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YAK 634.1.7 B DOI 10.22314/2073-7599-2018-12-5-4-8

Operation Analysis of Automated Unit for Magnetic Pulse Treatment
of Garden Strawberry

Andrey Yu. Izmaylov,

Dr.Sc.(Eng.), academician of the Russian academy
of sciences, director;

Dmitriy O. Khort,

Ph.D.(Agri.), key research engineer;
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Aleksei I. Kutyrey,

junior research engineer,
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Ph.D.(Ag), key research engineer

Federal Scientific Agroengineering Center VIM, Moscow, Russian Federation

Abstract. Federal Scientific Agroengineering Center VIM conducts research and development work on the determination
of parameters, technical characteristics of machines and operating modes of magnetic pulse treatment (MPT) of plant
material in field conditions. (Research purpose) To analyze systems of adaptation of the working elements of an automated
unit in field conditions during the technological operation of magnetic pulse treatment of strawberry. (Materials and
methods) To ensure the quality of the technological operation of irradiating plants with a low-frequency magnetic field, as
well as to maintain the required value of magnetic induction in the working area, an automated system of adaptation of
the working elements of the unit has been developed. The experiment has been carried out for three times on the plot of
garden strawberry with a length of 140 m using an automatic system of adaptation of the working elements of the unit and
without its use. To control the travel speed use has been made of an electronic GPS speedometer. Operating modes of pulse
magnetic treatment (frequency, duty factor, exposure time) have been selected for the BUM-MUMO device and the BCA-01
automated control unit. To control the distance between the object of magnetic pulse treatment and the working element,
use has been made of a measuring tape, a laser rangefinder (Amtast AMF106) and a laser sensor (Laser sensor VL53L0X)
mounted on the magnetic inductor of the automated unit. For monitoring and keeping the obtained experimental data, the
authors have used the program Advanced Serial Port Monitor 4.4.9 (Results and discussion) As a result of the experiment,
the authors have determined the dependence of the deviation of the working surface position of magnetic inductors from
the required distance. The maximum and minimum values of distances between the plant and the working element of an
automated mounted unit during the technological operation of magnetic pulse treatment have been found. (Conclusions)
The analysis of the experimental data calculation results has shown that the variation scope of the data obtained by
using an automated adaptation system of the working elements is 2.1 times less than in case with a disabled system. The
coefficient of variation of the obtained values (a measure of deviation from the standard value) when using the adaptation
system of the working elements is 2.35 times less than in case with a disabled system. The developed system of automated
adaptation of the working elements provides a distance of 0.18-0.25 m between the working elements of the unit and plant
objects, which allows to maintain the required value of magnetic induction of 5 MT in the treatment zone. The authors
have established parameters of the working elements necessary for magnetic pulse treatment of garden strawberry in the
field conditions: 48 turns of a cable of 1x2.5 mm with an outer diameter of 400 mm, an inner diameter of 30 mm, and an
inductance of 373 uH.

Keywords: automated unit, magnetic pulse treatment, adaptation system, magnetic inductors, garden strawberry.

I For citation: Izmaylov A.Yu., Khort D.O., Filippov R.A., Kutyrev A.I., Smirnov I.G. Operation analysis of
automated unit for magnetic pulse treatment of garden strawberry. Sel skokhozyaystvennyye mashiny i tekhnologii.
2018. 12(5). 4-8. DOI 10.22314/2073-7599-2018-12-5-4-8. (In Russian).

ost of the equipment designed for the magnetic
M pulse treatment (MPT) of plants was developed
without involving a scientific explanation of
the magnetic and biological effects and studying the
machines for their implementation, basing on empirical
dependencies obtained exclusively in laboratory studies.

To design specialized equipment and find out the
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optimal modes of magnetic impulse treatment of plants
in industrial horticulture, it is necessary to conduct
research and development projects to determine the
parameters, technical characteristics of machines and
operating modes of equipment to be used on plant
objects in the field [1].

THE RESEARCH PURPOSE is to analyze a system of
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adaptation of the working elements of an automated
unit in field conditions when carrying out the technological
operation of magnetic pulse treatment of garden
strawberry.

MATERIALS AND METHODS. Analysis of the ongoing
research on the bioregulatory activation of horticultural
crops has shown the high efficiency of using a low-
frequency pulsed magnetic field of low intensity
modulated in amplitude and frequency, Table 1 [2-4].

inductors changes, which leads to a change in the
position of the working zone of interaction with the
necessary modes [7-9]. In addition to irregularities, the
working element also adapts to the change of
agrotechnological parameters of plants, dimensional
parameters of bushes and their structure [10].

To ensure high-quality technological operation of
MPT on garden strawberry with a low-frequency
magnetic field and maintain the required magnitude

Table 1

EFFECT OF MAGNETIC FIELDS ON GARDEN PLANTS
Exposure
Name of plant Part of the plant parameters Effect Authors
Increase in
Wild strawberry g 0.096 T (T) productivity (+) Esitken A. u Turan M.
g Seedlings 0.192 T (T) :
(Fragaria vesca) 0.384 T (T) Increase in (2004)
’ number of fruits (+)
Increase of
05%91§ T(J}_I(;I;) productivity (+)
u Content of Ca, Mg (+) )
Fragaria “Ananasnaya” Vegetative part ; Biafiisen i - Mg 1L
g Y g p 0.192 T (T) Increase in (2004)
0:38 AT () the nu{nber of fruits ()
50 ' (Hz) ncrease in
productivity (-)
Apples, apricots Seeds 60 MTn (mT) Germination energy (+) Chao u Walker (1967)
Increase in productivity (+)
Strawberr Seeds SMTa (mT) Increase in the number of
Viar ¥ Vegetative part 16 Ty (Hz) fruits (+) Donetskikh V.I. (2016)
p g b 50-100 I'y (Hz) Increase in germination
energy (+)
The effect of MPT on horticultural crops improves
the digestibility of substances and microelements,
accelerates the growth and development of crops,
increases the permeability of cell membranes and the
quality of planting material and yield [5, 6]. As a result

of field experiments, it has turned out that the mode
of operation of the MPT unit, which meets the following
parameters, has proved to be most effective for stimulating
the life processes in the vegetative parts of horticultural
crops:

- travel speed V of 2.5 km/h;

- frequency of magnetic field pulses of 15.325 Hz;

- duty cycle of 16,145,

- magnetic induction in the irradiation zone of
5.05mT;

- a rectangular shape of magnetic pulses;

- the vector of magnetic induction directed vertically
down.

These parameters can be obtained using the developed
BUM-MUO device with a working element (the magnetic
inductor) in the form of a flat spiral coil. When performing
technological operations of MPT in field conditions,
an automated unit with a tractor (the mobile unit -
MU) moves along the plantation and hits irregularities
that do not exceed the agricultural background
requirements for the cultivated crop (Fig. 7). When the
MU runs over unevenness, the position of magnetic

CENIbCKOXO3AMCTBEHHBIE MALIMHbI 1A TEXHONIOMM « Tom 12+ Né5 + 2018
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garden strawberry by an automated unit

1 — the frame of the automated MPT unit; 2,3 — actuators for
changing the angle inclination of the working elements and
maintaining a predetermined distance between plants and
working elements; 4 — working elements of the automated unit
(magnetic inductors); 5 — the BAM-MHO device of magnetic
pulse treatment of plants; 6 — automated control unit for the
adaptation system bCA-01

of magnetic induction in the working area, an automated
system for the adaptation of the working parts of the
unit has been developed (Certificate 2018614946)[11, 12].

AGRICULTURAL MACHINERY AND TECHNOLOGIES * Volume 12 + N5 + 2018
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Actuators (electric cylinders) adjust the magnetic
inductors of the MPT unit to the agrotechnological
parameters of plants automatically, depending on the
distance of ultrasonic sensors to the MPT object and
the selected mode of operation [7].

The analysis of the adaptation system performance
of the working elements of the automated mounted
MPT unit have been carried out for an industrial
plantation of garden strawberry in the scientific and
production test department of the VSTISP (Moscow
region, Leninsky district, the village of Bulatnikovo),
Table 2.

Table 2

CHARACTERISTICS OF THE SITE FOR PRODUCTION TESTING
oF AN MPT uniT
Crop, variety strawberry variety
Planting pattern, cm 80x20
Age of plantations, years 2
Average height of a bush, cm 25.2
Average width of a bush, cm 30.4
Deviation of bushes 45
from the center line of a row, cm
Average height of weed vegetation, cm 23.6

The experiment was conducted on a plot of 140 m
long with a threefold repetition using an automatic
system of adaptation of the working elements of the
unit and without it. Magnetic inductors in the form of
a flat spiral coil were used as the working elements of
the automated MPT unit. The magnitude of the magnetic
field at a distance of 100 mm from the center of the
coil is 0.0050572 T [8].

To control the speed of motion use was made of a GPS-
speedometer. The MPT modes (frequency, duty cycle,
and exposure time) are set on the BUM-MUMO device and
the BCA-01 automated control unit (Fig. 2) [9].

When performing a MPT process operation using
MU, the laser sensor transmitted the distance between
the plant and the working unit to the laptop via the
serial port (COM-port) in a real-time mode. The
monitoring and saving of the experimental data were
performed using the Advanced Serial Port Monitor
4.4.9 app program (Fig. 3).

The average linear deviation from the arithmetic
mean of the data obtained is determined by the formula:

Y IX-X|
a:izl—'

n
where X is the analyzed indicator, cm; n is the number

of values in the analyzed data set, pieces; X — is the
mean value of indicators, cm:

1 n
X—;;Xi.

M

@
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Fig. 2. Measuring distance from the working elements to the plant
and the magnetic induction when performing the technological
operation of MPT

=) Advanced Serial Port Monitor 4.4.9 build 915

Y
®aitn  Bug  Vsmenwte  Onumn WoxogHele gaHHele Peskum  BHewHWid mogyne 2%

v | butganHex | B v | B ﬂ;ﬂ

Tun uetrocn |Mone [l v | Cronosex Butos | 1 | Jagepwea [ | 500

COM nopt | COM3 [& v Ckopocte | 9600

v | Mocnate | () 3akpers

Initializing laser distance sensorl [VLE3L0X] [len=45]
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¢LF:5tarting measurement: [len=2Z2]
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Fig. 3. COM-port monitoring while performing the technological
operation of MPT

The variance s° of the obtained data is determined
by the formula:
(X-X)’
. 2 | G)
n—1
The standard deviation is calculated by the formula:

@

All the indicators discussed above are tied to the
scale of the source data and do not allow to get a
figurative idea of the variation of the analyzed set of
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obtained data. To obtain a relative measure of the data
variation, the coefficient of variation ¥ and the oscillation
coefficient P were used:

S

V=—
& ®)
R

P== 6
<’ (©)

where R, —is the variation range of the random variable
X, cm: Ry = Xpax — Xmin [12].

REsuLTs AND DIscUsSION. As a result of the experiment,
a graph of the deviation of the position of the working
surface of magnetic inductors from the required distance
has been made (Fig. 4).

n
35 1 3

30

irface, cm

25

Distance from
=4

5 15 25 35 45 55 65 75 85 95 105 115 125 135 145 155 165 175 185 195

Measurement time, sec

Fig. 4. Graphs of deviation in the position of the working surface
of magnetic inductors from the required distance:

1 — the position of a magnetic inductor using the adaptation
system, 2 — the required distance to a garden strawberry bush, 3 —
the position of a magnetic inductor without using the adaptation
system

According to the calculation results, the maximum
and minimum distances between the working elements
of the unit and the plants, the range of variation, the
average linear deviation, the standard deviation, the
variance, the coefficient of variation and oscillation
have been determined, Table 3.

In the course of the field experiments, the parameters
of the magnetic field in the near zone of a flat spiral
coil have been obtained for various operating modes
of the BUM-MMUMO unit. It has been established that
the distribution of force lines in simulation and experiment
are identical (Fig. 5).

As the distance from the center of the coil increases,
the vector of magnetic induction increases. When going
beyond the coil with a radius of 115 mm, the magnetic
field changes direction and weakens, as it moves away
from the conductor. Closer to the edge of the spiral
and outside its plane, the level of tension decreases to
small values.

CoNcLUSIONS

1. An analysis of the experiment results has shown
that the range of variation of the obtained data when
using an automated system for adapting the working

CENIbCKOXO3AMCTBEHHBIE MALIMHbI 1A TEXHONIOMM « Tom 12+ Né5 + 2018

Table 3

THE ANALYSIS RESULTS OF THE DATA OBTAINED
IN THE FIELD EXPERIMENT
=
358 |38 §
EE2 | Ewu?
S8 @ g g 5@
The rate of variation CEEREE £ s
$5: | 825
R S8 28
SFE |SE°%
>'§-g >z 2
Maximum, cm 23.56 27.84
Minimum, cm 17.22 14.24
The range of variation, cm 6.34 13.6
Average linear deviation, cm 1.33 4.37
Variance basedzon the general 240 22.67
population, cm
Variance based on a sample, cm” 2.49 23.26
Standard general deviation, cm 1.56 4.76
Standard deviation of the sample, cm 1.58 4.82
Coefficient of variation, % 8 22
Coefficient of oscillation 0.31 0.63
Yo
J 32 Fy |32 B
a5 7y |16
% 8l |8H=
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Fig. 5. Induction distribution of a pulsed magnetic field for
various treatment modes, at a pulse repetition rate of 8, 16 and
32 Hz

elements is 2.1 times smaller than with the turned-off
system. The coefficient of variation when using the
system of adaptation of the working elements is 8%,
while with the turned-off system it amounts to 22%.
Reducing the coefficient of variation leads to an increase
in the uniformity of the magnetic induction distribution
in the treatment area of up to 2.5 times. The use of an
automatic system ensures the accuracy of the MPT
technological operation with a general dispersion of
2.42.

2. The developed system of automated adaptation
of the working elements ensures the distance between
the working elements of the unit and plant objects
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within 0.18-0.25 m, which allows maintaining the

required magnetic induction in the treatment area of

5mT.

3. The authors have determined the parameters of

the working elements required for magnetic pulse

treatment of garden strawberry in the field conditions:
48 cable turns 1x2.5 mm with an outer diameter of
400 mm, an inner diameter of 30 mm, and an inductance
of 373 uH.
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O60CcHOBaHME KOHCTPYKTUBHbIX NapamMeTpoB
rOpM3OHTaNIbHOrO POTOPHOrO arperara ans apo6neHus cpypaxxHoro 3epHa

Amnatoiuii Tumodeenu Jledenen, Pamuas Pamuaosuy Uckenaepos,

JIOKTOP TEXHUYECKUX HayK, mpodeccop kadeapsl, KaHIUAT TEXHUYECKUX HAYK;

e-mail: lebedev.1962@mail.ru; Anexcanap Cepreesuu Lllymcknii,
acIupaHT

CTaBpONOIBCKII rOCYTapCTBEHHBIN arpapHblil yHUBEpCUTET, T. CTaBponoins, Poccuiickas Penepanns

Pedepar. 'opusoHTanbHas poTopHas IPOOUIIKA TTO3BOJISET KAUSCTBEHHO U3MENTbUYATh 3¢PHOBBIC MATEPUAJIBI 1 TTOJTyYaTh
TOTOBBIi IPOJYKT, BBIPABHEHHBIH [0 IPAHYIOMETPHIECKOMY COCTABY /10 98 mpoIieHTOB. DHHEKTUBHOCTH pAOOTHI IPOOHII-
KU OPEENSIOT CIeayIOIHe TapaMeTPhl: YACTOTA BPAILEH s POTOPa, pabounii 3a30p, UHTEHCUBHOCTB U IIIOTHOCT 3aT10J-
HEHUs IpOOUITBHOI KaMepbl, JUTUTETbHOCTh BO3ICHCTBHS HA MCXOIHBIN TPOAYKT, KOHCTPYKTUBHBIE OCOOEHHOCTH Pabounx
OPraHOB M TEOMETPUUECKOE UCTIONHEHHE MX PH(IIeHbIX TToBepxHOCTel. (Ifens uccnedosanus) O6OCHOBATH KOHCTPYKTHB-
HBIE TTAPAMETPHI TOPU3OHTATBEHON POTOPHOH ApoduIKy dypakHoro 3epHa. (Mamepuanst u memodst) ViccaemoBany Bu-
SHHE KOJIMYECTBA pHJIel cTATOpa HA KAUECTBO U3MEIbUSHHOTO MPOIYKTA MO TPEM MOKA3aTeNAM: CTEIIeHb U3METbUCHHS,
MOJIyJIb IOMOJIA, (hakTHUYecKas pe3yNbTaTUBHOCTD MpoIecca U3MeNIbueHNs. BBISBUINM, UTO TIPU YBEIUUEHUU KOJNHUYECTBA
pudyieii MOy TIOMOJIA U CTENEHb U3MENTBUCHUS MEHSIIOTCS HE3HAYNTEIBHO, a (haKTHUSCKAs Pe3y/IbTATUBHOCTh H3MENb-
ueHUs CHIKaeTcs. [Ipyr 3TOM roTOBBIH ITPOAYKT COOTBETCTBYET rpydoMy oMony. [IpoBeu cpaBHUTENBHBIN SKCIIEPUMEHT
JIByX KOHCTPYKTHBHBIX BAPUAHTOB MCIIOHEHUS PA00UMX TIOBEPXHOCTEH MPH OTHOM IPOTUBOPE3E CTATOPA JUTIS TIPOBEPKU
3 PeKTUBHOCTH H3MEHEeHUs (GOpMBI prdJIeit poTopa u craTopa. (Pesyavmamsl u 06cysicoenue) ONPEASTHII, 9TO TeOMe-
TPUYECKUE mapaMeTpbl puduieii pabouux OpraHoB TOPU3OHTATIBLHONW POTOPHON APOOHUIIKK MOKHO BBIUKUCIIUTH, UCTIONb3YS
TPEIIOKEHHYIO MOJIENb TEOPETHUECKOTO PacyeTa, UCXO/s U3 BUA U3MEIbUaeMOr0 MaTepHana U 300TeXHUUECKUX Tpe-
Ooanmii. [Tpuganue yrioBoii popMbl Ma3aM poTOpa TAKXKe OKa3bIBACT MOJIOKUTEIBHOE BIUSHUE HA OOIIME TT0KA3ATeN
nporecca m3MenbueHus. (Boisoowr) [1pencraBunm TeopeTnyeckoe 000CHOBaHME KOHCTPYKTHBHBIX OCOOSHHOCTEH Hape3Kn
pudieil pabourx MOBEPXHOCTEH TOPUIOHTANBHOM POTOPHON IPOOWIKK U pacueT auamerpa potopa. [Ipemiokuim Mo-
JIeITb OTIPE/IENICHHS ITUX MAPAMETPOB UCXO/Is U3 BH/Ia U3MENTbUaeMOi 3¢PHOBOM KYJIbTYpBI. [1poBeiu SKCnepuMeHTaIbHOS
CpaBHEHHE PAa3INUYHBIX (HOPM UCTONHEHUS U KOJNMYECTBA MPOTHBOPE30B CTATOPA OTHOCHTENIBHO KA4eCTBa MOIy4aeMoit
npoaykiuu. OCHOBHBIE TTAPAMETPbI M3TOTOBJICHHUS TA30B POTOPA PACCUMTAIIHN JJIs HAUOOJee PaCcIPOCTPAHEHHBIX 3€PHO-
BBIX KYJIbTYp (IIICHUIIA, TUMEHB, OBEC, KYKYPY3a) M TCOPETUUECKH OOOCHOBAJIU UX ONTUMAJIbHBIE 3HAUCHMS.

KuroueBbie ciioBa: poTopHast ApoOMIIKa, U3MeNbUCHUE 3ePHOBBIX MaTepUasoB, pudieHas paboyast OBEPXHOCTh, POTOP,
CTaTop.

I Ins uutuposanns: Jle6enes A.T., Uckennepos P.P., Illymckuit A.C. O60CHOBaHME KOHCTPYKTUBHBIX Mapa-

METPOB FOPU30HTAIBHOIO POTOPHOIO arperara Jijis ApobiieHus GpypaxHoro 3epHa // Cenbckoxoszsiicmeenivle
mawmwunsl u mexnono2uu. 2018. T. 12. N5. C. 9-13. DOI 10.22314/2073-7599-2018-12-5-9-13.

Determination of Design Parameters for Horizontal Rotary Crushers for

Feed Grain
Anatoly T. Lebedey, Ramil R. Iskenderov,
Dr.Sc.(Eng.), professor, Ph.D.(Eng.);
e-mail: lebedev.1962@mail.ru; Aleksandr S. Shumsky,

postgraduate student
Stavropol State Agrarian University, Stavropol, Russian Federation

Abstract. A horizontal impact crusher provides for high-quality grinding of grain materials and getting the finished
product equalized by particle size distribution to 98 percent. The effectiveness of the crusher is determined by the following
parameters: rotor speed, operating clearance, intensity and full filling of the crushing chamber, the duration of impact on the
original product, the design features of the working bodies and the geometric design of their corrugated surfaces. (Research
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purpose) To determine the design parameters of a horizontal rotary crusher for feed grains. (Materials and methods) The
influence of the stator flute number on the quality of the crushed product has been studied by three indicators: the grinding
degree, the grinding module, the actual effectiveness of the grinding process. It has been found that as the flute number
increases, the grinding module and the degree of grinding change insignificantly, and the actual effectiveness of grinding
decreases. In this case, the finished product corresponds to coarse grinding. A comparative experiment has been conducted
with two design variants of the working surfaces with one stator contradiction to check the effectiveness of changing the
shape of the rotor and stator flutes. (Results and discussion) It has been determined that the geometrical parameters of flute
working elements of a horizontal rotary crusher can be calculated using the proposed model of theoretical calculation based
on the type of material crushed and zootechnic requirements. An angular shape of the rotor grooves also has a positive
effect on the overall performance of the grinding process. (Conclusions) The authors present theoretical substantiation
of the design features of cutting flute working surfaces of a horizontal rotary crusher and the calculation of the rotor
diameter. They have proposed a model for calculating these parameters basing on the type of crushed grain crops. They
have experimentally compared various design forms and the number of stator contradictions with respect to the quality of
the products obtained. The main manufacturing parameters of rotor grooves have been calculated for the most common
grain crops (wheat, barley, oats, and corn) and their optimal values have been theoretically substantiated.

Keywords: impact crusher, grinding of grain materials, corrugated working surface, rotor, stator.

I For citation: Lebedev A.T., Iskanderov R.R., Shumsky A.S. Determination of the design parameters for
horizontal rotary crusher for feed grain. Sel’skokhozyaystvennyye mashiny i tekhnologii. 2018. 12(5). 9-13. DOI

10.22314/2073-7599-2018-12-5-9-13. (In Russian).

(bhekTUBHOCTB pabOTHI U3MEIIBYUTES OIICHH-

BAIOT IO TPOU3BOAUTEIIFHOCTH, KAYeCTBY U3-

MeJTbUeHU S, YAEIbHON 3HEPrOEMKOCTH U MaTe-
PHAIOEMKOCTH. DTH TIOKA3aTeN B 3HAYUTEIIBHON Me-
pe 00yCIIOBIIEHBI KOHCTPYKTHBHO-PEXXMMHBIMU TTapa-
MeTpamu apobusku [1-4].

TlopuzoHTaIBEHAS POTOPHAS APOOHITKA TIO3BOJISET
KaueCTBEHHO U3MeJIbYaTh 3¢ PHOBBIE MATEPHAIIBI U TIO-
Jy4aTh TOTOBBIN MPOMYKT, BRIPABHEHHBIH IO TPaHYy-
JIOMETPUUECKOMY COCTaBY A0 98%, C MUHMMAJIBHBIM
KoJIm4ecTBOM 1-3% MBLIEBUIHBIX paKInii [5-7].

B Helt ncnonb3yr0TCs MPUHLMITE Pa3pyIIeHUS HC-
XOJIHBIX MaTePHAJIOB, 3AJI0KEHHBIE B KOHCTPYKITUSIX
MOJIOTKOBBIX, IIEHTPOOEKHO-POTOPHBIX U BAJTHITOBBIX
n3MmenpunTeneil. K ocHOBHBIM ImapaMeTpam, XxapakTe-
pu3yomuM 3GpGHeKTUBHOCTD €€ PabOThI, OTHOCST: Ua-
CTOTY BpalleHus poTopa, pabounii 3a30p, THTEHCHB-
HOCTbH M IIJIOTHOCTH 3aIIOJTHEHUSI IPOOMIEHOMN KaMe-
PBL, ITTUTETHHOCTD BO3MEHCTBUS HAa UCXOIHBIHN TTPO-
IyKT, KOHCTPYKTUBHBIE OCOOEHHOCTH paboumnx opra-
HOB U TEOMETPUIECKOE UCTIOJTHEHUE UX pUDIIEHBIX ITO-
BEPXHOCTEM.

Bun, xonmdecTBO, B3anMHAsI OpUEHTAIUS], OCTPO-
Ta, pecypc 1 Ipyrue napaMeTpsl pudIiei poropa u cTa-
TOpa TOPUZOHTAIBHON POTOPHOI TPOOUIKU OKA3bI-
BAIOT KJIIOUEBOE BIIUSHUE HA KQUeCTBEHHYIO CTOPOHY
M3MeJIbYEHH S, KOTOPasi B COBPEMEHHOM KOPMOIIPOU3-
BOJICTBE OTIPEALIISIET UTOTOBYIO 3((DEKTUBHOCTD 3TO-
T'0 TEXHOJIOTMYECKOTO MPOIIecca.

LIEnb MCCNEQOBAHMS — 00OCHOBATH KOHCTPYKTHB-
HBIE ITapaMeTPhl TOPU30HTAIIBHON POTOPHON APOOHII-
KU (Qypa’xHOTO 3epHa.

MATEPMANBI M METOABI. B COOTBETCTBUU C METOIHU-
KO TOBBINIEHUS 3P PEKTUBHOCTH TEXHOJIOTHUYECKUX

CENIbCKOXO3AMCTBEHHBIE MALIUHbI 1 TEXHONIOTMM + Tom 12+ Ne5 + 2018

MPOLIECCOB U CPEACTB MEXaHU3AIIUY TOPU3OHTATIbHAS
poTopHas TpoOuITKa JIsl IepepadboTKH 3€PHOBBIX Ma-
TEPHUAJIOB MPEACTABICHA CAMOCTOSITEIBHON CIIOXKHOM
TexHu4Yeckoi cucremotii [§-10]. ITporecc namenpueHms
3€pHOBBIX MaTE€pPHAJIOB OTHOCUTCS K OTHOMY M3 Hau-
GoJiee pacpoCTpaHEHHBIX HA MIPAKTUKE KIIOUCBOMY
MpoIieccy — pa3feNieHNIo MaTepraioB Ha 9acTu. [1oa-
TOMY IIeJIEBbIM Ha3HaUEHUEM PabOYUX ITOBEPXHOCTEH
CTaJI0 CO3JJaHNE YCIOBHUM pa3/ieieHNs NCXOAHBIX 3€p-
HOBOK Ha 33/TaHHO€ KOJIMYECTBO YACTHII IO AOCTHIKE-
HUS UMW HEOOXOAUMOT O MOJYJISI IOMOJIA U CTETICHU
M3MEeNbUeHU S 3epHOQYpaka B COOTBETCTBUH C 300T-
eXHIU4YecKuMHU TpeboBaHusiMu. Paboune noBepxHocTu
OCTaJIbHBIX JIETAJIEH KOPITyCca B MEHBILIEH CTENEHU OKa-
3BIBAIOT BJIMSIHHE HA PE3yJIbTATUBHOCTD IIpoliecca.

PaccmaTtpuBas pudiieHble TOBEPXHOCTH poTOpa U
cTaTopa MOXXHO CKa3aTh, UTO Ma3bl pOTOpa OOIIbIIe
BIIMSIIOT Ha Ipoliecc u3MenbueHust. OHu odecreunBa-
FOT TOCTaBKY MMPOIYKTa B 30HY pa3pyIlIeHHS U CO3/1a-
10T YCIIOBU S 3aXBaTa 3¢PHOBOK U HEOOXOAMMOE HaTpsi-
JKCHHE B 30HE KOHTAKTA C TPOTUBOPE3aMH CTATOPA TS
ux ckona. [Tloaromy opma puduieit craTopa moimkHa
BBIMIOJHATHCS UICHTUYHO TEOMETPUUECKUM MapamMe-
Tpam puduiei poTopa, He HapyIasi CXeMbl B3aUMO/ICH-
CTBHS «OCTPHE 1O OCTpHION [6].

B X0/1e TOMCKOBBIX 9KCIIEPUMEHTOB Ha 3¢pHAX ITIIe-
HUIIBI TpyOoro nmomoa (M = 1,5-3 MM) ucciie1oBaHO
BIIMSIHHUE KOJTMYECTBA POTUBOPE30B (pudireii) ctato-
pa 1, . Ha KaueCTBO U3MEIbUYEHHOT 0 MPOIYKTA 110 TPEM
[OKa3aTeIsIM: CTETIEHU U3MENIbUCHUS A, MOJYIIIO T10-
Moita M 1 pakTHIecKoi pe3yIbTaTUBHOCTH MTpoIiecca
usMenbueHus @, npu padodem 3azope 0,8 MM u Ipu
qacToTe BpameHus poropa 1400 mun' (puc. 1).
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Koamsecteo nporneopedon (pugaei) (i) sa cravope | Number of contradictions (riffles) (i) on the stator
Crensi
u [T
Zosd Degree of

grinding, (k)

DaETINeCkan

l:l PEAVAETATHEHOCTS |

Actieal Effectiveness, (@p)

Moayns

l:l nomona | The grinding

medube, wist ¢ mm (M)

Puc. 1. 3asucumocme kauecmeeHHbIx noKazameneti npoyecca us-
Menbuenus om Koauvecmea pughneti n, . Ha cmamope

Fig. 1. Dependence of the qualitative indices of the grinding
process on the number of riffles n, . on the stator

HccnenoBanus mokas3aim, YTO IPH yBEITMUECHUH KO-
nudectBa pudeilt Moayib moMoia M U cTeneHb 13-
MeJIbUEHUS A MEHSIFOTCSI He3HAUYUTEIBHO, a (paKTH4e-
CKasl pe3yJabTaTUBHOCTD U3MENbYeHUS P, CHUKAETCA
¢ 24,2 10 9,8. 1o 3TUM TpeM OlIEHOUHBIM ITOKA3aTEIISIM
TOTOBBII IPOAYKT COOTBETCTBYET IPyOOMY TIOMOITY,
HO TP 9TOM IIPEIIOKEHHBII ToKa3aTelnb P, 4yBCTBU-
TeJbHee TPU U3MECHEHIH BEIPABHEHHOCTH pa3Mepa ua-
CTHII B U3MEJIbUYeHHON Macce 3epHa. JlaHHBIN ONBIT
MMOJTBEPANII BOBMOXXHOCTD pa3faeCHUsI UCXOTHOTO
MIPOAYKTa Ha YACTH IIPH OJTHOM IIPOTHUBOPE3E HA CTa-
TOpe A4 cpeaHero u rpyboro nomona. I[Ipu Tonkom
TTOMOJIe PEKOMEHTOBAHO YBEITMUUTD KOJTMUECTBO puieid
craTopa B Ipefenax n, . = 3-4.

st mpoBepku 3(pheKTUBHOCTU U3MEHEHUS GHop-
MBI pugeit poTopa u cTratopa IpOBeN CPABHUTETb-
HBIH 9KCIIEPUMEHT IBYX KOHCTPYKTUBHBIX BAPUAHTOB
WICIIOJTHEHU ST pa0OYHX MOBEPXHOCTEH ITPU OTHOM IIPO-
TUBOpe3e cTaTtopa (puc. 2).

