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O0ocHOBaHME TEXHOJIOTHYECKOM CXeMbI TEXHUYECKOI'0 CPeIcTBA
/151 BHECEHUS B MIOYBY KMIKHUX MUHEPAJbHBIX Y100peHH

(C<)Hazapos H.H., UBanuukos A.B., Hekpacosa U.B.

Cubupckuii ghedepanvhulil Hayuuslll yenmp azpodouomexnonocuti Poccutickoii akademuu nayk
HoBocubupckas obnacts, p.ii. KpacnooOck, Poccust

(<De-mail: sibime-nazarov@yandex.ru

B crarpe mpencTaBiieHbI pe3ynbTaTbl 000CHOBAHHS TEXHOJIOTHIECKON CXeMbI TEXHHYECKOTO CpPeJI-
CTBa /ISl BHECEHUS B TIOYBY >KHJIKUX MHHEpaIbHBIX ynoopenuit (JKMY) mpu Bo3[enbIBaHUN CEb-
CKOXO3SIHCTBEHHBIX KYJBTYp. YCTaHOBJICHO, YTO (POPMHUPOBAHUE CTPYKTYPHI TaHHOTO TEXHHYECKOTO
CpeACTBa OCHOBAHO Ha MOCTPOSHHUHM €ro (PyHKIHMOHAIBHO-CTPYKTYPHON MOJENH, Oa3upyromeics Ha
onpeesaeHun cocTaBa GyHKIMA U (PYHKIIMOHAIBHOM MOJIEH Oy/IyIIero U3/eiins, IOMCKE BApUAHTOB
TEXHUYECCKUX PEIICHUH MO (YHKITUSAM, TOCTPOCHUH CTPYKTYPHOU MOACIH pa3padaThIBacMOTO TEX-
HUYECKOTO CPEJICTBA, a Ha 3aBepIIaroIeM JTarle — Ha OIleHKe W BEIOOpE BapHaHTOB pabouMX OpraHOB
(TEXHHYECKUX PEIICHHH) U TePCIEKTUBHBIX TEXHOJIOTHUECKHUX CXeM OYIYyIIEero TEXHUIECKOTO Cpeji-
ctBa. brarogaps BISIBICHUIO TPUUYUHHO-CIIEACTBEHHBIX CBSI3€H MEKYy KOHKPETHBIMU TEXHOJOTHYE-
CKHMH OTIEepaIUsIMU, KOTOPHIE JODKHBI BBHITIOMHATHCA TEXHUUYECKUM CPEICTBOM, a TAKXKE TEXHOJIOTH-
YECKUMHU U TEXHUYCCKUMHU PEIICHUSIMH, OMPEICIICH COCTaB ero (DyHKIIHIA, BKIIFOYAIOIIUN TPaHCIIOP-
TupoBanue 3anaca JKMY, obecrieueHne 3a1aHHO HOPMBI BHECEHUSI, paciipeneneaue XXMV mo pabo-
YUM OpraHaMm U B mosioce BHeceHus. OO0CHOBaHA CTPYKTYpHAs CXeMa TEXHHYECKOTO CPEJICTBA IS
BHYTpPUTIOYBEHHOTO BHeceHus JKMY Ha ypoBHe mozeneil rpadoB THITa «JIepeBo» ¢ OTOOpaKeHHEM
KOHTYPOB U KOHKPETHBIX B3aUMOCBA3CH MEXIy 3JeMEHTaMU CTPYKTYphl. [lepCreKTUBHBIN BapuaHT
TEXHOJIOTUYECKOM CXEMbl BOCTIPOU3BOAUTCS IO KOMILICKCHBIM MOKA3aTENIsIM C UCTIOIB30BAHUEM YHC-
JICHHBIX 3HAUCHHUH KOA((UIMESHTOB BECOMOCTH (3HAYMMOCTH) MOKAa3aTeliel KaueCTBa BBIOJHCHHS
TEXHOJIOTUICCKUX TPOIIeCCOB. J[aHHBIN BapHaHT BKIIOYAET YCTAHOBJICHHBIN Ha pame O0ak mist JKMY,
(UIBTPYIOIIHE YCTPOHCTBA, 3aTIOPHO-T03UPYIONIYIO armaparypy (Hacoc, peryisTop JaBIeHUs, MaHO-
METD), paclpeIeIuTEIbHYIO ITAHTY, COSTMHEHHbIE THAPOKOMMYHHUKAIIUSIMU C YCTPOHCTBOM IS CO3-
JaHUs Ta30KUAKOCTHON cMecu 2dKMY 11 MHOTOMTOTOUHBIM JICIUTENEM KUIKOCTH, YTO B 3HAUUTEIBHOU
CTEIIEHU NPEIOTBPALIAET 3aKyIOPKY OTBEPCTUM paclbLIUTENEH.

