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YAK 631.12 B DOI 10.22314/2073-7599-2018-13-1-4-8

3D Scanning in Repairing Tractor and Automobile Parts
and Units

Nail M. Yunusbaev
Ph.D.(Eng.), vice-rector for education,
e-mail: junusbaev@mail.ru

Bashkir State Agrarian University, Ufa, Republic of Bashkortostan, Russian Federation

Abstract. The authors have found that the expenditures in the structure of the production cost of repairing machines
depend not only on the cost of spare parts and materials, but also on the assessment accuracy of the technical condition
of inspected parts. (Research purpose) To study the possibilities of 3D scanning technology, to improve the measuring
accuracy of worn parts during fault finding, and to determine a rational way to restore them. (Materials and methods)
The authors have carried out the entrance control using the Artec Eva Lite portable handheld 3D scanner with the
Artec Studio software while finding faults in the worn crankshaft of the ZMZ-409 engine. They have used the Geomagic
Control X software product, which allows carrying out three-dimensional analysis of the part and obtain high-precision
measurements, determine the wear of mutual rubbing surfaces, the presence of microcracks, damage to internal cavities
and dents in complex-shaped parts. Basing on the conventional technology and reference recommendations, they plotted
the route of the crankshaft restoration technology. (Results and discussion) The authors have compared the measurement
results obtained using metrology instruments and reports in the Geomagic Control X program. They have found significant
differences, especially in the amount of digital data. It has been determined that the measurement accuracy obtained from
the instruments turned out to be lower. Worn connecting rods and main journals of the ZMZ-409 engine crankshaft have
been restored by electrocontact welding of filler materials according to the recommended application modes. (Conclusions)
The research has revealed the possibility of using 3D-scan in the process of repair and restoration. The authors have
proved that this method allows increasing the efficiency of fault finding, shorten its duration in 6 times, reduce the level of
subjectivity of the technical condition assessment of inspected parts and reduce the complexity of the process by 30 percent.
The authors have confirmed the high accuracy of measurements (up to 0.03 millimeters), owing to which the direct costs of
filler materials can be reduced by 20 percent. On the basis of the 3D scanning results, the authors have proposed to form
databases in the form of digital archives of parts by groups and brands for subsequent operational use.

Keywords: 3D scanning technology, repair and restoration of parts, fault finding, repair quality control.

I For citation: Yunusbaev N.M. 3D skanirovanie v tekhnologii remonta detaley i uzlov traktorov i avtomobiley
[Prospects of 3D scanning in repairing tractor and automobile parts and units). Sel'skokhozyaystvennye mashiny
i tekhnologii. 2019. Vol. 13. N1. 4-8. DOI 10.22314/2073-7599-2018-13-1-4-8 (In English).

3D-ckaHupoBaHue B TEXHOJNIOFMM PEMOHTa AeTasien n y3JoB
TpaKToOpOB U aBTOMOGUNEn

Hanas Myprta3zoBuu lOnyco6aes,
KaHIUIaT TEXHUYECKUX HAyK, OLIEHT,
e-mail: junusbaev@mail.ru

Bamkupckuii rocy1apcTBEHHBIN arpapHbIil yHUBEPCHTET, I. Yda, Pecmyonuka bamkoprocTtan, Poccuiickas
Denepanus

Pedepar. BoisicHuy, 4To 3aTpaThl B CTPYKTYpE CeOSCTOMMOCTH PEMOHTA MAIIIMH 3aBUCST HE TOJBKO OT PACXOJI0B Ha 3a-
TIACHBIE YACTU U MATEPUATIBI, HO i OT TOYHOCTH OIEHKH TEXHHYECKOTO COCTOSHUS feTanu. (Lens uccaiedosanus) U3yduthb
BO3MOXHOCTHU TEXHOJIOTUH 3D-CKaHMPOBaHMUS, TIOBBICUTh TOYHOCTh U3MEPEHHS M3HOIIIEHHBIX JIeTajlell TIPU TPOBEICHIN
Te(eKTOBKH, OTPENENUTh PAMOHANBHBIN clI0co0 WX BoccTaHOBNeHUs. (Mamepuanst u memodst) OCYIIECTBUIA BXOI-
HOU KOHTPOJIb C MOMOIIBI0 MOPTATHBHOTO pyuHoro 3D-ckanepa Artec Eva Lite ¢ mporpammHubiM obecrieueHueM Artec

CE/IbCKOXO3AMCTBEHHBIE MALWHbI 1 TEXHONOIMA - Tom 13 1 + 2019 AGRICULTURAL MACHINERY AND TECHNOLOGIES « Volume 13«1+ 2019



HOBbIE TEXHONOT M 1 ObOPYAOBAHUE NEW TECHNICS AND TECHNOLOGIES

Studio mpu nedekToBKE H3HOIIEHHOTO KoJleHYaToro Bajia asuratens 3M3-409. Mcnonp3oBaiu mporpaMMHBIN TTPOIYKT
Geomagic Control X, mo3BOJNSIONMUI MPOBECTH TPEXMEPHBIN aHATM3 JETATN U TOIYYUTH BBICOKOTOUHBIE M3MEPEHHUS,
OTIPE/IENUTh U3HOC B3aUMHO TPYIIMXCS TOBEPXHOCTEH, HATMUYKME MUKPOTPEIVH, TOBPEKIEHNH BHYTPEHHHUX MONIOCTEH U
BIIAJMH B JCTANISX CIOKHON (popMmbl. Onupasich HA U3BECTHYIO TEXHOJIOTHIO U CIIPABOYHBIE PEKOMEHIAIMH, COCTABIIN
CXeMy MapIIpyTa TEXHOJIOTHN BOCCTAHOBIIEHNS KONEHYATOTOo Bama. (Pesyismamsl u 06cyscdenue) CpaBHIUIN Pe3yTbTaThI
U3MEPEHHUH, TIOJTyYeHHBIX C UCIIOJIb30BAHUEM METPOJIOTHUYECKUX TPUOOPOB, 1 0TUeTOB B porpamme Geomagic Control X.
BoIBIUIH 3HAUNTENBHYIO PAa3HUITY, 0COOEHHO B KOIMYECTBE IIM(PPOBBIX TaHHBIX. OMPENeTuITi, YTO TOYHOCTh H3MEPEHUI
C TIOMOII[BI0 IPHOOPOB OKa3aNach HIKe. BOCCTaHOBIIIM W3HOIIEHHBIE IIATYHHBIE 1 KOPEHHBIE MIEHKN KOJIEHYATOTO Basia
nsuratens 3M3-409 sneKTpPOKOHTAKTHOM MPUBAPKON MPUCATOYHBIX MATEPUATIOB 10 PEKOMEHAYEMBIM pEeXKUMaM HaHe-
ceHusl. (Bbisoov) BEIIBUIN BOZMOXHOCTD HCIONB30BaHUsS 3D-CKaHUPOBAaHUS B TEXHONOTHYECKOM IIPOIIECCe PEMOHTA U
BOCCTaHOBJIeHHUS. JI0Ka3aiu, 4To 3TOT METOJ TI03BOJISET MOBBICUTD 3PPEKTUBHOCTD IePEKTOBKH, COKPATUTH €€ TIPOJI0I-
KUTETHHOCTH B 6 pa3, CHU3UTH YPOBEHb CYOBEKTHBHOCTH OIIEHKU TEXHUYECKOTO COCTOSHUS IETAM U YMEHBIIUTE TPYHO-
eMKocTh Tpoliecca Ha 30 mpouieHToB. [loaTBepaMIN BHICOKYIO TOUHOCTH U3Mepenuii (o 0,03 musmiMerpa), Onarogaps
KOTOPOH MOKHO CHU3UTDH IPSIMBIE 3aTPATHI HA MpUCAI0YHbIe MaTepraibl Ha 20 mpoieHToB. [Ipemnoxkuim Ha OCHOBE pe-
3ynmbTaToB 3D-ckanupoBaHust GopMUPOBATH Oa3bl JAaHHBIX B BU/E IH(POBBIX APXMBOB JIETANIEH 110 TPYIIIAM M MaPKaM IS
TMOCNEAYIOIIEr0 ONEPaTUBHOTO UCIOIb30BaHNA B paboTe.

Karouesbie ciioBa: 3D-ckannpoBaHne, peMOHT 1 BOCCTAHOBJIEHHE JIeTanel, NeeKToBKa, KOHTPOJb KA4eCTBA PEMOHTA.

I {as uuruposanus: FOuyc6aes H.M. 3D-ckaHrupoBaHue B TEXHOJOTHH PEMOHTA JAeTaJIel U y3JI0B TPAKTOPOB
n aBroMobuiteil // Cenvckoxossiicmeennvie mawunsi u mexrnono2uu. 2019. T. 13. N1. C. 4-8. DOI 10.22314/2073-

-

7599-2018-13-1-4-8.

of modern agricultural production, machine-

building enterprises seek to improve the machinery
level, improving production technology aimed at
increasing the quality of manufacturing and assembly
of units, components and parts, thereby strengthening
their operational reliability. The performance and
reliability characteristics of imported machinery in
many groups of vehicles are superior to their domestic
counterparts.

The number of employed agricultural machines
with the standard depreciation and operating conditions,
which are older than 10 years, reaches 70%, which leads
to their low productivity, disruption of the accepted
agricultural deadlines and an increase in product losses
during harvesting [1]. Much of the equipment needs
substantial repairing. Repair service of machines,
according to many experts, will become increasingly
important with prolonging their service life. In addition,
the dealer technical service of imported tractors and
agricultural machinery does not provide for the
distribution of technical documentation (regulations,
conditions, etc.) for carrying out repair and servicing
activities.

In order to keep the machines working, it is necessary
to improve the repair technology and ensure sufficient
operational reliability without cost increasing. The
costs in the production cost structure of the machinery
repair depend not only on the cost of spare parts and
materials, but also on the accuracy of the technical
condition assessment of the parts. To determine the
degree of wear use is made of check-and-measuring
instruments with a permissible measurement error.

T o implement all the capabilities and requirements
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The further stage of the repair and restoration technology
of separate parts depends on the accuracy and precision
of measurements. All operations of troubleshooting
are usually performed by fault finding experts. Their
experience and skill level influence the measurement
result. Studies have shown that, due to poor-quality
troubleshooting, the cost of spare parts reaches 30%
of the total cost of repair operations [1-3].

THE RESEARCH PURPOSE is to study the capabilities
of 3D scanning technology, improve the measuring
accuracy of worn parts during troubleshooting, and
determine a rational way of their restoring.

MATERIALS AND METHODS. A failure of a unit, an
assembly, or a machine can be caused by their wear,
fatigue, corrosion, and other processes on working and
rubbing surfaces of parts. The rational way of repairing
and restoring parts of units and assemblies is chosen
basing on the troubleshooting results, taking into
account the overall dimensions, shape, nature and size
of the part’s material wear [2, 4, 10]. Visible wear and
kinks are easy enough to detect by visual inspection.

Itis relatively easy to determine the wear degree of
“volumetric” working surfaces after measurements
using special tools (a micrometer, a depth gauge, or a
caliper, etc.) using the typical methods. It is much more
difficult to measure the degree of wear of the relative
position of surfaces, or identify microcracks and
damaged internal cavities and dents of complex shaped
parts [5]. The more measuring devices and instruments
are used to control, the more expensive the repair is.
In this regard, the authors have studied the prospects
for using the 3D scanning system to estimate the
geometrical parameters of worn parts [3].
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3D scanner models are distinguished mainly by
their accuracy and scanning method [6]. For example,
3D technology is used to repair parts. At the same
time, new and worn parts are scanned, obtaining the
corresponding clouds of points, which serve as the
basis for calculating the worn part parameters and
allow for reverse engineering, which means making a
similar part with permissible or nominal dimensions
[7]. 3D technologies are used to automate and robotize
welding of the most difficult fragments of parts and
blanks [§]. There are examples of modern methods of
measuring and controlling quality in vehicle production.
The experience of measuring parts and functional units
of complex shape and the advantages of optical digitization
methods is based on the practical example of the analysis
of plastic moldings of vehicles. With the help of 3D
technology, the samples are digitized in high resolution
for the subsequent manufacture of an exact copy of
the model [9]. There are examples of using 3D scanning
as amethod of the input control of complex and large-
sized parts and assembly units [3, 6]. In case of defects
in the technology of repair and restoration of parts,
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the authors also used the principle of input control
with a 3D scanner. The crankshaft of the ZMZ-409
engine was taken as the object of study. Basing on the
existing technology and reference recommendations,
they made a diagram of the route of the crankshaft
restoration technology (Fig.). It was built basing on a
variable technological chain and the subsequent
comparison of the recovery technology. According to
the presented scheme, after cleaning and washing, the
crankshaft is subjected to fault detection using a
handheld 3D scanner and the “traditional” method
using measuring instruments and tools.

For this operation, the crankshaft was placed on a
marker plate and the part was scanned using an Artec
Eva Lite portable handheld 3D scanner with Artec
Studio software. The technical characteristics of this
scanner allow getting an image with an accuracy of up
to 0.03 mm and a detail resolution of up to 0.1 mm,
and the software helps to compensate for measurement
errors [3].

During the scan, the crankshaft image is transferred
to a personal computer, where on the screen one can

\

Non-contact scanning using a hand scanner
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N

Geomagic control X
Evaluating the economic feasibility of part restoration

Worn part geometry analysis

Acceptance of parts

AR

Fault finding

\

Part inspection using a measuring tool

Getting a full report on fault detection. Filling in the wearout database by groups
Analysis of the data obtained as the result of comparison, evaluating the wearout level

\

Patrs repair or restoration

Selecting the best way
to restore parts

Designing a techology
for parts repair and restoration
| ! !

Geometry control of the restored surfaces using a 3D scanner

Technological process
of parts repair and restoration

Fig. 1. Technological route of the crankshaft restoration process using a 3D-scanning technology
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observe the formation of a 3D model of the crankshaft
image (a scanned copy of the worn shaft). Crankshaft
scanning and digitizing was performed for 5 minutes.

At the next stage, the researchers performed the
geometry control of the part, for which they used the
Geomagic Control X program. The program is suitable
for three-dimensional analysis as a whole and serves
to obtain highly accurate measurements, and also
provides for the verification of reconstructed parts [6].

The measurement of the crankshaft parameters in
the traditional way was carried out using a micrometric
instrument and indicator devices, prisms, templates
and profilometers for about 30 minutes.

The Geomagic Control X software analyzes the
measured data and compares them with the “reference”
data from the database. After the analysis is completed,
various reports can be generated [3].

REesuLTs AND DIscussioN. Comparative measurement
results obtained using metrology instruments and
reports in the Geomagic Control X program have
revealed a significant difference, especially in the
amount of digital data. Measurement results with the
help of instruments were naturally more numerous
and were carried out in full accordance with technical
specifications for crankshaft troubleshooting. However,
the measurement accuracy was lower: taking account
of the measurement error and the specified allowable
error of the tool, it was 10-50 microns. According to
the fault finding data results obtained according to
the conventional methods, a rational method for
restoring the crankshaft was chosen [1; 3; 9; 10]. Then
the route technology of its recovery was worked out.
Worn crankshaft and main bearing journals of the
engine 3M3-409 crankshaft were restored at the research
and production site of the "Technology of Metals and
Machinery Repair" Department of the Bashkir SAU
by electrocontact welding of filler materials according
to the recommended application modes [3]. The restoring
control of the part was carried out according to the

same technology as in the case of fault finding with a
3D scanner.

3D scanning in the process reduces the measurement
errors. This was shown by preliminary studies as
exemplified by a specific part. Due to the use of a
handheld 3D scanner, the time spent on fault finding
was reduced by 6 times, the measurement accuracy
increased to 0.03 mm, which reduces the direct costs
of filler materials by 20% as compared with traditional
methods of fault finding using measuring instruments
and tools.

Any recovery technology makes sense only in the
case of its practical implementation in production. To
this end, rapid acquisition of accurate digital data
using 3D scanning of a worn part as a whole will
improve the efficiency of fault finding. The next step
to improve the quality of the restoration of parts should
be the use of digital technologies for determining a
rational method of recovery in real time [3].

ConcLusIoNs

1. The technology of fault finding of machinery
parts and choosing a rational recovery method based
on a comparative comprehensive analysis of the geometry
of virtual three-dimensional models of a worn part
and a standard use of 3D scanning technology should
be considered as promising in the repair technology
of units and restoration of automobile and tractor
parts.

2. 3D scanning allows increasing the efficiency of
fault finding, reduce the time required for it in 6 times,
reduce the subjectivity level in the technical condition
assessment of the part and reduce the process complexity
by 30%; due to the high accuracy of measurements (up
to 0.03 mm), the direct costs of filler materials can be
reduced by 20%.

3. Itis advisable to form the results of 3D scanning
in databases as digital archives of parts by groups and
brands for subsequent operational use.
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Rational Way of Forming Stubble Coulisses
under North Kazakhstan Conditions
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Abstract. The main limiting factor for increasing yields in the arid steppe conditions of Northern Kazakhstan is moisture.
Shoots are usually uneven due to the lack of moisture at the initial stage of their growing. The main source of moisture in
this period is winter precipitation. Currently, the following methods of winter precipitation moisture accumulation are used
in North Kazakhstan: leaving high standing stubble, seeding coulisses on pure fallow fields, herbicide (chemical) fallow
field, snow ridging, harvesting of crops with continuous combining; and forming stubble coulisses. The most preferable
way of increasing snow moisture accumulation is the formation of stubble coulisses that can be done in two ways. (Research
purpose) Efficiency evaluation of the ways of forming stubble coulisses. (Materials and methods) Agroengineering and
technological evaluation is used as a main research method of different ways of forming stubble coulisses, which is followed
by the selection of a more preferable way. (Results and discussion) It has been found that in snowy winter both ways of
forming stubble coulisses — with alternative passes of a direct combining reaper and a stripping reaper and using a direct
combining reaper with a stripper adapter — have shown the same results. However, when there is a little snow in winter,
the second way provides more intensive snow accumulation. (Conclusions) It has been experimentally found that using the
direct combining reaper with the stripper adapter decreases labour inputs by 17.8% and total costs by 23.8% as compared
to the formation of coulisses by using sequential passes of the direct combining and the stripping reapers. It has been found
that the formation of stubble coulisses every 5-9 meters along with in-line para-plowing at a depth of up to 35 cm provides
the highest yield increase of in snowy winter as compared to the conventional ways of moisture accumulation.

Keywords: drought, soil moisture, snow accumulation, moisture accumulation, formation of stubble coulisses, header with
a stripper adapter, yield.
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PauunoHanbHbIM cnoco6 ¢hpopmmnpoBaHUs CTEPHEBbIX KYNUC
B CeBepHOM Ka3axcTtaHe

Baaaumup JleonunoBuy Acradnes,
JIOKTOP TEXHUYECKUX HayK, Ipodeccop,
e-mail: vladastOl@mail.ru

Kazaxckuit Hay9HO-HCCIeNOBATEILCKII HHCTUTYT MEXaHU3AIUN U JIEKTPUDUKAIINN CETHCKOTO XO35ICTBA,
r. Koctanaii, Pecnybnuka Kazaxcran

Pedepar. I1oBbinennio yposxkaifHOCTH B YCIOBHSAX 3acynumnBoii crenn CeBepHoro KasaxcraHa mpemsaTCTBYeT OTCYTCTBHE
Biaru. M3-3a ee HeocTaTKa B MOYBE B HAYANIBHBIN NEPHO]] BETETAlMK 324ACTYIO MONYYAIOT HEAPYXKHbIE 1 U3PEKEHHbIE
BCX0/1bI. OCHOBHOM MCTOYHHUK BIIATH B TIOYBE B 3TOT IIEPHO]] — 3UMHHUE 0caaku. {1 X HaKoruieHus Xo3siicTBa CeBepHOTO
Kazaxcrana mpyMeHSIOT pa3uyHbIe CIIOCOOBI: OCTABJIEHHE BHICOKON CTEPHHU; MOCEB KYJIUC HA YUCTBIX Mapax; repOniu-
HBIH [ap; MEXaHUYECKOE CHET03aIEPKAHNE; 0UEC CETbCKOXO3IHUCTBEHHBIX KYIBTYP B YOOPOUHBIH nepuo, hOpMUpOBAHIE
crepHeBbIX Kyiuc. [Ipeanmoutenne oTnanT HOPMUPOBAHHIO CTEPHEBBIX KYJIUC ABYyMs criocobamu. (Llens ucciedogarus)
OueHuTb 3¢ (HEeKTUBHOCTH CIIOCOO0B (HOPMUPOBAHUS CTEPHEBBIX KyIHC. (Mamepuanst u memodst) IIpuMEHSIN arpoTeXHU-
YECKYIO U IKCIUTyaTAIlMOHHO-TEXHOIOTUYECKYIO OIIEHKY Pa3HBIX COCO00B (hOPMHUPOBAHHS CTEPHEBBIX KYIIHC C MOCIENY-
IOIIUM BBIOOPOM HauOoJIee MPeAOYTUTEIbHOTO BapuaHTa. (Pesyavmamsl u 06cyscoenue) YCTaHOBUIM, UTO B CHEXXHbIE
3UMBI CIOCOOBI POPMUPOBAHMUS CTEPHEBHIX KYITHIC YEPEAYIOMMMH IIPOXOIAMHU Xe/lepa U OUeCHIBAIONIEH KATKHU, U TPUMe-
HEHHIEM XeJlepa C OYECHIBAIOIINM a/IANITePOM MOKA3aId PABHO3HAYHbBIE PE3YIbTAThl. B MalOCHEXKHBIE 3UMBI BTOPOIl Ba-
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pUaHT obecrieunst Haubobllee HaKoIIeHue cHera. (Bvigoost) IloaTBep AU SKCIIEPUMEHTAIBHO, YTO TPUMEHEHUE Xere-
pa ¢ OYECHIBAIONINM aJaNTEPOM CHIKAET 3aTpaThl TpyjAa Ha 17,8 mporieHTa, a COBOKYITHbIE 3aTpaThl — Ha 23,8 mporeHTa
10 CPAaBHEHHUIO CO CITOCOOOM (DOPMHUPOBAHMS CTEPHEBBIX KYJIUC COUETAHMEM MPOXOOB XeIepa W OUeChIBAIONIEH KaTKH.
YcraHoBuim, 4To (GOPMHUPOBAHUE CTEPHEBBIX KYIIUC C MEXKYIUCHBIM PACCTOSHUEM 5-9 METPOB B COUETAHHMH CO IIIENeBa-
HHEM Ha FJ'Iy6I/IHy 0 35 CAHTUMETPOB 06CCHe‘{I/IBa€T HaI/I6OJ'H)H_IyIO HpI/I6aBKy Ypoxas B CHE)KHBIC 3UMbI II0 CPABHEHUIO C

U3BECTHBIMU CIIOCOOAMHU HAKOIUICHUS BJIary.

KroueBbie ciioBa: 3aCyXa, MOYBECHHA BjIara, CHEro3aJi€pKaHue, BJiarOHaKOIICHUE, (I)OpMI/IpOBaHI/Ie CTCPHEBLIX KYJIUC, X€-

AEP C OUCChIBAIOIINM aJAIITCPOM, ypO)KafIHOCTL.

I 15 uutuposanus: Acradnes B.JI. PannoHanbHbIl crtocod hopMUpOBaHHUs CTEPHEBBIX KyiIuC B CeBepHOM
Kasaxcraue // Cenvckoxozsaiicmeennvie mawunst u mexrnoao2uu. 2019. T. 13. N1. C. 9-13. DOI 10.22314/2073-

7599-2018-13-1-9-13.

the arid steppe of northern Kazakhstan is

moisture. During the year, the region receives
an average of 190-360 mm of precipitation, of which
about 60% accounts for the growing season. Drought
usually repeats every three years out of ten. Crops are
sown in the second half of May. In June, there is an
intensive development of vegetative and setting up of
generative organs of cultivated plants. However, May
and June, the driest months of the growing season, are
accompanied by strong hotwinds that dry the soil. Due
to the lack of soil moisture and intense solar radiation
during this period, farmers often receive uneven and
thinned shoots. The lack of moisture results in low
stemmed crops and low yields. The average annual
indicator of grain yield is 12 centners per hectare with
a variation from 3-5 centners per hectare in dry years
to 17-20 centners per hectare in wet years. The analysis
of climatic conditions revealed that the main source
of the soil moisture at the beginning of the growing
season is the moisture of winter precipitation. Snow
contributes up to 40% of the annual soil moisture
reserves. These reserves will be sufficient enough for
good shoots and ensure the needs of plants in moisture
in the first half of the growing season until the July
precipitation falls. Thus, due to the winter precipitation,
the basis of the future harvest is laid. For the accumulation
of winter precipitation, it is recommended to apply
various methods: leaving high standing stubble, seeding
coulisses on pure fallow fields, herbicide (chemical)
fallow field, snow ridging, harvesting of crops with
continuous combining [1-10]. Studies carried out in
various conditions indicate that the most preferable
way of increasing snow moisture accumulation is the
formation of stubble coulisses. [5, 6, 8-10]. This method
provides the greatest accumulation of moisture and
does not require additional costs for the implementation
of agricultural practices. Stubble coulisses can be
formed in two ways: by alternating passes of a header
and a stripping reaper, as well as the use of a header
with a stripper adapter installed in its center [6].

The main limiting factor in increasing yields in
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THE RESEARCH PURPOSE is to evaluate the effectiveness
of methods for forming stubble coulisses.

MarTeRIALs AND METHODS. Under production conditions,
the author carried out experimental studies and
observations of the compared methods of forming
stubble coulisses and made their agroengineering and
technological assessment followed by the choice of the
most preferable option.

Water reserves in the snow between the coulisses
was calculated by the formula:

Zw =10 hy pins M

where Z,,— water reserves in the snow between the
coulisses, mm;

h.,—the average depth of snow between the coulisses,
cm;

pm—theaverage density of snow between the coulisses,
glem’.

Water reserves in the coulisse snow was calculated
by the formula:

Zk = 10 hk U (2)

where Z, — water reserves in the coulisse snow, mm;
hy — the average depth of snow in the coulisse, cm;
pi—the average density of snow in the wings, g/cm’.
The total water reserves in the snow of stubble

coulisses taking into account the distance between the

coulisses and the coulisse width, were calculated using
the formula:

L b
Zy =10 —h +——h
Y (L+b mpm L+b kpk)a (3)

where L — the distance between the coulisses, m;

b — coulisse width, m.

Soil moisture reserves and wheat yield were determined
by standard methods.

For forming stubble coulisses with alternating passes
of the header and the stripping reaper in the conditions
of Northern Kazakhstan, use is made of direct combining
headers with an operating width of 7,9, and 12 m and
stripping headers with an operating width of 6 m.
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Combine harvesters with direct combining headers
usually work at a working speed of 5-8 km/h, and with
stripping headers — at a speed of 9-10 km/h. The
difference in speeds causes the downtime of combine
harvesters with stripping headers. Therefore, the
technological process is usually performed as follows:
first, 4-5 combines with direct combine harvesters
operate a field with an area of about 400 hectares and
leave for stripping unmown coulisses 3-5 m wide. After
their work is completed, a combine with a stripping
header strips the unmown coulisses at a higher speed [6].
The width of the formed stubble coulisses is 3-5m, and
an inter-coulisse width is 7-18 m.

A stripper adapter with an operating width of up
to 1.5 mis installed in the center of the header with an
operating width of 7 or 9 m (Fig. I). A combine harvester
of class 4, 5, or 6 equipped with such headers usually
works at speeds of up to 8 km/h when forming stubble
coulisses.

Fig. 1. Header with a stripper adapter:
a) on the basis of Essil-760 with a header of 9-m width
b) on the basis of Essil-740 with a header of 7-m width

When using direct combining headers with an
operating width of 7-9 m equipped with a stripper
adapter, the width between the stubble coulisses is 5.5-
7.5 m (Fig. 2).

Fig. 2. Stubble coulisses left after the header with a stripper
adapter

REsuLTSs AND DIscussION. In snowy winters, moisture
reserves in the background of stubble coulisses with
an inter-coulisse distance of 5-14 m were 3.5 times
higher than those in the stubble background and 2 times
higher in the continuous stripping background. Thus,
in snowy winters, both ways of forming stubble coulisses
- with alternative passes of a direct combining reaper
and a stripping reaper and using a direct combining
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reaper with a stripper adapter — have shown the same
results. However, in the low-snow winter of 2017-2018,
with the width between the coulisses over 8 m, the snow
moisture reserves sharply decreased. Under these
conditions, stubble coulisses with an inter-coulisse
distance of 5.5-7.5 m, formed by a header with a stripper
adapter installed at its center, ensured the greatest
accumulation of snow, 1.5-3.0 times higher as compared
with other methods (stubble after direct combining,
stubble coulisses with an inter-spacing distance of more
than 8 m and continuous stripping).

The use of a header with a stripper adapter reduces
labor costs by 17.8% and total costs by 23.8% as compared
with the method of forming stubble coulisses using a
combination of header passes and a stripping header
(Table 1).

Stubble coulisses are used to increase snow and
moisture accumulation in combination with deep
tillage. At the same time, stubble coulisses increase
snow accumulation, and deep soil tillage enhances the
absorption of moisture into the soil.

Stubble coulisses not only help to accumulate
moisture, but also retain it. The use of stubble coulisses
in combination with para-plowing (slitting) saves
moisture reserves better: its content in the soil is by 12-
27% higher as compared with deep tillage and by 33-
40% — as compared with the stubble background
(Table 2).

In spring, during the period of dry hotwinds, there
is practically no wind at the soil surface in stubble
coulisses, as a peculiar microclimate is ensured, and
the desiccation of the soil sharply decreases.

The methods of moisture accumulation in the soil
after snowy winters affect the wheat yield (Table 3).
The formation of stubble coulisses with an inter-coulisse
distance of 5-9 m in combination with para-plowing
(slitting) to a depth of 35 cm provides the greatest yield
increase in snowy winters of northern Kazakhstan as
compared to the conventional methods of moisture
accumulation.

The results obtained indicate the preference of
stubble coulisses over full stripping and stubble background.
This contradicts the ideas of K.J. Kirkland and C.H. Keys
(1981) that the maximum accumulated moisture is
observed in standing stubble [7].

However, these results are consistent with the
statements of H. Steppuhn, M. Stumborg, G. Lafond
and B. McConkey (2009), JW. Pomeroy, and D.M. Gray
(1995) on the advantage of stubble coulisses with an
inter- coulisse distance of 10 m over other methods of
snow accumulation [9, 10]. However, in contrast to
these studies, our results allow to specify the exact
value of the inter-coulisse distance in snowy or little-
snow winters.

