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Formation a strip with a trapezoidal cross-section into a ring...

Abstract. The formation of helical surfaces requires a ring that enables their continuous production
without welded seams. The aim of this study was to develop an analytical description of the process
of deforming a straight strip into a ring as a result of rolling it between conical rolls. The research
methodology was based on analytical modelling of the process of plastic deformation of the strip
using assumptions about the isotropy of the material and the constancy of its volume. As a result of the
study, analytical dependencies were obtained between the dimensions of the strip cross-section before
rolling and the parameters of the ring after rolling, which allow determining the optimal geometric
characteristics for forming rings of a given radius. Generalised analytical expressions were developed
to determine the elongation coefficient and ring radius, which take into account the change in the
aspect ratio of the trapezoidal cross-section of the strip. A model of step-by-step rolling has been
proposed, which describes the gradual reduction of the aspect ratio of the trapezoidal cross-section
to a rectangular one, ensuring a uniform cross-section of the ring. The obtained expressions made it
possible to solve both direct and inverse problems, determine the parameters of the initial strip for
forming rings of different radii, predict the geometry of the ring based on the known dimensions of
the strip, and use the obtained data to adjust the rolls before experimental verification. The proposed
model of step-by-step rolling ensured a uniform cross-section of the ring, which increases the accuracy
of manufacturing screw surfaces without welded seams. The results may be applied in mechanical
engineering for the production of screws, helical surfaces, and conveyors without welded seams,

particularly in the agricultural, food-processing, construction, and energy industries

Keywords: plastic deformation; volume; isotropic material; ring radius; relative elongation

Introduction
Deformation of a ring with a rectangular cros-
section can form a helical surface, which is wide-
ly used in various fields of mechanical engineer-
ing. There were various technologies for man-
ufacturing helical surfaces, including welding
individual turns. This method has limitations due
to the presence of welded joints, which reduce
the strength of the structure. When forming a flat
ring by rolling, it is possible to manufacture solid
helical surfaces of the required length without
welded joints, which increases their reliability.
Existing technologies for winding helical sur-
faces from a straight strip with a rectangular
cross-section require considerable effort to de-
form the material. In addition, this manufacturing
method often leads to instability of the deforma-
tion process, which can cause metal breaks on
the outer edge and the formation of corrugations
on the inner edge. Thus, the manufacture of heli-
cal surfaces from a ring, which is an approximate
development of the surface, is simpler, more

accurate and more cost-effective. That is why the
formation of a ring of a given radius by rolling
a straight strip remains a relevant problem that
requires in-depth research.

Helical surfaces are an integral part of many
devices and mechanisms, in particular for trans-
porting bulk materials, soil cultivation and the
production of high-precision parts. Despite their
widespread use, existing manufacturing methods
have limitations, particularly in terms of thickness
uniformity and geometric accuracy. |. Hevko et
al. (2021) proposed using elastic helical surfaces
to prevent damage to bulk materials during trans-
port. The authors focused on modifying the mate-
rial but did not consider optimising the geometry
of the blank for forming the ring, which limits the
application of the method for heavy-duty struc-
tures.M.B.Klendii & A.P.Dragan (2021) investigat-
ed the use of helical surfaces for soil cultivation,
focusing on the design features of the working
bodies, but did not address the issue of forming
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blanks with a trapezoidal cross-section, which
could improve the strength characteristics of the
parts. Various approaches, including both analyt-
ical and numerical methods, have been proposed
to solve the problem of optimising surfaces that
pass through a spiral curve with a variable pitch.
For example, A. Nesvidomin et al. (2025) devel-
oped a method for optimising the model of a
developing surface for such cases, which can be
applied to rolling and surface forming processes
in various fields of mechanical engineering.

Scientists O. Liashuk et al. (2019) conduct-
ed a technical and economic justification for the
manufacture of screw working bodies, but did not
propose analytical models for predicting the ge-
ometric parameters of rings during rolling. . Oh et
al. (2019) investigated defects that arise during
the rolling of L-shaped rings and proposed meth-
ods for minimising them, but did not consider the
forming of rings with a trapezoidal cross-section,
which ensures a uniform thickness of the fin-
ished part. L. Liang et al. (2021) focused on the
accuracy criteria for rolling rings with a profiled
cross-section,and L. Liang et al. (2022) focused on
the mechanisms of geometric defect formation.
Although these works describe the deformation
processes in detail, they do not offer analytical
dependencies for calculating the parameters of
the initial strip, which limits the possibility of op-
timising the process.

