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It has been scientifically proven that aluminum, more than other materials, meets the requirements of
production, storage and processing of various foods. Therefore, the prospects for its use in the agro-industrial
complex are quite high. At the same time, the process of developing such materials should be improved and
promoted.

Aluminum alloys are widely used in the aviation industry, in mechanical engineering and in
agricultural production, due to their properties and light metal consumption. Alloys are resistant to water,
they are not afraid of corrosion, sunlight, easily disinfected.

All these properties are best suited for the use of aluminum in the storage of both cereals and livestock
products. Moisture, dangerous molds, rodents and various insects are released and absorbed in storage.
Aluminum has a high thermal conductivity and reflectivity, which reduce the risk of moisture condensation,
which normalizes storage. The smoothness of this material suggests that the walls of aluminum structures
collect much less dust.

The proposed isothermal method of hot deformation of aluminum alloys in the processing of metals by
pressure, differs from traditional deformation, and the temperature of the heated workpiece and the deforming
tool is kept constant, close to the upper limit of forging temperatures, throughout the process.

The deformation of the metal under isometric conditions and approximate deformations is
characterized by an increase in ductility compared with ductility when machined in a cold tool. This is due to
the lower rate of deformation, the lower limit of which is limited only by the productivity of the process. As a
result, the "filling time" of defects that occur during metal deformation increases, the temperature stress in the
workpiece volume decreases, the deformation becomes more uniform.

Key words: isothermal deformation, hot deformation, rolling of billets, aluminum alloys.

Fig. 2. Ref. 7.

1. Introduction

During deformation under conditions of isometric deformation, the forces are reduced and,
accordingly, the amount of heat released as a result of deformation is reduced, which, due to the homogeneity
of deformation, is distributed in the volume of the workpiece. This is especially important in the deformation
of metals and alloys, the structure of which strongly depends on temperature changes. Uniform deformation
of the workpiece in the absence of areas of difficult deformation provides good and comprehensive processing
of the structure, high strength and plastic characteristics of the metal and reduces the scatter of properties in
the workpiece volume. process at a temperature close to the upper limit of the temperature range for this alloy.
For example, reducing the deformation temperature by 50-200 ° C for titanium alloys facilitates the
deformation in the (o + £ ) region and provides high quality parts, reduces the depth of the alpha layer.

2. Problem formulation
Review the technology of low-waste technological processes of rolling billets in isothermal
deformation for implementation in mechanical engineering. Application of rolling of blanks in the conditions
of isothermal deformation to make the most of its advantages. To make the review of the carried-out researches
on temperature, speed of deformation, degree of deformation on technological parameters of rolling of
preparations in the conditions of isothermal deformation.

68


http://www.pdfxviewer.com/
http://www.pdfxviewer.com/

TexHika, eHepre

y Ne3(114) /2021
S % TpaHcnopT Al YS
E - Vol. 114, No 3 / 2021 ‘

3. A purpose of work
The purpose of this work is included in the development and implementation of low-waste
technological processes of rolling billets of aluminum alloys under isothermal deformation, which provide: the
use of force prevention and dimensions; increase labor productivity; use of labor intensity and consumption of
aluminum alloys; improving the quality of stamped parts, the use of independent means of production of
stamped parts and profiles.

4. Results of research
Creation of conditions of isothermal deformation allows to carry out stamping in the optimum
thermomechanical mode, to use the phenomenon over plasticity and gives the chance to make stamped forgings
of a difficult configuration (flanges, arms, levers, swings, etc.), with the minimum allowances for machining,
the minimum, Fig.1.

Fig. 1. Samples made by isothermal stamping

The accuracy of the parts obtained in the conditions of isometric deformation is significantly increased
due to:

- reduction of elastic deformations of the equipment system - tool, as the resistance to deformation of
the metal and processing effort decreases; , greater stability of the geometric dimensions of machined parts;

- reduction of residual stress in the volume of stamped steel, which reduces its leash during cooling
and heat treatment, improves quality;

- reducing the thickness of the defective layer and improving surface quality parts (semi-finished
product) as a result of less action of heated metal with the environment by reducing the deformation
temperature and the use of effective protective and lubricating coatings.