CoNCLUSIONS

1. It has been found that in the conditions of Northern
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Table 1
TECHNICAL AND ECONOMIC CHARACTERISTICS OF DIFFERENT WAYS OF FORMING STUBBLE COULISSES
Ways
Characteristics Using head Index indicator, %
. g header >
Sequential passes with stripper adapter

Efficiency per 1 h of operating time/ha 3.6;2.0 3.6 -17.8

Specific fuel consumption, kg/ha @ ;Hé 0) 4.8 0

Labour costs, man-h/ha 0.33 0.28 17.8

Total costs, tg/ha (rub/ha) 18054 (3224) 13750 (2455) 23.8

Table 2

MOISTURE CONTENT DEPENDING ON FIELD SURFACE

Soil moisture content within 1 m soil layer, %

Variants of tests ; . ; :
during soil moisture conservation before sowing

In-line para-plowing (slitting) at a depth of 35 cm on

; 100 88
stubble coulisses arranged every 5-9 m
In-line para-plowing (slitting) at a depth of 35 cm on 9 81
stubble coulisses arranged every 14-18 m
In-line para-plowing (slitting) at a depth of 35 cm on 80 69
stubble field
Subsurface tillage at a depth of 30 cm on stubble field 73 61
Untreated stubble field (check plot) 58 68

Table 3

INFLUENCE OF DIFFERENT WAYS OF SOIL MOISTURE ACCUMULATION ON YIELD LEVEL

Ways of moisture accumulation Average yield, t/ha Increase in check plot, t/ha
Stubble field (check plot) 1.2 -
1,5 m stubble coulisses every 5-9 m + in-line para-plowing (slitting)
1.7 0.5
at a depth of 35 cm
3-4 m stubble coulisses every 14-18 m + in-line para-plowing 16 0.4
(slitting) at a depth of 35 cm : :
In-line para-plowing (slitting) at a depth of 35 cm on stubble field 1.5 0.3
Deep subsurface tillage at a depth of 30 cm on stubble field 1.4 0.2

Kazakhstan, a comparison of the methods of stubble
coulisse formation in snowy winters by alternating passes
of direct-combine harvesters in combination with a
stripping header, a wide-cut direct combine harvester
with a stripper adapter installed at its center have shown
equivalent results. However, in the little-snow winter of
2017-2018 the stubble backstage formed by the direct
combine harvester with a stripper adapter installed in
its center provided the greatest accumulation of snow.
2. The results of operational and technological
evaluation have shown that the use of a header with a

stripper adapter reduces labor costs by 17.8% and total
costs by 23.8% as compared with the method of forming
stubble coulisses using a header and stripping header
combination.

3. Ithas been established that even in snowy winters,
the formation of stubble coulisses with an inter- coulisse
distance of 5-9 m in combination with para-plowing
(slitting) to a depth of 35 cm provides the greatest yield
increase in the conditions of Northern Kazakhstan as
compared to the conventional methods of moisture
accumulation.
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®DenepanbHbli HAy4YHBIN arpouHxeHepHbli IeHTp BUM, MockBa, Pocculickas ®denepanus

Pedepar. BiusiHue uHGOpMAMOHHBIX TEXHOIOTUI HA Pa3BUTHE SKOHOMUKH HACTOJIBKO BEJIUKO, YTO €r0 YacTO UMEHY-
10T YeTBEPTOI MPOMBINUIEHHO peBotorueil. B pamkxax EBpormeiickoil accomuanny CelbCKOX03sSHCTBEHHOTO MAIIMHO-
CTpOeHUsl pa3paboTany aHAIOTHIHOE MOHATHE — CEIbCKOe X035HCTBO 4.0, UTO 03HAYAET MePEeXOa OT TOUHOT'O CEbCKOTO
X03sicTBa K 1uppoBoMy. (Lens uccredosanus) Pazpaborats oOmIe peKOMEHIAIINH TI0 IIU(PPOBU3AIIHN CETbCKOTO XO035H-
cra B Poccuu. (Mamepuanst u memoowr) Vicnionb30Baii HOPMAaTHBHBIN MOJXOJ]: CONIOCTABIIEHUE UCCIIEAYEMOI CYLIHOCTH
U(PPOBOTO CEMBCKOTO XO3SAHCTBA M TEKYIIETO MOJIOKEHUS JIeNT B 0Tpaciit. (Pesyivmanvi u 00cyscdenue) Y CTAHOBHIIH, YTO
UQpOBOE CENbCKOE XO3IHCTBO (cenbckoe xo3sicTBo 4.0 1 5.0) 6a3upyeTcs Ha pa3BUTHIX MEXaHH3MPOBAHHBIX TEXHOJIO-
TUsX (CembcKoe X03aiUcTBO 2.0), TEXHOJOTUAX TOUHOTO CeJTbCKOTO XO3SIMCTBA (CeMbcKoe X03aiUcTBO 3.0) ¢ UCTIONBb30BAHU-
€M TAaKUX IU(POBBIX TEXHOJOTUH M TEXHUUYECKHMX CPEACTB, KAK MHTEPHET BEIICH, MCKYCCTBEHHBIN MHTEIIEKT, POOOTHI.
VTouHUIH, YTO MpOTpece BHEAPEHHs IIU(POBOTO CETbCKOTO XO35HCTBA 3aBUCHT OT YCIIENTHOCTH (DYHKI[MOHUPOBAHUS BCEX
TPEX YPOBHEH CHCTEMBI. 3aKJTIOUMIIH, YTO HEIOCTATOUHOE KOJUYECTBO CETbXO3TEXHUKU CBUICTEIBCTBYET O CTa00M pas-
BUTHYM MEXaHM3UPOBAHHBIX TEXHOJIOTUH; 3aME/UIEHHOE BHEPEHUE TOYHOTO CEITbCKOTO XO3SICTBA 03HAYAET OTCYTCTBUE
ombITa PabOTHI C TAHHBIMU TEXHOJIOTUSIMHU B OOJIBIIIMHCTBE CENbX03MPEAPUATHIA. JIepUIIUT BeIyIIUX POCCUACKIX KOMIIa-
Huit B cepe IT (anamormansix Amazon, Apple, Google, IBM, Intel, Microsoft u apyrum) ocabisteT HoTeHIHATbHbIE BO3-
MOHOCTH TIPOPBIBA HAIIEH CTPaHbl B CO3MAHUU U PA3BUTUM MHTEPHETA BEIlel, UCKYCCTBEHHOTO MHTEIUIEKTa, POOOTOB.
(Buvisoovt) BB HEOOXOIUMOCTD (hOPMHUPOBAHMS HAYYHBIX MOAXOM0B MI(POBU3ANNN TEXHOJIOTHUYECKHX OTEPAITHit
BO3/IENIBIBAHHUS CEIbCKOXO3SICTBEHHBIX KybTyp. [IpeacTaBuiiu Kiaccu(puKaIMo TEXHOIOTHI TOYHOTO CEITbCKOTO XO3sTi-
crBa. [ToquepKkHyIH, YTO IUPPOBU3ALMIO ATPAPHOTO MPOU3BOCTBA HEOOXOAUMO TIPOBOIUTH HA (OHE pOCTa MEXaHU3a-
UK (3HEPTOHACKHIIIEHHOCTH); IS BHEIPEHHUS TEXHOJIOTUH TOYHOTO ¥ IM(YPOBOTO CENBCKOTO XO3SICTBA CIIeIyeT OpraHu-
30BaTh (PMHAHCHPYEMBIE TOCYAAPCTBOM LIEHTPHI 00yUeHUs pepMepOB MPUMEHEHUIO TAHHBIX TeXHOoIoruid. Tpedyercs pas-
paboTaTh MEpBI M0 yCUIeHHIO pa3BuTus cdepst IT, chopMupoBaTh HHTETPANTBHBIMA OAX0 K TpobIeMe HHPPOBU3AIIUH.
Kurouesbie ci10Ba: MHOOPMAIIMOHHBIE TEXHOJIOTUH, TOYHOE CEITBCKOE XO3SHCTBO, IN(PPOBOE CENBCKOE XO3SUCTBO, IUPPO-
BU3A1lUs, UHTEPHET BELIEH.

I st untupoBanus: Koporuens B.M., Jluuman [ U., Cmupuos V.I". [ludpoBusaius TEXHOIOTHISCKUX MPO-
1eccoB B pacteHueBoncTBe Poccun // Cenvcroxossiicmeennvie mawiunst u mexnonoeuu. 2019. T. 13. N1. C. 14-20.
DOI 10.22314/2073-7599-2018-13-1-14-20.

Digitalization of Technological Processes of Crop Production in Russia
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Abstract. Currently, the influence of program documents on digital agriculture development is rather great in our country. Within
the framework of the European Association of Agricultural Mechanical Engineering, a relevant definition of agriculture 4.0
has been elaborated and introduced. Research purpose: offering general recommendations on the digitalization of agriculture
in Russia Materials and methods. The authors make use of the normative approach: the core of digital agriculture is compared
with the current state of the agricultural sector in Russia. Results and discussion. The analysis has found that digital agriculture
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(agriculture 4.0 and 5.0) is based on developed mechanized technologies (agriculture 2.0), precision agriculture technologies
(agriculture 3.0), the use of such digital technologies and technical means as the Internet of things, artificial intelligence, and
robotics. The success of introducing digital agriculture depends on the success of all the three levels of the system. However,
the problem of the lack of agricultural machinery indicates insufficient development of mechanized technologies; poor
implementation of precision agriculture technologies means the lack of experience of using these technologies by the majority
of farms in our country; an insufficient number of leading Russian IT companies (such as Amazon, Apple, Google, IBM, Intel,
Microsoft etc.) weakens the country’s capacity in making a breakthrough in the development of the Internet of things, artificial
intelligence, and robotics. Conclusions. The authors have identified the need to form scientific approaches to the digitization of
technological operations used in the cultivation of agricultural crops and classified precision agriculture technologies. They have
underlined that the digitization of agricultural production in Russia must be carried out along with intensified mechanization
(energy saturation); also, to introduce technologies of precision agriculture and digital agriculture, it is necessary to organize
state-funded centers for training farmers in the use of these technologies. Finally, it is necessary to take measures to strengthen
the development of the IT sphere, as well as formulate an integral approach to the problem of digitalization.

Keywords: information technologies, precision agriculture, digital agriculture, Internet of things.

I For citation: Korotchenya V.M., Lichman G.I., Smirnov I.G. Tsifrovizatsiya tekhnologicheskikh protsessov
v rastenievodstve Rossii [Digitization of technological processes in the crop production of Russia].
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(In Russian).

TusTHUE THPOPMAIIIOHHBIX TEXHOJIOTUI Ha pa3-

BUTHUE SKOHOMUUYECKOH NE€ATEIBHOCTH HACTOIIb-

KO BeJIMKO, uTo OpraHu3anus 3KOHOMHUYECKO-
O COTPYIHUUYECTBA U PA3BUTHUS Ha3Baja 3TO Mera-
TPEHAOM, a B APYTUX UCTOYHUKAX €r0 YaCTO UMEHY-
IOT YeTBEPTOM MPOMBIIIJIEHHON peBomtorueit. [Tons-
TUe NpoMblIIeHHOCTH 4.0 Bo3HUKII0 B ['epmaHuu B
2011 r. B xo1e pa3paboTku PeaepaIbHbIX TPOTPAMM-
HBIX JOKYMEHTOB I10 COBEPIIIEHCTBOBAHUIO ITPOMBIIII-
JICHHOCTH Y HaIlMOHAJIbHON MHHOBAI[MOHHOM cUCTe-
Mbl. B pamkax EBporneiickoil accoliuanuu ceabCKoXo-
3sIMCTBEHHOTO MamuHocTpoeHust CEM A ObLTo pas-
paboTaHO aHAJTOTMYHOE TOHATHUE — CETBCKOE XO3S1i-
cTBO 4.0, 4TO O3HAUAET NEPEXO] OT TOUHOT'O CEJIBCKO-
T'0 XO35ICTBA K IU(PPOBOMY.

PasBuTne nndpoBu3aiy TEXHOIOTHH YaCcTO pac-
CMaTPUBAETCS KaK CIIOCOO CYLIECTBEHHOT'O POCTa IIPO-
HU3BOJICTBA CEIIbCKOXO3AMCTBEHHON MPOAYKIINHU, YTO-
OBl HAKOPMUTBH Bce Oolee ypOaHN3NPOBAHHOE PACTY-
11ee HaCeJICHUE TJIAHETHI.

MoXHO ChOPMYIHPOBATE ONIPEACIICHUE TTOHSITHUS
1U(dPOBOro CETBLCKOT0 X035UCTBA, PACCMOTPUM OoJiee
TOAPOOHO CTATUH PA3BUTHUSI OTPACIIH.

Tax, CEM A ¢ TOYKH 3peHU S UCTIOTB3YEMBbIX TEXHO-
JIOTUH U TEXHUYECKUX CPENICTB MpeIIaracT ClIeayo-
LIYI0 EPUOIN3ALINIO B PA3BUTUHU CETILCKOTO XO3HCTBA:

- celbCKoe X03sIcTBO 1.0 OCHOBAHO Ha HUCIIONB30-
BaHWUH PYYHOTO TPyaa (HU3Kas TPOU3BOIUTEIIFHOCTD
Hauajio XX BeKa);

- CeIbCKOe X03icTBO 2.0 — Tak Ha3bpIBaeMas «3eJe-
Hasl PEBOIOLMSI», KOI/Ia HAYaId aKTUBHO UCIOJIb30-
BaTh YAOOPEHU S, HECTULINIBI, CETbCKOXO35CTBEHHYIO
TeXHUKY (koHe1 1950-x romoB);

- CeIbCKOE X0351UCTBO 3.0 — TOYHOE CEIBCKOE X035~
ctBO (1990-2000-¢ romsp);
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- CeITbCKOE X0351UCcTBO 4.0 — I poBOE CETBCKOE XO-
35CTBO, WJTH, IPYTUMH CIIOBAMH, KYMHOE CEIIbCKOE
X03HCTBOY» — smart agriculture (Hadao 2010-X rogoB).

Hcronp3oBanne u¢ppOBBIX TEXHOIOTUH U TEXHH-
YECKUX CPEICTB B arpapHOM IMPOU3BOJACTBE (HEAOPO-
TUX U yIYYIIEHHBIX CEHCOPOB U aKTyaTOPOB, MUKPO-
MIPOIIECCOPOB, MTUPOKOIOJIOCHOH IU(PPOBOM COTOBOM
CBSI3U, OOJIAUHBIX BEIUHMCIIEHUH, METOJIOB aHAN3a O0ITb-
ITUX TaHHBIX U JP.) TO3BOJIUT BEIBECTH TOYHOE CEJIb-
CKO€ X0351ICTBO Ha HOBBIN YPOBEHbB, KOr/1a HHpOpMa-
1rst 060 Bcex Mmpoleccax M onepanusx CyIecTByeT B
undpoBOM BHUJIE, a Tiepeaaya, 0o0paboTka U aHaIIN3
JAHHBIX B OCHOBHOM aBTOMAaTHU3UPOBAHBI.

LlEnb nccnepoBAHMA — pa3paboTarh 00IHEe peKo-
MEHIAIUU IO ITU(PPOBU3ALIMH CETHCKOXO3SIHCTBEHHO-
ro npousBozacTsa B Poccun.

MAaTEPUANDBI M METOAbI. [IpUMEeHNIN HOPMATUBHBIH
MOXOJI: CCIIEYEMYIO CYIIIHOCTH LIM(POBOTO CENBCKO-
IO X034ICTBA CONOCTABUIIU C TEKYLIUM IOJIOKEHUEM
JIe]T B OTpaciiy; Ha OCHOBE JAHHOI'O CONIOCTABIICHU S
BBIIBIHYIIH PEKOMEHTAIINH O0IIET0 XapaKTepa 1Mo Mpo-
BEJICHUIO 11 (PPOBU3AIINY CETBCKOXO3SHCTBEHHOTO IPO-
W3BOJICTBA B HAIIIEH CTpaHE.

PE3YNbTATBLI M OBCYXXAEHME. B x0/te nccnemoBanus
BBISIBUJIN, UTO LIU(PPOBOE CEIBCKOE XO3MCTBO (Celb-
ckoe X03s1icTBO 4.0 1 5.0) 6a3upyeTcs Ha pa3BUTHIX Me-
XaHU3UPOBAHHBIX TEXHOJOTUSX (CEIBCKOE XO3SIICTBO
2.0), TEXHOJIOTHSX TOYHOTO CEITLCKOT'0 X03SCTBA (CEITb-
cKoe X03s1cTBO 3.0), UCITOIb30BaHMU TAKHX HIHGPPO-
BBIX TEXHOJIOTUH ¥ TEXHUYECKUX CPENICTB, KaK HHTEP-
HET, UCKYCCTBEHHBIM HHTEIIEKT, pOOOTHL.

B Hacrosiiiee BpeMs OCyILIeCTBIAETCSA IEPEXOT OT
cebcKoro xo3siicTBa 4.0 K cenbCcKoMy X03SIHCTBY S.0.
Cenbckoe Xxo351cTBO 5.0 OyeT OCHOBBIBATHCS Ha POo0OO-
TOTEXHHKE ¥ UCKYCCTBEHHOM MHTEJLIEKTE, OTKPBIBAIO-
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-

VX TOPOTY K aBTOHOMHOMN CUCTEME NMPUHSATHS pellle-
HUU ¥ BBITIOJTHEHUIO Ollepanuii 6e3 yuacTus 4eJIoBeKa.

C y4eToM MpUHATOH Ki1accuuKauu chopMynupy-
€M paCIIMPEHHOE OIpeesieHre HU(POBOTO CETBCKOTO
XO35HCTBA (KaK 00bEMMHEHHIO CETHCKOTO X03s11cTBa 4.0
u 5.0): mox 1u(ppOBBIM CETLCKUM XO3UCTBOM IIOHUMa-
0T TAKOH IMOIXO/T K BEICHUIO AT pAPHOTO IIPOU3BOJICTBA,
KOT/Ia BBITIOTHEHNE TEXHOJIOTMYECKUX ONIepaIlfii OCy-
MIECTBIISETCS C TOMOIIBIO KOMITBIOTEPA (MCKYCCTBEHHO-
T'0 WUHTEJIEKTA), KOTOPBI MOCPEACTBOM MOIKITIOUEH-
HBIX K HEMY CEIbCKOXO3SIHCTBEHHBIX U APYTUX MALIUH
OCYIIECTBIISIET — CAMOCTOSITETTFHO MJTH C MUHIMATHHBIM
y4acTHeM 4elloBeKa — cOop, Imepeaady U aHaJu3 COOT-
BETCTBYIOIIUX JAHHBIX, TPUHUMAET ONTUMATBHEIC (TOU-
HbI€) PEIICHN S, BBITIOIHSIET U KOHTPOIUPYET UX.

HanHoe ompeneneHre HOCUT By TYPUCTUIESCKUH Xa-
paxTep, MOCKOIBKY OHO €Ille He UMEET peaIn30BaHHOM
(hopMBbl. BHEIPEHBI JIUIIB OTIIETBHBIE JIEMEHTHI B yIIPO-
meHHOM BapuaHTe. CeTbCKOXO3SIHCTBEHHOE TTPOU3-
BOJICTBO OYAET OCYIIECTBIATHCS C IIOMOIIIBIO UCKYC-
CTBEHHOT'O MHTEILJICKTA U MOJKJIIOUEHHOTO K HEMY KOM-
TteKkca MamuH. Ecin B MpoIiioM B HACTOSIIEM OC-
HOBHBIE CEIbCKOX035IICTBEHHbIE MAIIIMHBI — TPAKTO-
PBI 1 KOMOAWHBI, TO B OyTyIIeM TIIaBHBIM CTAHET KOM-
MbIOTEP (MCKYCCTBEHHBIN MHTEIJIEKT). B HacTosmIee
BpeMS B CTpaHaXx C pa3BUTON SKOHOMHUKOU B OCHOBE
CETbCKOT0 XO35HUCTBA JISKAT KaK TPaIUIINOHHBIE (Cehb-
ckoe x035icTBo 2.0 B Hauboee pa3BUTOM popme), Tak
1 THHOBAITMOHHBIE MAIITMHHBIE TEXHOJIOTUH, TIPEICTaB-
JIEHHBIE CETbCKUM X03sicTBOM 4.0.

Cenbckoe x0351cTBO 5.0 IMOKa HAXOAUTCS B 3a4aTOU-
HOM cocTosiHuu. Cenbckoe Xo3aicTBo 3.0 mpeacTasis-
€T coOO0 IO CYyTH Ha4YaJ1o IU(GPOBOTO CEITBLCKOTO X035 -
CTBa M TIOATOMY CITYKUT IPOMEXYTOouHO! cTaameit. Ho
TEXHOJIOT MU IIU(PPOBOTO CETHCKOTO XO3SHUCTBA CITHIII-
koM poporue naxe nis CILA. Pa3sutue cexbcKoro xo-
3stiicTBa 4.0 UIET B pyclle MeraTeHACHIIUY BIUSHUS [TH (-
POBBIX TEXHOJIOTHI Ha Pa3BUTHE IKOHOMUKU U 00IIIe-
ctBa [1]. Llersr Ha 060pymOBaHHE U MMPOTPaMMHOE 00e-
crieueHue U(POBBIX TEXHOJIOTUN OYAYT MOCTEIIEHHO
CHIKATHCSI, UTO CIEIIAET CeNTbCKOe X03SHCTBO 4.0 6omee
JOCTYITHBIM M PACIIPOCTPAHEHHBIM 110 BCEMY MUDY.

Ucxons n3 nanubix 3a 1996-2013 r., MuHcenpxo3
CUIA n3y4us npuOBIITBHOCTH MPUMEHEHU S OTETbHBIX
TEXHOJIOTUH TOUHOTO 3eMJIeIe/ns (KaK COCTaBHOU Ya-
CTH IU(PPOBOTO CEIHCKOT0 X035HCcTBa). B 11emom Tounble
TEXHOJIOTUH MOBBIIIAIOT MPUOBLIL XO3IUCTBA HA JOBOJIb-
HO MaJyro BennuuHy. Tax, 11 aMeprKaHCKON GepMBbI
CPEIHEro pa3Mepa, BO3/IEIbIBAIOIIEH KyKypy3Y, [TOBbI-
CUTB IIPUOBIITb TIOMOTYT CJISTYIONIUE MEPOITPHUATHS [2]:

- COCTaBJICHHE KapT ¢ Ucnoiab3oBaHueM GPS yBe-
JUYUBAET ONEePALMOHHYIO MPUOBLIb MouTH Ha 3%, a
YUCTYIO MPUOBLIH — ITOYTH Ha 2%0;

- CUCTEMbI aBTOMATUUYECKOT'O BOXKIEHUS — Ha 2,5 U
1,5% cOOTBETCTBEHHO;

- nudpepeHInPOBaHHOE BHIITOTHEHNE TEXHOIOT H-
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yeckux onepanuit — Ha 1,1% B oOoux ciayuasx.
IlepBas rpynia u3 yka3aHHBIX TEXHOJIOTUH — camasd
pacnipoctpanenHas. Hampumep, B 2010 1. B CIIIA mou-
TH TIOJIOBUHA XO3SIHCTB, BBIPAIIUBAIONINX KYKYPY3y U
npeactasisomux 70% Bcel MOCEBHOM MIIOIAAH 10
9TOM KyJbTYpe, IPUMEHsIIa MOHUTOPHI ITPH yOOpPKE ypo-
*asi. B cBoro ouepens, TeXxHOIOTHH TUQPEpEeHITTPOBAH-
HOT'0 BO3JIEHCTBUS HE TaK MOMYJISPHBI: B TOM e 2010 1.
WX UCTIONb30BaH ouTHu 20% X03MCTB, BRIpAIUBAIO-
LIUX KyKypy3y U 3aHuMaromux mesee 30% Bcell moces-
HOM IUIOIIAIH, 3aHATOU 3TOM KyJIbTypoi. TexHonoruu
TOYHOT'O CEJIBCKOT'O XO3SIHICTBA OCTAIOTCS BEChMa JIOPO-
TUMU, U UX TPUMEHEHHUE BO3PACTAET MPSIMO IPOIOPLIH-
OHAITPHO pa3Mepy IMOCEBHBIX IIIOIIAAeH X03sicTBa [2].
LudpoBoe cenbckoe X03IHUCTBO B Bepcuu 5.0 MOXKHO
TaKXe pacCMaTpPUBATH KaK IMOCIECAHIOI CTAINI0 MeXa-
HU3AINH CeTLCKOTO X03SHCTBA, KOT/Ia aBTOHOMHBIE Ma-
HIMHBI yIIPABJISIFOTCS HA OCHOBE IU(PPOBBIX TEXHOJIOTUH,
0e3 yuactus genoBeka. CelnbCcKoe XO3IHUCTBO C TOUKH 3pe-
HUS Pa3BUTHS TEXHUKH JBUKETCS B CTOPOHY BCe OOIb-
et aproMaTu3anuy u podorusanun. Cutyamus B Ha-
niell CTpaHe HECKOJIbKO MHASl, TIOCKOJIBKY MOCTIE pacha-
na CCCP xonuuecTBO CeNbX03TEXHUKH B aOCOTIOTHOM
U OTHOCHUTEIIEHOM MCYHCIIEHUHU HEYKJIOHHO COKpAIaeT-
cs 3, 4]. ITo mannusiM Poccrara, B kon1e 2017 I. B cellb-
xo3opranuzanuax Ha 1000 ra mamrHu MpuxoausIocs 3
TpakTopa, a Ha 1000 ra moceBoB 3epHOBBIX KYJIbTYp — 2
3epHOYOOPOYHBIX KOMOAaliHa, U3 ToJa B IO/l BO3pacTaeT
Harpy3ka (IUIoIa Ik ManTH/TIOCEBOB) HA OTHY MAIITUHY.
CormnacHo paszpaborannoii CEM A nepuoau3aiuu
Pa3BUTHS aTPaApHOTO MPOM3BOJCTBA MPOOIEMa HEXBAT-
KU CEIbX03TeXHUKU B Poccuu JeXUT B MIIOCKOCTH CENlb-
ckoro xo3siicTBa 2.0. B HacTosIee BpeMs UIeT pa3pa-
00TKa MOATIPOT PAMMBI TT0 TUPPOBOMY CETECKOMY X035IH-
CTBY B paMkax denepaibHON HAYUHO-TEXHIUECKOM po-
rpaMMBbI Pa3BUTHSI CENILCKOT0 X03siicTBa Ha 2017-2025 rr.
(yTBep:kaeHa noctaHoBieHueM IlpasurensctBa Poccuii-
cxoit Denepanmu Ne 996 ot 25 aBrycra 2017 1., ¢ U3MeHe-
HUSIMU U TonIoJTHeHUsIMH). MuHcenbxo3 Poccnn nHuIu-
upoBaJ npojjeHue I'ocyrapcTBeHHON TPOrpaMMBbl pas-
BUTHUS CETTLCKOT'O XO3SIUCTBA M PETYINPOBAHUS PHIHKOB
CEJIbCKOXO3AUCTBEHHOM IPOJYKLIUH, CHIPbS U ITPOJOBOJIb-
cTBUs Ha tepuoA 10 2025 1., Ky1a BKIIIOUIII BEIOMCTBEH-
HBII TpoekT «L{uppoBoe cenbckoe X03IUCTBOY.
AXTyaTbHOCTH Pa3BUTHS IIU(DPOBBIX TEXHOIOT U
OCHOBBIBAETCS HE TOJIBKO Ha CTPEMJICHUU NTOBBICUTH
3((HEeKTUBHOCTP CEITHCKOXO3SUCTBEHHOTO MTPOU3BO/I-
CTBa, HO ¥ HA HEOOXOTMMOCTHU COKPATUTH TEXHOJIOT -
YeCKHUH pa3pbIB Mexay Poccuell u 3amaiHpIMU CTpa-
HaMH, 00€eCITIeYnB TeM CaMbIM 3aJiell B o0racTu Ghop-
MHPOBaHUS UPPOBOTO CENBCKOTO XO351CTBA.
Hayunble noaxoan! kK un)poBu3auu TeXHOJIOI U-
YeCKHX OlepaIuii BO3/1eIbIBAHUS CeJTbCKOX03sIiiCTBEH-
HBIX KYJbTYP
OnmHOM U3 IBIDKYIIHUX CHIT ITU(PPOBU3AIIUH CEITHCKO-
IO X035#CTBa CTAJI0 TOYHOE 3eMJIeIeINe, B KOTOPOM Ha-
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YaJIu MU POKO MCIIOJIb30BaTh HHPOPMAITMOHHO-KOMMY-
HukanuonHele TexHomorun (MKT). IToatomy paccmo-
TPUM, KaKHe JIEMEHTHI TOYHOTO 3eMJICIICITHS HE0OXO0-
JIUMO UCIIOJIB30BATh MPU BHITIOJTHEHUU TEXHOJIOTUYe-
CKOT'O TIpOIIecca BO3METBIBAHNS PACTEHUH, YTOOBI YCITETI-
HO OCYIIECTBUTD €ro nudposusaiuio (mabauya) [5).

IIpencraBnenHas KjaccupuKausa TEXHOJIOT I TOY-
HOT'0 CEJTbCKOT0 XO3SHCTBA OOJIETUNT IU(POBU3ALIIIO
TEXHOJIOTUYECKOTO ITPOIIeCCa BO3ACTBIBAHMS CETBCKO-
XO3SIUCTBEHHBIX KYJIBTYD.

HuddepeHnrpoBaHHOE BHITIOJTHEHUE TEXHOJIOT -
YECKHX OTepaIruii mo3BoIuT [6]:

- MOBBICUTB 3 (EKTUBHOCTD CEITbXO3MPON3BOICTBA;

- COKpaTHUTh 3aTpaThl yI0OpeHUH, TOCEBHOTO Ma-
tepuasia u ['CM;

- YMEHBIIIUTD 3aTPSA3HEHIE OKPYKAIOLIECH Cpebl;

- YCOBEPIIEHCTBOBATh CUCTEMY IIPUHSITHS yIIPaB-
JIEHYSCKUX PEIICHUI;

NEW TECHNICS AND TECHNOLOGIES

- CHU3UTb PUCKH, O0YCIIOBJIEHHBIE IPUPOTHO-KITH-
MAaTHYECKUMHU, TTOTUTHICCKUMH U COITUATFHO-3KOHO-
MUUYECKUMH PaKTOPaAMU;

- YIY4IIUTh BEJCHUE yUeTa.

LudpoBoe ceabckoe XO3UCTBO (CEITBCKOE XO3STH-
cTBO 4.0) moapasymeBaeT HeuTo OOJIbIIee, YeM MPOCTO
TOYHOE CETLCKOE X03SUCTBO (CEbCKOe X035HUCTBO 3.0).
JOMTOTHUTENBHO K TEXHOJIOTUSIM, 0003HAYEHHBIM B
mabauye, HEOOXOIUMO J0OABUTD 3JIEMEHTHI, KOTOPBIE
MOSIBUJIUCH B paMKax ITU(PPOBON IKOHOMHUKH:

- TEXHUYECKOE 3PEHUE;

- HHTEPHET BeLlEH;

- po6OTHI;

- ICKYCCTBEHHBIN UHTEILIICKT;

- OJIOKYEIAH.

Cpenu BbIIICEHA3BAHHBIX HU(PPOBBIX TEXHOJIOT UM
noapoOHee OCTAHOBUMCST Ha MHTEPHETE BEIIEH, T10-
CKOJIBKY OH OTpa)aeT MHTEerpajbHOe, CHCTEMOOOpa-

LECLUTE Table

KnaccuonkAuus TEXHONOrMA TOHHOFO CENTbCKOMO X035IICTBA
TAXONOMY OF PRECISION FARMING TECHNOLOGIES

I'pynnbl TexHo10rMi
A group of technologies

Texnosorun / Technologies

TexHomoruu cobopa gaH-
HBIX
Data acquisition

BOXICHUSA arperaToB U Ap.

