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Application of Vegetation Indexes to Assess the Condition of Crops

Rashid K. Kurbanov, Natalya I. Zakharova,
Ph.D.(Eng.), leading researcher, graduate student
e-mail: smedia@vim.ru;

Federal Scientific Agroengineering Center VIM, Moscow, Russian Federation

Abstract. Monitoring of the state of agricultural crops and forecasting the crops development begin with aerial photography using
a unmanned aerial vehicles and a multispectral camera. Vegetation indexes are selected empirically and calculated as a result of
operations with values of different spectral wavelengths. When assessing the state of crops, especially in breeding, it is necessary
to determine the limiting factors for the use of vegetation indexes. (Research purpose) To analyze, evaluate and select vegetation
indexes for conducting operational, high-quality and comprehensive monitoring of the state of crops and the formation of optimal
management decisions. (Materials and Methods) The authors studied the results of scientific research in the field of remote sensing
technology using unmanned aerial vehicles and multispectral cameras, as well as the experience of using vegetation indexes
to assess the condition of crops in the precision farming system. The limiting factors for the vegetation indexes research were
determined: a limited number of monochrome cameras in popular multispectral cameras; key indicators for monitoring crops
required by agronomists. After processing aerial photographs from an unmanned aerial vehicle, a high-precision orthophotomap,
a digital field model, and maps of vegetation indexes were created. (Results and discussion) More than 150 vegetation indexes
were found. Not all of them were created through observation and experimentation. The authors considered broadband vegetation
indexes to assess the status of crops in the fields. They analyzed the vegetation indexes of soybean and winter wheat crops in the
main phases of vegetation. (Conclusions) The authors found that each vegetative index had its own specific scope, limiting factors
and was used both separately and in combination with other indexes. When calculating the vegetation indexes for practical use,
it was recommended to be guided by the technical characteristics of multispectral cameras and took into account the index use
effectiveness at various vegetation stages.

Keywords: digital farming, remote sensing, crop monitoring, unmanned aerial vehicle, vegetation indexes, multispectral cameras,
aerial photography, vegetation map of crops.

B For citation: Kurbanov R.K., Zakharova N.I. Primenenie vegetatsionnykh indeksov dlya otsenki sostoyaniya
sel'skokhozyaystvennykh kul'tur [Application of vegetation indexes to assess the condition of crops]. Sel'skokhozyaystvennye
mashiny i tekhnologii. 2020. Vol. 14. N2. 4-11 (In English). DOI 10.22314/2073-7599-2020-14-4-4-11.

MpumeHeHne BereTauMoOHHbIX UHAEKCOB AJISl OLLeHKU COCTOSIHUSA
CeNbCKOXO3IMCTBEHHbIX KYJbTYpP

Pamnja Kyp6anosuu Kypoanos, Haranbs NUBanoBHa 3axapoBa,
KaHauaaT TEXHUYECKUX HaYyK, aClrpaHT

BENYIIUN HAYYHBIA COTPYIHHUK,

e-mail: smedia@vim.ru;

®DenepalibHBIN HAyYHBIN arpouHkeHepHblil neHTp BUM, MockBsa, Poccuiickas @enepanus

Pedepar. AspodoTochemMKy ¢ TIOMOIIBIO0 OECIIMITOTHBIX JIETATENbHBIX allapaToB U MyJIBTHCIIEKTPAILHOH KaMephl IPHMEHSIOT
1711 MOHUTOPUHTIA COCTOSHUS [IOCEBOB U IIPOTHO3a PAa3BUTHS CEIbCKOXO3SMCTBEHHBIX Ky/IbTyp. B pesynbrare onepauuii co 3Ha-
YEHMAMH Pa3UYHBIX CTIEKTPATBHBIX UTHH BOJIH SMIMPHYECKH TOI0MPAIOT M PAaCCUNTHIBAIOT BETETAMOHHBIE HHICKCHI, COCTaB-
151 KapThl. [Ipy O1eHKEe COCTOSHUS MOCEBOB HEOOXOAMMO ONPEAENSTh IMMUTHPYIOMUE (PAKTOPbI IPHMEHEHHS BETCTALIHOHHBIX
nHAeKcoB. (Lenb ucciedoganus) llpoaHam3npoBaTh, OLEHNTH U BEIOPATh BETeTAIMOHHBIE HHACKCHI UTA HPOBEACHNUS OTepaTHB-
HOT0, Ka4e€CTBEHHOTO ¥ KOMILIEKCHOTO MOHUTOPUHIA COCTOSIHUS CENbCKOXO3AHCTBEHHBIX KYIbTYp U (JOPMUPOBAHHS ONTHMANb-
HBIX YIIPABICHYCCKHX peteHuil. (Mamepuanst u memoowt) VI3yunim pe3ysnsTaTsl HayqHBIX HCCICIOBAHHI B 00IACTH TEXHOMOT I
JMCTAHIMOHHOTO 30H/MPOBAHMS C HCIIONB30BAaHHEM OCCITMIIOTHBIX JIETATENbHBIX AllllapaToB M MYJBTHCIIEKTPAIBHBIX Kamep, a
TAKOKE OIIBIT IPUMEHEHNUS BETCTALIMOHHBIX MHEKCOB [JIs1 OLIEHKH COCTOSIHUS CEIbCKOX03AHCTBEHHBIX KY/IBTYpP B CUCTEME TOUHOTO
semnezenst. Onpeneniii IMMATHPYIONTHE (aKTOPBI IS HCCIEI0BAHNS BETETAlMOHHBIX HHACKCOB: OTPAHHYEHHOE KOJTHYECTBO
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LINOPOBBIE TEXHONOTA

DIGITAL TECHNOLOGIES

MOHOXPOMHBIX KaMep B MONYJISPHBIX MYJIBTHCIICKTPAIBHBIX KaMepax; OCHOBHBIE MMOKA3ATENH [Tl MOHHTOPHHIA CENbCKOX03sTii-
CTBEHHBIX KYJBTYp, HeoOxoaumele arpoHomam. [locne 06paboTku a3poOTOCHUMKOB ¢ OECIHIOTHOTO JIETaTeIbHOTO anmapara
CO31aJH BBICOKOTOYHEIH 0pTOo(oTOIIIaH, HH(POBYIO MOJIENb OIS U KapThl BETCTAIMOHHBIX HHICKCOB. (Pesymbmamul u 0bcyic-
Oenue) ObHapyxwtu 6onee 150 BereTalMoHHBIX HHAEKCOB. He Bce MX HHUX CO3/1aBaIiCh MTyTeM HaOMIOAEHHI M OKCIEPHMEHTOB.
PaCCMOTpeJ'[I/I MIAPOKOIIOJIOCHBIC BETETALMOHHBIC MHJICKCHI IJI OL[CHKA COCTOSIHUS ITOCEBOB HA MOJIAX. HpO&HaJ’[I/I?;I/IpOBa.HI/I BETC-
TALMOHHbBIC HHICKCHI TOCEBOB COM M 03UMOH TIICHHIIBI B OCHOBHBIX (ha3ax BereTaluu. (Bvigoost) BbIsSBUIIH, YTO KaX/IbIi BereTa-
IIMOHHBII HH/EKC NMEET CBOIO CHENH(pUUIECKYIO chepy TPUMEHEHHS, OTPaHIUIMBAIOIIHE (HAKTOPBI M UCTIONB3YETCs Kak OTAEIBHO,
TaK M B KOMIUIEKCE C JPYTUMH HHICKCaMH. PeKOMEHI0BAN IPH pacyeTe BEreTAlMOHHBIX HHICKCOB I IPAKTUYECKOTO IpUMe-
HEHHs PyKOBOJICTBOBATHCS TEXHHYECKHMH XapaKTePHUCTUKAMH MYJIBTHCIIEKTPAJIbHBIX KaMepP W yYUTBIBATh dQ(QEKTHBHOCTD TIPH-
MEHCHHS HHICKCA HA PA3NHYHBIX CTAJIMAX BEreTaLHH.

KuroueBsle ci10Ba: nnpoBoe 3emiesienie, TMCTaHIMOHHOE 30HANPOBaHNE, MOHUTOPHHT IIOCEBOB, OECIIMIIOTHBIH JIeTaTeNbHBIN

anmapar, BEreTalliOHHbIC MHACKCHI, MYJIBTUCIIEKTPAJIbHBIC KaMEPHI, a3p0(l)OTOC’beMKa, BCTCTAIIMOHHAA KapTa IIOCCBOB.

areas of monitoring the state of the field and plants

in order to obtain information necessary for fur-
ther analysis and the formation of effective management
decisions. This technology allows you to measure soil cha-
racteristics, crops and water resources using unmanned
aerial vehicles (UAVs), airplanes and satellites in precision
agriculture [1]. It is based on the interaction of electromagnetic
radiation with soil, vegetation or other biological object
(Fig. 1). The use of remote probing tools is mainly used
to assess the plants state: growth, dynamics of green
phytomass development (normalized difference vegetation
index NDVI, leaf area index LAI), vegetation density,
yield potential, as well as to detect and map biotic (insects,
weeds, etc. disease) and abiotic (lack of water, lack of
mineral and organic substances) stress [2].

High-resolution imaging by remote probing from sa-
tellites and aerial platforms can be limited by the cloud
layer. Land cover makes it difficult to collect soil data.
The spatial resolution also plays a significant role [3]. As
this indicator improves, the area of the smallest pixel de-
creases, and the uniformity of soil or crop characteristics
in this pixel increases. A lower spatial resolution means
larger pixel sizes and increased heterogeneity in soil and
plant characteristics.

The UAV, complete with suspended equipment such
as the MicaSense Altum or Parrot Sequoia, allows high-
ly accurate crops monitoring. It becomes possible, on the
basis of aerial surveys, to assess the density of seedlings,
foci of plant damage and observe the development of pro-
cesses in dynamics. After processing the aerial survey da-
ta, vegetation indexes are calculated and maps of these in-
dexes are generated. The vegetation index is a relative in-
dicator that determines the presence or absence of vege-
tation cover and evaluates its viability. Vegetation index-
es are used not only for monitoring agricultural crops, but
also for studying arid regions, forests, environmental
changes, the impact of biotic and abiotic stresses on agri-
cultural biological objects [4-10].

RESEARCH PURPOSE is to analyze, evaluate and select
vegetation indexes for conducting operational, high-qua-
lity and comprehensive monitoring of the state of crops

Remote probing is one of the rapidly developing
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Fig. 1. Monitoring of soybean crops from UAVs

and the formation of optimal management decisions.

MATERIALS AND METHODS. Using the method of com-
parative analysis, the authors studied the results of scien-
tific research and reviews on the use of vegetation index-
es to obtain information on the agricultural crops state in
the precision farming system. They considered modern
achievements and developments in the field of remote
sensing technologies using UAVs for assessing the agri-
cultural biological objects state using vegetation indexes.
They identified limiting factors for the study of vegeta-
tion indexes:

- a limited number of monochrome cameras of popu-
lar multispectral cameras: red (Red), extreme red (Red-
Edge), infrared (NIR), blue (Blue), green (Green) chan-
nels;

- the main indicators for monitoring agricultural crops
required by agronomists (biomass volume, nitrogen con-
centration, chlorophyll content in plant leaves, leaf area,
etc.).

Aerial photography was carried out in the Ryazan
Region in the breeding fields of soybeans and winter wheat
using a DJI Phantom 4 pro quadcopter and a Parrot Se-
quoia multispectral camera in April-August 2019. Wea-
ther data were recorded daily by the local weather station.
Multispectral data were processed using Pix4DMapper
software.

After processing aerial photographs from the UAV, a
high-precision orthophotomap, a field digital model and
maps of vegetation indexes for selection soybeans and
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winter wheat crops were created.

Results and discussion. Remote probing of agricultu-
ral biological objects is based on spectral channels avail-
able for shooting (Fig. 2):

_ 1 II!Mj-

400 500 60 T00
450495 540-580 620680 707-727 800-880
Blue Gireen Red RedEdge NIR

Wavelength, nm.

Fig.2. Spectral channels

- blue (Blue) — 450-495 nm;

- green (Green) — 540-580 nm;

- red (Red) — 620-680 nm;

- extreme red (RedEdge) — 707-727 nm;

- near infrared (NIR) — 800-880 nm.

Radiation, reflection or scattering of electromagnetic
waves depends on the chemical and morphological prop-
erties of biological objects. Near and middle infrared chan-
nels are used to assess characteristics that go beyond quan-
tifying plant growth and biomass, namely, those related
to the content of water, pigments, sugar and aromatic sub-
stances [11]. Therefore, the indexes developed in the last
decade are applicable for monitoring the water potential
of plants and the levels of abiotic and biotic stresses [9,
10]. The vegetation index is a metric calculated by trans-
forming data from multiple spectral channels in each pix-
el of the resulting images. When using high-resolution
spectral devices, the number of channels received by re-
mote sensing increases, and the transmission channel be-
comes narrower. The most popular multispectral came-
ras for monitoring agricultural crops using UAVs include
Parrot Sequoia, RedEdge-M X, MicaSense Altum, Sen-
tera Quad Sensor, Sentera Double 4K, Sentera 6X Multi-
spectral Sensor (Fig. 3).

The combination of serial commercial drones, multi-
spectral cameras and modern software for processing re-
ceived aerial photographs allows the development of po-
werful platforms for solving many important problems in
agriculture, such as monitoring agricultural biological ob-
jects and the environment [12-14].

More than 150 vegetation indexes are mentioned in the
scientific literature, calculated from data in wide and nar-
row spectral channels. The broadband spectral index equa-
tions use the Red or NIR channels. Multispectral cameras
consist of monochrome cameras with different centers of
spectral channels and their width, therefore, when calcu-
lating vegetation indexes, it is necessary to be guided by
the documentation about the camera used. For example,
Parrot Sequoia shoots in NIR in the 750-830 nm range with
a channel center at 790 nm, while the MicaSense Altum
has a 800-880 nm range for this channel with a center at
840 nm. Only a small part of the vegetation indexes is ver-
ified experimentally or has a significant biophysical basis.

Most vegetation indexes are calculated based on the
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Fig. 3. Popular models of multispectral cameras:

a — Parrot Sequoia; b — RedEdge-MX; ¢ — MicaSense Altum;
d— Sentera Quad Sensor, e — Sentera Double 4K; f— Sentera 6X
Multispectral Sensor

two most stable (independent of other factors) spectral
ranges — Red and NIR. The first is the maximum absorp-
tion of solar radiation by chlorophyll, and the second is
the maximum reflection of plant energy. High photosyn-
thetic activity, usually associated with a large phytomass
of vegetation, leads to reduced reflectivity in the red chan-
nel and high values in the near infrared channel.

According to the spectral signature, green vegetation
has very low reflectivity in the Red and Blue channels and
high reflections in the Green, so the vegetation appears
green. However, the reflectance is relatively higher in
NIR. At the same time, the Blue channel is more sensitive
to the presence of suspended microparticles in the air, due
to its shorter wavelength compared to Red. The ratio of
these indicators makes it possible to classify vegetation
and other objects [15].

One of the first vegetation indexes published in the sci-
entific literature was the Ratio Vegetation Index (RVI)
proposed by K.F. Jordan in 1969 [16]. It is also called Sim-
ple Ratio Index - SR and is used for quick assessment of
biological objects. The RVI Index (SR) has become one
of the most readily available vegetation indexes. It rep-
resents the ratio between the reflectivity of vegetation in
the NIR and Red channels:

NIR

RVI(SR) = .
where NIR — near infrared reflection;

Red — red reflection.

As aresult of simulations carried out by Japanese sci-
entists, it is revealed that RVI (SR) is sensitive to solar ra-
diation [17]. Its value is close to 1 if the object under study
has the same reflection in both the Red and NIR channels,
for example, soil. At the same time, the index value for
green vegetation will be above 1.

This index is useful when you need to estimate quick-
ly the relative vegetation biomass, distinguish green veg-
etation from other features on the map, or identify areas
of low/high density of vegetation cover.

When monitoring agricultural biological objects, the
Normalized Difference Vegetation Index (NDVI) is of-
ten used [18]. It is calculated from multispectral survey

1)
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data as the normalized ratio between Red and NIR chan-
nels:
NIR — Red

NDVI= NIR + Red @

This index is suitable for monitoring the yield through-
out the growing season. The direct use of the index is to
detect and assess the intensity of the plants vegetation.
NDVI takes values from —1 to 1. Green vegetation has
positive NDVI values: the more green phytomass, the
higher the index.

Using the NDV1 vegetation maps, in the selection fields
at the first stages of the soybean vegetation, areas with
uneven seedlings, vegetation with a small amount of phy-
tomass, areas with a large number of weeds (problem are-
as) are identified (Fig. 4).

Makn growih tages of soybeass

Cc

Fig. 4. NDVI vegetation map of soybean, aerial photography from
the DJI Phantom 4 pro and multispectral camera Parrot Sequoia:
a — aerial photography at emergence phase from May 29, 2019,

b — aerial photography at budding and flowering phases of July
2, 2019; ¢ — chart of average NDVI values for the main growth
stages of soybeans

Aerial photography is made using a DJI Phantom 4 pro
and a Parrot Sequoia multispectral camera. On sites 1-5,
weeds are visible, the NDVI of which is 0.39-1. In the ger-
mination phase, the soybean crop index does not exceed
0.4, and during the budding and flowering period — more
than 0.8. At these growing season stages, according to
NDVI maps, problem areas 1-3 with a small amount of
phytomass in the range of 0.57 and below are found (Fig. 4b).
At the growing season final stages, the maps analysis
makes it possible to determine the readiness of the crop
for harvesting, as well as the presence of weeds. The curves
of average NDVI values for the main phases of the grow-
ing season of soybeans in comparison with weeds differ
(Fig. 4c). The graph shows that the NDVI index allows
you to separate weeds from soybeans in the initial and fi-
nal phases of the growing season. The authors do not rec-
ommend using the NDVI index when examining sparse
and dense vegetation. The NDVI is sensitive to soil and
aerosol atmospheric pollution, so additional indexes will
be required for more accurate vegetation analysis.

NDVI vegetation maps, based on aerial photographs
from UAVs, were used in a study by scientists from Chi-
nato estimate biomass, predict yields and select breeding
wheat varieties. The authors studied 32 wheat varieties
grown under conditions of limited and complete irriga-
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tion [19]. Scientists also used the index to assess crops un-
der the influence of abiotic stresses, for example, for phe-
notyping corn crops with a lack of nitrogen [10].

The level of air pollution, evaporation from the vege-
tation and soil cover surface changes during the day, es-
pecially in areas with sharp elevation changes, for exam-
ple, in vineyards. Microparticles in the air, just like agri-
cultural biological objects, are capable of emitting, re-
flecting or scattering electromagnetic waves. They cause
errors in the calculation of vegetation indexes, including
the NDVI index. To reduce such errors, it is advisable to
use indexes that are resistant to aerosol pollution of the
atmosphere and reflections of the soil cover, calculated
mainly when using the blue channel. For example, the Mi-
caSense Altum multispectral camera has the Blue chan-
nel in the range of 455-495 nm. Fog, dust, smog, air pol-
lution distort aerial photography data. The main reason
the Blue channel is more susceptible to sources of aero-
sol pollution than Red, is because of its short wavelength.
Generally, the shorter the wavelength, the stronger the
scattering. The indexes resistant to aerosol pollution of
the atmosphere include:

- Atmospherically Resistant Vegetation Index — ARV,
used to estimate phytomass at average values of vegeta-
tion cover density, calculation by RGB data is possible;

- Enhanced Vegetation Index — EVI, used to assess
phytomass at high density of vegetation cover, has a high
correlation with Leaf Area Index — LAI;

- Structure Insensitive Pigment Index — SIPI, suitable
for identifying plant diseases at early stages, as well as for
detecting hydrocarbon deposits [11, 20].

In the germination phase, the vegetation cover is sparse,
there are open soil areas. In the final stages of the grow-
ing season, when assessing crops before harvesting, the
vegetation also becomes thinner. In such a situation, due
to the high degree of crops sparseness and the strong in-
fluence of the soil, NDVI is ineffective in the analysis of
plant phytomass. To eliminate some of the limitations of
the NDVI, the Modified Soil Adjusted Vegetation Index
(MSAVI) and its later version, MSAVI12, are used.

The problem with the original Soil Adjusted Vegeta-
tion Index (SAVI) is that it requires trial and error to de-
termine the soil brightness correction factor (L) based on
the amount of vegetation in the study area. When calcu-
lating SAVI, the default value £ = 0.5 was usually used,
which distorted the obtained data. In 1994, scientists de-
veloped a modified index to facilitate a simple and reli-
able calculation [21]:

2:NIR+1—(2-NIR+1)2—8:(NIR—Red)
5 .

The MSAVI2 index takes into account the reflections
of open soil areas and is used to study biological objects
with a sparse vegetation cover, for example, in the early
or final stages of crop vegetation.

In the middle of the growing season, healthy plants de-

MSAVI2 = 3)
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velop and gain biomass, the density of the vegetation cov-
er often exceeds 80%. With such a density, the most po-
pular NDVTI index turns out to be uninformative. The in-
dexes assessing the plant cover photosynthetic activity are
more sensitive to changes in the plant chlorophyll and give
a detailed picture of the crops state. Chlorophyll content
reflects the physiological state of vegetation. It decreases
in stressful situations. Therefore, the estimate of the chlo-
rophyll amount can be used as a plant health indicator.

In the scientific literature, there are many vegetation
indexes for assessing the photosynthetic activity of veg-
etation. In remote sensing, the following broadband veg-
etation indexes are used to assess the chlorophyll content
in the leaves of different plant species [22-25]:

- Normalized Difference Red Edge Index — NDRE;

- Green chlorophyll index — ClGreen (GCI);

- Green leaf index — GLI;

- Canopy Chlorophyll Content Index — CCCI;

- Green Normalized Difference Vegetation Index —
GNDVI;

- Chlorophyll vegetation index — CVI;

- Leaf Area Index — LAIL

The narrow-band Modified Chlorophyll Absorption
in Reflectance Index — MCARI [11] is referred to adapt-
ed for broadband indexes. In the adapted formula, the nar-
row-spectrum p670 channel is replaced with a broadband
RedEdge. The index reacts to minimal changes in chlo-
rophyll and is used to estimate leaf area, as it has a high
correlation with LAI.

The Normalized Difference Red Edge Index (NDRE)
is suitable for assessing the photosynthetic activity of the
vegetation cover and the leaves saturation with nitrogen.
It can be calculated only if there is a RedEdge channel
[22]:

NIR —RedEdge
NDRE =

NIR+ RedEdge’
where RedEdge — extreme red reflection.
Compared to the red channel, it penetrates the leaf bet-
ter and is less absorbed by chlorophyll in the first layers
of the leaf. The RedEdge canal is very sensitive to medi-
um and high chlorophyll levels and is considered a good
indicator of the selection crop health during the growing
season when there is a relatively high concentration of
chlorophyll in the leaves. In addition, the NDRE evalu-
ates the nitrogen concentration in plant leaves, which con-
tributes to the recommendations for nitrogen fertilization.
The index varies from —1 to 1. Green vegetation corre-
sponds to NDRE values above zero: the higher the nitro-
gen concentration in plant leaves, the higher the index.
When assessing the soybean crops state at the main
stages of the growing season, NDRE made it possible to
identify areas with depressed vegetation, with a minimum
nitrogen content in the leaves (Fig. 5). An analysis of the
NDRE vegetation map dated June 20, 2019 in the budding
phase and at the beginning of the flowering phase revealed
abnormally low, close to zero indicators of nitrogen con-

Q)
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tent in soybean leaves: variants /b, 2b, and 3b. Normally,
crops take such values a few days before harvesting. When
analyzing the NDRE vegetation map, orthophotomap sites
la, 2a and 3a, the results of soil samples and data from
weather conditions, it was noted that the crops were in a
depressed state. They could not consume macro- and mi-
cronutrients due to high temperatures and lack of rain for
more than 30 days. The falling precipitation improved the
physiological characteristics of soybean crops (Fig. 3,
NDRE map from 02.07.2019). The NDRE index values
(Ic, 2¢, 3¢) approached the norm — 0.3-0.4 for the consid-
ered phases of the soybean growing season.
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Fig. 5. NDRE vegetation maps of soybean, aerial photography
from the DJI Phantom 4 pro and multispectral camera Parrot
Sequoia

la, 2a, 3a — areas of ortophotoplan from June 20, 2019 at the
places where soil samples were taken

1b, 2b, 3b — areas of NDRE vegetation map from June 20, 2019 at
the places where soil samples were taken

lc, 2¢, 3¢ — areas of NDRE vegetation map from July 2, 2019 at the
places where soil samples were taken

4 — concentration of Nitrogen in soil samples from June 20, 2019
5 — concentration of Nitrogen in soil samples from July 2, 2019

There was practically no precipitation from 01.06 to
23.06 in 2019 (Fig. 6). Ground observations of breeders
showed the absence of a depressed or stressful state of
soybean crops in the phases of branching, budding, and
the beginning of flowering. However, according to aeri-
al photography, the average NDRE values for the field
during this period decreased from 0.18 to 0. The precipi-
tation —46.7 mm in the period from 24.06 to 15.07 — con-
tributed to an increase in the average NDRE value over
the field to 0.28. During a drought, nitrogen in the soil
was in an inactive form and was not assimilated by plants.
Its nitrogen lack disrupted plant growth and also causes
yellowing due to insufficient chlorophyll formation. The
visual assessment of the plants state did not accurately re-
flect the current situation. Analysis of the NDRE vegeta-
tion map promptly revealed the stress state of soybean
crops before the appearance of visual deviations.

The authors recommend using the index on both sparse
and dense crops, where the density of the vegetation cov-
er is more than 80%.
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Fig. 6. Dependences of average NDRE data on amount of
precipitation

Scientists at an experimental farm at Niigata University
in Japan compared the NDRE and NDVI vegetation in-
dexes. As a result, it was found that NDVI was more ef-
fective for analyzing large crops areas, determining the
density of vegetation cover, assessing the health of crops
and seeding rates. While NDRE allowed visualizing the
chlorophyll content in leaves, identifying problem areas
where additional nitrogen fertilization was required, or
areas oversaturated with nitrogen [26].

Revealing seasonal changes in the photosynthetic po-
tential of agricultural crops is assessed using the relative
chlorophyll index (Green chlorophyll index — ClGreen, or
GCI) [23]. The total chlorophyll content is linearly cor-
related with the difference between the mutual reflections
of the green and near infrared channels:

ClGreen (GCI) = NIR__ 1 ®)

Green
where Green — green reflection.

The ClGreen Index (GCI) is used to assess the chloro-
phyll content a and b in leaves, the state of plant nutrients,
aging processes and the presence of biotic stresses. Cl-
Green (GCI) ranges from — 1 and up. If green vegetation
with a high content of chlorophyll is in the leaves, then
the index value is greater than 4. For example, in soybean
crops, such indicators are achieved at the phases of flow-
ering and fruit formation [27].

Using the maps of vegetation indexes NDVI and ClI-
Green (GCI), the authors estimated the overwintering of
winter wheat crops (7able). Photogrammetric processing
of spectral data was carried out in the Pix4dMapper soft-
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ware. The ranges of values for the NDVI and ClGreen
(GCI) were given based on the classification of their veg-
etation maps. Analysis of the NDVI map showed that ar-
eas with healthy seedlings made up 0.18 ha of the total
field area. Analysis of the ClGreen (GCI) map revealed
areas with healthy seedlings over a larger area — 0.31 ha.
Ground verification of breeders confirmed the ClGreen
(GCI) values. For a reliable assessment of winter wheat
overwintering, it was not enough to rely only on the NDVI,
since it was not informative on sparse seedlings. ClGreen
(GCI) was more sensitive than NDVI to changes in veg-
etation status, especially at low phytomass values. It eval-
uates the chlorophyll content in plants more differentially.

The soybean crops analysis in the main phases of the
growing season was carried out using a number of index-
es. ClGreen (GCI) was informative throughout the grow-
ing season and contributed to the assessment of the crops
photosynthetic potential, the identification of early ma-
turing varieties and the creation of recommendations for
harvesting (Fig. 7). The graph shows how sensitive the
ClGreen (GCI) curve is to the slightest changes in plant
health, unlike other indexes.

4.5
4.0
33
3.0

Index value

2.0
15
Lo
0.5
0.0

|

Emergence
Branching
Budding
Flowering
Seed filling
Maturity
Full maturity

Pod development

OcHOBHBIE q)il 3bl BEreTauuy 1mocesos con
Main growth stages of soybeans

——NDVI ——NDRE ClGreen (GCT)

Fig. 7. Average value of NDVI, NDRE u ClGreen (GCI) on the field

The index helps to identify seasonal changes, environ-
mental stresses, the impact of pesticides used on plant
health. It is recommended for the analysis of crops during
the entire growing season both with sparse vegetation and
vegetation with a large amount of phytomass.

Table
VALUES OF THE VEGETATION INDICES CLGREEN (GCI) AND NDVI FOR WINTER WHEAT CROPS*
ClGreen (GCI) NDVI

value square, ha description value square, ha description
1.61...2.03 0.04 healthy seedlings 0.55...1.0 0.05 healthy seedlings
1.20...1.61 0.09 healthy seedlings 0.41...0.55 0.13 healthy seedlings
0.78...1.20 0.18 healthy seedlings 0.27...0.41 0.19 inhibited seedlings
0.36...0.78 0.44 inhibited seedlings 0.13...0.27 0.46 inhibited seedlings

-1.00...0.36 0.08 soil -1.00...0.13 0.00 soil
* Aerial photography using DJI Phantom 4 pro and the Parrot Sequoia multispectral camera on April 4, 2019
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During the photosynthetic plants activity studies, the
following indexes will also be informative:

- GLI helps to assess the plants condition when exam-
ining crops using RGB data;

- CCCl is effective for the chlorophyll study and the
assessment of nitrogen saturation, at different crop den-
sities;

- CVI —to assess the level of chlorophyll at the initial
stages of plant vegetation;

- GNDVI - for assessing aging and withering vegeta-
tion, in the absence of RedEdge channel data;

- LAI—for arelative assessment of the crops leaf area.

With a comprehensive crops assessment during the
growing season, it is most effective to use several vege-
tation indexes, depending on the growing season, research
goals and camera capabilities. So, when examining crops
using RGB data, the GLI index is informative for an over-
all assessment of the crops state. In the variant with a mul-
tispectral camera, monochrome images are examined, and
the number of indexes available for calculation increases.
If a quick assessment of the vegetation cover density is re-
quired, the RVI (SR) should be used. During the entire
growing season, it is more rational to use indexes that are
resistant to aerosol atmospheric pollution and the effects
of the soil cover: EVI, NDRE, ClGreen (GCI), MCARI
and LAIL At the initial stages of the growing season, with
sparse vegetation and a large influence of soil reflections —

DIGITAL TECHNOLOGIES

MSAVI, CVI. With a vegetation density of 20-80%, NDVI
and ARVI are optimal. In the middle of the development
cycle, with a high level of photosynthetic activity and the
need for early diseases diagnosis, the CCCI and SIPI in-
dexes are the most differentiated and sensitive to crops
changes. When plants are ripe, ready for harvesting and
wilting, it is advisable to use the MSAVI and GNDVI in-
dexes.

ConcLusions. The vegetation indexes specifics indi-
cate that the need to use one or more of them depends on
the tasks of studying agricultural crops and the multispec-
tral cameras capabilities.

On the basis of multispectral data obtained as a result
of aerial photography, various vegetation indexes are cal-
culated, which help to assess agricultural crops state, to
identify the presence of biotic and abiotic stresses. De-
pending on the used vegetation index, broadband and nar-
rowband spectral channels are used.

It was found that each vegetation index had its own
specific scope, limiting factors and was used both sepa-
rately and in combination with other vegetation indexes.
When calculating vegetation indexes for practical use, one
should be guided by the technical characteristics of mul-
tispectral cameras and took into account the effectiveness
of using the index at different stages of the growing sea-
son.
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Abstract. For sowing small seeds of vegetables, in particular onions, special seeders are used. They are not produced in the
Republic of Uzbekistan, while many different pneumatic seeders are produced abroad. The authors note that foreign samples
are complex in design, not adapted to local soil and climatic conditions, cannot provide even seed placement on ridges, and the
cost of the seeders themselves and service are very high. (Research purpose) To develop a vegetable seeder in relation to the soil
and climatic conditions of Uzbekistan, to determine the seeding rate of onion seeds depending on the length of the active part
of the seed reel, to evaluate the formation quality of sowing ridges and irrigation furrows. (Materials and methods) The authors
determined the sowing rate by turning the seeder drive wheel at a given length of the active part of the sowing reel and collecting
the sown seeds in cups with further weighing. The quality of sowing ridges and irrigation furrows formation was evaluated by the
method of profiling the field before and after the seeder’s pass. (Results and discussion) The authors developed a vegetable seeder
that performed three operations in one pass: cutting irrigation furrows, forming sowing ridges of a trapezoidal shape and sowing
onion seeds and other small-seeded vegetable crops in a three-row tape method in each tape. They found that the dependence of the
seeding rate on the length of the active part of the reel had a slightly fragile parabolic shape, and the required seeding rates — 24-48
pieces per linear meter (3.9-7.8 kilograms per hectare) — were provided with the length of the sowing reel 3.3- 6.2 millimeters.
It was proved that the seeder provided a high-quality formation of sowing ridges and irrigation furrows: the row spacing was
68.8 centimeters (installation spacing — 70 centimeters), the top ridge width was 42.5 centimeters (the predetermined one was 40
centimeters), the depth of irrigation furrows was on average 9.6 centimeters. (Conclusions) A vegetable seeder was developed
for sowing small-seeded vegetable crops with the simultaneous formation of sowing ridges and cutting irrigation furrows, which
ensured high-quality performance of all operations and observance of onion seeds.

Keywords: vegetable seeder, sowing machine, onion seeds, sowing ridges formation, irrigation furrows, tape method of sowing,
sowing rate, active part of the sowing reel.
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TEXHWUKA A1 OBOLLIEBOACTBA

MACHINERY FOR VEGETABLE GROWING

Pedepart. /115 BeIceBa MENKUX CEMSTH OBOIIECH, B YaCTHOCTH JIYKa, HCTIONB3YIOT CIIENHabHbIe cesikh. B PecryOnmnke Y30ekucran
UX HE IPOM3BOAT, B TO BPEMS Kak 3a pyOekOoM BBITYCKAIOT MHOXECTBO PA3IMUHBIX THEBMATHUECKUX cesnok. OTMETHIIH, UTO 3a-
PyOeKHBIE 00pa3IIbl CIOXKHBI IO KOHCTPYKIIHH, HE MPHCIIOCOOICHB K MECTHBIM MOYBEHHO-KINMATHIECKAM YCIOBUSIM, HE MOTYT
00eceunTh PABHOMEPHYIO 33/IENIKy CEMsH Ha IPeOHsIX, & CTOMMOCTb CAMUX CESUIOK U CEPBUCHOTO 00CTYXKMBaHUs OUEHb BBICO-
Ka. ([[ens uccreoosarnuii) Pa3pabotath OBONIHYIO CESIIKY TPUMEHUTENBHO K MOYBEHHO-KIIMMATHYECKUM YCIOBUAM Y30eKHCTaHa,
ONpeIeNuTh HOPMBI BBICEBA CEMSH JIyKa B 3aBUCHMOCTH OT JUIMHBI aKTHBHOM 4acTH BBICEBAIONIEH KaTYIIKH, OLIEHUTh Ka4yeCcTBO
(opMUpOBaHHUS TIOCEBHBIX rPeOHEN U MONUBHBIX 00po3.. (Mamepuanvt u memoost) Hopmy BbiceBa ONpeessuig myTeM pOKpy-
YHBAHIS OTIOPHO-TIPUBOIHOTO KOJIECA CESLITKH MPH 33JaHHOH ITHHE aKTHBHOH 9aCTH BBICEBAIOISH KaTyIIKH  cOOpa BEICEBAEMBIX
CeMsH B CTAaKaHUMKH C JajibHeimumM B3BelnrBanueM. KadecTBo (hopMUpOBaHUs TOCEBHBIX 'peOHEl U MOMMBHEIX 60PO3] OLEHH-
BAJIM METOIOM MPODMITMPOBAHUS OIS JI0 U TIOCIIE POXOJa CesUTKH. (Pezybmansl u obcyscoenue) Pa3pabotain oBOIIHYO cesil-
KY, BBIITOJHSIONIYIO 32 OJHH TIPOXOJ TPU OTEepaIii: Hape3Ky MOJMBHBIX O0PO3z, (POPMUPOBAHHE MOCEBHBIX IPeOHel Tparemen-
JaTBHOM (POPMBI M CEB CEMSH JIyKa H IPYTUX MEIKOCEMEHHBIX OBOIIHBIX KYJIBTYp JICHTOYHBIM CIIOCOOOM TpeMs PSAaMU B KaKI0H
JeHTe. BBISBUIHM, 4TO 3aBHCHMOCTH HOPMBI BHICEBA OT JUTHHBI aKTHBHOM YACTH KAaTYIIKH HMEET CIa00BBIPaXKCHHYIO Mapadomu-
4ecKyto (hopmy, a TpeOyeMble HOPMBI BbIceBa — 24-48 mTyk Ha moroHHsIi Metp (3,9-7,8 kunorpaMma Ha rekrap) — rapaHTHpO-
BaHBI NPH JUTMHE BBICEBArOIIEH KaTymiku 3,3-6,2 Muimmerpa. Jlokasanu, 4to cestika 00ecreurBaeT KaueCTBeHHOE 00pa3oBaHue
TIOCEBHBIX 'PeOHEN 1 MOTMUBHBIX OOPO3/L: IMPHHA MEXTYpsuil cocTaBma 68,8 cantumerpa (ycTaHoBoYHas — 70 CAHTUMETPOB),
mmpHHa rpeOHel o Bepxy paBHa 42,5 canTiMeTpa (3aganHas — 40 caHTUMETPOB), ITyOMHA TTOMMBHBIX OOPO3]T COCTABUIA B CPE/I-
HeM 9,6 canTiMeTpa. (Buigods) Pa3paboTanu 0BONIHYIO CESUIKY JIIS CEBA METKOCEMEHHBIX OBOIIHBIX KYIBTYP C OHOBPEMEHHBIM
(opMHEpOBaHHEM MOCEBHBIX I'PeOHEH 1 HAPE3KO MONMUBHBIX 60P0O31, 00ECTIEUNBAIOIIYIO KaUeCTBECHHOE BHITIOMHEHHIE BCEX Onepa-
Ui ¥ cOOMIOICHNE HOPM BBICEBA CEMSH JIyKa.

KaroueBble ci10Ba: 0BOIIHAs CEsUIKA, BLICEBAIONIMIA anmapart, cCeMeHa Jyka, ()opMUpOBaHHE TIOCEBHBIX TpeOHEl, noauBHbIE 00-

PO3IIBL, IEHTOUHBIN CII0CO0 CeBa, HOPMa BBICEBA, AKTHBHAS YACTh BHICEBAIONICH KATYIIKH.

one of the important tasks facing the agrarians of the

Republic of Uzbekistan. Onions play a significant role
in the vegetables production [1-4]. For sowing its small
seeds, special seeders are used. However, there is no local
production of such machines, while many different
pneumatic seeders are produced abroad. They provide
accurate seeds sowing at a given depth in a row method
[5-12]. But foreign samples are complex in design, and are
not adapted to Uzbekistan soil and climatic conditions,
and cannot provide even seed placement on the ridges.
The cost of the seeders themselves and their service are
very high. Therefore, farms and peasant households are
forced to adapt other available technical means. In addition,
the operations for preparing the soil and sowing seeds are
carried out separately, which each time is accompanied
by the units arrival on the field, unnecessary fuel and
lubricants consumption, time and labor costs. All these
increase the production cost [6, 13].

RESEARCH PURPOSE is to develop a vegetable seeder in
relation to the soil and climatic conditions of Uzbekistan,
to determine the seeding rate of onion seeds depending on
the length of the active part of the seed reel, to evaluate the
formation quality of sowing ridges and irrigation furrows.

MATERIALS AND METHODS. Research Institute of Agricul-
tural Mechanization developed a new seeder for sowing
onions seeds and other small-seeded vegetable crops
(Fig. I). It performs a cutting irrigation furrows with the
formation of trapezoidal sowing ridges and sowing seeds
of onions or other small-seeded crops in a belt manner in
three rows in each belt in one pass [14].

As the drill moves across the field, furrow cutters cut
irrigation furrows and form ridges. The levelers cut the

Increasing the level of vegetable crops cultivation is

CENbCKOXO3SICTBEHHbIE MALIMHB! M TEXHONOTYN « Tom 14+ N4 » 2020

ridges top into a trapezoidal shape. The coulter runner
seals the ridge top with a parallelogram spring. The plow-
share opens the seed furrows to the required depth. The
onion seeds are dosed by grooved seeding wheels and en-
ter the seed tubes, and then move into the seed furrows.
The closing working body in the form of a chain train co-
vers the seeds with a thin soil layer. The markers are used
to mark subsequent runs of the seed drill.

In two stages — in laboratory and in the field — a sow-
ing unit, consisting of a T-25A tractor and a developed
seeder, was tested (Fig. 2).

The authors studied the dependence of the onion seeds
seeding rate on the length of the seeding wheel active part,
which is changed by the movement of the latter relative to
the apparatus body in laboratory conditions. The seeder
was placed on stands so that the support-drive wheels ro-
tated freely to simulate movement in the field. The sow-
ing machines seed tubes were removed, and numbered
cups were placed under the receiving funnels to collect
the sown seeds. The seed drill was loaded with onion
seeds. Then, setting a certain position of the seeding wheel
along the length, sowing was carried out for 10 revolu-
tions of the support-drive wheel, which was equivalent to
the traveled distance of 12.56 m (wheel diameter 0.4 m).
The sown amount of seeds was weighed with an accura-
cy of 0.01 gram. Seeding was repeated 10 times for each
position of the coil along the length. The length of the
seeding wheel active part was 0; 5; 10; 15 and 20 mm.

The data were processed using the mathematical sta-
tistics methods [15, 16].

The seeding rate is determined by the formula:

0= 10gn

BC ° O
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Fig. 1. Design of the vegetable seeder: a — side view,; b — top view
1 —frame; 2 — drive; 3 — three-point hitch; 4 — marker; 5 — hopper,
6 — sowing machine; 7 — parallelogram mechanism;, 8 — seed
holder; 9 — coverer; 10 — ploughshare; 11 — ploughshare runner;
12 — equalizer; 13 — furrow cutter ridge-divider, 14 — supporting
drive wheel

where Q is the seeder seeding rate, kilogram/ hectare;

10 — conversion factor;

q —sowing seeds from 1 device for 1 revolution of the
support-drive wheel, g;

n—the number of seeding devices on the seeder, units;

B — seeder seeding width, m;

C — the path length traversed in 1 revolution of the
seeder support-drive wheel, m.

Field trials were conducted to assess the quality of the
formation of the seedbed and irrigation furrows. The field

Fig. 2. Sowing unit for sowing small-seeded vegetable crops:

1 — tractor; 2 — seeder frame; 3 — furrow cutter-bed maker with
leveler; 4 — runner with coulters; 5 — closing working body; 6 —
seed line; 7 — hopper

was prepared for sowing vegetable crops by harrowing
with a heavy disc harrow BDT-3.0 to a depth of 18 centi-
meters. Then the surface soil layer was leveled and com-
pacted using a small-leveler MV-6.5. The planter's fur-
row cutters were set at a row spacing of 70 cm with a depth
ofirrigation furrows of 10 cm, the calculated ridges width
at the top was 40 cm.

After carrying out all the regulating work of the sow-
ing unit and test drives, on the field section allocated for
the registration drive, the transverse profile was exam-
ined using a special rod and ruler. Repetition of profile re-
moval was 5 times. Then, the sowing unit made a regis-
try drive over this area with the simultaneous formation
of sowing ridges and irrigation furrows when sowing oni-
on seeds using a belt method in three rows in each belt.
After the unit pass, at the same places where the trans-
verse profile of the field was determined before the unit
pass, the transverse profiles of the obtained seed ridges
and irrigation furrows were studied (Fig. 3).

REsuLTs AND DIscussION. At the first testing stage it
was found that the seeding rate was directly proportion-
al to the length of the seeding wheel active part: the lon-
ger the length of the wheel, the higher the seeding rate (fa-
ble). So, the average seeding rate for three seeding devic-
es of one row (ridge) with an active part length of 5 mm

DEPENDENCE OF THE SEEDING ONION SEEDS RATE ON THE LENGTH OF THE REEL ACTIVE PART
Length of the reel active | Average seeding rate for | Variation coefficient of the seeding q
part, mm three machines, g rate between machines,% Seeder seeding rate, kg/ha
5 1.89 4.0 6.45
10 3.91 2.8 13.34
15 8.27 3.7 28.22
20 11.63 2.7 39.68
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Fig. 3. Removing the profile after forming the ridges

for 10 revolutions of the support-drive wheel was 1.89
grams of seeds with a variation coefficient of 4%.

The working width is B = 2.8 m, the number of seed-
ing devices on the seeder n = 12 units, the length of the
path covered in 1 revolution of the support-drive wheel,
C = 1.256 m. Consequently, the onion seeds seeding rate
per hectare by a seeding device with parts of 5 mm will
be 6.45 kg/ha. With the length of the seeding wheel active
part of 20 millimeters, the onion seeds sowing was 11.63 g
per running meter, or 39.68 kg/ha, and the coefficient of
variation was 2.7%.

The dependence of the seed drill reel device seeding
rate on the length of the seeding wheel active part had a
weakly expressed parabolic shape (Fig. 4). An empirical
formula describing the above dependence was obtained
by the least squares method [15, 16]:

0=0.0515 7+ 0.9935 /- 0.1151, )

where / — the length of the active part of the reel, mm.
According to the initial requirements, the seeding rate of
small vegetable seeds with one device should be in the
range of 24-48 pieces/running meter. In our case, when
the seeder had a working width of 2.8 m and sowed 12
rows in 1 pass, this corresponded to the rate of 3.9-7.8 kg/ha
(the mass of 1000 pieces of onion seeds was on average
3.8 g). For sowing onion seeds at the specified rates, the

0, xr/Ta

a s 10 15 20
[, My

Fig. 4. Change in the seeding rate of onion seeds depending on the
length of the active part of the seed reel

seeding wheel must have an active length within the range
of 3.3-6.2 mm (Fig. 4).

According to the second stage of testing results, the
formation quality of sowing ridges and irrigation furrows
was assessed. In field experiments, the actual row spac-
ing was 68.8+4.8 cm instead of the specified 70 cm (co-
efficient of variation V'=7.0%). The ridges width at the
top was on average 42.5+2.9 cm (V' = 6.8%). The irriga-
tion furrows depth was on average 9.6 = 0.4 cm (V'=4.3%).
Observation of the seeder working process in the field
showed that the furrow cutters with the leveler ensured
the formation of trapezoidal seeding ridges and the cut-
ting of irrigation furrows of the required quality.

The coulter runners additionally compacted the soil
and flattened the ridges top by sowing onion seeds in three
rows.

Concrusions. The developed vegetable seeder for
sowing small-seeded vegetable crops with simultaneous
formation of sowing ridges and irrigation furrows cutting
is efficient, provides the specified seeding rates for onion
seeds, high-quality cutting of seed ridges and irrigation
furrows. Further research should be carried out in the di-
rection of studying the seeder agrotechnical parameters
with determining the sowing depth, its uniformity, as well
as the distribution of seeds along the rows length.
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OCHOBbI 1 NepCNeKTUBbI Pa3BUTUS TEXHOJIOTUN NOCIey60poYHOMN
06paboTKM 3epHa U NOAroTOBKU CEMSH

Bacuauii MuxaiijioBuy I[pm-mal, IOaus CepreeBna Ieny?,
JIOKTOP TEXHUYECKUX HayK, mpodeccop, KaHJU/JIAT MeJJarOTMIeCKUX HAYK
e-mail: vdrincha@list.ru;

' ApKTHUeCKHii rOCyJapCTBEHHBIH arpOTEXHOJIOTHYECK il yHUBEpCHTET, T. SIKyTck, Pecy6muka Caxa (SkyTus),
Poccuiickas ®enepanus;
*MdenepanbHBIA HayuHEIH arponHKkeHepHbIi 1ienTp BUM, Mocksa, Poccniickas deneparus

Pedepar. Ompenenumy ocHOBHBIE (aKTOPEI, CYIIECTBEHHO TOBHABIINE HA TEXHOJOTHIECKOE 00ECTICUeHIE TPOIECCOB TTOCTe-
y00opouHO# 00paboTKU B TeUEeHHE HECKOMbKUX JecaTuneTuil. [Tokasany, 4To B MOCIEAHHUE TOAbI HEpe]] MHOTHUMH X03siicTBaMu
BCTaIa HEOOXOAMMOCTD PEIICHHS MPOOIEMBI MTOBBIIIECHHS Ka4eCTBa CEMSH M YMEHBIICHHS UX TOTEPh B MPOIIECCe Mocneyoopod-
HOll 00paboTKH 3epHa B Kparyaiiiuue cpoku. (L{ens uccnedosanuii) IIpoBecTu HCTOPUUECKUI aHATIN3 MALIMHHBIX TEXHONOTHH 110~
ci1ey00pouHOit 00pabOTKM 3epHA U IOATOTOBKH CEMSH M OTIPEAETHTS TIEPCIICKTUBHbIC HATIPABICHUS UX pasBuTus. (Mamepuansi u
Memoobt) Mcrionb30BaIn UCTOPUKO-aHATUTHYECKHUI METOA B IPUIIOKEHUH K TEXHUYECKUM CUCTEMaM, B YACTHOCTHU K TEXHOJIOTU-
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SIM TOCIIEyOOPOUHOH 00pabOTKH 3epHA M MOATOTOBKH ceMsH. OOBEKTHI HCCIEI0BAHAN — OPUTHHANBHEIC PA00THI OTEUECTBEHHBIX
¥ 3apyOesKHBIX aBTOPOB 3a Oouee yem 100-71eTHUI epro 1 Apyras HOPMAaTHBHO-TEXHHYECKasi JOKyMeHTaiws. (Pesyibmanmsl u
obcyscoenue) TpencTaBuim pe3yabTaThl SBOTIOINN MAITMHHBIX TEXHOJIOTHI MOCIeyO0pOYHOH 00pabOTKHI 3epHA U TOJITOTOBKH
cemstH B PO B Teuenne mocnenuux 100 netr. PaccMorpenu HaydHbIE, TEXHONOTNYECKHE, TEXHUIIECKUE U OPraHU3aIlHOHHBIC BO-
MPOCHI Pa3sBUTHUA MAIIUHHBIX TEXHOJIOTUI O6pa6OTKI/I 3€pHa U NMOATOTOBKH CEMSH. OHpeZICIII/IJ'[I/I, YTO HAYYHBIE OCHOBBI CO3IaHUA
OTEUYECTBEHHBIX CENapHpPYIOIMX MaIluH ObUTH pazpaboTansl B 30-¢ roapl npouuioro Beka. OtMeruiiy, 4to B 1934 rony co3nana
U IOCTaBJICHA Ha MIPOU3BOACTBO IEPBasdA OTCUCCTBECHHAA NEPEABUKHAA 3EPHOOUUCTUTEC/IbHASA MalllMHA TIPOU3BOAUTEIIbHOCTBIO 10
TOHH B 9ac Ha OYMCTKE 3€pHA M 6-8 TOHH B 4ac — HA OYMCTKE CEMSH. BBISBUIN MOCIEAYIONIME KITI0UEBBIC ITanbl: B 60-X romax
pazpaboTaHa II0TOYHAs TEXHOJIOTUS TOCIEeyO0pOUHOH 00pabOTKH 3epHa; K KOHIy 70-X TOHOB C 3aBepIlIeHHeM paboT O CO3aHHIO
arperaToB M KOMIIIEKCOB BCE TIPOIIECCHI MOCITEyOO0POUHOM 00pabOTKM 3epHa BIIEPBBIC B CTpaHe ObLITH MOTHOCTBI0 MEXaHH3HPOBa-
Hbl. (BbiBozbl) Jlokasanu, 4to Mpou3BOAMTEILHOCT TPYIA B OTPACIH MOBBICHIACK B 7-10 pa3, B 2-3 pa3a CHH3MIIACH CTOUMOCTh
00paboTK! 3epHa, COKPATIUIICE €T0 MOTEPH, PYIHOH, HEKBATH(UIMPOBAHHEI TPyA ObLT HCKTIOUeH. OTpeAeiiy NepCeKTHB-
HBIC HATIPaBICHHS Pa3BUTHS TEXHOIOIUH 00pabOTKHU 3epHA M MOATOTOBKU CEMSH.