Researchers D.Bai et al.(2021) analysed intel-
ligent forming technologies but did not address
the specifics of rolling trapezoidal strips, which
allows avoiding ring thickness irregularities.
S.Yuan & X.B. Fan (2019) outlined the prospects
for the precise forming of ultra-large integrated
components, but did not consider the step-by-
step rolling of strips with a trapezoidal cross-sec-
tion, which allows the geometry of the ring to be
controlled at each stage of deformation.

To summarise the above, the following gener-
al, previously unresolved issues can be formulated:

» the lack of analytical models for calculating
the parameters of the trapezoidal cross-section
output strip required to form rings of a given radius;
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» insufficient attention by researchers to step-
by-step rolling, which ensures a uniform cross-sec-
tion of the ring and reduces the risk of defects;

» limited information on optimising the settings
of conical rolls for forming rings with high precision.

It should be noted that the issue of forming
helical surfaces from flat blanks can be consid-
ered from the point of view of the rational selec-
tion of these blanks. A flat ring can be cut from
sheet material, but this method leads to signif-
icant material waste and costs for cutting the
required contour from it. It is much easier to ob-
tain this contour by rolling a straight strip. When
forming a ring by rolling a strip of rectangular
cross-section, it will have a variable thickness,
which will be thinner at the periphery of the ring,
i.e. at the outer edge of the screw surface, which
wears out the most. In order for the thickness of
the ring to be uniform, a straight strip with a trap-
ezoidal cross-section must be used.

The aim of the study was to provide an an-
alytical description of the transformation of a
straight strip with a trapezoidal cross-section into
a flat ring of a given radius by rolling it between
conical rolls. This raises the following objectives:

» based on the plastic properties of the met-
al and the geometric properties of the shape, de-
velop an approximate model of the redistribution
of its mass under the action of deforming forces;

» find the dimensions of the cross-section of
a straight strip for forming a flat ring of a given
thickness and radius.

Materials and Methods
The initial thickness H, of a straight strip with a
rectangular cross-section after rolling between
cylindrical rolls (Fig. 1) decreased to a value H,.
It was assumed that the volume of the strip af-
ter rolling remained constant. The second con-
dition was that the strip material was isotropic,
so elongation occurred equally in all directions.
An elongation coefficient p was introduced as
the ratio of the corresponding sides of the strip
element before and after deformation. In this
case, the dimensions of the strip element after
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Formation a strip with a trapezoidal cross-section into a ring...

deformation were recorded taking into account
this coefficient p:L,=p-L, S,=p - S, The thick-
ness of the strip before deformation H,and after
deformation H, were given values. Equating the
volumes of the strip element before and after
rolling gave the result L,H,S,=p?L,S,H,, hence:

Figure 1. Diagram of rolling a straight strip
with a rectangular cross-section

between cylindrical rolls
Note: H, - strip thickness before deformation; H, - strip
thickness after deformation; L, - strip width before
deformation; L, - strip width after deformation; S, -
strip length before deformation; S, - strip length after
deformation
Source: developed by the authors

With a known coefficient p, it is possible to
find the longitudinal and transverse elongation of
the strip.After rolling, the thickness of the strip de-
creased,while its width and length changed in pro-
portion to the elongation coefficient. To describe
the process, the assumption of material isotropy
and volume constancy was used, which allowed
the volumes of the strip before and after deforma-
tion to be equated. The elongation coefficient was
defined as the ratio of the dimensions of the strip
element after deformation to its initial values.
Based on this, mathematical dependencies were
introduced, which were used to further describe
the transformation of a straight strip into a ring.

Results
The rolling diagram of a straight strip with a
trapezoidal cross-section between conical rolls is
shown in Figure 2.

