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COMBINED TOOLS FOR PRE-SOWING TILLAGE
TO TRACTORS OF THE CLASS OF 14, 20 AND 30 KN

Abstract. In the conditions of the irrigated zone of the South of Kazakhstan, when cultivating crops using
traditional technology, multiple tillage is carried out with single-operation methods, which leads to soil compaction,
delaying the timing of spring field work, and as a result, to soil drying. These disadvantages of the technological
process of tillage in traditional technologies predetermined the feasibility and necessity of developing a combined
tool that simultaneously performs several technological operations. To develop combined tools adapted to work on
the soils of the southern zone of the Republic, studies were conducted to select the optimal types and parameters of
their working bodies. Various types of rollers were studied for additional crumbling, leveling the soil and forming a
compacted bed for seeding. It was found that the ring-bar (ring-spur) roller meets the agricultural requirements for
soils with high hardness and lumpiness. In farms with small-contour fields, with humidity in the range of 14-18%,
satisfactory results were obtained when using a slatted roller as part of a mounted combined tool, which in this
arrangement has greater maneuverability, as well as lower energy capacity and cost. Experimental samples of
combined tools CMT-3,6 for tractors of 14-20 kN traction class with a slatted roller and CST-4,0 for tractors of
30 kN traction class with a ring-bar roller were made. Research tests of experimental samples showed that the
quality of technological operations, characterized by the following main indicators: crumbling, hardness, density,
leveling on the pre-sowing tillage of the dump background and subsurface (main) processing of the stubble
background corresponded to agricultural requirements. No structural breakdowns or failures were detected. The
results of the research will be used in the design and manufacture of experimental samples of combined tools.

Key words: combined tools, pre-sowing soil preparation, main processing of the stubble background, ring-bar
roller, slatted roller, parameters of the roller, experimental samples.

Introduction. The most important condition for obtaining high yields and preserving soil fertility, as
the main wealth of the country, is a rational system of agriculture based on soil protection technologies of
tillage [1-2]. In the conditions of the irrigated zone of the South of Kazakhstan, the following operations
are performed when cultivating crops using traditional technology: spring soil cultivation (end of March -
beginning of April) for a depth of 6 to 12 cm, smoothing in order to level the field surface, followed by
pre-sowing cultivation to destroy weeds (if necessary, twice). This technology requires multiple passes of
machine-tractor units (MTU) with single-operation tools across the field, which leads to compaction of
the soil, delaying the start of spring field work, and as a result, to the desiccation of the soil, increasing the
cost of labor and material resources for production. These disadvantages of the technological process of
tillage in traditional technologies predetermined the feasibility and necessity of developing combined
tools that simultaneously perform several technological operations [3-8]. The complexity of choosing the
design and technological schemes of combined tools is compounded by the peculiarity of the soils of the
southern region of the Republic, which have different mechanical composition and are subject to drying
and significant compaction by the time of sowing. The choice of a working body for loosening the soil to
a depth of 6-12cm is not particularly difficult. From their large number of types, universal and flat center
hoe or disks can be adopted, the parameters of which are sufficiently fully justified for different types of
soils. The choice is also simplified due to the fact that the following working bodies (leveler, rollers)
allow to eliminate the shortcomings of the loosening working body. In connection with the above, the aim
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of the research was to select the types and parameters of rollers for additional crumbling, leveling the soil
and forming a compacted bed for sowing seeds [3-8].

Research methods. When conducting scientific research on the choice of the type and parameters of
working bodies of a combined tool, the classical provisions of theoretical mechanics, the theory of
mechanisms and machines, continuum mechanics, and agricultural mechanics are used.

For field tests, a laboratory installation, breadboards of rollers and experimental samples of combined
tools were made. Tests were carried out on the station fields in “Kazakh Research Institute of agriculture
and crop production” LLP according to the following normative documentation: GOST 20915-75
“Agricultural machinery. Methods for determining test conditions”; ST RK 1559-2006 “Machines and
tools for surface tillage”.

Research results and their discussion. To create optimal conditions for seed growth, it is necessary
to bring the content of the soil fraction with a size of less than 20 mm to at least 70%, ensure a surface
ridgeness of no more than 3 cm, create a soil density in the zone of seed occurrence of no more than
1.0 g/cm3and form a compacted bed for their sowing. In this regard, the ripping hoe should work together
with the roller, the type and parameters of which will provide the indicators of pre-sowing tillage set by
agricultural requirements for the South of Kazakhstan.

