the working bodies of soil-cultivating units. (Results and discussion) The authors developed an
innovative deflector pointed paw. A triangular deflector was placed over the ploughshare. They determined the optimal angle of
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deflector inclination in the horizontal plane-15-25 degrees, and the height of the installation of the pointed paw over the blade- in
1.5 times above the depth of soil cultivation. It was found that the rear part of the deflector, which has a serrated shape and curved
down, allows to grind the soil, forming a small-lumpy structure. It was shown that the soil, moving along the deflector, in collision
with the curved part returns to the surface, closing and leveling the formed furrow. The triangular shape of the rack between the
ploughshare and the deflector significantly reduces the clogging of coulters with plant residues. (Conclusions) The authors proved
that the leveled soil surface with a finely lumpy structure of the top layer can be obtained using a deflector pointed paw, which
eliminates the use of rollers. This reduces the material consumption of the cultivator, fuel consumption, and productivity increases
by 50 percent as a result of increasing the speed of soil cultivation to 18 kilometers per hour.

Keywords: paw, deflector, soil cultivation, angle of ploughshare dyeing, depth of soil processing.

I In citation: Rudenko N.E., Shmatko G.G., Rudenko V.N., Anuprienko M.A. Innovatsionnaya deflektornaya
pochvoobrabatyvayushchaya lapa [Innovative Deflector Soil-Cultivating Paw]. Sel’skokhozyaystvennye mashiny i
tekhnologii. 2019. Vol. 13. N5. C. 11-14 (In Russian). DOI 10.22314/2073-7599-2019-13-5-11-14.

I MOBEPXHOCTHON 00pabOTKHU MOYBBI UCTIOIB3Y-

0T KyJIFTUBATOPBI, OCHAIIICHHBIC CTPEIbYATHIMHU

naramu ¢ yrioM kporierus 12-18° [1]. B mpouec-
ce paboTHI CTpenpuaTas jJamna OTOpackIBaeT MOYBY, PHIX-
JIUT €€, YaCTUYHO KpOoIUT KOMKH. [locne ctangapTHOU
CTpEeBYaTOH JIalbl OCTAETCS HEBBIPOBHEHHAS KPYITHO-
KOMKOBATast IOBEPXHOCTH IIOUBEL, CTETIEHB KPOIICHS HE
npesbimaet 40-45% [2]. [Tpu aTom 06pa3yrorcs 60po3a-
KU, TOBEPXHOCTH TIOYBHI HE BEIPOBHEHA.

[ToaTOMy B arperare ¢ KyJIbTHBaTOPOM CTaBAT KATKU
pasHbIx Moxu¢ukanuii. [lociae paboTsl KyIbTHBATOpA C
KaTKaM¥ IOBEPXHOCTH IOJISI OCTA€TCsl BRIPOBHEHHOM,
KOMKH TIOYBHI HE pa3pyIleHBI, a BIABICHBI B HIDKEIICKA-
muii cioil. Pacnonarasce cBepXy, OHU IOJACHIXAOT U NIPU-
00peTarT MOBHIIICHHYIO TBEPIOCTb.

BoIBIIMHCTBO HCTIONB3YEMBIX COIIHUKOB CESUIOK (JTHC-
KOBBIC, KIJICBHAHBIC, TIOJIO30BHIHBIC) BXOIST B ITOUBY
cBepxy. [lonanas Ha KOMKH OYBBI, OHU MOJICKAKUBAIOT,
W3MeEHsISI TIIyONHY 3alIeNKu ceMsH. VlHorma cemena mo-
NajaloT Ha MOBEPXHOCTh, CHUYKAETCS UX MOJIEBast BCXO-
JKECTh, @ 3HAUUT U ypoKaiiHOCTS [3, 4].

Heo0xoauMo ymyqmuTs KauecTBO MPEANOCEBHON 00-
paboTKM MOUBEL. DTO 00eCTIeunBalOT Ae(IEKTOPHI, ycTa-
HOBJICHHBIC HA KYJIFTHBATOPE HAJ CTPEIbUYATHIMH JIATIAMH.

Pabouas ckopoCcTh ABHIKEHHS KYJIBTHBATOPA IIPH pa-
60Te O CTaHTAPTHBIMH CTPEIBYATHIMU JIAllaMH HE TIpe-
BhIIIAeT 12 KM/49.

Ilens uccaenoBanus — pa3padboraTs HHHOBAIHOH-
HYIO MOYBOOOPA0ATHIBAIOIIYIO CTPEIBUATYIO JIAIy, HC-
KJIFOUAIOIYI0 OTOpachIBaHUE MOYBBL, (POPMUPYIOITY IO
BEIPOBHEHHYIO IIOBEPXHOCTD, a TAK)KE OBHIMIAIONTY IO
MIPOU3BOJUTEIBHOCTD KyJIbTUBaTOpa [5].

Matepuanabl 1 MeToAbl. ONpeaennIn yCTaHOBOY-
HBIE TApaMeTPhI A PICKTOPHOM CTPENBUATOMN JIAITHI C TIPH-
BJICUCHHEM MAaTEMaTHUIECKOTO anapara U yu4eToM Tpe-
OoBaHM, MPEABABIIEMBIX K pa0OYNM OpraHaM IMOYBO-
00pabaThIBAIOIINX arperaToB.

Pe3yabratsl u 06cy:kaeHne. Jledaekropuas crpeins-
yaTas namna (puc. I) BKIIO4YaeT CTOWKY, K KOTOPOH 3aKpe-
TIJIEH HUKHUM CTpeTbuaThIf ieMeX, UMEIOLUi yTroi Kpo-
mreHus o (puc. la).Han HuM yctaHoBiieH nediaekTop 3B BU-

CEIbCKOXO3AMCTBEHHBIE MALIWHbI 1 TEXHONOTMA + Tom 13 N5 + 2019

Jie pABHOCTOPOHHETO TpeyroiabHuka (puc. 1b). Konmenas
9acTh TPEYTOJbHUKA OTOTHYTa BHU3 U BBITIOJIHEHA 3y Oua-
TOH. PerynmupoBka ycTaHOBKH Ae(hIeKTOpa IO BHICOTE U
YOIy HAKJIOHA BBITIOJHSCSTCS C TIOMOIIBIO KperieHust. Kpom
TOT0, B HIKHEH YaCTH MEXy JIEMeXOM H Je(pIeKTOpoM
IPOQUIL CTOHKH UMeeT POPMY TPEYTOIBHUKA.

TexHoOrHYecKuii mporecc 00pabOTKH MOYBHI OCY-
HIECTBISET CIENY oMM 00pa3oM. CTpenbuaThIe JIAIBI C
OIPENeICHHBIM YTJIOM KPOIICHHUS [TOAOPACHIBAIOT TOYBY
BBEpX, U OHA ynapsercs o nediaexrop. Yacts sHEpruw,
MOJIy4EHHON MOYBOW, MJIET Ha yJapHOE BO3JEHUCTBUE, a
IpyTrasi — Ha IIepeMelleHNe TIOYBHI BIOIE Ae]IIeKTopa.
OroruyTas 3aiHss 4acTh Je(IEKTOpa FTaCUT CKOPOCTh
MEPEMEIIEHHSI TOTOKA MMOYBBI M HAIIPABJISAET €r0 BHU3.
[MouBa Bo3BpamIaeTcst Ha MOBEPXHOCTh, 3aICNbIBAsI 00pa-
30BaHHYIO CTPEIBYATOMH J1anoii 00po3/KY U BEIpaBHUBAS
MOBEPXHOCTE. 3y0UarTas 9acTb H3MENbYaeT OYBY, JOBO-
IS €€ 10 MEIKOKOMKOBATOM CTPYKTY PBIL.

BricoTa /1, ycTaHOBKY JiediekTOpa HaJl JIE3BUEM HIK-
HETO JIeMeXa KOPPEIHPYeT C BBICOTON 0TOpackiBaHus /
MOJIPe3aHHOM HMYKHUM JIEMEXOM IMOUBBL: /1, <1[6]:

[ = 71/2(1_'0 , M,

2g
rue V' — paboyasi CKOPOCTh KyJIbTHBATOpa, M/C;
f—x03pPULIEHT TPEHUS TOYBHI 110 TOBEPXHOCTH Jie-
Mexa.
Ipu V=9 xm/a (2,5 m/c) uf=0,4;
25 (1-04)
2-9,8

Yro0bI HCIIOIB30BATh PHEPTHUIO yaapa JUIs pa3pylie-
HUSI KOMKOB, BEICOTA YCTaHOBKH JIE(IICKTOpPA OT JIC3BUS
CTPENbYATOro JeMeXa He JoJbKHa mpeBbrmats 0,51, Cie-
JIOBATENBHO, /1,> 1,5k, Te hy— rmyOouna 06paboTkH Mmoy-
BbI, M. Hanpumep, npu riry6une 00paboTku /;=0,08 M
BBICOTa YCTaHOBKH nediexrtopa i, = 1,5h,=0,12 m.

Yrou HakJIOHA JeduiekTopa ff ToAOuparoT UCXOS U3
TPaHyJIOMETPUICCKHUX CBOHCTB U COCTOSTHUS MTOYBHI B
KOHKPETHBIX IOJIEBBIX YCIOBUSAX [7].

Juist pacueTa yriia HakJIoHa 3aTHEi OTOTHYTOH 9acTh
nedekTopa HeoO0X0AMMO COONIOICHUE YCIIOBHS CBOOOI-
HOT'O CXOJ1a IOYBBI C BHYTPEHHEH IIOBEPXHOCTH:

ey

0,2m.

AGRICULTURAL MACHINERY AND TECHNOLOGIES « Volume 13 + N5 + 2019



TEXHWKA )19 ObPABOTKW MNOYBbI MACHINERY FOR SOIL CULTIVATION \

\ 4
] N A
SAAAAAABAAANSAR)

b 5

Puc. 1. [leprexmopnas cmpenvuamas nana:

a — 6uod cooxy; b — euo ceepxy

1 — cmoiika; 2 — cmpenvuamoiii 1emex; 3 — oegpnexmop; 4 — omo-
ZHymas uacme Oegnekmopa,; 5 — oepocamens,; o.— yeoi KpouleHs
Ha HUdICHell cmpenvyamoti iane; § — yeoi HaKaoHa degprexmopa;
hy, — 8blcoma ycmanosxku degrexmopa

Fig. 1. Deflector pointed paw:

a — side view; b — top view

1 — stand; 2 — pointed ploughshare; 3 — deflector; 4 — bent part
of the deflector; 5 — holder; a — angle of crumbling on the lower
pointed paw; B — angle of deflector inclination; h, — height of the
deflector

0<g
rze J — yroj oTruda KOHIIEBOM 4acTH, Tpa.;

@ — YToJI TP€HHS TIOYBHI O CTAJIBHYIO MOBEPXHOCTbD,
rpan.

[Ipu ¢ =22° npuaumaem 6<20°.

JnuHy OTOrHYTOH YacTH onpeaesieM UCXOs U3 pa-
BEHCTBA:

F\bsind = Fy,l,,
e F, — ycuinue Ha epeMenieH e MovBbI BB AediexTopa, H;

b — paccTosiHUE TIepEMEIIeHHU S TOYBHI MO 1e(ICKTO-
py HocIe CTOMKH, M;

F,,— cuna TpeHus HOUBBI 10 HOBEpXHOCTH AedaexTopa, H;

lo— U pUHA OTOTHYTOI KOHIIEBOI 4acTH Ae(IEKTOPa, M.

Otcrona:
F bsino
ly=—""—7
£y
Frp=fFy;
F bsiné ;
l(): n sin — bSll’l(S; (2)
F. f f

[Tpu 3nauenusx b = 0,05 m; f= 0,4; 0 = 20° onpene-
JIUM IIUPUHY OTOTHYTOM 4acTH:
~0,05-sin20°

0,4

IIprHuMaeM MUPUHY OTOrHYTOM KOHIIEBOM 4acTH
neduiekTopa paBHoOU 40-45 MM.

[Tockonbky mpu 00paboTKe mouBsl 10 80% KOMKOB
JIOTKHBI UMETH pasMep MeHee 20 MM [§], pazmep 3yObeB
KOHIIEBOW YaCTH IIPUHUMAaEM paBHBIM 20 MM.

TpeyronbHast popma CTOHKH 00ecrieunBaeT CHUXKe-
HUE 3aBUCAHUS Ha HEH PACTUTEIBHBIX OCTATKOB.

[Ipu paboTe cTOIKH MPSIMOYTOJIBHOTO CEUEHHU S CUITBI
cmeteHus Fe, o0ycioBieHHbIe TpEHNEM O TIOUBY | J1e(h-
JIEKTOP, ¢ OOKOBBIX CTOPOH CTOHKH OJUHAKOBEI, ITOJTO-
MY PacTUTEIBHOCTH 3aBHUCACT Ha Hel (puc. 2).

B cnydae TpeyroiasHOH (GOpPMBI CHITBI BO3ICHCTBHS HA

I, =0,0425Mm.

1 [}
v V

Puc. 2. Cxema 63aumooeticmeus pacmumeibHOCMu 6 3a6UCUMO-
cmu om Gpopmel CMOUKU:

a — npsamoyzonvHas; b — mpeyeonvras;

F. — cunvl cmewyenus pacmumensHoix 0cmamikog 600b CIMOUKU U
Odeghnexmopa, H

Fig. 2. The scheme of interaction of vegetation depending on the
rack shape:

a — rectangular; b — triangular;

F. — forces of displacement of plant residues along the rack and
deflector, H

pacTUTENbHBIC OCTATKHU ¢ OOKOBBIX CTOPOH CTOWKH F,|
F, paznuuatorcd. B pesynbrare, pacTUTEIBHOCTD OyJIeT
JIeT4e CXOANTH CO CTOMKHU W MEHBIIE 3a0MBaThH ee.

Kpome Toro, TpeyroyibHas cToiiKa B Ipolecce ABU-
JKEHUS pa3pe3aeT 4acTh PACTUTEIbHBIX OCTATKOB.

OHeprus oTOpackIBaHUS MOIPE3aHHOM MOUBHI W, (L1x)
pacxofyeTcs Ha SHEPTHUIO yaapa MouBsl o gedexrop W,
U Ha SHEPTHUIO, 3aTPAYEHHYI0 Ha NIEpEeMELIEHUE [TOYBBI
BJONb AeaexTopa W,,.

DHeprus yaapa paBHa:

W, = W, cosp, ©)
e f — yroil yCTaHOBKH Je(JICKTOpa K TOPU30HTAIBHOM
IUIOCKOCTH, TPa.

Omnpenenum 3HEpruto oTOpacsiBanus [9]:

- ’"; (1—1), [l @

TJIe m — Macca 0TOpachlBaeMOM MOYBHI, KT.
Maccy orOpackiBaeMoii OYBBI HAXOAMM I10 PopMyIie:
S. h
m=—2—-" Op, Ke, )
siny )
rae S, — oAb CTPEIBYATOTO JIEMeXa, M*;
p — 06beMHas Macca MOYBBI, KI/M;
¥ — TIOJIOBMHA YTJIa pacTBOpa JIe3BUH JieMexa, rpaj.
BerauciuM 31oT nokaszatens npu S, = 0,02 m%;
hy=0,08 m; p=1000 Kr/M; y=130°
0,02-0,08-1000
m= -
sin30

W,

= 3,2ke.

Orcroza:
2-2,5°

w, = 3’% -0,60 =6,0 Zorc.

DHeprus, 3aTpaueHHas Ha IepEeMEIeHHE TO4BbI BIOJb
neduexTopa, paBHa:

W= Wy W,

s yria yctanoBkH neduiekropa ff = 18°:

W, = Wy-cosp = 6,0-0,95 = 5,7 JIx;

CiieqoBaTeIbHO:
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W,=6,0—-5,7=0,3 JIx.

Taxkum 006pa3zoM, OobIIast YaCTh IHEPTUU UJET HA
yIapHOE BO3JCHCTBHE ITOYBHI O NE(IICKTOP.

BeiBogbl. Konctpyxkiust 1edieKTopHOM mo4B006-
pabaThIBarolIeH JTanbl MO3BOJISET JTOTIOJTHUTEIBHO HC-
MIOJTH30BATh YHEPTUIO OTOPACHIBAHHU S IOYBEI, BOSHUKAIO-
Y10 IPH IepEMEILIEHUH, 1JIsI yAapHOT'0 BO3/ICHCTBUS Ha
KOMKH U UX pa3pylIeHHUs.

Hcnonb3oBaHue peryaupyemMoro mo yriy HakjoHa U

MACHINERY FOR SOIL CULTIVATION

BEICOTE e(IIEKTOpa C OTOTHYTOH Ha yroi 20° KoHIeBOU
4acThio MUPHHOIT 40 MM 1 3yOuaToil KPOMKOH ¢ pa3me-
pamu 3y0beB 20 MM TIO3BOJISIET TIOBBICHTH CTEIIEHb KPO-
IICHU S TOYBKI TPU cKopocTH 16-18 km/4 B 2 paza (10 90%).
B pesynprare npuMeHeHHs 1eIICKTOPHOH IT0YBO00-
pabaThIBAIOIIEH JTaITbl TOTYYA0T BEIPOBHEHHY IO IOBEPX-
HOCTb IOYBBI C METKOKOMKOBON CTPYKTYpOI BEpXHET0
CJ104 IOYBBI, YTO UCKJIIOYAET UCIOJIb30BaHHUE KaTKOB.
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O60cHOBaHME KOHCTPYKTUBHOM CXeMbl Mjiyra AN CHUXEHUs aHepro3aTpar
OCHOBHOM 06pPa6OTKU NOYBbI
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Pedepar. Konebanne TAroBoro compoTuBICHHS JIEMEITHO-OTBAIEHOTO IUTyTa MPH CMEHE YCIOBUH paboThl MOKHO YMEHBIIHTB,
YCOBEPLICHCTBOBAB KOHCTPYKTUBHYIO cxeMy opyaus. (Llens uccredosanus) CHU3UTD WM UCKITIOYUTh U3MEHEHHS TATOBOTO CO-
TPOTUBJICHUS TUTyTra TP MOMOIIN aBTOMATUYECKUX PETYIATOPOB TTyOUHBI BCIIAIIKH, YTO TIO3BOJUT YMEHBIIUThH SHEPTO3aTPaThl
arperara ¥, CIel0BaTeNbHO, OBBICHTD €T0 MPOM3BOAUTENLHOCTE. (Mamepuans: u memoodst) PaccMoTpenu JiBe TpyTIIB! JTeMeT-
HO-OTBAJIbHBIX IUTYTOB, OTIMYAIOMINXCSA CIIOCOOOM COEIMHEHHS PaMbl C OCBIO MOJBECA TPaKTopa. VI3yduian X JOCTOMHCTBA U
HemocTaTky. s ompesieneHus paioHaIbHbIX KOHCTPYKTHBHBIX IAPaMETPOB TITYTa OLEHINTH BIMSHHAE B3aUMHOTO PacToiIoKe-
HUS pa0ouYnX OpraHoB (KOPIIYCOB) HA TATOBOE CONPOTHBICHHE U LIyOUHY 00paOOTKH ITOYBHI, a TAKXKE Ha M3MEHEHHE (POPMBI U
TIOTIEPEYHOH IUIONIAN OYBEHHOTO ILTacTa. (Pesynsmamot u 0bcyscoenue) IIpecTaBIIN pacueTHBIC 3aBUCHMOCTH, TI0 KOTOPBIM
BHJTHO, YTO IIPH YBEIHYCHIH YIVIa TOCTAHOBKH Pabovero OpraHa B IONEPETHOI MIOCKOCTH MPOMCXOIUT CKaYOK TATOBOTO COTIPO-
THBIEHUS, 3aBUCAIIMI OT BEMMYKMHBI MEPEKPBITHS PaboUnX OpraHoB. BBIsABHIN 3aBUCUMOCTD TATOBOTO COMPOTHBIEHHS OT MOJIO-
’KEHIIS OCH BPAIL[CHHS TLIYTa: YeM MEHbIIIE BETTMYNHA OTKIOHEHHS TOJIOKEHHS IUTyTa OT OCH BPALICHHS, TeM HHTCHCHBHEE [a/1aeT
TATOBOE COMPOTHBIEHHE. [IpoaHanu3upoBaIM TPU CXeMbl IUTYTOB Ha MOYBE C YAENbHBIM conpoTuBieHueM 0,8 kusorpamMma Ha
CAHTUMETp KBaJpaTHEIH 1 BRIOpaH IPeaIouTHTENbHY 0. OTpeeiiy, YT0 H3MCHEHHE TATOBOTO COPOTHBIICHHS HA SAMHHAILY H3-
MEHEHHS CpeHeH TITyOMHBI BCIAIIKA COCTABISAET VIS IUTyTa MEePBOi cXeMbI 146 KIIOTpaMMOB Ha CAHTHMETP, A BTOpor — 128,
a5 Tpetbeld — 210 KuIorpaMMoB Ha caHTHMETP. (Bvi600s!) BhISBUIHN, 4TO HAaWIy4IIas KOHCTPYKTUBHAS CXeMa — Y TONyHaBeC-
HOTO ITyTa, IMEIOIIET0 MAapHUPHOE COSAMHEHHE C TPAKTOPOM B MOIEPEIHOH IIOCKOCTH U OTIOPHBIE KOJIECa, YCTAHOBIECHHBIE Ha
TOBEPXHOCTH MoJ1s. Ha HCHBITaHUAX IUIYT ¢ JaHHOU CXeMOH TO0Ka3all BHICOKYIO TEXHOJIOTHYECKYIO HaJIeKHOCTb, CYLIECTBEHHOE
YBETMUYEHHUE IPOU3BOMUTENHHOCTH (TIPH CHIIOBOM perymupoBanuy 10 10-11 mporeHToB) 6e3 yXy/AIIeH!s YCIOBUI TPy/a TPaKkTo-
pHUCTa U arpoTeXHUYECKHX MOKa3aTeseH.

KaroueBble c10Ba: mouBooOpaboTKa, KOHCTPYKTHBHAS CXEMa, JIEMEIIHO-0TBANBHBIH IUTYT, TATOBOE COMPOTHBICHHE, TOYBEHHBIN
IUIACT.
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Abstract. Sharp fluctuation in the traction resistance of a moldboard plow arising when changing working conditions can be
decreased by improving the plow design. (Research purpose) To reduce or eliminate changes in the traction resistance of a
plow using automatic tillage depth regulators, which will reduce the energy consumption of the unit and, therefore, increase its
productivity. (Materials and methods) The authors considered two different groups of moldboard plows differing in the type of
the frame fastening to the tractor suspension axis, and examined their advantages and disadvantages. To determine the rational
design parameters of a plow, they estimated the influence of the relative position of working bodies on the traction resistance and
tillage depth, as well as on the change in the shape and transverse area of a soil layer. (Results and discussion) The paper presents
the established relationships, which show that when the angle of a working body is set in the transverse plane upward, there is
a jump in traction resistance depending on the overlap amount of the working bodies. The study has revealed the relationship
between traction resistance and the position of the plow rotation axis: the less the plow deviates from its rotation axis, the more
intensively traction resistance decreases. Three structural designs of plows used on the soil with a resistivity of 0.8 kilograms
per square centimeter have been analyzed and the most appropriate design has been chosen. It was determined that the change in
traction resistance per unit of change in the average depth of plowing for the first plow scheme 146 kilograms per centimeter, for
the second — 128, for the third — 210 kilograms per centimeter. (Conclusions) It has been revealed that the best structural design
is that of a semi-mounted plow having a hinge-joint connection with a tractor in the transverse plane and support wheels resting
on the field surface. Plows with this structural design have shown high technological reliability in tests, as well as a significant
increase in productivity (with draft control of up to 10-11 percent) without deteriorating the working conditions of a tractor driver
and field performance indicators.

Keywords: soil tillage, structural design, moldboard plow, traction resistance, soil layer.
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IIUKJIE OTIEPAITHii TI0 IIPOU3BOACTBY MPOAYKIHH

pacTeHHeBOACTBa Haubosee sHepro3aTpaTHON

cunTaetcs Benamka [1, 2]. [pu BeimonneHun sToi
OIIEpaIlMH TATOBOE CONPOTHBIICHIE TOYBOOOpadaTHIBa-
IOIIETO OPYAUs AaKe B IIpeienax OJHOr0 MPoXoaa Ma-
NIMHHO-TpakTopHOTO arperara (MTA) kone0ieTcs B -
pokux npenenax [1, 3]. Kak nmpaBuio, 3To IpuBOJIUT JH-
00 K Ieperpy3Ke TpakTopa (B 3TOM clydae MeXaHU3aTop
JIOJIKEH MePEeXOAUTh Ha HU3IIYIO Neperavy ABUKECHHS),
nu6o K ero Heaorpyske [4, 5]. KapauHanbHOEe CHUXECHHE
WJTH HCKITIOUCHUE U3MEHEHUH TATOBOT'O COMIPOTHBIICHUS
MJTyTa NO3BOJIUT CYLIECTBEHHO CHU3UTDh YHEPT03aTPaThl
MAaXOTHOTO arperaTa H, CIe0BaTebHO, TOBEICHUTE €T0
MPOU3BOAUTENBHOCTS [0, 7]. CTaOmIu3aIus TAroBoro co-
MPOTHUBJICHUS IJTyTa B THHAMUKE MOXKET OCYIIECTBIIATh-
Csl aBTOMAaTHYECKUMH PETyIATOPAMH, UCTIOTHUTESIEHBIM
MEXaHHU3MOM KOTOPBIX CIIY>KUT THIPOHABECHON Mexa-
HU3M TpakTopa [§, 9]. B aTom cityuae peryiaupoBaHue Tsi-
TOBOT'O CONPOTUBIIEHUS TPOUCXOJUT MYyTEM H3MEHEHU
rryOuHBI 00padoTku moussr [10, 11].

LIENb NCCNEQOBAHNS — OIPEENIUTh PALIUOHATBHBIC
KOHCTPYKTHBHBIE TaPaMETPHI ITyTa, YTOOBI CHU3UTH UIIH
HCKJIIOUYNATH U3MEHEHUS TATOBOT'O CONMPOTUBIICHHUS ILTY-
ra Ipy MOMOIIY aBTOMaTUYECKHUX PETYIATOPOB IIyOu-
HBI BCIIAIIKH, 9YTO TIO3BOJIUT YMEHBIIUTE YHEPro3aTpaThl
arperara u, clieIoBaTeJIbHO, IIOBBICUTH €T0 MPOU3BOIH-
TEIBHOCTb.

MATEPMANBI M METOABI. KOHCTPYKTHBHBIE CXEMBI JIe-
MEIIHO-O0TBAJIbHBIX MIYTOB MO CIIOCO0Y COeTMHEHUS pa-
MBI C OCBIO TTOJIBECa MOKHO Pa3AeIUTh Ha JABE MPHHIIH-
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MMHATBHO pa3IMYHbIe rpynisl. [lepBas rpynna nmeet
JKECTKOE COEAMHEHUE paMBl IIITyTa ¢ OChIO MOABECA B M10-
[IEPEYHO-BEPTUKAJIBHON MIJIOCKOCTH, BTOpas — IapHUp-
HOE COCIMHEHHE PaMBI C OCBIO TIO/IBECa B 3TOH XKe ILI0-
ckoctu (puc. 1).

[myru ob6enx rpynmn UMEIOT OIpeaeIeHHbBIE JOCTO-
UHCTBA U HEIOCTATKH.

OCHOBHOE TOCTOWHCTBO ITyTOB, OTHOCSIITUXCS K IIep-
BOH T'pyIiIie, — BO3MOKHOCTb 3HAYUTEIbHO CHUZHUTH Tsi-
rosoe conpotusienue [12]. Ilpu aBTomaTu4ecKOM pery-
JTUPOBaHUH TEXHOIOTMIECKOTO POIIecca BCIAIKH IIPO-
UCXOAUT AOTPY>KEHHE KOJIEC TPAKTOpa B PE3yNbTaTE UC-
KITFOUCHHU S IEPETHUX OTIOPHBIX KOJIEC TUTYTa B IIEPEHOCa
YacTH Beca IUTyTa Ha TPakTop.

HenocTtaTok cocToHT B TOM, 4TO 151 ©3MEHEHHUSI CPEI-
HEH NTyOHHEI X0/1a ITyTa Ha KaKYI0-TO BETHYUHY HE00-
XOJIUMO TTTyOHHY BCHAIIKK [IEPBOTO KOPIyca H3MEHUTh
Ha BEJINYUHY, B 2 pa3a 00JIbIIYI0, TO €CTh KoJeOaHue TITy-
OUHBI IEPETHUX KOPIIYCOB TOCTUTACT HEJOMYCTUMBIX
3HaYeHUH. /{7 ycTpaHeHUs 3TOTo HelocTaTka Heo0Xo-
JIUMO JJIs1 3aIHUX KOPITYCOB IPUMEHSTh BTOPOH KOHTYP
PeTyJINpOBaHUA.

JlOCTOMHCTBO IUTYTOB BTOPOM I'PYTIITEI — OTHOBPEMEH-
HOE U3MEHEHHE [NIYOHHBI BCIIAIIKY BCEMHU KOpPITycaMu
TIPU U3MEHEHUH BEICOTHI OCH MToABeca (TP KOPPEKTHOU
KOMIIOHOBKE OIOP HOCKH BCEX JIEMEXOB MOJHUMAIOTCS Ha
OJIMHAKOBYI0 BeNTMYMHY). HO TTIaBHOE C TOUKU 3peHHUS aB-
TOMAaTUYECKOTO PETYIHPOBAHUS JOCTOMHCTBO TAKHX ILTY-
T'OB 3aKJII0YaEeTCsI B BOBMOXXHOCTH PETYIUPOBAHHUS TATO-
BOT'O COITPOTUBIICHHSI Ty TEM H3MEHEHHSI HE TOIBKO TITy-
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Puc. 1. Cxemut nonynagecuuix niy206:

I-I — oce épawjenus niyea 60 6pems UMEHeHUs NONOHCEHUS OCU
noogeca no GblCoOme Npu HCECMKOM COCOUHEHUU Niy2d ¢ MpaK-
mopom 6 nonepeunoil niockocmu, 1I-Il — oco epawenus niyza 6o
8peMsL USMEHEHUS NOLONCEHUS. OCU NOJBeCA NO blcOme Npu uap-
HUPHOM COeOUHeHUU Nay2a ¢ MPAKMOPOM 6 NONEPEeYHOU NIOCKO-
cmu (onopmuvie Koeca niyea cmosm Ha oHe 60po3owt), 11I-111 — ocv
8paLyeHUs NILY2a 60 8PEMsL USMEHEHUs NONLOJICEHUS OCU ho0Becd NO
8blCOMe NPU WAPHUPHOM COCOUHEHUU NILYed ¢ MPAKMOPOM 8 Hone-
PeuHoll nrockocmu (OnopHbvle Koieca niyed Cmosm Ha NOBEPXHO-
cmu nons); ¥ — paccmosHue om yeHmpa iemexa 00 noeopomHol
ocu nayea cxemul 1I-11, m; | — paccmosnue om yenmpa nemexa 3a-
OHez20 pabouezo opzana 00 NOGOPOMHOU ocu niyea cxemvl I-1, m;
L —paccmosanue om ocu nodseca 00 nogopomHou o0cu niyea cxemvi
I-1, m; p — paccmosinue om ocu npoxoosujell yepes TUHUK mseu
naxomno2co azpezama 00 no8OPOmHoul ocu nayea cxemol 11-11

Fig. 1. Structural designs of semi-mounted plows

I-1— the plow rotation axis during a change in the suspension axis
position in height with a rigid connection of the plow with a tractor
in the transverse plane; II-II — the plow rotation axis during a
change in the suspension axis position in height when the plow
is hinged with a tractor in the transverse plane (the plow support
wheels rest on the furrow bottom); I1I-IIl — the plow rotation axis
during a change in the suspension axis position in height when
the plow is hinged with a tractor in the transverse plane (the plow
support wheels rest on the field surface); r — the distance from the
plowshare center to the rotary axis of the plow of structural design
II-1I, m; | — the distance from the plowshare center of the rear
working body to the rotary axis of the plow of structural design I-1,
m; L — the distance from the suspension axis to the rotary axis of
the plow of structural design I-1, m; p — the distance from the axis
passing through the thrust line of the tillage unit to the rotary axis
of the plow of structural design II-11

OWHBI, HO U YJIETBHOTO COMTPOTHUBIICHHU S, 3aBUCSIIIETO OT
YTJIOB IIOCTAHOBKH KOPITYCa OTHOCUTEIIEHO HAIIPABIICHHUS
nemxeHns MTA.

HenocTaTok miyroB BTOpoil Tpynibl BHIPaXKaeTCs B
TOM, YTO MOYTH BECh BEC IIyTra MPUHUMAETCS OTIOPHBI-
MH KOJIECaMH, TO €CTh 10T Py>KEHHUE KOJIEC TPaKTOpa MEHb-
11e, YeM ILUTyTaMHy TIePBON TPYIIIIBL

7151 onipenieneHus paliuOHabHBIX KOHCTPYKTHBHBIX
rapamMeTpoB ILTyTra Kak 00beKTa peryJIMpOBaHUs HEOO-
XOIMMO 3HATh BIIUSTHHUE PACTIONIOAKEHH S M THUIIA OIIOP, B3a-
HMHOT'0 PACTIONIOKEHHSI KOPITYCOB Ha XapaKTep U3MEHe-
HUS TSITOBOT'O CONPOTHUBIICHUS U TITYOHMHBI 00paboTKH
MOYBHI ITPH TOJ]au€ YIPABIAIOIIETO BO3ICHCTBHUSL.

PE3VYNLTATEI M OBCYXAEHUE. PaccMoTpuM Ha mipu-
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Mepe BIUSHUE MOJIOKEHUS ocu BpalieHus 0-0, 3aBucs-
I1ee OT MECTOMOJIOKEHUS OIOP, U IEPEKPHITHE KOPITYCOB
Ab Ha popmy noapesaemoro miacta (puc. 2). Ha pucyn-
kax 2a, 2c, 2e noka3ana ¢opma minacta npu 4b = 0,5b, a
Ha pucynxax 2b, 2d, 2f—ipu Ab = 0,1b. [lpu nogbeme ocu
HoziBeca AJIMHA PexXyIed KpOMKH /, (kpait pabodero op-
raHa, OTpe3alolnii TOYBEHHBIN IJIACT OT MOHOJIUTA) YBe-
JTMYMBAETCA CTYNEHYaTo oT [,=a+bnpu y =0° 1o [, =
a+ b+ 4b upu y > 0° (a — rmyOuHa 06pabOTKH MOYBHI,
M; b — mUpHHa 3axXBaTa OJHOTO KOPITyca, M; i/ — yToll
YCTaHOBKH KOpITyca B IMONEPEYHON MIOCKOCTH, TPa.).
JanpHeiiee yBeanveHue yria i npu yciaouu A0 < AB
(4O — paccrosinue mexay Toukamu 4 u O, M; AB — pac-
CTOSIHUE MEXIY TOYKaMu 4 U B, M) IPUBOAMUT K YMCHb-
HIEHUIO AJIUHBI /,, HO IIPH 3TOM MOSBJISETCS y4acTOK JIO-
MaHHOI AE = AK + KE, Ha KOTOPOM ITPOUCXOAUT CKAJIbI-
BaHue N0YBHI (AE, AK, KE — paccTosTHUE MEX Ty TOUKa-
mMu A u E, Au K, Ku E COOTBETCTBEHHO, M).

Q ==

Puc. 2. @opmul nnacma, noope3aemozo KOpnycom 0meanbHo20 nay2a:

a — enybuna obpabomxu nouswvl, M; b — wupuna 3axeama 00HO20
Kopnyca, M; W — Y20l YCMAHOBKU KOPNYCA 8 NONEPEYHOU NIOCKO-
cmu, 2pao.; Ab — nepexpvimue xopnycos, m; 0-0 u 01-01 — ocu
8pajeHus nyea npu pasiudHbIX NOLOJCEHUSX MOYEK ONop

Fig. 2. Forms of soil layers cut by the body of a moldboard plow
a — tillage depth, m; b — operating width of one body, m; y — the
body setting angle in the transverse plane, deg.; Ab — the overlap
of bodies, m; 0-0 and 0,-0, — axes of plow rotation at different
positions of support points

XapakTep U3MEHEHHUs JUIMHBI pexXyIleil KpoMKH [, u
TIONIA K CEYeHHS TIOPE3aeMOro IOYBEHHOTO M1acTa F, M’
CYIIECTBEHHO 3aBUCHUT OT PACIOJIOKEHUS Oceil BpalleHus
nnyra 0-0u 0,-0, mpu pa3TUIHBIX TOIOKEHHUSX TOUEK OTOP
(puc. 2). Onpenenum 3aBUCUMOCTb [, ¥ [ OT U3MEHEHUS yT-
na . Jlns aToro BBegeM obo3HaueHus (puc. 2c, 2d):

40 _, 0B _
b+Ab " h+Ab

1-2 M
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3ameTnm, 9TO Ha y4acTke 4B + BJ/] mpoucxonuT pe-
3aHUE MOYBHI, @ HA y4acTKe AE — CKalbIBaHUE.

Jytst mocTaTOYHO MaJIbIX 3HAYCHUH yTIIa i OyJeT crpa-
BEJJTUBO:

gy =y. @

IIpu y > 0° pe3aHue U CKaJIbIBaHUE TPOUCXOAUT Ha
yuactke AB+B/[+tAE, 1y1s1 KOTOpOro /, onpeneseM 1o
thopmye:

[,=a+b+Ab+y-A-(b+AD), 3
a IIoIaab CEYEHH I ITOAPE3aEMOT0 I1J1acTa:
F=a-(b+Ab)+y -(b+Ab)*-(1-0,5). ©)

AHaJIOTHYHO MOXKHO OIpenenuTs [, u F npu y < 0°.
Cuurtas, 4TO TSATOBOE CONPOTUBIIEHUE MPOMOPLIUOHAIb-
HO TUTOIIAIH CEUCHHM S TUTAcTa (Ha JIeMeX IPUXOAUTCS OKO-
110 50-60% conpoTuBieHus, a Ha oTBas —40-50%), a Tak-
’K€ OPUEHTUPOBOYHO MMPUHUMAS, YTO COMPOTUBIIEHUE P,
H, cOCTOMT U3 CONPOTUBIIEHU Pe3aHus P, U KPOLIECHUA
P, npu ycnosuu P,= P,,= 0,5P, 3anumieM onpeemnsio-
LI1€ UX 3aBUCUMOCTH:

P, =k'-(a+b); P, =k"-(a-b). Q)

rae k' v k" — ynenbHOE COMPOTUBIICHUE pe3aHus U KO-
IICHUsI COOTBETCTBEHHO, H/M.

FH
R S & 7 T Z] 2
.{{ / / .___‘:i__qf___f._____
T 17 Nt S
———— ) = L
S, P -
=—J== EE‘-&&:_"—_- -
gl lef LS 0 ]
0 R - 4 5 5)‘,..___‘___
a9
54 -3 2 -1 072 3 by pad

Puc. 3. Pacuemnvie 3asucumocmu ms206020 conpomuenenusi P
(P=1 npu w=0°) om y npu paziuuneix A u Ab:
DA=054b=0,13;2)A=0;,4b=0,13;3) A =-0,5; 4b = 0,13;
4)2=054b=0,03;5) 2 =0, 4b=0,03; 6) . =—0,5; 4b = 0,03
Fig. 3. Estimated relationship between traction resistance P (P=1
at w=0°) and y for various /. and Ab

Ipu u3menenuu yria y ot 0° B CTOPOHY «+» IPOHC-
XOAHT CKadOK TATOBOTO COMPOTHUBIIEHNUS, 00yCIOBIICH-
HBII BCTYIUICHHEM B pa0OTy 3aTHEr0 KOHIIA JIeMeXa H 3a-
BUCSIIIINH OT BETUYUHBI TepeKpbITus (puc. 3). Kpome To-
T0, IIPH YBETHYECHUH i TATOBOE COIIPOTUBIICHHUE 3aBUCHT
OT A, TO €CTh OT IMOJIOKEHH S OCH BpalleHus miyra 0-0.
TaroBoe CONPOTUBICHUE YMEHBIIAETCS TEM HHTCHCHB-
Hee, YeM MCHBIIIE BETUIHHA A.

Jlns moucka cxemsl Iryra, B HAauOOJIbIIICH CTEIICH!
OTBeYaroIIel TPeOOBAaHUSIM aBTOMATHUECKOTO PETYIIH-
pOBaHUs, MPOBE/ICHBI CIICIIHATIBHBIC UCCIIENOBaHNU [2, 5]
B pesynbraTe oToOpaHb! TpU cxeMbl (puc. 1).
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IInyr cxemsbr I KECTKO COEIMHEH C TPAKTOPOM B IO-
MEPEYHOI MIOCKOCTH U ONMUpaeTca B pabodyeM U TpaHc-
MOPTHOM TIOJIOKEHUN Ha OJHO 3a7Hee OOpPO3JHOE KOjIe-
co. IIpu u3MeHeHU Y NON0XKEHHS OCU MOABECA 110 BBICOTE
TUTYT TOBOPAaYMBAETCS OTHOCUTENBHO ocH I—/. [Tpu aToM
B IIEPBOHAYATBHBI MOMEHT U3MEHSICTCS TITyOMHA TOJb-
KO MepeHUX KOPIIYyCOB, a B JaJbHEHIIEM — B pe3yIbTa-
Te AyOJIMPOBAHHMSI 33 THIM KOJIECOM JTHA OOPO3/IbI U Y 3a/1-
HUX KOpIycos [3].

