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PRODUCTION EFFICIENCY OF RIBBON-TYPE
SECTIONS BY THE DRAWING METHOD
IN DOUBLED-ROLL ROLLER DIES

Introduction. The process of drawing is used to produce a wide range of fashion sections of complex configura-
tion, including thin-walled, ribbon-type, and periodical section profiles.

Problem Statement. Because of the complexity of steel ribbon production with flattening machines and high
capital intensity of flattening production, since the second half of last century, the manufacturers have been try-
ing to use alternative methods of flattening, in particular drawing in monolithic and double-roll roller dies.

Purpose. The purpose of this research is to establish regularities of the influence of different sizing systems
and process parameters on the regularities of shape change and energy-force parameters of the drawing process
in double-roll roller dies and to determine the most ef fective schemes for achieving the maximal metal expansion
while producing ribbon-type sections.

Material and Methods. The materials used are as follows: round billets of 5.9 mm in diameter, made of steel
brand St.08A; the methods used are as follows: cool billet processing with varying crimping in the double-roll roller
die with different gauge systems.

Results. The regularities of metal shape change and energy-force parameters alternation of the ribbon-type
section drawing process in doubled double-roll roller dies by using different gauge systems have been established.
Marginal conditions of the deformation in double-roll dies, which provide stable and smooth drawing process ac-
cording to the criterion of deformed metal safety factor, have been studied experimentally. The most efficient
gauge system of doubled roller dies, which provides maximal metal expansion while producing ribbon-type sec-
tions have been determined experimentally.

Conclusions. It has been proposed to use the metal drawing technology in doubled double-roll roller dies with
“Dullhead-accelerated gauge” system while producing ribbon-type sections with a width-to-thickness ratio of
more than 2, for achieving the maximal metal expansion per transition. In addition, such a process is energy ef-
ficient as the force of pulling through the roller die decreases.
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Production Efficiency of Ribbon-Type Sections by the Drawing Method in Doubled-Roll Roller Dies

The use of high-precision sections in modern en-
gineering and instrumentation is of utmost impor-
tance in terms of improving the quality of produced
ware and considerably reducing the cost of its pro-
duction [1-3]. Thus, for example, the use of steel
piston rings instead of conventional cast iron
ones allows considerably increasing the machine
and aggregate motor service life, simplifying and
automating the process of ring production to a
great extent as well as reducing laborious and
ecologically harmful foundry production [4, 5].

At present, in Ukraine, high-precise section
production is extremely limited, and that of steel
cold-formed ribbon is practically absent, in gene-
ral. Production of such ware that is in high de-
mand for a wide size and brand assortment are
relatively small [6, 7].

Creating a specialized production of high-pre-
cision and steel ribbon-type sections in these con-
ditions (the equipment cost is up to USD 20 thou-
sand per a ton) is economically impractical and
the import orientation of such production makes
the economic and technological safety of the abo-
ve fields of Ukraine’s economy dependent on for-
eign suppliers.

The most efficient of the well-known alterna-
tive methods for high-precision section and flat-
tened ribbon production, both technologically and
economically, is considered metal drawing in roll-
er dies in cold state. Unlike drawing in monolith-
ic roller dies when the die is still, drawing in roll-
er dies is made when the rolls rotate freely around
their axes, which makes this process similar to rol-
ling. However, due to the presence of pulling for-
ce with high deformation unevenness when tran-
sitioning from a round billet to a rectangular or
fashion section by this method, it is considered im-
practical to produce strip sections with the width-
to-thickness ratio of more than 1.5—2.0 [1—3, 6,
8]. It is connected with the destruction of their
side edges.

Iron and Steel Institute of Z. I. Nekrasov of
the National Academy of Sciences of Ukraine
(ISINASU), traditionally deals with fundamen-
tal and applied research of the drawing process in
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roller dies to produce ribbon-type sections. The
results of this research have allowed developing
and putting into production the flattened ribbon
drawing technology to produce piston rings as
well as developing and working out the technol-
ogy of metal preparation for cold work in simple
and complex profile sections in conditions of un-
specialized types of production [4, 5,9—12].

Both the drawing and flattening processes are
also applied to produce various size range ribbons,
including the narrow ones. In practice, accelera-
ted gauges are used to produce narrow ribbons for
the ribbon width increase in relation to the initial
billet diameter. At the same time, the actual task
is the use of such a gauge system and processing
technological modes that prevent dangerous high
tensions stretching the ribbon edge due to une-
ven deformation from appearing [10—12] as well
as from its further destruction.

