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INTRODUCTION

Task Definition. The Vlasov-Djanelidze-Kabulov hypothesis (Report on the project, 2014) for bending torsion of the rod obtains
the form:
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The system of equations of bending torsion is obtained on the basis of Hamilton-Ostrogradsky variation principle
(Yuldashev and Anarova, 2015)
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Here we would introduce the designations

il

X F

] Ys=Ys ¢ (6)

where ( -isatorsion angle; Z—i-relalive angle of twisting; j (Y, z) -torsion function; G = 2(]::_ m ;
Em _ . .
=——————: M-Poisson coefficient; E -elasticity modulus.
1-2m)(1+m)
With introduced designations (6) the equations (4) and (5) would be rewritten as
o, 24 _,
l;; v 7+ PV =0;
.............................. (7
Here consider the following boundary conditions:
at x=0,q :O,a—q:O;
OX .
. 83q o 82q ..............................
at le,(ljjy IKan M ] O (Iuy :0.
y. Vi 4y, =0 9)
9
at z=+=a, —_—= =0
-
L i (10)
at y==b;|y 3i+y Z|=0;
oy
To integrate the system of equations (7) - (10) we would reduce it to a convenient form
ol ok
ax(‘q‘ r? axrj O e, (11)
aa x=0,q=0 q 0
o 0 5 ca [ s (12)
at X ,—Ol—r2 g +by; 3:0,
ox® OX 0
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Vi +yj =0 (13)
at z:ia,[%—ylzo,
0 Y (14)

at y=ib;(i+zj=0,
where

| M — y
r2 = kp X b = i ; y = —2 ............. (15)
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So, using the hypothesis (1), an entire set of the systems of equations is obtained for the problems of bending problems. Giving a

concrete geometry for the section as well as a torsional moment at z= g , one may solve the problems of bending torsion.

Solution Algorithm. Development of the algorithm of integration of the system of resolving equations on the basis of Rvachev R-
function methods (RFM) and the method of progressive approximations.

To integrate the system of resolving equations (11) - (14) of the equilibrium of prismatic bodies of non-classical section Rvachev
R-function methods (RFM) and the method of progressive approximations are used.

Themain point of thisalgorithm isin the following:

1) Assuming that at zero approximation Ql =0, we solve the equations of torsion function (13) with boundary conditions
(14);
2) Using this solution (¢), we calculate the coefficients of the equations (11), (12), and then solve them and define the values

of 6;
3) Further, using the solutions (11) and (12) we calculate the coefficients of the equations of bending torsion, and solve anew

the equations (13) and (14);
4) Using this solution we calculate the coefficients of equations (11), (12) and then solve them.

This process goes on till |J i+1(Z, y)—j i(Z, y)| < € issatisfied.

For prismatic body of rectangular section the forms of torsion function at zero and the next approximations are,
respectively, (3-5):

: 0, A=) : .

=+ ) ————n(R,y)sn(R,2, 6
j.=2 ;a%gch(%b) (R y)sin(R; 2) (16)
i =zy+> [ayy+aysh(Pyy)lsn(Ry2), an

i=1

where B .

RiZM;PﬁZ:Pﬁ_Ql;qﬂ:M;
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a'F)].'ZPZi2
_2-Y'(2R 4w,
* " aR,’P,’cn(P,b)

All coefficients mentioned above are calculated on the basis of Gauss method (Kronrod, 1964; Krylov, 1967) at various humbers
of nodes and weights. Considering the coefficients of equations (11) and (12) as the calculated ones, we would seek their solution
in the form (Kabulov, 1966):

q=C +Cx+Csh(rx)+¢c,eh(r), (18)
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where

- Ip+2ld+lk
r<= | e (19)

olo}
Avrbitrary constants ¢, Cy, C, C4 are determined from the conditions z=0, and Z=/.

So, the solution for prismatic bodies of rectangular section is built. In case of difference of a given section of the body from
classical forms, the construction of the systems of coordinate functions (torsion functions) leads to great complications. Therefore,
V.L. Rvachev’s R-function method (RFM) (Rvachev, 1967; Rvachev, 1974; Rvachev, 1980; Rvachev, 1987; Rvachev and
Goncharyuk, 1973; Rvachev and Kurpa, 1988; Rvachev and Slesarenko, 1976) and Bubnov-Galerkin’s method are used.