KiroueBble ci10Ba: xuJIKHEe MUHEPAIbHBIC YIOOPSHHS, BHECEHUE, TEXHUYECKOE CPEICTBO, (DYHK-
[IHOHATBHO-CTPYKTYPHASI MOJIEITh, COCTaB (DYHKITHI, TEXHOJIOTHICCKAsT CXeMa

Justification of a technological scheme of technical means for application
of liquid mineral fertilizers into the soil
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The article presents the results of justification of a technological scheme of technical means for the
application of liquid mineral fertilizers (LMF) into the soil during the cultivation of agricultural crops.
It was found that the formation of the structure of this technical means is based on the construction of
its functional-structural model which is based on the definition of the composition of functions and
functional model of the future product, the search for variants of technical solutions for functions,
the construction of the structural model of the developed technical means, and at the final stage on
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the evaluation and selection of the variants of working bodies (technical solutions) and promising
technological schemes of the future technical means. Due to the identification of cause-and-effect
relations between specific technological operations to be performed by the technical means, as well as
technological and technical solutions, the composition of its functions has been determined, including
transportation of the LMF stock, ensuring the specified application rate, distribution of the LMF on the
working bodies and in the application strip. The structural scheme of the technical means for in-soil
application of the LMF at the level of graph models of the "tree" type with representation of contours
and specific interrelationships between the elements of the structure is substantiated. The prospec-
tive variant of the technological scheme is reproduced by complex indicators using numerical values
of weight coefficients (significance) of quality indicators of technological processes performance.
This variant includes a frame-mounted LMF tank, filtering devices, shut-off and metering equipment
(pump, pressure regulator, pressure gauge), distributing rod, connected by hydro-communications
with the device for creation of the LMF gas-liquid mixture and a multiflow liquid divider, which
largely prevents clogging of atomizer openings.

Keywords: liquid mineral fertilizers, application, technical means, functional and structural mo-
del, composition of functions, technological scheme
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INTRODUCTION

One of the fundamental factors in the forma-
tion of high yields of grain crops is the introduc-
tion of liquid forms of mineral fertilizers (liquid
complex fertilizers (LCF), urea ammonia nitrate
solution (UAN)) into the root zone of vegetative
plants [1-5]. To date, a significant number of
technological and technical solutions have been
developed to ensure the introduction of liquid
mineral fertilizers in the zone of their consump-
tion by the root system of the cultivated crops
[6-15]. At the same time, despite the sufficient
research in this area, there are still a number of
unsolved problems associated with dosing small
volumes of liquid forms of preparations, their
transportation to the place of application, clog-
ging of holes (tips) of sprayers with soil, rapid
wear of supplying working fluid lines, which
creates significant difficulties. For this reason,

the issues of sustainability of the technological
process of application of liquid forms of min-
eral fertilizers into the soil, associated with the
formation of the technological scheme of the
technical means used for these purposes, is an
important and requiring solutions problem.

The purpose of the work is to substantiate the
structure of the technical means for applying lig-
uid forms of mineral fertilizers to the soil, ensur-
ing the stability of its functioning in the presence
of internal and external influences.

The objective is to develop methodological
approaches to substantiation of technological
scheme of technical means for introduction of
liquid forms of mineral fertilizers into the soil.

MATEPHUAJI N METOJbI

As a methodological basis for the formation
of the technological scheme of the technical
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means for the introduction of liquid mineral fer-
tilizers (LMF) into the soil, the graph of effects
of the technical system under consideration, cre-
ated using the combinatorial method, was adopt-
ed"?(see fig. 1).

