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Abstract. Shell elements are used in many thin-
walled structures. Therefore, to study the dynamics
of propagation of wave processes in the fine shells
of S.P. Timoshenko type is an important aspect as
well as it is important to investigate a wave
processes of the impact, shock in elastic foundation
in which a striker is penetrating. Refined model of
S.P. Timoshenko makes it possible to consider the
shear and the inertia rotation of the transverse
section of the shell. Disturbances spread in the
shells of S.P. Timoshenko type with finite speed.
The method of the outcoming dynamics problems
to solve an infinite system of integral equations
Volterra of the second kind and the convergence of
this solution are well studied. Such approach has
been successfully used for cases of the
investigation of problems of the impact a hard
bodies and an elastic fine shells of the Kirchhoff—
Love type on elastic a half-space and a layer. In
this paper an attempt is made to solve the plane
and the axisymmetric problems of the impact of an
elastic fine cylindric and spheric shells of the S.P.
Timoshenko type on an elastic half-space using the
method of the outcoming dynamics problems to
solve an infinite system of integral equations
Volterra of the second kind. The discretization
using the Gregory methods for numerical
integration and Adams for solving the Cauchy
problem of the reduced infinite system of Volterra
equations of the second kind results in a poorly
defined system of linear algebraic equations: as the
size of reduction increases the determinant of such
a system to aim at infinity. This technique does not
allow to solve plane and axisymmetric problems of
dynamics for fine shells of the S.P. Timoshenko
type and elastic bodies. It is shown that this
approach is not acceptable for investigated in this
paper the plane and the axisymmetric problems.
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This shows the limitations of this approach and
leads to the feasibility of developing other
mathematical approaches and models. It should be
noted that to calibrate the computational process of
deformation in the elastoplastic formulation at the
elastic stage, it is convenient and expedient to use
the technique of the outcoming dynamics problems
to solve an infinite system of integral equations
Volterra of the second kind.

Keywords: impact, elastic, elastic-plastic, half-
space, axisymmetric problem, fine, spherical shell,
S.P. Timoshenko.

INTRODUCTION

The approach [2 — 6] for solving problems of
dynamics, developed in [7 — 9, 11], makes it
possible to determine the stress-strain state of
elastic half-space and a layer during
penetration of absolutely rigid bodies [2, 3, 8,
9, 11] and the stress-strain state of elastic
Kirchhoff-Love type fine shells and elastic
half-spaces and layers at their collision [4 — 7].
This led to the feasibility of developing other
mathematical approaches and models. In [10,
12 — 15], a new approach to solving the
problems of impact and nonstationary
interaction in the elastoplastic mathematical
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formulation [16 — 20] was developed. In non-
stationary problems, the action of the striker is
replaced by a distributed load in the contact
area, which changes according to a linear law
[21 — 23]. The contact area remains constant.
The developed elastoplastic formulation makes
it possible to solve impact problems when the
dynamic change in the boundary of the contact
area is considered and based on this the
movement of the striker as a solid body with a
change in the penetration speed is taken into
account. Also, such an elastoplastic
formulation makes it possible to consider the
hardening of the material in the process of
nonstationary and impact interaction.

The solution of problems for elastic shells
[24 — 27], elastic half-space [28 — 30], elastic
layer [31], elastic rod [32, 33] were developed
using method of the influence functions [34].
In [24] the process of non-stationary
interaction of an elastic cylindrical shell with
an elastic half-space at the so-called
"supersonic" stage of interaction is studied. It
is characterized by an excess of the expansion
rate areas of contact interaction speed of
propagation tension-compression waves in
elastic half-space. The solution was developed
using influence functions corresponding
concentrated force or kinematic actions for an
elastic isotropic half-space which were found
and investigated in [34].

In this paper, we investigate the approach
[4 — 7] for solving the axisymmetric problem
of the impact of a spherical fine shell of the
S.P. Timoshenko type on an elastic half-space.

It is shown that the approach [2 — 5], after
the reduction of the infinite system of Volterra
integral equations of the second kind [6 — 8,
11] and discretization using the Gregory
methods for numerical integration and Adams
for solving the Cauchy problem, a poorly
defined system of linear algebraic equations is
obtained for which the determinant of the
matrix of coefficients increases indefinitely
with increasing size of reduction.

PROBLEM FORMULATION

A thin elastic cylindrical shell comes into
collision with the elastic half-space z>0 with

its lateral surface along the generatrix of the
cylinder at the moment of time r=0. We
associate with the shell, as can be seen in
Figure 1, a movable cylindrical coordinate
system r0z': 6 — the polar angle, which is
plotted from the positive direction of the oz
axis, the oy axis coincides with the cylinder
axis. Let us denote by uy(z,0), wy(z,0),

p(t,0), q(t,0) the tangential and normal

displacements of the points of the middle
surface of the shell and the radial and
tangential components of the distributed
external load, which acts on the shell. We
associate a fixed Cartesian coordinate system
xyz with the half-space, so that the Oz axis is
directed deep into the medium, the Ox axis is
directed along the surface of the half-space,
and the Oy axis is parallel to the generatrix of
the cylinder. The shell thickness / is much less
than the radius R of the middle surface of the

shell (/R <0,05).
)
\
\P
0 3
N\

.

E3

Fig. 1. Scheme of the system cylindrical
shell — half space

In case of axisymmetric problem, a thin
elastic spherical shell, moving perpendicular to
the surface of the elastic half-space z>0,
reaches this surface at time /=0. We associate
with the shell, as shown in Fig. 2, a movable
spherical coordinate system r'¢'0 , where ¢’ —
is the longitude of the radius vector r, 6 — is
the polar angle.

With the half-space we associate a fixed
cylindrical coordinate system rz , the Oz axis

is directed deep into the medium, ¢ — is the

nMiABOOHI TEXHONOTI ¢ Bun.11 (2021), 3-18
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polar angle. Angle 6 is plotted from the

positive direction of the Oz axis.
”

z

Fig. 2. Scheme of the system spherical
shell — half space

The cylindric or spheric shell penetrates
into the elastic medium at a speed
v, (1), (0<¢<T), the initial penetration rate

is V,=v,(0), T — the time during which the
shell interacts with the half-space. The shell

thickness /4 is much less than the radius R of
the middle surface of the shell (2/ R <0,05).
Let us denote by u((£,0), wy(2,0), p(z,0),
q(t,0) the
displacements of the points of the middle
surface of the shell and the radial and
tangential components of the distributed
external load, which acts on the shell. With the
half-space we associate a fixed cylindrical
coordinate system roz , the Oz axis is directed

tangential and  normal

deep into the medium, ¢ — is the polar angle.

Angle 0 is plotted from the positive direction
of the Oz axis. The physical properties of the
half-space material are characterized by elastic
constants: volumetric expansion module K,
shear modulus p and density p. An elastic

medium with constants K, pu, p will be
associated with a hypothetical acoustic
medium with the same constants K, p,
wherein p=0. Under C,, C;, C, we mean

the speed of longitudinal and transverse waves
in an elastic half-space and the speed of sound
in the considered hypothetical acoustic
medium.
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Let's introduce dimensionless variables:

v Cot X 1, oz, u
t =—, = — , 2 =—, U, =—,
R rl Rir R R
A S W N B (Y
R 7K C,
B B e RPN
"R’ KR (I/R|] KR |1/R|
, M |1 R (b
= . L, ]= B s Z
PR’ |[I/R T ¢

here u= Uy, Uy g, U, | = is the wvector of

¢

.
movement of points of the environment;
6., 6, — nonzero components of the stress

zz? Xz

tensor of the medium; M — is the shell running
mass; v (¢), wp(t) — speed and movement of

the shell as a solid. In what follows, we will
use only dimensionless quantities, so we omit
the dash. The elastic half-space and the spheric
shell are in a state of axisymmetric
deformation.

Differential equations (of the S.P.
Timoshenko type) describing the dynamics of
cylindrical (2) and spherical (3) shells and
considering the shear and inertia of rotation of
the transverse section, due to (1), take the
following form [35, pp. 297, 307]:

2 2
%a—uzoza—uzo+(l+a4)%+a4®—

ot 00 o
—agug +P3q,

o*w, 0*w, oD ou
M=t (a0 (2)

ot 00 00 00
—a3wy +P4p,

2 2

= —a —a, D+ ayuy,

Yo 2 002 275 2 240
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1 0w, ctgb %+ 20+ vk, +1=v, ow,
1-v, 00> 1-v, 00 2(1-v))k, 09
_v0+(1—v0)cos26 D , 0u, 3

u, + = ,
A—v)sin0  ° 20+vk " ar 1

1 0w, 1 ou, ctgb  ow,
_ —_—t 4
Ak 8 1oy, 30 20k 00

1 oD ctgh 2
+ — Uy — w, +
2(1+vy )k, 00 1-v, 1-v,
2
ctgd _ 20w ») 3)

+— =

2 +vk 1 ar
o°d oD E,hR*  ow,

-+ ctgd—-— -
29 00 2(1+v,)k.D 00

_(=v)kD2v, +(1-v,)sin 20) + E iR sin’ 0 o

2(1+v, )k, Dsin” 0
- R
® o’
where
s el .| cla
' PokiCo /Ey| ' ph’Cok, /12D|
2 _ EO 2 _ b12E0
01 — ’ 02 — 5
(1=vo)p, 2(I+v,)
L _S0-vbiR® 2
oo 7T (d=vh
0/71
5 _(1-v)K’R 5 _2(1+ VKR
} EXn BER
2
AU B
6 a, 12R
2 3
kr:1+l2, D:%) kszéa
20R 12(1-v;) 6

here ® — angle of rotation of the normal

section to the middle surface, blz — coefficient

that considers the distribution of tangential
forces in the transverse section of the
cylindrical shell, k; — shear ratio of the

spherical shell, D — cylindrical stiffness,
vy, E,,p, — Poisson's ratio, Young's modulus

and density of the shell material, p u g —

6

respectively, the radial and tangential
components of the distributed load acting on
the shell, R — is the shell radius.

The motion of an elastic medium is
described by scalar potential ¢ and non-zero
component of vector potential vy, which

satisfy the wave equations [2 — 5]:

FR0) o’y
Ap=22 Ap=V
o VT par

0’ 0°

et @
A=

0’ 0 0’

+—t
|6r2 ror 0z° |

Physical quantities are expressed in terms
of wave potentials as follows [6 — 9]:
u, :8_(p+8_\41, - :8_(p_8_\|1’ u, =0,
ox 0Oz 0z Ox

2
B 2,070 2
02 =(1-26) "2+ 27«

g2 0% v 0%y
Oz = + DD
ox0z  o? o2
Oyy =0, =0, 6,,=0®-0_,
% v o, 0 v ¥
or 0Oz o0z Or r
uy =0, 6,, =0y, =0, (5)
6 =23 0’9 Oy 2 0%
rz 2 2 >
ordz ot oz
2 2 2
o, =(1-26) 02 op2| 0 _ TV |
ot? or: oroz
2
_ PV NG
©=0,+05 =21-b) 7.
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If the shear modulus p is set equal to zero
p=0, then the equations of motion of the

elastic medium will be the equations of
acoustics.

Let us consider the initial stage of the
process of impact of elastic shells on the
surface of an elastic half-space [4 — 7], when
no plastic deformations occur and the depth of
the shell penetration into the medium is small.

The problem of interaction of elastic shells
with an elastic half-space is solved in a linear
formulation, therefore, we linearize the
boundary conditions [2, 3, 8§, 9, 11]: we
transfer the boundary conditions from the
perturbed surface to the undisturbed surface of
the bodies that are deformed. We assume that
there is no friction between the elastic half-
space and the penetrating body, or the slippage
condition is valid.

As can be seen from Fig. 1, the projections

!

of the functions u,, w,, p and g on the

or

and oz axes will be equal:

pr, w,(£,0) = w,(¢,0) cos,
pr,u,(t,0) =u,(¢,0)sin0,
pr,. p(t,0) = p(t,0)cos0,
pr(£,0) = ¢(1,0)sin,
pr.w,(t,0) =—w,(¢,0)sin0,
pr.u,(t,0) =u,(¢,0)cos0,
pr, p(¢,0) = —p(z,0)sin 6,
pr.q(z,0) = q(¢,0)cosH.

