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INVESTIGATION OF THE PROCESS OF DOUBLE-SIDED GRINDING
OF TORCHES OF PUSHERS WITH DIFFERENT DIAMETRERS

Urgency of the research. In machine tools, automotive, agricultural engineering, manufacturing, where it is necessary
to ensure high accuracy of surfaces of parts with different diameters of faces, it is required to adhere to high requirements
for the quality of geometric sizes, roughness and accuracy of molding.

Target setting. Grinding of end surfaces of parts with different diameters of faces, is carried out on two-sided end-grinding ma-
chines. The specific gravity of grinding in the total complexity of mechanical processing is constantly increasing and at the present
stage it is about 30 % in the machine tool industry, in the automotive industry more than 38% of the total complexity of processing.

Actual scientific researches and issues analysis. On the two-sided end-grinding machines of the Saturn company (Germa-
ny) the processing of round ends of parts is done with a circular feed to the processing area. Abrasive wheels are used without
calibrating plots, which requires a lot of processing to obtain the required precision, which reduces the productivity of grinding.
The disadvantage of the method is that the processing of parts with different face diameters is not considered.

Uninvestigated parts of general matters defining. It is necessary to improve the processing efficiency of parts by developing
the methods of two-sided polishing of the ends of pushers with different diameters oriented grinding wheels with and without cali-
brating sections, and also the rotation or without rotation of the workpiece on the calibration section, at least one revolution.

The research objective. Improving the accuracy of finishing the end surfaces of parts of various diameters with grinding
wheels, is achieved by the fact that the shaping of the ends of the smaller diameter is performed by the maximum diameter of
the flat end of one circle, and the shaping of the end face of a larger diameter — the calibration section of the second circle,
the length of which is equal to the diameter of the larger end and filled with diamond pencil, which moves along a radius,
which coincides with the radius of the location of the axes of the parts in the feed drum.

The statement of basic materials. In order to ensure the processing of parts in one pass and the necessary precision of
processing, in large-scale and mass production, a grinding method oriented circles with calibrated sections with one-sided
arrangement of ends of one diameter is used. The calibration sections are then made of different lengths, depending on the
diameter, respectively, larger and smaller.

Conclusions. The universal method of practical application of model of accuracy of shaping of ends of parts of different
diameters, oriented grinding circles with and without calibration plots has been suggested. The presented method simplifies
the grinding of the grinding wheel. It does not require special editing and allows to use regular editing.

Keywords: grinding; ends of different diameters, pushers, oriented grinding wheels; calibration sections.
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Urgency of the research. In machine tools, automotive, agricultural engineering, manufactu-
ring, where it is necessary to ensure high accuracy of surfaces of parts with different diameters of
faces, it is required to adhere to high requirements for the quality of geometric sizes, roughness
and accuracy of molding. Moreover, further intensification of grinding processes is impossible
without a rational accounting of the general influence of the conditions of mechanical cutting and
the properties of the grinding tool and the workpiece, which reduces the power and thermal fac-
tors, increases the speed of material removal, improve the quality of the treated surface.

Target setting. Grinding of end surfaces of parts with different diameters of faces, is car-
ried out on two-sided end-grinding machines. The specific gravity of grinding in the total
complexity of mechanical processing is constantly increasing and at the present stage it is
about 30 % in the machine tool industry, in the automotive industry more than 38 % of the
total complexity of processing [8].

Actual scientific researches and issues analysis. On the two-sided end-grinding ma-
chines of the Saturn company (Germany) [1] the processing of round ends of parts is done
with a circular feed to the processing area. Abrasive wheels are used without calibrating plots,
which requires a lot of processing to obtain the required precision, which reduces the produc-
tivity of grinding. it is known the method of simultaneous grinding of two ends of cylindrical
parts [2]. The disadvantage of the method is that the processing of parts with different face
diameters is not considered.

Significant influence on the formation of the relief of the working surface of the grinding
wheel provide cutting modes, geometric parameters, physical and mechanical properties of
the tool and the material being processed. It is known that when working on a grinding wheel
in the mode of predominant blunting on the tops of grains there are areas of wear, and when

circles work in the self-tuning mode such areas are almost not observed [9, etc.].
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Uninvestigated parts of general metters defining. It is necessary to improve the processing
efficiency of parts by developing the methods of two-sided polishing of the ends of pushers with
different diameters oriented grinding wheels with and without calibrating sections, and also the
rotation or without rotation of the workpiece on the calibration section, at least one revolution.