The goal of the experimental research is the es-
tablishment of regularities of the influence of dif-
ferent sizing systems and technological parame-
ters on the regularities of shape change and ener-
gy-force parameters of a drawing process in dou-
bled double-roll dies as well as the determination
of the most efficient schemes to achieve the maxi-
mal metal expansion.

The experimental research was carried out in
several stages.

At the first stage, the initial round billet deforma-
tion in double-roll die with different values of re-
lative crimping per transition has been studied.

According to the results of the experimental
research, the relative crimping per transition, at
which the maximal metal expansion is achieved,
has been determined.

At the second research stage, the initial round
billet is deformed in the doubled double-roll die
with such a total crimping per transition, accord-
ing to which the first stage maximal expansion is
achieved, as well as with different breaking with
crimps between two double-roll dies. The gauge
system “bullhead — bullhead” is employed.

While conducting all the types of research on
the initial round billet deformation in all the ty-
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Fig. 1. Changes in the shape and deformation parameters during crimping the initial 5.90 mm diameter round billet in dou-
ble-roll die: @ — strip width after deformation; b — metal expansion

pes of roller dies the following parameters are ta-
ken as the initial data:

o the initial billet diameter is 5.90 mm;

« the initial billet material is steel brand St.08A.
o the diameter of bullhead rolls is 145 mm.

The steel chemical structure and mechanical
properties of the billet are given in Table 1.

The research has been carried out with the use
of finishing stand of drawing machine UDZSA
2500/5 at a maximally acceptable pulling force of
25000 N, in the laboratory of Iron and Steel Insti-
tute of Z. I. Nekrasov of the National Academy of
Sciences of Ukraine (ISINASU).

The crimping modes during the initial round
billet deformation in the double-roll die are given
in Table 2.

Figure 1 features changes in the shape parame-
ters (the strip width after deformation 5,) and

deformation (metal expansion Ab = b, — b, which
shows an increase in the ribbon width after the
deformation, namely the difference between the
initial b, and the final 5, ribbon width) due to the
relative deformation during the crimping of ini-
tial 5.90 mm diameter round billet in a double-
roll die.

According to the analysis of Fig. 1a, it has been
established that the maximal strip width of appro-
ximately 6.8 mm is observed at the relative defor-
mation of nearly 30% per transition. As the rela-
tive deformation per transition further increases
in the range of 40—60%, the metal expansion Ab
decreases from 0.88 to 0.5 mm (Fig. 1, b). It can
be explained by the fact that as the crimping per
transition increases, the metal pulling tension
opull increases as well. Upon reaching the fluidi-
ty limit ot (c,,, /0, = 1) by the pulling tension,

Table 1. The Steel Chemical Structure and Billet Mechanical Properties

Content of chemical elements, % Mechanical properties
C Mn Si S P 5, N/mm? 5, N/mm? 8., %
0.09 0.42 0.028 0.023 0.010 480 518 20
Table 2. The Modes of Crimping the Initial 5.90 mm Diameter Round Billet in Double-Roll Die
Relative crimping per transition, &,% 10 20 30 40 50 60
The ribbon height after crimping, h,, mm 5.30 4.70 410 3.50 2.90 2.30
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the metal deformation proceeds mainly towards
the extraction, instead of expanding (the extrac-
tion effect).

Figure 2 shows changes in the force parameters
and marginal conditions of the deformation proc-
ess of the initial 5.90 mm diameter round billet in
a bullhead double-roll die.

As a result of the analysis of Fig. 2, a, it has
been determined that with an increase in the rela-
tive metal crimping per transition from 10 to
60%, the metal pulling tension increases starting
with approximately 500 N/mm? up to the metal
fluidity limit and reaches it with a relative crimp-
ing per transition of around 50% that corresponds
to approximately 700 N/mm?. Further increase in
the pulling tension leads to the fact that the ini-
tial round billet deformation process in the roller
die with a bullhead proceeds without metal ex-
pansion, which can also cause metal breakout in
the deformation cell.

Figure 2, b features the change of safety factor
K* =6 /o ., which guarantees a stable process
without a breakout and geometrical section size
violation [13], while crimping the initial 5.90 mm
diameter round billet in a roller die with a bullhead,
depending on the relative deformation per transition.

