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MATHEMATICAL MODELING IN THE CALCULATION OF REINFORCING
ELEMENTS

Purpose. Determination of stress distribution laws for the hard stamp and an elastic plate interaction with cylindrical anisot-
ropy. Simulation of contact interaction tasks in order to determine the processes of wear, strength, destruction and structures du-
rability. Development of analytical methods for calculating contact interactions of structures taking into account various material
properties.

Methodology. The mathematical model spatial problem of a hard stamp and a circular sector with cylindrical anisotropy inter-
action has been compiled. To study the model, an asymptotic method has been proposed, which allows dividing the stress-strain
state of an infinite circular sector into two components and reducing the solution of the elasticity theory problem to the sequential
solution of potential theory problems.

Findings. A concrete contact problem was investigated, for which the asymptotic method was used. The solution takes into ac-
count the friction that occurs in the interaction process between the rigid stamp and the elastic plate. The considered task is new
and rather difficult. It causes significant difficulties when considered. Therefore, the obtained analytical solution is a useful result
for further analysis or numerical calculations. The pressure values under the stamp were found, the influence of friction was taken
into account.

Originality. The previously proposed method is generalized to the case of material cylindrical anisotropy. An analytical solution
has been obtained for a new complex spatial contact problem.

Practical value. The asymptotic method proposed in the paper allows us to move from mechanics solving complex mixed prob-
lems to solving sequential boundary problems of potential theory — the most developed section of mathematical physics. The solu-
tions obtained by the proposed method make it possible to analyze the stress-strain state that occurs when a hard stamp is pressed
into the free face of an elastic orthotropic infinite circular sector with cylindrical anisotropy, the edges of which are fixed. The
following problem is considered: in the free edge of an infinite circular sector, which is elastic, orthotropic, and also its material
possesses the properties of cylindrical anisotropy, a rigid stamp is pressed. The edges of the circular sector are fixed. Application of
the obtained results is possible at the calculation and design of various types of fastenings. The results can be used in calculating

and designing various types of mounts.

Keywords: stamp, interaction, anisotropy, asymptotic method, spatial problems, friction, sector

Introduction. Usually, the process of transferring pressures
and efforts from one part to another occurs when they are in
mutual contact. Therefore, the question of modeling contact
interactions is of particular importance for engineering and
construction. Some problems of contact interaction were
raised by L. A. Galin and the solutions proposed in his works
formed the basis for the development of new directions for the
development of this issue. An effective method that makes it
possible to correctly calculate the stress-strain state of the ele-
ments of contact interaction was developed and described in
the works by A. V. Pavlenko, L. 1. Manevich.

The paper considers the problem of contact, and particu-
larly, of the indentation, of a hard stamp into the free face of an
infinite orthotropic elastic circular sector with cylindrical an-
isotropy. The edges of the sector are fixed. When finding a so-
lution, the friction arising from the interaction of the stamp
and the plate was taken into account. To find a solution to the
problem, we use the asymptotic method [1].

Literature review. Model problems of contact interactions
describe the processes of destruction and durability [2],
strength, wear of building structures. The need to address
these issues, manifested in practice, has led to the importance
of developing methods for calculating contact interactions, as
well as the study of some specific contact problems.

In [3], the problem of deformation, namely the develop-
ment of plastic bands in the vicinity of a symmetric notch, is
solved with the help of conformal mappings.

In [4], the problem of the boundary equilibrium of an or-
thotropic elastoplastic cylindrical shell with an internal longi-
tudinal crack of arbitrary configuration was reduced to the
joint solution of a system of singular integral equations, dis-
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placement unambiguity conditions, plasticity conditions, and
stress-bounded conditions.

When solving various problems related to the theory of
elasticity, methods of a small parameter (physical or geomet-
ric) are widely used [5].

In the article [6], the author proposed an asymptotic inte-
gration method for a linear system of differential equations
with a small parameter with partial derivatives and a point of
return.

This topic is very important and has been considered by
various authors [7, 8], but due to the complexity of the formu-
lation, the tasks are still relevant.

In [9, 10] load transfer problems are solved by numerical-
analytical methods.

