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Abstract. It is impossible to imagine the modern development of technology
without the use of metal products, including wire products, which are subject to high
requirements in terms of variety and quality, and to the production processes, for
example, wire of a fashioned profile, the flexibility of technology, high efficiency
and economy, labor safety and automation. One of them is the process of drawing
metal in roller dies, which combines the features of two methods of pressure metal
processing - rolling and drawing. The main working tool when applying the drawing
process in roller dies is a roller die with non-driven working rollers. The main
drawback of the roller dies method is the presence of traction force. Stretching
stresses in combination with a decrease in the plasticity of the metal during the
drawing process can lead to the destruction of the rolled product. This limits the
assortment of profiles, the total crimping in one of transition. It is possible to
increase the plasticity of metal in two ways - thermal and mechanical. The thermal
method, which is widely used in industry, requires significant energy consumption.
At the same time, previous studies, which were carried out including in the ISI
NASU, showed that it is possible to increase the plasticity of the metal by means of
alternating sign deformation of the profiles, using, for example, equipment for
straightening profiles or a scale breaker. The purpose of analytical research is to
establish the dependence of the influence of the technological parameters of the
drawing process in a roller drawing machine combined with the pulling of strips
through a device for bending with tension (DBT) on the change of the energy
parameters of the process based on the developed mathematical model. Analytical
studies of the influence of the technological parameters of the DBT were carried out
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for the case of deformation of the initial workpiece of round cross-section with a
diameter of 5.90 mm from low-carbon steel of the St.08 brand in a double-roll roller
die with smooth rolls, combined with DBT in the conditions of the laboratory base
of the pressure metal processing department of the Iron and Steel Institute of the
Z.1. Nekrasov of NASU. On the basis of the revealed regularities, the dependences
of the energy-force parameters of the process of drawing in a roller die, combined
with the drawing of strip through the DBT, on the influence of the main
technological parameters were obtained. It was established that an increase in the
distance between of the axes rollers of the DBT at a constant value of the movement
of the axis of the pressure roller of the DBT in the vertical direction leads to a
decrease in the angle of coverage of the roller by the strip. It has been established
that at a constant distance between the axes of the DBT rollers, when the amount of
movement of the axis of the DBT pressure roller increases vertically, on the
contrary, the values of the angle of coverage of the roller by the strip increase. It is
shown that an increase in the number the rollers of DBR leads to an increase in both
the pulling force of the strip and the normal component of the force acting on the
trunnion of the rollers of the DBT. It was determined that the most significant
influence of the height of the stretched strip and the radius the rollers of the DBT on
the pulling force occurs in the range of relations R/4<I0. It was established that an
increase in the total degree of preliminary deformation in the roller die and sign-
changing deformation in the DBT of the strip leads to an increase in the value of the
pulling force.

Key words: sign-changing deformation with stretching, tape type profiles,
mechanical properties, bending and stretching roller device, roller die, pulling force,
strip.
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Introduction. It is impossible to imagine the modern development of
technology without the use of metal products, including wire products,
which are subject to high requirements in terms of variety and quality, and
to the production processes, for example, wire of a fashioned profile, the
flexibility of technology, high efficiency and economy, labor safety and
automation. One of them is the process of drawing metal in roller dies,
which combines the features of two methods of pressure metal processing -
rolling and drawing. The main working tool when applying the drawing
process in roller dies is a roller die with non-driven working rollers [1-4].

The use of drawing in roller dies is effective in the conditions of
production of bars and wire of fashioned profile, in draft passes when
drawing wire rod, cast and other types of blanks, in the production of
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reinforcing wire and wire made from materials that are difficult to deform.

Compared to cold rolling and flattening, the process of drawing in roller
dies has higher technological flexibility, does not require large capital costs
for the organization of production. Compared to conventional drawing using
monolithic dies, the drawing process in roller dies has the following
advantages: lower energy consumption; higher permissible deformation per
pass; higher homogeneity of product properties [5-8].

