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TeopeTuyeckoe uccnegoBaHue B3anMopacrnofioXXeHus paboymx opraHos
KOMGUHMPOBaAHHOrO arperara

Ilynat AliT0aeBuY YTeHUA30B, HAyIHBI COTPYIHUK,
e-mail: paytbaev@list.ru

Hayuno-nccnemoBaTeIbCKUi HHCTUTYT MEXaHU3AIUHN U 3JIEKTPUGUKAITIH CETLCKOT0 X03icTBa, /0 ['ynnoa-
xop-1, SAurutonbckuit paion, TamkeHTckas obmactp, Pecriybnnka Y30ekucran

Pedepar. [Toxasanu, uto opraHuyeckue yIoOpeHus, B OTIMYNE OT MUHEPAIBHBIX, CIIOCOOHBI IaBATh MPUOABKY ypoKas
B TEUCHUE HECKOJIBKUX JIET, OHM HEe HAHOCAT BPEa OKPYXKAIOIIEH Cpelie U He 3arpsA3HAIOT MPOIYKIUIO0 0aXUeBBIX KYIbTYP
HUTpaTaMy. Y TOUYHWJIH, YTO MX BHECEHHE — OJIMH U3 3(Q(PEKTUBHBIX METOJIOB COXPAHEHHS TyMyca U TIOBBIIIEHHS IIIOI0PO-
IUS TIOUBBI, & 3HAUUT TOTy4YeHHUsI O0JIee MOTHOBECHBIX YPOXKAEeB 0aXUeBbIX KYAbTYD C BBICOKUMHU MOKA3aTENsIMH KAYecTBa.
Pazpaborany KOMOMHUPOBAHHBIN arperat Ui IOKAIBHOTO BHECEHUS OPTaHMIECKHUX YI0OpEeHUH Mo OaxueBble KYIbTY-
pol. (Lenw uccredosarnus) TeopeTnueck 000CHOBATH B3aUMOPACIIONOKEHUE pabOUMX OpraHOB KOMOMHUPOBAHHOTO arpe-
raTa Jyis JJOKaIbHOTO BHECEHUs OPTraHW4ecKux ynoopeHuid. (Mamepuanst u memoowt) 11poBenn TeopeTHueckne 1ecieao-
BAHMUS C MCTIOJIb30BAHUEM METOJIOB AaHATUTHYECKOW TeOMETPHIHI U TeOpeTHIecKoi MexaHnku. Onmcanu cxemy paboThI HO-
Boro arperata. (Pesyrvmami u 00cyscoenue) ILoMydam 3aBECUMOCTH IS OIPEICTICHHUS TTOTIEPEUHBIX PACCTOSHIN MEXITY
00p0o310pe3aMu, OCYIECTBIAIONINMEI HAPe3Ky OOPO31T I BHECEHHS] OPTaHUYECKUX YIOOpEHUH U I MONNBA, a TaKKe
HPOAOIBHBIX PACCTOSHUI OT BEAYIIMX 3aHUX KOJIEC TPAKTOPA 0 60PO3I0PE30B, OCYIIECTBISIONIMX HAPE3KY 60PO3 . s
3a/IENKM OPTAHMYECKUX yAO0OpEHHH, 0T OOPO3I0PE30B [UIS MX BHECEHHS [0 pa30OpachIBaTeNs yI0OpeHHi 1 oT pa3dpachl-
BaTens ynoOpeHuit 1o 60opo3nopesa s Hape3KH MONTUBHOM 60po3/ibl. Paccuntany onTuManbHble 3HAUEHUs STHX Mapame-
TPOB. (Bbi600bi) Y CTAHOBUIIH, UTO TIOTIEPEUHOE PACCTOSHHE MEXTY pA0OOUNMHU OpraHAMH, OCYIIECTBIISIOUMHI Hape3Ky 00-
O3 LTS BHECEHHS OPTaHUYECKHX yI0O0peHHi, TOIKHO cocTaBniTh 0,9-1,3 M, a Mexx1y pabounMu OpraHaMH i Hape3Ku
HOJIMBHOM 60PO3/IBI 1 00PO3/IBI TS BHECEHUS OpraHuueckux ynoopenuii — 0,45-0,65 M. Onpenenuny onTuMaabHbIe 3HAUE-
HHUS TIPOJOIBHOTO PACCTOSIHUS: OT BEAYIINX 33 JHAX KOJIEC TPAKTOpa I0 PabOYNX OpPraHOB HAPE3KU OOPO3 TS BHECEHHS
ynobpenuit — He meHee 0,21 M; 0T Hocka paboUUX OPraHoB J0 pa3dpackiBaTess ynoOpeHuil — He MeHee 1,5 M; OT LieHTpa
pa30pachIBaTENs 0 HOCKA paboyero opraHa ajst Hape3Ku MOJMBHON 00po3/ibl — He MeHee 0,74 M.

Karouesbie ci10Ba: ToKambHOE BHECEHHE OPTAaHMIECKHX Y00 peHNH, KOMOMHUPOBAHHBIH arperar, pacroiokeHne pabounx
OpTaHoB, Hape3Ka OOPO3 1S BHECEHNUS YIOOPEHNUIT 1 TOJIHBA.

I Inst uuTupoBanus: Yrenussos [1.A. TeopeTuyeckoe uccieqoBaHue B3anMOPACIIONOKEHUs pabounx opra-
HOB KOMOMHHUpOBaHHOTO arperarta // Ceabckoxosaticmeennsle mawunsl u mexroaozuu. 2018. T. 12. N6. C. 4-8.
DOI 10.22314/2073-7599-2018-12-6-4-8

Theoretical Study of Working Tool Placement in the Combined Unit

Pulat A. Uteniyazov,
junior research engineer, e-mail: paytbaev@list.ru

Research Institute for Mechanization and Electrification of Agriculture (NIIMESH), Gulbakhor-1, Yangiyul
district, Tashkent Region, Republic of Uzbekistan

Abstract. The author proves that organic fertilizers, unlike the mineral ones, are capable of increasing yields over several
years; they do not harm the environment and do not pollute the melon crop fields with nitrates. It has been clarified that
their introduction is one of the most effective methods of humus conservation and soil fertility enhancement, which means
obtaining fuller yields of high-quality melons and gourds. The NIIMESH researchers have developed a combined unit
for local application of organic fertilizers for melons and gourds. (Research purpose) Conducting theoretical studies on
the substantiation of the configuration of the working tools of a combined unit for local application of organic fertilizers.
(Materials and methods) The author has conducted theoretical studies using methods of analytical geometry and theoretical
mechanics. (Results and discussion) Analytical dependences have been obtained to determine transverse distances between
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furrow shapers used for applying organic fertilizers and making an irrigation groove, as well as longitudinal distances
between the tractor's rear wheels and the furrow shapers applying organic fertilizers, between the furrow shapers and the
fertilizer spreader, and between the fertilizer spreader and the furrow shaper making an irrigation furrow. (Conclusions) It
has been determined that transverse distance between the working tools that make furrows for applying organic fertilizers
should range between 0.9 and 1.3 metre, transverse distance between the working tools making an irrigation furrow and a
furrow for the application of organic fertilizers is 0.45-0.65 metre. The optimal values of longitudinal distances have been
found as well: between the tractor's rear wheels and the working tools making furrows for applying fertilizers — no less than
0.21 metre, between the tip of working tools and the fertilizer spreader — no less than 1.5 metre, and between the fertilizer
spreader center and the tip of working tools making an irrigation furrow — at least 0.74 metre.

Keywords: local application of organic fertilizers, combined unit, configuration of working tools, furrow shaping for
fertilizer application and irrigation.

I For citation: Uteniyazov P.A. Teoreticheskoye issledovaniye vzaimoraspolozheniya rabochikh organov
kombinirovannogo agregata [Theoretical study of working tool placement in the combined unit]. Sel'skokhozyaystvennye

mashiny i tekhnologii. 2018. N12(6). 4-8. DOI 10.22314/2073-7599-2018-12-6-4-8 (In Russian).

of melon cultivation is to increase the yield of

melons and gourds by improving the agricultural
technology of soil cultivating, developing new varieties,
as well as improving soil fertility. Organic fertilizers,
as contrasted to mineral fertilizers, are capable of
giving a yield increase over several years; they do not
harm the environment and do not pollute melon fields
with nitrates [1, 2].

The application of organic fertilizers in a semi-fusty
and rotted form is one of the most effective methods
of preserving humus and increasing soil fertility, and,
therefore, obtaining more comprehensive yields of
high-quality melons and gourds.

Local application of organic fertilizers prevents the
disadvantages typical for the spreading method.

Basing on the above-mentioned facts, our institute
has developed a combined unit for local application
of organic fertilizers for melons and gourds [3-5].

THE RESEARCH PURPOSE is to theoretically determine
the configuration of working tools of a combined unit
for local application of organic fertilizers.

MaTeRIALS AND METHODS. The unit for local application
of organic fertilizers includes frame /, hopper 2 mounted
on it with a seed sowing unit in the form of paddle
drums, support-driving wheels 3, working tools 4 that
make furrows for applying fertilizers, working tool 5
making irrigation furrows and fertilizer spreaders 6
(Fig. 1).

In the operating process, working tools 4 open up
two furrows, into which fertilizers flow from hopper
2 through spreaders 6. Working tool 5 makes an
irrigation furrow between the furrows with introduced
fertilizers. At the same time, the soil moved asides,
encloses the fertilizers and forms ridges.

ResuLTs AND DiscussioN. The configuration of the
working tools of a combined unit is determined by the

The most effective way of increasing the output

CENIbCKOXO3AMCTBERHBIE MALIMHbI 1A TEXHONIOMM « Tom 12+ N + 2018

following parameters (Fig. 1):

B, —transverse distance between the working tools
(furrow shapers) making furrows for applying organic
fertilizers, m;

B, —transverse distance between the working tools
for making an irrigation furrow and furrows for applying
organic fertilizers, m;

[/, — longitudinal distance between the tractor’s
driving rear wheels and the working tools making
furrows for applying organic fertilizers, m;

l,—longitudinal distance between the working tools
making furrows for applying organic fertilizers and
the fertilizer spreader, m;

l; — longitudinal distance between the fertilizer
spreader and the working tools for making an irrigation
furrow, m.

Lateral distance between the working tools making
furrows for applying fertilizers can be determined with
the following formula (Fig. 2):

Bl =b +2by, (1)

where b is the distance between seed rows;

byis the distance between a seed row and the furrow
for applying fertilizers.

According to the schemes (Fig. I and 2), transverse
distance between the working tools making furrows
for applying organic fertilizer and irrigation:

B,=B,/2=0,5b +b,. ?)

Longitudinal distance between the tractor’s rear
drive wheels and the working tools making furrows
for applying fertilizers should eliminate any possibility
of soil clogging between them, because otherwise the
technological process of the unit can be disturbed and
energy costs for furrow making may increase.

To fulfill this condition, the propagation zone of
soil deformation under the influence of the working

AGRICULTURAL MACHINERY AND TECHNOLOGIES « Volume 12+ N6 + 2018
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Fig. 1. Configuration parameters of the working tools of a
combined unit

A J LT

-t o

-

Fig. 2. Determination of transverse distance between working
tools making furrows for applying fertilizers

tools should not reach the tractor’s driving rear wheel,
in other words:

la
|-1—»

=
w %

Fig. 3. Determination of longitudinal distance between the
tractor’s driving rear wheels and working tools making furrows
for introducing fertilizers

L > 1, 3)

where /, is longitudinal distance over which the soil

deformation extends (Fig. 3):
lo=h ctg y, “)
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where /£, is the operating depth of the working tools
making furrows for applying organic fertilizers;

wis the longitudinal splitting angle of the soil, which
is equal to [6-8]:

:Z_ay+¢l+¢2
2 2

where a, is the soil penetration angle of the working
tool tip;

@1, ¢, — respectively, are angles of external and
internal soil friction.

Operating depth £, of the working tools making
furrows for applying organic fertilizers can be determined
with the formula [9, 10]:

J2H.
b= c 6
N ©

where H. is the total depth of the furrow for applying
organic fertilizers.

Taking into account equations (4)-(6), expression
(3) can be presented as:

\/EHct (ay+¢l+¢2j

, ©)

[, >

T2 g 5 (7

Longitudinal distance between the working tools
making furrows for applying fertilizers and the fertilizer
spreader is determined basing on the condition that
organic fertilizers should be applied along the entire
length of the furrows to the same depth.

To fulfill this condition, fertilizers should be applied
to the bottom of the furrows after shedding lumps and
soil particles from their slopes, which means that:

L>1,+V,t+0,5dr, )

where [, is the length of the working tool making furrows;

V. is the operating speed of the unit;

tis the time spent on shedding lumps to the furrow
bottom from its slopes;

dr is the fertilizer spreader diameter.

In expression (8), the time spent on shedding lumps
to the furrow bottom from its slopes is unknown. To
determine it, we should make up a differential equation
of motion for a lump falling from the furrow slope to
its bottom (Fig. 4). It will look like this:

2
mflx—Gsing—F, )

P

where m is the lump mass;

x is the reference axis directed along the furrow
slope;

G is the lump weight;

¢ 1s the inclination angle of the furrow slope to the
horizon (the angle of natural shedding of the soil);

Fis friction force.

Taking into account that G = mg (where g is the
acceleration of gravity) and F = f,Gcose = fomgcose
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X~

Fig. 4. Movement of soil lumps along the furrow slope

(where f; is the coefficient of internal friction of the
soil), expression (9) can be represented as follows:
d’X

o = g(sine— f,cos¢€). (10)

Performing double integration of this equation
taking into account the initial conditions
(at £ =0 (dX/dt =0 and x = 0), we get:

2

X :%(sing—f2 cos€). (11)

This equation for a lump crumbling from the very
top of the furrow slope has the following form:
H

.
— :g—(smg—f2 COS€).
sine 2

(12)

Solving it with respect to ¢, we determine the time
spent on lump shedding to the furrow bottom:

. 2H, .
g(sine— f, cosg)sine (13

Given this expression, equation (8) takes the form:

2H
L>1+V, - € -
g(sineg— f, cosg)sineg

+0,5d,. (14
Longitudinal distance between the fertilizer spreader

and the working tool making an irrigation furrow is

determined on the basis of the following condition:

2H
l3>Va y+ \/EH tg ac+¢l+(p2 ,
g 1+42 2

where H, is the arrangement height of the fertilizer
spreader relative to the furrow bottom for applying
fertilizers;

H is the total depth of an irrigation furrow;

o. 1s the soil penetration angle of the working tool

(15)

making an irrigation furrow.

When condition (15) is fulfilled, the application of
organic fertilizers by working tools making an irrigation
furrow starts after the fertilizers are fully applied to
the furrow bottom intended for fertilizer application.
Asaresult, the fertilizers are introduced to the required
depth.

Basing on agrotechnical requirements and reference
sources, we will take [10, 11]: 5 = 0.9 m; b, = 0-0.2 m;
H.=0.3m;a,=30%¢, =30%¢p,=40%[,=0.75m; V,=
2m/s; H=0,3m; H=0,35m; g = 9.81 mc?, and also
according to expressions (1), (2), (7), (14) and (15), we
can find that transverse distance between the working
tools making furrows for applying organic fertilizers
should equal 0.9-1.3 m; transverse distance between
the working tools making an irrigation furrow and a
furrow for the application of organic fertilizers — 0.45-
0.65 m; longitudinal distance between the tractor’s
driving rear wheels and the working tools making
furrows for applying fertilizers — not less than 0.21 m;
longitudinal distance between the tip of the working
tools and the fertilizer spreader is at least 1.5 m;
longitudinal distance between the fertilizer spreader
center and the working tool tip making an irrigation
furrow — at least 0.74 m

ConcLusions. As a result of theoretical studies on
the configuration of working tools of a combined unit
for preparing fields for planting by making furrows
for fertilizer application and irrigation furrows, as well
as local fertilizer application, analytical dependences
have been obtained taking account of the performance
of a given process.

Using these dependencies, we have calculated that
transverse distance between the working tools that
make furrows for applying organic fertilizers should
range between 0.9 and 1.3 m, transverse distance
between the working tools making an irrigation furrow
and a furrow for the application of organic fertilizers
is 0.45- 0.65 m. The optimal values of longitudinal
distances have been found as well: between the tractor's
rear wheels and the working tools making furrows for
applying fertilizers — no less than 0.21 m, between the
tip of working tools and the fertilizer spreader — no
less than 1.5 m, and between the fertilizer spreader
center and the tip of working tools making an irrigation
furrow — at least 0.74 m.
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AdcheKTUBHOCTL paboThbl IHeprocoeperaroLe MMHN-3€PHOCYLLUUITKU
C KOMGUHUPOBAHHOMN CUCTEMOM TenJIOCHabXXeHus

VYmyasap Pagaunas orssi 'acanos, CeBuib AiiIbIH KBI3BI MareppaMosa,
JIUCCEPTAHT, CTAPLINM HAYUHBII COTPYIHUK; JUCCEPTAHT, CTAPUINI CIIeLNATIUCT

HayuHo-nccrnenoBarenbckuii MHCTUTYT «ArpoMexaHukay, I. ['stamxka, Pecriybnuka AzepOaitmkan

Pedepar. [IpuBesenst onicanye 1 MPUHIMI pabOTHI 3HEPTOCOEPETaIOIel MUHU-3ePHOCYIIMIKH IS CYIIKH MaJIbIX TAPTHIT 3ep-
Ha B JepPMEPCKUX XO3AHCTBAX C MPUMEHEHNEM KOHIYKTUBHOTO M KOHBEKTUBHOTO CIIOCOOOB CYIIKU U MPOIIECCA OXTIAKIAEHUS 3ep-
Ha, NCTIOB3YIOMEH TS CYIIKY TEIIOTY, TONYYEHHYIO OT TPaUIMOHHOTO UCTOYHIKA TEIIA, U TEIIOHOCUTENh, TOATOTOBIEH-
HBIH OCPEICTBOM COTHEYHOTO KOJUTEKTOPA WK 3aPSUKEHHOTO TEITOBOTO akKKyMynsatopa. (Leas ucciedosanus) Pazpaborats n
M3YUUTh MAIOrabapuTHYIO SHEProcOeperarolnyio 3epHOBYIO CYIIUIKY, B CHCTEME TEIIOCHAOKEHUS KOTOPO HAPSTY C UCIOMb-
30BAHHEM TETUIOTHI TPATUIMOHHOTO HCTOTHUKA TIPEIyCMAaTPHBACTCS IPUMEHEHNE TEIIOHOCUTENS, HATPETOTO C TOMOIITBIO COJT-
HEYHOTO KOJUIEKTOPA W 3aPsHKEHHOTO TETIOBOTO aKKyMysTopa. (Mamepuanst u menodst) BeIONHIIM 3KCIIEPUMEHTATTbHBIE
MCCTIEIOBAHMS TIPOIIEcca CYIIKY 3epHA TIIECHUIIBI IS ONpeeeHust 3PPeKTUBHOCTH PabOTHI pa3pabOTAHHOTO YCTPOHCTBA; OC-
HOBHBIM yCIIOBHEM 3KOHOMUH SHEPTOCOEpeReH S TPUHATA MUHUMH3AINS CYMMAPHBIX Y/IETbHbIX 3aTPAT Ha HCIIAPEHHE OTHOTO
KuorpaMma Biaru. (Pesymmanvl u 06cyscoenue) [TpoBeny IBYX(PaKTOPHBIN 3KCIIEPUMEHT TI0 ONPEICICHUI0 OCHOBHBIX OTTH-
MAJTBHBIX TIAPAMETPOB, BIUSIONMX Ha TIPOIIECC CYIIKHU 3¢pHA, — CKOPOCTH IBIDKEHHS 3¢pHA B KOHAYKTUBHON KaMepe M TeMIle-
PaTypBI TPErolLei MOBEPXHOCTHU e KOKYXa HA OCHOBE IIOCTPOEHHON MAaTEMATHIECKON MOJIENH. B mepBoM BapHaHTe CyLIKy OCy-
TIECTBILUTH TOJTBKO KOHAYKTHBHBIM CIIOCOOOM C MCTIOTB30BAHNEM TEIIIOTH TPAIUIIMOHHOTO HCTOYHIKA 3HEprun. Bo BTOpoM
BApUAHTE CYIIKY TPOBEJH MOCIEI0BATEIBHBIM IPUMEHEHHEM KOHAYKTUBHOTO U KOHBEKTUBHOTO CIIOCO0OB, a TAK)KE BBITIONTHH-
JIM OXJIKIEHHUE 3ePHA C HCTIOIB30BAHIEM TEIUIOBOM JHEPI UM, MOMYIEHHON OT TPAUIMOHHOTO HCTOYHUKA, TETUIOTH COTHEYHO-
T0 U3JTYYEHHUs U TETUIOTH OTPAOOTAHHOTO TeMITOHOCUTENS. (Bbigods) BorsBiumm, uTo Hanbonee 3peKTUBHBINA BAPHAHT C TOUKU
3peHust SKOHOMHUH TETUIOBON SHEPTHH — CYIIKA 3epHA MPH MOCIE[0BATEIbHOM IIPUMEHEHIN KOHAYKTHBHOTO 1 KOHBEKTUBHOTO
CIOCO00B ¢ TIOCTEAYIONMM OXIaXKIEHIEM 3epHa. TerIocHa0KeHNe CYITMITBHON YCTAHOBKH YaCTHYHO OCYIIECTBILSITH 32 CUET
HCIIOJIb30BAHHUS TEIUIOTHI COJTHEYHOTO U3TYYEHHUS U TEILIOTHI, TIOYYEHHOM OT PEUPKYISIUH OTPAOOTAHHOTO TEIIOHOCHTEN.
B maHHOM ONMTHMANBHOM BapHAHTE 3aTPATHI TEINIOTHI HA MCIAPEHIE OHOTO KHMJIOTpaMMa BIIATH U3 3epHA MUHUMAJIBHBI U CO-
crapuu 1,53-2,50 M/Ix Ha kunmorpamm 1pu ckopoctH ABrxkeHns 3epHa B cyinwike 0,007-0,011 M B cekyHIy U Tpy TeMIiepaType
rperoieii mopepxuoctu 85-91 rpaxyc Lenbcus.

KuroueBbie ciioBa: cymka 3epHa, CyIIMIBHOE YCTPONUCTBO, TEMIOCHA0KEHIE, SHEProcOepekeH e, PErpeCCHOHHBIN aHAN3,
TEIIOBAsI FHEPTUSL.

I Jdast uurupoBanus: ['acanoB Y.P., MareppamoBa C.A. D bhekTUBHOCTD pabOTHI 3Heprocbeperaromeii Mu-
HHU-3¢pHOCYIIWIIKY ¢ KOMOMHUPOBAHHOU cucTeMoil TerutocHabxkeHust // CenbckoxX03aticmeeHHble MAUUHBL U
mexnonoeuu. T. 12. N6. C. 9-14. DOI 10.22314/2073-7599-2018-12-6-9-14.

Performance Efficiency of an Energy-Saving Mini Dryer
with a Combined Heat Supply System

Umudvar R. Gasanov, Sevil A. Magerramova,
Ph.D. seeker, senior research engineer; Ph.D. seeker, senior expert,
e-mail: aqgromexanika@mail.ru

Scientific Research Institute “Agromehanika”, Gyanja, the Azerbaijan Republic

Abstract. The paper presents the description and operating principle of energy-saving mini-grain dryers for drying small grain
batches on farms using conductive and convective drying methods and the process of grain cooling with heat obtained from
a traditional heat source and a heat carrier prepared with a solar collector or a charged heat storage. (Research purpose) To
develop and study a compact energy-saving grain dryer, with a heat supply system based on both a traditional source and a
heat transfer fluid heated by a solar collector or a charged heat storage. (Materials and methods) The authors have carried
out experimental studies of the drying process of wheat grain to determine the effectiveness of the developed unit for grain
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drying; the main condition for saving energy has been taken as the minimization of the total unit cost of the evaporation of
one kilogram of moisture. (Results and discussion) The authors have conducted a two-factor experiment to determine the
main optimal parameters affecting the grain drying process - the speed of grain movement in the conductive chamber and
the temperature of the heating surface of its casing based on the calculated mathematical model. In the first variant, the
drying process was carried out only by the conductive method using the heat from a traditional energy source. In the second
variant, the drying was carried out by successive use of conductive and convective methods, and the grain was cooled using
both thermal energy received from a traditional source and solar radiation heat along with the heat of the spent heat carrier.
(Conclusions) The study has revealed that the most effective option in terms of saving thermal energy is grain drying with the
consistent use of conductive and convective drying methods followed by grain cooling. The heat supply of the drying unit
was partially carried out by using the heat of solar radiation and the heat obtained from the spent coolant recycling. In this
optimal variant, the heat consumption for evaporation of one kilogram of moisture from the grain is minimal and amounts
to 1.53-2.50 MJ per kilogram with a grain movement speed of in the dryer of 0.007-0.011 m per second and a heating surface
temperature of 85-91 degrees Celsius.

Keywords: grain drying, drying device, heat supply, energy saving, regression analysis, thermal energy.

B For citation: Gasanov U.R., Magerramova S.A. Effektivnost' raboty energosberegayushchey mini-zernosushilki
s kombinirovannoy sistemoy teplosnabzheniya [Performance efficiency of an energy-saving mini dryer with
acombined heat supply system]. Sel'skokhozyaystvennye mashiny i tekhnologii. Vol. 12. N6. 9-14. DOI 10.22314/2073-

7599-2018-12-6-9-14 (In Russian).

and the processing industry of the Republic of
Azerbaijan face the task of not only increasing
food production, but also improving its quality indicators.

In order to avoid losses and ensure the safety of the
crops grown, farms widely apply post-harvest processing
technologies, including drying and thermal disinfection.
Drying of grain crops is a complex and rather energy-
intensive technological process, which provides not
only the preservation of quality indicators, but in some
cases their improvement. According to expert estimates,
the share of energy consumption in the cost of grain
drying is 75-80%, and the price of energy materials
accounts for 80-90% [1]. Therefore, the choice of methods
and rational modes of the process should take account
of the scientific foundations of drying, from studying
the product properties as a drying object to rational
designing of a drying unit.

Agricultural development shows that in addition to
high-performance drying devices, existing farms also
need small-sized energy-saving drying units for drying
small batches of grain that meet modern environmental
requirements and use the existing thermal potential of
the environment [2-4]. To solve this problem, studies
have been conducted, the results of which have helped
to develop contact-type plants for drying grain with a
capacity of up to 0.5 ton/hour [5-8].

THE RESEARCH PURPOSE is the development and study
of a compact energy-saving grain dryer, in the heating
system of which, along with the use of heat from a
traditional source, it is planned to use a heat carrier
preheated with a solar collector or a charged heat
accumulator.

MaTERIALS AND METHODS. When designing a compact
grain drying unit, the main criteria were the minimization
of heat consumed to evaporate one kg of moisture

To solve the problem of food security, agriculture
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during grain drying, as well as compliance with all
requirements for the quality indicators of dried grain
or seed material. Fig. I shows the structural diagram
of the developed compact grain dryer with a combined
heat supply.

The main structural elements of a compact grain
dryer include conductive 6 and convective /4 drying
chambers, as well as a cooling chamber /3. The heating
system includes solar collector /, heat accumulator /8,
electric heating elements 75 located in duct /6. The
coolant moves through air ducts 4, 17, 25 under the
action of pressure fan 2, and the spent coolant is removed
through pipe 9. The circulation circuit is selected with
seven shut-off and control valves 3, 19-23, 26. Grain
from hopper 5 enters conductive chamber 6, from
where, through transporting body 8 located in casing
7 with actuator 24, it moves into convection chamber
14, and then into cooling chamber /3. The bulk density
of the grain in the chambers is regulated by means of
weight valves 70 and 12. Atmospheric air for cooling
the grain in the cooling chamber is supplied through
compressor /1.

Grain dryingin the proposed dryer is implemented
consistently by conductive (direct contact of the grain
with the heating surface) and convective (by means of
a drying agent) methods, and cooling is done with
atmospheric air. Depending on the climatic conditions,
heat is supplied to the drying chamber either directly
from the heating elements or from the heat carrier
preheated in a solar air collector or heat accumulator.
Use can be made of a combination of heating elements
and a coolant. The drying device provides for the
possibility of charging the heat accumulator with
thermal energy due to the coolant prepared in a solar
air collector, as well as active ventilation of the grain.

To identify the effectiveness of the developed
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Fig. 1. Design scheme of a compact grain dryer

combined mini-grain dryers, experimental studies have
been conducted. The obtained data have been processed
using a correlation-regression analysis; the authors
have also studied the relationship between the output
parameter and the input variable independent factors,
and basing on the results, they compiled a mathematical
model of the grain drying process in a compact grain
dryer with a combined heat supply. The technology
has been patented (RF Patent No. 2625589 dated July
17, 2017).

REesuLTs AND DiscussioN. To determine the minimum
heat input needed to evaporate one kg of moisture in
the process of wheat drying based on the mathematical
model, a two-factor experiment has been conducted
to determine the main optimal parameters affecting
the grain drying process - the speed of grain movement
in the conductive chamber V5 and the heating surface
temperature of its casing #,,, [9-12]. Experimental
studies on the determination of thermal energy needed
to evaporate 1 kg of moisture during the drying of
wheat grain conducted in the first embodiment, when
for conductive drying only the thermal energy of the
traditional source, or the thermal energy received from
the electric heating elements, has been used. In the
second variant, the grain drying was carried out
sequentially by conductive and convective methods,
where, along with the thermal energy received from
the electric heating elements, the thermal energy
accumulated by the solar air collector was partially
used, after which the grain was cooled with atmospheric
air. The limits of changes in the grain movement speed
in the conductive chamber V35 (X;) = 0.002-0.011 m/s,
the heating surface temperature of the conductive
chamber ., , (X5) =70-103°C; the coolant speed in the
drying unit was 2.63 m/s (zero option).

To determine the regression equations of both
options, the authors have performed experimental
studies, basing on the results of which, they have
constructed orthogonal experiment planning matrices
and obtained regression equations in actual values:
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option I:
q=186.92+742.06V; — 1.97t,,, — 34074 V5> +
+0.012 1" — 7.21 trp s )
option 2:

g =5.2185-513.1041 V5-0.0293 ¢, +
33672.2769 V5> +0.00026 ¢,,,," —
—1.5549 Vitipm, #)]
where ¢ is specific heat consumption for moisture
evaporation, MJ/kg;

V3 is grain velocity in the conductive chamber of
the dryer, m/s;

118 the heating surface temperature of the dryer’s
conductive chamber, °C.

Criterion-based estimation of the obtained regression
equations is given in the table.

F, and F, are, respectively, the calculated and
tabulated values of Fisher’s criterion for determining
the adequacy of the obtained regression equation; ¢,
and 1, 0,5, are, respectively, the calculated and tabulated
values of Student's criterion for determining the sig-
nificance of the regression equation coefficients.

The calculated values of Fisher’s criterion

(for option I: F,=2.6> F, = 2.48;

Jor option 2: F, = 2.68> F, = 2.41) indicate the
adequacy of the mathematical models obtained, and
the comparison of the calculated and tabulated values
of Student's criterion

(for option I: t, = 5.23; t,ys = 2.06;

Jfor option 2: t, = 2.75; t,ys = 2.06) confirms the
accuracy of the studies performed.

