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Energy Audit of Agricultural Enterprises: New Approaches and Assessment
Criteria (Following the Russian-Finnish Project Interim Outcomes)

Hanne Soininen', Evgeniy V. Timofeev?’,

Dr.Sc.(Eng.); Ph.D.(Eng.), timofeev_ev84@mail.ru;
Tuija Ranta-Korhonen', Andrey F. Erk’,

MSc; Ph.D.(Eng.);

'South-Eastern Finland University of Applied Sciences (Xamk), Mikkeli, Finland;
*Institute for Engineering and Environmental Problems in Agricultural Production (IEEP) — branch of Federal Scientific
Agroengineering Center VIM, Saint Petersburg, Russian Federation

Abstract. Currently implemented project “Russian-Finnish Bioeconomy Competence Centre — BioCom” within South-East Finland —
Russia Cross-Border Cooperation Programme 2014-2020 aims to integrate the BioEconomy principles and approaches into the agricultural
sector of the neighbouring border areas of Russia and Finland. The energy efficiency of farming and sustainable use of energy resources
is one of the fundamentals of the bio-economy concept. The energy audit is the first step in identifying opportunities to reduce the energy
inputs on the farms. (Research purpose) To discover the new approaches to the energy auditing of agricultural enterprises and new
assessment indicators following the project experience. (Materials and methods) Four farms were selected for the energy inspection —
two farms located in the Leningrad Region, Russia, and two farms located in the South Savo Region, Finland. In Russia the standard
energy auditing, measurement, and calculation procedure was applied. The systems of electrical power supply, heat supply, water supply,
sewage, and building envelopes on the farms were examined and estimated. (Results and discussion) Following the outcomes of the energy
audits in the project framework and the previous relevant experience, the basic energy-saving and efficiency improvement measures were
established. Three new approaches to the energy auditing of agricultural enterprises were suggested — energy and environmental assessment
of applied technologies and equipment; consideration of the application of renewable energy-generating sources; consideration of the
conversion of vehicles to biogas. (Conclusions) The study outcomes proved the energy audits to play an important role in improving the
energy efficiency of agricultural production provided they are mandatory, take into account the energy environmental assessment criteria,
consider the application of renewable energy-generating sources and the conversion of vehicles to biogas.

Keywords: energy survey, energy saving, energy efficiency, energy and environmental assessment, renewable energy sources.

l For citation: Soininen H., Ranta-Korhonen T., Timofeev EV., Erk AV. Energy audit of agricultural enterprises:
new approaches and assessment criteria (following the Russian-Finnish project interim outcomes). Sel'skokhozyaystvennye
mashiny i tekhnologii. 2020. Vol. 14. N3. 4-8 (In English). DOI 10.22314/2073-7599-2020-14-3-4-8.
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JIOKTOP TEXHUYECKHX HAYK; KaHIUJIAaT TeXHUYCCKUX HAYK,
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MarucTp; Angpeii ®eoposny Ipk’,

KaHauaaT TEXHUYECKUX HaYK

IYHI/IBepCI/ITeT MPUKJIaAHBIX HAyK IOr0-BOCTOYHON PuHISHANY, T. MuKkKenu, ODUHIIHAUS;
*MHCTUTYT arpoOMHKEHEPHBIX U SKOJOTHYECKHX MPOBIEM CellbckoX03sicTBenHoro npoussoactea (MADII) — du-
auan ®I'BHY ®HAILL BUM, Cankrt-IletepOypr, Poccuiickas deneparius

Pedepart. Peanuzyemslii B HacTosiee BpeMs mpoekT «Poccuiicko-OUHIAHACKUN LIEHTP KOMIIETEHINU B 00MacTH OHOIKOHOMHKH —
BioCom» B pamkax [Iporpamms npurparndsoro corpyanmdectsa lOro-Bocrounoit Ounnsaamn n Poccuu Ha 2014-2020 romst Ha-
TpaBlieH Ha HHTErPALMIO IPUHIUIIOB U MOAXO0I0B OMOIKOHOMHUKH B CENbCKOXO3IHCTBEHHbIH CEKTOP COCEOHUX MPUIPaHHYHBIX pail-
oHoB Poccuu u @uunsauauu. [loaTBepawin, 4to SHEProdPeKTHBHOCT CENbCKOTO XO3SHCTBA U YCTOWYMBOE MCIIONB30BAHIE JHED-
TOPECYPCOB COCTABIAIOT OHY M3 OCHOB KOHIEMIHMH OHOIKOHOMHUKH. [loKazanum HeoOXOMMMOCTb TPOBENEHHS SHEPTOayAuTa IpH
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OMpe/IENeHHH BO3MOXKHOCTEH /TS CHIDKEHHUS SHEPro3aTpar B CeNbCKOM X03stiicTBe. (Lfens ucciedosanst) BoIABUTE HOBBIE MOIXO/bI
K DHEProayJuTy CeNbXO3MPENPUATHI 1 MOKa3aTeNM OLEHKH Ha OCHOBE OIBITA peanusauuy npoekta. (Mamepuanvl u memoowt) Jns
JHEPreTHYeCcKoro o0cne0BaHus BhIOpan YeThipe X03siicTBa — /Ba B JIennHrpaackoit odnactu, Poceus, u jBa B pernote HOxHoe
Cago, Gunnsamus. B Poccuu mpuMeHsUTH CTaHIAPTHYIO MPOLIEAYPY SHEProayIuTa, H3MEpeHni 1 pacyetoB. O0CIeI0BaY 1 ONCHIIIH
CHCTEMBI 3MEKTPO-, TETUIO-, BONOCHAOKEHNS, KAHATM3AINA W OTPAKIAIOIIUX KOHCTPYKIMHA. (Pesyrvmamut u obcyscoenue). Ilo pe-
3yIBTaTaM SHEPTETHIECKHX AyIUTOB B PAMKAX MPOEKTA M MPEABLAYIIEro COOTBETCTBYIOIIETO OMbITA YCTAHOBUIH OCHOBHBIC MEPhI 10
SHEProcOCPEKEHUIO U MOBBIICHHUIO SHEProd(dexruHoCTH. [IpeoKuIi TPU HOBBIX MOIX0A K SHEPrOAyIUTY CEIbCKOXO3SICTBEH-
HBIX IPEANPUATHIA: IHEPTOIKONOTMYECKYIO OLICHKY TPUMEHSIEMBIX TEXHOIOTHI 1 000PYI0BAHHS; PACCMOTPEHHE BOMPOCA 00 HCTONb-
30BAHKH BO300OHOBIIAEMBIX HCTOYHUKOB SHEPIHUK; M3yUCHHE BOSMOKHOCTH TIEPEBO/Ia TPAHCTOpTa Ha Ouora3. (Bsieoost) [lonTeepamm
HEOOXOIMMOCTh SHEProay/uTa B LeNsIX MOBBIICHHS SHEPro3)EKTHBHOCTH CENbCKOX03MHCTBEHHOTO MPOK3BoAcTBA. [Tokasanu, uto
SHEPreTHYECKHE 00CIIEHOBAHMS TOJDKHEI YUUTHIBATH KPUTEPHH SHEPTOIKONOTHIECKOI OCHKH, BO3MOKHOCTh PUMEHEHNS BO30OHOB-
JIEMBIX HCTOYHUKOB SHEPTHH U MEPEBOJIa TPAHCIIOPTHBIX CPEACTB Ha OHoras.

Kurouesble c10Ba: sHEpreTHyeckoe 00cie10BaHue, SHEProcoepexeHe, S3HeprodhGeKTHBHOCTh, IHSPrETHICSCKAS M FKOTIOTHYEC-

CKas OLICHKA, BO300HOBIISIEMBIE HCTOUHHKI SHEPIruu.

| Jas uutupoBanus: Coitnunen X., Panta-Kopxonen T., Tumodees E.B., Opk A.®. Kpurepuu sneproaynura ceibcko-
XO3SICTBEHHBIX MPENNPUSATHIA: HOBBIE MOXOBI M OIICHKH (IO TPOMEXYTOYHBIM PE3YJIbTaTaM POCCHUCKO-(QUHIISHICKOTO
npoekta) // Ceavckoxossiicmaennvie mawunsl u mexnonozuu. 2020. T. 14. N3. 4-8. DOI 10.22314/2073-7599-2020-14-3-4-8.

Bioeconomy Competence Centre — BioCom” within

South-East Finland — Russia Cross-Border Cooperation
Programme 2014-2020 aims to integrate the BioEconomy
principles and approaches into the agricultural sector of the
neighbouring border areas of Russia and Finland. The energy
efficiency of farming and sustainable use of energy resources
is one of the fundamentals of the bio-economy concept.

The expected project outputs include:

* a sustainable educational platform (Competence
Centre) in the field of bioeconomy [1];

» a set of educational programmes, training materials
and demonstration equipment for promoting the agricultural
application of renewable energy sources;

* a uniform system of indicators for the energy audit
of agricultural enterprises in Russia and Finland;

» recommendations on the creation of Demo Zones of
High Energy Efficiency in agricultural production in the
pilot border areas based on results achieved [2];

* recommendations on agricultural application of
renewable energy sources and energy-efficient practices
based on results achieved [2, 3].

The energy audit is the first step in identifying opportunities
to reduce the energy inputs on the farms. Its main objectives
are to acquire the objective evidence on the energy volume
consumed; to identify the energy efficiency indicators
and to reveal the causes for irrational energy use; to
determine the energy-saving potential; to suggest the
measures to improve the farm energy efficiency with their
costs and pay-back periods and to provide relevant
recommendations [3].

RESEARCH PURPOSE is to identify the new approaches
to the energy auditing of agricultural enterprises and
assessment indicators with due account for the project
implementation experience.

MATERIALS AND METHODS. According to the project
Work Plan, four farms were selected for the energy

The current international project “Russian-Finnish
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inspection — two farms located in the Leningrad Region,
Russia, and two other located in the South Savo region,
Finland.

The Russian farms specialized in dairy production and
grain crops growing (a large-scale farm) and apiculture
and poultry farming (small-scale private farm). The Finnish
farms specialized in chicken egg and beef production.

The Finnish partner created preliminary energy
calculation models for both farms and identified the basic
data required for the calculations. A previously designed
digital tool could be applied to examine the energy use on
the farms in more detail and to reveal the most energy-
consuming processes.

The Russian partner followed the standard energy
auditing, measurement, and calculation procedure. The
systems of electrical power supply, heat supply, water
supply, sewage, and building envelopes were examined
and estimated.

As far as the electrical power supply system was
concerned, the energy inspection included the following
actions [4-8]:

- survey and qualitative assessment of the structure of
external electricity supply at the voltage level of 0.4 kV,
the technical condition of distribution networks and
metering systems, reliability level of external and internal
electricity supply;

- recording of electrical current and voltage on the
incoming and outgoing lines using stationary devices
installed in the main switchboard (ammeters, voltmeters,
full adders) [4, 5];

- measurement of actual power values (active and reac-
tive) by phases for the most typical (or energy-intensive)
electric drives with the use of portable measuring systems;

- technical evaluation of external and internal lighting
system (lamp type, quantity, and wattage) and determination
of the actual values of the natural illumination coefficient [5];

- cause identification of the inefficient use of electricity;
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- thermal imaging control of electrical equipment.

For the heat supply system, the energy inspection
included checking the availability and condition of metering
devices and automation systems, control valves and
instrumentation (pressure gauges, thermometers, temperature,
and pressure sensors); and determining the actual heat
loss through thermal insulation of pipelines.

The technical condition of the water supply and sewage
system was examined and estimated; the water and
wastewater management system was assessed.

The building envelopes survey included the infrared
thermography and the results processing.

REsuLTs AND DiscussioN. Following the outcomes of
energy audits in the project framework and previous
relevant experience, the basic energy-saving and efficiency
improvement measures were established. Conventionally,
they may be classified as managerial, economic, technical,
and special energy-related ones.

Managerial measures include the relevant training of
personnel; regular buildings and equipment inspections,
infrared thermography and energy audits, testing of energy
metering instruments, and maintenance activities in compliance
with the energy efficiency requirements. The important
economic measure is motivation and incentives and related
managerial decision-making. These measures require
minimal human, financial, technical and other resources.
The energy conservation and payback period are difficult
to define by the direct method. However, they are important
in improving the energy efficiency of agricultural production.

Technical measures aim to replace the operating,
outdated equipment with an energy-saving one, belonging
to a higher energy efficiency class, resulting in lower
energy intensity of agricultural production. The most
required technical measures were found to be the lighting
system upgrading; the automated control of electric drives;
the economical water heaters, and local electric heaters.

The use of LEDs instead of the present incandescent
lamps is the most promising way to save energy. The lighting
system upgrading includes the introduction of automated
control systems inside the cattle houses, street lighting,
etc. Their payback period ranges from 1.1 to 2.0 years. The
frequency-controlled electric drive is found to be the most
effective energy- and resource-saving and environmentally
friendly technology. It is installed in water supply systems,
ventilation and inside climate systems, in vacuum pumps
of milking units, and various conveyors. The payback
period of such drive is from 0.5 to 2.0 years [9].

Examples of energy-efficient equipment are well and
vacuum pumps with control systems; energy-saving water
heaters for the technological needs of livestock farms;
water treatment systems; local infrared heating of young
animals and auxiliary facilities; heating of rooms for drying
clothes and shoes of farmworkers with a water and solid-
state off-peak electrical energy storage device. The payback
period of such equipment ranges from 1.4 to 5.5 years [10].

The measures aimed at thermal energy-saving are also
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required, especially in winter, though the thermal energy
consumption in agricultural production is only 3% of the
total fuel and energy inputs. The payback period of such
measures ranges from 0.8 to 4.0 years [9, 10].

Satellite monitoring of vehicles (tractors and cars)
comes into common use in agriculture. The estimated
payback period for the implementation of this equipment
due to the saving of motor fuel is 0.8-3.9 years [9, 11].

Special energy-related measures provide for involving
the secondary energy resources and local and renewable
energy sources in the energy balance of agricultural
enterprises. To optimize the structure of energy flows in
an agricultural enterprise means to find such a combination
of energy sources when the specific energy consumption
reaches its minimum.

Many livestock farms use heat exchangers in milking
parlours by utilizing the heat released by animals. Air-to-
air and water-to-air heat pumps are increasingly frequently
used in livestock houses. However, the payback of such
systems is rather long — from 7 to 9 years.

Wood and plant waste, other local fuels, gas-driven
and wind-driven generators are used instead of traditional
energy resources. The payback period of wind turbines
when used for water lifting and heating is 4.7 years.

Solar energy is used mainly in two ways — as thermal
energy by applying various thermal systems or through
photochemical reactions. The widest solar energy application
is to heat the water or premises. The low-temperature
energy is sufficient for these purposes. Solar collectors
can be used in agriculture to heat the water for technological
needs in animal husbandry, to heat the soil and water in
greenhouses, to heat the water in workshops, garages, etc.
The payback period of such systems is 6.5 years. Photovoltaic
systems (solar panels) are a durable and environmentally
friendly practice of solar energy converting.

A new approach to the energy auditing of agricultural
enterprises is the use of energy and environmental assessment
of applied technologies and equipment.

The energy assessment includes the analysis of energy
supply and energy consumption systems. The electricity
and heat generation by the autonomous local sources
involves the atmospheric emissions of pollutants in rural
areas. These emissions can be minimized by selecting a
proper generation source.

When considering the energy supply systems the
energy-ecological criterion K is calculated, which takes
into account both economic and environmental indicators:

KEE = (Cinv+ Cgen) X {Mpol : KHE}Q» (1)

where C;,, —unit cost of construction investments, thousand
roubles/kW-h;

C,en—energy generation cost, thousand roubles/kW-h;
M, —the mass of pollutants emitted during the energy
generation; g/kW-h;

Ky — harmful effect factor;

QO — the generated energy, kW-h.
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When considering the energy consumption systems positive effect on the environmental indicators as well.
the energy efficiency criterion KEF is calculated to estimate The generating sources may be selected by both econo-
the energy efficiency of technologies and equipment. Itis mic and environmental criteria. The economic criterion
determined as a ratio of the total fuel and energy consumed  is the cost of one kW-h of both electric and thermal energy.
to the production volume: The environmental criterion is the total specific emissions

of pollutants in the process of energy generation at local

Kip- (XS Ky CF A2 Q- Kyiing CEs 2P CE)V,  (2) generating sources (grams of pollutant per kW-h).

where S — electrical energy consumption, kW-h;

K; — annual equipment utilisation rate, h; il et il | Fowo i (C15117) = el
R oil, coal, natural gas
CF, — conversion factor of kW-h to tons of reference |Powerplants: t
fu el' Solar
2 Wind « X
O — heat energy consumed, kcal; i 0 e o s Leatss hetrsteiienly
K, — annual heating equipment utilisation rate, h; | Recuperators ‘
. Solar heaters
CF, — conversion factor of kcal to tons of reference  |eat pumps oS
fuel . Stirling engines
? . Diesel power plants
Py — motor fuel consumption, t; Landfill gas boiler houses
CF; — conversion factor of tons to tons of reference Traditional boiler houses (gas, coal, fuel oil)
fuel. Biomass boiler houses
9
V — production volume, t. Fig. 1. Energy supply pattern for heating and hot water suppl.
8 gy supply p g \pply
When examining the energy supply systems both
traditional and renewable energy sources were considered. Central Heating and Power Plants (CHPP) — fuel

oil, coal, natural gas

When examining the energy consumption systems both
external generation sources (e.g. boiler houses of various | power plants solar / wind

types designed for heating) and internal generation sources | wini hydroelecric power stations
(e.g. adryingunit can be equipped with a generator working

Lighting, electric drives, control systems «

of liquid fuel or alternative fuel) were considered. Biogas co-generation plants
. . Stirling engines
One more new part suggested in the energy audits of Diesel power plants
agricultural enterprises is associated with recommendations
on the selection of energy generation sources. Fig. 2. Energy supply pattern for lighting, electric drives and

Modern agricultural enterprises have many small power  control systems
consumers: livestock houses, offices, post-harvest crop
treatment facilities, warehouses, storages, etc. They are A single criterion for the selection of energy-generating
located at different distances from power supply sources. sources is defined as the product of the kW-h cost of energy
Low-power transformers provide the centralized power generated and the specific pollutant emissions. This crite-
supply via long-distance overhead power lines. Electrical rion may be called the “factor of energy and environmental
energy demand is irregular throughout the day; the quality ~ friendliness (compliance)”. The desired value of this factor
of electricity is low; there are big energy losses in the when choosing a power-generating source is the smallest
networks (Fig. 1, 2). (Table).

Recently, the issue of decentralized (autonomous) The third new issue suggested for the energy audits is
energy supply for some consuming objects in rural areas  the evaluation of the feasibility of conversion of vehicles
has been considered with ever-increasing frequency. Va- to biogas.
rious low-power generators can provide the decentralized Currently, this issue is becoming relevant for both
energy supply using local and renewable energy sources. economic and environmental reasons. Therefore, during

The use of renewable energy sources, including solar the energy surveys, it is reasonable:

radiation, makes it possible to solve energy problems of - to examine the machine and tractor fleet: vehicle

remote power consumers such as poultry and sheep houses, type, mileage, fuel consumption, etc.;

buildings for small-scale production, premises for fishing - to estimate the overall fuel inputs on the farm;

cooperatives, and others. There are many such consumers - to calculate the feasibility of converting vehicles to

in the agricultural sector in the Leningrad region. gas by the energy and economic evaluation criteria;
Generating facilities can be both traditional (diesel - to estimate the quantity and quality of organic waste

generators, gas-piston power plants) and using renewable on the farm, which could be processed to generate the
energy sources (wind turbines, solar stations, micro- biogas;

hydroelectric power stations). The main reason for using - to justify the use of biogas as a motor fuel;
renewable energy sources may be lower inputs of primary - to justify the introduction of a closed cycle on the
fuel, i.e. the economic effect. However, replacing the farm: animals and plants — organic waste —biogas — vehic-
traditional energy with renewable energy will have a les— animals and plants.
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Ta6nuua Table
SPECIFIC EMISSIONS OF POLLUTANTS IN THE PROCESS OF ELECTRIC AND THERMAL ENERGY GENERATION AT LOCAL GENERATING ENERGY SOURCES, g/KW~h
Emi§si0n source: . Ca'lrbon Car})on Dust $ulfur Nitrogen Hydrogen Total
boiler-houses dioxide CO, | monoxide CO oxides SO, oxides NO, sulfide H,S
Diesel 6.8 0.3-0.6 0.04 8.0-10.5 1.8-3.2 0.05 19.1
Coal 9-10 0.3-1.0 0.4-1.4 6.0-12.5 3.0-7.5 6.0-9.0 374
Fuel oil 5.4 0.1-0.5 0.2-0.7 4.2-7.5 2.4-3.0 2.5-5.4 20.2
Wood 2.3 0.2-0.8 0.3-0.8 - 0.07 - 29
Pellets 1.9 0.1-0.6 0.2-0.6 - 0.5 - 3.2
Wood chips 1.3 0.1-0.5 0.5-1.3 - 0.2-1.3 - 34
Biogas 3.2 - - - 2.0-2.7 0.06 5.6
Natural gas 1.29 - 0.05 0.02 1.9-2.4 - 3.6

- to forecast the use of biogas as a motor fuel and the
construction of a biogas plant both on the farm and for the
joint use of several farms.

ConcLusions. The interim results of the current inter-
national project “Russian-Finnish Bioeconomy Competence
Centre — BioCom” within South-East Finland — Russia
Cross-Border Cooperation Programme 2014-2020 and the
previous experience in energy auditing of agricultural
enterprises proved the energy audits to be an important
step in improving the energy efficiency of agricultural
production. However, to fulfil their mission they have to
be mandatory and result in the elaboration of energy-

saving measures and recommendations. Three new
approaches to the energy auditing of agricultural enterprises
were suggested: energy and environmental assessment of
applied technologies and equipment; consideration of the
application of renewable energy-generating sources;
consideration of the conversion of vehicles to biogas.
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Matching the Traction Qualities of Agricultural Mobile Power Vehicles with
the Permissible Maximum Pressure on the Soil
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Abstract. Modern highly mechanized agricultural production is characterized by the incompatibility of simultaneous matching of
the maximum pressure of agricultural mobile equipment movers on the soil and the possibility of increasing the tractors energy
saturation when equipping them with existing wheel engines. (Research purpose) To coordinate the maximum pressure on the
soil with the permissible norms, weight utilization factors and the level of tractors energy saturation. (Materials and methods) The
authors used a calculated method for determining the maximum pressure on the soil using a universal tire characteristic. (Results
and discussion) The authors found that when performing spring works on closing moisture and sowing row crops at a maximum
pressure of 80 kilopascals, corresponding to all types of soil, the most mass universal row tractor Belarus 1020 had a maximum
pressure of 150 kilopascals, which was 70 kilopascals higher than the permissible one for the corresponding crop shortage. They
found that replacing ordinary tires with agrophilic tires could increase the area of the contact spot by 16 percent, while reducing the
coefficient of unevenness and increasing the coefficient of use of the adhesion weight. The main condition for replacing ordinary
tires with agrophilic tires was to keep the traction force unchanged. (Conclusions) Summarizing the results of the research as
agrophilic direction, ensuring the compliance impacts on soil and positively solving the problems of saturation, it is possible to
recommend the development of navigation systems in achieving utilization hitch weight equal to 0.5 (low tire pressure), equal
to 0.6 (rubber joint with torsion bar suspension) and 0.7 (rubber track). It was found that the conducted research, taking into
account the available data on traction tests of the T-250 tractor, would allow to include an agrophilic concept with a hypothetical
dependence of the adhesion weight use factor on the longitudinal unevenness coefficient in the revised State Standard 27021-86
“Agricultural and forestry Tractors. Traction classes”.

Keywords: power tool, coupling weight, agrophilic tire, ordinary tire, maximum pressure on the soil, longitudinal unevenness,
traction force.
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dvizhiteley sel’skokhozyaystvennykh mobil’nykh energeticheskikh sredstv s dopustimym maksimal’nym davleniyem
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CornacoBsaHue TAroBo-cLenHbIX Ka4ecTB ABMXUTeneun
CeNIbCKOXO3MCTBEHHbIX MOOGUIIbHbIX 3HEPreTU4YEeCKUX CpeacTB
C AOMYCTUMbIM MaKCUMasibHbIM AaBsIeHUEeM Ha NOYBY
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Pedepar. CoBpeMeHHOE BBICOKOMEXaHH3HPOBAHHOE CENbCKOXO3SMCTBEHHOE MPOM3BOICTBO XapAKTEPH3YETCs] HECOBMECTHMO-
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CTBIO OMHOBPEMEHHON peanu3aniy TpeOOBaHNI SKOIOTHIECKUX OpraHU3alHil K MAKCUMAIBHOMY JABICHHIO TBIDKHTENCH Celb-
CKOXO3SICTBEHHOM MOOMIBHON TEXHHKH Ha TOYBY U BO3MOKHOCTEH TOBBIIICHHS SHEPTOHACHIIIEHHOCTH TPaKTOPOB TPH OCHa-
IIEHIN UX CYIIECTBYIOIIMMH KOJECHBIMH JBIDKUTENAMHE. (L{ens ucciedosanust) CornacoBaTh MAaKCHMAJIBHOE JABICHHE Ha T10Y-
BY C JOMYCTUMBIMU HOpPMaMu, KO3(Q(QUIIEHTaMK MCTIONb30BaHHS CLIETHOTO BECa U YPOBHEM SHEPTOHACHILIEHHOCTH TPAKTOPOB.
(Mamepuanst u memoowst) NcTionb30BaiM pacHeTHBIN METOX ONPEIEICHHS MAKCHMATBHOTO JABJICHNUS Ha IIOYBY C OMOIIBIO YHHU-
BEpPCATBHON XapaKTEePUCTUKH IMHHEL (Pesyromamut u obcyscoenue) YCTAHOBHIIM, YTO TPH BBIMOIHEHHN BECEHHHX PadoT 110
3aKPBITHIO BIATH U NIPOBEACHUIO MOCEBA MPOMAIIHBIX KYJIBTYp MPH JOIYCTUMOM MAKCHMAJIBHOM JaBieHuH 80 KHUnomackajien,
COOTBETCTBYIOIIEM BCEM THIIAM TIOYB, CAMBIN MAaCCOBBIN YHUBEpCANbHO-MponaniHoi Tpaktop benapyc 1020 nmeet Makcumans-
Hoe AaBneHue 150 xunonackaneif, 4to Ha 70 Kuonackanei IpeBbIlaeT JOMyCTUMOE IIPH COOTBETCTBYIOLIEM HeoOope ypoxKas.
VeraHOBWIH, 9TO 3aMEHA OPAMHAPHBIX IIHH Ha arpo(UIIbHBIE TO3BOMIIET YBEIMINUTH IIIOMIA b IITHA KOHTAKTA HA 16 TIponieHTOB
C OIHOBPEMEHHBIM YMEHBIICHAEM KO HIMEHTa HepaBHOMEPHOCTH H YBENHICHHEM KO (UIMEHTa HCTIOTB30BAHKS CLEITHOTO
Beca. [IpHHIMIHATEHBIM YCIOBHEM 3aMEHbl OpAMHAPHBIX ITMH Ha arpodHIbHbIC CIyXKHT COXpaHEHHE HEM3MEHHBIM CO31aBac-
MOTO TPaKTOPOM TATOBOTO YCHIHSL. (Bb1600b1) ONpEneinm ONTHMANBHEIC 3HAYCHHS KO3 (HIMEHTa HCIIOMB30BAHHAS CLEITHOTO
Beca: JULS LIUH CBEPXHU3KOIo AaBineHus — 0,5, 1711 pe3MHOMETaNIMYECKOTO IAPHUKPA ¢ TOPCUOHHOM oaBeckoi -- 0,6, 1114 pe3u-
HOApMHUPOBaHHOM I'yceHuLbl — 0,7. YCTaHOBIIIH, YTO IIPOBEIEHHbIE UCCIIEI0BAHNUS C Y4€TOM UMEIOIUXCS JaHHBIX O TATOBBIX HC-
HBITAaHUAX TYCEHUYHOTO TpakTopa T-250, Mo3BOMAT BKIIOYUTH arpo(UIbHYI0 KOHLEIIIHIO C THIIOTETUYECKOH (TIpeamnoaraeMoi)
3aBACUMOCTBIO KO3((HIHEHTa HCTIONB30BAHMS CIIEITHOTO Beca OT Ko (HIMenTa mpoxoabHOil HepaBHOMEPHOCTH B IepecMa-
tpuBaeMblit [OCT 27021-86 «TpakTopsl CeNbCKOX03AHCTBEHHBIE U J1€COX03AHCTBEHHBIE. TATOBbIE KIIACCHD».

KaroueBble c10Ba: 3HEPreTHUECKOE CPEACTBO, CLEHHOM BeC, arpoduibHas [IMHA, OpAUHAPHAs IIHHA, MAKCHMAJIBHOE JaBICHUE

Ha 04BY, POAOJIbHASL HEPABHOMEPHOCTb, TATOBOE yCHIIHE.

1 {ns nutupoBanusn: Jlaspos A.B., [llesnoB B.I, PycanoB A.B., KazakoBa B.A. CornacoBanue TsroBo-CIeTHBIX
KayecTB JABMKHUTENEH CelIbCKOX031UCTBEHHBIX MOOUIIBHBIX SHEPIreTUYECKUX CPEACTB C JONYCTUMBIM MaKCHMallb-
HBIM JiaBJIeHUEM Ha NoYBY // Ceavckoxozaticmeennvie mawunsl u mexrnonocuu. 2020. T. 14. N3. C. 9-14. DOI

10.22314/2073-7599-2020-14-3-9-14.

Modern highly mechanized agricultural production is
characterized by the incompatibility of the simultaneous
implementation of the environmental organizations re-
quirements for the maximum pressure of the agricultur-
al mobile equipment propellers on the soil (State Standard
R 58655-2019 replacing State Standard 26955-86) and the
possibilities of increasing the tractors energy saturation
when equipped with existing wheeled propellers (State
Standard 27021-86) [ 1-4].

THE RESEARCH PURPOSE is to coordinate the maximum
pressure ¢, on the soil with permissible norms, coeffi-
cients of adhesion weight ¢, using and the level of trac-
tors energy saturation.

MATERIALS AND METHODS. To solve this problem, it is
necessary to conduct in-depth experimental studies of the
longitudinal non-uniformity coefficient influence the pres-
sure distribution over the tire K, contact area on the ad-
hesion weight ¢, use coefficient for given slipping O«
and maximum contact pressure gmax.

To coordinate the maximum pressure ¢, on the soil
with the permissible norms, the adhesion weight ¢ use
coefficients and the energy saturation level, the authors
used the calculation method for determining the maxi-
mum pressure on the soil using the universal characteris-
tics of the tire, given in State Standard R 58656-2019 in
combination with the results of actual traction tests of pro-
gressive wheel and tracked movers [5-7].
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RESULTS AND DISCUSSION. As a result of the research,
it was found that when performing spring work on clos-
ing moisture and sowing row crops at an admissible max-
imum pressure of 80 kPa, corresponding to all types of
soils, the most massive universal row-crop tractor Belar-
us 1020 had a maximum pressure of 150 kPa, which was
70 kPa higher than permissible with a corresponding short-
age of harvest (Fig. I).

Based on the previous results, the authors considered
the possibility of reducing the maximum pressure of the
tractor, based on Fig. 2 and formula (1), obtained taking
into account that " = q.-K; where K, = 1.5 was the co-
efficient of longitudinal non-uniformity of pressure dis-
tribution over the support area of the tire-soil contact
[6,8-14].

For new highly elastic tires K, could be specified when
determined according to a method agreed with consum-
er, customer and tire developer representatives (State Stan-
dard R 58656-2019, replacing State Standard 26953-86.
Agricultural mobile equipment. Methods for determining
the impact of propellers on the soil).

where G, —mass that created a static load on the soil by a

single wheel propeller; F, — wheel contact area with soil,
2

m”.
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Ta6nuua 1 Table 1
TRACTION INDICATORS OF THE T-150K TRACTOR WITH VARIOUS TIRES

Indicators at the highest 2
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Spring barley stubble
21 | 652(88,7) | 38.53925) | 6.1 | 426(313) | 234 0493 | 0.529
, . . : 2-2 69.5(94,5) 38.5(3925) 6.5 423(311) | 234 0.493 0.564
TSI o oty (it FID -l 211 500 70| 53 | 788107.0) | 35003570) | 81 | 378Q278) | 186 | 0454 | 0639
2-4 83.2(113) 26.5(2700 11.3 353(260) 11.2 0.339 0.675
21 | 71.206,7) | 42.04280) | 61 | 416306) | 24.4 0476 | 0.578
; 22 | 79.1(107,6) | 39.0(3980) | 7.3 | 382(281) | 19.6 0442 | 0.642
TSI i v sl iies DI A 215 9000 | 53 | 808(1092) | 340(3470) | 85 | 364(269) | 128 | 0386 | 0655
2-4 | 833(113,1) | 27.02750) | 111 | 331(244) | 112 0306 | 0.676
1-4 | 862(1171) | 47.04790) | 6.6 | 336(247) | 132 0539 | 0.699
T-150K on oligomeric (agrophilic) tires 66x43- 8890 2-1 95.6(129,8) 43.0(4380) 8.0 312(230) 9.4 0.493 0.775
25 from "LIM" 2-2 98.6(134,1) 39.0(3980) 9.1 304(224) 6.4 0.448 0.799
23 | 94.8(128,7) | 32.5(3310) | 10.5 | 298(220) | 3.8 0372 | 0769
Then: factor of ordinary tires.
G The fundamental condition for replacing ordinary tires
q: = 7 ' K,. (1) at?=0.39 with agrophilic ones at ¢, = 0.5 was to main-

At the same time, the adhesion weight use factor based
on table I (tests of tires of LIM company), take ¢ = 0.5 ,
where ¢ —adhesion weight use factor of agrophilic tires,
instead of . = 0.39 where ¢; — adhesion weight use fac-
tor of ordinary tires corresponding to the old State Stan-
dard 27021-86.

At the same time, the authors assumed that K5 = 1.2,
where K3 was the coefficient of agrophilic tires irregu-
larity, instead of K; = 1.5 where K; — adhesion weight use
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Fig. 1. The maximum allowable pressure on the soil in the spring
period of the main technological operations

tain a constant traction force created by the tractor:

P, = Const, )

in accordance with the definition of adhesion weight
use factor, was determined by the formula:

Pcr =G1?' (0:= GkA ’ (0?7 (3)

Support surface

F

Fig. 2. Diagram of the wheel pneumatic tire deformation during
static tests:

f—normal tire deflection, m; D — the outer diameter of the tire, m;
d—rim landing diameter, m; b, — the width of the contact patch, m;
ay — the length of the contact patch, m; Fy — contour contact area
of the tire tread, m’; q" — maximum normal pressure, kPa; Gy —

max

static vertical load on the wheel, kN
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Fig. 3. The necessary increase in the area of the contact spot by
16% with a decrease in the coefficient of longitudinal irregularity:

Ay — length of the contact, m; B, — width of the contact patch, m;
AF, — increase in the area of the contact at K, = 1.2, m’

where G,° — tractor on ordinary tires adhesion weight,
G~ tractor on agrophilic tires adhesion weight.
Based on the fact that G¢ = 36 kN (Belarus 1020):

Gi=(G2pd)lpd = (36:0.39)/ 0.5 =28 kN.
Based on formula (1), the authors defined:
4l gmin= (K3 G F(K GFL).

Where, taking into account the requirements for re-
ducing the maximum pressure on the soil (Fig. /) they got:

G Igm = 150kPa / 80kPa = 1.88.
Given K3, K3, G2, G they determined:
1,88 = (1.5:36-F/(1.2-28-FY),

where F'=1,16 - FY,
where O — ordinary, 4 — agrophilic.

The scale of the increase in F* in comparison with
was schematically shown in (Fig. 3), and the sequence of
actions to reduce the maximum pressure on the soil was
shown on the nomogram (Fig. 4).

The nomogram graphically shows a decrease in the
maximum pressure q on the soil from 150kPa to 80kPa
(42 with an increase in the adhesion weight use factor ¢,
from 0.39 to 0.50 due to a decrease in the adhesion weight
from 36 kN to 28 kN, a decrease in the coefficient of lon-
gitudinal irregularity of K, from 1.5 to 1.2 — 4K, an in-
crease in the tire contact area by 16% — AF with a constant
traction force P,, = 14 kN and an increase in the energy
saturation of £, from 2,0 kW/kN to 2,6 kW/kN, corre-

Nominal tractive force £, kN

" 7, =050 §U=039
", -lL‘O/ -
14xH P, =coust
Coupling
2251 15 .- i weight G kN
Enﬁl‘g}" 26 | 20 -
saturation £, kWkN k=12 f ]
K=15 -
15 sl

E

i

\
First generation
Maximum soil pressure g, kPa

Third generatic;n swlond
generation

Fig.4. Coordination of the maximum pressure q on the soil with
permissible norms, coefficients of using the adhesion weight ¢,
and the level of energy saturation E,,

sponding to Professor G.M. Kutkov qualifications for
third-generation tractors.

Summarizing the results of the research presented in
tables 2, 3, as well as in figure 5, it was necessary to in-
clude in the revised State Standard 27021-86 “Agricultur-
al and forestry tractors. Traction classes ”, the following
recommendations.

The nominal tractor tractive force in kilonewtons was
determined by the formula

Pcr.nom = A'mea

where 4 — coefficient set depending on the tractor type;

m.— operating weight of the tractor, kg.

Coefficient A take equal:

3.24.10° — for agricultural tractors:

3.73.10* — for tractors with an operating weight of up
to 2600 kg;

for four- and three-wheeled tractors with two driving
wheels (4K2 and 3K2) with an operating weight of over
2600 kg;

for four-wheel tractors with four driving wheels (4K4)
and an operating weight of over 2600 kg:

3.92.10° — with tires of the ordinary concept;

5.00-10° — with ultra-low pressure tires;

for tracked tractors:

THE MAIN INDICATORS OF THE TRACTION CHARACTERISTICS OF THE CATERPILLAR TRACTOR T-250
Soil background Winter wheat stubble

Operational weight, kg 13200

Transmission 13 1-4 1I-1 11-2 11-3 11-4
Maximum traction power, kW 151.7 149.0 148.94 147.95 147.25 142,5
Traction force, kKN 97.5 87.0 75.0 61.0 51.0 47,5
Speed, km/h 3.6 6.2 7.15 7.95 9.3 7.8
Slipping, % 6.2 2.9 1.7 1.5 1.2 0,9
Conditional traction efficiency 0.809 0.799 0.794 0.789 0.785 0,760
Coupling weight utilization rate 0.74 0.66 0.57 0.46 0.39 0,36
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Ta6nuua 3 Table 3
EXISTING AND RECOMMENDED CHARACTERISTICS OF RUNNING SYSTEMS
(TG%cSt‘T‘"Z';‘;’Z“f‘;%t) Agrophilic concept (GOST 26955-86)
Track
Indicators Wheel Track Ultra low rubber-reinforced rl?ﬁ%t::.mglal
scheme ;ac pressure tire track with hinge and torsion
4Kd4a SiEneE wheel combined friction- | |° = ¢ pension of
pinned engagement d wheel
RAG* road wheels
RMSh**

Adhesive weight utilization rate 0.39 0.49 0.50 0.70 0.60
Allowable slipping, no more,% 16 5 3 3 3
Maximum pressure on the soil, kPa 150.0 110.0 80.0 80.0 80.0
Permissible maximum pressure, kPa 80.0

* RAG — rubber-reinforced track ** RMSh — rubber-metal hinge

walking prop

rubber-reinforced track
/‘ rubber-metal hinge
K /
rd

—
(=]

Adhesive weight utilization rate g,

07 ultra-low pressure agrophilic tire
0.6 K ordinary tire
05 / ;
04 /0,39
1 11 12 13 14 LS

Coefficient of longitudinal pressure unevenness, K,

Fig. 5. Generalized hypothetical (assumed) dependence of the
adhesive weight utilization rate ¢, on the longitudinal unevenness

coefficient

4910 — with a caterpillar of the ordinary concept;

6.0-10 — with rubber-metal hinge track, rollers with
torsion bar suspension;

7.0-10° — rubber-reinforced track with a combined fric-
tion-pinching system of force transmission

for forestry tractors:

4.4.107 — for tracked tractors;

3.4.10° — for wheeled tractors.

Inthe absence of data to determine the operating mass,
it was taken equal to:

1.15 — values of structural mass for wheeled tractors;

1.08 — values of constructional mass for tracks.

ConcLusions. Taking into account the research data as
an agrophilic direction, ensuring compliance with the norms
of impact on the soil, and positively solving the problems
of energy saturation, it was possible to recommend the de-
velopment of running systems to ensure the achievement
of the adhesion weight use factor ¢, = 0.5 (ultra-low pres-
sure tire), p. = 0.6 (rubber-metal hinge with torsion bar sus-
pension) and ¢, = 0.7 (rubber-reinforced track).

The conducted research, taking into account the avail-
able data on traction tests of the T-250 tracked tractor,
would make it possible to include the agrophilic concept
with a hypothetical (assumed) dependence of the adhe-
sion weight use factor ¢, on the longitudinal unevenness
coefficient K, in the form of recommendations in the re-
vised State Standard 27021-86 “Agricultural and forestry
tractors. Traction classes ”’[15-20].
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O6o0cHOBaHMeE NapamMeTpoB peLleTyaToro pbixXauTens Konartesnss MOPKOBU
B ycnoBusax Pecny6numku Y36ekuctaH
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Pedepar. Iloxazany, uto Bo BpeMst yOOPKM MOPKOBH KOMATENIIMH U3-32 U3MEHUMBOCTH (PU3UKO-MEXAaHHUECKUX CBOMCTB IOUBBI
00pa3yIoTcsl IPOYHBIC TOYBEHHBIE KOMKH, KOTOPBIC IUIOXO OTACIAIOTCS OT KOPHEIUIONOB U OCIOXKHSIOT TEXHOJOTHIECKUN TIPO-
Iecc cemaparyy, 9T0 MPUBOAHUT K Teperpyske MamuH. PazpaboTany pemreTdarsiii peIXIALMN paboduii opraH, yTydIIalomui
CcemapHpyIoIe CIocoOHOCTH 3neBatopa konarens. (Lens uccredosanus) O60CHOBATH MapaMeTPBI PEIIETIATOTO PHIXIHTENS KO-
TaTens MOPKOBH, KOTOPHIA 00eCIednBaeT HHTCHCHBHOE Pa3phIXJICHHE MOYBH M YBEIMUMBACT MONHOTY CEMapaluy IpuMecei
IpY MUHUMAJIbHOM TIOBPEXKACHUY KOPHEIUION0B. (Mamepuanst u memoost) MccnenoBany reoMeTpHuecKue, KHHEMAaTHIECKUE Ma-
PaMeTpBI PEIIeTYATOr0 PHIXJIMTENS KomaTels MOpKoBH. V3yunB (u3nKo-MEXaHMIECKHE CBOHCTBA TPSIKH MOPKOBH, TEOpETHUYE-
CKH 000CHOBAJIM KOHCTPYKTHBHBIE NApaMeTPhl MEXaHM3Ma U ero0 KHHeMaTH4eckue mokasarenn. (Pesyivmamsl u o0cyxcoenue)
YCTaHOBUIH, 9TO IIPU B3aMMOCHCTBHH PEIIETYATOr0 PHIXJIUTEIS C OYBEHHBIMH IIACTAMH Ha 3IIEBATOPE MIPOUCXOUT paspyLiIe-
HU€ TIOYBEHHEIX KOMKOB, Pa3phIXJICHIE TIOYBHI [P CIEAYIOMIX MapaMeTpax: paanyc PEIXIHTEN — He Ooree 9,5 caHTIMeTpa, BBI-
COTa PacmoyoXeHus Bana — 20 CaHTUMETPOB, HOTPYKEHHAS YaCTh JIOMACTH PHIXJIMTENS — 6 CAHTHMETPOB, ITMPUHA PELIETYATOr0
phIxiTens — 47 caHTUMETpPOB. (Bbi00bl) BBIABUIN, YTO peNIeTyaThie PHIXJIUTENH CIOCOOCTBYIOT HHTCHCHBHOMY CETapyupoBa-
HUIO MIOYBEHHOTO I1acTa 0e3 MOBPEeXACHUS U 0TePh KOPHEILIOA0B MOPKOBY. Jl0Ka3aly, 4TO OKPYXKHAs CKOPOCTb PELIeTYaToro
PBIXJIUTENS IOJDKHA OBITH He Oolee 2,5 MeTpa B CEKYH/LY, KWHEMATHYECKUH PEXUM CPeNCTBA HHTEHCU(HMKAINY cenaparuu — 2,5,
pazauyc peIxiuTens — He bonee 9,5 caHTHMeTpA.

KiroueBble ciioBa: Komarelb MOPKOBH, CeNaparys MOYBEHHBIX KOMKOB, PeIleTUaThli PHIXIHTENb, KITYOHEHOCHBIH ITacT, MOp-
KOBDb, KHHEMaTHUECKIH PEKHM.

1 1as umtuposanusi: Hopuaes P.H., Hopuaes /I.P., YHopmanoues P.X. O60cHOBaHKE TapaMeTPOB PENICTIATOTO PHIX-
JIUTENIS KOIaTelsi MOPKOBH B ycinoBuax PecriyOnuku Y36exucraH / Cenbckoxo3saiicmeenHble MAuiutbl U MexHo10-
euu. 2020. T. 14. N3. C. 15-19. DOI 10.22314/2073-7599-2020-14-3-15-19.
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Abstract. The authors showed that during carrot harvesting by diggers, strong soil lumps were formed that were poorly separated
from root crops and complicated the separation process, which leaded to machines overloading, due to the variability of the physical
and mechanical soil properties. A lattice loosening working body was developed that improved the digger elevator separating
ability. (Research purpose) To substantiate lattice ripper parameters of the carrot digger, which provides intensive loosening of the
soil and thereby increases the impurities separation completeness with minimal root crops damage. (Materials and methods) The
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authors researched geometric, kinematic parameters of lattice ripper of the carrot digger. They theoretically substantiated the design
parameters of the mechanism and its kinematic parameters after they studied the physicomechanical properties of the carrot bed.
(Results and discussion) The authors found that during the interaction of the lattice ripper with soil layers on the elevator, soil lumps
were destroyed, the soil was loosened with the following parameters: the ripper radius was not more than 9.5 centimeters, the height
of the shaft was 20 centimeters, the blade submerged part was 6 centimeters, the width of the lattice ripper was 47 centimeters.
(Conclusions) It was revealed that lattice ripper promoted intensive separation of the soil layer without damage and loss of carrot root
crops. The authors proved that the peripheral speed of the lattice ripper should be no more than 2.5 meters per second, the kinematic
mode of the separation intensification means should be 2.5, and the radius of the ripper should be no more than 9.5 centimeters.
Keywords: carrot digger, soil lump separation, lattice ripper, tuberous layer, carrot, kinematic mode.

B For citation: Norchaev R.N., Norchaev D.R., Chorshanbiev R.Kh. Obosnovanie parametrov reshetchatogo rykhlitelya
kopatelya morkovi v uslovioyakh Respubliki Uzbekistan [Substantiation of the lattice ripper parameters of the carrot
digger in conditions of the Republic of Uzbekistan]. Sel'skokhozyaystvennye mashiny i tekhnologii. 2020. Vol. 14.

N3. 15-19 (In Russian). DOI 10.22314/2073-7599-2020-14-3-15-19.

Pecrry6nuke Y30eKHUCTaH MOPKOBB BEIPAIIUBAIOT

TJIaBHBIM 00pa30M Ha OrOpOAax, MPHyCcaaeOHbBIX

y4acTKax, B MEIKUX (pepmepckux xo3siicTax. Ee
MIPOU3BOJCTBO B XO3UCTBAX OTIMYAETCS BEBICOKMMHU 3a-
TpaTaMu py4yHoro Tpyaa. CyIecTBYOIHEe TEXHOJIOTUH
BO3JICTIBIBAHHS M YOOPKH MOPKOBH TaK>Ke CBSI3aHEI C 00JTb-
IIMMH MaTepHaJbHBIMU U TPYIOBBIMU 3aTpaTaMH, HECO-
OJIFOJIEHHEM arpOTEXHIUYECKUX CPOKOB MTPOBENICHUS pa-
oor [1].

