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STUDYING THE EXTRUSION PROCESS OF A SINTERED THIN-WALL
PIPE LOADED WITH INTERNAL HIGH PRESSURE IN CASE OF A
BOUNDARY CONDITION IN THE DIE INLET

An analytical study of the process of sintered thin-wall pipe extrusion loaded with
internal high pressure, on its cross section in the conical die inlet by compressing meridional
dimensionless stress has been carried out. It is assumed that the external die pressure p,, and
the internal high pressure p, acting on the pipe are equal. In this case, the circumferential
stress is determined and a simplified plasticity condition is obtained. The dimensionless
values of meridional, circumferential and average stresses depending on the degree of pipe
deformation were determined, which made it possible to study the processes of their
compaction using the DTPPM equations at different values of coefficients of friction and
initial porosities of the pipe material.

A computer simulation of the process was carried out in the MS EXEL software
environment, presetting different initial values of the compressive meridional dimensionless
stress. The pipe extrusion process will correspond to such an initial value of this stress,
when the meridional stress of the pipe in the outlet of the die is equal to zero. In this case,
the value of strain intensities is &; = 0.258.

The graphs of changes in 10, 20 and 30% of the initial porosities of the material
show that the porosity becomes zero in the interval of value of deformation intensities &;
from 0.116 to 0.132, and also in the case of large values of porosities and contact friction,
the compaction of the material occurs more intensively.

Keywords: thin-walled pipe, extrusion, boundary condition, circumferential stress,
sintered material, computer simulation.

Introduction. Works [1, 2] are devoted to the study of the forming processes
of thin-walled pipes made of rigid-strengthening solid materials using the Huber-
Mises plasticity condition in the presence of contact friction. Moreover, in [2], the
problem of the stress-strain state (SSS) at the extrusion of a non-porous pipe is
solved in case of loading it with an internal pressure p,, and the sintered pipe
formation in conical dies is carried out in the absence of the internal pressure. In
this case, based on the equations of the flow theory of porous materials (TFPM),
the solutions of the problems of plastic deformation in a conical die of sintered
monometallic thin-walled pipes of various porosities are given.
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It should be noted that the solutions to these problems, which are of great
practical importance, are quite complicated, since they are based on the integration
of a system of four differential equations.

In [3], a computer simulation of extrusion processes in a conical die of
bimetallic rods and pipes made of non-strengthened solid materials with different
yield strengths of their inner layers (rod and pipe) has been carried out. Types of
Mises stress zones and SSS components have been obtained for different large
values of the numerical data of the yield strengths of the inner rod and pipe, which
differ from each other.

The analysis of the radial o, and the circumferential ogstresses arising due to
internal pressure on the outer pipe for bimetallic rods show that in the case of large
yield strengths of the inner rod exceeding the yield strength of the outer pipe, the
difference in the values of the outer pipe stresses (o, and gy) is insignificant.

Based on the obtained stress zones a,- and ay, it is assumed that the pressures
py and p,, acting on the outer pipe are equal, i.e. p, = p,1,where p,, is the die
pressure on the pipe in the normal direction. In this case, the circumferential
tension of the outer pipe 0y = —p,, = —p, is determined, as a result of which a
simplified plasticity condition is obtained, and then the SSS of the outer pipe is
investigated by the analytical method.

Taking into account the influence of high internal pressure p,, in the
presence of contact friction [3], when tangential stresses p,, = fp,, are formed on
the pipe surface in the meridional direction, equilibrium equations [2] are given for
solving the problems of plastic deformation of the pipe at a constant thickness of its
wall (h = const), where f is the coefficient of friction. In this case, the plasticity
condition is expressed through the absolute values of the stressed state components
and is simplified by the analytical method of solving problems. The only resulting
differential equation is solved using the boundary condition in the outlet of the
conical die (the absence of meridional stresses). However, it is impossible to solve
the problems of pressing bimetallic pipes in a conical die by this method.
Consequently, works in this direction are topical.

The purpose of this work is to solve the problem of pressing a thin-wall pipe
loaded with internal high pressure using the boundary condition in the inlet of a
conical die by the analytical method.

