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SOWING IN THE CONDITIONS OF THE SOUTHERN REGION OF KAZAKHSTAN

Abstract

The main part of the territory of Kazakhstan is located in a sharply continental arid climate.
On 80% of the territory of the republic, the amount of precipitation is not enough for the normal
development of tilled crops, especially sugar beets, soybeans, and vegetables that are most
demanding on moisture.

Combined tools imported to the Republic of Kazakhstan from near and far abroad are not
adapted to the soil and climatic conditions of Kazakhstan and are expensive.

The existing soil-cultivating implements (with working tools of a passive type, i.e. rigidly
fixed to the frame or rotating under the influence of the soil reaction) consist in a small and
practically uncontrolled degree of crumbling, the formation of a compacted “sole” below the
cultivation zone, poor undercutting and destruction weeds, etc. In addition, to work with these
implements, fairly heavy tractors are required, which have high traction forces and consume
significant power for self-propelling. The listed shortcomings are very significant and have been
known for a long time, and the fact that they have not yet been established casts doubt on the
possibility of their elimination when using hordes with passive-type working ornans. Over the past
40-50 years, these tools have not changed technologically, practically[1, s.391].

Thus, the prerequisites for the widespread use of combined aggregates are the biological and
agrotechnical compatibility of the simultaneous performance of a number of technological
operations, the reduction in the number of passes of equipment across the field, and the reduction in
labor and energy costs for the cultivation of agricultural crops. crops, and in particular, vegetables
[2,5.17].

The developed combined machine FS-2.1 is designed for pre-sowing tillage and sowing in
one pass, which significantly reduces the level of costs compared to the traditional scheme for pre-
sowing soil preparation and sowing. The advantage is the reduction of sowing time by half, as well
as saving fuel and lubricants by 20-25% and retain moisture in the soil and reduce energy costs
during sowing.

Key words: field tests, combined tool, agrophysical indicators, deformation area, density,
hardness, crumbling, soil ridges, milling.

Introduction

Pre-sowing tillage is the last and responsible operation before sowing. Carrying out pre-
sowing tillage in the world practice combined sowing units with active and passive working bodies.
Aggregates with passive working bodies mainly consist of cultivator or loosening paws and rolling
rollers of the planed, tubular and ring-spur type. Sowing units with active working bodies consists
of an active harrow with vertical and horizontal working bodies.
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In order to form a seed layer in accordance with the agrotechnical requirement, it is
necessary to perform loosening, leveling, crumbling and compaction of the soil to the depth of seed
embedding. For the implementation of favorable soils for seeds, the lower layer should have a
density of 0.9-1.3 g / cm®, and lumps with a diameter of 1-25mm (at least 80%) should prevail in
the soil, the field surface should be leveled, the permissible ridge is 3-4cm. Foreign tillage machines
do not correspond to the specific soil and climatic conditions of Kazakhstan: they bring large lumps
of soil to the surface of the field; they do not perform leveling and decompression of soils to the
desired size and depth; they do not create a fractional composition of the soil that meets
agrotechnical requirements, according to which the content of a finely lumpy fraction of soil up to
20mm in size should be at least 80% [3, 5.97].

Sowing units with active working bodies are not common in the Southern zone of
Kazakhstan. For this purpose, LLP "SPC of Agrcultural Engineering” has developed a combined
unit for pre-sowing tillage and seed sowing FS-2.1 with active working bodies of horizontal L-
shaped arrangement. The FS-2.1 seeder provides tillage and sowing in one pass of leguminous and
industrial crops on arable and stubble backgrounds [4, 5].

Laboratory and field tests of a mock-up sample and research tests of an experimental sample
were carried out at the Scientific and Production Center of Agroengineering LLP.

Research methods

When conducting scientific research on the choice of the type, parameters and operating
modes of the working bodies of the combined machine for pre-sowing tillage and sowing seeds FS-
2.1, the classical provisions of theoretical mechanics, theory of mechanisms and machines,
continuum mechanics, agricultural mechanics were used.