_, poTOp € Mazamu
grooved rotor

npoTHBOpes L\ -
stator counter-cutting N b

Puc. 2. Cxema gvinonnenus ykiona.: a — npomueopesa cmamopa,
b — nasoe pomopa

Fig. 2. Scheme of the gradient: a — the stator counter-cutting
element, b —rotor slots

Hawubomsbiiee konuyecTBo ppakiuii, COOTBETCTBY-
FOIITNUX 300TEXHUUECKUM TPeOOBAHUSIM, TTOTYICHO B
BapHaHTE C YKIIOHOM Ia30B POTOpPA, YTO XapaKTEePH-
3yeTCsl I3MEHEHNEM TToKa3aTellel CTETIeHN n3MeTbye-
Hus ¢ 1,6 no 1,5, Moaynsa momona — ¢ 2,4 10 2,5 MM u
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(hakTUYeCKO pe3yIbTATUBHOCTH ITpOllecca U3Mebue-
Hus — ¢ 16,9 no 36.

JI1st TeopeTH4ecKoro 000CHOBAHUS TAKOTO MIPO-
dbuns pudeit poropa onpeneauM paccTossHUE (1ar) ¢
MEX1y IByMs BepIInHaAMHU puiell 1 uX BBICOTY /1, U3-
MepsieMyIo 1o paanycy. [lockonbKy HCKOMBIE TOKa3a-
TEJIN 3aBUCAT OT FEOMETPHIECKIX MTapaMeTPOB 3€PHO-
BOTO MaTepuala, pPyKOBOACTBOBAJIUCH SKBUBAJICHT-
HBIM THAMETPOM UCXOIHOTO MPOayKTa D, U 3HAUeHU-
eM pabouero 3a3opa J. Benmmuuny miomanku A4S u pa-
nuyc 3akpyrieHus 4R pudieit, kKak TpyJHOKOHTPOJIU-
pyeMbie U He 3aJaHHBIC TPaBUJIAMH, HE YUUTHIBAIU

(puc. 3).

= cratop
stator

CTATOp 3
stator

Puc. 3. Cxema napesxu pugneii pomopa u cmamopa: a — npu
CKONe 3ePHOBKU 8 NONEPeUHOM cpe3e, b — & pazeepHymom aude

Fig. 3. Scheme of cutting grooves of the rotor and the stator: a —
with caryopsis cleavage in a cross-section, b — in an unfolded state

W3 pucynxa 3 BUITHO, 9TO PUQITH TOPU3OHTATHLHOM
POTOPHOM IPOOUIKY UMEIOT JBE HEpaBHbIE OOKOBEIC
rpaHU OCTPUS — Y3KYIO U IIMPOKY0. Eciiu u3 neHTpa
poTopa MpoBECTH PaANYC K BepIIHE prU(IH, TO MOX-
HO YBUJIETh, UTO yTOJI OCTPUS f3, yroJl HAKJIOHA CTEH-
K¥ 1a3a /) ¥ yToJI HAaKJIOHA CIUHKH T1a3a S, 06pasyioT
yroin pezanus y, = 90°. [Ipu 3Tom npouits pudiau npo-
TUBOpPE3a MO3BOJISIET TOMOJIHUTEIBHO KOHTPOIHPO-
BaTh pa3Mep MOIyYaeMbIX YACTHI] TOTOBOTO 36pHOBO-
ro npoaykra. Hampumep, 3a cueT CyKeHUs KaHaja
MEX]Ty PeXYIIUMH ITOBEPXHOCTSAMHU BOJIM3H pa3rpy-
304YHOTr'0 OKHa.

B npuHATOI cXeMe BBITOTHEHUS Ta30B O] YKJIO-
HOM IIIar (paKTHYECKU paBeH MIUPUHE Na3a d,, TO eCTh
t = a,. Torna, MCXO/s U3 TEOMETPUH 3E€PHOBOK Pa3jIny-
HBIX KYJIBTYP, MOXKHO 3anucats ¢ = 2D, tne D, — 3k-
BHUBAJICHTHBIN TUaMeTp 3€pHOBKH [2, 11].

Hcmonp3ys mar Hape3ku pudiei £, MOXHO y3HATH
KOJIMYECTBO pHdIIeii (a30B) poTopa .

n,=zR /D, M

Hanee ompenennm BEICOTY pudiIeii 4 71 ma3oB po-
TOpA C yUETOM e¢ BIUSHUS Ha pa3Mep FOTOBOTO Mpo-
IyKTa:

h = tsin 23,24, @)
rae A — Tpebyemast CTerneHb U3METbUCHHUSL:
A=D,IM, 3)
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Table

Ta6bnuua

KOHCTPYKTUBHbBIE MAPAMETPbI FOPU30HTANBHOW POTOPHOW APOBMIKM
DESIGN PARAMETERS OF THE HORIZONTAL ROTOR CRUSHER
Hzmenbuaemas kyasTypa / [lokasarens D,,mm D i, MM t, MM h, Mm n,, WT.
Grindable crop / Indicator mm mm mm mm pes

IMmenuna / Wheat 3.8 62 7,6 1.4 26

Slumens / Barley 4,2 75 8,4 1,5 25

Osgec / Oats 3,7 80 7.4 1,3 34

Kyxypysa / Corn 6,9 110 13,8 1,7 25

rae M — 3aJaHHBIA MOYJIb IOMOJIA, MM.

Ha nmpuMepe pacuera BajablIOBBIX JPOOMIIOK, 3HAS
3HAUYCHUE 3230pa J U Pa3Mep UCXOAHOM YaCTUIIBI 3ep-
HOBOTO MaTepuaia D,, MOXXHO BBIUUCIIUTH THAMETP
poTopa ropu30HTAILHON APOOUIIKH [2]:

Dy = D, -0/l —cosa, @)

rae Dy, — MUHUMAJIbHBIN TEOPETUUECKUMN JUAMETP
poTOpa TOPU3OHTATBHON APOOUITKH, MM; o — YTOJI
3aKJIMHUBAHUS 3€PHOBKH MEXKIY PEXYIIEH KPOMKOM
MMPOTHUBOPE3A CTATOPA U MMa3a pOTOPa, 3aBUCSIITUNA OT
paauyca poTopa U pa3Mepa 3€pHOBKH, Tpajl.

PE3YNbTATbI M OBCYXXAEHME. Vicronb3ys mpenio-
XKEHHYTO MOJIEIb TEOPETHIECKOTO pacueTa reoMeTpU-
YECKHUX ITapaMeTpoB pHudIieii pabounx OpraHoB TOPH-
30HTAIILHON POTOPHOU TPOOHITKH, MOKHO BEIUMCIIUTh
HX C yYETOM BUJA U3MEILYAEMOT0 MaTepuaia u 300T-
eXHHYecKux TpedoBanuit. Hanpumep, npu uamenpue-
HUH MIICHAUITBI, SKBUBAJICHTHEIN THaMeTp KOTOPO pa-
BeH D, = 3,8 MM, IO COOTBETCTBUS €€ U3MEIbUCHHbBIX
YaCTHI[ CpeTHEMY MoyITio TTomogia (M = 1,2-1,8) c mu-
HHUMaJIBHBIM paboyuM 3a30poM 4 (0,1 MM) 1 3HaUEHU-
€M YIJIOB HaKJIOHa CTEHKH M CIIMHKY 1a3a f;, ff, = 15°,
a Taxxe octpus f = 60°; momyuuM: ¢ = 7,6 MM, h =1,2 MM,
D =62 MM U 1, = 26 T. [2].

B ma6nuyy 1 BHECEHBI COOTBETCTBYIOIINE [Tapame-
TPHI TSI IPYTHUX 3€PHOBBIX KYJIBTYP (TIMEHB, OBEC, KY-
Kypy3a).

ITpu u3MenpYeHUM B TOPU3OHTATIBHON POTOPHOU
JIPOOMIIKE BCEX YETHIPEX BUI0B (Pypa’kHOTO 3epHA MOXK-
HO pekoMeHaoBaTh D = 100 Mm.

PaGouwne moBepxHOCTH (prhIN) poTOpA U CTATOpA
M3rOTABIUBAIOT C YYETOM F'€OMETPUUECKUX MapamMe-
TPOB U3METBUAEMOT0 MaTeprana. Yriosas ¢popma na-
30B POTOpA MOJOKUTENBHO CKA3BIBAETCI HA OOIIUX
roKasareJsisx rnpoiiecca udmenbueHus. [Ipennoxennas
TEOPETUYECKASI MOJIENIb PACUETA OCHOBHBIX KOHCTPYK-
TUBHBIX TApaMeTPOB Mpoduis pudiieit poTopa mo3so-
JISleT ONPEJEIUTD 11ar, BBICOTY U KOJIUYECTBO Ma30B
poTOpa B COOTBETCTBUHU C BUAOM U3MENIbUAEMON 3ep-
HOBOU KYJIBTYPBI.

BeiBoabl. [anbpHeiiliee ucciegoBaHue 1 BISBIIE-
HHe HanboJee ONTUMATBHBIX KOHCTPYKTUBHBIX Mapa-
METPOB MTOBEPXHOCTEH pabOINX OpraHOB U3METbUN-
Tenel pypaxHOro 3epHA, B TOM YHUCIIE U C TOUKH 3pe-
HMA UX pecypca, IO3BOJIUT MOJYUYUTh BRICOKOE Kayue-
CTBO F'OTOBOM NPOAYKIIMU, CHU3UTh 3HEPrOEMKOCTh
poliecca U MPOU3BOAUTH BBICOKOTEXHOJIOT MUHBIE U3-
MEJIbYAIOLINE AT PEraThl.
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Pe3ynbTaTbl UCCNefOBaHUIA TEXHOIONMYECKOrro npouecca

KapTOCt)EHGKOI'IaTe.Hﬂ
Buxrop MuxaiinioBuy Anakus, I'ennannii CepreeBnu Hukutun,
KaHJIUJAT TEXHHYECKUX HayK, TOIEHT Kadenpsl, ACIIUPAHT Kadeapsl

e-mail: alakin@bmstu-kaluga.ru;

Kamyxckuii punmuan MockoBckoro rocynapcTBeHHoro yausepceutera uMm. H.9 Baymana, Kanyra, Poccuiickas
Denepanus

Pedepar. Kaprodenekomnatens, OCHAIEHHBIH YeTHIPEXIONACTHBIM OUTEPOM B KOMIUIEKCE C POTAIIMOHHOHN CEMapupyro-
el TTOBEPXHOCTBIO, 00TaaeT HU3KOM MaTEpUAIOEMKOCTBIO U SHEPTOEMKOCTBIO, O0JIee BRICOKOH CEMapupyIoMIel CIro-
COOHOCTBIO, & TAK)KE MEHbINE TpaBMUpPYyeT KIyoHH. OIHAKO BO M30EKAHUE HAPYIIEHHUS Tpoliecca TPAHCIOPTUPOBAHUS
KapToQenecoepKaIiero mwiacta Iepe IepBoi POTOPHON CEKITMel B KOHCTPYKIIUH JaHHOTO KapTodenekonaress Heoo-
XOJJMMO HCIIOIb30BATh YETHIPEXJIOMACTHOM MpHeMHO-TIoAatoIui outep. ([lenv ucciedosanus) TTOBBICUTD TEXHONIOTHYE-
CKYI0 ¥ 3KOHOMHYECKYIO 3(Q(EKTHBHOCTD MOAKAIBIBAIONIE-CENAPUPYIOIETO YCTPOUCTBA KapTOQeneKonaTes poTamu-
OHHOTO THIa Oaromaps ONTHMH3AIUK ITaPaMeTPOB KOHCTPYKLIUU M PEKUAMOB paOOTHI IIPHEMHO-TIONAIONIETO OHUTEpa.
(Mamepuanst u memodst) PaccMOTpeIy OCHOBHBIE TIPUHIAITHI YCTOWYMBOCTH MEKOIEPAIIMOHHOTO [TPOLIECCa TPAHCIIOPTH-
POBaHUS KapToderecomepikaiero BOpoxa YeThIPEXIONACTHRIM MTPUEMHO-TIOAIONIUM OuTepoM. 11 UCKITIOUeHHS BEpO-
STHOCTH MEperpy3Ku Outepa npu npuemMe U nepeMereHu KapToQenecoaepKaero miacTa BEIYUCIUIN 3aBUCHMOCTD €r0
MUHAMAJILHOM YTTIOBON CKOPOCTH OT CKOPOCTH IBWKEHHUS kapTodenexonartens. [IpoaHaau3npoBamm mporece morbeMa
KapTo(ebHOr0 BOpoXa Ha BEPIIMHBI PA0OYMX OPTaHOB MEPBOM CEKIIMU POTAIIMOHHOTO CEMapaTopa M CO3MaN METOIUKY
TOJTyUeHNs 3HAYEHUH CKOPOCTH U YIJIa OTPhIBA MaTepHaa oT Jonact ourepa. Paccuntamu pabodyio yriioByio CKOPOCTh
butepa ¢ oMol AU(hePEHINATHHOTO YPaBHEHHUS, OIMCHIBAIONIETO JBIDKECHUE KapTodeaecomepkaiiero miacra 1o
TIOBEPXHOCTH JIOMACTH. (Pesynbmamut u 0ocysicoenue) Ilokazamu, Kak ¢ TOMOIIBIO YpaBHEHWH TMHAMUKH, OTIMCHIBAIONIUX
JBVDKEHHUE Tea, OPOIIIEHHOTO MOJT YIIIOM K TOPU30HTY, OTIPEETUTD MPeIBapUTEIbHBIE CKOPOCTh M YTOJ OTPBIBA KApTOde-
JIeCOIePKAIIEro IIacTa OT JIONAcTH butepa. MX peasbHble 3HAUCHHMS HAXOAATCS B 3aBUCUMOCTH OT CKOPOCTHU JIBMKCHHS
KapTo(eNeKonaTeNs 1 ONMPEENSIOTCS 3 TPEYroNbHIKa ckopocTeil. COCTaBIUIM 3aBUCUMOCTD paboueit YIIIoBoii CKOPOCTH
BpAIICHHS YETHIPEXIIONACTHOTO OUTEpa OT CKOPOCTH IBUKEHHMS KapToderexonartens. Ee BennunHa q0KHA TPEBBIIAT
3HAUCHUS MUHUMAJILHOM YIJIIOBON CKOPOCTH. (Bb1600b1) TeopeTnueckue pacyeThl MO3BOIWIM BBIYUCIUTH HAMOOIEe ONTH-
MaJIbHbIe KOHCTPYKTUBHBIE TTAPAMETPHI U PEKUMBI paOOTHI UETHIPEXIIONACTHOTO OUTEPa, 00ECTIEUNBAIONINE YCTOMINBEIE
IPOIIECCHI TIPUEMA, TIEPEMEIIICHHS U MIePeIaut IIACTa Ha POTALMOHHYIO CENapUPYIOIIyI0 TIOBEPXHOCT.

KmoueBsie cioBa: kapTodenn, kapTodenexonatens, yoopka, kKaprodeneconepkanii BOPOX, pOTAIIMOHHAS CETapUpyIo-
Imasi MOBEPXHOCTh, POTOPHO-3y0UYaThle paboure OpraHsbl, JeMeX, JIOACTHON OUTep, MPOU3BOAUTEIBHOCTD, HAEKHOCTD,
HHEPTOEMKOCTh, MATEPUATIOEMKOCTb.

1 Ins nutupoanus: Anakun B.M., Hukutun I'C. Pe3ynbraThl uccliefoBaHUN TEXHOJOTUYECKOTO MpOolecca
kaprodenekomnareis // Cenvckoxossiicmeentvle mawunsl u mexuonozuu. 2018. T. 12. N5. C. 14-19. DOI
10.22314/2073-7599-2018-12-5-14-19.

Research Results of the Potato Digger Technological Process

Viktor M. Alakin, Gennadiy S. Nikitin,
Ph.D.(Eng.), associate professor, postgraduate student
e-mail: alakin@bmstu-kaluga.ru;

Kaluga Branch of Bauman Moscow State Technical University, Kaluga, Russian Federation
Abstract. A potato digger equipped with a four-bladed beater operating in connection with rotary separating surface has

low material and energy consumption, higher separating efficiency, as well as lower degree of tuber damaging. The potato
digger design should include a four-bladed intake-and-feed beater to prevent potato heap transportation faults in front
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of the first section. (Research purpose) Increasing the technological and economic efficiency of a potato digging-and-
separating unit through the determination of the optimum values of the design parameters and operating process of the
intake-and-feed beater. (Materials and methods) the authors have made an overview of general principles of ensuring the
stability of the potato heap movement provided by the four-bladed intake-and-feed beater. The dependency of the minimum
beater speed on the operating speed of the potato digger has been found to exclude a probability of its overloading. The
methodology of calculating the potato heap velocity and the cutoff angle between the material and the beater blades has
been worked out by analyzing potato heap lifting to the upper points of the working units of the rotary separator’s first
section. Operating speed of the beater has been determined through the differential equation for the speed of a potato
heap moving along the blade surface. (Results and discussion) Preliminary potato heap speed and cutoff angle have been
found through the equation of dynamics describing the projectile motion of an object thrown at an angle. The operating
values of the angles are dependent on the potato digger working speed and can be selected from the triangle of speeds. The
authors have determined the dependence of the optimal beater speed on the working speed of a potato digger. Its value
should exceed the minimum speed of the beater. (Conclusions) Theoretical results allow proposing the best design features
and optimum working process parameters of a four-bladed beater receiving a potato heap, transporting it and lifting on
the rotary separating surface.

Keywords: potato, potato digger, harvesting, potato heap, rotary separating surface, rotary star wheels, share, four-bladed
beater, performance, reliability, energy efficiency, material consumption.

I For citation: Alakin V.M., Nikitin G.S. Research results of the potato digger technological process.
Sel’skokhozyaystvennyye mashiny i tekhnologii. 2018. 12(5). 14-19. DOI 10.22314/2073-7599-2018-12-5-14-19. (In

Russian).

JISI MPUXOIUTCS 3HAUUTEIbHAS TOJISI MUPOBOTO

CeNIbCKOX035IUCTBEHHOr 0 npoussoacTna. Co-
rjaacHo opUIIUAIFHON cTaTUCTUKE MUHHUCTEPCTBA
cenbckoro xo3snicTBa Poccuiickoit @eaepaniniu, TOMb-
KO B Halllell cTpaHe MOJ ero MocaakaMu 3aHITO CBBI-
e 297,11 toic. ra. Kak u mpu mpou3BOICTBE OONIBIINH-
CTBA OBOIIHBIX KYJIBTYP, 3HAUUTEIbHAS YACTh BCEX
TPyAO3aTpaT MPU BO3AETBIBAHUN KapTOhess 10 CHX
IIOp IPUXOAUTCA Ha yOOpKy ypoxas (mo 30-40%). B
HACTOSsIIIIee BpeMs 715 3TOM LIEIM B OCHOBHOM UCIIOJIb-
3YIOT KapTodelleKonaTean, KapTodereKornaTeIu-Ba-
KOYKJIaTYUKHU, KapTOheIeKOoMaTeTu-TIOTPy3UYUKH U
kapTodeneybopounbie komOaliHbl. [IepBhIe MBA THIIA
HanOoJee MUPOKO PACIPOCTPAHEHBI B HEOOIIBIINX
(hepMEePCKUX U IMIHBIX MOICOOHBIX X03stiicTBax. Kap-
To(eneKkonaTenTu-norpy3uyruKy 1 KapTodeneyoopou-
HbIEe KOMOAMHBI YaIe BCero UCIOIb3YIOT MPU MIPO-
MBIIIJIEHHBIX 00beMax IPOU3BOICTBA, B TOM UHCIIE B
KOMIIJIEKCE C KapTOQeIeKoNnaTeIsIMU U KapToQeleKo-
maTeIsIMU-BaIKOYKIAIUNKaMH IpU yOOpKe ypoxKas
1o nByxda3Hoit TexHojaoru [1-5].

B kayecTBe OCHOBHOT'O CeapUpyIOLUIEro yCTPOii-
CTBa BO BCEX YETBIPEX THIAX KapTodeaeyoopOouHbIX
MAaIlIMH B OOJIBIINHCTBE CIIYy4YaeB UCIIOIb3YIOT IPYTKO-
BBIH AseBatop. K ero riiaBHbIM TOCTOMHCTBAM MOYXHO
OTHECTU MPOCTOTY KOHCTPYKIIMHU, YHUBEPCATIBHOCTh
IIPUMEHEHUS U BOBMOXXHOCTD TPAHCIIOPTUPOBAHUS
youpaeMoi MpOAYKITAH IO YIIIOM 10 25°. OmHaKko u3-
3a HU3KOM cenapupyroieil CHocoOHOCTU, 3HAYUTENb-
HOU METaJIJIOEMKOCTH, SHEPTOEMKOCTH, a TAKXKE ITOIBEP-
KEHHOCTH U3HOCY ¥ 3aJINIIaHUIO TIOYBOH (TTpHu paboTe

B HacTosIIee BpeMsl Ha BO3AelIbIBaHHE KapTode-
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Ha IOJSIX C BIAXXHOCTHIO H6oiee 22%) CyIIeCTBEHHO
CHUYKAIOTCS €r0 TEXHOJIOTMUECKHE XapaKTePUCTUKH,
YTO HETaTUBHO OTpakaeTcs Ha paboTte kapToderey-
OOpPOYHOI MAIITUHEI B 11eJI0M [1].

st pemenuns nanHo# npoo6nemsl B Karyxckom
dunmmane MI'TY um. H.D. Baymana 6s11 pazpaboran
pOTALIMOHHBIN cenapaTop HOBOM KOHCTpyKIUu. Ero
paboyasi TOBEpXHOCTh 0Opa30BaHA MATHIO UIIH 11Ie-
CTBIO POTALIMOHHBIMU CEKITUSIMH, COCTOSIIIIMU U3 Ba-
JIOB C YCTAHOBIIEHHBIMH HA HUX POTOPHO-3y0UaThIMU
pabounmu opraHaMu. Mexay poTopaMHu pacrojara-
I0TCS BHHTOBBIE PACTIOPHO-PETYINPOBOYHBIE BTYIIKH,
C IOMOIIBIO KOTOPBIX pabourie OpraHbl CMELIAIOTCS
BJIOJIb BAJIOB, M MEX1y HUMHU 00pa3yeTcs cenapupyo-
wuii 3a30p C. B 3aBUCUMOCTH OT pa3Mepa MEIKOH
(dbpakiy KapTodes ero MOXHO yCTAaHABIUBATH B IIpe-
nenax 30-50 MM. DTo 1aeT BO3MOXHOCTh YHUBEPCAJIb-
HOI'O NMIPUMEHEHU S CerapaTopa U B LIEJIOM KOIaTeN s
17151 yOOPKH APYTUX KOPHEKITYOHEIIIONO0B.

PotopHo-3y0uaTsie pabodyune opraHbl COCETHUX Psi-
JIOB JOJIKHBI UMETH BO3MOXKHOCTH CBOOOJTHO NIepeMe-
IIaTHCS BAOJIH BAJIOB 0€3 3alleTIEHHU I, TO3TOMY pado-
YHe CeKI[UU YCTAHOBIIEHBI C HEKOTOPBIM TEXHOJIOTUe-
CKUM 3a30poM S. Pabounii opran poTarimoHHOTO ce-
naparopa MpeAcTaBIIsieT COO0I pOTOP € BOCEMBIO Ha-
KJIOHHBIMU TaJIblIaMu 3y0uaroii opmel. Jliist moctu-
KeHUsI He0OXOIMMOHN YIIPYTOCTH TONIIMHA 3y0UaThIX
MaJIBLIEB YBEIMUHUBACTCS OT BEPIIMHBI K OCHOBAHUIO,
a3a cueT MX HaKJIOHHOH U cpeprnyecKoi MOBEPXHOCTH
YMEHBIIAETCS BEPOSITHOCTh HAMATBIBAHU S PACTUTEIb-
HBIX IPUMECEH, 3aIeMICHI ST KOMKOB TIOUBBI U KJIyO-
HEH, YTO CYILIECTBEHHO CHUKAET CONPOTUBIICHUE Ce-
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MapupyIomiel MOBEPXHOCTHU U NOBPEKIAEMOCTD KI1y0-
Hell. BpamarenbHoe IBHKEHHE POTOPHO-3y0UYaTHIX pa-
004X OPraHOB MO3BOISAET OOJIee UHTEHCUBHO KPO-
IIUTHh U PABHOMEPHO PACIPENENISTh TPAHCIIOPTUPYE-
MBIE TPSIEI IO MIUPHHE cerapaTopa, TeM CaMbIM I10-
BBIIIAs] THTCHCUBHOCTD POCEUBAHU S TOYBEHHBIX ITPU-
Mecel 1 yMeHBIIas IIOBPEXIaeMOCTh YOUPaeMOH KyiIb-
Typsl [6, 7]. BHemHUI quamMeTp 3y04aTo-NaIbleBbIX
potopoB cocTaBisieT 300 MM, UTO 0OOeCITIeUnBAET UM
BBICOKYIO OKPY>KHYIO CKOPOCTB ITPU HU3KOH 4acTOTe
BpAIlleHUS BAJIOB, a TAK)KE OOJIBIIYIO IIOLIA b )KUBO-
ro ceueHus. B kauecTBe MaTepuaa sl pOTaITMOHHBIX
pabounux opraHoB UCHOJIB3YIOT BRICOKOIIPOUHYIO pe-
suny Mapku 18-510 Tynbckoro 3aBoma PTU. 3a cuet
BBICOKOM MPOYHOCTHU POTOPOB U YCTPAHEHU S 3a1IeILIe-
HUS AJIBIIEB MEXTY COO0M 3HAYUTETBHO YBETUYUIICS
CPOK CIIY>KOBI cemapaTopa, a ero MaTepraio- U 3Hep-
TOEMKOCTh CHU3MIIHUCH [8, 9].

st mpoBeieHM s SKCIIEPIMEHTAJIBHBIX HCCIIEIOBA-
HUI POTAIIMOHHBIN cenapaTop YCTAHOBUIIU HA paMy
npurnenHoro kaprogenexonarens KCT-1,4A. Paszpa-
OO0TKY KOHCTPYKIIMH YHUBEPCATHFHOTO POTAIIIOHHOTO
KapTodesekonartens NoJIHOCThIO poBoauau B CAD-cu-
cremax Solidworks m KOMITAC-3D. 910 HE TOIBKO
CHU3UJIO BpeMs IPOEKTUPOBAHUSI, HO U MTO3BOJIUIIO
MIPOBECTH MPEABAPUTEIHHBIN KUHEMATUISCKUH U TU-
HAMUUYECKUI aHAJIU3 PA3JIMYHbIX JIEMEHTOB KOHCTPYK-
My 1 pabouero mporecca. OH oKa3a, 4To U3-3a yBe-
JTUYEHHOTO (OTHOCUTEITFHO U3BECTHBIX aHAIIOTOB) BHETII-
HEero nuaMerpa pabouux OpraHoB BO3HUKAET 3HAYU-
TEIBHBIN TIepena BICOT MEXAY HUMH U 3a JHUMU
KpoMKaMu jieMexoB. [loaTomy B 3TOM MecTe OyneT rmpo-
UCXOJUTH 3aMeJICHUE ITPoIlecca TPAHCIIOPTUPOBAHUS
IJIACTA, UTO COOTBETCTBEHHO IIPUBENET K POCTY IO-
BPEXACHUN KITyOHEH B 30HE KOHTAKTa C MEePBOH po-
TOPHOM CeKLIMeH U, KakK CIeICTBHE, K HApyUIEHUIO pa-
60THI kKapTodeaexonaTes B mejioM [7-9].

OnHUM U3 BAPUAHTOB YCTPAHEHUS TAHHOTO HEO0-
CTaTKa, a TAK)Ke MOBBIMIEHUS TEXHOIOTHIECKO -
(pexTUBHOCTU cemapaTopa, cTajga YyCTAHOBKA YEThI-
PEXJIONACTHOTO OUTEpa MEXITY JIeMeXaMHt U TIePBOU
POTAIIMOHHOMN CEKLINEH cenapupyIoleii HOBEPXHOCTH.
PaHee nanHble yCTpoicTBa MPUMEHSJIM B OCHOBHOM B
KOMILJIEKTE C cenapaTopaMu npyTkoBoro tuna. Ilpu-
MEPOM MOTYT CITyXHTh KapTodenekonatenn KCT-1,4M,
KTH-2BM, e 6utep HCIIONb30BaJICS A5 TEPBUYHO-
r0 pa3pylLIeHUs CTPYKTYPbl HOJKOIIAHHOTO IJIacTa U
€r0 paBHOMEPHOTO pACIIPEIEIIEHNUSI 110 IITHPUHE JJIeBa-
Topa. Tak Kak poTallMOHHBIH cenapaTop odnagaet 60-
Jiee BLICOKOM ITPOCENBAIOIIEH CITOCOOHOCTHIO, TTIaBHOU
3aj/1aueit Ourepa cTaHOBUTCS oOecreueHne yCTOHIH-
BOI mo/1auu mjacTa Ha BEPUIUHBI paboynuX OPraHoB
MEPBOW CEKLINU.

LIENb NCCNEQOBAHNSA — MOBBINIEHUE TEXHOJIOTHYE-
CKOH 1 9KOHOMHYIECKOU 3(p(HEeKTUBHOCTH MOIKATTBIBA-
IOIle-CeTapuPYIOIIEro yCTPocTBa KapTodeneKkorna-
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TEeJIs POTAIMOHHOTO THIIA ITyTEeM ONITUMM3AIUH ITapa-
METPOB KOHCTPYKI[UH U PEKUMOB PabOTHI IPUEMHO-TIO-
JTaroIero ourepa, oOecreInBarONIei YCTOWNIMBOCTD
MEXOIEPAIMOHHOT O ITPOoIlecca TPAHCIIOPTUPOBAHUS
KJIyOHEHOCHOT'O I1J1aCTa, @ TAK)KE IOBBIIIIEHUE COXPaH-
HOCTH ypoKasl U TPOU3BOAUTEIBHOCTH KapTodeey-
OOPOYHON MAIIIMHEI B IICJIOM.

