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Equipment and Technology for Subsurface Irrigation of Intensive Gardens in
the Bukhara Region of the Republic of Uzbekistan

Fazliddin U. Zhuraeyv, Galib Kh. Karimov,
Dr.Sc.(Eng.), associate professor, doctoral student, e-mail: karimov.golib1988@mail.ru
e-mail: fjuraev66(@mail.ru;

Bukhara branch of the Tashkent Institute of Irrigation and Agricultural Mechanization Engineers, Bukhara, Republic
of Uzbekistan

Abstract. Experience shows that for the irrigation of intensive gardens, various types of equipment and technologies are used,
such as continuous irrigation (invasive), drip irrigation, subsurface irrigation and other methods. All irrigation options have some
shortcomings, such as water evaporation, high water consumption, high consumption of mineral fertilizers and energy. (Research
purpose) To develop an automated system for subsurface irrigation of intensive gardens with groundwater using electric pumps
and solar panels, and to create a mathematical model of soil moisture distribution. (Materials and methods) Special devices
shaped as pegs were designed to supply water with dissolved mineral fertilizers directly into the root system of intensive gardens.
The authors investigated the pegs’ geometric parameters and the criteria for their placement in the soil, taking into account the
consumption of water and nutrients. The authors examined soil mechanical composition and salinity as well as its physical and
mechanical, technological properties. (Results and discussion) It was found out that the installation of the peg facilitates soil
moisturizing through the central pipeline within the radius of 1.55-1.75 meters at the depth of 0.7-0.9 meters. Three-four pegs,
being equidistant from each other and inclined in relation to the vertical axis by 20-30 degrees, were placed around a tree. Water
consumption was determined for various irrigation methods: for furrow irrigation (control) — 1125.7 cubic meters per hectare, for
continuous irrigation (invasive) — 1812.3 cubic meters per hectare, for drip irrigation — 618.6 and subsurface irrigation — 506.4
cubic meters per hectare. (Conclusions) Based on the results of the experimental study carried out in farms with intensive gardens
using various irrigation methods, continuous irrigation (invasive), drip irrigation and subsurface irrigation were compared in
terms of water consumption. The results show that drip irrigation and subsurface irrigation ensure less water consumption than
flood irrigation, by 46 per cent and 57 per cent respectively. It was found out that subsurface irrigation ensures 57 per cent water
and 25-35 per cent mineral fertilizer economy, in comparison with the other methods of providing trees with water and nutrients.
Keywords: intensive gardening, garden irrigation, water filters, pipelines, water flow, nutrient solution.

B For citation: Zhuraev F.U., Karimov G.K. Oborudovanie i tekhnologiya dlya vnutripochvennogo orosheniya
intensivnykh sadov v Bukharskoy oblasti Respubliki Uzbekistan [Equipment and technology for subsurface irrigation
of intensive gardens in the Bukhara Region of the Republic of Uzbekistan] Sel skokhozyaystvennye mashiny i
tekhnologii. 2021. Vol. 15. N2. 4-8 (In English). DOI 10.22314/2073-7599-2021-15-2-4-8.

O6opyaoBaHue U TeXHoONOrus At BHyTPMNOYBEHHOro OpoLLEeHUs
MHTEHCUBHbIX cagoB B Byxapckon o6nactu
Pecny6nuku Y36ekuctaH

®Da3zauaauH YpuHosu4 7Kypaes, I'anmm6 Xap:knkypoanosuu Kapumos,

JIOKTOp TEXHUYECKUX HAYyK, IOIICHT, JIOKTOpaHT, e-mail: karimov.golib1988@mail.ru

e-mail: fjuraevo6(@mail.ru;

Byxapckuit ¢pminnan TamkeHTCKOTO HHCTUTYTA HHKXEHEPOB HPPUTAIIUN U MEXaHHU3AILIUH CEIBCKOTO X035HCTRa,
r. Byxapa, PecriyOnuka Y30ekuctan

Pedepar. [Toxazanu, uto 11 00eCeUeHNS] HHTCHCHBHBIX CaJI0B BOJIOH MIPHUMEHSIOT Pa3IMYHbIE TEXHOIOTHH: OOPO3IKOBBIN MO-
JIUB, KaleIbHOE WM BHYTPUIIOYBEHHOE OpomieHne. OTMETIIIN CPEM HETOCTATKOB BO BCEX BapUaHTaX OONBIIOH PacXoi BOMBI,
MHUHEpaNbHBIX yno0peHuii u suepruu. ([fens ucciedosanus) PazpaboTarth aBTOMATU3UPOBAHHYIO CUCTEMY BHYTPHIIOYBEHHOTO
OpOIICHNS MHTEHCUBHBIX CaJI0B TPYHTOBBIMU BOJAMH C TIOMOIIBIO JIEKTPOHACOCOB M C UCIIONB30BAHUEM CONHEUHBIX Oarapeii,
a TaKkXKe CO31aTh MaTEMATUIECKYI0 MOZIENb pacpe/ieNeHus] IOUBEHHON Biary. (Mamepuanst u memoodsr) Co3aau CleNHATbHbIE
YCTPOHCTBA B BH/IE KOJBILIKOB /IS IOJAYH BOIBI C PACTBOPEHHBIME B HEll MEUHEPATBHBIMA YIOOPECHISIME IIPSIMO B KOPHEBYIO CH-
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CTeMY HHTCHCHBHEIX cafioB. MccreoBaii HX reoMeTpHIecKie apaMeTphl U KPUTEPHH pa3MEIIeHHs B [I0YBE C YIETOM pacxona
BOJIbI U TIUTATENbHBIX BellecTB. M3yuniu (hu3MKo-MeXaHHueCKue, TEXHONOTHUECKUe CBONCTBA, MEXaHHYECKHI COCTAB M 3acO-
JIGHOCTh MOYBBL. (Pesyrvmamur u obcyscoenue) Tlokasanu, 4To U YCTAaHOBKE pa3pabOTaHHOTO KOJBINIKA 00ecrieunBaeTcs yB-
TKHEHHE TIOYBBI Yepe3 HEHTPAIBHBINA TpydompoBox B paxuyce 1,55-1,75 meTpa Ha niybune 0,7-0,9 Merpa. Pasmectinu Bokpyr
nepeBa 3-4 KOMNbIIKa, paBHOYAAJIEHHBIX JPYT OT JApyra, ¢ HAKJIIOHOM I10 OTHOIIEHHIO K BepTHKaibHON ocu Ha 20-30 rpamycos.
Omnpeaenun pacxox BOABI IPH PA3INIHEIX CIOC00aX OpOIIEHHs: IpH 6OpO3IKOBOM MoiuBe (KOHTpolb) — 1125,7 kybomeTpa Ha
reKTap, U KaneJbHOM opoleHnn — 618,6 u BHyTpunouBeHHOM — 506,4 KyOomeTpa Ha rektap. (Bvi600sr) Onpeeniui, 4To0 BHY-
TPHIIOYBEHHOE OPOIICHHE, TI0 CPABHEHHIO C APYTUMH cTIoco0aMu 00ecTieueH s IepEBhEB BONOH W MATATEILHBIMA BEIIECTBAMH,
CrocoOCTBYET SKOHOMHH BOABI Ha 57 MPOLIEHTOB, MUHEPANIbHBIX yI0OpeHUid Ha 25-35 IIPOLIEHTOB.

KiroueBble c10Ba: MHTEHCHBHOE Cal0BOJICTBO, OPOLIECHHE CAJI0B, (PMIBTPEI BOJBI, TPYOOIIPOBOMIBI, PACXOI BOABL, IUTATEIbHBIN

pacTBop.

lIlJm nupoBanus: XKypaes @.Y., Kapumos . X. ObopynoBaHue U TEXHOJIOTHS ISl BHY TPUIIOYBEHHOTO OPOIICHUS
UHTEHCUBHBIX caioB B byxapckoii ob6nactu Pecny6nnku Y36ekucras / CenbckoxossaiicmeeHHble MauiuHbl U mexHo-
noeuu. 2021. T. 15. N2. C. 4-8. DOI 10.22314/2073-7599-2021-15-2-4-8.

increasing, and agriculture is experiencing a particular

shortage of this resource: 85% of the water used in the
industry comes from the neighbouring countries. In such
conditions, it is important to minimize water consumption
in agro-industrial production, including irrigation [1-4].

In foreign countries, positive results have been revealed
when using subsoil irrigation of intensive gardens. They
are confirmed by experimental and theoretical studies, as
well as by mathematical modelling of moisture transfer.
Experimental plants have been created that have success-
fully passed field tests [5, 6].

THE RESEARCH PURPOSE is to develop new equipment
and technologies for intensive gardens irrigation in the
soil and climatic conditions of the Bukhara region in Uz-
bekistan, as well as to create a mathematical model of the
soil moisture distribution.

MATERIALS AND METHODS. In the region, meadow-al-
luvial soils are widespread, which texture is represented
by light, medium and heavy sands. The groundwater lev-
el is at the depth of 1.5-2.0 m, the salinity is 1.0-1.2 g/I.
Field experiments were carried out in 2016 at the Zodabek
farm in the Kagan district of the Bukhara region. Six hect-
ares are covered by an intensive orchard, represented by
medium-sized Golden Delicious apple trees.

In accordance with the structure of the soil, the irriga-
tion pegs were made from a polyethylene pipe with the di-
ameter of 16-25 mm and the length of 30-80 mm.

We used systematic analysis, mathematical planning
of experiments, modern methods for determining the wa-
ter and energy consumption and conducting field exper-
iments at the Research Institute of Agricultural Technol-
ogy of Cotton Seed Production.

REsuLTs AND Discussions. The proposed irrigation
technology provides for the use of groundwater in areas
with water scarcity.

The automated groundwater irrigation system employs
solar-powered electric pumps (Fig. /). From a solar pan-
el sized 4 x 5 =20 m’, a voltage of 6-60 V is supplied to

In the Republic of Uzbekistan, the need for water is
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the controller generating 12 V, charges the storage battery
powered through an inverter (a device for converting di-
rect current into alternating current with a voltage value

(560 v}

Fig. 1. The overall structure of the subsurface irrigation system (a)
and a scheme of the peg installation in the seedling root system (b):
1 — solar panel; 2 — controller; 3 — storage battery; 4 — inverter,
5 — borehole pump; 6 — suction pipe; 7 — transport pipeline; 8—
water tank; 9 — automatic control panel; 10 — filters; 11 — main
irrigation pipes; 12 — distribution pipes; 13 — thin tube; 14 — pegs;
D is the diameter of the peg on the thin tube; H is the depth of
soil moisture distribution from the peg, dr is the diameter of the
distribution pipes; h is the distance between the holes in the peg;
f — peg installation angle (60-70 degrees to the horizontal axis)
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change) under a voltage of 220 V. A pump, capable of
pumping 0.5-0.7 m’® of water per hour from the ground,
takes water from a single 10-15 m depth well at the flow
rate of 84.6 m’/day and fills a 100-ton cistern, from where
the water is sent through a transport pipeline.

If the level of groundwater mineralization exceeds
0.085% in terms of chlorine ion, it is diluted with river
water in appropriate proportions. Through a system of au-
tomatic control valves installed in the outlet of the tank,
the water is treated with a water purifier. The main irri-
gation flow is directed to the pegs along the main pipes,
distribution pipes and a thin pipe to provide the required
amount of water (Fig. la) [7-12].

Three-four pegs intended for subsurface irrigation are
placed in the soil equidistantly around the tree. They are
inclined by 60-70° in relation to the horizon (Fig. 1b).

In the upper part, the pegs are connected by means of
tees with pipes for supplying and discharging water. With
the help of an additional segment, it is possible to increase
the depth of the device. The lower part of the peg ends
with a pointed cylinder.

During the operation, the water flows from top to bot-
tom. A rubber diaphragm is installed in the peg cavity,
which regulates the water flow uniformity. It expands and
contracts depending on the pressure of the fluid (Fig. 2).

:

Fig. 2. The design of a peg for subsurface irrigation:
a — general; b— fragmented; c — in section

On average, 1.8-2.5 liters of water flows through each
hole in an hour, and the seedling’s entire root system is ir-
rigated by the moderate moistening of the soil with a mix-
ture of mineral fertilizers. As a result, water savings amount
to 55% compared to the local flood irrigation.

In addition to the flow compression, it tends to reveal
inversion, that is, a change in the shape of the lateral mo-
tion along its length. For example, a square shape can take
the shape of a cross or another shape. The liquid outflow
through the irrigation peg hole was determined paramet-
rically (Fig. 3).

Theoretically, the water flow can be calculated from
the pipeline to the pipe distribution network.

The number of tree subsurface watering time periods
for the entire growing season and for each month is deter-
mined by the following formula:
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Fig. 3. The movement of water along the irrigation peg: d — the
diameter of the thin tube; a — the angle of the peg in relation to the
vertical axis (20-30 degrees)

k=Vim, D
where £ is the number of watering time periods;

V — irrigation rate for the entire period, m*/ha;

m — one-time irrigation rate, m*/ha.

The seasonal irrigation periods were determined by
the generally accepted graphic-analytical method for
monthly and ten-day water balance deficit based on tab-
ular analysis.

The average duration of the between-irrigation period is:

N, =m/h, )

where N, is the average interval between the watering time
periods, days;

h — water balance deficit within a certain growing
season, m’/day,

h=VIN,

where N is the duration of the growth period, days.

The time required to supply the amount of water cor-
responding to the irrigation rate was determined experi-
mentally depending on the structure of the irrigation net-
work, the irrigation rate and the soil properties [13].

For the subsurface irrigation, the watering time is de-
termined by the formula:

©)

;= m-1000,
q-n;:n,

where ¢ is the watering time, h;

g — water consumption by one peg, 1/h;

n; — the number of pegs around one tree, pcs;

n, — the number of trees per hectare, pcs;

When moistening the rows of trees arranged in a line,
the time required to supply the amount of water corre-
sponding to the irrigation rate is:

~m-b-Al
10-¢g
where b is the distance between the rows of irrigated
crops, m;
Al is the distance between the drops of the peg irriga-
tion system, m.

Q)

t \ Q)

AGRICULTURAL MACHINERY AND TECHNOLOGIES + Volume 15 + N2 + 2021



During the intra-soil watering of fruit trees, only a
part—0.1-0.2 of the area is moistened, not the whole gar-
den. This indicator usually depends on the plant type and
variety, its age, size, planting density, soil and climatic
conditions. In this case, the following expression is used
to calculate the irrigation rate:

W r

V=R-0) g
03-(1—w +w;)
where R is evaporation from the surface of open water
during the growing season, m*/ha;

Q is the amount of precipitation during the growing
season, m>/ha;

r—coefficient of proportionality between evaporation
from the surface of open water and water consumed by
plants through the moisture circuit;

Wi is the moisture contour coefficient representing the
wetted part of the plant nutrition zone.

For the surface irrigation of agricultural crops, the sea-
sonal rate can be determined taking into account the bio-
climatic coefficients of crops [14, 15]:

yo_ Wrd- QW )

\/0 3-(-Wt w?)
where W is the bioclimatic coefficient for different cli-
matic zones and crops;

>'d is the average daily moisture deficit during the
growth of agricultural crops, mm.

For the subsurface irrigation, a one-time irrigation rate
is calculated using the expression [15, 16]:

100-7-g- W (p,~ goq)

oz won
mNO3 (=Wt W)

100 h-g W (@, goq)
where H is the depth of the moistened soil layer, m;
g — the volumetric weight of the reference soil layer,

t/m’;

©)

®

©®
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y — the upper limit of the average soil layer moisture
content,%.;

q — the lower limit of the average soil layer moisture
content,%.

To calculate the one-time and seasonal irrigation rates,
the R, O indicators can be found in the databases of hy-
drometeorological observations for the region [3, 5, 7].

Experimental studies were carried out in 2017-2019.
An intensive garden of dwarf varieties covering the area
of 6 hectares was divided into three 2-hectare plots.

The first plot is a reference one for the continuous ir-
rigation, the second plot is for the drip irrigation, and the
third one is for the subsurface irrigation.

The interval between the watering periods is 9-17 days.

Water consumption during the continuous irrigation
was determined during the irrigation using a Chipoletti
water meter, and in the other two options — during the drip
and subsurface irrigation — this indicator was calculated
based on the pump performance per unit time [12-14].

The boundaries of the water distribution were studied
in the laboratory when organizing pile irrigation for var-
ious texture soils (Fig. 4).

In the laboratory experiment, at the end of the first
hour the water absorption rate was 0.079 m/h in the me-
dium sandy soils, at the end of the fourth hour it was
0.05 m/h, and the filtration coefficients were 0.018 and
0.013 m/h, respectively.

Fig. 4. The pile method for studying the water distribution
boundaries: a — determining the peg angle when installed at an
angle; b — initial soil moisture; ¢ — complete soil moistening

WATER CONSUMPTION DEPENDING ON THE IRRIGATION METHOD

Table

2017 year

2018 year

2019 year

Irrigation methods

Number of waterings

Number of waterings
Irrigation rate, m*/ha

Water consumption
on average for 3 years,
m’/ha

Irrigation rate, m*/ha
Number of waterings
Irrigation rate, m*/ha

Furrow irrigation 1

(control) sy 2

1111.9 11 1185,2 1125,7

Drip 15 594 19

610.7 18 651,1 618,6

Subsurface 13 486 14

500.2 15 533

506,4
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The experiments were carried out according to the fol-
lowing system: the first option (the reference one) — fur-
row irrigation, the second option —drip irrigation, the third
option — subsurface irrigation (table).

Compared to the reference plot, water consumption
during the drip irrigation was 507.1 m*/ha (45%), during
the subsurface irrigation — 619.3 m*/ha (55%). As you can
see, the subsurface irrigation is more efficient in terms of
water saving. Compared to the reference option, the wa-
ter consumption during the drip irrigation was reduced
by 45% (507.1 m’/ha), and during the subsurface irriga-
tion — by 55% (619.3 m*/ha).

ConcLusions. For the irrigation of intensive gardens

- MW 3APYBEXHbIV OMbIT FOREIGH EXPERIENCE

with a moisture deficit, ground waters can be used sup-
plemented with river water. The equipment and techno-
logy for the subsurface irrigation have been developed.
Water consumption was as follows: for the furrow irriga-
tion — 1125.7 m*/ha, for the drip irrigation — 618.6 and for
the subsoil irrigation — 506.4 m*/ha. The subsurface irri-
gation, in comparison with other methods of providing
trees with water and nutrients, increases water saving by
57%, mineral fertilizer saving by 25-35%. Excessive
post-irrigation drainage and filtration losses were avoid-
ed while the topsoil was retained soft. Seasonal irrigation
rates depend on rainfalls.
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Determination of the Machine and Tractor Fleet Optimal Composition for a
Model Cotton-Textile Cluster
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Abstract. The authors showed that the cotton-textile cluster efficiency (the capacity of the machine-tractor fleet, cotton yield,
the production profitability) largely depended on the use of the optimal number of tractors and agricultural machines. The
existing methods (theoretical, graphic, economic and mathematical) were difficult for practical use and did not take into account
the specifics of mechanized cotton growing processes. Therefore, it was important to develop a simple normative method for
determining the optimal composition of the machine and tractor fleet for clusters, corresponding to the technological map for the
production of raw cotton. (Research purpose) To calculate the required amount of agricultural machinery based on the established
standards. (Materials and methods) The authors developed an algorithm for determining the standard coefficients of the equipment
necessity per 1000 hectares of arable land. These coefficients for each type of equipment were established in the context of
technological operations of growing cotton: plowing, soil preparing for sowing, sowing seeds, cultivating the soil between cotton
rows, mechanized removal of growth points of the main stems and side branches of plants, defoliation with chemicals, machine
harvesting and transportation of harvested cotton — raw. (Results and discussion) The authors proposed the term “model cotton-
textile cluster”. They calculated the required amount of equipment for such a cluster with an area of 13,732 hectares. They
determined the percentage of the machine and tractor fleet: the share of tractors — 28 percent, cultivators — 22, trailers — 19.8, cotton
pickers — 13.8, the rest — 16.4 percent. They emphasized that the machines fleet could expand with the arrival of new modern
machines produced by machine-building plants of the republic and imported from foreign countries. (Conclusions) The authors
accepted the machine and tractor fleet of the cotton-textile cluster with the number of equipment 1660 units as rational. They
proved that it ensured the implementation of all technological operations within agrotechnical terms.

Keywords: model cotton-textile cluster, cotton growing, optimal machine and tractor fleet composition, technological operations,
standard coefficients.
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dlya model’nogo khlopkovo-tekstil'nogo klastera [ Determination of the machine and tractor fleet optimal composition
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OnpeneneHMe onTuMmasibHOro cocraea MallMHHO-TPAKTOPHOro napkKa
ANnd MO4EeJIbHOro XJionkKoBO-TEKCTUJIbHOIO Knacrtepa

Maxamaj To:xanueBuu TomboaTaes, Maopy¢p Pamngosn4 J5KusiHOB,
JOKTOP TEXHHYECKHUX HAYK, Ipodeccop; JIOKTOpaHT, e-mail: djiyanov87@mail.ru

Hay4Ho-uccnenoBaTenbCKUii MHCTUTYT MEXaHU3AINH CENTbCKOTO X03sHCTBa, TamkeHTckas oonacts, PecmyOnmka
V3bekuncran

Pedepar. [lokasanu, uT0 3HEKTHBHOCTS XITOMKOBO-TEKCTHIBHOTO KiacTepa (MOIIHOCTh MAIIMHHO-TPAKTOPHOTO TMapKa, ypo-
KalHOCTb XJIOIYaTHYKA, peHTa0ENbHOCTb IPOU3BOACTBA) BO MHOTOM 3aBUCHT OT IPUMEHEHNUS ONTHMAJIBHOTO KOIUIECTBA TPAK-
TOPOB M celbxo3MaminH. CyIecTBYIONINE METOIUKH (TEOPETHIECKIE, TpaduuecKue, SKOHOMHUKO-MATEMATHIECKIE) CIOMKHBI JUIS
TPaKTUIECKOTO UCTIONB30BAHUS M HE YIUTHIBAIOT CTICIM(HKY MEXaHH3UPOBAHHEIX MPOIECCOB XIOMKOBOACTBA. 1103TOMY BakHO
pa3paboTarh IPOCTOH HOPMATHBHBINA METOJ ONPEAETICHHS ONTHMATIBHOTO IS KIIACTEPOB COCTaBa MAIIMHHO-TPAKTOPHOTO MapKa,
COOTBETCTBYIOIIETO TEXHOMOTHYECKON KapTe 10 MPOM3BOACTBY XJIONKa-chIpia. (Lfens uccredosanus) Paccanrars Tpebyemoe Ko-
JUYECTBO CENbXO3TEXHUKY HA OCHOBE YCTAHOBIEHHBIX HOPMATUBOB. (Mamepuanvt u memoost) PazpaboTany anroput™ onpenene-
HUsL HOPMAaTHBHBIX K03 QurmenToB noTpedHocTH B TexHUKe Ha 1000 rektapoB mamsu. ITH K03(QGUIUEHTH! T KaXI0T0 THIIA
TEXHHUKH YCTAHOBIIIH B Pa3pe3e TEXHONOTMIECKHX ONEPAIil BRIPAIIMBAHMS XJIOMIATHAKA: T1aX0Ta, MOATOTOBKA MOYBHI K TIOCE-
BY, IOCEB CEMSH, KyJIbTHBALHS MIOYBBI B MEXIYPSAIbIX XJIOMUATHIKA, MEXaHU3UPOBAHHOE YHAJICHHE TOUEK POCTa INIABHBIX CTe-
Orneit 1 6OKOBBIX BETBEH pacTeHHUH, Aedoralysa XuMIKaTaMi, MallTMHHAS YOOpKa 1 TPaHCIIOPTHPOBKA YOPaHHOTO XJIOMKA-CHIPIIA.
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(Pesynomamul u obcysrcoenue) TIpenoxKum TEpMUH «MOJCTBHBIH XJIOMKOBO-TEKCTIUIBHEIN KIacTepy. Beramcmumu tpedyeMoe
KOJIMYECTBO TEXHHUKH JUISl TAKOTO Kiactepa ¢ miomapio 13732 rekrapa. Onpenenuiy NpoleHTHBIH COCTaB MallIMHHO-TPAKTOP-
HOTO TIapKa: J0JISt TPAKTOPOB — 28 MPOIEHTOB, KYJIBTHBATOPOB — 22, pHIienoB — 19,8, xmomkoyoopouHsIx ManmH 13,8, octaib-
HEIX — 16,4 mporenTa. [loguepkryny, 4T0 nUiei(h) MamIMH MOXKET PACIIMPATHCS MPH MOCTYILICHAN HOBBIX COBPEMEHHBIX Ma-
IIHH, BBITYCKAEMbIX MAIlIMHOCTPOUTEIBHBIMHI 3aBOJIAMH PECTTYOJINKN M IMIIOPTUPYEMBIX U3 3apyOekHBIX TOCYNapcTB. (Bvigodst)
[Ipr3HamM panroHATBHBIM MAIIMHHO-TPAKTOPHEIH MapK XJIOMKOBO-TEKCTHIFHOTO KJIAcTepa ¢ KOJIMIECTBOM TeXHHUKH 1660 enun-
Hull. Jlokasanu, 9To OH 00eCTeYnBaET BHINIONHEHHUE BCEX TEXHONOTHUECKHX OIepaliii B arPOTEXHUYECKHUE CPOKH.

KiioyeBble ¢;10Ba: MOIEITBHEIH XJIONIKOBO-TEKCTUIBHBIN KIIacTep, XJIOMKOBOICTBO, ONTUMANBHBIA COCTAB MAITMHHO-TPAKTOPHO-
IO MapKa, TEXHOJIOTUYECKUe Olepaliiil, HOpMaTUBHbIE KOI(QPULUEHTHI.

I qas nutupoBanus: Tom6ontaes M.T., xxusanoB M.P. Onpenenenne onTUMaJIbHOTO COCTaBa MalllMHHO-TPaK-
TOPHOT'0 MapKa sl MOAEIFHOTO XJIOIKOBO-TEKCTHIIFHOTO KitacTepa // CenbcKoxo3aiicmeennbie Mauiunbl U mexHo-
noeuu. 2021. T. 15. N2. C. 0-0. DOI 10.22314/2073-7599-2021-15-2-0-0.

of cotton-textile clusters intended for growing cotton,

processing raw cotton and producing finished products
[1]. Each cluster is expected to have a fleet of agricultural
machines that ensure the implementation of such agrotechnical
operations as ploughing, soil preparing for sowing, seed
sowing, intertillaging, mechanized removal of plant
growing points, defoliation of fields, machine harvesting
and transportation of raw cotton at minimal operating
costs [2-7]. Provided the cluster is insufficiently equipped
with regulated technological maps for growing cotton,
necessary types and models of tractors and other agricultural
vehicles, it results in the undermined timing and quality
of technological operations, and decreased mechanization
level and production efficiency of the entire industry.

There is vast literature on the issues of substantiating
the rational composition of agricultural producers’ (farmers,
agricultural firms, agricultural holdings’) fleet [8-12].

It is noted that it is important to meet the following
requirements: an appropriate fleet of vehicles must contribute
to high yields; each type of machine must fulfil the
corresponding technological operation in full scale within
the set agrotechnical terms; product production must be
carried out at minimal costs; the expansion of the fleet
with new models should not reduce the use of existing
equipment and require additional resources; the selection
of new machines should take into account the machine
operators’ qualifications; it is necessary to prevent purchasing
different models of the same machine type.

The existing methods are difficult for practical use and
do not take into account the specifics of mechanized cotton-
growing processes [13-20]. Therefore, the substantiation
of the rational composition of the machine and tractor fleet
for the cotton and textile cluster has become an important
scientific and methodological task.

THE RESEARCH PURPOSE is to determine the standards
for the cotton-textile cluster needs for technology and to
calculate the optimal composition of their machine and
tractor fleet.

MATERIALS AND METHODS. The following algorithm
was used to determine the standard coefficients of the

In Uzbekistan, there is a rapid increase in the number
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need for equipment per 1000 hectares of arable land:

1) the state tests protocols of the Center for Certification
and Testing of Agricultural Machinery and Technologies
were used to choose a changeable capacity value of a
specific machine model (machine-tractor unit) — w;

2) based on the operational data of the regional departments
of agriculture, sets of one shift duration values (7;) were
obtained for a vehicle or machine-tractor unit performing
the corresponding technological operation and considering
the number of shifts per day (n.). By the summarizing and
statistical processing of the numerical data, their arithmetic
mean values for the Republic of Uzbekistan were determined;

3) the machine productivity per day was calculated by
the formula:

Wi =W T:: ne,

where w) is the machine productivity per day, hectares;

w, — machine productivity per shift, hectares;

T, — one shift duration, h;

n.— a number of shifts per day.

4) as the agrotechnical season duration (7,,), the peak
of the given season was taken not the calendar period from
its beginning to the end. At this time, as a rule, all the
necessary machines are involved in the work, sudden
failures are reduced and sustainable machinery operation
is ensured. Test engineers clock the w,, T, and n, parameters
to calculate the machine’s performance in one day;

5) the seasonal machine output (w,,, ha) is determined
by the formula:

wy=wy I

6) the standardised coefficient or the required number
of specific type machines per 1000 hectares of the cotton
field was set as follows:

M:=1000/w,.

The calculated values (Mr) were summarized for the
tractor and machine types and models (table).

REsuLTs AND DiIscussION. Let us introduce the term
«a model cotton-textile cluster» which means a cluster of
account in which the soil, climatic, production and other
features of the cluster group are relatively fully reflected.

Let us calculate the required amount of equipment of
each type for a model cotton-textile cluster with the square
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Table
MACHINE AND TRACTOR FLEET COMPOSITION PER 13,732 HECTARES OF ARABLE LAND IN THE COTTON AND TEXTILE CLUSTER
Name, fype and model of cquipment e |

Wheeled and tracked arable tractors such as Belarus 1221.2, MX-140, 8572 118
AXOS 340C, VT-100
Rowing tractors such as MTZ-80X, TTZ-811 for row spacing 90 cm 13.300 183
Universal row-crop tractors such as MTZ-82, TTZ-812 12.000 165
Planners with laser devices 1.388 19
Subsoilers such as GR-270, GRP-3/5 0.952 13
Spreaders of mineral fertilizers such as GS2-600, RMU-0.75 3.846 53
Tractor trailers such as 2PTS-4-793A (for one universal row-crop tractor) 2en. 330
Plows such as PYa-3-35, PLN-4-35 8.572 118
Disc harrows such as KD-3000, TDB-3/5 4.651 64
Pneumatic seeders such as Case IH 1200 2.857 39
Cotton cultivators such as KHU-4 13.300 183
Device for removing plant growth points, such as PChM-4B 13.300 183
Chemical sprayers VP-1, OVKh-600, OSHU-50 4.000 55
Cotton pickers:

horizontal spindle 10.000 137

vertical spindle 16.666 229

of E,, = 13732 hectares of cotton using the following
formula:

Nr=E, M:/1000, units (table).

For example, the demand for wheeled and tracked
arable tractors equals to Ny =13.732 - 8.572 = 118 units;
for row-crop tractors for the intertillaging of 90 cm —
Nr=13.732 - 13.3 = 183 units etc.

The table shows that for the complete mechanization
of technological operations on 13,732 hectares of arable
land for the model cluster, 1,660 agricultural machinery
units will be required. The share of tractors is 28%; trailers—
19.8%; cotton cultivators equipped with a device for
removing cotton stalks growing points — 22%; horizontal-
spindle cotton pickers — 8.25%, vertical-spindle cotton
pickers — 13.8%.

All new and more efficient tractor and agricultural

machine models, both manufactured by the machine-
building plants of the Republic of Uzbekistan and imported,
must pass state tests.

The test reports help to determine the values of w, T,
ne, wy, T,, 1 w,. Thus, the number of machines for 1000
hectares of arable land can be obtained by the equation:
M;=1000/ w,,.

ConcLusions. The term “a model cotton-textile cluster”
was introduced and defined. A normative method was
developed to determine the number of tractors and agricultural
machines per 1000 hectares of cotton arable land. Based
on this method, the required number of vehicles in the
fleet was calculated for a model cotton-textile cluster with
acotton area of 13,732 hectares. This vehicle fleet containing
1660 units ensures the implementation of all technological
operations within the set agrotechnical terms.
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Pedepar. [Tokazanu, 9To OCHOBHOM TEXHOIOTMUYECKHI MPOIecC B KOMOAHOBOM 1 Pa3/iebHOM CII0C00aX YOOPKH JIbHA-TONTYH-
I1a — OT/ENeHHe CEMEHHON YacTH ypoxas oT credneil. [lonTBepauy, 4To OT ero coBepIIEHCTBA 3aBUCAT IOTEPH CEMSH H CONOMBI,
BBIXOZ M KaUEeCTBO BOJNOKHA, COCTaB BOPOXA, TPYAOEMKOCTh M SHEPTOEMKOCTh €TI0 CYLIKH U mepepaboTku. (Lens uccnedoganus)
PaspaboTars TexHONOrHIO 0YECa TbHA-ONTYHIA Ha KOPHIO OYECHIBAIOIIAM YCTPOHCTBOM, H3YUHTH €T0 IApaMeTPhl U PEKUMEL pa-
0otel. (Mamepuans: u memoost) ViccnenoBaam TEXHOIOTHYECKUI TPOIIECC 0Ueca JIbHA HA KOPHIO 0YECHIBAIONINM YCTPOHCTBOM.
PaspaboTamm skcrepiMeHTanbHy0 YCTaHOBKY OUECHIBAIOMIET0 anmapara. [Ipeiokuin MoseNb TEOPETHIECKOTO pacueTa HCXOIs
13 (PU3HKO-MEXaHUYECKUX CBOUCTB JbHA-ONTYHIA U arpOTeXHUUYECKUX TpeboBaHuil s ero yoopku. (Pesyismamet u 06cyicoe-
Hue) TeopeTHaecKy OpeaeNiiIi: ONTHMAIBHYIO BEICOTY, KHHEMATIHIECKUN PEsKUM paboThI, GICTOTy odeca, pamiyc Oapadana ode-
CBIBAIOIIIETO YCTPOICTBA, IPOBENH JTabopaTopHble nccnenoBanys. [lokazany, 4o 06MONOT ceMAH B ITOJIE MTO3BOTUT CHU3UTH TIOTe-
pu ceMsH J1bHA Ha 10 IPOIIeHTOB U 0TX0Z cTebneii B MyTaHUHY B Iporiecce yOOpKH — Ha 18 IpoLeHTOB, COKPaTUTh KOMNYECTBO yOO-
POYHOH TEXHHUKH, YHCICHHOCTD IEPCOHATA, YMEHBIINTH Ce0ECTOMMOCTE IPOAYKTA. BEIIBIIM BO3MOKHOCTE TOBBICHTH POM3BOIH-
TENbHOCTH ITyTEM yBEIMUCHUS IIMPUHBI 3aXBaTa XKATKU: HAIPUMED, IIMPHUHA 3aXBaTa *aTKU 36pPHOBOTO KoMOaiiHa 0komo 4 METPOB,
a IbHOyOopouHOro — 1,52 MeTpa, To eCTh MPOM3BOAUTENBHOCTH YOOPKH JIbHA YBEITMUUTCS TIPH OJTHOM M TOH %Ke CKOPOCTH B 2,6 pasa,
a Ha bonee BbICOKOH ckopocTH — B 3 pa3a. COKpaTuiIu Of[HY €IMHHUIYY TEXHUKH — BOPOXOPA3AENoBaTENbHYI0 MAIIUHY, IOCKOIbKY
TEXHOIOTHYECKYIO OTEPAIIHIO M0 MepepaboTKe BOPOXa OCYIIECTBIAET 36pPHOBOI KomOaiiH. (Bvigoost) [IpencTaBuim TeopeTHIecKoe
000CHOBaHHE MAPaAMETPOB U PEKUMOB PabOTHI 0YECHIBAIOIIETO alIiapara JUTs odeca JIbHA-JONTYHIA Ha KOpHIO. [Ipemtoxkimim Mo-
JeNb UX ONpE/ICNICHNs Ha OCHOBE (PH3UKO-MEXaHHUIECKUX CBOICTB JbHA U arpOTEXHUYECKUX TPpeOOBaHUH A ero YOOpKU.
KiioueBble ¢10Ba: NeH-10NTYHEIl, 09€CHIBAIOMIEE YCTPOHCTBO, TepeOTbHO-0UECHIBAIOIINHA anmapart, yOopka JbHa-IONTYHIIA.
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Study On Parameters and Operating Modes of the Device for Deseeding Flax
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Abstract. The authors showed that the main technological process in the combined and separate methods of fiber flax harvesting is
deseeding or separating the seed part of the crop from the stems. It was confirmed that there is a direct impact of this process success
on seed and straw losses, the fiber yield and quality, the heap composition, the labor intensity and energy consumption of flax drying
and processing. (Research purpose) To develop a technology for stripping fiber flax with a comb deseeder during harvesting, to
study the deseeder’s specifications and operating modes. (Materials and methods) The authors studied the technological process of
stripping flax with a comb deseeder. An experimental plant of a comb deseeder was designed. A model of theoretical calculation was
proposed based on the physical and mechanical properties of fiber flax and agrotechnical requirements for its harvesting. (Results
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and discussion) The authors theoretically determined the comb deseeder’s optimal height, operation kinematic mode, stripping
cleanliness, the radius of the stripper drum. Laboratory studies were conducted. It was shown that threshing seeds in the field will
reduce the loss of flax seeds by 10 per cent and the stem waste due to tangling during the harvesting process — by 18 per cent. It will
also reduce the number of harvesting vehicles, personnel, and the cost of product. The authors identified an opportunity to increase
productivity by increasing the width of the header grip: for example, the width of a grain harvester header is about 4 meters, and
the width of a flax harvester header is 1.52 meters, that is, the productivity of flax harvesting will increase 2.6 times at the same
speed, and 3 times at a higher speed. It was possible to eliminate one piece of equipment — a heap separating machine, since the
technological operation of heap processing is carried out by a grain harvester. (Conclusions) The authors presented a theoretical
substantiation of the comb deseeder’s operating parameters and modes for stripping fiber flax in the field. The authors proposed a
model to determine them based on the physical and mechanical properties of flax and agrotechnical requirements for its harvesting.
Keywords: fiber flax, comb deseeder, flax pulling and combing device, fiber flax harvesting.

B For citation: Chernikov V.G., Rostovtsev R.A., Solov’ev S.V. Issledovaniya parametrov i rezhimov raboty apparata
dlya ochesa I'na na kornyu [Study on parameters and operating modes of the device for deseeding flax in the field].
Sel’skokhozyaystvennye mashiny i tekhnologii. 2021. Vol. 15. N2. 13-18 (In Russian). DOI 10.22314/2073-7599-2021-

15-2-13-18.

CHOBHOH TEXHOJIOTHYECKUH Mpoliecc B KomOaii-

HOBOM U pa3JIeIbHOM CIIOC00ax yOOPKH JTbHA-TI0T-

T'YHIIa — OTACJICHUE CEMCHHOM YaCcTH ypOoxKasi OT
crebueir. OT ero COBEpIICHCTBA 3aBUCAT NOTEPU CEMSH
U COJIOMBI, BEIXO]] M Ka9€CTBO BOJIOKHA, COCTaB BOPOXa,
TPYAOEMKOCTb M SJHEPrOEMKOCTb €r0 CYIIKH U Iepepa-
6otku [1, 2].

CrebneBoit cioif moaBepraeTcs MEXaHH4eCKUM BO3-
JIEHCTBUSIM pabOUYero opraHa v pas3neisercs Ha CTeOIH
U CEMEHHYI0 4aCTh — IbHHOU BOpOX. BaxkHo, 4TOOKI ce-
MEHHbIE KOPOOOYKH HE pa3pyllajuch, a CTEOH JIbHA HE
MOBPEXIATHCH, COXPAHSIIH CBOIO IIEIIOCTHOCTD U IIPH-
POZIHYIO MPOYHOCTH. [103TOMY IIpH HCCIIeIOBaHUH CIIO-
c00O0B OTIEJIEHNUS CEMEHHOM YacTH OT cTediIell — oueca
JbHA, HAPSAY C M3YUYCHUEM CUIIOBBIX BO3ICHCTBHIA U pa3-
HOOOpa3HbIX Jedopmanmii 06padaTeiBaeMOro MaTepHa-
7a, He0OXOJUMO YUUTHIBATH OOIIHE 3aKOHOMEPHOCTH pa-
Oouero mpoiiecca pas3/ielieH!s] MacChl JIbHA Ha CTEOJIN
CEeMEHHBIE KOPOOOUKH, TO €CTh KHHEMATHKH IIporecca
odeca JIbHa, TaK KaK 3ajJja4a B KOHEYHOM CHETE CBOIUTCS
K pa3feJICHUIO MACCHI JIbHA Ha KOMITOHEHTHI, & He TIPOCTO
K pa3pyLIeHUIO CBsI3el MeX 1y HUMH [3].

LIEnb nccnenoBAHNS — pa3paboTaTh TEXHOIOTHIO
odeca JIbHA-I0JITYHIIA Ha KOPHIO OYECHIBAIOIIAM YCTPO-
CTBOM, U3YUYHUTh €r0 MapaMeTpsl U peKUMBI pabOTHI.

JlaHHas TEXHONOTHSI TO3BOJIUT PEIIUTH HECKOIBKO 3a-
Jaq:

- CHU3HUTB IIOTEPHU CEMSH JIbHA-IONTYHIIA, OTXOI CTe-
OJiell B yTaHUHY;

- OCYIIECTBUTH OOMOJIOT CEMSIH HEMOCPEICTBEHHO B
moJje;

- YMEHBIIUTH KOJIMYECTBO 33/ICHCTBOBAHHOI Ha yOOP-
Ke JIbHAa TeXHUKH;

- COKPATHUTh 3aTpaThl TPya.

MATEPVANBI M METOABI. Pa3paboTtanu skcriepuMeH-
TaJbHYI0 YCTAaHOBKY U METOIMKH MTPOBEACHUS SKCIICPH-
MeHTOB (puc. I). TeopeTHYECKH ONPEETUIIN: BBICOTY
YCTaHOBKH OYECHIBAOIIETO YCTPOWCTBA, KHHEMATHIe-
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CKHi1 pexxuM paboThI, YUCTOTY oueca, paanyc 6apabana
OYECHIBAIOIIETO YCTPONCTBA.

PacTuTenpHas Macca 3aKperuisieTcs Ha JICHTE TPaHC-
mopTepa, COSAMHEHHOH C TPAHCIOPTEPOM-TIUTATEIIEM,
KOTOPBII COCTOUT U3 CBAPHOH PaMEbl, PETyITHPYEMBIX OLIOp
Y JIGHTOYHOTO TPaHCIoOpTepa.

JlenTa TpaHCTIOpTEpa ABUKETCS IIPH ITIOMOIIH MO-
Top-penykropa. LLIKMBBI IPUBOAHOTO Bajia U Bajila MO-
TOp-peAyKTOpa COeAUHEHBI peMeHHOU nepenayeit. JIu-
HeliHasg CKOPOCTh TPAHCIOPTEpa PEryIUPYyeTCs Yepes
LIUT yIIpaBJIEHU, 3aKpEIUIEHHBIA HAa paMe, Juana3oH
ckopoctu ot 0 110 2,5 m/c.

PactuTenpHas Macca moaeTcsa K O4€ChIBAIOLIEMY
YCTPOHCTBY, UMEIOIIEMY HE3aBUCHUMYIO HECYIITYIO pamy.
Ha ouecpiBatomiemM poTope 3akpenseHbl CbeMHBIE Ipe-
6enku. [IpexycMoTpeHa BOBMOXHOCTh H3MECHEHHS yIJIa
HAKJIOHa OTHOCUTEJIBHO LIEHTPa 04YECHIBAIOIIETO POTOPA.

5 6 41 2

Puc. 1. Cxema sxcnepumenmanvhoti ycmanogku: 1 — ouecwvlgaro-
wee ycmpoiicmeo; 2 — pama ouecvigarouezo ycmpoicmea, 3 —
nyIsm ynpaeieHus; 4 — ovecvigarowuii pomop,; 5 — oomexamens;
6 — epebenka ouecwigaroueco yCmpoucmea oist YOopKu avHa, 7 —
mpaHchopmep-numamens, 8 — npueo0 mpancnopmepa numame-
as1; 9 — nynom ynpasnenus, 10— newma mpancnopmepa, 11 — pac-
mumenvras macca; 12 — mamepuanoco6opHux

Fig. 1. The diagram of the experimental plant: 1 — comb deseeder/
stripper; 2 — stripper frame, 3 — control panel; 4 — stripping rotor;
5 — fairing; 6 — comb of the flax harvesting comb deseeder; 7 —
conveyor-feeder, 8 — feeder conveyor drive; 9 — control panel; 10—
conveyor belt; 11 — plant mass; 12 — material collector
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[IpuBOz OYECHIBAIOMIETO POTOPA OCYIIECTBISICTCS
IIKMBAMU, YCTAHOBJICHHBIMH Ha €r0 BajiaX, a JCKTPO-
IBUTATENS — Yepe3 peMEeHHYIo repenady. J{namazon ya-
CTOTHI BpallleHUsI OYeChIBaroNIero poropa — ot 0 1o
600 06/MUH — perynupyeTcs C UTa yIpaBlIeHHs, pa3Me-
IIEHHOT0 Ha HECYIIEH paMe 04EChIBAOILEr0 YyCTPONUCTBA.

[pu ABIOKEHUH TPAHCTIOPTEPA 3aKPEIIJICHHAS HA HEM
pacTuTeNnbHas Macca B3aHMOACHCTBYET C 3apUKCHpOBaH-
HBIM 00TEKaTeJIeM 04eChIBAIOLIET0 yCTPOHCTBA (C BO3-
MOXXHOCTBIO H3MEHEHHU S YTJIa yCTaHOBKH). OTKIIOHSISCH,
OHa ITOTa/IaeT K 0YECHIBAIOIINM I'peOeHKaM, KOTOPHIE, T1e-
peMeniasick ¢ pOTOPOM CHU3Y BBEPX, 3aXBaThIBAIOT pac-
THTETBHYIO MAacCy U HAIIPABISIOT €€ B IIPOPE3N MEKIY
3y0bsimu. [locne B3anMoneiicTBust 3yObeB TpeOeHKHU CO
JIEHOM 00pa3yeTcsi Macca, KOTopasi COCTOUT U3 CBOOO/I-
HBIX CEMSTH, CEMEHHBIX KOPOOOUEK U Ty TAHMHBL. JTa Mac-
ca IIomajaeT B MaTepHaIoCOOpHHUK.

PE3YNbTATEI M OBCYXAEHUE. OT KOIHYECTBA CTe-
OJei, mocTyMmaIuX K OuechiBaroieMy 6apabany Tepe-
OWIIBHOTO amIapaTa, 3aBUCHT KaueCTBO 0Ueca, OTXOI CTe-
61eil B myTaHuHy [4].

YucroTa oueca BO MHOT'OM OIIPEAENSETCS TOMITNHON
JICHTHI cTeONel TbHA. [IT0THOCTE JICHTHI 3aBUCUT OT YHC-
na cTe6ieit Ha 1 M” MO, ITMPHHBI 3aXBaTa TePeOUITLHOM
YaCTH anmapara, 0T CKOPOCTH IBUKEHUS MaIlTHHBI M CKO-
POCTH CEKIIMHU TepeOuIbHOTO amnmnapara [5].

[TnoTHOCTH JIEHTHI cTEOJICH, 3aXKaTHIX B TEPEOMITBHOM
CEKLIMH, MOXHO OIpeAenuTh o Gopmyre [6]:

5 nB-Vy 0

Viz
rzie d — IIOTHOCTb JICHThI cTeOIeH, Kr/M?;

n —uucio crebieit va 1 M” moJid, mT.;

B —mmpuna 3axBara TepeOHIbHOM YaCTH MAIIUHEL, M;

V' — CKOPOCTB ABHMIKCHHS MAIIMHEL, M/C;

V't — CKOpOCTH CEKITUU TEPEOIIBHOTO aIapara, M/c;

Z — YHCJIO TePEOMIIBHBIX CEKIINH, MIT.

TepeOunpHBIE CEKIINU TOIKHEI ITI0JaBaTh CTEOIH TaK,
4TOOBI Bce KOPOOOYKH ITONAAaU B 30HY o4eca. DTo JI0c-
THUTAETCs YCTAHOBKOM COOTBETCTBYIOIIEH BRICOTHI OUeca.

PaccmoTpuM nporecc Bxona B ieHTY 3y0a 6apabaHa,
0Ch KOTOPOTO NEPIECHANKYIIpHA TePEOMIBHBIM CEKIIH-
sIM TepebunibHoro anmnapara (puc. 2) [7]:

PT:PH3+PMH7 (2)
rue, PT — cuna, HeoOxonmmast s Tepebiienust bHa, H;

P,, — conpoTunenue credis nusrudy, H;

P,,— cuna uaepuuu ctedns, H.

OnTuManbHyI0 CKOPOCTH IBIYKCHHS MAITUHBI BHITHC-
JIIeM C y4eTOM HECKOJIbKUX MapaMeTpoB [8]:

Pm

VM_ m-c A3)
rne P, — HanpspxeHue Tepebnenus (cumna), H;

m — 00beMHas Macca JJIUHBI CTeOS, KT;

€ — CKOpPOCTh PaclpOCTPaHEHHS YIIPYToi nedopma-
1y crebis, M/c.

Torna Benmu4rHa «KMEPTBOM 30HBD» OYAET paBHA:

6= lCT —-a, (4)
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e o

Puc. 2. Cxema x pacuemy cunvl mepebnenus: Pt — nanpsocenue
mepebnenus (cuna), H; f— nepemewjenue cmebis iona 6 momenm
3axeama e20 mepedUIbHLIM annapamom, M, h — paccmosnue om
MOYKU KOHMAKkma cmeois ¢ mepeounbHOM annapamom, 0o no-
8EePXHOCIU NOTISL, M

Fig. 2. The diagram for calculating the pulling force: Py — pulling
tension (force), N; f— flax stem movement the at the moment of
being grabbed by the flax pulling device, m; h — distance between
the point of stem contact with the flax pulling device and the field
surface, m

TJIe 8 — PACCTOSTHUE OT 30HBI 0Yeca JIO IOBEPXHOCTH I10-
s, M;

I, — cpemHsis JuTiHa cTe0IIs JIbHA TOCTY AU JIeH-
THI OT TePEOUIIBHBIX CEKIIHH, M;

@ —30Ha 0Yeca, 3aBUCHUT OT PACIIOJIOKCHHS CEMEHHBIX
KOpOoOOYEK Ha CTEOIAX JIbHA K COOTBETCTBYIOIICH BBICO-
TBI OY€ECa, M.

Touyka A — COOTBETCTBYET Ha4yay odeca, Touka B —
KOHIlY PacIOIOXKEHHUS CEMEHHBIX KOpoOouek Ha cTebiie
(puc. 3).