The research objective. Improving the accuracy of finishing the end surfaces of parts of va-
rious diameters with grinding wheels, is achieved by the fact that the shaping of the ends of the
smaller diameter is performed by the maximum diameter of the flat end of one circle, and the sha-
ping of the end face of a larger diameter - the calibration section of the second circle, the length of
which is equal to the diameter of the larger end and filled with diamond pencil, which moves along
a radius, which coincides with the radius of the location of the axes of the parts in the feed drum.
This method simplifies the grinding of the grinding wheel. It does not require special editing, al-
lows you to use regular editing. It would also be advisable to develop a model of processing per-
formance of each end of the component, total productivity, techniques of theoretical and experi-
mental studies of processing at each end of the productivity of the grinding, power and cutting
forces, which will increase the efficiency of the evaluation for new ways of grinding ends.

The statement of basic materials. Firstly, the size of the admission, which is removed
when grinding, is determined. If the propensity is small, then it is advisable to handle the
oriented grinding wheels without calibration areas [3], and without rotation of the part around
its own axis. If more precision is required, it is used a rotating part method. In the case of the
processing of parts with the removal of large allowances, the possibility of processing with
oriented grinding wheels without calibrated areas with one-sided arrangement of ends of one
diameter [4] 1s checked. This processing option is chosen if the error on the ends of the larger
diameter is no more than permissible. In order to ensure the processing of parts in one pass
and the necessary precision of processing, in large-scale and mass production, a grinding
method [5-9] oriented circles with calibrated sections with one-sided arrangement of ends of
one diameter is used. The calibration sections are then made of different lengths, depending
on the diameter, respectively larger and smaller. The calculation of the accuracy of the
shaping of parts is carried out according to the program of a universal model of precision
shaping of parts with ends of different diameters.

When the billets 3 are fed into the machining area along the guide with the required
clearance A9, the workpiece 3 is shifted axially by a magnitude Ao, which increases the
removable allowance on one end and reduces it to the second, which results in various
productivity, cutting forces and wear of the wheels.

The torque M, which rotates the workpiece 3 (Fig. 1) during processing, is determined by
the formula [10]

M =2(R

max

- Rmin) ’ ])z ’ (1)
where P, — the value of the tangential force of cutting on the maximum R, and minimum
R ;. touch radius of the grinding wheel 1 and the parts 3 with a diameter d.

The analysis of formula (1) shows that when the part enters the processing area and touch-

es the diameter of the circle, which is equal toR, — L_ (pic 1), L _= d part in this case R . =

0, and a circle, due to cutting forces P, begins to rotate the part clockwise with a speed ap-
proaching the speed of the grinding wheel, with a decrease in the coefficient of slipping the
part, there is a transient process in which there is no time to withdraw the allowance and the
intense wear of the circle begins. In the process of moving the workpiece 3 feeder drum 1, the
speed of rotation of the workpiece gradually decreases and when the contact includes the en-
tire face and the radius touching details the transition process is over, there is a torque (1) that
rotates clockwise (Fig. 1). When the part is exited from the roughing zone on the calibration

section of the cutting force P, are decreasing, as the contact occurs along the line, and with a

z
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small depth of grinding, and at the exit of the end of the part for the outer diameter of the cir-

cle R, R_. gradually decreases to 0, the direction of rotation is changing and the part begins

to rotate anticlockwise, there is a transient process due to the overclocking of the part by the
maximum diameter of the circle R, =R, at the end of the calibration area with low intensity

(1). The experimental study of the process of rotation of the workpiece by cutting forces for
double-faceted grinding has been first performed by the author [5], where the speed of the pis-
ton pin was measured by a digital laser contactless tachometer HS2234.

The torque M, which rotates pusher 3 (Fig. 1) during processing, is determined by the formula.

M = (RmaxD - RminD) ’ ])zD - (PnD_Pnd) ’ f ’ Rt + (Rmaxd - Rmind) ’ ])zd > (2)
where P _, — the value of the tangential force of cutting at the maximumR_, , and minimum

R touch radius of the grinding wheel 2 and the part 3 'in diameter D; Pup, Pna — normal
components of the cutting force on the larger and smaller ends; f — coefficient of friction on

the end of the drum hub; R, — radius of friction of the pusher on the hub of the drum; P_, —