[Tpu y6opke MOPKOBH B OCHOBHOM MTPUMEHSIOT CaMO-
JICJTBHBIC KOTIA4H, KOTOPBIE He 00eCIIeYMBal0T HE0OX0 -
MOT0 KauecTBa paboThl. A 3apy0OeiHble KONaTEeIH MOp-
KOBH CJIMIIIKOM SHEPro- 1 MetajuioeMkue. K Tomy sxe Bo3-
HUKAIOT IIPOOJIEMBI IPU arperaTUpOBAHUH C IIPOIAIIHEI-
MU TPAKTOPaMH XJIOMKOBOAYECKOTO KOMILIEKCA, TOCKOb-
KY HeT clielHalibHbIX TpakTopoB. [Ipouecc cenapaiuu B
CYHIECTBYIOIINX KOMATEIAX MOPKOBH MPOTEKAET YIOB-
JIETBOPUTENIBHO TOJIBKO Ha JIETKUX U CPEHUX IIOYBAX C
HOPMAaJIbHOMH BIIAXXHOCTBIO. [1pu yOOpKe Ha TSXKEINbIX MO-
YBaX, 0COOEHHO C MOBBIIIIEHHON I TOHMKEHHOM BIaX-
HOCTBIO, CEITapupyIolre opraHbl paboTarT Hedhdek-
THUBHO.

KoucTpykius komarenei ¢ mpy TKOBBIMH 3JI€BATOPA-
MU CTAaHOBUTCS IPUYMHON BO3pACTAIOLINX TOTEPh U MO-
BpeXJieHni KopHer1onoB. K cyliecTBeHHBIM HeJoCTaT-
KaM CEpUHHBIX IPYTKOBBIX 3JI€BATOPOB OTHOCUTCS TO,
YTO OHU 3HAYUTENHHO TEPSIOT CEMapUPYIOUIYIO CIIOCO0-
HOCTb KaK IPU MMOHM)KEHHOM BJIAXXHOCTH MOYBbI — U3-3a
0OJIBIIOTO CONepKaHUS TOYBEHHBIX KOMKOB B BOPOXE,
TaK Y NPYU IOBBIIIEHHOM COAECPXaHUHU BJlard, Korna Ha-
JUTIaHHUE MTOYBbI HAa IPYTKHU MPAaKTUYECKH CBOIUT K HYJIIO
MIPOCBETHI MEXAY HUMH [2, 3].

Cemapupymomyro crnocoOHOCTh OOBITHHCTBA Pabo-
YUX OpraHOB yJNy4IIal0T, yCTaHABINBAs OOJIbIIE dJIeBa-
TopoB. Ho oHM He Bcerma o0ecednBaloT MOIHYIO cena-
panuio 6e3 MOBPEXKACHUS 3HAUUTEIBHOI O KOJIMYECTBA
KJIyOHEH UJIM KOPHEIJIoA0B [4].

B 3710i1 cBsI31 Ba)KHO HOBBICUTE d(PPEKTUBHOCTH CEII-
palyy MOYBEHHOM MacChl 2JIEBATOPOM KOTIaTe s PU Hau-
MEHBIIUX MMOTEPAX 1 ITOBPEKACHUAX KITyOHEH MOPKOBH.

CE/IbCKOXO3AMCTBEHHBIE MALWHbI 1 TEXHONOTMA  Tom 14+ N3 + 2020

LIEne nccnenoBAHNS — 000CHOBATH HTApaMeTphI pe-
IIETYaTOT0 PEIXJINTENS KOIaTeIst MOPKOBH, KOTOPHIH 00e-
CIe4YMBaeT paBHOMEPHOE pacIpeieeHe BOpoxa I1o IIU-
pHHE 371eBaTOpa ¥ TEM CaMbIM YBEITHYHBAET MOJHOTY Ce-
Hapanuy npuMeceil npu MUHUMAaJIbHOM IOBPEX ACHUU
KOPHEILIOJIOB.

MATEPMANBI M METOAI. 1151 peLiieH s BBIIICYKa3aH-
HBIX TPOOJIEM MBI IIPEIOK I SHEProcOeperaroniuii Ko-
raTenb MOPKOBH C YCOBEPIICHCTBOBAaHHBIM 3JIEBATOPOM

(puc. I).

At et ) sl
NEE RN 8 R
(A3 7FIXNYY

PRy
HEREENE R
Ay XY )

Puc. 1. Koncmpykmugnas cxema xonamens MopKosu

1 — nookanvieaowue nemexu, 2 — pewemyamolii puIXIUMensb,;
3 — ocHosHOU aneeamop, 4 — KackaoHwlll sneeamop, 5 — Koneca;
6 — Hanpagumenu; 7 — peuiemuamole 2acumenu

Fig. 1. Structural diagram of a carrot digger

1 — digging plowshares; 2 — lattice ripper; 3 — main elevator; 4—
cascade elevator; 5 — wheels; 6 — guides; 7 — lattice absorbers

Jlemexu cOCTOSIT U3 JABYX OCHOBHBIX U OTHOI'O TpOME-
>)kyTouHoro. [IpukpensyieHHble K paMe pelieTyarble
PBIXJIUTENHN U3TOTOBJIEHBI U3 IPYTKOB IMaMETPOM 12 MM
W IIOKPBITHI pe3uHOM. Ha mpyTkax aneBatopa ycTaHOBJIE-
HBI I0IIEPEYHBIE IUIAHKH, U3TOTOBJICHHBIE U3 METaJIH-
YECKOI'0 JIUCTA TOJIIIMHON 3 MM U OKPBITHIE PE3UHOM.
lacutens cOCTOUT M3 IBYX YaCTEH, JKECTKO 3a(UKCHPO-
BAaHHBIX IO/ YIJIOM K paMe€. OH BBIIIOJIHEH B BUJC pCIICT-
KU, TOKPBITON PE3UHOM.
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PE3YNLTATbI M OBCYXXAEHME. Paguyc pemeTyaToro
PBIXJIMTENS R, ONPENENSAIOT U3 YCI0BUS MAKCUMAJILHOIO
PHIXJICHUS B OTJCNICHHSI YaCTH ITacTa BOPOXa C JOIACTs-
MH PBIXJIUTENS C YUETOM Pajuyca Baja pPhIXJIHTENS 7y,
TOJIITMHBI IOYBEHHOTO BOPOXa /1,  MAKCUMAaJIEHOH BBI-
COTBI PAaCIOJIOKEHH I MOPKOBH /1, IpH 37eBaTope [5]:

Ry<h,—hy,+r, M

rae R, — paauyc peleTyaToro peIXJIUTeNs, M;

7, — pamuyc Baa, M;

h, — TONIIMHA TIOYBEHHOTO TIACTA, M;

h, — MaKcHMaJbHas BHICOTA PACIIONIOKEHU I MOPKOBH
[IPY 3JIEBATOPE, M.

[oncraBus B (1) onpeeeHHbBIC IKCIIEPUMEHTAIEHBIM
myTeM 3HadeHus h, = 16 cMm, A, = 8 cM U mpuHUMAS
r,=1,5cM, momydnm, 9to R, < 9,5 cm.

Jluis onpezesieHus pajnyca peleTyaToro phIxjanuTe-
1 IpoBesieM och Ox Tak, 9YTOOBI HAIPABICHUE OCH CO-
BIIAJIAJI0 C HAMIPABJIICHUEM JIBHIKSHUS ITOJIOTHA 3JIEBATO-
pa KomaTeJsi MOpKoBH (puc. 2).

Y;

0;

X

Puc. 2. Cxema x onpedenenuro 8bicomvl YCMAaHO8KU NPUBOOHO20
6410 pewemuamozo polXiumeist

Fig. 2. Scheme for determining the installation height of the drive
shaft of the lattice ripper

Paccmotpum aBrskeHne TOYKU M KOHIIA pelreT4aTo-
TO PBIXJINTENA PaAHyCOM R,,, OTHOCHTEIBHO IIACTA IO-
YBEI BBICOTOM /1, TOCTYTAIOIIETO Ha 3JIEBATOP, IIPH yC-
JIOBUH, YTO BaJl pacrojokKeH Ha BbicoTe H, Haj nuHuEH
MOJIOTHA DJIeBaTOpa!

H, >h, + R”(V‘”” +V3)—(h”" iaz j

()]
v, 2
rae V,, — IocTynaTeabHasi CKOPOCTh arperaTa, M/c;
V, — cKopoCTb dIeBaTopa, M/c;
V,— OKpyKHas CKOPOCTb PEIETYATOr 0 PHIXIUTENS, M/C.
W3 npoBeneHHbIX UCClIeIOBAaHUN KUHEMAaTUYECKU U
PEXHUM PEHIETYATOTO PHIXIUTEIS OMPEACISIETCS CIemy-

FOIMM BBIpakeHueM [6-9]:

V
A, =—L-=25, 3)

P

azp
rac /lp — KUHEMaTHYECKU I PEKUM peHICTYATOIO PHIXJIU-

TCIIA.
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CygeroMm V,,, = 1,0 M/c mOTydHM, 4TO OKPYIKHAasI CKO-
POCTB PEMIETYATOrO PhIXAuTENsS V), = 2,5 m/c.

[ToxctaBuB B (2) onpeieneHHbIe SKCIIEPUMEHTAIBHBIM
nyTeM 3HaueHus V,, = 1,0 m/c, V, = 1,2 M/c u npuHuIMas
R,=0,095 M, V,=2,5wm/cu h,= 0,16 M, Hosry4n™, 4TO
H,>0,20 m [10-14].

VYuuThiBas 3HaUCHUS BBICOTHI H, PacIiooxKEeHUsI Ba-
JIa PeHIeTYaTOro PHIXIUTENS U TOJIIINHBI TOYBEHHOTO
macra /4, orpeaensieM NorpyKeHHYI0 4acTh JIONacTu
PBIXJITHTENS K BOPOXY:

R, V., +Vo)_(h.‘,2+nJ , @)

T/ie 7, — IOTPYXKEeHHAas 4acTh JIOMACTH PHIXJIUTENS K BO-
pOXYy, M.

INoncTaBus B (4) onpeneneHuble 3HaUeHUS V,,=1,0M/c,
V,=1,2 m/c n npunnmas R,=0,095 m, 4,=0,08 m, V,=2,5m/c
u r,=0,015 M, momyunm, arto r,=0,06 m.

B skcniepuMeHTanbHBIX UCCIeN0BaHUAX OBLIN OIpe-
JICTICHBI TEOMETPUYECKHE TTapaMeTphl B GOpPMBI BOpOXa
pH diieBaTope. Bopox mpu aneBaTope nMeeT Tparneneu-
JanbHYI0 (GOopMYy € yriioM oTkoca ¢,=60°, mupuHa Bep-
muHbl B,=0,4 M.

[IvpuHy pemer4aToro pelXJuTens B, BRIOUparoT uc-
XOJIs1 U3 IUPUHBI BEPIIUHBI B, ¥ yTIia 0TKOCA ¢, BOPOXa
TIPH BJIeBaTopE:

r=R,- v

P

R\, +V, h, +
B, 2B +2 Rp—[ ”(V” )— f”zr“ cigp,> )

)4
rae B, — IUpUHA PEIETYaTOr0 PhIXIUTEIS, M;

B, — mupuHa BEpIIUHEIL, M.

IToncTaBus B (5) BRIILENIPUBEICHHBIE 3HaUeHHA B, R),,
Varps Vos Vi By 1 75, IOITyunM, uTO B, > 0,47 M.

CoracHo (5) mpuHIMAaeM IMHAPHHY PEHIETYATOTO PhIX-
nurens B, = 0,48 m.

3a HEKOTOPBIN TPOMEKYTOK BpEMEHHU KOIaTeIh MOpP-
KOBH IIPOJIBUHETCSI BIIEPEI CO CKOPOCTEIO V Ha paccTos-
Hue KK, = V.. Touka K koHI1a OapabaHa pemeTdaToro
PBIXJIATEN S, BPAIIAIOIMIET0Cs C TOCTOSIHHOM YTIIOBOM CKO-
POCTBIO ), 38 BpeMsl { IepeiIeT B osoxeHue K, IoBep-
HYBIINCh HA YTOII € = .

VYyursiBas, uyto OKy= H,= R, + h,,, TOTy4uM ypaBHe-
HUS IBUIKCHUSI TOYKU B KOOPIUHATHON opme:

Xy =V,, t—R, cosm,t

{YM =R,+h,—R, sin(a),,t)" (6)
rne t — Bpems, C.

ponuddepenunporar ypaBHenus (6) Mo BpeMEHH,
MOJTYYUM yPaBHEHHS COCTABIISIONINX a0COTIOTHOM CKO-
poctu:

dx

V.= = =V,,~R,0,cosm,t; 7
d .

v, =;J;=RP sinw, 7. ®)

AOBCOIIOTHYIO CKOPOCTb JBIKEHUS JII000H TOUKH JI0-
MaCTH MOXKHO HAWTH U3 BBIPAKEHHS:
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-

Ve =\V2+V2 = V2, -2R, 0,

azp pp" ap (9)

. 2 2
sinw, t + Rpa)p s

[R,, V., + Va)_(h,u v 4)

. R : v, 2
TI€ sinw,t = "R — = 2

P P

Orcrofa Beipaxkenue (9) mpuMeT BU:

V. = \/ V2 - Z”P 2R, (v, +V,)-V, (h,+r,)]+ R . (10)
P

Ioncrasum B (10) onpenenenHsie 3HaueHns V., = 1,0 M/c,
V,=1,2 m/c [15-20].

MACHINERY FOR PLANT GROWING

Ipumem R, = 0,095 M, V,,=2,5 m/c u 1,=0,16 M.

B utore nomyuum, uto V. = 2,3 m/c.

BbiBOAbI. PemieTuaTbie ppIXIMTENN CIIOCOOCTBYIOT HH-
TEHCUBHOMY CETIaprpOBAHIIO TIOYBEHHOTO TJIACTa 0€3 10~
BPEKJICHUS U TTOTEPh KOPHETUIONO0B MOpKOBH. Onipeneinu-
JIY pallMOHAJIbHBIE MTAPAMETPHI, TOBBIIAOIIIE CeapaIiiio
ITOYBBI KOIATEIEM MOPKOBH: paIlyC PEIIEYATOrO PHIXJIH-
tens — 0,095 M, BeicoTa pacnonoxenus Bana— 20 cM, 1mo-
I'py’KeHHas 4aCTh JIONACTHU PHIXJIUTENS — 6 CM, IIHPHUHA pe-
[IeTYATOr0 PRIXIUTENS — 47 cM, OKpy KHasi CKOPOCTh pe-
HIETYATOTO PHIXJIUTENSA — 2,5 M/C, KHHEMATHUECKU I PeIKUM
CpeAcTBa HHTEHCU(PUKAIIMY cerapanuu — 2,5, abCoMoTHAs
CKOPOCTH JIBMKEHHUS JTFOOO0M TOUKHM JIOTACTH — 2,3 M/C.
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__ MEXAHN3ALINA XWBOTHOBOACTBA IMECHANIZATION OF ANIMAL INDUSTRY

YAK 621.928.13 DOI 10.22314/2073-7599-2020-14-2-20-26

O60CHOBaHMe TEXHONIOMMYECKUX CXEM U NapaMeTPOB PO60TU3NPOBAHHbIX
AOWUJIbHbIX 3aJ0B

Cemen Cepreesuu Pysun', Cepreii Cepreesnu IOpouxa',

aCnUpaHT, MIIAIIINN HAYYHBIA COTPYAHUK aCHUpaHT, MIIAAIINN HAyYHBIA COTPYAHUK
®ecnop Esrensesny Baagumupos', I'e6 Anexcanaposuy Jlorepa’,
ACTIIHPAHT, MIIAJIINN HAYIHEBIH COTPYIHUK; CTYIIEHT-MarucTp

'DeiepanbHbIi HayYHBII arpouHKeHepHbIH eHTp BUM, MockBsa, Poccuiickas ®enepanus;
*MoCKOBCKHUiT aBHAIIMOHHBI HHCTUTYT (HAIIMOHANBHBIH HCCIen0BaTeNbCKHil yHIBEpCUTET), MockBa, Poccuiickas
Qenepanus

Pedepar. Coznanne KOMIAKTHBIX pOOOTH3MPOBAHHBIX MAaHUITYJISTOPOB JOCHUS MPEATONaraeT X UCIONb30BaHUE HE TOJBKO B
OTHOMECTHBIX MOCTaX POOOTH3MPOBAHHOTO JOEHUS (MOHOOOKC), HO M B JIOMIBHBIX 3aiax Tuma «[lapannens» unu «Kapycemb»
BMeCTUMOCTBI0 110 120 romnoB npu ompHOBpeMeHHOM jpoeHuu. (Lenv ucciedosanus) OO0CHOBATh TEXHONOTHIECKUE CXEMBI JI0-
WIBHBIX 3JI0B U BAPHAHTHI UX MCIIOIB30BaHKS Ha KHUBOTHOBOIYECKHUX (pepMax pasinyHoOi BMECTUMOCTH. (Mamepuanvl u memo-
Obl) VI3y4nim onbIT OpraHU3aIiK CHCTEMbI MAITMHHOTO ¥ POOOTH3MPOBAHHOTO JIOCHHUS KPYITHOTO POTaToro ckota B Poccuiickoi
Denepanuu 1 3apyOeKHBIX CTPaHAX, TUAUPYIONIUX TI0 YPOBHIO IPOU3BOACTBA MONIOKA. [[poaHanM3upoBaIn acCCOPTUMEHT MAIlIH
TS MOJIOYHOTO KUBOTHOBOJICTBA. [10 pe3ynbraraM NMUTAIIMOHHOTO MOJICTUPOBaHUS B cpene Any Logic TIPpeanoKuii KOHICTIIHH
CHCTEM POOOTU3UPOBAHHOTO J0eHUs. CpaBHUIIM MPOIYCKHYIO CIOCOOHOCTH TIPY BBIMIOIHEHUHU OTEpaIUil TOeHHsT poOOTH3HPO-
BAHHBIMHU THIIAMH JIOWJIBHBIX YCTAHOBOK M CTAHIAPTHBIX CUCTEM, 00CITYKUBAEMBIX OIIepaTopoM. (Pesyrvmamut u 06cydcoenue)
[poBeny pacyeTsl U Jadd CPABHHUTEIBHYIO OICHKY TPONOKUTEILHOCTH UKIIOB OOCTY)KMBAHHS KUBOTHBIX B aBTOMATH3HPO-
BAaHHBIX ¥ POOOTU3UPOBAHHBIX JIOMIIBHBIX 3aJIaX pa3NnuyHOi KoHpurypauun: «Beepy», «Enoukay, «Ilapamnensy. Jlns cHIxeHus
KaluTaI0EMKOCTH POOOTH3UPOBAHHBIX YCTAHOBOK, MOBHIIICHUS YPOBHS MOTOYHOCTH BBITNOIHEHHS TEXHOJIOTHYECKUX OTIEPAIINi,
COKpalIeHHs BpeMEHH Ha 00CITYKUBaHHE KMBOTHBIX NPETIOKUIA CHCTEMY POOOTH3MPOBAHHON CaHALMH JKMBOTHBIX TPH BXO-
Jie B JIOWJIbHBIA 3a1. JloKa3aiu, 4yTo BHEIPEHUE TPEIIOKEHHOW KOH(QUTYpalund poOOTH3UPOBAHHBIX JOWIIBHBIX 3aJI0B MO3BO-
JIUT CHU3UTH KaIIUTAI0EMKOCTh 000PYIOBAHHMS MO CPABHEHUIO OTHOOOKCOBBIMH MOJCTIAMH POOOTH3UPOBAHHBIX TIOCTOB JTOCHHUS.
OTMeTunu mpenMyIiecTBa MOJOOHBIX CUCTEM: OOIIYI0 HHPPACTPYKTYPY KOMIIOHEHTHOM 0a3bl (MOOKOTIPOBOJIBI, MOIOKOTIPHEM-
HHUKH, aBTOMAT TIPOMBIBKH ¥ JIp.) ¥ UCKITIOUEHHE Pa3/IelIcHUs Ha OT/eIbHbIE TTOTOKH. (Bbi600b) BBISBIIIN ONTHMATEHOE COOTHO-
IIEHUE KOJIMYECTBA JOUIBHBIX OCTOB U CaHMyHKTOB — 13:1. Jlokazaiu, 4yTo OHO 00ecreurBaeT MaKCUMAbHYO TIPOM3BOIUTENb-
HOCTB TpyZla pOOOTH3UPOBAHHOTO JIOMIIBHOTO 3aia. [0 pe3ynbraraM TeopeTHYECKUX PacueToB ONPEICIHIIH, YTO MpeIaracMbie
CXeMBI POOOTH3AINK JIOWIBHBIX 3aJI0B MPEBBIMIAIOT MPOU3BOAUTENBHOCT CYIIECTBYIOIIUX OJHOMECTHBIX POOOTU3MPOBAHHBIX
HOCTOB JJOCHHSL.

KiroueBble coBa: MosiouHas epma, TOMIBHBIHN 321, pOOOTH3AIMS HOSHHS, POOOTH3UPOBAHHAS CAHAIINS KUBOTHBIX.

1 Ina uutupoBanusi: Pysun C.C., Bmagumupos ®.E., IOpouka C.C., loprepa I'A. O60ocHOBaHHE TEXHOJIOTHYE-

CKHX CX€M U IIapaMeTPOB pOOOTU3NPOBAHHBIX IOMIIBHBIX 3aJI0B // CenbCKoX03:1CmeeHHble MAUWUHBL U MEXHOI02UU.
2020. T. 14. N3. C. 20-26. DOI 10.22314/2073-7599-2020-14-3-20-26.

Justification of Technological Schemes and Parameters of Robotic Milking

Parlors
Semen S. Ruzin', Sergey S. Yurochka',
junior researcher, postgraduate student; junior researcher, postgraduate student;
Fedor E. Vladimirov', Gleb A. Dovgerd’,
junior researcher, postgraduate student; postgraduate student

'Federal Scientific Agroengineering Center VIM, Moscow, Russian Federation;
*Moscow aviation Institute (national research University), Moscow, Russian Federation

Abstract. The creation of compact robotic milking manipulators involves their use not only in single-box robotic milking stations
(monobox), but also in milking parlors such as “Parallel” or “Carousel” with a capacity of up to simultaneously milking 120
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heads. (Research purpose) To substantiate milking parlors technological schemes and options for their use on livestock farms
of various capacities. (Materials and methods) The authors studied the organizing experience of machine and robot milking
system for cattle in the Russian Federation and foreign countries, leading in milk production. They analyzed the assortment
of machines for dairy farming. Based on the results of simulation in the Any Logic software, they proposed the concepts of
robotic milking systems. They compared the throughput when performing milking service operations with robotic types of milking
machines and standard systems operated by the manipulator. (Results and discussion) The authors performed calculations and
gave a comparative assessment of the duration of the service cycles for animals in automated and robotic milking parlors of
various configurations: “Fan”, “Herring-bone”, “Parallel”. To reduce the capital intensity of robotic facilities, to increase the level
of production process execution accuracy, to reduce the time required to service animals, a robotic animal sanitation system was
proposed at the entrance to the milking parlor. The authors proved that the introduction of the proposed configuration of robotic
milking parlors would reduce the capital intensity of equipment in comparison with single-box models of robotic milking stations.
They noted the advantages of such systems: the general infrastructure of the component base (milk pipelines, milk receivers,
automatic rinsing, etc.) and was not separated by different streams. (Conclusions) The authors revealed the optimal ratio of the
number of milking posts and medical stations — 13:1. It was proved that it provided maximum labor productivity for a robotic
milking parlor. According to the results of theoretical calculations, it was determined that the proposed robotics schemes for
milking parlors exceed the productivity of existing single-box robotic milking stations.

Keywords: dairy farm, milking parlor, robotic milking, robotic sanitation of animals.

1 For citation: Ruzin S.S., Vladimirov F.E., Yurochka S.S., Dovgerd G.A. Obosnovanie tekhnologicheskikh skhem
1 parametrov robotizirovannykh doil'nykh zalov [Justification of technological schemes and parameters of robotic
milking parlors]. Sel'skokhozyaystvennye mashiny i tekhnologii. 2020. Vol. 14. N3. 20-26 (In Russian). DOI 10.22314/2073-

7599-2020-14-3-20-26.

03/1aHHE KOMIIAaKTHBIX POOOTU3HPOBAHHBIX MaHH-

MYJISATOPOB TOCHUS MPEANONIATacT UX HCIOTb30-

BaHHE HE TOJIBKO B MOHOOOKCAX, HO U B IOUJIBHBIX
3aiax. [I[pumepom Temy crtajia pazpaboTaHHas pupMoi
GEA Farm (I'epmanus) poOOTU3UPOBaHHAs TOUJIbHAS
ycraHoBKa «Kapycenby, T1e poOOTH3NPOBAHHBIN JOUITh-
HBIH MOIYJIb YCTAHOBIICH B CEKIIMOHHOM ITePEropoaIKe
KaXXJIOr0 IOUJIBHOTO cToina [1-6].

EcTp 1 mpyTHe BapuaHThI M TEXHOJIOTMTIECKHE CXEMBI
poOOTH3HPOBAaHHBIX AOMIBHBIX 3aJ10B. Hanmpumep, Kom-
nanus Lemmer-Fullwood npeniiaraet KOHICTIITHIO JI0-
UIBHOTO 3aJa ¢ 10 poboTaMu, yCTaHOBICHHBIME Hapaj-
JIEJBHO B BUJE oayKobIa [7-9]. Takue nonnbpHbIE ycTa-
HOBKH B CBO€ BpeMsi ObL1u pa3padbotanbl B CCCP u nme-
11 ¢popmy Beepa. M3 Teopru MOTOYHO-TEXHOIOTHYECKUX
JIIMHUHN U3BECTHO, YTO MHOTOTIOTOYHBIN KOHBEHEp NMEET
OOJIBIITYIO MTPOITYCKHYO CIIOCOOHOCTH, YEM OJTHOTIOTOY-
HeIi. [lonnpHas ycranoBka «Kapycens» npeacrasiser
c000i1 omHONIOTOUHBIHN KOHBelep. Ee mpomyckHast cro-
coOHOCTB OmpeenseTcs TPOAOKUTEIBHOCTHIO BITYCKa
KUBOTHBIX, OKPYKHOI CKOPOCTBIO BpalleHU I1aTdop-
MBI ¥ urciioM ctrankoMecT [10-12]. Bee aTu mapaMeTpsl B
ABTOMATH3MPOBAHHBIX U POOOTH3NPOBAHHBIX KapyCelb-
HBIX YCTAHOBKaX JIOJKHBI OBITh cOriacoBaHbl. Pemaro-
miee 3Ha4eHUEe UMEET MPOJIOJIKUTEIBHOCTD JOCHUS O/1-
HOU KOpOBHL. Eclii )KHBOTHOE TYTOOWHOE, TO CKOPOCTh
KOHBelepa 3aMeIJIIeTCs WITH JJa)Ke MPUOCTaHABIIMBACT-
Csl, a B OTACIBHBIX CIIydasX KOpOBa IIePEHATIPABIIIETCS
Ha BTOopoi KpyT [13]. B MHOTONOTOYHBIX TOUITBHBIX YCTAa-
HOBKaX MapaJiyie]IbHO-ITPOXOTHOTO THIIA TPOIOJIKUATEIb-
HOCTB TOCHUS OyIeT BIHATH TOIBKO Ha 3P (PEKTUBHOCTD
OTJIEJILHO B3SITOT'O CTaHKA. YeM BbIIIE yAeTbHas TPOU3-
BOJHUTEIBHOCTH, TEM MEHBIIE TOTPEOyeTCS CTAHKOB. DTOT
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MOKa3aTeNIb MOXKET IOCTUTATh 7,5-8 TOJI./4, HO B yCTaHOB-
kax tuna « Emouka» n «Kapycens» oH He TIpeBHITIAET
4-4,5 ronoB Ha OAMH CTaHOK [14-16].

C 1eTpI0 OITHMHU3AINH TApaMETPOB POOOTH3UPOBAH-
HBIX 32JI0B HEOOXOMMO ITPOBECTH 000CHOBAHHUE U UCCTIC-
JOBAHUE TCXHOJOI'MYECKUX CXEM U BAPUAHTOB UX UCIIOJIb-
30BaHUs Ha pepMax pa3TUuIHON BMECTHMOCTH.

YuuteiBas HaMETUBLIYIOCA TCHACHIIUIO K p060TH3a-
IIUHA MOJIOYHBIX (hepM, HEOOXOIUMO MTPOAHATH3IUPOBATh
BO3MOXKHBIC [Ty TH ONITUMHU3AIIUU KATUTAJIOEMKOCTH IIPU
CTPOUTENBCTBE M BBOJIC B AKCILTyaTaIN 0, 3 (HEKTHBHO-
ro 00CTyKUBaHHUS KUBOTHBIX, ITOJIArasl, YTO PaCIpOCTpa-
HEHUE MOHOOOKCOBBIX MOIeJICH JOMITBHBIX POOOTOB IS
KPYTHEBIX pepM He 3P PEKTHBHO IO CPaBHEHHIO C TPATH-
IOUOHHBIMU NOUJIBHBIMHU 3aJIaMU.

K Tomy e moTeHnman cynecTBYIOMNUX TEXHOJIOTHN
MO3BOJISACT POOOTU3MPOBATH TOUTBHBIC 3aJTBI JIF0OO0H KOH-
(urypanuu, pactoIoKHUB B HUX ITapajuIeIbHO MIPOXO/-
HBIC CTAaHKHU 1 3a0CTOHNPOBAB TPAHIIICIO, 3 Ha BXOJIE yCTa-
HOBUTH pO6OTH3HpOBaHHLII71 CTAHOK JJI1 OYUCTKH BBIMC-
HU. OOBeIMHEHHBIC TAKHUM 00pa30M poOOTH3UPOBAHHEIC
CTaHKH MOTYT HMETh O0IIYI0 HHPPACTPYKTYpPYy U KOM-
MOHEHTHY0 623y (MOJIOKOITPOBO/IbI, MOJIOKOTIPUEMHUKH,
aBTOMAT IPOMBIBKH U JIP.), YTO MO3BOJIHT B IIEJIOM CHH-
3UTh KAITUTAEMKOCTH POOOTU3AIMH MHOTOMECTHOTO J10-
unpHOTO 3a1a [17-20].

LLENb NCCNEQOBAHUS — 000CHOBATH TEXHOJIOTUYE-
CKHe€ CXEMBI JOMIBHBIX 3aJI0B M BAPHAHTEI KX UCIIONB30-
BaHUs Ha KUBOTHOBOMYECKUX (pepMax pa3IndHON BMe-
CTHMOCTH.

MeToAbI M MATEPUANBI. CXeMbl aBTOMaTH3HPOBAH-
HBIX JOUJIBHBIX YCTAHOBOK C ITOCJICAOBATCIbHBIM BITY-
CKOM-BBIITYCKOM KHBOTHBIX OIIPEIEIISTIOTCS IIPEXKIE BCe-
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ro yroOCTBOM HX OOCITY>KHBaHHS OIIEPATOPOM: HIIH OH
MEPEXOUT OT OAHOTO CTaHKa K Ipyromy («Emnoukay), unu
CTaHKH IepeMemaroTcs MuMo Hero («Kapycenby).

MBI U3y4YHIIN ONBIT OPraHU3alluy CUCTEMBI MAITUH-
HOT'O ¥ pOOOTH3HPOBAHHOTO IOCHUS KPYITHOTO pOraTo-
ro ckora B Poccuiickoit denepanuu u 3apy0e:KHBIX cTpa-
Hax, JTUIUPYIOIUX TI0 yPOBHIO TPOU3BOJICTBA MOJIOKA.
[Ipoananu3upoBaiu aCCOPTUMEHT MAILIHUH JIJI1 MOJIOY-
HOT'0 )KUBOTHOBO/JICTBA, a TAK)K€ Pe3yJIbTaThl UMHUTAIIH-
OHHOTO MOJIETTUPOBaHUsA B cpene Any Logic. CpaBHUIHN
MPONYCKHYIO CIOCOOHOCTH MPH BHIIOTHEHUH OIIEpaluid
JOeHUs pOOOTH3NPOBAHHBIMY THIIAMH JOMIBHBIX YCTa-
HOBOK M CTAHJAPTHBIX CHCTEM, 00CTy)KHBaEMBIX OIlepa-
TOpOM.

PE3YNbTATbI M OBCYXAEHME. [IpennaraeMbie cxemMbl
POOOTU3UPOBAHHBIX TOUIBHBIX 32JI0B OTIIMYAIOTCS OT
CTaHJAPTHBIX TEM, 9TO pOOOTHI HE IEPEMEIAIOTCSI, U KO-
POBBI MOT'YT JOOPOBOJBHO IIOCENIATE MOCT TOCHUS, 3aX0-
JIUTH B MMapajuleNbHbIe CTAHKH JJIs1 CaMOOOCTy)KHUBaHUS
JKUBOTHBIX ( PUCYHOK).

CXeMBI 3TUX YCTaHOBOK OTIIMYAIOTCS OT U3BECTHBIX
CUCTEM HE3aBUCHUMBIM BIIyCKOM-BBIIIYCKOM )KMBOTHBIX B
Ka»JIbl JOUJIBHBIN CTAHOK. B 3T0i1 CBSI3U cleayeT 0Ku-
JIaTh MOBBIIICHHUE MIPOITYCKHOM CIIOCOOHOCTH 110 CpaBHE-
HUIO ¢ TpaguuoHHbIMU «Kapycenbion, «Ilapannensio»
nnu «Enoukoiiy, rie mpoucxXoauT MocieqoBaTeNbHOE 3a-
MIOJTHEHHE CTAHKOB M 00CITY KMBaHHE )KHBOTHBIX OIlepa-
TOPOM.

ITpomomKUTEeTIFHOCTD IIUKJIA OOCITYKUBAHHS B Tpa-
JULMOHHBIX TPYIIIOBBIX cTaHKax Tuna «Enouka» onpe-
JIENSIeTCS 110 3aBUCUMOCTH:

tf:q = t]fI{.l—BbIH + tpo ‘n+ tgna M

rae tBErf_Bbm. — IPOJIOJIKUTEIBHOCTD BIIyCKa-BhINTyCKa B
TpyNIIOBOM CTAHOK HA aBTOMAaTU3UPOBAHHON YCTaHOBKE
«Enoukay;

tp, — IPOJIOJDKUTENBHOCTD BBITIOJHEHH S Py YHBIX OIIE-
pamuii onepaTopom Ha | KOPOBY, MUH;

tyn — BPEMS 0KHIaHH S BBITAMBAHUS IOCIEAHEH KOpO-
BHI (5-7 MUH),

1 — 9UCIIO MECT JOCHHUSI B TPYIIIIOBOM CTAHKE.

CymiecTByeT BEpOSITHOCTD, UTO B #1-OM LIUKJIE BBHITTYCK
JKHUBOTHEIX OYIET «TOPMO3HUTE» TYyTOHOHHAs KOpOBa, a
He 00s3aTeNIbHO KpaiiHsa. Ho B menoM aiis cpaBHUTENb-
HOH OIIEHKH 3Ta (JOPMYJIa BIIOIHE TpHEMIIEMa.

TaxuM 00pa3om, MPOU3BOAUTENBHOCTH ABTOMATH3H-
pOBaHHBIX JOMJIBHBIX YCTAaHOBOK TuIa «Enoduka» onpe-
JIEJISIeTCS U3 BBIPAYKEHUS:

60
ngz‘ = TEA- 2
tr=
ui

AHaIOrHYHBIM 00Pa30M MOKHO BBIYHCITUTH TPOITYCK-
HY0 CIIOCOOHOCTH aBTOMATH3HUPOBAHHOM JOMIBHON yCTa-
HOBKU «Ilapanmnensy», ¢ TOM NUIIb pa3HULIEH, YTO MPO-
JIOJKUTEILHOCTD ITUKJIA TPYIIIIOBOTO 00CITY)KUBaHHU S KO-
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C

Puc. Texnonoeuueckue cxembl po60mMusuUpOSAHHbIX OOUNILHBIX 3d-
7108

a— «Beepy; b — «Enoukay; ¢ — «llapannenvy

1 — nocm canayuu 8bIMEHU OOCTYHCUBAEMBIX HCUBOMHBIX, 2 — A6~
MOMAMUYecKutl MaHURYIsAMop O OYUCMKU COCKO8 6blMeHU, 3—
POOOMUBUPOBAHHBILL NOC Q0EHUS C A8MOMAMUYECKUM MAHUNY-
AAMOPOM, 4 — asmomamuieckuii MaHURYIAMOp OOeHus, 5 — Ha-
Konumensb

Fig. Technological schemes of robotic milking parlors

a—"Fan"; b— "Herring-bone"; ¢ — "Parallel”

1 — sanation post of the serviced animals udder, 2 — automatic
manipulator for cleaning the udder nipples, 3 — robotic milking
post with an automatic manipulator, 4 — automatic milking
manipulator, 5 — storage
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pOB OyZIeT Kopode u3-3a OMHOBPEMEHHOT'O BBIITYCKA H
MEHBIIET0 YHCIa TePEXOA0B:

II __ 60
dya — {II. 3
yi

HpOI/I3BOI[I/ITeJ'IBHOCTB aBTOMaTI/I3I/IpOBaHHOﬁ «Kapy-
Cein» ONpECACIAIOT IO (I)OpMYJ'ICI

Qliya = T @
ya Tos
To5 — IPOJOKUTEIBHOCTH OTHOTO 000pOTa MIaT(HOPMBL,
MUH;

Aer — YHCIIO TIOCTOB JIOCHUS B IOUJIBHON YCTaHOBKE.

PaccMoTprM aHaJIOrMYHBIE TOKA3aTeNN POOOTH3UPO-
BaHHBIX CUCTEM JIOCHHS (PUCYHOK).

Heo6xomuMo onpenenuTh NpoIoKUTEIbHOCTh IIHK-
J1a 00CIy)KUBaHHS KX I0T0 HHIMBHyaJIbHOTO CTaHKa,
ITOCKOJIBKY OH MOXKET OBITh 3aHIT HE3aBUCHMO OT ApPY-
rux. J{ns cxeMbl poOOTU3NPOBaHHbIH « Enoukny Oyaem
HMETB!

tllfip = tlfl‘F—BbIl‘I +itp tig ®)
rae tBErF_Bbm— cpenHee BpeMsi IPOIOKUTEILHOCTH BITY-
CKa-BBIITyCKa KOPOB B MHANBUAYAIbHBIN CTAHOK, MUH;

t, — IPOJIOJIKUTENBHOCTD TIOJITOTOBKU BBIMEHH (00-
MBIB) POOOTOM U MOJKITIOYECHUE JOMIbHBIX CTAKAHOB,
MUH;

f, — BpeMs BbIJlaMBaHUs KOPOBEHI (5-7 MHH).

UToOBI CPaBHUTH MPONOIDKATEIFHOCTD IIUKJIOB 00-
CITy>)KMBaHUs 114 MTOJyYeHU S COTOCTAaBUMBIX pe3yJIbTa-
TOB, PACCMOTPHM BbIpaxkeHHe (5) aHaJIOrMYHO BhIpaXke-
Huto (1) 11151 7 cTaHKOB:

thl = th s n + t, + td. 6)

Mo:kHO IPEANON0XKUTD, YTO BEIMYUHBI TPYNIIIOBOTO
BITYCKa-BBIITYCKa B BhIpaskeHUH (1) 1 B BeIpaskeHUU (6)
OyIyT MIpaKTUYECKH OTMHAKOBEL:

EP — +EA
ten—sem * M = Lan—ppm-

(7

To ecTh cyMMapHBIii BEITYCK-BBITYCK B # POOOTH3H-
POBaHHBIX CTaHKaX OyJET Majlo OTJIMYAThCS OT aHAJIO-
TUYHOTO MOKa3aTesl Ha aBToMaTu3upoBaHHoOM «Enou-
Ke».

A BOT BTOpOH WiIeH ypaBHeHus (1) — ¢,-n — Oyger o1-
JIMYATHCS OT aHAJIOIMYHOTO BBIPAXKEHHUH £, B POOOTHU3H-
POBaHHBIX CTAHKaX B /1 pa3: B aBTOMaTH3HPOBAHHOM Ba-
pHaHTe OJIH OTIePaTop # Pa3 BHIIOTHACT ONepaIiy pe-
JIOUITLHOW TIOATOTOBKH BEIMEHH, & B POOOTH3UPOBAHHBIX
CTaHKaXx 3TH ONePaly OHOBPEMEHHO BBITIOIHSIOT # PO-
00TOB.

CrenyeTt 3aMEeTHTb, YTO POOOT BBITIOHACT ONIEPAIIHIO
30-60 c, a uenosek — 10-15 c. ITpu 3TOM He ocylIeCTBIIS-
€TCsl KaUeCTBEHHAs CTUMYJIAIUS pediekca MOJIOKOOTAa-
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YU, ¥ BO3MOXHEI CBSI3aHHBIE C XOJIOCTHIM TOCHHEM Ma-
CTHUTBL

Jlaxxe eciu IPHHATH MaKCUMaJIbHBIC OLEHKH f,, TO U
B TOM U JIPyTOM ClIy4ae yKe Ha 4-M CTaHKe MPOU30iaeT
BbIpaBHUBaHUE, a HAYMHAS C 5-TO CTaHKa B poOOTax KO-
POBBI HAYHYT JOUTHCS PAHBIIE, YeM B TPaIUIIHOHHOM
«Enouke» B cOOTBETCTBYIOIUX cTaHKaX. COOTBETCTBEH-
HO, LUKJI 00CITY)KHBAHHSI )KHBOTHBIX B aBTOMATH3HPO-
BaHHOM T'PYIIIIOBOM CTaHKE 3aTSIHETCS 10 CPABHEHUIO C
POOGOTHU3UPOBAHHBIMU UHAUBHYaIbHBIMH CTAHKAMH.

Beenem koadduiiueHt k, moka3pIBaOMIAN COOTHOIIIE-
HUE IPOJOJIKUTEIBHOCTH BBIIIOJIHEHUS PYUYHBIX Olepa-
OHH OTIepaTopoM-poOOTOM:

k= t—”. ®)

tpo

[MoncraBum nanHoe BeipakeHUs B popmymy (1):
EP _ 4EP
ty; = thnpom T lpo M+ td. ©)

CpaBHUM MONyYEHHBIE BHIPAKEHUS C 4 13 (6).
BrruncinumM pa3HOCTE PONOIIKUTENEHOCTH I'PYIIIO-
BBIX [TUKJIOB OOCITY>KHBaHUS:

E _ tEA _ (EP_
Aty =ty —t =

_ _(+EP .
- tgn (tanbIH n+ ktpO + tg)- (10)
VYuuTeiBas BeIpakeHue (7) U PABEHCTBO f,, U 1, TIONTY-
YUM:
E — . —
At =ty - (n— k). (11)
JlanHOE BBIpaXKCHHE TOKA3BIBACT, HACKOIBKO JJIHH-
Hee [TUKI 00CTy)KUBAHUS B TPYIIIOBOM CTaHKE aBTOMa-
TU3UPOBAHHON «EJOYKM» 10 CpaBHEHUIO C aHAJIOTHY-
HBIM ITOKa3aTeJeM B # pOOOTH3NPOBAHHBIX WHIUBUIY-
allbHBIX CTaHKaX.
B xauecTBe mpuMepa pacdera BO3BMEM £, = 60 C;
t 60
n=8k=2=-%_4
tpo 15
Torma nony4yum:
E _ —
At; =15-(8 —4)=60c. (12)
[Tpu cokpamennn 10 30 c BpeMEHH BBHITIOTHEHUS PO-
00TOM 3aMelaeMbIX pyUHBIX Oonepauuii k = 2, roraa:
ti =15(8-2)=90c. (13)
Ecnu yBennauTh uncio MecT AoeHus a0 n = 12, To

pa3HUIA MEX Y POOOTU3UPOBAHHBIMHU U ABTOMaTH3HPO-
BaHHBIMU JOUIIBHBIM 3aJ1aMU TaKxKe OyAeT BO3pacTaTh:

tf =15(12 - 2) =150c. (14)
J17151 IBYXCTOPOHHUX 3aJI0B I0KA3aTEJH B BBIpaKEeHU-

AGRICULTURAL MACHINERY AND TECHNOLOGIES « Volume 14 «N3 + 2020




__ MEXAHN3ALINA XWBOTHOBOACTBA

sx (12), (13) u (14) yaBosiTcs.

Taxum 006pa3oM, clienyeT 0XKUAATH POCTA IPOU3BO-
IUTENBbHOCTH Tpyna Ha 20-25% B poOOTH3NPOBAaHHBIX
JIOWJTBHBIX 3aJ1aX MO CPABHEHHIO C aBTOMATH3HUPOBAHHEI-
MHU.

Yro KacaeTcs cpaBHEHUS ¢ pOOOTU3UPOBAHHON U aB-
ToMaTu3upoBaHHol «Kapycenbio», TO 371eCh HE ClIeqyeT
OKHJIaTh KaKUX-TH00 n3MeHeHU . [TocKobKy coXpaHsi-
I0TCS TIOCTICTOBATEIBHBIN BITYCK )KMBOTHBIX U TTPOIOJI-
JKUTEIEHOCTD BRIIAUBAHNS, TO IAPAMETP OCTAHETCS ITpaK-
TUYECKU HEM3MEHHBIM:

Tog =ty + 15
Tog =ty +tg =k -ty + g =2t + Ly

VBenuueHUEe IPOU3BOAUTENBHOCTH £, II0 CPABHEHUIO
C t,, daxe B 2-3 pa3a (no 45 c) OyneT Mano CyIIecTBEH-
HBIM T10 CPAaBHEHUIO C IIPOJOIDKUTEIFHOCTRIO 000poTa
w1atGopMel 7= 15 MuH.

ITosTOoMy mpomyckHas criocoOHOCTh pOOOTH3UPOBAH-
HOU KapyceJH MPaKTHIeCKH He M3MEHHUTCS 110 CpaBHe-
HUIO C aBBTOMATU3UPOBAHHOM (MPU paBHOM YHCIIE CTaH-
KO-MECT COOTBETCTBEHHO).

OpHako KamuTadIu3anus poOOTH3NPOBAHHBIX MECT
noenus 10 60 u 80 Mo cpaBHEHHIO C aBTOMATHU3UPOBaH-
HBIMH BO3PACTET KPAaTHO U CAETACT TAKYIO TEXHOIOTHIO
MaJIOIOCTYTHOM.

O4eBUIHO, HYKHO HCKAaTh aJIbTEPHATHBHEIC PEIICHIS
(pucynox). Ha Bxone npeasio)keHHBIX YCTaHOBOK LI€JIECO-
00pa3HO YCTAaHOBUTH POOOTU3UPOBAHHBIC CAHITYHKTBI
JUTSI OYUCTKY BEIMEHU H COCKOB (WUJTH TOJBKO COCKOB). ITO
MO3BOJIMT UCKJIFOYUTH CKOTLJICHHE )KUBOTHBIX B HATIPAB-
JICHUU OCBOOOIUBIIETOCS IOMIHLHOTO CTAHKA, a TAKKE
YMEHBUIUTH [IApaMeTp f,, 4TO, KAK BUJUM, CHIIbHO BIIH-
SI€T Ha MPOAOJDKUTEIBHOCTD ITUKJIa O0CITY KIBaHUS KH-
BOTHBIX.

[IpenctaBuM IPOJOIIKUTEIBHOCTH HOATOTOBKH BEIME-
HU B poOOTE B BUJIE IBYX COCTABIISIONINX:

(15)

t, = t® + t, (16)
r7e t," — MPOJOIKUTETBHOCTD MOATOTOBKH BEIMEHU

(OYHCTKH COCKOB), C;

£ — IPOJIOTKUTENBHOCTD TIO/IKTIOYEHHUS IOMITBHBIX

CTaKaHOB, C.

B onHuxX poboTax 3TU ONEPaNUK BHIIOIHSIIOTCS OJ1-
HOBPEMEHHO C HajieBaHUeM cTakaHoB (GEA Farm), B npy-
rux pasgensHo (Leli). B moboM ciydae 3T0 yIIuHseT
IPOIOIDKUTEIBHOCTD ITUKJIA UX 00CTy>)KUBAaHUS Ha BEJIH-
quny At =20-30 c.

B po6oTu3npoBaHHBIX 3a/1aX 3Ty ONEPAIUI0 MOXKHO
JleJaTh B CHEIUAIEHOM CTaHKE — POOOTH3HPOBAHHOM
CaHIyHKTe. BO3MOXKHO, 3TO HE CHITBHO MOBJIHSET HA TPO-
MyCKHYIO CIOCOOHOCTB, HO TOYHO MO3BOJIMT COKPATUTh
KaIlUTaJI0OEMKOCTh JOMIIBHBIX pOOOTOB, KOTIa HA KaXK 10U
pPYKE yCTaHABIUBACTCS MEXaHHU3M CO MIETKAMU, K TOMY
JKe CYIIECTBECHHO II03BOJIUT CHU3UTH HEONPEAEICHHOCTD
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’KUBOTHBIX C 3aX0/IOM B OCBOOOIMBIINXCS TOMIBHEIH CTa-
HOK. KpoMe Toro, CaHIYHKT MOXeT ObITh COBMEIIIEH C Ce-
JICKIIMOHHBIMH BOPOTaMH, KOTOPbIE MOT'YT OBITh yCTa-
HOBJICHBI Ha BXOJI€ B TOMJIBHBIN 3aJ1 TSI peaTn3aiuu
OTIPEJICIIEHHBIX CXeM 00CITY)KUBaHHUS (KOPMJIICHHUE TIepeT
IIOCHHEM, OTOpaKoBKa OOJIIEHBIX MACTHTOM KOPOB, KU-
BOTHBIX MIEPE]I 3aMyCKOM H JIP.)

