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SELECTION AND JUSTIFICATION OF PARAMETERS OF WORKING
BODIES OF THE COMBINED TOOLS FOR THE BASIC AND PREPLANT
PROCESSING OF SOIL IN THE CULTIVATION OF ROW CROPS
IN THE CONDITIONS OF SOUTH KAZAKHSTAN

Abstract. In the southern zone of Kazakhstan, agricultural crops are cultivated, both on irrigated and rain-fed
lands. The main technology used for tillage is traditional, which accounts for 90% of all cultivated crops. This
technology provides for multiple passes of machine-tractor units (MTU) across the field, which causes a large load
on the soil, leading to the destruction of its structure.

In the South of the Republic, combined tools supplied from neighboring countries (Russia, Belarus, Ukraine)
are mainly used for pre-sowing tillage. They do not correspond to the soil and climate conditions and technologies
used. To ensure the required quality of soil preparation, it is necessary to use machines adapted to zonal conditions.

To develop a combined tool for pre-sowing and basic tillage, the parameters of its working bodies were
justified. Based on the conducted research, a prototype of the combined OKP-4,0 machine was manufactured at the
experimental plant of "SPC of agricultural engineering " LLP, and its acceptance tests were carried out during the
operation of pre-sowing soil preparation for corn sowing, according to which the quality of soil treatment
corresponded to agricultural requirements. There were no breakdowns or failures in operation.

Keywords: combined tool, selection of the ripping working body, ring-bar roller, interaction of the roller with
the soil, justification of the parameters of the sealing element (ring), distance between bars, length of bars, angle of
installation of the roller, prototype of the combined tool, acceptance tests.

Introduction. In the southern zone of Kazakhstan, agricultural crops are cultivated, both on irrigated
and rain-fed lands. The main technology used for tillage is traditional, which accounts for 90% of all
cultivated crops. A special feature of this technology is the use of dump plowing in the autumn or spring
periods. In addition, this technology is used for early spring harrowing operations with tooth harrows,
disking or cultivation in order to decompress the top layer of soil and destroy weeds. This technology
provides for multiple passes of machine-tractor units (MTU) across the field, which causes a large load on
the soil, leading to the destruction of its structure. Currently, the main task facing farmers in the South of
Kazakhstan is to reduce the cost of agricultural production and preserve soil fertility, the main wealth of
the country. Therefore, measures aimed at introducing resource-saving soil protection technologies and
developing technical means that provide optimal conditions for plant development, low energy intensity of
soil treatment and protection from destruction are of particular relevance. One of the ways to reduce the
load on the soil and the energy intensity of its processing is to replace single-operation machines with
combined machines that combine operations for loosening, leveling and rolling the soil.

In the course of research, a comparative analysis of traditional and resource-saving technologies for
soybean cultivation using combined tools was carried out in terms of operational and energy indicators.
According to the data obtained, operating costs, specific capital investment and energy costs for
performing technological operations of pre-sowing tillage using resource-saving technologies were
50-70% lower.

In the South of the Republic, combined tools supplied from neighboring countries are mainly used for
pre-sowing tillage: KPP-4, KPP-8 "Red Aksay "(Russia); Polaris-4" Elvorti "(Ukraine); KPM-4, KPM-8"
Techmash " (Belarus). They are mostly equipped with cultivator legs, levelling devices and rolling rollers.
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The working elements installed on these machines do not meet the soil conditions and recommended
tillage technologies . For example, flat-cutting cultivator feet with a crumbling angle of 8-100 and spring
harrows do not provide the required crumbling and leveling of the soil. Also, the processing depth of 5-10 cm
is insufficient . In the southern zone of Kazakhstan, the period of spring field work is prolonged due to
repeated frosts. They begin with the closing of moisture with tooth harrows in the 20th of March and end
in the first decade of may with the sowing of row crops (soy, corn, sugar beet). Therefore, it is
recommended to carry out the first cultivation for spring soil decompression and provoking weed shoots to
a depth of 14 cm and the second pre-sowing to a depth of 8 cm to destroy weeds.

Thus, there is a need to develop a combined tool that will ensure that the quality of loosening,
leveling and rolling of the soil, as well as the formation of a compacted bed for sowing seeds, meets the
agricultural requirements for technological operations.

In the process of developing a combined tool for pre-sowing and basic tillage, the parameters of its
working bodies were justified and a prototype was made and its acceptance tests were conducted on the
basis of theoretical and field tests of the mock-up and experimental sample.