MATEPMANBI 1 METOABI. B KayecTBe HcClieqyeMoro
00beKTa ObLITA TPEIIOKEHA KOHCTPYKITUS YETHIPEXJIO-
MacTHOTo OuTepa, paboIyro OCHOBY KOTOPOTO COCTaB-
JISIIOT METAJUTMYECKHE TUIACTUHBI, PE3UNHOTKAHEBBIC
JIOTIACTHU M OTPAKAIOIINE IIUTKU, YCTAHOBJICHHbBIE HA
KPOHINTeHHaX KBaapaTHOro Baja. [locpencTBoM mpo-
JTOJIBHBIX MTA30B B KPOHIITEHHAX MJIACTUHBI, JIOMACTH
U IIATKH CMEIAIOTCS OT KpalHero MOJIOXKEH S Ha Be-
IUYuHYy 10 70 MM.

s yeroitunBoit paboTsl OuTepa rimaBHOE — 00e-
CIICYUTh YCTOMYHUBOCTH IIPHEMA M Mepexoga KapTo-
(enpHOTO ITacTa HA cemapaTop, a TakKe U30ekKaTh
€ro Meperpy3Ku IPpH JTI0OBIX YCIIOBUSIX U peKUMaX pa-
60ThI KapTodenekonarens. st 3Toro onpeaenum 3a-
BHCHUMOCTH MUHUMAJILHOM YTIIOBOW CKOPOCTH Bpallie-
HUSI OUTEPA Wi, OT CKOPOCTH ABHKEHUS KapTodere-
komnarens V..

CKOpOCTh MOCTYIICHUs MaTepHalia Ha outep V;
Haiinem o popmyne, npemnoxeranoit B.I1. Iopsuku-
HbeIM [10]:

e, M
sin(y, +¥/,)
riae V,—CKOpOCTb ABMKEHUS KapTodeIeKomaTens, M/C;

W, — YTOJl YIUIOTHEHUSI TIJ1aCTa, TPa;
¥, — YTOJI HAKJIOHA JIeMeXa, Tpaj.

S

3am’ ¢
0,127
\
0,1
0,073
™~
0,047
1 1,17 1,33 1,50 1,67 1,83 2
V., wmic

Puc. 1. Tpaguk 3asucumocmu pemMeHu 3anoIHeHUs Oumepa t.,,
om ckopocmu 0gudicenust Kapmogenexonamens Vy

Fig. 1. The dependency diagram of the time of filling beater t.,,
on the potato digger working speed V'

[Mpunumas pagmyc ourepa Rs; paBHBIM pagnycy po-
TOPHO-3y0uaToro pabodero oprasa R, pazmep IIUT-
Ka MUHUMAJIBHBIM R, = 0,1 M, a yroa moBopoTa (IIpu
KOTOPOM IPOUCXOJUT 3aIIOJTHEHUE JIONACTH) PABHBIM
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45°, MOXKHO HAMTH 3aBUCUMOCTH BPEMEHH 3aTIOJTHEHU ST
t3an U MUHUMAJIBHOU YTJIOBOM CKOPOCTH BPAIIEHUS iy
OT CKOPOCTH IBIKEHUS KapTodenekomnatens V, (puc. 1, 2).
JL71s1 BBIIOJTHEH U S TIEPBOTO YCIIOBUSI YCTOMUYUBOM pa-
00THI OUTEpPA JOKHO COOIMIONATHCS HEPABEHCTBO
Omin < Wg.

min’

15

12
/
/

17 1,33 1,50 1,67 1,83

V., m/c

Puc. 2. I'paghux 3a6ucumocmu MUHUMATLHOU Y2N080Li CKOPOCMU
oumepa @i, 0M cKopocmu 08udiceHUs. Kapmogenexonamens V

Fig. 2. The dependency diagram of the minimum angular velocity
(speed) of the beater wy, on the potato digger working speed V.,

Bropoe ycnoBue, onpenensioliee xapakTep pabdo-
TBI OMTEpa B KOMITJIEKCE C POTAIIMOHHON CEeMapupyIo-
111e¥ MOBEPXHOCTHIO, 3aAKTI0YAETCSI B YCTOMYNBOU TO-
Jlade MOIKOITAHHOTO TTACTa Ha BEPITUHEI pabodmnx op-
raHoB nepBoi ceknu. OHO COOTBETCTBEHHO 3aBUCUT
OT CKOPOCTH V1 yIia f. OTppIBa MaTepHUaJa oT JIoNa-
CTH, YTO MOXKHO PEryJIupoBaTh U3MEHEHUEM Rg, R,
Wg.

Tak kax mocite cxoja ¢ JIonactu kaptodernecomep-
JKallleTo TUIacTa Ha HEro JIENCTBYET TOIBKO CUJIA TSI-
KeCcTu, TO HpeI[BapI/ITCJ'ILHLIS 3HAUYCHU A CKOpOCTI/I Vo n
yria o, OTpbIBa MaTepHalia OT JOMACTH IOJIyYaroT
TOJBKO HA OCHOBE KOHCTPYKTUBHEIX TTAPAMETPOB PO-
TAIMOHHOM MOBEPXHOCTH U OuTepa (63 yueTa TBUXKe-
Hus KapTodenekonaress). Bocrnons3yemcs hopmyiia-
MU, OTTUCHIBAIOIINMH JIBHIKEHHE Tella, OPOIIEHHOTO
TIOJ] YTJIOM K TOPU3OHTY.

T'opuzoHTanbHas JaIbHOCTD MOJIETA!

2

X =V—°sin 2a, . 2
g
HawuBrIcniast Touka monera:
2
=202 o, . ?3)
2g

B mporiecce paboThl kapTodesekonarens OuTep co-
BEpILIAET CIOKHOE IBUKEHHE, KOTOPOE BKIIIOYAET B Ce-
0s1 moCTynaTeIbHBIN U BpalaTeIbHbIi KOMITOHEHTHI,
[IO3TOMY peajibHbIe CKOPOCTB V, 1 yroi . oTpbiBa Ma-
TepHuaja OT JOMACTU HAalJIeM C TIOMOIIBIO TPEYTOb-
HHKa cKopocTelt (puc. 3).

CENIbCKOXO3AMCTBEHHBIE MALIMHbI 1A TEXHONIOMM « Tom 12+ Né5 + 2018

S [T
Qe

Puc. 3. Tpeyzonvnux ckopocmeii
Fig. 3. The triangle of speeds

VI10BYy10 CKOPOCTB GUTEPA 5, OTBEYAIOLIYIO BCEM
BBIIIETIEPEUHCICHHBIM TPEOOBAHUAM, OIIPENETUM U3
nuddepeHIraIbHOTO ypaBHEHUS (4), OMMCHIBAIOIETO
JBIKEHME KapTodenecoaepsKaliero miacra o noBepx-
HocTH JoniacTu (puc. 4). I[lpuMeH s THEPLUOHHYIO CH-
CTEMY KOOPJANHAT C IIEHTPOM B CE€peIHE ITPUBOHOTO
BaJla OMTepa M OCIMH, APAJUIEITBHBIMH €T JIOMACTSAM,
HEOOXOAMMO YUUTHIBATh BO3HUKAIOIIUE IEHTPOCTPE-
MuTenbHble F,, 1 Koproanucossl F, CUIIbI UHEPLUH.

Puc. 4. Cxema cun, deticmeylowux na kapmodgenecooepaicawuii
niacm
Fig. 4. Force diagram showing all forces acting on a potato heap

CrpoeniupyeM Bce CUJIBI Ha OcH X, y (puc. 4):
m¥=F, —F,, —mgsinf3,

. ) @
my =N, —F, —mgcos 3,

[JIe 71— Macca 9YacTH KapTodesaecoaepKalliero miacra,
KT;

# — yCKOpeHHe KapTodeliecoaepKaliiero miacTa 1o
ocH x, m/c’;

j— yCKopeHue KapTodesaecoaepkaliero miacTa o
ocu y, M/c%;

F,—neaTpobexnas cuna, H;

F,, — cuna Tpenus ckonbxkenus, H;
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N, — cuna peakuuy TOBEpXHOCTH JIonacTu, H;

F.— cuna Kopuonuca, H;

R, —paccTosHme OT IeHTpa OuTepa /10 eHTpa Kap-
Todereconepkallero miacTa, M.

W3 nepBoro ypaBHEHUS CUCTEMBI (4) HAXOAUM CH-
Iy TpeHus Fr,:

Fmp =fN1 =f(2ma)65c+mgcosﬂc), (5)
rae f — ko3 GUIHEHT TPEHUS CKOIBXEHUS TTOYBBI 110
pesune, f=0,7.

Boipaxas 3Hauenue R, uepe3 NepeMEHHYI0 X U MO/-
CTaBJIsAs B cucTeMy (4) IIEHTPOOSXKHYIO CIITY F,, CHITY
Kopuomnuca F,, cuny Tpenus F,, 1 culy peaKLuu I1o-
BEPXHOCTH JIOIIACTHU Nl, IoJIydyaeM BbIPaXCHUE!

X+ 2f ;% — wix =—fgcos st — gsinast 6)

IJie ¢ — TIepeMeHHa sl BpeMeHH, C.

JleBas yacTp BeIpakeHus (6) MpeAcTaBIeHa OqHO-
ponHbIM AudGepeHITNaAIbHBIM yPaBHEHHEM BTOPOTO
MOPSIIKA, PElIeHre KOTOPOTO MMeeT BU:

X, = CleBlt + CzeBZ’ ,

rae Cy; u C, — OCTOSIHHbIE UHTErPUPOBAHUS;
B, 1 B, — KOpHHU XapaKTEPUCTUYECKOTO YPABHEHHUS.

[IpaBas yacTe BeIpaxkeHus (6) MpencTaBseT coooH Iu-
HeifHoe HeofHOpoIHOE U depeHIInanbHoe ypaBHEHHE:

()

X = Acosw,t + Bsinwyt, ®)

rie A, B — mocTostHHBIE KOI(PPUITUEHTHI.
Uepes riepBoe 1 BTOpOE ITPOU3BOIHBIE YPABHEHUS
(8) MOXKHO HAMTHU TOCTOSTHHBIE KO PUITUEHTHI A, B:

/g
A:—,
@3 (1+ /)
_og(-f%)
B=—="t -
2w5(1+f )

OO1ee perieHre TMHEHHOT 0 HEOTHOPOIHOTO U -
(hepeHIIMATFHOTO ypaBHEHUSI BTOPOTO TTOPsIIKa OyIeT
UMETD BUJI:

x=X, +%=Ce’ +Cye® + Acoswyt + Bsinat.  (9)
IlepBas npousBoaHas ypaBHeHus (9):

56 = ClBleBlt + Cszeth - A(l)6 Sin (061 + B(06 COS (061 (10)
IMoctostnubie unterpupoBanus C; u C, HAXOIUM,

nojctaBiss HadaabpHble yciaoBus 1(0) = 0; x(0) = Ry;

x(0) = 0 B popmymst (9) u (10):

Cl:Bz(A—Rm)+Ba)6

BI_BZ ’
: _ B(R, —4)+Ba,
? BI_BZ
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PE3YNLTATBI M OBCYXXAEHUE. [{71 yMEHbILIEHHS Bpe-
MEHHU TPpeOBIBaHUS KapTOdeIecoIepKaIero miacra
Ha JIOTIACTH ITPEAIIOYTUTEIbHEE HCIIOb30BATh HACTHITb-
HYIO TPAeKTOPHIO €ro NoJbeMa Ha BEPIIUHBI POTOP-
HO-3yOUaTHIX pabOUNX OPTaHOB IMIEPBOM CEKITUH CeTIa-
patopa. [loncrasisis B popmyisl (2) u (3) 3HAYSHUSI TO-
pu3oHTaIBHOM nManmpHOCTH Sy =0,16 1 HAMBBICITICH TOY-
ku roneta H=0,23 M, onipenernsieM, 4To Mpu Hauboee
ONTHUMAJILHOM yTJIe OTPBIBA 0, =70° mpeaBapuTenbHas
CKOPOCTH cXo/ia MaTepuama V), momKHa paBHATHCA
2,2 m/c. icxonst u3 TpeyronbHUKa CKopocTei (puc. 3)
HalJeM yroji oTpbisa . U CKOpOCTb OTphIBa V. B 3a-
BHCHUMOCTHU OT CKOPOCTH JIBHDKEHUS KapTodeeKona-
Tens, mabauya 1.

3aBucumocTH YriiA . u ckorocTu V, OTPbIBA
KAPTO®ENECOAEPXKALLErO NNACTA
OT CKOPOCTM [IBUXEHUS KAPTO®ENEKONATENS V,
DEPENDENCIES OF THE ANGLE /3, AND SPEED V,, OF THE POTATO HEAP
CUTOFF ON THE POTATO DIGGER WORKING SPEED V

Vomlc | L1 | 12 | 1,3 | 14 | 15 | 16 | 17
80,5 | 78 | 75 | 725 | 70 | 615 | 65
2,09 | 2,11 | 2,13 | 2,16 | 2,20 | 2,23 | 2,26

ﬂC’ rpa’ﬂ
V., mlc

INonyuyennsie ypasHeHus (9) u (10) orpenensoT mo-
JIO’KEHUE U CKOPOCTH JIBIKEHUS TPAHCIIOPTUPYEMOTO
MaTepualia Ha tornacty 6utepa. OHU OKA3bIBAIOT, YTO
MHUHUMAJIbHAS CKOPOCTH cX0fia V, OyneT B HauBbICIIEH
TOUYKE OTPBIBA, TO €CTh NpH f. =90°. B nanpHeiem
CKOPOCTD V, yBeTUUMBAETCS BCIIECACTBIE YMEHBIICHU I
BBICOTHI TOUKY OTpBIBA. [lofcTaBmnds 3Hauenus R, Ry,
Ve, Ve, f. B TaHHBIE BBIPAKEHUS, TTOTy9IaeM 3aBUCH-
MOCTBH paboueil yIIIoBOi CKOPOCTU OUTEpa wg OT CKO-
pocTH ABKeHUS KapTodenekonarens V, (mabn. 2).

3ABUCUMOCTb ONTUMATIBHOI YFNIOBO CKOPOCTY BUTEPA (g OT
CKOPOCTM PABOTbI KAPTOGENEKONATENS V,
THE DEPENDENCE OF THE OPTIMAL ANGULAR VELOCITY (SPEE‘? OF THE
BEATER (g ON THE POTATO DIGGER WORKING SPEED V

Vi, Mlc 1,1 1,3 1.4 1,5 1,6 1,7
s, 29 31 32 33,5 34,5 35,5

BbiBoab!

B pe3ynbTate mpoBeeHHBIX UCCIICOBAHUHN ObIIN
omnpenelieHbl HanboJjiee ONTUMATbHBIE KOHCTPYKTHB-
HBIE ITApaMETPhI U PEKUMBI PAOOTHI YeTHIPEXJIONACT-
HOTO OMTepa, 00eCIIeYNBAIOIINE YCTOMIIMBOCTD MEXKO-
MEPaIIMOHHOTO Ipollecca TPAHCIIOPTHPOBAHUS KITyO-
HEHOCHOTO IIJIACTA U MPEABAPUTEIBHOE Pa3pyIIeHUE
€ro CTPYKTYPHI, 32 CUET YETO CYIIECTBEHHO IMTOBBICH-
JIMCh TEXHOJOTHYECKHE ¥ SKOHOMUYECKHE ITapaMeTPhbl
KapTodeeKonaTess, OCHAIEHHOTO POTAITOHHBIM Ce-
MMapUPYIOLUIUM YCTPOUCTBOM.
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Abstract: Livestock products are the most important component of the actual total volume of farm produce. A reliable
fodder base is required to increase their quantity and quality. The most part of the natural forage lands of the Republic of
Kazakhstan is located in areas with insufficient water availability and low soil productivity. When they are used intensively,
they are thinned and degraded. Their restoration and improving is possible if effective technologies and technical means
are effected. However, the existing methods for improving and restoring forage lands and the technical means for their
implementation are not adapted to the natural-climatic and agrobiological features of the zone of Central and Northern
Kazakhstan, which feature insufficient moisture supply and low productivity. The main indicator of the effectiveness of the
use of fodder crop seeds is their uniform distribution in the soil. However, most of them, due to their poor flowability, form
dome structures of different sizes in front of seeding openings, which hinder the seeding process. To increase the flowability
of such seeds, they are mixed with sand, sawdust, fertilizer and other materials. However, during the operation of seeders,
the mixture is stratified according to its specific gravity. (The research purpose) is to develop a lobe-type agitator, which
prevents the formation of a dome over seed holes. (Materials and methods) Theoretical studies have been carried out using
the methods of classical and applied mechanics, as well as special sections of higher mathematics. (Results and discussion)
The authors have experimentally confirmed the main parameters of the agitator and its resistance to movement in a seed
medium. Experimental studies have been carried out on the basis of GOST 31345-2007. The studies have confirmed that a
four-lobe agitator with an external radius of 0.06 m and an inclination angle to the plane of rotation 20°, mounted on the
fertilizer drill SZS-2.0, has shown a total resistance of 3,042 kg with a design value of 2.925 kg. (Conclusions) The obtained
results can be offered to the designers and developers of machines of the considered type when calculating and designing
their working elements.

Keywords: forage grassland, hayfields and pastures, sowing unit, lobe-type agitator, seed material, seed drill.
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ne of the most important ways of increasing
O livestock productivity is the availability of high-

quality and high-efficiency feed supply. Most
of the forage grasslands of the Republic of Kazakhstan
are located in areas with insufficient moisture supply
and low productivity. They are characterized by a
thinned grass stand and an intensive loss of the most
valuable forage plants. As a result, forage lands are
becoming bare, so large areas of hayfields and pastures
are degraded. The main reason is the lack of a scientifically
based system of the use of forage grasslands, as well
as efficient technologies and technical means for their
restoration and improvement.
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There are two main ways of restoring and improving
forage grasslands - surface (topsoil) and fundamental
improvement [1, 2]. These methods are widely used in
grassland production of the Republic of Kazakhstan.
Surface improvement involves land reclamation,
fertilization, grass sowing, and does not involve the
treatment of grassed (overgrown) soil. The effectiveness
of sowing valuable forage plants may be insignificant
due to the resistance of native plants, which are most
adapted to local conditions. Therefore, it is used in
areas with a highly thinned grass stand. If necessary,
the competitiveness of local vegetation can be reduced
using the pretreatment of a sod layer with disk implements
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or rotary plows, while maintaining a part of the local
grass stand intact.

If surface improvement does not bring the desired
result, and the share of valuable forage plants of the
natural grass stand does not exceed 25%, fundamental
improvement can be applied. It involves plowing of
forage grassland with simultaneous cutting of the sod
layer, fertilization and sowing of a valid grass mixture.

In the first quarter of the twentieth century, a new
lane method of improving forage lands was introduced
[3, 4]. It provides for the destruction of old vegetation
with the simultaneous loosening of the soil by stripes
15-18 cm wide and deep at an inter-row distance of 60-
70 cm, sowing seeds into prepared strips and rolling.
Old vegetation can be destroyed both mechanically
and chemically (using herbicides). K.M. Shoemaker
and L.P. Sinkovsky have contributed much to the
development of this method.

In the last quarter of the twentieth century, the
United States also began to use the strip method to
improve pastures. This method Implies that the old
vegetation is destroyed on the strips of 10-25 cm with
herbicides, then furrows of up to 2 cm wide and 5.7 cm
deep are cut by disk implements (similar to a circular
saw). The method is called “Zebra”. Grass seeds are
sown in the furrows obtained.

In Kazakhstan conditions, the most promising grass
improvers include the hair grass (Elymus junceuc
Fisch), Siberian wheatgrass (Agropuron sibiricum
Wild), desert wheatgrass (Agropuron deserforum
Fisch), sand prostrate summer cypress (Kochia prostate
Schrad), white sagebrush (Artemisia ineana), and
sheep fescue (Festuca salcata Hack) [5, 6]. The given
feed plants are characterized by poor flowability of
their seeds, while awnchaff and ryegrass seeds are not
free-flowing [7, 8].

To improve the sowing quality of such seeds and
remove awns and hair films, they are passed through
a clover-seed huller, a vegetable or flax grater, and
brushing machines. They are also mixed with sand,
sawdust, crushed manure and other ballast materials.
However, these methods did not give positive results,
since during the operations of seed drills the mixture
was stratified according to specific gravity. For high-
quality sowing of grass seeds, universal machines are
required that simultaneously process and prepare the
soil for sowing, introduce mineral fertilizers and sow
seeds of grass mixture [7-9]. The absence of such
machines makes impossible the practical improvement
of hayfields and pastures in large areas of the Republic
of Kazakhstan.

Seeds of numerous fodder plants feature a low
volumetric weight and high coupling properties. The
latter is due to the presence on their surfaces of developed
awes and hair fluffs. During the evolution of plants,
this contributed to the expansion of a range of particular
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species. Currently, with the widespread use of mechanized
methods of cultivating crops, these abilities of forage
crop seeds have made a negative impact on the operation
of the metering and sowing system of a machine [10].
Thus, lightweight non-flowing seeds, clinging to their
awes and hairs for each other, form domes of varying
size and strength above seed holes. They impede the
natural advancement of seeds to the sowing unit and
contribute to the termination of the sowing process.
It can be restored only by preventing the formation of
such domes.

The main indicator of the effectiveness of using
forage crop seeds is the uniformity of their distribution
in the soil. High uniformity of distribution is a guarantee
of the efficiency of their use and high productivity of
forage grasslands. At the same time, the value of the
sowing element, which ensures a uniform seed supply
to the coulter group, increases immeasurably.

THE RESEARCH PURPOSE is to develop a lobe-type seed
agitator, which prevents the formation of domes above
seed holes.

MATERIALS AND METHODS. One of the ways of improving
the efficiency of the sowing unit is to turn the seeds of
forage plants before they enter the metering unit. A
number of agitating designs have been proposed:
mechanical, electromagnetic, etc. By now, the spring-
type agitator of the S.O. Nukeshev. However, it also
has several disadvantages. First, the agitator is metal-
intensive, the spring is installed over the entire width
of the fertilizer box, on the through shaft. Second, it
mechanically strongly influences the seeds, tearing
them apart, which further reduces their natural
flowability. Third, the agitator has a complex structure
and is difficult to manufacture.

To solve the problem, the designers of KATU named
after S.Seifullin have developed a lobe-type agitator,
which is currently undergoing laboratory tests. Its solid
shaft is located inside the seed box across its entire
width. Mounted on the shaft opposite the seed holes
are fixed crosses that are located in the plane of
translational motion of the machine. The cross beams
have lobe-type impellers of various shapes, the planes
of which have a certain angle with the rotation plane
of the crosses. The agitator shaft is driven by the support
wheels or from the packer rollers together with the
shaft of the sowing unit.

Studies are based on the methods of classical and
applied mechanics, as well as special sections of higher
mathematics. Experimental studies have been performed
according to GOST 31345-2007. Seed drills were mounted
on tractors. The results have been processed by the
methods of mathematical statistics and probability
theory.

ResuLTs AND DiscussioN. To substantiate the parameters
of the lobe-type impeller of the agitator, we shall
consider Fig. 1. Lobe I-n rotates at a speed w around
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the center O. Under the action of a lobe, the elementary
volume of seed material 2 receives an absolute velocity
V,. The direction of this velocity is determined by the
angle y, between its vector and the instantaneous radius
R,. In this case, the amount of movement of the
elementary volume will be equal to [8]:

S =ml,, 0y

where m is the material mass in the elementary volume.

Fig. 1. Determination of the shape parameters of a lobe-type
agitator

It is known that the angular momentum is equal to
its product on the shoulder of the absolute velocity of
the moving mass:

M=mV,R,siny, )

where the mass m indicates the proportion of seed that
interacts with the agitator lobe in every second.

The speed of an elementary volume can be decomposed
into two components: the tangential V,,— acting
perpendicular to the radius R, and the radial V5, —
acting along the radius. In this case, the angular
momentum of the elementary volume of seed material
at the points of arrival on the lobe and its descent
(points 1 and n) will be similar to expression (2), and
their difference is:

AM = m(Rn I/m - Rl I/rl) (3)

It shows the change in the amount of the seed mass
movement during its passing through the lobe.

We can determine the energy obtained by the
elementary mass of seed material during its passing
through the lobe:

Op

9:7(UrnVrn —Uern), @
where: Q is seed material supply per second;

p is the volume weight of seeds;

g — gravitational acceleration;
(U = Ry)
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(U, = wR,) — linear velocities of the elementary
volume at points (1, ..., n) of the lobe;

V.. 1s the projection of the resulting velocity of the
elementary volume on the direction of the tangential
velocity at points (1, ..., n) of the lobe.

The energy obtained by a unit volume allows
determining the theoretical normal pressure exerted
by the lobe on the seed material:

o_p
NZE = ;(Uer_Utl I41)-

In expression (5), the normal pressure is referred to
as theoretical because it does not take into account
internal resistances and inertial processes. If we take
them into account, the task becomes more complicated,
and the result will change slightly. Accepted assumptions
allow to obtain the desired patterns quickly and effi-
ciently.

Basing on Figure 1, V>, can be expressed in terms
of U,and KL and the ratio of the speeds U, and U, can
be determined, and from the 2M L triangle, by the sine
theorem, we obtain the tangential velocity of the
elementary volume at the starting and ending points
of the lobe.

Substituting the obtained expressions into equation
(5) and performing the appropriate transformations,
we get:

®)

N=30_2pn2R§ SITI Yn COS&, _
sin(e, +74)

2
_(ﬁ) siny; cos¢

6
R, sin(al + }/1) ©
where 7 is the speed of the lobe-type impeller;
R/R, =i1is the ratio of the initial and final radii;
o.— angles characterizing the lobe curvature;
y—the angles between the radial direction and the
resultant force R, which depend on the angle of external
friction — for this structure and type of fertilizer the
values are constant. Therefore, the expression in square
brackets can be replaced by the letter A:

siny, cosay, 2siny cosa _
sin(ozIl + )/n) sin(oq + 71)
Then, equation (6) can be presented in a short form:

N =30"2pn’R¥ A, )

Consequently, the pressure that the lobe impeller
exerts on the seed material is directly proportional to
the square of the radius and the agitator speed.

The angles a in (6) can have different design values.
The degree of the lobe impact on the material (grass
seed or mineral fertilizer) depends on the ratio of their
initial and final values. If the angle o constantly increases
from a, to a,, the lobe has a curvilinear shape and is

A.
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concave against the direction of the impeller rotation
(Fig. 2a). If this angle decreases from a; to a,, the lobe
is concave in the direction of the impeller rotation
(Fig. 2b).

In the general case, the lobe may be flat-rectilinear.
In Fig. 2b, variant [, it is located radially. This is the
simplest option for the design and manufacturing. In
relation to the radial direction, the lobe can also be
located at a certain angle. In Fig. 2b, variant 1T — it is
located at a negative angle to the direction of rotation.
In this option, the lobe has a minimal impact on the
material.

Fig. 2. Determination of the shape of the agitator lobes

In Fig. 2b, variant I11, the lobe is located at a positive
angle to the radial direction, so it is inclined forward
in the direction of rotation. At the same time, the effect
of the lobe on the material increases.

A plane-rectilinear lobe with its own plane can be
located in the plane of rotation or at a certain angle to
it. If it is located at a z/2 angle to the plane of rotation,
it will offer the maximum effect on the material. The
lobe will act as a scraper, and the resistance of the
medium to its movement will be maximum. As a result,
the consumption of energy and material required to
maintain the strength of the working unit elements
will increase.

Fig. 3a shows a four-bladed agitator. The flat-
rectilinear lobes are located radially and at an angle £
to the plane of rotation A-A, Fig. 3b. The elementary
volume interacting with the B-B lobe is affected by the
following forces: N is the normal pressure of the lobe
on the elementary volume; Fis the friction force between
the elementary volume and the lobe.

The equilibrium state of the elementary volume on
the lobe will occur when the projection of the acting
forces on the A-A direction becomes equal:

Fcos =N sinp,

9 =5
where F'is the friction force between the elementary
volume of the material and the lobe;

¢ is the angle of friction between the material particle
and the metal.

It follows from the last equation that for agitating
of the seed material to be accompanied with sliding
on the lobe, it is necessary to observe the following
condition: < ¢. Otherwise, the material will be raked
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by the scraper, which is undesirable in terms of energy
and material consumption.

B«EB

s

Fig. 3. Arrangement of the flat-rectilinear lobe of the agitator

When the radial arrangement of the lobes (the
variant in Fig. 3a), the angles of the coefficient 4 in (7)
are equal to:

a=0;y=nr2.

In this case, the net effect of the lobe on the seed
material, taking account of the influence of friction
force, is:

1
cosp

R=30"2pn2R2 [1- (] ®)

The actual impact of the agitator lobe on the seed
material must take account of the inertial forces of the
material R,. It is known from theoretical mechanics
that these forces depend on the mass of a unit volume
with inertia and on the square of its velocity V. To
calculate the mass of a unit volume, the volume weight
of the material should be multiplied by the surface area
of the lobe previously projected into a direction transverse
to the plane of rotation:

R,=pSzVsinp )

where: s is the lobe area, z is the number of lobes.
Using expressions (8) and (9), we can determine the

actual resistance of the medium to the agitator movement

in it:

P= p{ssz sin B+307°n’R’ [1 -y ]L} (10)
cos @

For the numerical determination of the medium
resistance to the agitator displacement, we take the
values in equation (10) from the reference sources and
on the basis of design solutions:

- volume weight of grass seeds is 100 kg/m’;

- the number of lobes — 4;

- linear velocity of the external point of the lobes —
0.63 m/s;

- the lobe outer radius — 0.06 m;

- the angle of the lobe inclination to the plane of
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rotation — 200;

- the speed of the lobes — 30 rpm;

- the ratio between the inner radius of the lobe and
the outer one — 0.66;

- the angle of friction between grass seeds and the
metal — 17-22°;

- the lobe area — 0.002 m?;

- the angle of the lobe inclination — 200.

Substituting the numerical values in (10), we get:

P=100 [0,002 -4-0,4-0,34+

+3072:30%-0,06° (1— 0,662) 0194] =0,325x2.