Then, in the coordinate system, the

zor

displacements u_, u,, and stresses o_ and
[ )
r

o, at the surface points of the contact area

rz

will be written as:

o= * 0)cos0
u_|t, N =w,(t)-f . —w,(t,0)cos0— 6)
—u,(t,0)sin6,
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u (t,x,0)=—-w,(t,0)sin0+u,(¢,0) cos0,

u,(t,r,0) =—-w,(t,0)sin0+u,(¢,0) cos0,

X
G_|1,
r

6, (¢,7,0)=—p(¢,0)sin0 +q(¢,0) cos 0,

X
f

7

X
L

r

where w,(¢) — displacement of the shell as a
rigid body, the function f{) describes the shell

profile, 20" as can be seen from Figures 1 and
2, the size of the shell sector in contact with
the half-space. In the case of the cylindrical
and the spherical shells:

-

-
The kinematic condition that determines the

,0] =—p(t,0)cos0—q(¢,0)sin0,

0l<0’,

XZ|

p(t,0)=—c_, [t, g ,0] sin 6,
r

,OJCOSG—G

rz

0l<0",

XZ|

X
q(tﬂ e) = _Gzz [ta
7

,OJsin9+c ,O]cose,

rz

2
X
2

r

half-size of the contact area x* (¢) is written
r
as follows:
X X
WT(t)—f(H Hj—uz [t, ,Oj—wo(t,e)cosﬁ—
r r
o, it [|<|"].
rl |
—u,(2,0)sin0 =
I 5 (m'
e<0, if H > 1),
r| |

We assume that the contact area is simply
connected region, and this statement is
equivalent to the fact that the stresses normal
to the contact area are compressive:

*
X
<0, <

(t).

)

zz

[
r

-0 *
z r

Based on (5), the boundary conditions in
the absence of friction in the contact zone can
be formulated as follows:
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ou, EV(t, xH]:vT(t)—Mcosﬁ—
ot .., r ot
_2u(:0) oo M X N,
r r
: <
oly=0. P[0 o -0 F=
= r . r>0
z=0
)

The initial conditions for potentials and —
are zero:

o

oy
(P|t:0 = 5 = A

=Y \VL:O at

t=0

=0. (10)

t=0

For the problem of impact of an elastic
shell on an elastic half-space, the velocity and
displacement of the impacting body are found
from the equation of motion by integrating it.

The equation of motion of a shell of mass
M for the problem of impact with an initial
velocity ¥, has the form:

Mdzw_rz(t):_p(;), (11)
dt
ve(O|_, =Vor wp@)|_, =0, (12)
1" X X
P(t)=-2 jozz [t, ,ojdH H (13)
mwr 0 r r

The condition for the absence of
disturbances ahead of the front of longitudinal
waves and the condition for damping of
disturbances at infinity are valid.

=0, (14)

p>at+C,

® p>at+C, - O’ v
o .0 v _, —0 (15)

2

X
where p, =|"_[+2z°, C, =const.

r

2

SOLUTION ALGORITHM

Since the impact process is short-term, the
perturbation region at each moment of time ¢ is
finite. Restricting ourselves to a finite interval

of interaction time (0<7<T), it is possible to

select a region of a half-space, which by the
time moment 7 covers the entire zone of
disturbances. From this point of view, for
times (0 <7<T), the elastic half-space can be

replaced by an elastic half-strip (|x| <l; z> O)

in case of plane problem and half-cylinder
(r<l; z=0) in case of axisymmetric

problem, the boundaries of which do not reach
the perturbations by the time 7.

[=aT +

().

*

X
*

r

Thus, for times (0<7<T), the considered

problem is reduced to a nonstationary problem
for a half-strip and a half-cylinder with mixed
boundary conditions at its end. To represent
the displacement vector as:

u = grado +roty, divy =0,
on the lateral surface of the half-strip and the

half-cylinder, we select, for example, the
conditions for sliding termination:

. o =0, (16)
A, E s _
or
u ||, =0, o, =0. (17)
r r ‘X‘ -
Consider the initial - boundary value

problem (2) or (3), (4), (9) — (12). Let us
represent the normal w,(¢,0) and tangential
u,(t,0) displacements of the points of the
middle surface of the shell and the radial
p(t,0) and tangential q(z,0) components of
the distributed external load acting on the shell
in the form of trigonometric Fourier series in
case of plane problem and in Legendre
polynomials and their derivatives in case of
axisymmetric problem.
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0 L — L L L L 29
w000 = 3w, 0| UV gy M= AIP (3 0:(n94, (), (29)
=0 P (cos6) ug,(s) =05, (n,8)pL(s)+ 0y, (n,5)q’ (s), (30)
_S sin(r6) DL (s) =01 (n,8) pr(s)+O0n (n,5)g, (s), (31)
uy(2,0) = ;uw (1) P(cos®)| (19)
o 0 where
oo-Srfnl e
=0 " sph
(,0) Zw: (?) sin(n6) @1 Q;(”’S):ﬁ, (i=13;/=1,2; n=1),
q\t,v) = q, 1 D N
= P 0
n= n '(C;)Se)) Agyll (n,S) = _B4n [a2 +(1+ a4)(,},§s2 n nz)] ’
- sin(n
®E0)= Z::‘(D”(t) P!(cos0)| @2) A% (n,s) =B, [(nész +1)(Yos” +17) +

+(Moa, +via,)s” +an’ +aza3],
In the space of Laplace transformants with ol s s s
parameter s, the transformants of functions A (n,s) =B, [(yos +n7)(Yps” +n )+a2+a4],

q), WO . uo P .q Wlll, due to (18) - (22), A]Cgl(n’s)=_B3n|:(1+a3)(y(2)s2 +n2)+a2a3],

have the form:
A (n,5) = Byay | n(rps® +n) 1],

© cos(n0) .
W0 =2 ), ol @) A (n,5) =By, [ nis” +a,(1-n) ],
n=0 n
) <in(nd) A, = (205 +vo)n’ +ayyg +amy)/ (ove),
ug (5,0) = D" ug, (s) Pl (cose)H’ (24) B, =((ng +2vo)n* +((a; = 2)y; +amo)n’ +
n=1 n
., cos(n0) +a,(MeYo +ayvo —amg) +v0) / (Y,),
L L
d (S’e):;p () P(cose)H’ 25 C =(n°-2n" +(ayny +Dn* +aamg) / (o,
. | +) 1
s sin(n0) A (n,s) =[n(n - +y2s2j><
L ,e — L , 26 11 ° 2 _ 0
q"(5,9) ;qn (s) P (cosO)H (26) 1-vy  1-v, ,
22
Y (70 x{(n(n+1)—=1+v,+ R, +mys” ),
O (5,0)= > DL (s) slm(n ) . o7 ( )
— P (cos0) 2(14 vk,

AP (n,s) Z(RR +( " +l](n(n+1)—
We apply to the system of equations (2) and Vo
(3) the Laplace transform in the variable ¢ with —14 v, +Ry) +n557)/(2(1+v,) Dk, ),
the parameter s and substitute their equalities

soh n(n+1
(23) — (27). Equating the coefficients at the AL (n,s) = (n+1)

(n(n+1)—l+v0+RR +n§s2),

same cos(n0) and sin(z0) in case of plane 0
problem and P,(cos0) and P!(cos0) in case AP ( n ) __ n(n+1DR, J{ n(n+1)
22 b
of axisymmetric problem we obtain the 21+ vk, \ 2(1+ vk,
relations connecting the components of the
expansion  into  series of  functions + + yés2 J (n(n +)—1+v,+ R, + nés2 ),
@, wy, uy ,p" and g". ~ o
R 1
L A‘Y”h(n,s):—R(—n(n+l)+ +y232],
[?’241;0 (s) . h I+v, 0
S +a 2
W(f,o (s)= Mo ) 3 , (28) AP (1.5) = — n(n+1)R, R = R°Eh ,
Py (s) 2 A0 (A-vh =" 2(1+v,)Dk,
lvis?+2/(1-v,)|
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1 A B C, , ’
A(S)=11373( 1 s°+ j AR A TR e ]5 WO,n(t):Ipn(T)Qll(n,t_T)dT+
- A b e 0
(33)
t
4 =i2 n(n +21) LGS VI S +an (D0, (n,t—1)dr,
Yol I=vy  2(1+vy)k, 1+v, 0
2 t
_|_1 2 J+L2[n(n+1)_1+vo +%J, aO,n(t) = J-pn(T)Qzl(l’l,t—T)dT‘f‘
—Vo Mo TV, s 0 (34)
t
B - 1 : nn+l) 1 n(n+1) N +an (1)0,, (n,t —1)dx,
MoYo I=vg  T4vy )L 201+ v, )k, 0
t
+Lj+ 5[n<n+l)+ nntl) 1 ®, (1) = [ p, (D0, (n.1 )+
l1-v, 1-v)  2(1+v)k, 1+v, t 0 (35)
N wnal) 1oy, + FER 2 ) +4,(00,(nt-)dr, (n=1,)
1-v, C 2014V k, 1-v, 0
2
__ n(n+l) Mo (2(1+v )k, +1-v,)+  Where
20+ vy) Dk (1-v,) ‘
29 fyl Eyl
LYok Eyh ’ Q;(n,t)=4|| A, Rz”” +A, IZ”" ch(ryt)cos(o,t) +
2(1+v,) Dk, ij i
=~ 1 +) 1 +1 R 1
C.=— [( n(r 2) - j([ n(n+1) + H AN = A | [Sh(7t) sin(o,t) (Af +Ai2)+
NoYo \\ 1=vg  1+v, 2(1+vy)k, R I;
2
. J[n(n FD)=l4v, +R—thj _ 2, (n.57) (H(s)eh(s0) + H(=s7 eos(s)
I_VO 2(1+V0)Dks A!(SIZ) 2
_n(n+DR*Eh L n(n+)
4(1+v,)’Dk> ) 2(1-V2)k, x where H(x) — Heaviside function,
X{ RzEOh _(2(1+V0)ks +1jx 7'0 — (}"2 +02)1/4 COS((p/2),
2(1+v,) Dk, 1=vy o, =" +0c°)"*sin(p/2), ¢=arctg(c/r),
e D)= 1av, + R*Eh . r=—((A+B)/2+4. /3), 6=3(4-B)/2,
" 2(1+v,)Dk,

a

si=A+B- 7

a

/3, A:(_q!/2+Q1/2)l/3,

Then applying the inverse Laplace

(o N2\ V/3 — ' 3 ' 2
transform to (28) — (41), by the theorem on the B=(=q'/2=07)", O=(p'/3) +(q'/2),

convolution of the originals of two functions, , A, ’ AB, C,
we have: q=2 A 3 4B, ot C|’
2
. B./mil ¢ o 3+ ljb r=r'-oc’, 6,=2rc
WO,O(t)_ I/Y(ZJ z').po(T)X p Zaz Bb s N s 1 s
(32) c
1/ (a,)" ol Ry =B, [ vir + 120" +a, +a,)r +
X COS -7 T,
7oy/=vy) /2 v’ v ay +a)],
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15" =B, [ygal +yo(2n +a, + a4)0],

RS =By [ even +(vy +mi)n’ + 1m0, +y0a,)r +
+n’(n’ +a3)+a2a3}

I3 =By [ movio, + (v +mo)n” +mya, +7543)c |,
RY =—B,n [(1 +a)(yer +n’) +a,a, ] ,

13 =-B,n(1+ay)veo, I, =—-B,n(+a,)y.o,
RY =—B,n [(1 +a)(yor+n*)+ az],

Rff”=n§v§n+(n§(n(n+l)— : ]+

1-v;  1-v,
+y§(n(n+l)—l+v0+RR))r+

+(n(n+l)_ 1

1-v;  1-v,

Ly =n§v301+[n§[n(n+l)— IV ]+
0

](n(n+l)—l+vO+RR),

l—vé 1-

+7, (n(n+1)=1+v, + Ry))o,

RV = 2D G F1) =14V, + R, +127),
]
]lsgh — ng n(n+1) G,
l—v0

oo 2+ vk ),
2(1+v)Dk, || 1-v,

x(n(n+1)=1+vy+ Ry +mr) = Ry ),

n=m ——+—1 s,
I-v, 2(1+vy)k,

1) 2
R — 202 1| 12 n(n+ " +
» = MoYoh (no [2(1+V0)ks 1—v,

+y(2)(n(n+1)—1+vo+RR))r+

N n(n+1) N 2
2(1+v )k, 1-v,

_n(n+1R,

21+ vk,

1) 2
) o - S n(n+ i T
22 = MNoYe0:1 T No 20V )k, 1-v,

](n(n+1)—1+v0+RR)—

+ye(n(n+1)—1+v, +RR))0,
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R;‘l’h=%(—n(n+l)+l ! +y§rj,

Vo

R R
I =132k o, Y ==En(n+1), L =0,

, 6 A, B
A(s):ngyg{ 6 s*+4 o ) —B;b }
6 , B
Ar =n§y3|: 6 7'1+4 __a r+2 _ng :|,
2 4 6 Aa
A, =n,Y, 6 c,+4 —Za c|.
[_)) (a )1/2 n t
Wo,o(t): e / ’ .[po(r)x
1/'Yo 0
1/110(04)”2
xsin (t—n) |dr,
{1/70\/(1\’0)/2

W, (1) = jp,, (0, (n,t ~T)dt +
+jqn (D0, (n,t =), (36)
Uy, (t) = j 2,00, (nt-vdt+ (37
+j 4,(V)0, (n,t =),
®,(1)= jpn<r)é3l(n, t~T)dT+

+[4,(00, (n,t =), (n=1,)
0
where

cyl

cyl
i -

y
Isph

i [[ R
0,(n)=4|| 5,

R
R :
+[5, ]ch(rot)sm(csoz‘)} /(sf +87 )+

2, (n,57) (H(s} )sh(s,t) + H(=s )sin(s))
LA

(5,A'(s7)
0, =rnA, —G,A, §,=0,A, +1A,.