When choosing the working bodies, the peculiarities of the soils, the irrigated farming zone
of the South of Kazakhstan were taken into account. The long-term data on the agrophysical state of
the soils of the southern zone of Kazakhstan during the technological operations for their processing
were analyzed. Previously, attention was paid to the dynamics of humidity, density, hardness and
crumbling.

A laboratory installation was made for field testing of the working bodies of the combined
gun. Research tests of the mock-up and experimental sample were carried out in the fields of the
KazNIIZiR LLP according to the following regulatory documentation:

-GOST 20915-75 "Agricultural machinery. Methods for determining test conditions™;

-ST RK 1560 -2006 Tests of agricultural machinery. Machines and implements for deep
tillage. Methods for evaluating functional indicators.

-ST RK 1559 -2006 Tests of agricultural machinery. Machines and implements for surface
tillage. Methods for evaluating functional indicators.

-GOST 20915-2011 "Testing of agricultural machinery. Methods for determining test
conditions". Interstate standard.

-GOST 33687-2015 "Machines and implements for surface tillage. Test methods". Interstate
standard.

-GOST 33677- 2015 "Machines and implements for row-to-row and row tillage. Test
methods". Interstate standard.

-GOST 24055-2016 "Agricultural machinery. Methods of operational and technological
assessment”. Interstate standard.

-GOST 12.2.111-85 "System of occupational safety standards (SSBT). Agricultural
machines mounted and trailed. General safety requirements”. Interstate standard.

The design documentation for the experimental sample was developed in accordance with
GOST 2.001-93 "Unified system of design documentation. General provisions".

Results and their discussion

To create optimal conditions for seed germination, it is necessary to bring the content of the
soil fraction of less than 20 mm in size to at least 80%, reduce the surface ridge to 3 cm, create a
soil density in the seed area of no more than 1.0 g / cm3 and form a compacted bed for sowing
them. The density of the soil after its treatment in the upper layer should not exceed 1.3 g/ cm3. In
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this regard, milling working bodies should provide the indicators of pre-sowing soil treatment set by
agricultural requirements for the South of Kazakhstan.

Tests of a Mock-up sample. Laboratory and field tests of a mock-up sample of a combined
unit for pre-sowing tillage and seed sowing FS-1,4 were carried out in 2020 on light chestnut soil of
medium loamy mechanical composition in the fields of KazNIIZiR LLP, on operations of pre-
sowing milling soil preparation and seed sowing (Figure 1).

During the tests , the following results were obtained:

The test conditions were typical for this zone. Humidity, density and hardness of the soil in
the 0-20 cm layer were 14.2%; 0.83 g/cm3 and 0.9 MPa.

The functional indicators are shown in Table 1. The results of the initial technical
examination showed that the model sample of the combined unit meets the requirements of the
technical specification. No defects and damages were detected during the external inspection of the
combined unit under test. The bolted connections are not weakened, the welds are made
qualitatively. The quality of the painting of the gun is satisfactory. During the running-in of the
machines, adjustments were made to install the working bodies to a given depth. The limits of the
adjustments corresponded to the technical task.

Table 1 - Functional indicators of the FS-1,4 mock-up sample
Values of indicators

Indicators according to the according to the test
technical task results
Previous operation Harrowing
Soil of any type and . .
Soil type and name by mechanical composition mechanical Med'ﬁ mtloa;my_:lght
composition chestnut sol
Soil moisture, %, by layers, cm

0-5 12,0

5-10 30-75% 13,8

10-15 15,1

15-20 14,9

Soil moisture, %, by layers, cm

0-5 0,3

5-10 - 0,7

10-15 0,8

15-20 0,8

Soil hardness, MPa in layer, MPa before 2,5 0,5
Field surface ridges, = cm 2,1
- arithmetic mean, (cm) 2,1
- standard deviation, = c(cm) before & Sem 1,4
- coefficient of variation, y (%) 66,6