- reduction of residual stress in the volume of stamped steel,

In [1] the analysis of results of studying over plasticity of metals and alloys is resulted, the basic
features of processing of metal are allocated and the pressure in the state above the plasticity.It is noted that
some of them provide significant advantages, which include:

- extremely high deformation capacity of materials in the state above plasticity (1 - 2 orders of
magnitude more than in the normal plastic state);

- low resistance to deformation (5 - 10 times less than the same materials in the plastic state); isotropic
mechanical properties throughout the volume;

- high relaxation capacity of materials in the state of over-plasticity, and, as a consequence, the
absence of internal residual stress after deformation.

technologies for processing metals by pressure include:

- reducing the rate of deformation (2 - 4 orders of magnitude less than the speed of conventional
processes of processing metals by pressure), limiting the productivity of the process; which requires the use of
high heat resistance materials for the tool and the complexity of the tool design, associated with the need for
heating and thermal insulation.
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In [2, 3] described materials n on the choice of parts to be manufactured by the method of isothermal
stamping, development and implementation of the technological process, features of isothermal stamping of
parts made of aluminum and magnesium alloys, equipment and facilities, recommended lubrication. The paper
emphasizes that isothermal stamping of aluminum alloys can be used in combination with the processes of
conventional forging and stamping. However, the temperature regimes of isothermal deformation must comply
with the recommendations, and the allowable degree of isothermal deformation of billets of extruded and rolled
bars of aluminum alloys in one pass at temperatures corresponding to the recommended temperature
deformation intervals and deformation rates up to 5 mm/s are not limited. There are no recommendations on
the use of preparatory and billet streams (CCD) and rolling of billets in the conditions of isothermal
deformation and close to it. Stamping of details is provided in one transition.

The literature covers the hot deformation (stamping) of aluminum alloy blanks using the effect on
ductility [4-7].

Technological recommendations [2] are intended for use in isothermal stamping of precision blade
blanks of titanium alloys in closed dies. The main features of isothermal stamping in closed dies, technological
process of stamping, applied protective - lubricating coverings are described in the work. To prepare precision
blanks for stamping, the process involves a scheme of transverse settling of cylinder blanks in a closed die,
which is characterized by the end of the metal along the spherical part of the cavity with a simultaneous set of
metal in the locking part. Rolling of blanks in isothermal conditions is not used.

In [4], the authors in experiments to determine the plasticity of deformable aluminum alloys B96ts,
thermally strengthened, B93, Ak6, 01420, Ak4-1 determined that despite the significant differences in
chemical composition, the studied alloys have a similar structure and they equally reveal the mechanism of
plastic deformation. In addition, the authors note that the use of the effect on ductility in processing has a
positive effect on the complex of mechanical properties of aluminum alloys: increases their ductility,
homogeneity of properties by volume, decreases the anisotropy of mechanical properties.

Work [7] when conducting experiments to determine the effect on the plastic deformation of titanium
alloys W3-1, W9, W6. In addition, the authors note that a significant positive feature of isothermal stamping
of titanium alloys is the reduction of the alpha layer due to reduced heat and increase the degree of deformation
of the surface layer. The depth of the alpha layer is approximately 5 times less than with conventional stamping
and is 50 - 100 pm.

Analyzing the application of plasticity in the processing of metals by pressure, it should be noted that
this process is used to obtain parts of complex configuration few plastic and difficult to deform alloys. Due to
the fact that such materials have a high cost, and their processing - a great complexity of numerous operations,
it becomes obvious the prospects of pressure treatment of these materials in a state above plasticity.

Application of rolling of blanks in the conditions of isothermal deformation. stripping, heating, which
significantly prolongs the production cycle of forgings and increases the complexity of their manufacture. The
metal utilization factor is in the range of 0.15 to 0.3. The parts used in the products of the industry are
structurally complex (the presence of thin high ribs; small radii; small stamping slopes and allowances for
machining; thin canvases with closed sections and a deep cavity).

This determines the manufacturability in the process of stamping and the appearance of defects.
Stamping of these forgings from not prepared preparations in advance strengthens technological process of
reception of high-quality stamped forgings. A literature review to identify recommendations for the use of
rolling billets of aluminum alloys in isothermal conditions, as one of the preparatory operations of CCD in the
manufacture of stamped forgings showed that the recommendations for the use and design of CCD using
rolling blanks in isothermal and other forms. alloys are absent.

The guide is devoted to the design and manufacture of forgings used in the aviation industry and meet
modern production requirements, but information on the use of rolling workpieces in isothermal deformation
and close to it in the PZR for the manufacture of stamped forgings from aluminum alloys is missing.