According to the analysis of chart represented
in Fig. 2, b, it has been established that during the
deformation of the initial 5.90 mm diameter round
billet, the safety factor equal to 0.625 runs out at
the relative deformation of approximately 40%.
Thus, the operating crimping per transition range,
at which the deformation process will continue
steadily without destruction has been determined
as equal to 5—35%.

Figure 2, ¢ shows the changeable metal pulling
force during the deformation of the initial 5.90 mm
diameter round billet in a double-roll die with a
bullhead, depending on the relative single crimp-
ing per transition. It has been determined that the
pulling force in this case of deformation has been
recorded in the range of 1000 to 14000 N and it
does not exceed an acceptable pulling force for
machine UDZSA 2500/5 on the entire range of
single crimping of 10 to 60%.
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Fig. 2. Changes in the force parameters and marginal condi-
tions of the deformation of initial 5.90 mm diameter round
billet in a bullhead roller die, depending on the relative de-
formation: @ — pulling tension and metal fluidity limits; b —
safety factor; ¢ — metal pulling forces

It follows from the above that for this type of
deformation of the initial 590 mm diameter round
billet in a double-roll die with a bullhead, the op-
erating crimping range, at which the steadiness of
metal expansion and metal deformation process
is observed, makes up 5—30%. The maximal met-
al expansion during the deformation of initial
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5.90 mm diameter round billet is equal to approx-
imately 0.9 mm, with the relative single deforma-
tion being nearly 30%.

Based on the results obtained, the second stage
of research deals with studying the deformation

of initial 5.90 mm diameter round billet in a dou-
bled double-roll die with “bullhead — bullhead”
gauge system, at a total crimping &, equal to 30%,
with different variants of crimping distribution
between two double-roll dies (Table 3).

At the same time, with the purpose of evaluat-
ing the efficiency of scheme of the deformation of
initial 5.90 mm diameter round billet in a doubled
double-roll die with “bullhead — bullhead” gauge
system, we have made the experimental research
according to the classical scheme of the deforma-
tion of initial 5.90 mm diameter round billet: sepa-
rate deformation in the first double-roll die with a
bullhead and separate deformation in the second
double-roll die with a bullhead. During the addi-
tional experiments, the total crimping &, after the
deformation in the separate first and the second
roller dies with a bullhead makes 30%, with the
strip width b, after the crimping in the second
separate roller die amounting to 6.76 mm.

The results of drawing the initial 5.90 mm di-
ameter round billet in the doubled double-roll
die with “bullhead — bullhead” gauge system, ac-
cording to the modes shown in Table 3 are pre-
sented in Fig. 3.

As a result of the chart analysis represented in
Fig. 3, it has been determined that the maximal
output strip width b, from the second doubled
double-roll die is received during the deformation
of initial 5.90 mm diameter round billet in crimp-
ing mode 5 and it makes up 6.68 mm.

The efficiency of the metal deformation process
in a doubled double-roll die with the “bullhead —
bullhead” gauge system at different crimping modes

Table 3.The Modes of Crimping the Initial 5.90 mm Diameter Round Billet in Doubled Double-Roll
Die with “Bullhead — Bullhead” Gauge System at the Second Stage of Experimental Research

Total crimping, &, % 30
Crimping mode 1 2 3 4 5
Relative crimping in the 1+ roller die, &,, % 5 10 15 20 25
Relative crimping in the 2" roller die, ¢,, % 25 20 15 10 5
Ribbon height after the 1+ roller die, /,, mm 5.60 5.30 5.00 4.70 4.40
Ribbon height after the 2" roller die, /,, mm 4.10 4.10 4.10 4.10 4.10
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as compared with the deformation process accor-
ding to the classical scheme (separate drawing in
the first and in second double-roll dies) has been
evaluated with the use of the calculated value of
total metal expansion K, = =b,/b, (Fig. 4).
The strip width b, during the metal deforma-
tion in a doubled double-roll die with “bullhead —
bullhead” gauge system at different crimping modes
71—5 changes from 6.53 to 6.68 mm (see Fig. 3).
The strip width b, after the billet deformation in
the second separate double-roll die with a bull-
head made up 6.72 mm. Thus, the strip width b,
achieved at modes 7—5 during the metal defor-
mation in a doubled double-roll die with “bull-
head — bullhead” gauge system is less than the
strip width b, obtained after the initial round bil-
let deformation in the second separate double-roll
die with a bullhead. The comparison of the total
metal expansion K,  after the deformation of

total
initial 5.90 mm dianlietter round billet in a doubled

double-roll die with the “bullhead — bullhead”
gauge system and in the second separate double-
roll die with a bullhead has shown that the total
metal expansion after the metal deformation in a
doubled double-roll die with the “bullhead — bul-
lhead” gauge system at modes 7—5 is less than the
total metal expansion after the initial round billet
deformation in the second separate double-roll
die with a bullhead (Fig. 4).