Sealing depth specified cm 8

Sealing depth actual cm

Average value, (cm) 7,6

Average deviation, =o(cm) 0,4

Coefficient of variation, y (%) 5,3
The seeding rate set at p.m/ piece is 5

The actual seeding rate per item m/ pc

Average value, (pcs) 4,4

Average deviation, +c(pcs) 0,8

Coefficient of variation, y (%) 18,2

The interval between seeds is 25cm

mean value, (cm) 24,6

mean deviation, +c(cm) 1,7

coefficient of variation, y (%) 6,9
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Figure 1 — Mock-up sample of a combined unit for pre-sowing tillage and sowing seeds
FS-1,4 in operation

Agrophysical indicators of the soil after the performed technological operations of the
combined unit for pre-sowing tillage and seed sowing: density, hardness, removal of soil lumps to
the surface parameters of the formed strip, as well as the quality of seed sowing corresponded to
agricultural requirements and setting values.

The actual seeding depth corresponded to the installation, the average value according to the
experience was 5.1 cm. The interval between seeds is comparable to the set values and the average
for experience is 24.6 cm . The average number of seeds is 4.4 per linear meter. The ridge of the
field surface after passing the machine was + 3 cm.

According to the results of the R&D carried out, it can be noted that the mock-up of a
combined unit for pre-sowing tillage and sowing seeds to tractors of the 0.6 and 14 kN traction class
performing operations for pre-sowing and sowing seeds steadily performed the technological
process. . The qualitative indicators of tillage were satisfactory. The density, hardness, ridges of the
soil and its crumbling after the passage of the machines corresponded to agricultural requirements
and technical specifications.

Testing of an experimental sample. Based on the terms of reference, an experimental
model of the machine was developed and the results of field tests conducted in 2021, an
experimental sample of a combined unit for pre-sowing tillage and sowing seeds for tractors of the
0.6...14 kN traction class was manufactured in LLP "SPCAE", which was assembled with
experimental working bodies for conducting research tests for pre-sowing tillage and seed sowing
having the following parameters: number of knives 8; the angle of soil crumbling with L-shaped
knives is 20 °; the height of the reservoir is 55 mm; the length of the knife is 125 mm; the seeding
rate is 9.3 cm and the interval between seeds is 10.1 cm.

Research tests of an experimental sample of a combined unit for pre-sowing tillage and seed
sowing FS-2.1 on a dump background were carried out in the fields of KazNIIZiR LLP for pre-
sowing tillage and seed sowing. The test conditions for this operation are given in Table 2.
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Table 2 — Test conditions

Values of indicators
Indicators according to the .
Technical Task according to the test results
Previous operation Autumn plowing Autumn plowing
Soil type and name by mechanical Soil of any type and Medium loamy light chestnut

composition mechanical composition soil

Soil moisture, %, by layers, cm
0-5 0 7,6
510 before 20% 8.7
10-20 9,8

Soil moisture, %, by layers, cm
0-5 0,6
510 before 2,0 1,03
10-20 1,25

Soil hardness, MPa in layer, cm:

0'5 017
510 before 2,5 15
10-20 2,0
Field surface ridges, + cm before + 5 8,0

According to Table 2, the test conditions met the requirements of the terms of reference. Soil
conditions during the tests were typical for this zone and gray-earth soils. The main indicators:
humidity, density, soil hardness in a layer of 0-20 cm, respectively, amounted to 11.4%; 1.12 g/ cm
1.2 MPa. The surface ridges are = 8.0.