Graphic images of the response surfaces from the
interaction of the grain flow rate and the heating surface
temperature of the dryer’s conductive chamber and
their effect on the optimization criteria are shown in
Fig. 2.
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Fig. 2. Graphic interpretation of regression equations (1):
a—option 1; b—option 2

The response surfaces represent a hyperbolic
paraboloid (saddle) for option I; while an elliptical
paraboloid — for option 2.

The regression equations (1) in coded values can be
represented as:
option I:

Y =4.25-147X,+ 1.38X,— 0.69X," +

+3.56X,°~0.55X, - X5; 3
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CRITERIA ESTIMATION OF THE REGRESSION EQUATIONS
Gorrelating Values of Fisher’s test Values of Student's test
Option number relation calculated tabulated calculated tabulated

R F, F, ty tros

0.964 2.48 2.6 5.23 2.06

0.917 2.41 2.68 2.75 2.06
option 2: After substituting the values (X;s) and (X5s) into
Y = 1.863 - 0.948X, + 0.107X, + 0.682.X,* + equations (3) and (4), the total unit costs for moisture

+0.076X,>— 0.119X; - X>. (4) evaporation in the surface center were determined:

It follows then that the linear term of the equation —
the grain flow rate in the dryer (X}) — has the greatest
influence on the optimization parameters, while the
smallest effect is offered by the combination of the
grain flow rate and the heating surface temperature
(X1 and X;). Among the nonlinear terms of the equation,
the square of the heating surface temperature has a
significant effect on the optimization parameter, the
increase of which causes a sharp increase in the latter.
An analysis of equation (4) shows that, among the
linear coefficients, the grain flow rate in the dryer has
the greatest influence on the optimization parameters
(X)), and among the nonlinear ones, the flow rate (X,%).
The least influence is offered by the square of the
heating surface temperature (X>2).

After determining the types of response surfaces,
the authors analyzed them using a two-dimensional
section performed with the coded values of factors. To
determine the response surface center of the obtained
mathematical models, partial derivatives were found
for each factor. The resulting expression was equated
to zero. After that, a canonical transformation of the
second-order model was carried out and the graphical-
and-analytical analysis of the resulting expression was

performed.
Option I
Y 1 47-138X, 055X,
dX,,
d7Y=1,38+7,12X25 - 055X, s
i, 5)
X =-2.06; Xy =-0.267
Option 2:
Y o048+ 1,364X,. —0,119X,,
X,
Y 0107+40,152-0,119x, ©)
X,

X5 =0.681; Xp,=-0.171.
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for option I: S.;, = 3.68 MJ/kg;
for option 2: Vgpin = 1.53 MI/kg.

Then the authors performed the canonical trans-
formation of equations (3) and (4) by solving the charac-
teristic equation:

b,—B 05b,

2
=B —(b,, +b,, JB+
b,, —B

+(b” b, —0,25b., ):o

f(B)=
0,5b,,

™)

After the substitution of values:
for option I for option 2:

B*-2.865B -2.326 = 0; B~ 0.758B—-0.0119 = 0. (8)

The characteristic equation roots:
for option I for option 2:

by =3.529, b5, =-0.659; by;=0.731, b,,=0.0273.

The equation in a canonical form can be represented as:
option I:

Y1, — 3.68 = 3.529X,°— 0.659X,%;

option 2: )
Y),— 1.531 = 0.731.X,°- 0.0273X,’.

Checking-up the accuracy of the calculations:

option I option 2:
2b;=-0.69+3.56=2.87; Xb;;=0.682+0.076=0.758;
2b; = 3.529-0.659=2.87; Xb;;= 0.731+0.0273=0.758.

The rotation angle of the reference axes at point S:
option I:

by —b;,  _0.69—
cigor = b _Z069°356 555,
b, 0,55
option 2: (10)
by —b;, _ _
ciga = i _-03125-12345 o o

0,2472

ij

The angle a is negative, therefore, the axes are rotated
clockwise relative to the center of the two-dimensional
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section of the response surface. Canonical equations
(9), (10) are used to construct the contour curves of the
response surface. Fig. 3shows two-dimensional sections
of the response surface characterizing the total specific
heat consumption for moisture evaporation, MJ/kg.
Fig. 3shows that the parameter X, (option 1) affects
the value of the total specific heat consumption for
moisture evaporation more intensively than the parameter
X,. The study revealed that when drying wheat grain
with a compact grain dryer using a conductive method
and a traditional energy source for heat supply only,
the flow rate of a heat carrier in the drying unit is
2.63 m/s and it is possible to achieve a minimum of
total specific heat consumption for the evaporation of
moisture of 3.68 MJ/kg, and the optimum range of
3.68-4.5 MJ/kg corresponds to the range of the grain
flow rate of 0.007-0.011 m/s and a heating surface
temperature of the conductive chamber of the drying
unit of 85-91°C. In option 2, the change in the parameter
X, influences the value of the total specific heat
consumption more intensively than the parameter X,.
The most effective option in terms of saving thermal
energy is associated with grain drying based on the
sequential use of conductive and convective methods
with subsequent cooling. In this case, to supply heat
to the drying installation, use is made not only of solar
radiation heat, but also of the heat obtained from
recycling the spent coolant. In this optimal variant,
when the coolant velocity in the drying unitis 2.63 m/s,
the heat consumption for evaporation of 1 kg of moisture
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Fig. 3. Two-dimensional cross-sections of the response surface
characterizing the total specific heat consumption for moisture
evaporation, MJ/kg; a — option 1, b — option 2
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from the grain is minimal and equals 1.53-2.50 MJ/kg
with the grain flow rate in the dryer of 0.007-0.011 m/s
and at the heating surface temperature of 85-91°C.

ConcLusIons

The developed mini-grain dryer with a combined
heat supply as contrasted to the existing small-sized
dryers can significantly reduce energy consumption
when using the combined method of grain drying with
its subsequent cooling.

The carried out experimental studies have allowed
to determine the optimal operation modes of a grain
dryer, at which the specific heat consumption of a
traditional thermal energy source for moisture evaporation
isminimal and amounts to 1.53-2.50 MJ/kg, at a grain
flow rate in the dryer of 0.007-0.011 m/s and the heating
surface temperature of the conductive chamber of 85-
91°C.
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ABTOMaTu3auusa ynpassneHnsa paboton cagoson cpesbl
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Pedepar. PaccmoTpenu npenmyIecTBa MPHUBOJHBIX MOYBOOOPAOATHIBAIOIINX OPYINI MEpe/] MAITHHAME C TACCHBHBIMU
pabounMu OpraHaMu, MO3BOJISIONIME ONEPATUBHO U3MEHATh U KOHTPOJIUPOBATH KAYECTBO KPOLIEHHS TI0YBBI, OPHUEHTH-
PYACh HA COCTOSIHUE 00PabATHIBAEMBIX YUACTKOB M MOIIHOCTD JIBUTATENIsl HCMONB3YEMOro sHeprocpeactsa. (Lew uccie-
Oosanus) Pazpabotath crcteMy aBTOMATHUECKOTO TTOJIEPKaHKS BETMYMHBI BRIOPAHHOTO KHHEMATHYECKOTO TTapaMeTpa
BO BpeMsl paboThl TOUBOOOpabaThIBaromiel (pe3bl, 000pyI0BAaHHON TMAPOIIPUBOAOM pabounx opraHoB. (Mamepuansl u
Mmemoovt) TTpoBenu uccaen0BaHUs ¢ TIPUBJICUEHHEM 3aMaTeHTOBAHHBIX MATEPHAJIOB O MCIIOIb30BAHUIO aBTOMATH3UPO-
BAHHBIX CHCTEM YIIPABJIEHUS TEXHOIOTUUECKMMHU MPOLIECCAMU MPEAIIOCEBHON 00pabOTKU MOUBBI OPYIUSIME C THIPOTIPHU-
BOJIOM paboumx opraHoB. (Pesyrmamor u 0bcyscdenue) Onpenenuim, 94To OJIOKH CPAaBHEHHUS YaCTOT MOTYT COAEPKAThH
(opMHUPOBATENN UMITYIBCOB, KOTOPBIE ITPEOOPA3YIOTCS MEKTPOHHBIM OJIOKOM YIIPaBJIeHHs B CUTHAI, TTOCTYMAIOIIHMH K
HU3KO00OPOTHOMY BBICOKOMOMEHTHOMY perynupyeMomy ruapomotopy Tuna Danfoss MI'TI-160. Paspaboranu cucremy
ABTOMATHYECKOTO MOICPKAHNS BETMUNHBI BRIOPAHHOTO KMHEMATHYECKOTO ITapaMeTpa MouBo00pabaThIBatomIeH (hpe3bl
nyTeM 00Opy/IOBaHus e¢ pabOUNX OPTaHOB TUAPOIPUBOIOM C IBYXCTYIIEHYATHIM THAPOPACIIPEIETUTENEM, YIPaBIIIEMbIM
3JIEKTPOHHBIM OJIOKOM, TTO3BOJISIOIIYIO IPOM3BOAUTH ABTOMATHYECKYHO HACTPONKY HEOOXOAUMOK YaCTOTHI BPAILIEHHUS HO-
xXel ppezdapadbaHa, onTUMAIBHON T 0OpabaTeiBaeMoro arpodoHa. (Bvisods) BIsSBUIM MPUHIUIHATBHYIO CXEMY aB-
TOMATU3MPOBAHHOTO THAPABIMYECKOTO IPUBOJIA CaJ0BOr0 KYJIbTHBATOPA, CIOCOOHOTO OTCIEKUBATH U KOPPEKTUPOBATh
JacTOTy BpaleHus ppe3 bapadana.

KuroueBbie cioBa: cayosas ¢pesa, paboure opraHsl, aBToMaTu3aius, 3QpQeKTHBHOCTh, KPOIIEHHE TIOYBEHHOTO TIIACTA,
KUHEMATHYECKHUE ITapaMeTPbl, THAPOIIPUBOLIL.

I Jas umtuposanus: 3sonunckuii B.H., MocsikoB M.A. ABToMatu3anus yrpasjieHus padoToi cagoBoii Gppe-
3b1 /| Cenvcrkoxozaticmeennvie mawunsl u mexuono2uu. 2018. T. 12. N6. C. 15-19. DOI 10.22314/2073-7599-2018-

12-6-15-19.
Automatic Operation of a Rotary Garden Cultivator
Viktor N. Zvolinsky, Maksim A. Mosyakov,
senior research associate, engineer, postgraduate student, junior research associate

e-mail: vim@yvim.ru;
Federal Scientific Agroengineering Center VIM, Moscow, Russian Federation

Abstract. The paper discusses the advantages of power-driven tillage tools as compared with machines with passive working
elements, which provide for quick changing and controlling of the quality of soil crumbling, guided by the condition of the
treated areas and the engine power of the power source used. (Research purpose) To develop a system for automatically
maintaining the magnitude of a selected kinematic parameter during the operation of a rotary cultivator equipped with
a hydraulic drive of working elements. (Materials and methods) The authors have conducted research involving patented
materials on the use of automated process control systems for pre-sowing soil cultivation with tools featuring hydraulic
actuators of working elements. (Results and discussion) It has been determined that the frequency comparison blocks may
contain pulse shapers that are converted by the electronic control unit into a signal sent to a low-speed, high-torque
adjustable motor of a Danfoss MGP-160 type. A system has been developed to automatically maintain the value of a
selected kinematic parameter of a rotary cultivator by equipping its working elements with a hydraulic actuator with a
two-stage hydraulic distributor controlled by an electronic unit that allows automatic adjustment of the required speed of
the rotary drum cutters, optimal for the treated soil background. (Conclusions) The authors have identified a schematic
diagram of an automated hydraulic drive of a rotary garden cultivator capable of tracking and adjusting the rotary drum
speed.
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with passive working elements due to their ability

to quickly change the quality of soil crumbling,
focusing on the condition of plots and the applied
engine power [1, 2]. This is usually done in two ways —
by selecting the required speed of the unit or adjust-
ing the speed of the working elements through the use
of multispeed drive mechanisms (stepped or stepless).
The rotary cultivation intensity can be changed by se-
lecting the required number of knives on the rotary
cultivator drum, however, this is rather laborious and
time-consuming and it leads to the increased complexity
of the tool design [3].

To automatically maintain the constancy of the
kinematic parameter A, the most promising option is
design improving of hydraulically driven rotary ma-
chines, that are often used in garden cultivators. To
this end, the machine is equipped with units for com-
paring the speed of a rotary drum and devices indi-
cat-ing the parameters of the forward movement of the
implement (for example, sup-port wheels or compac-
tors) [4]. In this case, the speed comparators may con-
tain pulse formers that are sufficient to alert the trac-
tor driver in case of the violation of a known kinemat-
ic parameter:

a=lo,

Vi
where V, is drum peripheral speed, m/s; Vi is trans-
lational speed of the unit, m/s.

Calculation and installation of the value of the sup-
ported kinematic parameter is carried out immediate-
ly before the work, focusing on the type of soil treat-
ment, the type of soil, its humidity, the depth of till-
age, and the design of working elements, etc.

THE RESEARCH PURPOSE is the development of an au-
tomatic support system for the magnitude of the se-
lected kinematic parameter of the work of a soil-till-
ing rotary cultivator equipped with a hydraulic actu-
ator of working elements.

MaTeriALS AND METHODS. The studies were carried
out with the use of patented materials on the use of au-
tomated process control systems for pre-sowing soil
tillage with hydraulically actuated tools of working el-
ements [5, 6].

REesuLTs AND DiscussioN. The kinematic parameter
A and the main characteristics of the rotary cultivator
can be described with the following relationship (2):

Power—driven tillage tools leave behind machines

M)
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where R is the radius of the knife drum, m; 4, is
the permissible height of combs at the furrow bottom,
cm,; z is the number of one-sided knives on the blade
disk, pcs.

Due to the absence of reference information on the
direct dependence of the quality of soil crumbling on
such parameters as the peripheral speed and the shape
of knives, the tillage depth, the drum speed and the
methods of locating the knives on the rotary cultiva-
tor drum and the soil conditions at the time of tillage,
soil fractions of certain sizes specified in the initial re-
quirements can be obtained in several ways. The eas-
iest way is to perform the tillage basing on the tillage
feed S=2zR/Az the thickness of the cut layers 0=Scosa,
the volume of the cut fraction V=Shb, the cross-sec-
tional area of the cut layer Fj;in accordance with equa-
tion [3]:

Fr = Shoa.. 3

Inserting the data from equation (2) into (3), we get:

27V 2Ry — R

max , @)
Voz

where b is the knife width, / is the depth of tillage,
o 1s the angle of the knife rotation.

The volume of the cut soil fraction is determined
by the formula:

V = Shb.

The most accurate is the method of calculating the
predicted quality of crumbling over the cross-section-
al area, linking the greatest number of parameters of
the instrument and experimental data obtained, for
example, in soil channels [7].

When choosing a kinematic parameter of tillage,
one should take into account a possibility of the for-
mation of so-called combs at the furrow bottom, which
arise when the translational speed increases. On the
other hand, the desire to get a smooth bottom, increas-
ing the rotation speed of the knives, leads to excessive
dust formation, which is also regulated by the require-
ments [2, §].
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Many years of experience in the use of rotary cul-
tivators has shown that most often in the pre-sowing
soil preparation, rotary cultivation in the range of
5-15 cm is used for soil tillage for grain crops and in
gardens, 5-10 cm for row-crop cultivators, and 15-25 cm
for rotary plows [9]. The cutting speed varies from 2.35
to 11 m/s, the translational speed varies from 1.1 to
2m/s, and the cultivation feed varies from 2.5 to 18.6 cm.

To achieve the proper quality of the cutter opera-
tion under the selected modes, it is necessary to main-
tain the constancy of these parameters during opera-
tion. Changing the preliminary settings of the drive of
the machine can occur due in areas with high humid-
ity or soil hardness, working on fields with a slope of
more than 3° re-deepening or sticking of working bod-
ies and for a number of other reasons. In these cases,
a tractor operator stops the unit using the mechanical
transmission and switches the rotational speed of the
working parts on the central gearbox or reduces the
working speed [10, 11]. These actions typically result
in the loss of time and reduced shift performance of
the unit. In addition, it is not always possible to trace
the cases of stopping the machine operation when the
friction clutch is actuated, as the tractor operator has
his back to the machine and, due to engine noise, can-
not tell by ear whether the machine is working or not.
The rotary cultivator deepens and rolls on the non-work-
ing knife drum, while the tractive force of the inoper-
ative rotary cultivator differs little from the tractive
resistance of the operating machine [3, 12].

As an example, let us consider the design of a rota-
ry cultivator used for tillage in gardens with working
elements driven from a low-speed high-torque adjust-
able hydraulic motor of type 2 — Danfoss MGP-160
(Fig. I).

The cultivator contains rotary drum 2 driven by
hydraulic motor 4 with rotational speed sensor 5, sup-
porting element 3 (for example, a compacting roller)
rotating from soil reaction and equipped with rota-
tional speed sensor 6; comparator /7 analyzing the in-
dicated frequencies normalized in amplitude and du-
ration by means of pulse formers 7and 8; two two-dig-
it counters 9 and /3, containing four triggers 10, 11, 14,
15, and two single vibrators 12 and /6.

The inputs of the pulse shapers are connected to
the outputs of the rotational speed sensor of the rota-
ry cultivator and the support element, as well as with
electronic control unit 18 and electronic hydraulic am-
plifier 79.

The rotary cultivator works as follows. Before start-
ing the operation, one should determine the required
speed of the rotary drum knives and the required val-
ue of the translational speed of the unit, for which an
appropriate gear is selected.

When the unit operates with a nominal ratio of the
rotational speeds of the support element and the rota-
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Fig. 1. Schematic diagram of an automated rotary cultivator
with a hydraulic actuator of the working elements: 1 — frame;
2 —rotary drum, 3 — roller; 4 — hydraulic motor; 5 — rotary drum
speed sensor; 6 — roller drum speed sensor; 7 — pulse shaper of
rotary drum rotation; 8 — pulse shaper of roller rotation; 9 —
output of a two-digit counter; 10, 11, 14, 15 — trigger; 12, 16 —
start-stop multivibrator; 13 — two-digit counter; 17 — frequency
comparator; 18 — electronic control unit; 19 — electro-hydraulic
amplifier; 20 — tachometer; BY — electronic control unit, DI'Y —
electronic hydraulic amplifier

ry drum, the pulse frequencies at the outputs of sen-
sors 5 and 6 are equal to each other. The outputs of the
pulse shapers 7and 8 record pulses, normalized in am-
plitude and duration. In case of equal periods of pulse
repetition, the level of logic zero is preserved, and the
electronic control unit operates in the mode established
before the operation. There is no voltage at the input
of the electronic control unit. If the established rela-
tionship between the pulse frequencies on the rotary
drum and the supporting element is violated, the volt-
ageis applied to the ECU, it amplifies it and transmits
to the EGU (Fig. 2), which through the choke begins
to affect the change in fluid flow in the motor hydrau-
lic circuit, by increasing or decreasing the rotational
speed of the output shaft.

As an example, let us consider the operation of a
two-stage hydroelectric distributor EGU incorporat-
ing an electromechanical converter, where the electri-
cal signal is converted into mechanical energy (shaft
rotation, magnet pusher moving) using a hydraulic
power amplifier [12-14].

The EGU consists of two slide-type hydraulic dis-
tributors, slide valves, two pairs of centering springs
3 and 6 (controlled from electromagnets EM-1 and
EM-2) with hydraulic control. The first stage serves to
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Fig. 2. Two-stage hydraulic valve with electrohydraulic control: 1,
5 — slide valves; 2 — the casing of the first-stage distributor; 3,6 —
centering springs, 4 — distributor case of the second stage; R, T,
A, B — connecting holes; X, Y — outlet openings of the first-stage
distributor; EM-1, EM-2 — electromagnets

pre-amplify the power of the input control signal. In
this device, an electrical signal is fed to the input, and
the output presents the working fluid changed in pres-
sure or flow rate. The magnitude of these changes is
proportional to the input power. The end cavities of

MACHINERY FOR SOIL CULTIVATION

the second-stage distributor are connected with chan-
nels X and Y to the outlet openings of the first-stage
distributor.

In the absence of an electrical control signal, the
slides of both valves under the action of end springs
are in the middle (neutral) positions. At the same time,
slide valve 1 connects the end faces of the second-stage
distributor with the discharge unit, and slide valve 5
overlaps all flow sections.

When a signal arrives, for example, on the electro-
magnet EM-1, slide valve [ is shifted all the way to the
right, so that the first-stage distributor switches in such
a way that the fluid flow under pressure enters the left
end valve of the second-stage hydraulic distributor
through the channel X, and the right end cavity is con-
nected to the discharge unit through the channel Y. A
pressure differential is observed at the ends of slide
valve 5, under the action of which it is displaced to the
right and pushes the main hydraulic valve. This con-
nects the hydraulic lines P with 4, and B with T.

When a control signal arrives at the input of the
EM-2 electromagnet, slide valves 7 and 5 move to the
left, so that the control valve switches to position /1.
At the same time, the hydraulic line P is connected
with B, and 4 with T.

ConcLusions. As a result of the research, a sche-
matic diagram of an automated hydraulic drive for a
rotary garden cultivator has been developed. The cul-
tivator is capable of tracking and, if necessary, adjust-
ing the rotary drum speed.
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Pedepar. Huzkuit ypoBeHb MeXaHU3AIUK — OJIHA U3 TJIABHBIX MPUYMH BBICOKUX 3aTPAT B CEICKIMU U MEPBUYHOM CeMe-
HOBOJCTBE. CeleKIMOHEPhl OECCHCTEMHO MOJIB3YIOTCS TPAHCIOPTHBIMU M MOTPY30UHBIMU CPEICTBAMHE IS TIEPEBO3KU
ceMeHHOro Matepuana. (Lleis uccredosanus) Pa3paboTaTh TEXHOIOTHIO TPAHCIIOPTHOTO OOECTIEYEHHS B CEIEKI[HH U Ce-
MEHOBOJICTBE, BKJIIOUAIOIIYIO B ce0sl BCE TPAHCIIOPTHO-IIOIPY304HbIE TPOLIECCh IOCTABKM CEMSH 3€PHOBBIX KYJIBTYP OT
CEJIEKIIOHHBIX KOMOAHOB JI0 XPAHWIIHII C MCTIOJIb30BaHUEM KOHTEeHHEpa sl cOopa, TPAaHCTIOPTHPOBKH, CYIIKU H Xpa-
HeHus ceMstH. (Mamepuanst u Memoost) OnUcaTN KOHTEHHEPHYIO HOTOYHO-TPAHCIIOPTHYIO TEXHOJIOTUIO 3aTOTOBKH CENeK-
IIMOHHOTO 3¢pHA Ha 3Talle MEPBUYHOTO Pa3MHOXKEHUs. Pa3paboTany MamMHHBIA KOMIDIEKC TEXHOJIOTHU 1 643y JaHHBIX
yOOPOUHBIX ¥ TPAHCTIOPTHBIX MAIIMH TS cOOpa, TPAHCIIOPTUPOBKH, CYIIIKU M XpaHeHUs ceMsH. (Pesyivmampt u 006cydicoe-
Hue) OTpeeNuIi TAMAX TPAHCIIOPTHBIX U TOTPY30YHBIX CPEICTB MPH KOHTEHHEPHOM Crocobe YOOPKHU, TpaHCIOPTUPO-
BAaHUS U XpAHEHHUS CEMSH, PeKOMEHIyeMbIX T TPIMEHEHHS B CENEKIMH 1 ceMeHOBoACTBe. OTIIYNE TUTTAXa TT0 HOBI3HE
IPEJCTABIIN YeTHIPHMSI TIO3UIUSIMHU: BO3MOXHOCTh MEPEBO3UTh KOHTEHHEPHI B 2 Ps/id; YBEIUUEHUE BBICOTHI TIOTPY3KU
¢ 2 mo 3 M; HaOONBIHI BBIIET CTPEITBHI JocTUTaeT 3,8 M (IIPOTUB 2,7 M); TPY30MOABEMHOCTS BhIIIe Ha 460 KT. (Bbi600b1)
PexomenoBam uCnonb30BaTh pa3paboTaHHYIO METOUKY JIJIS COBEPILEHCTBOBAHUS TEXHOJIOIHYECKOTO Iporiecca yoop-
KU, TPAHCTIOPTUPOBKH 1 MOCIEYOOPOUHON 00pabOTKM CEMEHHOTO 3epHa, OPTaHM3AIMH 3TOTO MPOIecca, a TAKKe BhIOOpa
MapaMeTPOB CPE/ICTB U TEXHHYECKOW OCHAIIEHHOCTH B Xo3siicTBax LleHTpambHoro permona Poccuu. [Ipemmoxmnu pas-
paboTaTh M U3rOTOBUTH OIBITHBIC 00PA3Ibl KOHTEHHEPOB M MOTPY3UHKA C KAHTOBATENIEM KOHTEHHEPOB I MEPBIYHON
epepaboTKH ypoXKas.

KuroueBbie ciioBa: TpaHCIIOPTHOE OOECIICUEHNE, CeIEKI[Hsl, CEMEHOBOICTBO, CENIEKIIMOHHBIN KOMOAITH, KOHTEHHEPHBII CII0-
€00 yOOpKH CeMSTH, TPAHCTIOPT, MOTPY3UUKH, TEXHOIOTHIECKHE TIPOIIECCHI.
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Abstract. Low-level mechanization is one of the main reasons for the high costs in selection and primary seed production.

CEIbCKOXO3AMCTBEHHBIE MALIWHbI 1 TEXHONOT MM + Tom 12 N6 » 2018 AGRICULTURAL MACHINERY AND TECHNOLOGIES « Volume 12 + N6 + 2018



MPEANOCEBHASA OBPABOTKA CEMSAH PRESOWING TREATMENT OF SEEDS

Crop breeders use transport and loading facilities for seed material transporting in an unsystematic manner. (Research
purpose) Development of technology of transport support in selection and seed production, including all transport and
loading processes of the delivery of grain seeds from selection combines to storage facilities using containers for seed
collection, transportation, drying, and storage. (Materials and methods) The authors have described a container flow-
transport technology of selection grain harvesting at the stage of primary reproduction and developed a machine complex
technology and a database of harvesting and transport machines for seed collection, transportation, drying, and storage.
(Results and discussion) The authors have determined the type of transport and loading means for the container method of
seed harvesting, transportation and storage recommended for use in selection and seed production. There are four distinctive
novelty positions of the presented type: the ability to transport containers in 2 rows; increased loading height from 2 m to
3 m; maximum operating radius reaches 3.8 m (vs. 2.7 m); increased cargo capacity — by 460 kg. (Conclusions) The authors
suggest using the developed methodology to improve the technological process of harvesting, transportation and post-
harvest processing of seed grain, organize this process, as well as select machine parameters and technical equipment on the
farms of the Central region of Russia. It has been suggested that test prototypes of containers and a loader with a container
tilter should be designed and manufactured for use in primary crop processing.

Keywords: transport support (logistics), selection, seed production, selection combine, container method of seed harvesting,
transport, loaders, technological processes.
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Konteynernaya potochno-transportnaya tekhnologiya podgotovki selektsionnogo zerna [Container flow-
transport technology of selection grain production]. Sel'skokhozyaystvennye mashiny i tekhnologii. 2018. Vol. 12.
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BICOKOKAYeCTBEHHBIC CEMeHa — CaMBId
HU3KO3aTPATHBIN PaKTOp yBEITMUEHUS TPOU3-
BOJICTBA CEJIbCKOXO3MCTBEHHOU MPpOAyKIUU. B
Poccuu exxerogHast noTpeOHOCTD B CEMEHAX 36 PHOBBIX
KyJabTyp cocTaBisieT 620-630 ThIC. T, U3 KOTOPBIX K OC-
HOBHOMY QoHAY oTHOCATCS 330 THIC., CTpaxoBoMy GOH-
ny — 90 tric., epexoasiemMy — 100 tric., a 110 ThIC. T
O3MMBIX IIPETHA3HAUYCHBI VTSI OCEHHETO CEBa.
Beicokue 3aTpaThl CBA3aHBI B OCHOBHOM C HU3KUM
YPOBHEM MEXaHU3AINU CETICKIINH 1 IIEPBUYHOTO CEME-
HOoBOACTBA [1, 2]. He3penmocTs ke yOpaHHBIX ceMsTH 00-
YCIIOBJICHA HAPYIIIEHUEM arpOTeXHUUYECKUX CPOKOB. B
TTOJIABJISIFOIIEM OOJIBIITUHCTBE OTKJIOHEHHS OT yCTa-
HOBJICHHBIX CPOKOB IIPEION PeIeIEHbI COBOKYITHOCTBIO
BBIIIEYIIOMSHYTOTO 0€CCUCTEMHOTO TIO/IX0/Ia CEJIeK-
LIMOHEPOB K BHIOOPY TEXHUUYECKUX CPEACTB U MaTepH-
AJILHOM OIpPaHUYEHHOCTH B UX BbIOOpe. Tak, B cenek-
IMUOHHOM X03s1iicTBe MHCTHUTYTa CEeMEHOBOACTBA U
arpoTexHoJIoruil B Pa3aHckol 001acTH Ha TaIe nep-
BUYHOTO PA3MHOKEHHUS IS 9 COPTOB 36 pHOBBIX KYJIb-
TYp 3a7€ICTBOBAHBI TOJIBKO 1BA CEIEKIIMOHHO-CEMeE-
HOBOAYeCcKuX Kombaiina (Acros 530u Niva Rostselmash
BoImrycka 2008 1. 1 2013 . COOTBETCTBEHHO) U 3 TPaHC-
nopTHeIX cpeactBa (MT3-82, MT3-1221) o6opynoBan-
Hble TpakTopHbIMU TpuLienaMu 2ITTC-4. TTo nanHbIM
METEOPOJIOTNYECKUX HAOIIONEHU, B UIOHE-aBI'YCTE
2018 1. ocanku BeITaganu 29 KalleHIapHbIX THEH. B
3TO BpeMs yOOpouHble pabOTHl TPHOCTAHABINBAIOT,
BO300HOBIISISI UX TOJIBKO MOCJIE OJTHOTO-IIBYX THEMU Cy-
XOU MOTOJBI JJTSI CHYDKEHH ST BIIAKHOCTHU ITOCEBOB IO
16%0, TOCKONBbKY UCIIOJIb30BAHUE CYLIUIIBHBIX YCTAHO-
BOK HepeHTaberpHO. Hu3Kast OCHAIIIEHHOCTH XO3SIICTB
TEXHUYECKUMU CPEACTBAMU YACTUUYHO KOMIIEHCUPY-
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€TCSI PYUYHBIM TPYIIOM, IOJISI KOTOPOT'O HA OTepaITusx
3aTapuBaHus gocturaet 59%. [Ipn HEMOCTOSTHHOM U
HEOTPENEICHHOM 0 BpeMeH!U (PyHKITHOHAJIBHOM IU-
KJIe yOOpOUYHO-TPaHCIOPTHOM CUCTEMBI BPEMEHHBIE
MOTEPHU COCTABISIOT 45%.