+9

i

Jsh(rot) cos(o,t)+

eyl
i

eyl
i

[ sph
)

-0

I

9

We apply to the system of equations (2) and
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(3) the Laplace transform in the variable ¢ (s is
the transformation parameter) and the Fourier
method of separation of variables, considering
the evenness in x of the potential ¢ and the

oddness of the potential v, and require the

satisfaction of condition (14) — (15). Then [2 —
6], in the space of Laplace transformants, we
obtain the following representations for wave
potentials [7 -9, 11]:

¢" (s, ¥ ,z]=ZAn(s)><
r n=0

2
><exp[—z1 }S—2+ki ]
o

x o0
v (s, ,zj =Y B,(s)x
r n=0

xexp[—z /g—2+k2 J

where A, — the eigenvalues of the problem,

COSA, X
Jy

sinA, x
J, (A, r)

which are determined from conditions (16)
considering (5) in case of plane problem equal
A,=nn/l, and in case of axisymmetric

problem are the roots of the equality:

J(\,1)=0, (n=0,0).

In (38) 4,(s) and B, (s) are determined
from the boundary conditions. It follows from

representations (38) and relations (5) that the
sought-for functions on the surface of a half-
space are represented as series in the system of
eigenfunctions of the corresponding problems.

L

COSA, X
Jo(\, )

j Zum (t)

X i sinA x
t’ t n ,
u: r j ZO rn() Jl(}\'”r)
X i COSA X
t t ",
=\ ", j ZOGZ"()JO(knr)
* sinA x
,0 t AT (A 7).
b} -Eomelen

12

Just as in [2 — 6], the dependence between
the harmonics of the vertical component of the
velocity and normal stresses on the surface of
the half-space is determined [7 — 9, 11]:

6., (0)= —a(Vn (0)+ j V,()F (i~ r)a’r], (39)

where

F (t) =—ah,J, (o), t) +2bBL, {[ﬂjﬁ (Jy(a, ) —
—J,(BA, 1) = J, (k) + J,(BL ) + P, £x

x(bJ (o, t)—J,(Br, )+ (2— 192),70 (ar,t)—

— Jy(BX, 1)},

where J(¢), J,(t) — Bessel functions of the

first kind of zero and first order, respectively,
and the function J,(¢) is defined as follows:

J,(t) = jJO (1)dr.

Further, we will satisfy the mixed boundary
conditions (9). From (9), (39) we obtain the
following representation for the vertical
component of the velocity on the surface of the
half-space:

COSA, X

x|l
ZV() Jo(A, ) (r* r ]
{vr (1) =y (1,0) cos B —1iy (1,0)sin 0} —  (40)
_H(|’:| *]Z ;"X“’;jV(T)F(r 1)dr.

Substituting (23) and (24) into (40) with

=sin0,
,

allowance for arising from

geometric considerations in the zone of the
contact region, and representing both parts of

COSA,x
Jo(h )|’
obtain an infinite system of Volterra integral

equations (ISVIE) of the second kind
regarding to unknown harmonics velocity on

(40) in the form of series in

the surface of the half-space (n = (),_oo) :
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oS I L

e

+z[ A r

xj- V (D)F, (t—1)dt :C,E;] (

j j V. (VF, (t—1)dt+

]uom (t)] X

X
* vT (t)a
r

where

S
oy (x7) = —zj‘cos A, xcos A, xdXx,

n x*

j J1-x*D, (x)cosA xdx,

2 *
U () =5

1 X
Gv*y —
ad(x") = % ! xB,, (x)cos ., xdx,
!
= J.cos2 A, xdx,
n 0 0

D, (x)=cos(mn/2)T (x)+sin(mn/2)U, (x),
B, (x)=sin(mn/2)T (x)—cos(mn/2)U, (x),

n

C(x") =%J.cos A, xdx, N’

1
ai:n)(r*) :%IrJo(xm”)Jo(an)dra
o (") Z%IV\/l—Vzpm (\/1—r2 )JO(an)dr,

n 0

W) =z [ = aipm (V1=r7 )0,
n 0 r

lr* l

Cflz)(r*) = FIFJO (A, r)dr, Kf = jr(JO(an))z dr.

n 0 0

here T (x) and U, (x) — Chebyshev
polynomials of the first and second kind.

The functions W, (¢),4,,(¢) and ® () are
determined from relations (32) — (35), but they
involve unknown functions p, (¢#) and ¢, (¢).

Let us deal with their exclusion, for this we
use conditions (7), (8), which can be rewritten
using (39) in the form:

MiABOAHI TEXHONOT I ¢ Bun.11 (2021), 3-18
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=" |9|) cos 0 x

ipn()

2 A 0
XZ cos( ns.m )
=IlJ,(A,sin0)
sin n0
an 1
P (sin©)
2 A 0
XZ cos( ns‘m )
&, sin6)

cosnb H

[Vn(r) + J V,(V)F, (z—r)dr],

=aH(0" - |6|) sin 0 x

m(1)+jn(1)ﬂ(1—t)er.

Using the orthogonality of the trigonometri-
cal functions and the polynomials and the
associated Legendre polynomials, we obtain
the relations establishing the relationship
between the harmonics of the series
expansions of the functions p, g and V:

m=0

p,()= ZVEMJ(@ )[V (t)+jV (V)F, (t— r)er

m=0

0. (0=3 YE,;‘] (e*)[Vm O+ [V, F, (- r)dr],

where
”
YO (0") = % j cos 0 cos n0 cos(),, sin 0)do,

n 0

;
Y207 = % [ sin6sin n0 cos(h,, sin 0)do,

0

N} = J.cos2 n0do, N’ = jsinz n6do.

0 0
4 (9*) = aej 0sinOP 0)J,(A,, sin0)do
Yo (0= = | cosbsin ), (cos0)J, (A, sin6)db,
n 0

0"
You (0) = ]?2 [ sin*0P! (cos0).J, (1, sin6) db,
n 0

3 (9" = a
Yo (07) = e

n

0"
I cos0sinOP, (cos0)J, (A, sin0)do,
0
0"
Vo (87) = 1?2 J.sm2 0P, (cos0)J, (A, sinB)do,
n 0

K= j sinB(P,(cos0))” do

0

13
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R = Tsine(P; (cos6)) do
0

Thus, the final form of the resolving ISVIE
of the second kind will be as follows:

o
0, (X))
™)} )

mn
e
m"l (x )

o ()[4
(O F (t— é)d&.an(mt T)dt+

V(1)+ Z j vV (0F, (t—1)dt+

I

HERIS

Z 0 ()& J‘YEmJ Ch (T))(V (1) +

+
* .[ V©F (t- g)dij 0,,(m,t—1)dt+

o0

Zjvgm]w @) (V0 +

k=0 ¢

(3)
mn( )

2007

[r©F, (r—&)dé}Qﬂ(m,t—ﬂdw

i

o0

2

m=0

o (X))
o ()=

Hj O () (V(1)+

+ J V©)F, (r—&)d&]gn (m,t —T)dr =

<

To solve the problem, when the shell
penetration velocity v, () is a predetermined

(41)

Jv @), (n= Ooo)

function, it 1is sufficient to numerically
implement equations (41).

The expression for the reaction force of the
elastic half-space (13), using (39), can be

rewritten as:
X X
o_|t| [,0|d
r

r

*
I%

P(t)=-2 j

0

1

r

14

(t)+

{VT )

sinA, x*
T (nr

The equation of motion of the shell (11)
with the initial conditions takes the form:

O —a[ j{vr(t)r*(t)+

1
' (¢)

|
*220,

jV (DF, (t- r)dr}

dt

(1)
sinA x"

T, (br

To solve the problem of impact with an
initial velocity V, the system of equations

< 1
DN

jV (DF, (t— T)d’[}

(41) must be supplemented with the equation
of motion (42).

The contact area is determined considering
the rise of the medium from the condition:

]_

» |cos(narcsinx)

& p (i) |

’[nn] [arcsin( x: ](r) Q“(n,t—t)+
r
[H H] (arcsmL x: J(I)Jén(n,t—r)]x
r

X[Vm(t) 7, (é)Fm(r—é)dé';]dt -

*

X

k3

r

8, vyt +8,, [ vy (v)dn - f(
0

o0

cosA, x" | ¢

Jo(2,)

- V (t)dt—

n

S ey

n=0

2
x*

— 1=

0)

m=0

oc._,N

(43)
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3

1

¥ » ||sin(narcsin x”)
N ];‘; P (\/l—r*2 ) *
e ol [
<> Vo [arcsin
m=0
+ ygjl arcsin (

x@uﬁ+jn@ﬂ;u—@ﬁ}h=

i)
|

e<0, if (M>x%”

r>r(t)

here §,={0, if i# j; 1, if i= ]} — Kronecker
symbol. Index j=1 corresponds to the case
when the body penetrates into the medium at a
speed varying according to a predetermined
law (setting 1); if the velocity of the
penetrating body is known only at the initial
moment of time ¢=0, and at subsequent
moments is determined from the equation of
motion (statement 2), then j=2. If we exclude
the fourth term in relation (43), then we obtain
a condition from which the boundary of the
contact region is determined without
considering the rise of the medium.

E
X

*
r

](r)}ém(n,t—m

S — ~

*
X

(T)Q~22 (n,t—1) |x

r

|x| <x (1)
r<r(t)

NUMERICAL SOLUTION

The size of reduction N of the ISVIE of the
second kind will be chosen from
considerations of practical convergence. In
case of plane problem

To smooth out the oscillations arising from
the summation of a finite number of terms of
the series, as well as Gibbs phenomena near
points of weak discontinuity, the averaging
operation was used, defined in [2 — 6], which,
in the case of a sum of a finite number of
terms of the trigonometric series, to
memberwise multiplication of the members of

the finite sum on o, — Lanczos multipliers
(8,9, 11].
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1, if n=0,
G, =1 sin(nm/N) Cif om0,
nn/N

The integrals were calculated using the
method of mechanical quadratures, in particu-
lar, the symmetric Gregory quadrature formula
for equidistant nodes. The Cauchy problem for
the differential equation (52) was solved by the
Adams method (closed-type formulas) [2 — 6]
of order m, with a local truncation error

oAt™™ [7 - 9, 11]. As a result of

discretization, we obtain a system of linear
algebraic equations (SLAE). Calculations have
shown that with an increase in the reduction
size N, the determinant of the SLAE matrix
increases indefinitely. The SLAE is poorly
defined: as the reduction size N tends to
infinity, the value of the determinant of the
SLAE matrix also tends to infinity. This is due
to the fact that the kernels Q,,(n,t), O,,(n,t)

in (43), (44) have asymptotic exp(O(n)) in the
parameter n, O, (n,t) and Q,,(n,t) in (46) and

(47) have asymptotic O(%)exp(O(n)) in the

parameter n. Methods of  Tikhonov
regularization and orthogonal polynomials do
not work to neutralize such an exponential
singularity. The approach [1 — 5] for solving
problems of dynamics makes it impossible to
study the impact of elastic cylindric and
spheric shells of the S.P. Timoshenko type and
elastic bodies on an elastic foundation [7 — 9,
I1]. In addition, this approach makes it
possible to determine the stress-strain state
only on the surface of the medium into which
the striker penetrates.

CONCLUSIONS

As a result of an attempt to solve the plane
and the axisymmetric problems of the impact
of a cylindric and a spheric fine shells of the
S.P. Timoshenko type on the surface of an
elastic half-space, applying the method of
reduction of dynamic problems to infinite
systems of Voltaire's equations of the second
kind, the limitations of this technique were

15



MareMaTHKa Ta cTaTHMCTMKA

revealed. This technique does not allow
solving plane and axisymmetric [1] problems
of dynamics for refined shells of the S.P.
Timoshenko type and elastic bodies.