I'moGanbHbIC CITYTHUKOBBIC CUCTEMbI HABUTAITUU, UCITOJIB3YEMBIC IJI1 COCTABJICHUS SJICKTPOHHBIX KapT,

Global navigation satellite systems used for mapping, guidance etc.

technologies

' ¢

TexHoMIOrNY cCOCTaBIICHUS KapT (penbeda moss, 00ecneYeHHOCTHU ITOUBbI JIEMEHTAMU ITUTAHUS, ypOXKali-
HOCTH) ¢ ucnoiab3oBanueM [ IC
Mapping technologies (elevation maps, soil mapping, yield mapping), GIS

TexXHOJIOTUH MOJIyUYeHUs UHPOPMALIUU O CBOWCTBAX [TOYBBI U PACTEHUH (HA OCHOBE KAMEP M CEHCOPOB) C
HCIIONIb30BaHMEM Ha3eMHBIX TEXHUYECKHX cpeacTB u BITITA

Data acquisition of environmental properties technologies (based on cameras and sensors), using
unmanned ground and aerial vehicles

ManHsl 4 IporpaMMHOE oOecniedeHne A1 TEXHOJIOT Uil cOopa JaHHBIX (TPAKTOPHI C UCIIOIB30BAHUEM
MexgyHapogHoro nporoxona ISOBUS, BITJIA, 6ecniuioTHbIe Ha3eMHbIE TPAHCIIOPTHBIE CPEICTBA, UH-
(hopManMOHHBIE CHCTEMBI YIIPABIEHNU S CETTbCKOX03IHCTBEHHBIM IPEAIIPUATHEM, IIPOr PAMMHOE obecrie-
YeHUe I MOHUTOPUHTA U TPOTHO3UPOBAHUSI YPOKAHHOCTH U JP.)

Machines and software for data acquisition technologies (tractor sensing systems using /SOBUS,
unmanned aerial vehicles, unmanned ground vehicles, farm management information systems, software
for crop monitoring and forecasting etc.)

TexHonoruu nepeagauu
JTaHHBIX

Data transfer
technologies

MobunpHas cBsi3b / Mobile communication

CBs3p LPWAN
Low-Power Wide-Area Network

HuTtepHeT (6ecpoBOAHOMN, IIUPOKOTIOIOCHBI)
Internet (wireless, broadband)

TexXHOJIOTUU aHAIH3a U
OLICHKU JaHHBIX
Data analysis &
evaluation technologies

TexXHOJIOTUH aHAJIM3a JAaHHBIX [UIsl BBIJIETICHUs] OMHOPOAHBIX 30H B IIpeeIiax MoJIs
Management zone delineation

CHcTeMBbl MOMICPKKU MPUHATHS PEIICHHI
Decision support systems

MNubopmanmoHHbIe CHCTEMBI YIIPABIEHHUS CETbCKOX03SHCTBEHHBIM NIPEAIPUITHEM
Farm management information system

PaboTa ¢ 60IbIIMM 00HbEMOM TaHHBIX, O0JaYHbIE BEIYUCICHUS
Big data, cloud computing

Texnomoruu nuddepeH-
LIUPOBAHHOTO BO3/IEH-
CTBHS HA CUCTEMY «I10-
YBa + pacTEeHUE»
Precision application
technologies (soil +
plant)

Texnonoruu quddepeHIUPOBaHHOIO IpUMeHeHU (IuddepeHINPOBAHHOE BHECCHIE MUHEPAJIBHBIX,
OpPraHUYECKUX, H3BECTKOBBIX YIOOPEHHMIA, CPEICTB XUMUYECKOU 3TN THI pACTeHUH, nrddepeHnnpoBaH-
HBII [TOCEeB, TOUHOE (PU3MUECKOE YHUUTOKEHIE COPHIIKOB, TOYHOE OPOIICHUE U P.)

Variable rate application technologies (variable-rate application fertilizer, manure, lime, pesticide,
variable-rate seeding, precision physical weeding, precision irrigation etc.)

TexHOJIIOTUU BOXKICHHS (KOHTPOIHPYEMOE IBHKEHUE TI0 MOJTI0, ABTOMUIIOTUPOBAHUE)
Guidance technology (control traffic farming, auto-guidance systems)
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3yIOIlee MOHSATHE B 00IACTH U POBU3ALIIH CETHCKO-
IO XO3SMCTBA.

HuTepHer Bemei 1151 (u(PPOBH3ALUU CETHCKOT0
X034licTBa

Ludposoe cenbckoe X03ICTBO MO COAEPKAHIIO
MPEACTABIISIET COOON TOUHOE CEIbCKOE XO3SUCTBO, a
o popme — 3To mHTEpHET Bemei. [IpuBeaem onpene-
JICHUS 3TUX JBYX ITOHSTHIA.

TouHOe ceThCKOe XO3UCTBO — TPUMEHEHME TEXHOJIO-
THA ¥ TIPUHITAIIOB JJISl HCTIONb30BAHUS IIPOCTPAHCTBEH-
HOU ¥ BpEMEHHOM U3MEHUUBOCTH, CBS3aHHON CO BCEMU
aCIIEKTaMU CEJTbCKOXO3SIHCTBEHHOTO TTPOU3BOJICTBA, C
LETIBIO MTOBBIIIEHUS YPOXKAHHOCTH U Ka4eCcTBa OKPYyKa-
rorneit cpenpl [7, 8]. OHO HalleJIeHO Ha YYeT 0COOEHHO-
CTel TOTO MM MHOTO YYacTKa IOJIsl PH Mocajke (rmoce-
Be), yXofe, yOOpKe CeIbCKOXO3SIIICTBEHHBIX KYJIBTYP.

HuTepHeT Bereil — KOMIBIOTEpHAS CETh UACHTU(U-
IUPYEMBIX (PU3UUECKUX ITPEIMETOB, OCHAIIICHHBIX CEH-
copamu, 00J1aJAIOIIUX BCTPOCHHBIM HHTEIIJIEKTOM, CIIO-
COOHBIX B3aMMOZEHCTBOBATD C APYTUMH ITpEIMETAMH
u mronbpMu uepe3 Unutepret [9]. KonuenTtyansHo nHTEp-
HET BeIel COCTOUT U3 TPeX YPOBHEH: TPEIMETOB, CeTe-
BOT'0 U NporpaMMHoro obecneuenus (puc. 1) [10].

TexHONMOTUY MHTEPHETA BEIeH MOTYT OBITH MHTET PH-
POBAHBI B TOUHOE CEBCKOE XO3SHCTBO B PA3IMYHBIX aCTIEK-
Tax JIsl OBBITIECHUS 3 (PEKTHBHOCTH U TTPON3BOIUTEIb-
HOCTH CEIIbCKOTO X03sHCcTBa. MIX MOXKHO pa3JenuTs Ha
Tpu rpynisl (puc. 2) [11]: 1oxanbHbIi cOOp JAHHBIX, UX
AHAJIN3 U BBITIOJTHEHUE CETHCKOXO3HCTBEHHBIX OTepa-
Ui nHTepHeTOoM Benleil. [locpencTBoM nHTEpHETA Be-
el TOUHOE CEIBCKOE XO3SICTBO CTAHOBUTCS JEMCTBU-
TEJTBHO MU(PPOBBIM (CeNTbcKoe X03sHcTBO 4.0). Mcnons3o-
BaHHE UCKYCCTBEHHOT'O MHTEJJIEKTA U pOOOTOB IIPUBO-
IUT K pOOOTU3AINH CETbCKOTO X03s1iicTBa 5.0 (puc. 2).

PaccmoTpuM nogpobHee BILIEYTIOMSIHY ThIE TPYII-
Bl TEXHOJIOTUY MHTEPHETA BEIEH MPUMEHUTEIBHO K
pacteHueBoncTBy. OCHOBHBIE OIEPAIINH 1O BO3/IEIbI-
BAHMUIO CETLCKOXO3IMCTBEHHBIX KYJIBTYP — 3TO 00pa-
00TKa MOYBHI, IPUMEHEHHUE yI0OpEHUH, IIOCEB, YXO/I,
ybopka ypoxxas. Bce yka3zaHHBIE olepaliiii MOT'YT ObITh
BBITIOTHEHBI B paMKax MapaJ T Mbl HHTePHETA BEIIEH.

1. JlokanvHblii c60p TAHHBIX OCYIIECTBIISIETCS 1O
CIIEYIONAM TTO3UITHSIM:

1) arpoHOMUYecKre TaHHBIE (TTTyOMHA TI0CceBa ce-
MSTH, PACCTOSTHUE MKy CEMEHAMM, TYCTOTA CTOSTHUS,
BHECEHHBIE yIOOPEHUSI U IECTUIIUIBI, BIIA)XHOCTD U
TeMmIepaTypa 3epHa npu yoopke u ap.) [12-15];

2) maHHBIE 0 IOYBE (pacHpeieTIeH e MU TATEIbHBIX Be-
IIECTB B MTOYBE, €€ BIAXXHOCTH IIPH MOCEBE CEMSH U JIP.);

3) maHHEBIE O CENTLCKOXO3SHCTBEHHOM TEXHUKE (CKOPOCTB,
HarpaBlieHHe BIKEHN 1, TOTPeOJIeHNe TOTUINBA, TAHHBIE
THIPABIUKY, paboTa IBUTATENS, AUATHOCTUKA U JP.).

CO0p MaHHBIX TPEIOCTABIISET CBEICHUS O ITapame-
Tpax MOYBHI U CTaTyce/ypOXKaHOCTH Ha KaXIOM y4acT-
K€ JIJIs1 ITOCIIEAYIONIETO YITPaBIICHUS TEXHOJIOTHUECKU-
MH OTepalusIMU: TTOCEB, BHECEHHE yIOOPEHUH, TPH-
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YpoBeHb NPOrpaMMHOro odecrneyeHns
Application layer

TpunosxeHus HHTEPHETA Bellel (mporpaMMHoe obecreueHne 1 KOOPAHHALNN
JeHCTBHUi JTF0/Ieil, TPeIMETOB, CHCTEM C OIPE/IeICHHON LEeIbI0)

Software that coordinates the interaction of people, systems, and things/devices
for a given purpose

Ynpasnenne 1aHHBIMH (IPOrpaMMHOE 00ecTieYeH e ISl YIIPaBJICHUS JJaHHBIMU
paMKax MHTEpHeTa Beleit)
Data management (software to manage data within an IoT)

Vupasnenue npoueccamu (IporpaMMHOe 00ecrieueH e st YIpaBIeHUs
MpoLIECCaMK B paMKaxX MHTEPHETA BELICH)
Process management (software to manage processes within an IoT)

IIporpammuoe obecniederne cpessl GyHKIMOHNPOBaHus (I1aTdhopma)
TIPUJIOKEHUH HHTEPHETa Belei

Application development and execution environment to create loT
applications(application platform)

JlpaiiBepa npeameTon
Drivers of things

YpoBeHb ceTeBOro odecneyeHust
Connectivity layer

CeteBble IIPOTOKOJIbI, CETEBOE 000PY10BaHKE, 00JIAKO
Network protocols, network infrastructure, the cloud

YposeHn npenveroB
Things layer

IMpenmers! (BKIIOUas BCTPOCHHOE NPOrpaMMHOE obecreyeHue)
Things (including embedded software)

KommnoHeHTsI: BCTPOCHHBIC CEHCOPBI, aKTyaTOPhI, IPOLIECCOPEI, ITOPTHI
HO}IKH}O‘]CHH}I/&HTCHHH

Components: embedded sensors, actuators, processors, and connectivity
ports/antennas

Puc. 1. Apxumexmypa unmepuema eeuyeti
Fig. 1. Architecture of the Internet of things

MEHEHHeE CPECTB 3aIUTHI pacTeHUH, ToauB U Ap. Ero
OCYILECTBJISIOT [IABHBIM 00pa30M JIByMsI CIIOCOOAMU:

- MpUMEHEeHVe MHOTO(DYHKIIMOHATIEHEBIX YCTPOMCTB,
OCHAIICHHBIX CUCTEMAaMU TEXHIYECKOT'0 3PEHUS 15
JMUCTAHIIMOHHOT'O 30HINPOBAHUS IIOYBHI U PACTEHUH,
BKJTIOYAs CIIY THUKH, CEIIbCKOXO3ICTBEHHBIE CAMOJIe-
TBI, BO3nylIHbIe mapsl U BITJIA;

- ICTIOJIb30BAHHUE TaTYMKOB, YCTAHOBIICHHBIX B pa3-
HBIX MeCTaXx celbXxo3yroauii. Pazpadoransl nuBepcudu-
U POBAHHBIE TATUUKH [IJIS1 M3MEPEHHUSI BIIAXKHOCTH, TEM-
MepaTypbl, ypOBHS HUTPATOB U Tak jajee. Bece nanuble
JIOJDKHBI BKJTIOYATh MH(HOPMALIUIO O MECTOIIONIOKEHUH,
TJIe OHM OBLIY TIOJTy4eHBI. DTa HHPOpMaIns oObIYHO Te-
HEpUpyeTcs Ha yeTpoicTBax G PS v ncnonb3yeTcs B Jajb-
HeimeM pu nuddepeHITTPOBAHHOM BHITIOTHEHNUHU CO-
OTBETCTBYIOIIEH TEXHOJIOTMUECKOM ONepaIiny.

O0BeM reHepUPYEMBIX TAHHBIX MOXKET OBITH OTPOM-
HBIM (big data). Hammpumep, mpemnaraemoe GpupmMoi
Farmobile (CIIIA) B xauecTBe cTapTara pelieHue mo
paboTe ¢ TaHHBIMU IIpexycMaTpUBaeT cOOp TaHHBIX
KaX Y0 CEKYHIY, TAK YTO JIJIs1 KPYITHBIX XO3SICTB Ta-
KUe JAHHBIE aBTOMATUUYECKH CTAHOBSITCS OOJIBITUMMU.

I'enepupyemble TaHHBIE TIEPENAIOTCS IOCPENICTBOM
OecIPOBOIHBIX CETEBBIX TEXHOJIOTHH B 00IaUHOE Xpa-
HUJIUIIE 17151 00pabOoTKHU U MpUHSTHS pemeHuit. Coop
JIAHHBIX, UX TIepeiavy, aHaJIUu3 U XpaHeHUeE, KaK ITpaBU-
JI0, OCYILIECTBIISIET CENMATN3NPOBAHHAS KOMIIAHNU S, C
KOTOPOH CeNbXO3MPOU3BOIUTENH 3aKITI0YAET TOTOBOP
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Decision-making

HTEpdeiic
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Storage
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Cloud computing

MuTepher
Internet

BecnnioTHbIE NeTaTebHbIE/HA3EMHBIC AllapaThl
nmanned aerial/ground vehicles

€HCOPBI
CNSOrs
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S

JoKanbHbii c60p AaHHbIX

Local data collection

* M — uckycctBeHHbI naTeiuiekT / Al — artificial intelligence

Puc. 2. Humepnem gewjeil Kax cywHoCmb CeibCko20 X03icmed
4.0u 5.0
Fig. 2. The Internet of things as the basis of agriculture 4.0 and 5.0

0 IPEIOCTABICHUM TAKUX YCIYT. DTa KOMIAHUS MOXKET
001a1aTh COOCTBEHHBIM 00JIAKOM JTHOO 3aKITIOYUTH CO-
OTBETCTBYIOIIUI TOTOBOP 00 UCHOIB30BaHIH UH(Pa-
CTPYKTYPHI TPEThEH OpraHu3alluu, HalpuMep Amazon
(kak B citydae BBITIICYIIOMSIHYTOH hupMsl Farmobile).
2. Ananu3 0aHHBIX HA OCHOBE 0ONAUHDBLX GbIYUCTE-
HUL U npUHAMuUe peulenuti OCYIIECTBISETCS Ha OCHOBE
BBIUUCIICHUH COTJIACHO pa3pabOTAHHOMY IPOTPaMM-
HOMY 00€CIIEUCHHIO ITOCTABIIUKA YCIYT MO yIIpaBIie-
HUIO TaHHBIMU (C TPUBJIEYEHHEM HCKYCCTBEHHOTO UH-
TeJuteKkTa uiu 6e3 Hero). [[puMeHSIOT HHTEIeKTya Ib-
HBIN aHATIN3 TAHHBIX (data mining) © MAIIMHHOE 00yYe-
uue. [IpencraBuTenu Xo3sMUCTBA — 3TO TOJIBKO MOIB30-
BaTeNH. 3a COOTBETCTBYIOUIYIO ATy UM IIPEIOCTAB-
JISIOT BECh CIEKTD yciyr. Hanpumep, cTaHAapTHEIH a-
KeT aMepuKaHCKo# (pupMbl OnFarm 1o ynpaBJIeHUIO
CEITbCKOXO3SIHCTBEHHBIMH JAHHBIMU CTOUT 50 TOIIII. B
MEC., a TpeIHA3HAYEHHBIH 1J15l KPYITHBIX XO35UCTB IJIaH
crouT yxke 250 1oJ1. B Mec., UMeeTCs TaKxke Oecriat-
HbIN 1aH. [{1g ananu3a ganubix OnFarm UCnonb3yeT
pa3paboTaHHBIC YUYCHBIMH CIIEITUAIBHBIE MOAeH. Ta-
KIe JKe YCIIYTH 10 paboTe ¢ OONBIINM 00beMOM JAHHBIX
MpeJJIaraeT, HapuMep, UTalbsiHcKas Komnanud OMICA.

NEW TECHNICS AND TECHNOLOGIES

PesynbraThl aHaM3a TaHHBIX U PEKOMEHTyeMble
JIECTBHUS MOTYT OBITH BHIBEJICHBI HA KOMITBIOTED ITOJTh-
30BaTells BU3yaau3alueil JaHHbIX.

3. Buinonnenue cenbckoXo3aticmeeHHbLX Onepayul,
noooepotcusaemvlx unmeprHemom geuyeti. Texanomornn
MHTEpPHEeTa Bellel MO3BOJISIIOT IIOJTHOCThIO AaBTOMATHU-
3UPOBATH BCE BBHITIOJHIEMBIE CEITbCKOXO3SIIICTBEHHBIE
omnepanyu: o6paboTKy MMOYBHI, BHECEHUE YIOOPEHUIA,
MOCeB, yX0I, yOopky ypoxkas. Kaxmoe TpancnopTHoe
CPEICTBO IS BBITIOTHEHUS ONIepaIluid JOIKHO OBITh
ocHameHo cuctemamu GPS/TJIOHACC u T'HMC.

Omnepanny BBEITIOJTHSIOT C UCTIOJIb30BAHUEM CEITh-
CKOXO3SMCTBEHHBIX YCTPOUCTB, MAIIIMH, TPAHCIIOPT-
HBIX CPENICTB Ha OCHOBE PEIICHU NN KapT, CTeHEepU-
POBaHHBIX Ha 3Tane 00JIaYHbIX BeIYrcIeHnil. CBs3aH-
HBIE KOMaHbI YIIPaBICHUS IiepenatoT uepe3 Uarep-
HET Ha CeJTbCKOXO035HCTBEHHbIE MAIIMHBI, KOTOPbIE TTPH
nomoru 'MC 6ynyT 06pabaTeiBaTh TOUHO (ONTUMAIIb-
HO) Ka)K/IBIH Y4aCTOK TTOJSI.

BbiBoabl. OTHOIIEHNE K TUPPOBOMY CEITHCKOMY
XO3SIUCTBY KaK COOCTBEHHO ITU(PPOBOMY OIINOOUHO,
MTOCKOJIBKY Cy’KaeT ero copepkanue. bojee 00bekTH-
BEH UHTErPAJIbHBIN [TOAXO0/I, KOTAa BCE YPOBHH — «Me-
XaHUYECKUI», «TOUHBINY, KIIHPPOBOI» — paccMaTpu-
BaIOTCS KaK YaCTH OJTHOM U TOH ke cuctemsl. [ocynap-
CTBEHHASI TIOJINTUKA B OOJIACTU PA3BUTHS CEIILCKOTO
X035IHCTBA NMPpU NUPPOBU3AIIUY TOJDKHA YIUTHIBATh
clleAyIoLe Npoo6IeMB:

1. HexBaTKa cebX03TEXHUKH CBUAETENBCTBYET O 3a-
MEJICHHOM Pa3BUTUU MEXaHU3UPOBAHHBIX TEXHOJIOT Hif.

2. Caboe BHEIPEHNE TOYHOTO CEIBCKOTO XO3SIHUCTBA
CTallo CJIeICTBUEM OTCYTCTBHUS OMBITA PAOOTHI C TaHHBI-
MU TEXHOJIOTUSIMU B OOJIBIIIMHCTBE CETbX03MPEII PUSTHI.

3. HemoctaTo4Hoe KOMTHYECTBO BEAYIINX POCCHICKIX
kommanuii B cepe /7 (aHATOTMUHBIX 3apyOesKHBIM Amazon,
Apple, Google, IBM, Intel, Microsoft u np.) ocnadmisiet mo-
TeHI[UAJIbHbIE BO3MOKHOCTH ITPOPHIBA B CO3/IaHUH U pa3-
BUTHUH TAKUX PEBOJIOIOHHBIX TEXHOJIOTUM, KAK HHTEP-
HET Belllel, ICKYCCTBEHHBI HHTEIIEKT, POOOTHI.

O061mue peKoMeHAANY 110 HU(GPOBUZALIUU CEIIb-
cKkoro xo3siicTBa Poccuu cnemyromniue:

- U POBU3ALIUIO CETTbCKOXO35UCTBEHHOT O MTPOU3-
BOJICTBAa HEOOXOAMMO ITPOBOAUTH HA (POHE POCTA €T0
MeXaHU3allUH (IHEPTOHACKHIIIIEHHOCTH);

- 1711 BHEIPEHMS TEXHOJIOT M TOYHOTO CEJIHCKOTO XO-
31CTBA M IUPPOBOTO CEIBCKOTO X03I1UCTBA HEOOXOIIMO
OpraHM30BaTh (PUHAHCUPYEMBbIE TOCYIAPCTBOM LIEHTPBI
00y4eHMs pepMepOB MPUMEHEHHIO TAHHBIX TEXHOJIOTHIA;

- cleyeT pa3paboTaTh MEPHI IO YCHIIEHUIO pa3BH-
tus cpepsl 7 B Poccun.
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NPEANOCEBHAA OBPABOTKA CEMSH PRESOWING TREATMENT OF SEEDS
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NpeanoceBHas o6paboTka ceMsiH 3epHO6060BbIX KYNbTYpP
B MarHATHOM none

Baaaumup Bukroposuu Ko3bipckuii, Buraanii BacnaseBnu CaBueHko,
JIOKTOP TEXHUUECKUX HayK, ITpodeccop, KaHIUAAT TEXHUYECKUX HAYK, JOLICHT;
e-mail: epafortl@ukr.net; Anekcanap IOpbeBny CUHABCKUIA,

KaHIMAAT TEXHUYECKUX HAYK, JOLIEHT
HammonanpHBIN yHIBEPCUTET OMOPECYPCOB U MMPUPOAOTIONB30BaHMS YKpanHsl, I. Kues, Ykpanna

Pedepar. [1penmnoceBnas 06paboTKa ceMsIH B MATHUTHOM TI0JIE TTO3BOJISET YBETIMYUTh YPOXKAMHOCTD CETbCKOXO3SHCTBEH-
HBIX KYJbTYP, TOBBICUTh KA4ECTBO IIPOAYKIIMH M YMEHBIINTH 3200J1€BaeMOCTb pacTeHuil. (L]es uccredosanus) Y CTaHOBUTH
MeXaHM3M JEHCTBUS MATHUTHOTO TIOJIS Ha ceMeHa, ONPeenuTh Hanbosee 3hQeKTUBHBINA PekUM MPEANOCEBHON 00paboT-
KI CeMSH 3¢pHOOOOOBBIX KYJNBTYpP B MATHUTHOM TIOJI€ U KOHCTPYKTHBHBIE TapaMeTphl obopynoBanus. (Mamepuanst u
Memoovt) OnpesieNng, 4To 10/ AeHCTBUEM MATHUTHOTO TOJIsl BO3PACTAET CKOPOCTh XMMUUYECKUX 1 OMOXUMHUYECKHX pe-
aKIUHA B KJIETKAX PACTEHUH, YCIIMBAETCS TPAHCIOPT MOHOB M MOJIEKYTT Yepe3 KJIETOUHYI0 MEMOpaHy U TOBBINIACTCS €€
MPOHUIIAEMOCTb, BCIIEAICTBHE Yer0 YIYUIIAOTCS TOCEBHbIE KAUeCTBA CEMSH M yBEMUIMBAETCS yposkaitHOCTh. [1poBenu akc-
MEePUMEHTAIbHbIE UCCIIEOBAHMS CEMSH ropoxa copta Anarymckuii u gacomu copta ['puboBcKuit, MCONB3YS METOL A~
HUPOBAHWS JKCTIEPUMEHTA. B kadecTBe (hakTOpOB BHIOPATN MATHUTHYIO HHAYKITHIO U CKOPOCTh IBIKEHUS CEMSH B Mar-
HUTHOM 110J1€. (Pesynomamot u 0ocyscdenue) Ilokazanu, 4To Opy MOBBIIEHNH MATHUTHON UHAYKIME oT 0 10 0,065 Tecmb
SHEPTHS MPOPACTAHHUS, BCXOXECTh CEMSIH, OMOMETPHUECKHE TTOKA3aTeNH, YPOKAHHOCTh TOpoXa U (hacolli cHavaIa BO3-
PACTAIOT, a 3aTeM CHIDKAETCS. BBIABIUIN, UTO MCIIONB30BAHUE YETHIPEXKPATHOTO TIepeMarHUUMBaHUs yCUITHBAET 3hdeKT
MarHuTHOM 00paboTku cemsiH. CKOPOCTh IBIKEHHS CEMSIH BIMSET 3HAUMTEIHLHO MEHBIE, YeM MATHUTHAS MHIYKIIHSL
Onpenenmin Hanbosee 3QPEKTUBHBIHN peKIM 00pabOTKH ITPU SHEPTETUUECKOH 03¢ 00paboTku ceMsH ropoxa — 1,90, dpa-
comu — 1,86 IKOYIb-CeKyHIbI HA KIJIOTpaMM IpH momocHoM aeneru 0,23 metpa. Co3nany yCTaHOBKY I IPEATIOCEBHON
00pabOoTKH CeMSIH B MATHUTHOM T10JI€, KOTOPAasi COCTOUT M3 YEThIPeX Map MAaTHUTOB, YCTAHOBIICHHBIX MAPAUIETbHO HAT U
TOJ[ JIEHTOM TpaHCIOpTepa C IePEMEHHO MONIPHOCTBIO. (Bbigodsr) YcTaHOBUIM Hanboee 3QPEKTUBHBIA PEKUM TIPe[-
TIOCEBHOH 00paOOTKH CeMSH 3epHOO0O0BHIX KYIBTYp B MATHUTHOM T0JIe; MarHUTHAS UHAYKIWMS 0,065 TECIbI Mpu YeThl-
PEXKpPaTHOM IMepeMarHHYMBaHNU U CKOPOCTh JBWKEeHHs TpaHcmopTepa 0,4 MeTpa B CeKyHIy 00eCIIeunBalOT TOBBIILIEHHE
ypokalHOCTH ropoxa Ha 42 mpolieHTa, Gaconu — Ha 23 mporeHTa.

KiroueBsbie cioBa: mpeamnoceBHas 00paboTKa CeMIH, TOPOX, (acollb, MATHUTHOE TI0JIe, MATHUTHAS HHIYKITUS, TIOJTFOCHOE
JIeNIeHIe, SHEPrUs IPOPACTAHHUSL, BCXOXKECTh CEMSH, JHEPreTHUecKas 103a 00pabOTKH, YPOKAWHOCTS.

I Jas uurupoBanus: Kospipckuit B.B., CaBuenko B.B, Cunssckuii A.YO. I1penamnoceBHast 06paboTka ceMsH

3epHOOOOOBBIX KYIBTYp B MArHUTHOM IT0J1e // Cenbcroxossiicmseennble mawiunsl u mexuonoauu. 2019. T. 13.
N1. C. 21-26. DOI 10.22314/2073-7599-2018-13-1-21-26.

Pre-Sowing Treatment of Leguminous Crop Seeds with a Magnetic Field

Vladimir V. Kozyrskiy, Vitaliy V. Savchenko,
Dr.Sc.(Eng.), professor, Ph.D.(Eng.), associate professor;
e-mail: epafortl@ukr.net; Aleksandr Yu. Sinyavskiy,

Ph.D.(Eng.), associate professor
National University of Life and Environmental Sciences of Ukraine, Kiev, Ukraine

Abstract. Pre-sowing treatment of seeds in a magnetic field can increase crop yields, reduce the incidence of plants and
improve product quality. (Research purpose) To analyze the mechanism of the magnetic field influence on seeds, determine
the most effective mode of pre-sowing treatment of leguminous crop seeds in a magnetic field and design parameters of the
equipment. (Materials and methods) The authors have determined that under the influence of a magnetic field, the rate of
chemical and biochemical reactions in plant cells increases, the transport of ions and molecules through the cell membrane
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increases, and the membrane permeability increases, so the sowing qualities of seeds improve and their yield increases.
Experimental studies were carried out with seeds of "Adagumsky" peas variety and "Gribovsky" beans variety, using the
experiment planning method. Magnetic induction and the velocity of seed movement in a magnetic field were taken as
influencing factors. (Results and discussion) With a change in the magnetic induction from 0 to 0.065 T, the germination
energy, germination, biometric indicators, and the yield of peas and beans increase, while with further increase in magnetic
induction they decrease. It has been revealed that the use of four-time magnetization reversal enhances the effect of magnetic
seed treatment. The velocity of seeds is a less significant factor than magnetic induction. The most effective treatment mode
occurred at an energy dose of 1.90 J-s/kg for peas and 1.86 J-s/kg for beans, which is provided for a pole division of 0.23
metre. The authors have designed a plant for pre-sowing treatment of seeds in a magnetic field, which consists of four pairs
of magnets installed in parallel above and below the conveyor belt with variable polarity. (Conclusion) The most effective
pre-sowing treatment of leguminous crop seeds in a magnetic field is a magnetic induction of 0.065 T with fourfold reversal
and a conveyer movement speed of 0.4 metre per seconds, which provides an increase in peas yield by 42 percent, and that
of beans — by 23 percent.

Keywords: peas, beans, magnetic field, magnetic induction, seed movement speed, pole division, germination energy,
germination, energy amount required per treatment, yield.

I For citation: Kozyrskiy V.V., Savchenko V.V, Sinyavskiy A.Yu. Predposevnaya obrabotka semyan zernobobovykh
kul'tur vmagnitnom pole [Pre-sowing treatment of leguminous crop seeds with a magnetic field]. Sel'skokhozyaystvennye

mashiny i tekhnologii. Vol. 13. N1. 21-26. DOI 10.22314/2073-7599-2018-13-1-21-26 (In Russian).

TS IPENITOCeBHON 00pabOTKH CEMSTH HAUMHAIOT

WCIOTB30BATh PA3IUYHbIE 3JIEKTPOPU3NIECKUES

METO/IbI, OJTNH N3 KOTOPBIX — 00paboTKa CeMsTH
B MarHuTHOM 110J1€e [1]. Ero mpeumyinecTBa 3akitoua-
IOTCS B OOJIBITION MTPOU3BOAUTEIIFHOCTH YCTAHOBOK,
HU3KHX 3aTpaTax SHEPTruu, 0€30MaCHOCTH ISl OKPY-
JKaIoLeH cpeabl M 00CTyKUBAIOIIEro IIepcoHala.

Panee ycTaHOBWIIH ITONIOXKUTEITBHOE BIIMSTHIIE Mar-
HUTHOTO TIOJIsI HA CEMEHA CelTbCKOXO03SICTBEHHBIX KYJIb-
TYP, KOTOPOE MIPOSIBIISIETCS B YIIYUIIIEHUU ITOCEBHBIX
Ka4ecTB, OMOMETPHYECKUX TTOKa3aTeel pacTeHU !,
YMEHBIIICHI U 3a00J1I€BAeMOCTH, IIOBBIIIICHUU Y POXKa-
HOCTH U KayecTBa NPOoAyKIuH [2-5].