The work [2] is devoted to the rolling of aluminum alloys, but there are no recommendations for their
rolling in the conditions of isothermal and approximate deformation.

Data on the materials obtained [3], products, tools, methods of forging after stamping. Tables and
graphs characterizing the chemical compositions and mechanical properties of aluminum alloys, as well as the
mechanical properties of the obtained products are given. There is no description of the application of rolling
of aluminum alloy blanks in isothermal conditions and close to them. on hammers and presses in production
conditions. The description of application of rolling of preparations from aluminum alloys in isothermal
conditions and close to them is absent.
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Due to the fact that the existing technological processes of manufacturing stamped forgings with an
elongated axis of aluminum alloys [4] from unprepared for stamping blanks enhance the technological
processes of obtaining high-quality stamping and are characterized by high complexity, low productivity, high
metal consumption, it is necessary to develop technological recommendations and typical technological
processes for the manufacture of stamped forgings using the operation of rolling workpieces in the conditions
of isothermal and close to it deformation.

The literature review provided an opportunity to get acquainted with the work on the study and
implementation of the isothermal method of rolling metals and alloys. Methods of heating the electrical contact
of the rolls, the induction method of heating the rolls and various structures and devices for implementing the
method of isothermal rolling are proposed. For example, a device that allows precise temperature control in
the deformation center and the rolling of thin-walled profiles of complex shape from materials that are difficult
to deform.

Hot rolling of beryllium and tungsten with heated rolls was studied at the Battelov Institute (USA).
Tests have shown that materials such as tungsten and beryllium, which are difficult to roll, the blanks of which
are preheated to a temperature of 760 © C, can be rolled with a compression of 43% in one pass when using
lubricating glass (phosphate glass) and heating the rolls to 540 ° WITH. The paper describes the use of
isothermal rolling in the United States. Molybdenum rollers (Fig. 2), forming the product, also serve as
electrodes for heating the workpiece.Electric current, passing from one roll to another through the workpiece,
heats the last and certain part of the rolls, creating a mobile hot zone. Rolling takes place under the combined
action of compression force F and feed force F- F. The degree of deformation in one pass reaches 95%.

The possibility of rolling billets of compressor blades made of steels and titanium alloys in isothermal
conditions, which were created by passing an electric current through the rolls and the workpiece during

rolling, was investigated.
@
a
Fig. 2. Schematic diagram of thermal rolling: a — Iongltudinal rolling, b — cross rolling,

u@

Studies of the temperature regime of the process according to the scheme of rolls-rolls allowed to
develop a technological process of isothermal rolling of billets from alloy VT3 - 1 and steel EI787VD. The
peculiarity of isothermal rolling of the blades is that it is carried out at a relatively low resistance to
deformation. The resistance to deformation of the alloy VTZ-1 during isothermal rolling of the blades is
described above. The research was carried out under conditions of isothermal deformation processes by the
method of settling of cylinder samples with diameter and height of 15 mm without oil with different speeds
and degrees of deformation on a universal testing machine UIM - 10TM with a force of 100 kN, equipped with
high temperature muffle furnace with automatic temperature control. The test machine is equipped with an
electronic force measuring device to record the force-deformation curve.

In this work, the authors used a rolling tool, which performed not only the functions of forming
equipment, but also was used as an electrode for current supply.

Experimental studies have shown that on the curves of strain o = f (¢)hardening corresponding to low

strain rates (¢=0,0015-0,15¢c"), there are no strengthening branches, which indicates the predominance of
dynamic softening over hardening in the specified speed range.
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The authors recommend a formula for calculating the deformation force in the entire range of changes
in the experiments of thermomechanical parameters (except T = 750 °C, at ¢ =0,15¢* ).