Taxum o6pa3oM, HeqoOOP 3epHA 0OOOpATNBACTCS
HEOOXOIUMOCTBIO CO3/IaHUSI CTPAXOBBIX 3a11ACOB OT
HeIoydYeTa MPOAyKTa, JOXOAAImuX 10 33% oT pacuet-
HOW MpHOBLITN; HU3Kasl 1 OeccrcTeMHas OCHAIIIEHHOCTD
TEXHUYECKIMU CPEICTBAMU BBI3BIBACT HApYIIIeHUE Oec-
repe0oiHOCTH GYHKIIMOHAIBHOTO ITUKJIA U €r0 He-
ONpPEeAENICHHOCTD (HEMPOCYUTHIBAEMOCTD), UTO TAKXKe
BBIHYKJTA€T CO37aBaTh CTPAXOBbIE 3aIaCHl N3-3a BBI-
COKOI JOJIN py4YHOTo Tpyaa — oT 25 1o 59%. [loatomy
BOIIPOCHI OecriepeOOMHOTO M PeHTA0CITLHOTO TBHKE-
HUS MaTePHUATBHBIX TOTOKOB YOOPOYHO-TPAHCIIOPT-
HOU CHUCTEMBI B CEJICKIIUU U IEPBUYHOM CEMEHOBO/I-
CTBE CETLCKOXO3SUCTBEHHBIX KYIBTYP CTAHOBSITCS BCE
akTyaJbHee [2, 3].

Pa3paboTka HAyYHBIX OCHOB MEXaHU3AIUU ITPOU3-
BOJICTBEHHBIX ITPOIECCOB B CETIEKIIUH, COPTOUCIIBITA-
HUU U IEPBIYHOM CEMEHOBOJICTBE Hauata 6osee 20 et
Ha3aJl, KOrJa BIEepBbIe B CUCTEMY MAIIWH JIJIST KOM-
MIJICKCHOM MEXaHU3AITN U CETbCKOX03SIIICTBEHHOTO PO~
n3BoacTBa Ha 1971-1975 rr. ObLIN BKIIIOYEHE! 43 Hau-
MEHOBAHUSI CEJIEKIIMOHHBIX MaIlIMH. B cucTeme Mammx
Ha 1986-1995 rr. unciao0 HaMMEHOBAaHUM BO3POCIIO yKe
1o 203. XoTs B maapHEHIIIEM TaKyI0 paboTy He TPOBO-
JTUITH, CETICKITUOHEPHI MOIB3YIOTCS S TUMU pa3pabdot-
KaMH, COOTBETCTBEHHO BHOCS] M3MEHEHMU S JJIsI YIIyd-
IIEHU S CENIEKIIMOHHON TexHUKU. K coxalieHuto, B Ipo-
BEJCHHEIX paboTax OTCyTCTBYET TPAHCIOPTHO-TIEpe-
IrPY304YHas COCTABISAIONIAS, TIO3TOMY CEJIeKIIHOHEPHI
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OECCUCTEMHO UCIIONIB3YIOT TPAHCIOPTHBIE U IIOTPY-
30YHBIC CPCACTBA, HeO6XOZII/IMI)IC B Hy)KHLIfI MOMCEHT.

LLENb UCCNEAOBAHUS — pa3paboTaTh TEXHOJIOTHIO
TPAHCIOPTHOrO OOECIIeUeHU s B CEJICKI[UU U CEMEHO-
BOJICTBE, BKJIIOUAIOIIY IO BCE TPAHCIOPTHO-TIOTPY304-
HBI€E IPOLIECCHI JOCTABKM CEMSIH 3€PHOBBIX KYJIBTYP OT
CCIICKIOIMOHHBIX KOM6aﬁHOB J0 XpaHUJINII C UCIIOJIb-
30BaHUEM KOHTEiHepa 1151 cbopa, TPaHCIIOPTHPOBKH,
CYHUIKH U XPAaHCHUS CCMAH.

MATEPUANDBI M METOABI. TeXHOJIOTHSI yUUTHIBAET BCE
TPaHCIIOPTHO-ITOI' PY30UHBIE TTPOLIECCHI TOCTABKH Ce-
MSH 36pPHOBBIX KYJIBTYD OT CEJIEKI[MOHHBIX KOMOAITHOB
JI0 XpAaHHUIIUINA C UCIIOIb30BAHMEM KOHTCHHEPOB ISl
cbopa, TPaHCIIOPTUPOBKHU U CYIIKHU ceMsH. Pazpabo-
TaHbI MAIIUHHBINA KOMILIEKC TEXHOJIOTUH 1 6a3a JaH-
HBIX YOOPOUHBIX ¥ TPAHCIOPTHBIX MAIIIMH.
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Puc. KOHmEZZHepHa}Z NOMOYHO-MPAHCNOPMHAsA MEXHOI02Us 3d-

20MOGKU CENeKYUOHHO20 3ePHA HA Imane NepeutHo20 pasmHo-
JiceHUst

Fig. Container flow - transport technology of harvesting of
breeding grain at the stage of primary reproduction

TexHOMOrMUeCKUil mpoliecc BpIBO3a 3€PHA OT Ce-
JEKIIMOHHOTO KOMOaHa K MECTY CYIIKH BKJTIOUAET He-
CKOITBKO TIOCTIEIOBATENBHBIX OTIepALIHi (pUCYHOK).

Ha nepsom smane:

- 3arpy3ky koHTeltHepoB KCTwm-0,5 B mojie oT KoM-
OaliHa B KOHTEHHEPOBO3 IIyTEM CABUTAHUS BPYUHYIO
TEJIECKOMMYECKOH IJIOIIAJKU C YCTAHOBJIEHHBIMU Ha
Hell KOHTelHepaMU BIIepe 1O XOAY ABUKEHUSI Tpak-
TOpa Ha BEJIMUUHY, PAaBHYIO [I0JIOBUHE IJIMHBI KY30Ba;
PEMHU KperjieHUus KOHTEHHEPOB BEPXHETO psja ciie-
JyeT MPEABAPUTEIIBHO OTCTETHYTh;

- 3arpy3Ky KOMOAHHOM 32 JTHUX KOHTEHHEPOB HIK-
HEro psiaa, CABUTaHUE TEIECKONMYECKON IIOIIAIKH C
YCTAHOBJIEHHBIMM Ha HEW KOHTEeHepaMu Ha3a/ Ha Be-
JIMYUHY, PABHYIO ITOJIOBUHE KY30Ba;

- 3arpy3Ky KoMOaitHOM NepeTHUX KOHTEIHHEPOB HUX-
HETO PsijJia, YCTAHOBKY TEJIECKOIMYECKOM MIIOMAIKH C
paccTaBICHHBIMU Ha HEl MyCThIMU KOHTEHHEPAMHU B UC-
XOJTHOE MOJIOKEHUE M 3aKPEIUICHUE €€ K O0pTaM Ky30Ba;

- 3arpy3Ky KOMOaiTHOM ITyCTBIX KOHTEHHEPOB BEPX-
HEro psiaa;

- 3aKpeIJIEHUe TPYKEHbIX KOHTEHHEPOB BEPXHETO
pana peMHsIMU K 60pTaM Ky30Ba.

Ha emopom smane NpoOUCXOOUT TPAHCIIOPTUPOB-
Ka 3epHa OT KoMOaiiHa.

CEIbCKOXO3AMCTBEHHBIE MALIWHbI 1 TEXHONOT MM + Tom 12 N6 » 2018
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Ha mpembem — BUTTOUHBIN MTOTPY34YUK MEpEMEIA-
eT KOHTEMHEPHI C 3¢PHOM C KOHTEHHEPOBO3a HA MO-
JYJIbHYIO KOHTeliHepHYo cymuiky MKC.

Ha uemeepmom — KOHTEHHEPBI CHUMAIOT C CYLIUJI-
KU ¥ yCTAHABIIUBAIOT B IITA0ETh HA TUTOIMIAAKY XpaHe-
Hus u BeHTwisiuuu [1XB nepen copTupoBaibHOM Ma-
LIUHOM.

Ha namom — KOHTEHep C BBICYIIEHHBIM 3€pHOM
MepeMeIIatoT ¢ IIONIAAKN XPAHSHUS U BEHTUIISIIIUH,
OTIPOKUIBIBAIOT €TO IIPH 3arpy3Ke ITPUEMHOTO OyHKe-
pa, 3aTeM CIIeyIOT COPTUPOBKA, Pa3BECOBKA, 3aTaPH-
BaHUE KOHTEHHEPOB /I XpaHEHU S M YCTAHOBKA X Ha
TJTOIIAIKY XPaHEHM S M BEHTUIISIIVH.

3aTeM TeXHOJIOTUUECKHH MPOIECC JOCTABKH ITy-
CTBIX KOHTEHHEPOB CO CKJIa/a JI0 CENIEKIIMOHHBIX KOM-
0aifHOB B IOJIE BKJIIOUAET €IIE IBE TEXHOJIOTUUECKUE
OTIepAIIVIH:

- Ha wecmom 3mane — CHATHE C TIOPOKHETO KOHTEMH-
Hepa Meperpy309HOi BOPOHKH, OUUCTKA €T0 OT MpHU-
JIUTIIIIAX OCTATKOB 3epHA U YCTAHOBKA HAa KOHTelHe-
pOBO3;

- Ha ce0bMOM — TPAHCIIOPTHPOBKA IMTOPOKHUX KOH-
TEHHEPOB JJIs1 3aMOJIHEHU S 3PHOM OT KOMOaliHa.

Jlanee QUKJI NOBTOPSIETCSL.

[Toxazatenb a¢pdexTuBHoctu K PI (Key Performance
Indicators) XapakTepu3yeT MUHUMU3ALUIO TPSIMBIX
SKCIUTYaTaIlMOHHBIX 3aTpat M, (py6./T) i-ro TexHHYe-
CKOT'O Cpe/ICTBa YOOPOUHO-TPAHCIIOPTHOT O KOMILJIEK-
ca Ha BeCh 00beM paboT B, T[2, 4-7]. MaTeMaTuiecku
JIAHHBII TIOKa3aTellb BEIPaXaeTcs CIeAYIMUM oOpa-
30M:

C,= B, U5 — min. 1)

OO0beM paboT B; ompenensieTcss CMEHHBIM 0060po-
ToM MaTepruana Q.,', T, OCYIIECTBIEHHBIM JOCTATOYU-
HBIM KOJIMYECTBOM Xj, IIT., 32 OTBEIEHHBIN arpoTex-
HUYEeCKUH cpok 7T, H., Ha 3Tarnax KoMOaHHUPOBaHM S,
TPAHCIIOPTUPOBKU U CYLIKH — UMEHHO 3TU OCHOBHBIE
ImapaMeTpbl XapaKTepPU3YIOT yOOPOUHO-TPAHCIIOPT-
HBII TpoLECC.

C=%..0.,X T H,~min. Q)

OOBeMBI B3aUMOCBSI3aHHBIX paboT MOIDKHBI OBITH
BBITIOJTHEHBI CHHXPOHU3UpoBaHo. Toraa s oo1eit
paccMaTpUBaeMOM CUCTEMBI «KOMOAWH — TPaHCTIOPT-
HOE CPENICTBO — CYIINIIKA» CHHXPOHU3AINsI 00BEMOB
paboT OyneT BHITIISACTD CIEAYIOIINM 00pa3oM:

O -X.T<Q X, T<O .X.T. 3)

on o o

Heob6xoanmoe KOITUUeCcTBO TEXHUIECKUX CPEJICTB
Ha 9Tarnax KoMOAaWHUPOBAHUS, TPAHCIIOPTHPOBKY H
CYIIKH B OTBEACHHBIE arPOTEXHUYECKUE CPOKU B 00-
IIIeM BHJIe MOYKHO 3aITucaTh KakK:

XK,T,C = Bi/(anchK,T,c lCMJ(,T,C T)a mT., (4)

rac W OKCILTyaTallMOHHAsA 4aCoBaA IPOU3BOAUTCIIb-
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HOCTbB, T/4;

! — BpeMs CMEHBI, 4.

CocraB MalIMHHOTO KOMIIJIeKca TexHoioruu [8-11]:

- 3¢pHOYOOPOYHBIN CEIECKIIMOHHBIN KOMOAH A1
yOOPKH yporKasi v TOTPY3KH €0 B TPAHCIIOPTHOE CPel-
CTBO;

- TPAKTOP ISl TPAHCTIOPTUPOBKY KOHTEHHEPOBO3a;

- KOHTEHHEPOBO3 /ISl TPAHCIIOPTUPOBAHU S TPy XKe-
HBIX KOHTEHHEPOB OT KOMOaliHa K MECTy XpaHEeHHS, a
ITYCTHIX KOHTEHHEPOB — OT MECTa XpaHEHU I K KOMOaii-
HaM;

- KOHTEUHEPBI JJ15 IEPEBO3KHU 3€pHA OT CEJIEKIIUOH-
HBIX KOMOAH#HOB K MECTY CYIIKH U OTHOBPEMEHHO Ta-
pa, B KOTOPOU CYIITUTCS 3€PHO;

- BUJIOUHBIHN OTPYy3UUK-KAHTOBATENb /1J151 YCTAHOB-
KU Ha KOHTEHHEPOBO3 CO CKJIaJa MYyCThIX KOHTEIHE-
POB U TOCTaBKH UX K KOMOAMHY, JTSI CHITHS C KOHTEH-
HEpOBO3a U YCTAHOBKM Ha KOHTEHHEPHYIO CYIITUIIKY
KOHTEHHEPOB C 3€pHOM, JIJISI CHSITUSI KOHTEIHEPOB C
BBICYIIIEHHBIM 3¢pHOM C KOHTEHHEPHOU CYIINIIKH U Tie-
perpy3Ku 3epHa B KOHTEUHEPHI IS XPAHEHU S,

- CYLIWJIKA KOHTEHHepHAasl, MpeHa3HaYeHHas 15
CYIIIKY CEMSIH UeTBEpPTOIO 3TAra CEJIEKIIMOHHBIX pa-
oor;

- TEXHUYECKUU MBIJIeCOC JIJIS1 OYUCTKU KOHTEHHe-
POB OT IIETyXH MOCJIE CYIIKH 3epHA;

- KOHTEHUHEeD JJIsl XPAaHEHU S BBICYIIIEHHBIX CEMSH.

PE3YNbLTATBI M OBCYXAEHME. TpaHCIIOPTHBIE U TO-
TPY304YHbIE CPEJICTBA, IPUMEHSIEMbIE B CEJIEKI[UU U Ce-
MEHOBOJCTBE, MpeHa3HAYEHBI 11 paOOTHI B CKJIa-
CKHUX NTOMEUIEHUSIX, TI€ MPOBOAUTCS OUMCTKA, CyIIKa
CEeMSH U 3aKJIaJIKa Ha XpaHEHHeE.

PazpaboTaH TUNaXX TPAHCIIOPTHBIX U ITOTPy304-
HBIX CPEICTB IIPH KOHTEHHEPHOM CIIoco0e yOOPKH,
TPAHCIIOPTHUPOBAHUS U XPAaHEHH I CEMSTH, PEKOMEH Y-
EMBIX JIJISI TPUMEHEHHUS B 00JIACTH CEIICKITNU U CeMe-
HOBOJICTBA.

B OO0 «ABToMoOusHEI 3aBo "TA3"» m1s oTOM
IIeITH CO3aHbl MAaJIOTOHHAXXHBIE aBTOMOOWIN CEIb-
CKOXO3SIMICTBEHHOTO HA3HAUCHUSI.

OTanyre TUNaxa 1o HOBU3HE MPEICTABIIEHO Ye-
TBIPHMS IO3UITUSIMU:

PRESOWING TREATMENT OF SEEDS

- TpakTopHbIA noaynpuien 1ITTC-2,5 (mudpp PCA
1.2.01) oTmuyaeTcs OT BKIIOUEHHOTO B THUIAX TPaHC-
noptHoro cpeactaa (mmdp PC 1.2.01) Tem, uTo oH mpH-
crocobJieH NMepeBO3UTh KOHTEUHEPHI B IBA PAIA;

- BUWJIOYHBIH anekTponorpy3unk II1-103 (mudpp PCA
1.2.02) mpenctapnseT coOoif aHAIOT MOTrPpy304YHO-pa3-
TPY30YHOTO CPEICTBA, BKIIIOYCHHOTO B TUITAX (TGP
PC 1.2.02), otmruaeTcst 667bIIel BEICOTOH MOTPY3KU
(3 M mpoTuB 2 M);

- aBToMOOMITh 'A3-3302 ¢ ruAPOMaHUTTYIISITOPOM
(mudpp PCA 1.2.04) ciny)uT aHAJIOTOM IPY30BOTO aB-
ToMOOMIIA ¢ ruApoManumynstopoM (udp PC 1.2.04),
oTimyaeTcs 6oJiee TIMHHBIM BBLIIETOM CTpPeEibI (3,8
npoTuB 2,7 M);

- aBToMOOMITB-camocBail FA3-CA3-25061-10 (mudp
PCA 1.2.05) — 310 ananor aBToMmobuis-camocBaia 4x4
notHO# Maccoit 6 T (mmdp PC 1.2.05), BKITFoueHHOTO
B TUTIAXK, U OTJINYAETCs OOJIBIIEH IPy30MOABEMHOCTHIO
—Ha 460 kr.

[IpenmoxxeHHBIE TPAHCIIOPTHBIE CPEICTBA BKITIOYE-
HBI B TEXHOJIOTUIO TPAHCIIOPTHOI'O OOECTIeUeHHS pa-
00T B CEIEeKIINN 1 CEMEHOBOJICTBE.

BuiBoabl. Pazpaborannas MmeTonuka 000CHOBaHUS
paIMOHATFHOM CTPYKTYPHI yOOPOUHO-TPAHCIIOPTHOMH
CHCTEMBI MOXET OBITh UCIIOIb30BaHA JIJISI COBEPIIIEH-
CTBOBaHMS TEXHOJIOTMYECKOTO IIpoliecca yOOpKH, TpaHe-
MOPTUPOBKH U TIOCIIEyOOpOUHOI 00pabOTKY CEMEHHO-
ro 3epHa, OpraHu3ali 3TOro MpoIiecca, a TAKKe BbI-
6opa mapaMeTpoB CPEACTB M YPOBHS TEXHUUIECKOI OC-
HAII[EHHOCTH.

Co3maHHbIE B TPOLIECCE UCCIIETOBAHNS TEXHOIOT H-
YeCKHe CXeMBI cOOpa U TPAaHCIIOPTHUPOBAHHUS 3epHA C
HCIOJIb30BaHUEM KOHTEHHEPOB MOTYT OBITH PEKOMEH-
JIOBaHBI 1T TIpUMEHEeHU s B X03s1iicTBax LleHTpanbHo-
ro peruosna Poccun.

YauTeiBas BHISBICHHYIO 3(()EKTUBHOCTH ITPUMeE-
HEHUS KOHTEWHEPOB U MOr'Py3YUKa C KAHTOBATEIIeM
KOHTECHHEPOB ITPU IIEPBUIHON IepepaboTKe ypoxKasi,
1esrecoobpa3Ho pa3paboTaTh U U3TOTOBUTH UX OTIBIT-
HBIC 00PAa3IIBI B LEISX I POKOH XO31MCTBEHHOM MTPO-
BEPKU.
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WccnepoBaHus KOM6UMHUPOBaHHbIX pexumoB CBY-cyLuku 3epHa
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KaHAUAT TEXHUYECKUX HAYK, KaHAUJAT TEXHUYECKUX HayK,
BEAYIIUI HAYYHBIN COTPYIHUK, BENYIINI HAYYHBIN COTPYAHUK;
e-mail: vim@yvim.ru; Huxkonaii I'eopruesuu Koines,

CTapIIM{ HayYHBIM COTPYAHUK
®DenepanbHblid HAyUHBIN arpouHxeHepHbld IeHTp BUM, MockBa, Pocculickas @enepanus

Pedepar. {111 obecriedenust BRICOKOTO KAYeCTBA BHICYIIMBAEMBIX MATEPUATIOB OJJHAM U3 IEPCIIEKTUBHBIX CIIOCOOOB 00€3-
BOKMBAHUS PACTUTEIHLHOTO CBHIPhS SABIAETCS CIOCO0 CYIIKU MO IEHCTBHEM 3JEKTPOMATHUTHOTO H3JTYyUEHHUs CBEPXBBICO-
koit gactoTsl (CBY-cymka). CBY-cymky mmpoko UCTOIB3YIOT B Pa3IMYHBIX 00IACTSIX MPOMBIIIICHHOCTH, B YaCTHOCTH,
B TIUINEBOH U iepeBooOpadaTeiBatomiel. (Lem ucciedosanus) Paccunrats mmurenpHocTh CBYU-nMIyIbCa, TTAY3HI; SKCITE-
PUMEHTATIBHO OMPEACTUTD UX, & TAKXKE BEMTMUMHY BIATOCheMa IIPU UMITYJIbCE U TNIYOUHY MPOHUKHOBEHUS €ro B CIO.
(Mamepuanvt u memoowt) Ipu cymke 8 CBU-momne rpafieHT BIarocofepKanus B MaTepuaje MPESITCTBYET IBIKEHUIO
BJIATU K TOBEPXHOCTH, BO3MOKHO TaKKe 00pa3oBaHUe BHYTPEHHUX TpeluH. [loaToMy mydiiue pe3yabTaThl Jal0T KOMOU-
HUPOBAHHBIE METOMBI CYIIKU. PaccunTanu JIUTeTbHOCTh UMITYIbCA TI0 JOIyCTUMOMY MPUPAIEHUIO TEMIIEPATYPBI 3ep-
Ha, JJIUTETBHOCTD Tay3bl ONPEIENININ M3 MPENOI0KEHNS, YTO MIPU UMITYIIbCE BJIara U3 sApa 3¢pHOBKH BHITATKMBACTCS
HAPYXKY, U ee OXJIaXKAeHHEe MPOUCXOAUT B U30TEPMHUUYECKUX YCIOBUSIX MOTOKOM Bo3ayxa. (Pesymsmamvt u 06cyscoenue)
[MoxTBepaumy, uto mpy AmuTensHOCTH UMITyTbca CBU-aneprum 4, 6 1 10 ¢, ckopocTh 006,1yBa 1 TPOLYBKH CIIOS HAPYKHBIM
Bo31yxoM cocTaBisina 0,5 M B cekynay. [Ipu oxnaxneHuu 3epHa ecTeCTBEHHO KOHBEKIMeH BpeMst uMmityabca — 10 ¢, Bpemst
may3sl — 1, 2, 3 u 5 Mun. {71 pexuma ¢ 061yBOM BpeMsl BO3IEHCTBUS UMITYIbcoM cocTaBmio 6 u 10 ¢, o6aysa —0,5; 1,0 u
1,5 muH. MakcumansHyto jurenpHocts CBU-ummynbsca onpeaeniiy ioTHOCTbIO MOTOKA AOMYCTUMOM TEIIOThl Harpe-
Ba 3€pHA ¥ JIOJIeH TEeIIOTHI, MOLIEIIeH Ha ucapeHue Biaru npu Harpese 10 20-25 rpaaycos. (Bvigodst) JIuTenbHOCT
Tay3bl OIPEIENIETCS BpeMeHeM OXJIAKICHUHN 3epHA 10 TEMIIEPATYPBI, MPEIIECTBYIONIEH NMITYIbCY. IKCIIEPUMEHTATEHO
MOATBEPAUIN PACUETHbIE 3HAYEHUS UTUTEbHOCTH UMITYJIbCA U MAay3bl C IOTPEITHOCTHIO 15 MPOLIEHTOB HA 3€PHE BIAXKHO-
ctoio 20-24 pornenta mpu mwiotHoctd CBU-notoxa 0,7 kBt Ha kBagpaTHbIA MeTp; ITyOMHA MPOHUKHOBEHHUS B 3€PHOBKY
70 mpouentoB CBU-snepruu Boiiie 20-22 MM, a BiarockeM — 0,1-0,15 nporenra.

Kmouessie cioBa: CBU-cymika, 3epHO, 3¢pHOO000BBIE, PEKUMBI, [ITUTEIFHOCTH UMITYIbCA H TIAY3BI.

I Jas nurupoanus: [1asnos C.A., [Texansckuii U.A., KetneB H.I. MiccnemoBaHust KOMOUHUPOBAHHBIX PEXKH-

MoB CBY-cymiku 3epua // Cenvckoxossaiicmseennvie mawunst u mexuonozuu. 2018. T. 12. N6. C. 25-30. DOI
10.22314/2073-7599-2018-12-6-25-30

Studies of the Combined Modes of Microwave Grain Drying

Sergey A. Pavlov, Igor A. Pekhalsky,
Ph.D.(Eng.), key research engineer, Ph.D.(Eng.), key research engineer;
e-mail: vim@yvim.ru; Nikolay G. Kyney,

senior research engineer
Federal Scientific Agroengineering Center VIM, Moscow, Russian Federation

Abstract. To ensure the high quality of the materials being dried, one of the most promising ways to dehydrate vegetable raw
materials is drying under the action of electromagnetic radiation (microwave drying). Microwave drying is widely used in
various industries, in particular, in the food and woodworking industries. (Research purpose) Calculation of the microwave
pulse and pause duration; their experimental determination, as well as the determination of the moisture removal rate at
the pulse moment and the depth of pulse penetration into the layer. (Materials and methods) When drying in a microwave
field, the gradient of moisture content in the material prevents the moisture movement towards the surface, internal cracks
can be formed as well. Therefore, the combined methods of drying can yield the best results. The pulse duration has been
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calculated by the permissible increment of the grain temperature, the pause duration has been determined by assuming
that during the pulse, moisture from the caryopsis kernel is pushed out and cooled under isothermal conditions by an air
flow. (Results and discussion) It has been confirmed that at a microwave pulse energy duration of 4, 6, and 10 s, the speed
of blow-off and blowdown of the layer with external air was 0.5 m per second. When grain is cooled by natural convection,
the pulse time is 10 s, the pause time is 1, 2, 3, and 5 min. For the blow-off mode, the pulse exposure time was 6 and 10 s,
that of blow-off - 0.5, 1.0, and 1.5 minutes. The maximum duration of the microwave pulse was determined by the flow
density of allowable grain heating and the fraction of heat required for the evaporation of moisture when heated to 20-25
degrees. (Conclusions) The pause duration is determined by the grain cooling time to the temperature preceding the pulse.
It has been experimentally established that the calculated values of the pulse and pause duration with an accuracy of 15
percent for grain with a moisture content of 20-24 percent at a microwave flow density of 0.7 kilowatts per square meter,
at a depth of the microwave energy penetration into the grain by 70 percent, do not exceed 20-22 mm, and the moisture
removal rate is 0.1-0.15 percent.

Keywords: microwave drying, grain, leguminous crops, modes, pulse and pause duration.

I For citation: Pavlov S.A., Pekhal'skiy I.A., Kynev N.G. Issledovaniya kombinirovannykh rezhimov SVCH-
sushki zerna [Studies of the combined modes of microwave grain drying]. Sel'skokhozyaystvennye mashiny i

tekhnologii. 2018. Vol. 12. N6. 25-30. DOI 10.22314/2073-7599-2018-12-6-25-30 (In Russian).

J1s1 obecrieyeHu sl BBICOKOIO KauecTBa BBICYIIIU-

BAaEeMBIX MAaTEPHATIOB OAHUM U3 MIEPCIIEKTUBHBIX

Croco00B 00E€3BOKMBAHUS PACTUTEIHFHOTO ChI-
PBsL CITYXUT crlocod CYLIKU Ha OCHOBE BO3/IEHCTBUSA
3JIEKTPOMATHUTHOTO M3IIYUEHUS CBEPXBBICOKOH Ya-
crothl (CBY). CBU- cymika 10cTaTOYHO MIUPOKO UC-
MOTB3YETCS B PA3IMIHBIX 00IACTIX MTPOMBIIIJIEHHO-
CTH, B YaCTHOCTH, B IIUIIEBO U iepeBooOpabaThiBa-
foreit. OMHAKO AJISI CYIIKU PACTUTEIBHOTO CBIPhS 9TOT
METO/T He TIOJTY IHIT MU POKOTO pacipocTpaHeHus [1-4].

Pa6oTa uzBectHbix CBY-CyIIMIOK HOCUT Xapak-
Tep MEPUOTNUECKOTO AeUCTBHU . CYIIUIIKN HETTPEPHIB-
HOT'0 IEUCTBUS XapaKTepU3yIOTCA JOKAIbHBIM Iepe-
TPEBOM CBHIPbS, CO3IaHUEM O0BEMHO-HATIPSIKEHHOTO
nIeOPMIPOBAHHOTO COCTOSIHUS C paCTPECKUBAHUEM
MaTepHaja U HEBICOKOM 3HePreTHIeCKOM 3P PpeK TUB-
HOCTBIO TIpOITecca. DTO 00YCIIOBIIEHO HEMOCTATOUYHON
B3aMMOCBSI3aHHOCTHIO TEXHOJIOTMYECKUX PEKUMOB C
KUHETUYECKUMU 3aKOHOMEPHOCTSIMU CYIITKU KOHKPET-
HBIX MaTepuaioB [3, 6]. [TpoaoIKUTETbHOCTD 3J1EK-
TpoMarHuTHoro CBY-Bo3neiicTBUS HA BBICYIIINBAE-
MBI MaTepHua U ay3bl, BO BpeMsl KOTOPOH ero Ox-
JTAXKJAIOT, OTIIMYAETCS B HECKOJIBKO pa3. YIeIbHBbIE 3a-
TpaThl TEIJIa HA €IMHUILY TOTOBOTO MPOAYKTa — B 2-3
pasa u 6osee [7]. DTu TEXHOJIOTMYECKHUE TTapaAMETPhI
ONPENEISIOT HE TOJIBKO KQ4eCTBO MPOAYKTA, HO U IIPO-
W3BOAUTEIBHOCTh YCTAHOBKH, a TAK)KE 3HEpro3zarpa-
THI HA CYUIKY.

OmnunrenbHast 0co0eHHOCTH Bo3aeiicTeust CBU-
SHEPrUU Ha BBICYIIMBAEMBbIA MPOAYKT — PABHOMED-
HOCTH BHYTPEHHEI'O HAT'PEBA U BBIACIICHUE TETIIOTHI
BO BCeM 00BEME BIIAXKHOTO MPOAYKTA, YTO CIIOCOOCTBY-
€T OJTHOPOTHOCTH IIPOT'PEBA CHIPbSI, CHIDKEHUIO HATIPSI-
XKEHHO-Ie(POPMUPOBAHHOTO COCTOSIHUS MaTepHaja u,
KaK CJIEACTBUE, YIYUIIEHUIO OPraHOJIENTUYECKUX 10~
Ka3aTelneil KauecTBa TOTOBOT'O MPOAYKTA.