OnHako OTCYTCTBHUE OOBSICHEHU S IEUCTBUS Mar-
HUTHOTO TI0JIs HA ITPOIIECCHI, ITPOUCXOISIINE B CEMe-
HaX, He TIO3BOJISET YCTAHOBUTH BCE BIIUSIONINE (haKTO-
PBI TPU MAaTHUTHOM 00paboTKe CEMSH U ONPENEIUTh
WX OTITUMAIIbHbIE 3HAUCHUSI.

LIEnb NCCNEQOBAHNSA — YCTAHOBUTH MEXaHU3M JIeH-
CTBUSI MATHUTHOTO ITOJIsI HA CEMEHA, ONPEIeTTUTh Hau-
6omee 3 PeKTUBHBIN PEXKUM IPEIIOCEBHON 00paboT-
KU CEMSTH 3¢pHOOOOOBBIX KYJIBTYP B MATHUTHOM TTOJIE
1 KOHCTPYKTHBHBIE ITApaMeTPbl 000pyTIOBaHUSL.

MaTEPHANBLI M METOALI. O6paboTKa CeMsIH B Mar-
HUTHOM IIOJIE BITHSIET Ha (PU3UKO-XUMUYECKIE TPOIIEC-
CBI, IPOUCXOISIIINE B HUX.

Ilon neiicTBEM MarHUTHOTO TTOJISI BO3PACTAET CKO-
pOCTh XUMHYECKUX U OMOXMMHUYECKUX pPeaKIui, KO-
TOPBIE B OCHOBHOM HOCSIT OKHCIUTEIbHO-BOCCTAHOBH-
TebHBIN XapakTep. B pesynbraTe yBennunBaeTcs KOH-
LEHTpaLus MPOAYKTOB PEAKLINU U IPOUCXOIUT CTU-
MYJISIIIHS ceMsTH [6]:

o, = w(exp m(K* B> + 2KBv,)N,/2RT), (1)

rac w — CKOpPOCThb XUMUYECKOMN PCAKIUH ITPU OTCYT-
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CTBHH MAarHUTHOTO TOJIS, MOJB/II'C;

m — IpUBEJCHHAs Macca YaCTHIL, KT;

K — xoapunmenT, 3aBucAmunii OT KOHIIEHTpaIlun
Y BUJIa HOHOB, a TAK)KE KOJIMUECTBA NIEpeMarHu4uBa-
uuit, M/(c'Tn);

B — MarauutHas ungykuus, Ti;

V — CKOPOCTH IBUKEHUS YaCTHULIBI, M/C;

N, —uucio ABoranpo, MOJIEKYJI/MOJIb;

R — yHUBepcalibHas Ta30Bast MOCTOSIHHAS,
Jx/(monpK);

T — TemnepaTypa pactopa, K.

ITpu 3TOM B pacTUTEIBHOM KJIETKE MTOBBILIAETCA
PacTBOPUMOCTH COJIEN U KUCIIOT.

H3mMeHeHne CKOPOCTH XUMUUYECKUX U OMOXUMUYe-
CKHUX PEaKIInii, a TAK)KE PACTBOPUMOCTH COJICH BIIHSI-
eT Ha OuonoTeHIan u pH cpensl [3].

B pe3ynwrare neiictBus cuibl JIopeHia ycuiausa-
eTcs TPAHCIOPT UOHOB Yepe3 KJIETOUHYIO MEMOpaHy,
YBEIUYUBASI KOHIICHTPAIINIO MIHEPATbHBIX BEIIECTB
B KJIETKE, YUACTBYIOIINX B XUMUYECKUX peaKIusx [7]:

AC, =G, fi; %(a+2IQnB/T)(a+2Km Bir)+

m(K; B*> +2K;Bv)

+ K, K, Bv)e , 2
kb ) 2RT ()

riae C;;, Cj, — KOHIIEHTPAIlU1 BEIIECTB B pACTUTEIbHBIX
KJIeTKaX, pa3aelieHHBIX MEMOpaHOM, MOJIB/T;

l;— Iy Th, KOTOPBIN TPOXOAUT HOH B MATHUTHOM I10-
e, M;

@ — nudPy3nOHHBIN TOTEHIIHA, B;

L — tonmuHa MeMOpaH#bl, M;

a — pa3Mep Iopsl B MeMOpaHe, M;

K., Ky, Ky, K; — k03 PHITUEHTEI;

7 — IOJIOCHOE JICJIEHHE, M.

MarauTHOE IT0JIe TOBBIIIAET MPOHUIIAEMOCTb MEM-

AGRICULTURAL MACHINERY AND TECHNOLOGIES « Volume 13«1+ 2019



NPEANOCEBHAA OBPABOTKA CEMSH

OpaHbI U ycKopsieT nudy3uI0 MOJIEKYII Yepe3 Hee.
BcaencTaue 3TOro yBeIMUUBAIOTCS BOJIOTIOTIONIEHUE
CEeMSH U KOHIIEHTpaIMs KUCIIopoaa B KieTke [6-9]:
K#B* + K, By
C -C 1i 2
~ ( 10, 202) e
AC=

X
2
Ea
2ky(a+K,,B/1)> e kT
X (1—e mL2 0, (©)

e k, — kodpduiuent, ¢ ';

E, —sueprus aktuBaunu guddysnn, Jx;

k —nocrosuHas bonpimana, Ix/K.

VBenuueHune KOHIEHTPAIINU KUCIOPO/Ia B KJIETKAX
IOIABIISIET IPOIlecC CTopoodpazoBaHmsl GUTOIATO-
TE€HHBIX TPUOOB, MOBBIIIAET YHEPTUIO IPOPACTAHUS U
BCXOXKECTh CEMSTH, TTOJIOKUTETBHO BIIUS HA ypOXKai-
HOCTB CEIbXO3KYJIBTYD.

Cemena ropoxa copTa A1aryMcKuii 1 (pacosu cop-
Ta ['pubOBCKUil IEpeMeIaiy Ha TpaHCIIopTepe Yepes
MAarHUTHOE MoJie. MarHUTHYIO HHAYKIINIO PEryIupo-
BaJI UBMEHEHUEM PACCTOSIHUS MEXIy MATHUTAMH B
npenenax 0-0,5 T u u3amepsnu recmameTpom 43205/1.
CKOpOCTB ABMKEHUS CEMSTH Ha TPAHCTIOPTEPHOM JIEHTE
Yyepe3 MAarHUTHOE TOoJIe peryInpoBau B npenenax 0,4-
0,8 M/c mocpeCcTBOM MPUBOIHOTO IBUTATENS TPAHCIIOP-
Tepa u nnpeodpasoBatens 4actoTsl Delta VFD004EL43A.

DHEePruio NpopacTaHus U BCXOXKECTh OMPEACIISIIN
o 'OCT 12038-84.

HccnenoBanus npoBoauiu Ha 6a3e TCOPUU IJIAHU-
poBaHms 3kcriepuMenTa [9]. B kauecTBe pakTOpOB IIpH-
HHUMAaJIU MAaTHUTHYIO HHIYKIHIO (X) ¥ CKOPOCTH JABU-
JKEHUS CeMSTH (X)), 2 BBIXOJJHBIMU BETUYNHAMHU CITYKH-
JIA HEPTHS MPOPACTAHMS, BCXOXKECTh CEMSH, BBICOTA
pacTeHus, ypoxxatHOCTb.

[MTpoBenenable 0OMHOGAKTOPHBIE SKCIIEPUMEHTHI
OTIpeNeTUIN 3HAYeHUsI BEPXHEr0, HUKHETO U OCHOB-
HOTO YpOBHEM (pakTOpa, KOTOPHIE COCTABILIN JIJISI MAT-
HUTHOM MHAYKIIUK cooTBeTcTBEHHO 0; 0,065 1 0,130 T,
JUTSI CKOpoCTH aBrxkeHus ceMsiH — 0,4; 0,6 u 0,8 m/c.

PE3YNbTATBI M OBCYXAEHUE. [1pn n3MeHeHNN Mar-
HutHO nHAyKIMu ot 0 10 0,065 T sHeprus npopacra-
HUS U BCXOXECTh CEMSH TOpoxa u (pacom Bo3pacra-
10T, a TIPY JJAJIbHEHIIIEM yBEIIMYEHUY MAaTHUTHON UH-
IYKITUY HAYUHAIOT yMeHbIIaThes (puc. 1 u 2). YeraHo-
BUJIH, YTO IIPYU MAaTHUTHON MHAYKIINH, TPEBBIIAIOIIEH
0,130 T, sHEprust mpopacTaHusl U BCXOKECTb CEMSH
U3MEHSJIUCh HECYIIECTBEHHO, HO OBIJIH BBIIIIE, YEM B
KOHTpOJIE.

Ilo pe3ynbTaTam MpoBeIcHHOTO MHOTO(GaKTOPHO-
r'0 SKCIIEpUMEHTA TOIIYYUIIA yPaBHEHHS PETPECCUH,
KOTOPBIE B (PU3UYECKUX BEIMINHAX UMCIOT BU/I;

JUJIS DHEPTUH MTPOPACTAHUS FOpoXa:

E =43,315+1327B -5,278v-192,308 By-7232B%;, (4)

TSI HEPT WU TTpopacTaHust (acoIIu:
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=04 M5
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Puc. 1. BrusHue MAZHUMHOU UHOYKYUU U CKOPOCIU OBUICEHUs!
CeMSIH HA DHeP2UI0 UX NPopacmanus: a — 20poxa; b — gaconu
Fig. 1. The dependence of germination energy of peas (a) and
beans (b) seeds on magnetic induction

E = 54,75+626,923B —4,583v-96,154Bv-3629B; (5)
IJIs1 BCXOXKECTU CEMSH Iropoxa:

G = 68,1114730,769B —4,444v-115,385Bv-4103B% (6)
151 BCXOXKECTHU CEMAH d)aCOJ'II/IC

G = 69,491+504,701 B -2,917v-96,154By-2827B>.(7)

Hawnnydmue pe3ynbraTsl MOMYYYUIH IIPU MATHUT-
ol muayKimu 0,065 T u e ThIpexKpaTHOM IepemMar-
HuuuBaHUU (puc. 3). pdexT MarHuTHOH 06pPabOTKH
3aBUCHUT TAK)KE OT CKOPOCTH IBMKeHUS ceMsiH. Ho B
nuama3one ckopocteit 0,4-0,8 M/c oHa cka3bIBaeTCs
MEHBIIIe, YeM MarHUTHa sl UHIYKIUs. MaKkcuMasbHbIe
3HAUEHUSI IO CPABHEHUIO C KOHTPOIBHBIMHY IOy YeHBI
npu ckopoctu 0,4 M/c.

BuomeTpuyeckue mokazaTeau pacTeHUN Topoxa
HauOompIye pu MaruuTHo! nHAYKIuH 0,065 T u
ckopocTu aBrxkeHus ceMsiH 0,4 m/c (puc. 4).

IpenmnoceBHast 06paboOTKA CEMSH B MATHUTHOM I10-
JIe CIOCOOCTBYET MOBBIIICHHUIO YPOXKAMHOCTH TOpoXa
u ¢aconu. [Ipu marautnoit uuaykiuu 0,065 T u cko-
poctu aBmxenus cemsH 0,4 M/c ypoxxalfHOCTh TOpoxa
yBennumiaachk Ha 42% 1o cpaBHEHHIO C KOHTPOJIEM, da-
conu — Ha 23%.

IMpoBeneHHbIe MHOTO()AKTOPHBIE SKCIIEPUMEHTHI
TTO3BOJIMIIH OTIPEACTIUTH SJHEPTETUUECKYIO 103y 0Opa-
OOTKHM CeMsIH B MATHUTHOM IIOJIE:
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Puc. 2. BrusHue MAZHUMHOU UHOYKYUU U CKOPOCIU O8UICEHUs!
CeMSIH HA UX 6CX0dcecmy. a — 20poxa, b — gpaconu

Fig. 2. The dependence of germination of peas (a) and beans (b)
seeds on magnetic induction

B?dl
P= I P IZuﬂopv

rne W —sHeprus MarHuTHOTO oISy, JIK;

t — BpeMms o0paboTKH, C;

m —Macca CeMsH, KT;

[ — OTHOCUTEJIbHASI MATHUTHAS IPOHUILIAEMOCTH;

Lo — MarHuTHas moctossaHast, ['a/m;

p — IIIOTHOCTh CEMSH, KI/M’,

[ — 1y Th, KOTOPBIN TPOXOAAT CEMEHA B MATHUTHOM
ToIte, M.

MarHuTHas HHIYKIAS U3MEHSETCS BIOIb JICHTHI TPAHC-
HopTepa PH IBIKEHIH CEMSH B MATHUTHOM TT0ITE (puc. 5).

HuTterpan (8) onpenenunu MmeTonoM Tpaneunid. s
9TOTO OTACIBHBIC YIACTKH MIPEACTABICHHON HA pUCYH-
Ke 3aBUCHUMOCTH Al pOKCUMUPOBAIHN JTUHEHHBIMU
¢dyuxuusmu. [Iposepka no kpureputo Ouinepa noka-
3aj1a aIeKBaTHOCTh TAKOH alllpOKCUMAIIUH:

13
jB di = j[ 8B, sz
3L/ 8B Y
+ [|-2B, + ’”l ——2 | dl+
L8 L 3L/8 L
TL/8 L 2 '(9)
+ ( 6B, +SB"’1] dl+j(83 812"%) di=
7

S5L/8

B L B!L B L BIL B)L B L
+ + +

24 12 12 12 24 3

@)

L/8

>
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Puc. 3. Pazeumue pocmkog 2opoxa npu 0opabomxe cemsii 6 Maz-
101 HUMHOM NoJe ¢ pas3nuuHoil Mmaenummot unoykyueti, Tn:
1 —xoumponv; 2—0,03; 3—0,065,4—0,13; 5—0,325;,6— 0,42 Tn
x 2 Fig. 3. Development of pea sprouts during seed treatment in a
g2 magnetic field with different magnetic induction, T: 1 — control;
e
EE ——04m/fs 2-003T;3-0065T: 4-0.13T;5-0325T; 6-042T
§ E —=0,6 mfs
¢ A ms Torma snepreTudeckas 103a 00pabOTKY CeMSIH paBHA:
. . | | . B>
0 100 200 200 400 500 D= 6’”7’11’ (1())
b MarsHTHaA WHgyHuua (B), mMTa ,u,uopv
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n —4uciio HCpCMaFHH'{I/IBaHI/Iﬁ.
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Puc. 4. Brusnue macHumnoil uHOyKyuu u CKOPOCMU OBUICEHUSL
CeMsH Ha pOCM pacmenuil 20poxa uepes 4 nedeiu nocie 8vicesa
Fig. 4. Effect of magnetic induction and seed movement speed on
the growth of peas in 4 weeks after sowing

CeMSTH 1 OMOMETpHYECKHe MIOKa3aTelId TOpoXa UMEITH
HamOOoJIbIIIee 3HAUEHUE [TPU IHEPTEeTUIECKOH 103€ 00-
pabotkm 1,90 Ix-c/kr, a pacomm — 1,86 JIx-c/kT.

Hcxons u3 TpeboBanus obecreueHuss He0OX0u-
MOU SHEPTEeTHIECKON 103l 00PabOTKHU CEMSIH, OTIpe-
JIEJTWIIA 3HAYEHHE TIOJIOCHOTO JIEJIEHUsI, KOTOPOE IIPH
MarauTHo# nHaykiuu 0,065 Ti, e ThIpeXKpaTHOM I1e-
peMarHn4MBaHUU U cKopocTH aBmxeHus 0,4 m/c co-
crasiuset 230 M.

Co3manm yCTaHOBKY IS TPEATIOCEBHOM 00paboT-
KU CEeMSIH B MATHUTHOM 11071e (puc. 6). OHa COCTOUT U3
TPAHCIOPTEPa HAMIOJIBHOTO THIIA C 3JICKTPOIIPUBOIOM;
YCTPOKNCTBA JJIsI MATHUTHON 00pabOTKH, TIe HETo-
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Magnetic induction (B),mTl

Puc. 5. H3meHeHue MasHUmMHO UHOYKYUU 8 YEHMPe 8030YUIHO20
3a30pa 6006 OCU MPaHcnopmepa

Fig. 5. The change of magnetic induction in the centre of air gap
along the conveyor axis

CPEICTBEHHO ITPOUCXOAUT 00paboTKa CEMSIH; 3arpy-
30YHOT'0 TPAHCHIOPTEPA U IYJIBTA YIIPABICHUS.

KoHCTpyKIIHS yCTaHOBKY 151 0OpaOOTKU CEMSTH B
MAarHUTHOM IIOJIe IPeAycMaTpPUBaeT IPUMEHEHUE Ye-
THIPEX ap MarHUTOB U3 HHTEPMETAJTHTIECKOTO KOM-
no3uta NdFeB, yCTaHOBJICHHBIX MapaJlIeIbHO HAl U
MOoJ1 JICHTON TpaHCIOpTepa C MePEMEHHOMN MOJISTPHO-
CThI0. MarHuTHI MPUKIIEEHBI K TUTHTE, BHITTOTHEHHOM
u3 ctanu. [IpoMexyTKu Mex Iy MAaTHUTAMU 3aII0JTHE-
HBI TEKCTOIUTOM. C JIUTIEBBIX CTOPOH ITUTHI OOIITUTHI
HEPIKaBEIOILEH CTAIIBIO.

Tpancoptep uMmeeT YeThIpe posIuKa 1Jis obecrie-
YEeHU s BOBMOXKHOCTH MOHTaXa MATHUTHOH TLTUTHI TIO/
JIeHTO TpaHcnopTepa. IlpuBoa TpancnopTepa ocy-
IIECTBIISAETCS OT Tpex(ha3HOTO ACHHXPOHHOTO 3JIEeKT-
poasurarens MoiHocThIo 0,25 kBT yepe3 nmoHmxkaro-
WU PENYKTOP.

HUcmonb3ys mporpaMmMy MOIEITHPOBAHUS IByMeEp-
HBIX MOJIeH METOAOM KOHEUHBIX 3eMeHToB ELCUT,
BBITIOJTHIIIA PAcCUeT MATHUTHOM CUCTEMBI yCTAHOBKHL.
Beisicaunu, uto MmaruutHas unaykuus 0,065 Ti B 1ien-
Tpe BO3IYIIHOTO 3a30pa 00ECTIEYNBACTCS ITPH UCIIOIb-
30BaHUU YETHIPEX Map IMOCTOSIHHBIX MATHUTOB U3 UH-
TepMeTaIIndeckoro kommnosuta NdFeB mapku N3SSH,
KOTOpBIE pa3MellleHbl Ha InTe u3 ctanu CT3 Tommu-
Hoii 10 mm. ITomrocHoe aeneHue coctapiseT 230 MM,
BEJIMYMHA BO3AYIIHOTO 3a30pa — 90 MM.

BriBogbl. YcTaHOBIIH, YTO BCXOXKECTH CEMSIH, HEP-
TUsI IpOpacTaHUs U pa3BUTHE pacTeHUH ropoxa u a-
COJITY TIPH IIPEATIOCEBHON 00pabOTKe B MATHUTHOM I10-
JIe TPOTIOPIIMOHATIBHBI KBaAPAaTy MATHUTHON HHIYK-
LMY, YUCITY TIepEeMarHUIYNBAHUN U CKOPOCTH JIBHIKE-
HUS CEMSH B MArHUTHOM 1ojie. Onpenenuin Haubo-
niee 3(pPpeKTUBHBIN peKUM 00pPaOOTKH: TPU MATHUT-
Hoii uaaykuu 0,065 Ti, yeThIpeXKpaTHOM IiepeMar-
HUYUBAHUU U CKOPOCTH ABMXKeHUs ceMstH 0,4 m/c, uTo

Puc. 6. Yemanoeka 015 npednocesnoii 00pabomku cemam 6 mae-
HUMHOM noje. a — 0ouuti 8Ud, 8 — YYHKYUOHAbHASL CXEMA.:

1 — 3aepy3ounviii mpancnopmep, 2 — mpancnopmep YCmaHo8Ku
0J1s1 npeonocesnoll 0bpabomku cemsan 6 MazHumHuom noie; 3 —
IEKCIMOAUMOBYIe BCMABKU, 4 — nocmosHtble MazHumyl, 5 — niu-
ma u3 neKmpomexHueckol cmanu; 6 — ob6vekm obpabomiu;
7 — Koumetinep

Fig. 6. The installation for magnetic seed treatment: a — general
view, 6 — functional scheme: 1 —a loader; 2 — a conveyor to process
seeds in a magnetic field before sowing; 3 — textolite inserts; 4 —
permanent magnets; 5 — a plate made of electric technical steel;
6 — an object to be treated; 7 — a container

o0ecreunBaeT MOBBIIICHUE YPOKAHHOCTH TOPOXa Ha
42%, daconu — Ha 23%.
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HlaBneHue nepegHero Koneca Ha NO4BYy
TPaKTOPOB C pPa3/IM4HON KOJNlecHon chopmynomn
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Paboma evinonnena npu noodepoicke 2panmos Munucmepcmea unnosayuonino2o pazeumus Pecnyoiuxu V-
oexucman b®-1-023 u MB-Amex-2018-91.

Pedepar. 1o Mepe yBenmuueHns: MOITHOCTH BBICOKOKITMPEHCHOTO TPaKTOpa ¢ konecHoi Gpopmymnoit 3K2 (TTZ-811) u no-
BBIIIEHUS MACChl aTPETHPYEMBIX C HIM MAIIIMH BO3POCIIO JABJICHHIE €r0 XOM0BHIX 3IeMEHTOB Ha mouBy. [Ipemmoxumm 3a-
MEHHUTD €ro Ha TPAKTOp ¢ KonecHo# (opmyoi 4K2 ¢ perymupyembiM kiupencoM (TTZ-1033), uMeronuit psm mpenmy-
tmectB. (Llens uccnedoganus) V3yunth BIUSHUE KONECHON (DOPMYIBI, CKOPOCTH JBIKEHUS U JABICHUS BO3IyXa B IIMHE
Ha JIaBIIEHNE MIEPeTHEr0 Koeca TpakTopa Ha mouBy. (Mamepuansl u Memoosl) AHATUTHYECKH YCTAHOBUIH 3aBUCHMOCTh
IO/ TITHA KOHTAKTA IIMHBI KOJIECa C IOUBOH OT MapaMeTPOB €ro MIMHBI U OT BHYTPEHHETO AABJICHUS BO3AyXa B HEl.
Jl71st 3aMepOB HCTIOIb30BANIN CHIIOM3MEpUTeTbHBIE naTauku Tina TAS607 co crieruanbHO N3rOTOBICHHBIME HACATKAM.
(Pesymomamot u 0bcyscoenue) YCTAHOBUIIH, UTO TP CXOKMX YCIOBUSX CpemHee AaBleHue B cioe 10-50 caHTUMETPOB 110
MUPHHE MIHBI TIepeHero koneca Ha mouBy y TTZ-811 Ha 19,0-27,6 xunonackais 6omnsiie mo cpaBHenuto ¢ TTZ-1033.
BeisBumy, 4TO € yBENMYeHNEM AABIEHUS BO3AyXa B IuHeE ¢ 1,2 10 2,2 Meramackains cpeHee JaBJeHNe MepeiHero Koeca
Ha nouBy B moceBHOM cioe (0-10 cantiumerpos) y Tpaktopa TTZ-1033 Bozpacraer ¢ 61,9 no 70,8 kmmomnackans, a y Tpax-
topa TTZ-811 — ¢ 63,5 mo 79,3 xunmonacnans. YCTaHOBIIH, 4TO Ha TTyOuHe 10 CaHTIMETPOB JaBJIeHNE TIEPEIHET0 Kojreca
tpakTopa TTZ-1033 cocraBuio B cpennem 84,9-108,2 kunonackans, a Ha Tiiyoune S0 cantumerpos — Beero 12,2-12,8. B
9THUX K€ YCIOBUSX CpPEIHEe AaBleHue epeaHero komeca Tpakropa TTZ-811 camxkaercs ¢ 78,0-113,3 mo 15,3-52,8 kunoma-
ckans. (Bbigoost) OTipenenuig, 4To YIIOTHEHHE TIOYBEI IIEPETHAMH KOJIECAMH TPAKTOPA MOXKHO CHU3UTH MYTEM 3aMEHBI
TpakTopa ¢ KojiecHoi hopmyitoit 3K2 Ha TpakTop ¢ KonecHo hopmyitoit 4K2, a Takxke BCIeCTBUE YBEIMICHUS CKOPOCTH
IBIDKEHHS TPAKTOPA.

KuiroueBbie ci10Ba: YIUIOTHEHUE MTOYBBI, KOJlecHast GOpMYJIa TPAKTOpa, IMHBI C HU3KUM JaBIICHUEM, TEH30JaTUHK, JaBIe-
HIE Ha MTOYBY, IIATHO KOHTAKTA.
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Abstract. An increase in the power of the high-clearance tractor with the 3K2 wheel configuration (TTZ-811) and the
weight of the machines coupled with it has led to an increase in the pressure of its running elements on the soil. The authors
have proposed to replace it with a tractor with the 4K2 wheel configuration with an adjustable ground clearance (TTZ-
1033), which has several advantages. (Research purpose) The study of the effect of the wheel configuration, travel speed
and air pressure in the tire on the tractor's front wheel pressure on the soil. (Materials and methods) The authors have
analytically determined the relationship between the contact area of a wheel tire with the soil on the tire parameters and
the internal air pressure in it. To take measurements, load TAS607 sensors like with specially made nozzles have been used.
(Results and discussion) It has been found that under similar conditions, the average pressure on the soil in the layer of 10-50
centimeters across the width of the front wheel tire of TTZ-811 is 19.0-27.6 kilopascals more as compared to TTZ-1033. It
has been found that an increase in air pressure in the tire from 1.2 to 2.2 megapascals results in a n increase in average front
wheel pressure on the soil in the seed layer (0-10 centimeters) of the TTZ-1033 tractor from 61.9 to 70.8 kilopascals, and of
the TTZ-811 tractor — from 63.5 to 79.3 kilopascals. It has been revealed that at a depth of 10 centimeters, the pressure of
the front wheel of the TTZ-1033 tractor averaged 84.9-108.2 kilopascals, and at a depth of 50 centimeters — only 12.2-12.8
kilopascals. Under the same conditions, the average pressure’ of the TTZ-811 tractor's front wheel decreases from 78.0-
113.3 to 15.3-52.8 kilopascals. (Conclusions) The authors have stated that soil compaction with the front wheels of a tractor
can be reduced by replacing a tractor with a 3K2 wheel configuration with a tractor with a 4K2 wheel configuration, as well
as by increasing the tractor speed.

Keywords: soil compaction, tractor wheel configuration, low pressure tires, strain gauge, soil pressure, contact patch.

I For citation: Akhmetov A.A., Akhmedov Sh.A.U. Davlenie perednego kolesa na pochvu traktorov s razlichnoy
kolesnoy formuloy [Study of front wheel pressure on the soil of tractors with a different wheel configuration].
Sel'skokhozyaystvennye mashiny i tekhnologii. 2019. Vol. 13. N1. 27-33. DOI 10.22314/2073-7599-2018-13-1-27-33

(In Russian).

0 Mepe yBelIMUeHHU I MOIIIHOCTU TPaKTopa, Ipo-
I I U3BOJUTEIIFHOCTU U MACChI aTPETUPYEMBIX C
HHUM MAIITH ¥ OPYIU Bce B OOJIBINEH CTEIIEHN
CTaJI¥ OYEBUIHBI HETATUBHBIE CTOPOHBI UX BO3ICUCTBUS
Ha MMOYBY. B pe3ybpraTe BO3pOCIIH MPOTUBOPEUHS MEXK-
Jly arpOTEXHUYECKONH HEOOXOTUMOCTBIO M OTPUIIATENTb-
HBIM TEXHOTEHHBIM BO3JICHICTBHEM Ha IOYBY, ITPEKIC
BCET0 3TO MPOSIBIISIETCS B yIIJIOTHEHUU TIOUBBI XOJOBBI-
MM 3JIEMEHTAMHU TPaKTOpa Ha OOJbIIyIo TIyouny. Ilo
Mepe YBEINUYEHU I MacChl MAITMHHO-TPAKTOPHBIX arpe-
raToB U YKCA MIPOXOIOB UX IO MO0 TPOUCXOAUT UH-
TEHCUBHOE pa3pyIlIeHUE CTPOCHUS IOYBBI, yBETMUCHHUE
ee IMJIOTHOCTH IO clieflaM KoJjiec TpakTopa. B neiicTBu-
TEeTBHOCTU ONTUMAIbHAS INIOTHOCTD ITOYBHI JJI5I BO3-
JIENIBIBAHUSI 3€PHOBBIX U ITPOMAILITHBIX KYJIBTYP HE JT0JK-
Ha npeBbImaTh 1,2-1,3 r/em’ [1].

VYroTHeHNE TOYBEI TPUBOAUT K 3aMEJICHHIIO pas3-
BUTHSI KOPHEBOH CUCTEMbI pACTEHHUH, YTO OrpaHUUH-
BAET UCIOJIb30BAHNE MUTATEIBHBIX 3JIEMEHTOB U I10-
JyYeHHE BRICOKOTO yporkasi. DTa mpobjema ycyryoss-
eTcs ertie OOIbINe B XJIONKOBOAUYECKHUX X035UCTBAX, ITIe
OCHOBHBIM S3HEPIE€TUYECKUM CPEICTBOM CIIYXKAT TPAK-
TOpHI ¢ KojiecHoi popmyoii 3K2 [2]. Kak mokazainu
HCCIIETOBAHUSI, 3TH TPAKTOPHI XapaKTepU3yIOTCs He-
raTUBHBIMU TEXHOTE€HHBIMU BO3JIEUCTBUSAMU HA TT0Y-
BY B CBSI3H C TTOBBIIIICHHBIM KO3 (PUIIMEHTOM MTOKPBI-
THS CIIEIaMU OT KOJIeC (TPH clieia BMECTO IBYX) U BbI-
COKHM YIUIOTHSIIOIINM BO3JICHCTBUEM OT BEPTUKATIb-
HBIX HaTr'pPy30K, paclpeesieMbIX Ha TPU KoJieca BMe-
cTo yeThIpex [3-5]. Ocobyro 0nacHOCTh MPEACTABIISET
KyMYJISITUBHBIN 2 (EeKT MepeynI0OTHEHHS MTOYBEI OT
TTOBTOPSIOIIMXCS BO3AEHCTBU M ABMKUTENEH. CTeneHb
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VIUIOTHEHHUS 3aBHCUT OT MAacChl TpaKTopa, TUIIA JBH-
JKUTEJS, TUTIA TIOYBBI M TEXHONIOTHH [6-13]

Jl1st ycTpaHeHH s HeTOCTaTKOB TPAKTOPOB C KOJIeC-
Hoit hopmynoii 3K2 B CKB «TpakTop» mpoBoasTcs
HHOKP no pa3zpaboTke TpakTopa ¢ KoJIeCHOH dhop-
MyJioit 4K2 u peryinmpyeMbIM KJIMpPEHCOM [2].

LIENb NCCNEQOBAHUS — U3yUNTD BIIUSIHUE KOJIECHON
(bopMyITBI, CKOPOCTH ABMIKEHUS M TABJICHUS BO3IyXa
B IIMHE Ha JIaBJIEHHUE TIepeHEro Kojieca TpaKTopa Ha
TIOYBY.