30Ha oyeca U €ro YKCTOTa 3aBUCAT OT OCHOBHEIX I1a-
paMeTpoB odechIBaroNIero bapabaHa: nuaMeTpa, 1JUHBI,
KOHCTPYKIIUH 0YEChIBAOIICH IpeOCHKH, IMUPHUHBI 3230-
pa Mexay ee 3yObsiMu 1 (hopMbI caMoro 3y0a [9].

B nporiecce odeca co3maeTcs MOTOK CTeOIeH B BUIC
JICHTBI, KOTOPAs MOABEPraeTCs 3aKUMY U TPAHCIOPTH-
pyeTcs TepeOUITbHBIMU CEKITUSMU BAOJIb TpeOHel ove-
ceiBaroniero 6apadana. C 1eNIbI0 CHUKCHUS 0TXO0/1a CTe-
OJieii B MyTaHUHY W MOBBIIICHUS HAJISKHOCTH KaTKH He-
00X0IMMO, YTOOBI MAKCHMAJIBHASI CHJIA TPSHHUS F, MeX-
Zly cTe0JIeM 1 MOBEPXHOCTHIO TEPEOUITBHBIX pEMHEH ObI-
na Goutbie cuitbl Pr, He0OXoauMoit it Tepednenus [10]:

F.> Pr. ®)
MakcumanbHas cuna TPCHUS paBHA:

P
F:::2'. . .dc‘(/)O‘QC’ (6)

C
rue, P, — mupuHa peMHs, M;

d. — nnametp cTedus, M;

(o— CTaTUYECKUH KOAPPUIIUEHT TPEHU s CTeOIeH TbHA
T0 PE3NHE;

q. — naBieHue B pyube, H/m’;

0., — YTOJI OTKJIOHEHUS CTEOJIsI B pyUbe, Ipajl.
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Puc. 3. Cxema x pacuemy ycmaHOo8KU GbICOMbL OUECHIBAIOU€20
YCMPpOUCmea: a — 30Ha oyecd, 3a8Ucum Om PAchOLONCEHUs CeMeH-
HbIX KOPOOOUEK Ha CMebAX TbHA U COOMEEMCMEYIowetli 8blCoMmbl
oueca, M; 8 — paccmosiHue om 30Hbl 04eca 00 NOBEPXHOCMU NOJIA,
M; mouka A coomeemcmeyem navany oveca, moukou B ommeuen
KOHeY PACNONIONCEH U CeMEHHbIX Kopobouek Ha cmebne; R — padu-
Ve 8epUIUH 04eCbIBAIOWUX 2pebeHOK pomopa, M

Fig. 3. The diagram for calculating the height setting for the
deseeder (stripper): a — stripping zone, depending on the location
of the seed pods on the flax stems and the corresponding stripping
height, m; ¢ — distance from the stripping zone to the field surface,
m; point A corresponds to the beginning of stripping, point B
marks the end of the seed pod location on the stem; R — radius of
the rotor comb tops, m

Bo Bpems cBoero IBMKEHHS 0YeCHIBAIOIINE I'PpeOeH-

KU OITUCHIBAIOT ITUKJIOU B! [11]:
x=V ttr-cosw-t

{ y=r-sinw-t )
]I { — BpeMs JBIDKCHHA, C;

¥ —pajinyc poTopa 1o KOHIaM MaJblEBbIX JIEMEHTOB, M;

@ — YTIIOBask CKOPOCTh, paji/C.

®dopma IHUKIONIBI 3aBUCHT OT ITOKa3aTels KHHEMa-
THYECKOTO PeKrUMa paboTHI A 04ECHIBAIONIETO Pabodero
opraHa:

™)

V
A== 8)
b
Vi
rne V. — OKpy>KHasi CKOPOCTh OYECHIBAIOIIETO Pabodero
oprasa, M/c;

¥\ — HocTymaTenbHas CKOPOCTh JKaTKH, M/C.

IIponugepenuuponas BeipaskeHue (7) MO BpEMEHH,
MOJTY9HM YPAaBHEHH S, COCTABISAIONINE a0CONIOTHYTO CKO-
pOCTBb O4deca:

dx .
V= _t: V., tr-sinw -t
dy
=9_ .. t 9
Vy ;7 cosw 9

rne Vx 1 Vy — CKOpOCTh IBUXKCHUS KPAaHHUX TOYEK rpe-
OeHOK poTopa, M/c.

Paccuntaem paguyc 6apabaHa, 04eCHIBAIOIIMIA KaT-
ku. OH OKa3bIBaeT IEPBOCTEIIEHHOE 3HAUCHUE Ha Kade-
CTBEHHBIE TIOKa3aTenu yOopku JibHA. BeicoTa cTebieit
npHa BapeupyetTcs oT 800 mo 1200 MM, 4TO yCIOXKHSAET
TEXHOJOTHIECKUH MPOIIecC ¥ MPUBOIUT K 3HAYUTEIHHEIM
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MOBPEXKACHUSM cTeOnei. JJIsi CHH)KEHHUs TOTeph He0O-
XOJIIMO YCTAHOBUTH B3aMMOCBSI3b TAPAMETPOB KOHCTPY K-
U pabounX OPraHOB M TEXHOJOTHUECKUX PEKUMOB pa-
OOTBI )KaTKU ¢ MOP(HOIOrHISCKUMH MPU3HAKAMH PacTe-
Hus. PaccMoTpuM B3auMoieiicTBHE 3yObeB TPEOCHKH C
JICHTOM JIbHA.

Yron Hauama oy mpolecca oueca ornpenensieTcs u3 yc-
JIOBUSL, YTO PACCTOSTHUE MEXK Ty O0TEKATEIIEM H POTOPOM
JIOJDKHO OBITh MUHUMATBHBIM. Ouec OyAeT IPOUCXOIUTh
Ha yJacTKe S 3a eIMHHITY BpEMEHH ¢ B MOMEHT TOPHU30H-
TaJBHOTO TOJIOKEeHUs Tpebenkn [12-13].

oy >90° — (u—0),

TIIe 4 — YTOJI Hauaja odeca, rpam.;

6 — yron ckonbxeHUs cTebuielt IbHA O TOBEPXHOCTh
3yObeB, Ipa;

o0y — YTOJl HAaKJIOHA CTeOIeH 0T BEpTUKAIIH, TPal.

Yron OKOHYAaHHS IIpoIiecca oueca ONpeesieTCs U3
ycnous (10), mpu KOTOPOM HCKIIIOYAETCS 3aKJIMHUBAHUE
ctebJel ibHa 0OKOBBIMU TOBEPXHOCTSIMU 3yObeB (puc. 4).

Jliist oueca cTebieii 1bHAa HEOOXOAUMO, YTOOBI 30HA
pacnojokKeHHs CeMSH Ha cTeOsAX Obljla MEHbIIIE IHPU-
HBI BO3JeHcTBUA rpebeHkn. OCHOBHBIMY IIOKA3aTEIIMU
OYECHIBAIOIINX YCTPOHCTB POTOPHOTO TUIIA CITYXKAT Ka-
4ecTBO pabOTHI M YUCTOTA oveca [14-16].

KagecTBo paboTHI 09ECHIBAIOIIETO alllIapaTa 3aBHCUT
OT COOTHOIIICHHUSI 30HBI PACTIOJIOKCHHSI CEMEHHBIX KOPO-
0O4YeK B JICHTE M paboUeii 30HbI 0Yeca caMoro anmnapara.
Konebanus BepxXymeqyHON YaCTH JICHTHI IIepe]] 04eChIBa-
IOIIIM aIMapaToOM CBHJETEIBCTBYIOT, YTO 30HA oUeca
JICHTHI JIbHA HE OCTAETCs OCTOSHHOW U B peabHBIX yC-
JIOBUSIX SIBJISIETCS CIy4YailHOM, 3aBUCSILIEN OT YCIOBUM
yOOpKH U IMHAMUYECKUX CBOHCTB yOOPOUHOI MaIlIWHEI.

By =B,(t) + B,(t) + /1), (11)
rre By —30Ha odeca JICHTHI JIbHA, M;

B,(t) — mupuna 30HEI 04eca, 00yCIOBIICHHAS JIIHHON
30HBI KOPOOOUEK, M;

B,(f) — mupuHa 30HbI 04eca, 00yCIOBJICHHAs pacTs-
HYTOCTBIO JICHTHI, M;

I(f) — xoebanms odeca, 00yCIOBICHHBIC BEICOTOM CTe-
0JIeCTOs JIbHA, M.

UucToTa oveca anmapaToB MOXKET OBITH BRIpa’keHa
Kak QYHKIUS YASTHHOTO Yrcia Ipodecos [1]:

w=A0),
rae W—aucrora odeca, %;

O — yAenbHOE YHCII0 TTPOYECcoB, 3y0/c.

VreapHOE YHCIIO0 TPOYECOB ONPEALIACTCS U3 (POPMYIIHI:

Q = M (13)
200V - R
rnue V3 — CKopocTh 3yObeB, M/C;

Z — KOJIM4ecTBO TpedHei Ha OapabaHe, 1IT.;

z3 — KOJIMYECTBO 3yOheB Ha TpebHe, IIT.;

V't — CKOpOCTh TEPEOUIFHOTO arnmapara, M/c;

R — pannyc koHIIOB 3yObeB OapabaHa, M.

OrmpenenyB yripl HAYajda W OKOHYAHUS OdYeca, a TAKXKE
HIUPHHY 30HBI 04eca, 00YCIOBICHHYIO AJTHHOM 30HBI KOPO-
0ouek B,(f), ompenenuM paaiyc ouechiBaromero poropa [17]:

(10)

(12)
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Puc. 4. Cxema x onpedenenuro paouyca o4ecvléaroujeco pomopa:
S— yuacmox, na komopom 6ydem npoucxooums ouec, M, Ry, — pa-
ouyc ouecwisaiowe2o pomopa, m; R — paouyc eepuun ouecvisa-
rowux epebeHok, m; By — 30na oueca, m; ay — yeon Hauana oveca,
2pao.; ax — 201 OKoHuanus oueca, epad.; O — yzon nakiona cme-
6reil om gepmuKanu, 2pao.; @ — y2roeas ckopocmo, pao/c; Vy —
HOCMYNamenvHas CKOPOCHb JHCAMKU, M/C

Fig. 4. The diagram for determining the stripping rotor radius:
S — the area where stripping will take place, m; R, is the stripping
rotor radius, m; R is the radius of the deseeder comb tops, m;
B;— stripping area, m;ay — the angle at the beginning of stripping,
degrees; ox — the angle at the end of the stripping, degrees; 6 — the
angle of the stem tilt from the vertical axis, degrees; w — angular
velocity, rad/s; Vy — forward speed of the header, m/s

NEW MACHINERY AND TECHOLOGIES

B.(1)

Ry=———
cos oy +Sinoy

(14)
riae B,(f) muprHa 30HBI 04Yeca, 00yCIOBICHHAS JITUHON
30HBI KOPOOOUEK, M;

Ro — panuyc 04echIBaIOLIETO POTOPA, M.

Tak kak 3epHOBOI KOMOAH (’)kaTKa) UMEeT IINPUHY
3axBara OKoJIO 4 M, a IbHOYOOPOUHBIH KoMOaliH — 1,52 M,
TO MPOU3BOIUTEIEHOCTS YOOPKH JIbHA YBEIHUUTCS TIPH
OJTHOH M TOM e CKOPOCTH B 2,6 pa3a. A MOCKOJBKY 3€p-
HOBOI KOMOaifH MOXXET paboTaTh 1 Ha O0JIee BBICOKOH CKO-
pOCTH, TO MPOU3BOTUTEIEHOCTE YOOPKH MOXKET BO3pac-
i 10 3 pa3. Cokpaimaercs oJHa eIUHUIIA TEXHUKH (BO-
poxopazaenoBaTenbHas MallliHa), TaK KaK 9Ty TEXHOJIO-
THYECKYIO onepaluio (mepepaboTKy BOpoxa) OCyLIecT-
BIISICT 3€PHOBOW KOMOaifH B mpoliecce yOOpku nibHa. Jla-
0OpaTOPHBIC HCIBITAHMSI [TOKA3aJIU CHUKEHUE IOTEPh Ce-
MSsH IbHa-fonryHua Ha 10%, orxon B myTanuHy Ha 18% [18].

Bbisoabl

1. [lpeacraBuiau TeopeTHIECKOE 0OOCHOBAaHUE Mapa-
METPOB M PEKUMOB pabOTHI 0YECHIBAOIIETO anapara
JUTSL oueca JIbHA-OATYHIA Ha KopHIo. [Ipemioxunu Mo-
JeTTb X OIIPECIICHNS Ha OCHOBE (PU3UKO-MEXaHIMISCKUX
CBOICTB JIbHA ¥ aTrPOTEXHUYCCKUX TPEeOOBAHUH IS €ro
yOopku. [laHHAs TEXHOJIOTHS MO3BOJIUT COKPATUT IO-
TEpH CeMsH JIbHA U OTX0J] cTeOJIel B Ty TaHUHY, HEIO-
CPEICTBCHHBIN OOMOJIOT CEMSH B ITOJIC CHU3UT KOJTUYe-
CTBO yOOPOUHOH TEXHHUKH, YUCIECHHOCTH MIEPCOHANA U
ce0ecTOUMOCTb IPOLYKTA.

2. ITpennoKuim TEXHOIOTHIECKY O CXeMY I yOop-
KH JIbHAa Ha KOPHIO C TOMOIIBIO TePEOHIIEHO-0YeChIBAIO-
IIETO YCTPONCTBA, KOTOPOE COCTOUT U3 TePEOHIBHOTO
arrmapara u CEpHiHOM odechIBaroIiei xxatku. [Iponsso-
JUTEIBHOCTh YOOPKH BO3PACTET B PE3yJIbTATE yBEIUYC-
HUS [IUPHUHEI 3aXBaTa pabOINMH OpTaHAMHU.
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Bo3MOXHOCTb nony4vyeHuda AJANHHOIO BOJIOKHa U3 TpeCTbl MaCJIN4YHOIO JibHa
Ha pa3JIN4YHOM TeXHOJIOrn4ecKom oGopyp,osaval

Errennss Huxonaesna KopoJiesa, Aunexcanap Baaaucniasosuu bBe3taduenko,
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Pedepar. [Tokazanu, 4To KOPOTKOE BOJIOKHO MACIUYHOTO JIbHA OOBIYHO MOTYYAIOT U3 CIyTAHHOW MAcChl MOJOMAHHBIX CTEONEH.
OnHako B MOCTEHEE BpEMs TIOJIHAMAETCS BOIIPOC O BO3MOXKHOCTHU TepepabOTKH B JUTMHHOE BOJOKHO IEINBIX cTebiei, ocTas-
muxes nocie yoopku ceMsH. ([env uccnedosanus) N3yduTh BOSMOKHOCTD TTONYYECHHUS JTHHHOTO BOJIOKHA M3 CTEOIeH Macuy-
HOTO JIbHA HA Pa3MYHOM TEXHOJOTUYECKOM 00O0pYIOBaHHU C 00OCHOBAHHEM XapaKTEpPUCTUK BONOKHA. (Mamepuanst u memo-
Obl) B3sim 1ienple cTeOiu pa3iimyHOro Ka4ecTBa IEeCTH Pa3HbIX COPTOB MACIMYHOTO JibHA. OOpasIbl epepadaThiBali Ha CTAHKE
CMT-500 u B MsumbHO-TpenanbHOM arperare Mapku AJIC-1, mocne 4ero onpenensuiv Nokasareid KauecTBa JIMHHOTO BOJIOKHA.
(Pe3ynomamst u 06¢yscoenue) BoIsBrIM, 4TO OONBITMHCTBO MOKA3aTeNel KauecTBA TPECTHI MACIUYHOTO JIbHA COOTBETCTBYIOT Xa-
PaKTEPUCTHKAM TPECTHI JbHA-IO0NTYHIIA, HO TIPOYHOCTh BOJIOKHA MMEET HEJIOMYCTUMO HU3KUE 3Ha4YeHus. Homep TbHOTpeCTh U3
JIbHa MacJIuyHOro He mpesbimaet 0,5, a BIX0A JIMHHOTO BojokHa n3Mensiercs ot 0,4 1o 11,0 mpoiieHToB, YTO ropa3ao Hike, YeM
U3 IbHA-J0NTYHIIA, TO €CTh OCHOBHAS YaCTh BOJIOKHA BBIMaAaeT B 0TxX0abl. Onpenenmy, uto Ha cranke CMT-500 HeBo3MOXKHO
TOJTYYHTh JUTMHHOE BOJIOKHO JaX€ CAMOTO HU3KOTO HOMEpa M3-3a MAJIOT0 3HAYEHUs TOPCTEBOH JUTHHBL, a ocie arperara AJIC-1
HOMEp JIIMHHOTO BOJIOKHA He BhIIe 8. B xo71e aHan3a OTAENbHBIX XapaKTePUCTUK JUTMHHOTO BOJIOKHA W3 MACITMYHOTO JIbHA OTIpe-
JEIIAJIN, 9TO B CPAaBHEHHH CO JTHHOM-JIOJITYHI[OM 3TO BOJIOKHO 00JIee TOICTOE, MeHee MPpoYHoe U rhOkoe. (Bvisodst) Jlokazanu, 4yto
U3 TIeNbIX cTebMel TEHOTPECTHI JIbHA MACIUYHOTO MOKHO TOYYHTh JUTMHHOE BOJIOKHO, HO HU3KOTO KadecTBa. Ompeaenuiy, 9To
B JNIMHHOE BOJIOKHO MOTYT OBITh TIepepabOoTaHbl 10 67 MPOIEHTOB COPTOB JILHOTPECTHI. 13 pacCMOTPEHHBIX THIIOB JbHOTPECTHI
MaCJIMYHOTO JIbHA BBISABUIIA HAWTYYIIHH 110 KayecTBY — copT JIM-98 u Hanxymume — buproza u Pyueexk.

KuroueBble cioBa: Macnmanbiii neH, cranok CMT-500, arperar AJIC-1, kauecTBO THHOTPECTBI, BEIXO] JIMHHOTO BOJOKHA, HO-
Mep JIbHSIHOTO BOJIOKHA.

 BIRT nutupoBanus: Koponesa E.H., HoBukor 3.B., be36abuenko A.B. Bo3aMOXHOCTE MOMTy9YeHHUsT JITUHHOTO BO-

JIOKHA M3 TPECTHI MACIIUYHOT0 JIbHA Ha PA3JIMYHOM TEXHOJIOTHYECKOM 000pynoBanni // CenbCcKoxo3aticmeenHble Ma-
wiunsl u mexuonozuu. 2021. T. 15. N2. C. 19-25. DOI 10.22314/2073-7599-2021-15-2-19-25.

Possibility of Obtaining Long Fiber from Oilseed Flax Trusts Using Various
Technological Equipment

Evgeniya N. Koroleva, Alexander V. Bezbabchenko,
senior researcher, e-mail: e.koroleva@fnclk.ru; senior researcher,
Eduard V. Novikov, e-mail: fnc_lk44@mail.ru

Ph.D.(Eng.), leading researcher,e-mail: edikl@kmtn.ru;
Federal Research Center for Bast Fiber Crops, Tver, Russian Federation

Abstract. The authors showed that the short fiber of oilseed flax was usually obtained from a tangled mass of broken stems.
However, recently, the question of the processing possibility of the culture whole stems left after harvesting into long fiber was
raised. (Research purpose) To study the possibility of obtaining long fiber from oil flax stems on various technological equipment
with the substantiation of the fiber characteristics. (Materials and methods) Whole oil flax stems of various qualities of six
different varieties were taken. The samples were processed on an SMT-500 machine and in an ALS-1 crumpling and scutching
machine, after which the quality parameters of the long fiber were determined. (Results and discussion) The authors found that
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most of the quality indicators of oil flax trusts corresponded to the fiber flax trusts characteristics, but the fiber strength had
unacceptably low values. The number of flax stems from oil flax did not exceed 0.5, and the yield of long fiber varied from 0.4 to
11 percent, which was much lower than from fiber flax, so the fiber bulk fell into waste. It was determined that on the SMT-500
machine it was impossible to obtain a long fiber of even the lowest number due to the small value of the gristle length, and after
the ALS-1 machine, the number of the long fiber was not higher than 8. During the analysis of individual characteristics of the
long fiber from oilseed flax, it was determined that oil flax fiber was thicker, less strong and flexible in comparison with fiber flax.
(Conclusions) The authors proved that long fiber could be obtained from flax whole stems, but of poor quality. They determined
that up to 67 percent of flax varieties could be processed into long fiber. Of the flax types considered, oilseed flax seeds revealed
the best quality-grade LM-98 and the worst — Biryuza and Rucheek.

Keywords: oil flax, SMT-500 machine, ALS-1 machine, flax quality, long fiber yield, number of flax fiber.

l For citation: Koroleva E.N., Novikov E.V., Bezbabchenko AV. Vozmozhnost’ polucheniya dlinnogo volokna iz
tresty maslichnogo 1’na na razlichnom tekhnologicheskom oborudovanii [Possibility of obtaining long fiber from
oilseed flax trusts using various technological equipment]. Sel skokhozyaystvennye mashiny i tekhnologii. 2021.

Vol. 15. N2. 19-25 (In Russian). DOI 10.22314/2073-7599-2021-15-2-19-25.

JIaHbl dKOHOMHUUECKOTr0 pa3BuTus Pocculickon
deneparuy peAnoIaraoT yBEIHICHHIE CIIPOca
Ha HaTypaJjbHbIe BoJOKHa [1].

JleH MacIUYHBINA — [IEHHAs CEIbCKOX03SIMCTBEHHAS
KYJIbTYpa MHOT'OLIEJIEBOTO HCIIOJIb30BaHus. M3 Hero no-
JTy4aroT Macllo ¥ paCTUTENbHBIN O6e10K [2]. B cTebmnsax co-
IEePKUTCS BOJIOKHO, KOTOPOE UCTIONB3YIOT JJISI H3TOTOB-
JeHus TPpyObIX TKaHeH, BBICOKUX COPTOB OyMaru u apy-
rux menew [3-5].

B npHOBOIUECKUX CTpaHax Bce OObIe BHUMAaHUS
YACTAIOT HCHOIB30BAHUIO CTE0JIEBOM YacTH JIbHA Mac-
JUYHOTO, TAK KaK OHA, KaK U y JIbHA-IOJITYHIIa, BKIIF0Ya-
€T IEJUTIOI03HOE BOJIOKHO [6, 7].

B crpanax manpHero 3apy0ekbs paciIupseTcs HHTe-
pec K nepepaboTKe 3TOro B JIbHA B IBHOBOJIOKHO U
HOJTYYCHHIO H3/ICIUH U3 HETO, HAIIPUMEP, KOMIO3UTHBIX
MaTEPHUAJIOB, PHIHOK KOTOPBIX paciuupsercs [8-10].

B Poccuu pacteT npou3BoACTBO MAaCIMYHOIO JIBHA.
OmHAKO ero BOJIOKHO OOBIYHO HE UCIONIB3YyI0T. Kak mpa-
BUJIO, ITOCJIE YOOPKH CeMsIH cTebau yHuuToxarwrt [11].

s mpon3BOICTBA BOJIOKHA OOBIYHO HCHONB3YIOT ChI-
pbe MacIMYHOTO JIbHA B BUJIE CITyTAaHHOM Macchl MOJIo-
MaHHBIX cTe0JIeH, U3 KOTOPOTr0 MOXKHO HOIYYHUTH TOJIb-
KO KOPOTKO€ BOJIOKHO [12]. B TO ke Bpemst cTaHOBUTCS
aKTyaJbHBIM BOIIPOC O BO3MOXHOCTH NepepaboTKu Mac-
JUYHOTO JIbHA B [UTHHHOE BOJIOKHO — TPETaHbIi ieH. H-
Tepec K 3TOH nepepadoTKe BO3HUK HECIyUailHO, TaK Kak
TeXHUYECKas JINIMHA cTeOei mpeBbImaeT 60 ¢M IpH co-
Jlep>KaHUU BOJIOKHA B Tpecte 19-24% u otnenseMoctu
4-8 en. [13-15]. OTu xapakTepUCTUKHU, HApsy C JUaMe-
TPOM cTeOIIeil, MPOYHOCTEIO BOJIOKHA B HIX, HEPEIKO CO-
OTBETCTBYIOT CTaHJapTaM Ha Tpecty JpHsAHYI0 (TOCT
2975-73, TOCT P 53143-2008, 'OCT 24383-89).

IIpu HUBKON ce6E€CTOMMOCTH TPECTHI JIbHA MaCIUY-
HOT'0, @ 3HAYUT, HU3KOM €€ LIeHE B CPAaBHEHUU C TPECTOU
JbHA-1oNTyHIA (MpuMepHO B 5-10 pa3), BO3MOKHO MOITy-
YUTh U3 Hee peHTaleIbHoe BOIOKHO [16]. YacTh copToB,
CO3JIaHHBIX paHee, He MOTYT OBITh TepepaboTaHbI B IITHH-
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Hoe BoJIokHO [17]. Ho 3a nociienaue 20 jieT BHIBEICHBI
MEPCIEKTUBHBIE COPTa JIbHA MACIIMYHOTO C OOIIeH MTH-
Hoii cTebneit 64-84 cm [18, 19]. B oTiinuune ot n1bHa-107-
I'yHIIa, B HAyYHOU JIUTEPAType HE IPEACTABIECHbI KaKHe-
00 pe3yNbTaThl UCCIENOBAHUI IO epepaboTKe Mac-
JIUYHOTO JIbHA B JNIMHHOE BOJIOKHO, & TAKXKE OTCYTCTBY-
0T 3HAUEHU I €r0 XapaKTEePUCTHK.

OcraeTrcs HeM3yYeHHBIM BOIIPOC O MOy YSHUH IITUH-
HOT'O BOJIOKHA U3 TPECTHI JIbHA MACITUIHOTO, CTEOIIH KO-
TOPBIX MOTYT OBITh IJIMHHEE U COAEPIKATh OOJIbIIE BO-
JIOKHA.

LIEnb MCCNEQOBAHMUSA — U3yYHTh BO3MOXKHOCTD TIO-
JIy4eHH s JIWHHOTO BOJIOKHA U3 CTeOJIel MacIuyHOro
JbHA Ha Pa3INIHOM TEXHOJIOTHYECKOM 000PYIOBAHIH C
000CHOBaHHMEM XapaKTEPUCTUK BOJIOKHA.

Jl1st TOCTHIKEHU S TOCTABIICHHOM LIeJIN HEOOX0TUMO:

- epe MEPBUYHOH mepepaboTKOW HHCTPYMEHTAThb-
HBIM U TEXHOJIOTHYECKHM METOAAMH HCCIIeIOBATh MOKa-
3aTeNN Ka9eCTBAa CHIPhSI — IBHOTPECTHI U3 IETIBIX cTeOeH
MaCJIUYHOTO JIbHA PA3JIMYHBIX COPTOB;

- IPOBECTH MIEPBUIHYIO NepEpadbOTKY JIEHOTPECTHI HA
naboparopaom cranke CMT-500 (anasnore npoMblieH-
Ho¥ MamuHBI MTO®-1), KOTOPHIN BKIIOYCH B HAIIHO-
HaJIbHBIA CTAaHAAPT HAa TPECTY JIBHSAHYIO, a TAK)KE Ha IPo-
MBIIIJIEHHOM MajorabapuTHOM MSUIBHO-TpPEnajIbHOM
arperare mapku AJIC-1 [20];

—MCCIeIOBaTh BBIXO/ JUTMHHOTO BOJIOKHA M 3HAYSHHU ST
IoKa3areseil ero KauecTna;

— IPOAHAJIU3UPOBATh PE3YJIbTATHI U CHIENATH BHIBOJIBI
JUIISL TPAKTHYECKOT'0 UCTIOJIh30BaHUSI.

MATEPUANBI M METOABI. [Ij1s1 icciieq0BaHUsI B3SIU
IECTh COPTOB JIbHA MAaCIUYHOTO B IEJIBIX CTEONISAX pas-
JIMYHOTO KayecTBa B BUJie cHOMOB ypoxas 2019 1. Cte6-
711 OBLITN BBITEpEOIIEHBI BPY YHY IO, TPOILIH POCAHY IO MOY-
Ky, IO BHEIITHEMY BHy COOTBETCTBOBAJIH MPU3HAKAM
JTBEHOTPECTHI M IMETTH CephIii iBeT. Bee 00pa3ibl TbHOTPECTHI
nepes NepBUYHON epepaboTKoi OB 0003HAYEHBI TH-
[IaMu, KaX bl U3 KOTOPBIX COOTBETCTBOBAJ OIIPEEIICH-
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HOMY copty: Tun 1 —JIM-98; 2 — Hunun; 3 — ®nuz; 4 —
BHHUUNMK-620; 5 — buprosa; tun 6 — Pyueek. Tumnst
JIBHOTpECTHI 1, 2, 3, 5 M COOTBETCTBYIOIINE UM COPTA OT-
HOCSITCSI K COBPEMEHHBIM.

[Tokazarenu kauecTBa UCXOAHOU THHOTPECTHI OIpe-
nenstma o OCT P 53143-2008, TOCT 24383-89 u 'OCT
2975-73. Jlanee u3 Ka>xJ0oro THIA J5HOTPECTHI 0TOOpanu
o 20 ropcTei. 3aTem pa3aenuian Ha ABe Tpymmnsl mo 10
ropcTeil, oHa rpyImna npeHasHauanach Ans 00paboTku
Ha ctanke CMT-500 co cTanmapTHBIMU MTapaMeTpamMu
(puc. I). Jpyras rpymnmna npoiuia uepes MsJIbHO-Tpernaib-
HBIH arperat Mapku AJIC-1 mpu yacToTe BpamieHus Tpe-
najJbHBIX OapabanoB 250 00/MUH U CKOPOCTH IepeMeIe-
HUS JIBHOTPECTHI B TpenanbHoi yactu 20 M/MuH [20].

[epepaboTka B 00erx MalTMHAX BeJIach IO OJJHOM rop-
CTH, KOTOpBIC CHaYaJIa BEIPABHHUBAJIH MO KOMJISIM, a 3a-
TEM BPYUYHYIO I0/IaBajii B MSJIBHYIO U TPEHaIbHYIO Ya-
CTH, B IEPBYIO YACTh CTEOIN HAIIPABIISIIN MTEPIICHAUKY-
JIIPHO OCH MSUTBHBIX BaJIbIIOB.

[Mocie mepBryHO# 06paboTKH IBHOTpecTH B CMT-500
u AJIC-1 onpenensiny BbIXOJ AJIUHHOTO BOJIOKHA U €r0
HoMep 1o 'OCT 10330-76 «JIeH Tpemanblii» (A3MEHEHHE
Ne 4) u mo I'OCT P 53484-2009 «JIen TpenaHblii» mo
mm. 6.1.4.2.,6.1.43u6.2.

PE3YNbTATBI M OBCYXAEHME. BOJIBIIMHCTBO MOKa3a-
Tellel KaueCcTBa UCXOAHOM TPECTHI JIbHA MACIIUYHOIO CO-
OTBETCTBYIOT XapaKTEPHCTHUKAM JIbHA-NONTYHIA (puc. la
u b, 2a u b). OnHaKO IPOYHOCTH BOJIOKHA Y 83% Bcex TH-
OB JILHOTpECTHI, KpoMme copta JIM-98, umeet nenomny-
CTHMOE IO CTaHAaPTY 3HaueHue — Menee 3,1 xre (maoa. 1).
3T0 yKa3pIBaeT Ha HU3KOE KaUeCTBO JIBHOTPECTHI, U3 Hee
HEJB3S IIOIYIUTH IITMHHOE BOJIOKHO JUTS TaThbHEHIIIET O
MPOU3BOJICTBA U3 HETO BBICOKOCOPTHOM IPSIKU.

il

&

Puc. 1. Buo cvipws u 6onoxna npu nepepabomre ¢ CMT-500:
a — 2opcmu mpecmol, b — 2opcmu Ha numaiowem mpancnopmepe;
¢ — ONUHHOE BONIOKHO U3 mpecmsl munos 5 u 6; d — O1uHHOe 80710K-
Ho u3z mpecmol 1-4

Fig. 1. Raw material and fiber during processing in SMT-500:

a — handful of trusts; b — handfuls on the feed conveyor; ¢ — the
long fiber of the trusts type 5 and 6; d — long fiber of trusts 1-4
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Puc. 2. Buo cuipvba u 6010KHA npu nepepabomie 6 azpezame

AJIC-1: a — copcmu mpecmul; b — npomsimas asHompecma nepeo
nooayetl 6 MpenaibHyIo 4acmy, ¢ — OIUHHOE 80I0KHO, d — OMX00bL
mpenanus

Fig. 2. Materials and fibers in the processing of the unit ALS -1:

a — handful of the trust; b — a dented the flax before submitting to
scutching section; ¢ — the long fiber; d — waste scutching

Tlo cTangapTy Ha TPeCTy JbHA-IOJITYHIIA HOMEP
JTBHOTPECTHI Y BCEX paCCMaTPHUBAEMBIX THIIOB HE TPEBEI-
maeT 0,5 (maba. 2). DTo NOATBEPKAACT NPEABI YU
BBIBOJIL.

Brixon gnmuaHOr0 BostokHa Ha ctanke CMT-500 u3-
MeHsetcs ot 6 1o 11% (puc. Ic, 1d; maba. 3). B AJIC-1
9TOT MoKa3arenb Bapsupyercs ot 0,4 no 11% (puc. 2c,
mabn. 4) J1ns cpaBHEHUsI, IPU TEX )K€ YCIOBHUAX Tiepepa-
OOTKH TPECTHI JTbHA-TONTYHIA BEIXO] IITITHHOTO BOJIOK-
Ha B CMT-500 u AJIC-1 cocrasasiet 20-39% [10-12]. B
WTOTE N3-32 HU3KOTO Ka4eCTBa OCHOBHASI YACTh BOJIOKHA
BBINIA/IACT B OTXOABI Tpenanust (puc. 2d).

VY miecTy TUIIOB THHOTPECTHI BBIXOJ BoslokHa HA CMT-
500 Beimre, B cpegaeM Ha 6,1% (adc.) B cpaBHeHn: ¢ AJIC-1,
9TO0 pasznuuue Bapeupyetcs ot 1,2 no 8,3% (abdc.);

Ha cranke CMT-500 HEBO3MOXXHO TIOTYYHTh JIINH-
HOE BOJIOKHO Ja)K€ CaMOT0 HU3KOTO HOMEPa BCIICICTBHIE
MaJloro 3HA4YeHHS TOPCTEBOM NuHbI (mabn. 3). OHa He
JoJKHA OBITH HUXKeE 41 cM, a mociie arperara AJIC-1 Ho-
Mep JJIMHHOTO BOJIOKHA HE BbILIE 8 (mabi. 4).

JucriepcnoHHBIN aHATN3 SKCIIEPUMEHTANIBHBIX JaH-
HBIX ITOKA3aJI, 4TO IIPH JOBEPUTENBHOHN BeposTHOCTH (0,95
HAa BBIXOJ] JUTHHHOTO BOJIOKHA OKa3bIBAIOT BIMSHIE Pas3-
JUYHBIC CIIOCOOBI MepBUYHON TiepepadoTku B CMT-500
u AJIC-1. OTo BnusHue coctaBusieT 51%.

T'opcreBas nnuaa ocie AJIC-1 Gosbiire, ueM mocie
CMT-500, Ha 16 cM, 4TO ABJIsIETCS CTATUCTHYECKH 3HA-
YUMBIM OTJIHYHEM (mabn. 3 v 4).

I'ubkocth u3Mensiercs B npexnenax 17-26 mm 8 CMT-500
u 18-25 MM — B AJIC-1, 4TO rOBOPUT HE3HAUUTEIHHOM 3a-
BHUCHMOCTH OT criocoba nmepepaborku. Ho BoiokHO Me-
Hee THOKOe 10 CPAaBHEHUIO CO JIBHOM-IO0NTYHIIOM [20].

PazpeiBras narpyska nocne AJIC-1 Beitre, uem mocie
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LECLUTER] Table 1

KAYECTBO MCXOAHOM IbHOTPECTbI JIbHA MACIIMYHOIO YPOXAS
QUALITY INDICATORS OF THE ORIGINAL FLAX TRUST OF THE OIL FLAX CROP

IMokazareau Tuns! Tpectsl / Trusts types
Indicators 1 2 3 4 5 6

TopcTeBas quHa crebiei, cM
Handful stem length, cm 5 e e 20 £ 63
CopneprkaHue BOJIOKHA, %
Fiber content, % 23 22 22 19 22 19
OTaensieMoCTh BOJIOKHA OT APEBECHHBI, €.
Fiber separability from wood, units i = = 76 77 7.8
IIpodHOCTH BOJIOKHA B CTEONSX, KI'C 7 1 1 ) 0 0
The fibers strength in the stems, kgf

KAYECTBO NIbHOTPECTbI MACIMYHOIO JIbHA B CTEBNAX
QUALITY INDICATORS OF FLAX TRUST OF OIL FLAX IN STEMS

IMokazarenu Tumnel Tpectsl / Trusts types

Indicators 1 2 3 4 5 6
Beixon Bomokaa B CMT-500, %
Fiber output in SMT-500, % 10 1 10 1 6 9
I'pynmna nsera I I 1 | ; :
Color group
Howmep nbHOTpECTHI
Flax trust number 0.5 0,5 0,5 0,5 0,5 0,5

KAYECTBO ANMHHOIO BONOKHA, MONYYEHHOIO HA CTAHKE CMT-500
QUALITY INDICATORS OF LONG FIBER OBTAINED ON THE SMT-500 MACHINE

IMoxazaTean Tunsl Tpectsl / Trusts types

Indicators 1 2 3 4 5 6
T'opcreBas nnuHa, cM
Handful length, cm = = = . = 2
I'ubKoCTh, MM
Bloxibilic s m 25 21 16 26 17 17
Kosdduunent Bapuanuu no rudbkoctH, %
Coefficient of variation in terms of flexibility, % 2 22 S e e e
PaspeiBHas Harpy3ska, naH
Breaking load, daN (decaNewton) ol 0 2 2 8 9
KoaddunuenT Bapuanuu 0o pa3peIBHOM Harpyske, %
Coefficient of variation in breaking load, % e = X 29 2/ 20
ConepxaHue HenopaboTKH, %
Content of defects, % ! v v v L Y
MaccoBas 105151 KOCTpBbI, %
Mass fraction of chaff, % . 2 © 2 ¢ 12
I'pymma nBeta
Color group L ! L L ! L
HpHeﬁHaﬂ ILUIOTHOCTB, TEKC 19 17 19 18 18 17
Linear density, tex
Homep Tpenanoro jibHa (JUIMHHOTO BOJIOKHA)* _ _ _ _ _ _
Number of frayed flax (long fiber)

* OnpefeNnuTs HEBO3MOXKHO U3-3a HU3KOH IOPCTEBON JUIMHBI BOIOKHA, KOTOPAsi [0 CTAaHAAPTY HE JOJDKHA OBITH MeHee 41 cm
* Cannot be determined due to the low handful length of the fiber, which according to the standard should not be less than 41 cm

CMT-500, B cpennem Ha 6 naH. 3to ctaructuuecku 3Ha-  JibHa-gonryHua [20]. BonokHo MacnuyHoro apHa Ooee

guMoe oTiarare. Ho B cpaBHEHNH C BOJIOKHOM JIBHA-I0N-  TOJICTOE.

T'yHIIa OHO MeHee rpoaHoe [20]. [Tocie CMT-500 BosioKHO O0JIee HEOTHOPOIHOE TIO
JluneliHas IIOTHOCTH AJIMHHOTO BOJIOKHA M3MEHSIET-  pa3pbIBHON Harpyske, nocie AJIC-1 — o rubkocTH, 4To

cs1 oT 17 1o 20 Tekc, 9TO TOpa3no BHIIIE, YeM Y BOJIOKHA  CIIEIyeT U3 3HaueHUH K03 PUINeHTOB BapHalIHH.
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L ITEY Table 4
KAYECTBO ANMHHOTO BONIOKHA, NONYYEHHOTO B ArPErATE AJIC-1
QUALITY INDICATORS OF THE LONG FIBER OBTAINED IN THE ALS-1 MACHINE
Ilokasatenu Tunei Tpectol / Trusts types
Indicators 1 2 3 4 5% 6*
Beixoa 1MHHOTO BOJIOKHA, Y%
Long fiber output, % o g . . e U
T'opcreBas nuuHa, cM _ _
Handful length, cm = 44 = 4
T'nbxocth, MM
Flexibility, mm 25 18 19 = - -
Kos¢ddpuurent Bapuanuu no rudbkoctH, % 40 38 38 34 _ _
The coefficient of variation in terms of flexibility, %
Pa3priBHas Harpy3ka BoyiokHa, 1aH 15 16 15 17 B _
Breaking load, daN (decaNewton)
Kos¢pduurent Bapuanuu no pa3pslBHON Harpyske, % 19 1 27 14 _ _
Coefficient of variation in breaking load, %
CozneprxaHue HeOpaOOTKH, Yo 5 1 0 0 _ _
Content of defects, %
MaccoBas 1015 KOCTpEI, % ) 1 1 1 _ _
Mass fraction of chaff, %
I'pynma nsera
Color group ! L ! : B B
JIuHeliHasi NIOTHOCTD, TEKC 20 20 18 19 _ _
Linear density, tex
Homep Tpenanoro ipHa (IJIMHHOTO BOJIOKHA) ] 8 8 8 _ _
The number of frayed flax (long fiber)
* KauecTBO ONMpPENENUTh HEBO3MOXKHO H3-32 HU3KOTO BBIX0/IA BOJIOKHA B 00pa3iax (HEA0CTATOYHO BOJIOKHA [Isl aHAIIH32)
* The quality of the fiber cannot be determined due to the low fiber yield in the samples — not enough fiber for analysis

MaccoBas 1015 KOocTpsl B BosiokHe nocie CMT-500
BEIIIIE B cpenHeM Ha 4% (a0c), 9TO SBISETCS CTAaTHCTHYC-
CKH 3HAYMMBIM 3HaYECHHEM.

Hons nenopabotku B CMT-500 u AJIC-1 mpakTrye-
CKH He pa3nyaeTcsi U B OCHOBHOM He npeBbiimaet 1% B
00enX ManInHax.

BriBoabl. BriepBble n3y4uin BO3MOKHOCTD MOy Y-
HUS JJIMHHOTO BOJIOKHA M3 TPECTHI MACINYIHOTO JIbHA HA
1a00paTOPHOM MSUTBHO-TpenaibHOM cTanke CMT-500
(ananor npomeinuieHHoH MamuHbsl MTO®-1) u masora-
0apUTHOM MTPOMBIIIUIEHHOM MSUTBHO-TPENaTBHOM arpe-
rate AJIC-1.

[Tokazamnm, 9TO MOy4YECHHUE JUIMHHOTO BOJIOKHA U3
JTBEHOTPECTHI JIbHA MAaCIIHYHOTO BO3MOXHO, HO €r0 MaK-
CHUMAaJIbHBIN BBIXOJ He ITpeBbimaeT 11%. HesaBucumo ot
copta KynbTypsl Ha ctanke CMT-500 HeBO3MOXHO TIO-
JIy4YUTh JJIMHHOE BOJIOKHO, KOTOPOE COOTBETCTBOBAJIO
ObI ma’ke caMOMy HU3KOMY HOMEDY.

[Honyuute nnuHHOE BOIOKHO B arperare AJIC-1 Bo3-
MOkHO. Ho oHO OyaeT HM3KOro KadecTBa: HOMEPOM He
Oonee 8, ¢ BEIXOIOM BOJIOKHA He BbIle 11% (B cpenHeM
4%). Ilpu 3TOM U3 BCEX TUIOB JIBHOTPECTHI (COPTOB) 10
67% MOTyT OBITB TIepepaboTaHbI B JUTMHHOE BOJIOKHO.

Crnenyet npennonokuTh, 4T IepBUYHAs iepepadoT-
Ka MacJIMYHOT0 JIbHA B ITTMHHOE BOJIOKHO Ha IPYTHX MSLJIb-
HO-TpeNaJIbHBIX arperarax, Harpumep B MTA-2JI unn
eMy MoJIOOHBIX, HelleNieco00pa3Ha, TaK KaK BBIXO BOJOK-
Ha B HUX OyJeT ele HuxKe, yeM B arperate AJIC-1, a Tak-
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JKE M3-3a TOTO, UYTO MOTPEOICHHE TPEIIAHOTO JIbHA HOME-
pa 8 TEeKCTHIIBHOM MPOMBIIIIIEHHOCTHIO MUHHMAJIBHOE.

BriepBbie onpeaenuiy u mpoaHaIn3upoBaIy 3HaUe-
HHS TI0Ka3aTelIed KauyecTBa JJIMHHOI0 BOJIOKHA U3 JI5HA
MACJIMYHOTO B 3aBUCHMOCTH OT CII0C00a IEPBUYHOM T1e-
pepaboTKu. BeisiBuIM, 4TO Hanboee pa3TnvyaroTcs Ta-
KHE XapaKTePUCTHUKHU, KaK BBIXOJ JJIWMHHOTO BOJIOKHA,
ropcTeBas JJIMHA, pa3pbiBHAs HArpy3ka. J[uHHOE BO-
JIOKHO MacJIUYHOT0 JhHA MEHEe IpoYHOoe U THOKoe, 60-
Jiee TOJICTOE, YeM BOJIOKHO U3 JIbHA-IOJTYHIIA.

3 paccMOTpEHHBIX COBPEMEHHBIX COPTOB MACIUYHO-
ro JbHA HAMJIYUIITUM 110 3HAYCHHIM TOKa3aTeen Kkade-
CTBa JbHOTPECTHI U JJIMHHOTO BOJIOKHA cTai copT JIM-98,
HauXyAllas JIbHOTpecTa y copToB bruprosa u Pydeek.

BHepBI)Ie HOJ'Iy‘II/IJ'[I/I TEXHOJIOT'HYECCKHUE JaHHBIC, KO-
TOPBIC MOYKHO UCTIOIH30BATh B TEXHUKO-3KOHOMHUYECKHX
000CHOBaHMSX MEPBUYHON NIEPEePaOOTKHU JIbHA MACTHY-
HOTO.

Paboma evinoanena npu nodoepacke Munobpuayxu
P® ¢ pamrax I'ocyoapcmesennoeo sadanus @PITHBHY «De-
0epanvHblll HAYUHBII YeHMP 1Y OAHBIX Kyavmypy (Ne 0477-
2019-0005).
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Cunosas yctaHOBKa AN MOGUNILHOIO TPaHCMOPTHOro cpeAcTBa
Knacca 0,6-0,8 Ha 6a3e TpaKTOpPHOro camoxogHoro waccu T-16

BajenTtun Anexcanaposud I'ycapos,
JOKTOpP TEXHUYECKHUX HAYK, ITIaBHBIN HAYUHBIH
COTPYIHUK, e-mail: cosinys50@mail.ru

DenepallbHBIN HAyIHBIN arponHkeHepHbIil neHTp BUM, MockBsa, Poccuiickas @enepanus

Pedepar. [Tokazanu HeoOX0OAUMOCTD pa3pabOTKU 3aTHENPUBOTHOTO THOPUIHOTO MOOHIIBHOTO TPAHCTIOPTHOTO CPEIICTBA CENTBCKO-
XO3SMCTBEHHOTO HA3HAYEHHS C DIEKTPOIPUBOIOM U CUIIOBOM SHEPreTHYeCKor ycTaHOBKOH. (Llens uccrnedosanus) Paspaborats u
FCCIEI0BaTh HOBYIO KHHEMATHIECKYIO CXeMy MOOHMIIBHOTO TPAHCIIOPTHOTO CPENcTBa Ha 6a3e TPAKTOPHOTO CAMOXOIHOTO MIACCH
T-16, obecneurBarOnIyo MOBBINICHHYIO HANIEKHOCTh, KOMDOPTHBIC YCIOBHS TPYAa OIEPaTopa, 3HAYUTEIBHOE YIyYIICHHE KO-
JIOTUYECKOH 00CTAHOBKH, a TaKXkKe SKOHOMHYECKYI0 dQdeKTHBHOCTD. (Mamepuanst u memoodwt) Ilepeunciannm mpenMyInecTBa
HOBOW KHHEMATHIESCKOH CXeMBI THOPHIHOTO TPAHCIIOPTHOTO CpecTBa. [IprBenn cpaBHUTENbHBIC TEXHHIESCKUE XapaKTePHUCTHKA
JU3ENBHOTO JIBUTATENS U aCHHXPOHHOTO AMeKTpOoABUraTes. PazpaboTann HOBYO METOIMKY pacyeTa TEXHHYECKHX MapaMeTpoB
ra3oTypouHHOTO ABHTaTeNs. OmUcany Iporecce MPON3BOACTBA dMEKTPOIPHBOAA MOITHOCTHIO 11 KIIOBATT AN IPUBOJA BELYIIHX
Konec. [IpuBeny TemoBoil pacyer napameTpoB KoMIpeccopa, TypOuHbL. Beruncnnimm koadduument u3dbitka Bo3ayxa. [lo momy-
YeHHBIM TTapaMeTpaM BbiOpanu Typookommpeccop K27-145, KOTOpbIil 0THOBPEMEHHO CITYXHT TypOHHON W KOMIIPECCOPOM Ta30-
TypOuHHOTO nBHTaTeNs. CO3MalM KHHEMATHIECKYIO CXEMY C Ta30TypOMHHBIM AJICKTPOTEHEPATOPOM, aKKyMYJIATOPHBIME OaTape-
SIMH, aCHHXPOHHBIM JIBUTATENIeM YaCTOTHOTO YIPABIIEHHS U MEXaHUYECKOl KOpoOKoii mepekioueHus nepenad. (Pesyimamot u
o6cyacoenue) TIpenIoKuIM HCTOTB30BaTh MOOMIEHOE TPAHCTIOPTHOE CPENICTBO KaK TIEPEIBIDKHYIO AIEKTPOCTAHIINIO: BEIXOTHAS
poseTka ¢ HanpsbkeHueM 220-230 BoJbT paboTaeT OT HHBEPTOPA, MOJKIIOUEHHOTO K AKKyMY/ISTOPHBIM OaTapesM; BTopas po3eT-
ka— ¢ TpexdasHpiM HanpshkeHneMm 400 BOJNBT — OT reHepaTopa CHIIOBOW Ta30TypOMHHOW yCTaHOBKH. (Bvigoowt) Jlokasaiu, 4to
HPEIIOKCHHAST KOHCTPYKIHS THOPUIHOTO MOOIJIBHOTO TPAHCIIOPTHOTO CPEICTBA HA aKKyMYJIATOPHOW Oarapee M ra3oBOd Typ-
OuHe criocoOHa paboTark B TeUCHHE BCero pabodero JHs, a s 00ecTeueHnst MOITHOCTH 16 JIONMIAIUHBIX CHJI AU3EIbHOTO JIBU-
TaTels JOCTAaTOYHO YCTAHOBHUTH ACHHXPOHHBIH 3NEKTPOABHUTATEh MOITHOCTBIO 7,5 KHIIOBATT. PaccunTani mpon3BOAUTEIBHOCTD
KOMIIpeccopa ra3oTypOMHHOTO JBUraress, kotopas cocrasmia 0,178 kuorpamma B cekyHy. Onpenenuin reoMeTpuyeckue mna-
paMeTpBI KaMephl CTOPAHHS M TEXHHUECKYIO XapaKTEPHCTUKY TypOOKOMITIpeccopa.