The main drawback of the roller portage method is the presence of
pulling force. Stretching stresses in combination with a decrease in the
plasticity of the metal during the drawing process can lead to the destruction
of the rolled product. This limits the assortment of profiles, the total
crimping in one of transition.

It is possible to increase the plasticity of metal in two ways - thermal
and mechanical. The thermal method, which is widely used in industry,
requires significant energy consumption. At the same time, previous studies,
which were carried out including in the ISI NASU, showed that it is
possible to increase the plasticity of the metal by means of alternating sign
deformation of the profiles, using, for example, equipment for straightening
profiles or a scale breaker.

The main technological factors that affect the energy-force parameters
of the sign-changing deformation process are rectangular cross-section strip
through a device for bending with tension (DBT) according to the
"stretching with bending" scheme are: the initial size of the strip (radius for
the blank a circular cross-section preparation Ry, or, in our study, it is half
the height for the strip hs/2); steel brand; the initial level of the mechanical
properties of rolled steel; the value of the angle of coverage of the bending
roller; value of the ratio of the radius of the roller R;. to half the height of the
strip hs/2 [9].

The magnitude of the counter-tension force in front of the first roller as
the main energy-force parameter of the process of changing sign
deformation of the strip through the DBT determines (equal to) the force of
cold deformation (pulling) of the strip through this device and the power of
the drive motor of the traction device, the amount of the maximum possible
deformation during the first transition, the stability of the cold deformation
process and other parameters. When working with a large back tension,
frequent breaks in the rolling stock are possible, which are associated with
an increase in the values of stresses that stretch the surface layers of the
strip throughout the center of deformation. In turn, the magnitude of the
force of pulling the strip through the rollers of the DBT is determined by the
radius of the rollers Ry, the value of the yield strength of the material of the
strip o7, by the number of rollers n, half the height of the strip hs/2, value
of the distance between the axes of the rollers L;.
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The main influence on the size of the angle of coverage of the pressure
roller by the strip y gives the radius of the rollers R, the distance between
the axes of the rollers L; and the amount of movement of the axis of the
pressure roller DBT vertically AT.

The purpose of analytical research is to establish the dependence of
the influence of the technological parameters of the drawing process in a
roller drawing machine combined with the pulling of strips through the
DBT on the change of the energy-force parameters of the process based on
the developed mathematical model.

Materials and Methods. As a mathematical apparatus for conducting
analytical studies, we used the developed model for determining the energy-
force parameters (EFP) of the drawing process in a roller drawing machine
combined with the pulling of strips through the DBT. The main provisions
of the mathematical model are outlined in the works [10, 11].

Analytical studies of the influence of the technological parameters of the
DBT on the change in the angle of rounding of the roller by the strip (y, )
and the length of contact between the strip and the roller (I, mm) were
carried out for the case of deformation of the initial workpiece of round
cross-section with a diameter of 5.90 mm from low-carbon steel of the St.08
brand in a double-roll roller die with smooth rolls, combined with DBT in
the conditions of the laboratory base of the pressure metal processing
department of the Iron and Steel Institute (ISI) of the Z.1. Nekrasov National
Academy of Sciences of Ukraine. The radius of the rollers die was
R=72.5 mm. Half the height of the strip after the transition from the roller
die to the DBT was equal to h1/2=2.60 mm. The scheme of the deformation
of the original round workpiece in the smooth rolls of the roller die is shown
in fig. 1. DBT parameters: radius of DBT rollers R;.=18 mm; radius of the
trunnion of the DBT rollers Ry.=5 mm,; coefficient of friction in DBT
f=0.01.

| |

Figure 1 — Scheme of deformation of the original
round workpiece in a roller die during analytical
studies
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The initial distance between the axes of the L; DBT rollers was changed
every 5 mm from 35 to 70 mm with a constant value of the vertical
movement of the axis of the DBT pressure roller A7, mm. In the
experiments, the amount of movement of the axis of the pressure roller
DBT along the vertical AT in 1 mm was also changed from 2 to 8 mm with
a constant value of the distance between the axes of the rollers L;, mm.