In previous years (2015-2017), tests of bar and slatted rollers were carried out. It was found that the
bar roller did not provide the necessary quality indicators of crumbling and leveling of the soil, while the
bar roller showed satisfactory results. In farms with small-contour fields, satisfactory results are obtained
when using a slatted roller with humidity in the range of 14-18 % as part of a mounted combined tool,
which has high maneuverability, lower energy consumption and cost. However, for large farms, it is
advisable to use a ring-bar roller. The trailer combined tool with such a roller has a high productivity and
provides better quality of crumbling and leveling of the soil.

In this regard, research on the ring-bar roller was launched in 2018. The ring-bar roller for improving
the quality of soil crumbling is installed at an angle to the direction of movement of the unit. The working
bodies of the roller are rings installed with a certain step on the axis of the roller. Bars are attached to the
inner surface ofthe disks (figure 1). When working with a ring-bar roller, the rings when moving, rotating
with a side slide, pinch clumps of soil and crumble them, comb out and throw out weeds on top, create a
compacted bed for seeds and a loosened surface layer of soil that prevents loss of moisture. Bars installed
on one side of the rings along the inner diameter and in the direction of their sliding produce additional
crumbling ofthe soil shifted by the roller rings.

To create a ring-bar roller adapted to work on the soils of the South of Kazakhstan, it is necessary to
justify its parameters, including the diameter of the roller rings, the pitch of their installation on the shaft.
For this purpose, theoretical studies were conducted to determine the area of its impact on the soil (figure 1).

Figure 1- To determination of the impact area of a ring-bar roller

The magnitude ofthe strip processed by one ring ofthe roller is determined by the formula

ar =Imin« 1)
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where | -the chord of the circle between the points of entry and exit of the ring, passing along the soil
surface, deepening ofthe roller into the soil to a depth of hk.

Taking into account the length ofthe bar | , the processed width of the strip on the chord length |
will be:

a=ar+ab=Imina +lbmosa 2

When moving the rollers with lateral sliding, a compacted bed for seeds is created, the bars crumble
lumps and also compacts the soil. Considering the angle of the distribution of deformation ¢2 the impact
area of the roller is sufficient - 80% ofthe working width.

From the condition ofjamming of soil lumps up to 50 mm in size, the optimal diameter of the roller
rings was determined.

Determination ofthe diameter ofthe roller and its rings.

The ring-bar roller moves along an uneven field surface. To identify the effect of the roller rings on
this surface, we consider their interaction with a separate roughness (lump) of soil. From the action of the
force N on the soil lump, friction forces F2arise (figure 2) between the roller ring and the lump, as well as
the friction forces Fj between the lump and the soil surface, which are directed in the direction opposite to
the direction of movement of the roller.

Figure 2 - Scheme of the impact of the roller on the lump of soil. h - the height of the lump or clod; D - the diameter
ofthe roller; a - the angle between the horizontal and the tangent to the circumference of the roller, drawn at the point
of contact with an obstacle (lump); N - force, normal to the surface of the roller at the point of contact with the lump of soil

Jamming ofthe soil lump between the roller ring and the field surface occurs under the condition [9]
Fj + F2cose >N (3)
Based on the conditions ofjamming the lump of soil by the surface of the roller, the diameter of the
roller at which it will roll through the soil lump without moving it forward can be selected [10]
Dr <hctg2” jA (4)

where Dr - the diameter of the roller, m; h- size (height) ofthe lump, m; ~ ~ -the angle of external and

internal friction ofthe soil, rad.

To reduce the longitudinal movement of the soil, which destroys its structure, the angle ofs - grip of
the roller ring by the soil should not exceed 15-20°.

The impact of rollers on the soil is determined by the formula:

q =20/ bl )

where q - specific pressure of the roller, N/cm2 b and | - width and length of the roller footprint on the
ground, cm; Q - the force of gravity of the roller and the machine falling on the roller
Since | is the chord of a circle with a diameter Drits value can be determined by the formula:
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| = 2Vht(Dr - ht), (6)

where h -track depth, cm.

The depth ofthe track is determined by the depth at which it is necessary to create a compacted bed
for seeds, i.e., the depth of seeding.

The optimal rolling pressure is g = 3 - 4 N/cm2[11].

From expression (4) it is possible to determine the diameter of the roller and its rings based on the
physical and mechanical properties of the soil.