Research methods. When conducting scientific research on type selection and justification of
parameters of working bodies of the combined instruments used in classical theoretical mechanics, theory
of mechanisms and machines, continuum mechanics, agricultural mechanics. When conducting accep-
tance tests of the prototype, the following GOST Standards were used: GOST 20915-2011 "Testing of
agricultural machinery. Methods for determining test conditions". Interstate standard; GOST 33736-2016
"agricultural Machinery. Machine for deep soil cultivation. Test method". Interstate standard; GOST
33687-2015 " machines and tools for surface tillage. Test method». Interstate standard; GOST 33677-2015
" Machines and tools for inter-row and row tillage. Test method». Interstate standard; GOST 24055-2016 "
agricultural Machinery. Methods of operational and technological assessment". Interstate standard; GOST
R 52777 " agricultural Machinery. Methods of energy assessment". National standard of the Russian
Federation; GOST 12.2.111-85 " System of labor safety standards. The agricultural machine is mounted
and trailed. General security requirements".

Interstate standard.

Research results and their discussion. Selection of the type and parameters of the arrow legs of the
combined machine.

The main loosening and leveling effect when the machine is working is achieved by using pointed
paws. When working in front of the paw, a soil roller is formed, the size of which will be constant on a
perfectly aligned field. In real conditions, when the foot meets the ridges, the roller size increases and the
soil is transported for some distance due to internal friction and then part of it moves to the furrow. Then
this process is repeated, so the soil is loosened and leveled with pointed paws.

The zone of deformation propagation around the paw working organs is quite well studied by
Trufanov V. V. and Kapustin A. N.[1,2]. According to the results of the research performed on loamy
soils of heavy and medium mechanical composition for high-quality loosening and leveling of the soil, it
is recommended to use universal pointed paws with a crumbling angle of 26-28°;

In the developed combined machines for basic tillage for sowing grain and pre-sowing-for sowing
row crops, a universal pointed paw with a grip width of 330 mm, with a crumbling angle of 26-280, which
was previously developed with the participation of KAZSRIMEA for tools for pre-sowing soil treatment
on stubble backgrounds OP-6 (OP-8), is used as a working body for loosening the soil.

Pointed paws with a width of 330 mm loosen the soil to a depth of 6 to 14 cm and prune weeds, and
can also carry out non-shaft flat-cutting processing of stubble backgrounds. Due to the significant
crumbling angle, they have a good leveling ability. The results of their use in technologies of pre-sowing
tillage in the southern zone of Kazakhstan gave positive results.

To improve the quality of crumbling and leveling of the soil during pre-sowing treatment, a ring-bar
roller was introduced into the design and technological scheme of the combined tool, the optimal
parameters of which were selected and justified in the course of theoretical research and field tests (figure 1).

Justification of parameters of the ring-bar roller of the combined tool.

A number of researchers have studied the interaction of different types of rinks with the soil. Ring-
shaped, spiral-shaped, bar-shaped rollers and their other varieties were studied[3-8]. We conducted
theoretical studies to determine the diameter of the roller and its rings, taking into account the features of
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light chestnut soil[9]. The optimal diameter of the ring roller according to the research results was 510 mm
and was determined at the values of internal soil friction coefficients f, = 0.4 and soil friction on steel
f.= 0.5, with the size of the soil lump /= 50 mm.

According to the test results, the low efficiency of using bar and ring rollers was established. They do
not provide sufficient crumbling of the soil, bar rollers also did not create a compacted layer at the depth
of sowing. To ensure the necessary fractional composition of the soil in its upper layer, changes were
made to the design of the ring roller - bars were installed between the rings along their inner diameter
(Figure 1). The roller was installed at an angle of 15-250 to the transverse plane in the direction of
movement of the unit. When performing the technological process, the rings move with a side slide to seal
the soil at the depth of sowing seeds. The soil shifted by the rings falls under the influence of rods and
they produce additional crumbling.

The compacted layer is created by the roller rings. Since the bars are located along the inner diameter
of the rings, their sealing effect is not taken into account in this case.

Figure 1 — Layout diagram of a combined machine with a ring-bar roller
The distance between the rings of the roller was determined from the condition of creating a solid
compacted soil layer at the depth of sowing seeds /4;. When a circular ring is inserted into the soil (figure 2), a

soil wedge will form on the AB arc, bounded by a Central angle equal to 2¢;.

i

A

Figure 2 — Diagram of the introduction of a circular ring into the soil

The maximum soil density in the ring compaction zone is achieved when it is sunk to a depth equal to
the radius. Its further deepening leads only to an increase in the depth of the seal propagation.