MATEPMANBI M METOAbI. McciemoBaHus TPpOBOAUIN
Ha cepo3eMax TaBHEeTo OpOIleHusl. BIa>kHOCTE U TBep-
HOCTB ITOYBBHI 110 cj1ogM oT 0-10 mo 40-50 cMm cocTaBu-
JIN, COOTBETCTBEHHO, 10,65-18,3% n 1,27-2,55 MI1a.

JlaBieHre KOJIECHOT'O IBHXKUTENISI Ha IIOYBY OIpe-
nensiau o FOCT 26953-86 u TOCT 7463-2003. s
3aMepOB UCIOJIH30BAIN CHIIOU3MEPUTEIBHEIC TATUH-
ku tima TAS 607 co criennaIbHBIMH HacagKaMH, KO-
TOPBIE BOCIIPUHUMAIOT Yepe3 IIOUBY TaBJICHHUE OT J{BH-
JKUTEJICH U TTepeIafoT ero Ha CHJION3MEPHUTEITbHBIN
CTEePXKEHb JaTuuKa. BeIXOMHOM CUTHAJT JaTYUKA 11O Ka-
OeITro IMoCcTyIaeT Ha TEH30YCHJIMTENh U Tajiee — Ha pe-
TUCTPUPYIOLLYIO anmapaTtypy (puc. I).

B xone nccenoBaHus N3y4aTu MAaKCUMAITBHOE JTAB-
JIEHUE Ha TIOYBY IIEPETHET0 KoJIeca IO OCH €TI0 CUMMeE-
TPUHU U CPEJTHEE TABIICHUE HA TMOYBY I1O IIMPUHE IIIH-
HBI KOJIeca.

MakcuManbHOE U CpeTHee TaBieHue, CO3/1aBaeMoe
KOJIeCaMU IBIKHUTENIEH UCITBITHIBAEMBIX TPAKTOPOB Ha
no4uBy, uamepsiau Ha rinyoune 10; 20; 30; 40 u 50 cm
(puc. 2).

HpI/I U3MEPCHHUN MAKCUMAJIBHOT'O AABJICHU S KOJIEC
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Puc. 1. Tensooamuuxu, ycunumens u peucmpupyiowas annapa-

mypa
Fig. 1. Strain gauges, amplifier and recording equipment

TpakKTopa Ha IMMOYBY Ha THO TPaHIIEH IO €€ MPOJI0Th-
HOH OCH YCTAHABIUBAIIM Ha pa3inuyHoi riryoune (0,1;
0,2;0,3; 0,4 1 0,5 M) ISITH TaTYMKOB HA PACCTOSTHUU HE
meHee 0,5 M 1pyr OT Apyra.

ITpu n3mepeHnu CpemHero JaBICHUS KOJIEC TPaK-
TOpa Ha MOYBY KaXKJIBIY pa3 Ha THO TPAHIIEH HA OJTU-
HaKOBOH IITyOuHe (HampuMep, epBLIN pa3 Ha TITyOu-
ue 0,1 M, BTOpOI#i paz—0,2 M, TpeTbeii paz—0,3 M u T.11.)
T10 HIMPUHE IIIMHBI KOJIEC yCTAHABIUBAIIH MSTh NaTUH-
KOB Ha paccrogHuu He MeHee 0,05 M apyr oT apyra

(puc. 3).

Puc. 2. Cxema ycmanogku men300amuuxos 0is usMepenuss Max-
CUMATIbHO20 OABNEHUS OBUINCUMENS UCHBIINYEMbIX MPAKMOPOS HA
nouey Ha pa3udHOL 21youHe

Fig. 2. Scheme of installing strain gauges for measuring the
maximum pressure exerted on the soil by the moving elements of
tested tractors at various depths

Tpanuiero ¢ fTaTuMKaMu 3aChbINaJId HIOYBOU U CJIET-
Ka MPUKATBIBAJIU JIO OJIYUYEHUSI OJTHOPOJHOTO CIIOA.

JlaBneHue Ha TOYBY ITPU ITPOXOJIE OJTHOTO TIEpeTHE-
O U OJHOIO 3aJIHETO KoJieca TPAKTOpa MO YUACTKY C
YCTaHOBJICHHBIMU TaTYUKAMH U3MEPSITH TaK, UTOOBI
MTPOAOJIbHBIC IMHUU KOJIEC COBHAIAIIH C PA3MEUEHHOU
OCEBOM JINHUEM.

3aMepbl TPOBOAWIN ITPU JIBHKEHUH TPAKTOPA B pe-
JKAME XOJIOCTOTO XO/Ia, TO €CTh 0€3 HaTpy3KH Ha KPIO-
ke. [Tpu 3TOM U3-32 KOHCTPYKTUBHBIX OTJIUYMI CpaB-
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Puc. 3. Cxema ycmanosku menzo0amuurog 0is usmepenus cpeo-
Heeo 0aeneHus OBUINCUMENS UCHbINYEMbIX MPAKIMOPO8 NO WUPU-
He WuHbL Kollec Ha NOY8Y HA PaA3TudHOl 2nyoute

Fig. 3. Scheme of installing strain gauges for measuring the
average pressure on the soil exerted by the moving elements of
test tractors across the wheel tire width at various depths

HUBAaeMBIX TPAKTOPOB JUAITA30H X PaOOYNX CKOPO-
CTell HECKOJIBKO OTINYAJICS, IIOCKOJIBKY OHM UMEIOT
KOPOOKY IIepeMeHEI Tiepeiad ¢ pa3IndYHBIMEI CKOPOCT-
HBIMU PsIIaMHU, CIIEI0BATENBHO, C pA3TNYHBIMU MITHU-
MaJIbHBIMU U MAKCUMAJIbHBIMH 3HAYCHUSIMHU PAO0OUnX
CKOpOCTEH, UCITONIb3YEeMbIX IIPH BBITIOTHEHNUN arPOTEX-
HOJIOTMYECKUX omnepauuil. [IpuueM mo TeXHUYECKUM
XapaKTepUCTUKAM THAITa30H pabounx CKOPOCTEH y
tpaktopa TTZ-1033 6onee mupoxk — 1,24-11,88 km/4,
torma Kak y TTZ-811 aToT nmpeaen HECKOIBKO MEHb-
e — 1,9-11,7 km/u.

B cB#131 ¢ BBIIIEU3I0KEHHBIM [TPY TPOBEIEHUU IKC-
MIEPUMEHTOB YCTAHOBJIEHBI CIIEAYIONINE PaOOUne CKO-
pOCTH JIBUJKEHU I CPABHUBAEMBIX TPAKTOPOB!

* TTZ-1033: 1,24; 1,66; 7,29 u 11,88 xm/4;

*TTZ-811: 1,9; 2,5; 7,4 1 11,7 xm/u.

TapupoBKy TEH30AaATIYNKOB U alIPOOUPOBAHHE pa-
OOTBI anmapaTypbl IPOBOAUIIN B TEH30METPHUIECKON
nabopartopuu HayuHo-ucciaeq0BaTeIbCKOTO HHCTUTY-
Ta MEXaHU3AINH U JIEKTPUPUKAIIIHN CEITLCKOTO XO-
3siicTBa (Y306ekucTaH).

PE3YNBTATHI M OBCYXXAEHME. B xo/1e ucciemoBanus
IO BHUJIAM TPAKTOPOB U3MEHSIIN CKOPOCTH JIBH)KEHU S
Y 1aBJICHUE B IIIMHE KOJIEC.

[aBrienne koiec Ha MMOYBY 3aBUCHUT OT BETUUUHBI
HArpy3KH Ha KOJIECO U IUIOIIAIH MATHA KOHTAKTa, Ha
KOTOPYIO, B CBOIO OUYEePEb, BIUSIOT MapaMeTphI IIU-
HBI U BHYTPEHHEE aBJICHHE B HEMl.

Ilmomans S, IJI0CKOM 30HBI KOHTAKTa KoJieca C
MMOYBOH UMeeT (OopMY IILIHIICA C TIOTYOCAMH a U b,,/2
v paBHA S, = wa by, /2 (puc. 4).

N3 pacueTHON cxeMBbl OIpenessieM BEIMYUHBI 110-
Jyoceit ayutunca — a v b, J1j1s CylecTByIOMUX MIUH
CIIPaBEJINBO HEPABEHCTBO 2R, A, >> hy’, a TeM 6o-
nee 2Rhy, >> h,,’, HO3TOMY Ul YIIPOILIEHUS BBIBOJIA
PACUETHBIX 3aBUCUMOCTEi! BeTMUHHOIA /1, MOXKHO TIpe-
HEOpeUb.

B aToM ciydyae BeTMUMHBI OTYOCEH AIITUIICA PABHBL

a=+/2Rh_, (1)
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Puc. 4. Pacuemnasn cxema K onpeoeienuto niowjaou namHa Ko-
makma

Fig. 4. Design scheme for determining the contact patch area of
the wheel with the soil

b,=2.J2R h,

rie R — cBOOOIHBIN pagnyc Koyeca, M;

R, — paanyc IpoTeKTOPA IUUHEIL, M;

hy, —HOpMaTBHAS AeOpPMAIIHS IIIMHBI B IS THE KOH-
TaxTa, M.

OmnpeaenuM mIonmaab MITHA KOHTAKTa S,

Srm: 2 n.h m RR p (3)

B npenenax peaapHbIX HArpy30K G, AEUCTBYIOLIUX
CO CTOPOHBI TPAKTOPA HA HAMIPABIISIONIEE KOJIECO, MOXK-
HO MMPUHSTH JIMHEHHYIO 3aBUCUMOCTD MeXAY Gy U Ay,
KOTOpas oruckIBaeTcs popmyroit Xeiaekens:

=G
" 2mp JRR,’

e p,, — M30BITOYHOE JaBJICHUE Bo3ayXa B mmHe, MI1a.

I'my6GuHy KoJlen HaNpaBIISIOLIETO KOJIeca MOXHO
ONpEeAeTUTh Ha OCHOBE (DYHKITMOHAJIBHON 3aBUCHMO-
cTH, npemtoxkeHHoi B.B. KanpIrnueiM, mpeodpa3osan
€e IoCJIe OTPAKEHUS HATIPSKEHU S B ITouBe uepe3 G, u
S

@

@

G
o Argth u
0 ATrg g

hK: wi— o ,
k

o

®)

L€ 0, — Ipees HIPOYHOCTH IOYBHI HA OTHOOCHOE CKa-
Ttue, MlIla;

k, — xoabdunuent oo6bsemuoro cmatus, H/v'.

W3 Boipaxenuii (3) u (4) BUIHO, YTO IIIOMIAb TST-
Ha KOHTaKTa, BOCIPUHUMAIOIIAS HATPY3KY Ha KoJIe-
CO, 3ABUCHUT B OCHOBHOM OT [TApAMETPOB LIUHBI U BHY-
TPEHHETO aBJeHUs Bo3ayxa B Hell. [ToaTomy 3Kcme-
PUMEHTAIbHBIE UCCIISMOBAHUS TSI KOHKPETHOTO TH-
rnopasmepa MUHbI ObLTU TPOBEIEHBI TP PA3TUUHBIX
JIaBIIEHUSIX Bo3ayxa B muHe: 1,2; 1,7 u 2, 2 MIla.

B pesynbrare nonyueH obMIMPHBIN MaTepua, Xa-
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PaKTepU3YIOIIUI JaBIeHUE IBUKUTENIEH Ha IIOYBY B
3aBUCUMOCTH OT BBITIEyKa3aHHBIX (DaKTOPOB U CKOPO-
CTU ABUXEHUS TPAKTOPOB. Pe3ynbTaTsl n3MepeHus
JIaBJICHUS IBUXKUTENIEH HA TTOYBY HA PA3JIUYHOU TITy-
OMHE B 3aBUCUMOCTH OT CKOPOCTH JIBHIKEHUS (COOT-
BETCTBYIOLIUE HIDKHUM U BEPXHUM IPUEIAM CKOPO-
CTH IBUKCHUS B XOJIC BBHITIOTHEHUSI TEXHOJIOTUUECKIX
omnepalnuii 10 BO3IEIbIBAHUIO XJIOMYATHUKA) IPU AaB-
nennu B muHe 1,7 MIla (pexomennoBannoi T3 s
TpakTopoB Mapku TTZ) mpencraBieHsl B mabdauye 1.

Haubonsiee naBaenue Kojec IBUKUTENEH TPUXO-
JIUTCS] HA BEPXHUE CJION ITOYBBI. OHO 3aBUCHT OT THIIA
JBYDKUTEIS, IABJICHUS BO3AYXA B IIMHE U OT CKOPOCTH
JIBIDKEHUSL.

B nmoBepxHocTHOM citoe 1o 10 cM npu npoxojie Tpax-
topa TTZ-1033 rpadux MakCHMaIbHBIX 3HAYCHU TaB-
JIEHUSI Ha TIOYBY UMEET OJTMH JIOKATbHBIN SKCTPEMYM —
B 30HE OCH CUMMETPHU KoJleca, U TP JaBJICHUU B ILIU-
He 1,7 MIla B 3aBUCHUMOCTH OT CKOPOCTH JABUKCHUS
TpakTopa coctasiseT 178,6-351,7 kIla. B atux xe yc-
nosusx miist TTZ-811 xapakteprna BenmuunHa 256,0-
623,2 kI1a. [IpakTU4eCcKU 3TOT JIOKAJIbHBIM IKCTPEMYM
COOTBETCTBYET MAKCUMAJIbHOMY 3HAYCHUIO JTABJICHUS
Ha MTOYBY IEPETHETO Kojleca IO €T0 OCH CHMMETPHH.

VBenunueHue ckopocTu ABMkeHus Tpaktopa TTZ-811
¢ 1,9 mo 11,7 xM/4 cHM>XaeT MaKCUMAaJILHOE JaBJIEHHE
MepEAHEro Koyeca Ha NouBy Ha rinyouHe 10 cm Ha 58,9%.
W3menenue ckopoctu nBmxenns rpakropa TTZ-1033
¢ 1,66 no 11,88 kM/4 yMeHBIIIaeT 3TOT TIOKA3aTellh Ha
49,22%.

C yBennyeHNEeM CKOPOCTH IBUKECHHUS, HECMOTPS Ha
CHU)KEHUE MAKCUMAJIBHOTO JABJICHUS MIEPETHETO KO-
neca TpakTopa TTZ-811 Ha mouBy, oHO ocTaeTcs 60-
Jiee BBICOKUM I10 CpaBHEHUIO ¢ TpakTopoM TTZ-1033
(puc. 5).

B 060ux BapraHTaX UCIBITYEMBIX TPAKTOPOB KaK
cpenHee, TaK ¥ MAaKCUMAaJIbHOE JaBJICHUE B CJIOSIX I1O-
4BbI 10-50 CM COOTBETCTBOBAIIO MUHUMAJIBHOM CKOPO-
CTU JBM)KEHUS U MAKCUMAJIbHOMY JIaBJICHUIO B LIIMHE
2,2 MIla u cocrasuio: ais Tpaktopa TTZ-811 —30,1-
197,6 xITa u 55,1-497,3 kI1a; nast rpaktopa TTZ-1033 —
20,9-164,0 xITa u 42,11-428,9 xITla cOOTBETCTBEHHO
(maban. 2).

ITpu cxokUX yCIOBUSIX HU3KOH CKOPOCTU JBUXKE-
Hus (1,66 km/uy TTZ-1033 1 1,9 km/ay TTZ-811) cpen-
Hee nasineHue B cioe 10-50 cM o mupuHe MUHBI Ie-
peaHero kojeca Ha mouBy y Tpakropa TTZ-811 (47,1-
187,5 kIla) 6onwime Ha 17,26-67,61% 110 CpaBHEHUTO C
TpakTopom TTZ-1033 (28,1-159,9 xITa).

ITpu naBnenuu Bo3ayxa B muHe 1,7 MIla u noBbI-
meHHoM ckopoctu asrkeHus (11,88 km/u 'y TTZ-1033
u 11,70 xm/u y TTZ-811) ycpeagueHHOe TaBICHUE I1e-
peaHero kojeca Ha o4By B ciioe 10-50 cm y TTZ-811
(28,0-77,5 xI1a) 6omnmbiire no cpaBHeHuto ¢ TTZ-1033
(4,2-51,6 xITa).

B xopueobutaemom cioe (10-20 cm) mouBsl, Haubo-
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Ta6nuua 1 Table 1
I ABNEHVE NEPEOHErO KONECA TPAKTOPOB TTZ-811/ TTZ-1033 HA nouByY NPy AABNEHMM B WKHE 1,7 MITA
1 HA PA3NINYHBIX CKOPOCTSX ABVXEHMS, KIMA
THE PRESSURE OF THE TTZ-811/ TTZ-1033 TRACTORS’ FRONT WHEEL ON THE SOIL AT A TIRE PRESSURE OF 1.7 MPa
AND AT VARIOUS SPEEDS, KPA
Cxopoctb nBukennsi, km/a [ Travel speed, km/h
Ty6una cion 1,90/ 1,66 11,70 /11,88
.. IIOYBBI, CM CpelHee N0 HMPUHE IIH- | MAKCHMAJbLHOE [10 OCH | Cpe/JHee O IUMPHHE M- | MaKCHMAJIbHOE [0 0CH
Soil layer depth, cm HbI KoJleca CHMMETpPHH KoJieca HbI KoJleca CHMMETPHH KoJleca
Average across the Maximum along the Average across the Maximum along the
wheel width wheel symmetry axis wheel width wheel symmetry axis
10 187,5/159,9 623,2/351,7 71,5151,6 256,0/178,6
20 134,6/126,3 284,3/350,9 52,0/ 38,0 90,9/99,3
30 134,2/112,2 278,71206,2 47,4/27,1 65,5/49,8
40 129,71 49,0 163,0/98,8 28,0/9,0 65,4 /26,9
50 47,1/28,1 145,4/72,8 22,5/4,2 46,6/8,1
Cpennee / Average 126,6 /95,1 298,9/216,1 45,5/26,0 104,9/72,5
600 u 600
g, xlla L g, xlla
= =
m 400 M 400
o AT ] =N "
o 74 LN o 3 -
= 300 e 2 = 300 =t
== /A5 T 1 o ™S
) . b B
§ 200 / / = § 200 / I — \
) / Y4l '\\ > // /// : ' \\\
= =
= 700 ‘%/ “\\\\ 2 700 // . 3 \:\\
= e | |4 N & Y/l ~ N
A ~N Ly
0 ! : | 0 ‘ 40 N
1 7 13 19 25 b,em 37 1 7 13 19 25 b,em 37
; Pacnoa0KCHUC TCH30 1dTYHKOB pacnoa0KCHUC TCH301dTYHKOB

Puc. 5. Brusnue ckopocmu 08udicenust mpakmopa Ha 0aenienue no Wupune wunbl Koiec na o4ey:
a-TTZ-811 (1-1,9,2-253-74ud4—11,7km/u); b—TTZ-1033 (1-1,24;,2—-1,66;3—7,29u4— 11,88 km/u)
Fig. 5. The tractor speed influence on the tire pressure on the soil: a — TTZ-811 (1 -1.9;2-2.5;3—7.4and 4—11.7 km/h);

b—TTZ-1033 (1-1.24,2-1.66; 3—7.29 and 4 — 11.88 km/h)

Jiee BayKHOM JJIs1 POCTA U PA3BUTUS PACTEHUIH, C yYMEHbB-
[IEHUEM CKOPOCTH JBUKEHUS CPEIHEe JaBICHHE HA
MOYBY TMepeIHEro Kojeca (IpH JaBICHUH B IIIHMHE
1,7 MITa) Bo3pacraet y TpakTopa TTZ-1033 ¢ 38,0 no
126,3 xIla, ay Tpaktopa TTZ-811 —c 77,5 no 187,5 kI1a.
Yewm Oostplile IaBJICHUE BO3AYyXAa B IIIMHE, TEM CUJIbHEE
KOJIECO JABUT HA ITOYBY.

Hanpuwmep, mpu ckopocTu ABUKEHU S TpakTopa 7,29
KM/4 yBeIUYCHUE 1aBICHUS BO3AyXa B IKHE OT 1,2 10
2,2 MIla noBsIlIaeT cpeaHee JaBIeHUE EPETHETO KO-
neca TpakTopa TTZ-1033 va nmousy c 61,9 no 70,8 xI1a.
B 3THUX ke yCIOBUSX CpeHEe TaBICHHUE IEPETHETO KO-
neca TpakTopa TTZ-811 Ha mouBy Bo3pacTaet B cpe/l-

CENIbCKOXO3AMCTBERHBIE MALIMHbI 1A TEXHONOTMM + Tom 13 +N1 + 2019

HeM ¢ 63,5 mo 79,3 kIla. C yBenuueHneM TITyOHHEI 3a-
JIeTaHus TOYBHI YILIOTHSIONIEE BO3IEHCTBHE KOJIEC Ha
Hee cHukaeTcs. Eciiu ipu ckopoctu nBuxeHus 7,29
KM/4 cpe/iHee TaBJIeHUE TIepEIHEro Kojleca TpaKTopa
TTZ-1033 na mouBy Ha riryoune 10 cM 65110 B Tiperne-
nax 84,9-108,2 kIla, To B 3THX ke YCIIOBUSX HA TT1yOH-
He 50 cMm oHO cocTaBmiIo Beero 12,2-12,8 kI1a, To ecTh
CHU3WJIOCH B 6,9-8,4 pa3a. B 3TuX ke yCcIIOBUSX Cpe-
Hee JTaBJIeHHE MepeaHero kojieca Tpakropa TTZ-811
yMeHbIuiocsk ¢ 78,0-113,3 no 15,3-52,8 xI1a, To ecTh B
1,4-7,4 paza. HecMoTps Ha CHU)KEHWE JaBJIEHUS BO3-
nyxa B muHe ¢ 2,2 1o 1,2 MIla, cpennee nqaBjieHue Ha
MOYBY NepeaHero koneca y Tpakropa TTZ-811 Boiie
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Ta6nuua 2 Table 2
D ABNEHUE NEPEJHUX KONIEC TPAKTOPOB HA MOYBY NPU AABNEHUM B WWHE 2,2 MITA 1 NPU MMHUMANIBHOW CKOPOCTU ABUXEHNS, KIA
THE PRESSURE OF THE TRACTOR’S FRONT WHEELS ON THE SOIL WITH A TIRE PRESSURE OF 2.2 MPA AND WITH A MINIMUM SPEED, KPA

JlaBjienne nepeHero Kojeca Ha MoYBy
The front wheel pressure on the soil
TTZ-811, TTZ-1033,
Cav6ua cios CKOpoCTh JABM:KeHust 1,9 km/u cKopocTh aBuzkenus 1,24 km/4a
“3;%],] oM tractor TTZ-811 with the 3x2 wheel configuration | tractor TTZ-1033 with the 4x2 wheel configuration
9
Soil layer depth, cm at the speed of 1.9 km/h at the speed of 1.24 km/h
cpejiHee 1o IupuHe MaKCHMAJIbHOE 110 0CH cpejiHee Mo IUPUHEe MaKCHMAJILHOE [0 OCH
HIMHBI KOJIeca CHMMETPHH KoJIeca HIMHBI KOJIECa CHMMETPHH KoJIeca
Average across the Maximum along the Average across the Maximum along the
wheel width wheel symmetry axis wheel width wheel symmetry axis
10 197,6 4973 184,1 428.9
20 181,3 420,6 1640 254.8
30 158.8 311,9 139,8 197,3
40 93,8 171,7 93,2 189,5
50 30,1 55,1 20,9 42,11
Cpennee / Average 132,3 291,3 120,4 222,5
600 600 rokasatenb Ha 41,8%, a'y
tpakTopa TTZ-1033 npu
_\\ POCTE CKOPOCTHU JIBUXKE-
R N g xlla Hus oT 1,24 10 11,88 km/u
\ I —Ha 34,5%.
400 / 400 I\ Bobisoabl. C yBenuue-
2 \\ \ ! HHUEM TJTyOUHBI CIIOS TO-
\‘\ / YBBI U CKOPOCTH JIBUKE-
300 > \.\\ 300 AN \{(\\ HUSI TPAKTOPA YIIOTHSIO-
\\\ ~— \ | 111e€ BO3AEICTBUE KOJIEC HA
— S \ ——s mouBy cHMKaeTcsa. Han-
200 ™~ 200
g — OoJIblilee JaBJIEHUE OBU-
e ""‘ﬂ—‘___ ‘\
y — Ny ~ | JKUTENb TPAKTOPA OKA3BI-
100 100 e BaeT B moceBHOM (0-10 cm)
3 u kopHeobutraemom (10-20
0 0 CM) CITOSIX TTOYBBI.
1 4 - Vw13 1 4 7 Voewk 13 CHI/I)KGHI/IevyHJ'IOTHH—
FOILIETO BO3/ICHCTBUS TIE-
a b PEAHUX KOJIEC HA IIOUBY
Puc. 6. Bausnue ckopocmu osudicenus u dagnenue 6 wune (1 —2,2 MIla; 2— 1,7 MIlau 3 — 1,2 BO3MOYHO B pe3yJIbTaTe
MTIla) na makcumanviioe daenenue Koiec Ha no4gy: 3aMEHBI TPAKTOpa C KO-
a —mpaxkmop TTZ-811; b — mpaxmop TTZ-1033 necHoi popmysioit 3K2 Ha
Fig. 6. Influence of the travel speed and tire pressure (1 — 2.2, 2 — 1.7 and 3 — 1.2 MPa) on the TPaKTOP C KOJIeCHOU (pop-
maximum wheel pressure on the soil myJoi 4K2, a Takxe yBe-
a—TTZ-811 tractor; b— TTZ-1033 tractor JIMYEHUSI CKOPOCTHU ABU-
JKEHUS TpaKTOpa.
B 1,3-1,6 pa3a no cpaBHeHUIO ¢ TpakTopoM TTZ-1033 J1s MUHUMU3aluu OTPULIATEIBHOTO BO3IEUCTBUS

(puc. 6). AHanornuHbIE 3AKOHOMEPHOCTH IIPOCIIEKU-  XOJIOBOM CHCTEMBI TPAKTOPa HA TTOYBY HEOOXOIMMO
BaIOTCS JIJISI MAKCUMAJIBHOTO AaBJICHNS Ha TIOYBY IIe-  BBITIOJIHATH ArPOTEXHOJIOTHYECKUE OTIEPAI[UH ITPHU CKO-
pemHero Kojieca. YBEJIMUECHUE CKOPOCTH IBMXKCHUST  POCTSIX IBMKEHUS TPAKTOPA, COOTBETCTBYIOIINUX BEPX-
tpaktopa TTZ-811 ¢ 1,9 mo 11,7 kM/4 CHMKAET 3TOT HEMY IIpeAely NCXOMHBIX TPeOOBaHUH.
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Pedepar. PazButre XMBOTHOBOACTBA B 3aCyIITHBOI 30He fora Cpenneit Cubupu npegonpeaenseT Heo0X0IuMOCTb HHTEH-
CHUBHOTO Pa3BUTHS KOPMOIIPOM3BOJICTBA, OCOOEHHO MTPOU3BOJICTBA TPYOBIX M COYHBIX KOpMOB. OpolraeMoe 3eMie/iente —
OJIMH U3 BaXKHEHIIMX (haKTOPOB CTAOMIN3ALMY ¥ TAPAHTHPOBAHHOTO IIPOM3BOACTBA MPOAYKIIMK pacTeHHeBoACTBA. (L]es
uccnedosanus) TlogTBEpAUTD ONIEHKY MapaMeTPOB TEXHOJIOTUH MOBEPXHOCTHOTO MONHMBA TIO IMPOKNAM IMHHBIM TI0JI0-
caM C yCTpOICTBOM O€3yKIIOHHBIX JIOKOUH 1 HOBOTO TEXHMYECKOTO ee 0OecredeHns B apu/IHbIX ycnoBuax rora Cpenneit
Cubupu. (Mamepuanwt u memodst) OTIpeNeNuIN TEXHIUECKHE TApaMeTPhl OCHOBHBIX 3JIEMEHTOB BPEMEHHOH MOJIUBHOM Ce-
TH (6€3yKIIOHHOH J0KOMHBI, BOJOYAEPKUBAIOIIETO BAINKA) P (OPMUPOBAHUM YUACTKOB TIOBEPXHOCTHOTO MOJMBA 10
pe3yabTaTaM XpOHOMETPAXHBIX n3MepeHuit. OOecreunm TeXHOIOTUYECKU Mmpoliecc GOPMUPOBAHUS MOTUBHBIX yUaCT-
KOB C 33/IaHHBIMH T€XHHYECKUMH [TAPAMETPAMH COTTIACHO AKCIUTYaTAlIOHHO-TEXHOJIOTHUECKOH OI[EHKE MCIIBITAHUS Ma-
IMHHOM TexHonornu. OLUEHWIN Pe3yabTaThl HCIBITAHUN ¢ MOMOIIBIO MEPEHOCHON HH()OPMAIIMOHHO-U3MEPHUTENBHOM CH-
crembl UT1238MP st onpeneneHns TATOBBIX MTOKa3aTeNel MAIIMHBI IO CTAaHAapTaM ACCOIMAIINH UCTIBITATENEH CeTbCKO-
xo3siictBenHol TexHukH U TexHonoruii CTO AUCT 1.3-2007. (Pesyrsmamsl u 06cyscoenue) TIpeokmm TeXHOIOTHIO
MIOBEPXHOCTHOTO TTOJIMBA MO IHPOKUM JUTHHHBIM MOJIOCAM C YCTPOHCTBOM OE3YKIOHHBIX T0kKONH. PexoMeHn0BaM ee s
OpOIIIEHNS 38PHOBBIX, KOPMOBBIX KYIBTYP, €CTECTBEHHBIX CEHOKOCOB M MacTOMII. Pa3paboTamy KOMIUIEKC TEXHUYECKHX
CPEICTB /IS CTPOUTENBCTBA M AKCIUTYaTAL[MH CHCTEM MOBEPXHOCTHOTO TIOJIMBA MO IMPOKUM JUTHHHBIM MOJIOCAM C YCTPOi-
CTBOM O€3yKIIOHHBIX JIOKOWH; Opy/Hs arperaTupyrorcs ¢ Tpaktopom Mapku MT3 xmacca tsru 1,4 Torusl. TexHomorus
MOBEPXHOCTHOTO MOJNUBA U KOMIUIEKC MAILIMH IIPOLUTH TOCYAAPCTBEHHbIE UCTIBITAaHUS Ha CuOUpPCKOi rocy1apCTBEHHON
30HATFHON MANTUHOUCITHITATEFHOM CTAHIINU U PEKOMEHIOBAHBI JUTS BKITIOUCHUS B 6a30BYI0 ar POTEXHOIOTHIO. (Bbigodor)
Br1siBun, uTO KOMILIEKCHOE TIprMeHeHre HOBbIX MamuH JI-1.5, B-3.0 u BIT-4.0 npu cTponTensCcTBe U 9KCILTyaTalluK Opo-
CUTEIBHBIX CHCTEM MO3BOJISET COKPATUTD IKCILTYyATALMOHHBIE 3aTPATHI U CPOKH CTPOUTETHCTBA TIOJMBHAIX y4aCTKOB B 1,8
pasa, MOBBICUTDH YPOIKAHHOCTH 3eJIeHOI Macchl OBca Ha 17,2 IpolieHTa MPH CHUKEHNHU Ce0eCTOMMOCTH BO3/IEbIBAHMS HA
10,1 mpouenTta. [1pon3BoACTBO 3epHA MOXXHO YBEIHMYUTH B 1,9 pasa.