The functional performance indicators of the experimental sample of the combined machine
for operations on pre-sowing soil preparation for row crops and seed sowing are shown in Table 3

Table 3— Functional parameters of the experimental sample FS-2.1

Indicators

Values of indicators

According to
agricultural
requirements

according to the test results

Unit (power machine + gun)

Belarus 80/82 + FZ-2.1

The speed of the unit, km/h 10
Depth of tillage, cm: -

- installation: cm 12,0
- actual: cm 11,8
Soil density, g/cm® by layers, cm

0-5 before 1,0 0,61
5-10 0,80
10-20 1,20
Soil hardness, MPa, by layers, cm

0-5 0,72
5-10 before 1,0 0,89
10-20 1,18
Soil crumbling, % by fractions, mm

>50 The content of soil -
50-20 fractions with a size of 2,7
20-10 less than 20mm 43
<10 not less than 70% 54,3
Field surface ridges, = cm not less 3 2,3
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Qualitative and agrophysical indicators of the performance of technological operations with

combined tools

Band Processin The number of seeds
Technological operations width. cm | 9 depth, | Seed sowing depth, cm | sown per linear meter of
! cm the row, pcs
M|II_|ng, loosening of strips, 32,9 10,8 48 93
sowing of seeds
_ Deadlin Agrophysical indicgtors of the soil
Technological es for Soil crumbling, %
Opeiﬁtllsges for | impleme ; j“!:afi Size of fractions, mm
- £ cm
ntation 8 100-50 50-20 20-10 <10
Milling of strips,
loosening of strips, 10.05 2,3 - 2,7 43 54,3
sowing of seeds

Figure 2 shows the corn crops carried out during the tests of the combined unit. Figure 3 shows an
experimental sample of the machine in operation.

Figure 3 — Experimental sample of a combined unit for pre-sowing tillage and sowing seeds FS-2.1

in operation
68




I3nenicrep, Hotmxkenep — MccnenoBanus, pesynbratsl. Ne3 (95) 2022, ISSN 2304-3334

Primary technical expertise. According to the examination data, the experimental sample of
the combined machine submitted for testing met the requirements of the technical specification.

The submitted technical documentation is sufficient to perform operations to prepare the
experimental sample for operation and conduct research tests.

The evaluation of the manufacturing quality of the combined machine was carried out
immediately before the start of research tests.

The test conditions were typical for this zone.

From May 3 to May 10, the experimental sample was tested for operations on pre-sowing
soil preparation and sowing of row crops. The test conditions met the requirements of the technical
specification. Soil conditions during the tests were typical for this zone and gray-earth soils. The
main indicators: humidity, density, soil hardness in a layer of 0-20 cm, respectively, amounted to
11.4%; 1.12 g/ cm 1.2 MPa. The surface ridges are + 8.0[6, s.134].

The functional indicators of tillage were satisfactory and corresponded to agricultural
requirements.

All the results obtained in terms of the parameters of the formed strip, the depth of its
processing, the quality of sowing seeds corresponded to agricultural requirements and setting
values.

The quality of tillage by machines was satisfactory and corresponded to the agricultural
requirements for the technological operation. After the passage, the soil density in the 0-20 cm
layer, respectively, was 0.90 g /cm3, hardness 0.94 Mpa. The depth of tillage was stable, deviations
from the installation depth were insignificant: the coefficient of variation, respectively, for
machines was 10.2%; the mean square deviation of 0.3 cm. The content of the finely lumpy fraction
of the soil after the passage was 97.3%. The fraction content with a size of more than 50 mm was
within acceptable values (respectively for the machine: 3.7%) as well as the ridges of the soil
surface (2.3 cm). There were no breakdowns and failures in the operation of combined guns on the
dump background [7, s.11-14].

Conclusion according to the results

The model FS-1,4 and the experimental sample FS-2,1 of the combined machine for pre-
sowing tillage and seed sowing are operable, steadily perform the technological process, the
functional indicators of their work correspond to agricultural requirements. Energy indicators -
traction resistance corresponds to the power of tractors of class 14.20kN. Primary technical
examination according to the examination data, the experimental sample of the combined machine
submitted for testing met the requirements of the terms of reference [8, s.3].