The depth of the compacted layer formed is determined depending on the distance between the roller
rings /x and the angle of deformation propagation ¢,

Ly .
hy = TpC0s@y + (2 = 1pSingy)ct g, @

where r,,, — the radius of the rink ring adjusted to the direction of movement
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Hence the distance between the rings of the rink that provides the specified condition will be equal to:

3)

The radius of the ring of the roller 7,, is assumed to be 10 mm. The distance/; between the rings will
be 150 mm.
To determine the size of the processed strip depending on the angle of installation of the roller, the

trajectory of its movement in the coordinate system is considered (Figure 3):

0
x=R|—————cosasin(@ + 1)+ Osinal;
(1-9)cosa

I = 2(hy—TpCOSP1+TpSingctge1)
K ctgepy

z=R[sinasin(@ + 1)+ Ocosal;
y=R[1—-cos(6+ 1)] 4)

where R — radius of the rink ring, m; 6 — angle of rotation of the roller before the start of removal of soil
particles, rad; a - angle of attack of the rink, rad; r — the angle that characterizes the position of the point
M on the ring from the beginning of the removal of the soil particle at point K, rad; & = (¥4, -R)/ ryp — the
coefficient of friction;

Trajectory of movement in the soil aty = 0:

6
x (1-9)cosa sma
z=—R6Ocosa %)

Excluding the parameter from expression (5) @, we obtain the equation of the trace of the ring, the
angle of attack of which is formed by its rotation relative to the frontal position:
zZ= (1-¢) X=Xtga (6)

T 1t+tg?a-(1-e)tga

Equation (6) shows that the trace of the ring is a straight line that makes up the angle a with the
direction of movement of the axis OX (figure 3).

To analyze the moving soil lateral surface of the ring with the rod consider the motion of the ring in
one revolution of the rink, laying it on the movement parallel to the axis of the rink O'O' and
perpendicular to it (figure 3).

To determine the movement patterns of ring rod (geometric place of points), it is sufficient to analyze
the motion of the point M the beginning of the removal of soil particles and points N’ end of removal. The
distance between the rings MN’= 2zRtgo

Figure 3 — Scheme of movement of ring ring-the rink bar and displacement of the soil side surface
of the ring, the angle of attack which is formed by its rotation relative to the frontal position

— 135 ——




Reports of the National Academy of sciences of the Republic of Kazakhstan

When rolling the ring with the bar in the direction perpendicular to the axis of the roller, the point
M of the ring will move to the point My by a distance of MM;=2zR due to pure rolling, and from the point
2nRe

My— to the point M; by a distance MM, =
l-¢

as a result of sliding. The displacement of the point M in

the direction perpendicular to the axis of the rink is MM, =27[_R‘ In the direction parallel to the roller
l-¢
2nRiga

axis, the M point will move a distance MM, =
l-¢

As a result of adding the displacement components, the pointM will take its final position at the point
27R

l-¢cosa

It is obvious that the displaced point N of the end of the soil particle removal is equal to the
displacement of the point M of the beginning of the soil particle removal. Therefore, the line connecting
points M and N; is a trace of the movement of the ring with the rod at the soil surface, and the
parallelogram connecting the points MM;N>N'is the surface area of a ring with a bar on the ground for one
turn with the slide..

The size of the strip processed by one ring of the roller

a.=I-sina (7)

M:, located on the axis OX. The total movement of point M is MM, =

where: [ — the chord of the circle of the diameter of the roller D, passing over the surface of the soil, when
the roller is sunk into the soil to a depth 4 (3).
Taking into account the length of the bar lnp processed area on the length of the chord / will be:

a=aq +a,=I[-sina+l, -cosa (8)

The rings of the roller when moving with a side slide create a compacted bed for seeds, the rods
crumble lumps and also compacts the soil. Taking into account the angle of deformation propagation ¢,
the impact area of the roller is sufficient-80% of the width of the grip.

The results of theoretical research are confirmed by the results of field tests.