The diameter of the roller for manufacturing the experimental sample was determined at the values of
internal soil friction coefficients f2 = 0.4 and soil friction on steel f = 0.5, the size of the soil lump
h =50 mm and is 510 mm.

The article presents the results of research to clarify the angle of installation of the roller relative to
the movement of the tillage unit, the length of bars and their arrangement on the rim of the roller rings,
which provide quality indicators oftillage corresponding to agricultural requirements.

To conduct research on a laboratory installation, a breadboard of a ring-bar roller was tested (figure
3), on which bars with a length of 40 to 90 mm were installed, with a distance between adjacent bars on
the circumference ofthe ring of the roller from 50 to 140 mm. The angle of installation of the roller rings
relative to the movement of the unit varied from 13 to 250. The distance between the rings of the roller,
determined from the conditions of continuous tillage according to dependence (2) and with a ring
diameter of 40 mm, was 150 mm.

Figure 3 - Ring-bar roller on testing

The optimal crumbling of the soil and the leveling of its surface were observed at a minimum
distance between adjacent bars of 50-70 mm. With an increase in this distance to 140 mm, the quality of
the tillage did not correspond to the agricultural requirements for the technological operation. With
increased humidity and lumpiness of the soil and the presence of a large number of plant residues with a
distance between adjacent bars of less than 70 mm, clogging of the rings of the roller with soil was noted
(figure 4).

The impact ofthe length of bars on the quality oftillage was studied. It was found that increasing the
length ofthe bars from 60 to 90 mm increased the content ofthe soil fraction less than 20 mm in size and
had a minor effect on the field surface leveling (figure 5).

The study of the impact of the roller installation angle on the quality of tillage showed that the
optimal angle is 200 (figures 4-5).

Thus, on the basis of the conducted research, the parameters of rollers of combined machines were
clarified. In the manufacture of the experimental sample it was composed with ring-roller bars having a
diameter of rings 510 mm, distance between rings of 150 mm, the step between bars on the rim of the
rings of 70 mm, a bar length of 70 mm. The angle of installation of rollers relative to the movement of the
unit equal to 200provided better quality of tillage.
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Figure 4 - Dependence of soil crumbling a) and field surface ridgeness b) on the distance between the adjacent bars
on the circumference of the ring and the angle of installation of the roller to the direction of the unit movement

OcpapXaum™ (pakumum novHn Lasycpobl < 2(blm,% NTAHHA MN-TKOB. MM

a b

Figure 5 - Dependence of soil crumbling a) and field surface ridgeness b) on the length
of the bar and the angle of installation of the roller ring to the direction of the unit movement

Experimental samples of combined tools were made at the experimental plant of “SPC
Agroengineering” LLP: CST-4,0 to tractors of class 30 kN in a complete set with center hoe and a ring-
bar roller; CMT-3,6 to tractors of class 14-20 KN in a complete set with center hoe, a leveler and a slat
roller. CMT-3.6 (figure 6). Due to the relatively low cost, weight, dimensions and energy intensity, the
CMT-3.6 is planned to be used in farms with a small area and the most widespread tractors of the 14-
20 kN class in Kazakhstan. The manufactured combined tools are intended for pre-sowing tillage of the
dump background for sowing row crops and for main surface processing of the stubble background for
sowing grain crops.

Research testing on the dump background was conducted on the fields of LLP “KazRIACP". On
operations for pre-sowing preparation of the soil for sowing row crops from April 20 to May 15.
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CST-4,0 CMT-3,6
Figure 6 - Experimental samples of combined tools

Before testing, the humidity, density and hardness of the soil in the 0-20 cm layer, respectively, were:
16.3%, 1.17 g/cm, 2.0 MPa; surface ridgeness + 6.7 cm; the content of soil lumps larger than 20 mm
50.1%. Thus, the soil had increased hardness and lumpiness.

In the course of research tests, failures in operation and breakdowns of structures of combined tools
were not observed. Functional indicators of their work were determined (table).