Now consider the construction of coordinate progression using V.L. Rvachev’s R-function method (RFM).

To do so in boundary conditions (14) we will conduct some transforms, that is, we would pass from Cartesian system of
coordinatesto curvilinear orthogonal system (n- normal, - tangent). In that case they would have the form

U | _ o, (20)
on lr ?o:

where

. OW _OW

J o= ya_z_, r —isaboundary of aregion;

oy

- normalized equation of the boundary of aregion.

The structure of solution of boundary problems (13) and (14) has the form (Rvachev and Slesarenko, 1976)
¢e=P-0D,P+p,0, (1)

where D4- is a differential operator:

0P ow 0P ow
D, = + ;
0z 0z oy oy

® - an undefined component of the structure of solution, which is commonly presented as (Rvachev, 1967)

‘ Y CZz(Y(y);, . 22)

n
i=0 j=0

()

Here Cj- are unknown coefficients, needed to be determined; Z; (2),Y i (y) — an entire system of basic polynomials (power-mode,
trigonometric, Chebyshev’s and others).

a) computing algorithm of elastic bodies of rectangular section

Consider an elastic prismatic body of rectangular section, one of its sections (X=0) being fixed, and for another section (Xzf)

the values of torsion moment are given, and side surfaces are load-free. In this case arbitrary constantsin (18) are determined from
the conditions

x=0q=0q =0 x=t;q" =0, 0" —r?0' = B,

which have the following form
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| | | |
c,=-—-2"thr¢; c,=-"; ¢, =—--2+; ¢c,=2*thre, . (23)
rll 1 r‘Il r.Il

wherely =(I, +20,+1,).

Substituting the values of C;,C,,C;,C,into (18), we get

M "
q=- (rx—thr¢—shrx+threchrz) (24)
1

In calculations, the following values were taken as geometrical and mechanical parameters:
a=1cm, b =1cm,0.5cm, 0.2cm; ¢ =1cm, b = 2cm, 4cm,10cm; E =2-10°kg/cm?; m=0.3.

At these values the prismatic bodies of rectangular section were calculated analytically (Kurmanbaev, 1965; Kurmanbaev,

1971; Kurmanbaev, 1973), using R-function method to build the torsion function, and then applying the technology of the method
of progressive approximations. Here the structure of solution is (21), and the forms of the boundary of a given body are determined
by the following way

o=f, A,f,,

where

_Z b2_ 2

f, = >0, -2 Y >
' 2a 27 2 '

N 0 - isthe R-conjunction.

This statement of the problem is solved when the surface load (l24 =0005 is applied on the surfacesZ=ta and y = +bof a

certain body (I M / f), the results are congruent, though the form of the solution is different:

2
q = Ton rx —thr ¢ — shrx + thr ¢ -chrx — r . crx T\ (29)
rl, re-chre re-chre e

The solution taken in the form (18), does not satisfy the equilibrium condition:
[[@ -yz Yy =My, (26)
)3

since at the sides X=/ at boundary conditions there exists an additional term of the following sort:
| n
(|d+|k)q (X)_Ijjq (X) ............ (27)

Considering the previous problem on rectangular cavity of the following dimensions@, = &/10; b, =b/10, the surfaces of the

cavity are load-free. Here (21) istaken as a structure of solution, and the forms of the boundary of a given body are determined by
the following way.

(0:(01/\062,0)1:1:1/\01:2, 62:1:3/\01:4,

where
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b2 2 b 22
f=——2>0; f, = y >0, f;= >0, f, By 0, A\, -istheR - conjunction.
2a 2b 28, 2b,

In thisproblem for thetorsion function in the region of the cavity the following boundary conditions are introduced:

z=ta; (j ,-y)=0;y=%b;; (,+2z)=0. .
(28)

The same problem is considered, but with circular cavity of the following dimensions: I} = b/10.

Side surfaces of the cavity are load-free. In this problem for the torsion function in the region of the cavity the following boundary
conditions are introduced:

aj_z_zrn+yf; ................... (29)
on

4,

Here (21) is taken as a structure of solution, and the forms of the boundary of a given body are determined by the
following way

- . 2 _2 2
O =0; Ay ©2, (Dlzfl/\ofz,wzzuzo’
2r,

where

2 2

a —Z 2 2
ff==—2 >0, 0¥ .,

2a 2b

/N\o- isthe R-conjunction.