IIpou3BOAUTENEHOCTD TAKOIO POOOTH3UPOBAHHOTO
CAHIYHKTa MOYKHO OIPEACTUTH U3 BHIPAKEHHUS:

P _
Qc.n -

rje ¢y — IPOAOKUTENLHOCTD IIMKJIA 00CTYKUBAaHUS OfI-
HOIi KOPOBBI B pOOOTU3UPOBAHHOM CAHITyHKTE:

60

cn’
tl—l

a17)

tlin = th?—BbIl'l + tg.rlla.’ (18)
raetft —TIPOJOIKUTENBHOCTH BITYCKa-BBITYCKA JKH-
BOTHOT'O B CTaHOK (5-7 ¢);

tEl — IpPONOIKUTENBHOCT OYMCTKU COCKOB BBIMEHH
(15-20 ¢).

Ywuciio poOOTH3HPOBAHHBIX JOUIBHBIX CTAHKOB, 00-
CITy’)KUBAEMBIX OJHUM CaHITyHKTOM, PABHO:

P _ Qn
om Qs.cm’
rae Qg4 &y — MPOM3BOAUTENLHOCTD OJHOTO POOOTH3IHUPO-
BAaHHOTI'O JOUJIBHOI'O CTAHKA:

n (19)

60

p —
Qd.cm TP > (20)
n.cm
rre t,h= s + td. 1)
Torna:
dc
p _ tpttd
Mem = ~gen— (22)

Ecnu ¢ =30/tg=5-7 mun, a t;,"=25-30 , TO MOJTY4YUM:

nqh=(0,5+6)/0,5=13.

BbiBoab!

Kommuieke pacueTHO-TrpaduuecKuX UCCICAOBAHUH MO~
3BOJIMII 000CHOBATH ONTUMAJIBHOE KOJIMYECTBO POOOTH-
3HPOBAHHBIX JIOMJIbHBIX TOCTOB B COCTABE JOMIBHOTO 3a-
na— 13, a Takke He00XOJUMOCTh OJTHOTO CAHITYHKTA.

[Ipenmoxuau KOHIETIIHIO pOOOTU3HUPOBAHHOTO JI0C-
HUs, Garoaapst KOTOPOM MOKHO CYIIECTBEHHO CHU3UTh
OTHOCHUTEILHOE BpeMsi 00CTy KMBAHUS TPYIIITHI )KUBOT-
HBIX B CPABHEHHUH C TPAIUIIMOHHBIMH CIIOCOOAMH, IJ1e
POOOTH3UPOBAHHBIN MAHUTYJISATOP OCYIIECTBIISCT HE
TOJIEKO OYHCTKY BRIMEHH, HO M HaJIeBaHUE TOWJIBHBIX CTa-
KaHOB.

[Tokazanu MepCHeKTUBHOCTh METOUKHN 3P (HEKTHB-
HOHM poOOTHU3AIMH METAKOMILIEKCOB C CONIEPIKaHUEM IIPO-
NYKTHUBHBIX )KUBOTHBIX OT 1200 romnos, ¢ omHOBpeMEH-
HBIM YBETHUECHHEM POOOTU3NPOBAHHBIX CAHITYKTOB H I10-
CTOB JJOCHMSI.
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TeHpeHUUN pa3BuUTuUA 6MOTEeXHUYECKMX CUCTEM B XKUBOTHOBOACTBE

Baagumup BsiuecnaBosuuy Kupcanos, KOpuii Aunexceesuy Lloii,
JIIOKTOP TEXHUUYECKUX HAYK, ujeH-koppecnionaenT PAH,
TJIaBHBIN HAYYHBIN COTPYIHUK; JIOKTOpP TEXHUYECKUX HAyK, [IaBHBIN HAYyYHBIN

cOTpyAHUK, e-mail: femaks@bk.ru
®enepallbHBIN HAYYHBIN arpouHkeHepHblil neHTp BUM, MockBsa, Poccuiickas @eaepanus

Pedepar. [TorsTHe OHOTEXHIYESCKHX CHCTEM OTHOCHTCS K KITACCY YETOBEKO-MAIIMHHBIX CHCTEM WJTH CHCTeM «HemoBek—ManinHa—pac-
TeHuey, «1enoBek—MalnHa—KUBOTHOEY, OCTIEAHIE OTHOCATCA K CENTbCKOMY XO3SHCTBY U OTPACIH KUBOTHOBOACTBA, B YACTHOCTH. B
CeIbCKOX03AHCTBEHHOM TIPOU3BOJICTBE OHOTEXHIMYECKUE CHCTEMBI 00TaIaloT CBOHCTBAMH OMMONANEHOCTH, KOT/IA TIPUCYTCTBYIOT JIBa
1 Oonee OMONOrMYECKUX 00BEKTA, YENOBEK KaK YIPABJIIONINI OTepaTop 1 00beKT 00CTyKUBaHUS (PACTCHHUS, )KUBOTHBIE). ([]ens uc-
credosanus) [IpoaHaM3UPOBaTh TCHACHIMN PA3BUTHSA OMOMAIIMHHBIX M TEXHUYECKUX CHCTEM C IEIbI0 IANbHEHIIeH HHTEIIeKTyaH-
3aIMH ¥ IHQPOBOH TPaHC(HOPMAIMHU CENBCKOXO3THCTBEHHOTO MPOM3BOACTBA. (Mamepuanst u memoost) OTMETIIIH, YTO B MCCIICN0BA-
HUH Y€N0BEKO-MAIIMHHBIX CHCTEM CYIIECTBYET JIBA MOJAXOA: aHTPOMOLEHTPHYECKHH W MAIIMHOCHTPHYECKHH; EPBbIil PElIaroIIyo
POIb OTBOJUT YENOBEKY, BTOPOW — MaimuHe. (Pezymbmamol u obcysxcoenue) PaccMoTpenu (yHKIMOHATBI TofcHcTeM «YUenoBekay
«MammHey; yacTbh QyHKUMI YenoBeka-oneparopa OynyT OCTeNeHHO TiepeiaBaTh «MarluHey, a 4eloBeK-oneparop OyaeT TpaHchop-
MUpPOBAH B YENIOBEKA-IKCIIEPTa 1 YeJIOBEKa-TIONb30BaTeNs. Pa3paboramm cxeMy HHTEIUIEKTYaIbHON OMOTEXHHYECKOH CHCTEMBI B XKH-
BOTHOBOJICTBE, OLPEEIIIIH K03 UIMCHTHI aJAITALH JTOKANbHBIX ABTOMATH3UPOBAHHBIX H POOOTH3HPOBAHHBIX OHOTEXHUYECKHX CH-
cTeM K OuonormueckuM obbekram. Coznanu cxeMy QyHKIMOHHPOBAHHUS JIOKANBHBIX OMOTEXHHYECKUX CUCTEM B YACTHYHO aBTOHOM-
HOM PEXUME MYIBTHATCHTHOTO YIPABICHHS, BBIABUIA KPUTEPHH ONCHKH (DYHKIIMOHUPOBAHHUS JIOKANBHBIX OMOTEXHAYECKUX CHUCTEM.
(Buvisoder) HeoOxomumo ycuneHne «MallnHHOTOY (akTopa Ha OCHOBE Pa3BUBAIONICHCS MAIIMHOLEHTPHYECKOM MOIETH U Ipeodpaso-
BaHHS CIIOXKHON TPEX3BEHHOMH OMOTEXHIMUECKON CHCTEMBI B KMBOTHOBOICTBE B JIBYX3BEHHYIO C MOJApH3aIMei moacucteM «Hemopek-
3KcnepT», «HenoBek-monp3oBaTeb» i «MalMHA—KHUBOTHOEY, TIPH STOM TOCTeHAS BOUpaeT B ce0s Bce OObIIe HHTEINEKTyalbHbIX
(yHKIMI, IepenaHHbIX «UeT0BEeKOM», 33 KOTOPBIM COXPAHSAETCS KOHTPOJIb, KOOPAMHALMSA 1 YIIPABJICHHE BCEH CHCTEMOM.

KitoueBble ciioBa: OMOTEXHHYESCKAS CHCTEMA, OMOMAIIICHCTEMA, JTIOKAIbHAsS OMOTEXHUYECKas CHCTEMa, YPOBHH aJIaNTaluH, Ma-
IIMHOIIEHTPUYECKAs MOIEINTb, YENIOBEK-0IepaTop, YeT0BEK-M0Ib30BATENb, YETOBEK-IKCIIEPT.

1 1o uutupoBanusi: Kupcanos B.B., Loit FO.A. Tenaenunu pa3Butusi OMOTEXHUUYECKUX CUCTEM B dKUBOTHOBOJI-
ctBe // Cenvcroxosaticmeennvle mauiunvl u mexronoeuu. 2020. T. 14. N3. C. 27-32. DOI 10.22314/2073-7599-2020-
14-3-27-32.

Trends in the Development of Biotechnical Systems in Animal Husbandry

Vladimir V. Kirsanov, Yuriy A. Tsoy,
Dr.Sc.(Eng.), chief researcher; corresponding member of RAS, Dr.Sc.(Eng.),
chief researcher, e-mail: femaks@bk.ru;

Federal Scientific Agroengineering Center VIM, Moscow, Russian Federation

Abstract. The concept of biotechnical systems belongs to the class of human-machine systems or human—machine—plant systems,
human-machine—animal systems. The latter relate to agriculture and the livestock industry. In agricultural production, biotechnical
systems have the properties of bimodality, when there are two or more biological objects, a person as a managing operator and a
service object (plants, animals). (Research purpose) The research purpose is in analyzing trends in the development of biomachine
and technical systems in order to further intellectualize and digitalize agricultural production. (Materials and methods) There are two
approaches in the study of human-machine systems: anthropocentric and machine-centric; the first one assigns a crucial role to the
person, the second one — to the machine. (Results and discussion) The article presents the functionality of the Human and Machine
subsystems. Part of the functions of the Human operator will gradually be transferred to the Machine, and the Human operator will
be transformed into a human Expert and a human User. The article presents a scheme for an intelligent biotechnical system in animal
husbandry, and determines the coefficients of adaptation of local automated and robotic biotechnical systems to biological objects.
Authors have created a scheme for the functioning of local biotechnical systems in a partially autonomous multi-agent control mode,
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and identifies criteria for evaluating the functioning of local biotechnical systems. (Conclusions) We need to strengthen the Machine
factor on the basis of developing machine-centric models and convert complex three-tier system of biotech in animal husbandry in
two-tier with the polarization of the human Expert, human User and Machine—Animal subsystems. The latter absorbs more and more
intelligent functions that are passed by a Man, for which it retained control, coordination and management of the entire system.

Keywords. biotechnical system, biomachine system, local biotechnological system, adaptation levels, machine-centric model,

human operator, human user, human expert.

1 For citation: Kirsanov V.V,, Tsoy Yu.A. Tendentsii razvitiya biotekhnicheskikh sistem v zhivotnovodstve [ Trends
in the development of biotechnical systems in animal husbandry]. Sel’skokhozyaystvennye mashiny i tekhnologii.
2020. Vol. 14. N3. 27-32 (In Russian). DOI 10.22314/2073-7599-2020-14-3-27-32.

OHSTHE OMOTEXHIMYECKUX CHCTEM BXOIUT B KJIACC
YeJIOBEKO-MAaIIMHHBIX CUCTEM MU cUcTeM «Ye-
JIOBEK—MalllMHA—pacTeHue», «UemoBeKk—Manm-
HAa—KHBOTHOE», MOCIEAHHE OTHOCSITCS K CETbCKOMY XO-
351CTBY, U B YaCTHOCTH K OTPACIM )KUBOTHOBOACTBA. B
CEIbCKOXO035CTBEHHOM ITPOU3BOJICTBE ONOTEXHUUCCKIE
CHCTEMBI 00J1aJal0T CBOMCTBAMU OMMOJAILHOCTH, KOT'-
Jla IPUCYTCTBYIOT JBa U 00Jiee OMOJIOTHYECKUX 00BhEK-
Ta, 4eJIOBEK KaK YIPaBIISAIOUINI onepaTop U 00bEKT 00-
CIIy’)KMBaHUS (pacTEeHUsI, )KHBOTHBIX). KpoMe Toro, 00b-
SIUHSIOIEH CPENo ITHX OMOIOTHYECKIX 00BEKTOB CITy-
JKUT TOXKE OMOJIOrMYeCKUI 00BEKT — IoJie (0YBa) KakK oc-
HOBHOU MCTOYHHK YHEPTHH IIJISl PACTEHUH U IKUBOTHBIX.
ITpouecc npeodpa3zoBaHMs S3HEPTUHU B CEIbCKOX035H-
CTBEHHOM IIPOU3BOACTBE PACCMOTPEH B KJIACCHUECKHUX
Tpyaax akagemuka B.I1. ['opsuknHa, B KOTOpPBIX OH pac-
CMAaTpPHBAET TPH COCTABIILIOMINX ITOTO IIPOIECCa: HCTOU-
HUK HEPTrUH (COTHIIE, aTMOC(epa), HAKOMUTEIh SHEPTUU
(aKKyMyJIATOp — MOYBA), IPUEMHHK SHEPIUH (IOTpedu-
TEIb) — PACTEHUS, )KUBOTHEIE [1]. DTH Tpyasl UMEIOT He-
OLICHUMOE 3HaU€HUE I PA3BUTHS TEOPUHU U IPAKTHKH
CO3JaHMsI HOBOH TEXHHUKH MIJISI CEILCKOX03IMCTBEHHOTO
MPOU3BOJCTBA, IEPEBOAA €€ MPOCKTUPOBAHMS Ha HAYy Y-
HYI0 OCHOBY. [1o Mepe yClI0KHEHUSI MAITUHHBIX TEXHO-
JorHui HOPMUPOBATUCH U PA3BHBAIHCH HAYTHBIE METO-
JIbl UX 00OCHOBaHUS U pacyeTa, pacCMaTpPUBAJIUCh HE
TOJIBKO OTAETBHEIE Paboure OpraHbl, HO M arperarhl B Iie-
JIOM, BIHSIOUIUE HA KAUeCTBO OOCIYKUBAHUS U COCTOS-
HUEe OUOJIOTUYECKUX 00BEKTOB (IKOJIOTHI0), CHOPMHUPO-
BaJICSI KJIACTEP YEJIOBEKO-MAIMMMUHHEIX cucteM [2]. Tlpu-
MEHUTEIBHO K dKUBOTHOBOJCTBY UCIOIB3YETCS TEPMUH
ounorexanyeckue cucteMbl — BTC. Takol TepMUH UCTIONb-
3yeT B cBoux Tpyaax JLII. Kapramos, usyudas npouecc
B3aMMOJICHCTBH S UCIIOTHUTEIHHBIX MEXaHU3MOB JIOMIIb-
HOW TEXHUKH C BBIMEHEM KOPOBHI [3]. I3BeCTHBI TPYIb
1o (QyHKIIMOHATBHBIM CUCTEMAM B 00JaCTH MEIUIUHBI,
BeimonHeHHbIe [1.K. AnoxunbM [4]. [Ipodeccop B.M. Axy-
tuH (1975 r.) npennoxun TepMuH «buoTexHUIEeCKHE CH-
CTEMBI JJIs BBLACIIECHHSI 0cOOO0T0 Kiacca OONBIINX CHCTEM,
MPEACTABIISAIOMINX COOOH COBOKYITHOCTD OMOJIOTHYECKUX
1 TEXHHYECKHX DJIEMEHTOB, CBA3aHHBIX MEX]1y COOOM B
€MHOM KOHTYpPE yIpaBIeHus» [5].
B HacTos1IEE BpeMSs TI0]] pyKOBOJICTBOM aKaJleMUKa
PAH B.U. YepHonBaHOBA BEIy T NCCIIEIOBAHUS B TAHHOM

CE/IbCKOXO3AMCTBEHHBIE MALWHbI 1 TEXHONOTMA  Tom 14+ N3 + 2020

HaTpaBJICHUH, BBEJICHO HOBOE MOHsATHE «bromamnicucte-
May, TOYHEE OTPAKAIOIIee B3aNMOACHCTBIE MAIIIUH U
arperaroB B CEITbCKOXO3IHCTBEHHOM IIPOU3BOICTBE C OHO-
JIOTUYeCKMMU 00beKkTaMu [6]. B )KHBOTHOBOJICTBE YaCTO
ucnois3yeTcst TepmMuH «O6opynoBanue». K ximaccude-
CKHM CaMOXOJHBIM MaIIHHAM MOXKHO OTHECTH KOPMOIPH-
TOTOBUTENIbHBIC U Pa3/aloIINe arperaTsl, IO3TOMY 37eCh
OUYEBUIHO MPUMEHHUMBI Kak TepmuHoiorus bTC, tak u
«buomamicucremsl». C pa3BUTHEM CPEACTB aBTOMATU3a-
WU, HHPOPMATU3ALINH IIPOU3BOICTBA BO3PACTAET POIIb
Y 3HaYeHUE CUCTEMATHU3alluy 3HAHUH 1 yTIPaBJIEHUS CIOXK-
HBIMHU OMOTEXHUYECKUMU ¥ MAITMHHBIMH KOMITJICKCAMH,
0CcO0EHHO ITO KacaeTcsl TaKOH BaXKHOM OTPACIIH, KaK KH-
BOTHOBOJICTBO [7].

LLENb MICCNEQOBAHNS — IpOaHANN3UPOBATH TEH IEH-
WU Pa3BUTUA OMOMAIIMHHBIX U TEXHUYECKUX CUCTEM C
LEJNBI0 TaJbHEHIIeH HHTEIIeKTyalu3aui 1 TudpoBon
TpaHc)OPMAIIUH CETbCKOXO3HCTBEHHOT O IIPOU3BOICTBA [8].

MATEPMANBI M METOABI. B uccnenoBanuu yenose-
KO-MaIIHHHBIX CHCTEM CYIIECTBYET JBa MOIXO0AA: aHTPO-
MOLIEHTPUYECKUN U MaTuHOUEHTpuueckuit [9]. IlepBsiit
MIPEATIONaraeT ¥ OTBOANT PEIIAONTYI0 POIH YEIOBEKY,
BTOpOH — MaluHe. be3ycnoBHO ponb YeIoBeKa B CUCTE-
Me «YesroBek—ManHa—KHBOTHOE)» HE TOJIBKO COXPaHsI-
€TCsI, HO ¥ BO3pacTaer.

OpnHaxo ¢ pa3BUTHEM CPEACTB AaBTOMATU3AIUH (YHK-
nuu yenoseka-oneparopa (HO) OyayT mocTerneHHo 3aMe-
aTbes 4eJoBeKoM-dKcrepToM (D) u uenoBeKoM-0b-
3oBateneM (YI7) [10]. O6utuii GpyHKIIMOHAI MOJCHCTEMBI
«UenmoBek» MOKHO IPEACTABUTH B BHIIE CyMMBI (DY HKIIH-
OHAJIOB:

Zy=f [H0] +f[H3]+ /4], ey

npu 3toM f[HO] cTpeMuTCs K MUHUMYMY B aBTOMAaTHYe-
CKHMX CHCTEMaX, OJTHOBPEMEHHO BO3pAacTaeT POJIb HAKO-
MJICHHBIX YEJIOBCUECKUX 3HAHUN B MOJIENSX U aJITOPHUT-
Max W uX nepeaada Gyukiuonanam f[U3] u f[UIT] [11].

PE3ynbTATbI M OBCY)XXAEHUE. Ha mepBoM dTarie pydHsie
GyHKIMH yIpaBIeHus OyAyT IepelaHbl MAIlHHe, a TAKXKe
OyJeT NOCTENCHHO IPOUCXOAUTD Iepeada HHTEIIEKTY-
aNBHBIX (DYHKIMIA OTlepaTopa MaIIiHe (AaBTOMATY), IIPH 3TOM
32 YEIIOBEKOM OCTAaHETCsI KOHTPOIb U KOPPEKTHPOBKA Ma-
IMIMHHBIX aJITOPUTMOB, MOJIEIeH TOBEACHUS ’KUBOTHBIX U
np. dyakunonan « MamuHbD OyIeT MOBBIIATHCSL.

AGRICULTURAL MACHINERY AND TECHNOLOGIES « Volume 14 «N3 + 2020



MEXAHU3ALINA XWUBOTHOBOACTBA

Zoy =f[HO, x1p. . . Xnp] T fTHO, Y14 Vuul T
+f[M Zml"'Zmn] +f[)1(ry>l<1y)kn] (2)

rie Zg— HoNHbIN QyHKIHoHan MamuHsl; f [HO, xi,...
Xnp] — QYHKIIMOHAJ 3aMEIaeMbIX PyYHBIX ONlepanuii ue-
JIOBEKa-oIeparopa, NepelaHHbIX MaIlInHEe (ABTOMATY); f
[UO, 14- - Vou] — DYHKITHOHAJ YaCTH IPOCTHIX HHTEIIIICK-
TyanbHbIX pyHKIUH YO, nepenanHbx Mamuae M (KOH-
TpOJIb, AaHATU3, yIIPABICHHE) 32 UCKIIOUEHUEM UHTYH-
ad; f K, Yot .. Vo] — QyHKIIHOHAT TAPAMETPOB KUBOT-
HBIX, PaHee KOHTPOJIIMPYEMBIX YEJIOBEKOM-OIIEPaTOPOM:
KOHTPOJIb MPUITYCKa MOJIOKOOT/Ia4H, TTOJIOBOH OXOTHI, 3a-
00JIeBaeMOCTh MaCTUTAMH — U TIEPEAAHHBIX MAITHHE.

B cBsi3U ¢ 3TUM poNTb «MAIIMHHOTO» (pakTOpa B CO-
BPEMEHHBIX arpOTEXHOJIOTHAX OyIeT Bo3pacTaTh [12]. 3a
YeJIOBEKOM B OCHOBHOM OYAyT 3aKperIstoTcsa GyHKINH
UIT u YD. Ha ocHOBe «ci1ab0ro» HEUpOCETEBOI0 CKYC-
CTBEHHOTO MHTEJICKTA MalIiHa OyIeT MOCTENeHHO 00-
y4aThbCs OTHOCUTENBHO MPOCTHIM (DYHKIIHSAM aAanTaliuu
K OMOJIOTHYeCKUM 00BEKTaM: KOJTHYECTBO U KAUeCTBO I10-
TpebasgeMoro KopMa, U3MEpEeHNe Y105l U TIOJTHOTHI BbI-
JanBaHUs, KOHTPOJIH 3a00neBanus u eueHus. Ha mep-
BOM JTalle HHTEJJIEKTyaJIu3alui IPOU3BOJACTBA OyieT
BO3pacTaTh HH)OPMAIMOHHAS COCTABIIAIONIAS, OTpaXKa-
I0IIIast B3aMMOJICHCTBUE MOACUCTEMBI « MaIIHHA—KABOT-
Hoe» (M—X). I mammHa ¢ moMOIIbI0 CBOUX CEHCOPOB OY-
JeT HaOIIONATh ¥ CHTHATN3HPOBATh O BOSHUKIIINX HETIO-
najkax B noacuctemMe M—K: cCHU3MIUCH HAJIOU, BO3HUK
anu 03 pyo1a xxenynka KopoBsl U T.1 [13]. Curnamsr Oy-
IyT MOCTYIATh YePe3 COOTBETCTBYIOMIKE 0a30BhIC CTaH-
[IMY B aBTOMAaTU3UPOBaHHBIE paboure MecTa 4yesioBe-
KY-OKCIIEPTY: MIPOQHIBHEIM CIICIIHATUCTOM (BETBpady,
300MHKEHEPY U Jp.), KOTOPbIE CTAHYT UX U3Yy4aTh, CPaB-
HUBATh U IIEpeIaBaTh 1o 00paTHON CBSI3M KOMaH/HI B JIO-
KaJbHBbIC OMOTEXHUYECKUE U OMOMAIIMHHBIC CHCTEMBI
JIBTC (BMC), nepeHanpaBisTh U HOBHIIIATH YPOBHU HX
amanranuu Y, (puc. I).

YPpOBHHU aJjanTallNK JIOKAJIbHBIX OMOTEXHUYECKUX CH-
cTeM (JIoeHU s, MOCHU S, KOPMJICHHS U T.J1.) MOKHO OIIe-
HUTb COOTBETCTBYIOIIMMH KO3 ULIUEHTAMU.

Yo1 = .
N oo
N,
Yon = N . ©)
 n

rae N,,, N,, — KOJTUUYeCTBO IMoKa3arelnel B moacucteme MK,
KOHTPOJIMPYEMbIX B aBTOMAaTHYECKOM PEKHUME U HE Tpe-
OyIOIIMX BMENIATeIbCTBA YellOBeKa, Ny, Ny, — CyMMap-
HOE KOJTHYECTBOBO MOKa3aTeieH, TpeOyONIIX KOHT PO,
11t HopMasbsHOM paboTsl JIBTC, B ToM uncnie co cTopo-
HEI crieranucto (U, UIT). [Ipu aTom pyHKITMOHUPO-
Banue otaenbHbIX JIBTC MoxeT He TpeOoBaTh JJIs MPU-
HSTHSI PENICHUS CBSI3U C KIIEHTPOM yTipaBiieHus» (U0,
UIT) yepes coorBeTcTBYytomMEe APM 1 HEMoCpeCTBEHHO
nepenasath curnaisl ¢ onHoil JIBTC Ha npyryto, ucnonb-
3y aBTOHOMHBIE PEKUMbI MYJIBTHAr€HTHOI'O yIIpaBJie-
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Puc. 1. Cmpyxkmypnas cxema unmennexmyanvnou bTC
Fig. 1. Block diagram of an intelligent BTS

Hus [12-14]. Hanpumep, JIBTCk kopmienust momydaior
curHan ot JIBTC]] noenns 06 M3MEHUBIIUXCS YCIOBUSIX
(hyHKIIMOHUPOBAaHMS — CHU3UBLIUXCS HAMOSAX Y TPYTIIBI
JAKTUPYIOIINX KUBOTHEIX 0€3 H3MEHEHHS IToKa3aTenen
ux 310poBbs. Cuctema JIBTC kopMIeHUS TPUHUMAET pe-
LIEHHE O KOPPEKTUPOBKE PALIUOHOB KOPMJICHU S, OTIIPaB-
15151 Iy OIMPYIOIIMHA CUTHAJ 300TEXHUKY. B 3ToM cityuae
MOXET PadOTaTh TOIBKO | KOHTYP JIOKAJIBHOTO YITpaBJie-
Hus 06e3 «3axona» B b/l u APM. JlocTaToYHO CKOPPEKTH-
pOBaTh pallMOH aBTOMATUYECKHU, 3HAHUS CIIEI[UATTUCTOB
HE TPeOYIOTCS, UM MOYKHO OTIIPABHTH TOJIBKO SMS-c000-
LICHUS B BUJE (I/Iji,yl‘; ). AHaJIOTUYHBIM 00Pa30M MOTYT
pa6otars apyrue JIGCT (MUKPOKIMMAT, HABO30Y IajIe-
Hue). Hanpumep, MeHAIOTCS MapamMeTpbl MUKPOKJIUMATa,
TOBBIIIACTCS 3ara30BaHHOCTD nometieHus (NH;, CO,,
H,S) npu paboTaroieii cucteMe HaBO30yIaJICHH S, BKITIO-
YyaeTcs MPUHYIUTEIbHAs CUCTeMa BeHTHIISIUY, YIas-
fon1asi u30BITOK BpeAHBIX Ta30B [15]. To ke camoe mpouc-
XOJIMT MPH yBEJIIMYEHUH TEMIIEPaTyPphl BO3lyXa, OTHOCHU-
TEJTHHOH BIIAYKHOCTH BO3/lyXa B ToMelIeHn . CUTHAJIBI C
JATYUKOB )KMBOTHBIX U TIOMEILEHHH TOCTYNAal0T B COOT-
BercTBytomue JIBTC (kopmiieHus, MUKpOKIUMATA, Ha-
BO30YJaJIeHUs) U OHU HOpMaJIU3yeT CUTYaLUIO0, YBEIH-
YyuBas NoAavdy BO3/AyXxa, BOJbI, KopMma U T.1. [16].

Ecnu TpebyeTcs BMemaTenbCTBO CIISIIHAINCTOB U JIO-
KaJIbHBIH yPOBEHb B3aUMOAECHCTBHS HE MOXKET UCIIPABUTh
CUTYaIUI0, UHHOPMAIIMOHHBIE CUTHAJIBI IIPOXOJISAT B aB-
TOMaTH3UpOBaHHbIe paboure Mmecta APM (UD, UlIl)
npoUIBHBIE CIIEUATUCTH TPUHUMAIOT PELICHHE, OC-
MaTpPUBAIOT XKUBOTHBIX, BBII€JIEHHBIX IIOAACUCTEMOM B OT-
JleNIbHBIE TpyMbl. B ka0l ToKaqbHON MOACUCTEME
(hopMupyeTcs OJIOK TECTOBBIX TapaMeTpoB. 3mepstoT-
Cs1 OTKJIOHEHUS TEKYIIUX IMapaMeTPOB OHOIOTHIECKUX,
MaIIUHHBIX 00BEKTOB M CPABHUBAIOTCS C UX TECTOBBIMH
XapaKTepUCTUKAMU, IpeAeTbHBIMU 3HaueHu M [ 17, 18]:

T
A[yml...m,\,] < AWV, ok, 1"
T
A [le...np] = A[le...np]aon

T
A[ZMl...MN] < Alzm, %"

@
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Ha' Ha

Puc. 2. @yukyuonuposanue noxanviolx BTC 6 yacmuuno agémo-

HOMHOM PedACUME MYNbIMUALEHMHO20 YNPAGICHUL:

BCy, 5Cy — 6asosbie cmanyuu, nepedaroujue CuzHaL COOMeEenm-

cmeenno k JIBTC kopmnenue u JIBTC doenue; VA VK - ynpas-
asowue adanmayuonnsle cuenansl coomgememeento om (JIBTC),,

(JIBTC); U, Ui, —ungpopmayuonnvie cuznanst, nepedagaemvie
uepe3s B/] (basvt 0annvix) na APM (43, YII)

Fig. 2. Functioning of local BTS in partially Autonomous mode of
multi-agent management:

BS\, BSp— base stations that transmit a signal to LBTS feeding and
Ibts milking, respectively; U,P, UK - control adaptive signals,

respectively, from (LBTS)g, (LBTS)x, I,°, I;* — information signals
transmitted through the database (database) on the arm (ChE, PE)

e A[ Yy ... oen]’s A[ V... 2en]" — COOTBETCTBEHHO Te-
KYIIHUE U NOIYCTUMBbIE OTKJIOHEHUSI KOHTPOJIUPYEMBIX
nokasaresneil 6Monorn4eckux 00beKTOB ((KUBOTHBIX);

AXop-.. n,]", A[ X 1] — COOTBETCTBEHHO TEKY-
ITHE U IOTYCTUMBIC OTKJIOHCHHS B peKUMax pabOThHI ye-
JIOBEKaA-0oIepaTopa,

M Zui... Zn]", A[Zwi. .. Zn]™" — COOTBETCTBEHHO Te-
KyIIHe U JONYyCTUMBbIE OTKJIOHCHHS B pabOTe «MallliH-
HOro» (pakTopa.

BBuay ci10XHOCTH U MHOTOOOpa3Hs KOHTPOIHpYe-
MBIX MOKa3aTesiel Takoe IPyNIupPOBaHNE AACT BO3MOXK-
HOCTB UX OTZIeJbHOTO N3y4ueHus. K mokazarensim nepBoi
TPYIIBI A[ V... #CN] MOTYT OBITH OTHECEHBI IIOKa3aTe-
JIY TaKTauu: yaou, Qi, CKOpocTb MOJIOKOOTAAYH, Vi, mpo-
JIOJDKATENBHOCTD IOCHUS #y;, TOKA3aTEIH 00IIEro pa3Bu-
THs (Macca Tella )KUBOTHBIX, COOTHOIIICHHE JKUPOBO,
KOCTHOM, MBIIIIEUHOW MacChl T€Ja, pa3Mepbl )KUBOTHBIX,
ero OOHUTUPOBOYHBIE XapPAKTEPUCTUKHU H AP.).

K mokazaresnsm 310pOBbs JKHBOTHBIX MOT'YT OBITB OT-
HECEHBI KOJIMYECTBO COMAaTUYECKUX KIETOK B MOJIOKE,
aHOMAJIMHU Pa3BUTHS PENIPOAYKTUBHBIX OPraHOB, KOHEY-
HOCTEH U Ipoyee.

Ko Bropoii rpynne nokasarenei, XapakTepU3yOLIUX
paboTy YesoBeka-onepaTopa, MOTyT OBITh OTHECEHBI 110~
Ka3aTelu NPOJOJIKUTEIIbHOCTU BBIIIOJIHEHUS PYYHBIX
oneparuii 1o 06¢c1yKUBaHUIO JKUBOTHOTO #,,, THTEHCHB-
HOCTH BBITIOJTHEHHBIX PYYHBIX ONIEPALIUil B EIUHHUILY BpE-
MEHHU 71,; SHEPIOEMKOCTH BBIIIOJIHEHHEIX ONEPALUH 3,

K rpynme mokasareneii, XxapaKTepH3yOIMHUX «MaITIH-
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HBII» (paKTOpP, OTHOCITCS MPONOKUTEIHHOCTD ITIKIIA 00-
CITy>)KUBaHUA )KUBOTHBIX, PACXOIHBIE XapaKTEPUCTUKH pa3-
JaBaEeMBIX, TIOJyJaeMBIX MaTEpUANOB (KOpMa, HaBO3, MO-
70Ko 1 Ap.). Takum 06pa3oM, Ha COBPEMEHHOM 3Talle pas-
BuTHs BTC B )XKMBOTHOBOJICTBE MTPOMCXOIUT ITPeodpa3oBa-
HUE TPEX3BEHHOM CUCTEMBI B IBYX3BEHHYIO C MOJISpH3a-
nueii moacuctem U0, UIT u moncuctemsr MXK (puc. 3).
[Ipoucxonut nmonsipuzanus noxcucremsl M—K B mo-
KaJIbHYI0 MalllMHOIIeHTpHuecKyto monens JIBTC, koTo-
past MOXeT pyHKIIHOHUPOBATH C BRICOKOW CTEIICHBIO aB-
TOHOMHOCTH, IIPH 3TOM «1nostHoMouuss» YO nepenatot
MaIlIMHE, 30Ha «BIMSHIS» aHTPOIOICHTPHUCCKOTO (hak-
Topa (ALI®) ymeHbI1aeTCsl, HO OTHOBPEMEHHO BO3pacTa-
€T YPOBEHb €r0 MHTEJIJICKTYyalu3allut, MOCKOJIBKY PsiJl

JOHA Mt

el e @

&
@ ABTC

Puc. 3. Ilpoyecc npeobpazosanus asmomamusuposannou BTC 6

| 36HA
Al

=
I
1
I
I
I
1
I
I
I

POBOMUBUPOBAHHYIO.

a — asmomamusupogannas cucmema 40-Ma—)K; b — pobomusu-
posannas cucmema Y3(4I1) — (Mp—K)

Fig. 3. the process of converting an automated BTS into a robotic
one:

a — automated system ChO-Ma—W; b — robotic system ChE (PE)—
(Mr-W)

PYYHBIX onlepalluid, BeIMOIHseMbIX paHee YO nepexoaut
K MalIMHe. YPOBEHb HHTEJICKTYaIn3alnn ¥, He CIeny-
€T IyTaTh C ypOBHEM aBTOMaTu3aiuu ¥,. [lockonbky mo-
CJIeIHUM 3aMeIIaeT TOIBKO MPOCThIE MEXaHUYECKHE OTIe-
pamuu ¢ pyYHBIM YIIpaBIeHUEM. A YPOBEHb HHTEIJIEK-
Tyalli3aliy BKIIIOYAE€T YPOBEHb aBTOMATH3AIIUH TLITIOC
JIOTIOJTHATEIIEHOE BU3YalIbHO-aHAIUTHYSCKHE QY HKITHH
YeJIoBeKa-0MepaTopa, KOTOphIe OH BCET/a UCIOIb30Bal
TIpY OLIeHKe B3anmoeiicTBus noacuctemsl M—K.

Takum 0OpazoM, hopMau3aius ypOBHS WHTEIJICK-
Tyanuzanus cucteMbl Y-M—K MoxeT ObITh IpencTaB-
JIeHa:

denione = Yauon A f [90, Y Y], )
a

e Yi—y—n, Ya—m—x — COOTBETCTBEHHO YPOBHHU HH-
TEJJIEKTyaln3aluu U aBToMaTuzanuu cuctemsl Y-M—XK;
A —omieparop 1e3bIOHKIIH (JIOTHYECKOTO CIOKEHHUS):
JTYOY 1. - Vnu] — GYHKIIHOHA 9ACTU TPOCTHIX HHTEJ-
nekTyanbHbIX GyHKIuH (HO), nepenanHbix Marmvd (M).
YpoBeHb aBTOMATHU3alUU ¥, MOXXHO BEIYUCIHUTH IO U3-
BECTHOH 3aBUCUMOCTHU:

a
|\

a M
K‘{—M—}K + K‘l—M—)K,

a —
y‘{—M—)K -

©)
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rne K3\, K§_\_, — COOTBETCTBEHHO KOJINYECTBO
ABTOMAaTHU3UPOBAHHBIX U KOJIMYECTBO MEXaHU3UPOBAH-
HBIX onepanui B cucteme Y-M—K.

B aBromaTusuposannoii cucreme YO-M—XK yenoBex—
orepaTop paboTaet, HeOCPEACTBEHHO B3aUMOJICHCTBY S
C MAIIMHOM M )KUBOTHBIM, BBITIOJHSS U3BECTHBIC (DYHK-
LUU U py4YHBIe onepanuu. B poboTusupoBaHHoOii cucte-
M€ YaCTh PYYHBIX H POCTHIX HHTEJUIEKTYaJIbHBIX (hyHK-
nuit YO nepenaetcs mamune M, a U3, UII ocraroTcs
(hyHKIIMH MTOBBIMIEHHOTO aHAIUTHYECKOTO COICPKAHUS
(BBICOKMI1 MHTEJJIEKT, IpeCKa3aHue U ap.).

KonmunyecTBo nepenaBaeMpix MallluHE YeJIOBE-
KOM-OIIepaTOpPOM WHTEJUIEKTYaIbHBIX BU3yalbHO-aHa-
JINTUYECKUX ONEpalMi MOCTOSIHHO yBennunuBaercs. [1o-
3TOMy (PyHKITHOHAJ, 0000IAOMUN 3TH QYHKIIUH, TaK-
K€ CTPEMUTENBHO Bo3pacTaert [19]:

(7

UYesoBek-omnepaTop He MOKET 00BSATh HEOOBATHOE, 3
BCEM YCJIEJIUTh, 0COOCHHO Ha KPYITHOU (hpepMe, TOITOMY
ero 3aj1a4a ysxe kak U3, Ul aHanu3upoBaTh OTYETHI, IPH-
ceutaemsbie ¢ JIBTC unm oTnenpHbIe «TPEBOKHBIC» CHT-
HAaJIBI OT )KUBOTHBIX, U BMEIIHBATHCS B MIPOIECC TIPU

Sf=[U0y 1y ..Vnn)] — max.

«YTPOXKAIOIIMX» HEIITATHBIX CUTYaLUSIX, CBA3AHHBIX C
ABapUITHBIMU PEXUMaMU pabOThI MAITUHBI UIH 00JIE3-
HSIMY )XUBOTHBIX 1 Jp. [20]. HeoOxonumo paccMaTpuBaTth
OTIIEJIBHO LIeTIbIe TPY MBI ToKa3aTemneil, OTHOCALINXCS K
COCTAaBIISAIONINM CJI0KHON OMOMAIIICHCTEMBI, KAKOH SIB-
JAETCSI COBPEMEHHAs! MOJIOYHAS (hepMa.

BbiBoabl. CoBpeMeHHast aBTOMaTU3UPOBAaHHAS UITH
YaCTUYHO POOOTH3WPOBAHHAS MOJIOUHAS (pepMa nmpecTas-
JseT cOOOH CIIOKHYI0 MHOTOYPOBHEBYIO OMOMAIICUCTE-
MY, BBIKJIIOUAIOIIY 0 YACTUYHO MJIH ITOJTHOCTHI0 aBTOHOM-
HO paboTaronue JoKalbHble ONOTEXHUYECKUE MOACUCTE-
MBI, BBITIOJIHATOIINEC KOHKPETHBIC TEXHOJIOT'MYECKHUC ITPO-
LIECCHI, TIOACUCTEMBI IPUEMA U NIEPEeJaun CUTHAIIOB KH-
BOTHBIX, MaIlIMH (0a30BbIe CTaHIIMH), THPOPMAIITHOHHO-a-
HAJUTUYECKUHN LIEHTP, B COCTaBE KOTOPOr0 HAXOIATCS aB-
TOMAaTU3UPOBaHHbIE paboUre MecTa ITaBHBIX CIeHalu-
CTOB, MPUHUMAIOIIUX YIIPABJIAIOMIUE PEIICHUSA 110 TEM UJIU
HMHBIM cuTyauusm. Pa3surue 6MoManicucTem B )XUBOTHO-
BOJICTBE 0a3UPyeTCsl HA OCHOBE PACIIUPAIOIICHCS MAIITH-
HOIIEHTpHUIECKOI Monenu nmoacucteMsl M—K, koTopas
BOUpaeT B ce0s Bce O0IbIlE HHTEIEKTYaIbHBIX (PYHK-
L[UH, IepelaHHBIX YEJI0BEKOM; 3a [IOCIEIHUM COXPaHsET-
Csl KOHTPOJIb, KOOPIAMHALIMA U YIIPABICHUE BCEIl CUCTEMOIA.
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Pedepar. OneHnm ypoBeHb poOOTH3AIUN TEXHONOTMYCCKHX TIPOLECCOB HA JKUBOTHOBOMYESCKUX KOMILICKCAX MO CONCPKAHUIO
KPYITHOTO POraToro CKoTa, OIPEeIeNiii, 4To Haubonee cBOOOAHOH HHIIEH POOOTH3ALMN TEXHOJIOTHYECKHX MPOLIECCOB CTAJIO
KOpMIICHHE, KOTOPOE Ha 55 TPOLEHTOB (hOPMHUPYET MOJIOYHYIO IPOTYKTHBHOCTE. [l0Ka3anu HeoOXOIMMOCTh B pa3paboTKe Komec-
HO# pOOOTH3MPOBAHHON MIATGOPMBIL, KOTOpast 0OCCIEUHT TOCTYMHOCTh KOPMOBOM CMECH TI0 (DPOHTY KOPMIICHHS U B HpOIIecce
nepeMerieHus OyeT MHOTOCTAIMHHO HACBIIATh 0OBEMUCThIE KOMITOHEHTHI KOPMOBOIT CMECH KOHIIEHTPHPOBAHHBIMH, MOBBIIIAS
UX TPUBIIEKATEIBHOCTD JUIS JKMBOTHBIX, IPH 3TOM HOpMaJM3ys OalaHC CyXOro BellecTBa W Kierdatku. (Lerv ucciredosanus)
CMmonenupoBarh CUCTEMY YIpPaBJICHHs POOOTH3MPOBAHHOH ILIAaT(OPMON ¢ HE3aBUCHMBIM 3IEKTPOMOTOPU3UPOBAHHBIM MPHBO-
aoM. (Mamepuanel u memoout) PaccMOTpenn TEXHONOTHN OpraHU3alliH IPOLECCOB KOPMICHHS JKUBOTHBIX Ha depme. [Ipoenn
TEXHOJNIOTUYECKYI0 OLEHKY 3)()EeKTHBHOCTH NPUMEHSEMbIX Ha (hepMe aBTOMATH3MPOBAHHBIX M POOOTH3MPOBAHHBIX MAIIMH.
Hcnonp30Banm B mporiecce HCCIEIOBAHMS Cpeqy HIMUTAIOHHOT0 MozenupoBanns Matlab/Simulink. (Pesynemamet u obcyscoe-
Hue) Pa3paboTanu MaTeMaTH4ecKyro MOJIeNb, OMUCHIBAIOIIYIO KUHEMATHKY W TUHAMUKY JBrkeHUs miatdopmel. ChopmupoBamu
TpeJoiaraeMyro 3IEMEHTHY0 0asy B 00IIyI0 MOJIENb po00Ta B HCKYCCTBEHHOM cpene Matlab/Simulink, ceiMutrpoBas mpomecce
JBHDKEHHS 10 OKPYXKHOCTH. (Bbi600b1) Co3/anu MaTeMaTHIeCcKyt0 MOJIEIb, (POPMUPYIOIIYI0 OCHOBY CO3/IaHHUS CUCTEMBI YIIpaBie-
Hus pa3pabareiBaemMoro podota. Jlokasanu, 4to yCcTpoHCTBO I03UPOBAHHS KOPMOBBIX 100aBOK 00eCTIeuT OanaHce ImoTpedIseMoro
CYXOTO BEIIECTBA H KICTUYATKH.

KaroueBble c10Ba: poOOTH3UPOBAHHBIC CHCTEMBI, MOJIOYHOE JKUBOTHOBOJICTBO, JO3UPOBAHKE KOPMOB, DIEKTPOMOTOPH3HPOBAH-
HBII IPUBOJ, KOPMIICHHE KPYITHOTO POraToro CKOTa, MaTeMaTHUYeCKast MOJIEITb.

1 s untupoBanus: [lapkun [1.10., Huxkutun E.A., 30608 B.A. Cuctema poGOTH3UPOBAHHOTO 00CTY >KHUBaHHS

KOPMOBOI'O CTOJIa Ha )KUBOTHOBOIYECKUX KoMIUIekcax // Cenvckoxossiicmeennvle mawunvl u mexronozuu. 2020.
T. 14. N3. C. 33-38. DOI 10.22314/2073-7599-2020-14-3-33-38.

Robotic System for Maintenance of Feed Table for Livestock Complexes

Dmitriy Yu. Pavkin', Evgeniy A. Nikitin',

Ph.D.(Eng.), senior researcher; postgraduate, junior researcher,
e-mail: evgeniy.nicks@yandex.ru;
Vladislav A. Zobov?,

postgraduate, junior researcher

'Federal Scientific Agroengineering Center VIM, Moscow, Russian Federation;
*CECF Electric Trading, Moscow, Russian Federation

Abstract. Assessing the robotization level of technological processes in livestock complexes based on the breeding, authors
found that the most free niche of robotization of technological processes in livestock complexes is the feeding process, which
forms 55 percent of milk productivity. There is a need to develop a wheeled robotic platform that will ensure the availability of
the feed mixture along the feeding front. This platform will multi-stage saturate the bulky components of the feed mixture with
concentrated ones, increasing their attractiveness to animals, while normalizing the balance of dry matter consumed and fiber
obtained from bulky feeds. (Research purpose) To simulate the control system of a robotic platform with an independent electro-
motorized drive. (Materials and methods) The article presents technologies for organizing animal feeding processes on the farm,
conducted a technological assessment of the effectiveness of automated and robotic machines used on the farm. Authors used
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the Matlab/Simulink simulation environment in the research process. (Results and discussion) The article presents a developed
mathematical model describing the kinematics and dynamics of the platform movement. Authors formed the assumed element base
into a general model of the robot in an artificial Matlab/Simulink environment, simulating the process of moving around a circle.
(Conclusions) The created mathematical model forms the basis for creating a control system for the robot under development. The
device for dosing feed additives will ensure the balance of dry matter and fiber consumed.

Keywords: robotic systems, dairy farming, feed dosing, electro-motorized drive, cattle feeding, mathematical model.

1 For citation: Pavkin D.Yu., Nikitin E.A., Zobov V.A. Sistema robotizirovannogo obsluzhivaniya kormovogo stola
na zhivotnovodcheskikh kompleksakh [Robotic system for maintenance of feed table for livestock complexes].
Sel’skokhozyaystvennye mashiny i tekhnologii. 2020. Vol. 14. N3. 33-38 (In Russian). DOI 10.22314/2073-7599-2020-

14-3-33-38.