Results and Discussions. The magnitude of the counter-tension force in
front of the first roller as the main energy-force parameters of the process of
changing sign deformation of the strip through the Device for Bending with
Tension (DBT) determines (equal to) the force of cold deformation (pulling)
of the strip through this device and the power of the drive motor of the
traction device, the amount of the maximum possible deformation during
the first pass, the stability of the cold deformation process and other
parameters. When working with a large back tension, frequent breaks in the
rolling stock are possible, which are associated with an increase in the
values of stresses that stretch the surface layers of the strip throughout the
center of deformation. In turn, the magnitude of the pulling force the strip
through the rollers of the DBT is determined by the radius of the rollers Ry,
the value of the yield strength of the material of the blank oy, by the
number of rollers n, the height of the strip hs, (in our case, half the height of
the strip hs/2) and the value of the distance between the axes of the
rollers L;.

The main influence on the angle of rounding of the pressure roller by the
strip y is provided by the radius of the rollers R,., the distance between the
axes of the rollers L;, and the amount of movement of the axis of the
pressure roller DBT vertically AT.

The results of calculation of the influence of the technological
parameters of the DBT: the distance between the axes of the rollers
Li and the values of the displacement of the axis of the pressure roller
of the DBT vertically AT on the change in the angle of coverage of the
roller by the strip y and the length of contact between the strip and the
roller I, given in the table 1, 2, respectively, and their summary is presented
in fig. 2.

From the analysis of the results of table 1 and 2 and fig. 2 it is
established that at a constant value of the distance between the axes of the
rollers L; with an increase in the amount of movement of the axis of the
pressure roller DBT vertically A7, the values of the angle of rounding of the
roller by the strip y and the length of contact between the strip and the roller
I, increase. It was determined that at a constant amount of movement of the
axis of the pressure roller DBT vertically AT an increase in the values of the
distance between the axes of the rollers L, on the contrary, the values of the
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angle of rounding of the roller by the strip y and the length of contact
between the strip and the roller Ik decrease.
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Figure 2 — Influence of parameters Li and AT on the angle of rounding of the roller
by the strip: Rr. = 18 mm; Ry. = 5.0 mm; hs/2=2.6 mm

Table 1 — The value of the angle of coverage of the roller by the strip y from the
distance between the axes of the rollers Li and the movement of the axis of the
pressure roller DBT vertically AT

Indicators of technological parameters
The distance Vertical movement of the DBT pressure roller axis, AT, mm
between the
axes of the AT=3 AT=4 AT=5 AT=6 AT=7 AT=8
rollers, Li, mm The angle of coverage of the roller by the strip y, °
35 1.3 4.58 7.88 11.2 14.56 17.90
40 1.14 4.01 6.89 9.78 12.70 15.66
45 1.01 3.56 6.12 8.69 11.27 13.88
50 0.92 3.21 5.50 7.81 10.14 12.47
55 0.83 2.92 5.00 7.10 9.20 11.32
60 0.76 2.67 4.58 6.50 8.43 10.37
65 0.70 2.46 4.23 6.00 7.78 9.56
70 0.65 2.29 3.93 5.57 7.22 8.87
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Table 2 — The value of the contact length of the staff with the roller lk. from the
value of the distance between the axes of the rollers Li and the displacement values
of the axis of the pressure roller DBT vertically AT