KuaroueBble ciioBa: cemeHa, 3epHo, nociney0opounas o0paboTKka 3epHa, 3epPHOOUHCTHTEIBHBIE MAIIMHBI, CEMSIOYUCTHTENbHBIE

MaIWHbI, 3CPHOCYIIUIBHBIC MAIIUHbBI, TEXHOJIOT N MTOTOYHOM IMOATOTOBKH CCMSAH.

products, modern agricultural farms must use

healthy seeds, free from impurities, including seeds
of other crops and weeds. For precision agriculture, as
well as for use in precision seeding systems, seeds must
be sized, free from mechanical damage, and also have
high germination.

The seed industry, and with it the processes of post-har-
vest seed treatment, emerged at the beginning of the 19th
century in European countries [1]. Its sustainable devel-
opment over two centuries made it possible to reduce sig-
nificantly the gap between the breeder and the industrial
grower in order to bring the selection achievements to the
farm without reducing the seeds quality. The seed indus-
try includes technological and economic applications of
many aspects of science, technology and business. It be-
comes a highly specialized industry, an important and in-
tegral part of efficient and highly productive farms.

Inrecent decades, domestic and foreign scientists’ and
specialists’ researches were aimed at improving the seeds
and grain quality in the process of post-harvest process-
ing [2, 3]. However, despite the accumulated knowledge
in the field of post-harvest grain processing, the seeds pre-
paring technology for sowing is still somewhat of an art.

The transition to a market economy in the early 90s had
a significant impact on the seed industry in the Russian
Federation. The structure of grain-producing farms changed
radically, in most of them the grain production volume de-
creased significantly. The form of grain producers owner-
ship changed. Many people needed modern grain and seed
cleaning equipment, and had extremely limited financial
capabilities due to low profitability. The task of improving
the seeds quality and reducing their losses in the process
of post-harvest processing of grain and seeds preparation
in the shortest possible time became extremely urgent.

An important aspect of crop production technological
support in recent decades was the construction of expen-
sive seed plants by transnational companies. For exam-
ple, in the Pavlovsky district of the Voronezh region in

To ensure competitiveness and obtain high-quality
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September 2020, construction began on the Tanais seed
plant of the French company Lidea. The volume of invest-
ments in the project was estimated at 2.6 billion rubles [4].

In this situation, questions about the potential of the
domestic scientific and technical support of post-harvest
processing of grain and seeds preparation technologies
arise. The necessity for their further development and ad-
aptation to market conditions posed new challenges for
science and industry.

THE RESEARCH PURPOSE is to carry out a historical anal-
ysis of the machine technologies of post-harvest process-
ing of grain and seeds preparation and to determine the
promising directions of their development.

MATERIALS AND METHODS. The authors used the histor-
ical-analytical method as applied to technical systems, in
particular, to the technologies of post-harvest processing of
grain and seeds preparation. The research objects are orig-
inal works of domestic and foreign authors for more than a
century: monographs, dissertations, research institutions
reports, machine testing stations protocols, scientific jour-
nals, materials of numerous conferences, as well as descrip-
tions for domestic and foreign patent documentation. Infor-
mation and analytical materials of foreign and domestic ag-
ricultural exhibitions held in recent decades were also used.

REsULTS AND DIScussION. In pre-revolutionary Russia,
in poor peasant farms, the grain harvest was processed
mainly by hand, and in strong and landowners, they used
hand-operated machines: winders, graders and triremes [5, 6].

For a long time, cleaning grain and seeds was based
on manual labor. Especially a lot of it was required in the
30s on the leaks created in the country of collective farms,
where large masses of grain were accumulated. People
"swarmed" in hundreds, worked with shovels, baskets,
buckets, sacks. Later they began to use primitive winders
for two people. But there were still not enough workers.
Life required other, more productive means of cleaning.

After 1917, the first scientific institutions for the agri-
culture mechanization were created in our country. One
of'the most important tasks that they solved was post-har-
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vest processing of grain and seeds.

In 1934, under the leadership of the head of VIM mecha-
nization laboratory of seed business Ulrich N.N. the first
domestic mobile grain cleaning machine with a capacity
of 10 tons per hour for grain cleaning and 6-8 tons per hour
for seed cleaning and a VIM-2 machine with a capacity of
2-3 tons per hour were created and put into production. The
latter served as a prototype for a whole family of machines
built on its basis: VIM-SM-1, OS-3.0, OSM-3U, OS-4.5,
etc. (Fig. 1). The laboratory specialists Z.L. Titz, G.T. Pav-
lovsky, I.E. Kozhukhovsky, P.P. Kolyshev, I.G. Voronov took
an active part in the development and improvement of ma-
chines working bodies and technological schemes[7, 8].

Fig. 1. Mobile air-sieve machine VIM-SM-1 with manual loading,
produced at "Hammer and Sickle" plant (Kharkov)

Until the end of the 40s — the beginning of the 50s of the
last century, most of the grain, leguminous and cereal crops
harvest was processed on field and stationary grain com-
plexes of collective and state farms with scattered grain
cleaning and grain drying machines. A significant amount
of grain was delivered to grain receiving points and eleva-
tors without processing. Such an organization of post-har-
vest grain processing required the involvement of many hun-
dreds of thousands of workers and collective farmers for its
implementation, led to commodity losses and a decrease in
the quality of a large volume of grain. The labor costs and
funds for post-harvest processing of grain and seeds prepa-
ration were particularly high. Heavy physical labor in un-
sanitary conditions, premature failure of equipment that
worked in open areas were typical when processing grain
and seeds with scattered machines on grain complexes.

The research carried out during this period made it
possible to develop the initial provisions of the organiza-
tion and technology of in-line post-harvest grain process-
ing, characterized by the continuity of all processing sta-
ges in accordance with the technological process and a
short production cycle. The basis of in-line processing was
made up of complexes of machines and equipment at field
grain complexes, grain-cleaning and grain-cleaning-dry-
ing points of collective and state farms.

The accelerated rise in grain production in the 50s be-
came a systemic factor in the agriculture development. A
successful solution to the grain problem was real only if
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the harvest was processed in a timely manner. The pre-
servation and preparation of a huge amount of grain in a
short agrotechnical period was possible only with the use
of industrial processing methods.

The recommendations developed in the Agroengineer-
ing Center VIM on equipping the field grain complexes, the
technological process of processing grain at its site, in the
grain-cleaning and grain-cleaning-drying station of the col-
lective farm and state farm, as well as on the correct choice
of a set of machines, became widespread in the country's
farms. Grain-receiving enterprises also widely used recom-
mendations for seed treatment. In accordance with these
recommendations, the country's farms were equipped with
tens of thousands of field grain complexes, one- and two-
line grain cleaning and grain cleaning and drying stations,
where mobile machines were combined into lines [9].

Particular attention was paid to taking into account the
peculiarities of cleaning and drying grain in farms of var-
ious zones. In the 1950s, there was an extremely limited
selection of industrially supplied machinery and equip-
ment for post-harvest grain processing and seed prepara-
tion. Grain and seed cleaning machines of that time were
only stationary, with manual loading, cumbersome, and
inefficient. Up to 4-5 people were required to service each
vehicle. The problem of mechanizing grain processing
was very acute. It was necessary to develop recommen-
dations for the optimal combination of machines into pro-
duction lines. During this period, the development of Ma-
chine Systems, agrotechnical (initial) requirements and
technological parameters of stationary machines and equip-
ment became relevant, which could form the basis of sta-
tionary industrial-type enterprises for post-harvest grain
processing and seed preparation.

At the end of the 50s, post-harvest processing of grain
and seeds was carried out mainly on open profiled grain
complexes, and as soon as possible in order to neutralize
the influence of weather. That was why grain cleaning ma-
chines and loaders were required with a higher capacity
than were available. In addition, the existing grain clean-
ing equipment was stationary. To move it, a lot of people
or equipment was required, distracted from other work.
One of the main tasks assigned to design organizations,
science and industry was the creation of self-propelled ma-
chines of high performance. In 1961, such a machine —
ORP-20, a heap cleaner with a mobile capacity of 20 tons
per hour — was developed at the State Design Bureau for
grain cleaning machines and grain loaders at the Voronezh-
selmash plant [10]. The cleaner was in great demand and
was produced in tens of thousands of units per year. Instead
of the OVP-20A, the OVS-25 machine was put into produc-
tion at the Voronezhselmash plant in 1983 (Fig. 2). Station-
ary machines OS-4.5 and self-propelled machines SM-4.5
made it possible to obtain seeds of the required quality.

At the beginning of the 60s of the XX century, the
technological foundations of in-line machine processing
of grain and seeds were scientifically substantiated and
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Fig. 2. Self-propelled heap cleaner OVS-25

developed, which made it possible to fundamentally change
the technical and social nature of production [7, 11].

The scientific basis for the transition to flow technol-
ogy was made up of research in the following areas:

- technological properties of grain and seeds as an ob-
ject of machine processing;

- modes of cleaning, separation, artificial drying of
seeds, food and feed grains;

- justification of the required number of technological
operations and the sequence of their implementation;

- scientific foundations for the construction and imple-
mentation of flow technology for processing grain and seeds;

- a system of machines and equipment sets, taking in-
to account the variety of natural and climatic conditions,
purpose, farms specialization, grain production volumes,
as well as agrotechnical requirements;

- methodological and organizational principles of test-
ing machines for post-harvest processing of grain and seeds.

When developing and implementing flow technology, the
following features and requirements were taken into account:

- a significant difference between farms in terms of
grain production requiring processing;

- significant differences in the physical, mechanical
and technological properties of the processed material
(culture, purpose, growing area);

SEED PRESOWING TREATMENT

- high contamination and moisture content of the grain
heap arriving for post-harvest processing;

- a variety of climatic conditions (dry zones, zones of
excessive and normal moisture);

- the maximum possible protection of service person-
nel and technical equipment from the negative effects of
the external environment.

The solution to the problem was achieved as a result
of the implementation of the following basic principles:

- combination of working bodies (machines) for per-
forming technological operations in the form of a single
unit (complex) of maximum technical readiness;

- creation of a family of unified units (complexes) of
various capacities based on a basic multi-purpose model;

- using the block principle of constructing production
lines for various purposes (seeds, feed grain, food grain,
using specialized units — blocks);

- ensuring the versatility of working bodies and equip-
ment, widespread use of interchangeable tools and sim-
plest devices.

Work on the creation of production lines began in 1962.
A system of unified production lines in the form of grain
cleaning units and grain cleaning and drying complexes
with maximum factory readiness with a capacity of 5; 10;
20 tons per hour, seed-cleaning attachments for them with
a capacity of 5 tons per hour and grain-rice cleaning units
with a capacity of 5 tons per hour. In the 60s and 70s of
the XX century, grain cleaning units with a capacity of
40, 50 and 100 tons per hour were added, seed-cleaning
attachments with a productivity of 10 tons per hour and
grain-rice-cleaning-drying complexes with a productivi-
ty of 5 tons per hour (7able 1, Fig. 3) [10, 12, 13].

When creating production lines, it was envisaged that
all units and complexes equipment should be designed for
industry supply, and their construction was reduced main-
ly to installation.

By 1990, the domestic industry supplied agriculture
with about 100 thousand complete production lines, which,
according to the Central Statistical Administration of the
USSR, provided processing using the most advanced tech-
nology up to 85-88% of the gross grain harvest, about
80-85 million tons.

Table 1

TECHNICAL CHARACTERISTICS OF GRAIN CLEANING UNITS AND COMPLEXES
Indicators ZAV-25 ZAV-40 ZAV -50 KZS-20SH KZS-25 KZS-40SH

Productivity, t/h 25 40 50 16 20 16
Installed power, kW 81 454 148 131.5 221 160.1
Overall dimensions of the main
structure, m:

length 19.6 13.6 36.0 25.7 26.3 25.7

width 8.4 8.4 8.5 11.3 18.5 8.4

height 13.7 10.4 13.7 16.0 17.0 16.0
Mass of machinery and equipment, t 41.0 22.3 74.5 389 69.0 51.5
Specific metal consumption, t-h/t 1.64 0.56 1.49 2.43 3.45 3.22
Specific energy consumption, kW-h/t 3.24 1.14 2.96 8.3 11.05 10.01
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drying complex KZS with bunkers for temporary storage (b) in a
modern design

Together with the technological task, a major social prob-
lem was solved: hard manual labor was replaced by the ope-
rator work at the control panel. Labor productivity increased
7-10 times compared to the system of mobile machines op-
erating on grain complexes. During the harvesting period
and during the preparation of seeds for work on grain com-
plexes, it took 600 thousand less people. The processing cost
was reduced by 2-3 times. In the 1980s, the annual econom-
ic effect obtained in agriculture as a result of the complete
mechanization of post-harvest grain processing and seed
preparation amounted to 1.2-1.6 billion rubles. [10].

Units and complexes are used as universal in many
farms, they processed grain for both food and seed purpos-
es. In this case, they were used in conjunction with stan-
dard seed-cleaning attachments built according to individ-
ual projects [14]. The use of aggregates and complexes for
the preparation of seeds could not be considered an opti-
mal solution, since in this case the seeds were subject to in-
creased injury, there were relatively large losses in fodder
waste or food grain. In addition, the problem of cleaning
equipment from grain residues from the previous processed
culture remained fundamentally important and unsolved.

Regardless of the new units and complexes introduc-
tion start for many years the bulk of the harvested grain
would be processed on them. In this regard, additional
measures were needed to reconstruct these units and com-
plexes in order to improve their technical level and adapt
to the tasks of specific farms. It was also necessary to
make significant changes in the design of the modernized
units and complexes.

According to the technologies and initial requirements
developed at Agroengineering Center VIM in collabora-
tion with Head Specialized Design Office on machines
for cleaning grain of the Voronezhselmash plant, the Pet-
kus enterprise (GDR) serially produced and supplied to
the USSR sets of machines and equipment for seed clean-
ing and drying enterprises with a capacity of 1.25 tons per
hour and lines for processing grass seeds with a capacity
of 0.5 tons per hour. A series of standard projects was cre-
ated, according to which the construction of seed process-
ing plants was carried out [10].

In the 80s of the XX century, various options for post-
harvest treatment and preparation of corn seeds were in-
vestigated. It was established that the technology of post-
harvest treatment and seed preparation that developed mo-
re than 30 years ago and was used all the years did not cor-
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respond to the technologies and technical means of sow-
ing corn, caring for it and harvesting that changed during
this time, and increased requirements for post-harvest
treatment of seeds, especially parent forms and hybrids.

The developed seed preparation technology provided:

- guaranteed receipt of first class seeds with minimal
injury and maximum yield;

- the necessary flexibility when adjusting for the pro-
cessing of different quality small and large batches;

- reducing the cost and labor intensity of seed process-
ing and storage.

The scientifically grounded scheme for calibrating
seeds into 4 fractions based on the shape and size of seeds
became widespread not only in our country but also abroad.

The developed technology of post-harvest processing of
seeds of parental forms and maize hybrids was used in the
reconstruction of more than 70 plants and points for seed
processing with a capacity of 250 and 500 tons per season,
built according to standard designs. This made it possible
to almost completely satisfy the needs of farms for high-qual-
ity seed. According to the Institute of Maize, the widespread
use of hybrid seeds increased the crop yield by 20-30%.

In 1986-1989 the technology of in-line machine prepa-
ration of high-quality sunflower seeds was developed [15].
On farms, it was carried out with grain cleaning units of the
ZAV type and complexes of the KZS type according to the
same scheme as the treatment of grain crops seeds. Studies
showed that the essential features of sunflower seeds did not
allow them to be processed according to the "grain scheme".
When using aggregates and complexes, a high degree of in-
jury to seeds by transporting devices was noted, seeds clean-
ing from difficult-to-separate impurities were not ensured,
and seed material calibration was impossible [16].

The technology included processing sunflower seeds
in two stages:

- the first — reception, preliminary cleaning, drying,
cleaning and temporary storage for the purpose of post-har-
vest ripening;

- the second — final cleaning, seeds calibration, dress-
ing and inlay.

In accordance with this technology, the point for prepa-
ration and storage of sunflower seeds with a capacity of
400 tons per season was designed, built in the experimen-
tal farm of the V.S. Pustovoit All-Russian Research Insti-
tute of Oil crops (VNIIMK) "Berezanskoe" of the Kras-
nodar Territory and tested. The new technology provid-
ed an increase in the yield of 1st class seeds from the ma-
terial coming from the field from 50 to 90%. The use of
intermediate storage for post-harvest ripening with sub-
sequent secondary and final cleaning made it possible to
remove non-germinating, damaged and weak seeds from
the seed material. According to VNIIMK, the yield of oil-
seeds with such preparation of the seed increased by 0.1
tons per hectare and more [7].

Research of the specific conditions and requirements
for enterprises for post-harvest processing, storage and
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preparation of seeds in elite seed farms in the early 90s
showed that the narrowest place for the seeds production
of high reproduction remained their post-harvest process-
ing and preparation.

In order to solve a problem of national importance,
Agroengineering Center VIM developed a technology and
structure for an enterprise for post-harvest processing,
preparation and storage of seeds in elite seed farms. The
implementation of the development made it possible to
accelerate the rate of new varieties seeds reproduction,
regularly carry out variety change and variety renewal,
maintain the sowing qualities of seeds during post-har-
vest processing, and provided an increase in yield by
0.2-0.4 tons per hectare [17].

Traditionally used post-harvest processing of grain
and seeds preparation technologies included air sieve ma-
chines, triers, and final cleaning machines (7able 2).

The principles of seed cleaning in domestic and for-
eign machines in the post-harvest processing of grain and
seeds preparation were similar. The main foreign technol-
ogies advantage was high reliability, the use of robotic pro-
cess control systems. However, the increase in the reliabil-
ity of foreign machines was often accompanied by a sig-
nificant increase in the machines mass, as well as the vol-
umes occupied by them. For example, the analysis of ma-
chines for preliminary and primary cleaning of the com-
pany Cimbria (Denmark) showed that with an increase in
productivity on wheat grain from 5 to 20 tons per hectare,
the volume of the machine and its base area increased in
a straight line (Fig. 4). In this case, the mass did not change
significantly. However, with a productivity increase of
more than 20 tons per hectare, the machines mass, as well
as their dimensional characteristics, increased intensive-
ly, which in turn increased the equipment cost.

The outstripping prices growth for machinery and
equipment in comparison with the agricultural products
cost led to the fact that the agricultural producer could not
purchase expensive machinery. Grain cleaning equipment
was physically worn out by 70-80%. The provision of large
and medium-sized farms did not exceed 35% of the re-
quired number of machines, and small and private farms
had practically no required equipment. At the same time,
the existing equipment for the separation of grain and
seeds in terms of its operational indicators —specific pro-
ductivity, efficiency, reliability and energy intensity —did
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Fig. 4. Dependencies of productivity (Q), volume (V), base area
(S) and mass (m) of air-sieve machines of DELTA SUPER family
of Cimbria company (Denmark): 1 — volume,; 2 — productivity on
the seeds of the main grain crops; 3 — productivity on corn seeds;
4 — productivity on grass seeds,; 5 — base area

not meet the increasing requirements for the seed and com-
mercial material quality.

In this regard, the task of a scientific search for the de-
velopment reserves of air-screen separators according to
the criteria of the work quality, reducing the machines
cost, increasing their versatility is especially urgent.

On the territory of the Russian Federation, there are
more than 1000 species of weed seeds, some of them are
easily isolated from the seeds of cultivated plants on mod-
ern grain-cleaning machines, and to isolate others, spe-
cial machines and complex processing technologies are
required [11, 18, 19]. It is generally recognized, for exam-
ple, that it is difficult to isolate wild oat and barley seeds
from oats, rye and wheat from rye, barley from wheat,
wild radish and wheat from buckwheat, mustard and dod-
der from alfalfa, etc. The seeds of cultivated and weed
plants that are difficult to separate are those in which the
sizes and speed of soaring coincide with the indicators of
the main crop or differ insignificantly from them [20].

For all grain crops seeds, the main disadvantage that
reduced their quality was the content of hard-to-separate
seeds of other cultivated plants in them. For this reason,
about 40% of the sowing material of wheat, 46% of bar-
ley, 63% of rye, cultivated on the farms' grain complexes,
did not meet the requirements for conditional seeds. This

Table 2

MAIN CHARACTERISTICS OF GRAIN AND SEED CLEANING MACHINES
of)gt:ii(l)lgs L 7, LG, Lo Weight, kg conss?litcli)f:icoﬁ::ﬁ{ah/t coflls)sfrilt;:ig:le,t:;/t
Preliminary 5-50 5.4 1045 0.26 52
Primary 10-50 8.6 2170 0.28 91
Secondary 4-10 10.8 1773 1.32 286
Trier 7.5-10 3.3 1520 0.26 128.,3
Final 2.5-9 10.6 1120 2.19 207
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situation was the result of improper agricultural technol-
ogy of growing crops for seeds, violation of the technical
conditions for the operation of seed cleaning equipment
and its imperfections [20].

The contamination of the seed material of a particular
variety with seeds of other varieties or cultivated plants
was a great danger. Biologically better adapted to local
conditions and having a higher reproduction rate, these
weeds could multiply rapidly and displace crops of the
main variety. In production conditions, a species admix-
ture was especially dangerous in seed crops: contamina-
tion of winter wheat with rye, soft wheat — durum, bar-
ley — oats and wheat, rice — red-grain weed forms, etc.

Due to the high multiplication factor of weeds, their
number in the crop became hundreds of times higher than
the content in the original seed, therefore, there were cy-
clical and progressively increasing difficulties with clear-
ing the seed or killing weeds in the field. Due to the low
efficiency of the measures applied in all directions, the
costly problem of combating weed fields became an in-
evitable, habitual and planned measure, implemented
mainly by the large-scale use of chemicals.

In order to achieve the fields cleanliness as in the lead-
ing grain-producing countries, it was necessary to simul-
taneously and effectively combat weeds when cleaning
seeds from them, disinfecting manure and destroying
weed plants in the fields.

The most important indicator that determined the seeds
quality, and hence the yield, was their germination capaci-
ty. Its norms, specified in the standards, were established by
laboratory values. Field germination of seeds was almost ev-
erywhere less than laboratory germination, it depended both
on it and on meteorological and agrotechnical conditions.
According to a number of sources, the field germination of
seeds of major grain crops could be reduced by 10-40%. It
turned out that on average 10-40% of seeds that normally
germinate under laboratory conditions did not germinate in
the field [21, 22]. In many soil and climatic zones, a decrease
in field germination reduced yield. With a decrease in field
germination by 1%, the yield of spring grain crops decreased
by 1.5-3.0%, winter crops — by 1.0-1.5% [11].

One of the key reasons for the decrease in field germi-
nation of seeds was their injury. The problem of preventing
injury to seeds by machines at all stages of their produc-
tion, including post-harvest processing of grain and seeds
preparation, became extremely important [23, 24]. To solve
it, it was necessary to conduct comprehensive research with
the participation of biologists, engineers and breeders.

Seeds sorting in our country and abroad is still the
least developed part of the technology for preparing seeds
for sowing [25, 26]. The problem is that the yielding and
associated sowing qualities are assessed according to ag-
ronomic indicators: viability, germination, germination
energy and growth strength, and sorting machines can
separate seeds only by physical properties: size, individ-
ual weight, density. It has not yet been possible to find a
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direct or indirect relationship between the agronomic and
the indicated physical properties of seeds.

It is assumed that one of the underutilized resources to
improve the efficiency of seed sorting is the use of frac-
tional technologies. They are promising for sorting due to
the fact that seed machines separate the source material
according to a complex criterion, which depends on the
totality of physical and mechanical grain properties. Con-
trolling the seeds physical properties during fractionation
increases the cleaning efficiency on downstream machines.

In post-harvest processing of grain and seeds prepara-
tion technologies, before the material receipt for process-
ing, as well as during processing, it is necessary to ana-
lyze the material for the content of impurities in it, that is,
analysis of purity. In domestic technologies, this work is
performed mainly by hand, which requires a large amount
of laboratory technicians labor. In addition, manual analy-
sis does not allow seed cleaning lines optimal control,
which significantly hinders the effective control of the pro-
cess and leads to the seeds loss and a decrease in their qual-
ity [27]. In foreign practice, technical means of technolog-
ical lines control, including automatic sampling of mate-
rial entering for processing and during its processing, have
become an integral part of technologies [28, 29]. In this
aspect, the development of systems for automatic sampling
and laboratory machines for monitoring the purity of the
processed material and analysis of impurities is a partic-
ularly urgent scientific and design problem.

Justification of machine technologies system, the no-
menclature of technical means that ensure the minimum
costs in most various grain-producing farms is a purely
scientific task, and without its solution there is only the
path of the spontaneous formation of the post-harvest pro-
cessing industry, which will lead to a decrease in the pro-
fitability of production and an increase in the grain cost.

New technologies of grain-producing agricultural en-
terprises should provide the possibility of post-harvest
processing and grain storage in the conditions of the farm
with implementation at a time favorable to the owner.

The prospective development of the technological base
of the post-harvest processing of grain and seeds prepara-
tion should be focused on the implementation of various
options in the organization of post-harvest processing [30].
Along with the traditional continuous processing of grain
with bringing it to the specified conditions in one pass,
two-stage processing should be widely used, including:

- at the first stage — reception, preparation of food and
seed grains for short-term storage (preliminary cleaning,
temporary ventilation and/or drying if necessary) and sto-
rage of grain and seeds during the harvesting period;

- at the second stage — processing of food and seed
grain with bringing to the required conditions in the
post-harvest period.

The implementation of a two-stage technology will re-
duce grain losses and preserve its quality, as well as dra-
matically reduce capital costs for high-performance com-

AGRICULTURAL MACHINERY AND TECHNOLOGIES * Volume 14 + N4 + 2020



plex equipment, the loading of which is limited by the har-
vesting period.

Thus, the analysis of the development of machine-
technological systems for post-harvest grain processing
over the past 100 years showed that during this period,
scientific, design organizations and industry created a sys-
tem for post-harvest grain processing, which ensures its
processing flow, the complex mechanization of post-har-
vest grain processing was completed.

The materials presented in this article reflect the his-
torical aspects of the creation and development of tech-
nologies for post-harvest grain processing, as well as some
priority areas for further technological development of
grain processing and seed preparation.

ConcLusions

1. Until the 60s of the 20th century, grain and seeds
were taken on farms in open areas or covered complexes,
using machines and mechanisms separately. All auxilia-
ry technological operations - feeding the starting materi-
al into the machine, shipping the cleaning fractions, their
packing or the formation of collars - were carried out man-
ually. To service the machines and carry out loading and
unloading operations, it was necessary to attract up to
100-150 people to work on grain complexes. When pro-
cessing grain on separate machines, hard physical labor,
negative environmental impact, significant losses and un-
satisfactory quality of grain and seeds, and premature fail-
ure of equipment were characteristic.

2. Inthe late 50s and early 60s, with an increase in grain
production and an increase in the country's combine fleet,
equipment was required to mechanize work on open pro-
filed grain complexes. One of the main tasks assigned to
science, design organizations and industry was the creation
of self-propelled machines of high performance. In 1961 a
mobile heap cleaner ORP-20 with a capacity of 20 tons per
hectare was developed. It was in great demand and was
produced in tens of thousands of pieces a year. In a mod-
ernized form, OVS-25 is in demand at the present time.

3. By the end of the 70s, with the completion of work
on the creation of units and complexes, all processes of
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the post-harvest processing of grain and seeds prepara-
tion for the first time in the country were fully mecha-
nized. As a result, labor productivity in this industry in-
creased by 7-10 times, the cost of processing grain de-
creased by 2-3 times, its losses decreased, manual, un-
skilled labor was excluded.

4. Changes in recent years have necessitated funda-
mental changes in technological support, structure and
nomenclature of machines and equipment for post-har-
vest processing of grain and seeds preparation.

The main scientific task was the development of a sys-
tem of post-harvest processing of grain and seeds prepa-
ration technologies, adaptive to the variety of zonal con-
ditions and the characteristics of farms with different
forms of ownership and volumes of grain production.

Particular attention should be paid to the development
of a two-stage technology with the implementation du-
ring the harvesting period of operations that ensure the
grain stability during storage, and in the post-harvest pe-
riod — bringing grain and seeds to the required conditions.

5. One of the essential resources for increasing the ef-
ficiency of post-harvest processing of grain and seeds
preparation technologies is fractional technologies. They
are promising due to the fact that many grain and seed
cleaning machines separate the source material on a com-
plex basis, which depends on the totality of physical and
mechanical properties of grain.

Controlling the properties of seed mixtures in the pro-
cess of in-line processing by fractionation is an urgent sci-
entific task of developing technologies for post-harvest
seed preparation, especially when separating difficult-to-
separate impurities and low-productive seeds from the
main seed material.

6. The development of technologically effective, spar-
ing and low-cost technologies of post-harvest processing
of grain and seeds preparation, available to producers of
various forms of ownership and with different volumes
of grain production, is possible only on the basis of new
knowledge about the processes of separation and preser-
vation of the biological potential of grain and seeds.
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O6ocHOBaHMe NapameTpoB rpaBUTaLMOHHON OYMUCTUTESIbHOW KOJIOHKU
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DenepanbHBIN HAyYHBIN arponHkeHepHbIil neHTp BUM, MockBsa, Poccuiickas @enepanus

Pedepar. VccnenoBaiu rpaBUTAMOHHBIN CTIOCO0 cemapalii 3¢pHOBOTO BOPOXA, MPH KOTOPOM OUICTKA OT KPYIHBIX M MEIKAX
npuMeceil ocylecTBIseTcs 0e3 3aTpar SMEKTPOIHEPrHH, PU CAMOTEYHOM JIBU)KEHUU MaTepuana B BEPTUKAIBHBIX OUHCTUTENb-
HBIX KOJIOHKAX 10 HETIO/IBIDKHBIM 3UT'3ar000pa3Ho pa3MENIeHHBIM CenapupyrommM rpederkam. (Lens ucciedosanus) U3yauTs pa-
00Ty rpaBUTALIMOHHON KOJOHKH Ha OYUCTKE CEEKIMOHHBIX CEMAH U 000CHOBATh €€ KOHCTPYKTHBHbIE apaMeTpsl. (Mamepuansi
u Memoovl) PazpaboTany MakeTHbIi 00pa3ell rpaBUTAMOHHON KOJIOHKH. DKCTIEPUMEHTAIILHO OTPEICIHIH: IHaMeTp 3yObeB rpe-
OCHOK; IPOITYCKHYO CIOCOOHOCTH KOJIOHKH; BO3MOKHOCTB 00JIE€ MOTHOTO BBIICNCHIS W3 HCXOHOTO MaTeprana (ppakIim «ceme-
Hay; TOJHOTY BBIACTCHUS KPYNHBIX IIpuMecedl. CpaBHUIM pabOTy rpaBUTALMOHHO KOJOHKH U MIOCKOTO KaYaIOIIETocs pelmieTa.
OueHnny 3aKTHHABAHIE TPEOCHOK CEMEHAMH OIMIAeMON KyIBTYPEL. (Pesyiavmanmsl u 0bcyscoenue) OTMETHIH, 9TO HA OUUCTKE
TIIEHUTIBI TPH NPOU3BOIUTENLHOCTH 45,6 Kuiorpamma B yac BbIXo] ppakimu «otxomy coctaui 0,5 npouenta, morepu 0,07 mpo-
IIEHTA, a TPX TIPOU3BOAUTETLHOCTH 227,8 Kunmorpamma B yac, coorBetctBenHo, 0,98 u 0,35 mpomnenTa, 4To 0TBEYaeT NCXOAHBIM
TpeOOBAHUAM Ha OCHOBHBIC TEXHOIOIMYECKHE ONEPALMH JUIS TOCIeyOOpOUHOH 00pabOTKI CENEeKIMOHHBIX CeMSH. (Bbi600bl)
yCTaHOBI/IHI/I, YTO I'paBUTALIMOHHAA KOJTOHKA AJIA BBIACJICHUA MEJIKUX HpHMeceﬁ CCJIICKIIMOHHBIX CEMAH INIIECHUIIBI C BBICOKOM 3(1)-
(DeKTUBHOCTBIO Pa3HeNeT YaCTHIIBL, €CIIH OHM OTIMYAIOTCS JPYT OT ApYyra 10 TOMIHHEe He MeHee 0,3 MIDITHMeTpa TIpH 3a30pe
MEXKIy TIpyTKamu rpebenku 2,0 MUTMMETpa U IMaMeTpe nonepeyHoro ceueHus npytka 0,9 munnumerpa. Onpenenuny, 4To Bbl-
COKast POM3BOAUTENBHOCT — 10 150 KnuimorpaMMoB B 4ac — BO3MOXKHA TIPH MOTIEPETHOM CEUEHUN KOJOHKU cO cTopoHaMu 60 1
70 MunIEMeTpoB. BHIABUIN NPAaKTHUECKH OJMHAKOBOE Ka4yeCTBO pA3leNeHUs MaTepuana Mpy BBIIEICHUH MENKUX NpUMecei ¢
MOMOIIBIO KaK peuIeTa, TaKk u FpaBHTaI.[HOHHOfI KOJIOHKH.

KiroueBble ¢j10Ba: 04nCTKa CEMSH, Cenaparys 3epHOBOr0 BOPOXa, IPaBUTALMOHHAS OUMCTHTENbHAS KOJIOHKA, BO3YLIHO-PELIET-
Hasl MallliHa, SHeprocoepexkeHne, MPOU3BOAUTEIHHOCT.

I las uutupoBanus: Xamyes B.I. O6ocHOBaHME TapaMeTPOB TPABUTALIMOHHON OUUCTUTENbHON KOJOHKH // Cenb-
ckoxozaticmgennvlie mawiunsl u mexnuonoeuu. 2020. T. 14. N4. C. 26-32. DOI 10.22314/2073-7599-2020-14-4-26-32.

Justification of the Gravitational Seed Cleaning System Parameters

Victor G. Khamuey,
Ph.D.(Eng.), leading researcher,
e-mail: victor250476@yandex.ru

Federal Scientific Agroengineering Center VIM, Moscow, Russian Federation

Abstract. The author researched the gravitational method of separating a grain heap, in which cleaning from large and small
impurities was carried out without energy consumption, with the gravity material flow in vertical cleaning columns along fixed
zigzag separating combs. (Research purpose) To study the gravity column operation for cleaning selection seeds and substantiate
its design parameters. (Materials and methods) A prototype gravity column was developed. The author experimentally determined:
the combs teeth diameter; column throughput; the possibility of a more complete separation of the seed fraction from the basic
material; completeness of large impurities separation. He compared the work of the gravity column and the flat rocking sieve.
He assessed the combs jamming by the cleaned culture seeds. (Results and discussion) The author noted that on wheat cleaning
at a productivity of 45.6 kilogram per hour, the yield of the "waste" fraction was 0.5 percent, a loss of 0.07 percent, and at a
productivity of 227.8 kilogram per hour — 0.98 and 0.35 percent, which corresponded to the initial requirements for the main
technological operations for post-harvest processing of selection seeds. (Conclusions) It was found that a gravity column for
separating selection wheat seeds small impurities separated particles with high efficiency if they differed from each other in

CENbCKOXO3SMCTBEHHBIE MALMHBI M TEXHONOTIN » Tom 14« N& + 2020 AGRICULTURAL MACHINERY AND TECHNOLOGIES * Volume 14 + N4 + 2020



MPEANOCEBHASA OBPABOTKA CEMSAH

SEED PRESOWING TREATMENT

thickness of at least 0.3 millimeter with a gap between the comb bars of 2.0 millimeter and a bar cross-section diameter of 0.9
millimeter. It was determined that high productivity — up to 150 kilogram per hour — was possible with a column cross-section
with sides of 60 and 70 millimeter. The author revealed practically the same quality of material separation when separating small

impurities using both a sieve and a gravity column.

Keywords: seed cleaning, grain heaps separation, gravity wash column, air-sieve machine, energy saving, productivity.

1 For citation: Khamuev V.G. Obosnovanie parametrov gravitatsionnoy ochistitel'noy kolonki [Justification of the
gravitational seed cleaning system parameters]. Sel'skokhozyaystvennye mashiny i tekhnologii. 2020. Vol. 14. N4. 26-
32 (In Russian). DOI 10.22314/2073-7599-2020-14-4-26-32.

JI51 OYMCTKH CEMSH, COOPaHHBIX C CEICKIIMOHHBIX

MTATOMHHKOB, UCTIOJIE3YIOT BO3AYITHO-PEIICTHEIC

maruHsl [1-3]. HecMoTps Ha TO, 4TO KX HOMUHAJTb-
Has IPOM3BOANUTEILHOCTH Ha TIIICHUIIE COCTABIIET 150 Kr/a
npu 06paboTKe pa3IUYHbIX MapTHil (00pa3IoB) CeMsH
Maccol ot 6 10 20 KT, (hakTHUYecKas MPOU3BOAUTEIHHOCTD
cocrasiseT oT 30 mo 67 kr/4 (3-5 06pa3mos/4) [4-6]. CBs-
3aHO TO C HEOOXOAMMOCTHIO OCTAHOBKH U OYUCTKH Ma-
IIFHBI OT 3aCTPSIBIINX B OTBEPCTHSIX PEIICT CEMSH Ipe-
JBIAYIIEH TapTHH 151 UCKJIFOUEHU ST COPTOCMEIIMBAHU S
[7-9].

B denepaibHOM HayYHOM arpOMHKEHEPHOM LEHTPE
BUM npoBonsiTcs U3bICKaHUS 110 COBEPILIEHCTBOBAHUIO
TEXHOJIOTMH U CIOc00a 0OUMCTKH 00pa3noB ceMsiH [10].
Hampumep, pa3paboTaH rpaBUTallMOHHBIH CTIOCO0 cemna-
pannu 3epHOBOTO BOPOXA, TP KOTOPOM OUYHCTKA OT KPYTI-
HBIX ¥ MEJIKUX MTPUMeceil ocyliecTBIseTcs 6e3 3aTpar
AJIEKTPOIHEPT U U U IIPU CAMOTECYHOM JIBUIKCHUH MaTEepPH-
aja B BEPTHKAIBHBIX OYUCTHTEIBHBIX KOJIOHKAX 10 He-
MOABIM>KHBIM 3UT'3ar000pa3HO pa3MENICHHBIM Ceapupy-
FOIIMM I'peOeHKaM (BMecTo KoJiebmrorerocs pemera) [11].
Vcnonb30BaHue 3TOr0 cocoda OUUCTKHU Ies1ecoodpas-
HO TIPY CO3/IaHUH CEJIEKITMOHHOW CEMSIOUYNCTUTEIHHON
MaIllMHBI, CBOOOIHON OT HEJOCTATKOB TPaJIUIIMOHHBIX
aHasoros [12-14].

LIEnb MCCNEAOBAHUS — U3yunTh pabOTy rpaBUTAIIH-
OHHBIX KOJIOHOK Ha OUHCTKE CEJICKI[HOHHBIX CEMSTH U 000-
CHOBAaTh UX KOHCTPYKTHBHEIC TApaMETPHL.

MATEPUANBI N METOABI. MccienoBanust TPOBOAMIN
Ha BEPTHUKAJIBHOW IpaBUTAIMOHHON KOJOHKE (puc. I).
Omna umMeet npssMoyronbHoe ceyernre 60x70 MM U BbICO-
Ty 500 MM. Tpu ee CTEeHKM U3rOTOBJIEHBI U3 METaJLIA, a
YeTBepTasi — M3 IIPO3PATHOT0 OPraHUIECKOTO CTEKIIA IS
HaOI0IeHNS 32 IPOLIECCOM OYUCTKHU. BHYTpHU KOJIOHKH
YCTaHOBIICHBI TPEOCHKH, TTPEICTABISIOIINE COO0H KOH-
COJIbHO-3aKPETJIEHHbIE Ha 001Iel TOBEPXHOCTH B PsJ Me-
TaJTMYECKUE MPYTKH.

OurncTKa CeMsTH B KOJIOHKE 3aKIJIF0YAeTCsI B CIICAYIO-
memM. McxoqHblil MaTepua oJaeTcsl CBEPXY U caMoTe-
KOM JIBHKETCS BHU3 TT0 TpebeHKaM. Bo BpeMst IBIKEeHNU S
MEJIKUE IPUMECH IPOXOAST Yepe3 3a30pbl MEXKAY NPYT-
KaMH ¥ BJIOJTb OOKOBBIX CTCHOK MaAaf0T BHU3, & CEMCHA,
CKOJIB3s IO TPeOCHKAM, TAKIKE OITyCKAIOTCSl BHH3, THIE pa3-
JieNeHHbIe GpaKkuu COOUPAIOTCS B COOTBETCTBYIOIIHE
E€MKOCTH.
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YroObl YCTAaHOBUTH ONITHMAaJIbHBIE TAPAMETPHI Ipa-
BUTAIMOHHOH KOJOHKH, IIPOBEJIH HECKOJIBKO OIBITOB.

Oneim Ne 1. Onpenensnu nuaMeTp 3yObeB rpeOeHoK
MIPH OYUCTKE CEMSH IIICHHUIIBI, 3aCOPEHHBIX MEITKIMH
OpraHMYeCKHMHU ¥ MUHEPAIBHBIMH IPUMECSIMH, a TAKIKE
MEJIKMMH 1 LY TIJIBIMU ceMeHaMu. [Ipy 3TOM OleHHBaIH
TOYHOCTH pa3eIeHHsI ICXOJHOTO MaTepuaia v hpakiui
«CeMEeHa» M «OTXObI» Ha pelIeTax ¢ MpoI0ITroBaThIMH
orBepcTuAMU. Dpakusd «OTXOA» MOABEPraIach pyqyHOH
pazbopke, MociIe Yero ONpeaeIsiu COCPKaHUE TOJIHO-
[IEHHBIX CEMsH (ToTepH). Mcmonp30Banu 1Be KOJOHKH, B
Ka)x1oito 9 rpedeHoK, ¢ npytkamu 0,6 MM (kooHKa 1)
1 30,9 MM (kostoHKa 2). 3a30p MEXKy TPy TKaMH COCTaB-
msut 2,0 MM. Bun kprBoif n3ruba Kak10ro nmpyTKa —
SBOJILBEHTA.

HcxoQHBIH MaTepHAI
Raw material
Kononka
Column
/ /
I'pedeHKH
Combs
f
//
s
7
L] I
OT1xodel Cemena OTxoasl
Waste  Seeds Waste

Puc. 1. Cxema epasumayuonnot ouucmumensHol KOTOHKU
Fig. 1. Scheme of a gravity wash column

Onvim Ne 2. Tlocne BpIOOpa guamMeTpa nmpyTKOB I'pe-
OEHOK O peeIIsIN IPOIYCKHYI0 CHOCOOHOCTD KOJIOHKH
Ha OYMCTKE CEMSIH MIIIEHULIbI, KOTOPBIE PA3EIIslIN Ha IBE
(hbpakuu Mpu pa3InYHON TPOU3BOIUTEIHLHOCTH. PemeT-
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HOMY aHAJHU3Yy, a TAKXKE PyIHOI pazbopke (cM. ombIT No
1) monBepranuch UCXOJHBIN MaTepua U Ppakius «OT-
XO0». 3a30p MEXAy MPyTKaMu cocTasisii 2,0 Mm.

Oneim Ne 3. Onpenensiau BO3MOXKHOCTE 0oJiee MmoJi-
HOTO BBIJICJICHHS U3 UCXOHOTO MaTepuaia (IIICHUIIA)
(bpaxun «ceMeHay. Mcnonbp30Bau IBe KOIOHKH C 3a30-
pamu Mex Ty npyTkamu 2,0 MM (kosoHka 1) n 2,2 MM (ko-
nonka 2). PeneTHBIN aHaIM3 MPOBOIVIIN COTIACHO OTTbI-
Ty Ne 1.

Onwvim Ne 4. Onipenensiny MoJHOTY BBIAEICHUS KPYTI-
HBIX TpuMeceld. KoJoHKa 17151 BbIIeeHU s KPYITHBIX ITPH-
Mecel OTIIMYAeTCsl TEM, YTO UMEeT IPeOCHKH C YBEIIH-
YEHHBIM 3a30pOM MEXAY IpyTKaMu. VICXOmHbII MaTepu-
an (MIIeHHUIIA) pa3aessiica Ha ABe (ppakIuu mpu Ipou3-
BonuTeNbHOCTHU 60 K1I/4 (puc. 1). B otnudue ot mpebi-
JYUIUX OMBITOB BCE CEMEHA U MEJIKHE IPUMECH MPOXO-
JIAITA Yepe3 3a30Pbl MEKly TPYTKaMUu TpeOSHOK U OITy-
CKaJIUCh OKOJIO OOKOBBIX CTCHOK, a IO IEHTPY KOJIOHKU
nepeMeniainuch KpymHbie mpumecH. Mcnons3oBanu n8e
KOJIOHKH C 3230paM¥ MEXIy IpyTKamu 3,5 MM (KOJIOH-
ka 1) u 4,5 MM (kostoHKa 2). PemeTHbIH aHa M3 TPOBOAM-
nu coriacHo onbITy Ne 1.

Onvim Ne 5. [IpoBoiuiv cpaBHUTEIIbHBIE HCCIIEI0BA-
HUsI pabOTHI TPaBUTALIMOHHON KOJIOHKHU M IJIOCKOTO Ka-
YaIOMIETOCs pernieTa mpu o0padoTKe CEMSTH MIICHHUIBL.
Hcnonb30Bany KOJIOHKY € 3a30paMH MEXKy TPYTKaMHU
2,0 MM H pemeTo ¢ MpoJ0NTOBATEIME OTBEPCTUSIMH 2,0 MM.
DT0 pemeTo ObIJI0 YCTAaHOBIEHO B KAYECTBE MOJICEBHOTO
Ha ceMsiouucTuTenbpuyo Mmamnny CM-0,15 [15]. Ipyrue
YCTaHOBIJICHHBIE pEIleTa HMEIH 3aBEIOMO OOJIBIITUE OT-
BEPCTHUS, YTOOBI Yepe3 HIX CBOOOTHO MTPOXOHII BECh OUH-
IIaeMBIi MaTepral. ACIUpaHOHHAS CHCTeMa ObLIa OT-
KitoueHa. KunemaTuaeckuii peskuM onTuMalbHbli — 430
KoJIeOaHUI B MUHYTY ITPH TPOU3BOAUTENBHOCTH 150 KT/4.
PemerHslii aHaM3 MPOBOIMIIN COTIACHO onbITYy Ne 1.

Onwvim Ne 6. UcecnenoBann 3akIMHIBaHUE IPeOCHOK
CEeMEHAMH OYHUIIIaeMOH KYIBTYPHI (IIIICHUIIBI).

[lepBoHaYaIbHO paccMaTPUBAIIH BIUSTHUE IPOU3BO-
IUATENBHOCTHU Ha 3akiuHuBanue. C DTOH 1IeNbI0 5 KT ce-
MSH NPOITYCKau Yepe3 KOJIOHKY. Bpemst paboThl puKcH-
poBaiu cekyHnomepom. [locie 0O6paboTku onpeaesnsIim
MecCTa, TAe 3aKJINHUIICh CEMCHA, H MX KOJIHYECTBO.

Janee u3ydanu, HAaCKOJIBbKO CTAOUIIBHO MPOUCXOAUT
3aKJIMHIBaHHE IPeOeHOK ceMeHaMu. C 3TOH eTBIo Ipo-
myckanu obpaser] Maccoii 1 Kr mpu npou3BOAUTEIBHO-
CTH 95 KT/9 1 TOACYUTHIBAIH KOJTMIECTBO 3aKITMHHUBIITHX-
cs ceMsiH. KOJIOHKY ouMILIaiy OT CeMsIH U 4epes3 Hee Mo-
BTOPHO MTPOITYCKAIH TOT jK€ 00pa3el] mocie CMEITUBAHU S
BBIXOJIOB. B Takoii mocneqoBaTeIbHOCTH MTPOBOIMIIH CEMb
IIOBTOPHOCTEH.

B TpeTheii uactu onbita Ne 6, TpoBeIEHHOH 11O BBIIIIE
M3JI0)KEHHON METOJUKE, ONPEAEIIsIH BO3MOXKHOCTH Ca-
MOOUYHCTKH IIPYTKOB TPEOCHOK.

PE3YNBTATLI U OBCYXIEHUE. Oneim Ne 1. Ha ouucr-
Ke MIICHUIIBI C TPOU3BOUTEILHOCTHIO KOJOHKH 1, paB-
HoW 70,3 KT/4, KOJIOHKH 2 — 73,6 KT/4 MOJIy4eHa YUCTOTa
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cemstH 98,0 1 99,0%, uTo monanaet B kareropuu PC u OC
(FOCT P 52325-2005) cootBetcTBeHHO [16-18]. [ToTepu
ceMsH B I1epBoii kojoHke cocTaBuiu 0,42%, 1o BTopoii —
0,24%. B nepBoii KOJOHKE MO0 CPABHEHHIO CO BTOPOH B
OTXO/IBI MIOTIAJI0 OOJIBIIE CEMSTH C TIONIEPEYHBIM Pa3MEPOM
3ePHOBOK, TIPEBBIIAFONINM YCTAHOBJICHHBIH MKy MPYT-
KaMH I'pe0eHOK 3a30p (puc. 2). YBeIUUNUIach TOUHOCTh
kJjaccupukanuu yactuil. [1oBbICHIICS BBIXOX (DpaKIuu
«cemeHay Ooiiee, yeM Ha 3%. DTO CBUAETEIBCTBYET O
TOM, YTO MPYTKH I'PeOCHOK KOJIOHKU | HEAOCTATOYHO
JKECTKH U B IIporiecce paboThl MPOUCXOAUT UX KoJieha-
TEIBHOE JIBMKCHHE, BCIEACTBHE KOTOPOTO U3MEHSCTCS
3a30p MeX Ay npyTKamu. Jlydinue pe3yabTaThl MOTyde-
HBI Ha KOJIOHKE 2. B ¢BsS13U ¢ 3TUM BCe JaJIbHEHUIIINE OIIbI-
THI TPOBOJIMIIN C TIOTIEPEYHBIM THAMETPOM ITPYTKOB 0,9 MM.