JTHUM W3 IPHOPUTETHEIX HAIPaBICHUH Pa3BUTH

COBPEMEHHOI'0 MOJIOUHOT'O )KHBOTHOBOJICTBA B

HaCTOsIIIee BpeMs CTAHOBUTCS podoTr3anus. Bo
MHOT'OM 3TO O0YCIIOBJICHO TE€M, UTO c€0ECTOUMOCTD Ye-
JIOBEYECKHX PECYPCOB ITPH MPOU3BOJCTBE MOJIOKA UPE3-
BBIYAHHO BenuKa. st pOCCHICKOTO OTPaciIeBOrO PhIH-
Ka ¥ OOJIBIIMHCTBA IPOU3BOIUTEINEH TPOTYKITUH MOJIOY-
HOT'0 )KHBOTHOBOJICTBA CTOMMOCTB CPENICTB POOOTH3a-
I[UU [TOKA €IIe BHICOKA, YTO OOBSICHSAETCS BAJIIOTHOU He-
CTaOUITBHOCTHIO U OTCYTCTBHEM COOCTBEHHOT'O IPOU3-
BOJICTBA KOMILJIEKTYIOIIUX AJIsSI CO3AAHUS pOOOTHU3UPO-
BaHHBIX CHCTEM KMBOTHOBOJICTBA [1-4].

OnHako BHEIpEHHE OTOOHBIX KOMIIJIEKCOB Ha Tep-
putopun PO 1no3BONUT peINTh psiJ NpoOIeM, BEI3BaH-
HBIX HA3KOW KBaJTu(pHUKauend 00CIy KHBAIOIIETO Mepco-
HaJla (OepaTopoB JOEHUS, CKOTHUKOB U IIp.). Hampumep,
BHEAPEHHE NOUIBHEIX poOoToB Delaval VMS na 6a3e
mpou3BOACTBEeHHOr0 pennpustus AO «3eneHorpan-
CKOE» CII0COOCTBOBAJIO OTHOCUTEIIBHOMY CHUKEHUIO
TPYHO3aTpaT Mpu 00CTYKHBAHIH MTOT'OJOBBS B IIPOIIEC-
C€ JIOGHUS; TAKKE CUCTEMBI pOOOTU3UPOBAHHOT'O IOCHUS
CYIIIECTBEHHO MOBBIIIAIOT KAYECTBO ITOJy94aeMOT'0 MOJIO-
Ka Ha BBIXOZIE 10 KOIMYECTBY COMAaTUYECKUX KIETOK U
JpyruMm nokasareisam [5-10].

OreHuBAas CTENICHb BHEAPEHIS Pa3THYHBIX PEIICHUH,
MO3BOJISIIOIIUX COKPATUTH BIUSTHHUE YETIOBEUCCKOTO (paK-
TOpa Ha IPOIECC MMPON3BOICTBA, CTOUT OTMETHUTD, YTO
HauOosee cBOOOAHOI Humlel poOOoTU3aLUY TEXHOIOTH-
YECKUX MPOIECCOB Ha )KHBOTHOBOAYECKHUX KOMILIEKCAX
CTaJI0 KOPMJICHHE KPYITHOTO POraToro CKOTa, YTO HEKO-
UM 00pa30M He TOBOPHT O €r0 MEHBIIEH 3HAUNMOCTH, TaK
Kak (opMupoBaHIEe MOJIOYHOU TPOTYKTUBHOCTH Ha 55%
o0ecrneunBaeTCst HOCPEACTBOM cOaaHCUPOBAHHOTO Pa-
[IMOHA U JOCTATOYHOT'0 yPOBHSI TOTPEOJICHHS CyXOTO BE-
mecTBa. OAHAKO MOBBIIIEHUE TPOAYKTUBHOCTH XKHUBOT-
HBIX IIyTE€M 3HEPreTHYIECKOT0 HACBHIIICHUS PAlllOHa Ya-
CTO BJI€UeT 3a 000 HeoOpaTHMBIE TOCTIEACTBUS AJIS MO-
TOJIOBBSI — KeTO3, anuao3 u mp. [11-15].

Bo MHOrOM 3T0 00yCcaBirBaeTcs (PU3HOIOTHUSCKOM
notpebHocThi0 KPC B cOpTHPOBKE KOMIIOHEHTOB KOPMO-
BOI CMECH B ITOJIb3Y SHEPTeTUYECKH [IEHHBIX (KOMOHUKOP-
Ma, IpoOHHA U Jp.), BBHIY YeT0 )KHUBOTHEIE TpeHeOpera-
10T T'PpyObIMU 00BEMUCTHIMU KOMIIOHEHTaMH (CEHO, CO-
JI0Ma, CeHaX U IIp.), KOTOPHIE B CBOIO OUEpeh HACHIIIa-
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10T pyOell KIBOTHOTO KJIETUYATKOM, yCTaHABINBAIOIIECH
sHepreTuyeckuii 6ananc [16-20].

ABTOpHI MPEITIOKUIH Pa3paboTKy KOJIeCHOH pobo-
TU3UPOBAHHOM MIaT(HOPMBL, KOTOpas 00eCIeYUT NOCTYI-
HOCTh KOPMOH CMECH 10 (PPOHTY KOPMJIICHHS U B TIPOIIEC-
ce mepeMeIeHust OyaeT MHOTOCTaUITHO HACKIIIATh 00b-
€MHUCThIe KOMIIOHEHTHI KOPMOBOM CMECH KOHIIEHTPHUPO-
BaHHBIMHU, TTOBHIIIAS X IPUBJIEKATEIEHOCTD IS )KUBOT-
HBIX.

LIEnb nCCNEQOBAHUSA — CMOIEIUPOBATH CUHCTEMY
yIpaBlieHus pOOOTU3UPOBAHHOM I1aT(opMoii ¢ He3aBHU-
CHUMBIM 3JIEKTPOMOTOPU3NPOBAHHBIM ITPHBOJIOM.

MATEPMANBI M METOABI. B KauecTBe Ompeie/ieHUs ak-
TYyaJIbHOCTH HAMPAaBJICHUs HAYYHBIX UCCIEIOBAHHUH U3-
YUHIN MaTepHaIbl MEKTyHapOIHBIX BEICTABOK OTpac-
7Y, CalThl BeAYIUX IPOU3BOAUTENEH 00pa3LoB COBpe-
MEHHBIX TEXHUYECKHUX M TEXHOJIOTUICSCKUX PEIICHUN IS
MOJIOYHOT'O ¥ MSICHOTO >KMBOTHOBOACTBa: AO «CM3»,
Wasserbauer, DeLaval, Afimilk, GEA Farm, Lely n np.

HccnenoBanu TeXHOJIOTHH OPTaHU3AIHH POIIECCOB
KOPMJICHUS )KHUBOTHBIX Ha (hepMe, MPOBETH TEXHOIOT H-
YEeCKYI0 OLIEHKY 3 (EKTHBHOCTHU IIPUMEHSIEMBIX Ha (ep-
M€ aBTOMATH3HPOBAHHBIX U POOOTH3UPOBAHHBIX MAIIIUH.

JmHaMUYeCcKy10 MOJICNb IBUKECHHS pOOOTU3HPOBAH-
HOW MmIaThopMbl pa3pabdotanu o metoxy HeroTona-9ii-
nepa.

O1neHKy JOCTOBEPHOCTH MOAEITUPOBAHUS CHCTEMBI
yIpaBieHus poOOTU3UPOBaHHOM MIIAaTHOPMO OCyILECT-
BIISLTH C UCTIOJTb30BAHUEM CPEIbl UCKYCCTBEHHOT'O MOJIC-
nupoBanus Matlab/Simulink.

PE3YNbLTATBI 1 OBCYXXAEHUE. KITI0ueBBIM 2JIEMEHTOM
pa3pabaTbIBaeMOl CHCTEMBI CTAJIO POOOTH3UPOBAHHOE
yCTPOHCTBO, 0003HaUeHHOE Ha cxeMe (puc. 1).

B pamkax peanuzanuu npeaiaoKeHHON KOHIEITUN
CMOJICITHPOBAH IPOTOTHUI POOOTU3UPOBAHHOTO YCTPOIi-
ctBa (puc. 2).

Co3manne poOOTU3NPOBAHHOTO YCTPOUCTBA, COMEp-
JKAIIET0 KOJIECHBIN HE3aBUCUMBIN 3JIEKTPOMOTOPU3UPO-
BaHHBIHM IPUBOI, IIPEAIIONaracT 00ecreyeHre aBTOHOM-
HOT0 TIEpEeMEIICHUS yCTPOMCTBA IO TEPPUTOPHHU KOPMO-
BOT0O CTOJIA YKHUBOTHOBOIYECKOT'O KOMITJIEKCA TOCPEICTBOM
MPOrpaMMHPOBAHHUS KOHTPOJLIEPA YICKTPOIPUBOAA U
CHUCTEMBI HaBUTAIIUU poOOTA.

[TosTOMy B paMKax peann3annuu NPeII0KEHHOTO pe-
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IIeHHUs OBIIT pACCMOTPEH MPOIIECC TIOCKOTO ABHKCHHUS
KOJIECHOH pabOTHU3UPOBAHHOH MIAaT(HOPMBI B IJIOCKOCTH
XOY B cOOTBETCTBUH C TIPECTABICHHON cXeMOoH (puc. 3).

Puc. 1. Apxumexmypa cucmemvt poOOMuUUPOBAHHO20 OOCTYIHCU-
6aHUsL KOpMO6020 cmona: I— pobomusuposannoe ycmpoucmeo,
obcnyscusaroujee KOpMogol cmoi, 2 — NepCoHanbHulll Oamuux
(uun, 6omoc U np.) KHcUeOMHO20; 3 — YeHMPANbHbIIL KOMNLIOMED
Ha ¢hepme; 4 — nozpy3uuUK KOMHOHEHMOE KOPMOBOU CMeCU C UM-
oukamopom 60pmoeoll cucmemoll 636eUBAHUA, 5 — MUKCEP-pa3-
0amyuK KOpMoGoll cmecu ¢ GOpMOBOU CUCEMOU B36CULUBAHUL,
6— ynpasaarowuii pepmotl

Fig. 1. The system architecture of a robotic servicing of feed table:
1— a robotic device that supports the feed table; 2 — personal
sensor (chip, bolus, etc.) of the animal; 3 — the central computer
in the farm; 4 — loader components of the feed mixture with the
indicator on-board weighing system; 5 — mixer-distributor of feed
with on-Board weighing system; 6 — farm manager

Puc. 2. 3-D mooens pobomusuposanrHozo ycmpoucmea 0is 00Cy-
JHCUBAHUSL KOPMOBO2O CIMONA HA HCUBOMHOBOOUECKUX KOMIAEKCAX.!
1 — anexmpomomopusuposanHoe Koieco;, 2 — GUHMOBOU MOJKA-
meib KOpMOGoU cmecu; 3 — BbIXOOHOe omeepcmue 003amopa Kop-
MO8bIX 000AB0K (NPEMUKCO8, apOMAMU3AMOpPo8, KOMOUKOPMOS);
4— 3acvinnasn copnoguna 0 003Upyemvix 000a8oK

Fig. 2. 3-D model of a robotic device for servicing the feed table
at livestock complexes: 1 — electro-motorized wheel; 2 — screw
pusher of the feed mixture; 3 — outlet of the feed additive dispenser
(premixes, aromatic additives, mixed feed),; 4 — filling neck for the
dosed additives

Touxka 00— LECHTP Macc p060Ta, CBs3aHHas C IIOABH K-

HOW cucTeMoit koopauHat X, O, Y.
[Iponecc MoeTUpOBaHMS MPEATIOIaral, 4To Kojeca
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Puc. 3. Pacuemnas cxema, onucel8aiowyas KUHEMAamuKy O8UICEHUs.
pobomuzuposanHoll niamgpopmol

Fig. 3. Calculation scheme describing the kinematics of the robotic
platform movement

HMMEIOT He3aBUCUMOE YITPaBJIEHUE U BpalaloTcs 6e3 mpo-
CKaJIb3bIBaHMS, MexoceBoe pacctosiue konec 00, =0, 0,=a.
[TonoxkeHne KaXkA0TO KOJIeca XapaKTepu3yeTcs JeKapTo-
BBIMU KOOpJMHATAMU TOYKH K;, yTJIOM Kypca ¢ U yTJIoM
nmoBopoTa kojeca i (puc. 3).

[Iporecc nBUXKEHUS KOJIEC OMTUCHIBAET CUCTEMA YPaB-
nHenutii (1), (2):

{x’l = 0.5d X w; X Cos@

Y1 = 0.5d X @, X Sing O
{x’z = 0.5d X w, X Cos @
Yy, = 0.5d X w, X Sing
TAe, X1, X2, V1, V», — KOOpAUHATHI ToUek K| U K>;
d — mnamMeTp Koeca;
= Q, — yrIoBasi CKOpOCTh KoJieca 1;
w,= Q, — yTIIoBasi CKOPOCTh KoJieca 2.
Vi 0.25d X (w, — w
Vo = 0.25d X (0, — w,),tgp = 7 _I? o= (1~ 3

R+a

rae R=0, O, — paguyc noBopoTa po0OoTa;
@ — KOHCTPYKTHUBHBII apaMeTp MOJIEIH.
l'eoMeTpruecKMHU KOOpAMHATAMH LIEHTPA Macc pPo-
0ota cimy)uT cepeauHa orpeska O; O,, KoTopas SABISIET-
Cs IIGHTPOM MEKKOJIECHOTO PACCTOSHUS, ONIPEIeIIIeMBI-
MM CUCTEMOH ypaBHEHUIL:

x1+x2
Xg= —F—
T2 @)
=3’1+)’2
Yo —2 .

I'eomeTpudeckas CBA3b OMMCAaHA CHCTEMOM ypaBHE-
Hui (5):

x, =2a X Cosp + x;
Yy, =2a X Sing +vy,; )
CoBokynHocTh ypaBHeHuii (1)-(5) npeacrasuseT co-
0ol KHHEMaTUYECKY0 MOJICITh JIBUXKEHUS poOOTa.
Onucanne TMHAMAYIECKOH MOAETH JBUKEHUS POOO-
Ta OCYLIECTBIIIH ITyTEM HCIIONIb30BaHus MeTosa HeroTo-
Ha-Diepa:
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©)

my, = ZFy
Job = ) My

rae m— macca pobora;
Jy — TEH30p UHEPIINU TPAHCIIOPTHOTO poOOTa OTHO-
CUTEINBHO CBSI3aHHOU cucTeMbl KoopauHaT X0, 1.
IIpoexnuu cun F; u F, Ha ock X, IpoeKIuu cui F| 1
F, na ocp ¥, MomeHnT cun F; u F, OTHOCUTENBHO IIEHTpa
Macc poboTa OMPEACITHIIN 0 BEIPaKEHHIO:

Z Fe = 0.5(Fyx + Fox)
Z F, = 0.5(Fyy + Fy).
> My = aF - F)

PaccmoTtpenu aBukeHnE HArpy>KEHHOTO KoJieca.

TIpenmnonoxxuiau, 9To K MPUBOJHOMY KOJIECY TIPHIIO-
’KEH BpallaTelbHbIil MOMEHT M, ;, BHEIIHUN MOMEHT M,
MOMEHT TpeHus KaueHust Mry; (puc. 3). BHemranmu cuna-
MU OTHOCHTEJIBHO KOJIeca CIIy»KaT: Bec Kojeca Py;, HOp-
MaJlbHAsl peaKIus JOPOTH IV,;, BHEUITHSISI CUJIa HATPY3KH
Fiu cunatpenus Ty;. PaccMoTpum ciydai, korma Ny; >Py;.

CocraBunu gudQepeHnnaibHoe ypaBHEHUE JIBUKE-
HHUS KOJIECa TIPH yCIOBUH, 9TO N;=N,;, Y; =0:

™)

My X, = F; — Ty + Ty
Jsixw, = (T — Ty) X1 — My

_ ®)
Ms; = My —k X Nig»

roe r = 0,5d — paguyc xoneca;

k — k03 pUIHEHT COMPOTHBIICHUS KaueHUIO,

; — YTIIOBasi CKOPOCTH KoJjeca,

my;— Macca Koneca,

Jyi— CyMMapHBIil MOMEHT HHEPLIUH KOJIeCa.

B kadyecTBe CHMYyNSALIAN MaTEMAaTHIECKON MOJIEITH KO-
necHoro po0oTa ObliTa CMOJIETMPOBaHa dJIEMEHTHas 0a-
3a ¢ IBYMs HE3aBHCHMBIMH ITPUBOTHBIMH KOJICCAMU B
cpene Matlab/Simulink (puc. 4).

PesynpratroMm cumymnsinuy MaTeMaTHYeCKONW MOIETH
KOJICCHOTO po0O0Ta C IBYMs HE3aBHCUMBIMH ITPUBOTHBI-
MU KOJIECAMHU CTaJIO MocTpoeHue rpaduka B cpene Matlab/
Simulink, KOTOPBIN MOXyYeH TyTEM OIHCAHUS IICHTPa
Macc po0OoTa B IIocKocTH (X, y). [Ipudyem nmokazarenu
Constant = 5, Constantl = 10, 9T0 XapaKTE€pU3yeT ypo-
BEHb [TOJ]AYU HATIPSOKSHUS Ha MIPUBOJI KoJeca.

Taxum 006pa3oM, MaTEMaTHIECKYTO MOJICNb ABUKEHUS
po60OTa MOXKHO CIMTAThH TOCTOBEPHOM, TaK KaK TPAaeKTO-
pusi, MOy YeHHAas Iy TeM UCTIONb30BaHus GyHKIUU PLOT
(x; v) B cpene Matlab/Simulink, npencrasiseT coOoi

IMECHANIZATION OF ANIMAL INDUSTRY
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Puc. 4. Dnemenmoi cumynayuu npusooa Korecnozo poboma 6 cpe-
oe Matlab/Simulink
Fig. 4. Elements of simulation of a wheeled robot drive in the

Matlab/Simulink environment
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Puc. 5. Tpaekmopus 0gudiceHusr yenmpa mMacc MoOenu KoiecHo20
poboma
Fig. 5. Trajectory of the center of mass of the wheeled robot model

OKPY’KHOCTH OJlarofapsi pa3HOCTH I10JJaBaeMOro Hampsi-
JKCHH S Ha PUBOJIBI KoJieca (puc. 5).

BriBoabl. PazpaboTannas MaTeMaTH4ecKas MOJIEIb
CHCTEMBI YIIPABJICHUS KOJECCHOW POOOTU3NPOBAaHHOU
ratopMoit popMHUPYET OCHOBY CO3JIAHHS CUCTEMBI
yIpaBieHus pazpadaTeiBaeMoro pobdora. Peannzamus
MPEIIOKEHHOM KOHIETIIINY 1 €€ BHEAPEHUE B TEXHOJIO-
THYECKUU MPOIECC KOPMIICHUS KPYITHOTO POTaToro CKo-
Ta CHU3UT 3aTPaTHI HA OIIJIATY TPYyAa 00CIyKUBAIOMIEMY
nepconany. Cuctema 103UpOBaHUS KOHIICHTPHUPOBAH-
HBIX KOPMOBBIX JIOOaBOK 00ECIICUHT IMOBBIIIICHUE BKYCO-
BBIX Ka4eCTB OOBEMHUCTHIX KOPMOBBIX KOMIIOHEHTOB B
mpoliecce CkapMIInBaHus1, obecrieunBas 0anaHc norpeo-
JIEMOTO PaIHOHa.

HccieoBaHus BoINOIHEHBI TP Nofaep:xke Donja coneiicTBusS
HHHOBaNUsAM B pamkax nporpammsl «Y.M.H.U.K.» — ¥-56377.
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BnusaHue aHeprOCGeperawmux cuncrtem € ucnonb3oBaHuem nNpuUpoaHoOro
XoJioga Ha 3HeproeMKocCTb npoLecca oxnaxxaeHusi MoJioKa

Aunexceii bopucosnuy KopmyHos,
KaHJUJaT TEXHUYECKHUX HAYK, JOLIEHT,
BEyIIMil Hay4HBbII COTPYJHUK,
e-mail: koral314@yandex.ru;

®denepalbHBIN HAyUHBIN arpouHskeHepHbIi nenTp BUM, MockBa, Poccuiickast @enepanus

Pedepar. CHmxeHrEe S5HEPro3aTpar B TEXHOIOTHYECKHX TPOIECccaX OXJIaKICHUS M XpaHEHUs MOJOKa Ha (epMax — akTyaabHas
3amada. (LJens uccnedosanust) COKpaTHTh SHEPTOEMKOCTD IIPOIiecca OXJIAXACHNS MOJIOKa Ha (epMax IPH COXPAHEHHH €ro Kade-
ctBa. (Mamepuanst u memoowr) VccienoBany CylmecTBYIOIME U HOBbIE YMHbIE KOMOMHIPOBAHHbIE CHCTEMBI OXJIAXACHUS Ha 0C-
HOBE PallOHABHOTO MCIIONB30BAHHS HCTOYHUKOB IPHPOIHOTO M HCKYCCTBEHHOTO XOJIOA CO CPEACTBAMH €TI0 aKKyMYIUPOBAHHS
1 3KOJIOTUYECKU YUCTBIMH XJIaJI0OHOCUTEIIAMHU C HU3KOH Temmeparypoil 3amep3anust. (Pesyromamer u obcyscoenue) Onpeneninu
3aBUCHMOCTh KOJMYECTBA SHEPTUHU, KOTOPOE MOKET OBITh TIPUMEHEHO TS OXJIAXKICHHS U XPaHEHUs MOJIOKA U PACCESHO B OKpY-
KAIOIIYIO Cpemy, OT MOTEHIINANA IPUPOTHOTO XONO/Ia PaifoHa i MeCTa PacoNoKEHUS TEXHOJIOTHIECKOTo 00beKTa. PaspaboTamm
METOIIMKY OLEHKH IIOTeHIIHaa IIPHPOJHOTO X0JI0Aa [T Pa3IMYHBIX PETHOHOB CTPaHbL. YCTaHOBUIN TPeOyeMble eMKOCTH JIbJI0-
XPaHWIUII TS MOJMIOYHBIX (hepM C Pa3IMYHBIM TIOTOJOBEEM H TOIOBBIM yroeM. [Ipencrasmy quarpaMmy SKOHOMUH JIEKTpUde-
CKOU 3HEPIUH TIPH UCTIONB30BAHUH TIPHPOIHOTO XOJIOA ISl OXJaXACHH MOJoKa Ha (epmax Ha 400 ronos ¢ yaoem 5000 utpoB
B PA3IMYHBIX KIUMAaTHYECKHX perroHax Poccunm. Ilokasanu, 4To 3HAYMTENbHAS SKOHOMHS SHEPIUU MOXET OBITh MOJNydYeHa B
pe3ynbTare NIpUMeHeHHs KOMOMHUPOBAHHBIX aKKYMYJIATOPOB IIPUPOIHOTO U HCKYCCTBEHHOTO X0JI0a C UCIOIB30BAHUEM 3KOJIO-
TUYECKU YUCTBIX XJIAJOHOCUTENEH ¢ HU3KON TeMIIepaTypoii 3aMep3aHus 1 TPYHTOBBIX JIbIOXPAHUIIHUIL, B KOTOPBIX 3aMOPaKHBa-
HHE TPYHTA ¥ BOJBI OCYHIECTBIISIETCS IPYHTOBOM OXJIXXIAIOIIEeH TEPMOYCTAHOBKOH ¢ ABYX(a3HBIMH TepMOCH(poHaMU. (Bbi600b1)
[IpumeHeHne yMHBIX KOMOMHUPOBAHHBIX CUCTEM OXJIAXKACHHS MOIOKA Ha ()epMax Ha OCHOBE PalOHAIBLHOTO HCIOJIB30BAHUS
MCTOYHUKOB TPHPOTHOTO M MCKYCCTBEHHOTO XOJIOZA CO CPEICTBAMH €T0 aKKYMYJIHPOBAHHS M KOJOTHMYECKH YHCTBHIMU XJIAJ0-
HOCHTEISIMU C HU3KOHM TeMIIepaTypoii 3aMep3aHus MO3BOJISIET COKPATUTh SHEPro3aTparsl B 1,5-3 paza mpu COXpaHEHUHU KauecTBa
npojykra. JJaHHbIE CHCTEMBI B Pa3IMYHON KOHDUTYpAIUH U KOMILIEKTAIK 3QGEKTUBHO HCTIONB30BaTh BO BCEX arpOKINMAaTHYe-
CKHUX PETHOHAX CTPAHBL.

KioueBble cl10Ba: oxJIaxxIeHHE MOJIOKA, SHEProcOepeeHne, IPUPOIHBIN X001, aKKYMYJIALNS, SKOJOTUYECKU YUCTBIA XITa/10-
HOCHTEJIb, JTbJJOXPAHIITHIIE.

1 as uutuposanun: KopmryHos A.b. Bnusaue sHeprocoeperaronmx cucTeM ¢ UCIOJIb30BaHUEM MTPUPOTHOTO XO-
JI0J]a Ha SHEPTOEMKOCTD IMpoliecca OXJIaxaeHUus MoJioka // Cenbckoxossticmeenuvle mawiunvl u mexuonoauu. 2020.
T. 14. N3. C. 39-44. DOI 10.22314/2073-7599-2020-14-3-39-44.

Influence of Energy-Saving Systems Using Natural Cold on the Energy
Intensity of the Milk Cooling Process

Aleksey B. Korshunov,
Ph.D.(Eng.), associate professor, leading researcher,
e-mail: koral314@yandex.ru;

Federal Scientific Agroengineering Center VIM, Moscow, Russian Federation

Abstract. Reduction of energy consumption in technological processes of cooling and storage milk on farms is urgent task.
(Research purpose) The research purpose is in reducing the energy intensity of the milk cooling process on farms while maintaining
its quality. (Materials and methods) The authors conducted research to improve existing and create new smart combined cooling
systems based on the rational use of natural and artificial cold sources with means of its accumulation and environmentally friendly
coolants with low freezing point. (Results and discussion) The authors have found the dependence of the amount of energy that
can be used for cooling and storage of milk and dispersed into the environment on the potential of natural cold of the area and the
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location of the technological object. The article presents a methodology for assessing the potential of natural cold for different
regions of Russia. According to the methodology, authors calculated the values of the ice storage capacities for dairy farms with
different livestock and annual milk yield. The article presents the diagram of electric energy savings when using natural cold to
cooling milk on farms of 400 heads with a yield of 5000 liters in different climatic regions of Russia. Significant energy savings
can be obtained through the use of combined accumulators of natural and artificial cold using environmentally friendly coolants
with low freezing point and ground ice storage, in which the freezing of soil and water is carried out due to the ground cooling
thermal installation with twophase thermosyphons. (Conclusions) The use of smart combined milk cooling systems on farms on
the basis of sources of natural and artificial cold with means of its accumulation and environmentally friendly coolants with low
freezing point allows to reduce energy consumption in 1.5-3 times at preservation of its quality. At the same time, such systems in
various configurations can be effectively used in all agroclimatic regions of the country.

Keywords: milk cooling, energy saving, natural cold, accumulation, environmen-tally friendly coolant, ice storage.

1 For citation: Korshunov A.B. Vliyanie na energoemkost’ protsessa ohlazhdeniya moloka energosberegayushchikh
sistem s ispol’zovaniem prirodnogo holoda [Influence of energy-saving systems using natural cold on the energy
intensity of the milk cooling process]. Sel skokhozyaystvennye mashiny i tekhnologii. 2020. Vol. 14. N3. 39-44 (In

Russian). DOI 10.22314/2073-7599-2020-14-3-39-44.

onepHuzanus u nupposuzanug AIIK ¢ momo-

IBI0 SHEProcOePEraloNINX MHTEIUICKTYaIbHBIX

YCTaHOBOK, OTBEYAIOIINX COBPEMEHHOMY Ha-
YYHO-TEXHUYECKOMY yPOBHIO, — BaxkHas 3anayva ([laTeHt
P®D Ne2674895. YeTpoicTBO 1 CIOCOO TSI OXJTaXK ICHHU S
moroka / S.I1. Jlo6auesckuii, C.A. ConoBbeB, A.b. Kop-
mryHoB, b.I1. Koprrynos) [1-4].

N3BecTHO, 4TO MPU MPOU3BOJICTBE MPAKTUUYECKH BCEX
BHU/JIOB CEITBCKOX03IMCTBEHHOM POy KIIMH B HAIIIEH CTpa-
HE 3aTPayrBaeTCs SHEPT U B HECKOJIBKO pa3 0oJIbllle, YeM
B [IEPEIOBBIX CTPaHaX, IIPU ATOM J0JIS BRIpaOaThIBAEMOM
3NEKTPOIHEPTHH JUIISI IIPOU3BOJICTBA XOJIO/IA TOCTOSTHHO
YBEIUYMBAETCS M B HACTOSIIIEE BpEMS yKe MMPEBbIIIaeT
20% [5]. OcobeHHO 3TO BaXXKHO IIPH OXJIAXKJICHUH MOJIO-
Ka Ha epMax, TaK KaK B 3TOM 00JIACTU CEITbCKOXO035M-
CTBEHHOTO TTPOM3BOACTBA HEOOXOAUMA PEKOHCTPYKITUS
(MozepHM3aIU ) OXJIAXKJAIOLUINX CUCTEM U HauboJee ce-
PBE3HBIH y1IepO SKOHOMHUKA CTPaHbI OIYLIAET OT HEMIO-
CTaTOYHOW MOIITHOCTH ¥ HaJIEKHOCTHU XOJIOUIBHOTO 000-
pYyJIOBaHUS.

Cy1ecTByOIINE TEXHOJIOTHH U 000pYIOBaHHE TS
OXJIXKJICHUSI U XPAHEHUS UMEIOT PsiJl HEIOCTATKOB, KO-
TOpBIC HETATUBHO BIIMAIOT HE TOJIHKO HA KAYECTBO U SHEP-
TOEMKOCTB IMPOU3BOAUMOM CEIIbCKOX035IHCTBEHHOH MPO-
JIYKITUH, HO ¥ Ha SKOJIOTHI0. [IpakTHyecku He MpUMEHsI-
€TCS aKKYMYJIHPOBAaHHE SHEPTUH X0JI0/1a, 0COOCHHO B BU-
nie npna [6-13].

B nocnexgnee BpeMst st akKyMYJIISIITAM XOJIO/A CTa-
JIM KCTIOJIBb30BAaTh JIBJOCOAEPKAIIME MYJIBIIBI, UMEIOIIHNE
pa3IMYHbIC HA3BaHUSL: alic-CcIappy, OMHAPHBIN e/, KU -
KUH Jief1, 3epoTopsl U T.J1. OHAKO B 3THX pa3paboTkax
HE YYUTHIBAIOTCS IPUPOAHBIE HCTOYHUKH XOJIO/1a, U 3a-
TPaTHI AIIEKTPOIHEPTUHN HA OXJIAKICHUE VI XPAHEHUE CETTb-
CKOXO3SIHCTBEHHOM MPOIYKIIUU OCTAIOTCS OTHOCHTEIb-
HO BBICOKHMH [14].

TlosToMy cHUKEHHME IHEPTO3aTpaT B TEXHOJIOTHYE-
CKHUX TIpOIeccax OXJIAKACHHUS U XpAaHEHU S MOJIOKa Ha
(hepmax — akTyasibHas 3a/1a4a.
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LLENb NCCNEQOBAHUSA — COKPATUTh SHEPTOEMKOCTh
mporiecca OXJIaK ICHHs MOJIOKa Ha (hepMax IpH coXpaHe-
HUU €ro KauecTBa.

MATEPVANBI M METOALI. [l pelieHns yKa3aHHBIX
3a1a4 B PenepaibHOM HayYHOM arpOMHKEHEPHOM LIeH-
Tpe BUM npoBoasT uccienoBaHus 10 COBEPIIEHCTBOBA-
HUIO CYIIECTBYIOMNX M CO3TAHHUIO HOBBIX YMHEIX KOM-
OMHHPOBAHHBIX CUCTEM OXJIAXCHUS Ha OCHOBE PaIfo-
HAJBHOTO IIPUMEHEHHSI HCTOYHUKOB ITPHPOIHOTO U HIC-
KYCCTBEHHOTO X0JIO/Ia CO CPEJCTBAMHU €r0 aKKyMYJIHUPO-
BaHUS M YKOJIOTHYCCKU YUCTHIMH XJIaJOHOCUTEIIMHA
(QUX) ¢ Hu3Kkoil Temmneparypoii 3amep3anusi[15].

MareMaTH4ecKoe MOJCINPOBAHNE U KOMITBIOTEPHOE
MPOrpaMMHUPOBaHHUE IPOLIECCa OXTaKICHHSI MOJIOKA ITO-
3BOJIMJIN OMPENEIUTh KOHQUTYPAITUIO TETII000OMEHHBIX
amnmapaToB (IJJaCTHHYATOTO MPOTOYHOTO TEIIOOOMEH-
HUKa, TPUEMHHUKA IPUPOIHOTO X0J0/1a U T.]1.), OITUMAJIb-
HYIO KOHCTPYKIIHIO 000PYJOBAHUS CUCTEMBI OXJIAXKIe-
HUS C HCTIOTB30BAHIEM MIPHPOTHOTO X0JI0a ¥ UCCIIEO-
BaTh PEKUMBI €€ pabOTHI B TUHAMUKE.

[Ipu »TOM permaroTcss OCHOBHBIE BOIIPOCHI IO CO3/1a-
HUIO TEXHOJIOTHUECKUX CXEM, 000PYA0BaHUS U PEKUMOB
paboThI 3HEprocOeperarIux KOMOMHUPOBAaHHBIX CH-
CTEM OXJIAKJCHUS U XPAHCHHUS C HCIOIh30BAHUEM IIPH-
POIHOTO X0JIOAA, JIbA0AKKYMYIISITOPOB, IPyHTOBBIX JIBIO0-
xpanuuin (JIX), 9UX u cucteM aBTOMaTHYECKOTO (ITU-
POBOI'0) YIIPaBJICHHUS.

PE3YNbTATBI M OBCYXXAEHME. KonnvecTBo 3Hepruy,
KOTOPOE MOKET OBITh UCIIOB30BAHO JJISl OXJIAXACHUS U
XpaHEeHUs CeIbCKOX03SIICTBEHHON MPOIYKIIMU U pacce-
STHO B OKPYIKAIOIIYIO CPey, HAXOMUTCS B 3aBUCHMOCTH
0T NOTEHIIMaJIa IPUPOAHOTO X0JI0/1a paiioHa U MeCTa pac-
MOJIOKEHU ST TEXHOJIOTHYECKOT0 00bekTa. OH oTpakaeT
MaKCHUMaJIbHO€ SKOHOMHYECKH OIIPaBIaHHOE KOJUYECTBO
SHEPTUH IPUPOTHOTO XOJI0/a, KOTOPOE BO3MOXKHO ITPH-
MEHHUTH JIJISl OXJIAXKACHUS CEIbCKOXO3SHCTBEHHOH MPO-
JIIYKITUHU B JAHHOM PETHOHE IIPH CYIECTBYIOIIEM YPOBHE
Pa3BUTHS TEXHUYECKHUX CPEICTB, TEXHOIOTHH U cOOIIIO-
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JICHUH SKOJIOTHYECKUX HOPM.

HHH onpe)leneHm{ BJIINAHUA NIOTCHIIMAJIA HpI/IpOI[HO—
T'0 X0JI0/Ia Ha SHEPTOEMKOCTh CETbCKOXO35ICTBEHHON
MPOIYKITNY ObL1a pa3padoTaHa METOIMKA OLIEHKH MOTEH-
npasa IpUPOJHOTO XOJI0a JUIS Pa3IMYHBIX PErHOHOB
CTpaHbL.

[ToTenmnuan kax0ro peruoHa MOXHO OLIEHUTh, MTOJITb-
3ysCh TaK Ha3bIBAEMBIM PETHOHABHBIM KPUTEPUEM ITPH-
POIHOTO X0J10/1a aTMOC(HEPHOTO BO3/TyXa, YUCIEHHO PaB-
HBIM BEIIMYMHE TOJIIIUHBI JISSTHOTO MaccuBa (CToJ0a),
KOTOPBII MOKET OBITH HAMOPOYKEH B 3TOM paiioHe B Te-
YeHHUE X0JIOJHOT0 BpeMeH ! rojia. PernonanbsHelil kpute-
puii IpUPOAHOro XosoAa K|, paCCIUTBHIBAIOT U3 BBIPAXKE-
HUA:

nximr

Kp=2.6f M

i=1

e J; — CpeIHEeB3BEIICHHAS MHTCHCUBHOCTH HAMOPa-
KUBAHUS JISASTHOTO cTOJI0A (MACCHBA) B I-M MECSIIE, MM/4;
fi— IPOAOIKUTENFHOCTH IIEPHOJa HAMOPAKUBAHUS B i-M
MeCsLE XOJI0AHOI0 IEPUOAA, U; Ay — KOJIMYECTBO MECH-
LIEB B XOJIOJIHOM BPEMEHHU I'ola B arpOKJINMATHYECKOM
peruoHe.

[oacTaiisis BRIpaskeHUS IS pacyeTa HHTEHCHUBHO-
CTH HAaMOpa)KMBaHU JEJSHOTO MacCHBa B JaHHOM arpo-
KJIMMaTU4YECKOM PaiioHe, 0JyYUM Pa3BEpHYTOE BbIpa-
JKEHUE pacyeTa PEerHOHAJIBHOI0 KPUTEPpH sl IOTEHLHAJIa
IIPUPOAHOIO XOJI0a:

nxm

Kp= Y [K, - ;(1+K;-0)] f; @

i=1

i€ ;— pacyeTHas TeMIepaTypa Hapy »KHOI0 BO3yXa
B i-M Mecs1e; K, K; — smnupudeckue ko3hpuineHTs!
BJIMSHUSA PacueTHOM TeMIepaTypbl U CKOPOCTH BETPA;
®— CKOPOCTH BETPA, M/C;

Ji1s BBIpaOOTKH peKOMEHIAIHH 10 pa3MeIIeHuIo 000-
pyZAOBaHUS HCCIIENOBAIN KIUMAaTUYECKHE XapaKTepH-
CTUKU U PACCUUTHIBY PErMOHAIbHBIM KPUTEPUH IOTEH-
LMaja MpUpOIHOIro X0JI0Ja B cleAyomux ropoaax Poc-
cun: bapuayne, Bonrorpane, Bsatke, Exatepun6ypre, Up-
kytcke, Kazanu, Kpacnonape, Mockse, Huxxuem Hosro-
poxe, HoBocubupcke, Poctose-Ha-/lony, Camape, Cankt-Ile-
TepOypre, Caparose, YiassiHOBCKe, YensiOnncke, SApoc-
JIaBJIe.

AHanus, IpoOBEACHHBIH N0 IpeaiaracMoMy KpUTe-
pHIO, TTOKA3aJjl, YTO K IEPBOMY PErHOHY, 00IaaomemMy
CaMbIM OOJNBIIMM MOTEHIIMATIOM MIPUPOIHOTO XOJI0a, OT-
HOCSITCSI 30HBI, pacIlojIoKEHHBIE ceBEpHEe roponos: Hp-
KyTck, bapnayn, HoBocubupck, Batka, ExatepunOypr,
Kazans.

Ko BTOpOMY peruony oTHOCSITCS 30HBI C F0XKHOM T'pa-
HUIIEN IO OKPECTHOCTSIM roponos: MockBa, HuxHuM
Hogropon, YnbsinoBck, SIpociaBis.

K tpeTbemy peruony —30Hs1 ¢ ropogamu: Kpacnonap,
Cankr-IletepOypr, PoctoB-Ha-Jlony, Bonrorpan.

Br160p 1 000cHOBaHUE KOHKPETHOM 3HEprocoepera-
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FOIICH CUCTEMBI IIPOU3BOAMTCS B IBA ATAMa: 1o 0000IIIeH-
HBIM arpoKJIMMAaTUYECKUM XapaKTEePUCTHKAM paiioHa U
TpeOOBaHUSIM K CHCTEME OXJIAXKICHUS B KOHKPETHOM Me-
CT€ yCTaHOBKU. [Ipy 3TOM yUYUTHIBAIOT YCIOBUS O0BEK-
Ta 110 0COOCHHOCTH I'UAPOTeOJIOTHU ¥ BO3MOYKHOCTH 3€M-
JICOTBOJIA, 10 MUTAHUPOBOYHBIM PEIICHUSM TPOU3BO/I-
CTBCHHBIX HOMCH.{CHPII’I, HAaJIU4YUIO U Ka‘leCTBy CUCTEM BO-
JIOCHAOXKCHH S, TPUHATOM TEXHOJIOTUHU U PEXKUMY TOCHU S
Y TPAHCTIOPTUPOBKH MOJIOKA, OPUCHTAIIUH TPOU3BO/I-
CTBEHHBIX YYaCTKOB MO0 CTOPOHAM CBETa H APYTUM (ax-
TOpam.

Ha o6BexTax, pacionoKeHHBIX B IIEPBOM (CEBEPHOM)
peruoHe ¢ MaKCUMaJIbHBIM MOTEHIIMAIOM X0JI0/Ia, CHCTE-
MBI OXJIAXKACHU A O6']>CI[I/IH$IIOT d)yHKIlI/II/I aKKyMyHHTO-
POB ¥ IPUEMHHUKOB IIPHPOTHOTO XOJIO/IA.

Bo BTOpOM pernoHe B peKOMEHyEMbIX CUCTEMAaX OX-
JJAXXKACHUS B KAYCCTBEC HpI/IeMHI/IKa HpHpOHHOFO XoJioaa
MOTYT OBITh UCIIOIb30BaHbl YCTAHOBKH CE30HHOTO JCHi-
ctBus (YC/I), neiicTByromme COBMECTHO C UCTOYHUKAMH
HCKYCCTBEHHOTO X0JIO/Ia, B KAUECTBE KOTOPBIX MOTYT ITPH-
MEHATHCS TAPOKOMIIPECCUOHHBIE NI BaKyyM-HCIIapH-
TeIbHBIC YCTAHOBKHU. B X0JI0/1HOE BpeMs UCTIONB3YIOTCS
YC]I, a B Teroe BpeMsi — oji3apsiiHas XOJIOoAIbHAS Ma-
IIMHA ¢ OTPAaHUYECHHON YCTAHOBJICHHOM MOITHOCTEIO.

B TpeTheM pernoHe npeaiararoTcs B OCHOBHOM CH-
CTEMBI KOM6HHI/IpOBaHHOFO [[eﬁCTBPIH C HpI/IMCHeHI/IeM B
KayecTBE HCTOYHMKA BTOPHYHOTO X0JI0/1a TPYHTA U TPy H-
TOBOU BOJIBI.

Jng nmpakTHYecKMX pacyeToB MOTEHIMAI TPUPOHO-
r'0 X0JIO/Ia MOYKET OLICHUBATHCS B 0aJIaX U PacCYUTHI-
BaTbCA U3 BI)Ipa)KeHI/IHZ

1, =L

nx="p (©)

rae /1, — moTeHIuall TPUPOIHOTO X0JI0/1a HAPY HKHO-

o BO3/lyXa i-I'0 PernoHa; f; — pacueTHas BbICOTA JIe/id-

HOT'0 MacCHBa, HAMOPAXUBAEMOT0 3a T'OJT B MECTE PACIIO-
JIOXKEHH S CENbX0300beKTOB; P — 11eHa Oaia.

C moMoIbpro 6aThHOM OIEHKH TaK)Ke BBIICTICHBI TPH
peruona, rue I1,, 1 pexuMbI IKCIITyaTaluy OXJIAXKIat0-
IIMX CHCTEM, HCTIONIb3YIOIIUX IPHPOIHBINA X0JI0, OyAyT
CYIIECTBEHHO pa3inuyarhbcs. KnuMaTnueckue xapakre-
pI/ICTI/IKI/I 158 ropo;la — TI/IHOHpeIICTaBI/ITeJ'II/I 3TUX pCFI/IOHOB
MpeCcTaBlIeHbI B mabnuye 1.

ITapameTpsbl AJ151 TOPOJIOB — THIIONIPEACTABUTEIIEH OC-
HOBHBIX PETHOHOB ITOJIYYSHBI C TOMOIIBIO0 COOTHOIIIEHHU S
TEMIIEpaTyp HapyKHOT'O BO3JyXa B OTJAEIbHBIX PETHO-
HaxX " HpO}IOH)I(I/ITeJII)HOCTI/I UX CTOAHMHUS 110 JaHHBIM AO
«CLIMATE GROUP TM».

IIpu npumenenuu JIX B cucTeMax OXJIaKJI€HUS MO-
noka Ha pepMax MOXKHO 000HTHCH 6€3 HICTOYHUKOB HUC-
KYCCTBEHHOTO X0JIO/Ia ¥ B ICHTPAJILHOM PETHOHE.

Ucnons3oBanne JIX B cucTeMax OxJIakK IEHUST MOJIO-
Ka Ha (hepMax Mo3BOJSCT HE TOJBKO CHU3UTh 3aTPAThI
3J'ICKTp03HepI‘I/II/I, HO U IIOBBICUTH HAACKHOCTH HpO]_[CC—
ca, MPU COXPaHEHUH BHICOKOTO KauyeCTBa MOJIOKA.

AGRICULTURAL MACHINERY AND TECHNOLOGIES « Volume 14 «N3 + 2020

__



Mul  MEXAHM3ALNA XMBOTHOBOACTBA

MECHANIZATION OF ANIMAL INDUSTRY

-
Ta6nuua 1 Table 1
KNUMATUYECKUE XAPAKTEPUCTUKU CEJIbCKOXO3ANCTBEHHbIX OBLEKTOB OCHOBHbIX PEFTMOHOB CTPAHbI
CLIMATE OF AGRICULTURAL OBJECTS IN THE MAIN RUSSIA REGIONS
IoTeHnmag npupoa-
C BEdrw remmepary- IIponokuTEILHOCTH CKOPOCT{’, BeTpa B HOI'0 X0JI0[1a HAPYXK-
Pa B XOJIOMHBIA MePH- | "y 0o o e b hona XOJIOTHBII TIEPHO/ O L i
Peruonnt Topona o1 roaa, X;, °C X cyTp 2 roaa, X;, m/c 6 amzu DAY
A o 2 5 5
[HEE e Lt d[: Zg;agtflzeg)lﬂle;:;:;‘; Duration of the cold fl‘:;rlc(})ls(ll)zzgs?)lliri\llg Potential of natural
g X..°C ? season, X,, days m/s DED cold of external air,
) Iy, points
CesepHblit HpxyTcx
Northern Irkutsk Y 2L = S
LenTpanpHbIii Mocksa N
Central Moscow 3,2 205 4,9 60...80
O HBI# Kpacuomap
South Krasnodar = 1z e ey

KitrodeBBIM (hakTOpOM, ONIpeIeIIIOIAM aKKYMYJITH-
PYIOIIYI0 cTIOCOOHOCTH JIX, CITY>KHUT €ro BMECTUMOCTb.
B pesynbraTe mpoBeAeHHBIX UCCIEAOBAHNN BBISIBICHBI
3HaUEHUs TPpeOyeMbIX emkocTel JIX 1711 MOTOYHBIX hepm
Ha 100, 200 1 400 KOpOB C FOJIOBBIM y/I0€M OT OHOU KO-
poBb1 4000, 5000 u 6000 11 coOOTBETCTBEHHO (Mmaba. 2).

Kak cneagyet n3 auarpaMmsl, UCIIOJIb30BaHUE Pas3pa-
OO0TaHHBIX SHEPropecypcocOEePerarnX IKOTOTHUECKU
6€30IMacHBIX OXJIAKAAIOIINX CHCTEM IIO3BOJIUT YMEHb-
HIMTh SHEPI0O3aTPaThl HA BBIPAOOTKY XOJI0AA 1JIsI JKUBOT-
HOBOJYECKOM (pepMBI B 3aBUCHMOCTH OT PETHOHA OT 2 110
5 pas.

Ta6nuua 2 Table 2

TPEBYEMbI OBEM JIbOXPAHVAMLLA ANS MONOYHBIX ®EPM HA 100, 200 1 400 koroB, M°
REQUIRED VOLUME OF ICE STORAGE FOR DAIRY FARMS FOR 100, 200 anp 400 cows, m

3

I'onoBoii ynoii oT oqHOM KOPOBBI, J1/To1 / Annual milk yield from one cow, liter per year
IToronoBbe, roJ.
Livestock, ¢ Mpe/IBapUTeIbHBIM 0XJ1aKIeHHeM 0e3 NpeABAPHUTEJbHOT0 OXJIaMK/ICHUS
number with pre-cooling without pre-cooling
4000 5000 6000 4000 5000 6000

100 75 90 110 150 187 225
200 150 188 225 300 375 450
400 300 375 450 600 750 900

W3 mabruyesr 2 BUIHO, YTO IPUMEHEHNE NTPEBAPH-
TEJIBHOT'O OXJIAXKICHUS MOJIOKA YMEHBIIAET TPeOyeMyo
eMmkocTh JIX B 2 paza.