The results of field tests. Comparative tests of various types of rollers: ring and ring-bar were carried
out. It was found that for soils having low moisture content, high hardness and komkovatost promising
type of the roller is a ring-bar with the following values of its parameters: the roll diameter 510 mm;
distance between kompuammul50 mm; ring diameter 20 mm; the mounting angle of the rings to the
direction of movement (15...250); profile of the rod (the deformer) - round, rod length of 70 mm and the
distance between the bars 70-110 mm.

In the course of research tests, the following were clarified: the angle of installation of the rings to the
direction of movement of the unit; the optimal distance between the bars. Based on the research carried
out, a prototype of the combined OKP-4,0 machine was made at the experimental plant of the «SPCAE»
LLP (figure 4), which has the following parameters of the working bodies: universal pointed paws with a
crumbling angle of 28°; the roll diameter 510 mm, distance between rings of 150 mm, a ring diameter of
20 mm, the installation angle of the rings to the direction of movement 200, the profile of the bar round,
bar length 70 mm and the distance between bars is 70 mm.

LW
iy e

Figure 4 — Experimental combined machine with a ring-bar roller

— 136 ——



ISSN 2224-5227 1.2021

Acceptance tests of the prototype were carried out on the operation of pre-sowing soil preparation for
corn sowing. In one pass, the machine performed operations for crumbling the soil with pointed paws,
leveling it, and forming a compacted bed for sowing seeds with a ring-bar roller.

The test results are shown in table 1.

Table 1 — Functional performance indicators and OKP-4.0 for operations on pre-sowing tillage for corn sowing

Value of indicator
Indicators . . based on the results of
by agricultural requirements
acceptance tests
Unit (power machine + tool) Belarus 2022 + OKP-4.0
Unit speed, km / h 10
Depth of tillage, cm: -
- setting: 14,0
- actual:
X em 13,7
+o(cm) 2,1
Y (%) 15,3
Soil density, g/cm? by layer, cm
0-5 Upto 1,0 0,79
5-10 1,0
10-20 1,0
Soil hardness, MPa, by layer, cm
0-5 0,80
5-10 Upto 1,0 0,95
10-20 1,1
The crumbling of the soil, % of fractions, mm
>50 The content of soil fractions up to 2.9
50-20 20 mm in size should be at least 20,2
20-10 70% 39,3
<10 37,6
Ridgeness of field surface, + cm No more than 5 2,7

The quality of tillage by the machine was satisfactory and met the agricultural requirements for the
technological operation. After passing OKP-4.0, the soil density in the 0-20 cm layer was 0.93 g/cm’,
respectively, and the hardness was 0.95 MPa. At a depth of 5-10 cm, a compacted bed was formed for
sowing seeds with a density of 1.0 g/cm®. The depth of tillage was stable at 13.7 cm, and deviations from
the set depth were insignificant: coefficient of variation; 15.3%; mean square deviation; 2.1 cm. The
content of the fine-grained fraction after passing OKP-4.0 was 78.7%. The content of the fraction larger
than 50 mm was within the acceptable values of 2.9%, as well as the ridges of the soil surface of 2.7 cm.
From the above data, it follows that the combined OKP-4.0 tool provided a good quality of pre-sowing
tillage. There were no breakdowns or failures in operation.

Conclusion. For soils with low moisture content, high hardness and komkovatost promising type of
the roller is a ring-bar with the following values of its parameters: the roll diameter 510 mm; distance
between xonbmamMul50 mm; ring diameter 20 mm; the mounting angle of the rings to the direction of
movement (15...250); profile rod - round, rod length of 70 mm and the distance between the bars 70-110 mm.

In the process of research test have been refined: the installation angle of the rings to the direction of
movement of the unit; the optimal distance between the rods and manufactured at the pilot plant of LLP
"SPCAE" prototype combined weapons OKP-4,0, having the following parameters of working bodies:
universal Lancet paws with a chopping angle of 28°; roll diameter 510 mm, distance between rings of 150 mm,
a ring diameter of 20 mm, the installation angle of the rings to the direction of movement 200, the profile
of the rod (the deformer) - round, rod length of 70 mm and the distance between bars is 70 mm.

Acceptance tests of the prototype were carried out for the operation of pre-sowing soil preparation for
corn sowing, according to which the quality of soil treatment was satisfactory and met the agricultural
requirements for the technological operation. The depth of tillage was stable 13.7 cm, deviations from the
set depth were insignificant: coefficient of variation; 15.3%; average square deviation; 2.1 cm; the Content
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of small-lumpy fraction after passing OKP-4.0 was 78.7%; the content of a fraction larger than 50 mm -
2.9%; ridges of the soil surface.
There were no breakdowns or failures in operation.