Indicators of technological parameters
The distance Vertical movement of the DBT pressure roller axis, AT, mm
betweenthe axes | s7=3 | ar=4 | arss | ars6 | ar=1 | ar=s
of the rollers, Li, -
mm The contact length of the staff with the roller I, mm
35 1.078 | 3.94 7.04 10.04 14.03 17.94
40 0.94 3.44 6.15 9.08 12.24 15.63
45 0.83 3.06 5.47 8.07 10.86 13.86
50 0.75 2.75 4.92 7.25 9.76 12.45
55 0.68 2.50 4.47 6.59 8.87 11.30
60 0.63 2.29 4.10 6.04 8.12 10.35
65 0.58 2.12 3.78 5.57 7.49 9.54
70 0.53 1.96 3.51 5.17 6.95 8.86

Knowing the amount of effort that must be applied to the front end of
the strip to pull it through the rollers of the DBT allows you to qualitatively
take into account the effect of the amount of back tension during the first
crimping. The work [12, 13] is known, which describes the method of
calculating these forces. However, calculations based on the above formulas
showed that for roller DBT with adjustable bending of profiles of circular
sections between the rollers, they will be valid only for small elastic
deformations with a small curvature of the bend, for example, for
straightening long pipes on rollers, when (p+7)/r>10% where p is the
bending radius of the product and r is product radius [5, 14]. Analysis of the
formulas and calculation results showed that the formulas in work [12]
provide an underestimate of the drawing process force, because they do not
take into account the part of the work that is required for additional bending
of the metal layer when changing the angle of coverage of the pressure
roller by the strip y and, accordingly, reduce the amount of work that is
required for drawing process the strip through the DBT rollers. Therefore,
taking into account the results of work [5, 14], the results of the calculation
of the value of the normal component force acting on the pin of the roller F;
were additionally analyzed and compared with the calculated value of the
drawing process force P; through the DBT.

Analysis of changes in the pulling force of strip of the Py and the
normal component of the force F, acting on the trunnions of the DBT
rollers was performed from the number of rollers n involved in the
deformation process in the DBT. The number of rollers n, which were
involved in the deformation process in the DBT, varied in steps of 1 piece
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from 1 to 7 pieces.

In the table 3 shows the results of these calculations, and fig. 3 shows
the dependence of the drawing process force of the strip and the normal
component of the force acting on the trunnions of the DBT rollers on the
number of rollers that are involved in the deformation process in the DBT.

Table 3 — The value of the pulling force of the strip and the normal component
of the force acting on the trunnions of the rollers from the number of rollers of the
DBT

Number | The normal component | The force of the | fn—Pouit o 4400,

of ro_llers, of the forc_e acting on pulling the strip P, %

n, pieces the trunnions of the through the DBT, 0

DBT rollers, Fn, N Ppuil,, N

1 4212 2884 315
2 7216 4406 38.9
3 10237 5937 42.0
4 13276 7477 43.7
5 16331 9025 447
6 19403 10582 455
7 22493 12147 46.0
25000

20000 ,/

15000
// ‘
10000 o

Poui&Fn N

e

5000
A//‘l,

1 2 3 4 5 6 7
Number of rollers, n

== Fn == Ppull

Figure 3 — Dependence of the pulling force and the normal component of the force
acting on the trunnion on the number of DBT rollers: om = 572 N/mm?
Rr. = 18 mm; Ry. = 5.0 mm; hs./2=2.6 mm; Li = 35 mm; At = 4.0 mm; f =0.01

From the data in the table 3 and fig. 3 it is established that with an
increase in the number of involved rollers, the DBT leads to an increase in
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both the pulling force the strip and the normal component of the force
acting on the trunnion of the rollers of the DBT. At the same time, with an
increase in the number of DBT rollers, the value of the normal component
of the force Fn, increases more intensively than the increase in the values of
the pulling force of the Ppui. strip, which is illustrated in fig. 3 and the

values of table 3 (—”“” %X 100%). These dependencies absolutely clearly

reflect the logic of the mechamsm of the pulling the strip through the DBT.

The normal component of the force acting on the pin of the roller F;
according to the work [4] is 20-40 % greater than of the pulling force P;
through the DBT. Therefore, the radius of the trunnion and roller bearings
must be determined taking into account the value of the normal component
of the force acting on the trunnion, and not by the magnitude of the pulling
force.