We have evaluated different strip width b, (the
width varies within 6.53—6.68 mm) during the

ISSN 2409-9066. Sci. innov. 2023. 19 (6)

metal deformation in a doubled double-roll die
with gauge system “bullhead — bullhead” at dif-
ferent crimping modes (modes 7—5) as compared
with the strip width (b, = 6.72 mm) after the bil-
let deformation in the second separate double-
roll die with a bullhead. The total metal expan-
sion (K,,,, = b,/b,) or the strip width obtained
after the initial round billet in a doubled double-
roll die with the “bullhead — bullhead” gauge
system at modes 7—5 is less than the strip width
obtained after the initial round billet deforma-
tion in the second separate double-roll die with a
bullhead (Fig. 4).

Accordingly, it can be concluded that the use
of doubled double-roll die with the “bullhead —
bullhead” gauge system is inefficient for achieving
the maximal metal expansion while producing rib-
bon-type sections with the width-to-thickness ra-
tio more than 2.

Figure 5 features changes in the marginal con-
ditions of the deformation of initial 5.90 mm di-
ameter round billet in doubled double-roll die with
“bullhead — bullhead” gauge system as compared
with the deformation process separately in the first
and in the second double-roll dies with a bullhead.

It has been established that the safety factor du-
ring the deformation of initial 5.90 mm diameter
round billet in doubled double-roll die with “bull-
head — bullhead” gauge system at all the crimping
modes is less than the safety factor during the de-

formation separately in the first and in the second
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double-roll dies with a bullhead. It has been prov-
en that the safety factor of the metal deformation
in the doubled double-roll die with “bullhead —
bullhead” gauge system at all the crimping modes
does not run out as compared with the classical
billet deformation process in separate double-roll
dies with a bullhead. It can be explained by the
fact that in the second doubled double-roll die, the
following process parameters influence the stabi-

lity of the metal deformation process continuation:
the back tension created in the first doubled dou-
ble-roll die and the relative crimping in the second
doubled double-roll die. It has been established that
the pulling force for all crimping modes does not
exceed the maximal acceptable pulling force for
machine UDZSA 2500/5 (Fig. 5, ).

The results of the experimental research on crim-
ping the initial 5.90 mm diameter round billet in
the doubled double-roll die with “bullhead — bul-
lhead” gauge system have shown that as the crim-
ping increases in the first double-roll die, on the
way out of the second double-roll die, there is ob-
served the effect of high-altitude metal tighten-
ing. This effect is illustrated in Fig. 6.

Due to the fact that the use of doubled double-
roll die with “bullhead — bullhead” gauge system
is inefficient for achieving the maximal metal ex-
pansion while producing the ribbon-type sections
with a width-to-thickness ratio more than 2, it has
been decided to use “bullhead — accelerated gauge”
system in the doubled double-roll die while con-
ducting the experimental research on the initial
5.90 mm diameter round billet.

The deformation scheme and modes of the ini-
tial billet crimping in the doubled double-roll die
with “bullhead — accelerated gauge” system are
presented in Fig. 7 and in Table 4, accordingly.

It should be noted that during the research on
the initial round billet deformation in the dou-
bled double-roll crusher with “bullhead — accel-
erated gauge” system, the relative crimping in the
first double-roll die made up no less than 15%. It
is connected with the fact that for the stable con-

Table 4. Modes of Crimping the Initial 5.90 mm Diameter Round Billet in Doubled Double-Roll
Die with “Bullhead — Accelerated Gauge” System in the Experimental Research

Total crimping, &,,% 30—40
Crimping mode 1 2 3 4 5 6
Relative crimping in the 1% roller die & ,% 15 15 15 20 20 20
Relative crimping in the 2" roller die &,,% 15 20 25 10 15 20
Strip height after the 1* roller die /,, mm 5.00 5.00 5.00 4.70 4.70 4.70
Strip height after the 2" roller die 4,, mm 4.25 4.00 3.75 4.20 4.00 3.80
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tinuation of the metal deformation process in the

accelerated gauge, it is necessary to create an ap-

propriately sized flat ground (Fig. 7 on the left)
during the initial round billet deformation in the
first double-roll die.

