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DEVELOPMENT OF THE
COMBINED TECHNOLOGICAL
PROCESS OF BLANK STACKS
FLANGES FORMATION BY THE
METHOD OF STAMPING BY
ROLLING AND ROTARY
DRAWING

The article presents the results of the development and
research of the combined technological process of forming the outer
and inner flanges of the lids of fractional and distillation columns on
sheet blanks by the method of stamping by rolling and rotary drawing.
For this purpose, equipment has been developed that allows to form
both outer and inner flanges of the blank in one run of the conical roll.

Studies have shown that technological capabilities of the
process are limited by the risk of destruction of the top layers of the
outer flange bending center and its corrugation, as well as by the neck
formation or destruction of the peripheral areas of the inner flange. To
assess the deformability of the outer flange, the stress-strain state of
its bending center was investigated. According to the set stress
values, the stress state of the material is determined, the maximum
value of which on the surface of the bending zone is 77 ~1,73.

Formula for determining the minimum radius of the mandrel, which
when using the values of the critical ductility of the material allows to
prevent destruction. As well, an expression for determining the
maximum width of the flange, provided that the destruction of
peripheral areas is prevented, is obtained.

As corrugations formation is the main danger in forming the
external flanges by the stamping by rolling method (SR), the
expression for determining the maximum width of the flange under the
condition of a stable process is obtained. If it is necessary to get more
developed flanges, it is proposed to provide thinning of their walls by
rotary extraction at the second stage.

When forming the inner flanges of the blank stacks radial
compressive stresses and tangential tensile stresses in the material
are brought about. The action of tangential stresses causes loss of
stability of the flange by way of neck formation. The value of the critical
strains increases with the approach to the state of plain-strain
deformation. Therefore, it is recommended to develop process
parameters based on construction of the critical strains diagrams.

Key words: rolling stamping, rotary drawing, outer and inner
flanges, blank stacks, strain, fructure, loss of stability.

consumption of production. One of such processes is

devices and apparatus a large number of different
shell components are used. Therefore, in various
branches of mechanical engineering, the processes
of ductile deformation of blank stacks with a local
deformation center have become widespread. They
allow to increase productivity and to reduce energy

rotary drawing, which provides form change of flat or
shell blanks with the help of straining elements on a
rotating mandrel [1].

Rotary drawing processes, especially on
CNC machines, are multivariate ones due to their
ability to actively control the trajectory of the straining
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tool and its position relative to the blank. Besides, the
advantages of the rotary drawing are that it allows
making parts that are difficult or almost impossible to
obtain by traditional methods of drawing on presses
(parts with a curved, stepped or convex-curved
surface). In addition, equipment required for the
implementation of rotary drawing processes is much
simpler and cheaper than in traditional cold sheet
metal stamping processes.

Analysis of recent research. One of the
types of rotary drawing is a one-run rotary drawing
without wall thinning. It consists in converting a flat
rotating blank into a hollow part or increasing the
length of the hollow blank by moving it through a
localized deformation center with a decrease in the
transverse dimensions of the semi-finished product
without intentional thinning of the wall. In this case,
the deformation center in the forming process moves
along a trajectory that is identical to the shape of the
elongated shell, and sequentially forms the entire
blank. This process is carried out under the condition
that the gap (A) between the pressing tool and the
mandrel is greater than the initial thickness of the
blank t:
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A5K(t£5),

where k is the coefficient that takes into account the
thickening of the blank edge after drawing;
k=1,1+1,2; &1 — the blank stack thickness tolerance,
mm.

In the process of a one-run rotary drawing
compression and tensile stresses are brought about
in the metal, which at certain geometric ratios of the
diameter, thickness and size of the blank flange lead
to destruction of the material, as well as loss of
stability of the molding process. Destruction of the
blanks material occurs in the presence of tensile
stresses, low ductility of the material and reaching
significant deformations. The loss of stability of the
process is characterized by the formation of
corrugations and excessive local thinning of the walls
in the form of a neck. In this regard, two types of a
one-run rotary drawing are distinguished: without and
with the pressure of the buckle holder. One-run
rotary drawing without pressure, with the use of
rollers of different shapes, as shown in Fig. 1, is used
in manufacturing blanks with the elements of
relatively small size. In this case, formation of
corrugations can be avoided.
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Fig. 1. Schemes of application of deforming tension: a — by a roller with a rectilinear working surface;
b — by aroller with a curved working surface; ¢ — by aroller established at a preset angle

At the one-run rotary drawing the schemes
shown in Fig. 1a and b are mainly applied, as they
make it possible to achieve a higher degree of
deformation, compared with the scheme in Fig. 1c.