[Tyt cxemwl I] imeeT mapHUPHOE COETUHEHHUE C TPAK-
TOPOM B IOIEPEUHOH IIIOCKOCTH U ONUPAETCs B paboueM
MIOJIOXKCHHUH Ha TIepeaHee U 3a7Hee OOpO3AHBIE KoJeca.
W3meHeHune nonokeHus Ocu MoJiBeca Mo BEICOTE IPUBO-
JIUT K IOBOPOTY 3TOT0 ILIyra OTHOCUTENBHO OcH [/-I]u
HEKOTOPOMY M3MEHECHHIO TTyONHBI Bcamku. [lepBoHa-
YyaJbHOE U3MEHEHHE ITyOUHBI 3aBUCUT OT PacCTOSHUS
Mexny ocwio /[/I-II u kopnycamu. JlanpHeliee H3MeHe-
HUE TITyOUHBI IIPOUCXOIUT B XO/I€ NyOIHpOBaHU Y 3a1-
HUX KOPITYCOB aHAJIOTUYHO TUTYTY cxemvl [ (puc. 4).

al 5,

Aag
\

[ a i 4 5

Puc. 4. HUsmenenue enybunvt obpabomxu npu 0yonuposanuu ono-
potl nyea pervegha ona 6opo3ovi:

81 u S, — nocmosnnvie nymu, m; Aa — usmenenue cpeoneii 2nyounvl
ecnawiku, M, S — npotioeHHbl NIY20M NYMb, M

Fig. 4. Change in tillage depth when the plow support follows of
the furrow bottom relief

S\ and S, — constant paths, m; Aa — the change in the average
tillage depth, m; S — path traveled by the plow, m

Kak Bugum, mpu CKaukooOpa3HOM U3MEHEHHH BbICO-
THI OCH MOJIBECA U TYOIUPOBAHUU 3aTHUM KOJIECOM JTHO
00pO3/1bI MOJTYYaACTCs CTYIIEHYATHIM.

Ho ecnu mpencTaBuTh, 9TO OHO HE CTYIIEHYATOE, TO
nepeaarouHas GYHKIUs W B 3TOM Cliydae MOXKET OBITh
MpeJICTaBJIeHa KaK JUIsi HHTErpo-TuddepeHnnpyomero
3BeHa (puc. 1, 4):

K-S -p+1)
= N 6
“ ) S,-p+1 ©
S,=L (cxema I); @)
S Zzl.—p (cxema II), ®)
r

TJIe 7 — PACCTOSTHHUE OT LIEHTpa JieMeXa JI0 TOBOPOTHOM
OCH TLTYTA, M;

K — ko3 duruent ycuneHus.

W3BecTHBI 3HAYEHUS TIOCTOSIHHBIX ITYTH S| U .S, U KO-
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Ta6bnuuya Table
SHAYEHMSA NOCTOSHHBIX NYTU N KOIOOULMEHTA YCUNEHUS ANsl AEBATUKOPMYCHbIX NAYyros*
VALUES OF PATH CONSTANTS AND THE GAIN RATIO FOR NINE-BODY PLOWS*
MapameTpb! Cxema I/ Structural design I Cxema I/ Structural design 11

Parameter K S, S, K S, S,
PacuerHsiii / Estimated 03 L il 1Y E el
Oxenepument / Experimental | 4¢ ¢ 5 0.8 74-8.5 0,87-0.98 0.8 5563
*K — k03¢ UIUeHT ycuieHus; S; U S, — IOCTOSHHBIC Iy TH, M.
*K — the gain ratio; S; and S, — constant paths, m.

s punmenTa ycunenus K s NeBATUKOPITYCHBIX ILTY-
roB (mabauya) [2].

Ilnyr cxemor 11 KuHEMaTUYECKU TOX0XK HA ILIYT cXe-
Mot 1 ¢ TOM pa3HUIIEH, UTO OTIOPHBIE KOJIECA CTOSIT Ha TTO-
BEPXHOCTH MOJIS BOJIU3U KOPITYCOB, & YMEHbBILICHUE [ITY-
OWHBI BCIIAIIKY JOCTUTACTCS IIPH OMyCKAHUH OCH TIOJI-
Beca. [limyr cxemsr 111 ciocoOeH oTpabaTsiBaTh O0JIEe BHI-
COKHE YaCTOTBHI, YeM J[Ba MIEPBbIX, TAK KaK €ro XapakTe-
pHCTHKA OJIM3KA K XapaKTePUCTHKE YCHITUTENFHOTO 3BEHA.

Ilnyru cxemer II v 111, B oTIMYHUE OT ILIyTA cxembl |,
MEHBIIIE 0TI PY’KAOT BEAYIIHE KoJleca TPAKTOpa, 3aTo
OHH CIIOCOOHEI B OOJIBIIICH CTEIICHU H3MEHSTh TATOBOE
COMPOTHUBIICHUE 0€3 CYIIECTBEHHOTO YXYAIIEHUS arpo-
TEXHUKHU. Y 3TUX CXEM IIPU BapbUPOBAHUHU MOJOKEHU S
OCH TOJIBECa MO BBHICOTE U3MEHSIIOTCSL HE TONBKO TITyOH-
Ha BCHAILKH, HO U YIJIbl YCTAHOBKH KOPITYCOB B IIPOJOJIb-
HOHW ¢ ¥ IONEPEYHOM ¥ TUNIOCKOCTAX. M3MeHeHune aTux
VTJIOB MMO-Pa3HOMY CKa3bIBACTCS HA 3HAYCHHUH TATOBOTO
conportusneHus (puc. 5) [2,4]. [lockonabKy MonepeuHbIi
YTOJ ¥ MEHseTCs 00Jiee HHTEHCUBHO, YeM MPOJIOTBHBIN
@, TO HanboJIee MPEAMOYTHTEIILHON CXeMOM TITyTa cTa-
HeT cxema I11. B 3ToM ciiydae 3HaK U3MEHEHUS TSITOBOT'O
CONIPOTHUBIICHHUS, 3aBUCSIIETO OT IIyOHHEI BCIIAIITKH
P = f(a) u ot yria ycranoBku kopiyca P = f(y), coBma-
JaeT.

HcnpiTanus Tpex cxeM IUTYyTOB Ha IT0YBE C yAETbHBIM
compoTusienueM 0,8 kr/cMm? mokas3aiiu, 4TO U3BMEHEHHE
TSTOBOI'O CONPOTUBJIEHUS AP Ha €IMHULY U3MEHEHUS
cpenHeil r1yOuHBI BCIAIIKK Aa COCTaBIISET AJIs IIyTra
cxemwl 1 146 xr/em, s cxemot 11— 128 u gast cxemwr 111
— 210 xr/cMm.

IIpu 060CcHOBaHMM CXEMBI ILTyra HEOOXOANMO YUHU-
TBIBATh HE TOJIBKO arpOTEXHUYECKHE U TEXHUKO-IKOHO-
MHYECKHE MTOKa3aTeu, HO U TpeOOBaHUS OXPaHbI TPYa.
Pabora crucTeMbl aBTOMAaTHYECKOTO PETYINPOBAHUS HE
JOJIKHA YXYALIATh IIaBHOCTh X014 TPAKTOpa U yBeJu-
YUBaTh YPOBEHb KOJICOAHUI HA CUJCHUHU TPAKTOPHCTA.
CoOcTBeHHBIC YacTOTHI TpakTopa K-701 115 BepTUKAIIb-

HBIX U HpO)lOJ'H)HO—yFJ'IOBI)IX KOJ'Ie6aHHI>i B 3aBUCUMOCTH
OT JIaBJICHUS B IMHAX U TUIA TPUCOCTUHEHHOTO TLTYTa
COCTABIISIIOT, COOTBETCTBEHHO, 0, = 5,5-7,3 ¢ n e, = 12,5-
18 c'l, TO €CTh BXOSAT B TMAIIA30H YaCTOT pabOTHI CHCTE-
MBI WUTH OJTU3KH K HEMY. A MOMEHT HHEPITUU OTHOCUTEb-
HO OCH TTOBOpPOTa cocTanseT 11800 kr-m/c® mns mryra I
cxeMmsl I; 260 KI-M/c? s mryra II cxemsr [; 100 Kr-M/c’I-
14 nayra cxemsl III, y koToporo ocek BpalieHus IpOXo-
JIAT Yepe3 NeHTp TsokecTH. Kak BuanM, y miyra cxemsr [
MOMEHT HUHEPLIUH B ICCATKH pa3 O0NbIIE, 4eM B IBYX IPY-
rux cxeMax. OTcroaa OOJIbIIE U CHIIOBOE BO3AECUCTBUE
3TOrO IJIyra Ha TPaKTop.

i 7
& A

0 \/— -‘(-‘ \
A v’

] 2 ] - 4 i) § &

Puc. 5. 3asucumocms msazo6o2o conpomusienis om y2iog ycma-
HOBKU KOPNYCO8 8 NPOOONbHOIL (@) U nonepeyHoll () nI0CKOCmAX
Fig. 5. Relationship between traction resistance and the body
setting angles in the longitudinal (p) and transverse (y) planes

BuiBogbl. Hanbosiee mpuroaHbIM Ty TOM JUIS arpe-
TaTHPOBAHUS C YHEPTOHACHIIICHHEIMH TPAKTOPaMH, 000-
PYJOBaHHBIMU CUCTEMAMH aBTOMAaTHYECKOT'O PETYJIHPO-
BaHUs, CIICIYET MPU3HATH MOJIYHABECHOU TLITYT, HMEIO-
MW MIAPHUPHOE COSAMHEHNE C TPAKTOPOM B TIOIEped-
HOH IJIOCKOCTH, ¥ OTIOPHBIE KOJIeca, YCTAHOBJICHHBIC Ha
MOBEPXHOCTH NOJs. Ha HCTIBITAaHUSAX 3TOT ILTYT ITOKa3aJl
BBICOKYIO TEXHOJIOTHUECKYIO HaJIeKHOCTh, CyIIeCTBEH-
HOE YBEJINYECHUE IPOU3BOIUTEIBHOCTH (IIPH CUIIOBOM pe-
rynupoBaHuu 10 10-11%) 6e3 yxyameHus ycioBuii Tpy-
Jla TPAKTOPHCTA ¥ arPOTEXHUUYECKUX MTOKa3aTeNeH.
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Pedepar. Bricokas sHeproeMkocTh (pe3epoBaHHs IMOYB CITYKUT CACPKHBAIOMMM (AKTOPOM HX IIMPOKOTO MPUMEHEHHS.
®pe3bl IPEMEHSIOT B TEX CIyYasx, KOTJa HET anbTepHATHBHI MO KauyeCTBY 00pabOTKH, 0COOCHHO TKEIBIX U 3a[epHENBIX TI0YB.
[Toxazanu, 4To MOJEPHU3MPOBAHHEIE MOYBOOOpadaTkiBatolue (pe3sl UMeloT 3yOreodpasHyto Gopmy. Paccmorpenn Bonpockt
ONTHMAIFHOTO PACTIONOXKEHHsT HOXeH oTHOcUTelbHO Oapabana. ([]erv uccnedosanuii) [onmyduTh 3aBUCHMOCTH JUIS pacyera
mara 3yoneobpasHoii (pe3sl MoYBOOOpadaTHIBAIONIEH MAIIMHBI IS HPEANIOCAT0YHON 00pabOTKH MOYBBI Mepes MOCaKoM Kap-
toens. (Mamepuanst u memoodvr) OTMETHIN OTCYTCTBHE METOAMK TIPU BHIOOPE OCHOBHBIX TApPaMETPOB M PEKUMOB PabOTHI
0YBO0OpadaTsIBatomuX (ppe3 ¢ 3ydreodpasHoi popmoit. [lonTBepammE HeOOXOTMMOCTh HOBOTO TIOIXOIA B BEIOOpE MPOQIIIL
paboueii MOBEPXHOCTH HOXa (pe3bl ¢ LENbI0 YMEHBIICHHS SHEPrOEMKOCTH (Dpe3epoBaHUs U YITy4lIeHUs KayecTBa 00pabOTKH.
Hcnonp30Bamm MaTeMaTHIecKue U TpauIecKue pacyeTsl Tl ONpeNeNeHIs ONTHMAIBHOTO mara CTymHH. (Pesyismamut u 06-
cyacoenue) TIpenctaBuin BeIpakeHHe IS ONpe/eeHns 00beMa PEIXJIeHHU TI0YBbI IIPH paboTe Mo4Bo0OpabaTeBalOMX (pes.
Paccuntanu, uro ¢ yBenudenueM rimyOounsl 00padotku moussl ot 0,10 1o 0,15 merpa mar crymaun noseimaercst ¢ 0,04 mo 0,06
MeTpa 1 onTHMabHO cocTaBnstet 0,05 metpa. {1 OpueHTHPOBOYHBIX MHXKCHEPHBIX PACUECTOB MPUHSIH, YTO ONTHMATBHBIN Ma-
pameTp mmara ctynHu paseH 0,25-0,45 ot 3HaYeHUS MOfaYH Ha HOX. (Bb1600b1) YCTaHOBIUIH, UTO KOJIMYECTBO HOMXKEH B OXHOI CEK-
IIIF ¥ IIMPHHA 3aXBaTa HOKa He BIUSIOT HA BEMUMHY ONTHMAJIBHOTO Imara 3yObeB. OTpPeneNini, 9To 3TOT MOKa3aTelb JTHHEHHO
3aBHCHUT OT NTyOHHBI 06paboTKH MOUBBL: ¢ e¢ yBenuueHneM Ha 0,05 MeTpa onTHMabHBIN Mmar cTynHU Bo3pacTaeT Ha 0,025 me-
tpa. [Tokazanu, 4to ¢ yBenuueHneM padoueii CKopocTH Gpe3bl YMEHBIIAKTCS YCTbHBIE 3aTPAThl JHEPTHU HA 00paboTKY IIacTa,
a 9 pexTUBHOCTE 00paOOTKH MOYBEI YITyUIIACTCSL.

KitoueBble ciioBa: mouBooOpabaTeBaroIue MamMHbL, Gpe3epoBaHue MouBbl, mar (pessl, 3yoneodpasHas dpesa, SHEProeM-
KOCTB ITOYBOOOPAOOTKH.
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Abstract. The high energy intensity associated with rotary tillage of soil serves as a deterrent for its widespread use. Rotary
tillers are used in cases when there are no alternatives as to the soil quality, especially when machining hard and sod-covered
soils. The authors have described new modernized rotary tillers of a serrated type and considered the optimal location of knives
relative to the drum. (Research purpose) To determine the relationships for calculating the pitch of a serrated-type rotary tiller for
soil preparation before potato planting. (Materials and methods) The authors have noted that currently, there are no methods for
selecting the main parameters and operation modes of serrated-type rotary tillers. The research has proved that a new approach is
required for selecting the working surface profile of the rotary tiller knife in order to reduce the energy consumption of tillage and
improve its quality. The authors have used mathematical and graphical calculations to determine the optimal pitch of the tiller
foot. (Results and discussion) The paper presents an expression for determining the amount of soil loosening during the operation
of rotary tillers. It has been calculated that an increase in the tillage depth from 0.10 to 0.15 meters results in an increase in the pitch
of a tiller foot from 0.04 to 0.06 meters and the optimal value is 0.05 meters. For approximate engineering calculations, it has been
assumed that the optimal parameter of a foot pitch is 0.25-0.45 of the knife loading value. (Conclusions) It has been found that the
number of knives in one section and the operating width of a knife do not affect the optimal tooth pitch. It has been determined
that this indicator linearly depends on the depth of tillage: as it increases by 0.05 meters, the optimal foot step increases by 0.025
meters. It has been shown that as the working speed of the rotary tiller increases, specific energy consumption required for the
treatment of a furrow slice decreases, and the efficiency of soil tillage improves.

Keywords: soil tillage machines, soil rotary tillage, rotary tiler pitch, serrated rotary tiller, energy intensity of soil tillage.

I For citation: Gadzhiev P.I., Makhmutov M.M., Alekseev A.I., Makhmutov M.M. Raschet shaga pochvoobrabatyvayushchey
frezy s zubtseobraznoy formoy [Calculating the pitch of a serrated-type rotary tiller]. Sel'skokhozyaystvennye mashiny
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04B000paOATHIBAIOIINE MAITUHBI C AKTUBHBIMHU
I I POTalMOHHBIMH PA0OYMMHE OpTaHAMU THIIA (pe-
361 00€CTIEUYNBAIOT BBICOKOE KAY€CTBO KPOIICHHU
Ha pa3HbIX TUTAX MMOYB. AHAIIN3 UCCIIETOBAHNHN POCCH-
CKHX ¥ MHOCTPAHHBIX YUCHBIX ITOKA3bIBACT, UTO O MPO-
MU3BOAMTEIIBHOCTH 00pabaThIBAHUS TSHKEIBIX [0 MEXa-
HUYECKOMY COCTaBY ITOYB POTAIIMOHHBIE IOYBOOOpada-
THIBAIOIIUE MAITUHEI ((Ppe3bl) 3aHUMAIOT OJJHO U3 BaXK-
HBIX MECT IPH NMPEATNOCaI0uHON 00padoTKe mouBkI [1].
Hapsiny ¢ BRICOKOKA4eCTBEHHBIM HCIIOTHCHHEM TEXHO-
JIOTHYECKUX (QYHKIIHH, POTAIIMOHHBIC TOYBOOOPAOATHI-
BafOIMEe MAIUHEI ((PPe3bl) MOHIKAIOT TATOBOE COIPO-
TUBJICHHE arperara. VX mupokoe mpuMeHEHUE CIEPIKHU-
BaeTCs M3-3a MOBHIIICHHOI YHEProeMKOCTH (ppe3epoBa-
HHUS TIOYB U MEHBIIIEH TEXHUUECKO 0€30MaCHOCTH MO
CPaBHEHUIO C KJIACCHYECKUMHU MAITHHAMH U OPYIUSIMU
[2]. BenencTBue 3Toro ¢ppe3sl IPUMEHSIOT B TeX Cilyya-
SIX, KOT/Ia JIJIs1 HUX HET aJIbTePHATUBBI [T0 Ka4eCTBY 00pa-
00TKH, 0COOCHHO MPH 00PabOTKE TAKEIBIX U 3aJCPHE-
neIX oYB [3]. MoaepHu3upoBaHHbIE TOYBO0OpadaThIBa-
rorue (pe3sl UMeroT 3yoneobpasnyro popmy [4]. OT npa-
BHJIBHOT'O BBIOOpA IlIara CTYIHH, TO €CTh PACCTOSHHUS
MEXTy BEpXHUM W HIDKHAM HO)KaMH, 3aBUCSIT HE TOJIb-
KO Ka4eCTBO 00PabOTKH MOYBBI, HO ¥ XapaKTEPUCTHKHU
MO/ TAJIKUBAIOIIHNX JEHCTBUHN CUJI OT MAIIMHHO-TPAKTOP-
Horo arperara (MTA) [5, 6].

LIENb MCCNEQOBAHUS — IOy YU ThH 3aBUCUMOCTH JIJIS
pacueTa rmara 3ybneoopasHoi ppe3sl ouBo0OpabdaThIBaroIIeH
MAIIUHBI T TPEIIOCaT0YHOI 00pabOTKY MOYBEI IEpe
nmocaakoi kapTodens.

MATEPUANBI M METOAbI. BO BpeMsi MOJICBBIX UCIIBITA-
HU COONIOICHBI HOPMATUBBI BCEX MAPAMETPOB, KOTOPHIC
COOTBETCTBOBAJIU TEXHUIECKUM TPEOOBAHHSIM, H3JI0KEH-
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HBIM B MexrocyaapcrsenHoM crangapre OCT-28516-90.

[Ipu oOHaApy keHUHU KaKUX THO0 OTKIOHCHHUH IIPOBO-
JUJIach PEryIupoBKa pabounx OpraHoB ¢ yUETOM YCIIO-
BUI IIPOBEACHUS SKCIEPUMEHTA.

B nporpaMmy ncneiTaHuit BKJIFOUYEHBI HECKOJIBKO BU-
JIOB OIICHOK:

- OKCILTYaTallHOHHO-TEXHOJIOTHYecKas OIleHKa pabo-
THI;

- arpoTeXHUYeCKas OLEHKa arperara;

- DKOHOMHUYECKasl OL[EHKa 110 pe3yIbTraTaM padoThL.

[Ipu oueHKe 3KCITyaTallHOHHO-TEXHOJIOTHUECKOI0
noka3zatens pykoBoacTBoBanucs 'OCT 24055-88, TOCT
24056-88, 'OCT 24057-88, OCT 70.4.2-80, OCT 10.4.2-
2001.

ATpOTEXHHYECKYIO OLEHKY (Ppe3epHOI MAIIIMHBI OCY-
mectBassan B coorBeTcTBHu ¢ OCT 10 1.1-98, OCT 10
4.2-2001 u OCT 70.4.2-80.

PaccmoTpuM akTHBHBIN pabounii opraH poTauoH-
HOU mouBooOpadaTeiBaromeil MamuHsl (puc. 1). lpu ma-
re CTYIHHU #;, paBHOM I'IyOHHE 00pabOTKH MOYBHI A,
PBIXJICHHE TIOUBEI OYAET OCYIIECTBIATHCS TOIEKO HOKOM
BTOPOH CTymHHU 2. [leficTBUE MOATAIKHUBAIOIINX CUIT OT
TpakTopa P; B cucteme MTA OynyT He3HAYUTEITHHBIL.

C yMeHBIIICHHEM I1ara CTYIHU 00pa3yeTcs CIOH I1od-
BBI CBEPXY ¥ CHU3Y BTOPOT'O HOXa, KOTOPBIA HAYMHAET
B3aMMOJIEHCTBOBATH C MOYBOH. B pe3ynprare ynyumiaeT-
Csl CTPYKTypa 00paObOoTKH MOYBHI M [TOBBIIIAETCS JCHCTBUE
HOATAJKHUBAIONINX cHJI B cucteme MTA.

PE3YNLTATBI M OBCYXXAEHME. [Ipu 1mare cTymHH, paB-
HOM HYJIIO, IT0JT BTOPBIM HOYKOM CJIOW TIOYBBI YMEHBIIIa-
€TCS 10 MUHUMYMa, 4TO YXYAIIAET PhIXJIEHHUE OYBHI U
JieficTBHE OATAIKUBAIOMIKX CHJI. ONITUMAaIbHBIM [IaTOM
CTYITHH OYJeT TO 3HAYCHHE, IIPU KOTOPOM 00BEM PHIXJIe-
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b

Puc. 1. Paboma nooiceii 3y6yeobpasnoii popmot npu uiaze cmynu,
pasHom: a — enybune obpabomie nougwl; b — nonosune 2nydounbl
06pabomke nousvl

Vi, — nocmynamensnas ckopocms gpesot, m/c; M, — Kpymawuii
momenm om xoneca, Hw; Py — cuna conpomuenenus, H; G, — na-
epyska Ha ¢pesy, H; Rs— paduyc 6apabana gpesvi, m; Hy — 2nybu-
Ha 00pabomKu nouswbl, M; t,— uiae CMyntu, m

Fig. 1. Operation of serrated-type knives at a foot pitch equaling:
a — the depth of tillage; b — the half-depth of tillage.

V., — translational speed of the rotary tiller, m/s; M., — torque from
the wheel, Nm; P;— resistance force, N, G, — loading on the rotary
tiller, N; Rs — the radius of the rotary tiller drum, m; H, — soil
cultivation depth, m; t,— foot pitch, m

HUSI IEPBBIM ¥ BTOPBIM HOKOM OyIyT OJMHAKOBBIM [7].
OrmpenenuM 00BEM PBHIXJICHHS TOYBHI IIPH padboTe
nouBooOpabaTeiBatoux Gpes:

2

0
Rl x

50-Ax Zi )

(A-hy+2-R,)+

h
+(1-R, +2-h0)-arcsin[R°J xby

a

50-Ax Zi

rzie V., — 066eM PHIXJICHHUS OUBHL, M*;

S, — TIOMIA b PHIXJICHHS TIOUBHI, M ;

R; —panuyc 6apabaHa, M;

h,— T1yOnHA 00paOOTKHU ITOYBHI, M;

A — moKa3zaTeab KHHEMaTUYECKOTro peXuMa paboThl
(bpessr;

Z; — 4UCJI0 HOXKEW B OJTHOM CEKIIMH, IIIT.;

b; — mMprHa 3aXBaTa HOXAa, M.

C yBeJMYCHHEM IlIara CTYITHH 00'beM PBIXJICHUSI T0-
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YBBI HAJl IEPBOI1 CTyNeHkIo (Orke K IIeHTpY Oapabana)
Oy/eT yMEHBIIATHCS U OIPEICTUTCS:

(ho _15)2
(R6 _'fs)2
50-AxZu

2'(R6 _tS))+()“'(R6 _[S)+ 2'(h0 —ts))'arcsm[((zo :ZS))] x by,

(Ra_ts)' 1- '(l'(ho_[s)+2'(Rﬁ_ts))

Ver =

)

+

50-AxZu
re Ve, — 06beM phIXJIeH s OYBBI HAJl TIEPBOi CTYTIEHBIO, M,

t,— mar 3yObeB, M;

by — mupuHa 3aXBaTa HOXKA, M.

OO0beM phIXJIEHUS IOYBBI HA/I BTOPO CTYIIEHBIO C MO-
BBIIIICHHUEM IIIara CTyIHU OyIeT yBEITHIHBATHCS 110 BbI-
paxenuro: Ve, = Ve —Vey, 3

[Tpu onTUMaTLHOM 3HAYEHHWH IIara CTYIHH 00beM
MOYBHI V¢ OyneT paBeH V¢,. BeipasuM MaTeMaTH4ecKu:
Ver=Vea =0, = Vo (Ve = Ve)=0, — 2xVe, = V=0

(ho_ts)z
(Rd _ls)' 1- (Rd _ts)z

h’
R,- 1—? (A-hy+2-R,)+

{12 -1 {5 oo -

(Ra' _ls)

+(A-R,+2-h,): arcsin[}lz"j x0,02b

d

'(}“(ho _[s)+2'(Ra _ts))+

@

xA'xZi"=0

MaTteMaTHYeCKH OMPENCTUTh ONTHMAIBHOE 3HAYC-
HUeE [ara CTYIHH U3 ypaBHEeHUs (4) 3aTpyJHUTEIBHO, HO
MOKHO M300pa3uTh rpadudecku (puc. 2).

v 10w
;{ﬂ"“‘-\\(!/{? V&’J
"--.\\
5 <el
! T~
0 005 40 hw

Puc. 2. Onmumanvroe snavenue wiaea cmynuu Oas YCi108UlL:
Rs=03m; hy=015m; 2 =4;Z =3 wm.; by=0,05m

Fig. 2. Optimal value of the foot pitch for conditions: Rs =0.3 m;
ho=0.15m; A =4; Z; = 3 pcs.; by = 0.05 m.

C yBenuveHueM riryouHbl 00paboTku moussl ot 0,10
10 0,15 m mar ctynau noseimaetcs ¢ 0,04 7o 0,06 M u
ontuMaibHO coctaBiuset 0,05 m (puc. 3). Jlns opueHTH-
POBOYHBIX HHKEHEPHBIX PACYCTOB MOXKEM IIPUHSATE, 4TO
ONTHMAaJbHBIN IapaMeTp L1ara CTyHu cocraiseT 0,25-
0,45 oT 3HaYEeHUS TTOJAYH HA HOXK, TO €CTh:
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Puc. 3. Beibop onmumanbho2o 3navenus waza cmyntu 8 3a6ucu-
Mocmu om 2nyOuHbl 00paboOmKU NouBwl.

—hy=010Mm; ------ hoy=015m;-------- hy, =020 m
Fig. 3. Selecting the optimal value of the foot pitch depending on
the depth of tillage:

Puc. 4. Brusnue uccnedyemvlx (pakmopos Ha ONMuUMAIbHblil ulae
cmynHu:

hy — enybuna obpabomxu nouevl, M; Rs — paduyc b6apabana, m;
A — nokazamenb KUHEMAMUYECKO20 pexcuma pabomsl gpesvl,; Z, —
yuco Hoicetl 8 00O cekyuu, wm., b, — wupuna 3axeama Hodxica, M

—hy=0.10m; - - - - - - ho=015m; -----.-. h, =0,20 m Fig. 4. Influence of the studied factors on the optimal foot pitch:
ho — tillage depth, m; Rs— drum radius, m; A — an indicator of the
t,=1(0,25-0,45)-S,, (5) kinematic mode of the rotary tiller operation; Z, — the number of
knives in one section, pcs.; b, — operating width of a knife, m.
rjae S, — rnojaya Ha HOX ¢pe3bl, MM/00.
YPOBHU 1 MHTEPBAJIbl BAPbUPOBAHUSI ®AKTOPOB
LEVELS AND INTERVALS OF THE VARIATION OF FACTORS
Iloka3zatennb
Cavéuna KHHEMaTH4YeCKOro Yucio HoXxel B Iupuna 3a-
Y Papnyc pexxuMa padoThI OJHOM CeKIuH, XBaTa HOXKa,
v 00padoTKN
POBHH HOUBDL 0. M 0apa6ana, Rg, M dpessl, 4 Z,, IT. by,Mm
Levels Ti]lz; é” Drum Indicator of the Number of Operating
denth I% m radius, R;, m kinematic operation knives in one width of a
pth, Ao, mode of a rotary section, Z,, pcs. knife, b,, m
tiller, 4
[ 0,05 0.2 2 2 0,02
ower
DT 0,15 03 4 3 0,05
Central > > >
gerHI/Iﬁ 0,25 0,4 6 4 0,08
pper
HHTepBan BapbUpOBaHUS 0.10 01 2 1 0.03
Range of variation > > >

Tlomaua Ha HOXK — BETUYMHA TOCTOSTHHAS U 3aBHCHUT
OT panmnyca OapabaHa, yucia HOXKEH U OTHOIIICHHS T10-
CTYMAaTEeNbHON CKOPOCTH MAIIUHBI K OKPYIKHOH CKOPO-
ctu 6apabaHa. DTOT IOKa3aTelb OMPEICIsET CTENCHb
KpoleHust 00paboTaHHOU TTOYBHI.

MOKHO OTIPEACTUTh ONITHMAJBHBIH IIAT CTYTHH rpa-
(udecku, eciu 3HaUCHHE 00beMa CTPYKKH IIPH Iare
CTYITHH, PABHOM HYJIIO, Pa3/ICIHUTh MOMOJIAM U OT MOIY-
YCHHOI'O 3HAYCHM IMPOBCCTU T'OPU3OHTAJIbBHYIO JIMHUIO
JI0 KPUBO#, OMTUCHIBAIOIICH BIUSIHUE [Iara CTYHU Ha
06beM cTpyxku. OmyCcTHUB €€ Ha OCh Iara CTyIHH, M0-
JYy4UM ONTHMAJIbHOE 3HAUSHHE [1ara CTYITHH JIsI OIIpe-
JICNICHHBIX YCIOBHUl paboThI (pe3sl.

[Ipoananusupyem Gpopmyiy (4) u onpeaesiuM, OT Ka-
KX (paKTOPOB 3aBUCHUT 3HAYCHUE ONTHMAIBHOIO IIara
CTYIIHHU JJI5 CIENYIOUX YPOBHEN U MHTEPBAJIOB Bapby-
poBaHus PakTOpoB (mabauya).

CEIbCKOXO3AMCTBEHHBIE MALIWHbI 1 TEXHONOTMA + Tom 13 N5 + 2019

[TapameTpsl ¥ peXXKUMBI paOOTHI (Ppe3bl BIUSAIOT HA OII-
THMaJIbHYO BEIIMYUHY Iara CTynHu (puc. 4).

KonmdecTBo HOXeEH B OMHOM CEKIIUU U IIUPUHA 3a-
XBaTa HOXKA HE BIUSIOT HA BETMYMHY ONITUMAJIBHOTO II1a-
ra3yoneB. C yBelIMueHHEM pajauyca 6apabaHa ONTHMAIb-
HBIH I1ar 3yObeB MOBBIIIAETCS 110 TapaboIHUECKO 3aBH-
CHMOCTH ¥ cocTapiseT 7-10~° M mpu onTuMaabHOM 3Ha-
uenuu paauyca 6apadana B ananasone 0,2-0,3 M, 1910 m
B nuanasone 0,3-0,4 M coorBeTcTBeHHO. C yBENIMYECHU-
€M ITOKa3aTeNsl KHHEMaTHIeCKOro pekuMa paboTHI pe-
361 OT 2 110 4 ONTUMAaIbHBIH AT CTYTHU MOBBIIIAETCS MO
napaboIIecKoi 3aBHCHMOCTH U cocTaBiseT 7-107° m, a
B nuanasone oT 4 10 6 — 910> m. C YBEITUYECHUEM Ty~
OuHBI 00padoTku ouBkl Ha 0,05 M ONITHMAaIBHBIN IIar
CTYITHU MOBBIIIACTCS [T0 TUHEHHON 3aBUCHMOCTH U CO-
crasnseT 25:107° M.

Takum o6pa3om, Hanbosee 3HAYMMBIM (PaKTOPOM,
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BIUSIONINM Ha BEIWYHHY ONTHUMAIILHOTO Iara
oyBo0oOpabdaThIBaoLIeH (pe3bl, ABISETCS INTyOnHa 00-
pabOTKH MOYBHI.

BbiBoabI. BeisiBUIIN OTCY TCTBHE METOAMK MPH BBIOO-
€ OCHOBHBIX ITAPAMETPOB U PEKUMOB PaOOTHI TOYBOOO-
pabateiBaronux ¢pes ¢ 3yoreodpasHon popmoit. s
yIy4IICHHUS TapaMeTPOB U PEKUMOB pabOTHI TpedyeTcs
HOBBII MOJX0 B BEIOOpE Mpoduiis padbodei MoBepxHO-
CTH HOXa (hpe3bl C LEIbI0 YMEHBIICHHS DHEPrOeMKOCTH
(dpe3epoBaHus H yIydlIeHUs KauecTBa 00padoTku. Ompe-
JENUITN HauboJiee MpOrpecCuBHYI0 (opMy HOXKa — 3y0-
neobpasnyto. [loaTBepaniu, 4TO KOJTHYECTBO HOXKEH B

TEXHWUKA A1 OBPABOTKI [OYBbI MACHINERY FOR SOIL CULTIVATION @.

OJIHOM CeKLIMH U IIHUPHHA 3aXBaTa HOXKa HE BIUSIOT Ha
BEJIMYHMHY ONTUMANbHOrO mmara 3yoneB. Ilokaszanu, 4to
C YBEIIMUYCHHEM paboueii CKOpoCcTH Qpe3bl yMEHbBINAIOT-
Csl yZleNbHbIE 3aTpaThl SHEPTUU Ha 00pabOTKY IIacTa, a
3¢ pexTuBHOCTH 00pabOTKHM MOYBHI yiryumiaeTcs. Pac-
CUHTAJH, YTO YBEIUICHUEM [Ty OUHBI 00paOOTKY TOYBHI
Ha 0,05 M onTHMaNBHBIN 1IAT CTYIIHU IOBBIIIAETCS 110
JTUHEWHOM 3aBUCUMOCTH U cocTaBinseT 25:-10-3 m. Ha mpak-
THKe JaHHas ¢popMa (ppe3bl Mo3BOISIET IPU ONTUMAIb-
HOM IIIare CTYIHH IOJIy4aTh 0oJiee BRICOKUE 3HAUCHUS
MOATAJIKHABAIOIIUX CUI B cucteMe MTA.
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VnpaBneHMe MexXaHU3npoBaHHbIMU TEXHOJIOTMYECKNMU npoueccamm
BOo3[4eJibiBaHUA 3epPHOBbLIX KYJIbTYP

I'ennaguii JleoHn10BUY YTEHKOB, HNean IlerpoBuy lo6ponrodos.,
KaHIUIAT TEXHIYECKUX HaYK, BENYIIHHA HAYy THBIH IIOKTOP TEXHUYECKHUX HayK, mpoeccop
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Cubupckuii (henepabHbII HAYYHBIH HEHTp arpoduorexHonoruii, n. Kpacaooock, HoBocubupckas odnacts, Poc-
cuiickas @enepanus

Pedepar. [lokasamu, uTo Npy BO3JEIbIBAHHY 3EPHOBBIX KyNbTyp B CHOMpPH MPEUMYIIECTBEHHO HCIIOMb3YIOT SKCTEHCUBHBIE TEX-
HOJIOTHH Ha (OHE HEJOCTATOYHOTO TEXHHYECKOTO 00ECTIeYEHNs, UTO IeNaeT POTYKIHIO HEKOHKYPEHTOCIIOCOOHOH. JlanpHeimas
UHTeHCU(HKaKs 3eMueaenus TpeOyeT MOBBILECHUS TOYHOCTU BHIIOMHEHUS TEXHONOTHUEeCKUX omepanuil. OxHako obecrnedeH-
HOCTb COBPEMEHHOH TEXHUKOH 0CTaeTCsl OCHOBHBIM JIMMHTUPYIOMMM (DaKTOPOM TEXHOIOTHIECKOI MOISPHU3AINH 3eMIICICHSL.
BrrstBiumm, 4to pe3epBoM pocta 3PPEKTHBHOCTH B MAIIMHHBIX TEXHOMOTHSX BO3IENBIBAHNS 3¢PHOBEIX KYIBTYP MOXET CTaTh 00-
paboTka TOuBEI, Ha KOTOpYIo pacxomyercs 30-40 mpoueHToB Beex sHeprosarpar. (Lems ucciedosanus) O60CHOBATH METOMONIO-
TUYECKHE TIPHHIUIIEI aBTOMATIHIECKOTO YIIPaBICHHS YHEPTOEMKIM TIPOLIECCOM OCHOBHOI 00pabOTKH ITOUYBHI B ar pOTEXHOIOTUSX
BO3/IE/IBIBAHNUS 3€PHOBBIX KYIBTYp. (Mamepuanst u memoodst) icnonb30Baay METOAB! CTATUCTHIECKOTO aHANM3a U CUHTE3a TeX-
HIYIECKUX CPEICTB yIpaBieHus. (Pesyromamol u obcyscoenue) I1onTBEpAUIE HEOOXOAMMOCTh HHTEIUICKTYaIM3aI[H CENbCKO-
X034HCTBEHHOTO MPOU3BOACTBA. Pa3paboTanu cucTeMy aBTOMATHUECKOTO YIIPABICHHS PEXUMAMHU, KOTOpas OTHOCUTCA K KJIaccy
ABTOMATUYCCKUX aJalITUBHBIX CUCTEM C INPOrpaMMHBIM MO3WIWOHHBIM YIPABJICHUEM Ha BXOIAC M obecreunBaer HaX0XICHUC
MaIIMHHO-TPAKTOPHOTO arperara B ONTHMAIBHOH 30HE SHEPIeTHICSCKUX PEKUMOB. B KauecTBe KpUTEpHs KauecTBa CHCTEMEI IO-
3UIMOHHOI'0 YIpPaBJICHUS NPUHATIA MUHUMYM JIHHaMH‘ICCKOﬁ OIIHMOKH. ]IHSI €€ U3MEPCHUSA IPUMEHUIIN METPUKY MaxaJoHOOuC-
CKOTO THIIa — XeMMHHTOBBIM PaccTOsHAEM. Pab0Ty MalIimHHO-TPaKTOPHOTO arperara KOHTPOIHPOBAIH MTOCPEACTBOM CHIOBOTO H
KMHEMAaTHUECKOTO YIPABICHUs PexXUMaMU paboThI JBUraTels Ha TPAKTOpax ¢ THAPOYUUIPOBAHHOK KOpoOKoil mepesay, JBUra-
TeIb KOTOPBIX (hOPCHPOBaH ra3oTypOoHaTyBoM. Hampasuin Bo3eiicTBIE HEMOCPEACTBEHHO Ha PEHKY TOIUIMBHOTO HACOCA HIIH
pBIYAr YIpaBJieHHs TOILTMBOMONAYEH, Ha PhIYAr MEPEKIIOYEHHS CKOPOCTel KOPOOKH Iepenad 1 Ha phIYard THIpOHABECHOH CH-
cTeMsl. (Bbigodvt) BhisBrIM CyqaiiHbIN XapakTep U3MEHEHHs TATOBOTO CONMPOTHBICHHS MAIIMHHO-TPAKTOPHOTO arperara n3-3a
HEOIHOPOTHOCTH MOYBEHHOTO MOKPOBa. OMPEIENIIII, UTO CIEACTBHEM 3TOTO CTAJU MOBHIIICHHAS SHEPTOEMKOCTb, 8 TAKXKE HEZ0-
crato4Hast 3((QeKTUBHOCTb IPUMEHEHNS BCTPOCHHBIX HH(OPMHUPYIOIIUX CHCTEM O TEKYIIUX SHEPreTHIECKUX PeXUMaX paboThL.
JUIist KOHTPOJIS ¥ yHPABNEHUs HEOTHOPOTHOCTBIO TTOYBHI TI0 €€ TBEPIOCTH MPEIOKIIIA HOBOE TEXHHUYECKoe pemenue. JJokazany,
4TO pa3paboTaHHBIE U alpOOUPOBAHHEIE TEOPETHYECKHE OCHOBBI I TEXHHYECKHE CPE/ICTBA aBTOMATHUECKOTO YIPaBICHNUS SHep-
TOEMKHMH TEXHOJIOTHYECKIMH TIpoLieccaMu 00paboTKH IOYBBI 00€CTIeUNBAIOT TpeOyeMble OKa3aTeNH KauecTBa.

KaroueBble ci10Ba: 3epHOBBIE KYIETYPHI, HHTEHCH(HUKALM TPOM3BOCTBA 3epHA, arPOTEXHONOTHH, 00pabOTKa IOYBBI, HEOHO-
POAHOCTD MOYBbI, 9HEPIrOEMKOCTh, CUCTEMA daBTOMATUICCKOI'0 YIIPABJICHUS; PEXKUMBI pa60T1>1 MAIINHHO-TPAKTOPHBIX arperaTon.

I Ins uurupoBanus: Yreukos IJI., JJo6ponto6os N.I1. YpasieHre MeXaHU3UPOBAHHBIMH TEXHOJIOTHIECKUMHU

MPOLIECCaMU BO3JICIIBIBAHUS 36pPHOBBIX KYIBTYD // Cenvcroxoszsaticmeennvle mauiunst u mexronoeuu. 2019. T. 13. N5.
C. 26-32. DOI 10.22314/2073-7599-2019-13-5-26-32.