Solutions to the problem of extrusion of thin-walled pipes loaded with
internal high pressure. For this purpose, the equilibrium equations are used and,
for plastic materials, the Huber-Mises plasticity condition, which is more precise,
but rather complex one, takes into account the volumetric stress state [1, 2]:

Due to the complexity of the problem, as in [1,2], we will assume that the
pressures p,, and p,- acting on the pipe are equal, that is, p,, = p,. In this case, for

the circumferential stress gy we obtain:
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0g = —Py = —Dr- (D

When extruding the pipes loaded with internal high pressure, the main
stresses gy, 0, and a3 will be as follows:

01 =0, <0,0, =03 = 0g=—py=—pr <0, 2)
consider that the Huber-Mises plasticity condition (PC) will look as follows:
Om — 0g = Oy, 3)

where g, is the meridional stress and o, - the yield point.
Solving the basic equilibrium equation [2]

2pm
E(Umr) ~ %t sin2a 0

with plasticity condition (3), we obtain formulas for determining the SSS components

of thin-wall pipes during extrusion in a conical die. In the presence of friction (f # 0),
i.e. pm = fpPy, equations of equilibrium and PC for solving the problem in
dimensionless stresses a,, and ag will have the following form:

Ao,

r?+6m—59(1+k)=0, 4
Gy =Gy — 1, (%)

where k = 2f /sin2¢,
Om = Oy /0; and g = 0y /0. (6)

It should be noted that having the values of dimensionless stresses and yield
strengths of materials from (6), we can determine the following formulas for true
stresses g, and oy, which are of great practical importance:

Om = OOy, Og = 0gOy. (7)

From the PC (5), substituting the value gy into the equilibrium equation (4)
[2], and transforming it stepwise, we establish:

dom

PS4 G = (14 k) (G — 1) = 0,5, = T Gk — (1 + k),

doy, _ dr d@pk—-(1+k)) _ , dr

ok—(10) T omk—irl K (®)
By integrating this differential equation, we obtain:
In(on,k—(1+k))=klnr+InC. 9
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To determine the integration constant C, we first transform (9) to the
following form:

In[G.,k — (1 + k))] = In(r*C), (10)

and then the boundary condition is used.

The boundary condition for pipe extrusion according to the scheme in Fig. 1
when it enters the die has the following form:
when

T =T9,0m = Omo, (11)
which allows to determine C from (10):

[Gimok — (1 + k)]

k )
o

and then, putting it into (9), transforming it stepwise, we obtain a formula for
determining the meridional stress ,,:

In[Gn,k — (1 + k)] = In,
{[Gmok — (1 + K)](r/16)},
Gk — (1 + k)= [Gmok — (1 + k)] (r/70)%,
Gmk = (1 + k) + [Grok — (1 + k)] (r/10)%,

— 1+k — 1+k
Om = T + (O-mO - T) (T/To)k. (12)
h
R
- 4
= "
2 ! ;
- 15°
= r
= I
=2 | '

Fig. 1. The scheme of thin-walled pipe extrusion

For circumferential 6y, and for the compaction of sintered tube materials,
which is of great importance, the average o, = (0; + 7, + 03)/3 dimensionless
stresses are determined by using formulas (1), (3) and (12):
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_ _ _ 1+k B 1+k
Opg = —Pp=0p—1=-1 +T+ (Gmo _T) (T/To)k,
1 [ 14k
g =7+ (O‘mo - %) (r/ro)k, (13)
_ Gpt259 3tk . [_ 1+k
Go = 2200 = Tt (Gmo — 1) (/)" (14)

It should be noted that this problem is solved quite simply by the second
boundary condition for pipe extrusion, which is made for its outlet part from the
die (Fig. 1) and it has the following form:
when

r = T'l, Eml =0. (15)

Here we give only the formulas for the following dimensionless components
of the stress state (G, 0g.) and the average stress ;. obtained using the boundary
condition (15), which allow to compare them with formulas (12)-(14), and then

with their numerical results:
— 1+k r k
o= (1-()) (16)
_ _ 1+k r\k 1 1+k(r\K
G =0n - 173 =N (1= (1) ) 1=5-RE ()L D

oo () ) 2 ()

where

_ 1(3+k 3+3k (r\K
a0 =5 (% -G ) (18)

A comparison of formulas (12)-(14) and (16)-(18) shows that the main
difference between them is the denominator of fractions of variable r of the

T T
problem: — and —.
To 1

It should be noted that for determining the change in material porosity
during the sintered pipe extrusion, the engineering analytical conjugate method is
used in [3, 4], according to which the data obtained above and the equations of the
deformation theory of plasticity of porous materials (DTPPM) [2] are used.