To obtain flanges and collars the process of
stamping by rolling (SR) is also used [2], the stages
of implementation of which are shown in the process
flow chart in Fig. 2.

The advantage of this method is its
simplicity, which lies in elimination the need for active
control of the deforming tool trajectory and its
position relative to the blank, as well as high process
productivity and quality of the formed surface. At the
same time, the danger of destruction of the blank
material and loss of the developed flanges formation
stability remains: formation of corrugations of the
external and the neck of the internal flanges may
occur.

a) b)
c) d) %

Fig. 2. Stages of flanges formation with the
stamping by rolling method
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The purpose of the research is to provide
the necessary mechanical characteristics and
geometric shape of axisymmetric parts of sheet
material based on the blanks formation and
deformability astimation depending on the
parameters of the combined stamping by rolling-
rotary drawing process.

The task of the research is to develop a
combined process of forming inner and outer flanges
on blanks stacks, to establish factors limiting the
technological capabilities of the process and on the
basis of the stress-strain state analysis and ductility
of metals to ensure production of quality lids for

a)
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fractional and distillation columns.

Presentation of the main material. In order
to achieve the goal of the research, an installation
was designed for the formation of outer and inner
flanges with a conical roll by the SR method, the
general view of which is presented in Fig. 3a. Fig. 4
shows the process of forming the outer flanges of the
lid of the fermentation column.

Technological capabilities of this process are
limited by the risk of destruction of the outer layers of
the bending center of the outer flange and its
corrugation, as well as formation of the neck or
destruction of the peripheral parts of the inner flange.

b)

Fig. 3. Assembled representation of the SR installation: a) formation of inner flanges on the
lid of the fermentation column; b) appearance of the lid of the fermentation column with the formed
inner and outer flanges

To assess the deformability of the outer
flange, let us investigate the stress-strain state of its
bending center by the transverse force P, taking into
account the strengthening. In this case, we neglect
the action of the cross-sectional force Q, due to the
smallness of tangential stresses in the radial

b)
Fig. 4. The process of forming the outer flange of the lid of the fermentation column by the SR
method: a) intermediate stage, b) the final stage

directions [3]. Let's substitute the action of the
transverse force with the bending moment M, as
shown in Fig. 5.

The stressed state of the element in the
bending zone will be three-dimensional, and the

113



Ne 1 (100) Bibpauii e mexHiyi

deformed one will be flat (&, =0) [3]. General

equation of equilibrium of the blank constant
thickness zone element with axisymmetric
deformation of the blank taking into account the
forces of friction on the contact surface [3] will be as
follows:

_Hp [,
Sing Rp

%

-0,
Ré’

@

p 0o

where O » is meridional tension; O, - latitude
stress; (L — coefficient of friction; O — distance from
the axis of symmetry; Rp, R, - radii of curvature in

meridional and latitudinal sections.
Under conditions when friction can be
neglected, equation (1) takes the form:
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Fig. 5. Scheme of the stress-strain state
of metal under bending

do

o)

dp

Yo, to,-0,=0.

Since we have an equation with two
unknowns, let’s supplement it with the energetic yield
criterion:

o =%J(ap o) (0,0, +(0,—0, ).