Nine metering devices were installed on the C3C-2.0
seed-fertilizer drill. Therefore, it is necessary to install
nine agitators per a machine. In this case, the total
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resistance of the agitators of one seed-fertilizer drill
will be equal to: Py, = P+ 9 =0.325 - 9=2.925 kg.
During laboratory studies, the experimental lobe-
type agitators have shown the following resistances:
3.117; 3.101 and 2.91 kg. The average resistance is
3.042 kg. The coefficient of variation is 3.78% with a
standard deviation of 0.115. We can assume that the
experimental indicators confirm the calculated data.
ConcLusion. It has been established that a four-lobe
agitator with an outer radius of 0.06 m and an inclination
angle to the plane of rotation of 20 degrees, mounted
on an C3C-2.0 fertilizer-planter, has a total resistance
of 3.042 kg with a calculated value of 2.925 kg. The
results obtained are recommended to designers and
developers of machines of this type to be used in the
calculation and design of working elements.
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' A30B0-UepHOMOPCKHIt HHKEHEPHBIH HHCTUTYT — (punan JJOHCKOTo rocy1apCcTBEHHOIO arpapHOro YHUBEP-
cuteTa, I. 3epHorpan, Poccuiickas denepanus;
quenepanbﬁblﬁ Hay4HbIN arpounxeHepHbIl 1ieHTp BUM, Mocksa, Poccutickas @enepaiius

Pedepat. OnHo 13 BaXHEHIINX HAPABICHUH TOBBIIICHNUS 3(D(QEKTHBHOCTH CEIbCKOX03HCTBEHHOT'O TPOU3BOACTBA — CO-
BEPILEHCTBOBAHUE METOJIOB U CPEJICTB OIPE/IEIEHNs] OCHOBHBIX MOKa3atesel TpakTopoB. OT UX 3HAUEHMIA 3aBUCAT MPOU3-
BOJUTEIBHOCTD, SKOHOMUYHOCTD U 3KOJIOTHYECKas 0€30MaCHOCTh MAITMHHO-TPAKTOPHBIX arperaToB. (Lfens uccredosars)
PazpaboTaTh MeTO MONTyUeHNS TATOBOM XapaKTEPUCTHKU TPAKTOPA, MO3BOJISIONINI CHI3UTD TPYIO0EMKOCTh H3MEPEHUI B
YCIIOBUSIX IKCIUTyaTAIlMH, U TPUOOP T SKOHOMUYHOTO TOTYUEHUS TATOBBIX XaPAKTEPUCTUK TPAKTOPOB B YCIOBHUIX KOH-
KPETHBIX XO35HCTB. (Mamepuanst u memoost) BerOpany METON OMPeeIeHIs YHEPTeTHIECKHX MTOKa3aTeNell TPaKTOpOB B
9KCIDTyaTAIMOHHBIX YCIIOBHAX Ha TIEPEXOTHOM peskuMe. [1poBenu TAroBbIe HCIBITAHNS TPAKTOpa Ha PA3IMIHBIX PEKAMaX
Y TIOYBEHHBIX (JOHAX IS OLIEHKHU €r0 TATOBO-IMHAMUYECKUX U TOTUIMBHO-3KOHOMUYECKHX MoKa3atelnel. Tsaroas xapak-
TePUCTHKA TPAKTOPA IPECTABIISIET COOOM 3aBUCHMOCTH pabOUnX MOKa3aTeNel TpakTopa (TAroBOH MOIITHOCTH, CKOPOCTH,
YacoBOTO U YJENbHOTO PACXO/I0B TOIIMBA, OYKCOBaHMS) OT HATPY3KH HA PA3IMUHBIX Mepefadax Ha JAaHHOM TOYBEHHOM
¢one. OnMHAKO TATOBBIE UCTIBITAHUS TPEOYIOT JOPOTOCTOSIIETO 000PYIOBAHMS, & TAKKE CYIECTBEHHBIX 3aTPAT CPEICTB U
BPEMEHH Ha TTOATOTOBKY M TPOBEICHHE, YTO 0OYCIOBIMBACT WX BBINOJTHEHHE JIUIIb B YCIIOBUSAX MAIIMHOUCIIBITATETBHBIX
craHuui. (Pesynbmamvl u 06cyscoenue) Pazpabotanu METO/ ONyYEHUS TATOBON XapaKTEePUCTUKU TPAKTOPa B IKCILTya-
TAIlMOHHBIX YCIOBUAX. MTHOBEHHO YBEIMYMBAS 110/Ia4y TOIUIMBA 10 MAKCUMAJILHOM, IPU Pa3roHe TPaKTOpa U3MEPSIIH
3HAUEHUS YIJIOBBIX CKOPOCTEH KOJIEHUATOT o Bajla IBUraTeNs U IyTeU3MEPUTENILHOTO Kolleca Ha 3a/IaHHOM nepeaaye u co-
OTBETCTBYIOIIEM MMOYBEHHOM (POHE ¢ HATPY3KOil 1 Oe3 Hee. BBIABILIHM, UTO TOMMBHO-9KOHOMUYECKUE TIOKA3aTEIN MOKHO
OTIPENIETIUTh MPU IIUKIMIECKOM XapaKTepe MOoJa4Yy TOIUTMBA TOIUTMBHBIM HACOCOM Ha MAKCUMAJIbHOM PEXMME Ha CTEHIIE
IUISL IPOBEPKU M PETYIMPOBKE TOIUTMBHOTO 00opynoBanus. PazpaboTanu u cobpamu M3MepUTEeNbHO-BBIUUCTUTETbHBIN
KOMIIIEKC, TIO3BOJISIOIINA 00paboTaTh MACCUBHI TAHHBIX OT JBYX MHIYKIMOHHBIX OaTINKOB. (Bbisoosr) [1penmaraemorit
METO[I OIIpeeNCHUS TATOBO-IMHAMUYECKUX U TOITMBHO-3KOHOMHUYECKHUX MOKa3aTeNel TPAKTOPOB 1 U3MEPHUTENbHO-BBI-
YUCTUTETHHBIA KOMIUIEKC, €70 PeaTH3yIONIHH, TI03BOJISIOT MONTYIaTh TATOBYIO XapaKTEPHUCTHKY (3aBHCUMOCTH CKOPOCTH,
OyKCOBaHWMs, TATOBOM MOITHOCTH, YaCOBOTO U YIAEIBHOI'O PACXOJOB TOIUIMBA OT HAIPY3KHM HA Pa3MMYHBIX Mepenayax Ha
JTAHHOM MTOYBEHHOM (DOHE) B IKCILTYaTAIIMOHHBIX YCIOBUSX, 00ECTICUNBAs CHIJKEHUE 3aTPaT BPEMEHHU U CPEJICTB.
KiroueBbie c10Ba: EpeXOIHBIN PeXknM, TPAKTOP, Macca, CKOPOCTh, YCKOpeHHe, OyKcoBaHHUE, TATOBOE YCHIIHE, TATOBAST
MOIITHOCTh, YaCOBOM U YIeIbHBIN PACX0/] TOTLIUBA.

I Iost uurupoBanus: Apxenosckuii A.I', Kosnos [1.C., IletpumeB H.A. MeTo/ moiydeHus TATOBOM XapaKTe-

PUCTHKY TPAKTOPA B IKCILTYATAITMOHHEIX YCIIOBUSX // Cenbckoxozsticmeentvie mawiunsl u mexuonozuu. 2018.
T. 12. N5. C. 25-30. DOI 10.22314/2073-7599-2018-12-5-25-30.
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Abstract. One of the most important aspects in terms of increasing the efficiency of agricultural production is the
improvement of the methods and tools of determining the main operating indicators of tractors as they influence the
productivity, efficiency and ecological safety of machine-tractor units. (Research purpose) To develop a method for obtaining
traction characteristics of a tractor, which make it possible to reduce the time needed for measurements under operating
conditions, and to design an instrument for economical obtaining of tractors’ traction characteristics under specific farm
conditions. (Materials and methods) the authors have chosen a method for determining the energy performance of tractors
under operating conditions in a transient mode. They have conducted traction tests of tractors for various modes and soil
backgrounds to evaluate its traction-dynamic and fuel-economic indicators. The traction characteristic of a tractor is the
dependence of the tractor performance (traction power, speed, hourly and specific fuel consumption, and slipping) on the
load at various speeds against a given soil background. However, traction tests require expensive equipment, as well as
significant costs and time to prepare and conduct, which leads to their implementation only in the conditions of machine
testing stations. (Results and discussion) The authors have developed a method for obtaining traction characteristics of a
tractor under operating conditions. Instantly increasing the fuel supply to the maximum, during the tractor acceleration,
the engine crankshaft speed and track-measuring wheel were measured at a given speed and against the corresponding soil
background - with load and without load. It has been revealed that the fuel and economic indicators can be determined using
cyclical fuel supply by the fuel pump at the maximum mode on the bench for checking and adjusting the fuel equipment.
The authors have developed and assembled a measuring and computing installation that allows processing arrays of data
from two inductive sensors. (Conclusions) The proposed method for determining the traction-dynamic and fuel-economic
indicators of tractors and the measuring-computing installation that implements it allow obtaining a traction characteristic
(speed, slipping, traction power, hourly and specific fuel consumption depending on the load at various speeds against a
given soil background) in operating conditions, thus reducing the time and cost of operation.

Keywords: transient mode, tractor, mass, speed, acceleration, slipping, drawbar pull, tractive power, hourly and specific
fuel consumption.

I For citation: Arzhenovskiy A.G., Kozlov D.S., Petrishchev N.A. Determining the traction characteristic of
a tractor in operating conditions. Sel’skokhozyaystvennyye mashiny i tekhnologii. 2018. 12(5). 25-30. DOI
10.22314/2073-7599-2018-12-5-25-30. (In Russian).

JTHUM U3 Ba)KHEUIITUX HAIlPABJIEHUH TIOBBIIIIe-

HUS 9PPEKTUBHOCTH CEITBCKOXO3IUCTBEHHOTO

MTPOU3BOJICTBA CITYKHT COBEPIIIEHCTBOBAHUE Me-
TOJIOB U CPEICTB OMPEACTICHUS TSITOBO-TMHAMUYECKUX
Y TOTIJTMBHO-9KOHOMHWYECKHX ITOKa3aTelNei TPAKTOPOB.
OT uX 3HAUCHU1 HANIPSMYIO 3aBUCIT MPOU3BOIUTEb-
HOCTB, 9KOHOMUYHOCTD 1 3KOJIOTHUeCKast 0€30MaCHOCTh
MaIIMHHO-TPAaKTOPHBIX arperato (MTA) [1-4].

15t OTIeHKH TSITOBO-TUHAMUYECKUX U TOTLIUBHO-
9KOHOMHUUECKHX MTOKa3aTellell TpaKTopa Ha pa3iiny-
HBIX peKUMAaX U MOUBEHHBIX (POHAX IMPOBOJIST €ro TSi-
roBble ucnbITanus B coorBeTcTBHU ¢ [[OCT 7057-2001.
Pe3ynbraThl HCIIBITAHUM TPENCTABIISIIOT JIUOO B Ta-
OmaHOM hopme, TOO B BUEC KPUBBIX HA OJHOM I'pa-
(ke 1 HA3BIBAIOT TATOBOW XapaKTEPUCTUKON TpaK-
TOpa.

TsroBas xapaKkTepuUCTHKA IMPEACTABIISIET COOOH 3a-
BHCHMOCTH paboUMX IMoKa3aTeyield TpakTopa (TAroBon
MOIITHOCTH, CKOPOCTH, YACOBOT'O M YIIETLHOTO PACX0-
JIOB TOTLIMBA, OyKCOBAHMS) OT HATPY3KU HA pa3iny-
HBIX [lepeJadax Ha JaHHOM IIOUBEHHOM ¢oHe (N, V,
G, & 0 = f (Pyp)). s ee momyuenus Tpebyercst 10-
porocrosiee obopynoBaHue (IMHAMOMETpUYECKas
n1abopaTopus), a TAKKE CYIIECTBEHHBIE 3aTPATHI CPEACTB
Y BPEMEHHU Ha MOATOTOBKY U ITPOBE/IEHNE COOTBETCTBY-
IOIIUX UCIIBITAHUH. DTO 00yCIOBINBAET BBITIOJTHEHUE
MOTOOHBIX UCCIIEIOBAHIH JIUIIB B YCIOBUSIX MAIITUHO-

CENIbCKOXO3AMCTBEHHBIE MALIUHbI 1 TEXHONIOTMM + Tom 12+ Ne5 + 2018

UCIIBITATENILHBIX CTAHITUH [5].

B cBs13u ¢ 9TMM pa3paboTKa METOIOB M CPEICTB TI0-
JIy4eHH s TATOBBIX XapaKTEPUCTHUK TPAKTOPOB, TPHEM-
JIEMBIX HE TOJBKO JIJISI MAIIMHOUCIIBITATEIBHBIX CTAH-
LU, HO M IJIsI KOHKPETHBIX XO3SMCTB MPEICTABIAET
3HAUUTEIBHBIN HHTEPEC.

B nanHoii paboTe nccnenoBaH METO OTIPEACTICHHS
9HEePreTUYECKUX MoKa3aTeeldl TPAKTOPOB B IKCILTya-
TAIIMOHHBIX YCIOBUSIX HA TIEPEXOTHOM PEXUME, Pas3-
paboraHHBIH B A30BO-UepHOMOPCKOM MH)KEHEPHOM
uHctuTyTe [6-8]. CorslacHO ATOMY METOLY, UCCIeIye-
MBI TPAKTOP PA3TOHSETCS MTPU MTHOBEHHOM YBEJIH-
YEHHHU MTOaY1 TOIUIMBA OT MUHUMAJIBHO YCTOMYHMBOM
JTI0 MAKCUMAJIBHOU CKOPOCTH PaBHOMEPHOT'O TIPSIMO-
nuHeltHoTO NBIKeHus. [Ipu pasroHe TpakTopa u3Me-
PSIOT 3HAYEHU s YIIIOBBIX CKOPOCTEN U YCKOPEHUM KO-
JIEHYATOT0 BaJIa IBUTATENS U ITyTEN3MEPUTEIBHOTO
KoJIeca Ha 3aJJaHHOH Iepeaade U COOTBETCTBYIOIIEM
TTIOYBEHHOM (pOHE.

ITpu pasrone arperata Ha TOPU30OHTAJIBHOM Y4acT-
K€ ypaBHEHUE JIBIDKEHUS TPAKTOPA UMEET BHI:

M, (dVIdt) = Py, — Pr— Py, H, Q)
rae M, — nmpuBeaeHHAas Macca TpakTopa, Kr;
(dVldt) — yckopeHue TpakTopa, M/c’;

P, — IBr>KyIas cuia Tpakropa, H;
P;— cuna conpoTuBIIeHNS NIepeKaThIBaHNIO, H;
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P,, — cuna TAru Ha Kproke Tpakropa, H.

CormnacHo npunnuny Jamambepa, cuia HHEPLUU
B JIAaHHBII MOMEHT XapaKTePH3YeT TO KPIOKOBOE YCH-
J1e, KOTOPOE MOXET Pa3BUTh TPAKTOP, TO €CTh:

P, = M, (dVid), H. @)

[IpuBeneHHAst Macca TPAKTOPa OMPEeIsieTCs 1o
dbopmyire:

M,=M¥H, A)
riae M —3KcryaTalioHHas IpuBeIecHHAs Macca Tpak-
TOpa, KT;

¥ — k03 PUIIHEHT yueTa BpalafoIIIXCs Macc Ha
JIaHHOU mepeaaye.

OnHaKo y TaHHOTO METO/a MMEETCS CYIIeCTBEHHBIH
HEJIOCTATOK — CJIOKHOCTB OIPEICICHU s 3HAUECHUH ITpU-
BEZICHHOM MacChl TPAKTOpPa, CBI3aHHAS C TPYIOEMKO-
CTBIO OIpeieNieHr st KO3(h(UIIMEHTa yueTa BpaIlaloNIuX-
sl Macc Ha Pa3IMYHbIX Ilepeiayax TPaKTopa.

LlEnb nccnepoBAHMS — pa3paboTka MeToAa TOJTy-
YEHU S TATOBOM XapaKTEPUCTUKU TPAKTOPA, TO3BOJIS-
IOIIETO CHU3UTH TPYIOEMKOCTh U3MEPEHUH B YCIIOBU-
SIX 9KCIUTyaTallUM, U TPpUOOopa JJIsi SIKOHOMUYHOT O TT0-
JIYYCHU A TATOBBIX XapaKTEPUCTHUK TPAKTOPOB B YCJIO0-
BUSIX KOHKPETHBIX XO35HCTB.

MatePnanbl u METOABI. [Tpobiiemy onpeneneHus
MIPUBEIEHHON MacChl TPAKTOPA PEIIAIOT, BBITIOIHS S
JTOTIOJTHUTEJIbHBIE PA3TOHBI HA PA3JIUYHBIX IIepeaadax
TpaKTOpa, AOTPYKEHHOT'0 U3BECTHOH (3TAIOHHO) Mac-
co, 1 (pUKCUPYS 3HAYCHUS YTIIOBOTO YCKOPEHHUS 1Ty~
TeU3MEPUTEIBLHOTO Kojieca [9-11]. YpaBHeHNE NBHXKE-
HUS TpakTopa OyAeT UMEThb BU/:

(M. +M,,) (dVldt),, = P,y — Pr— Py, H, )

rae M, — JonoTHUTeNIbHas (3TaJIOHHAs) Macca, KOTO-
poii JorpyKaeTcs TpakTop, Kr;

(dV1dt),, — yckopeHue TpaKTOpa IIpH pa3roHe C 10-
TIOJTHUTENIBHON (3TAJIOHHOI) MacCoi.

N3 ypaBuenns (1) u (4) onpenenm Maccy TpakTopa:

_ M, (dV /i), +ef) s
" dv/de)—(dv/dt),,

IJie g — yCKOpeHHue CBOOOIHOTO afeHus, M/c’;
f—xoaddurueHT nepekaTrIBaHUs TPaKTOpAa.
YckopeHue TpakTopa Ipu ero pa3roHe 6e3 Harpys-

KM, @ TAKXKE TPAKTOPA, IOTPYKEHHOT'O 9TAIOHHOU Mac-

COIi, CBSI3aHO C YTIIOBBIM YCKOPEHUEM Ty TEM3MEPUTEIb-

HOT'O KOJIECa CIIENYIOIUMHU 3aBUCMOCTSIMU:

(dV/dt)e = (deo/di), Ty MIC, ©6)
(dV/dt),, = (dw/d),, T, MIC, )

rae (dw/dr), (dw/dt),, — cOOTBETCTBEHHO YTIIOBOE YCKO-
peHue My TeU3MEePUTENBHOTO KoJIeca MPH pa3roHe Tpak-
Topa 6e3 Harpy3KH U C TOTOJTHUTEITFHON (3TAJIOHHOH)
Maccoit, paa/c’;
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o — PAANYC Iy TEU3MEPUTEIBHOIO KOJIECa, M.

PE3YNBTATLI M OBCYXAEHUE. C y4eTOM BBIIIEU3IIO-
KEHHOTO NpeiaraeMblii METOJ OJyUYEHU sl TSrOBOM
XapaKTEPUCTUKU TPAKTOPA B IKCILTYaTALIHOHHBIX YC-
JIOBUSIX 3aKjrouaeTcs B cieaytouieM. [lpu nBuskenun
TpaKTOpa 3a CUET CHUKEHUS MOJAUYH TOILINBA JOCTH-
raroT YaCTOTHI BpallleHU I KOJIEHYATOro Bajia, COOT-
BETCTBYIOIIEN MUHUMAJIBHO YCTOMUYNUBOU CKOPOCTHU
PaBHOMEPHOTO MPSIMOJIMHEHHOTO ABUXKEHUSI. MTHO-
BEHHO yBEJIMYMBAIOT [101a4y TOILIMBA JO MAaKCUMAaJlb-
Hoii. [1pu pa3rone TpakTopa U3MEpSIOT 3HAYCHUS YTII0-
BBIX CKOPOCTEN U YCKOPEHMH KOJIEHYaTOro Bajla ABU-
rateis U IyTeU3MEePUTEIbHOIO KoJleca Ha 3aJaHHOM
nepeaayue ¥ COOTBETCTBYIONIEM MoUBeHHOM (hoHe. Kpo-
Me TOr0, U3MEPSIIOT YIIIOBOE YCKOPEHUE Ty TEU3MepU-
TEJIBHOT'O KOJIECA IIPU Pa3TOHE TPAKTOPA C JOIOJIHU-
TEIBHOU (3TAJIOHHOI) Maccol Ha 3aJaHHOU Iepenade
Y COOTBETCTBYIOIIEM IIOYBEHHOM (hOHE.

Taxum oOpa3om, 3HadeHUs TSITOBOro ycuius (Py,)
onpenensieM 1o ¢popmyiie (2) ¢ yaetoM Gopmy (5), (6)
u (7).

CKOpOCTBh TpaKTOpa Ha 3aJaHHOH Nepegaye:

V= 0, MIC, ®)
[JI€ W, — YIJIOBAsI CKOPOCTh Iy TEU3MEPUTEILHOTO KO-
neca, panu/c.

BykcoBaHue TpakTopa:

a,. —,
0=—"%_""100%, %, )
()

6K
IJIE W, — YTJI0Basi CKOPOCTh BEYIIETO Koieca (3Be3-
TTIOYKH), paj/c.

VrioBast CKOPOCTh BEAYILET0 Kojieca CBSA3aHa C YIJI0-
BOM CKOPOCTBIO KOJICHYATOrO BaJjia IBUrATENS TPaK-
TOpa 3aBUCUMOCTBIO:

Wy, = ('0'(3 , pazn/c,
(-

[JI€ W, — YTJIOBASI CKOPOCTD KOJIEHUATOI'O BaJjia IBUIa-
Tellst TpakTopa, pan/c;

i, — OOIIIee IepeJaTOUHOE YUCIIO TPAHCMUCCHH Ha
3aJaHHOM Iepeaadm.

TAroByI0 MOIITHOCTH Ha 3aIAHHOM Iepeaye Haxo-
ITUM T10 hopmyire:

N, = PV, BL. (11)

TOIIMBHO-9KOHOMHUYECKHE IIOKA3aTEIH OIPEIeIIs-
10T, QUKCHUPYS IIUKIIOBYIO TIOAAYy TIPH IIUKITHIECKOM
XapakTepe [MoJauH TOIIMBA TOIIMBHBIM HACOCOM Ha
MaKCHMAaJbHOM PEXUME Ha CTEHJIE IS TPOBEPKH U
PETYIUPOBKHU TOIUTMBHOTO 000PYIOBAHMS.

YacoBoii pacxo TOIJIMBA ONpeaeseM 0 (opMyIIe:
_ 60Vn,
=1

10 i
rae V — o6beM IONAHHOTO TOILUIMBA BCEMH CEKLIUSIMU

(10)

s Kr/d, (12)

m
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TOMJIMBHOT'O Hacoca Bbicokoro aasieHus (THB/I) za
1000 1MKJIIOB, CM;

n, —Jacrora Bparenus Bara THB/, 06/muH;

p — IIIOTHOCTH TOILINBA, KI/M;

i, — Komu4ecTBO TUKJIoB (i, = 1000).

VnenbHbIN pacxo TOMIUBA:

= M , T'u/BrT. (13)

8e
e

Peanmu3zys mpennaraemsiii MeToz, pa3padboranu u
CKOMILJIEKTOBAJIN U3MEPHUTENBHO-BBIUYUCITUTEIbHBIN
komruiekc (MBK), koTopklii BKITFOUaeT CTEHI TPOBEP-
KU U PETYJIUPOBKU TOIJIMBHOT'O HACOCA, IOTPY30UHOE
YCTPOKNCTBO, MyTeU3MepUTeIbHOE Koneco, PC, naTuu-
KU 000pPOTOB KOJIEHYATOT O Balla U My TEU3MEPUTENb-
HOTO KoJjeca. [t 06paboTku HCXOqHOM nHPOpMAITIU
pa3paboTaH makeT MPOrPaMMHBIX CPEIICTB, TO3BOIISI-
IOIIUI OIIPENEATh COBOKYITHOCTD 3aBUCUMOCTEH (N,
V, Gy, 8xps 0 = f (Pyp)) HA pA3JIMUHBIX IIEPEAAdYaX HA JaH-
HOM TIOYBEHHOM ¢oHe. 1151 3TOro GuKCUpyIor u o6-
pabaThIBAIOT MACCUB JAHHBIX OT ABYX HHAYKIITMOHHBIX
JIATYUKOB, YCTAHOBIIEHHBIX HATIPOTUB 3y0O4aThIX BEH-
LIOB MaXOBHKA KOJIEHYATOI'0 Bajla U IIECTEPHU, KECT-
KO CBSI3AHHOU C Ty TEM3MEPUTEITBHBIM KOJIECOM.

[Tpu npoxoxxaeHnu 3yObeB BEHIIOB MAXOBUKA U 11Ie-
CTEPHHU Iepe/T JaTYNKaMu B HUX reHepupyetcs IJ1C ¢
YacTOTO, MPONOPLMOHATIBHOMN YIJIOBBIM CKOPOCTSIM
COOTBETCTBYIOIIUX BEHIIOB. CUTHAJIBI OT JTATUUKOB
(DUKCHUPYIOT B TAMSATH TIEPCOHAITBLHOTO KOMITHIOTEPA
PC nocpenctBom aHaIOTO-1IUGPOBOro Mpeodpa3oBa-
tensa ADC, aThl CONPSIKEHUS, a TAK)KE MMaKeTa Co-
OTBETCTBYIOLIUX IPOTPAMM.

OmnpeneneHue TITOBO-IUHAMUYECKUX U TOILIUB-
HO-3KOHOMMYECKUX II0OKa3aTeNlel TpPaKTOPOB pesia-
raeMbIM HH(GOPMAIMOHHO-BHEIPEHYECKUM KOMILIIEK-
com (MBK) ocymiecTBisieTcst B 4eThIpE Tamna:

1. IToarotoBka Tpaktopa u UBK k pabdoTe.

2. 3anuch CUTHAJIOB OT JATYUKOB OOOPOTOB KOJICH-
YaTOro BaJla IBUTaTeIIsl U Iy TEU3MEPUTEIBHOI O KOJIe-
ca IpH pa3roHe TpakTopa 0e3 Harpy3KH U ¢ JOTOIHU-
TEIBHOH (3TAJTOHHOM) MacCcOl Ha pa3JIMYHBIX ITepea-
Yyax Ha JJAHHOM ITOYBEHHOM (POHE.

3. OmnpeaeneHue MUKJIOBOM IMOTaYX TOILIMBA TO-
MJIMBHBIM HACOCOM Ha MAKCUMAJIbHOM PEXHME Ha CTEH-
JIe IISI TPOBEPKU U PETYIUPOBKU TOIJIUBHOTO 000PY-
JIOBAHUSL.

4. O6paboTKa MOIYyUYEeHHBIX JaHHBIX.

IMoaroroska TpakTopa 1 UBK k pabore 3akroua-
eTCs B pa3BePTHIBAHUU KOMILIEKCA, IPUCOSAUHEHU U
MyTEU3MEPUTEIIFHOTO KOJIeca ¥ YCTAHOBKE WHIYKITU-
OHHBIX JATYUKOB.

3anuce CUTHAJIOB OT JATYMKOB OOOPOTOB KOJICH-
YaTOT0 BaJla IBUTATEIIS M Ty TEU3MEPUTEITLHOTO KOJIe-
ca IpH pa3roHe TpakTopa 0e3 Harpy3KH U ¢ JOTOIHU-
TEIBHOH (3TAJTOHHOM) MacCcOl Ha pa3IMYHBIX ITepema-
yax Ha JAHHOM IIOYBEHHOM (oHE POPMUPYET MACCUB
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naHHbIX 00 DJIC, reHepUpyeMbIX KaTyIIKaMHU COOT-
BETCTBYIOIINX UHAYKITMOHHBIX TATIYUKOB IIPU OTIpe-
JIeJICHHBIX pa3roHax TpaKTopa.

ITpu pasroune Tpaktopa 3HayeHus IJC naTanmkon
000pPOTOB KOJICHYATOTO BaJla Ml My TEU3MEPUTEITHHOTO
Koieca nocpeactBaM A DC GUKCUPYIOTCS B AMSTH
KOMIIBIOTEPA C YACTOTOM, paBHOW MOJIOBUHE YACTOTHI
omnpoca (1 AByX KaHaJIOB). AHAJIOTUYHO (PUKCUPY-
roTcs 3HadeHns JJC TaTINKOB MpU pa3roHe TPAKTO-
pa ¢ JOTIOJTHUTEITFHOM (3TAJIOHHON) MaCCOH.

B pesynbrare nosyuaem (aiiibl ¢ TaHHBIMH O 3Ha-
yerusx I/1C kaTyiek 1TaTInKoB 0600pOTOB B KOIOBOM
dopme. ITaket npukaagaeix nporpamm 4 DC mo3Bo-
JISIeT IMpeoOpa3oBaTh JaHHBIC B IUDPOBYIO (hopMYy.
ITpu mpocMoTpe noyueHHBIX (pailioB B TpaduueckoM
pexume oToOpaxkarorcs rpaduku usmednenus 1C
JATYNKOB B KOOpAMHATAX BpeMeHH pas3rona (¢). [Ipo-
rpaMMa BbIAAET IOPSIKOBBII HOMep U3MepeHust (0Ipo-
ca) 111 TF000l TOUKH rpaduka.

[MuknoByI0 Mogauy TOMIMBA TOIIMBHBIM HACOCOM
Ha MaKCHUMAaJbHOM PEXUME ONPEICTSIOT Ha CTEH/Ie
JUTSI IPOBEPKU U PETYIMPOBKU TOILNIUBHOIO 000PYHO-
BaHMUSI, BXOJSILIEM B IIpe/jIaraeMblii U3MEpUTEIbHO-BbI-
YUCITUTEIBbHBIN KOMITIIEKC [6].

OO0paboTKa MOJTYyUYEHHBIX JAHHBIX 3aKJIIOYACTCS B
OTIpeNeICHNN 3aKOHOMEPHOCTEH N3MEHEHU ST YTIIOBBIX
CKOPOCTEH (W5, Wni = f (f)) U YCKOPEHUH (E,cq, Enic = f (£))
KOJIEHYATOI'0 BaJIa IBUTATENS U MMyTeU3MEPUTEIBHO-
T'0 KoJIeca IpHU pa3roHe TpakTopa 0e3 Harpy3KH, a Tak-
K€ YIJIOBOI'O YCKOPEHUSI MYyTeU3MEPUTEIBHOIO KOJIe-
ca (en & = f (f)) IpH pa3roHe TpaKkToOpa C HOMOTHU-
TeJTBbHOH (3TAJIOHHOI) MacCol Ha 3aIaHHOH mepeaaye
Y COOTBETCTBYIOIIEM ITOUBEHHOM (hOHE.

Jns aBTromMaru3anuu nporecca 00paboTKH JaHHBIX
HCIOJIB3YETCs porpaMma oOpaboTKU TaHHBIX B Cpe-
ne Turbo-Paskal. VICXomHBIME TAaHHBIMU JITSI IPOT PaM-
MBI SIBJISITOTCS (paitiibl co 3HaYeHnssMU DJIC naTuynkoB
B IpoBoi hopme.

Ha ocHOBaHMY NOTy4eHHBIX 3aBUCUMOCTEH (@,
s Exs Encs Emcor = f (1)) IO popmyam (2), (8), (9) u (11)
OTIPEACIISIIOTCS 3aBUCUMOCTH TITOBO-THHAMIYIECKUX
nokasatesneit Tpaktopa (Pyy, V, J, Ny, = f (1)) OT Bpeme-
HHU pa3roHa.