What are the advantages of using. The design of the combined sowing tool is adapted to
work on soils of various mechanical composition in the South of Kazakhstan and to its production
at agricultural machinery enterprises in Kazakhstan. Unlike single operating machines, a combined
tool for pre-sowing soil preparation by combining several operations reduces the load on the soil of
the chassis of machine-tractor units and thereby prevents the destruction of its structure, reduces the
negative impact on the agrophysical properties of the soil - air and water permeability, reduces
moisture loss due to evaporation. During the operation of the combined tool, a compacted seedbed
is formed and thereby provides an influx of moisture to the seeds, a stable depth of their embedding,
which improve their germination [9, 10].

The use of combined arms in advanced technologies will reduce operating costs and specific
capital investments by 20-25%.

What are your plans for the future. The results of the conducted research will be used in
the design and manufacture of a prototype of a combined gun this year. In the future, our institute
will continue to work on improving this combined guns FS-1,4, FS-2,1 and prepared technical
documentation for its serial production.
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KA3AKCTAHHBIH OHTYCTIK OHIPI JKAFJAVBIHJIA TONBIPAKTBI CEBY
AJIIBIHIA OHJEYTE KOHE TYKBIM CEBYTE APHAJIFAH
KYPAMJIACTBIPBLIFAH KOHJBIPFBIHBIH ®C-1.4 MAKETTIK KOHE ®C-2.1
TOKIPUBEJIK YJTICTH CHIHAY HOTH)KEJIEPI

AHnoamna

KazakctaH TeppuUTOPHSCHIHBIH HEri3ri Oejiri KypT KOHTHHEHTTIK KypFaK KiIMMaTTa
opHanackaH. PecnyOnuka aymarbiHbIH 80% >KaybIH-IIAIIBIH MeJIIEPl ericTiK JaKbUIIap/blH,
acipece KaHT KbI3bUIIIACHIHBIH, COsl OYpIIaKTapbIHbIH, bUIFAJIFAa aca KaKeT KOKOHICTEPIiH KaJbIIThI
JaMybl YIIIH )KeTKITIKCI3.

Kazakcran PecryOnukacbiHa anbIc-)KaKblH IIETEINEPICH OKENIHETIH Kypama Kypaijgap
Ka3akcTaHHBIH TONBIPAK-KJINMATTHIK JKaraiibiHa OeiliMIeIMEreH XKoHe KbIMOaT Typasibl.
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KonnaHpicTarsl  TONBIpaK OHACHTIH Kypaji-caitMaHnmap (MAacCUBTI TypAeri KYMbIC
KYpaJJapbIMEeH, SFHH paMara KaTThl OCKITIITeH HEeMece TOMbIpaK pPEeaKIUsICHIHBIH OCEpPIHCH
aifHaJaThIH) YCaK »JoHE IC XKy3iHAe OaKbUIAaHOAWTBIH KyHpey IopeKeCiHEH, THIFbI3IAIFaH
«TabaHHBIH» Nala OOJybIHaH Typajbl. ©cipy aliMarblHAaH TOMEH, Hamap IIAOBUIFaH HKOHE
KOUBLIATBIH apamimentep >koHe T.0. CoHbIMEH Karap, OChl KypalJapMeH XYMBIC ICTEy YILIiH
JKOFapbl TapTy KywmTepi Oap jkoHEe ©3AIriHEeH JXYpYy YLIH aiTapiblKTail KyaTThl TYTHIHATBIH
KETKUTIKTI ayblp TpakTopiap KaxeT. KepceTiireH KeMIITIKTep ©Te MaHBI3AbI jKoHE OypbIHHAH
OCIT1Il KOHE OJIAPJBIH oI OeNTrieHOeTeHl TaCCUBTI THUITET1 KYMBIC OpHAHAAphl Oap opAaiapisl
naiianany KesiHae oJlapbl KO0 MyMKiHAiriHe kymoH kentipeni. Conrsl 40-50 >xput immiHge Oy
Kypajaap TEXHOJOTUSIIBIK, iC )KY3iHe e3repreH koK. [1, 6.391].