Under plain strain:

O +o0
o, =—+L—2. @)
2
Then, taking into account (4), the yield
criterion (3) will be written in the following form:
2
0,=0,= o (5)

\/g s

To obtain solutions that give analytical
expression of the stress field taking into account
hardening, it is necessary to have, firstly, an
analytical expression of the hardening curve
(dependence of yield strength on strain). The use of

the hardening curve in the O, — &, coordinates in

metal processing by pressure operations analysis
leads to significant mathematical difficulties, even if
the dependence of the yield strength on the intensity

of deformation is given in a simple analytical function.
These difficulties are due to the complex functional
relationship of deformations. The hardening curve is
presented in the form of power approximation [3]:

o, =0, +As", 6)

where O, is the yield tensile strength.
For the case of a plain strained state:

()

Then:

‘i :%\/(89 _8»0)2 +(gp _‘92)2 +(e, _‘99)2 =
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As can be seen from Fig. 5: For the compression zone (internal fibers),
respectively:
-1 p
gg=—"=—-1 (9) (&
I P p-—p+0'p—0'9=0;
dp
Taking into account that: O_p (r) —0:
In(x) =In(1+(x-1)) ~x-1, 2
o,—0,=—F="0,
- P 0 s?
we shall obtain: \/g (12)
O _+0
p o, =—t—
g, =In| —|. (10) 2
IOI GS :O-m +Agl'n;
For the tensile zone (outer fibers), the stress 2 Je,
distribution will be determined from the following & =—F= In ==
equations: \/§ P
o » Having solved the system of equations (11)
p-—+0 » ~ 0y = 0; and (12), we shall find the stress distribution over the
d P thickness of the blank, with consideration of the
_ N hardening.
Gp (R) - 0’ For the tension zone:
— 2 -
0(9 O-p — ﬁ : GS’
(11)
co,+0,
o,=—2 ;
2
o, =0, +As";
2
&=——7=In L
3 p,
2 p 2n A p n+1 R n+l 7]
c,=—-0, In(—j+ —{|In&=] —|In— : (13)
’ B R) 3 n+1| p, P,
5 5 n on A B n+l R n+l
c,=—f=-|0,+A . +o-m-ln£+ AN MWZAS B AL , (14)
NE] V3 p, R 3 n+1 | p, p.
n n n+1 n+1l
Gzzi' 1 m+A. imﬁ +Gm.|n£+2_.i. |n£ _ |n3 ,(15)
NERF: 3 p, R 3 n+1 | p, P,
for the compression zone:
n n+l n+l
gp =£ o, |n(£j+ 2 _A (m&j _(m&j , (16)
3 yo, \/3_" n+1 o, r
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2 2 p]”
o,=—=|-0, —A|=-InfL| 415 .In
NG («/5 p

2 | 1 2  p Y
=~ .-Zo +A =L |45 -I
7B 2| (@ pJ o

From formulas (13) and (16) it is seen that
the stresses O o increase in absolute value as they

move from the surface of the blank to its thickness.

2" A

J§“n+1

Fig. 6 demonstrates a scheme of the stress-strain
state of metal in the bending center at stamping by
rolling.

2
pH +
R-r

o -In

m
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n n+l n+l
L+ 2 i |n& _(m&j , 17)
P \/3_” n+1 P r
n B n+l n+l
n r + 2 i (m&j _(m&) . (18)
o, \/3_“ n+1 P r

On a neutral surface, when O = PO, , the

stresses O ,, determined for the compression and

tensile zones, are equal. If we equate these stresses
with each other we shall get:

jn+1

n+1

mfi

P

Py
r

=0. (19)

n

Fig. 6. The scheme of a stress-strain state of metal in the center of bending at stamping by

rolling
According to (13), (14) and (15) in the dangerous
zone A stresses have the values: o,+0,+0,
n= =43~173. @3
o =0 (20) O
P
2 2 P " That is, the stress indicator does not depend
Oy=—F4"0,* A | —In— , (21) on the bending radius and is constant throughout the
\/§ \/é P, bending process.
= Circular deformation on the outer fibers
1 2 P n when bending the neutral surface to the radius 0
o,=—=0,+A:| =-In—| | @2 is
J3 3 p, R-p. S s

Then, indicator 77 characterizing the stress state of

the blank material is equal to:

&, (24)

p 2.p 2r+s 2R +s
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According to (8), the intensity of the
accumulated deformation on the outer fibers
depending on the radius of the mandrel will be
determined by the formula:

\/3:s

=———<¢.(n=173),
‘i 2-R, +s e )

(25)

where &, (7721,73) is the intensity of the
accumulated deformation, which can be perceived
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by the material without destruction in the stress-strain
state, which is characterized by the indicator

7171 =1,73. The value of intensity is taken from the
diagram of ductility, which is constructed in the
1] — &, coordinates. The diagram of ductility, or the
curve of the ultimate strain for the material of lids of
the fermentation columns MO1 is shown in Fig. 7,
and the values of the ultimate strain for the

characteristic indicators of the stress state — in Table
1.