Functional indicators of the work of CMT-3,6 and CST-4,0

The value of indicators

Indicators Research test results
Unit (power machine + tool) MTZ-82 + CMT-3,6 Belarus 2022 + CST-4,0
Velocity of unit, km/h 10 10
Depth of tillage, cm:
- set: 14 14
- actual:
X, cm 135 14,3
+a (cm) 2,0 2,3
Y (%) 14,8 16,1
Density of soil, g/cm3by layers , cm 0-5 0,80 0,75
5-10 0,90 0,80
10-20 1,25 1,27
Hardness of soil, MPa, by layers, cm 0-5 0,69 0,75
5-10 0,72 0,82
10-20 0,95 0,90
Soil crumbling, %by fractions, mm >50 47 2,2
50-20 25,0 21,1
20-10 35,6 39,3
<10 34,7 37,4
Ridgeness of soil surface, + cm 3,8 2,2

The quality of the tillage by tools was satisfactory and consistent with the agricultural requirements
for the technological operation. After the passage of CMT-3,6 and CST-4,0, the soil density was 0.98;
0.95 g/cm3 hardness 0.73; 0.70 MPa, respectively. The depth of tillage was stable, deviations from the set
depth were insignificant: the coefficient of variation was 14.8; 16.1%; the average square deviation was 2.0;
2.3 cm. The content of the small-lumpy fraction of the soil after the passage of CMT-3,6 was 70.3%; after
the passage of CST-4.0 - 76.7%. The content of a fraction larger than 50 mm was within acceptable values
(respectively, for machines: 4.7%; 2.2%), as well as the ridgeness ofthe soil surface (3.8; 2.2 cm). From the
data provided, it follows that CST-4,0 provided somewhat better crumbling and leveling of the field surface.
There were no breakdowns or failures in the operation of combined tools on the dump background.

From August 20 to September 1, experimental samples of combined machines were tested on
operations for main, surface tillage for spring sowing of spring crops on bogar in a layout with pointed flat
hoe without a leveler and rollers.

The soil conditions during the tests were typical for this zone and gray-earth soils. In the 0-20 cm soil
layer, the humidity was 12.3%, the density was 1.20 g/cm3 the hardness was 2.5 MPa, and the ridgeness
was 6.5 cm, i.e. the soil had an increased hardness.
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The quality indicators of tillage of CMT-3,6 and CST-4,0 were satisfactory. The actual depth of
tillage was stable and slightly different from the established depth (14 cm). During the work of CMT-3,6
it was 13.7 cm with the coefficient of variation of 12.8%; for CST-4,0 - 13.3 cm with a coefficient of
variation of 14.3. Significant differences in the quality of tillage of CMT-3,6 and CST-4,0 are not
detected, failures and breakdowns estate related tools for stubble background was observed. Soil spraying
was not observed at CMT-3,6 working with the slatted roller.

On the basis of the conducted research, the technical specification and design documentation for
prototypes of the combined tools are being developed and their production is planned.

Conclusion. For soils of South-Eastern Kazakhstan agrotechnical requirements are satisfied by ring-
bar roller with the following settings: diameter of the roller rings - 510mm, distance between rings -
150 mm, the installation angle of the rings to the direction of movement - 200, the profile of the bar (the
deformer) - round, bar length - 70 mm and the distance between bars - 70 mm.

Experimental samples of combined tools CMT-3.6 for tractors of 14-20 kN traction class and
CST-4.0 for tractors of 30 kN traction class were made. Research tests of experimental samples showed
that the quality of technological operations for pre-sowing and surface tillage corresponded to agricultural
requirements. No structural breakdowns or failures were detected.

The results ofthe research will be used in the design and manufacture of a prototype ofthe combined tool.

A. C. P3anues, B. IN. Fono6opogbko, L. 6. BekMyxameToB
«ATponHXXeHepus FbinbIMU-eBAIPICTIK opTanbirbi» XKLIC, Anmatsl, KasakctaH