KaroueBble ci10Ba: ruOpuiHOoe MOOMIBHOE TPAHCIIOPTHOE CPENCTBO, AKKYMYJIATOpHAs Oarapesi, CHJIOBasi YCTaHOBKa, ra30Typ-
OWHHAs yCTaHOBKA, ACHHXPOHHBIN AIEKTPOIBHUTaTENb, SEKTPOTeHEPATOP.

( BIRT nuTupoBanus: I'ycapos B.A. CuioBast ycTaHOBKa 111 MOOMJIBHOT'O TPAHCIOPTHOTO cpeacTBa Kiacca 0,6-
0,8 Ha 6a3e TpakTOpHOTO cCamoxomHoro maccu T1-16 // Cenvcroxossaiicmeennvie mawunsl u mexuonozuu. 2021. T. 15.
N2. C. 26-32. DOI 10.22314/2073-7599-2021-15-2-26-32.

Power Plant for a 0.6-0.8 Class Mobile Vehicle Based
on the T-16 Self-Propelled Tractor Chassis

Valentin A. Gusarov,
Dr.Sc.(Eng.), chief researcher,
e-mail: cosinys50@mail.ru

Federal Scientific Agroengineering Center VIM, Moscow, Russian Federation

Abstract. The authors showed the necessity to develop a rear-wheel drive hybrid mobile agricultural vehicle with
electric drive and power plant. (Research purpose) To develop and study a new kinematic scheme of a mobile vehicle
based on a self-propelled tractor T-16 chassis, which provides increased reliability, comfortable working conditions
for the operator, a significant improvement in the environmental situation, and better economic efficiency. (Materials
and methods) The authors listed the advantages of the new hybrid vehicle kinematic scheme. They gave the comparative
technical characteristics of a diesel engine and an asynchronous electric motor. They developed a new methodology
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for calculating gas turbine engine technical parameters and described the production process of an electric drive with
a capacity of 11 kilowatts to drive the driving wheels. The authors gave a thermal design of the compressor parameters,
turbine. They calculated the excess air ratio. According to the parameters obtained, a K27-145 turbocharger was
chosen, which simultaneously served as a turbine and a compressor of a gas turbine engine. A kinematic diagram
was created with a gas turbine electric generator, storage batteries, an asynchronous frequency-controlled motor and
amechanical gearbox. (Results and discussion) The authors proposed to use a mobile vehicle as a mobile power plant:
an output socket with a voltage of 220-230 volts operated from an inverter connected to batteries; the second socket—
with a three-phase voltage of 400 volts — from the generator of the power gas turbine plant. (Conclusions) It was proved
that the proposed hybrid mobile vehicle design on a battery and a gas turbine was capable of operating throughout
the entire working day, and to provide 16 horsepower of a diesel engine, it was enough to install an asynchronous
electric motor with a capacity of 7.5 kilowatts. The authors calculated the compressor performance of the gas turbine
engine, which was 0.178 kilograms per second. The geometric parameters of the combustion chamber and the technical

characteristics of the turbocharger were determined.

Keywords: hybrid mobile vehicle, storage battery, power plant, gas turbine plant, asynchronous electric motor, electric generator.

B For citation: Gusarov V.A. Silovaya ustanovka dlya mobil’nogo transportnogo sredstva klassa 0.6-0.8 na baze
traktornogo samokhodnogo shassi T-16 [ Power plant for a 0.6-0.8 class mobile vehicle based on the T-16 self-propelled
tractor chassis]. Sel 'skokhozyaistvennye mashiny i tekhnologii. 2021. Vol. 15. N2. 26-32 (In Russian). DOI 10.22314/2073-

7599-2021-15-2-26-32.

PaHCIIOPTHBIM CpEACTBaM, PaOOTAIONIIM Ha HIICK-

TPO3HEPTUH, B MUPE YACIIOT Bce Ooblliee BHU-

Manue [1]. DIeKTPOMOOHIN UMEIOT TPEUMYIIIe-
CTBA Iepe TPaIuIUOHHBIMH OPITHEBEIMHI MaIlHHAMH
BCJIEICTBHE MOHMKEHHOT'O YPOBHSA IIyMa, BUOpaIuu,
BBEIXJIOITHBIX Ta30B. OHH O0J1ee TPOCTHI 0 KOHCTPYKIIHA
¥ 3HAYUTEIILHO MPOIIIE B IKCILTyaTanuu [2].

LIEnb nccnenoBAHNS — pazpaboTaTh U UCCIIEI0BATh
HOBYIO KHHEMATHYECKYIO CXeMY MOOMIIBHOTO TPAHCIIOPT-
HOTO Cpe/ICTBa Ha 0a3e TPAKTOPHOTO CAMOXOHOTO I1ac-
cu T-16, obecriednBarONIy 0 OBBIICHHY O HAJIE)KHOCTD,
KoM(OpTHBIE YCIOBUS TPY/la ONIEpaTopa, 3HAUUTEIbHOE
YIIy4IICHHE KOJIOTHISCKONH 0OCTAaHOBKH, a TAKKE KO-
HOMHUYECKYIO AP (PEKTUBHOCTE.

Pa3pabarpiBaeMoe MOOMIIEHOE TPAHCIIOPTHOE CPe/l-
ctBo (MTC) ¢ aneKTpoMexXaHHYeCKOW TPaHCMHUCCUEH
MpeIHa3HAYEHO JJIsI BHITIOJTHEHU S TPAHCIIOPTHBIX U CETTb-
CKOXO3SIMICTBEHHBIX TEXHOJIOTHUECKHUX Olepaluii 0e3
BBICOKHMX TATOBBIX HAarpy3okK. Ero MO>xHO HCIIONIB30BaTh
KaK Ha OTKPBITBIX TEPPUTOPHUAX, TAK U B 3aKPBITHIX I10-
MemeHusIX [3, 4].

MTC c 3aaHEenpUBOIHBIME KOJIECAMH — 3TO THOPHA-
HEBIH MOOMJIBHBIN TPAHCIOPT, TaK KaK UCIONB3yeT JBa
BH/Ia SHEPTUHU: HNEKTPUUECKYIO TATY U JKHUAKOE TOILIH-
B0. COOTBETCTBEHHO, OHO UMEET /IBA 3aIIPABOYHBIX YCTPOU-
CTBa: 3JIEKTPUUECKYIO PO3ETKY U TOPJIOBUHY J1JIs 3aJI1UB-
KU YTIIEBOJIOPOTHOTO TOTLIIUBA.

MATEPUANDBI U METOAbI. JIJIs KCCIIENOBAHMI HCIIONb-
30BaJid HKCIIEPUMEHTAJIbHOE TPAKTOPHOE CAMOXOHOE
maccu T-16, Ha KOTOpOM TTpeABaPUTENHHO AEMOHTHPO-
BaJIu: IBUTATENIh MOIHOCTHIO 11 kBT (16 1.¢.), BO3MyX0-
OYUCTUTEJIb, CUCIIJICHUC, TTIYIIHUTCIIb — O6IlII/IM BECOM
360 kT.

IIpu MoznepHU3aLMK B Ka4€CTBE [IPUBO/Ia YyCTAaHOBU-
JIA aCHHXPOHHBIN 3eKkTpoaBuraTesb (AJl) AUP 132 M4
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MOIIHOCTHIO 11 kBT, c HOMMHATBEHBIM KPY TSIIMM MOMEH-
ToM 72,7 HM, uMeromuii npuMepHoO paBHbIE XapaKTepH-
CTHKH CO IITAaTHBIM ABuraresnem JI-21. Dnektpoasura-
TEJb KPEIUTC Ha KOPOOKY MEePeKITFOUCHU S Iepeaad
(KIIIT) gepe3 y3emn CONpsKEHUS U KapTep CLEIUICHUS
(puc. I). KpyTsmmit MOMEHT IiepeaacTcst 4epe3 Mo 1B K-

HYIO MyQTY.

Puc. 1. Vzen conpsasicenus kopobku nepexniouenus nepeday u dex-

mpooeueamens HA IKCHEPUMEHMATLHOM 00pazye mpakmopHo2o
camoxoonozo waccu T-16

Fig. 1. Coupling unit of the gearbox and the electric motor on the
experimental model of the T-16 self-propelled tractor chassis

Bonbryio 4acTs BpeMeHH IpeAnoaraeTces paboTarsh
Ha aKKyMYJIATOPHBIX 0atapesx (AbB), a B cimydae ux pas-
psna MTC nepexoauT Ha paboTy OT CUJIOBOM 3HEPreTH-
YeCKOH YCTaHOBKH.

[lepBUYHBIM HCTOYHUKOM 3Hepruu cayxaTt Ab ¢ mak-
CHMaJIbHBIM HanpspkeHneM 540 B. AKKyMyJ1ITOpBI U KOM-
MYTHPYIOLME YCTPOUCTBA HAXOAATCS BO BIaro3aluIieH-
HOM OOKce, KOTOPBIH yCTaHaBIMBAIOT Niepe]] KaOMHOM —
MeXTy 0aJIoK pambl, IToJl Tpy30Boii miatdopmoit. Ha 6op-
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Ty pa3MeIleH AEKTPOINT. BXomHas po3eTka mpexycMo-
TpEeHA JIJIs MOJIKITIOYCHU ST CUCTeMBI 3apsaku Ab k omHO-
(hasHoM mepeMeHHOM ceTr Hanpsikennem 220-230 B. Nme-
FOTCS TaK)Ke BBIXOAHAS OTHO(A3HAS PO3ETKA IepEMEH-
HOro ToKa HanpsbkeHneM 220 B u BerxomHast TpexdasHas
po3eTka mepeMeHHoro Toka HanpspxenueM 400 B. ITomo6-
HbIe CUCTEMBI pa3padaThIBaJINCh B HAIlICH CTpaHe pa-
Hee [4-7].

BrixoaHble pO3eTKY MpeIHA3HAYCHBI JIJIS DJIEKTPO-
CHAOXEHMS TIOAKII0YaeMOT0 BHEIITHETO 000y IOBaHUS:
HACOCOB JIJIs IEPEKAYKH BOJBI, BEHTHIISATOPOB JJIS CYIII-
KM CEHa, HarpeBaTesei BOMIbI, JIEKTPUICCKUX HOKHUIL
CTPHKKH )KHBOTHBIX, CTPOUTEIBHBIX U TEXHOJIOTHYE-
CKHMX MHCTPYMEHTOB U 1ip. Bpems 3apsinku AB cocrtas-
nset 8-10u. K Ab monkiouaroT npeodpa3oBaTens 4a-
CTOTHI C BXOIHBIM HanpsbkeHueM 440-540 B moctostHHO-
I'0 TOKA U BBIXOAHBIM TpeX(a3HBIM peryInpyemMbIM Ie-
pemenHbIM HanpsbkeHueM 380 B, o6ecnieduBaromum us-
MEHEHHE YaCTOTHI BPAIICHHUS POTOPa aCUHXPOHHOTO JIBH-
rarens (AJ]) B mpenenax 0-1450 mun . Yipasnenue gac-
TOTHBIM ITPE0OPa30BaTEIEM OCYILIECTBIAETCS HAXKATHEM
Ha IITAaTHYIO Mefais ra3a. Yactora BpameHus poTopa
AJ] m3MeHsieTCs 1Mo SKCIOHEHITHATBHOMY 3aKoHy. CKo-
poctb Habopa 000poToB poTopa AJl 10 MaKCUMabHBIX
YCTaHOBJIEHA TPOTPAMMHO M MOXET COCTaBIATH 5-20 c.
Ho ¢ yueTom ko3¢ dunirnenTa cKoIbKeHUs pOTOpa U UM-
MyJIbca NMOJAKJIFOYCHHOHN Harpy3ku (Macca T-16) paktu-
yeckasi CKOpocTb Habopa 000pOTOB yMEHBLIUTCH. 3ampo-
TpaMMHPOBaHHOE BpeMs OCTAHOBKH A J| MOXeT cocTas-
1sTh 2-20 ¢. Pazpabotan skcriepuMeHTaIbHBIN 00paserl
TPAKTOPHOTO CAMOXOIHOTO maccH T-16 ¢ 3IeKTponpuBo-
JoM (puc. 2).

Puc. 2. Dxcnepumenmanvhbiii 06pasey mpaxkmopHo2o camoxo0Ho-
2o waccu T-16 ¢ anexmponpugodom

Fig. 2. An experimental model of the T-16 self-propelled tractor
chassis with an electric drive

AxkyMmynsiTopHas 0aTapest coctout u3 40 nocneno-
BaTEIHHO COCANHEHHBIX aKKYMYIATOPOB €MKOCTHIO TI0
20 A-y, obmieit maccoit 160 k. B ciryuae paspsga Ab u
HEBO3MOXHOCTH Toa3apsaaku oT ceTu 220 B oneparop B
PYYHOM peXIME MOXET BKIIFOUUTH PE3EPBHYIO dHEpre-
THYECKYIO CHIIOBYIO YCTAHOBKY, COCTOSIIIYIO U3 ra30Typ-
OMHHOTO JBUTATENS U JIIEKTPOreHepaTopa. DICKTpore-
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HEpaTop, Yepes 3apsaaHo-IIpeodpas3yomiee yCTPOHCTBO
3apspkaeT Ab u pu noctuxenuun 85% emkoctu Ab aB-
TOMaTU4YECKHU OTKJIFOUAETCS.

BTOpHUYHBIM HCTOUHUKOM 3HEPTHUH CIYKHUT CUIOBas
YCTaHOBKa MOIITHOCTHIO 12-14 kBT, o6ecieunBatoas oJ-
HOBpeMeHHO 3apsaky Ab, neuxenne MTC u ucnonne-
HHE TEXHOJOTHYECKHUX CEeITbCKOXO3IMCTBEHHBIX Orepa-
nuid. CHIIOBY10 yCTaHOBKY Maccoit 60-70 kT pukcupyror
k KIII1, 3a kabuHOM, HaJ 3nekTporpuBoaoM. [IpuBonom
CHJIOBOM YCTaHOBKH SIBJISICTCSI Ta30TYPOUHHBIN ABHUTA-
tenb (I'TH) [8]. B xauecTBe TOIIMBA B HEM UCHIOIB3YIOT
mponaH-0yTaHOBYIO CMeCh I KepocHuH. KepocuH 3a11-
BAalOT B IITATHBIH 0aK 7151 AU3EIBHOTO TOIINBA. bamion
JUTs TpoIaH-0yTaHOBOIM CMECH MOXKHO Pa3MeCTHb MOJ
I'Py30BOii IaTHOPMOH, 3a IEPESITHUM MOCTOM.

PE3YNLTATBI M OBCYXXAEHME. J{Jisi 5KOHOMHUHU 3JIEK-
TPOSHEPTUH MOAONIET U MEHEE MOIIIHBIN 3JIEKTPOIBUTA-
Tenb— 7,5 KBT, Tak Kak MaKCUMAaJIBHBIN KPYTAIIMN MO-
MeHT A /] mpeBbIaeT HOMUHAIBHBIN B 2-3 pa3a. K Tomy
K€ DJIEKTPOJBUTATENb UMEET €IL€ U IEPErPy304HYIO Xa-
PaKTEepUCTHUKY, B 1,5 pa3za nmpeBbILAIOLIYI0 MAKCUMATIb-
HbIE 3HaYEHUSI MOLIHOCTH U KPYTALLEr0 MOMEHTA.

DTOT NoKa3aTelb 3aBUCUT OT BPEMEHH BO3JIEHCTBUA
Y YPOBHsI IEPETPY3KH (0 JOCTHIKEHHS TEMIIEPATY PbI 00-
MoTkH 80-180°C, B 3aBUCMMOCTH OT KOHCTpYyKIMU A/Jl)
[9, 10]. Ho 4T065I coxpaHuTh paboune XapaKTepUCTUKU
MTC, A/l BEIONPAIOT 10 HOMHHAJILHOMY KPYTAIIEMY MO-
MeHTY. MaKcUMaJIbHbIN KPY TALIUN MOMEHT yCTaHOBJICH-
Horo anektpoasurarenst AP 132-M4, ¢ yueTom nepe-
rpy304HOM XapaKTEPUCTUKHU, MOXKET gocTurars 120-
130 Hwm [11].

YacTtoTa BpalleHUs KOJIEHYaTOr 0 Bajia JU3EIbHOTO
JIBUTATEs, KaK ¥ EKTPOJBUTaTeNs, COCTaBIseT 1450 Mun ',
a HOMHHAJIBHBIN KpyTAIui MoMeHT — 71,5 Hm — amekT-
ponBurarens cosgaet npu O MuH . PaGouas yacToTa Bpa-
mwenus asurarens J[-21 naxonures B mpexnenax 800-1100 MHH ',
pexkoMeHIyeMas gacToTa Bpamenns A J[ —200-350 mun .
Taxoli quana3oH U3MEHEHUs CKOPOCTH BpaleHus AJ|
BMECTE CO IITATHOM KOPOOKOH mepeaad Mo3BOJIHUT MO-
OUJIBHOMY TPaHCIIOPTHOMY CPEICTBY MEePEMEIATHCS CO
CKOpOCTHIO 1-13 KM/4.

CoBMeleHue XapaKTEPUCTUK TU3EIbHBIX JBUTaTe-
JIeH U DIIEKTPUYECKUX TPAHCMHUCCUH B TpadMIeCKUM U30-
OpaKeHUH TPEJIOCTABIISICT HANOO0JIee TOYHYI0O KApTUHY
B3aumozeiicTeus (puc. 3) [12, 13].

Texuuueckune xapaktepucTuku Al BOJTHE COOTBET-
CTBYET Mokasateisisim aurareis J-21. A mo HeKOTOpEIM
MO3UIIUSM J1a’Ke UMEIOT IPEBOCXOACTBO. Tak, yacToTa
BpAlLlEHUs POTOPA HAa BCEX CKOPOCTAX MOXKET HAUMHATh-
csic 0 MuH |, cCKOPOCTh HAGOPa 10 HAMGOBIIEH YACTOTHI
BpAILIEHHSI POTOpA ANEKTPOABUTATEN S cocTaBiseT 11 c,
aKycTHUYecKasi akTUBHOCTb He mpeBbiiuaeT 71 ab, ypo-
BeHb BuOpanuu 1,8-2,8 mm/c.

Ha pucynke 4 npencrapnena 0Jok-cxema pazpadaTsl-
Baemoro MTC Ha 6a3e TpaKTOPHOTO CAMOXOHOT'O IIIac-
cu T-16.
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Puc. 3. Kpymsuwyuii momenm ouzenvrozo dsueamens JI-21 u acun-
Xpouroeo snexkmpoosucamens AUP 132 M4 mowrnocmywio 11 kBm
Fig. 3. Torque of the D-21 diesel engine and the AIR 132 M4
asynchronous electric motor with a power of 11 kW

Puc. 4. bnok-cxema eubpuornoco MTC na 6aze mpakmoprozo ca-
Moxoonozo waccu T-16: 1 — acunxpounwitl anekmpoogueaments,
2 — kopobka nepexniouenuss nepeoay; 3 — akKymynsmopnule 6a-
mapeu; 4 — eazomypbunnwiil 0gucamenv;, 5 — c60000HAS. CULOBASL
mypouna; 6 — anekmpocenepamop; 7 — 4acmommuli npeoopaso-
eamenn, 8 — 3a0Hue gedywue Koneca, 9 — nepedHue ynpasisemvle
Koneca

Fig. 4. Block diagram of a hybrid MTS based on a tractor self-
propelled chassis T-16: 1 — asynchronous electric motor; 2 —
gearbox; 3 — rechargeable batteries; 4 — gas turbine engine; 5 —
free power turbine; 6 — electric generator; 7 — frequency converter;
8 — rear driving wheels; 9 — front steered wheels

OnuH U3 BaXXHEHIITNX y37I0B — SHEPTETUYECKasI CHIIO-
Basl yCTaHOBKa, 00eCIeunBaloNIasi BEIpaOOTKY AIIEKTPO-
9HEpPruu B 1r000e Bpems (puc. 4). Jlns ee co3panus He-
00X0IMM ra30Ty pOMHHBIA ABUTaTENb, PA0OOTAIONIII HA
KEPOCHHE HJIU IIPONaH-0y TaHOBOW CMECH U OTBEYAIOIIHH
BCEM IapaMeTpaM Harpy3KH. [|BUTaTENb COCTOUT U3 pa-
JUATBHOT0 KOMIIPECCcopa ¢ HEHTPOCTPEMHUTEIBHON Ty P-
OMHOM BBICOKOTO JaBlicHHs U kKamepsl cropanus (KC).
YacToTa BpameHus TypOOKOMIIPECCOPHOTO POTOPA TOIIK-
Ha coctanars 100-120 Teic. MuH .

st oy 4eHu st HaeKHOTO M EIIEBOr0 ABUTATEIS
HEOOXOAMMO ONTUMHU3UPOBATH BCIO €r0 KOHCTPYKITUIO B
LEJIOM: OTIPENICIIUTE MapaMeTPhl paAHaIbHOT0 KOMITpeC-
copa u TypOuHsl, pa3padorars KC u paccuurath ee Tex-
HUYECKHE XapaKTCPUCTHKH.

DHepreTuyeckas yCTaHOBKAa 00eCIIeYUBaET JBUKE-
HHE TPAKTOPA, BHITIOJHEHHE TEXHOIOTUICCKUX Orepa-
I ¥ 3aps]l aAKKYMYJISATOPHBIX Oarapeit (puc. 5).
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P

Puc. 5. Ilpunyunuanvnas cxema sHepeemuieckoli yCmaHo8KU:
BOIY — exoonoe ouucmumenvro-nyckogoe ycmpoiicmeo, PK —
paduanvuviii komnpeccop;, KC — xamepa ceopanua; TBI — myp-
6una evicoxoeo daenernus;, CCT — c60600Has cunoeas mypouna;
OI'- anexmpoeenepamop, P — oasnenue; T — memnepamypa (a—
ammocgepwl; K — nocie Komnpeccopa; T — Ha MypouHy 8b1COKO20
Oasnenus; Tl — nocne mypouHvl 8biCOK020 0agnenus, T2 — nocie
Cc80000HOI CU080U MYpOUHDBL)

Fig. 5. Schematic diagram of the power plant: BOIIY — inlet
cleaning and starting device; PK — radial compressor; K-
combustion chamber, TBI] — high pressure turbine; CCT— free
power turbine; OI' — electric gemerator; P — pressure; T—
temperature (a — atmospheric; k — after the compressor; T — to
the high pressure turbine; T1 — after the high pressure turbine;
T2 — after the free power turbine)

IIpu pacueTe npUHIMOHAIBHON CXEMBI IO LUKITY
BpaiiTona ucnomnb3yoT HHAEKCHI (puc. 6).

Qyx

s

Puc. 6. Luxn 2azomypbunnozo dsuzamens 8 menjiogou ouazpam-
Me: B — napamempbl 6030yxa Ha 6x00e 6 paoudibHblll KOMIpeccop,
K — napamempul 6030yxa na vixooe u3z paouanibHo2o KoMnpecco-
pa; I' — napamemper paboueco mena neped yenmpocmpemumens-
Hou mypounoil evicokoeo Oagnenus; T — napamempol pabouezo
mena 3a YeHmpoCmpemumenbHoU mypouHol 8biCOKO20 OA8LeHUsL;
Oy — konuuecmeo mennomuvl monauéa; Oy, — KOUUECmso menjo-
Mol 8 YXOOAWUX 2A3aX

Fig. 6. Cycle of a gas turbine engine in a thermal diagram:
B — parameters of air at the entrance to the radial compressor;
K — parameters of air at the outlet of the radial compressor,
I'— parameters of the working fluid in front of the high-pressure
centripetal turbine; T — parameters of the working fluid behind the
high-pressure centripetal turbine; Q.. — the amount of fuel heat;
Oyx — the amount of heat in the exhaust gases

Pabora, 3aTpaunBaemas Ha cxxaTue 1 kr Bo3ayxa Hy,
k J[>K/KT, onpenenseTcs mo GpopMyire:

k-1
H,= CPK(TK_TB)= Cpx’ TB(nKk ‘1)%1, Q)]
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TIe Cpx — yOCIBbHAS N300apruiecKas TeIIOEMKOCTh IPH
cpenHei Temneparype cxatus, cpx = 1,015 xJDx/(xrK)
[14];

k—rmoka3aTenb anuadarsl A1 BO31yXa B KOMIIPECCO-
pe— L4;

Ty — CTEMEHb NOBbILIEHNS JaBJIeHUS B KoMIpeccope —2,9;

nx — m3oduTponuitHblii KITJ] xommpeccopa — 0,75;

T — Temnieparypa atMocepHoro Bozayxa — 288 K;

Ty — TeMnepaTypa Bo3ayxa nocie komnpeccopa, K.

B xoze cxaTtus Bo3gyxa B KOMIIPECCOPE IIPU U303H-
tponuitnom KIIJ] = 0,75 TeMnepaTypa MoBbIILIaeTCS HA
120-140K.

Hi=1,015 (408-288)~1,015.288(2,9°**~1) 0,75 '~
~ 118,0 xIx/Kr.

TeMmmeparypa B KOHIIE CxKaTHs KoMIipeccopa, K:

HK
T = Ty+t—, (@)
Cpk

T = 288 + (118/1,015) = 404 K.

Boruucnum paboty pacmupenus 1 kr pabodero Tena
B TypOUHE, C yUETOM ITOTEPh Ha OXJIAXKICHHUE BO3LYXOM,
H:, x]JIx/xr:

k=1

HT:CPT(TF_TT):CPT'TF(I_”Tk )’7Ta 3
e cpr — yAeNbHas n300apuyeckas TeIIOeMKOCTh IIPH
CpemHel TeMIepaType CxKaThs pacIinpeHus B Ty pOuHe,
cpr = 1,07 xIx/(xr'K);

Tr — Temneparypa paboyero Teja nepes Ty pOuHOH,
npuHATa paBHOH 965 K;

Tr—TtemmnepaTypa pabouero Tena 3a TypOuHoi — 853 K;

k—MCTHHHBIN TIOKa3aTeJ)b aInadaThl CrOPaHUs Kepo-
cuHa — 1,33;

nt —uzosHTponuyeckuit KITJ] rypounst — 0,72;

Tir — CTETICHb pacIIHpEHus pabovero Tena B TypOuHe:

T ”K(I*E-TP)’ “)
rae ¢rp— K03 PUIHEHT TUAPaBINYECKUX TOTEPD JaBiie-
Hus 1o Tpakty — 0,3.

IloncTaBuM 3HaueHUA B BeIpaxeHue (4):

7r=2,9(1-0,3)=2,03.

Pabora pacmmpenus 1 kr pabouero Tena B TypOuHe
COCTaBJISICT:

Hy=1,07(965-853)~1,07-853(1-853(1-1,193) 0,72 =
~ 123 xJI>x/KT.

Onpenenum ko3ppunueHT N30BITKA BO3TYXa Op:
~3000—0,367T

a , )
" Tr_ TB
3000 - 0,367-945
= T ewrT LY = 4
“» 945 —288 0.

Temmeparypa ropenust kepocura B KC npu kos¢¢u-
IUeHTE U30bITKa Bo3yXa ag = 1 coctaniseT 1925°C. Cne-
JIOBaTeNbHO, pabouee Telo, MocTymnarmlee Ha TYpOUHY,
KpuUTHYECKas Temneparypa koropoir 700°C, HeoOxomau-
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Mo oxJaauTh 10 580-650°C. KoaddunueHT obimero ko-
JIUYecTBa BO3/1yXa, I0JaBaeMOro KOMIIPECCOPOM, PaBeH:

0o = ag 1 or+ oox, 6)
r7ie ar — Bo3AyX Ha ropeHue — 1,0;

0Oox —BO3AYX Ha OXJIaX ACHHE Ty POMHBI BEICOKOTO 1aB-
nenus — 3,0;

005 =4,0+1,0+3,0=28,0.

TakuM oOpa3oM, HEOOXOTUMBIE TTApAMETPHI JJIS BbI-
6opa TypOoKoMIpeccopa OrpeaeIeHbL.

INo mokasarensiM paguasbHOTO KOMIIPECCopa U IIeH-
TPOCTPEMHUTETBHON TYPOHHBI BEICOKOT'O JaBJICHUS BEI-
Oupatrot u3 karayora rypookommnpeccop JBC, mpousBo-
IUTEIBHOCTH KOTOPOTO N OIPEIessIeTCs 10 U3BECTHRIM
u pa3paOoTaHHOM paHee MeTonuKaM [15-17]:

Ny= Noy 005" Ly ’ )

Or 1o Heer(1— P)
rae Nojg — MOITHOCTh SHEPreTUYECKOW YCTAHOBKH,

N5 =11 kBrT;

Ly —KOIU9ecTBO BO3AyXa, HEOOXOIUMOTO IJIsI CTEXHO-
METPUYECKOT0 CrOpaHusl TOIInBa, Ly = 15 Kr/kr;

(Or—yaenbHas TENJIO0Ta Cropanus kepocuna, O, = 12,2
kBT/kT;

nor — KT anexTporeneparopa, 75 = 0,75;

feer — KITJL cBOOOMHO# CHITOBO# TYpOUHBI,

Heer = 0,755

P — teopeTndecknuii KO3 PUITUSHT, TOKA3bIBAIOIU N
JIOJTIO DHEPTUU OTOKA, 3aTPAuNBaEMyI0 Ha paboOTy KOM-
npeccopa, P=0,7.

Teoperuueckuii anexrpuueckuii KI1JI ycranoBku

n=25%.

Heo0xonmmast mpon3BOAUTENEHOCTE KOMIIpEccopa
JIOJI’KHA COCTABIIATH HE MEHee:

_ 11,0 -8,0 -15,0
¥ 12,2:0,75 -0,75 (1-0,7)

B karanore Typ6okommpeccopoB JIBC moxHO momo-

OpaTh BapuaHT, HauboJee OJIM3KHIA K paCUeTHBIM Hapa-
MeTpaM: MPOU3BOAUTENHHOCTH, HAJIE)KHOCTH, YACTOTHI
BpallleHUs U HAUMEHbIIIEH CTOMMOCTH. DTUM TpeOoBa-
HUSIM COOTBETCTBYeET TypOokomipeccop K-27-145 npo-
n3BoAcTBa Uexuu:
- yToIl pa3BopoTa (IaHIa KOMIIPEccopa, Tpa. 338;
- yroJ pa3BopoTa (uiaHna TypOUHBIL, Tpal. 321;
- 9acTOTa BpaleHus Bana potopa, MuH ' 30000-120000;
- MAaKCHMAaIlbHAsl CTEIICHb MOBBILICHUS NaBiueHus  2,9;
- IPOU3BOJUTEIBHOCTD, KT/C 0,26;
- IOIyCTUMasl TeMIepaTypa ra3oB nepea Ty pOHHOM

=0,178 kr/c. ®)

0e3 orpaHuveHus 1o Bpemenu, °C 700;
- m3oauTponuitHeit KITJ[ kommpeccopa 0,75;
- n303HTponuitaeit KI1J{ TypOuHbI 0,72.

Ha KOHCTpYKTHBHBIC TapaMeTPhl KAMEPBI CrOPaHMS
BIIMSIET THII BEIOpaHHOT0 TypOokoMIpeccopa. Tak kak
HE0OX0AMMO 00ECTICUUTh HE TOJIBKO MOJIBOJ] BO3/1yXa B
KC u3 Typ6okoMmpeccopa, HO ¥ BBOJ pabodero rasa B
HEro, ObLiIa MPHHSITA KOHCTPYKIIHSI ¢ OOKOBBIM MOABOIOM
BO3/yXa, 00ECIIeIMBAIOIINM €r0 BUXPEBOE ABMKEHHE B
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cMmecuTelre. B Takol KOHCTPYKIIMH pabovyue ras3pl moaa-
I0TCA Ha JIONATKU Ty pOUHBI 0€3 U3MEeHEHU yTiia oa4H,
gyto noBeItaet KIT/JI.
Typ6oxommpeccop u KC 00benuHSIOT Yyepes narpy-
00K TIOZIBOJIA BO3/TyXa U 00JITOBOE coequHeHue (puc. 7).
Koncrpykuus KC npenycmaTpuBaeT yCTaHOBKY CBe-

3 % R

Puc. 7. Coeounenue mypboxomnpeccopa u Kamepol CCOPAHUL:

1 — mypbuna evicokozo dasnenus,; 2 — komnpeccop, 3 — coeOuHuU-
menvHas mygpma; 4 — kamepa ceopanus

Fig. 7. Connection of turbocharger and combustion chamber:

1 — high pressure turbine; 2 — compressor, 3 — connecting sleeve;
4 — combustion chamber

Y 3aKUTaHUS Ha IPONOJIBHOI ocu cMecutens (puc. 8).
Psnom pacnionaraercs TornuBHas GOpPCYHKa, 4TO 00e-
CIeYMBaeT rapaHTUPOBAHHBIN MMOMIKET TOILIUBA U pac-
MPOCTPaHEHNE OYara IIaMeHH 110 HEHTPY CMECHUTEISL.

JaBneHue kepocruHa B TOIJIMBHOM CUCTEME MOAACP-
JKUBAETCS MIECTEPEHYATHIM TOTUIMBHBIM HACOCOM U CO-
crasisieT 0,5-0,6 MI1a, a naBienue mogavn BO3ayxa KOM-
npeccopomM aoixHo npebimath 0,2 MIla. Takas KoH-
crpyknus KC obecrieunBaeT ak THBHOE IepeMeIlIBaHUE
TOIUIMBA C BO3JYXOM.

['eomeTpuyeckue mapaMeTpbl KAMEPHI CrOPaHUS pac-
CUYHUTAHBI COTTIACHO N3BECTHBIM H Pa3padO0TaHHOH METO-
nukam [18-20]:

- IWaMeTp KOpIyca KaMepbl CTOPaHU s, MM 108;
- IJIMHHA KOPITyca KaMepBbI CTOPaHUsl, MM 186;
- BBICOTA BBIXOJTHOTO KOHYCa KaMepbl CrOpaHus, MM 65;

- IMaMEeTpP CMECUTEIIS, MM 62;
- IIMHHA CMECHUTEIISI, MM 196;
- KOJTMYECTBO OTBEPCTHM, TIT. 60;

- 3a30p MEX]1y KOPIIYCOM KaMephl CTOpaHHSs
A CMECHUTEIIEM,MM 4;

- IJIOLIA]Ib COTLIOBOT'O OTBEPCTH A, MM 1962;
- TIJIOUIA/Ib BXOHOTO maTpyOKa, MM 1620;
- CEYEHUE COTLIOBOTO OTBEPCTHUSI, MM 40 x 49,

CHCHYIOHII/IM JTAIIOM CO3JIaHMS CUIIOBOM YCTaHOBKU

Puc. 8. @naney kamepwi ccopanus co ceeyoll axcueanus (1) u mo-
naugHot ghopcyrkotl (2)

Fig. 8. Combustion chamber flange with spark plug (1) and fuel
injector (2)

CTaHeT pa3paboTka cBOOOTHON CHIIOBON TYpOUHEL, 00e-
criequBarolei 3¢ pexTuBHOE MpeoOpa3oBaHue KHHETH-
YeCKOM QHEPTUH Ta30BOT0 IIOTOKA, TIOCTYIIAIOIIETO U3 Ta-
30TypOMHHOTO JBUTATEJIS, B €€ BpallaTelIbHOE ABIKE-
HHE ¢ MAKCUMAaJIbHONM MOITHOCTEIO. HO 111 9 TOr0o HE0O-
XOIIUMO MPAKTHIECKOE TIOATBEPKICHHUE TAKUX TEXHAYEC-
CKHX TTapaMeTpPOB, KaK KOJHMYECTBO pabodero Tena, uc-
XOJISIIIIETr0 M3 ABUTATEINS, U €T0 TeMIleparypa. DTo cTa-
HET BO3MOXKHBIM I10 3aBEPIICHIH COOPOUHBIX paOOT BU-
raTens.

BbiBogkl. PazpabaTeiBaeMoe TPaHCIIOPTHOE CPEACTBO
uMeeT 0oJiee MUPOKHE TEXHOJIOTHUECKUE BOSMOKHOCTH
10 CPAaBHEHUIO C TPATUIIHOHHBIMU U CTAHOBHUTCS HANOO-
JIee SKOHOMUYECKH P PEKTUBHBIM IIPU €70 MPHMECHCHUH
HA CEIbCKOXO03SHCTBEHHBIX TEXHOJIOTMIECKUX OIIepaIli-
SIX, CBSI3aHHBIX C UCIOJIb30BAHUEM TEILIOTHI: TEILIOBOM
00paboTKOM U CO3JJTaHUEM YCIIOBHH JIISI XpaHSHUS 3ep-
HOBBIX KYIBTYP, BEHTHIINPOBAHUS CEHA U COJIOMEI.

[IpennosxeHHast KOHCTPYKIUS THOPUIHOT'O MOOHIIb-
HOT'0 TPAHCIIOPTHOTO CPECTBA Ha aKKYMYIISITOPHOU Oa-
Tapee U ra30Boi TypOuHe criocobHa paboTaTh Ha OXHOM
3ampaBKe B TEUCHHE BCero pabodero JHs, a s obecre-
YEeHHsI MOITHOCTH 16 J1.C. IM3EMBHOTO IBUTATENS AOCTA-
TOYHO YCTAHOBUTH ACHHXPOHHBIN 3JIEKTPOABUTATEIb
MOIITHOCTBIO 7,5 KBT. PaccunTanu mpon3BoaUTEIBHOCTD
KOMIIpeccopa ra3oTypOMHHOTO JBUTATENs], KOTOPast CO-
craBuna 0,178 kr/c. Onpenenuiiy reoMeTpuIecKue mapa-
METPBI KAMEPBI CTOPAHUS U TEXHHYECKYIO XapaKTepH-
CTHKY TypOOKOMITpeccopa.

Bce oTH onepanuy MO>KHO IPOU3BOIUTH MECTaXx, B
YAAJICHHBIX OT JJIEKTPUUYECKHUX ceTel, ucronb3ys MTC
KaK TPaHCIIOPTHO-TEXHOJIOTHIECKOE CPEACTBO, HCTOU-
HUK DJICKTPOIHEPTHUU U TETLIOTHL.
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Pedepar. OT™eTnim 1euIMT TPAKTOPOB Kiacca 2 U 3 B KPECThIHCKUX X034HcTBax. B kauecTBe perneHus JaHHOH mpoOneMsl
TPEeIOKITA Pa3padoTaTh TEXHOJIOTHIECKUN MOAYIIb, O3BOJIIONINI OBBICHTH YHHBEPCATFHOCTH TPAKTOPOB Kiacca 1,4 myTem
TnepeBojia Ux B 0osee BEICOKUH TAroBblil knacce. (Lens uccnedosaniis) OGOCHOBATH HOMUHABHYHO SKCILTYaTalIOHHYIO MOIHOCTh
ABHTATENS IS TPAKTOPA C TEXHOIOTUIECKUM MomyneM. (Mamepuanst u memoodet) JIs pacdera HeoOXOAMMOKH MOIITHOCTH TIPEJ-
JIOXKHITH METOJMKY, YUUTHIBAIOIIYI0 KOHCTPYKTHBHBIE OCOOCHHOCTH MOIY/IBHOTO OCTPOSHHS MAIMHHO-TPAKTOPHOTO arperara.
(Pesynomamut u obcyscoenue) Ioxkazanu, 4To Ui MOTYILHOTO 3HEPTOCPEACTBA C KoNecHOH popmynoi 6K6 ciemyer yunTsBaTh
PAI TOTIONMHUTEBHBIX (HaKTOPOB, BIHIOMIMX Ha TOYHOCTH PAcyeTa: BO-IIEPBHIX, TATOBO-CICIIHBIE CBOHCTBA TPAKTOPA 3aBUCST OT
KOJMYECTBA BEYIIMX OCEH; BO-BTOPBIX, OyKCOBaHME KONEC 1O OT/ACIbHBIM OCSIM HEONMHAKOBO M 00YCIIOBICHO KOHCTPYKTHBHO
3aJaHHBIM KHHEMAaTHYeCKHM HECOOTBETCTBUEM B MX NpHBOJE; B-TpeTbuX, KIIJ| TpexocHO# TpaHCMHCCHH MOKHO OTPENICTHTh
TOJBKO KaK CyMMAapHBIH I0Ka3aTeNb TPEX BETBEH TPAHCMUCCHY, TO €CTh Ha IPUBOJ NIEPEIHUX U 3aJHUX KOIEC TPAKTOPa U OTAEIb-
HO — Ha TIPHUBOJ] KOJIEC TEXHONOTHYECKOro MOAYIIs. CpaBHUIN TpeOyeMyI0 MOITHOCTD IBUTATENIs IIPH UCIIONb30BAHUH TPAKTOPa C
0aJIacToM M ¢ TEXHONOTUIECKUM MOAYJIEM. (Bbigoder) OTpeeNuiiy, 4To IIsl OCTHKEHHS IPEENBHOM M0 CIETUICHHIO CHITBI TS-
TH Ha KPIOKe IPH MIEPEX0ie B CNEAYIONTMI O0JIee BEICOKUH KIIace TATH HEOOXOAUMO, 9TOOBI TPAKTOP, K KOTOPOMY NOJCOEIUHSICTCS
TEXHOJNOTHYECKHI MOYIb, 00NaIall SHEPrOHACKHIICHHOCThI0 2,00-2,41 KIIOBATTa HA KWJIOHBIOTOH, YTO COOTBETCTBYET TPAKTO-
paM TATOBO-3HEPreTHUECKON KOHLEMNINHU, Y KOTOPBIX MOIIHOCTh BUraTelst He MOXET OBITh pealn30BaHa uepe3 TAry. BoiaBuiy,
YTO SHEPrOHACHIIICHHOCTh TPAKTOPA C TEXHOJIOTHYECKUM MOy IeM Oyziet paBHa 1,59-1,65 KunoBarTa Ha KMJIOHBEOTOH, 4TO COOT-
BETCTBYET TPAKTOPY TATOBOM KOHLEMNIUHU 1 MO3BOJAET PEaln30BaTh 3aJ0KEHHYI0 MOIIHOCTD ABUTATENs Yepes3 TATY.

KiroueBble c10Ba: TATOBO-3HEpPreTHUECKas KOHIEHIMS TPAKTOpa, TPAKTOP ¢ 0aIIacTOM, SHEPTeTHIECKUH MOXYIb, TEXHOIOTU-
YECKHH MOZYIb, MOAYJIBHOE SHEPTOTEXHONOTHIESCKOE CPENCTRO.
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N2. C. 33-40. DOI 10.22314/2073-7599-2021-15-2-33-40.
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Abstract. A shortage of class 2 and class 3 tractors was observed in peasant farms. As a solution to this problem, it was proposed
to develop a technological module that would increase the versatility of class 1.4 tractors by transferring them to a higher traction
class. (Research purpose) The authors aimed to substantiate the nominal operating power of the engine for a tractor with a
technological module. (Materials and methods) To calculate the required power, the authors proposed a method that takes into
account the design features of the modular construction of a machine-tractor unit. (Results and discussion) The authors showed
that for a modular power unit with a 6K6 wheel arrangement, it is necessary to consider a number of additional factors having an
impact on the accuracy of the calculation: firstly, the tractor’s traction and coupling properties depend on the number of driving
axles; secondly, the wheel slippage along individual axes is not the same and occurs due to a constructively conditioned kinematic
discrepancy in their drive; thirdly, the three-axle transmission efficiency can be determined only as a total indicator of three
transmission branches, that is, to drive the tractor front and rear wheels and, separately, to drive the wheels of the technological
module. The authors compared the required engine power when using a tractor with ballast and that with a technological module.
(Conclusions) It was determined that in order to achieve the maximum traction force of adhesion on the hook when moving to
the next higher traction class, it is necessary that the tractor, that the technological module is joint to, has the energy saturation
of 2.00-2.41 kilowatts per kilonewton, which corresponds to traction and energy concept tractors whose engine power cannot be
realized through traction. It was found that the power saturation of the tractor with the technological module will be equal to 1.59-
1.65 kilowatts per kilonewton, which corresponds to the tractor of the traction concept and allows realizing the built-in engine

power through traction.

Keywords: traction and energy concept of a tractor, tractor with ballast, energy module, technological module, modular power-

processing means, modular energy technology facility.

BFor citation: Sidorov M.V. Lavrov A.V., Voronin V.A., Sidorova A V. Moshchnost’ dvigatelya traktora, osnashchennogo
tekhnologicheskim modulem [ Engine power of a tractor equipped with a technology module]. Sel ’skokhozyaystvennye
mashiny i tekhnologii. 2021. Vol. 15. N2. 33-40 (In Russian). DOI 10.22314/2073-7599-2021-15-2-33-40.

(hheKTUBHOCTB pa3BUTH S KPECThSIHCKHX (pepmep-

CKHX) XO35IUCTB B 3HAYUTEIBHON Mepe ornpenes-

€TCs IEPCIIEKTUBHOCTHIO HAITPABJICHHS IIPOU3BOI-
CTBEHHOU JEATEIHHOCTH, IPHUPOTHO-KINMATHIECKUMU
YCJIOBUSIMU, PallUOHAJIBHONW OpraHu3aluei Ipou3Boj-
CTBAa U OCHAIIIEHHOCTHIO TeXHIKOH. HecMoTpst Ha HEOOIB-
e oopadaThiBaeMble MIIOMIAH, ONITHMATBHBIA THITAX
JUTSL hepMEpPCKUX XO3SMCTB JIOKEH BKIIOYATh B ceOs
TPaKTOPBI TATOBBIX Kjaccos 1,4; 2 u 3 [1].

OnHaKO BBUAY HU3KOM IIATEXKECTIOCOOHOCTH X035 K-
CTBa IMIPUMEHSIOT KaK mpaswio 1-2 TpakTopa knacca 1,4.
IIpu aTOM A1t hepmepa BakKHO CaMOCTOATENBHO BBITION-
HSITh MAaKCHUMAaJIbHO BO3MOXKHBIH 00BheM padoT, Tak Kak
MPUBJIEYEHUE CO CTOPOHBI CEIBCKOXO35UCTBEHHOM TeX-
HUKH U TPYAOBBIX PECYPCOB OOBITHO OOXOAUTCS HAMHO-
ro JOpOXe, a HHOTAA U HEBO3MOXKHO. B 3TUX ycrmoBHsIX
1es1ecoo0pa3Ho UMETh yCTPOUCTBO, MOBBIMIAIOIIEE YHU-
BEpCAJIFHOCTh HMEIOIIUXCS TPAKTOPOB, TIO3BOJISIONICE
MEePEeBOJIUTH UX B 060JIee BBICOKHUM CMEXHBIN TATOBBIN
knacc. [Ipu 3TOM 1eHa yCTpocTBa JOIKHA OBITh J0C-
TynHoi. Takyro 3a1aq4y MOYKHO PEIIUTh HECKOIbKUMU
croco6amu, mMpuMeH s 6aJIIACThI, PUBOIHBIE CETBCKO-
XO3MCTBEHHBIC MAITUHBI WIH TEXHOJIOTHTISCKHE MOMTY-
nu [2-7].

C 3T0ii 11eJThI0 Ha OCHOBE CYIIECTBYIOIIEH 3JIeMEHTHOU
0a3bl co31aH TexHoJoru4eckuii moxyis (TM), mo3Bosns-
IOIIMH IEPEBECTU CEPUNHO BBIITYCKAaE€MBbIH TPAKTOP KJIac-
ca 1,4 (benapyc 82.1) B TstroBsrii kiacc 2 (puc. 1) [8, 9].

OcHoBHBIE arpoTexHuuYeckue TpedoBanus Ha TM pas-
paboTaHBl IpH yIaCTUH TBOPYECKOTO KOJUIEKTHBA HAY Y-
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HbIX padoTHrKOB B DHAI] BUM. 311 TpeboBaHus oc-
HOBaHBI Ha HMEIOIIEMCSI Hay YHO-TEXHUYIECKOM 3aJIeie U

pe3ysbTaTax aHaJIn3a NepCIeKTUBHBIX arPOTEXHOJIOTHIA
[10-12].

Puc. 1. Texnonoeuueckue npocmpancmea Ha mpaxkmope ¢ mex-
Hono2uyeckum mooyiem: 1 — mexuonozuueckie npocmpancmed;
2 — nepednee nagecnoe ycmpoticmeo, 3 — mpaxmop; 4 — mexuoino-
2u4ecKull Mooy

Fig. 1. Technological spaces on a tractor with a technological
module: 1 — technological spaces; 2 — front hitch; 3 — tractor, 4 —
technological module

KoMmnoHoBOYHas 1 KOHCTPYKTHBHAsS TpopaboTka TM,
BKJItOUatomas agantanuio TM K arpoTeXHUYEeCKUM Tpe-
0OBaHMSM U CEPUIHO BBIITYCKaeMBIM TpakTopaM benapyc
82.1, mpoBenensl B Kanysxckom punuane MI'TY umenu
H.D. baymana [13-14].

Jns naubonee > ek TUBHOM SKCILTyaTallii MalluH-
HO-TpakTopHOro arperata (MTA), mocTpoeHHOro Ha 6a-
3e TpakTtopa u TM, HEOOXOAMMO PaCCYUTATh MOITHOCTh
JIBUTATENS TPAKTOPA C yIETOM 0COOEHHOCTEH KOHCTPYK-
UK MOAYJBLHOT0 SHEepreTH4eckoro cpeactea (MIC).
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LLENb NCCNEAOBAHUS — 060CHOBATH HOMMHAIBHY IO
9KCIITyaTallMOHHY0 MOIIIHOCTH JIBUTATENs I TPAKTO-
pa C TEXHOJIIOTHYECKUM MOIYJIEM.

MATEPUANBI 1 METOAbLI. HOMUHAIBHYIO DKCILTyaTa-
LIMOHHYIO MOIITHOCTD JIBUTATEN s TPAKTOpa TATOBOM KOH-
LENIUN IPUHSITO PACCYUTHIBATH MO HopmMyIie:

(R +Pf)va.H

Kp.H

Ny = )
Nap (1= 6,,)
rae Py, — HOMHMHAJIBHOE TATOBOE yCUIINE TPaKTOpa, KH;

P;— cuna conpoTUBJIEHUS KaueHUIo TpakTopa, KH;

Vipu — JEHCTBUTENBHAS CKOPOCTh JIBUKEHHS TPAKTO-
pa Ipu HOMHHAIEHOM TATOBOM YCHIJIHH, M/C;

2o — Mexanndeckuii KITJI TpancMuccuu TpakTopa;

0, — OIYCTUMOE 3HaYeHHE OyKCOBaHUSI.

[Ipu MoayIBHOM CXeMe KOMIIJIEKTOBaHUS TPAKTOPa C
TEXHOJOTUYECKUM MOTYJIEM MOTYIFHOE SHEPTOCPEACTBO
uMeeT KoJiecHyto popmynry 6K6. [loaTomy mpu TsTrOBOM
pacdere TakKMX TPAKTOPOB HEOOXOAMMO YUHUTHIBATH PSIA
JOTOTHUTENBHBIX (DaKTOPOB, BIUSIOMINX HA TOYHOCTh
OIpeeIeHI I HOMUHAJIBbHOM SKCITyaTallHOHHOM MOIII-
HOCTH nBurarens [15, 16].