Figure 2. Diagram of rolling a straight strip
with a trapezoidal cross-section into a flat ring

Note: O,, - axes of the spatial coordinate system;

L, - height of the trapezoid of the strip cross-section
before deformation; H, - larger side of the trapezoid of
the strip cross-section before deformation; h, - smaller
side of the trapezoid of the strip cross-section before
deformation; L, - width of the strip after deformation;
h, - thickness of the strip after deformation; r - radius
of the inner arc of the ring

Source: developed by the authors

The rolls were adjusted so that the thickness
of the ring after rolling the strip was equal to
the shorter side of the trapezoid, i.e. h, = h,. This
means that the intensity of the strip deformation
in the transverse direction will increase from the
shorter side of the trapezoid to the longer side.
Based on this, it can be assumed that during roll-
ing, the material will also elongate in this direc-
tion. It follows that the length of the arc of the
inner radius of the ring is equal to the length of
the corresponding straight segment of the strip
before deformation. This means that the outer arc
of the ring elongates in the longitudinal direction,
while the inner arc does not elongate and trans-
forms into a circle with radius r (Fig. 2).

The volume V, of a straight strip element
with a trapezoidal cross-section of length s, was
determined by the following formula:

Ho

Vo = :ho Loso- )

After deformation, the element of a straight
line will turn into a corresponding element of a
flat ring. An image for determining its volume is
shown in Figure 3.

Scientific Reports of the National University of Life and Environmental Sciences of Ukraine. 2025. Vol. 21, No. 6



Figure 3. Projection of a flat ring element
with its dimensions marked
Note: r - radius of the inner arc of the ring; R - radius
of the outer arc of the ring; s, - length of the inner arc;
S, - length of the outer arc; L, - width of the strip after
deformation; a - central angle
Source: developed by the authors

Given that the thickness of the ring is h,=h,,
its volume can be found using the formula:

_ R?-r?

V= 5

hoa. (3)

It is assumed that the length of the inner
arc s, did not change during deformation and is
equal to the length of the straight strip element,
i.e.s,=s, From this, an expression for the angle o
can be found: a=s,r. The length of the outer arc
S, has increased, as has the width of the strip. The
elongation of the strip width can be written in
terms of the elongation coefficient p: L,=p-L, In
this case, for the radius R of the outer arc, the ex-
pression: R=r+p-L, can be written. The length of
the arc S, within the central angle o can be found
using the known formula: S;,=R-a=(r+p-L,)
a=(r+p-Ly syr. On the other hand, the length
of the arc S, is the result of the elongation of the
straight line strip, i.e. S, =p - s, Equating these
two expressions, as well as the volume (2) before
deformation and the volume (3) after deforma-
tion, allows to obtain a system of two equations
with two unknown quantities p and r:

Ho;rho Losg = h;:‘] (r +pLo)® —12];
pso = (r+ pLo)Sjo' )

Reducing equations (4) by s, and solving for r
and p gives the result:
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_ —ho+yho(5ho+4H,) (5)
p= 2h, ’
- ho+2Hy++/ ho(Sho+4H,) (6)
r=to 2Ho-hg)

In the case where Hy,=h,, i.e. in the absence
of plastic deformation, from (5) p=1, can be ob-
tained, and from (6) r =, i.e. there is no elon-
gation and the strip remains straight. The ex-
pressions obtained make it possible to solve the
inverse problem, i.e. to find the dimensions of the
cross-section of a straight strip to obtain a ring of
a given radius. From equation (6), an expression
for H, can be found:

Lor—L3+1?

Hy = hy Ty (7)

A model of step-by-step rolling of the strip
can be developed, i.e.gradually reducing the larg-
er side of the trapezoidal cross-section. Then the
strip turns into a ring, the cross section of which
will also be a trapezoid, but with a smaller dif-
ference between the longer and shorter sides
(Fig. 4). In this case, the same deformation con-
ditions remain as in the previous case, i.e. h,=h,.