The authors conducted experimental studies of rolled titanium alloys with simultaneous heating of the
electrical contact. In the course of experimental studies, the metal pressure on the rolls was measured with the
help of magnetoelastic mesodes, the roll speed with the help of a cam device, the current and heating voltage,
the temperature at different points of the roll and the workpiece with chromel - alumel thermocouples. Billets
with a cross section of 3 x 5 mm, 200 mm long from VT3-1 alloy were rolled according to the roll-roll system,
and @18 mm billets, 1200 mm long from VT9 alloy and blanks with a cross section of 6 x 20, 400 mm long
from OT4 alloy were rolled according to the contact-contact system. The obtained data on the results of
experimental studies on the system of roll-roll on the distribution of the temperature field in the body of the
roll and the workpiece. Thus, when the workpiece is heated to a rolled temperature of 950 © C, the temperature
in the roll of the roll reaches significant values even at a depth of 15 mm. Analysis of the dependences of
temperature changes over time for the heating system electrocontact contact-contact shows that for small
values of the heating current density, the temperature of the heat balance is reached in a relatively long time.
As the cross-sectional area increases, the temperature of the heat balance increases at the same density of the
heating current. Different forms of blanks, with the same values of heat balance temperature, require different
values of heating current density.

In this work][5], the authors conducted experimental studies when heating the bandage to 350 © C. There is
no data on the behavior of these dependences when heating the bandage temperature above 350 °© C.Studies of
technological parameters of rolled products (expansion, advancement, etc.) have not been carried out.

One of the ways to combat the occurrence of defects, as the author notes, is to control the nature of the
metal during the deformation of the forging and determine the rational temperature and speed of the process.

To achieve this goal in the process of work the following tasks:

- to determine the nature of the metal in the stamp, in isothermal stamping in the manufacture of
aircraft parts with finned complex shape and in the presence of elements of asymmetry of the elementary
section;

- to determine the necessary conditions and parameters of a scientifically sound technological process
for the formation of a defect-free product with an asymmetric arrangement of ribs;

- to solve the problem of precise control of the process of isothermal stamping and automatic support
of the set modes. recommended, the ratio of geometric shapes of caliber and rolled workpiece is not taken into
account.

Data on the definition of the deformation [7] resistance are obtained by settling and stretching, and not
in the conditions of rolling, where the deformation cell has a completely different shape and of course different
deformation conditions. There is no data that would show the dependence of resistance on the heating
temperature of the tool.

Due to the fact that currently published little work on the study of the possibilities of rolling workpieces
in isothermal conditions or close to them, conducting research on the effect of temperature, strain rate, degree
of deformation on the technological parameters of rolling workpieces in conditions isothermal deformation, is
an urgent task, the solution of which will lead to improved ductility and reduced strain, improving the quality
of semi-finished products.

In [2] the researches of technological parameters of rolling of blanks from aluminum alloy AK6 with
the sizes of blanks #14 x 150 mm on the experimental installation for rolling of blanks in the conditions of
isothermal and close to it deformation are described. The dependences of expansion, advance, metal pressure
on the rolls on the degree of deformation, heating temperatures of rolling dies and workpieces during rolling
in smooth rolls are determined. However, this is not enough to develop technological recommendations for the
implementation of the technological process and terms of reference for the manufacture of industrial samples
of equipment for rolling workpieces under isothermal deformation and close to it.

Will allow to use its advantages as the deformation of the heated preparations will be carried out by
the tool heated to deformation temperatures (or close to it) that will allow to reduce deformation efforts due to
increase of plasticity of the processed metal which occurs because of fuller course of strengthening processes.
Uniform deformation of the workpiece, in the absence of areas of difficult deformation and local overheating,
provides good processing of the structure, and, as a consequence, reduces the scatter of properties in the volume
of the workpiece. Thus, for each alloy it is necessary to choose the thermomechanical parameters of
deformation providing reception of a qualitative product, both on a geometrical form, and on mechanical
properties and a macrostructure.
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5. Conclusions

Introduction of low-waste technological processes of rolling of blanks in the conditions of isothermal
deformation at the machine-building enterprises, is caused by considerable application in products of
aluminum alloys, the increased expense of metal (coefficient of use of metal 0,15 - 0,3), high complexity, a
long cycle of manufacturing of high-quality stamped details.(2-3 stamping with intermediate operations of
heating, cutting of rounding, poisoning, stripping) and tasks on improvement of metal-saving technologies.
deformation temperatures, which reduces the deformation force by increasing the ductility of the metal.