Controlling Mechanized Technological Processes of Grain Crop Cultivation

Gennadiy L. Utenkoyv, Ivan P. Dobrolyuboyv,
Ph.D.(Eng.), key research engineer; Dr.Sc.(Eng.), professor

Siberian Federal Scientific Center for Agrobiotechnology, Krasnoobsk, Novosibirsk region, Russian Federation

Abstract. The authors have proved that grain crops in Siberia are cultivated using primarily extensive technologies and inadequate
technical support, which makes farm produce uncompetitive. Further intensification of crop cultivation requires increasing the
accuracy of technological operations. However, the insufficient availability of modern machinery remains the main limiting factor
in the technological modernization of agriculture. The study has revealed that further prospects for the efficiency growth in
using mechanized technologies for cultivating grain crops are offered by soil cultivation, which consumes from 30 to 40 percent
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of all energy costs. (Research purpose) is to justify the methodological principles of automatic controlling an energy-intensive
process of tillage in agricultural technologies of grain cultivation. (Materials and methods) Use has been made of the methods of
statistical analysis and synthesis of technical control means. (Results and discussion) The study has proved the necessity of the
intellectualization of farm production. The authors have developed a system of automatic mode regulation belonging to the class
of automatic adaptive systems with programmable positional control of input data and ensures that the machine-and-tractor unit is
in the optimal range of energy modes. The minimum of dynamic error has been accepted as the quality criterion of the positional
control system. To measure it, use has been made of Mahalanobis-type metric taking account of the Hamming distance. The
operation of a machine-and-tractor unit has been controlled by power and kinematic regulation of the engine operating modes on
tractors with a hydraulic gearbox and a gas-turbocharged engine. The effect was directed on the fuel pump rail or the fuel control
lever, the gear shift lever, and the hydraulic system levers. (Conclusions) The study has revealed a random nature of the change in
traction resistance of the machine-and-tractor unit caused by the heterogeneity of the soil cover. The authors have determined that
this leads to increased energy intensity, as well as insufficient performance of built-in information systems indicating the current
energy modes of operation of the machine-and-tractor unit operation. To control and regulate the soil heterogeneity by its hardness,
a new technical solution has been proposed. The authors have proved that the developed and tested theoretical foundations and
technical means of automatic control of energy-intensive technological processes of tillage ensure the required quality indicators.
Keywords: cereals, intensification of grain production, agricultural technologies, soil tillage, heterogeneity, soil heterogeneity,
energy intensity, automatic control system; operating modes of machine-and-tractor units.

I For citation: Utenkov G.L., Dobrolyubov I.P. Upravlenie mekhanizirovannymi tekhnologicheskimi protsessami
vozdelyvaniya zernovykh kul'tur [Controlling mechanized technological processes of grain crop cultivation].
Sel'skokhozyaystvennye mashiny i tekhnologii. 2019. Vol. 13. N5. 26-32 (In Russian). DOI 10.22314/2073-7599-2019-

13-5-26-32.

PH BO3ICIIBIBAHIH 36PHOBBIX KYJIBTYp B CHOHpPH

MPEUMYIIECTBEHHO HCIOIB3YIOT YKCTCHCUBHBIE

TEXHOJIOTUH Ha ()OHE HETOCTATOYHOI'0 TEXHUYe-
CKOTr0 00ecreueH s, YTO AeNacT MPOTYyKIHIO HEKOHKY-
penTocnoco6Hoi [1]. CHmkaeTcs TeMn pocTa ypoxai-
HoCTH [2]. B cTpaHe mpeobianaoT SKCTCHCUBHBIE TEX-
HoJioruH [3]. A najapHeHIas MHTEHCU(PUKALIHS 3eMIIe/e-
TIUsl, CBSI3aHHAS C pa3BUTHEM OMOTEXHOJIOTUH, TpebyeT
MTOBBIMICHUS TOYHOCTH BBITIOJIHEHUS TEXHOJIOTHIECKIX
onepanuii. OnHaKO 00EeCTIeYeHHOCTh COBPEMEHHOM TeX-
HUKOM 0CTaeTCsl OCHOBHBIM TUMHUTHPYIOIINM (PaKTOPOM
TEXHOJIOrHYecKoi MoaepHu3aunu semiuenenus [4]. Tonab-
KO 15% TeXHUKU U TEXHOIOI'MI COOTBETCTBYIOT KOHKY-
PEHTHOMY TEXHOJIOTHYecKOMY yKiIany. C MO3UIIHA TOCy-
JapcTBa, MHHOBALIMOHHOE OOHOBJICHUE OTCTAIOLIHUX PE/-
npusTui 3pekTHBHEE, YeM npeycrneBaromux [S]. Pesep-
BOM pocTa 3Q(HEKTUBHOCTH B MAIIMHHBIX TEXHOJIOTHIX
BO3JICJIBIBAHHS CEIIbCKOXO035HCTBEHHBIX KYJIBTYp CUYUTA-
eTcst 00paboTKa MOYBKI, HA KOTOPYIO pacxoayeTcs 30-
40% Bcex sHEprozarpar [6].

LLENb nccneEfOBAHUI — 060CHOBATH METOOIOIYE-
CKHe IPUHIUIIBI aBTOMATHYECKOTO YIIPaBIIEHU S SHEPTO-
€MKHM MPOIECCOM OCHOBHOM 00pabOTKH MOYBHI B
arpOTEXHOJOTHIX BO3ICIBIBAHUS 3€PHOBBIX KYIBTYD.

MATEPMANBI N METOABI. Mcionp30Bati METOIBI CTa-
THUCTHYECKOTO aHAIIN3a U CHHTE3a TEXHUIECKHUX CPE/ICTB
yIpaBJIeHUS.

PE3YNbLTATbI M OBCYXXAEHVE. PaseuTre arponpoMsIm-
JICHHOT'O CEKTOPa CBSI3aHO C UHTEJUICKTYAJIbHBIM CEb-
CKHM XO3SHCTBOM, YTO OOYCIIOBJIEHO TPEMS OOBEKTUB-
HBIMH 00CTOSITEIBCTBAMU [7]:

- TpaIUIIMOHHBIC, TEXHOJIIOTUYECKHE U TEXHUYECKHE
peleHus yKe He MOTYT 00eCIeYnuTh TPeOyeMbIid pocT
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[IPOU3BOAUTENILHOCTH TPYa U Ka4e€CTBA IIPOAYKIHH;

- KOHIIETIIIUSI TTOOTIEPAITHOHHOM ONITHMHU3aIluH HCUep-
majia CC6$[, 1 HY>KHbI CUCTEMHBIC METOJOJIOTUYCCKUEC pe-
IICHUS CO3TaHUsI TEXHUK;

- rno0anbHast KOMIIBIOTEpU3aLUs IPOU3BOCTBA 005~
3bIBACT MPUMECHATH BEICOKOABTOMATU3UPOBAHHBIC IIPO-
I[ECCHI.

I/IHTGJ’IJ’IEKTyaHLHLIe MalIWHBI 1 KOMIIJICKCHI — 3TO BbI-
COKOaBTOMAaTH3MPOBaHHBIE TEXHIHYECKHE CPEICTBA, KO-
TOpBIC ONTUMU3UPYIOT CBOE BHYTPEHHEE U BHEIIIHEE CO-
CTOsTHUE (PACIIONOKEHHE) TI0 33IaHHBIM IPOrpaMMaM 00e-
CIEYEHUs ONTHUMAJIbHOM IPOU3BOAUTENBHOCTHU U TPEOy-
€MOT0 KayecTBa PabOTHI B 3aBUCHMOCTH OT ITapaMeTPOB
arpodona. [IpuMeHeHne TUPPOBHIX TEXHOIOTUH ITO3BO-
JSIeT 3KOHOMUTB IIpH Tpou3BozacTBe 1 T3epHa 10 30% du-
HAHCOBBIX CPEACTB [8]. YIpaBiieHrne TeXHOIOTHIECKUMHA
IpoLeccaMy 3aTparuBaeT MUPOKU Kpyr pasHooOpas-
HBIX TIPOOJIeM — OpraHU3aI[UOHHBIX, TEXHUIECKHX, (QH-
HaHCOBBIX, JKOHOMUYECKUX [9]. ABTOMaTH3MpOBaHHBIC
CUCTCEMBI YIIPABJICHU A JOJIP)KHBI IPECAOCTABIIATH OlI€pa-
TUBHYIO ¥ JOCTOBEPHYIO HH(POPMAIIHIO O COCTOSHIH IPO-
U3BOJICTBA, HEOOXOIUMYIO JIsl aBTOMATUUECKOM reHepa-
MY KJTI0YEeBBIX Nokasareneid. B PO net cTparerun pas-
BUTHS HHPOPMAITUOHHBIX U IUPPOBBIX TEXHOIOT M IJIs1
CEJIbCKOXO035IICTBEHHOI 0 IIPoU3BocTBa. CylIecTBYOLUE
JIOKAJIBHEIE Pa3paboTKH aBTOMATHIECKOTO KOHTPOJIS H
yIpaBJICHUS MAIIHHHO-TPAKTOPHBIME arperatamu (MTA)
Y 3€PHOBBIMH KOMOAHaMHM He CBSI3aHBI MKy CO0O0H H
UMEIOT Cepbe3Hble HeocTaTKu. Pa3pabaTeiBaemas aBTO-
MaTU3UpOBaHHas cucrema ynpasieHus MTA nomxnHa
OBITH THOKO# 1 HYHKITMOHAIBHOH, TOCKOIBKY CO31aBaTh
CriClMaJIbHBIC MOACUCTEMBI IJI KaXXA0TO THUIIa OPY AN
HepanuoHaibHO. [Ipemnaraercs cucteMy aBTOMaTHIECKO-
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T'0 yIIpaBiIeHUs pa3pabaTeIBaTh Ha 3 YPOBHSX: Ha IIEPBOM
YPOBHE OCYILECTBISAECTCS HEMOCPEICTBEHHOE YIIPABIICHUE
MIPOIIECCOM arperaTa o peabHBIM H3MEepsieMbIM Iapa-
MeTpaM H 00paTHOH CBS3bIO; HA BTOPOM yPOBHE MPOMC-
XOIHUT 00bETUHEHNE ONIepalliid KOHTPOJIS yIIPABIISIEMbIX
CHCTEM arperara; Ha TPETheM YPOBHE IIPOBOIAT IPOIIe-
ypsl ontumuzanuu [10].

OpnHako, yeMm OoJIbIlIe CHCTEMA, TEM BBIIIE JOJHKHA
OBITH ee opranu3zanu u ryutie ynpasieHue [11]. [ToBbi-
MIEHHOE 3HEePronoTpedieHrne 00yCIOBICHO HECTAIIHO-
HAPHOCTBIO TEXHOJOTHYECKUX MPOLECCOB, TPEOYIOMIHX
pe3epBa 3HepreTuueckux MourHocreit [12]. Yeranonine-
HO, YTO CITyJaifHBIH XapaKTep IeHCTBYIOMNX HA MOOHITB-
HBIH arperart BO3MYIIEHUIl MPUBOAUT K KOJIEOAHUIO MO-
MEHTA COIIPOTHBIICHHUS, UTO CHIDKAET Pa3BUBAEMYIO JBH-
ratejaeM HOMUHAJTbHY10 MOIIHOCTH Ha 20-30% [9]. T1pen-
JaraeTcst Mozenb (PyHKIIMOHUPOBAaHUS (KOHTPOJIb U aB-
TOMAaTHU3alHsI) arperaTa MPeACTaBISITh B BUIE THHAMU-
YEeCKOW CUCTEMBI, a pacyeT ee apamMeTpOB IPOU3BOIUTD
C UCTIOJIb30BaHUEM BEPOSTHOCTHO-CTOXaCTHUECKUX Me-
TomoB [13].

C oJTHOM CTOPOHBI, IPOOIEMY SHEPrOCOSPEIKSHU S
npeyaraloT pelaTb Ha OCHOBE CTATUCTUYECKUX TEOPH i,
YYUTBIBAIOIIHUX HEOTHOPOHBIC CBOWCTBA TIOYBHI M JTU}-
(epeHIpOoBaHHbBIC HETPAAUIIHOHHBIC CITIOCOOBI BO3IEH-
cTBuUA Ha Hee [6]. [Ipu 5TOM TBEPAOCTD CITYKUT 0000IIIEH-
HBIM HHIAKATOPOM, XapaKTePU3YIOLIIM ITPOIECCHI, ITPO-
Tekatomue B 1ouse [14]. C npyroit cTOpoHbI, €€ TBEpAOCTD
HMMEET TECHYIO KOPPEISAIUOHHYIO CBSA3b C pPa3MEPHBIMH
XapaKTePUCTUKAMH Pa3PBIXIJICHHOM OYBHI U TATOBBIM CO-
MPOTUBJICHUEM TOYBOOOpabaThIBarOIIUX opyauii [15, 16].
MBI IpeAnoXIIIN HOBOE TEXHHUECKOE PELICHHUE 10 OTIpe-
JISJICHUIO €€ TBePAOCTH, YTO MO3BOJISIET YUYUTHIBATH He-
OJTHOPOTHOCTH TTOYBEHHOTO TIOKpoBa [17].

[Ipu BBINOJTHEHUH SHEPTOEMKHX TEXHOJIOTHYECKHX
orepanuii BaxxHO 00eCIeYnTh MAaKCHMAJIEHO BO3MOXKHY IO
HIPOU3BOIUTENHFHOCTD U TOIUTUBHYIO SKOHOMIYHOCTE MTA
C COXpaHEHHUEM BBICOKOTO KadecTBa padoT. [Ipu aTom uc-
MOJIB3Y 10T HEeproHackieHabpie MTA ¢ runpoduiupo-
BaHHOI KOpOOKOH nepeaay TpakTopa U GOpCHpOBaHHBIM
nBurateneM BHyTpeHHero cropanus (JIBC c razorypbo-
HaaAIyBoM). BeTpoeHHbIe HHDOPMUPYIOMIHE CHCTEMBI O
TEKYLIUX YHEPTeTHYECKUX (CKOPOCTHOM U HATPY304HOM)
pexxuMax Manod((EeKTHBHBI U3-3a TOTO, YTO TATOBOE CO-
npotusienue MTA usmenseTcs cxyyaitHpIM 00pa3oM (1o
MPOXOJy arperaTa OHO MOXKET U3MEHUThCA B 1,5-2 paza),
U TpeOyeMoe YHCII0 BO3ACHCTBUI Ha OpraHbl YIPaBICHUS
Bo3pacTeT Ha 70-90%, uTo pe3Ko CHUXKAET PEaKLIUI0 TPaK-
TOpHCTA Ha MOCTYyTaronIre KoManael. ObecnedeHne dKC-
TpeMaJbHOr0 aBTOMAaTUUYECKOTO YIIPABJICHUS SHEPreTH-
YECKUMH PeXKUMaMU 3aTPYTHUTEIBHO N3-32 3HATHTEITh-
HOH IEpEMEHHOCTH TATOBOTO conpotuBieHus MTA. Paz-
paboTanbl 1 0000IIEeHBI aITOpUTMHI yripaBieHuss MTA ¢
Y4ETOM CTPYKTYpHI 1touBHI [18, 19].

Pa3paboTanHas cucTeMa aBTOMaTHYECKOTO yIIpaBJle-
Hus pexxumamu (CAYP) oTHOCHTCS K KIlaccy aBTOMaTH-
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YECKUX aJalTHBHBIX CUCTEM C TPOTPAMMHBIM ITO3HITH-
OHHBIM YTIPaBJICHUCM Ha BXOAEC U obecrieuynBaeT HaX0XK-
nearie MTA B onTHManbHON 30HE SHEPTETUUECKUX pe-
KUMOB (puc. 1).

Puc. 1. 3ona nosuyuonuposanus na CKOpOCMHOU CMAMU4ecKou
xapaxmepucmuxe JIBC u niomuocmu pacnpeoeneHus 6eposinmHo-
cmeti npoyeccos: N, — agppexmuenas mownocms [{BC, kBm, I1,,.—
napamemp nazpysku JIBC; n—uacmoma epawjeHus KOIeH4amozo
eana /[BC, (m.e. cpednee 3nauenue yeno8oi CKOpoCmu 3a nepuoo
obopoma) (undexcol «Hy» u «B» ompadsicaiom HudCHUIL U epXHULL
YposHu, paod/c; f, — nromnocms pacnpeoenenus CLyuauHol 6enu-
uunbl X (yacmomol epawenust konrenyamoeo eéana JIBC, n); fx (fi)
— nromuocmu pacnpedenenus nazpysxu na JBC; £ (%) — naom-
HOCMb pacnpedenenus No2peuHoCm UsMepeHs napamempa Ha-
epysxu (N-IT) u f°, wacmomel epawyenus konenuamozo éana JJBC, n
Fig. 1. Positioning zone based on the high-speed static characteristics
of the internal combustion engine and the probability distribution
density of processes: N, — effective power of ICE, kW, I1,,,.— engine
load parameter; n—engine crankshaft speed (an average angular
velocity per a revolution period) index (h — lower and b — upper
levels), rad/s; f, — distribution density of random variable x (engine
crankshaft speed, n); fx (fu) — load distribution density on the
engine; % (f%) — measurement error distribution density of the
loading parameter (N-P) and f°, — engine crankshaft speed, n

KpI/ITepI/IeM Ka4eCTBa CUCTEMBI TIO3UITUOHHOT'O YIIpaB-
JICHUS CYNTACTCSI MUHIMYM THHAMHYECKOH OMINOKH T10-
3ULMPOBAHHUS, MEPOI KOTOPOH MOXKET CIYKUTh paccTo-
STHAE MEX Y (PaKTHICCKUM U ITPOT PAMMHBIM ITOJIOKEHHU-
€M 00BEKTa YIIPABJICHUs, OIPEACTAEMOE METPHKON Ma-
XaJIOHOOWCCKOTO THIIA, B YACTHOCTH XEMMHHTOBA pac-
CTOSIHUAL.

B paszpaboranHoit CAY P ynpasneHue pexumMaMu pa-
60Tl MTA Ha BX0JIe OCYIIECTBISICTCS ITyTEM CHIIOBOTO
Y KUHEMaTH4YeCKOr0 BO3AeHCTBU Ha ABUTATENb. [Ipore
BCET0 €Tr0 MOKHO PEaIN30BaTh HA TPAKTOPax C THAPO-
GUIIPOBaHHOW KOPOOKOU Nepenad, ABUTATEb KOTOPBIX
¢dbopcupoBaH razorypOoHaaIyBoM. B aToM ciydae Bo3-
JIEUCTBYIOT HEMTOCPEACTBEHHO HA PEUKY TOIJIMBHOTO HA-
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coca MIIM pBIYar yrnpasJIeHHs TOITHBONOAAYEH, Ha PbI-
4ar NepeKJIFOUEHUs CKOPOCTEeH KOPOOKH Nepenad u Ha
phlYaru ruIpoHaBecHON CUCTEeMBL. B kadecTBe mapame-
Tpa, XapaKTepU3yIOLIEro Harpy304uHblii pexxum (I1), Mmox-
HO HCTIOB30BAaTh JaBICHNUE HAaAyBa P NI 4acTOTY Bpa-
IIEHNS pOTOpa TypOOKOMIIpeccopa, Tak Kak OHH CBs3a-
HEI ¢ 3¢ exTuBHON MonTHOCTEIO N, [IBC coOTHOIIEHH-
SIMH:

N, = k m D@ a;
Pk = (QN)T_ ®Ba~)ﬂ)/k55
rae N, — s dektuBHas mourHocTh JIBC, kBT;
P, — naBneHnue HanayBa, klla;
kry, ks 1 O — KOHCTPYKTUBHBIC TIOCTOSIHHBIE CUCTE-
MBI TYpOOHa Ty Ba;
@) — YTJIOBas CKOPOCTB ABUTATEIS, pai/c;
@y, (1 — OTHOCUTEIIbHBIC IPUPAIICHUS YTJIOBBIX CKO-
pocTei ABUTaTENs (v U pOTOpa TypOOKOMIIpeccopa wr
K UX 3HAYEHHUSIM w} Hor

W,=ANw,lw =0~ ,)w,

Br=Aw, 0, =(0,~w,)w;.

O0603Ha4YHM IIJIOTHOCTH PACIIPEACIICHUS CITyYaifHOM
BEIMYUHBI X (TapamMeTpa Harpysku /1 uim wy) f,. Toraa
BeposITHOCTH HaxoxAeHus J|BC B onmrTimManbHOM 30HE 1T0-

3HIIMOHUPOBAHUS XaPAKTEPU3YETCs 3aBUCUMOCTBIO JIJIsI
IT'n oy (puc. 1)

Cp
o x :If(x) dx, a BHE 30HBIL:

Cu

5 x =Tf(X)d)g

IJIe B KaYeCTBE X MOJKET BBICTYIIATh ITapaMeTp Harpy3Ku
ITnnu yraosas ckopocTb koneHdaroro Bana IBC wy; Cy,
Cp — HIDKHSIS ¥ BEPXHSIs TPAHUILIBI 30HBI BEIUYUHBL X (11},
Iy, unu wy y, Wn p).

Tak xak anemeHTsl CAYP (u3mepurtensHo-11peodpa-
30BaTEIbHBIN, YCUINTEIbHBIN, NCTIOTHUTEIBHBIN U JIP.)
HUMEIOT MOTPEITHOCTh U3MEPEHUS U IIpeoOpa3oBaHusl o,
BEIMYUHBI X (TapameTpa /] — dp U BEIUIUHBI Wy — J,,), TO
monaaHue B 30Hy 00ecIieunBaeTCs ¢ HEKOTOPO Heorpe-
JIEICHHOCTBIO.

Mo3KHO IPEANOI0KHUTE, YUTO BETUUUHBI [ U 0y, 8 TAK-
Xe Oy ¥ d, B BEPOSITHOCTHOM CMBICTIC HE3aBUCHMEIL. A pe-
3yJBTaT MOMAJAHNS B ONTUMAIBHYIO 30HY OIIMCHIBACTCS
KOMITO3HIINEH: TUIOTHOCTH PaCIpeeeHU f;, TO €CTh
JUI) nnu f(wy); BenuuuHel x (/1 UK @y) ¥ IIOTHOCTH
pacrpenesieHus OTPeIHOCTH ¢(Jy) U3MEPEHUs (U yIpas-
neHus) o, (On v d,,) BeMU4uHEL X (/7 unu wy).

Ha npakrtuke miist /7 v wy BBINOAHAIOTCA YCIOBUS:
Cp — Cyy> Oy max- [103TOMY BEPOSITHOCTH OLITHOKH ITEPBO-
ro poja (MpUHSTHE peKIUMa ONTUMAIbHOW HATPY3KH 32
PEXXHM BBIXOZIA U3 30HBI) paBHA:
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ClliCII CB
P = | [ [fndxes,)ds, +
0 Cp-5,
0 Cy—6,
+ [ 1 [Addaes,)ds,
—(Cp=Cy) Cy
BeposaTHOCTH OMIKIOKH BTOPOTO pona (IpUHSATHE pe-
JKHNMa HaX0XXIACHUSI BHEC 30HBI OIITUMAJIBHOT'O pencHMa)
paBHa (ns 11 v wp):

Cy-Cy Cy
[ [ [A»dxps,)ds+

0 Cy-5,

0
+ | I A3 dblp(8,) b, -
~(Cym CH) Cy

B cuny cydaiiHoro XapakTepa U3MEHEHHS Harpy3KHu
MTA u BnusiHUS MHOXeCTBa ()aKTOPOB Ha 3TO U3MEHE-
HUE MOXKHO I10JIaraTh, YTO IIPOLECC HArpy3KU IOAYHH -
eTCcs HOPMaJIbHOMY 3aKOHY pacipeesieHrsl BEpOATHO-
cTeil. DTo crpaBeAINBO U I HapaMeTpa Har py3Ku, QyHK-
LIMOHAJIBHO CBA3aHHOTO CO CTENEHbI0 Harpys3Ku. [lorpem-
HOCTH U3MEPEHUS U Tpeo0pa3oBaHus /1 1 @y TAK)KE MOXK-
HO CUMTATh PACIPEEICHHBIMU [10 HOPMaJIbHOMY 3aKOHY.

PaccmoTpum cnyudaii, korga cpeanue 3HaueHus 17 u
@y COBIAJNAIOT C CEPENUHON ONTUMAIBHON 30HBI M C UX
HOMHMHaJIbHBIMU 3HaYEHUSIMU (BCJIEACTBUE CHMMETPUY-
HOCTH 3aKOHOB paclpeAesieHUs ¥ TPaHMI] 30HbI OTHOCH-
TEJIBHO €€ CEePEINHBI NI0JYUYEHHBIE Pe3yJIbTaThl MOXKHO
pacmpoCTpaHUTb IPH HAXOXKACHUU AU3EI B J1I000i TOU-
Ke 30HBI). [Ipr 3TOM cunTaem, 4To CHCTEMaTHIECKHE MO~
TPEIIHOCTH U3MEPEHU 1 TPeoOpa30BaHUs BEIUUHHBI X
({Innu wy) ycTpaneHsl. Beenem 0003HaueHus, cipaBe-
JUBBIE KaK J1s [1, Tak U 115 oy

=(Cs— Cw)/20y;

Hs = 6O'5X/(CB — CH),

1= 305,/0y,
TJI€ 0 U 05 — CpEAHUE KBaAPAaTUUECKUE OTKJIOHEHUS] Be-
JTUYHHEI X U TIOTPEIITHOCTH Jy.

Torna nns IT v wy BeIpaXXeHHUs! BEPOATHOCTEN P, « U
Py mpuMyT B

617/1, n
1 —xX/2
5

— [eo2as, dx;
Ea - (ast)
1 nin

_ —x/2
— j RS j dx,|.
I —1-(51,13)

PaccMoTpuM GYHKIIMOHAIBHYIO CXeMY pa3paboTaH-
Hoii CAVYP (puc. 2). Cuctema COIepKUT TPH HE3aBUCH-
MBIX KOHTYpPa YIIPABICHHS: TOILTHBOIIOAAYEH, IEPEKITIO-
YeHHEeM Mepead, MON0XKEeHHEM PabOUNX OPraHOB CENbX03-
MamuH. [IocKonbKy napaMeTpsl, a1eKBaTHO OTPAXKAIOIINE
CTENeHb HArpy3KH, QYHKIIUOHATIBHO CBSI3aHBI C N,, TO U3-
MEHSEMBIE TapaMeTPHI Harpy3KH H CKOPOCTH HMEIOT aHa-
JOTrHYHYI0 30HY. KOHTYPHI yIIpaBIICHHUS 3aMBIKAIOTCSI TOJTb-
KO IPH BBIXOJIE 32 MPEIeIIbl 30HbI CKOPOCTHON XapaKTepH-
ctuku JIBC (3amrpuxoBanHoit Ha puc. 1), Tie B Ka4yecTBe
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Puc. 2. Onmumanvras 301a ynpasienus SHepeemudecKUMu pexcu-
mamu MTA (a) u ynpowennas gpyuxyuonanvras cxema CAYP (8):
I — osucamens, TX{—maxomemp osucamens,; [J®, —ougghepen-
yuamop dIl/dn,; JJ®, — ouppepenyuamop d*Il/d*n,; CY — cpas-
Husaiowee ycmpoticmeo,; U1 —uzmepumens napamempa nazpys-
xku I1(t); 3Vy u 3V, —3anomunaiowue ycmpoiicmsa, coomgemcmeeH-
HO, Hacmombl 8pawjenus dguzamens u napamempa nazpysku;, CB—
cxembl 8b160pa kKomanowl exnrouenuss; OIT, DI u PIIP — ¢hynx-
YUOHANbHYIE NPeodPA308aAMeENt CUSHATIO8, COOMEEMCIMBEHHO, MO-
RAUBONOOAYU, NEPEKIOUEHUs nepedaH U NONOXHCeHUS pabouux op-
eanos; I — anekmpooeuzamenu UCNOIHUMENbHBIX YCMPOUCMSE;
IIM — nepedamounvle MexaHu3mMbl UCNOTHUMETbHBIX YCIMPOCNG,
P,, Py, P.—pbluazu ynpagienus coomeemcmeeHHo monaueonood-
yell, nepexiouenuem nepeoay u 2uoporasecroi cucmemou; PTH
— petixa monaugnoeo nacoca, KII— kopobka nepeday, ' HC — eu-
oponagecnas cucmema; Ry, Ry, Rs, Ry, Rs— pezucmopwi
Fig. 2. Optimal control zone of energy modes of a machine-and-
tractor unit (a) and simplified functional scheme of SAMR (b): J] -
engine; TX/] — engine tachometer; [J®, — differentiator dI1/dn.;
JID,— differentiator d*I1/d’n,; CY — comparing device; HIT—load
parameter meter P(¥); 3V, and 3V, — storage devices of the engine
speed and load parameters, respectively; CB — circuit selection of
the switching command,; ®IIT, @III1 and PIIP - functional signal
converters of fuel supply, gear shift, and position of working
elements, respectively; E/[— electric motor actuators, [IM — transfer
mechanism actuators; P,, Pp, P.— control levers of fuel supply,
gear shift, and hydraulic system, respectively, THC — fuel pump
rail; R, Ry, Ry, Ry, Rs — resistors
nmapamMeTpa 11 ucrionbp30BaHO JaBJICHUC HaJAayBa Pk.
Craruueckue ckopocTHble Xxapakrepuctuku JIBC o
MOIIHOCTH U pacxoay TOIIIINBA UMCIOT SKCTPEMYMBI. Ilo-
3TOMy npu HaxoxaeHuu MTA BHyTpu 30HBI U IIpH J10-
CTAaTOYHO IMPOAOIKUTCIBHOM YYaCTKE C HC3HAYUTEIIb-
HOM BapI/Ia6eJ'II>HOCTBIO TATOBOI'O COITPOTHUBJICHUA CyLIC-
CTBYCT JOMOJHUTCIIbHAA BO3MOXXHOCTD ITOBBIMICHU A ITPO-
HU3BOAUTCIBHOCTH MTA 3a cuetr IIPOTrHO3UPOBAHUA HaA-
I'PYy3KHU U ONITUMHU3AIMHU YIIPABJIEHHUS C IIOMOIIBIO IIPEN-
CKa3bIBarOminx YCTpOﬁCTB — OKCTPAIOJIATOPOB. Onu no-
3BOJISIOT ONPEAETUTh 3HaUeHUE cUrHana Ha Beixozie MTA,
IMMOCJIC NOCTYIICHUA HAa €r0 BXOJ YIIPABJIAIOMIECTO UJIU
BO3MYIIAOIIETO BOSﬂCﬁCTBHﬂ J0 TOI'0, KakK 5TO 3HAYCHUC
(hakTH4ecKu OyJIeT TOCTUTHYTO, & TAK)KE BBIYUCIIUTH OTI-
THUMAJIbHBIC 3BHAYCHU A YITPABJIAIOIIUX BO3I[eI‘/'ICTBI/II\/JI. BrI-
XOJAHBIC CUTHAJIbI TAKUX SKCTPANOJIATOPOB CO3JaI0T HE-
00XOIMMYIO KOPPEKIIHIO YIIPABIISIONIET0 YCTPOHCTBA
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(YY) 1 mo3BOJIAT CYLIECTBEHHO Yy YIIUTh KAU€CTBO CH-
CTEMBI yIIpaBJICHHUSL.

PaccmoTpuM 9acTHBIN cirydail, KOrJa KOHEYHOE CO-
crogHue MTA MoxeT XxapaKkTepru30BaThCs 3HaUECHUEM
TOJIBKO OHOM 13 0000IIEHHBIX KOOPAUHAT /] NI @y
y1(t) =y(t). DKCTpanoNATOP ONpeAeiseT TEKYLIYIO OLIeH-
KY Y(f«, f) KOHEUHOT'O 3HAUEHUS BBIXOJAHOH KOOPIUHATHI
y(?). Ecnin u3MepsieTcs Bo3MyIaromiee Bo3IeCTBHE, TO
MOET OBITh IPUMEHEH IKCTPATIONATOP, ONPENEIAIOIHA
TEKYIIYIO OIEHKY &(fy, ) €r0 KOHEUHOTO 3HAYCHUSI KOOP-
JIUHATHI &(F).

[Mpunnun neiicreus CAYP ¢ npenckasbiBaronum 011o-
KOM (9KCTPAIOIsITOPOM) COCTOUT B clenyromeM (puc. 3).

Puc. 3. Qynxyuonanvras cxema CAYP ¢ npedckasvisaiowyum 610-
KOM (OKCMpanoasimopom) u ORMuUMU3amopom

Fig. 3. Functional scheme of SAMR with a predictive block
(extrapolator) and an optimizer

[Tpu nosiBNeHNY CyIECTBEHHBIX BO3MYIIAOIINX BO3/ICH-
CTBHI (pE3KOM W3MEHEHHUH HATPY3KH) dKCTPATIOISTOP
BBIYUCIISAET 3HAYEHUE V,(f), KOTOpPOE COOTBETCTBYET 3a-
ITAaHHOMY MOMEHTY t,. [Ipy mocTyIieHnn KOMaHABI U3
JKCTPANONATOPA, HAIPUMED MOCIIE BTOPOTO U3MEPEHUS
¥(?), Ha yIIpaBIIEMBIH DIIEKTPOHHBIN MePEKIIFOUaTENb /7,
ISl YCTAHOBKH €T'0 BO BTOPYO O3UIIUIO IKCTPATIONISITOP
BBOJIUT 3HaUYCHHUE ,(f) Ha BTOPOI BXOJ] CXEMBI CPaBHEHUS
CC,, Ha IepBBIY BXOJ KOTOPOH MOIA€TCSI CUTHAI C BEIXO-
Jla 3aJ1a101Iero yCTpoiicTBa y,(f). CurHai paccoriiacoBa-
HUA e,(f) =y,(f) — »,(f) ¢ Beixoga CC| nonaercs Ha VY, xo-
TOpOE BHIPAOATHIBACT 3HAYCHUE U 3HAK YIIPABISIOMIECTO
BozaeiicTBuUs U(f), moCTymaromero Ha 00 beKT aBTOMAaTH-
YECKOT'0 YIIPABICHUS C HCIIOTHUTEIEHOTO YCTPOMCTBA.
Ipu noctmxeruu Y(¢) — y,() < Ay on, TAC Ay zon — AOIMYCTH-
MOE€ 3HaueHHE OTKIIOHCHHUSI, C IKCTPATIOIATOPA TOAAETCS
KOMaH/Ia Ha yCTaHOBKY MEPEKII0YATENs B IIEPBYIO MO3H-
uwuto. [Ipu sTom Ha BTOpO# BXx0oz cxembl cpaBHeHUst CC,
MOCTYNaeT CUTHAJI yIpaBisieMol nepemMenHoit y(f). Cu-
cTeMa yIpaBlieHUs: padoTaeT B OOBIYHOM PEKUME.
BbiBOAbI. YcTaHOBHIIH, YTO BHICOKASI SHEPTOEMKOCTh
TEXHOJIOTHUECKUX MPOIeCcCOB 00YCIOBICHA HEOJHOPOI-
HOCTBIO TOYBEHHOT 0 MTOKPOBa. [IpuMeHeHNe BCTPOCHHBIX
HHPOPMHUPYIONUX CUCTEM O TEKYIIUX SHEPTeTUUYCCKIX
(CKOPOCTHOM U Harpy304HOM) peskumax padbotel MTA ma-
103 HEeKTUBHBI U3-32 TOTO, UTO TATOBOE COMPOTHUBIICHUE
MTA usmeHsieTcs cinyyaiftHbIM 00pa3oM. [ KOHTpOos 1
YIpaBJICHUS HEOTHOPOTHOCTEIO IIOYBHI 110 €€ TBEPIOCTH
MPeIJIoKUIN HOBOE TEXHHUECKOe penieHue. Pazpaboran-
HBIC U aTPOOUPOBAHHBIE TEOPETHUYESCKUE OCHOBBI U TEX-
HUYECKHUE CPEACTBA ABTOMATHUYECCKOT'0 YIIPABIICHHS YHEP-
TOEMKHMHU TEXHOJIOTHYECKUMU IIpoLiecCaMy 00paboTKH
MOYBBI 00€CNIEUYNBAIOT TpeOyeMble MOKa3aTe)IN KaueCcTBa.
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3KcnepumeHTaanble nccrnepoBaHunsa TensioHocuTend npu BO3AeNCTBUN
nons CBerBbICOKOVI HacToTbl

Hpuna I'eopruesna Epmosa, Anekceii Hukonaesu4 Bacuiibes,
KaHIUJAT TEXHUYECKUX HayK, HAYYHBIH COTPYAHUK, JOKTOp TEXHHYECKHX HayK, mpodeccop,
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HAYUYHBIH COTPYJHUK

®enepalibHBIN HAYUHBIN arponHkeHepHbid HeHTp BUM, MockBa, Poccuiickaa @enepanus

Pedepar. Ouenuts ncxomubie TpeOOBAHAS K TEIIOHOCHTEINIO TIPH TIPOSKTHPOBAHMH YCTAHOBKH JUTS TIONYUYCHHS SHEPTHH (ha30BOro
Tepexofia «Bofia — Jef», HeoOXOIMMO MPOBECTH IKCIIEPUMEHTANbHBIE UCCIEI0BAHUA M0 TEMIODU3NIECKUM H SIEKTPODU3NIECKIM
MapamMeTpaM TeIIOHOCUTeNs. BBIOOp TEMIOHOCHTENs OmpeeNseT MOIIHOCTh pa3paboTaHHOW ycTaHOBKH. ([[erv uccredosanus)
OKCIEPUMEHTANBHO ONPENENTUTh TEMIOPI3HICCKIE U ANMEKTPOPH3HYCCKIE MApaMeTphl TEIIIOHOCHTENS TP BO3EHCTBHH Ha HEro
3NEKTPOMArHUTHBIM TOJIEM CBEPXBBICOKOH YaCTOTHI, C MEPCIIEKTUBON MPHMEHEHHNS 3TOTO TETULIOHOCHTENS B pa3paboTaHHOH yCTaHOBKE.
(Mamepuanvi u memoowt) VcTionp30BaN B Ka9eCTBE TEIIOHOCUTEIS B pa3pabOTaHHO! IKCTIEPIMEHTATBHON YCTAHOBKE [T ITOTYYEHNUS
SHepruu ()azoBoro mepexoaa «Bojaa — Jieo» BOAY U CONEBON pacTBOp XJIOopHa HaTpus KoHueHTpauueil 1-20 npouentos. [Ipu Bo3zeii-
CTBHH 3IIEKTPOMArHATHOTO TIOJISL CBEPXBBICOKOH YacToThl (MUKPOBONMHOBas Tieub Mystery MMW-2315G) momtrocTsto 800 Bart, mpu
4acToTe MarHeTpoHa 2450 Merarepir H3MEHSUTH IPOAOKUTEIbHOCTE 00padoTku: 30, 60 u 120 cexyn. 3mepunu Temieparypy 3amep-
3aHus, pH BOIBI M PacTBOPOB, YACIBHYIO SMEKTPOIPOBOXHOCTD, KOHIEHTPALMIO COMH. (Pesynbmamst u obcysicoenue) BoigBuim, 4To
TIPH BO3IEHCTBAHN JIEKTPOMATHUTHOTO OIS CBEPXBBICOKOH YAaCTOTHI Ha PACTBOP XJIOPHA HATPHS KOHIEHTparmer 20 MpOLeHTOB TeM-
TnepaTypa ero 3aMep3aHus MoHIkaeTcs ¢ MuHyc 16,6 no munyc 18,5 rpaxyca Llenscus, 171st 9BTEKTHYECKOTO pacTBopa — ¢ MUHYC 21,2
10 muHyc 25 tpamycos Lembens, pH 1 KOHIIGHTpAIHS COJH TIOBBIIIACTCS, a YIeTbHAS ATEKTPONPOBOIHOCT YMEHbIAETCA. (Bbigo0bt)
[Monobpanu onTUMaNbHbI TEIIOHOCHTENb 15 pa3paboTaHHON IKCIIEPUMEHTANBHON YCTAHOBKH: COJEBON PacTBOpP XJIOPHAA HATPHS
KOHIIeHTparmei 20 mpoIieHToB, TEMIepaTypa 3aMep3anus cocTasnseT MuHyc 16,6 rpamgyca Llenscus. PexomennoBanu npexycmMoTpeTs
IOTONHATEIBHYI0 EMKOCTb IS EKTPOQH3HIECKOi 00pabOTKH TeIUIoHOCUTeN . OPEENIUIH, 9T0 MOCITe 00paOOTKH AMEKTPOMATHUT-
HOI 00paboTKM CBEPXBBICOKOI YaCTOTHI TEMIIEPaTypa 3aMep3aHus CONEBOTO PacTBOpa MOHM3MIACH 10 MuHYC 18,5 rpanyca Llenbcus.
KiroueBble cii0Ba: (pa30BbIil EPEBO «BOAA — JIET», COJEBOH PACTBOP, TEILIOHOCHTENb, MEKTPOPU3NIECKOE BO3ICHCTBHE, dIIEK-
TPOMAarHUTHOE T10JI€ CBEPXBBICOKOI YacTOTHI.

I Tast untupoBanusi: Epmiosa NI, Bacunbes A H., [Topyuukos JI.B. DKcriepiMeHTaIbHbIE UCCICIOBAHMS TIApa-
METPOB TEIUIOHOCUTEIISI TPH BO3JCHCTBUY 3JICKTPOMarHUTHBIM IIOJIEM CBEPXBBICOKOH 9acTOTHI // Cenbckoxo3sii-
cmeenuvie mawunsl u mexuonozuu. 2019. T. 13. NS5. C. 33-37. DOI 10.22314.2073-7599-2019-13-5-33-37.