Bo-nepBbIX, TATOBO-CLIEHBIE CBOMCTBA TPAKTOpa 3a-
BHCST OT KOJIMUECTBa Beayuux oceil. [lomumo toro, 4to
IIPH BCEX BEAYIINX KOJIECax B CHIIY TATH pealin3yeTcs
MIOJIHBINA BEC TPAKTOpa M Bo3pacTaeT KOdPPUIIMEHT UC-
T0JIb30BaHUS BECA @, CHIKAETCA KO3 HUIIUEHT conpo-
THBIICHHSI KAYCHHUIO f; U TIOBBIIIACTCS KO (PHUIIHEHT Clie-
IIJICHUS @, BCIEACTBHE IIPOX0/a KOJIEC BTOPOTO U TPETh-
€ro MOCTOB I10 CJIeZly KOJIeC epBoro Mocta (puc. 2).

Bo-BTOpBIX, OyKCOBaHUE KOJIEC d TIO OTACIBEHBIM OCSIM
HEOIMHAKOBO ¥ 3aBHCUT OT KOHCTPYKTHUBHO 33JTaHHOTO
KHHEMaTHYeCKOT'0 HECOOTBETCTBHUS B UX TPUBOJE (KO-
¢unmeHT k), a B BeipakeHuH (1) ucmonb3yercs OyKkcoBa-

Jio O

Puc. 2. 3asucumocmsv ko3gpgpuyuenma cyennenus ¢, u Koagpuyu-
EeHMa coOnPoOMuUGILeHUst KA4eHUuro f, Om Yucia npoxooos n Koieca no
00HOMY c1edy deghopmupyemoll NOGepXHOCHU

Fig. 2. The dependence of the adhesion coefficient ¢, and the
rolling resistance coefficient f, on the number of wheel passes n
along one track of the deformable surface

HUE KOJIEC TOJIBKO OTHOT'0 3aIHETO MOCTa TPAKTOpa.
B-tpereux, KIIJI TpexocHo# TpancMuccu #,, MOC
6K6 MOXKHO OIpeAesIuTh PACYETOM TOIBKO KaK CyMMY
KIIJI Tpex BeTBEl TpaHCMUCCUU OTAEIBHO Ha MPUBO/I;
- IEpEeIHUX KOJIEC TPAKTOPa;
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- 3aTHUX KOJIEC TPAKTOpa,;

- konec TM.

[ToTepn MOIIHOCTH B KaXk/10i BETBH TPAHCMHUCCHH 3a-
BUCAT OT ABYX (hakTopos [14, 15]:

- MexaHu4ecKoro KITJ (#.p1, Hap2s 7ap3);

- JIOJTM MOIITHOCTH JIBUTATEJIs, MepeaBaeMoi uepes
JAHHYIO BETBb TPAHCMUCCHH U YUYHUTHIBaeMYI0 K03 hu-
IIHEHTOM TIepeIaq MOITHOCTH Ky, Anz, K.

HomuHanpHy10 9KCITyaTalliOHHY 0 MOIIHOCTD JIBH-
rareJs OyeM onpeieNisiTh Kak CyMMY MOIITHOCTEH, TIoTpe-
OJIeMBIX OTJCTBHBIM MOCTOM — MIEPETHUM, 38 THUM 1 TM:

NH.3.M3C = NH.a.rl + NH.&TM’ (2)

rae N, ,m>c — MOIITHOCTD IBUTATEIISI MOJLYJIBHOTO SHEPTO-
TEXHOJIOTHYECKOTO CpeIcTBa, KBT;

N,.5.; — MOIIIHOCTB JIBUTATENISI HA TPUBOJI KOJIEC TTEepe/-
Hero MocTta OM, kBrT;

N,.»x— MOITHOCTH ABUTATEINS HA TPUBOJI KOJIEC 33 {HE-
ro mocta OM, kBrT;

Ny, T™ — MOIITHOCTH JIBUTATEISI HA MTPUBOJ Kostec TM,
KkBT.

TsroBBIN pacdyeT MPOBOANM C IOMYIIEHUEM, UTO BCE
BEJIyII[E MOCTHI 3a0JI0KUpOBaHbL. [Ipu 3TOM HE yUUTHI-
BaeTCs Mapa3uTHasi MOIIHOCTD, 3aTpayiBacMasi Ha CKOJb-
JKEHHE OTCTAIONINX Kojec Mpu paboTe TpakTopa ¢ HU3-
KOH TSTOBOW Harpys3Kkoil.

Hcxons u3 mpUHSATOTO YCIOBHS, YTO HOMUHAJIbHAS
9KCIITyaTallHOHHAs MOIIHOCTD ABUTATeNIsl paBHA CyMMe
MOIITHOCTEMH, peain3yeMbIX KaXIbIM BEIYIIUM MOCTOM,
CHITY TATH OIpPENIeNsieM, KaK CyMMY CHUJI TSITH MOCTOB
MOC. Torna nns Tpaktopa ¢ TM:

PKp.M3C = PKp.H + PKp.K + PKpATM9 (3)

rae Py, moc — HOMHHAIBHAS SKCILTyaTallHOHHAS MOIHOCTh
aBurarens, kH;

P, Prpcs Pepv — CHTIA TSATH IIEPEHET O, 33 THETO MO-
cToB TpakTtopa u TM cooTrBeTcTBEHHO, KH.

AHAJIOTUYHO TPUMEM, UTO CUJIa COMPOTUBIICHUS Ka-
yeHuo TpakTopa nim MOC paBHa CyMMe CHIT COTIPOTHB-
JIeHUs KaueHU1o MocToB TpakTopa win MOC. Torna nns
TpakTopa ¢ TM

Pevioe = Peg + Py + Peru: €]

r71€ Pyy\nc — CHIIAa COPOTUBIICHUS KAYSHHIO TPAKTOPA HITH
MDBC, kH;

Py, Pry, Prryv— CUTIA COTPOTHUBIICHU ST KAYSHHUIO KOJIEC
TepeaHEro, 3aJTHETO MOCTOB TpakTopa U TM cooTBert-
CTBEeHHO, KH.

CrnoxuB BeipaxkeHus (3) 1 (4), MONTyduM:

Pkp.M?)C + PﬂMSC = (Pkp.n + Pf.n ) + (PKp.K + Pf.k) +

* (Pprm™ Prom). ®)
JleBasi yacTh ypaBHeHUs (5) mpeACTaBIsIeT coOO0 4acTh
qUCTUTEN S BBIpakeHus (1), 3aKITII09eHHOr0 B CKOOKY. Tak
KaK CpeIHss MOCTyIaTelbHasi CKOPOCTh BCEX BEIYIINX
MOCTOB OIMHAKOBasI, TO TSATOBAst MOIITHOCTH TPAaKTOpa Oy-
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JeT paBHAa CyMME MOIIHOCTEH, pean3yeMbIX KasKIbIM
BeAyLuM MoctoM MOC:

(Pl(p.M3C + Pf.MBC) va = (Pxp.n + Pf.n) va +
+ (Pkp.K + Pf,K)va+ (PKp.TM+ Pf.TM)va- (6)

YMHOXKUM U HOAETUM KaXX bl wieH BoipaxeHus (6)
Ha 3HaMeHaTelb BbipaxxeHus (1) ¢ ydeToM mpucymero Ka-
KJIOMY MOCTY cBoero OykcoBanus u KI1J] mpuBoxa:

(Fomoe T Femac)IVap
M p.MdC (1 — 0y )
(Peprn T Pen)Vap

= _InT (1= 6,,) +
’71‘p1 (1_51-!.11) ”Tpl( H.H)

i (P](pK + Pf.K )va
77Tp2 (1_ 5H.1< )

Borv + Brrm)Vp
”Tp3 (1 - 5H.TM )

3anumiem, 4To:

(P wMoac T Prvac ) Vip

TpMDC (1 — 0y )

M p.MDC (1* 5H):

”TpZ (1 - 5}1.1( ) +

K

Thp3 (1 - éLTM) : ™)

= NygsMdIC

(P + [}.u )vl'p.u _

Kp.I1

’7 Tpl(l_én)

(Bou By
n Tp2(17 5]()
(P, + PV,

xp.TM p.H

’7rp3(1_ Orn)

1€ Nyiyns Nuox 1 Nyyv — 3D DEKTUBHAS MOLTHOCTD JBU-
raTes, notpedisemMas Ha MPUBOJ TIEPETHETO U 32 THETO
MOCTOB TPaKTOpa M Ha TPUBOJ] aKTUBHBIX KoJiec TM, kBT;

Hapt> Nrp2s Hops — MEXaHMUECKUH KIIJI BeTBH TpaHCMUC-
CHUH OT JIBHTATEN K MepeTHEMY, 3aJHEMY MOCTaM TpPaK-
Topa ¥ K TM COOTBETCTBEHHO;

0, — onmyctuMoe OyKCOBaHHE Ha JTYIICHOH CTepHE
3EPHOBBIX KOJIEC 33JTHET0 MOCTa TPAKTOPA;

0y M Oy — OYKCOBaHUE KoJiec epennero Mmocrau TM
COOTBETCTBEHHO C y4eTOM KHHEMAaTUYECKOTO HECOOTBET-
CTBUSI B X TIPUBOJIC.

C yuerom (8) BeipaxkeHue (7) MOXKHO 3aIIUcaTh B clie-
JIyIOUIeM BUJE:

NH.S.M3C (1 - 51-1) = NH.3.H ”Tpl(l - 61—1.n) +
+NH.3,K 71Tp2(1 - 61—1.1() + NH.B.TMnTp3(1 - 5H.TM)' (9)

Paznenus jeBble U IpaBble YacTH ypaBHEeHH (9) Ha
N5, TOTYUUM:

nTpAMSC(l - 5H) = 77Tp1(1 - 5HAn)kN1M +

F ap2(1 = Osdbinan T Map3(1 — v enans
e #vac — KILJ Tpancmuccun MOC;

Hapls Hrp2 B Maps — KITJI mpuBOaA nepenero, 3aJHEro
MocTa Tpakropa u TM;

Fentas Know ¥ KNz, — KOO (UIIMEHTHI TIEpeIadd MOIIHO-

H.D.I19

H.9.K>

= NH.&TM’ (8)

(10)
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CTH Ha MIPUBOJ NEPEIHUX, 3aJHUX KOJIeC TPAaKTOpa (WK
OM) u konec TM B coctae MOC, y4uTHIBaIOIIKE TOTIO
MOIITHOCTH, TIepeiaBaeMyIo depes j-i MOCT IJIsl TPaKTO-
pac TM:

k :& — NH.3.K k — Nﬂ.a.TM
Nim N > WN2m T > "N3m T N :
Ho.MDC H.3.MDC H..MDC

Jns pacdera ko3 HUIIHESHTOB TIepeadd MOITHOCTH
UCHOIB3YIOT BhIpakeHHUs (8) mpu 00s13aTeIbHOM YCII0-
BUH:

N
Z kNj = 19
j=1

KOTOPOE MOJy4YaeTcsi U3 paBeHCTBA

N
NH.a.Tp = Z NH.3.j’
j=1

rae N, j— 10715 3pheKTHBHON MOIHOCTH JIBUTaTEI, TIe-
penaBaeMasi OTIEIBEHO Ha j-i MOCT.

Torga ans tpakropa ¢ TM:

1= kNlM + kNZM + kN3M'

Taxum o0pa3om, 3HaMeHaTeNnb BeipaxkeHus (1) cieny-
€T PaCCUMTHIBATH KaK IIPOU3BEACHIEC MEXaHHIECKOTO
KIL[ Tpancmuccuu nTp Ha KI1/I 6ykcoBanus (1 —d,) ¢
Y4eTOM J0JIM MOIIIHOCTH, IEpeJaBaeMoi yepes j-if MOCT:

N
’/ITp (17 5}{) :Z nijkNj (1 - 5}{])
j=1

(11)

Bripaxkenue (1) B 0011eM BHUI€ COAEPKUT B UUCITUTE-
Jie CyMMY CHJI TSTH U CHJI COIIPOTUBIICHUSI KAUEHHUIO Be-
JIYIIMX MOCTOB, a B 3HAMEHATeJIe — CYMMY MEXaHUUYECKUX
MOTEPh MOIIHOCTH B TPAHCMUCCHH U MOTEPh HA OYKCO-
BaHUE:

M=

( Kp.j + Pf.j) va.H

1l
—

=
I

) (12)

H.D

M=

77Tp.jkNj (1 _5&]’)

~
I

rae ky; — Ko3pUIHEeHT nepeady MOLUIHOCTH, yUYUTHIBA-
FOIIIUH TOJTI0 MOIIIHOCTH, IIepeAaBaeMyIo 4epes j-il MOCT;

Hapj — Mexaaudeckuil KI1J[ otaensHOM BETBY TpaHC-
MHUCCHUH;

(1 —d,;) — KILJ] 6yxcoBaHus j-ro Mocta.

PE3YNbTATBI M OBCYXXAEHME. PazpaboTana MeTonu-
Ka OIpeJesIeHUs [TOJTHOW MOILIIHOCTH JBUTATEIS, peaiu-
3yeMoil B CHJIy TSTH C yU€TOM Pa3HOrO KOJIUYECTBA Be-
JIyLIIUX MOCTOB U TPAHCIIOPTHO-TEXHOJOTUYECKOTO MO-
nynst. C ee IOMOIIBIO Ha IPUMEpE TPAKTOPA TATOBOIO
kyacca 1,4 paccuuTaeM MOLTHOCTD ABUIATEN TPAKTOPOB
¢ 6aJTaCcTOM U TEXHOIOTHIECKIM MOYJIEM IIPU IIEpeX0-
Jie OT HIDKHETO K BEpXHEMY TATOBOMY KJIaccy.

HomunanbHy10 3KCIITyaTallMOHHY 0 MOIIIHOCTh JIBU-
raTelss TpakTopa Kjacca 1,4 B pa3HbIX KOMILIEKTa[UAX
ompezenum coriacHo (12):

- U1 TpaKTOpa HUKHEro kjacca 1.4:

Ny = [(14,00 + 4,55).2,501/ 0,79 = 58,52 kBr;
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Ta6nuua 1 Table 1
PAcyeT OKCMNYATALMOHHOW MOLIHOCTM KOJNIECHBIX TPAKTOPOB B PA3JINYHbIX KOMMIEKTALMSIX
CALCULATION OF THE WHEELED TRACTOR OPERATING POWER IN VARIOUS CONFIGURATIONS
JHEpProHachleHHOCTh TPAKTOPA,
kB1/kH
., Tractor energy saturation
K HomunaibHoe BT Mom}mi“ ng/iN '
OMILJIEKTALUS Tsrosoe yemme, kH Kiace ABHTaTeNA*, KET
Complete set | oo 4 traction force. kN | Lraction Engine power*, @ BT EEI (e e
> class kW o TM** u TM**
with ballast without ballast
or TM** or TM**
na baze mpaxmopa knacca 1,4/ based on a class 1.4 tractor
6e3 Oamtacta
without ballast 14 1,4 58,52/60,18 - 1,64
& GRTTAETE 20 2 83,91/85,97 1,64 2,28
with ballast 30 3 125,86/128,96 1,64 3,52
¢ TM 20 2 83,55/87,09 1,67 2,29
with TM 30 3 125,64/134,31 1,68 3,52
Ha 6aze mpakmopa kaacca 2 / based on a class 2 tractor
6e3 bamracra
without ballast 20 2 83,60/85,97 - 1,64
¢ bamractom
with ballast 30 3 125,86/128,96 1,64 2,47
cT™
with TM 30 3 125,37/131,07 1,67 2,46
Ha 6aze mpakmopa kaacca 3 / based on a class 3 tractor
6e3 bauracra
without ballast 30 3 125,98/129,31 - 1,65
¢ GrmaeTa 40 4 162,59/164,75 1,64 2,19
with ballast 50 5 203,24/205,94 1,59 2,66
¢ TM 40 4 163,54/168,76 1,68 2,19
with TM 50 5 205,63/215,56 1,65 2,69
Ha 6aze mpakmopa kaacca 4 / based on a class 4 tractor
0e3 basnacra
without ballast 40 4 162,57/164,75 - 1,59
& GrumaETam 50 5 203,24/205,94 1,59 1,99
with ballast 60 6 243,89/256,09 1,59 2,39
¢ T™M 50 5 204,02/209,60 1,63 2,00
with TM 60 6 246,12/256,09 1,64 2,41
*B ymcanTelne pacyeT MPOBEACH [0 MPEATaraeMoil MeTOMKE, B 3HAMCHATEINE — [0 TPaAHLIHOHHOIM;
**TM — TEeXHOJIOTUYECKHIT MOYJIb
*In the numerator, the calculation was carried out according to the proposed method, in the denominator — according to the traditional method;
**TM — technological module

- ISl TPAKTOPa BEPXHEro Kjacca Ha 0a3e TpakTopa
kiacca 1.4 ¢ 6ammacToM:

Nyomps = [(20,00 + 6,63).2,50]/ 0,79 = 83,91 kBr;

- IS TPAKTOpa BEPXHETo Kjiacca Ha 6a3e TpakTopa
kiacca 1.4 ¢ TM:

Noowise = [(20,00 + 5,83).2,50]/ 0,77 = 83,55 kBr.

TaxuMm o0pa3om, B cllydae IPUMEHEHUS TPAKTOpa
benapyc 82.1 ¢ TM HeoOX0AMMO MPOBECTH KOMILIEKC MEP
0 YBEJIMYEHUIO0 MOITHOCTH JIBUTATENS TPAKTOPAa MUHU-
MyM Ha 25 kBT st nepeBona ero ¢ TM B TSTOBBIN Kitacc 2.

CENIbCKOXO3AMCTBEHHBIE MALIMHbI 1A TEXHONIOMM « Tom 15 + N2 + 2021

HomuHanbHy0 3KCILTyaTallMOHHY IO MOIIIHOCTH JIBU-
rartesns TpakTopa kiacca 1.4 B pa3HbIX KOMIIJIEKTAIHSIX
OIIPEJENIMM COTJIACHO TPAJULIMOHHON METOUKE pacye-
Ta (1), HO C y4eTOM JOJIM MOIIIHOCTH JIBUTATENs, pealu-
3yeMoi uepe3 OTAeIbHbIE MOCTHI, Tak Kak nHaue KI1J]
TPAHCMHUCCHH HEBO3MOXHO OIPEACTUTH:

- TSI TPAKTOpa HUKHETO Kiacca 1,4:

Ny = [(14,00 +4,64):2,501/0,90.(1 — 0,14) = 60,18 kBr;

- IS TPAaKTOPa BEPXHET0 Kjiacca Ha 6ase TpakTopa
kiacca 1.4 ¢ banmacTom:
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Table 2

Ta6nuua 2

CPABHEHVE PACYETHOW U 3ASIBNIEHHOW 3ABOOM-U3rOTOBUTENEM* MOLHOCTU TPAKTOPA (B CKOBKAX OAHHbIE U3 HI/ITEPATYPbI), kBT
THE COMPARISON OF THE CALCULATED AND DECLARED BY THE MANUFACTURER * TRACTOR POWER
(IN BRACKETS, THERE ARE DATA FROM THE LITERATURE), KW

Tarossrii kaace Traction class

Iloka3zatenu
Indicators 1.4 2.0 3.0 5.0
Tpaxropsl / Tractors:

pacuetHoe 3HaueHue / calculated value

3asBicHHOE 3HaueHue / declared value: 58,52 83,60 125,98 203,21
MT3-82.1 58,84 (0,54) - - -
MT3-1221 - 95,6 (14,35) - -
T-150K - - 121,36 (-3,67) -
K-744 - - - 220,65 (8,58)

Tpakrtop ¢ TM* / Tractors with TM:
pacuetHoe 3nauenue / calculated value
3asBiIeHHOe 3HaueHue / declared valueQ

123,06
117,6 (4,64)

205,63
162,0 (26,93)

*B ckoOKax yKka3aHO OTKJIOHEHUeE, %o;
**TM — TeXHOJOTUIECKUI MOTYITh
*In brackets, deviation is indicated,%;
**TM — technological module

Nyonps =[(20,00 +6,65):2,50]/ 0,90-(1 - 0,14) = 85,97 kBr;

- JUISL TPAKTOpa BEPXHETO Kilacca Ha 0aze TpakTopa
kiacca 1.4 ¢ TM:

Nioaoe =[(20,00+5,83):2,50]/ 0,86-(1 — 0,14) = 83,55 kBr.

Pesynbprarel pacyeTOB MOIIHOCTH JIBUTATEN ST KOJIECHBIX
TPaKTOPOB B PA3TNIHBIX KOMILICKTAIIUSAX IPUBEICHEI B
mabauye 1.

[Ipu Bcex KOMIUIEKTAIMSIX UMEETCS IIPEBBIIICHIE
MOIIIHOCTH IIPH pacyeTe 0 TPaAULIHOHHOW METOUKE Ha
1,31-6,23% (maba. 1).

OTKJIIOHEHHUE PAaCcCUUTAHHOM 110 TpeAiaraeMoi MeTo-
JIMKE MOIITHOCTH TPAKTOpa OT JaHHBIX, TIPUBEICHHBIX 3a-
BOJIOM-HM3TOTOBHUTENEM, HaxoanuTcs B mpeaenax 0,54-8,58%
(maba. 2). OTkn0OHEeHUE HAOMIOaeTCA KaK B CTOPOHY Ipe-
BBIIIICHHUSI MOIITHOCTH, TaK U B CTOPOHY €€ HEJOCTAaTOYHO-
CTH. DTO MOKHO 00BSICHUTH 0COOCHHOCTBIO OI00pa TPaK-
TOPHBIM 3aBOJIOM KOHKPETHOM Mozaenu nsurarens. Hc-
KJIIOUeHHE cocTaBlseT Tpaktop MT3-1221, koTopblii 00bI4-
HO paccMaTpPUBAIOT BHE TATOBOH KOHIICIILIHH.

PacxoxeHne pacdeTHON MOITHOCTU TPAKTOPOB U
JIaHHBIX, TPUBEACHHBIX B TuTeparype [16-20], coctasms-
et ot 4,64 u 26,93%. MOC, chopmupoBaHHOE Ha 0a3e
tpakTopa T-150K TsiroBoro knacca 3.0, mMeno MOIIHOCTB,
HE OCTaTOYHYIO JUIs TAroBoro kiacca 5.0. Kpome toro,
OHO pa3BUBaJI0 MEHBIIYIO CKOPOCTh B CPABHCHHH C TPaK-
topom K-701 xmacca 5.0 [18].

BriBogbl. J{is1 foCTHXEHUS IPEEILHOM IO CIIerie-
HUIO CHJIBI TSATH Ha KPIOKE IPU TIePEeX0ofe B CIETyIOMNN
OoJee BBICOKUH KJIacC TSATH HEOOXOIUMO, UTOOBI TpaK-
TOP, K KOTOPOMY TOJICOETUHSIETCS TEXHOJIOTUIECKU I MO-
ITyJb, 00J1a 181 SHeproHachlmeHHOCThIO0 2,0-2,41 kBT/kH,
YTO COOTBETCTBYET TPAKTOPAM TATOBO-IHEPTreTHUECKOM
KOHIICIITNH, Y KOTOPBIX MOITHOCTH ABUTATEIISI HE MOXKET
ObITH peaju3oBaHa yepes Try. [Ipu 3ToM 3HEeproHacsl-
IICHHOCTH TPAKTOPA C TEXHOJOTHIECKUM MOIYJIEM Oy-
neT paBHa 1,59-1,65 kB1/xkH, ananoru4no TpakTopy Ts-
TOBOM KOHIICTIIIMH, ¥ TIO3BOJISIET PEan30BaTh 3aJI0KEH-
HYIO MOITHOCTH JBUTATENS Yepe3 TATY.
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Paspab6oTka cUCTEMbl TOY€4YHOIO BHECEHUS XXUAKUX CPEeACTB XMMM3aLuum
Ha OCHOBe Mopfefie CBepTOYHON HEMPOHHOW cCeTn

BukTopus Cepreesna CeMeHI0K', Ebrennii Anekcanaposuy Hukurun’,
CTYICHT-MarucTp, ACTIIHPAHT, MJIATIIAN HAYYHEIH COTPYIHUK,
e-mail: viktoriya.semenyuk.98@mail.ru; e-mail: evgeniy.nicks@yandex.ru

'HarmoHanbHbIH HCCIeMOBATEIbCK M YHHUBEPCUTET «BpIcias mKoia 5KOHOMUKK», MockBa, Poccuiickas @enepanus;
*denepanbHbIi HAYUHBIH arporHkeHepHbIi enTp BUM, Mocksa, Poccuiickas ®eneparus

Pedepar. [Toxasanu, 4To 0fHA U3 IPUUUH HOTEPU YPOXKast — HEKAUECTBEHHOE OMPE/IEICHUE CTETIEHN TOPAXXEHHOCTH CENbCKOX0-
3HCTBEHHBIX KYNBTYp TaTOTeHaMH. [IpeIIoKuin CUCTEMy TOYEUHOTO BHECEHHS JKHAKUX CPEACTB XUMH3AIUH. BEIBIIN BO3-
MOXKHOCTB pacueTa HeoOXouMOro 0bbemMa ynoOpeHni 1 cpecTB 3amuThl. (Lens ucciedosanus) Pazpaborars cucteMy TOYeHHO-
TO BHECEHUS KUJKUX CPEICTB IS 3aIUThI U IUTAHUS PACTCHUH HA OCHOBE MOJICIH CBEPTOYHOM HEHPOHHOM cetn. (Mamepuanw
u memooot) [IpoBen aHANH3 CYMIECTBYIOIMX apXUTEKTYp W METOIOB MammHHOTO o0ydeHus. [lpu pa3paboTke cuCTeMEI Hc-
nonb3oBanu U-net-anropuT™M CBEPTOYHBIX HEHPOHHBIX CeTeil, a Takxke JaHHbIE, OTOOpaKaroNie 3a00NeBaHUS 03UMOH U Spo-
BOY MIIEHHIIE — OypyI0 pKaBIMHY B MyIHHCTYIO pocy. Kaxnoe m3o0paxenne KaJpupoBay BpYUHYIO i pa3Medalld ¢ IOMOIIBI0
crenuanu3uposanHoii Python-6nbnuorexu. B xone npuMeHeHNs apXUTEKTYpbl SKCIIEPUMEHTAIBHBIM ITyTEM BBIOPATU ONTHMANb-
Hble MeTpuKH (jaccard metric), ckopocTh 00yuenus — 0,0001 cekyHnpl, KomauecTBo 310X — 300, a TaKKe APYyrue MoKa3aTelu.
(Pezynomamyl u obcysicoenue) YCTaHOBUIH, UTO TIPH NMOJAYE aITOPUTMY HOBOTO, PaHee He JJOCTYIHOIO H300pakeHHs, OH 3a He-
CKOJIBKO CEKYHJI pacro3HaeT 00J1e3Hb U BO3BPAILACT TOIb30BATENIO HE TONBKO HCXOAHOE H300paXKeHNE, HO  MACKy TOBEPX HETO.
Omnpeaenuim TOIHOCTh HANOKEHUS Macku Ha OombHON yyacTok — 80 mporenToB. [lokasamu, 4to mporHo3upyemas ommoka Ha
BAJIMIAIIMOHHBIX JaHHBIX cocTaBuia 0,18758. Ha mpakTuke OHa MOXKET OTIHYAThCS OT 3asBlEHHON He 6onee ueM Ha 10-15 mpo-
TEHTOB. [IpeIoXIIM HCIONB30BaTh ATOPHTM € CHCTEMOI TEXHHUECKOro 3peHus. (Bvigodut) Ilokazaiu, 4To HECOBEPIIEHCTBO
TEXHUYECKUX CPEACTB I XMMU3ALMKU PACTEHUH MOBbIMAET pacxod A0 30 MPOLEHTOB OTHOCHTENLHO 00beMa, HEOOXOAUMOro
JIJTSL TOYEYHOTO BHECEHUS. Pa3paboTanu HelipoceTeBoi alropiT™ TSl ONPEIeICHAS TIOPaXKEHHBIX YUaCTKOB PACTECHHH U PEO-
’KHTH KOHIIETIIIHIO TOYEYHOTO BHECCHHUS CPECTB XMMHU3AIMH PACTEHHI C IIETbI0 COKPAICHIS 3aTPaThl IpH 00paboTKe MOCEBOB.
Omnpenenuiy, 9T0 HeHpoceTh CNocoOHa AMarHOCTHPOBATh HOPAXEHHbIC YIACTKH pacTeHui 3a 1 cekyHuy.

KiioueBble ci10Ba: ToueqHOE BHECEHHE YIOOPEHNIA, BHECEHHS CPEACTB 3aIIUTHI PACTCHHH, CBEPTOUHAS HEHPOHHAS CETh, MATIINH-
HOE 00y4eHHUE, UCKYCCTBEHHBIH UHTEIIEKT.

lILJm nutupoBanus: Cementok B.C., Hukutun E.A. PazpaboTka cucTeMbl TOYEUHOT'0 BHECEHUS CPEACTB XUMHU3a-
MY HA OCHOBE MOJIEJTN CBEPTOUYHOI HeHpoHHOM ceTH // Cenvbcroxoszaticmeennvie mawiunvl u mexronoeuu. 2021. T. 15.
N2. C. 41-45. DOI 10.22314/2073-7599-2021-15-2-41-45.
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Abstract. The authors showed that one of the reasons for the yield loss is poor-quality determination of the infection degree of
agricultural crops by pathogens. They proposed a system of liquid chemicals point application. They identified the possibility
of calculating the required amount of fertilizers and protective equipment. (Research purpose) To develop a system of liquid
chemicals point application for plant protection and nutrition based on a convolutional neural network model. (Materials and
methods) The authors analyzed the existing methods of machine learning. When developing the system, they used the U-net-
algorithm of convolutional neural networks, as well as data displaying diseases of winter and spring wheat — brown rust and
powdery mildew. Each image was cropped by hand and marked up using a specialized Python library. In the course of applying
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the architecture, the authors experimentally chose the optimal metrics (jaccard metric), the learning rate — 0.0001 seconds, the
number of epochs — 300, and other indicators. (Results and discussion) The authors found that when a new, previously unavailable
image was submitted to the algorithm, it recognized the disease in a few seconds and returned to the user not only the original
image, but also a mask over it. The accuracy of applying the mask to the affected area was determined — 80 percent. They showed
that the predicted error on the validation data was 0.18758. In practice, it could differ from the declared one by no more than 10-
15 percent. The authors suggested using the algorithm with a vision system. (Conclusions) The authors showed that technical
means imperfection for plants chemicalization increased the consumption up to 30 percent relative to the volume required for point
application. They developed a neural network algorithm for identifying the affected areas of plants and proposed the concept of a
point chemicals application in order to reduce the costs of processing crops. It was determined that the neural network was able to
diagnose the affected areas of plants in 1 second.

Keywords: point fertilization, plant protection products application, convolutional neural network, machine learning, artificial
intelligence.

B For citation: Semenyuk V.S., Nikitin E.A. Razrabotka sistemy tochechnogo vneseniya sredstv khimizatsii na osnove
modeli svertochnoy neyronnoy seti [System development for liquid chemicals point injection based on convolutional
neural network models]. Sel'skokhozyaistvennye mashiny i tekhnologii. 2021. T. 15. N2. 41-45 (In Russian). DOI

10.22314/2073-7599-2021-15-2-41-45.

OTepH yposkas OT BpeauTese u 0osie3HeH, a Tak-

K€ BCIICICTBHE HEOIArOMPUATHEIX KINMaTHIe-

CKHX BO3JICHCTBUHU, CICPKUBAIOT Pa3BUTHE pac-
TEHUEeBOACTBA. [l1Ist CHIDKEHUS yInepOa arpapiuu aKTHB-
HO MPUMEHSIOT XUMUYECKHE CPEACTBA 3alllUThl pacTe-
HI/II7[, BHECCHUEC KOTOPBIX JOMMYCTHUMO TOJBKO ITPU MTPOBE-
JEHUH ITPEIBAPUTEIIBHOr0 00CIeJ0BaHU S CEIbCKOXO035 -
CTBEHHBIX yroauit (cornacHo nyHkty 2.19 CanlluH
1.2.2584-10) [1]. TpaaHIIMOHHO METOIUKA OTPEICIICHU S
MOPaXXEHHOCTH KYyJIBbTYp O0JIE3HSIMHU [TpeAyCMaTpPUBaET
OombIIHe 3aTpaThl HA PA0OTY arPOHOMHUYECKOU CITyKOBI.
Hemanast yacTb I€HEXHBIX CPEACTB PACXOAYETCS Ha y10-
OpeHust, BHECEHUE KOTOPBIX TAKKE 3aBUCHT OT CTETICHH
MOpaKeHUS KYJIbTYP, CIIEJIOCTH U APYTUX GPaKTOPoOB [2, 3].

Poccuiickuii u 3apyOeKHBII ONBIT [TOKA3aJ1, YTO MPH-
MEHEHNE Pa3JIMUHbIX CPEACTB aBTOMATU3ALIUMH TEXHOJIO-
TUYECKHUX MPOLIECCOB PACTEHUEBOACTBA (CUCTEM Mapal-
JICJIBHOT'O BOXACHU A, JUCTAHIITMOHHOT'O 30HAUPOBAHU A
CeNbX03YTOANM, KAPTUPOBAHUS MMOCEBHBIX TLIOMIACH)
CYIIECTBEHHO MOBBIIIAET MPOU3BOAUTEIBHOCTD TPYyIa U
KaueCcTBO BHITIOIHEHUS ITUKINYECKUX onepamnui [4, 5].

YpOBEeHb TEXHOJIOTMYECKOT0 PA3BUTHS CUCTEM TeX-
HHUYCCKOT'O 3pE€HUSA MMO3BOJISACT OMPEACIATH HBETHOCTD U
TOTIOJIOTHIO OOBEKTOB CKAHHPOBAHUS O0BEKTOB C ILIO-
WAk aHaamu3a 1o 1 MM> [6, 71.

MeTo TMarHOCTHKHY 3a00JIeBaHUH pacTeHUH mpe-
yCMaTPHUBAET UCIOJIb30BAHUE CUCTEMBI TEXHUUYECKOTr0
3pEHUs I ONPENETICHUs ONITUMAJIBHOI'O KOJIMYECTBA
XHUMHKATOB (CPEACTB 3aLIUThl pACTEHUN U YIO0OpEeHHUI).
Cucrema OIIPBICKMBAaHUA Ha OCHOBE MOJYUYCHHBIX JTaH-
HBIX ITOMOTaeT BHOCHUTH UX TOUCUHO [8, 9]. 715 MoTeHITH-
aJIbHO 3JI0POBOTO PAaCTEHUS TaKHe CUCTEMbI MOTYT pac-
CYMTATh 00bEM BHECEHU S YAOOPEHUH B 3aBUCHMOCTH OT
craguu cozpeBanus [10, 11].

B ocHOBE CHCTEMBI TEXHUYECKOTO 3pEHHUS 3aJI0KECH
U-net-anroputm cBepTOYHON HEMpoHHOH ceTr. OH crio-
coOeH OMpe/IeNsaTh CTeNeHb MOPaKEHHOCTHU CENIbXO3KYIBTY P
W yIPAaBJIATH KX JI0W (DOPCYHKOM, YCTAHOBICHHON Ha

CE/IbCKOXO3AMCTBEHHBIE MALWHbI 1 TEXHONOTMMA + Tom 15 N2 + 2021

IITAHTe ONPBICKUBATEN . TeM caMbIM pacTeHHUE MOJTyda-
€T HeOOXOJJUMOE KOJIMYSCTBO YAOOPESHHM IS TalibHEH-
IEro poCTa MK MOPIUIO CPEICTB 3alUThI PACTCHUN AJIs
YMEHBIIICHHS CTENIeHU mopaxeHu [12-14].

LIEnb nCCNEQOBAHMS — pa3paboTaTh CHCTEMY TOYEY-
HOT'O BHECCHU S JKUAKUX CPEACTB AJIs1 3allIUTHI U MATAHU L
pacTeHu Ha OCHOBE MOJEIH CBEPTOYHON HEHPOHHOU
CeTH.

MATEPUANBI U METOAbI. V3y4niu MaTepHaibl MEeX-
JIIYHAPOAHBIX BHICTABOK OTPACIIH, CAUTHI BEAYILIUX MPO-
W3BOJIUTEINEH COBPEMEHHBIX TEXHUYECKHUX, Pa3padoTIH-
KOB TEXHOJIOTHYECKHUX PEIICHUH ISl paCTCHUEBOJCTBA.
ITpoBenu aHanU3 CyIIECTBYIOMUX APXUTEKTYP U METO-
JIOB MAITHHHOTO 00y YeHUSI.

PE3YNbLTATBI M OBCYXXAEHME. BONBIIMHCTBO MIUPO-
KO3aXBaTHBIX MAIIWH JIJIS1 BHECCHUS yIOOPEHUI BHOCAT
OJIMHAKOBOE KOJIMYECTBO )KHMIKOCTH IO Beeit 00padaThl-
BaeMO MOBEPXHOCTH 32 ofuH npoxox. [loaTomy paszpa-
00TKa IpenaraeMoro MeToa BHECEHHUS CPENCTB Ha OC-
HOBE CBEPTOYHBIX HEMPOHHBIX CeTel MO3BOJIUT CyIIe-
CTBEHHO MOBBICUTH TEXHOJOTHUECKYIO APPEKTUBHOCTH
Y ONTUMHU3UPOBATH 3aTPAThl HA CPEACTBA XUMHU3AIUU
pacTeHuit 1 00eCIeUYNT UX TOUCYHOES BHECEHHE B COOT-
BETCTBUU CO CTENEHBIO OPAKESHHS KAXIOT'0 MUKPOY-
yacTka pacTeHus. IIpenioxxeHHblil HAMY METOZ COCTOUT
B TOM, YTOOBI BHOCHTE XUIKUE CPEICTBA COOTBETCTBECH-
HO CTEINEHH PACHPOCTPAHEHUS ATOreHa.

[lepBoii KynpTypO# 1151 aHAJIM3a CTAJIA MIIEHNIIA KaK
Haubolee pacnpoCTpaHEHHAas KyIbTypa.

Jns pacrio3naBaHus Oosie3HEH Ha JIMCTaX BBIOpaIn
APXUTEKTYPy CEMAHTHUECKON CErMEHTAIlNH H300paxKe-
Huit U-net (puc. 1). Ilpu ee UCTIONb30BaHUY, B OTIINYHE
oT a"anoroB E-net u FCN, a5 mony4eHus pe3yIbTaToB
JOCTaTOYHO HEOOIBIIOr0 KoNKu4yecTBa n3o00paxeHuil. Ta-
KO€ MPEUMYIIECTBO BO3MOXKHO Oaromapsi poBEACHUIO
apryMeHTaIH (MCKa)KeHIe UCXOTHOT0 U300 paXKCHUS O
KaKoOMY-TH0O MaTTepHy).

U-net-apxXuTEKTypa COCTOUT U3 CY’KaIOIIEro Iy TH
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Puc. 1. Apxumexmypa ceepmounvix netiponnvix cemeti U-net
Fig. 1. Convolutional neural networks U-net architecture

(cieBa) u pactmpsitoniero (cnpasa). OHa MPUHUMAET pa3-
MEYEHHOE H300pakeHue B pa3peIeHnn 256%256 (3%256x256
image). Ha mytu cBepTKH H300pakeHne mpeodpaszyercs
B IMUKCEJIH: UCIOIB3yEeTCsI CBEpTKa BHU3 (aHTI. down
convolution) 1 yIJIOTHEHHE TPUZHAKOB (aHTIL. max pooling),
C KOTOPBIMU OyZIET B3aUMOAEHCTBOBATH KOMITBIOTEP IS
orpeneseHus 60IBHOrO yyacTka. Ha myTu pactmpenus
apXUTEKTypa pa3BopaynBaeT H300pakeHUs (AaHTI. up
convolution) 1 IPOU3BOAMT IIPOIIECC, 0OPATHBIA YILIOT-
HEHUIO (aHTJ. up sample). B pe3ynbrare moab30BaTeinto
JIOCTYITHA MacKa IoBepx n300paxeHus (kx256x256 masks).

IMonroToBka HaHHBIX JJIsl CETH BKIIIOYAJIA KaJIPUPOBa-
HUE JI0 pa3Mepa 256x256 mukcenel 1 pa3MeTKy H300paxe-
HUiA. B cooTBeTCTBIY ¢ 00JI€3HAMHU BBIICIICHBI IBA KIIacca:

- MyYHHCTAs poca;

- Oypas p>KaBUHHA.

PasmeTka nzo0paxkeHuit He0OXoqUMa AJIs CO3JaHUS
MacOK CBepTOYHOU HeliponHol ceTu U-net (puc. 2).

Puc. 2. Pazmemxa nucma nueHuybl, ROPANCEHHO20 6YPOU PIHCAGYUHOU
Fig. 2. Marking a wheat leaf affected by leaf rust

C OMOIIBIO IPOrPAMMHOT'0 KO/ jSOon-pa3MeTKa n3o-
OpaxeHui mpeoOpa3oBaHa B MACKH popMarta .jpg, Tie CH-
HUM [[BET COOTBETCTBYET MYYHHUCTOH poOCe, 3eTICHBIN —
Oypoii pxaBumHe (puc. 3).

[pu cozmaHnuy MOJEITH UCIIOIB30BAH CICTYOIIHE
mapaMeTphL:

- Komm4ecTBo 310X — 300;

- CKOpocTh 00yueHus Heripounoii cetu 0.0001;

- pa3mMep OaTueii — 1;
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Puc. 3. Macku bonesnetl nuenuywl
Fig. 3. Wheat disease masks

- METPUKH KayeCcTBa OLIEHKU CETMEHTAallUU — jaccard
metric;

- YHCIIO MapajuiesibHO 00padaTbiBaeMbIX H300paxe-
HUM — 6;

- ¢pysaxnus ommbku — ®okanloce (FocalLoss).

MeTpuKy KauecTBa AJist OLIEHKH CErMEeHTAUU jaccard
metric paCCIUTHIBAIOT IO (hOPMYIIE:

Jacc(4, B) = % =
rae A — iepBoe MHOXKECTBO;

B — BTOpOE MHOXKECTBO;

ANB — nepeceyeHne MHOXKECTB;

AB — o0beiiHEHHEe MHOXECTB.

[Tpu BeIOOpE PyHKIIHU OMIMOKU pacCMOTpPEIHN He-
CKOJIBKO BapuaHTOB. Cpeu HUX caMble yCHeIIHbIe —
BinaryLoss v FocalLoss ¢ Ty4lIuMU pe3yibTaTaMu Ha
TectoBoii BeIOopke 0,37324 u 0,00358 cOOTBETCTBEHHO.

B nporecce 00yueHus MOZIENH BBISIBISIOTCS OIIMOKU
Ha 00yJaronuX 1 BATHIAIMOHHBIX JaHHBIX (puc. 4).

|ANB|
|al+|al-|anB|°

noxa 1 noxa 20 noxa 150 noxa 300
Period 1 Period 20 Period 150 Period 300
loss =0.05878 | loss =0.04056 | loss=0.02676 | loss=10.00358
Valid loss: Valid loss: Valid loss: Valid loss:
0.08159 0.06113 0.04021 0.18758

Puc. 4. 3nauenus owubok npu o6yuenuy mMooenu 8 pasHvix INOXAx
Fig. 4. Errors values when training the model in different periods

[Ipoxons Kakayro 310Xy, MOZENb CTAHOBUTCA Ooree
TOYHOM, OTCEKasl yM (OH CTAHOBHUTCS YEPHBIM) U OTpa-
xKas cBepxy Macky. [lapameTp /oss moka3siBaeT OMHAOKY
npu 00y4eHUH Ha TECTOBBIX JAHHBIX, Valid loss — Ha Ba-
JTUIAITUOHHBIX. ECITH MPUMEHUTH MOZIENH K BaJTUAAIIHOH-
HBIM JAaHHBIM, TO TOYHOCTB IpecKa3aHus mpeBricuT 80%.

Paccmotpum pesymbraTsl paboTh anroputMa. [Ipu 06-
paboTke n300paXKeHH OH HaKJIaAbIBAET MAacKy Ha Kap-
THHKY, BBIJIEJISSl CHHUM IIBETOM MYYHHCTYIO POCY U 3eJ1e-
HBIM — Oypy¥o pxkaBuuHy (puc. 5). Jlns 6os1ee TOUHOTO Ipo-
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Puc. 5. Juacnocmuxa 3abonesanus nuieHuybl ¢ NPUMEHEHUEeM all-
eopumma U-net Ha npumepe MyYHUCMOU POCbL U OYPOIL PIHCAGUUHDBL:
86epXy — pe3ynbmam OUAzHOCIMUKY; BHU3Y — UCXOOHOe U300padicene
Fig. 5. Diagnosis of wheat disease with the U-net algorithm using
powdery mildew and brown rust as an example: at the top — the
diagnostic result; below is the original image

THO3a PEKOMEHAYETCS UCTIONB30BaTh (hoTorpaduu BhICO-
KOI TOYHOCTH, TaK Kak OJIMKY U3-3a XapaKTepHOTo Oeno-
'O I[BETA U OKPYTII0H (GOpMBI MOTYT OBITH OIIMOOYHO pac-
TIO3HAHBI KAK MYYHHCTas poca. Pa3paboTaHHbIH anTopuT™
olpezeIeH s 3a00JICBaHUS PACTEHHH C UCTIOIB30BaHUEM
CHCTEMbI TEXHHYECKOT0 3PCHUS ILIAaHUPYETCS 3a1CHCTBO-
BaTh B CTPYKTYPE TEXHUIECKOTO CpeACTBa (puc. 0).

TonydeHHBIE TaHHBIC O CTEIIEHU MMOPAXKECHUS PacTe-
HUH, 00padaTeiBaeMble OJIOKOM aBTOMaTHYECKOTO YIIPaB-
JICHUSI, MOT'Y T ITOCITY KU Th OCHOBOH IS yIIPABIICHU ST MHO-
KECTBOM (DOPCYHOK, yCTAHOBJICHHBIX Ha IITAHTY OMPHI-
ckuBareis. VI3MeHss HanpsoKeHHe M KOJTHYECTBO MOAa-
BaeMbIX UMITYJIBCOB, MOJKHO PETr'yJIHPOBAThH YCHIIHE 3a-
TIOPHO MPYKUHBI K PACXOI CPEACTB XMMH3AIIHH.

BsaumoneiicTBre NpoJeMOHCTPUPOBAHHOTO AJITOPUT-
Ma M CTPYKTYPBI TEXHUYECKUX CPEACTB MOCHOCOOCTBY-
€T PEIICHUIO KIIOYEBEIX MPO0IeM PaCTCHUEBOICTBA:

- BBICOKHMI pacXoJ CPEACTB 3aIIUTHI U YA0OpEeHU Tpu
MaITUHHOW 00paboTKe CENBbX03KYIbTYD;

- HEBEpHOE BBISIBJICHUE U IMarHOCTUPOBaHHE O0JIe3-
HEH 3]1aKOBBIX;

- OrpaHUYCHHBIH (yHKIIMOHAT OTCYECTBEHHBIX Ma-
IMH 1o 00paboTKe pacTeHU CPEJICTBAMHU 3aITUTHI.

BbiBogbl. ITpoBeneHHbIN aHAIN3 OTPUIIATENBHBIX
(haKTOPOB B PACTCHUEBOACTBE [TOKA3AJI, YTO HECOBEPIIICH-
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Puc. 6. Cucmema onpwickusanua pacmenuii: 1 — dnepeemuueckoe
cpedcmeo; 2 — emkocms 0na cpedcme xumuzayuu, 3 — O10K asmo-
MAMu4ecko20 ynpasienus;, 4 — cucmema mMexHuueckozo 3penus ¢
TOF-xkamepoti u xamepoii onpedeieHus YemHOCY pacmeHutl; 5 —
Hacoc; 6 —wmanaa onpelcKUBAMeNs ¢ KONIEKMOPOM, 7 — MHONCECHIBO
BLIXOOHLIX omeepcmuil (onpedensemcsi Kou4ecmeom QOopCyHoK u
WUPUHOLL 00PAdOMKU 3a OOUH NPOXOO IHEPLEMUYECKO20 CPeOCmEa);
8 — gopcynxa; 9 — exoonoii knanan gopcynxu; 10 — 3anopuas npy-
Jrcuna ¢ pezyrupyemvim yeunuem,; 11 — 3anopuwlii KoHyc gopcymxi;
12 — conno, 13 —3anoproe konvyo, 14 — knanan 06pamnozo moxka

Fig. 6. Plant spraying system: 1 — energy means; 2 — container for
chemicals; 3 — automatic control unit; 4 — a technical vision system
with a TOF camera and a camera for determining the plants color;
5 —pump; 6 —sprayer boom with a manifold; 7—a plurality of outlet
openings (determined by the nozzles number and the processing
width in one pass of the power tool); 8 — nozzle; 9 — injector inlet
valve; 10 — locking spring with adjustable force; 11 — nozzle shut-
off cone; 12 — orifice; 13 — locking ring; 14 — reverse flow valve

CTBO TEXHUYECKUX CPEACTB JJIS1 XUMH3AIINN PaCTCHUN
noBkIIIaeT pacxon 10 30% oTHOCUTENEHO 00BeMa, He00-
XOIIUMOT'O JIJIsi TOUYSUHOT'O BHECECHUSI.

Pa3paboTaHHbIi HEHPOCETEBOW aJITOPUTM JJIS OTpe-
JIEJICHH S TIOPAXKCHHBIX YYaCTKOB PACTEHUN U TPEIJIO-
YKEHHAas! KOHIICTIITIS TOUSUHOTO BHECEHHS CPENICTB XUMHU-
3alMH PACTEHHUH MO3BONHUT COKPATUTH 3aTPATHI IIPH 00-
paboTKe MOCEeBOB. DKCIIEPUMEHT IMOKa3all, 4TO HEHPOCeTh
croco0Ha TMarHOCTHPOBATE MOPaKEHHBIE YUYACTKH pac-
TeHUI 3a 1 ceKyHy.