A.C. P3annes, lI1.B. Bekmyxametos, B.II. I'os1000poabsko
«ATpOUHKEHEepUs FRUIBIMU-0HIpicTiK opTaibrsD XKILC, Anmarsr, Kazakcran

KA3AKCTAHHBIH OHTYCTITT JKAFJAVBIHIA OTAMAJIBI JAKBLIJIAPIBI
OHJIEY KE3IHJIE TONBIPAKTHI HETI3T'T 2KOHE CEBYAJIJIBI OHJIEY YIITH KYPAMA
KYPAJLJIBIH KYMBIC OPTAHJIAPBIHBIH IIAPAMETPJIEPIH TAHJIAY 'KOHE HETI3JIEY

AnHotanus. KazakcTaHHBIH OHTYCTIK aliMarbIHIA CyapMalbl Ja, TOIIMIIK JKepiepie Je aybUIapyallbuIbFbL
JMaKbULAapsl ecipinesi. Tompipak eHAeyIiH HEeri3ri TEXHOJOTHICHI JOCTYPJIi OOJNBIN CaHANabl, OFaH OapJbIK ©HJIe-
nertiH pakeuinapabiH 90%-b1 THecini. byn TexHonorus MammmHa-TpakTop arperartapbiibliH (MTA) Tanan GoibIMEeH
OipHelIe per oTy >KarAalblH KapacThIpajbl, 9pi TONBIPaKKa KYPHUIBIMBIHBIH OY3bUTYbIHA OKEJIETIH YJIKEH KYKTeMe
TYIBIPAJIbL.

PecnyOsnmkanbIH OHTYCTIriHIE HeriziHeH Tasy merenaeH (Peceif, Benapych, YkpaunHa) jKeTki3ineTiH Kypama
KypaJiiap TOMBIPaKThl ce0y ajblHAa OHJIeY YIUiH KojmaHbuiaasl. Onap TOMbIPAKThI-KIMMATTHIK JKaFAainapra xoHe
KOJIJIaHBUTATHIH TEXHOJIOTHSIIAPFa Coiikec Kenmeiai. TombIpakThl TaiibIHIayAbIH KAXKETTI CalmachlH KAMTAMAChI3 Ty
YIIiH aliMaKTHIK JKaFmaiinapra OeliMaenTeH MalMHaIapApl Haiganany Kaxer. ETicTik gakpuigapra (KOIICHITY, Teric-
Ty, THIFBI3AY, ce0y TabaHBIH KaJBIITACTHIPY) JKOHE aHBI3ABIKTHI HETI3T1 OHAEyre apHaJIFaH Kypama KypaiaapIsl
93ipJiey YIiiH OHBIH )KYMBIC OpPraHAapbIHbIH TapaMeTpiiepl Heri3aesii.

OKII-4,0 xypama KypaJbIHBIH TOKIpHOETIK yirici skacanabl. TOmBIpaKTHI XKYrepi eryre JalbHIay alIbIHAaFsl
onepanusyiapra TOKIpUOETiK YIriHI KaObUIIay ChIHAKTApPhI KYPTi3iigi, OFaH COWKEC TOMBIPAKTHI OHJICY Camachl
KaHaraTTaHapJIbIK JKOHE TEXHOJOTHSUIBIK OllepallMsiFa apHalFaH arporajanrapra colikec kenai. OHbl eHIipicKke KOO
YILIIH TOXKIpUOEIIK YIrire TEXHUKAIBIK Ky)KaTTama 931pJIeH .

Tyiiin ce3nep: KypaMIacThIpbUIFaH Kypaiaap, KOICHITY )KYMBIC OpPIaHbIH TaH/1ay, CAKUHAIBI-IIIBIOBIKTHI THIFBI3-
JIayBIll, THIFBI3JAYBIITHIH TONBIPAKIIEH ©3apa OpeKEeTTeCyi, THIFBI3AAY JJIEMEHTIHIH (CaKMHAHBIH) MapaMmeTpiepiH
HETi3/Iey, MBIOBIKTAP apachIHIAFbl KANIBIKTHIK, IBIOBIKTAP Y3BIHIBIFEI, THIFBI3IAYBINITE OPHATY OYPHIIIBI, Kypama
KYpaJIbIH TOKIpHOEIiK yirici, KaObUIaay ChIHAKTaPHI.