Experimental Research of Heat Carrier Parameters when Exposed to
Electromagnetic Field of Super-High Frequency

Irina G. Ershova, Aleksey N. Vasiliev
PhD (Eng.), Research Associate, Dr.Sc.(Eng.), professor, head of research area;
e-mail: eig85@yandex.ru; Dmitriy V. Poruchikov,

research associate
Federal Scientific Agroengineering Center VIM, Moscow, Russian Federation

Abstract. In order to evaluate the initial requirements for a coolant when designing an installation for obtaining the energy of the
“water — ice” phase transition, it is necessary to conduct experimental studies on the thermophysical and electrophysical parameters
of the coolant. The type of chosen coolant determines the power of the developed installation. (Research purpose) Experimental
determination of the thermophysical and electrophysical parameters of the coolant when exposed to an electromagnetic field of
super-high frequency, with the prospect of using this coolant in the developed installation. (Materials and methods) The authors
used water and a saline solution of sodium chloride at a concentration of 1-20 percent as a coolant in the developed experimental
installation for obtaining the energy of the “water-ice” phase transition. When exposed to an electromagnetic field of super-high
frequency (microwave oven Mystery MMW-2315G) with a power of 800 watts and a magnetron frequency of 2450 megahertz, the
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treatment time was alternatively set at 30, 60 and 120 seconds. Measurements were taken of freezing temperature, pH of water and
solutions, electrical conductivity, and salt concentration. (Results and discussion) It has been found that when a super-high-frequency
electromagnetic field affects a sodium chloride solution at a concentration of 20 percent, its freezing temperature decreases from
16.6 degrees Celsius below zero to 18.5 degrees Celsius below zero, for a eutectic solution - from 21.2 degrees Celsius below zero
to 25 degrees Celsius below zero, while pH and salt concentration increase, and specific electrical conductivity decreases as well.
(Conclusions) The authors have selected an optimal coolant for the developed experimental installation: a saline solution of sodium
chloride at a concentration of 20 percent and a freezing temperature of 16.6 degrees Celsius below zero. It is recommended to
provide additional capacity for the electrophysical treatment of the coolant. It has been determined that after the super-high frequency
electromagnetic treatment, the freezing temperature of the saline solution dropped to 18.5 degrees Celsius below zero.

Keywords: “water — ice” phase transition, saline solution, coolant, electrophysical effect, electromagnetic field of super-high
frequency.

I For citation: Ershova I.G., Vasiliev A.N., Poruchikov D.V. Eksperimental'nye issledovaniya parametrov teplonositelya
privozdeystvii elektromagnitnym polem sverkhvysokoy chastoty [Experimental studies of coolant parameters when
exposed to electromagnetic field of super-high frequency]. Sel 'skokhozyaystvennye mashiny i tekhnologii. 2019.

Vol. 13. N5. 33-37 (In Russian). DOI 10.22314/2073-7599-2019-13-5-33-37.

CCIIeIOBAHUS IIpoLiecca 00pa30BaHMsI b1 B OKC-

HepI/IMCHTaHLHOﬁ YCTaHOBKEC IMO3BOJIAIOT BBISIBUTH

TEIUIOHOCHTENb, IPH HCIOIH30BAHUH KOTOPOTO
MO>KHO MOJYYUTh HEOOXOAUMOE KOJTUYECTBO SHEPTUU
JIJISL OTOILIEHU S CEIbCKOXO3SMCTBEHHBIX 00BEKTOB. B
pa3paboTaHHOH HKCIIEPIMEHTATBHON YCTAHOBKE B Kaye-
CTBE TETUIOHOCHTEJISI PEKOMEHIOBaHbI BOJIOIIPOBOAHAS
BOJIa U COJIEBOH pacTBOP XJIOPHAA HATPUS Pa3THIHON
koHI1eHTpanuu [1]. OqHako Boga OyaeT 3amep3athb U CHU-
3UT 3QPEKTUBHOCTH pabOTHI yCTaHOBKHU. TemmepaTypa
3aMep3aHus COJIEBOI0 PACTBOPA OMPEAEIsIeTCs] KOHIEH-
Tpamueit conu B pactBope. Hanpumep, BOIHBIN pacTBOP
XJIOPUCTOT'O HATPHS MOXKET HE 3aMep3aTh IO TEMIIePaTy-
psl Munyc 21,2°C npu copepskanuu conu 23,1% (puc. 1).

C pocTOM KOHIIEHT AU XJIOpUAa HATPHS B BOTHOM
cpeje TeMIepaTypa 3aMep3aHusl pacTBOpa MaJacT, 4T
00BSACHSETCS MMOHMKEHUEM Oaphepa BPAIICHHUS MOJICKYJT
BOZBI B IpUCyTCTBHH MoJieKyn NaCl. Uem GoIbIie BOTHBIX
JUMEPOB B3aUMOJICUCTBYET C MOJIEKYJIAMH COJIH, TEM aK-
THUBHEE BPAIIAalOTCs MOJIEKYIIBI BOOBI M PACTBOP TPyIHEE
NepeBeCTH B TBep/I0e cocTosiHKE. Temnodusndeckue CBou-
CTBa BOABI M BOTHEIX PACTBOPOB MOTYT MEHATHCS IIPH
BHEIIHUX 3JIEKTPOPU3NUECKUX BO3ACHCTBUAX.

Terutodusnueckue mapaMeTphl TEIUIOHOCHTENS (TEM-
nepaTypa 3aMep3aHus, TeMIIEPaTy POIIPOBOIHOCTD, pac-
TBOPUMOCTbH COJIH, HHOTHOCTL) — BOJBI U COJICBBIX pac-
TBOPOB Pa3TNIHON KOHIIEHTPAIINH, a TAKXKE MIEKTPOPH-
3WYeCKHUe MapaMeTphl (IUIIEKTPUIecKas MPOHUIAEMOCTb,
TaHTEHC yIJIa TUAIEKTPHUIECKIX OTEPh, IEKTPOIIPOBO-
JHOCTB, TEMIIEPATY PHBIH KO PHUIIEHT IIEKTPOIPOBO-
JTHOCTH) H3MEHSIOTCS ITPU BO3ICHCTBUH AJIEKTPHYECKO-
0 ¥ MarHUTHOTO TIOJIS [2].

U3BecTHO, pH (ha30BOM mepexojie «Boia — JIEI» BbI-
nensercs sHeprus 334 kx. DTa 3HEPrUs MOXKET OBITh
WCTOJIb30BaHa JJ151 OTOIJICHUS U TOPSAYETO BOJTOCHA0KE-
HUS CEJIbCKOX03IHCTBEHHBIX O6’beKTOB. 21.]'[5[ NOJTy4YCHUA
sHepruu Gpa3zoBoro nepexoia «Boaa — Jem» paspadoTaHa
3KCIIEpUMEHTa bHas ycTaHoBKa [3, 4]. C ucnonb30BaHu-
€M MHKPOBOIJIHOBOM nieunt Mystery MMW-2315G moutHo-
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Puc. 1. 3asucumocms memnepamypul 3amep3anus pacmeopa Xio-
PUCMO20 HAMPUS OM COOEPHCAHUS 8 HEM CONU

Fig. 1. Relationship between the freezing temperature of a sodium
chloride solution and its salt content

ctbto 800 BT, ¢ yacToroit marHeTpoHna 2450 MI'y uzyye-
HO JIEKTPO(GH3NIECKOE BO3ICHCTBHIE HICKTPOMAaTrHUTHO-
r0 oIS cBepxBbhIcoKo# yacToThel (OMII CBY) [5].

OTMe4eHO, YTO BOJIHBIH pacTBOP XJIOpHIa HATPUSI 3a-
Mep3aeT IpU Pa3HON TeMIIepaType B 3aBUCUMOCTH OT €T0
KOHUEHTPALNH U TPOJOJIKUTEIBHOCTH 00pabOTKHU MPo-
JOIDKUTENBHOCTH 00padoTku OMII CBY.

LIEnb MCCNEQOBAHWS — SKCIIEPHMEHTAIBHO OITpeIe-
JIUTH TEIUIO(PU3UUECKUE U DTIEKTPOPU3NIESCKHE Tapame-
TPBI TEMJIOHOCUTEI S ITPU BO3AEUCTBUU HA HETO 3JIEKTPO-
MarHUTHBIM II0JIEM CBEPXBBICOKOW YAaCTOTHI, C TIEPCIIEK-
THUBOW IPUMEHEHHUSI TOT'0 TEIUIOHOCUTENS B pa3paboTaH-
HOH yCTaHOBKE.

MATEPMANDBI M METOABI. UTOOBI BEIOPATH TEMIOHOCH-
TeMb 714 MOMyYeHus SHEPTHH Tpu oTomiennu 100 m” 371a-
HUS CeNIbCKOX03UCTBEHHOTO 00BEKTa, MPUMEHSIIA BOAY
U COJIEBOM pacTBOP XJIOpHia HaTpus KoHUeHTparueil 1-20%.

Wsmepuiu temnepatypy 3amep3anus, pH, ynenbHyo
3JIEKTPOIPOBOAHOCTD COJIEBOTO pacTBopa. VictounnkoM
OMII CBY cnysxuna MUKpOBOJIHOBas ieub Mystery MMW-
2315G mounocThio 800 BT, ¢ wacToToi MmaraeTpoHna 2450
MTI 1. IpomomkuTeaIsHOCTE 00paboTku cocTaBisia 30;
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60 u 120 c. Konuenrtpanus pactsopa — 1%, 5; 10; 15 u
20%, 06beM 50 M1 (BBICOTA )KUJIKOCTH 3 CM, AMAMETP CTa-
kaHa — 4 cm). Temnieparypa X0J0THOH BOABI B BOJOIIPO-
BOJIHOM CETH B OTONUTENbHBIN niepro paBHa 5°C; B Heo-
tonutenbHbIN niepuoy — 15°C (IToctanoBnenue [Ipasu-
tenbcTBa PO Ne 306 o1 23.05.2006 B penakuuu ot 16.04.2013
«O06 yTBepxkaeHuu [IpaBui yCTaHOBIEHUS U ONIpenene-
HUS HOPMATHBOB TOTPEOICHHSI KOMMYHAIBHBIX YCIIYT»).

Hcnonb3oBanu METOAUKY TPeX(PaKTOPHOTO aKTUBHO-
ro NMIJIAHUPOBAHUS IKCTIEPUMEHTA TUTIA 23 ¥ IPOrpaMMy
Statistic V5.0 [6].

PE3YNbTATbI  OBCYXAEHUE. [Ipu Bo3aeiicTBiE DMIT
CBY Ha BoZONPOBOIHYIO BOAY M PACTBOP C KOHLEHTpa-
nueit ot 1 1o 15% temnepaTypa 3aMep3aHus He U3MEHU-
nach (puc. 2). [lpu xoruentpamnuu 20% TemnepaTypa 3a-
Mep3aHHusl pacTBOpa CHIKAETCs ¢ MUHYC 16,6 10 MUHYC
18,5°C. KoHneHTpanus 3BTEKTHUECKOT0 pacTBOpa paB-
Ha 23,1%. [Ipu 3TOM 3HaYECHUM TEMIIEPATyPHI 3aMep3a-
Hus najgaet ¢ MuHyc 21,2 no munyc 25°C.

[Ipu Bo3aeiicTBun OMII CBY pH pacTBopa yBennvu-
Baetcs (puc. 3). OCOOCHHO 3TO 3aMETHO B BAPHAHTE C
KoHIeHTpanuen 5% —c 5,7 1o 6,5. B cmyuae 20%-ro pacT-
BOpa 3TOT MOKa3aTesb yBenuuuics ¢ 6,2 1o 6,4. s te-
IIJIOHOCUTENS B pa3pabOTaHHOHN YCTAHOBKE 3TO IMPUEM-
JIEMBIH pe3yJbTar. YaenbHas 3JeKTPOIPOBOIHOCTD 15%-
r'0 COJIEBOTO pacTBOpa yMeHblmuiaace ¢ 1451 mo 1262
MKCM/cM. DTO COOTBETCTBYET TPEOOBAHHSAM K TEIIJIOHO-
CUTEIII0 B pa3paboTaHHO# ycTaHoBKe. {11 pacTBOpOB
KoHueHTpanueit 1% u 5% 3nadeHus He U3MEHUITUCH.

KoHneHTpanus coiu B BOIOIPOBOAHOI BoJIE ITpH 00pa-
6otre OMII CBY yBenuuunacsk ¢ 263 1o 306 mr/n (puc. 5).

CocTaBmn MaTpuIly IIAaHHPOBAHUS SKCIICPUMEHTA
10 ONTUMHU3ALNH PEKUMOB PETYIHPOBAHUSA ANEKTPODH-

o

°C

S

=y
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>

ey
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= 1%

o= 5%

o= 10%

| -16,6 15%

8 - 20%

0= 23,10%

«®= poja/ tap water

Temneparypa 3amep3anus, °C
Freezing temperature ,

TTpoomkurensHocTh 06padoTkn IMIT CBY, ¢
SHF EMF treatment time, s

Puc. 2. 3asucumocmo memnepamypei 3amep3anus 600blL U pacmeo-
pa om npooomdicumenvrocmu 06pabomxu IMIT CBY

Fig. 2. Relationship between the freezing temperature of water and
a solution and the SHF EMF treatment time, sec.

3MYECKOr0 BO3JICHCTBHUS Ha COJICBOM pacTBOp (mabiuyaq).

[onp3ysick MeTOAMKON TPpeX()aKTOPHOTrO aKTHBHOTO
TUTAHWPOBAHUSI SKCIIEPUMEHTA TUNA 23 1 MPOrpaMMoOn
Statistic V5.0 [6] nOCTpOUIIN ClIeAYIOIINE TIOBEPXHOCTHU OT-
KIJIUKOB M UX IBYMEPHBIE CEUCHHSI B U30IMHUSAK: TEMITepa-
TYpHBI 3aMeP3aHs, KUCIOTHOCTH 1 YASIBEHON 3JIEKTPOIIPO-
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donarcumenvrocmu oopadbomxu IMIT CBY

Fig. 3. Relationship between the pH factor of a solution and the
SHF EMF treatment time
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Fig. 4. Relationship between specific electric conductivity and the
concentration of a solution and the SHF EMF treatment time
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Fig. 5. Relationship between salt concentration in tap water and
the SHF EMF treatment time

BOJTHOCTH COJIEBOTO pacTBopa (puc. 6-8). dMnupudeckoe
BBIpa)KEHUE MOJICITH TEMITEPATyPhl 3aMEP3aHUs PACTBOPA
B 3aBUCHMOCTH OT MIPOIOJKUTEIBHOCTH 00paboTk DMIIT
CBUY u KoHIIEHTpalluu pacTBopa OyIeT UMETh BUJL:
T.=-0,6693-0,00187—0,1037¢+6,5789:10°-7"—0,00137¢—0,0353¢™.
DMIUpUYECKOe BEIpaKEHUE MOJICIIH YICIBHOM dIeK-
TPOMPOBOJTHOCTH PACTBOPA B 3aBUCUMOCTH OT MIPOJIOJI-
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-

MuI  HOBbIE TEXHONOTIAN M O6OPYA0BAHUE

NEW MACHINERY AND TECHOLOGIES

Ta6nuua

Table

Bapnupyemblie napamMeTpsl
Variable parameters
Ne NPOAOTKHTEJbHOCTH 00Pad0TKH © K‘S"fp'f" (:jl'ITlflMl:ltZial_ll/llfl
MII CBY, ¢ KOHIEHTPANUS PACTBOPA, ) ptimization criteria
SHF EMF treatment time, s solution concentration,%

X T X, 4 Y 4 Y
1 120 + 23,1 -25,0 6,4 1312
2 120 - 1 -0,6 6,5 852
3 - 0 + 23,1 21,2 6,0 1444
4 = 0 = 1 —-0,6 6,0 833
5 0 60 0 15 -11,1 6,3 1350
6 - 0 0 15 —11,1 5,9 1451
7 A 120 0 15 -11,1 6,5 1262
8 0 60 - 1 -0,6 6,2 817
9 0 60 4 23,1 -24,0 6,3 1331
10 0 60 0 15 -11,1 6,3 1350
11 0 60 0 15 -11,1 6,3 1350

IMpumeuanme: Y, — remneparypa 3amepsanus, 7,, °C; ¥, — pH, KuCIOTHOCTSD; Y3 — yAeNbHas IIEKTPOIPOBOIHOCTb, 0, MKCM/CM
Note: Y, — freezing temperature, 7,, °C; Y, — pH, acidity; Y; — specific electrical conductivity, g, uS/cm

KUTEIBHOCTH 00padoTku OMII CBY u KoHIIEHTpanuu
pacTBOpa BRIMISIUT CIACIYIONAM 00pa3oM:
o ="178,8615-0,73947+68,1052¢+0,00627°-0,06437¢—1,6739¢.
PacdeTHBIM Ty TEM YCTaHOBJICHO, YTO JJISl OTOTUICHHU S
CeIbCKOXO03SHCTBEHHOT0 00beKTa Moma b0 100 M” Mor-
HOCTB TEILIOCUIIOBOTO 000py10BaHus cocTaBuT 12,8 kBT,
B cyTkHd — 306 kB1-4. TpeOyemslii 00bem nibs1a — 3602,8 7,
00beM BBIPaOOTKU JibJa TemioooMeHnanka — 150,1 /4.
O0bem Oaka 11 cOopa JIbaa COCTABUT 2 M, Gaka Terio-
0OMEHHHUKA C CHTMKOHOBBIMH TPyOKaMH — 2 M°, 6aKa JUIs
3MeKTpopH3HUecKoil 00paboTKH BoIsl — | M’, 06mIHil 06B-
eM 6aKa TermIooOMeHHHKa — 5 M°. JIJTHHA CHIIMKOHOBO#
TpyOKu AraMeTpoM 30 MM AJI OCYIIECTBIICHHUS TPOLIEC-
ca o0pa3oBaHUs Jbaa cCOCTaBUT 1,5 M. BHyTpH crtiko-

HOBOM TPYOKH IIepeMeIaeTcst COJICBOH pacTBOP, a Ha I10-
BEPXHOCTH HAMOPAXUBAETCS JIE/I, €0 PACX0/ COCTABIIS-
et 2 M>/u. MakcuMaibHas TONIINHA JIBIA — 3,5 cm.
BbiBoabl. O6paboTKa 31eKTPOGUINIESCKUM BO3ICH-
CTBHEM B pa3pabOTaHHON YCTAHOBKE MOHUXKAET TeMIIe-
paTypy 3aMep3aHus TEIUIOHOCHUTEIS, YTO MOJTBEPKIe-
HO 3KcniepuMeHTanbHo. [Ipu Bozaeiictsun OMIT CBY (ua-
crtota marHetpona 2450 MI', HoMrHaIbHasI MOIIIHOCTD
— 800 Bt, nponomkuTenbHocTh 120 ¢) Ha pacTBOp XJI0-
puaa HaTpus KoHUeHTpanueit 20% HabnogaeTcs IOHU-
YKEHHUE TEeMIIepaTypbl 3aMep3aHus pacTBOpa ¢ MUHYC 16,6
1o munyc 18,5°C, 1 9BTEKTHYECKOT0 pacTBOpa KOH-
ueHtpanueit 23,1% temnepaTrypa 3aMep3aHus MaJIAET C

30 Surface Fiol of Y2 againal X1 and X2
2 = DiStaNCa Waighied Lagst Squars

Puc. 6. [leymepHvie ceuenus 6 U30TUHUAX U NOBEPXHOCMb OMKIUKA
mpexghpakmopHotl MoOeny memMnepamypuvl 3amMep3aHis pacmeopa 6
3asucumocmu om npooonicumensrhocmu o6pabomru IMII CBY u
KOHYeHmpayuu pacmeopa

Fig. 6. Two-dimensional cross-sections in contour curves and the
response surface of a three-factor model of the freezing temperature
of a solution, depending on the SHF EMF treatment time and the
solution concentration
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Puc. 7. [leymepHbie ceverus 6 U30TUHUAX U NOBEPXHOCb OMKIUKA
mpexghakmopHoll Mooenu KUCI0mHOCMU PACMEOPA 6 3a6UCUMO-
cmu om npooonsxcumenvrocmu 0o6pabomru IMII CBY u konyen-
mpayuu pacmeopa

Fig. 7. Two-dimensional cross-sections in contour curves and
the response surface of a three-factor model of the acidity of a
solution, depending on the SHF EMF treatment time and the
solution concentration
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munyc 21,2 no munyc 25°C. IIpu Bozaeiicteun SMIT CBY
Ha BOAOIPOBOIHYIO BOAY TEMIIEpaTypa 3aMep3aHus HE
n3MeHunach. Hanbosee 3ameTHoe n3mMeHenue pH (a uMeH-
HO — yBeJu4eHue ¢ 5,7 10 6,5) COOTBETCTBYET PacTBOPY
¢ KOHIeHTpamuel 5% . YMeHbIleHne y1eTbHON AIeKTPO-
MPOBOIHOCTH 00JIee BEIPAXKEHO B BApUAHTE C KOHIIEHTpa-
nuei pactBopa 15% —c 1451 no 1262 mxCwm/cm. Konnien-
Tpanus COIU OTUETIMBO MTOBBICKIIACH B BOAOIPOBOIHOM

NEW MACHINERY AND TECHOLOGIES

Puc. 8. /lgymepuvie ceuenus 6 U30IUHUAX U NOBEPXHOCHb OMKIIU-
Ka mpexgaxkmopHou Mmooenu YOenbHou NeKmponposoOHOCmuU
Pacmeopa 6 3a6UCUMOCmu Om RPOOOIACUMENbHOCIU 00PAbOmMKU
OMII CBY u konyenmpayuu pacmseopa

Fig. 8. Two-dimensional cross-sections in contour curves and the
response surface of a three-factor model of the specific electric
conductivity of a solution, depending on the SHF EMF treatment
time and the solution concentration

BoJie — ¢ 263 10 306 mMr/n.B pa3zpaboTaHHON SKCTIEpUMEH-
TaJBHON YCTaHOBKE ClIeJyeT PEeKOMEHI0BaTh B KAUeCTBE
TEIUIOHOCHUTEIS COJICBON PacTBOP XJIOPHIA HATPHUS KOH-
ueHTpanueit 20%, Temneparypa 3amep3aHus KOTOPOIro
cocranisieT MuHyc 16,6°C. Heo6xonrMo mpeaycMoTpeTh
JIOTIOTHUTEBHYF0 eMKOCTb JIUISI AIEKTPOPU3NIECKOH 00-
paboTku Termnonocurens. [locne o6padotku SMII CBU
TEeMIIEpaTypa 3aMEepP3aHUsI COJIEBOTO PacTBOpa IIOHHU3H-
nack 1o munyc 18,5°C.
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Pedepart. [{udposoe cenbckoe X034HCTBO MpEeAONpeaeNseT Pa3BUTHE POOOTH3MPOBAHHBIX arpOTEXHONOTHI IPUMEHEHHUS TIECTUIINIOB
1 yIOOpeHHUil ¢ MCIONb30BaHMEM OCCIUIOTHBIX ABHAIMOHHBIX CHCTEM, OCHOBY KOTOPBIX COCTABISIOT OCCIHIOTHBIC JIETATENbHBIC all-
TIapaThl ¢ ONpPEICNIEHHON MONe3HOH HArpy3KOH JUTi MOHHTOPHHTA CENTbCKOXO3SHCTBEHHBIX YTOIMI U BHECEHHS arpoXUMHUKAToB. ([[ens
uccnedosanuti) Paszpadorars TexHOMOTHIO MU PEPEHIMPOBAHHOTO BHECEHUS ECTALMAOB U YIOOPEHHUI ¢ TIOMOIIBI0 OECTTUIOTHBIX Jie-
TaTEIbHBIX AMMAPATOB B UPPOBOM CEILCKOM X03sHCTBE. (Mamepuansi u memods) B xone paboTh! nemons3oBaii MeTogudeckue pexo-
MEH/IAIAN TT0 TIPUMEHEHHNIO CPEICTB XUMH3ALIH B CHCTEME TOTHOT0 3emuenenus (B/IM), HopMaTHBHO-TEXHITIECKYIO JOKYMEHTAIIHIO Ha
OeCUIOTHBIE ABHAIMOHHBIC CUCTeMBL. (Pesynvmamyt u 06cyarcoenue) Tloxkasamm, 4to pa3pabaTbiBaeMast TEXHONOTHS BKIIOYACT HOCIEI0-
BaTEbHOE BBITOHEHNE HHDOPMALIMOHHBIX M TEXHOJOTHYECKHX omepalinii B pexkumax off-line u on-line. YcranoBmim, 4to HOpMa BHECE-
Hus paboueil xuaxoctd necTuiroB 10-20 TUTPOB Ha reKTap COKPAIIAET IOTEPH BCISACTBUE CHOCA M3 30HBI 00pabOTKH 1 00ecTeunBaeT
HAauOONBIIYIO IPON3BOAUTENEHOCTE BHECEHHS TIECTHIMIOB C MPUMEHEHNHEM OCCTIMIOTHBIX JIETAaTeNbHBIX armaparoB. Ompeneniim, 910
TPOM3BOIUTENBHOCTH 0OPaOOTKH IO BO3PACTAET ¢ TOBBIMICHHEM JIMHEI TOHA H YMEHBIIAETCS C YBENMMUICHIEM HOPMBI pacxozia padouei
KUIKOCTH. BBISBIIH pairoHabHble 3Ha4eHus UHHbI ToHa — 0,8-3,2 kimoMeTpa. YCTaHOBUIH TPEOOBAHHUS K KAUECTBY ABHAIIOHHOTO
OTIPBICKMBAHHS. J{0Ka3aIIIL, 9TO AT YBETMYCHIS IPOM3BOAUTENLHOCTH OCCIIHIOTHBIX IETATENBHBIX AIapaToB PH MOAKOPMKE PACTCHHH
Heo0X0AMMO HCTIOIb30BATh UX ¢ OOMbIIOH Mone3HoH Harpyskoit — 300-400 kumorpaMmoB. (Bsiodst) Paspabotanu TexHomoruto audde-
PEHIIEPOBAHHOTO BHECEHIIS IECTHIIUIOB M YIOOPEHHH C ITOMOIIBIO OECTIIITOTHBIX JIETaTeNBHBIX AINAPaTOB, ATOPHTMbI IIOATOTOBKH all-
TIapaToB K TONETY, MOHUTOPHHIA CENLCKOXO3HCTBEHHBIX YTOIHIL, CO3NaHMs OPTO(OTOILIAHA TIONEH, AMEKTPOHHBIX KaPT BEreTAIMOHHBIX
MHJIEKCOB, (JUTOCAHUTAPHOTO COCTOSHUS MOCEBOB, UM (HEPEHIMPOBAHHOTO BHECSHHS TIECTUIIMIOB 1 YIOOPEHHUH.

KaroueBblie caoBa: mudpoBoe cebCKOE XO3SMHCTBO, TOYHOE 3EMIIEIENIE, OCCIIUIOTHBIC JIeTaTeIbHBIC AMMAPATHI, MeCTHIIHIEL,
ynobpenus, 1updepeHInpOBAHHOE BHECEHHE.
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TexHonmorns BHECEHN MECTHINIOB U YI00pEHNH OECITMIOTHBIMHY JIETaTEIbHBIMY aNlapaTaMy B IEU(QPOBOM CENbCKOM X0351i-
ctBe // Cenvcroxossiicmgennvie mawunsl u mexnonozuu. 2019. T. 13. N5, C. 38-45. DOI 10.22314/2073-7599-2019-13-5-38-45.
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-

Abstract. Digital agriculture predetermines the development of robotic agricultural technologies for the application of pesticides
and fertilizers using unmanned aerial systems, which are based on unmanned aerial vehicles (UAVs) with a certain working load for
monitoring agricultural land and applying agrochemicals. (Research purpose) To develop a technology for variable-rate application
of pesticides and fertilizers using unmanned aerial vehicles in digital agriculture. (Materials and methods) In the process of study,
the authors used the methodological recommendations on the application of chemicals in the precision farming system (offered
by VIM), as well as the normative and technical documentation for unmanned aircraft systems. (Results and discussion) It was
shown that the developed technology includes the sequential execution of information and technological operations in off-line
and on-line modes. It was found that the application rate of the liquid pesticides of 10-20 liters per hectare reduces losses due to
drift from the treatment area and ensures the highest productivity of pesticide application using unmanned aerial vehicles. It was
determined that the field processing performance increases as the run length increases, and decreases with the increasing flow rate
of the liquid chemical. The rational run length was established to equal 0.8-3.2 kilometers. The authors established requirements for
the spraying quality of unmanned aerial vehicles. It was proved that to increase the productivity of unmanned aerial vehicles during
plant top-dressing, it is necessary to use unmanned aerial vehicles with a larger working load of 300-400 kilograms. (Conclusions)
The authors have developed a technology for variable-rate application of pesticides and fertilizers using unmanned aerial vehicles,
algorithms for preparing them for flight, monitoring agricultural lands, making a field orthophotomap, electronic maps of vegetation
indices, the phytosanitary status of crops, and variable-rate application of pesticides and fertilizers.

Keywords: digital agriculture, precision farming, unmanned aerial vehicles, pesticides, fertilizers, variable-rate application.
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npoekte «Lludposoe cenbckoe X03HCTBOY, pas-

paboranHoM MuHcenbxo30M PO, moctasnena 3a-

Jlaua IPeBPATUTh CEJIbCKOE X03HCTBO B BBICOKO-
TEXHOJIOTHYHYIO OTPAcib, 00ECICYNBAIOIIYIO Hacee-
Hue Poccrun BEICOKOKaYeCTBEHHBIM ITPOAOBOIECTBUEM Ha
OCHOBE peaH3aIiy UPPOBBIX TEXHOIOTHH.

[udpoBoe cenbckoe X03iCTBO TpeOyeT OoJiee BhICO-
KOT'0 YPOBHS TEXHUUECKOT'0 00ECIeUeHNU s, OCHOBAHHOT'O
Ha KOMIUIEKCAaX aBTOMATHUECKHUX MU TUCTAaHIIMOHHO-
YIIPaBIIsIEMbIX OECMUIOTHBIX JIETaTEbHBIX alllapaToB
(BJIA) a1t MOHUTOPHHTA arpoIeHO30B, YIIPABICHUS
arpOTEXHONOTHSIMH ITyTeM AU EepEeHIIPOBAHHOTO BHE-
CeHUs MecTUII0B U ynoopenuii. BJIA obecnieunBaror
KauyeCTBEHHOE BHECCHHE CPENICTB 3aIIUTH PACTCHHUH U
yAOOpeHU B ONTUMAaJIbHbIE arPOTEXHUYECKHUE CPOKH,
npu BBICOKOM BJIQJKHOCTH IIOYBBI, HAa CJIOKHBIX penbe(bax
IOJIs, TOPHBIX CKJIOHAX CaJIOB U BUHOTPATHUKOB, PUCO-
BBIX IOJIAX, B IO3AHUC MICPUOJbI PA3BUTHUA ar pOLICHO30B,
9YTO MUHUMH3HPYET PUCKH, CBI3aHHBIE C HETOOOPOM ypo-
*asi U CHUKEHUEM €ero KauecTBa, yObITKaMH CEJIbX03TO-
Bapornpoun3BoauTeieil. B To ke Bpemsi, HeCMOTps Ha IITH-
pOKO€ IPUMEHEHHUE B Pa3BUTHIX CTPaHaX MUPa TOYHOTO
3emuteienus, TudepeHIITPOBaHHOE BHECEHHE y100pe-
HUH U IECTUIUIOB OCYIIECTBIISIETCS B OCHOBHOM Ha3eM-
HOU TEXHUKOM.

[o onenkam J'son & Partners Consulting OCHOBHYIO
JIOJTI0 OECIUIIOTHBIX JeTaTeNbHBIX anmapaToB CEeIbCKO-
XO035HCTBEHHOI'0 Ha3HAUEHU s HA MUPOBOM pbIHKeE B 2018 T.
3aHUMAIId MYJIBTHKONTEPHI — 56% W APOHBI-ILIIAHEPBI —
39%. IIpu 3Tom 69% BJIA ucnonb3yroT 1711 MOHUTOPUH-
ra CeJIbCKOX03MCTBEHHbIX YIroguil U ToIbKO 24% npu-
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MEHSIOT AJIs BHECEHUSI CPECTB 3aIUThI PACTCHUH H y10-
OpeHui.

3a nocnenHee BpeMsi OTMEUEH POCT IMPOU3BOJCTBA
poccutickux BJIA B cBsI3U ¢ yBeIMUEHHUEM CIIPOCA HA HUX,
MIEPEX0/I0M Ha UMITIOPTO3aMELIEHUE B YCIIOBUAX CAaHKIUH,
OIOIKETHBIM, TPAHTOBBIM M YaCTHHIM (pMHAHCHPOBAHHU-
eM pa3paboTOK OCCITUIIOTHOW aBHAIIMOHHOM TeXHUKH [1].

B cenbsckoxossiicTBeHHOM pon3BoacTBe Poccuun BJITA
IIPUMEHSIOT B OCHOBHOM JJIsI MOHUTOPUHTIA CEJIbCKOXO-
35IICTBEHHBIX U JIECHBIX YTOJUH, CO31aHU S ANEKTPOHHBIX
KapT TMOJIe ¢ onpeneIeHneM HOpMaIn30BaHHOT O Bere-
TaLlMOHHOT'0 MHJEKCa, IPOrHo3a ypoxKaitHOCTH, OLEHKH
(PUTOCAaHUTAPHOTO COCTOSIHUS IIOCEBOB, YKOIOTUUECKO-
0 MOHUTOPHHTA, KOHTPOJIS 00bEMOB M Ka4eCTBA BHIIIOJI-
HEHUS CeNTbCKOXO035UCTBEHHBIX Pab0T. OOOCHOBAHBI OC-
HOBHBbIE apamMeTpsl BJIA cenbckoxo3sHCTBEHHOTO Ha-
3HaueHus [2-4]. BJIA c none3noii Harpy3ko# 10 10 kr
HIPUMEHSIOT JJIst 00pabOTKHU MIOCEBOB OMOJIOTMUECKUMU
CpeICTBaMH 3allUThl PACTEHUMH, B YaCTHOCTH AJIs BHECE-
HUS TPUXOTPaMMBI, @ TAK)KEe pa30pachIBaHUs IPUMaHOK
1Tt O0PBOBI C TTOJIEBBIMU TPBI3yHAMM. [{J151 BHECEHUS YO0-
Openwuit u nectTuuaoB Tpedyrotes BJIA ¢ monesHoii Ha-
rpy3koi 80-400 r.

TexHOIOTHH TOYHOT O 3eMIICACIUS TPEOYIOT Oolee BBI-
COKOT'0 YPOBHS TEXHHYECKOT0 00ECIIeUeHH s, OCHOBAaH-
HOT'0O Ha IPOrPaMMUPYEMBIX, IIOJIHOCTBIO ABTOHOMHO
(hyHKIHOHUPYIOLIUX HIIM JUCTAHIIMOHHO YIIPaBIIAEMbIX
OecruoTHBIX aBHallMOHHBIX cucTemax (BAC), conepxa-
IIUX KOMIUIEKCH aBTOMaTHYECKUX UIIU AUCTAaHLIHOHHO
ynpasisieMblX BJIA 1151 MOHUTOpPHHTA arpOLIEHO30B,
YIpaBJICHHS arpOTEXHOJIOTHAMH ITyTeM nuddepeHIT-
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POBaHHOI'O BHECCHHS MU-
HEpaJbHBIX yI00pEHUiA, Tie-
CTUIUAOB H JPYyTHX
arpoXnuMHUKaToB [5-7].

becnunorHasa asmaumoHHas cucrema (BAC)
AN BHECEHUS NeCTMLMAOB 1 YAOOPEHnii
Unmanned aircraft system (UAS) for fertilize
and pesticides application

NEW MACHINERY AND TECHOLOGIES

LLEnb NCCNEOOBAHMIA — 7
pa3paboTaTh TEXHOJOTHIO — —
nnddepeHIupoBaHHOro becnunotHblii aBuauuoHHblii Komnneke (BAK)

ANS BHECEHUS NeCTMLMAOB 1 YAOOPEHNii

BHCCCHH IICCTHLIN/IOB H Unmanned aircraft complex (UAC)

yaoOpeHuit 6eClIuIOTHBI-
MH JIeTaTeIbHBIMH armnapa-

BJIA pnsa BJIA pna
TaMHU B I BOM CCJIbCKOM
B LH(POBOM CeIbCKO MOHMTOPUHTa C.-X. NOAA - BHECEHMA NECTULUAOB N
XO3sICTBE. Unmanned aerial vehicles — yno6peuui

MATEPUANBI M METOABI.
Pa3paboTky npoBogunu Ha
OCHOBAaHHUHU METOINYECKUX
PEKOMEHIalMii 1Mo mpruMe-
HEHHIO CPENICTB XUMH3ALUH
B CHCTEME TOYHOI'O 3eMJIe-
nenust (M.: BUM, 2016),
HOPMaTUBHO-TEXHUYECKON

Unmanned aerial vehicles
for fertilizers and pesticid application

for field monitoring

CamonetHbie BJIA
MunbTukontepHbie BJIA
Aircraft-type and multicopter-type [
unmanned aerial vehicles

Mo6unbHbIiA TPAHCNOPTUPOBILYNK
- 3anpaswumk BJIA Tonnusom,
yno6peHnsamu, nectuuuaamm

Mobile servicing vehicle
— UAV refiller with fertilizers,
pesticides and fuel

CpenctBa TpancnopTuposku BJIA

nokymentauuu: OCT P K C.-X. MO0 Ninornammuoe
57258-2016. Cucrembl 6ecriu- Means of UAV transportation ~ ozec[:lellelme
JIOTHBIE aBUALMOHHEIE. Tep- to the field UAC software
muHsbI 1 onpenenenus; FOCT
56122-2014. Bo3xywHbrit CpeactBa B3nera Ha3eMHbIii NYHKT
1 nocapKu - ynpaBsneHus noneTom
TPaHCopT. becnunoTHbLe Takeoff and landing - Ground flight
ABHAILIMOHHBIC CUCTCMBEIL. 006- means control station

mue TpeboBanus; Llupky-
nsipa 328 UKAO. becniu-
JIOTHBIE aBUALIIOHHBIE CH-
ctemsl (BAC); IpaBun mpo-
BEJIEHUS aBUAIITUOHHO-XU-
MHUYECKUX PabOT B COOTBET-
ctBuu ¢ [Ipukazom MuH-
Tpanca PO ot 17.07.2008
Ne 108 (pen. o1 23.06.2009)
«O06 yTBepxkaeHUH (eme-
paJbHBIX aBUAI[IOHHBIX ITpa- >
BuJ1 «IloaroToBKa U BBIIOJ-
HEHHE MOJIETOB B IpakAaH-
ckoii aBuanuu Poccutickoit  Puc. 1. Brox-cxema 6ecnuiomnot aguayuonHoti cucmemvl Oist GHeceHust yOoOpenuti u necmuyuoos
Denepanum.

PE3YNBTATBI U OBCYX-
NEHUE. OCHOBY TeXHOJIOTHH NTU(PPEPSHIINPOBAHHOTO CHCTEMaMH B BO3IYIIHOM IIPOCTPAHCTBE, CPEICTBA pe-
BHECEHU MEeCTUIINIOB U YA0OpEHUH ¢ UCTIONb30BAHHEM MOHTA M TEXHUYECKOTO 00CITYKUBAHUS, BCIIOMOTaTellb-
BJIA cocraBmnsieT OecnuiIOTHAsS aBHAlMOHHASI CHCTEMa HBIE CPENICTBA, SKCITyaTallHOHHO-TEXHIYECKas JOKY-
(BAC), xoTopas BKJItouaeT OECITMIIOTHBINA aBHAITMOHHBIM ~ MEHTAIWsI U TEXHUYECKU I epcoHal (pucyHok).
koMmruieke (BAK), conepxamuii onpeieIeHHOE YUCIIO0 Jnst nuddepeHnmpoBaHHOT0 BHECEHHSI CPEJICTB 3alllH-
BJIA st MOHUTOpHHTA CETTECKOXO3HCTBEHHBIX YTOMUH, THI pacTeHUH U yroOpeHuit mpeanoyTuteabHbr bJIA MHO-
BHECEHHS MECTULUAOB, YIOOPEHUH U APYTHX arpOXMMHUKATOB, TOPa30BOr0 MCIOIb30BaHU, 6€3a3pOIPOMHOTO Oa3nupo-
TEXHUYECKHE CPENICTBA UX TPAHCIIOPTHPOBKH K IIOJIF0, BaHHS, C HEOOIBIIOH pa30eKKoii IIst B3NIeTa WIIH C BEPTH-
3ampaBKU pabOUYUMU KUAKOCTAMHU MECTUIUIOB U YAO- KaJlbHBIM B3JETOM U BEPTHKAIBHOM MOCAAKOM, HU3KOBBI-
OpeHwuii, B3JICTHO-IIOCAI0UYHBIC TEXHHUECKNE CPEACTBA, COTHBIEC, BEPTONETHOTO, BAHTOKPBIJIOTO U MYJIBTHPOTOP-
YCTPOMCTBA YIIPABICHUS U CBS3H C TyHKTOM YIIpaBjie- HOTO THIIOB, OCHAICHHBIC aBTOMIIIOTOM H CHCTEMOH (-
HUS MTOJIETOM U MPOrpaMMHOe o0ecrieueHue. OTAeNbHbI-  (epeHIIMPOBAHHOTO PaCIpeieieHUs pabounX KUAKOCTEH
MU MOAYJISIMH BXOJISIT CPEACTBA HHTEIPALIUH C APYTUMH  YAOOPEHUH M IeCTUIHIOB T10 3aJaHHOI IIporpaMMe.
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Cpenctsa MHTErpauvu ¢ ApyrumMy cucTtemamm
Means of integration with other systems

_ TexHnuyeckuii nepcoHan
Technical support personnel

BcnomorarenbHble TEXHUYECKUE CPpeAcTBa
Auxiliary technical means

A

[oKymeHTauus
Documentation

Fig. 1. Block diagram of an unmanned aircraft system for fertilizers and pesticides application
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Ornpesienenye MaccuBa C.-X.
TOJIeH U ONPEIeNICHNE UX TPAHHIL
Determination of the array of
agricultural fields and
determination of their boundaries

Pa3paboTka monETHOro 3a1aHus Ha
aspodoTockEMKy ¢ nomousio bJIA
Development of an aerial
photograph mission with a UAV

Onpezienenne paioHaIbHOM Onpenenenne Omnpenenenne IETHO-
CXEMbI MapuipyTa ¢ TpaeKTUpVIeﬁ PpalMOHAJIBHOI'O THIIA TCXHUYECCKHUX
BJTIA —> BJIA =P xapaxtepuctuk BJIA

Determining a rational route design
with the UAV trajectory

Determination of the
rational type of UAV

Determination of flight
performance of the UAV

- OnpezeneHnue HCXOIHBIX
Ompenenenne Omnpenernenne TETHO-TEXHHYECKHX OrmpejieneHne 0KUIAEMBIX H
Bs160p criocoba . JIAHHBIX JUJISL CO3J[aHMS
HCO6X0}IHMOFO apaMeTpoB Ipu a3p0q)0TOCT>eMKe q)aKTPl‘{eCKI/IX METCOPOJIOTHICCKUX
ynpasienus bJIA Pl 3 oprodoToriana
. > KonuuectBa BJIA — Determination of flight and P> napamMeTpoB LT
Selecting the UAV R . 5 . L Determination of source
Determination of the technical parameters in aerial Determination of expected and actual
control method . . data for orthophoto
required number of UAVs photography meteorological parameters creation

v

Beiesn na none u 3amyck BJIA
Entering the field and launching the UAV

-

Tpancnoptupoka BJIA x c.-x. momo
Transportation of the UAV to the agricultural field

3amyck BJIA
Launching UAV

Onpenenenne HanpaBiaeHus 3amycka bJIA
Determining the launch direction of the UAV

R .