The results of calculations of the amount of the pulling force through the
DBT from the height of the strip (% the height of the strip hs/2), which is
drawn and the radius of the rollers R, of the DBT are given in the table 4
and fig. 4.

Table 4 — The value of the pulling force through the DBT depends on the height
of the pulling strip and the radius of the rollers of the DBT

Y the height of the strip, hs/2, mm
Rr.| hs./2=25mm hs/2 =2 mm hs/2 =15 mm hs/2 =1 mm

mm Pdraw., & 1 Pdraw., & 1 Pdraw., & 1 Pdraw., & 1
N | hs/2 N | hs/2 N | hs/2 N | hs/2

20 | 9958 | 8 |[5.56|5872 | 10 |2.91| 3317 | 13.31.26]| 1965 | 20 |0.38
30 | 7304 | 12 |3.85| 4457 | 15 |2.00| 2694 | 20 |0.86| 1770 | 30 |0.26
40 | 5904 | 16 |2.94| 3720 | 20 |1.52| 2373 | 26.6 |0.65| 1671 | 40 |0.20
50 | 5039 | 20 |2.38| 3267 | 25 (1.23| 2178 | 33.3|0.52| 1611 | 50 |0.16
60 | 4452 | 24 |2.00| 2960 | 30 |1.03]| 2046 | 40 (0.44| 1571 | 60 |0.13
70 | 4026 | 28 |1.72| 2739 | 35 [0.89| 1951 | 46.6 |10.38| 1543 | 70 |0.11
80 | 3704 | 32 |1.52| 2572 | 40 |0.78| 1879 | 53.3 |0.33| 1521 | 80 |0.10

From the analysis of the data in the table 4 it is determined that the value
of the pulling force Ppun. depends inversely proportionally on the value of
the radius of the DBT rollers R, and directly proportionally on the value of
the height of the strip hs/2. With an increase in the radius of the DBT
rollers, the value of the pulling force Ppui. decreases with a constant value of
the height of the strip. At a constant radius of the DBT rollers, the value of
the pulling force Py decreases with a decrease in the height of the strip. At
the same time, if you use a strip of minimum height, for example
hs/2=1 mm or hs/2=1.5 mm, then the value of the pulling force depends
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little on the value of the radius of the DBT rollers in comparison with a strip
with a height of hs/2 =2 mm or hs/2 =2.5 mm (table 4 and fig. 4). The rate
of reduction in the force of pulling strip with a height of hs/2=2 mm or
hs/2=2.5 mm due to DBT is much greater than when pulling strip with a
height of hs/2=1 mm or hs/2=1.5 mm, which is explained by the influence
of the scale factor of the original strip. From the data in the table 4 and the
dependencies shown in fig. 4, it is established that the strongest influence of
the height of the extending strip and the radius of the rollers on the pulling
force is observed in the range of the ratio R /hs/2 < 10.

10000
9000
8000 \\
7000 N
6000 \

2
5 5000 \
\G\
4000 — —
3000 T ]\D\ﬁ,\_ﬁ
—_— — !
2000
1000
0
20 30 40 50 60 70 80

Radius of rollers, R,, mm

—=hs./2 =2,5mm ={=hs./2=2,0 mm —t=hs./2 =1,5mm =@—hs./2=1,0mm

Figure 4 — The influence of the height of the strip and the radius of the rollers on the
pulling force through the DBT: o= 572 N/mm?; Ry. = 5.0 mm; L = 2R,+10 mm;
At=4.0mm; n=7;f=0.01

Analysis of the change in the pulling force of the strip through the DBT
and the normal component force F,. acting on the pins of the rollers of the
DBT depending on the degree of preliminary deformation in the roller drag
and the number of rollers that were involved in the deformation process in
the DBT was carried out. In the table 5 shows the results of these
calculations, and Fig. 5 shows the dependence of the force of pulling the
strip on the degree of preliminary deformation in the roller mill and the
number of rollers involved in the deformation process in the DBT.