Uniform deformation of the workpiece, in the absence of areas of difficult deformation and local
overheating, provides good processing of the structure. Carrying out of researches on influence of temperature,
speed of deformation, degree of deformation on technological parameters of rolling of preparations in the
conditions of isothermal deformation will lead to improvement of plasticity and decrease in efforts of
deformation, increase of quality of semi-finished products, for the subsequent stamping.
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MNPOTIKAHHSA JE®@OPMALIA AJIIOMIHIEBUX CIIJIABIB B I3BOTEPMIYHUX YMOBAX

Haykoeo 0osederno, wo amominiv Oinvuie, Hidic iHwi Mamepianu, 8i0N06I0AE 8UMO2amM GUPOOHUYMEA,
30epicannss i nepepoOku pizHux xapuosux npooykmis. Tomy nepcnexmugu 1020 BUKOPUCMAHHA 6
ACPONPOMUCIOBOMY KOMNIEKCI 00CUMb 8UCOKI. Y motl dice uac npoyec po3pooku noodiouux mamepianie ciio
YOOCKOHAN08amu i npocysami.

Antominiesi cnaa8u WUPoOKa 3aCmoco8yromvbCs 8 Agiayiliill NPOMUCIOB0CHI, 8 MAWUHODYOYBAHHA MA
8 CIIbCbKO2OCNO0ApPCLKOMY BUPOOHUYMEI, 3A60AKU X 6IACMUBOCHAM MA NONESUEHI MemanioEMHOCHII.
Cnnasu cmitiki 00 6nUGI6 800U, IM He CMPAUHA KOPO3Is, COHAUHE C8IMI0, 1e2KO NI00AIOMbCsl Oe3iHpeKyil.

Bci yi enacmusocmi ax ne mooicha kpawje nioxo0same 071 GUKOPUCIAHHSL ANIOMIHIIO npu 30epieanti,
AK 3ePHOBUX KYIbMYp, mMax i npooyKyii meapuHHUybKo20 HOXOONCEHHS. Y cxosuwjax 6UOisEmbes i
NO2IUHAEMbCA 8011024, Hebe3neyHi yginegi epubku, cpusyHu i pisHi Komaxu. Anominitl 8on0die€ 8UCOKO0I0
menionposionicmvio i 8i0OUBHOI0 30aMHICINIO, KA NPU3B00AMb 00 3MeHUIeHHs Hebe3neKku KoHOeHcayii
60102U, WO HOPMANI3YE pedcum 30epicanns. I nadkicmv ybo2o mamepiany 00380J€ 2080pUmMuU NPo me, Wo Ha
CMIHAX ANIOMIHIEGUX KOHCMPYKYIL 30Upacmvcs HAbazamo MeHuie nuy.

3anpononosanuii izomepminnuil Memoo capsuoi deghopmayii antoMiHiesux cnaasi 6 06podyi memaiuie
MUCKOM, 610 MPAOUYITIHUX GIOPIZHAEMbC MUM, WO (BOPMO3IMIHEHHS HA2PIMOIL 3a20MO6KU 30IUCHIOIOMb 6
iHCmpymenmi  nazpimomy 00 memnepamypu oOegopmayii, a memnepamypa Hazpimoi 3a2omoexu i
0ehopmyIou020 THCMPYMEHMY GUMPUMYEMbCS NOCMIUHO0, OIUZLKOI0 00 6EPXHbOI MeJICI KYB8ATbHUX
memnepamyp, npoma2oM 6Cb020 NPoYyecy.

Lepopmayis memany 6 ymogax izomempuyro2o i HAOIUICEHUX 00 HbO2O depopmayii XapaKxmepuzyemucs
30IMbUEHHAM NAACTIUYHOCE 8 NOPIGHAHHI 3 NAACUYHICMIO Npu 00poOYi 6 XOonoOHomy iHcmpymenmi. Lle
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NOSICHIOEMbCS. HUNCHOIO WBUOKICTIO OeqhopMayil, HUMNCHS Medca KoL obmedicena minbKu NnpoOYKMUGHICIIO
npoyecy. B pezynbmami 36in6utyemopcsi 4ac «3an08HeH s 0eqheKmisy, wo SUHUKAIOMb npu 0eqhopmayii memainy,
3MEHULYEMbCSL MEeMNePAmypHa Hanpyaa 6 06'emi 3a20mosKu, degopmayis cmae Ol PiGHOMIPHOIO.

Krouoei cnosa: izomepmiuna deghopmayis, eapsua deghopmayis, 8ambyrO8aAHHs 3420MOB0K, AIFOMIHIES] CIIAGU.
Puc. 2. /Tim. 7.

