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Wide use of aluminum alloys is determined by their technical, physical and mechanical properties.
Aluminum and its various alloys are used in a wide range of heavy and light industry, both in machine
building: tractors, cars and agricultural machinery, and in the aviation industry and shipbuilding.
Especially during the war in Ukraine, the country's economy is in a critical state, the use of technologies that
save the use of any materials is very expensive, including aluminum alloys, which is an expensive material.
The coefficient of material use when using the technology we offer is 0,15...0,3, thanks to the use of a hot
forming or rolling plant.

The application of the process of hot deformation of blanks makes it possible to use the effect on
plasticity to the maximum. Since the deformation of heated workpieces is carried out by a tool heated to the
same temperature or close to them. Such a scheme of hot deformation will reduce the effort due to the
increase in the plasticity of the metal being processed. What happens due to the full flow of strengthening
processes. Uniform deformation of the workpiece, in the absence of zones of difficult deformation and local
overheating, ensures a good and comprehensive restoration of the structure. It was found that during hot
deformation, the metal pressure on the rolls decreases by 1,8 or more times.

Currently, there are few works on researching the possibilities of hot rolling on small-sized
installations, which are not inferior to the high-quality production of parts with strong characteristics and
improved macro- and micro-structures and mechanical properties. Therefore, conducting research on the
influence of heating temperatures of blanks and dies, the degree of deformation on the technological
parameters of hot rolling of blanks in hot dies is an urgent task. The solution of which can lead to
improvement of plasticity and reduction of deformation forces, improvement of the quality of blanks.

Key words: billet, deformation, deformation rolling, plastic deformation, intensity of deformation,
stress-strain state, plasticity, technological process, aluminum alloys, macro- and microstructure.

Eq. 3. Fig. 16. Table. 3. Ref. 14.

1. Analysis of recent research and publications

For the production of any part, it is necessary to carry out deformation. Deformation is a change in the
shape of a body without destruction under the action of external forces. Elastic deformation is restored, and
plastic deformation remains after removal of the load.

Plastic deformation is carried out by means of numerous shifts along crystallographic planes, resulting
in distortion and grinding of grains, which leads to an increase in the density of defects in the crystal lattice and
an increase in the level of free energy. Grains are extracted and crushed. The structure becomes fibrous. The
practical consequence of this is the strengthening of metals (slander).

As the degree of deformation increases, the strength of the metal increases, and plasticity decreases,
and upon reaching certain (limiting) degrees of deformation, the riveted metal becomes brittle and cracks
appear in it, which lead to destruction. [1-2]

The riveted metal is in an unstable state, and when heated to a temperature of about 0.4T of melting,
the initial properties and structure are restored. This process is called recrystallization and is accompanied by a
decrease in free energy through boundary movement. As a result, new equiaxed grains are formed instead of
the fibrous structure of the deformed metal.
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Deformation at temperatures above the recrystallization temperature is called hot pressure treatment, it
is not accompanied by slander, since the resulting distortions of the structure are immediately restored in the
process of deformation due to recrystallization. [3-5]

Deformation at temperatures below the recrystallization temperature is called cold pressure working
and is accompanied by slander. To restore the structure and properties of the riveted metal (for example, if it is
necessary to continue the cold pressure treatment), it must be heated above the recrystallization temperature.
This treatment is called recrystallization annealing.

When developing a technological process of hot three-dimensional stamping, first of all, it is necessary
to determine the method of stamping (in an open or closed die, with a depression in the end or a splash) and the
surface of the separation of the stamp.

Forgings whose transverse dimensions are several times greater than their height are stamped by
settling into the end face (at the same time, the axis of the workpiece is parallel to the direction of movement of
the moving part of the stamp), and by splashing - forgings with an elongated axis. Hammer dies are usually
open. Forgings that have the shape of bodies of rotation are usually produced by stamping in closed dies on
presses. [6-7].

The following requirements should be taken into account when choosing a stamp release surface:

- the separation plane is chosen taking into account the possibility of free removal of the forging from
the upper and lower parts of the die;

- it is desirable that the plane of separation coincides with the plane of the two largest overall
dimensions of the part;

- filling of the final trough with sediment is easier than by extrusion;

- when stamping on hammers, deep cavities are placed in upper stamp, and on presses - in the lower one;

- it is desirable that the plane of separation when punching on hammers crossed the vertical surface of
the forging.