33,79
33,75

Copepaanme 1acTan, % / Particle content, %

<200 2,01..2,0221..2,5251...2,72,71...2,8 2,81...3,0 3,01...3,5 =351
HaTvepeaas (ppaxnmii, vy [ Fraction intervals, mm

= Hexonnsiii matepnan/ Raw material
= OTxoas (KonoEka 1)/ Waste (column 1)
= OTxoas (KonoEka 2) / Waste (column 2)

= Cemena (kononga 1)/ Seeds (column 1)
Cemena (koaonka 2}/ Seeds (column 2)

Puc. 2. Pacnpedenenue yacmuy ouuuaeMo2o Mamepuaid no ux
monuune 60 QPaKyusx, NOIYUeHHbIX 8 SPAGUMAYUOHHBIX KOJIOH-
Kax ¢ pasiuyHblmMu OUAMempamu npymros

Fig. 2. Particle distribution of the material to be cleaned by their
thickness in fractions obtained on gravity columns with different
rod diameters

Onevim Ne 2. C yBeIWUCHUEM ITPOU3BOIUTEIBHOCTH
pacTyT BbIXOJ MaTepHalia BO (PPaKIHIO KOTXO/I» U MOTe-
pu (puc. 3). Ilpu mpon3BOIUTENEHOCTH 45,6 KT/49 BBIXOJT
(dpakun «otxoa» cocrasui 0,5%, norepu — 0,07; npu
npousBoauTenbHocTr 227,8 kr/a — 0,98 u 0,35% coort-
BETCTBEHHO. JTO yIOBIETBOPSIET UCXOIHBIE TPEOOBAHUS
Ha OCHOBHBIC TEXHOJIOTHYECKHE OTIePAIUH JJIs TTOCIIe-
yOopouHOI 00pabOTKH CEIEKITMOHHBIX ceMsiH [19, 20].

Onvim Ne 3. J11st BbIIETICHUS MEJIKUX MIPUMECEH nc-
TI0JTb30BAHNE KOJIOHOK C OOTBIITIM Pa3MEPOM 3a30pa MEK-
Iy IPYTKaMU HOBBIMIAET B HECKOJBKO pa3 KaK BBIXOIT
(paKII «OTXOIY, TaK 1 oTepH (puc. 4). [lepBoIii moka-
3aresb Bo3poc ¢ 0,62% (kononka 1) 10 2,54% (kononka 2),
notepu — ¢ 0,24 o 1,68% cooTBercTBerHo. Yucrora ce-
MSTH TP 3TOM MMPAKTUYECKHU 0CTaNach Takou xe — 99,37
1 99,69%. I[ToaToMy UCTIONB30BaHUE KOJIOHOK 1715 BBITIE-
JICHUS MEJIKUX TIPHUMECEH ¢ 3a30pOM MEK]y TPyTKaMH,
pacmmpeHHbIM gaxe Ha 0,2 MM, HelenecooopasHo.

Onwvim Ne 4. Beicora xonmonku 500 MM He oOecreyn-
BaeT IOJTHOTO BBIJICICHNUS KaK KPYITHBIX ITPAMeceil, Tak
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B Hexopnsiii maTepman/ Raw material
= 0700w (konoEka 1)/ Waste (column 1)
B OTx00k (Konoaka 2)/ Waste {column 2)

B Cemena (komonka 1)/ Seeds {column 1)
Cemena (Kononga 2)/ Seeds (column 2)

Puc. 3. Pacnpedenenue uacmuy pakyuu «omxoo» no ux moauu-
He Npu pasHoil nPou3E0OUMENbHOCIU 2PAGUMAYUOHHOU KOLOHKU
Fig. 3. Distribution of particles of the "waste" fraction along their
thickness at different productivity of the gravity column
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Hurepsaas drpaxnuii, vy / Fraction intervals, mm

= Hexonmsiii MaTepuan/ Raw material ® Cemena (konorka 1)/ Seeds (colnmn 1)
= O71xo0s (KosoEKa 1)/ Waste (column 1) Cemena (Koaorka 2) [ Seeds (column 2)
= OTI0Ik (KodoEka 2) / Waste (column 2)

Puc. 4. Pacnpedenenue uacmuy ovuwjaemozo mamepuaia no ux
monuune 60 QPaKyusx, NOLYHEeHHbIX 8 SPACGUMAYUOHHBIX KOJILOH-
Kax ¢ pasnudHuIMU 3a30pamiu Mexicoy NpymrKamu npu GbloeieHul
MeIKUX npumecetl

Fig. 4. Distribution of cleaned material particles along their
thickness in fractions obtained on gravity columns with the release
of small impurities with different gaps between the rods

u ceMstH (puc. 5). B kononke 1 uncrora ppakuum «ceme-
Ha) M0 OTHOIICHHIO K UCXOAHOMY MaTepHaly MOHU3H-
nack 10 77,72% (B ucxomgHoMm — 86,38%) n3-3a HeloCTa-
TOYHO 3P PEKTHBHOTO BBIACICHUS IPUMECEH 1 OOIBITUX
moreps (8,51%). B xomonke 2 gncroTa ppaknnn «ceme-
HAa) 0 CPABHEHHIO C UCXOAHOM TaKXKe yXyAIIUIach 10
83,54%, Ho moTepU 3HAUUTEIBHO YMEHBUIMINCH — ¢ 8,51
1o 1,96%.

Onwvim Ne 5. [Ipun 06paboTKe UCXOJHOTO MaTepHralia
PEeIIeTOo 1 KOJIOHKA 00eCTIeUNBAIOT OTMHAKOBOE KAYECTBO
pasneneHus MaTepuaa mpy Mpou3BOIUTENbHOCTH 150 Kr/g
(puc. 6). UncroTa cemsH coctaBuina 99,78% Ha pemere
1 99,49% B KosOHKE. 3aTO PEILIETO 3HAUUTEIbHO MEHbLIIE
nomnyckaet nmotepu — 0,08 mpoTtus 0,24%.

Onwvim Ne 6. Ilpu Bcex ypOBHSIX TPOU3BOIUTEIBHOCTH

CENbCKOXO3SICTBEHHbIE MALIMHB! M TEXHONOTYN « Tom 14+ N4 » 2020

Puc. 5. Pacnpedenenue uacmuy ouuujaeMo2o Mamepuaila no ux
monuune 60 PPAKYUAX, NONYYEHHbIX NPU 6bLOETEHUU KPYNHBIX
npumeceti 8 epagUMAYUOHHBIX KOIOHKAX C PATUYHBIMU 3A30PAMU
MeACOY npymKamu

Fig. 5. Distribution of cleaned material particles along their
thickness in fractions obtained on gravity columns with the release
of large impurities with different gaps between the rods

MIPOUCXOIUT 3aKIMHIBAHUC CEMSTH MEX Ty IPyTKaMHU rpe-
OCHOK HITH MEXXY IIPYTKOM M CTCHKOU KOJIOHKH (mabi. 1).
Haunmensbinee 3akinauBanme (6 ceMsiH) IMEET MECTO ITPH
HEOOIBIION MPOU3BOAUTEIBFHOCTH OKOJIO 50 Kr/4. [Ipn
MOBBIIIIEHUH ITOTO [MOKA3aTENsI KOJTHYECTBO 3aKJIUHUB-
MIUXCS CEMSTH KoJiebneTcst B ipenenax 14-20 .
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Hartepsame gpasmomi, My / Fraction intervals, mm

® Hexonmsif maTepuan f Raw material = Cemena (pemero)/ Seeds (screen)
= Orxoas (pemeto)  Waste (screen) Cemena (kononka)/ Seeds (column)
= Orxoasl (Keaorkra)/ Waste (columm)

Puc. 6. Pacnpedenenue uacmuy ouuwaemozo mamepuaida no ux
monuune 80 PPAKYUsX, NOIYUEHHbIX HA peuteme U 6 epasumayu-
OHHOIU KONOHKe npu npouszsooumenvrocmu 150 ke/u

Fig. 6. Distribution of cleaned material particles along their
thickness in fractions obtained on a screen and in a gravity column
at a productivity of 150 kg/h

Bo BTOpOIi yacTu onbiTa HAOIIOAAIOCH 3aKJIMHHUBA-
Hue 8-18 ceMsH (maban. 2).

B Tperbeit yacTu onbITa CAMOOUUCTKA IPeOEHOK HE
MIPOUCXOMNT, & IIPOCIICKUBACTCS TSHICHIINS K POCTY YHC-
Ja 3aKJIMHUBIIHXCS CEMSIH: ITOCIIE CEIBMOTO IIPOIycKa
ctano 43 wr. (mabda. 3). CnenoBarenbHo, A PEI0TBpa-
IICHUS CMEIIMBAHUS COPTOB MOCJe 00pabOTKH MaPTUH
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LECLUTER] Table 1

Konn4eECTBO 3AKNIMHMBIUMXCS CEMSIH B 3ABUCUMOCTH
OT NPON3BOAUTENIBHOCTU KOJIOHKW, LUT.
THE NUMBER OF JAMMED SEEDS, DEPENDING ON THE PRODUCTIVITY
OF THE COLUMN, PCS.

IIpou3BOIMTENBLHOCTD, KI/4
Homep rpedenku Productivity, kg/h
Comb number
49,7 | 81,6 | 98,6 | 130,9 | 138,5 | 171,4
1 1 1 3 1 1 2
2 - 1 2 1 1 3
3 - 2 1 - 1 2
4 - - 2 1 3 2
5 - 5 4 3 - -
6 2 2 2 5 1 3
7 3 4 4 1 3 1
8 - 2 2 1 1 2
9 - — - 6 3 —
CymmMma / Total 6 15 20 19 14 15

Konn4ECTBO 3AKNMHMBLIMXCS CEMSIH BE3 OYUCTKU KOJIOHKU
THE NUMBER OF JAMMED SEEDS WITHOUT CLEANING THE COLUMN

HomMmep noBTOpHOCTH ONIBITA
Experiment replication number

2 3 4 5 6 7

Homep rpedenku
Comb number

1 2 8 8 9 9 9

2 - - - 1 - - -
3 1 - - - - - -
4 2 1 — - 4 4 5
5 6 = 1 3 2 2 3
6 7 7 7 9 7 10
7 = 2 4 4 4 5
8 = = = 2 1 3 7
9 2 = = 2 2 1 4

Cymma / Total 20 | 18 | 18 | 28 | 31 | 30 | 43

CEJIEKIIMOHHBIX 00Pa31I0B KOJIOHKY HEOOXOAMMO 1004 H-
1aTh BPYYHYIO.
BbiBoabl. 'paBuTal[OHHAS KOJOHKA JIJIS BBIAEIEHUS

HT MPEANOCEBHASA OBPABOTKA CEMSAH

SEED PRESOWING TREATMENT

KOonMYECTBO 3AKNMHMBLUKMXCS CEMSIH
NPU NPOVU3BOANTENBHOCTH 96 Kr/y, wWr.
NUMBER OF JAMMED SEEDS AT A PRODUCTIVITY OF 96 KG/H, PCS.

Homep noBTOpHOCTH OIIBITA
Howmep rpeGenkn Experiment replication number
Comb number
1 2 3 4 5 6
1 1 = = 1 1 1
2 - 1 2 1 1 - -
3 = = = = = = 2
4 2 1 - - 4 9 3
5 - 2 1 2 - - -
6 2 1 3 3 1 = 4
7 3 6 1 2 1 - 2
8 = 1 2 1 1 2
9 = 1 1 = 1 1
CymmMma / Total 8 13 | 10 | 10 | 10 | 16 | 16

MEJIKMX ITpUMecel IPU OUUCTKE CEJIEKLIMOHHBIX CEMSIH
MIIEHUIIBI C BHICOKOH 3(h(heKTUBHOCTBIO pa3feseT ya-
CTHULIBI, €CJIM OHU OTIMYAOTCS APYT OT Apyra 10 TOJILIH-
He He MeHee 0,3 MM Ipu 3a30pe MexX Ay IPyTKaMHU Ipe-
6enku 2,0 MM 1 AMaMETpe NONEPEYHOT0 CCUCHUS MPYT-
ka 0,9 mm.

ITpu nonepeunom ceuennu kosoHku 60x70 MM foctu-
raeTcs MPOU3BOUTEIBLHOCTH 10 150 Kr/4.

Pemero xak paGouuii opran u rpaBUTalUOHHAS KO-
JIOHKA TSI BEIACTICHUSI MEJIKUX ITpUMecel o0ecriearnBa-
0T MPAKTUYECKHU OMHAKOBOE KaYeCTBO pa3/IeIeHHS Ma-
Tepuana.

Hmeet MecTo He3HAUNTENFHOE 3aKJIMHIBaHHE Tpede-
HOK ceMeHaMu. UeM BblIIIIe IPOU3BOAUTEIBHOCTD, TEM
OoJbIIe 3aKJIMHABAHNE. B 3aBUCHMOCTH OT IIPOU3BOAH-
texbHOCTH (50-170 KT/49) 3aKTHHEBaHHE COCTABISIET 6-20
CEMSH.

BricoTa KOJOHKU /1J1s1 BBIACIEHUS KPYTHBIX IPUMe-
ceii mpu 3a30pe Mex Ay NpyTKaMu rpedeHku 4,0 MM 10ITK-
Ha OBITH B 2 pa3a O0IIbIIe BEICOTHI KOJIOHKH JIJIS BBIIETE-
HUS MEIKUX IpUMeceil.
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MOBW/bHbIE SHEPTETUYECKWE CPEACTBA MOBILE ENERGY UNITS

YAK 631.31-83 (<) DOI 10.22314/2073-7599-2020-14-4-33-42

NccnepgoBaHne napaMeTpoB TPaKToOpa C 3N1IeKTPONPUBOAHbLIM CUJIOBbIM
arperatom

AnToHn BiaaaguciaaBosuu Buikaes,
KaHAUuAaT TCXHUYCCKUX HAYyK,
CTapIIui mpernojaBateib, e-mail: a.bizhaev@mail.ru

Poccuiickuii rocy1apcTBEHHBIN arpapHblil yHUBEPCUTET — MOCKOBCKas CETbCKOXO3SIICTBEHHAS aKaJeMHUsI UMEHU
K.A. TumupszeBa, MockBa, Poccuiickas @eneparus

Pedepar. [okazanu, 4T0 CHU3UTH TOKCHYHOCTD OTPAOOTAHHBIX TA30B U MOBBICUTH I(PPEKTUBHOCTH PAOOTHI TPAKTOPOB MOXKHO €
TIOMOIIBIO 3MEKTPONPUBOIHOTO CUIIOBOTO arperara Al pealn3aliu TAroporo ycuaus. Kosdduuuent nonesnoro aeicTsus co-
BPEMEHHBIX JJIEKTPOJBUIaTeNel J0CTUraeT B uke 96 MpoLeHToB, [0 cpaBHEHHIO ¢ 45 'y au3enbHoro asurarend. [loguepkHyiu,
YTO HTOT TIApaMeTp JUIs COBPEMEHHbBIX HCTOUHUKOB AIEKTPUUECKO SHEprun paBeH §5-90 mpolieHTaM, YTO OTKPHIBAET BO3MOK-
HOCTH TS peajIi3aliiyl dIEKTPHICCKOH TATH Ha TpakTopax. (Llens ucciedosanus) IlpencraButh 00IIyI0 KOHIEHIMIO ANEKTPO-
TPUBOHOTO CHJIOBOTO arperara i TPaKTOpa Majoro TATOBOIO KIAacca M OLEHHUTh €ro MapamMeTpbl B MEPBOM MPUONMKEHUN.
(Mamepuanst u memoowt) [l 31EKTPONPHBOAA TPAKTOPA B KAUCCTBE MCTOUHHKA IEKTPUUCCKOI SHEPTHH BBIOpANH JTUTHH-H-
OHHBIE aKKYMYISITOPHI, TTOKA3bIBAIONINE JTYUIIHE XapaKTEPUCTHKH dHEeproeMkocTn — 432-864 KUIomKoyis Ha KHJIOTPaMM TpH
ynenbHoi croumoct 4200-17400 pybreii Ha kunorpamm. B xozie aHanu3a TUIOB IPUBOJIA CHIIOBOTO arperara paccMOTPEIH JIH-
3enbHbIA ABurares J[-120 MomHOCTHI0 20 KMIIOBATT, 3NEKTPOJBUTATEINb TOCTOSIHHOTO TOKA M ACHHXPOHHBIN JIBUTATEIb C aHa-
JIOTUYHBIMU MapaMeTpaMu. B kauecTBe ocHOBBI A pacyera B3snu Tpaktop BT3-2032 ¢ HoMuHanbHBIM TATOBbIM yeunuem 6000
HBIOTOHOB TpH pabote Ha cTepHe. (Pesyivmamul u 06cyicoerue) BrIsBuIM Tydinue TOKa3aTelld HIEKTPONPHBOA BCIICICTBHE
Ooree MIPOKOTO HArPY30YHOTO HATa30Ha XapaKTePHCTHK Ha Mepenadax MpH CHIKCHHH YIETBHBIX 3aTpaT Ha KIJIOBATT-9ac C
24 1o 15-16 py6neii. (Bvigods) Onpenenunu Hanbosee 3QPeKTUBHBIN ABUTATENb — HMEKTPHUECKHI 0eCIIETOYHbII OCTOSHHOTO
Toka. Paccuntanu, 4to yrenbHas CTOUMOCTb €ro 3Hepruu B 1,5-1,8 pa3a MeHblue, 4eM y JU3€IbHOTO JBUraTeNIs, U cocTaBisieT 15-
27 pyOneii Ha KIJIOBATT-4ac MPH MaKCUMaNbHOH 3 (HEeKTHBHOCTH 95 MPOLEHTOB. YCTaHOBUIIH, YTO ONTHMAJbHBIM PELICHHEM JUTS
TINTaHUA SIEKTPONPUBOAA OYAYT IUTHI-HOHHBIE aKKYMYyTATOPSL. OHH OTIMYAIOTCS BBICOKOH Y/IENBHOIN SHEPrOeMKOCTBI0 — 432-
864 KUMOMKOYIS Ha KMJIOTPAMM — M HU3KOH [IEHOH 32 eAMHUITY SHEPIUH, COCTABIISIOIIEeH 5-45 pyOneit 3a KUIOIKOYJIb.
KitroueBble c10Ba: 31MEKTPOTPAKTOP, DIEKTPOTATA, NEKTPHUSCKast TPAHCMHUCCHS, JNEKTPOMOOIIIb, TATOBBIA pacyeT TPaKTopa,
TPAKTOPHBIHA JBUIaTENb.

1 /Ins mutupoBanusn: bixaes A.B. MccnegoBanue mapaMeTpoB TPaKTOPa C AJIEKTPOIPUBOIHBIM CHIIOBBIM arpera-
toM // Cenvckoxossiicmeenuvie mawunst u mexnonoeuu. 2020. T. 14. N4. C. 33-42. DOI 10.22314/2073-7599-2020-
14-4-33-42.

Research of Tractor Power Unit with Electric Drive Parameters

Anton V. Bizhaev,
Ph.D.(Eng.), senior lecturer,
e-mail: a.bizhaev@mail.ru

Russian State Agrarian University — Moscow Timiryazev Agricultural Academy, Moscow, Russian Federation

Abstract. The author showed that it was possible to reduce the exhaust gases toxicity and increase tractors efficiency using an
electric power unit to implement traction. The efficiency of modern electric motors was at its peak of 96 percent, compared to 45
for a diesel engine. He emphasized that this parameter for modern sources of electrical energy was 85-90 percent, which opened up
opportunities for the implementation of an electric tractor. (Research purpose) To present the general concept of an electric drive
power unit for a tractor of a small traction class and to evaluate its parameters as a first approximation. (Materials and methods)
For the tractor’s electric drive lithium-ion batteries were chosen as a source of electrical energy, showing the best characteristics of
energy intensity — 432-864 kilojoule per kilogram with a unit cost of 4200-17400 rubles per kilogram. During the analyses of the
power unit drive types, a D-120 diesel engine with a power of 20 kilowatt, a DC electric motor and an asynchronous motor with
similar parameters were studied. The VTZ-2032 tractor with a nominal tractive effort of 600 Newtons when working on stubble
was taken as the basis for the calculation. (Results and discussion) The author determined the best indicators of the electric drive
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by the power characteristics fullness in the gears with a decrease in unit costs per kWh from 24 to 15-16 rubles. (Conclusions)
The most efficient engine was determined — a brushless DC electric motor. The author calculated that the specific cost of its
energy was 1.5-1.8 times less than that of a diesel engine, and amounted to 15-27 rubles per kilowatt-hour with a maximum
efficiency of 95 percent. It was found that lithium-ion batteries would be the optimal solution for powering the electric drive. They
were distinguished by a high specific energy consumption — 432-864 kilojoule per kilogram — and a low price per energy unit,

amounting to 5-45 rubles per kilojoule.

Keywords: electric tractor, electric traction, electric transmission, electric vehicle, traction calculation of a tractor, tractor engine.

I For citation: Bizhaev A.V. Issledovanie parametrov traktora s elektroprivodnym silovym agregatom [Research of
tractor power unit with electric drive parameters]. Sel'skokhozyaystvennye mashiny i tekhnologii. 2020. Vol. 14. N4.
33-42 (In Russian). DOI 10.22314/2073-7599-2020-14-4-33-42.

POM3BOAUTETN TPAKTOPHOU TEXHUKH PEIIATOT

cpa3y HECKOIBKO 3a/1a4: MOBBIIICHUE TATOBOTO

KIIJ] TpakTOopa, yMeHbIIIEHNE TOKCUIHBIX BBI-
OpocoB 0TpabOTaHHBIX Ta30B ABUTATENs B aTMOChepy,
CHIDKEHHE IaBJICHHS Ha TIOUBY, a TAK)Ke YIyUIICHUE MO~
TPEOUTENBCKUX CBOMCTB TPAKTOPa, TAKUX KaK [IEHA, IP-
TOHOMHUYHOCTb, IITyMHOCTH, BUOpaIus u T.A. J{1s Ternyg-
HBIX XO3SIMCTB U IPYyTUX KPBITHIX TomenieHuii B ATIK oc-
HOBHOH IIP0O0IEMOii CTaIH BIOPOCH! TOKCUYHBIX KOMIO-
HEHTOB B CPEy MOMEIICHUS. DTO MPUBOIUT K Pa3IHI-
HBIM 3200JIEBaHUSIM )KUBBIX OPraHU3MOB, a MPEANPHUsi-
THE CHU)KAET TEMITbI IPOM3BO/ICTBA.

CymecTByeT 00IBIIOe KOTUIECTBO pa3paboToK, IMo-
3BOJISIFOLIUX CHU3UTH COEPKaHNE TOKCHUUHBIX KOMIIO-
HEHTOB B OTPa0OTaHHBIX ra3ax: UCIOIh30BAHNE HEHTpa-
JIU3aTOPOB, COBEPIICHCTBOBAHKE IPOLIECCA CTOPAHUSI TO-
IUTMBA B ABUTATENE, TPUMEHEHHE PA3INIHBIX BUJIOB aJlb-
TepPHATUBHOTO TOIJIMBA U T.1. [1, 2].

Texkymuii TEXHOJIOrHYECKUN yPOBEHD IPOU3BOICTBA
CrocoOCTBYET pa3paboTKe CIIOKHBIX ATEKTPOHHBIX KOM-
MOHEHTOB HA MUKPOYPOBHE, COBEPIICHCTBOBAThH aBTOMa-
TH3WPOBAaHHEIC CHCTEMBI yIIpaBiIeHus. [laHHast KOHIIen-
LMl IO3BOJISIET BHEAPUTD AIIEKTPONPUBOIHBIE TEXHOJIO-
TUH JIs] peaTu3aliy TATU TpakTopa. AKTyaTbHOU 3a/1a-
Yeil 0CTASTCS U COBEPIICHCTBOBAHUE TPAKTOPOB C AIICK-
TPHUECKON TATON pOCCUICKOr0 MPOU3BOJACTBA [3, 4].

TpakToOpEI ¢ SIEKTPONIPUBOAOM B KaIeCTBE MEXaHU-
YECKOT0 UCTOYHUKA SHEPTUH JJIsl CUIIOBOTO arperara Io
COBPEMEHHOM TEPMUHOJIOTHH CTAJIM HA3BIBAThH JJICK-
TpoTpakTopamMu. MICTOYHHKOM SHEPIUU B HUX MOXKET
ObITh Kak akkyMyssiTopHast 6atapes (AKDB), Tak u JIBC
C COWICHEHHBIM I'€HEPAaTOPOM, TO €CTh THOPHIHAS Ma-
muHa. K 10100HBIM TPaKTOPaM MOXKHO OTHECTH YXKe Cy-
IIECTBYIOIIUE, TaKne Kak Edison model 1 Ha 6a3e XT3-2511
WJIW DJIEKTPOTPAKTOP, CO3AaHHBII Komnanueit MOBEL
Ha 6a3e mozmenu bemapyc-920. U3 3apyOexxHBIX pupm
MOKHO Ha3BaTh John Deere (3nextpotpaktop SESAM)
u Fendt (el00 Vario). Ilepexon Ha 3NIEKTPUUECKYIO TATY
MO3BOJISIET OCYIIECTBUTH O0Jiee THOKOE YIIpaBICHHUE CH-
CTEMOI1, 4TO OTKPBIBAET BO3MOKHOCTD JJIs aBTOHOMHO-
T'0 yIpaBJeHHs TPaKTOpoM. /laHHOE HampaBIeHHE HaX0-
JIUTCSI Ha paHHEM JTare Pa3BUTHUS, TOITOMY OOJIBIIOTO
CEpHITHOTO MPON3BOACTBA TAKUX TPAKTOPOB HE CyIIe-
cTByeT. MHOTHE TPaKTOPHI Ha JJIEKTPUUECKOU TATE MPeI-
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CTaBJICHBI OMBITHBIMU 00pa3laMu JIMOO MPOU3BEACHBI
MEJIKHMH CEPUSIMHU.

Jis peanu3aiuy MpoeKTa 3JIeKTPOTPAKTOpa Heo0Xo-
JIIMO pa3padoTaTh HE TOIBKO TPEOOBAHUS K CUCTEMaM
9TOM MaIllMHBI, HO U KOHLIEMIKIO B 1iejoM. [TocTaBieH-
HBIE 33J1a4¥ YaCTHYHO PEIICHBI Ha 0a3e yKe CO3JaHHBIX
TPaKTOPOB C 3MEKTpOoTAroi. OxHAKO 3Ta UH(pOPMALUS HE
pasrianraeTcsi KpymHBIMU 3aBOJJaM U, 2 UMEIOIIAsICS B OT-
KPBITOM JOCTYIIE€ CIIYKUT TOJIBKO TOYKOH OTOPHI AJIs
JAIbHEUIIINX UCCIIeIOBAHMH 110 JAHHOMY BOIIPOCY.

Ecnu paccmaTpuBaTh BO3MOXKHOCTD MPUOOPETCHUS
ANEKTPOTPAKTOPA IJISI MAJIOTO XO3SCTBA, TO BOSHUKAET
npo0JemMa ¢ BEICOKOH YCTBbHON CTOMMOCTBIO TPAKTOPa
M0 OTHOUICHHIO K €T0 Becy. DTO CBSA3aHO B MEPBYIO OYe-
pelb ¢ aKKYMYJISTOPHBIMH OaTapesMH, HEOOXOMMBIMH
JUTsT 0OeCIIeueHu s AIIEKTPOIIPUBOIAa dHeprueii. Bropoe
MECTO IO [IEHE 3aHUMAET caMma CUCTEMa AIIEKTPOIPHBO-
Jla ¥ yIIpaBJISIoNIas aeKTpoHuKa. Hanmpumep, 1iena Tpak-
topa Edison model 1 na 6aze XT3-2511 cocraBisieT oko-
710 20 THIC. JIOJIJI., UTO MTOKA HE ONpaBabIBacT 3P PEKTHB-
HOCTH €T'0 UCTI0Jb30BaHusl. [103TOMY aKkTyaabHBIM OCTa-
€TCSl CHHD)KEHUE [IEHBI Ha MTOJIO0OHY 0 TEXHHUKY.

HecMoTpst BRICOKYIO LIEHY TPaKTOpa, 3P PEKTHBHOCTH
HCIIOJIb30BaHUS JIEKTPOIPUBO/IA TI0 SHEPro3arpaTaM
cpaBHUMO BbIcokas. M3BecTHo, uto KIIJ[ coBpemeHHBIX
aMeKTpoABUTaTeneil B muke coctasisiet 90-96%, B 3aBu-
CHUMOCTH OT TApaMeTPOB. ITO OOIBIIOE 3HAUCHHE TIO CPaB-
nenuto ¢ KIIJ[ qu3enbHbIX ABUTaTEIe, 3HAUEHUS KOTO-
PBIX JTexaT 006r9HO B 061actn 40-45% (Kpacosckuit A.b.
2015, FOtT B.E. 2016). OnHako naxe mpu 0oJiee HU3KOM
KII/] nu3enpHOTO ABUTATENS €r0 IeHa TOXKE OCTACTCS
HIKE, 9eM JIJTS SJIEKTPOTPUBOIHBIX crcTeM. Kpome mipo-
yero, cusioBoit arperat ¢ JIBC B 11es1oM 3aHUMAaeT MEHb-
e 00’beMa 1o CPaBHEHHUIO € AKKYMYJISI TOPHOH CHUCTEMOIH,
YTO HAKJIAJ[BIBACT JOTIOJTHUTEIbHBIE CIIOKHOCTH pa3me-
HICHUS SJICKTPOIIPUBOIHBIX CUCTEM Ha OOpTY.

JTst TETMUTHYHBIX WTH (hepMEPCKUX TOMEIICHHH 00bIY-
HO UCTIONB3YIOT TPAKTOPHI MAJIBIX TATOBBIX KJIACCOB C He-
OOJIBIIION MOIITHOCTBIO, KOTOPBIE MOT'YT UCTIOIB30BATHCS
Ha KOpMOpa3jaue Wi MPOYUX CEIbCKOXO3STHCTBEHHBIX
onepanusx. Heo0XouMo yYuThIBaTh, 4TO Ta0APUTHI Ta-
KUX TPAKTOPOB MaJlbl, a 3TO OCIIOKHSIET PACIOJIOKCHHE
B HUX JIOTIOJTHUTEILHBIX CUCTEM, B TOM YHCJIE  YCTPOHCTB
AIEKTPOIPUBOAHON crcTeMbl. Kpome Toro, Mexanuye-
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CKasi TPAHCMHCCHS HAa MAJIBIX MAIIHHAX HMEeT OOIBITHH
KIIJ o cpaBHEHUIO C JJIEKTPUUECKON. YCTaHOBKA DJIEK-
TPHUUYECKOI TPAaHCMHUCCHH Ha TPAKTOpax TaKuxX radapu-
TOB M MOIITHOCTEH He ONpaB/aHa. DIeKTPHUYECKYIO TPaHC-
MHCCHIO OOBIYHO YCTaHaBJIMWBAIOT Ha MOOMIBEHBIX MaIIH-
Hax 0OJIBIION MOIITHOCTH M Ta0apUTOB, B 3TOM CIIy4ae Hc-
0JIb30BaHNE MEXaHMYECKOH TPAHCMHUCCUU HE PAILHO-
HaJIbHO BBUY Oosiee Hu3koro KITJT [5].

C y4eToM XapaKTepUCTHK JIEKTPOJBUTATEICH TIPU
UCTIOIb30BaHUH COBPEMEHHBIX AEKTPOHHBIX aBTOMATH-
3MPOBaHHBIX CHCTEM YIIPaBJICHHUS HET HEOOXOAMMOCTH B
0O0JIBIIIOM KOJMYECTBE Mepe/iay Ha MOOUIIBHBIX MalllH-
Hax, a B HEKOTOPBIX CITy4asiX U B KOpoOKe rmepesad B IpHH-
rume. 3To odecrneunBaeTes Garoaapst HIMPOKOMY Jua-
MIa30Hy XapaKTEPUCTHK IEKTPOIPUBOIHEIX CHCTEM H
THOKOCTH DJIEKTPOHHOTO yIIPaBIICHHS.

LLENL NCCNEAOBAHMSA — npeCcTaBUTh OOIILYO KOH-
LIETIIUIO AJIEKTPOIPHUBOTHOTO CUIIOBOTO arperara Juis
TpaKTOpa MaJoro TATOBOTO Kilacca U OLEHUTH ero rnapa-
METPHI B TIEPBOM ITPUOIHIKESHU .

JU1s 9TOTO MPEJCTONUT PELIMTD CIEAYIOIINE 3aaqH:

- 000CHOBATH BBIOOP THIIA ITPHBOJIA CHIIOBOTO arpe-
rara TpaKTopa;

- OUCHUTDH XapaKTCPUCTUKU UCTOUYHHUKOB JJICKTPpHUYC-
CKOM SHEPTHH JUIs MU TAHUS JJIEKTPOIIPUBOHON CHCTEMBI;

- CMOJISJIMPOBATH TSATOBBIE TapaMeTPhl TPAKTOPa C

MOBILE ENERGY UNITS

pa3JIMuHbBIM TUIIOM ITIPUBOJIAa CUIIOBOI'O arperara.

MaTePYANBI M METOABI. C LENBIO pEIeHus TPOOIIeM,
BO3HHUKAIOIINX B XOJI€ aHAJIN3a DIIEKTPOTPaKTOpa, He00-
XOJIUMO KOMITPOMUCCHOE PEIIEHUE, KOTOpoe OyAeT YA0B-
JCTBOPSITh TEXHUIECKUM TPEOOBAHUAM, (DyHKIINOHATH-
HOMY Ha3HAYE€HHUIO U YCIIOBUSIM CYILLIECTBOBaHUS Ha PhIH-
ke. KpoMe BBITNONHEHN I OCHOBHBIX 3a/1a4 TAKOH TPAKTOP
JIOJIKEH UMETb ONTUMAaJIbHY IO XapaKTePUCTUKY B3aHMO-
CBsI3U MEX Y d(P(HEeKTUBHOCTHIO M TPOU3BOAUTEIHHO-
CTBI0, MPOOIEMBI KOTOPOH JI0 CHX TIOP aKTyaJIbHBI [6].

IlepBoHA4aNIBHO CIEAYET ONPEAEIUTHCS CO CXEMOIt
KOMITIOHOBKH CHJIOBOT'O arperara TpakTopa, KOTOPbIi
MPEIOIOKHUTENBHO TOJIKEH BBIIOIHATh Pa3IUUHbIE BU-
JbI pa60T B IIOMCIICHHUAX C OFpaHH‘IeHHOﬁ BCHTHJIALIH-
eil. I3BecTHBI pa3iinuHbIe KOMITIOHOBKH TOJJOOHBIX CH-
CTEM, HAaUMHasl C PACIONIOKEHHU I ABUTATEIN I BHY TPCHHE-
TO CTOpaHUs B KA4Y€CTBE NICTOYHUKA MEXaHHUYECKOH OHEP-
TUU ¥ 3aKaHYKBas ero 3aMellieHueM JIeKTPOABUTaTeIeM
C COIIYTCTBYIOIIUMU cucTeMaMu. Eciu B CUII0BOM arpe-
rate NpUCyTCTBYIOT HECKOJIBKO JABUTaTelel ¢ pa3iuy-
HBIM THIIOM NOTPEOIIsIeMOil SHEPruu, TO TaKas MalluHa
Ha3bIBACTCSI THOPUTHOM.

['uOpuHBIN BapuaHT TPaKTOpa — MPOMEXYTOUHOE
3BEHO MEX 1y KilaccuueckuM tunoM ¢ JIBC u anekrporpak-
TOPOM B OOMXOJHOM IIpeacTaBieHUuU. Ero xapakrepu-
CTUKHU MOT'YT 3HAaUUTEIBbHO BapbupoBaThesl. PaccMarpu-

OCHOBHbIE MAPAMETPbI TPAKTOPOB C PA3JINYHbIMU TUMAMMW CUJIOBbIX ATPEFATOB*
BAsic PARAMETERS OF TRACTORS WITH DIFFERENT POWER UNITS TYPES*
Tunsi TpakTopos / Tractor types
Iapamerpsi ¢ musenasubiv IBC T —— asekTpopaktop ¢ AKB**
Parameters with diesel internal hp blll'i d electric tractor with
combustion engine y accumulator battery
KITQ
Efficiency . 2 .
ToxkcuuHOCTH
Toxicity . 2 .
Ilena TpakTopa 3 D) 1
Tractor price
T'aGapuTs! cucTEeMBI 3 5 1
System dimensions
CIO)KHOCTH KOHCTPYKITHH 3 1 2
Construction complexity
Pexymnepanus sHeprun 1 3 3
Energy recovery
[TymuOCTB
e 2
Noisiness . .
Bubpanun
Vibrations . 2 .
CKOpPOCTB 3apaBKu/3apsiaAKu 3 3 1
Refueling / charging speed
HudpactpyxTypa 00cayKUBaHH 3 2 1
Service infrastructure
TpeboBanus k 00CIyKUBAHUIO 3 5 5
Service requirements
*OmueHKy NPOBEJIN PAaH)KHPOBAaHUEM: |— HeraTHBHBIN yPOBEHB OKa3aTels; 2 — [0Ka3aTelb CO CPeTHUM 3HaUeHHEeM; 3 — Ooiiee O1aronpusTHOE 3HAUCHUE
* The evaluation was performed by ranking: 1 —negative level of the indicator; 2 — an indicator with an average value; 3 — a more favorable value
**AKB — akkyMynaTopHas 6arapes
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-

Basi TMHOPUTHBIN TPAKTOP B KAYECTBE 00BEKTA UCCIIEIO-
BaHU S, MOYXHO BbIACJINUTDH ONIPEACIICHHBIC IPCUMYIIIECTBA
Y HEJIOCTATKH [0 CPABHEHHIO C TPAKTOPAMHU, HMEIOIIIH-
MU JTU3CTbHBIA ABUTATEIb UITH SJIEKTPOIIPHBOIHYIO CH-
cremy (maon. 1) [5, 7-9].

T'ubpuiHBIE CUCTEMBI B MOOMIIBHBIX MAITMHAX OOBIY-
HO UCTIOJIB3YIOT B TE€X CIyYasiX, IJie UMEeT MeCTO HeyCTa-
HOBHBIIICECS JIBYKCHHUE C IIEbI0 PEKyTIepallii MOIITHO-
CTH JJ1s ee nocneayromen peanusanuu [10]. bonburyio
JIOJTIO0 BpEMEHH Ha TAKHX PEKUMaxX paboTaroT aBTOMOOH-
JIA B TOPOJICKOM ITHKJIe ABMKEeHUsI. [IpH BBITIOJHEHU U
TPAaKTOPOM arpoTEeXHUYECKUX ONEpaIui pe>kuMbI 4a-
CTBIX TOPMOXKEHUH W Pa3rOHOB HE CBOMCTBEHHBI, U OC-
HOBHBIC TMHAMUWYECCKHUEC ME€PETabl IIPU TATOBO-IIPUBO-
JTHBIX paboTax 00ecIeYnBalOTCs BCICSICTBUE KOJICOaHUH
Harpysku. [1o00HbIH THOPHAHBIH TPAKTOP OBLIT CO3/1aH
Ha 6aze TpakTopa BT3-2048 A montHocThIO 33 KBT B Poc-
CHUHCKOM rOCyJapCTBCHHOM arpOMHKECHEPHOM YHUBED-
cuTeTe — MOCKOBCKOM CEJILCKOXO3SIMCTBECHHOM aKaJIeMUH
nmenn K. A. Tumupsizesa B 2008 1. o 3axa3y Munucrep-
CTBa cesbckoro xo3siicTra PO, [TpuHiumn ero paboTsI 3a-
KJTIOYaeTCsl B OBICTPOM HAKOTUICHUH M OTJaue YHEPTUH
MpH KOJIEOAHUX HArPY3KH HA JIBUTATE b, B TaHHOM CITy-
4ac B poJin HaKONUTEJEH OHCPIUuH BBICTYIIAJIM HOHUCTO-
PBI UJTU CYTICPKOHJICHCATOPHI, [ICHA KOTOPBIX Ha €UHU-
oy SHEPruu ropa3ao BbILIC NMEPCIICKTHUBHBIX aKKYMYJIs-
TOPHBIX HCTOYHHUKOB THTIA INTUH-UOHHBIX Oatapeii [4, 11].

Jlnst paboTHI TPaKTOPA B TEIIMIIAX U IPYTHX MTOME-
IMCHUAX C OFpaHquHHOﬁ BeHTHHHHHCﬁ KOMIICHCAIIU I
KOJICOAHWH HArPY3KH CYMTAETCS HE TAKUM BaXKHBIM CBO-
CTBOM KaK OTCYTCTBHE TOKCUUHBIX BBIOPOCOB. OCOOEH-
HOCTh TPAKTOpa C THOPHIHBIM CHUJIOBBIM arperaToM 3a-
KJTIOYAETCs B €0 CIIOCOOHOCTH paboTaTh HE TOJILKO B pe-
JKHUMax KOMIICHCAIIMH SHEPTUH 33 CYET SJICKTPOJIBUTATE-
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TS ¥ €€ PEeKYIICPallHH, a eIe U PEKIMOB, IIPH KOTOPBIX
obecrneunBaeTcs paboTa TPAaKTOPa TOJIBKO JIMIIb C TOMO-
mipto JIBC, mubo TobKo 3a cueT BpeMEHHOT0 obecrede-
HUS DJICKTPUYCCKON TATH OT aKKYMYJISITOPHOH Oarapen
(AKB). [loaToMy CHM)KEHHUS TOKCHIHOCTH OTPa0OTaH-
HBIX Ta30B MOJKHO JJOOHUTHCS, IEPEMEIIAsICh BHYTPH I0-
MCEIICHUSA TOJIBKO C TOMOIBIO BJICKTPOTATU C MUTAHUCM
ot AKDB onpenenennoit eMmkocTH, a 3a €ro npeaeIamMu —
Ha TIPUBOJIC OT JU3EIBHOr0 JBUTATEINs. B 1ensx nura-
HUS AIEKTPONIPUBOAA HYKHBI JJIEMEHTHI 111 BpEMEHHO-
r'0 XpaHEeHHUs 3apsiaa, KOTOphie OyayT OTBeYaTh TpedoBa-
HUSIM K (QYHKITUSM TPAKTOpa. DJIEMEHTH BPEMEHHOT O
XpaHEHUs 3apsia KaK ICTOUHUKH TUTAHUS JJISI DIEKTPO-
MIPUBOJIA PA3IUYAOTCS IO XapaKTEPUCTUKAM U I[CHE
(mabn. 2). B ntaHHOM citydae HeoOX0IHMO BBIOpATh OIl-
TUMaJbHBIN BApHAHT.

CoBpemenHble nuTnii-nonHbie AKDB o6nagaroT 601b-
[IFM 3a11aCOM YHEPTHH, YeM CYePKOHICHCATOPEI, U Je-
IIEeBJIC TI0 OTHOIIECHUIO K DHEProeMKOCTH. B cBOIO 0OUe-
penb, HOHICTOPHI 3aHUMAIOT TPOMEKYTOTHOE TTOJIOMKE-
HUE MEXK]Ty aKKyMYJISITOPAMH U KOHICHCATOPAMH 10 (hH-
3UYeCKOMY NpuHIHNIY AeiicTus [12]. JIntnit-nonnsie ak-
KYMYJISITOPBI ObICTPEE 3apsDKAIOTCS M BBIIAIOT OOJIBIIIHE
TOKH, HO JUISI ITTUTETBHBIX PEXKUMOB pabOT 3TO CBOHCTBO
HE TepBocTeneHHo. KpoMe Toro, efnHNIIa YHEPTHH HO-
HUCTOPA OOXOAUTCS AOPOKE. DICKTPOTUTHUECKUE KOH-
JICHCATOPBI 00JIaJIAF0T OOJBIITUM PECYPCOM, IIIHPOKUM
JUANa30HOM paboYMX TEMIEPATyp M HU3KOH [IEHOHU 3a
€MHHUILY BEca, HO CPAaBHUMO HU3KOW 3HEPrOEMKOCTHIO,
YTO OTPHUIATEIIFHO CKa3bIBACTCS IPH UX BBIOOPE KaK
HUCTOYHUKOB MAUTAHUS [JId DJICKTPOIIPUBOJA.

B xauecTBe HanboIee MEPCIEKTUBHBIX SJIEMEHTOB ITH-
TaHUS, UMEIOIIUX BBICOKYIO SHEPrOEMKOCTh U IPYTHE
pUeMIIEMBIC TTapaMEeTPhI, MOKHO pacCMaTpUBaTh JIH-

OCHOBHBIE XAPAKTEPUCTUKM 3JIEMEHTOB BPEMEHHOIO XPAHEHWSI 3APAOA
MAIN CHARACTERISTICS OF TEMPORARY CHARGE STORAGE ELEMENTS
|} Pr— DJIeKTPOJIUTHYECKHE KOH- Honncropsl J}":gj&ggﬁiﬁ;ﬁgﬁ
P p JAEeHCATOPBI (CymepKOHIeHCATOPHI) pasiutl .
LU Electrolytic capacitors Supercapacitors L WL (00 [PV 2
(various types)
DHeproeMKocTh, Br-u/kr
Power consumption, W-h/kg el 2 el
DHEProeMKocTs, K x/Kr
I 0,18-0,72 14,4-115,2 432-864
Lena, py0./xIx
Price. RUB/K] 650-5000 130-2300 5-45
Ilena, py©0./kr _ _ _
Price, RUB/kg 150-3600 15 000-32 000 4200-17 400
KoutiuecTBO MONHBIX IIUKJIOB 3apsijia/
paspsiga go norepu 20% emMKocTH } ) )
esribr o Rl 6 e e dhissinainse 1000 000-5 000 000 500 000-1 000 000 600-15 000
cycles until 20% capacity lost
Juana3on pabouux temieparyp, °C » N _
Operating temperature range, °C 50...4+125 40.. 475 20...+65
Cpennee Bpems 3apsaKH, C 0.1-2.0 530 900-1800
Average charging time, s T
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TUH-NOHHBIC aKKyMYIISITOPEl. OHU CIIOCOOHBI ITePEHO-
cuth 10 15000 uuKI0B 3apsAAKU-pa3pAAKU 10 IOTEpU
20% emkoctu, a ux KITJ] moxeT nocturars 95% [11, 13].
PaccmarpuBaembie AKB ciocoOHBI 3apsikaThCst OT SHEP-
TUU JIU3EIIBHOTO JIBUTATEIISI TPH TPeo0pa30BaHUM IeHe-
paTopoM, 3aTeM OTJaBaTh e¢ MPU HEOOXOJUMOCTH B CH-
cTemy ayeKTpornpuBoaa. Hy»XKHO yYuTBIBaTbh, 4TO JIU-
tuii-norHeie AKDB npu otnadye 60JbIINX TOKOB CHIILHO
HarpeBaroTcs, IOATOMY JJIS NOAAepKaHUs pabounX Xa-
PaKTEePUCTHK UM HEOOXOMMa CUCTEMA OXJIaxK IeHUS [ 14].

[Tocne BbIOOpa UCTOYHUKA XPAHEHU S ANEKTPUUECKO-
r'o 3apsijia Kak 3JIeMEHTa KOMIIOHOBKH HEOOXO0IMMO OI1e-
HHThH TATOBBIC M () (PEKTHBHBIC TapaMeTPhl TPAKTOpa C
9JIEKTPOIIPUBOIOM CHIIOBOT'O arperara, a Takyke CpaBHUTb
ux ¢ 0a30BoH cucTeMoil. B kauecTBe OCHOBBI JJIs pacye-
Ta 3THX NapaMeTPOB HYKHO UCXOJUTH U3 XapaKTEPUCTUK
JIBUTATENS. B 3aBUCHMOCTH OT THIIA JIBUTATEIIS, TPUBO-
JISIIETO CUIIOBY 0 YCTAHOBKY, TAPAMETPBI TATH U 3P heK-
TUBHOCTH paboThl OyyT OTIHYATECS. B TpakTopHOM H
ABTOMOOHWJILHOM IPOM3BOJICTBE OOBIYHO MPUMEHSTFOTCS
3 tuna aBurarenei [15]:

- IM3eJIbHBIN IBUTATENb BHY TpeHHEero cropanus ([IBC);

- JNIEKTPUYECKUil JBUraTesb noctossHHoro Toka (JI1T);

- QIIEKTPUYCCKHUI aCHHXPOHHBIN ABUTaTENb (A l).

JInst paccMOTpEeHUS TSTOBBIX U SKOHOMUYECKUX TIO-
KazaTesiell TPaKTOPOB C MPUMEHEHUEM Pa3INYHbIX TH-
TTOB JIBUTaTeJIeld He0OX0MMO 33/1aTh HaYaIbHbIC I1apa-
MeTpsl. 3a 0a3y 15 JalbHEUIIEro pacue THOTO UCCIe0-
BaHUS MOKHO TpHHATH TpakTop BT3-2032 (Arpomant-30TK)
¢ nu3eabHBIM aBurateieM /-120, HoMHHAIBHOW MOIITHO-
cthio 18 kBT, ipu wacToTe Bpamenus 7, = 1800 MuH .
[Ipu pacueTe mapamMeTpoB, pacCMaTPUBAIOT UICHTUYHBIC
YCIIOBH S OKCILTyaTallK TPAKTOPa, MPUOINIKEHHBIE K pe-
anbHBIM (mabi. 3).

PeanbHbI TpakTOp 000PYIOBAH MEXaHHUYESCKOM TPaHC-
MUCCHel ¢ 6 6a30BBIMU TIepeadaMi. J{Jis TeopeTHIeCKO-
T'0 aHAJIM3a MOJKHO YCIOBUTHCS ATONH KOMIIOHOBKOH C ITpH-
MEHEHHUEM Pa3JIUYHBIX TUIIOB JBUTaTENel. B ocHOBe TH-
TOBOT'0 pacueTa JISKUT oOImenpuHsaTas MeToauka [16].
Hcxonst u3 B3aUMOCBSI3M TAPaMETPOB C IBUTATENeM, MOX-
HO OTPECIUTh MOITHOCTh Ha KPIOKE:

_ (Grp@uptGrpfi)Ve _ (Pp+Pp)Va
P 770611.('(1_5) 77061.14'(1_6)’

N, (1)
rae N,, — MOIIHOCTh Ha KpIoke, KBT;

P, — ycunue TpakTopa Ha Kproke, kH;

P;— cuuta conpoTHBIICHNS KAYSHUIO KOJIEC TPAKTOpa,
kH;

V. — TeopeTHUECKasi CKOPOCTh TPAKTOPa, M/C;

Hosw — CyMMapHbIit KIT] Bcex asieMeHTOoB, yuacTBY10-
X B 00pa30BaHNM U TIEPEIAauN MOITHOCTH, OTIPEIEIIs-
€TCA KaK 1oom™ 77Tp"73ap'77pa3'77np);

0 — OyKcoBaHmue.