Y

BeimonHenne a3podoTochEMOUHBIX
pabot
Performing aerial photography

Br160p cpoKOB BBIIOTHEHUS
a3p0hOTOCHEMKH

Choice of deadlines for aerial photography

OcymiecTBieHUe MOIETA .
y CpéMKa 1ojis B BHIUMOoM 1 6mmkaem UK

Bl JIarnasoHe
Flight Iﬁfslrmance Field survey in the visible and near infrared range

Y

Onepanus 3axo1a BJIA na
nocajiky
Landing operation of the UAV

IMocanxa BJIA B 3a1aHHYO TOUKY

Landing an UAV at a specified point]

Berinonnenue nporecca nocaaku BJlA'
Performing the UAV landing process

TIpenBaputenbHas 06paboTKa pe3yibTaToB
a3pohOTOCHEMKI
Preprocessing of aerial photography results

v

Cosnanue oprodoToriana

Creating an orthophoto plan Cosnanue daitos Co3nanue daiina IMoaroroska Co3nanue MaTpULBI O6paborka
MCXOJHBIX JIAHHBIX TpaHC()OPMHPOBAHHOTO pacTpa OTOPHBIX TOYEK penbeda JICTOPCHI
Y Creating source data Creation of a transformed image Preparation of Creation of a terrain Distortion
Cosianne KapThi BEreTaTHBHAIX files file reference points matrix treatment
HMH/IEKCOB ]

Creating a map of vegetative indices

v

V[SMepCHI/Ie METOK
Mark measurement

OObeMHEHNE PacTPOB B

Merge images into a single

Pa3paboTKa pacTpoBbIX KapT BEreTallHOHHBIX HHICKCOB U
(DUTOCAHUTAPHOTO COCTOSHHS MTOCEBOB
Development of raster maps of vegetation indices and
phytosanitary condition of crops

e/mHBIN (aitn

file

v

Cosnanue KapThl YUTOCAHHTAPHOTO
COCTOSIHMSA 110J1s1

A 4

field

Mapping the phytosanitary status of the

TpeoGpa3oBanue PacTPOBBIX KapT BEreTALMOHHBIX HHICKCOB U
(hUTOCAHUTAPHOTO COCTOSIHUS MOJISl B BEKTOPHbIC KAPThI
Conversion of raster maps of vegetation indices and phytosanitary state
of the field into vector maps

A 4

Puc. 2. Bnok-cxema ocHogHbix onepayuii no c6opy ucxo0Hou ungopmayuu 0is ouphepen-yuposannozo eHecenus necmuyudog u yoo-

bpenuil u paspabomku kapm-3adanuii ons bJIA

Fig. 2. Block diagram of basic operations to collect initial information for differentiated application of pesticides and fertilizers and

the development of task maps for UAVS

TexHonoTHsA TUPHEPSHIIMPOBAHHOTO BHECCHUS Y 10-
OpeHUl 1 MECTUIIUIOB PH BO3ACIBIBAHUU CEITLCKOXO0-
3STICTBEHHBIX KYJIBTYP B CHCTEME TOUHOT'O 3eMIICICIIHS
BEITIOJTHSIETCS B PeXKUMaX off-line u on-line.

Peanu3aius TeXHOJIOTHUYESCKOM ONIEPAIIUU B PEIKUME
off-line npenycMaTpuBaeT MpeABAPUTEIBHY IO TOJTOTOB-
Ky Ha CTallHOHAPHOM KOMITBIOTEPE KapThI-3aJaHuUsI Ha
nuddepeHITMpOBaHHOE BHECEHUE MTECTUIIHJIOB, yio0pe-
HUH U JPYTUX arpPOXMMHKATOB B BH]IE JICKTPOHHOU Kap-
THI, IJIC YKa3BIBAIOT UX JIO3BI IS KQXA0TO BBIIACICHHO-
0 U MPOCTPAHCTBEHHO MPUBSI3aHHOTO C TTIOMOIIBIO
GPS-nprueMHUKa SIeMEHTapHOTO YYacTKa MOJIsl.

AJTOpUTM pa3paboTKH KapT-3amanuii s gudde-
PEHIIMPOBAHHOTO BHECCHHUSI IECTULIHIOB U yIOOPCHMI
(npeocmasien Ha pucynke 2) IpelyCMaTpUBAECT:

* COCTaBJICHHE MOJIETHOTO 3aaHus Ha a3podoTocheM-
KY, BKJIFOUAIOIIETro OIpe/ielieHHe MacCHBAa CENbCKOXO035TH-
CTBEHHBIX ITOJICH ¥ UX TPAHUII, BEIOOP CPOKOB BBITIOTHCHUS

CENbCKOXO3AMCTBEHHBIE MALIMHbI 1A TEXHONIOMM « Tom 13 +NS + 2019

a’podoTocheMKH, pallHOHATBLHYI0 cXeMy MapiipyTta bJIA
C TpaeKkTopHeil moaera, BbIOOP panvoHanbHOro THNA BJTA
C HEOOXOTMMBIMH JIETHO-TEX HIUECKUMH XapaKTepUCTHKA-
MH JUIS a3p0(OTOCHEMKH TIPH CO3TaHUU OpPTO(HOTOILIAHA,
konuuecTBo bJIA B onete, coco6 ynpasnenus bJIA, oxu-
JaeMble 1 QaKTHIECKHEe METEOPOIOTHYESCKUE TTapaMeTPHI;

 TpaHCIOPTUPOBKY BJIA K CeIbCKOX035ICTBEHHOMY
TIOJTIO, OTIpesieNieHue HanpasieHus 3amycka BJIA u ero
HEMOCPEACTBEHHBIN 3aIyCK;

* BBITIOJTHEHUE a3pOPOTOCHEMOYHBIX pabOT, COCTOSI-
X u3 nosera komrmiekca bJIA mo 3aganHbIM TpaeKkTo-
PHSM H OCYILECTBICHHE ChEMKH MOJIS B BUUMOM U OJTHX-
HEM NHPpaKpaCHOM JHara3oHax;

« nocaaky bJIA B 3ajaHHYIO TOUKY, BKJIFOUAOLIYIO
3axox BJIA na nocanky;

* pa3paboTKy OpTOGOTOILIaHA, BKIIOYAIOUIYIO MTPea-
BapUTEIBHYI0 00pabOTKy pe3yabTaToB a3pohoTOCHEM-
KU, CO3/IaHue (ailIoB BXOAHBIX TAHHBIX U (DaiJIOB TPaHC-
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(hopMHIPOBaHHOTO pacTpa, IOATOTOBKY OMOPHBIX TOUEK,
CO3/1aHUE MaTPUIIHI penibeda, 00paboTKy TUCTOPCHH, U3-
MEpEeHHE METOK, 00 e TMHEHHE PACTPOB B SAMHBIN (aiir;

* CO3JIJaHUE KapThl BET€TAllMOHHBIX MHIEKCOB, MPE/-
ycMaTpHBamwIiee pa3padoTKy pacTpPOBBIX KapT BereTa-
[IUOHHBIX HH/IEKCOB U (PUTOCAHUTAPHOTO COCTOSHUS MO~
CEBOB U UX IPe00pa3oBaHUE B BEKTOPHBIC COOTBETCTBY-
IOLIEro Ha3HauYeHUsl.

AJTOPUTM TEXHOJIOTUYeCKoro nporuecca nuddepeHunn-
POBaHHOI'0 BHECEHHUS MIECTUIIHIOB U YIOOpEHHH C TIprMe-
HeHueM BJIA BkirouaeT pa3paboTKy MOJIETHOTO 3aJaHUs,
MPEIIOJIETHYIO MOJTOTOBKY, B3JIET, TPOTPaMMUPYEMBIHA
nojieT BJIA ¢ BHeceHneM pabounX HKUIAKOCTEH MECTUITH-
J0B unu ynobpenuii, nocaaxy BJIA B 3a1anHy0 TOUKYy.

[NonerHoe 3amaHue COOEPKUT BEIOOP parinoHAIHHO-
ro tuna bJIA ¢ 3amanHOi1 TONe3HON HArPy3KOM A5 BHE-
CEHUS TIECTHUIIHJIOB U yIOOPEHUH, perHCTPAIIUOHHBIH HO-
Mmep BJIA, nary nosneta, MapuipyT nosiera (TpacKTOPHUIO
pu 00paboTKe KaXKJOr0 CENbCKOXO3SHCTBEHHOTO TI0-
JI) U €ro perucTpanuio, MEeKTPOHHYIO KapTy-3allaHue
Ha 00pabOTKy NECTULINAAMU U BHECEHUE yI0OpEHUii ¢
KOOpAMHATaMHU y4acTKOB I10JIsI, pEIIEpHbIE TOYKH Hava-
Jla TI0JIETa, yYaCTKOB Pa3BopoTa, pabouyro CKOPOCTh U
BBICOTY IOJIETA.

[Ipennonernas noaroroska bJIA npenycmarpuaet no-
craBky bJIA, BcrioMoraTenbHbIX TEXHUUECKUX CPE/ICTB,
TOILIINBA, YIOOPEHUH, IECTHIIUIOB K MECTY Hadaja pado-
ThI, TOATOTOBKY MOAYJISI ONPBICKMBAHUA U OOPTOBOT0 000-
pyznoBanus BJIA x nonery, 3arpaBKy COOTBETCTBYHOLIUX
€MKOCTEH TOIIIMBOM, pa00OYMMU KUAKOCTAMH IECTULIUI0B
UK yI0OpEeHUi, MOHUTOPHHT METEOYCIOBH, 3arpy3Ky B
ABTOIMJIOT IEKTPOHHOM KapThl-3aJJaHUs Ha MOJIET, yCTa-
HOBKY BJIA Ha CXOIHY0 MO3UIINIO, 3aITyCK IBUTaTEN .

TexHOoNOTMYeCKas oneparus TuGPepeHITNPOBaHHO-
T'0 BHECCHHSI IECTUIUIOB U YIOOPCHUIA BKIIFOUACT B3JICT
BJIA, HaGop BBICOTHI, IOAJIET K pEIIEPHON TOUKE, yCcTa-
HOBJICHUE 3a/IaHHBIX TapaMeTPOB MoJIeTa (BBICOTHI, CKO-
pOCTH, CTaOMIIM3aLIUH YTJIOB OPUEHTALINH), TPOrPaMMHU-
PYEMBIi TIONIET 110 3a/IaHHON TPAeKTOPUH, BHECEHHE pa-
0ouel )KUIKOCTH ECTHIIMIOB U YA0OpEHU |, KOHTPOJIb
MapamMeTpoB MMOJIeTa K HOPMbI BHECEHHUS pabouelt ki -
KOCTH, KOHTPOJIb YPOBHS TOIUIMBA U pacxoja padoueit
JKUJKOCTH, nocaaky BJIA k MecTy 3anpaBKy TOIUIMBOM
1 paboyveil )KUIKOCTHIO.

Pexxum on-line npeanosnaraet TOIbKO MpeABaAPUTEIb-
HYI0 pa3paboTKy arpOTeXHUYECKHUX TPeOOBaHUH /1I1d 3a-
JAHHOM omnepaluy — KOJIMYECTBEHHY 0 3aBUCUMOCTD J10-
3Bl yIOOpEeHMH OT TIOKa3aHUii, yCTaHOBJICHHBIX Ha BJIA
ONTHUYECKUX JAaTUUKOB.

B pexume on-line no3el BHeceHus ynoopenuit BJIA
TI0 3JIEMEHTAPHBIM Y4acTKaM OIPENCISIIOTCS OOPTOBBIM
KOMIIBIOTEPOM HETIOCPEACTBEHHO BO BPEMSI BBITIOIHEHU
TEXHOJIOTHYECKOT0 IpoIiecca Ha OCHOBAHUH TIOKa3aHUM
JATYMUKOB, yCTaHOBJIEHHBIX Ha BJIA, n arpoTeXHUYecKuX
TpeboBaHUH (KOJIMYECTBEHHBIX 3aBUCIMOCTEH JI03BI OT
MOKa3aHUI JaTYMKOB), 3aJI0KEHHBIX PEABAPUTEIILHO B
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mporpaMMy OOPTOBOTO KOMITEIOTEpa. DTOT PEXKUM BHE-
CeHHUs yAOOpEeHU I HCTIONb3YIOT MPU MOJKOPMKE pacTe-
HUH a30THEIMH yI0OPEHISMH B IIEPUOJ UX BETeTAIlNU HA
3epHOBBIX KYJIBTYpax, HauMHas ¢ (a3bl HaYaa BBIXOAA
B TpyOKY.

U3 mocTaBIsieMBIX CEIbCKOMY XO3SHCTBY a30THBIX
ynobpenuii Hauboee YPPEKTUBHBIMH U TEXHOJIOT UYHBI-
MU JJIs1 IPUMEHEHUS B TOUHOM 3E€MIICACTHH CIUTAIOTCS
KUJIKHE a30THbIE YI0OpeHus — KapOaMHa-aMMUadHas
cMmech (KAC, TY 113-03-629-90), coneprkamas Tpu op-
MBI a30Ta (AMMOHMITHY10, HUTPATHY1O U aMUHYIO), YTO
obecreuynBaeT MPOJIOHTUPOBAHHOE MUTAHUE PACTCHHI.
[Ipn aKTUBHOMW BereTaIlMH a30T, BHECEHHBIN B (popme
KAC, ycBauBaeTcs pacTeHUSIMU ObICTpee (B TEUCHUE
2-614), 4eM MpH UCIOIB30BaHNU TBEPABIX 230 THBIX YJI0-
Openuii (2-6 cyt.) [8].

A3OTHBIE YJJOOpPEHHS BHOCAT T0J] O3UMbIE 3¢PHOBBIC
KYJNBTYPHI (IIICHUIY, POXKb, TPUTUKAJIE), pa3MEIICHHEIE
T10 3aHATHIM IIapaM ¥ HEMApOBHIM MPEANIECTBEHHUKAM JI0
roceBa (OCHOBHOE BHeceHHUe). JI03bI a30Ta COCTaBISIIOT
20-30 kr/ra, c yueTOM MoKa3aTeleil MoYBeHHOW AUAarHO-
CTUKH MHHEPAIBHOTO a30Ta. [IpakTuKyeTcs Takxke mo3-
HsISl OCEHH SISl HEKOpHeBas MoAKopMKa (103a azora — 20-
30kr/ra) Mo JaHHBIM JUATHOCTUKH COCTOSHUS TIOCEBOB.

[NepByro BeceHHIOIO TOMKOPMKY IIPOBOISAT B (hazy Ky-
LIEHUA 03UMBIX KyIbTyp. Jl03bl a30Ta cocTaBis0T 60-
70kr/ra (Mo TaHHBIM ITOYBEHHOW W PACTUTEIBHON JTHa-
THOCTHUKH). [IoNKOpMKY pacTeHUN NPOBOAAT C LEIBIO
YCKOPEHUS OTPACTaHU S IIOCEBOB ISl yCUIICHH ST MOII[HO-
CTH KyIICHHS B MAKCUMAJIBHO CXKAThIe CPOKH (He Ooiee
10 gHeit), Tak Kak Ipu OoJiee MO3JHUX CPOKAX MOJAKOPM-
KU (OPMHUPYIOTCS HEMPONYKTUBHBIC OOKOBBIC ITOOETH,
KOTOpBIE HE YCIIEBAIOT CO3PETh JI0 YOOPKH ypoxKasi.

Bropyro nonkopMKy mpoBonsT B a3y Hadaja BEIXO-
Ja B TpyOKYy, Kor/ia 3aKjiaibIBaeTcsd OCHOBHOM MOTEHIIU-
aJ ypO)KaifHOCTH 03UMBIX 36pHOBBIX KYJIBTYD (JUTHHA KO-
J0ca, YUCIIO 3€PEH B KOJIOCE, Macca 3epHa OJHOTO KOJIO-
ca). Pekomenpyembie 0361 a30Ta 0 pe3yIbTaTaM pacTH-
TEJILHOW TUAarHOCTUKH — 35-40 kr/ra.

TpeTbio MOAKOPMKY IPOBOASAT B (ha3y BbIX0O/a B TPYO-
Ky JU1s TIOJIy Y€HU 1 BBICOKOH ypoxkaiHOCTH 3epHa. OnTu-
mainbHas qo3a — 20-25 kr azora Ha 1 ra.

UeTBepTas MOJKOPMKA O3UMBIX 3€pHOBBIX COBIIaJIa-
eT ¢ (pa30i KOJIOIICHH I, KOTIa CHHTE3 OCIKOBBIX BEIIECCTB
B 3epHE MPOTEKAET B Pe3yJIbTaTe Pey TUIU3alNH a30Ta U3
BET€TATHBHEIX OPraHOB, TIOCKOJIBKY B ITOYBE K TOMY CPO-
KY OCTarOTCs TOJIBKO CJIe/Ibl MUHEPaJIbHOTO a30Ta.

A30THBIE y100pEHU s TPU BO3/ICIBIBAHUH SPOBBIX 3€p-
HOBBIX KYJETYP BHOCSIT BECHOM MO IIPENTIOCEBHY IO KYITh-
TUBAIMIO (OCHOBHOE BHeceHuUe) B 103ax 60-70 kr a3oTa
Ha 1 ra (2/3 HOpMBI) IO pe3yJIbTaTaM MOYBESHHOH JTHAaTrHO-
CTHKU COJIEp’KaHUsI MUHEPAIBbHOTO a3oTa. [lepByto moa-
KOPMKY IPOBOJAT B (ha3y Hayana BeIXozia B TpyOKy (1 y3emn),
cpenHsis 103a a3oTa cocTaiseT 20-40 Kr/ra no pe3yib-
TaTaM pacTUTEIbHOU AMAarHOCTUKU. BTopylo noakopm-
KY SIPOBBIX 3€pHOBBIX KYJIBTYp INIAHUPYIOT B (ha3y BHI-
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®opmMupoBaH Be100op paunoHaibHOro Perucrpauus mapmpyra u 3arpyska noséraoro 3ananus B [13Y
He N0JIETHOro BJIA pi1s1 npoBeenus 1oJIyYyeHue pa3peieHusi Ha BJIA (3/1eKTPOHHAS KAapTa M Pe:KUMbI
3a1anus | arpoXuMHYeKHX padoT > nosIéT > no.s1éTa)
Flight Mission Selection of a rational UAV Registration of the route and Loading the flight task to the UAV
Formation for agrochemical operations obtaining a flight permit ROM (electronic map and flight modes)
]
v
IIpeasapurteabHas A JocraBka BJIA, BecnomoraTeabHbIX
IpeanonéTnas TIpoBepka TeXHHYECKOTO
TpOBepPKa KOMILIEKTHOCTH TeXHHYeCKHX CPe/CTB, TOIINBA,
YKOMILIEKTOBKA o cocTosinus M roroBHoctn BJIA
M TeXHHYECKOr0 COCTOSTHHSI 2 N yaoépenuii, C3P k mecty paéor 2 ] 5
Lo P COrjIacHo 3aJaHMI0 > 3 - . > Checking the technical
Preliminary check of . . Delivery of UAVs, auxiliary equipment, L i
. Pre-flight completion e ) condition and readiness of the
completeness and technical ’ fuel, fertilizers, and crop protection
e according to the task 3 UAV
condition agents to the site I
v
IIpoBepka TEXHHYECKOT0 COCTOSIHHUS H Hoaroroska Pa3pépThiBanue 3anpaska BJIA
3anpaska BJIA
FOTOBHOCTH BCHIOMOraTe/IbHbIX 000py/10BAHUS K APM oneparopa yaoopenusimu, C3P
N o » N TOILIMBOM 2
TeXHHYECKHX CPEACTB > noaéry »| Deployment of an > —| Fertilizer and crop
. . . L. g , Filling the UAV .
Verification of technical condition and Preparing operator's with fuel protection agent
availability of auxiliary equipment equipment for flight workstation filling
]
A
Monutopunr YcranoBka Ha
MeTeoyCJ10BHii _|ucxoany0 no3uuuio .| 3anmyck aBurarens BJIA N Bzaér BJIA o Ha6op BbicoTbl BJIA
Weather 7| Setting to initial 7| Starting the UAV engine "| Takeoff of the UAV g UAY height climb
monitoring position
7 ]
Tloanér Kk penepHoii TOUYKe C.-X. YcTaHoB/IeHHe 32IaHHBIX IAPAMETPOB MO0JIETA (BBICOTA, CKOPOCTH, Tlosér mo MmapupyTy (3agaHHOM
noJist o CTAOWIM3ALMS YTJIOB OPUEHTAIHH) N TPAaeKTOPHH)
Fly to the reference point of the 7| Setting of specified flight parameters (altitude, speed, orientation Flying the route (specified
agricultural field angle stabilization) trajectory)
Buecenne necTHIMI0B WK
yaoopenuii
Application of pesticides or
fertilizers
KonTpo.ib B peskuMe peabHOro
BpeMeHH
Real-time monitoring
I
A 4 v v h 4
KonTposn napamerpon KoHTpoJi1b 32 TOYHOCTBIO 103bI BHECEHUSI KoHTposib ypoBHSI TONIMBA U padoyero KonTpous
nos1éra NeCTHIH/I0B MK y100peHuii pacTBopa y100penuii, necTULHI0B Meneo Tgﬂonm‘i
Flight parameter Monitoring the accuracy of pesticide or Control of fuel level and working solution of ¥
- - e Weather control
control fertilizer dosage fertilizers, pesticides
v
IMocanka BJIA B 3aaHHYI0
TOYKY MapiuipyTa
Landing the UAYV at a specified
route point
3aBepuienue padoThl
Completion of work

Puc. 3. Brok-cxema anzopumma noo2omogku 6ecnuiomno2o 1emamenbHo2o annapama K noiemy u ou@gepenyuposaniozo enece-

HUs YOOOpeHull U necmuyuoos
Fig. 3. Block diagram of the algorithm for preparing an unmanned aerial vehicle for flight and differentiated application of fertilizers

and pesticides

xoz1a B TpyOKy B mo3ax 30-40 xr azota Ha 1 ra. J{ng mo- roB pactenuit KAC pa3BoasT Bo0i B COOTHOIIEHUH 1:2
BEITIICHUS COACPKAaHUA OelIKa B 3epHE peKOMeHaAyeTcss i 1:3 B a3y KomomeHus, 1100 ucrons3yioT 10%-Herit
MIPOBOUTH HEKOPHEBY IO TIOAKOPMKY B (ha3y KOJIOLICHHU. PAcTBOP MOYEBHHEI B (pa3y BeIxoaa B TpyOKy u 30%-Hblii
J103BI B COOTBETCTBHU C pe3yJIbTaTAMU TKAHEBOH Ha- pacTBOP B (pa3bl KOJIOMICHHUS — HaYasa IBETeHHS [8].
THOCTUKH cocTaBistoT 15-20 xr azora Ha 1 ra. C ucnionb3zoBanueM BJIA MOXHO BHOCHTH MUKPOY/IO-

[Ipu BTOPOI UM MOCIEAYIONINX MOJAKOPMKAX O3UMBIX  OpeHHSsI, PETYJISATOPHI pOCTa PAaCTEHHH MPH pacxofe pa-
1 SIPOBBIX 3€PHOBBIX KYJIBTYP IS IIPENOTBPALICHUs O0ko-  Ooueit skunkoctu 20-50 n/ra.
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MuI  HOBbIE TEXHONOTIAN M O6OPYA0BAHUE

-

OrnpeneneHbl OCHOBHBIE TTapaMeTPhl TEXHOJOTHYE-
CKHX TIporieccoB AuddepeHInPOBaHHOTO BHECEHUS Y 10-
OpeHuii 1 IecTUIUIO0B ¢ ToMonibio BJIA u TpeGoBanus
K Ka4eCTBY aBUAI[MOHHOTO ONPHICKUBAHUS:

- HOPMBI BHECEHH S PAO0OUMX )KUIKOCTEH a30THBIX Y10~
openuii 50-200 n/ra ¢ TUCKPETHOCTHIO 103 25-40 1/ra,
nectuuioB — 10-20 11/ra ¢ AMCKPETHOCTHIO 103 5 11/Ta;

- OTKJIOHEHHUE (PaKTHYECKOH T03BI paboUei KUIKOCTH
OT 3aJlaHHOM — He 0oJtee 5%;

- IMamna3oH MeIMaHHO-MaCCOBBIX JINAMETPOB B CITCK-
Tpe pacrmblia MPH BHECCHUH HHCEKTUIIMIOB U (DyHTHIH-
1o — 80-120 MxM, repOunnaoB — 150-300 MxM, ynobpe-
aui 700-1500 MKM;

- HEPAaBHOMEPHOCTh PaCIpe/ieICH s paboueii X1 IKO-
CTH IO IIUpHHE 3axBata — He 6oree 10%;

- CHOC pab0YHX KHUIKOCTEH 3a Mpeessl 00padaThiBa-
eMoro ygyactka — He 6onee 10%;

- BpeMsl YCTaHOBKH 3aJIaHHOM JI03bI HAa T'PAaHHIIaX BbIjIe-
JIEHHBIX YYacTKOB Iomasto 0,5 ra mpu paboueil muprne
3axBaTa 5 M U ckopocTu oneta 40 km/4 — He Oonee 4,5 c;

- pabouas ckopocth nosnera — 40-70 km/4;

- BBICOTA ITOJIETA IIPY BHECCHUH YIOOPCHHI U MIECTH-
ougoB — 0,5-1,5 m;

- TOYHOCTH HO3I/IIII/IOHI/IpOBaHI/I$I Ha FpaHI/IL[aX, BBIJIC-
JICHHBIX Ha KapTe-3aJJaHuH y4acTKOB moiist, — 0,1 M.

[IpousBoaurensHocTh BJIA npu 06paboTke cenbcko-
XO3SIUCTBEHHOTO TOJIS B JICTHBIN Yac B IIEPBOM MPUOIIH-
JKEHUH SIBJIACTCA PYHKIIUEH IETHO-TEXHUYSCKUX U TEX-
HOJIOTHYECKUX IMapaMETPOB:

W:f(G, H5 p, Bp’ Vp’ LF’ LH’ TBH’ Tpa3> TH),

rae W —npousBoauTenbHOCTh BJIA;

G — none3Has Harpy3Ka;

H —HopMma BHeceHUs pabodei KUIKOCTH;

p — IIIOTHOCTH paboyeit KUIAKOCTH;

B, —paboyas mMpHHA BHECEHUS;

¥V}, — CKOPOCTB TOJIETA;

L. — nvHa TOHa CelTbCKOXO035HCTBEHHOT O OIS,

L, —paccTosHue nepeseTa ¢ OAHOIo M0Jisl Ha APYTOE;

T, — BpeMs Ha B3JIET U TIOCATKY;

Tus— BPEMS PA3BOPOTA IIPU 3aX0JI€ HA OYEPE/THOM I'OH;

T, — BpeMsl OATOTOBKH Ha OYEPEIHOM MOJIET.

YcTaHOBIIEHO, UTO HOpMa BHECEHUS pabodel ®KUAKO-
ctu ectuiuaoB 10-20 51/ra cokpamaet NoTepu BCle-
CTBHE CHOCa U3 30HBI 00pabOTKH U 0OecreynBaeT Hau-
00IBITY IO TPON3BOIUTENBHOCTE BHECEHUS IIECTUITUIOB
¢ npumeHenneM BJIA. [IpousBonuTeabsHOCTH 00paboT-
KU cebcKkoxo3saiicTBeHHoro noiist bJIA Bo3pacTaer c no-
BBIIIEHHEM JJIMHBI TOHA M YMEHBLIAETCS C YBETUYEHHEM
HOPMBI pacxofia paboueil >KuAKOCTH. PanioHanbHbIE 3HA-
YeHWsI IITNHBI TOHA, 00€CIICYNBAIOIINE HE3HAUNTEIHHOE
U3MeHeHue npou3BoauTenbHoCcTH BJIA B ycTaHOBIEH-
HBIX TIpenenax, coctasisiior 0,8-3,2 km. [Ipu Hexopne-
BOM IOIKOPMKE PacTEeHUil, B 4aCTHOCTH PaCTBOPAMH a30T-
HBIX yI0OpeHUH, HOPMBI BHECEHUS YBEIUUUBAIOTCA J0
200 Jyi/Ta, 9TO BBHI3BIBACT CHHUKCHHE MMPOHU3BOTUTEIBHO-
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ctu BJIA Gomnee dyeM B 2 pasa. /{5 yBeTUYCHUS TPOU3-
BonutensHOCTU BJIA pu nmogkopmke pacTenuii Heo0xo-
JIAMO UCTIONb30BaTh BJIA ¢ 60bIII0 TI0JI€3HON HArpY3-
koif —300-400 kr.

Jis peanu3auy TEXHOJIOTHH Ha 6a3e rocyJapCcTBeH-
Ho-uacTHOro naptaepctsa ®HALl BUM, AO «KamoB»
u OO0 «I'mpomnan-PYCy» paszpabotanu OeCIHIOTHYIO
aBHannoHHy0 cuctemy BAC-137 BUM Ha 6a3e 6ecniu-
J0THOTrO Bo3ymHoro cyasa bBC-137 BUM coocHoii cxe-
MBI (B3i1eTHast Macca 280 Kr, mosie3Hast Harpy3ka 80 Kr) u
BJIA Ha 6a3e rupomiana (B3ieTHast Macca 750 Kr, moses-
Hast Harpy3ka 110 400 xr) 115 guddhepeHInPOBAHHOTO
BHECCHHH IIECTULIUIOB H YIOOPCHHUIA.

PacdeTsl moKa3pIBalOT, UTO TEXHOJIOTHsI BHECEHUS T1e-
CTHIIHJIOB U yI00peHuni ¢ momoribio BJIA B cucteme Tou-
HOT0 3eMJIEJIENHS TOBBIIIAET yPOKAHHOCTH CENbCKOXO-
3s1CTBEHHBIX KyIbTYp 10 20%, OKyI1aeMoCTh MUHEpaIb-
HBIX yo0penuii —B 1,5-1,8 pa3a, yMeHbIIIaeT HOPMBI BHE-
cenus nectuuaoB —Ha 20-50% u, xak ciencTBUE, CHHIXa-
€T HKOJOTHUYECKYIO HAarPy3Ky Ha OKPY KAIOUTYIO CPELy.

BuiBopbl. TexHomorus nuddepeHupoBaHHOro BHe-
CEHUS MECTHUIIMIOB M YI00pEHU# C TpUMeHEeHnEM OecIu-
JIOTHBIX JIETATENBHBIX AIapaToB B IU(PPOBOM CEIbCKOM
X034CTBE BKITFOYAET MOCIE0BATEIHHOE BHIITOJHEHHUE B
pexumMax off-line u on-line AHPOPMAITUOHHBIX U TEXHOJIO-
THUYCCKHX omeparuii GopMupoBaHus OaHKA JaHHBIX BHY-
TPHIIOIBHON HEOTHOPOTHOCTH TLIOAOPOANS KaXKJOTO dJIe-
MEHTApHOTO Y4acTKa, PUTOCAaHUTAPHOT'O COCTOSHHUS T10-
CEBOB, COCTABJISIEMOT0 Ha OCHOBE JIMCTAHIITHOHHOTO MOHH-
TOPHHTA TOYBEI K arPOIICHO30B ¢ ToMomIbio bJIA, mis mo-
JIy4eHUs IPOr paMMUPYEMOH YPOKaHHOCTH C y4€TOM Orpa-
HUYEHHH U TOMTyCTUMBIX PHCKOB, CO3IaHHSI SIEKTPOHHON
KapThI-3aJlaHUs Ha IPUMEHEHNE YI0OpEeHUH 1 eCTUIH-
JIOB ¥ UX TUPPEepEeHITNPOBAHHOTO BHECCHHUS C HCIIOTb30-
BaHUEM OECIMIOTHOM aBUAIIMOHHON CUCTEMBI, COCTOSILEH
u3 onpenenenHoro yucna BJIA ¢ Heobxoqumoi u nocTa-
TOYHOM MOJIE3HOH HATPY3KOH TSI MOHUTOPHHTA CEITBCKO-
XO3HCTBEHHBIX YTOAHN, BHECEHU S IECTUIIUIOB, YAOOpe-
HUH U IPyTUX aTr POXUMHUKATOB, MOOIITEHBIX TEXHIIECKUX
cpenctB TpaHcnopTUpoBKU BJIA K cenbCcKoX03sHCTBEH-
HOMY TIOJTIO, 3aITPaBKH UX pa00YHMH KHJIKOCTSIMH TIECTH-
[UI0B U yIOOPEHHMIA, B3JIETHO-IIOCAJOUHBIX TEXHUIECKUX
CPEICTB, YCTPOUCTB yIIPaBICHHS U CBS3H.

[IpencraBiens! anroput™sl MoAroToBku bJIA k mo-
JIeTY, MOHUTOPUHTA CENTbCKOXO3SICTBEHHBIX YTONUH, CO3-
JaHUS OPTO(OTOILTAHOB MOJCH, TEKTPOHHBIX KapT Be-
TeTallMOHHBIX HHIICKCOB H QUTOCAHUTAPHOT'O COCTOSHUS
MOCEBOB, UG (HEepEeHIIPOBAHHOTO BHECEHHS TIECTUIIH-
JIOB ¥ YAOOpEHUH.
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Algorithm for Selecting a Base Tractor Model to Form a Tractor Train

Makhamad T. Toshboltaeyv, Bakhtiyor A. Kholikov,
Dr.Sc.(Eng.), professor, senior research engineer; junior research engineer, e-mail: paytbaev@list.ru

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

Abstract. The main quality indicators of tractor trains (the number of trailers and their total load capacity, speed and stability of
movement, braking distance, etc.) depends largely on the correct choice of the type of a base tractor. The existing methodological
principles for optimizing the dimension range of agricultural tractors do not take into account the type of trailers. Therefore, the
task of a rational choice of the base tractor type, taking into account the most complete utilization of the capacity of existing trailers
and engine power, has become rather relevant. (Research purpose) Selection of a tractor model for hitching a group of 2PTS-
4-793-03 A two-axle trailers according to the criteria for carrying capacity and energy consumption of a tractor train. (Materials
and methods) The authors have studied mass, weight and velocity parameters of the 2PTS-4-793-03 A two-axle trailers, as well as
the parameters characterizing the mechanical capabilities of the studied tractor. The studies employed the methods of implement
mounting on machine-tractor units and elements of the theory of a tractor. (Results and discussion) The authors offer an algorithm
of solving a problem of choosing a tractor. As a results, the TTZ 60.10 tractor with a wheel formula of 4K2 available at farm
enterprises and included in machine-and-tractor fleets and clusters has been selected as a power base of a tractor train. The authors
have determined the number of trailers, which equals four, the tractor train speed ranges of 4-28 kilometers per hour, the tractor
engine power amounting to 8.5-59.5 kilowatts, changes in critical values of the effective engine power corresponding to 13.492-
94.444 kilowatts, as well as specified some other criteria. (Conclusions) The TTZ 60.10 tractor with a wheel formula 4K2 and 46.7
kilowatt of effective engine capacity has been considered the optimal choice. It has been proved that this tractor can move four
2PTS-4-793-03 A two-axle trailers with a total weight of 15,600 kilograms along asphalt-concrete roads with a rational speed of
9.505 kilometers per hour. The rationality of choice has been proved by calculating energy saving criteria: full traction efficiency
accounts for 60 percent, engine load factor is 89 percent, and traction power utilization amounts to 96 percent.

Keywords: tractor train, tractor, trailer, choosing a base tractor, number of trailers, required tractor power, energy use indicators.

I For citation: Toshboltaev M.T., Kholikov B.A. Algoritm podbora modeli bazovogo traktora dlya formirovaniya
traktornogo poezda [Algorithm for selecting a base tractor model to form a tractor train]. Sel’skokhozyaystvennye
mashiny i tekhnologii. 2019. Vol. 13. N5. 46-50 (In Russian). DOI 10.22314/2073-7599-2019-13-5-46-50.

Anroputm nog6opa mogenu 6asoBoro Tpaktopa pna coopMmupoBaHUs
TpakKTOpHOro noesaa

Maxaman To:xkanueBuu TombosTaes, Baxtuep Aoayrannaposud XoJINKOB,
JIOKTOp TEXHUUYECKUX HayK, podeccop, MJIQ IR HAYYHBIH COTPYIHUK
CTaplINi HAYYHBIA COTPYAHHUK;

HaydHo-uccnenoBaTeIbcKUid HHCTUTYT MEXaHU3AIMH CeJIbCKOTO X03s1CcTBa, TamkeHTckas obiacth, PecyOmka
Y36ekucrtan

Pedepar. OcHOBHbIE KaueCTBEHHbIE OKA3aTENIN TPAKTOPHBIX MOE310B (KOJIUYECTBO MPHULIETIOB U MX 001Ias TPy30H0AbEMHOCTD,
CKOPOCTb M YCTONYMBOCTD JBIKEHHUS, JJIMHA TOPMO3ZHOTO MYTH) BO MHOTOM 3aBHCAT OT MPaBIJIBHOTO BHIOOPA THIIaXka 6a30BOr0
TpakTopa. CymIecTByIONIIE METOIONOTHYCSCKIE IPHHIIIIE ONITUMHA3AINH THTIOPA3MEPHOTO psla CeTbCKOXO3SHCTBEHHBIX TPaK-
TOPOB HE YUMTHIBAIOT TUMaX mpuienoB. [lo3ToMy BaxHOH 3aaueil cTan panroHaNbHBINA BHIOOP THMAXa 0a30BOTO TPaKTOpa C
y4eToM HanboJiee TIOHOTO HCTIOIB30BAHIS TPY30IIOIBEMHOCTH CYIIECTBYIOIIMX TIPHIICTIOB M MOIIHOCTHU JIBUTaTeNs. (Llens uc-
cnedosanus) BeiOpaTh MoseNnb TpakTopa Ais arperaTipoBaHus ¢ rpymmnoii gpyxocHsix nputenos 2I1TC-4-793-03A no kputepu-
SIM TPY30HOXBEMHOCTH M SHEPro3aTpar TpakTOpHOTo moesna.(Mamepuanst u memoodst) V3yauny MaccoBble, BECOBBIE H CKOPOCT-
Hble TapameTpsl AByxocHoro npuiena 211TC-4-793-03A, a Taxxke mapamMeTphl, XapaKTepU3yIOIIie MEXaHHIECKHE BO3MOKHOCTH
HCKOMOTO TPaKTopa. Vcrnonb30Bani METobl KOMILIEKTOBAHHS MAIIMHHO-TPAKTOPHBIX arperaToB M 3JNEMEHTH TEOPUH TPaKTOpa.
(Pesynvmambl u 06cyscoenue) IIpemIoKumm axropuT™ peleHns 3a1aqu 1o mondopy MO  TpakTopa. B kauecTBe sHepreTide-
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CKOii 6a3bl TpakTOpHOTO Moe3zia Beropanu Tpakrop TT3 60.10 ¢ xonecHoi dhopmyoit 4K2, cocTosmmii Ha 6anance GpepMepcKux
X03SHCTB, MAIIMHHO-TPAKTOPHBIX TAPKOB ¥ KJIACTEPOB. BBIUUCININ YHCIIO IPHIIETIOB, KOTOPOE 0KAa3aJI0Ch PABHBIM YETHIPEM, JIH-
arma3oHbI CKOPOCTEH TBMKEHNUS TPAKTOPHOTO TT0e3/1a — 4-28 KUIIOMETPOB B Yac, MOIITHOCTEH ABUTaTels TpakTopa — 8,5-59,5 xuio-
BATT, U3MEHEHUSI KPUTUUECKHUX 3HAYEeHUH 3(exTHBHON MolHOCTH npuratens — 13,492-94,444 xunoarta U Ipyrue KpUTEPUH.
(Bvi600wr) I1pusnamm onruMansHEIM BEIGOp TpakTopa TT3 60.10 ¢ xonecnoit popmymoit 4K2 n 3¢ddeKTHBHON! MOITHOCTEIO JIBH-
rarens 46,7 xunosarra. [Tokas3any, 9T0 OH MOXET TEepeIBUTaTh YeThipe IByXoCcHbIX Tpurena monenu 2I11TC-4-793-03A obmeit
Maccoii 15 600 kunorpaMMoB Ha ioporax ¢ ac(hanbTo-0eTOHHBIM TIOKPHITHEM € PalOHAIBHOH CKOpocThio 9,505 kumomerpa B
vac. Jlokasanu parmoHaIbHOCTH BEIOOpPA C TIOMOIIBI0 PACUECTOB KPUTEPHEB SHEPTOCOCPEIKEHHS: TIONHBIH TATOBBIA KOIQPUIIHEHT
TI0JIE3HOTO JIeHCTBUS cocTaBisieT 60 NpoleHToB, KO3 HUIMEHT 3arpy3Ku ABUTaTeNs — 89 MPOLEHTOB, KOAQQUIIUEHT UCTIONB30Ba-
HHS TATOBOM MOITHOCTH — 96 POIIEHTOB.

KiroueBble ci10Ba: TPakTOPHEII O3/, TPAKTOP, MPHLEH, BEIOOP 0230BOI0 TPAKTOPa, YHCIO MPHIIETOB, TpeOyeMas MOIHOCTh
TPAKTOpa, MOKa3aTeNl SHEPTOUCTIONH30BAHHS.