For high-quality macro- and micro-structure and mechanical properties, hot processing of metals by
pressure is used, for this it is necessary to make forgings in which the workpiece will be made, and then the
part. [8-10].

The technological development of the forging manufacturing process includes the development of the
forging drawing, the calculation of the workpiece, the selection of equipment, forging operations, the sequence
of their execution, and the tool used. The main methods of manufacturing forgings are forging and hot three-
dimensional stamping.

We offer the technology of manufacturing parts on modernized hot rolling equipment and offer to
investigate it.

2. The purpose of the article

Existing technologies for the production of parts of an asymmetric appearance, with an elongated
axis, and other complex configurations, are a very complex process, which are performed in three, four and
five stages. We propose to apply the technology for the production of parts of any complexity in one or two
stages, which will reduce the labor intensity of the work, the cost of the part by 2-3 times, and lead to the
minimum coefficient of use of the material, namely aluminum alloy AK-6. And it will also lead to
improvement of plasticity and reduction of deformation forces, improvement of the quality of blanks.

3. Results of the researches

To determine technological parameters and thermomechanical characteristics during rolling of
blanks under conditions of isothermal deformation and close to it, the installation was used. Which was
developed by scientists Professor Skryabin S.O. and associate professor Shvets L.V. rig. 1.

In order to avoid jamming due to heating of the bearing units of the working rolls, the housings of
the outer pairs are made with holes - channels to ensure the circulation of running water. The drive of the
installation allows you to adjust the rotation frequency of the rolls, which ensures the removal of
characteristics at different speed modes. [3]

But we went further and modernized the already existing installation.

The disadvantages of such an installation are the need to heat the billet in a furnace or furnace and to
heat the forming rolls for a long time.

The invention is based on the task of increasing the heating speed of the forming rollers and the
possibility of heating the billet in the device heating chamber, excluding auxiliary means.
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The task is solved by the fact that the installation contains a chamber for heating the workpiece with
a mixture of gas and oxygen, which is equipped with guide rollers and burners, and a system of internal
heating of the forming rollers.

Fig. 1. Installation for rolling in hot conditions deformations (a); furnace heating device (b) [3]:
1 —slotted connection, 2 — coupling, 3 —-body, 4 — tie bars 5 — fixed washer, 6 — upper rollers,
7 —movable washer, 8 — heating device, 9 — asbestos-cement plates, 10 — fitting, 11 — lower, drive rollers,
12 — guide bar, 13 —rolling dies.

Table 1
Technical characteristics of the installation during rolling of blanks under conditions of isothermal and
near-isothermal deformation

Nominal effort, kN 20
Interaxial distance of rolls, mm 160
Frequency of rotation of rolls, min? 12-60
Diameter of the initial workpiece, mm 30
Landing dimensions, mm:

diameter 80

length 135
Drive power, kW 7
Tool heating temperature °C to 500
Type of heating device Electrical resistance
Voltage, V 220
Heater power, KW 4
Wire diameter (nichrome) 0,6

The drawing (Fig. 2) shows the schematic diagram of the hot rolling plant.

The installation for hot rolling (Fig. 2) consists of: pressing rollers 5, on which dies for the
manufacture of the part are installed, the body of the installation, guide rollers 1 for directing the blank to the
dies, a heating chamber 2 for the blank and burners 3 for heating the blank.