Hccneoosanue nposooumesi npu  noooepoicke Ponoa cooeii-
cmeusi UHHo8ayusAM no 0o2o8opy Ne524I'VI[DC8-D3/61976 om
05.10.2020 200a
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MoneBble uccnepoBaHUsA KynbTUBaTopa-yao6puTensi c cCUCTeMou
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Pedepar. [Iposesnu nonesble uccnenoBanus cucteMs Anp GepeHIMPOBAHHOTO BHECEHHUS YI0OPEHHH « ATPOHABUTaTOP-03aTOP»,
YCTaHOBJICHHON Ha KyJIBTUBATOP-YHLOOPUTENH /IS BHYTPUIIOUBEHHOTO BHECEHHS TPAHYIHPOBAHHBIX MUHEPANBHBIX yI0OpeHUH
B ycnoBisix CepepHoro Kaszaxcrana. (Lens uccrnedoganuti) OnpenenuTs BIMSHEE CHCTEMBI TU((epeHIMPOBAHHOTO BHECCHIS
ynoOpeHuit Ha arpOTEXHUYECKHUE, SHEPIeTHUECKIE, SKCIUTYaTallHOHHO-TEXHOJIOTHIECKUE ¥ SKOHOMUUECKHE MI0Ka3aTeu paboThl
KYJIBTUBATOPA-yIOOPHUTENIS B IIPOU3BOICTBEHHBIX YCIOBHSX. (Mamepuanst u memoost) BemomHnm arpoxuMmugeckoe 00cnenoBa-
HUE TOYBBI 10 O(ULHUATBHO YTBEPKACHHOI MeToauke. COCTaBUIIU SIEKTPOHHYO KapTy-3afaHue. Mcrnonab30Bany METORUKY OMpe-
JIENIeHHs] YCIOBHUIM MPOM3BOJCTBEHHBIX MCIBITAHUM, arpOTEXHMIECKOM, SHEPTETHUECKOH, IKCILTYaTallMOHHO-TEXHONIOTHYEKON 1
SHEPreTHYEecKOl OLCHOK, COOTBETCTBYIOIIYIO TpeOOBaHMAM IeHCTBYIOMmE HOpMaTHBHON JoKyMeHTarmu. [Ipon3BoacTBeHHbIE
HCTIBITAHHS CUCTEMBI TU((epeHIMPOBAHHOTO BHECCHNUS YI0OPEHHH POBOIIIN B XOZ€ BTOPOH IIIOCKOPE3HOH 00paboTKy mapo-
BOTO IIOJISI C OTHOBPEMEHHBIM BHYTPHIIOUBEHHEIM BHECCHHEM I'PaHyTMPOBAHHBIX MIHEPATBHBIX YIOOpeHHiL. (Pesynbmanmsl u 06-
cyoicoenie) BRIABIIH, UTO IPUMEHEHHE CUCTEMB! U PepeHIPOBAHHOTO BHECEHUS! YIO0OpEHHI «ATPOHABUTATOP-03aTOP» CO-
KpaTtuiio (pakTHIecKyto 03y BHeceHus ¢ 95 1o 40 kumorpaMMoB Ha rektap. Onpenenuig, 4To HaJIMune B UCCIIeTYyeMON CUcTeMe
peXIMA MAPaLIeNBHOTO BOXKICHHS YMEHBIIHIIO BETIMUIHY MEPEKPBITHS CMEKHBIX IPOXOIOB, OIarofaps 4eMy MOBBICHIACH CMEH-
Hasi POM3BOAUTENBHOCTH — € 4,25 110 4,32 rexTapa B yac, yAeNIbHbIE 3aTPaThl SHEPTHU coOKpaTuiuch ¢ 88,1 1o 86,6 Meramxoyns
Ha TeKTap, a YAeTBHBIN pacXol Tommsa cHIBWICA ¢ 14,41 no 14,16 kunorpamma Ha rektap. DkoHOMUIECKHH 3QQeKT oT mprme-
HEHMS CHCTeMBI TH((depeHINPOBAHHOTO BHECEHNS YI00pEHUH « ATpOHABHTaTop-103aTopy cocTasm 630,6 Thicsun pyoneil B Toa.
(Boi6oowt) Jlokazau, 4T0 OCHOBHOE BIMSAHIE cUcTeMa TU(QepeHITMPOBAaHHOTO BHECEHHS YI00PEHUH « ATpOHABUTATOP-103aTOP»
OKa3alla Ha (paKTUYECKY0 103y BHECEHMs yIOOpeHHUil, KOTopas yMEHbIIMIACh Ha 57,0 MPOLEHTA. YCTAHOBUIIM, UTO CHIDKEHUE
BEJIMYMHBI IEPEKPHITHS CMEXHBIX IIPOXOZ0B MOBBICHIO CMEHHYIO IPOM3BOAUTEILHOCT, CHU3MIIO YIENbHBIA PAcXoi TOILIHBA 1
yIeNbHBIE 3aTPaThl SHEPrHy Ha 1,7 mpouenTa. Paccunrany, 4To COBOKYITHBIE 3aTPaThl ICHEKHBIX CPEICTB Oarofapst mpuMeHe-
HUIO CUCTEMBI AM((epeHIMPOBAHHOTO BHECCHHS YIOOPEHHUI « ATPOHABUTaTOP-103aTOP)» COKPATHIINCH HA 36 TIPOLICHTOB.
KooueBrle cioBa: cucrema audhepeHInpOBaHHOTO BHECEHHS YIOOPEHHH, MOJEBBIE UCCIEN0BAHNS, KYIBTHBATOP-YI00pUTEND,
MUHEpanbHbIe YA0OpEHHs, 1033 BHECEHNUS yI0OpeHHUH, SkoHOMUUeCKas 3D (PEKTHBHOCTb.

lI[Jm uutupoBanus: [lepenackud A.W., Kyeaes A.H., Tokapes 1.B. [loneBsie nccienoBaHus KyJIbTHBATOPa-yA0OPUTENS

¢ cuctemoii qudHepeHInPOBaHHOTO BHECCHHSI MUHEPATbHBIX YI00peHuit / Cenbckoxo3siicmeenHble MAUUHbL U
mexnonozuu. 2021. T. 15. N2. C. 46-52. DOI 10.22314/2073-7599-2021-15-2-46-52.
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Abstract. The authors carried out field tests of differentiated fertilization system "Agronavigator-Dozator" installed on a cultivator-
fertilizer for intra-soil application of granular mineral fertilizers in the conditions of Northern Kazakhstan. (Research purpose) To
determine the effect of differentiated fertilization system on agrotechnical, energy, operational and technological and economic
indexes of the cultivator-fertilizer in field conditions. (Materials and methods) The authors carried out agrochemical soil survey
according to the officially approved method. They made an electronic task map. They used the methodology for determining
the conditions of field tests, agrotechnical, energy, operational and technological and energy assessments that met the current
regulatory documentation requirements. Field tests of differentiated fertilization system were carried out during the second flat-
cut processing of the steam field with simultaneous intra-soil granular mineral fertilizers application. (Results and discussion)
The authors found out that the use of differentiated fertilization system "Agronavigator-Dozator" reduced the actual dose of
application from 95 to 40 kilograms per hectare. It was determined that the presence of a parallel driving mode in the system
under study reduced the amount of overlap of adjacent aisles, thereby increasing shift productivity - from 4.25 to 4.32 hectares per
hour, unit energy consumption decreased from 88.1 to 86.6 megajoules per hectare, and the specific fuel consumption decreased
from 14.41 to 14.16 kilograms per hectare. The economic effect of the use of differentiated fertilization system "Agronavigator-
Dozator " amounted to 630.6 thousand rubles per year. (Conclusions) The authors proved that differential fertilization system
"Agronavigator-Dozator" effect the actual dose of fertilization, which decreased by 57.6 percent. It was found that a decrease in
the overlap of adjacent aisles increased shift productivity, reduced specific fuel consumption and specific energy consumption by
1.7 percent. It was calculated that the total sum of money was reduced by 36 percent due to the use of differentiated fertilization

system "Agronavigator- Dozator".

Keywords: differentiated fertilization system, field tests, cultivator-fertilizer, mineral fertilizers, fertilizer application rate,

economic efficiency.

B For citation: Derepaskin A.I., Kuvaev A.N., Tokarev V. Polevye issledovaniya kul'tivatora-udobritelya s sistemoy
differentsirovannogo vneseniya mineral'nykh udobreniy [Cultivator-fertilizer field tests using a differential fertilization
system]. Sel'skokhozyaistvennye mashiny i tekhnologii. 2021. Vol. 15. N2. 46-52 (In Russian). DOI 10.22314/2073-

7599-2021-15-2-46-52.

YUTBIBas MUPOBBIE TEHICHIIUHU 110 BHEAPEHUIO
IHQPPOBBIX TEXHOJOTHN B pa3JIUYHBIE OTPACIH
SKOHOMUKH, B PecrryOnuke Kazaxcran npussum

TocynapctBennyto nporpammy «llugposoit Kazaxcrany.

OnHa 13 ee OCHOBHBIX 3a71ad — BHEIPEHHE TeOnH(pOpMa-

LIUOHHBIX CUCTEM B CEIHCKOE XO35UCTBO, MU TaK Ha3bl-

BAEMOI'0 TOYHOT'O 3€MJIE/IENH C LENIbIO IOy YEHU I MaK-

CHUMaJIbHO BO3MOXKHOT'O YPOXkKasi ¥ 3KOHOMHUYECKOi1 BBITO-

JIbI TP MUHUMH3AIHHN (PMHAHCOBBIX BIIOKEHHUH U BO3-

JENCTBUSA Ha OKpYyKawIyto cpeny. [lonTBepxaeHue KO-

HOMMYECKO 1 9KoJIornueckoi 3 pekTHBHOCTH BHEIpE-

HUS TEXHOJIOTMH TOYHOTO 3€MJIEEIN S MOKHO HAalTH B

paborax 3apyOexHbIX [1-3] u poccuiickux uccnenoBare-

nieit [4-6]. B yacTHOCTH, MCTIONIB30BAHUE TEXHOJIOT WM TOY-

HOT'0 3eMJIe/IeNIN ST 00ECTIEUNBAET POCT YPOKAWHOCTH, ITO-

BBIIICHHUE OKYIIaeMOCTH ya00peHuii B 1,5-1,7 pasa, cHu-

KEHUE arpOXUMUYECKON Harpy3KH Ha OKPY Aoy o cpe-

ny Ha 35,60% [6].

[lenTpanbHOE MECTO B TOUHOM 3€MJIEIEINH 3aHUMa-
€T TeXHOJIOTUs U PepeHIIPOBAHHOTO BHECEHUS YI0-
Openutii (IBY), koTOpas mo3BOJAET U3MEHSTH 103y YJI0-
OpeHul Ha pa3IUIHBIX yYaCTKaX MO B 3aBUCHMOCTH
OT NOTEHLIMAJIBHOT O T1oAopoaus [7-9]. Yuensie Poccun
n KazaxcTana akTuBHO paboTaloT HaJ CO3TaHUEM KaK
TEXHOJIOTHYeCKUX 0CHOB [IBY, Tak M COOTBETCTBYIOLIUX
TEXHHUYECKHUX cpeacTB. Hampumep, paspaboTan anroputm
OIICHKH TOYHOCTH I'¢OMH(OPMAITMOHHBIX CUCTEM MIPH
nuddepeHInpoBaHHOM BHeCeHUH ynoopenuit [10]. Mme-
ercs TexHojorus ABY i1 0eCuI0THBIX JIETaTEIbHBIX
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anmnapatos [11]. Ilpeasioxxena MeToUKa CO3TaHUs DIIEK-
TPOHHBIX KapT-3aJlaHui, HEOOXOIUMBIX IS reorpadu-
YECKOM MPUBA3KU 103 BHECEHUS YI0OpEHU K 3JIeMeH-
TapHBIM y4yacTkaMm mous [12]. O6G0cHOBaHBI mapaMeTph
nosupyroriero yerpoiictsa [13]. Co3nanbl pabouue opra-
HBI JJ11 BHYTPUIIOYBEHHOT'O BHECEHU I MUHEPaJIbHBIX
yIoOpeHunH, aIeKTpoHHas cxema cucteMbl J[BY [14, 15].

B Kocranaiickom ¢pmnane TOO «HIIL] arpounskene-
pUW» B paMKaXx BHITIOTHEHHS TPUKJIATHBIX HAYYHBIX UC-
CIIEZIOBaHMH B 00JIACTH arpONPOMBIILIEHHOTO KOMITJIEK-
ca IPOBOAMIIH PabOTHI IO BEIOOPY U aJlallTallii CUCTE-
Mol JIBY ¢ mpumMeHeHneM NMETOIINXCSI MAIIiH A1 BI-
MOJIHEHU S JAHHON TeXHOJIOrMYeCKOH ONepaLrH.

Ha npenpraymux sTanax ucciaeoBaHUN MbI BEIOpa-
v onrtuManbkHyto cuctemy JIBY — «Arponasurarop-Jo-
3aTop» [16]. OHa COCTOUT U3 HABUTAITMOHHOTO KOMILIIEK-
ca c MoHTaxHBIM ycTporicTBoM, [JIOHACC/GPS anTeH-
HbI, UCTIOJIHUTEIIbHBIX MEXaHU3MOB (aKTyaTOpOB), kabe-
neit nmutanus U cBs3u. [IpoBepunin paboToCcImocoOHOCTh
yka3aHHOH cucTeMsl /IBY Ha MammHe 1)1 BHY TPHITOYBEHHOTO
BHECEHUS TPaHYJIMPOBAHHBIX MUHEPAJIbHBIX YI0O0OpEHUN
B JIa0OPATOPHBIX YCIOBHUAX. YCTAHOBIIIH, YTO CHCTEMa
o0ecreynBaeT aBTOMaTHUECKY 0 PETYITUPOBKY 1035l BHE-
ceHus ynoOpeHui B COOTBETCTBUH C 3JICKTPOHHOM Kap-
TOI-3a1aHKUEeM C OTKJIOHEeHHEM (DaKTUUeCKOil 10351 OT 3a-
JlaHHOM Ha yposHe 2,1-5,0%, 4TO COOTBETCTBYET ycTa-
HOBJICHHBIM arpOTeXHUYECKUM TPEOOBaHUSIM.

J1s nonyuenus napopmauu o paboTocrnocoOHOCTH
cuctemsl [IBY «ArponaBuraTop-103aTop»B IMOJIEBHIX YC-
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JIOBUSIX IIPOBEIH ITPOU3BOACTBEHHEIE HcTIBITaHus B TOO
«HIII3X um. bapaeBa» AKMOIUHCKOM 007aCTH.

Cucremy JIBY ycTaHOBUIIM Ha KyJIBTHUBATOP-YI00pH-
TeJb JJ15 BHYTPUIIOYBEHHOI'O BHECEHH I MUHEPaIbHbIX
ynobpenutii (puc. 1).

Puc. 1. Kynomusamop-y0oopumens 01 GHYMPUNOYEEHHO20 GHece-
HUSA MUHEPATbHLIX YO0OpeHull (06wuti 6u0)

Fig. 1. Cultivator-fertilizer for intra-soil application of mineral
fertilizers (general view)

Ero TexHHYeCKHE XapaKTEPUCTUKH:

- COCO0 arperaTupOBaHUsI — IPULICTTHOM;

- KOHCTPYKTHBHAsI IIUPUHA 3aXBaTa — 7,2 M;

- TUH pabOYUX OPTraHOB — INTOCKOPEXKYIITHIA;

- KOJIM4eCcTBO pabouux opraHos — 13 en.;

- 06BeM GyHKepoB — 2 M’;

- pabo4ast CKOpoCThb — 7-9 KM/4.

LlEﬂb WCCNEOOBAHUA — ONpEeACINTD BIUAHUC CUCTEC-
Mol [IBY «ArponaBuraTop-7103aTOp» Ha arpOTEXHHUYE-
CKHe, JHEPreTHUYECKHE, IKCIIIyaTallHOHHO-TEXHOIOT H-
YeCKHe M AKOHOMHYECKHE ITOKa3aTelId PaboOTHI
KYJIBTUBATOPa-yIOOPUTEIS B IPOU3BOACTBEHHBIX YCIIO-
BHUAX.

MaTtepPuanbl u METOAbI. Cuctema JIBY obecreunBa-
€T BBITNIOJTHEHUE TEXHOJIOTHH B COOTBETCTBHH C IEKTPOH-
HOU KapToW-3aJjaHueM, COCTaBIEHHOH IO pe3yIbTaTaM
arpoxXuMuYecKkoro odcienoBanus nouskl. [one, momie-
JKallee arpoXUMHYECKOMY aHaTU3y (ITapoBoOe TOJIE), pas-
JENUITN Ha 76 DIIEMEHTaPHBIX YYACTKOB IUIOIIAIBIO 5 Ta
KaXKJIbIH.

ArpoxuMudecKoe 00CIeI0BaHNE TTIOYBHI POBOIH-
JIOCh aKKPEIUTOBAHHOM UCIIBITATEIBHOM JTab0paTopueii
B COOTBETCTBUH C «[IpaBumamu mpoBeneHNs arpOXUMH-
YEeCKOTO 00CIeIOBAHUS ITOYBY.

Tpebyemyro 103y a30TOCOACPKAMUX YAOOPEHUH AJIsI
Ka)KJJOr0 3JICMEHTapHOT0 YJacTKa pacCUUTaIH 1Mo (op-
MmyJe:

'HNKZ.().B.(i)=(NOnm_ Nd)akm)'Ka (1)

e [nxrns — TPEOyeMas 1o3a ynoOpeHui, KT 1.B./Ta;
Ny — onITUMaNTbHOE conepxkanre N-NO; B TIOUBe,
MTI/KT TI0YBBI (Ny;; = 12 MI/KT IOYBBI);
Nypar — baxTugeckoe conepxkanue N-NOs B [I04BE i-TO
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AIIEMEHTAPHOTO YUaCTKa, MI/KT TIOYBEI;

K —»KBUBAJICHT a30THBIX YA0OpEHUH, HEOOXOJUMBIH
JUTS BOCTONHEHU S B 1o4Be 1 Mr N-NO;, KT TOYBEI'KT.J.B./MI"Ta
(K=17,5 KT IOYBBI'KT A.B./MITa).

B xone ucnpiTaHu NCMONIB30BAIN METOAUKY OIICHKH
ycnosuii ucnibitanuii —mo 'OCT 20915, meTonuky oreH-
KM arpoTexHu4Yeckux nokasarenei — mo 'OCT 33687 u
I'OCT 28714, meTonuKy SHEPreTHYECKON OIIEHKHU — TI0
I'OCT P 52777, sxcnayaTalluOHHO-TEXHOIOT HYECKY 0
oneHky — 1o 'OCT 24055, onieHKy SKOHOMHYecKOH 3¢-
¢extuBHocTH — 10 CT PK TTOCT P 53056.

PE3YNbTATbI M OBCYXAEHUE. DjIeMEHTAPHBIE YYaCT-
KU II0JIsI paclpelesIiIg 10 KiaccaM B COOTBETCTBUH C
00€eCcIeuYeHHOCTBIO TOYBHI MOABUKHBIMU (hOpMaMU TTH-
TaTeNnbHBIX (puc. 2).

[o crenenu obecneueHHOCTH P05 48 311eMEHTapHBIX
y4acTkoB (63%) oTHOCsTCS K [ 1 [] k1accam (OueHb HU3-
Kast u Hu3Kast) — 0-30 Mr/kr mouBsr; 9 yuactkoB (12%) — k
1] xnacey (cpenHss uau ontumanbaas) — 30-100 Mr/kr
nouBsl; 19 yuactkoB (25%) —k [V xnaccy (HOBBILLIEHHAS) —
6osee 100 MI/KT OYBBIL.

o crenenun obecnieuennocTu N-NO; 31 anemeHTap-
HbII ydacTok (41%) otHocuTcs K [ 1 I knaccaM (O4eHb
Hu3Kas 1 Hu3Kkas) — 0-12 Mr/kr noussr; 19 yuactkoB (25%)—
K /1] xytaccy (cpemHsis Wik onTuManbHas) — 12-20 Mr/kr
o4BHI; 26 yuacTkoB (34%) — k [V kiaccy (MOBBIIIEHHAS) —
6oee 20 MI/KT TIOYBHI.

B kauecTBe HCTOYHUKA a30THBIX YI0OPEHUI HCIIOTb-
30BaJI aMMHUAYHY0 CEIUTPY C COACP)KAHUEM a30Ta B CY-
xoM BemecTBe 34%. [ludpepeHnpoBannas 103a BHeCe-
HUSI B 3aBUCUMOCTH OT 00€CIIEUeHHOCTH dJIEMEHTapHBIX
yuactkoB N-NOj; cocTaBisina:

- niist yuactkoB [ u I xiaccoB — 10,4-83,2 kr n.8/ra
(30-240 xr pu3uvecKoro Beca);

- 1151 yuacTkoB /11 v IV knaccoB — O KT 11.B/Ta.

[Tpu crutomHOM BHECEHHH O€3 UCTIONIB30BAHMS CUCTE-
MBI JIBY B xayecTBe 6a30BOr0 BapHAHTA ISl CPABHEHU S
MPUMEHSIIN TOT Ke KyJIbTUBATOP-y100pHUTENb, paboTa-
IOLUHI B MACHTUYHBIX YCIOBUSX C OTKJIIOYEHHOM cucTe-
Mot J/IBY. Jlo3a BHeceHHU Obljia IOCTOSIHHOM M COCTaBU-
na 32,8 kr.a.e/ra (95 Kr ¢pusznyeckoro Beca).

B kauecTBe 3HEpreTHYeCcKOro CpeacTBa 3aeiicTBOBa-
1u Tpaktop «Kuposen» K-744P2 tarosoro kiacca 6
(puc. 3). HaarperaT ycTaHOBUII KOMITOHEHTHI CHCTEMBI
IBY (puc. 4).

[Ipon3BoacTBEHHBIE UCIBITAHUS IPOBOJUIIY HA JTa-
e BTOPOH INIOCKOPE3HOM 00paboTKH MapoOBOTro OIS C
OJTHOBPEMEHHBIM BHY TPHIIOYBCHHBIM BHECCHHEM I'PaHYy-
JIMPOBAHHBIX MUHEPAIBHEIX YA0o0peHuit. CHavaa mapo-
Boe 1oJie 00padoTanu repouruaamu. OCHOBHOM BUJI CO-
PHSIKOB IIPEICTABIEH OCOTOM, TIOJIBIHBIO 1 [IOJIEBBIM BbIOH-
KOM. 3aCOPEHHOCTD OBl COPHAKAME COCTaBMIa 19 mt/m’,
TIOKHUBHBIMH OCTaTKaMu — 51 m/m’.

MexaHu4eCcKHi coCTaB MOYBbI IPEICTABIIEH TSXKEIbI-
MH CYyTJIMHKaMH, THII TTIOYB — I0KHBIH uepHOo3eM. Cpe-
HsIs1 TBEPAOCTH MouBHI B ciioe 0-20 cm coctaBuna 3,2 Ml1a,
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LK

yuacmku [ u Il knacca (Huskas obecneyeHHOCHb)

areas of I and II class (low supply)

yuacmrku Il knacca (cpednssn obecneyeHnocmb)

area of 111 class (average supply)

yuacmku 1V knacca (nogviuennas obecneueHHocmy)
I area of 1V class (increased supply)
Puc. 2. Pacnpedenenue anemeHmapHvix y4acmros nois no cmene-
HU 00ecneyeHHOCmY Nouebl NOOBUNCHBIMU (PopMaMu nUmanmenb-
HbIX 6eujecms:
Fig. 2. Distribution of elementary field areas according to the
degree of soil supply with mobile forms of nutrients:
a— P,Os; b—N-NO;

BIAXHOCTh —13,7%, mnoTHOCTB — 1,3 r/em’.

PesynbTaTsl CpaBHUTEIBHOM arpoTeXHUUECKOM OLIEH-
KU IIPEJCTaBICHBI B mabdauye I, YSHepreTHIecKoi — B ma-
Onuye 2, IKCIUTYyaTallHOHHO-TEXHOJIOTHIECKOH — B ma-
onuye 3.

ATpoTexHIUeCcKas OIleHKa II0Ka3aja, YTO 110 BCEM I1e-
pEUYNCIEHHBIM [TOKA3aTelNs M arperat « ArpoHaBUraTop-10-
3aTopy», OCHAIIEHHBIH cucTemoii [IBY, obecnieunBaeT ka-
9YEeCTBO BBHIIIOJIHEHHS TEXHOJIOTHYECKOT0 IMPOIIEcca B CO-
OTBETCTBHHU C TPEOOBAHUSIMU HOPMAaTHUBHOI'O JOKYMEH-
ta (madn. 1). Cucrema JIBY u3 BceX epeyrCIICHHBIX I10-

Puc. 3. Aepecam, cocmoawuii uz mpaxmopa «Kupoeey» K-744P2
u Kynvmusamopa-yoobpumens, 060py0osantozo cucmemot J{BY
Fig. 3. A unit consisting of the Kirovets K-744R2 tractor and a
cultivator-fertilizer equipped with a differentiated fertilization
system

Puc. 4. Obwuii 6uo komnonenmos cucmemol /[BY :

a — HABU2AYUOHHBIU KOMNIEKC «AepoHasueamop nuocy;

b —ITIOHAC/GPS anmenna, ¢ — akmyamop

Fig. 4. General view of the components of differentiated fertilization
system: a — navigation complex "Agronavigator plus";

b — GLONASS/GPS antenna; ¢ — actuator

KaszaTeJel oka3plBasia HANOONbIIEE BIUSHUE HA (DaKTH-
YeCKyI0 7103y BHECCHHS YAOOPEHUH.

CooTBeTcTBHE (haKTUUECKOH 103bI BHECEHUS y100pe-
HUH 33JJaHHOM C YYETOM JIOIIYCTUMOI'O OTKJIOHEHUS IIPH
UCIONIb30BaHUU cucTeMbl JIBY no3BosnsieT caenars Bbl-
BOJ] O TOM, YTO BCE KOMIIOHEHTHI CHCTEMBI, OTBEUAIOIINE
332 aBTOMaTU4ECKOE U3MEHEHUE JJ03bl BHECEHHU S ITPH [IBU-

CPABHUTENbLHAS ATPOTEXHUYECKAS OLEHKA
COMPARATIVE AGROTECHNICAL ASSESSMENT
Mo H* u T3* ELTITLETT (2 o Arperar ¢
. cucrembl JIBY - o
oxa3zatenn According to regulatory Unit without cucremoii IBY
Indicators documents and terms of differentiated Unit with differentiated
reference fertilization system fertilization system
Jlo3a BHeceHU s 3aaHHasl, KI/Ta g
Specified application rate, kg/ha by B4 <0
Jlo3a BHeceHus pakTUYecKasi, Kr/ra _ 983 412
Actual application rate, kg/ha ’ ’
OtxiloHeHHE HaKTHIECKOH O3B OT 3aJaHHOMH, Yo £5.0 35 27
Deviation of the actual dose from the specified, % ’ ? ’
HepaBHOMEPHOCTE pacpeeaeHus y100peH i
0 IIMPHUHE 3aXBaTa, %
Uneven distribution of fertilizers across the <10,0 I 5Ho
working width, %
FJ'Iy6I/IH?. 00paboTku, cM 12-20 15,5 15.6
Processing depth, cm
Kpomenue noussl, %
Soil crumbling, % =20 o2 G2
Beicota rpebueit, cm
Combs height, cm =8,0 6,2 6,4
Ionpesanue copHbIX pacTeHui, %
Cutting of weeds, % L 1 e
* HJ] — HopMaTUBHEIN ToKyMeHT; T3 — TexHHYeckoe 3aganue; [IBY — nuddepennupoBaHHOe BHECCHUE yI00pEHHH
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Ta6bnuua 2

Table 2

CPABHUTENbHAS SHEPTETUYECKAS OLIEHKA
COMPARATIVE ENERGY ASSESSMENT

Arperar 6e3 Arperar ¢
IMoxka3arenu cucrembl IBY* cucremoii IBY*
Indicators Unit without differentiated Unit with differentiated
fertilization system fertilization system
CKOpOCTB IBUKCHH S, KM/4 8.0 8.0
Motion speed, km/h ’ ’
YacoBoii pacxo/] TOMJINBA, KI/4 61.2 61.2
Fuel consumption per hour, kg/h > 9
MOoIIHOCTb Ha MPEOIOICHHUE TATOBOT'O COMPOTUBIICHHS,
kBT 132,8 133,0
Power to overcome traction resistance, kW
Tarosoe conporusnenue, kH
Traction resistance, kN = SR
-1
gGOPOTBI BEHTHIIATOPA, MAH 2400 2400
an speed, min
MomrHOCTB, 3aTpaunBaeMas Ha IPUBOJ BEHTUIIATOpa, KBT 1.8 1.8
Power consumed to drive the fan, kW > i
MouHocTs, moTpebisemas opyanem, kBT
Power consumed by the tool, kW 134,6 134,8
VYnenbHbie 3Hepro3arpatsl, M Ix/ra 8.1 6.6
Specific energy consumption, MJ/ha > ’
IIponsBoauTEIHHOCTH 3a | 4 OCHOBHOTO BpEMEHH, T'a 55 56
Productivity for 1 hour of main time, ha > >

* [IBY — nuddeperHnrpoBaHHOE BHECEHHE YA0OpEHUI

JKEHUH arperara Io IoJI0, a TAK)KE BbICEBAIOIINE arma-
paThl Py OTKATUOPOBAHBI H OTPETYIUPOBAHBI C JI0-
CTATOYHOM CTEIEHbIO TOUYHOCTH.

[To pe3ynbpraTaM SHEPreTUUECKON OIEHKH YCTAHOB-
JIEHO, YTO B 1esoM cuctema JIBY He oka3piBaer cymie-
CTBEHHOI'O BIIMSIHMS Ha TaKHe MOKa3aTell, KaK TSrOBOe
COIPOTHBIICHUE, TATOBAS MOITHOCTS (maba. 2). [Ipr a3Tom

3a CYET YMEHbIIECHUS BEIMYNHBI IEPEKPHITUS U yBEIH-
YEeHU S TPOU3BOAUTEIBHOCTH Y/ICIbHBIC SJHEPT03aTPATHI
cHmxkarTes Ha 1,7% — ¢ 88,1 mo 86,6 Mmx/ra.
Bxopsmuii B coctaB cuctembl JIBY HaBUTAITMOHHBIN
KOMILIEKC ¢ QyHKIIHEH mapaieIbHOT0 BOXKICHHS II03BO-
JIUJ yMEHBIIUTH BEIMUNUHY NMEPEKPBITUSI CMEKHBIX MPO-
xoyoB arperara ¢ 0,30 g0 0,18 M, Graromapst yemy pado-

Ta6nuua 3 Table 3

[MOKASATENN CPABHUTENIbHOW 3KCMJTYATALMOHHO-TEXHONOTMYECKON OLIEHKU
INDICATORS OF COMPARATIVE OPERATIONAL AND TECHNOLOGICAL ASSESSMENT

Arperar 6e3 Arperart ¢
Iloka3zarenn cucrembl [IBY* cucremoii IBY*
Indicators Unit without differentiated Unit with differentiated
fertilization system fertilization system
Pabouast ckopocTb, KM/4 8.0 8.0
Working speed, km/h ’ >
KoHcTpyKTHBHAS IIHPHHA 3aXBaTa, M 79 79
Constructive capture width, m ’ 2
Pa6ouas mupuHa 3axBara, M
Working capture width, m B2 g
BennurHa nepexpeITHS, M
Overlap size, m 0240 B
[MponsBoguTensHOCTH 3a 1 4, ra/4:
Productivity for 1 hour, ha/h:
OCHOBHOT'O BpeMeHH / main time 5,52 5,62
cMeHHOro BpemeHH / shift time 4,25 4,32
9KCIIITyaTallMOHHOTO BpeMeHH / operational time 4,25 4,32
KoadduimenTs ncmonbp30BaHust BpeMEHH:
Time utilization rates:
cMenHoro / shift time 0,77 0,77
3KCIUTyaTalluoHHOTo / operational time 0,77 0,77
VienbHBIN pacxo/] TOIUIMBA, KI/Ta
Specific fuel consumption, kg/ha sl ol

* [IBY — nuddeperurpoBaHHOE BHECEHHE YA0OPEHUI
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Jasi ITMPIHA 3aXBaTa arperara Bozpocia Ha 1,7% (maban. 3).
B pesynbrate Ha 1,7% noBbIcHIIaCh CMEHHAS IPOU3BO/IH-
TETBHOCT ¥ CHU3MWIICS YACIBHBIN PacXo TOILINBA.

KoadduuneHTs! uconbp30BaHust CMEHHOTO U SKCILTY-
aATallMOHHOI'O BPEMCHU B IBYX CpaBHUBACMbIX BapUaH-
Tax coctaBmin 0,77, IOCKOJIBKY 32 BpeMsI IPOBEICHUS
TMPOU3BOACTBEHHBIX HUCIBITAHUN TEXHUYECKUX OTKA30B
B paboTe arperata u cuctemsl /IBY He HaGr0ma10Ch.

Pe3ynbraThl CpaBHUTEIBHON 3KOHOMUYECKOH OLICH-
Ku, mpoBeaeHHou B 2020 1., mokazaiu, YTO MPUMEHEHHE
cucteMsl JIBY 1o3Bois€T NOMyYHUTh TOI0BOM 3KOHOMMU-
geckuit 3¢ pexT B pasmepe 630,6 Toic. pyOiieit (3518,8 Thic.
TEHT€e), CHU3UTh COBOKYIIHBIE 3aTpaThl Ha 36%, IpH 3TOM
CPOK OKYTIA€MOCTH JIOTIOTHUTENbHBIX KallUTaJIbHBIX BJIO-
JKEHUH cocTaBiseT He 0oiee 1 rona.

BeiBoabl. YeraHosuiu, uTo B ycinoBusax CeBepHOro
Kazaxcrana ocHOBHOH SKOHOMHUYECKHi 3P PEKT OT npH-
MeHeHUs cucteMbl [IBY « ArpoHaBUTAaTOP-103aTOPY ITO-
Jy4eH Onaronapsi CHH>KEHHUIO (pakTHUeCKO 03kl BHECE-
HUS MUHEPaJIBHBIX yAoOpeHni Ha 57,6% (¢ 95 no 40 xr/ra).
[IpumeHeHue HIeKTPOHHBIX KapT-3aanuii ¢ nuddepen-
[IUPOBAHHOM 10301 BHECECHH I MUHEPAJIbHBIX yI0OpeHMIA
MO3BOJIUJIO COKPATUTD UX PAaCXOJl U, COOTBETCTBEHHO, 3a-
TpaThl JICHSKHBIX CPEJICTB HA 3aKyTIKY.

TEXHWUKA )19 ObPABOTKI [1OYBbI SOIL TILLAGE EQUIPMENT y

VYupaBieHue arperatoM B peKUMe IapajiieIbHOTO
BOXJICHUS CY3UJIO BETMYMHY MEPEKPBITHSI CMEXKHBIX IPO-
x070B ¢ 0,30 10 0,18 M, 4TO MOBBICKUIIO CMEHHYTO ITPOM3-
BOAUTENBHOCTD Ha 1,7% (c 4,25 no 4,32 ra/4), cokpaTuiio
pacxon ynobpeHuii Ha yxe 00paboTaHHYIO TIJIOIIA b,
YMEHBIIMIIO YAeNbHbIN pacxos ToruBa Ha 1,7% (c 14,41
1o 14,16 xr/ra), CHU3WIJIO yAETIbHBIE 3aTPAThl SHEPTUU HA
1,7% (c 88,1 no 86,6 Mmx/ra). PesyiasraToM cTaia sKo-
HOMUS JICHEXKHBIX CPEJICTB HA OIUIATY TPYJa 00CIyKH-
BAIOIIETO MTEPCOHANA, TOPI0Ye-CMa30uHbIe MaTepUaIbI,
aMOPTH3AIUI0, PEMOHT U TEXHIYECKOE 00CITy KHBaHHE.

OKOHOMHUYECKHH 3((HEKT OT IPUMEHEHHS CUCTEMBI
nrddepeHITPOBaHHOT0 BHECCHH S yIOOpEHNH « ATpO-
HaBUTaTOP-03aTop» cocTaBui 630,6 ThIC. pyOeii B rox.
CoBokynHbIe 3aTpaThl CHU3MIKCh Ha 36%. Cpok okymna-
€MOCTH JIOTIOTHUTEIBHBIX KAIUTAIBHBIX BIOKCHHH CO-
craBinset He 6osee 1 roxa.

BaaropapHoctH. ABTOpBI CTaTbd BBIpAXKAIOT —Onarozpap-
HOCTh Jaboparopuu ToyHOTO 3emienenus TOO «HIT3X
uM. bapaeBay (Pecnybnuka Kazaxcran, AxmonuHCcKas 00-
nacth, noc. Hayunerit), CkoomukoBy B.®., 3abonorckux B.B.
u JlucenoBuuy A.U. 3a oKa3aHWe MOMOIIY HPH MOATOTOBKE
MPOBCACHUHN ITPOU3BOACTBCHHBIX UCIIBITAHUH.
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Pedepar. VccnenoBanu mokasareny MHEBMOTUIPABINYECKOTO YCTPOUCTBA PACTIBIICHHS JKHAKOCTH JUIS OPOLICHHUS, TUTAHUS U
3aIIUTH CENBCKOXO3SICTBEHHBIX PACTEHIH C YIETOM IPUHIIUIIOB BOXOIHEProcOepeKeH s, OCHOBAHHEIX Ha IIPEIBAPHUTEIBHOM ra-
30HACBILIEHUH PACTIbUINBAEMOIl BOJIBI M MCTIONB30BAHUH B KOHCTPYKLIMH a3PaTOPHOTO Y3/1a KaBUTALMOHHOTO d(dekTa mpu mKek-
I ¥ T0fiade Bo3/tyXa 1oy JasieHneM. (L{ens uccnedosanus) OnpeenuTs TEXHONOTHYECKHE TOKA3aTeNN ITHEMOTHAPABIHIECKO-
TO YCTPOMCTBA PACTIBLICHHS KUAKOCTH IS ITOMYISHAS HCKYCCTBEHHOTO 0K PETYINPYEMOM TUCTIEPCHOCTH U 000CHOBATH BBI-
0Op ero ONTUMANBHBIX TEXHUYECKUX TIAPAMETPOB B 3aBUCUMOCTH OT PeXXUMOB paboThL. (Mamepuanst u memoost) Ucnons3oanu
AITOPHUTM pacyeTa MapaMeTpoB B TabmuaHoM nponeccope EXCEL nmn WPS u mateMaTndeckue BeIpakeHUs. (Pesynomamol u
obcyscoenue) TeopeTHaecky ONpeeNiii MUHUMAJIbHBIE K MAKCHMAIIbHbIE PACUETHBIE TapaMeTPhl TeOMETPHH KOHCTPYKTUBHOTO
pelIeHNs YCTPOICTBA TS PaCIBUICHHS JKUIKON (hasbl: COIUTa BOISHOTO MITYIEpa, KaHajia BO3AYIIHOTO IITYIEpa, KaMephl cMe-
IIEHHs], CPETHETO KONBIIEBOTO 33a30pa, BEIXOAHOTO coruia. M3meHsu nokasarenu pabodero nasneHusx Boxsl — 0,20; 0,25; 0,30 u
0,35 meramackais; Bo3ayxa — 0,25 u 0,30 meramackans npu ycnoBuu pacxona Boast ot 0,002 no 0,010 nutpa B cexyHmy u Bo3-
ayxa— ot 0,0005 mo 0,0090 kunorpamMma B cekyHy. [Ipu moBsIIIeHHH pacXoa BOABI B YKa3aHHBIX Hpeenax u koddduimenTa
ke o1 0,5 10 0,9 BBISBUIIM JTMHEHHOE YBEIMUEHUE CPEIHETO JUAMETPa KOMBLIEBOTO 3a30pa OT 2 10 15 MUIITMMETpPOB, a Tak-
e HeJIMHEWHYI0 3aBUCHMOCTh POCTa MaMeTpa KaMepsl cMereHust pacmsututens ¢ 5 10 20 MmmmmMerpos. [Tokazamm Bo3mMox-
HOCTb CYIIECTBEHHO YMEHBIIHUTh JUAMETP KaMephbl CMEIIEHNS, €CIHU MOBBICHTD AaBieHue Boasl oT 0,25 no 0,35 meramackans u,
COOTBETCTBEHHO, JJaBeHue Bo3ayxa — ot 0,20 1o 0,30 Meranackains. Onpeaenuii BeNHINHBI TApaMeTPOB IS pa3paboTK MaKeT-
HBIX U SKCTIEPHMEHTANIBHBIX 00pa3L0B, KOTOPbIE 0KA3aICh 3HAYUTEILHO MEHBIIE, YeM MPH paboTe B peXXUME BKEKIUU BO3AyXa:
BBIXOJTHOTO COIUIA M CPEIHEro KOMBIEBOTO 3330pa — Ha 16 MPOIEHTOB, KaHala BO3IYLIHOTO MTYylepa — Ha 23, TuaMeTpa KaMephl
cMmenreHus — Ha 50 mporenToB 1 Oonee. (Bvigoodvt) Ilomydrnmi pacueTHbIC JaHHBIE T ONTAMH3AIIHN TEXHONOTHIESCKIX Tapame-
TPOB M KOHCTPYKTHBHBIX PEIICHHUH, YTO MO3BONUT YCKOPUTH U3TOTOBJIEHIE MAKETHBIX U MOJIETLHBIX 00pa3IioB YCTPOMCTBA U €T0
SKCIIEPUMEHTANBHYIO aIPOOAIHIO TS TeHEPALlHH KaIlelb HCKYCCTBEHHOTO OIS Pa3INIHON TUCTIEPCHOCTH.

KiroueBble cii0Ba: opolieHne, MTHEMOTHAPABIMYECKUIT J0XKIeBATENb, PACTIBUICHUE XKUAKOCTH, BKEKLHS BO3AyXa, TUCTIEPCHOCTb,
KaBUTAaLUs.

1 Jns uutupoBanus: [opo6eii B.I1., Mockanesud B.1O., ['omkxaeB 3.A. O00CHOBaHHE YCTPOWCTBA TeHEpAIlUU Ka-
TeJb KICKYCCTBEHHOTO I0XK /15l THEBMOTH/IPABIUYECKUM PACHBIIICHUEM XUAKOCTH // CelbCKOX035UCmEeHHble Mauill-
uol u mexuonozuu. 2021. T. 15. N2. C. 53-60. DOI 10.22314/2073-7599-2021-15-2-53-60.
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Abstract. The authors studied the pneumohydraulic device indicators for spraying liquids for irrigation, nutrition and protection
of agricultural plants, taking into account the principles of water and energy conservation, based on preliminary gas saturation of
sprayed water and the use of a cavitation effect in the design of the aerator unit during ejection and supply of air under pressure.
(Research purpose) To determine the technological parameters of a pneumohydraulic device for spraying liquids to obtain
controlled dispersive artificial rain and substantiate the choice of its optimal technical parameters depending on the operating modes.
(Materials and methods) The authors used an algorithm for calculating parameters in EXCEL or WPS spreadsheet processor and
mathematical expressions. (Results and discussion) The authors theoretically determined the minimum and maximum calculated
parameters of the constructive solution geometry for spraying the liquid phase: water nozzle, air nozzle channel, mixing cell,
middle annular gap, outlet nozzle. They changed indicators of operating water pressure — 0.20; 0.25; 0.30 and 0.35 megapascals;
air — 0.25 and 0.30 megapascals, provided the water flow rate from 0.002 to 0.010 liter per second and air — from 0.0005 to 0.0090
kilogram per second. With an increase in the water flow rate within the specified limits and the ejection coefficient from 0.5 to 0.9,
a linear increase in the average annular gap diameter from 2 to 15 millimetres was revealed, as well as a nonlinear dependence
of the increase in the sprayer mixing cell diameter from 5 to 20 millimetres. The authors showed the possibility of reducing the
mixing cell diameter if the water pressure was increased from 0.25 to 0.35 megapascal's and the air pressure was from 0.20 to 0.30
megapascals. They obtained the parameters values for the designed and experimental samples development, which turned out to
be significantly less than when operating in the air ejection mode: the outlet nozzle and the middle annular gap — by 16 percent, the
air nozzle — by 23, the diameter of the mixing cell — by 50 percent or more. (Conclusions) The authors obtained calculated data to
optimize technological parameters and design solutions, which would speed up the manufacture of designed and model samples
of the device and its experimental testing for the generation of dispersive artificial rain drops.

Keywords: irrigation, pneumohydraulic sprayer, liquid spraying, air ejection, dispersion, cavitation.
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JIOXI€BaHUE U KalleJIbHOE OPOLIEHHE, HAXOST BCE

0oJpIIce MPUMEHEHUE BO MHOTHX CTPaHaX MHpa
[1]. Onnaxo B 11e710M OHM UCTIONIB3YIOTCSI €11E BECbMa OI'pa-
HUYEHHO, TaK KaK TpeOyIOT HAJMYHSI CIOKHBIX U JOPO-
TOCTOSAUIUX TEXHUYECKUX CPEJCTB U BBICOKOU KYJIBTYPHBI
opomraemoro 3emuenenus [2-6]. [lpakTnueckumu uccie-
JOBaHUSAMHU yCTAHOBJICHA aKTYaJIbHOCTb Pa3pabOTKH TeX-
HOJIOTHH OPOMICHU A U SKCILTyaTalluu TCXHUYCCKUX
CPEACTB, B HAUOOJIbLIEH CTENIEHH COOTBETCTBY IOILUX 110Y-
BCHHO-KJIUMATUYICCKUM YCIIOBUAM paﬁOHOB IIpUMEHE-
HUS: C KAYECTBOM €CTECTBEHHBIX IOKIEH «CcpenHei» cu-
JIbL, BOJIO- U DHEPTocOeperaronmx, 3KOJIOTHUHbIX. DTUM
TpeOOBaHUSIM JIYUIIE BCETO COOTBETCTBYIOT CHCTEMBI
MHUKPOOPOIIEHH S, KOTOPbIE 00SCIIEYHBAIOT OBBIIICHHE
ypOKalHOCTH CceNbX03KynbTyp Ha 50-60%, s5KoHOMUIO
opocuTesbHOM Bosibl — Ha 20-30% mpu CHUKEHUH Kalu-
TabHBIX BiIOxkeHUH Ha 20-30% u sHEpreTUYecKux 3a-
TpaT —Ha 15-30% [7-10]. Texuuueckue cpeacTBa MEIKo-
JUCIEPCHOTO J0XKACBaHUS HEOOXOAUMBI 1J1s1 BHEKOpHE-
BOH IOAKOPMKH PACTEHUM, yX0/1a 32 KpOHAMU Hacaxae-
HUH, peryIUpOBaHIS MUKPO- 1 GPUTOKINMATA HA TTOJISIX
IIyTEM paclblIEHUS AUCIIEPTUPOBAHHOM BOABI B IPU3EM-
HOM CJIO€ TIPH HEOIArONPHUATHBIX FUIH SKCTPEMalbHBIX

P I \€XHOJIOruH MaJIOOOBEMHOTO OpOIICHUS, TAKHUE KaK
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JUJIsL paCTeHU YCIOBUAX BO3AYILIHOM cpenst [11].

CurcTeMbl METKOIUCTIEPCHOTO JOXKICBaHUS IPHME-
HUMBI Ha OPOIIAEMBIX M OOTapPHBIX 3eMIISX ISl OCBEKH-
TEJIBbHBIX ITIOJIUBOB CaJ0B, ATOJHHUKOB, YJaWHBIX IIJIaHTa-
U, a TAK)KE OBOIIHBIX, KOPMOBBIX U TEXHUYECKHX KYIIb-
TYp, MHOT'OJIETHUX TpaB U nactoul. [IockoapKy 3TH cH-
CTEMBI HE PENIaroT MpoodJIeMbl 00eCTICUeHHS pACTCHUH
BJIATOM, MX HAJIO0 IPUMEHSITH OHOBPEMEHHO C APYTUMU
BHJIAMU OPOIICHU S, HAIIPUMEDP ¢ Hanboliee SKOHOMM Y-
HBIM KaIleJIEHBIM CIIOCO00M ToJIuBa. B aTom cirydae He-
00X0AMMO CO371aBaTh COBMECTHYIO CUCTEMY OpOILICHUS
C eNMHBIM y3JIOM yrpasieHus [12-14].

Jlns ycoBeplIeHCTBOBaHMS YCTPOMCTB CO3/IaHUs UC-
KYCCTBEHHOT'O IO/ IO MHHOBAIIHOHHBIM TEXHOJIOT H-
SIM TIPEJJI0KECHBI THEBMOTHIPABINYCCKHAC YCTAHOBKH.
Ux oTnuunTensHas 0COOEHHOCTH — MOJBEACHHE B BOJIO-
MPOBOJAILIHMI MOSAC AOKIEBAJIBHON MAIlIMHBI CKAaTOT O BO3-
JlyXa 1o BO31yXOIPOBONY OT KoMIpeccopa. Bozayxosoa
3aKaHYMBAETCS COIUIOM, I 00pa3yeTcs BOIO-BO3IYIII-
Has CMECh.

B Pecniy6nuke Kazaxcran (Kasaxckuit Hay4HO-HC-
CJIeZIOBaTENbCKUI HHCTUTYT BOZHOTO XO3sHCTBa, I. Ta-
pa3) 1JIst OpoLIeHU T HeOONbIINX TUToTa el pepmepcKux
XO3SIACTB, 110 pe3yJIbTaTaM aHalln3a KOHCTPYKIIUH CyIIe-
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CTBYIOIINX CHCTEM UMITYIIBCHOTO OXKICBaHUS, pa3pa-
00TaHa MPUHIMIIHAIIbHAS CXeMa TaKOH CUCTEMBI C yCO-
BEPIICHCTBOBAHHBIMHU OCHOBHBIMH 3JIEMEHTaMH (TATSHT
KZ No26143,2012). ng yny4ieHus KayecTBa JOK Al UM-
MyJIBCHBIX JOXKEBAJbHBIX anmnapaToB Tumna «Poca-3» co-
3laHa crienuanbHas Hacanka. [loctyminenue Bo3agyxa B
COILJIO YJIyYIIAET CTPYKTYPY MO Iy TEM U3MEHEHU S
IraMeTpa kamnens [15, 16].

N3 Bcex copepxammxcs B )KUIKOCTH MPpUMeEcei cy-
IIECTBCHHOE BJIMSIHHE HAa €€ IPOYHOCTH MOTYT OKa3aTh
TOJIBKO MY3BIPHKH, HAXOMSIIHECS B 00beMe JKHIKOCTH
WUJIM B MEJIKMX TPELIMHAX HEpacTBOPUMBIX yacTul. 'a-
30BBIY ITy3BIPEK — c1a00€ MECTO B CTPYKTYPE )KUIKOCTH,
ompeaensrolee ee NpoyHocTh. COrIacHO TEOPUH MPOU-
HocTHu xunkoctu S.b. 3enpnoBuua, ee pazpynieHue Ha-
CTyTaeT BCJICACTBUE PAa3BUTHU A Fa30BbIX My3bIPHKOB. JIpy-
ToM MEXaHH3M Pa3pbIBOB CIIJIOITHOCTH KUAKOCTHU — Ka-
BUTALUs, KOTOPasi BOSHUKAET IPU PE3KOM CHIDKCHUH 1aB-
JIEHUS B IOTOKE JIBHXKYIIEHCS )KUAKOCTU. DT MEXaHU3-
MBI pa3pyIIeHHs CIUIOITHOCTH KU IKOCTH HCIOIH30BAaHBI
B IIHEBMOTH/IPABIMYECKOM YCTPOMCTBE, KOTOpOE pado-
TaeT B PXKUME KEKITUU BO3TYIITHON (a3bl IS pacIbl-
JICHUS KUIKOCTH IS OPOIICHUS U (DePTUTALIUH CETb-
cKoxo3siiicTBeHHBIX pacTenuii [17] (RU Ne 2704175, 2019).