B cBoro ouepens, Ha OCHOBAHUM MOJYYEHHBIX 3a-
BUCHMOCTEH TATOBO-TMHAMHYECKUX IIOKA3aTeNeH TpaK-
Topa (Py,, V, 6, Ny, = f () OT BpeMeHH pa3roHa ¢ yue-
toM dopmyit (12) u (13) onpenensitot TpedyeMbie 3aBU-
CHMOCTH pabounx MoKa3aTene TpakTopa (TATOBOH
MOIIIHOCTH, CKOPOCTH, YACOBOT'0 U YIEIBHOI'O PACX0-
JIOB TOILTNBA, OYKCOBAaHMS) OT HATPY3KU HA pa3Iny-
HBIX Ilepe/layax Ha JaHHOM ITOYBEHHOM (oHe (N, .V,
G g 6 =1 (Poy).

BbiBoabl. [IpegaraeMslit METOT OTIpEIETICHUS TSI-
FOBO-AUHAMMYECKUX U TOILTUBHO-9KOHOMUUYECKHUX I10-
KazaTellel TPAaKTOPOB ¥ I3MEPHUTEIBHO-BBIUUCTUTEb-
HBI KOMILJIEKC, €r0 peaInu3yIoLUii, MO3BONSIOT HOTY-

AGRICULTURAL MACHINERY AND TECHNOLOGIES * Volume 12 + N5+ 2018



YaTh TSATOBYIO XapaKTEPUCTUKY (3aBUCUMOCTH CKOPO-
cTH, OyKCOBAHUS, TATOBOU MOIITHOCTU, YACOBOT'O U
YIEJIBHOI'O PACXOJ0B TOIJIUBA OT HArPy3KHU HA pas-

MOBWNbHAS SHEPTETUKA MOBILE ENERGY y

JINYHBIX MIepcaadax Ha JaHHOM ITIOYBCHHOM CI)OHC) B
OKCIINIyaTallUOHHBIX YCIIOBUAX, obecrieunBasi CHHXKeE-
HHE 3aTpaT BPECMCHU U CPEACTB.
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O60CcHOBaHME KOHCTPYKTUBHO-TEXHOJNIONMYECKNX NapamMmeTpoB
WH)XXEKTOPHOIro pacnbinuTens

Jleonun Anaroasesnd Mapuenxo', Maxkcum Anekcanaposuy Cadounos?,
KaHIU/IaT TEXHUUECKMX HAYK, BN HAy dHBII IpenoaaBaTelb
COTpyAHUK, e-mail: marchenkol312@mail.ru;

'denepanbHbIit HAYUHBII arpouHkeHepHbIit HenTp BUM, Mocksa, Poccuiickas denepaius;
*Komnemx «ITogmockoBbey, . Kiun, Poccuiickas Denepanus

Pedepar. CenbckoXx03sHCTBEHHBIE IITAHTOBBIE ONMPBICKUBATENN OCHAIIAIOTCS HHKEKTOPHBIME PACTIBUTUTEISIMU TTPEHMY-
IIECTBEHHO 3apyOexKHOTO Mpou3BoACTBA. OCHOBHbIEC TApaMETPhl HHKEKTOPHBIX PACIBLIMTENEH, TPUBOAMMBIE B KaTAJIO-
rax, OTOOpakaroT PACXOAHbIE XaPAKTEPUCTUKU B OIPEENEHHBIX IMaNa30Hax 0e3 yyeTa KOHCTPYKTHBHBIX APAMETPOB.
(Lenv uccnedosanus) OH0CHOBATH KOHCTPYKTHBHO-TEXHOJIOTHIECKUE TTAPAMETPBI HHXKEKTOPHOTO PACIIBIIUTENS IS BHE-
CeHUs TIeCTULMIOB. (Mamepuanst u memoost) VIHKEKTOPHBIA PACIBLIMTENb OTHOCUTCS K KIIACCY ABYX(Da3HBIX KHIKOCT-
HO-Ta30BBIX U30TEPMUUYECKUX CTPYHHBIX allapaTtoB ¢ 00pa30BAHUEM Ha BBIXOJE BOJIOBO3IYIIHONW CMECH. YCTAHOBWIN,
YTO pacyeTHas Mojenb paboyero Mporecca NHKEKTOPHOTO PACIIBUIMTENS OCHOBBIBAETCS KaK HAa 3aKOHAX COXPAaHEHHUS
MacChl, SHEPTHH, MMITYJIbca, HA TEOPETHUECKHIX 3aBUCUMOCTSIX B BUJIC YPABHEHUI XapAKTEPUCTHKH ABYX(A3HBIX CTPYHHBIX
anmapartoB, TAK M IMITMPHIECKUX 3aBUCHMOCTSIX, XaPAKTEPU3YIOIIHX TaPAMETPBI TOTOKOB, TEOMETPUUECKHE MOTIEPEUHbIE
¥ TIPOJOJIbHBIE Pa3MePbl KAaHAOB PACTBUIUTENS. (Pesyrbmampl u 00cyscoenus) T1onyuuny cneqyromue aHaauTHIeCKHe
3aBHCHMOCTH: OTHOCHTEJIBHOTO Iepertasia JaBIeHUH, CO31aBaeMOr0 NHKEKTOPHBIM PACIIBUIATENEM, OT 00BEMHOTO K03(-
(uIMeHTa MHKEKIUH MPH Pa3TMYHBIX OTHOLIEHMSX IUTOIIA/IH BBIXOJHOTO OTBEPCTHS pab0Yero comia K Ce4eHIIO MPOTOY-
HOU YaCTH PACTIBIIUTENST; OTHONIEHHS TUIONIAIN CeUeHHS KAMEPhI CMEIIeHUSI K TLIONIAIN BBIXOJHOTO OTBEPCTHS paboyero
coma OT kK03 uureHTa MHKEKINK; OTHOCUTEIBHOTO Mepenaja AaBleHnil 0T Ko UIUeHTa HHKEKINT; OTHONICHNUS
IUIONIA/ CeUeHU KaMepbl CMEIIEHUs] 1 pabOUero comIa OT OTHOCUTEIbHOIO Nepera/a AasieHuil. Onpeneuim COBOKYII-
HOCTh 0e3pa3MepHBIX HAMOPHBIX XAPAKTEPUCTHK WHXEKTOPHOTO PACIBUIMTENS IIPU PA3INYHBIX OTHOIICHHUSX ILIOINAIH
ceveHusi paboyero CoIvla K TUIONIAIN CeYeHUs KaMephl CMEIICHUs. YCTaHOBIIIN, UTO C IOBbIIEHHEM KO3 dULIMEHTA HH-
KEKIMH YBEIIMUMBAETCS OTHOIIICHHE CEUEHHH TUTOMAIM KaMephl CMEIIeHNs K TuIolnaam pabovero cormna. [Tokasanu, uro
IS KOKIOTO KOA(UIMEHTa HHKEKIUH CYIIECTBYET CBOM OCTIKUMBIN OTHOCHTEIBHBIN Meperna AaBleHus B HHKEKTOP-
HOM pacnbutuTene. (Bvigoovt) [lpeanoxuny pacueTHble ypaBHEHHS, ONPEAENIIONNe XapAKTePUCTUKU PAOOTHI HHXEKTOP-
HOTO PACIIBLTUTENS M €r0 OCHOBHBIE KOHCTPYKTHBHBIE ITAPAMETPHI — IMAMETPBI COIUTIA M KaMephl cMellleHus. Paccuuranu
OCHOBHBIE Pa3Mepbl PACIIBLIUTENS [IPH ABUALIMOHHOM CIIOCcO0e BHECEHUSI pa0OUYNX PACTBOPOB IECTULIHAOB.

KitroueBble c/10Ba: pacribUIUTENb MHXEKTOPHbIN, COTLIO, TABIICHIE.

I Ins uutupoanus: Mapuenko JI.A., Cadponor M.A. O6G0CHOBaHUE KOHCTPYKTHUBHO-TEXHOJIOTUYECKHUX I1a-
pPaMeTpOB UHKEKTOPHOTO pacubuutTeis // Cenvckoxossiicmeenvie mawunot u mexnonozuu. 2018. T. 12. N5.
C. 31-38. DOI 10.22314/2073-7599-2018-12-5-31-38.

Determination of an Injection Sprayer's Technological Parameters

Leonid A. Marchenko', Maksim A. Safonov?,
Ph.D.(Eng), key researcher, lecturer
e-mail: marchenkol312@mail.ru;

'Federal Scientific Agroengineering Center VIM, Moscow, Russian Federation;
*«Podmoskovye» College, Klin, Russian Federation

Abstract. Agricultural boom sprayers are equipped with injection sprayers of mainly foreign origin. The main parameters
of the injection sprayers shown in the catalogs display the consumption characteristics in cer-tain ranges without taking
into account the design parameters. (Research purpose) Determination of the design and technological parameters of an
injection sprayer for the introduction of pesticides. (Materials and methods) The injection sprayer belongs to the class of
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two-phase liquid-gas isothermal jet devices with the formation of an air-gas mixture at the outlet. It has been established
that the design model of the working process of an injection sprayer is based both on the laws of the conservation of mass,
energy, momentum, as well as theoretical relation-ships in the form of equations describing two-phase jet devices, and
empirical relationships characterizing flow parameters, geometric transverse and longitudinal dimensions of the spray
channels. (Results and discussion) The following analytical relationships have been obtained: the relative pressure difference
generated by an injec-tion sprayer and the volume injection coefficient for different surface area ratios of the working
nozzle to the flow section of the sprayer; the ratio between the cross-sectional area of the mixing chamber to the area of
the working nozzle outlet and the injection ratio; relative pressure difference and the injection ratio; the ratio be-tween
the cross-sectional area of the mixing chamber and the working nozzle and the relative pressure difference. The authors
have determined a set of dimensionless pressure characteristics of the injection sprayer for different ratios between the
cross-sectional areas of the working nozzle and the mixing chamber. It has been established that the ratio between the
cross sections of the mixing chamber area and the working nozzle area increases as the injection ratio increases. It has
been shown that for each injection coefficient, there is an achievable relative pressure difference in the injection sprayer.
(Conclusions) The authors have proposed the design equations that determine the characteristics of an injection sprayer and
its main design parameters — the diameters of nozzle and mixing chambers. They have calculated the main dimensions of
the sprayer for aerial top-dressing by introducing working solutions of pesticides.

Keywords: injection sprayer, nozzle, pressure.

I For citation: Marchenko L.A, Safonov M.A. Determination of an injection sprayer's technological parameters.
Selskokhozyaistvennyye machiny i tekhnologii. 2018. 12(4): 31-38. DOI 10.22314/2073-7599-2018-12-5-31-38. (In

Russian).

(bhexkTHBHOCTD pabOTHI CETHCKOXO3SIHCTBEH-

HBIX OIIPBICKUBATEIEH XapaKTepU3yeTcs Kaue-

CTBOM BHECEHUS pab0ovNX PaCTBOPOB MECTUIIH-
JIOB C YCTAHOBJIEHHOM arpOTEXHUUECKON HOPMOU Ha
KaXIOM y4acTKe 00pabaThIBAEMOr0 OIS, pABHOMEP-
HBIM UX pacipeneeHrueM o X0y IBIKEHUS U Ha pa-
Oouell IIMpPUHE 3aXBaTa ONPBICKUBATEIS, 33 IaHHON
TYCTOTOU MOKPBITHS 00padaTHIBAEMOU MMOBEPXHOCTH
pacTeHuii ¥ MOHOAHCIIEPCHBIM paciblioM. M3 MHOTO-
YUCJIICHHBIX ()aKTOPOB, BIMSIONINX HA KAYECTBO BHE-
CEHUsI TECTHIIHIOB, OTHIM U3 OMPEIEITFOIINX CITY)KUT
JIUCTIEPCHOCTH paciblia [1]. MoHogucnepcHsliit pac-
MBI MUHEMU3HPYET CHOC IMECTUITHIOB C 00padaThIBa-
€MOro yuacTka 1o [2].

B nacrosiee BpeMst Ha ONMPBICKUBATENISIX IITPOKO
MPUMEHSIOT HHKEKTOPHBIE PACTIBLIUTEINHN, TIO3BOJISIO-
IUE CO3[IaTh OTHOCUTEIIFHO MOHOUCIICPCHBIN CIIEKTP
KarleIb, yBETUIUTH UX 00bEM 3a CUCT HACHITIICHU S Ka-
TIeJTb BO3JIYXOM, YTO YMEHBIIIAeT CHOC KarleIb IIPH BO3-
JIEHCTBUY BHEITHUX (DAKTOPOB U MOBHITIAET KAYECTBO
00pabotku noceBoB. [IpoBeneHHBIE HCCIIETOBAHNUS TTO-
Kazalii 3 PEeKTUBHOCTD TAKUX pacITblLInTeNe [3-6].
Hecmotps Ha mmpokoe mpuMeHeHNe HHKXEKTOPHBIX
pacIbLIUTENeH B CeTbCKOXO35IHCTBEHHBIX OMPBICKUBA-
TEJISIX IO HACTOSIIEr0 BpEMEHU ONITUMAIBHOTO METO-
Jla pacueTa uX MmapaMmeTpoB HeT.

LIEnb MCCNEQOBAHMS — 00OCHOBATH KOHCTPYKTHB-
HO-TEXHOJIOTUYECKUX MTapaMeTPOB NHKEKTOPHOTO pac-
TBUTATENS JJ11 BHECCHUSI IECTULIUIOB.

MATEPMANBI N METOAbI. THXEKTOPHBIN PACITBLIH-
TEeJIh OTHOCHUTCS K KJIacCy ABYX(a3HBIX )KUIKOCTHO-Ta-
30BBIX H30TEPMUUECKUX CTPYHHBIX aIlIapaToB, B IIPO-
TOYHBIX KaHaJlaX KOTOPOTO OCYIIECTBIISIETCS IMoaaua

CENIbCKOXO3AMCTBEHHBIE MALIUHbI 1 TEXHONIOTMM + Tom 12+ Ne5 + 2018

Y CMEIIEHNE JIBYX CTPYH ((KHIKOCTH M BO3yXa) C 00-
pa3oBaHHEM Ha BBIXOJIE Ta30)KUIKOCTHOM CMeCH, TI0-
CTyTAIOIIEH Jajiee B IIEeIeBOE COILIO, TOCPEACTBOM KO-
TOPOTO OHA AVCIEprupyeTcs Ha oOpabaTbIBaeMble pac-
TEHUs B BUJE Y3bIPKOBBIX KAIleJb, HACBIIIIEHHBIX BO3-
JYXOM.

Pacuernas Mmoaenb paboyero mporecca UHKEKTOp-
HOT'O PACITBUIMTENS OCHOBBIBAETCS HA 3aKOHAX COXPa-
HEHWS MaCChl, SHEPT 1M, UMITYJIbCa, TEOPETUIECKUX 3a-
BUCHUMOCTSIX B BIJIE YPABHEHU XapaKTePUCTUKH ABYX-
(ha3HBIX CTPYHHBIX alapaToB, SMIUPUIECKUX 3aBU-
CHUMOCTSIX, XapaKTEePHU3YIOLUINX apaMeTpbl IOTOKOB,
reoMeTpHUYeCKUe NONIEPEUHbIE U ITPOAOJIbHbBIE pa3Me-
PBI KaHAJIOB pacHbLIHTEN L. XapaKTepHOI 0COOEeHHO-
CTBIO HCCIIEAYEMBIX MKEKIIMOHHBIX allapaToB sBIIs-
€TCsl TO, UTO MOTHOE JaBIICHUE T'a30)KHIKOCTHON CMe-
CH Ha BBIXOJIE U3 aIlllapara GoJIbIie MOTHOTO AaBICHUSI
ra30BOr0 KOMIIOHEHTA, HO MEHBIIIE TOTHOTO TABIICHHUSI
pabouero nMoToKa )KUIKOCTU Ha BXOJIE B AIlIapar, IIpH
9TOM MACCOBBII pACX0J MHKEKTHPYEMOTO BO3yXa Ha
HECKOJIBKO MOPSIIKOB MEHBIIIe MACCOBOTO pacxoa pa-
0ouell KUAKOCTH, UYTO IIPEATIONAraeT UCIONb30BaAHUE
o6bpeMHOTr0 K03(pPunreHTa nHKeKuu. OCHOBHOM Xa-
PaKTEPUCTUKON ABYX(a3HBIX CTPYWHBIX aIlllapaTosB,
K KOTOPBIM OTHOCHUTCSI UHKEKTOPHBIN PACIIBUIMTEIb,
CIIY)KHT 3aBUCIMOCTb OTHOCUTEILHOTO Tiepernaa 1aB-
JIEHUH OT OTHOILIEHU IIOLIAAeH cCeYeHU MPOTOYHOU
4acTH armapara, ko3 puirenTa HHXeKI1H, THIPaB-
nuueckux koapduiueHTos [7, §]:

AR _pls
APP _F(fpl 7lj()> ¢i)a (1)

rae 4P, —niepenaji TaBICHUN, CO31aBa€MbI HHXKEKTO-
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poMm; AP, — iepenaj gaBlIeHUN pabodyero IoToKa;
f,—TIOIA b BBIXOJTHOTO CEUCHU ST KAMEPBI CMEIIICHU S,
Jp1 — IIJIOIIA/Ib BEIXOJAHOTO OTBEPCTUS CEUEHUs pabo-
yero coma; Uy— 00beMHBIN KO3(DPUITUEHT HHKEKITUH;
@; — THAPABINYECKII KOIPPHUITHEHT.

UO =7H9 (2)

rae V, — oObeMHBIN pPacxo/l MHKEKTUPYEMOU CPEeIbl;
V,— 06BbeMHBII pacxo paboueil cpe/bl.

CxeMa MH)XEKTOPHOT'O PACIbLIUTENS IPUBEACHA HA
pucynke 1.

KunKocTh
Liquid

[ Boznyx
—
Air

Puc. 1. Cxema unscekmopno2o pacnvliumerns:

1 — noosedennviii mpy6onposoo, 2 — conno pabodee: 3 — conno
8030ywinoe; 4 — npuemnas Kamepa; 5 — kamepa cmeuleHus; 6 —
oupghysop; 7 — conno wenesoe; 0-0, 1-1, 2-2, 3-3, 4-4, 5-5, 6-6 —
CeueHuss NOMOK08 JCUOKOCIU, 8030YXA U CMEUAHHO20 NOMOKA
8 NPOMOYUHBLX KaMepax pacnvliumens, d, — ouamemp paboue2o
conaa; d, — ouamemp 6030yuino20 conia; ds — ouamemp Kamepol
cmewenus; £, — paccmosinue om pabodezo conia 00 Kamepsvl cme-
we-Hus; € — onuna kamepol cmeusenus; Ly, — OnuHa ougysopa
Fig. 1. Diagram of the injection sprayer: 1 — a ducted pipeline;
2 —a working nozzle: 3 — an air nozzle; 4 — an inlet chamber; 5 —
a mixing chamber; 6 — a diffuser; 7 — a slotted nozzle; 0-0, 1-1,
2-2, 3-3, 4-4, 5-5, 6-6 — sections of liquid, air and mixed flows
in the flow chambers of the injection sprayer; d, — the working
nozzle diameter; d,— the air nozzle diameter; dy — the mixing
chamber diameter; €, — the distance from the working nozzle to
the mixing chamber; {, — the mixing chamber length; .., — the
diffuser length

1151 060CHOBAaHMS KOHCTPYKTUBHO-TEXHOJIOTUYE-
CKHX IMapaMEeTPOB UHIKEKTOPHOT'O PACHIBLIUTENS B 00-
IIeM CITy4ae TOJDKHBI OBITh 3aaHbl CIIeTyIOIIHe apa-
METpBIL: pabouuii 1Uana3oH naBiieHU padouero P, u
WH)XEKTUPYEMOTO P, IOTOKOB, TeMIIepaTypa paboueit
T, nunxekTupyemoil 7, cpen, pabounii [uanasox
MacCCOBBIX PacxonioB padouero G, U HHXEKTUPYEMOT'O
G, IOTOKOB, pabouwnii Auana3oH 3HaAYeHN I 00BEMHO-
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ro ko3 dunmenta nHxekuu Uy. OnpenensroT OnTH-
MaJIbHOE 3HAYEHNE OCHOBHOT'O T€OMETPUIECKOTO Ta-
paMeTpa — OTHOILIEHU I IO Iei ceueHU I HUIMHPU-
YeCKOU KaMepbI CMEIICHHUS f, U BBIXOJHOTO OTBEPCTHUS
COILJIA fp,;, PACCUUTBIBAIOT FTEOMETPHUECKUE ITApaMe-
TPBI, BIUAIONINE HA PAO0YYIO XapaKTEPUCTUKY UHIKEK-
TOPHOTO PACIIBLUTATEIS.

st pacyeTa yria paclidpeHus BHEIHEH IrpaHu-
LBl CTPYU PabOUero moToKa, XapakTepU3yeMoro Bellu-
YUHOI KOPHEBOTO yriia (aKelia paciblia, BOCIOIb3Y-
eMcs 3aBUCUMOCTHIO [9] B BUIE:

tg(a/2)=CWe Lp'M™, 3)
TJIe o — YroJl pacliupeHus Gakena )KUJKOCTH, PACIIbI-
JIEHHOU CTPYUHBIM cotuioM; C, k, [ — TTOCTOSTHHBIE YHC-
714, TIOJTyYeHHBIe TP 00pabOTKe ONBITHBIX TaAHHBIX;
We— xputepuii Bedepa; Lp — xkputepuit Jlamnaca; M —
KPUTEPHUii, XapaKTepHU3YIONINA COO0H MHEPITMOHHBIC
CBOMCTBA ra30BOM Cpenbl U KUJIKOCTH.

PE3YNbTATbI M OBCYXAEHUE. J1J1s1 yCTaHOBJICHUSI
CBSI3U MEXXy JABJICHUEM U CKOPOCTbBIO B CEUEHU X ITPO-
TOYHOH YaCTU UHXKEKTOPHOTO PACIIBUIUTEIISI COCTAB-
JIeHa crcTeMa ypaBHeHMH beprynu amst paboyero mo-
TOKa B COINIOBOM ycTpoiicTBe (ceueHus 0-0 u 1-1), pa-
0ouero MoToka, MOCTYNAOIIEro B KaMEPy CMEIIECHU ST
(ceuenus 1-1 u 3-3), moToka Bo3ayxa, MOCTYMAIOIIETO
B IIPUEMHYIO KaMepy (ceuenus 2-2 u 3-3), 1J1s MOTOKa
ra30’KUIKOCTHON CMecH, IocTynatomieit B quddysop
(ceuenus 4-4 u 5-5) ¥ BHYTPEHHUN KOPIYC IIEIEBOI
dbopcynku (ceueHus 5-5 u 6-6).

Cuctema ypaBHeHuit bepuysiu 3ambikaeTcst ypas-
HEHHEM UMITYJIBCOB B THIPOIMHAMIIECKOM popme it
KOHTPOJIBHOT'O OTCEKA KAMEPBI CMELLIECHUS OT PAHUYEH-
Horo ceueHus 3-3 u 4-4:

P, w, P, &
7p+7p:l+7p1(1+§c)’ @
P8 28 ppg 2
P B Ba O ®)
ppg 2g ppg 2g

5 2
LA AN ©)

pg 28 pg 22

P 2 P 2
i.’_&:i.k&(l.’_é’m@_)’ (7)
p.g 28 pg 2g
PS wZS P6 wz()
= (14 (), ®)

pg 28 pg& 2g
rae: Pp, Ppla PH, Pp3, PH3, Pc4n Pcs, PCG — JaBJICHUA pa60-
YE€ro IOoTOoKa NeEpea MHKXCKTOPHBIM PACIIBIIINTEIIEM, B
BBIXOJHOM CCUCHUH pa6oqer0 comjia, UHXCKTUPYEMO-
'O MMOTOKA NEPEI MHXCKTOPHBIM PACIIBIIIMTEIIEM, pa-
Oouero u HHXCKTUPYEMOI'O IIOTOKOB BO BXOJHOM C€-
YUCHUU KaME€Pbl CMCHICHHW A, CMCHIAHHOT'O ITIOTOKA B BbI-
XOOIHOM CE€YCHUU KaMCPbl CMCHICHH A, HA BBIXOAC U3
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nuddy3opa 1 BHYTpEeHHEM KOpITyce IeIeBoi popcyH-
KU COOTBETCTBEHHO;

Wp, Wpl, Wy, Wp3, Wy3, Wc4, D5, W6 — CKOPOCTH pa60‘le-
r'o MOTOKA MePe/l MHKEKTOPHBIM PACIBLIATEIEM, Ha
BBIXOJIE M3 pabOYero CoIia, NHKEKTHPYEMOTO TIOTO-
Ka Mepe]] BO3YIIHBIM COIIJIOM, paboyero 1 MHKEKTH-
PYEMOr0 IMOTOKOB BO BXOAHOM CEUSHUHU KaMephl CMe-
IIEHH I, CMEIIIAHHOTO IIOTOKA B BEIXOJJTHOM CEUSHHH Ka-
MePBI CMEIICHHU S, Ha BBIXO/IE U3 Au(dy30pa U BHYTPEH-
HEM KOpITyce IIeJIeBOr POPCYyHKH;

Pp Pu P — IIIOTHOCTB PAOOYET0, HHKEKTUPYEMOTO
1 CMEIIIAHHOTO MTOTOKOB;

& Goxr Cuugy Cuo— K0P PULIMEHTHI COTPOTUBIIEHUS
CoIlIa, BXOa B KamMepy cMmerieHus quddysopa u iie-
JIeBOH (popCyHKY;

g — YCKOpEeHHe CBOOOTHOTO MaIeHHUSI.

151 3aMBIKaHUS CHCTEMBI ypaBHEeHMT (4)-(8) 3amu-
CBIBAETCSl YpPAaBHEHUE UMITYIBCOB B THIPOIMHAMUYE-
CKOH (hopMe JJIs KOHTPOJIBHOTO OTCEKA KaMephl CMe-
IIEHUs OTpaHUYEeHHOT o ceueHus 3-3 u 4-4, xapakre-
pu3ylolee U3MEHEHHE KOITNYeCTBA JBIKEHUS, PABHOE
VMITYJIBCY CHUIIBL:

¢2(Gp wpl +GHa)H3)+(Gp +G1—[)'a)c4
=(Poq—Puz)fuz +(FPey _Ppl)'fpl =
=R4 /35— B3/ _PCprl —Pplfpl

rae ¢, — K09hHUIUEHT CKOPOCTH ITOTOKA CMECH B Ka-
Mepe CMEeIIeHH 1, YYUTHIBAIOIINI ITOTEPH KOJINYeCTBA
JBIDKEHUS B KAMEPE CMEIIeHUS U3-3a TpeHus (¢, < 1).

B ypaBHenuu (9) npuHuMaeTcs, 4TO ImiIoaab padbo-
Yero MoToKa BO BXOTHOM CEUEHHH KaMephbl CMEIIeHU s
Jp3 PaBHA IIJIOLIAAM BBIXOJHOI'O OTBEPCTUSI pabouero
COIlIA f,; ¥ CKOPOCTH pabOUYero MOTOKA BO BXOIHOM Ce-
4EeHMH KaMePbl CMEIIEHUS @,; PABHA CKOPOCTU paboye-
IO IOTOKA p) B BEIXOJHOM CEYEHHH paboyero corua.

Cucrema ypaBHeHuii (4)-(9) mo3BosiseT 1o N3BECTHBIM
napaMeTpamM pabodero u NHKEKTUPYEMOTO MOTOKOB Ha
BXOJI€ B MH)KEKTOPHBIN PACIBIINTETh HAUTH OCHOBHBIE
KOHCTPYKTUBHO-TEXHOJIOTUYECKUE TAPaMETPBI, Ollpe/e-
astrortie 3 heKTUBHOCTH PabOTHI PaCIIBLIUTENS.

B pe3ynbpraTe COBMECTHOTO pellleHUs YpaBHEHUH
Bepuynnu u ypaBHEHUS HIMITYJILCOB BRIBOIST Oe3pas-
MEPHYIO XapaKTePUCTUKY HHKEKTOPHOTO PACITBLIH-
TeJsl, aHAJIOTMYHa sl OCHOBHOM XapaKTePUCTHKE BOJIO-
BO3AYIITHOTO yKekTopa [8]:

©)

s g, —@mgn ) B,
p 3 3

rae AP. — nepenaj 1aBiIeHUMN, CO30aBAEMbIIl HHKEK-
TOPHBIM PACIbUINTENEM; AP, — Niepenajl 1aBlIeH Ui pa-
60uero nNoToKa; f, — IIOAAb BHIXOAHOTO OTBEPCTHS
CeueHUs paboUero COIIa; f; — IO b BEIXOTHOTO Ce-
YeHH s KAMEPbI CMELIEHUS; @c, Py cv> P, — KOIDUITH-
€HTBI CKOPOCTU IOTOKA CMECH B IIONIEPEYHOM CEUEHU U

COILIa, BXOJTHOTO yUacTKa KaMephI CMeleHu s, Tuddy-

(10)
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30pa; Uy — OObEMHBIN KOIPPHUIIUEHT HHIKEKIINH;
AP.=AP.—Py; AP,=AP,— P,.

Hcnone3ys ypaBaenue (10), TOCTpOUM 3aBHCHMO-
ctu AP /AP, = F(U,) npu orpanuuenusx 0,1< f,; <0,6,
MIPEICTABIISIONIIE COOO COBOKYITHOCTE Oe3pa3mMep-
HBIX XapaKTEePUCTUK WHIKEKTOPHOT'O PACIBLIUTEIIS
(puc. 2). IlapamMeTpOM COBOKYITHOCTH XapaKTEPUCTUK
OymeT OTHOCUTEIIbHAS BEeTMUNHA CEUCHU N ITPOTOYHOM
4acTu pacnbuinTens fy,/f3. U3 pucynka 2 cnenyet, 4to
3aBucuMocTU AP /AP, = F(U,) pacrionoxeHbl B HUK-
Hel J1eBOM 4acTU KOOPAMHATHOMN MIOCKOCTHU U OTrpa-
HUYHUBAIOTCS OCSIMU OPIMNHAT, aOCIICC ¥ OTrudaroIeit
KPUBOM, KOTOpas onpeaeiseT 00J1acTh BO3MOXHBIX
PEXUMOB PabOTHI PACIIBUITUTEIS M YCTAHABIMBALT IIpe-
JIeTbHBIC 3HAUEHU S €T0 TTapaMeTPOB.