From the analysis of the data in the table 5 and fig. 5 it is determined
that the magnitude of the pulling force of the strip through the DBT Ppun.
and the normal component of the force acting on the pins of the rollers Fy
increases with an increase in the number of rollers n involved in the DBT
and with a constant value of the degree of preliminary deformation ¢.
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Table 5 — The value of the pulling force of the strip and the normal component
of the force acting on the roller trunnions from the number of DBT rollers and the
amount of the degree of preliminary deformation in the roller portage

Indicators of technological parameters
The degree of preliminary deformation of the strip in of the roller die, %
¢=10% £=20% £=30%

2a 2% | 22 £% | 29 2z
g | Z5 53| 258 5% | 25 5 3
& | 8¢ oo | S°E oo S 2 oo
2| §5z| £ | §5= S S5z £
< c = = =] [an] [ = [an] = = om
& S e a0 S euw an Souw an
2 ECs| 22 EC o 22 EC I 22
= o < = = = o < =5 = = o <€ 5 = =
e oo c o o o2 c < o o2 J=
5| 28| S| 28| S© | 28| S%©
© £S5 ) = =] = =]

= QO o = = © 2 = =] o=
3 e sm RS S & S S S s <K=
£ w§a ;.9- w@% ;.9- w§e’ ;C_’-
Z | F8£| EB | E8E| FR | F8£| £3
1 4212 2884 5177 3946 1526 5997
2 7216 4406 6990 5143 1692 6850
3 10237 5937 8817 6346 1863 7703
4 13276 7477 10654 7554 2039 8557
5 16331 9025 12501 8767 2218 9411
6 19403 10582 14357 9985 2400 10266
7 22493 12147 16221 11208 2584 11121
12500
10000

zZ
= 7500 o
> — /
Qqa Al/‘/
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2500
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Figure 5 — The influence of preliminary crimping of the strip in the roller die on
the force conditions
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Conclusions

On the basis of the revealed regularities, the dependences of the energy-
force parameters of the process of drawing in a roller die, combined with
the pulling of strip through the DBT, on the influence of the main
technological parameters were obtained.

In particular, the following new regularities of the combined processes
of drawing in roller die and pulling through DBT were obtained:

- an increase in the distance between of the axes rollers of the DBT at a
constant value of the movement of the axis of the pressure roller of the DBT
in the vertical direction leads to a decrease in the angle of coverage of the
roller by the strip;

- it has been established that at a constant distance between the axes of
the DBT rollers, when the amount of movement of the axis of the DBT
pressure roller increases vertically, on the contrary, the values of the angle
of coverage of the roller by the strip increase;

- an increase in the number the rollers of DBR leads to an increase in
both the pulling force of the strip and the normal component of the force
acting on the trunnion of the rollers of the DBT;

- the value of the pulling force depends inversely proportionally on the
value of the radius the rollers of the DBT and directly proportionally on the
value of the height of the strip;

- it was determined that the most significant influence of the height of
the stretched strip and the radius the rollers of the DBT on the pulling force
occurs in the range of relations R/A<10;

- an increase in the total degree of preliminary deformation in the roller
die and sign-changing deformation in the DBT of the strip leads to an
increase in the value of the pulling force.
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Y Incmumym uopnoi memanypeii im. 3.1. Hexpacoea HAH Yxpainu

AHAJITUYHI JOCJIIUKEHHSA BIVIMBY TEXHOJIOI'TYHUX
IHAPAMETPIB IIPOLECY NPOTSKKHU ITABU YEPE3 3T'MHO-
PO3TSIT'YBAJIBHUM MTPUCTPIA HA 3MIHY EHEPTOCHJIOBUX