HccnenoBanusiMu ra30:KHIKOCTHOIO IOTOKA Ha CTEH-
Jie YCTaHOBJICHO, YTO OPCYHKH IMTHEBMOTHAPOOPOLICHHU S
MoKa3bIBatoT OoJsiee 3 HeKTUBHBIN (hakel 10 CPABHEHUTO
¢ mHeBMOopoIieHueM [18].

AXTyanpHOM ocTaeTcs 3aJaua U3MEHEHUsI TUCTIepC-
HOCTH >KUIKOH (pa3bl, HOTyUIeHHE KOTOPOH BOZMOXKHO
IIPY PEryIMPOBAHUHU JIABJIEHUS U pacxoda CMEIINBal0-
IIUXCS TETEPOTeHHBIX (ha3.

LIENb NCCNEOOBAHNSA — ONPEAETUTh TEXHOIOTHYE-
CKHe TI0Ka3aTeNId THEMOTHIPaBINIECKOTO YCTPOHCTBA
pacublUIEHU )KUIKOCTH JIJIs TOJIyYeHU S HCKYCCTBEHHO-
T'O JIOXK]Isl peryIupyeMOi JUCTIEPCHOCTH U 00OCHOBATH
BEIOOD €ro ONTHMANBHBIX TEXHUYECKUX ITapaMeTPOB B
3aBUCHMOCTH OT PEKUMOB PabOTHL

MATEPMANLI M METOABI. [IpHKITaaHbBIE KOMITBIOTEPHBIE
MPOrpaMMbl O3BOJISIIOT aHATHU3UPOBATH HEKOTOPHIE TeX-
HUYECKHE MOKa3aTeNH CyIECTBYIOIUX ¥ BHOBB CO3/IaBa-
€MBIX JOXICBATbHBIX MAIIMH. B IesIX onTHMHU3anUH Ipo-
recca paboThl MALIMH [0 KPUTEPUSIM PABHOMEPHOCTH pac-
TpEACIICHIS XKUAKOCTEH IS CHIDKCHHS MAaTEPHATBHBIX H
9HEPreTUYECKUX 3aTpaT, HOBBILIEHHS BEPOSITHOCTH Kaye-
CTBEHHOI pabOThI IPH U3MEHEHUH YCIIOBUH 3KCILTyaTa-
LMY UCHONB3YIOT IPOrpaMMbl MOJIEIMPOBAHUS pacnpee-
JICHUS BOABI JOXKJACBAJIbHBIMU allllapaTaMy 1 HaCaIKaMHu,
cocraBlieHHbIE B cucteMe MathCAD 1o ¢popMyaMm ¢ BbI-
BOJIOM 3aBUCHUMOCTEH YUCIOBBIX XapaKTEPUCTUK OT JaB-
JIEHUS ¥ TeOMETpUIecKuX napametpos [19, 20].

[IpenBapuTenbHOE ra30HACHILIEHUE BOABI TOBBIIIAET
KII/[I pacniblnuBaHus U CyIIECTBEHHO CHUXKAET PACXOJ
BO3[yXa ¥ SHEPTUHU IO CPABHEHUIO C THEBMATHYECKUM
pacnbpuIMBaHueM. [ paciiupeHus n1uana3oHa peryiu-
POBaHHUS Pa3MePOB KaIlelb BOABL, pa30pHI3T HBAEMbIX JI0K-
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IEBATEISIMU, MCTIOJIB30BaHBI a3PATOPHI C KABUTAIIHOH-
HBIM 3 dexTom mpu xkekuu. Takue ycTpoicTBa mpu
IPOCTOTE KOHCTPYKIIMH MO3BOJISIOT NOIYyYaTh BOI0-BO3-
IYIIHYIO CMECh, JIETKO PacHaJaloNlyrocs Ha KaIlld MPH
BBIXOJIE U3 COILIA JIOXKIEBATENSl B BO3/IYX, 0€3 JIOTIOTHH-
TENBHBIX 3aTPaT MEXaHUICCKOH SJHEPTUH.

MeTonbl MATEMATHYIECKOTO MOJICTUPOBAHUS paboUe-
T IpoIiecca FTeHEPUPOBAHUSI KallesIb HCKYCCTBEHHOTO
JIOK IS THEBMOTHAPABIMYECKUM YCTPOUCTBOM IO3BOJIH-
71 000CHOBATH €T0 TEOMETPUUECKIE U TEXHOJIOTHUCCKHUE
mapamMeTpsl ISl CO3AaHUST MEITKOIHUCIIEPCHOT'0 UCKYC-
CTBEHHOI0 JOX 15, PETYJIMPOBAHUS KPYITHOCTH ¥ PABHO-
MEPHOCTH pacHpeneICHHs Kalelb U CHUKESHUS YHEPTo-
3aTpar. AJITOPUTM pacueTa napaMeTpoB paclbLIMBaIO-
IIer0 yCTPOWCTBA MHEBMOTHAPABINYECKOTO YBIAKHH-
TEeJIsI BBIIOJTHEH U paboTaeT B TAOIUYHOM MPOLIECCOpe
(EXCEL nv WPS) ¢ ucionb30BaHHEM MPUBEACHHBIX Ma-
TEMaTHUYCCKIX BRIPaXCHU 000CHOBAHU S OCHOBHBIX KOH-
CTPYKTHBHO-TEX HOJIOTHUECKHX ITAPAMETPOB YCTPOUCTBA.

PE3YNbLTATbLI M OBCY)XAEHUE. J{11s1 Micce0BaHuid B3s-
JIY YCTPOMCTBO OXKEBATENS, KOPITYC KOTOPOT'O COCTO-
UT U3 TPEX YacTeH, pacloI0KeHHBIX BIOJIb OCH Ha pe3b-
6oBOM coenuHenuu (puc. I).

IIpu pacnslieHUU BOJbI UM PACTBOPOB IIOTOK KU -
KOi1 (pa3bl oA MaBIIEHUEM p| HAIIPABIICH 110 KAHATY IITY-
1epa, Iae NojlyyaeT YCKOpEeHUE B KOHYCOOOpa3HOM Cy-
JKCHHUHU KaHaJa ¥ IIOCTYTAeT B cOomio. JKuaKocTh YacTud-
HO IIPUBOIUTCS BO BpalllcHHEe BUHTOOOPAa3HBIMHU YTIIyO-
JICHUAMU Ha HUJIIMHAPHUYICCKUX CTCHKaXx CoIljia " Bmﬁpa—
CBIBAaeTCs B KaMepy cMeleHus. TaM IIpoucXoauT pa3pe-
JKEHHUe MOCTYTAIOIIEro Mo TaBJIeHUueM p, Bo3ayxa. Ha-
CBHIIIIEHHAS BO3IYXOM XUIKOCTB HAIPABIISETCS IO 1aB-
JICHHUEM p3 B BRITYCKHOE COILIO, TI€ BPAIICHUEM 10 BUH-
TOOOPa3HBIM YIITyOJICHUSAM JONOTHUTEIBHO 3aBUXPSICT-
cs1 mepen BRIOPOCHBIM pacibuieHueM. [Ipu HarHeTaHUn
BO3/yXa IO/ JaBJICHUEM PACIBbIICHHE KHIKOCTU PEry-
JTUPYeTCs H3MEHCHIEM BEITHIIHBI KOIBIEBOT'0 ITHEBMO-
3a30pa, 00pa30BaHHOI'0 MEXy KOHYCHBIMH ITOBEPXHO-
CTSIMU KOPITyCa U HApy>KHOW KOHYCOBHHOW MTOBEPXHO-
CTBIO TOPIEBOM YaCTH IMITYIIepa COOCHO IICHTPATBHOMY
JKUAKOCTHOMY KaHaTy.

B mHEBMOTHAPABINYIECKOM YCTPOMCTBE BO3AYX MO-
JKET OBITh TUCTIEPTUPOBAH B KUIKYIO (ha3y u3 aTMocde-
PHI TIOZT AEHCTBIEM pa3peKeHus1, BOSHUKAIOMIETO B KaMe-
pe cMemuBaHus, 6€3 MPUHYIUTEIBHOTO BO3IEHCTBHUS.
TpebOoBaHUsI K YUCTOTE KUIKOHN a3kl onpeneeHbl Be-
JTUYHHOH MOIIEPEYHOr0 CCUSHUS JKHIKOCTHOTO KaHaa,
a romnaJianue XHUJIKOCTH B KaMepy JUIs BO3AyXa IIpU pa-
060Te yCTpOo¥CTBa UCKITFOUEHO.

DKeKIUs BO3IYIIHON (ha3bl — BaXXHOE YCIOBUE MTPH
000CHOBaHUY KOHCTPYKTHBHO-TEXHOJIOTMUECKOH CXEMBI
U apaMeTpoB fgoxaesarens. s Haubonee appexTus-
HOI'0O pacClblJIMBaHUA BOABI €TI0 KOHCTPYKIUA JOJI>KHA
o0ecreunBaTh HACHIIIICHHE BOIBI BO3AYXOM U 3HAYHTEIb-
HBIH epemnas AaBJieHus Ha BBIXO/IE€ BOJI0-BO3yIIIHON cMe-
cu u3 coria popcyHku. HacrimeHnne BomIbl BO3TYXOM MO-
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Puc. 1. Cxema ycmpoiicmea 051 pacnulienus H#CUOKOCmu: py — 0aslieHue 0O0pomHOU 00bl, P,— 0asleHUe 6030yXa, Py — 0dsleHUe 6000-
6030VWHOU cmecu; di — Ouamemp Kamepvl cmeuleHus; d,— ouamemp KaHaia 8030YWHO20 wmyyepa,; d; — ouamemp 8blnycKHO2O COnd;
G| — pacxoo obopomuoii 600, Gy — pacxoo 8030yxa; G3— pacxod 60008030YWHOU CMeCU; S — WUPUHA KObYe8020 3a3opa, |— onuna
Kamepwl cmewtenus; 1 — evinyckunoe conno; 2 — koavyesas 6naouna; 3 — kamepa cmeuwienus; 4 — eunmooopasuvle yenyonenus, 5 — peso-
6060e coedunerue Medxncdy nepeoli u mopoil yacmovio kopnyca, 6 — ougghyzop, 7 — 030ywnbwiti wimyyep; 8 — pe3vbogoe coeouHerue
Medcdy emopou u mpemveli yacmolo kopnyca, 9 — pezvboa wmyyepa; 10— wmyyep; 11 — gpuxcamop nonosxcenus; 12 — kanan wmyyepa;
13 — cyorcenue kanana wmyyepa, 14 — sorcuoxocmuoe conno, 15 — 00H03ax00Hble 8UHMOGbIE YeTyONeHUs

Fig. 1. Structure diagram of a device for spraying liquid: p, — circulating water pressure; p, —air pressure, p; — water-air mixture
pressure; d, — diameter of the mixing cell; d,— diameter of the channel of the air fitting; dy — diameter of the exhaust nozzle; G,—
circulating water consumption; G, — air consumption; G; — flow rate of the air-water mixture; s — width of the annular gap

I — length of the mixing cell; 1 — outlet nozzle; 2 — annular cavity; 3— mixing chamber; 4 — spiral depressions; 5 — threaded connection
between the first and second part of the body, 6 — diffuser; 7 — air connection, 8 — threaded connection between the second and third body
parts; 9 — fitting thread; 10 — fitting; 11 — position lock; 12— fitting channel; 13 — narrowing of the choke channel; 14 — liquid nozzle;
15 — single-threaded spiral depressions

JKET OCYIIECTBISITHCSA KaK IPHHYAUTEIBHEIM €TI0 BBOZAOM
B KaMepy CMELIMBAHUIO, TAK U ITyTEM ero MKEKIHH. B mo-
CIIEZTHEM CIydae CTPYS BOIBI CO3/aeT pa3psyKCHHE B Ka-
Mepe CMEIICHHU S, i BO3IYX BCACHIBACTCSI M3 AaTMOC(EPEL.

Ha ocHoBe M3BECTHOT'O M3 TUAPABINKHN YpaBHEHU I
11 pacxona Boabl Gy 4epe3 COILIO MOTyYeHa 3aBUCH-
MOCTb JJI5 pacuyeTa JuameTpa d; OTBEPCTHS KPYTIIOro ce-
YeHHsI BOJSHOTO IITyIIepa:

4G,

e

rie d; — AMaMeTp OTBEPCTHS KPYTIIOrO CEYECHUS BOJISTHO-
ro mTyIepa, M;

G/ — pacxo[] BOIBI 4epe3 COILIO, JI/C;

11 — K03 (HUIIHEHT pacxo/ia BOABL;

p1 — AaBieHue Boawl, I1a.

3aBUCUMOCTH JUJIS pacueTa CPEAHEro JUaMeTPa KOJb-
LIEBOTO 3230pa Ha BXOJI€ B KAMEPY CMEIIICHHSI yCTPOHCTBA

d, = M

CE/IbCKOXO3AMCTBEHHBIE MALWHbI 1 TEXHONOTMMA + Tom 15 N2 + 2021

JUTSL PACTIBIIICHUS KUAKOCTH, TTOJYUYSHHAS C YYSTOM U3-
BECTHOI'0 YPaBHEHHU JIJIs1 MACCOBOT'O PacXojia BO3ayXa,
MOCTYIIAIOIIETro 13 aTMOCc(epbl Yepe3 BO3AYIIHY 0 KaMe-
PY B KaMepy CMEILICHH S, IMEET BHI:
_ G, RT,
C b
mup,s \ 0,469

rae dc — CpeqHHii TnaMeTp KOJIbLEBOro 3a30pa, M;

P, — JaBJIeHUE BO3AyXa, [1a;

G, — pacxoJ Bo3iyxa, KI/c;

R — razoBas noctosiaaast, (H-M)/(kr-rpan.);

T, — abconmoTHAS TeMIIepaTypa Bo3nyxa, K;

> — K03 PHITMEHT pacxoaa BO3AyXa;

§ — A PHHA KOJBIIEBOTO 3a30DPa, M.

Yro0Obl BOsIa M3 KaMepbl CMEIICHH S JI0XK/ICBATEI s HE
MoMaaaia B BO3AYIIHYIO KaMepy 0k AeBaTelsl, HE00X0-
JIMMO Pacxo]] BO3yXa, 3aCachIBAEMOTr0 Yepe3 KOJIbICBO
3a30p B KaMepy CMEUICHUs a3paropa, KOMIIECHCHPOBATh

d @)
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Ta6nuuya

PACYET MAPAMETPOB MENIKOAWCNEPCHOIO PACTbINIUTENS
CALCULATION OF PARAMETERS OF A FINE SPRAY

HcxoaHble AaHHbIE
Initial data PacuerHble AHAMETPBI, MM
nasienne, Mna pacxoxn Calculated diameters, mm
pressure, MPa consumption
comia KaHaJia KAMEDbI CpEeHEro
_ g BOJbI, R BOJASIHOTO | BO3IyLIHOTO cmemei)mn KOJIbIIEBOT'0 BBIXOMHOO
S & Gy, a/c G nglc’ mTynepa, d, | mryuepa, d, d t 3a3opa, d. con Jfla d
z % iE T (i air. 22? kg/s LS e mixciwng average outlet noz’zlzz d
=S = s > connection | connection | . ° | annular gap, >3
“ = nozzles, d, channel, d, bEm d,
min | max | min | max | min | max | min | max | min | max | min | max | min max
0,25 0,20 | 0,001 | 0,01 | 0,0009 | 0,009 | 1,41 | 4,47 1,29 4,08 6,35 | 20,08 | 0,83 | 8,32 2,05 4,70
0,30 0,25 | 0,001 | 0,01 | 0,0007 | 0,007 | 1,35 | 4,27 1,36 4,32 5,17 16,36 | 0,93 | 9,31 1,93 4,20
0,35 0,30 | 0,001 | 0,01 | 0,0005 | 0,005 | 1,30 | 4,11 1,41 4,47 4,40 13,91 | 1,00 | 9,98 1,82 3,64

BO3YXOM, [TIOCTYMAIOIINUM U3 aTMOC(EpHI B BO3IYIIHYIO
KaMmepy JoXAeBaTess. DT0 00eceqrnBaeTCs paBEHCTBOM
CEUEHHUH KOJIBLIEBOr0 3a30pa Ha BXO/I€ B KaMepy cMellle-
HHUS JOXKJEeBaTeNs U OTBEPCTUS BO3AYILIHOIO HITYILIEpa
Ha BXOZI€ B BO3AYIIHYIO KaMepy Aoxkaesareins. Torna
MOKHO OINpPEIENTUTh TUaMeTP OTBEPCTHS BO3LYIIHOI'O
mTy1epa:

©)

rie d, — AuaMeTp OTBEPCTUS BO3AYIIHOrO WITYyLEepa, M.

Bripaskenue 1y auameTpa d; MoIyduM Ha OCHOBa-
HUH COBPEMEHHBIX TEOPETHYECKUX IPEICTaBIEHHH O pa-
60Te BOOBO3AYIIHBIX 3KEKTOPOB [19]:

@

/1€ d3 — MUaMeTp BBITYCKHOTO COILIA, M;

# — KOO(PPUITUCHT NKEKITUH;

3 — AaBIIEHUE BOJIOBO3AYIIHOM cMmecH, [1a;

4 — ko3 dULIHEeHT pacxoa BOAOBO3IYIIHON CMECH.

JnmHa | kamepsl cMelieHHs J0JKHA ObITh JOCTATOY-
HOM 1151 3aBeplIeHus nporecca. Ee onTuManbHOe 3Have-
HUE IIpU KPYTIIOH popmMe OTBEpCTHI BOASHOTO IMITYLEPa
Y BBIXOTHOT'O COTLIIA a3paTopa OMpPEeIeSICHO C yYeTOM pe-
3yJIbTATOB MPEIBIYIIUX UCCIEAOBAHUN!

[=15d, i -1

d

1

©)

AJITOpPUTM pacyeTa napamMeTpOoB PaclbLINBAIOIIETO
YCTPOMCTBA JJOK IeBATEIIs BHITIOJIHEH U paboTaeT B Ta-
onmnaHoM nponeccope (EXCEL witu WPS) ¢ ucrionb3oBa-
HueM BeipaxeHu# (1)-(5). IcXomHbIMH JaHHBIMU CTAJIH
JaBIICHUE BOJBI p; M BO3yXa p, Ha BXOJIE 0K IEBATEIN S,
HeoOXoauMBIH pacxoa BoAbl G U KO3PPULHUEHT IKeK-
nuu 4. B pacyeTax yuyuTheiBaroTcs K0d(QPHUITUSHTHI pac-
XOJIa 1| BOIBI U 1, BO3JyXa, Fa30Bast MOCTOSIHHAS R ¥ TeM-
neparypa Bozayxa 7. Pesynbsrarsl pacuetoB B EXCEL BbI-
JAI0TCS B BHJIE TaOIUI (Mmabauya).

CENIbCKOXO3AMCTBEHHBIE MALIMHbI 1A TEXHONIOMM « Tom 15 + N2 + 2021

O060CHOBaHBI MUHUMAJIbHBIC K MaKCHMaJIbHbIC pac-
YETHBIC [TapaMETPbl TCOMETPHUU KOHCTPYKTHBHOT'O peIlIC-
HUSI yCTPOMCTBA JISl paCIIBIIICHUS JKUKOH (ha3bl: coria
BOJSTHOTO MITYLIEPa, KaHAaIa BO3AYLIHOTO MTyIepa, Ka-
MEpPBI CMEIICHHUSI, CPEITHETO KOJBIIEBOTO 3a30pPa, BBIXO/I-
HOT'0 COTLTa ITpH pabounx naeieHusx soas 0,20; 0,25; 0,30
u 0,35 MIla; Bo3nyxa 0,25 u 0,30 MIla npu ycioBuu pac-
xona Bozs! ot 0,002 1o 0,010 n1/c u Bo3ayxa ot 0,0005 1o
0,0090 xr/c. ITomyueHs! cTaTuCTUUECKHE HAPAOOTKU CBSI-
3M TEXHOJIOTHYECKHUX YCIOBUH pabOThI THEBMOTHIPAaB-
JIMYECKOT0 JIOXKAeBATENs C Ieiecoo0pa3Hoil HeoOxoau-
MOCTBIO PETYJINPOBAHUS €TO TEXHUUYCCKHUX XapaKTEpU-
cTUK. J{J71s BU3yaTbHOM HATJIAJHOCTH HHTEPIIPETALUHY Ta-
OJIMYHBIX JAHHBIX [0 PE3YNbTaTaM PACYE€TOB IOCTPOCHBI
rpaduku (puc. 2). CoriaacHo MOCTPOSHHOMY rpaduKy, C
yBenauueHueM pacxoaa Boasl ot 0,002 mo 0,010 n/c u ko-
a¢¢ummenta 3»xeknuu ot 0,5 10 0,9 HabMrOMACTCS TMHEH-
HOE pacIIupeHUe CPEIHEr0 THaMeTpa KOJIBIEBOTO 3a30-
paor2 o 15 mM. JluamMeTp KaMepbl CMELIEHU S paCIIbLIU-
TeNs YBEJINYUBAETCS IO HEJTUHEHHON 3aBUCUMOCTH € 5
10 20 MM ¢ pocToM pacxoaa Boasl oT 0,002 mo 0,010 n/c
(puc. 3). Ilpu 3TOM MOBBITIICHHE AaBJIeHUS BO1bI ¢ 0,25 10
0,35 MIla u, coOTBETCTBEHHO, JaBiieHUs Bo3ayxa ¢ 0,20
10 0,30 MIla (mabauya) No3BONSIET CYIIECTBEHHO YMEHbB-
[IUTh JUAMETP KaMephl CMCIICHUSI.

[puknagHoe MaTEMaTHYECKOE MOACTHPOBAHIE [TPO-
mecca MHEBMOTHIPABIIMUECKOTO PACIIBIICHHS C IPUHY-
JUTEIBHON Moaueii BO3ayxa ajo BO3MOXKHOCTD IOJTY-
YUTh BEJIMYHUHBI TAPAMETPOB JIJIA pa3paboTKH MAaKETHBIX
Y OKCIIEPUMEHTAIBHBIX 00pa3oB. OHHM 3HAYUTEIBHO
MEHBIIIE, YeM MPH PabOTe B PEIKUME IKESKI[UH BO3TyXa:
BBIXOTHOT'O COILJIa M CPEAHETO KOJIBIIEBOIO 3a30pa — Ha
16%, xaHana BO3AYIIHOTO mITyLepa Ha — 23%, a nuame-
Tpa KaMepsl cMenieHns — Ha 50% u 6oree.

TakuMm 006pa3om, pa3paboTaHHast HA OCHOBAHHH TEO-
PETHYECKHX UCCIICOBAHUI METOIHKA [TO3BOJISICT pac-
CUYUTHIBATh KOHCTPYKTHBHBIC U TEOMETPUUYCCKHE TTapa-
METPbI YCTPOMCTBA NOMYUYEHHUSI HCKYCCTBEHHOTO AOXK S
peryiIupyeMoi TUCTIEPCHOCTH TS MOBBIIICHUS P Pek-
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Fig. 2. The dependence of the annular gap average diameter on
the water flow rate with air ejection with an ejection coefficient:
— =09, —==-07; =----0)5

THUBHOCTH [IOJIMBA CENTbCKOXO3IHCTBEHHBIX KYIBTY], CO-
BMeIlasl MOAKOPMKY HJIM XUM3aLIUTYy PACTEHUN IPH HC-
KYCCTBEHHOM JOXKJCBAHUU 1O PA3JIMYHBIM TEXHOJIOTU-
SIM UX BBIpaI[UBaHUS ITyTEM CO3MaHMs HEOOXOAUMBIX yC-
J0BUIt 00pa30BaHUsI BOJO-BO3LYIIHOM CTPYH.
BbiBoabl. PazpaboTain MHEBMOTHAPABINYECKOE
YCTPOUCTBO PACIIBLICHUS )KUJKOCTH JJISl OPOLLIEHU S, TU-
TaHUsI U 3aLUTHI CEJIbCKOXO3ICTBEHHBIX PACTEHHUH C
y4eTOM NPHHIHIIOB BOAO- U SHEProcOepeXeHHsI, OCHO-
BaHHBIX Ha IPEJBAPUTEIHHOM I'a30HACBHIIICHUH PACIIBI-
JTHBaEeMOH BOJIBI M HCTIOJb30BAHNH B KOHCTPYKIIUH a3pa-
TOPHOI'O y371a KABUTALIMOHHOTO 3(h(heKTa MPU NKEKLHUU
U Tofiade Bo31yxa noz naBiaeHueM. [lokazanu BausHUE
JIaBIICHNUS BO3YITHON (ha3bl B JUania30He pabOvnX BEJIH-
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Pacxon Bogt G, w/c
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Puc. 3. 3asucumocms ouamempa Kamepvl CMeueHuUs PACnbliu-
mesis om pacxooa 800bl npu nodave 6030yxa noo dasnenuem 0,2-
0,3 MIla u oaenenuu 600vi: — — 0,25 MIla, ———— 0,30 Mlla,

Fig. 3. The dependence of the sprayer mixing chamber diameter
on the water flow when air is supplied under pressure (from 0.2
to 0.30 MPa) and water pressure p;: — — 0.25 MPa, = — — =
0.30MPa, ----— 0.35 MPa

qiH (QyHKIIMOHUPOBAHUS IO ICBATEIs HA €r0 TEXHUYe-
CKHE XapaKTepucTUKU. [IpH 3TOM YMEHBIIAIOTCS THaMe-
TPBI BEIXOJHOT'O COILJIA M CPETHET0 KOJBIIEBOTO 3a30pa —
Ha 16%, xaHana BO3aynIHoro mrynepa — Ha 23%, a aua-
MeTpa KaMepsl cMerieHus — Ha 50% u Gonee.

Hcnonb3oBaHue MONyYCHHBIX PACYETHBIX JAHHBIX
IUTSL ONITHMU3aIIUH TEXHOJIOT HYESCKHX ITAPAMETPOB U KOH-
CTPYKTHBHBIX PEIICHUI YCKOPUT M3TOTOBJICHUE MAKET-
HBIX ¥ MOZICJIBHBIX 00PA3I0B YCTPOHCTBA PACHBLICHHUS
JKUIKOCTH ¥ €r0 KCIIEPUMEHTAIBHYIO alpo0aluio 1Jist
reHEepalMy Karelb HCKYCCTBEHHOT'O IO /Il Pa3InyHOM
TIUCTIEPCHOCTH.
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Pa3paboTka cucteMmbl aBTOMaTU3NPOBAHHOIO yrnpaBiieHUs
arpoTexHoJIorMsiMmn B Caf0OBOACTBE

Amutpnii Onerosuy Xopr, Hrops I'ennagbeBuy CMUPHOB,
KaHAMAAT CeNIbCKOXO3UCTBEHHBIX HAYK, JOKTOp TEXHUYECKUX HayK,
BEyLIHil Hay4HbII COTPYJHUK; [JIaBHBIM HAy4YHBIM COTPYIHUK;
Aunexceii UropeBuu KyTbipes, HNabsa Baragumuposuy Boponkos,
KaHJAUJIAT TEXHUYECKUX HayK, HAYYHBIH COTPYAHUK, KaHAUAAT TEXHUYECKUX HAYK,
e-mail: alexeykutyrev@gmail.com; MIAAIIHA HAyYHBIH COTPYAHUK

®DenepanbHblil HAyYHBIN arpouHxkeHepHblil neHTp BUM, Mocksa, Poccuiickas ®enepanus

Peghepam. Peanuzarus HHTEILICKTYaNbHBIX TEXHOJIOTHI B IPOMBIILICHHOM CaJIOBOACTBE BOMOXKHA C OMOIIBIO aBTOMATH3HPO-
BAHHOW CHCTEMBI JUISl YIIpaBICHUS MPOTYKIMOHHBIME Tpotieccamu. (Lens uccredosanus) Pa3pabotath n 000CHOBATH Mapame-
TPBI CUCTEMBI aBTOMATH3UPOBAHHOTO YIPABJICHNUS arpOTEXHONOTUSIME B CAJOBOJCTBE C BOSMOXKHOCTBIO IIPOBEICHHS HA3EMHBIX
OCMOTPOB € MIOMOIIEI0 MOOWIBEHOTO Tpunokenust. (Mamepuanst u memoost) st paboThl ¢ 6a30# JaHHBIX HCTONB30BaTU ADO.
NET-npaiiBep Npgsql. B xauecte Object Relational Mapping npumenwin Dapper. B BeO-NpunokeHHH MCTIONB30BANH Ta0JI0H
npoexrupoBanus Model View Controller, B kauecTBe css-ppeiiMBopka — Bootstrap. Busyanu3auuio 1aHHbIX U3 0a3bl IPOBENH
10 00JIaYHON TEXHOJIOTHH, PAa3MECTHB CAlT ¢ TIOMOIIBI0 Habopa cepBUCOB [nternet Information Services. Jquery (Habop QyHK-
it JavaScript) Cy)XUT Kak 0CHOBHOH (pefiMBOpK 10 paboTe ¢ KIMEHTCKOH YacThi0 MPOrPAMMHOTO Koa. 3a/1eiiCTBOBAIH TaK-
’Ke CHCTeMy ymnpasneHus 0a3aMu JaHHBIX PostgreSql. MoOuibHOE TIPHIOXKEHNE CO3AATN B MHTETPHPOBAHHON cpene Android
studio. (Pesynomamul u obcyscoenue) Pa3paboTann aBTOMATH3MPOBAHHYIO CHCTEMY JUIS YIPABICHUS arpOTEXHOJOTHSIMH.
CcdopmupoBany CTPyKTypy IIpOrpaMMHO-anIaparHoi 6assl. PeanusoBany BO3MOXKHOCTh PabOThI CHCTEMBI B PEKUME JHaora
C TIONE30BATENIEM TOCPENCTBOM (OpM, Ha OCHOBE ajJropuTMa BHIOOpA ONTHMAIBHBIX BAPUAHTOB TEXHOJNOTHYECKHX MPOIECCOB
TPY MPOU3BOICTBE TPOMYKIMHU CATOBOACTBA. [l IPOBENEHHS HA3eMHBIX OCMOTPOB B IIU(DPOBOM BUJIEC PEATH30BAIH MOOWIb-
Hoe TpunoxkeHne. Ompe eIy HopsAIoK IPOBEICHIS Ha3eMHBIX OCMOTPOB arpOHOMAMH C TIOMOIIIBI0 MOOHIBHOTO HPHIIOKEHHUSL.
(Bv1600b1) Pa3paboTanu cucteMy aBTOMATH3MPOBAHHOTO ()OPMUPOBAHHS U YIPABICHHS TEXHOIOTHAMHE B Cal0BOJICTBE, KOTOpAs
ofecreunBaeT onepaTuBHy 00pabOTKy MH(OPMAIMOHHBIX MOTOKOB B PEAJbHOM BPEMEHH, OTPAXKAIOIIMX 0COOEHHOCTH pOCTa
M COCTOSHUS PAaCTEHHH B KpuTHUeCcKHe (asbl pa3BuTHs. [IpexycMoTpeny paboTy COBpEMEHHBIX PETHCTPUPYIONIMX IPUOOPOB U
MOOWIBHOTO mpunoxeHus. [Iokasanm, 4to cucTemMa aBTOMAaTHYESCKU ONTUMU3UPYET MAIIMHHBIC TEXHOIOTUIAM BO3IEIbIBAHUS Ca-
JOBBIX KyJBTYP 110 OMONOTHYECKUM (pean3aryis OTEHINAIBHON OHOTOTHIECKOH MPOAYKTUBHOCTH KYJIBTYP) U SKOHOMHYECKUM
(moBbIIEHNE 3(PPEKTUBHOCTH UCIIONB30BAHMUS POM3BOACTBEHHBIX PECYPCOB) KPUTEPHSM.

KuroueBble ci10Ba: cenbCkoxo3siCTBEHHbIE TEXHOJIOTHH, IPOMBILICHHOE CaI0BOJICTBO, ABTOMATH3MPOBAHHAS CHCTEMA, TUCTaH-
IIMOHHBI MOHUTOPHHT, METCOKOMILIEKC.

1 Jonsa mutuposanus: Xoprt J1.0., Kyteipes A.W., Cmupaos WU.I"., Boporkos 1.B. PazpaboTka cuctemMmbl aBTOMATH-
3MPOBaHHOTO YIPABIICHHUS arPOTEXHOJIOTUAMH B caioBoACTBe // CenbCKOX03:UCMBeH bl MAWUHBL U MEXHOIO2UU.
2021. T. 15. N2. C. 61-68. DOI 10.22314/2073-7599-2021-15-2-61-68.

Development of an Automated Management System for Agricultural
Technologies in Horticulture

Dmitriy O. Khort, Igor’ G. Smirnov,
Ph.D.(Agri.), senior researcher; Dr.Sc.(Eng.), chief researcher;
Alexey 1. Kutyreyv, I’ya V. Voronkov,
Ph.D.(Eng.), researcher, Ph.D.(Eng.), junior researcher

e-mail: alexeykutyrev@gmail.com;
Federal Scientific Agroengineering Center VIM, Moscow, Russian Federation

Abstract. The implementation of intelligent technologies in industrial horticulture is possible with the help of an automated
system for managing production processes. (Research purpose) To develop and substantiate the parameters of an automated
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management system for agricultural technologies in horticulture with the ability to conduct land inspections using a mobile
application. (Materials and methods) ADO.NET driver Npqsql was used for work with the database. Dapper was used as Object
Relational Mapping. The web application used the Model View Controller design pattern, and Bootstrap as the css framework.
Data visualization from the database was carried out using cloud technology, placing the site using a set of Internet Information
Services. Jquery (a set of JavaScript functions) served as the main framework for working with the client-side of the program
code. The authors also used the PostgreSql database management system. The mobile application was created in the Android
studio integrated environment. (Results and discussion) The authors developed an automated system for managing agricultural
technologies. They formed the structure of the hardware and software base. They created the system ability to operate in a dialogue
mode with the user through forms, based on the algorithm for choosing the optimal options for technological processes in the
horticultural products production. A mobile application was implemented to conduct digital land inspections. They determined
the procedure for conducting land inspections by agronomists using a mobile application. (Conclusions) The authors developed
a system for the automated technologies formation and management in horticulture, which provided operational processing of
information flows in real time, reflecting the characteristics of the plants’ growth and state in critical phases of development. They
provided modern recording devices and a mobile application operation. They showed that the system automatically optimized
machine technologies for the cultivation of horticultural crops according to biological (realization of the potential biological
productivity of crops) and economic (increasing the efficiency of using production resources) criteria.

Keywords: agricultural technologies, industrial gardening, automated system, remote monitoring, meteorological complex.

1 For citation: Khort D.O., Kutyrev A.L., Smirnov 1.G., Voronkov L.V. Razrabotka sistemy avtomatizirovannogo
upravleniya agrotekhnologiyami v sadovodstve [ Development of an automated management system for agricultural
technologies in horticulture].Sel'skokhozyaystvennye mashiny i tekhnologii. 2021. Vol. 15. N2. 61-68 (In Russian).

DOI 10.22314/2073-7599-2021-15-2-61-68.

HaJIU3 almnapaTHbIX CPEACTB YIIPaBJICHUS IIPO-

IOyKIHOHHBIMH MPOIECCaMU B CaJOBOJCTBE I10-

Ka3aJl He0OOXOIUMOCTh Pa3pabOTKU COBPEMEH-
HOW aBTOMAaTH3MPOBAHHON CUCTEMBI, KOTOPAs IMTOJTHOCTHIO
obecrnieuniia Obl peaau3alni0 HHTEIICKTYaTbHBIX TeX-
HOJIOTHH B IPOMBINIIIEHHOM cafoBozacTse [1-5]. Tlpuns-
THE pemeHuH npu 3O PEKTUBHOM YIIPaBICHUU CEIb-
XO3MPOU3BOJCTBOM TpeOyeT 00pabOTKH 3HAUUTEIBHOTO
o0beMa pa3HOPOITHOHN HEllpeIcKa3yeMo H3MEHSIOIIeHCS
UH(OPMAIIUH, UTO CBA3aHO C HEOOXOIAUMOCTBIO yueTa
0OJBIIOT0 KOJMIMYECTBA PA3IMYHEIX IO CBOEH IpHUpoIe
(haxTOpOB (OMOTOTUIECKUX, TPHPOTHO-KIUMATHICCKUX,
MaT€prUaJIbHO-TCXHUYCCKUX, SIKOHOMHUYCCKUX, YCITIOBC-
geckoro) [6]. PazpabaTeiBaeMas cucTeMa J0JKHa 00e-
CrIeuuBaTh cOOp U XpaHeHue (B 0a3e AaHHBIX), 00paboT-
Ky W Tiepeaady HeoOoxoauMon HHpopmanuu o6 o0beKTe
UCCIIeIOBaHMUsI, UHPOpPMaLUIO 00 U3MEHEHUH (PaKTOPOB
yIIpaBJICHUs IPOAYKIMOHHBIM IIPOLIECCOM. DTO 1a€eT B
TOM YHCJIE 1 BO3MOKHOCTB OIIEPATHBHOTO PEarupOBaHUS
Ha U3MEHEHHE KIIMMATHUCCKUX TAPAMETPOB C IIOMOIIBI0
W3MEHEHUsT Habopa U COCTaBa CEeIbCKOXO3STHCTBEHHBIX
TEXHOJIOTHYECKUX ONepaluii.

N3 mHOKEcTBa 623 JaHHBIX HanOomee 3P PEKTUBHBI
PEINSLIMOHHBIE, KOTOPBIE JAIOT BO3MOXHOCTh Ha OCHOBE
CO3daHHBIX TaGJ’II/IH JaHHBIX TOJIYy4YaTh rOTOBLIC ITPO-
rpaMMHBIE IPOIYKTHI, pabOTAOMINE B PEXKIME OHJIAHH-IH-
aJiora ¢ Ioib30BaTeNEM, U YIPABIATh MAITMHHBIMU TEX-
Honorusmi [ 7, 8]. llupokoe BHEAPEHNE TAKMX TPOTPAMM
MO3BOJSET HE TOJBKO XPAHUTH UH(OPMALIHIO 0 paboTe
NpeAIpUATUH arpoNPOMBIIIIEHHOTO KOMILIEKCa, HO U
(hopMHpPOBATH B aBTOMATU3HPOBAHHOM PEXUME OITH-
MAaJIbHBIH COCTaB TPAKTOPHOTO MapKa JJIsl BRIOpaHHOMH
TEXHOJIOTHUH IIPOU3BOJICTBA IPOAYKIIHH CaJOBOACTBA
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[9-12]. CymecTByeT MHOXKECTBO KOMIIBIOTEPHBIX IIPO-
TpaMM ¢ pa3IMIHBIMH IIOIX0AaMHU K BEIOOPY ONTHMAIIb-
HOT'0 COCTaBa MaIlIMHHO-TPaKTOpHOTo napka [13-15].

[NosiBneHne COBpeMEHHBIX BEICOKOCKOPOCTHBIX KOM-
HOBIOTEPOB, MOOUITBHBIX YCTPOHCTB (Smartphone), nnan-
IIETOB C 00JIee MOITHBIMH AITIAPATHBIMU BO3MO)KHOCTSI-
MU H C pa3HOOOPA3HBIMU OTEPAIIIOHHBIMU CHCTEMaMH,
KOMMYHHKATOpPOB (communicator, PDA phone), BBIIION-
asromux ¢yHkun [1K, 001aqHbIX TeXHOIOTHIA OTKPHI-
JIO IEPCHEKTUBBI JJIs1 KOPEHHOTO U3MEHEHUSI CUTYaLUU
B o0sacT HH(POPMATHOHHOH MOAICPKKH IIPHHIMACMBIX
pemenuii [16, 17]. TexedoH cran He TOTBKO CPEICTBOM
CBSA3M, HO ¥ 9P (PEKTUBHBIM aCCHCTEHTOM arpoHOMa, M H-
JKeHepa MITN pyKOBOIUTEIS X03scTBa. KpyT pemaemMbrx
C TIOMOII[bI0 MOOUIIBHBIX YCTPOMUCTB 3a]1a4 pa3HOOOpa3eH
1 00ecIrieunBaeT B TOM YHCIIe TOTPEOHOCTH BEICHUS TOU-
HOTO0 3eMJIeJIeNUs, Cpeld KOTOPBIX HH(POPMAIIHS O COCTa-
B€ [IOYBBI, I'PAHUIIAX I10JIs, YPOXKAHHOCTH, HACTPOHKaX
MAIWH ¥ KX MECTOIOIOKCHHUSI, HAaBUTATUH. MOTyT OBITH
UCTIONBb30BaHBI Pa3BETBICHHBIC 0a3bl JAaHHBIX, a TAK)KE
0a3bl 3HAHUH, OCHOBAaHHBIC HA MMUTAIIMOHHBIX TUHAMH-
yeckux monensx [18-20].

Jlnst cBoeBpeMeHHOTO 00HApYKEeHUS MTPoOIeM H co-
XpaHEHUs ypoxasi arpOHOMBI OCMaTPUBAIOT Cal0BbIE Ha-
caxkIeHUs exeHenenpHo. O0beM nHpOpMaLUY, TCHEPH-
PYEMBIii B pe3yIbTaTe TAKUX IIOCTOSTHHBIX OCMOTPOB, J10-
CcTaTo4yHO 00JbIION. Pe3ynbrarsl pukcupyroTcs Ha Oy-
MaXHBIX HOCHTENAX. LludpoBusamnus ranHoro mporec-
ca MO3BOJIUT 3HAUUTENIBHO MOBBICUTH 3((hEKTUBHOCTh
XpaHEeHUsSI M 00pabOTKH pe3yIbTaTOB IPOBEICHHS MOJIE-
BBIX OCMOTPOB € TIOMOIIBI0 MOOMIIBHOTO TTPHIIOKEHUSI.

LLlEnb nccnenoBAHUS — pa3paboTats U 060CHOBATH
mapaMeTpsl CHCTEMBI aBTOMAaTH3UPOBAHHOTO YIIpaBIIe-
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HUS aTPOTEXHOJIOTUSIMH B CATOBOJICTBE C BO3MOXXHOCTEIO
MPOBE/ICHUS HA3EMHBIX OCMOTPOB C TOMOIIBI0 MOOHITb-
HOT'O TIPUJIOKEHUSI.

MATEPMANBI M METOABI. B COCTaB CHCTEMBI OMIEPK-
KU NIPUHSTUA PELICHUN IPU YIIPABIEHUH POLYKIIMOH-
HBIM IIPOIIECCOM BKJIIOYCHBI TPH ITIABHBIX KOMIIOHEHTA!

- 6aza maHHBIX (MHPOPMAIIMOHHOE 0OecreueHune);

- 0a3a Mozenei;

- IporpaMMHas MOJCUCTEMA.

B ykazannyto nogcucteMy BXOISAT TPU CHCTEMBI YIIPaB-
JICHHUSL:

- 0a30ii JaHHBIX;

- 0a30i MoJIEIIeH;

- HHTep(ECcOoM MEK Ty MOTH30BATEICM U KOMITBIOTE-
pom.

[IporpamMmmHO-anmapaTHBIA KOMITICKC IS IPOCKTH-
poBaHuA anOTeXHOHOFI/Iﬁ B CaJOBOACTBE, YIIpaBJICHUA
poLeccoM GOPMHPOBAHUS YPOXKAS COCTOUT U3 CICIY-
FOIUX MOJYJIECH:

1. CepBepHBI MOYTb — SIAPO CHCTEMBI, COACPKUT
BCIO OM3HEC-JIOTUKY TPOrPaMMHOI0 KOMIUIEKCA M CUCTE-
MY BU3YaJIH3aIlH JaHHBIX.

2. MeTeo-MOayiIh — KOMILIEKC, COCTOHT M3 METEO-1IaT-
ynkoB 1 GSM-MojieMa, 00eCcIIeYnBaroIero JUCTAaHI[HOH-
HYIO Iepeady JaHHBIX C JaTYUKOB Ha CepBep.

3. Mo6ubHOE NPUIIOKEHHE 00eCcTIeYUBaeT BO3ZMOXK-
HOCTB cOOpa JJAaHHBIX C CaJIOBBIX HACAXKJICHHH C (pOTO-
¢bukcanuei u onpeaeIeHIEeM MECTOOIOXKCHHS 00bEK-
TOB C MOCJEAYIONIEH Nepenayeii TaHHBIX Ha CEpBEp.

[epenaya maHHBIX MEXIY CEPBEPHON YACTHIO M Me-
TeOCTaHHHCﬁ u MO6I/IJ'[I>HI>IM IMIPUJIOKEHUEM OCYIICCTBIIA-
ercs mo GSM-kanany. Busyanu3sanus JaHHBIX U3 0a3bl
JAHHBIX IPOUCXOIUT MO 00IAYHON TEXHOIOTHH C pa3Me-
IICHUEM caliTa C MOMOIILI0 Habopa cepBUcOB /1S (Internet
Information Services). [1ns paboTsI ¢ 623011 JAHHBIX HC-
nois3oBalH ADO.NET-npaiisep Npgsql. B xaaectBe ORM
(Object Relational Mapping) 3anectBoBan Dapper. B
BEO-NPUI0KEHUU €CTh MIa0NIOH MpoekTuposanust MVC
(Model View-Controller). ®ynxuunu css-ppeiMBOpKa BbI-
niostasieT Bootstrap. Jquery (Habop byukumii JavaScript)
HCTIONIb3yeTCsl KaK OCHOBHOM (peliMBOpPK IpHU paboTe ¢
KJIMEHTCKOM YacThio Kona. TexHooruei oopalieHus K
cepBepy 0e3 mepe3arpy3Ku CTpaHULbl CIYXKUT jquery.
ajax.

st co3maHus 2EKTPOHHBIX KapT HEOOXOAUMO 00-
PHCOBaTh KOHTYPHI CaJ0B 10 CHUMKAM CO CITyTHHKOB H
OECHUIOTHBIX JIETATCIBHBIX alllIAPaTOB U BEITPY3UTH pe-
3yJbTaThl B popmaTtax .shape unu .kml. [locne 3arpy3ku
KOHTYP CaJia aBTOMaTHIECKH IMOSIBUTCS HA KapTe U IS
KaXXJI0T0 cajia CTAHET IOCTYTIEH MoJeBoil xypHal (puc. 1).

Jaee muist BEIOpaHHBIX CaJlOB MOAOUPACTCS ONTH-
MaJbHasl TEXHOJIOrH4ecKas kapTa. Omepaiiy TeXHOO-
TUYECKON KapThl IIPUBA3BIBAIOTCS KO BCEM BHIOpaHHBIM
Ha KapTe cajaM, a mapaMeTphl Olepanuil pacCINTHIBa-
I0TCA B 3aBUCHUMOCTH OT UX IIJIOIIAaH.

TexHONIOTHYECKHE KaPTHI TOOABISIOTCS B CHCTEMY
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Puc. 1. Ilonesoii scypnan asmomamuzupo8aHHol CUcmembl ynpaes-

JIeHUST A2POMEXHONOUAMU 8 CAO0BOOCBe
Fig. 1. Field journal of the automated agricultural technology
management system in horticulture

nepe] Ha4aJIoM CE30Ha ¥ KOPPEKTUPYIOTCS ITPH MOSIBIIC-
HUHU COOTBETCTBYIOIUX cOObITHI (TpeBor). [Ipn mobaB-
JICHUH TPEBOT 3aIAI0TCSI TPABHJIA, BBITIOIHEHUE KOTOPBIX
OyzeT aBTOMaTH4eCKH HOPMHPOBATH TPEBOTY M OTIOBE-
IIaTh MMOJIb30BATEICH.

[TpaBuna mpegycMaTpUBarOT II00BIE TaHHEIE U3 CH-
CTEMBI: C METEO0 JATYNKOB, HA3EMHBIX OCMOTPOB OT arpo-
HOMOB, ¢ MOOMJIFHBIX TIPHJIOKEHUH U T.11. [t pa3pabot-
KU MOOHIIBHOTO TIPHJIOKEHUS UCTIOTH30BATH HHTETPH-
poBaHHYI0 cpeny Android studio. 1ns coopa TaHHBIX C
ITOMOIIIBI0 MOOMIIBHOTO PHJIIOKEHHUSI HA MOOMITEHOE
YCTPOMUCTBO (TesIeOH UIIH IIAHIIET) yCTAaHABIUBAIOT
paspaboTtanHoe npuioxeHue. [Ipu neproHadaasHOM 3a-
MyCKe MPHUIIOKEHIS IIPOUCXOTUT 3arpy3Ka JTaHHBIX C Cep-
Bepa. [locne 3Toro MoxxHO paboTaTh JaHHBIMU 0€3 J0-
CTyIa B HHTEPHET. A TP MOSBICHUH JOCTyIa JTaHHBIE
MPUIIOKCHHS] CHHXPOHHU3UPYIOTCS C CEPBEPOM U TAKUM
00pa30oM IepenaroTes pe3yIbTaThl HA3eMHBIX OCMOTPOB.

Juis ynaneHHoro coopa JaHHBIX C METCOCTAHIUH ITpe-
JKJIE BCETr0 HE0OX0JUMO YCTAHOBUTH M HACTPOUTD METe-
OCTaHIHUIO C KOMIUIEKTOM JaTYNKOB B 3aJaHHOM MECTE.
IocpenctBoM GSM-MoneMa METEOCTAHIIMS € 3aJAHHOU
MEePUOAMYHOCTEIO IIEPeaaeT JaHHBIC C TaTINKOB Ha cep-
Bep. HacToTy nepenadu 3aJar0T IpHu HacTpoiike. [Tomy-
YeHHBIC TaHHBbIe 00pabaTHIBAIOTCS HA CEpBEPE U 3aTeM
BBITIOJTHSETCS UX BU3yaIH3alHs U aHATUTHKA. CucTema
yIpaBiieHus 0a3aMu TaHHBIX — PostgreSql. ba3a naHHBIX
COIEPKUT CBSI3aHHBIE TAOJIHIIBI 11T XpaHEHUS HHPOP-
MAI[MH 10 KOHTYPaM CaJJOBbIX HACAXKICHHIA, CEIBCKOXO0-
3SIICTBEHHBIM KYJIBTYPaM, OJIEBEIM Xy pHaIaM, COPHOU
PaCTUTEIBHOCTH, BPSIUTENSIM, OOJIE3HIM, TEXHOJIOT H-
YECKHUM KapTaM U Ha3eMHbIM ocMoTpaM. CTpyKTypa Oa-
3bI JAHHBIX [I03BOJISET THOKO JO0ABIIATH HOBBIE OOBEK-
THI ¥ CYIITHOCTH MPH U3MEHEHUH (pyHKIIMOHATIA.

ArmmapaTHas 9aCTh CHCTEMBI MOHUTOPHHTA METEOTIa-
paMeTpoB COCTOUT U3 METEOCTAaHIUU [Imetos 3.3, TIe ume-
IOTCA IaTYUKU: TEMIICPATY PbI U BJIAXKHOCTHU IMTOYBLI 1 BO3-
IyXa; TeMIIepaTypsl U BIAKHOCTH JIHCTa; CKOPOCTH BE-
Tpa; UHTEHCUBHOCTH cBeTa; coaepxkanus CO,. U3mepe-
HHS 00pabaTHIBAIOTCS U IIEPEaloTCs Ha CEPBEP C IOMO-
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meo GSM-monema.