I Tnsa uuruposanus: Tombonraes M.T., Xonukos b.A. Anroputm mogabopa Mozenu 6a30BOro TpakTopa Iist Pop-
MHPOBaHUS TpakTOpHOTO Moe3aa // Cenvckoxozsticmeenuvie mawunsl u mexuonoeuu. 2019. T. 13. N5. C. 46-50. DOI

10.22314/2073-7599-2019-13-5-46-50.

any qualitative indicators of tractor trains (the - coupling weight utilization factor A=0.75;
Mnumber of aggregated trailers and their total - coefficient of traction of tractor wheels with soil
load capacity, speed and stability of movement, u=0.75;
the length of the braking distance) are primarily determined - coefficient of wheels rolling resistance on roads with
by the traction and energy characteristics of the basic  asphalt concrete covering typical for a tractor train f=0.018.
tractor [1]. Therefore, the rational choice of the type (model) In the process of research, the basic provisions of the

of the basic tractor is important, taking into account the theory of the tractor and methods of acquisition of machine-
fullest use of its weight and power as part of the tractor tractor units were used.

train. REesuLTs AND DiscussioN. We take the following
The basic methodological principles of optimization algorithm for solving the task.
of the standard-size range of agricultural tractors are 1. At the first stage, as the energy base of a tractor train,
known [2-5]. But in this principals the type of tractors is it is advisable to choose a tractor TTZ 60.10 with a wheel
not connected with the type of trailers [6-11]. formula 4K 2, consisting of a balance of farms, machine-
When completing energy-saving machine-tractor units  tractor parks and clusters. The operating weight of this
it’s necessary to perform three tasks [12]: tractor mr =3341 kg satisfies the condition
- the first — to choose a machine for agricultural work  m; >2600 kg, then the maximum value of the hook force
in the unit with the known tractor; P is determined by the formula:
- the second —to choose a tractor to a known agricultural Pp=0.373 myg = 0.373.3341.9.81 = 12.225 kN [15].
machine to perform a given technological operation; 2. Next, we calculate the number of trailers n in the
- the third — to determine the rational speed of the tractor train from the condition P, < P 2™,
machine-tractor unit with its known composition. where P, —the total resistance force of the group of trailers
These algorithms do not concern transport units. in the train:
Nevertheless, the second option is quite suitable for the P, =nGrl(sina + fcosa), kN [15],
selection of the basic tractor to the known model of the where G = (mpy + mr)g — the weight of one trailer 2PTS-
tractor trailer after a small improvement. 4-793-03A with a load, kN;
RESEARCH PURPOSE is to choose a tractor model for o — the angle of longitudinal inclination of the support
aggregation with a group of 2-axle trailers 2PTS-4-793- surface of the road.
03A and according to the criteria of load capacity and Then nGr(sina + fecosa) < P, or:
energy consumption of a tractor train. P

MATERIALS AND METHODS. The initial constructional
weight of the trailer my = 1700 kg, the average weight of
the load mr = 2200 kg. The permissible maximum speed If mpx = 1700 kg and mr = 2200 kg the weight of the
of the tractor with trailers is 28 km/h. It is assumed touse trailer with the load is equal to: G;=3900.9.81 = 38259 H
a tractor with the following characteristics [11, 13-15]: =38.259 kN.

- wheel formula 4K 2; Then:

- mechanical transmission efficiency #,,, = 0.9;

- permissible coefficient of slipping 6 =18%;

(1

n< -
G,(sina+ fcosa) *

< 12.225 -
"~ 38.259(sin3" +0.018cos3")
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Wetaken=4.

3. The speed range of a tractor train consisting of a
tractor TTZ 60.10 and four trailers on internal roads with
asphalt and concrete pavement is Vi, Vo= 428 km/h.

4. The power range of the tractor engine (N;™" +N;"*)
providing the moving of four trailers (each weighing Gy
with a given speed Vi, Voay):

2

Vesin + Vina i

(NP NP = 2R nGn o0 @

where i — the slope of the road.
If Vit Vinax = 428 km/h and Gy = 38.259 kN we have:

(4+28)
3.6

. 5
(N = NP = 4~38.259m=(8.5+59.5) kW.
5. The range of critical values of the tractor engine

effective power:
Nmax )

+
U 100

00 x>
(8.5 +59.5) kW we’ll get
. (8.5+59.5)

N&) = 5
18 0.018+—

e 100
09 100 0.75-0.75

(N{qmn .

(N = Ng'™) =

©)

e (1
If (NTmin = NTmaX) —

(Nmin -
e

)
= (13.492 + 94.444) kW.

6. Minimum G{"" and maximum G limits of the
required tractor operational weight:

( mm . max)_ 3. 6(Nmm . Nmax)”TP (4)
(Vmin - Vmax)l/“‘
or:
(Gmm L Gmaxy = 3.6(13.452 +94.444)0.9 _
T T

(4+28)0.75 - 0.75
~ 43.584 305.998
1575 225

=(2.767+135.999) kN.

The range of variation of the tractor’s operating weight:
min ™) = (282.0 + 13863) kg.

7. According to available data, the range of power (IV,
+ N."™) = (13.492 + 94.444) kW and weight (m™"+ m;™")
=(282.0+13863) kg corresponds to the tractor TTZ 60.10
with a wheel formula 4K2, power N, = 46,7 kW and
operating weight my = 3341 kg [16]. Operating weight of
this tractor:

(mr

min

Gr=m5g=33419.81 = 32775 N =32.775 kN.

8. We define the range of hook power change of the

tractor TTZ 60.10 on coupling properties of wheels:
GT (Vmin max) j':u (f+ 100) H
3.6 Nef 100

(Nl/:pmax +Ni/<1pmin): (5)

We substitute values and get:
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(N,umax N,umln)_

32.775(4 + 28)[0.75:0.75-(0.018 + ; 00)]
B 3.6
18
—-46.7- 09 - 100 =(10.439+118.463)kW.
9. The maximum power on the tractor hook is:
fH)
max H 100
N = N (1——— —— 100y 6
Kp 77TP( 100 /1/,[ ) ( )
or
5
18 0.018 + 100
NI =46.7-0.9(1——————100)_59 47 kW,
100 0.75-0.75

10. The total traction resistance of four loaded trailers
in a tractor train [17]:

P,=nGy(fecosa+sina), @)
or P, =438.259 (0,018 cos 3°) = 10.752 kN.

11. We determine the train’s rational speed:

. 5
3.6N 1 (1——)

100 . ®)
P+ G (fcosa+sina)
If P, =10.752 kN we’ll get:

3.6-46.7-0.9(1— 15
100

pan

=9.505 km/h.

Vo= : ;
" 10.752+32.775(0.018 - cos3” +sin3’)

Thus,

Vanin (4 km/h) < V., (9.505 km/h) < Vpp, (28 km/h).

12. The power expended when moving a train at a speed
of Vi

PV

N — Kp pau’ 9
P36 ©)
Thatis N, M—%.%S kW.

3.6

13. The effective power of the tractor engine, spent on
overcoming the traction resistance P,, at the speed of the

train V,,,, is equal to:

N—@{P 2y (1= G(f+L)} (10)
YR ™ 1007

100
If P, = 10.752 kN and V;,,, = 9.505 km/h we’ll get:
N,= & 525 {10 752[2-0.9(1- —)

+32.775(0.018 + ﬁ)}: 4172 kW.

14. We determine the calculated values of the tractor
TTZ 60.10 characteristics:

- traction power utilization factor:

N = Npau / Ny =28.388/29,421 =

- the engine load factor:

2= No/N." = 41.705/46.7 or 89%;

- total traction efficiency:

0.96, or 96%;
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N1 = Nyan/ N = 28.388/46.7=0.60, or 60%;

- the maximum possible traction efficiency in the train
operating conditions under consideration:

nTmax _ (nglaX/NeH) — (29421/467) =0.63, or 63%.

CONCLUSIONS.

The TTZ 60.10 tractor with a wheel formula 4K2 and
46.7 kW of effective engine capacity has been considered
the optimal choice. It has been proved that this tractor can

NPOBJIEMbI 1 PELLIEHNA PROBLEMS AND DECISIONS @-

move four 2PTS-4-793-03A two-axle trailers with a total
weight of 15.600 kg along asphalt-concrete roads with a
rational speed of 9.505 km/h.

The rationality of choice has been proved by calculating
energy saving criteria: full traction efficiency accounts
for 60%, engine load factor is 89 %, and traction power
utilization amounts to 96%.
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OueHKa U CHUXeHue aHepro3aTtpar
3€pPHOOYUCTUTENIbHO-CYLLUUIIbHOIO KOMIJieKca

KOpuii Hukosaesny Canbsiu, Maromeacasam UmunoBuy CyeiiMaHoB,
CTapIINii HAYYHBIA COTPYIHUK; KaHJUIaT TEXHUYECKUX HAYK, HAYUYHBIH COTPYIHHUK;
Baapumup Anapeesnd KoJioc, Enena HuxosaeBna Kadakosa,

KaHAUAAT TEXHHYECKHX HayK, BeJyIIHHA CICIMAINCT, e-mail: icgsmvim@yandex.ru

BENYIUHN HAYYHBIN COTPYAHUK;
®DenepalibHBIN HAYUHBIN arponHkeHepHbid HeHTp BUM, MockBa, Poccuiickaga @enepanus

Pedepar. CHinkenre 3Hepro3arpar Ha 3epHOOYUCTHTEIBHO-CYIIMIBHBIX KOMILIEKCAX — AKTYaJIbHASL, HO CIIOXKHAS 3a/1a4a JIJIsl Cellb-
xo3mpousBoauTenei. [Ipu opranuzarnmu padoThI 3epPHOCYIIMIFHOTO KOMIUIEKCa BOSHUKAET 3a1a4a GOpMHUPOBAHKUS ONITUMAITBHBIX
C MO3MIIMH HEProcOepeskeHNs BApHAHTOB KOHDUIYpaLH OTOYHBIX JIHHHIL C y4ETOM CBOMCTB HCXOHOTO MaTepralia 1 TOBAPHOI
TPONYKIHUH, COCTOSHAS M TEXHHYECKOTO YPOBHS 000pyIoBaHus U Apyrux (akropos. [IpuMeHeHrne MeTona SHEprocOeperatnmei
ONTUMHU3AINY JIJIs OBBIICHUS SHEProdQ(EeKTUBHOCTH M COKPAIIICHHS SHEPro3aTpar 3epHOKOMILICKCA B HAYYHO-METOIMYECKO
JUTEpaType OCBELICHO HeA0CTaTouHo. ([Jens ucciedoganus) AnantupoBars KpUTEPHH U JITOPUTM dHeprocOeperaroieil omnru-
MU3AIHH TONEBON TEXHONOTHH K OIIEHKE U TOBBIMICHHIO CTaTyca SHEProd(p(eKTUBHOCTH, CHIDKCHUIO SHEPro3aTpar U BBIABIC-
HHUIO MAKCHMAJIbHO JIOCTYITHOTO TIOTEHIIHAJa SHEProcOepekeH s 3ePHOKOMILIEKCa IpU dHeproaynute. (Mamepuansi u memoost)
Paccmorpenu mpoGneMy CHIKEHHS SHEPrOEMKOCTH MOTOYHBIX JIMHHE 3epHOKOMILIeKca. OO0CHOBAIM MPUMEHUMOCTh METOIA U
YaCTHBIX KPUTEPUEB SHEProdPGEKTUBHOCTH MOCICYyOOPOUHBIX TEXHOIOTHH K 3a/[aue ero SHeprocOeperaromeil OnTuMU3aliy.
Paspabotanu anropuT™ ONTHMHU3AINN C MATEMATHUSCKIM OIIUCAHIEM M HAOOPOM BXOIHBIX AaHHBIX. (Pezyivmamsl u 06cymtcoe-
Hue) CHopMyaHpoBaty yciIoBHe IPUCBOCHUS 3ePHOKOMILIEKCY cTaTyca SHeprod((eKTUBHOr0. YCTAHOBHIIM, YTO MPU HCIIOIb-
30BaHMH ATAIOHHOTO 6a30BOTO aHanora, Ae(uiuTe QUHAHCOBBIX CPEICTB Y MPOU3BOAUTENS U OTCYTCTBHH CIIOHCOPOB JaHHBIN
CTaTyC HEMOCTIKIM, 8 OKUIACMBIH TIOTEHIHAN IPSMOTO SHEProCOEPEIKEHHS MPAKTHICSCKU Hepeanu3yeM. [IpeoxK Iy eIeByo
(yHKUMIO 9HEprocOeperaroleil ONTUMHU3ALNH 3ePHOKOMILIEKCA — MAKCHMYM JOCTYITHOTO MOTEHIMANA PSAMOT0 3Heprocoepeske-
HUS M METOJl BBIYHCICHUS. (Bb1600b1) OOOCHOBAIN KPUTEPHH, pa3paboTall alTOpUTM dHEprocoeperaromeil OnTHMU3aIHH 3ep-
HOKOMILTEKCa, 00CCIICUNBAIONICH CHIDKEHNE MPSIMOi SHEPrOEMKOCTH TTOTOYHBIX JTMHUH U SHEpro3arpar. Paspaborany MeTomuku
ONpE/IENCHHS] M aHATH3a BXOJHBIX M BHIXOIHBIX JAHHBIX, OLCHKH CTaTyca 3HeprodheKTUBHOCTH, MPUHIUIEI OOHOBJICHHS 000-
pynoBanus. [Ipe ok METo/ BEIYHCICHHS TOTEHIINANA IPSIMOT0 SHEProcOepeKeHUs B paMKaX CYLICCTBYIOIMX TEXHUKO-TEX-
HOJIOTMYECKUX U (PMHAHCOBBIX orpaHnueHuit. [[pakTuyeckoe mpuMeHeHHe Pe3ylIbTaToB padoThl 00eCeYnT KOPPEKTHYIO, 10CTO-
BEPHYIO U ONIEPATUBHYIO OLIEHKY JHEPro3aTpar Ha 3epHOKOMIUICKCE M UX CHIDKEHUE 10 TOCTYITHOTO MUHAMYMA.

KoroueBble c10Ba: 3¢pHOOUNCTHTENBHO-CYIIMIBHBIA KOMILIEKC, TOTOYHbIC JINHUH, SHEPT03aTpaThl, SHEprocoeperaroias omnT1-
MU3AIHs, BBIYHCITUTENbHBINA aITOPUTM, 3HEProd))EeKTUBHOCTD, MOTEHIHAI JHEPTrOCOEPEIKEHHUS.
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Abstract. Reducing energy costs of using grain cleaning and drying equipment is an urgent, but difficult task for agricultural
producers. When organizing the operation of grain drying equipment, the problem arises of forming optimal configuration options
for production lines from the standpoint of energy saving, taking into account the properties of the source material and commercial
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products, the condition and technical level of the equipment, and other factors. The use of the energy-saving optimization method
to increase energy efficiency and reduce the energy consumption of grain drying equipment in the scientific and methodological
literature is not sufficiently covered. (Research purpose) To adapt the criteria and algorithm of energy-saving optimization of field
technology to assess and improve the status of energy efficiency, reduce energy consumption and identify the maximum available
energy saving potential of grain drying equipment during energy audit. (Materials and methods) The authors examined the problem
of reducing the energy intensity of the production lines of grain drying equipment. They justified the applicability of the method
and particular criteria for the energy efficiency of post-harvest technologies to the task of its energy-saving optimization. They also
developed an optimization algorithm with a mathematical description and a set of input data. (Results and discussion) The authors
determined the requirements for grain drying equipment to be considered energy efficient. It was established that when using the
reference basic analogue, the manufacturer’s shortage of financial resources and the absence of sponsors, this status is unattainable,
and the expected direct energy saving potential is practically unachievable. The authors proposed the target function of energy-
saving optimization of grain drying equipment - the maximum available direct energy-saving potential and the calculation method.
(Conclusions) The paper provides the offered criteria and a developed algorithm for energy-saving optimization of grain drying
equipment, which reduces the direct energy consumption of production lines and energy costs. The authors developed methods for
determining and analyzing input and output data, evaluating energy efficiency status, and principles for updating equipment. They
proposed a method for calculating the direct energy-saving potential taking into account the existing technical, technological and
financial limitations. The practical application of the study results will ensure correct, reliable and efficient assessment of energy
costs of using grain drying equipment and their reduction to an affordable minimum.

Keywords: grain cleaning and drying equipment, production lines, energy consumption, energy saving optimization, computational

algorithm, energy efficiency, energy saving potential.

I For citation: Sapyan Yu.N., Kolos V.A., Suleymanov M.I., Kabakova E.N. Otsenka i snizhenie energozatrat
zernoochistitel'no-sushil'nogo kompleksa [Evaluation and reduction of energy consumption of grain cleaning and
drying equipment]. Sel'skokhozyaystvennye mashiny i tekhnologii. 2019. Vol. 13. N5. 51-55 (In Russian). DOI
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HU>KEHUE SHEPro3arpaT Ha 36pHOOUHUCTUTENb-

HO-CymuIbHBIX KoMmiekcax (3CK) — akTyans-

Hasl, HO CIIOKHAS JIJIS CeITbX03IPON3BOTUTENCH 3a-
Jada, KOTopas peIIaeTcs C IOMOIILI0 CePTH(HUITUPOBAH-
HBIX DHEProayIUTOPOB. YPOBEHb CHUKCHUS XapaKTePH-
3yeTcsi SHeprocOeperaroIuM MOTEHI[NAIOM OTHOCUTENb-
HO 6a30BOro 00pasiia — 3TaJJIOHHOTO aHaJIoTa ¢ CAaMBIMU
BBICOKMMH TEXHUKO-3KOHOMHUYECKUMHU MTOKa3aTeNIMH B
JJaHHOM palioHe, MECTHOCTH Uiu peruoHe [1, 2]. [Ipu op-
ragm3anuu padotsr 3CK Bo3HHKaeT 3a1a4a (OpMUpPOBa-
HUS ONTUMANBHBIX C TTIO3UIUH SHEProcOepeKeHUsI BapH-
AHTOB KOH(UTYpaIuy IOTOYHEIX JIUHAN C YIETOM Ha-
3Ha4YeHU S, PUINUECKUX, OMOXMMUYECKUX U TEXHOJIOTH-
YEeCKMX CBOWCTB MCXOIHOI'0 MaTepHalia M TOBApHOI mpo-
IYKIHH, COCTOSHHS H TEXHUYECKOTO YPOBHSI 000py10-
BAaHUS, CUCTEM KOHTPOJIS-yIIpaBJICHUS NIPOIlECCaMU U
JIPYTux aeicTByomux Gaktopos [3-5]. OqHako npume-
HEHHUe 3Heprocoeperaroeii onTuMu3anuu Kak CpeacTBa
MOBBIIIIEHUS SHEPTeTUIECKOM 3P PekTuBHOCTH (D) H CO-
KkpaieHus sueprozarpat 3CK, B oTiinuMe OT TEXHOJO-
UM BbIpalllUBaHUA 3€PHOBBIX U JPYTUX KYyJIBTYp [3, 6,
7], B HAyYHO-METOAMYECKOM TUTEpAType OCBEIICHO He-
JOCTaTOYHO.

LIENb MCCNEQOBAHMS — aanTUPOBATh KPUTEPHH U
aJIrOpUTM 3Heprocoeperaromeil ONTUMHU3ALKUY TOJIEBON
TEXHOJIOTUH K OI[EHKE U MOBBIIICHHIO cTaTyca O3, CHU-
JKCHHIO SHEPro3aTpart U BEIIBICHUIO MAKCHMAIBHO J10-
CTYTHOTO TOTeHIana sHeprocoepexxennst 3CK mpu suep-
roayJauTe.

CEIbCKOXO3AMCTBEHHBIE MALIWHbI 1 TEXHONOTMA + Tom 13 N5 + 2019

MaTEPUANBI M METOABI. O0paboTKa ypOKast yMEHb-
macT SHEPTONMOTCHIUAT KOHEYHOM MMpOaYKIIUHU, IIOITO-
My 1151 3HEprocoeperatomieit ontumusanuu 3CK Herpu-
MCHUMBI TAKUEC UHTCTPAJIbHBIC KPUTCPUHN MOJICBOM TEX-
HOJIOTHH, KaK KO(HUIHEHT U MHACKC yPOBHS TOJHON 1
npsiMoi D3, BKIIIOYAIOIIHE 3TOT MoKa3aTens [1].

B cBs131 co cpaBHUTENHHO HEOOIBIIOH HOMEHKIIATY-
POIi KCNOJIB3YEMBIX TOITMBHO-3HepreTryeckux (TOP) u
npyrux pecypcos ontumuzanuio 3CK noctatouno mpo-
BOIUTH B TEXHOJIOTMIECKOM ITUKIIE C OIICHKO pe3ynbTa-
TOB YaCTHBIMU KPUTECPUAMU. K auM oTHOCSTCS 633OBI)IC,
HadaJ bHBIE U TPOTHO3HBIE pacxonsl TOP Ha equHUIY
MPOAYKIIMU NOTOYHBIX JIMHUH, MpAMasi JHEPrOEMKOCTh
€€ IIPOU3BOACTBA, IMPAMBIC DHEPTro3aTpaThl U MOTCHIIUAJT
npsamoro sHeprocoepesxxenus (I1I113C).

JIJ1st ©X BBIYUCIICHUSI HEOOXOIMM MaTeMaTHUYCCKUN
aJTOPUTM U HaOOp TOCTOSTHHBIX M BAPHATHBHBIX BXOJ-
HBIX TaHHBIX, TAKUX KaK MPOU3BOIUTEIBHOCTD U OTepa-
IHOHHBIE pacxoAsl TOP MOTOYHBIX THHUN, Macca MOCTY-
MUBILETO 3epHa U KOHEYHOH MPOAYKIHH 00CiIeayeMoro
u 6azoBoro 3CK. DTy naHHBIE ONIpEACTAIOT MOCIe 03Ha-
KOMJICHHS ¢ TEXJOKYMEHTaNueH, HaOIroneHus 3a pabo-
TOf/i, Bepl/l(i)I/IKaHI/II/I " aKTyaJIu3allu CXEM IOTOYHBIX JIU-
HUH U OTIEpAllUOHHBIX KapT. [Ipn COMHEHHAX B COOTBET-
CTBUH (PAKTUYECKUX U MMACTIOPTHHIX TaHHBIX OTAEIBHBIX
MallvuH MMpoBOOAT BLI60quHI)Ie OKCIICPUMEHTEI C ITPU-
OOPHBIMH U3MEPEHUSMH HA IITATHBIX TEXHOJIOTUIECKHX
onepanuax. YacoBoi pacxo ’KUIKOTr0 TOIJINBA CyIIUJI-
KOU U3MEPSIOT 00bEMHBIM pacxonomepoM Promass 80/83F

AGRICULTURAL MACHINERY AND TECHNOLOGIES « Volume 13 + N5 + 2019



MPOBNEMbI A PELLIEHUS

DNS, npupoxanoro raza— Prowirl 72F DN4(. Pacxox 61o-
toruinBa (BT) onpenensroT no B3BeUIeHHOH Macce, Cro-
pEeBIIIeii B TOIIOYHOM arperare 3a Bpems omnbita. [lotpeo-
JISIEMY10 MallMHAMU 3JIEKTPUUYECKYIO0 MOIIHOCTD U3Me-
PSIOT aHATTM3aTOPOM KadecTBa dIeKTposHepruu M1 2492
PowerQ 6e3 pa3pbiBa 3JIEKTPHUECKUX LETEH.
ComnocTaBUMBI ONIEPAIIMOHHBIA PaCX0/ TOMINBA z- 1
CYyNIUIKOW Ha TpaguiuoHHoM Torutue (TT), skuakom
WITY Ta3000pa3HOM, Ha CYIIKe S-i MPOAYKIHUH f-1 KyJb-
TYPBI PACCUUTHIBAIOT IO popMynaM, Gpus. ea./mi. T:

gTTzst= GTTzst / WHJ'Izst; (1)

rae Grr,s — U3MEPEHHBIN NPU SKCIIEPUMEHTAX YaCOBOM
pacxon TT, ¢us. exn./u;

Wizt = Woustkki — COTTOCTaBEMAs TIPOU3BOAUTEIb-
HOCTB CYIIFJIKH, TUL. T/4;

I/V()zst: I/Vstt(l00_603)/(100_600) u I/V()zsl: MOzst /Tstz_ npo-
HU3BOAUTEIBHOCTD IO CHIPOMY 3€pHY CYIIHIKH HETpe-
PBIBHOTO ¥ IEPUOIUYECKOTO ACHCTBHS, T/4;

k, — KO3 GUIIHEHT BIIAXXHOCTH 3€PHA JI0 CYIIKH ()
U mocie cymku (w;) [3];

ki — KOOPOUIIMEHT BUAA KYJIBTYPhl 1 HA3HAYCHU S
nponykuui [3];

Wi, = M, Ty, — TPOU3BOAUTENBHOCTD CYLIUIIKH 110
CYXOH MPOAYKIUH, T/;

Mg, 1 My, — pakTHUecKast Macca CyXoro U ChIporo
3epHa, T;

Ty, — TPOAOIKUTENBHOCTh SKCIIEPUMEHTA, Y.

Pacxon TronnuBa cymunkoi Ha BT ggry, paccunToiBa-
10T 110 popMmyIie, aHanoruaHoi (1), mocsie moaCcTaHOBKH
COOTBETCTBYIOIIHUX MIEPEMEHHBIX.

CorocTaBUMBIH pacxof 3JIEKTPOIHEPTHH CYIITUITKON
Ha TT (BT), OyHKEepOM aKTUBHOTO BEHTUIUPOBAHUS,
KBT9/mn. T:

gszst = stl / WHJ’Izsta (2’)

rae P, — u3MepeHHas motpediseMas MOITHOCTh, KBT.
ConocTaBUMBIH pacxo[l 3NEKTPOIHEPTHH 36 PHOOU -
CTUTEIHHON MalIMHOM (3KCILTyaTallHOHHBIN), KBT u/3K. T:

Eozst = stl / W3Kzst, (3)

rie Ly, = Woskik, — OKCILTyaTallHOHHAS TTPOU3BOIH-
TEIBHOCTH MAIIUHEI, 3K. T/4;

ki — k03D PHUIMEHT, yIUTHIBAIOIINI BUJ KYJIBTY PHI;

ky — K03 GUIMEHT, yUYUTHIBAIONUIUI BIAXKHOCTb U 3a-
COPEHHOCTH MCXOIHOTO 3€pHA.

Pacxon anmekTpo3Heprur HOBEIMU HCIIPAaBHBIMH Ma-
IIMHAMH, a TAKXKe TPAHCIOPTEPAMHU, HOPUSMHU H T.II. pac-
CUHTHIBAIOT IO YCTAHOBJICHHOW MOIIHOCTH, KO3 PHIIH-
€HTaM €€ UCII0JIb30BaHHsI U TACTIOPTHOM MPOU3BOANTEIb-
HoctH. ConoctaBuMblid pacxon TOP Ha 6a3oBoM 3CK
OTIPENIEIAIOT IO JAHHBIM MOHUTOPUHTA, SHEPrOayIuTa
WJIY TTacIIOPTOB MAIIIVH; IIPH pacueTax HCXOAHYIO Mac-
CY, BJIaKHOCTB ¥ 3aCOPEHHOCTH 3¢ pHA IPUHUMAIOT TaKH-
MH Xe, Kak Ha o0cienyemom 3CK.

AJTOpUTM OomnpeneyeHus OLICHOYHBIX TOKa3aTelneit
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99 3CK cnenyomui.
Pacxon TT norouHol nMHMEN HA IPOLYKLIUIO S-I'O BU-
J1a t-i KyJIBTYPBbI BRIYUCIISIOT IO popMyTiam, Gu3. e11./TL. T:

gTTst = gTTzst Mstz / Msta (4)

rae My —Macca NpoayKIUU IOTOYHON JIMHUH C CY LI
kot Ha TT, . T.

Juis nuanu ¢ cymmnkoi Ha BT B BUzie IpoB, COJIOMBI,
nemrert [1, 4, 8, 9] ero pacxof gyt BBIYUCISIOT 1O (Hop-
MyJie, aHAJIOTUYHOM (4), pu3. em./mi. T

Pacxon TT Ha BHYTpUXO3sIICTBEHHOE TPOU3BOICTBO
u TpancnoptupoBky BT, nepexonsiunii Ha MPOYyKIHIO,
paBeH, Gpu3. eI./1IL. T:

8T1TstsT — ETTBT &BTsts

e grrsr — CyMMapHslii pacxon TT obopynoBanueMm, npo-
m3BomsuuM BT, u cpencTBaMu 1OCTaBKU €ro K CyIIUII-
Ke, pu3. en./bus. ex.;

Pacxon anexkTposHepruu IMHUEHN Ha S-10 TPOAYKIUIO
-il KyIbTYPBI COCTaBUT, KBT4/1I. T:

gSSt = (ZzgazstMstz) /Mst: (5)

TOE Z,s, — ONIEPALIMOHHBIA pacxos z-i MalluHOM, ycTa-
HOBKOH HITH APYTHM MOTPEOUTEIIEM, HMEIOIIIIM OTHOIIIE-
HHE K JUHUH, KBT9/11. T.

K pacxony anekTposHepruu Ha MpOAYKIUIO JIMHUU C
cynnuikoid Ha BT 100aBISIOT MepeXxomsuii pacxoa Ha
npoussonacTso BT, kBru/m. T:

BT _ BT
811sst— 811 &bTst 2
rIe ng — pacxo/ MEeKTPOIHEPT K 000PYJOBAHUEM, TIPO-
uszpoasnuM BT, kBru/dus. ex.
OmnpenenuM IpsMyIo SHEProeMKOCTh MPOAYKIIHH JIH-
Huu ¢ cymuikoi Ha TT, MJx/m. T:

Onst = grrseerr T Lostkss (6)

rae err — sHeprocoaepxkanue TT, M x/dus. ex. [1];
K,=3,6M/Ix/xBtu— ko3¢ puruent nepecuera eau-
HUII 3JI€KTPOIHEPTUH.
IIpsiMast s5HEProeMKOCTb IMHUY ¢ cymunkoid Ha BT,
M /Ix/mt. T:

™)

[To momyYeHHBIM 3HAYCHHSIM S3HEPTOEMKOCTH BBIYHC-
JSAI0T HAaYaJIbHBIE IPSIMbIE SHEPT03aTPAThl COOTBETCTBEH-
HO 1oTouHOM MuHNU Q¥ Bcero 3CK Oy, MJIx:

Ql'[s I 9HstMst; Ql'[ = ZIESQHSI' 8)

Oxupaemsiii [1T119C no onpeneneHuro npeacTaBis-
eT coboii cooTHomienue (%):

1o =100 (Qn — Ons) / Ons ©)

rne Ons —dHepro3aTrpatsl 6azosoro ananora 3CK, M/JIx.

PE3YNBTATLI U OBCYXAEHME. CraTtyc 3Heprosddek-
THUBHOT'O MOXET OBITH IpHCBOCH o0cnenyemomy 3CK npu
YCIIOBHH:

— BT BT
9Hst - gBTsteBT + g TTsteTT + (gast+g 3st)K3-
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O/ I < 1, (10)
e Oppse — IPsIMasi BHEPTOEMKOCTb S-i MPONYKIUN f-1
KyneTyphl 6a3oBoro 3CK, M/JIx /m. T.

Ha npaxTuke yMeHblIeHHE YSHEPTOEMKOCTH OTOY-
HBIX JJMHUH 10 0230BbIX 3HAYCHUH U HIKE TPeOyeT O0Ib-
mX (UHAHCOBBIX M3ACPKEK HAa OOHOBJICHHE 000PYI0-
BaHu4. [loaTOMY pH UCTIONB30BAHUH TSI CPABHEHHU S T10-
Kazaresei 99 3TaJOHHOro 6a30BOT0 aHaora, Ae(QHITH-
Te (PMHAHCOBBIX CPEJICTB U OTCYTCTBHH CIIOHCOPOB YCJIO-
Bue (10) HEeBBITIOTHUMO. AHAJIOTHYHO, HE MOXKET OBITH pe-
anu30BaH oxxunaeMeblil (reopetuueckuit) [NIIDC obcne-
nyemoro 3CK (9), mpou3BoIHBIN OT 3HEPTOEMKOCTH I10-
TOYHBIX JTHHUH. [Ipn 0TCyTCTBIEM 0230BOr0 aHAJIOTA BEI-
paxenus (9) u (10) He UMEIOT CMBICTA.

1t CHUOKEHU S DHEPro3aTpaT IoCe OIIPeIeICHHUs 110
(6)—(10) HauanbHBIX TIOKa3arTeneit 3D pa3pabaTeiBaOT
9HEprocOeperarome MeporpusATHS: OpraHU3allHOHHO-a -
MUHUCTPATUBHBIE — JJIS] HEMIOCPEACTBEHHOT'O CTUMYJIH-
poBaHus 3koHOMHUH TOP 1 TEXHUKO-TEXHOJOTUYECKHE
(omropHBIE, PUHAHCHPYEMBIC XO3SIICTBOM, M HHHOBAIIH-
OHHbBIE, THBECTUPYEMBbIE CIIOHCOPAMHU) — [IJI51 PEHOBALIUH
o0BeKTa. X aHaIn3uPYIOT METOOM 3KCIIEPTHEIX OIle-
HOK C UCIIOJIb30BAHUEM SHEPreTUUECKUX U IKOHOMHUYe-
ckux kputepues [6-10], a Takxke UTEpaTUBHOM MpOIIETY-
PHI OoLleHKH DD W IpeajaraeéMblX BApHAHTOB COCTaBa H
cxeM notouHbIx uHUH 3CK.

Haubonee MacirabHble MEPOITPUSTHS — 3aMEHA U MO-
JepHU3AIUs MaIllMH, HE OTBEYAIOIINX COBPEMEHHBIM Tpe-
0OOBaHMSM K KOHCTPYKIIMH H TApaMeTPaM, Ka4eCTBY BbI-
MIOJTHEHHUSI OTIepalluii, HaJe)KHOCTH, YHIUBEPCAIBHOCTH,
TEXHHUKe 0€30MaCHOCTH U dKOJIOTHHU. [10 3TUM ke moKa-
3aTessIM Ha OCHOBE MTPSIMOTO CPAaBHEHHUSI BRIOMPATOT ITep-
CIIEKTHBHBIE SHEProcOeperaroie MaluHbl C y4eTOM
CTOMMOCTH, MOAYJIBHOCTH, Ta0ApPUTOB, ONIEPAITHOHHON
MPOU3BOJUTEIBHOCTH U pacxonoB TOP.

[To pesynbpraTaM JadbHEHIINX UTEPATUBHBIX ONTH-
MHU3alIAOHHEIX BEIYUCICHUH 110 BAPHATHBHBIM BXOITHBIM
JAHHBIM M aHAJIN3a Oy YCHHBIX IaHHBIX BBIOUPAIOT CO-
cTaB 000pyAOBaHUS U KOH(OUTYPALIAIO HOTOYHEIX JINHUH.
CrnenyeT HAUMHATD C aHATM3a ONIEPALIMH CYIIKU — KaK ca-
MOM 2HEProeMKOH U IMMUTHUPYIOLIEH IPOU3BOUTEIb-
HOCTB IOTOYHBIX TUHUH. L{enecooOpa3HoCTs mpuMeHe-
Hus cymunku Ha BT (tuna KC-8, « Actpa-Murym», «Pu-
€I1a) FJTH KOMILICKTOBAHHU S IITATHO! TBEPIOTOIUTHBHBIM
TonouHbIM arperatom (BY-T-1,5, AT-1) onleHuBaroT o
KOMILIEKCY MTapaMeTPOB U PaKTUIECKUX IKCILTyaTaIH-

PROBLEMS AND DECISIONS

OHHBIX IOKa3aTeNeH i, B KOHEYHOM CUETE, TI0 COOTHOIIIE-
HusaM, aHatoruuHeIM (10). ITpu 3ToM 3a 0a30BEIHi Bapu-
aHT MPUHUMAIOT TUHUIO ¢ cymmiakoi Ha TT. He menee
Ba)KHA MOJIEPHU3ALIAA CUCTEM KOHTPOJISA-yIPpaBICHHS pa-
6oroii 3CK, obecrniedueHns kauecTBa M COXPAaHHOCTH MTPO-
nykomd [3-5, 8-10].

[o 3aBepienun sHeproayauta 3CK popMupyioT mian
SKOHOMHIYECKH 3()(HEeKTUBHBIX MEPOTIPUSATHH ITO TPAKTH-
yeckoi peannszanuu [MI19C, paccmarpuBaroT GpaxTopsl,
MPENATCTBYIOIINE €TI0 BBITOTHEHUIO,  KOMIIPOMHUCCHEIE
petienus [6, 7]. yHKIHUS 1ETH S3HEPTOcOeperaroiei or-
tumusanuu 3CK —makcumym noctynsoro IIIOC (Pry), %:

Py =100 (O~ Onp) / On — max, (1)

rae Ony— AOCTyIIHbIE IPOTHO3HBIE YHEPrO3aTPAThI, ONIpe-
nensiemble o (hopMysiaM, aHAJIOTUYHBIM (8), TOACTaHOB-
KOH COOTBETCTBYIOLIUX IEPEMEHHbIX, M JIx.

Pemienue 3agaun cBOAUTCS K IOUCKY YCIOBHBIX DKC-
TpemyMoB PI1J[ B paMkax 0ObEKTUBHBIX OTpPaHUYCHUH
nionctanoBkoi B (11) paznuunerx 3nauerninQII/], momy-
YaeMBbIX IIyTEM aJrOPUTMHU3UPOBAHHBIX UTEPATUBHBIX
BEIYHcIeHu# mo gpopmymnam (1) — (8).

BuiBoabl

O06ocHOBaIN KPUTEPUH U pa3padboTaIn aIropuT™m
sHeprocoOeperaromeii ontumusanuu 3CK miis mopslie-
HUs D3, CHUKCHHSI DHEPro3arpar U peaau3aini MaKkCu-
manbHO noctynHoro [II3C. [IpexctaBunu MeToguKH
onpeeNieHUs U aHAJIN3a BXOJHBIX M BBIXOIHBIX TaHHBIX,
OIIEHKH cTaryca O3, MPUHIUIIEI OTOPAKOBKH yCTapeB-
IIMX ¥ BEIOOpA HOBBIX MAIITMH JUISl IOTOYHBIX TEXHOJO-
rudyeckux quHu 3CK, nieneByto GpyHKIH0O sHEprocoe-
peraroiel ONTUMHU3ALMK U METOJ| PELEHUs B paMKax
CYUIECTBYIOUIUX TEXHUKO-TEXHOJIOTHYECKUX U PUHAH-
COBBIX OTpPaHUYCHUH.

[IpakTHyeckoe NpUuMeHEeHHE allTOPUTMU3UPOBAHHBIX
WTEPaTUBHBIX BHIYMCICHUH IIPU dHEProcOeperarpiei
ontumuzanui 3CK o6ecreunT KOppeKTHYO, TOCTOBEP-
HYIO U OEPAaTUBHYIO OIL[EHKY U CHIDKEHHUE SHepro3arpar
10 JOCTYITHOTO MUHUMYMa.