Z

min D

the value of the tangential cutting force at the maximum R, , and minimum R ; , touch radi-

us of the grinding wheel 1 and the part 3 with diameter d.
The analysis of formula (2) shows that the larger diameter D first enters the processing ar-

ea and touches the diameter of the circle 1, which is equalto R, —L,, L, =D and circle 1, due

to cutting forces P _, , begins to rotate the part anticlockwise at a speed that is approaching the

speed of the grinding wheel, a transient process appeares. When moving the feed drum by a
value equal to D / 2-d / 2, processing of the end face of a smaller diameter, on which the

torque and the normal component appear Pna (3) . In the process of moving the part by the
drum, when the contact is the end of the part D, the radiuses R, , R, touching parts, the
transition process is over (Fig. 1), and there is a torque M (3), and at the output of the larger
end of the diameter of the part for the outer diameter of the circle R =R _, , R, gradually

decreases to 0, the direction of rotation changes, there is a transient process due to the over-
clocking of the part with a larger diameter of the circle R, .

Since Py < 3 P, the coefficient of friction f < 0.15-0.2, R <D/2, the torque calculated

by the formula (3) for the maximum values ofP,, /', R, is greater than the friction moment,

therefore the part will always be rotated.

The developed 3D model first determines the overall performance Qs of the processing of
two round ends, for example: pushers, roller bearings and other parts, depending on the pro-
cessing coordinate Ob along the entire length of the contact line L. It is equal

0,=0+0,. 3)
where 0, and O, — the processing performance of the left and right ends of the parts.
The left-hand side, in the coordinate system of the part (Fig. 1.2) has a coordinate —
H H
Za= 5 and the right Zq = bR where H is the length of the part.

The number of parts m, which are simultaneously machined on the machine, is determined
by the formula

L
m= 7 +6,, 4)
where L = Rb 6b2 - the length of the contact arc on the radius Rb of the feed drum 1, parts 3
with circles 1,2 at the angle 6b2; 6bl, 6b2 — the angles of the position of the part at the begin-
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ning of the processing and the points n; d - outer diameter of the part 3; Bp - the distance between
the parts on the radius of the feed drum Rb. Formation of the end face of a smaller diameter is
performed by the maximum diameter of the flat end of one circle, and the shaping of the face of
the larger diameter - the calibration section of the second circle, the length of which is equal to the
diameter of the larger end and filled with a diamond pencil which axis moves along the radius,
that coincides with the radius of the location of the axes of the parts in the feed drum.

In fig. 1 positions are as follows: 1 - the product feed drum, 2 - the prism, 3 - the work-
piece, 4, 5 - grinding wheels, 6, 7 - grinding wheels, 8 - a device for fixing the ends of grind-
ing wheels, 9 - a spherical hinge relative to which there is a turn of circles, 10 - a calibration
section of a grinding wheel that handles the ends of larger diameters.

The scheme of the process of bilateral sanding of the ends of the pusher gas distributing
mechanisms of internal combustion engines is shown in Fig. 1, where the workpieces 3 are
installed in the prisms 2 of the product feed drum 1, are treated with grinding wheels 4, 5,
which are rotated to the optimal angles with the grinding wheels 6, 7. The rotation of the
grinding wheels 4, 5 at the angles y and ¢ takes place relative to the spherical hinges 9.

The grinding tubes, together with the circles, orient at the angles y in the vertical plane and at
the angles ¢ - in the horizontal. In the process of grinding, the parts are moved to a narrowing area.

) 81w 5 3

6

Fig. 1. The scheme of processing the ends of pushers, which rotate
and do not rotate during processing

Also, experimental research was carried out on the powers and forces of the pusher cutting
according to the coordinate of processing 6b with different end faces diameters. Grinding is
carried out in a new developed way (Fig. 2).

Fig. 3 shows a graph of the power and cutting forces for the coordinate of the processing
Ob on the two ends of one pusher. The power is shown by curves 1 and 2, and the forces of
cutting are curves 5 and 6.
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Fig. 2. Active power and cutting forces by coordinate of processing 0b
on two ends of one pusher

Fig. 2 shows a graph of the power and cutting forces of the coordinate of processing 6b
on the two ends of one pusher. The power is shown in curves 1 and 2, and the cutting forces
are curves 3 and 4. When processing the end of the part, the power is gradually increases until
the part completely goes into the roughing area, and then the power value has a practically
stable value, since the same tolerance is removed uniformly along the arc of processing, then
there is a decline in power, as the part goes into processing by calibrating sections, and at the
end the output of the part from the calibration section.
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Fig. 3. Total active power, on two ends with continuous supply
of pushers to the processing area

In Fig. 3 we show the total power at the coordinate of the processing 0b, the capacity of 1,2
on the two ends, with the continuous supply of pushers 3 to the processing area. The maximum
value of total power will be at the point where the calibration area begins, then it begins to de-
crease by magnitude, the pusher is treated with a calibrating area. When the pusher is released
from the calibration area, the following rough pusher is fed into the processing zone.
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As it can be seen from the figure, the first pusher enters the big end, this leads to an increase
in power, the smaller diameter begins processing with a delay on the difference in radiuses.

