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This paper presents an in-depth analysis of the relationship between kinematic rolling parameters and
the physical and mechanical properties of aluminum alloys. For the first time, a refined method for calculating
spread and lead is proposed, which, unlike existing techniques, accounts for the dynamic changes in deformation
resistance throughout the entire deformation zone. This allowed for the establishment of more accurate
functional dependencies between the reduction degree, rolling speed, and the direction of metal flow in both
longitudinal and transverse directions. Special attention is paid to the influence of the material's rheological
properties on the non-uniformity of velocity distribution in the contact and internal layers of the workpiece.

A comprehensive approach was applied in this study, combining theoretical analysis of the
deformation zone kinematics and mathematical modeling of plastic flow processes. The computational part is
based on the principles of continuum mechanics, considering the temperature-velocity factor and contact
friction conditions typical for the hot deformation of aluminum alloys. To verify the obtained data, a
comparative analysis with experimental research results was conducted.

It is proved that traditional calculation models exhibit significant errors when working with high-
plasticity aluminum alloys under high-temperature conditions. The refined calculation algorithm ensures high
convergence with experimental data (error minimized to 5%). It was established that precise regulation of
lead parameters at a heating temperature of both the workpiece and the tool within 250-350°C prevents
surface defects such as laps and edge non-uniformity, which is critically important for rolling parts with
complex cross-sections.

The implementation of the developed method into the production process significantly improves the
geometric precision of the finished rolled products and stabilizes the mill setup process. This minimizes the
volume of technological scrap and ensures the rational use of expensive raw materials. The economic effect is
achieved by reducing energy consumption for scrap reprocessing and substantially increasing the yield of
usable products. The research results can be recommended for use by design bureaus for roll pass design and
the development of automated control systems for rolling processes.

Keywords: aluminum alloys, workpieces, plastic deformation, hot rolling, spread, lead, technological
process.

Eq. 36. Fig. 4. Ref. 7.

1. Problem formulation

There is an insufficient amount of existing scientific materials for studying the relationship between
the kinematic parameters of the deformation zone and the non-uniformity of velocity distribution in the internal
layers of aluminum alloy workpieces during hot rolling. The absence of refined mathematical models that
integrate temperature-velocity factors and contact friction conditions limits the possibilities for effective roll
pass design to obtain parts with complex cross-sections without defects.
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2. The purpose of the work

The study is aimed at improving the prediction accuracy of form change parameters of aluminum
alloys during hot rolling. The primary task is to develop and substantiate a refined method for calculating the
spread and lead of metal flow, which allows for the optimization of consumption coefficients in the
manufacturing of forgings and parts with complex cross-sections.

3. Presentation of the main material

Previous experimental studies on determining spread during hot deformation [1-3] have shown that
regarding the nature of change in these parameters—depending on the heating temperatures of the rolls and
workpieces, as well as the degree of deformation during rolling—only their quantitative values change. These
values depend on the degree of deformation and the geometric ratios of the roll pass and the workpiece.

Analysis of the experimental data presented in Fig. 1 showed that the difference in spread values
obtained during the rolling of workpieces in rolls at a temperature of 20°C compared to those heated to
temperatures of 250-350°C (an interval characterized by the constancy of spread values) constitutes, for any
degree of workpiece deformation in the studied range (30-50%), a value determined by the formula:

Ab Ab Ah
== = (tga — tgay) @)
0 0 0

where: Ah —absolute deformation (reduction), mm; hq , by, — height and width of the initial workpiece,
mm; Ab,q, Absso— Spread obtained during rolling of workpieces in rolls with temperatures of 20°C and 250—
350°C, respectively; tga, tga; — slope angles that determine the dependence of spread on the degree of
deformation during rolling at temperatures of 20°C and 250-350°C, respectively.

For a round workpiece b, = hy, therefore:

Ab20 — Ab350 = Ah(tga — tgal) = Ah-Ky, (2)
where: Ky;,- temperature coefficient of spread, which depends on the heating temperature of the
rolls/dies; Ah - Ky}~ the value that determines the difference between the spread obtained during hot rolling

and traditional rolling.

Ab
D, |
0,4 1?/
03 /]
//Q
0.2 " g /c
250
U’IU,Z 0,3 0,4 Ah

D (&)
Fig. 1. Dependence of spread on the degree of deformation during rolling of round cross-section
workpieces in plain rolls at temperatures of: 1 — 20 °C; 2 — 250 — 350 °C.