Amnanmms mpoueccoB CBU-cyniku mokasai, 4To X0-

CEIbCKOXO3AMCTBEHHBIE MALIWHbI 1 TEXHONOT MM + Tom 12 N6 » 2018

TSI IPU JaHHOM CyIIKE UCIONIB3YIOT UMITYJIbCHBIE pe-
JKUMBI, B TOM UHCJIE C 00TYBKOH U ITPOyBKOM CIIOs Ha-
PY>XHBIM BO3yXOM, HO HEU3BECTHO BpeMs ACHCTBUS
CBY-umnynbca 1 may3sl, Ipu KOTOPOU MPOUCXOIUT
OXJIaXKIeHUE 3epHa, [8].

LIENbe NCCNEQOBAHNSA — pacCUUTATh ITTUTEILHOCTh
CBY-umnynbca 1 ay3bl; 9KCIIEPUMEHTAIBHO OIpesie-
JIUTh 3TU MMAPAMETPBL, a TAKXKE BEIMUMHBI BJIATOChE-
Ma U TTTyOUHBI IPOHUKHOBEHHU S UMITYJIBCA B CIIOM.

MATEPMANBI M METOABbI. KMHETHKA CYIITKH TOKaMU
BBICOKO U CBEPXBBICOKOM YaCTOTHI CYIIIECTBEHHO HE
OTJIMYAETCS OT KHHETUKHN KOHBEKTUBHOM CYITKU. B Ha-
yaJie mpouecca Matepuai ObICTPO HarpeBaeTcsl, CKO-
POCTB CyIIIKM BO3PACTAET, 3aT€M HACTYIIAET IIePHUOT
[IOCTOSTHHOM CKOPOCTH, XapaKTePU3yeMbIil TOCTOSIH-
CTBOM TEMIIEpaTypPhl U MaJaloliell CKOPOCThIO UCIIa-
perusi. COOTHOIIICHHE TTEPUOIOB TTIOCTOSTHHON U YOBI-
BaIOIIEeH CKOPOCTEH CYIIKY ONpeesieTCs TOIbKO (Gop-
MaMU ¥ BUJAMHU CBSI3U BJIATU C UCCICTOBAHHBIMU Ma-
TepuanaMu. M3BecTHO, 4TO Ype3MepHOE YBEIUUEHUE
noaBoauMoit CBU-MoIHOCTH CIOCOOCTBYET BO3HUK-
HOBEHHIO OOJIBIIIOTO T'paIUeHTa BIATOCOICPKAHMUS, U
KaK CJIEACTBUE, 00Pa30BAHUIO TPEIINH U HAPYIIEHUIO
CTPYKTYPBI TOTOBOTO MTPOAYKTA.

B 3aBrCHMOCTH OT 3eKTPOPHU3NIECKHX, TETLTOPH-
3UYEeCKUX U PEKUMHBIX TTAPAMETPOB ITPOIIeCca TEMIIe-
paTypa MaTepualia MOXET MEHSIThCS B IIMPOKUX IIpe-
nenax [5]. IIpu cymke B CBY-mosie rpaaiueHT
BITATOCONIEPIKAHIS B MATEPHUAJIE ITPETISITCTBYET ABUKE-
HUIO BJIATU K IIOBEPXHOCTH, KPOME TOT'0, BEJIUKA BEPO-
STHOCTb 00pa30BaHMs BHYTPpeHHUX TpeuuH. [ToaTo-
MY C TOUKU 3PEHUSI TEXHOJIOT MU JIyUIIUE Pe3yIbTaAThl
JIa10T KOMOMHUPOBAHHBIE METOABI CYIIKH [3, §]. Pac-
CMOTPUM KOMOWMHHUPOBAHHYIO CYIIKY, ITPU KOTOPOH
Harpes 3epHa ocyiectBisercs CBU-sHepruii, a mapsi
BJIATH YIAJISIOTCS ITyTEM IIPOIYBKU HAPYKHBIM BO3-
JIYXOM.
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IToTox Terma k 3CPHY IIPpU UMITYJIBCC MOXHO 3aIln-
CaThb:

. Br, 1)

rae O — miotHocTs CBU-noTtoka , kB1/™M%;

AU — BIarocwbeM, KT BII/KT CyX. MaT;

r — yIeJabHas TEIUIOTA UCTIapEHUs BIaru, K k/Kr;

G — macca matepuana, Kr;

7 — IOJISI TEMJIOTHI, MOLIEAIIAs HA UCIIapeHUe Blia-
I'u;

At — BpeMms, 4.

Honyctumoe TerjiocHaOXeHue ceMsiH, IpU KOTO-
POM He TPEeBBINIEHA MPEACTBHO AOITyCTUMAS TEMIIepa-
Typa, cocTasJseT [9]:

0,= 98,5 x JIK/KT.
Ero BenmuuuHa ompeneiseTcs ypaBHEHUEM:

Q. =cAT, x Ax/xr, 2

e ¢ — TEII0EMKOCTh 3epHa, kJIx/xr °C;

AT —ipenenbHO JOMYCTUMOE ITPUPAIIICHHE TEMIIE-
patypsl ipu Harpese, °C.

IpuHuMast BO BHUMaHUE, YTO IIPU CYIIIKE 3epHA
AU, = Q,, 3anuuieM BoipaxkeHue (1) B Bue:

0= CA;FAj[j] , Br/m?, Q)

rnef, f, — yaenbHas IOBEPXHOCTH 3¢pHA ¥ TIOBEPXHOCTh
poszaeiicTBun CBU-nmotoka Ha 3epHo, MZ/KT.

st 06Ty deH S 37IEMEHTapHOT O CJI0SI 3¢pHA BBICO-
TOH /;, KOT/Ia TIOBEPXHOCTH 0OJTyUeHUs paBHA TEIJIO-
00OMEHHOU OBEPXHOCTH, MMPOIOIIKUTEIBHOCTD BO3-
neticreust CBU-moToka, mpu KOTOpOM He OyaeT mpe-
BBIIIIEH MTPEIEIbHO JOMYCTUMBII HATPEB, MOXKHO 3a-
MHCATh B BUJIC:

cATn
0,

rae At; — mepenaj TeMIepaTypbl B 9KCIIEPUMEHTATIb-
HOM CJIO€;
0, — ynenpHas MoHOoCcTh CBY-noToka, Br/m>.
st cmost BeIcOTOM H 3amuiiiem:

At =

1

°C, @)

A ATTH o

O,h;
rae At — nepenaj TeMIepaTyphbl;

h; — BEICOTA DJIEMEHTAPHOTO CJIOSI, M.

Ilox meficTBHEM UMITYJIbCA 3€PHO HArpEBACTCS 10
OTpeeTICHHON TeMIIepaTyphl C HE3HAYNUTEIIBHBIM HC-
ITapeHUEeM BJIaTry, KOTOPas HACHIIAET 00O0JIOUKY U BbI-
CTynaeT Ha MOBEPXHOCTU 3€PHOBKH, YTO CIIOCOOCTBY-
€T OBICTPOMY OXJIAXACHUIO €€ IIPH IMTOCIeAYFOIIeH Tpo-
JIYBKE HAPY>KHBIM HJIM TTOAOTPETHIM BO3TYXOM.

[Moxbupas IIUTETFHOCTH UMITYIIBCA U ITAY3bI, MOX-
HO OCYIIIECTBUTH O€30TaCHYI0 KOMOMHUPOBAHHYIO

C, ©)
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CBY-cymiky 3epHa ITpyu HEU3MEHHOM TeMIiepaType 3ep-
HA.

JmuTenbHOCTD May3bl MOXKHO paCCUUTATh U3 ypaB-
HEHUS MAaCCOOTAAUM HATPETOr0 3€pHA MIPU BEHTUIIU-
poBaHUM 151 YCIIOBUS ¢ =~ const [10]:
=R PO ©)

ﬂ ¢cp —¢,
rae R — paaunyc 3epHOBKH, M;

S — K03hHUITHEHT MaccoOTIauu, M/C;

@eps P15 P2 , — CPEOHSAS OTHOCUTENIBHAS BIIAXKHOCTD
MMapoB BJIATH HA TTOBEPXHOCTHU 36PHOBKU ITOCJIE BO3-
nerictBusi CBU-ummnynbca, OTHOCUTEIbHAS BJIAKHOCTD
Hapy>XHOTO (IIOJOTPETOT0) M OTXOASIIETO BO3AYyXA.

Benuuuny £ MmoxxHo onpenenuts U3 [11]; a 3Haye-
HHE BIIAXXHOCTH — IO (hopMmyiJie:
0, =" (g, =10).
2
s onpenenenus At, T, mapaMeTpOB KMHETHUKH KOM-
ounnpoBanHoit CBU-cyiku mpoBeaeM 3KCIIEPUMEHT.

JJ1s1 cylIKy UCIoIb30BajIu YBIaXHEHHBIE 10 21-
24% ceMeHa MIIEHULIBI U ceMeHa cou. MccnenoBanus
npoBoauiau B CBU-ycTaHOBKE CO CIIEYIOMUMHU TEX-
HUYECKMMU XapaKTePUCTUKAMMU: TOTpedIsemMas MoIIl-
HocTh — 1500 BT; BEIXOHAs MOIIHOCTE — 1100 BT; moT-
HOCTb oToka — 0,7 kBr/m?, wactora — 915 MI'm.

ITox Bpamaromytocs Tapenky B CBU-ycranoBke mmos-
BezieH uctouHnk CBY. Ha Tapenky moMecTuiIu CTeKJIsH-
HBII OIO0KC ¢ ceMeHHBIM citoeM 1,5 £ 0,2 cMm (puc. ).

HmurensHoCcTh MMIynbca CBY-sHepruu cocras-

T

/—1

2 —

33—

000

T

Puc. 1. Texnonozuueckas cxema IKCRePUMEHMATLHOU YCMAHO8-
ku: 1 — kopnyc CBY; 2 — 61oke, 3 — gpawaiowascs mapeixa,
4 — CBY-nomox

Fig. 1. Technological scheme of the experimental setup:
1 — body microwave; 2 — box,; 3 — rotating plate; 4 — microwave-
stream

nsina 4, 6 u 10 ¢, ckopocTh 00AyBa U MIPOTYBKU CIIOS
HapY>XHBIM Bo3myxoM — 0,5 m/c. [Tpu oxmaxxaeHun 3ep-
Ha €CTECTBEHHOHN KOHBEKIIHeH BpeMs uMmyibca— 10 c,
Bpems nay3bl — 1, 2, 3 u 5 muH. Bpems o6aysa —0,5; 1,0
u 1,5 Mmun. {711 pexkuma ¢ poJ1yBKOH CJ10s1 BpeMs BO3-
JENCTBUS UMITYJIbCa cocTaBuiio 4, 6 1 10 ¢, mponyBku
—20 1 40 c. Bma)xHOCTH CeMSH ONPEAEII TN B3BEIIH-
BaHMEM Ha JabOpaTOPHBIX BecaX C MOTPEITHOCTHIO
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+ 0,01 r, TemnepaTypy — HHppaKpacHBIM TEPMOMETPOM
¢ morpemnocTtrio T 0,1°C. TemmnepaTypa HApy>KHOTO
BO3/AyXa B onbITax cocrasisiia 20°C, OTHOCUTENbHAS
BJIAKHOCTB — 60%.

IMocme oOmyueHns openessyiv BIaXKHOCTh 3epHA.
Hanee 3epHo oxyiaxkaanu, MO0 BbIACPKUBAs €ro Ha
OTKPBITOM BO3AyXe, 100 ¢ momoIibio oomysa. [lepu-
OJTMYECKU U3MEPSUTH BIIAXKHOCTD U TEMIIEpaTypy 3ep-
Ha. B KOHIIE OIBbITA OMPEEIISIIN €ro KOHETHYIO TEM-
MepaTypy ¥ BIAXHOCTH. 3aTeM OTOMPAITH TPOOBI IS
OIpeaeNeHUs BCXOKECTH 3epHA.

OO0myBaIn HABECKY B KACCETE TOPU3OHTATIBHEIM
MMOTOKOM BO3/yXa, TPOJIyBaJIK CBEpXy BHU3 B OIOKCE C
pereTyaThIM JHUIEM. MccnenoBanu pexum KoMou-
HUPOBAHHOM CYIIIKY C TOJJOT PEBOM HAPYKHOTO BO3/LY-
xa 110 42°C a7st COKpaIieHus IIUTETBHOCTH UMITYJIb-
ca. VicxomHble TaHHBIE ¥ pe3YIIBTAThI IKCIIEPUMEHTAITb-
HBIX UCCJICIOBAHUI TPUBENCHBI B mMabiuye U Ha pu-
cynkax 2-4.

ITpu CBY-cyike BakHOE 3HaUSHUE UMEET PaBUIIb-
HBII BEIOOP TOIIIUHEI Cj10s1. UeM OOoITbIle TONIIMHA
CIIOs1, TEM MEHbIIle II1yOuHa npoHuKkHoBeHust CBY-
SHEPTUU U BHIIIE HEPABHOMEPHOCTD CYIIKU, YTO CHU-
XKaeT KauyecTBO MpoaykTa. [IpoBeneHb 3KcriepuMeH-
THI JJIs OTIPEAeNIEHUs ONTUMAIbHOM TOJIIIUHEI CIIOSL.

PRESOWING TREATMENT OF SEEDS

PanunonpospayHbie OIOKChI, YCTAHOBJIEHHBIE OJTUH Ha
JIPYTOM, C BBICOTOM CJI0SI 3€pHA B KaXKI0M U3 HUX 10 MM,
nojaBepraiu Bosaecteuto CBU-sHepruu B TeyeHue
10 c, a 3aTeM ompenesnsiiu BIarochbeM 3epHa B 3TUX
O1okcax (puc. 4).

PE3YNbTATHI M OBCYXXAEHUE. Ha OCHOBE TEIIOBBIX
0allaHCOB paCCUMTAHBI TPOAOTIKUTETbHOCTh CBU-1M-
MMyJibCa U May3bl IPU OXJAXKICHUM 3epHA HAPYKHBIM
BO3IYXOM.

YCTaHOBJIEHO, UTO JJIUTEIBHOCTH UMITYJIbCA 3ABU-
CUT OT yaenbHo# MonHocTn CBY-nioToka, 101mycTH-
MOTO TEeIlIa, KOTOPOE MOTYT BOCIIPUHSITH ceMeHa (3ep-
HO) ITPU HAarpeBe, JI0JIU Teria, MOIIEAIIero Ha ucrape-
HWUeE BJIaTH, U OT BBICOTHI cJ10s1. {71 pacuera qInuTeb-
HOCTH Tay3bl, BO BPEMSI KOTOPOU 3€pHO OXJIAXKIaeTCA
MPOAYBKOH, MOKHO UCTIONIB30BATH yPABHEHUE MACCOOTIAYH
TIpH ¢ const.

OnTUMabHbIi KOMOMHUPOBaHHBIH pexkuM CBY-cy1-
KU 3epHA — IIEPHUOIUIECKOE MTOBBIIIICHIE €r0 TeMITepa-
Typbl Ha 15-20°C 1 CHUKEHUE Ha 3TY e BETUYUHY MTpU
MIPOAYBKE HAPYKHBIM BO3TyXOM, IPUYEM MAKCHUMAaJIb-
Has TeMmIlepaTypa 3epHa He JT0JDKHA MMPEBBICUTH Ipe-
JIENTBHO TOMYCTUMYIO0. DTO 00ECTIEeUBAET COXPAHHOCTD
KayeCTBEHHBIX MTOKa3aTelel 3epHa.

Jlomns Tenia, moleaIero Ha UcrapeHue BiIary npu

WCXOAHBIE BAHHDIE U PE3YNILTATbI KOMBMHUPOBAHHBIX PEXUMOB CBY-cywwku
INITIAL DATA AND THE RESULTS OF COMBINED MODES OF MICROWAVE DRYING
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i
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= MOIOTPETHIM BO3IYXOM* 24 0,005-0,01 20 6 20,0 15,0 7 65
Blowdown of the layer by:
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heated air
g
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Puc. 2. 3asucumocmon enazxcnocmu W (1, 2, 3)

u memnepamypul 6 (4, 5, 6) om epemenu T CyuKu. 8pems 603-
oeiicmsus CBY-umnynvca — 10 ¢; nayza 0,5 mun (1, 4); 3 mun
(2,5); 5mun (3, 6)

Fig. 2. Humidity dependence W (1, 2, 3) and temperatures 0 (4, 5,
6) on the drying time t: the exposure time of the microwave pulse
is 10 s, pause 0.5 min( 1, 4); 3min (2, 5); 5 min (3, 6)

Puc. 4. 3asucumocmo eaasxcrnocmu W (1, 3) u memnepamypot
0 (2, 4) sepua om epemenutcywru. spems 6o3oeticmeus CBY —
6 ¢, npodyska nooozpemuim (1, 2) u napysicnoim (3, 4) 6030y-
xom 6 meuenue 20 ¢

Fig. 4. The dependence of the moisture content W (1, 3) and temperature
0 (2, 4) grain on time tdrying: exposure time microwave —6 s; blowing
heated (1, 2) and external (3, 4) air for 20 s
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Puc. 3. 3asucumocms enaxcrnocmu W (1, 2, 3) u memnepamy-
puiB (4,5, 6) omepemenutcywxu: epems gosoeticmeus CBY-um-
nyavca — 10 ¢; 000ys napyscnvim 6030yxom — 0,5 mun (1, 4); —
I mun (2,5);— 1,5 mun (3, 6)

Fig. 3. Dependence of humidity W (1, 2, 3) and temperature 0 (4,
5, 6) on drying time t: exposure time of microwave pulse —10 s;
outdoor air blowing — 0.5 min (1, 4); — 1 min (2, 5); - 1.5 min (3, 6)

CBUY-HarpeBe, He3HAYNTENbHA U He TIpeBbIaet 0,1-
0,15, B TO BpeMsi KaKk IIpU KOHBEKTUBHOII CYILIKE OHA
cocrasiset — 0,6-0,8, aTo 0OycIoBIMBaeT HEOOXOIH-
MOCTb HCITOJIb30BaHN I KOMOMHUPOBAHHBIX PEXKHMOB
C MIPOMEXYTOYHBIM OXJIaXAeHNEeM. | TyOnHAa TPOHUK-
HoBeHUs 70% CBY-3Hepruu B oy 3¢pHa BIAXKHOCTBIO
20-24% ne nipebimaet 20-22 MM (puc. 5).

ITponecc CBY-cymku MOXXHO HHTEHCU(PULIIPO-
BaTh, €CIIU [P MTPOIYBKE UCIOJIB30BATH MO0 PETHIH
BO3JIyX BMECTO HAPYKHOT'O, OJTHOBPEMEHHO CHU3UB
nnutenbHocTh CBU-uMmynbca. YcTaHOBIEHO, UTO TPO-
JIYBKa CJIOSI 3¢pHA BO3yX0OM, HarpeThiM 10 42°C, niep-
BOHAYAJIBHO BEIET K CHMKEHHIO, a 3aTeM K PE3KOMY
MOBBIIIEHUIO ero TeMiepaTtypsl. boree addexkTuBeH
PEXHUM OXJTXACHUS 3epHA TPOAYBKOU CIIOSI HAPY K-
HBIM Bo3tyXoM. [Ipu aToM mporiecce Cy Ik CHUXaeT-

CENIbCKOXO3AMCTBERHBIE MALIMHbI 1A TEXHONIOMM « Tom 12+ N + 2018

Puc. 5. 3asucumocmo memnepamyput 6 (1, 2) sepna nuenuyot
om gvicomvt cn10s h npu CBY-6030eticmeuu: 1- W = 24%;

2— W =21%; onumenvnocmo umnyavcat =10 c.

Fig. 5. Temperature dependence 6 (1,2) wheat grain on the height of
the layer h at microwave exposure: 1 - W =24%; 2— W =21%, pulse
durationt=10s

csl TeMIiepaTypa, a IpoAYyBKa CJI0sI 3¢pHA MO0 PETHIM
BO3JYXOM BEJIET K CHU)KEHUIO BCXOKecTU ceMsiH. Ku-
HETHKA KOMOMHUPOBAHHOMN CYLIKU NPUHIUITUAIBEHO
HE OTIIMYAETCS OT KHHETUKH CYIIIKHY MIIIEHUIIBI, HO JJTH-
TEIBHOCTb IIPOLiecca BO3PACTAET B KBAAPATUYHOMH 3a-
BHCHMOCTH OT pajuyca 36pHOBKH, YTO ITOKA3aHO HA
npumepe CBY-cymiku cou.

BuiBogbl

MaxkcumanpHas miuTeapHocTh CBU-nMmynbca
onpenensaeTcs MIOTHOCThIO NOTOKA JOYCTUMOM TeM-
MepaTypsl HarpeBa 3epHa U JOJIeH TETUIOTHI, MOIIe/-
1Ie Ha ucIapeHue Bilaru npu Harpese Ha 20-25°C.
JmuTenpHOCTD May3bl OMPEIeIsIeTCSI BPEMEHEM OXJIaXK-
JICHU S 3€pHA 10 TeMIIEpaTypbl, IPEAIIECTBYOLIEH M-
MYJIBCY.

PacueTHpIe 3HaUEHUS ITUTEIBHOCTH UMITYIbCA U
ay3bl C MOTPEMIHOCTHIO £15% moaTBep:K ACHBI IKCIIe-
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PUMEHTOM Ha 3epHE BIaXHOCTbIO 20-24% mpu mI0T-
noctu CBU-noroxka 0,7 xBr/m*. [ry61HA TPOHUKHO-

PRESOWING TREATMENT OF SEEDS

BeHus 70% CBY-snepruu He npessimaet 20-22 MM, a
BJIarocbeM Ipu umiryiabce coctasiseT 0,1-0,15%.
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MexaHn3auua B TEXHOJIOrMAAX CEMEHOBOACTBA KopHenjionos

Baagumup Bacuasesuu Muxees, Butaanii HukonaeBuy 3epHos,
KaHAUIAT TEXHUYECKUX HAYK, BEAYIIUN ClIENNAINCT, KaHAUIAT TEXHUYECKUX HayK,
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Pedepar. B cemeHOBO/ICTBE caxapHOIi CBEKIIBI HAOUPAET TIOMYIIPHOCTD 3Q(PeKTHBHAS OE3BBICATOYHO-TIEpecaouHas TeX-
HOJIOTHS C UCIOJb30BAHMEM INTEKIMHIOB. BhIcakuBaromue anmaparsl, MpeqiaracéMble Ha PhIHKE MAIIMH, UMEIOT Psi
HETOCTATKOB: HEBBICOKYIO TPOM3BOIUTENTHHOCTh, BOBMOKHOCTh TPAaBMUPOBAHHS KOPHEILIOOB, TIOBHINICHHYIO HATIPS-
’KEHHOCTb TpPYJAa onepaTopoB. (Lens uccnedosanus) Pa3paboTaTe YHUBEPCANBHYIO KOHCTPYKIUIO U TTapaMeTphl ammapa-
Ta MOBBIIIEHHON TPOU3BOTUTENFHOCTH ISl BHICAIKY INTEKIMHTOB CAXapHOU CBEKIIBI U KOPHEIUIONOB IPYTHX KYIBTYD.
(Mamepuanvt u memoodst) T1o ycmoBuSM MPUMEHUMOCTH U YHUBEPCATBHOCTH BBIOPAIN KOHCTPYKTHBHYIO CXEMY U THII BbI-
CaXHUBAIOIIETO amNmapaTa. Paccuntany ero npeamnoyTuTeIbHble KOHCTPYKTUBHBIE TapaMeTphl. Pazpabotanu u u3roroBu-
JIM B ONIBITHOM ITPOU3BOJICTBE MAKETHBIN 00pa3ell MAIIUHEI ¢ YHUBEPCATTHHBIM BBICAKMBAIONINM AINapaToM B BHIE SUe-
uctoro aucka. (Pesyremamel u oocyscoenue) B MONEBBIX 3KCIEPUMEHTAX MOATBEPANIN YHUBEPCAIBHOCTD MOCAT0YHON
MAIIHBI C BEICAXKUBAIOIUM AITAPATOM JUCKOBOTO TUIIA Ha BBICAIKE KOPHEILIONOB, B TOM YHCIIE C pa3MEPHBIMU XapaKTe-
PUCTHKAMHU, COOTBETCTBYIOLIUMH IITEKIUHIaM. BBISBUIN, UTO NPU 3aMEHE UCKA C PA3HBIM KOJIMYECTBOM SYEEK Pa3Iny-
HOTO pa3Mepa MalliHa MPUTOIHA I BEICATKH IEIOTO PSIIa AHAIOTHYHBIX KYJIbTYp. Y CTAHOBUIN CMEHHBIN HCK ¢ 12-16
s4eKaMu, CHU3UB €ro yrioByro ckopocTh 10 0,393-1,180 paguaH B ceKyHIy, YTO HUXKE IO CPABHEHHUIO C MapaMeTpaMu
BBICAKMBAIOLIETO AIMapaTa CyIEeCTBYIOINX MaiH. OOeCeYniu yIOBIETBOPUTENbHBIE ATPOTEXHUUECKUE TOIMYCKU MO
Pa3MeIeHnIo KOPHEIITO0B MOPKOBH B TI0UBE Ha TITyOMHY 12 cM mpu mare mocaaku 30 ¢M M OTKIIOHEHHH OT BEPTHKAIN
Ha 11 rpaxycos. [1oBbICHIN HHTEHCUBHOCTD YKIAIKH KOPHEIUIOAOB B SYCHKH BRICEBAIOLIETO UCKA A0 1-3 IITYK B CEKyH-
ny. (Bvigoodet) YCTaHOBUIIM, YTO MAIIMHA 1 BHICAKMBAIOIINIA amapaT MO3BOJIAT MOBBICHTH pabouyio CKOpOCTh 10 1 M B
CeKyHIy ¥ CHM3UTh HANPSHKEHHOCTh TPYJa ONEPAaTOPOB [0 YPOBHS TPeOOBAHWI TEXHUKU Oe3omacHoCTH. [IpuMeHeHue
YHHUBEPCATbHBIX MAIINH B CENICKI[MN U CEMEHOBOJICTBE KOPHEIUIOHBIX KYJIbTYDP CHU3UT HOMEHKIATYPY MAIIMH U 3KCILTY-
aTaIMOHHEIE 3aTPATHI XO3SHCTB.

KiroueBble ci1oBa: MexaHu3a1ys, CEMEHOBOJCTBO KOPHEIUIOJHBIX KYIbTYD, BBICAIKA KOPHEIUIOAOB, IITEKIUHT, OCAA0Y-
Hasl MaIllMHA, BEICAXKUBAIONIHH ammapar, KOPHETUIOHbIE KYIbTYPHI, CaXapHasi CBEKIIA.
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Mechanization of Root Crop Seed Production Technologies

Vladimir V.Mikheyeyv, Vitaliy N. Zernov,

Ph.D.(Eng.), key expert, e-mail: miheev-vim@mail.ru; Ph.D.(Eng.), key research engineer;
Petr A. Eremin, Sergey N. Petukhoyv,

research engineer; Ph.D.(Agr.), key research engineer

Federal Scientific Agroengineering Center VIM, Moscow, Russian Federation

Abstract. The sugar beet seed production is currently employing a non-planting-and-transplant technology with the use
of steklings. Planting units of the machines available on the market feature a number of drawbacks: low productivity,
possible injuring of root crops, and increased labor intensity of operators. (Research purpose) To develop a universal design
and parameters of an increased-productivity unit for planting steklings of sugar beet and other root crops. (Materials and

CENIbCKOXO3AMCTBERHBIE MALIMHbI 1A TEXHONIOMM « Tom 12+ N + 2018 AGRICULTURAL MACHINERY AND TECHNOLOGIES « Volume 12+ N6 + 2018



IMACHINERY FOR VEGETABLE GROWING

nT TEXHWKA Ansl OBOLLEEBOACTBA

methods) The design scheme and type of a planting unit have been chosen according to the requirements of applicability
and versatility. Its preferred design parameters have been calculated as well. A prototype machine with a universal planting
unit in the form of a cellular disk has been developed and manufactured in test production. (Results and discussion) The
conducted field experiments proved the versatility of a planting machine with a disc-type unit used for planting root crops,
including dimensional characteristics corresponding to those of steklings. The authors have found that when replacing a
disk with a different number of cells of different sizes, the machine is suitable for planting a number of similar crops. A
removable disk with 12-16 cells has been installed, with its angular speed decreased to 0.393-1.180 radian per second, which
is lower as compared to the existing machines. Satisfactory agrotechnical tolerances have been provided for carrot planting
in the soil at a depth of 12 cm, a step of 30 cm, and a deviation from the vertical of 110. The intensity of root crop laying in
the cells of a seeding disk has been increased to 1-3 pcs. per second. (Conclusions) It has been found that the machine and
the planting unit can increase the working speed up to 1.0 meter per second and reduce the labor intensity of operators to
the level of safety requirements. The use of universal machines in the breeding and seed production of root crops will reduce
the range of the applied machines and operating costs of farm enterprises.

Keywords: mechanization, root crop seed production, root crop planting, steckling, type, sowing unit, root crops, sugar
beet

I For citation: Mikheyev V.V., Yeremin P.A., Zernov V.N., Petukhov S.N. Mekhanizatsiya v tekhnologiyakh
semenovodstva korneplodov [Mechanization of root crop seed production technology]. Sel'skokhozyaystvennye

mashiny i tekhnologii. 2018. Vol. 12. Né. 31-37. DOI 10.22314/2073-7599-2018-12-6-31-37 (In Russian).

oBbIIIeHUE 3(h(HEKTUBHOCTH ITPOU3BOICTBA Ca-

XapHOI CBEKJIBI U APYTUX KYJIBTYP BO MHOTHX

CTpaHaX CBSI3bIBAIOT C OCBOCHHEM OMOTEXHO-
JIOTWH ¥ MHHOBAITUH B CEMEHOBOACTBE [1, 2].

o HenaBHEro BpeMeHU B CEJEKIIMOHHON IpaKTU-
ke Poccuu ObLTH pacpocTpaHeHbl TOJIBKO IBE TEXHO-
JIOTMY CEMEHOBOJCTBA KOPHEIIJIONOB, HAIIPUMED, 114
CcaxapHOU U KOPMOBOI CBEKJIbI — BbICAIOUHAS U 6€3-
BeIcagouHas [3]. [lepBas, Mo mMaHHBIM CEMEHOBOIOB,
3aTpaTHasi, a BTopasi UMeeT OrpaHUUYEHHOE pacipo-
cTrpanenue 1o 3oHaM (Ha Kybanu u B Kprimy) [4].