Figure 8 shows changes in the strip width dur-
ing the experimental research on crimping the
initial 5.90 mm diameter round billet in the dou-
bled double-roll die with “bullhead — accelerated
gauge” system.

According to the results in Fig. 8, it can be seen
that as the total crimping per transition in doubled
double-roll die with the “bullhead — accelerated
gauge” system increases, so does the strip width.
It has also been established that the pulling force
during the deformation in the doubled double-
roll die with “bullhead — accelerated gauge” system
at all the crimping modes made up approximately
5500 N and does it not exceed the maximal accept-
able pulling force for machine UDZSA 2500/5.

Figure 9 features the comparison of the metal
expansion during the initial round billet crimp-
ing by three stages.

The comparative analysis of the three schemes
of initial round billet deformation has shown the
following:
¢ during the initial billet deformation in the sep-

arate double-roll die with a bullhead after the

relative crimping per transition equal to 30%,

the metal expansion decreases;

+ the initial billet crimping in the doubled dou-
ble-roll die with “bullhead — bullhead” gauge
system has shown the inefficiency of the “bull-
head — bullhead” gauge system, as in the entire
crimping range, the metal expansion is less than
during similar crimping in the separate double-
roll die with a bullhead;

+ the use of the doubled double-roll die with the
gauge system “bullhead — accelerated gauge”
during the initial billet deformation has shown
sufficient efficiency concerning the maximal me-
tal expansion obtaining. In the entire crimping
range, the metal expansion, i.e. the strip width,
increases. For producing the ribbon-type sec-
tions with a width-to-thickness ratio of more
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of the deformation process: in the separate double-roll die with
a bullhead; in the doubled double-roll die with “bullhead —
bullhead” gauge system; and in the doubled double-roll die
with “bullhead — accelerated gauge” system

than 2, it is recommended to carryout the cold
work process by using the doubled double-roll
die with “bullhead — accelerated gauge” sys-
tem. At the same time, this process is energy
efficient due to a decrease in the force of pull-
ing through the roller die.

CONCLUSIONS

1. In engineering and instrumentation, high-preci-
sion sections, including ribbon-type ones of a wide
brand and size assortment are used. However, rib-
bon-type section production is practically absent
in Ukraine.

2. Tron and Steel Institute of Z. I. Nekrasov of the
National Academy of Sciences of Ukraine (ISINASU)
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deals with fundamental and applied research of

the drawing process in roller dies to produce rib-

bon-type sections from carbon steel brands of dif-
ferent sizes.

3. To improve the production technology of
ribbon-type sections with a width-to-thickness
ratio over 2, the experimental research has shown
the following:

« it has been established that during the defor-
mation of the initial steel billet ranging in 10—
60% per transition in the separate double-roll
die with a bullhead after the relative crimping
per transition of approximately 30%, the strip
width decreases, with the metal expanding. It
is explained by the fact that as the crimping in-
creases per transition, so does the metal pulling
tension (G, ). Upon reaching the fluidity limit
(6,,/0; = 1) by the pulling tension, the metal
detormation proceeds mainly towards the extrac-
tion. It has been determined that with the in-
creased relative metal crimping per transition,
the metal pulling tension increases up to the met-
al fluidity limit and reaches it at the relative
crimping of around 50% per transition. Further
increase in the pulling tension leads to the fact
that the initial round billet deformation process
in a double-roll die with a bullhead proceeds
without metal expansion, which can also cause
the metal breaking out in the deformation cell.

o when using the “bullhead — bullhead” gauge
system during the initial steel billet deforma-
tion in the doubled double-roll die, it has been
established that with the increased crimping in
the first double-roll die on the way out of the
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JO IIUTAHHA NIIBUITEHHA EOEKTVBHOCTI BUPOBHUIITBA
[MPOOLJIIB CTPIYKOBOI'O TUITY METOZOM BOJIOYIHHA
¥ 3/IBOECHIX POJIMKOBUX BOJIOKAX

Beryn. [Ipoiiec BoIOUiHHS 3aCTOCOBYETHCS /ISl BUPOOHUIITBA 11JI0T0 Psiy (hacOHHUX 1POGisiB CKIaaHOI KOHDIrypartii,
30KpeMa il TOHKOCTIHHUX, CTPIYKOBUX Ta NPOMIJIIB EPiOIUYHOTO 11epepisy.