TAPTY KJTACbI 14, 20 X)KXOHE 30 KH TPAKTOPJ/TIAPbIHA TOMbIPALUTbI
CEBYANAbI BHOAEYTE APHANTAH LL¥PAMA K[¥PAJTOAP

AHHOTauuns. KasakcTaHHbIH OWYCTTHAEN CyapMasbl aiiMak XarganbiHga gacTYpni TexHonorus 6olibiHwa
ayblwapyatblibly, JaKbl1gapblH eapy Ke3BAe TonbIpaKTbl 6ip onepaumsanbliK K¥pangapmeH GipHelle peT eHpey
Xypnswea”® 6”1 TonbIpaKTbiH ThIrbI3falyblHa, KEKTEMM eMnc X/ MbICTapbIHbIL, Mep3iMAepiHiH CO3blnyblHA X3He
COHbIL, casijapbiHaH TOMbIPAKTbIH K¥prayblHa 3ken corafbl. OscTYpni TexHonoruanapgarb! TONbIpakTbl eHAeyhiH
TEXHOJOMMANBIK MPOLECIHIH 671 KeMwinikTepi 6ip mesnnge 6GipHewle TeXHOMOrMAMbIK onepauvsnapibl OpblH-
JaliTbiH K¥pama K¥panabl 33ipfeyAiH OpbIHAbUIbITbI MeH KaXeTTLMH aHblkTagbl. PecnybnnkaHblH OHTYCTIK
aliMarbiHbIH TOMbIpaKTapbiHAa X MbIC icTeyre 6GeilimaenreH K¥pama K¥pangapabl 3sipney YLWiH onapfabiH X MbIC
opraHgapbIHbIH OHTal/Ibl TUNTEPI MeH MapameTpepLl TaHaay 6olibiHIWaA 3epTTeynep XY prisingi. AaHgepai cebyre
KOCbIMLUA TOMbIPaKTbl ~\caKTay, TeNCTey XK3He Thirbi3gasrad 6eT KanbinTacTblpyra apHa/iraH KatokTapablH 3pTYphi
TYpnepi 3epTTengi. Xorapbl KaTTbiNbIrbl MeH KeCeKTiniri 6ap TonbipakTap YLWiH arpoTeXHUKanbIK Tanantapibl
CaKVMHa/bI-LWbIObIKTbI (CAKMHA/bI-LUMOP/bl) KaTOKTap KaHaraTTaHAbIpaTbiHbl aHblKTandbl. LLarbiH TaHanTapbl 6ap
WapyalbinblKTapaa biirangpiibirbl 14-18% wenHe KaHaratTaHap/blK H3TVKeNep oCbiHAal K¥pacTblpyfa Y/IKeH
MaHeBp, COHAaW-ak 3HepPrus CbllibIMAblIbIrbl MeH K¥Hbl TeMeH acnasibl K¥pama K¥pan K¥pamblHAa NaaHKabl
KaTOKTbl NManganaHy KesiHae anblHAbl. TapTy KnacTbl 14-20 KH TpakTopnapra nnaHkanbl KatokTtbl OKH-3,6 »3He
TapTy knackl 30 KH TpakTopnapra cakuMHabl-Wbl6bIKTbl KaToKTbl 0KIM-4,0 k¥pama K¥pangapbiHbiH T3Xipnbenik
Ynrinepi ganbiHgangbl. TexHONOrUANbIK onepauusanapgbl XYPrisy canacbl 3KCNepUMeHTTIK YNrinepgiH 3epTTey
CblHAKTapbIHbIH Heri3ri KepceTKllTepMeH cunaTTaNaTbiHbIH KepceTn: KalbipMasibl XXK3He aHbI3gblK (oHaapaa
ToMblpakTbl cebyanabl eHAeyfe “cakTany, KaTTbiblK, TbIlbI3blK, TericTik arpotanantapra cai 6ongpl.
KOHCTpyKUMAaa CbIHY XX3He X MbICbIHAArbl akaynap 6onraH >xok. XKYprisinreH 3epTreynepdiH HaTWKenepi K¥pama
K¥pangapabiH TaXipnbenik YrinepiH xxobanayaa xsHe falibiHay KesiHAe naiganaHblinatbiH 601agbl.

TywH ce3gep: K¥pama K¥pangap, TonblpakTbl cebyanfbl faliblHAay, aHbi3AblK (DOHHbIH Herisri eHgey”
CaKMHa/bI-LWbIBbIKTbI KATOK, M1aHKa bl KATOK, KaTOK napameTpriep” sKCNepuMeHTTiK Yrinep.

A. C. P3anues, B. IN. Fono6opoabko, L. 6. BekmyxameToB
TOO «Hay4HO0-NPoM3BOACTBEHHbIN LIEHTP arpomHxeHepun», Anmarbl, KasaxcTaH.