Bo MHOruX cTpaHax mpUMEHSIOT G€3BbICAJOYHO-TIE-
pecaiouHyo (IITEKIIMHTOBY0), paccaHO-Tiepecai0d-
HYI0, MHOTOJIETHIOIO M IpyTrue OMoTexHoiIoruu. Tax,
B BeIyIIUX 3apyOekHbIX KoMnaHusax [epmannu — KWS,
Opanru — Florimond Desprez, benvrun— SESVanderHave,
CIIA - Betaseed 110 ceMEHOBOIICTBY CaxapHOU CBEKJIBI
KpPOME BbICAIOYHOM M MHOT'OJIETHEH, UCIIOJIb3YIOT TaK-
e O6e3BpIcanounyto (B Adpuxe, ITanum) v I TeKINH-
roByto TexHonoruu. [locmeaHIow U3 yKa3aHHBIX TeX-
Hoyioruit ocBanBaroT U B Poccuu [5]. LITekmuHTH B OT-
JIUYYe OT TPAJUIIMOHHBIX MATOYHBIX KOPHEIJIOAOB
CBEKJIBI MEHBIIIE TI0 pa3MepaM U Macce. Macca ITeKInH-
roB coctaBinseT 30-200 r; nuameTp y meidku — 15-25 mM;
nnuaa — 150-200 MmM; yriaoBast KOHyCHOCTB — 7-15°. UIx,
KaK 4 TpaJULIMOHHbIE KOPHEIJIOABI, Iepe] NOCAAKON
COPTUPYIOT U KATIUOPYIOT MO BHIIIEYKA3aHHBIM MpU-
3HAaKaM Ha COPTHPOBOYHBIX IIYHKTAX CEJIEKITMOHHO-Ce-
MEHOBOIUECKUX XO3SICTB.

ITek THHT OBYIO TEXHOJIOTUIO CEMEHOBOJICTBA Ca-
XapHOH CBEKJIbI Ha O0IBIINX IIoWAAs1X B Poccun mpu-
MeHseT AO «IllenkoBo ATpoxum».

OnHaxo Ha HEOOIBITUX CEIEKITMOHHO-CEMEHOBO/I-
YECKUX y4acTKaX OTCYTCTBYIOT 3 (eKTUBHBIC pellie-
HUS IO KOHCTPYKIIUSIM MAIITUH JJTsI BRICATKU KOPHE-
TIJIO/IOB, TI0 aT POTEXHOIOT MUECKOH OlleHKe paboTocIIo-

CEIbCKOXO3AMCTBEHHBIE MALIWHbI 1 TEXHONOT MM + Tom 12 N6 » 2018

COOHOCTH M TOCTATOYHO OOOCHOBAHHBIM X TMapame-
TpaM. AKTYaJIbHBIM OCTA€TCsI BOIIPOC CO3/IaHUS YHU-
BEepCaJIbHBIX MAIIIH.

Ji1st BBICATKY KOPHETITIONOB HA CEMEHHIKH, HATTPH-
Mep, CBEKJIbl, MOPKOBU U APYTUX KYIBTYP UCHOIb3Y-
IOT CIIeIMAJIN3MPOBAHHBIE BBICAIKOIIOCAIOUHbBIE Ma-
LIHHBI, a A1 BBICAJKU KOPHEIJIOAOB Pa3HbIX BUAOB
Ha HUX JOTOJHUTEIBHO YCTAHABINBAIOT CIeINAJIb-
HBIe paboune opransl (OMIINH).

B Hactosimee Bpemst Bo BHUMCC (1. Pamons) pas-
paboTaau MPOEKT TEXHOJIOTWH IS BEIPAIITUBAHUS Ce-
MSIH CBEKJIBI U3 IUTEKJIMHIOB U OIIBITHBIE OOpa31bl BbI-
cankomnocanoudsrx Mamus tTuna BITHI/BIIC. Otu ma-
IUHBI 000PYTOBaHBI TOCAIOYHBIMH allllapaTaMy B
BU/JIE POTALIMOHHBIX TYHKOOOpa30BaTeseii, HO OHU TPY-
JTOEMKU B OOCITY)KUBAHUH U UMEIOT MaJTyIO ITPOU3BO-
JIUTENBHOCTD.

AHaIN3 CyIIecTBYIONINX TOCATOYHBIX MAIIIMH U Ta-
TEHTHO-TEXHUYECKON JTUTEPaTyphl MOKA3all, YTO HA
PBIHKE JOCTYIHBI U IPyTUe MAIIUHBI C UHHOBALIOH-
HBIMH YHUBEPCAJILHBIMU BBHICAKUBAIOIINMH armapa-
TaMU JJ151 KOPHEIIOO0B, paccaabl U IPYTUX BUAOB I10-
cagouHoro Matepuana (puc. I). OMHaKO HET TaHHBIX
00 1X paboTOCIIOCOOHOCTH Ha BBICAIKE KOPHETLIONOB
10 Pa3MEPHBIM XaPaKTEPUCTUKAM, COOTBETCTBYIOLIUM
LITEKJIUHIAM.

KonycHbrii anmapat Mamunel Tuna Over Due Manual,
A1 obecrieunBaeT o4eHb OEPEKHYIO BRICAAKY KOPHEH,
TaK KaK KOHYC IJIABHO BHEPSIETCA B [TOUBY Ha LIETTHON
repenaye WIv TUCKe 10 3aJaHHOU TTyOuHEI. U ToIbKO
[IOTOM €r0 CTBOPKU OTKPBIBAIOTCSI U IPOUCXOAUT BBI-
cajika KopHei. B aTom BapuaHTe HaANIps>KEHHOCTD TPY-
Jla oTlepaTopa MOBBIIIIEHA M3-32 HEOOXOIUMOCTH KOH-
TPOJIs 38 ABUXKYIIUMUCS BHU3 KOHYCAMU U COTTIACOBa-
HUS C HUMH IBI)KEHUSI PYK B IBYX INTOCKOCTSIX JIJTSI 3a-
KJIaJK1 KOPHEIJIoJa TOUHO B KoHyc. Kpome Toro, HeT
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Puc. 1. Tunwl svicasricusarowux annapamos:

a — BbICANCUBAIOUWULL KOHYC, b — DeBONbEePHDbILL; ¢ — HNACMUYHbIE
oucku, d — 20pu30HMAbHbLEL AYEUCTBIEL OUCK

Fig. 1. Types of planting units:

a — planting cone; b — revolving; ¢ — elastic disks, d — horizontal
cellular disk

ya0OHOT0 JOCTyIa K TOCaA0YHOMY MaTepualy.

PeBonbBepHbIit anmapat MamuHb! GupMbl JMAC
XapaKTepu3yeTcs yI0OCTBOM 3arpy3KU KOPHEIUIOAOB/
paccaasl. OniepaTop BUAUT cpa3y Bce HUIMHAPUYE-
CKMe sIueiiku 171 KopHerionoB. HenoctaTok aToro amn-
rapara — KOpoTKOe BpeMsl COBIIAJCHUS STUEHKU U BbI-
TPYy3HOT'O OTBEPCTHS, A CIENOBATEIBHO, U BBITPY3KHU
KOpHEIIoAa. DTO MOXKET IIPUBECTHU K €r0 MOBPEXK/Ie-
HUIO, TIO3TOMY TpeOyeT CHIKEHUS pabodeil CKOPOCTH,
4 3HAUUT YMEHBIICHUS POU3BOAUTEIBHOCTH MalllU-
Hbl. Kpome Toro, XBOCTOBOM KOPEIIOK IITEKJIMHT A IPU
JIBMDKEHMHU I10 THUITY aIrapaTa MOeT 3aIeMIISIThCS
1 TIOBPEXIATHCS.

Mammna Basrijs BV ¢ 31acCTUIHBIMU JUCKAMHU 00€-
CIIEUMBAET BBICAAKY paccalbl KOpHs 6€3 FOPIIOYKOB,
C «TOIBIMW» KOpHeBUIaMu. OTHAKO OnepaTop Mpu
00CITyKMBaAaHUH 3TOTO aIlllapaTa JIoJKeH 00J1aiaTh Mo-
BBILIEHHO! TOYHOCTBIO IJ1a30MePa U YETKOU KOOPIU-
Hanuel IBIKEeHUs pyK I 3a00pa MaTeprala us3 pu-
E€MHUKA U pa3MELIEHUSI ero CTPOro B PaCTBOP F'HOKUX
JIMCKOB, IBIDKYIITMXCS cBepXy BHU3 (3¢ ekt «yderaro-
ieit» siueiiku). HanpsbxkeHHOCTH Tpyna oneparopa npu
paboTe ¢ TaKMM anmnapaToM MOBBILIEHHAs, a ero pabo-
yas 1mo3a (B IMMOJIYCOTHYTOM ITOJIOXKEHNH) HE OTBEYAET
TpeOOBaHUSIM TEXHUKU OE30MACHOCTH.

Mammna ¢upmsr IMAC ¢ TOPU3OHTAITBHBIM s4e-
HCTBIM IUCKOM OoJiee yHUBepcaibHa. Sueiiku qucka
00pa30BaHbI paAlaIbHBIMU IEPETOPOAKAMHU, TIPUKPE-
IUIEHHBIMHU K €ro cTynuue. MammHy MOXXHO IpuMe-
HSTH B CEJIEKIIMOHHOM NIPAKTUKE HA ITOCAIKE MHOTUX
KJIyOHETIITONHBIX KYIBTYP, HAallpuMep KapTodens, To-
nuHam6ypa. Kpome Toro, npenmyiiectna 3Toi MaIiu-
HBI COCTOSIT B TOM, YTO TOPU30HTAJIbHBIN JUCK C STYeH-
KaMu 06ecreurBaeT OnepaTopy XOpoIInii BU3yaIbHbIN
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KOHTPOJIb M UX MIOIITYYHYIO 3arPy3Ky B OHON TOPH-
30HTAJIBHOM TIJIOCKOCTH, YTO CHMIKAET IMPOMYCKH U
nBoitHukH. [Ipu 3TOM coKpaiarTcs paccTosiHUE, Bpe-
Ml TIEpEMEILIEHUI PYK OIepaTopa U, Kak CIeICTBUE,
HaIIPsHKEHHOCTH ero Tpyna. K Hegocrarkam Takoit ma-
IIMHBI CJIEYET OTHECTU HU3KYIO TPOU3BOAUTEIIHLHOCTD,
CBSI3AHHYIO C MaJIOH paboueil CKOPOCTHIO, UTO OOBSIC-
HSIETCSl OTCYTCTBHEM OOOCHOBAHHBIX IIAPAMETPOB BHI-
Ca)KUBAIOIIETO almnapara u yaoOoCTB A1 paOOTHI OTie-
paropa.

LIEne nccnenoBAHNS — pa3paboTaTh yHUBEPCATb-
HYI0 KOHCTPYKITUIO U TTapaMeTPHI arnapaTa MOBBIIIeH-
HO MPOU3BOAUTEIIBHOCTH IS BBICAIKH I TEKIMHT OB
CcaxapHOM CBEKJIbI U KOPHEIUIOAOB JPYTUX KYIIBTYDP.

MATEPUANBI U METOABI. YUNTBHIBAS TPEUMYIIIECTBA
BBICR)KMBAIOIIETO allapaTa ¢ TOPU3OHTATIbHBIM Sue-
WCTBIM JTMCKOM, MBI TPUHSLITN 32 OCHOBY €TI0 KOHCTPYK-
THBHYIO cxeMy. Pabouee MecTo onepaTopa MoiepHU-
3UPOBAJIA B COOTBETCTBUY C TUTUEHUIECKUME HOPMa-
MU U TpeOOBaHUAMH I10 TeXHUKe Oe3omacHocTH. [1a-
paMeTpsl BRICAXKUBAIOIIETO alnapaTra OnpeaeIuin
pAacCYETHBIM ITyTEM C Y4€TOM HOPMAaTHBa IT0 HATTPSIKEH-
HOCTHU TpyZAa onepaTopa. B MoneBbIxX ONbITaX yCTaHO-
BUJTU JOITYCTUMOE 3HAYEHHE ITOTO TIOKA3aTeN s, TO3BO-
Jsironiee oo6ecreyuTh 6oJiee BRICOKYIO pabouyro CKo-
POCTh MAIIMHBI U, KaK CIEACTBUE, TTPOU3BOTUTEITH-
HOCTb.

ITapameTpsl BBICA)KUBAIOIIETO alllapaTa MalnHbI
PACCUHTBIBAIIH C yUETOM ar pOTEXHUYECKIX, CAHUTAP-
HBIX 1 HOPMAaTUBHBIX TPEOOBAHUH MO CIIeyIOIIEH Me-
TOJIMYECKOHN CXeMe.

1. IlpenenpHast ”HTEHCHBHOCTD MOIITYYHOM yKIIad-
KU HITEKJIUHTOB ONIEPATOPOM (IPH PYUYHOM OOCITYyKU-
BaHUH) B OJIMH MIOCATOYHBIN allapar:

- HopMmatuBHas 4, < 0,5-0,66 mT./c (Ipu momTy4-
HOM 3abope xopHeit 30-40 mt./MuH, TOCT P 53489-
2009);

- monryctuMmast 4, < 1-4 mr./c (mpu rpynmoBoM 3a-
Gope KopHeH oT 2 u Horee).

2. 'ycToTa BBICAAKH MITEKJIMHTOB B IIOYBY I10 arpo-
TpeboBanmsM [1, 3]:

Ty =3-4wr./mopu mexaypsaabsax 0,30 m; 0,45; 0,60;
0,351 0,70 m.

3. lomyctumas pabodasi CKOpOCTh IOCAJOUYHOTO
arperara (c yueToMm mapameTposB 1 u 2):

V,=H,I,; V,=3x035= 1,05 mlc. (1)

rae V,— pabodas CKOpOCTh IOCAOYHOTO arperaTa, M/c.
4. YriioBasi CKOPOCTb BpPAILIEHUSI TUCKA [TOCAT0YHO-

TO anmapara, IMEIOIEro ONpeaeIeHHOE YHCIIO TYeeK

(ompenensieT HANPSDKEHHOCTD TPY/Ia ONepaTopa):

w, = 20/ T, = 21/(N, /), )

IJIe W, — YIJIOBasi CKOPOCTh BpallleHUs JUCKa arapa-
Ta, pan/c;
T, — BpeMsl IIepeMeEIIEHHS sTUeeK C JUCKOM 3a I0JI-
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HBIN 000pOT, C;

N, — 4UCJIO sTueeK Ha Aucke 6-16, mT.

5. IlapaMeTpsI BEICAXKUBAIOIIETO JUCKA HAXOIUITH
1o hopMysiam:

14 — 9UCII0 0O0OPOTOB AUCKA, 1/C:

ng = (w,/27) = N,/H,,

TJIe ng — YUCIIO 000pOTOB AUCKA, 1/c;
R —paauyc mucka 1o pa3mMepaM KOpHerioa (I TeKInH-
ra), M:

R=(dJ2) + L= (do + A) (NJ2) + Lo, M

rie d, — BHyTPEHHHI quaMeTp IUcKa, M;

L, — mimHa KopHerioAa (ITeKJIUHTA), M;

d — THAMETP TOJIOBKH KOPHEIIIIONA, M;

A —3a30p MEeXIy CTECHKaMH KOPHETJI0/1a U CTeHKa-
MM STYEHKH 110 BHYTPEHHEMY AUAMETPy Aucka (< 10
0,01), m;

V,— paauyc JUCKa IO YCIOBUSM CUHXPOHU3ALUY C
MMOCTYIATEIBHON CKOPOCTBIO arperara:

©)

@

V, = Vili, mlc, ®)
Ipu:
Vi= w,R, Mmlc, (6)

rae Vy— nuHeiHast CKOpOCTh AUCKa BBICAKUBAIOIIETO
arnmapara B TOYKe 3aKJIaIKU I TEKIMHT OB (B 30HE MO-
TOPHOTO TOJISI PYyK OIepaTopa), M/c:

i~ 0,333 —nepenaTouHOE YUCIIO TOHMIKAIOIIETO pe-
JIyKTOpa IMPUBOJHOTO KOJIeca OT arperara K JUCKY IO-
CaJI0OYHOTO amnmnapara.

6. [Tpu n3BeCTHOM IIare Mocajku, YUCIe TUeeK Ha
JIUCKE, YCIIOBUSIX UX 3aT PY3KH KOPHETTOAAMH (IITEKJINH-
raMm¥) ¥ IIaHUPyeMoil pabodell CKOpOCTH arperara,
panmyc Nocajo4Horo JUCKa BEIOMPAIIH MOCIE pacue-
ToB 110 (5) 1 (6).

C y4eToM pacyeTHBIX TaHHBIX IO BBIIIEH3JIOKEH-
HOH METOIUKE pa3paboTaH U U3rOTOBJICH B OITBITHOM
MPOU3BOJICTBE MAKETHBIN 00pa3el] MaITHBI C YHUBEP-
CaJIBHBIM BBICAKMBAIOLIUM aIlIapaToOM B BUIE SUEU-
CTOTO AWMCKA JJIS TIOCAIKA MHOTHX BHUIOB KOPHEIJIO-
JIOB, B TOM YHCJIE U IITEKJIUHIOB (puc. 2).

B KOHCTpYKIMIO CyIeCTBYIOIEH MauHbI (puc. 1d)
BHECEHBI I3MEHEHU I, YIyUIIAOIIUe YCIOBUS PA0OTHI
oreparopa Io oKa3aTeNIsIM HAIIPS)KeHHOCTH TPyia U
TexHuku 6e3omacHoctu ¢ yuetom [OCT P 53489-2009
Cuctema cTaHIapTOB 0€30MACHOCTH TPy Aa. MaIIuHbI
CeNTbCKOXO31CTBEHHBIE HABECHBIE U ITpHUIleTHBIE. O6-
mue Tpedboanus 6ezonacHoctu; OCT 12.2.002.4-91.
Cucrema cTanaapTOB O€30MacHOCTH Tpyaa. TpakTo-
PbI 1 MaIlIMHBI CAMOXOIHBIE CETTbCKOXO035ICTBEHHBIE.
Merton onpezneneHnst 0030pHOCTH ¢ pabouero MecTta
omneparopa; P 2.2.2006-05 T'uruena tpyna. PykoBos-
CTBO 10 TUTUEHUYECKOH OIIeHKe (paKTOPOB paboueit
cpensl U TpyAoBoro nporecca. Kpurepun u kinaccu-
(ukanus ycroBuii Tpya.
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Puc. 2. Buewnuti 6uo makemmno2o oopazya mauiuvl 0Jis NOCAOKU
KopHeKnyonennodos: 1 — kopnyc mawunsl, 2 — paboyas niowao-
Ka,; 3 — blcadicusalowuti annapam OUcK08020 Mund ¢ S4etikamu;
4 — omuwye evicadicusaioweco annapama,; 5 — 6blepy3Hoe OKHO;
6 — naowaoka 051 cemenno2o Oynkepa unu Kkaccem, 7 — cuoelve
onepamopa ¢ NOOHOHCHbIM HACIUIOM

Fig. 2. The appearance of a prototype machine for root-crop
planting: 1 — machine body; 2 — operating platform; 3 — disc-type
planting unit with cells; 4 — planting unit bottom; 5 — unloading
opening; 6 — platform for a seed hopper or dispensers;, 7 —
operator’s seat with underfoot covering

OTHU N3MEHEHUS KOCHYJIUCH CIETYIOIIETrO; BBEACHA
pabouas rutomaaka 2, yaydileH TOCTYII K CEMEHHOMY
OyHKepy 6, CHJICHbBE JIJIsl OTIEPATOPOB 7 BBHIIIOJTHEHO B
BUJIE €AUHOM CKAMENKHU C IIOAHOXXHBIM HACTUIIOM
(puc. 2).

N3 ypaBHenutii (2)-(4) ciemyeT, 4TO yIiI0Bas CKO-
pPOCTh @, TUCKA BHICAXKUBAIOIIETO alliapaTa MUHH-
MmasibHa (0,195-1,575 paza/c) npu uncie sueek 12-16 mit.,
ITO3BOJISIIOIIEM CHU3UTD HAMIPSHKEHHOCTD TPy/Ia OIle-
patopa B 1,5-2 pa3a. Pagnyc BeIcaXHBaOIIETO TOPH-
30HTAJIBHOTO AucKa annaparta R pasen 0,219-0,251 M,
a ero BHyTpeHHUH quameTp d, coctasiseT 0,057-0,102 m
npu paboueil ckopoctu arperarta V, metree 1,0 m/c
(3,6 xm/u).

IMocamouHbIl annapar JI0JKEH BIIMCAThCS B Trada-
PUTHI MAIITUHBI TI0 YCIIOBUSIM 0€30TIaCHOCTH paOOTHI
oneparopa (yrioBas CKOPOCTb BpaIlleHUs @, JUCKa B
npenenax 0,393-1,180 pan/c, a anucio 060POTOB 1y AHC-
ka —0,0626-0,251 1/c.

B mabnuye 1 mpuBeneHsI pe3yabTaThl PACYETOB.

B na6oparopHo-nonessix ycnoBusix BHUU kapro-
(enpHOTO X03s517icTBA (1. Kopeneso) B utone 2018 r. mpo-
BE€ICHbI MMUTAIMOHHBIE UCITBITAHUSI MAIIIUHBI ¥ BbICA-
JKUBAIOIIIETO JUCKOBOTO anapara ¢ YUCIOM sTYeeK
12 mt., 4TOOBI OIIEHUTh BO3MOXHOCTH BBITTOJTHEHUSI
TEXHOJIOTUYECKOTO ITPOoIIecca MOCa KN KOPHETIOAOB
B [TOYBY U KAUECTBO MX PA3MEIICHUS B COOTBETCTBUU
co cragmaptom (CTO AUCT 5.4-2010 Ucniprranust
CEIIbCKOXO3SHCTBEHHON TEXHUKU. MallluHBI BHICAIKO-
nocazo4dHbie. MeTOIbI OLIEHKU ()YHKIIMOHAIBHBIX I10-
Kazareneii. Mockga. 2013).
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Ta6nuua 1 Table 1

YrnoBAsi CKOPOCTb BPALUEHUSI AUCKA @, PAL/C
ANGULAR SPEED OF DISK ROTATION ,, RAD/SEC

YacroTa 3aKJIaKH KOPHEILIOA0B B siueiiky M, 1/c uciio srueex Z,, mir. / Number of cells Z,, pes.
Intensity of laying root crops in the cell /7,,1 /s 6 9 12 16
0,50 0,525* 0,345* 0,261* 0,195%*
0,66 0,693* 0,460%* 0,345* 0,259**
1,00 1,040%* 0,700** 0,525%** 0,393%**
2,00 2,100** 1,400%** 1,050%** 0,787***
3,00 3,150%* 2,100** 575 1,180%**

** pacuerHsle 3HaueHus / calculated values;
*** mapamerpsl npepiaraemsle / offered parameters

* mapaMeTpBhl y CYIeCTBYIONINX annapaToB / parameters for the existing units;

UcrnipiTaHus mpoBeieHbl Ha KOPHEIIIOAaX MOPKO-
B auaMeTpoM 15-23 MM u aiiuHo# 13-16 cm.

ITouBa Ha ONBITHOM yYacTKe — cyrnecyaHas. Biax-
HOCTb 110 ropuzoHTaMm: 0-5 cm — 10-12%; 5-10 cm — 12-
17% u 10-15 cm — 17-18%.

KopHermnoas! BEICa)XHBAIIX OTHOM CEKIMel Malln-
Hbl. Pabouas ckopocTs TpakTopa MT3-82.2 6e3 xon0-
YMEHBIIUTENS cocTaBisiia 1,08 m/c.

[lepen nauanom paboyero xoaa MaIIUHBI B TYCHKU
BBICAXXHUBAIOIIETO TUCKA OTIEPATOP 3aKJIAAbIBAIT ITO-
OIIMHOYKE KOPHETUIOABI XBOCTOBHKOM, O0PAIIEHHBIM
K OoIbIIeMy JUAMETPY JUCKA, OTCTYMAS OT BBITPY3-
HOT0 OKHa Ha 2-3 ssueiiku (puc. 3). Caemyromye KOpHe-
IJIOABI ONEPATOP YKJIAAbIBAT IBYMS pPyKaMU, OPUCH-
THPYS UX aHAJIOTUIHBEIM 0Opa3oM. [1pu pabote muck,
BpalllasiCh, MepeMeIiall KOPHEMIOABI K BBIIPY3HOMY
okHy 3. ITpu coBMenIeHNN KOPHEIIOAA C BBIIPY3HBIM
OKHOM OH TI0J] COOCTBEHHBIM BECOM TIaJajl BHU3 U 110
KOPHETIPOBOJLY NepeMelaicsa Ko JHy 60po31sl, I1e 3a-
ropTayu MAIIWHBI CPa3y 3aJeIbIBAIIH €T0 B TIOYBY H
VIUIOTHSUIH ee. B mporecce NBUKEHUST MAIIMHEI OTIe-

2

Puc. 3. Vinaoka koprennooos onepamopom 8 ssuetiKu 8bicadicusa-
Houje2o0 OUCKAa MAWUHbL:

1 — gvicasicusarowuti Ouck; 2 — KOpHenioo, 3 — evlepy3noe oKHO,
4 — pyka onepamopa

Fig. 3. Laying of root crops by an operator in planting disk cells
of the machine:

1 — planting disk; 2 — root crop; 3 — unloading opening; 4 —
operator's hand
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b

Puc. 4. Yuacmok 0elsiHKU ¢ 6bLCAINCEHHBIMU 8 NOUBY KOPHENJIO-
oamu:

1 — nousa Ha densauxe; 2 — KOPHEN00 8 NoYe NOCe BbICAOKU Ma-
WUHOT

Fig. 4. A land plot with root crops planted in the soil:

1—soil on the plot; 2 — root crop in the soil after machine planting

paTop BpyUHYIO 3aKJIabIBAJ B OCBOOOIUBILIHECS STUEH-
KU 4 HOBBIX KOPHEIIOAA U TAKUM 00pa30M IHKII pa-
OOTBI HOBTOPSJICS HA IJTUHE paboveit MeTsTHKI.

Ilocre BbIcaIKM KOPHETIONOB HA JIEISTHKE UX OT-
KJIOHEHUE OT BEPTHKAJIH OIIPEIEIISIIH O TS TH KOpHe-
IJIOAaM, pa3MeIICHHBIM 110 ee ayuHe (puc. 4). Bokpyr
KaXXIOTO KOPHEIJI0a-MaTOYHNKA BEIOMPAIIH TIOYBY
TaKUM 00pa30M, YTOOBI OBLJIO BUAHO €r0 MOJ0XKEHUE
OTHOCHUTEJIBHO BEPTUKAJIBHOM IIJIOCKOCTU. YT OJI OT-
KJIOHEHU S KaXXJ0T0 KOPHEIJI0a OT BEpTUKAIIA H3Me-
PAIA TPAHCHIOPTUPOM C TOYHOCTHIO £1° Me Iy ABYMS
METaJUTMYECKIMU CTIHIaMU. TONIIWHA CITUI] COCTaB-
Jsu1a 2 MM, ¥ MIX pa3MeIlaii BEpTUKAIbHO U BIOJIb TO-
BEPXHOCTH KOPHEIJIO/A.

PE3YNLTATBI M OBCYXAEHUE. Pe3ynbTaTsl OlleHKN
paboTocnocobHOCTH anmnapara U KaueCTBEHHBIE T10-
Ka3aTeu pa3MelleHU sl KOPHEIUIONOB B TOYBE OTPasKe-
HBI B mabauye 2.

AHaIN3 pe3yIbTaTOB MOKA3aJl, YTO IMOCATKA UMH-
TALMOHHBIX KOPHEILIONOB MPOXOAMIa PABHOMEPHO B
COOTBETCTBHH C YCTAHOBJICHHBIMH IIApAMETPAMU: OT-
KJIOHEHWE KOPHETUIOAOB OT BEPTUKAJIU He IIpeBhIIIa-
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Table 2

Ta6nuua 2

KAYECTBEHHbIE MOKA3ATENN PASMELLEHNS| KOPHEMNOAOB B MOYBE
QUALITATIVE INDICATORS OF PLACING ROOT CROPS IN THE SOIL

KoanuecTrBeHHast
Koadduuuent JI0J141 € A0NYCTUMBIM
Cpennee apudmern- CranpiapTHoe
IToxa3aTeau Bapuanuu, % OTKJIOHEeHHeM, %o
Indicators ;?:K;iéﬁi‘:g:ee Sta?lfl:?((l)l(ligi';eﬁon Coefficient of Quantity fraction
g variation, % with a permissible
deviation,%
OTKJIOHEHHE KOPHEILJIOAOB OT BEPTH-
KaJIu, TPa.
Deviation of root crops from the 4 =2 = 25
vertical, degrees
I'nybuna nocaaku, cM
Planting depth, cm Iz +3 20 20
IIIar mocagku, cM
Planting pitch, cm = = = 5
WHTEHCHBHOCTD 3aKJIa /KM KOPHEIIO-
JIOB B STYCHKH JHCKA arapara, Iir./c:
Intensity of root crop laying in the
unit disk cell, pcs./s:
MHUHUMAaJbHAas / minimal 1 0 0 100
MakKcuMaJjbHas / maximum 3 +] +20 80

7o 11£2°; rmybuna mocaaku — 1213 cM; mar nmocagku —
30£5 cM; MHTEHCUBHOCTD 3aKJIAIKHU KOPHETJIOA0B B
STYeHKU JUCKA BhICAXKUBAIOIIET 0 anmnapara — 1-3 mr./c.
OO0ecriedueHne BepTUKATBHOTO TIOJIOKEHUSI KOPHETLIO-
Jla TP BBICAJIKE TOCTUTACTCS B XO/Ie HACTPOMKH ITa-
pPaMETPOB U PETYJIUPOBOK KOPHENTPOBOAA. YCTONUH-
Bas ITyOMHA U paBHOMEPHBIH AT TOCAIKH — Pe3yiIb-
TaT KauyecTBa MOJATOTOBKHU MOYBBI, UHAUBUIYAJIHBHOTO
KOITUPOBAHMUS pelibedha MOUBBI CONTHUKOM BBICAKIBA-
OIIIEro allapaTa, paBHOMEPHOCTH XO4a TpaKkTopa 1
MIPUBOJIa BRICAXKUBAOIIETO anmapaTta. OnTuMaibHas
HAIPsKEHHOCTh TPY/Aa olepaTopa IpH 3aKjIaaKe Kop-
HETIIOAOB B STYCHKU MOXKET OBITH 0OecIiedeHa Ipy ero
paboTe TByMs pyKaMH | ITPH OPTaHU30BAHHOM pa3-
MeEIIIEHU M KOPHETIJIONOB Ha paboyeil momaake.
Takum 00pa3om, MOATBEPIKIeHA TUTIOTE3a YHIUBEP-
CaJIbHOCTH ITOCAJOYHOM MAIIKHBI C BBICAKHBAIOIINM
anmapaToM JMUCKOBOT'O THIIA M Ha BhICAIKE KOPHETLIO-
JIOB C pa3MEPHBIMH XapaKTEPUCTUKAMHU, OTHOCSIIIHX-
cs K mTekauHraMm. I1pu 3aMeHe TUCKOB ¢ pa3HbIM KO-
JTIMYECTBOM STUEEK Pa3IMIHOTO pa3Mepa MallliHa ITPH-
TOJTHA JIJISI BBICAIKH LIEJIOTO PsAIa aHAJIOTMYHBIX KYJIb-

Typ. [lpruMeHeH e STUX MAIIIWH B CEJIEKIINMH U CEMEHO-
BOJICTBE KOPHEIIOAHBIX KYJIBTYP CHU3UT HOMEHKJIA-
TYPY MAIIUH U 9KCILTyaTAllUOHHBIE 3aTPATHI XO35UCTB.