IIpo6aemaTuka. Yepes CKIaaHICTD TPOIECY BUPOOHUIITBA CTAIEBOI CTPIUKM Ha ITIOMUIBHUX CTaHaX i BUCOKOIO KalriTa-
JIOMICTKICTIO TTIONUIBHUX BUPOGHUIITE 3 JIPYTOI TIOJOBUHU MUHYJIOTO CTOJITTSI BEAYTHCSI CIIPOOK BUKOPUCTOBYBATH 1HIII
crocobu MITIOIIEHH ST 1, 30KpeMa, BOJIOYiHHS Y MOHOJITHUX Ta IBOPOJMKOBUX BOJIOKAX.

Merta. BeranoBieHHs 3aKOHOMIPHOCTEH BILTUBY Pi3HUX CHCTEM KaaibpyBaHb i TEXHOJOTIYHIX MapaMeTPiB Ha 3aKOHO-
MipHOCTI JOPMO3MIHY T EHEPTOCUIIOBI TApaMeTPH MPOIECY BOJOUIHHS Y 3/[BOCHUX JIBOPOJUKOBUX BOJOKAX Ta BUBHAYCH-
Hs Hali611b1n ePeKTUBHUX CXeM JIJIs OTPUMaHHA MAKCUMAIbHOTO PO3HIMPEHHS MeTaTy PU BUPOOHUIITBI TPOiaiB cTpiy-
KOBOTO THITY.

Marepiamu it Metoau. Bukopucrano Kpyriii 3arotoBku jgiamerpom 5,9 mm 3i crasi mapku CT08A Ta 3acTocoBaHo METO/IN
XO0JIOAHOT 06POOKH 3arOTOBKU OOGTUCHEHHSIM 3 PI3HUM CTYIEHEM BIZIHOCHOTO 0OTUCHEHHSI 3a epexijl y ABOPOJIMKOBIN BOJIOLI
3 pi3HUMU cucTeMaMu KasiOpiB.
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Razdobreev, V. G.,, Kluychnikov, K. Yu., Leschenko, A. I., Palamar, D. G., and Vorobei, S. O.

PegyapraT. BeranoBieno 3akoHOMipHOCTI (hOPMO3MIHM MeTaTy Ta 3MiHU €HePTrOoCHJIOBUX TTapaMeTpiB MPoIecy BOJIO-
YiHHS PODIJIIB CTPIYKOBOrO TUILY Y 37IBOEHUX JBOPOJMKOBHUX BOJIOKAX IIPU BUKOPUCTAHHI PisHUX cucteM Kasibpis. Excre-
PUMEHTAJILHO JJOCJIPKEHO IPaHYHi yMOBH fiehopMallil y IBOPOJMKOBUX BOJIOKAX, 1[0 3a0e31euy0Th CTabiibHe IPOTIKAHHS
[poliecy BOJIOYIHHA 3a KPUTEPIEM 3aracy MilHocTi aedopmoBaHoro Meraiy. EKcrepuMeHTasbHO BH3HAYE€HO HaitbiibIn
edekTUBHY cucTeMy KaliOpiB 3/[BOEHUX POJIMKOBUX BOJIOK, IO 3a0€3IeUy€e MaKCUMaJIbHE PO3IIUPEHHST METATTY [IPH BUPOO-
HUTITBI TPODiTiB CTPIUKOBOTO THUITY.

BucHoBKH. 3arponoHOBAHO MPU BUPOOHUIITBI CTPIYKOBUX NPOMIIIE 3 BIIHOMEHHSAM IIMPUHY 0 TOBIIUHU OiJIbIIE ABOX
3 METOIO OTPUMAHHS MAaKCUMaJILHOTO PO3MIMPEHHA MeTaJly 3a IiepexXijl 3aCTOCOBYBATH TEXHOJIOTIIO BOJIOUIHHS METAJLY B 3/[BO-
€HUX JIBOPOJIMKOBUX BOJIOKAX 3 CHCTEMOIO KasliOpiB «riiajika 6ouka — po3riHHuil KanibGp». Takok takuii mpolec € eHepro-
e(eKTUBHUM 3 TOYKU 30PY 3MEHIIEHHS BeJIMYNHI CUJIN TIPOTATYBAHHS KPi3b POJUKOBI BOJIOKH.

Kmouosi cnosa: Bonowinus, eheKTUBHICTD, CTAJEBi CTPIUKH, 3/[BOEHI IBOPOJUKOBI BOJOKH.
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