W3 MeTonuKku TATOBOTO pacyeTa TPAaKTOpa U3BECTHO,
YTO €ro XapaKTEePUCTHKHU 3aBUCAT OT MapaMeTPOB U pe-
YKHUMOB pa0OTHI JIBUTATEIISI, KOTOPbIe OOBIYHO TIOA0Mpa-
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Ta6nuua 3 Table 3

M cXoaHbIE AAHHBIE NS TArOBOrO PACHETA

MAPAMETPOB TPAKTOPA
INITIAL DATA FOR TRACTION CALCULATION OF TRACTOR PARAMETERS

3HaueHne
Value

ITapameTtpsl
Parameters

@rp, K0OIDHUIIHEHT HCTIOTH30BAHMS CLIETHOTO
Beca TpaKkTopa 0,4
coefficient of using the tractor coupling weight

fr» K03 UIUEHT CONPOTUBICHHS KAYSHHUIO KO-
JIeC MalIMHBI

coefficient of rolling resistance of the machine
wheels

0,08

7', KHHEMaTHYECKHU painyc Kojieca TPakTopa, M

kinematic radius of the tractor wheel, m 0.8

G,,, IOIIHAS Macca TPAKTOpa, KI'

total tractor weight, kg 21

Vniny MUHEMAIIBHASI CKOPOCTBH MAIIUHBI, KM/4 4
minimum vehicle speed, km/h

Vinax» MAKCHMaJIbHAsI CKOPOCTh MAIIHHBI, KM/T 24
maximum vehicle speed, km/h

Zen, YACTBHBIH 2 (HEKTUBHBIN PACXO TOIIINBA
IPY HOMUHAJIBHOH MOILITHOCTH, I/KBT-4
specific effective fuel consumption at rated
power, g/kWh

300

ixp, KOTMYECTBO MEpeiad TPAHCMUCCHI 6
number of transmission gears

72p, KILJ{ TpancMuCCHn
transmission efficiency

Nsap, KITJT 3apsnxu AKB
battery charging efficiency

7pas>» KILJ paspsaku AKB
battery discharge efficiency

0,9

0,9

0,9

#up> KILJI IOy TPOBOHUKOBBIX CUIIOBBIX ITPE00-
paszoBatenei
efficiency of semiconductor power converters

0,85

C,, ycioBHas [IeHa Ha | TUTp AU3EIBHOTO
TOIUIMBA, PyO./1 45
conditional price for 1 liter of diesel fuel, rubles/1

C,, ycioBHasi TapudHast ctaBka 3a 1 kBT-4 aek-
TPHUYECKOI SHepruu, pyo./kBru 6
conventional tariff rate for 1 kWh of electric
energy, rubles/kWh

DOH OMOPHOI MOBEPXHOCTH IS OMIPEICICHUS
rmokasaressi OyKCOBaHUS

Support surface background for determining slip
rate

Crepus
Stubble

IOTCSI Ty TEM allMIPOKCUMAIIMH MU APYyTUX MaTeMaTHde-
CKHX METOJIOB, OITMCHIBAIOIINX PEATBHYI0 (QYHKIUIO 110
u3BecTHbIM MeToaukam st AJL [17,18], AIIT [19, 20] u
JABC [21, 22], BcTpeuaromumcs U B IPYTHX HCCIIE0Ba-
HUSIX. B 1ensx ynporieHus oleHKH 9KOHOMUYECKOH 3¢h-
(heKTHBHOCTH TPaKTOpa OBIT BBEACH HOBBII MOKA3aTEIhb
g, — yJeIbHast BHEPrOCTOUMOCTb, py0./kBT4. OH moka-
3BIBACT, 3aTPATHI B PyOIsAX Ha peanuzanuio 1 kBT momr-
HOCTH B TeYEHUE | 4, M 3aBHCUT OT LIEHbI HA TOILIMBO HJIN
3MEKTPOIHEPTUI0. DTOT NOKA3aTeNb yA00€H JIJIsl CpaBHE-
HUS PacXo0B Ha peain3aliio MOIIHOCTHU TPaKTopa ¢
JBUTATENSIMHU, pa3IMYHBIMU 110 THITY HOTPeOIsIeMOi 3Hep-
ruu. JIns Tpakropa ¢ IpUBOAOM CHJIOBOM YCTaHOBKU OT
JIBC oH BeIpakaeTcsi 3aBUCIMOCTBIO:
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_ CrGe

_ Crgyp
p-Ngp P ’

g (@)
rIe g, — YACIbHAs SJHEPrOCTOMMOCTb, py0./k BT 4;

G —4acoBoil pacxoJ] TOILUINBA, KI/4;

p — IUIOTHOCTB TOTLIUBA, KI/JL;

C, —11eHA 3a TMTp TOIINBA, py0./1,

Zip — YACNBHBIH 3O DEKTUBHBII PacXos TOMIMNBA JJIs
TpakTopa, Kr/kBr-u.

Jlyist TpaKkTOpa C AIEKTPOIPHUBOIHBIM CHIIOBBIM arpe-
raToOM ¥ MUTaHHUEM OT aKKyMYJISITOpa HIIH JPYyroro Ha-
KOIUTEJIS AJICKTPUYCCKON DHEPIUH YACIbHYIO DHEPro-
CTOMMOCTD OIPECISIOT IPYTUM CIOCOOOM:

g, ==

rae C,—tapudHas cTaBKa 3a SJIEKTPOIHEPTUio, pyo./k BT u;

P.—53neKTpruyecKasi MOITHOCTB, ITOJIBEICHHAS K 3JICK-
TpoJBUTraTeNto, KBT;

N, — MexaHu4eckasi MOIIIHOCTh Ha BBIXOE, KBT.

PE3YNLTATBI M OBCYXAEHME. [Ipu paccMoTpeHnn
WCTOYHHKA SHEPTUU JJI5 DIIEKTPOIIPUBOA B pacyeTax Uc-
[10JIb30BAJIM IIapaMeTPhl JINTUH-NOHHBIX aKKYMYJIATOP-
HBIX OaTapeil. DTo 00BACHAETCA UX BBICOKOM yAETbHOM
SHEProeMKOCThIO — 432-864 kJIK/KT, TO ecTh OomblIIe,
9eM y HOHHCTOPOB (B 7,5-30 pa3) u y KoHJAeHCaTOpOB (B
1200-2400 pa3), a Tak»xKe HU3KOH IIeHOH 3a eIMHHUILY dHEP-
THH, cocTaBIsitoel 5-45 py0./xJ[x, 9To MeHbIe B 25-
50 pa3 o cpaBHeHU0 ¢ noHuctopamu u B 100-130 pa3 —
C KOHJICHCATOPaMU TI0 CPEAHUM 3HAUCHH M. MOIIHOCTB,
noTpeodseMas JIeKTPOIPUBOAOM, 00yCIaBINBAET UX
Bec, a Takke xapakrepuctuky KIIJI npu paspsine. Pac-
CMOTPHM TATOBYIO XapaKTepHUCTHKY TpakTopa BT3-2032
Ha 6-CTyneH4aTol KopoOKe mepenay, B OCHOBE KOTOPO
JISKUT BHEIIHSASI CKOPOCTHAS XapaKTEPUCTUKA TU3ENIb-

MOBILE ENERGY UNITS
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Puc. 2. Taecosvie xapaxmepucmuxu mpaxmopa BT3-2032 npu uc-
NOTb306AHUU OUIETLHO20 08USAMENS BHYMPEHHE20 C2OPAHUAL:

Ny — MOwHOCHb HA KpIOKE, V, — meopemuueckas ckopocms mpak-
mopa, g, — y0enbHas 3Hep2oCmoumMocmy, 0 — Oykcosanue. Llugppa-
Mmu 1-6 0603Hauenbl nopsoKosvle HoMepa nepeday

Fig. 2. VTZ-2032 tractor traction characteristics when using
a diesel internal combustion engine: N, — power on the hook;
V.— theoretical tractor speed; g, — specific energy consumption;
0 — slipping. The numbers 1-6 indicate the serial numbers of

transmission

Horo asurarens J[-120 (puc. 1).

MO0>KHO OTMETUTH 00JaCTH HELOUCIIOIBL30BAHHOM TSI-
TOBOIf MOIITHOCTH MEX 1y KPUBBIMH JJIs1 KK I0H epeadn
(puc 2). I1pu 5TOM MOKa3aHO, YTO yIeIbHBIN IIEHOBOM pac-
XOJI BHEPTHH B MUHUMYME COCTABIIAET 0KOJI0 24 py0./KkBT4.

[Mo TroBoii XapaKTePUCTHKE TPAKTOPA C DIICKTPOIBH-
rarenem noctositHaoro Toka (JI1T) BugHO, 4TO 3a1mo-

M, Hm
8., T/kBtu

N, kBt

G, /4
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M, Hm N, xBr
. &, PY6./kBru
140

\g"
120 30

o[ n
ol IN| I,
. <
ol AW
N BN

0 \

500 1500 2500 3500 4500, M

Puc. 1. Xapaxmepucmuku OuseibHo2o O0sucamens 6HympeHHe2o
ceopanua: M, — kpymawuii momenm, N, — s¢hpexmuenas mouy-
nocmo, G, — 4acogoii pacxo0 monausa; g. — yoenvHulil d¢hgpexmus-
HbLU pACXo0 MONIUGA

Fig. 1. Characteristics of a diesel internal combustion engine:

M, — torque; N, — effective power; G, — hourly fuel consumption;
g. — specific effective fuel consumption
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Puc. 3. Xapaxmepucmuxu snekmpuueckozo osueamens HOCMOsIH-
Ho2o moka. M, — kpymsawuii momenm, N, — d¢hcpexmuenan mowy-
HOCMY, Ny — KIIJ Osucamens; g, — yoenbuulil YeHOBOU pacxoo
oHepauu

Fig.3. DC Electric Motor Characteristics: M, — torque; N, —
effective power; 1, — engine efficiency; g, — specific price energy
consumption
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Puc. 4. Treosvie xapaxmepucmuxu mpaxmopa BT3-2032 npu uc-
NONb306AHUL INEKMPOOGULAMENS NOCIOAHHO20 MOKA: Ny, — Mouy-
HOCMb Ha Kpioke, V. — meopemuueckas CKOpOCmb mpakmopd,
2u— VOEIbHAsL SHEP2OCMOUMOCmb, 0 — Oykcoeanue. L{ugppamu 1-6
0003HaYenbl NOPSIOKOBblE HoMepa nepeoat

Fig.4. VTZ-2032 tractor traction characteristics when using a DC
electric motor: N, — power on the hook; V, — theoretical tractor
speed; g, — specific energy consumption; 6 — slipping. The numbers
1-6 indicate the serial numbers of transmission

HEHHOCTbH 30H HEIOHMCITIONb30BAHHON MOIIHOCTH OyaeT
BBIIIIE, YeM C ucroib3oBanuem J[BC, mpudem HACTOIBKO,
YTO BO3MOXKHO OTKa3aThCs OT HECKOIBKUX TIepeiay, Tak
KaK UX HAJIUIUEC TCPACT CMBICJI U3-3a ICPEKPBITUA 30H
XapaKTepUCTUKAMU IPYTUX nepead (puc. 3).

B cnydae nucnonb30BaHMs IU3ENbHBIX IBUTATEIEH TO-
crositHHOM MomHOCTH (JITIM), B KOTOpBIX 3amac KpyTs-
mero MoMeHTa coctaBisgeT okoio 30-40%, MOKHO 10-
OuThCs OMM3KUX TIoKa3aTeneid. OMHaKO HeraTHBHBIN A (-
(exT OyneT 3aKIIF0YaThCsl B BO3MOKHOM TITUTEIBHOMU pa-
60Te au3ess Ha KOPPEKTOPHON BETBH, UTO IIPUBEICT B
MIEPBYIO OYepeIb K HOBBIIICHAUIO BEIOPOCOB CasKH MTPH K-
BHUBAJIEHTHOW MOII[HOCTH.

JIIT obecnieunBaeT yAOOHBIA HATPY30UHBIA PEIKHUM
TPaKTOPa, MOBHIIIAS KPY TSI MOMEHT MIPH yBEIUYe-
HUU BHEITHETO MOMEHTA compoTuBieHus (puc. 4). llpn
stoM ero KIT/I octaeTcs B BRICOKOM AHara3oHe Ha O0Tb-
IIOM MHTEPBAJIC MO HaCTOTC BpAILICHUA. MuHnMmanbHOE
3HauYeHue g, cocTaBiseT 15 py0./kBt 4, uTo yiyumaer
noka3zarenb Ha 30-40% 1o cpaBHeHUIO ¢ nu3enbHbIM [IBC.

Mexanndeckas XapaKTepUCTHKA ACHHXPOHHOTO JIBH-
rareJs Py SKBHBAJICHTHON MOITHOCTH OYAET OTIIHYATh-
cst ot AIIT Gonee y3kuM guana3oHoM padboTHl (puc. 5).
Taxum 00pa3om, TATOBasI XapaKTEPUCTHKA TPAKTOpa
Oorbllie CX0Xa ¢ Uconb3yeMbIM au3enbHbM JIBC (puc. 6).
Hy»XHO y9uTHIBaTh, YTO ACHHXPOHHON MaIInHON MOYKe-
HO yIPaBIATH O0Jiee THOKO — TyTeM U3MEHEHUS 4acTo-
ThbI TOKa U BEJIMYUHBI HAIIPSIKCHUSA, UYTO ITO3BOJIUT pac-
IIMPUTH e quana3oH paboTsl. Takoe ympasieHue gemna-
eT ee Oosiee YHHUBEPCAIBHON, XOTS U MOBBIIIACT TPYIO-
3aTparel.
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Puc. 5. Xapaxmepucmuxu acunxporuoeo ogueamensi: M, — kpymsi-
wuit momenm, N, — a¢ghpexmusnas mownocmn,; nao — KI1/] osuea-
meis; g, — yOelbHblll YEeHOBOU pacxo0 SHepUuU

Fig. 5. Asynchronous motor characteristics: My — torque; N, —
effective power, n,, — engine efficiency; g, — specific price energy
consumption

B
gepyoBral [ [T RN 60
o s
P I W I 40
\ 1 4

30 \ 7 1 — 30

25 - - 20

2 .~ A-- === 17

15 I e e so— |,
0 2 4 6 8 0 12 14 P xH

N _, kBt

o

V., mlc 4, 3 1

11 5 / 2

10 A/ [V 7 P

9 6 ‘:// N —

g P~ 1T/ -

\'V T

7 —

6 /1 pZd —|

5 L/

2 iV /3

3 LT

5 77 — |

1 E

0 | B—
0 2 4 6 8 0 12 4P

Puc. 6. Tacosvie xapakmepucmuxku mpaxkmopa BT3-2032 npu uc-
NOMb308AHUU ACUHXPONTHO20 dNeKkmpodsueamens: Ny, —MowHocms
Ha Kpioke; V, — meopemuueckas cKopocms mpakmopd, m/c; g, —
YyoenvHas anepeocmoumocms,; 0 — bykcosanue. Llugppamu 1-6 06o-
3HAUeHbl NOPOKOBbLE HOMEPA Nepeda

Fig. 6. VTZ-2032 tractor traction characteristics when using
an asynchronous electric motor: N, — power on the hook;
V.— theoretical speed of the tractor, m/s; g — specific energy
consumption; 0 — slipping. The numbers 1-6 indicate the serial
numbers of transmission

MuHUMaNbHBIN YAETbHBIN HEHOBOM PacXol SHEPTUU
g, TIpY UCTIOJIb30BAaHUU ACHHXPOHHOM MaIlllMHbI COCTaB-
nset 16 py0./kBt-4, uTo conoctaBumo ¢ JI1T. Onnako
xapakTepucTuku AJl umerot 6oee y3kuii 1uamnas3oH, 6e3
BHEJIPCHUSI yIIPABIISIONIUX CUCTEM.

Kpome cucTeMbl 4acTOTHOTO IIpeodpazoBaTeIsl IS
rudKoro ynpasneHus A/Jl, morpedyeTcs 1 cucTemMa ympas-
JIEHU S 3JIEKTPOIPUBOJIOM B LIEJIOM — TaKKe, KakK U JJs

AGRICULTURAL MACHINERY AND TECHNOLOGIES * Volume 14 + N4 + 2020



MOBILE ENERGY UNITS

!r; MOBW/bHbIE SHEPTETUYECKWE CPEACTBA

JIIT, Ha KOTOPYIO IPUIETCS OCHOBHAA JOJIS 3aTPar.

ACWHXPOHHBIE MAIIIMHBI TI0 CPABHEHHUIO C MAITTHAMH
IIOCTOSIHHOT O TOKa UMEIOT 0ojee Huskui KI1J[. DTo cBs-
3aHO MPEXKIE BCETo ¢ MOTepeil SHepruu Ha 0Opa30BaHHe
BpAIIAOIIEroCsi MAarHUTHOTO 10J1s1, co3aatomero JJ(C B
poTope pH GU3MIECKOM ITPOIIECCE, HA3BIBAEMOTO CKOJIb-
skeHueM. IloaToMy 3 peKTHBHOCTS TaKUX ABUTATEICH
HE MOKET OBITH BBIIIE BCIEIACTBHE (PU3MUESCKOTO IPHH-
nuna padoThl.

Jas ATIT Takoit mpoOieMbl He CYIIECTBYET, IIOATOMY
ux KIIJI, koTopslii B miuke coctaBisieT 95%, BbIlle, 4eM
y AJl, Haxomsimiics B oonactu 89%. ['abaputsl pu Ta-
Ko sxke MomHocTH y AJl Oynyt B 1,5-3,0 pa3a GobIiie.
3aTpyIHUTH BBIOOP ABUTATENEH TOCTOSIHHOTO TOKA B Ka-
YeCTBE IIPUBOJA CUIIOBOM YCTAHOBKHU TPaKTOPa MOKET
TaKXKe HaJlnyue KOJUIEKTOPHO-IIETOYHOT 0 y3J1a, obecre-
YHUBAOIIETO CTATYC TaHHOMY JIBUTATEII0 KOHTAKTHOU
MamuHbl. COBpEeMEHHBIH TEXHOJIOTHYeCKUH YPOBEHb I10-
3BOJISIET OTKA3aThCs OT KOJUIEKTOPHO-IETOYHOIO y3J1a
JIIT, 3aMeHuB ero mory npoBOJHUKOBBIMHU 3JIEKTPOHHBI-
MU KomrioHeHTam# [23]. Ha poTtop ycTaHaBIUBaIOT MO-
CTOSIHHBbIE MarHUThI, KOTOPbIE IPUBOATCA B ABUKEHHE
BpalIAOIIUMC MATHUTHBIM I1OJIEM CTaTOPa, YIpaBiise-
MOT0 [10JIyIIPOBOJHUKOBBIMHU dj1eMeHTaMH [24, 25]. Ta-
KM€ DJIEKTPOABUIaTEIN HAa3bIBAIOTCS BEHTHIIBHBIMU U OT-
HOCATCS K YaCTHOMY CIIy4al0 CHHXPOHHBIX MallIlH, TPH
9TOM HMes XapaKTepucTuku, nogoousie JII1T [26, 27].
AHaJOrMYHbIe IBUTATEIU YCTAHABIMBAIOT HA HEKOTO-
pBIe IIEKTPOMOOUIIH, B TOM uncie Tesla, B KOTOPHIX B Ka-
YECTBE NOCTOSIHHBIX MarHUTOB UCIIOJIb3YETCS HUOUMO-
BBIH CIIJIaB, 00€CTICUNBAIOIIHI IPENICIBbHY 0 TEMIIEPATY-
py pabotsl okosio 250°C. Takue nBUTaTEIN CUUTAIOTCS
MEPCIEKTUBHBIMY U I TPAKTOPA.

BuiBoabl. [I51st 1U3e/1bHOTO JBUTATENs YACIbHBIE 11e-
HOBBIE PacXo/ibl B MAKCUMYM€E MOILIHOCTH Ha Mepeaadax
cocraBisoT 23-29 py0./kBt-u. [Tpu ucnonszoBarmu 11T
3TOT MOKa3areib cocTapiseT 15-27 py0./kBr-u. J{ns acun-
XpOHHOH MamuHbl — 16 -24 py0./xBt-u. Ilpu oTkioHe-
HUH OT [TMKa MOLHOCTH 3TOT [apaMeTp pacTeT pH JIto-
OBIX THUIAaX JIBUraTeNel U3 pacCMaTPUBAEMBIX.

MogjenupoBaHue TAIOBOro pacyeTa Iokas3alio mnpe-
MMYLIECTBO 2JIEKTPUUYECKUX ABUTATENEH M0 XapaKTepH-
ctukaMm. IIpex e Bcero 3To ¢BA3aHO C 3alI0JTHEHHOCTBIO
Y4YaCTKOB HEIOMCIIOJIb30BAHHOM MOIIIHOCTH MEXAY JHU-

HMSIMH MOILHOCTH COCEIHUX Nepenay, 4YTo MO3BOJISET
CHU3HUTH UX KOJTHYECTBO.

Bri6op Tuna cunoBoro arperata s TpakTopa cBo-
JIUTCA B IEPBYIO ouepeb K BbIOOpy nsurarens. Haubo-
nee 3 dexruBHbIe BapuaHThl — JII1T 1 acCHHXPOHHBIN, UX
LIEHOBbIE PHEpreTHUecKue pacxoasl B 1,5-1,8 paza MmeHb-
11e pu paccmarpuBaeMbix napamerpax. I T nmeer nyu-
L€ Harpy304HbIe XapaKTePUCTUKH, 10 CPABHEHUIO C
ACHHXPOHHBIM 2JIEKTPO/IBUTaTeNIeM, OTHAKO IIPU 4aCTOT-
HOM pETyINPOBAHNH ITOCTIECAHETO MOXKHO TOOUTHCS IJIaB-
HOCTHU U3MEHEHU I XapaKTEepUCTUK. Tak Kak Kpome va-
CTOTHOM cuUCTEMBI yipaBieHus A/l Hy»Ha elle u cucTe-
Ma YIIpaBJICHHS YIEKTPOIPUBOIOM, ITO IOTPEOYET 0-
MOJTHUTENBHBIC 3aTPaThl Mpu MakcuMaasHoM KIT/T AJ]
oxoo 89% 1o cpasaenuto 95% y JAIIT, To Homee onTH-
MaJbHBIM B JaHHOM ciiydae cTanet Beioop 1T BenTumb-
HOTO THUIIA.

C TOUKM 3peHHUs XpaHEHUS SHEPTUH [T IBUTaTENs
Ha 0OpPTy MOOMJIBHON MAIITMHBI CUCTEMA U3 AU3EIBHOTO
IBUTATENS B CONMPSDKEHIH C TCHEPATOPOM Hanbomee mpei-
MOYTHUTENIbHA 10 OTHOLICHUIO K DHEPIOEMKOCTH U €€
yaenbHOU ctouMocTH. [ToaTomy, pu paboTe TpaKTOPOB
MaJIOW MOIIHOCTH B 3aKPBITHIX MIOMEILIEHUSIX C LETBIO
CcHUKEHU s TOKCUYHOCTH OI, CHMKEHH S ITyMHOCTH U BU-
Oparuii, pallHOHaIBFHO TOJIHKO BPEMEHHOE HCIIOTh30Ba-
HHE JICKTPONPUBOJIa OT UCTOYHHUKOB AJIEKTPUUSCKON
SHEPTHH, BEIOOP 0a3bl KOTOPBIX CBOIUTCS K TUTHH-HOH-
HbIM AKB. DT0 00BSICHSIETCS KX BEICOKOM yIEITBHOM SHEP-
roeMKoCThI0 432-864 Kk JI>k/KT, TO €CTh O0JIBIIIE, YeM Y HO-
HucTOpOB (B 7,5-30 pa3) u y konaeHcaropos (B 1200-2400
pa3s), a Tak)ke HU3KOMU 1IEHOM 3a eMHUILY SHEPTUH, CO-
crapisitonneit 5-45 py6./k 1k, uro Huxe B 25-50 pas mo
cpaBHeHMIO ¢ HoHucTOopamu U B 100-130 pa3 — ¢ koH1eH-
caTopaMU 110 CPEAHUM 3HAYEHU M.

o 0611uM oLleHKaM ruOpPUIHBIN CUIIOBOI arperar u3
JIM3ETLHOTO ABUTATENS ¥ 3JICKTPOABUTATEI S, TUTAEMOTO
OT UCTOYHUKA AIEKTPOIHEPTHH HEOOIBIION EMKOCTH C
cHCTeMOM pekynepanuu u noxzapsaxu ot [IBC, nepcnek-
THBEH U1 pabOTHI B IOMEIICHUSIX C OT PAHNICHHON BEH-
TUIALMEN BO3AYyXa, a TAKKE Ha APYTHX OBITOBBIX U CEIb-
CKOXO3SIHCTBEHHBIX OTIEPaIlUsIX, BKITFOUasi PEXKUMBI C OT-
CYTCTBUEM IMPOAOKUTENIbHBIX JUHAMUYECKUX U3MEHE-
HUM CKOpOCTHU. DTOT CUJIOBOM arperar MOKHO B3sTh 3a
OCHOBY JIJISl JAJbHEUIIUX UCCIEI0BAHHUI.
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Pedepar. OnHO U3 yCnOBHIl JOCTHKEHHSI MAKCUMAIBHON YPOXKAHHOCTH CENbCKOXO3AHCTBEHHBIX KYIBTYp — ONTUMANbHAS TIOT-
HOCTB TT0YBBI. B AMypcKoii 001acTH SKOIOTHYeCKIe TIOPOTH YILTOTHEHUS IS 3ePHOBBIX KYJIBTYp cocTaBisitoT 1,0-1,24 rpamma Ha
KyOuueckuit cantumerp, anst con — 1,09-1,25, uto cootBeTcTBYET HOpManbHOMY naBneHuto 80-120 kunonackaneil B 3aBUCUMOCTH
OT BJIAXHOCTH 10YBHI. [lokazanu, 4to puMeHsieMble B AMypCKOi 0011aCTH TPAKTOPbI, BO3ICHCTBYS Ha TIOYBY, IPEBBIIAIOT KOJIO-
rudeckuil mopor yriotHenus. (Lens ucciedosanus) OOOCHOBATH IKOIOTHYECKYH0 COBMECTUMOCTH MOOMIILHOM TOJIEBOM SHEPreTH-
KM, B TIEPBYIO 04epe/Ib TPAKTOPOB, 3aHATHIX HA TONEBBIX PabOTaX, 10 YIUIOTHSAIOMEMY BO3JICHCTBUIO OT TIepeaBacMOil HX JBHKH-
TEISIMH HOPMaJIBHOM HAarpy3KH Ha OuBY. (Mamepuanvt u memoost) [IpoaHamm3upoBaiti SKCIEPUMEHTATbHbIC JAHHBIC H3MECHCHNUS
TJIOTHOCTH, TBEPJOCTH M CONPOTUBIECHHUS MOYBBI 00padoTKe. [lomyynnn sMmupr4ecKyto 3aBUCUMOCTD JUTS pacdeTa MpupocTa co-
TPOTUBIIEHHUS 00pa0OTKE TOYBBI OT YILTOTHSIOMIEH HAarpy3ku B cioe 0-20 caHTuMeTpoB. (Pezyiomamul u 06¢ydicoerie) YCTaHOBHIH
POCT CONPOTUBNEHHUS BCIALIKe HA 12-25 mpolLeHToB npu HopMaibHOH Harpyske 138-170 xunonackanei, nepefaBaeMoi IBHKH-
TENSIMH MAINH, YTO COOTBETCTBYET INIOTHOCTH MouBH 1,25-1,30 rpamMMa Ha KyOudeckuil canTumeTp; pu Harpyske 180-250 ku-
JomacKanei compoTuBieHne yBennunBaercs Ha 43-50 mMpoIeHToB, 4To SKBUBANCHTHO TIOTHOCTH 1o4BH 1,30-1,35 rpamma Ha Ky-
Ouueckuii canTumerp; npu gaienun 300-350 kunomnackaneii 3T mokasarenu moBbIIaoTcs Ha 60-67 mpoueHTtos u o 1,40-1,45
rpaMMa Ha KyOMuecKuid caHTuMeTp; a p 400 KAITOMAacKaIsaX BBIIBIJIM POCT CONpoTHBIEH!S Ha 70-90 MPOIIEHTOB, YTO CPABHUMO
¢ IWIOTHOCTHIO 1,48 rpamma Ha KyOuueckuii cantumeTp. (Buisoosr) Onpeseniiy, 4To npeieibHoe 3HaYeHHe HOPMaJIbHOTO JaBle-
HUSL TIOJ1 IBWOKUTENSIME MAIIMH Ha TTOJIEBBIX padoTax cremyeT orpaHuauTh 10 150-175 kunonackanei. YCTaHOBHITH SKOJIOT HIECKHI
TIOpOT HOPMAITBHOTO JIaBneHust — e Oonee 120-135 kunonackaneit npu BIaXHOCTH 1104BbI 20-23 TPOIIEHTA, YTO CPABHUMO C TLIOT-
HOCTBIO MouBHI 1,2-1,25 rpamMma Ha KyOuueckuit caHtuMeTp. PaccuuTanu npesiesbHOE 3HAYEHHE HOPMAIIBHOTO JIABICHHS JBHKH-
Tenst Ha ouBy — 350 mackasie, 4To COOTBETCTBYET KPUTHUESCKOMY YILIOTHEHHIO TTOUBBI 1,30 rpamMMa Ha KyOWYeCKHil CAHTHMET].
KiroueBble cj10Ba: yIioTHEHHE MOYBBI, MOOMIIbHAS TIONIEBAS SHEPTETHKA, CONPOTUBICHHE MTOYBBI 00PadOTKE, SKOIOTHUECKHIT
HOpPOT HOPMAJIBHOTO JaBJIEHHUs Ha TI0YBY, YPOKAHHOCTb, TPAKTOPBDI.

1 {nss uutupoBanus: [lanaciok A.H., Jlunkanp A.B. PacueT skoi0ornueckux moporoB HOpMaJibHOTO IaBJICHUS KO-
JICCHBIX IBIDKHATEJICH MAIIMH Ha TIOJIEBBIX paboTaX Ha TIIMHUCTHIX M0uBaX // CenbCKoXo3saicmeenHble MauluHbl U
mexnonocuu. 2020. T. 14. N4. C. 43-48. DOI 10.22314/2073-7599-2020-14-4-43-48.

Calculation of the Ecological Thresholds of Normal Pressure of Machine
Propulsion Drive in Working on Clay Soils

Alexander N. Panasyuk, Alexander V. Lipkan,
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Far Eastern Research Institute of Agricultural Mechanization and Electrification, Blagoveshchensk, Russian Federation

Abstract. One of the conditions for achieving maximum land productivity is optimal soil density. In the Amur Region, ecological
compaction thresholds for cereals are 1.0-1.24 grams per cubic centimeter, for soybeans — 1.09-1.25, which corresponds to a normal
pressure of 80-120 kilopascals, depending on soil moisture. The authors showed that the tractors used in the Amur Region, acting on
the soil, exceed the ecological compaction threshold. (Research purpose) To substantiate the ecological compatibility of mobile field
energy, primarily tractors engaged in field work, in terms of the compacting effect from the normal load transmitted by their propulsion
drive to the soil. (Materials and methods) The authors analyzed the experimental data on changes in density, hardness and resistance
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of soil to processing. An empirical dependence was obtained for calculating the increase in resistance to soil cultivation from the
compaction load in a layer of 0-20 centimeters. (Results and discussion) The authors established an increase in plowing resistance of
12-25 percents at a normal load of 138-170 kilopascals, transmitted by the machine propulsion drive, which corresponded to a soil
density of 1.25-1.30 grams per cubic centimeter; at a load of 180-250 kilopascals, the resistance increased by 43-50 percents which was
equivalent to a soil density of 1.30-1.35 grams per cubic centimeter; at a pressure of 300-350 kilopascals, these indicators increased
by 60-67 percents and up to 1.40-1.45 grams per cubic centimeter; and at 400 kilopascals, they showed an increase in resistance of
70-90 percents which is comparable to a density of 1.48 grams per cubic centimeter. (Conclusions) It was determined that the limit
value of the normal pressure under the machine propulsion drive in field work should be limited to 150-175 kilopascals. The ecological
threshold of normal pressure was established — no more than 120-135 kilopascals with soil moisture of 20-23 percents which was
comparable to the soil density of 1.2-1.25 grams per cubic centimeter. The limiting value of the normal pressure of the propulsion drive
on the soil was calculated — 350 Pa, which corresponded to the critical soil compaction of 1.30 grams per cubic centimeter.
Keywords: soil compaction, mobile field power engineering, soil resistance to cultivation, ecological threshold of normal pressure
on the soil, yield, tractors.

1 For citation: Panasyuk A.N., Lipkan’ A.V. Raschet ekologicheskikh porogov normal’nogo davleniya kolesnykh
dvizhiteley mashin na polevykh rabotakh na glinistykh pochvakh [Calculation of the ecological thresholds of normal
pressure of machine propulsion drive in working on clay soils]. Sel’skokhozyaystvennye mashiny i tekhnologii. 2020.

T. 14. N4. 43-48 (In Russian). DOI 10.22314/2073-7599-2020-14-4-43-48.

VIIECTBEHHAs MHTETpalibHasl XapaKTEPUCTHKA MO-
YBBI — €€ IJIOTHOCTh. OT 3TOr0 OKa3aTes 3aBUCAT
BOJIHBIN M BO3JYIIHBII pEXXUMBI, OUOJIOrHUeCcKast

AKTHBHOCTH MOYBEHHOW OHOTBI, TO €CTh TuIogopoaue [1].

YcTaHOBIIEHO, YTO MaKCUMaJIbHAs YPOXKAUHOCTD Cellb-
CKOXO3SIICTBEHHBIX KYJIBTYP IOCTUTACTCS IPH ONTHMATTb-
HOW IJIOTHOCTH TIOYBBI, yPOBEHH KOTOPOU PA3JIMYCH B 3a-
BUCUMOCTH OT BUJIOB ITOYB U KYJIBTYP U OTJIUYAIOTCS OT
PaBHOBECHOM IMIIOTHOCTH €CTECTBEHHOIO CIOKEHHUs [2, 3].
Yem OombIIIe TITMHUCTON QHPAKIIUU CONEPIKUT IIOUBA, TEM
MEHBIIIE 3HAYEHHU I €€ ONTUMAIbHON MIOTHOCTH. OT MIIOT-
HOCTH NOYBBI 3aBUCST €€ TBEPAOCTb U CONPOTUBJIEHHE
o0pabotke. I103TOMY HEOOXOAMMO YUUTHIBATH KOOI U-
YECKYI COBMECTHMOCTh MOOHIIBHOM ITOJIEBOM SHEPreTH-
KH, B IEPBYIO OYEePEeb TPAKTOPOB, 3aHATHIX Ha MOJIEBBIX
paboTax, 1o yIJIOTHSIONIEMY BO3JICHCTBUIO OT Tiepe/a-
BaeMoOH Ha IMOYBY HOPMAIIbHON HATPY3KH [4].

LIEnb nccnEnOBAHNI — 060CHOBATH 3KOJIOTUIECKY FO
COBMECTHUMOCTH MOOHIIFHOM MOJIEBOM SHEPT € THUKH, B IIEP-
BYIO OU€peIb TPAKTOPOB, 3aHATHIX Ha MOJIEBBIX paboTax,
10 YTUIOTHSIIOIIEMY BO3JIEHCTBHIO OT TIEpeiaBaeMoi X
JBHKUTENIMH HOpMaJIbHON Harpy3Kku Ha MOYBY.

MatePuAnbl n METOABI. CorlacHO AaHHBIM AMYP-
CKOT'O CTaTHUCTUYeCKOTo exeromgnuka 2017 r., s myro-
BO-UYEPHO3EMOBHUIHBIX U JTYTOBO-TJIEEBBIX OCTPYKTYPEH-
HBIX [10YB, 10 MEXaHUYECKOMY COCTaBY-CPEAHUX U Tsl-
JKEJIBIX CYTIIMHKAX, 3aHUMarommnx 78,8% mnaiHu B peru-
OHE, YKOJIOTUYECKHUE TTOPOTH YILUIOTHEHUS JJ151 36PHOBBIX
KymbTyp cocTaBnsioT 1,0-1,24 r/ew’, mast con — 1,09-1,25 r/em’
[5]. [lo npyrum onieHKaM, yCpeIHEHHbIH 9KOIOTHYeCKH I
TIOpOT yIIoTHeHH paBeH 1,18-1,20 r/em’. IIpoBeny ana-
JIU3 pe3yJIbTaTOB UCCIIEIOBAHUHN YIIOTHSIOMIET O BO3ACH-
CTBHSI TPAKTOPOB MO KOA(QHITMEHTY YInOTHEHUS (mab. 1).
BrisiBuny, 94T0 NpakTU4EeCcKu Bce KOJIECHBIE TPAKTOPHI,
IpUMEHsIeMBbIC B AMYPCKOH 00/1acTH, IPEBBIIIAIOT KO-
JIOTUYECKUH Mopor yrioTHeHus [6, 7]. ckirrouenne, co-
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CTaBJIsIeT Masias nuHeiika TpaktopoB: K-744P1; CASE IH 450
NH T9.040. IIn0oTHOCTB TOYBHI IO CJIEAY TPAKTOPa HAXO-
JHUTCS HAa BEPXHEH IpaHULIEe 9KOJIOTMYECKOro nopora
YILUIOTHEHHS.

J17151 3epHOBBIX KYJIBTYP MPH TIIIOTHOCTH TTOYBHI 1,16-
1,18 r/em’ (nns nponamHeiX — 1,39-1,45) cunraercs, 4yto
TpeJieT ONTUMAIbHON IIOTHOCTH mpeBbinieH Ha 0,08-
0,12 r/cM’ (st mponamHbIX — Ha 0,19-0,25), To ecTh on-
THMaJIbHOE 3HAUYCHHUE TUIOTHOCTH TPUHUMAETCS PABHBIM
1,08-1,06 r/em’ (u1st mponamHbIX — 1,2).

J 75 TSKEeNOCYTIMHHUCTBIX YePHO3EMOB, €CITH BEpX-
HUW npeen ONTUMAaJIbHON MIIOTHOCTH HE MPEBBIIIAET
1,2 r/cM’, 06paGOTKy MOYBHI C HENbIO e PasyIOTHEHUS
MO>XHO He TIpoBoauTh [1]. IIpu yBenuuennn mioTHoCTH
MIOYBHI IO BO3ICHCTBHEM JBHIKUTEINCH MallnH OoJiee
1,3 r/em® IIPOUCXOJUT TaK Ha3bIBAEMasi TEXHOT€HHAs Je-
rpananus MOYBBI BCICACTBIEC MEXaHWMUCCKON HATPY3KU
Ha Hee [7, 8]. [louBa nepeyniaoTHSIETCS, HACT pa3pylie-
HUE €€ CTPYKTYPBI: HAUNHACTCS IPAKTHIECKOE CHIKE-
HHE MTOPUCTOCTHU MOUBBI U JOCTYMHOCTH JJIs1 PACTEHUM
MMOYBEHHOM BIary. /1J1s BceX BUJIOB IMOYB IPH IIIOTHOCTH
1,39-1,40 r/cM’ HaGmIOMaeTCA OTCYTCTBHE POCTA M PA3BH-
THS paCTEHUH CEIBXO3KYIbTYp. TakuM 00pa3oM, MOKHO
MIPHUHSTH YCPETHEHHOE 3HAYCHNE YKOJIIOTHIECKOTO ITOPO-
ra yniaotHenus — 1,2 r/em’.

O0paboTKa IKCIIEPUMEHTATBHBIX JAHHBIX 110 YILIOT-
HSIOIIEMY BO3/ICHCTBHIO KOJECHBIX ABHKUTEICH MOOHITh-
HBIX TIOJICBBIX U TPAHCIIOPTHBIX arperaTtoB MO3BOJMIIA
YCTaHOBHTH OMPEACICHHYIO KOPPEIAIIHIO HOPMAITHHOTO
JIaBJICHUs B MSATHE KOHTAKTa JIBUXKUTEIISI C TOYBOH C ee
MJIOTHOCTBIO TIOCIIE IIPOXO0/Ia arperaTa B 3aBUCHMOCTH OT
WCXOHOU TIIOTHOCTH (mab. 2).

ToJIbKO MpY HOPMAJILHOM JIABJICHUH, HE MPEBbIIIA0-
mem 130 kI1a, MOXXHO yTBEPXKAaTh, UYTO JIBUKUTEIIH HE
0Ka3bIBaIOT IEPEYILIOTHSIOUIETO Bo3aeicTusA. Kpome
TOTO0, IPH BEICOKUX 3HAYCHUSIX IKCILTYaTallHOHHON Mac-
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Ta6nuua 1

MOBWJIbHbIE SHEPTETUYECKWE CPEACTBA MOBILE ENERGY UNITS ‘

Table 1

Ko3®®UUMEHT YNNIOTHEHMS NOYBbI MO CNERY TPAKTOPA (MONE, NOArOTOBNEHHOE NoA noces, W,=20-23%)
THE TRACTOR’S TRACK SOIL COMPACTION COEFFICIENT (THE FIELD PREPARED FOR SOWING, W, = 20-23%)

Mapka TpakTopa
Tractor brand

Tsarosblii
KJacc
Traction class

KoJsiecHas
¢opmyiaa
Wheel
formula

ILI0THOCTD HOUBBI, I/CM’
Soil density, g / cm®

BHeE cJea
off trail

o cJiexy
on trail

Ko3dpunment
YILIOTHEHUS
Compaction

factor

IKCcILIyaTanu-
OHHAas Macca, T
Operating weight, t

4K2 a
MT3-80 1,4 OIIUH 1,12 1,32 1,18 3,0
single

4K4 a
MT3-82 1,4 OIIUH 1,17 1,59 1,36 3,2
single

4K2 b
T-150K 3,0 OIIUH 1,08 1,35 1,25 7,8
single

4K2 a
T-150K 3,0 OIMH 1,12 1,39 1,24 7.8
single

4K4 a
NH T7.060 3,0 OIMH 1,0 1,28 1,28 8.1
single

4K4 b
K 701 5,0 OIMH 1,12 1,40 1,29 13,5
single

4K4 a
CIIBOECH 1,15 1,34 1,16 12,3
doubled

4K4 a
K 744P1 5,0 OIIMH 1,00 1,16 1,16 16,1
single

4K4 b
K 744P3 5,0 OIMH 0,92 1,22 1,32 17,0
single

4K4 b
5,0-6,0 OIIMH 1,16 1,42 1,22 17,5
single

4K4 b
5,0-6,0 OJUH 1,02 1,28 1,25 17,5
single

4K4 b
5,0-6,0 OIIMH 0,94 1,27 1,35 17,5
single

4K4 b
CIIBOCH 1,13 1,24 1,10 19,0
doubled

4K4 b
CIIBOCH 0,94 1,16 1,23 22,4
doubled

4K4 b
CIIBOCH 0,94 1,21 1,29 22,0
doubled

4K4 b
CIBOCH 0,94 1,29 1,37 22,4
doubled

4K4 b
CIBOEH 0,94 1,20 1,27 23,4
doubled

MT3 3552 5,0

K 744P4

K 744P4

K 744P4

NH T9.535 6,0

Case IH 450 6,0

BV 485 6,0

NH T9.505 6,0

NH T9.040 8,0

ChI KOJIECHBIX TPAKTOPOB U N30BITOYHOM HOPMaAJIbHOM
OaBJICHUU TI0A ABUKUTECIIEM ITOBBIIIACTCS COITPOTUBJIC-
HUE NePeKaTbIBAHUIO, YBEJINYUBAIOTCS Iy OMHA KOJIEH U
pacxof HEPOU3BOAUTENbHOM dHEpPTrHH [9].
OKOJIOrM4ecKuil MOpor HOPMaJIbHOTO JaBICHUS (., B
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3aBUCHUMOCTH OT BJIa)KHOCTH MOYBbI HAXOJUTCS B IIpEe-
nax 80-120 xI1a (cpenuee 100 xI1a), niis MoYB, CKIOHHBIX
K nepeyBiaxHenuto, — 50-100 kI1a, aTo cooTBeTCTBYET
YIJIOTHsIoImEMY Bo3aeicTBuio 60-90 kH/m (cpennee —
75 xH/m) [10, 11].



MOBWJIbHbIE SHEPTETUYECKWE CPEACTBA

MOBILE ENERGY UNITS

Ta6nuua 2 Table 2

3ABUCUMOCTb NAOTHOCTM NOYBbI B MAXOTHOM FOPU3OHTE OT HOPMANLHOMO JABJIEHUS NOA ABV)XUTENAMU MALIMH

(nPu ncxopHom nnotHocth 1,00-1,12 r/cms)
DEPENDENCE OF THE SOIL DENSITY IN THE PLOW HORIZON ON THE NORMAL PRESSURE_ UNDER THE MACHINE PROPULSION DRIVE
(wITH AN INITIAL DENSITY OF 1.00-1.12 g/cw’)
HHTEpBalIbl HOPMAJILHOT'O JABJIEHHUS MO/ ABMKUTEISIMU MaluH, KIla ILI0THOCTD MOYBHI, T/cM’
Normal pressure intervals under machine propulsion drive, kPa Soil density, g/cm®
<50 <Ll

50-100 1,11-1,15

115-130 1,15-1,20

135-150 1,18-1,28

150-200 1,20-1,31

145-250 1,24-1,35

275-300 1,28-1,40

300-340 1,34-1,45

350-400 1,45-1,52

>450 1,58-1,62

V3MeHeHne HopMaJIbHBIX HANPS)KEHUH B IIOYBE MO~
YUHSAETCSA U3BECTHOW 3aBUCHMOCTH THIIEPOOTHYECKOTO
taHreHca (o B.B. Kanpiruny). Ananus n3MeHeHus I0T-
HOCTH, TBEPAOCTH U CONPOTHBIICHHS TIOYBBI 00padboTKe
MO3BOJIMJI BBIJBUHYTh TUIIOTE3Y U OTYUUTh IMIIHUPUYE-
CKYI0 pOpMyITy IS pacueTa HpUpOCTa COMPOTHBICHUS
OT YIJIOTHSIOLIEH HArpy3Ku:

J— KpuT qTeK - qBK . pTeK

Ak, =k ™" th o) )
rae Ak, — mpupoc co%ff’fi”mlanpeifnﬂ; 0

k KPUT __ pnpe,q .

p - —?
Po R

Prpex — IPENIENIBHOE 3HaUEHHE MIOTHOCTH (1,62 T/eM”);

po— HIDKHUH yPOBEHB ONTHMAJIBHOTO 3HAYEH U TIIOT-
noctu noussl (1,0-1,06 r/em’);

(rex — TEKYIIIEE 3HAYCHUE HOPMAJIBHOTO JIaBJICHHS Ha

MOYBY NOJ IBHKUTENEM, Kl1a;

Gnpex — IPEAEIIPHOE 3HAUCHUE HOPMAJIBHOTO 1ABICHUS
JIBUKUTEIISI HA TIOYBY, COOTBETCTBYIOIIEE KPUTHUCSCKO-
MY YIUIOTHEHHIO MOuBHI, KI]a;

Prex— IIOTHOCTH MOYBBI TIO JBHKHTENEM, T/cM’ (IpH
COOTBETCTBYIOIIEM (rc,);

P — DKOTIOTUYECKH i HOPOT MIOTHOCTH TOYBHI, T/CM;

Po — YCPEAHCHHAs OlNITUMaJIbHAA MJIOTHOCTD IMOYBbI
BHE CJle/la IBUKUTEIS, T/CM”.

[ox ky moHUMAaETCsI MPUPOCT COMPOTHBIICHUS 00pa-
00TKe 1o Cl?eﬂy K COTPOTHUBJICHUIO 00pabOTKE BHE Cliena:

Ak,= —0;{”‘% : @)

0
TIE Ky 5 cnene — COIIPOTUBIIEHUE 00PAOOTKE TI0 CIICAY;
ko — conpoTuBieHue 00paboTKe BHE cliena.
PE3YNbTATbI M OBCYXXAEHUE. J{J1st TOATBEPIK ICHUS

MPUPOCTBLI TBEPAOCTY 1 COMPOTUBIEHNS OBPABOTKE MOYBbI B 3ABUCUMOCTYN OT HOPMANBHOIO AABNEHMS B CNEAE ABVMXXUTENS
INCREASES IN HARDNESS AND RESISTANCE TO TILLAGE DEPENDING ON THE NORMAL PRESSURE IN THE PROPULSION DRIVE TRAIL
OTHOCHTE/IbHBIN NPHPOCT CONPOTHBIEHUS S . o I[pupoct conporuBiaeHns 00padoTKe
g Relative resistance gain ER-Y g . Increase in processing resistance
S.ts g % =
s = § @ 1 = )
F “ 27
§E§_~ = E\°3\e ‘8o £+ a4 = Ee e
s = = 2 s°. 8¢ o= ek Z3 = = 3°.9 ~
Loas = = e D e =S o~ e = I = on =
ShEeE 2o s g S5 g =8 =5 2 S = ES S
Egﬂg g 8 Z = ggé,g EzoE a o s & Es gg&:&:
EcEs 8¢ OE S=3 s § = g2 ¢ ug Sz 88
Smn5g = = < S5 32 E = cE= = = o S =305
=52= = = 2ESs S Z 2% = = SFe>
5 5 z 22 = 2 QW o P =R
5 & = S & & 5
=
O
Off trail - - - 57,8 1,13-1,19 - - -
136-154 0,11-0,16 0,13 17,0 69,1-64,7 1,61-1,63 | 1,11-1,14 1,12 18,6
166-170 0,19-0,21 0,20 13,0 64,4-72.4 | 1,61-1,67 | 1,23-1,25 1,24 10,2
183-205 0,31-0,34 0,32 5,4 83,0-86,8 1,97 -2,69 1,42-1,50 1,44 14,6
253-272 027-0,31 0,28 12,5 79,0 -83,2 1,65-1,96 | 1,37-1,44 1,40 12,0
300 0,38 93,1 1,96 1,58-1,61
0,38 18,0 1,62 13,0
350 0,38-0,39 92,6-94,7 2,06-2,61 | 1,60-1,64
407 0,42-0,47 0,43 11,0 99,4-109,8 2,48-2,56 | 1,72-1,90 1,76 1,76
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L ITEY Table 4
PACYET NPUPOCTA CONPOTUBIIEHNSI OBPABOTKE NOYBbI B 3ABUCMMOCTN OT HOPMAJIbHOIO JABJIEHUS
CALCULATION OF THE INCREASE IN RESISTANCE TO TILLAGE DEPENDING ON THE NORMAL PRESSURE
O003Ha4eHHs] KPHBOIH
BapuanTel couetannii / Combination options Cur;lea dl::icg):lalg’on in
the figure
Goe = 80 KI1a, Gyper = 350 KITa, po = 1,0 T/eM?, p. = 1,2 T/em?, k, = 1,62
q 100 115 135 150 200 275 300 350
P 1,15 1,18 1,23 1,25 1,29 1,38 1,39 1,45 A
Ak, - 1,0 1,21 1,37 1,58 1,62 1,62 1,62
Gox = 80 K12, Guper = 250 kITa, po = 1,0 t/em’, p, = 1,2 t/em, k, = 1,62
100 115 135 140 150 200 275 300 350 400 450
p L15 1,18 | 1,23 1,25 1,27 | 1,28 135 | 1,40 | 145 148 | 1,58 o
Ak, - 1,0 1,42 1,47 1,53 | 1,6l 1,62 - - - -
G = 100 112, Gype, = 350 11, po = 1,04 r/em?, pa = 1,25 rlem?, ky=1,62
| - | - ] -] ]| 12] e || ]| - | - | o
Goe = 80 KITa, Gpey = 450 KTTa, po = 1,0 r/eM’, po = 1,2 T/eM’, k, = 1,62
125 135 150 160 175 200 250 300 320 350 400
P 1,19 1,23 1,24 1,26 1,27 1,32 1,35 1,40 1,42 1,45 1,48 ¢
Ak, - 1,03 1,31 1,37 1,41 1,53 1,60 1,61 1,62 1,62 1,62

BBIJIBUHYTOW TUITOTE3bI UCIIOJIb30BaHbl YCPEIHCHHBIC
IKCTIEpUMEHTATbHBIC 3HAUCHH ST HOPMaJIbHOTO JIABJICHHUS,
MJIOTHOCTH TIOYBEI U CONPOTUBJICHUS 00pabOTKe B Clloe
0-20 cM (maba. 3). BiaxkxHOCTH T0JIsI, IOATOTOBJICHHOTO
ozt moceB, paBHa 20-23%.