Formation of the structure of a technical means
for the introduction of LMF into soil is based on
the construction of its functional-structural mod-

Ay
(Ui2)
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As P (U3~5) As (U2'3) (U3,4) o Ay
(Us») Ag As (Uss) (Uss)
5.7 ( U/.) (Us.s) /] /
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78)‘ \
[ J [ ) a
Ag Ay Aio

Puc. 1. I'pad 3pPeKTOB TEXHUUECKOM CUCTEMBI JIJIS
BHeceHus B nouBy KMYV:

A1 — Haxoxaenne JKMY B eMKOCTH /1715l XpaHEHHs ¥ TPpaHC-
TIOPTUPOBKH; A, — 103aTOp (HACOC-103aTOP); A, — IyCKOpe-
TYJIMPYIOLIAs anaparypa; A, — pactbUIMTeny; A — rojada
JKMY B MHOTOIIOTOYHBIH JICITUTENh JKUIKOCTH; A6 — ACTOU-
HUK CKaToro BO3/yXa; A — yCTpoHcTBO 15t (hopMHpoBa-
HUS Ta30KUIKOCTHOM cmecn KMV, A, — pacnipenenenne
KMY B monoce nocesa ceMsn; A, — pacnpenencaue XKMY
B MEXIIONOCHYIO 30HY; A — pacnpenenenne XXMV na
TIOICTHIIAIONITYIO TIOBEPXHOCT; U, — B3aMMOCBS3b MEKITY
JIBYMS SIBIICHUSIMH (TIPOIIECCAMH)

Fig. 1. Effect graph of the technical system for the
application of the LMF to the soil:

A, — LMF in storage and transportation tank; A, — metering
unit (pump-dosing unit); A, — start-control devices;

A, — atomizers; A — feeding of LMF into multi-stream
liquid divider; A, — compressed air source; A, — device

for formation of the LMF gas-liquid mixture; A, — LMF
distribution in the seed sowing strip; A, — LMF distribution
to the interband zone; A, — LMF distribution to the
underlying surface; U,  — interrelation between two
phenomena (processes)

el (FSM) ((see fig. 2). This FSM should be based
on the definition of the composition of functions
of the future product and its functional model
(FM), search for variants of technical solutions
for functions and construction of the structural
model of the developed technical means, and at
the final stage - on the evaluation and selection
of variants of working bodies (technical solu-
tions) and prospective technological schemes of
the future technical means**.

In determining the composition of functions
of the future technical means, the cause-effect
relations between specific technological opera-
tions, technological and technical solutions that
should be performed both by the technical means
as a whole (at the level of a single complex) and
by its component parts were considered. The
basic component in this case is the statement of
two basic questions - why and how? They served
as the basis for defining both the preceding and
subsequent functions.

On the basis of the information obtained in
this way, a graphical definition of the functional
model of the technical means is made with the
help of a visual representation of the functions
and their subordination.

When searching for variants of technical
solutions by functions and building a structur-
al model of the developed technical means, the
method of morphological analysis of systems
was applied, which provides finding a promising
technical solution on the basis of morphological
maps. The criteria and limitations of the tech-
nological process functioning were used, which
will be presented below.

RESULTS AND DISCUSSION

In accordance with the above methodological
approaches, the composition of functions (dia-

'Glazunov V.N. Search for the principles of action of technical systems. Moscow: River Transport, 1990, 112 p.
2Glazunov V.N. Parametric method of solving contradictions in engineering. Moscow: River transport, 1990, 148 p.
3Moiseeva N.K., Karpunin M.G. Fundamentals of the theory and practice of functional-cost analysis. Moscow: Vysshaya shkola,

1988, 192 p.

‘Moiseeva N.K. Choice of technical decisions at creation of new products. Moscow: Mashinostroenie, 1980, 181 p.
SGolibardov E.I, Kudryavtsev A.V., Sinenko M.I. Technique of functional-cost analysis. Kiev: Technics, 1989, 238 p.
SFundamentals of functional-cost analysis: textbook / edited by M.G. Karpunin, B.I. Maidanchik. Moscow: Energy, 1980, 175 p.
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Puc. 2. Metomraeckuii momxon K popmupoBaanio @CM TeXHHUECKOTO CpeCTBa AT BHECCHUS B TIouBy JKMY
Fig. 2. Methodological approach to formation of the FSM of technical means for application of LMF into the soil

gram) of the future technical means is defined,
not only their number is presented, but also, to a
certain extent, the executive mechanism realized
through the components of the technical means
(see fig. 3).

In general, the diagram of functions of the
technical means for introducing liquid mineral
fertilizers into the soil is as follows: transporting
the stock of liquid mineral fertilizers — ensuring

the specified rate of liquid mineral fertilizer ap-
plication — distribution of liquid mineral fertil-
izers to working bodies — distribution of liquid
mineral fertilizers in the application strip.