Unsolved aspects of the problem. Contact problems directly
relate to the engineering and construction tasks, as they deter-
mine processes of the wear, strength, destruction and durabil-
ity of building structures. Accounting for real material proper-
ties, such as curvilinear anisotropy, leads to significant math-
ematical difficulties. Therefore, the need for analytical solu-
tions is very significant.

Analytical solutions allow determining correctness of the re-
sults obtained by other methods, investigating the special points.

Formulation of the problem. We are given the elastic plate
Ry <r<eo, —y <0 <y fixed to the edges 6 = +y. A hard stamp
acts on the face r= R, which occurs at section —A < 0 <A with
a base that coincides with the face = R,,, and loaded with nor-
mal P, and tangential Q, forces. The friction between the
stamp and the plate is taken into account, which obeys Cou-
lomb’s law (the state of the limiting balance of a stamp is con-
sidered). The displacements and deformations are equal to
zero at infinity (r — o). The plate, 6 operating under condi-
tions of a generalized plane stress state is thick.
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Its material is orthotropic, the main directions of anisot-
ropy coincide with the polar coordinates r, 0.

It is required to determine the laws of stress distribution
under the stamp and in the plate.

Solution method. Let us introduce dimensionless coordi-
nates &, n instead of polar coordinates r, 0 by the relations r =
= Ryé%, 0 = m, then the considered problem can be reduced to
integrating the equilibrium equations of the plate in displace-
ments

Byuge + Gu,, — By (v, + u) + Gmve, — Gv, = 0;
Gve + By, + Bouy + Gmuy, — G(u, —v) =0,
under the following boundary conditions
o= Bl(Rer’)_l(uz; +O(vy +u)) =0;
=GRy (uy, + v, —v) =0;
(n=4y);
(€=0,Inl<h),

the displacements and stresses are zero at infinity. In addition,
the equilibrium conditions of the stamp must be satisfied

u=v=0; U=cgy

T=poy;

x A
IGI(O,T])dT]+}7() =0; f t(0,n)dn+Q, =0.

- -\

Since the state considered is the state of limiting equilib-
rium (t = po,), the second condition reduces to the first one.
Here, u = u,; v = u, are the components of the displacement
vector of the plate; B, = E\8/(1 — %,%,), B, = E;3/(1 — 9,0,);
G = G4 is stiffness of the plate on tension — compression; o is
normal stress in the direction of the coordinate &; t is shearing
stress; E;, E, are modules of elasticity along the main direc-
tions; G, is shear modulus; m=1+%,B,/G=1+%,B,/G; %, D,
is Poisson’s coefficients of plate material 0,8, = 9,B,; EF is
stiffness of the stringer on tension — compression; p is the co-
efficient of friction (p < 1); the indices &, n denote differentia-
tion with respect to the corresponding coordinates. Mathe-
matical difficulties do not allow us to obtain an exact analytical
solution to the problem posed. To research it, we apply the
asymptotic method developed in [2, 3]. This method allows us
to dissect the stress-strain state of the plate into two compo-
nents, and each of them is found by successive solution of
boundary value problems of the potential theory.

The results. Solution for the first type stressed state. The
definition of the first type stress state (slowly varying in the
direction of the coordinate &) in the first approximation re-
duces to integrating equation

Bluég’ + Guf];? =0, (1)
with the following boundary conditions
ul = 0(@ =0.1<n[< y);

u'0=const(& =0, n| < 1). (2)

Zero conditions are satisfied by derivatives of the required
function at infinity. Since n = vy, the component of the dis-

placement vector u is zero, then ué'o for n = xy, will also be
zero. The displacement v corresponding to a given stress-
strain state is found from the relation (2)

v 0 +ul? =0. (3)

We introduce new independent variables &, = (G/B,)"/%;
¥, =1, then the boundary value problem (1, 2) takes the form

ul.O +ul.0 :0; (4)

X% N

ulo :0(x1 =0, k<|y||<Y);

X

u"0=const(x; =0, [y,| < 1); (5
4! =0(n=%1)

derivatives become equal to zero at infinity.

Thus, it is required to find an analytic function #'? in the
half-strip 0 < x; < e; |y,| < v by specified boundary conditions
5).

‘We will solve this problem by reflecting the half-strip from
the plane z,(z; = y; + ix;) onto the upper half-plane of images
21(z =y, + ixy).