The same problem is considered, but a prismatic body has an elliptical cavity of the following dimensionsa, = a/5; b, =b/10
. Internal face of the cavity isload-free and it has a boundary condition of the sort (29).

In this statement the convergence of results was also studied depending on the length of a given body and the area of cross section.

Here (21) istaken as a structure of solution, and the forms of the boundary are determined in the form:

— _ 2 2
O=0, A\, @, 0, =F, Ao, w,=1- 22 —y—zz 0,
a'l bl
where

b) Computing algorithm of elastic bodies of arbitrary section.

Consider a prismatic body of arbitrary section in Cartesian coordinates oxyz (Fig. 1), with one section (X: 0) fixed

(u =0,v=0,w= 0) and with a torsional moment applied to the second section
gy =~ = [[Payd S+ [[P,ad Y
2H G z x G Z yX

with geometrical values:
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a=0.9cm, b =0.9cm,0.5cm,0.2cm; &, =a/10cm b, =b/10cm; ¢ = 1cm, b = 2cm, 4cm,10cm;
E =2-10°kg/cm?; m= 0.3. Sidefaces are load-free.

b+b- atao

Fig. 1. Prismatic body of arbitrary section Fig. 2. Configuration of cross section of prismatic
body

To build the solution of this problem, as is well known, the combination of R-function methods and the method of progressive

approximations is used. In relation to it the structures of solutions are taken in the form of (21), and the equations of the boundary
region (sections) are determined by the following way:

w = ((((Wl/\OWZ)/\OWB)/\OW4)/\OWS);

where

o =f, At W,=T,A, T, o, =F. A T, o, =F, A g o5 =F5 Ay T

f,=(bcf —(a,y+b2)" >0, f1=(ad) —(ay—bzz) >q f,=—z f,=b-y>Q f.=y>Q
f=a-z2Q f,=z>0 f,=y+b>Q f,=—y>0Q f,=z+a>0 c=a+a,; d=b+h.
The solution taken in the form (18), could not satisfy the condition

IFJ(ZYX - yX,)

=1
M ’

Kp

since the conformity between the tangential stresses and the shear is not attained. Therefore, when building the equations of
equilibrium based on Lagrange variation principle in the right side of the condition there appear the additional terms of the sort:

e g lo

kel

o 2H

The same problem is considered, but of the body with rectangular cavity of the following dimensions &, = a/10; b, =b/10
and the boundary eguation:

0= (((((0)1 No 032) No (03) No (04) No (DS) No 0)6)’

Where



37814 Sh. A. Anarova, Algorithm of solution of the problem of bending torsion of the rod based on r-function method

_ . _ . _ . _ . ] b2 _ y2
o, =fnofi o, =t A T o=t A f o, =F A Tiwg =ty fr, @2 (20
a

f, =(ocf —(,y+b2f >0, f, =(adf’ ~(ay-b,2f' >0, 1, = f, =b-y>Q f=y>Q fy=a-z>Q f,=z>Q
fo=y+b>Q f,=—y>Q f, =z+a>Q c=a+a,; d=b+h.

Inside the cavity the faces are load-free. In this problem in the cavity region there are made provisions for the additional boundary
conditions for the torsion function in the form (28).

The same problem is considered but of circular cavity of the following dimension: I; = b/10.

Side faces of the cavity are load-free. In this problem in the cavity region there are made provisions for the additional boundary
conditions for the torsion function in the form (29).

Here (21) istaken as a structure of solutions, and the forms of the boundary are determined by:
0 = ((((( W, Ny Cl)2) No 603) No Cl)4) No CO5) No 0‘)6);

The expressions (0, — ;- are given in above problems, and

2 2 2
_ @ eyion)

w
6
2r,

Consider the problem of the body with elliptical cavity of the following dimensions @, = a/5; b, =b/10. Internal face is load-
free and has the following additional boundary conditions (29).

Here (29) is taken as a structure of the solution, and the geometry of the region is described by:
0= ((((((01 No (02) No 033) No (04) No (05) No (D6);

where®, — ® 5 are described in previous problems, and:

A software for the study of stress-strain state of elastic prismatic bodies of arbitrary section with a cavity.