The composition of functions defined in this
way is taken as the basis for forming the FM of
the designed technical means. This model is for-
malized at the level of graphical representation
with the display of the main functions realized

Provision of the in-soil application of LMF

v

Transportation of the stockpile of LMF

Tanks on a mobile energy vehicle

Trailer containers

Ensuring the specified application rate of LMF

I
Starting-and-control devices

Distribution of LMF across the working bodies

v

Distribution of LMF in the application band

Puc. 3. CoctaB (pyHKUUI TEXHUUECKOTO CPEACTBA ISl BHYTPUIIOYBEHHOTO BHEceHus JKMY
Fig. 3. Composition of the functions of the technical means for in-soil application of the LMF
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in the technical means and their subordination
(see fig. 4).

Further substantiation of the technological
scheme of the technical means for in-soil appli-
cation of LMF is associated with its structural
description, represented in graphical form and
carrying information about the established stat-
ic relations. This model refers to the “tree” type
graphs and does not have contours and specific
interrelations between the elements of the struc-
ture in its representation (see fig. 5).

Formation of the FSM of a technical means
for in-soil application of LMF is based on the
determination of the subordination of its func-
tions in the following order: main, basic, auxil-
iary. The basic functions (transportation of the
LMF stock, dosage and distribution of LMF by
working bodies, feeding of LMF into the sub-
coulter zone, distribution of LMF over the width
of the cultivated area) are realized in the tech-
nological process of the technical means and
are subordinated to the main function (in-soil
application of LMF), are obligatory for real-

Technical means for in-soil application

of LMF
|
Container for LMF
I I I I
en
. SON = 2
oz £ 0= Q4 parlise
g g £ 45 S 8 g g
- R w o
g .& 5 o = ©n = 5 =
23 He g w02 8] —= < O
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Dd.) (1)~3;_5q_40 — O =
= oD 8352 oo L a.9
5 g > 0O O < =
2% D'ng 2 LH&
(e A28 <
s] 2 g =
2 —
] ] ]
Coulter group

Puc. 5. CtpyKTypHas cxema TEXHUUECKOrO Cpell-
CTBa JJI1 BHYTPUIIOYBEHHOro BHeceHus: JKMY

Fig. 5. Structural diagram of a technical tool for
in-soil application of the LMF

ization and are related to the placement of the
equipment of the designed technical means on
its structural basis. After defining the main and
basic functions, a system of auxiliary functions

is constructed, connected with the installation of

Technical means for in-soil application of LMF

F, Level 1
|
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|
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Fig. 4. FM of the technical means for in-soil application of LMF:

F, — provision of in-soil application of LMF; F, | — transportation of the LMF stock; F
— distribution of LMF to the working bodies; F
— distribution of LMF over the width of the treated area; f
— installation of a multiflow liquid splitter

frame; F
zone; F,

equipment; f,

mixture of LMF; f.
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LMF distributors

— dosing of LMF; F
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distribution and discharge equipment, formation
of the alternative variants of LMF distribution on
the working bodies (the use of a multi-flow fluid
divider, a device for creating an LMF gas-liquid
mixture and the use of the spreader bar), which
are necessary to realize the basic functions of the
technical means (see fig. 6).

The promising variant of the technological
scheme of the technical means for the applica-
tion of LMF into the soil was determined taking
into account the decision of the expert group es-
tablished for this purpose’. The members of the
expert group, consisting of 8 people, prioritized
these indicators on a 5-point scale using com-
plex indicators adopted to assess the quality of
functioning of the process under consideration,
based on the numerical values of the weight co-
efficients (significance) of these indicators. The

following indicators are taken as comprehen-
sive indicators: A — technological process per-
formance quality (TP); B — technological pro-
cess performance; C — stability of technological
process operation; D — equipment installation
costs; £ — component price; F' — complexity of
manufacturing (labor costs for manufacturing);
G — ease of maintenance (labor costs for mainte-
nance); H — weight of working tools®.

At the first stage the technological process-
es accepted for consideration were ranked (see
footnote 8). The obtained data were processed
using the methods of mathematical statistics (see
the table).