Figure 4. Diagram of rolling a straight strip with
a trapezoidal cross-section into a ring with a
smaller ratio of opposite sides of the trapezoid
Note: O,, - axes of the spatial coordinate system;
L, - height of the trapezoidal cross-section of the strip
before deformation; H, - larger side of the trapezoidal
cross-section of the strip before deformation; h, - the
smaller side of the trapezoid of the strip cross-section
before deformation; L, - the height of the trapezoid
of the strip cross-section after deformation; H, - the
larger side of the trapezoid of the strip cross-section
after deformation; h, - the smaller side of the trapezoid
of the strip cross-section after deformation

Source: developed by the authors
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The volume of the ring can be found by
means of integral calculus as a body formed by
the rotation of a trapezoid. Similarly, a system
of two equations was obtained, the solution of
which gave the following results:

—2h0—H1+J16h§+28H1h0+H12+12H0(h0+2H1)

p= 2(ho+2H,) ’

r=1Lg

4h0—H1+6HD+J16h3+28H1h0+H12+12H0(h0+2H1) 9)

6(Ho—H,)

When H,=H there is no deformation, and the
values of p and r are similar to the previous case.
If in expressions (8) and (9) the value H,=h,, in
expressions (8) and (9), new expressions are ob-
tained that exactly coincide with (5) and (6). Thus,
expressions (8) and (9) are generalised. They de-
scribe the process of gradual formation of a flat
ring by reducing the ratio of the larger and small-
er bases of an isosceles trapezoid to unity, i.e. to
a rectangular cross-section. At the same time, the
height of the trapezoid increases, which ultimate-
ly turns into the width of the ring.

Let the straight transverse cross-section of
the strip have the following dimensions in milli-
metres: H,=15; h,=5; L,=40. The elongation co-
efficient p can be found according to (5): p=1,56.
According to (6), the inner radius of the flat ring
is r=111. The width of the ring is accordingly
Ly=p-L,=62. The dimensions of the cross-sec-
tion of the ring are 5 x 62. If the ring needs to
be closed, the inner arc s must have a length
of 2-m-r=697 The straight strip must have the
same length, since, according to the condition, the
length of the inner arc of the ring is equal to the
length of the strip. If r=111, is substituted into
formula (7), the result is H,=15.

Discussion
In metal pressure processing, a common method
is to deform workpieces by rolling them between
rolls. Precise analytical results regarding the rel-
ative position of the rolls to achieve the desired
result are often difficult to obtain due to the com-
plexity of the plastic deformation process. Roll

adjustment is usually based on accumulated ex-
perience and experimentation. However, to begin
with, it is necessary to know at least the approxi-
mate value of the radius r (Fig. 2) in order to adjust
the rolls correctly. Subsequently, the adjustment
can be refined experimentally, but the availability
of analytical dependencies significantly reduc-
es the time and cost of equipment preparation.

Unlike the model proposed by L. Hua et
al. (2023), which focuses on modelling the be-
haviour of metal during the rolling of thin-walled
conical rings, the model proposed in the current
study was based on two fundamental properties
of plastic deformation of metal: volume constan-
cy and material isotropy. These assumptions allow
to obtain analytical dependencies that do not de-
pend on experimental data, unlike the approach-
es described in the works of Z. Dong et al. (2019)
and X. Han et al. (2023), where the emphasis is on
numerical modelling and experimental settings.
This is especially important for industrial applica-
tions, where the speed of equipment adjustment
directly affects production productivity.

It can be seen that for the three rolling cas-
es (Fig. 1, Fig. 2 and Fig. 4), the elongation coef-
ficients p (1), (5) and (8) do not depend on the
strip width L,, but only on the aspect ratio H,
and H,. This allows to calculate the dimensions
of the transverse trapezoidal cross-section of a
straight strip so that, as a result of rolling, flat
rings of the same cross-section but with differ-
ent radii r are obtained. For example, let the di-
mensions of the straight cross-section of the strip
be: H,=20; h,=5; L,=35. After its deformation,
the value of the rectangular cross-section of the
ring will practically not change (5 x 62), but the
radius r will be different: r=79.This indicates the
universality of the proposed dependencies, which
can be applied to different geometric parameters
of the strip. Expressions (8) and (9) are general-
ised and describe the deformation process of a
straight strip with a transverse cross-section that
is an isosceles trapezoid. They describe the step-
by-step deformation of the strip by reducing the
larger side of the trapezoid’s base until the bases
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become equal, i.e. the trapezoid turns into a rec-
tangle. It should be noted that at the intermediate
stages of deformation, the vertices of the conical
rolls are located in the centre of the ring (Fig. 4),
and at the final stage, they are located on the axis
of the ring and there is a distance between them
equal to the thickness of the ring (Fig. 2). This
distinguishes the present study from the work of
Z.Dong et al. (2019), who focused on the rolling
of large conical cylinders, and X. Han et al. (2023),
who investigated the formation of cylindrical
rings with high ribs. Unlike these works, the pres-
ent study proposes a step-by-step rolling model
that describes the reduction of the larger side of
the trapezoid until it becomes a rectangle. This is
particularly important for controlling the geom-
etry of the ring at intermediate stages of defor-
mation, which was not considered in the works
of D.S. Qian et al. (2023) and D. Qian et al. (2024),
where the emphasis was on controlling the roll-
ing process using a closed loop.