To solve [10, 12 — 15] the problems of
impact and nonstationary interaction [16 — 20],
the elastoplastic formulation [21 — 23] can be
used. It should be noted that to calibrate the
computational [2] process in the elastoplastic
formulation at the elastic stage, it is convenient
and expedient to use the technique [2 — 6] for
solving the problems of dynamics, developed
in[7-9, 11].
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OpuH noaxon K 3aga4aM yiapa 000/104€eK
Tuna C.I1. TumoneHko 06 ynpyroe
MOJIYIPOCTPAHCTBO

Braoucnae bo2oanoe

AHHOTAIINA. O0o0104eyHbIE 9JIEMEHTHI
HCIOJIB3YIOTCSI ~ BO  MHOTHX  TOHKOCTEHHBIX
KOHCTpyKuMsX. IloaToMy wu3ydeHHne JHMHAMHUKHU
PacIpOCTPaHEHUs] BOJIHOBBIX IIPOLIECCOB B TOHKUX
obonoukax Tuna C.JI. TuMOmEHKO SBIsSETCS
BaXXHBIM  aCIEKTOM, TaK JK€ KakK  BaXHO
HCCJIEIOBAaHNE BOJIHOBBIX IIPOLIECCOB yaapa B
YIOPYIOM OCHOBAaHHH, B KOTOPOE€ IPOHUKAET
yaapHuk. YTtouneHHass mozenb C.II. Tumornenko,
OTHCHIBAIOIIAA JAWHAMUKY OOOJIOYEK, IT03BOJISET
Y4ECTb CIBUI U MHEPLUIO BPAILEHUS IIOIEPEUHOIO
ceueHHs OOOJOYKU. XOpOILIO H3Y4YEeHBbl METOX
CBEJICHUS] PEIICHHs 3a1a4 JIMHAMHUKU K PEIICHUIO
0ECKOHEYHOW CHCTEMBI WHTETPAIbHBIX YpaBHEHUI
Bonbsreppa BTOpOro poma M CXOAMMOCTH 3TOrO
peumieHus. Takoil MOAXOA YCHEUIHO HMPUMEHSIICS
JUISL  CcIy4yaeB HCCJIENOBaHHs 3amad o0 ymape
TBEPABIX TEI M YHNPYTMX TOHKUX OO0OJIOYEK THIIA
Kupxroda — JIsBa 06 ynpyrue noaynpocTpaHCTBO
u cinoil. B nanHoil pabore pemraercss Tuiockasi
OocCecUMMET-pUYHasl 3a7adyd o0 yJaape YIpyrux
TOHKHX  LWIMHIPUYECKOHW M cepruueckor
obonouek Tuma C.JI. TumomieHko 00 ympyroe
MOJIYIIPOCTPAHCTBO ~ METOAOM  CBEACHMS  3a7ad
JUHAMUKHA K PELICHUI0 OECKOHEYHOH CHCTEeMBbI
WHTErpalibHbIX YypaBHEeHUl BoisbTeppa BTOpOro
pona. B pesynbrare NONBITKM PEIICHHUS TaKUM
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METOZIOM  TIOKa3aHO, YTO  TaKkOM  TOAXON
HeTpueMsieM IJIsl MCCIEAYEMbIX B JaHHOM CTaTbe
TJIOCKOM u 0CECUMMETPUYHOMN 3aj1ad.
Jluckpernzanuss € HUCHOJB30BAHUEM  METOAOB
I'peropu il YHUCICHHOIO MHTETPUPOBAHUSA U
Anamca ass peutenus 3agadu Ko i nosydeH-
HOW OECKOHEUHOM cucTeMbl ypaBHeHHI Bonbreppa
BTOPOTO pPOjia MPHUBOAWT K PEIIEHUIO IUIOXO
ONpeIeJIEHHON CHUCTEMBI JIMHEHUHBIX
anreOpanyecKuX YpaBHEHWH: TMPH YBEITUYECHUHU
MOpsAJKA PEAYKIIUN ONPENEIUTENb TAKOH CHCTEMBI
CTpeMHThCS K OeckoHeuHocTH. [lokazaHo, dTO
JTaHHAst METOAMKA HE TIO3BOJISIET PelaTh IIOCKHUE U
OCECUMMETPHUYHBIE 3a/1aul JUHAMUKH JJI1 TOHKHX
o6omnouek tuna C.I1. TumolieHko u ynpyrux Ted.
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OTO SBISETCS OrPAaHMYEHHOCTHIO TAKOTO ITOIXO0AA
Y TOKa3bIBAET HEOOXOMMOCTh Pa3padOTKH JPYTHX
MaTeMaTU4ecKuX TOAX0J0B u Moxened. Cuemyer
OTMETHUTh, YTO JUI KaTMOPOBKU BBIYMCIUTEIHLHOTO
rporecca B JUHAMHYECKOM yIPyromiacTHUECKOn
MOCTAaHOBKE HAa  yNpPYroM OJTame Tpolecca
nedopMUpoBaHUsS  YIOOHO U IenecooOpa3Ho
HCTIOJIb30BaTh TEXHUKY CBEACHUS 3a]ad JUHAMHUKHI
K pelIeHNI0 OECKOHEYHON CHCTEMbl MHTETPAIbHBIX
ypaBHeHu#l Bonbsreppa BToporo poja.

KiroueBble  ciaoBa:  ymap, — yIpyrocrts,
YIPYTrOIIACTUYHOCTb, MOJTYIIPOCTPAHCTBO,
OocecHMMETpHYHas 3ajada, ToHKas chepuyeckas
o6oiouka, C.I1. TuMoOIIEHKO.
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Dnotaca. Nazywajac na poczatku tworzenia
nauki poezje tworczoscia, filozofowie probowali
zdefiniowa¢ takze samo zycie i produkt jego
ewolucji, czyli cztowieka. Cybernetyczna definicja
zycia jest uznawana za jedng z najlepszych,
poniewaz jest ponad religiami. Ze wszystkich
religii $wiata fizyka jest ,,najreligijniejszg”, a znéw
z drugiej strony, fizyka empiryczna w tandemie z
chemia dos§wiadczalng jest najwiecej antyreligijng.
Ekologia integralna jest ta dobrg prosta droga
metodologicznego  podejScia  rozwigzywania
probleméw 1 porazek technologicznych. Wsrod
wszystkich mozliwych relacji znajduje si¢ i klasa
wszystkich mozliwych zbioréw skladajacych si¢ z
obiektow. Niestety dla logiki drugiego rzedu nie
istnieje aksjomatyzacja. Rachunek prawd tej logiki
nie moze by¢ zautomatyzowany. Przechodzac do
rozumowania naokoto logiki wielowartosciowej,
opierajac si¢ na stwierdzenie Flaszena, ze kazdy
absurd ma swoja logike, widzimy jak kolorowa, a
nie czarnobiala jest logika! Pomiedzy prawda a
falszem czesto pojawia sie 1 trzecia warto$¢
logiczna. Natura, jej warunki powoduja przejaw
ewolucji. Filozofom nadal trudno jest powiedzie¢
skad ono pochodzi, nawet mowia ze z kosmosu, to
wtedy sporo tajemnic skad ono si¢ nawet na
bliskich planetach? Oto dla tego i zycie spoteczne
jest pod stalg obserwacja ze strony nie tylko
filozofow, ale i fizykoéw 1 biofizykow, chemikow
etc. One prébuja nawigzac¢ swoi poglady na zmiany
stanu Ziemi, na pojawienie si¢ biatka, zywych
organizméw. Przy tym niektorzy z fizykow buduja
modele termodynamiczne dla scharakteryzowania
entropii i negentropii oraz ich roli w ewolucji, a
nastgpnie roli negentropii W generowaniu
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rewolucji, wojen. Jest to kolejna utopia i jak
komunizm czy kapitalizm sa antyludzkimi. Teorii
komunistyczne jak i wigckszo$¢ innych nie zdaja
egzaminow. Dla opracowania masywow danych
wzigtych z zycia spofecznego, wymaganym jest
praktyczne stosowanie zasad teorii mnogoSci.
Wtedy wchodzi w gre logika algebraiczna. Ona ma
sluzy¢ do uporzadkowania dowodow
matematycznych. Polscy naukowcy wprowadzajg
do uzytku logiki wieclowartosciowe. Przy tym
wickszo$¢ przedstawicieli nauk spotecznych i
nawet prawnikow zapomina o logice prostych
zdan. Ma miejsce hipotetyczno$¢ w prognostyce
suwerennosci  energetycznej, finansowej itp.
Przejaw zjawisk znanych, mozno by okresli¢ w
uproszczeniu i w przyblizeniu jako obszar
logicznej ignorancji. Ale znowuz: logika to nauka
o weryfikowania i falsyfikowania hipotez. Dalej
rozwiniemy ta tez¢ wraz ze sposobami
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dowodzenia.  Wprowadzimy pojecie  logiki
zdaniowej. Zdania bywajg rdéznego rodzaju —
twierdzenia, pytania, rozkazy etc. Twierdzenia
moga by¢ prawdziwe lub nieprawdziwy. Dla
rozkazéw 1 pytan okreSlenie ich prawdziwosci
cz¢sto nie ma sensu, bo one mogg okresla¢ czyny i
obiekty. Tylko autarkiczne modele sektorow
gospodarczych, przykladowo energetyki, moga
pomoc  stosowa¢ modelowanie statyczne w
bifurkacji finansowej i nawet gospodarczej, w
warunkach gospodarki rynkowej. Co z mowic
mozemy o modelowaniu stanu makroekonomii.
Stlowa Kkluczowe: ckologia integralna, energia,
informacja, zycie spoleczne, model, fizyka

empiryczna, elektron, eksperyment, szkola

matematyczna, cybernetyka, prognozowali,

modelowania, warto$¢ logiczna.
WPROWADZANIE

Nazywajac na poczatku tworzenia nauki
poezje tworczoscig, filozofowie probowali
zdefiniowaé takze samo zycie i produkt jego
ewolucji, czyli cztowieka. Cybernetyczna
definicja Zycia jest uznawana za jedna z
najlepszych, poniewaz jest ponad religiami. Ze
wszystkich  religii  $wiata  fizyka  jest
,najreligijniejsza”, a znow z drugiej strony,
fizyka empiryczna w tandemie z chemia
do$wiadczalng jest najwigcej antyreligijng.
Papiez  Franciszek na  szczg$cie dla
naukowcow daje, dla przedstawicieli tych
dwoch najpowazniejszych nauk, encyklika
,Laudato Si” azymut pojednania nauki z
religia nie tylko katolickg ale 1 reszta
monoteistycznych etc. Ekologia integralna jest
ta dobrg prosta droga metodologicznego
podejscia rozwigzywania probleméw i porazek
technologicznych.

Juz dawno w dyskusjach naukowych na
poziomie Akademii Nauk zrozumieli, ze
Biblia daje jasno$¢ jak z informacji powstata
energia a nastgpnie masa. SzczegOlnie
wyrazistym jest to W  rozumowaniu
dotyczacym atomu a nastgpnie i elektronu. W
traktowaniu prymatu pola nad czgsteczkami
wedlug prof. Biatobrzeskiego, [Pol. No.l1,
201]. Najtrudniej jednak jest fizykom odnalez¢
siebie  w pojednaniu cybernetycznym z
informacyjnym polem. Pierwsze rozumowania
dotyczacego energii elektronu juz parg set lat
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temu wymusili fizykéw opusci¢ si¢ do
poziomu zamszatej scholastyki. Do dnia
dzisiejszego energia i informacja, i to nie tylko
na poziomie mikroczasteczek, uparta si¢ w
mur  zabaw  semantycznych. Jedynie
matematyka dyskretna i fizyka statystyczna
pozwala wytlumaczy¢, a i tak ogdlnikowo,
przyktadowo Grawitacja jest nad tym murem i
nikt nie w stanie ci¢zar informacyjny
grawitacji znie$¢ z niego W definiowaniu
czlowieka najsmieszniej wypadl chyba Platon,
ktorego wysmial Diogenes. Nastgpnie zycie
chcieli zdefiniowa¢ jako sposob istnienia ciat
biatkowych, jako sposéb istnienia pewnego
stworzenia. Czyim produktem jest zycie?
Czemu informacja sity wyzszej data zycie.