Ocpunaiiia, GipiKTipiITeH arperaTTapibl KeHIHEH KOJIIAHYIBIH aJlfbl MIAPTTaphl OipKaTap
TEXHOJIOTHSUIBIK OTepalysuIapAbl Oip yaKbITTa OPBIHAAY/BIH OHOJIOTHSUIBIK KOHE arpOTEXHUKAIIBIK
yisleciMainiri, eric ankantapbl OOMBIHIIA TEXHHUKAHBIH OTY CAaHBIH a3alTy, *YMBIC KYII MEH
SHEPrUsl LIBIFBIHAAPBIH a3alTy OOJbIN TaObUIagbl. aybUl INAPYalIbUIBIFBl JAKbULIAPBIH 6cCipy.
JaKbpUIIap, aTal anTKaHaa, kekenicrep[2, 6.17].

XKacanran @C-2.1 Kypama MalIMHACKI €ric aJbIHAAFbl TONBIPAK OHJAEYTe oHe Oip eTyne
ceOyre apHaiFaH, OYJI eric algbIHAAFbl TONBIPAK NAHBIHAAY MEH CEOYHiH AOCTYpII CXEeMachIMEH
CaJIBICTBIPFaH/1a MIBIFBIH/IAP JCHTCHIH alTapibIKTail TOMEHAETeIi. APTHIKIIBIIBIFEl — €TiC YaKbIThIH
€Ki ece KbICKApTy, COHBIMEH Karap >kaHap-karapmait 20-25% yHemjiey jKoHEe TOIBIPAKTa bIIFaIbI
yCTarn TYpPY JKOHE €Tic Ke3iH/Ie SHepIusl IIBIFBIHBIH a3aiTYy.

Kinm ce30ep: ericTiK CBIHAKTapbl, Kypama Kypal, arpoQU3HKAIBIK KOPCETKIIITep,
nedopmanus ayaHbl, THIFBI3/BIK, KATTBUIBIK, YTy, TOIBIPAK XKOTajJaphl, YHTAKTay.
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PE3YJIbTATBI HCIIBITAHUIA MAKETHOI'O OBPA3IIA ®C-1,4 1
IKCIIEPUMEHTAJIBHOI'O OBPA3LA ®C-2,1 KOMBUHUPOBAHHOI'O ATPEI'ATA
JIJISI TIPEJATIOCEBHOM OBPABOTKH ITOYBBI M IIOCEBA CEMSH B YCJIOBHUAX
IO’KHOI'O PETUOHA KA3AXCTAHA

Annomayusn

OcHoBHas 4acTh TeppuTopru Kazaxcrana HaXOAUTCS B YCIOBUSAX PE3KO-KOHTHHEHTAIHLHOTO
3acynuiBoro kimmara. Ha 80% teppuropum pecnmyOIuKH KOJMYECTBO BBIMAJAIOIINX OCAJIKOB
HEJOCTAaTOYHO JJIsi HOPMaJbHOTO Ppa3BUTHsS MPONAIIHBIX KYJIbTYp, OCOOEHHO Haubosee
TpeOOBaTENbHBIX K BJIare caxapHoOil CBEKJIbI, COH, OBOLICH.

3aBo3uMble B pecniyOnnky Kazaxcran KOMOMHUpPOBaHHBIE OPYAUS U3 AATBHETO U OJUKHETO
3apyOeXbpsi HE aJanTHpPOBaHbl K IOYBEHHO-KIMMAaTHYECKHUM YcioBUsM KazaxcraHa M HMMeEIOT
BBICOKYIO CTOMMOCTb.