= ; 1
=g
s 2
=3
EE s \\
=T 0,
=g »\E
1 e SN
gL 06
2 & j\ll\.\'
= e
2 T
Z< o4 P &
R i S S
g A | !
g
£ 0.2 .
=]
0
0.2 0.6 1 1.4 1.8 22 2.6 3
O i by T
Volumetric coefficient of injection
—m—fpl/£3=0,1 —&—fp1/f3=0,2 ——fpl/f3=0,3
—m—{pl/3=0.4 —8—fpl1/f3=0.5 —0—1p1/f3=0.6
——OrpasiumBaioas KpHBas
Limiting curve

Puc. 2. 3asucumocmv omHocumenvHo2o nepenaca OdaeieHuli
APC/APP, €030a8aeM020 UHIHCEKIMOPHBIM PACHBLIUMENEM, OM
00veMH020 KoapPuyuenma urxcexyuu Uy npu pasnuuHvix om-
HOWEHUAX NILOWAOU 8bIXOOHO20 OMEEPCUs paboue2o COnd K
ceuenuio npomounoti uacmu pacnvuiumens f3fp

Fig. 2. Relationship between the relative pressure APJAP,
difference made by the injection sprayer and the volumetric
injection coefficient Uy at different ratios of the outlet section
of the working nozzle to the flowing part section of the injection

sprayer f3lfy1

Juddepennupyem ypaaenue (10) mo nmepemMmeHHON
Joilfs, IpUpaBHUBAs IPOU3BOAHYIO K HYJIIO, pEIIaeM
MOJIyYeHHOE ypaBHEHHE U JeJIaeM COOTBETCTBYIOIIUE
mpeoOpa3oBaHus, TIOJTyIaeM 3aBUCUMOCTH 15 OITpe-
JIEJIEHU s OTITUMAJIBHOTO 3HAUSHU I OTHOIIIEHUS ceve-
Hutt (f,1/f3), BocTHRUMOro nepenaja aasieHus AP/
AP, = F(u,) 63 HEO6XOAUMOCTH pacueTa MONePEUHbIX
CEeUYeHUH coIlia f,; ¥ KaMepbl CMELIEHUs f3 U 3aBUCH-
MOCTH TSI OTIPE/IEIICHH ST ONITUMAJIBHOTO OTHOIIICHHU ST
J3!fy1 IPOTOYHOM YAaCTH pacHbUIMTENS IO 3aJaHHOMY
OTHOCHUTEIIbHOMY Ilepenany AasjieHus AP /AP,

Q-2 ) (1+U)

(Lo, =57 P , (1)
JFpl QZM

AP, o. -2,

AP, =gl ) (1+ug) (12
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AP
=0 0 13
pl c

Ha ocnoBanmnu ypaBuenus (11) moctpoena 3aBucu-
MOCTB (f3/fp)ope = F(Uy) (puc. 3), nImocTpupyromas
(baxT yBeIn4eHUsI OTHOLIEHUS ceueHUH (f3/f51)opc C O-
BbIIIIEHHEM KO3((UITUEHTA HHKEKIIUU, TO €CTh KaX10-
MY ONTHUMAaJIbHOMY 3HAUEHUIO (f3/f}1)ope COOTBETCTBY-
€T CBOE 3HAUEHUE KOI(PPULIMEHTA MHKEKIIUH.

e
n

wn

&
n

»
n

w

»
n

OTHOIIEHNE MJIOIIAAN CeYeH il
Ratio between section areas
-

2

|

15

1

005 015 025 035 045 055 065 075 085 095 1,05

Koadppuuuer nn:xeKuun

Injection coefficient

Puc. 3. 3agucumocmv omHOWeHUs NAOWAOU CedeHUsi Kamepbl
cMeuwenus: K Naowaou 8bIX00H020 omeepcmus paboue2o conid
3 1f, om koo puyuernma unorcexyuu Uy

Fig. 3. Relationship between the ratio of the cross-sectional area
of the mixing chamber to the outlet section area of the working
nozzle f3 If, and the injection coefficient U,
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OTHOCHTEILHBI
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Puc. 4. 3asucumocmv ommnocumenvnozo nepenaoa 0agieHuil
AP /AP, om kooppuyuenma unacexyuu Uy

Fig. 4. Relationship between the relative pressure AP, AP,
difference and the injection coefficient U,

Ha pucynke 4 npencrasieHa 3aBUCUMOCTh, PACCUH-
TaHHas 1o ypaBHeHuto (12). OHa moKa3bIBAET NOCTH-
S)KMMBIA OTHOCUTENBHBIN MEPENal TaBICHU S APC/APP
B MH)KEKTOPHOM PACHBIITUTEJIE IS KaXJOTO 3HAYCHU S
ko3 puIIHeHTa HHKEKITUH.

[MocTpoennas o ypasaenuto (13) 3aBUCUMOCTS OII-
TUMAJIBHOI'O OTHOLIEHUS ce4eHUl (f3 /fp1)op OT IEPE-
rnajaa gaBieHui AP, /AP, iMeeT TUHEHHBINA XapaKTep,

CENIbCKOXO3AMCTBEHHBIE MALIMHbI 1A TEXHONIOMM « Tom 12+ Né5 + 2018

PLANT PROTECTION PRODUCTS

U OTHOIIICHUE CEUCHU I YBETUIMBAETCS C POCTOM IIe-
pemnana gaBieHui (puc. 5).

42

3,7

32

2,7

OTHOLIeHNe MIOMATN cedeHHi
Ratio between section areas

2,2

1,7

12
133 1,83 2,33 2,83 333 3,83 433 483

OTHOCHTE/ILHBII Nepenaj 1aBIeHust

Relative pressure difference

Puc. 5. 3asucumocmv ommowienus niowaou cevenuti Kamepol
emewenus u pabouezo conna f3 [f, om omnocumenviozo nepena-
0a dasnenuii P[P,

Fig. 5. Relationship between the ratio of the cross-sectional area
of the mixing chamber f3 If, and the working nozzle and the
relative pressure difference PP,

Pacxon paboueit XUAKOCTH Yepe3 OANH PACTBLIN-
TEeJb OINPENENISIOT, UCXO N3 KOHCTPYKTUBHO-TEXHO-
JIOTUYECKUX MMapaMeTPOB; HOPMbI BHECEHUS paboUeii
xuakoctu H (kr/m”), paboueit mupuubl 3axsata B, (v),
paboueii ckopocTH ABUXKeHUS V), (M/C) oImpbICKUBaTE-
7151, KOJIMYECTBA paclbUINTeNel n, Ha mTaHre. C yde-
TOM JJAHHBIX [IAPaMETPOB ILTOMA b BBIXOIHOTO OTBEP-
cTusi pabovero coria pacCCUUTHIBAIOT 1O hopMyIIe:

_ H-B -V, 1
i \2AP D
p ¢ pp
3Hasl 3HAUEHUS f,,;, PACCUUTHIBAIOT IIOLIA b KaMe-
PBI CMEIIIEHUS f3 1 COOTBETCTBEHHO AMAMETPHI COIIIA
d, ¥ KaMephl CMEIIICHUS d;.

Paccrosinue £, OT BEIXOAHOTO ceueHHst pabodero
COTLIIa JTO BXOAHOT'O CEYEeHHU s KaMEPBhI CMEIIEHU S C yue-
TOM KOPHEBOI'0 yria (axeia, pacCYuTHIBAEMOTO IO
dbopwmyie (3) onpenensieTcs: OTHOIIEHUEM TTOJIOBIHEI
pa3HOCTH TUAMETPOB KaMephl CMellleHus d; 1 paboue-
'O COIUIA d; K 3HAYEHHIO TAHT€HCA ITOJIOBUHBI YITIa pac-
mupeHus akena KUIKOCTH, paCIbIIICHHOHN CTPY-
HBIM COILIOM.

JvHa TUITHHAPUYECKON KaMephl CMEIIeH U £ BBI-
OupaeTcsa oObIYHO B mpeaenax 6-10 quamMeTpoB Kame-
pBI cMertieHus [§].

[Tomane BeIXogHOTO ceueHus quddysopa £; onpe-
JeNsieTces o hopMmyIie:

_ Up 'pp '(1+UO)
Pc - Ocs
e v, — 0OBbEMHBIHN pacxo pabouero MOTOKa; P, Pp —

IIJIOTHOCTHh CMCIIAHHOT'O U pa6oqer0 IIOTOKOB COOT-
BCTCTBCHHO; (W3 — CKOPOCTHb CMCUIAHHOT'O ITIOTOKA Ha

(14)

Jes (15)
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BbIxozie n3 nuddyzopa. [Ipu n3BecTHOM 3HAYEHUH TLITO-
AU f, pACCUUTHIBAIOT AuameTp auddyzopa.

CKOpOCTh @3 B BRIXOIMHOM ceueHnu nuddyszopa
onpenenseTcs mo Gpopmyie:
2AF,s
(+E0p) P 1o
rne 4P s—nieperas JaBieHus BOJOBO3IYIIIHOTO MTOTO-
Ka Ha BbIXoze u3 quddys3opa; p. — IIOTHOCTH BOAOBO3-
JIYIITHOM CMECH.

HAnuny nuddysopa £, ONPeersioT o yIiy pac-
mpenns augdy3opa Kak OTHOIIEHE TOJIOBUHBI pa3-
HOCTH TUAMETPOB BBIXOAHOT'O ceueHUs Auddy3opa d.s
Y KaMephl CMEIIEHUS d; K 3HAUEHUIO TAHTeHCa T0JI0-
BUHBI yIIa pacimiupeHns 1updysopa oyg..

Vron pacmmpenus nuddyzopa o6bI4HO BEIOUpA-
0T B IIpeAenax 6 < a,,y < 10°, U3 pacyeTa OTHOCHUTEIB-
HO HU3KUX 3HaUeHUil ko3 duiimenta odmux morepb
naBiieHus B mudPpy3ope, CBA3aHHBIX C TOTEPSIMH Ha
TpeHHue U pacmuperue nuddysopa.

OnTuMabHBIM CYUTACTCS YTOJI PACIIHPEHUS TUD-
bysopa o,y = 8°. Koaddunuent conporupnenus qud-
(by30pa IpU 3HAUCHUSX @y, B YCTAHOBIICHHBIX ITpEJIe-
JIaX COCTABIAET {yy = 0,08 + 0,16 [10].

JuameTpsl comna d; 1 KaMephl CMeNIeHUs d; CITy-
JKaT OMPEACTISIONUMU pa3MepaMU HHKEKTOPHOTO pac-
MBUTUTEIS], C KOTOPBIMU CBSI3aHBI BCE OCTAJIbHBIE TH-
aMeTpaJIbHbIEe U TUHEHHBIC pa3MepHI.

OCHOBHBIE UCXOJTHBIE TAHHBIE TP PACUeTe MHIKEK-
TOPHOT'O PACHBUINTEIISI BKIIFOUAIOT: TIPE/IeIbl U3MEHE-
HUS TABJICHUS paO0Uero MOTOKA MEePEI COTIIIOM
Ppin < Py < Ppay; AABIEHUE HHKEKTUPYEMOTO IIOTO-
Ka (Bo3myxa) P,; MaBJlIeHHe CMEIIaHHOT O TOTOKA P s Ha
BBIXOJIE 13 AU y30pa, 00ecIIeunBaOIIETO 3aJaHHbIE
HOPMBI pacxofa >KMJIKOCTHO-BO3IYIITHOM cCMeCH; Tpe-
Teabl 00BeMHOT0 KoadunmenTa nHXEKIUU Ugpi, <
Uy < Upmax; NIOTHOCTH pabodeli p,, UHKEKTUPYEMOH
PuCPEL; TeMIIEpATypy padoueil T, U HHKEKTUPYyEeMOH
T, cpel; AMHAMUYECKYIO i, © KHHEMATHUYECKYIO ) BSI3-
KOCTb paboueii cpeanl; Ko3(pPUIIMEHT MOBEPXHOCTHO-
rO HaTSKEHUs pabodeil cpefibl oy,

B xauectBe pabouero coria pacbUIMTEN S, B COOT-
BETCTBUU C PEKOMEHJALIMSIMU, BEIOPAHO KOPOTKOE ITH-
JUHIPUYECKOE COTLIIO C COOTHOIICHUEM JIUTMHBI K JTU-
ameTpy B npenenax 1,5-2,0 [11, 12].

[1pu ncteyeHNM MAIOBA3KUX KUIKOCTEH (BoJa 1
JIpyTYe) N3 KOPOTKUX HUIIUHIPUUECKUX COTIEI MPHU J0-
CTATOYHO OoNbIIMX YHcnax PeifHonbaca koaddumm-
€HT UCTEUCHU I U3MEHSIeTCSl HE3HAUNTEIbHO, U B pac-
YeTax IPUHUMAIOT CIICAYIOIINE 3HAYCHU T KOIPPuiiu-
eHTOB: cxatus ¢, = 0,64, ckopoctu ¢, =0,97, pacxona
te [9-11].

3HavyeHus K03 PUITNESHTOB CKOPOCTH BXO/A B Ka-
Mepy CMeIlIeHUs1, B KaMepe cMmelleHus U nuddysopa
COCTABJISIIOT COOTBETCTBEHHO: Py ey =0,925; ¢y, = 0,958;
@, —0,928. Yrona pacmupenus auddyszopa 8°. Koad-
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(bULMEHT COMPOTHUBIICHUS YIMHAPUIECKON KaMephI
MEX Iy BEIXOAHBIM ceueHueM nuddysopa u meneBbiM
coroM & [8, 13].

JlaBieHue MHXEKTUPYEMOT'O BO3IyXa Mepe/l BO3-
IYITHBIM COTIJIOM IIPUHSATO PaBHBEIM aTMochepHOMY
nmasieHuro P, = 0,1 MIla.

JlaBltleHre CMEIIaHHOTO MIOTOKA Ha BBIXO/IE U3 T (]-
(dy3opa B mpegenax P = 0,3 + 0,7 MIla Beioupaetcs
13 HEOOXOAUMOCTH 00ecTIeunBaTh 3aJaHHBIE HOPMBI
pacxofa BOIOBO3AYUTHOW CMECH H IPOIIECC €€ AMCIIEP-
TUPOBaHUSL.

JaBneHune BOTOBO3IYIITHOTO MTOTOKA 38 BHIXOAHBIM
cedyeHreM auddy3opa rnepes mereBbIM COILIOM TPH-
HsTO paBHbIM 0,5 + 0,8 MI1a.

OcHoBHBIE PU3NUECKHE CBOHCTBA B3aMOICHCTBY-
IOHIMX Cpell: INIOTHOCTH paboueii p, = 1000 KI/M’ ¥ MH-
KEKTHPYeMoii p, = 1,225 kr/M’ cpen; BA3KOCTh pabo-
ueii cpespl AMHamMuueckas i, = 1,14-107 (Ma-c)/m’ u ku-
nemaTuueckas y, = 1-10°° m’/c; kosdurment nosepx-
HOCTHOTO HaTsKeHHs paboueil cpensl o, = 72,25:10°
H/M; TemnepaTypa paboueii T, = 15°C u uHkekTUpYye-
moit T, cpen = 15°C; naBiieHre HACHIIIIEHHBIX TApPOB
P,=1704 I1a.

Ecmu Re >10%, To 3aBUCUMOCTD ¢.= ¢(Re) He3HAUH-
TeJIbHA U 3HaUeHUs KO3(D(PHUITMEHTOB ¢, U (i, B pacye-
TaX IPUHUMAIOT MMOCTOSTHHBIMU.

Pacdet 0CHOBHBIX pa3MepoOB HHKEKTOPHOTO pac-
MBUTUTENS ¥ €70 JOCTHXXKUMBIX KO3((HUITUEHTOB HUH-
JKEKITUHU MTPOBENIEM ITPH MAJIBIX HOpMaX pacxoja pa-
6oueii xuakoctu 20 11/ra, YTO XapaKTepHO IPU BHECe-
HUY TTECTUITUIOB OCCIIMIOTHBIMU JIETATEIILHBIMU all-
mapatamu (BJIA). Pabouas ckopocTb mojeta BJIA —
40 xm/u. PaccTosinue mexay pacusuiutensimu 0,25 M.
[Tpenensr m3MeHEHU S TaBICHHS PaOOUYETO IMOTOKA TIe-
pen comtoM pacnsumuTens P, = 0,6 + 1,0 MIIa.

JlaBneHune BOAOBO3AYIIHONW CMECH B BEIXOTHOM Ce-
yenuu u3 quddysopa P.s= 0,4 MIla, 3a BEIXOTHBIM ce-
yeHueM nud@yszopa mepesn meaeBbIM COILIOM COCTaB-
nsieT P = 0,5 MIla, a naBneHre HHXEKTUPYEMOTO BO3-
nyxa nepen pacusiiutenem — P, = 0,1 MIla.

B pesynbTate monyduian ClIeayomue mapaMeTpbl
pacIbUTUTEIIS.

Ilepenan naBieHNsI BOMOBO3IYIIHOTO TIOTOKA, CO3-
JIaBaeMOT'0 MHXXEKTOPHBIM pacnblLiuTeieM, AP, =
0,3 MITa. ITeperaa faBieHuit paboyero MoTokKa ¢ rmpe-
JenaMu u3MeHenus, 4P, cocrasuser ot 0,5 no0 0,9 MITa.
OO6BeMHBIH pacxon paboueil )KUIKOCTH Yepe3 OqUuH
pacIbUTATENs TpU HopMe BHeceHus 20 J1/Ta cocTaBs-
et V, = 0,556-10 ° m’/c. B mpezienax usmeHenus nepe-
rmaja pabodero pasieHus nepex corrom (0,5-0,9 MIla)
JMana30Hbl 3HAYEHUH TUIOWAIH fy), IMaMeTpa d,,; Bbl-
XOIHOTO OTBEPCTUSI paboUero cormia, CKOpOCTH UCTe-
YeHHUs @, TPEIEIbHBIX 3HaUeHUH kodpdunmenta Peii-
HOJIbJICA Re COCTaBUIIML fp =0,0286-107°-0,0213-10 *m?;
d,=0,0190-10"- 0,165-10 > M; cw,,, = 30,37-40,76 m/c;

Re =5061,67-18628,0.
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IIpenenbl ONTUMAIBHOTO OTHOIICHUS CCUCHU I
(fp1!f3)opt PACHIBLIINTEINS IPY OTHOCUTEIBHOM IIEpera-
ne nasiaeHuit AP,/ AP, o1 1,667 10 3,0: (fpi/f3)ope = 1,502-
2,704.

IIpn 4P, B npenenax 0,5-0,9 MIla niomans kxame-
PBI CMEIICHHS U THAMETP KaMePbl CMEIICHUS d3 COOT-
BETCTBEHHO COCTABAIOT: f3=0,043-10°-0,05810 ° m?;
d; = 0,234:107°-0,270-10 ° m; kputepuu Bebepa: We =
7703,0-11980,0, Jlammaca Lp = 33523,0-28964,0, kpu-
Tepuit M =1,225:10"°.

3uauenue kputepus M = 1,225:10° xapaxrepu3y-
€T MaJIoe MPOTUBOJIABIICHHUE ITEPE]T COTLIIOM HHKEKTOP-
HOT'0 pacmbuIUTeNs. [Ipy MaIbIX MPOTUBOAABICHUSIX
3Ha4YeHUs KOHCTAaHT cocTaBisaioT: C=0,00364; k=0,32;
€ = 0,07, m =0; yroxn pacnbuieHus ctpyu: a = 15-17,2°;
paccTosTHUE OT BBIXOAHOT'O CEYCHUS pabovero coria
JIO BBIXOJTHOT O CEYEHH I KAMEPBI CMEIICHUS: €p=0,52-10’3M;
JUTMHA KaMepbl cMeneHus: £=4,16-107°-6,85-10m.

Kosdduuuent nnxexuuu: npu f3/ f, = 1,502-0,666,
AP,/ 4P,=0,6 (4P.= 0,3 MIIa; 4P, = 0,5 MIla) cocras-
aset Uy=0,03; mpu f3/f,; = 0,333, o1/ /3= 0,34, 4P,/ AP,
= 0,333 (4P.= 0,3 MIla; 4P, = 0,9 MIlIa) = U,= 0,56.
ITnoTHOCTH BOAOBO3AYIIIHOTO IMOTOKA: P, = 970,07-
440,68 kr/m’. CKOPOCTb BOJIOBO3AYIIHOTO MOTOKA Ha
BBIXOJIE U3 KaMephl CMEIICHHS w4 =13,73-32,46 Mm/c.

HaBnenue P.4 B BBIXOJTHOM CEYCHUH KaMepPhl CMe-
IIEHUSI ¥ BBIXOJTHOM CeueHuHn nuddy3opa:

P, = 286226-122816 Ila. [lepenan napiaeHus Ha gud-
dy3ope:

AP, = 106176-269584 I1a. Ilepenan gaBieHus 3a Bbl-
XOJTHBIM ceueHrneM nuddy3opa nepe meIeBbIM CO-
oM pacnsuiutens: AP, = 98100 I1a. ITnomans BeI-

PLANT PROTECTION PRODUCTS

XoHOTO ceuenns auddysopa: f.s = 0,043:106-0,094-10 ° i,
CKOPOCTB B BBIXOAHOM cedueHUH auddyzopa: w.s =
13,95-20,69 m/c. IlmamMeTp BEIXOITHOTO ceueHUs T dy-
30pa: des = 0,23:107°-0,3410 7 m .

Juna muddysopa: €4,y =0-0,551-10" M. Tlpu xo-
s durmente nrwkekuu Uy=0,03 nuddy3op He HyKeH.
ITpu koapdurnente muxexkunn Uy=0,54 nnuna qud-
dysopa: £y, =0-0,551-107 m.

BriBoanl

OrnpezneneHne OCHOBHBIX IMAPaMETPOB HHKEKTOP-
HOTO PacCHbUIMTENSI COCTOUT B IIOCTPOCHUH XapaKTe-
PUCTHKHU ero PabOThI, MPEACTABIISIONIEH 3aBUCKMOCTD
OTHOCHTEIIBHOTO Tiepenajia AaBiIeHus, CO30aBaeMOTo
WHXXEKTOPHBIM PACIBLIUTENIEM OT 00BEMHOTO KO-
(unreHTa MHXEKIINH, ONpe/IeIeHNU OTHOIIEHU S T1J10-
1Ia1 CEYCHU S KaMePbl CMEIIEHU S K TIIONIA U BBIXOI-
HOT'O OTBEPCTHSI pabouero CorJa pu yCTaHOBICHHBIX
3HAYEHUSIX KOA(DPUITMEHTOB CKOPOCTU BOAOBO3YIII-
HOHM CMeCH B OCHOBHBIX ITPOTOYHBIX 3JIEMEHTOB pac-
MBUTHTENS: pabovero coria, KaMepbl CMEIIeHU T, T ]-
(y3opa, olpeneeHuH OCHOBHBIX Pa3MepPOB IMMPOTOY-
HOM YaCTH pacHbUINTENS: TUaMeTPOB pabodero com-
J1a, KaMEePbI CMEIIIEHU I, BBIXOHOTO ceueHus 1uddy-
30pa; ITMHBI KaMephI cMeIeHus u quddysopa.

JduameTpsI comia U KaMepbl CMEIIEHUS CITyXKaT
OTPEIEIISIIOIIMMU Pa3MepaMK UHKEKTOPHOT'O PACIIbI-
TUTENS, C KOTOPBIMHU CBSI3aHBI BCE OCTAIbHBIE JUAME-
TpaJIbHBIC U JINHEWHBIE Pa3MEPHI.

Paccuntanu OCHOBHBIE pa3Mephl PACIIBLTUTEIIS TPU
aBHAIIMOHHOM CITOCOOE BHECEHM S Pa0OYHX PACTBOPOB
MECTUIUIOB.
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MHdpakpacHas cyliKa ceMsH B NCEBJO0XMKEHHOM croe

SAxos Ilerpouu Jlo6aueBckuii, Cepreii Anaroanesuy I1aBnos,

JIOKTOP TEXHUYECKUX HAYK, YJICH-KOPPECIIOHICHT KaHJIUJaT TEXHUUECKUX HayK, BEYIIHi HAyYHBIH CO-
Poccuiickoii akageMuu HayK, TPYIHUK,

TJIaBHBIM HAyYHBIN COTPYIHUK; e-mail: sapavlov777@mail.ru

depepanpHblil HAyUHBIN arponHkeHepHbld IeHTp BUM, Mocksa, Pocculickas ®@enepanus

Pedepar. MuppaxpacHas cymka Hala MUPOKOe TPUMEHEHNE MPEUMYIIECTBEHHO B MUINEBOH MpoMbIIuIeHHOCTH. CeMeHa
3EpPHOBBIX KYIBTYP CYLIAT B OCHOBHOM KOHBEKTHBHBIM METOAOM B IIAXTHBIX, KOJOHKOBBIX U OYHKEPHBIX CYIIMIIKAX.
[TomobHbIe MeToABI CYmKH MaTo3(GEeKTHBHBI, UX OTIMYAET HU3KAS MPOU3BOAUTENLHOCTh M BBICOKHE YAENbHBIE 3aTPaThI
tema. VccienoBanu MeTObl CyIIKH, 00ECTIeYNBAIOLINE BBICOKYHO HHTEHCUBHOCTD IIPOLIECCA IPU MAKCHMAIIBHOM COXpaHe-
HUM KadecTBa ceMsH. OJMH U3 HUX — KOMOMHUpOBaHHAS MH(pakpacHas cymka. Cyika UMeeT psa MPEUMYLIECTB Tepea
KOHBEKTUBHOM CYIITKOH — OBICTPBII TPOTPEB YaCTUII 0OECTIEYNBAET COKPAIIEHHE IIUTENBHOCTH TIpOIiecca, a CYMMUPOBAHNE
npoueccoB uddy3un u repmoanddysun cnocoOCTBYET MEPEMEIICHUO BIATH U3 LIEHTPA 3ePHOBKH K MEpU(EpPUH, 4TO CHU-
KaeT y/IeNbHbIEe 3aTPATHI TEMIa Ha CYIIKy. PaccMoTpenn KOMOMHIPOBAHHBINA METO] C HCTIOIB30BAHHUEM TICEBIOOKIKEHHOTO
CJI0S TIPY MAaJIOW MHTEHCHBHOCTU MH(PPAKPACHOTO MOTOKA, C TOTOIHUTEILHBIM TOJBO/IOM TEILIA MOIOTPETHIM HAPYXHBIM
BO3IYXoM. (Lens uccredosanus) Pazpabotats MaTEMATHUECKYIO MOJIETh KOHBEKTUBHO-PAANAIIMOHHON NH)PAKPACHOH CyIII-
KU CeMSH, PACCINTATH TEMITEPATYPY MTOBEPXHOCTH, MOIITHOCTh HHPPAKPACHOTO M3ITY4YaTels, TApaMeTPhI TOJOTPEBA BO3IyXa.
(Mamepuanvt u memodst) OG0CHOBAIH TAPaMETPhl KOMOMHUPOBAHHON MHPPAKPACHOH CYIIIKH UCTIONB3YS 3aKOHOMEPHOCTH,
XapaKTepHbIE ISt KOHBEKTHBHOM CYIIKH, HO C 3KBUBAIEHTHBIM Koa(dunmeHToM Temrootaaun. Onpenenniom TeMnepaTypy
¥ MOIIHOCTh UCTOYHMKA MH(PAKPACHO! 3HEPruy Ha OCHOBE JOMYCTUMOTO TEIIOCHAOXEHHs. JKCIEPUMEHTAIBHO OIeHHU-
7 3PeKTUBHOCTS MHPPAKPACHOH CYIIKH TPU NMPOAYBKE HAPYKHBIM U MOJOTPETHIM BO3IYXOM C KOHBEKTHBHOM CYIIKOM.
(Pesyromamot u 00cysicoenue) TeMmepaTypa TOBEPXHOCTH U MOITHOCTH MH(PAKPACHOTO M3NyYaTeNs 3aBUCAT OT TONIIUHBI
cnost, U3MKO-MeXaHMYeCKUX M PAJUOIOTUYECKIX CBOMCTB CEMSH, JAOMYCTHMOTO TEIIOCOAEPKAHMS U TEMIOTHI, 3aTpaveH-
HOM Ha WMCTIapeH¥e BIard. Y CTaHOBIIIA, YTO SKCIO3UIIS KOMOMHIPOBAHHON CYIIKH Ha 12 TIPOIIEHTOB HIKE KOHBEKTUBHON
3a CUeT MHTEHCU(DHKAIMK MPOIIECca MPH TIOJHOM COXPaHEHMH KaYeCTBEHHBIX IOKa3aTelell ceMsH. (Boieodst) Paccunramn
TEMIIEPATYpPY MOBEPXHOCTH U MOIIHOCTH MH()PAKPACHOTO M3My4aTens B 3aBUCHMOCTH OT BBICOTHI CJI04, (PU3MKO-MEXaHHUY-
HbIX ¥ PAAUOIOTUYECKHX CBOMCTB CEMSH, JOMYCTUMOIO TEIIOCOAEPKAHUS U TEIUIOTHI, 3aTPAYCHHON Ha MCHIAPEHHE BIIATH.
BennunHa creneny HarpeBa Bo3ayxa Npu KOMOMHMPOBAHHOM HHPPAKPACHOH CyIIKe MPONOPUHOHATIbHA ASQUIIUTY MOIIHO-
cTH MH(PAKPACHOTO M3IyYaTeNs U 00paTHO MPOMOPIHOHATbHA SKBUBATEHTHOMY KO3 QHIMEHTY TeNI00TAAYH.
Kurouesble ciioBa: nHppakpacHas cymika, TeMIepaTypa, MOIHOCTh HHPaKPaCHOTO MCTOYHMKA, TICEBAOOKIKEHHE, IKC-
TIEPYIMEHT.

I Ins uuruposanus: Jlo6auesckuii .11, [Tapnos C.A. UHbpakpacHas Cylika CEMsIH B TICEBIO0KIKEHHOM

citoe // CenbCKoX0O3IMCTBEHHBIE MAaIIMHEI 1 TexHomoruu. 2018. T. 12. N4. C. 39-43. DOI 10.22314/2618-6748-
2018-12-5-39-43.

Infrared Drying of Seeds in a Fluidized Bed

Yakov P. Lobachevsky, Sergey A. Pavlov,
Dr.Sc.(Eng.), corresponding member of the Russian Ph.D.(Eng), key research engineer, e-mail: sapavlov777@
Academy of Sciences, chief research associate; mail.ru

Federal Scientific Agroengineering Center VIM, Moscow, Russian Federation

Abstract. Infrared drying (IR) has found wide application mainly in the food industry. Seeds of cereal crops are dried mainly by
a convection method using shaft, column and bunker dryers. Such drying methods are ineffective, they are characterized by low
productivity and high specific heat costs. The author has studied some methods of drying ensuring high intensity of the process
with the maximum preservation of the quality of seeds. One of them is combined infrared drying. Combined modes of IR drying
have a number of advantages over convection drying - quick heating of the particles ensures shortened process time, and the
combination of diffusion and thermal diffusion processes facilitates the transfer of moisture from the grain mass center to the
periphery, which reduces the specific heat consumption of a drying process. The author has considered a combined method with
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the use of a fluidized bed with a low intensity of the IR flow, with an additional supply of heat by the heated external air. (Research
purpose) To develop a mathematical model of convective radiation IR drying of seeds, to calculate the surface temperature, the
power of an IR-emitter, and the parameters of air heating. (Materials and methods) The parameters of combined IR drying have
been determined using the regularities characteristic for convective drying, but with an equivalent heat transfer coefficient. The
temperature and power of the IR energy source have been determined on the basis of permissible heat supply. The author has
experimentally evaluated the efficiency of IR drying with blowing by external and heated air with convection drying. (Results
and discussion) The surface temperature and the power of an IR emitter depend on the thickness of the layer, physical-and-
mechanical and radiological properties of seeds, permissible heat content and heat spent on the evaporation of moisture. It has
been established that the exposure of combined drying is 12 percent lower than that of convective drying due to the process
intensification with full preservation of the quality parameters of seeds. (Conclusions) The surface temperature and power of an
IR emitter have been calculated as a function of the layer height, physical-and-mechanical and radiological properties of seeds,
permissible heat content and heat spent on the evaporation of moisture. The degree of air heating with combined IR drying is

proportional to the power deficit of an IR emitter and is inversely proportional to the equivalent heat transfer coefficient.
Keywords: IR-drying, temperature, power of an IR source, fluidization, experiment.