CEL I METODY

Natura, jej warunki powoduja przejaw
ewolucji. Filozofom nadal trudno jest
powiedzie¢ skad ono pochodzi, nawet mowig
ze z kosmosu, to wtedy sporo tajemnic skad
ono si¢ nawet na bliskich planetach? Oto dla
tego 1 zycie spoleczne jest pod stala
obserwacjg ze strony nie tylko filozofow, ale i
fizykow 1 biofizykow, chemikéw etc. One
probuja nawigza¢ swoi poglady na zmiany
stanu Ziemi, na pojawienie si¢ biatka, zywych
organizméw. Przy tym niektorzy z fizykoéw
buduja  modele termodynamiczne  dla
scharakteryzowania entropii i negentropii oraz
ich roli w ewolucji, a nastgpnie roli
negentropii w generowaniu rewolucji, wojen.
Jest to kolejna utopia i jak komunizm czy
kapitalizm Y] antyludzkimi. Teorii
komunistyczne jak i1 wigkszo$¢ innych nie
zdaja egzaminéw. Co mozna wzig¢ dla
zdefiniowania zycia i stworzenia od narodu
wybranego i od ich gtéwnego tatusia? Karol
Marks, kiedys jeszcze dlugo przed synkiem tez
wyjatkowo wybranych z wybranego rozenca
Symbirska nad Wotga, probowal, zsytajac sie
na heglowska dialektyke, poruszy¢ pytanie
alienacji produktu pracy od producenta!
Rozpetal on szamotanie w filozofii 1 swoim
prywatnym  materializmie  historycznym.
Alienacja produktu pracy od producenta jest
do dnia dzisiejszego kamieniem do
rozgryzienia. Niema na razie niestety dobrych
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modeli przetrwania cywilizacji. Kazdy z nich
jest niedoskonaty, zresztg jest tylko modelem
wymyS$lonym lub sceptykiem lub optymista.
Juz nie jedna cywilizacja znikneta, bo nie
umiata lub nie mogta wypielegnowa¢ dobrej
religii lub filozofii przetrwania, egzystowania
w tych warunkach na jaka zepchnat ja los.
Religia stawata si¢ za zwyczaj tylko pralka
moézgu, jako konformista, czgsto nieroba a
nawet 1 pasozyt a nie madry przywddca nie
jeden rabin, przykladowo przeprowadzat
swoich owieczek do pieca. Treblinka 1 wielu
innych strasznych, wigc tragicznych miejsc
temu przyktad.

Jak dobrze méwig fizycy, ze model to tylko
model.  Eksperyment, jako weryfikacja
empiryczna  na  przyktadzie = budowy
komunizmu kosztowal ponad sto milionow
ludzkich zy¢. Czy warto go przedtuzaé
omamiajac ludzi? Cybernetyczne podejscie w
definicji Zycia jest, na dzien dzisiejszy, jedno z
najpowazniejszym w $wiecie naukowym.
Zajmujac si¢ logika konstruktywng w jej
powigzaniu z cybernetyka, warto pamigta¢ o
dwoch postaciach ostatniej: teoretycznej i
praktycznej. Druga jest znana  jako
cybernetyka stosowana 1 tez moze by¢
ukierunkowana na technike lub na ekonomie.
Warto poréwnac¢ $ciezki i ekonomii i ekologii
oraz  drogi naukowe w  pytaniach
prognozowania zmian warunkéw Zzycia na
naszej planecie, przede wszystkim
powiazanych z zagrozeniami dla czlowieka.
Nic nie potrafi tak przybliza¢ badania w
biologii w tym 1 w antropologii do nauki jak
matematyka w symbiozie z ewolucja. Szkota
matematyczna Kotmogorowa-Uspienskogo
zaanonsowata bardzo dobre ale
niewystarczajagco  korektne  zadania dla
modelowania  proceséw  spotecznych  z
zastosowaniem podejs¢ informacyjno-
cybernetycznych. Rekurencyjne podejscie w
matematyce dyskretnej w teorii grafow
zaproponowat serdeczny przyjaciel
pierwszego z autorow Wiktor Matiuszkow.
Tworzyl nowe podej$cia w teorii grafow on
oraz W.Ergachev z miasta Samarkand. Dziatat
on w Nowosybirsku w Akademii Nauk, potem
w Odessie na Uniwersytecie potem od lat 80-
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ch pracowat w Polsce i mieszkal w Jozefowie
pod Warszawa.

Szkota Kotmogorowa miata najwigkszy
osiggniecia w prace dla wojska. Uspienski z tej
szkoty nigdy nie byl wypuszczany ze
srodowiska radzieckiego. Z tej szkoty
pierwszym w homeomorfizmie. Znanym jest
z osiggnie¢ naukowych w tym kierunku
matematyk radziecki matematyk Drgalin, a w
Polsce Rasiowa, przyjaznit si¢ on z
naukowcami Warszawy. Szkota
Kotmogorowa znana dla pierwszego z zespotu
autoréw. Wielu ciekawych matematykow jest
na szczescie aktywnych 1 dzisiaj. Instytut
Maksa Planka od potowy lat 80-tych ubieglego
wieku uksztattowat algorytmy i wydedukowat
logiczne wnioski o trendach fizyki 1 o
mozliwosciach matematyki w prognostyce.
Sucha cybernetyka, czyli opierajaca si¢ na
matematyke konwencjonalng, pozwala i8¢
droga eurystyczng. Mokra cybernetyka,
opierajaca si¢ na weryfikacje empiryczng, na
logike konstruktywna, a gdzie to jest mozliwe,
na logike prosta, pozwala wydedukowaé
logiczne wnioski. Pozwala to w wielu na
stwierdzenia naukowe, niektére z nich mogag
da¢ dla praktyki bardzo wazng wiedzg.

WYNIKI I DYSKUSJ

.Cybernetyczne podejscie w poszukiwaniu
drog do rozwigzywania problemow
ekologicznych najwazniejszych wyjatkowo
waznych w dniu dzisiejszym dla ludnosci jest
jak najbardziej aktualne! Prognozy
pesymistyczne w panstwach paranoicznych
mowig ze cywilizacji ziemskiej zostato trzy
dekady... Ale to juz bylo! Juz nieraz, te idioci,
ktorzy nie tylko sieja strach o koncu $wiata ale
1 przyblizaja jego, prognozowali Armagedon.
Prognoza naukowa procesu wzrastania
zagrozen cywilizacji jest potrzebng coraz
wiecej. Co bedzie za sto lat, nie powie nikt!
Co bedzie za pot wieku, za dekade? Nie trudno
przewidywac¢, ze w ciggu nastepnej dekady,
czyli ~ dziesieciu  lat  $wiat  technik
komputerowych  zmieni si¢ radykalnie,
powodujac automatycznie ogromng zmiang w
zarzadzaniu procesami spotecznymi, w tym i
na rynku pracy i nie tylko. Warta by bylo
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pomysle¢ w oszacowaniu zmian 1 O
cybernetycznym prognozowaniu tych wielu
faktorowych ~ procesow. Cybernetyczne
podejscie warto stosowa¢ w tworzeniu
algorytmu na przyszio$¢, chociaz by w
odniesieniu do nastepnej trzeciej dekady
nowego tysiaclecia.

Proponujemy w tym podejsciu prognostyke
w niekonwencjonalnym nurcie
metamatematycznym. Sprobujemy
sprognozowaé, co bedzie naokolo nas w
kontekscie czwartego przejscia
technologicznego! Warta  podkresli¢, ze
zmiana stereotypoéw myslenia nawet i dalekich
od nauki politykéw, bedzie odbywaé si¢
bardzo dynamicznie. Tak wskazuja wszystkie
znaki na niebie, tak moéwig teraz wspolnie i
teolodzy i1 naukowcy. Zmiany nieodwracalne
sensie bezpieczenstwa ekologicznego 1 w
Rzymie, 1 na Krymie juz wskazuja na wielkie
bifurkacji polityczne. Nauka nie potrafi
ratowa¢ politykow od zapedéw. Nawet 1
medycyna nie potrafi wyleczy¢ ich od
chciwosci. Przed wspotczesna nauka sporo
wyznan 1 tylko cybernetyczne podejscie w
zarzadzaniu procesami spoteczno-
gospodarczymi pozwola wytuska¢ ziarno
korzystne. Procesy transformacji, szczegolnie
na rynku pracy beda bolesne.

Niedawno, jeden z mitodych ambitnych
chirurgow wzigl si¢ za przeprowadzenie
operacji swego ojca. Ojciec niestety zmart. Nie
chcemy chyba okaza¢ w roli tego chirurga ani
tym wiecej nieudacznika ojca. Gdy ambicji
przerastajg kwalifikacji 1 mozliwosci realizacji
planéw, moze to by¢ groznym dla panstwa, a
w przyktadzie do sytuacji rosyjskiej, nawet 1
bardzo niebezpiecznym dla $wiata. To nie jest
straszenie kogo$, a tylko przypominanie, ze
tak juz par¢ razy bylo. Historia lubi si¢
powtarza¢, ale najlepiej aby dla nas nie w
tragicznym wariancie, nie przez wojenny
sposob  tagodzenia stosunkéw  pomiedzy
finansjera wymieszang z politykami. Czy
fatum wisi nad §wiatem? Chyba nie jest az tak
groznie jak bylo po wojnie, gdy kazdy si¢
cieszyt 1 nawet grozit bronig nuklearna.

Zagrozenie totalnej zagtady cywilizacji jest,
bo bylo od poczatku jej istnienia. Wojny
hybrydowy  tez istnialy od  czaséw
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mongolskich i nawet wcze$niej. Stosowano
kazdy rodzaj broni, w tym 1 masowej zagtady,
szczegblnie bakteriologicznej. Bezpieczenstwo
ontologiczne, jako sztuke przetrwania w dniu
dzisiejszym rozpatruje inaczej Ameryka,
inaczej Eurazja. Co innego widzi atak jadrowy
ruski czlowiek a co innego amerykanski.
Bezpieczenstwo ekologiczne, jako element
ontologicznego, powigzano jest z energetyka.
Energii, produkowanej czlowiekiem, niestety
jest nadmiar. Czas na zmiany w samym
podejéciu do jej wytwarzania, przyktadowo z
weglowodorow, przejscia do egzergii i do
egzergicznego a nie czysto energetycznego
podejscia  gospodarowania, szczegblnie z
uwzglednieniem bezpieczenstwa
energetycznego. Chodzi tutaj zupelnie nie o
braku energii, a o jej nadmiarze w czasie
letnim, szczegodlnie w czasie upatu i przy tym
w  catlkowitym  zaniedbaniu technologii
chlodzenia 1 zigbienia. Chtéd musi sta¢ sig
towarem latem, tak samo jak ciepto zimg!
Cybernetyka jest tutaj jak najbardziej
pomocng. Ciekawym moze sta¢ si¢ dla nauki
prognozowanie przysztosci i zmian na $wiecie.
Prognozy nie sg optymistyczne, szczegolnie
dla panstw ktorych dotkngta zmiana klimatu
lokalna. Pomimo rownowagi
termodynamicznej w skali globalnej, zmiany
lokalne klimatu wptywaja na katastroficznie
na zapasy wody. Przyktadowo w panstwach
afrykanskich nasuwa si¢ zagrozenie dla zycia
wielu gatunkéw zwierzat. Ludnos$¢ cierpi nie
mniej. To samo jest w Azji. Europa
Zachodnia, panstwa potudniowy jako tako
radzag sobie, ale znow przyktadowo na
Ukrainie =zaistnial ogromny problem na
Krymie, szczegdlnie po jego okupacji
rosyjskiej. Co najstraszniejsze, w parze z tym
pojawia si¢ problem glodu, bezrobocia.
Ostatnie wywotane dla tego, ze sztuczna
inteligencja, jej przyspieszony rozwoj w
sposob brutalny wypycha z pracy tych, kto nie
nadgza 1 nie w sitach konkurowaé z
komputeryzacja. W najblizszy dwadziescia lat
bezrobocie moze zagraza¢ potowie prace
zdatnej ludzkiej populacji. Wiadomo, ze az
takiej tragedii na $wiecie nie bedzie, ale dla
niektorych panstw, jak podaja czolowe
naukowcy  $§wiata, jest ten  problem
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wyrazistym. Dobrze wida¢ jak paranoidalno$¢
naukowcow bardzo zalezy od tego, w jakich
warunkach spotecznych egzystuja i tworza
SW0j3 prognozeg.