O0paboTKa IKCIICPUMEHTAIBHBIX TAHHBIX 3aBUCHMO-
CTH COIIPOTHUBJICHHUS TOYBBI OCHOBHOM 00pabOoTKeE OT HOP-
MallbHOW HAT'PY3KH, epeIaBacMOi IBIKUTEISIMU Ma-
IIMH, TIOKa3bIBa€ET, 4YTO B MHTepBaJe g =136-170 kIla co-
MIPOTHUBIIEHUE Benallke Bo3pacTtaeT Ha 11-25% (310 cooT-
BETCTBYET HHTEPBAJTY IIOTHOCTH TOUBHI p = 1,25-1,30 r/enr’);
B uHTepBasie ¢ = 180-270 xIla conpoTuBieHne yBenuniu-
Baetcs Ha 43-50% (p = 1,30-1,35 r/em’); ipu 1aBieHUM B
untepsaie g = 300-350 x[1a conpoTuBieHne 00paboTKH
noBeIaeTcs Ha 58-65% (p = 1,40-1,45 r/em’); mpu HOp-
MaJbHOM AaByeHuu g > 400 xIla conporusnenue 601b-
e Ha 70-90% (p = 1,48 r/em’).

OTHOCHUTENBHBIN PUPOCT COMPOTHUBIICHUS ONpEe-
JsieM 1o popmyJie:

éﬁko =1- ko/ks criene* (3)

DKcnepruMeHTaIbHBIC TAHHBIC CPABHUBAIIH C PE3yIIb-
TaTaMU pacyeTOB MPUPOCTA COIPOTUBIICHHS 00pabOTKe
TTOYBHI 10 MPEJIOKEHHONW 3aBUCUMOCTH (mabi. 4, pucy-
Hok). Vicnionb30Baiu pa3auyHble BAPUAHTBl COYETAHUM
cocrapstomux Gopmynsi (1). PacueTHbie 3HaUCHUS CpaB-
HUBAIU C SKCIICPUMECHTAIBHBIMY JAaHHBIMU H3MCHEHUS
Kod(pduUIMeHTa CONPOTUBIEHNS 00pabOTKE MOYBHI.

BbiBoabl. [IpesenbHoe 3HaUYeHHE HOPMAJIBHOT'O J1aB-
JIEHUS MOJT IBUIKUTEIISIMH MAlllMH, 3aHATHIX Ha ITOJEBBIX
paborax, cnenyeT orpanuuuTh 10 150-175 kI1a B 3aBucH-
MOCTH OT HCXOIHOT'O COCTOSTHHSI TOYBBI INIOTHOCTEIO 1,00-
1,08 r/cM’. DKomOrHYecK il TIOPOT HOPMATHLHOTO JABIIe-
HUS He JoiokeH nipeBbimarh 120-135 kI 1a, onTumanbHbIe
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3HaueHus HopmasbHoro Aasienus — 80-100 kI1a npu npe-
JISITbHOM 3HAYCHU U HOPMAJIbHOT'O IABJICHU S IBUKUTEIS
Ha [MOYBY, COOTBETCTBYIOIIEM KPUTHICCKOMY YILIOTHE-
Huto nmouBkl 350 kl1a (BnaxxHOCTH MOUBbI — 20-23%). KO-
JNOTHYeCKHH TOPOT yIIoTHeH:s cocTaseT 1,20-1,25r/em’;
KPUTHUYECKHM CIIeAyeT CUMTaTh 3Hauenue 1,30 r/em’.
Ha y60opodHBIX 1 yOOPOYHO-TPAHCIIOPTHEIX paboTax

Ako

17 -
16 -
15
14

13

12 +—
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1

0,9

100 150 200 250 300 q,kMa

Pucynoxk. 3asucumocmov npupocma kosguyuenma conpomuene-
HUs 06pabomKe No48bl OM HOPMATLHO20 0ABIeHUs NOO O8UNCUNIe-
JleM npu pasnudHblX 3HAYEHUAX IKON0SUYECKO20 NOPO2a YNIOMHS-
10we2o 6030eticmeus (¢

Figure. Dependence of the increase in the coefficient of resistance to
tillage on the normal pressure under the propulsion drive at various
values of the ecological threshold of the compaction effect (q.)

TIPH BIAKHOCTH TOYBHI He Ooiee 23% 2KOIOrmIecKuit
MOPOT HOPMAJIBHOTO JJaBJICHUSI HE JIOJI’KEH MPEBBIIIATh
250-300 xIIa. Kputnueckuii nopor ymnjaoTHenus — 1,34-
1,40 r/cM’, IpH 5TOM IPHPOCT COMPOTHBICHHUS TIOUBHI 00-
paboTKe B cieae IBMXKUTEIS IPUOINKACTCSA K CBOEMY
npeaeabHoMYy 3HaueHu 0. HailnieHHas saMmnupuyeckas 3a-
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BHCHMOCTB PEaJIbHO ONUCHIBAET M3MEHEHH ST (PH3HUECKIX
CBOMCTB IIOYBBI I10J] BO3JEHCTBUEM HOPMAJIbHBIX HAIPy-
30K OT IBH)KHUTENEH MAalllH 1 MOKET OBITh NCTIOIh30Ba-

!r; MOBW/bHbIE SHEPTETUYECKWE CPEACTBA

MOBILE ENERGY UNITS

Ha IJ1s1 pacyeTa NpupocTa COIMMPOTHUBIICHUS ITOYBBI 06pa-
00TKe JJIs1 CYTTIMHUCTBIX U TTIMHUCTBIX JIYT'OBO-4CPHO3C-
MOBHUIHBIX ITOYB B TIAXOTHOM I'OPU3OHTE.
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Ypanbckuii rocy1apcTBEHHBIN arpapHbIil yHUBEpCUTET, T. EkaTepuHOypr, Poccuiickas denepanus

Pedepar. [Tokazanu, 4To TIaBHOE YCIOBUE OIEHKH YOOPOUHO-TPAHCIIOPTHOTO KOMILIEKCA — CHIDKEHHUE M3JICPKEK TpH yOOpKe H
TPAHCTIOPTUPOBKE YPOKast 3epHOBEIX. (L[enb uccredoganis) OUCHATD TEXHUKO-OKOHOMAYECKHE TOKA3aTeNH U dKCILTyaTalliOHHbIC
CBOHCTBA 3apyOEKHBIX 36PHOYOOPOUHBIX KOMOAHOB 1 X BIMSHHE HA IPOM3BOXUTEIBHOCTH BCETO YOOPOUHO-TPAHCTIOPTHOTO KOM-
wiekca. Ha oCHOBaHMM CTaTHCTHYECKHX TAaHHBIX, MOMYYCHHBIX BO BpeMs cOopa HH(OPMAINH, PACCINTATh TTOKA3aTeNH, KOTOPhIE
BIIUAIOT Ha YIpaBlIeHHe paboToi yOOPOUHO-TPAHCIIOPTHOTO KoMILeKea. (Mamepuansl u memoost) VICnonb30BaIu CTaTUCTHIECKUE
MaTepuasl o paboTe 3epHOYOOPOYHEIX KOMOAHHOB, TPAHCTIOPTHBIX CPEICTB HA OTBO3KE. Y UHTHIBATH TEXHUUCCKHE XapaKTEpPH-
CTHKH 3epHOYOOpOYHBIX KOMOAHHOB M TPAHCTIOPTHBIX CPEACTB. PaccMOTpesn aneMeHTHI TeopHH BeposTHOCTEH s hopMupoBa-
HUS COCTaBa yOOPOUHO-TPAHCIIOPTHOTO KOMILIEKCA. VccnenoBanms IpoBen OTHOBPEMEHHO B JIBYX CTPYKTYPHBIX HOAPA3ACICHU-
SIX CENbCKOXO3HCTBEHHON OpraHM3aIliy, HAXOMAMINXCS APYT OT Apyra Ha pacctosuud 19-20 xumomerpoB. [IpuMeHIN METOIBL:
3KOHOMHKO-CTATHCTUIECKUH, IPOTHO3UPOBAHHS, SKOHOMHKO-MAaTeMAaTHUECKOTO MOJICMPOBAHMS, SKCIIEPTHBIX OLEHOK U JPYyTHE.
(Pesynvmamut u obcyscoenue) Tomyummm 89 3HaueHui Mo mokazarenmo «Bpemst 3amomHeHus OyHKepa 3epHOyOOpOYHOro KoMOan-
Hay, 45 — o kputepuio «BpeMs oXuIaHus 3arpy3KH TPAHCIIOPTHBIM CPEICTBOMY. Paccunrtany MaTeMaTudeckoe OKUIaHUE mep-
BOTO MOKA3aTeNs: B epBOM yoopouHoM otpsiae ans Tucano 450 — 22,68 munytst; Mega 370 — 20,74 mumyTst;, s Tucano 450 u3
BTOPOr0 yOopouHoro otpsaa — 19,24 MuHyThI. (Bbi600b1) BBIIBUIN 0COOCHHOCTH (HOPMHUPOBAHHS YOOPOUHO-TPAHCTIOPTHBIX KOM-
TJICKCOB, COCTOSIIUX U3 3apYOEKHBIX 36pPHOYOOPOUHBIX KOMOAIHOB M TPAHCTIOPTHBIX cpeicTB. OMpeeIiIN MPOU3BOAHTEIHOCTb,
KaueCTBEHHBIE TOKA3ATEIN TEXHOJIOTHIECKOTO TIPoIiecca 00MONIOTa 3ePHOBBIX KYIBTYp H YPOXKaHHOCTb, IPU KOTOPBIX UCTIOTB30Ba-
HUE 3apyOexKHBIX 36PHOYOOPOUHBIX KOMOAHHOB CTAHOBUTCS SKOHOMHUUECKH LIEIECO00PA3HBIM.

KaroueBble ci10Ba: yOopKa 3epHOBBIX, YOOPOIHO-TPAHCTIOPTHBIH KOMIUICKC, BPEMsI 3aIOTHEHHS OyHKepa, MAaTeMaTHIEeCKOE OXKHU-
JaHHe.

lI[.]m uutupoBanusi: Mosnes I'A., Hecropopos AT, l'onauna U.U. UccrenoBanue paboThl U GOPMHUPOBAHUE CO-
cTaBa yOOPOUHO-TPAHCIIOPTHOI'0 KOMILJIEKCA U3 3¢PHOYOOPOUHBIX KOMOaitHOB 3apy0OexHoro npon3BoacTsa // Cenb-
ckoxozsuicmeennvie mawunwl u mexunoaoeuu. 2020. T. 14. N4. C. 49-56. DOI 10.22314/2073-7599-2020-14-4-49-56.

Operation Research and Formation of the Harvesting Transport Complex of
the Grain Harvesters of Foreign Production
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Abstract. The authors showed that the main condition for assessing the harvesting transport complex is to reduce costs during
harvesting and transportation of grain crops. (Research purpose) To assess the technical and economic indicators and operational
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properties of foreign grain harvesters and their impact on the productivity of the entire harvesting transport complex. Based
on the statistical data obtained during the information collection, to calculate the indicators that affect the harvesting transport
complex management. (Materials and methods) The authors used statistical materials on the combine harvesters operation,
transport vehicles for transportation. They took studied combine harvesters and vehicles technical characteristics. They considered
the elements of the theory of probability for the formation of the harvesting transport complex. The studies were carried out
simultaneously in two structural divisions of an agricultural organization, located at a distance of 19-20 kilometers from each
other. Economic and statistical, forecasting, economic and mathematical modeling, expert assessments and others methods were
used. (Results and discussion) The authors received 89 values for the indicator "Time to fill the combine harvester bunker", 45 —
according to the criterion "Waiting time for vehicle loading". They calculated the mathematical expectation of the first indicator:
in the first harvesting team for the Tucano 450 — 22.68 minutes; Mega 370 — 20.74 minutes; for a Tucano 450 from the second
harvesting team — 19.24 minutes. (Conclusions) The authors revealed the features of harvesting transport complexes formation,
consisting of foreign combine harvesters and vehicles. They determined the productivity, quality indicators of the technological
process of threshing grain crops and yield, at which the use of foreign combine harvesters became economically feasible.
Keywords: grain harvesting, harvesting transport complex, bunker filling time, mathematical expectation.

I For citation: Tovlev G.A., Nesgovorov A.G., Goldina LI. Issledovanie raboty i formirovanie sostava uborochno-
transportnogo kompleksa iz zernouborochnykh kombaynov zarubezhnogo proizvodstva [Operation research and
formation of the harvesting transport complex of the grain harvesters of foreign production]. Sel'skokhozyaistvennye

mashiny i tekhnologii. 2020. Vol. 14. N4. 49-56 (In Russian). DOI 10.22314/2073-7599-2020-14-4-49-56.

NITEMHU3AIUS pad0Thl yOOPOUHBIX H YOOPOUHO-

TpancnopTHbIX koMmIuiekcoB (Y TK) ocraeTcs ak-

TyaJlbHOU TeMol uccienoBaHuil. CHUXEHHUE U3-
JIEPKEK Ha 3TOM ATaIe MPOU3BOICTBA 36PHOBBIX JI0JIKHO
CTaTh IJIaBHBIM yciioBueM onieHkHu Y TK HezaBucumo ot
TOr0, Kakasi TEXHMKa B HUX 3a/ielicTBOBaHa — 0T€YECTBEH-
Has WK UMIIOPTHASL.

LIENb NCCNEQOBAHUS — OIICHUTDH TEXHUKO-3KOHOMH-
YeCcKHe NOKa3aTe Iy U SKCIITyaTallMOHHbIe CBOMCTBA 3a-
PYOEXKHBIX 3¢pHOYOOPOUHBIX KOMOAHHOB, BIUSAIONINE HA
npou3BoAUTENbHOCTH Becero Y TK, a Takyke Ha OCHOBa-
HUM CTAaTUCTUUYECKUX JIaHHBIX, MTOJIYUY€HHBIX BO BpeMs
cOopa HH(pOPMAIINH, PACCUUTATH ITOKA3aTEIIH, HA OCHO-
BaHHMM KOTOPBIX MOXKHO yIpaBiaTh padotoit YTK.

MATEPMANBI M METOAbI. [I71s1 cpaBHEHUS dKCIUTyaTa-
IIMOHHBIX CBOMCTB 3apyOeKHBIX 36pHOYOOPOTHBIX KOM-
0alfHOB pacCCMOTPHUM OCHOBHBIE TEXHHYECKHUE XapaKTe-
puctuku (maba. 1) [1, 2].

3epHOyOOpOUHbIe KOMOAHHBI TPUMEPHO OTHOTO KJIac-
ca, Ho mokaszatenu Tucano 450 HemHOTO JTyuIIIe, ueM Mega
370: mo mora i cucteMsl cernapanuu —Ha 0,9%, 1o 00b-
eMy 3epHOBOTo OyHKepa — Ha 9,8%, 110 MOIIIHOCTH JIBH-
ratensi — Ha 7,2%. Mogens Tucano 450 — 310 yny4iueH-
HBI{, OoJiee coBpeMeHHbII BapuanT Mega 370. Texuu-
KO-9KOHOMHYECKHE TIOKa3aTeNH 3apyO0eKHBIX KOMOaii-
HOB ITO3BOJISIIOT 00JIe€ KaYeCTBEHHO BHIMIOJIHATH TEXHO-
JIOTHYECKUH Mporiecc yOOPKHU 3epHOBBIX KYIBTYP [3].

Jlns pacuetoB o ontumu3anuu padotel Y TK cremy-
€T YUUTBIBATh MPOJOJIKUTEIBHOCTD:

- 3aTI0JTHEHU S OyHKepa;

- OKUJaHUA TPAHCIIOPTHOI'O CPEACTBA JIJIs pas3rpys3-
KM 36pHOYOOPOYHBIX KOMOAHHOB;

- OKMJIaHUS 3aTrPy3KH;

- IBUXKCHUS TPAHCTIOPTHOT'O CPECTBA 70 CIEyIOIIe-
ro KomOaliina;

CENbCKOXO3SMCTBEHHBIE MALMHBI M TEXHONOTIN » Tom 14« N& + 2020

- pasrpy3ku OyHKepa.

15 nonyyeHus JaHHBIX MOKa3aTesiell mpoBenu uc-
cnenoBaHus B ceHTI0pe 2020 r. B 0HON U3 CEIBX030]-
ranmn3anuii CeepaioBckoit oonacru. [Ipeanpusrue mos-
JIEPKUBACT BEICOKYIO KYJIBTYPY 3eMJIeIeNIv s, IMEET MOIII-
HYIO MaTepPHaIBHO-TEXHUIECKYTO 0a3y, pa3BUTOE )KUBOT-
HOBOJZICTBO, IPOU3BOIUTEILHOCTD TPYa BhIIIE CPEeAHEH
o obactu. J{ns cHATHS TOKa3arese pazpadoranu Gop-
MBI, P XPOHOMETPHUPOBAHUYU YUUTHIBAIN HAYAIO0 U
OKOHYaHHUE TEXHOJOTrHuecKol onepanuu. Pezynbrar 3a-
HOCHJIA B OyMaskHBINH HOcHTe b, Beero mposenu 178 3a-
MEPOB U MONYYWIH 89 mokaszareseit AJisi ucciae0BaHu s
paboThl 6 3epHOYOOPOYHBIX KOMOAHOB (IIEPBBIH yOO-

Ta6nuua 1 Table 1

TEXHWYECKUE XAPAKTEPUCTUKMN 3EPHOYEOPOYHbIX KOMBANHOB
COMBINE HARVESTERS TECHNICAL CHARACTERISTICS
Iloxa3zatesn Tucano Mega
Indicators 450 370
IlIupuna 6apabana, MM
Reel width, mm 1580 1580
Z[I/IaMC.Tp Oapabana, MM 450 450
Reel diameter, mm
VYrou oxBara nojadapabaHbs, rpa. 151 151
Concave coverage angle, deg.
JlnmHa conomorpsica, M
Straw walker length, m e Lt
II10maznp coIoMoOTpsACa, M
Straw walker area, m” 7.0 7.0
2

Hnomagb CHCTEMBI Cemapainu, M 875 8.67
Separation system area, m
OGB_eM 3epHOBOr0 OyHKepa, JI 9000 3200
Grain bunker volume, 1
MouHoCTh ABUATaTENs, KBT/II.C.
Engine power, kW/h.p. 2201299 | 205/279
Macca, k1
Weight, kg 12750 11800
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pouHsIii oTpsia — ABa Tucano 450, onun Mega 370, BTO-
poii yobopounslid oTpsig — Tpu Tucano 450).

Bpems 3anonHeHust OyHKepa — CIyJaifHasi BETHINHA
pu O0NbIIOM Yucie 3aMepoB. [1o3ToMy 11 HHKEHED-
HBIX PAaCYeTOB HCIIOJIB3YIOT HECIYYaHY 0 BETHYHHY, TO
€CTh MATEMaTUIYECKOE OXKHIAHHUE:

MX)=x,p1 +Xopr +X3p3+ .. F X P s Q)]

TJIE X{, X2, X3. ..X;, — BO3MOKHBIC 3HAUCHU I BPEMEHH 3aI1071-
HeHUs OyHKepa, MHH;
P1s P25 D3---.Pn — BEPOSITHOCTD TOSIBJIICHUS CITyYalHON
BEJTMYMHBI TPH OOJIBIIOM KOJTMIECTBE 3aMEPOB.
MaremaTmuaeckoe oxumanue 1y otpsiga Ne 1 B Bapu-
aHTe ¢ 3epHOYOOpouHBIME KoMbaliHaMu Tiucano 450 paBHoO:
M(X)=18-0,20 +20-0,25 + 22-0,17 + 24-0,05 +
+26- 0,14 + 28:0,05 + 30-0,08 +34:0,05=3,6 +5+3,74 +
1,2++3,64+1,4+2,4+1,7=22,68 muH,
a Iu1st 3epHOyOopouHOT0 KoMOaiina Mega 370) cocTaBiseT:

M(X)=18-0,41+20-0,35+22-:0,06 +24-0,06 +28-0,06 +
+32:0,06=7,38+7+1,32+ 1,44+ 1,68 + 1,92 =20,74 mun.

Boerunciaum sToT nokazarens st otpsiga Ne 2, rie pa-
O0oranu Toibko Tucano 450:

M(X)=12:0,05 +14-0,12+16-0,12+18-0,17+20-0,24+
+22-0,21+26-0,02+28-:0,05+32:0,02=0,6+1,68 + 1,92 +
+3,06+4,8+4,62+ 0,52 + 1,4 + 0,64 = 19,24 Mumn.

[lonmy4eHHbIe JaHHBIE TPUMEM IS TaTbHEUIIUX pac-
4eTOoB 1o onTuMu3anuu padots Y TK.

J715 HarJIsIAHOCTH PAacYeTOB MaTEMaTHYECKOI'0 OXKH-
JAHUsI 110 TIOKA3aTEeII0 «BPEMs 3aIl0OJTHEHHUS OyHKEepay
npejacTaBuM B BUje rpadukos (puc. 1). Ilo ocu abemuce
OTJIO)KMM BO3MOXKHBIC 3HAUEHUSI BPEMEHH 3aII0JTHEHU S
OyHKepa, 10 OCH OpJIMHAT — TIOSBJIICHHUE CIyYaitHOU Be-
JIUYHHBI B 00IIEM KOJTMYECTBE 3aMEPOB.

Ha mpumepe paboTsI 3epHOYOOPOIHEIX KOMOAHOB
Tucano 450 w3 epBoro y0opouHoOro oTpsija paccunuTa-
€M JAHUCIEPCHUIO:

D(X) = (x,—m)’ py+ (2 —m)’ py+ (xs —m) ps + ..
+ (xn - m)zpn 5 (2)

e m = M(X) — MmaTemaTH4ecKoe 0XKH1JIaHue, MUH.
To ecTh:

D(X) = (18 —22,68)* - 0,2 + (20 — 22,68)* - 0,25 +
+(22 —22,68)*0,17 + (24 — 22,68)>0,05 + (26 — 22,68)°x
x 0,14 + (28 — 22,68)*0,05 +(30 — 22,68)*0,08 + (34 —
~22,68)*-V0,05=4,38+ 1,8 + 0,08 + 0,09+ 1,54 + 1,41 +
+4,29 +6,41 =20 mun’.

CpenHee KBaIpaTHYeCKOE OTKJIOHEHUE PACCYHUTHIBA-
eTcs 1mo popmyie:

o=VD(X) =20 = 4,47 mun.
s Mega 370 D(X) = 14,77 mun’;

o=1\14,77 = 3,84 muHn.
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==e==Tucano 450110 NMHH.

Puc. 1. Bpemsa 3anonnenusi Oynxepa 3epnoybopouno2o Komoaina
U Konuuecmeo 3HaueHull cayyatnou eenudunst (YO — yoopounsiil
ompsi0)

Fig. 1. Combine harvester bunker filling time and the number of
values of a random variable (YO — harvesting team)

Jns Tucano 450 u3 BToporo yoopoyHoOro oTpsiia
D(X) = 17,18 mun’; o= V17,18 = 4,14 MuH.

B nnamazone M(X) + o HaXOIUTCS: Y 3epHOYOOpOY-
Horo komOaiina Tucano 450 u3 nepBoro yoopouHOro ot-
psna — 0,80 Bcero konmvecTBa coObITU; y Mega 370 —
0,88;y Tucano 450 u3 Broporo yoopounoro orpsaa—0,86.
Hanonnenne 6yHkepoB Bo Beex ciydasx Ha 80-88% mpo-
HCXOIUT B TCUCHHE THATIa30Ha BPEMCHH MaTeMaTHIeCKO-
T0 O)KMJIAaHUSI C YUETOM CPEIHEro KBaApaTuueCcKoro oT-
KJIOHEHHSI. DTO TOBOPHT O CTA0MIIEHOCTH JAHHOT'O TTOKa-
3aTesisi ¥ 0 BOBMOKHOCTH BECTH JaJIbHEHUIIINE PacUeThl
no ontuMu3anuu padotsl Y TK.

C TOYKH 3peHUs 00eCIICUCHU S 3EPHOYOOPOTHBIX KOM-
0alfHOB TPAHCIIOPTOM Ha OCHOBAHWUH CTATUCTHYECKHUX
JaHHBIX IO TIOKA3aTEN0 «BPEMS 03K JaHHS TPAHCIOPT-
HOTO CPENICTBa» MOXKHO ClIeNaTh BEIBOJ O TOM, 4TO Y0O-
POYHBIE OTPSIABI PAOOTAIH TPAKTHUECKH 0€3 OCTAHOBOK,
KpOME TEXHOJOTHUSCKUX. Tak, BpeMsi OXKHIaHUS TPAHC-
HOPTHOT'O CPEJICTBA B IEPBOM YOOPOUHOM OTPsI/IE COCTA-
BIIIO 3,2% OT THEBHOTO (hOHIA pabOUero BpeMEeHH, Y BTO-
poro y6opounoro otpsiaa — 3,7%.

PE3YNbLTATbI M OBCYXXAEHUE. ClienyIOMInii 3Tar uc-
ClIeZIOBaHUN — 000CHOBaHNE BO3MOKHOCTH ONEPAaTUBHOM
ONITHUMH3AIIH paboTHl yOOPOUHO-TPAHCIIOPTHOT'O KOM-
mekca [4-11].

Panee Obl1a 0TMEUEHA aKTYalbHOCTh CHUKCHU S DHEP-
TEeTHYECKHX 3aTPaT IMpU YOOPKe U TPAHCIOPTHPOBAHHUH
K MECTaM XpaHEHU S CEIbCKOXO035HCTBEHHON MPOAYKIIUH
[4]. ABTOpEI paccMaTpUBAIOT pa3BUTHE TPAHCIIOPTHOMN
cuctembl AIIK Kak OCHOBY TEXHOJIOTHYECKON MOJIEPHH-
3aIlUU arpapHOro Mpou3BocTBa. OHU IEPEUUCTSAIOT YC-
JIOBHSI JITIs1 COKPAIIICHUS DHEPT0O3aTpaT B PaCTCHUECBOJ-
CTBE:

- 3((heKTUBHOE UCIIOIH30BAHUE CEIBXO3TEXHUKH;

- BHEIPEHUE HOBBIX TEXHOJIOTHI 1 SHeprocOeperaro-
el TEXHUKH;

- pallMOHAJIBHOE KOMILICKTOBAHUE MAIIMHHO-TPaK-
TOPHBIX arperaTtos,

- ICTIOJIb30BaHMe yOOPOUYHBIX MAaITUH ¢ BEICOKOM MPO-
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HU3BOJTUTENHLHOCTEIO;

- OpraHu3anus MPOBEACHHS MOJIEBBIX pabOT B COOT-
BETCTBHH C arPOTEXHUYECCKUMHU TPEOOBAHHUIMH.

HexkoTopsle yueHble YKa3bIBalOT HA OTCYTCTBHE YET-
KHX METOJIMYECKHX Pa3pad0TOK U PeKOMEHIAIUH, CpaB-
HUTEJIHHOTO aHAJIN3a M0 PacueTy ONTUMAIbHOTO KOJIH-
YyecTBa KOMOAiHOB B OCHOBHOM TEXHOJIOIMYECKOM 3BCHE
VTK [5].

Hcnonp3oBanue HPOPMAITMOHHBIX TEXHOJIOTUH, OC-
HOBaHHBIX HA MaTeMaTHUYECKOM MOJIEIMPOBAHUH, CIIO-
co0cTBYeT 3D (HEKTUBHOMY MPUMEHEHHIO CIIOKHOU CEb-
XO3TEXHHUKHU [6]. AHAIIOTHUYHBIC 3a]]a41 ObLIN MOCTaBIIC-
HBI IPU U3y4YeHUN QYHKIIHOHUPOBAHHS TEXHOJOTHYE-
CKHMX KOMIUJIEKCOB U CHCTEM B MTPOU3BOJCTBEHHBIX MPO-
neccax AIIK, n3menenus THEBHOW MPOU3BOAUTEIHHO-
CcTH YOOPOUHOUH TEXHOJOTUUECKON CUCTEMBI, B XOJIE Ma-
TEMaTHYECKOT'0 MOJICIIMPOBAHUS 110 BEIOOPY ONTHUMATh-
HBIX TPAHCIIOPTHBIX CPEJICTB M CXEM B3aUMOJICUCTBHUS
yOOpOUHO-TPAHCIIOPTHBIX MaIKH [12-16].

MEI B CBOEM UCCIIEIOBAHUY TIO ITOKA3ATEII0 «BPEMS
3amloJHeHHsI OyHKepa» pacCUYUTalIN TEKYLIYI0 ypoxkKaii-
HOCTh YOHpaeMOH KyJIBTYPbI (JaHHBIC JJISl PACYCTOB B3I~
JIM U3 UHCTPYKIIMH T10 IKCIUTyaTaluu 36pHOYOOPOUHBIX
KOMOaHHOB):

— 104 @P34s
u= 1072 ©)

T7€ U — yPOKANHOCTH CETbCKOX035IMCTBEHHON KYJIBTY-
pHI, T/Ta;

Q5 — BMeCTHUMOCTH OyHKepa, M';

p3 — 06beMHas Macca IIIeHuIsl, papHas 0,785 T/M;

Ap — K03((DUITNEHT 3anonHeHHS OyHKepa, COCTaBIIS-
roruit 1,1 (¢ TpaHchopMUpYIOMICHCS KpbIIeh);

lp— nyinHa paboyero My TH 3aroJHEHHS OyHKepa KOM-
OaitHa, M (lp = Vi35, T V —pabouasi CKOPOCTh 36pHOY0O0-
pouHOro KoMOaitHa, paBHas 7,0 KM/, f3; — BpeMsl 3aI10J1-
HeHHsI OyHKepa, 1);

B — mmpuHa 3axBara XKaTku, M;

S — k03D (PUIUEHT UCTIONB30BaHUS IIUPUHBI 3aXBaTa
x)atkw, S = 0,96.

IToacTaBUB COOTBETCTBYIOLINE 3HAUCHU A, IOy YUITH
3HAUEHUS TEKYLIEeH ypoxkalHOCTH NILIEHULbI IPU pacye-
T€ I10 TIOKAa3aTelsIM paboThl KOMOAWHOB:

- Tucano 450 nepeoro yoopounoro orpsina— 4,06 1/ra;

- Mega 370 nepBoro yoopouHoro orpsina — 4,01 1/ra;

- Tucano 450 Broporo yoopouHoro orpsiga—4,82 1/ra.

Paccuntaem ypoxxallHOCTD B JUAIIa30HE BPEMEHH 3a-
noiHeHus Oyukepa ot 12 1o 34 muH (maban. 2).

Jlnst anann3a paboThI TPAHCTIOPTHOTO OTPAIA pa3pa-
Ooranu Gpopmy, KyIa 3aHOCIHIIH CIEIYIONIHE CTaTUCTH-
YecKHe JJaHHBIE, XapaKTepu3yomue padboTy oTpsaa:

- BpeMsI OKHIaHUS 3aTPy3KH ITOCTIC BO3BPAIICHUS CO
ckJaga (okuaanue 3arpy3ku 1-ro OyHkepa);

- BpeMsI OKUIaHUs 2-T0 OyHKepa,;

- BpeMsl oxkuganus 3-ro OyHKepa;

- BpeMsI TPAHCTIOPTHOT'O IUKJIA (ABMKEHHE MTOCTIE 3a-
TpY3KH J0 CKJIaJa 1 TOCIIE BRITPY3KHU Ha CKJIaIe 10 TOJIS).

CENbCKOXO3SMCTBEHHBIE MALMHBI M TEXHONOTIN » Tom 14« N& + 2020

BPEMS 3ANONHEHUS BYHKEPA U YPOXANHOCTb
BUNKER FILLING TIME AND PRODUCTIVITY
Bpewmst sanonenus Gynkepa Vpomaiinocts, T/ra
Bunll:(e)llfl iﬁiilllpllllllga ’tiMnﬂeﬂ min Eroductivitytia
5
12 7,71
14 6,62
16 5,77
18 5,14
20 4,63
22 4,20
24 3,85
26 3,56
28 3,30
30 3,08
32 2,89
34 2,70

TpaHCOPTHBIN OTPA IEPBOT'O YOOPOUHOT'O OTPsiAa
COCTOUT U3 TpakTopoB: benapyc 892, Deutz-Fahr Agrotrac 150,
Deutz-Fahr Agrotron 720, Laser 150 ¢ npuuenamu PRONAR
17663/1, LMR-14, Zugdeichsel. Tpu TpakTopa ¢ mpuIiiena-
MU BMECTHUMOCTEIO Ba OyHKEpa, OMUH TPAKTOP C MPH-
LIENIOM BMECTUMOCTBIO Tpu OyHKepa. B Teuenue paboye-
r'0 JTHS pabOThI IEPBOT'0 YOOPOYHOTO OTPSIIa BHITIOITHH-
nu 54 3amepa.

MareMaTH4eckoe 0KUIaHHE TI0 TIOKA3aTEII0 «BPEMS
OXKUIAHUS 3aTrPY3KHU TPAHCIIOPTHBIM CPEACTBOM» COCTa-
BUJIO 13,26 MuH. JlaHHBI IOKa3aTesb IPEICTaBUM B BU-
ne rpaduka (puc. 2). [1o ocu adbcnucce 0TI0KUM BO3MOXK-
HBbIE 3HAUCHHS BPEMEHHU OKUJIaHUS 3aTPy3KH, 110 OCH Op-
JINHAT — MOSIBJICHUS CTy4JaifHOH BETMUNHEI B 00IIEM KO-
JINYECTBE 3aMEPOB.

3a paboumnii 1eHb BpeMsl OKUIaHM 3aTrPy3KH TPAHC-
TIOPTHBIMH CPEJICTBaMU cocTaBmIo 519 muH (8,65 1), nim
25,4% ot nHeBHOTO (POH/1a paboUero BpeMEeHHU TPAHCTIOPT-
HOTO OTpsiAa. [IpakTHdaeckn 3TO BpeMsI IIPOCTOS OTHOTO
TPaHCIOPTHOI'O CpeACTBa B TeueHue AHs. [Ipeanoxenus
10 ONITUMHU3AIUHU Pa0OTHI TPAHCIIOPTHBIX CPEACTB MPe/I-
CTaBUM IIOCJIE TEOPETUYECKOTO pacueTa oTpeOHOr o KO-

e 12
%)

6/o 3 6 El 12 15 18 21 24 27 30
MHH.

Puc. 2. Bpems oxcudanus 3a2pysku 4emvlpbMsi MPAHCROPIMHbIMU
cpeocmeamu
Fig. 2. Waiting time for loading by four vehicles
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JIUYECTBA TPAHCHIOPTHBIX SUHHUIL IJIsl OPraHU3alluH pa-
6ote1 YTK.

TMocsie onepaTUBHOTO OMPE/IEIICHUsI yPOKATHOCTH
CIIEIYeT yCTAHOBUTD KOJIUYIECTBO TPAHCIIOPTHBIX CPEICTB,
HEOOXOAMMBIX JIJIsi 00ECTIeYCHU I ONTHMAaJIbHOH (€3 po-
CTOEB) PabOTHI yOOPOUHOIO KOMILIEKCA!

13yK — C1XTp (4)
P q1XTg
rJ1e, 71,,”" — KONMYECTBO TPAHCHIOPTHBIX CPEJICTB, HEOO-

XOJMMBIX JJISI O0CITYKUBaHUSI OJTHOTO 36PHOYOOpPOUYHO-
ro xombOaiina, e.;
C, — Macca 3epHa B OyHKepe 3epHOYyOOPOYHOTO KOM-
Oaiina, T;
T — IpOAOIKUTENBHOCTD TPAHCIIOPTHOIO LIUKJIA, Y;
¢ — TPy30MI0BEMHOCTH TPAHCIIOPTHOTO CPEACTRA, T;
T's — BpeMsl 3amoTHEeHUS OyHKepa 36pHOM, d.
IloxcTaBum 3HaYeHUS:

Ci=V;3=8,73-0,785=6,86T,

e V- 06bem OyHKepa 3epHOYy60podHOro KoMOaiiHa, M’;

p3 — 06beMHas Macca mureHHIs 0,785 T/,

B cooTBeTCcTBMM ¢ MHCTPYKIHEH IO 3KCIIITyaTaI[UN
3epHOYOOpOUYHBIX KOMOaitHOB Tucano 450 v Mega 370,
BMECTHUMOCTb OYHKepa IMpH KOAPPUITUSHTE 3aII0THCHU ST
1,1 (c TpaHCchopMupYIOTICCs KpbIliel) cocTaBiseT 9,0
1 8,2 M’ COOTBETCTBEHHO. 115l PaCUETOB IPUMEM 3HAUE-
Hue 8,73 M.

Torma

6,860,91 __
i;yx T 159037 1,06 en.

PacueTHas rpy30mo5eMHOCTB OHOTO TPAHCTIOPTHO-
T'0 CpencTBa cocTaBisieT 15,9 T, MaTeMaTH4YECKOE OXKUIa-
HUE BpeMeHH TpaHCOpTHOTO ukia— 54,85 muH (0,91 u).
[ox BpemMeHeM TPaHCIIOPTHOTO ITHKJIa MBI ITOAPA3yMeBa-
€M MIPOJOJIKUTEIBHOCTB!

- IBUKCHHS TPAHCIIOPTHOT'O CPEJICTBA TIOCTIE 3arpy3-
KU J0 36pHOCKIIaIa;

- BBITPY3KH;

- IBMKEHUS 10 TIOJISI WJTH Cpa3y 0 IEPBOTO 3ePHOY-
OopodHOro KOoMOaliHa.

Jns opraHu3anuy paboThl YOOPOYHOTO KOMILICKCA
(3 kombaiiHa) HeoOX0mMUMO 3,18 eJ1. TPaHCTIOPTHBIX CPE/ICTB.
MaremMaTnueckoe 0XKHUJaHNe TTOKa3aTellsl «BpEeMsi 0XKH-
JaHWS 32T py3KH TPAHCTIOPTHBIM CPEIICTBOMY B 3TOM CITY-

6o 2 a4 6 8 10 12 14 16 18 20 22

Puc. 3. Bpemsi odcuoanus 3aepysku mpems MpaHCHOPMHbLMU
cpeocmeamu
Fig. 3. Waiting time for loading by three vehicles
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KonMYECTBO TPAHCNOPTHbIX CPEACTB AN OBECNEYEHUSA
OMTUMAJIbHON PABEOTbI YEOPOYHOIO KOMMEKCA B 3ABUCMMOCTH
OT YPOXAMHOCTU
THE NUMBER OF VEHICLES TO ENSURE THE HARVESTING COMPLEX
OPTIMAL OPERATION, DEPENDING ON THE PRODUCTIVITY
Vpowaitnoers, yra | KOMIICCTRO TpancropTiLIX
. , eIl
Productivity, t/ha Number of vehicles, units
3,0 2,3
3,5 2ol
4,0 3,1
4,5 3,5
5,0 3.8
5,5 4,2
6,0 4,5
6,5 4,9
7.0 5,3
7,5 5,6
8,0 6,2

qae coctaBuT 11,41 muH (puc. 3).

B xome pacueToB onpenenuiu noTpeOHOCTh B TPaHC-
MOPTHBIX CPEACTBAX sl 00ECIIEUEHUS ONTHMAIBLHOM pa-
60ThI yOOPOYHOT0 KOMILIEKCA B 3aBUCHMOCTH OT YPO-
KaHocTH (mabn. 3).

B 3aBUCHMOCTH OT PACCTOSHUS JI0 CKJIaJia MPH pac-
YeTax UCIONB3YIOT HOMPABOYHBIC KO PHUITHCHTHL:

o 5 xm—0,77;
10 xm — 1,00;
15 xm - 1,30;
20 km — 1,59;
25 kM — 1,85;
30 km —2,00.

OT opranu3zanyu padoThl TPAHCIIOPTA Ha OTBO3KE 3€p-
Ha 3aBUCHUT 3(P(PEKTUBHOCTH paObOTHI 36PHOYOOPOTHBIX
komoOaitnoB 1 Bcero Y TK. [IpuBenem nmpumep pacuera mo
OMpeACNCHUIO TPAHCTIOPTHBIX 3aTPAT AJIsl TPAHCTIOPTHO-
ro arperara B coctane: Deutz-Fahr Agrotron 720 ¢ npu-
uenom Zugdeichsel.

Wcxonnble nanHbIe:

- BMECTHMOCTb IIpHIena — 32 M*;

- cobcTBeHHas Macca — 5530 kr;

- Tpy3010IbeMHOCTH — 20 T.

YacoBasi MpOM3BOAUTENHEHOCTD TPAHCIIOPTHOTO arpe-
raTa omnpezensiercs no popmyie [17-19]:

Wy= ®)

tos

rae Oy — HOMMHAJIbHAS IPY30H0ABEMHOCTb, T;

Ar —K03()(PUIIUEHT UCTOIB30BAHUS I'PY30IOBEMHO-
CTH;

fop — BpEMs TPAHCIIOPTHOTO LIUKJIA, Y.

Bpems TpaHCIIOPTHOrO LMK PABHO:
— Irr | Ix

top = -+ X+ ¢ 6

OB v T vk 1P, ©)

rie Irp, Ixx — mpober ¢ rpy3oM, mpobder 6e3 rpy3a (XoJio-
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CTOH HJIH TTIOPOXKHUMN), KM;

Vrp, Vxx — CKOPOCTH TPAHCIIOPTHOTO CPEJCTBA C IPy-
30M, 0e3 Tpy3a, KM;

trp — BpEMs OXKHUJIAaHUS 3arPy3KH, Y.

Marematndeckoe 0KHIaHHEe TTOKA3aTeI s «BPEMS 0KHU-
JIAHU S 3aTPy3KH TPAHCIIOPTHBIM CPEACTBOM» COCTABHIIO
13,26 mun, uau 0,22 4.

Jlnst onipesiesieHrst CKOPOCTH TPAHCIIOPTHOT'O Cpe/l-
CTBa HEOOXOAMMO HANTHU TATOBOE COMPOTHUBIICHUE TIPU-
1iena ¢ rpy3oM u 0e3 Hero:

Rup :fnn Grp, (7

1€ frn — KO3 GUIIUEHT COMPOTHRIICHHUS KAYSHUIO MPH-
ena;
Gp — Bec mpuriena, kH.
Jns rpyskenoro npurnena: Ry =0,04.255,8 = 10,2 xkH.
Jns nopoxuero npunena: Ryp =0,04 . 54,2=2,2 xH.
s Tpaktopa Deutz-Fahr Agrotron 720 ¢ Tpy>XeHbIM
npunenom Zugdeichsel mondupaem nepenauy 1116, cko-
POCTB JBHIKEHHS 23,5 KM/4; ¢ TIOPOKHUM MPHUIICTIOM —
nepenaya I119, ckopocTs aBrkeHus 39,5 km/4:

top = (12/23,5)+(12/39,5)+0,22 =
=0,51+0,3+0,22=1,03 u,
W= (20,55/1,03) = 19,95 1/u.

CMeHHas MPOU3BOUTEIBHOCTD OMpeaenseTcs no Gop-
MYyJI€:

Wem = Ournp,
Ti€ np — KOJIMYECTBO PEHUCOB 332 CMEHY.

Wen =20,55-8=164,4 1.

Pacxon TonnnBa Ha OJIHY IEPEBE3EHHYO0 TOHHY 3€p-
Ha paBeH:

&r :(GT.P+GT.H+GT.HEP+GT.XLl)/ Wy, 8)

rie GrptGrotGrueptGrxg— CPEAHHE YaCOBbIE PACXO/IbI
TOIUINBA B TEYCHUE CMEHBI, KI/4 [TPHU BBITIOJHEHUH OCHOB-
HOH (4HCTOM) pabOTHI, XOIOCTHIX XOIOB U BO BPEMsI XO-
J0CTOM pabOTHI ABUTATENS (BO BPEMsl OCTAHOBOK arpera-
Ta ¢ paboTaromum aBuraresiem). CpelHHE 4acoBBIE pac-
XOJIbI TOIIMBA MPUHUMAIOTCS 10 CITPABOYHBIM JIJAHHBIM
WJIM PACYCTHBIM ITyTEeM Yepe3 yIelIbHbIN PacXOoi TOILIHU-
BaHa 1 93pPEeKTUBHYIO JI.C. U CTCIIEHB 3ar Py3KH [BUTATE-
1s1. KoappurmenT ncnonp3oBanust BpeMEHU CMEHBI ITPH-
HuMaeM paBHbIM 0,75.

g1 =(15,45.0,75+8,5.0,25)/19,75=(11,6+2,1)/19,75=0,69 Kr/r.

Jist pacueTa mpuMepHOi cebecTouMocTH 1 T mepeBe-
3€HHOTO 3¢pHa HCIOIb3YeM aMOPTU3AIIMOHHBIE OTYHUC-
JICHU S, TPUXOSIINECS Ha eAMHUIY BEITIOTHEHHOI pabo-
TBI, ¥ CTOMMOCTb TOTUIMBA, PACXOAYEMOTr0 Ha TIEPEBO3KY
1 T 3epHa.

IIpu pacuetre aMOPTU3ALIMOHHBIX OTUYHUCICHUN yUH-
THIBaEM:

- CTOUMOCTb TpakTopa Deutz-Fahr Agrotron 720 —
14 686 000 py6.;

- crouMocTh nipuiiena — 3 444 000 pyo0.;
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- HopMmy amopTuzanuu — 9,1% (ans obenx MaruH);

- yucno pabouux He# B rogy — 248 [20].

AMOpTH3AIMOHHBIC OTYUCICHIS Ha SIUHAILY 00pa-
OaThIBaEMOM TIJIOIIA U OTIPEICIIUM TI0 ClIeAyoIIei dhop-

MYyJI€e:
— (Upp 1) Nay
Ara= = ©)
rae 1/, L], — cTouMOCTh TPAaKTOPOB U OOPOH COOTBET-
CTBEHHO, PyO0.;
N, — HOpMa amopTHu3anuu, %o;
M, —4mcio pabounx AHEH B romy.

Ary=[(14686000+3444000).9,1]/ (248.164,4) = 40,47 py6./1

CTONMOCTB TOIINBA, PACXOAYEMOT'0 HA TPAHCIIOPTHU-
poBKy | T 3epHa, ompenensem o hopmyIe:

3= gll; = 0,69.46,5 = 32,08 py6./1, (10)

rie [{r— CTOMMOCTh TOTUTHBA, py0./KT. JIJIsl pacueToB cTO-
MMOCTB TOILJIMBA B3sATa 110 cocTtosiHuio Ha 01.11.2020 rozga.
3aTpathl Ha OIIATY TPY/a ONPEACISIOTCS 1Mo hopMyIie:

301 = T Tem = 2007 -8 = 16 056 py6, (11)

TIIE T, — YacOBas TapudHas cTaBka, pyo.;

Tem — IPOJIOIDKUTEIBHOCTE pabouel CMEHHI, 4.

[TpumMepHBbIe 3aTpaThl Ha IEPEBO3KY 1 T 3epHa cocTaBis-
10T 170,21 py6. Pacxoas! Ha JHEBHOI 00BEM MEPEBO3OK Of-
HUM TPaHCIIOPTHBIM CPEJICTBOM COCTABIISIIOT 27983,22 pyo0.

BriBogbl. Ha ocHOBaHMH BpeMEHH 3aMOTHEHUS Oy H-
Kepa MOKHO PacCUMTaTh YPOKAWHOCTH CEIbCKOXO035TH-
CTBEHHOM KYJIBTYpHI (B HaIlIeM ciryyae 3To nieHuua). [lo
pacdyeTHOMY 3HAUYCHHUIO MAaTEMAaTHUYECKOTO OKUIaHUS
YPOXKaHHOCTH Ha TTOJISX IIEPBOTO YOOPOYHOT0 OTpsIa CO-
craBuia 4,03 1/ra, BO BTOpoM yOOpPOUHOM OTpsAE —
48,2 1/ra, a pakTuveckue nanupie — 4,13 u 4,96 1/ra co-
OTBETCTBEHHO (MOTpelIHocTh 2,5 u 2,9%).