Ha pucynke I npencrapieHa guarpaMma 3KOHOMUH JJIEK-
TPUYECKON SHEPTHHU IIPU UCTIONB30BAHUHU IPUPOTHOTO XO-
J07ia AT OXJIaXK IeHN s MoJIoka Ha pepmax Ha 400 Tot. ¢ ymo-
eM 5000 11 B pa3nMyHbIX KIMMaTHYECKUX peruoHax Poccuu.

H3uoHoMMA
INEHTpOIHEprHM
Energy saving

B Mocrynneuue
SNEKTPOIHERTHM
Energy
consumption

Tunosan
cucTeMa
Typical
system

HOMmHbIA
paiou
South
Region

CesepHbIi
paiou
Northern
Region

LieHTpancHbid
paiou
Central
Region

Puc. 1. [luaepamma sxkonomuu sn1eKmpuyeckoi SHepeuu Ha OXaaic-
OeHue MONOKA 8 pasiuunbIx pecuonax Poccuu, kBm-u 200 (pepma
Ha 400 eon.)

Fig. 1. Diagram of energy saving for cooling milk in different
regions of Russia, kW-h per year (farm for 400 heads)
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3HauKTEIbHAS SKOHOMHUS SHEPTHH MOXKET OBbITH MO-
Jy4eHa B pe3yJIbTaTe MPUMEHEHUS B CUCTEMaX JJIs OX-
JaKICHUS MOJIOKa Ha pepMax KOMOMHUPOBAHHBIX aKKY-
MYJISTOPOB MIPHPOTHOTO H UCKYCCTBEHHOT'O XOJIOA C UC-
nonb3oBarneM DUX (puc. 2).

; 1000 7W7
E 200 /___./I-_.\

£ s00

3 4 N

Y %

MotpebneHne anekTpoaHeprum, KBr.y

1 2 3 4 5 6 7 3 9 10 11 12
mecAyel months

—+—B6azoebiii basic —E—noebiii new 3KOHOMMA saving

Puc. 2. I'paghux nompebrenus snexmposnepauy no mecayam 0
6a306020 u H08020 éapuanma Ha pepme Ha 5020n. (Mockogckuii
pezuoHn)

Fig. 2. Energy consumption by month for basic and a new option
on the farm for 50 heads (Moscow region)

Ha pucynke 3 npencrapnen pazpaboranusiii B dene-
paJIbHOM Hay4YHOM arporHxeHepHoM eHTpe BIIM snep-
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Puc. 3. Duepeocoepezarouyuii MoOyIb 08 OXAANCOEHU MONOKA HA
ghepmax ¢ ucnonv3osanuem npuPOOHO20 X0100a U IKOLO2UUECKU Oe3-
ONACHBIX XAA0OHOCUMeNell ¢ HU3KOU memMnepamypou 3amep3anus
Fig. 3. Energy-saving module for cooling milk on farms using
natural cold and environmentally friendly coolants with low
freezing point

rocOeperarmui MOyJIb, TO3BOJISIOIIHN OXJTaKJaTh MO-
JIOKO € TIOMOIIBIO TPUPOJHOTO XOJI0Aa U SKOJOTUYECKH
0€30IMacHBIX XJIAJJOHOCUTEINICH C HU3KOH TeMIepaTypon
3aMep3aHus.

B nacrosimee Bpems B @eepalibHOM HaAyYHOM arpo-
HHXeHEepHOM HeHTpe BUM npoBoasT uccnenoBaHus mo
pa3paboTKe TEXHOJOTUHU OXJIaXKACHUS U XPaHEHUS TTPH
ITOMOIITY KOMOWHHPOBAHHBIX aKKYMYJIUPYIOIINX yCTa-
HOBOK ¢ OUX ¥ IpyHTOBBIX JIBJOXPAHJINIL, B KOTOPBIX

MECHANIZATION OF ANIMAL INDUSTRY

3aMOpa’KuBaHMe TPYHTa F BOJIBI OCYIIECTBISACTCS 38 CUET
TpyHTOBOM oxsaxkaaromeit TepmoyctanoBku (I'TY) ¢
JIBYX(a3HBIMU TepMOocH(DOHAMMU.

Kaxip1it 1By X (ha3HbIi TepMOCH(OH 32 aKTHBHBIH (XO0-
JIOZAHBIN) IEPHOJT CBOCH pabOTHI HAMOPAXKUBACT JICSHOM
LUIMHAD B BOJIE UJIK T'PYHTE, @ B COBOKYIIHOCTH BCE yCTa-
HOBJICHHBIE TEPMOCH(OHBI MOTYT 3aMOPa’KUBATh TPYH-
TOBBIH MaCCHB MPAKTHYECKH Tt000H KOHPUTYpaIlUH U
o0BeMa.

['pyHTOBEIE OXJIaK TAIOMIHE TEPMOYCTaHOBKH BKIIIOYA-
I0TCS B pabOTy aBTOMATHYECKH IIPH TEMIIEPATypax aTMOC-
(bepHOTO BO3TyXa HIDKE TEMIIEPATY Pl IPYHTA, OHU HE Tpe-
OYIOT 3aTpar 3JIEeKTPOIHEPTHHU, 00CITYKUBAHUS, CPOK CITY K-
ObI COCTABIISET IECATKH JIET, a UCToab30Banue DUX naer
BO3MOKHOCTB ITOBBICHTH HAJISKHOCTD IIPOIIecca OXJIak-
JIEHHS 1 XpaHEHHsI MOJIOKA B TeUEHHE BCETo rojia 0e3 npu-
MEHEHHMSI XOJIOJMIIEHBIX MAIITHH.

[IpennosxxeHHy0 TEXHOJIOIUIO MOXKHO UCIIOJIB30BaTh
JUTSL OXJTAKICHUSI MOJIOKA MTPaKTUYIECKH Cpasy ke Mmocie
JOHMKH, 9TO 00eCIIeunBaeT COXPaHHOCTH €T'0 BEICOKHX Ka-
4YeCTB, a 000pYAOBAHUE MOXKET OBITh YCTAHOBJICHO U B YC-
JIOBUSIX CaMBIX yJaJCHHBIX )KHBOTHOBOAYECKHUX (epM,
KOMILJIEKCOB M Ha MacTOUINAX, TAK KaK 31eCh HMEETCS
BO3MOXHOCTH Hanbonee 3pPpekTHBHO MPUMEHSATH UCTOY-
HHUKHU TPUPOITHOTO XOJOAA, TP STOM ITOBBIIIASTCS Ha-
JIEKHOCTD IPOIIecca OXJIaX ICHHUS, SHEPro3aTPaThl CHU-
’karoTcs B 1,5-3 pa3a B 3aBUCHMOCTH OT PETHOHA CTPAHHI,
I7ie yCTaHOBJICHO 000pYJOBaHUE.

BoiBoabl. [IppMeHeHe YMHBIX KOMOMHUPOBaHHBIX
CUCTEM OXJIKJICHHS MOJIOKa Ha (pepMax Ha OCHOBE pa-
[{HOHAJIBHOT'O UCTIONIb30BaHUS UCTOYHUKOB IPUPOTHO-
T'0 ¥ HCKYCCTBEHHOTO XOJIO/Ia CO CPEICTBAMH €T0 aKKYy-
MYJIHPOBAHHUS X SKOJTOTUUECKU YUCTHIMU XJIaJOHOCUTE-
JISIMH C HU3KOM TEMIIEpaTypor 3aMep3aHusi O3BOISIET
COKpPaTHUTh 3HEeprosarpatsl B 1,5-3 pa3a npu coxpaHeHUH
KadecTBa NpoayKiuu. [Ipu 3ToM Takue CHCTEMBI B pas3-
JTUIHOU KOHPUTYpAIIUU U KOMILIEKTAIIIH MOTYT OBITH
3((peKTHBHO UCIOIB30BAHBI BO BCEX arpOKIMMaTHYE-
CKHX PETHOHAX CTPAHBL
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TJIaBHBIN HAYYHBINA COTPYIHUK;
DdenepaibHBIA HAYYHBIN HEHTP JIYOSHBIX KYJIBTYD, T. TBepb, Poccuiickas denepanus

Pedepat. Crparernueckue miaHsl 3KOHOMHYECKOTO pa3BuThs Poccuiickoit @eneparmu Ha OmmkaiInyto nepernekTUBY Mpenona-
Tal0T YBENMYCHHE CIIPOCca Ha M3/CNHS M3 HATYPAIbHBIX BOJIOKOH, B TOM YHCIIE JIEHSHBIC TKAHH, YTO TOTPeOyeT pocTa MPOH3BOJ-
CTBa OTEYECTBEHHOTO JILHOCHIPLS. PaccMoTpenu BakHeHe npoOaeMbl HayYHOTO 00eCTeUeH s yBEIMUCHHS IPOM3BOACTBA U
TIOBBIIIECHHS KadecTBa JIbHOPORyKimH B Poccu. (Lens ucciredosanus) OUEHUTH COCTOSHAE JTHHOBOICTBA M BHIIBUTH MPOOIEMBI
Hay4HOro 00eCTeueH s TIOBBIIEHNS KauecTBa JbHOMPOAYKIHH. (Mamepuanst u memoost) 3yunii opraHU3allHOHHbBIE ACTIEKThI
BO3ZIETBIBAHAS U TIEPepabOTKH JTbHA, HOBBIE CIIOCOOB! YOOPKH KyIBTYPBI, BOIIPOCH MEXaHH3AIMHI TEXHOJIOTHICCKUX MPOIIECCOB
¥ COCTOSIHAE TE€XHUIECKOM OCHAIIEHHOCTH XO3SHCTB. (Pesynvmamsl u obcyscoenue) Tlokasanu, 9to QO UCTIONB30BAHMUS JIbHA
B MHIYCTPUAIBHO Pa3BUTBIX CTpaHaX JOCTUraeT 24 MPOLECHTOB IPH MPOM3BOACTBE TEKCTHIL, OymMaru, KOMIIO3HTHBIX MaTepHa-
JI0B. BBIsIBIIH, 4TO ypOBEHb MEXaHM3ALMK Ha JbHO3aBOAAX He TpeBbiliaeT 40 mpoueHToB. [IpeacTaBuiu cpaBHUTENBHBINA aHAU3
MHTEHCU(DHKAIINH 3aMaIHOEBPONEHCKOr0 U 0TeYECTBEHHOTO JbHOBOACTBA. [10ATBEpIMIIH, UTO Pa3/ieNbHY0 TEXHONOTHIO YOOpKH
MOKHO TIPUMEHSATH B cpeiHeM Ha 25-30 mponeHTax yOOpoYHOH IO N, B 3aBUCMMOCTH OT TIOTOIHBIX YCIIOBHH. Onpenesniy,
4T0 mpuMepHO 90 MPOLEHTOB TpecThl B Poccuu 1 3a pyOexkoM HOMYUaroT, UCTIONb3Ys POCSHYIO MOUKY. PazpaboTtany HOBBIH co-
€00 yOOpKH JTbHA M MHOTO(YHKIIMOHANBHBIH arperar uisl ero OCyIIeCTBICHHUS. B Xo/e SKCIIepUMEHTOB YCTAHOBUIN POCT TIPOH3-
BOJUTEIbHOCTH HOBBIX TEXHUYECKUX CPEACTB Ha S0 MPOLEHTOB, COKpAILIEHUE COAEPAKAHUS TyTaHHUHbI B BOPoXe Ha 60 MPOLIEHTOB,
CHIDKEHHE IOTEPh CEMSH B 3 pa3a [0 CpaBHEHHIO ¢ YOOpKoi IbHOyOopouHbIM KombaitHoM JIK-4A. [Tokazany 10CTOMHCTBA METO-
Ia 000paYnBaHAs JICHTHI HA JTBHUIIE, KOTOPHIH CO3IAaeT paBHEIEC YCIOBHS BRUICKKH JUIS BEPXHETO U HIKHETO CII0EB, YTO 0COOCHHO
3(h{eKTUBHO NP YPOXKAKHOCTH cONOMBI Ooiiee 3,5 TOHHBI ¢ rekTapa. O6opadnBaHue COCOOCTBYET YBEMUUESHUIO ONHOPOAHOCTH
COJIOMBI ITO IIBETY B BEPXHEM M HIKHEM CIIOSX JIHTHI M [IOBBIIIACT KA9€CTBO M KOMHYECTBO JTBHOTPECTEL. (Bb160061) YCTaHOBIIIH,
9TO IS MOBBINICHAS YO ()EKTHBHOCTH IbHOBOZICTBA HEOOXOAMMA KOMILICKCHAS! MOIEPHH3AIINS, PESIIONAraoas peieHune opra-
HU3AIMAOHHBIX, arPOHOMUYCCKUX, TEXHOJIOTUYCCKUX U MHIKCHCPHO-TEXHUICCKUX BOIIPOCOB.

KiroueBble c10Ba: eH-10TyHell, TEXHUYECKHE CPEICTBA, TbHOTPECTa, CEMEHA JIbHA, KaYeCTBO ChIPbs, MEXaHU3aLMs JTbHOBO/-
CTBA.

1 Las uutuposBanus: Poctosues P.A., Uepnukos B.I, Ymanosckuii U.B., [Tonos P.A. OcHoBHBIE Tp00IEMBI HAYU-

HOTro obecreueHus NbHOBOICTBA // Cenvcroxozsaucmeennvie mawunst u mexuonocuu. 2020. T. 14. N3. C. 45-52. DOI
10.22314/2073-7599-2020-14-3-45-52.

The Main Problems Of Scientific Support Of Flax Growing
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Abstract. Strategic plans for the economic development of the Russian Federation involve an increase in demand for natural
fiber products, including linen, which will require an increase in the production of domestic linen in the near future. The authors
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examined the most important problems of scientific support for production increasing and the quality of flax products improving
in the Russian Federation. (Research purpose) To assess the flax growing state and identify the problems of scientific support for
improving the flax production quality. (Materials and methods) The authors studied the organizational aspects of flax cultivation
and processing, new ways of harvesting crops, issues of technological processes mechanization and the state of farms’ technical
equipment. (Results and discussion) The authors showed that the share of flax use in industrialized countries reached 24 percent in
the textiles, paper, and composite materials production. They found out that the mechanization level at the flax mills did not exceed
40 percent. They presented a comparative analysis of the intensification level of Western European and domestic flax growing.
They confirmed that separate cleaning technology could be applied on average at 25-30 percent of the harvested area, depending
on weather conditions. It was determined that approximately 90 percent of treated plant fibres were received using a dewy lobe
in Russia and abroad. The authors developed a new method of cleaning flax and a multifunctional unit for its implementation.
During the experiments, they established a 50 percent increase in the productivity of new technical equipment, a 60 percent
reduction in the heap content, and a 3-fold reduction in seed losses compared to harvesting with the LK-4A flax harvester. They
showed the advantages of the method of the tape wrapping on linen, which created equal conditions for aging for the upper
and lower layers, which was especially effective when the straw yield was more than 3.5 tons per hectare. Wrapping helped to
increase the uniformity of straw in color in the upper and lower layers of the tape and increased the quality and quantity of flax
seeds. (Conclusions) It was established that in order to increase the flax growing efficiency, a comprehensive modernization was
necessary, which involved the solution of organizational, agronomic, technological and engineering issues.

Keywords: fibre flax, technical equipment, flax seeds, quality of raw materials, mechanization of flax cultivation.

1 For citation: Rostovtsev R.A., Chernikov V.G., Ushchapovsky 1.V., Popov R.A. Osnovnye problemy nauchnogo
obespecheniya I’'novodstva [ The main problems of scientific support of flax growing]. Sel 'skokhozyaystvennye mashiny

i tekhnologii. 2020. Vol. 14. N3. 45-52 (In Russian). DOI 10.22314/2073-7599-2020-14-3-45-52.

COOTBETCTBUH C TprukazoM DeepanbHOro areHT-

cTBa Hay4yHbIX oprarau3anuii ot 10.05.2018 Ne 382

«O peopranuzanuu OeaepaibHOr0 rocyJapCTBEH-
HOT0 OI0PKETHOTO HAYYHOTO yupexaeHus « Beepoccuii-
CKHI1 HAyYHO-UCCIIEJ0BATEIbCKUI HHCTUTYT MEXaHU3a-
MY JTIBHOBOJICTBA» Ha 0a3e MHCTUTYTa co3nano Dene-
palibHOE TOCYIapCTBEHHOE OIOIKETHOE HAYIHOE Y-
pexnenune «DenepanbHbId HAYYHBIN HEHTP JTYOSHBIX
KyneTyp» (PDI'BHY ®HI] JIK). LlenTp 00benUHSIET PU-
JUAJTBI M TOAPa3/IelIeHus B IISATU CyObekTax Poccuiickoit
®enepannu: [leH3eHCKN HHCTUTYT CEIIBCKOTO X035ii-
cTBa, [ICKOBCKHII HHCTUTYT CEJIbCKOro X034iicTBa, CMO-
JIEHCKUI MHCTUTYT CENNbCKOT0 X0351UCTBa, MTHCTUTYT TbHA
(r. TopoK), cTpyKTYpHOE nioapasaeienue (r. Koctpoma).
Baxmueiimeit 3agaueil B IbHOBOACTBE, /1a U B APYTHUX OT-
pacisx Mo BO3JEJIBIBAHUIO U YOOPKE TyOSHBIX KYJIBTYD,
OCTaeTCs MOBHIIIIEHNE YPPEKTHBHOCTH PabOTHI TyTEM
BHEIpeHUst 60JIee COBPEMEHHBIX TEXHOJIOT UM, TEXHUYE-
CKMX CPEACTB U UCIIOJIb30BaHUS HOBBIX COPTOB, aAaNTH-
POBaHHBIX K YCIOBUAM PETHOHA, 00€CTIeYNBAIOLIUX T10-
Jy4eHHUE BBICOKOKAYECTBEHHOT'O BOJIOKHA.

B pa3BuThIX cTpaHax Mupa no ouneHkam, EBpormneii-
cKoi KoH(enepauu npHa u KoHoruw (CELC) n UHCTH-
TyTa HATYpaidbHBIX BOMOKOH (INF&MP), BEICOKHII TIO-
TpeOUTENbCKUI CIPOC HA TEKCTUIIbHBIE U HETKaHbIC U3-
JIeNus, B TOM YHCJI€ 30 JIbHA, JOJIKEH COXPAaHUTHCS 110
2025 1. ¥ B IOCTENYIONIUE TOJIBI.

HecMoTps Ha mepCIeKTHBHOCTD UCTIOJIb30BAHUS JIbHA,
ypOBeHb HHTeHCcH(UKauu oTpaciu B Poccun ropasmo
HU>KEe MUPOBBIX NoKa3areneil. Bo ®panuuu, Hunepnan-
nax, beapruu ypoxaiiHOCTh JJIMHHOT'O BOJIOKHA JOCTH-
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raet 1,5-2,0 T/ra nmpu ero xopoiiem KauecTse.

Hamra crpana oTcTaeT oT eBpONEHCKUX TOCYAapCTB B
pa3paboTKe, MPOU3BOACTBE U, 0COOCHHO, B KAUECTBE CO-
PTOB JIbHA U MAIIIMH JJ151 €r0 BO3JeIbIBaHuA. B cBsi3M
ATHM HEO0OXOJMMO B KOPOTKHUE CPOKHU BBIUTH Ha HOBBIH
ypoBeHb pa3Butus [1-3]. [IpexctouTt pazpadbotaTs TEXHO-
JIOTHIO0 KOMIIJIEKCHOTO HCIIOTB30BaHUS CPEACTB MPOU3-
BOJICTBA JIbHA-JIOJTYHIIA, 00€CTIEYHBAIOIIY IO Iy YIIEHUE
TLTOIOPOAMS TIOYBEI, MTOBBIIICHHUE yPOXKAWHOCTH U Kade-
CTBa JILHOMPOIYKIHUHU, CHUKEHUE C€0ECTOMMOCTH, OXpa-
HY OKPY’KaroIlIeH Cpeibl OT 3arps3HEHUN.

HeoOxonuMo BHEIPATH HOBBIC M COBEPIICHCTBOBATH
CYULIECTBYIOIIME TEXHUYECKHE CPENCTBA I HHIYCTPH-
aJIbHO-TIOTOYHOM 0€30TXOTHOM TEXHOJIOTHH ITPOU3BOJI-
CTBa U NepepadOTKHU JIbHA-NONTyHIA [4-6].

LLENb NCCNEQOBAHUSA — OIIEHUTH COCTOSTHUE JIHHO-
BOJICTBA M BBISIBHUTH POOJIEMBI HAYYHOTO OOCCIICUCHU S
TOBBIIIEHUS] KAYECTBA JIbHOIIPOAYKIIHH.

MATEPUAbI M METOAbI. I3y4aiu opraHu3aiMOHHbIE
aCIleKThl BO3JENBIBAHUS U NIepepadOTKH JIbHA, HOBBIE
croco0bl yOOPKH KYJIBTYPBI, BOITPOCHI MEXaHU3AIHH TEX-
HOJIOTHUYECKHX MTPOLIECCOB ¥ COCTOSTHUE TEXHUYECKOM OC-
HaII[EHHOCTH XO3SIMCTB.

PE3YNbLTATBI M OBCYXXAEHUE. JIeH-T0ITyHEI M CETO-
Hsl 0CTaeTcs [1aBHOM TEXHUYECKON KYJIbTYPOH U UCTOY-
HUKOM HaTypallbHOTO CBHIPHS JJI ITPOU3BOJICTBA JIbHSI-
HBIX TKaHe! u u3nenuil. B cTpykType MUpPOBOro mpou3s-
BOJICTBa BOJIOKOH €T0 J0JIsI 32 MTOCJIeAHUE ACCITUIICTUS
yBenuuuiach Ha 4-5%. UHycTpuaibHO pa3BUTHIE CTpa-
HBI IPUMEHSIIOT JIEH BO BCEX OTPACIISIX MPOMBIIIICHHO-
cru (maba. 1) [1].
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Table 1

Ta6nuua 1

[ons ncnonb30BAHWSA JIbHA B UHAYCTPUATIbHO PA3BUTBIX CTPAHAX, %
RATIO OF FLAX USE IN INDUSTRIALIZED COUNTRIES, %

MatepuaJnsi / Materials 3nauyenue / Value
I'eoTexcTnns/Geotextile 2
Herkansle Mmatepuais/Non woven fabric 5
Heoprannueckue kommno3utsl/Inorganic composites 7
IonumepHbie koMmo3uTsl/Polymer composites 14
Tekctuin/Textile 24
Bymara/Paper 24
Kommo3utHbIe MaTepuas/composite materials 24

OnHako mpu Bceil 3HAYUMOCTH BOJIOKHUCTOM POy K-
[HH JJ151 HAPOIHOTO XO3sHMCTBA €€ IPOU3BOICTBO B Ha-
mieif crpane cokpatuiiock. KpusucHas cutyauus B JIbHO-
BOJICTBE CIIOKHJIACHh M3-32 HEJIOOIICHKH POJIM U MECTa JIaH-
HOW OTPACIIH B 9KOHOMHKE CTPaHBI, IIEPEKOCOB B NHBE-
CTULIMOHHOW U IEHOBOM MOJIUTHUKE, OTCYTCTBUS JOJIKHO-
r0 BHIMAaHHS K pa3BUTHIO MAaTEPHAIBHO-TEXHUYECKON
0a3bl ILHOBOJICTBA, a TAK)KE COL[MAJIBHBIX MPOOJIeM Ha
cere.

OcCHOBHBIE TPUYHUHBI COKPALLIEHHU I TOCEBHBIX IJIOLIA-
JIei 1 cTiajia mpon3BOJICTBAa — YMEHBIICHHE YUCIICHHOCTH
CENIbCKOTO HACEIEHU S, HEOCTATOYHOE TEXHUIECKOE OC-
HallleHWe, HU3KKUe KyJIbTypa MIPOU3BOJICTBA U TEXHOJIO-
rUYecKas IUCIUIUIHHA.

Kputunueckoit mpobieMoit TbHOBOICTBA OCTAETCS TEX-
HHUYECKasi OCHAIICHHOCTh. AHAJIU3 COCTOSTHUS TEXHUYE-
CKOH 0a3bl yKa3bIBaeT HA YPE3BBIUAITHO HI3KYIO oOectie-
YEHHOCTb CTICIIUATU3UPOBAHHBIMU TEXHUUECKUMH CPE/I-
CTBaMH U 00OpYIOBaHHEM Ha BCEX dTaIax BO3CIIBIBA-
HUA U IepepaboTKU KyIbTyphl. B O0IbIIMHCTBE X035HCTB
TeXHHUKA KCITyaTupyercs 15-20 net, amopTuzamnust oc-
HOBHBIX TEXHHYECKHUX cpeAcTB npesbimaeT 90%, a 3a-
KyTIKa HOBBIX €IMHUI] COCTABIISAET MeHee 2% OT MoTpeo-
HOCTH [6].

He nyunie nosjoxxeHue 1 B MpOMBIIIIEHHOCTH IO Iep-
BUYHOU TepepadoTke IbHa. [louTn Bce ocTaBmInecs I-HO-
3aBOJIbI, KOTOPBIX 0KOJIO 40, HYKJaI0TCs B PEKOHCTPYK-
[V U, TTIOBBIINICHUH YPOBHS MEXaHU3aIlUU OCHOBHBIX H
BCIIOMOTaTEIBHBIX pa0OT. YPOBEHb MEXaHU3AI[H Ha 3a-
Bozax He npesbimaeT 40%. HexBaTka 1 HU3KO€E KaueCTBO
CBIPBSI OTPHUIIATEIBHO CKa3bIBAIOTCS HA pe3ybTaTax pa-
0OTBI JILHO3aBOJOB, UX (PUHAHCOBOM COCTOSTHUH, KOTO-
pO€ YacTHYHO ycyTyOiseTcs U GU3NIecKH yCTapeBIINM
000pyI0BaHHUEM.

[ToMuMO OpraHU3aIMOHHO-KOHOMHUYECKHX MEPOIPH-
SITHI He0OXOANMa pa3paboTKa 30HATBHBIX CIICIIHATTN3HU-
POBaHHBIX TEXHOJOTUH U CPEACTB MEXaHU3AIIMHU HA OC-
HOBE pa3BUTHS (PyHIAMEHTAIBHBIX U MPUKIIATHBIX HFC-
CJIeIOBaHU, CIIOCOOCTBYIOIIMX MOBBIIICHUIO OOIIETO
ypOBHsI arpoHoMHuH. [ToaToMy 1151 0OecTiedeHrs yBeu-
YEeHH S MPOU3BOJICTBA U MOBHIIICHUS KaYeCTBA JIEHOCKHI-
PB4 ClIeAyeT PEUINTh BaXKHBIE 3aa4H:

- CO3JIaHHE U BHEJIPEHUE BBICOKOI(PPEKTUBHBIX TeX-
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HOJIOTUH MPOU3BOJICTBA JIBHOIIPOAYKIIUU;

- CO3aHNE TEXHUIECKHUX CPEICTB HOBOTO TOKOJICHHS
J7151 yOOPKH U IEPBUYHOHN MepepadOTKH JIbHA;

- pa3paboTKa U BHEJIPEHUE UHHOBAIMOHHBIX TEXHO-
JOTHA 7151 TITy OOKO# IepepadOTKY IBHOTPECTHI U JIBHO-
BOJIOKHA B KOHKYPEHTOCIIOCOOHYIO TOBAPHYIO MPOAYK-
IIUI0 HOBOT'O ITOKOJICHHUSI.

Pazpaborannas ®HI] JIK TexHOIOTHSI MEXaHU3UPO-
BaHHOH yOOpKH, 6a3upyromascs Ha COueTaHUHA KOMOaii-
HOBOT'O ¥ Pa3JeNIbHOr0 CIOCOO0B, 00ECeYUT rapaHTH-
POBaHHBII cOOp ypoXkKas MPH JIFOOBIX MTOTOIHBIX YCIOBH-
SX B pa3HBIX JIFHOCCIOMINX PETHOHAX U TO3BOJIUT TOITY-
YUTh BBICOKOKAUECTBEHHOE IbHOCBIPhE U CEMEHA IIPU MU-
HUMAaJbHBIX U3AepKKax [7-9].

Jlen xak HauOomnee TpyAoeMKas KyJabTypa, IpH BO3-
JEeTBIBAHUH KOTOPOH 3aJeHCTBOBaHO OOIBIIOE YUCTIO TEX-
HOJIOTHYECKUX OTEPALHI U CIICIIHATN3UPOBAHHBIX TEX-
HUYECKHUX CPEICTB, TpeOyeT ITy0oKOoro H3yueHus Bcex
BO3MOXKHBIX (DaKTOPOB 1 QOpMUPOBAHUS TAPAMETPOB Ka-
YyecTBa JIbHOCHIPbs. Hanbosiee c0KHBIMH U TPYI0EMKH-
MU TEXHOJIOTHUYECKUMU OTIEPALIHSIMH B JIBHOBOJICTBE 5IB-
JSIOTCS yOOPOUHBIE MPOLECCHI, TAKHE KaK: TOABOA CTE0-
JIeH IeNUTENSIMU K TePEOUIBHBIM PYUbsM YOOPOUHBIX
MaIIH, TepebIeHne JbHa, odec cTedieii, opMupoBa-
HUE JICHTHI U PACCTHII €€ Ha JIBHUILE IS BBUICKKH B TPe-
CTY, IOI0OOP TPECTHI U TPAHCIIOPTHPOBKA THHOBOPOXA.

ITo nogBony crebneit AenuTeNns MU K TepeOUIBHBIM
PYUBSIM paccUuTaeM CHITY BO3JEHCTBHSI cTebel Ha cTel-
JETIOABOABI ACIUTEIS C YIETOM KOJTHYIECTBA ITOIBOIH-
MBIX CTeOJIeH, COMPOTUBIEHUS UX TTOBOPOTY. CHITy BO3-
neicTBus cTebns P, onpenenum no ¢popmyite [10]:

P.=0,5i,-cos’ a-cos’ B(1+1g¢) x

><(leyvuu(”'/z_H) n kY pokt +F
Po 3 ¢

rJie iy — 'ycTOTa cTe6IecTOos, MT./M”; 0t — yTol HAaKIOHA
cTe0JIeno1Boa K TOPU30HTY, Tpal.; f — MOJOBUHA yTiia
3a0CTPEHHSI JSTUTENS, TPALL.; ¢ — YTOI OTKIOHEHHS CTE0-
71 OT TOPU3OHTAILHOM TIIOCKOCTH, TPa.; k| — OTIBITHBIH
KO3 OHUITHEHT, 3aBUCAIIUNA OT TUAMeTpa cTeOs, ero
BIIQXKHOCTH, KI/M-C; V,, — CKOPOCTB CTeOIemoaBOAa, M/C;
1 — KO3 PHUIMEHT, 3aBUCALINI OT MapaMeTpoB AeNIUTE-
Jis1; @ — yroa HaKJIOHA cTeOJIsl K TOPU3OHTY, T'pa.; ky —

1) €Os @, D
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OTNBITHBIN KO3 (OUITUECHT, 3aBHCSIIIHN OT CCUCHHS dJIe-
MeHTa CTe0JIsl, KI/M-C; py — OTKIIOHEHHE cTe0JIsl OT Bep-
THKAJTbHOU IIOCKOCTH, MM;, F,, — CHJIa CIISTJICHHS CTe0-
neil B BepxyleuHoii yactu, H; ¢ — yroa Tpenus crebneit
TI0 TIOBEPXHOCTH CTEOIETIOABOAA, TPAI.

[IpononbHBIE TEHTOYHO-POJIIMKOBBIE PyUbHU JIBHOTEPE-
OHMJIBHBIX alMapaToB XapaKTePU3YIOTCs HATHYHUEM B 30-
He TepeONeHIS KPUBONUHEHHBIX M PSIMOTHHEHHBIX y4acT-
koB. 17151 pacueTa AMHBI TePEOUIBHOT0 yUacTKa B TAKOM
pydbe moydeHa aHaTuTu4YecKkas 3aBucumocts [10]:

S, =V, (¢ +1,), Q)

rae ¥, — ckopocTh TepeOUIBHBIX PEMHEH, M/C; £ — BpeMs
TepeOneHus cTedael Ha KPUBOJIIMHEITHOM y4acTKe, C; £, —
BpeMs TepeOIeHUsI CTeOIel Ha MPSIMOJIMHEHHOM y4acT-
Ke, C.

W3 Bcero MHOr000pasusi 04ECHIBAIOIINX alIapaToB
caMbIM HaJIeKHbBIM, KaK IIoKa3aja MpaKkTHKa, OCTaeTCs
yctpoiictBo rpedHeBoro tuna [11, 12]. Ero ocHoBHBIE 10-
Ka3aTell — Ka9ecTBO PabOTHI M YUCTOTA OUeca.

KauecTBo paboThI 04ECHIBAIOIIETO ANIIapaTa 3aBUCUT
B OCHOBHOM OT COOTHOIIICHUS 30HBI PACIIOTIOKEHHUS Ce-
MEHHBIX KOpoOoUekK B JIeHTe U paboueil 30HbI oyeca ca-
Moro anmnapara. KonebaHus BepXyIedHON 4acTH JICHTBI
Mepe]] OYeChIBAIONIUM allapaToM CBUICTEIBCTBYIOT O
TOM, UTO 30HA 04eca JICHTHI JIbHA B, HE 0CTAeTCsI HOCTO-
STHHOW ¥ B PEATbHBIX YCIOBUSIX SIBIISIETCS CITy4aifHOM Be-
JTUYUHOMU, 3aBUCALIECH OT yCIOBUM yOOPKHU U TUHAMUYE-
CKHX CBOWCTB yOOpoUHOI1 MamuHsI [13]:

B, =B,(t)+ B, +I(1), 3)

rae B, (f) — mupuHa 30HbI 04eca, 00yCIOBICHHAS TJTHHOM
30HBI KOPOOOUEK, M; B, (f) — IIUpHHA 30HHI 0Yeca, 00Y-
CJIOBJICHHAS PaCTSHYTOCTHIO JICHTHI JIbHA, M; [(f) — KoJIe-
0aHUs1 30HBI 04Yeca, 00YCIOBICHHBIC BRICOTOH cTe0IeCTOS
JBHA, M.

YucToTa oueca JTIbHa MOXKET ObITh BhIpa)keHa Kak (QyHK-
1S yIeIIBHOTO YnCiia IPOYECOB:

W=7, @

rae W—uucroTa oueca, %; O — yIeJIbHOE YUCIIO [Ipoye-
COB, 3y0./CM.

YienbpHOE YHCII0 TPOYECOB omnpeaenseTcs no Gpopmy-
ne [13]:

NEW MACHINERY AND T

Puc. Obwuii 610 MHOLOPYHKYUOHATLHO20 acpecama
Fig. General view of the multifunction device

rne V3— ckopocTh 3y0ObeB, M/c; Py — Konu4ecTBo Oapada-
HOB B aImapare, IIit.; Z — KOJIM4ecTBO I'pedHei Ha Oapa-
0aHe, IT.; Z;— KOMIMYECTBO 3yOheB Ha rpeOHe Oapabana,
mT.; R — paguyc KOHIIOB 3yObeB OapabaHa, M.

Pacctuit cTeliieli JIbHA B JICHTY BIUSET HA KAYECTBO
Y KOJTMYECTBO MPoAyKIuu. OCHAIIEHHE JIbHOYOOPOYHBIX
MAaIlIWH PaCCTUIOYHBIMH YCTPOUCTBAMHU aKTUBHOTO TH-
Ta MO3BOJISICT UCKITIOUUTD PsiJ HEMOCTATKOB ACCUBHBIX
IIUTOB, a TAKKE MIOBBICUTH OJJHOPOJHOCTH JICHT, YIy4-
IIUTH Ka9eCTBO TPECTHI U OTYYHTH BEICOKOHOMEPHOE
JIbHOBOJIOKHO.

B mporecce pacctria HaOIIOMAIOTCS TPU OCHOBHBIX
JTamna:

- 3aXBaT CcTeOJIeH MaNbIaMi TPAaHCIOPTEPa;

- IPUHYAUTEIHHOE IePEeMEIICHHUE 10 IIHUTY C Pa3Bo-
potom Ha 90°;

- paccTHII JICHTHI HA JIGHUIIIE.

Jnst 3axBaTa cTeOIeH maablbl JOIKHBI BOUTH B JICH-
Ty, IOCTYTAIOMIYIO M3 32)KHMHOT'0 TPAaHCIIOPTEPA, CO CKO-
pOoCThIO V3r. YCIIOBHE, IPH KOTOPOM Majiell OyaeT mnepe-
MeNIaTh CTeOIH, CIenyoIIee:

V.

o (©)
cosy

Vy >

rae Vi — CKOpOCTh Manbla, M/c; Var — CKOPOCTH 3aKHM-
HOT'0 TPAHCHOPTEPA, M/C; Y — YTOJl HAKJIIOHA PACCTHIIOU-
HOT'0 YCTPOMCTBA K TOPH30HTY, TPaj.

B nporecce nepemenieHus ISHTHI IO IUTY BO3HUKA-
€T CHJIa TPEHHS CTeOeH O IIOBEPXHOCTD MIUTA, KOTOPast

V.,P.Z Z, omnpenensieTcs Kak F'= Gcosyf, rae G — cuia TAKeCTH
0= 200V AR (5) crebns, H; f—xoaddunuent tpenus [14].
M B cBoro ouepens, G = mcg, rie mc —Macca cTedis, Kr;

BnuvsHUE TOMWWHBI NEHTbI HA 3®®EKTUBHOCTb MONYYEHMSA TPECTbI
STRIP THICKNESS EFFECT ON THE EFFICIENCY OF OBTAINING TREATED PLANT FIBRES

Hopwma pacctuia, /ra Homep TpecThl BbIxoa 1MHHOTO BOTOKHA, Y% Homep BoJ10KHa
Spread rate, t / ha Number of treated plant fibres Output of long fiber,% Fiber number
3-4 1,75 16,4 12
4-5 1,75 16,7 12
5,5 1,50 15,8 12
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g — ycKopenue cBo6oiHoro najenus, m/c’. Torya cuna
TpeHus OyAeT paBHa:

F=m.gcosyf, (7)

ITo okoHYaHWUH B3aMMOJEHCTBHUS JIEHTHI C aJIbIAMH
peMHs CTeOIN pacCTIIIAIOTCS Ha JTBHUIIE B CBOOOTHOM
coctostHUM. [Ipu 3TOM HEOOXOAUMO YUUTHIBATE BO3EH-
CTBHUE BETPOBOW Harpy3KH Ha pacCTUIIAEMYIO JICHTY, Ha-
MIPaBJICHHYIO MPOTUBOIOIOKHO e IBIKeHunto. Cuia, noa
JIEHCTBIEM KOTOPOH MIPOUCXOAUT MPUHYAUTEIHHOE TIe-
pEMEIIEHNE JIEHTHI, ONPEAEHAETCS U3 CIEAYIOUIETO BbI-
paxenus [15]:

T,=F-Gsiny=m.gcosyf-m.gsiny=
=m.g(cosy f —siny). ®)

[TonGop JIEeHT MPUTOTOBIEHHOM JILHOTPECTHI JIOTKCH
OCYIIECTBIISATHCS OAOOPIIHKAMU O€3 TIOTEPbh, PA3PHIBOB
U crpyxuBaHus. BoznelicTBrue pabounx opraHoB moaou-
paromiero anmnapaTra Ha4HaeTCsl B MOMEHT OTPbIBA JICH-
THI OT 3eMJIH. [Ipu 3TOM Ha CTEOIN, HAXOMSIIHUECS B JICH-
T€, IEMCTBYIOT CHIIBI CLETIICHHS MEXK Y CTEOISIMU U IPO-
THUBOIIOJIOKHO HAIPaBJICHHBIE CUIIBI CHETIICHUS JICHTHI
CO JILHUIIEM, BEC MOAHUMAEMOTO yYaCTKa JCHTHI U CH-

16l nHEpUUU. Takoil X0 mpoluecca BO3MOXKEH IIPU yCIIO-
Bui [16]:

G
P(j()HZPOTP:G+_VV(J+PCH’ ©))
g
A= Vs =1. (10)
Vn}:u;

rae P%H — cuJia cueruieHust Mex 1y crebnsamu, H; Porp —
CHJIa, ICUCTBYIOMIAsl HA CTEOJIW B MOMEHT OTPhIBA OT
neHua, H; W, — yckopenue crebeii B MOMEHT OTpBIBa
OT JIBHHIIA, M/C%; Py — CHJIA CHEIUICHHS CTeOel CO JTbHH-
mem, H; 4 — mokasartenb KHHEMAaTHYECKOT0 PeKrMa pa-
00THI; V5 — ckopocTh TTogbuparoniero 6apadbana, m/c;
Vs — MOCTyTIaTeTbHAS CKOPOCTH MOAOOPIINKA, M/C.

Cuia Py MOXKET JOCTUTaTh OOJBIINX 3HAYEHHH, 0CO-
OCHHO Ha TPOPOCHINX JICHTAX, ¥ IIPUBECTH K Pa3phIBY
JIEHTHI ¥ TIOTepsiM cTebneit. U3 Beipaxkenust (9) cnenyer,
YTO MOTEPH cTeOIIeH JbHA MPU OA00PE MOKHO YMECHbB-
U Th:

- YBEIIUYUTDH CHIIBI CLIICTUICHUSI MEXY CTEOIIMU B
JICHTE;

- 3aMeJJTUTh YCKOPEHHE MPU OTPHIBE JICHTHI OT JIbHU-
ma;

- OCJIA0MTH CHJIBI CICTICHHUS JICHTHI C JIBHHUILEM.

VYenosue (9), mpu KOTOpOM odecriedunBaeTcst Toadop
JICHTHI C JIBHUIIA 03 MMOTePh, HE SBIACTCS SIUHCTBCH-
HbIM. Heo0xonumo, 4To0b! JIeHTa MOCTyuiIa B Moa00p-
UK 0€3 pa3pbIBOB M CI'PYKUBAHHUS, & 3TO BO3MOXHO MTPH
BoInosHeHnH ycioBus (10). OT Bb1OOpa COOTHOIIEHUS
CKOPOCTEH 3aBUCAT YCKOPECHUE JICHTHI IIPH €€ OTPHIBE,
TPaeKTOPHS ABMIKECHHS KOHIIA MaJIblia MOI0HPAOIIETro
amnmnapara, BeTUYUHa CHIIBI B3aUMOJICHCTBHS MAaIbIIEB HA
cTe0JH, a CJIeIOBATEILHO, YHCTOTA MOA00pa U BBIXO

CENIbCKOXO3AMCTBERHBIE MALIMHbI 1A TEXHONOTMMA + Tom 14 N3 + 2020

NEW MACHINERY AND TECHOLOGIES

JUTMHHOTO BOJIOKHa [17].

AxTyanbHas 3a/1aua [OBBIIICHHS MTOKa3aTeNei kaue-
CTBa JILHONIPONYKIUH SBJISIETCS KOMIUIEKCHOM U 3aTpa-
TUBAET KaK PaCTeHHEBOAUECKY0, TAK U MHKEHEPHO-TeX-
HUYECKYIo cepy JIbHOBOACTBA [18].

Boszpoxaenue 1 pa3BUTHE JIbHIHOTO KOMIUIEKCA CTpa-
HbI BO3MOKHO TOJIBKO Ha Ka4Y€CTBCHHO HOBOM YPOBHE U
MIPOU3BOACTBE LIMPOKOT0 aCCOPTUMEHTA KOHKYPEHTO-
CHOCOOHOM MPOAYKIIUU PA3INYHOTO HA3HAYEHHUSI B COOT-
BETCTBUH C TPeOOBAHUSIMH PHIHKA. YCIOBHE KOHKYPEH-
TOCIIOCOOHOCTH U3/1€TIMii HA MUPOBOM PBIHKE — UX BBICO-
Koe kauecTBO. [loBbIlIeHNE KaYeCTBEHHBIX IIOKa3aTeNnen
BOJIOKHHUCTOM NPOAYKLUH U CEMSIH CTAHOBUTCS IPUOPH-
TETHBIM HaITPABJICHUEM pPAa3BUTHA OTPAC/IN, 4 KOMIIJICK-
Chl MallIMH JOJKHBI BKJIIOUYAaTh TEXHUYECKHE CPEACTBA
JUTSI BBITIOJTHEHU S OTIepalliii, CeUaIbHO HalpaBJIeH-
HBIX Ha YBCJIMYCHNUE HOMEPA JIbBHOTPECTHI.

Kone6Ganus norogHeIX ycaoBUA IO roJaM B PETHOHAX
BO3ICJIbIBAHU A JIbHA-AOJITYHIIA HEPEAKO OKa3bIBAIOT BJIU-
sTHHE OOJTBIIIe, YeM Pa3IHIns CPSIHIX MHOTONETHUX I10-
Ka3aTeseil IpUPOIHbIX (PaKTOPOB. DTO CIIYKUT OCHOBA-
HUEM IJIsl OpPUCHTAIINH Ha IMHYI0 KOMOMHHUPOBAHHYIO
MAITMHHYO TEXHOJIOTHIO yOOPKH JTbHA-IONTYHIIA BO BCEX
JTHHOCCIOIIUX PETUOHAX C IIPUTOTOBJIICHUEM U peain3a-
LUEH IHOCBIPBS B pyJIOHaX. A pa3/ieNbHYI0 TEXHOJIOTUIO
yOOpKH B 3aBUCHUMOCTH OT MOTOAHBIX YCIOBUH MOXKHO
IPUMEHSATH B cpegHeM Ha 25-30% yOopodHOH IIToIma m.
Ee nons momkHa yBeIMYMBATHCS IPU paHHEM CO3peBa-
HUH JIbHA U 6J'IaFOHpI/I$ITHI)IX TMOTOAHBIX YCJIIOBHUAX B I1€-
puon 10-12 nHel mocne Havana yoopku noceBoB. OHa 1mo-
3BOJISIET COKPATHUTh 3aTpaThl Ha TOIJIMBO B 2,5 pa3a U B
3 pa3a CHU3UTh PACXOA AIEKTPOIHEPT MU HA CYIIKY JIBHO-
BOPOXa, a TAK)Ke MOBBICUTD KaYeCTBO JILHOCHIPhs Ha (0,5-1
coptonomep [19].

B cBs13u ¢ 3N10KEHHBIM [T0JIAraeM, YTO BO BCEX JIBHO-
CEIONINX PETHOHAX CTPAHBI AKTYaJIbHO COUETAaHUE 00EHX
TEXHOJIOTUH yOOPKH JIbHA-IONTYHIIA.

B xo03s1iicTBax 3a4acTyI0 HET COBPEMEHHOT0 KOMIIJIEK-
ca CpeNCTB IIPONU3BOJICTBA, 0COOCHHO IS BO3ACTHIBAHUS
JbHA, YOOPKH U IPUTOTOBIICHU S KAUE€CTBEHHOM JIBHOTPECTHI
[20]. ®HI JIK coBmectHo ¢ [TAO «Ilen3marn» pa3pabo-
TaJIM HOBBIX CIIOCO0 YOOPKH JIbHA 1 MHOTO(DY HKITHOHA b~
HBIH arperar aJist ero OCyIIecTBICHHUS (TATEHT Ha U30-
opetenue RU Ne 2693728). Arperat BEIIOHSET TepeOIie-
HUe cTebiell TbHa, 0YeC CEMEHHBIX KOPOOOYEK, PaCCTHII
OUYECaHHBIX cTeOJIeH B IEHTY, 0OMOJIOT OYECAaHHOTO BO-
poxa U MepBUYHYIO OYUCTKY CeMSH (PUCYHOK).

B cooTBeTcTBHY C HOBBIM CIIOCOOOM YOOpKH Tepebdiie-
Hue cTe0J1ei JbHa MPOBOASAT B CTaAUU ITOJTHOU CIIENIOCTH,
a ToCJIeJIOBaTEIbHBIN 0YeC CEMEHHBIX KOpOOOUeK OCy-
MIECTBIAIOT ITyTEM UX OTPBIBA OT cTEOJICi B MOMEHT 3a-
XBaTa UX TEPEOUIIBLHBIM alllapaToM U BO BpeMs TpaHC-
MOPTUPOBKHU K IONIEPEUHOMY TpaHcnopTepy. [Ipu aTom
OITHOBPEMEHHO 0OMOJIAUHBACTCS OYECAHHBII BOPOX U
MPOUCXOAUT IICPBUYIHAA OUUCTKA MOJTYYCHHBIX CEMAH.
IIpuyeM nocnenoBaTenbHbII O4eC CEMEHHBIX KOPOOOUEK
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-

0T cTeOIIeH OCYIECTBISACTCS IIPH PACTIOIOKESHIH KaX T01
OTJENBHOM MOJOCH CTEOIEH B INIOCKOCTH, IEPIEHINKY-
JSIPHOM K TepeOMIBHOMY armapary, 10 COSIMHEHUS 04e-
caHHBIX cTeOuiell B eHTy. [lo mupnHe 3axBaTa TepeOHIIb-
HOTO anmapara GopMHUpPYIOTCS BE JICHTHI cTeOelt oue-
CaHHOTO JbHA, OJTHA M3 KOTOPHIX PACCTHIIACTCS MEXKITY
KOJIEC PHEPTeTUYECKOT0 CPEJICTBA, & IPyTasi —C ero JIeBOH
CTOPOHBI, IJIs1 TaNbHEHIIEer0 TPUTOTOBICHNUS IBHOTPECTHI.