This reflection can be performed using the Schwarz-
Christoffel transform.

If we require the origin of coordinates to keep its position,
and points z; = £y to be transformed into points {;, = £1, then
the reflection function will be written in the form

€, =sin—
Y

(6)
Its real and imaginary components are written as follows

T T ™) o X
=sin—-ch—; =cos—-sh—, 7
uh % % & 2% % 7

and points g, = £\ image into points §; = £/; /, = sin(n\/2y).

Let ¢ = &'+ iQ" (0" be a harmonic function conjugate
to u'%). Then ¢ = (Pg1 =u;0 +l'Q;]'0 = ll]y;o —iu)lc;o. The function
ol (xl,yl) can be defined in the half-plane ¢;.

It follows from conditions (5) and relations (7) that on the
real axis of the half-plane at the interval |n| < /, the real com-
ponent of the function ¢} is known, and the imaginary com-
ponent is known on the remaining part of the axis n;.

The problem of determining an analytic function in the
half-plane, is solved using the Keldysh-Sedov formula when
on some intervals of the boundary the real component is
known, and on others the imaginary component of the un-
known function. Since from obtained conditions (5) it follows
that on the boundary of the half-plane ¢, the real component
of the function ¢} at the interval |n,| < /, is equal to zero, and on
the rest of the boundary the imaginary component is zero,
then the solution for the function ¢{ in the whole half-plane
has the form

A
@?(C1)=m: ®)

where A — is a real constant; the branch of the root that is pos-
itive for positive values of the argument is chosen.

The real and imaginary components (p?(C,) define func-
tions UL;O; u;o. In particular, when &, =0 (x; =0 ory, =%y)

A

0 - -
(pl (T]I) '—nIZ _112 5 (9)
A
Gt sy (k0o
A
b= =0 (fnf4)

The normal stress ¥ and the shear stress component t"°
corresponding to the function ' are found from formulas

o = B (Re) (R GB
10 = Gu%‘O(ROei)% ué‘o _ G(Roeé)fl u;;o.
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The constant A4 is determined from the equilibrium condi-
tion of the stamp and is equal to

A==B)(4v/) Ry JGB K )T, (11)

where /, =sin (nA/2y), K(/;) isa complete elliptic integral of the
first kind.

The pressure under the stamp in the first approximation is
expressed as follows

0 Pn 1

=- —_— 12
R ONEY "

and the function u;;o under condition &, = 0, |n,| > /; is found

from the formula

U’ =——, (13)

where A is given by (11). The component v of the displace-
ment vector component 1’ in this approximation is determined
from equation (3) corresponding to a given stressed state. The

function ' is found from relations for u)l(‘o, u;‘o, respectively
with |¢,] < £,; ¢, > £,, taking into account that y, =1 =+v; 4" =
= 0. In particular, when x; =0 (£ = 0), |y|= I <A, u? = ¢y =
= (2y/m)Aln (/,)[ cos (nA/2y)]"". This value determines the sag
of the stamp. For x; = 0 and sufficiently close y, to the corner
point of the stamp on the free boundary, the displacement u'*

can be found from the formula

” ln(sin(nyl/Zy)+\/m}
A .

w0 ==Y
T cos(ny,/2y)

Solution for the second type stressed state. The second com-
ponent v>? of the displacement vector component ¥ corre-
sponding to the stressed state of the boundary layer type is
found from the equation [2]

GvZ"+ B,y =0. (14)

Note that components v'? and v*° have the same order of
¢ = G/B,, but the derivative Vg.o is greater than the derivative

véo by two orders at ¢ = B, /B, = 1. Therefore, in this approxi-

mation, boundary conditions for determining v>° from equa-

tion (14) are written as follows
20l (220, < <)
v =0(n=4y);
G20 =pRyo?(£=0, [n|<1). (15)

In this case, as was supposed in the statement of the prob-
lem, p <1 (p=pe'?, py=1). The component >°, correspond-

ing to a given stressed state satisfies the condition [2] ugg) =0.