[To ypoxaifHOCTH MOKHO OTPEICIUTh HEOOX0JUMOE
KOJIMYECTBO TPAHCIIOPTHBIX CPEACTB AJs OTBO3KU. [Ipu
YETBIPEX TPAHCIOPTHBIX CPEACTBAX MAaTEMAaTHUYECKOE
0’KMJIaHUE I10 ITOKA3aTeI0 «BPeMsI 0’KUIaHU sl 3arpy3KU
TPAHCIIOPTHBIM CPEICTBOM» COCTaBMIIO 13,26 MuH, 3a pa-
6ounii ners — 519 muH (8,65 1), nnu 25,4% ot 1HEBHOTO
¢doHma pabodyero BpeMeHH TPAHCIOPTHOTO oTpsiaa. Pac-
YETHOE KOJIMYECTBO TPAHCIIOPTHBIX CPENICTB PABHO 3 €.
CMonenupoBaB ux padboTy, Mbl cMorin Ha 21,4% coxpa-
THTH BpEMs Ha O)KUJIaHHE 3arpy3Ku. PacueTHoe 3Haye-
HUE 3aTpat Ha paboTy OAHOTO TPAHCIIOPTHOTO CPEACTBA
B TE€UCHUE OJHOTO JIHS cOcTaBmiIo 27 983,22 py6. D1a cym-
Ma — OKHIaeMasi IpIMepHast SKOHOMHS OT COKPAIICHHU S
OJIHOT'O TPAHCIIOPTHOI'O CPEACTBA B TPAHCIIOPTHOM OTpSi-
Jie. 3Hast pacCTOsTHHE OT MOJIS IO CKJIa/1a, MO’KHO BHOCHTD
KOPPEKTHUPOBKY 10 KOJIMYECTBY TPAHCIOPTHBIX CPEACTB.
[Ipu nomaau 3epHOBBIX B CEIBX030praHU3AIMH OKOJIO
6000 ra u ypoxaitHocTH 4-5 T/Ta BO3MOXHOE CHH)KCHHE
3aTpart Ha Bech 00beM yOoopku coctaBuT 1129,8 Thic. pyo.
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Paspa6oTka uucpoBon moagenm paboyero opraHa
3emMmnepfenb4yeckKoro opyauvs

Buxrop UBanoBuu Msienko,
JIOKTOp TEXHUUYECKHX HayK, mpodeccop,
e-mail: library82@mail.ru

Ky30acckas rocyiapcTBeHHasI CebCKOX03sICTBeHHAs akaaemus, . Kemepoo, Poccuiickas @enepanms

Pedepar. L{udpoBoit 1BOIHUK mpencTaBigeT co00H BUPTYAIbHYIO MOIETh PabOuero opraHa 3eMIEACITBUECKOTO OPYAUS, TMO-
3BOJISIOLIYIO0 PACCUNTATh M IIPEIBUJIETH IO OKUIAEMOE MIOBEICHNE B IIEPHOJ] BCETo cpoka akciutyarauuu. (Llers ucciedosanus)
Paspaborars anropuT™ mocne0BaTeIbHBIX MOJENEH, COCTABIMIOMIX TU(POBOH ABOMHNK pabouero opraHa 3eMIeAeIbIECKoro
opymust. (Mamepuanst u memoost) I1epByto coCTaBIAIONIYIO aANTOPHTMA HH(POBOTO ABOMHIKA OMPEIEITHIIE METOOM YCKOPEHHBIX
MMUTAIMOHHBIX HArpy:KeHHH paboduero opraHa KIMHA-PBIXIHTENS, IPUHATOTO B KadecTBe 00BEKTa MccineoBanus. Bropyio co-
CTABIIIONTYIO BBIBIUTH METOIOM TECTUPOBAHI PA3IMYHBIX [IOYB C ONPECICHIEM CHIIOBBIX SKBUBAJICHTOB. [IpH omucanuu mo-
CICAYIOMHUX COCTABIAOIINX YIUTBIBAJIU (I)HSI/IKO-MCX&HH‘IGCKH@ CBOMCTBA MOYB U MaTepuaIbl (prO‘lHCHI/IH) JUISA U3IrOTOBJIICHUSA
pabounx opraHoB. (Pesyrsmamol u 0bcysicoenue) Iokazany, 4To aaropuT™ NOCTPOCHHUS MU(PPOBOTO ABOWHIKA PabOUETO OpraHa
3eMJICICIBIECKOTO OPY/IHS CKIIAIBIBACTCS U3 HEMOYKH MOCIISI0OBATEIBHBIX ICHCTBHIT 1 IPEICTABIIET CHCTEMY MU(POBOTO OIHU-
caHus pabodero oprana, 00eCIIeYnBatONTy0 HOPMATUBHBIN CPOK CITYXOBI PH AKCILTyaTaluy. B kauecTBe nepBoii cocTapisromeit
QJITOPUTMA MPHUHSUTA PE3YNIBTATEl IMHTALMOHHOTO TIOTPYKEHHS, KOTOPBIC PETUCTPUPYIOT XapakTep PaclpeIeIeHIs HOPMAIbHBIX
CHJI TI0 TIOBEPXHOCTAM TPEHUS. Bo BTOpOI71 COCTaBHHIOHICﬁ YUHUTBIBAJIN PE3YIbTATBI ONPEACTICHUA CUTIOBOI'0 DKBUBAJICHTA ITPU Ha-
TPY’KeHHH padovero OpraHa B YCIOBUSX PEabHON TTOYBCHHON cpeibl. BRISBIIN BOBMOXKHOCTD OCTPOCHHUS KapT HHTCHCHBHO-
creil abpa3uBHOrO U3HOCA MOBEPXHOCTH TPEHHUSL, IPOTHO3HBIX PACUETOB HIEMEHTOB KOHCTPYKIIMA. TPETHIO M YETBEPTYIO COCTAB-
TSTONINE TIPIMEHSITH AT 00ecTIeueHNsT HOPMAaTHBHOTO CPOKa CIyKOBI pab0duero oprana, HCXOAS W3 MUHAMAIBHBIX 3aTpar TpH
M3TOTOBIICHUH, COOTHECEHHBIX K ¢IMHUIIE BEIPAOOTKH HOPMATHBHOTO pecypca. (Boigoowt) [lonydeHHBIH airoput™ MOCTPOCHHS
M(POBOTO TBOHHIKA — YHOOHBIIH HHCTPYMEHT IPHU CO3AHAH HOBBIX KOHCTPYKIHI PaOOYMX OPraHOB 3eMIIE/ICTBICCKIX OPYIHH.
KaroueBble cioBa: 3eMiezensaeckoe opynue, udpoBoil ABOHHUK, IMUTAIOHHAS MOJICIb, METOI] IMHTAIIHOHHBIX HATPYKCHUH,
JUHAMUYECKHUIA BUHT, HOMOTpaMMa OTipesieNieH s pecypca paboTocrocoOHOCTH.

1 {uis untupoBanus: Msutenko B.U. Pazpabotka undpoBoii Moaenu paboyero oprana 3eMIIeIeIbueckoro opyaus//
Cenvckoxozsiicmeenuvie mawunvt u mexnoaoeuu. 2020. T. 14. N4. C. 57-62. DOI 10.22314/2073-7599-2020-14-4-57-62.

Development of a Digital Model of the Agricultural Tool Working Element

Victor 1. Myalenko,
Dr.Sc.(Eng.), professor
e-mail: library82@mail.ru

Kuzbass State Agricultural Academy, Kemerovo, Russian Federation

Abstract. The digital twin is a virtual model of the agricultural tool working element that allows you to calculate and predict its
expected behavior during the entire period of operation. (Research purpose) To develop an algorithm for consistent models that
make up the digital twin of the agricultural tool working element. (Materials and methods) The first component of the digital
twin algorithm was determined by the method of accelerated imitation loading of the wedgelock ripper working element, which
was accepted as the research object. The second component was determined by testing various soils with the specification of
power equivalents. The physical and mechanical properties of soils and materials (hardening) for the manufacture of working
elements were taken into account during the description of the following components. (Results and discussion) The author showed
that the algorithm for constructing a digital twin of the agricultural tool working element consisted from a chain of successive
actions and was a system for digital description of the working element, which ensured the standard lifetime during operation.
The results of a simulated immersion which registered the nature of the normal forces distribution over the friction surfaces
were accepted as the first component of the algorithm. The second component — the results of determining the force equivalent
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when loading the working element in a real soil environment. The possibility of constructing maps of the intensity of the friction
surface abrasive wear, predictive calculations of structural elements was revealed. The third and fourth components were used to
ensure the working element standard lifetime, based on the minimum production costs, correlated to the standard resource unit of
development. (Conclusions) The resulting algorithm for constructing a digital twin is a convenient tool for creating new designs

of agricultural tools working elements.

Keywords: agricultural tool, digital twin, simulation model, method of simulated loading, dynamic screw, nomogram for

determining the lifetime .

1For citation: Myalenko V.I. Razrabotka tsifrovoy modeli rabochego organa zemledel'cheskogo orudiya [ Development
of a digital model of the agricultural tool working element]. Sel'skokhozyaystvennye mashiny i tekhnologii. 2020. Vol.
14. N4. 0-0 (In Russian). DOI 10.22314/2073-7599-2020-14-2-0-0.

n(poBOI NTBOWHUK MPEJICTABISET COOOU BUPTY-

AJBHYI0 MOJIENb (PU3NUECKOro 00bEKTa, HATPUMED

pabouero oprana 3eMJICACIBIECKOTO OPYIHs, KO-
TOPBII BOCIIPOU3BOIUT €0 TIOBEICHIE B IIEPHOL] peab-
HOM dKcIuTyaTanuu. [lepBoHayanbHble XapaKTePUCTHKH
U TEOMETPHUECKHUE TapaMeTPhl pabounX OPraHoOB ITOCTE-
MIEHHO U3MEHSIOTCS B IIPOLIeCcCe IKCILTYaTalluy 3eMIIe-
JIETBUCCKUX OPYAUIl BCIEACTBNE aOpa3sHBHOTO H3HOCA
WIIW APYTUX OPUYHMH, BKIIOYas ciydau MojIoMok [1, 2].
Hcnonp30Banme MOJCTH ITUPPOBOTO TBOMHHUKA TTO3BOJISI-
ST IPEABUICTH OXKHIaeMOe TIOBeIeHIE pabodero oprana
B IMEPHUOJ IKCILITyaTallUU U IPEIOTBPATUTH BOZHUKHOBE-
HUE KPUTHYECKHUX CHUTYAlllH, HE CHUKasl KaueCTBa BBI-
MOJTHEHU A TEXHOJIOTMUECKOT0 IPoIiecca 3a BECh CPOK IKC-
IUTyaTaIum.

s coznanus Monenu MuppoBOro JTBOWHUKA HE00-
XOJITUMBI JTUTEIbHBIN ONBIT HAOIIOJICHU N U IAHHBIE O T10-
BEICHUH pabouero oprana B pa3HbIX peKUMaX pearbHON
sKkcIuryaTanuu. K coxxaneHuto, 3To TpedyeT IIUTeNIbHbIX
3aTpaT BpeMEHHU HAOIIOACHUS C YIETOM CE30HHOCTH H
TEXHOJIOTMYECKOIo pa3HooOpasus padoT, B pe3yibrare
KOTOPBIX 00BEKT y>Ke€ MOPAJIBHO ycTapeBaeT U TpedyeT
KaKUX-TO KOHCTPYKTUBHBIX H3MeHeHHH. [loaToMy HE0O-
XOAUMBI METOJIbI YCKOPEHHBIX MPOLIECCOB U UMHUTAIINH,
KOTOpPBIC aIeKBATHO OTPAKAIOT PEABHEIC TPOIIECCH U
MIOMOTAIOT CO3/IaTh AIEKTPOHHBIN MAaCIOPT C YpaBHEHH-
SIMH, TAOJTMYHBIMU MaTepHaIaMi U MATEMATHYECKUMHU
MOJICIISIMHE, XapaKTePU3YIOMIIMMHE PadOTy B PEalIbHBIX yC-
noBusix [3]. B HacTosmee BpeMs 3T0 0COOEHHO aKTyaib-
HO, KOT/1a IEPUOIMIECKH MEHSIOTCSI TEXHOJIIOTHH BO3/Ie-
JBIBAHUSA CEIbCKOX03SICTBEHHBIX KYJIBTYP U TPEOYIOT-
cs1 HaJIe)KHBIE KOHCTPYKITUN HOBBIX pa00OYHMX OpPTraHOB
3eMJIeIeNIBYECKUX OpY M.

LIEnb nccnepoBAHUSA — pa3paboTaTh alrOPUTM I10-
CJIEIOBATEIBHBIX MOZEIICH, COCTABIMIOMUX H(PPOBOI
JBOMHUK pabOYEro opraHa 3eMJIeeIbUeCKOro OpyIus.

MAaTEPMANBLI M METOABI. eneBas GyHKIHS COCTOUT
13 HECKOJIBKUX MEPEMEHHBIX, ONMUCHIBAIOIINX Pa3HbIC
MPOIIECCHI, KOTOPHIE OTHOBPEMEHHO BO3/ICHCTBYIOT Ha
pabounii opras B IpoLecce ero dKCIuTyaTanuu. B xome
aHaM3a OLICHUBAJIHM ONITUMAaIbHbIE COOTHOLICHHS MEK-
Iy IepEMEHHBIMH 110 KOHETHOMY KPHTEPUIO — MUHUMAJTb-
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HBIM 3aTpaTaM Ha U3roTOBJIICHHE pabovero opraHa ¢ ooe-
CMIEYeHUEM HOMHHAIBHOTO pecypca paboToCIOCOOHOCTH
Y Ka4eCTBa BBITIOJITHEHH S TEXHOJIOTMYECKOT O rporiecca [4].

[MpubopHas 6a3a ucciaeqoBaHus BKIFOYAIA CTSH 15
YCKOPEHHBIX UMUTAlJUOHHBIX HATPYKEHUH U yCTPOICTBa
IUJIsL TPOCTPAHCTBECHHOTO THHAMOMETPHPOBAHUS pabo-
YUX OPraHOB B peajbHOM cpejie KcITyaranuu. B kade-
CTBE MaKETHOT'0 00pasIiia OMBITHOTO pab0overo opraHa uc-
MIOJTH30BAJIH KJIIMH-PBIXJIUTEINb C TUIEBOH MOBEPXHOCTHIO
120x120 mm. AGpa3uBHas cpea mpeacTaBisia phIXJIyIo
MIOYBEHHO-TIECYAHYIO CTPYKTYPY € BIaXHOCThI0 20-25%,
a yroi pbixjeHus kiauHa — 30°.

[epBast cocTaBustoNMIas IBOMHIKA OIydYeHa Ha OC-
HOBE METOJ]a UMUTAI[MOHHBIX HATPYKEHUN pabodero op-
raHa ¢ IOCJICAYOIIIM TOCTPOCHUEM JITIOP HOPMAIbHBIX
TABJICHUH, NEHCTBYIOIUX CO CTOPOHEI 00pabaThIBAEMOi
IIOYBBI. BTOpyIO COCTAaBJIAIOUTY O BBISIBUJIA METOIOM TC-
CTHUPOBAHUS PA3TMYHBIX TOYB C HAXOXKICHHEM CHIIOBBIX
SKBHMBAJICHTOB BHEUITHETO HArpyxeHwus. [lanee UCmob-
30BaJIi COCTABIISAIONINE, YIUTHIBAIOMINE (PU3UKO-MEXa-
HUYECKHE CBOMCTBA ITOYB 30H MOCIIEAYIOLIEH dKCILTyaTa-
LMY U BBIOMpAIN MaTepuaisl (YIPOUHEHNUS) IS H3T0-
TOBJICHHSI paboduero oprana, 00ecIeYnBaloIIue HopMa-
THUBHBINA CpOK C.Hy)K6I)I 1 KQa4C€CTBO BBIINIOJHCHUSA TEXHO-
JIOTHMYECKOT O TIporiecca. B kauecTBe 00bekTa HCce0Ba-
HUSI IPUHSIIA MAaKeTHBIH 00pa3el] KJINHA-PBIXITUTENS,
MPOIIEAIININ 3TANBI HAYYHO-UCCIISIOBATEILCKUX PaboT
U arpoOHOIOTTIECKON OIICHKH.

PE3YNLTATBI M OBCYXXOEHUE. [Tpy HAXOK ACHHUH SITIOP
HOPMAaJIBHBIX JaBIICHUH MTPIMEHSIJTH METOI UMUTAIOH-
HBIX YCKOPCHHBIX HATPY)KEHUH, MOCKOJIBKY B YCIOBHSIX
peaNTbHON AKCILTyaTaluy TPEOYIOTCS JTUTEIBHBIE CPO-
KU HaOJIO/ICHU, BEI3BAaHHBIE CE30HHOCTBIO PA0OT U CIIOXK-
HOCTBIO COOJTFO/ICHU I UICHTHYHOCTH ITPU HEOOXOTUMBIX
moBTOpHOCTSX. [IpuHINT M3MEepeHUsT HOPMAJIBHBIX J1aB-
JIEHWH, JIECTBYIOLIMX CO CTOPOHBI IOYBHI Ha pabounii
opra, B Hallel pabote ObLII OCHOBaH Ha TPAKTHUECKOM
MpUMEHEHHH 3aKoHa AMOHTOHA-KyIIOHA, T1Ie UHTEHCHB-
HOCTb TPCHUS U, KaK CIICACTBUE, a0pa3suBHOIO HU3HOCA
MPOMOPIHOHANIFHA HOPMAJIbHOMY naBieHuto [S]. [Ipex-
BapUTCJIbHO U3YYUJIN pa3HbIC METOJAbI U3BMEPEHUS, B 1aCT-
HOCTH METO]] HCKYCCTBEHHBIX 0a3 M METO/IBI HAHECCHUS
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Ha IIOBEPXHOCTH TPEHUS JIETKOMCTHPACMBIX MAaTePHAIIOB
HOKpI)ITI/Iﬁ —TraJlbBAaHNUYCCKUX PA3HBIX IBETOB UJIHN JIAKO-
KpacouHbIX [6]. B HacTosmIel paboTe MpUMEHSITH UMH-
TalMoOHHBIA MeTox (puc. I).

%

Puc. 1. Cmeno 01 yCKOpeHHbIX UMUMAYUOHHBIX UCNbIMAHUL pa-
60UUX OP2AHO8 3eMAEOeNLYECKUX OPYOUll HA AOPA3UBHbIL UZHOC:
a — cxema HazpysiceHus pabouezo opeana; b — macHumounoyyu-
OHHBIL UBMEPUMETb MOTUUHBL CI05L 1e2KOUCTIUPAEMO20 MAMepU-
ana; ¢ — obwuil 6uo cmenoa; 1 — kpyeoeas kamepa, 2 — nougen-
Ho-necuanas cpeda, 3 — cmouka; 4 — pabouuil opeau; 5 — nee-
Koucmupaemulii mamepuan, 6 — MacHUMouHOYKYuoHHulll npubop,
7— cepoeynux, 8§ — kamyuika, 9 — KOHOYKmop

Fig. 1. Stand for accelerated imitation tests of agricultural tools
working elements for abrasive wear: a — working element loading
diagram; b - magneto-inductive meter for easily abrading material
layer thickness; ¢ — general view, 1 — circular chamber; 2 — soil-
sandy environment; 3 — rack; 4 — working element; 5 — easily
abrading material; 6 — magnetic induction device; 7 — core; 8 —
coil; 9 — conductor

BnyTpu kpyrosoii kamepsl, 3al10JIHEHHOHN IIOYBEH-
HO-TIeCYaHOM Cpeioi, HAaXOUTCS CTOMKA ¢ paboYnuM Op-
raHoM. Ha moBepxHOCTh TpeHHs pabouero opraHa HaHe-
CEH JIETKOUCTUPAEMBbIii MaTepHal, TOJIIIMHA €05 KOTO-
pOro u3Mepsiiach MAarHUTOMHY KIIHOHHBIM TTPUOOPOM C
CEpICYHUKOM U KaTyLIKOW C OpUEHTHUPOBAHUEM I10 KOH-
OyKTopy [7]. 3HaueHus BeTMYUH HOPMAJIbHBIX IaBJICHHUH
OIlpeAeIsIi, OPUEHTUPYsICh Ha 3aKOH AMOHTOHa-KyJo-
Ha:

AU
tgpKc (1)
rae: N — HopMmajbHOe naBieHue, H;

AW —TodedyHas BeIMYrHA U3MEPEHHOT 0 M3HOCA Ha TI0-
BEPXHOCTHU TPEHHUs paboydero oprana, Mmum;

@ — YTOIl TpEHHUS, Pa.;

K, — Ko3hHUIHEHT COMPOTHUBIIAEMOCTH aOpa3HBHO-
MY U3HOCY.

[TomyueHHbI€ B pa3HBIX TOUKAX JIUHEI L JINIIEBOH MO-
BEPXHOCTH pabouero opraHa 3Ha4YCHU T HOPMAJIbHBIX J1aB-
JeHud N OTKJIaAbIBaid B MaciuTade Ha TEX K€ TOYKaXx C
MOJTyYCHHEM DITFOPBI, onmuckiBaroneit N= f(L). Jlnst ynoo-
CTBa JlaJIbHEUIIIEr0 00CYKACHHS IMIOPY PAa3MECTUIIN B
KoopauHaTHOH miockoctu XOY (puc. 2).

['panuia smiopel XapakTepu3yeT pacupeaesieHle Hop-
MaJIBHOTO JIaBJICHUS 10 BCEH JINIMHE TOBEPXHOCTH TPE-
HUS ¥ MOKET OBITh OITUCAaHA CICTYIOIIUM YPaBHEHUECM:

y=-0,0008x"+0,043x"- 0,838x°+7,232x — 20,608 (2)
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Puc. 2. Dnropa HopmanvHbix 0asnenull, 0eticmeyowds no nosepx-
HOCMU mpeHus Kiuna-pvixaumena. 1 — paboyuii opean; 2 — eepx-
HAA SPAHUYA INIOPbL

Fig. 2. Shear and moment diagram of normal pressures acting on
the friction surface of the wedgelock ripper: 1 — working element;
2 — shear and moment diagram upper border

Cyzs o xapaxTepy pacupeneiaeHuss HOpMaJIbHBIX
JIaBIICHUH, HHTEPBaIl IIOPHI OT @ 710 b Hojee HArpyKEeH
B CPaBHEHHH C HHTEPBAJIOM OT b Ji0 ¢ (puc. 2).

BwmecTe ¢ TeM BCsl 101 b SITFOPBI HOPMaTbHBIX 1aB-
JICHUH TI0 CBOEMY (PU3UIECKOMY CMBICTY IIPE/ICTABIISICT
CYMMapHYIO BEIHUNHY BHEITHETO HAT Py KECHUS (IaBiie-
HUSI), UCIIBITBIBAEMOT0 pabounM opranoM. [Ipu aTom mio-
Ik DITIOPHI NABJICHUS OTIPENENSICTCS NCXOISI U3 ypaB-
HCHUSL:

S = [0 f()dx — AS'=

_ (180

20

+7,232x — 20,608)dx —AS' = 442,7mMm? 3)

(—0,0008x* + 0,043x3 — 0,838x?

rie S — MIoIIA b SIIOPBL, MM;

AS' —nomaib ¢ OTCYTCTBHEM JAaBJICHUS B IIPEeIax
MHTEpBAJa HHTErPHPOBAHHS, MM".

ITonyuenHblie 3aBUCUMOCTH (2) U (3) MO3BOJISAIOT CY-
IUTH O XapaKTepe H3MEHEHU I BHEIITHETO HAT PY KSHHUS 10
MOBEPXHOCTH TPEHUS, XOTS PeaIbHbIC 3HAUCHHSI ICHCTBY-
IOIIUX HArpy30K B KOHKPETHBIX Cpeaax SKCIIyaTaluu
OpYIUil 0CTAIOTCSI HEU3BECTHBIMH.

Bropyto cocrapisionyto HuppoBoro ABOMHNKA Ha-
IIJTA METOJIOM Harpy»KeHUs pabovero opraHa B yCIOBH-
SIX peajIbHOT'0 OYBEHHOT'O CIIOXKEHHUS (TECTUPOBAHHE
mouB). C 3TOH LEeTbI0 MPUMEHIIIH YCTPOUCTBO JJIs TIPO-
CTPAaHCTBEHHOI'O TUHAMOMETPUPOBAHUS pabounx opra-
HOB 3eMJIe/IeTIbYeCKUX opynui (puc. 3).

TenzoMeTprueckue 3BeHbsI BOCIIPHHUMAIOT IIPOCTPaH-
CTBCHHBIC CUJIOBBIC XapPaKTCPUCTUKH, }leﬁCTByIOHlHC Ha
pabounii oprad co CTOPOHBI IOYBHI [8]. PacueTHas cxe-
Ma OIpe/IeNICHUs CUIOBOTO 3KBUBAJICHTA MIPE/ICTABIACT
c000i1 CIIeyIONY 0 TOCIIEA0BATETBHOCTS:

6

P, = ZP,”- =P
i=1

1 — Py;
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Puc. 3. Cxema ycmpoiicmea 0 npoCmpancmeenHo20 OUHamome-
mpuposanus pabouezo opeana: 1-6 — menzomempuueckie 36eHbsi;
7 — KpoHwmetinvl, 8 — pabouuii opean

Fig. 3. Diagram of the device for spatial dynamometry of the
working element: 1-6 — strain gauge elements; 7 — brackets; 8 —
working element

P, = X01 Py = Pe; @)

6
M, = ZMxiz Pg* hyg— P3* hyg— Py hys + Ps - hys;
i=1

6
ZMyi: P3thyz = Pyr hyp = P hye;

i=1

My

M, = 3§ Myi= Py hyp+ P hyz— Py hyy 4Py hyy—Psthys,
rae Py, P,,... Ps— ycunusi, perucTpupyeMble B COOTBET-
CTBYIOIINX TEH30METPHUYECKUX 3BCHBSX, H;

hy, hy, b,z 1T — TUIEUN HAIIPABIIEHHUS YCUIHH OT-
HOCHUTEIIBHO OCEi KOOPJIMHAT, M;

P, P, P,, M, M, M, — TpoeKLIMH TTITAaBHOTO BEKTOPA
P v tnaBaoro momenta M, H, Hm.

CHIIOBBIM DKBUBAJICHTOM SIBIISIFOTCSI TJIABHBIN BEKTOP
P v rnaBHBII MOMEHT M, onpeensieMble U3 CUCTEMBI
ypasHeHuii (4). st pacuera neHTpa qaBieHus Ha pabo-
9U{ OpraH CO CTOPOHBI MTOYBHI (TOYKA 71) KCTIOIB3YyeM
YpaBHEHHBIE OCH JJTMHAMHUYECKOTO BUHTA U ypaBHEHUE
MOBEPXHOCTH paboyero opraHa:

My—(y-P;—2"Py) _ My=(zPy=x'P;) _ M,~(x-P,~zPy)
Py Py P,
y=a+bx+cz
TJIC X, V), Z — TeKYIIUEe KOOPAMHATHI;

a, b, c —TIOCTOSIHHBIC YpaBHEHHU I IOBEPXHOCTH pabo-
Yero oprasa.

Penrenne cucrem ypaBHeHwH (5) MO3BOJISIET OMpee-
JIUTH KOOPJMHATHI TOUYKH ITEPECEUCHHSI OCH JTUHAMUYEC-
CKOT'0 BUHTA C IIOBEPXHOCTBIO pab0overo oprana (Toukarn).
Bo3ssparasice k 3mope HOpMaJIbHBIX JaBleHU (puc. 2),
MOKa3bIBAIOIIEH XapaKTep pacipeieeHNst HOpMallbHbIX
JIABJICHUH TI0 JIMIIEBOW MTOBEPXHOCTH pabodyero oprana

» )
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[IPY UMUTALIMOHHOM Harpy KeHUH, U UMesI BEINYUHBI CH-
JIOBOT'O 5KBHBAJICHTA, IOJIyYCHHOTO B YCIOBUSX peajb-
HOT'0 Harpy KeHUs, HETPYIHO YCTAaHOBUTb BETUYUHBI pe-
aJIbHBIX YAEIbHBIX JaBICHUN, 0K 1aeMble B TIOCIEAYIO0-
IIeif MpakTHKe SKCIUTyaTallii padovero opraHa:

A=P/S,

rae P — rnaBHbIi BekTOp, H;

A — yIenbHOe JaBlIeHue, H/mm?.

B 3aBucuMocTH (6) CHIIOBOM SKBUBAJICHT MIPE/ICTAB-
JIEH TOJIBKO TJIaBHBIM BEKTOPOM P. 3HaueHUs IJIaBHOT'O
MOMEHTa M 3/1ech MOKHO HE YUUTHIBATh, CYUTAs HE3HA-
YUTENBHBIM €0 BIIMSHHUE Ha BETHYHMHBI HOPMAaJIHHBIX
JlaBJICHUH.

Hampumep, momydeHHast BEMUIIHA TIIABHOTO BEKTO-
pa B onHOM K3 Hamux usmepenuii P = 8§72 H. CornacHo
3aBUCHMOCTH (3) TIPH ILTONIA M SIOphI S = 442,7 MM’ Be-
JMUYHHA PEAJTFHOTO YACITBHOTO JABICHUS OIPEACIACTCS
kak A = 1,97 Hmm* (puc. 2).

Taxum 00pa3oM, coueTaHNEe HMHTAIIHOHHOTO MOJIe-
JIUPOBAHUS U PEATHLHOTO ONMPEIENICHUs CUIIOBOIO SKBH-
BaJICHTA JIa€T BO3MOXXHOCTH ITPOBEACHUS IIPOYHOCTHBIX
pacyeToB KOHCTPYKILMU pabovyero oprata no KOopAauHa-
TaM IIEHTpa JaBJICHHUS, a TAK)KE TTPOrHO3UPOBATh HHTECH-
CHBHOCTB a0pa3MBHOTO N3HAITUBAHS [TOBEPXHOCTH TPE-
HUS C IOCTPOSHHUEM KapT abpa3uBHOro usHoca (puc. 4).

©)

Zmin

Puc. 4. Kapma abpaszugnozo usnoca nogepxHocmu mpeHust Kiu-
HA-puIXauUmens: a — dnopa unmencusHocmell usioca, b — ynpou-
HeHue UHOCOCMOUKUM MAMEPUANIOM, Znax, Zmin — MOMUWUHA CLOSL
VApOUHEeHUs.

Fig. 4. Map of wedgelock ripper friction surface abrasive wear:
a — shear and moment diagram of wear rates; b — hardening with
wear-resistant material; Zy,., Zmin — hardening layer thickness

B 3aBHCHMOCTH OT HOPMAaTHBHBIX TPEOOBaHHH K CPO-
KaM CITy»k0bI pabodero oprana KapTa H3HOCA O3BOJISIET
nudbepeHIPOBaTh TONIINHY HAHECCHH S HAITABOYHO-
ro MaTepHala.

Crnenyiomue ABe COCTaBIISIOIUE aITOpUTMa LU(PO-
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BOTO IBOIHUKA HAIICJICHBI HA BHIOOP HCXOTHBIX MaTEepPH-
aJI0B AJIst U3TOTOBJICHUS pabouero opraHa 1 y4era ycio-
BUH ¥ CBOWCTB TOYB, TJIE MPEII0NIAraeTCs OCIe Ty OMmast
IKCILTyaTalns 3eMJIeICIbUYCCKOr0 opyaus. B koHeuHOM
cueTe 00eCmeYnBaeTCsI HOPMATHBHBIN CPOK CITYIKOBI pa-
0odero oprana Ipu HEM3MEHHOM Ka4eCTBE BBITIOJTHCHHS
TEXHOJIOTHUYECKOro Iporiecca. 3agada 00eux cocTaBis-
IOIINX 3aKIJII0YAaeTCs B 00€CIICUCHIH HOPMAaTHBHOTO CPO-
Ka CIIy>kKO0BblI 1 petaeTcs yTeM BbIOopa 1enecoo0pasHo-
T'0 COOTHOIICHHUS MEX /Ty COPTAMEHTOM MaTEepPHAIIOB JIJIsI
M3rOTOBJICHHUS (YIIPOYHEHUS TIOBEPXHOCTH TPEHUS) pa-
6ouero oprana v yueta abpa3suBHBIX CBOHCTB MOYBBI 30-
HEBI TIPEATIoIaraeMoi SKcITyaTauu. [Ipu aTom memeco-
00pa3HOCTh BEIOOPA PEILICHUS OLIECHUBACTCS B HAXO0XK1e-
HAY MUHUMAaJIBHOTO 3HAYCHUS B COOTHOIICHUH CyMMBI
BCEX 3aTpaT Ha U3TOTOBIICHHE K SAMHIIIC HOPMATUBHOT'O
CpOKa CITy>kK0bI pabovero opraHa.

CeropHst Bce TIOYBHI 10 W3HANIMBAIONICH CLIOCOOHO-
CTHU MOXKHO pa3/ICJINTh Ha TPU YCJIOBHBIC KaTCTOPUHN: TICP-
Basi— 1,3-3,0 r/ra, BTopas —0,5-1,3, tpethsa — 0,37-0,65 r/ra
npuMeHHuTeNbHO K ctanu JI 55 [8]. B To e Bpems pa3Hble
MaTepHuaisl, IPUMEHIEMBIC ISl U3TOTOBJICHUS MOBEPX-
HOCTEH TPEHUS pab0vHX OPraHOB 3eMJICICIBUCCKIX OPY-
JU, TAK)KE UMEIOT HEOMHAKOBY IO OTHOCUTEIIBHY O U3~
HOCOCTOIKOCTE. [IpHIMAas B KauecTBe 3TaoHa cTais JI
53 3a equHULlY, KO BTOPOH I'pyIlIie MaTEPUAIOB MOXKHO
OTHECTH CIIaBBI CTPYKTYPHI ayCTEHUT + MAapTCHCUT U
Oenblit uyryH — 2,5-3,5, a B TpeThIO IpyNIy BOWIYT Ha-
MJIaBOYHBIE MaTepUalibl TUTIA cOpMaiT — 5,5 [9, 10].

Torna mocnen0BaTENEHOCTE BEIOOPA IIENIecO00pa3Ho-
TOo MaTcpuaia aJisl MIPOTUBJICHUS TOBEPXHOCTHU TPECHU
YA00HO MPOCICAUTH TI0 (HOPMATM30BAHHOW HOMOT'paM-
Mme (puc. 5).

Ha pucynxe 5 B nepBo#i moinoBruHE KOOPAMHATHBIX OCEH
HOMOTPAaMMBI CIIONTHBIMH JTHHUSIMH U300PaKCHBI Jy-
Yy, XapaKTepU3yOIIKe IOYBbI ¢ pa3IMYHON U3HAIINBA-
oIIell CIIoCOOHOCTEIO, @ BO BTOPOW — MaTEepPHAIIBI C pas-
JIMYHON OTHOCUTENBbHON N3HOCOCTOMKOCThIO. [IITpHxo-
BBEIMH JTUHUSMHA 0003HAUEH MapIIPyT — KIJIFOY, HAaUWHAS
OT y4eTa CBOMCTB MOYB K BEIOOPY MaTepHaoB, obecte-
YHBAIOLIMX HOPMATUBHBINA pecypc.

BeiBoabl. Anroputm nocTpoeHus udpoBoOro ABoii-
HHKa pabo4yero opraHa 3eMJeeIbuecKOro OpyIus ClIo-
JKCH U3 IICTIOYKH MOCIE0BATEIBHBIX ASHCTBUH U TIpe-
CTaBJISICT CUCTEMY IIU(PPOBOrO OMUCAHUS PabOUIEro op-
raHa, 00ecreunBaOIY0 HOPMATUBHBIN CPOK CITYKOBI
IIpH 3KCIUTyaTanuu. B kagecTBe nmepBoii cocTaBisomei
aJiropruTMa NPpUHATHI PE3YJIbTaTbl UMUTAIITMOHHOTO Ha-
TPYXKCHHS, KOTOPBIE PETUCTPHPYIOT XapaKTep pacipe-

Tiroa) ! My MENINED | o
B8 76 543249012 34567895 10MNM

|

RH

R(rog)

Puc. 5. @opmanuzosannas nomozpamma 6bl60pa coUCmME NoY8
u mamepuanog paboueco opeana: T — epems (npodondicumens-
HOCMb) UCMUPAHUs NOBEPXHOCMU MPEeHUs paboueco opeana
(cmanv JI 55); AG — moueunuiii 8b1HOC MeMAna ¢ NOBEPXHOCMU
mpenus; R, R, — sxcnayamayuonnwslii u nopmamushwiil pecypc, 1
nonosuna: 1, 2, 3 — nousvl ¢ paziuunoll UBHAWUBAOWeL Cnocoo-
nocmoio: Il nonosuna — 1, 2, 3 — epynnvl mamepuanog ¢ paziudHou
OMHOCUMENLHOL U3HOCOCMOUKOCTbIO

Fig. 5. Formalized nomogram of the choice of soil properties and
working element materials: T — the time (duration) of abrasion of
working element friction surface (steel L 55); AG — metal point
removal from friction surface; R, R, — operational and standard
resource; I half: 1, 2, 3 — soils with different wearing capacity;
11 half: 1, 2, 3 — groups of materials with different relative wear
resistance

JCJICHU S HOPMAJIBHBIX CUJI IO TOBEPXHOCTAM TPCHUA.
Bropoii cocTaBinsromei ABIsA0TCA pe3yabTaThl OIpee-
JICHU S CHJIOBOT'0 SKBHBAJICHTA ITPU HATPYKEHUHU paboue-
T'0 OpraHa B yCIIOBUAX peaybHON MouBeHHOH cpeabl. Co-
YeTaHUe ITUX JIBYX COCTABIAIOIINX 00ECIIeUnBAET BO3-
MOXHOCTB TIOCTPOCHHS KapT HHTEHCUBHOCTEH abpa3nuB-
HOr'0 MU3HOCA MOBEPXHOCTU TpeHusa. Kpome sToro, Mox-
HO HAWTH IICHTP BHEIITHETO JaBJICHUS Ha pabounii opran
Y IPOBECTH IPOTHO3HBIE PACUETHI JIEMEHTOB KOHCTPYK-
MH.

TpeTbst 1 ueTBepTas COCTABIAIOLINE HALICJIEHb] HA
obecrnieueHre HOPMaTUBHOT'O CPOKa CIYkKObI paboyero
opraHa, HCXo4s N3 MUHHUMAJIbHBIX 3aTpaT IMpHU U3roTOB-
JICHUU, COOTHECCHHBIX K CIMHHUIIC BEIPAOOTKH HOPMATHB-
Horo pecypca. [lomyueHHbIH aITOpUTM MOCTPOCHUS U ]-
pOBOTO JABOMHWKA — yIOOHBI HHCTPYMEHT IIPU CO3/a-
HUU HOBBIX KOHCTPYKIIUH pab0ounX OpraHOB 3eMIIE/IENb-
4ecKuX opynuii. Monenu, cocTaBisomue aaropuTMa,
MOT'YT OBITh YCOBEPILLIEHCTBOBAHBI, YCIOXKHEHBI U PACIIH-
peHbI ISt 0oJiee aJIeKBATHOTO OTPasKEHU I ITpoIecca IBU-
JKeHHsI pabodero opraHa B oopadaTsiBaeMoi cpere.
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O6ocHOBaHMe Bbl6Opa CUCTEMbI MO3ULIMOHMPOBaHUS ANA yripaBieHus
ABUXEHUEM MOOGUILHOIO CeJIbCKOXO3ANCTBEHHOro po6oTa
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MJIaAUINA HayYHBIN COTPYIHUK,
e-mail: artemteterewwork@mail.ru
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Pedepar. [IpaBunbHO mOnOOpaHHAS CHCTEMA TMO3HIMOHUPOBAHIS IS YIIPABICHUS JABIKCHAEM MOOMIBLHOTO POOOTOTEXHMUE-
CKOTO CPEJICTBA 00ECTEUMBAET BHICOKYIO TOYHOCTh MO3UIMOHUPOBAHUS POOOTH3MPOBAHHON MIAT(GOPMBI HA TEPPUTOPUH Caja,
TI03BOJIIET ABTOMATH3HPOBATH TOYHbIC OTIEPAIINH B CaTy U CHCTEMATH3MPOBATh ATOPHTMBI IOCTPOCHHS MapIipyTa. (L{ens uccue-
008anus) OOOCHOBATH PALIMOHAJBHBINA BEIOOP CHCTEMbI O3UIMOHUPOBAHUS IS YIIPABICHHS JBUKEHHEM MOOHIBHOTO PoOOTO-
TEXHUYECKOTO cpezicTBa. (Mamepuanst u memoodwvt) ChopmupoBanu TpeOOBaHMS K CUCTEME MO3UIIMOHAPOBAHHUS JUIsSL BHITIOHEHHUS
TOYHBIX OIEPAIHil B Cajly, @ IMCHHO: MEXaHH3UPOBAHHEI cOOp ILIONOB U srofl, AP depeHINPOBAHHOE BHECCHUE YIOOPCHHH 1
CPEJICTB XUMHYECKOH 3aluThl pacTeHuil. Ha3paam 0CHOBHbBIE M3 HHX: TIOTPELIHOCTh OMpeeNeH!s MECTOTONIOKEH S He Dornee
5 CaHTHMETpOB, YCTOIYMBOCTH TIepeadr HHPOPMAINHI Ha CepBEp UL MOCTPOCHUS KapT IBIDKEHUS, TBIDKEHHE POOOTOTEXHI-
YECKOr0 CpPECTBA IO 33JaHHOM TPAeKTOPUH, OCHAIEHHE MAsSKoB MOOMIIBHBIM MCTOYHUKOM MHUTAHUSA eMKOCThIO He MeHee 800
MIJITHAMIIEp-9ac, 00MeH HH(popMaImeil MeXIy MaskoM W BCTPOCHHBIM B POOOTOTEXHHYECKOE CPEICTBO MUKPOIPOIIECCOPHBIM
KOHTPOJUIEPOM 110 CTaHaapTy RS-485, nnomaas MOKpeITUs curHana He Menee 100 kBagpaTHbIX METPOB. (Pe3ynvmansl u 00Cyic-
Oenute) Omucany mecTs HanboJIee aKTyalbHBIX CHCTEM MO3MIMOHMPOBAHUS CIEAYIOMUX mponssogutencil: Reallrac, Pycopt
LKT, Heomaruka, ISBC, Avtosensor, Marvelmind. CpaBHAIN HX TEXHUIECKHE U KCILTyaTalOHHBIC TapaMeTpsl: pabodre da-
CTOTBI, JaNbHOCTD JEHCTBUS, HHTEpdEiic mepeaadn JaHHBIX, TOYHOCTH OMPEIETeHHS MECTOIOI0KEHUS 1 CTOMMOCTh TOTOBBIX
komruiektoB. [lokazamu, uto Marvelmind obecnieunBaeT Oecriepedoiinyto padoTy Ha yactotax 433 n 915 Merarepir ¢ morperHo-
CTBIO OTPE/IeTICHHS MECTOTIONOXKEHHS He Oonee 2 caHTUMETpoB. [IpoBeny HCTIbITaHU Ha MaJIorabapuTHOM poOOTH3HPOBAHHOM
TPAHCTIOPTHO-TEXHOIOTHIECKOM CPEJICTBE CO CIISTYIONNME XapaKTePHUCTHKAMU: MAKCUMAIIbHAS TPAHCTIOPTHAS CKOPOCTh JBHIKE-
Hus — 30 KHIIOMETPOB B Hac, KCIUTyaTannonHas macca — 500 KkunorpaMMoB, JuTiHa 2 MeTpa, mupuHa — 1,2 MeTpa, Beicota — 1,6
MeTpa. (Bvi6oowr) Ob0CHOBaIM BBIOOP HanOoJIEe MOAXOMAIICH W TOCTYITHONW CHCTEMBI TIO3UIIMOHUpOBaHus Marvelmind u dxc-
TEPUMEHTAIIBHO TTOTBEPIITH 3asBICHHYIO TIPON3BOIUTENEM TOYHOCTD TTO3UIHOHMPOBAHUS. [Ipn BIDKEHNH 1O OeCTeTIeBOMY
1 TIETJIEBOMY TOBOPOTY TOYHOCTDH MO3UIMOHUPOBAHUS HE TPEeBBICHIA 1,5 CAaHTUMETpPa, YTO COOTBETCTBYET arpOTEXHUYECKUMH
TpeOOBAHUAM K MEXaHU3UPOBAHHOMY COOpY TLIONOB | STOJ, K U(PepeHIMpPOBAHHOMY BHECCHUIO YIOOPEHHH 1 CPENCTB XUMH-
YeCKOH 3aIUThI PACTEHUH.

Kirouesble ci10Ba: cucteMa NO3ULMOHUPOBAHNS, METKA TO3ULUOHUPOBaHus, RFID-MeTKa, yAbTpa3ByKoBOM MasK, CUMTHIBATEIb,
POOOTOTEXHUKA.

1 1ns untupoBanus: Terepe A.B. OOocHoBaHMe BEIOOpa CHCTEMBI TO3UIIMOHUPOBAHMSI IJIs1 Y PABIICHILS JIBIIKE-

HHEM MOOHUJIEHOTO CEITbCKOX03sIHCTBEHHOT0 poOoTa // Cenvcroxossiicmeentnvie mawiunsl u mexunonoeuu. 2020. T. 14,
N4. C. 63-70. DOI 10.22314/2073-7599-2020-14-4-63-70.

Rationale for the Choice of a Positioning System for Mobile Agricultural
Robot Movement Controlling

Artem V. Teterev,
junior researcher,
e-mail: artemteterewwork@mail.ru

Federal Scientific Agroengineering Center VIM, Moscow, Russian Federation
Abstract. A correctly selected positioning system for controlling the mobile robotic means movement ensures high positioning

accuracy of the robotic platform in the garden, allows to automate precise operations in the garden and systematize route planning
algorithms. (Research purpose) To substantiate the rational choice of a positioning system for controlling the mobile robotic
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device movement. (Materials and methods) The author formulated requirements for the positioning system to perform precise
operations in the garden: mechanized collection of fruits and berries, differentiated application of fertilizers and chemical plant
protection products. The main ones were: the positioning error was no more than 5 centimetres, the stability of information
transfer to the server for building traffic maps, the movement of a robotic device along a given trajectory, equipping beacons
with a mobile power source with a capacity of at least 800 milliampere-hour, information exchange between the beacon and
the built-in robotic means with a microprocessor controller according to the RS-485 standard, the signal coverage area was at
least 100 square meter. (Results and discussion) The six most relevant positioning systems of the following manufacturers were
described: RealTrac, Rusoft CKT, Neomatic, ISBC, Avtosensor, Marvelmind. The author compared their technical and operational
parameters: operating frequencies, range, data transfer interface, location accuracy and cost of ready-made kits. He showed that
Marvelmind provided uninterrupted operation at frequencies of 433 and 915 megahertz with a positioning error of no more than 2
centimetres. The tests were carried out on a small robotic vehicle with the following characteristics: maximum transport speed — 30
kilometre per hour, operating weight — 500 kilograms, length 2 metres, width — 1.2 metres, height — 1.6 metres. (Conclusions) The
author substantiated the choice of the most suitable and affordable Marvelmind positioning system and experimentally confirmed
the positioning accuracy declared by the manufacturer. When driving in a loop-free and looped turn, the positioning accuracy
did not exceed 1.5 centimetres, which met the agrotechnical requirements for mechanized collection of fruits and berries, for
differentiated application of fertilizers and chemical plant protection products.

Keywords: positioning system, positioning tag, RFID tag, ultrasonic beacon, reader, robotics.

1 For citation: Teterev A.V. Obosnovanie vybora sistemy pozitsionirovaniya dlya upravleniya dvizheniem mobil'nogo
sel'skokhozyaystvennogo robota [Rationale for the choice of a positioning system for mobile agricultural robot
movement controlling]. Sel'skokhozyaystvennye mashiny i tekhnologii. 2020. Vol. 14. N4. 63-70 (In Russian). DOI

10.22314/2073-7599-2020-14-4-63-70.

JIs1 ONTUMHU3AIIIH U YIIPABICHIS TEXHOJIOT TUECKHU-
MU pabOYMMHU MIPOLECCAMH B CEIBCKOM X034HCTBE
MPUMEHSIOT CIICIHATTN3UPOBAHHBIE CHCTEMBI TJ10-

0anpHOTO U JIOKAJBHOTO MO3UITHOHUPOBaHusA. OHU TO-

3BOJISIOT OTCJIC)KUBATH MECTOTIONIOKEHHUE TIepCoHaIa,

CHECIHATU3UPOBAHHOTO 000PYHIOBaHUS, JKHBOTHBIX, BE-

CTH Y4YeT MOTOJIOBbS] CKOTa, CHCTEMAaTH3UPOBATH COOP

JMAHHBIX ¥ IUITAHUPOBATh BETEPHHAPHBIC MEPOIIPUSTHS,

UJCHTH(QUIHPOBATH CENIbCKOXO3SUCTBEHHY O TEXHUKY

MpHUIleHBIC 000pynoBaHus. CyIIeCTBYeT MHOKECTBO

Pa3IUYHBIX yCTPOUCTB JJIs pean3alii CHCTEM JIOKaJIb-

HOT'O NO3UIIUMOHUPOBAHUS C pa3H0171 TOYHOCTBIO U ME€TO-

JaMu oTciaexuBaHus. CTOMMOCTD TAKHX KOMILICKTOB Ba-

PBUPYETCA B 3aBUCTU OT HA3HAYCHUSA U MOXKET COCTAB-

JSATH OT NECSITH THICSY PyOJIeH ISl OCHAIIICHIS UTPOBBIX

BEPTOJIETOB U 10 HECKOJIBKUX MUILIMOHOB pyOIel nis

peanu3anuy MO3UITMOHUPOBAHUS HA 1IEJIOM ITPOU3BO/I-

CTBE.

LLENb nCCNEAOBAHNSA — 060CHOBATH PAIIMOHATBHBIH
BEIOODP CHCTEMBI TO3UITHOHUPOBAHUS TSI YIIPABICHUS
JIBUKEHHUEM MOOMIIBHOTO POOOTOTEXHUYECKOT'O CPEICTBA
(PTC) mo Tepputopuu cajia.

MATEPUANLI 1 METOABI. JTJTs BBITOTHEHU ST MEXaHU-
3UPOBAHHOTO cOOpa IIJIO/IOB U SATO/, TUPPEpSHITNPOBAH-
HOT'0 BHECEHUS yIOOPECHUI U CPEACTB XUMHUCCKON 3a-
LIUTHI pacTeHUH cHOpMHUPOBAIIH ClIEAYIONINe TpeOoBa-
HUS K CHCTEME MTO3UIIMOHUPOBAHHSL:

* BO3MOKHOCTB ONPEAETICHUS MECTOIOJIOKEHHS B Pe-
allbHOM BPEMCHU;

« TIepeada HHPOPMALIUH HA CEPBEP IS IOCTPOCHUS
KapT ABUKCHU A,

o peanu3anust aekenns PTC mo 3aganHoi TpaekTopuu;

CENbCKOXO3SMCTBEHHBIE MALMHBI M TEXHONOTIN » Tom 14« N& + 2020

* OCHAIIICHUE MasTKOB MOOMIHHBIM UCTOYHHKOM TTH-
TaHHUS;

« Iepeada HHPOPMAITHH O MECTOMOTIOKEHIH MasKa
Ha BcTpoeHHbIH B PTC MUKponpoueccopHblii KOHTPOJI-
niep no crangapty RS-485;

« TUIOIIATh TOKpBITHS 100 Mz;

* TOYHOCTH ONPEJICICHUSI MECTOTIOJIOKEHUS £5 CM.

PE3YNbLTATLI M OBCYXAEHUE. Jl1s1 aHanM3a BRIOpAIH
HanboJiee YacTO UCTIONIb3yeMble TEXHOIOT U TTO3HIHO-
HUPOBAHUS:

- paAMOYaCTOTHAS UACHTH(PHUKAIUS — PATUOMETKH,
panuomasiku, Wi-Fi, Bluetooth, BLE, UWB [1];

- cmytHUKOBOE oTciexkuBanue — [JIOHACC, GPS[2];

- MO3UIIMOHUPOBAHHUE B COTOBBIX CETSIX Yepe3 MOOUITb-
HYIO CBSI3b.