-13 -1

1 13

Fig. 7. Curve of the ultimate strain of copper MO1

Table 1
Ductility characteristics of copper MO1
. - . . Coefficients of the material sensitivity
Ultimate ductility of materials under compression, .
. . to changes in the stress state
torsion and tension o
Material indicator
&.(n=0) &.(n=-1)
&.(n=-1 . (n=0 & (n=1 =In=X ) g —in 2T
c (77 ) (o (77 ) c (77 ) A £uq (n=1) 2 £.(n=0)
Copper M01 12,0 4,1 2,3 1,78 2,93

Then the minimal radius of the mandrel is
determined by the formula:

s V3

== -1\
2 | e (n=1,732)

(26)

Given the fact that at the 77 >1 values of

the stress state indicator the curve of the ultimate
strain is almost parallel to the abscissa axis and, in
addition, the ultimate state is practically limited by the
formation of the neck, the minimal radius can be
determined by the formula:

Rmin :E i_l . (27)
2\ e.(n=1)

In the work of Barkay V.F. [4] the stress-
strain state on the periphery of the flange during the
rotary drawing was investigated. According to this
research, in the flange the linear stressed and
volumetric deformed states are realized:

c,=0, =0,
o, =—0y,
2B (28)
g, =——,
D
e, B
86’ _gp :—?:B,

117




Ne 1 (100) Bibpauii e mexHiyi

Where B =

is the width of the flange.

Then the stress index 77 is equal to:

o,to,t0
77: £ Z:—ly

O;

(29)

and the intensity of deformations accumulated on the
periphery of the flange is:

3

& =§-|gz|:—gg*c(77=—1). (30)

B
D

From formula (30) we shall obtain the
expression for determining the maximal width of the
flange, on conditions of the product peripheral
sections destruction prevention:

D (n=-1)

Bmax
3

(1)

The maximum width of the flange under the
condition of a stable process without corrugations
formation can be determined by the method [5]:
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B = L -1 -2,(32)
cos\/—c1 +4JCE +C,
where C —B-C ;
1_30 2
1
c, = - .
631 4-0,-D°-(1-v)
+
3150 20-E-s?

As the maximal value of the flange the least of the
values calculated by formulas (31) and (32) is taken.

It should be noted that ductility of copper
MO1 under uniaxial compression is quite high (see
Table 1), thus the maximal width of the flange is
limited by the risk of corrugation (32).

In Fig. 8 a diagram of the process of forming
a flange with thinning of the wall is shown. In this
case, the blank with a diameter D can be converted
into a cylinder with a diameter d and a length L in the
presence of rotational n and reciprocating motion
Srev. And since the volume of the metal does not
change, the length of the part L when drawing will
be:

L=h(D-d)/2d=h(K+1)/2, ~ (33)

where h; = (D - d)/2 is the height of the flange, K =
D/d - degree of extraction. At K=2, L=1.5 h.

a)
Fig. 8. The scheme of forming the flange with the wall thinning a) and structural elements of the
pressure roller b)

b)
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The formation of the flange with the thinning
of the wall is carried out by rotary drawing due to the
extrusion of the metal. The extruded metal is
conventionally shown in Fig. 8a by the shaded
excess triangles. As can be seen from the diagram,
the part of the triangle that is in the bottom of the part
is changed only slightly, but the part that forms the
wall undergoes the greatest changes. Folding of the
flange occurs due to the fact that any element of the
deformed area, passing through the center of
deformation in the presence of a bend, is drawn-
down as a result of the transverse compression
deformation.

The displaced volume of the metal can be
defined by the expression:

Vau=(tor1/4(D?-d?)-(D-d)rdto/2, (34)
where tg is the thickness of the original blank.
Vau=(to11/4)(D?-d?)~(D-d-2d)(to17/4)(D-d)2.  (35)

The degree of deformation is determined by
the formula

e=V, IV, (36)

where V is the volume of the blank.

The specified degree of deformation varies
from O to 1.