The installation works as follows: the workpiece is inserted into the guide rollers 1 and fed to the
pressing rollers 5, during feeding, the workpiece is heated in the heating chamber 2, the workpiece is captured
by the dies and the configuration of the workpiece is squeezed out during pressing. The rollers are heated from
the inside by a flame.
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Fig. 2. Pressing rollers for rolling

Pressing rollers have their own design. Rollers 6 (Fig. 3) are attached to the body of the installation by
bearing housings 8, in which sliding bearings 9 (inserts) are installed, stamps 7 are rigidly fixed on the rollers
6, which are the main working body of the installation, the rollers are made hollow from the middle to form a
mixture combustion chamber gas with oxygen, through holes (Fig. 3, section A-A) exhaust gases enter
chamber 2 (Fig. 2) where the workpiece is partially heated.
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Fig. 3. Modernized installation for hot rolling

The burner for supplying the combustion mixture consists of a burner head 11 in which two tubes 12
and 13 are placed for the supply of oxygen and gas, the tubes are placed in the burner tube 15, which is
attached to the cartridge 14. The drive of the two rollers is carried out from the gears 17, the drive of the
installation from the gear 18 for rigid fastening of the seat parts, splines are used 16, spacer sleeves are
installed to fix the stamps in a stationary position 10.

The novelty of the design consists in heating the rollers from the middle and heating the workpiece
with a mixture of oxygen and gas.

In the process of rolling, together with the reduction of the height of the billet and its elongation
(extraction), the movement of the metal also occurs in the transverse direction, which is called - expansion (Ab),
which causes significant stress in the side edges of the rolled billet and reduces the overall elongation. [11-14]

Expansion Ab is defined as the difference in the width of the sample before and after deformation.

Ab = b1 — by, (1)

where by is the width of the sample before deformation, mm; b, — sample width after deformation, mm.
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The advance of S is determined by the formula

S= L=t .100, %, )

2
where [ 1~ the distance between the impressions of the cores on the workpiece mm; { ,— the

distance between the impressions of the cores on the rolls, mm.
The metal pressure on the rolls was determined by the formula

p=1->1 3)

where P — relative pressure; Py — metal pressure on rolls with a temperature of 20 °C, kg/mm?;
P; — metal pressure on rolls with a temperature of 50 — 450 °C, kg/mm?. [3]
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Fig. 4. Dependence of the indicator Fig. 5. Dependence of the relative expansion
expansion Ab/Ah from the degree of Ab/D0 on the degree of crimping when
crimping when rolling workpieces of rolling blanks of different diameters in

different diameters in smooth rolls: mm; smooth rolls: mm;
1-020mm; 2 — 030 mm; 3 — 050 mm; 1-920mm; 2 -0 30 mm; 3 —-50 mm;
4—-060mm; 5 - 065 mm 4—-060mm; 5—0 65 mm

Analyzing the experimental data shown in fig. 4, 5, it can be concluded that with an increase in the
degree of deformation, other things being equal, the expansion index and relative expansion increase. As the
diameter of the rod decreases, the values of the expansion index and relative expansion increase. The
decrease in expansion values with an increase in the diameter of the workpieces can be explained by the
increase in frictional forces in the transverse direction, since the ratio of the width of the deformation center
to its length increases.

The influence of the diameter of the rolls on expansion is presented in Fig. 6, from which it can be
seen that the expansion increases with an increase in the diameter of the rolls. This is explained by the fact
that with an increase in the diameter of the rolls, other things being equal, the length of the center of
deformation increases and, as a result, the friction forces on the contact surfaces directed towards the neutral
section increase. As a result, the resistance to the movement of the metal along the axis of the workpiece
increases and the expansion increases.
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Fig. 6. The influence of the diameter of the rolls on the expansion index Ab/Ah when drawing blanks in
smooth rolls: 1— the diameter of the rolls is 260 mm, the rotation frequency of the rolls is 26 min™; 2 —the
diameter of the rolls is 103 mm, the rotation frequency of the rolls is 37 min .

The dependence of the expansion on the width of the strip, the diameter of the rolls and the ratio of the
initial width of the contact surface to its length during rolling with constant crimping & = 38.5% is shown in Fig. 7.
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Fig. 7. Dependence of the expansion index on the width of the strip, rolls and the ratio of the initial width of
the contact surface to its lengths b/l; and b/l; when drawing blanks in smooth rolls:
1 — the diameter of the rolls is 260 mm, the rotation frequency of the rolls is 26 min™; 2 — the
diameter of the rolls is 103 mm, the rotation frequency of the rolls is 37 min *

The curves are constructed according to experimental data obtained in the process of rolling samples
from the AKG6 alloy (height 22 mm, width 5, 10, 22, 30, 40 and 50 mm) in smooth steel rolls with diameters
of 260 and 103 mm and a rotation frequency of 26 and 37 min?, respectively. Analyzing fig. 7 shows that
with an increase in the width of the workpiece, the expansion index increases to a certain value (has a
maximum) and with a further increase in the width of the workpiece, it begins to decrease. This is
characteristic of expansion and is explained by the fact that the transverse frictional forces on the contact
surfaces with increasing width of the workpiece increasingly restrain it. Therefore, the nature of the
dependence of the expansion index on the width of the workpiece to the right of the maximum point is
mainly determined by the contact forces of friction.