In [4], the yield stress of various sintered materials oy, is expressed through

the yield strength of the porous material substance or and the porosity function
’Bn+0,5:
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ory = oy f7105, (19)

where v is the material porosity, f = 1 — v.
Consequently, to determine the true stresses o,, and oy, together with
formulas (7), the following formulas should be used:

O = G 0,,09 = Ggf" "0, (20)

It is necessary to use the following formula DTPPM [2] for the determination
of the values of the current porosity of material v:

m
9170 0o ger )
)

(1_V0)3n0'eq0

v= 1—(1—v0)exp<— (21)

where vy is the initial porosity of the material; O¢qo = 07 and geqo = & = 1,155(%g]-
the respectively simplified values of equivalent stresses and deformations [1,2];
Iy - the initial radius of the pipe (Fig.1); m and n are the porosity parameters.

The results of the research. To solve the problem of thin-wall pipe extrusion,
the following parameters were given: cone angle of matrix - ¢ = 15°, the outer
diameters of the pipe blank and the product -D = 25 mm and d = 20 mm, the pipe
thickness — 2 mm, the yield strength - ot = 350 MPa.

Taking into account k = 2f /sin2¢, numerical calculations of the pipe
extrusion process loaded with internal pressure were performed in the MS EXEL
software environment for various friction coefficients (f = 0,05; 0,1 u 0,15). In
these cases, the values of the coefficient £ will be 0,2; 0,4 and 0,6.

Tables 1-4 and Fig. 2 show the data of SSS at k = 0,4 and 0,6; initial
material porosities vy, = 0,1; 0,2 and 0,3 in the case of m = 1 and n = 0,25 [2].

Numerical calculations were performed by formulas (12)-(14) in the absence
of initial values of compressible meridional dimensionless stress G,,5q, therefore a
computer simulation of the process was performed in the MS EXEL software
environment by pre-setting different initial values &,,,5. The pipe extrusion process
will corresponded to a value g, when the pipe meridional stress G,,, equals 0 in
the outlet of die.

In Tables 1-3, atk = 0,4,the data of SSS given are for three values
Omo (—0,326; —0,327 u — 0,328), from which it follows that in the average case
Omo = — 0,327, the meridional stress has acquired the value 0 in the die outlet. At
k = 0,6, in the die inlet, the case 6,,90 = — 0,382 was also found by computer
simulation (Table 4), when the meridional stress ,,, = 0 in the die outlet.
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Table 1

Numerical calculation data in the presence of friction (k = 0,4) and initial meridional

stress Oy = —0,326
r/ro | —&g = —Op —0g | —0p 14 Vs V3
1 0 0.000 0.326 1.326 | 0.993 | 0.100 0.200 0.300

0.98 |1 0.020 | 0.023 | 0.295 | 1.295 | 0.962 | 0.080 0.161 0.242
0.96 | 0.041 | 0.047 | 0.264 | 1.264 | 0.931 | 0.061 0.122 0.183
0.94 | 0.062 | 0.071 | 0.232 | 1.232 | 0.899 | 0.042 0.083 0.122
0.92 | 0.083 | 0.096 | 0.200 | 1.200 | 0.867 | 0.024 0.044 0.060
09 |0.105| 0.122 | 0.168 | 1.168 | 0.835 | 0.006 0.007 | -0.002
0.88 | 0.128 | 0.148 | 0.135 | 1.135 | 0.802 | -0.010 | -0.029 | -0.063
0.86 | 0.151 | 0.174 | 0.102 | 1.102 | 0.769 | -0.025 | -0.064 | -0.123
0.84 | 0.174 | 0.201 | 0.068 | 1.068 | 0.735 | -0.040 | -0.096 | -0.180
0.82 | 0.198 | 0.229 | 0.034 | 1.034 | 0.701 | -0.052 | -0.126 | -0.234
0.8 |0.223 | 0.258 | -0.001 | 0.999 | 0.666 | -0.064 | -0.153 | -0.283