Karouesbie cioBa: Mennopanis, KOpMOIPOU3BOACTBO, TIOBEPXHOCTHBIN MOIMB, BpEMEHHAS MOIUBHAS CETh, OE3YKIOHHAS
J0)OUHA, BOOYIEPKUBAOIIHI BaJIUK.

I Jast mutupoBanus: Misanos O.A., Yrenkos IJ1., iBanoBa T.E. MexaHHKO-TEeXHOJIOTHYECKOE 0OeCIIeUeHIE
addexTuBHOCTH apuaHoro 3emienenus // Cenvckoxossiicmeennvie mawunsl u mexmonoeuu. 2019. T. 13. N1.
C. 34-40. DOI 10.22314/2073-7599-2018-13-1-34-40.
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Abstract. The priority direction of agricultural production in the arid zone of the south of Central Siberia is animal
husbandry, which predetermines the need for intensive development of feed production and, in particular, the production
of rough and succulent forage. One of the most important factors of the stabilized and guaranteed crop production is
irrigated land cultivation. (Research purpose) To prove the efficiency of machine technology of surface irrigation in the
arid conditions of the south of Central Siberia. (Materials and methods) The authors have determined technical parameters
of the main elements of the temporary irrigation network (non-inclined hollow and a water-retaining roller) during the
formation of surface irrigation areas by the results of time-length observations made in accordance with the requirements
of the testing station. The technological process of forming irrigated plots with specified technical parameters was carried
out according to the operational and technological evaluation of the machine technology testing. The evaluation was
carried out using a computer-based portable information-measuring system IP238MR to determine the traction indicators
of the machine, carried out by the STO AIST 1.3-2007. (Results and discussion) The authors have proposed a technology
of surface irrigation over wide long strips with level furrows, recommended for irrigation of grain, forage crops, natural
hay making areas and pastures. A set of technical means has been developed for the construction and operation of surface
irrigation systems in wide long lanes with level furrows. The tools can be coupled with an MTZ tractor of 1.4 tons.
Comprehensive use of machines in the construction and operation of irrigation systems for surface irrigation as compared
with existing machines in land reclamation construction allows to improve the quality of work and labor productivity by
3-5 times. Surface irrigation technology and a set of machines have passed state tests at the Siberian State Zonal Machine
Testing Station and are recommended to be included in the basic agricultural technology. (Conclusions) It has been found
that the integrated use of new machines L-1.5, V-3.0 and VP-4.0 in the construction and operation of irrigation systems
allows reducing the operating costs and construction time of irrigated plots by 1.8 times, increase the yield of green mass of
oats by 17.2 percent while reducing the cost of cultivation by 10.1 percent. Grain production can be increased by 1.9 times.
Keywords: land improvement, forage production, surface irrigation, temporary irrigation network, level furrow, water-
retaining roller.

0 For citation: Ivanov O.A., Utenkov G.L., Ivanova T.E. Mekhaniko-tekhnologicheskoe obespechenie effektivnosti
aridnogo zemledeliya [Mechanical and technological support the efficiency of arid farming]. Sel'skokhozyaystvennye
mashiny i tekhnologii. 2019. Vol. 13. N1. 34-40. DOI 10.22314/2073-7599-2018-13-1-34-40 (In Russian).

ckoif denepannuu 3aKOHOB U MPOrPaMM, HAIIPAB-
JIEHHBIX HA Pa3BUTHE MEITUOPAIIUU 3EMEN, I10-
BBIIIEHUE IJIOOPOAUS IOYB, 00ECIeUEHUE MPOAOBOIIb-
CTBEHHOI1 0€30ITaCHOCTH, IO PEUICHUIO KOJJIETUHN
Muncenpxo3a P® pa3paborana Konnenmus dgeme-
paJIibHO 1iesieBOl TporpamMMebl « PazBuTre mennopa-
vy 3emelib Poccuu Ha mepuop 1o 2020 roma». Corrac-
HO MHHOBAallUOHHOMY BapuaHTy KoHuenuuu aus no-
CTHXEHUS TTPOJOBOJIBCTBEHHON Oe3onacHocTu Poc-
cuu o0IIas IIOMIa b METHOPUPYEMBIX 3€MEIb JOIIK-
Ha cocTaBUTh 10,3 MITH ra, 4YTO MPeAyCMAaTPUBAET BbI-
TOJTHEHHE PaboT MO TEXHUIECKOMY MEePEYCTPONUCTBY
opolIaeMbIX 3eMellb Ha Itomanu 1,9 MiH ra, mno pe-
KOHCTPYKIIUU — 2,4 MJIH ra, 10 HOBOMY CTPOUTEb-
cTBY — 0,6 MJIH ra ¢ IpOAYKTUBHOCTbIO KOPMOBBIX KYJIb-
Typ o 6,5 ThIC. KopM. ex. ¢ 1 ra. Ilpu aTom Bo3pacra-
€T POJIb 3KOHOMUHY BOJHBIX, SHEPTETUICCKUX U MaTe-
PUATBHO-TEXHUYECKUX PECYPCOB U YIYUIICHUS KO-
JIOTUYECKON OOCTAHOBKHY HA OPOIIAEMBIX 3eMIISIX.
D¢ hekTUBHOCTH BO3/ENIBIBAHUS 3¢pPHOBBIX B CH-

B pamkax npuHsThIX IIpaButenscTsoMm Poccuii-

CENIbCKOXO3AMCTBERHBIE MALIMHbI 1A TEXHONOTMM + Tom 13 +N1 + 2019

o6upckom penepanbaoM okpyTe (CDO) HEBBICOKA, TAK
KaK FeHeTUYeCKH I MOTEHIIUA SPOBBIX KYJIBTYp pea-
nu3yeTcst Bcero Ha 35-45% [1]. [ToBbicuTh peHTabeb-
HOCTB PACTEHUEBOJICTBA B PETHOHE MOXKHO ITYTEM J0-
MIOJTHUTEIbHBIX ((MHAHCOBBIX BIOKEHUH, HATIPABJICH-
HBIX Ha YIy4IIIeHUe UCIIOIb30BaHMS OMOKIIMMAaTHYC-
CKOro noTeHIuala Tepputopuu [2]. HeyctoiiunBocTh
MPOU3BOJICTBA 3¢pHA U HU3KAS €T0 yPOXKAMHOCTH CBSI-
3aHBI C ycTapeBIel TeXHOJIOThel, kKoTopas 0e3 n3Me-
HEHUS UCTIOIb3YeTCSI MHOTHE TOoAHI [3]. DKoHOMMUe-
ckasi 9p(heKTHBHOCTH MPOU3BOICTBA 1 €TI0 IKOIOTHUe-
CKasi 6€30MaCHOCTD 3aBUCAT OT COSIMHEHUS TPEX KOM-
MTOHEHTOB: ar POIKOIOTMYECKUX YCIOBUH, TpeOOBaHMM
KYJIBTYD U TEXHOJIOTUi Bo3/enbiBaHus [4]. B kauecTBe
WHTErpaIbHOTO MOKa3aTessI OleHKH 3¢ (PEeKTUBHOCTHU
MMPUHUMAIOT 3€pHOBOM 3KBUBAJIEHT [5]. Cubupckuit
HHWMU 3emuienenus 1 XuMH3aL MU CEJIbCKOTO X0351MCTBA
OTIpEAeITNI TPH YPOBHS MHTEHCUBHOCTHU arpOTEXHO-
JIOTUIi BO3/IENIBIBAHU S 3¢ PHOBBIX KYJIBTYP, B COOTBET-
CTBHH C KOTOPBIMH ITPEIJIOKEHA HOBASI METOJTUKA pac-
yeTa ypoxaiiHocTH [6]. [TokazaHo, 4TO B yCITOBUSX
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CDO noneBoe yyacTue MpupOIHO-KITUMATUYECKUX YC-
JIOBHH B KOHEUHOM BETUUMHE YPOXKANHOCTH, obecte-
YHBAIOIIEH MMOTy4YeHHe MaKCUMyMa MTPUOBLITH, JOTK-
HO OBITH HE MeHee 56% [7].

JelicTBeHHBIM JOKYMEHTOM JIJISI CEITbX03TOBAPO-
MPOU3BOACTBA U CEJIbXO3MAIIIMHOCTPOCHUS ITPU TTPO-
eKTUPOBAHUU MANTUHHBIX aTPOTEXHOJIOTHH CIIY>KHUT
paspaboranHas coTpyaHukamu BUM cuctema manux
U TexHoJyoruit [8]. s mpuHATHS pelIeHui Mo mpoek-
TUPOBAHUIO 3((PEKTUBHBIX TEXHUYECKHUX CPEICTB B
arpoTEXHOIOTUSAX CHOPMYIUPOBAH ITI00AIBHBIN KPU-
Tepuil MPUOBLIN; OTIPEACIICHEI YCIIOBHS 00ECTIeUeHU S
skcTpemyMa [9]. [TonmydeHHbIEe BbIpaXKEHU S TTO3BOSI-
0T 000CHOBATH BBIOOD ABYX cTpaTeruit 6e3yonITou-
HOTO BO3/IeJIbIBAHUS 36pHOBBIX KYJIBTYP.

CornacHo nepBoii CTpATEruu IO UMEIOIIEHCS TOY-
Ke 0e3yOBITOYHOCTH 0¥ MOKHO OIIPEIETUTh CTPYKTY-
pY ¥ JI0JIEBOE yUaCTHeE 3aTpaT, OLICHUBAEMbIX BEJIUYU-
HOM ¢:

q=0Y(p-D,
rze / — BHOBb CO3/laBaeMasi CTOMMOCTH (OTHOCHTEIb-
Hasl 1IeHa) IPOU3BOIUMON MPOAYKIINY;

£ =1,3-2,2 — nnst Poccuu;

£ =2,0-4,0 — 05 pa3BuTHIX cTpaH. Hanpumep, no
TaHHBIM MHCTUTYTa TOUBOBEICHUS U arpoxumMun Cu-
6upckoro otneneHus PAH, BemnunHa ypokaifHOCTH,
obOecrieunBaroniasi 6e3yobITOUHOE BO3/IeTIBIBAHHUE 3€P-
HOBBIX KYJIBTYp B ycnoBusix HoBocubupckoii obactu,
cocTasisteT oY = 2,0 1/ra.

B cooTBeTCTBUM CO BTOPOI CTpaTeruei rno u3BecT-
HOH CTPYKTYpeE U IOJIEBOMY YYaCTHIO 3aTpaT ¢ (OHU
MOTYT OBITH B3ATHI U3 TEXHOJIOTTYECKOHN KaPTHI HA BO3-
JIETBIBAHNE KYIBTYPBI), @ TAKXKE [0 PEKOMEHTYyeMON
OTHOCUTEJILHOH 1ieHe f 1151 yciaoBuit Poccuu MoxxHO
OTIPENIENTUTH TOUKY O€3yOBITOYHOCTH 0 Y:

oV=ql(f-1).

CTabMIbHOMY U TApaHTHPOBAHHOMY ITPOU3BO/I-
CTBY IIPOAYKIIMU PACTEHUEBOCTBA B OOJbIIIEH Mepe
COOTBETCTBYET oporraemoe 3emirenenue [10-11]. B cBs-
3H C 3TUM OCOOYI0 3HAYNMOCTD U aKTYyaIbHOCTb IIPU-
00peTaeT UCTIOIb30BAHNE OPOIIIAEMBIX 3€MEITh C IIPH-
MEHEeHHEM CepTUPUITMPOBAHHBIX UHHOBAIIMOHHBIX TEX-
HOJIOTHI TOBEPXHOCTHOT'O TIOJINBA M KOMILJIEKCA Ma-
IIVH 17151 ero obecrieueHn . OMHAKO CYIIECTBYIOIIVE B
MEJIUOPATUBHOM CTPOUTEIBCTBE TEXHUUECKUE CPell-
CTBa BBICOKO3aTPATHBI U HE COOTBETCTBYIOT Tpelye-
MOMY Ka4eCTBY BBIIIOJIHEHHBIX paboT. COBEPIIIEHCTBO-
BAHUIO TEXHOJIOTHI TOBEPXHOCTHOT'O MOJIUBA MTOCBS-
IIEHBI PE3YNIbTAThl HAYYHBIX UCCIIEIOBAHMH, BHITION-
HeHHbIe B HayuHO-mCCIIe[0BaTeIhCKOM UHCTUTYTE
arpapHbIX TpooiTeM XaKacuH.

LIEns NCCNEAOBAHUSA — 3KCIEPUMEHTAJIBHO MO/~
TBEPAUTH OIEHKY MapaMeTPOB TEXHOJIOTUH ITOBEPX-
HOCTHOTO TIOJIMBA 110 IMUPOKUM JUTUHHBIM TTOJIOCAM C
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YCTPOMCTBOM O€3yKIIOHHBIX JIOXKOWH M HOBOT'O TEXHH-
YeCKOTO ee 0OecTeueHU s B apUIHBIX YCIOBUSIX I0Ta
Cpenneit Cubupu.

MATEPMANBI M METOAbI. DKCIIEPUMEHTAIBHBIC UC-
CJIeTOBAHUS IIPOBOIVIIN HA OITBITHO-TIPON3BOJICTBEH-
HOM y4acTKe ITOBEPXHOCTHOTO IOJIMBA OOIIIeH IIo1a-
b0 11 ra Ha TEMHO-KAIITaHOBOU ¢J1a003pOoInpoOBaH-
HOH ITOYBE BOJOTPOHUIIAEMOCTHIO 98 MM/u. TexHmUe-
CKHeE TapaMeTpbl OCHOBHBIX JIEMEHTOB BpEMEHHOMH 10-
JIUBHOM ceTH (0€3yKIIOHHOMN JIOKOUHBI, BOIOYIEPIKH-
BAIOILEro BaJINKA) MpU GOPMUPOBAHUU YUACTKOB I10-
BEPXHOCTHOTO TIOJTUBA OMPEACIISIIN IO PE3yIbTaTaM
XPOHOMETPaKHBIX HAOTIOICHU I, BRITTOJTHEHHBIX B CO-
OTBETCTBHU C TPEOOBAHUSIMU MAIITUHOUCTBITATEb-
HOH cTaHIUU. TeXHOIOrHUecKui mporecc GopMUpPO-
BaHUS IOJIMBHBIX YYACTKOB C 3aJaHHBIMU TEXHUUE-
CKUMH TTapaMeTpaMH ITPOBOIUIIH COTIIACHO IKCIITya-
TanmoHHO-TexHoornyeckoit onenke (FOCT 24055-88,
T'OCT 24057-88) ncrpITaHU S MAITHHHOMN TEXHOJIOTHU.
I1pu o1eHKE HCITOJTH30BAIIH IIEPEHOCHY IO HH(pOpMAIIH-
oHHO-I3MepuTeabHyo cuctemy MI1238MP st orpe-
JIEJIEHUS TITOBBIX Moka3arteseit MamuHbl mo CTO
AMNCT 1.3-2007 «MamuHHbIE TEXHOJIOT MU ITPOU3BOI-
CTBa MPOIYKIINH pacTerneBoacTBa. [IporpamMmma u me-
TOABI UCITBITAHUI».

PE3YNbTATBI M OBCYXIEHME. TeXHONIOT U TOBEPX-
HOCTHOT'0 TTOJTMBA IO IMMPOKUM JJITUHHBIM ITOJIOCAM C
YCTPOUCTBOM OE3YKIIOHHBIX JIOXKOUH (TIpejIoKeHa
B.®. TroTrokuHbIM, a.c. Ne 206415) pexomeHTyeTcs 1T
OPOIIEHUS 36PHOBBIX (IIIIEHHIIA, OBEC) U KOPMOBBIX
(KyKypy3a, MHOTOJIETHUE TPaBBI) KYJIBTYP, €CTECTBEH-
HBIX CECHOKOCOB M TTACTOMIIIL, ITPY PETYIISIPHOM OpOIIIe-
HUH, TUMAHHOM OPOIIEHUY, OCHOBAHHOM Ha MECTHOM
CTOKe, U Ha 3eMJIeACITFUECKIX MOJIsX. 15 moyuBa He-
00XOIMMBI OTCYTCTBHUE MONIEPEUHBIX YKJIOHOB OoJiee
0,001 1 HanMuKe Ha OpOLIAEMOM YYaCTKE TPABOCTOA,
JEPHUHBI UJIU CTCPHH.

TexHOIOTHIO MOBEPXHOCTHOT'O TIOJIMBA TIO N PO-
KUM JJTUHHBIM ITOJIOCAM C YyCTPOHCTBOM O€3yKITOHHBIX
JI0KOWH UCTIONB3YIOT AJIS OPOIIEHUS OHOJIETHUX KYJIhb-
TYp (Ha TOMMBHBIX y4acTKax ¢ ykjaonoM ot 0,007 go
0,040) 1 TpaBOCMECEI MHOTOJIETHUX TpaB (Ha TOJIUB-
HBIX y49acTkax ¢ ykjoHoM 1o 0,080). ITonuBHo# yua-
CTOK 00pa3yIoT MPOAOIFHBIMH BOIOYACPIKHUBAIOIIH-
MU BaJINKAMU MIPOXOIUMOTO JIJISl CENTbCKOXO3SIHCTBEH-
HOH TEXHHKH IMOIIepeTHOro poduirs (Beicotoit 0,25-
0,30 M c 3a105keHHEM OTKOCOB 1:5), KOTOpBIE pacroa-
raroT napaJuieJbHO JpyT Apyry Ha pacctosiHuu 80-100
M IT0 HAHOOJIBIIEMY YKJIOHY ITOBEPXHOCTH OPOIIIAeMO-
ro yuactka (puc. I).

JITMHA TIOJTMBHOTO yYaCcTKa B Pe3YJITaTe OIBITHBIX
MOJIMBOB U C YUETOM IPUHSATON OopraHu3aiueii opo-
IaeMoH TepPUTOPUH, pellbeda MECTHOCTH U TIOUBEH-
HO-MEJIMOPATUBHBIX YCIOBUH MOXeT gocTturath 300-
500 M. be3ykI0HHBIE TOTIEPEYHBIE JTOKOMHEI B JAHHOMN
TEXHOJIOTMH TIOJINBA NpeTHa3HAYCHBI 15 OoJlee paB-
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Fig. 1. The main elements of the surface irrigation system on wide long strips with the device of level furrows

HOMEPHOTO paclipe/ieIeHns TOJIUBHOM Bonbl. JIoxOu-
HBI, IEPEXBATHIBASI CTPYHU, ONEPeKaroniue PpoHT mo-
JINBHOU BOJIBI, U3TUBAIOT UX IIMPOKUM (PpOHTOM Ha
HIDKEJIEKAIIYIO YACTh IMOJIOCHI BHU3 10 YKJIOHY; Tpac-
CHUPYIOTCS TIO TOPU3OHTAIH TIOTIEPEK IMOTUBHBIX ITOJI0C
yepes kaxbie 40-60 M, UMEIOT TPOXOAUMBIH /1151 Cellb-
CKOXO3SIHICTBEHHOM TEXHUKU MOTEPEUHBIN MTPOGUIIb
(rmy6unoii 0,10-0,15 M ¢ 3a10%KeHNEM OTKOCOB 1:5).

dopMupoBaHuE MOJUBHBIX MOJIOC HA MJIOMIAAU
10 ra mpegycMaTprBaeT BRITIOTHEHNE 3€MIISTHBIX pa-
60T o6BbeMoM 4175 M° 6e3 yueTa CTPOUTETLCTBA TIOA-
BOJISIIIIUX OPOCUTEIBHBIX KAHAJIOB U COOPYKEHUH Ha
Hux. [Tpu 31oM 3000 M’ rpyHTA HEepeMeIaoT P Bbl-
paBHUBAHUU MOJIMBHOTO yyacTKa (T1yOnHO cpe3a-
HUs T10YBHI 3 cM), 500 M’ — Tpu HapesKe 6e3yKIOHHBIX
JIOXOUWH (00111el TIMHOK 2 KM, TONIEPEYHBIM CEUCHU-
em 0,25 M?), 675 M’ — Tpu ycTpOIicTBE BONOYAEPKUBA-
IOIUX BAJIMKOB (001IeH JUTHHOM 1,5 KM, ToTlepeuHbIM
ceuenuem 0,45 M%) [12-13].

TexHOMOTHS TOBEPXHOCTHOT'O TIOJIMBA TI0 IIINPO-
KUM U JJIMHHBIM IOJIOCaM C YCTPONCTBOM O€3yKJIOH-
HBIX JIOXKOWH TTO3BOJISIET PEaIn30BaTh PEXUMBI OPO-
IIEHUSI 36PHOBBIX U KOPMOBBIX KYJIBTYP CILIONTHOTO
CeBa, ECTECTBEHHBIX CECHOKOCOB U MACTOMII. YUUTHI-
BAIOT, YTO HA OJTHOV MOJIMBHOM IOJIOCE YACIIBHBIN pac-
xof cocTaBisieT 2-3 11/(c-Mm), nojiuBHast HopMa — 700-
900 M’/ra, TPOM3BOAUTENBLHOCTD TPY/IA HOIMBAIIBIIH-
Ka — 1o 1,5 ra/uemn.-u.

HccnenoBanust mOATBEPAUIN BO3MOXKHOCTD ITPH-
MEHEHH S TOBEPXHOCTHOT'O TIOJIMBA IO MOJIOCaM C IIH-
poxuM GPOHTOM MPOIABUKEHUS BOABI IJIs pean3a-
U PSKUMOB OPOIIEHHS CETbCKOXO3INCTBEHHBIX KYITb-
TYP, €CTECTBEHHBIX CEHOKOCOB U MACTOUII IPU CPe-
HEM ypokae CeHa MHOTOJIETHUX TpaB 10 S T/Ta, AUKO-
pactymux Tpas — 110 3 T/ra.

CENIbCKOXO3AMCTBERHBIE MALIMHbI 1A TEXHONOTMM + Tom 13 +N1 + 2019

Heo0xonumbIM yciioBHeM COOITIONEHUS TEXHOIIO-
TUYECKON JUCHUTIINHBI IOBEPXHOCTHOT'O OPOILIEHUS
CITY)KUT Ka4eCTBEHHAS MTOATOTOBKA IIOBEPXHOCTH Y4aCT-
Ka K ToIuBY. K OCHOBHBIM 3JIeMEHTaM TEXHOJIOTUH TTO-
BEPXHOCTHOT O MOJINBA IO MU POKUM JTUHHBIM IOJIO-
caM OTHOCHT:

1) 6e3yknoHHbIe T0XOUHBI (T1youHoi 0,10-0,15 M,
3aJIOKEHUEM OTKOCOB 1:5), aKKyMyJIHPYIOIIHE YaCTh
MOJIMBHOT'O pacXo/a BOABI 7151 MOCIIEAYIOIIEr0 PaBHO-
MEPHOTO paCIPEEIICHIS BOTHOTO ITIOTOKA IO TIOBEPX-
HOCTH TOJIUBHOT'O yYaCTKa;

2) pa3aenuTeNbHbIe BOJOYASPKUBAIOIINE BAJTUKU
(BeIcOTOI 0,25-0,30 M, 3a7T0’)KEHHEM OTKOCOB 1:5).

[Ipu sTOM HEOOXOIUMO 0OECIEUUTD OECTIPETSITCTBEH-
HBII ITPOXOJI CENTBCKOXO35CTBEHHBIX MAILIUH U OpyAUI
MIpY BBITIOJIHEHUH TEXHOJIOTUUYECKUX ornepauuii. s
(hopMHIPOBAHUS YIACTKOB IIOBEPXHOCTHOTO TIOTMBA 10
MIMPOKUM JITTHHHBIM IOJIOCAM C YCTPOHCTBOM O€3yKITOH-
HBIX JIOXKOUH pa3paboTaliyu KOMIUIEKC MAIIIMH:

- noxxomuonenarens JI-1,5 nis Hape3ku 6e3yKIIOH-
HBIX JIOXKOWH, IIMPUHON 3axBaTa B pabodyeM IoJIoxkKe-
Hun 1,5 M (puc. 2). C momotpio 3y0a 1 IeMeX0oB arpe-
rat 3arnyossercs Ha 0,10-0,15 M 1 TpOU3BOIUT BhIEM-
Ky TpyHTA C 3aJI0KEHHEM OTKOCOB 1:5, oTHOBpeMeHHO
(hopMupyeT JIeBBIH U TPaBBIif OTBAJ 332 OJMH IIPOXO.T
(RU 2274982 C1);

- BaImKoBoccTanoBuTenb B-3,0 hopmupyet Boso-
yIEPKUBAIOIINI BaJIUK, pa3pyILICHHBIN B Pe3yJIbTaTe
arpOTEXHUYECKUX 0OPAOOTOK MOUBHI (BCIAIITKH, KYJTb-
THBALIMN); IIUPUHA 32aXBaTa B paboYeM MOJIOKEHUH —
2,5 M. C MOMOIIIBIO JIEMEXOB OPYAUE 3aTTyOnsIeTcs 10
OCHOBaHUS BAJIMKa, COOMPAET U CTSITUBAET TPYHT B
BEPXHIOIO €ro 4acTh, GpopMUpPys NPodUIlb (BBICOTOU
0,25-0,30 M, ¢ 3as10keHIEM OTKOCOB 1:5) 32 ouH TIpo-
xom (RU 2338347 CI) (puc. 3);
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Puc. 4. Boipasnusamens nonynasecnoti BI1-4.0
Fig. 4. Semi-mounted equalizer VP-4.0

; e - BBIpaBHUBATENb noryHaBecHoi BI1-4,0 BeipaBHU-
Puc. 2. Jloocbunodenamenv JI-1.5 BaeT CBaJIbHBIE IPEeOHU, pa3BalIbHbIC OOPO3IBI HA ITO-
Fig. 2. Furrow shaper L-1.5 BEPXHOCTH MOJIMBHOT'O yYacTKa; IIUPHUHA 3aXBaTa B
pabouem nonoxeHun — 4 M. OH yCTpaHseT HEPOBHO-
CTH Ha MMOBEPXHOCTH MOJIMBHOTO YUaCTKa BEIMYUHOU
1o 0,10-0,12 M mpoTskeHHOCTEIO A0 13-15 M 1o cye-
CTBYIOIIUM CXeMaM (THarOHaJIbHBIM, THAarOHAIbHO-TIe-
PEKPECTHBIM, 3UT'3aTr000Pa3HBIM UITH 3aTOHHBIM CITO-
cobom) (RU 2238618 C2) (puc. 4).

ManvHbI TPUMEHSIOT B CTEITHBIX palioHaX Ha BCeX
MMOYBAaX, 3a UCKITFOUYCHUEM KAMEHUCTBIX, MIECUAHBIX U
MIPOCaJTOYHBIX TUIIOB IPYHTOB BTOPOM cTeleHH. B mu-
ara3oHe BIAXKHOCTH MOUBHI 8-28%0 M TP TBEPOCTH B
obpabaTeiBaeMoM citoe 110 3,5 MIla texuuka obecrie-
YUBAET yIOBIETBOPUTEIIBHOE KaueCTBO paboThl. Bee
MAIlIMHBI arperatTupyrorcs ¢ Tpakropamu MT3-80 14-
roBoro kjacca 1,4 1 o6¢cnyKuBaroTcsi OMTHUM MEXaHHU-
3aTOpOM (mabdauya).

Puc. 3. Banuxosoccmanogumens B-3.0 VpoxkaltHOCTB 3e5IeHOl Macchl oBca copTa CenbMma,
Fig. 3. Roller reshaper V-3.0 BBIPAIIIEHHOT'O 110 HOBOM TE€XHOJIOTUH, COCTAaBUJIA
TEXHWYECKME XAPAKTEPUCTUKMN MALLVH / MACHINE SPECIFICATIONS

IToka3zaTenn Jloxxonnonenarear | BaaukoBoccTaHOBHTEIb BoipaBHuBaTe/b
Indicators Furrow shaper Roller reshaper Leveller
Mapxka marmuasl / Machine brand JI-1,5 B-3,0 BI1-4,0
5 HaBeCHas HaBeCHAs MOJTyHABECHASI
Tun mammser / Machine type mounted mounted semi-mounted
IIpou3BOAUTENBHOCTH 3a 1 9 3KCIUTyaTAlHOHHOTO
BpemeHu / Productivity per 1 h of operating time:
KM/ km 3,96-5,04 6,30-6,58 =
ra/ha - - 1,15-1,17
Pab6ouue ckopoctu, km/4 / Operating speeds, km / h 71 9,1 6,9
Pacxon TomiuBa, Kr/en. HApabOTKU
Fuel consumption, kg / unit. of groundwork L =2 el S
E&Tpem;{eMaﬂ MOIIHOCTb, KBT / Power consumption, 18,1213 15.6-22.1 4756
Pabouas mupuna 3axsara, M / Working width, m 1,5 2,5 4,0
Macca koHcTpyKInoHHas, Kr / Structural weight, kg 230 250 960
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7,5 t/ra, uto Ha 2,1 T/ra OoJIbllIEe TOKA3aTeNs, JOCTUT-
HyTOT0 TpHu 6a30BO TexHOIOTUU. A ce6eCTOUMOCTH
BO3/I€JIBIBAHUS OKa3anach 3aMeTHO Hrke — 395,80 mpo-
TtuB 440,12 py6./T.

VpoxkaltHOCTB 3epHa oBca mocturia 1,8 T/ra, B To
BpeMsI KaK CPETHSISI MHOTOJICTHSS TPOAYKTUBHOCTH
3epHOBBIX B Xakacuu coctapnset 0,95 1/ra. Pa3pabo-
TAHHBIN KOMIIJIEKC MAIIIMH 00eCIIeYnBaET MOBBIIIICHHUE
ITPOU3BOAUTEIILHOCTH M KAUYECTBA BBITIOTHSIEMBIX pa-
00T B CpaBHEHHUH C CEPUITHO BBITTYCKAEMBIMH MEJINO-
pPaTUBHBIMM arperaTaM.

BbiBoabl. TexHOIOTHsI TOBEPXHOCTHOTO MOJIMBA I10
MU POKUM JUUTMHHBIM ITOJIOCAM C YCTPOHMCTBOM Oe3-
VKJIOHHBIX JIOXKOWH OTIINYAETCS IPOCTOTON TEXHUYE-
CKOT'0 MICTIOJTHEHU I, HEOOJIBIITMIMHU 3aTpaTaMU CPEICTB
U MaTepHaJioB Ha CTPOUTEITLCTBO, HAJIGKHOCTHIO, BbI-
COKOU MTPOU3BOAUTEITBHOCTHIO U 9KOHOMUEH SHEPTO-
pecypcoB. B TeXHOJIOTMH OPOIIIEHUS 3aI05KEHBI TTPe-

MACHINERY FOR SOIL CULTIVATION

MOCBIIIKY JIJISI TIOJTHOM aBTOMATHU3AI[1 U MTOJINBA C TIPU-
MEHEHUEM KaCKaJTHOTO U NUCTAHIIMOHHOTO yIIpaBlie-
HUSI BOIOTIOJIa4el U KOHTPOJIS 32 PACXOJOM BOJIBI.

TexHOMOTUS MPOIILIa TOCYTAPCTBEHHbBIE UCITBITA-
HUS U pekoMeHnoBaHa CHOUPCKO TOCyTapCTBEHHOMH
30HAJIBHON MAIIMHOUCTIBITATENIbHOM cTaHIuel (r. OMCK)
JUJTSI BKJTIOUCHUSI B 0230BYIO aTr pPOTEXHOIOTHIO.