In plane deformation, the value of linear expansion b at the maximum point stabilizes rather quickly
and remains constant with further increase in width.
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The dependence of the relative expansion on the degree of crimping during rolling of billets of
different diameters from the AKG6 alloy is presented in Fig. 8. The rolling of the blanks was carried out at a
temperature of 450°C on forging rolls of the C162A model in smooth dies with a profile that provides
increasing crimping.
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Fig. 8. Dependence of the relative expansion on the degree of crimping when rolling blanks of different
diameters in smooth rolls:
1-025mm; 2 — O30 mm; 3 — O35 mm; 4 — O40mm; 5 — O45 mm; 6 — O50mm.

The influence of the temperature of rolled blanks on expansion is shown in Fig. 9. The dependence is
constructed based on the results of experimental data obtained during the rolling of billets from the AK6
alloy measuring 20x30x250 mm in smooth rolls with a diameter of 103 mm and a rotation frequency of
37 min‘t. Rolling was carried out with a constant degree of crimping & = 58.5% at different temperatures.

The graphs below, constructed based on experimental data on the influence of various factors on
expansion during traditional rolling, will help to take them into account when developing the technological
process of rolling blanks in smooth rolls and calculating gauges under hot deformation conditions.

It should be noted that knowledge of the features of the shape change of aluminum alloys and the
exact method for calculating the expansion would make it possible to develop such crimping schemes during
the rolling of blanks, which would make it possible to vary the width of the blank within wide limits.

The analysis of experimental data is presented in table. 2 and Fig. 10 obtained during the rolling of
workpieces with dimensions of @14x150 mm shows that the expansion relative to the initial cross section of the
workpiece during rolling in dies with a temperature of 20 °C and degrees of deformation of 30, 40 and 50%
increases by 20.4, 30 and 42%, respectively. This is explained by the fact that with an increase in the degree of
deformation, the volume of the metal in width and, therefore, the expansion, other things being equal, increase.

Ab, Mt
4
80 //
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Fig. 9. Dependence of the expansion on the heating temperature of the blanks during rolling in

smooth rolls
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Table 2

The value of expansion A b depending on the degree of deformation & and the temperature of
heating stamps t,

degree of deformation temperature of heating stamps  t,
3 20°C 250°C 450°C
e=30% 2,856 2,086 1,708
e =40% 4,2 3,64 33
e=150% 5,88 52 4,65

It will look like this on the diagram

€=30% €=40% €=50%

7
6
5
4

=N W

mte 20°C mts 250°C ts 450°C

Fig. 10. Diagram of the dependence of the value of expansion Ab depending on the degree of
deformation & and the temperature of heating the stamps t,

The nature of the dependence of the expansion on the temperature of heating the stamps in the range of
20-250°C (Fig. 11) can be explained as follows. At the temperature of the stamps of 20°C and degrees of
deformation of 30, 40, 50%, the contact area of contact between the metal and the stamps is small, taking into
account the rolling of a round workpiece @14mm. At the same time, the axial compressive stresses directed
along the center of deformation are insignificant compared to the compressive stresses acting in the transverse
direction, therefore, an increase in expansion is observed. A decrease in expansion with an increase in the
heating temperature of the rolling dies occurs due to the flow of strengthening processes and an increase in the
plasticity of the processed metal.

In the heating temperature range of the rolling dies of 250-350°C at a constant degree of deformation,
the expansion practically does not change, and the change in the degree of deformation changes the absolute
values of the expansion by 15, 26, 37% relative to the initial cross section of the deforming blanks,
respectively, with degrees of deformation 30 , 40 and 50%. This occurs as a result of achieving equality of
axial compressive stress directed along and across the center of deformation, as well as equality of displaced
volumes in these directions.