After introducing new independent variables x;, =
=(B,/G)*¢; y, =1, the boundary value problem (14, 15) takes
the form

v2.0 +V2‘0 _0’ (16)

XX, ny
véo = —(G/Bz)% u;zo(x2 =0,A <|y2| < y);
V20 =0(y,=2y); (a7

*

1o (68,) of 50,

The problem (16, 17) is the Neumann problem for the
function v*°(x,, y,), which can be solved by reflecting the half-
strip from the plane z, (z, = ¥, + ix,) into the upper half-plane
of the images &, (&, =1, + i&,). The reflecting function has the
form (6) with ¢, replaced by (,, z; by 2,. In this case, points
x, =0, y, = +A image into points &, = 0; n, = sin (nA/2y) = £/,
and points x, =0, y, =%y — into points &, =0, n, =x1. In addi-
tion, atn=xy (y,=y,=n) & =§, =0, and n;, n, changes from
+1 to £oo. Therefore, it follows from relations (17) with allow-
ance for (12, 13) that on the real axis (&, = 0) of the half-plane

¢, the function vio takes the following values

oo B ;
vio—pA B: 112—715’ (|n2|<ll),
G 1
el U LY

v =0 (el >1).

If ' = v20 + {029 (02" is a harmonic function conjugate
0_ 7,0 _ 20 /1,20 :
to v20), then ! =iy} =v;"+iv}?. The function y! at any

point of the upper half-plane can be defined by means of an
integral of Cauchy type

t)dt
w?(Cz)=i.jf( 3; ik, (19)

TElL

where L is the boundary of the half-plane, (&, = 0), f(¢) =

= vi‘o (112), k is an arbitrary real constant, which further will

be assumed equal to zero.
From (19), taking into account (18), we obtain

A |G 1

v (¢)=p4

Jintat, (G B) (G -R)-8) |
Gl (g -R)+(@-1)(1-1)

The derivatives ViO, vio through the function W?(Cz) are
defined as Vio =Rey (Cz)a Vi'o =Imy) (Cz)'

This completes the solution of the problem in the first ap-
proximation. The pressure under the stamp is determined by
the formula (12), and the shear stress T below it has the form

©=po}. Since 4} =0, boundary conditions for determin-

ing functions #'"', v?! in the second approximation are equal to
zero [2].

Correspondingly, functions u*', v!'! are zero. Therefore,
solutions are zero; the second approximation does not intro-
duce corrections into the first approximation (the expansion of
solutions is over integer powers of the parameter € [2]).

The influence of friction on the pressure under the stamp
is taken into account only in the third approximation. In this
case, there is a discrepancy in the deformation u; (£ =0, /, <
<|nl< 1), which is removed when equation (1) for the function
u'? is being solved. The boundary conditions for determining

u? for&=0are ul” =ul’ —p}° (1, <n|< 1), uy? =0 (nl<7).
At infinity, all functions are equal to zero. Since
W =0 (jn|>1), then ul? =pu'® (=0,1, <n|<1).

Here, p=0,B,/G=%,B,/G and we take into account the
relationship between v;* and ', which is conditioned by
equality (3). Thus, the discrepancy for normal stresses o, for

£=0, 1, <In|< 1 is caused only by the Poisson ratio. The solu-
tion of the formulated problem repeats what was stated
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Fig. The dependence of the distribution of normal stress under
the stamp on [,

above, but under the boundary conditions which are indi-
cated above.

Conclusions. The asymptotic method, which was proposed
for solving nonlinear partial differential equations, is impor-
tant from theoretical and practical points of view. It is univer-
sal and can be used to analyze various problems of mathemati-
cal physics.

The described approach can be applied to solving such a
problem class in which taking into account the real material
properties leads to significant mathematical difficulties in the
process of solving.

During the solution, a relationship was established be-
tween the dimensions of the coupling area, the interaction re-
gion, the angle of the sector solution and the friction coeffi-
cient.