Conclusion. The universal method of practical application of model of accuracy of shap-
ing of ends of parts of different diameters, oriented grinding circles with and without calibra-
tion plots has been suggested. The presented method simplifies the grinding of the grinding
wheel. It does not require special editing and allows to use regular editing.

The model, which allows to determine the torque from the cutting forces when grinding
cylindrical round parts of different diameter of the ends, has been developed. The model de-
scribes the mechanism of occurrence of the transition process at the input of the part in the
processing area, stabilization of the process and the output of the part from the processing ar-
ea. With the help of this model it is possible to perform the analysis of the accuracy of the
shaping of the part when leaving the processing area.

The 3D model of total productivity has been developed and the general method of theoret-
ical and experimental research of specific coordinate processing on each end, and general:
grinding productivity, power and cutting forces, which will allow to create new highly effec-
tive methods of grinding.
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Onexcanop Jlumeun, /[Imumpo Kanvuenxo

JOCJIIZKEHHSA MPOLHECY IBOCTOPOHHbLOTI'O IIJII®YBAHHA
TOPIIB PI3HOI'O JIAMETPA

Axmyanvnicme memu oocnioxycenna. Y eepcmamo06yoysanti, agmomooine6y0ysanti, ciibCbk020Cno0apCbKoMy Mauii-
HO0YOy8anHi, GUPOOHUYMEAX, 0e HeoOXiOHe 3a0e3neUeH sl BUCOKOT MOYHOCTE NO8EPXOHb demainell 3 PisHUMU JlamMempamu
mMopyis, NOMPIOGHO OOMPUMYBATNUCS BUCOKUX BUMO2 00 AKOCMI, WO BUCYBAIOMbCS 00 2COMEMPUUHUX POIMIDIB, UWOPCIKOCHI
ma mouHOCHE hopMOYMEOPEHHSL.

Ilocmanogxa npoonemu. Linighysanns mopyesux nogepxonv oemaneii 3 pisHuMu oiamempamu mopyis, 30iUCHIOIOMbCS
Ha 080CMOPOHHIX mopyewnighyysanvrux eepcmamax. Ilumoma éaza winihysanus 6 3a2anbHitl MpyOOMICIKOCME MeXAHIYHOT
06pO6KU NOCMIUHO 3pOCMAE | HA CYHACHOMY emani CMmaHo8ums 6 gepcmamody0ignoi npomucrosocmi oausvko 30 %, 6 as-
momobinwHill npomuciosocmi nonao 38 % zazanvroi mpyoomicmxocmi 0OpoOKu.

Ananiz ocmannix docnioscens i nyonixayii. Ha osocmoponnix mopyewnigpysanvhux eepcmamax ipmu Saturn (Himewuu-
Ha) BUKOHYEMBCS 0OPOOKA Kpyenux mopyie demainell i3 Kpy2ogorw nooaueio 8 301y 00pobku. Bukopucmosyiomvca abpasuehi kpyeu
be3 kaniopyouux OUIIHOK, Wo sumazae 6azamonpoxiony 00pooKy 0k OMPUMAHHSL HeOOXIOHOT MOYHOCHI, WO 3HUICYE NPOOYKMUG-
Hicmo uwtighysanns. Hedonikom cnocoby € me, wjo He pos3ensadaemvcs 0opodka demaneil i3 pisHuMU diamempamuy mopyie.

Buoinenns nedocniosycenux uacmun 3a2anvioi npoonemu. [lompiono 30iticnumu niosuwenns egpexmugnocmi oopoo-
Ku Oemaretl, 3a808KU 800CKOHATIEHHIO CNOCO0I8 080CMOPOHHLO20 WIQYBAHH MOPYIE WmMoexavie i3 pisHuMu oiamempamu
opieHmosanumMu npoQpinbosanuMu WiQhy8aTbHUMU KpYyeamy 3 KAniopyouumu OLISHKamu ma 0e3 HUX, a makoic obepmanHs
4y He 0b6epmarus 00POOTOBANLHOT demai Ha KAniOpyoUill OLAHYI, He MeHue 00H020 0Depm).