With an increase in the heating temperature of the stamps to 450°C and blanks with degrees of
deformation of 30, 40 and 50%, the value of expansion relative to the initial cross-section of the blank
decreases and amounts to 12.2, 23.6, 33%, respectively. The decrease in expansion occurs due to an increase
in axial compressive stress directed along the center of deformation, a more complete flow of strengthening
processes, and the absence of zones of difficult deformation.
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Fig. 11. Dependence of expansion on the degree of deformation and heating temperature of
rolling dies (degree of deformation: 1-30%; 2—40%; 3-50%; heating temperature of blanks 450°C)

The analysis of expansion changes showed that with an increase in the heating temperature of the
stamps, the expansion values decrease. Thus, the values of expansion obtained at the temperature of heating the
dies to t, = 250 and 450°C at deformation € = 30% decrease in relation to the expansion obtained during rolling
of blanks in dies with a temperature of 20°C by 37 and 67,2%, respectively. The decrease in expansion at
tv = 450°C relative to ty = 250°C is 22%.

Similarly, the analysis of the change in expansion values during rolling of blanks at degrees of deformation of
40, 50% and other equal conditions showed that the expansion decreases by 15.4 and 27.3% (& = 40%), 13 and 26.45%
(50%). The decrease in expansion at t, = 450 °C relative to ty= 250 °C is 10.3% (6=40%), 11.8% (£=50%)).

Fig. 12. Macrostructure of longitudinal sections of rolled blanks in smooth rolls. Alloy AK®,
O14x150mm. Temperature of blanks and stamps 470°C: a — degree of deformation 40%; b — degree of
deformation 50%

Analyzing fig. 11, it can be seen that the change in the degree of deformation from 30 to 50% increases
the value of the expansion, without changing the nature of their dependence on the temperature of heating the
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dies. It was noted above that with an increase in the degree of deformation, the volume of the metal in width
and, therefore, the expansion, other things being equal, increase.

In fig. 12 shows the macrostructure of the longitudinal cross-section of billets made of AK6 alloy in
smooth dies in one pass at a temperature of billets and dies of 470°C, degrees of deformation 40 and 50%.
Conducted comprehensive studies (macro-, micro-structures and mechanical properties) of the quality of rolled
blanks, in hot conditions, met the requirements of the technical documentation.

Analyzing the table. 3 and fig. 13, it can be seen that when rolling workpieces with dimensions ¥14x150
mm at a temperature of 450 °C, the relative pressure of the metal on the Rv rolls decreases with an increase in the
heating temperature of the dies, and, most intensely, with an increase in the degree of deformation.

Thus, with an increase in the heating temperature of the stamps to 250, 350 and 450°C, the pressure
on the rolls decreases in comparison with the pressure values during the deformation of the blanks in the
stamps with a temperature of 20°C and a degree of deformation of 30, 40, 50%, respectively, by: 250 °C —
62,45%, 54%, 45%; 350°C — 55,8%, 47,5%, 38,73%; 450 °C —53,3%, 46,5%, 38,2%.

In the temperature range of 350-450°C, the metal pressure on the rolls at different degrees of
deformation changes slightly, and when the dies reach temperatures of 400°C and above, it almost stabilizes,
and an increase in the degree of deformation affects only the absolute values of the relative pressure Pv, fig. 13.

Table 3
The value of the relative pressure Pv depending on the temperature heating of stamps t, and degree of deformation &
Ttem Ne €=30% €=40% €=50%
1,°C Pv 1:,°C Pv t,°C Pv
1 20 0,4 20 0,5083 20 0,6664
2 250 0,2498 250 0,2747 250 0,3
3 300 0,2365 300 0,2498 300 0,2664
4 350 0,2232 350 0,2415 350 0,2581
5 400 0,2166 400 0,2365 400 0,2548
6 450 0,2133 450 0,2365 450 0,2548