MMAPAMETPIB ITIPOLECY

Anortanisg. CydJacHMH pO3BHTOK TEXHIKM HEMOXIIHBO MPEACTaBUTH  0Oe3
BUKOPHUCTaHHS METAJIOBUPOOIB, y TOMYy 4YHCHi, BHPOOIB 3 JApOTy, IO SKUX
Mpea IBIIIOTh  BUCOKI BHMOTH 1O PI3HOMAHITTIO W SKOCTi, a J0 TIPOIECiB
BHPOOHMIITBA, HANpPUKIAA, IPOTy (aCOHHOrO mHepepidy — THYYKOCTi TEXHOJOTII,
BUCOKOI €()eKTHBHOCTI 1 €KOHOMIYHOCTI, Oe3meku mpaili i aBTomarusarii. OgHuM 3
HHUX € MpOoLeC BOJOYIHHSA METally y POJINKOBHX BOJIOKAX, SIKMil TO€IHaB B COOi
0COOJIMBOCTI JTBOX METOJIB OOPOOKM METaliB THCKOM — TPOKATKH 1 BOJIOYiHHS.
OCHOBHHM po0OYMM IHCTPYMEHTOM IIPH 3aCTOCYBaHHI IIPOIECY BOJIOUiHHS B
POJIMKOBHX BOJIOKaX € POJIMKOBA BOJIOKA 3 HEMPUBIAHMMH POOOYMMH DPOJUKAMH.
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OCHOBHHI HEJIOJIK CII0CO0Y BOJIOYIHHS B POJIMKOBHX BOJIOKAaX — HAsBHICTH TATOBOTO
3ycmiursl. Po3TAryrour HampyKeHHS Yy CYKyNHOCTI 31 3HIDKCHHSM IUIACTHYHOCTI
MeTally B TpOIECi BOJIOUIHHS, MOXYTh NPHUBECTH OO pyiHHyBaHHsS mpokary. Lle
oOMexye copraMeHT npodiniB, cymapHe OOTHCHEHHs 3a OUH mepexia. [liaBUIIUTH
IUTACTUYHICTh METaJly MOXIIHMBO [IBOMa CHOCOOAMH — TEPMIYHHUM i MEXaHIYHUM.
Tepmiunuii cmocid, SKili IIUPOKO 3aCTOCOBYETHCS B IPOMHUCIOBOCTI, MOTpedye
3HAYHMX BHUTPAT €Heprii. Y ToM ke Jac MonepeaHi JOCTiPKeHHs, SKi Oyin mpoBeaeHi
B tomy umcii B [UM HAHY, mokaszanu, mo MiABUIIUTH IUIACTUYHICTH METAIy
MOXJIMBO CIOCOOOM 3HAKO3MIHHOTO JnedopMyBaHHS INIpodimiB, 3acTocyBaB IS
I[OTO, HANPUKJIAJ, OOJaJHAHHS I PUXTyBaHHS Ipo¢iIiB a0 OKaJMHO3IaMyBaya.
MerTo0  aHaNITUYHUX JOCHIIKEHb € BCTAHOBJICHHS 3alIeXHOCTEl  BIUIMBY
TEXHOJIOTIYHUX MapaMeTpiB MPOIEeCy BOJOYIHHS B POJMKOBIH BOJIOLI MOETHAHOTO 3
NPOTATYBAHHAM IITa0W 4epe3 3rHHO-pO3TATyBanbHui mnpucTpiit (3PIT) Ha 3miHy
€HEePrOCUIIOBUX MapaMeTpiB MPOIECY Ha OCHOBI PO3pOOICHOT MaTeMaTHYHOT MOEI.
AHaNMITHYHI JOCHI/DKCHHsI BIUTUBY TeXHOJOTIUHHX mapameTpiB 3PI1 mporomumcs
JUTS BUIIAJKY Je(hOpMyBaHHs BUXITHOT 3aTOTOBKH KPYIJIOrO Tepepizy aiaMeTpoM 5,90