Ilocmanoexa 3ae0anna. ITiosuwenns mouynocmi 0OpoOKU KiHYesUX NOBEPXOHL demainell pizHozo diamempa 3i winig)ysans-
HUMU KPyeamil 00CA2AEMbCsi MUM, o OPMYBAHHs KIHYIE MeHu020 diamempa 30ICHIOEMbCA 3d O0NOMO20I0 MAKCUMATLHOZO
diamempa ni0CKo20 KiHys 00HO20 KOd, a (hopMYBaHHsS MOpYesa nogepxHsa OLIviuo2o diamempa — KariopyeanbHa cexkyis opyeo-
20 KONA, Q08JICUHA AKOT QopisHIOE diamempy OLIbUO20 KiHYsL Ul HANOBHEHA AIMA3HUM OTi8YeM, AKULL PYXAEMbCs 8300894C pAdiy-
ca, sAKull 36ieaemobcs 3 paoiycom po3mMauly8ants 0Ci Yacmum y n00asanbHOMYy OapabaHi.

Buknao ocnoenozo mamepiany. /[{ns 3a6e3neuents 06podbku demaneii 3a 00UH nPoxio ma HeoOXioHoi mournocmi oopo6-
KU, npu 8enUKOCEPIlIHOMY Ma MACOBOMY BUPOOHUYME] BUKOPUCMOBYEMbCA CROCIO WNIQYBAHHS OPIEHMOBAHUMU KPY2aMU 3
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Kaniopyoyumu OiAHKAMU 3 0OHOCIOPOHHIM PO3MAWLYB8AHHAM MOpYie 00noco diamempa. Kanibpyroui dinanku npu ybomy
pobramuvcs pizHoi 008IICUHY, 3aNeHCHO 6i0 diamempa, 8I0NOBIOHO DINbLUIO20 MA MEHUIO2O.

Bucnogxu 6ionosiono oo cmammi. 3anpononosana ynieepcanbHa MemoouKa npaKmuyHo20 UKOPUCIAHHS MOOeNT Mo-
yHocmi popmoymeopens mopyie oemaneli pizHUX Odiamempis, OPIEHMOBAHUMU WNIPYBATLHUMU KpY2aMU 3 KAIOpyrouumuy
oinankamu ma 6e3 nux. Ilpeocmagnenuii cnocibé cnpowye npagky winigpysanvioco kpyea. He nompebye cneyianvnoi npasku,
00360JI51€ BUKOPUCHOBYBAMU WMAMHY NPABKY.

Knrouoei cnosa: wnighysanns; kinyi pisnux oiamempis; wimoexaui, opicHmosawi wiighysanvti Kpyau, KaniopyeanvHi cexyii.

Puc.: 3. Bion.: 10.

VIIK 621.923
Anexcanop Jlumeun, Imumpuii Karvuenko

NCCIEAOBAHUE IMPOUHECCA IBYXCTOPOHHEI'O LIJIN®OBAHUS
TOPIIOB TOJIKATEJIEHU PAZHOI'O IUAMETPA

Axkmyansnocms memul uccnedosanus. B cmanxocmpoenuu, asmomoburecmpoenuu, cetbCkoxo3aiucmeenHom MauuHo-
cmpoeHul, npou3Bo0Ccmaax, 20e HeobxooumMo obecneuenue bICOKOU MOYHOCHU NOGEPXHOCMell demainetl C Pa3nuYHbIMU OUa-
Mempamu mopyoes, HyJHCHO NPUOEPACUBAMBCS BbICOKUX MPeDdOBANULl K Ka4ecmey, npedbasiaeMblx K 2eoMempuyeckux pas-
Mepos, wepoxoeamocmu u mouHOCmu popmooopazo8anusl.

Ilocmanogxa npobnemst. Lllnugosxa mopyesvix nogepxrnocmeii demaneli ¢ pasiuyHbIMU OUAMempamu mopyos, ocy-
Wecmenalomes Ha 08YCMOPOHHUX MOPYeUIUPOBATLHBIX CIMAHKAX. YOoenvHuill gec winugosanus 6 obujell mpyooemKocmu
Mexanuieckol oopabomku nOCMosSHHO pacmem U HA COBPEMEHHOM Smane cocmasiiaen 8 CIMaHKOCMpOUmenbHol HPOMbLL-
nennocmu oxono 30 %, 6 asmomobunvhol npomviunennocmu bonee 38 % obweti mpyooemxocmu oopabomxu.