B OonbmmHCTBE CUCTEM [TO3UIIMOHUPOBAHUS TPUMeE-
usietrcs TexHonoruss GPS/ITJIOHACC [3]. OHa OTHOCHT-
CsI K TTI00aTbHOMY TTO3HIIUOHHPOBAHHUIO C TOMOIIBIO CITY T-
HUKOB U HE MOIEPKUBAET HEOOXOAMMOM TOYHOCTH OTIpe-
JICTICHHUS MeCTOIoI0KeHu [4]. B oTnmaune ot Hee, J10-
KaJIbHBIE TEXHOJOTUU Bluetooth n Wi-Fi obecrieunBaioT
OOIBIIYIO TOYHOCTD, CHCTEMBI C HUMH MO>KHO HUCTIONIB30-
BaTh B 3aKPBITHIX IOMELIEHU X, OJHAKO PAANYC IeHCTBUS
Oynet orpanuueH [5]. Craunapt BLE (Bluetooth Low
Energy) — 910 Bepcus crielupUKaIH SApa TEXHOIOTHI
Bluetooth, mpuMeHsieTCs ISl yMEHBIICHUS pa3Mepa Ko-
HeuHoTo ycTpoucTsa [6]. UWB (Ultra-Wide Band)—
OecrnpoBoHAs TEXHOJIOTHS CBSA3H Ha MAJIbIX PACCTOSHH-
SIX TIPU HU3KUX 3aTparax dHepruu, paboTaromnias Ha pa-
nuovactoTax 2,85-10,6 I'T B Poccuiickoii @eneparun.
OHa XOpOIIO MOAXOIUT JJIsl MPUMEHEHHUS B TOMEIICHH-
stx [7]. C momMoIpi0 paAnoMasikoB M paJIHOMETOK MOYKHO
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MTOBBICUTH TOYHOCTH CUCTEMBI. UTOOBI pacIIMPUTH ILII0-
maab MO3UITUOHUPOBAHMS, YBECIUYNBAOT KOJINYCCTBO
panuomasikoB B cucteme [8, 9]. UacTo amis ynydmeHus
TOYHOCTH MO3ULIMOHUPOBAHUS IPUMEHSAIOT CUCTEMBI C
HCIIOJIb30BAHUEM HECKOJIBKMX TEXHOJIOTHH.

s ynpasnenus nsuxenuem PTC paccmorpenu
mecTh HAaM0OJIee AKTYaTbHBIX CHCTEM JIOKaJIbHOTO TO3H-
[IMOHUPOBAHUS B CEILCKOM X03stiicTBe: Reallrac, Pycodr
KT, Heomartuka, ISBC, Avtosensor, Marvelmind.

Kommnekc obopynoBanust cuctemsl RealTrac cocto-
UT U3 METOK, 0a30BbIX CTAaHUUN Lora U IpOrpaMMHOI0O
obecnieuenus (puc. 1) [10]. MeTku ycTaHaBIMBAIOT Ha
OTCJIC)KUBAaEMBIC 00BEKTHI, HAa TEPPUTOPHH MOHTHPYIOT
Touku gocryna Lora. Monyns GPS/T'JIOHACC renepu-
PYeT M mepenaeT TaHHbIC TO3NIINOHUPOBAHNUS HA CEPBEP
B PEKHMME peabHOr0 BPEMEHHU € MOMOILbIO ceTH Lora
(866 MTI'n). [IporpammHOe oOecrnieueHne cepeepa oopa-
0aThIBaeT NOCTYMAIOIY IO HH()OPMAIIHIO U BBIBOJUT JaH-
HBIC O MECTOHAXO0XACHHUHN OTCIC)KUBACMbIX O6'I)CKTOB u
HUX IPOMAECHHOM MapiIpyTe. TOUHOCTh NO3UIIMOHUPOBA-
Hus — 1-5 M, pauyc OKPBITHS — 2 KM.

Cuctema 1o3BoIIsieT 00SCIIeUnTh TO3UITHOHNPOBAHNUE
B cajly, 0TOOpa)kaTh MapLIpyThl IEPEIBUIKEHUS IEPCO-
Halla, ONPEeIISITh 3aMpeTHbIC U HH(POPMAIIMOHHEIE 30-
HBI Ha TEPPUTOPUH BeCHUS paboT. Kpome Toro, Bo3Mok-
HO NPUMEHCHUEC YCPHOT'O ALIUKA I (bI/IKCI/IpOBaHI/Iﬂ JaH-
HBIX O TIEPEMEIICHUH IIPU BBIXO/IC METKH MO3UIIHOHUPO-
BaHUS U3 30HBI JCHCTBUS CETH MepeAayu JaHHbIX H I10-
CIIeAyIOIIEeH Tepeiaye JaHHBIX B IOJTHOM 00heMe Ha cep-
BEp IIPH BO3BPAIICHUU METKH B 30HY ITO3UIIHOHUPOBA-
Hus. Cucrema o0magaeT OOIBIINM PaANyCOM MOKPBITHS,
HO MMEeT HU3KYIO TOYHOCTD IMTO3UITHOHNPOBAHHUS.

| Cnythuk / Satellite |

MeTka no3aMynoHMpoBaHUA
Paositioning label

Touka gocTyna
Access point

| Cepeep / Server |

Puc. 1. Mooenv cucmemul nozuyuonuposanusi RealTrac
Fig. 1. RealTrac Positioning System Model

CucreMbl NO3ULMOHUPOBAHU A, OCHOBAHHBIE Ha N1PU-
MEHEHUHU MOOMIIBHBIX CeTEH, CX0XKH [0 CBOEMY IIPUHITH-
Ty paboTHI ¢ JTaHHOM cucTeMoi. MakcHMabHas TOUHOCTD
OIpeAeNIEHUsI MECTOIOJIOKEHU I TAKUX CUCTEM JIOCTHTa-
et 10 cm.

B xommuiexTe naeHTHUKAINT 1 yIeTa 00K TOB KOM-
nanuu Pycodt UKT npumenseTcst TEXHOIOT U UCTIONb-
30BaHMS PAANOYaCTOTHOTO ANEKTPOMArHUTHOTO U3ITY-
yeHus — RFID (Radio Frequency Ildentification). B ero
COCTAaB BXOAMT TPAHCHOHJIEP — METKa, COCTOAIIAS U3 IBYX
YacTel: MHTErPaJIbHOM CXeMBbI JIJIsI XpaHEeHU T 1 00paboT-
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KW HH(POPMAIIUU ¥ aHTECHHBI JIs IpUeMa U TIepeIadu HH-
(hopmanum, a TaKKe CUUTHIBAIOIIEE YCTPOUCTBO 17151 00-
pabOTKH ¥ pacrio3HaBaHUS MHPOPMAIINH, TOTTOTHUTEITb-
HO OCYIIECTBIISICTCS 3alIUCh JaHHBIX B RFID-MeTKHn
(puc. 2) [11].

RFID-meTKH CyIIECTBYIOT B Pa3HBIX UCHOJHEHUSX:
METaJNINYECKHUE MIIACTUHBI, CHIINKOHOBBIE OpaclieThl, Ha-
KJEWKH ¢ yuIioM. Pabouyne nuana3oHbsl METOK — 860-
960 MI'11, 1anbHOCTH CUUTHIBAHMSA — 4-12 M.

Pasnuuatot ctanimoHapHbie 1 MOOUITbHBIC R FID-cuu-
ThIBaTenu. [lepBble onpeaesnsioT MECTOHAX0XKACHUE Map-
KHPOBAHHBIX 0OBEKTOB Ha PACCTOSIHUU 10 12 M yepe3
BHEIITHUE aHTSHHBI B quana3one 902,75-927,25 MI't u
MOT'YT OTHOBPEMEHHO Pad0TaTh ¢ OOIBIINM KOJIMYECTBOM
METOK, TOXOASIINM JI0 HECKOJIBKUX ThICS 4. Bropsle no-
3BOJIAIOT ONEPATOPY BUIAETh MaPKUPOBAHHbIE METKAMHU
00BEKTHI, pabOTATh C IOKYMEHTAMH UITH HCKATh KOHKPET-
HYI0 METKY, QYHKITHOHUPYIOT B YACTOTHBIX AHANA30HaX
865-868 MI't 1 902-928 MI'11 1 CUUTBEIBAIOT METKHU Ha
paccTtostHUM 110 6 M.

[Ipumenenue RFID-TeXHOIOTUH 1IeTIeco00pa3Ho MpH
ydeTe CeITbCKOX03HCTBEHHOT0 000PyIOBAHNUS U TPAHCIIOP-
Ta Ha Tepputopu caga. OHa MO3BOIISICT UACHTUPHUIIHU-
pOBaTh METKH, HO HE 00ecIeYnBaeT JIOKAJIBHOTO MTO3H-
IIUOHUPOBAHUS OOBEKTOB.

[ RFID-metka /RFID-tag |

RFID-cunThIBATENL
RFID-reader

Puc. 2. Modenv cucmemvl nosuyuonuposanuss Pycogpm LIKT
Fig. 2. Positioning system model of Rusoft CKT

B cucteme Heomartuka npeaycMOTpeHbl onpeese-
HUE MECTOIOJIOKEHUS 00hEeKTa, COOp MHPOPMAIINH C JIaT-
YUKOB JTABJICHUSI, TEMIICPATyPhI U BIa)KHOCTH OKPYKa-
IOLIeH Cpe/ibl, HAKJIOHA U YPOBHS TomuuBa (puc. 3). Pac-
MIOJIO’KEHHBIN Ha 00BEKTE MPUEMHHUK MTOTyJaeT TaHHBIC
C IaTYUKOB 110 Bluetooth na paccrostuuu 10 100 M u nan-
HbIE O CBOEM MECTOTOJIOKEHHH 1o cTannapty GPS/
I'JIOHACC. 3arem nepenaet ux 1o Bluetooth ua cepsep
WJIN 3aMMChIBAET HA BCTPOCHHBIN HakonuTesb. [Tpuem-
HUK HMEET BO3MOKHOCTh BEIOOpa HAaBUTAIIMOHHOH CH-
cremsl: 'JIOHACC, GPS, TTTIOHACC+GPS. O MmoxeT
OBITh HACTPOEH C IMOMOIIIBIO IPHIIOKEHHS 110 Bluetooth
Y NOAJEPKUBAET ynpaBieHue uepe3 Bluetooth, SMS,
GPRS. To4HOCTD NO3UITMOHUPOBAHMS 00BEKTOB — 1 M,
9TO HE COOTBETCTBYET IPEABSIBICHHBIM TPCOOBAHIM.

Cucrtema nozuruoHuposanus /SBC ocHOBaHA Ha
RFID-texnonoruu. OHa MO3BOMISIET aBTOMATU3UPOBATH
y4eT )KUBOTHBIX, a TaKKe paboTy BETEpUHAPOB U 300T-
eXHUKOB (puc. 4). Kaxx1oMy >KMBOTHOMY ITPUCBANBACT-
Csl OpUTHHAIBHAS TUYHAS METKA, TIOMOTafomIast (PHKCH-
poBaTh HHPOPMAIIHIO O IEPEMEIIEHUH )KUBOTHOTO U HJICH-
THQUITIPOBATH €T0, HAIIPUMED IIPU B3BEITUBAaHUH. J{aH-
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‘ Bluetooth-aatunku ‘

Bluetooth-sensors
CnyTHuk / Satellite

| Cepsep / Server |

‘ Bluetooth-Tpexep
Bluetooth-tracker

Puc. 3. Modenv cucmemur nozuyuonuposanus Heomamuxa
Fig. 3. Positioning system model of Neomatica

HBIE 0 )KMBOW Macce NepearoTes B OJIOK YIIpaBJICHHU S Be-
CaMU U B CUMTHIBATENb JIJISI INIAHUPOBAHUS BETEPUHA-
HBIX M 300TEXHUYECKHX MEPONPUITUH. METKH CUUTHI-
BaroTcs Ha pacctosiHuu 0,1-1,0 M. CunteiBaTens padoTa-
et Ha wactore 134,2 k[’ mpu Anama3oHe CAUTHIBAHUS
0,5wm. JlanHas cuctema o3BOISIEeT UACHTU(DUITUPOBATD
00BEKTHI, HO He 00eCTIeUrBALT JIOKAIBHOTO TO3UIIHOHUPOBAHHS.

Cucrema Gupmbel Marvelmind robotics npenHa3Haye-
Ha JJIs1 yCTAaHOBKY BHYTPHU CaMOXOAHBIX POOOTOB, UC-
MTOJIB3YETCS IISI KOMIUIEKCHOTO OTCIIEKUBAHUS 00BCK-
TOB HJIX JIIOJIEH, UMEIOIIUX CTIeLUaTbHbIe MasIKU (puc. 6).
Omna npencTaBisieT co0oit Habop yIBTPa3ByKOBBIX Masi-
KOB, KOTOPBIC CHHXPOHU3UPOBAHEI IPYT C IPYTOM I10 Oe3-
JIUIEH3NOHHOMY AMANa30Hy 4acToThl. Omnpenenenue coo-
CTBEHHBIX KOOPAMHAT OCYIIECTBISICTCS Ha OCHOBE 3a-
JIEP>KKH BO3BpaTa yIbTPa3BYKOBBIX BOJH MPH IOCTH-
KCHUU CTAllHOHAPHBIX MAasIKOB METOJIOM TPHIIATEPALIHN
[12-15]. CranimoHapHble MasKU yCTaHABJIMBAIOT 11O 3a-
JTAaHHOH TepPUTOPHUH JIJISl OTCICKUBAHUS KOOPUHAT Me-
CTOTIOJIOKEHHUS B TpeX MIocKocTax. Cucrema paboraer
Ha yactoTtax 433 unu 915 MI'n. Masiku uMeroT BCTpoeH-
HBIN akKyMyJIsiTop eMKocThio 1000 MA-4. TouHOCTB M3-
MEPEHHS MECTOIOJIOKEHHS COCTABIISIET 2 CM, a MJIOIA b
NoKpwITHs ocTHraeT 1000 M’

[ RFID-meTka / RFID-tag |

RFID-cunteiBaTENDL
RFID-reader

Puc. 4. Mooenv cucmemut nosuyuonuposanus ISBC
Fig. 4. Positioning system model of ISBC

CucteMy MO3UIIMOHUPOBAHUS AVi0osensor 3aJIeHCTBY-
0T, KOT'J1a HaJI0 ONpPeAEIUTh MECTOIOIOKEHUE MpULe-
10B, HABECHBIX OPYIU, UHCTPYMEHTOB U IIPOYEH CEllb-
CKOXO3SMCTBEHHOM TeXHUKU (puc. 5). Paguomerka nepe-
JlaeT CBOM YHUKaJIbHBIM HOMEpP HA IPUEMHUK I10 PaIHO-
kaHany 2,4 I'T' u cnyxut uaeHtudukaropom. [Ipuem-
HUK MOXXET IPUHUMATD 110 PaJHOKaHAIy JaHHBIC OJJHO-
BpeMeHHO oT 80 pagroMeTok Ha pacctosiuuu A0 200 M u
nepeAaBaTh NONYUCHHbIC JaHHbIC HA TEPMUHA IO MIH-
He RS-485. TepmuHan npenHa3HadeH Uil 00paboTKH U
nepesayn JaHHbBIX Ha IPUEMHHUK CO BCTPOCHHBIX B CEJlb-
CKOXO3SIHCTBeHHY0 Mamuny Moayieit GPS/IJIOHACC.
Cuctema He COOTBETCTBYET HCXOIHBIM TPEOOBAHUSIM,
TaK KaK He MOXeT 00eCleunuTh NO3UI[MOHUPOBAHUE HA
CEIBCKOXO3MCTBEHHON TEXHUKE 0€3 YCTaHOBICHHBIX
moynei GPS/TJIOHACC.

Censckox0IARCTEEHHARA MALUWHE
Agricultural machinery

|

Tepmuuan
Terminal

CnyTtHuk [ Satellite

MNpuemHuk paguocnrHana
Radio signal receiver Cepeep / Server

RFID-meka / RFID-tag |

Puc. 5. Modens cucmemvl nozuyuonuposanus Avtosensor
Fig. 5. Positioning system model of Avtosensor
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Pagvwomask / Beacon

'

MpuemMHUK paguocurHana
Radio signal receiver

\ Cepsep / Server |

Puc. 6. Mooenv cucmemul nozuyuonuposanuss Marvelmind
Fig. 6. Positioning system model of Marvelmind

[IpoBeny cpaBHUTENBHBIN aHAIN3 TEXHUYECKUX U IKC-
ITyaTaI[HOHHBIX TAPaMETPOB CHCTEM JIOKAJIBHOTO IT03H-
LIUOHUPOBAHUS (mabdauya).

Brrsicannu, uto cucrteMa Kommnanuu Marvelmind mo-
KeT 00eCIeunThb 3aJaHHY 0 TOYHOCTh MO3UIITHOHUPOBa-
HUSI ¥ paboTaTh 0€3 MPUMEHEHU ST CUCTEM CITy THUKOBOT'O
OTCJICKUBAHUS, YTO BaXKHO IIPHU BEIOOPE CUCTEMBI [103U-
unonupoBanus 11 PTC. C moMoIiso J0MOJTHUTETBHO-
r'0 Masika MOKHO OCYIIECTBUTH MOHHTOPHUHT HE TOJIBKO
nojnoxeHus, Ho 1 HanpasiaeHus PTC. Cucrema paboTta-
eT Ha OE3HUIICH3NOHHBIX YaCTOTaX M UMEET BOBMOKHOCTh
nepenavyy JaHHbIX 10 uHTepdeiicy RS-485 B MUKpoIpo-
1IECCOPHBIN KOHTpOJIIep, yctaHoBineHnHbid B PTC. JInsa
oIIpeeNIeHUsT KOOPAMHAT MECTOIOJI0KEHU S MasiKa IPH-
MEHSIOT MeToA Tpunatepanud [16]. [Ipuanun ee pado-
THI 3aKJIFOYACTCS B TOCTPOCHUU HA MECTHOCTH CHCTEMBI
CMEXHBIX TPEYTOJIbHUKOB, B KOTOPBIX U3MEPSAIOTCS JITTU-
HEI CTOpOH (puc. 7).

VYri1bl B TPEYroJdbHUKE BBIYUCIISAIOT 110 OJTHOM U3 cie-
nyromux GopMy:

cosq = 2@ _ 4,
bc
a bc a+b+c
*_ —1: p= 1
tg; y— Lp > M

rne a, b v ¢ — CTOPOHBI TPEYTOJIBHUKA, M.;

P — MOJIYIIEPUMETP TPEYTOJbHUKA, M.

CpenHIm0 KBaIpaTUYECKY 0 OTHOKY BBIYUCIEHHOTO
yIJIa MOXKHO OTIPENICIICHTh IO CIIeAYIoIIel Gpopmyle:
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CPABHUTEJIbHBIN AHAJIN3 CUCTEM NO3ULINOHUPOBAHUSA
COMPARATIVE ANALYSIS OF POSITIONING SYSTEMS
HaumeHnoBanmue Pa6ouue yacToTnl JlaJIbHOCTH, M HHTepelic TounocTh GO
Name Operating frequenc Range Tepefatn IaHHbIX Accurac ThIC, py6.
P glreq y g Interface y Cost
RealTrac 866 MI'u, GPS/TJIOHACC 1000 — 1-5m 900
902,75-927,25 MI'w,
pycogr ILT 865-868 MI'w, 12 RS232 - 600
v 902-928 MI'n
Heomaruka / Neomatika | Bluetooth, GPS/TJIOHACC 100 - - 20
ISBC 134,2 xT'n, 125 xT'n; 9-91 RS232 - 100
Avtosensor 24T1T 200 RS485 - 15
Marvelmind 433 MTI', 915 MI'p 50 RS485 2 cM 40
m m
m u
ml ml

Puc. 7. Mooenv mpeyeonvnuxa mpunamepayuu

A, B, C — gepuunst mpeyeonvnuka, a, f§, y — yeavl mpeyeonvHuKd;
a, b, ¢ — cmoponwvl mpeyeonvnuxa; h, — evicoma mpey2onvHuxa,
onyujennas u3 6epuiunbl Ha CIMopoHy d

Fig. 7. Model of the trilateration triangle

A, B, C — triangle vertices, a, f, y — triangle angles;

a, b, ¢ — triangle sides; h,— triangle height lowered from the vertex
to the side a

@

m2 = B?(A?m? + B*mZ + C?m?),
rJ1e ff — Cpe/iHee 3HAUEHHE CBA3YIOMIEro yIIa psija;
m,, m, 1 m, — CPeIHKE KBAJApaTHIECKUe OUOKH 13-
MepeHHs CTOPOH;

he’
B=A]1- (2
c=af1- (92, ©)

rne /1, — BBICOTa TPEYTOIBHUKA, ONTyIIEHHAs U3 BEPIIH-
HBI Ha CTOPOHY d, M.

W3 nenovku TpeyroabHUKOB CO3AaI0T CETh TpUiaTe-
palyu ISt IMHEHHO MPOTSKEHHBIX 00BbEKTOB (puc. 8).

OnHHUM U3 OCHOBHBIX HEIOCTATKOB BBITSHYTOTO Psijia
LENOYKH TPEYyTOIFHUKOB C H3MEPCHHBIMH CTOPOHAMU
CYUTAETCS TO, YTO B TAKUX CETAX IONEPEUHbIN psif 11,
CYILIECTBEHHO IIPEBBIIIAET IPONOJILHBIH 71;.

[Ipu omeHKe 0KMTAEMOI TOYHOCTH psila PABHOCTO-
POHHUX TPEYTOIBHUKOB TPHIIATEPAIIMH UCTIONB3YIOT (hop-
MYIIBL:

a) 1 TPOAOIBHOTO CBUTA!

m, = mg \/g (pu N yetHOM); )
N-1
me = mg /T (mpu N HeueTHOM), )
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Puc. 8. Mooenv yeneti mpey2onbHuKkos cemu mpuiamepayuis

My, My — NONEPEUHbIUL U NPOOOTbHBIL PSO YENOUKU MPEY2ONbHUKOS,
k — nopaokoewiil Homep ceazyioujell CmopoHbvl

Fig. 8 Triangle chains model of the trilateration network

m,, m,— transverse and longitudinal row of a chain of triangles;

k — serial number of the connecting side

rae mg — Cpe;lem KBa}IpaTI/I‘IeCKaH OH_II/I6Ka I/I3MepeHI/I$I
CTOPOH;

N —uaucno Guryp pana;

0) JUTs1 TOTIEPEYHOTO CIIBUTA!

my, = mg/0,111k3 + 0,25k2 + 1,3k,

rze k — nopsAKOBBIA HOMED CBA3YIOLIEH CTOPOHBL;
B) JUISI TUPEKIIMOHHOTO YTJIa CBSA3YIOIIECH CTOPOHBI:

Mok = %mm/m% +0,67, (7)

e S — IWHA CBA3YIOMIEH CTOPOHBI TPEYTOIBHUKOB, M.

IIporpammuoe obecrnieuenue cucteMsl Marvelmind
HaXOJHUTCSI B CBOOOJTHOM JIOCTYTIC BMECTE C TOIIArOBOM
HWHCTPYKIIHEH 10 yCTAHOBKE KOMIUICKTa HA TEPPUTOPHH.
Ha tepputopuu caia ycTaHaBIMBAIOT MasikKi Ha pacCTO-
sHUH He OoJiee 50 M 1pyT ot apyra (puc. 9). MoOUIBHBIH
Masik QUKCHPYIOT Ha pOOOTE JIJIs ITO3UIIMOHUPOBAHHUS OT-
HOCHUTEJIBHO CTAIIMOHAPHBIX MastkoB [17].

Jlns obecrieyeHusT HABUTAIMHU 10 Caly HEOOXOIUMO
PaCIONIOKHUTH 110 MasiKy Ha Ka) 70 CTOPOHE TECPPUTO-
pun. [Ipy moMoIIH BCTPOCHHOTO B KaXKIbIH Masik KOMIIa-
Ca KOOPpAUHATBI CUCTEMbI NO3ULTUOHUPOBAHU A IPUBA3BI-
BaFOTCS K KOOpJMHATAM KapThl caja. [1j1s1 aToro onpee-
JISTFOT a3UMYT 0a30BOM CTOPOHBI cajia, Ha KOTOPOM pac-
MOJIOXKEH Masik /. DTO TMOJIOXKEHUE CITY>)KUT HA4YaJIOM KO-
OpAMHAT CUCTEMBI TO3UITUOHUPOBAHUS U UMEET KOOPIH-
HaTsl (0,0). {ns onpenenenns Hadyasia KOOPAUHAT KapThl
HE00XOIMMO PACIIONIOKUTH MOOUITEHBIN Masik B TOUKE A.

©)
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Puc. 9. Bzaumnoe pacnonoosicenue cucmem koopounam Marvelmind
u caoa: 1-4 — pacnonodxcenue CmayuoHapHvix MAsiKos, 5 — pacno-
Jodicene mobunbHoeo masxa; X, Y — cucmemvl koopounam xapmaot
caoa; Xy, Y — cucmemut koopounam Marvelmind

Fig. 9. The relative position of the Marvelmind coordinate systems
and the garden: 1 - 4 — location of stationary beacons, 5 — location
of a mobile beacon. X, Y — coordinate systems of the garden map.
X Yo — Marvelmind coordinate systems

Jlanee BBIYUCIISIIOT YTOJI MEXK Y OCSIMU KapThI caJla v Kap-
THI CHCTEMBI TIO3UIIMOHUPOBAHM S, YTO TTO3BOJIUT TIEpe-
CUUTBHIBATH KOOPAUHATHI KAPTHI B KOOPJAUHATHI CUCTEMBI
MO3UIIMOHUPOBAHUSI.

B cooTBeTcTBHM € yKa3aHHOM BBIIIE METOAUKON 3KC-
MEPUMEHTAJIBHO NOJATBEPANIIN 3aJaHHY 0 TOUHOCTD IO-
3unoHupoBanus. [Ipu mpoBeaeHNN UCTIBITAHUH CHCTE-
MY MO3UIIHOHUPOBAHUS YCTaHABIUBAJIA Ha MaJiorada-
PUTHOE pOOOTU3NPOBAHHOE TPAHCTIOPTHO-TEXHOIOTHUE-
ckoe cpenctBo (puc. 10).

Puc.10.
MHO-MEXHON02UYECKOe CPeOCmB0

Manoeabapumnoe

pobomusuposannoe  mpancnop-

Fig. 10. Small-sized robotic transport and technological vehicle
OHo mpegHa3HAYEHO JJIST TPAHCIIOPTHPOBAHUS UITH
OyKCHpPOBaHUS B ITPUIIETIE MATIOra0apUTHBIX TPY30B Mac-

Coii 10 0/1HOM TOHHBI. MakcuMaIbHasi TPAaHCIIOPTHAsI CKO-
POCTbH IBMKEHHSI POOOTH3HPOBAHHOTO cpeicTBa — 30 KM/u,

CENbCKOXO3SMCTBEHHBIE MALMHBI M TEXHONOTIN » Tom 14« N& + 2020

sKcILTyaTtannonHas macca — S00 kr, rabapuTHEIC pa3me-
poI (AXLIxB) — 2,0x1,2x1,6 m.

[Nocne conmpspkeHUs B KaINOPOBKH MasiKOB TIOT peIll-
HOCTb OIPEACIICHH I MECTOIIOJIOKEH I He ITpeBbIIaia | cM.
J11s1 moATBEPKACHU S 3asIBIICHHOM MTPOU3BOUTEIIEM TOY-
HOCTH ITO3UIIMOHUPOBAHUS IPOBEIU TECTUPOBAHHE Ha He-
00XOTUMOM /11 BEITIOTHEHU I arPOTEXHUUYECKUX MPOLIEC-
COB B CaJIOBOJICTBE CKOPOCTH TPAHCIIOPTHOI'O CPEACTBA —
4 xm/4. I3y4uniu TpaeKTOPUHU ABHIKEHU I POOOTH3UPOBAH-
HOTO CPEZICTBA MO OECIETICBOMY U METIEBOMY OBOPOTY
(puc. 11). MakcuMasbHas HOIPEIIHOCTb NO3UIIUOHUPOBA-
HUsI cocTaBuia 1,5 cM, 4TO COOTBETCTBYET arpoTEXHUYE-
CKUMH TPeOOBaHUSIMH K MEXaHH3HPOBAHHOMY COOPY ILITO-
JIOB U SIT0f, A1 (epeHIMPOBAHHOMY BHECEHUIO y100pe-
HUW ¥ CPEJICTB XUMUYECKON 3aIIUTHI PACTCHHN.

[Cwem T
* ‘.—|—\-+-
. ! ) =
/ l - =]
i =
-]
<]
i) L]
a |
. )
e
®
@
2 =
.y * .“‘
L] e
b !

Puc. 11. Tpaexmopus 0sudicenuss po6omomexHuiecko2o cpeocmea
¢ becnemaesvim (a) u nemaesvim (b) nosopomom

Fig. 11. Trajectory of robotic vehicle movement with loopless (a)
and looped (b) rotation

BbiBOAbI. YcTaHOBHMIIH, UTO HA PHIHKE IPEACTABIEHO
00JIBIIIOE KOJTUYECTBO CUCTEM MO3UIIHMOHUPOBaHUs. Of1-
HAKO M3-3a MCIIOIb30BAHUSI PA3HBIX METOIOB OIpeIeie-
HHSI MECTOITOJIOKEHM S Kayk IO CHCTEMBI MX TEXHUYECKHE
U DKCILIYaTallMOHHBIE [TapaMeTPhl CUIBHO BapbUPYIOT-
Csl, YTO OTPAHUYMBACT X IPUMEHEHHUE B PEabHBIX
arpoTEXHOJOTUAX U HE 00eCIeYMBaeT TOYHOCTH MMO3H-
[IMOHHUPOBAHWS B COOTBETCTBUH C arPOTEXHUUSCKUMH
TpeOOBaAHUAMHU.

CdopmupoBanu TpeOOBaHMS K CUCTEME TIO3UITHOHU-
pOBaHUsI JUTSl BBITIOJTHEHHST TOYHBIX OIepaIiuii B camy.
O0ocHOBaM BEIOOP HanOoJIee MOAXOASIICH U JOCTY -
HOM CHCTEMBI MO3UITMOHUPOBaHUs — Marvelmind. Omu-
CaJIu MPUHITUTI €€ paObOThI U METOA OTPEACTICHHS MECTO-
TIOJIOKECHU A — TpI/IJ'[aTCpa]_II/II/I.

DKCIEepUMEHTABHO MOITBEPINIIN 3asIBJICHHY O MTPO-
M3BOJIUTENIEM TOUYHOCTD MTO3UITHOHUPOBAHUS — He Oosiee
1,5 cm.
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MMmuTaumoHHoe moaenMpoBaHue napaMmeTpoB LLUHEKa aKCcTpyaepa
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Pedepar. JxcTpynupoBaHue KOPMOB 00ECTIEUNBAET BEICOKOE KaUECTBO TOTOBOTO NPOAYyKTa. (Lens ucciedosanus) [loBblcuts 10I-
TOBEYHOCTH HEMEHTOB KOHCTPYKIMH TIPEeCC-3KCTPyAepa MyTeM ONTHMI3AIMH HX MPOYHOCTHBIX XapaKTepucTHK. (Mamepuanst u
Mmemoowt) ccrenoBaiu TeXHONOTMYeCKUi MPUHIAI SKCTpy3un. [[puMeHnm MeTos1 iiaHupoBaHus SKcriepuMenTa. Paccmorpenu
Tnporecc padoTh IPecC-3KCTPYAEPa CO IITHEKOM NIEPEMEHHOTO 1ara mpu nepepadoTke YedeBUIIBL. [IpOIHOCTHBIE XapaKTEPHCTHKI
IEMEHTOB MPECC-OKCTPYEpa MPOBEPSITH B XO/Ie MPOCKTHPOBOYHOTO pacyeTa WM pacueTa Ha MPOYHOCTE. (Pesyibmamut u 00-
cyacoenue) Tlokazanu ponb OCHOBHBIX TEOMETPHUECKUX MApaMETPOB IITHEKA SKCTPYy/epa — HAKIOHA BUTKA U IIara HAape3Ku — B
TPUTOTOBNCHNN Ka4eCTBEHHBIX 3¢PHOBBIX KOPMOB. BBISBIIH, UTO IIar BUTKA CIEAYET PACCUUTHIBATH B 3aBHCHMOCTH OT KO3(pu-
LIUEHTA TPEHUs HCXOHOTO MaTepuana 0 KopIyc Mpecc-3KCTpyAepa, Buja 1 CBOICTB nofaBaeMoro Marepuana. Ompeaenun ycTra-
JIOCTHBIE HAIPSDKEHUS IIHEKA KaK Pe3y/bTaT 3HAKOIOCTOSHHON Harpys3Ky C/IBUTA U TEMIIEpaTypHbIX Bo3AeiicTBuil. Paccunranu
MOIIHOCTb NPUBOJIA, IPOU3BOAUTENLHOCT IKCTPYAEPA ISl yTOUHEHHS XapaKTePHCTHK LIHEKa, a TAKXkKe THAPABIMIECKOe COMpo-
THUBJICHHUE MaTPUUYHON BBIXOJHOMN TONOBKH, PACCTOSIHUE TEXHONOTHUECKUX 30H. [lonTBepaumu, 4To cOOpHas KOHCTPYKIHS IIHE-
Ka, COCTOSIIAS U3 YYACTKOB C Pa3HBIM IAarOM BUTKA, IPHAACT MPECC-IKCTPYIEPy YHUBEPCATBHOCTD. (Bbig00bl) YCTAHOBIUIIH, UTO
IIMOHKA — OJUH U3 Haubojee HAarpyXeHHbIX IEMEHTOB KOHCTPYKIMM LIHEKa Mpecc-3KCTpyaepa. PaccunTanu maxcuManbHoe
pacdeTHOe HaMpsKEHUE OT TOCTOSHHOW HAarpy3ku — 26,98 meranackass. Onpeaenuiy , 4To HaNpsHKEHHE B MOTIEPEYHOM CEYEHHH
IITIOHKY [IPY TEMIIEPaTypHOM BO3JeiicTBUM cocTaBuiio 591 meramackalb, 4TO NPEBBICKUIIO TIPEae] TeKYy4ecTH Ul BBIOPAHHOTO
Marepuana, paBHblil 360 Meranackaism Uit ctand 45. B Xone sKcrepuMeHTaNIbHBIX UCCIIE0BAHNH MONYUHIN 3HAYEHUE yaap-
HOH BSI3KOCTH, KOTOPOE COOTBETCTBYET CTAHIAPTHOMY ITOKA3aTeNi0 BEIOPAHHON H3HAYANBEHO MapKH cTamd (38 Kuiomkoynei Ha
KyOOMeTp), HO He 0TBEUaeT TPEOOBAHMAM, IPEABABISEMBIM K JAHHOMY 3JE€MEHTY KOHCTPYKIMH (He MeHee 50 KMIomKoye Ha
KyOoMmeTp).

KaroueBble ciioBa: npecc-3kcTpysep, SKCTPYAHPOBaHUE KOPMOB, IITHEK NMEPEMEHHOIO IIara, MIOTHOCTh YEUEBULbL, MHOTO(AK-
TOPHbIN SKCHIEPUMEHT, ONTUMU3ALHS, MIMUTALLIOHHOE MOJEIUPOBAHHUE.

1 Luia untupoBanus: 3aropyiiko M.I., Bacunpunkos B.B., Mamaxaii A.K. UMuTanmonHoe MozienupoBaHue napa-

METpOB NTHEKa dKcTpyaepa / Cenvckoxoszsiicmeennvie mawunsl u mexuonocuu. 2020. T. 14. N4. C. 71-77. DOI
10.22314/2073-7599-2020-14-4-71-77.

Simulation of the Extruder Screw Parameters
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Abstract. Extrusion of feed ensures a high quality of the finished product. (Research purpose) To increase structural elements
durability of the press extruder by optimizing their strength characteristics. (Materials and methods) The authors studied the
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technological principle of extrusion. The experiment planning method was applied. They examined the process of press extruder
operation with a variable pitch screw during the lentils processing. The strength characteristics of the press-extruder elements
were checked during design or strength calculations. (Results and discussion) The authors showed the role of the main geometrical
parameters of the extruder screw — the slope of the turn and the cutting step — in the preparation of high-quality grain feed. It was
found that the turn pitch should be calculated depending on the friction coefficient of the starting material against the press-extruder
body, the type and properties of the supplied material. The auger fatigue stresses were determined as a result of constant sign shear
load and temperature effects. The drive power, the extruder productivity were calculated to clarify the screw characteristics,
as well as the hydraulic resistance of the matrix output head, the distance of the technological zones. It was confirmed that the
prefabricated screw structure, consisting of sections with different pitch, gave the press extruder versatility. (Conclusions) The
authors found that the key was one of the most loaded structural elements of the press-extruder screw. The maximum calculated
voltage from a constant load was calculated — 26.98 megapascals. It was determined that the stress in the cross-section of the key
under temperature action was 591 megapascals, which exceeded the yield stress for the selected material, equal to 360 megapascals
for steel 45. In the course of experimental studies, a value of impact strength was obtained that corresponded to the standard value
of the initially selected steel grade (38 kilojoules per cubic meter), but didn’t meet the requirements for this structural element (at

least 50 kilojoules per cubic meter).

Keywords: press extruder, feed extrusion, variable pitch screw, lentil density, multifactorial experiment, optimization, simulation.

1 For citation: Zagoruyko M.G., Vasil'chikov V.V., Mamakhay A K. Imitatsionnoe modelirovanie parametrov shneka
ekstrudera [Simulation of the extruder screw parameters]. Sel'skokhozyaystvennye mashiny i tekhnologii. 2020. Vol.
14. N4. 71-77 (In Russian). DOI 10.22314/2073-7599-2020-14-4-71-77.

KCTPYJAMPOBaHHE 3€pPHOBBIX KOPMOB 0OecreunBa-
€T BBICOKOE€ Ka4yeCcTBO TOTOBOI0 poayKTa [1].
DxcTpyaep (YepBSIUHBINA MMPECC) pacIlIaBiseT
Y TOMOT€HHM3UPYET UCXOIHBINH MaTepuan (puc. 1). Yep-
BAYHBIH SKCTPYAEP BHIIOIHIET OJHOBPEMEHHO POJIb I1JIa-
CTU(UKATOPA U MOJAIOIIEr0 MaTepraj Hacoca HeTTPePhIB-
HOTO nercTBus [2, 3].

r/'/'/_./_. FEh :

Puc. 1. 3eprnosoii npecc-axcmpydep (obwuii éud): 1 — Haepesa-
menv,; 2 — Oyukep, 3 — wHek, 4 — yununop, 5 — nonocmy 01 yup-
Kynsiyuu 600bl; 6 — popmyrowas 20106Ka; 7 — peutemra ¢ Cemrxamu
Fig 1. Grain press extruder. General view: 1 — heater, 2 — hopper,
3 —auger, 4 — cylinder, 5 — cavity for water circulation, 6 — forming
head, 7 — grate with meshes

OKCTpyAepH! JOCTATOYHO IMIHPOKO PACIIPOCTPAHCHEI
B [IPOMBILIEHHOCTH (M3/I€TM s U3 TEPMOILJIACTOB), B CEJb-
CKOM X035IHCTBE (KOpMa), B MHIIEBOM IIPOU3BOICTBE (KY-
KypY3HBIC TAJTOYKH, CYXHUE 3aBTPAKH, YHIICHI, THCTHYC-
CKUe XJIeO1Ibl, IeTCKoe nuTanue) [4, 5].

[Tnactrdukarus BO3MOKHA HE TOIBKO B PE3yIbTaTe
TepModpdexTa nepeaaur Temia OT HarpeBaeMoro Koxyxa
KOpITyca SKCTPYAepa, HO ¥ OT SHEPTUH, BRI3BAHHOH Jiehop-
Maluel nepeMeIaeMoro Marepuana B akerpyzaepe [6, 7].

LIENb MCCNEQOBAHUS — TIOBBICUTD JOJITOBEYHOCTh
AJIEMEHTOB KOHCTPYKIIUHU IPECC-IKCTPyAEpa IMIyTEM OIl-
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THMHU3ALHH UX POYHOCTHBIX XapaKTEPHCTHUK.

MATEPMANLI M METOABI. VccrienoBanue TeXHOIOTH-
YEeCKOTo MPHUHITUIIA SKCTPY3UH OCHOBAHO Ha M3yUCHUU
CHUCTEMATUYECKOr0 MepeMEeIIeHH s MaTepralia Bpalato-
MUMCS ITHEKOM. PaccMoTpiM mporiecc paboThI mpecc-dKe-
TpyZAepa co IIHEKOM IIEPEMEHHOT0 IIara IIpu nepepadoT-
K€ YCUCBHIIBI.

Heo0xomuMo onpenenuTs mar BUTKA IIHEKA ¢ yde-
TOM HEKOTOPBIX JOMYIICHU:

- OJTHOPOJHOCTH MaTepHalIa: OH MMPOXOIUT BIOJIb OCH
IIHEeKa KaK CIUJIONIHAS OJHOPO/IHAS Macca U mepeMera-
©TCsI Ha OJMH IIIar BUHTA 33 OAWH 000POT;

- IOTIEPEYHOE CCUCHHE MEPEMENIacMOro MaTeprasa B
[THEKE MEePICHINKYIISIPHO OCH IIHEKA U CUUTACTCS yC-
JIOBHO TIOCTOSTHHOH IO BCEH €T0 JTHHE.

OCHOBHBIC KOHCTPYKTHUBHBIC TAPAMETPbI ITHEKA: U~
ameTp D, miar BUTKa 7, TIyOMHA HAPE3KH /1, 32a30P MEXK-
Iy TpeOHEM U KOPITYCOM IITHEKa J, yroJI HAKJIOHA BUHTO-
BOM Hape3KH ¢, MupruHa rpelHs e [7].

PE3YNLTATEI M OBCYXXAEHME. OIHY U3 OCHOBHBIX I'€0-
METPUUYECKUX MTAPaMETPOB MIHEKA IKCTPYepa — HAKJIOH
BHUTKA U IIar Hape3ku. OT HUX CYIIECTBEHHO 3aBUCUT
MPOU3BOAUTEIBLHOCTD KCTpyAepa. Koaddumment tpe-
HUS NCXOTHOTO MaTepraja o KOPITyC MPECC-IKCTPynepa,
BUJ] U CBOICTBA IOIaBaEMOT'0 MaTepuaia OyIyT BIUATh
Ha [apaMeTp Iara BUTKa.

[Ipu Hapeske yriia HakJIOHA BUTKA IIHEKa 45° ycio-
BUSI IOJDKHBI OBITH HA€aIbHBIMU. C yUETOM 3TOTO Ompe-
TIENISTIOT apaMeTp TITyOMHBI HApe3KH:

h=nD,
rne i — riryOuHa Hape3KH, MM;

D — nuameTp IHeKa, MM.

B pacueTtax k03 PpUIIEHT TpeHUs MEXK Y ITHEKOM H
Marepuasiom npumem B ripeaenax 0,3-0,6 [8].
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[lar Hape3kn HAXOMUTCS B MPSIMON 3aBUCHMOCTH OT
ko3 unuenta Tpenus. Hanpumep, npu ko3 duruente
tpenus 0,5 mar 2= 1,1D [8].

Juist oOecredeHus BBICOKOH CTETIEHH CKATUSI MAaTEepPU-
aJ1a ¥ TIOBBIIICHIS TPON3BOJUTEIFHOCTH SKCTpPY/Iepa Ie-
J1ec000pa3HO MIPUMEHSTH IIHEK C TIEPEMEHHBIM T10 JJIH-
HE I1aroM Hape3kH [8].

PaccmoTpuM napameTprudeckoe ypaBHEHHE 11 BUH-
TOBOII MOBEPXHOCTH LIHEKA IKCTPYJIEPa C IEPEMEHHBIM
marom (puc. 2) [8].

Puc. 2. Bunmosas nogepxnocmbu wHeKa ¢ nepemMeHHbIM Wa2om

K, F — uccnedyemvie mouxu; T — wae sumka; ¢ — y2on nogopoma
WHeKA, 1 — MeKywuil paouyc

Fig. 2. Spiral surface of the screw with variable pitch

K, F — researched points; T — turn pitch;, ¢ — angle of screw

rotation; r — current radius

Omnpeaenum mara BUTKA IpU pa3BOPOTE LIHEKA IKC-
TpyZzepa Ha yroi ¢ = 360n:

T.,=aTl, ,=a" b Q)]

TJIe 71 — KOJIMIEeCTBO BUTKOB;

a — ko3 UIUEHT NMPONOPLHUOHAIBHOCTH;

b — mepBOHAYATBHBIHN IIAT BUTKA, MM.

[Ipumewm, uto 7; — mar i-ro Butka (npu 0° 7; = b, npu
noBopoTe Ha 360° 7= ab).

[ToBopoTt Ha yroa ¢ = 360n 00pa3oBaH MEX 1y MPOCK-
uueit OF n ocbto x (puc. 2). KoopauHatsl Touku K coBma-
JIAI0T C TOYKOH £, a mepeMenieHue BI0Jb MPOJ0ILHON OCH
Z U3MEHSIeTCS TPOMOPILMOHAIBHO YTy TOBOPOTA ¢ U UME-
eT BUJI:

z=CT,,

rrae C — mocTosTHHAS TapaMeTPHISCKOTO yPaBHEHHUS.
C yueTtom BeIpakeHus (1) TOpU30HTAIBHOE MIEpeMe-
[ICHUE [THEKA IIPUMET BUI:

z=C-d"b. Q)

CocTaBuM ypaBHEHUs] BUHTOBOM TMHHUH LITHEKA JKC-
TpyZAepa ¢ MEPEMEHHBIM HIarOM:

x=rcosp;y =rsing; z=Cep, 3

rJie 7 — TEeKYIIHH pajinyc, MM.

JIOTIOJIHUTEIBHO MOYKHO ONITUMHU3UPOBATH IPOYHOCTD
U IOJTOBEYHOCTD KaK KOHCTPYKITHH SKCTPYAEPA B IIETOM,
TaK U OTIEJIbHBIX €ro 3JIeMeHTOB. [ ynporienus pac-
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4eTa BOCIOIB3YEeMCsI CIISTYIOIINM ITPABIIIOM: €CIIH 00e-
clieyeHa MPOYHOCTh CaMoro ciiaboro (Harpy >KeHHOTO)
dJIEMEHTa KOHCTPYKIIHH, TO B IIEJIOM IIPOYHOCTH KOH-
CTPYKLUH WU MAILIMHBI MOKHO CYUTATH 00ECTIEUEHHOM.

[TpoYHOCTHBIE XapaKTEPUCTHKH HJIEMEHTOB IPECC-3KC-
TpyZAepa IIPOBEPSIOT B XOJIE TPOSKTHPOBOYHOTO pacyeTa
WJIA pacyeTa Ha TPOYHOCTH [9].

[IpoBepouHBIii pacueT Ha MPOYHOCTH TPEAOCTABISAET
BO3MOKHOCTB HCCIIEIOBaHUS pabOTHI DKCTPYIepa Ha pas-
JTUYHBIX MaTepraiax. KOHCTpyKTHBHEIE TapaMeTphI IIHe-
Ka yCTaHABIIMBAIOT B 3aBHCUMOCTH OT PEKHMa PabOTHI
JKCTpYJepa, TpaueHTa CKOPOCTH OAaBAEMOT 0 MaTepH-
aja ¥ ero BuIa. B mpomecce MpoeKTHPOBOIHBIX H IIPO-
BEPOYHBIX PACUETOB MOIYYAIOT CJIAYIOLIUE TapaMETPBL:
TEMIIepaTypy 1 AaBJICHUE HA BRIXOIE U BXOJIE U3 30HHI JI0-
3UPOBaHMUS, 1aBJIICHUE HA BXOJIE U BBIXOJIE B 30HE MHUTA-
Hus. PacueTHBIM MyTEM OIPEACTAIOT TAKKE MOITHOCTDH
MPUBOMA, TPOU3BOAUTEIBFHOCTD IKCTPYAEPA IS BBISC-
HEHUs XapaKTePUCTUK NTHEKA, THIPABINYECKOE COMPO-
THBIICHHE MaTPUIHON BBIXOIHOU TOJIOBKH, PACCTOSHUS
TEXHOJIOTUYECKUX 30H.

[IpoeKTUPYIOT U PACCYUTHIBAIOT IIIHEKOBBIN MpPECC B
nBasTana. [lepBuuHas neinb NpoOBEACHUS TPOYHOCTHOTO
pacdeTa — 3TO 00OCHOBaHHE T€OMETPUYCCKUX TTapame-
TPOB IITHEKA, a TAKXKE OIPECIICHNE ONTHMAaIBFHON 9acTO-
THI BPAlICHHS UCXO U3 3aJJaHHOIN MPOU3BOJUTEIBHO-
ctu [10].

IIpou3BOAUTENBHOCTD BBIUUCIAIOT IO (pOpMYyIIe:

Q= (173600-p1)/y, Q)

rre Q — MpOu3BOIUTENBHOCTD IIHEKA SKCTPYACpa, KI/4;

V — cKOpOCTh BpaIlleHUs ITHEKa, 00/MUH;

pr — TIOTHOCTH MaTepuana, Kr/m';

y — cpemHee 3HaUYCHUE TPaJUeHTa CKOPOCTH CABUTA
MaTepuana (Ye4eBHIbl), C .

C yueToM ypaBHEHUS] BUHTOBOH JIMHUU IIIHEKA JKC-
Tpyzaepa (3) mpoBOIAT MPOSKTHPOBOYHEIH pacdeT HE0O-
XOAMMOTr0 IMaMeTpa ImHeka [9]:

0=0,68D"".

OcHoBHasl 11eJ1b MPOYHOCTHOTO pacyeTa IKCTpyAepa
COCTOHT B TOM, YTOOBI HAWTH TaAKHE ONTUMAILHBIE KOH-
CTPYKTHUBHBIE MapaMeTPhl (TEOMETPUUECKUE XapaKTePH-
CTUKH, TTapaMeTPhI yIIPABJICHHUS), KOTOPHIS, HAPSIY C
MPOYHOCTHBIMH XapPaKTEPUCTUKAMU, 00ECIICUHBAIIH ObI
CHUXEHME 00IIel MaTepruaJoeMKOCTH KOHCTPYKITUH.

[Tpu mpoeKTHPOBAHNY IITHEKOB HE YYUTHIBAIOTCS TIPOU-
HOCTHBIE XapaKTEPUCTUKH UX 3JIEMEHTOB. OJTHAKO U3-3a
MPOJOIBHO-TIONIEPEYHOTO U3rH0a OCH NITHEKA BO3MOXKCH
MPEXIeBPEMEHHBIN U3HOC BHEITHETO [IMJINHAPA TPECC-3KC-
Tpynepa (puc. 3.) [9].

IIpoyHOCTH IIHEKA OMPEACNSAIOT C YUYETOM JCUCTBUS
Ha €ro OCh KPYTSAIIMX ¥ U3THOAIONINX MOMEHTOB.