MM 3 HU3BKOBYTIIeneBoi crami Mapku Ct.08A B JBOBaJKOBIH PONMKOBIH BoJOLi 3
IIaJKUMH Bayikamu, noeqHanoro 3i 3PII B ymoBax mabopatopHoi 6a3u Bimaity
00pobku metamiB TuckoM IYM HAHY. Ha mincraBi BHSBIEHHX 3aKOHOMipHOCTEH
OTPHMAHO 3AJIEKHOCTI CHEPrOCHIOBHX IaPaMETPiB MPOILECY BOJOYIHHS B POIUKOBIH
BOJIOL, TOETHAHOTO 3 MPOTAryBaHHAM mTadbu vepe3 3PII Big BIIMBY OCHOBHUX
TEXHOJIOTIYHUX HapaMeTpiB. BcTaHOBIEHO, M0 30iMBLICHHS BiICTaHI MDK OCAMH
pomukiB 3PI1 npu nocrTiiiHii BennuuHI IepeMilieHHs oci HaTuckHoro ponuka 3PI1 o
BEPTHKAI TPU3BOJMUTH JI0 3HIDKEHHS BEMYMHHM KyTa OXOIUICHHS POJIMKa IITabolo.
Busnaueno, 1o npu nocTiifHOMY 3Ha4eHHi BincTaHi MK ocsimMu ponukiB 3PIT mpu
30iIbIIEHHI BEIMYMHM HepeMillleHHs1 oci HatuckHoro poska 3PII mo BepTmkaii,
HABIIaKH, 301IBIIYIOTHCS 3HAYCHHS KyTa OXOIUICHHS poirka mradoro. [Tokazano, mo
30umbIIeHHss  KimbkocTi ponukiB 3PI1 mpusBoaumTh 10 30iNBLIEHHS, SK CHIH
MPOTATYBaHHS ITa0H, TaK i HOPMAIIFHOT CKJIQIOBOT CHJIM, IIO Ji€ Ha Harndu pouKiB
3PI1. BuzHaueHo, 1m0 HaHOLIBII BATOMHIA BIDIMB BHCOTH IITA0H, IO MPOTATYETHCS 1
paniyca posnukiB 3PIl Ha cuiy mpotsiranHst BinOyBaeTbCsl B Jlialia3oHi BiJHOCHHU
R/h< 10. BceraHoBneHo, W0 30UIBLICHHS CYMapHOTO CTYIEHS IONEepeaHbol
nedopmariii B pOJMKOBIiT Bosomi Ta 3HaK03MiHHOT aedopmarii B 3PII mrrabu
MIPU3BOUTS JIO MiIBUIICHHS BETMYMHH CHIIN MPOTSTYBaHHS.

Kiwuosi ciioBa: 3Hako3MinHa Aedopmallis 3 po3TATYBaHHAM, MPOQii CTPIYKOBOTO
THITy, MEXaHIYHI BIACTUBOCTI, 3TMHO-PO3TATYBAIbHUI POJMUKOBHI TPUCTPIH,
POJHMKOBA BOJIOKA, 3yCHILIS [IPU MPOTATYBaHHI, mraba.

HocunanHst A UUTYBAHHS: AHAIITHYHI JTOCTIPKEHHS BIUIMBY TEXHOJIOTTYHUX
rmapaMeTpiB MpoIecy MPOTSHKKU MITA0W Yepe3 3rHHO-PO3TATYBAIBHHUN TPHUCTPil Ha
3MiHy eHeprocuioBux mnapamerpis npouecy / B. I'. Pazno6pees, K. 10. Kirounikos,
I.T. Manamap, O. 1. Jlemenko, O. I1. IBaHoB // @yndamenmanvui ma npukiaowui
npobaemu 4opHOT Memanypeii. 2024. Bum. 38. C. 455-468.
https://doi.org/10.52150/2522-9117-2024-38-455-468
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