It should be noted that if the friction coefficient p tends to
zero, the friction area disappears. Conversely, if it increases,
the area of adhesion increases as well. The magnitude of the
stresses also depends on the size of the stamp, as shown in Fi-

1 1
gure. Here o, _W\/ﬁ ,where (-1 </;<1,-1<t<1),

o, sin(y,/2y)
I, sin(m/2y)
The obtained solutions can be used in modeling fastenings

curved (semi-cylindrical or circular) workings, wells, pipe-

lines. The most valuable in this matter is the friction consider-
ation in the reinforcing element and the matrix (soil) interac-
tion.

at (x; =0, -A <y, <A).
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MaremMaTH4He MOJETIOBAHHA NMPU PO3PAXYHKY
MiJIKPIILTIOIYNX eJIEMEHTIB
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Mera. BusHaueHHSsI 3aKOHIB pO3MOIiJy HANpyKeHb, 1110
BUHUKAIOTH ITiJl 9aC B3aEMO/Iil J)KOPCTKOTO IITAMITy Ta TPYXK-
HOI MUIACTUHU 3 LWJiHAPUYHOIO aHi30oTporielo. MoneatoBaH-
HS 3371a4 KOHTAaKTHUX B3aEMOIIi i3 IiJIJTI0 BU3HAYEHHS TTPO-
11eCiB 3HOCY, MILIHOCTi, pyiHYBaHHS i JOBrOBIYHOCTi KOH-
CTpyKI1i#t i criopyn. Po3pobka aHamiTUYHUX METOMAIB po3pa-
XYHKY B3a€MOJIiil KOHCTPYKIIIA TTiI Yac KOHTAKTYy, 3 ypaxy-
BaHHSIM Pi3HOMaHITHUX BJIACTUBOCTEU MaTepiaiy.

Metoauka. CxiiaieHa MaTeMaTUYHa MOJE/b MPOCTOPO-
BOi 3a7ayi, 110 PO3IJIAIA€ KOHTAKT XKOPCTKOTO INTaMITy Ta
KPYrOBOTO CEKTOpa, SIKMil Ma€ BIACTUBOCTI MaTepiary, Bil-
MOBIAHI 10 UWJIIHAPUYHOI aHizoTpomii. s mpoBeaeHHs
aHaJiITUYHOTO AOCIIiIXKEHHSI MOJIEJIi 3alIPOITIOHOBAHO aCUMII-
TOTUYHUI METOM, SIKUI1 JO3BOJISIE PO3YTICHUTH HAIPYKEHO-
neopMOBaHUIA cTaH KPYrOBOIO CEKTOpa, 110 32 YMOBOIO €
HECKiHUeHHMM, Ha JBi CKJIagoBi. ¥ Takomy pasi BHa€TbCs
MepeiTy Bil po3B’si3aHHS 3a1adi, 1110 BiTHOCUTHLCS 10 pO3/i-
JIy Teopil MPYKHOCTI, IO MOCTiIOBHOIO PO3B’sI3aHHS 3a1a4
Teopii MoTeHLIiaTy.

PesyabraTn. Y 11iit po6oTi OCTiIKEHa KOHKPETHA 3a1a4a
PO B3aEMOit0. 17151 3HaXOMKEHHS pO3B’3KY TYT 3aCTOCOBA-
HUI acuMNTOTUYHMI MeToa. I1in yac po3B’si3aHHSI MOCTaB-
JIEHOI 3a/1avi BpaxoBaHe TepTsl, 110 BUHUKAE Y TPOIleCi B3a€e-
MOJii MiX XXOPCTKMM ILTAMIIOM i IJIACTMHOIO i3 MPYKHOTO
Matepiary. Po3missHyTa 3amaua € HOBOIO i TOCTaTHBO CKJIA/I-
Hoto. BoHa BUK/IMKA€E 3HAUHi TpyAHOI Mpu po3misiai. Tomy
OTpUMAaHMIT aHAJIITUIHUIN PO3B’SI30K € KOPUCHUM Pe3ysIbTa-
TOM JUISI TIOAQJIBIIOTO aHallidy ab0 YMCebHUX pO3PaxXyHKiB.
3HaiiieHi 3HaYeHHS TUCKY ITil IITAMIIOM, YPAaXOBaHO BILIUB
TepTS.

Haykosa HoBU3HA. 3aIIpOITIOHOBAHUII paHillle METOI y3a-
raJibHeH!I Ha BUMAJO0K LIMJIIHAPUYHOI aHi30TpoMil MaTepia-
J1y. OTpUMaHO aHAJTITUYHUI PO3B’SI30K HOBOI CKJIaHOI TTPO-
CTOPOBOI 3aJa4i PO B3aEMOIIIO.