KOMBUHWPOBAHHbIE OPYAUA ANA NPEAMOCEBHOW OBPABOTKW MOYB
K TPAKTOPAM KNTACCA TAI'W 14, 20 1 30 KH

AHHOTauusl. B ycnoBusix opoLlaemoii 30HbI tora KasaxcTaHa Npu BO3AENbIBAHUM CeMTbCKOXO03SIMCTBEHHbIX
KyNbTyp MO TPAAMLMOHHON TEXHOMOrMM TMPOBOASTCS MHOrOKpaTHble 06paGoTKM MOYBbl OAHOOMEPALUOHHBIMM
OPYAVSIMW, YTO NPUBOAUT K YMIOTHEHMIO MOYBbI, 3aTATMBaHUID CPOKOB BECEHHUX MOJIEBLIX PaboT, U Kak CnefcTBue, K
MCCYLLEHUIO MOYBbI. ITW HEAOCTATKYM TEXHOMIOTMYECKOro MnpoLecca 06paboTKM NoYBbl B TPAAULMOHHBIX TEXHOIOMUAX
npefonpesenuIn Lefecoo6pasHoCcTb Y HEOBXOAMMOCTb PaspaboTKU KOMGUHMPOBAHHOTO OPYAUS, OfHOBPEMEHHO
BbIMOSHSIIOLLET0 HECKOIbKO TeXHONOrMYecKMX onepaumii. [ns paspaGoTKu KOMOGMHMPOBAHHBLIX Oopyauii, aganTupo-
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BaHHbIX K paboTe Ha NoYBax HXKHOM 30HbI pecnyb/MKM, NMPOBOAUINCE UCCNeA0BaHNA NO BbIGOPY ONTMMa/IbHbLIX TUMOB
N NapamMeTpoB MX paboymx OpraHoB. MccnegoBanucb pasInyHble TUMbl KaTKOB ASS AOMOMHWUTENbHOIO0 KPOLUEHWS,
BbIpaBHMBaHWA MOYBbI M (HOPMUPOBAHUA YIMIOTHEHHOrO J10Xa A1 MnoceBa CeMSH. YCTAHOB/IEHO, YTO A1 OB,
UMEIOLLINX BbICOKYIHO TBEPAOCTb W KOMKOBATOCTb, arpoTeXHUYeCKUM TpeboBaHWSAM YA0B/ETBOPSET KO/byaTo-
MPYTKOBbIA (KO/MbYATO-LUMOPOBbIA) KaTOK. B x03AicTBax, UMeKLWMX MeKOKOHTYPHble MO/, NPW BA&XXHOCTU B
npegenax 14-18 % yaoBneTBOPUTENIbHbIE pe3ynibTaTbl MOMYyYeHbl NMPY UCMO/b30BAHMM M1aHYaTOro KaTka B COCTaBe
HaBECHOI0 KOMOMHMPOBAHHOIO OPYAWs, KOTOPOe B TaKOW KOMMOHOBKe WMeeT 60/bLUYI0 MaHeBPEHHOCTb, a Takke
MEHbLUYI 3HEPrOeMKOCTb WM CTOMMOCTb. VI3roToB/ieHbl 3KCMEPMMeHTa/IbHble 06pasLbl KOMOMHUPOBAHHBLIX OPYAWii
OKH-3,6 K TpakTopam knacca taru 14-20 kH ¢ nnaHyatbim Katkom 1 0KI1-4,0 K TpakTopam Knacca tarm 30 kKH ¢
KO/MbYaTo-NPYTKOBLIM KaTKOM. liccnefoBaTenbCKMe UCMbITaHUA 3KCMEPUMEHTa/IbHBIX 00pasLoB  MoKasan, 4To
KayecTBO MPOBEAEHUSI TEXHOMOMMYECKNX OMepaumii, XxapaKTepusyoLLeecs CrefytoLMMm 0CHOBHbIMMW MoKasaTensaMu:
KpOLUEHWe, TBEPAOCTb, MIOTHOCTb, BbIDOBHEHHOCTbL Ha NMpeanoceBHON 06paboTKe 0TBa/IbHOrO (hOHA M MI0CKOPE3HON
(ocHOBHOI) 06paboTKe CTEPHEBOro (pOHa, COOTBETCTBOBA/I0 arpoTpeboBaHMsM. [M0IOMOK KOHCTPYKLUMK U CO0eB B
pa6oTe 06Hapy>keHO He 6bl/10. Pe3ynbTaTbl NPOBELEHHbIX UCCNeA0BaHN BYAYT MCNOMb30BaHbl NPY MPOEKTMPOBAHN
1 M3rOTOB/IEHMM OMbITHBIX 06Pa3L0B KOMOMHMPOBAHHbBIX OPYANIA.

KniouyeBble cnoBa: KOMOWUHMPOBaHHbIE OPYAWSA, MPeAnoceBHass NOArOTOBKAa MOYBbI, OCHOBHasA 06paboTka
CTepHeBOro (poHa, KOMbYATO-MPYTKOBbIV KAaTOK, MaH4YaTblii KaToOK, MapameTpbl KaTka, 3KCNepUMeHTa/lbHble
obpasupbl.
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