Ciezko bylo by¢ optymista w nauce
Niemcowi w czasach Hitlera. W atmosferze
nauki komunistycznej bytem torturowanym
ponizanym 1 gonionym dobrych kilka dekad.
Nie latwo jest teraz i nam naukowcom, w
warunkach nasilania si¢ zagrozen od réznego
rodzaju — izméw, zostawac¢ optymistami.
Pomo6c nam moze logika konstruktywna, jako
instrument pokonania strachow, a nawet i
catkiem zdawato by si¢ normalnych
codziennych niepokojéow o przyszios¢ dla
dzieci 1 wnukow. Nic dziwnego ze tak smutne
prognozy na przetrwania podaja niektorzy
naukowcy zydowskie. Warto podkresli¢ ze
kryzys moralny jest nie tylko w ich czolowe;j
religii monoteistycznej, ale 1 w dwoch
pokrewnych z nig. Jak podano w nowej
analizie jednego z tej warstwy, mamy bardzo
smutne zmiany na rynku pracy. Gwattowna
ingerencja w niego W najblizszy czas
systeméw  cybernetyczno-fizycznych  pod
hastem rewolucji przemystowej INDUSTRY-
4.0. spowoduje, jak nietrudno przewidywac,
wzrost bezrobocia. Bez pracy zostang nie tylko
przyktadowo ksiggowe czy konstruktorzy, ale
nawet 1 1 zwykte pracusie fizyczne. Jezeli temu
nie zapobiega¢, beda powtodrzenia z przed stu
lat.

Komunizm splodzit faszyzm a klincz
miedzy nimi zredukowat ludno$¢ w sposéb
bestialski. Czy mamy nadal cieszy¢ si¢ z ilosci
wyprodukowanych komputeréw, podobno jak
kiedy§ Stalin z Hitlerem cieszyli si¢ z
produkcji czotgdéw. Niestety, ale ekolodzy nie
moga przekona¢ politykow do robienia
dobrych krokéw w kierunku budowania
przysztosci. Pytanie roli ekologii integralnej sg
wyjatkowo waznymi dla nauki wspotczesnej, a
poglebienie ich znaczenia w przysztosci nie
potrzebuje  tlumaczen. Budujac  modele
fenomenologiczne w stosunku do cybernetyki
$wiat naukowy jest mocno spolaryzowany.
Tak, uwzgledniajac wielkie zamieszanie
naokoto ,,teorii wszystkiego” mozna jednak
przeanalizowac z pozycji naukometrii logiczng
strong dyskusji, zrobi¢ probg¢ przej$¢ na
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,jedyna teorie pola” nie majac na dzien
dzisiejszy jasnosci w tym, czy pole
informacyjne tworzone sztucznym intelektem,
(Jest to okreslenie jak sztuczna inteligencja)
jest materialnym.

Nie wielu we Lwowie, Kijowie, tez i w
Polsce wiedza jak powigza¢ materie z
informacyjnym polem. Instytut Systemow
Skondensowanych powstaly na wzorzec
Instytutu w USA nieco odstonit kurtyne,
stosujac ~ podejscie  fizyczo-statystyczne.
Profesorowie Jurij Tesla w Kijowie a przed
tym Nazup Walitow w Ufie posuneli do
przodu opracowania fenomenologicznych
modeli ze strony fizyki, pierwszy a ze strony
chemii drugi. We Wroctawiu na UWr. Mlody
odnosnie  matematyk  Zbigniew  Pliszka
pozwolit jeszcze dalej poj$¢, opierajac te
modele na trzeci filar, czyli na dyskretna
matematyke. Wszystko byto by ok! gdy by w
tryby ,,naukowej bolszewiji” nie trafit
pierwszy 1 ostatni z nich.

W zlotym $rodku pomiedzy religia 1
chemio-fizyka jest wyzszej upomniana teoria
Nazypa Chatmulowicza Walitowa. Chaos pola
on postawil na dobrg tawe fundamentowas.
Teoria przyznana w powaznych instytucjach
$wiatowych, natomiast i pan Zbigniew Pliszka
we Wroctawiu, jak 1 prof. Jurij Tesla ma
nagonke 1 nie wie jak uratowac siebie, nie
moéwigc juz o swoich opracowaniach! Nie
tylko  kiedy§ dziatalta inkwizycja w
teoretycznej  astronomicznej  fizyce, w
powaznych dziedzinach nauki. Bolszewizm i
korupcja jest niezniszczalng w  dniach
dzisiejszych w szanowanych na $wiecie
panstwach w sensie nauki. Polska, Ukraina i
Baszkiria moga by¢ do takich zaliczane.

Do dnia dzisiejszego w cybernetyce niema
wyrazistej strukturyzacji. Mato kto rozumie,
ze opiera¢ si¢ ona musi na dwie tawy
fundamentowy. Wazniejsza z nich to
technologiczna, obejmujaca systemy
techniczne, jak otwarte tak réwniez i
zamkniety. Przede wszystkim musimy mie¢ na
uwadze zastosowanie modeli cybernetycznych
jak najblizej do energetyki. Dotyczy to
wszystkich procesow od wytwarzania i az do
dystrybucji 1 zagospodarowania energii w
r6znych  jej postaciach: chemicznej,
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elektrycznej, mechanicznej, cieplnej etc. Teraz
mowi si¢  takze o  bioenergetyce,
hydroenergetyce helioenergetyce,
aeroenergetyce itp. [ wszystko to w kontekscie
odnawialnych Zrédel energii czyli w skrocie
OZE. W tych zabawach semantycznych
réwniez musimy uwzglednia¢ fizyczng strone,
zdefiniowanie energii ze strony fizyki.
Przeprowadzi¢ 1 jakoS$ciowa ocen¢ energii,
wiedzac ze kalorii, Joli, kilowaty i konie
mechaniczne na godzing jak i same tylko
elektron Wolty powigzane jednak s3g
koeficjentami. One to maja inne znaczenie
uwzgledniajac sposoby wydobywania
surowcoOw energii, magazynowania, oraz dla
zarzadzania energig. Rynek energii zazwyczaj
jest najtrudniejszym. Kazde prawo, w tym i
miedzynarodowe jest bezsilnym w tagodzeniu
sporow energetycznych. One stajg si¢ coraz
popularniejszymi w stosunkach pomigdzy
panstwami. Ostatni sg zwigzanymi liniowymi
obiektami przesylu energii 1 nie tylko liz
rurociggami. Przy tym uwzgledni¢ musimy
kulture 1 filozofie @ oraz  podejscia
prognostyczno-futurologiczne rynku energii.
Cel konieczna, a mozna powiedzie¢ motto
dziatan: ,,Jezeli jest mozliwos¢, to stworzyc
autarkie energetyczng dla jakiego$ regionu,
nawet dla oddzielnie wzigtego technicznego
obiektu. Modelowanie statyczne na podstawie
danych statystycznych zawsze daja wtedy
bardzo dobre wyniki!”. Modele autarkiczne,
przyktadowo dla zuzycia energii, w przypadku
nawet domku jednorodzinnego  zrobié
znaczniej tatwiej, anizeli dla osiedla, nie
moéwige juz dla regionu. Do system otwartego
z wielu wyjsciami a jednym wyjsciem lub w
cale, mamy dobre modele fenomenologiczne
oraz rOwnania deterministyczne. Jest ze strony
modelowania matematycznego dobrze
opanowanym. Zidealizowanych systemow,
natomiast, jest niewielu! Poniewaz mamy
sprawy z finansami, a jest to nieuniknionym w
gospodarce kazdej, a nawet i w gospodarstwie
prywatnym, to wielu faktorowy system
otwarty jest trudny do modelowania
prognostycznego nawet 1 wspomnianymi
metodami matematyczno-komputerowymi.
Nawet z  zastosowaniem  matematyki
dyskretnej 1 logiki konstruktywnej. To dla
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tego, mato kto dla prognostyki w energetyce
na powaznie odbiera ekonometrie. Gdy fizycy
rozkodowali nawet i kod DNA, to rozpoczeta
si¢ epoka cybernetycznej ekonomii. Ostatnia 1
jest ta druga tawa fundamentowg. Ma ona
prawo, opierajac si¢ na matematyke dyskretng
1 stochastyczng probabilistyke, tworzy¢
modele prognostyczne ekologiczno-
ekonomiczne. Raz lepiej a raz gorzej pracuja
te modele w warunkach sterowanego chaosu
zaproponowanego na skale  gospodarki
swiatowej. Bog-dolar nie jest tutaj zaradnym,

jeszcze gorsze ma si¢ inna waluta.
Najbolesniej, gdy galopujagca dewaluacja
dotyka krajowej waluty, naszej ci¢zko