On the basis of developed computing algorithm, a complex of programs (CP) was built to solve the boundary problems for the
systems of linear equations with partial derivatives, assigned to calculate stress-strain state of elastic prismatic bodies of arbitrary
section with a cavity. Developed CP is aimed to calculate stress-strain state of elastic prismatic bodies of arbitrary section with a
cavity. The CP was developed using the theoretical grounds of the Bubnov-Galerkin method, V.L. Rvachev R-function method
(RFM) and the method of progressive approximations. The method of progressive approximations used here alows us to solve
linear problems on each step of iteration.

The structure of the complex of programs consists in the following blocks (Nazirov et a., 1998):

1. Calculation of the values of basic polynomials (power-mode, trigonometric, Chebyshev’s and others) and their derivatives
of nth order.

Calculation of the values of R-functions and their derivatives of required order.

Generation of the points and corresponding weights for numeric integration.

Calculation of the values of the systems of coordinate functions and their derivatives of nth order.

Forming the elements of resolving equations.

Forming the process of iteration.

Solution by the resolving equations (the systems of algebraic, ordinary differential equations).

Presentation of results of calculation.

N AWN
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Structure of software (SW) is given in Figure 3. It is built of the basis of program complex (16-19), assigned for the solution of
boundary problems of the Mechanics of deformable rigid bodies (MDRB); this expansion would provide for a possibility to
calculate prismatic bodies of arbitrary section with a cavity.

LIBRARY LIBRARY LIBRARY LIBRARY LIBRARY
ROP COMM STERJOBL INTEG BASPOL
| |
| |
RAZR PROGRAM
LIBRARY LIBRARY
RFSHRLJ OFORM
INPUT

Fig. 3. Softwar e of the study of stress-strain state of therods

Brief description of each library of software, including developed subprograms (procedures and functions) is given below. Several
borrowed library are general, such as: ROP (a modulus realizing R-operation and structural formulag), COMM (library of types
and constants), INTEG (a library to generate Gauss nodes and weights), BAZPOL (a library assigned to calculate the values of
polynomials and their derivatives of the nth order), RESHRU (a library of solution of resolving equations, in this case, of the
system of algebraic equations), OFORM (alibrary to represent calculationsresults). The library RAZR, STERJOBL are
supplemented with corresponding modules, considering the specific nature of the problem: ITERKRUCH, is assigned to realize
the algorithm, in (1). Then to calculate the sub-integral functions, and formation of the elements of resolving equations, the
functions FBB and FFX were developed, (FBB-for the left side of the equation and FFX-for the right side). They are included into
RAZR library. Developed procedures and functions (D1f, NEYMAN, FBB, FFX), and the library ITERKRUCH alow us to
automatize the solution of a given problem. Now describe the procedures and functions used to solve the problems. Procedure
heading D1f has the form of procedure D1f (np,so:integer;F,w:mat5; var c:mat5); where np-max is an order of differential,
present in differential equation of boundary problem; so- is an order of differential operator present in structura solution;
F(type:mat5)—is a massive containing the values of a function of the operator D; and the values of partial derivatives of required
order, given in the following form

e OF oF O°F 9°F 0°F. O"F
laz 1 ayl 822 lazayl 8y2 L | ayn L)
w- is a massive containing the values of equations of the boundary and geometry of the region and their derivatives; C- is a

massive where the values of calculation results D1f and partial derivatives of required order are recorded. Results are presented in
the form (30).

Thetype Mat5 is determined in the form mat5=array(1..dl) of real, where dl=(np+so+1)x(np+so+1) div 2.
Procedure heading NEYMAN hastheform
PROCEDURE Neyman (np, so: integer; i, j: integer; X, y: real; pc2: tpex; imjapolpro: imjpolpro; wi: mati5; var un; mat5),

where i, j-power of polynomial of relatively variable x and y; pc2- isinformational massive of the type (tpex=array (1..6) of real;),
containing the data on left side lower and right side upper boundaries along the ox-axis and oy-axis, that is, pc2(1)-Xmin; pc2(2)-
Xmax; pc2(3)-Ymin; pc2(4)-Ymax; Imjapolpro acquires the value of stepm?2 or cheb2, or trigon2 depending on the use of power
polynomial or Chebyshev’s polynomial or trigonometrical one in a structure. Un - is a massive containing the values of the system
of coordinate functions and partial derivatives up to required order at the point (X, y).
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An equation of geometry of the region isdetermined in the following form of the function:

function <name> (x, y: real): boolean, which determines the belonging of a given function inside the region or on the border or
beyond the region, where <name> is determined by the user; (x, y)- are the coordinates of a given point. If the point is in the
region D VT (D- is a region, - is its border), then the <name> acquires the value of “true”, otherwise - “false”.