It should be noted that X. Chang et al. (2023)
investigated the influence of roller cross-section-
al diameter on the rolling of double-curved sur-
faces. Like the study described above, this work
concerns the processes of rolling and forming
complex surfaces using metal pressure treatment
methods. X. Chang et al. investigated the rolling
of double-curved surfaces with a focus on the in-
fluence of roller diameter on forming quality. The
authors focus on optimising roller parameters
to minimise defects. In the study described, the
emphasis is on the analytical description of the
deformation process and obtaining generalised
expressions for calculating the parameters of the
strip and ring. This study complements the work
of X. Chang et al., proposing a new approach to
forming rings from straight strips with a trapezoi-
dal cross-section. Unlike the optimisation of roll-
er parameters for rolling double-curved surfaces,
the proposed method allows rings to be obtained
directly from the strip, which is more technologi-
cally advanced and economical.

The work of W.Y.D.Yuen (2025) focused on the
analysis of thermal and mechanical deformations
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of strips during flat rolling, in particular on the
influence of friction, heat generation and uneven
stress distribution in the contact zone between
the rolls and the strip. The author emphasised the
importance of taking into account the thermoe-
lastic deformations of the rolls to prevent defects
in the flatness of the strip. As in the study de-
scribed above, the author analyses the processes
of plastic deformation of the material under the
influence of external loads, but does not consider
the specifics of forming rings with a trapezoidal
cross-section, which requires taking into account
the uneven elongation across the width of the
strip and the gradual reduction of the trapezoid
aspect ratio. The study by J. Miao et al. (2022) fo-
cused on the analysis of contact behaviour and
thermal deformations in planetary roller screw
mechanisms used to convert rotary motion into
linear motion. Unlike the study described above,
this work examines the effect of thermal defor-
mations on the accuracy of motion transmission
and load distribution in screw mechanisms, as
well as the optimisation of tooth profiles to re-
duce contact stresses and wear. Common to the
work of J. Miao et al. and the presented study is
the emphasis on the importance of considering
geometric parameters to achieve the desired
characteristics of the final product.

The work of Y. Caoqi et al. (2024) is devoted
to the issue of synchronous forming of the out-
er shape and inner hole of hollow shafts using
cross-screw rolling with a mandrel. The authors
focused on analysing the influence of process pa-
rameters (tension angles, roll rotation speed, etc.)
on the axial force and the quality of the final
shape. Similar to the study by Y. Caoqi et al., they
considered the plastic deformation of metal un-
der the influence of external forces, emphasising
the importance of the geometric parameters of
the workpiece and tool in order to optimise the
deformation process and achieve a high-qual-
ity final product. Unlike Y. Caogqi et al., the pre-
sented study obtained generalised analytical
expressions for the elongation coefficient and
ring radius, which makes the proposed approach

Scientific Reports of the National University of Life and Environmental Sciences of Ukraine. 2025. Vol. 21, No. 6

U



J

Formation a strip with a trapezoidal cross-section into a ring...

universal and suitable for a wide range of geomet-
ric configurations. An innovative method for form-
ing railway car axles using three-roll cross-screw
rolling was proposed by Z. Pater et al. (2020). The
method proposed by the authors allows complex
profiles to be formed with high accuracy. In con-
trast to that work, the present study develops a
model that describes the step-by-step reduction
of the trapezoidal cross-section aspect ratio to a
rectangular form, which allows control of ring ge-
ometry at intermediate stages of deformation and
minimises the risk of defects.