B OonbIIMHCTBE CiTydaeB pacyeT Ha MPOYHOCTD I0-
JIOOHOTO BHIa KOHCTPYKIIMI BEACTCS MO YIPOIICHHOM
METOJIUKE, T[JIe YUUTHIBAOT TOJIBKO JIe(hOPMAIIHIO OT U3-
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Fogod

Puc. 3. Pacuemnas cxema winexa sxcmpyoepa npu npooonbHo-no-

nepeunom uzaube: R,, R, — onopnuie peaxyuu; F, F,,, — Oeticmgy-
towue ycunus;, My, M, M+dM — oeiicmeyowue momenmei; dz,
do— onemenmapnvie nepemewenus,; d, D — enympennuil u eneu-
Hutl duamempol; L — paccmosinue pacnpeoenenoll Hazpy3Ku

Fig. 3. Design diagram of the extruder screw with longitudinal-
transverse bending: R,, R, — support reactions; F, Fy.q — acting
efforts; M, M, M+dM — acting moments; dz, dp — elementary
displacements; d, D — external and internal diameters; L — distance

of distributed load

ruba ¢ kpyuerrnem. Ho B HateM rmpumepe BOSHUKAET eIIe
U TIPOJOJIbHAS CUJIA OT IABJICHUSI MaTepHalia P BBIXO-
ne 3 MaTpuisl. [loatomy O6yaeM NpoBOIUTEH pacyeT ¢
y4eToM JehopManuy Mpoa0IbHOTO H3THOA.

Bocnonb3yemcs A1t 3TOr0 METOIOM HAaYaJIbHBIX T1a-
pamerpos [10].

YpaBHEHUE H30THYTON OCH OAJTIKH IIPH MPOJOIBEHO-I0-
NEpEeIHOM I/I3FI/I6C HUMECT BU:.

%2 = M, )

rae E — Momynb pononbsHon ynpyroctu, MlIla;

J, — 0CEBOii MOMEHT HHEPIINH CEUeHHUs, M*;

M, — n3rubarmnii MOMEHT OTHOCHTEIIBHO TOTeped-
HoM ocu KH'Mm;

YpaBHEHHE N3THOAOIIET0 MOMEHTA IPUMET BHUI!

(©)

Ha4daJIbHOC 3HAYCHU U I/I3FI/I6aIOIHeFO MOMCHTA,

M, = % (1—coskx)+ M, coskx+ % sinkx,

rae M, —
kH'Mm.;

¢ — VTHTEHCUBHOCTbH PABHOMEPHO pacIpeielIeHHOH Ha-
rpy3ku, KH/m;

k —kodpOUIUEHT, YUUTHIBAIOUINH JaBICHUE MaTEPH

P .

EI

R — onopnas peaxuus, kH;

O, — HavaTbHOE 3HAUYCHUH TTOTIEPEUHOM cnitbl, KH.

IIpu 3HaueHnU TeKyLIed KOOpAUHATHI z = O BeIpaxe-
Hue A onpeaenenust Oy NIpuMeT BUI:

1
q| L—=sinkL
QOZ ( k ) (7)
coskL

rie L —paccTosHue paBHO-pacpeeIeHHON HarPy3KH1, M.
BbinonHUB IPOEKTUPOBOUHBIN pacyeT C y4eTOM Bbl-
MIEH3JI0KEHHOT0, ITOJyYUM BBIpa)keHHUE ISl H3Tn0aro-

ama P k =
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Ier0 MOMEHTA!
( vznkL)
(1 coxkx) + —k m
MaKCI/IMaJ'ILHOC pacueTHOE HOPMAaJIbHOE HAIIPSIKEHUE
onpenenum dpopmyire [11]:
__4aN(1+a*)+myl?D(1-a?) ©)
max nD2(1—a%) ’
TJIE Opax — MAKCHMAJTBHOE PACIETHOE HOPMATBHOE HAIIPSI-
kenue, MIla.
Kacarenpnoe nanpsxenne pasao [11]:

sinkx=0., ®)

_ 16Mkp
Trnax_ TL’D3(1—(X4)’ (10)
THE Trax — KaCaTCIBbHOC HAIIPAKCHUC, MH&,

My, — KpyTsmnii momeHT, kH-m.

MaxkcuMaabHBIH MPOTUO NTHEKA OT HHTCHCHBHOCTH
pacnpeneneHHON HAarpy3KH ¢ TPy IPOAOJIBHO-TIONepey-
HOM HM3TH0€ ompenesseTcs Caeay M oopa3om. 3Ha-
YeHUE H3rn6a10mer0 MOMEHTa BO3bMeM U3 (6):

1
EJ, < (1- o+ ) e
de_ cos ool Sinkyx. (11)
JIBasx bl IPOUHTET PUPOBAB, MBI TOJYYUM Y PABHCHHE
W30THYTOW OCH ITHEKa:

d’y q

Bz =32 %

1
2 - coskx q (L— P ska)smkx+

q 1 PL
k3 —coskL +q|L — Eska coskL ez x+

L
+ Z(I? - %coskL +q (L - %sinkL ) sinkL —

- i—ésinkL —-q (L - %sinkL) coskL . (12)

MakcruMalbHBIN TPOTUO OCH NTHEKa:

_1(q (1 17
=it (e+s)-
— = |% = q (L = 3sinkL ) sinkt ]} (13)

JI1s OLlEHKU IPOYHOCTHBIX XapaKTEPUCTUK IKCTPY-
JIepa pacCMOTPHUM CaMbIil HATPY>KEHHBIN €r0 y3e — IITHEK.

Cama KOHCTPYKIUS ITHEKA UMEET JOBOJIBHO CITOMK-
HYI0 KOH(PHTY paLNIo, TO3TOMY JAaJbHEHIIINI aHAIH3 €T0
MPOYHOCTHBIX XapaKTEPUCTUK AHATUTUICCKUM METOIOM
OyZieT HeJJOCTATOYHO TOYHBIM. /)15 perieHus 3a1a4n Boc-
MIOTB3YEMCSI METOIOM KOHEYHBIX 3JIEMEHTOB.

151 6onblelt yHUBEPCAIBHOCTH IPECC-IKCTPYIEepa
€T0 IITHEK MPEACTABIISIET COO0H COOPHYIO KOHCTPYKITHIO,
COCTOSIIIYFO U3 YYACTKOB C PA3HBIM IIAroM BUTKaA. J{is
HAJICKHOU (PUKCAIIMH DIIEMEHTOB IITHEKA Ha eT0 BaJy MPH-
MEHSIOT CHeHaIbHBIC MIITOHKH. OHH pabOTaIOT B YCIIO-
BHUSIX CIIOXKHOT'O HAIIPSKEHHOT'O COCTOSIHUS, ¥ CO BpEMe-
HEM WX HaJ0 3aMeH:ATh. [IpndyeM 3amena cBsizaHa ¢ Tpy-
JIOEMKUM IPOIIECCOM AEMOHTaKa KOXKYXa IIHEKa U I10-
caenytomieii ero coopkoit (TOCT 23360-78) [12, 13].

B kadecTBe onTHMH3AIMH KOHCTPYKTUBHBIX ITapaMe-
TPOB IIHEKa YKCTPYAepa MoApoOHee 0CTAHOBUMCS Ha 110-
BBIIIICHUH €T0 IIPOYHOCTHBIX XapaKTepUCTUK. OH UCIIBI-

L %+q(L - %sinkL)coskL]—
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THIBACT YCTAJOCTHBIC HATIPSKEHHS OT 3HAKOIIOCTOSHHOM
HArpy3KH CBUTA U TEMIIEPATYPHBIX BO3ACHCTBHIL.

B pacuere HIMOHKK YUYUTBHIBAIOT HANIPSKEHUE Cpe3a
u cmstue [10]:

Q

feo = 4, < [tep)
IJIe T, — PACYETHOE HAIPSIKEHUE CPe3a B IOIIEPEUHOM ce-
yenuu, Mlla;

Q= F/n—nonepe4Has cuja, BO3HUKAIONIAs B TOM Ce-
yenun, MIla;

F — BHewHss oceBas Harpy3ka, kH;

71 — YUCJIO COEIMHUTENBHBIX AeTaJIEH, 1IT.;

A, — IO Ib IONEPEYHOT0 CEUEHH I CPE3aEMOH 1e-
Tayu (MJI01aab Cpe3a), M

[z.p] — DOITyCKaeMoe HaIpsiKEHHUE IIPH pacyeTax Ha
cpes, 3aBUCsIIee OT MaTepHalia COeUHUTEIbHBIX AeTa-
niel 1 ycoBui paboThl KOHCTpYKIuu, MITa.

Jonyckaemoe Hanpsi>)keHe CMSATHS PaBHO:

F
Ocm = A oy S[O.CM]’

rie A, — IIOMmAab CMATHS, M’

C y4eToM TOro, 4TO MITMOHKU 0OBIYHO HMEIOT (hacKH,
BBIPAKEHUE [UJIsI OTIPEACIICHUS TUIOMIA N CMSITHS IIPUMET
BUJI:

ACM = (H_ tl _,f) lp’

rzae H — BblcoTa LIIIOHKHU, MM;
t; — TIyOMHA IIMTOHOYHOTO 11a3a Ha Bajly, MM;
f=0,06/ — BrICOTA (hacku, MM;
[, —pacueTHas AJIUHA MIIOHKY, MM.
[Ipu pacyeTe Ha JONTOBEYHOCTD KIIFOYEBBIM (haKTO-
POM CTaHET MaKCUMAaJIbHBIA IPOYHOCTHOM 3amac.
[TpouHOCTHOI 3an1ac PH CIOKHOM HATIPSKEHHOM CO-
ctostHuH [10] BBIYKCISIOT TIO opMyIe:

§ =S5 5 [s],
JS_§+S§
rae S — o0muii mpoyHocTHOI 3anac, MIla;

S — IPOYHOCTHOM 3a1ac 10 HAMPSHKEHUSIM HOPMaJTh-
HBIM (Ie(opMaIiys OT TEMIEPaTyPHOTO BO3ACHCTBHU),
MiIla;

S, — IPOYHOCTHOM 3amac 1o HanPsKEHUSIM KacaTelb-
HbIM (0T caBura), Mlla;

[S]— momyckaemsrii 3amac mpounoctu, MI1a.

JanpHeWmui pacyeT aHAIUTHYECKOT 0 MeTOAa OyIeT
JIOBOJIBHO TPYIOEMKHM U HEJOCTaTOYHO TOYHBIM. B nan-
HOM CJy4ae MPUMEHUM OAMH U3 YUCICHHBIX METOAOB —
METOJl KOHEUHBIX 2JIEMEHTOB, peajIu30BaHHBIH B pacyeT-
HoMm mozayne KOMITAC 3D [14, 15].

[onmy4wunm pe3yaprar pacuera Ha IPOYHOCTh UMHUTA-
LIMOHHOM MOJIEI IIIOHKU METOI0M KOHEUHBIX JIEMEH-
TOB (puc. 4, 5):

1 IpOBEpKU CXOAMMOCTH PE3YJIbTATOB U MOJ-
TBEP)KICHUS (PU3UKO-MEXaHHUECKUX CBOHCTB IIMTOHKA
peann3oBaliv CEPUI0 MEXaHUYECKUX HCTIbITaHUM. Tak Kak
9TOT AJIEMEHT KOHCTPYKIIHH Pab0TaeT B yCIOBHUAX TUHA-

(14)

(15)

(16)
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SVMIMITE)

Puc. 4. Pesynomam pacuema snemenma «unoHkay 8 yciosusix oe-
Gopmayuu cosuea

Fig. 4. The result of calculating the element "key" in the conditions
of shear deformation

anw

Puc. 5. Pesynomam pacuema snemenma «wnoHKay ¢ y4emom mem-
nepamypHo20 8030€eicmeus

Fig. 5. The result of calculating the element "key" taking into
account the temperature effect

MHUYECKUX Harpy30K, TO LIeJIeCO00Pa3HO MPOBECTU MeXa-
HUYECKHE UCTIBITAaHHS HA YAAPHYO BA3KOCTb. J[1s1 3 TOrO
U3 IINOHKY U3TOTOBUJIM CTaHAAPTHBIE 00pa3Lbl AJIs HC-
NBITAHUI Ha MaATHUKOBOM KOIIPE, OIIPENENIHIIN 3HaUe-
HUE yJapHOH BSI3KOCTU MaTepuasa IIMOHKU AJIsl 1allb-
HEHIIEero COMOCTaBICHHUS C PEe3yIbTaTaMHt, Oy YeHHBI-
MU YUCJIEHHBIMU 1 AaHAJIMTUYECKUM METOIaMHU.

BbiBoAbI. BeisiBUIIH, YTO MIMOHKA — OMUH U3 HANOO-
Jlee Harpy>KEHHBIX 3JIEMEHTOB KOHCTPYKIIUHU IITHEKA
pecc-3KCTpyaepa. MakcuMallbHOE pacyeTHOE HaIlpsiiKe-
HUE OT IOCTOSIHHOM Harpy3ku paBHo 26,98 MIIa. Hanpsi-
JKEHMS B TIONIEPEYHOM CEUYEHUU IIMOHKH P TeMIIepa-
TypHOM Bo3jeiicTBuu coctaBunu 591 MIla, uto mpeBbI-
IIaeT MpeJieN TeKyUYeCTH 715 BBIOPaHHOTO MaTepHaa
(360 MIla nus cranu 45).

3Ha4YeHHe yAapHOH BSI3KOCTH, IOy YCHHOE B XOJI€ DKC-
MEPUMEHTANIBHBIX UCCIEA0BAHUN, COOTBETCTBYET CTaH-
JapTHOMY 3HAUCHMIO BEIOPAHHON H3HAUATBHO MApPKH CTa-
mu (38 xJIk/M), HO He OTBedyaeT TPeOGOBAHUSM, TTPETb-
SBJISIEMBIM K JaHHOMY JIEMEHTY KOHCTPYKLUU (HE Me-
nee 50 kJx/m).

[IporpaMMHBIii YHCIEHHBIN pacyeT IPOUHOCTHBIX Xa-
PaKTEPUCTHUK HITTOHKHU MOKa3aJI, YTO H3TOTOBJIEHHUE 3TOH
JeTaJId U3 aJbTePHATUBHBIX MapoK cTaseil (HarmpumMep

AGRICULTURAL MACHINERY AND TECHNOLOGIES * Volume 14 + N4 + 2020



30XT'CA — cTaib KOHCTPYKIIMOHHAS TUTHPOBAHHAS C I10-
BBIIICHHOW MPOYHOCTHIO) MMO3BOJIUT PEIIUTH MPOOIEMY C
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HEJIOCTATOYHOM JONITOBEYHOCTHIO 3TUX 3JIEMEHTOB B XO-
JIe KCIUTyaTaliy Ipecc-3KCcTpyepa.
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OueHKa peXXnMmoB paboTbl CEJIbCKOXO3ANCTBEHHOW TEXHUKMU

Muxania Hukoaaesnu KocTomaxuH,
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Pedepar. [IpeacraBim Matepuan Mo ONEHKE PEKUMOB PaOOThI U YCIOBHH SKCILTYaTAIMK CETbCKOX03SHCTBEHHBIX MAIIIMH C T0-
MOILLIbIO pa3paboTaHHOil yueHbIMU DeaepanbHOro HayqHoro arporHxkeHepHoro nenrpa BUM cucteMbl KOHTPOIS TEXHHYECKOTO
coctosHus. [Tokasany npumep mpuMeHeHHs 6ECKOHTAKTHBIX AaTYHKOB Ha TpakTope Kioti CK22 s OLEHKH aBapUHHOTO PexIMa
pabOTHI, KOTOPBIN B TIOCIIECTBIN MOXKET TIPHBECTH K TIPEKACBPEMEHHOMY OTKa3y. PaccMoTpernu Bo3MOKHOCTH Hanboee parmo-
HAJILHOTO TIPUMEHEHHS alrOpuTMa JUCTAHIIMOHHOTO MOHUTOPUHTA K AMArHOCTHPOBAHHIO — /IS BBISBICHUS IPUYUH BOSHUKHO-
BEHUs HeUcTpaBHOCTEH. ([]ens uccredosanus) YCOBEPIICHCTBOBATH CYIIECTBYIOIINE U Pa3pad0TaTh HOBbIE TEXHONOTHHU AUCTaH-
IIMOHHOI OLIEHKU TEKYILEro TEXHUYECKOTO COCTOSHMS MAllMH Ha NPOTHKEHUH BCel akcrutyarauuu. (Mamepuanst u memoost)
[MoxTrBepaniu, 4to pa3paboTaHHbIi yueHbIMH BUM anropuT™ IHUCTaHIIMOHHON CHCTEMbl MOHUTOPHHTA MO3BONSAET 00ECIECUUTh
ABTOMATU3UPOBAHHBIA KOHTPOJIb NapaMeTPOB TEXHHMYECKOI'O COCTOSHMS arperaroB M y3JI0B MAlHH. DKCIUTyaTallli0 CHCTEMBbI
NPOBOMIN HA OCHOBE OKYMEHTHPOBaHHUs (DAKTOB pabOThI MAIIMHBI B aBAPHIHBIX HJIH TIPEaBapUiHbIX pexuMax. Odecreunnn
KOHTPOJb ITApaMeTPOB B IOMYCTHMBIX JUIS HUX mpenenax. (Pesyismamol u obcyaicoenue) Ipoananu3upoBaB IPHIHHBI OTKA30B,
YCTaHOBUJIM UCXOHYIO HOMEHKIIATYpy HCCleayeMbIX TpoueccoB. PazpaboTany anroput™ AUCTaHIIHOHHOTO MOHUTOPHHIA Mapa-
METPOB, TO3BOJIAIOIINX OLECHATH PEXUMBI Pa0OTHI MATUHEL. [IpoBeprui QyHKIMOHAIBHOCTD ANTOPUTMA Ha IPHMEPE YCTAHOBKH
OEeCKOHTAKTHBIX JIATIMKOB H OOPTOBOTO KoMIbIoTepa Ha Tpaktop Kioti CK22. (Bvisoodwst) Ilpu OMOIIHN yCTaHOBIECHHOH 0OpPTO-
BOM CHCTEMbI U 8 ATUMKOB MONTYUMIM HHPOPMALHUIO, KOTOPAst O3BOMHNA OLEHUTh TEKYIIee TEXHHIECKOE COCTOSHIE TPAKTOPa
Kioti CK22 nucxons n3 IUHAMHKA 8 KOHTPOIMPYEMBIX TTApaMETPOB, XapaKTEPU3YIOIINX MTOCTEIICHHOE H3MEHEHNE (DyHKIIOHATb-
HOCTH MAIIUHbI/CHCTEMBI 1 BIUSIOIIUX HAa TEXHUUECKYIO U 3KOJIOTHUECKYH0 6€30MaCHOCTb.

KiioueBble c/10Ba: CelbCKOXO3MHCTBEHHAS TEXHIKA, IKCILTyaTalusl MAIIMH, PEXKUM paOOThl, HapabOTKa Ha OTKA3, TEXHUYECKOE
COCTOSIHME, KOHTPOJIMPYEMBIi MapaMeTp, IMCTaHIUOHHBIA MOHUTOPHHI, [Iepeaada JaHHBIX.

1 It murupoBanusi: Kocromaxua M.H. Onierka pexxuMoB pabOThI CebCKOX03sIHCTBEHHOU TeXHUKH // Cenbeko-
xozaticmeennvie mawunsl u mexronoeuu. 2020. T. 14. N4. C. 78-83. DOI 10.22314/2073-7599-2020-14-4-78-83.

Evaluation of Agricultural Machinery Operation Modes

Mikhail N. Kostomakhin,
Ph.D.(Eng.), leading researcher,
e-mail: redizdat@mail.ru

Federal Scientific Agroengineering Center VIM, Moscow, Russian Federation

Abstract. The author presented material on the evaluation of agricultural machines operating modes and operating conditions
using the technical condition monitoring system developed by scientists of the Federal Scientific Agroengineering Center VIM.
He showed an example of proximity sensors use on the Kioti CK22 tractor to assess the emergency mode of operation, which
could subsequently lead to premature failure. The author considered the possibilities of the most rational application of the remote
monitoring algorithm to diagnostics — to identify the causes of malfunctions. (Research purpose) To improve the existing and
develop new technologies for remote evaluation of the machines current technical condition throughout the entire operation.
(Materials and methods) It was confirmed that the remote monitoring system algorithm developed by the VIM scientists made it
possible to provide automated control of the units and machine assemblies technical condition parameters. The system was operated
on the basis of documenting the facts of the machine's operation in emergency or pre-emergency modes. The parameters control
within the acceptable limits was provided. (Results and discussion) After analyzing the failure reasons, the author established
the initial nomenclature of the studied processes. An algorithm for remote parameters monitoring was developed, which made it
possible to assess the machine operating modes. He tested the algorithm functionality using the example of installing proximity
sensors and an on-board computer on a Kioti CK22 tractor. (Conclusions) Using the installed on-board system and 8 sensors,

CENbCKOXO3SMCTBEHHBIE MALMHBI M TEXHONOTIN » Tom 14« N& + 2020 AGRICULTURAL MACHINERY AND TECHNOLOGIES * Volume 14 + N4 + 2020



MPUBOPHI U OBOPYJOBAHUE

INSTRUMENTS AND EQUIPMENT

information was obtained that made it possible to assess the current technical condition of the Kioti CK22 tractor based on the
dynamics of 8 monitored parameters characterizing a gradual change in the functionality of the machine/system and affecting

technical and environmental safety.

Keywords: agricultural machinery, machine operation, operating mode, time between failures, technical condition, controlled

parameter, remote monitoring, data transmission.

1 For citation: Kostomakhin M.N. Otsenka rezhimov raboty sel'skokhozyaystvennoy tekhniki [Evaluation of
agricultural machinery operation modes]. Sel'skokhozyaystvennye mashiny i tekhnologii. 2020. Vol. 14. N4. 78-83

(In Russian). DOI 10.22314/2073-7599-2020-14-4-78-83.

POK cITy>KOBbI CEIbXO3TEXHUKH 3aBUCUT OT MHOT'HIX

CIIy4aiHbIX (DaKTOPOB KOHCTPYKTHUBHOT'O, TEXHO-

JOTUYECKOT0 U IKCILTYaTAllHOHHOTO XapaKTepa
[1]. Tak, B mporecce SKCIIyaTali MallluH B COMPSIKe-
HUSIX, Y3/1aX ¥ MEXaHH3MaX MPOUCXOISAT MOTEPH MeXa-
HUYECKON YHEPTUHU, UTO OCTENIEHHO CHIKAET (DY HKIIHO-
HaJIbHOCTb, IIPUBOIUT K OTKA3Y, TO €CTh K yTpaTe UX pa-
6orocrnocobHocTH [2, 3].

VYXyaueHue ycaoBUi 3KCIITyaTallui TEXHUKHY (Hapy-
[ICHUE PEKUMOB Pa0OTHI, HECBOCBPEMECHHEIC MITH HEKa-
YeCTBEHHBIE TEXHUUECKOE 00CTy KMBAHUE M PEMOHT) He-
3aIUTaHUPOBAHHO W3MEHSIOT KCILTYaTallHOHHBIC CBOI-
CTBa MAalllMH U, KaK CIIJICTBHE, BIUSIOT Ha TEXHUYECKOE
COCTOSIHHE Y3JIOB U arperaTos.

B coorBerctBru 'OCT 27.002-2015, nynkT 3.2.10
«Texuuueckoe coctosguue: CoCcTOIHUE 00bEKTa, XapaK-
TEPU3yeMOEe COBOKYITHOCTHIO YCTAHOBJICHHBIX B JOKYMCH-
TaI[UH TaPaMETPOB, OMUCHIBAIOIINX €0 CIOCOOHOCTDH BbI-
MOJTHATH TpeOyemble PYHKIIMU B pacCMaTPUBACMBIX YC-
JIOBUSX», 00 UCTIPABHOCTH U PaOOTOCHOCOOHOCTH MaIllU-
HBI CYJISIT [0 TapaMeTpaM TEXHUYECKOTO COCTOSIHMS. VX
COYCTAaHHE BO BPEMCHHOM CPE3¢ Ha3bIBACTCS TEKY UM
TEXHUYECKHM COCTOSTHUEM DJIEMEHTa MallluHbI (puc. 1).

TexHMUECKOE COCTOSTHIE MOXHO TIPEACTABUTH B BU-
Jile TOUKU B TPEXMEpPHOU cucteMe koopauHat K-P-D, a
€ro u3MeHeHue oopasyeT KpuByto (puc. 2). 3HaueHus K,

3nemMmeHT

K ABbix
)
D

o |

N

Puc. 1. Texnuuecroe cocmosinue mawunol: K — xunemuueckas
oHepeust Oemanel mawunt, P — nomenyuanvras suepaus oemaietl
mawun; D — ouccunamugnas snepeust; Ay, — nonesnas paboma na
8vix00e; A, — paboma 6HeWHUX CUl Ha 8x00e

Fig. 1. Machine technical condition: K — machine parts kinetic
energy; P — machine parts potential energy; D — dissipative ener-
2V, Ayx — useful output work; A, — external forces input work

P, D umerorcs macnoprax TpaHCIIOPTHBIX CPEACTB, UC-

[I0JIb3YEMBIX JJIs PELIEHU ] KOHKPETHOH 3aauu. J{ns nox-
JepKaHUs TEXHUYECKOTO COCTOSHUS MallluH Ha 3a/]aH-

CENbCKOXO3SICTBEHHbIE MALIMHB! M TEXHONOTYN « Tom 14+ N4 » 2020

HOM YpPOBHE HE00XOJMMO COBEPILICHCTBOBATH METO/IbI €T'0

OIICHKH U TIPOBOJIUTH KOMILICKC MEp, HAIIPaBJICHHBIX Ha

Mpe0TBPAIICHHE TTPEXKIEBPEMEHHBIX OTKA30B [4].
[TaTHas KOMIUIEKTAM s OOJBIIMHCTBA OTEUECTBEH-

Puc. 2. JTuHamuka mexuHuueckoeo cocmosHus Oemanu MawuH 6 Cu-
cmeme koopounam u_K, u_ Puu_D

Fig. 2. Dynamics of machine part technical state in the coordinate
systemu_K, u Pandu D

HBIX CEIbX03MAIINH HMeeT HH()OPMAITMOHHYIO MTaHEIb,
KOTOpas He TOJTHOCTHIO OTPaKaeT JaHHBIC TapaMeTPOB
paboTHI M1 COCTOSTHUS Y3JIOB M arperaToB, a KPUTUUECKU
Ba)KHBIC TIOKa3aHUS U3MEHEHHS TEXHHYECKOT'0 COCTOSI-
HUSI BOOOIIE OTCYTCTBYIOT [4]. HekoTophIie KOHTPOITHPY-
eMble apaMeTpbl HEBO3MOXKHO OLIEHUTh IUCTAHLIUOHHO.
OmnepaTopy MalTuHbI TPUXOTUTCS CYTUTH 00 U3MECHEHUH
TEKYIIEr0 TEXHMYECKOTO COCTOSHUH 110 CyOBEeKTUBHBIM
MpU3HAKaM MPU BHEIIHEM OCMOTpE, 1O IlyMaM, BUOpa-
IIUSIM, THHAMUKE IBIDKEHUS BO BpeMs paboTHI.
[Ipexpaluenue ke dKcIIyaTaliyd MalliHbI/CUCTEMbI
OCYIIECTBIIAETCS TOT/IA, KOT/IA €€ SKCITyaTallMOHHbIE CBOM-
CTBa, XapaKTePHU3YIOIIHe TPUMEHEHHE e€ 10 Ha3HAYCHUIO,
YXYALIAIOTCS U JaibHeIas ee paboTa HEBO3MOXKHA.
Ecnu sxcrnmyaranust TEXHUKU CTAHOBUTCS (pU3HYe-
CKH HEBO3MOKHOH (0TKa3, TOJIOMKA) M 9KOHOMHYECKHU He-
1eJIecO00pa3HOil H3-3a OONBIINX 3aTPaT, TO TAKOE COCTO-
STHIE MAIIMHBI HA3bIBAIOT IPEICIIBHBIM, a TOKa3aTeIH,
XapaKTepHU3YIIUe MOTEePIo ee padoTOoCOCOOHOCTH, CBHU-
JIETEIBCTBYIOT O JIOJITOBEUHOCTH U O€30TKa3HOCTH [4].
OnHaKO MPH HAPYILICHUH PeKUMa IKCILTyaTaIl[uu CII0K-
HO IIPOTHO3UPOBATE U IPEAOTBPATUTE OTKA3.
Hcnonb3oBaHue COBPEMEHHBIX JOCTHXKEHUH B 00J1a-
CTH KOMITBIOTEPHBIX TEXHOJIOTHH, Ol pOBKH HHDOpMa-
uu, OECIPOBOIHO Mepeaayr JTaHHBIX TTO3BOJUT IIOITY-
YUTh HOBBIC HAYYHBIE M MH)KCHEPHBIE PE3YJIbTAThl, HAIIPAB-
JICHHBIC Ha COBEPIICHCTBOBAHHUE TIPOLIECCOB YIIPABICHHS
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TEXHUYECKUM COCTOSHUEM MAallliH B 3KCILIyaTaluu [5].

LIENb MCCNEQOBAHNS — YCOBEPILICHCTBOBATH CYIIlE-
CTBYIOIIHE U pa3padoTaTh HOBBIC TEXHOJOTHH AMCTAH-
LUOHHOM OLEHKHU TEKYILEro TEXHHYECKOTO COCTOSHUSA
MAaIlIWH Ha MPOTSIKSHUH BCEH IKCILTyaTaIUH.

MATEPMANEI U METOAbI. KOHTPOIIB PEXXUMOB 3KCILITY-
aTaluy OTEYECTBEHHBIX CAMOXOAHBIX CEIbCKOX035i-
CTBEHHBIX MallIMH BEAETCs OrpaHUYEHHO. B ocHOBHOM
YYHUTHIBAIOT TAPAMETPbI, KOTOPbIE 00YCIaBIUBAIOT (QYHK-
LIHOHUPOBAHUE BCEX CBSI3aHHBIX CUCTEM, Y3JIOB U arpe-
raTOB MAIIMHBI JJIs1 BEIIOJIHEHUS 3aJaHHON (DyHKIIUH
[6,7]. HeBo3MOAxKHO peOTBpaTUTh HACTYIJIEHUE aBa-
pUITHOTO peXuMa, MOCKOJIbKY JaHHBIE O MPaBUIBHOCTH
(hyHKIIMOHUPOBAHUS OTACIBHBIX CUCTEM BEChMa CKY/-
HEL [Ipn s TOM HHOpMAITHS 0 3HAYCHUSIX KOHTPOIHPYE-
MBIX ITapamMeTpoB (KOAbI OLINO0K) XPAHUTCS B JJIEKTPOH-
HOM OJIOKE yIIpaBJICHU I MallIMHbI. B pe3ynbraTe mpu sKc-
IUTyaTaluy KOHTPOIUPYIOTCS 3HAUCHHS HEKOTOPBIX 000-
COOJICHHBIX TUAaTHOCTHPYEMBIX MTapaMeTpPOB.

MHorvue KoMInaHuU BHEAPSAIOT pa3IMYHbIe CUCTEMBI
OIIEHKH KauecTBa IKCILTyaTalluy, HAITPUMEP CUCTEMBI
KOHTpOJISl KauecTBa BoxkAeHus [8]. B wacTHOCTH, «*MO3-
TOM» TaKoi cucTemMbl BMecTo GPS ¢y KUT TelneMaTnye-
CKHI KOMIIJIEKC — YCTPOUCTBO OECIIPOBOIHOM Nepeadn
JMaHHBIX ¢ SIM-KapToil, KOTOPOE MOAKIIOYACTCS K THa-
THOCTHYECKOMY Pa3beMy HIIH K YCTPOHUCTBY CBSI3H C J1aT-
yukamu. Hanpumep, npueMHUK paliOCUTHAJIOB CUUTHI-
BaeT U nepenaet OecrnpoBOJHbIE CUTHAJIBI Yepe3 HHTEP-
(eiic cBsa3u RS 485. OH MOKET BBITIONHSTH U POKHAN TH-
anas3oH QyHKIUH:

- GPS-HaBUTranuio U MOHUTOPUHT;

- OTIOBELIEHHE O IONBITKE YIOHA;

- (puxcanuro mecta u Bpemenu JTII;

- INarHOCTUKY CHCTEM aBTOMOOWIIS;

- OLICHKY KayecTBa BOXKICHHUS;

- TUCTAHIIMOHHBIA KOHTPOJIb HAPaOOTKH JABUTATEIIS.

Braronmaps 60ee 6epesk HOMY BOKICHHIO Y3IIbI U CH-
CTEMbI MalllMH CY>KaT JOJIbIIIe, CHIKAeTCs HArpy3Ka Ha
Han0OoJIee Harpy KeHHBIC y3JIbI U arperaTsl, 00ecreunBa-
€TCs COXPAaHHOCTH I'PY30B.

[IpuMeHeHre HOBBIX TEXHOJIOT U K OIICHKE TEXHHUYE-
CKOT'0 COCTOSIHUSI CEeNIbX03MalluH IpH paboTe NOoBbILIA-
€T ee OMEePaTUBHOCTb U TOYHOCTH, C YUETOM OepeKHOM
AKCIUTYaTallHH TIPH PA3IMYHBIX peKUMaxX paboThl (Ha-
pUMep, MOMEHT COMMPOTUBIIEHUS TOBOPOTY) [9, 3]. DTO
MIO3BOJIUT COKPATUTD U3EPAKKH Ha IKCIUTyaTaLUIo, a TaK-
JKe HanOOoJIee MOJTHO HCII0Ih30BATh PECYPC 3aMEHIEMBIX
JieTaJeii ¥ TOBBICUTD BEPOSITHOCTH O€30TKa3HOH pabOTHI
TeXHUKH (puc. 3). BaxHO MpUHUMATH BO BHIMaHUE MTPH-
OPUTETHOCTH MPOLECCOB, MPUBOANINX K BOSHUKHOBE-
HHIO OTKA30B JleTasiel u conpsokenui [10].

Maiuna pabotocnocobHa, ecii padoTa BHELIHUX CUJT
Ha BXOJIE MMOCJIE TPeoOpa30BaHMS €€ B KHHETHYECKYIO U
NOTEHIIMAIBHYIO0 SHEPTUU BHYTPU HEE COBEPIIAET M0JIe3-
HYI0 paboTy Ha ee BBIX0/Ie, KOTOpast He MEHbIIIe TOTeph £d:

Ed<ABLIX <ABX) (1)
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rne Ed — motepu MexaHW4YecKor sHeprud, Jx;
Ay — TIONIE3Hast paboTa Ha BeIxoze, JIxk;
A,x — paboTa BHEIITHUX CHJ Ha BXoxe, J[x.

Top /
T,  F-======-- fg=——
|
Thom - :-
i Pecypc

Puc. 3. Henpasnocmo demanu: T,, — npedenvroe 3nauenue Ha-
pabomku na omxas; T, — donyckaemoe 3nauenue HapabOmMKu Ha
omka3, T, — HOMUHATBHOE 3HAYeHUe HapabomKku na omkaz; K —
KoHmyp npedenvuulx snavenuil napamempa Ty, t, — omxasz

Fig. 3. Serviceability of the part: T,, — limit value value time
between failures; T, — permissible value time between failures;
Tuon — the nominal value time between failures; K — contour of
limiting values of the parameter T, t, — failure

Ha ocHoBaHuM TpOBEACHHOTO aHAIM3a U SKCIIEPTHOM
oneHku yuensle BUM na mpumepe tpakropa Kioti CK22
C IOMOIIBI0 OECKOHTAKTHBIX AaTunkoB J1Y-P2V onpene-
JIUJIM TIepeYeHb OCHOBHBIX IMAPAMETPOB JIJIs OIICHKH Ka-
yecTBa BOXKIeHUS (puc. 4).

Puc. 4. Yemanoenennvle beckonmaxmuvle oamuuxu JJY-P2V e

mpaxmope Kioti CK22
Fig. 4. Installed contactless sensors DU-P2U in the Kioti CK22

tractor

IIpu qucTaHIIMOHHOW HACTPOMKE 3aACCTBOBAIN
USB-pannonporpaMMaTop U IIporpaMMy-KOHPUTypaTop
ASconfig. JlaTauk IMeeT IIOMOUpYyeMOe KpEeIUIeHHE, HC-
KJII0Yarolee HeCaHKIIMOHUPOBAHHOE BMELIATEIBCTBO B
ero padoty. OH OTCIIe)KHBAeT OCHOBHBIC TapaMETPhI BO-
KJICHU I, BIUSAIOIINE Ha 0€30MaCHOCTh U CPOK CIIYKOBI
TEXHUKHU.

beckonraktabie narunku J[Y-P2VY no3BoisitoT orie-
HUTH CIICYIONINE COOBITHS:

- HapabOTKy IBUTATEIIS;

- TIoTNaJJaHue TPAHCTIOPTHOT'O CPEJICTBA B SIMBI;

- pe3K0e yCKOPEHHE IIPU PA3rOHE;

- pe3Ko€ 3aMeJIEHUE TPU TOPMOKEHUH;

- pe3KUil IOBOPOT;

- ONPOKHUIbIBAHUE;

- TEMIIEPATypYy;

- OyKcoBaHWe.
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J17151 BceX cOOBITHI 3a1aF0TCSl HHAMBHAYAJIbHBIC T0-
poru cpabaThiBaHHS AaTYMKOB. KauecTBO OIEHKH JKC-
TUTyaTauy MAIlluH OI[EHUBAIOT TOYHOCTHIO U3MEPECHUS
KOHTPOJIMPYEMBIX MTapaMeTPOB U BEPOSTHOCTBIO Mpa-
BIJIBHOTO JuarHoctuposanus [10].

Ha ocHoBaHWM MTPOBEJICHHOTO MHKEHEPHOT'O aHATH-
3a ¥ DKCIIEPTHOM oleHkH yueHble BUM onpenenunu ne-
peYeHb OCHOBHBIX TAPAMETPOB PETUCTPAIIMH KOHTPOIIU-
PYEMBIX MMapaMeTPOB TEXHUYECKOT'O COCTOSHHS MAIlIUH
C MMOMOIIIBIO O€CKOHTAKTHOTO AaTunka J|Y-P2VY (mabruya).

PE3YNBTATbI 1 OBCYXAEHME. [IpoaHaiu3npoBas Ipy-
YUHBI 0TKA30B, KOTOPBIE 00YCIOBHIIN BBIXOJI U3 CTPOS UITH
MOTEPI0 pabOTOCITIOCOOHOCTH COCTABHOW YaCTH MAIIIHHBI,
y37a, arperara BCJIeICTBUE HACTYTIIICHHS aBapUITHOTO pe-
YKUMa VJTA HETPaBUIIbHOW HKCTLTYaTaIliH, YCTAHOBHIIA HC-

INSTRUMENTS AND EQUIPMENT

XOTHYTIO HOMEHKJIATYPY UCCIEAYEMBIX IIPOLIECCOB, TAKUX
Kak OyKCOBaHHUE, PE3KOE YCKOPEHHUE U 3aMe/JICHUE, KPEH,
TeMIIepaTypa, CIeTINK MOTouacoB. [loxydennyio coBo-
KYITHOCTB TPOIIECCOB TOIBEPIIIN CPABHUTEIBHON OLICH-
Ke. JIns MammH, HaXoaAIIUXCs B OKCILTYaTaIli K, UCTIOb-
30BaJICS KPUTEPHH MAaKCHMAaJIBHOTO KOJINYEeCTBA OTKAa30B
[12, 13]. C yueTom 3aBe1OMO HETMHEHHBIX M HEOJTHO3HAY-
HBIX CBS3CH MEXKIY CTPYKTYPHBIMH M KOHTPOIUPYEMBI-
MU ITapaMETPAMU B COMPSKCHUH, Y3JI€ HITU arperaTe, 0T-
CeYeHBI MaJIO3HAYNMBbIC (MaIONH()OPMATHBHBIE) TTApame-
TPBI, XapaKTEepHU3yIOLIUe HUccleayeMble npouecchl. [
pelIeHus mocTaBjaeHHON nenu cotpyauuku BUM paspa-
00TaNu anrropUTM IUCTAHIIMOHHOTO MOHUTOPHHTA ITapa-
METPOB, MO3BOJISIOLINX OIICHUTH PEKUMbI Pa0OThI MAIIIH-
HBI (puc. 5). Ero ocHOBY cocTaBisieT 00PTOBOI KOMITBIO-

Ta6nuua Table

MAPAMETPbI AATYMKA AY-P2V koHTPONS PEXUMOB PAEOTHI / DU-R2U SENSOR PARAMETERS FOR MONITORING OPERATING MODES

Ha3navenue qaTumka
Sensor purpose

M3mepsiemblii mapamerp
Measured parameter

Jluana3on u3mepeHus

IIpumeyanue

Measurement range Note

a0COTIOTHOE 3HAYEHUE TeMIIepaTyPhl
aJIOMHHUEBON KOHTAKTHOM ILIOIIA-

JlaT4uk TeMIeparypbt KM JaT9uKa (MM OKPYIKAIOLICH CpeIbl)

tilt angle with radio tag with logical

Two-channel tilt sensor
levels

with radio tag

—50..+100°C =

Temperature sensor the absolute temperature value of the

aluminum contact sensor pad (or the

environment)

OIpe/eNsIeT Yroj HAKJIOHA OTHOCHTEIBHO

55 T T . BEKTOPA, HANIPABJICHHOTO K LICHTPY 3emuy;
AT T @ T yTOJI HAKJIOHA C pa,I[I:IkOMeTKOI/I C JIOTH- MMEEeT BBIXOJHOM JTIOTMUSCKUH CUTHAJ C 3a-
MeTKoi YECKUMH yPOBHIMHU 0...180° JJaHUEM JHala30oHa cpabaThIBaHHs

It determines the inclination angle relative
to the vector directed to the Earth center; It
has a logical output signal with setting the
operating range

_—

Panuomerka st HICHTH-
(ukanuu OBICTPO Mepeme-
MIAIOIIUXCS 00BEKTOB**
Radio tag for identifying
fast moving objects

naeHTH(UKAIMSI 00beKTa
object identification

JIaJIbHOCTB OIIPEICIICHIS
o6bekTa — 10 200 M Ha
OTKPBITOH MECTHOCTH

object detection range —
up to 200 m in open areas

MMEET aBTOMATUYECKUN paguoCUYUThIBA-

TEIb
It has an automatic radio reader

JIByXKaHaJIbHBIN JaTUHK
paboTHI TpaKTOpA C pa-
JTMOMETKOM

HMHTCHCHBHOCTS (LIUKJIMIHOCTD) H3ME-
HEHUIl yIila HaKJIOHA IaTYHKa, Ha 0C-
HOBaHUH KOTOPOH (puKcupyercs hakt
paboThI (C pagHoOMETKOMN)

OnpeaAcIseT Yrojl HakKjJIOHa OTHOCUTCIIBHO
BEKTOpa, HANIPABJICHHOI'O K HEHTPY 3CMJ'II/I;
HMECT BLIXOI[HOﬁ JIOTUYECKUN CUTHAJI C 3a-

JIAHUCM JThara3soHa Cpa6aTLIBaHI/I}I

Moto hours counter

amplitude-frequency vibration response
generated during engine operation

3 0 T 9 e ° % B 3 R 0

Two-channel tractor the intensity (cyclicality) of changes in LGIY It determines the inclination angle relative
operation sensor with the sensor inclination angle, on the basis to the vector directed to the Earth center;
radio tag of which the fact of operation is recorded Ithas alogical output signal with setting the

(with a radio tag) operating range

(buKcaIys COOBITUS TIPU JOCTHKSHUH
JlaT9uK KOHTPOJIS BEI-

3aJJaHHOTO YIJIa HAKJIOHA (B Tpaxycax) OIIpEZeNIAeT YTol HAKJIOHA OTHOCUTEIBHO
I'PY3KH CENbX03MPOIYK-

o C MHTepBAJIOM MUHIMYM 10 MuH 0...180° BEKTOPA, HATIPABJICHHOTO K LCHTPY 3eMIIH
M fixing an event upon reaching a specified It defines the inclination angle relative to
Agricultural products g g g : "

. tilt angle (in degrees) with an interval the vector directed towards the Earth center
unloading control sensor :
of at least 10 minutes
AMILIUTY/HO-4aCTOTHAS XapaKTePH-
C4YeT4HK MOTO-4aCOB S ompezeinseT GpakT paboTEl B MOTOYACAX
pabote nBUraTens 0...1.000 000 pen p

It determines the fact of work in moto hours

JlaT4uK KOHTPOJIS Kadye-
CTBa BOXKICHHS

Driving quality control
sensor

YCKOpEHHe/3aMe/1IIeHHe/TTOBOPOT/TIO-

I1aJaHNe B SIMBI, OIPOKU IBIBAHUE, Oy K-
COBaHHE

acceleration / deceleration / turning /
hitting holes, rollover, slipping

0...180° mo kpeny u
TaHTaXKYy,
oTmnpaBHas Touka 90°
0...180 ° roll and pitch,
starting point 90 °

MPOBOAUT KAYECTBCHHY IO OLICHKY ITPH 3a-

JaHHOM MHAWBUIYAJIbHOM IOPOTE

It conducts a qualitative assessment at a

given individual threshold

YCTPOWCTB U MEXaHU3MOB

* [To AByM JHana3oHaM yrIja HaKJIOHa;
** PaJiHOMETKY HCIOJIB3YIOT Il HACHTH()UKALMA MALIMH, TIPHIEIIOB U MOy IPHIIEIIOB, HABECHBIX OPYAHN K HHCTPYMEHTOB, IPOYHX 3aMEHIEMBIX
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INSTRUMENTS AND EQUIPMENT

!ﬂ; MPUBOPHI U OBOPYJOBAHUE

CTpYKTYpHas cXeMa anroputma
[MCTaHUMOHHOTO MOHHTOPHMHIa
PEXUMOB IKCNNYaTALUM C/X TEXHUKN
Block diagram of algorithms
for remote monitoring of agricultural
machinery operating modes

GecnpoBoaHble
wireless

Natynkn
Sensors

R0 32-X, Hanpumep
[BaT4UK CKOPOCTH, KM/4
upto32eg.
speed sensor km/h

0 6-Tn, Hanpumep
[aT4uK Temnepatypsl, °C
up to 6 eg.
temperature sensor °C

Easy Logic
Mporpammarop
TIOrMKM
KoTponnepa

R e
e
il )

wired

BHELWHHI HCTOUHNK
nuTanus, 12 8

9
= External power supply

MNPC - ycTPOACTBO CYUTLIBAHUA
W nepenasy GecnpoBoAHbIX
curianos yepe3 RS485
device for reading and
transmitting wireless
signals via RS 485

GPS/GPRS Tpaker
Gallileo Sky

' '

N

BbIBOA AaHHLIX Ha CMApTHIOH onepaTopy
yepes uuTepdeiic exigner.com
data output to the operator's data output to pc (server)
smartphone via the interface AN via interface

! '

DUKCaUNA OTKNOHEHHA/0TKa3a YnaneHHblit KOHTPONb/3anuch
W ONOBELLEHE NaHHbIX B 6a3y
(stop/error muraet kpacHas namna) (operation control system)
fixation of deviation/failure and notification remote control/writing
(stop/error red lamp flashes) data to the database

BbiBop AanHbIx Ha MK (Cepsep)
4epe3 unTepdeic gps-trace.com

Puc. 5. Brok-cxema aneopumma OUCMaHyuoOHHO20 MOHUMOPUHSA
napamempos npu pabome MauiuHbl

Fig. 5. Block diagram of the algorithm for remote monitoring of
parameters during machine operation

Tep BKJIOYAIOLIUi B ce0s nepenavy gJaHHbIX ¢ SIM-kap-
Toit u GPS-tpekep Gallileo Sky (puc. 6). Bce nonyuen-
HBIC THATHOCTHYECKUE TAaHHBIC TEPEIAr0TCs C TIOMOIIBI0
6ecnipoBogHOro GSM/GPRS monyns (SIMS800L) B cetn
WHTEPHET MOOMIIBHOM CBSI3M U OTOOPAXKAIOTCs HAa caliTe
B Opay3epe KOMIBIOTepa WK TeNe(OHA B pexKUME on-line
(puc. 7). YcoBepIeHCTBOBAaHHYO CHCTEMY cOopa HH(OP-
MAIT{ MOKHO HHTETPHPOBATH B OOIIYIO0 CHCTEMY MOHH-
TOPUHTIa TEXHUYECKOTO COCTOSHUS CEIbXO3MAIIIHH, Pa3-
paboranHy0 yueHbIMU BUM (puc. 8).

BbiBOAbIl. YcoBepIieHCTBOBaAHHASI CUCTEMBI COOpa
nHpopMmanuu, Takas kak Gallileo Sky, ee uHTErpanus B
00IIyI0 CHCTEMY MOHUTOPHHTA TEXHHYIECKOTO COCTOS-
HUS CEJIbXO3MAIllMH, OI€HKA PEKUMOB pa6OTLI TEXHUKHU
C MOMONIBIO H(POBBIX cCUCTEM cOopa HHDOPMALIHH TT0-
3BOJISIIOT HAUOO0JIEE TIOJTHO KOHTPOJIUPOBATH TEXHUYESCKOE
COCTOSIHFE HEKOTOPBIX Y3JIOB M arPEraToB B XO€ MOHH-
TOPUHTa KOHTPOIHPYEMBIX ITAPAMETPOB B IKCILITyaTaI[U-
OHHBIX YCJIOBUAX. HpI/I O9TOM TE€XHHNKA MOXET UCITIOJIb30-
BaThCs [0 HA3HAYCHUIO, COBEPIIIAs TIOJIE3HYIO paboTy.

Puc. 6. Pacnonodicenue 6opmogozo Komnvlomepa 6 mpaxmope
Kioti CK22
Fig. 6. Location of the on-board computer in the Kioti CK22 tractor

Puc. 7. Ckpunwom unmepcheiica omobpadicenuss KOHmponupye-

MbIX RAPAMEMPO8
Fig. 7. Screenshot of the monitored parameters display interface

Anroputm
AMCTaHUUOHHOTO
MOHMTOPHHIa
Remote monitoring
algorithm

BopTOBOIi KOMNbIOTEP, KOHTPONEP NPUEMA/06PaBOTKM/XPaHEHNA JaHHbIX, MOAEM
On-board computer, of ion / pi ing / data storage, modem

Puc. 8. Bnok-cxema cucmemvl MOHUMOPUHSA COCMOSHUA Y3108
mpaxkmopa
Fig. 8. Block diagram of the system for monitoring tractor units state

CoOpaHHBIE CTATUCTUYCCKHE TaHHEBIC U X aHAJTN3
TIOMOTal0T KOHKPETU3NPOBATh 3aKOH paclpeIeIeHHs pe-
cypca U paccuMTaTh TaKKWe KOJIUYECTBEHHBIE MMOKa3aTe-
JIU HaIS)KHOCTH, KaK BEPOSTHOCT O€30TKa3HOH pabOTEI
B JOMMYCTUMBIX NpeaciaxX B TCHCHUEC BPEMCHH, Cpe,I[HI/Iﬁ
MPOTHO3UPYEMBII pECypce IeTael, a TAKKE 4acTOTa OT-
Ka30B. DTO MO3BOJISET OLIEHUBATH TEKYIIe€ TEXHUUECKOE
COCTOSIHME MAIIUH 110 AMHAMUKE KOHTPOJIUPYEMBIX Ia-
paMeTpoB, XapaKTepU3YyOUIUX IIOCTENIEHHOE CHIKEHUE
(I)YHKIII/IOHaJII:HOCTI/I MaH_II/IHI)I/CI/ICTeM])I, BIIMAOIIUX Ha
TEXHHYECKYIO U SKOJIOTHIECKYI0 0€3011acHOCTb.
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