The heading of the function of value calculations of the equation of region geometry and their partial derivatives in the form (30)
at agiven point has the form

PROCEDURE <name> (pr, so: integer; X, y: real; pc2: tpex; var WI:mati5);

where WI- is a massive of the type mati5; it contains the values of equations of the borders of sub-regions and their derivatives of
arequired order at the point (X, y).

This procedure isincluded into the library STERJOBL.
The type mati5 is determined in the form (this type isincluded into the library COMM)
Mati5=array (1..kolobl) of mat5;

where kolobl- is a number of sub-regions of the type mat5, and the purpose of parameters np, so is described above.
Avrbitrary constants c;-c4 in (18) are determined by the procedure CIPR, its heading having the form

PROCEDURE CIPR (r, I: integer; Inti: inttip; Cl: typci); where I is the length of the rod; Inti- is a massive of the type inttip
(inttip=array(1..5) of real; containing the values of integrals Iy, lg, I, | o+ l2-

ClI (typCl=array(1..5) of extended;)—is a massive where the values of coefficients C; (i=1, 5) are formed.
The procedure VICHINT is assigned to calculate the values of double integrals; its heading having the form
PROCEDURE VICHINT (nch: char; clutoch: integer; DifObl: DIFOB

TIP; korfun: korftip; XG: mat4; var intMas: inttip);

where clutoch- is the number of Gauss nodes; DifOb, korfun is described above.
XG- isamassive containing the solution of the system of algebraic equations.
INTmas- is a massive containing the values of the integrals.

STR-isaprocedure assigned to calculate the values of structural formulae and their derivatives of arequired order at a given point.
Procedure heading, which solves the system of a gebraic equations by Gauss method, has the form

Procedure STR (X, y: real; nch: char; XG: MAT4; DIFOBL: DIFOBTIP;KORFUN: KORFTIP; var rez. mat5);

where x, y — are coordinates of calculated point; ch depending on complete symmetry or the symmetry along ox-axis and oy-axis
and the dissymmetry of the region acquires the values of,: “c”, “x,” “y”, “v”, respectively; depending of symmetry of the problem
or the symmetry of ox-axis or oy-axis, or dissymmetry of the massive XG (mat4=array (1..skm) of real;), skm- is a number of
coordinate functions, which contain the solution of the system of algebraic equations.

difobtip=procedure (pr, so: integer; x, y: real; var ww: MATI5);

KOrFtip=procedure (pr, SO: integer; i, j: integer; pc2: tpex;

X, y: real; imjapolpro: imjpolpro; wi: mati5; var Un: mat5);

imjpol pro=procedure (so: integer; i, j: integer; pc2{,s}:tpex; x,y:real; var Un:mat5);

DIFOBL- is a name of a procedure (included into the library STERJOBL), assigned to calculate the values of an equation of
region geometry and their derivatives of nth order. Its description is given above, KORFUN- is a name of structural formula. In
this caseit is Neymafist.

The functions v,y is assigned to form the val ues of ‘171 (the massive omegchar), present in the formula (15).

The heading of the function has the form function y .y, (R: real; Cl: TYPS);
where the values of avariable R is calculated according the formula (19). The massive C; contains the values of the coefficientsin
the formula (18).

The forming of the value of r? by the formula (15) has the form function rkv (Cl: typci): real. The designation of Cl is described
above.

The check-up of the convergence of computing process is fulfilled by PROVERKA procedure, its heading having the form
Procedure Proverka (Eps: real; oldfile, newfile: typfile;Log: boolean);

where Eps-is a given level of accuracy; oldfile and newfile-are the files where the values of previous and current iterations are
given;

typfile=file of redl;
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Log-acquires the value “true” or boolean depending on numeric convergence.

The procedure ITERKRUCH is an executive program for the solution of the problems.

Initial value is determined by a variable OMEGCHER: =0, then the values of the massive are formed

pc2(1): =-ag{ Xmin}; pc2(2): =ag{ Xmax};

pc2(3): =-bg{ Y min}; pc2(4): =bg{ Y max};

The variable OB of the type obtip (determined in the library COMM) obtains the name of the region (determined by a user), and
DIFOB obtains the name of the procedure (present in the library STERJOBL), assigned to calculate the values of equation of
region geometry and their derivatives of nth order.