Matepuaiibl CTaTbu MOT'YT OBITh UCIIOJIB30BaHBI IPH
pa3paboTKe THUIIOBBIX HHCTPYKIIUH MO SHEPTOAYIUTY B
CEIbCKOX03MCTBEHHOM IIPOU3BOACTBE, MO3BOISIOIINX
CyIIECTBEHHO MOBBICUTE D3 M 00€CIeUnTh MpaKkTHye-
ckyto peanuzanuio [I19C nocneydbopoIHbIX TEXHOIIO-
TUH.
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OnTMMMU3aLmnsa 3epHOMOTOKOB MO MapLUPYTY «MNoJjie — TOK» B XoAe YOOpKH
ceMsiH 3epHoBbIX B Pecny6nuke KasaxctaH

Aiirepum CysTaHOBHA ATbuMMOaeBa,
MarucTp, TOKTOPaHT, e-mail: aigerim-kaz@mail.ru

Kazaxckuii HaIlMOHAJIBHBIN arpapHbId YHUBEPCUTET, T. AnMatsl, Peciybnuka Kazaxcran

Pedepar. TpancmopTupoBKa 3epHa OT 3epHOYOOPOYHOTO KOMOAlHA 0 MyHKTa MOCIEyOOpodHOH 00paboTKH 3epHa (YCIOBHO
«TOK») B ycroBusx PecryOmmku Kazaxcran nMeet CBoIo CienU(UKY: 3HAYATEIBHEIC PACCTOSHHES IEPEBO30K 3epHA — Oomee 5 Ku-
JIOMETPOB, MPOCENIOYHBIE IOPOTH 0€3 CHEIHATBLHOTO MOKPBITHS, C HEPOBHBIM PEbe(OM U 10 IePeCceUCHHON MECTHOCTH, 6OJIb-
IHe pa3Mepsl MOJIeH, HeopeaeNeHHOCTh MapIIPyTOB MEPEBO3KH 3epHA OT MO 0 TOKA. JTO CHIKAET CKOPOCTH TPAHCIIOPTH-
POBKH 3€pHa, YBEIUUMABACT BPEMS HAXOXKICHHUS TPAHCTIOPTA B IyTH, TPEOYET MHOTO TPAHCIIOPTHBIX CPEICTB, CO30ACT TPYAHOCTH
B 00CCIICUEHN PUTMIYHOTO B3aHMMOIEHCTBHS TpaHCIOpTa U KomOaitHa. OCOOCHHO BaXKHO 3TO YUHTHIBATH HPHU TEPEBO3KE Ce-
MSH B CEMEHOBOIYECKHUX XO3SHCTBAX, B KOTOPBIX HPUMEHIETCS TEXHOJIOTHS PEATIOCEBHOTO OOTYUEHHS CEMSH TS OBBIIICHIS
ypoxaitHoctu. (L{ers uccredosanus) Knaccuuuuposarh pernonsl Kasaxcrana mo mMacmrabaM NpoW3BOICTBA 3€pHA, 000CHO-
BaTh [apaMeTPhl TUTOBBIX CEMEHOBOAYECKHIX XO3SHCTB U JUIL HAX PACCUMTATh MapaMeTphl TPAHCIIOPTHOTO 3ePHOMOTOKA € Of-
HOBPEMEHHBIM O0JTyYeHHEM 3epHa BO BPeMs MEPEBO3KH, MAKCHMAIIBHO CHU3UB BEPOATHOCTD B3AUMHBIX TIPOCTOCB KOMOAIHOB 1
TpaHCIIOpTa B X0/1e YOOPKH 3epHOBHIX KynbTyp B Pecniyonuke Kazaxcran. (Mamepuanst u memoowt) ViccinenoBanue poBOIIIIH C
npUMeHeHreM Hamnbomee TumraHbIX s Kasaxcrana kombaiinoB CK-5M «Husay u aBromo0wmis tuma [A3-53. Kys3oB aBTroMo0u-
7151 000pYLOBATH HU3KOYACTOTHBIMU HIEKTPOMArHUTHBIMU H3Ty4aTeI MK M CHEIHATbHBIM Pa3paBHUBAIONINM YCTPOHCTBOM IS
3epHa, MOCTYNAOIIEro 13 KoM0aifHa 110 3epHOBOMY IIHEKY. Pa3paborany MeTOANKy BEIOOpa MApaMETPOB 30HAIBHBIX THITOBBIX
X035#CTB. 32 6a30BbIE APAMETPHI TPAHCIIOPTHOTO 3EPHOMOTOKA MPUHSLITH MPOIOKHTEIFHOCTD UKIOPEHica 10 MAPIIPYTY «IIOJe
— TOK — TI0JIE», KOMMYECTBO IUKIOPEHCOB B I€HB, TPY30IOABEMHOCTD TPAHCTIIOPTHOTO CPEICTBA, MPOAOIDKUTENEHOCTD, 00BEMBI,
JAIBHOCTD ¥ CKOPOCTh MEPEBO3KH, KOIQ(HUIMEHT UCTIONB30BAHMS TPY30IOIBEMHOCTH. BBIBIUIH, YTO HAMOONEE BAPEUPYEMBIM
MapaMeTpoM CTajla MPOJOIKUTENBHOCTh IUKIIOpeica. (Pesyibmamsl u 00cysicoenue) TIpennokunm airopuT™ pacuera napame-
TPOB THIIOBBIX (MOZIEIBHBIX) CEMEHOBONUECKHX X03sicTB Ka3axcTaHa Ha OCHOBE CTaTHCTUUYCCKHUX TaHHBIX CTaTympaBleHus pe-
cryOmuKd. BeIeniny Tpi KaTeropun 3epHOMPOU3BOIAIINK 00aCTeH, IS KaXKI0H M3 KOTOPBIX OMPEICTHIN KOJTHIECTBO CeMe-
HOBOUeCcKuX x03s1icTB: s [ kareropun — 171, moust 11— 128, mst 11T — 282 xo3siictsa, Bcero 581. Cpenue miomaay Kaxoro
XO3CTBA PaBHBI, COOTBETCTBEHHO, 2760; 656 1 276 rexkTapoB; BpeMs UUKIopercoB — 68.4; 49,5 u 35,5 MunyThHI. (Bb160001)
Omnpenemm, 9To 00mas HOTPEOHOCTH B CEMEHAX 3€PHOBBIX KYIBTyp Wil KasaxcTaHa cOCTaBIsSeT OKONO 2 MIJIIHOHOB TOHH.
Paccunranu HeoOXooUMOe ISl X TMPOU3BOICTBA YHCIO CEMEHOBOMUECKHX X03siCTB — 581. Beruncmunm o0myto noTpeOHOCTh B
TPAHCHOPTHBIX CPEACTBAX, 000PYIOBAHHBIX HU3KOYACTOTHBIMH 3IE€KTPOMArHUTHBIMHU 00TydaTessiMu, — 5700 exuHu.

KaroueBble ciioBa: yoopka 3epHOBBIX, TPAHCIIOPTHPOBAHIE 3€PHA, 3¢pHOYOOPOUIHEII KOMOAiH, HKIopeiic, TUdpoBH3aIus ce-
MEHOBOJICTBA, CEMEHOBOYECKOE XO3SHCTBO, HU3KOUACTOTHBIN MATHUTHBII 00JTy4aTesb, ONTUMHU3AIKS 3ePHOIOTOKOB.

I JTast untupoBanus: Ansunmbaea A.C. OnTUMU3AIKS 36PHOMIOTOKOB 10 MAPIIPYTY IIOJIE — TOK» B X0/ YOOp-
KU ceMstH 3epHOBBIX B Pecniyonuke Kazaxcran / Cenvcroxossaticmeennvle mawunvl u mexuonoeuu. 2019. T. 13. N5.
C. 56-62. DOI 10.22314.2073-7599-2019-5-56-62.

Optimization of Grain Flows in the “Field-Elevator” Chain During the
Harvesting of Grain Seeds in the Republic of Kazakhstan

Aigerim S. Alchimbaeva,
MSc, post-doctorate researcher

Kazakh National Agrarian University, Almaty, Republic of Kazakhstan

Abstract. Grain transportation from a combine harvester to a post-harvest grain processing center (hereinafter referred to as
“elevator”) in Kazakhstan has its own specific features: significant grain transportation distances of more than 5 kilometers,
country roads without a special paving, uneven and rough terrains, large field sizes, uncertain grain transportation routes from
the field to the elevator. This reduces the speed of grain transportation, increases the time spent on transportation, requires a
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lot of vehicles, and makes difficulties in ensuring the coherent interaction of transport vehicles and combine harvesters. It is
especially important to take this into account when transporting seeds on seed farms that use the pre-sowing seed irradiation
technology to increase the productivity of seeds. (Research purpose) To classify the regions of Kazakhstan by the scale of grain
production, determine the parameters of typical seed farms and to calculate their optimal parameters of grain transporting with
simultaneous grain irradiation during transportation, minimizing mutual downtime of combine harvesters and transport vehicles
during grain crop harvesting in the Republic of Kazakhstan. (Materials and methods) The study was carried out using the most
typical for Kazakhstan SK-5M Niva combine harvesters and a GAZ-53 vehicles. The vehicle body was equipped with low-
frequency electromagnetic radiators and a special leveling device for grain input from a combine harvester through the grain auger.
The authors developed a methodology for choosing the parameters of zonal typical farms based on the following parameters of the
transport grain flow: the trip duration along a “field — elevator — field” route, the number of round trips per day, loading capacity
of a vehicle; duration, volume, range and speed of transportation, and the coefficient of capacity utilization. It has been revealed
that the round trip duration is the most variable parameter. (Results and discussion) The authors have proposed an algorithm for
calculating the parameters of typical (model) seed farms in Kazakhstan based on statistics obtained from the Statistical Office
of the Republic. Three categories of grain-producing regions were distinguished, for each of which the number of seed-growing
farms was determined: 171 — for category I, 128 — for category 11, 282 — for category IlI, with a total of 581 farms. The average
area of each farm amounts to 2760; 656, and 276 hectares, respectively; round trip periods last for 68.4; 49.5, and 35.5 minutes.
(Conclusions) It has been determined that the total demand for grain seeds in Kazakhstan is about 2 million tons. The authors
have calculated the required number of seed farms, which equals 581. The total demand for vehicles equipped with low-frequency
electromagnetic irradiators has been estimated as equaling 5700 units.

Keywords: grain harvesting, grain transportation, combine harvester, round trip duration, digitalization of seed production, seed
production, low-frequency magnetic irradiator, optimization of grain flows.

0 For citation: Alchimbaeva A.S. Optimizatsiya zernopotokov po marshrutu «pole — tok» v khode uborki semyan
zernovykh v Respublike Kazakhstan [Optimization of grain flows in the “field — elevator” chain during the harvesting
of grain seeds in the Republic of Kazakhstan]. Sel 'skokhozyaystvennye mashiny i tekhnologii. 2019. Vol. 13. N5. 56-62

(In Russian). DOI 10.22314/2073-7599-2019-13-5-56-62.

¢ dexTuBHOCTH pabOTHI YOOPOUHOTO arperara B
COCTaBe «KOMOAITH — TPaHCTIOPT» 3aBUCHT OT PUT-
MHYHOTO B3aHMOJICHCTBHUS, YTO CHUKACT KOJH-
YECTBO CIIy4aeB POCTOs], MOBBIMIAET KO3(hHUIneHT uc-
MIOJTH30BAHUS BPEMEHH CMEHEI U, COOTBETCTBEHHO, CMEH-
HYIO TPOU3BOIUTENBHOCTh. T€OPETUYECKH ITO MOXKHO
00€CTIeUNTD B CTPOTO OMPEAEICHHBIX YCIOBUAX: PACCTO-
sTHUE TIEPEBO30K MEHee 5 KM, HaJIM4Ke TOPOT C TBEPIBIM
MOKPBITHEM, YETKO OIPEICTICHHBIC MAPIIPYTHI IEPEBO3-
k1 3epHa. [lomoOHBIX ycmoBuii B Ka3axcTane o4eHb Ma-
no. Hanbonee THMMYHBI TAKUE BAPUAHTHI: PACCTOSIHIE OT
TOJICH JI0 ITYHKTA IMocIey00podHOoi 00paboTKH 3epHa (To-
ka) npesbimaeT 10 kM, MpocenodHble J0poru 0e3 TBep-
JIOT'0 TIOKPBITHUS, IIPOXOSAT 110 XOJIMHUCTOW MECTHOCTH, B
TedeHHe pabovero JHs MapUIpyTHI IBHKCHUS TPAHCIOP-
Ta MOTYT U3MEHUTHCSI B 3aBUCUMOCTH OT YOPaHHOM I1JI0-
many. B 3TUX yclnoBusAX BechbMa 3aTPyAHHUTEIBHO Opra-
HU30BATh YETKOE B3aUMOICHCTBHE KOMOaiiHa U TpaHCIIOP-
Ta, TaK KaK BpeMsI OKHJIaHUS TPAHCIOPTa TPYAHO IIPO-
THO3UPOBATh C JOCTATOYHON TOUHOCTHIO (1-2 MuH). K To-
MY XK€ YPOXKaHHOCTH 3epHA B IOJIE TAKKE MOYKET BaphH-
POBaTh B OOJBIIUX MPEEIaxX, 9YTO 00YCIOBIUBACT Iepe-
MEHHOE BpeMs 3alI0JTHeHH S 3epHOM OyHKepa KomOaifHa.
LLENb MCCNEQOBAHMS — paccUMTaTh ITAPAMETPHI TPAHC-
MOPTHOT'O 3€pHOIIOTOKA 10 MAPIIPYTY «II0JIE — TOK» JJIS
yOopouHbIX ycioBui KazaxcTana Ha mpuMepe MOJISITb-
HOTO CEMEHOBOTYECKOT'0 X035 HCTBa, OIPEACITUTH MOTPe0-
HOCTH B TPAHCIIOPTE, 000PYI0BAHHOM HU3KOYaCTOTHBI-
MU 2JIEKTPOMarHUTHBIMU H3ITY9aTeIIMHU ISl CTUMYJITH-
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POBaHUS MMOCEBHBIX KAYECTB CEMSH.

MATEPMANBI M METOABI. VcciienoBaHUE TPOBOAMIIN
NPUMEHUTENBHO K Hanbosee TUNUYHBIM A KazaxcTa-
Ha BapraHTaM YOOPOUHBIX arperaToB B cCOCTaBe: KOMOaitH
CK—5M «Hwusa» unu «Ennceit-1200» 1 aBTOMOOHIIH TH-
na 31JI-130 u ’A3-53. B kxauecTBe OCHOBHOTO TapaMeTpa
TPAHCIIOPTHOT'O 3€PHONOTOKA NPUHSJIN IPOAOJIKUTEIb-
HOCTB [IUKJIOpelica TpaHCopTa («Tyaa 1 00paTHO»). AB-
TOMOOHMIIH 000PYIOBaTH HU3KOYACTOTHBIMH DJIEKTPOMAr-
HUTHBIMH U3JTy4aTeIIMHU J1s TIOBBILIEHHU I IOCEBHBIX Ka-
4ecTB ceMsAH. DPPEKTUBHOCTH STOTO METOa I0Ka3aHa
natentamu EP 2 684 444 Bl ot 19.08.2015, EP 2 661 950
ot 01.06.2016, a Tak)ke MHOTUMHU UCCieoBaHUSIMH [1-5].

PacyeT nmpoBenu 17151 MOJCTBHBIX CEMEHOBOTYECKIX
x03s1iicTB 1o peruonam Kazaxcrana. [Ipennoxunu anro-
PHUTM HX BBIOOPA C YUETOM CTATUCTUYECKHX JaHHbIX CTa-
TUCTHYECKOrO ynpasieHus PK:

1. Coop n 06paboTKa CTATUCTHYECKHUX MTOKA3aTeNei mpo-
W3BOJICTBA 3epHA: S — yOOpoUHas IIomanb, ¥,— ypoxkan-
HOCTb 3epHa, W, — BanoBslil cOop 3epHa, Ty — IPOSOIIKHU-
TENBHOCTH YOOPKH, N, — KOTHMUECTBO XO3SHCTB B 00JIaCTH.

2. O0001IEeHnE U BBOJ CTATUCTUYECKUX JAHHBIX I10
nokasaTelsiM IPOU3BOACTBA 3epHa B obmactax PK.

3. 'pynnupoBaHue obaacTel 1o MoKa3aTesiM Mpo-
M3BOJICTBA 3€pHA U BBIABJICHHE OJHOPOIHBIX CTATHUCTH-
YEeCKUX BBIOOPOK B BUJE KATETOPHil XO3SHCTB.

4. Onpenenenye CpeAHUX 3HAYEHUH 1TOKa3aTenel mpo-
W3BOJICTBA 3€PHA M0 KaXJ0¥ OJHOPOAHOM cTaTUCTHYE-
CKOM BBIOOpKE (KaTeropum).
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5. Onpenenenne HEOOXOAUMOTO cOOpa CEMSIH B Ka-
JKJIOW OJTHOPOJHOM CTAaTUCTHYECKOM BEIOOPKE 110 KaTero-
pHUSIM XO3SIUCTB.

6. Onpenenenue MOTPeOHOT0 KOTUYECTBA MOACITBHBIX
XO3STUCTB B KaXJOW KaTeTOpHH.

7. OnpeeneHne TEPPUTOPHATHHBIX TAPAMETPOB MO-
JIeIBHBIX X03HMCTB S, ra; V,, 1/ra; L, kM; V, kMm/4.

8. dopMupoBaHHE CBOJHOMN TaOIHIIBI TOKA3aTENEeH Mpo-
U3BOJICTBA CEMSTH 0 perroHaM PK B MojienbHBIX X035HCTBAX.

9. ®opMupoBaHUE PEKOMEHIALNN IO apaMeTpam
MOJCIIBHBIX XO3SHCTB.

PE3YNLTATLI N OBCYXXAEHUE. C IOMOIILIO OIMMCAaH-
HOTO aJTOpUTMa BCe 3epHOIpou3Bosmue obnactu Ka-
3axcTaHa KJacCU(PUIIUPOBAIU MO TPEM KaTETOPHUIM
(mabn. 1).

Cpennsis ypoxaiHOCTB 10 00JIACTSIM OMPEIEIISITH KaK
CPEIHEB3BEIICHHYIO C YYeTOM pa3Mepa MOCEBHBIX I1JI0-
maaed B Kax10i 001acTH mo Gpopmyiie:

B s m
/i 71 — KOMMYeCTBO 00JacTel ¢ ypoxKaHOCThIO V;

>'S, — o01asi cymMmma Iiomajaei B peruoHe;

S; — miomaak ¢ ypoKaiHOCThIO V.

YuuThIBas BBISIBICHHYIO BapHa0ebHOCTh JAHHBIX 10
OTHEIBHBIM 00JIACTSIM, KaXKTYIO KATETOPHIO X035 UCTB Xa-
paKkTepU30BaIH CPEIHEB3BEIICHHBIM 3HAUSHUEM KaXK 10~
T0 ImapamMeTpa.

Amnanu3 pacueToB mokasal, 4To B 1iejiom no Ka3zax-
CTaHy 3a MOCIIeIHIE TPU T0/1a HAOII0JaeTCS JJOCTATOYHO
CTa0MJIbHASI yCTOMYMBOCTH OOLIUX TTOKAa3aTeseH Mpon3-
Bo/icTBa 3epHa. KonebaHus 10 MOCEBHBIM ILIOMIASM HE
npeBHIIAloT 2%, YpoxKaiHOCTH — 6%, BaJIOBBHIX COOPOB
3epHa — 6%. DTO 1aeT BO3MOXKHOCTh B JaIbHEHIIIEM OpH-
E€HTHPOBATHCA HA aKTyaTU3UPOBAHHEIE TIOKA3aTeN! MPo-
u3BozcTBa 3epHa B 2018 1.

Knaccudukanus yoopodHBIX III0MIAAEH IO 3€pHO-
BBIMU KYJITYPaMHU BBISIBUAJIA TPH HAN0O0JIee XapaKTePHbBIX
pETHOHa MO KaTeropHusM:

- I kateropus: ¢ obmiei mmomaasio 11,2 MirH ra, cpen-
Hell ypoxaitHocThio 1,44 T/ra, 061KUM BaJOBBIM cOOpOM
3epHa 16,1 MiH T;

- Il xateropus: 2 mutH ra, 1,63 T/ra u 3,26 MJIH T COOT-
BETCTBEHHO;

- Il kateropus: 1,18 muta T4, 1,6 T/ra u 2,94 MIIH T CO-
OTBETCTBEHHO.

AHaJIM3 pacyeToB IoKa3al, 4To Bce ooactu Kazax-
CTaHa Mo MPOU3BOACTBY 3€PHA MOXKHO KJIaCCH(PHUIIUPO-
BaTh Ha TPH KaTeropuu. B mepByto KaTeropuio BOILIN
AxmonmHckas, Kocranaiickas n CeBepo-Kazaxcranckast
obnactu. Bo BTopyro — AnmaTtuHckas, KaparananHckas,
[TaBnomapckas. B Tpetbto — AkTIOOMHCKAs, 3ana Ho-Ka-
3axcTaHckas, Typkecranckas, Boctouno-Kaszaxcranckas,
JKamOrbIaCcKast.

T'o10BBIC TOCTABKU CEMSIH OT KaKJJOU KaTeropuu 00-
JlacTel MpeAIoa0XKUTEIBHO cOCTaBsA0T 1,37 MJH T;
0,28 muta 1 0,25 MIJTH T COOTBETCTBEHHO, TP OOIIIEH T0-

V3
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TpebHOoCcTH 1,9 MJIH T.

PexomeHiyemble cpelHUe MO0 I1 36PHOBBIX KYIIb-
TYp B OJJTHOM CEMEHOBOJIYECKOM XO3SHUCTBE 10 MX KaTe-
ropusiMm cocTaBistoT: [ — 2,76 Thic. ra; 1T — 656 ra; 111 —
276 ra (maban. 1).

OO6I1ee KOJTHMIECTBO CEMEHOBOAYECKUX X031 CTB I Ka-
TETOpUH JOJKHO ObITh paBHo 171, IT— 128, 111 — 282, a
Bcero 581 TakmX XO3SMCTB.

JIJ1sl TUTIOBBIX CEMEHOBOIUYECKHUX XO3SMCTB pacCum-
TaJIH ITapaMeTPbl 36pPHOMOTOKOB M0 MapIIPyTaM «ITOJIC —
TOK» U «TOK — 110J1e». [[poA0I KU TEeNbHOCTD ITUKJIOpeiica
T,,, onpenenunu no gopmyie [6-8]:

Tup = lox + Ly + tBbIl“p + o + tpT + Z‘o6p, (1)

TIIE 1, — BPEMS OKHIaHHSI 3aTI0THEHUsI Oy HKepa KomOaki-
Ha 3¢pHOM, MUH;

tyan — BPEMSI MAHEBPUPOBAHHUS aBTOTPAHCIIOPTA IIPU
MojIbe3/ie K KOMOalHy ¢ 3al0HeHHBIM Oy HKEPOM, MUH;

Lsurp — BPEMSI Ha BEITPY3KY 3€pHaA U3 OyHKepa KoMmOaii-
Ha B Ky30B aBTOTPAHCIIOPTA, MUH;

t,r — BPEMsl IBHOKEHHS aBTOTPAHCIIOPTA 10 MapIuIpy-
Ty «I10JI€ — 36PHOTOKY, MHH;

t,; — BPEMsI Ha pas3rpy3Ky Ky30Ba Ha 3ePHOTOKY U
odopMIICHHE JOKYMEHTOB, MUH;

to5p— BPEMs Ha IBIKEHUE aBTOTPAHCIIOPTA IT0 MapII-
PYTY «3€pPHOTOK — I10JI€», MUH.

Bpewms 3anonHeHust OyHKepa koMOaitHa 3epHOM oIpe-
JIEJTAITH 10 GOpMYyIie, MUH:

tom: t6 = 6V6 Ys/ B)K 3/3 I/K) (2)

IJIe #; — BpeMs 3aloNHeHus OyHKepa komOaiiHa, MIH;

Vs — BMECTHMOCTb OyHKepa KoMbaitHa, M';

¥ — IIOTHOCTh 3€pHA, KI/M’;

B, — mmpuHa 3axBara ®XaTKH, M;

V, — ypoxaiftHOCTbH 3epHa, KI/Ta;

V. — pabo4asi CKOpOCTb JIBMKECHHS KOMOaiiHa, M/C.

B ypaBHeHuu (2) 3HAMEHATEIh MPEACTABIACT COOOM
MPOU3BENECHUE TPEX CIYyUalHBIX BEIUYUH — B,, V,, V..
OHH onpeAensIoT (aKTHIESCKYIO IT01ady 3epHa B KOM-
0ailH ¢,, KOTOpasi He JOJKHA MPEBBIIAThH €ro MPOIMYCK-
HYIO CIIOCOOHOCTH C YYETOM COJIOMUCTOCTH, TO €CTh:

¢:=B, Y,V ©)
rIe ¢, — hakTudeckas rmopava 3epHa B KoMOakH, Kr/c.

OnHako B peabHBIX YCIOBHBIX (DakTHUeCKas MUPH-
Ha 3aXBaTa )KaTKH B, BapbUpPyeT B HEKOTOPHIX Mpeaesax,
TaK Kak KoMOaliHep He MOXKET MOCTOSIHHO TOYHO BECTH
KOMOaH 1m0 KpoMKe cTebsiecTost, 4ToOHl hakTudecKas
pabouas mIMpUHA 3aXBaTa KaTKu B, Oblila paBHa KOH-
CTPYKTUBHOM BelM4YnHE B. Pa3Hu11a MOXKET 10XOAUTH
1o 0,6-0,8 M. Takum 006pa3om, B ypaBHeHHUH (3) BMECTO
KOHCTPYKTHBHOU IIMPHHBI 3aXBaTa KaTKH JIOJIKHO OBITH
MaTeMaTU4YecKoe OXKHUIaHue ee padodel MUPUHBL. YPo-
JKaIfHOCTB 3epHa ¥, IO IIOMIA U OIS — TAKKE BEIHIH-
Ha nepeMeHHas. K kpato mosist oHa GobIe, B cepeanHe
MEHbIIe, ¥ (pakTHIeCcKas ypoKalHOCTE ONPEIeIIeTCs ee
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PROBLEMS AND DECISIONS

Ta6nuua 1 Table 1
PACYET KONIMYECTBA CEMSIH 3EPHOBBIX KYNIbTYP U TUMOBbIX CEMEHOBOJYECKUX XO39NCTB NO KATEFOPUSAM B PeEcnyBnuke KA3AXCTAH
(2016-2018)
CALCULATION OF THE AMOUNT OF GRAIN CROP SEEDS AND TYPICAL SEED FARMS CLASSIFIED BY CATEGORIES IN THE REPUBLIC OF KAZAKHSTAN
(2016-2018)
Karteropuu xo3siiicTB
Ioxaszarenn / Indicators Farm categories
| II 1111
O6u1as yoopouHas miomanb, S,, MJIH ra
Total harvested area, S,, million/ha iz LT Lol
CpellHeB3BeIICHHAS YPOXKAHHOCTD, Y, T/Ta
Weight-average yield, V;, t/ha B g ety
CpenHeB3BeIIeHHBIN FOI0BOM cOop 3epHa, W,, MIIH T 16,10 3.26 2.94
Annual weight-average grain harvest, ,, min t
KonnuecTBo 3epHa, OCTaBIIErocs Mocie OYUCTKU OT puMeced, W,, MiTH T
: L . . o 13,70 2,77 2,50
Amount of grain remaining after cleaning from impurities, #,, mln t
Brinenennast goist ceMsiH OT octaBuierocs 3epHa mocie ounuctku (0,1), W, M T 1.370 0277 0.250
Amount of seeds separated from the grain remaining after cleaning (0.1), 7, , min t > ’ ’
Ob1ee KOIUYECTBO 36PHOBBIX XO3IUCTB B peruoHe (1o fanHbIM Ctart. ynpasienus PK), Ny, mT. 4054 3049 6669
Total number of grain farms in the region, »,, according to the RK Department of Statistics
CpenHsisi yOopouHas IUIOIAb OJJHOTO 36PHOTOBAPHOTO XO35HCTBA, Sy, ra
A . . 2760 656 276
verage harvesting area of one grain farm, Sy, ha
VYpokaliHOCTh CEMSH B CEMEHOBOYECKUX XO3HCTBaX, V., T/Ta 29 33 32
Seed yield on seed farms, V,, t/ha ? ’ >
Heobxonumas yoopouHas mioniaab s cbopa ceMsH, S, ThIC. ra 470.4 84.0 781
Harvested area required to obtain the seeds, S, thousand ha > > >
Heobxoaumoe KoHuecTBO CEeMEHOBOIYECKUX XO3SUCTB, N,, LIT.
Requi . 171 128 282
equired number of seed farms, N, units

MaTeMaTHYeCKUM O)KHUIaHneM B,. AHaIornaHo pabodas
CKOpPOCTH KOMOaiiHa ONpeesieTCsl €€ MaTeMaTHYeCKUM
oxuzanueM V.. B utore MaTeMaTnueckoe okuaanue pax-
TUYECKO mojauu 3epHa B KOMOAH 10JIKHO ONIpEeNsITh-
Csl U3 BBIPAXKECHUS:

q.=B. V. V. )

[IpakTuka nmokasasna, 4To TeKylllee U3MEHEHUE N1apa-
METpOB B;, V,;, Vi NoOaAUUHSAETCI HOpMAJIbHOMY 3aKOHY
pacnpeneneHus. OqHaKko B ypaBHEHUH (4) oueHb Maja
BEPOSITHOCTH TOT'0, YTO BCE €0 COCTABIISIOIINE BO Bpe-
MsI peabHOI paboThI KOMOaiHa COUeTaIUCh OBl OJJHO-
BPEMEHHO Ha BEPXHUX, HUKHUX UJIU CPEIHUX YPOBHSIX.
Bo3MoxHBI pa3ryuHble BAPUAHTHI KX COUETAHUS, TAK KaK
OHHU MEXIy co00i He KOPPETUPYIOT B KX B MOMEHT
BpeMeHH. TakuM o0pa3om, ompeaecHue MaTeMaTHIe-
CKOTO O)KUJIaHMS BETMUMHBI MOaYH 3€pHA B KOMOaH
MpENCTaBISACT COOO0 peleH e OHON U3 3a]1a4 CTATHCTH-
YECKOT'0 MOAEIUPOBAHUS: KaK BIUSIOT TEKYILHE OTKIIO-
HEHUsI IepeMeHHBIX B;; V,;; V,; Ha KoHeUHOE 3HaUYeHUE Ma-
TEMaTHYECKOT'0 OXKHUJaHUS UX TPOU3BEICHUS.

ITo metony Monte-Kapio as pacuera craructuye-
CKUX XapaKTePUCTHK BETNIMHBI IOIa4H 3epHa B OYHKEp
KoMOaifHa pa3bITpbIBalii 3HAUEHUS IEPEeMEHHBIX B;, V;,
Vi c TOMOIIBIO cITy4alHBIX yncel ¢, [9].

[IpoBens nponenypy passirpoiBanus (6onee 40), BbI-
SCHUJIU, YTO IOBEPUTEIIbHBII HHTEpBaJ AJ1s C1y4aliHOU
(YHKIMY g3 IPH BapbUpOBaHuu B,, V,, V, cy3uics 1o
90%, Tak Kak JEICTBUTEIBHO CUTYyalUs BCTPEUH apry-
MEHTOB B, V,, V; Ha xpallHUX 3HAYEHUSX MaJIOBEPOSIT-
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Ha. DTO J1allo OCHOBaHHE B popmylie (2) B 3HAMEHATEIe
nepea apryMmentamu B,, V,, V, moctaBuTh K03ppuiueHt
K.=0,9.

IIpu pacuere f,, pacCMOTpPEHBI TPH BapHaHTa peajb-
HOM cuTyanumu.

Ilepebiii 6apuanm: TpaHCIOPT MpHUEXal Ha HoJIe, a
KOMOAaltH ¢ mycThIM OyHKEpOM TOJIBKO Hauaj paboTaTh.
Torma BpeMs OXXHAaHUS TPAHCIIOPTa OyAET PaBHO Bpe-
MEHH 3aI0THEeHUsI OyHKepa KoMbaiiHa 36pHOM, TO €CTh
tox= ts. DTO CAaMBbIil HEXKENATENBHBIN CITyYail, TaK Kak Bpe-
M3 UKJIOpeHca MaKCUMAaJbHO.

Bmopoii eapuanm: aBTOTpaHCTIOPT MOSBUIICS HA MO~
e, a KoMOaliH y>ke CTOHT C 3aI0THeHBIM OyHKepoM. Tor-
na t,, = 0. DTO caMblii OJ1aroXKenaTeIbHBIN CITydai.

Tpemuii éapuanm — IPOMEXKYTOUHBIH.

B o6miem cirydae ¢ HEKOTOPOi BEpOSTHOCTHIO IIPHHSI-
TO, UTO £,,=0,5¢5. B 3TOM BapuanTe ommubka B pacuete Ty,
OyneT HaMeHbIIeH. YpoxkaiiHOCTh 3epHa B Kazaxcrane ko-
nebnetcs B npeaenax 1,0-3,5 1/ra, CKOpOCTh JIBUKEHUSI
koMOaitHa — 5-9 km/4. [Ipu Takux mapaMeTpax paccuuTa-
JI1 BO3MO>KHBIE BAPHAHTHI BPEMEHHU 3aIl0JIHEHU S OyHKepa
KoMOaiiHa 3epHOM M IOCTPOWIIM COOTBETCTBYIOIINE Ipa-
duxn ipu V; =3 M°, y = 750 kr/™°, B, = 6 M (pucynox I).

B cooTBeTCTBUY C MPUHATHIM AONYIIEHUEM, YTO Bpe-
M4 Z,, B Gopmysie (1) MOKHO TPHHSATE paBHBEIM 0,575, TpH
V.=5 xm/4 anis [ KaTeropuu X034iCTB 3TOT MOKA3aTeb
cocrasnuset 17,35 mun, gus Il — 9,8 mun, nis 111 karero-
puu — 8,7 MUH.

BpeMms Ha MaHeBpupOBaHUE aBTOTPAHCIIOPTA MPH
MoJbe3/ie K KOMOAHy C 3al0JTHEHHBIM OYHKEpOM 3aBH-
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I —npu V_=5 km/a
2—mnpu V=7 km/u
3—mnpu V_=9 km/u
I-atV =5km/h
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¢, — BpeMsl 3anonHenus OyHkepa, MUH
t, — grain filling time into the hopper, m
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V., — ypoxkaitHOCTb 3epHa, T
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V. — grain yield, t

Puc. Ilpoooscumensrnocms 3anonnenus 3epnom 6yHkepa kombaii-
Ha «Enuceti-1200» 6 3asucumocmu om ypoxucaiHoCmu u CKopo-
CcMu 08UMNCEHUs. KOMOALIHA

Fig. Grain filling time into the hopper of the Enisey-1200 combine
harvester, depending on the yield and the combine harvester speed

CHUT OT PACCTOSIHUSA JO HETO U CKOPOCTH JBUKEHUS
TpaHcnopTa 1o moiko. C MoMoInIs0 MOOUIBHOH CBSI3U
KOMOaifHep BCErja MOXKET OIPENEIIUTh MECTO HEOOXOIH-
MOM BCTpEYH, TO €CTh BPEMsI MaHEBPUPOBAHUS cerlyac
COKPATUIIOCH 10 MUHUMYMA. [10 TaHHBIM psiia MamuHO-
UCTIBITATENBHBIX CTAHUUH, ., = 2-3 MUH. Bpems BBITpy3-
KM 3epHa U3 OyHKepa KoMOaiiHa ompeIesIuiy 1o Gopmye:

®)
TIIe ¢y, — IPOU3BOAUTEIBHOCTE BEITPY3HOTO IIIHEKA KOM-
OaliHa, KI/MHH.

Jns kombaiina « Eauceii-1200» mpu ¢, = 650 Kr/mMuH,
tyrp PABHO 3,5 MHH.

BpeMsi ABIKEeHHsI aBTOTPAHCHIOPTA 10 MAPIIPYTY «I10-
JIe — TOK» ONPENEITHIIN 10 (GopMyJIe:

tl'lT = 60 .LHT / VHT’

rae L., — pacTosHHEe OT 3ePHOTOKA JI0 MO, KM;

Vir — OKCILTyaTaIlMOHHAs CKOPOTh JABHKECHHS aBTO-
TpaHCHOPTa MO ATOMY MapIIPyTy, KM/4.

[Tonp3ysch CTATUCTUYECKUMHU JAHHBIMHU O THITHY-
HBIM YCIIOBUSM yOOpKH 3epHOBBIX B KazaxcTaHne, mocTpo-
WITU Cepuro TpaUKOB MPHU pa3HBIX 3HAYCHUAX L, 1 Vy;
MPUMEHHUTEIIBHO K THITOBBIM X035 HCTBAM:

Ixareropus — L., =20 km, V;, =55 km/4, t,, =22 MUH;
Il xateropust — 12 kM, 45 km/4 u 16 muH; /1] xateropus —
6 kM, 40 KM/4 1 9 MHH COOTBETCTBEHHO.

Bpewmst 1BH>KeHUS aBTOTPaHCIIOPTA IO MapuIpy Ty
«3EPHOTOK — ITOJIE» ONPEACTUIH o hopMyIie:

tBLIl‘p = V6Y3 / Gus

©)

to6p =60 L'rn / Vrna (7)

rae L., — pacTossHue OT 36pHOTOKA 10 MOJIA K BO3MOXKHO-
MY MECTY BCTPEUH C KOMOaHHOM, TaK KaK 3a BPEMS Ly, Ly,
U o5, KOMOAHH MOJKET H3MEHUTB CBOE MECTO PACIIONIOKE-
HUS (TIepeexaTh Ha APYToi Kpail mous Ui Ha IpyToe 1oJe);

Vin — BKCILTyaTalHOHHAS! CKOPOTh JIBH>KEHHUSI aBTO-
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PROBLEMS AND DECISIONS

TpaHCIIOPTa O MapPIIPYTY «3€PHOTOK — HOJIEY, KM/4; Vi,
Oonblue V;,, Tak Kak aBTOTPAHCIIOPT HE 3arpyiKeH.

Hampaxruxke L., = (1,0+1,1)-L,,, a V;,, =(1,15+1,25)-V;,,,

TO €CTh IS XO3SHUCTB:

I xareropuu — L., =1,05-20 = 21 km; V, = 60 xM/4;

1l xateropuu — L, =1,05:12 = 12,6 km, V;, = 54 km/u;
Il xateropuu — L., = 1,05:6 = 6,3 k™, V,,, =48 xm/u.
Torzma 171 TUIIOBOTO X0351CTBA / KATETOPHUH o6, = 19 MHUH,
Il xareropuu — 14 muH, /1] xareropuu — 7,8 MUH.

Bpewms Ha BEITPY3KY 3epHA U3 Ky30Ba Ha 36pHOTOKY
f,r 3ABUCHUT OT OpPraHU3alluU PaboT Ha 3€PHOTOKE, BECO-
BOro 000pyIOBaHUs, MECTa CKIIaAUPOBAHUSI CEMEHHOTO
3epHa. OOBIYHO ?,, = 3-5 MuH. [IpuHMMaeM cpeqHee 3Ha-
yeHue — 4 MUH.

[ToxBoast UTOT pacyeToB BpEMEHH IUKIIOpeiica As
THIIOBBIX X03sHCcTB Ka3zaxcraHa, ClI0)KHB BCe COCTaBIIsA-
rorue ypaBaeHus (1), momyduiin: s Xo3aicTB I kare-
ropuu T, = 68,4 mun, II — 49,5, II] — 35,5 MuH.

[MpuBeneHHbIH pacyeT BpeMEHH IIUKJIOpeca TPaHCTIOp-
Ta Ha OTBO3KE 3epHA 10 MAPIIPYTY «IIOJIE — TOK — TIOJIE»
OTJIMYAETCs OT OOMIETTPUHATOrO, TO €CTh OT TOTO, YTO
MPHUBOASIT B PA3JINYHBIX YUCOHBIX MTOCOOUSX IO MaITH-
Houcnonb3oBaHuio 5, 10]. [Ipexae Bcero, BpeMs Ha 0K Hu-
naHue kombaliHa ¢ moTHBIM OyHKepoM npuHATO 0,575, TO
€CTh KaK MOJIOBUHA BPEMEHH 3aIIOJTHEHIS 3¢PHOM OYH-
Kepa koMmOaifHa, 4To CHUXaeT 0011y 0 OUTHOKY B CpaBHE-
HUU C APYTHUMH IPOMEXKY TOUHBIMH BApPHAHTAMU B TE€UE-
HuUe pabouero BpeMeHU paboTel koMbaiiHa. lanee, co-
KpaIeHo BpeMsl Ha MaHEBPHPOBAHHIE TPAHCIIOPTA IIPH
moabe3/1e K KoMOaiiHy ¢ TOHBIM OyHKepoM Oiaromapst
HAJMYHUIO MOOUJIHHOM CBSI3M MEX 1y KOMOAHEepOM U BO-
IuTeneM. 3aTeM, BpeMs IBIDKCHHS TPAHCIIOPTA IO MapIil-
PYTY «IIOJIE — TOK» M «TOK — [OJIe» PACCUUTAHO IIPH pa3-
HEIX PACCTOSHUSIX MEPEBO3KH U CKOPOCTSX ABUKCHUS
(paHbIlIe yUYUTHIBAIH TOIBKO CPEIHEE 3HAUCHIE, YTO Me-
Hee TouHO [10]). ['py30moapeMHOCTB TPaHCTIOPTA UCIIONb-
3yeTcs He IIOTHOCTHIO BBUAY CIICITH(DHUKY TEXHOJIOTHH Te-
PEBO3KH 3epHA C OTHOBPEMEHHBIM 00Ty Y€HHEM ero B Ky-
30BE TPAHCIOPTA, YTO IIPEATIONATaeT paBHOMEPHOE pac-
IpeeneHue 3epHa B Ky30Be aBTOTpaHcnopTa (6e3 rop-
kH). Bpemst 00nydenuns 3epHa B ky3oBe (10-20 muH) Beer-
Ja MeHblIe 7,,, TO €CTh HE BIUAET HA IPOJOIKUTEIIb-
HOCTb IIUKJIOpEica U KOJIMYECTBO PEICOB.

[ocne pacueToB Bcex COCTABISIONINX BPEMEHH IIH-
kiopeiica T, onpenenuiau Ipou3BOAUTEIBHOCTD OHO-
0 TPaHCIIOPTHOTO cpeficTBa W, 3a OJIMH LIMKJIOpeHc, T/4:

I/I/;xp = QTpKHC / 60 TIitpa (8)

rae Oy, —IPy30H0IBbEMHOCTb TPAHCIIOPTHOT'O CPECTBA, T;

K, — ko3 PuIueHT ncrnoabp30BaHus TPy30M0IbEM-
HOCTHU TPaHCIOPTHOI'O CPEACTBA, KOTOPBIN YUUTHIBAET
HEIOUCTIOIb30BaHUE IPY30I0ABEMHOCTH aBTOTPAHCIIOP-
Ta, BbI3BaHHOE COBMEIIEHUEM Ollepaliiy IEPEBO3KH 3€p-
Ha B Ky30B€ C OJJHOBPEMEHHBIM 00Jy4€HHEM €ro B IIPO-
I[ecce ABHXKCHHUSL.

Oco0eHHOCTH ATOTO MpoIIecca 3aKII0IACTCS B TOM,
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9TO 00JTyUeHUE 3ePHA IIPOUCXOIUT B CIIOE, KOTOPEIH Ha-
XOAUTCS CTPOT'O MEXKY IBYMS MaHeIsIMU 00TydaTens.
3epHO BEIIIIE BEpXHEH KPOMKH 00TydaTels He MonagaeT
noj BoneiicTue. [IoaToMy Ky30B 3aIIOTHSIOT 36pHOM HE
BBIIIIE BEpXHEH KPOMKH 00ydaTeneii, To ecTs 6€3 ropku
HaJ Ky30BOM. C 3TOi IIENBbIO MPENII0KEHO CIIEIHaIbHOES
YCTPOMCTBO /151 BEIPAaBHUBAaHUSI BEPXHETO CJIOS 3epHa
(marerTsI N 2019/0038 ot 17.01.2019; N 15435 ot 16.04.2019).

KoadpunmenT ucrnonb3oBanus rpy30n0abeMHOCTH
TpaHcropTa Oe3pa3MepHBIN:

K=Vl V, ©)
rae V., — o0beM 3epHa B Ky30B€ aBTOMOOMIIS aBTOTpaH-
cropTa B mpejieNax rabapuToB Ky30Ba, M*;

V, — 00beM 3epHa B Ky30Be aBTOTPAHCIIOPTa C rop-
KOif, M".

HabGnronenus 3a pabotoit koMOaliHOB COBMECTHO C aB-
TOTPAHCIIOPTOM H CIeTIaHHBIC U3MEPECHHU S TIOKa3aJIH, YTO
K,.=0,85-0,95, (mpuanmaem 0,90). KonmgecTBo nukio-
peiicoB Z,, 3a onuH pabouuil 1eHb onpeneauiu mno ¢op-
mye [11]:

Zup=Tos! Tops
rae 7., — IPOIOKUTEIFHOCTS CMEHEI, 1.