I For citation: Lobachevsky Ya.P., Pavlov S.A. Infrared drying of seeds in a fluidized bed. Selskokhozyaistvennyye
mashiny i tekhnologii. 2018. 12(4). 39-43. DOI 10.22314/2618-6748-2018-12-5-39-43. (In Russian).

HppakpacHas (MK) cymka Hamia mmupoxroe

MpUMEHEHHUE MPEUMYIIECTBEHHO B ITUIIEBOM

npombliieHHOCTH [1, 2]. CemeHa 36 pHOBBIX
KYJIBTYp CyIIaT B OCHOBHOM KOHBEKTHBHBIM METOIOM
B HIAXTHBIX, KOJIOHKOBBIX, OYHKEPHBIX, a TAKXe
PEIUPKYISIIMOHHBIX CYITHIKAX [3]. DTH CIOCOOBI CyIII-
K1 MaJI03(pPeKTUBHBI, XapaKTEPU3YIOTCS HU3KOM MTPO-
M3BOAUTEIBHOCTHIO U BRICOKUMH YIETBHBIMU 3aTpa-
Tamu Teruia. MccnenoBanus OCIeHNX JIET HAIIpaB-
JIEHBI HA COBEPIICHCTBOBAHUE METOJIOB CYIIKH, 0bOe-
CIIEYMBAIOIINX HaMOOJIee BEICOKYIO ITPON3BOIUTEIb-
HOCTB TIpoIiecca IMpYU MaKCUMaIbHOM COXPaHEHUH Ka-
YECTBEHHBIX MOKa3atesei ceMstH. OIUH U3 TaKUX Me-
Tos10B — KoMOuHUpoBaHHas MK-cymika [4-7].

J1st omucaHus mpoIeccoB, MPOTEKAOIINX B IICEB-
nmooxmkeHHOM cioe nipu UK-cymke, ypaBHeHU T1e-
peHoca JIyUYUCTON YHEPTUHU CIIEAYeT PelIaTh COBMECT-
HO C YPaBHCHUSIMH JIBUKEHUS M KOHBEKTUBHOTO Te-
mIoo6MeHa. [{J1s mpakTHYeCKUX pacueToB OOBIYHO UC-
MOJIB3YIOT MIPUHIIUI HE3aBUCUMOCTH KOHBEKTUBHOT'O
W JIyYUCTOTO IOTOKOB JPYT OT IPYTa, YTO OKA3bIBAET-
Csl IPAKTUYECCKU IOCTOBEPHBIM, €CITH OJJUH U3 HUX 3HA-
YUTETBHO MEHBIIE Apyroro. Hampumep, mis ydera Te-
TJIOO0T/AAYH Yepe3 U3JTyYeHUE PEKOMEHIYIOT CYMMUPO-
BaTh KO3 (PUIIMEHT TEIIOOTAAYN KOHBEKIIUEH, T10/1-
CUMTAHHBIN OOBIYHBIM CIIOCOO0OM, ¥ KO3 GHUIIHEHT Te-
TUTOOT/AAYH U3ITYUCHUEM.

KoMOunupoBanHubie pexkuMbl MK-cymkn nmerot
PAI IPEeUMYIIECTB Iepe] KOHBEKTUBHON CYIIKOIL: ObI-
CTPBII MPOTPEB YACTHI] 0OECIICUNBALET COKpAIIICHUE
IUTUTETFHOCTH TIpOoliecca, a CyMMapHOe BO3IEHCTBHUE
nuddy3un u Tepmoauddy3un crmocoOCTBYET nepeme-
IIEHWIO BJIaTH U3 LIEHTPa 36PHOBKU K Mepudeprun u
CHIDKAET yIeNIbHBIC 3aTPATHI TEILIA HA CYIIIKY.

Onnako anutenbHoe Bo3aecTeue MK-u3nyuare-
JIeH TPUBOAUT K OBICTPOMY MOBBIIIIEHUIO TEMITEpaTy-
PBI, UTO CHIDKAET KaYeCTBEHHBIE TTOKA3aTeId CEMSTH, B
MIEPBYIO OYepeab UX BCxokecTh. ClemoBaTenbHO, He-
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00XOTUMO MIPEPHIBATH MTPOIECC OOITYUSHU S CEMSTH
NK-nyuamu mis Bo3ayniHoro oxjaxaeHus. Ilpu 006-
JIy4YE€HUH 3€PHOBKA HATPEBACTCS C HE3HAYUTEIIBHBIM
HCIIapEeHUEM BJIaru, BO BpeMsi 00/1yBa OXJIaKIeHUE B
pe3yJIbTaTe UCIAPEHU S BIArd aKKyMYJIUPOBAHHBIM
TEIJIOM COIIPOBOXIAETCsI OoJIee CyIeCTBEHHEIM Blla-
rocreMoM [8, 9].

ITpu xKoMOMHUPOBAHHOM METOJIE CYIITKY CEMSTH T1e-
PHO OXJIAXAEHU BIIsieTCsl HeoOxonuMbIM. Temmepa-
TYPHBIU I'PalUEHT YCKOPSIET MOABO BJIATH K TOBEPX-
HOCTH CEMSTH, UYTO MOXET IIPUBECTH K UX PACTPECKH-
BaHU10. CyIIKY ClleAyeT MPOBOAUTH IIPU MAJIOM rpa-
JIUEHTE BIATOCOEPIKAHMSI, UCKITIOYAIOIIEM MTOSBIICHUE
TpenuH. OnHako npepsiBanue MK-o6myuenus B an-
rapate HemPePHIBHOTO IEHCTBUS HE BCETa IKOHOMHU-
YECKHU LeNIecOo00pa3Ho.

PaccmoTpuM KOMOMHUPOBAHHBIN METOJ CYLITKU ITPU
majioi uaTeHcnBHOCTH MK-110TOKA, HO C JOOTHH-
TEJIbHBIM ITOIBOAOM TEILIA TIOAOTPETHIM BO31YXOM IIpU
HEMPEPHIBHOM OOTyUeHUM.

LlEnb uccnepoBAHMA — pa3paboTaTh MaTeMaTHde-
CKYIO MOJIEJIb KOHBEKTUBHO-PAIUALIMOHHOM CYIIIKH Ce-
MSTH, PACCUHNTATh TEMIIEPATYPy MTOBEPXHOCTH U MOIII-
HocTh MK-m3nyuarens, mapamMeTpsl MOIOIPeBa BO3LY-
Xa ¥ BBITIOJTHUTH UX IKCIIEPUMEHTAIBHYIO IIPOBEPKY.

MATEPUANBI N METOABI. OTipenenuM TeMIepaTypy
ucrounnka MK-cymiku, Huxe KoTOpoit 1ormycTruma no-
crosgHHas nogaua UK-suepruu. Ilpu npesbliieHUn
9TOH TeMIepaTypbl HEOOXOAUMO UCIOIB30BATh TOJb-
KO UMITyJIbCHY!O nopavy. Ternosoit motok npu MK-cymi-
K€ MOKHO 3aIIUCaTh CIEAYIONUIUM 00pa3oM:

4 4
T, o, 2

=¢_of|| 2 | -] =21| |, Br/™m", 1

On=Eop (100) (100) M

TZI€ &, — TPUBEIEHHAS CTENEHD YEPHOTHI; 0 = 5,7 Br/m*K* -
KO3(DPHUIIUEHT U3TyUeHUsI a0COTIOTHO YEPHOI'O TEJIa;
T, O — TEMIIEpaTypa U3IIYUEHUS U KOHEYHAS TEMIIE-
patypa cemsH, K.
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Homyctumoe TerocoiepkaHue ceMsiH B TOHKOM
cj0e, TPy KOTOPOM He OyJeT MPEBLIIIeHA TPENeIbHO
JIOTIyCTUMasl TEMIIepaTypa paBHa:

0.=97,3 Br/kT.

COOTBETCTBEHHO, yI€JIbHBIN TOMYCTUMBIHA TETLIO-
BOIH ITOTOK IS TICEBIOOKHKEHHOI'O CJIOSI CEMSIH HE
JTOJIKEH IPEBBICUTH:

H
On= O , Br/v?®, )
Sk
rae H, h; — BbICOTa IICEBIOOKUKEHHOT'O CJI0SI ¥ TJ1yOu-
Ha nioryomeHus MK-anepruu cemsin; f— ynenpHas mo-
BEPXHOCTD CeMSTH, M°/KT.
INpupaBHuBas mpasbie yacTH (1) u (2) moayanm:

7]
+e. o] =X
4 Out &y (10

Ep O

4
T= ] -100. 3

Ioncrasnss T, B (1) momyunm mormaOoCTh MK-HIcTOU-
HUKA:

4 4
T o

=c o 2 || = || Br/iv’. 4

Cue ® (100) (100) e @

3aBucumocTu T, ¥ Q.. OT 6, IpUBEACHBI HA PUCYH-
ke 1.

POSTHARVEST PROCESSING OF GRAIN

NuAi
o, =
d3

rie A — TeIIONPOBOIHOCTE MaTepuada, Brt/m °C; d, —
9KBUBAJIEHTHBIN THAMETD CEMSIH.

DKBHUBAJIECHTHBIN KOODPHUIUECHT KOMOUHUPOBAH-
Holt UK-cy1iku cocTaBut:

a,=a +a,.

KonuyecTBo Tema, mepeaaHHoOro ceMeHaM Mmoa0-
PETHIM BO3YXOM, MOYKHO 3aIIMCaTh KaK:

0, =, AT+Q,., Br/iv’, (©6)

rae AT — cTeneHb HarpeBa Boznyxa, °C .
W3 ypaBHeHus (6) mony4yum:

B

AT = M’OC’ 7)
a3
rae Qx MOKHO 3aIrcaTh B BUJIE:

_AUH pone, ®)
n

QK

rae AU — BnarocbeM, KI BIL./KT CyX. MarT; I' — yA€JIbHbIE
3aTpaThl TEIUIa Ha HCTapeHue Biaru, Kx/Kr; # — 1o-
JI TETUTOTHI, TIOIIE e Ha NCIIapeHHe BIIarH.

3aBUCUMOCTb A7 OT BIIA)KHOCTH CEMSIH MTOKa3aHa
Ha pucyHke 2.

roC 120 0., BT/M
1o — 520
—|

1004 — 470
—]

% L~ ] — 420

%0 2 | _— r

70 +370

1
60 320
36 38 40 42 44 46 48 0.x

Puc 1. 3asucumocmo memnepamypor T,. (1, 4) u mownocmu
UK-uznywamens Q. (2, 3) om koneunoti memnepamypoi cemsi 0,
Fig. 1. Dependence of the temperature T, (1, 4) and the power
of the IR emitter Q,. (2, 3) on the final seed temperature 6,

Jlns pacueTa BeTMYUHBI TTOJOTPEBA BO3AyXa MPpU
KOMOWHHUPOBAHHON CYIIIKE BCIIEACTBHUE AepUIInTa
MK-MOITHOCTH TpeaIBapUTEIEHO OIpeaeTuM Ko3ddu-
IIUEHT JIYUUCTOU TEIJIOOTAAYH al,;:

A, Br/m” °C. ®)
Ty — 6,

uc

o,=

KoaddunueHT TenmooTnaun 1Jisi KOHBEKTUBHOM
CYIIIKY CEMSTH B TICEBIOOJKMIKEHHOM CJI0€ MOKHO OTIpe-
JIenuTh U3 ypaBHeHus [10]:

Nu =0,62Re"’,

rne Nu, Re —xoadduuments Hyccenbra u PeitHonbca.
W3 ypasuenus (5) momyqanm:
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Puc. 2. 3asucumocmo cmenenu noooepesa 6030yxa AT om W
enasicnocmu ceman: 1 —H =0,1; 2— H =0,18.

Fig. 2. Dependence of the degree of air heating AT on W (the
moisture content of seeds): 1 - H =0,1;2— H =0,18.

Ipu pemennn ypasHeHus (7) ObLI cENaH PsI AOTY-
MEHUI, TTO3TOMY JJIs TPOBEPKU JOCTOBEPHOCTHU JIaH-
HBIX (hOpMYJI ITPOBEITH SKCIIepUMeHT. KOoHCTpyKITHS J1a-
OopaTOPHOM YCTAaHOBKY BKIIIOUAJIa IIUINHIPHIESCKYIO
kaccety auametpom 0,12 m, UK-namny ¢ orpaxarenem
MomHocThIo 400 BT, BeHTHIATOD, Katopudep s BbI-
CYIIMBAHMUSI CEMSTH MIIIEHUITB HAPY>KHBIM U IIOIOT PETHIM
BO3IyXOM ITPH HETTPEpBIBHOM Bo3neiicTBiu MK-myuei.
CeMeHa BBICYIITMBAIIN TIOOTPETHIM BO3AYXOM H C OT-
katoueHHON M K-mammoit. TommmHa ocaX1eHHOTO CIIOs
B onbiTax coctaBuia 0,1 u 0,18 M. CemeHa yBIaxxHsIu
1o 20 u 24%. CKOpOCTh areHTa Cymku obecreurnBaia
YCTOMYHMBOE ICEBIOOKIKEHHE C OTHOIICHUEM:
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K:£= 1,2-1,3,

Kn
rae Vi, Vi, — bakTudeckas U KpUTUYECKasi CKOPOCTh
areHTa CyImKU. B ombITax M3MEHSJIM HHTEHCUBHOCTH
HK-u3nydeHus, CTeneHb HATPeBa U Pacxojl BO3yXa,
3aMepsITH TEMIIEPATyPy MOBEPXHOCTH UCTOTHUKA U
€T0 MOIITHOCTb.

Omnpenenus BIAXXHOCTb CEMSIH U IIPENETBHO JOMy-
CTUMYIO TEMIIEpATypy HarpeBa 1o ypaBHeHUIM (3) 1 (4),
paccuuThIBAIN TeMIepaTypy U morrHocts MK-uctou-
HUKa. Bo BpeMs 9KCIIepuMeHTAa 3aMEPSITH BIIAKHOCTD U
TeMIiepaTypy ceMsiH kaxasie 5-10 MuH. [{o 1 oce orbl-
Ta OTOMpAIIN CeMEeHA IS TPOBEPKU UX HA BCXOKECTh.

PE3ynbTATHI M 0BCYXAEHME. [Tpu M K-cymike ceme-
Ha MPaKTUUECKH cpasy (depe3 5-10 mun) mpuobpeTa-
FOT TeMIIepaTypy, OJM3KYI0 K KOHEUHOU, B TO BpEeMsI
KaK IpU KOHBEKTUBHOM CyIIIKe TPOTPEB 3aTsATUBACTCS
110 30 muH. IIceBnooXmKeHue IPU COOTHOIIIEHU N

K= Vi =13

Vep

MO3BOJISIET OOECIIEUUTh YIOBOTBOPUTENBHOE IIepeMe-
IITTBAHKE CeMSTH 0€3 BEIOPOCOB B HAACTIOEBYIO TOJIOCTb.
YCTaHOBIIEHO, YTO C YBETUYCHHEM BBICOTHI TICEBIOO-
JKIDKEHOTO CIIOS 151 TIOJICPIKAHUS 3aTaHHOM TeMIIe-
paTypsI CeMsIH HEOOXOIMMO TTOBBICUTH TEMIIEPATYPY
u moiHocTh MK-uctouHmnka npakTU4ecku nporop-
IIHOHAJTLHO BBICOTE.

C MOBBIIICHUEM BIIAXXHOCTU CEMSTH U3-32 CHUKEHUS
MpeaeIbHO JOMYCTHUMO TeMIlepaTyphl HATpeBa CHU-
XKaIOT TEeMIIepaTypy U MOITHOCTh UCTOYHUKA. [Toiry-
YeHHBIC 3aBUCUMOCTH BIIAXKHOCTU W U TeMrepatypol
6 cemsr mpu MK-cy1ike mo3BosioT cyauTh 00 3 dek-
TUBHOCTU KOMOMHUPOBAHHOI'O PEKUMA C TOJOT PEBOM
aredTa cymku. [Togorpes arenTa Cymrku Ajis 3epHa
BiakHOCTHIO 20% coctaBui 12°C npu BeICOTE CIOS
H=0,1 M, a npu Beicote H=0,18 M — 22°C (puc. 3).

HNurencuBnocts MK-cyniku npu HempeprIBHOMH 1T0-
Jladye SHePTrUU JOCTATOUHO HU3KAS, JIsI €€ MHTEHCU(H-
Karuu TpedyeTcs nmogorpes Bozayxa. [Ipu pacuere cre-
TIEHH MMOJOTPEBA BO3/IyXa HEOOXOIMMO PUHSTH BO
BHUMAaHUE SKBUBAJICHTHBIN KO3(Q(GUILIMEHT TEII00T/1a-
44 U AeQUIIUAT TeIIa TSl HarpeBa CeMsH 10 HopMa-
TUBHOH TemnepaTtypsl. C y4eTOM 3TUX MapaMeTpPoB
IIPY U3BECTHBIX TIOTHOCTH MK-I0TOKA, KOHEUHOI
TeMIIepaType CEMSIH U TOJIIINHE CIOS MOKHO PACCUH-
TaTh HEOOXOAUMYIO TEMIIEPATypPy MOAOTpeBa HaAPy K-
Horo Bo3nyxa (puc. 2).

I'padmk 3aBUCUMOCTH BIIAXKHOCTH CEMSTH ITPU KOM-
OMHUPOBAHHOM CYIIIKE OT BPEMEHU HE OTINYAETCS OT
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Puc. 3. 3asucumocmo enasxcrnocmu W(1,2) u memnepamypol
cemsin 6 (3,4) om epemenu t npu KOMOUHUPOBAHHOL CYUIKe:
1,3-H=01;24-H=1,8m

Fig. 3. Dependence of humidity W (1,2) and seed temperature 6,
(3,4) on time t in combined drying: 1,3 — H=0,1; 2,4 - H=1,8 m

KJIACCUYECKOTO — JJIs1 KOHBEKTUBHOM CYIIKU, HO TEM-
repaTypa ceMsiH YBeJIMIuBaeTcCs ObICTpee, UTO SIBIISI-
eTCs OTIMYUTENbHBIM Tpu3HakoM M K-cymiku (puc. 3).

ITpu conocraBuMoOi TeMIepaType HarpeBa CeMsiH
MaKcUMaJlbHas JJIUTEIBHOCTD MIPOLIECcCa YCTAHOBIIE-
Ha st UK-cymiku, MeHee I TeTbHBI TPOLECCH KOH-
BEKTHUBHOH 1 KOMOMHUPOBAHHOW CYIIIKH, TTPIYEM JIJTH-
TENBHOCTh KOMOMHUPpOBaHHON Ha 12% MeHblIlle KOH-
BEKTUBHOU IPH MOJTHOM COXPAHEHUU KAa4eCTBEHHBIX
roKa3aTesel CeMSsH.

ITpu BeICYIIMBaHUU CEMSIH BIIaXKHOCTHIO 20% C BBI-
coroii cios 0,1-0,18 m Bkmag MK-3neprun B koMOMHH-
POBaHHYIO CYLIKY cocTaBisieT 25-30%.

IIpoBeneHHEIE SKCIIEPUMEHTAIBHBIE PAOOTHI TIOKA-
3aJI1 COOTBETCTBUE pa3pabOTAHHOM MOAETIHU pacyeTa
U Temriepatypsl MoitHocTy MK-u3nyuarend st Kom-
OmHUpOoBaHHON CymKU. OTKIOHEHUS PACCYNTAHHON
TEMIIEpaTypPhl HArpeBa CEMSH OT NEeHCTBUTEIBHOM He
npesbimatoT £10%.

BuiBoabl. TeMiepaTypy HOBEpXHOCTH U MOIITHOCTh
MNK-u3nyuarens ycTaHaBIUBAIOT B 3aBUCUMOCTH OT
BBICOTHI CITOS, (PU3MKO-MEXaHMYHBIX U PaAUOIOTHYe-
CKHX CBOMCTB CEMSIH, TOITYCTUMOT O TETIIOCOIEPIKAHUS
U TeTIa, 3aTPavyeHHOTO Ha NCTIapeHHe BIIaTr .

Benuuuna cTeneHu HarpeBa Bo3ayxa mpu KoMOu-
HupoBanHoi MK-cyrike mpomopiinoHaibHa qeuiim-
Ty MoiHocTu MK-u3nydarens u o6paTHO PONOpIIK-
OHaJIbHA SKBUBAJICHTHOMY KO3(P(HUITUEHTY TEMI00T-
Jaqu.

VcTaHOBIIEHO, UTO 3KCIIO3ULINSI KOMOMHUPOBAHHON
cymku Ha 12% HM)Ke KOHBEKTUBHOM 32 CUET UHTEHCH-
(ukanuu nporecca Mpu MOJIHOM COXPAHEHUH Kaye-
CTBEHHBIX IIOKA3ATeJIeN CEMSH.
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OnpepneneHue Npon3BOgUTENILHOCTU MoAyen
HOBOIrO YHMBEpCanbHOro CyLUUILHOroO arperarta

Aptem Cepreesnu Kirounukos,
WHXeHep, e-mail: artik8487@mail.ru

ﬂpOCJ’IaBCKaﬂ rocygapCrBC€HHas CEIIbCKOXO3SMCTBEHHAS axKaacmusd, I. HpOCJ’IaBJ’II), Poccuiickas (I)e,uepaum{

Pedepar. Cymika ceMeHHOTO MaTepuaia 3aHIMAET BaKHOE MECTO B CHCTEME €T0 MOCIey0OpOUHO 00pabOTKY 1 B 3HAUH-
TENTbHOM CTEeTIeHN BIIMSIET Ha YpOKaliHble KauecTBa MOCceBHOTO MaTepuaia. (Llers uccredosanus) Onpenenenue Iponu3BoIu-
TENBHOCTH IBYX MOJIyJIell HOBOH CYIIMIIKH C YI€TOM CTATUCTUYECKUX XapAKTEPUCTHK BIAKHOCTH, 3aCOPEHHOCTH 1 MHTEH-
CHBHOCTH MOCTYIUIEHHS! HA TTOCIey0OpOUHYI0 00paboTKy 3epHOBOTO BOPOXa PA3IUUYHBIX KYIbTYp. (Mamepuaivi u mMemoost)
[TpoBenu ucnpITaHMsS MUHU-MOY/ISI HOBOI YHUBEPCANBHON CYIIIIKU, pa3pab0oTaHHOTO B MACTEPCKUX SIpOCIaBCKOM rocy-
JTapCTBEHHOH CebCKOXO3MMCTBEHHOM akaneMun, B bompimecenbckoM paiione ApocimaBckoit 06macTi. 3a OCHOBY pacdera
B3STHI JaHHbIE CPETHECTATHCTUYECKOTO OOJIACTHOTO X03siicTBa. (Pesyivmamel u 06cysicdenue) OMPENENI, YTO CPETHUN
CTATUCTUYECKHUH MPOIEHT BIATOCheMa Y UCXOHOTO 3¢pHOBOTO Bopoxa cocTasit 10,52 mporienTa; BanoBoit cOop 3epHa 3a
rog — 1500 ToHH; pacyeTHas IPOU3BOUTENHHOCTD MO BBICYIIEHHOMY CEMEHHOMY MaTepHany y 0a30BOro MOy paBHA
5 TOHH B 4ac, y MuHu-Moxayins — 0,35 Touns! B yac. C yuactuem Spocnasckoit [CXA B MOTOYHBIE TUHUU MTOCIEYOOPOUHOI
00paboTKH ypoxast BHEAPEHBI TIOJTHOCTHIO MEXaHU3UPOBAHHBIE TPHUEMHBIE OTAEIEHUS ¢ adposkenodamu, BmMentaromue 300
w 600 KyOUYecKuX METPOB 3ePHOBOTO BOPOXa, IIOCTYNAOIIEro 0T KoMbaiiHoB. Pacuet addekTuBHOCTH MUHU-MOMYIIS 00-
YCIIOBJIECH HEOOXOANMOCTBIO MCTIOBE30BAHMS €T0 B XO3IHUCTBAX JIIS CAMOCTOSTETHHOTO 00eCTIeUeHNs BRICOKOKAUECTBEHHBIM
TIOCEBHBIM MaTepuaioM. (Bvigodst) [TonTBepauni 000CHOBAHHOCTE pacueToB 1 3 ek THBHOCTD HOBOTO crioco0a cymku. B
HeOJIArONMPHATHYIO MOTOY YPOXKai 36pHOBBIX KYIBTYp YOUPAIH KOPMOYOOPOUHBIM KOMOAHHOM, CYIIIMIA B MUHU-MOJTYIIE.
IMocne 06pabOTKH MONTYIHITN BEICOKOKAUECTBEHHBIE CEMEHa, BCXOKECTh KOTOPBIX cocTaBmia 98-99 mponeHToB.

KiroueBsie c10Ba: cynika, mpou3BOAUTENBHOCTD, YHUBEPCAIBHAS CYIIIIIKA.

I {as uutuposanus: Krounukos A.C. OnpeneneHue Mpou3BOAUTETIbHOCTA MOTYJIel HOBOT'O YHUBEPCAIBHO-
ro cymmiabHoTO arperara // Ceavckoxossaiicmseennvie mawiunst u mexuonocuu. 2018. T. 12. N5. C. 44-48. DOI
10.22314/2073-7599-2018-12-5-44-48.

Performance Determination of New Universal Dryer Models

Artem S. Klyuchnikov,
engineer, e-mail: artik8487@mail.ru

Yaroslavl State Agricultural Academy, Yaroslavl, Russian Federation

Abstract. Drying of seed material plays an important part in the system of post-harvest processing and greatly affects the yield
quality of the seed material. (Research purpose) Determination of the performance of two modules of a new dryer, taking into
account the statistical characteristics of humidity, impurity content and the intensity of submitting the grain heap of various
crops to post-harvest processing. (Materials and methods) The research group has tested a mini-module of a new universal
dryer developed in the laboratory workshops of Yaroslavl State Agricultural Academy, in the Bolshoye Selo district of the
Yaroslavl region. The calculation has been based on the data of the average regional farm. (Results and discussion) It has
been determined that the average statistical percentage of moisture removal from the original grain heap was 10.52 percent;
gross grain harvest per year — 1,500 tons; the estimated capacity by the dried seed material of the base module is 5 tons per
hour, that of the mini module - 0.35 tons per hour. Due to the contribution of Yaroslavl State Agricultural Academy, fully
mechanized receiving chambers with air chutes accommodating 300 or 600 cubic meters of heap coming from combines have
been introduced into the production lines of post-harvest processing of the crop material. The efficiency calculation of the
mini-module has been caused by the need to use it on the farms for the independent supply of high-quality seed material.
(Conclusions) The experiment results have confirmed the validity of the calculations and the effectiveness of the new method
of drying. In unfavorable weather, grain crops were harvested by a forage harvester and then dried in a mini-module. After
processing, high-quality seeds were obtained, the germination rate of which accounted 98-99 percent.

Keywords: drying, performance, universal dryer.
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YILIKA CEMEHHOI'O MaTepualia 3aHUMAaeT BAXKHOE
MECTO B CUCTEME ero IoCcIey0opoIHOit 00pa-
OOTKU U B 3HAUUTEJIBHOM CTENEHU BIUSET HA

ypoKaiiHbIe KauecTBa IOCeBHOr0 MaTepuana. [Ipose-

JIA pacyeT IPOU3BOAUTEIIBHOCTH IBYX MOJyJIEH HOBOM

YHUBEPCAJIBHON CYIIUIIKH, OCHOBAHHBIN HA CTATUCTH-

YECKHX XapaKTEePUCTUKAX BIAKHOCTH, 3ACOPEHHOCTH

Y HHTEHCHUBHOCTH MOCTYILJICHU S 36PHOBOI'O BOpOXa Ha

MOCIEYOOPOUHYI0 00PA0OTKY, B YCIOBUSX PA3IMIHBIX

X03sHCcTB SpocimaBckoii obmacTy.

PaccMmoTpenu ycoBepIIeHCTBOBAHHY IO, HU3KOTEM-
TIepaTy pPHYIO, TPEXITAIMHY 0, KOHBEKTUBHYIO TEXHOJIO-
THIO CYIIKH, a TAK)KE, HAMETUIIU HA IIEPCIIEKTUBY POCT
MIPOU3BOCTBA M yPOXKAWHOCTH 3epHA. 32 OCHOBY B3sI-
JI1 1Ba MOAYJIsl — 0a30BbI U MUHU-BapUaHT. ba3oBbIii
MIPOU3BOICTBEHHBIN MOAY/Ib UCIIOIH30BAJIN B CPETHE-
CTATHCTUYECKOM CEIOIIEM X03SIIICTBE, B KOTOPOM y0o0-
pouHas mIomaab Ha 3epHo coctasisieT 600 ra. [Ipo-
U3BOAUTEIBHOCTH CYIITHUIIBHOTO OT/IEICHUS KOHKPET-
HOT'0 X03sIICTBa 00eCcIeynBalOT U3MEHEHUEM KOJIHYe-
cTBa paboTaromux 6a30BbIX MOAYJIEH, KOTOPHIE B JTIO-
OBIX TPUPOTHO-KJIMMATUYECKHUX YCIIOBUSIX TapaHTH-
PYIOT TIOJIy4YeHHE BRICOKOKAYeCTBEHHBIX ceMsH. Hc-
IO Th30BaHIE MUHHU-MOYJIS 3aTNIAHUPOBAHO Ha CYIII-
K€ ypoxkKasi CEMEHHBIX MacC MEPBBIX PEIPOLYKIIHIA, 10-
JTy9IaeMbIX 13 HeOOIBIINX MAPTHUH 3aKYTUICHHBIX JTUT-
HBIX CEMSH BCEX KYJIbTYP, IOCESIHHBIX B XO34ICTBE.

LIEnb MCCNEQOBAHUS — onpeNieIeHUE TPOU3BOIU-
TEJIBHOCTHU ABYX MOAYJIEH HOBO! CYIIUJIKHU C YYETOM
CTATUCTUYECKUX XaPAKTEPUCTHUK BIIAXKHOCTH, 3aCOPEH-
HOCTH U MHTEHCUBHOCTH TIOCTYTLICHUS Ha TTOCiey0o-
pouHy10 06paboOTKy 36pHOBOI'O BOPOXa PA3IMYHBIX
KkynbeTyp. [lo pe3ynpraraM 3Tux pacueToB pa3pabora-
Ha TEXHUYECKAs JOKYMEHTALUSI U U3TOTOBJIEH OIIbIT-
HBI 00pa3er MakeTa MUHU-MOIYJIS CYIIMIIKU.