BbiBoAbl. BeisiBUIIH, YTO BEICAKUBAIOIIUIA AllTapaT
MAIIIUHBI CIEAYET OCHACTUTH TOPU3OHTAIBHBIM JTHUC-
KOM C CeKIHMSIMMU (STueiikaMm) ISl KOPHETIOAOB, UYTO-
OBl 00ECTIeYUTD X ITOOTMHOYHOE pa3MelIeHHe o Xa-
paxkTepHBIM pa3Mmepam. Ha BricaxxuBaromieM qucke pa-
nuycom 0,438-0,502 M HEOOXOIUMO PACIONIOKHUTH 12-
16 cexuuii. B moneBpIX 3KCIIEpUMEHTAX OMPEAETIUIN
BO3MOXKHOCTH TPUMEHEHHUS MAIIIMHEI U ariapaTta Jjis
BBICAJKY TUITUYHBIX KOPHEIJIOAOB C COOITIOAEHUEM OC-
HOBHBIX ar POTEXHUYECKUX JIOMMYCKOB. YCTaHOBHIIH,
YTO MAlllHA U BBICA’KUBAIOIIUN annapar O3BOJIST
MOBBICUTH PabouyI0 CKOPOCTH 110 1,0 M/C ¥ CHU3UTH Ha-
MIPSKEHHOCTD TPY/Ia OIepaTOPOB 10 YPOBHS TpeOoBa-
HUIl TEXHUKU 0€30IMacHOCTH.

[Ipennmaraembie MalInHa U BRICAKUBAIOIITUN JUCK
Hai1yT IpUMEHEHNE B TEXHOJOTUsIX IPOU3BO/ICTBA Ce-
MSIH caXxapHOU U KOPMOBOM CBEKJIbl, MOPKOBHU U JIPY-
TUX KOPHEIJIOMHBIX KYIBTYP.
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PROBLEMS AND DECISIONS

YAK 628.979:581.035 ()52 DOI10.22314/2073-7599-2018-12-6-38-44

KoHuenTyasnbHble OCHOBbl 3HEPro3KOIOrMN CBETOKYJIbTYPblI

Cepreii Anarojbesu4 PakyTbko,
JIOKTOP TEXHUUECKUX HAYK, [NIABHBIN HAYyUHBIN
COTpYIHUK, e-mail: sergejl964@yandex.ru

MHCTUTYT arponHXEHEPHBIX U IKOJIOTHYECKUX ITPOOIIEM CeITbCKOXO3IMCTBEHHOTO TPON3BOACTBA — (pruitmat
depepaabHOro HayYHOr o0 arpouHkeHepHoro nentpa BUM, Cankt-IlerepOypr, Poccuiickas ®denepanus

Pedepar. 1111 nobinienys 3pQpeKTHBHOCTH TEIUIMYHOTO MPOM3BOICTBA IMPOKOE MIPHUMEHEHHE HAXOUT TEXHOJIOTUS BBI-
paIIUBaHUS PACTEHU TIPH MCKYCCTBEHHOM OOIYYEHUH, TO €CTh CBETOKYIbTypa. [Ipeaoxmm pacmputh Kpyr paccma-
TPUBAEMBIX B 3TOI 00JIACTH BOMPOCOB U BBIIENUTH SHEPTOIKOJIIOTUIO CBETOKYIIBTYPHI KAK HAYYHOE HATIPABIIEHUE, PACIIO-
JOKEHHOE HA CTBIKE SHEPreTUYECKUX M TeXHUUECKUX AUCHUIUINH, (PU3MOIOTUHN pacTeHu U skojoruu. (Llems ucciedosa-
Hust) Pa3paboTaTh KOHIENTYaTbHbIE OCHOBBI SHEPTOIKOIOTUH CBETOKYIBTYPHI KAK OT/AENBHOTO HAYYHOTO HATIPABIEHNUS.
(Mamepuanet u memoost) O6BEKTOM HCCIEAOBAHUS CIIYKIIA MCKYCCTBEHHAS OMOIHEPreTHYecKas CHCTeMa CBETOKYIb-
TYpBI, TO €CTh COBOKYITHOCTD JKUBBIX OPTAHU3MOB M TEXHOJIIOTHYECKOTO O0OPYIOBAHUS B KYJIbTHBAIIMOHHOM COOPYXKeE-
Hu. MaTteMaTiyeckoe onucaHue 3aKOHOMEPHOCTEN NepeHoca CyOCTaHIUY B CBETOKYJIBTYPE MIPOBEIH HA OCHOBE UEpap-
XHUYECKOW MOJIETIM MCKYCCTBEHHON OMO3HEPreTHUECKOH CHCTEMBI CBETOKYIBTYpHI. IIpenMeToM U3yueHHs 3HEPro3KoJIo-
TUH CBETOKYJIBTYPHI CTAM 3aKOHOMEPHOCTH MpeoOpa3oBaHus TOTOKOB BEIIECTBA M dHEPTHH. (Pesyibmansl u 00cyxcoe-
Hue) OTpeIeNuIN YaCTHBIE TTOKA3aTE N 3HEPrO3KOIOTHYHOCTH. [1oyuniti BeIpaxeHue s olpesiereHus koadduieHra
9HEPrO3KOJIOTUIHOCTH CBETOKYIIETYPHI UePe3 e¢ TeXHONOTHIECKIE TToKa3aTenu. [1peokui TpakTOBKY TEpPMUHA «3HEP-
TO3KOJOTMYHOCTD CBETOKYJIbTYPBI» KaK CBOMCTBO TEXHOIOIMUECKOTO IIPOLIecca BBIPAIMBAHUS PACTEHUI B ICKYCCTBEHHO
CO3IAHHBIX YCIOBHUIX COOTBETCTBOBATH TPEOOBAHMAM 3HEPro3hQEKTHBHOCTH U SKOTOTHYHOCTH. [loka3amu, 4To K CBETO-
KYJIbTYPe MOXKET OBbITh TPUMEHEH MOAXOM, ONMPAIOLIMICS Ha KOHLEMLMIO HAMTYUIINX JOCTYIHBIX TeXHOJIorui. [Tomyunnn
BBIPKECHHE /IS KOJMYECTBEHHON OIIEHKH CBOMCTBA YHEPTOIKOIOTHIHOCTH MO CTEMEHH OIM30CTU TPACKTOPHI Pa3BUTUSL
MCKYCCTBEHHOM OMOIHEPTeTHYECKOH CHCTEMBI CBETOKYIIBTYPHI B IPOCTPAHCTBE COCTOSHUM. [Ipemtoxumu anroputm Qop-
MUPOBAHUS HAWIYULIMX JOCTYIIHBIX TEXHONOTHI CBETOKYIBTYpBL. (Bvigodet) BriepBbie MOCTABIIN BOIPOC O pa3paboTke
CTPYKTYPHBIX 3JIEMEHTOB aITrOpUTMa (OPMHUPOBAHUS JOCTYITHBIX TEXHOJIOTHIA CBETOKYIBTYPHI IO IHEPTOIKOJIOTUUHOCTI
KaK CHCTEMHOMY MHTETPATHBHOMY KPUTEPHUIO ONITUMATbHOCTH. PazpaboTanm MeTOINKY 3HeproayuTa s ONTHMH3AIIN
HpOIIeCcCca BRIPAIMBAHUS PACTEHUH MO KPUTEPHUIO MUHUMATbHBIX OTKIOHEHHUI SHEPTOIKOIIOTMYHOCTH ITyTEM BaphHPOBA-
HUS TAPAMETPOB OOIYUEHHS, YCIOBHH OKPYKAIOLIeH Cpesibl U APYTruX GakTopoB. [loguepkHyny, 4TO KOMIUIEKCHAS pea-
JM3AIHS SHEPTOIKONIOTUYHBIX TEXHOJIOTHI CBETOKYJIBTYPBI TI03BOJIUT YBEIUUUTH 3QPEKTUBHOCTD, MOBBICUTH KAYECTBO
MPOAYKITUH, CHU3UTH JHEPTOEMKOCTD 1 00ECTICIUTh IKOJTOTHYHOCTh ITPOU3BOJICTBA.

KuroueBbie ci10Ba: TEIIMYHOE TIPOU3BOJICTBO, KYJITUBAIIMOHHBIE COOPYKEHHS, CBETOKYIIBTYpa, IHEPro3PHEeKTUBHOCTD,
9KOJIOTUYHOCTD, UHTETPATUBHBIA KPUTEPUI ONMITUMATEHOCTH.

I s uutupoBanus: Paxyteko C.A. KoHllenTyalbHbIe OCHOBBI 9HEPIrOIKOIOI MU CBETOKYIBTYPHI // Cenbcko-
xozaticmeennvie mawunvl u mexnonozuu. 2018. T. 12. N6. C. 38-44. DOI 10.22314/2073-7599-2018-12-6-38-44.

Conceptual Framework of Energy-and-Ecology of Indoor Plant Lighting

Sergei A. Rakut’ko,
Dr.Sc.(Eng.), key research engineer,
e-mail: sergejl964@yandex.ru

Institute for Engineering and Environmental Problems in Agricultural Production (IEEP) — Branch of Federal
Agroengineering Centre VIM, St.-Petersburg, the Russian Federation

Abstract. To increase the efficiency of horticulture, the technology of plant cultivation under artificial lighting, i.e. indoor
plant lighting, is widely used. The author proposes to expand the range of issues considered in this field and highlight the
energy-and-ecology of horticulture (EEH) as a scientific area located at the junction of power engineering and technical
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NPOBJIEMbI U PELLIEHUA PROBLEMS AND DECISIONS

Ci
subjects, plant physiology, and ecology. (Research purpose) To develop a conceptual framework of the energy-and-ecology
of horticulture. (Materials and methods) The object of EEH research is an artificial bioenergetic system of horticulture
(ABSH), i.e. a combination of living organisms and technological equipment in a plant growing facility. A mathematical
description of the regularities of transferring a substance in horticulture is produced on the basis of a hierarchical model of
ABSH. The subject of the EEH study is the regularities of the transformation of matter and energy flows in ABSH. (Results
and discussion) The author has determined some specific indicators of energy-ecological compatibility and obtained an
expression for determining the energy-ecological coefficient of horticulture through its technological indicators. The paper
offers an interpretation of the term "energy-and-ecology of horticulture” as a property of the technological process of
plant growing in artificial conditions to meet the requirements of energy efficiency and environmental friendliness. It is
shown that an approach based on the concept of best available technologies (BAT) can be applied to the indoor plant
lighting. An expression for the quantitative assessment of the energy-ecological parameter in terms of the proximity of the
development trajectories of ABSH in a state-space has been obtained. The author proposes an algorithm for BAT forming
to be applied in indoor plant lighting. (Conclusions) For the first time, the author raises a question about the development
of structural elements of the BAT formation algorithm in lighting horticulture in terms of energy-ecological indicators as
an integrative optimality criterion of the system. The author has developed energy audit techniques to optimize the process
of plant growing according to the criterion of minimal deviations of energy-ecological performance by varying the lighting
parameters, environmental conditions and other factors. Complex implementation of energy- and ecological technologies
of indoor plant lighting will allow increasing the efficiency of the production process, reducing the energy intensity while
improving the quality of products and ensuring the environmental friendliness of production.

Keywords: horticulture, plant growing facilities, indoor plant lighting, energy efficiency, ecological compatibility, best
available technologies

I For citation: Rakut'ko S.A. Kontseptual'nyye osnovy energoekologii svetokul'tury [Conceptual framework
of energy-and-ecology of indoor plant lighting]. Sel'skokhozyaystvennyye mashiny i tekhnologii. 2018. Vol. 12.

N6. 38-44. DOI 10.22314/2073-7599-2018-12-6-38-44 (In Russian).

OBpPEMEHHBIC TEHACHITUY PA3BUTHUS aTPAPHOTO
IIPOM3BOACTBA OPUEHTUPOBAHBI HA COXPAaHEHUE
MIPUPOJIBI U HKOJIOTUYECKOH YCTOMUMBOCTH MTPU

MUHUMHA3AIUH 3aTPAT SHEPTeTUIECKUX U PYTUX pe-

CYyPCOB Ha IPpOU3BOJCTBO Npoaykuuu [1]. Temnuuno-

MY HAIIPABJICHUIO, KAK U arPApHOI OTPACIIH B IIEJIOM,

B TOCYAapPCTBEHHBIX MTPOTPAMMaX Pa3BUTHUS CEITBCKO-

ro X03s1iicTBa yaenseTcs: 6oaplioe BHUMaHue. biaro-

JTapsi TOCIIOAAEPKKE arpapuu CTPOSIT COBPEMEHHBIE

TETUTMYHbIE KOMILIEKCHI U PEKOHCTPYHUPYIOT CYIIIeCTBY-

IOIIHE.

MuHOBanIMOHHOE pa3BUTHE MPOU3BOJICTBA MTPOIYK-
LIMH 3aKPBITOrO IPYHTA IPOAUKTOBAHO CTPEMIICHUEM
arpobu3Heca K JOCTHKEHUIO MaKCUMAaJILHOM peHTa-
0eNIbHOCTH U TPpeOyeT pa3paboTKU COOTBETCTBYIOIIE-
0 Hay4YHOT0 oOecrnieueHus. B 4acTHOCTH, B TEILIIHY-
HBIX KOMITJIEKCAX MIUPOKO IMPUMEHSIOT TEXHOJIOT U0
BBIPAIIUBAHUS PACTCHUH ITPU UCKYCCTBEHHOM OOJTy-
YEeHUH, TO €CTh CBETOKYIBTYPY. ICKyCCTBEHHBIE HCTOU-
HUKHY CBETA MO3BOJISIIOT JOOUTHCS ONTUMAIBHOTO CO-
YeTAaHUS MTApaMETPOB CBETOBOU CPENbl: MHTEHCHUBHO-
CTH 1 TPOJIOTKUTEITBHOCTH OCBEIICHU S HY)KHOT'O CIIeK-
TPaJBHOTI'O COCTABA.

B nociiernee BpeMst Bce 6oIbIlie BHUMAHMS yIEIsI-
€TCsl B3aUMOCBSI3U 00€CIIeUeHH I SHEPrOCcOePEKEHUS U
TTOBBIIICHU ST 3KOJIOTUYHOCTH KaK JJIsI TIPS pUSTHH
ATIK B 11eJ10M, TaK U OTACIBHBIX TEXHOJIOTUUECKUX
MPOLIECCOB. 3a1a4a IHEPropecypcocOepekeHH s COTpPs-
JKEeHa C MTOBBIIIIEHUEM 3HePT03((EKTHUBHOCTH, CHIKE-
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HHEM 3HEPTOEMKOCTH TEXHOJIOTUYECKUX ITPOIECCOB B
TETUTHIIaX, KOTOPHIE CTAHOBSTCS KPYITHBIMHU ITOTPEOH-
TeIIsIMU dHepropecypcos. [IpuueM HEOOXOAUMO yUH-
THIBATh UX BO3JIEHCTBYE HA OKPYXKAOIIyIo cpeny. Pe-
IIeHUe TaHHOM MPoOIeMbl Ha PyHIaMEHTAIBHOM YPOB-
HE 00ECIIEYUT IMMPOPHIB B OTJACIBHBIX METOIMKAX aHa-
JA3a ¥ CHHTE3a TEXHOJIOTHH CBETOKYIIBTYPHI.

K nacTosmmemMy BpeMeHH BOITPOCH! KOJTMUECTBEH-
HOTO ONMHUCAHUS PU3NIECKUX, GU3UKO-XUMUUECKIX U
OHOJIOTMYECKHUX MPOLIECCOB B arPOIKOCUCTEMAX, pac-
KPBITHE 3KOJIOTO-TeHEeTUUECKUX 1 (DU3HOJIOTUYECKHUX
MEXaHU3MOB PETYIISAIUH TPOAYKIIMOHHOTO ITpoIiecca
BBIPAIIMBAEMBIX PACTCHUN B ONITUMAIILHBIX U CTpPeC-
COBBIX YCIIOBHSIX pa3paboTaHbl HEAOCTATOYHO.

B HUJI9OC dpunmana BUM UADII npenioxuim
BBIICTIUTH SHEPTOIKOJIOTHIO CBETOKYJIBTYPHI B Kaue-
CTBE CAaMOCTOSITEIBHOT'O HAYYHOTO HarmpaBiieHus. Jlan-
HOE HallpaBJIeHHE KOHKPETUZUPYET MEKTUCITUTIIN-
HapHBIE UCCITeOBaHUs, TpoBonuMbIie B TADII o nH-
TETrPUPOBAHUIO OT/ICTBHBIX TEXHUYESCKUX U TEXHOJO-
TUUYECKHX PEIICHUH B CUCTEMY H 110 pa3paboTKe ajiro-
PUTMOB YIIPABJICHUS 3TOU CUCTEMOM, (HOPMUPOBAHHUIO
HauboJjee COBPEMEHHBIX TEXHOJIOTHN C TOYKHU 3pECHUS
9HEPTEeTHYECKUX U SKOJIOTUUECKHUX KPUTEPHUEB, IO MO-
JIETUPOBAHUIO OCHOBHBIX ITPOU3BOJICTBEHHBIX MTPOIIEC-
coB ATIK B o6macTu mosrydeHust IPONYKITUU PACTEHU-
€BOJICTBA B KOHTPOJUPYEMBIX YCIOBHUSX.

LIENb NCCNEROBAHNSA — pa3paboTaTh KOHIENTYa Ib-
HBIE OCHOBBI 9HEPTO3KOJIOTUH CBETOKYJIBTYPHI KaK OT-
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JIEJIbHOTO HAyYHOT'O HAIIPpaBJICHUSI.

MaTePuAnbl u METOABI. [log TEpMUHOM «C6emo-
KYJIbmypa» MPUHSITO IOHUMATh TEOPETUYECKHUE OCHO-
BBI U TPAKTUYECKHE METObI BEIPAIIIMBAHUS PACTCHU
C IPUMEHEHUEM UCKYCCTBEHHOTO O0TyUeHHUsI. DTa Me-
KIUCIUTIJIMHAPHAS HayKa BKJIIOYAET OTEIbHBIE MO-
JIOKEHUSI PACTEHUEBOACTBA, AT POHOMUM, CBETOTEXHH-
KH, POTOMETPHUH, JICKTPOTEXHUKH 1 aBTOMATHKH.
TpanuiimoHHBIN TOAXO/ B UCCIIEIOBAHUSIX TIO CBETO-
KYyJIBTYPE 3aKJII0UAETCs MIPEXKJIE BCErO B U3yUEHUU Pe-
aKIIMU ONpeIe]ICHHBIX MapaMeTPOB pacTeHus (O1o-
MAacChl, BRICOTHI CTEOJISI ¥ TAK [laJiee) Ha U3MEHEHUS yC-
JIOBUU OKPYXKAIOIIEH CpembI.

CBeTOKYIBTYpa CIIYKUT YACTHBIM CITy4aeM OITH-
YECKHUX 3JIEKTPOTEXHOJIOT UM, B KOTOPBIX SHEpreThye-
CKO€ BO3JICMCTBHE OCYIIECTBIISICTCS ONTUICCKUM H3-
JTy4eHEM M OCHOBAHO Ha 3(h(peKTe UyBCTBUTEIIHHOCTH
pacTeHul K U3MEHEHUIO CBETOBOM cpefibl. Biusinue
SHEPTUH U3TYyUCHUS B OTACIBHBIX CIIEKTPAIBHBIX TH-
ana3oHax Ha POCT U pa3BUTHE PA3IMYHBIX BUJOB pac-
TEHUH U3yYEHO IOCTATOYHO XOpoIio. MeHee uccieao-
BaHO KOMIIJIEKCHOE BJIIMSIHUE CBETOBOM CPEIbI U JIPY-
rux (hakTOPOB BeIPAIIMBAHUS pACTEHUI B UICKYCCTBEH-
HBIX YCITOBUSX Ha 9HEPTro3(h(HEeKTUBHOCTH M IKOJIOT Y-
HOCTb CBETOKYJIBTYpPbl. OCHOBHBIM UICTOUHUKOM 3HEP-
rum, obecreunBaonuM popMrupoBaHe OMOMAaccHl, B
TOM YMCJIE YPOXKasl, CIIYKUT IHEPT U ONITUUECKOr'O U3-
JIy4eHH s, a UMEHHO Ta €€ 4acCTh, KOTOpas MOTEHIUAITb-
HO TIpUTOAHA ISl POTOCHHTE3a, — IKCEPTHS U3ITyUe-
Hus. [TorHOTA UCTIOIBb30BaHMS €€ PACTEHHUSIMU B ITPO-
recce orocuHTe3a U HOPMUPOBAHUS TPOTYKTHBHO-
CTH ypoXkasi BO MHOTOM 3aBHUCUT OT TMHAMUKH U3Me-
HEHUS pa3InIHBIX (aKTOPOB U UX OJIArOMPUSATHBIX
coueTaHuit Bo BpemeHu. Kaxxjomy Buiy pacTeHui mpu-
CylIlia CBOSI BOCIIPUUMYHBOCTH BO3ACHCTBHU S BHEIITHUX
thaxTopos [2].

Bricokast 93KOHOMHUYHOCTH TETUIMYHOT'O ITPOU3BO/I-
CTBa MPOAYKIIMH IOCTUTAETCS ITyTeM eT0 MHTeHCU(U-
kanuu. OJHAKO 3TO COMPSXKEHO C 0COOBIMU IKOJIOTH-
YECKUMHU yrpo3amu. JJ1s ceBepHOro THUIA TEILINII C 0-
MTOJTHUTEIIEHBIM 000TPEBOM M IPYTUM BEICOKOTEXHO-
JIOTUYHBIM 000PYI0BAaHUEM XapaKTePEeH BHICOKUH ypo-
BeHBb BEIOpOCOB CO,, UTO CBSI3aHO C UCTIOJI30BAHUEM
rasa Jjisl OTOIIJICHUS U MOBBIIIEHUS] KOHLIEHTpalluy
YIJIEKUCIIOTHI B Teriuile. Ha HuX e mpuxoauTcs oc-
HOBHas1 10715 MoTpebisieMoit sHepruu. Tax, B ['omnaH-
JINY Ha TETUTMYHBIE X03HCTBa TpuXoauTcs 79% Bcei
noTpebisieMoit aueprui [3]. IloBsimenne sHEPro3Ko-
JIOTUYHOCTH TEINIMYHOT'O TPOU3BOJCTBA — BaKHAS 3a-
Jaya, perieHne KOTOPOoil CyIIeCTBEHHO CHU3UT Mate-
pualibHbIE 3aTPaThI.

OnTtuMuzanus nporecca NoJrydeHus TpoayKIINU
pacTeHUEeBOACTBA B YCIOBUSX CBETOKYJIBTYPBI O/Ipa-
3yMeBaeT CHW)KEHHE HEPAIIMOHAJILHOTO pacxoja Mo-
TOKOB HCIOJIb3YeMBIX CyOCTaHIINM (BEIlleCTBA U 3HEP-
TUM) Ha PA3HBIX CTAIUAX TEXHOJIOTUUECKOTO MPOoIIeC-
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ca. B ciuty pa3nuuHo pupoasl MpoLeccoB, MpoTe-
KaIOMIUX B PA3HBIX TEXHOJOTHYECKUX YCTAHOBKAX, B
HACTOsIIIee BpeMs OTCYTCTBYET €INHBIH ITOIXO/ K aHa-
JIU3Y ¥ ONITUMU3AIUU S9KOJIOTTIYHOCTH U SHEProddek-
THBHOCTHU CBETOKYJIBTYPHI (DIC).

O6bekT uccnenopanus I9C Kak HOBOIO HAy4YHO-
T'0 HAIIPaBJICHUS — ICKYCCTBEHHA s OMOIHEepreTHIecKas
cuctema cBeTOKyIbTypsl (MBOCC), TO eCTh COBOKYII-
HOCTBH OMOJIOTUYECKUX OPTaHU3MOB (PaCTEHUI) U TeX-
HOJIOTUYECKOT0 000pynOBaHM (O0IyYaTeNbHBIX yCTa-
HOBOK, YCTPOUCTB 0OecCHeueHUs MapaMeTpOB MUKPO-
KJIUMaTa U MUTAHUS PACTEHUH) B KYJIbTUBAIINOHHOM
COOPYXEHUHU (TeruIulle, CATU-pepMe, GUTOYCTAHOBKE).
3aKOHOMEPHOCTH IePEHOCA CYOCTAHITUH B TPOAYKIIH-
OHHOM ITPOIIECCE CBETOKYIIBTY PbI MATEMATHUECKH OTTH-
CBIBAIOTCS HA OCHOBE Hepapxuyeckoit mogenu MUBICC.
CHCTEMHBIM HHTET PATUBHBIM KPUTEPHUEM OITUMAIIb-
HOCTH CITY>KHT IHEPT O9KOJIOT MYHOCTD, COXPaHSIOIIA s
CBOH CTATYC B XOJI¢ JEKOMITO3UITNH B JIOKATBHBIX KPH-
TEPUAX ONITUMATIBFHOCTH IIPH PEIIeHUH 3a]1a4 O TUMU-
3aLMH OTIEIBHBIX HEPAPXUUECKIX YPOBHEH.

ITpenmet nzyuenus 9C — 3aKOHOMEPHOCTH TIpe-
00pa3oBaHus MOTOKOB BelecTBa U sHepruu B UbICC,
KOTOPBIE OMPEENSIOT KaK 93HEPT 03¢ (HEeKTUBHOCTB ITO-
JydeHus ypokas (3aj1aya 3HeprocOepekeHust), TaK 1
MIOBBINICHNE Ka4eCcTBa MPOAYKIINH, CHIDKEHU ST KOJIU-
YecTBa HUTPATOB, BIUSHUS HA OKPYKAIOUIYIO Cpedy
(obecrieueH s IKOIOTUIHOCTH).

99C kak HayYHOE HaITpaBJIEHUE HAXOAUTCS HA CThI-
K€ TPaIULMOHHBIX HayK (puc. 1):

CeeTokynkTypa
Light culture

p
&)

&
Srodmanonoris_s .
pacTeHui b
Ecophysiology L
plal'l'fs' A

%

MHxeHepHan 3Konorua
Engineering ecology

Puc. 1. Cmpyxmypa DIC kax Hay4no2o Hanpasienus.: a — Qusu-
onoeust pacmenuil; b — skonozus, ¢ — sHepemuKa

Fig. 1. Structure of the EEC as a scientific direction: a — plant
physiology; b —ecology, ¢ — power engineering

- OHEPIreTUYCCKNUX U TEXHUYCCKUX NUCLUITIINH, B
paMKax KOTOPBIX pacCCMaTPUBAIOTCS (PU3MUECKUE TPHH-
IUIIBI, BOIIPOCHI KOHCTPYUPOBAHUS U SKCIIJIyaTallN
HCTOYHUKOB CBETA, 00JIy4aTeIbHOTO U APYroro 000-
pyJaoBaHMS Ha Oa3e 3HeprocOeperarmmux TeXHUIECKUX
pELICHNI;

- (u3HOIOrNK pacTEeHMH, N3yYarolei HHTECHCHB-
HOCTB ¥ MPOAYKTHUBHOCTH (DOTOCHHTE3A B 3aBUCHMO-
CTH OT IKOJIOTHYECKUX (PaKTOPOB, ITPEKIE BCETO, OII-
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NPOBJIEMbI U PELLIEHUA

THUYECKOI'0 U3IyUYEHUS, KOTOPOE OIPeaesieT KoInue-
CTBEHHBIE U KAYECTBEHHBIC TapaMeTPhl (OTOCHHTE3A
Ha BCeX YPOBHSIX ero GOpMHUPOBAHUS — OPTaHU3MEH-
HOM, OPTaHHOM, TKAaHEBOM, KJIETOYHOM U MOJIEKYJISIP-
HOM, a TaKXe CIIOCOOBI afarTalluy pacTeHUH K yCIIO-
BUSIM CPEJIbI;

- 9KOJIOTMH, BAXKHEUIIIEH KOHIIETIIINEH KOTOPOi cTa-
JIa ufiest 0 CTPYKTYpe U HAIIPaBJISHHOCTH IIOTOKOB CYy0-
CTaHI[UU B )KUBBIX CUCTEMAaX, OPraHU30BAHHBIX B HA -
OPraHU3MEHHBIE CUCTEMBI PA3JIUUHBIX YPOBHEH — I10-
MyJIsiUuH, OUOLEHO30B; B3AUMOOTHOIIEHUS] OpraHu3-
MOB MEXJTY COOOH U C OKpYXKaroIIei Cpeoi.

TeopeTuueckue ucciaenoBaHus 0a3upPOBAINCh HA
MOJIETUPOBAHNY CTPYKTYpHBIX ypoBHei MBI CC. Dxc-
MEPUMEHTAJIbHbIE UCCIENOBAHMS ITOKA3aTeel aHep-
TOPKOJIOTUYHOCTU CBETOKYJIBTYPhI IPOBOAMIHN Ha J1a-
OOpaTOPHBIX yCTAHOBKAX U B IIPONU3BOJICTBEHHBIX KYITb-
TUBAIIUOHHBIX COOPYKEHUSX.

PE3YNbTATBI U OBCYXXAEHUE. Pa3zpabortanHas ve-
papxudeckas nnpopmarmonHas monaeiab MBI CC mo-
3BOJISIET OLICHUTH SHEPro3(P(HEeKTUBHOCTH MTPOU3BO/-
CTBa M €T0 3KOJIOTUYHOCTH [4]. Moaenb ocHOBaHa Ha
yueTe BXOJAHBIX TOTOKOB BEILIECTBA U SHEPTruu. Brixoa-
HBIE TOTOKY (POPMUPYIOTCS U3 TIOJIE3HOU ITPOTYKITUH,
MOTEPb BeIIecTBA (OTXOIbI, BRIOPOCHI, COPOCHI) U SHEP-
TEeTUYECKUX ITOTEPE.

HayuHolf 0cHOBOI1 MOZENH CITYKUT NPUKJIaIHAS
TEOPUS IHEPTOCOCPEKESHU S B IHEPTOTEXHOIOTUIECKUX
npoueccax (ITTO3TII), onucpiBaroast SHEPreTUKY
MNBSCC ¢ yueToM ee MHOTOYPOBHEBOCTH M 3aKOHO-
MEPHOCTEN B3aMMOJICUCTBU S CEITLCKOXO3SICTBEHHBIX
6ronornyeckux 0ObEKTOB C UCKYCCTBEHHOU cpenoit
oburtaHu4 [5, 6].

IIpoueccel, poTeKaoIKe B CII0KHBIX CEIBCKOXO-
3saicTBeHHBIX UBDCC, MOKHO CBECTH K OMpeesicH-
HOMY HA0OpPy TUIOBBIX MTPOIIECCOB MTpeoOpa3oBaHMUS
SHEPI'UU U MEPEHOCA BEIIECTBA, IPOUCXOASAIIUX B OT-
JIETBHBIX 00beKTax cucTeMsbl. epapxuuHoCTh HHGOP-
MAaIMOHHOHN MOJAENU CUCTEMBI OIIPENEIETCS MHOIOY-
poBHeBocThio UBDCC.