Table 2
Numerical calculation data in the presence of friction (k = 0,4) and initial compressive
meridional stress 0,0 = —0,327
r/ry | —% & | —Om | —0Og | =09 Vi V2 V3
1 0 0.000 | 0.327 | 1.327 | 0.994 | 0.100 | 0.200 | 0.300

0.98 |0.020 | 0.023 | 0.296 | 1.296 | 0.963 | 0.080 | 0.161 | 0.242
0.96 |0.041 | 0.047 | 0.265 | 1.265 | 0.932 | 0.061 | 0.122 | 0.183
094 |0.062 | 0.071 | 0.233 | 1.233 | 0.900 | 0.042 | 0.083 | 0.122
0.92 |0.083 | 0.096 | 0.201 | 1.201 | 0.868 | 0.024 | 0.044 | 0.060
0.9 0.105 | 0.122 | 0.169 | 1.169 | 0.836 | 0.006 | 0.007 | -0.002
0.88 |0.128 | 0.148 | 0.136 | 1.136 | 0.803 | -0.010 | -0.030 | -0.064
0.86 |0.151 | 0.174 | 0.103 | 1.103 | 0.770 | -0.026 | -0.064 | -0.123
0.84 |0.174 | 0.201 | 0.069 | 1.069 | 0.736 | -0.040 | -0.097 | -0.181
0.82 |0.198 | 0.229 | 0.035| 1.035 | 0.702 | -0.053 | -0.126 | -0.235
0.8 0.223 | 0.258 | 0.000 | 1.000 | 0.667 | -0.064 | -0.153 | -0.284
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Table 3

Numerical calculation data in the presence of friction (k = 0,4) and initial compressive

meridional stress 0,0 = —0,328
r/ry | —% & —Om | —0p | —0y vy V2 V3
1 0 0.000 | 0.328 | 1.328 | 0.995 | 0.100 0.200 0.300

0.98 | 0.020 | 0.023 | 0.297 | 1.297 | 0.964 | 0.080 0.161 0.242
0.96 | 0.041 | 0.047 | 0.266 | 1.266 | 0.933 | 0.061 0.122 0.183
094 | 0.062 | 0.071 | 0.234 | 1.234 | 0.901 | 0.042 0.083 0.121
0.92 | 0.083 | 0.096 | 0.202 | 1.202 | 0.869 | 0.024 0.044 0.060
0.9 0.105 | 0.122 | 0.170 | 1.170 | 0.837 | 0.006 0.006 | -0.003
0.88 | 0.128 | 0.148 | 0.137 | 1.137 | 0.804 | -0.010 | -0.030 | -0.064
0.86 | 0.151 | 0.174 | 0.104 | 1.104 | 0.771 | -0.026 | -0.064 | -0.124
0.84 | 0.174 | 0.201 | 0.070 | 1.070 | 0.737 | -0.040 | -0.097 | -0.182
0.82 | 0.198 | 0.229 | 0.036 | 1.036 | 0.703 | -0.053 | -0.127 | -0.235
0.8 0.223 | 0.258 | 0.001 | 1.001 | 0.668 | -0.064 | -0.154 | -0.285

Table 4
Numerical calculation data in the presence of friction (k = 0,6) and initial compressive
meridional stress G, = —0,382
r/rg | —& & —Om | —0Op —0y vy V2 V3
1 0 0.000 | 0.382 | 1.382 | 1.049 0.100 | 0.200 0.300