During the rolling of workpieces in pass sequences such as oval-rhombus, oval-square, oval-
rhombus—round, etc., the absolute reduction Ah is expressed as the difference between the workpiece width
b3, obtained after rolling in the previous pass and the height of the subsequent pass| hk|. Therefore, the spread
values during rolling in dies heated to 250-350°C will be determined similarly, but taking into account the
geometric shape ratios of the pass and the workpiece.

Abyg — Abzso = (b; — hK)Kﬁu = Ah- K}Izdm- 3)

During hot rolling, the spread values determined by formulas for traditional rolling must be adjusted
taking into account the values obtained from the calculations using the methodology described above. This
implies that when rolling workpieces in plain rolls and passes, their width should be reduced accordingly by
the values provided in formulas (1) - (3).
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Fig. 2 presents the dependencies of spread on the degree of deformation during the rolling of
workpieces at temperatures of 20°C and 250-350°C. The values of tga, tgal ||, can be easily determined from
this graph.

In the monograph by Dr. S.O. Skriabin [4], formulas are provided for determining the spread during
traditional rolling of aluminum workpieces, which are an integral part of the mathematical model for
calculating the spread during workpiece rolling.

According to formula (3), the spread during hot rolling of aluminum alloy workpieces in passes of
various systems will be determined by the following formulas:

- for round cross-section workpieces in oval passes:
Ab = K35/ (d = hoy)0,5DR° ——=~ (d = hoy)K}, (4)

where: the expression (d — h,,)Kyy, - is the value that determines the difference between the spread
obtained during hot rolling and traditional rolling; Ky, - is the temperature coefficient of spread, which
depends on the heating temperature of the rolls; KJf,- is the coefficient that accounts for the influence of non-

uniform deformation across the width and height of the workpiece on spread, depending on the curvature of
the oval pass [4].
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Fig. 2. Dependence of spread on the degree of deformation during the rolling of workpieces in
rolls at temperatures of: 1, 1" — 20 °C (rolling of a round workpiece in an oval pass); 2, 2" — 250 — 350
°C (rolling of an oval workpiece in a rhombus pass).

As a result of the experimental and calculated data, the following formula for determining the lead was
obtained Ky,

K35, = —/0,0582:2 — 0,02123¢ + 0,2015 + 0,2265¢ — 0,049 ®)

where h,, - height of the oval pass, mm; d - diameter of the deformable workpiece, mm; D2®- diameter
of the oval pass, mm.

2
D = A= (3) o ©
- A - center-to-center distance of the rolls (center distance), mm.
- oval workpieces in rhombus passes:

DR boys—h
TK% N (bOB-S - hp)K;fdm )
where: Ky, , - coefficient accounting for the influence of non-uniform deformation across the pass
width on spread during the rolling of an oval workpiece in a rhombus pass [4]; b, s - Width of the oval
workpiece, mm; hp - height of the rhombus pass, mm; DY - diameter of the rhombus pass, mm:
DY = A—0,5h,,. (8)
As a result of processing the experimental and calculated data, the formula for determining Kyy, , was
obtained:

Ab = K%, | (bos s — hp)
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Konp = \/2 —0.000633 2% + 0.00626 — 0.00336 + 0.00553 1 + 0.0437. 9)

where: § = a,, X a,,, - axis ratios of the oval and rhombus workpieces, respectively.
- oval workpieces in square passes:

h}CB

OB Dg® bOB 3 U 10
Ab = Kym KB (bOB 3 hKB) T— - (bos.s - hKB)KyU_l ( )

bOB3

where: Kof, - coefficient accounting for the influence of non-uniform deformation across the pass
width on spread during the rolling of an oval workpiece in a square pass, determined by formula (11) or
according to [2]; hks- height of the square pass, mm; D2- rolling diameter of the square pass, mm;
[K3 e = /0.751a%, — 2.627a,, + 2.327 + 0.945a,, — 1.187;] (11)
Df* =A—(c?-0867)(1,41¢c—0,837) (12)
where: r - corner rounding radius at the apex, mm.
- rhombus workpieces in square passes, mm:

DEe b, . — he
Ab = K;EI KB\/(bOBB 0b3 - _( oB3 KB) (13)
0B 3

where: Kgm «s- Coefficient accounting for the influence of non-uniform deformation across the pass
width on spread during the rolling of a rhombus workpiece in a square pass, determined by formula (14) or
according to [2]; b, 5 - width of the rhombus workpiece, mm;