KowmmekcHoe npuMeHeHne HOBbIX MaruH JI-1.5,
B-3.0 u BI1-4.0 mpu cTpOUTENbCTBE U IKCIIJTyaTalluN
OPOCHUTEITBHBIX CUCTEM TTIO3BOJISIET COKPATUTD IKCILITY-
aTaIMOHHBIE 3aTPAThI U CPOKU CTPOUTENIHCTBA ITOJTUB-
HBIX YUaCTKOB B 1,8 pa3a, HOBBICUTh YPOXKAWHOCTB 3€-
JeHOM Maccel oBca Ha 17,2% npu cHukeHuu cebecto-
nMocTHu BosnenbiBanus Ha 10,1%. [TponszBoacTBo 3ep-
Ha MOXKHO yBeJU4UTH B 1,9 paza

HogBusHa npeniiaraeMbpIx TEXHUYECKUX PEIICHUH
3alUIeHa IAThIo TaTeHTamMu PO Ha n3o0peTeHus.
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OnpepneneHune KoadppULMEHTOB TPEHUA CTEO6NEN NbHA
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Pedepar. [Ipu ybopxe npHa-moNTyHIA €ro cTeOIM KOHTAKTUPYIOT C pabOYMMHU OpraHaMH JTbHOYOOPOUHBIX MAIIMH.
BrisBumi, 4To MHOTOOOpA3ue MaTepHaoB Il U3TOTOBIEHHMS PabOYMX OPraHOB BBI3BAIO HEOOXOAMMOCTD PACCUMTATH
K03((QUIMEHTB! TPeHHs NMpPH B3aUMOJCHCTBUM cTeOel ¢ 3TMMU MaTephanaMy, Tak Kak CAeJaTb 3TO ONBITHBIM IyTeM
He BCET/Ia TpeCTaBIseTcss BOZMOXKHBIM. [ToATBepANIM BO3MOKHOCTD BHIYUCIEHNS KOA(D(HUIMEHTOB TPEHNS B KOMIIEBOIA,
cpefHeit ¥ BepXylIeuHoii yacTsx crebms. (Lens uccnedosanus) PaccuntaTs K03 GuiIMeHTs TpeHHs cTeOnell NbHa-I0ryHLA
TI0 33JTaHHBIM XapaKTePUCTHKAM MUKPOTE€OMETPHH UX MOBEPXHOCTH. (Mamepuanvi u menoodwt) ViccnenoBanus MpOBOMIN
Ha CTaHmapTHOM Ipubope mpodunorpad-npoduaomerp 3aBomaa «Kamubpy, moaens 201. B kadecTBe nccaemyeMoro MaTe-
puaia UCIIOIb30BANH JIEH-TONTYHEI copTa MoruneBckuii 2 B aze Oypoil crenocTH, (BIaKHOCTS — 43,79 mpotieHTa, 001mas
JUTMHA cTebnelt — 78,9 caHTUMeTpa, yposkaitHOCTb JTbHOCOJIOMBI — 3,575 TOHHBI ¢ TekTapa). PacTenus qpHa-IONTYHIIA BBITE-
pebIMBaIM BPYUHYIO Ha ONIBITHOM T1071€ B IepHoA yOopKH. B X0/1e TOATOTOBKM ONBITHBIX 00Pa3I0B cTeOENb JIbHA JETHIN
Ha TPH 9aCTH — KOMIIEBYIO, CPETHION0 1 BepXylIeuHyto. Kaxryro i3 qacteii cre0us pa3aersui Ha Be MOJIOBHHBI BIIOMb OCH,
3aTeM OJIHY U3 TIOJIOBUH Pa3BOPAUNBAJIN U HAKJIEUBAIIM HA TBEP/IOE OCHOBAaHME (CTANBHYIO IacTuHy). [Ipoduorpammsr
qacTell cTebineil TbHa 00pabaThIBANIN MO U3BECTHBIM METOAMKAM. (Pesymvmamsl u obcysrcoenue) Tomyunmu xoadhdunnm-
€HTBI TPEHNUS CTeOJIel pasHON BIAXKHOCTH MPH UX MEPEMEIIEHHUH 110 CTAIBHOM MOBEPXHOCTH. YCTAHOBHIIH, UTO PACUeT-
HbIe 3HAUeHU KOI(QPUIIMEHTOB TPEHUS HECKOJIBKO ITPEBBILIAIOT ITOKA3ATENH, TOTyUEHHBIE B PE3YIbTaTe ONBITA. (Bbi800bi)
YCTaHOBIIH, YTO C TOBBIIEHNEM BIAKHOCTH CTEOJIeH JTbHA BO3pACTAeT MONEKYISIPHAS COCTABNAMONIAs KodduienTa
TpeHust. Onpeeniiy, 4YTo npy BIaxHOCTH crebieit 20-45 mpoleHTOB Ko3GUINEHT TpeHus KonebIeTcs B mpeaeiax oT
0,38 10 0,98 mpotienTa.

KiroueBbie ciioBa: T5HOY0OpOYHbIE MAIIMHBI, MATEpHAIB pAOOUMX OPraHoB, KOIQQUIIMEHT TpeHus cTebIei TbHa, TIPo-
¢unorpamma.

I s uutupoBanus: Yepuukos B.I., Poctosues P.A., ITonos P.A., Pomanenko B.1O., PoctosiieB A.A. Ompe-
nenenre ko3 GuImeHToB TpeHus cTebJIei IbHA 0 XapaKTepUCTUKAM MepoxoBaTocTH // CenbcKoxo3sticmeen-
Hote mawunsl u mexnono2uu. 2019. T. 13. N1. C. 41-47. DOI 10.22314/2073-7599-2018-13-1-41-47.
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Abstract. When harvesting flax, its stems get into contact with the working elements of flax harvesting machines. The
authors have found that the diversity of materials used to manufacture the working elements made it necessary to calculate
the friction coefficients in the interaction between the stems and these materials, since it is not always possible to do this
experimentally. They confirmed the possibility of calculating the friction coefficients in the butt, middle and apical parts
of the stem. (Research purpose) Calculation of the friction coefficients of flax stems according to the given microgeometry
characteristics of their surface. (Materials and methods) The studies were carried out on a standard device, a profile meter-
and-recorder made by the Kalibr plant, make 201. Common (fibre) flax of the Mogilevskiy 2 variety at the stage of brown
ripeness, at a humidity - 43.79 percent, with total length of stems — 78, 9 cm and a flax straw yield of 3.575 tons per hectare
were chosen for the experiments. The flax crop was harvested by hand on the experimental field during the harvesting
period. During the preparation of experimental samples, the flax stem was divided into three parts - butt, middle and
apical. Each of the stem parts was divided into two halves along the axis, then one of the halves was unrolled and pasted
on a solid base (steel plate). Profile diagrams of flax stems parts of were processed with conventional methods. (Results
and discussion) The authors have obtained the friction coefficients of the stems of different humidity as they moved along
the steel surface. It has been established that the calculated values of the friction coefficients are slightly higher than those
obtained as a result of experiments. (Conclusions) It has been established that as the humidity of flax stems increases, the
molecular component of the friction coefficient increases too. It has been determined that when the moisture content of the
stems is 20-45 percent, the friction coefficient values range from 0.38 to 0.98 percent.

Keywords: flax harvesting machines, materials of working elements, friction coefficient of flax stalks, profile diagram.

I For citation: Chernikov V.G., Rostovtsev R.A., Popov R.A., Romanenko V.Yu., Rostovtsev A.A. Opredelenie
koeffitsientov treniya stebley I'na po kharakteristikam sherokhovatosti [Calculation of the friction coefficients
of flax stems according to their roughness characteristics]. Sel'skokhozyaystvennye mashiny i tekhnologii. 2019.

Vol. 13. NI. 41-47. DOI 10.22314/2073-7599-2018-13-1-41-47 (In Russian).

KOHTaKTUPYIOT C Pa3IMUHBIMU MaTepUaIaMu,

13 KOTOPBIX M3TOTOBJICHEI pabOvre OpraHbl THHO-
ybopouHbix MatmwH. [Ipn 3TOM MeX Ty HUIMU BO3HHKA-
IOT CHJTBI TPEHUS, 3aBUCSIINE OT XapaKTEPUCTHKHU MUK-
poTeoMeTpHH MTOBEPXHOCTHU cTeOIel IbHA. XapaKTep
KOHTaKTHOU JieopMaliuu cTedieit IbHa HEOIUHAKOB,
TaK KaK pa3JInYHbIE B3aNMOJIEHCTBYIONNE MATEPHATBI
PE3KO OTIMYAIOTCS 10 BETUYUHE MOJYIIS YIIPYTOCTH.
Kak u3BecTHO, TOBEPXHOCTH JII000T0 FeOMETPHUECKO-
ro Teja UMeeT MaKpO- U MUKPOHEPOBHOCTH.

[Ipu xoHTaKTE TeJ BBICTYIIBI OOJIee TBEPIOH MTOBEPX-
HOCTH IETUISIOT U PACILTIOIINBAIOT HEPOBHOCTH COTIPSI-
JKeHHOM OoJiee MATKOM moBepxHOocTU. Ha cBOWCTBO KOH-
TaKTa BIUSIIOT MEKPOTEOMETPUS TBEPIOH MMOBEPXHO-
CTU U MEXaHUYECKUeE CBOICTBa H6omee Msrkoro Tena. B
9TOM IIJIAHE OCTAETCSl MAJION3YUYECHHBIM B3aUMO/IEH-
CTBUE JeTaJIell MaIlIuH U cTeOIIel TbHA-IO0NTYHIIA.

Hccnenyst B3auMoaeicTBUS MAaTepHUATIOB BaXXHO
3HaTh Koadpunnent Tpenus [1]. EcTs Hemano Hayd-
HBIX pabOT, MOCBSIIEHHBIX U3YUEHUIO 3TOTO MOKa3a-
TeJs IpU KOHTAKTUPOBAHUU CTeOJIeH JIbHA C pa3Ind-
HBIMU MaTepuaiaMu. Ho Bce OHU HOCST MpakTuye-
CKUI XapakTep, TO €CTh 3HaUeHU S KO3 PUIIMECHTOB
TPEHUs TIOJTYUYESHBI OITBITHBIM ITyTEM U TOJIBKO IS OTpa-
HUYEHHOT 0 Kpyra MaTepuaioB. B cBs3u ¢ UCIONIb30-
BaHUEM B CEIILCKOXO3IMCTBEHHOM MAIIMHOCTPOCHUHU
HOBBIX 2JIBTEPHATUBHBIX MATEPUAJIOB IPU U3TOTOBIIE-

B Iporiecce YOOPKHU JbHA-TONTYHIIA €r0 CTeOIH

CE/IbCKOXO3AMCTBEHHBIE MALWHbI 1 TEXHONOIMA - Tom 13 1 + 2019

HHUM pabOYMX OPraHOB BO3HUKJIA HEOOXOIUMOCTH pac-
CUUTATDh KO3(PPUIIMEHTHI TPEHU S TP B3aUMOACHCTBUH
cTe0IIeii ¢ 3TUMU MaTepruaiaMu, TaK KakK CIelIaTh 9TO
ONBITHBIM IIyTEM HE BCET/1a MPEACTABISIETCS BO3ZMOXK-
HBIM. MOHO C 1OCTaTOYHOU TOUHOCTbBIO pACCUUTATH
3HAUEHUS ITUX MTOKa3aTeleld B KK IOH YaCTH CTeOIs
(KOMIIEBOI, CpeHe, BepXyIIeUHOIl), 3HAs XapaKTepH-
CTHKH MHKPOTEOMETPUU UX TTOBEPXHOCTH.

Crebenb IbHA COBEPIIAET CIIOKHOE IBUKEHUE I10
MMOBEPXHOCTH PACCTHIIOUHOTO CTOJIA C OCYIIIECTBIIEHH-
eM nosopota. [lo napameTpam epoXoBATOCTH U KO-
s urmeHTaM TpeHUS B PA3HBIX YACTAX CTEOIS MOXK-
HO TIOMO0OpaTh MaTepra CToJIa IMPH ero MPOEKTUPO-
BaHUU.

LIEnb ncCNEQOBAHUS — paccunTaTh KO3 (UIIHCH-
THI TPEHUS CTeOIIel TbHA-A0ITYHIIA TI0 33 JaHHBIM Xa-
paKTepUCTHKAM MUKPOT€OMETPHUH UX MIOBEPXHOCTH.

MAaTePVANbI M METOABI. VccienoBanms TpOBOAMITN
Ha cTaHaapTHOM npubope npoduiiorpad-npoduro-
MeTp 3aBona «Kammbp», mogens 201. [punIun ero pa-
©GOThI OCHOBAH Ha LIYTIOBOM METO/IE ONIPECIICHHUS I11e-
poxoBaTocTu oBepxHocTH. [1o moBepxHOCTHU ITEepeme-
A TCs UTJIa MaJIoro pajaunyca 3akpyrieHus 2-10 M.
Konebanus urisl B BepTUKAIbHOM HATIPABICHUU 110~
BTOPSIIOT HEPOBHOCTH MPOGUIIS M TPeoOpa3yoTcs B
3JIeKTpUUecKre CUrHaabl. OHU YCUIIUBAIOTCS, 3aIH-
CBIBAIOTCS B BUJIE TPODUIIOTPAMMBI MU MTOCTYIIAIOT
B UHTErpUpyIolIee yCTPOICTBO, KOTOPOE BBIIAET Xa-
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PaKTEPUCTUKH TPOQUIIS.

B mpodutorpade uria ckoab3uT MO MIEPOXOBATOM
moBepXHOCTH (puc. 1). OHA cOeMMHEHA C TKOPEM H MO-
’KeT BMECTE C HUM MTOBOPAYUBATHCSI OTHOCUTEIBHO MIPH-
3MEIL. [Ipn 3TOM MeHSIeTCS 3a30p MEXKTY CEPIACTHIKOM
U SIKOPEM, YTO ITPUBOAUT K U3MEHEHUIO IIEPEMEHHOTO
TOKa B KaTyIke. Tok uepes TpaHchopMaTop IOCTyma-
€T B YCWJIUTENb, 4 OTTY/Ia Ha CAMOITUCEI] U perucTpa-
Top. IIpu3ma 3akpenseHa HEMOABUKHO OTHOCUTEIIb-
HO IIapoBOii oropsl. ITockoIbKy map nMeeT 00BN
paauyc KpUBU3HBI, OH CKOJIB3UT 10 BEPIITHAM MUKPO-
BBICTYIIOB, OITYCKAsICh ¥ TIOTHIMAsSICh B COOTBETCTBUU
C UMEIOIIEIiCcs Ha TOBEPXHOCTH MUK POHEPOBHOCTHIO.

st mpoBeneHus NCCIIEAOBAHUI HA OMIBITHOM ITO-
JIe B TIeprof yOOPKH pacTeHus JIbHA-I0JITYHIIA BBITE-
pebIBaIu BpyUHYIO, ITOCIIE YETrO UX TOCTABIISIIH B JIa-
OopaTopuio, TAe ONPEAeIIsUTH IJTUHY U THAMETP Kaxk-
JTOTO CTeOJIsI IO N3BECTHBIM MeTOIMKaM (XapakTepu-
CTUKU MUKPOTE€OMETPUH, OTIPEEITSIONTNE B3AMOICH-
CTBHE IIIEPOXOBATHIX MOoBepxHOCTEeH. M.: HUMMAIILIL.
1973). B xo11e TOATOTOBKH ONMBITHBIX OOPA3IIOB CTe-
OeIrb ITbHA IETTUIIH Ha TPH YaCTH — KOMIIEBYIO, Cpe/l-
HIOIO U Bepxylieunyo. Kaxayro uz yacreii crebis pas-
JIEJISUTA Ha B TTOJIOBUHBI BJIOJIL OCH, 3aTEM OJTHY U3
ITOJIOBUH pa3BOpauMBaJId U HAKJIEUBAIIM HA TBEPIOE
OCHOBaHHeE (CTAJbHYIO IJIACTHHY).

é
T 5
5N

fg

Puc. 1. lpoghunoepap-npogpuromemp 3asooa «Kanubp» moo. 201:

1 —uena; 2 — sxops; 3 — cepoeunux, 4 — npusma; 5 — kamyuwka;
6 — mpancghopmamop, 7 — ycurumens, 8 — camonucey; 9 — peeu-
cmpamop; 10 — waposas onopa

Fig. 1. Profile recorder-and-meter made by the "Kalibr" plant,
make 201: 1 —needle; 2 — armature; 3 — core; 4 — prism; 5 — coil;
6 — transformer; 7 — amplifier; 8 — recorder; 9 — recording device;
10 — ball bearing

B kxauecTBe uccrexyemMoro MaTepuasia UCIoiIb30Ba-
JIH JICH-TOJITYHell copTa MoruieBcKuii 2 B ¢ase Oypoit
CIIEJIOCTH, BIIAXKHOCTD — 43,79%, oOmias JjIinHa cTe-
6rteit — 78,9 cM, ypOsKalfHOCTB JIBHOCOJIOMBI — 3,575 T/Ta.

Ha mpodunorpade-npodunomerpe cHsIU Tpodu-
JIOT paMMBI KOMJIEBOH, CPETHEH M BEPXYIIIETHON YACTH
cTeOIIel IbHA.

PE3YNBTATBI M OBCYXAEHUE. Pe3yibTaThl MUKpOTE-
OMETPUM CBUIETEIBCTBYIOT O 3aMETHBIX PA3ITUUMAX

CENIbCKOXO3AMCTBERHBIE MALIMHbI 1A TEXHONOTMM + Tom 13 +N1 + 2019
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MAPAMETPbI MMKPOFEOMETPUM
MOBEPXHOCTI CTEBISI NIbHA-RONT YHLA
CHARACTERISTICS OF THE MICROGEOMETRY
OF THE FLAX STEM SURFACE

Yacrs cTeds / Stem part

Iloka3zaTem

Indicators BEpXy-

e4yHast
apical

KOMJIEBast
butt

cpeausst
middle

CpenHee OTKJIOHEHHE
npoduist R,, MKM
Average deviation of
the profile R,, pm

1,02 0,96 0,96

Paccrosiaue ot TuHII
BBICTYIIOB 10 JIMHUHA
BIAJIUH, R ., MKM
Distance from the line
of protrusions to the
line of troughs,

Rinax, LM

7,02 6,50 11,25

Paccrosinue ot tuHUN
BBICTYIIOB 10 CpENHEN
JIMHUU, R,, MKM
Distance from the line
of protrusions to the
midline, R,, pm

3,75 3,75 6,50

Pauyc KpuBU3HBI
BEPIIHH BBICTYIIOB, I'y,
MKM

Curvature radius of
the peaks of
protrusions, ry, pm

288,00 221,00 87,00

OTHOCHUTENBHAS IJIU-
Ha 0 CpeIHEH JTNHUH,
t., MKM

Relative length along
the midline, 7., pm

0.44 0,47 0,47

CpenHuii mar HepoB-
HOCTEH, t,;, MKM
Average step
irregularities, 7,, pm

62,70 40,00 44,30

[TapameTpb! ontopHOI
KpHUBOIf*:
Reference curve
parameters *:

v

b 1,80

KommiekcHast xapax-
TEPHCTHKA, yYUTHIBA-
I0I1asg OCTPOTY BBICTY-
IIOB U UX pacmpezese-
HUE 1O BBICOTE, 4
Complex
characteristic taking
into account the
sharpness of
protrusions and their
height distribution, 4

2,20 2,60 2,90

1,80 2,40

0,019 0,024 0,095

*y, b — mapaMeTphl CTENICHHOM alIPOKCUMAIUU HAYaJIbHOU
YaCTHU ONMOPHOM KPUBOI

*y, b — parameters of power approximation of the initial part
of the reference curve

ToKa3aTeNeld B pa3HbIX YaCTAX CTeONs (mabauya).

Cpennee apu(MUTHYECKOE OTKJIOHEHME ITPOQHIISL
R, omnpenensiii HEMOCPEACTBEHHO T10 IIKaJie Mpogu-
norpada-npodrromerpa.
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Puc. 2. Xapaxmepnas npodunoepamma (a) u onopras Kpueas
nogepxuocmu (b) Komnegoii wacmu cmeb6s 1bHaA-0012YHYA

Fig. 2. Characteristic profile diagram (a) and the support curve
of the butt end surface (b) of the flax stem.
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Puc. 3. Xapaxmepnas npogunoepamma (a) u onopnas Kpueas
nosepxuocmu (b) cpeoneii uacmu cmebist ibHa-0012YHYA

Fig. 3. Characteristic profile diagram (a) and the support curve
of the middle part surface (b) of the flax stem

KoMInIekcHy 0 XapaKTepUCTUKY, YUUTHIBAIOLILY IO
OCTPOTY BBICTYIIOB U UX PACIIPEIEIICHHUE 1O BHICOTE,
BBIYHCIIUIIN 110 (hopMyITe:

A= Rylrb", 1)

CE/IbCKOXO3AMCTBEHHBIE MALWHbI 1 TEXHONOIMA - Tom 13 1 + 2019

Puc. 4. Xapaxmepnas npogunoepamma (a) u onopuas Kpueas
nosepxnocmu (b) eepxyuwieunoti yacmu cmebns 1bHA-0012YHYA
(sepmuxanvroe yseauuenue 6 20 paz donvue 20puU30HMAILHO0 )
Fig. 4. Characteristic profile diagram (a) and the support curve
of the apical part surface (b) of the flax stem (the vertical
magnification is 20 times larger than the horizontal one)

e R« — PACCTOSIHUE OT JIMHUHU BBICTYIIOB 10 IMHUU
BIAJUH;

b uv—mapaMeTpsl CTENIEHHOM AN POKCUMAITNH Ha-
YaJbHON YaCTH OMIOPHOW KPUBOM, HOCTPOEHHOM B OT-
HOCHUTEJIbHBIX BEIMUIHAX.

ITocTpoum onopHbIE KPUBBIE JIs1 KOMJIEBOM, Cpea-
Hel ¥ BepXyIIeYHO yacTu cTeOIIs ¥ ONpeie UM UX Ma-
pameTpsl b u v (puc. 2-4).

B xozae uccnenoBaHus BbISIBUIIH, YTO apaMeTPhI
IEPOXOBATOCTHU PACHPEAEIISIOTCSI HEPABHOMEPHO 10
JIJINHE CTEOJIA.

Haubonpine 3HaueHU S OTMEUYCHBI B BEPXYIIIEUHOM
€ro 4acTH, a B KOMJIEBOU U CPEAHEN OHU ITPUMEPHO
OIMHAKOBBL.

Hayxka o TpeHu1 OCHOBBIBAETCS HA IPEJICTABIEHUU
0 IBOWCTBEHHOH MpH PO GPUKITMOHHOTO B3aUMOICH-
CTBHSL: MOJICKYJISIPHON U MEXaHIUYECKOM [2].

KoadduumeHT TpeHnst COCTOUT U3 MOJEKYIIPHOMN
(axre3uoOHHOI) 1 MexaHU4YecKoi (1ehopMallHOHHOL)
COCTaBJISAIONIUX:

f=htfa @)
e f,, — MOJIEKYJIsIpHAS COCTaBJIAIOMAas KO3 GUITHeH-
Ta TPEHUS;

fn—MexaHWUecKas COCTaBJISONAas KodpduiimeHra
TpeHUS.

MonekyaapHYyI0 COCTABISAIONYIO Koa(hdUIeHTa
TPEHMS MOYKHO OIPEIeTUTh 1o hopmyire [3]:
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_1
f‘1:CNIA+ﬁO’ (3)
rac ]Vl — HOpMaJIbHAaA MMOTOHHA HAI'PY3Ka, H/M,
C- BCJIMYMHA, paBHA:

L67R" (r, /2 )"
E1/4E1/2 o’
1n 2n
rae R — paguyc cTeOmst, MM;

Ty U i — MOJIEKYJISIPHbIE KOHCTAHTBI TPCHUS;

E\,, E>, — TpuUBeIeHHBIE MOIYIIH YIIPYTOCTH CTEO-
JIeii TbHA M KOHTpTea (MOIYJIN KOHTaKTHOM aedop-
Marun), k[Ta. HeoOxomuMmele cripaBoOYHBIC JAHHBIE TJI5
ee pacueTa MOJICKYJIBIPHOH COCTaBIISIONICH TOAPOOHO
MIPEICTABICHBI B [3].

IIpu pacdere k03 (pPUITHEHTOB TPEHUS HEOOXOTH-
MO 3HAaTh NOTOHHYIO HOPMAJIbHYIO HATPY3KY N, neil-
CTBYIOIIYIO CO CTOPOHBI JICHTHI Ha TIOBEPXHOCTH TIPU
WX B3auMoaencTBHH. MICX0os U3 TOro, UTO JIeHTa cTeO-
JIEl HAaXOOUTCS B CBOOOIHOM COCTOSIHUH, TO €CTH O€3
naBJieHHs Ha Hee. Torma N; OyIeT onpenensaThes Be-
CcOM CTeOJIeBOM MacCChI:

C= @

]\]1 — H’ (5)

TIe i, — YUCJIO CTeOIel Ha eAMHUIIC TTUHBI JISHTHI,
IIT./M;

m, —Macca OJTHOTO CTeOIs, KT;

Ter — YUCTIO CTEOJIEH B HUYKHEM CJIO€ JICHTBI, IIIT.;

L, —obuas njanHa cTedieii B JIEHTE, M.

JomycTuM, 4TO IMPH TPAHCIIOPTUPOBAHUH JICHTHI
10 PACCTHJIOUHOMY IITUATY CTEOIIN HIDKHETO psia Mo
BCE IJTMHE KOHTAKTHPYIOT C €r0 MOBEPXHOCTHIO. Tor-
J1a oOIIyI0 JJIUHY BCeX cTebIIeid, HaXOIsSIUXCS B KOH-
TaKTe, MOKHO OIIPEIIEITUTh U3 yPaBHEHHUS:

Lc-r = 2«0 inO ICT) (6)

rae Ay — Ko3pOUIIUEHT, YYUTHIBAIOIINNA MIIOTHOCTD
VKJIAJKH CTeOJIeH B JIGHTE;

ino — 9MCIIO cTeOel Ha 1 M JJIMHBI JIGHTHI IIPH UX
YKJIaJKe, IIT./M;

l.; — cpenHsis nmuHA cTeOIeH, M.

JlenTa ctebneit popmupyetcst B TepeOUIBHOM atl-
napare, IOMePETHOM 1 38 KIMHOM TPAHCIIOPTEPE JIHHO-
yoopouHoro koMbaiiHa. BakHOI XapaKTepUCTUKON
JIEHTBHI CYUTAETCS YUCIIO CTeOIeH HA eMUHUITY €€ ITU-
HBl. Ha mpuMepe mpHOyOO0pOoUHOTO KOoMOaitHa JIK-4A
paccunTaeM yucio credieil B popMUpyeMOit UM JIeH-
Te. Yucno crebneit B pydbsix TepeOMIbHBIX CEKITUI:

inzB-iO-J~ZM, @)

P
rae B — mupurHa 3axBaTa TepeOUIIBHOM CEKIINH, M;
ip—TycToTa cTebecTos (JrCio cTedeil Ha i-M yJacT-
K€ TI0JIS), IIIT./M;

J — 9uCIo pydybeB TePeOMIBHBIX CEKIIUM, U3 KOTO-

pBIX chopMUpOBaHa JIEHTA, IIIT.;
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V' — CKOPOCTH ABUIKEHUS MAIIIUHBI, M/C;

V, — CKOPOCTb TEPEOUIIBHBIX peMHEH, M/C.

O0603HaYMM TOJNIIUHY JICHTHI CTeOIei Yepes /i, , Tor-
Jla TUTOINA b TIOTIEPEYHOTO CeUSHU s CTeOJIel B JICHTE
nnuHoi 1 M 6ynet paBHa hy m”. TTnomas cedeHns cTed-
ns paBHa 7R, KoabduimenT 3anonHenys cedeHus
cTebelt B JIeHTe, IPEACTABISIONINN COO0N OTHOIIIE-
HUeE )KMBOTO CEUeHU I CTeOIei 1o Beel TIIoIa iy ceve-
HM S JICHTHI JIUTMHOM 1 M, OyneT paBeH:

i 7R
h,

Croii cTebieit 1bHA B CBOOOAHOM COCTOSTHUU (0€3
JTABIIEHU S Ha HET0), XapaKTepu3yomuiics ko huiu-
€HTOM 3aTOJTHEHU I CEYEHU S Lo, HAXOUTCS B ITpeesax
0,15-0,20 [4, 5].

IToncraBuB g B (7) BMECTO A, ¥ pelas HOITy4eHHOE
ypaBHEHME OTHOCUTEIBHO /1, Oy YUM:

A = ©®)

i R
4,
TonuHa JEHTHl XapaKTePU3yeTcs TAKKE YUCTIOM

pAnoB cTebieit B Hel mpu MJIOTHOU UX YKJIagKe BIOIb

seHThl. O003HAUYNM €€ KaK #, = i,/i,.

Tornma:

n.=2i,R. (10)

PaccunTaemM MOroHHy10 Harpy3Ky Ipu KOHTaKTH-
POBaHUU JIEHTHI C PACCTUIIOYHBIM cTosioM. ITpumem
B=0,38M; i, = 1400 mt./M% J = 4; Vy = 2,0 M/c;

V, = 3,08 m/c; m. = 0,0015 xr; R = 0,001 M; lcr =1 M.

Torma moronHas Harpyska N, = 22,3 H/m.

3Has mapaMeTpbl MUKPOT€OMETPUH MOBEPXHOCTHU
CTeOIIs TbHA-TONITYHITA TI0 BCEH €ro JUTIHE U ITapaMeT-
PBI IIEPOXOBATOCTH CTAIH KaK Hanboee TBEPIOTro Ma-
Tepuaa mapbl, PAaCICTHBIM ITyTEM OIIPEIEITUM 3HAUEC-
HUSI KO3(PGUITMEHTOB TPEHUS CTeOJIeH B KOMJIICBOM,
CpeaHEN U BEpXYLIEYHON YaCTHU IPU B3aUMOAEHCTBUU
C IJ1aJIKOH CTAJIbHON TTOBEPXHOCTHIO.

Benuuunst C, S, u E, 3aBUCAT OT BIaKHOCTH CTEO-
JIEH w.

Taxkum 006pa3oM, BOCIOJIH30BABIINCH POPMYTaMHU
(3) u (4), mpoBeneM OIICHKY MOJIEKYIISIPHOM COCTaBIIsI-
foreilt kKo3ppureHTa TpeHus A1 CTeOIeH BIaXKHO-
cteio 20; 32 u 45% (puc. 5).

h, = ©)

Ipuw =20%:

f1=0,60; f5 = 0,63; f; = 0,38.
Mpuw =32%:
f1=0,80;/,=0,84;1;=0,51.
IMpu w =45% :

f1=094;1=0098;f;,=0,82,
rne fi, /2, f3 — 3HaueHus ko3 PUIIMEeHTOB TPeHUs, CO-
OTBETCTBEHHO, B KOMJIEBOW, CPETHEN U BEPXYIIEUHON
YacTsAX CTeOs.

PacueTHbIe 3HaUeHN KO3 (HUIIMEHTOB TPEHNS HE-
CKOITBKO MPEBHINIAIOT IOKA3aTeNH, Oy YeHHEIE B pe-
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0,8 1

0,6 1

0,4 1

0,2

1

w=20%

N

3

]

w=32% w=45%

Puc. 5. Koagpuyuenmor mpenus no onune cmebns npu pasiuy-
HOTL 61LAJICHOCINU.