0.98 | 0.020 | 0.023 | 0.345 | 1.345 1.012 0.079 | 0.159 0.239
096 | 0.041 | 0.047 | 0.308 | 1.308 | 0.975 0.059 | 0.118 0.177
094 | 0.062 | 0.071 | 0.271 | 1.271 | 0.938 0.039 | 0.077 0.113
0.92 | 0.083 | 0.096 | 0.233 | 1.233 | 0.900 0.021 0.038 0.050
0.9 0.105 | 0.122 | 0.195 | 1.195 | 0.862 0.003 | 0.000 | -0.013
0.88 | 0.128 | 0.148 | 0.157 | 1.157 | 0.824 | -0.013 | -0.036 | -0.075
0.86 | 0.151 | 0.174 | 0.118 | 1.118 | 0.785 | -0.028 | -0.070 | -0.134
0.84 | 0.174 | 0.201 | 0.079 | 1.079 | 0.746 | -0.042 | -0.101 | -0.189
0.82 | 0.198 | 0.229 | 0.040 | 1.040 | 0.706 | -0.054 | -0.129 | -0.239
0.8 0.223 | 0.258 | 0.000 | 1.000 | -0.667 | -0.064 | -0.153 | -0.283

Numerical calculations in case of the second boundary condition are carried
out by formulas (16)-(18), which do not differ much from the data of formulas
(12)-(14). Therefore, in this case, there is no need to show the full tabular data of
the SSS research and only short data are given in Tables 5 and 6.

Table 5

Numerical calculation data in the presence of friction (k = 0,4) and boundary pipe
extrusion condition, for its die outlet: v = 1{, G = 0

Eg Ei r/r1 Em 60 a'o 41 vV V3

0 0 1.250 -0.327 -1.327 -0.993 0.100 | 0.200 | 0.300
-0.020 0.023 1.225 -0.296 -1.296 -0.963 0.080 | 0.161 0.242
-0.041 0.047 1.200 -0.265 -1.265 -0.931 0.061 0.122 | 0.183
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Table 6

Numerical calculation data in the presence of friction (k = 0,6) and boundary pipe
extrusion condition, for its die outlet: v =1;, Gy =0

Ep e T/1q Om O ) v v, V3

0 0 1.250 -0.382 -1.382 -1.049 0.100 0.200 0.300
-0.020 0.023 1.225 -0.345 -1.345 -1.012 0.079 0.159 0.239
-0.041 0.047 1.200 -0.308 -1.308 -0.975 0.059 0.118 0.177

A comparison of the numerical data calculated by formulas (12)-(14) and
(16)-(18) shows that the main difference between them is the column r of the task

variable problem TL and rL, which provides an exact match of the main results.
0 1

The graphs of changes in the dimensionless values of meridional,
circumferential and average stresses, as well as material porosity, depending on the
degree of pipe deformation are shown in Figures 2 and 3.

It can be seen from Fig. 3 that 10, 20 and 30% of the initial porosity of the
material becomes zero in the range of strain intensities &; from 0.116 to 0.132, and
in case of larger porosities and contact friction, the compaction of the material is
more intense.

&ij
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1 B I —
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-0.2

—\
(0] 0.023 0.047 0.071 0.09¢6 0.122 0.148 0.174 0.201 0.229 0.258 E_I

0

Fig. 2. Graphs of change in dimensionless values of meridional,
circumferential and medium stresses

f
i/

[¢] 0.023 0.047 0.071 0.086 0.122 0.148 fl

Fig. 3. Graphs of changes in 10, 20 and 30% of the initial porosity of materials
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Conclusions

1. A study of the process of extrusion of thin-wall pipe loaded with internal
high pressure with boundary condition in the inlet of a conical die, when the initial
values of compressible meridional dimensionless stress 0y, are absent, has been
carried out. The dimensionless values of meridional, circumferential and average
stresses depending on the degree of pipe deformation were determined, which
allowed to study the process of pipe material compaction using the DTPPM
equations at various values of friction coefficients.

2. A computer simulation of the process was carried out in the MS EXEL
software environment, presetting different initial values &,,,. The pipe extrusion
process will correspond to the value G,,,5, when the pipe meridional stress a,,, equals 0
in the outlet of the die. In this case, the strain intensity value is &; = 0,258.