Kgm B = \/0,0000SSlapz - 0,000136a,+ 0,000119+0,207a,, - 0,177 (14)
- oval workpieces in round passes, mm:
AbOB = K% |(p KP bos s — de b d. VK4 (15)
kp — TMkp (033_ Kp) T_(OB.S_ Kp) yI

where: Kgg - coefficient accounting for the influence of non-uniform deformation across the pass width

on spread during the rolling of an oval workpiece in a round pass [4]; d,- size of the pass, mm; D, - diameter
of the round pass, mm:
D* =A4-0,785d, (16)
- rhombus workpieces in round passes, mm:

Kp b —d
Abgp = Kgp\](bp 3 —Kp - (bp.3 - de)K;[m (17)

where: Kﬂp— coefficient accounting for the mfluence of non-uniform deformation across the pass width
on spread during the rolling of a rhombus workpiece in a round pass [4].

The formulas for determining the spread belong to the second stage in the development of the spread
theory according to A.l. Tselikov's gradation, meaning that the spread is proportional not only to the
deformation but also to the length of the contact arc. Furthermore, the obtained formulas take into account the
geometric shape ratios of the pass and the workpiece, as well as the non-uniformity of deformation across the
pass width.

Formulas for determining the flow lead of aluminum alloys during hot deformation

Formulas known in the literature for determining lead can be conventionally divided into two groups:

- formulas related to determining the position of the critical angle on the contact surface (assuming
the validity of the plane sections hypothesis);

- formulas that account for spread.

According to the plane sections hypothesis, it is assumed that the horizontal components of the velocity
vector are uniformly distributed across the strip height and that no sticking zone exists. The neutral section of
the strip is taken as the section passing through the neutral point on the contact surface where the shear stress
is zero. Under these assumptions, calculations are considered satisfactory for so-called "low" deformation
zones, where the ratio la/hcp > (rolling of thin strips), and the non-uniform distribution of deformations,
stresses, and velocities across the strip height is negligible.

In the process of rolling workpieces on forging rolls, this ratio is significantly lower. Calculating the
lead based on the neutral angle y (tS = 0) under conditions of non-uniform velocity distribution of metal
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particles in the deformation zone leads to significant errors. This explains the discrepancy between calculated
lead data and experimental results.

Calculations using lead formulas that account for spread also show major discrepancies. Currently,
lead in rolling with spread has not been fully investigated. The main difficulty lies in the fact that the law
governing the change in strip width along the rolls is unknown. Existing lead formulas that include spread are
based on various, more or less substantiated assumptions regarding this law. Furthermore, the formulas
provided in the literature do not account for the non-uniformity of deformation across the workpiece width,
nor the geometric shape ratios of the pass and the workpiece.

Oval stretching passes are most commonly used. To determine the most applicable formula from those
available in the literature for finding lead values during the rolling of aluminum alloy workpieces in oval
passes, an investigation of lead was conducted alongside the study of spread. The obtained experimental data
were compared with results calculated using formulas previously derived under the assumption of the plane
sections hypothesis:

S. Fink's formula (discrepancy with experimental values of 20-30%);

[h; + D(1 — cosy)] cosy 1
hy ’

Ekelund's formula (discrepancy of 30-35%);

_ 2[(PY _ 1]
| - os=o0s|(3)-1)
Dresden-Golovin's formula (discrepancy of 30-35%);
D

- (Zhl))’z;
G.S. Lavrukhin's formula (characterizes lead during flattening in passes; discrepancy of 20-25%);
S_(v+1)2(D 1) yAh 1 4n .
S Bu+1/) \ny D u2D)’

V.K. Smirnov's formula (for determining lead in passes; discrepancy of 15-25%);

2R
s=(Y ”> 100%;
hy
V.M. Martynov's formula (for rhombus passes; discrepancy of 30-40%);
hk\
sooafteT 2,
hOC

I.M. Pavlov's formula (discrepancy of 20-25%);
B\ ([D(1 — cosy) + h] cos y}
Sh = (—) - 1;
B, h
B.P. Bakhtinov's formula (discrepancy of 25-30%);
S by ) Ab,
"= \1isvRar ) e
Experimental studies on determining the lead during hot rolling have shown that the nature of change
in this parameter—depending on the heating temperatures of the rolls and workpieces, as well as the degree of
deformation during rolling in plain rolls and passes of various systems—is similar. Only their quantitative
values change, depending on the degree of deformation and the geometric ratios of the pass and the workpiece.
Analysis of the experimental data presented in Fig. 3 showed that the difference in lead values obtained
during the rolling of workpieces in rolls at a temperature of 20°C compared to those heated to 250-350°C (an
interval characterized by the constancy of lead values) [5-7] constitutes, for any degree of workpiece
deformation in the studied range (30-50%), a value determined as follows:

Ah
S350 — S20 = o (\tga —\tga,) (18)
0
Ah "
S350 — S20 = h_ Ks (19)
o

where: S350, S, - lead values obtained during the rolling of workpieces in rolls with heating
temperatures of 250-350°C and 20°C, respectively; K& - temperature coefficient of lead, which depends on
the roll heating temperature.
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When rolling workpieces in pass systems such as oval-rhombus, oval-square, and oval-rhombus—

round, the degree of deformation is expressed as the difference between the workpiece width b, obtained after

rolling in the previous pass and the height of the subsequent pass [HacTymHOTO A,
Therefore, the lead values during rolling in rolls heated to 250-350°C will be determined similarly,

but taking into account the geometric shape ratios of the pass and the workpiece.
b,—h
S350 = S20 = : K'KsM
b,

S,%

(20)
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Do

Fig. 3. Dependence of lead on the degree of deformation during the rolling of round cross-section
workpieces in plain rolls at temperatures of: 1 — 20 °C; 2 — 250 — 350 °C.

During hot rolling, the lead values determined by formulas for traditional rolling must be adjusted
taking into account the values obtained from calculations using the methodology described above. This implies
that when rolling workpieces in plain rolls and passes, the required working rolling length will be determined
by the following formulas:

- for rolling round cross-section workpieces in plain rolls:

1
1, = (21)
14

- for rolling workpieces in passes:

1
l, =
p — 22
1+ (Sp + 22 P k) (22)
3
where: 1 - required profile length, mm; 1, - working length of the roll, mm; S, - lead (forward slip)
in traditional technology.
Fig. 4 presents the dependencies of lead on the degree of deformation during the rolling of workpieces
at temperatures of 20°C and 250-350°C. The values of tge, tga1, can be easily determined from this graph.
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Fig. 4. Dependence of lead on the degree of deformation during rolling in forging dies at temperatures of:
1, 1'—20 °C (rolling of a round workpiece in an oval pass); 2, 2' — 250 — 350 °C (rolling of an
oval workpiece in a rhombus pass).
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In study [4], formulas are provided for determining the lead during traditional rolling of aluminum
alloy workpieces in various pass systems, which are an integral part of the mathematical model for calculating
the lead during hot rolling.

Thus, during rolling:

- for round workpieces in oval passes, the lead is determined by the formula:

d—hy, AR\ AR d—hy
SOleTKSOB+05 1—2— ROB DSB-I_ d 'KS (23)

where: the expressmn dhon - K¥ - the value that determines the difference between the lead obtained

during hot rolling and traditional rolllng, i -Rx /R 3 - coefficient accounting for the influence of the oval pass
curvature on deformation non-uniformity; Rk - radius of the oval pass, mm; R3, d - radius and diameter of the
workpiece, respectively; h,, - height of the oval pass, mm; u — friction coefficient; Ah o - absolute degree
of deformation (reduction); Ks.os - coefficient accounting for the influence of non-uniform deformation across
the workpiece width on the lead, depending on the curvature of the oval pass [4]; Rp®i Dg® - working radius
and diameter of the oval pass, mm:

R3® = 0,5(4 — hop). (24)
The processing of experimental and calculated data allowed for the representation of the dependence
of the Ks oB coefficient on i = Rk/ R3 by the following formula:

Kg = /270,569i2 — 516,265i + 248,728 — 16,455i + 15,714. (25)
- oval workpiece in a square pass:
B bOB 3 hKB B Ah \ Ah bOB.3 - hKB U
SQBZaOBﬁKgKB-FOS 1—2— RKB ﬁﬁ'ﬁl{s (26)

where: a,, - axis ratio of the oval workpiece; b, - width of the oval workpiece, mm; Kg5;- coefficient
accounting for the non-uniformity of deformation across the width of the square pass during the rolling of an
oval workpiece [4]; hys, Ry®, Dg® - height, working radius, and diameter of the square pass, respectively, mm:

RX® = 0,5(4 — hy); (27)
- rhombus workpiece in a square pass:
by, 5 — hyg , h\4h b,,—h
p _ p3 OB p-3 p u
=q, - 2K 1—— ——K 28
SKB ap3 bp . sks T 0, 5 2.“ RSB DE)(B + bp.s N ( )

where: ap,, - axis ratio of the rhombus workpiece; h,, - height of the square pass, mm; by, , - width

(dimension) of the rhombus workpiece, mm;
K$5 - coefficient accounting for the non-uniformity of deformation across the width of the square
pass during the rolling of a rhombus workpiece [4].
As a result of data processing, the following formulas were derived for calculating K%, i K2

S KB*

KgBKB =/ 59,407a2 - 117,505a + 59,184 -7,732a + 7,688; (29)
KP ., = /5,552a2-4,814a - 0,716 + 2,390a -1,242. (30)
- oval workpiece in a rhombus pass:
boys—h Ah\Ah by, —h
Shso = Qopa————L K + 0,5 1— LN & 31
350 0B.3 bOB 5 2 Rp DS bOBS N ( )

where: Kg%,- coefficient accounting for the non-uniformity of deformation across the width of the
rhombus pass during the rolling of an oval workpiece [4].
hp,RE u DS' height, working radius, and diameter of the rhombus pass, respectively, mm;

Rp = 0,5(A— hy). (32)
As a result of data processing, the formula for calculating Kg¥, was obtained:
Kgh = 0,0571p2-0,329v + 0,489 - 0,246 + 0,780. (33)

- oval workpiece in a round pass:
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bos 5 — dip 1 |Ah \ Ah  bgys —dyp
SO =g, 22 Ppos 4051 | | P 34
Kp Qop, bog ] S Kp 2u R;p D:p bOB.3 s ( )

where: Kg%, - coefficient accounting for the non-uniformity of deformation across the width of the
round pass during the rolling of an oval workpiece [4]; b, 5 - Workpiece diameter; R;‘p i D;fp— working radius
and diameter of the round pass, respectively, mm:

Ry =0,5(A—hy); (35)
- rhombus workpiece in a round pass:
b,,—d 1 |Ah \4dh b,;—d
SP=q, 22 PKP 4 05(1-—— |— 422 Pgn (36)
® Ps bp. 3 s 2.“ RKp DKp bp.3 °

where: K? «p- Coefficient accounting for the non-uniformity of deformation across the width of the
round pass during the rolling of a rhombus workpiece [4].

The application of the aforementioned recommendations for determining spread and lead values in
pass design will enable greater precision in the manufacturing of high-quality parts, workpieces, and drop
forgings.

4. Conclusions

A refined method for calculating the spread and lead indicators of aluminum alloy flow has been
theoretically substantiated and developed. Unlike classical models, the proposed approach accounts for the
dynamic change in deformation resistance directly within the deformation zone, allowing for a more accurate
description of metal flow during hot rolling.

Optimal temperature regimes (250-350°C) for heating both the workpiece and the tool have been
determined, ensuring a reduction in the temperature gradient and uniformity of plastic flow. It was established
that when both the workpiece and the tool are heated to this temperature range, the spread and lead of the
aluminum alloy flow remain stable and do not change.

Experimental verification of the developed method confirmed its high adequacy to real industrial
processes. The application of the refined algorithm allowed for a reduction in calculation error to 5%, which
significantly exceeds the accuracy of traditional models that exhibit substantial deviations of up to 40% when
working with high-plasticity aluminum alloys.

The practical value of the results lies in the possibility of increasing the yield of usable rolled products
by minimizing technological scrap and improving the precision of geometric dimensions. The obtained data
are recommended for implementation in automated control systems and for use in designing new roll pass
schemes, providing a significant economic effect and resource savings.
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AHAJII3 I PO3PAXYHOK PO3IIUPEHHS 1 BUIIEPEKEHHSA TEUIT AJTIOMIHIEBUX
CIUIABIB ITPU TAPAYOMY JE®OPMYBAHHI