To improve the flow conditions of the metal
and increase the mechanical hardening, not straight
line S, operation of the pressure roller is used, but a
curvilinear one with the radius R=ro+to.

The folds formed on the outer flanges are
due to the action of circular compressive stresses, as
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less energy is used to form folds on the flange than
when crimping. On the other hand, if the part has a
very large thinning, then tilting the flange back and
forth requires less energy than increasing the
diameter in the radial plane.

Stability and productivity of rotary drawing of
parts depends on the following factors: degree of
strain, advance and frequency of the blank rotation,
geometrical characteristics of the tool working
surface, radius of the mandrel end part, the tilt angle
of the roller axis to the axis of the mandrel, diameter
of the roller, greasing, cooling.

To reduce the waviness of the blank surface,
rollers of large diameters (100-350 mm) are used, as
they have a more rigid fixing.

When drawing the inner flanges of the
blanks stacks, radial compressive stresses and
tangential tensile stresses work in the material. The
action of tangential stresses causes a loss of stability
of the flange by way of neck formation. Recently, in
the technology of metal forming, in order to assess
the quality of stamping of sheet materials, diagrams
that establish the relationship between the main
logarithmic strains e; and e, at the moment of
stability loss are widely used [6]. With the help of
such diagrams the level of ultimate strain in the plane
of the sheet is distinguished. To construct such
diagrams, samples of sheet metal are put to tests,
during which the ratio of the main deformations
a=ez/e1 should remain constant. Based on the tests,
the dependence of the ultimate strain e; on ez is
obtained. If in the technological operation the values
of strains e; and e will correspond to the point below
the boundary curve, then there will be no loss of
stability when stamping such a product. Fig. 9 shows
diagrams of ultimate strains for two materials.
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Fig. 9. Diagrams of ultimate strains for steel G10080 and aluminum AD1

Conclusions. Production of the outer and
inner flanges of the lids of distillation and fractional
columns using blank stacks by the stamping by
roling method has been investigated. Analysis of
metal forming and stress-strain state of the blanks

was carried out in order to assess and expand the
technological capabilities of the process. The main
factors limiting technological capabilities are the loss
of stability and destruction of blanks. Formulas are
obtained for determining the minimal radius of the
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mandrel to prevent fracture of blanks under bending
and maximal width of the flange, provided control of
the peripheral areas destruction.

When forming the outer flanges, the main
danger is material corrugating, thus an expression
for determining the maximal width of the flange under
the condition of a stable process is obtained in the
research. If it is necessary to have more developed
flanges, it is proposed to eliminate corrugation by
thinning the wall with a rotary drawing method. In
producing internal flanges, it is recommended to
prevent the loss of stability of the flange through the
neck formation by the way of realizing the state of
plain-strain deformation on the basis of the ultimate
strain diagrams construction.
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PO3POBKA KOMBIHOBAHOI'O
TEXHONOIN4YHOIO NMPOLIECY ®OPMYBAHHA
®JTAHUIB HA IMCTOBUX 3AFOTOBKAX
METOOOM LUTAMNYBAHHA OBKO4YYBAHHAM |

POTALIWHOIO BUTAXKOIO
B cmammi  HasedeHO  pe3ynbmamu
pPO3pOBKU i 00CriOXXeHHS KombiHosaH020

MEeXHO02i4Ho20 rpouecy ¢hopMyeaHHsT 308HILIHIX |
BHYMPIWHIX  ¢brlaHuie  KPUWOK  6paxHux i
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pekmucepikauiliHux KO/IOH Ha flUCmOo8UX 3a20moeKax
memodoM  wmamrly8aHHs ~ OBKOYy8aHHAM |
pomavuitiHoro sumsikkoro. 3 uiero Memoro byrna
po3pobrieHo obnadHaHHsA, Wo 00380719€ 3a OOHY
yCmMaHo8Ky 3a20moseKu  ¢hopMmysamu  KOHIYHUM
8a/IKOM SIK 308HIWHI, MaK i HympiluHi ¢hriaHuj.
JocnidxeHHs1 rnokasanu, Wo MexHOMNo2idHi
MoXriueocmi fipouecy obmexyrmbcs Hebe3rneKor
pyUHy8aHHSI 308HIWHIX wWapie ocepelKy 32UHaHHs
308HIUWHB020 hriaHUsi ma o20 20GghpOyMeEOPEHHSIM,
a makoX YMmEOPEeHHSIM WUUKU Yu pyUHy8aHHSIM
nepugbepiliHux OifIAHOK 8HYMPIWHB020  gbiaHUs.
Lns ouiHku 0eghopMOBHOCMI 308HIUWHBO20 QhriaHUs
docnidxxeHo  HarnpyxxeHo-0eghopmosaHuli  cmaH
ocepedKy (020 32uHaHHA. 3a ecmaHoeneHuUMu
3HAYEHHSAIMU  Harpy>XeHb  BU3HAYEHO  OKa3HUK
Haripy>eHo20 cmaHy Mamepiarny, MaKcuMarbHe
3HAYEHHS SIK020 Ha M0BEPXHi  30HU  32UHY