IIpakTHyHa 3HAYMMICTb. ACUMIITOTUYHUI METOI, 1110 3a-
MPOMNOHOBAHUI y MdaHiii poOOTi, J03BOJISIE MEpPEerdTH Bl
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PO3B’sI3aHHS CKJIaTHUX MIllIaHUX MEXaHiYHMX 3ama4 10 I0-
CJTIiIOBHOTO PO3B’sI3aHHS KPaiioBUX 3a1a4, sIKi MalOTh BiTHO-
IIeHHs A0 Teopii moreHuiany. Ciin ypaxyBaTu, 1110 Teopis
MOTEHIlialy € HalOLIbII BUCBITJICHUM PO3IIJIOM Y MaTeMa-
TUYHIK bi3uii. Po3B’a3ku, OTpUMaHi 3aBIsIKUA 3alIPOINOHO-
BaHOMY METOHY, JAIOTh 3MOTY aHaJli3yBaTW HAIMpyXeHO-1e-
dopMoBaHMIi cTaH, 1110 BUHUKAE Y XOJIi PO3B’sI3aHHS ITOCTaB-
JieHoi 3amaui. PosrismaeTbess HacTynHa 3agada:; y BiIbHY
IpaHb HECKIHYEHHOTO KPYTOBOTO CEKTOpa, IO € MPYXHUM,
OPTOTPOIHMM, a TAKOK MaTepiall SKOro BOJIOII€ BIaCTUBOC-
TAMU LWIHAPUYHOI aHi30TpOIMil, BIABIIOETHCS KOPCTKUIA
wrami. KpoMkM KpyroBoro cekropa 3akpiruieHi. 3acrocy-
BaHHST OTPUMAHUX Pe3YJIbTaTiB MOXJIIMBE ITiJl YaC PO3PaxyHKY
1 KOHCTPYIOBaHHI Pi3HOMAHITHOTO POy KPillJIeHb.

KuiouoBi ciioBa: wmamn, 63acmodis, anizomponis, acumn-
momuyHuil Memod, npocmoposi 3adaui, mepms, ceKmop
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Heas. OnpesiesieHe 3aKOHOB pacIipeie/IieHus] BO3HUKA-
IOLIUX HAMPSIKEHUI MTPU B3aMMOJIECTBUM XKECTKOTO IITaM-
T1a U YIpyTroii TUIACTUHBI C HWIMHAPUIECKON aHU30TPOITHEH.
MonenrpoBaHue 3a1a4 KOHTAKTHBIX B3aMMOICHCTBHIA C 11e-
JIBIO OTIPENESICHUS MPOLIECCOB U3HOCA, MPOYHOCTH, Pa3py-
LIEHYsI ¥ JOJTOBEYHOCTH KOHCTPYKIIMIA U COOpYXeHMit. Pa3-
paboTKa aHAIMTUYECKNUX METOJOB pacueTa B3auMOICCTBU I
KOHCTPYKIIUIA BO BpeMsI KOHTaKTa, C YYETOM pa3IMYHBIX
CBOJICTB MaTepuaa.

Metomuka. CocraBjieHa MaTeMaTU4ecKasi MOIEIb MpPO-
CTPAHCTBEHHOM 3alauM, KOTOpasi pacCMaTpUBAeT KOHTAKT
JKECTKOTO INTaMIla M KPYroBOI'O CEKTopa, OO0JIaZarolero
CBOIICTBAaMM MaTepuaa, COOTBETCTBYIOIIMMU LIUJIUHIPpUYC-
cKOil aHu3oTporuu. [t MpoBeIeHNsT aHATUTHYECKOTO UC-
CJIe[IOBAaHUST MOJIEJIN TIPEIJIOXKEH aCUMIITOTUYECKU METO/I,
MO3BOJISIIONINI PACWICHUTh HaIPsKeHHO-1e(opMUPOBaH-
HOE COCTOSIHHME KPYTOBOTO CEKTOpPa, KOTOPBIA MO YCIOBUIO

OGeckoHeueH, Ha IBe cocTaBistionive. [1pu aTom ynaetcs me-
PEUTH OT pellieHUs 3ada4r, OTHOCSIIIEICS K TEOPUU YIIPYTro-
CTH, K TIOCITIeIOBATEIbHOMY PEIIeHUIO 3a7ad TeOPUU TTOTEeH-
nuana.