Jnst oGecrieueHuss HEOOXOAMMOI TPOU3BOAUTENBHO-
CTH IPH IPOBEICHUH BEIYMCINUTEIBHBIX ONlEpaIiiii uc-
0JIb30BaH npotueccop Intel Xeon — 6 siaep, yactora 2,4 'T.
Jns ornepaTHBHOM pabOTHI C pe3yIbTaTaMHu pacyeTOB U
XpaHEeHHsI K31I1a caiiTa IpeIyCMOTpeHa OllepaTHBHAS a-
MATh 00beMoM OoT 16 I'b. DTu napameTpsl ycTaHaBIHUBA-
IOT B 3aBUCHMOCTH OT OTHOBPEMEHHOT'O KOJIMIECTBA TTOJTh-
3oBatenei. J|1s obecreueHn s BEICOKOM CKOPOCTH OTKIIU-
Ka [P IOCTYIIE K TaHHBIM CaliTa i 0a3e JaHHBIX HCIIONb-
30BaH SSD-IHCK IS ONEPATHOHHON CHCTEMBI U 0a3bI
JnaHHbIX o0beMoM 512 I'B. 1151 pOTOCHUMKOB, clienaH-
HBIX MOOMJIBHBIM MIPHIIOKEHUEM, H JPYTUX 3arpyKeH-
HBIX JAHHBIX YCTAHOBJICH KECTKUN TUCK 00bEMOM OT
500T'b. OnepannonHas cucTeMa pacriojoXeHa Ha CepBe-
pe Windows Server 2019.

BBISBUTH ONTUMATIBHBINA COCTAB TEXHUYECKUX CPEICTB
Y BapUAHTOB TEXHOJOTHYECKUX IPOIECCOB IIPH 3adaH-
HBIX YCJIOBUSIX IOMOTAIOT ONTUMHU3aIOHHBIE MOJCIIH.
Cuctema paboTaeT B pe)KUMe IHAJIOTa C HCIOIb30BaAHH-
€M KHONOYHBIX (popM. OCHOBY COCTABIAIOT TaOIHIIBI 1aH-
HBIX, 00BEINHEHHBIC PEISLHOHHON CBA3BIO IO KITI0Ue-
BBIM IOJISIM, U MaTEMaTH4YECKHE MOJIEIH, KOTOPbIe HaXO0-
JSTCS B IOCTPOUTENIC BEIPAXKEHUH TAONMIHBIX 3aIIPOCOB
CHCTEMEL.

Jns HacTpOMKK MPOrpaMMHOT0 00ecredeHusl, mpo-
BEPKH paCCUNTAHHBIX ITAPaMETPOB IIPOBEICH aHAIIN3 pa-
00TbI pa3paboTaHHON CUCTEMBI 1 MOOUIIBHOTO ITPUIIOAKE-
HUsl Ha ipombinneHHol ninantanuu (BHUUCIIK, Op-
JoBcKast o0, XKunnna). J{ns 3Toro B s0710HEBOM camy
copta CeBepHBIH CHHAIl yCTAaHOBUIN METEOCTAHIIUIO

€ 5 0 & w4 N P Ot Lk R

Puc. 2. Omobpasicenue pacnonosicenus MemeocmaHyuli Ha Kapme
6 unmep@eiice cucmembl

Fig. 2. Displaying the location of weather stations on the map in
the system interface

Imetos 3.3 1 HabOp HEOOXOUMBIX JATUUKOB.

PesynbraTel n 00cyxaeHue. B pazpabotanHoii cucTe-
M€ MIPOUCXOIAT MOCTOSHHBIN COOP JAHHBIX C METEOCTAH-
LM ¥ TaTYNKOB U WX aHanuTuKa. KoopanHatel pacmo-
JI0)KEHUSI METEOCTAHIINHA aBTOMAaTHYECKU YKa3bIBAIOTCS
Ha Kaprte (puc. 2).

JlaHHBIC METEOCTAHIIUY [IEPEIAIOTCS C 00IATHOTO Cep-
Buca FieldClimate iMETOS" Systems B pa3paboTaHHYIO
0a3y maHHBIX (puc. 3).
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Puc. 3. Ipaghuxu ¢ memeocmanyuu u nOOKIHOYEHHbIX K Hell 0am-
4uK06 6 unmepqetice paspaboOManHol CUCmembl

a — memnepamypa 6030yxd, MoYKa pochl, CONHEYHAs, pAOUAYUs,
Odeghuyum 0agieHusi HACLIWEHHBIX napos, b — omuocumenvHas
BIANCHOCHL B030YXA, OCAOKU, BIAHCHOCb TUCMA; ¢ — CKOPOCHIb
6empa u dManoHHas deanompancnupayus,; d — 3apsao bamapeu u
MOWHOCMYb COTHEYHOU NaHenu

Fig. 3. Graphs from the installed weather station and sensors
connected to it in the interface of the developed system

a — air temperature, dew point, solar radiation, saturated vapor
pressure deficit; b — relative air humidity, precipitation, leaf
moisture; ¢ — wind speed and reference evapotranspiration; d —
battery charge and solar panel power

[1pu oTKTOHEHNY TaHHBIX, TIOTYYSHHBIX C METEOCTaH-
LU, OT HOPMaTHUBHBIX 3HAYCHH I peann30oBaHa BO3ZMOXK-
HOCTh aBTOMATHYECKOTO (POPMUPOBAHUS COOBITHH (Tpe-
Bor). B TpeBore oroOpakaeTrcs nunpopmManus o Ipuim-
Hax ee (POPMUPOBAHUS U PEKOMEHIAIUH 110 KOPPEKTH-
POBKe TexXHOIOrmYecKHX KapT. [lonb30BaTens MOKeT BHO-
CUTh KOPPEKTUPOBKH BPYUHYIO, IHOO COTIACYET PEKO-
MEH/IAIIUH, ¥ TOTAAa KOPPEKTUPOBKY IPUMEHSIOTCS B aB-
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Puc. 4. Menio nacmpotixu dobagnenus HACMYNJIeHUst PATUYHBIX

81006 mpesoe
Fig. 4. Settings menu for adding different types of alarms

TOMAaTHYEeCKOM pesxuMe. {11 0OaBIICHIS HOBBIX TPEBOT
HEO0OX0IMMO B HHTEep(elice CHCTeMBbI yKa3aTh THII J0-
6aBinsiemoii TpeBoru. [locine BeIOOpa THITa 3aJa10TCS Tpa-
BuJ1a GOPMUPOBAHUS TPEBOTH, OMOBEIAEMbIE TIOTb30Ba-
TEJIH, CIIOCOOBI OTIOBEICHHUH 1 YaCTOTa IPOBEPKH yCTa-
HOBJICHHBIX IIPaBUI (puc. 5).

[Ipn nosiBIeHNH HOBBIX TPEBOT HEOOXOAMMO IIPOaHa-
JMU3UPOBATH MECTO U IPHYNHY UX MTOSBICHUS K IOATBEP-
OUTHb KOPPEKTUPOBKH B IJIAHE TEXHOJIOTUYECKUX OIlE€pa-
LU, eclid 3TO HeooxoanuMo. KoppekTupoBKa TEXHOJIO-
THYECKHUX KapT TpeOyeTCs MpH MOy YeHUH HOBOM HHPOP-
MaIuH u3 cPOpPMHUPOBAHHBIX TPEBOT MIIH HA3EMHBIX OC-
MOTPOB. 115 KOPPEKTUPOBKH TEXHOJIOTUIECKUX KapT He-
00X0IMMO 3aiTH Ha CTPAHUILY KOPPEKTUPYEMOH orepa-
WU U BEIOpaTh HY>KHBIE TOAOTepaIii. B mosBuBIEMCst
OKHE MO>KHO U3MEHHUTH CPOKH BBITIOJHEHUS MOI0TIepa-
WU U IPYTHE TapaMETPHI €€ BBIITOTHEHHUSL.

[pu 0OMIMPHBIX IUIOMAASLX CAAOBBIX HACAKICHHUH U
OO0JIBIIIOM KOJIMYECTBE IEPCOHATIA, 3aHATOTO B IPOH3BOA-
CTBE, Ba)KHA CKOPOCTh Mepeaadul HHPOPMAIIUU MEKTY
nepcoHaioM. BkilroueHue TpeBOT U OTIOBEILICHHH TPH 00-
Hapy>XKeHUU 00JIe3HEH, COPHOI paCTHTEIBHOCTH, BPEIH-
TeJel Mo3BOJIsET AaBTOMAaTHIECKH PACChIIaTh HH(pOpMa-
LHIO TI0 sms, e-mail Uiu telegram-meccemxepy 3a1aH-
HBIM COTPYAHHUKAM, TIOBBICUTB ONEPATHBHOCTH OOMEHA
nH(pOpMaIUel U TPUHATHS YIPABICHUYSCKUX PEIICHUH
mo 00paboTKaM cajioB.

CucreMa moMoraeT TEXHOJIOT'Y CKOMIIOHOBATh BCIO
MaIIWHHYIO TEXHOJIOTHIO N3 UMEIOIINXCS BO3MOKHOCTEH
ee peaju3aluy, aBTOMaTUYECKU IPOCUUTHIBATH CTOU-
MOCTb BBHITIOJIHEHHS TEXHOJIOTHH M BEIIABATH HTOT'OBBIC
3HAYEHUS OLCHOYHOT'0 TIOKA3aTeJs IS IPUHSTHS Pelie-
HUS O LIe1eco00pa3HOCTH BBEICHUS B IPOU3BOICTBO BhI-
OpaHHOTO ceybxo3arperata. KoHewHbIH MPOIyKT pado-
TBI CHCTEMBI — CIIPOEKTUPOBAaHHAS TEXHOJIOTHYECKas Kap-
Ta C aHAJIM30M CTOMMOCTH BBITIOTHEHUS TEXHOJIOTHYE-
CKHUX OIIepalNii U TPYJ03aTPaT Ha HUX B BUJIC TUATPAMM.
eneByro GyHKIINIO OIIEHKH Pa3IMIHBIX TEXHOJIOTHMA
BO3JICTIBIBAHUS U YOOPKH ILTOIOBO-SITOAHBIX KYJIBTYP
OMPEETAIOT M0 KPUTEPUIO MUHUMYMA CyMMapHBIX Y IeIb-
HBIX 3aTparT:

CENIbCKOXO3AMCTBEHHBIE MALIMHbI 1A TEXHONIOMM « Tom 15 + N2 + 2021
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rne A; — ueneBasi GyHKIUS OLEHKH TEXHOJIOTHHA BO3IeC-
JIBIBaHUS M yOOPKH TUIOJJOBO-SITOIHBIX KYJIBTYD;

Ey — HopMaTuBHBIH KOOQPHUITHEHT 3P HEKTHBHOCTH
KAl TaI0BIOXKECHHH;

@ — HOPMATHB TOAOBBIX OTUYHCICHAN Ha PECHOBAIIHIO
OJTHOH MAIlIMHEI U TPAKTOpPa, pyo.;

b, — GanaHcoBas CTOMMOCTB OJJTHOW MAIIUHEI U TPaK-
Topa (IJ1s1 pabovyux — 3aTpaThl Ha OILIATY TPYHa), pyo.;

K, — k03¢ punneHT ucnoap30BaHUS MAIIUHEL, TPaK-
TOpa Ha paboTe OTHOCUTEIHHO FOA0BOI 3arpy3KH Ha BCeX
paboTax, TO €CTh OTHOIIEHHE BPEMEHH HCIIOJIb30BaHUS
OJTHOM MAaIlIMHBI, TPaKTOpa Ha i-0i padoTe K CyMMapHO-
My BPEMEHH €€ T0JIOBOTO HCIIOIb30BAHHUS;

W;; — IpOU3BOUTENBHOCTD j-I'0 arperara 3a 4ac sKc-
IUTYaTaIlHOHHOTO BPEMEHH, Ta/d;

t; — IPONOJDKUTENHOCTh CMEHBI Ha i-0ii padoTe, U;

K, — K03 HUIIHEHT CMEHHOCTH i-0i PabOTHI;

K, — K03 PUIHEHT HCIIONB30BaHUS KaJICH JaPHOT'O
BPEMEHH 110 METCOYCIIOBHSIM IIPH BHITIOHEHUH i-01 pa-
OOTHI;

T, —IpOAOMXUTETBHOCTD BBITIOJHEHUS i-0M PadOTHL, JH.;

11, — moTepu ypo:xaifHOCTH 110 METEOYCIOBUSAM, T/Ta.

Jns mpoBeieHH T Ha3eMHBIX OCMOTPOB B IIU(PPOBOM BH-
Jie pa3paboTaHo MOOHIILHOE MPHUIIOKEHHE. ATPOHOMY He-
00XOIMMO YCTAaHOBHTH ITPUIIOKEHHE HA MOOMIIBHOE YCTPOH-
CTBO C OIEPAIMOHHON cucTeMolt Android. ITpunoxenne
MO3BOJISET PaboOTaTh B CalaX IPU OTCYTCTBUH JOCTYIIA B
HHTEPHET, COXpaHs;sA JaHHBIC B 0a3¢ JaHHBIX HA MOOMIIb-
HOM YCTPOICTBE, U IIepeaBaTh UX Ha CEpBEp MPHU HOSIBIIE-
HUM JOCTyHa. ATPOHOM MOXKET OIIEPAaTUBHO (PUKCHPOBATH
BCE, YTO IIPOUCXOANT B CalaX, C IOMOIIBIO MOOHIIEHOTO
YCTPOICTBA M IPH ATOM OJJHOBPEMEHHO COXPaHSITh BCE JaH-
HbIE B 0a3e JaHHBIX Ha cepBepe pa3padOTaHHO! CUCTEMBI.

[Ipu moGaBiIeHIN HOBOT'O OCMOTpPA arpOHOM JENaeT
(oTorpaduio ¢ HOMOIEI0 MOOUIIBHOTO YCTPOUCTBA U 3a-
MOJHSET apaMeTPhl OCMAaTPUBAEMOT0 caJla: COCTOSHHE
MOYBbI, pACTEHUN, HAIM4YUE OOJIe3HEH, COPHOU pacTu-
TEIBbHOCTH, BpeauTeseh u ap. OMHOBPEMEHHO C 3TUM
(uKcupyeTcs TeKyliee MECTOIONI0KEHNE MOOIIIBHOTO
yCTpoMcTBa.

TakuMm 00pa3om, JIF0OO OCMOTP COCTOMT U3 TPEX CO-
CTaBIAIOIIHX:

- KOOPIMHATHI MECTOIIOJIOKEHHSI arPOHOMA B MOMEHT
0CMOTpa;

- (hoTorpacdus;

- MapaMeTpHl, 3aI0JIHEHHBIE arPOHOMOM B MOMEHT OC-
MOTpa.

B nanpHeimeM Bce TpoBeACHHBIE OCMOTPBI BU3ya-
JTHU3UPYIOTCS HA EOUHOU KapTe B MHTepdeiice cucre-
MBI. MOXHO OIIEpaTHBHO OICHUTH, KaK Pa3BUBACTCS
caJl B TOM HJIM HHOM MECTE, U TIOHSTh, B KAKHX 30HaX
caJia pacrpoCTpaHsAIOTCs 60JIEe3HU, COpHAs PaCTUTEIIb-
HOCTbB WUTH BpeauTen (puc. 5).

-I-Hy—»min s
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Puc. 5. Pesynbmamui npogedenusi Ha3eMHbIX OCMOMPOE CA006bIX
Hacadxcoenutl ¢ unmepdhetice pazpabomanHoll cucmemol

Fig. 5. Results of land inspections of garden plantings in the
developed system

Puc. 6. Menio pesynomamog npogedenust Ha3eMHbIX OCMOMPOS Ca-

008bIX HACAIHCOEHUL 8 MOOUTLHOM NPUTONCEHUU
Fig. 6. Menu of results of land inspections of horticulture plantings
in the mobile app

[Ipu HEOOXOAMMOCTH arPOHOM MOKET IIPEIOCTABUTH
IKCIePTaM CCBUIKY Ha MPOBEIEHHBIN OCMOTP ¢ hoTOrpa-
(bustMu 1 TOKaIUe U3 MOOMIIBHOTO TIPHIIOKEHHUS U TI0-
JTYYHATH PEKOMEHIAIUIO IO IIPUHATHUIO TaThHEHIIINX pe-
meHuii (puc. 6).

Pa3paboraH NOpsIOK MPOBENCHIS HA3EMHBIX OCMO-
TPOB € IIOMOIIBI0 MOOUIIBHOTO MIPHIIOKEHUs (puc. 7).

B rpade 1 uHCTpYMEHT «+» MO3BOJIAET H0OABIATH K
0CMOTpY OOJIE3HU, BPEIUTENICH U COPHYIO PACTUTEIb-
HOCTB, 00HapYKEeHHBIE criennaincToM. B rpade 2 unctpy-
MEHT «KaMepay NaeT BOZMOXKHOCTh IPUKPEILISATE K OC-
MOTpY poTorpaduu — Kak ¢ KaMepbl, TaK U U3 MaMsITH MO-
omwibpHOTO TenedoHa. B rpade 3 oTobpaxkaeTcs y4acTok
TOJISL, TJIE HAXOMUTCS TPOBOJISIINNA OCMOTP arpoHOM, €ro
KOOPAUHATHI aBTOMATHUECKU OMPEACIISIIOTCS MO T€0I0-
3uruu MoOmITbHOTO Tenedona. ['pada 4 ucmonb3yercs mist
0003Ha4YeHHs TIIOIAAH IPOBEAEHHOro ocMoTpa. B rpa-
(e 5 oTpaxkaeTcs o0IIee COCTOSHHE YYacTKa OIS, MOXK-
HO BBIOpATh OJHO U3 YETHIpEX 3HAYCHUH: MJI0X0e, Cpe-
Hee, Xxopoliee, oTIndHoe. B rpade 6 ykas3piBaeTcs nara
MIPOBEICHHS OCMOTPA, TI0 YMOIYAHHIO, YCTAHOBIICHA Jla-
Ta co3aHus ocMoTpa. B rpade 7 yka3plBaroTcs BhISBIICH-
HEBIC Ha yYacTKe 00JIe3HU, COpPHASI PACTUTEIEHOCTH U Bpe-
nutenu. B mononHuTenbHON HHDOPMALIUU YKa3bIBACTCS
nH(pOpMaIKs 0 pa3BUTHH PACTCHHH (KaueCTBEHHBIC H3-
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Puc. 7. Humepgheiic mobunvho2o npunodxicenuss 05 NPo8eoeHus
HA3EMHBIX OCMOMPO8 CAO0BbIX HACANCOEHUN: a — MeHIo 0obagse-
HUsl 0cMompos, b — mento 0obasnenus paziuuHblx 6U008 mpesoe
Fig. 7. The interface of the mobile application to conduct land
inspections of garden plantings: a — menu for adding inspections,
b — menu for adding different types of alarms

MmeneHus). [locne 3anonaeHus Bcelt He0OX0MMOi nHpOP-
MAaIUH BBITIOTHSICTCS aBTOMATHYECKasi CHHXPOHHU3AIUS
MOOHIIEHOTO IIPUIIOKECHHUS C CHCTEMOM JISI TEPEIadH [0~
Jy4YeHHBIX TaHHBIX. [|J1sI TOMCKa IPOBEACHHBIX OCMOTPOB
nobaBiieH GUIBTP B MEHIO «OCMOTPEBD».

Perynsipusie 1iudpoBsie HA3eMHBIC OCMOTPBI C TIOMO-
NI pa3paboTaHHOTO MOOWIILHOTO MPHIIOKEHHS COCTAB-
JAIOT OCHOBY I JajbHeleil po6oTu3auu npou3Bo-
ctBa. Ha ocHOoBaHMYM HHOPMAITIHU O TOM, B KaKUX Me-
cTax caja oOHapy>KEeHBI OOJIC3HH, COPHAST PACTUTEIb-
HOCTB, BPEIUTEIH, BO3SMOKHO aBTOMaTHIECKOE (hOPMH-
poBaHMe KapT 3aIaHUM JIJ151 HAa3eMHOM TEXHUKH HJTH Oec-
MUJIOTHBIX JIETATEIbHBIX AllIAPaTOB, YTO IMO3BOJIHUT 00€-
CIIEYUTh TOYCUHYIO 00pabOTKY MPOOIEMHBIX 30H HY K-
HBIMH XMMHKATaMH.

BbiBoabl. Pa3paboTannas cicrema aBTOMaTU3UPO-
BaHHOTO YIIPABJICHHUS ar POTEXHOJIOT HSIMH B CaJI0BOJICTBE
obecrieurBacT onepaTUBHYI0 00pabOTKY B pealbHOM Bpe-
MEHH WH(POPMAIHOHHEIX IOTOKOB, OIIPEACIISIONIAX 0CO-
OCHHOCTH POCTA M COCTOSIHUS PACTEHUH B KPUTUICCKHE
(azbl X pa3BUTHUS OT COBPEMEHHBIX PETHCTPUPYIOMINX
npubopoB (METEOCTaHIIUHU, TPOOOOTOOPHIKY, aHATH3A-
TOPHI), ONTHMHU3AINIO MAITTHHBIX TEXHOIOT Uil BO3AETHI-
BaHUsI KYCTAPHHUKOBBIX STOAHBIX KYJIBTYp 110 OHOJIOTH-
YeCKUM (peann3alius MOTeHIUAIbHOW OHOIOTnYSCKON
MPOXYKTUBHOCTH KYJIBTYP) X 9KOHOMHYECCKHIM (TTOBBIIIIC-
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HHE 3)PEKTUBHOCTH UCITOJIb30BAHUS ITPOU3BOJICTBCH-
HBIX PECYPCOB) KPUTEPHSIM.

CodopmupoBaHa CTpyKTypa yIpaBJIeHHUs arpOTEXHO-
JIOTUSIMH B CaJ0BOJCTBE, MPOAYKIIMOHHEBIM IIPOIIECCOM
MHOTOJICTHUX KYJIBTYP C OHJIaiH-CEPBUCOM U MOOHIIb-
HBIM IpuIokeHueM. [IpegocTaBieHa BO3MOXXHOCTh aHa-
JU3UPOBATh HHPOPMAIIHIO, TOCTYMAIY IO OT NATYHNKOB
W PETUCTPHUPYIONIUX MPHOOPOB, H BEIPaOaTHIBATH ONTH-
MaJIbHBIC YIIPABISIONINE PEIICHUS TPH MOCTPOCHUH U

YIPaBJICHUU TEXHOJIOTUEH C IeTTbI0 MUHUMHU3AIHNH T10-
Tephb yposkasi, BBI3BAaHHBIX OTKJIOHEHHEM (DaKTOPOB MPH-
POIHO-KJIIMMAaTHYEeCKUX ycnoBuil. MHGopmanus, moiy-
YeHHasi OT arpPOHOMOB C pa3paboTaHHOTO MOOMIIBHOTO
MPHIOKEHU ST, CYUTACTCS HanboJiee TOYHON 1 MTO3BOJISET
NpUHUMATH () (PEKTUBHBIC YIIPABICHYSCKUE PEIICHUS.
ABTOMAaTH3aIMs JAaHHBIX MPOLECCOB MO3BOJISET MOBHI-
CHTB CKOPOCTB M KQUECTBO IPUHUMACMBIX PEIICHUH.
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Cnoco6 KOHTPONA NPOAYKTUBHOCTU pacTeHUsA

Anexkcanap llerpou4 I'puniun, Haranba AsekcanapoBHa CeMeHOBa,
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CTapIINi HAyYHBIA COTPYIHUK;

®DenepalibHBIN HAYUHBIN arponHkeHepHbid HeHTp BUM, MockBa, Poccuiickas @enepanus

Pedepar. [Tokasanu, 4to ynpasieHne MPOAYKIHOHHBIMI NPOLECCAMH B PACTEHHH B CHCTEME 3aKPBITBIX HCKYCCTBEHHBIX arpo-
9KOCHCTEM — HEOOXOAMMOE YCIIOBHE MONYYEHHNs BBICOKHX ypOXkaeB. BaxxHO KOHTPOIMPOBAaTh HHTEHCHBHOCTD 9THX MPOLECCOB B
JUHAMUYECKOM pexume. ([ens uccredosanus) Pazpaborars cmocod HepaspyIIaoIero KOHTPOs pOCcTa MPOAYKTHBHOCTH pac-
TEHHH [T CO3MAHIS aITOPUTMOB YIIPABICHIS IPOMYKIMOHHEIME IpotieccaMu. (Mamepuanst u memoost) 3ydnin 3aBUCHMOCTD
MPOIYKTUBHOCTH PACTEHHS OT TeMIeparypbl jucta. Onpesennin IpupocT JUCTOBOM Macchl PacTeHHs ¢ MOMOIIBIO LIU(POBBIX
BECOB, MIPOBEJIM YUYET TEMIIEPATYPHI JIHCTA U KOHTPOIBHOTO 00BEKTA MUPOMETPHUESCKIM TEPMOMETPOM, H3MEPUIIN MIIOMIAb JIH-
CTOBOM MOBEPXHOCTH. (Pesynomamsl u obcyscoenue) Tlonyunnu 3HaUEHHUS MapaMEeTPOB PACTEHUS U OKPYXKAIOWIEH Cpeisl U,
YUUTBIBASI PACXOJ BIATH HA TPAHCIHPALMOHHOE OXJIAXK/ICHHE, YCTAHOBUIIM 3HAYCHHS [IPHPOCTA JINCTOBON Macch! canara (Latuca
sativaL.), KoTopble OYIyT MCIIONB30BaHBI B COBOKYITHOCTH C JIPYTHMH M3MEPEHHBIMU TapaMeTpaMi pacTeHHs M OKpYKalomer
CpeIbl TSl YIpaBIeHUs TUMUTHPYIOIIMMA (paKTOpaMu B 3aKPBITBIX HCKYCCTBEHHBIX arposkocucteMax. (Buiéodwr) Pazpaboranu
Cr0Cco0 HepaspyLIAKIIEro KOHTPOJS POCTA MPOAYKTUBHOCTH PACTEHHI B KIMMATHYECKHX KaMepax Ha MpUMepe cajiara copra
Kpachsrii nybomuctHelid. Onpenenuny, 4To MPUpOCT IPUPOCT 3eEHOH Macchl IMEET MaKCUMYM, €CJTH Macca OXJNax/Iatomei Bo-
Jbl ipy ucniapeHnu pasHa 0,65 rpaMma, TO eCTh paCTeHHE CTPEMHUTCS MAKCHMAJIBHO HCONb30BaTh CBOOOJHYHO SHEPTHIO U OIpe-
JIeNsIolMe ee NPOLyKTHBHBIE hakTopbl. PaccunTanHble 10 pe3ynbraTaM KcepruMeHTa BecoBble 3HadeHus (2,0 rpaMma) CooTBeT-
CTBYIOT JIAHHBIM, TTOJy4eHHBIM B OMCKOM rOCyIapCTBEHHOM arpapHoM yHusepcutete (1,9 rpamma), ¢ TOYHOCTBIO S POLICHTOB.
KiroueBble c10Ba: SKCepris CBETOBOTO M3NMy4YeHHs, OTOCHHTE3, TPAHCITHPALMOHHOE OXJIAXKIECHHE, IPUPOCT JIHCTOBOM MACCHI,
casar, [HQPOBbIE arpOTEXHOIOTHH, IPOAYKLHOHHBIN TIPOLIECC, 3aKPBIThIE HCKYCCTBEHHBIE arPOIKOCHCTEMBI.

1 Ina untupoBanusi: ['pumun AL, I'pumina A.A., CemenoBa H.A. Cioco® KOHTPOJIs MPOJYKTUBHOCTH pacTe-
aust // Cenvcrkoxoszaticmeennvle mawunst u mexunono2uu. 2021. T. 15. N2. C. 69-74. DOI 10.22314/2073-7599-2021-15-

2-69-74.

Non-Destructive Testing of Growth Productivity
Alexandr P. Grishin, Natalya A. Semenova,
Dr.Sc.(Eng.), senior researcher; Ph.D.(Agric.), senior researcher,
Andrey A. Grishin, e-mail: 5145411@mail.ru

Ph.D.(Econ.), chief researcher;
Federal Scientific Agroengineering Center VIM, Moscow, Russian Federation

Abstract. The necessary condition for obtaining high yields is the management of plant production processes in closed artificial
agroecosystems. It is important to control the intensity of these processes in a dynamic mode. (Research purpose) To develop a non-
destructive method for controlling the plant productivity growth to create algorithms for controlling the plant production processes.
(Materials and methods) The authors studied the dependence of plant productivity on leaf temperature. They determined the
increase in plant leaf mass using digital scales, studied the leaf temperature and the control object with a pyrometric thermometer
and measured the leaf surface area. (Results and discussion) The authors obtained the values of plant and environmental parameters
and, taking into account the moisture consumption for transpiration cooling, determined the values of the lettuce leaf mass growth
(Latuca sativa L.), which would be used in conjunction with other measured plant and environmental parameters to control the
limiting factors in closed artificial agroecosystems. (Conclusions) The authors developed a non-destructive method to control
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plant productivity growth in climatic chambers using the example of Krasnyy Dubolistnyy lettuce. It was determined that the
green mass growth rate had a maximum if the mass of cooling water during evaporation was 0.65 gram. That meant the plant tried
to maximize the use of free energy and the productive factors that determined it. The weight values calculated from the experiment
results (2.0 grams) corresponded to the data obtained at the Omsk State Agrarian University (1.9 gram) with an accuracy of 5

percent.

Keywords: light radiation exergy, photosynthesis, transpiration cooling, leaf mass growth, lettuce, digital agricultural technologies,

production process, closed artificial agroecosystems.

I For citation: Grishin A.P., Grishin A.A., Semenova N.A. Sposob kontrolya produktivnosti rasteniya [Method for
controlling plant productivity]. Sel'skokhozyaystvennye mashiny i tekhnologii. 2021. Vol. 15. N2. 69-74 (In Russian).
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000IIIeHHE arpapHO-3KOJIOTHYeCKUX 3HAHUH He-

00XOIUMO JJI51 TIOJTHOLIEHHOT'O MCIIOIb30BaHUS

UG POBBIX TEXHOJOT M M TEXHHUKH. [IporpamMmu-
poOBaHHE ypoxKas — ITO «HE MPOCTO UCIOIB30BaHHUE Ma-
TEMATHUKHU U KOMHBIOTepHOﬁ TCXHUKHU B arpO3KOJIOTHH, a
UCIIOIH30BaHIE HOBEUIIINX TOCTIDKECHUN (PyHIaMEHTAIb-
Holi Hayku» [1].

BoxpmmHCTBO onepanuii u mpomeccoB, IpUMEHsIe-
MBIX B arpOTEXHOJIOTHSIX paCTEeHHEBOACTBA, HAIIPaBJIe-
Hbl Ha oBbimenue K11/ ncrmonp3oBanust pacTeHUAMHA
9KCEpPIruy CBETOBOI'O U3NIyUYEHHs, KOTOpas pacxoayercs
Ha poTocuHTe3 1 popMupoBanue ypoxad [2, 3]. OueBu-
Ha HEOOXOIUMOCTEH COBMECTHOTO dKCEPreTHIECKOro aHa-
T13a Kak mpeoOpa3oBaHus PACTCHUSMH SHEPTUU U3ITY-
YeHHS B ITporiecce (OTOCHHTE3a, TaK M 3aTPaT TEXHOT €H-
HOU PHEPrUH Ha yIpaBJIeHUE TPONYKIIHOHHBIMHU ITPOLEC-
caMu IIU(POBBIX arpOTEXHOIOTHH [4-6].

IIpoayKIIMOHHBIN TIpoLIecC B PACTEHUH 3aBUCHT OT
(hakTOpOB BHEITHEH CPEIbl, IPH 3TOM PACTEHHE CaMO CIIO-
cOOHO TpaHCPOPMHUPOBATH CPeNO0OpasyouIue PaKTOPLI
yepes U3MEHEeHHe ra3000MeHa, TPaHCIHPALIUIO, APXUTEK-
Typy noceBoB. Takum 00pa3oM, B OCHOBE pOCTa YpOKai-
HOCTH JICXKUT TOBBIIICHIE 3(PPEKTUBHOCTH POy KIIH-
OHHBIX Iporieccos [7, §8].

VYipasieHne mpoayKIHOHHBEIME IIPOLIECCAMHU B pac-
TEHUU B CUCTEME 3aKPBITHIX HCKYCCTBEHHBIX aI POIKOCH-
CTeM — He0OXOAMMOE YCIIOBHE ITOTYYSHHSI BRICOKHX YPO-
»)aeB. Ba)kHO KOHTPOJIMPOBATh HHTEHCUBHOCTD 3THX IIPO-
[IECCOB B JMHAMHYECKOM pexxume. Hanbomnee TouHbIit Ba-
PHAHT TaKOT'0 KOHTPOIIS — PETYIISIPHOE ONIPEEIICHUE JTU-
CTOBOI MacChl paCTEHUH U €€ TUHAMHUKHU B PEKUME OH-
JaifH METOIOM B3BenIHBaHus. OIHAKO B3BECUTB JIUCT, HE
pa3pyLIUB CaMOro pacTeHUs U CpeAy ero nmpouspacTa-
HUS1, JOBOJIBHO 3aTPyJHUTEIBHO.

LIEne nccnenoBAHms — paspaborats cocod Hepas-
PYIIAOIIEro KOHTPOJIS pOCTa MPOJYKTUBHOCTH pacTe-
HUH I CO3MaHUS aNTOPUTMOB YIIPaBICHUS TPOTYKIIH-
OHHBIMH IIPOLIECCAMU PACTEHUH.

MEeToab! n MATEPUANBI. OOBEKT HCCIICIOBAHMS — TEP-
MOperyJsLHOHHBIE TIOKa3aTelu cajaTta copta KpacHslii
JTyOOTUCTHBIM.

1 Hax oK AeHHsI 3aBUCHMOCTH IIPOAYKTUBHOCTH pac-
TEHUSA OT TEMIICPATYPhI JIUCTA NPOBEJIIN OIBIT 11O OIIPEC-
JEJIEHUIO TIPUPOCTA INCTOBOH MaCCHI TOCPEICTBOM H3-
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MEHEHHUS MacChl paCTEHUS U IapaMeTPOB CPEIbl OKPY-
>keHus. MicmapeHue Biaru ¢ moBepXHOCTH cyOcTpara uc-
KJIIOYaJIy ¢ IOMOUIBIO U30JISILIUU €T0 OT OKPY Karolen
cpeabl B FTepMETUYHOM OOKCE, UMEIOIIEM CalbHUKOBOE
YILIOTHEHHE JIJIS BBIXOJa CTEOIIS pacTeHUSI.

[Ipu n3mMepeHnn Maccol pacTeHUs! yUUTHIBAJIU YMEHb-
LICHHE TIOKA3aTellsl B XOe UCTIAPUTEIBHOTO OXJIAXKACHU S
U €r0 yBEJINUYEHHUE B pe3yJIbTaTe NPUPOCTa JIUCTOBOU
MAacChl:

VVtZ - I/th = VVnpupocr - VVucnapa (1)

rae W, — macca pacTeHusi BMECTE CO Cpelioil mpouspac-
TaHus (CyOCTPaToOM) B MOMEHT BPEMEHH 15, T

W, —Macca pacTeHHs BMECTE CO CpeZIod Tpou3pacTa-
HUsI (cyOcTpaToM) B MOMEHT BPEMEHH {1, T;

Wipnpocr — IPAPOCT IUCTOBON MacChl 3a HHTEPBAJ Bpe-
MEHU ¢, — 1, T;

W senap — Macca BJIATU UCIIAPUTEIBHOTO OXJIAXKACHHS
32 UHTEPBaJ BpEMEHHU ¢, — #1, T.

Maccy u3MepsTi ¢ TPEeXKpPaTHBIM IIOBTOPEHUEM eKe-
yacHo (3600 c¢) B Teuenue 16 4 Ha OJTHOM PACTCHUU.

Temmeparypy OnpenensIi IHPOMETPHUIECKIM Tep-
MoMmeTpoM Fluke (Kenmsun UKC 4-20/5), maccy — nud-
poBbiMu Becamu (ML-A01) c Tounoctbio uzmepenus 0,01 .
[Inommanp arcTa BEIYUCISIN C TOMOIIBIO CIICIIHAIIA3H-
posanHoro 110 Ha 6aze CorelDraw.

PE3VNLTATEI M OBCYXAEHUE. 3Hauenust W, u W, —
U3MEPSEMBIE, a 7151 OIPEAETCHUS Wpyp00r HEOOXOIMMO
3HATh 00bEM HCTIAPSIEMOM paCTEHUEM BJIard 32 UHTEPBAI
BpeMeHU. J{JIst 5TOro yYuTHIBaIIH ILIOMATb JTUCTHEB U
pasHully Temneparyp. 3BecTHo, 4To 1 obecnedeHus
MaKCHMaJIbHOU CKOPOCTH (POTOCHHTE3a PACTCHHE CaMO-
CTOATENBHO PEryIupyeT COOCTBEHHYIO TEMIIepaTypy IMo-
CpEICTBOM HMCHIAPUTENBHOTO oxJaxacHus [9, 10]. O0b-
€M HCIapseMOii BJIaryu HaIpsIMYI0o 3aBHCUT OT PA3HOCTH
TeMIepaTyp (O TUMATIBHOM ISl pACTCHHUSI X TEMIIepaTy-
PBI OKPY’KAIOIIETO BO3AYXa) U IJIOMIAIH TOBEPXHOCTH
nucTa (4eM OOoJIbIIIe IITOMAh JIUCTHEB, TEM OOJIbIIIE BJla-
TY UCTIapsIeTCs 32 €NMHUILY BpeMeHn). 15t ompeeneHus
HE00XOUMBIX 3HAYCHU I pacTeHHE CO CPeAoi mpou3pac-
TaHU, HCKHIO‘IaIOH.[eﬁ HUCIIapCHUC BJIaru KaKI/IM—J'II/IGO
HUHBIM CIIOCOOOM, KpOME TPaHCIUPALMOHHOT0, TIOMETIa-
JI Ha BECHI B 3aMKHYTYIO arPOdKOCUCTEMY C HCKYCCTBEH-
HBIM OCBEIIEHUEM U TOAIEP)KaHUEM CTAOMIBHEBIX KIIH-
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INSTRUMENTS AND EQUIPMENT

Ta6nuua 1 Table 1
JVHAMUKA NAPAMETPOB KOHTPOJIbHOFO PACTEHUSI
DYNAMICS OF THE CONTROL PLANT PARAMETERS

Mapamerpsi HuTepBainnl 3amepa, ¢ / Measurement intervals, s

Parameters 3600 4080 6600 10800 12600 14400
%’{g‘gf‘v’vg?gcgf‘;"”’ r 0,24 0,19 0,60 0,92 1,45 1,09
E‘;ﬁ‘gﬁ;{ggg“’c c 2780 | 2820 | 2980 | 27.80 | 2740 | 20,60
Temneparypa KOHTPOIBHOTO 00beKTa, °C
Control object temperature, °C 28,20 28,60 31,60 32,00 29,40 22,80
PasHuua TeMIepaTyp JKUCTa ¥ KOHTPOIBHOTO 00bekTa, °C
Temperature difference between leaf and control object, °C ol Gay e 20 200 20

2,

Pacxon BosL, r/(M™c) 0,0030 | 0,0098 | 0009 | 00125 | 00160 | 0,0140
Water consumption, g/(m-s)

MaTH4ecKuX napametpos [11-13]. ns yueTa pa3HUIIBI
TeMIepaTyphl B X07I€ HCIAPUTEIHLHOT'0 OXJIaX ICHHUS 3a-
MEPSLITU TEMIIEPaTypy NOBEPXHOCTH JIUCTA ¥ TOBEPXHO-
CTH KyCKa KapTOHa 3eJICHOTO 11BeTa B Ka4eCTBE KOHTPOJIb-
HOTr0 00BEeKTa (TSI OJMHAKOBOT'O ITOTJIONICHHS TETIIOBO-
r'0 U3J1y4eHUs HCTOYHHKA CBETa, 00E€CTIeYMBAIOILIETO Ha-
I'pPEB JIUCTA).

[ocne crabunu3anuu TeMIeparyp HOBEPXHOCTH JIH-
CTa M KOHTPOJILHOTO 00BEKTa MPOBOAMIN HHTEPBaJIbHBIN
(t, m t,) 3aMep mapaMeTpoOB, HEOOXOIUMBIX JIJIS pacueTa
pacxonia BJIard Ha TPaHCIIUPAIIMOHHOE OXJIaXK/ICHUE
(mabn. 1, puc. 1).

3amepsl IPOBOAMIIN B TeUEHHUE 6 U, UTOOBI HCKITIOUHUTD
COIIYTCTBYIOIIUH U3MEPEHUSAM IIPUPOCT JIUCTOBOM Mac-
CBI H B TO K€ BpeMsI 00€CIeUNTh T0CTaTOYHBINH H3MEH -
eMBbIi1 00beM Macchl UCTIapsAEMON BOJIBI.

Puc. 1. Hsmepenue niowadu nucmves KOHMPOIbHO20 PACMEHUs
¢ nomowvio npoepammur CorelDraw (cymmapras niowadv 08yx
nucmues 0,001941 1°)

Fig. 1. Measuring the leaf area of a control plant with CorelDraw
(Total area 0.001941 m’)

3a uHTEepBaT BpeMEHH U3MEPEHUH pacTeHUE CTaOMIIb-
HO MOJIJIEPIKUBAIIO CBOIO Temmieparypy 29,2°C. Temmnepa-
Typa KOHTPOJIBHOTO 00bEKTa 3a JaHHBIH HHTEPBAJT IIPO-
JoJDKaJjia pacT U CTadMIIn3upoBaiack Ha otMeTke 32,2°C.
Pacxon Biaru Ha TpaHCITUPAIIMOHHOE OXJIAX ACHHUE OTpe-
Jesuy o popmyiie (2):

Q — W1 Wee @)

ucrap (t2—t1)"Snucra ’
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r1€ Oyenap — PACXOA BIArH HA TPAHCIIUPALIIOHHOE OXJ1aXK-
neHwue, T/(M*c);

S uera — TLIOIIAIb TIOBEPXHOCTH JIUCTA, M.

[ToncTaBuB oayveHHBIE B MPOLIECCE U3MEPEHMS 3Ha-
9eHHs B OpMyITy (2), HOTydHM Pacxol BIaTry HAa TPAHCIIH-
palMOHHOE OXJIaXkeHHe 1 M’ TucTa B CEKYHy JUIs CO-
OTBETCTBYIOIIEH pa3HUIIBI TEMIIEPATYD. 3aTeM, TOCTPO-
YB JUHUIO TpeHaa (puc. 2), onpeaenuM (yHKIIHOHATb-
HYI0 3aBUCUMOCTH:

annap = 05011 (TKOHTP - TJ‘H/ICT) 052804, (3)

r1€ Tiourp — TEMIIEPATYPA KOHTPOIBHOTO 00BeKTa, C°.

T 1wer — TEMIIEPATYPA JHCTA JIJ151 CPABHEHUS C KOHTPOJIb-
HBIM 00BeKkTOM, C°.

JocToBepHOCTH anmpokcuManuu coctasmia 0,95.

0,018

< 0016 —
y=0,011x02804

£ 0014

=
80 0,012

o
o
=
o
|

0,008

0,006

0,004

Pacxog sogabl, r/(m? -c)

Water consuption

0,002

0,000

0,0 0,5 1,0 15 2,0 2,5 3,0
PasHuua Temnepartyp, °C
Temperature difference, °C

Puc. 2. Jlunusi mpenoa 3a8ucumocmu pacxooa 00bl OM pa3HUYbl
memnepamyp AuUcma u KOHMponbHo20 00bekma

Fig. 2. The trend line of the water consumption dependence on
the temperature difference between the leaf and the control object

[lomyueHHBIC JTaHHBIC UCTIONB30BAJIH [Tl OTIpENieie-
HUS MPUPOCTA JIUCTOBOI MacChl pacTEHUS cajlaTa B IH-
HAMUYECKOM pekuMe. [ BEIUUCICHU I UCTIOIB30BaIN
JaHHEIE, IOTYYeHHEIE PETUCTPATOPOM PacTeHUH, pazpa-
6orannsiM B PHALL BUM [14]. On onpenenset 12 napa-
METPOB, B TOM YHCJIE MACCY PACTCHHS, TEMIIEPATy Py IO-
BEPXHOCTH JINCTA, TEMIIEPATYPY OKPYKAIOIIET 0 BO3AYXa.

[TomyuyuB 3HaYEHUS TAPAMETPOB U yUUTHIBAS PACXO]
BJIATH HA TPAHCIIHPAITHOHHOE oxJaxaeHue (3), onpene-
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JIMJIA TIPUPOCT JINCTOBOM MACCHI U1l PACTEHHS cajara
(maon. 2):

Wl‘[pHpOCT = VVtZ - I/th + VVncnap; (4)
WI/IC]‘[ap = SJ‘IHCT.O’Oll.(TKOHTp - TnucT)052804'(t2 - tl) (5)

HabGnrogaemoe pactenue umeeT 12 TUCTHEB, CyMMap-
Has IIIOMIAaAb KOTOPEIX cocTaBmma 17981 mm (0,017981nm7).
[Tnomaap STUX JTUCTHEB OMPENCIISIIN AHATOI MYHBIM KOH-
TPOIBHOMY CITIOCOOOM — C IPUMEHEHUEM CIIELIHATH3HPO-
BanHoro [10 CorelDraw.

JlaHHbBIC OTKJIOHEHUS IIPOBEPHUITH HA IIPEAMET JOCTO-
BEPHOCTH, ISl UET'O OIPEICITHIIA JOBEPUTEIBHBIA HH-
TepBal 3HaueHut maccel: W=407,56...427,34 r (maTema-
tryeckoe oxxkunanue M =415,30 r; cpenHexBagpaTndeckoe
oTkJIoHeHue ¢ = 5,03). 3MepeHHbIe 3HaU€HUS COOTBET-
CTBYIOT JIOBEPUTEIBHOMY MHTEPBAIY U KPUTEPHUIO 0~
CTOBEPHOCTH.

PaccuuTanHble 110 pe3yabTaTaM 3KCICPHMEHTA BECO-

INSTRUMENTS AND EQUIPMENT

BbI€ 3HaYE€HHUsI COOTBETCTBYIOT JaHHBIM, IOJIYUYEHHBIM B
paHee nposeaeHHBIX HccaenoBanuax JI.A. IlnoTaukoBoi
u 1p. B OMCKOM rocy1apcTBEHHOM arpapHOM YHUBEPCH-
tere uMmeHu [1.A. CroipinuHa: Macca OTHOTO PacTEHUS
coctaBuna45r3a 16 cyTok pocTa, uTo 1715 16 4 paBHo 1,9T.
Kpowme toro, cornacHo dopmyie (4), Wpupoer=—8,1110,1=
2,01, 4TO TaKkKe MOATBEPKAAET JOCTOBEPHOCTH PE3yJIbTa-
TOB C TOYHOCTBIO 5%.

[TonmyuyeHHbIe 3HAUCHUS TPUPOCTA JIUCTOBOK MAaCCHI
pacTeHHs B JaJIbHEHIIEM OyAyT UCIIOIB30BaHBI B COBO-
KYIHOCTH C APYTUMHU U3MEPEHHBIMH IIapaMeTpaMu pac-
TEHUS U OKPYIKaIollel Cpenbl AJ1s1 BbISIBJICHUS 3aKOHO-
MEpHOCTEN U 3aBUCUMOCTEN BIMSHUSA arpoKiIuMaTHde-
CKUX TapaMeTPOB Ha IPOYKIIMOHHBIE TPOIIECCHI pacTe-
Hui [15, 16]. D10 HEOOXOAMMO IS pa3pabOTKH aJlTOPHT-
MOB YIIpaBJICHUS POy KIIMOHHBIMU IIPOLIECCAMHU pacTe-
HHUH MOCPEICTBOM BO3ICHCTBHS Ha (PaKTOPHI CPEABI U
YIpaBICHUS TUMUTHPYIOITIME (PaKTOPAMH B 3aKPBITHIX
HCKYCCTBEHHBIX aIpO’KOCHCTEMAX.

PACYET NPUPOCTA NMMCTOBOW MACChI CANATA 3A 16 4 HABNIOAEHWN
CALCULATION OF THE LEAF MASS GROWTH FOR 16 HOURS OF OBSERVATION
W3mepennsie 3Havenns / Measured values Pacuyernnie 3Hauenus / Calculated values
=] S
= S.. 8 .
== E %) EOU 5 = E
= S ¢ g8 = = s &
<|=) [ E ; < QO - g-' = E OL) <|=a bf = - ==
= 7 = = 5 o - . EES 0. =25 5. = S o=
€5 s & Sus & b 2% 22 E S 225
SE Y8 =S 5 Eo 222 i3 ZE% EE=
< = = . S = o 5o s 7o ] =)
g = SsE 2=s SR = 5° 22 E T - = B
S 2B = Q0 9 —_— 1] ) = 9
2 | i5f | gz | g2 | ERér | i | B3 | gis
= 23 29 < = =S E @ = s S I
25 285 2as g5 5238 g2 SEY ¥E
o2 S g I == = = 2°= S =
£S5 S = o 3 = FEZ s o= o =2
: 2 3 = 3 EE - = % 5
= I =35 g g ° a
= ]
= 8 ESE = =
s 3
o -
1 27,13 26,59 421,40 0,54 -0,50 0,65 0,15
2 27,44 26,93 421,00 0,51 —0,40 0,45 0,05
3 27,81 26,97 420,40 0,84 —0,60 0,67 0,07
4 28,00 27,13 419,90 0,87 ~0,50 0,73 0,23
5 28,19 27,59 419,20 0,60 -0,70 0,73 0,03
6 28,31 27,55 418,65 0,76 —-0,55 0,58 0,03
7 28,25 27,21 418,15 1,04 -0,50 0,62 0,12
8 28,19 27,33 417,60 0,86 -0,55 0,71 0,16
9 28,13 27,27 417,00 0,86 -0,60 0,72 0,12
10 28,80 27,19 416,60 1,61 —0,40 0,65 0,25
11 28,40 27,19 416,10 1,21 -0,50 0,50 0,00
12 28,00 27,19 415,55 0,81 -0,55 0,58 0,03
13 28,38 27,59 415,00 0,79 -0,55 0,79 0,24
14 28,56 27,81 414,70 0,75 ~0,30 0,49 0,19
15 28,63 27,719 414,20 0,84 -0,50 0,63 0,13
16 28,75 27,85 413,80 0,90 —0,40 0,60 0,20
Cywmma / Total - - — - -8,10 10,10 2,00
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Hcmonb3ys moiy4eHHbIe TaHHbIe TPUPOCTA JIUCTO-
BOI1 Macchl, peBapUTEIHFHO OTCOPTUPOBAB UX COBMECT-
HO C JAHHBIMH W1, IO BO3PACTAHUIO, TIOCTPOUIIH I'Pa-
(buk 3aBUCUMOCTH W, pupocr (Wicnap), OIPENEIIUB TUHUIO
TPEHJIAa C €€ aHAJTUTHUCCKUM BEIpaxkeHueM (puc. 3). Haii-
sl TPOU3BOIHYIO BEIPAXKCHHUSI M IPUPABHSB €€ K HYIIIO,
HalUTH a0CIICCY MAKCUMYMa 3aBUCHUMOCTH.