Analysis of the experimental data presented in fig. 13 shows that during the rolling of blanks on
forging rolls, in hot conditions, the metal pressure on the rolls decreases with the increase in the heating
temperature of the dies, most intensively in the temperature range of 20-350°C. Further heating of the stamps
does not lead to a significant decrease in pressure and is impractical, because it leads to additional energy
consumption. In addition, the appearance of scale on the surface of the stamps is observed.
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Fig. 13. Addiction the relative pressure of the metal for rolling from the temperature of heating the dies and
the degree of deformation: 1 — 30%; 2 — 40%; 3 — 50%. The heating temperature of the blanks is 450°C
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Fig. 14. Dependence of expansion on the heating temperature of blanks and stamps at a degree of
deformation of 30% workpiece heating temperature: 1 — 300°C; 2 — 350°C; 3 — 400°C; 4 — 450°C; 5 — 470°C.

In another series of experiments, workpieces from the above-mentioned alloys with dimensions of
014, 18, 20, 25 x 150 mm, electric resistance heated in a chamber furnace to temperatures of 300, 350, 400,
450, 470+10 °C were rolled in smooth dies, which were heated sequentially to temperatures of 20, 50, 100,

150, 200, 250, 300, 350, 400, 470°C. The blanks were rolled with degrees of deformation of 30 and 40%.

The results of the experimental data are presented in fig. 14, 15.
Ab/De

0.284
0.270

0.256

0.242

.
0228 L
\

0.214

. . . .
100 200 300 400 ta'C

Fig. 15. Dependence of expansion on the heating temperature of blanks and stamps at a degree of
deformation of 40% workpiece heating temperature: 1 — 300°C; 2 — 350°C; 3 — 400°C; 4 — 450°C; 5 — 470°C.

Analysis of the experimental data presented in fig. 14, 15 shows that with an increase in the heating
temperature of the blanks and stamps, the expansion decreases due to the strengthening processes. In
addition, it should be noted that in the temperature range of heating stamps 250 — 350°C, the expansion at a
constant degree of deformation (similarly presented in Fig. 15) practically does not change, and a change in
the degree of deformation leads to a change in its absolute values.

In fig. 16 shows the macrostructure of the longitudinal and transverse sections of rolled blanks made
of AK6 alloy with dimensions @14 x 150 mm, corresponding to the requirements of the technical
documentation. Rolling was carried out at temperatures of blanks and dies equal to 450 °C with a degree of
deformation of 50%.
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Fig. 16. Macrostructure of the longitudinal (a) and transverse (b) cross-sections of the rolled blank in oval
gauge: AK6 alloy, @14x150; degree of deformation 50%; the temperature of blanks and stamps is 450°C

4, Conclusions

Aluminum and its various alloys are used in a wide range of heavy and light industry, both in
machine building: tractors, cars and agricultural machinery, and in the aviation industry and shipbuilding.
Especially during the war in Ukraine, the economy of the country is in a critical state, the use of technologies
that save the use of any materials is very expensive, including aluminum alloys, which is an expensive
material. The coefficient of material use when using the technology we offer is 0,15...0,3, thanks to the use
of a hot forming or rolling plant.

Having studied the flow processes of aluminum alloy AK-6, during the production of blanks on
modernized equipment for hot deformation, we can see that the structure of the metal has only improved, it
has become more densely grained with small crystals. In addition, we invented a temperature for heating
metal and dies at which the expansion of metal is the same in the range of 250 — 350°C, which makes it
possible not to increase the energy consumption effort for heating dies and aluminum alloy, and it is possible
to use the specified range for the manufacture of high-quality blanks. At the same time, use small-sized,
cheaper and more efficient equipment.
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JOCJII)KEHHS TEYII METAJIY 13 ATIOMIHIEBOT O CILTABY AK6 HA
MOJIEPHI3OBAHIN YCTAHOBII JJISI TAPSTUOI'O IIPOKATYBAHHS