TepeOnenue cTeOneit 1bHA, B CTaAUH IOJHOM cIIeno-
CTH TIO3BOJISICT HAJIC)KHO BHITIONHATH TEXHOJIOTHUECKAN
Ipoliece N0 JaHHOMY CIIOCO0Y IPU MOy YEHUU BBICOKO-
Ka4C€CTBCHHBIX CEMSH U JIBHOTPECTHI, o0ecIeunBaeT CHH-
JKCHHE DHEPTOEMKOCTH OYECHIBAIOIIETO YCTPOICTBRA, OT-
CYTCTBUC NYTAHHUHBI B IOJIYYCHHOM IIOCJIE OYUCCa JIbHO-
BOpPOXE, & TAKKE KAYECTBEHHBIH ouec cTebIiei JIbHA.

CoBMeleHne TEXHOJIOTHYECKHX OTepalnii II03BOIISI-
€T CHU3UTH ce0eCTOMMOCTH IMPON3BOICTBA CEMEHHOTO
MaTepHala B pe3yIbTaTe 3KOHOMHHY TOILTHABA U AIIEKTPO-
SHEPI'UH Ha ero NEePeBO3KY, CYLIKY U epepaboTKy.

B xone aKcriepuMeHTOB yCTaHOBJICHEI POCT IMTPOU3BO-
JUTEIBHOCTH HOBBIX TEXHHYECKHX cpecTB Ha 50%, co-
KpallleHHEe COAEpKaHus Iy TaHUHBI B Bopoxe Ha 60%, cHU-
JKEHHUE ITOTeph CeMSH B 3 pa3a 1o CpaBHEHUIO ¢ yOOPKOi
TpHOYO0pOYHBIM KoMOaliHOM JIK-4A.

[IpakTrka HOKa3bIBAET, YTO 3HAUNTENBHAS YACTh YPO-
JKas JIbHA nponagacT B IEPUO MPUTOTOBJICHU S TPECTHI.
JlyqmuM 1 IIIpOKO HCIOAB3YEMBIM CIOCOOOM IOy de-
HUS TPECTHI OCTaeTcs pocsiHast Mouka. B Poccun u 3a py-
0e’K0M 00BEM TPECTHI, OIYUYCHHOH C HCIOIb30BAHIEM
JaHHOTO criocoba, coctaBiugeT npumepHo 90%. [Tonyye-
HUE CTIIAHIIEBOM TPECTHI U ee yOOpKa ¢ MOJIs B YCIOBUSX
CEIBCKOT0 X035HCTBAa — OTBETCTBEHHEIE ONIEPAIlUU BO
BCEM KOMILJIEKCE TPOU3BOCTBA JIbHA, BIHSIOLINE Ha (-
(heKTUBHOCTB IEHOBOJCTBA. [IJ1s1 TOITy 9eH IS KaueCTBEH-
HOI1 CTIIaHIIeBOH TpecThl Hanbosee OI1aronpusTHBIN Ie-
PHOI — HaYaJIo aBrycTa: TeMIepaTypa Bo3ayxa Om3Ka K
OIITUMAIIFHOMN, 2 HEOOXOANMBIN YPOBEHD BIaXXHOCTH 00€-
CIeYnBaeTCs OOMIBHBIMU POCAMH U JOKASIMU. ITH CPO-
KM COBIIJIAIOT C MIEPHOIOM YOOPKH JIbHA B (pa3y paHHeH
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KEJITOM CIeN0oCTH. 3ama3qsIBaHue C PACCTHIIOM JIbHA BIIC-
4eT 3a co00i 3HAUUTEIbHBIC MOTepU ypoxkas. [Ipu pac-
CTHJIE JIbHA B CEHTAOPE BBIXOA JIIMHHOTO BOJIOKHA U €T0
Ka4eCTBO CHIDKAIOTCS Ha 1/3 B CpaBHCHUU C aBT'yCTOB-
ckuM pacctmiioM. CyniecTBeHHBIM o0pa3om Ha 3 dek-
THBHOCTH IIPOIIECCa MOTYUYCHHS TPECTHI BIUSACT TONIIHU-
Ha JieHThl. OHA OMpeiessaeT HOPMY PACCTUIIA U 3aBUCHT
OT KOJIMYECTBA TEPEOUITBHBIX CEKITUH MPU yOOPKE JIbHA,
a TaKkKe OT I'yCTOTHI cTednectos (maba. 2).

B pesynpraTe BHEIPEHUS B TPOU3BOJCTBO MEXAHH3H-
POBAHHBIX TEXHOJOTHIH YOOPKHU JIYOSHBIX KYIBTYp OC-
HOBHYIO MacCy TPECThbI CTaJIU MPOU3BOAUTDH Ha JIBHUIIIC,
TO €CTh Ha y9acTKaxX MX BEIpallnBaHus. B utore cymie-
CTBEHHO BO3PACTACT BEPOSTHOCTD ACCTPYKI[HH IEIUTIONO-
351 TP TIOTYYCHUH TPecTHL. [loaTOMY IiIst ymydimeHus
YCIIOBUH BBUICKKH TPECTHI Ha JIBHUIIE PEKOMEHIYIOTCSI
JIBa TCXHOJIOTUYCCKHUX ITpUeMa, 06ecnqu/IBa}0me CHHU-
JKEHUE BEPOSTHOCTH CONMPUKOCHOBEHHUS cTeOIei ¢ 1mo-
BEPXHOCTBIO ITOYBBI: MOJICEB TPAB MO/ JICH  000pavrBa-
HUE JICHTHI B IIporecce BeUIeKKH. OOopadurBaHue JICHTHI
CO3JIaeT PaBHBIC YCIIOBHS BBLICIKKH JJISI BEPXHETO U HIK-
HETO CJIOEB, TIO3TOMY OHO 0COOEHHO 3((HEKTHUBHO MPH
ypOsKaliHOCTH coJIoMBI Oosiee 3,5 T/ra. OGopadynBaHue
CroCOOCTBYET YBEIIMUCHHIO OHOPOIHOCTH COJIOMBI 10
[BETY B BEPXHEM U HIKHEM CIIOSIX JICHTHI U ITOBHIIIAET
Ka4€CTBO U KOJINMYECTBO JIbHOTPECTHI.

BbiBogbl. Jlns ynyumerus 3G GeKTHBHOCTH OTpac-
T He00X0UMa KOMIUIEKCHAST MOICPHU3AIIUS, IPETIO-
Jlararoinas peleHnue OpraHu3aMoOHHbIX, arPOHOMHUYE-
CKHX, TEXHOJOTUICCKUX U HHKEHEPHO-TEXHIIECKIX BO-
npocoB. JlanbHeillee pa3BUTHE JIBHSIHOTO KOMILIEKCA
Ty TEM COBEPIICHCTBOBAHUS TEXHOJIOTHI BO3ACTBIBAHUS
U TIyOOKO# nepepaboTKHU JIbHA, MOJICPHU3AIIHS JIHHO-
yOOpPOUYHOH TEXHUKH B YACTH CO3/IaHUS M OCBOSHHS MHO-
TOPSAHBIX MAIIUH, pa3padOoTKa HOBBIX IPHHIIUIIOB yIIPaB-
JICHUsI OTPACIIBIO MO3BOJIST B OJIMIKAMIIIHE TOJIBI TIOBHI-
CUTB MPOU3BONCTBO JIbHA-IOITYHIIA U €r0 KauyecTBO, a
TaKKe U3MICTUN W30 JbHA, KOHKYPEHTOCIIOCOOHBIX Ha
BHYTPECHHEM U BHEIITHEM PBIHKAX.
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O6ocHOBaHME NCKYCCTBEHHOM NMOYBEHHOMU cpeabl
Ana naébopaTtopHbIX UCCNeAOBaHUA U3HOCA U TATOBbIX XapaKTEPUCTUK
NOYBOpPEXYLUMX Ppaboymx opraHoB

HUrops BuxktopoBuu JInckuHx, Amnacracus BaaaumupoBna Muponosa,
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Pedepar. [IpencraBunu pe3ynsTaThl 1aOOPaTOPHBIX HCCIENOBAHUI MCKYCCTBEHHOH IMOYBEHHOH Cpelibl HA OCHOBE TECYaHO-IIa-
pabuHOBBIX CMecel, oTpaxaromIell (H3NKO-MEXaHIIECKIE CBOICTBA MOYBHI C HAIMYIEM PACTHTEIBHEIX ocTaTkoB. [IpoBemn uc-
TIBITAHKS [0 OTPEIENEHHIO TATOBOTO COMPOTHUBICHUS OYBOPEKYIIMX PabOUMX OPraHOB MPU 00pPadOTKE MOYBBI C HATTMYUEM KOP-
HEBBIX M TIOKHUBHBIX OCTATKOB. ([[ens uccredosanus) OG0CHOBATH TapaMeTphbl HCKYCCTBEHHOH TIOYBEHHOH CpelIbl, CoflepKaeit
MOJIEJM KOPHEBDIX U NIOKHUBHBIX OCTATKOB, AN TaOOPATOPHBIX UCCIIEI0BAHMI H3HOCA U TATOBBIX XapaKTEPHCTUK TOYBOPEKYLIUX
pabodrx OpraHoB, SKCILTyaTUPYEMBIX Ha MOCIEYOOPOUHBIX, IIEMHHBIX U 3aJIEKHBIX CENbX03yromusix. (Mamepuanvt u memoovi)
PaspaboTamm ucKyccTBEHHYIO TTOYBEHHYIO CPETy ITyTeM BBEICHHS B €€ COCTAB HUTEBHIHBIX KOMIIOHEHTOB JUTHHON 5-25 MUIITIMe-
TpoB. (Pe3ytomamui u 06cysxcdenue) OUpenenuii KpUTepHH TeOMETPHIECKOTO MOT00HS «MOJIeNb — HaTypa» ISl MOYBEHHBIX Yc-
noBuii HeuepHo3eMHO# 30HBI Poccii. YCTaHOBWIIM, YTO PaBEHCTBO KPUTEPHEB TONOOUS «MOJIENb — HATYpay JUIs 1ab0paToOpHOTO
UCCIENOBAHHS 3aNEKHBIX 3eMeJb IPOUCXOAUT MPH 3HAYCHUAX ATHHBI HUTEBUAHBIX KOMIIOHEHTOB OT 20 MM M KOHIIEHTPAL{H OT
20 oTpe3KoB Ha EAUHUILY IUIOIIAIM CeueHUs Iy npoxoxaeHuu 0,1 MeTpa B HCKyCCTBEHHOM MOUBEHHOM cpeze. BrisBuiu, uto s
MOJIENHPOBAHHS CTAPONAXOTHEIX 3eMeIb UTIHA HUTEBHIHBIX KOMIIOHEHTOB JI0JDKHA MPEBBIIATH 5 MAILTIMETPOB, KOHIIEHT ALl —
ot 10 otpeskoB Ha 0,1 MeTpa ANMHBI IPOXOXKACHUS B UCKYCCTBEHHO! MOUBEHHOH cpefie. [[poBeny moseBble HCTBITaHUS MAXOTHBIX
arperaToB Ha 3aJIEKHBIX U CTAPOIAXOTHBIX 3eMIISIX. (Bbig00bl) YCTAHOBIIIH, 9TO PABEHCTBO T€OMETPUIECKAX KPUTEPHEB ITONOOHS
UCKYCCTBEHHO! MOYBEHHON CpPEIbI U peabHBIX MOYBEHHBIX YCIOBUIA TO3BONIET MPOBOAUTD J1a00PaTOPHBIE HCCIE0BAHUS U3HA-
MIMBAHMA ¥ TATOBBIX XapaKTEPHCTHK JIE3BUH T0YB000padaTHIBAIOMIX pabourx opraHoB. OMpeaeNiuii, YTo Ha IeTHHHBIX 1 3aeXK-
HBIX 3eMIIX Oonee 30 MPONEHTOB 3aTPaT YHEPIUH IPHXOAUTCS HA Pa3phIB KOPHEBOH CHCTEMBI PACTHTENHHOTO TIOKPOBA.
KitoueBble c/10Ba: HCKycCTBEHHAs MOYBEHHAS CpeJia, M3HAIIMBAHKE JIE3BHI TOYBO0OOPAOATHIBAIONINX PAbOUHX OPraHOB, 3aleK-
HBIE H CTAPONIAXOTHEIE 3EMITH, PACTUTENBHBIE OCTATKH, TATOBOE COIPOTUBIICHIE.

1 Ins uutupoanusn: Jluckun 1.B., Muponosa A.B. OG0CHOBaHHE UCKYCCTBEHHOH IMMOYBEHHOMN Cpeabl UIsl 1a00-
PATOPHBIX UCCIICIOBAHII N3HOCA U TATOBBIX XapaKTEPUCTHK IMMOYBOPEKYIIUX pabouux opraHoB // Cerbckoxo3sii-
cmeenuvie mawunsl u mexuonoeuu. 2020. T. 14. N3. C. 53-58. DOI 10.22314/2073-7599-2020-14-3-53-58.

Artificial Soil Environment Justification for Laboratory Studies of Wear and
Traction Characteristics of Soil-Cutting Working Bodies

Igor V. Liskin, Anastasia V. Mironova,
Researcher; postgraduate student, junior researcher,
e-mail: timchenko-anastasia93@mail.ru

Federal Scientific Agroengineering Center VIM, Moscow, Russian Federation

Abstract. The authors presented the results of laboratory studies of artificial soil based on sand-paraffin mixtures, reflecting the
physical and mechanical soil properties with the presence of plant residues. They conducted tests to determine the soil-cutting
working bodies’ traction resistance during tillage with the presence of root and crop residues. (Research purpose) To substantiate
the parameters of an artificial soil environment containing models of root and crop residues for laboratory studies of the wear and
traction characteristics of soil-cutting working bodies operated on post-harvest, virgin and fallow farmland. (Materials and methods)
An artificial soil environment was developed by introducing filamentous components 5-25 millimeters long into its composition.
(Results and discussion) The authors determined the criteria of geometric similarity “model — nature” for the soil conditions of the
Non-Black Earth Zone of Russia. It was found that the equality of the criteria “model — nature” for laboratory research of fallow
lands occurred when the length of the filamentous components was from 20 mm and the concentration was from 20 segments per
unit cross-sectional area when passing 0.1 meter in artificial soil. It was revealed that for modeling old arable lands, the length of the
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filamentous components should exceed 5 millimeters, the concentration should be from 10 segments per 0.1 meter of the length of
passage in artificial soil. The authors conducted field tests of arable units on fallow and old arable lands. (Conclusions) The authors
found out that the equality of the geometric criteria for the similarity of the artificial soil environment and real soil conditions
allowed laboratory studies of the wear and traction characteristics of the tillage working bodies’ blades. It was determined that more
than 30 percent of energy costs were accounted for by breaking the root system of the vegetation cover on virgin and fallow lands.
Keywords: artificial soil environment, tillage working bodies blades wear, fallow and old arable land, plant residues, traction
resistance.

1For citation: Liskin L.V., Mironova A.V. Obosnovanie iskusstvennoy pochvennoy sredy dlya laboratornykh issledovaniy
iznosa i tyagovykh kharakteristik pochvorezhushchikh rabochikh organov [Artificial soil environment justification
for laboratory studies of wear and traction characteristics of soil-cutting working bodies]. Sel skokhozyaystvennye

mashiny i tekhnologii. 2020. Vol. 14. N3. 53-58 (In Russian. DOI 10.22314/2073-7599-2020-14-3-53-58.

CClIeZIOBaHUE U3HANIMBAHU S TOYBOPEKYIIUX Pa-

00YNX OPraHoOB B IIOJICBEIX YCIOBHAX HMEET OIpe-

JIeJIEHHBIE CIIOAKHOCTH, CBA3aHHBIE C HEMOCTOSH-
CTBOM, HEOTHOPOIHOCTHIO MMAXOTHOTO CJIOSI M N3MEHSIIO-
MIMMUCS TOTOTHBIMU ycnoBusMH [1]. B mociey6opounsiii
nepHos 00JIBIIOE BIMSHUE HA SKCILTYaTallMOHHBIE XapakK-
TEPUCTUKH ITOYBOPEKYLIUX ETaJIe OKa3bIBalOT KOpHE-
BBI€ M IO)KHUBHBIE OCTATKH [2].

Ilo 3TM IpUYMHAM BO MHOTHX CJIy4asX €JUHCTBEH-
HO BO3MOJKHBIE METO/IbI HCCIIEIOBAaHU S — TA00OPATOPHBIE,
C HCTIONIb30BaHUEM PA3ITHMYHBIX CTECH/IOB, 00€CIICYNBAIO-
MIMX B3aNMOJIEHCTBIE 00pa3LoB MK (parMeHTOB pabo-
YuX JeTalield ¢ abpa3uBHBIMHU U APYTUMHU YaCTHUIIAMH,
MPUCYTCTBYIOMIMMU B TI04Be [3].

LIEnb nccnegoBAHNS — 060CHOBATD TAPAMETPHI HC-
KyCCTBEHHOW MOYBEHHOU CPEJIbI, COJIEPKAIIEH MOJIENH
KOPHEBBIX U MOXKHUBHBIX OCTATKOB, J1J11 1a00paTOPHBIX
UCCIIEIOBAHMI U3HOCA U TATOBBIX XapaKTEPUCTUK MOYBO-
PEXYIIHUX pabOYNX OPTraHOB, SKCIUTYaTHPYEMBIX Ha IT0-
CJIeyOOPOUHBIX, LIETMHHBIX U 3aJIEKHBIX CEIbX03yTOIUAX.

MATEPMANBI M METOABI. 32 OCHOBY MPHHSLIN HCKYC-
CTBeHHYI0 ouBeHHY10 cpeny (UIIC), coneprkaiyo KBap-
[[eBbIC YaCTHIIBI, TLJICBATHBIN [IEMEHT M TEXHUYECK U a-
padwuH [4, 5]. OHa OTNIHYAETCS OT NMECYAHO-TITMHUCTHIX
abpa3uBHBIX MaTEPUAJIOB, TPUMEHSIEMbIX B HHBIX JTabopa-
TOPHBIX YCTAaHOBKAX, HAIIPUMEP THUIIA «BpallaroIascs Ja-
IIa» WU B MOYBEHHBIX KaHaJlaX, B MEPBYIO oYepeab CTa-
OMIIBHOCTBIO CBOMCTB B TEUCHHE UINTEIFHOTO BPEMEHH.

Just uzrorosnenus 61oka UIIC mpuMeHs 0T eMKOCTb,
COCTOSIITYIO U3 ABYX IHMIMHAPUYIECKUX 0AKOB Pa3HOTO
nraMetpa. Mexxay 6akaMu yCTaHABIMBAIOT HATPEBATEIb-
HBIH 3JIEMEHT U 3aJIUBaIOT BoAYy. B cepennHe BHyTpeHHe-
ro 6aka Ha KPBIIIKE 3aKPETUIIOT ITHEKOBBIA CMECHTEb.
B 6ak 3acemaroT TBepaslid mapadu. [Ipu HeoOxonumo-
CTH K HeMy J0OaBIIAIOT Liepe3nH MiIn BazenuH. Korna Bo-
Jia HarpeBaeTcs o 75-80°C, mapaduH paciiaBiseTcs H
MPUHUMAET KHUJKOE COCTOSTHUE. 3aTEM BBOIST TBEPAYIO
(hpaxmunio, 3aKPHIBAIOT KPHIIIKY, BKIIIOUatoT MHEK. [1o-
ny4deHHas Macca 3aiuBaerca B popmy. [locie 3acTriBa-
HUS GOpMY pazdUparoT, CMECh TOTOBA K MCIIOIB30BAHUIO.

OnHnako npu Beex goctonnctBax MIIC Ha ocHoBe nec-
qaHO-napaMHOBBIX CMeceil uMeeTCs OUH TpoOert, TpH-
CyIIUil BceM Ja00paTOPHBIM YCTaHOBKAM JIJIsl UCCIEN0-
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BaHUA 3aKOHOMEPHOCTHU U3HAIIMBAHUS IOYBOPECIKYMIUX
JIE3BUil: HEBO3MOYKHO MOZIEIMPOBATH IIOUBEHHBIE YCIIOBU S
C HaJIMYKUEeM KOPHEBBIX U MOKHUBHBIX OCTATKOB, IPUCY-
muX pC€ajJbHbIM IOYBaM IO OKOHYaHUU y60p0‘lHBIX pa-
00T, a TaKKe TOYBAM LIETHHHBIX U 3aJIC)KHBIX 3eMelb [6].

s pemienus nocTaBieHHOM 3a1auu B DesepaabHOM
HayYHOM arpoWH>keHepHOM 1eHTpe BUM paspaboranu
HCKYCCTBEHHYIO TOYBEHHYIO Cpey Ha OCHOBE Iecya-
HO-TIapa(pMHOBBIX CMECEH, COEPIKAINX HUTCBHTHBIC
KOMITOHEHTBI U3 KalpoHa UJIK XJIOMYaToOyMaXKHbIX Ma-
TepHUaJoB.

JnuHy HUTEH ONpeneTIa UCX0s U3 KPUTEPHUEB, OC-
HOBAaHHBIX Ha TECOpHUU HO,I[06I/I$I, OJHUM U3 KOTOPBIX SIB-
JISIeTCSl MaCcIITa0HBIN (aKTOp, XapaKTEPU3YIOIUN T'e0-
MEeTpHUYECKOe MOJ00HE CUCTEMBI, a TAK)KE HEOOXOUMBbIE
Y IOCTATOYHBIE YCIIOBHS 0fHO3HaYHOCTH [ 7, 8]. Peus maet
00 OTHOIIICHUH pa3Mepa OTHOTO M3 KOMIIOHEHTOB, B JaH-
HOM cllydae JJTUHBI paCTUTEIBLHOTO OCTaTKa KOPHEBOM
CUCTEMBI, BXOJSALIET0 B €MHULLY IJIOLIaA1 CEYEeHU s [10Y-
BEHHOM cpebl, K BeTUYUHE aHAJIOTMYHOT O KOMIIOHEHTA,
BXOJSIIETO B EAUHHUILY TIJIOMIAN CEYSHUS MoenH [9].

J1s peasibHOM MOYBHI (HATYPBI) TEOMETPUUYECKU I Kpu-
Tepuii To100Hs BEIpaXkaeTCs B BUJE:

_Lod,
.= 7Sn >
qutst UTIC 3ToT mokasaTenb paBeH:
__ L.,
n SM ’

rne [, — cpeaHss JUIMHA BOJIOKHA, MM;

O, — KOJIMYECTBO BOJIOKOH, IIIT.;

d,— nuaMmeTp BOJIOKHA, MM;

S, — €IMHUIIA TJIOIIAIM CEYEHNUS HATYPhI, MM,

Ly, O, d,, Sy — aHATIOTUYHBIC TTApAMETPBI MOJICIIH.

[Ipu ycnosuu 7, ~ m,, OyAeT COONIONATHCSA UACHTHY-
HOCTB ITPOIIECCOB, MPOUCXOALINX B HATYPE 1 Ha MOJICTIH.

PE3YNbTATLI M OBCYXXAEHUE. [Ipr 06paboTke peab-
HOU TIOYBBI, HAIPUMEP TPH BCIAIIKE, TTyOHHA COCTaB-
asiet B cpenHeM 200-250 MM, mupuHa 3axsaTta — 350-
400 mmM. TTnomaae cedeHus miacTa npy MIMPUHE 3aXBa-
ta 350 MM paBHa S, = 200x350 mm’. Ha 3T0ii rurormaau
TIPY BCTIAIIKE [TOCIICY OOPOYHOM CTEPHH U3-TT0J] 36PHOBBIX

AGRICULTURAL MACHINERY AND TECHNOLOGIES « Volume 14 «N3 + 2020



TEXHWKA )19 ObPABOTKW MNOYBbI

KYJBTY P Ka)KIBIM KOPITYCOM IUTyTa Ha OTHOM IIOTOHHOM
MeTpe naxoTsl 3anaxusaroTcs 200-250 BOJIOKOH KOpHE-
BOM CHCTEMBI, CPEHSIS JTHHA KOTOPBIX cocTasisieT 120-
250 mmM [10].

[pumem [,=200mm, 0, =200, d,=2Mm, S, =200x350 MM’
Torna BenuuuHa 7, paBua 1,14.

JJist ompeieieHust KPUTEPHSI T, PACCMOTPUM HEKOTO-
pHBIE TapaMeTphl TEXHUIECKOM XapaKTepHCTUKH 1abopa-
TOPHOM YCTaHOBKH, UCTIONB3YIoIei B kauecTBe UTIC mec-
YaHO-napa(MHOBBIC CMECH.

[lmomane ceuenwus miacta Sy, BOSHHKAIOIIETO MPU
JBHOKEHUH 00pa3iia Ha MOJIeNIH, MOXeT cocTaBisATh 0,5-
6 MM 110 TITyOrHE, yMHO)KEHHON Ha MIUPUHY Je3Bus 10-
30 mM. JImrHA OTPE3KOB HUTEBHUIHBIX MaTCPHUAIOB
1,=5-20Mm, Q,,=5-25 orpeskoB Ha 0,1 M JITTHHBI TTPOXOK-
nenus oopasua B UIIC, d, = 0,5-1,5 mm.

Ipuaumaem [, = 7mm, Q,, = 12, d,, = 1 MM, S, =
2,530 MM’ B aTOM cityuae kpuTepuii nogodus m, =1,15.

Takum 00pa3oM, OTHOCUTENIbHAS PA3HOCTh 3HAYCHU I
7T, 1 T, MeHee 1%, 4To yKa3pIBaeT Ha JOCTATOYHO TOYHOE
moJI00ue MOJICTTN PeallbHbIM IIOUYBEHHBIM YCIIOBHSIM (Ha-
Type) [11].

Uzmensist konudectBo O, ¥ IUTHHY /,, HATEBUIHBIX Ma-
TEPHAJIOB, MO)KHO MOAEITHPOBATH IIPOIIECC H3HANTHBAHMS
Ne3BUi pabOvIX OPTaHOB MOYBOOOPAOATHIBAIONTNX Ma-
[IMH B Pa3IUIHBIX TOYBCHHBIX YCIOBHSIX.

[IpuBeneM npuMep MOIEIUPOBAHUS TPOOIEMHBIX
MOYB: HENUHHBIX HITU 33ICPHEIBIX, TO €CTh 3aMy IIEHHBIX
3eMeNBHBIX yrofuil. i HuxX xapakTepHsl 0oJiee HaChI-
HICHHAS TPAaBSHBIM ITOKPOBOM IMOBEPXHOCTH MTAXOTHOTO
CJIOS ¥ YBEJIMYCHHAs IJTHHA BOJIOKOH KOPHEBOI cHCTe-
MbI. [1yOnHa 06paboTku yBenuunbaetcs 10 300-400 MM
[12]. ITpu 5TOM mIMpHHA 3aXBaTa MIyTOB O0IIEro Ha3Ha-
YCHUS KaK IIPAaBUJIO HE MEHSCTCSL.

[lmomane cedeHus miacTa yBEJIHIHBACTCS 3 CUET
OoJbIIel rTyOMHBI 00paOOTKH, 8 KOHIIEHTPAIUs KOPHE-
BBIX BOJIOKOH Bo3pacTaeT 0 500-700 mT. Ha MOTOHHBINA
MeTp naxoTsl. [Ipu aToM 1uHa BostokoH focturaet 200-
400 MM B 3aBUCIMOCTH OT BH/Ia COPHSIKOB M IPYTO# Tpa-
BSIHOHM pacTuTenasHocTH [13].

OmnpenenuM KpUTEPHil 7, 1J15 peaIbHBIX TOYBEHHBIX
YCIIOBUH MPH BCHAIIKE [ETMHHBIX 3¢MEITb.

[Mpumewm [, =350 mm, O, =500, d,=2 mm, S, = 350x400 MM’
Torpma m,=2,5.

[IpoBenem pacuet kpurepus r,, Ayt moaenu UIIC me-
JTUHHBIX ¥ 32JIEKHBIX 3eMelb. [IpuMeM crienyromme 3Ha-
YEHUs UCCIIeyeMbIX apaMeTpoB: [, =20mm, O, = 20,
dy=1mm, S, = a,h, = 15x3,5 Mm’,

TIe a, — MIHPUHA JIE3BUS, MM;

h,, — rmyOuHa pe3aHus, MM.

Torna z,, = 2,6.

CormocTaBiisisi YUCICHHbBIC 3HAYCHHUSI 7T, U Ty, HETPY/I-
HO 3aMETHUTB, YTO PA3INYNE MEK Ty KPUTEPUSIMH HE ITpe-
BEIIACT 5%, 94TO YKJIaIbIBACTCS B PAMKH ITOJOOHSI MOJIC-
JI1 HaTypaJpHOH cpene [14].

st mpoBepKH MpaBUIBLHOCTH BEIOPAHHBIX BETHUNH,
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XapaKTePHU3YIOMHUX CBOWCTBA MOJIENH, U OOOCHOBAaHUS
aJIeKBaTHOCTH pa3pabOTaHHON MOJIENIN peajibHbIM Ha-
TYPHBIM YCIOBHSIM ITPOBECHBI PACIETH KPUTSPUEB T IS
CTapOMaxOTHBIX TIOYB IOCIE YOOPKHU 3ePHOBBIX KYIBTYP
(sameHst) mpuMeHnuTensHO K HeuepHozemHol 30He Poc-
CHH.

I'my6uHa i, maxoTel MOMOOHBIX MOYB KaK MPABUIIO CO-
crasisiet 180-250 MM, BBICOTA PACTUTENBHBIX OCTATKOB
kopHeBoit cuctembl — 100-250 mMm [15]. Konuentpanus
BoJIoKOH (O, = 200-350 miIT. B rutonaay cedeHus miacra
Ha OJTHOM IOTOHHOM METPE IIITHHBI IPOXOKICHHS pabo-
yero oprana. CpenHuil AHaMeTp pacTUTENbHBIX BOJIOKOH
d, = 2wmmM. B aTom ciiydae kputepuit mogoous Oyznet pa-
BeH 7, = 200%x250%2 / 200%200 = 2,5.

Kpurepwuii 7 ayis Mozenu onpenennM HCXos U3 3Ha-
yeHuit napameTpos: [, = SmM, Q,,=10,d,, =1 mmMm, S, =a,h,,=
5x2,5mm’. Torna m, = 2.5.

PaBeHCTBO 3HaYCHMI KPUTEPHUEB YKAa3bIBACT HA CO-
OuroIeHre HEeOOXOUMBIX M JIOCTATOYHBIX YCIOBUH IS
HCCIIeIOBAHNS N3HAITNBAHUS IIOYBOPEKYIINX JIE3BUH U
UX TSTOBBIX XapaKTepucTuk [16, 17].

Ocenbio 2019 1. B noc. IToassaswe Ps13anckoii o0nactu
Ha TSDKEJOCYTJIMHUCTOM YEPHO3EME IIPOBEITH MOJICBHIE
9KCILTyaTaI[MOHHBIE HCTIBITAHUS IBYX IIAXOTHBIX arpera-
TOB B cocTaBe TpakTopoB MT3-82 ¢ mnyramu ITJIH-3-35
C OIMHAKOBBIMU CTaHIAPTHBIMHU KOPITyCaMH Ha BCIIAIII-
Ke 3aJISKHBIX 3eMeb (puc. la) v o nociie yOopKH sd-
MeHs (puc. 16). Onpenenaunau TATOBOE CONPOTUBIICHUE
TJTyra Ha KaXJ0M U3 TOJIEH.

MeTonuka ompeaesieHus TATOBOTO COMMPOTUBIICHUS
. —

SR . i e i ' 4

Puc. 1. But noneil. a — npu 8CRAUIKe 3A1eHCHLIX 3eMelb, 6 — npu
VOOPKe 3ePHOBBIX KYIIbIYD

Fig. 1. Fields types: a — when fallow lands plowing; b — when
crops harvesting

MaxOTHBIX arperaToB MoapoOHO U3J0kKeHa B padoTrax [18,
19]. ®u3nKo-MexaHUYECKUN COCTAB M TBEPAOCTH TIOYBHI
BO BpEMs HCIIBITAHUIH COOTBETCTBOBAIIN CPETHECTATH-
CTUYECKHUM TapamMeTpam JJis MOJ0OHBIX TTOYB PErHOHa
LeHTpaJIbHOM MoJock! Poccun. TBepnocTh mouBHI Ha 3a-
JIeKHOM ydacTke cocTtaBisiia 3,8 MIla, na mociey6opou-
HoM — 3,4 MIla. B 3agauy ucnslTaHuii BXOAMIO COMOCTAB-
JIEHWE TSTOBOTO COIPOTHUBIICHUS HA CTAPOMAXOTHBIX U
3aJIe)KHBIX MOYBAX.

[Momyunnu pe3ynbTaTel U3BMEPEHHH TATOBOTO COTIPO-
THUBJICHHUS IPU CKOPOCTSX MaxOTHBIX arperaros 1,5; 2,0
u 2,5 m/c (mabn. 1, puc. 2).

Pe3ynbrarhl HCIIBITAHUN TAXOTHBIX arperaToB MOKa-
3BIBAIOT, YTO TATOBOE COMPOTHBIICHHE TTyTa IpH 00pa-
0O0TKe 3aJIeKHBIX 3eMelb Ha 25-30% BhIIIIe, YeM Ha CTa-
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POIaXOTHBIX OYBAX MOCIE yOOPKH ypoxKasi.

Ha 3anexHbIX 3eMJISIX, TOMUMO TBEPAOCTH, OOJIBIIOE
BIIUSTHHE OKA3bIBACT CBA3HOCTH IUNIOTHOH TPaBsIHUCTON
pacTUTeNbHOCTH. BeneacTBre 3TOro sHepreTuUecKue 3a-
TPAaTHI IOTIOTHUTEIEHO PACXOIYIOTCS Ha e OpMAITHIO 1
pa3pbIB KOPHEBOH cucTeMbl AepHuHsHI [20, 21].

B 1a6opaTopHBIX YCIOBUAX HCCIIEIOBAIIH TATOBOE CO-

Ta6nuua 1 Table 1

TAroBOE CONPOTMBNEHUE NAXOTHbIX AFPEFATOB, KH
TRACTION RESISTANCE OF ARABLE UNITS, KN
. CxopocTsb arperarta, M/c
Arporexnuieckuii pon Unit speed, m/s
Agricultural background
1,5 2,0 2,5
CrepHs / Stubble 11,4 11,9 13,0
3anexs / Long-fallow lands 14,6 15,5 17,5
P xH 13
17 //V ?
16 ,/
15 ’___J/“/
14
1
13
12 ___._-—-‘/
. ]
10
1.0 1.5 2.0 25 3.0 3.5 4.0
v, Mc

Puc. 2. 3asucumocms msi206020 conpomuenenus om CKOpOCHuU
naxomuulx azpecamos: 1 — na cmepue; 2 — na 3anedxncu

Fig. 2. The dependence of traction resistance on the arable units
speed: 1 — on the stubble; 2 — on long-fallow lands

MPOTHUBIICHHE IIJTYTa U TOYBOPEKYIIIETO JIE3BUSI IIPU Pa3-
nuunoit TBeproctu nous u UIIC. C yBenuuenuem TBep-
noctu Ha 20% TIroBoe CONPOTUBIIEHUE BO3POCIIO HA
7-10% B mouBenHoOU cpene u Ha 6-8% B UIIC.

P, H?24
// 2
22
=
20
18 L
/ 1
16 =]
/
14 e
//
12
10

020 025 030 035 040 045 050 055 060 065 070

v, M/c

Puc. 4. 3asucumocmy ycunuil pe3anus om cKOpOCmu O8UICEHU
nessus obpaszya: 1 — na mooenu cmaponaxomuou nouswl; 2 — Ha
MOOenu 3a1eHCHOU NOYEbl

Fig. 4. The dependence of cutting forces on the movement speed of
the sample blade: 1 — on the model of old-arable soil; 2 — on the
model of fallow soil
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I
I,

Puc. 3. Obwuii 6u0 u cxema 1a60pamopHoOtl yCMaHo8Ku:

1 — nonsyn ¢ ounamomempom; 2 — oepacamens,; 3 — nougopestcy-
wee ne3gue; 4 — UCKYCCMBEHHAs NOYBEHHAS cpeda

Fig. 3. General view and layout of the laboratory unit:

1 — slider with a dynamometer,; 2 — holder, 3 — soil-cutting blade;
4 — artificial soil

IIpoBeneHHBIC HAMH TTOJEBBIC UCTIBITAHMS OKA3AMH, 4TO
Ha 3aJIe)KHOM y4acTKe MOJIs TATOBOE COMPOTHBIIEHHUE TaXO0T-
Horo arperata Bo3pociio Ha 30% 1o cpaBHEHHIO CO CTapo-
MaXOTHBIM y9acTKoM. Takum 00pa3oM, Ha pa3phIB TPaBSHO-
0 MOKPOBA 3aJIKHBIX 3eMelTb pacxoayercs 6onee 1/3 aHep-
TeTHYECKUX 3aTpar Ipu paboTe IMaxoTHOro arperara.
Ornpenenum 3aBUCUMOCTD TSATOBOTO COIPOTHUBIICHU S
ne3Bus 00pasiia, pexylInero ciioi abpa3suBHOrO MaTepH-
ana UIIC, B cocTaB KOTOPOI BXOAST XJIOMIATOOyMaXK-
Hble HUTH (puc. 3). st Momenu, oTpakaromen eanH-
HBIC U 32JIC)KHBIE 3eMJIH, TIPIMEM 3HAUCHU S TapaMETPOB:
L,=15mm, O0,,=20,d,=1wmm, a, =25 MM, h, =5 Mm.
CKOpPOCTH ABMKEHUS MOI3yHAa YCTAHOBKH, Ha KOTO-
POM 3aKperuisiin 00pasiel, coctabisiia 0,30; 0,45 u 0,60 m/c.
Teepnocts UIIC usmepsinu o merony bpunesmis. Otot
MoKazareib HoBbIcUIIU Ha 12%, 110 cpaBHEHUIO CO CTapo-
MaxXOTHBIMH 3eMJIIMU, IIOCPEACTBOM BBEACHHUS B Mapa-
(buH 1epe3nHa, Kak B HATY PHBIX HCClienoBaHusX. J{iist 00e-
cneueHus nogo6us UIC nouse cyrIMHUCTOrO COCTaBa B
Hee po0asunn 30% nbIICBUIHOIO IeMeHTa. Jis Mmoaenu,
OTpakarolIe CTaponaxoTHBIE 3eMITH, IIPIMEM 3HAYCHHUS
l,=10mm, Q,, =10, d, = 1 MM, a,,=25mmMm, h, =5 mm. Lle-
PE3UH B JAHHOM HCCIIEI0BAHNY HE TPHUMEHSUTH.
O06pa3susl, nemwxyuiuecs B UTIC, mogenupytorei 3a-
JISKHBIC 36MJIH, HCIBITHIBAIOT TSATOBOE COIIPOTHBIICHHUE
Ha 25-35% 6onbiue, uem UIIC, monenupyioriee crapona-
XOTHBIE 3eMJIH (mabi1. 2, puc. 4). DTo yKa3blBaeT Ha HJICH-
THUYHOCTH MPOIECCOB B HATYPE U Ha Mozenu [21].
H3menss coctaB UIIC, B 4aCTHOCTH COOTHOIIICHHE
KBapIEBBIX YACTHUII M ITBIJICBHTHOTO IIEMEHTA, COOTHOIIIE-
HUE MEeXIY MapauHOM U IIEPEIMHOM HITH TEXHUIECKHM

Ta6bnuua 2 Table 2

YCcunue PE3AHNSA NE3BNS OBPASLIA MOLENU No4Bbl, H
THE CUTTING FORCE OF THE BLADE SAMPLE MODEL SoIL, N

CkopocThb pe3anus, v, M/c

Mopeab HCKyCCTBEHHOM
! o Cutting speed, v, m /s

TOYBEHHOM cpeabl

Model of artificial soil 0,30 0,45 0,60
CrepHns / Stubble 12,7 13,9 16,1
3anexs / Long-fallow lands 15,8 18,4 22,9
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Ba3€JIMHOM, a TAKXKE KOJIUYECTBOM M IJINHOM OTPE3KOB 1. /1151 MozienupoBaHHsI TIOYBEHHBIX YCIIOBUH C HAIU-
HUTEH, MOXXHO MOTYUYUTh IIUPOKUI CHEKTP (U3UKO-ME- UHUEM PACTUTENIBHBIX U KOPHEBBIX OCTATKOB B HCKYCCTBEH-
xaHn4eckux cBoicTB Momenu noussl (UIIC), oTpakato- HyI0 IOYBEHHYIO Cpey Ha OCHOBE IeCYaHO-apa(uHO-

mux 00JBIIMHCTBO NAaXOTHBIX yroauit Poccum. BOIl cMecu peKOMEH1yeTCsl BBOJUTh B €€ COCTaB HUTE-
Ecnu B 65mox UIIC noGaBuTh 6051ee KpynHbIe (par-  BHIHBIE KOMIOHEHTHI JUIMHOU 25 MM.
MEHTBI, HallpuMep APOOIEHbIH 10 3-5 MM rpaBHi MITH 11e- 2. PaBeHCTBO TeOMEeTPUYECKHX KPUTEPUEB ITOTO0MU S

6€HL, TO MOHO IOJTYYUTh NOUYBCHHYIO MOJICIIb C KaMC- HUIIC PpCaIbHBIM TOYBCHHBIM YCJIOBUAM MO3BOJIACT IIPO-
HUCTHIMH BKITIOUCHHUSIMH. B TaHHOI paboTe TaKUX HCClie-  BOIUTH UCCIIECNOBAHMS N3HAIIMBAHUS U TATOBBIX XapaK-
JIOBaHUH He MPOBOJAUIIOCH. M, HaKOHEl, OTHUM U3 BaXK- TEPHUCTHK JIE3BUI OYBOOOPaOATHIBAIOIINX PaOOUHX Op-
Helmmx npenmyniects MIIC Ha OCHOBE TBEPIBIX YACTHI[ TaHOB B TAOOPATOPHBIX YCIOBHSX.

nu napaq)HHa CcTaja CT36I/IJ'II>HOCTB (¥ CBOﬁCTB B TCUCHUC 3 Ha HCJIMHHBIX U 3aJICKHBIX 3EMIIAX 60.]'166 1/3 OHEP-
JJIUTCIBHOTO BpeMeHI/I, YTO 3HAYUTCJIIBHO CHUXKACT OHII/I6— TETUYCCKUX SanaT HpI/IXOI[I/ITCH Ha pa?;pblB KOpHeBOﬁ Cu-
KH B OIIBITAX. CTEMBbI PaCTUTEIBHOT'O ITOKPOBA.
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Pedepar. [Tokazanu, 4To Npu MOJOCHOM MOCEBE JAMOBBIM COLIHUKOM PACTEHHS COM JIy4Ile BETBATCS, IIPUYEM BETBU C JIHCThA-
MH COCEJTHHX PAIKOB JUTMTENBHOE BpEeMsi HE CMBIKAIOTCS, CKAIIMBAHHE PACTHTENBHOCTH MEXIY MOIOCAMH MO3BONSET CHU3UTH
00IITyI0 YHCIEHHOCTh COPHAKOB, XUMHUECKYIO HATPY3KY Ha IOCEBHI H 00ECTICYNBACT IKOJIOTHIECKYIO 0e30MaCHOCTh TIPOTYKIIHIL
(Lenv uccnedosarnus) ONpeaenuTh NapaMeTpsl paclpeeNeHns CEMSH JalOBBIM COLIHUKOM IO IUIOMA/X MOJIOCH OCEBa U TIy-
OWMHE 3a]IeTKN CEeMSH, YCTAHOBUTH BIMSHIE BHIOB COITHUKOB HA 3aCOPEHHOCTE NMOCEBOB M YPOXKAHHOCTD COM MOCIE PA3TIIHBIX
TpeIIeCTBEHHUKOB. (Mamepuans: u memoovt) V3yuninn paBHOMEPHOCTb PaclpeieeHus CEeMsSH COU JIaOBbIM COLIHMKOM Ha
TIOBEPXHOCTH XKeT0OKOBOI BaHHOUKHY, JIUIIKOK JICHTHI U B TI0YBE IO TIOKA3aTeNsIM: IIMPUHE pa3dpoca, YUCITy CeMSIH Ha eIMHHIEC
TUTONIA M 1 TTyOrHe 3azenk. [[poBenmn cpaBHUTENBHBIN TTONEBOI IKCIIEPUMEHT, B Pa3HBIE TI0 METEOPOTIOTHIECKAM YCIOBHIM T0-
bl Ha TUTTTYHOH JIYTOBOYM YePHO3EMOBUIHOM MOYBE OCYIIECTBUIIM OCEB COM CEAIKAMH C CONTHUKAMHE JIBYX KOHCTPYKIHUH Hocne
PA3IIYHBIX TIPEANICCTBEHHAKOB: TIapa, MIICHAIEL U COM. (Pe3yrvmamul u obcyscoenue) I1okazanm, 9To moUBe KaHAIA HA IIyOUHE
0,05 MeTpa nanoBblil COMIHUK 00ecneunBaeT 3a1aHHy0 MHUpKUHY noaockl nocesa 0,18-0,20 Merpa. Onpesenuny OTKIOHEHUE OT
PaBHOMEPHOCTHU Paclpe/eIeH!s BBICETHHBIX CEeMSH MO TuIomaam, kotopoe cocrapuio 0,93-1,56 mporenra. BeisiBunm, uto mo-
JIOCHOM MOCEB JIaNOBBIM COIIHMKOM U JaibHEHIee CKAaIMBaHHe COPHBIX PACTEHHIl MEXy MONI0CaMU CHUKAIOT 3aCOPEHHOCTD
TIOCEBOB COM TOCIE Mapa Ha 67,7 MpoleHTa, Mocie MIISHHIB — Ha 66,5 MpoIeHTa U ocie oM — Ha 65,4 MpoIeHTa, MOBBIIIAs
€€ YPOKaiHOCTb B CPABHEHHH C PSAIOBBIM ITOCEBOM JMCKOBBIM COIIHUKOM. (Bb1600b1) YCTaHOBUIN 3aKOHOMEPHOE yBEIHUCHIE
ypOXaifHOCTH COM IPH IIOCEBE JANOBBIM COLIHUKOM: [OCJIE YHCTOro napa — Ha 0,59 ToHHBI ¢ rekTapa, nocie nueHuns! — Ha 0,51,
nocne cor — Ha 0,21 ToHHBL [Tpe/ToXmITy [T BRIPAIIMBAHKS SKOJOTHIECKH 0E30MACHBIX CeMSH COH B ycloBusX [Ipuamypbs nc-
T0J1b30BATh CESJIKH C JIATIOBBIMU COLIHUKAMU LIKPUHO#A 0,2 MeTpa, paccTaHOBIEHHBIMU Ha paccTostHuu 0,6 MeTpa Apyr OT Apyra.
KiroueBble ¢/10Ba: IanoBslii COITHUK, MOJOCHON MOCEB, MPEIECTBEHHHK, 3aCOPEHHOCTD TOCEBOB, COSl, YPOXKAHHOCTS.

1 Jns uutupoBanus: Enudanues B.B., Ocunos f.A., BaiitexoBuy FO.A. CourtHuk# 1715 BeIpalluBaHUs SKOJIOTH-

yecku Oe3omacHoi cou // Cenvckoxozaiicmeenuvie mauiunvl u mexroaoeuu. 2020. T. 14. N3. C. 59-65 (In Russian).
DOI 10.22314/2073-7599-2020-14-3-59-65.