1 — komnesas uacmo cmebs; 2 — cpedusist; 3 — 6epxyuieunast

Fig. 5. Diagram of changes in the friction coefficients along the
stem length:

1 — butt end of the stem, 2 — middle part of the stem; 3 — apical
end of the stem

3ynbTaTe ombITa [6-10]. DTO 00BACHSETCS TEM, UTO IT0-
CJIe OTCBIXaHHU s INCThEB B MECTAX UX POCTa Ha CTEOIISIX
OCTAIOTCS BBIITYKIJIOCTH, ¥ TPU ONpe/ieNIeHuU Koo hu-
IIUEHTA TPEHUS ONMBITHBIM ITyTEM KOHTAKT CTEOJIS ¢
KOHTPTEIIOM OCYIIECTBIISIETCS B IIEPBYIO OUepeb Ha
9TUX BBICTYIIAX, BCIISICTBHIE UETO YMEHBIIAIOTCS I1JI0-
a1 KOHTaKTa U caM KO3 pUIIueHT.

Hﬁ TEXHWKA Ansl PACTEHWEBOACTBA

MACHINERY FOR PLANT GROWING

B BepxyieuHoit yactu ctebiis HabrogaeTcs Hau-
OopIas MePOXOBATOCTD €r0 MOBEPXHOCTH, TPOUCXO-
JINT B3aNMOJIEHICTBHUE BBICTYIIOB (MUK POHEPOBHOCTEH)
KOHTAaKTUPYIOIIUX MOBEPXHOCTEH (IPU OTCYTCTBUH
Harpy3kn). [loaroMmy ko3 PuUImeHTH TpEHUS 10 ITH-
He cTeOJIsi BO3PACTAIOT B CTOPOHY BEPXYIIEUHOU Ya-
CTH ¥ JOCTUTAIOT B HeHl HanbombInX 3HaueHuit. C no-
BEIIIIEHHEM BIaXKHOCTH CTeOIeH KOAPPHUIIEHT TPEHUS
YBEIIUUMBAETCS, TOCTUTAET MAKCUMYMa, a 3aTeM Ia-
JaeT. DTO CBA3aHO ¢ TUAPOGOOHOCTHIO MOBEPXHOCTH
cTe01s IbHA M 00pa30BAHIEM BOISTHBIX MEHUCKOB, TO
€CTh CHJI MeKMOJICKYISIPHOTO B3aUMOJICHCTBUS aTO-
MOB BOJIbI M TOBEPXHOCTH KOHTAKTUPYIOIIUX TeJl BO-
KPYT OSTEH KOHTaKTa [3].

BrrsiBrieHHBIE B X0/1e paccueToB KO3 PUITUEHTHI
TPEHUSI MOTYT OBITh UCIIOJIb30BAHBI IIPU MIPOESKTUPO-
BaHWY PA3IMYHBIX MAIIIH JIJI5 BO3AEIBIBAHUS U yOOP-
KH JIbHA-JOJTYHIIA, B YACTHOCTHU, PACCTUIIOUHBIX
YCTPOUCTB.

BriBogbl. [IpoBenu 0630p 1o uccienoBaHusaM u-
3MKO-MEXaHIYECKIX CBOUCTB CTEOJICH JIbHA-TONTYHIIA.

ITo pa3paboTaHHOI HAMU METOJUKE PACCUUTAIHI
K03 GUIUSHTHI TPEHUS CTEOJIeH pa3TUnIHON BIIAXKHO-
CTH TIPU UX B3aUMOJICVICTBUH C MIOBEPXHOCTHIO IITUTA.
Onpenenuiu, YTo Npu BIaXHOCTHU cTebieit 20-45% ux
3HaveHus KojeOmtoTes B mpenenax ot 0,38 go 0,98.
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Pedepar. ['opusoHTanbHO-KOHBElEpHBIE paboUre OpraHbl Tpadiei MPUMEHSIOT IS YBEMNUEHHS TPOM3BOAUTENBHOCTH, CHIXKE-
HUS METAJUIOEMKOCTH M YIYYIIeHUs KauecTBa crpebanus. Taxoit Tum paboduero opraHa MepCHeKTUBEH IS UCTIONb30BAHMS B
KOHCTPYKIHAX CEHOYOOPOUHBIX MAIINH (Tpalenb, cBanBaTeleil BATKOB) M B MOIOMPAIOIINX YCTPOMCTBAX MPecc-MoA0OpIIH-
KoB. [IpoBenu uccenoBaHus CYIECTBYIONIUX KOHCTPYKIMIA TpabiuH 1 ¢ moMolibio 3D-Mofenu ClipoeKTUPoBaIu pabouuii op-
TaH TOPM30HTAIBHO-KOHBEHEPHOTO THTIA TS CrpeOaHust CKOMEHHOH TpaBhl. ([Jens uccredosanus) V3yduTh KOHCTPYKIUE Tpa-
OJeit ¥ TONyYUTh JAHHBIE MO TPOEKTHPOBAHUIO paboyero opraHa rOpPH30HTATbHO-KOHBEHEPHOro THIA NS CrpedaHus TMoj-
BSUIIEHHO! TpaBsHON Macchl. (Mamepuanst u memodst) IIpUMEHUIN aHANTUTHYECKUN METOJ C MCTIOTIB30BAHINEM KOMIIBIOTEPHO-
ro 3D-MonennpoBanus. 3aaun aHaIM3a MPOYHOCTH PEIIAd METOJOM KOHEUHBIX 31eMeHToB. [IpoBenu pacuer rpabianHb! Ha
IPOYHOCTh U JIOJITOBEUHOCTh. Pa3paboTaiy neranb B cucTeMe aBTOMAaTU3UpoBaHHOTO npoektupoBanus Solid Works ¢ momo-
IIBIO CTAHIAPTHBIX POTPAMM KOHEUHBIX NEMEHTOB. (Pesyvmanvi u 06cyxcoenue) VI3ydnim OCHOBHOM SIIEMEHT HCXOTHOH KOH-
CTPYKLUHU — paboumii OpraH B BUjie 6ECKOHEUHOTO Y3KOTO KIIMHOBOTO PEMHS, HA KPOHIITEHHAX KOTOPOTO 3aKPEIIeHbI Ipaldiiu-
HBI C IPYXUHHBIM OCHOBaHMEM. PazpaboTany u MpeaokmIn CienuaabHOe YCTPOMCTBO IS IPENOTBPAIIEHHS cOpoca PeMHS.
[Tpoananu3upoBai KOHCTPYKIMIO U BBIABIIIH PSJ] €€ CYIIECTBEHHBIX HEOCTATKOB. B X0/ie pacueToB yCTaHOBWIIH, YTO BOIHM3H
MECT 3aKPEIUICHNS BOSHUKAIOT MAKCHMATbHbIE HATPSDKEHHUS, PABHBIC MPUOIU3UTENBHO 545 Meramackaieil. MakcumanbHas yupy-
ras nepopMmanus rpabIuHbI cocTapiseT 2,1 Mummmerpa. [Ipemoxumg cxeMy 3aKperuieHis TpaOIMHbI Ha IMMPOKOM pEMHE, KO-
TOpas MO3BOJIAET UCKITIOUUTD IPUMEHEHHE YCTPOUCTBA, TIPEIOTBPAIIAIOIETO COPOC PEMHS IIPU CTOIKHOBEHUH I'PAOIHHBI C Tpe-
IATCTBHEM. TeM CaMbIM 3HAUUTEIBHO YIPOCTHIIM KOHCTPYKIIUIO Crpedarormero oprana. Paccunrai, 4to Bec rpabIuHbI CHUBIICS
Ha 0,6 xumorpamma, a o0Iuii Bec paboyero oprana — Ha 14,4 xunmorpamma. (Bvisoowt) Ilonyunm naHHbIe, HA OCHOBE KOTOPBIX
JOKa3aJH, YTo TIpeyaraeMas pa3paboTka MO3BONUT CHU3UTH BEC, 3HEPTOEMKOCTh 1 CEOECTOMMOCTD MPOU3BO/ICTBA MALIMHBL.
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Abstract. Horizontal conveyor working elements are used to increase productivity, reduce metal consumption and improve
the quality of raking. This type of working element is promising for use in the design of hay-harvesting machines (rakes and
roll doublers) and pick-up devices in balers. The authors have conducted research on the existing rake designs and using
a 3D-model designed a working element of a horizontal conveyor type for cut grass raking. (Research purpose) Studying
the rake design to obtain data on the design of the working element of a horizontal conveyor type for dried grass raking.
(Materials and methods) The authors have used the analytical method and the 3D-modelling. The tasks of strength analysis
were solved using standard finite element programs. The rake strength and durability were calculated. The working element
design was implemented using the Solid Works CAD system using standard finite element programs. (Results and discussion)
The authors have studied the main element of the original structure — the working element in the form of an endless narrow
V-belt with its brackets housing spring-based rakes. They have also developed and offered a special device to prevent the belt
from being dropped; analyzed the design and found a number of its significant shortcomings. The calculations have shown
that the maximum stresses occur near the points of attachment and they are approximately equal to 545 MPa. The maximum
elastic deformation of the rake is 2.1 millimeter. The authors have proposed a design scheme of fastening the rake on a wide
belt, which eliminates the use of a device that prevents the belt from being dropped when the rake is colliding with an obstacle.
Thus the raking body design has been greatly simplified. The proposed development will allow to reduce the rake weight by
0.6 kilograms and the total device weight by 14.4 kilograms. (Conclusions) The authors have obtained data sufficient to prove
that the proposed design scheme would reduce the weight, energy consumption and production cost of the machine.
Keywords: harvesting green forage, grass raking, horizontal conveyor rake, rake, finite element method, optimization of
structural and strength parameters.

I For citation: Eremin P.A., Mikheev V.V, Tekushev A.Kh., Kostenko M.Yu., Eremin V.P. Rabochie organy
gorizontalno-konveernogo tipa dlya sgrebaniya travyanoy massy [Working element of a horizontal conveyor
type for grass raking]. Sel'skokhozyaystvennye mashiny i tekhnologii. 2019. Vol. 13. N1. 48-52. DOI 10.22314/2073-
7599-2018-13-1-48-52 (In Russian).

pUMEHEHNE TOPU30HTAIBHO-KOHBEHEPHBIX pa-
H 00YMX OPTraHOB /JIs crpebaHusl TpABSIHOM Mac-

ChI YBEJIUYUBAET IIPOU3BOIUTEIBHOCTS B 1,5-
2 pa3a, BABOE CHIKAET METaIJIOEMKOCTb, ITOBBIIIAET
Ka4yecTBO crpebanus. MeHbIast SJHEPrOeMKOCTh T10-
3BOJISIET HCIIOJIB30BaTh HX Ja)e C JIETKUMU
9HeprocpeACcTBaMu THIIA MOTOOI0Ka. KoMmmakTHOCTH
KOHCTPYKLIHH JIeJIaeT MAaIIuHy YI0OHO! A1 pabOTHI
Ha HeOOIBIINX yYacTKax u Kkocoropax [1-4]. OnuH u3
BapUAHTOB TAKUX YCTPONCTB AJIs1 MOTOOJIOKA ITpUMe-
HSIOT, HATIPUMEP, Ha CEHOYOOPOUHBIX MAIlIITHAX BME-
cto 6apabanHoro nogbopiuka (puc. 1). B Hactosiee

BpeMs ero NMPOU3BOAUT TOJIBKO hupMma Landwirt.

OTcyTCTBHE JaHHBIX 110 TPOSKTUPOBAHUIO pabo-
Yero opraHa B 3HAUUTEIBHON CTEIIEHU TOPMO3UT CO-
31aHME KOHCTPYKUUM TAKMX MallUH.

LIEnb nCCNEQOBAHNSA — U3YyYUTh KOHCTPYKIIMH Ipa-
0OJteli ¥ TOITYyYUTh TaHHBIC IT0 TPOSKTUPOBAHMIO pabo-
Yero opraHa ropu30oHTaJIbHO-KOHBEHEPHOr o THUIIA 15
crpebaHus MOABSJIEHHOM TPaBSIHOW MAacChI.

MATEPVANBI M METOABI. [IprMeHmIN aHaTUTHYE-
CKUI METO[I C UCTIOJIB30BAHUEM KOMITBIOTEPHOT 0 3D-MO-
JIeTUPOBAHMS. 3aJa9M aHATIN3a TPOYHOCTH PEIaIN
METOJIOM KOHEUHBIX 3JIeMeHTOB (MKD).

PE3YNLTATBI 1 OBCYXAEHUE. Pabouuii opran rpa-
OIrei BBITIONTHEH B BUJIe OECKOHEUHOTO Y3KOT'O KIIMHO-
BOT'O PEMHSI, HA KPOHIITEWHAX 3aKPEIICHBI Ipabiu-
HBI C IPY>KUHHBIM OCHOBAHUEM.

s mpenoTBpalleHus coOpoca peMHs MpeaycMo-
TPEHO CIeNHNaIbHOE YCTPOUCTBO, TOKA3aHHOE CTPEIl-
KOU Ha pucyHke 2.
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Puc. 1. T'opuzonmanvno-koneetiepuvie epadu modenu Hill Rake
6 acpeeame ¢ MOMOOIOKOM

Fig. 1. Horizontal conveyor rake of the Hill Rake make attached
to the walking tractor

AHamU3 KOHCTPYKIIUU BBISIBUII PSI/ CYIIIECTBEHHBIX
HEeTOCTATKOB. BpITH crienanb! clieyomiye BBIBOIbI:

1. BepxHsist vacTh rpaOIUHEI (IOYTH IOJIOBUHA) HE
y4acTByeT B crpebanuu (puc. 1). CiegoBaTensHO, TpH
JaIbHENIIIEM TPOCKTUPOBAHUY MOXKHO YMEHBIIIUTE €€
pabouyro miuny ¢ 300 1o 80-100 MMm.

2. I’'pabiuna Becom 900 1 3aKkperieHa Ha peMHe,
KOTOPBIN HE SBJISETCS )KECTKUM 3JIeMeHTOM. B cityuae
CTOJIKHOBEHH S C PENSATCTBUEM PEMEHb IIOTJIOTUT YacTh
HArpy3Ku, IpeIHa3HaueHHOH rpabnune. Takum obpa-
30M, U3 KOHCTPYKIIUH TPAOIIHBI MOKHO UCKITIOUNTH
MPYKMHHOE OCHOBaHUE U CO3/IaTh O0JIee JIETKUN KPOH-
LITENH €€ KperieHUsl. YKa3aHHbIE MEPBI [T03BOJIAT 3HA-
YUTEIPHO CHU3UTh WHEPIIMOHHBIE HATPY3KH, BO3HU-
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Puc. 2. Tpabnuna ¢ npys’cuHHbIM OCHOBAHUEM HA KPOHUWIMETIHE HA
V3KOM pemie (CmpenKoil NOKA3aHo Yempoticmao, npedomspayd-
ouee copoc pemus)

Fig. 2. A rake with a spring base fastened to the bracket with a
narrow belt (the arrow indicate a device that prevents the belt

from dropping)

KafoIue B Imporiecce padoTHI.

3. Ha pabouem oprane mpeacTaBiIeHHOW MaITUHbI
WCIONB3YIOT YCTPONUCTBO, TPEeIOTBPAIAoIIee cOpOC
pemHs. Ero mpumeHeHue 00ycIOBIEHO TeM, YTO pe-
MEHb, UCITOJIb3yEeMbIi Ha paboveM opraHe, He oOnaa-
€T TOCTAaTOYHOH KEeCTKOCThI0. /151 ero HaJIe)KHOTO
yIepKaHUsI Ha ITKUBAX TPU CTOJIKHOBEHUH C ITPETISIT-
CTBHMEM WJIM IIPH 3aXBaTe OOJBIION MOPIINHU CEHA J0-
MOJIHUTEIIFHO BO3HUKAET CUJIa TPEHUs, KOTOopas 3Ha-
YUTEJIBHO BO3PACTAET C YBEJIUUYCHUEM MACChl BaJIKa.
Pemienvem mpo0iieMbl CTaHET TpUMEHEHUe OoJIee ITH-
pokoro pemHs. [Ipu 3ToM oTnagaeT HEOOXOIUMOCTh
WCTIONTB30BAHMS YCTPOMCTB, yCTPAHSIOMINX COPOC peM-
HA [9].

4. MccienoBaHue pacnpeieiieHus Harpy3Ku, Ipo-
BEZICHHOE METO/IOM KOHEYHBIX 3JIEMEHTOB, TIOKA3aJI0,
YTO MOJIOMKA IPabIMHBI Yallle BCEro MPOUCXOIUT B Me-
cTe 3akperieHns oonra (puc. 3). OTIOMHUBIIASICS YACTh
rpabJIMHbBI, 3aXBaYCHHAs, HATTPUMED, TTOAOOPIIUKOM,
MOJKET MOBPEIUTHh MEXaHU3MbI MAIIIMH Ha MOCIIEAYO0-
IUX omepalusx B mose [6-11].

B xoz1e mpoBeieHU T KOHCTPYKTOPCKUX pabOT CIIpo-
eKTHpOBaHa OPUTHHAIIbHAS KOHCTPYKIINS T PAOIHHBL,
HE UMEIoIAas IPYKUHHOTO OCHOBAaHUS (puc. 4).

YT00BI yCTAHOBUTH TPOYHOCTHBIE XapPaKTEPUCTH-
KU, IPOBEJIN pacyeT rpabIIMHbI HAa TPOYHOCTH U J0JI-
roBeYHOCTH ¢ mpuMmenenneM MKD. [letans pa3pada-
THIBAJIM B CHCTEME aBTOMAaTH3UPOBAHHOTO ITPOEKTH-
poBanus Solid Works (puc. 4). Ilpu pacueTax UCTIOJb-
30BaJIN CTAH/IAPTHBIE KOMITBIOTEPHBIE TPOTPAMMBI 1O
Metony MKDO.

Bo BHUMaHUE TPUHUMAJIU TAHHbIE TPEABAPUTEIb-
HBIX CCIIEIOBAHUI, IOJTyYEHHBIE B ITPOIIECCE MOJIEBBIX
HUCIIBITAaHUI: Macca Baiaka — 1o 10 Kr; 1uHeliHas CKo-
pocThb crpebanus — 12 m/c.

[Mpemioxxuiu HOBY0 KOHCTPYKIIUIO CIpebaroiero
pabouero oprana, U3MEHUJIN CITOCO0 KPETIICHUS Ipa-
onmuH (puc. 5, 6). I'pabauna pukcupyeTcst AByMs JieT-
KUMU IIPHKUMaMHU | B CJTy4ae MOJIOMKH B OITACHOM Ce-
YEHUH OCTAETCS Ha PEMHE.
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Puc. 3. Pacnpedenenue nazpy3ku u Xapakmephas NOIOMKA 3a Me-
cmom Kpenaenus 6onma

Fig. 3. Load distribution and a characteristic breakage beyond
the bolt attachment point

Bupryanpayro Moaens rpabaInHbl pa30wiIn Ha KO-
HEYHbIE AJIEMEHTHL. XapaKTepUCTUKA MOCTIH:

- KOJTUYECTBO 3JIEMEHTOB — 5504 1mIT.;

- KOJIn4ecTBO y3510B — 7093 1miT.;

Puc. 4. Yepmednc u 3D-modenv epabaunot
Fig. 4. Drawing and 3D-model of a rake

- TUII BJIEMEHTOB — reKcas/ip (IeCTUYTONBHUK).

KputudeckuM ycioBreM CUMTAETCS pa3pyllIeHHUe
TpaOIIMHBI TIPYU CTOIKHOBEHWH C MPEISITCTBHUEM (Ka-
MEHb, TBEp/Ible clion MouBkI). Ha pucynke 6 mokazaHsl
pacueTHas cxeMa U MecTa KPeIrIeHHUs TpabIuHbI Ha

Puc. 5. 3D-mo0enb KOHCMpPYKyuu cepebarouezo pabodezo op2ama
Fig. 5. 3D-model of the raking element design

peMHe (OTMEUeHBI TPEYTOJIbHUKAMH).

Kak BuIHO Ha cxeMe, Harpy3Ka IpHIokKeHa K CBO-
OOTHBIM KOHIIAM I'PaOIMHBI C TTOMOIIBIO YCIIOBHOTO
aeMeHTa (IIoKa3aH cTpeiakaMu). 11 U3roToBIeHU S
rpabaunel BEIOpaHa ctank CT.65T, Bec metanu (1o Mo-
nmenyn) — 300 1, mTuHa pa3sBepTKU — 343 MM.

Xapaktepuctuka cranu Ct.651"

- ipenen rekyuect — 785 MI1a;

- npeaen npounoctu — 980 MIla;

- MOAyJIb yripyroctu — 2,13-10° MITa;

- ko3 durment I[lyaccona — 0,3.
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_FORCE=1200

N ;

I

Puc. 6. Pacuemnas cxema u mecma Kpenienus epadaunbvl Ha pevime
Fig. 6. Design scheme and points of fastening the rake on the belt

Koaddunment 3amaca mpouHOCTH pacCUUTAIIHU 110

dbopmvite:
n=-71_=144, (1)
o

pacu

r71e 7 — K03 PHUIIUEHT 3amaca MpOIYHOCTH;
0, — TIpeiell MpoYHocTU ctanu, Mlla;
Opacs — MAKCHMAJIBHOE PacueTHOE HanpsbkeHue, MITa.
Boruucnunu cuny F, AeHCTBYIONIYIO HA TPaOIMHBI,
MIla [6]:

Fe MK , ’ )
R
rae M — MaKCUMaJIbHBIN KPpyTSIIUA MOMEHT, H-Mm;
Ky — ko3¢ punmienT TMHAMHUYHOCTH;
R — paguyc mKuBa pabodyero opraHa, M,
TO €CTb:

7 400-1,5

=1200 MIla

>

Pesynprarsl pacuera IpeCTaBIEHbI HA pUcyHKe 7.
Ilo pe3ynpraraM pacyera onpeaeaeHbl MAaKCUMaJIb-

Puc. 7. Pezynomamyl pacuema:

a — nanpsixcenuti; b — ynpyzoii oegpopmayuu demanu
Fig. 7. Calculation results:

a — stresses; b — elastic deformation of the part

Hble HanpspkeHus1. OHU BOBHUKAIOT BOJIM3H MeCT 3a-
KpEeIUJICHUs TPaOIuHbBI U PABHBI TPUOITU3UTEIIHHO
545 MIla. MakcuMmaibHas yrpyras aeopmarius rpa-
OIMHBI COCTABUT 2,1 MM ITPU TOYHOCTHU U3MepeHus 5%
(ITatenT Ha mone3nyto Moaenb RUS 152669).

PacueTsl moka3zanu, 4To Bec rpabIuHBI CHU3UIICS
Ha 0,6 kT, a 001IMii Bec pabodero oprana — Ha 14,4 xr
(0,6 - 24 wrT. = 14,4 kr).

BbiBoabl. I1penioxkeHHass KOHCTPYKLMS TpadIIH-
HBI BIIOJIHE YIOBJIETBOPSIET IKCILTyaTAllMOHHBIM TPe-
OOBaHUSM K IPOYHOCTH U tehOpMaIIUH.

Cxema 3aKperuieHus TpabIMHEI Ha T POKOM PeM-
He TI03BOJISIET UCKITFOUUTH TPUMEHEHUE YCTPOMCTBA,
MPEIOTBPAILIAIOIIETO COPOC PEMHS ITPH CTOJIKHOBEHU U
rPabIIMHBI C IPETISITCTBUEM, YTO 3HAYUTEITBHO YIIPO-
IaeT KOHCTPYKIUIO Crpebarolero opraHa.

Pa3paboTka mo3BONUT CHUBUTH BEC, JHEPTOEMKOCTh
1 ce0eCTOMMOCTD ITPOU3BOJICTBA MAIITUHEI.
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HALUWM ABTOPAM

HOBDbIE TPEBOBAHMA K

XKypran «CeiibcKoX03s1iicTBeHHbIe MALIHHBI H TEXHOJIOTHID
BxoauT B [lepedens n3aanuii, pekoMeH10BaHHbIX BAK PO
IUIA TyONUKaLUK TPYJOB COMCKATENeH YUeHbIX CTeIIeHe!

KaHaugaTa i JOKTOpa HayK.

Kyphaun BkitoueH B cucteMy Poccuiickoro najexca nurtu-
poBaHus U B MeXIyHAPOIHYIO HHPOPMAIIMOHHYIO CHCTE-
My IO CENbCKOMY X0351icTBY A GRIS. DIeKTpOHHbIE Bep-
CHUM JKypHaJsia pa3MelatoTcs Ha caiite Poccuiickoit yHUBeEp-

CalIbHOM HAYYHOM SMIEKTPOHHON OMOIMOTEKH.

CTaTLI/I, HampaBJIIEMBIC B XYPpHAJ IJId HY6HI/IK3LII/II/I, HOOJIK-
Ha COOTBETCTBOBATh OCHOBHOW TEMATHKE XypHaja.

CTaTBI/I, TIOCTYIIMBIIKME B PCAAKIIUIO, IPOXOIAT JIBOMHOE Clie-
10€ PCUCH3UPOBAHMC. OTpI/ILIaTeJ'ILHaH PCUCH3USA ABJIACT-

Cs OCHOBAHHUEM JIs OTKas3a B ny6nm<au1/11/1.

Penaxius mpuHIMAET PyKOIHMCH 1 9JIEKTPOHHBIE BEPCUH CTa-
Teil, HabpaHHble B Word mpudTom 14 nt. yepe3 1,5 unrep-
BaJia, He 0oJiee 12 cTpaHu.

[IpuBeneHHbIE B CTaThe POPMYJIBI JOIDKHBI HIMETh MOSICHE-
HUS 1 paciumppoBKY BCEX BXOASIINX B HUX BEIMUUH C YKa-
3anueM enuHul u3mepenus B CHA. I'paduueckue matepua-
JIBI JIOJDKHBI OBITh IIPUITOKEHBI B BUJIE OT/ICIbHBIX (haiiIoB:
dororpaduu — jpg unu tif ¢ paspeutennem 300 dpi, rpadu-
KM, TUarpaMMBbI — B eps WK ai. Bee rpaduueckue matepu-
aJIbl, PUCYHKH U (hoTOrpadvu TOJIKHBI OBITH IPOHYMEPO-
BaHbI, [TOJIIUCAHBI U UMETh CCBUIKY B TEKCTE.

ITpocThie BHYTPUCTPOUHBIE U OJTHOCTPOUHBIE (POPMYIIBI
JIOJDKHBI OBITH HAOPaHBI CHMBOJIAMHU B PEIaKTOPE (hOpMYIT
Microsoft Word 6e3 ucrionip30BaHus CIEIUAILHBIX PEIaK-
TopoB. He nomyckaercst HaGop: yacTh (hOpMyJIbI CAMBOJIA-
MH, a 4acTh B peaakrope Gopmyir. Ecian popmyibt 3aum-
CTBOBAHbBI U3 PYTHX HCTOYHHKOB, TO HE CJIyeT IPHBOAUTH
B HHX NOJPOOHBIX BBIBOJIOB: AaBTOPHI (POPMYII 3TO yiKe clie-
JIAJIA, OBTOPATH UX He ciaeayeT. CchblIKM HAa 0003HAYEHHS
(opmy obs3aTenbHbl. CTaThsl JOIKHA CONEPkKATH He 00-
see 10 popmyi, 3-4 uimocrpanun, 3-4 Ta0HIBI, pa3Mep

Ta0auI He OoJiee 1/2 crpaHuIb.

B kax10# cTaThe TOJIKHBI ObITh YKA3aHBI CICAYIOLINE JaH-
HBIE:

- Ha3gaHue cmamol,

- pamunus, ums u omuecmso asmopa (08);

- e-mail agmopa, kKonmaxmmwiii meneqor;

NOTICE FOR AUTHORS

ODPOPMNEHMNIO CTATEN

- Mecmo pabomvl asmopa(0s) (abopesuamypul He 0onycka-
H0mces ), NOYmosblii aopec;

- YUeHas cmeneHb, YYeHoe 36aHue demopd,

- pecpepam (o6wvem 200-250 cnog);

- KJI0Yegble Cl08d;

- bubnuozpaguuecKkuil Cnucox.

Cratblo cJ1elyeT CTPYKTYpHPOBaTh, 0053aTeIbHO YKa3aB clle-
JYIOLIHE Pa3/Ieibl:

- Beedenue (akmyanvnocms);

- Ilenv uccneoosanuti,

- Mamepuanvt u memoowi;

- Pe3ynomamot u 00cysicoenue;

- Bvisoowl.

Cricku mutepatypsl (10 10 ucTouHHKOB 32 nocieAHue 5 J1eT)
crrenyeT oopmirats mo FOCT P 7.05-2008.

Pedepar

Pedepat — 310 caMocTOATENbHBIN 3aKOHYEHHBIN MAaTEpHATL.
BBonHas yacts MuHNMasbHA. HyXHO KOPOTKO M €MKO OT-
PAa3UTh AKTYAJIIBHOCTD U LIENIb UCCIENOBAHUN, YCIOBUS U
CXEMBI 9KCIIEPUMEHTOB, IIPUBECTH MTOJTyYEHHbIE PE3YJIbTa-
ThI (C 003aTeTTHHBIM APTYMEHTUPOBAHUEM HA OCHOBAHUU
1 poBoro MaTepuaia), chopMyIUPOBATH BBIBOIBI.

Oobvem peghepama — 200-250 cnos.

Henp34 ncnonabp3oBaTh a00peBUATYPEI U CIIOKHBIE SJIEMEH-
ThI popMATUPOBAHUS (HAIPUMED, BEPXHUE M HU)KHUE UH-

TICKCBI).

Ha anrimiickmii siI3bIK cJIeJlyeT nepeBecTH:
- Ha38anue cmamyl;

- mecmo pabomel asmopa (08),

- pehepam u knouesvie c108a;

- HA38AHUS TUMEPAMYPHBIX UCIMOYHUKOS.
MamunnHbIi nepeBo/] HeAomycTHM!

PYKOHI/ICL CTaTbu JOJIKHA OBITh IoATIIMCaHa JINIYHO aBTOpa-
MU. ABTOp HECCT IOPUANYCCKYIO U UHYIO OTBETCTBEHHOCTD

3a COACPKAHUEC CTAThU.

HecooTBeTcTBHE CTATBHU XOTS OBl OJJTHOMY U3 TIEPEUUCIIEH-
HBIX YCIIOBHI MOET CIY)KUTh OCHOBAHUEM IJIsI OTKA3a B
MyOIMKALIH.

CE/IbCKOXO3AMCTBEHHBIE MALIMHbI 1A TEXHONOT I « Tom 13 N1 + 2019

AGRICULTURAL MACHINERY AND TECHNOLOGIES + Volume 13 +N1+ 2019



.'

noAnNMCcarbCca
Ha XypHan?

BHUMAHMIO YMTATENER!

NMoanucky Ha sTopoe nonyroaue 2019 r. moXxuo othopMmuTh
Ao 20 HIOHA BKNIOYMMTENbHO
B MOUYTOBLIX OT/ECNICHMAX CBA3M
no karanory arenrcrsa «POCNEYATDb»
Noanucuoii unpexc 35825

XYPHAI
«CE/IbCKOX03AACTBEHHBIE MALUHALI H TEXHOJIOTHH-
BKJIKOYEH B NEPEYEHb BAK

Pepaxymna xypHana:
Ten.: 8 (499) 174-88-11, 8 (499) 174-89-01

www.vimsmit.com e-mail: smit@vim.ru