MATEPUANBI M METOABLI. PaboTa BhIOITHEHA TPH
MOAAEePKKe FPaHTa, BIIaHHOTr0 MOHIOM COIEHCTBUS
WHHOBAIMSIM, Ha OCHOBe ITaTeHTa HoMep AAAA-b-
217011720078-0. B 2017 r. mpoBeAeHO UCTIBITAHUE MU-
HHU-MOJIYJISl HOBOM YHUBEPCAJIBHOU CYIIMIIKY Ha 0a3e
dummana ®I'BY «locynapcrBennas komuccus Poc-
cuiickoi denepannu 1o UCHBITAHUIO U OXPAHE CEJIEK-
LIMOHHBIX JIOCTHXXEHUI» B bolibliecebckoM paiioHe
Spocnasckoil obnacTu. Pe3ynbTaThl HCIIBITAHUS IO~
TBEPIMIN HAIIIA PACUYETHI [2-4].

PE3YnbTATHI M OBCYXAEHUE. [IpoBeneHHOE 1a00-
paTopHOe UCCIieI0oBaHHe MOATBEPANIIO0 3(pPEeKTHBHOCTD
paboTHI HOBOH KOHCTPYKITUH YHUBEPCATHHOM CYIIIHII-
KU U NPUMEHEHUS YIyUIICHHON TEXHOJIOTUHN HU3KO-
TeMIIepaTypPHOH, TPEX3TAITHOU, KOHBEKTUBHOM CYIIKU
[1-3]. Bo3HuKJ1a HEOOXOAMMOCTh TPOBECTU PACUETHI
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MPOU3BOIUTEIBHOCTH HOBBIX CYIIUIIBHBIX KAMED B yC-
JIOBUSIX CPETHECTATUCTUUECKOTO 3€PHOCEIOIIETO XO-
3s1icTBa SIpocimaBckoit 00IacTH.

MuHR-MOYTh AOJKEH yYaCTBOBATH B CYIIIKE Ce-
MEHHBIX MacC epBON pEeNPOAYKLINHI BCEX UMEIOLIUX-
Cs1 B XO3sIICTBE KYJIBTY P, HOCESTHHBIX HEOOIBIIIMMHU Map-
THUSMH JTUTHBIX CEMSTH, 3aKYIUICHHBIX JIJISI COPTOCME-
HBI WJIM COPTOOOHOBIICHUSI.

PacueTsl mpon3BOUTETIEHOCTH MOYJICH CYTIIMIIOK
JIOJKHBI YYUTBIBATh OCHOBHBIE MEHSIOLIUECS] CTATH-
CTUYECKUE XapaKTEPUCTUKU PA3HBIX MOJIEBBIX KYJIb-
TYp TIO BIAXXHOCTH, 3aCOPEHHOCTH ¥ UHTEHCUBHOCTH
MOCTYIUJICHUS YpoXkasi OT yOOpOUYHOI TEXHUKU HA I10-
cneybopounyro oopaborky [5]. Hama cymunka — yHu-
BepCaIbHAasl, HO PACUYET €€ MPOU3BOAUTEIBHOCTHU IIPO-
BEJICH 110 YPOXKaIo 3€PHOBBIX KYIbTYp. [IponsBoau-
TEJIBHOCTH CYIIMJIKH 110 APYTUM BBICYLLIUBAEMBIM Ma-
TepuajgaM peleHo ONpPeAeIsITh IKCIEPUMEHTAIBHO.

KonmuuecTBeHHBIE U KQUeCTBEHHBIE IIOKA3ATEIHU TO-
TOKa 36pHOBOT'O BOPOXa 3aBUCAT OT MHOTHUX (pakToO-
POB: YPOBHSI aTPOTEXHUKH, TOYBEHHO-KJIMMATHIECKIIX
YCIIOBUI, TEMIIEPATYPHI U BIAXHOCTU BO3yXa, KOJIU-
YeCcTBa 0CAIKOB, MPOAOIKUTEIBHOCTH POCHI, TPOJIOJ-
XKUTEITBHOCTH Pa0OTHI B TEUEHHE CYyTOK, TIATEIBHO-
CTHU pEryJIupoOBOK KOMOaitHa, crienoctu xj1e6oB U Ipy-
TUX. DT 00CTOSTETHCTBA U3MEHSIOTCS KaK B TEUCHUE
CYTOK, TaK U BO BpeMsI C€30Ha yOOpKU. 3HAUEHU S BIIU-
SIIOITUX (PAaKTOPOB BEIOPAHBI HAMHU 11O OITyOJIMKOBAH-
HBIM JaHHBIM, a TAKXe€ I10 pe3yJbTaTaM Hallero uc-
cienoBaHus [6-8].

Ecnu paccmatrpuBaTh BIaXKHOCTH @ Y 3ACOPEHHOCTD
S KaK CUCTEMY [IBYX CIyYalHBIX BEIMUMH, KAXKIas U3
KOTOPBIX pacipeiereHa HOpMaJIbHO, TO X IJIOTHOCTh

pacinpeaciaCHust MOXXHO BbIPA3HUTb YPABHCHUCM:
1

f(w;s) = X
ZIZ'O'wo'S\ll—rz
_ 2

20-2) &2

M)

2r(@-my)s—m,)  (s=m,)* ]|,
O wOs O'S2

rae f (w; s) — INIOTHOCTH pacipenciIeHNs BJIa)XHOCTH @
Y 3ACOPEHHOCTH § 36pHOBOTO BOPOXa; 11, — MaTeMaTU-
YecKoe 0KHUJIaHue BJIAXKHOCTHU BOPOXa; m,— MaTeMaTH-
YeCcKoe OKUJIaHUE 3aCOPEHHOCTH BOPOXa; 0 — CPell-
HEKBaIPATUIHOE OTKIIOHEHUE; ¥ — KO3 PHUITHEHT KOp-
pensuuu [9].

ITo skcneprMeHTAILHBIM JAHHBIM 0000IIECHHBIN
3aKOH pacIpe/ieieH!s BIAXXHOCTH @ U 3aCOPEHHOCTHU

AGRICULTURAL MACHINERY AND TECHNOLOGIES * Volume 12 + N5 + 2018



- MT  TIOCTEYEOPOUHAS OBPABOTKA 3EPHA

§ 3CPHOBOI'O BOPOXa MOKHO OITUCATh YPABHCHHUEM IIJIOT-

HOCTH pacrpeaesieHus BUaa:
1

f(ws)= exp X
277-4,47-2,004/1-0,202
1 (0-2388)

200-(1-0202)] 4472
(@)
~2:0,20(w—23388)(s — 3’03)+
4,47-2,00
s 3,03)?
2,002

B ycnoBusix SAlpocnaBckoii 001acTH MOCTY A0
OT KoMbaifHa 3epHOBOI BOPOX XapaKTEPU3YETCs He-
PaBHOMEPHOCTEHIO 10 BIAXXHOCTH M 3ACOPEHHOCTH. Bo-
pOX mpencraBiseT coOOH MEXaHUUECKYIO CMeCh pa3-
JIUIHBIX KOMIIOHEHTOB. B 3aBHCHMOCTH OT 3aCOpEH-
HOCTH TIOJIeH, TIOT'O/TbI U KauecTBa pabOThI KoMOaiHa
coJIepyKaHMe 3epHa OCHOBHOM KYJIBTYPBI KOJIeba1och
B ripenenax 75-98%. CTeOu v TUCThSI OCHOBHOU KYJTh-
TYPBI U COPHSIKOB; CEMEHA U COLBETHUSI COPHBIX TPAB U
KYJIBTYPHBIX PACTEHUIT; KOMOYKH ITOYBBI; HACEKOMBIE
B Pa3JIUYHBIX CTAIUSIX PA3BUTHUS; MEKPOOPTaHU3MBI
COCTaBJISIOT NIPUMeECH 3epHOBOro Bopoxa. Hanuune
3eNIeHBIX YacTel pacTeHH i, UMEIOINX, KaK MPaBILIO,
6oJ1e€ BHICOKYIO BIIAKHOCTb, OTPULIATEIBHO CKa3bIBa-
SICb Ha COXpaHEHHUH 3e¢pHA B BOPOXE IO €r0 00paboT-
ku. Mukpodiopa (baktepuu, miecHeBbIe TPUOBI, aK-
THHOMMIIETHI), COMIEPIKAINAsICS Ha 36PHOBKAX U IPYTUX
KOMITOHEHTaX BOPOXa, TAKKe OKa3blBajla HETaTUBHOE
BO3/ICUCTBUE HA €T0 COCTOSHUE M COXPAHHOCTD.

ITo pe3ymnbraTaM SKCIIEpIMEHTA CpeHee CTATUCTH-
YecKoe 3HaueHMe CheMa BJIaTH Y 36pHOBOI'O BOPOXa,
TpeOdyromero cymku, coctaBuio 10,52%.

CpemHIo BETUYMHY MHTEHCHBHOCTH ITOTOKA 3€p-
HOBOT'0 BOpoxa G, MOCTYMAIOMEero OT KOMOAWHOB Ha
nmociiey0opodHy0 00pabOTKY, ONIPENesiia U3 ypaB-
HEHUSL:

1,

G=2—. G

rae G; — IpOU3BOAUTEILHOCTh KOMOAlHA, T/4 3¢pHO-
BOT0 BOpoxa; 7; — IPOJOIIKUTEIBHOCTH PAOOTHI KOM-
OaifHa B CyTKH, U; 1, — YUCIIO KOMOAWHOB.

BanoBotii c6op 3epHa 3a O B CpeAHECTATHCTHIC-
CKOM xo3siiicTBe SpocnaBckoit ooiaactu paseH 1500 T.
ATpOTEeXHUYECKHI CPOK yOOPKH ypOKast 3epHOBBIX CO-
crasiset 20 cyT. C yuactuem Spociabckoit [CXA B
psle X0341CTB 006JIaCTU BHEIPEHBI TIOJTHOCTHIO MEXaHU-
3UpPOBAaHHBIE MPUEMHBIE OTAEICHUS B BUE HA3EMHBIX
eMKocTeil ¢ asposkenodamu, KoTopbie BMematoT 300 unu
600 M’ 3epHOBOrO BOpoxa oT koMbaitHoB [9-12].

DT eMKOCTH 00eCIIeYnBaIu CTA0OUIIBHYIO PaboTy
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MAIIUH 1 000PYAOBAHUS HOTOUHON JTUHUU U UCKIIIO-
YyaJI HEPaBHOMEPHOE MOCTYIIICHUE YPOXKast OT KOM-
6aiinoB. [loceybopounyro 0O0pabOTKY ITPOBOIHITH B
JIBE CMEHBI TPOIOJDKUTEIBLHOCTHIO 1O 10 4 Kaxkaasi mpu
MIPOU3BOAUTEIHLHOCTH 3,75 T/4.

B pacuerax a5 onpeneneHus AeUCTBUTENBHOU MTPO-
M3BOAUTEIBHOCTH CYIUIKH (Pc, T/4) HA KOHKPETHOM
KYyJBTYpPE MOIb30BAIUCH YPABHEHUEM:

8,72
Kka3kT 7 1A 2
(e -11,2)

rae P, —pacueTHas IPOM3BOIUTENbHOCTD CYIIUIKH —
3,75 1/q; k — KO3 PUIUEHT, yUUTHIBAIOIINIA U3MEHE-
HUE TPOU3BOAUTEIILHOCTH B 3aBUCUMOCTH OT BUA
KYJIBTYPBI; k;; — KOI(PGUIIMEHT, YUUTHIBAIOIITHH U3Me-
HEHUE TTPOU3BOAUTEIBHOCTH CYIIUJIKU OT KaueCcTBa
3epHa. Ha cyuike ceMsiH ero npuHUMaioT paBHbIM 0,6,
HO B HallleM cilydae 00OCHOBaHHO BeIOpaH k,= 1, Tak
KaK y HaC MaTepHaJl BCeraa CyluaT B ONTHMAaJIbHOM Ce-
MEHHOM pPeXHUMe, KOTOPBIHM UCKITI0YAeT peakiuo Maii-
Hapaa; k, — KO3 GUITUEHT, OTPaXKAFOITUN YCTIOBUS 3KC-
TUTyaTallly CYIIIIIKY; K, — KO3 PHUITUEHT UCIOIH30Ba-
HUSI BDEMEHH CMEHBI.

B 3aBUCHMMOCTH OT CheMa BJIaTH IPOU3BOIUTEIb-
HOCTB cymuiiku Pc.B. paccuutsiBatot o ¢popmyire:

F=F k @

100 —

Feg =Wy raa; ®)
rae w; U w, — HadaJlbHas U KOHEUHAs BIIAXKHOCThH Ma-
Tepuana, %;

W, — ucniapuTeNibHas ClIOCOOHOCTD CYIIUJIKH IO BJIa-
re, Kr/d;

W,=AV,, tne A — BIaroHanps)KeHHOCTh CYIIUIb-
HOIt KaMepsl, KI/(M-u);

V. — 06’EM CYIIHIBHOM KaMepsl, M’.

3aKoH pacrpeaeIeHus IPOU3BOAUTEIBHOCTH CY-
IIMIKK OT W BBIOpAH ¢ yYETOM HAYYHBIX JAHHBIX U
MMeeT BUI:

1 1
q(PC)=72-1— X
Pc 7O'W\/E

K. P

c C.6.

P

w
KC‘ C.6.

rae g(Pc) — INIOTHOCTD paclipeAesieHus MpOUu3BOIU-
TEJIBPHOCTH CYUIMIKY; K, — TOITPaBOYHBIN KO3 UITHU-
€HT, UMEIOLIU I IOCTOSIHHYIO BETMUUHY 1711 KOHKPET-
HOHN KOHCTPYKLIMH CYIIIKH [9].

C y4eToM yBEJIMYEHUs yPOXKaTHOCTH KYJIBTYp U
pOCTa MOCEBHBIX IUIOLIAJIEH HA MEPCIEKTUBY Y CPell-
HECTATUCTUYECKOTO XO35HCTBA BRIOPAIIN TPOU3BOIU-
TEJIBHOCTh MOAYJIS CYLIMIIBHON KaMephl 5 T/4 1O BbI-
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CyIIEHHOW TOTOBOW MpoAyKIuu. M3BecTHO, 4YTO HUC-
MOJIb30BaHNE KAUeCTBEHHOT'O CEMEHHOI'0 MaTepuaia
CIIOCOOCTBYET YBEIUUEHHUIO YPOKAWHOCTH 36 PHOBBIX
KyJBTYp B cpenneM Ha 25%. B SIpocnaBckoii obmactu
HECOPTOBBIMHU CEMEHAMU 3aCEBAIOT OKOJIO TIOJIOBIHBI
IO IeH, UTO MPUBOAUT K CHUKEHUIO BAJIOBOTO COO-
pa ypoxasi. [ToaToMy KaxxJ10My XO3SIUCTBY CIIEYeT ca-
MOCTOSTEIFHO 00ecrieunBaTh ce0sl BHICOKOKAYeCTBEH-
HBIM CEMEHHBIM MATEPUAJIOM, JJISl YETO OHO JOJIKHO
€)KEerofHO ITOKYIaTh JIUTHBIE CEMEHA ISt COPTOCMe-
HBI WJIU COPTOOOHOBJICHUSL.

YV HEeCeMEeHOBOAYECKOI0 X0351MCTBA, T/IE MO/ 10CEB
BBICOKOKQYEeCTBEHHBIX COPTOBBIX CEMSTH 3¢ PHOBBIX KYJIb-
TYp IEPBOH, BTOPOH U TpeThel peNpOAyKLUI OTBEAE-
Ha mIowma b okono 600 ra, no HaIIKM pacyeTaM, exe-
TOTHO HEOOXOAMMO 3aKYIIATh MOPSAKA | T 9IUTHBIX Ce-
MSTH Ha ITOCEBHYIO TUIOIA b ITPUOITM3UTENHHO S Ta. BEI-
CYILLIEHHBIN HAMU CPEAHECTATUCTUYECKUN YpOkail BO-
poXa CEMEHHOI MacChl € 3TOM IJIOIIAAN COCTABUII OKO-
710 12,5 T ceMsiH, UTO MO3BOJIMIIO IOJIYUUTh B CPEAHEM
6,25 T OTCOPTUPOBAHHBIX U OYUIIIEHHBIX CEMSH IIep-
BOI PENPOAYKIINHU, KOTOPBIMH 3aCEBAIOT IJIOMIA b B
24 ra s oay4YeHUsl CEMSIH BTOPO PENpPOIYKIIUU.
ITouTu 1 T cemMsiH nepBoOM pePOAYKLIUM OCTAETCS B pe-
3epBHOM (DOHIE (3TO CBSA3AHO C KOJIEOAHUSIMU YPOXKaK-
HocTH 110 rogam). C 24 ra momy4darot 30 T BRICOKOKaUe-
CTBEHHBIX CEMSTH BTOPOH penpoayKIuu. Fx BeiceBatoT
Ha mrornaau B 120 ra qyis nonydenus 150 T mepBokiiacc-
HBIX CEMSTH TPeThel PerponyKIHH, KOTOPHIE NCTIONb-
3YIOT [JIsl IOCEeBa Ha BCel OCTaBIIIeHCS IITOMAAU O/
ypoxait pypaxxnoro 3epHa. Takum oo6pa3om, rodoe
XO3UCTBO, UMest COOCTBEHHBIN JEIIEeBbII BRICOKOKaYe-
CTBEHHBIN CEMEHHOU MaTepuall, MOXKET MOBBICUTH Ba-
TI0BO¥ cO0p ypoxas Ha 25%. X03HCTBO JOIKHO UMETh
BBICOKOKAQUECTBEHHBIE CEMEHA BCEX MOJIEBBIX KYIBTYP —
3epHOBBIX, KOPMOBBIX, 36pHOO00O0BBIX U Ipyrux. Cym-
Ky HeOOJIBIINX NapTUN CEMSH MePBBIX PEIPOIYKIIHIA
HEo0X0MMO NMPOBOIUTH HA OTAEIBHOM cymmiike. Pac-
CUMThIBaeM 3a 36 U BEICYIIUTD 12,5 T BOpoxa ceMsiH pa3-
HBIX 36pHOBBIX KYIbTYp. [loaTOMY Ipou3BOaAUTEIb-
HOCTH CYIIFUTBHON KaMepbl MHHU-MOJTYIISI COCTaBUIIA
0,35 1/4. PazpaboTaHHBIIt MUTHU-MOJYJTb CYIITUIKH 10~
3BOJISET BBICYIIUTh BOPOX CEMEHHOI MacChl IEPBOM pe-
MIPOAYKITNHU BCEX OCTAJIBHBIX KYJIBTYP, UMEIOIINXCS B
XO3SIICTBE, B YyCTAHOBJIEHHBIE CPOKU B COOTBETCTBUH C
arpoTeXHUYeCKNM TpeboBaHUsIMH. B HeOmaronpusar-
HYIO IIOTOJ1y CEMEHHOH ypoxaii yduparoT kopmMoybo-
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\Puc. Munu-mo0ynb yHUBEPCANbHOL CYUIUTIKU

1 — cywunvnas kamepa,; 2 — sekmpuyecKkuil karopugep; 3 — 3a-
epy30UHbILl T0OMOK, 4 — 0mepy30unblli 10MOK, 5 — eepxXnuil oug-
Dy3op,; 6 — HudcHUl Oup@ysop, 7 — 3aepy304Hblii Mpancnopmep,
8 — 3aepyzounviii winex,; 9 — nudicHuil genmuaamop,; 10 — eepxHuil
eenmusImop

\Fig. Mini-module of a universal dryer:

1 — drying chamber; 2 — electric heater; 3 — intake tray; 4 —
discharging tray, 5 —upper diffuser; 6 —lower diffuser; 7 — loading|
conveyor; 8 — intake auger; 9 — lower fan; 10 —upper fan

POUYHOI TEXHUKOM, a O3JHEE CYIIAT B MUHU-MOJYJIE U
0o0pabarsIBaIOT.

B 2017 1. MUHU-MONYJIb CYIITUIIKY (puic.), U3TOTOB-
JICHHBIH IO pa3paboTaHHOW HAMHU TEXHUYECKOM TOKY-
MEHTAIIUHU, TPOIIIEN XO3IHCTBEHHBIC UCTIBITAHUS [1].
Hx pe3yapTaTsl MOATBEPANIIN OOOCHOBAHHOCTH Ha-
HIMX pacueToB U 3P PEeKTUBHOCTH FHEProcoeperaroie-
ro, yIy4IIeHHOT 0, HU3KOTEMIIEPATYPHOT 0, TPEXITATI-
HOT'O, KOHBEKTHBHOT O CIIOCO0a CYIIKH, 3aI1aTeHTOBAH-
HOTO HaMH.

Bbisoabl

B ycnosusix SIpocnasckoit o61acTu 11d cpeHecTa-
THCTHYECKOTO 3€PHOCEIONIETO X035 HCTBA MTPON3BOIHU-
TEJIBHOCTh 0A30BOI0 MOIYJIsl HOBOM YHUBEPCATIBbHOU
CYIIMJIKH IO BBICYIIIEHHOMY MaTepHajy cocTaBHiIa
5 1/4, a y muan-momyist — 0,35 1/4.

Pe3ynpTaTsl X035HCTBEHHOT'O HCCIEIOBAHUS MU-
HU-MOZYJS CYyIINIIKY MOATBEPANIN 0O0CHOBAHHOCTD
HaIllMX pacueToB. B HeOmaronpuaTHyIo moroay ypo-
JKal 36pHOBBIX KYJIBTYP YOHpalin KOpMOyOOPOUHBIM
KoMOaitHoM. M3MerbueHHYI0 XJIeOHYI0 Maccy CyIIH-
71 B MEHU-MOJTYJIE U TIOCTIE ATON 00pa0OTKHU MOy IH-
JI BBICOKOKAQUECTBEHHBIE CEMEHA, BCXOKECTh KOTOPBIX
coctaBuia 98-99%.

BUBNNOrPAGUYECKUI CUCOK

1. KimrounukoB A.C. TexHOmOTus CyIIKu ¥ KOHCTPYKTUB-
HbIe 0COOEHHOCTH HOBOH YHUBEpCaIbHOM cymmiiku // Bect-
uuk AIIK BepxueBomxksst. 2017. N1. C. 79-85.

2. Aunpuanos H.M., Mait lllyrun, Hukomaexok A.B., JIu
Ixen, Yen [[xen. 3aganue HaualIbHBIX YCIIOBUM U CTOXA-
CTHYECKON COCTABIISIONIEN MAaTeMAaTHUECKOM MOJIETTH ITPO-
1ecca CyIIKy 3epHOBBIX cyImuiok // Tlon3yHoBckuii anmbMma-

CENIbCKOXO3AMCTBEHHBIE MALIMHbI 1A TEXHONIOMM « Tom 12+ Né5 + 2018

Hax. 2014. N2. C. 30-35.

3. Tankun B.J1., l'ankun A /1., I'ankun C.B., Menramnu-
eB M.I1. MaTemaTuueckue MOJIe I HOPMATTU3AILUH 3€PHOBO-
T'0 BOPOXa 0 3aCOPEHHOCTH ¥ BIIAKHOCTH M TEXHOJIOTUS €TO
HpeIBapUTETbHON OUMCTKH U cyiuku // [lepMckuit arpap-
HbI BecTHHK. 2014. N3(7). C. 23-33.

4. Opoounckuit B.1., lllatoxun U.B., [Tapdenos A.I". Ka-

AGRICULTURAL MACHINERY AND TECHNOLOGIES * Volume 12 + N5 + 2018



- M NOCTEYEOPOYHAS OBPAEOTKA 3EPHA

YeCTBEHHBIE TOKA3aTeIH PAOOTHI 36PHOOUUCTUTEIEHOTO
arperara // Jlecotrexunueckuii xypnai. 2014. N3. C. 256-262.

5. Kamos C.H., lllenene C.[1. [ToBbimenue 3¢ ek TuBHO-
CTH 3¢PHOYOOPOYHOTO U 3€PHOOUMCTUTEIILHOTO MPOIIECCOB
COTJIACOBAHMEM ITAPaMeTPOB UX paboTsl // JlocTrxeHns Ha-
yku Texuuku AITK. 2010. N2. C. 76-78.

6. Liu Hui, Zhang Jili, Tang Xiaojian, Lu Yajun. Fuzzy
control ofmixed-flow grain dryer // Drying Technology. 2003.
Vol. 21. pp. 807-819.

7. Istadi L., Sitompul J.P. A comprehensive mathematical
and numerical modeling of deep-bed grain drying // Drying
Technology. 2002. Vol. 20. 1123-1142.

8. Sitompul J.P., Sumardiono S. Modeling and simulation
of momentum, heat, and mass transfer in a deep-bed grain
dryer // Drying Technology. 2003. Vol. 21. pp. 217-229.

9. Kupees M.B., I'puropses C.M., Kosaipuyk FO.K. ITo-

POSTHARVEST PROCESSING OF GRAIN

cneybopouHas o6paboTka 3epHa B xo3siictBax. JI.: Komoc.
1981. 224 c.

10. Tapacenko A.I1., Opobunckuii B.U., I'meBckuit A.M.,
MepuanoBa M.D. CoBepIleHCTBOBAHUE CPEACTB MEXAHU3A-
UM JTS TIOTTYYeHU s KauecTBeHHOTo 3¢pHa // BecTHuk Bo-
POHEKCKOTO FOCYIaPCTBEHHOTO arPAPHOTO YHUBEPCUTETA.
2012. N3. C. 109-115.

11. Tapacenko A.I1., Opobunckuit B.M., Mepuanosa M.3.,
Copoxun H.H. CoBepiueHCTBOBaHNE TEXHOIOTHH TTONTyYe-
HHS KQUeCTBEHHBIX CEMSH M TPOJJOBOIbCTBEHHOTO 3epHa //
Jlecorexumueckuit xxypuai. 2014. N1. C. 36-39.

12. Jlauyra FO.®., Usmaiinos A.1O., 3tonmun A.H. Pa3pa-
00TKa 1 BHEIPEHHE BHICOKOI(P(EKTUBHBIX, PECYPCO- 1 IHEP-
rocOeperaroix TeXHONOTHil U TEXHUYECKUX CPEICTB MOCTIe-
yoopouHOii 00pabOTKH 3epHa M MOATOTOBKH ceMsH // Cenb-
ckoxo3siicTBeHHbIe MAMHBI ¥ TexHomoruu. 2009. N1. C. 2-9.

REFERENCES

1. Klyuchnikov A.S. Tekhnologiya sushkiikonstruktivnyye
osobennosti novoy universal’noy sushilki [Drying technology
and design features of a new universal dryer]. Vestnik APK
Verkhnevolzh'ya. 2017. 1. 79-85. (In Russian).

2. Andrianov N.M., Mey Shunchi, Nikolayenok A.V., Lee
Jen, Chen Jen. Zadaniye nachal’nykh usloviy i stokhasticheskoy
sostavlyayushchey matematicheskoy modeli protsessa sushki
zernovykh sushilok [Setting the initial conditions and the
stochastic component of the mathematical model of the
drying process of grain dryers]. Polzunovskiy al’'manakh.
2014. 2. 30-35. (In Russian).

3. Galkin V.D., Galkin A.D., Galkin S.V., Mengaliyev L.P.
Matematicheskiye modeli normalizatsii zernovogo vorokha
po zasorennostiivlazhnostiitekhnologiya yego predvaritel'noy
ochistki i sushki [Mathematical models of grain heap
normalization by debris and humidity and the technology
of its pre-cleaning and drying]. Permskiy agrarnyy vestnik.
2014. 3(7). 23-33. (In Russian).

4. Orobinskiy V.I., Shatokhin LV., Parfenov A.G. Kachestven-
nyye pokazateli raboty zernoochistitel'nogo agregata [Quali-
tative indicators of the operation of a grain cleaning unit].
Lesotekhnicheskiy zhurnal. 2014. 3. 256-262. (In Russian).

5. Kapov S.N., Shepelev S.D. Povysheniye effektivnosti
zernouborochnogo i zernoochistitel’nogo protsessov
soglasovaniyem parametrov ikh raboty [Improving the
efficiency of grain harvesting and cleaning processes by
coordinating their operating parameters]. Dostizheniya nauki
tekhniki APK. 2010. 2. 76-78. (In Russian).

6. Liu Hui, Zhang Jili, Tang Xiaojian, Lu Yajun. Fuzzy
control ofmixed-flow grain dryer. Drying Technology. 2003.

CraTes noctynuia B peaaxknuro 23.03.2018
The paper was submitted
to the Editorial Office on 23.03.2018

Kon¢uxt nntepeco. ABTOp 3asBIsieT 00 OTCYTCTBUU KOH-
(IMKTa MHTEPECOB.

CENIbCKOXO3AMCTBEHHBIE MALIUHbI 1 TEXHONIOTMM + Tom 12+ Ne5 + 2018

Vol. 21. 807-819. (In English).

7. Istadi L., Sitompul J.P. A comprehensive mathematical
and numerical modeling of deep-bed grain drying. Drying
Technology. 2002. Vol. 20. 1123-1142. (In English).

8. Sitompul J.P., Sumardiono S. Modeling and simulation
of momentum, heat, and mass transfer in a deep-bed grain
dryer. Drying Technology. 2003. Vol. 21. 217-229. (In English).

9. Kireyev M.V,, Grigor’yev S.M., Koval’chuk Yu.K. Posleu-
borochnaya obrabotka zerna v khozyaystvakh [Post-harves-
ting grain processing on farms]. Leningrad. Kolos. 1981. 224.
(In Russian).

10. Tarasenko A.P., Orobinskiy V.I., Giyevskiy A.M., Mer-
chalova M.E. Sovershenstvovaniye sredstv mekhanizatsii
dlya polucheniya kachestvennogo zerna [Improving the
mechanization means to obtain high-quality grain]. Vestnik
Voronezhskogo gosudarstvennogo agrarnogo universiteta.
2012. 3. 109-115. (In Russian).

11. Tarasenko A.P., Orobinskiy V.I., Merchalova M.E., So-
rokin N.N. Sovershenstvovaniye tekhnologii polucheniya
kachestvennykh semyan i prodovol’stvennogo zerna [Improving
the technology of obtaining quality seeds and food grain].
Lesotekhnicheskiy zhurnal. 2014. 1. 36-39. (In Russian).

12. Lachuga Yu.F., Izmaylov A.Yu., Zyulin A.N. Razrabotka
i vnedreniye vysokoeffektivnykh, resurso- i energosberega-
yushchikh tekhnologiy i tekhnicheskikh sredstv posleubo-
rochnoy obrabotki zerna i podgotovki semyan [Development
and implementation of high-performance, resource-and energy-
saving technologies and technical means of post-harvest grain
processing and seed preparation]. Sel skokhozyaystvennyye
mashiny i tekhnologii. 2009. 1. 2-9. (In Russian).

CraTbs npunsaTa K nyoaukanun 25.05.2018
The paper was accepted
for publication on 25.05.2018

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

AGRICULTURAL MACHINERY AND TECHNOLOGIES * Volume 12 + N5+ 2018