[Tocne 3TOro Npou3BOAUTEIBHOCTh TPAHCIIOPTA 3a
CMEHY W, MO>XHO BBIYUCIUTS 110 popmyiie (8), yMHOKHUB

(10)

PROBLEMS AND DECISIONS

W.» Ha Z,,. O0muii 00beM NepeBo3UMOro 3epHa C TEM-
oM yOOpKH ¢, B JIeHb U3BECTEH U3 XapaKTePUCTUKHU THU-
MOBBIX XO3SUCTB 10 UX KaTeropusM (maba. 2). Konuue-
CTBO MOTPEOHOTO TPAHCTIOPTA OMPEACITHIIN U3 BHIPAIKCHHUSL:

Nu=t,/ Wy Zyy. (11

Jlns Bcex ceMEHOBOUECKHX X0351MCTB PecmyOnunke
KazaxcTan HeoOxoaumo uMeTh 5714 aBToMoOuMIIEH, 000-
pyIlOBaHHBIX 0o0ydaTensaMu 3epHa. 15 xo3saicTB [ Ka-
teropuu Tpedyercs 4792 en., Il kateropuu — 640 en., I1] xa-
Teropuu — 282 efl. 1, COOTBETCTBEHHO, JIJI51 OJTHOTO XO35TH-
cTBa B Kax o kareropuu: [ —28 en., II—Sen., II1—1 en.

BbiBoabl

1. ITpenyToXK TN adTOPUTM KJIacCU(DHUKAIINHI 3epHO-
npousBoAmux obnacrei Pecrrybnuku Kasaxcras o mo-
CEBHBIM ILIOMIAASIM, YPOXKaITHOCTH 3€pHA, TOJOBBIM Ba-
JIOBBIM COOpaM B COOTBETCTBHU CO CTATUCTUUCCKUMHU
nanHbiMu CrarynpaBinenus Kazaxcrana.

2. 3epHonpousBosiue obnactu Kazaxcrana oonwenu-
HUWIU B Tpu KaTeropuu: / —AxmonuHckas, Kocranaiickas u
CeBepo-KazaxcTaHckas 001acTH ¢ TOCEBHOM TIONIA/IBIO
11,2 mutH Ta, ypoxkaitHocThio — 1,44 T/ra u cOopoM 3epHa
16,1 mau T; /I xareropust — Anmatunckasi, Kaparanans-
ckasi, [TaBmomapckas 00671aCcTH ¢ COOTBETCTBY IOIUMH MOKa-
3arensMu: 2 MITH ra; 1,63 1/ra; 3,26 MiH T, U /1] kaTeropus

Ta6nuuya 2 Table 2

TEXHWUKO-3KCMYATALIMOHHBIE MOKA3ATEJIM YEOPOYHbIX PABOT B TUMOBbIX CEMEHOBOAYECKMX XO35IICTBAX MO UX KATEFOPUSIM
B PECcnYBNMKE KA3AXCTAH
TECHNICAL AND OPERATIONAL INDICATORS OF HARVESTING OPERATIONS PERFORMED ON TYPICAL SEED FARMS CLASSIFIED BY THEIR CATEGORIES
IN THE REPUBLIC OF KAZAKHSTAN

Kareropuu xo3siiicT
Ioxka3zarenn / Indicators Farm categories

I 11 11
O6uras yOopouHas IIonaab Mo CeMeHa, S, THIC. Ta 470.4 84.0 781
Total harvested area under seeds S, thousand ha > > >
Heo6xoquMoe KOITHIECTBO CEMEHOBOAIECKUX XO3SMHUCTB, N, IIT. 171 128 282
Required number of seed farms, N, units
Oo6mmas norpebHocTs B cemenax (0,1W,), W,, teic. T 0,1 Wo/ 1370 277 250
Total amount of seeds required (0.1%,), W,, thousand tons, 0.1 W7,
Heobxoaumblii cO0p ceMsiH Ha OTHO X03SHCTBO, N, ThIC. T
Required seed yield per one farm, N, thousand tons ST 260 Lk
Cpennsis mIomanp OJHOr0 3ePHOTOBAPHOrO XO3AHCTBA, Sy, ra 2800 660 280
Average area of one grain farm, S, ha
IIpomoKuTenbHOCTH yOOPOUHOTO eproaa, 1y, THei 10.0 95 91
Length of the harvesting period 7Yy, days > ’ ’
Temn yOOpKH ceMsH B JIEHB,
Rate of seed harvesting per a day, #, Gy A6 .
Bpems onHoro nukiopeica, f, 4
Time of one round trip, # hours L4 Bt 0,74
IIpon3BoAUTETBLHOCTH TPAHCIIOPTA 328 OAMH LIUKIOPEHC, T/4 3.0 433 6.00
Transport performance in one round trip, t/h ’ ? ’
IIponomKuTeIbHOCTh Pabovero AHs, 4 10 10 10
Length of a working day, h
KonuuecTBo peiicos 3a pabounii JeHb 9 12 17
Number of trips per a working day
IIpou3BOANTENEHOCTH OAHOTO TPAHCIOPTA B ICHB, T 29 5 102
Performance of a single transport unit per a day, t
Heo06xoaumoe KOIHYecTBO TPAHCIIOPTA Ha OJTHO XO35HUCTBO, €. 28 5 1
Required number of transport vehicles per a farm, units
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— AxTroOnHCKas, 3ananHo-Kazaxcranckas, TypkecTaHckas,
Bocrouno-Kaszaxcranckas, JKamObIICKas ¢ MOKa3aTeasaMU:
1,18 mau ra; 1,6 /ra 2,94 MJIH T COOTBETCTBEHHO.

3. PexomeH1yeMbI€ T'O/IOBBIC TTIOCTABKU CEMSH OT Ka-
X0 Kareropuu obnacrei: /— 1,37 mun T, [7/— 0,28 MiIH
T, [II — 0,25 MJIH T, BCErO OKOJIO 2 MJIH T CEMSH.

4. PekoMeH1yeMOe KOJTMYECTBO CEMEHOBOIUECKHX XO-
3SUCTB 10 Kateropuu obnacteit: [ — 171, I11 — 128 u 111 —
282, Bcero 581.

5. J1151 TpaHCTIOPTUPOBKH 3€PHA C OTHOBPEMEHHBIM €TI0

PROBLEMS AND DECISIONS

00JIyYeHHeM B Ky30Be C IIeJbI0 CTUMYJIHPOBAHHUS TIOCEB-
HBIX Ka4eCTB TpeOyeTcs 0kos10 5714 apToMo0mIeH, U3 HUX
s xo3sucTB [ kareropuu — 4792, I1— 640, 111 - 282 en.

6. Onpenenuiy OCHOBHBIE TAPAMETPHI 36PHOMIOTOKOB JIJIs
pa3NUYHBIX KaTeropui xo3sicTs. s [ kateropuu: Bpems
IUKJIOpeiica— 68,4 MUH, cpeHeTHEBHON TeMIT yoopku — 800
T, IPOM3BOJUTENBHOCTH ABTOMOOWIIS 32 OJIUH IIUKIIOpeiic —
3,2 T, KONUYECTBO PecoB B ieHb — 9; muis I kareropuwu, co-
OTBETCTBEHHO, 49,5 MuH; 216 T; 4,33 T; 12 nukJI0pencoB; 1ist
11T xateropuu — 35,5 mun; 98 1; 6,0 T; 17 UK IOpEiicOB.
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AHanus npoueccos B3auMoaencTBus ceMsiH ¢ pabo4yMmm opraHamu MaLUuH
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Pedepar. [lopexnenue u paspyiieHie ceMsH pabOYUMK OPraHAMU MAIIUH B Pe3y/bTare MPEINOCeBHOR 00pabOTKU CKa3biBa-
eTcsl Ha kadecTBe Oymymiero ypoxkas. [IpeanoceBHyo o0pabOTKy ceMsH 0OBIYHO OCYIIECTBISIOT MAITHHAMH MEPHOIMIECKOTO
IUKITYeCKOTo AeiicTBus. (Llens uccredosanus) ONpeaenuTh CTEIEHb TPABMUPOBAHNUS CEMSTH HPH TIPEATNIOCEBHON 00paboTKe Xu-
MHYECKUMHU U OMONOTMYECKUMH MpenaparaMy B MalllMHAX [UKIMYECKOTO IeHCTBHS, POBECTH aHATU3 MPOLECCOB B3aUMOICH-
CTBUSL CEMSTH ¢ pabOYNMHE OpraHaMH MPOTPABIHBATENEH, IPEIIOKUTD MyTH CHIDKCHIST MEXaHHYECKIX MOBPEKACHAN CEMEHHOTO
marepuaia. (Mamepuansl u memoosr) U3ydumny BO3MOXKHBIE BapHAHTBI OCIEI0BATELHOCTH B3aUMOJICHCTBHS Pab0OUKX OpraHoB
MaIuH ¢ cemeHamu. ONpPeAeNuIn BIHsIHAE YIAPHOTO MEXaHHIECKOTO BO3IeiCTBHS paboumX OpraHoB MaIlnH Ha cemeHa. Ha oc-
HOBAHHH MCCIEIOBAHMUI YUCHBIX, OMUPAsACh HA MIMPOKUI CIEKTP TEOPETHUCCKUX, IKCIIEPUMEHTAIBHBIX PaboT M MPOU3BOJICTBEH-
HBI OTIBIT, CPABHIJIH CYIIECTBYIOLIUE TEXHONOTHYECKUE CXeMbL. (Pe3yibmamul u 06cysicoerue) PaccMoTpenu BlusHIE pabodrx
OpPraHoOB HA CTETCHb MOBPEKICHHSA CEMSH Ha Pa3NUYHBIX 3Tanax MPOTPABIMBAHKS: BO BPEMs 3aTrpy3KH, CMEIICHHS, BBITPY3KHL.
(Bvisoovt) BrisBuii Hanbosee maasIni TEXHONIOTHISCKUI TPOIIece, BKIIOYAIONINN 3arpy3Ky OapabaHa KOBIIOBOW HOpHUEH H
BBITPY3KY MaTepHaia B OypThl WM AIACTHIHYIO Tapy. [Ipy 3TOM IOBpEKICHHE CEMSH 3epPHOBBIX KYIBTYp COCTaBHT 2,2-4,5 mpo-
1eHTa, a 6000BbIX — He OoJiee 6 MPOIECHTOB. PekoMEH10BaIH TIPU KOHCTPYHUPOBAHMH MAIIIMH IIUKIHYECKOTO ASHCTBUS HE HCTOMb-
30BaTh IIHEKOBbIC MOTPY3YNKH H JIOMACTHBIC MEIIAIKH, TaK KaK OHH CHIIBHO TPABMHUPYIOT CEMEHa, 0COOEHHO 6000BBIX KYIBTYD
— 110 20-32 mporienToB. C eNbI0 CHIKEHHS CTEIICHH TIOBPEKICHUS CEMSTH B KOHCTPYKIIMAX MPOTPABITHBATENEH NPESITOKUIA MPU-
MEHSATh COBPEMEHHbIE MaTepHaIbl, 00JIa/[AF0IIE BBICOKO 3IaCTHYHOCTBIO, CTIOCOOHbIC UCTIBITHIBATH 3HAYMTEIBHBIE PACTSIKEHHS
B TIIpeJIeIIax YIpyrux Je(popMaIui.

KoroueBble c10Ba: MexaHH4eCKUH yiap, TPaBMUPOBAHIE CEMSsH, PEIOCEeBHas 00paboTka CeMEHHOTo MaTepHaa, IpOTPaBIIt-
BaHHE CEMSIH, IIPOTPABIUBATEIH, BBICOKOIIACTUYHBIE MATEPHAIIBL.

I Jas uutupoBanus: 3a6poaun B.IT, Cyxanosa M.B. AHann3 mporeccoB B3anMOIeHCTBHSI CEMSTH € paboIrMHu Op-
raHaMH MaIlluH OPEeIIOCeBHON 00pabOTKU MUKINYECKOTO AeUCTBUS // CenbCKOX03AUCMBEHHbIE MAUUHbL U MEXHO-
qoeuu. 2019. T. 13. N5. C. 63-68. DOI 10.22314.2073-7599-2019-13-5-63-68.
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Abstract. Damage and destruction of seeds by working parts of agricultural machinery affects the quality of future harvest. Pre-
sowing treatment of seeds is carried out, as a rule, with machines of periodic cyclic action. (Research purpose) To determine the
degree of damage caused to seeds during pre-sowing treatment with chemical and biological dressing agents in cyclic machines, to
analyze the interaction processes between seeds and working parts of pre-sowing treatment machines of cyclic action. (Materials
and methods) The authors examined possible options of sequencing the interaction between working parts of machines and seeds
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and determined the shock mechanical impact on seeds made by working parts. Basing on research results obtained by other
scientists as well as a wide range of theoretical and experimental studies and the best available practices, the authors have made
a comparative analysis of the existing technological solutions. (Results and discussion) The authors have examined the effect of
working parts on the degree of damage caused to seeds at various stages of pre-sowing treatment: while loading, mixing, and
unloading. (Conclusions) The most sparing technological process has been identified, including loading the drum with a bucket
elevator and unloading the material into piles or elastic containers. In this case, damage caused to grain seeds will amount to 2.2-
4.5 percent, and those of legumes — not more than 6 percent. It is recommended not to use auger loaders and paddle mixers when
designing cyclic machines, since they cause severe damage to seeds, especially those of legumes, of up to 20-32 percent. The seed
damage rate can be decreased due to the use of modern materials featuring high elasticity and capable of withstanding considerable
stretching within the limits of elastic deformations.

Keywords: mechanical impact, seed damage, pre-seeding treatment of seed material, seed dressing, dressing agents, highly elastic
materials.

I For citation: Zabrodin V.P, Sukhanova M.V. Analiz protsessov vzaimodeystviya semyan s rabochimi organami
mashin predposevnoy obrabotki tsiklicheskogo deystviya [Analysis of interaction between seeds and pre-seeding
treatment machines of cyclic action]. Sel’skokhozyaystvennye mashiny i tekhnologii. 2019. Vol. 13. N5. 63-68 (In

Russian). DOI 10.22314/2073-7599-2019-13-5-63-68.

TOOBI COXPaHUTh BCXOXKECTh CEMSH, TIepe] Toce-

BOM MX 00pa0aThIBAIOT XUMHYECKUMU U OHOJIO-

THYECKUMH ITperapaTaMy IPOTHB OOJIe3HEH 1 Bpe-
JuTeNield. MalIuHbl U1 MPeanoCceBHOW 00paboTKH ce-
MSTH OBIBAIOT MEPHOAMIECKOTO U ITUKIHIECKOTO (TIOPITH-
OHHOTO) AekicTBHS. [TocnenHe 00IaAar0T CICAY FOIIUMH
JIOCTOMHCTBAMH:

- MPOCTOTa KOHCTPYKIIHH;

- MUHUMAJTBHOE YHCJI0 Pab0YrX OpraHOB, B3aUMO/ICH-
CTBYIOIIUX C CEMEHAMU;

- MPOCTOTa OOCIYKMBAHUS TP MUHUMAJIHLHOM YHC-
Jie TIepcoHaa;

- BBICOKAsi pABHOMEPHOCTH CMEIIIMBAHMUSI.

OmHAKO MaIIMHEI IUKIIHYECKOrO JCHCTBUS HMEIOT
HEJOCTATKH:

- MaJIy10 TPOU3BOUTEIHHOCTE;

- OTpaHMYCHHYIO 00IaCTh IPUMEHEHHUS (Jalle BCeTo
WX ACTIONB3YIOT JJISl CYXOTr0 CMEIITUBAHHUS);

- IPU CyXOM CMEIIMBAHUU Mpenapar mioxo yIepxKu-
BaeTcs Ha ceMeHax, 4TO TpeOyeT MOBBIIICHHBIX J103;

- HU3KUH yPOBEHB SKOJIOTHUECKOH 3alUTHI 00CTYKH-
BAFOIIIETO TePCOHAIA.

BenenctBre mpocTOThl KOHCTPYKIIMK U HU3KOH CTO-
WMOCTH MallluHbI TUKIMYECKOTO IEHCTBUS TPUMEHSIOT
B OCHOBHOM B XO3SIHCTBaX MJIBIX ()OPM COOCTBEHHOCTH.

LIENb UCCNEQOBAHNS — OIIpENEIUTh CTENEHD TPAB-
MHPOBaHHMS CEMSH IPU IPENIOCEBHOM 00paboTKe XMMH-
YECKUMHM U OMOJIOTHYECKUMHU MpenapaTaMy B MallliHaX
MUKJIUYECKOTO JCHCTBUS, TPOBECTH aHAJIN3 MPOIIECCOB
B3aUMOJICHCTBHSI CEMEHHOT'O MaTepralia ¢ paboOIHMHU Op-
raHaMu IPOTpaBIIUBATeNel, MPEAJIOKUTH MMYTH CHUXKE-
HUSI MEXaHHYECKHUX TIOBPEIKICHUH.

MATEPMANBI M METOABI. [Tporecc IpeanoceBHOM 00-
pabOTKU CEMSH XUMHYECKUMU U OHOJIOTHYECKUMHU Tpe-
napaTaMu 3aKJI09aeTcs B CICAYIoIeM. B cMecHTENbHY 10
KaMepy 3arpy»KaeTcs onpe/esieHHas OPLHsI CEMSH U CO-
OTBETCTBYIOIIEE TPeOyeMOl HOPME KOJIMYECTBO 50X H-

CEIbCKOXO3AMCTBEHHBIE MALIWHbI 1 TEXHONOTMA + Tom 13 N5 + 2019

MHKaTa. B 3aBUCMMOCTH OT NpUHIKNA ACHCTBUA U KOH-
CTPYKLIMH CMECUTEISI MPOLIECC MEPEMEIINBAHUS CMECH
MIPOJOIKAETCS 3aJAHHOE BPEMSI, MIJTH TTPOJIOTKUTEIb-
HOCTBH CMEIINBAHUS ONPECIISIOT BU3ya bHO.
OO0paboTka ceMsH aHAJIOTHYHA MPOIIECCY CMEIICHHU S
[1]. PaBHOMEPHOCTH OKPBITHS IPENAPATOM 3aBUCUT OT
HpO}Z[OH)KI/ITeH])HOCTI/I CMCIIINUBAHUA C HpOTpaBI/ITeJ'IeM

(puc. I).

Ve

Vinin

CJ\

Tonm t

Puc. 1. 3asucumocmov kospuyuenma neoonopoonocmu cmecu
OMm 8pemMeny cMeuleHus 6 npompasusamene

Fig. 1. Relationship between the coefficient of mixture heterogeneity
and mixing time in a seed pre-sowing treatment machine

ITpouecc cMeneHns MPOUCXOIUT B OCHOBHOM Ha Tpex
yuactkax. Ha ygactke 4 — B ipy KOHBEKTUBHOM CMEIITH-
BaHMU YaCTHUIIBI IepeMenIaloTcs B MUKpooObemax. Ha
yuactke B — C B xozae TudPpy3nOHHOT0 CMEIINBAHUS Ya-
CTHIIBI IepepacipeeNIoTCS Ha ypOBHE MEKPOOOBHEMOB.

B 3aBucuMOCTH OT BpEMEHHU CMEUICHUSI HEOTHOPO-
HOCTB CMECH OBICTPO yOBIBAET, JOCTUTasi MUHUMAIBHO-
T0 3HAU€HUS Vi, IPU ¢ = f,,,,. 3aTE€M OHA BO3pACTAET BCIE]-
ctBue cerperanun. CiaenoBaTenbHO, TOCTHIKCHIE MIHH-
MaJIbHOI HEOTHOPOTHOCTH TpeOyeT OT orepaTopa MoBbI-
IIEHHOT'0 BHUMAHUS ITPHU BEIOOPE pexkrMa paboTHI IPOTpPaB-
JUBaTeNsL.
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PaccMoTpuM TEXHOTOTMYECKUH MTPOLECC MPENTTOCEB-
HOI 00pabOTKM CEMIH XMMUYECKUMH U OHOJIOTHYECKHU-
MH TIIperapaTaMy B MallliHAX IUKJIUIESCKOTO (IOPIIHOH-
HOT0) neiictus (puc. 2).

Puc. 2. Obwan cxema onepayuii MexHoNOZUYECKO20 NPOUECcCa
NPOMPAGNUBAHUA CEMAH MAUIUHAMYU YUKIUYECKO20 0eliCMEUA:
1-3 — 3a2py3Ka cemaH 8 eMKOCIb 051 CMEWUBAHUA,

2-3 — 3aepyska npenapama 6 eMKOCMb 0N CMEWUBAHUSL,

3—4 — cmewiusanue KOMROHEHMOB;

4-5 — vlepyska 0OpabOmMaHHbIX CeMAH

Fig. 2. General flow chart of seed pre-sowing treatment
operations with machines of cyclic action:

1-3 — loading seeds into a mixing tank;

2-3 — loading a dressing agent into a container for mixing;

3—4 — mixing of components;

4-5 — unloading of treated seeds

Kaxnas u3 onepanuii TeXHOJIOTMYECKOTO Mpolecca
MOXET OCYIIECTBISATHCS HECKOIBKIMHE THIIAMH pabodnx
opratoB [1]. Bo3M0OXHbI HECKOJIBKO BApUAHTOB MOCIIEI0-
BaTEIBHOCTH BO3JCHCTBHS pab0OUYNX OpraHOB MAIIMH HA
CEMEHa, B pe3yJIbTaTe 4ero oHu noppexaatorcs (puc. 3).

PE3YnbTATEI M OBCYXAEHUE. C 1eT1bt0 BRIOOpa HaH-
OoJiee IaSIICH TEXHOJIOTHYESCKON CXEMBI TTPEIIOCEB-
HOI1 00pabOTKHU pacCCMOTPUM BIIMSTHUE pAa0OYUX OPTaHOB
Ha CTETICHb TOBPEKICHHS CEMSTH B Ka)KJIOM U3 yKa3aH-
HBIX TIPOLIECCOB (mabauya).

IIpu peanuzaunu nponecca 1-6—3 3arpy3ka ceMsiH
BEITIOJTHSIETCSI BPYYHYT0. DTO CaMbIi HETPOU3BOIUTETb-
HBIH IIpoLecc, OH ONMPaBJiaH IPU MaJIBIX 00BEMax padoT.
Kpome Toro, oH cambIii onacHbIH ¢ 9KOJIOTHYECKOM TOU-
KU 3pEHH S, TaK Kak Ipenapar 3arpyaercs B eMKOCTb
BPYYHYIO. B 3aBHCHMOCTH OT HCTIONB3YEMBIX CPEIICTB 3a-
I'Py3KH OBpeXkAeHUE ceMsiH He npesbimaet 0,5-0,8% [2].

[pu 3arpy3ke eMKOCTH JJIsi CMEIIIMBAHU S ITHEKOBBIM
TpaHcnopTepoM (npoyecc 1—7—3) Ha TOBPEXKJICHHE Ce-
MSTH OKa3bIBaeT BIUSIHUE TEXHOJOTHYECKas cxema Io-
rpy3unka. [Ipu mcnonp30BaHUY TOTPY3IHKOB C TOPH30H-
TaJIbHBIM W HAKJIOHHBIM ITHEKAMH CTEIICHb ITOBPEXKIe-
HUs ceMsH Bo3pacTtaeT. Kpome Toro, TpaBMupoBaHue 3a-
BHCHUT OT BHJAA KYJIBTYPHI, pa3MEpPOB CEMSH, KOHCTPYK-
THBHBIX U KHHEMAaTHYECKHX [IApaMETPOB TPAHCIIOPTEPA.
[ToBpexaeHne ceMsH 3epHOBBIX KyJIBTYp COCTaBIseT 2,3-
7,3%, a 6000BbIX KyIbTYp (Topox) — 15-25% [3, 4].

3arpyska ¢ IOMOIIBIO0 CKPeOKOBOTO TpaHCIIOpTEpa
(cxema 1—8—3) NpUBOIUT K MOBPEKIECHUIO CEMSH B OC-
HOBHOM B 30HaX U3MEHEHU s HAMPaBJIEHU BEKTOPA CKO-
POCTH MOCTYTATENFHOTO IBHKEHUS OT TOPH30HTATBHO-
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Puc. 3. Bozoeiicmeue pabouux opzanoe mauwtun YUKIu4ecKko2o
Oelicmeus Ha ceMena:

1-6-3 — pyunaa 3aepysxka 6 ceman usz 6ypma 1 6 emxocms 3 01
CMeWUBaHUs,

1-7-3 — 3aepyska ceman uz 6ypma 1 6 emxocmo 3 0151 cmewiuganus
WHEKOBLIM MPAHCNOPMEPOM 7,

1-8-3 — 3aepysxa cemsn uz 6ypma 1 6 emxocms 3 015 cMewusanst
CKpeOKOBbIM mpancnopmepom 8;

1-9-3 — 3aepysxa cemsan uz 6ypma 1 6 emxocms 3 015 cMewudans.
C NOMOWbIO K08UL080U HOpuu 9;

3—10—4 — cmewenue ceman c npompasumenem 8 OapabaHHom cme-
cumene;

3—11-4 — cmewenue ceman ¢ npompasumenem ¢ NOMOWDbIO J10-
NAcmHOU MewanKu,

3—12—4 — cmewenue ceman ¢ npompasumenem WHEKO8bIM Annd-
pamom;

3—-13—4 — cmewenue cemsan ¢ npompasumenem YeHMpoOeICHbIM
annapamom (yeHmpoobexcHuvlil OUCK),

3—14—4 — cmewernue cemsan ¢ npompasumenem 6030YUWHbIM HOMOKOM;
4—15-5 — sviepysKka 06paboOmMaHHbIX CEMAH 8 ANACMUYHbIE KOHMEll-
Hepbl (MewiKL),

4—16-5 — sviepyska obpabomannbix cemsn 8 6ypm;

4—17-5 — sviepy3xa 0OpabOmMaHHbIX CeMAH 8 MPAHCHOPMHOE CPeo-
cmeo

(npumeuanue: yugpa 2 omcymcemesyem, max kax 0603Havaem one-
payuro 3a2py3Ku npenapama 00 00pabomKu UM CeMsiH)

Fig. 3. The impact of the working parts of cyclic action machines
on seeds:

1-6-3 — manual loading of seeds 6 from pile 1 into container 3
for mixing;

1-7-3 — loading seeds from pile 1 into container 3 for mixing with
screw conveyor 7;

1-8-3 — loading seeds from pile 1 into container 3 for mixing with
scraper conveyor 8;

1-9-3 — loading seeds from pile 1 into container 3 for mixing using
bucket elevator 9;

3—10—4 — mixing of seeds with a dressing agent in a drum mixer;
3—11-4 — mixing of seeds with a dressing agent using a paddle
mixer;

3—12—4 — mixing of seeds with a dressing agent using a screw
device;

3—13—4 — mixing of seeds with a using a centrifugal device (a
centrifugal disk);

3—14—4 — mixing of seeds with a dressing agent by air flow,
4—15-5 — unloading of treated seeds into elastic containers (bags);
4—16-5 — unloading of treated seeds into a storage pile;

4—17-5 — unloading of treated seeds into a vehicle

(note: position 2 is absent, as it indicates the operation of loading
a dressing agent before seed treatment)
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T'0 K HAKJIOHHOMY. DTO BBI3BaHO TEM, YTO CEMEHA 3aIlIeM-
JISAIOTCSI MEX Y LENbI0 U 3Be3q0ukaMu. CTeneHb TpaB-
MHPOBAHHS Ha TOM JTAIe ISl 3€PHOBBIX KYJIETYp I0-
cruraet 0,1-0,6%, 6060BBIX — 1,6-2,0% [5, 6].

ITpu 3arpy3Ke eMKOCTH C TOMOIIBIO KOBIIOBOIH HOPHUHU
(mpontecc 1-9-3) nmoBpexkIeHNE CEMSH 3€PHOBBIX KYJIb-
Typ paBHo 0,7-1,5%, 6060BbI1x — 1,0-3,0% [7].

Onepayus 3—4 TOKPHITHS CEMSH TPOTPABUTEIIEM HUITH
OuompemnapaToM MOXET OBITh OCYIIIeCTBIIEHA B OapabaH-
HOM cMmecHTene (npoyecc 3—10—4), ¢ TOMOIIBIO JIOMACT-
HBIX MEIANOK (3—1/—4), mtHekoM (3—12—4), neHTpoOex-
HBIM TUCKOM (3—13—4) WK BO3AYIIHBIM IIOTOKOM (3—/4—4).

Ha cTenens moBpexIeHus ceMsH pabOYHMHU OpraHa-
MH cMecuTenel bapabanHoro tuna (npoyecc 3—10—4)
3HAYUTEIHHOE BIHMSHIE OKa3hIBAIOT KOHCTPYKIUS Oapa-
OaHa, HaIMYKE JOTOTHUTEIBHBIX PA0OUYHNX TOBEPXHO-
CTel, KHHEMAaTUUECKUH PEKUM U ApyTrue napamerpsl. U3
BCET0 MHOT000pa3us 6apabaHOB IJIs MPEAIOCEBHOMN
000paboTKH CeMSTH Yallle BCEro UCIOIb3YIOT 6apadaHbl
MUIMHAPUIECKOTO TUIIA C OCBIO BPAIECHH S, COBIIAAI0-
Iei ¢ OCbI0 CHMMETPUH HIIUHAPA HIIA C HAKIIOHHOW K
OCH ITUJTMHJIPA OCBIO BpaIlllCHUS — «IIbsiHast 60dkay [1].

st vaTeHCH(UKAUY TpoLecca CMENICHUS Ha BHY-
TPEHHEH TOBEpXHOCTH OapabaHa yCTaHABINBAIOT JIONAT-
KH TPSIMOJIMHEWHOH MU KPUBOJIUHEHHON GopMel. Jlo-
MaTKU, KPOME TOTO, CIIOCOOCTBYIOT COOOIIEHUIO CMECH
MOCTYTIATENFHOTO ABHKSHHUS BIOJIb ITPOAOIBHOI ocH Oa-
pabaHa.

CrerneHb MOBPEX ACHUS CeMSTH OapaOaHHBIMHU YCTPOM-
ctBamu aocrturaet 1,3-2,5% [2, §].

ITpumeHeHue TOMACTHBIX MEIIAJIOK (npoyecc 3—11—
4) cmocoOCTBYeT HHTSHCU(PUKAIINH TTpoliecca Mpearo-
CeBHOI 00pabOTKH MOCEBHOT'0 MaTepHalia, HO U BhI3bIBA-
€T MOBBIIIICHHOE MOBPEKICHUE CEMSH H3-3a YIApPHOTO
BO3/IeiCTBHSI IONATOK. TpaBMUPOBaHUE B CIydae 3epHO-
BBIX KYJIBTYp cocTaBiseT 3-5%, 6000BbIx 5-8% [7, 8].

SEED PRESOWING TREATMENT

[NoBpeskneHne ceMSTH CMECHTEISIMH IITHEKOBOTO TH-
na (npoyecc 3—12—4) 3aBUCUT OT KOHCTPYKIIUU IIIHEKA,
yrIila HaKJIOHA K TOPU30HTY, ()OPMBI BUTKOB, KHHEMAaTH-
YEeCKUX U IPYTUX MapaMeTPOB.

U3-3a OTCYTCTBUSA JaHHBIX IO MMOBPEKACHHUIO CEMAH
ITHEKOBBIMH CMECUTEIISIMU IIPU aHAIIN3€ TEXHOIOTUYe-
CKOT'0 Imponecca BOCIIOJIb3yEMCA NaHHBIMU, IOJTYYC€HHBI-
MH JUTSI ITHEKOBBIX TpaHcopTepoB. [Ipu aTom Oynem yuu-
TBIBaTh TO, YTO IIIHEKOBBIN CMECHUTENb, YCTAHOBJICHHBIH
B OapabaHne, paboTaeT aHAJIOTHYHO IITHEKOBOMY TPaHC-
MOPTEPY B OTKPBITOM XKeN00€, YTO HCKITI0YAET HOBPEXKIe-
HHUC CCMSIH U3-3a 3aKJIIMHUBAHHUA UX MCKY KOKYXOM U
BUTKaMH IITHEKa. BeitencTBre 3TOro cTereHs MoBpexae-
HUsl ceMsiH cHikaetcs Ha 40-50% [9]. Toraa ans 3epHo-
BEIX KYJNBTYp 3TOT ITOKa3aTens paseH 0,7-2,5%, 6060-
BBIX — 2,0-3,5%.

LlenTpoOexxHBIC NUCKOBBIE CMECUTENH (npoyecc 3—13—4)
B IIPAKTHKE CENbX03MAIIHHOCTPOCHHUS HE BCTPEUAIOTCSL.
OnHAKO HEKOTOPHIE TOBAPOIIPOM3BOAUTEIIH HCIIOIB3YIOT
EHTPOOEKHO-0ETYHKOBBIE CMECHTEIH TPOMBIIIICHHO-
ro MalrmHOCTpoeHwUsI. [I0OBpekICHIE CEMSTH B 3TOM CITy-
Yae 3aBHCUT OT MHOTHX IIapaMeTpPOB, HAIIPUMED, OT Op-
raHu3aIi MECTa MOAaYl KOMIIOHEHTOB B 6apabaH, Ki-
HEMAaTUYCCKUX U KOHCTPYKTHUBHLBIX [TapaMCTPOB aIlrapa-
Ta ¥ Ipyrux. TpaBMUpOBaHHUE CEMSTH 3¢ PHOBEIX KYJIBTY P
TaKUMU cMecuTelsiMu gocturaet 1,0-2,6%, 6000BBIX —
2,3-4,5% [2].

[TpuMeHeHre BO3AYIIHOTO MMOTOKA (npoyecc 3—14—4)
JUTS TPEJITIOCEBHOM 00paOOTKH CEMSIH B anmapaTax [MUKJIU-
YECKOro ICHCTBHS OTPABIAHO JHUIIb IPH HATAIHH UCTOY-
HHKa CXKaToro Bo3ayxa. KOHCprKHI/ISI CMECCUTCJIS HC-
CKOJIBKO YCIIOXKHSIETCS, a HA CTETICHB TIOBPEKICHHUS Ce-
MSIH 3HAQYUTEIBHOE BIUSHUE OKA3bIBAIOT CKOPOCTH BO3-
JIYIIHOTO MOTOKA ¥ MaTepual 6apabaHa, Tak Kak Jijis o0e-
CIICYCHUS MPOLIECCa CMELICHHS CKOPOCTh BO3IYIITHOTO
IIOTOKA JOJI’)KHA 6I)ITI) HE HUIKE CKOPOCTHU BUTAHUSA CEMSIH

[PYYUHBI M CTEMEHB MOBPEXAEHNSA CEMAH NPU NPOTPABJINBAHUU
CAUSES AND RATE OF SEED DAMAGE DURING SEED PRE-TREATMENT
. Iospesxaenne cemsin,%
Omnepanun HcTouHMKH TPAaBMHPYIOLIEr0 BO3/1eiiCTBUS Seed damage, %
Operations Sources of damaging effect
3epHOBBIe / cereals 0o0oBbIe / legumes
(1-3) — 3arpysKa KoM- 3arpy3ka BpyuHyo / manual loading 0,5-0,8 0,5-0,8
IWQIEPIENROLE 1 (G4IeeTinrEnns LTHEKOBBIN TPAHCIIOPTEp / SCTEW conveyor 2,3-17,3 15,0-25,0
(1-3) — loading
components into the CKpeOKOBBII TPAaHCIIOPTED / SCraper conveyor 0,1-0,6 1,6-2,0
mixer koBmIOBas Hopus / bucket elevator 0,7-1,5 1,0-3,0
Gapaban / drum 1,3-2,5 1,3-2,5

(3-4) — cmemuBaHue nonactHas Memainka / paddle mixer 3,0-5,0 5,0-8,0
KOMITOHEHTOB
(3-4) — mixing LIHEK / SCrew auger 0,7-2,5 2,0-3,5
components HeHTpoOexKHbIH auck / centrifugal disk 1,0-2,6 2,3-4,5

BO3AYIIHBIN MOTOK / air flow 3,0-5,0 7,0-10,0
(4-5) — BBRITpy3Ka 00pa- | 3macTudHas Tapa (MemkH) / elastic containers (bags) 0,2-0,5 0,2-0,5
OOTaHHBIX CEMSH -
(4-5)—unloading of oypt / pile 0,2-0,5 0,2-0,5
treated seeds TpaHCHOpTHBIE cpeacTBa / vehicles 0,1-0,6 1,6-2,0
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u ipotpautes [10-12]. UToObI HCKIIFOYHTH PACIIBLITH-
BaHHE MPOTpaBUTeNs, 6apabaH qOJXKeH ObITh TepMETH-
3upoBaH. /3-3a MHOTOYHCIICHHBIX YIapOB CEMSH O €ro
CTEHKH BEPOSTHOCTh OBPEXKICHU I BO3pACTACT: IS 3€P-
HOBBIX KYIBTYp 210 3-5%, miist 6060BbIX — 710 7-10% [13].

PaccmoTpuM BEITpY3Ky 00pabOTaHHEBIX CEMSH (npo-
yecc 4-5) u3 npotpaBnuBareis. Eciau 175 3TOro nucmonb-
3yIOT 3JACTUYHBIE KOHTEWHEDPHI (npoyecc 4—15-5), To
MIPUYMHON TPaBMUPOBAHHUS CTAHET JACHCTBUE IPaBUTA-
IUOHHBIX CHJI M CHJI TpeHHus. [loBpexaeHue ceMsH 3ep-
HOBBIX B 0000BBIX KyNBTYp cocTaBuT 0,2-0,5% [2].

Brirpyska B 6ypTsI (npoyecc 4—16—5) mpuMeHseTcs
B T€X CIIy4asX, Korma oopadoTaHHOE 3epHO IpeaHa3Ha-
YeHO /115l XpaHEeHU s UITY TIPH HeJlocTaTke Tapsl. [loBpexie-
HUE CEMSTH 3aBHCHT OT BEICOTHI Pa3rpy3KH, IIOBEPXHOCTH
Ha KOTOPYIO ceMeHa MajaloT, U psaa Apyrux (pakTopos.
3nauenwue nmokaszarens pasHo 0,2-0,5% [2].

[pu morpy3ke 06paboTaHHBIX CEMSH B TPAHCIIOPT-
HOE CPEeACTBO (npoyecc 4—17—5) CylmecTBEHHYIO POJIb
UTPAIOT THII TPAHCIIOPTEPA, IITIHA TPAHCIIOPTUPOBAHHUS,
KHHEMaTH4ecKue mapaMeTpsl Tpancnoptepa. [Ipu npu-
MEHEHUH CKPEOKOBBIX TPAHCIIOPTEPOB ITOBPEIKICHHE CC-
MSIH 3€pPHOBBIX KYJIBTYP COCTaBJISET AJISI 36PHOBBIX KYJIb-
Typ 0,1-0,6%, 1151 6060BBIX — 1,6-2,0% [5, 6].

YauTeIBas, 9TO JaHHBIE B mabauye TOIYYSHBI pa3-
JINYHBIMH aBTOpaMH [13-16], IpUHUMAIOIIUMH pa3HbIe
MOKa3aTeln MOBPEXKICHH (pa3pyIIeHUE, TOBPEK ICHIE
000J104eK, MUKPOTIOBPEXKACHUS U IPYTHE), 3T MoKa3a-

TEJIM MO’KHO UCIIONTE30BaTh TOIBKO IPH OLIEHKE paccMa-
TPUBaEMBIX TEXHOJIOTHA.

Kpowme Toro, mpuBeneHHEBIE TaHHBIC ITOTYYCHBI IS
BBIITYCKAEMBIX TPOMBIIIIICHHOCTHIO MAIlIUH, pabo4He Op-
TaHbl KOTOPBIX UMEIOT CTalIbHbIC MoBepxHOCTH. COBpe-
MEHHBIE MaTePHAaIIBI 00IaJaf0T BEICOKOH AIaCTHIHOCTEIO,
CITIOCOOHBI UCTIBITHIBATh 3HAYUTENBHBIE PACTSIKEHHS B
npeneiax ynpyrux aedopmanwii [17, 18].

BuiBoghl. B xoz1e rccieioBanuii BRISIBIIIN HAUOOIIEE
QIS H TEXHOJIOT MUECKHH MTPOIIeCC, BKIIOYATOIIHI 3a-
rpy3Ky OapabaHa KOBIIOBOW HOPHEW U BBEITPY3KY MaTe-
puasia B OypThI WJIM 3JIaCTUUYHYIO Tapy. [Ipu 3TOM T0-
BPEXkKAECHUE CEMSH 36pPHOBBIX KYJIBTYP COCTAaBUT 2,2-4,5%,
a 6000BbIX — He Ooree 6%.

[Tpu KOHCTPYHPOBAHWUN MAITHH UKIHIECKOTO AeH-
CTBUSI ClleyeT n30eraTh UCIONb30BaHU S IIHEKOBBIX MO-
TPY3YHMKOB H JIOMACTHBIX MEIIAJIOK, TAK KAK OHU CHJIBHO
TPaBMHUPYIOT CEMEHA, 0COOCHHO O00OBBIX KYIBTYP — 110
20-32%.

C 1enpI0 CHUKECHUS CTETICHH MTOBPEKICHHS CEMSH B
KOHCTPYKILHMSX MPOTPABIUBATENCH CIeNyeT UCTIOIB30-
BaTh COBPEMEHHBIC MaTEpHaIbl, 00JIaJaroNie BEICOKON
3JaCTUYHOCTHIO, CIOCOOHBIE HCIIBITHIBATH 3HAYUTEIb-
HBIC PACTSIKCHHUSI B IPENIeNax yIpyrux aepopMannuid. 3To
MO3BOJIMT 3HAYUTENHHO CHU3UTH YAAapHBIC BO3ACHCTBUS
Ha CEMEHa, CyMMapHBIe MOTePU MOCEBHOI'O MaTepHaa u
WHTEHCU(PHUITUPOBATH IIPOIIECC MPEANIOCEBHON 00paboT-
KH.
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