Further when referring to the procedure OBLGAU (included into the library INTEG) Gauss nodes and weights are generated.
Here the number of nodes is formed in clutoch, its value being determined in COMM. Then, there, in this library, the values of
variables NP, SO, NK are formed and referred to the procedure (included into the library RAZR), where the elements of the matrix
of resolving equations are formed. Obtained system of algebraic equations is solved by Gauss method and the values of unknown
coefficients in the structure are determined. Substituting these values into the structure, we calculate the values of sought for

functions (¢) and their derivatives at a given points. Then, the values of the integrals Iy, Iq, I, |, I2n. are calculated. Thisis done

by the procedure VICHINT (included into the library ITERKRUCH). These values of the integrals are contained in the massive
IntMas (type ero-array(1..5) of real). Then, forming the value of a variable r, we would refer to the procedure Qf, where the value
of the massive C; (i=1,2,3,4) is formed and the parameters 6, Z,, Z,, Z, and others are calculated. The convergence is checked up
by the procedure PROVERKA. If arequired level of accuracy is achieved, the process goes on. Otherwise, the value of variable
OMEGCHER is formed anew as well as the processes described above.

Validation of the algorithm of design of elastic prismatic bodies and the operation of software. As an example consider the torsion
of the rods with rectangular section. Simultaneously compare the solutions of the problems by analytical way and by the R-
function method. To demonstrate the applicability of the R-function method the Tables 1,2 show the results of stress function (

J 4 2 ) (16) and (17), coefficients of the equations (6) and the values of normal and tangential stresses, respectively. In Tables

1, 2 the index a, means that the solution is obtained analytically, and the index R, — by using the R-function method. In all tables
the 1% and the 2™ lines correspond to zero solution (16), and the next ones — to the approximations. From the Table 1 it is seen that
in the 3 and the 4™ approximations the torsion function coincides in two signs, and in derivatives by x and y — in four signs in
significant figures. When the solution ¢ is built analytically for rectangular section with results obtained by R-function method,
there occurs the coincidence up to the 3 sign of significant figures. With decreased section area of prismatic body the
convergence becomes better and the coincidence closer (Table 1). So, when the section approaches the square form it is necessary
to increase the number of termsin solutions.

Table 2 shows the values of the components of stresses, hence a good convergence and close coincidence. The change in normal
stress values Z,10%/G and tangential stresses Z,-10%G, Z,-10%G are aso shown in coordinates: x=0.5, y=1; x=0.5, y=0.5
respectively for rectangular section (a=1cm, b=1cm); x=0.5, y=0.5; x=0.5, y=0.25 for rectangular section (a=1cm, b=0.5cm);
x=0.5, y=0.2; x=0.5, y=0.1 for narrow-width rectangular section (a=1cm, b=0.2cm) of a prismatic body.

Table 1. Resultson torsional function and derivativesin various points

o(x,y)-10 9, (X y) 10 0y (x,Y)-10
Ne approx. Pap Prp Pxa.p D xRp Pyap Pyrp
a =1sm; b=1sm; / =4sm; | 54 =0.005; x=0.5; y=1; number of terms:a.p=10; R.p=10;
0 -1.644514 -1.625148 -3.204637 -3.212631 -5.002726 -5.0
3 -1.397503 -1.373897 -2.978899 -2.989674 -5.002726
4 -1.396572 -1.373571 -2.978765 -2.989472 -5.002726
a =1sm; b=1sm; / =4sm; 1,4=0.05; x=0.5; y=0.5; number of terms:a.p=10; R.p=10;
0 0 0 0.070532 0.070498 -0.070398 -0.070491
3 -0.004468 -0.004477 0.052737 0.052679 -0.053237 -0.053293
4 -0.004457 -0.004485 0.052742 0.052631 -0.053212 -0.053276
a =1sm; b=0.5sm; / =4sm;l 54 =0.005;x=0.5;y=0.5;number of terms:a.p=10; R.p=10
0 -1.987947 -1.999933 -3.410593 -3.402567 -5.002726 -5.0
3 -2.420078 -2.411830 -2.650879 -2.649626 -5.002726
4 -2.420064 -2.411814 -2.650674 -2.649611 -5.002726
a =1sm;b=0.5sm; / =4sm; | 5 =0.05;x=0.5;y=0.25;number of terms:a.p=10; R.p=10
0 -0.924088 -0.924118 -1.625127 -1.625087 -3.770198 -3.770224
3 -1.337791 -1.346371 -1.119876 -1.134134 -4.826861 -4.834566
4 -1.347946 -1.346716 -1.119587 -1.134495 -4.826912 -4.834765
a =1sm;b=0.2sm; / =4sm;l 5 =0.005;x=0.5;y=0.2; number of terms:a.p=10; R.p=10
0 -0.968543 -0.968631 -1.939752 -1.947850 -5.002726 -5.0
3 -0.805641 -0.799950 -2.426252 -2.438652 -5.002726
4 -0.805622 -0.799922 -2.426361 -2.438661 -5.002726
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a =1sm;b=0.2sm; / =4sm;l 5 =0.005;x=0.5;y=0.1; number of terms:a.p=10; R.p=10