A.C. P3anues, lI1.b. BekmyxameTos, B.II. I'os1060poasko
TOO «Hay4Ho-TIpON3BOICTBEHHBIN IICHTP arpOHHXeHepum», AnMaTsl, Kazaxcran

BbIbOP U OBOCHOBAHHUE TAPAMETPOB PABOYHUX OPTAHOB KOMBMHUPOBAHHOI'O
oryaus 1Jis1 OCHOBHOU U TPEAITIOCEBHOU OBPABOTKMU IIOYB ITPU BO3/IEJIBIBAHUHN
MNPOIMTAIIHBIX KYJIBTYP B YCJIOBUAX IOT'A KABAXCTAHA

Annotanusi. B 1oxHol 30He Ka3zaxcraHa BO31enbIBalOTCsl CEIbCKOXO3SHCTBEHHBIE KYJIBTYpPHl Kak Ha OpO-
IIaeMbIX, TaK M OOrapHbIX 3emisiX. OCHOBHOW NPUMEHSEMOHW TEXHOJIOTHEeH OOpaOOTKH IOYBHI SIBISETCS TPaH-
LIMOHHAs, HA JIOJI0 KoTopod mpuxomutcst 90% Bcex BO3/ENbIBAEMBIX KyJIbTyp. JlaHHAs TEXHOJIOTHsS IpexycMmart-
pHBaET MHOTOKPAaTHOE KOJMYECTBO IMPOXOA0B MAIIMHHO-TPAKTOpHBIX arperatoB (MTA) mo momo, uTo 00ycnaBiu-
BaeT OOJIBIIYIO Harpy3Ky Ha MOYBY, IPUBOASIIYIO K Pa3pyIICHHIO €€ CTPYKTYPHI.

Ha fore pecmyOnmKud B OCHOBHOM HPUMEHSIOTCS I MPEANOCEBHON 00paOOTKM MOYBH KOMOWHUPOBAHHBIC
opynus, IoCTaBIsieMble U3 OmmkHero 3apyoexss (Poccus, berapycp, Yikpanna). OHE HE COOTBETCTBYIOT ITIOYBEHHO-
KIMMaTHIECKUM YCIOBHSM M NPHUMEHSIEMBIM TexXHOJIOTHAM. st obecnieueHus: TpeOyeMoro KauecTBa MOATOTOBKU
MOYBBI HEOOXOIMMO UCIIOIb30BaTh MAIIMHBI, aJalITHPOBAHHBIE K 30HAJIBHBIM YCIOBHSAM.

Jnst pa3paboTKu KOMOWHHMPOBAHHOTO OPYAMSl Ul TIPEIIOCEBHOW M OCHOBHOH OOpaOOTKM MOYBHI ObLIN
000CHOBaHbI ITapaMeTpbl €ro pabounx OpraHoB. BT M3rOTOBIIEH ONBITHBIA 00pa3el] KOMOMHUPOBAHHOTO OPYAUS
OKII-4,0. 1 npoBeieHbI €ro IPUEMOYHbIE HCIIBITAHUS B XO/I€ OTIEPALUH NPEAIOCEBHOM MOITOTOBKH MOYBHI K ITOCEBY
KyKYpYy3bl, COIJIACHO KOTOPHIM KayecTBO OOpPaOOTKHM IOYBBI COOTBETCTBOBAJIO CEJILCKOXO3SHCTBEHHBIM TpeOoBa-
HusiM. Hukakux nonomox mnm cb6oeB B padote He Obuto. Pa3paborana TexHHUYecKas IOKyMEHTALUsl HAa OIBITHBINA
oOpaser] [uIst TOCTAaHOBKH €ro Ha MPOU3BOCTBO.

KinioueBble cji0Ba: KOMOMHMPOBAHHOE OpYAHE, BBIOOP PBIXJIUTEIBHOTO pabovero OpraHa, KOJNbYaTO-TIPYTKOBBIA
KaToK, B3aMMOJICICTBHE KaTKa C TOYBOH, 0O0CHOBAHME MTapaMEeTPOB YILIOTHSIIOILIETO /IEMEHTa (KOJIbIIa), PACCTOSTHHE MEKILY
NPYTKaMH, IJIMHA TPYTKOB, YTOJI YCTaHOBKH KaTKa, OIBITHBIM 00pasel KOMOMHHMPOBAaHHOTO OpYIWS, IPHUEMOYHBIC
WCIBITAaHUSL.
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