cmaroeumb 1 =1,73. Ompumana cpopmyna Onsi

8U3Ha4YeHHs1 MiHiMarbHo20 padiyca orpasku, sika 3
8UKOpPUCMAaHHSIM 3Ha4yeHb 2paHUYHOI rnacmu4yHoCcmi
Mamepiany npu posmsey 0osgosnsie 3arobiemu
pyUHy8aHHIO 3a20mosKu. OmpumMaHO MakoXx eupas
01l 8U3HaYeHHs1 MakcUMaribHOI WUPUHU hriaHys 3a
ymosu 3arnobieaHHs1 PyUHY8aHHIO nepugepitiHux
OINSAHOK.

lMpu  hopmysaHHi  308HIWHIX  ¢hraHuig
memodom LLIO ocHO8HOK HEbe3rneKoK € ymeopeHHs
eoghpie, momy e pobomi ompumaHo eupa3 Oss
8U3HaYeHHs MaKcuMasibHOI WUPUHU hriaHus 3a
ymosu rnipomikaHHS  cmilikoeo  nipouecy. [lpu
HeobxiOHocmi  ompumyeamu  binbWw  PO38UHYMI
¢raHui  3arnporioHogaHo Ha  Opysomy  emarii
3abesrnedvysamu MOMOHWEHHS X CMIHKU WIISIXOM
pomauitiHOT 8UMSDKKU.

lpu  cbopmysaHi  8HympiWHIX  ¢bnaHuie
Jiucmosux 3a20mos8oK 8 Mamepiani 8UHUKaromeb
palianibHi Hampy>xeHHsI CMUCKY ma maHaeHUiasbHi
HarpyxeHHss  posmsigy. [is  maHaeHuianbHux
HarpyxeHb ~ obymoernoe  empamy  cmilikocmi
naHusa y euernsidi ymeopeHHs WulKu. BenuyuHa
epaHu4yHUX Oechopmauiti rpu UbOMy 3pocmae i3
HabnuxeHHsM 0o cmaHy nrockoi Oeghopmauii. Tomy
pekomeHO08aHO po3pobrissmu napamempu rnpouecy
Ha ocHosi nobydosu  OdiagpaMm  epaHUYHUX
Oechopmauitl.

Knroyoei crsoea: wmamrygaHHs1
0bKoYy8aHHAM, pomauiliHa 8UMSIKKa, 306HIWHI |
8HYmMpIWHI  ¢bnaHuj, Jniucmosa 3a20moeka,
OeghopmosHicmb, pyliHy8aHHs, empama cmitikocmi.

PA3PABOTKA KOMBUHUPOBAHHOIO
TEXHOJTIOMMYECKOIO NPOLIECCA
®OPMUPOBAHUS ®JNTIAHLEEB HA NMUCTOBbIX
3ArOTOBKAX METOOOM LUTAMMNOBKU
OBKATbIBAHUEM U POTALIMUOHHOW
BbITSXKKOWU

B pabome npueedeHbl pe3yrbmamsl
paspabomku u uccriedosaHusi KOMOUHUPOBAHHO20
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MEeXHOI02UYECKO20  rpouecca  QhoOpMUPOBaHUS
BHEWHUX U 6HYMPEHHUX (brlaHUue8 KpbIWEeK
OpaxHbIX U pPeKmugbuKaUUOHHbIX KOJIOHH us
JIUCMOBbIX 3a20MOB0K MEemoOOM  WMamMrosKu
obkamkoli u pomayuoHHol ebimsikkod. C amou
uenbto  bbIno  paspabomaHo  obopydoeaHue,
Komopoe roseornsiem 3a OOHYy  YCMaHOBKY
3a20mosKU (hopMUPO8aMb KOHUYECKUM 8alIKOM Kak
BHEWHUE, maK U 8HympeHHUe ¢hriaHubl.