Plowshare for Growing Ecologically Safe Soybeans
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Abstract. The authors showed that strip sowing with the paw plowshare allows soybean plants to branch better, and branches
with leaves of nearby rows do not close for a long time, mowing vegetation between the strips reduces the total number of
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weeds, the chemical load on the crops, and ensures environmental safety of the products. (Research purpose) To determine the
seed distribution parameters by the paw plowshare according to the area of the sowing strip and the depth of seed placement, to
establish the effect of the plowshare of different types on the weediness of crops and soybean yield after various preceding crops.
(Materials and methods) The authors studied the equability of soybean seeds distribution with the paw plowshare on the surface of
the grooved tub, adhesive tape, and in the soil according to the following indicators: spread width, number of seeds per unit area,
and placement depth. They conducted a comparative field experiment; in different years according to meteorological conditions,
on a typical meadow black earth soil, soybean was sown with seeders with plowshare of two designs after various preceding crops:
steam, wheat and soy. (Results and discussion) It was determined that the paw plowshare the specified sowing row width of 0.18-
0.20 meters at the channel soil at a depth of 0.05 meters. The deviation from the equability of the sown seeds distribution over
the area was determined 0.93-1.56 percent. It was found that strip sowing with the paw plowshare and further mowing of weeds
between the strips reduced the weediness of soybean crops after fallow land by 67.7 percent, after wheat by 66.5 percent and
after soybean by 65.4 percent, increasing its yield compared to ordinary sowing with a disc plowshare. (Conclusions) The authors
established a regular increase in soybean productivity when sowing with the paw plowshare: after naked fallow — by 0.59 tons per
hectare, after wheat — by 0.51, after soy — by 0.21 tons. They suggested using seeders with paw plowshare 0.2 meters wide at a
distance of 0.6 meters from each other for growing ecologically safe soybean seeds in the Amur region.

Keywords: paw plowshare, strip sowing, preceding crop, crops weediness, soybean, productivity.

l For citation: Epifantsev V.V., Osipov YA.A., Vaytekhovich Yu.A. Soshniki dlya vyrashchivaniya ekologicheski
bezopasnoy soi [Plowshare for growing ecologically safe soybeans]. Sel'skokhozyaystvennye mashiny i tekhnologii.

2020. T. 14. N3. 59-65 (In Russian). DOI 10.22314/2073-7599-2020-14-3-59-65.

JOIIATs TUTAHMS PACTCHHI 3aBICUT OT criocoba

Y TEXHUKU IPOBEJICHUA MoceBa. Pa3mep u KOH-

(urypanus mwiomanu TUTaHus pacTeHUH 00y-
CJIaBIIMBAIOT BEJTMYHMHY M KQUECTBO MOJTy4aeMOH MPOoIyK-
nuu. OnTHMaIbHas HopMa HacaXJACHUH OOBIIMHCTBA
COPTOB COH, BO3JIeNbIBaeMbIX B [Ipramypbe, ycTaHOBIIE-
Ha B mpenenax 800 Teic. pactenuit Ha 1 ra [1].

IIpu yBenuueHuU MUPUHBI MEXAYPAIUM B MOCEBAX
C OIMHAKOBOMW T'yCTOTOM, H3MEHSIETCSI (BBITATHBACTCS)
KOH(UTYpaIus IUIONIa N TUTaHUS, PACCTOSHHUE MEXIY
CeMEHaMH U pacTeHUsMH cokpariaetcs. [Ipu 01uzkom
PacroiokKEHUU CEMSH APYT K APYTY BO3pacTaeT CKOPOCTh
U JPYKHOCTb IOSIBJIEHU S BCXOZIOB, B PSIIKaX PaHbILE OT-
MeuaeTcsl 3aTeHEHHE T0JIOCHI T0CEBA, M3-3a 3TOT0 COKPa-
IIaeTCs YUCICHHOCTh COPHBIX pacTeHui. [Ipu 6maromnpu-
SATHBIX YCIIOBHUSX B IIEPHOJI BET€TAIIUHU COS B PAAKAX I10-
JIaBIJISIET POCT M Pa3BUTHE COPHSKOB [2]. OmacHOCTH pac-
MpocTpaHeHus OoJe3Hel 1 BpeauTesei Bo3pacTaeT Ipu
OJIM3KOM PaCIONOKEHNH pacTeHH IpyT K Apyry. s
00pbOBI ¢ HUMH HEOOXOUMO MPUMEHSATH (PYHTHITUIBI,
MHCEKTUIUABI ¥ repOonnu sl [3]. [Ipu mupokux Mexay-
PAABIX PACTEHUS COU JIYYIlIe BETBATCS, @ BETBHU C JINCThS-
MU COCEJTHUX PSIAKOB JITTUTEILHOE BPEMS HE CMBIKAIOT-
¢, YTO JaeT BO3MOXKHOCTb YBEJINYNBATh KOJIMYECTBO
MEXIYPAIHBIX 00paboTok [4]. [IpoBeTprBacMbIe MEX-
Iy PAIIbs CHIDKAIOT 3200J1€Ba€MOCTD PACTEHUH COH U I10-
paXkaeMOCTh UX BPEAUTEISAMH, a CKAIIMBAHNE PACTUTENb-
HOCTHU COKpaIIaeT o0y YUCICHHOCTh COPHIKOB, XH-
MUYECKYI0 Harpy3Ky Ha II0CEBEI, 00ecnednBas YKOJIOT H-
4YeCKy0 6€30MacCHOCTh IPOLYKIHH.

LIEnb nccnenoBAHMSA — pa3paboTaTh JTAMOBBIN COIII-
HUK, IOAPE3aIOIU I U PBIXJISILNN BEPXHUH I1JIACT ITOYBBI,
OJTHOBPEMEHHO YHUYTOXKAIOIINI COPHIKH B MOJIOCE TIO-
ceBa, 00eCIIeYnBaONIN paBHOMEPHOE pacIipeeeHre
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CeMSH IO IJIOIIAIHU MOJIOCH U TIyOrHe 331K, 03BO-
JAIOIIMM B JaJpHEHNIIeM IIPU yXO/€e 32 PACTEHUAMH OT-
Ka3aThCs OT UCTIONB30BaHUS TepOUIIHIOB U Oy IATh BEI-
COKHUH yposkail 3KOJTOTHUECKH 0e30MacHON MPOAYKIIUU
cou B ycinoBusx [Ipuamypbs.

MATEPUANBI U METOAbI. JTaGopaTOpHbIE HCCIIEN0BA-
HUS BBITTOJHSIN B 2016 T. TarTOBBIMH COIIHUKAMH B KeJ100-
KOBOI1 BAHHOYKE U Ha TTouBeHHOM KaHaue JJarps HUMMOBCX
COTJIACHO CYHIECTBYIOIIUM METOAMKAM.

JJ1s SKCTIe pUMEHTAIBHBIX NCCIISOBAHIH OBLITH H3T0-
TOBJICHBI JIAMIOBBIE COMIHUKU (puc. 1). COIHUK KPEeTHT-
Cs1 K IOCEBHOM CEKIIMH MpH nmomomu ctoku. Ctpenpya-
Tas Jiara MoJApe3aeT U PHIXJIUT MJIACT HOYBbI, OHOBpE-
MEHHO YHUUYTOXasi COPHAKH. OCBIMTAHUIO TIOYBHI JI0 TTO-
ceBa CeMsH MpenATcTByeT macTuHa. CeMeHa 1o cems-
MPOBOY TONAAAI0T Ha PACIPENETUTENbHOE YCTPOUCTRO,
3aKpEILUICHHOE B HMKHEN YaCTH CTPENbYATOH Jallbl, U
PaBHOMEPHO BBICEBAIOTCS B TIOYBY LIMPOKOMN MOJIOCOH,
obecrieunBasi ONTUMAJBHYIO TUIOIIAJIb TUTAHUS pacTe-
Huii [4].

Yo KpoIIeHUs CTPENBYaTOH Jambl JOJKEH ObITh 12-
18° [5]. BricoTa ycTaHOBKHM CTpEIbUATOM JIAITbl HAJ JIe3-
BHEM MOXeT B 1,5 pa3a npeBbIaTh riyOuHy 00paboTKH
TTOYBHI [6].

s onpeneneHus LUPUHBI U PABHOMEPHOCTHU pac-
TIPEENICHNS CEMSTH B 3aCE€BaEMOM M10JIOCE JATIOBBIN COII-
HUK YCTaHABJIMBAJIM HA CIIELUAJIBHYIO )KECTSHYIO BaH-
HOYKY, pa3fieJieHHy!o neperopoakamu o 0,01 m (puc. 2).

B commnk nmogaBalin ceMeHa coH, BEICESTHHBIE 3a 10
000pOTOB KaTYILIKH, KOTOPBIE, IPOXOAS Yepe3 CeMSIPO-
BO/I, TIONQ/TaJIA Ha pacpe/eInTeIbHOE YCTPOUCTBO, a 3a-
TEM PacCeBaINCh B XKEIOOKaX BAHHOUKH. UeTBIpeXKpaT-
HBIM TIOJICYETOM YHCJIa CEMSH COU B KaXKJOM JKeJI00Ke
ONpee M PABHOMEPHOCTH PaclipeieIeHHs UX B I10JIO-
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Puc. 1. Obpasey (a) u cxema (b) nanosoeo cownuka:

1 — cmoiika; 2 — cemanpoeood, 3 — naacmuna, 4 — cmpenvuamas
aana; 5 — pacnpedenumensHoe ycmpoucmeo, 6 — anacmuiHas nia-
cmuna

Fig. 1. Sample (a) and pattern (b) of the paw plowshare:

1 —rack; 2 — seed pipeline; 3 — plate; 4 — lancet paw;

5 — switchgear; 6 — elastic plate

o &y

Puc. 2. Pacnpedenenue cemsn cou 1anogblM COWHUKOM 8 JiCelo0-
KOBOU BaAHHOUKe

Fig. 2. Distribution of soybean seeds by the paw plowshare in the
grooved tray

ce comrHrKa. JInHelKoi u3MepsJIu NIMPUHY MOJIOCHI TTO-
ceBa ceMsH cou. PaBHOMEpPHOCTD pacipe/ieieHus CeMSH
B TIOJIOCE TIOCEBA OMPEACTISAIN MyTEM MTPOX0/ia COITHUKA
HaJl TUTTKOW JICHTOH, Pa3JIo)KeHHOW Ha IIOYBEHHOM KaHa-
ne (puc. 3). JIanoBbIil COITHUK YCTAHOBUIIU Ha BBICOTE
0,03 M OT MOBEPXHOCTH TOYBHI Ha JJaOOpaTOPHOU ycTa-
HOBKE, KOTOpas ABUTalach MO pesibcaM MOYBEHHOr 0 Ka-
Haja. C BbICEBAIOILIETO allllapaTa 4epe3 CEMAIIPOBOJ Ce-
MEHa Monajajiy Ha pacipeneanTebHOe yCTPOUCTBO U
pacceuBaluch MOJIOCOM 10 unkol Jiente. [upuny no-
JIOCHI U PAaBHOMEPHOCTH I0CEBA Ha JIMIIKOH JIEHTE Ompe-
JeJISUTH Y€ THIPEXKPATHO MOACUETOM CEMSH U U3MEPEHU-
€M pacCTOSHUMN JIMHENKOM.

[Tokazareiu nmocesa JIalOBbIM COIIHUKOM B [TOYBY H3-
MEPSUTH TIPU CKOPOCTSIX ABMOKeHUs 2,22; 2,79 u 3,34 m/c.
CKOpoCTb IBUYKEHUS YCTAaHOBKU U3MEHSJIN IepeaaToy-
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Puc. 3. 3KCﬂ€pu.M€HmaJZbHaﬂ ycmarnoeKa ¢ 1ano8obimM COUHUKOM HA

nouseHHOM KaHaie
Fig. 3. Experimental installation with a paw plowshare on the soil

channel

HBIM OTHOIIICGHHUEM IPUBO/IA SKCIIEPUMEHTAJIbHON ycTa-
HOBKL.

IToneBoii sxcnepumeHT nposenu B 2017-2019 rr. Ha
onbiTHOM noJie JJlaneHUNMDBDCX, naxonsmemcs B Tam-
0OBCKOM paiioHe AMYpCKoif 001acTi, Ha THITHYHOH ITy-
rOBOM YepHO3eMOBHIHOM MouBe. CopeprkaHue TyMmyca B
mouse (1o Tropuny) —4,5-4,7%, HUTpAaTHOTO a30Ta HOHO-
MeTpuIeCKuM MeToaoM — 40,2-44,7 MI/KT TOYBHI; TIOA-
BIOKHOTO ocdopa (mo KupcanoBy) — 55-58 mr/kr, kanus
(o Kupcanoy) 150-190 MI/KT OYBEI; peakus MOYBEH-
Holi cpensl cpequekucnas (pH KCI 5,0-5,2).

JleTHuii ce30n 2017 1. OBLT CAMBIM TETIIIBIM U CYXHUM.
IToronueie ycioBus B aeTHee Bpemst 2018 1. mo Temmepa-
TYPHBIM [TOKAa3aTEJSIM MPEBBIIIATH MHOTOJICTHHE JaH-
Hble Ha 0,3°C, a mo cyMMe 0caJIKoB ObLIIN BBIILIE HOPMBI
Ha 137 mMm. B netnuit nepuon 2019 r. remneparypa Bo3-
nyxa obina Ha 0,3°C MeHbIIle MHOTOJICTHEH, 8 cyMMa oca/i-
KOB Ooublie Ha 152 MM.

B 2017-2019 TT. 3a7105K€H OIBIT 110 U3YYCHUIO BIHUSI-
HUS BUJIOB COIIHUKOB Ha 3aCOPEHHOCTH MOCEBOB U YPO-
JKaHHOCTH COM TOCTIE Pa3INYHBIX MPEIIICCTBCHHUKOB.
CxeMa IBYX(paKTOPHOT'O OITBITa MPEICTABIICHA CIEIYIO-
[IMMH BapUaHTaAMH.

®axTop A —TIOCEB CONTHUKOM: JMCKOBEIM — KOHTPOJh
(S7); manoBwIM HpuHOM noockl 0,20 M. [Toces cesnka-
MU, 000pYZOBaHHBIMH JUCKOBBIMH COITHIKAMH (MEX Y-
paase 0,15 M) IPaKTUKYIOT B KPYIIHBIX, CPEIHUX U M-
KHX CEIbXO3MPEANPHATUAX 00IaCcTH.

®akTop B — mpenmecTBEeHHUKN: YUCTHIN Nap — KOH-
Tpoub (S?); nuenn1a; cos. [loceB con xo34iicTBa Mpak-
THKYIOT ITOCTIE BCEX YKa3aHHBIX IPEINICCTBEHHUKOB, HO
HauOOJBLIYIO yPOXKAHHOCTE MOTYYaIOT MOCIIE YHUCTOTO
napa.

ITnomans noceBHOM neastuku 270 M2, ydetHoii — 180 M s
pasMmenieHue JeNsTHOK — CHCTeMaTHYeCKOe, IOBTOPHOCTh —
TpexXKpaTHasl.
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OcenHioo 06paboTKy MouBkl Ha rTyonHYy 0,28 M mpo-
Besn arperatom Lemken Karat 9/400 [7-9]. Becennsis
MOATOTOBKA YYacTKa BKIIOYAJIa: paHHEBECCHHEE OOPO-
HoBaHue 15-17 anpens, guckoBaHue ¢ OOPOHOBAHHUEM B
2017r.—7 mast, B 2018-2019 rr. 11-12 mas. Iloces cou mpo-
Boauinu cestnkord CH-3,6 JI xoncTpykuuu JansHUMM-
OCX, ¢ mmupuHoit monocel 0,2 M, TaIOBEIMU COIITHUKAMHU
mupuHoii 0,2 M, paccTaHOBICHHBIMU Ha paccTosiHuH 0,6
M Jpyr oT apyra. Koneca tpakropa MT3-80 mpu nocese
JIBUTATNCH MEXAY TOJIOCaMU TmoceBa cou. s crumom-
HOT'0 TI0CEBA COM UCTOJIB30BaU cesiiky C3-5,4 ¢ nucko-
BBIMU COITHUKAMU, PACCTAHOBJICHHBIMH Ha PACCTOSHUH
0,15 M npyr ot Apyra. B onbiTax cestnu copt com Jlazyp-
Has. Cpoku nocesa: 20 mas (2017 1.), 21 mas (2018 1) u 23
Mmas (20191.). Hopma BeiceBa — 750-800 ThIC. miT./Ta. [Iy-
6una 3agenku cemsH — 0,05 m. [locne moceBa mpoBoau-
JIY IPUKATBIBaHUE. YXOJI BKII04aJl 00pOHOBAHHUE JI0 BCXO-
JIOB U TI0 BCXOAaM COH, B TIOJIOCHBIX ITOCEBAaX CKAIIHBa-
HUE COPHBIX PACTEHUN MEX]y MOJIOCAaMHU COU B Cepey-
HE WIOHS U CepeINHE HIONL. bopOHOBaHME TIOCEBOB COU
npoBoauiu Jierkumu 6oponamu BITP3 — 1,2 KoHCTpYK-
nuu JaneHUMMOCX [10-12]. Youpanu ypoxait KoMm-
GaitnoM JohnDeer 3316. I1pu yuete B3BELINBAIN HAMO-
JIOYCHHBIE CEMEHA C KaXJIOW JIEISTHKY OTIbITA.

B ombITax MpoBOIUIIH CIIEAYIOIINE COITY TCTBYIOIIHE
uccieaoBaHus: (HeHONOTHYECKHe HAOMIOIEHU T — U3yYa-
mu (hassl pocTta U pa3BuTHs cou (Hagano —y 10% pacTe-
HUUN, MaccoBOE MPOXoxkaeHHe — Oonee yem y 50%, OkoH-
yaHue — He MeHee yeM y 80%), onpeiensiiii 3aCOPEHHOCTh
TIOCEBOB 110 00mEenpuHATHIM MeToarkam [13]. TTomyuen-
HbIEe JaHHBIe 00pabaThIBaId METOAOM JAUCIIEPCHOHHOTO
ananm3a 1o b.A. Jlocriexosy [10, 14, 16].

PE3YNbTATHI M OBCYXAEHUE. CONIHUK B TIOYBE MTPO-
KJIaIBIBaeT OOpPO3/y U pacmupeneseT B Hel cemeHa. OT
Hero TpebyeTcs:

- OYHUIIATH MOCEBHOE JIOXKE OT OPraHMYECKHX OCTATKOB,

- YKIIAIBIBATh CEMEHA B TIOCCBHOM TOPU30HT;

- IMETh XOPOIIYI CAMOOYHUCTKY;

- coOIOIaTh MOCTOSTHHY IO TITYOHHY TI0CEBa;

- IPUKPBIBATh CEMEHA JOCTATOYHBIM KOJIUYECTBOM
3eMJIM ¥ BIABIIUBATh WX B IOCEBHOU TOPH30HT;

- OBICTPO MPUCTIOCAOINBATE JABJICHHUE IO H3MCHUB-
IIMecst yCIOBHUS;

- IMETh 3alIUTy OT KaMHeH s GecriepeOoiHoi pa-
OOTEI;

- obecrieunBaTh ONTHMAJIBEHOE Ka9eCTBO BEICEBA J1a-
JKe MPH CKOPOCTH 110 20 KM/4;

- IMETh JUTUTEIBHBIN CPOK CIYyKObI U HU3KHE 3aTpa-
THI Ha 00CITYKUBaHUE.

[NosnoxxuTeNnbHBIE CTOPOHBI IBY X TUCKOBBIX COLTHHKOB!

- Xopo1as IPUTOTHOCTD JJIS II0CEBA II0 MYJIBYE;

- BBICOKOE KaueCTBO YKIJIaJIKU CEMSIH;

- IEHTPUPOBAHHOE JIBUKCHHE.

W3 HenocTaTKOB CllelyeT OTMETUTD CIOKHYIO KOH-
CTPYKIHUIO.

IT110CHI JOTOTOBUIHBIX CONTHIKOB!
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- OUEHb XOPOLIasi MPUTOJHOCTH JIJIs TIOCEBA [0 MYJIBUE;

- BBICOKAsI TPOU3BOJUTEIBHOCTD;

- BO3MOKHOCTb IIPSAMOTO [I0CEBA;

- IpocTasi KOHCTPYKLUSA MAIlIMHBL.

OTpHunaTeNbHbIE CTOPOHBI: MPU UCIIOJIH30BAaHUHU Ma-
LIMH C PaMHOM KOHCTPYKLIMEN MOBEPXHOCTD MOJIS 10JIK-
Ha OBITH XOPOIIIO BEIPOBHEHA; TIPU ITOCEBE 10 MYJIbUE HE-
00XoIMMa MpeIBapuTeNIbHAsS 00pad0TKa KYJIBETHBATOPOM.

B sxeno0koBoii BAHHOUYKE MOCIIE TPOXO0/1a Yepes Jaro-
BB conrHUK 80-90% ceMsH pacnpenessiiuch B )KeI00-
kax mexy 0,04 u 0,21 m nuneiiku. B Het coznaercs oc-
HOBHas nojoca nocesa mupuHo 0,17 M. OTKI0HEHUE
pacmpeneneHus CeMSH IO IUIOIIAH B TOM BapHaHTE OT
cpeaHero nokasarens 0b10 £1,26-2,53%. Ha numnkoii nex-
T€ JIATIOBBIH CONTHUK 00ecreYnBa IUPHHY ITOJIOCHI IT0-
ceBa ceMsH con 0,20-0,24 M ¢ TakuM K€ OTKJIOHCHHEM
IO TIJIOMIAJIM TTOCEBA, KaK U B KOHTPOJIBHOM BapHaHTE.
[TomyuyeHHBI pe3ynbTaT He MPEBBILAET arpOTEXHIYE-
CKOTO HOpMaTHBa — He 6onee 5% [15, 17].

B nouse kanana Ha riyoune 0,05 M J1armoBbIid COMMHUK
obecrneun mupuny nonock nocera 0,18-0,20 m. OTkII0-
HEHHE OT PaBHOMEPHOCTH pacIpeie/ICeHUs] BBICETHHBIX
ceMsH o romanu coctaBuio +0,93-1,56%.

B ombiTe pakTrHueckoe 3HaueHue kputepus Ouiepa
F paBHo 14,16, uTo GoJ1blle TAONUYHOIO 3HAUCHUS KPU-
Tepus 1151 5% -HOro ypoBHA 3HaYUMOCTH Fos = 4,10, cre-
JIOBaTeNIbHO, €CTh CYILIECTBEHHBIE PA3IM4us 10 BApUaH-
TaMm Ha 5% -HOM ypOBHE 3HAUMMOCTHU, U HyJIeBas CUIIO-
te3a Hy:d=0 otBepraercs. [Ipu orleHKe CyIeCTBEHHOCTH
YaCTHBIX Pa3INdMil MONYYUIU OMHUOKY pa3HOCTH Cpel-
HUX Sy = 0,822 mIT., HANMEHBIIYIO CYyIIECTBEHHYIO pa3-
HoCTb HCPy5 niist 5%-HOTo ypOBHS 3HAUMMOCTH B abCo-
JIIOTHBIX MTOKa3aTeNaX 1,86 MIT. ¥ OTHOCUTENBHEBIX —2,37%
(mabn. 1).

[ToceB NOAHATHIM JIAIOBBIM COLITHUKOM Ha BBICOTE
0,03 M B MOYBEHHOM KaHaJIe HA JINNKYIO JICHTY o0ecrie-
YUBAET CYMICCTBEHHBIA Pa30opoc CeMsH MO IUIOIMATH, a
IpU HoceBe B Mo4BY HA rmyOuny 0,05 M cTaTucTHYecKu
HECYIIECTBEHHO MOBBIIIAET PacceB CEMSH MO IUIOMAAN
MOJIOCHI Ha 5%-HOM YPOBHE 3HAUMMOCTH.

ArporexHuueckas oueHka cesnku CII-3,6 koHCTpyK-
nun JansHUMMOCX nokasana, 4To mokasareiau pabo-
TBI IKCTIEPUMEHTATBHBIX COIIIHMKOB HA IMOCEBE COH I10-
JIOCHBIM CITOCOOOM IMUPUHOM T0T0CHI 0,4 M, yCTaHOBJICH-
HBIX Ha MapajieJIorpaMMHBIE TPSIHIA, COOTBETCTBOBA-
71 TpeOOBAHMSAM, IPEIBIBISIEMBIM K PABHOMEPHOCTH
rIIyOMHBI ToceBa. DTOT [OKa3aTeb COCTABUII B CPEAHEM
0,051 +0,015m npu 6= 0,015Mm u V'=9,14%, mupuna no-
mocsl paBaa 0,19 £ 0,067 Mmupu o= 0,031 mu V=13,71%.

B nmonesom onbite 2017-2019 rr. Ha nejIsHKaX KOH-
TPOJILHOI'O BapHUaHTa, T7ie IPeIIeCTBeHHUK YNCTHIN nap,
C PAAOBBIM CIOCOOOM MOCEBA COU, B CpEIHEM OBLIIO
12,743,0-3,1 mrr./m? pa3nUYHBIX BUJOB COPHSIKOB, TPH-
YeM OHU PaBHOMEPHO pa3MeIlaluch 0 BCel MIIOLIaaH.
[Tpu moceBe cou CIIIOMIHBIM PsIIOBBIM CIIOCOOOM TIOCIIE
TIIIIEHUIIBI YHCIIO COPHSIKOB yBETUUNBAJIOCH Ha 8,242,6-
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Ta6nuua 1

PACNPERENEHME CEMSIH NO NNOLWAAM B JIABOPATOPHOM OMbITE, LI.IT./%II2
DISTRIBUTION OF SEEDS BY AREA IN LABORATORY EXPERIMENT, PCs./m

Table 1

PazHocTh co cTaHzapTOM
Bapuant Yucio cemsin Seed Difference from standard I'pynna
Option Number mT./MZ2 % Group
pes./m

B xenno6koBoi BaHHOUKE
In the grooved tray (el B B 3
Ha nunkoi nente
On a sticky tape. o = =i !
B nmouse xanana
In soil chanhal 2 ) e 2
HCPys, wrt./m*
HCPys, pcs./m” - 1.9 = a

3,5 mo cpaBHEHHIO C KOHTPOIBHBIM BapuaHToM. Camoe
0OJIBIIIOE KOJTMYECTBO COPHAKOB OBLIIO HA ICTITHKAX C Psi-
JOBBIM ITOCEBOM COH MOCIE COM — 25,7+2.9 tmut./m?, pas-
MeIlIeHHe X Ha TUTOMAIH aHAJIOTHYHO MPEIbITY UM Ba-
puantam. ITo uncny g0 30 mT./M%, Macce 10 200 r/m” n
nonie B moceBax cou a0 10-15% 3ToT BapuaHT ObLI OU-
30K K KpUTHYECKOMY MTOPOTY BPEJOHOCHOCTH [16].

[Ipu mooCHOM TIOCEBE COM JIAITOBBIM CONTHUKOM I10-
cyie mapa B cpenHeM 66110 4,1£1,1 mT./M” pa3TMYHBIX BH-
JIOB COpHsIKOB. [locTe MImeHuIbl MX Y1CI0 BO3POCIIO Ha
2,9+1,3-1,4 mT./M%, a IOCTIE COM YBEMHYHIOCH Ha 4,8+0,8-
1,2 mr./m” o cpaBHenHuIo ¢ napom. Ilo npesuecTBeHHN-
KaM OTMEYaJIH aHAJIOTUIHYIO 3aBHCUMOCTH 3aCOPEHHO-
CTH ITIOCEBOB COU, KaK U MIPHU MIOCEBE JUCKOBBIM COIIIHU-
KOM CILIOIIHBIM PSIIOBBIM criocoOom. [Tpu 3Tom konmnye-
CTBO KYJIBTYPHBIX PACTCHUH Ha JEJSHKAX COBIAIAJIO C
MPENbIAYIIUMY BapuaHTaMu — 68-72 mT./M2,

[loroCcHEBIN MOCEB JIAIIOBBIM COITHUKOM U JaJIbHEHIIee
CKaIlllUBaHUE COPHBIX PACTEHUN MEXy MOJIOCAMHU 3Ha-
YUTEIHHO CHUIKAIOT 3aCOPEHHOCTH IMIOCEBOB COU: TIOCIIE
mapa — Ha 67,7%, nocne nmeHuIs — Ha 66,5%, rocie
con—Ha 65,4% B cCpaBHEHUH C PsATOBBIM ITIOCEBOM JIHCKO-
BBIM COIITHUKOM (maba. 2).

Bo Bce rozsl ncenaenoBanuii Kak 1o ¢paktopy 4, Tak u
1o pakTopy B M MX B3aMMOACHCTBHIO Pa3TUIHS 10 BCEM
BapuaHTaM ONbITA CyllecTBeHHBI. [Ipu oneHKe cyiie-

CTBCHHOCTH YACTHBIX Pa3IHUNi OINOKA pa3HOCTH CPea-
HHUX 0 3aCOPEHHOCTH noceBoB B 2017 1. cocTaBuiIa
S;=1,76 mt./M*, 82018 1. — 1,81 n 82019 1. — 1,71 mrr./m>.

MakcuMalibHas BeJINYMHA yPOXKAHHOCTH COU TOCTH-
raeTcs IpH MOCeBe JIATIOBBIM COITHUKOM TI0 TPE/IIECTBEH-
HUKY YMCTBIH Iap: B CpeAHEM 3a 3 rojla OHa IpeBbIIIaia
KOHTPOJIBHBIN BapuaHT Ha 0,59 T/ra. B BapranTe nocepa
COU JIAIIOBBIM COIIHUKOM I10CTIE 3€pHOBOI'O IPELIECTBEH-
HMKa TaK)Xe BBISIBJIEHA CYILLECTBEHHAS U JOCTOBEpHAs
npubaska ypoxaitHocTa — 0,12 T/ra Kk KOHTpOI0. B cpas-
HEHUHU C YUCTBIM MapOM MPOCIIEKUBAETCA 3aKOHOMEP-
HOCTb CHUIKEHHS YPOXKaHHOCTH COH MPH MOCEBE JUCKO-
BbIM conrHukoM Ha 0,39-0,69 T/ra mocie mpeiecTBeH-
HUKOB MIICHUIIA U COsl. AHAJIOTUYHBI PE3YIBTaThl IPU
MOCEBE COM MOJIOCHBIM CITOCOOOM JIATIOBBIM COIITHIKOM.
YpoxaitHocTh cHE3MIACH Ha 0,47 T/Ta IpH pa3MeleHUH
II0CEBOB MOCJIE MIeHnIb 1 Ha 1,07 T/ra — mocie cou 1o
CPaBHEHMIO C TAKHUM K€ [IOCEBOM II0CJIE YUCTOIO Iapa
(maban. 3).

JleiicTBE U B3aUMOJICHCTBHE N3y4aeMbIX (haKTOPOB
3Ha4UMO Ha 5% ypoBHe (Fy>F(s), HyleBas THIOTe3a 110
kputepuio Teioku Hy:d = 0 orBepraercsi. AGComoTHas
onrrOKa pa3sHOCTH CPEIHUX 0 YpOxKaiHOCTH cor B 2017 T.
cocrasmia S;= 0,012 1/ra, B 2018 . — 0,011, 8 2019 1. —
0,009 1/ra. OTHOCHTeNbHAS BenuunHa HCPys 10 ypoxkaii-
Hoctu cou B 2017 1. paBna 2,02%, 8 2018 . — 1,69, 8 2019T.—

BRVSIHVE NPEALIECTBEHHUKA 1 CMIOCOBA MOCEBA HA 3ACOPEHHOCTb COM, IIT./M?
INFLUENCE OF PREDECESSORS AND SOWING METHOD ON SOYBEAN INFESTATION, PCS./M?
IIpenmecTBeHHUK, B Cnoco6 moceBa, A Cpennee 3Hauenne | % K AB KOHTPOJIIO
Preceding crop, B Sowing method, 4 AL 1 AL 2 Average value % for AB control

Tap St panoBoii St/ row St 15,7 12,9 9,6 12,7 =
Steam St TMOJIOCHOIA / Strip 5,2 4,1 3,0 4.1 - 677
S PAZI0BOISY row S, 23,5 217 174 20,9 +64.,6
Cereals nosocHoit / strip 8,3 71 56 7,0 —449
Cos psinoBoii St/ row St 28,6 25,8 22,8 25,7 +102.4
Soy T0JIOCHOI / strip 10,1 8,6 8,1 8,9 ~29,9
HCPys, t/ra /| HCPs, pcs./mzz

o daxTopy 4 / by factor 4 1,1 1,6 1,9 _ _

1o ¢aktopy B/ by factor B 3,2 3,5 3,2

10 B3aUMOJeHCTBHIO AB / by AB interaction 3,8 3,9 3,7
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Ta6nuua 3 Table 3
YPOXAMHOCTb COM NPV MOCEBE PA3NNYHbLIMM COLHUKAMMW MO PA3HbIM NPEAWECTBEHHMUKAM, T/ra
SOYBEAN YIELD WHEN SOWING BY DIFFERENT PLOWSHARE FOR DIFFERENT PREDECESSORS, T/HA
ComHuk, A IIpeamecTBeHHUK, B Cpennee 3HaueHne | % k AB KOHTPOJII0
Plowshare, A Preceding crop, B AT | AT | AU Average value % for AB control
map St/ steam St 1,49 1,23 1,68 1,47 -
gi‘sck‘“"“"“ . 3epHOBbIe / cereals 1,16 1,06 1,02 1,08 -26,53
cos / soy 0,82 0,77 0,74 0,78 -46,94
nap St/ steam St 1,87 2,29 2,02 2,06 +40,14
JP}:V?’OBHH 3epHOBBIC / cereals 1,45 1,75 1,59 1,59 +8,16
cosi/ soy 0,94 1,02 1,01 0,99 —32,65
HCPys, t/ra / HCPys, t/ha:
o ¢akropy A4 / by factor 4 0,008 0,017 0,018 B B
o ¢axropy B/ by factor B 0,024 0,020 0,019
o B3auMojieicTBrio AB / by AB interaction 0,026 0,023 0,021

1,56%.

YcTaHOBIIEHA 3aKOHOMEPHOCTH IIOBBITIICHUS Y pOXKAii-
HOCTHU COM ITPH MOCCBEC JIAIIOBBIM COIITHUKOM I1OCJIC YU~
croro mapa Ha 0,59 1/ra, mocie nireHus — Ha 0,51, mo-
cie cou — Ha 0,21 1/ra. bnaronaps ckalmuBaHUIO PacTH-
TEIBHOCTH MEXTY TTOJI0CAMHU COM OTPOCIIHE COPHSIKH HE
YCIIEBAIOT 00CEMEHUTHCS, CYIIECTBEHHO CHUXKACTCS 00-
ast 3aCOPEHHOCTB TOJIS ¥ TMIOBBIIIACTCS YPOXKAWHOCTh
cou. [Ipy TOTOCHEIX MTOCEBaX JIAIOBBIM COITHUKOM MOXK-
HO OTKa3aThCA OT IOPOTrOCTOANIUX TepOULnaoB u obe-
CIIEYHTH [TOTyUYSHHE IKOJIOTHIECKH OE30IIaCHOH POy K-
I[UU COH.

BbiBoabl. B mouse kanana Ha riryouse 0,05 M mamo-
BBIH COITHUK 00eCTIeurBaeT MU PHHY MoJock mocesa (,18-
0,20 M. OTKJIOHEHHE OT pABHOMEPHOCTH pacpeesIeHus
BBICESTHHBIX CeMSTH 110 Titommanu coctaBuito £0,93-1,56%.

TTomocHbBIN OCEB JAIIOBLIM COIIHUKOM U JajIbHEHIIIEe
CKallIMBaHWUE COPHBIX PACTEHUH MEXIY MOJI0CAMU 3Ha-
YUTEIHHO CHUKAIOT 3aCOPEHHOCTH MMOCEBOB COU: TIOCIIE
mapa Ha 67,7%, mociie neHuIsl Ha 66,5, ocie con Ha
65,4% B CpaBHEHUU C PSIIOBBIM ITOCEBOM JTUCKOBBIM COIII-
HUKOM. YCTaHOBJICHO TIOBBIIIIEHUE YPOKaWHOCTH COU IIPH
TIOCEBE JIATIOBBIM COITHUKOM TOCJIE MPEANIeCTBEHHUKOB:
gucToro napa — Ha 0,59 1/ra, mmenunsl — Ha 0,51, con —
Ha 0,21 T/ra. baromaps ckalIMBaHUIO PACTUTEILHOCTH
MEXy MOJI0CaMH OTPOCIINE COPHAKHU HE YCTIEeBaIOT 00-
CEMEHUTHCS, CYNIECTBEHHO CHIKAETCSI 00IIas 3acopeH-
HOCTH TIOJISI ¥ TIOBBITIIAETCS ypokaitHOCTh cou. [lomoc-
HBI€ IIOCEBHI JIAITOBLIM COITHMKOM IO3BOJISIOT OTKAa3aTh-
€51 OT IOPOTOCTOAIIUX TePOUIIHIOB M 00ECTIEIHUBAIOT ITO0-
JTyYeHHE KOJIOTMUYeCKH 0€30MacHO MPOAYKIIMH COH.
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__ CENEKLINA U CEMEHOBOJACTBO PLANT BREEDING AND SEED PRODUCTION
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TexHU4YecKasi OCHaLEHHOCTb CeJieKLiMN U CEMEeHOBOACTBA KYKYpPY3bl

Cetiiana AsnexcanapoBHa JlaBbioBa, Muxauia EBrenseBuu UanjabIiru,
KaHJAUIaT TEXHUYECKUX HAyK, BENYIIUH HAy YHBIH KaHAUAAT TEXHUYECKUX HAYK, CTAPIIU{ Hay YHBIH
coTpyaHuK, e-mail: davidova-sa@mail.ru; COTpyAHUK, e-mail: misha2728@yandex.ru

®DenepanbHBIN HAyIHBIN arponHkeHepHbIil nenTp BUM, MockBsa, Poccuiickas @enepanus

Pedepar. PazpaboTka moamporpammsl «Pa3BuTHe ceneKIuy 1 CEMEHOBOJICTBA KYKYpy3bD» B pamkax DenepaibHOi HaydHO-TEX-
HAYECKON MPOTrpaMMBl Pa3BHTUS CETBCKOTO X03sicTBa Ha 2017-2025 romsl mpemompenemsieT HEOOXOIUMOCTh WHTEHCHBHO-
T0 TEXHUYECKOTO OCHAIIECHUS OTPACIH CHEHUAIM3UPOBAHHON OTEUECTBEHHOH CENEKIHOHHON TeXHUKOU. (Llens uccredosanust)
[Ipoananu3nupoBaTh TEXHWYECKHH YPOBEHb YCTPOMCTB IS MEXaHW3AHUH PadOT B CENEKIHH, COPTOMCIBLITAHHN M IIEPBHIHOM
CEMEHOBOJICTBE KyKYpY3bl, BBIIBUTh OCHOBHbIC HAIPABIIEHUS Pa3BUTHS CEIbCKOXO3AHCTBEHHOMN TeXHUKY. (Mamepuanst u memo-
ovt) UccnenoBany Marepraisl, OMyONMKOBAaHHBIC B NEPHOIMYECKON TIeUaTH, CTATHCTHICCKIE faHHble MuHcensxo3a Poccnn n
Poccrara, HH(pOpMAIMOHHBIC MaTePHATBl POCCUHCKHX M 3apyOCKHBIX KOMIIAHHH, HOPMATHBHO-TIPaBOBYIO 6a3y. cmonb3oBamm
METOZBI KOMIUIEKCHOTO CTPYKTYPHO-AHHAMHUYECKOTO aHAIN3a M SKCIEPTHO-aHAIMTHICCKUH cnocod 00paboTku MH(OpMAIHHL.
(Pesynvmamsl u 06cyxcoenue) YCTAaHOBIITH HATMUME HMIIOPTO3aBHCHMOCTH OTEUECTBEHHOH CENEKIUH 1 CEMEHOBOACTBA OT I0-
CTaBOK 3apy0Oe)KHON TEXHUKU: NIPU OCHALIEHHOCTH CEJIEKIMOHHBIX YUPEKICHUH CpecTBAMU MEXaHU3aluU 0koio 50 IpoLeHToB
J0JIS MTHOCTPAHHBIX MAIIMH 1 000pyaoBanus focturaet 70 mpoeHToB. BRISBUIN 0CHOBHEIC MPOOIEMBI B MEXaHM3AINH CETEKINH
1 CEMEHOBOJCTBA KYKypy3bl. IlepBas — 0TCyTCTBUE MPOU3BOACTBA OTEUECTBEHHBIX CESIOK JUIS IOCEBA HA NEPBOM 3Talle CeleK-
UM, IMEIOLIUX MapaMeTpbl: TATOBbIH Kiacc — 0,2; mupuHa Mexaypsaaps — 1o 0,7 MeTpa, 4ucio BhICEBAIOIINX CeKiuil — 1 u 2;
paccTosHIe MeXIy comHukaMu — 0,7 MeTpa. Bropas — neuuuT oTedecTBEHHBIX CEsUTOK IS TOCEBA Ha BTOPOM ATAIle CETEKIUH
¢ TpeOyeMbIMH ITapameTpaMu: TAroBelil knace — 0,6; 1,4; 2,0; mupuxa Mexaypsaass — 0,7 MeTpa; YUCIO BBICEBAOIIUX CEKIMH
—4 u 6; paccTosiHEE MEXIy KpalHUMH comHUKamMu — 2,1; 3,5 M. TpeThst mpoOneMa — HeOCTaTOK OTEUECTBCHHOH TEXHUKH JUIS
yOOpKH ypoxasi, COOTBETCTBYIOLIEH TpeOoBaHUAM: MUpHHA MEeXAypsaabst — 0,7 MeTpa; mupuHa 3axsata — 1,4 u 2,8 MeTpa; mm-
puna — 1,8 wmu 3,2 MeTpa; paauyc moBopota — 7,5 MeTpa. (Bv1600b1) BBISBIUIN, 4TO TEXHUUECKUH YPOBEHb YCTPOUCTB JIsS MeXa-
HU3aLUK paboT B CENEKLHH, COPTOMCIBITAHUY U TIEPBUYHOM CEMEHOBOACTBE KyKYpY3bl HE OTBEUAET apaMeTpaM KOMILIEKCHOTO
TIO/IX0/1A TIpK 000CHOBAHUH H Pa3paboTKe CENHAIN3UPOBAHHON TeXHUKU. OTMETHIN HEOOXOAUMOCTh Pa3pabOTKH CIEAYIOMNX
OTEUECTBEHHBIX TEXHHYECKUX CPEICTB: IIOCEBHBIX MAIIMHBI TS TOCEBA MMTOMHHKOB MIEPBOTO ATAIA; MAPKEPOB; MaJIOTadapuT-
HBIX OIIPBICKUBATENEH; JBYXPSTHOTO IPOKOCUNKA-U3MENBYUTENS OTLOBCKUX (hOPM KYKYpY3BL.

KnioueBble ¢10Ba: KyKypy3a, CENEKIHSI KYKYpy3bl, COPTOHCIIBITAHIE, CEMEHOBOICTBO, TEXHHYECKOE OCHAIICHUE CENEKIUH 1
CEMEHOBOJICTBA.

1 Inst umtupoBanusi: [{aBeinosa C.A., Yanneirun M.E. Texandeckasi OCHAIlIEHHOCTH CEJNIEKIIUH U CEMEHOBOJICTBE

KyKypy3sl // Cenvckoxosaticmeennvie mawunst u mexnonoeuu. 2020. T. 14. N3. C. 66-74. DOI 10.22314/2073-7599-
2020-14-3-66-74.

Technical Equipment of Corn Breeding and Seed Production

Svetlana A. Davydova, Mikhail E. Chaplygin,
Ph.D.(Eng.), leading researcher, Ph.D.(Eng.), senior researcher,
e-mail: davidova-sa@mail.ru; e-mail: misha2728@yandex.ru

Federal Scientific Agroengineering Center VIM, Moscow, Russian Federation

Abstract. The development of the subprogram “Maize Breeding and Seed Production Development” within the framework of
the Federal Scientific and Technical Program for the Development of Agriculture for 2017-2025 determines the necessity for
intensive technical equipping of the industry with specialized domestic breeding equipment. (Research purpose) To analyze the
technical level of devices for the work mechanization in maize selection, variety testing and primary seed production, to identify
the main directions of agricultural machinery development. (Materials and methods) The authors studied materials published in
periodicals, statistics of the Ministry of Agriculture of Russia and the Federal State Statistics Service, information materials of
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CENEKLMA N CEMEHOBOACTBO

PLANT BREEDING AND SEED PRODUCTION

Russian and foreign companies, the regulatory framework. They used methods of complex structural-dynamic analysis and an
expert-analytical method of processing information. (Results and discussion) The authors established the presence of domestic
selection and seed production import dependence on foreign equipment supplies: with equipping of breeding institutions with
mechanization facilities about 50 percent the foreign machinery and equipment share reached 70 percent. They identified the
main problems in the corn selection and seed production mechanization. The first problem was the lack of domestic seeders for
sowing at the first stage of selection, having the following parameters: traction class — 0.2; row spacing — up to 0.7 meters, the
sowing sections number — 1 and 2; the distance between the coulters is 0.7 meters. The second problem was the domestic seeders
for sowing shortage at the second stage of selection with the required parameters: traction class — 0.6; 1.4; 2.0; row spacing — 0.7
meters; the sowing sections number — 4 and 6; distance between extreme openers — 2.1; 3.5 meters. The third problem was the
lack of domestic harvesting equipment that met the requirements: row spacing — 0.7 meters; working width — 1.4 and 2.8 meters;
width — 1.8 or 3.2 meters; turning radius — 7.5 meters. (Conclusions) The technical level of devices for the work mechanization
in selection, variety testing and maize primary seed production didn’t meet the parameters of an integrated approach in the
justification and specialized equipment development. The authors noted the necesity to develop the following domestic technical
means: sowing machines for sowing nurseries of the first stage; markers; small-sized sprayers; two-row mover-shredder of corn

male parent plants.

Keywords: corn, corn breeding, variety testing, seed production, selection and seed production technical equipment.

1 For citation: Davydova S.A., Chaplygin M.E. Tekhnicheskaya osnashchennost’ selektsii i semenovodstve kukuruzy
[Technical equipment of corn breeding and seed production]. Sel skokhozyaystvennye mashiny i tekhnologii. 2020.
Vol. 14. N3. 66-74 (In Russian). DOI 10.22314/2073-7599-2020-14-3-66-74.

YKypy3a— OZlHa U3 OCHOBHBIX CEJIbCKOXO3CTBEH-

HBIX KYJBTYP pa3HOCTOPOHHEr O UCIOJIb30BaHMS

1 BBICOKOH ypoxaitHoctu. [lorpednenue ee ce-
MSH B HaIllleW CTpaHe He MpeBbIaeT 2% OT 00meMHpo-
BOro oobema. Ha poccuiickoM peIHKE 10751 KyJIBTYPHI B
JICHEe)KHOM BBIpakeHuH cocTaBiseT 22%. Exxeroqno B
Haleil cTpaHe BbICEBAIOT OKOJIO 48% CeMsIH KyKypy3bl
WHOCTpaHHOU cenekuuu (40% 3aBo3sT U3-3a pyOexka, a
8% npousBoasT Ha Tepputopuu PD). I1pu 3Tom B Poccun
BO BCEX BHUJIaX XO3MCTB OTMEUEH HEJOCTATOK KYKYPYy3-
HOT0 3¢pHa, IOCKOJIbKY 00'bEMBI €T0 TPOU3BOJICTRA B 2-3
paza MeHbllle MUHUMaJIbHOH moTpedHOocTH. B 2018 1. 06ec-
[IEYEHHOCTH CENIbCKOX03HCTBEHHBIX IPEANPUATUH cEMe-
HaMU KYKypPy3bl K BECEHHEMY ceBYy cocTaBuia 37,1 ThIC. T
(~43%). OHaKO yBETMYCHHUE MIIONIAJICH, 3aCEBAEMBIX JI0-
POrOCTOSIUMH UMIIOPTHBIMU CEMEHAMHU, HE IPUBOAUT
K POCTY CpeHEHN ypOxKaHOCTU KyKYPY3bl Ha 3€pHO

(puc. 1) [1].
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B cootBercTBHM ¢ DenepanbHON HAYIHO-TEXHUYE-
CKOH MporpaMMoOi pa3BUTHS CEIbCKOr0 X035HCTBa Ha
2017-2025 roasl nnaHupyeTcs pa3paboTka MoAIporpam-
MBI «Pa3BUTHE CETEKITNN U CEMEHOBOJICTBA KYKYPY3BD»,
ejiab KOTOpOﬁ — CO3JaHUEC HOBBIX OTCUCCTBCHHBIX KOH-
KyPEHTOCIIOCOOHBIX COPTOB U THOPUIIOB KYKYpy3bl. B
JOKYMEHTE MPeyCMOTPEHO I0BEJCHUE €KETOJHOTO IIPO-
M3BOJICTBA CEMSH OTCUECTBEHHBIX THOPHUIOB KYKYPY3HI
110 60%. OHUM U3 OCHOBHBIX CIEPKUBAIOIIHNX (HAKTO-
POB B Pa3BUTHH CEJICKIINU U CEMEHOBOJICTBA OCTAETCS
HU3KOE TEXHUYECKOE OCHaIIeHue oTpacin. Heodxomumo
yAENATh BHUMaHHE HE TOJIBKO MIPOU3BOJICTBY CEMSH KY-
KYPY35l, OBBIIICHUIO UX KA4eCTBA, HO U MIPEOTOICHUIO
TEXHOJIOTUYECKOW 3aBUCHMOCTH OTE€UYE€CTBEHHOI'O Cellb-
CKOXO3MCTBEHHOTO ITPOU3BOJICTBA OT UMIIOPTA, MeXa-
HU3aI{HU IPOLECCOB CEIEKIIUHU, COPTOUCIBITAHUS U ITEP-
BUYHOT'O ceMeHOBoIcTBa [1-8].