Y 0aniti pobomi npogedeno nocnubnenuti aHaniz 63a4EM038 3Ky MidiC KIHeMAMUYHUMU NAPAMEMPAMU
NPOKAMY6AHHA MA I3UKO-MEXAHIYHUMU GIACMUBOCAMY ATIOMINIE8UX CNAAgie. Bnepwe sanpononosano
MEmMOoO YMOUHEHO20 PO3PAXYHKY POUWUPEHHS MA GUREPEONCEHHS, AKU, HA BIOMIHY 6i0 ICHYIOUUX MEMOOUK,
8paxo8ye OUHAMIUHY 3MIHY Onopy Oegopmayii 6 medxcax ycboco eocHuwa Ooegopmayii. Lle 0ozsonuno
ecmanosumu  Oinbul MOYHI DYHKYIOHANBHI 3ANEIHCHOCMI MidC CcmyneHeMm OOMUCHEHH:, WBUOKICTI0
NPOKAMYBAHHA MA HANPAMKOM MeUii Memainy 6 no3008JCHbOMY ma nonepeynomy nanpsamrax. Ocooausy yeazy
NPUOINIEHO 8NIUBY PEONOSIYHUX AACTUBOCHEN MAMePIANy HA HePIBHOMIPHICb PO3NOOINY WEUOKOCHE
KOHMAKMHUX ma 6HYMPIUHIX Wapax 3a20moeKu.

Y pobomi suxopucmano xomniekcHuil nioxio, wo NOEOHYE MeoPEeMUYHUN AHANI3 KIHeMAMUKY 602HUWA
Odeopmayii ma mamemamuyre MOOenOBAHHA NPoyecie niacmuyHoi medii. Pospaxynkoea wacmuna 6a3yemscs
HA NPUHYURAX MEXAHIKU CYYITbHUX cepedosuly i3 8PAXYEAHMAM MeMNepamypHo-ueUoKicnozo gaxmopy ma
KOHMAKMHUX YMO8 MEPM, XAPAKMEPHUX 01 2apsau020 0ehOpMYBanHs antoMiniesux cniasis. /s eepugixayii
OMPUMAHUX OAHUX NPOBEOEHO NOPIGHANLHULL AHANI3 i3 Pe3YIbmMamamu eKCNePUMEHMAaNbHUX O0CHIONCEHD.

Jloseoeno, w0 mpaouyitini  MOOeni  PO3PAXYHKY MAlmb  3HAYHY NOXUOKY npu  pobomi 3
BUCOKONNIACMUYHUMU  ATIOMIHIEBUMU CNIABAMU 6 YMOBAX BUCOKUX memnepamyp. Ymounenuii aneopumm
PO3DAXYHKY 3a6e3neuye 8UCOKy 30IHCHICIb i3 eKCHEPUMEHMATbHUMU OaHUMU (NoXubKa minimizoeana 0o 5%).
Bcemanosneno, wo moune pezyniosanns napamempis unepeodcenHs npu memnepamypi Hazpiey i 3a20moeKu i
incmpymenmy  250-350°C, wo 0038018€ YHUKHYMU Oe@eKmi6 NOBepXHi, MAKUX 5K 3aKOYY8aAHHS mMa
HEPiGHOMIPHICTb KDOMOK, WO KPUMUYHO GAHCIUBO OJIS NPOKAMYBAHHA Oemaneli CKIaoH020 NONEPEUHO20 Nepepisy.

Bnpoesaooicenns pospobrenozo memody y supobHuuuil npoyec 00360J5€ 3HAYHO NIOSULYUINU MOYHICMb
2COMEMPUUHUX PO3MIPI6 20M06020 NPOKAMY ma cmadiizyeamu npoyec Halaumyeants cmanis. Lle minimizye
0bcsazu mexuHono2iuHoi 06pizi ma 3abe3neuye payioHanbHe GUKOPUCIAHHA 00po2oi cuposunu. Exonomiunutl
egexm 00ca2acmvCs 3a PAXyHOK 3HUINCEHHS eHepeosUMPAm HA NOGMOPHY nepepoOKy OpaKy ma Cymmego2o
NIOBUWEHHS YACMKU BUX00Y HpUOAmuo2o npooykmy. Pesyromamu 0ocaiodcenus Moxcymos  Oymu
PEKOMEHO08AHT 0TI BUKOPUCAHHS NPOEKMHO-KOHCIMPYKIMOPCOKUMU OI0PO NpU PO3PAXYHKY KATiOpyeanHs
8A/IKi6 MaA po3pOOYI ABMOMAMU308AHUX CUCTEM KEPYBAHHS NPOYECaMU NPOKAMKLU.

Knwuogi cnosa: anominicsi cniagu, 3a20mosku, niacmudna degopmayis,, eapsaie npoKamyeanis,
DPO3WUPEHHS, GUNEPEONCEHHS, MEXHONOLIUHUL npoyec.
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