UccnedosaHusi rioKasaariu, 4mo
mexHosrioecu4ecKkue 803MOXXKHOCMuU ripouecca
ocgpaHu4usaromcs oriacHocmabro paspyweHus

BHEWHUX C/l0e8 3a20mosKU 6 oyaee uszuba
8HeWHe20 ¢hrnaHua u e2o 2o0ghpoobpasosaHueMm, a
markxe obpaszosaHUeM wWelKU umnu paspyuieHuem
nepugepuliHbIX y4acmkKo8 6HympeHHe20 hraHua.
Ans  oueHku  deghopmupyemocmu  BHEWHe20
¢briaHya uccrniedogaHo HarpsKeHHo-
degbopmuposaHHOE COCMOsIHUE Mecma e20 u3sauba.
3a  nonyd4eHHbIMU ~ 3HAYeHUSIMU  HarpsikeHul
ornpedesieH rnokasamesib HarNpPsHKEHHO20 COCMOSIHUSI
Mamepuarna, MaKcuMalbHOe 3Ha4YeHUEe KOmopozo
Ha rfosepxHocmu yyacmka us2uba cocmaernsem

n =1,73. lMonydyeHa chopmyna Onsi onpedeneHus

MUHUMasIbHO20 paduyca ornpasku, Komopasi C
ucronbL308aHUEM 3Ha4yeHul npedesnibHoU
nnacmu4YHocmu Mamepuana roseosisiem usbexams
paspyweHusi  3aeomosku.  [lornyyeHo — makxke
eblpaxkeHue Onsi  ornpedeneHusi MakcumasibHoU

ma mexHorsoegissx
2021

WupuHbl ¢hraHya u3 ycrosusi npedomepawjeHus
paspywieHus nepuchepuliHbIX y4acmkos.

lpu cbopmuposaHuu BHeWwHux hraHues
memodom LIO ocHOBHOU 0OnacHOCMbO €ecmb
obpasosaHue 2o0qhpos, noamomy 8 pabome
10/1y4eHO 8blpaxkeHue ons onpederneHust
MaKcuMarbHOU WUPUHbI hraHua npu  ycrosuu
npomekaHusi ~ ycmou4yueoz2o  npouecca.  [lpu
Heobxodumocmu uzzomaesiueame bonee
paszsumble chraHybl PEONIoKEeHO Ha 8MmopoM
amarie obecrieyugamb YIMOHEHUE €20 CMEeHKU
fymem pomauUuoHHOU 8bIMSTKKU.

lpu chopmuposaHuU 8HYMpPEHHUX hriaHues
Ha 5ucmoebIx 3azomoskax 8 Mamepuarsne
803HUKarOM paduarsibHble HarpspKeHUs cxxamusi u
maHeaeHyuasbHble  HarpshKeHUsl  PacmsiKeHUs.
Ledcmeue maHaeHuuarnbHbIX HanpsikeHul
obycrnaenueaem nomepro ycmoutidugocmu chbriaHya
nymem obpa3sosaHusi welKu. Benuyura
rpedesibHbIX Oecbopmauyuti npu amom
yeenuyueaemcsi Mo Mepe npubnwkeHus 00
cocmosiHusi  nriockol  Oeghopmauuu.  [Nosmomy
pekomeHO08aHO  pa3pabambigamb  napamempbl

MmexHosiIo2u4YecKkoeo  rpoyecca  Ha ocHose
rnocmpoeHrusi duaspamm rpedesibHbIx deghopmayudl.
Knrouyesnbie crioea: wmamroska

obkamkol, pomayuoHHas 6blmshkKa, GHewHue U
B8HympeHHuUe ¢hnaHupl, Jucmosasi 3a20mosekKa,
deghopmupyemocme, paspyweHue, nomepsi
ycmoutiyugocmul.
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