3. The data of numerical calculations show that at the coefficient of friction
f = 0,1 (k = 0,4), it has been established, with computer simulation, that in case of a
dimensionless compressive, the initial value of the meridional stress is 6,0 = —0,327,
in the die outlet, the meridional stress acquired the value 0. And in the case of
coefficient of friction f = 0,15(k =0,6) , the meridional stress at
omo = —0,382 acquired the value 0 in the die outlet.

4. The graphs of changes in 10, 20 and 30% of the initial porosities of the
material show that the porosity becomes zero in the range of strain intensities ¢;
from 0,116 to 0,132, and in the case of large values of porosities and contact
friction, the material compaction is more intense.

5. In order to verify the obtained formulas and the results of numerical
calculations, the problem is solved quite simply by the second boundary condition
for the pipe extrusion, composed for the outlet part of the pipe from the die (r = ry),
where the meridional stress is absent (d,,; = 0). It has been found that both
solutions are identical.
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U.U. RULUBUL

VEMLhL AU KLTNRUNY AENLUYINNMYUD BRUYULYUO
RULUYUMNUS vONNYUYD ULSUUNUUL SNOCLEUSE 26SU2NSNPUT
UUULUUUSI USLNN, BRrUskL MUSUULE HY6NLNRU

YQuinwipyly | ukipphtt pupdp £upnudny phintwdnpdws Enwjuygws junnndulh Yntw-
Jub dwdjuduwypnid dwdjdw gnpdpuipugh hbnnwgnuund® Jhpnwswljut Jkpngny, gpu
dwdjuduyp dnbing Ypht juytwjut hwwnnypht ukindnn dhgoptwljut jupnid Yhpwunking:
Gupwnpynud k, np unnnduljh Jpu wonnn dwdjuduyph hyuluyght p, b gpu tkpunid wg-
nnn p, Suonidubipp hwuuwp B Uyn nhypnud npnpymd b junnnyuljh oppwtiuyghtt jupnudp,
b unugynid £ wupgigdus wjuunhlnipjut guydwi: Npnpdby Eu junnnduyh nidnpdwg-
dwl wunhgwihg yuhuqus dheopbuljul, spowiiught b vhohtt jupnidubph swthwqniply Uk-
Snipjniuitpp, npnup httwpudnpnipmit B vidly, oquuugnpstiny swnntu ymptph wjwu-
wmhlnipjut phdnplughnt mbumpjub putwdlbpp, tmwppkp othdwt gnpswljhgutph b fun-
nnjujh Wniph ufqphwlut swinnitinpjub nhypkpnid nunilbwuhpl) npubg jnwg-
dwl qnpéplpwgn:

MS EXEL spwgpuyhtt dhgwjuypnid Juwnwpygl) £ gnpépupwgh hwdwlupgsuyght
Unnljwynpmud mwppbp ujqpiufut uknunn dhgopbwljutt swthwgnipl jwpnudubph nhy-
poud: unpnyuljh wpunudnudub gnpépupught jhudwwywinwupwh wyn jupdwt wytuyhuh
ulqptwut Ukdnipnil, tpp funnnjuljh dhgoptiwmjutn jupnidp dwdjwdwyphg npnipu qunt
dudwtiul Yhwjwuwpygh qpojh: Uy ghypnud ghdnpldwughwutph htnkuhuynipjut wpdtpp
hwjwuwnp k ¢ = 0,258:

10, 20 b 30% ulqpuwmlub swlinnlijtiunipjudp Wniph Ynptph thnthnpumpiniuaubpp
gnyg kb nnwihu, np Swlnunlkinipniup nunind E qpn gdnplwmghwubph hunkuhuynip-
jutt g 0,116 — hg dhtsh 0,132 dhowljuypnid: Owlnunljkunipjut b hywlughtt gthdwt Uk
wpdtipubiph nhypnid yniph funwgnudp wnbknh k nitibunud wdkh hunkuuhy:

Unpwbhgpuypli punkp. pupuljuuyuwn funnndul, wpnwdnnud, bqpuyhtt wuydw,
opowtiwyght jupnud, Epwudws wynip, hudwlwupgsuyhtt dnpbjwynpnd:
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A.A. BABASIH