03

e
o
L

........................ °

Leaf weight change, g

e
i

MpupocT 3eneHoi macchbl,

V= -2,0795x + 2,4106x - 0,5508 -
‘ °

0,0 | o
0,40 0,45 0,50 0,55 0,60 0,65 0,70 0,75 0,80 0,385
Macca snaru UCNapuTeNnbHOro OXNaxaeHus, r

Cooling water weight, g

Puc. 3. 3asucumocmo npupocma 1ucmogoli Maccvl om mMaccul Ox-
aaxcoaroweli 600bl NPU mepmopeyiAyun

Fig. 3. Dependence of the leaf mass growth on the cooling water
mass during thermoregulation

HawuGonpmuii mpupocT Macchl pacTeHHUs COOTBETCTBY-
€T Macce ncnapseMoi OXJIaXKJatoIien BOIbI, paBHo# 0,65 T
(puc. 3). Jannblii pe3ynbsraT HOATBEPKIAET 3HAUUMOCTh
BIUSHUS TEPMOPETYIIANNN Ha TPOAYKIIHOHHBIE ITPOIIEeC-
cbl B pacTeHuu. COIacHo 3aKOHY BBKMBAHU S, PACTCHUE
B CBOEM Pa3BUTHH CTPEMUTCSI MAKCUMAIBHO HCIIONB30-
BaTh CBOOOIHYIO SHEPTHIO U ONPEICIISIONIIE €€ IIPOTyK-
THUBHBIC ()aKTOPHI.

INSTRUMENTS AND EQUIPMENT

BbiBoabl. Pazpaboranu criocob Hepa3pyIIaromero
KOHTPOJISI pOCTa MPOJyKTUBHOCTH PACTEHUH B KIIUMATH-
YECKHX KaMepax Ha mpumMepe canara copra Kpacusrii ny-
OonuctHBIN. PaccunTanHble MO pe3ynbTaTaM 3KCIEePH-
MCHTAa BE€COBBIC 3HAUCHU TPUPOCTa JINCTOBOM MAaCCHI
pactennsi 2,0 T COOTBETCTBYIOT TaHHBIM, TIOTYYCHHEIM B
paHee MpOBeIEHHBIX UccineqoBanus X OMCKOro rocyaap-
CTBEHHOTO arpapHoro yausepcureta umenu [1.A. Cto-
JBINIMHA: Macca OIHOTO pacTeHus cocTtaBuiaa 1,9 r, 4To
TaKKe HOATBEPXKAACT JOCTOBEPHOCTH PE3YJIETATOB C TOU-
HOCTBI0 5%.

DTOT cocob HeOOXOANM I Pa3padOTKU aJrOpHUT-
Ma yIpaBlIeHIS TPOAYKIIHOHHBIMH MPOIEeCCaMu B ITH(]-
POBBIX 3aMKHYTBIX arpo3dkocucteMax. OCHOBBIBasICh Ha
JaHHBIX MAacChl BCETO PACTEHH S, TEKYIIEH TUIOMIa N eTo
JUCTHEB U Pa3HUIIBI TEMIIEPATYP OKPYIKAIOLIETO BO3AY-
Xa M JUCTHEB PACTCHHI, MOYKHO OTMPEICIUTH JTUCTOBYIO
Maccy pactenuil. [Ipu oneHKe ee TMHAMUKH aJITOPUTM
YOpaBJICHHUS KJIUMATHYCCKUMU ITapaMEeTpaMu B UCKYC-
CTBEHHOH 3aMKHYTOM arpo3KOCHCTEME NOJTy4aeT CUTHAI
00paTHOH CBSA3H IJ11 KOHTPOJIS Pe3yIbTaTOB yIIPABIISIO-
IIeTO BO3ACHCTBUS Ha TPOAYKTUBHOCTH PACTECHHI.

YcTaHOBUIIH, YTO 3aBUCUMOCTD MIPUPOCTA 3€TIEHON
MacChl OT MacChl OXJIAXKIAFOIIEH BOJIBI IIPH HCTIAPEHU U
WMeeT MaKCUMYM P 3HAYCHUsI ucriapsieMoit Bosr 0,65 T.
DTO CBUIETEIBCTBYET O CTPEMIICHUH PACTEHHS B CBOEM
Pa3BUTHH MaKCHMAaIJIFHO HCIIOIB30BaTh CBOOOAHYIO SHEP-
TUIO U OIIpeleNAIonue ee NIPOLYKTUBHOCTD (PaKTOpHI.
HaHHLIfI PE3YIbTAT NOATBEPKAACT SHAYUMOCTD BIIMAHUSA
TEPMOPETYJISIUH Ha MPOIYKIIUOHHBIC IIPOLECCH B pac-
TCHHUH.

BUBJIMOTPADUYECKMI CMINCOK

1. KoBanes B.M. Teopus ypoxas. M.: MCXA. 2003. 331 c.

2. Ghasemkhani H., Keyhani A., Aghbashlo M., Rafiee S., Mu-
jumdar A.S. Improving exergetic performance parameters of a
rotating-tray air dryer via a simple heat exchanger. Applied Ther-
mal Engineering. 2016. N94. 13-23.

3. Silva C.S., Seider W.D., Lior N. Exergy efficiency of plant
photosynthesis. Chemical engineering science. 2015. Vol. 130.
151-171.

4. Ceenrunkuid .U, Tlpunnumns sHeprocoepexenns B AIIK.
EctecrBenHonayuHas metogonorus. M.: BUOCX. 2001. 192 c.

5. Cenuuknii V.M. Dneprocoepexenne B AITK nsHepreTryeckas
JKCTpeMaibHOCTb camoopranu3aiuu. M.: BUDCX. 2007. 468 c.

6. Ceenruukuii 1.U. EcTecTBeHHOHAyYHAS OCHOBA BCEEMHCTBA
3HaHuil. JkcepretTuyeckas Teopus ypoxasd. M.: BUDCX. 2015.
3l6c.

7.Ouyang Z., Tian J., Yan X., Shen H. Effects of different con-
centrations of dissolved oxygen or temperatures on the growth,
photosynthesis, yield and quality of lettuce. Agricultural water
management. 2020. Vol. 228. N105826.

8. Gustafson E.J., Miranda B.R., De Bruijn A.M.G. Do rising
temperatures always increase forest productivity? Interacting
effects of temperature, precipitation, cloudiness and soil texture
on tree species growth and competition. Environmental model-

CENIbCKOXO3AMCTBEHHBIE MALIMHbI 1A TEXHONIOMM « Tom 15 + N2 + 2021

ling & software. 2017. Vol. 97. 171-183.

9. Boponus ILYO., ®enoceepa ['I1. YcTbHUHBIN KOHTPOIb
(OTOCHHTE32 Y OT/ICICHHBIX TUCTHEB APEBECHBIX U TPABIHUCTHIX
pacrenuit // @uzuonoeus pacmenuit. 2012. T. 59. N2. C. 309-315.

10. Voronin PY., Rakhmankulova Z.F., Shuyskaya E.V., Maev-
skaya S.N., Nikolaeva M.K., Myasoedov N.A., Balnokin Y.V.,
Kuznetsov V.V., Maksimov A.P., Maximov T.C., Rymar V.P,
Valdayskih V.V. New method for quantitative determination of
water potential of mesophyll cells’ apoplast in substomatal cav-
ity of the leaf. Russian journal of plant physiology. 2017. N3 (64).
452-456.

11. Graamans L., Dobbelsteen A., Meinen E. Plant factories;
crop transpiration and energy balance. Agricultural Systems.
2017. Vol. 53. 138-147.

12. Crpebxos [1.C., FOdepes JLIO., Anekcanapos JI.B., Coxo-
708 A.B. TloBbiteHue 3)()eKTHBHOCTH CHCTEM OCBEIICHUS 1
obnmyuenus // Mexanuzayus u 31eKmpuguxayus ceibckoz2o
xozaticmsa. 2014. N1. C. 13-16.

13. Vasiliev A.N., Ospanov A.B., Budnikov D.K., Karma-
novD.K, Salginbayev D.B., Vasilyev A.A. Controlling reaction
of biological objects of agricultural production with the use of
electrotechnology. International Journal of Pharmacy & Tech-
nology. 2016. Vol. 8. N4. 26855-26869.

AGRICULTURAL MACHINERY AND TECHNOLOGIES « Volume 15 « N2 + 2021



- MsT  TPVIEOPbI M OBOPYJOBAHVE
N

14. Tpummn AIL, T'puman A.A., Tpumms B.A. Tlporpammuoe
o0ecreueHne perucTpaTopa napaMeTpoB pocTa pacTeHus //
Aepomexnuxa u snepeoobecneyenue. 2019. N1(22). C. 72-78.

15. Slattery R.A., Ort D.R. Carbon assimilation in crops at high
temperatures. Plant cell and environment. 2019. Vol. 42(10).
2750-2758.

INSTRUMENTS AND EQUIPMENT

16. Ma S., Osuna J.L., Verfaillie J. Photosynthetic responses
to temperature across leaf-canopy-ecosystem scales: a 15-year
study in a Californian oak-grass savanna. Photosynthesis re-
search. 2017. Vol. 132(3). 277-291.

REFERENSES

1. Kovalev V.M. Teoriya urozhaya [Theory of harvest]. Mos-
cow: 2003. 331 (In Russian).

2. Ghasemkhani H., Keyhani A., Aghbashlo M., Rafiee S., Mu-
jumdar A.S. Improving exergetic performance parameters of a
rotating-tray air dryer via a simple heat exchanger. Applied Ther-
mal Engineering. 2016. N94. 13-23 (In English).

3. Silva C.S., Seider W.D., Lior N. Exergy efficiency of plant
photosynthesis. Chemical engineering science. 2015. Vol. 130.
151-171 (In English).

4. Sventitskiy LI Printsipy energosberezheniya v APK. Est-
estvennonauchnaya metodologiya [ The principles of energy con-
servation in the agro-industrial complex. Natural science meth-
odology]. Moscow: VIESH, 2001. 192 (In Russian).

5. Sventitskiy I.I. Energosberezhenie v APK i energetiches-
kaya ekstremal'nost' samoorganizatsii [Energy saving in the
agro-industrial complex and energy extremity of self-organiza-
tion]. Moscow: VIESH. 2007. 468 (In Russian).

6. Sventitskiy LI. Estestvennonauchnaya osnova vseedinstva
znaniy. Eksergeticheskaya teoriya urozhaya [The natural sci-
ence basis for the unity of knowledge. Exergetic harvest theo-
ry]. Moscow: FGBNU VIESH. 2015. 316 (In Russian).

7.Ouyang Z., Tian J., Yan X., Shen H. Effects of different con-
centrations of dissolved oxygen or temperatures on the growth,
photosynthesis, yield and quality of lettuce. Agricultural water
management. 2020. Vol. 228. N105826 (In English).

8. Gustafson E.J., Miranda B.R., De Bruijn A.M.G. Do rising
temperatures always increase forest productivity? Interacting
effects of temperature, precipitation, cloudiness and soil texture
on tree species growth and competition. Environmental model-
ling & software. 2017. Vol. 97. 171-183 (In English).

9. Voronin P.Yu., Fedoseeva G.P. Ust'ichnyy kontrol' fotosin-
teza u otdelennykh list'ev drevesnykh i travyanistykh rasteniy
[Stomatal control of photosynthesis in detached leaves of woody

Konuiukr uHTEpecoB. ABTOpHI 3afiBJASIIOT 00 OTCYTCTBHH
KOH(MIMKTA HHTEPECOB.

Crarbs noctynuia B pegakuuio 16.03.2020
The paper was submitted
to the Editorial Office on 16.03.2020

CE/IbCKOXO3AMCTBEHHBIE MALWHbI 1 TEXHONOTMMA + Tom 15 N2 + 2021

and herbaceous plants]. Fiziologiya rasteniy. 2012. 59(2). 309-315
(In Russian).

10. Voronin PY., Rakhmankulova Z.F., Shuyskaya E.V., Maev-
skaya S.N., Nikolaeva M.K., Myasoedov N.A., Balnokin Y.V.,
Kuznetsov V.V., Maksimov A.P., Maximov T.C., Rymar V.P,,
Valdayskih V.V. New method for quantitative determination of
water potential of mesophyll cells’ apoplast in substomatal cav-
ity of the leaf. Russian journal of plant physiology. 2017. N3 (64).
452-456 (In English).

11. Graamans L., Dobbelsteen A., Meinen E. Plant factories;
crop transpiration and energy balance. Agricultural Systems.
2017. Vol. 53. 138-147 (In English).

12. Strebkov D.S., Yuferev L.Yu., Alexandrov D.V., Sokolov A V.
Povyshenie effektivnosti sistem osveshcheniya i oblucheniya
[Improving the efficiency of lighting and irradiation systems].
Mekhanizatsiya i elektrifikactsiya sel skogo khozyaystva. 2014.
1. 13-16 (In Russian).

13. Vasiliev A.N., Ospanov A.B., Budnikov D.K., Karma-
nov D.K, Salginbayev D.B., Vasilyev A.A. Controlling reaction
of biological objects of agricultural production with the use of
electrotechnology. International Journal of Pharmacy & Tech-
nology. 2016. Vol. 8. N4. 26855-26869 (In English).

14. Grishin A.P., Grishin A.A., Grishin V.A. Programmnoe
obespechenie registratora parametrov rosta rasteniya [Software
for the registrar of plant growth parameters). Agrotekhnika i en-
ergoobespechenie. 2019. 1(22). 72-78 (In Russian).

15. Slattery R.A., Ort D.R. Carbon assimilation in crops at high
temperatures. Plant cell and environment. 2019. Vol. 42(10).
2750-2758 (In English).

16. Ma S., Osuna J.L., Verfaillie J. Photosynthetic responses
to temperature across leaf-canopy-ecosystem scales: a 15-year
study in a Californian oak-grass savanna. Photosynthesis re-
search. 2017. Vol. 132(3). 277-291 (In English).

Conflict of interest. The authors declare no conflict of
interest.

Crarbs npuHaTa K nyoaukanuu 09.03.2021
The paper was accepted
for publication on 09.03.2021

AGRICULTURAL MACHINERY AND TECHNOLOGIES + Volume 15 + N2 + 2021



NMPUBOPbI U OBOPYOBAHUE INSTRUMENTS AND EQUIPMENT

YAK 631.37:629.35 ()52 DOl 10.22314/2073-7599-2021-15-2-75-80

yHI/ICbVIU,VIpOBaHHaﬂ MojAeJib pac4yeToB Npon3BoANTEJIbHOCTHU
TeXHN4YeCKux cpencTs npu peaiansaumm TpaHCNOPTHbLIX
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Pedepar. [Ipou3BoauTeIbHOCTD — OAMH U3 BaXKHBIX IKCILTYaTaLMOHHBIX II0Ka3aTeNel TpaHCIIOPTHBIX U TPAHCTIOPTHO-TEXHOJIOTH-
geckux cpeacts. [loaTBepaAmm He0OX0AMMOCTh YHH(PUIIMPOBATH PACYETHI ITOTO MOKa3aTensl Ha ()oHe OOIIMPHON HOMEHKIATYPbI
CeNbCKOX03AHCTBEHHBIX IPY30B ¥ OOJBIIOT0 KOJMYECTBa padoT 10 X nepeMernenuto. (I[ens ucciedosanus) Pazpaborars yHHBED-
caJibHbIe B3aUMOCBSI3aHHBIE ATAIIbl OMPEEICHHS HKCILUTYaTalMOHHON NPOU3BOIUTENLHOCTH TPAHCTIOPTHBIX U TPAHCIIOPTHO-TEX-
HOJMOTHYECKHX CPEICTB MPH peai3alii MEXaHH3UPOBAHHEIX paboT B pacTeHUEBOACTBE. (Mamepuanst u memodsr) Onpenenum
3HAYCHHUS IKCIUTYaTallMOHHON IPOH3BOIUTEILHOCTH MOCPEACTBOM aHAIN3a HOPMOOOPA3YIONMX (aKTOPOB M CTATHCTHIECKOH 00-
paboTku. Mcrosp30Baau CUCTEMHBI MOAXO] K OMPEEICHHIO OTICIbHBIX IEMEHTOB [IMKJIA TPAHCTIOPTHPOBKH Tpy30B. M3yunnu
K&KIIBIH 113 METOINYECKHX MOIXONO0B M IPHMEHAEMBIC MATEMATHYECKIE allapaThl IS OTIPEENCHI IPOM3BOAUTENEHOCTH TEX-
HUYECKHUX CPE/CTB PA3IUYHBIX TUIOB. (Pesynomamsl u obcyxcoenue) Ilocne MoITaNmHOrO MOJEIMPOBAHUS PeaTU3aLUU TPAHC-
TOPTHBIX U TPAHCTIOPTHO-TEXHOIOTMIECKHX MPOLECCOB TOMYIMIN YHUDHINPOBAHHYIO (POPMYITY LeeBOH QYHKIMH (KpHTEPHS
ONTUMANBHOCTH). B pe3ynbrare peanmsamuu 6onee yIoOHOTO alrOpUTMA PacueTa U Npeodpa3oBaHus MAaTEMAaTHIECKOTO almapa-
Ta BBIYMCIIHIIH 3HAYCHHUS HOPM BBIPAOOTKHM U TPAHCIIOPTHEIX CPEACTB MPH TPAHCIOPTUPOBKE MUHEPANBHBIX YIOOPEHHH K Me-
CTy uX BHeceHus. (Bui6o0et) [IpoBenu neranbHOe MaTeMaTHYECKOe ONMMCAHUE 3TAIOB PeaM3aluy TPAHCIOPTHOTO U TPAHCIOP-
THO-TEXHOJIOTHYECKOTo Tporecca. Onpeneniny QyHKIMOHAIBHbBIE 3aBUCUMOCTH MEXIY SKCITYaTallHOHHBIMU TTIapaMeTpaMu 1
TPOM3BOJICTBEHHEIME H arpoNlaHAIIaQTHEIME YCIOBISAME. Pa3zpaboTany yHHBepcaTbHBIN aNTOPHTM, IS pacdeTa 3HAYCHNUs JKC-
TUTyaTalMOHHON MPOU3BOAUTENBHOCTH TPAHCTIOPTHBIX U TPAHCIOPTHO-TEXHOJIOTUYECKUX cpeacTB. Ompenenan 3Ha4eH s Kodd-
(uImenTa, MO3BOJAIONIET0 YHH(HIPOBATH M COOCTABUTE ATOPHTM BBIYHCICHHS HOPM BEIPAOOTKH Ha TPAHCIIOPTHBIE U TPAHC-
TOPTHO-TEXHOJIOTHIECKUE PabOTHL. BEISBUIH, UTO C YBENMUCHAEM [THHE! TPAHCTIOPTHPOBKH OT 3 10 54 KHIOMETPOB TOT K0A(-
¢umuent noseimaetcs 3,8 paza. JJaHHOe BapbHUpOBaHUE O0BACHUAIN POCTOM YUCTO TPAHCTIOPTHOM (ha3bl BBITIONHEHHS MpoIiecca.
KiioueBble c10Ba: TpaHCTIOPTHO-TEXHOJIOTHUECKUN MPOLIECC, AMHIIHBIA UK padoT, POU3BOIUTENHHOCTD CENbX03TEXHUKH,
HOpMa BBIPaOOTKH, YHH(UKAIHS pacueTa SKCIUTyaTalMOHHON IPOU3BOUTENLHOCTH, MaTEMAaTHIECKas MOJIENb, ATOPUTM.

I as nutupoBanus: Boporaukosa O.C., Maiictperko H.A., Jlemun A.l. YHupuuupoBanHas MoJeb pacueToB
MPOU3BOJIUTEIBHOCTH TEXHUUECKHUX CPEJICTB NP pealin3alui TPAHCTIOPTHBIX M TPAHCIOPTHO-TEXHOJIOTHUSCKIX
onepanuii // Cenvckoxozsiicmeenuvie mawunwvt u mexuonoeuu. 2021. T. 15. N2. C. 75-80. DOI 10.22314/2073-7599-
2021-15-2-75-80.
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Abstract. Productivity is one of the important performance indicators of transport and transport-technological vehicles. The
authors confirmed the necessity to unify this indicator calculations for an extensive range of agricultural goods and extensive
works on their movement. (Research purpose) To develop universal interconnected stages of detecting the operational productivity
of transport and transport-technological vehicles when performing mechanized work in crop production. (Materials and methods)
The values of operational performance were determined based on the analysis of norm-forming factors and statistical processing.
A systematic approach was used to identifying individual elements of the cargo transportation cycle. The authors studied each
of the methodological approaches and the mathematical tools used to calculate the performance indicators of various technical
devices. (Results and discussion) After a step-by-step modeling of transport and transport-technological processes, a unified
formula of the target function (optimality criterion) was obtained. Having implemented a more convenient calculation algorithm
and having transformed the mathematical apparatus, the authors obtained the vehicle production rates for the transportation of
mineral fertilizers to the place of their application. (Conclusions) The authors implemented a detailed mathematical description
of the transport and transport-technological process stages. They identified the functional relationships between operational
parameters and production and agrolandscape conditions. A universal algorithm was developed making it possible to determine
the values of the operational performance for transport and transport-technological vehicles. The authors determined the values
of the coefficient enabling the unification and comparison of the algorithm for identifying the production rates for transport and
transport-technological work. It was found out that with an increase in the length of transportation from 3 to 54 kilometers, this
coefficient increases 3.8 times. This variation was explained by an increase in the purely transport phase of the process.

Keywords: transport and technological process, unit cycle of work, agricultural machinery productivity, production
rate, unification of operational productivity calculation, mathematical model, algorithm.

1For citation: Vorotnikova O.S., Maystrenko N.A., Levshin A.G. Unifitsirovannaya model’ raschetov proizvoditel'nosti
tekhnicheskikh sredstv pri realizatsii transportnykh i transportno-tekhnologicheskikh operatsiy [Unified model for
calculating technical facilities productivity for transportation and transportation-technological operations].
Sel’skokhozyaystvennye mashiny i tekhnologii. 2021. Vol. 15. N2. 75-80 (In Russian). DOI 10.22314/2073-7599-2021-

15-2-75-80.

CENbCKOXO03SHCTBCHHOM IIPOM3BOICTBE MIPHU Hepe-

BO3KE I'PY30B INPUHATO BbIACIATD TPAHCIIOPTHBIC

U TPAHCIOPTHO-TEXHOJIOTHIECKUE TTPOLIECCHI C
COOTBETCTBYIOIUIMMH METOJaMU HOPMUPOBAHUS paboT.
OCoOEHHOCTE IIPOIECCOB 3aKITI0YAETCS B TOCIEIOBATEb-
HOM BBITIOJTHEHUH [IUKJIOBBIX OIlepanuii, 00ecreYynBaio-
KX IEPEBO3KY TEXHOJOTHYCCKOTO MaTepHaia K IyHKTY
Ha3HAUCHUS — HAPSMYIO WIIH C TPEABAPUTEIBHBIM C00-
poM (TIOCTeNyIOIUM pacipeielieHneM) ero Ha mose [1].

Peanm3amnus TEXHOIOTHYECKOTO IIPOIIECCa BO3ICIBI-
BaHUSI CEJIbCKOXO3IUCTBEHHBIX KYJIBTYP TPeOyeT UCTIONb-
30BaHHE COBPEMEHHEBIX, IEPCIIEKTHBHBIX TEXHUIECKIX
CPEICTB MEXaHU3AINU OTJEIBHBIX ATAIIOB IPOU3BOI-
CTBEHHOTO MuKJa [2].

Ha ceronusuramii neHs HAOIIONAIOTCS MOACPHU3ALIUS
CeJIbCKOXO3sMCTBCHHBIX MAIIUH, a TAaK)ke (OPpMUPOBa-
HUE KOHIETIINHA K HOBBIM BHIaM TEXHHUKH JJIS arporpo-
MBIILICHHOT0 KOMILIEKCA CTPaHb, U, KaK CJIEACTBUE, KOH-
CTPYHPOBAHUE C MOCIETYIONNMH 3JIECMEHTaMH BEIITyCKa
B IPOU3BOACTBO [3-5].

Hapsiay ¢ 5TuM BeqyTCs HCCICAOBAHUS B 00JIACTH U3-
MEHEHHS ICTOYHUKOB SHEPTHH, CHIIOBBIX YCTAHOBOK, Ha-
IpPUMED MO0 CO3JIaHUIO TPAKTOPA C INEKTPOABUTATETIEM [6].

Jist SKCTUTYaTanny TEXHUIECKUX CPE/ICTB, IIPH pea-
JTU3aIUU MEXaHU3UPOBAHHBIX PaboT, CBI3aHHBIX C IIPO-
U3BOJICTBOM IIPOIYKI[MH PACTEHUEBOACTBA, OTBEUAIONICH
KPUTEPUSIM ONTHUMAIBHOCTH, TPeOyeTCsl MaTeMaTnue-
CKO€ MOJICTUPOBAHUE MTPOU3BOICTBEHHBIX IIPOIIECCOB C
YYeTOM CHCTEMHOT O Ioaxoa. J{Jis1 3Toit menn HeoO6Xoau-
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MBI TOYHBIE YHCIICHHBIE 3HAUEHHS IKCIITyaTallMOHHBIX
MapaMeTPOB TPAHCIIOPTHBIX M TPAHCIIOPTHO-TEXHOJIOT H-
YEeCKHX arperaToB, I UX OIPEIEIICHHS X TPOBOMISAT JKC-
TIyaTallMOHHO-TEXHOJIOTHYECKYIO OLIEHKY, YTO HECET
JOTIOJTHUTENFHBIC BpEMEHHBIE U MaTepUATbHBIC 3aTPaTHI.

LlEnb nccnepoBAHUS — pa3paboTarh yHHUBEPCAIb-
HBIE B3aMOCBSI3aHHBIE TAITBI O PEICITICHHSI OKCILTyaTa-
LHUOHHOW Mpou3BOAUTENBHOCTH TpaHcOpTHHIX (TC) u
TpaHcopTHO-TexHonoruueckux cpeacts (TTC) mpu pe-
ann3auy MEXaHH3UPOBAHHBIX PabOT B paCTEeHHEBO/-
CTBE.

MATEPUANBI M METOAbI. MCr0aBb30BaId CUCTEMHBIH
MOAXO0J] K METOIMKe onTuMu3aiuiu [7-9]. B coorseTcTBrM
C IPUHITUTIOM YHU(PUKAIIMH PACYSTOB MTyTEM HCKITIOYEC-
HUSI IEPEBOIHBIX KOA((HUIIHEHTOB pa3HbIX pa3MepHO-
cTel BBIpaXXeHUS JJIs ONpeIeIeHUs] POU3BOIUTEIbHO-
CTH DHEPTETHYECKIX CPEIICTB YMECTHO IPEICTABUTE B
BUJIE:

Wic=Q-Vr-1/Ly;
Wrre=Q-Vr-t-p/Lr,

rne Wrc — MIpON3BOMUTENBHOCTD TPAHCIIOPTHOTO CPe-
CTBa, T/4;

W1tc — IPOU3BOMUTETBHOCTD TPAHCTIOPTHO-TEXHOJIO-
THYECKOT0 CPeJICTBa, T/4;

O —Trpy30BMECTUMOCTD, T;

V- — CKOpOCTB IBMXKEHHS TI0 IOPOTe C TPY30M, KM/4;

7—K03()(HPUITUEHT UCIIOIB30BaHUS pabouero BpeMeH!
CMEHBI;
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L — paccrostHEE TPaHCIIOPTHPOBKH I'Py3a HIIN TEX-
HOJIOTMUECKOT0 MaTepuaa, KM;

1 — KO3 PUITUEHT, TIO3BOJISIOMUNA CKOPPEKTHPOBATH
«YHUCTYIO TPAHCIIOPTHYIO» IIPOU3BOJUTENBHOCTD C yUe-
TOM JOTOIHHUTEIBHOH (ha3bl paboTHl — «IUCTOH PaOOTEI

Ha I10JIE»:
1

U= 1+§V7-a) ,
LU
rae ¢y — OTHOIICHUE CKOPOCTEH IBUIKCHUS C TPY30M U
0e3 rpysa;

 — 0000maronnii TEXHOJIOTMYECKUIA ITOKAa3aTeNb,
KI/M;

U — 103a BHECEHHS YI00peHH i, KI/M’.

BzanMocBsI36 IPOM3BOIUTENEHOCTH TPAHCIIOPTHO-TEX-
HOJIOTYECKOT0 MPOLECcca C YHCTO TPAHCIIOPTHEIM, BbI-
pakeHHas yepe3 KOPPeKTUPYIOMUH k03¢ uiineHT, Bol-
TISTAT CIETYIOIUM 00pa3oM:

Wire = Wre- .

[Ipu oTcyTCcTBUM NONEBOH (ha3bl B paboTe TPAHCIOPT-
HO-TEXHOJOrnueckoro cpeactsa u= 1. CienoBaTenbHO,
TEXHOJOTMYECKOE CPEACTBO BBIMOIHSIECT (YHKIIHOHAIT
TOJIBKO TPAHCIIOPTHOTO CPEACTBA, YTO AT OCHOBY JJIS
onpeneiacHus YHHPUIIMPOBAHHOHN (JIJIsI TAHHBIX BHJIOB
9HEPreTUYECKUX CPEACTB) (HOPMYIIBL:

B xoye nzyueHus onTUMHU3AIUY BHITIOTHEHHUS MeXa-
HU3UPOBAHHBIX pabOT B Ka4eCTBE KPUTEPHS OOBITHO BEI-
OuparT 0000IIEHHBIH MapaMeTp — MOIIIHOCTh ABUTATe-
st sHEepreTudeckoro cpeactna [7-9]. Ilpu atom ompene-
JIAIOT ONTHUMAaJIbHbIE 3HAYEHHS 3TOr0 oKa3aTess, KOTo-
pbl€ COOTBETCTBYIOT KOHKPETHBIM COYETAHUIM IIPOU3-
BOJICTBCHHBIX H arpojaHAmadTHEIX yeIoBui. OmTHAKO
TPaHCHOPTHBIHM U TPAHCIOPTHO-TEXHOJIOIMYECKUH IIPO-
mecc Bceraa o0ycIoBJIeH codyeTaHueM Benudaud O u Vr,
OT KOTOPBIX 3aBHCUT SHEPreTHIecKasi XapaKTePUCTHKA
TPaHCIOPTa, @ UMEHHO MOIIIHOCTb CUJIOBOM YCTaHOBKH.
ATNpUOpH 3TU BETUYUHBI BIUAIOT Ha 3Talbl IPOEKTUPO-
BaHUS TPAHCIIOPTHBIX CPEACTB. B TO e BpeMsi COBOKYTI-
HOE COYeTaHWEe IPOU3BOACTBEHHBIX U arpojanamadr-
HBIX YCJIOBUM UM€ET LIUPOKUI CIIEKTP, IOITOMY ONTH-
ManbHBIX TC 1 TTC B pa3nu9IHBIX yCIOBUSIX HE CYIIIe-
ctyer [10, 11].

Jns onpeneneHns onTUMalbHON MOIITHOCTH U TIapa-
METPOB MOOIIIBHOTO SHEPTETHIECKOTO CPEICTBA HEOO-
XOJIMMO YCTAHOBUTH XapaKTep BIUSIHUS BeTUIHH Q U VT
[Iprdem HEBO3MOXKHO ONPENETUTh BIUSHAE KaXKI0U U3
HUX, TaK KaK OHH B3aUMOCBSA3aHbI KaK 3JIEMEHTBI MOIII-
HOCTHOTO 6anmaHca. MBI mpensaraeM BEIPa3uTh UX MPO-
u3BeneHue u3 0anaHca MOIIHOCTH, C yY€TOM JIBHXKEHUS
ABTOMOOWIIS MITH TPaKTOpa IO JOPOre B BUJIE:

V. = N-&y
el g/ (1+6,46,+3,) [(nn, )

@
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rae N — MOIIHOCTh ABUTATEISI SHEPTETHIECKOTO Cpe-
cTBa, KBT;

&x — k03D pHIMEHT MCTTOIB30BaHUST MOIITHOCTH;

g — yCKOpeHHe cBOGOHOTO TaIeHusl, M/c’;

f— ko3¢ urneHT conpoTUBICHHS NEPEMEIICHHUIO (B
TOM YHCJIC HA MIOIBEM);

Oc, On, Oq— OTHOILICHUE MACChI, COOTBETCTBEHHO, SHEP-
roMamuHsl M., npuiena M, u rpy3a B JONOJIHATEIBHOM
npuuene ¢, K HOMMHAIBHON TPy30BMECTUMOCTH Q OC-
HOBHOI eMKOCTH (Ky30Ba);

7y ¥ 1],— KO (QUITHEHTEI, y YU THIBAIOIIIE IIOTEPU MOIII-
HOCTH B TPAHCMHUCCHUH U Ha OYKCOBaHUE KoJec.

B ypaBuenue (2) mb1 BHecni u3MeHeHus. Tak kak TTC
HE arperaTupyoT ¢ IOMOJIHUTEIBHBIMU TPULICTIAMH, TO
IIPH pacyeTe MPHHSIIH:

0,=0;,=0.

Oto orHOCcuTCA U K TC ¢ ycTaHOBIEHHBIM Ha IIaCCH
aBTOMOOWIISI Ky30BOM WJTH K TPaKTOPHOMY TOJYIIPHIIC-
Iy IIPU pean3alui BHY TPU- U MEXKXO03HCTBEHHBIX I'PY-
30TIIEPEBO30K, KOT/Ia TPAKTOPHBIN U aBTOMOOUIIBHBIN
TpaHCIOPT POPMUPYIOT C HECKOIBKUMU puLienamu [12].

3HameHartenb B popmyie (2) XxapakTepu3yeT yIaeib-
HbIE, HA eIUHUILY I'PYy30IIepEMELICHH, SHepro3aTpaThl.
,Z[J'ISI OJHOTUITHBIX CPEACTB pa3H0171 MOLIHOCTHU MOy YUM:

PN:g'f(1+5e+5n+5q)/’7m’7]o'§N’ (3)

r7ie Py — yAenbHbIE Ha EAMHUILY TPYy30TepeMeIIeHn i dHep-
ro3aTpatsl, H/Kr.

Cyuerom (2) u (3) bopmyia (1) mpeobpa3oBaHa B BHIIE:

w=NH

Py-Lr

3T0 BEIpa’KCHHE IO3BOJISIET OTIPEIEIUTH TPON3BOIU-
TEIBbHOCTh KaK TPAHCIIOPTHBIX, TAK U TPAHCIIOPTHO-TEX-
HOJIOTHYECKUX arperaros.

PE3YNbTATEI M OBECYXXAEHME. [IpousiocTpupyemM
PACUCTHBIC 3TAllbl ONIPEACIICHU A YUCIICHHBIX TOKa3aTe-
JIeH 3KCIUTYaTallHOHHOM NPOU3BOAUTENBLHOCTH IO YHU-
¢unuposannomy anroputMmy ais TC u TTC npu peanu-
3aIlM MEXaHU3HPOBAaHHBIX pa0OT, CBA3aHHBIX C TPAHC-
MIOPTUPOBKOH CENbCKOX035ICTBEHHBIX IT'PY30B, TEXHOJIO-
THYECKOr0 MaTepraa, a Takxke Ha COOMpaTeNbHBIX U pac-
MPEIeTUTENBHEIX MPOLeccax (PUCYHOK).

st peanuzanuu NpeaIoKeHHOT0 alIrOPUTMa pacde-
Ta SKCIITyaTaIlIOHHOM TPON3BOIUTEIEHOCTH HEOOXOTH-
MBI UCXOIHBIE JaHHbIC, XapaKTEePU3YIOIIUE TPOU3BO/I-
cTBeHHBIH mporecc. C 3TOM IEeNbI0 MBI 00PaTHIIHCH K TTPH-
Mepy TOBapOIPOU3BOAUTENEH CENbCKOX03SIIICTBEHHON
npoayKINU arpo3oHsl 1.1 LlenTpanbHoro genepaabHo-
ro okpyra [13]. U3yunnu ucronb3yemMbie CpeacTBa Mexa-
HU3allMU BHECEHHSI MUHEPAIBbHBIX yI00peHuii mpu L =9 km
u U=0,06 kr/m.

YKka3zaHHBIE aCIIEKThl MaTEMaTUUYECKOH MOJIEH TIO-
3BOJISIOT ONPEACTHUTH (POPMYITY SKCILUTYaTAaI[HOHHON IIPO-
M3BOIUTEIBHOCTH B (DYHKIIUHU XapaKTEPUCTHK BHEIITHIX
yCJ'IOBI/Iﬁ BBITIOJIHEHU A ITpOo1ecca U MOIIHOCTU TEXHUYC-
ckoro cpeactsa. C ydeToM morpaBoyHOro ko3 duiuenra
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menvHocmell

Fig. The unified algorithm for measuring performance indicators

Ko Ha MECTHBIE YCIOBHS IOy IHM:
M( h_dN) Keop,
By Ly
rne Koy — TOMPaBOYHBIH KO3 HUINCHT;

h — K03 PUITHEHT, XapaKTepU3YIOIINI TIOTepH Bpe-
MEHU CMEHBI, 3aBUCALINN OT MOILIHOCTH JBUTATEIIS;

d — ko3 UIHEHT, XapaKTepU3yIOIINH TIOTepH Bpe-
MCHH CMEHBI, HE 3aBUCSIINI OT MOIIIHOCTH JIBUTATEIS.

Crnenyer OTMETHTH IEPCIEKTUBHOCTH JAHHOW METO-
IuKH. Vconb3ys popMyITy IpOU3BOAUTEIHLHOCTH B Ka-
YyecTBe LIeJIeBO PyHKINH (KpuTepus: W—max), METOIOM
UG hepeHITNPOBaHIS MOXXHO BEIBECTH BBIpaKEHUE IS
omnpeeneHus ONITUMAIBHON MOITHOCTH Ny.

B pesynbrare peanuzanuu 6osee y1o0HOT0 alropuT-
Ma pacdera u mpeoOpa30BaHUsI MATEMAaTHIECKOTO allla-
paTta HOoNy4YHIN 3HAaUCHUSI HOPM BBIPAOOTKH JIJISl TPAHC-
MOPTHBIX CPEACTB IIPHU TPAHCTIOPTUPOBKE MHHEPAIBHBIX
ynoOpeHuit K MECTY UX BHECCHHUSL.

Asmomobuns ¥Ypan-432065 ¢ camocsanvHou ycmanogs-
xoti. KoadunueHt ucrnoap30BaHms BpeMEHU CMEHEL:

t=h—dN,

7=0,63 - 0,0028 . 140 = 0,24.

C y4eToM 3Ha4eHUs 7 PAaCCUUTHIBAEM 3KCILITyaTalU-
OHHYIO IIPOU3BOAUTEIHHOCTE:

W=(3,6-140-1.0,24.0,9)/(1,21 - 9)=9,1 1/1.

Tpaxmop MT3-82.1 ¢ npuyenom 2[ITC-6. Koapdpu-
[UCHT KCIIOJIb30BAHMS BPEMEHU CMCHBI:

7=0,54-0,0029 . 57 =0,37.

DKcITyaTalMoOHHAas TPOU3BOIUTENBHOCTD PaBHA!

W=@3,6-57-1.0,370,9)/(1,21 - 9)=6,3 T/u.

OHpC]leJ'H/IM OKCIINTyaTallMOHHY IO ITPOU3BOAUTEIIb-
HOCTB JIA TPAHCIIOPTHO-TCXHOJIOTUYCCKUX CPEACTB IIPU
BHECCHUU MHUHCPAJIbHBIX y'I[O6peHI/II71 o HpﬂMOTO‘IHOﬁ

W=

INSTRUMENTS AND EQUIPMENT

TEXHOJIOTHH.

Asmomobuns Ypan-432065 ¢ pazbpacvieamenem
Amazone. KoappuueHT Cnonb30BaHUsI BPEMEHH CO-
CTaBJISICT:

7=0,71-0,0014 - 140 =0,52.

C yd4eToM moay4eHHOr0 3HAYCHUS ONPEIEITHM dKC-
MJIyaTalHOHHYO TPOU3BOIUTEIBHOCTD!

W=(3,6-140.0,256 - 0,52 0,9)/(1,27 - 9) = 5,5 1/u.

Tpaxmop MT3-82.1 ¢ pazbpacvieamenem PYM-6. Bbi-
9HCITUM KO3 PUIUESHT UCTIONB30BaHUS BPEMEHH CMEHBL:
7=10,62-0,0022 . 57 = 0,49,
a 3aTeM JKCILUTYaTallHOHHY IO IIPOU3BOAUTEIFHOCTE!

W=(3,6.57.0418 0,49 0,9)/(1,33 - 9) = 3,9 T/u.

JIJ1s1 HOBBIX MJIM IPOEKTUPYEMBIX CPENCTB, IPU OT-
CYTCTBHUH UX 9KCILTyaTallHOHHO-TEX HOJIOTMUECKOI OlIeH-
KH, HOPMY BEIPa0OTKH MOXKHO C JOCTaTOYHOM TOCTOBEP-
HOCTBIO OTIPEAEISATh METOAaMHU IKCTPa- M HHTEPIIOJISIIIHH
WJTH aIIIIPOKCHMAITHIH 110 HX PACIETHOM TPOU3BOTUTEIb-
HocTH [14].

JlocTaTouHyI0 JOCTOBEPHOCTH MOATBEPKAAET COMO-
CTaBJICHUE PAaCUETHBIX 3HAYCHU I IKCIIITyaTal[HOHHBIX T10-
KazareJiei co CIpaBOYHBIMU JAHHBIMH (HOPMATHUBHBIMH
MaTepHajaM{ MalTHHHO-TEXHOJOTHUECKIX CTaHIUH,
MPOTOKOJIAMH UCTIBITAHN I MAallIMHOUCTIBITATEIbHBIX CTaH-
nuif). Hampumep, coriiacHo HOpMaTHBaM, IPH BHITIOTHE-
HUU TPAKTOPHO-TPAHCIIOPTHBIX pabOT, a UMEHHO I0CTAaB-
KU MUHEpaIbHBIX ynobpenuii (I kitacc rpy3oB) kK XpaHH-
JIMILAM, SKCILUTyaTallMOHHAs MPOU3BOIUTENBHOCTH CO-
cTaBiseT 5,84 1/4, a OTy4eHHOE TEOPETHIECKOE 3HAUE-
HUE paBHO 6,3 1/4. Pacxoxnenue 4,2% npuemieMo s
UHXEHEPHBIX pacueTos [15-18].

BuiBoaebl. [IpoBesu AeTalibHOE MATEMATHYECKOE OIIH-
CaHHUeE 3TAIOB pealn3aluy TPAHCIOPTHOTO U TPAHCIIOP-
THO-TEXHOJIOTHYECKOTro npouecca. Onpenenmnn GyHK-
[UOHAJIEHBIE 3aBHCUMOCTH MEXIY IKCILTYaTaIlHOHHBI-
MH [apaMeTpaMHy U TPOU3BOJCTBEHHBIMU U arpoiaH/-
ma THEIMH ycloBUsAMH. Pa3paboTann yHUBEpCcaTbHBIN
AIITOPUTM, JJI51 pacuyeTa 3Ha4YeHU s SKCILTyaTallMOHHOM
IPOU3BOAUTEIBHOCTH TPAHCIIOPTHBIX M TPAHCTIOPTHO-TEX-
HOJIOTHYECKUX cpeacTB. Onpeneniui 3Ha9eHHS KOd (-
¢unreHTa, MO3BOJAIOIIET0 YHH(PUIIMPOBATH U COMOCTA-
BUTH JITOPUTM BEIYUCIICHUSI HOPM BEIPaOOTKH HA TPaHC-
MOPTHBIE ¥ TPAHCIIOPTHO-TEXHOJIOrH4Yeckre padoTel. C
YBEJIUYEHNUEM JJINHBI TPAHCTIOPTUPOBKHU OT 3 KM 10 54
KM 3TOT K03 duIiueHT nossimaercs 3,8 pasa. JlanHoe
BapbUPOBAHKE OOBIACHSIECTCSI POCTOM YHCTO TPAHCIIOPT-
HOH (pa3bl BEIIOTHEHUS ITpoLecca.
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TPEBOBAHUA K ODOPMNEHMNIO CTATEN

Kypnan «CenbcKoX0o3sHCTBEHHBIC MAITMHBI X TEXHOJIIOTUHY BXO-
1ut B [lepedens n3nanuii, pekomeHnoBaHHBIX BAK PD mis
IYOIMKAIMH TPYIOB COUCKATEIICH YICHBIX CTEIICHEH KaH i/ Ia-

Ta U JJOKTOpA HayK.

XKypHnan BKiII0OueH B cucteMy Poccuiickoro HHAEKCa IUTHPOBA-
Hust 1 B MexIyHapoaHy 0 MH()OPMALMOHHYIO CHCTEMY 110 Cellb-
CKOMY X03sICTBY A GRIS. DneKTpOHHBIE BEPCHH Ky pHAIa pas-
MeIaTcs Ha caiite Poccuiickoll yHUBEpCaIbHOM HayuHOH

9JIEKTPOHHON OUOIHOTEKH.

CratbH, HalpaBIseMbIe B XKy pHAII 115 yOIMKaIuK, TOJDKHBI CO-
OTBETCTBOBATH OCHOBHOM TEMATHKE JKypHAa.

CrarbH, OCTYNHBIINE B PEIAKIHIO0, IPOXOAAT IBOWHOE CIIETI0e
penensupoBanue. OTpULaTeNbHAs PELEH3US ABISETCS OCHO-

BaHHUECM JJI OTKasa B HyGHHKaHHI/I.

Penaxnus mpUHIMAET pyKOIMCH U SNIEKTPOHHBIE BEPCHH CTATEH,
Habpannsie B Word mpudrom 14 nit. yepes 1,5 uarepaina, 00b-
emoM 15-20 ctpanuu.

[IpuBeneHHbIE B CTaThe HOPMYIIBI AOIKHBI IMETh MOSCHEHUS 1
pacmudpoBKy BCEX BXOASIINX B HUX BEIHUMH C YKa3aHHEM
emuuui n3meperns B CH. ['paduueckue MaTepuaibl 0KHEL
OBITH MIPIJIOXKEHBI B BU/IE OTAENBHBIX (hailyioB: oTorpadum —
Jjpg winn tif ¢ paspemenuem 300 dpi, rpadhuku, AHarpaMMbl — B
eps win ai. Bee rpaduueckne MaTepuaisl, pUCyHKU U (oTo-
rpaduu JOJOKHBI ObITh IIPOHYMEPOBAHBI, IIOAMMCAHbI H IMETh
CCBUIKY B TEKCTE.

[IpocThie BHYTPUCTPOUHBIE U OAHOCTPOUYHBIE (hOPMYIIBI TOIHK-
HbI OBITH HAOpaHBI CHMBOJIaMH B penakrope hopmyin Microsoft
Word 6e3 ucrionb30BaHus CIEIMATbHBIX peaakTopoB. He mo-
ImyckaeTcst Habop: 9acTh (hOpMyYIIbl CHMBOJIAMH, & YacTh B pe-
naktope ¢opmyit. Eciu ¢opmysibl 3aMMCTBOBaHBI U3 PYTUX
HCTOYHHKOB, TO HE CIELYeT IPUBOAUTD B HUX HOAPOOHBIX BBI-
BOJIOB: aBTOPBI QOPMYJI 3TO YIKe CJIENAIIH, HOBTOPATH UX HE CIIe-
ayet. Ccbuikn Ha 0003HaueHUs hopMyit 00s3aTenbHbl. Crarbs
JIOJDKHA coneprkath He 6onee 10 Gpopmyi, 3-4 nintocTpariuy,
3-4 Tabmunpl, pasmep Tabaui He Oonee 1/2 crpaHUIbL.

B Kax10# CTaThe IOJKHBI OBITh YKA3aHBI CIEAYIONINE JAHHBIC:
- Ha38aHUe CMambil;

- hamunus, ums u omuecmeo aemopa(08) NOTHOCMbBIO,

- e-mail asmopa(08), KoHmaxmmwli menepou;

- Mecmo pabomvl asmopa(0e) (ab6pesuamypsl He ONYCKAMCs),

noumosulii aopec;,
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- YUeHas cmeneHy, yyeHoe 36anue agmopa(os);
- pechepam (ob6vem 200-250 cnos);
- KJI04egble CL08A;

- bubnuozpaghuueckuti Cnucox.

CTaThio ClIeIyeT CTPYKTYPUPOBATH, 0053aTENBHO YKa3aB Cle/y-
IOIHE Pa3/IeNbl:

- Beeoenue (akmyanvHocmy);

- [Jens uccnedosanusi;

- Mamepuanvl u memoowl;

- Pesynbmamot u obcyscoenue;

- Buisoowl.

bubmorpaduyaeckuii ciucok (He MeHee 20 HCTOYHUKOB U3 HUX
3-4 “HOCTpaHHBIX, BXOAAIINX B 0a3y maHHBIX Web of Science,
3a mociennue 5 ner) caexayer odpopmiate mo FOCT P 7.05-
2008.

Pedepar

Pecdepar — 310 camocToATEIbHBINA 3aKOHYCHHBIN MaTepral. Beox-
Hasl 9YacTh MUHUMasbHA. Hy»KHO KOPOTKO M €MKO OTPasHTh aK-
TYaJbHOCTb U LIeJIb UCCIICAOBAHMIL, YCIOBHS U CXEMBI 9KCIIe-
PHYMEHTOB, TIPUBECTH MOIYUYCHHBIE PE3YIIBTATHI (C 0053aTeb-
HBIM apIyMEHTHPOBAHHEM Ha OCHOBAHUH LU (POBOTO MaTepH-
ana), chopMyIIHPOBATh BHIBOABI.

Ob6vem pegpepama — 200-250 cros.

Henb3s ucnonn3oBats B pedepare abOpeBHaTyphl U CIIOKHbIE
9JIEMEHTHI (POPMATHPOBaHMS (HAIPUMED, BEPXHHE U HIKHUE

HHJICKCHI).

Ha anruiickuii s3bIK CleAyeT NepeBeCTH:

- HA36aHUe cmambol;

- pamunuro, uMs, OMYecmso (NOIHOCMbIO);

- yueHas cmeneHsb, yueHoe 36anue, Mecmo pabomul asmopa (08);
- pehepam u Knouegvie ci08a;

- bubnuozpaghuueckuti cnucox.

MamHHbIN NepeBoA HeOMyCTHM !

Pykonuch crarey HoKHA OBITH MTOAIMCAHA JIMYHO aBTOPaMH.
ABTOp HECeT IOPUINIECKYI0 U HHYIO OTBETCTBEHHOCTb 3a CO-

JACPIKAHUEC CTATbU.

HecooTtBeTcTBHE CTaTHH XOTS OBI OJHOMY U3 NICPCUUCTICHHBIX yC-

JIOBHIA MOYKET CIIY’>KAUTh OCHOBAaHUEM UL OTKa3a B Hy6JII/IKaHI/II/I.
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