zarobionej. Podobno, jak to miato miejsce z
radzieckim rublem, ukrainskg hrywna, czy
teraz walutg wenezuelskg. Cigzko jest
zastosowa¢ modele fizyczne, przyktadowo
zasady termodynamiki do modelowania
gospodarki, bo jak podaje literatura naukowa,
opieramy si¢ na wielko$ci urojone. Nie
wiedzac co to jest energia nie mozemy mowié
o bilansie energetycznym kuli ziemskiej, a
nawet 1 o autarkii energetycznej ktoregos
wielkiego panstwa, tak nawet 1 naszego kraju.
Aspekty  metodologiczne w  badaniach
proceséw spotecznych opierajg si¢ na logike
rozmytg. Jako system otwarty, energetyka
kazdego kraju, moze stosowa¢ tylko
stochastyczny model bardzo przyblizony
prognostyczny w celu przewidywania sytuacji
na rynku, a takze w zyciu spotecznym. W
ostatnim znaczeniu, W odniesieniu do
socjologii  stosujemy dla modelowania,
matematyke dyskretng. Opiera si¢ ona na
cybernetyczne podejscie w tworzeniu modeli
fenomenologicznych. Kazdy model
zarzadzania finansami, nawet w stosunku do
energetyki, jest niedoskonatym, bo jest tylko
modelem bardzo skomplikowanego systemu.
Przy tym tylko modelowanie komputerowe i
jego weryfikacja empiryczna daje wiedz¢ na
ktora mozna si¢ opieraé, stosowaé w wyborze
optymalnych drég w praktyce 1 w zyciu
spoleczno-gospodarczym. Instrumentem ma
wystepowacé logika. Logika w rozumowaniu
klasycznym, jako sztuka wnioskowania w
teorii poznania naukowego $wiata, w tym 1
probleméw ekologicznych oraz
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energetycznych, opierajgca si¢ na matematyke
klasyczng, tez nie =zdaje egzaminu w
makroekonomii. Nie zdaje ona i egzaminu w
fizyce kwantowej. Tak, ma racje chyba nawet
najwiecej w krajowej fizyce, prof. Krzysztof
Meisner na UW, gdy mowi otwartym tekstem,
ze na ¢wier¢ wieku jest matematyka do tytu od
wymagan ,,kwantowcow”. Stabos¢
matematyki jest bardzo wyczuwalng. Nawet i
w codziennym prognozie pogody. Dla tego, ze
kazdy system otwarty, nawet i z jednym
wyjsciem trudny dla modelowania. Tylko
autarkiczne (od autarkia) modele sektorow
gospodarczych, przykladowo  energetyki,
moga pomoce stosowaé modelowanie statyczne
w bifurkacji finansowej 1 nawet gospodarczej,
w warunkach gospodarki rynkowej. Co z
mowi¢ mozemy o modelowaniu stanu
makroekonomii. Co  zaproponuje rynek
surowcow, cennych papierow? W gospodarce
$wiatowej, w tym i krajowej energetyce nauke
sprowadzaja w sensie zarzadzania do modeli
sterowanego chaosu. Brak  madrych
ekonomistow! Nie skoro pojawig si¢ one w
Polsce ina swiecie. Ich ,,noblowanie” odbywa
si¢ w sposob tendencyjny, w towarzystwie
wzajemnej adoracji i prowadzi to zagrozen w
aspekcie ekologii integralnej etc. W procesach
globalnych, jak zmiana klimatu, kataklizmy
zwigzany z katastrofami 1 awariami r6znego
rodzaju w energetyce i zalamania w ekonomii,
bardzo ciezko jest podda¢ modelowaniu
komputerowemu. Ucierpiato fiasko takze i
stosowanie podej$¢ powaznej fizyki, gtownie
zasad 1 praw termodynamiki dla modelowania
procesow spotecznych. Logika trudno jest
oszukiwac. Zresztg i logika-fizyka tez oszukac
trudniej w poréwnaniu do logika-filozofa czy
filozofa-moraliste. Jak by to nie wygladato
paradoksalnie, zazwyczaj prawda, na par¢ z
logika, nie sg wpuszczane do $wietlicy nauki.
Prawda jest tylko w siankach, nieraz
zepchnigta do ciemnej piwnicy, a cze¢sto nawet
gdzie$ tam na zadworzu. W formie klasyczne;j,
w czasie komercjalizacji nauki, niestety czgsto
staje si¢ ona zbedng. Alogiczno$¢ w fizyce
staje si¢ przy tym przerazajacg. Logika
rozmyta, wielowarstwowa 1 w innych
postaciach podawana, staje si¢ niestety dla
nauk powaznych, szkodliwg. Tak jest z fizyka
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kwantowa 1 jadrowa, ze wspodlczesnymi
kierunkami chemii, w dziedzinach ich
powigzania z biologia, kosmosem itp. To dla
tego kosmologia i astrofizyka to dwie wielkie
roéznicy, jak mowig logicy w Odessie.Rowniez
jak Dbiofizyka tak 1 biochemia a takze
astrofizyka nie moze oprze¢ si¢ na klasyczng
matematyke. Nawet 1 mechanika ciata stalego
w cze$ci poznawania deformacji plastycznych,
zjawisk reologicznych, zjawisk powigzanych z
dyssypacja energii nie moze by¢ speini
funkcjonalng. Kazdy autor podrecznika z
mechaniki kwantowej ma swoja fizyke 1 swoja
chemie. Wigc, dobrym jest powiedzenie
Ilwowskich ~ profesorow, ze  nikt =z
,.kwantowcoéw” na fizycee kwantowej si¢ nie
zna. To samo 1 z teorig plastycznosci,
hiperplastycznosci, akustosprezystoscig itp. W
czasach wspolczesnych, jezeli kto§ z madrych
naukowcow chce udowodni¢ Ze nowoczesna
nauka jest czeScig starej, to nie dostaje
finansowania. Kiedy§ w kontekscie tego
groteskowego rozwazania, Hugo Steinhaus
madrze powiedzial, ze logika jest jedna z cech
ghupstwa. Na pewno ze gdy by si¢ obudzit
Arystoteles by dostat po tych stowach zawatu
serca. W tej ze prace wybitny logik-
matematyk, odkrywca Stefana Banacha
madrze doradzal, ze rzadzi¢ jest trudno i
dlatego madrzy chetnie powierzajg ten
obowigzek ghupim — dla nich nie ma trudnosci!
Z ,narodu wybranego” tez nieraz medrcy
powstaja, ale coraz wigksze z tym sg klopoty.
Trudno teraz marzy¢ o pojawienie si¢ Spinozy.
Dla ,,oduraczania” ,,m¢drcow” spoteczenstwa,
jak trafnie mowi satyryk wspodtczesny polski
mecenas Stanistaw  Michalkiewicz, lepiej
rozpoczyna¢ akcie od wodza panstwa. Jezeli
wodzowie majg zerowg intuicje, to W
Rwandzie lekko mozno byto podzieli¢ ludnosé¢
na Hutu i Tut si. Jezeli si¢ ma nieuka w krzesle
przywddcy panstwa europejskiego, to czemu
ta metode nie wykorzysta¢ nawet i w Europie,
idealniec w Ukrainie, a moze si¢ uda i w
Polsce! Co$ podobnego chca ,,zmodelowac”,
opierajac si¢ na logike ,,bardzo rozmyta”, teraz
w Wielkiej Brytanii. Cameron ratujgc si¢ w
chaosie zaproponowal wyj$¢ y UE, zaklamana
Teresa Maj nie potrafita w tym polu i grze nic
zmieni¢ a Boris Jonson balansuje nad
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przepascia. Juz w czasach starozytnych,
intuicyjna zlozono$¢ podejmowania decyzji
wymaga od wodza wiedzy z dziedziny logiki.
Jego zdolnosci prognostyczne opierajacy si¢
na doswiadczenie zyciowe, na wiedzg
naukowg, oraz intuicja genetyczna, wymagata
jednak naukowego fundamentu dla
codziennych skutecznych dziatan.
Dos$wiadczenie oraz intuicja. Na nich, jako na
dwoéch tawach fundamentu trzyma si¢ madros$¢
przywddcy, a on formuj¢ polityke panstwa. W
nauce uzywamy pojecie intuicyjna ztozonosci.
Ma ona wiele aspektéw. Trudno ja okresli¢ i
sformutowa¢ doktadnie. W logice formalne;j
czgsto  ograniczaja si¢ do  zlozonosci
obliczeniowe] problemoéw, do modelowania
procesOw  spolecznych z  zastosowaniem
modeli termodynamiki etc. Z naszego punktu
widzenia to  jest zbyt ryzykownym
przerzucanie 1  wieszanie  obowigzkow
zarzadcy na problemy komputera. Ma program
1 niech sam sobie operator liczy. Wystepuje
problem dla obywateli jak oto: dlugie
obliczenie 1 jednoczesnie ,,kopanie w ogrodku
i rozmowa z naczelnikiem”. Wr6¢my znowu do
logiki. Skorzystajmy z niej w poszukiwania
pomocy Ww zarzadzaniu 1 podejmowania
decyzji w zarzadzaniu. Zacznijmy od tego, ze
logika powstala jako nauka o poprawnym
wnioskowaniu. Rozw¢j tej nauki trwa ponad
2000 lat. W kolejnych wiekach znajdowano
prawa logiki, metody wnioskowania. Ostatnie
operatory logiczne stosowane w Zyciu
naukowymi spotecznym, zbadano dopiero
niecaly wiek temu. Na pierwszym miejscu w
zarzadzaniu matymi grupami ludzi a nawet i
panstwem, jak wiemy dobrze, jest prawo.
Logika prostych zdan pomaga jemu przetrwaé
w $§rodowisku chytrych politykow. Ostatnie
maja, za okreSleniem Donalda Regana,
zazwyczaj jako jedyna cel, by¢ wybranym na
powtérny termin. Maja one swoja wlasng
logike a nawet 1 calg filozofie dualizmu w
polityce: jedno méwié, drugie myslec. Robi¢
jeszcze co innego potrafig! Politycy tworza nie
tylko zamieszanie, ale i chaos w nauce. W tym
przypadku, nawet 1 logika klasyczna, jako
metodologia i chleb nauk $cistych, czgsto
bywa, niestety, bezradna! Przykro, ze
biurokracja nie pozwala uporzadkowaé

26

dokumenty prawne, ktore mogli by poprawic
stan nauki. Oczywiscie wickszos¢
producentéw takich dokumentéw mija si¢ z
logikg. Wcale im nie to nie szkodzi, a w
wigkszosci przypadkéw pomaga w realizacji
merkantylnych interesow. Dla opracowania
masywow  danych  wzigtych z  Zycia
spotecznego, wymaganym jest praktyczne
stosowanie zasad teorii mnogos$ci. Wtedy
wchodzi w gre logika algebraiczna. Ona ma

sluzy¢  do  uporzadkowania  dowoddéw
matematycznych. Polscy naukowcy
wprowadzaja do uzytku logiki

wielowartosciowe. Przy tym  wigkszo$¢
przedstawicieli nauk spotecznych i nawet
prawnikdw zapomina o logice prostych zdan.
Ma miejsce hipotetyczno$¢ w prognostyce
suwerennosci energetycznej, finansowej itp.
Przejaw zjawisk znanych, mozno by okresli¢
W uproszczeniu 1 w przyblizeniu jako obszar
logicznej ignorancji. Ale znowuz: logika to
nauka o weryfikowania 1 falsyfikowania
hipotez. Dalej rozwiniemy t3 tez¢ wraz ze

sposobami dowodzenia. Wprowadzimy
pojecie logiki zdaniowej. Zdania bywaja
roznego rodzaju — twierdzenia, pytania,

rozkazy etc. Twierdzenia moga by¢ prawdziwe
lub nieprawdziwy. Dla rozkazow 1 pytan
okreslenie ich prawdziwos$ci czgsto nie ma
sensu, bo one mogg okresla¢ czyny 1 obiekty.
Z prostych zdan, w postaci stwierdzen,
mozemy budowaé¢ zdania zlozone. Na
przyktad z powiedzenia ,,Pani kuje, a pan
panikuje...”. Mozemy rozumowac,
zastanawia¢ si¢, czy pan tez czasem nie kuje
pani? A moze pan kuje dla pani klacze czy
konia! Czy pani, daje zastrzyk, i czy pan
jednoczesnie tez nie daje zastrzyk dla kotka
czy pieska. Taka =zabawa semantyczna
wymaga  prawidlowego  podejscia @ w
budowaniu konstrukcji syntaktycznych. Kazdy
jezyk a nawet wymowa ma w tym przypadku
swoja logike. Takie same sg taczniki
(operacje) w algebrze boolowskiej, wiec
mozemy ja zastosowa¢ do obliczania
prawdziwosci zlozonych zdan. Formalna
logika zdaniowa moze by¢ zalgorytmizowang.
Wtedy nadaje si¢ ona jako instrument do
opracowania wnioskéw 1 twierdzen przy
pomocy komputerow, bo jezyki dla
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komputeré6w sa najbardziej formalne. Prawa
logiki zdaniowej, to sg akurat te prawa, ktore
pochodza z okre$lania koniunkcji. W tym
przypadku musimy uwzgledniac W
instrumentariach metodologicznych podejscie
semantyczno-semiotyczne.  Zwracajac  si¢
znowu ze do matematyka-logika Hugo
Steinhausa, napotykamy si¢ na jego
stwierdzenie, ze arystokracja wywodzi swe
przywileje od pierwszego z rodu, tzn. od tego
jedynego w linii, ktory nie urodzit sie
arystokratg. Przyjmujac pewne stwierdzenia za
prawdziwe (na przyklad tautologie) mozemy
przeprowadzi¢ dowody. Idea dowodzenia jest
oczywista — przekona¢ innych. Poniewaz
kazdy ma swojg racje 1 przekonania, to lepiej
korzysta¢ z nich w dowodach. Przyjmujac te
przekonania za prawde (bioragc je jako
hipotezy, stosujemy prawa logiki by
wywnioskowac, co z tych przekonan wynika.
Oprocz tego przyjmuje sie, ze w kazdym
systemie przekonan sg zawarte wszystkie
tautologie jako ,,wspdlny sens”. I tu jest pies
pogrzebany! Dowodzimy to, co my chcemy, a
nie to, co chce osoba przekonywana. Jesli w
jego przekonaniach jest sprzecznos$¢, to
stosujemy metode dowodzenia reductio ad
absurdum (sprowadzania do absurdu). Jak
wida¢ z implikacji z nieprawdy wynika
zarbwno prawda jak i1 nieprawda. Wystarczy
tylko jedna sprzeczno$¢ by obali¢ catg teorig.
W tym sensie logika zachowuje si¢ jak $pigca
krolewna — wystarczy zagryz¢ sprzecznos$¢ i
od razu usypia na wieki. Jednak zdarza sie, ze
jaki§ Ksigze¢ matematyki odgrzebie teorie,
wytrzasnie z niej sprzecznos$¢ i przywrdci do
zycia. Tak stalo si¢ w swoim czasie z teorig
mnogos$ci, kiedy odkryto w niej paradoksy.
Jeden sposob na omijanie paradoksu. Swego
czasu takze i1 Russell zaproponowat: podziat na
klasy 1 zbiory, przy czym dla klas niczego nie
zaktadamy. Ta sama idea jest w
programowaniu obiektowym, gdzie domyslnie
jest tylko jedna klasa; wszystkie inne sg w
rekach programisty (niech on sprawdza ich
niesprzecznos$g¢, jesli ja lubi).
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WNIOSKI I REKOMENDACIJE

Aby przekona¢ musimy mie¢ bardzo
przekonywujaca  metod¢  przekonywania.
Metode¢ uzywana w logice opiera si¢ na dwoch
zasadach:

zasada prostoty — dowdd ma by¢ mozliwe
prosty;

zasada sktadnikowa — dowdd ma opieraé
si¢ na sktadnikach pojec.

Oprocz  tego  przydaloby si¢ aby
dowodziliSmy prawdy z prawd. Praktyka
wysegregowata nastepujacy schemat: Z
systemu przekonan (stwierdzenia przyjete
przez przekonywanego) wnioskujemy
stwierdzenia, wynikajagce bezposrednio =za
pomocy regut wnioskowania typu
,konkretyzacji”’i moze ona by¢ syntaktyczna
lub semantyczna. Mamy dwa rodzaje regut:
syntaktyczna 1 semantyczna. Warto takze
zwroci¢ uwage na nazewnictwo W nauce.
Niektore formalne konstrukcje sg naukami (jak
algebra 1 geometria). Jednak ze, je$li do
okreslania prawd w danej dziedziny
potrzebujemy logicznego wnioskowania (na
przyktad zachowanie programow zalezy od
formul logicznych i poprawno$¢ ich dziatania
dowodzimy logicznie), to jest teoria, jesli
wystarczy tylko rachunek (to znaczy wszystkie
reguly sg syntaktyczne), to jest nauka. Nauka o
grafach, przykladowo, jest nauka typu
kombinatorycznego, nauka 0
prawdopodobienstwach. Wreszcie jest to tylko
teorig, bo zdarzenia okreslamy warunkiem.
Faktem jest ze logika zdaniowa ma swoje
miejsce w algebrze Boole’a. Rozumowanie
logiczne nad predykatami przyprowadza nas
do Demokrytesa. Struktura atoméw jest
niepodzielna. Taka jest zasada atomizmu
Demokrytesa. Jednak w tradycji hinduizmu
dochodzimy do wniosku, ze tylko pustka jest
niepodzielna.