Mogpenb mo3BOISET MPOSKTUPOBATh U ONITHMU3H-
pPOBATh CBETOKYJIBTYPY 10 €IUHOMY KPUTEPUIO IHEP-
TOOKOJIOTUYHOCTH.

Ha oTaenbHBIX nepapXUuecKuX ypOBHIX MaTeMa-
trdeckoit mogenu MB3CC BriiesieHbI TapaMeTPhl, KO-
TOPBIE MO’)KHO CUUTATDh YACTHBIMU [TOKA3ATENISIMU SHEP-
TOPKOJIOTUYHOCTH (puc. 2).

MaremaTuueckas MOJIETb OO bEUHSICT:

1. Aepoxumuneckue u husuneckue noKA3amenu 603-
oyxau cybcmpama:

T - TemriepaTypa Bo3ayxa u cyocrpara, °C;

W — B1a)XHOCTb BO3yXa u cyocTpara, %;

C — comeprkaHue BEIECTB B CyOCTpaTe, MI/KT;

Copr — COZIEPIKAHUE OPIAHUYECKOT'O BELIECTBA, MI/KT;

pH —noxazarens KUCIOTHOCTH, €11.;

EC — mokazarens 3JeKTpOnpoBOJHOCTH, MCM/cM.
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Puc. 2. Komnaekc wacmuwlx noxazameneti sHep20IKON02UNHOCHIU
HUFEICC: 1 — acpoxumuneckue u usuyeckue nokazamenu 603-
oyxa u cyocmpama; 2 — nokazamenu paouayuoHHo20 pexrcuma;
3 — nokazamenu cmadUILHOCMU PA36UIMUS U YCTNOWHUBOCIU PAC-
menuti; 4 — 6uomempuyecKue noKazamenu pacmenuil; 5 — 6uoxu-
MunecKkuii cocmag pacmenuil; 6 — mexnoa02u4ecKue noKa3amenu
C8EMOKYIbIYPbl
Fig. 2. Complex partial indicators of energoecological of IBAS:
1 — agrochemical and physical indicators of air and substrate;
— indicators of radiation regime; 3 — indicators of stability of
development and stability of plants; 4 — biometric indicators of
plants; 5 — biochemical composition of plants; 6 —
indicators of light culture

technological

2. Iloxazamenu paduayuonno2o pexcuma:

F,— BeTMunHA MTOTOKA U3TYYCHH ST HCTOYHUKOB, MK-
MOJIB/C;

1, — IpoCcTpaHCTBEHHOE pacITpeaeIeHIe TOTOKA
HMCTOYHUKOB,

E, ,—pacmpenenenue 06Hylt1eH2HOCTI/I Ha ypOBHE Bep-
XYIIEK paCTeHUI, MKMOJIb'C ‘M

@), — CIIEKTPAJIBHBIN COCTAB, OTH. €]T;

F| — 3aKOH U3MEHEHHUS ITOTOKA BO BPEMEHH.

3. Hokazamenu cmabuibHOCIU pA3GUMUS U YCMOTi-
YUBOCU PACEHULL:

FA;— dnyxTyupyomas acuMMeTpUst Ounarepab-
HBIX IIPU3HAKOB, OTH. €/I.;

A — cTeTeHb TOBPEXACHUS KIIETOYHBIX MEMOpaH,
OTH. efl.

4. buomempuueckue noxasamenu pacmeHuii.

M; — macca yacreit pacteHus (M;" — TUCTbEB Kax-
noro sipyca, M* — ctebmst, M — KOpHs), T;

S; — IomAa b IUCTA KaXKI0TO spyca, CM”;

S — 061as IIONA (b JIUCTHEB, CM>;

L; — nnuHa MEXA0Y3IUH, CM;

H — o6m1asi BBICOTa pacTeHUS, CM;

D — nmamMeTp meiku cTedns, Mm;

OD; — criekTpajibHas ONTHYECKasl INIOTHOCTD JIH-
CThEB , OTH. €]1.;

Yy, Y — KO3 PHUIIMEHTHI pOCTOBBIX (POPMYJI, OTH. €1I.

5. Buoxumuueckuti cocmae pacmenuii.

v — coliepykaHue CyXoro BeIecTna, %o;

C{? — conepxaHue BEIIECTB, MI/KT;

C., — OTHOCHTEIBHOE COACpKaHue XJIopoduiia B
JUCTHSIX, OTH. €.
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6. Texnonoeuueckue nokazameu Ce8eMoKylbmypsl.

&y — PHEPTOEMKOCTh MPOAYKIINH, KBT4/KT;

& — 9HEPrOEMKOCTb ChIPbsI, KBTu/KT;

&1 — 9HEPrOEMKOCTb ITpoLecca, OTH. €.

,Ltm — OHEPIrOCMKOCTb TCOPCTUUCCKHN BO3MOXHOI'O
BBIXOZ[a TPOAYKIIUHU, OTH. €/.;

n™ — KI1J npotecca, OTH. ef.

IlepBasi u BTOpas IpyImIbl MOKa3aTeneil 3HeProa-
KOJIOTUYHOCTH — (DaKTOPHI BO3ACHCTBUS HA PACTCHUS
(BXOJTHBIE KOOPIMHATHI); TPYIIIIBI C TPEThEH MO IIec-
TYIO — BBIXO/THBIE KOOPAUHATHI MATEMATUYECKOI MO-
nenu. [omydeHo ypaBHEHUE JITs ONpeIesIeHUs KOdd-
(bUIeHTa SHEPTOIKOIOTMUHOCTH CBETOKYJIBTYPBI Ue-
pe3 ee TEXHOJIOTHUECKHEe MTOKA3aTeINH:

¢

m m_2
Honeney

IpenyoxeHa TpakKTOBKA TEPMUHA «IHEPTOIKOJIO-
TUYHOCTH CBETOKYJIBTYPhD» KaK CBONCTBA TEXHOJIOT U-
YECKOT'O MpOoLecca BbIpallliBaHUS PACTEHUN B UCKYC-
CTBEHHO CO3/IaHHBIX YCIIOBHUSX KYJIbTUBAIMOHHOTO CO-
OPYXEHHS COOTBETCTBOBATH TPEOOBAHUSIM IHEPTOI(]-
(PEeKTUBHOCTH U 3KOJIOTUYHOCTH.

B cuny ocobenHoCTel pacTeHUs KaK OMOIOTHYIE-
CKOI'0 OObEKTA MOTYyUEHUE B PE3YJIbTATE €T0 BhIPAILIU-
BaHU 1 KOHEUHOM NPOAYKIINY C 3aJaHHBIMU CBOWCTBA-
MH TIPEICTaBIsAET COOON IIUKINYECKUI TTPOIIece, KO-
TOPBI HAUMHACTCS C IPOPACTAHUS CEMEHHU U 3aKaH-
YUBaeTCsl COOPOM TOJIE3HON MPOAYKIINH (ILIOAOB, 3e-
JIEHHU).

CosngaBaeMble TexHUUecKUMU cpencTBamMu MBI CC
MapaMeTpbl Cpelibl B KYJIbTUBALIUOHHOM COOPYKEHUU
MOTYT OTJIMYATHCS HA Pa3IMYHBIX ITAIlaX POCcTa U pas3-
BUTHUSA pacTeHus. MOXHO TOBOPUTH O HEKOTOPOH «Tpa-
exropun» uaMeHenuss Ub23CC B n-mepHOM poCTpaH-
CTBE COCTOSTHUI, KOTOpAsI COSANHSIECT €€ HauaIbHBIE U
KOHEYHbIe TOUKU. OCcAMU KOOPAUHAT CIY’KAT YACTHBIE
MOKa3aTeNIN SHePrO3KOJIOTUUHOCTH (puc. 3).

WNneanpHoti (M) cuuraercs Takast TpaeKTOPHUS B
(n+1)-MepHOM MPOCTPAHCTBE COCTOSTHUH (C yIETOM KO-
OpIMHATHI BpeMEHH), ITPH KOTOPOH JOCTUTAETCS Han-
Oolee MoOHAS pean3alys TeHeTUIeCKOr0 MOTEHIU-
aJia pacTeHMs, €ro COPTOBBIX BO3MOXKHOCTEH MpH yc-
JIOBUH 00€ecCIIeueHUsI IKOJIOTUYHOCTH U 3Heprodddek-
TUBHOCTHU TEXHOJIOTMYECKOT0 ITPOIIECCa CBETOKYIIBTY-
pbL. B ety psima 0O beKTHBHBIX TPUYHH 3TOT BAPUAHT
MOJKET OBITh U HE IOCTKUM Ha NMpakThKe. ONTuManb-
Holi TpaekTopu (O) cIeayeT 0KUAATh B YCIOBUSX ITPH-
MEHEHU I HAUJTYYIINX JOCTYITHBIX TEXHOJIOT Uil CBETO-
kynsTypbl (HATC). Takue TeXHOIOT MU TPOU3BOICTBA
MPOAYKLUU PACTEHUEBOJCTBA B KOHTPOJIUPYEMBIX yC-
JIOBUSIX BBIOUPAIOT JJIsI KOHKPETHBIX YCIIOBUM U Tpe-
OOBaHMUH U3 JOCTUTHYTOTO YPOBHS HAYKH, TEXHUKH U
TEXHOJIOTUH IO KPUTEPUI0 MUHUMAJIBHBIX YICIbHBIX
SHEPTEeTUUYECCKUX 3aTPaT U BO3JICHCTBUS HA OKPYIKaIo-
YO Cpey IPH YCIIOBUU 00eCIieueH s 9KOJIOT HIECKH

Koy = (D
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Puc. 3. Tpaexkmopuu paszsumus HEDCC
Fig. 3. The trajectory of the development of IBAS

YHUCTON KOHEUHOH MPOAYKIIMU. B pealbHOM KyJIbTH-
BAllMOHHOM COOPYXEHUH 10 IPUYNHAM HECOBEPILICH-
CTBa TEXHOJIOTUYECKOT 0 IIpoliecca, HeCOOIoAeHN S pe-
XKUMOB pabOTHI 000pyIOBaHNU S, COOEB B IIOACHCTEMAX
MB3CC BO3MOXHBI CYIIECTBEHHBIE OTKJIOHEHU S TPpa-
eKTOpHH pa3BuTus (Kpusas P).

KonunuecTBeHHas OLIeHKA CBOMCTBA SHEPrOIKOIO-
TUYHOCTH JOJDKHA XapaKTEePU30BaTh OJIM30CTH MpU-
Hstoit TexHojoruu Kk HATC. CrereHb 6JIM30CTH MO-
eT OBITh OlIEHEHA 10 HOPMUPOBAHHOMY €BKJIUI0BO-
MY PaCCTOSTHHUIO MEXTY JIBYMS TPACKTOPUSIMU JJIST
cpaBHUBaeMbIX ycioBuit (P) u nis yenosuit HITC (O):

1L poo
W)
0P ={F 2o )
0e HITC
Ecin (byHKHI/IOHaHBHI)Ie 3aBUCHUMOCTHU BCIINUYUH
YAaCTHBIX HOKa?:aTeHeﬁ OT BpEMCHU 3aJaHbl B aHAJIU-
THYECKOM d)OpMe, BBIPAKXCHUC OJIs1 QHCPIOOKOJIOIrn4-

HOCTHU IIPUHUMACT BU:

TBe n
aaP:TL i Sl 0-rP0f ., )
ez () i=1

rne T, — IepUOJ] BereTalluu;

£ uf° - pynkunMoHaTBbHBIE 3aBUCMMOCTH i-IO MO-
Ka3aTelsi OT BPEMEHH TS peajbHOM U ONITUMAaJIbHOM
TEXHOJIOTUI COOTBETCTBEHHO;

W; — BeCOBOH KOA(h(PUITHEHT 3HAYUMOCTH i-T'O ITOKa-
3aTesl.

PesynbTaToM mpuMeHEHUS HAYYHOTO aHAIN3a PO-
JI ¥ BIMSTHUSI OT/AETBHBIX ()aKTOPOB B paMKaXx Hayd-
HOT'0 HATIPABJICHUS SHEPTOIKOJIOT U CBETOKYJIBTYPHI
crajio co3nanue HATC. CeTokynbTypa Kak Mpou3-
BOJICTBEHHBIH MPOIIECC HE OTHOCUTCS K 00JIaCTH 0051-
3arenpHOTO TpuMeHeHust HTC o kaTeropuu Bo3-
JIeCTBHS Ha OKPYKaroIyto cpeny. Ho ee TexHonorumy,
METOJBI, CIIOCOOBI I TEXHUUECKHE PEIICHU S, TOCTUTA-
FOIITMe B IIeJIOM Hanboiee 3pHeKTUBHBIM CITOCOOOM
BBICOKOT'O YPOBHSI 31U THI OKPY>KAOIIEH CpeIbl, pas3-
paboTaHHBIE M TOTOBBIC K BHEPEHUIO B COOTBETCTBY-
IOIIEH OTPACIU HA KOHKPETHOM NPEATPUATHY, TTO-
XOMST ISl pEIICHUSI MHOTUX TIPOOIEeM.

[1py HaMUYXK COOTBETCTBYIOIIETO HAYYHOTO 000-
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CHOBaHU S, TEXHUYECKUX Pa3paboTOK, CTATUCTUYECKO-
ro aHanau3a HeoOxomammo co3aaTh cripaBounuk HATC
10 AHAJIOTUU C UMEIOIIUMUCS TSl PA3JIMYHbBIX TEXHO-
JIOTUYecKUX mpoueccos. C ydeToM criennpuKy CBETO-
KyIpTypbl B anroput™me popmuposanust HATC mox-
HO BBIICIUTH MSITh CTPYKTYPHBIX 2JIEMEHTOB (puc. 4).

1. @akmopot. JI1060# SIeMEHT BHYTPEHHEH Cpebl
KYJBTUBALIMIOHHOI'O COOPY>KEHMU I, OKa3bIBAIOLIUI I Psi-
MO€ MJTM KOCBEHHOE BO3/IeiCTBHE Ha PACTEHHU I Ha ITPO-
TSDKEHU U KaKOH-T00 (as3sl UX pa3BUTHSA, SABISETCS
IKOJIOT4ecKnM pakTopoM. CTeneHb UHTEHCUBHOCTH
i-To haKTOpa YUCIIEHHO XapaKTEePHU3YEeTCs BEITUYIN-
HOH f;.

11. Yenosua. ObecnieueHne BO3MOKHOCTH KU3HEIe-
SITEIBHOCTHU PACTEHUH B KYJIbTUBALIUOHHBIX COOPYXKe-
HUSIX IOApa3yMeBaeT COOMI0OAEHNE HEKOTOPBIX AOIOJI-
HUTEITBHBIX YCIIOBUH, HAKJIATBIBAEMBIX HA 9KOJIOTUUC-
ckue paxTopel. OHU MOTYT OBITH 3aJIaHBI B BUJIE Ma-
TeMaTudeckux 3apucumocteit U = g(f), orpaHmamnBa-
IOIIMX 3HAYEHUE COOTBETCTBYIOLIUX IOKa3aTesei, Ha-
IIpUMED: YCIIOBHE HAXOXKICHHS ITapaMeTpa f; B HEKOTO-
POM [Marma3oHe B Ipeeiax OT Ha4allbHOTO f;* 10 KO-
HEYHOT'0 3HAYCHHS f;*; YCIIOBHE ITPEBBIIIICHHS] HEKOTO-
pOTO KPUTHYECKOTO 3Ha4YeHU f;'; orpaHNYeHUs, Ha-
JIOKEHHBIE HA €ro MPOCTPAHCTBEHHYIO HEPAaBHOMED-
HOCTB, XapaKTEepU3yeMYIO COOTHOIIEHNEM Z MEXTY
CPeTHNM fiP ¥ MUHUMAITBHBIM f;™" 3HAYEeHHAMHU 00ITy-
YEHHOCTH, U T.[I.

I1I. IIpasuna. IlpruMeHseMas TEXHOJIOT Ul BBIPAILU-
BaHUs PACTEHUM 3aKIII0YaeTcsl B COOIIONEHUN HEKO-
TophIX TpaBui R = g(U), CBA3BIBAIOIINX MEX Ty COOOM
YCJIOBHS C MIOMOIIBIO JIOTHUecKux onepauuit (U, +
WNJIN, HE). /larHple TpaBujia peain3yroTcs B ajro-
pUTME yIIPaBJIEHUS CBETOKYJIBTYPOH.

1V. Oyenxa. Kaxxao¥ TeXHOJIOTUH BbIpAIIUBAHUS
pacTeHnit MOXXHO MMOCTABUTH HEKOTOPYIO OIIEHKY (Be-
JIMYUHY SHEProdKoJIoTuYHOCTH) D3; = P(R;) , ompene-
JISTIOTIYIO CTETIEHb COOTBETCTBUS CBETOKYIIBTYPHI B OT-
HOCHUTEJIbHBIX €AUHUIAX ]ISl JAHHOI'O BApUAHTA IIPO-
BE€/ICHUS TEXHOJIOTMYECKOT O ITPOLIecca, CPAaBHUBAEMBIX
ycnoBuii u ycnosuit HITC.

V. Boi6op. BbIOOP TEXHOJIOTHH CBETOKYJIBTYPBI B
Ka4yeCcTBE HAUJIy4Ileld JOCTYITHOM OCYECTBIIAETCS 110
KPUTEPUIO S3KCTPEMATBHOTO 3HAYEHU S U3 HalICHHBIX
rmoKasareieid SHEProdIKOJIOTUYHOCTH (MIHUMYM WU
MaKCHUMYM B 3aBUCUMOCTH OT IIPUHSITOrO aJITOpUTMA
OIIEHKH).

Pa6otrer HUJIDOC B TeueHne nmociaeqHux JIeT Mo-
CBSILIICHBI BOIIPOCAM ONTUMU3ALIUU CBETOKYIBTYPHL.
IMpennoxens kouuenus MBOCC u ee nepapxuue-
ckast uHQopMallMOHHAS MOZIEITb; METO]T OLIEHKH JHEP-
ro3heKTUBHOCTH Mporecca HOTOCHHTE3A MO €0 HEP-
TOEMKOCTH, Ha OCHOBE KOTOPOT'0 BEIpaboTaHa METO-
JIMKa 3HEPro3K0AyAUTA CBETOKYIBTYPBI U OLIEHKHU SHEP-
TOPKOJIOTHYHOCTH IO OJIM30CTH ToaoTrpadoB (Tpaek-
TOPUIi) BEKTOPOB AUHAMUYECKON 3HEPTOEMKOCTH, I10-
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Puc. 4. Cmpykmyphvle dnemenmpl anzopumma Gopmuposanus
HATC
Fig. 4. Structural elements of the algorithm of formation of
NDTS

CTPOEHHBIX B KOOPIMHATAX MaCChl CyXOTO BellecTBa
B pacTeHHUU U 103kl obmyueHus [6]. [Tokazano Bius-
HUE CTIEKTPa U3IYICHUS Ha FHEPTOIKOJIOTUYHOCTH CBE-
TOKYJBTYpHL. KcciienoBaHbl BOTPOCH! KOMITIIEKCHOM
OIIEHKH CTaOUIIBHOCTH PA3BUTHS PACTCHUN B 3aBUCU-
MOCTH OT Ka4eCTBa CBEeTOBOM cpe/bl. [IpoBeneHsI aKc-
MIEPUMEHTHI B 00JIaCTH YaCTHOU CBETOKYJIBTYPHI IO
BBIPAIIMBAaHUIO IETPYIIKHY, cajaTa, TOMaTOB U OTyp-
1oB. Pa3zpaboTaHbl OCHOBBI METPOJIOTHUYECKOTO 00e-
CIIEYCHHU S SHEPT OIKOJIOT UM CBETOKYIIBTY PBI M CPEICTBA
aTTecTallii UCTOYHUKOB U3JIYUYeHUs, TPUMEHIEMBIX
mpu o0yueHnun pacteHnit. Co3maHbl MaJIoradapuT-
HbIe TPUOOPHI-aHATN3aTOPBI: CIIEKTPATLHOM SHEPTO-
€MKOCTH ITOTOKA U3TyUeHUs], KAaueCTBa CIIEKTpa U 00-
JTYYEHUS IS CBETOKYJIBTYPHI, TEXHUIECKUE CPENCTBA
(buToobMyUaTe n, 00IyUaTEeIbHBIC YCTAHOBKH, BETe-
TAIMOHHBIE MOAYJIN) JJ15 BRIPAIIIUBAHUS PACTEHUM 11O
TEXHOJIOTUH CBETOKYJIBTYPHI B OBITOBBIX ITOMEIIIEHH-
six (0(puChI, KBAPTUPHI) U B METKUX (PEPMEPCKUX XO-
3sificTBax. [lodydeHbl MaTeHThI, TEXHUYECKUM Pe3yiIb-
TaTOM KOTOPBIX CTAJIO CHIDKEHUE YHEPTOEMKOCTH B Te-
TUTMYHBIX 00Ty4aTeTbHBIX YCTAHOBKAX.

[MoTeHMaIBHBIMU TOTPEOUTENSIMY CO3IAHHOM Ha-
YYHOU NPOAYKIINY CTAJIN TEIIMYHBIE X035 HUCTBA, MEI-
KOTOBapHOE ITPOU3BOJICTBO 3aKPHITOTO TPYHTA, HAYY-
HO-HCCIIEIOBATEILCKUE OPTaHU3AIINH, AT PAPHBIE BY3BL.

BaxHOCTB TpO0GIIEM MTOBBITIIEHNS 9HEPTro3(H(HEeKTHB-
HOCTH U PECYPCOOTAAUHU, IHEPTOCOSPEKEHUS U YTy Y-
IIEHU ST IKOJIOTTIECKON 0OCTAHOBKHU CETOMHS HEOCIIO-
pruMa. CoBpeMeHHOE TEITUYHOE TPON3BOICTBO SIBIIS-
€TCsI DHEPrO- U PECYPCOEMKUM, XapaKTEPU3YETCS BBI-
COKHM ITOTPeOIeHNEM SHEPT UH, TN TATEIbHBIX BENIECTB
U TEXHUYECKUX CPENICTB BhIpALIUBAHUS pacTeHuit. H-
TEHCUBHOCTBH TEXHOJIOTMYECKOTO MIpoIlecca cKa3bIBa-
€TCsl KaK Ha OKpYJXKarolllel cpelne, TaK U BHYTPEHHE!
cpezie TerUIBL. DHeproahPeKTHBHOE MTPOU3BOJICTBO
TpeOyeT BHEIPEHUSI COBPEMEHHBIX CIIEIINAIBHBIX
SHEPTOIKOJIOTUUECKUX TEXHOIOTUN.

BbiBogbl. [Tokazamu, 4To KOHIENTYaIbHBIE OCHO-
BBI pa3pabaThIBAEMOr0 HOBOT'O HAyYHOT'O HAIPaBJIe-
HUS «DHEPTOIKOJIOT S CBETOKYIBTYPHI» HATIPABJICHBI
Ha U3y4YeHHe 3aKOHOMEPHOCTH Mpeo0pa30BaHMS MTOTO-
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koB BemectBa u sHepruu B UBOCC, dpopmupyromiue
ee 9Hepro3(pheKTUBHOCTH U 3KOJIOTUIHOCT. IToBEIIIIE-
HUE 3HEPrO3KOJIOrHYHOCTH CBETOKYJIBTYPBI CBA3AHO C
MIPUMEHEHNEM HAYYHOTO aHAJIN3a U UHTEILIEKTYalb-
HBIX aJITOPUTMOB YIIPaBIICHUS CBETOKYIBTYPON KaK
MHOT'OYPOBHEBOU CUCTEMOM, BKJTIOUAIOIIEH SHEPreTH-
YECKUE, TEXHOJIOTHYECKHE U OMOJIOTUUECKUE OO BEKTHI.
BrniepBbie mocTaBUIM BOIIPOC 0 pa3paboTKe CTPYK-
TYPHBIX 3JIeMeHTOB anropuTtma popmupoBanust HATC
10 KPUTEPUIO SHEPrOIKOJIOTMYHOCTH KaK CUCTEMHO-
MY UHTET'PATUBHOMY KPUTEPHUIO OIITUMATIBHOCTH.
Pa3paboTanHble METOMKY YHEPrOayIUTA CTAIIHI

PROBLEMS AND DECISIONS

BayKHEUIIIMM PE3YJIbTATOM ITPOBOIMMBIX HCCIICAOBA-
HUI, KOTOPbIE MOKHO HCITOJIB30BATH AJIS ONITUMHU3a-
MM ITPOIIecca BEIpAIIUBAHUSI PACTSHHH 110 KPUTEPHIO
MHWHHMAaJIbHBIX OTKJIOHEHUH 3HEPTO3KOJIOTNIHOCTH
ITyTeM BapbUPOBAHUS TApAMETPOB OOITyUeHUSI, YCII0-
BMH OKpYy XKarolel cpeabl U APyrux (pakTopoB.

KowmrrekcHas peaan3amnus SHEPro3KOIOrMIHBIX
TEXHOJIOTHH CBETOKYJIBTYPHI ITO3BOJIUT JOCTUYD pac-
YETHBIX TTOKa3aTejiel yBeIuueHus 3(pHeKTUBHOCTU
MIPOAYKIIMOHHOTO ITpoIiecca, CHUKEHHUS JHEPTrOEeMKO-
CTH TIPH TTOBBIIIICHU Y KauecTBa MPOAYKIIUM 1 obecrie-
YEHUHU IKOJIOTMIHOCTH ITPOU3BOJICTBA.
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Pedepar. B pamkax skonormueckux TpeOOBaHMH K CHIKEHUIO TOKCHYHOCTH OTPaOOTAHHBIX T'a30B JIBUTATENEH BHYTPEH-
HETO CrOpaHus, B TOM YHCJIE TPAKTOPHBIX M KOMOAMHOBBIX Au3eNeH, 00IbII0oe BHUIMAHUE YACISIOT PA3IUYHBIM CIIOCO-
0aM CHIDKEHWS BPETHBIX BEIIECTB B MPOAYKTAX CrOpaHHWs TOILTNBA. Pemraetcs 3ajaya MCMONB30BaHUS 3HEprocdepera-
IOIIUX PECYPCOB, B TOM YKCJIE BO30OHOBNISEMBIX HCTOUHUKOB SHEPTUH, PA3IUYHBIX aTbTEPHATUBHBIX BHIOB TomBa. K
HUM OTHOCSITCS PACTUTENbHBIE Macia CeTbCKOXO3MMCTBEHHBIX KYIBTYp, B TOM YHCIe apaxucoBoe. (Ilerw uccredosaniis)
[TpoaHamM3nMpoBaTh CBOMCTBA apaxHCOBOTO Macia Kak J00aBKM K AW3EIbHOMY TOIUIMBY M OLEHUTH TOKa3aTelu pado-
TBI JJU3€Nsl Ha TOTUIMBE C I0OABKAMU apaxMcoBOro Macia. (Mamepuansl u Memoosl) ApaxucoBoe Macio OTIHYAETCS OT
JIM3ENTBHOTO TOIUIMBA OOllee BHICOKOH BA3KOCTBIO M MEHBIIEH TEIIOTON cropanus. B cMech fM3eIbHOTO TOIINBA C apa-
XUCOBBIM MACJIOM JI00OABIISUIN KEPOCUH /ISl KOMIICHCALIMY 9TUX HEIOCTATKOB. B XOJIOMHBIX KITMMATHYECKUX YCIOBUSX UC-
TIOJTK30BAHUE ApaXMCOBOTO MAclia B YMCTOM BHJIE 3aTPYIHEHO, TAK KaK ISl HETO TeMIlepaTypa MOMYTHEHHS COCTABIIACT
3,3 rpanyca Lenbcust, uto Ha 20 rpaycoB Bblllle, YeM y AU3eIbHOTO TOIUINBA. B cMeceBoM cocTaBe TeMIiepaTypa IoMyTHe-
HUS TOIUTHBA TMTOHIKAETCS, UTO MO3BOJISIET MCIIONB30BATh €T0 B 00JIee XOMOMHBIX YCIOBUSIX. (Pesynvmanivl u 00cyscoerue)
[Tposenu nccnenoBanue Ha TpakTopHOM aBuratene /[-120 B mape ¢ TOpMO3HOM OaTaHCHPHON YCTAaHOBKO# Oe3 IOTOITHH-
TENBHBIX PETYIUPOBOK ABUraTess. [lomyunnu XxapakTepUCTUKY IBUTATENS IIPU paboTe Ha TOILIUBE ¢ JOOABKOH apaxuco-
Boro Macna. CpaBHUIIM pe3y/IbTaThl paOOTHI IBUTATENS HA YUCTOM JU3eTBHOM TOTLIUBE M CMECEBOM, BBHISBIIIM ITOKA3aTe-
71 3G (HEKTUBHOCTH PAOOTHI M TOKCUYHOCTH OTPAOOTAHHBIX Ta30B. (Bbi600bl) DKCIEPUMEHTATIBHO JOKA3aJIH, YTO 100aBKa
apaxmcoBOTO Macla K U3eTbHOMY TOTUIUBY COKpAIIaeT yAeHbHBIA d(QEKTUBHBIA PacXo/] TOIUTHBA, & TAKKE YMEHbIIAET
BBIOPOC CaKU U OKCUIIOB a30Ta, TIPU 3TOM MOIITHOCTb JIBUTATENsl CHUKAETCS HE3HAUUTENBHO.
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PROBLEMS AND DECISIONS

Abstract. As part of the environmental requirements for reducing the toxicity of exhaust gases of internal combustion
engines, including diesel engines of tractor and combine harvesters, great attention is paid to various ways of reducing
harmful substances in the exhaust gases combustion products. The problem of using energy-saving resources, including
renewable energy, various types of alternative fuels is currently solved. In several ways these include using vegetable oils
from various agricultural crops, one of which is peanut oil. Its use can help to solve two urgent problems: reducing the
toxicity of exhaust gases of internal combustion engines. (Research objective) To analyze the properties of peanut oil as an
additive to diesel fuel and evaluate the performance of a diesel engine using this type of fuel. (Materials and methods) The
properties of peanut oil differ from those of diesel fuel by higher viscosity and lower heat value. To compensate for these
shortcomings, kerosene has been added to the mixture of diesel fuel with peanut oil. In cold climatic conditions, the use of
pure peanut oil is difficult, since its cloud point is 3.3 degrees Celsius, which is 20 degrees higher than that of diesel fuel. In
the blend composition, the cloud point of the fuel decreases, which makes it possible to use it in colder conditions. (Results
and discussion) The authors have conducted a study on the tractor engine D-120 coupled with a brake balancer installation
without additional engine adjustments. As a result, they have obtained the characteristics of the engine working on fuel with
the addition of peanut oil. The authors have compared the results of the engine operation on pure and mixed diesel fuel,
revealed indicators of operating efficiency and toxicity of exhaust gases. (Conclusions) It has been proved experimentally
that the addition of peanut oil to diesel fuel leads to a decrease in the specific effective fuel consumption, and also reduces
the emission of soot and nitrogen oxides, while the engine power decreases slightly.