Scientists S. Pylypaka et al. (2022) focused
on studying the process of bending flat rings into
screw conoids - conical surfaces formed by ro-
tating a straight line around an axis at a certain
angle. Like the study described above, the work
of S. Pylypaka et al. focused on the processes of
forming helical surfaces and rings using metal
pressure treatment methods. Unlike S. Pylypa-
ka et al., who described the corrugation of the
inner edge and the uneven wall thickness of the
conoid, the presented study focuses on the un-
even thickness of the ring and possible metal
breaks. S. Pylypaka et al. used an experimental
approach and numerical modelling to analyse
the bending process. The authors focused on
determining the optimal angles of inclination of
the helix and material parameters. In contrast,
the present study uses analytical modelling
based on the properties of plastic deformation
(constant volume and isotropy of the materi-
al). This allows analytical dependencies to be
obtained for calculating the parameters of the
strip and ring. Thus, the results obtained comple-
ment the research of S. Pylypaka et al., offering
a new approach to the formation of rings from
straight strips of trapezoidal cross-section. Un-
like the bending of finished rings, the proposed
method allows rings to be obtained directly from
the strip, which is more technological and eco-
nomical. The analytical dependencies obtained
in the work allow optimising the parameters of
the strip and ring, which makes the presented
approach more universal and accurate.

M. Pylypets et al.(2021) considered combined
operations for the production of screw blanks, but
did not focus on optimising the geometry of the
strip cross-section. This work, like the presented
study, is aimed at analysing metal deformation
processes, but from different perspectives: M. Py-
lypets et al. (2021) focus on combined operations
that include several processing stages, while the
presented approach offers an analytical descrip-
tion of the rolling process for a trapezoidal strip.
Unlike the rolling diagrams shown in Figures 2
and 4, where the sides of the ring are idealised as
straight lines, in practice they will have a curved
shape. This can be avoided by creating rolls with a
profile that matches the cross-sectional profile of
the ring after rolling. This approach was not dis-
cussed in detail in the works of L.Liang et al.(2021;
2022), which focused on the accuracy criteria for
rolling rings with a profiled cross-section. The re-
sults obtained allow not only to calculate the pa-
rameters of the strip for forming rings, but also to
optimise the profile of the rolls, which increases
the accuracy and quality of the finished products.