Based on the results obtained, the second
stage involved the selection of a promising
technological scheme of a technical means for
the application of LMF to soil according to the
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Puc. 6. DCM TeXHHYECKOTO CPe/ICTBA I BHYTPUIIOUBEHHOTO BHeceHus JKMY:

2.1 — nosuposanne JKMYVY; 2.2 — pacpenenernue XKMY 1o pabounm opranam; 2.3 — TpancioptupoBanue XKMY
K pabounm opranawm; 2.4 — pacnpenencane JKXMY B momoce BHECEHUS
Fig. 6. FSM of the technical means for in-soil application of LMF:

2.1 — dosing of LMF; 2.2 — distribution of LMF across the working bodies; 2.3 — transportation of LMF
to the working bodies; 2.4 — distribution of LMF in the application strip

"Litvak B.G. Expert information. Methods of reception and analysis. Moscow: Radio and communication, 1982, 184 p.

8Nazarov N.N. Technological scheme of technical means for application of bacterial preparations suspension into the soil //
Siberian Herald of Agricultural Science, 2010, vol. 40, N 2 (206), pp. 76—83.
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PamxupoBaHue nokasareneil KauecTsa Mo pe3yabTaraM uxX OalIbHOM OLIEHKH SKCIepTaMu
Results of quality indicators ranking according to the results of their scoring by the experts

. Quality index
Estimate 1 ) D i I3 G I
Score 4,6 4,1 4,6 2,2 2,2 2,5 3,6 2,5
Occupied position 1 3 7 8 5 4 6

above quality indicators. The evaluation was
carried out by the same group of experts.

It has been established that a potentially
promising technological scheme of a technical
means for in-soil application of liquid mineral
fertilizers is a scheme including a tank for lig-
uid mineral fertilizers mounted on a frame, fil-
tering devices, shut-off and metering equipment
(pump, pressure regulator, pressure gauge), dis-
tribution rod, connected by hydro-communica-
tions (see footnote 8). In addition, the presented
technological scheme has a distinctive feature,
expressed in the presence of two elements — a
device for creating LMF gas-liquid mixture and
multiple flow liquid divider (see fig. 7).

Both devices are mounted on the frame of the

technical means and form a gas-liquid mixture
or distribute the LMF mixture according to the
number of ploughing working bodies outside the
area of direct flow of liquid forms of fertilizers
into the soil, which largely prevents clogging of
sprayer openings.

CONCLUSIONS

1. The promising variant of the technologi-
cal scheme of the technical means for in-soil ap-
plication of LMF, including the tank for LMF,
filtering devices, shut-off and dosing equipment
(pump, pressure regulator, pressure gauge), dis-
tributing rod, connected by hydro-communica-
tions with the device for creation of gas-liquid
mixture of LMF, multiflow liquid divider, which
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Variants of LMF distribution by the working bodies
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Puc. 7. Texnonoruueckas cxema TEXHUUECKOTO CPEACTBA 7Sl BHYTPUIIOYBEHHOTO BHeceHus KMV

1 — 6ax st XKMY; 2 — 3amopHas apMarypa; 3 — QIIBTPYIOIIIE YCTPONUCTBA; 4 — HAcOC; 5 — PETYIATOp JaBJICHNUS,

6 — MaHOMET; 7 — THAPOKOMMYHHUKAILIUK; 8§ — ICTOUHHMK CYKATOTO BO3yXa; 9 — yCTPOUCTBO JUIsl CO3MaHMS TA305KHIKOCT-
Hoii cmecu KMV, 10 — pacnipenenurenbHas mTanra; // — MHOTOIIOTOYHBIA ASTUTENh KUAKOCTH; /2 — paboure opraHbl

Fig. 7. Technological scheme of the technical means for in-soil application of LMF:

1 —tank for LMF; 2 — stop valve; 3 — filtering devices; 4 — pump; 5 — pressure regulator; 6 — pressure gauge;
7 — hydraulic lines; 8§ — compressed air source; 9 — device for creating gas-liquid mixture of LMF;
10 — distributing rod; // — multi-flow liquid divider; /2 — working bodies
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largely prevents clogging of sprayer holes, is
substantiated.

2. Methodical approaches of justification of
technological scheme of technical means for in-
soil application of liquid forms of mineral fertil-
izers are developed, which are realized through
the formation of functions, determination of
functional model of technical means, search for
the variants of technical solutions on functions
and construction of structural model of technical
means, and at the final stage - through evaluation
and selection of the variants of working bodies
(technical solutions) and perspective technolog-
ical schemes of future technical means.
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