Keywords: peanut oil, alternative fuel, diesel fuel additive, renewable energy sources, tractor diesel, biofuel.

I For citation: Bizhaev A.V., Devyanin S.N., Soo S., Fomin V.M., Ibragim A.S.H., Khodyakov A.A. Ispol'zovanie
arakhisovogo masla v kachestve prisadki k dizel'nomu toplivu [Using peanut oil as a fuel additive in tractor
diesel engines). Sel'skokhozyaystvennye mashiny i tekhnologii. 2018. Vol. 12. N6. 45-50. DOI 10.22314/2073-7599-

2018-12-6-45-50 (In Russian).

poOiemMa CHIKEHHU I TOKCUYHOCTH OTpaboTaH-
HBIX T'a30B IM3eNbHBIX JBUTATEIeH aKTyaIb-
Ha ¥ B OTPACIIU CEIBCKOI0 XO35IIICTBA, TAK KaK
JAHHBIMU TUIIAMHU JBUTATeNIell OCHAllleHa OCHOBHAA
Macca TPaKTOPOB, KOMOAWHOB U APYTHX MOOUITBHBIX
MamvH. 3BecTHO, 4TO BO3/1€HiCTBHE TOKCUUHBIX KOM-
MTOHEHTOB HA PACTEHUS, B TOM YHCIIE CEITbCKOXO3Sii-
CTBEHHBIC KYJIBTYPbI, CHUXXAET TEMIIBI UX POCTA U Ka-
YECTBEHHYIO IICHHOCTH IMMPOIYKTOB [, 2].
TpebGoBaHuUs IKOIIOTUUECKUX CTAHIAPTOB BO BCEM
MHUpE CTAHOBSTCSA BCE KECTUE, B CBSI3U C YEM NPOU3BO-
JUTEITH BEIHY K A€HBI NCTIOIB30BATh PA3IMYHbIE CHCTe-
MBI ¥ TEXHOJIOT'MH C LIEJIbIO CHUKEHU I KOHLIEHTPALNH
TOKCUYHBIX KOMITOHEHTOB B 0TpaboTaHHBIX ra3ax (OI).
K pemennio faHHOM Npo06IeMbl IPUBIEKAIOT MHOXeE-
CTBO METOJI0B, KOJIMYECTBO U Ka4eCTBO KOTOPHIX C Te-
YeHHEeM BpEMEHH BO3pacTaroT. Yalre Bcero UCIonb3y-
10T aJIbTEPHATUBHBIEC BUBI TOTIJINBA — KAK CHHTETHYe-
CKOTO, TaK ¥ OPTaHIMYeCKOTO Impoucxoxaenus. Ilpen-
MOYTEHUE OTAAIOT PUPOIHBIM BUIAM TOIUIMBA, Ta-
KHM KaK pacTHUTENIbHbIE Macja, COCTOSIINE U3 TPU-
[JIMIEPUIOB )KUPHBIX KUCIOT U JPYTUX BTOPUUYHBIX
KOMITOHEHTOB, ITOJTy4aeMbIX U3 PA3IUUHBIX CEIBCKO-
XO3SIICTBEHHBIX KyJIbTyp. bojiee pacipocTpaHeHsl
PpaIcoBoe, MOICOIHEYHOE, COEBOE, NAJIbMOBOE MacTIa,
OTHOCSIIINECS K BO30OHOBIISIEMBIM HCTOYHUKAMHU HEP-
ruu. Belcokne TeMIIbl IPON3BOIACTBA HAOIIOAAIOTCS
JIJ1 TAJIbBMOBOT'O M cOeBoro Macia. Bo MHorux crpa-
HaXx, MPOU3BOIAIINX 3T MacJa, IIeHa Ha HUX MEHBIIIE,
4yeM Ha He(TepOIHbIE BUABI TONIMBA (OEH3MH U 1U-
3eJIbHOE TOTNIMBO), UX UCTIOIB3YIOT HE TOJIBKO B Kaue-
CTBE MUILEBOM NPOAYKIINH, HO U B BUAE J0OABOK K Tpa-
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JUITUOHHOMY TU3eJIbHOMY TOILJIMBY WX JIJISI TTIOJTHOTO
€ro 3aMelICHUSI.

PacTuTenpHbIe Maciia perarT IBe TI100aIbHbIE
mpo0IeMbl: cHUXeHUe TokcnuHocTu OI" nBurarenei
BHyTpeHHero cropanus ([IBC) n mpou3BoacTBo Bo3-
OOHOBIISIEMBIX HCTOUHUKOB SHEPTUH. J1J151 pETHOHOB C
XKAPKUM KIIUMATOM MTPUEMJIIEMEI TTAJIBMOBOE U apaXh-
coBoe Maciia. OCHOBHBIE TPOU3BOIUTENH MAJIbMOBBIX
KyJIbTyp — Manaiisus u Munonesus, a apaxuca — Ku-
talt, Munus, crpans Adpuku [3, 4].

ApaxmucoBoe Maco B OTIUYUE OT MAJTBMOBOIO T10-
JIYYUJIO MEHBIIIee PACIIPOCTPaHEHNE KaK B ITUIIEBOM
MIPOMBIIIJIEHHOCTH, TaK U B KauecTBe 0ObeKTa JJI5I C-
CJIeTOBAHUS aJIbTEPHATUBHOIO BU/Ia TOILINBA, OJTHA-
KO ITPY CPaBHUTENIBHO HU3KOM 1IEHE B CTPAHAX-TTPOU3-
BOJUTENAX AKTYaJIbHOCTD €r0 UCIIOIB30BAHUS OIIPaB-
nmaHa. B HacTosIee BpeMs UCCIeIOBAHUSIMU 3TOTO BU-
Jla MacJja Kak 100aBKU B TOIJIMBO 3aHUMAJIUCh HEJO-
CTaTOYHO. J1 7151 OTICHKH BO3MOKHOCTHU UCTIOJIB30BAHU S
apaxuCcCoOBOTO MacJja CIIeAYeT U3YIUTh ero (pu3ndecKue
U XUMUUecKue cBoricTBa. Ha ocHOBaHMU aHaM3a BbI-
TOJTHSIETCS PSIJT MEPOIIPUSATUM, TO3BOJISIIONTNX TU3EITb-
HOMY JIBUTATEITIO OJTHOLEHHO PYHKIIMOHUPOBATH ITPH
pabote Ha apaxucoBoM Macie. Huke mpuBomeHs! pe-
3yJbTAThI 9KCIIEPUMEHTOB I10 UCIIOJIb30BAHHUIO Macja
B Ka4yecTBe MO0ABKH K TU3ETFHOMY TOIUJIUBY, UTO I10-
3BOJISIET CIENIaTh 3aKJIIOUEHHE O IIeJIeCO00pa3HOCTH
HCIIOJIb30BAHMS apaXxUCOBOT'0 Maciia B Ka4eCTBe J10-
0aBKHU K TOILJIUBY TU3EITBHOTO IBUTATES.

LIEnb CCNEQOBAHNS — TpOAHAIIM3UPOBATH CBOI-
CTBA apaxnCOBOTO Macia Kak J0OABKHU K TU3ETHHOMY
TOIJIMBY W OLIEHUTH MOKa3aTelIN paboThI TU3eTIs Ha
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TOIUTUBE C T0OaBKaMU apaxrUCOBOTO MaclIa.

MATEPVANBI N METOALI. Pa3iuuHble BUIBI Macesl
XapaKTepU3yITCs O peIeIeHHBIMI (PHU3NUECKUMH
XUMHYECKUMHU CBOMCTBAMH, KOTOPBIE 3aBUCAT OT UX
KOMIIOHEHTHOTO COCTaBa. Maciio mpeACcTaBIIseT CO-
0014 110 O0JIbIIIEH YACTH OTUH U TOT kK€ HA0OP KU PHBIX
KHUCJIOT, OTIAWYAIOIINXCS JIUIIb ITPOIICHTHBIM COOTHO-
IIIEHHEeM KOMITOHEHTOB. B OOBITNHCTBE MPOBEIEHHBIX
HcciIeIOBaHUI HAOIIoOnaeTCs cXxoxkas TeHACHIUS 13-
MEHEHUSI XapaKTEePUCTUK paboThI Tu3ereii [5, 6].

ApaxucoBoe Macio 1Mo CPAaBHEHUIO C AU3EIIBHBIM
TOIUTMBOM UMEET OOJIBITYIO BI3KOCTh M MEHBIITYIO Te-
ILUTOTY cropanus (maba) 5, 7].

CpaBHUTEIILHO BBICOKAS BSI3KOCTh aPaXmCOBOTO
MacJia BIHSET Ha U3MEHEHUe peXXrMa pabOoThI TOTUTHB-
HOI anmapaTypbl U Ipoliecc cMeceoOpa30BaHUs B IU-
TWHJpE IBUTATENS. B epByIo ouepeas 3TO CBA3AHO CO
CHIDKEHMEM YTEeUeK Yepe3 MPElU3NOHHO IOI00paHHbIe
apbl TOINTHBHOM anmapaTy phl, BCICICTBHE YETO YBe-
JIUYUTCS IIUKIIOBAs 1MOIaya TOTUIMBA, a CIIeIOBATEb-
HO, ¥ XapaKTEePUCTHUKA TaBJICHUS €r0 BIPHICKUBAHUS
yepe3 GopCcyHKY. [IIs1 HCITONMB30BaHUS apaXUCOBOTO
Maclia B YICTOM BUJIe TpeOyeTcst IPUHSITHE JOTIOIHU-
TEJTBHBIX MeP, B TOM YHCJIE ¥ PETyJIUPOBKA TOIIUBHON
aIrapaTypsbl, UTO BHOCUT OIIpe/ielIeHHbIe TPyA03aTpa-

PROBLEMS AND DECISIONS

Tl [Ipo0eMy MOXXHO pPeluTh, CHU3UB BSI3KOCTh TO-
TUINBA PA3IMYHBIMU CIIOCOOaMU, HATPUMED, ITYTEM
MOJTOTpeBa Maclia B TOTUIMBHOM arnmaparype JI1ndo J10-
GaBleHUEM IPYTUX KOMIOHEHTOB. [locieaHuii cnoco6
HanOoJjIee TPOCT B UCITOTB30BAHUH, TIOOTOMY UMEET
CMBICJI IIPOBECTH OoJiee MOIPOOHBIE UCCIICAOBAHUS.

M3yyanu HEKOTOpBIE CBOWCTBA CMECEN TU3EIBHO-
r'0 TOTLUIMBA M apaXHCOBOTO MAcCIIa C IPYTUMH KOMIIO-
HEHTaMH, B TOM YMCIIe BA3KOCTh (puc. 1). B xaduecTBe
06aBOYHOTO KOMITOHEHTA BBIOpan kepocuH KO-25
(TY 38.401-58-10-01), cBO#iCTBA KOTOPOTO MPUBEICHBI
B mabauye. ETo BA3KOCTH HIXKE apaXMCOBOT0O Macyia B
2,25 pazanipu 20°Cu B 1,55 paza—npu 100°C, nmosto-
MY BSI3KOCTh apaxMCOBOTO Macia ¢ JoOaBIeHUEM Ke-
pocuHa Oy/ieT HUKe, YTO TaeT BO3MOXKHOCTh U30€XKaTh
JTOTIOTHUTEIBHBIX PEryIMPOBOK TOIJIUBHOM ammapa-
TYpPHL

st manpHeiero ucciaeaoBaHus BIOpAIA OMTH-
MaJIbHBIH cocTaB: 29% aAn3eIbHOro TOIInBa, 33% Ke-
pocuHa, 38% apaxucosoro Macina. [ImoTHOCTh Tako-
r0 COCTaBa MPAKTUYECKU HE OTIMYACTCS OT IIJIOTHO-
CTH M3eIBHOTrO TOIIMBA (0KoJ10 850 kr/M’ rpu 15°C),
a HU3IIas TerioTa cropanus coctaBut 40560 k JIx/Kr.

B coctas apaxmncoBoro Macia B OTIMUUE OT JTU3ETh-
HOTO TOIUTUBA BXOJAUT KHUCIIOPOJ, UTO MOBBINIAET Ka-

DU3NKO-XUMUYECKUE CBOMNCTBA HEKOTOPBIX BUAOOB TonnueA*
PHYSICAL AND CHEMICAL PROPERTIES OF SOME FUEL TYPES*
Du3NK0-XUMHYECKHE CBOICTBA Tun Tonsmsa / Fuel type
Physical and chemical properties T AM AM-HIT 50/50 KO
IMnotHocTs ipu 15 °C, kr/m?
Density at 15 °C, kg/m’ 832.,4 917,3 871,7 810,5
BSI3KOCTH KHHEMATHUECKa s, MM /C TIPH:
Kinematic viscosity, mm?/s at:
20°C 4,10 78,0 20,0 1,82
40°C 2,60 12,3 9,27 1,34
100°C 1,10 9,36 4,87 0,71
MaccoBoe cogepxxanue, %
Mass content, %
C 86,6 78,0 82,1 85,8
H 134 12,3 12,8 14,2
(0] 0 9,36 491 0
Cootnonienue atomoB O/C
The ratio of atoms O/C g el Lt g
Coneprxanue atromoB H/C
Content of atoms H/C 1,84 1,88 1,86 1,98
Temtora cropanus, k J[x/kr:
Heat of combustion, kJ/kg:
uusmas / lower 42967 37023 39829 42900
BeIcmas / higher 45776 39638 42558 43100
LleTarnoBOE YHKCIIO 50.8 36.6 55.9 38
Cetane number i i >
Temmneparypa nomyTtHeHus, °C
Cloud point, °C -17.8 33 - 1
* IT — nu3enbHOE TOIINBO, AM — apaxucosoe macio, KO — ocBeturenbHbiii kepocun (KO-25)
* DT —diesel fuel, AM — peanut oil, KO - lighting kerosene (KO-25)
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Puc. 1. Heenedyempie cmecu ¢ 006a8Kkamu apaxuco8ozo mMacia:
JT — ouzenvroe monauso; AM — apaxucosoe macio; KO — ocge-
mumenvnbiii kepocun (KO-25)

Fig. 1. The studied mixture with additives of peanut oil:

DT - diesel fuel; AM — peanut butter; KO — lighting kerosene
(KO-25)

4eCcTBO ero cropanus. OMHAKO CPaBHUTEIBHO BBICO-
Kas BI3KOCTH Macjia U3MEHHUT XapaKTep cMeceoOpas3o-
BAaHUS B TOIUIMBHOMU CTpYe, & HU3KOE LIETAHOBOE UHC-
JIO CMECH ITPUBEACT K YXYAIMIEHUTO TETIIIOBBIICTICHUS U
3aJIep’KKe MOMEHTA BOCIJIAMEHEHUSI CMECH. DTO CBOM-
CTBEHHO U IPYTUM BUJIAM PACTUTEIBHBIX MACEI, YU
MIPOSIBIISIETCS B YXYAIIIeHUH 3(PGhEKTUBHBIX XapaKTe-
PUCTHUK TOILIMBA, OBBIIIICHUU COIEPKAHUS TPOAYK-
TOB HETMOJHOI'O CTOPAHUSI, CHUXKEHUU KOHIEHTpAIuU
Ca)ku M OKCHI0B a30Ta [§, 9].

B X010DHBIX KITUMATUUECKHUX YCIOBUSX HCIIOIB30-
BaHME apaxHUCOBOTO Macjia B YUCTOM BHUJIE 3aTPy/IHE-
HO, TaK KakK JIJIsl HETO TeMIiepaTypa MOMYTHEHHUS CO-
crasisaeT 3,3°C, uro Ha 20°C BEIIIE, YeM JUISA TU3CTb-
HOT'O TOTUTMBA. B BEIOpAaHHOM CMECEBOM COCTAaBE TEM-
nepaTypa IOMYTHEHUSI TOTLTHBA MTOHUKAETCS, ITO 110~
3BOJISIET UCTIOJIH30BATh €T0 B 60J1ee XOIOAHBIX YCIIOBH-
SIX.

Ilo naHHBIM IPYTUX UCCIIEIOBAHUM, UNCTOE apaxu-
COBOE MAcCJIO JAeT CMOJIMCTHIE OTIOKEHUS Ha PACIIBI-
nuTene GOPCyHOK, HO TIPH €T0 UCIIOIb30BAHUM B Ka-
YyecTBE JOOABKY K IU3EIbHOMY TOILIUBY U KEPOCUHY
a¢dexT ymeHbInaeTcs. Ero MOKHO CHU3HUTB TaKXKe I0-
JIOTPEBOM TOILIMBA J0 €ro MOJIauy B TOTUIMBHYIO afl-
naparypy, OpeIBapuTEeIbHON OYUCTKOM UJIU 3a CUET
HCITOJTb30BaHMSI CIIEITUATLHEBIX TTprcanok [10].

B cooTBeTCcTBHY C BBIOpaHHBIM ONITUMAJIBHBIM CO-
CTaBOM TOIUTHBA CPOPMUPOBAIIH ITPOTPAMMY UCITHI-
TaHUH PabOTHI AU3ETBHOIO IBUTATEIS.

PE3YNBTATEI U OBCYXAEHME. DKCIIEPUMEHTAIBHOE
UCCTIeIOBaHME ITPOBOIUIIN Ha Oa3e 1abopaTopHOH ycTa-
HOBKH, COCTOSIIIEN U3 ABYXIIUIUHIPOBOrO TU3EIBHO-
ro neurarens J{-120 HomuHanesHO#M MotHOCTHIO N, = 18 X BT,
paboTaroiiero B mape ¢ 3JeKTPUUYECKON TOPMO3HOMH Oa-
JTAHCUPHOU MAaIIMHOM Mo1HOCTBIO 125 kBT, € BECOBBIM
MEXaHU3MOM.
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ITokazarenu TOKCUYHOCTH (PUKCUPOBATT 5-KOMIIO-
HEHTHBIHN Ta30aHAIN3ATOP, & KOHIIEHTPAIIUIO CAXHU —
caxxeMep GIIIBTPYOIIETO THIIA.

B mporpamMmmy UCIIBITAHUM BXOJUIIO CHSITHE HATPY-
30YHBIX XapaKTePUCTUK ABUTATEINS IPH YaCTOTE Bpa-
1IeHM s KOTIEHUaToro Baja n = 1800 mun ', mpuuem (Guk-
cHpoBan 3P PEeKTUBHBIE XaPAKTEPUCTUKH PAOOTHI T~
3eJ14, a TaKXKe Toka3arenu TokcuyHoctu ero Ol Uc-
MOJIH30BAJIH TPAIUIIMIOHHOE TU3ETbHOE U CMECEBOE TO-
TUTHBO ONMITUMAILHOTO cocTaBa (29% Mu3eabHOTO TO-
uBa, 33% OCBETUTENBHOTO KepocuHa U 38% apaxu-
COBOT'O Macla).

B xone akcriepumenTa ¢ TpakTopHbIM au3zeneM 1-120
3a(hUKCUPOBAN XapaKTEPUCTUKHU COACPIKAHIS OKCU-
noB azora NO, u caxxu C B OI, KoTOpbIe MpeacTaBIs-
IOT CO00#1 OCHOBHBIE TOKCUYHBIE KOMIIOHEHTHI TU3EIb-
HOT'O BBIXJIOTIA, OTIPENEIISIONINE OONTYIO 9KOJIOTHYe-
cKy10 3pPeKTUBHOCTD nBUTATENS (puc. 2).

NO,, Cen.
ppm Bosch

5000 25
1< \
Vs Sso i
4000 — e — 2,0

/ /’ AN
V2 td
3000 L 4 e 1,5

2000 —— - 1,0

\

\

\
N\

*
\

1000 0,5

=== NO_, It = =« =NO_, IrtAM+OK ==t==C, It = @ =C, Ir+AM+OK

0 . . . . . . . 0
20 30 40 50 60 70 80 90 Mk, Hm

Puc. 2. Haepysounas xapakmepucmuka ogueamens /-120, 3asu-
cumocmsb cooeparcanusi okcuoos azoma NOyx u cascu C ¢ O om
nazpysku osueamensi Mk

Fig. 2. Load characteristics of the D-120 engine, the dependence
of the content of nitrogen oxides NOy and soot C in the exhaust
gas from the engine load Mk

IIpu pabote nBUTATENS HA TPAIUIIMOHHOM JU3ETb-
HOM TOILJIMBE YCTaHOBIIEHO, YTO IIPH HATrpy3KaxX OT
26 Hwm 1o 55-60 HM koHueHTpanus okcuioB azota NO,
Bo3pacraeT ¢ 2600 mo 5400 ppm, 3aTeM IJIABHO CHU-
x)aetcs 1o 3850 ppm. AHajgoruuHo Bemet cebst cMece-
BOE TOILIUBO C COAEPKAHUEM apaxucoBoro macia 38%.
C yBenuueHueM Harpysku 70 55 HM koHuleHTpanus
OKcHAO0B a3oTa pacteT ¢ 1950 o 4600 ppm, moTom
cHmxkaercs 10 3400 ppm.

Homns conepxxanust NO, Ha Bcell TPOTSHKEHHOCTH
padoTHI IBUTATENS HA KOMITJIEKCHOM CMECH ¢ apaxu-
coBbIM MacsioM Huke Ha 500-900 ppm, unu 10-25% o
CPaBHEHUIO C paOOTOI ABUTATEISI HA YUCTOM TU3EIIb-
HOM TOTLITHBE.

IIpu paboTte nBUTaTENS HA TOIJIUBE C COACPKAHU-
eM apaxucoBoro Macia 38% KOHIEHTpALHS CaXH Ha
HU3KUX Harpyskax 25-50 HM ocraeTrcs mpakTuuecku
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HEU3MEHHOH U HaxomauTcs Ha ypoBHe 0,6-0,7 en. Bosch,
a mpu paboTe ABUTATENISI HA YUCTOM JU3EITLHOM TO-
mBe — 0,7-0,8 en. Bosch. C yBennmdeHueM Harpy3Kku
JI0 MAKCUMAaJIbHOM MpU pabOTe HA CMECH C apaXxHco-
BBIM MAacJIOM KOHIIEHTpaIus caxxu C paBHOMEPHO pac-
TeT 10 2,2 en1. Bosch, a Ha IM3€JILHOM TOILIMBE — 10 2,5
en. Bosch.

1o mocTpOoeHHBIM XapaKTEPUCTUKAM OTIPEISITHITH,
yTO Impu 1o0aBKax apaxucoBoro Macna 38% conepxka-
Hue caxu Huke Ha 0,2-0,3 en. Bosch B quamna3oHe Ha-
rpy30k oT 35 HM 10 MakcuMallbHBIX, IO CPABHEHMIO C
YUCTBIM TU3EIIFHBIM TOIUTHBOM. Ha HU3KUX HArpy3-
Kax (oxojio 26 HM) u3MeHEeHHs 10 BEIOPOCY CaXku He-
3HAYUTENBHBI U HAXOASATCS B IIpeJieiaX MOTrPEITHOCTH
U3MEPEHUN.

Cxoxasi TeHICHITUSI U3BMEHEHU S Ca)K¥ ITPU UCTIOJTb-
30BaHUM PACTUTEIIHHBIX MACEIT B KAUeCTBE TOIIJIUB ObI-
Jla OTMeYeHa U B IPYyTrux uccienoBanusix [10].

ITpu mogadye cMeceBOro TOITMBA 3a(PUKCHPOBAHO
TIOBBIIICHHE YIASTBHOTO 3 PEKTHBHOTO pacxona g. Ha
BCEM AJIMHE XapaKTEPUCTUKH (puc. 3).

Ha makcnMannbpHOM Harpy3Ke BeTUYnUHA g, TOBBIIIA-
etcs ¢ 260 go 280 r/k B4, unu Ha 6,2%. Ha pexxnmax
CPeAHUX U HU3KUX Harpy3ok Mx = 50-70 Hm u Huxe
KpHUBas g, BENET cebs TaK ke, TO eCTh Ha 6-8%0 BBIIIIE IJI5
CMECEBOTO TOIUINBA U COCTABISIET MakcuMyM 430 r/k BTu
110 cpaBHEHUIO ¢ 370 /K BT"4 111 YUCTOrO TU3EITBHOTO
TOILJIMBA.
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Puc. 3. Haepyzounas xapaxmepucmuxa osueamens J{-120; 3asu-
CUMOCIb YOeNbHO20 IPhekmugHozo pacxoda moniusa g. u 4aco-
8020 pacxooa monmea G, om Hazpy3ku osueameinsi Mk

Fig. 3. Load characteristics of the D-120 engine; Dependence of
specific effective fuel consumption g. and hourly fuel consumption
G, on engine load Mk

YacoBoii pacxon G, ToIIMBa, coaepxariero 38%

apaxucoOBOTO MacJja, Ha BCEM IMAaIa30He HArPy30K BO3-
pactaeT Ha 8-10%, iy Ha 0,2-0,3 KT/4 10 CpaBHEHUIO
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¢ paboTOM ABUTATENsl HA YUCTOM TU3EITHHOM TOILIH-
Be. JlaHHBIN 3 PeKT MOKHO OOBSICHUTD CHU)KEHUEM
yTeueK depe3 Mpeln3nOHHbIE TTaphbl TOIJIMBHOM alla-
paTypsbl, TaK Kak apaxucoBoe Maciio obyamzaeT 60Jb-
e BA3KOCTBIO, UeM JU3EIbHOE TOIIMBO, BCIICACTBHE
Yero IUKJIOBas 1o/1auya CMECH YBEITHINBACTCS.

IIpu uCroIb30BaHNHU B KaUeCTBE TOILIMBA CMECU
cocrtaBa: 29% auzenbHOro Toriuea, 38% apaxmucoBo-
ro macina u 33% OCBeTUTEIHHOI'O KEPOCHHA HA BCEX Ha-
TPY30UYHBIX PeKUMaX HAOIIOIAeTCSI CHIDKEHUE MaKCH-
MaJIbHOUM HArpy3KH Ha JBUTATeNlb Ha 5%, 4TO 00bsIC-
HsleTCs 00JIee HU3KOH TEIIOTON CTOpaHUs CMECEBOTO
TOILIMBA IO CPABHEHUIO C YUCTHIM JU3CTIBHBIM.

Jloms conepkaHus MPOAYKTOB HEMOJTHOTO Cropa-
HUS IIPH 3TOM MTOBBICHJIACH HE3HAYUTEITLHO, 00beMHA S
JIOJISI COJIepKaHUsI MOHOOKCU OB yriieposa CO BbIpOC-
ma MmakcuMyM Ha 0,1% B aOCOIOTHBIX eAUHUIIAX, U
KOHIIEHTpaLus yriieBogopoaoB CH yBeIUYnIach Mak-
cuMmyM Ha 20 ppm.

BbiBoabl

DKcIepruMeHTaJIBHO TTOKa3aJIi, YTO CBOMCTBA apa-
XHCOBOTO Macjla BIIUSIOT Ha IIPOIIECC TOTIUBOITOMAYH
HCTIBITYeMOM TOTNIMBHOM CMECH. DTO MOATBEPIKAAET U
yBelIn4YeHue pacxoaa Tomausa Ha 8-10% mpu 38% no-
0aBKe apaxHCcOBOro Macia.MakcuMaabHas Harpy3Ka
JIBUTATEIIS] CHYIKAeTCs Ha 5% BBUIY MEHBIIIEH TeTI0-
TBI CTOPAHUS TI0 CPABHEHUIO C TU3EITbHBIM TOIIJINBOM.

Omnpenenunu, 4To J0OaBKa apaxuCOBOr0 Macia
00BeMHOM 1o51eit 38% CHMXKaeT yAeTbHbIN 3P PeKTUB-
HBIN pacxoj] TOIIMBa TpakTopHoro au3ens [1-120 Ha
6-8%.

DKCIEPUMEHTOM YCTAaHOBJICHO CHUKCHUE KOHIICH-
Tpanuu okcuaoB azora NO, Ha 10-25% Ha BceM Ipo-
TSDKCHUH HATPy309HOM XapaKTEPUCTUKH ITPH T0OaB-
ke 38% apaxucoBoro mMacja B 00IIYI0 CMeCh, UTO MO-
KeT OBITh CBSI3aHO CO CHM)KEHHEM MaKCUMAaJIbHBIX TEM-
mepaTyp Py CrOPaHUU TOTIINBA.

Br16pocs caxkxu C ipu paboTe ABUTATENS HA Ha-
rpy3kax 30 HM u Beimiie camkarores Ha 0,2-0,3 en. Bosch,
1 MakCUMyM — Ha 25% B paiioHe CpeqHUX HArPy30K.

Pe3ynbraThl, TOTy4YeHHBIE B XO€ SKCIIEPUMEHTA,
MO0OHBI AaHAJIOTMYHBIM UCCIICAOBAHMSM pabOTHI TU-
3elIeil Ha paCTUTEIIPHBIX MacjaX B KaueCTBe TOILIMBA
WA X J00aBOK, M HE IPOTHUBOPEUAT OOIIel HayIHOH
KOHIIETIIIVH.

YauThIBas MOy YeHHBIE IKCTIEPUMEHTAIBLHEIC TaH-
HbIE, CDABHUTEJBHO HU3KYIO0 CTOUMOCTD apaxuca B pe-
THOHAX BO3MIEITBIBAHUS 3TOU KYJIBTYPHI U TEHICHITUIO
K IIPOU3BOJICTBY BO30OHOBIISIEMBIX HCTOYHUKOB 3HEP-
ruu, B ONMmKkanIei mepcrneKTUBe apaxucoBOe Macio
MO’KET UCITOJIb30BAThCS KakK T00aBKa K TOTIUBY TpaK-
TOPHBIX AU3ENEH.
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HALUWM ABTOPAM

HOBDbIE TPEBOBAHMA K

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

KaHaugaTa i JOKTOpa HayK.

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

CalIbHOM HAYYHOM SMIEKTPOHHON OMOIMOTEKH.

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

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

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

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

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

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

Ta0auI He OoJiee 1/2 crpaHuIb.

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

- Ha3gaHue cmamol,

- pamunus, ums u omuecmso asmopa (08);

- e-mail agmopa, kKonmaxmmwiii meneqor;

NOTICE FOR AUTHORS

ODPOPMNEHMNIO CTATEN

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

- YUeHas cmeneHb, YYeHoe 36aHue demopd,

- pecpepam (o6wvem 200-250 cnog);

- KJI0Yegble Cl08d;

- bubnuozpaguuecKkuil Cnucox.

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

- Beedenue (akmyanvnocms);

- Ilenv uccneoosanuti,

- Mamepuanvt u memoowi;

- Pe3ynomamot u 00cysicoenue;

- Bvisoowl.

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

Pedepar

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

Oobvem peghepama — 200-250 cnos.

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

TICKCBI).

Ha anrimiickmii siI3bIK cJIeJlyeT nepeBecTH:
- Ha38anue cmamyl;

- mecmo pabomel asmopa (08),

- pehepam u knouesvie c108a;

- HA38AHUS TUMEPAMYPHBIX UCIMOYHUKOS.
MamunnHbIi nepeBo/] HeAomycTHM!

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

3a COACPKAHUEC CTAThU.

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

BHUMAHMIO YMTATENER!

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

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

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

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