0 -0.477113 -0.476761 -0.998089 -0.998173 -4.807976 -4.815713
3 -0.372180 -0.371439 -1.286597 -1.295912 -3.809767 -3.813099
4 -0.372161 -0.371411 -1.286484 -1.295845 -3.809743 -3.813067
Table 2. Results of the components of stresstensor in various points
Xx(0,y,2) Xy(y.z4) Xa(y.z.4)
Ne approx. Xyap Xxrp Xyap XyRp Xzap XaRrp
a=1sm; b=1sm; / =4sm; | 5, =0.005; x=0.5; y=1; Gauss nodes: 20; number of terms: a.p=10; R.p=10;
0 -9.345516 -9.345508 -0.000603 -0.000603 -2.508274 -2.507380
3 -10.585727 -10.596643 -0.000605 -0.000601 -2.517457 -2.514855
4 -10.588799 -10.599768 -0.000605 -0.000601 -2.517468 -2.515195
x=0.5; y=0.5.
0 -0.000437 -0.000429 0.916595 0.910884 -0.911596 -0.910884
3 -0.000530 -0.000523 0.953871 0.953698 -0.954090 -0.953998
4 -0.000530 -0.000522 0.954407 0.954208 -0.954629 -0.954478
a=1sm; b=0.5sm; / =4sm; | 5 =0.005; x=0.5;y=0.5; Gauss nodes: 20;number of terms: a.p=10; R.p=10;
0 -18.836561 -18.836651 -0.013764 -0.013756 -8.635030 -8.673674
3 -15.657442 -15.500477 -0.013712 -0.013733 -7.740475 -7.741313
4 -15.657129 -15.500388 -0.013709 -0.013723 -7.740337 -7.741267
x=0.5; y=0.25.
0 -8.619827 -8.617734 1.469983 1.469455 -4.115811 -4.115811
3 -7.441723 -7.433828 1.619772 1.617878 -3.981812 -3.983909
4 -7.441355 -7.433813 1.619928 1.617872 -3.981537 -3.983087
a=1sm; b=0.2sm; / =4sm; |, =0.005; x=0.5; y=0.2; Gauss nodes: 20;number of terms: a.p=10; R.p=10;
0 -82.384095 -82.397427 -0.036584 -0.036674 -50.094224 -50.088471
3 -84.836229 -84.747514 -0.036472 -0.036475 -45.703020 -45.714755
4 -84.836773 -84.747694 -0.036472 -0.036480 -45.703035 -45.714587
x=0.2; y=0.1.
0 -40.688537 -40.555671 2.465214 2.461752 -25.577016 -25.582242
3 -41.545634 -41.511843 2.229569 2.235453 -22.742262 -22.776947
4 -41.545635 -41.511957 2.229223 2.235415 -22.742117 -22.776533
Conclusion

This study is devoted to the validation of a developed algorithm of calculation of elastic prismatic bodies with a cavity on the basis
of R-function method and the method of progressive approximations; to the study of stress-strain state of elastic prismatic bodies
of rectangular section and to its comparative analysis. Results of the studies are presented in the form of the tables. The statement
of the problem is given in this paper, the algorithm of construction of the systems of resolving equations and its integration is
developed, and the structure of software and the description of their modules are defined.
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