MNPOTEKAHUSA JEQ@OPMALIUA ATIOMUHUEBBIX CIIVTIABOB B U3OTEPMUYECKHUX
YCJIOBUAX

Hayuno dokazano, umo amomunuii 6oiee, yem opyeue Mamepuanisl, cOOmMeemcmeayem mpedoeanus
NpoU3BO0CMEA, XpamneHuss U nepepabomKu pasHuiX nuujesvlx npodykmos. Ilosmomy nepcnekmugvl e2o
UCNONb306AHUE 6 ACPDONPOMBIULIEHHOM KOMNIeKce O0CMamouHo 6vicoxkue. B mooce 8pems npoyecc
Ppaspadbomxu noO0OHbIX MAMeEPUAN08 Cledyem CO8epULeHCMB08AMb U NPOOBULAMNb.

Antomunuesuie cniasbl WUPOKO NPUMEHSAIOMCS 8 ABUAYUOHHOU NPOMBIULTIEHHOCIU, 8 MAUUHOCIPOEHUE U
6 CeNbCKOXO3ANUCMEEHHOM NPoU38o0cmese, 01a200aps ux ceolucmeam u obnecuennou memanioemxocmu. Cniagel
VCMOUYUBHL K GIUAHUIO 800bl, UM HE CPAULHA KOPPO3USL, COTHEUHbIU C8eM, 1e2KO NOOOArMCcs 0e3UHMEKYUuuU.

Bce amu ceoticmea kax Henwb3s Ayyuie noOX00sm 015 UCHOIb308ANHUSA ANIOMUHUSA NPU XPAHEHUU, KAK
3EPHOBLIX KYIbMYp, MaK U HPOOYKYUU OJHCUBOMHO20 HPOUCX0JCOeHUs.. B Xxpanunuwjax evidensemcs: u
noznowaemcs 61azd, ONAcHvle niechHesvle epUOKU, epbi3yHbl U PaziuiHble Hacekomble. Amomunuil obradaem
8bICOKOLU MENIONPOBOOHOCHIBIO U OMPANCAMENLHOU CNOCOOHOCIBIO, NPUBOOSAM K YMEHbUEHUIO ONACHOCIU
KOHOEHCAYUU 81A2U, HOPMATUZYEM pexcum Xpanenus. I 1a0kocms 9mo2o mamepuana no3eosem 2080pus o
MOM, YMO HA CIMEHKAX ATIOMUHUEBHIX KOHCTPYKYULL COOUpaemcs 20pazoo MeHbule Nbliu.

TIpeonooicennvlii uzsomepmuyeckuii Memoo 2opaueli 0eghopmayuu arroMUHUesslX cniage 8 0opabomxe
Memannog 0asneHuem, om mpaouyuoOHHO20 OMAULAEMCs meM, Yo OPMOUIMEHEHUS. Ha2pemotl 3a20MOo6KU
OCYWeCmBIAIOMCS 8 UHCMPYMeHme Hazpemom 00 memnepamypsl oegpopmayuu, a memMnepamypa Hazpemotl
3a20MOBKU U OePOpMUPYIOUjecO UHCMPYMEHMA 8bl0EPAHCUBACTNCS NOCMOSHHOU, OIU3KOU K 8epXHell paHuye
KOBOUHBIX MeMnepamyp 6 meuenue 6ce2o npoyeccad.

Hepopmayus memanna 8 ycioguax uU3OMempuiecko2o u NpUubUMCEHHbIX K Hemy Oegopmayuu
Xapaxkmepuzyemcsi yeeaudeHuemM nIACMUYHOCmU No CPAGHEHUI0 ¢ NIACMUYHOCMbIO npu 0b6pabomke 6
XONOOHOM UHCMpYMeHme. OMmo 0O0BACHAEMCS MeHbUlell CKOPOCmbI0 0edopMayuy, HUMICHAA 2paHuya
KOMOPO20 02PAHUYEHA MOAbKO HPOU3EG0OUMENIbHOCIbIO npoyecca. B pesyiomame ysenuuusaemces @pemst
«3anonnenus Oegexmosy, Go3HUKalowjue npu Oeopmayuu Memauid, YMeHbUAemcs memMnepanypHule
HanpaxjceHus 8 0b6veme 3a20moeKi, depopmayus cmanosumcs Oonee pagHoOMePHOLL.

Knroueevie cnoea: uzomepmuueckas degpopmayus, copauas 0eghopmayus, 8aibyosKa 3a20MO60K,
antoMuHuesvle CRiasyl.

Puc. 2. JIim. 7.
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