ITo muenuto yueHasix BHUU kykypy3sl, KybaHcko-
ro 'AY u HII3 um. ILIIL. JIykbsiHEHKO, XapaKTePUCTHKH
TEXHUYCCKUX CPCACTB OJOJKHBI COOTBETCTBOBATH I1apa-
MeTpaM 00padaThIBaeMBIX YIaCTKOB, KOTOPBIE pa3inda-
IOTCA B 3aBUCUMOCTHU OT YCJIOBHBIX 3TAIIOB CCIICKI[UOH-
HOT0 TIpolecca), HeoOX0IUMO pa3padboTaTh TpeOOBaHUS
K THIIaXYy MOCEBHBIX U YOOPOUHBIX MAIIUH JJISI CEJIEK-
I}, COPTOUCIIBITAHNUS ¥ IEPBUYHOTO CEMEHOBOJICTBA KY-
KYypy3blL.

LIEnb NCCNEOOBAHUSA — IPOAHATU3UPOBATH TEXHH-
YeCKUH YpOBEHb YCTPOUCTB AT MEXaHU3aluH paboT B
CCJICKIIUH, COPTOUCTIBITAHNUU U IIEPBUIHOM CEMEHOBO/-
CTBE KyKYPY3bl, BEISIBUTH OCHOBHBIC HAIIPABJIICHUS pa3-
BUTHUS CEIBCKOX03SICTBEHHON TEXHUKHU.

MaTePuanbl n METOAbI. VccenoBanu MaTepralisbl,
OITyOITMKOBAHHEIC B IEPUOAMYCCKOH IT€YaTH, CTATUCTH-
yeckue naHHele MuHcensxo3a Poccuu u Poccrara, nn-
(hopMaITMOHHBIC MATEPHAIIBI POCCUHUCKHX U 3apyOEIKHBIX
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KOMITaHHH, HOPMaTUBHO-TIPaBOBYIO 0a3y. Mcmonp3oBa-
JIX METOAbI KOMIIJICKCHOT'O CTPYKTYPHO-AUHAMUYECKOT'O
aHaJIN3a U DKCIIEPTHO-aHAIIMTHYECKHH cIToco0 00paboT-
K1 UH(GOpMALIKH.

PE3YNbLTATLI M OBCYXAEHME. Henoduuancuposanue
BCEX 3BCHBEB B CHCTEME TOCCOPTOUCITBITAHMSI Ha IIPOTS-
KEHUU NOoCIeTHUX 25-30 JIeT MpUBEIO K ASPUITUTY CIIELIU-
aJIM3UPOBAHHON CEJICKITMOHHON TEXHUKH (CESIIOK, KOM-
6aifHOB U CPEACTB UX TPAHCHOPTUPOBKU). CyIIeCTBYeET
OTIBIT OpTaHU3annu paboT, KOTaa Ha COPTOyHYacTKax M-
MOJIb3YIOT TEXHUKY 3apyOeKHbIX KOMITAHUI UCXOAS U3
YCJIOBHI KOHKPETHOrO peruoHa B paauyce 150-500 km.
Hanpumep, OO0 «Mauncanyp Cemanc Ky6aub» omHuM
CENEKIIMOHHBIM KOMOAaHOM yOupaeT y4acTKHU C OIBIT-
HBIMU JIEJISTHKaMU, PAcTIONOKeHHbIE Ha paccTossarH 300-
500kM, a punuan ®I'BY «l'occoprokomuccus» mo Kpac-
HOJJAPCKOMY KPAar0 YCIIECITHO MPUMEHSET MOT0O0HBIN Me-
TOJ B COTPYIHHYECTBE ¢ 0a30BBIM KPECTHIHCKUM ((ep-
MepCcKUM) Xo3siiicTBoM. Takast opraHu3zanus padoT Mo-
3BOJISIET B 5 pa3 CHU3UTH MOTPEOHOCTH B CPENCTBAX HA
MePEeOCHAIIeHHE COPTOUCTIBITATENbHBIX Y4acTKOB [1].

B nenoM ocHaIeHHOCTD CEJIEKIMOHHBIX YUPEXKACHUN
CpelCTBaMH MEXaHHU3alUU COCTaBIIsIeT mpuMepHo 50%.
[ToaTomy Bce OoJiee aKTyaTbHBIMU CTAHOBSTCS pa3padoT-
Ka CTPYKTYPpHO-(YHKIIHOHATIHHON MOJIEITU €IUHOTO ITPO-
U3BOZICTBEHHOT'O ITPOIIECCA U TPOU3BOJICTBO TEXHUUECKUX
CPEICTB IS CO3JIaHus HOBBIX copToB [8, 9]. HeoOxomau-
MO YYUTBIBATH CIACAYIONINE OTINYHS TAHHOW TEXHUKU OT
CEpUMHOM JJ1s1 TPOMBIILIJIEHHOT O TPOU3BOACTBa [3]:

- CIOCOOHOCTH PaboTaTh Ha HEOOIBIINX ACTTHKAX;

- BEICOKasl TOUHOCTh YOOPKUY;

- CHIDKEHHUE IO MUHIMYMa IOTePh CEMSTH IIpU pado-
Te MallllH;

- oOecrieueHne 3aMUTH OT CMEIICHHS CEMSTH C pa3HBIX
JETSTHOK (10 OKOHYaHUH PA0OTHI C KAKUM-THOO CENICKITHU-
OHHBIM HOMEPOM, THOPHIOM HJIN COPTOM KaK B pabodmx
opraHax, TakK U BO BCEH MalllMHE HE TOJKHO OCTaThCs HU
OJTHOTO CEMEHH, IIPUYeM JOJKEH ObITh 00eCTIeYeH JOCTO-
BEPHBI KOHTPOJb BBITIOTHEHHS STOTO TpeOOBaHMS);

- 0COOBIN KHHEMATHYECKHU I peKUM pabOThI MAIIMH C
MHWHUMAJIBHBIM TPAaBMUPOBAHUEM CEMSAH.

TeXHOMOTUs BEIBEICHHSI HOBBIX THOPUIOB KYKYPY3bI
BKJIIOUAET B Ce0s TpU B3aUMOCBA3aHHBIX TCXHOJIOIHYC-
CKHX TIpoIiecca celekuu. Ha mepBom srare mpoBogsT
noces 0€3 MOBTOPEHUH ITOTOMCTBA OTAEIBHBIX PACTEHUH,
yOOPKY 1 Iociey0opouHyro 00paboTKy ypoxas. Ha BTo-
POM 3Tare OCyIIECTBISIOT I0OCEB C TOBTOPEHUSAMU AJIS
CPaBHUTEIBHOTO UCTIBITAHUS (OIICHKH) MEPCIIEKTUBHBIX
CENeKIIHOHHBIX HOMEPOB, HOBBIX THOPUIOB, a TAKXKE yOOp-
Ky U nocieyoopounyto o6pabotky. TpeTuii stan npea-
CTaBJICH IIEPBUYHBIM CEMECHOBOACTBOM CO CIETYIOIIUMU
MOOMIJIBHBIMHY TIOJIEBBIMH OTICPAITUSIMH:

* MIOATOTOBKA ONBITHOTO TIOJIS: OCHOBHAs 00paboTKa
MOYBBL; BHECCHHE MUHEPAIBHBIX M OPraHMIEeCKHX YI0-
OpeHuii; moBepxHOCTHAst 00pabOoTKa MOYBHI (MAIIMHAMH
00IIEenPON3BOCTBEHHOTO HA3HAYCHHS);
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* pa30MBKa ONBITHEIX ACTSHOK CEICKIIMOHHBIM Map-
Kepowm;

* II0CEB OMBITHHIX ACTSTHOK BPYUHYIO, CEIEKIIHOHHEI-
MU WJIH CENEKIIMOHHO-CEMEHOBOJYECKUMU CESLIIKAMU;

* yX0Jl 3a noceBaMH Kysbruaropamu tuna KPH unu
BpY1HY1O;

* yOopKa ypoxas ¢ ONBITHBIX JETSHOK BPYYHYIO, CEJIeK-
LIMOHHBIMU KOMOAMHaMU ¢ 0OMOJIOTOM ITIOYaTKOB WJIH CE-
MEHOBOYECKMMU KOMOaiiHamMu 03 00M0JI0Ta MOYaTKoB [3].

K moceBHBIM MaIImHaM IIEPBOTO dTAMA IPEIBIBI-
IOTCS CIIENYIOMIKE TPeOOBaHUS: TTyOHHA 3aICIIKU CEMSTH
JI0JXKHA peryiaupoBaThes B uHTepBase ot 0,04 1o 0,12 m;
BBICEBAaHUE B OJTHO THE3M0 — 3-4 CEMEHU; MaIllMHA JOJK-
Ha OBITh OTHOPATHOM U caMOXOHOU. M3-3a OTCYyTCTBUS
MIOCEBHBIX MAIIMH OT€YECTBEHHOTO IIPON3BOJICTBA ITOCEB
MUTOMHUKOB IIEPBOT'0 ATAIa OCYIECTBISETCS Py YHBIMH
cestnkamu tuna CCI-1. Hanpumep, cestiika pyuHas
«Knen-P» npennasHaveHa 1l psiIOBOTO BBHICEBA CEMSTH
3€pHOBBIX, 36pHOOOOOBBIX U KPYISIHBIX KYJIBTY], a TaK-
YK€ CEMSTH TpaB Ha AeNsTHKax 1iuuHoH oT 1 1o 12 m. Cesin-
Ka OCHallleHa OPIIMOHHON BBICEBAIOIIEH CUCTEMOH C KO-
HUYECKHIM BBICEBAIOIIIM aIIapaToOM C TUITABHON peryiu-
POBKOM IJIMHBI BHICEBAEMOT0 PSJIKA.

[one, moATrOTOBIEHHOE IS 3aKJIaJIKA TUTOMHUKOB
TIEPBOTO dTAIA, HEOOXOIMMO Pa3METHTh MapKEPOM B IBYX
B3aUMHO NIEPIEHIUKYIAPHBIX HaNlpaBIeHUAX. Mapkepsl
arperaTupyIoTcs C TPAaKTOPOM TATOBOTO Kiiacca He 00-
nee 0,2. B pe3ynbprare 3TOi onepanuu noje nojayvaercs
paszzaeneHHbIM Oopo3akamu Ha kBaapatsl 0,7x0,7 M, 1o
yriiaM KOTOPBIX BEICEBAIOT CEMEHA.

B HacTosee BpeMsi 0TeuecTBEHHBIX pa3paboTok Map-
KEpOB HET, OMHAKO CYIIECTBYIOT MAaKEeTHEIE 00pa3Ilbl, K
KOTOPBIM MPENBABIISIOTCA CIEAYOINE TPeOOBaAHUS:

- MapKep JOJDKSH OCTABIISITH HA [TOJIE BUIUMBIH CIIE;

- MUHMMAJIbHOE NepeMelIiBaH1e TIOYBBI IPU HaHECe-
HUU OOPO3JIOK;

- paccTOsTHUE MEX Ty coCeTHUMHU MeTuynkaMu — 0,7 M;

- YHCJIO METYHMKOB — 6 HJIH §;

- pacCTOsTHUE MEX Ty KpalHUMU METIYUKAMHU — 3,5 UK
4.9 m;

- riyouna perxsenns — 0,05-0,10 m [3].

Ha 6a3e MammnHOCTPOUTENHHOTO 3aBOJIA OMBITHBIX
koHCTpyk1uii BUM paszpaboTtan Mapkep A pa3MEeTKH
sipycoB u psinkoB MC-3-5 mmprHoii 3axBara 110 5 M. B ero
KOHCTPYKIIMHU IPEAYCMOTPEHBI: OCHOBHOM Opyc (KBaapaT-
Has Tpy0a); TOMOIIHUTEIbHBIE OpyChs (HAa KOHI[AX HMEIOT-
Cs KPOHILTEWHBI AJIsI yCTAaHOBKH Clie1000pa3oBaTesei);
MAapHUPHBIC CCKIIUU C YCTAHOBJICHHBIMU Ha HUX MapKHU-
PYIOLINMH JIallaMH KHJICBHAHOTO THIIA; ONOPHEIC ITHEB-
MaTHUYeCKHe Kojeca; cIe000pa3oBaTesin, COCTOSIINE U3
TEJIECKOMNIECKUX TPYO U TUCKOBBIX HOXKEH, IIpeTHa3Ha-
YeHHBIE 711 00pa30BaHUs ciea, 0 KOTOPOMY BEAyT
TPaAKTOP MPH MOCTICTY IOIIEM ITPOX0JIe (Clienoo0pa3oBaTe-
JU 13 paboyero MOJI0KEHHUs B TPAHCIOPTHOE U HA000pOT
MEPEBOAST C MOMOIIBIO THPOCUCTEMBI TpakTopa). [ ny-
OuHy 00p031, 00pa3yeMbIX MAPKUPYIOLTUMH JIATIAMH, Pe-
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TYJIUPYIOT YCHITHEM UMEIOIUXCs Ha Opyce MpyKuH [1].

B cenexknnoHHBIX yUpex ASHUIX KaK MPABHIIO UCTIONb-
3YIOT MapKepbl COOCTBEHHBIX KOHCTPYKIIH, TAK KaK OTe-
YeCTBCHHAS MPOMBIIUICHHOCTD CEJICKIIMOHHBIX MapKe-
POB JIJ1s TPOTAITHBIX KYJIBTYP HE BBIITyCKaeT. B kauecTse
pabodnx OpraHoB (METYHKOB) YaIle BCEI'O UCIIONB3YIOT
J0JI0TO0Opa3HbIe PRIXJIUTENbHEIE Tanbl. Ho mpu cyxoi
BETPEHOM NOro/ie clie] OT TAKUX METYUKOB uepe3 3-4 4
ILJIOXO BHUJICH, YTO 3aTPYIHSET NOCEB ACTISHOK.

Takum 06pa3om, HeoOxXonuMa pa3paboTKa CeNeKIINOH-
HBIX MapKepoB MO/ 3aBOACKYI0 TEXHOJIOTHIO U3TOTOBJIE-
HUsI, CHAO)KEHHBIX METYHKAMU B BHJIC JMCKOB, IIpEIHA-
3HAYCHHBIX IS TOBAPHBIX II0CEBOB IIPOMAITHEIX KYIBTYP.

J17151 moceBa y4acTKOB Ha dTare NepBUYHOTO CEMEHO-
BOJICTBA M YYaCTKOB 'MOPUIN3AIINH B CETICKIIMOHHBIX Y-
PEXIEHUAX TaKKe HeoOXoarMa pa3paboTKa OTe4eCTBEH-
HOT'O BAPHAHTA CEMEHOBOIYECKOM CEeSITKH, ITPH ITOM I10-
CEBHBIC MAIIMHEI JIOJDKHBI COOTBETCTBOBATh YCTAHOB-
JeHHBIM TpeboBanusM (mabn. 1) [1, 3].

AHaU3 OTEYECTBEHHBIX U 3apYOCIKHBIX CESITOK T0-
KazaJl, 4TO JULIb HeOOJbIIasl UX YaCTh OTBEYaeT 3aaH-
HEIM napaMmeTpamM. Hanmpumep, CelleKITMOHHBIE CESUIKN
MCHIIII «Kien» (Poccust) u dupmer Wintersteiger (AB-
CTpHS) COOTBETCTBYIOT OCHOBHBIM TPeOOBaHHSM K TH-
MaXXy IIOCEBHBIX MAIIWH IO CIEAYIOMINM II0KA3aTeIsIM:

- TUTI BBICEBAIOIIETO anmapaTa: THeBMaTHUYECKUN
(«Knen-2,8») unu nopuuoHHsii (Monoseed DT, Dynamic
Disc Plus 870);

- HACTPOMKa anmapaToB Ha HOPMY BbICEBA: HH/IMBU-
IyalbHas;

- 3arpy3Ka BHICEBAIOIINX aNlapaToB: KaCCETHAS;

- KOHTPOJIb 32 pabOTOH BRICEBAIOIIUX AMIIapaTOB: IIPH-
O0pBI KOHTpOIIS (37eKTpoHHas cuctema «Kiien», cBeTo-
Bast ¥ 3BYKOBAsI CHTHAJIM3AIIHS HEUCIIPABHOCTH Ha ITYJIb-

PLANT BREEDING AND SEED PRODUCTION

Puc. 2. Ceanxa «Knen-2,8»
Fig. 2. Row seeder «Klen-2.8»

Te yrpasieHus y cestnku «Knen-2,8» (puc. 2); cucrema
KOHTPOJIA, 3ByKOBOH CUTHAJI, 0TOOparkeHue aKkTuye-
CKHX (DYHKIIMH ¥ HENOJIAIOK BO BPEMSI JIBHIKCHH S HA JTUC-
1Jiee, COXpaHEeHU sl JAHHBIX C AEJIAHKH, 3aIIHCh BCEX JaH-
HBIX Ha KapTy MaMATH y cesutok Monoseed DT v Dynamic
Disc Plus 870). Kpome Toro, cesinku Monoseed DT n
Dynamic Disc Plus 870 uMerOT BO3MOXXHOCTb IJIaBHON
PeryJanupoBKHU MHPUHBI MEXAYPAIbS.

Ha 6aze ®HAI] BVIM BbinyI1ieHbI ONBITHBIE 00pa3-
11bI KOHCTPYKIIUU CEJIEKI[MOHHON KacceTHOH cestnku: Win-
tersteiger — BUM (Rowseed). HaBecHas cesiika (puc. 3)
arperaTupyercs ¢ TpakTopoM Kii. 0,6 ¥ OCHalleHa FOJI0B-
KO# ¢ 0OBOJTHO# JICHTOM, YTO TIO3BOJISET OCYIICCTBIATD
MOCEB CeMSIH MOYTHU BCeX COPTOB. sl KaXkJ10ro moceB-
HOTO psiJia TpeIHa3HauYeH MaJICHbKHUI KOHYC C OOBOTHOM
JIEHTOH, 00eCIIeYnBaIOIIei paBHOMEPHOE pacIpenecHue
CEMSIH M0 KaXJIoMy psiay. PerynupoBka nmonayu xaccet
aBTOMaTHYecKas, CMEHa KacCeT BO3MOXHa 0€3 0CTaHOBa
MAaIIUHBI, IIKPUHA MEXAYPAabsa — oT 0,12 M, 4rcio BbI-
CEBAIOIIUX CEKIIUNA — 4-6.

TPEBOBAHMS K CENEKLMOHHBIM CESIIKAM M UX TEXHUYECKUE XAPAKTEPUCTUKM
REQUIREMENTS FOR SELECTION SEEDERS AND THEIR TECHNICAL CHARACTERISTICS
TpedoBanus
Requirements
N Dynamic | “vinfer-
Iloka3arenn TEPBbIN BTOpOii >Tan Knen-2,8 | Monoseed Diysc Plus steiger —
Indicators JTan celeK- P — Klen-2.8 DT 870 BUM
111707 (Rowseed)
second stage
LT S 0iF of selection
selection

CaMOXOIHas
THI MaIuHbI CaMOXOIHAsl | UIM HABECHAs HaBECHAs
Machine type self-propelled | self-propelled mounted

or mounted
TAroBbIii K1ACC SHEPreTHYCCKOrO CPEACTBA, TC 0.2 0.6: 1.4:2.0 0.9-14 1.4-2.0 14-2.0 0.6
The traction grade power tools, tf
]liH“P“Ha bRy 0,7 0,7 0,45;0,7 ot 0,4 0,2-0,75 010,12
oW spacing, m
UHCIIO BBICCBAIOIIMX CEKIIHH, ILIT. 152 46 4(3,6) 24 2.8 4-6
Number of seeding sections, pcs
PaccTosiaue Mexay KpaiHIMU COITHUKAMH, M 28,1 i ———
Spacing between opener system for seed 0,7 2,1;3,5 iy JIABHO peryJIHpY!
4,2) infinitely adjustable

placement, m
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Puc. 3. Cenexyuonnas xaccemnas cesnxa Wintersteiger — BUM
(Rowseed)
Fig. 3. Selection of cluster sowing machine Wintersteiger — VIM
(Rowseed)

[pomecc moceBa ceMsH Ha BTOPOM 3TaIle HOTHOCTHIO
MexaHu3upoBaH. Ho HeoOxonuma pa3paboTka Cessiku
OTEYECTBEHHOT'O ITPOU3BOJICTBA TPUEMIIEMOH CTOUMO-
CTH, MIOCKOJBKY II€HAa HMIIOPTHBIX ITPEBBIMAET 1,3 MITH
py0., uTo co3nmaet nmpobeMy At OOTBIIMHCTBA CEICK-
LUOHHBIX yupexaeHuil Poccuiickoit @enepannu ns3-3a
OTCYTCTBHS HEOOXOAMMBIX JIEHEXKHBIX CPEACTB [3, 5].

TexHOIIOTHYECKIE OTIEPAIIIH yXOa 3a IOCEBAMH Ha
OMBITHBIX ICTITHKAX M TOBAPHBIX ITOCEBaX CEMEHHOM KY-
KYpy3bl HACHTUYHBI: KyJIBTHBAIUS MK Y PSAIAN, OKY-
YUBaHUE, IIOJKOPMKA H OTIPHICKUBAHUE PAaCTECHUH (3a1H-
Ta OT Bpenuteneil u 6onesHeit). [{s nx BEITOTHEHHS UC-
MOJB3YIOT MAITUHBI O0IIE PON3BOCTBEHHOTO HA3HAYE-
HUA: KyJIbTUBaTOpbI-pacTeHuenutarenu tuna KPH, nox-
KopMIIMKHU-onpbickuBareny Tuna [IOM-630 nnu ux aHa-
noru. [Toces o cxemam 4:2 u 2:1 oGecrieurBacT HAMITY Y-
1iee onbUICHHEe MaTepUHCKUX (POPM pacTeHHi, HO HET
MAaIlIWH ISl UX peaiau3anuu. [loatomy yuacTku rudpu-
JIM3aIlUU B CETIEKIIMOHHBIX YUPEXKICHUAX 3aCEBAIOT IO
cxeMme 4:2. Mexny ydacTKaMu THOpUIA3AIUHN pacmoia-
raroTCs 3alUTHBIE SKPaHbI U3 BBICOKOPOCIBIX pACTEHUH.
Kak npaBuio, 17151 3TOi IelIu HCHOIB3YIOT HOACOIHEY-
HuK. lluprHa 3aIUTHEIX SKPAHOB Yalle BCEro IPHHH-
MaeTcs paBHOU 8,4 unu 11,2 M, 4TO COOTBETCTBYET IBYM
MIPOXO0JIaM MIECTUPSITHOW M BOCBMHUPSITHON CESIITKH.
Otcioga cienyeT, 4To AJisi 00pabOTKH y4acTKOB THOPH-
Iu3anuy TpedyeTcs pa3padoTaTh 0TeYeCTBEHHBIE MAJIO-
ra0apHUTHBIC ONPLICKMBATEIH U PUHOM 3axBaTta 4,2 M [3].

ITpu co3nanny HHOPEIHBIX JTUHUI HEOOXOIUMO HC-
KJIIOYUTD MO JaHue MBUIBIBI C APYTUX PAaCTEHUN Ha
JKEHCKHUE COLBETHS M YAAJIUTh METEIIKH Y MY>XCKHX CO-
usetuii. B CILIA u crpanax EBponbl ceMmeHOBOACTBO OC-
HOBaHO Ha MEXaHMYECKOH KacTpali — 00pbIBE METEIIOK
CHeIMAJIbHBIMU MallliHAMU WK BpyYHY10. B Poccun uc-
MONB3YIOT IIUTOIIA3MATHIECKYIO MY)KCKYIO CTEPUITb-
HocTh (LIMC) — Ononoruvyeckuii METO KacTpaluu pac-
TEHHUI, 63 00pbIBa METEIIOK HA MATEPUHCKUX PACTEHH-
ax. CrienuanucThl CYUTAIOT, YTO MEXaHUUYECKast KacTpa-
[IMsI IMEET MPEUMYIIECTBA: COKPAIIEHUE CPOKOB BBIBE-
JICHHS] HOBBIX THOPHUIOB BCIIEICTBUEC HCKIIFOUCHHS ITPO-
uenypsl 3akpernienus (co3ganusi) IMC; BeipaBHUBaHME
KyKypy3BI IO BBICOTE CTEOIIsI, pa3MepaM IoYaTKoB, Me-
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CTy WX PUKpeTIeHus kK cTedmto. Ha yuacTkax rubpuau-
3aIlMU MPUMEHAIOT B OCHOBHOM cxeMy mnoceBa 4:2. Cre-
JIOBAaTEIBHO, OOPBIBIINK METEJIOK TOJKEH OBITH BBITIOJI-
HEH B YeTHIPEXPsAHOM Bapuante. [Tociie okoHYaHus mpo-
1iecca OIbLICHHSI OTIIOBCKYTO (popMy pacTeHU KelaTelb-
HO YIAJUTh. JTa OIEPalusl HCKI0YACT BOZMOKHOCTH I10-
MaJlaHus CEMSH OTIIOBCKOH ()OPMBI B THOPUIHBIC CEMe-
Ha ¥ OMHOBPEMEHHO yIpoIaeT rnporecc yoopku. OTmos-
CKHE PaCTCHUS MPEATIOYTHTEIBHO BEIKAIIUBATE C U3MEITh-
YEHHEM U HCIIOJIB30BaTh Ha KOPM KPYITHOMY pPOTaTOMY
ckoty. OTCIO/Ia CIIENyeT, YTO B COCTaB KOMITIEKCA TEXHU-
YECKUX CPEICTB JIOJKCH OBITh BKJIFOUEH U JIBYXPSIHBIN
MPOKOCYUK-H3METBUUTENb OTIOBCKHUX (POPM KYKYPY3HI.
[MosTomy HeoOxoaMMa pa3paboTKa ero 0Te4eCTBEHHOIO
angajora [1, 3].

Habmronenue 3a moceBaMu BKIIIOYAET B ceOs IPOBE-
JIEHUE CIISIYIONINX OTepaIiiii: BU3yaIbHBIH KOHTPOIIb 32
Pa3BHUTHEM PACTCHUU; H3MEPEHUE PACTCHUH Ha Pa3HBIX
JTamnax BereTauy (KOHTPOJIb JMHAMHUKHU Pa3BUTHUS, MOP-
(domoruveckas oIeHKa U Ap.); aHATH3 TOIYUSHHBIX pe-
3yJIBTATOB. DTH MPOIEYPhI HE MOIEKAT MEXaHU3AI[UH.

Ha Bcex atanax pabot yposkail ¢ KaxJI0H JCITHKH
youparoT oTnenpHo. Ha mepBoM atamne paboT — BpydHYIO.
Ha BTOpom 3Tare, 1o MHEHHIO CIICIHATUCTOB, YOOpKa
yposKast JOJDKHA 3aKJIF0YaThCS B OOPBIBE IIOYATKOB C 00-
MOJIOTOM 3€pHa U COOPOM IOCJIEAHEr0 B MELITKOTAPY HIIN
OyHKep, B3BEITNBaHUH 1 OIIPEAEICHUH BIa)KHOCTH. EcTh
HECKOJIBKO KOMOAWHOB, IPUMEPHO OTBEYAIOIINX dTUM
TpeboBanusaM (mabn. 2) [1, 3, 10-15].

[Ipumensiembie Ha yOOpPKE CEICKIIMOHHBIX ACITHOK KOM-
0alfHBI UMEIOT PA3INYAIOIINECS 110 KOHCTPYKIIUHY M Ha3HA-
YEeHHUIO CpecTBa s 0TOopa nmpob. M3 mpeacTaBIeHHbBIX
KOMOaliHOB TOJIbKO Wintersteiger Quantum o00pyI0oBaH
cUCTEMOH 0TOOpa MPOO, PacIIONIOKEHHON HEMOCPEICTBEH-
HO B KabuHe. Y xombaiiHOB Wintersteiger Classic u SR2010
3a00p Mpo0 OCYIIECTBIISIETCS C JIEBOW CTOPOHBI KoMOaitHa
Ha 000pyIOBAaHHOM CIICIIMATHHO IS ATHX LIEJICH IIIOMIa-
ke. Y Nova 34() — co cTOpOHBI IIJIOMIAIKH BXO/A.

[IpaxTHdecku Bce KOMOAHBI IMEIOT CHCTEMY JJIEK-
TPOHHOT'O B3BEUIMBaHUs 3epHa, KpoMme Nova 340, koTo-
PBIH IO CBOCH KOHCTPYKIIUU SIBIISIETCS OOJIBIIIE TPOU3-
BOJCTBEHHBIM, YeM CEIeKIUOHHBIM. Wintersteiger Classic
u Quantum uMmeroT cucremy Harvestmaster Classic
GrainGage, Harvestmaster H2 Classic u cuctemMy peru-
CTpaIlUU U TIepeiadu JaHHbIX, a koMOalH SR2010 — cu-
cremy Coleman.

o noka3arensM «KMUHUMAJTBHBIN BHEIITHHA 3330p OT
KOHYyCa KpaitHero JAeauTess A0 OJMKanlIero KpaiHero
psinka cocemneit nensHky, 0,15 M» 1 «MakcHMaTbHAS Mac-
ca ypoxas ¢ IeISTHKY (3epHO), 15 Kr» Bce koMOaitHbI yA0B-
JETBOPSIOT HPEIbABISIEMEIM TpeOoBaHusM. [1o mokasa-
TEJI0 «IHCIIO0 OTHOBPEMEHHO YO PAEMBIX PSIAKOBY TOIb-
ko koMmOaiiH Nova 340 (puc. 4) youpaeT Haubosbliiee Ko-
JUYECTBO PsIIKOB OMHOBPEMEHHO — 4, Y OCTAJIBHBIX 3TOT
TO0Ka3aTesb paBeH 2.

Jiist yOOpKH NENSTHOK CeNEKITUOHHBIX, KOHTPOIBHBIX
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PLANT BREEDING AND SEED PRODUCTION

Ta6nuua 2 Table 2
TPEBOBAHUS K KOMBANHAM AN YEOPKU KYKYPY3bl HA CENEKLIMOHHbBIX YHACTKAX M UX TEXHUMECKME XAPAKTEPUCTUKM
REQUIREMENTS FOR HARVESTING CORN COMBINES AT BREEDING SITES AND THEIR TECHNICAL CHARACTERISTICS
IToka3zarenu TpeboBanus Wintersteiger Wintersteiger
Indicators Requirements o L SLELIED Quantum Classic
CaMOXOJIHBIH / ppOH-
Tun xombaitHa TaJIbHbIH / Py4beBON CaMOXOHBIH
Harvester type self-propelled / frontal self-propelled
/ TOW
MomHOCTS ABUTATE-
151, KBT (71.€)
Engine power, KW - 132 (180) 60 (82) 55 (75) 38(52)
(h.p)
IIupuna mexayps-
IbSI, M 0,7 0,7 0,7 0,6 (0,7) 0,6 (0,75)
Row spacing, m
Iupuna 3axBara, M .
Width, m 1,4;2,8 2,8 1,4 1,4 1,4
Tl'abaputsl, MM:
Dimensions, mm:
JUTHHA (C KaTKOMH) - 8060 (6400) 5700 5150
length (cutting table)
HIMPHUHA 1800 i 3200 2985 2500 1500-2250 1835
width
BBICOTA - 3960 3300 2975 2350
height
?a/:m.yc HOBOPOTA, M 75 75 3.5 3.5 35
urning radius, m
a

Puc. 4. Kombaiin Nova 340 (a) u mexnonoeuueckas cxema moio-
muabHo-cenapupyrowezo ycmpotiicmaa (b)

Fig. 4. Harvester Nova 340 (a) and technological scheme of threshing
separation device (b)

MUTOMHHUKOB, TUTOMHUKOB IIPEIBAPUTEIHLHOTO COPTOUC-
TBITAHUS U UCTIBITAHAN TOTOMCTB BTOPOTO Tofia (TpeTHi
3Tal CeJIEKIIMOHHBIX Pa0OT) MpeAHA3HAYCH MaJIorabapuT-
HBIH CeIeKITMOHHBIN KoMbaitH Wintersteiger — BUM (Classic)
(puc. 5). Ilo cBOMM TEXHUYECKUM XapaKTEPUCTUKAM OH
OTBEYAET OCHOBHBIM IIPEBABIICMBIM TPEOOBAHHIM: MOIII-
HocTh aBuTarens — 30 kBt (52 i1.c), mupuHa MeX 1y ps i
—0,6 (0,75) m; mupuHa 3axBarta xxaTku — 1,25-1,5 M (pery-
nupyemas); rabapuTHbIC pa3Mephl (ITHHAXITHPUHAXBBI-
cota) — 5150x1835%2260 MM; paanyc moBopoTa — 3,5 M.

[Mocney6opounyro 06paboTKy OYATKOB IIPOBOJIST HA
MIEPBOM ATAIe CENCKIMH U ITPH IEPBHYHOM CEMEHOBO/I-
CTBE KyKypy3bl. OHa BKIIIOYaeT B ce0s CIeAYOIINE OTIe-
paIuu: OYHCTKA OT OOCPTOYHBIX JIHCTHEB; BEIOPAKOBKA
MOYaTKOB, UX CYyIIKa U OOMOJIOT; OYHCTKa, COPTUPOBKA
U XpaHEHHE CEMSH.

OCHOBHBIM TE€XHOJIOTHYECKUM IPOIIECCOM Mociiey0o-
pouHOl 00pabOTKH KYKYPY3bI SIBISICTCSI OOMOJIOT ITOYAT-
KOB, IIOCKOJIBKY TIPH STOM 3€pHO IOy4aeT HauOobIIee
KOJIMYECTBO TPaBM (YPOBEHb TPABMUPOBAHU S 3epHA MO-
*KeT gocturarh 90-95 %, 4yTo CymecTBEeHHO CHIXKAET MO-
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Puc. 5. Manozcabapumusiii cenexyuonnwiii kombaun «Classicy
Wintersteiger — BUM

Fig. 5. Small-sized selection harvester «Classicy Wintersteiger —
VIM

CEBHBIC U yPOXKaWHbBIC KaueCTBa CEMSH KyKypy3bl) [3].
Ho Ha pa3HBIX cTaausAX CeNEeKIMOHHOTO IIpoLecca Tpe-
OOBaHM K KaueCTBEHHBIM IIOKA3aTeIIIM ITporiecca 0oMo-
JIOTa MMOYATKOB PA3INYal0TCs JOCTATOYHO CYIIECTBEHHO.
Hastamne coproucnbiTanus (BTOPOii 3Tl CENEKIIUHN) TTPO-
BOJUTCSI TOJIEKO OIIEHKA Y PO’KafHOCTH HOBBIX THOPHIOB
KyKYPY3bl, OHa MOXKET BBITIOJIHATHCA 1O CIEAYIOIIUM
TpPEeM OCHOBHBIM BapruaHTaM, IPEIJI0KEHHBIMH B paboTe
Kypacosa B.C. u coaBTopos [3]:

1. OOpBIB MOYATKOB 6€3 OYHCTKH U CO COOPOM UX B
MEIIKOTapy; 0OYMCTKA MOYATKOB HAa CTAIIMOHAPHOM MOYAT-
KOOUUCTHTEIIE; 00MOJIOT HOUATKOB HA CTALMOHAPHON HIIN
MIepeIBIKHOI MOJIOTHIIKE; B3BEIINBAHUE U ONIPEACICHHUC
BIIaXKHOCTH 3epHa. [loneBas MalmHa — KOMOAH MUKKeP
(cobupatesb TOYATKOB).

2. OOpBIB MOYATKOB C OYMCTKOM HX OT 00epTOK 1 cO0-
POM B MEUIKOTapy; OOMOJIOT MOYAaTKOB HA CTAIIHOHAPHOM
WUTH TIEPEIBIKHOM MOJIOTUJIIKE; B3BEIINBAHNE M OTIPEIe-
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JIeHHe BIaKHOCTH 3epHa. [lonesas mammHa — KOMOaitH
MUKKep-Xeckep (COOMpaTenb-OuUCTUTENb IOYaTKOB).

3. OOpBIB MOYATKOB ¢ 0OMOJIOTOM 3€pHA U COOPOM I10-
CJIEHETrO B MEIIKOTapy WUiN OyHKep; B3BEIINBaHUE H
oTIpenieNieHue BIaKHOCTH 3€pHa.

[Ipu 5TOM BEIMOJIOYEHHOE 3€PHO B3BEIIIUBACTCS, OIIpe-
JIENISIETCS €TO BJIAXHOCTh M YUCTOTA, YpOoxKail mepecuu-
ThIBaeTcs Ha 14%-10 BiaaxkHocTh U 100%-10 unctoTy 3ep-
Ha 110 BBIPa)KeHHUIO:

G&CT = [G3(1007W3)(1007q3)]/(1007VV3CT)IOOH

rne G, — yposkaii 6e3 monpaBKy Ha BJIAXXHOCTB, T/Ta;
W, — BnaxxHocTh yOpaHHOTO 3¢pHA, %; Y, — 9HCcTOTA 3ep-
Ha, %; W, — ctannaptHas (14%) BnaxHocTb, %.

Pa3paboTraHbl arpoTexHUYecKre TpeOOBaHUS Ha TIPH-
CHOCOOJIEHUE K CEJIEKIIMOHHO-CEMEHOBOTUYECKOMY KOM-
OaifHy 1151 yOOPKH KYKYpy3bl ¢ 00MOJIOTOM NMOYATKOB [3]:
YUCTOTA 3epHA — He MeHee 95%; HeIOMOJIOT 3epHa — He
oonee 2%; npobiieHue 3epHa — He Oonee 2,5% mpu BIIax-
HOCTH 3epHa 16-20%; 5,0% npu BiaxkxHocTH 3epHa 20-
30%; mpu BiasxkHOCTH 3epHa 6oiee 30% ypoBeHb APO-
OneHms 3epHA HE perilaMeHTupyercs. Ha BTopom ararme
CEJICKIIMH YPOBEHB APOOICHUS 3epHa HE IMEET 0CO00ro
3HAaYeHU s, TJIABHOE, 9YTOOBI OH OBLIT OTMHAKOB MPH yOOP-
K€ BCEX ACJSHOK, IS OJTY Y€HHSI COTTOCTABUMBIX PE3YITh-
TaToB. K 00MOJIOTY IO4aTKOB HA IEPBOM ITaIIE CEJIEKIINH
U HTaIe IIePBHYHOTO CEMEHOBOCTBA IOJKHEBI IIPEIBSIB-
JATHCS T K€ TPeOOBaHUs, UTO U IIPU OOMOJIOTE CEMEH-
HOM KyKypy3HI (apobsienne 3epHa He Oonee 1,5%, Mu-
KpOTpaBMHbI B 00s1actu 3apojpima 10 20%; HeroMoIoT
3epHa —He Oonee 1,2%; He momycKaeTcst COPTOCMENINBa-
HUE CeMSTH ITPU Iepexo/ie Ha 00OMOJIOT JPpyTOH MapTHH IO-
gatkoB) [3, 16-19].

B Poccun Ha mepBoM yCIIOBHOM 3Tarie CeNeKIuy HodaT-
KU OYHMIIAIOT OT 00€PTOYHBIX JTUCTHEB BpyuHYI0. HayuHo-1C-
CIICZIOBATENILCKUE U OITBITHO-KOHCTPYKTOPCKHUE PabOTHI, Be-
IyIInecs B 3TOH 00IacTH OT€YEeCTBEHHBIMH UCCIIENOBATE-
JSIMH, TIOKA He TIPUBETH K pa3paboTKe MalllH, CIOCOOHBIX
00pabaThIBaTh MAPTHU 00BEMOM OT OJTHOTO JI0 HECKOJILKUX
COTEH MoYaTkoB. MCKIII0UeHNE COCTABISIET IEPBUIHOE Ce-
MCHOBOACTBO, HO TOJIBKO B TE€X Cliy4adaX, Korja 06T>eM po-
M3BOJICTBA CEMSH JOCTUTACT HECKOJIBKHUX COTECH KHIIOT paM-
MoB. [Ipu Takux o0beMax mapTHil y>ke MOKHO HCIIOIB30-
BATH CTAIIMOHAPHEIE moyaTkoounctuteny tuma OI-15, mpen-
Ha3HauYeHHbIE JIsI TOBAPHOTO ceMeHoBoCTBA [3]. Ounctu-
TEITN OYaTKOB, TepepabaTsBalonire MHOTOTOHHBIE IOTO-
KU MaTepuaa, B OTIHYHE OT MOJIOTHIBHO-CENapupyOIINX
anmnaparoB 3epHOYOOPOYHBIX KOMOAIHOB, HE MOT'YT OBITh
nepeo0opyIOBaHBI ISl MAPTUI B COTHHU KHJIOrpamMMoB. [To-
3TOMY TEXHHUECKOE 00eCIedeHUE B IOCIETHEM CIIydae pas-
padaThIBAIOT M KOMILICKTYIOT HHIUBHYyanbHO [20]. U3 3a-
pyOEKHOM TEXHUKY A1 TOH OIEpaliy BO3ZMOXKHO HCTIONb-
30BaHMe novaTkooanctutens Tonga (pupma Bourgoin, Opan-
ust) Wik Zhengzhou Shuli Machine (Kurait).

Ha 6a3e BUM pazpaboTanu psija SIIUYHBIX W TIJaT-
(hOpMEHHBIX CYIIUJIOK, OTBEUYAIONIUX TPEOOBAaHUSIM Ce-
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JIEKIIMOHHOT'O MTPOIIECCa, a TAKIKE Pl KOHCTPYKIUit 00-
MOJIa4HUBarOIMX YCTpOfICTB, KOTOPBIC COOTBETCTBYIOT
arpoTeXHUYECKUM TPEOOBAHHIM K 0OMOIIOTY ITOYATKOB.
BrInmyckaroTcst ONBITHBIE 00pa3Ibl CYIIUIKH JOTKOBOU
ceneknuonnoi CJI-0,3%2 (puc. 6), npeaHa3HAYCHHON JJIsI
CyHIKH 00pa3loB CEMSH, MOIYYaeMbIX C KOHTPOJIbHBIX
NHUTOMHUKOB, JCJISTHOK MPEABAPUTEIIBHOI'O PA3MHOXKC-
HUS, & TAKXKE JPyTrux Oonee MelKux aenstHoK. [IpousBo-
nutensHocTh CJI-0,3%2 coctaBasert 0,5 1/4.

Ha BTOpOM yCIIOBHOM 3Tarme CeNeKInU BHEIPEHa KOM-

Puc. 6. Cywunxa nomkosas cenexyuonnas CJI-0,3x2
Fig. 6. Tray breeding dryer SL-0,3x2

0aifHOBasI TEXHOJIOTUS YOOPKH KyKYPY3bI ¢ 0OMOIOTOM
MIOYATKOB, a IocieybopouHas 00padboTKa ypokas He Tpe-
OyeTcsl, MOCKOJIBKY YOpPaHHOE 3€PHO TOCIIe OMpeeTieHUs
YPOXKAHHOCTH UCTIONB3YETCs Ha pypaxkHbIe 1enu [3].

Ha sTamne nepBUYHOr0 CEMEHOBOACTBA BEIOOp TEXHU-
9EeCKHX CPEACTB IS ociey0opouHoi 00paboTKH KyKy-
PY3bI 3aBHCHUT OT 00beMa napTun. Eciu 00bem coctaBis-
€T COTHU KHJIOTPAMMOB, TO BO3MOXKHO MCIIOJIb30BaHUE
MalllKH JJIs1 TOBapHOI'o ceMeHoBoAcTBa. Heckoinbko ae-
CSATKOB KHJIOTPaMMOB 00pa0aThIBalOT TEMU e TEXHUYe-
CKMMHU CPEJCTBAMH, YTO U Ha TIEPBOM 3Tarie cenexuu [3].

BeiBoabl. BeisiBuiin neunutT COBpeMEHHOIM oTeue-
CTBEHHOM CTIeUaIn3UPOBAHHON TEXHUKH JIJI5 CEJNEKIIUH,
COPTOUCHBITAHUS U IEPBUYHOIO CEMEHOBOJCTBA KYKY-
PY3Bbl, COOTBETCTBYOIIEH TpeOyeMbIM MapamMmeTpaM KOM-
IIJIEKCHOT'O TIOAX0/a:

- LTSI CESLIOK: TATOBBIN Kiacc — 0,2 T (MepBbIid ATar ce-
nexnun), 0,6; 1,4; 2,0 (BTOpOii 3TAIl CENESKITNN); MUPHUHA
MexXAypsaabs — 0,7 M; 4MCII0 BRICEBAIOLIUX CEKIUHM — 1 1
2 (mepBblIii 9Tan ceNeKIrn), 4 1 6 (BTOPOH 3Tl CENEeKIUH);
paccrosiHue MeX Ay KpaitHuMu comraukamu — 0,7 (mep-
BbIH 5Tan cenekuu), 2,1 u 3,5 (BTOpoii 3Tam cenekuun);

- 7151 yOOPOUHOH TEXHUKH: ITUPUHA MEKIY PSIIbS —
0,7 m; mupuHa 3axBara — 1,4 u 2,8 M; rabapuTHEIH pa3mep
(mmpuHa) — 1800 nnu 3200 MM; paanyc moBopoTta — 7,5 M.

Onpenenuiy, 9TO CpeIr OTEIECTBEHHEIX pa3paboToK
TEXHUYECKUX CPEACTB JJIsI CENEKIIUHU, COPTOUCTIBITAHU S
U IEPBUYHOI0 CEMEHOBOACTBA KyKYPY3bl, IPEIbsBIIsE-
MBIM TpeOOBaHMUSAM COOTBETCTBYIOT:

- CENIEKIIMOHHBIC CESJIKHU: JIJIS TIEPBOTO 3Tara Celek-
LHU — pa3pabOTKH OTCYTCTBYIOT; ISl BTOPOT'O Tama ce-
JIEKIIMH — BO3MOXKHO UCTIONb30BaHue «KieH-2,8» (Tsaro-
BBIN Ki1acc — 1,4; mupunaa Mexaypsaabs — 0,7 M; aucio
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BBICEBAIOIINX CEKIHH — 4 U 6; pacCTOSHHE MEX Ty Kpaii-
HUMHU cottHuKamu — 2,1) u Wintersteiger — BUM (Rowseed)
(TaroBBI KiTace — 0,6; MIUPHHA MEX Y PAAbs — 0T 0,12 M;
YHUCJIO BBICEBAIOIIUX CEKLIHI — 4-6; pacCTOSHUE MEXAY
KPaifHUMU COITHUKAMU PETyIUPYETCs);

- KOMOAWHBI 1J1s1 yOOPKH KYKYPy3bl Ha CENCKIIMOHHBIX
yuacTkax: Nova 340 (unpuHa Mexaypaaes — 0,7 M; mu-
pvHa 3axBarta — 2,8 M; mupuHa — 2985 MM; paanyc moBo-
pota — 7,5 mM). Ero xoHCTpyK1Ms 60JIBIIIE COOTBETCTBYET
MIPOM3BOACTBEHHOMY Ha3HAYECHUIO, YEM CEJICKIIHOHHOMY.

PLANT BREEDING AND SEED PRODUCTION

Takum 00pa3oM, TEXHUYESCKHH YPOBEHBb YCTPOHCTB
I MeXaHU3aluK padoT B CEJIEKIIUU, COPTOUCTIBITAHUH
U IIEPBUYHOM CEMEHOBO/ICTBE KYKYPY3bl HE OTBEUYaeT Ia-
pameTpaM KOMILIEKCHOT'O MOAX0/1a TpH 0O0OCHOBAHUH U
pas3paboTKe crieruaaIu3upoBaHHON TexHUKHU. HeoOxomu-
Ma pa3paboTKa CISAYIOUIUX OTECISCTBEHHBIX TEXHIYE-
CKHUX CpPECTB: TOCEBHBIX MALIMH AJIs IOCEBa MUTOMHU-
KOB IIEPBOTO 3TAaIa; MapKepOB; MaIOrabapUTHBIX OTPHI-
CKMBATENEH; ABYXPSATHBIX IPOKOCYUKOB-U3MEIBUUTENEH
OTIIOBCKHUX (OPM KYKYPY3HL.
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