PesymbraTbl. B manHoi1 paboTe nccienoBaHa KOHKpETHAsT
3a/a4a o B3auMoaeicTBun. It HaXoXIEHUsI peLIeHUsI 31eCh
TPUMEHEH acCUMIITOTUYeCKUil MeTon. B xone pemrenust mo-
CTaBJIEHHOM 3aauM YYTEHO TPeHUE, BO3HUKAIOIEe B MPO-
1ecce B3aMMOIECTBUSI MEXIY KeCTKUM INTaMIIOM M Tiia-
CTUHOU U3 yrnpyroro Marepuana. PaccmorpeHHas 3anaua siB-
JISIETCST HOBOW M TOCTATOYHO CJIOXHOU. OHa BBI3bIBAET 3HA-
YUTEJIbHBIE TPYIHOCTU NMPU paccMoTpeHuu. [lostomy nomy-
YEeHHOE aHAIUTUIECKOE PEeIleHUe SIBISIEeTCS TIOJIe3HBIM pe-
3yJIbTATOM JUIS1 AaJIbHEHIIIEro aHan3a WM YUCIEHHBIX pac-
4yeToB. HaiineHbl 3HaUeHUS NaBJIeHWS IO IIITAMIIOM, YITEHO
BJIUSTHUE TPEHUSI.

Hayunaga noBusHa. [IpennoxeHHbIil paHee MeTon 0600-
LIEH Ha cyyail HMIMHAPUYECKO aHM30TPOIIMYU MaTepuaia.
[MonyueHno aHanuTUYeCKoe peleHre HOBOU CIOXHOU TPO-
CTPAaHCTBEHHON 3a/1a4M O B3aUMOJEICTBUM.

IIpakTidyeckas 3HAYAMOCTh. ACUMITOTUYECKUN METO,
KOTOPBII MpeioKeH B TaHHOUW paboTe, MO3BOJISIET MepeiTr
OT PEIIeHUs] CJIOKHBIX CMEIIaHHBIX MEXaHMYECKUX 3a1ad K
MocJeI0BaTeIbHOMY PELIEHUIO KPaeBbIX 3a[1a4, OTHOCSIIIMX-
cs1 K Teopuu noteHuuana. Cieayer yuecTb, 4YTO TEOPUsT To-
TEHIIMasa siBJsieTcsl Haubosiee OCBELIEHHBIM Pa3IejioM B Ma-
TemMaTnuecKoi (usuke. Pemenus, momydeHHble Giaromapst
MPETIOKEHHOMY METOMY, Nal0T BO3MOXHOCTb aHAJIU3UPO-
BaTh HAMpPSLKEHHO-Ie(OPMUPOBAHHOE COCTOSTHUE, BO3HU-
Kalolllee B XOJe pellleHus MOoCTaBleHHOM 3amauu. Paccma-
TpUBaeTCs CleAylolas 3aaada: B CBOOOMHYIO IpaHb 0E€CKO-
HEYHOTO KPYTOBOTO CEKTOPA, KOTOPBIN SIBJISIETCS YIIPYTHM,
OPTOTPOITHBIM, a TAKXKE MaTepuasl KOTOPOro o061aaaeT CBoii-
CTBAMU IIWIMHIPUYECKOW aHW30TPOIIMU, BIABIUBACTCS
xkecTkuii mramn. KpomMku KpyroBoro cekrtopa 3akperuie-
Hbl. [IpuMeHeHre TTOTyYeHHBIX Pe3yJIbTaTOB BO3MOXHO TP
pacueTe U KOHCTPYUPOBAHUY PA3IUYHOTO POJia KPETUICHUIA.

KioueBble cinoBa: wmamn, e3aumodelicmeue, aHu30mpo-
nus, acUMnMOmMu4eckuii Memoo, npoCMpaHcmeenHvle 3a0auu,
mpeHue, ceKmop

Pexomendosarno 0o nybnixauii Odokm. mexH. HayK
0. 0. Cosuxckoson. Jlama naoxodxcenns pykonucy 22.11.18.
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