Conclusions
When rolling a straight strip between cylindrical
or conical rolls, plastic deformation of the metal
occurs, i.e. its redistribution in volume. There is
no accurate analytical description of such redis-
tribution due to the complexity of the process.
This is due to the non-linearity of the deforma-
tion characteristics of the material and its in-
teraction with the tool. The proposed analytical
description of the metal mass redistribution pro-
cess is based on two fundamental properties of
plastic deformation: volume constancy and ma-
terial isotropy. These assumptions made it pos-
sible to obtain analytical dependencies that link
the geometric parameters of the initial strip with
the characteristics of the formed ring. The work
provides analytical expressions for the elonga-
tion coefficient p and the ring radius r, which al-
low the parameters of the strip for forming rings
with different radii to be calculated. A model of
step-by-step rolling has been developed, which
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describes the gradual reduction of the aspect ra-
tio of the trapezoidal cross-section of the strip to
a rectangular one. This allows rings with uniform
thickness to be obtained and the geometry to be
controlled at intermediate stages of deformation,
which minimises the risk of defects such as corru-
gation or tears. Generalised expressions for cal-
culating the parameters of the strip and ring are
proposed, which can be applied to different ge-
ometric configurations. This allows solving both
the direct problem (determining the parameters
of the ring for known strip dimensions) and the
inverse problem (selecting the parameters of the
strip to obtain a ring of a given radius). It is shown
that the elongation coefficients p for different
rolling cases (with cylindrical and conical rolls)
do not depend on the strip width L, but only on
the aspect ratio H,and H,. This simplifies calcula-
tions and allows the same analytical dependen-
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verification. In the future, the adjustment of the
rolls can be refined experimentally, but the avail-
ability of analytical dependencies allows this
process to be significantly optimised. Prospects
for further research lie in the development of an
analytical description of obtaining parts by roll-
ing with a variable cross-section, as well as in
studying the influence of different materials and
rolling conditions on the accuracy of ring form-
ing. This will expand the scope of application of
the results obtained and increase their versatility
for industrial applications.
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AHoTauif. [Ons $hopMyBaHHsS TBUMHTOBMX MOBEPXOHb MOTPiGHE Kinblie, WO AAE 3MOry BUIOTOBASTU
iXx HenepepBHO Ta 6e3 3BapHMX WBIB. MeTo AocnigkeHHs 6yno po3pobneHHs aHaniTUYHOro onucy
npouecy aepopmaldiii NpAMONIHIMHOT CMYrK y KinblLie B pe3ynbraTi ii NPoKaTKM MK KOHIYHMMM Bankamu.
MeToponoris  AOCNIAXEHHS [PYHTYBanacsd Ha aHaniTUYHOMY MOAENBAHHI MpoLecy nAacTUYHOI
pedopmauii cMyru i3 BUKOPUCTAHHAM MpUMyLLEHb NPO i30TPOMHICTb MaTepiany Ta HE3MiHHICTb Moro
o6eMy. Y pe3synbTati AOCNIAKEHHS OTPUMAHO aHaNiTUYHI 3aNeXHOCTI MiX po3MipaMu nonepeyHoro
nepepisy CMyru [0 MpOKaTKM Ta napaMeTpaMu KifbLs Micis NPOKaTKM, WO L03BONSAOTb BM3HAYaTH
ONTMUMANbHI FEOMETPUYHI XapaKTepUCTUKKM ANng GOpMyBaHHS Kineub 3adaHoro pagiyca. Po3pobneHo
y3aranbHeHi aHaniTMYHi BMpasu AN BM3HAYEHHN KoedilieHTa MOAOBXKEHHS Ta pajiyca Kinbug, sKi
BPaxXOBYIOTb 3MiHY CMiBBiAHOLEHHS CTOPiH TpaneLeifanbHOro nepepisy cMyru. 3anponoHOBaHO MoAenNb
NnoeTanHoi MPOKaTKK, SKa OMWUCYE NOCTYNOBE 3MEHLIEHHS CMiBBIAHOLWEHHS CTOPiH TpanewueiganbHOro
nepepisy 40 NPSIMOKYTHOrO, LLO 3abe3nedyye OTPMMaAHHS PiIBHOMIPHOro MONepeyYyHoro nepepisy Kinbus.
OTpuMaHi BMpasu [anu MOXAMBICTb PO3BA3yBaTM AK NpaMy, Tak i obepHeHy 3ajadi, BM3Ha4aTu
napaMeTpu BMXiAHOI cMyru Ang GopMyBaHHS Kinelb pi3HOro pasiyca, NpPOrHO3yBaTH reoMeTpito Kinbus
3a BiAOMUMM pO3MipaMu CMyru, @ TaKOXX BUKOPWUCTOBYBATM OTPMMAHI OaHi ANg HanawWwTyBaHHS Bankis
nepen ekCnepuMeHTaNbHOK NepeBipKok. 3anponoHOBaHa MoAeNb NoeTarnHoi NpokaTku 3abesneunna
PiBHOMIpHUWI1 MONEepeYHnii Nepepis KinbLg, WO MigBULLYE TOYHICTb BUrOTOBIEHHS FBUHTOBUX NOBEPXOHb
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6e3 3BapHMX WBiB. Pe3ynbtat MOXYTb OYTM BMKOPUCTaHI y MalMHOOYAYBaHHI 419 BUrOTOBNEHHS
LUHEKiB, TBUHTOBMX MOBEPXOHb i TpaHCNopTepiB 6e3 3BapHMX LWIBIB, 30KpeMa B CiibCbKOroCnoAapChki,
XapuyoBiii, OyAiBeNbHiN Ta eHepreTUYHin ranyssx

Kntoyogi cnoea: nnactuuHa gecdopmaLisi; 06€M; i30TponHuiA MaTepian; pasiyc KinbLs; BiAHOCHE MOAOBXKEHHS
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