Lupoxe 6uKOpUCMAHHS AIOMIHIEBUX CNIIAGIE GUSHAUAEMbCS IX MEXHIUHUMU, QI3UUHUMU | MEXAHIYHUMU
snacmusocmamu. Amominit ma 1020 pi3HOMAHIMHI CHAABU 3ACIOCOBYIOMbCSL Y WUPOKOMY CREKMPI 8AJICKOI ma
JIe2KOI NpOMUCTOBOC, SIK 8 MAWUHOOYOYB8AHHI: MPAKMOPI6, asmoMoOiNi6 i CLibCbKO20CNOOaPCbKOL MexXHIKU ,
max i 6 agiayitiniu npomucioeocmi i kopabnebyoysanui. Ocobnueo y wac 6itiHu 8 YKpaiui, eKoHOMIKA Kpainu 6
KpUMUYHOMY CMAHI, 3ACMOCY8aHHSA MEXHONO0RIN, SKI 3a0Ua0HCyIomsb 8UKOPUCTIAHHA I0OUX Mamepianis, oyice
YiHO, 6 MOMY YUCTE [ QIFOMIHIEBUX CNIAI8, AKULL € 00po2osapmicHum mamepianom. Koeghiyiecum suxopucmanms
Mamepiany npu 3ACMOCY8AHHA MEXHONO2M, SKy Mu nponoHyemo cmanogums 0,15...0,3, 3a80auyrouu
3acmocy8anHs YCMaHo6Ku OJiA 2apai020 0eghopmysants abo npoKanye8aHHs.

3acmocysanna  npoyecy  eapauoco  0eqhOpMY8aHHA  3020MOBOK  OAE  MOMNCIUGICIb — MAKCUMATLHO
suxopucmosyeamu  egpexm Hao naacmuunocmi. Ockinbku  Oepopmayiss. HASPIMUX  3A20MOB0K  NPOBOOUNBLCS
iHCmpymenmom Haspimum 00 miei oc memnepamypu abo omuszekoi 0o Hux. Taxa cxema eapswoi deghopmayii
00360MUMb  3HUBUMYU 3YCUWUIA 3d PAXVHOK NIOSUWeHHs NIacmudHocmi memany, sxkuil oopoonsemvcs. Lo
8I00yBAEMBCA  [3-30 NOBHO20 NPOMIKAHHA po3MiyHIoOUUx npoyecis. Pignomipna Oepopmayis 3acomosku, 3a
8i0cymHocmi 30H ympyoHeHol Oeghopmayii i JTOKAIbHO20 nepepigy, 3abe3nedye xopoute i 6cebiune GiOHOBNEHHs
cmpykmypu. Bcmanoeneno, wo npu eapsiii deghopmayii suudicyemvcsi muck memany Ha eanvku 6 1,8 i binvuue pasie.

B Oanuti wac mano pobim no 00CRiONCEHHIO MONCIUBOCMEN 2aPAY020 HPOKAMYBAHHA HA
Mano2abapumuux yYCmMamoeKax, wo He NOCMYNAIOMbCs AKICHUM GUSOMOGICHHAM Oemanei 3 MIiyHUMU
Xapaxmepucmuxamy ma noKpawjeHuMu MaKpo- i Mikpo- CIMpyKmypamu ma MexaniyHumu 61acmueocmamu.
Tomy npogedennss O0CNiONHCeHb NO 6NAUSY MeMnepamyp Hazpiey 3A20MO60K [ WMAMNIE, CMyNneHs
degpopmayii Ha mMexHoNOTUHI nApAMEmMpPU 2apa4v020 HPOKAMY 3A20MOBOK 6 2apAdUX WMAMNAX €
aKmyanbHum 3a80anHAM. Bupiwienns saxoeco mooice npueecmu 00 NOKpAWAHHA NAACMUYHOCI | 3HUMCEHHS
3ycuib 0eghopmayii, ni0sUUeHHsL SKOCMI 3a20MOBOK.

Knrouoei cnosa: 3acomosxa, degpopmayis, oeghopmayitine npoms2y8ants, niacmuyHa oegopmayis,
inmencusHicmo Oeghopmayiil, HANPYHCEHO-0ePOPMOBAnULl CIMAH, NIACMUYHICMb, MEXHONI02IYHULN npoyec,
Odeopmayiiine npoms2y8anHts, ANOMIHIES] CNAAGU, MAKPO- I MIKDOCMPYKMYPA.
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