Ananuz nocneonux uccnedoganuii u nyonuxayui. Ha osycmoponnux mopyewnugoganonvix cmanxkax gupmul Saturn
(I'epmanus) evinonnsaemcsa obpabomra Kpyeiwix mopyog demaieii ¢ Kpy2o68oul nooaueti 8 301y obpabomxu. Hcnonvzyiomes
abpasugHule kpyau 0e3 Karubpyouwux y4acmkos, mpedyem MHO20NPOXo0OHYI0 00pabomKy O Nony4eHus HeoOXo0UMOU Mmou-
HOCMU, YMO CHUdICAem nPou38o0umenbHocms winugosanus. Hedocmamxom cnocoba asiaemes mo, umo He paccmampuea-
emcs obpabomka demanetl ¢ pazHeIMu OUAMEMPamu Mopyos.

Buidenenue neuccnedosannsix uacmeii ooujeit npoonemvl. Heodxooumo nposecmu nogviuienue s¢gpghexmugrnocmu 0o-
pabomku demaneil, O1a200apsi COBEPULEHCNBOBAHUIO CNOCOO08 08YCMOPOHHE20 WAUGOBKU MOPYO8 MOIKamenell ¢ pasiu-
HbILMU Ouamempamy OPUeHMUPOBaAHHbIMU NPOPUAUPOBAHHBIMU ULTUDOBATLHLIMU KPY2aMU C KATUOPOBKOI yyacmkamu u 6e3
HUX, a makaice 8pawjeHus 1u spawjenus oopabamuigaiowell 0emanu Ha KaiubposKoll yuacmxe, e MeHee 00H020 060poma.

Ilocmanosxa 3a0auu. [losviuenue moynocmu 06paboOMKU KOHEUHbIX HOBEPXHOCHEN demanell pazHO20 duamempa ¢ waugo-
BANLHLIMU KPY2amil 00CHU2Aemcs: mem, 4mo hopmuposanie KOHYos MeHbule20 OUamMempa OCyWecmeiaemcs ¢ ROMOUbIO MAKCU-
ManbHo20 duamempa niocKo20 KOHYa 00H020 Kpyed, a (popMuposaHie mopyesas nosepxHoCHb 601buie20 ouamempa — Kanuopo-
60YHAsL CeKYUsi BMOPO2O Kpyaa, ONUHA KOMOPOU pasHa ouamempy OONbUEe20 KOHYA U HANOTHEHA AIMA3HbIM Kapauoauiom,
KOmopwlil 08UdICemcst 800b paouycd, KOmopblil COBNAdaem ¢ paouycom pacnonodicenis ocu yacmeli 8 nooaroujem bapabate.

H3noscenue ocnognozo mamepuana. /[ns obecneuenus o6pabomku oemaneii 3a 00UH NPoxoo u mpebyemoi mouyHocmu
06pabomku, npu KPYRHOCEPUTIHOM U MACCOBOM NPOUIBOOCHIBE UCNONLIYEMCA CROCOO WINUPOBKU OPUCHMUPOBAHHBIMU KP)-
2amu ¢ KanubposKou y4acmkamu ¢ 0OHOCTOPOHHUM PACHONIOdICEHUEM MOpYo8 00Ho20 duamempa. Kanubpoekoii yuacmka
npu 2MoM 0eraromcs pasiuyHol ONTUHbl, 8 3a8UCUMOCIU OM Juamempa, COOMEEeMCmMEeHHO DONbULE20 U MEeHbULEO.

Bui6oowt 6 coomeemcmeuu co cmampweii. [Ipeonosicennas yHu8epcanvHas Memoouxka npakmuieckoeo Ucnonb308aHUs.
Mooenu mouHOCmU Popmoobpazoeanus mopyos oemanei pasiuiHblx OUAMempos, OpUeHMUPOBAHHLIMU WIUDOBATLHBIMU
Kpyeamu ¢ Kanubposxkou yyacmkamu u oe3 nux. IIpedcmasnennviii cnocod ynpowjaem npagky uwitugosansvrozo kpyea. He
mpebyem cneyuanbHol nPasKu, NO380sem UCONb306aMb UWMANHYIO NPAGKY.

Knrouegvie cnoga: winugosxa; Komye pasiuyHbIx Ouamempos; MmoaKamenu, OpuUeHmuposanvl wiiugosansvivie Kpyau,
KAaubposoUHble CeKyull.

Puc.: 3. bubn.: 10.
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