UCCJEJJOBAHUE ITPOIECCA 3KCTPY3UU CIIEYEHHOM
TOHKOCTEHHOM TPYBBI, HATPYKEHHOW BHYTPEHHUM BbICOKHUM
JABJEHHUEM, ITPU BXO/IE B MATPUILY B CJIYYAE TPAHUYHOI'O
YCJIOBUA

IIpoBeneHo aHaTMTHYECKOE HCCIIEIOBAaHHE Mpoliecca IKCTPY3UH CIEUYCHHON TOHKO-
CTEHHOH TPYOBI, HArPy>KEHHON BHYTPEHHUM BBICOKUM JaBJIECHHUEM, IIPH BXOJE B KOHHYECKYIO
MAaTpHUIly C HCIOJIb30BAHUEM CKHMMAIOIIET0 MEPUINOHAIBHOTO OE3pa3MEPHOTO HAIPSKEHUS
Ha ee MoNepeyHoM cedeHnu. lIpennonaraercs, 4Tto JeHcTByIOmME Ha TpyOy BHEIIHEE /1aB-
JICHUE MaTpUIbl P, © BHyTPEHHEE BBICOKOE IABJICHHUE P, PaBHBI. B 3TOM ciiydae ompene-
JIIETCS OKPYXKHOE HAIPSDKEHHE U MOIy4aeTcs YIPOIIEHHOEe yCIoBUe IacTuuHocTH. Onpe-
JieTIeHbl Oe3pa3MepHble BETMYMHBI MEPHIMOHAIBHBIX, OKPY)KHBIX U CPETHHUX HaNpsDKEHUH B
3aBUCHMOCTH OT CTENeHU jAedopMaluy TPYObl, KOTOpBIE MO3BOJMIM C HMCIOJIB30BAaHUEM
ypaBHEHHH e(OpMaAIIMOHHON TEOPHHU IUIACTHYHOCTH MOPHUCTHIX MAaTEpHAIOB IPU Pa3iiny-
HBIX 3HAYEHHUAX KOA(P(PHUIMECHTOB TPEHHS U HaYaJbHBIX OPUCTOCTEH MaTepuana TpyO u3y-
YHUTH NMPOLECCHI UX YIIOTHEHHUS.

IIpoBeneHO KOMITBIOTEPHOE MOJIEIMPOBAHKE Tpoliecca B MporpaMMHOM cpene MS
EXEL npu pa3nuyHbIX HAYaJIFHBIX 3HAYCHHUSIX CKAMAIOIIETO MEPUANOHAIBEHOTO Oe3pa3Mep-
Horo HamnpsbkeHus. IIporieccy sKCTpy3un TpyOBl COOTBETCTBYET TaKOE HA4YaJIbHOE 3HAYECHHE
9TOTO HAMPSDKEHHS, KOTAa MEPUINOHAIBHOE HANPSDKEHHE TPYOBI ITPH BBIXOAE U3 MaTPHILIBI
pasHsieTcs Hymo. [Ipu 3ToM BeMuMHA MHTEHCHBHOCTEH nedopmaru pasHa &; = 0,258.

I'padmkn m3MeHeHus HadaIbHBIX opuctocted Marepuana 10, 20 n 30% nokassIBaroT,
YTO TIOPUCTOCTh CTAHOBUTCS HYJIEBOI B MHTEpBaJle BEJIMYMHBI MHTEHCUBHOCTEH nedopmanin
g ot 0,116 no 0,132. B ciiyyae GONBIIMX BEJIMYMH MOPUCTOCTEH M KOHTAKTHOI'O TPEHHS
YIJIOTHEHHE MaTepHuaia NPOUCXOJUT 00Jiee HHTCHCUBHO.

Kniouegvie cnoga: ToHKOCTEHHAs TPyOa, SKCTPY3Hs, TPAHUIHOE YCIOBHE, OKPYKHOE
HalpspKeHNE, CIICYCHHBII MaTeprall, KOMIIBIOTEPHOE MOJIETTMPOBAHHE.
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