CymectBromue 1mouyBoodpadareiBaromue opyauil (¢ pabouuMu OprHaMu MacUBHOTO THIIA,
T.€. KECTKO 3aKpEIJICHHbIMH Ha paMe€ WJIM COBEpIIAIOIIMMU BpallaTeJbHOE JBUKEHUE 0]
JeWCTBUEM pEeaKIMH TOYBHI) 3aKJIIOYAeTCs B MajoOd M MPAKTUYECKU HE PEerylupyeMod CTEeleHU
KpOILIeH!UsI, 00pa30BaHUU YINIOTHEHHOM «I10JIOMIBBI» HUKE 30HBI 00pabOTKH, TIOXOM MOJpPE3aHuH
U YHUYTOXKEHUH COPHOM pacTUTENbHOCTH M T.A. Kpome Toro, mis paboTbl ¢ 3TUMHU OpPYIUSIMHU
TpeOyeTcsl JTOCTaTOYHO TSDKOJBIE TPAKTOPHI, OONagaroIine OONBIIBIMH TATOBBIMH YCHWIIHSIMU W
noTpeOIsIomue 3HAYUTEIbHYI0 MOIIHOCTh Ha caMmornepeaBmkeHue. llepedncieHnble HeI0CTaTKU
BEChMa CYIIECTBEHHBI M HM3BECTHHI JIaBHO, W TOT ()aKT, YTO OHH JIO CHX TIOpP HE YCTaHOBIICHHI,
BBI3BIBAET COMHEHHE B BO3MOXKHOCTH WX JIMKBHIAIIMK IPH HCIOJIB30BAaHUU OPIAH ¢ pabounmu
OpHaHaMHM NacuBHOTO THna. 3a nociegaue 40-50 jeT 3Tu opyaus B TEXHOJIOTUYECKOM OTHOIIEHUH,
MPaKTUYECKUM, He u3MeHuIuch [1, ¢.391].
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TakuM 00pazoMm, HPEANOCHUIKAMH K IIMPOKOMY PaclpOCTPaHEHHIO KOMOM-HUPOBAHHBIX
arperaTtoB SBJSETCS OWOJIOTMYECKas W arpoTeXHUYECKas COB-MECTUMOCTH OJHOBPEMEHHOTO
BBITIOJTHEHUS PAJIa TEXHOJIIOTUYECKUX OIepalliii, COKpalleHue Yrcia MpoXoA0B TEXHUKH 10 MOJII0 U
CHUKEHHUE 3aTpaT Tpylda U HHEPreTUYECKUX CPEACTB Ha BO3JEIBIBAHUE C.-X. KYJIbTYp, U B
YaCcTHOCTH, OBO-IIiei [2, €.17].

PazpaGorannas komOunupoBanHas mamuHa ®C-2,1 mpenHazHaueH Ui NPEANIOCEBHOM
00pabOTKM TOYBBI M IOCEBA B OAMH IMPOXOJ], 3TO 3HAYUTEIHHO CHUXKAIOT YPOBEHb 3aTpaT Io
CPaBHEHUIO C TPAJULIMOHHOW CXEMOH IPOBEACHUS IMPEANOCEBHOM IMOJATOTOBKH IIOYBBI M CEBA.
[Tnrocom siBisieTcs COKpallleHHE CPOKOB IMPOBEACHMS MOCEBHBIX pabOT B JBa pas3a, a TaK XKe
sxoHoMust ['CM Ha 20-25% u coXpaHUTH BIIary B IOYBE U CHU3UTH SHEPT0O3aTPaThl MPHU TOCEBE.

Knwoueevle cnosa: moineBble HCIBITaHUS, KOMOMHUPOBAHHOE OpyAue, arpopu3nyecKue
MOKa3aTeNy, IUIomanab aAeopmamnuu, MIOTHOCTh, TBEPAOCTh, KPOIIECHUE, TPEOHUCTOCTH MOYBHI,
dbpesepoBanue.
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