Dla tego aby mowi¢ logicznie o algebrach,
w szczegOlnosci o prawach arytmetyki i
roznych jej rozszerzeniach potrzebujemy
bardziej  rozbudowanego  jezyka.  Na
pierwszym miejscu jest jezyk wyrazow
nazywany w literaturze rowniez termami. W
tym jezyku dodajemy nazwy dla zmiennych,
wigc elementy metajezyka algebry. Jezyk
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logiki predykatow pozwala méwi¢ nie tylko o
pojedynczych obiektach, ale 1 o prostych
klasach obiektow. Jak zauwazytl P.Aczel,
kwantyfikator ogo6lny odpowiada klasie
wszystkich obiektow, kwantyfikator
egzystencjalny odpowiada klasie wszystkich
niepustych klas obiektow. Faktem jest, ze
logika predykatow ma swodj model w
arytmetyce. Ze wszystkich funkcji
boolowskich formalnie bedziemy uzywaé
tylko koniunkcja, alternatywa i negacja. Przy
rozumowania naokoto logiki wyzszych
rzedéw, powiedzie¢ musimy, ze logika
zdaniowa szuka prawdy w klasie prostych
zdan. Aksjomaty takiej logiki otrzymamy
przez dodawanie aksjomatow dla nowych
formut do juz okreslonych aksjomatéow dla
logiki zdaniowej. Omawiajac logike drugiego i
wyzszych rzedow, uwzgledniamy, ze tym
samym sposobem, jak i w logice pierwszego
rzedu mozemy konstruowac logiki wyzszego
rzedu. Jesli w logice pierwszego rzedu mamy
kwantyfikatory nad klasa zmiennych, to w
logice drugiego rzedu dodajemy
kwantyfikatory nad relacjami (funkcjami). To
znaczy, ze zbieramy do kupy nie tylko
wszystkie obiekty, ale wszystkie podzbiory
wszystkich  obiektow. Wsrod wszystkich
mozliwych relacji znajduje si¢ 1 klasa
wszystkich mozliwych zbiorow sktadajacych
si¢ z obiektow. Jest to drugi poziom
generalizacji, wigc naturalnie jest nazwac taka
logike ,,drugiego rzedu”. Niestety dla logiki
drugiego rzedu nie istnieje aksjomatyzacja.
Rachunek prawd tej logiki nie moze by¢

zautomatyzowany. Przechodzac do
rozumowania naokoto logiki
wielowarto$ciowej,  opierajac  si¢  na

stwierdzenie Flaszena, ze kazdy absurd ma swoja
logike, widzimy jak kolorowa, a nie czarnobialg
jest logika! Pomigdzy prawda a falszem czesto
pojawia si¢ 1 trzecia wartos¢ logiczna.
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Cybernetic and economic mathematical
models of energy autarky in the context
of integral ecology tasks

Walery Wysoczanski, Stavian Radev

Abstract. At the beginning of the creation of
science, philosophers also tried to define life itself
and the product of its evolution, i.e. man. The
cybernetic definition of life is considered one of
the best because it is above religions. Of all the
religions of the world, physics is "the most
religious," and again, on the other hand, empirical
physics in tandem with experimental chemistry is
the most anti-religious. Integral ecology is this
good straight path of a methodological approach to
solving problems and technological failures.
Among all possible relations there is and the class
of all possible sets consisting of objects.
Unfortunately, there is no axiomatization for
second-order logic. The calculation of the truths of
this logic cannot be automated. Moving on to
reasoning around multi-valued logic, based on
Flaszen's statement that every absurdity has its
own logic, we see how colorful, not black and
white logic is! A third logical value often appears
between true and false. Nature, its conditions cause
the manifestation of evolution. It is still difficult
for philosophers to say where it comes from, they
even say that it comes from outer space, then a lot
of mysteries where it comes from, even on nearby
planets? This is why social life is under the
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constant scrutiny of not only philosophers, but also
physicists, biophysicists, chemists, etc. They try to
establish their views on changes in the state of the
Earth, on the appearance of proteins, living
organisms. At the same time, some physicists build
thermodynamic models to characterize entropy and
negentropy and their role in evolution, and then the
role of negentropy in generating revolutions and
wars. This is another utopia and just as
communism or capitalism are anti-human.
Communist theories and most other theories fail. In
order to develop massifs of data taken from social
life, the practical application of the principles of
set theory is required. This is where algebraic logic
comes into play. It is wused to organize
mathematical proofs. Polish scientists implement
multi-valued logics. At the same time, most
representatives of social sciences and even lawyers
forget about the logic of simple sentences. There is
a hypothetical factor in the prognosis of energy and
financial sovereignty, etc. The manifestation of
known phenomena can be described in
simplification and roughly as an area of logical
ignorance. But again: logic is the science of
verifying and falsifying hypotheses. We will
develop this thesis further along with the methods
of proving. We will introduce the concept of
propositional logic. Sentences can be of various
types - statements, questions, orders, etc. Claims
may be true or untrue. For commands and
questions, determining their truthfulness often does
not make sense, because they can define actions
and objects. Only autarkic models of economic
sectors, for example energy, can help to apply
static modeling in financial and even economic
bifurcation, in the conditions of a market economy.
What can we say about modeling the state of
macroeconomics.

Keywords:  integral  ecology,  energy,
information, social life, model, empirical physics,
electron, experiment, math school, cybernetics,
predicted, modeling, logical value.
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AnHotanus. Co3maHne KOHKYPEHTOCIIOC00-
HBIX T[IYOOKOBOJHBIX T'PYHTOPa3padaThIBAIOIINX
MaIlIFH ¥ KOMILUIEKCOB TIO3BOJISET TEPEHTH K OCBO-
CHHI0O MECTOPOXKACHUH MONUMETATHYECKIX KOH-
Kpeluii ¥ METaJUIOHOCHBIX WJIOB, JIOObIUE MMecKa U
camporneneil ¢ gHa Mopsi, o0ecreunBasl TakuM 00-
pa3oM TApUTETHBI JOCTYN K MHHEPaIbHO-
CBIPBEBBIM U IHEPTreTUUYESCKUM pecypcaM MHUpOBO-
ro okeana. Llemp paboThl — co3gaHHE METOAOB U
TEXHUUYECKUX CPEJCTB JUIA OIPEACICHUS MPOY-
HOCTHBIX XapaKTCPUCTUK JOHHBIX TPYHTOB B IIO-
BEPXHOCTHOM CIIO€, HAIpaBlICHHBIX Ha COKpaIlle-
HUE CPOKOB co3/laHus W 3¢ (HEeKTUBHOE TpUMEHE-
HUE MaIIUH IMyTeM 00ECICUEHHUSI COOTBETCTBUS MX
MapaMeTPOB PEAJILHBIM YCIOBUSIM JKCILUTyaTallHH.

OOBIYHO CBOHMCTBa TIIyOOKOBOJHOTO TPYHTa B
€CTECTBEHHOM 3ajieraHud (in situ) ompeaensoT 1mo
JMaHHBIM (OTO- U T€0AKyCTUYESCKOTO 30HIMPOBA-
HUS WIH 0 TOJHATBIM C MOPCKOTO JHa Ha IIO-
BEPXHOCTh KEpHaM, a pabouyue Harpy3Kd MaIVH,
COINPOTHUBJICHUE TPyHTA Pa3pyLICHUIO U ApPYyrue
MEXaHMYECKUE XapaKTEPUCTUKU OICHUBAIOT Ha
OCHOBE TOJYYECHHBIX T'€OJIOTHYCCKUMHE Criocobamu
JNaHHbIX. HOBbIE METOBI M YCTPONCTBA TOUCYHOTO
MU HEIPEPBIBHOTO ONMPOOOBaHUS IHA, aJCKBATHO
MpUMEHSIeMbIe KaK Ha TIOBEPXHOCTH, TaK U TOJ
BOJIOW 00ECTEYMBAIOT JOCTATOYHYIO JUUISI MTPAKTH-
YEeCKOT0 HCIOJIb30BaHUs JIOCTOBEPHOCTD MOJIyYae-
MoO# uH(popmanuu. 3amayaMy UCCIICJIOBAHUS SIB-
JSIOTCS 00OCHOBAHWUE TEOPHH TPABHUTAIMOHHOTO
30HAMPOBAHMS MOBOIHBIX TPYHTOB U UX PE3aHHUS,
orpeaesieHre nehopMaIMOHHO-TIPOYHOCTHBIX
CBOWCTB MOBEPXHOCTHOTO CJIOSI MOPCKOTO JTHA, CO-
MPOTHUBJICHUSI MEXaHUIECKOMY Pa3pyIICHHUIO U Xa-
PAKTEPHUCTUK B3aUMOJICHCTBHUSI MEXaHU3MOB Ma-
IIMH C WIACTBHIM TPYHTOM.
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HoBu3HOU BBIMOJHEHHOW PA0OTHI  SIBISETCS
YCTAaHOBJICHHE OCOOCHHOCTEW B3aMMOJCHCTBUS
pabounx OpPraHoOB M XOJOBOU YACTH 3EMIICPONHBIX
MaIllUH C TMOJABOJHBIMU BSI3KOIJIACTUYHBIMU T'PYH-
TaMd B 3aBUCHUMOCTH OT IapaMmeTpoB pabodero
polecca, MPOYHOCTHBIX CBOMCTB TPyHTA, Xapak-
TEPUCTHUK JUHAMUYECKOTO HArpyXKeHHs U Teodo-
TONPOPMWINPOBAHUS TOABOAHBIX Tpacc. [lpakTu-
YecKoe 3HAueHHe 3aKIFoYaeTcsi B 00OCHOBaHUM
IKCIUTYaTallHOHHBIX ~ HArpy30K TITyOOKOBOJHBIX
3eMIICPOMHBIX MAIllMH; OICHKE XapaKTepUCTUK
JIOHHBIX TPYHTOB B €CTECTBEHHOM 3aJIETaHUH, a
TaKk)k€ KOMIUIEKCHOM HCCIIEIOBAaHUN JOHHBIX Mac-
CUBOB, IMO3BOJISIOLIUX COKPATUTh YUCIO CTaHIIUM
mpobooTOopa, OOIIYI0 TPYIOEMKOCTh PEHCOBBIX
paboT, YCTaHOBUThH O3KCILTyaTAllAOHHBIA JOHHBIH
(OH ¥ ONTUMAJILHBIE TPACCHI JOOBIYHBIX CUCTEM.

KuroueBble cjioBa: TpaBUTALIMOHHOE 30HIUPO-
BaHUE TPYHTA, COMPOTUBIICHHUE PE3aHHUI0, Te0CTa-
THUYECKOE JIaBJICHWE, TpyHTOpa3pabaThIBaromas
MallIHa, paboune Harpy3Ky, TOHHBIN (OH.

BBEJEHUE

Coznanue HOBOM MOJBOIHON 3eMIIEPOMHOMN
TEXHUKHU NI OYHCTHBIX M JTOOBIYHBIX PadoT
MOJT BOAOH OOYCIIOBWIIO JIETAIbHOE W3YYCHHE
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pa3pabaTbIBaéMbIX MAacCHUBOB M pabO4MX Ipo-
I[eCCOB MamuH. JIOHHBIE TPYHTBI U OCAJIKH B
CHJly crneuu(puKd 3ajeraHusi U BO3JACHCTBHUSA
BOJIHOW Cpe/ibl HE MMEIOT aHAJIOTOB Ha CyIIe,
CYIIECTBEHHO OTJIMYACTCS XapakTep B3auMO-
NEHUCTBUS ¢ HUMH pabodero o0O0pyaOBaHHS
MamuH [1, 2].

Tem He MeHee, pabodne MPOLECCH 3eMIe-
POMHBIX MAalIWH Ha TOJBOJHBIX, U OCOOEHHO
riTyOOKOBOJHBIX TPYHTaX, HW3ydeHBl KpaiiHe
Mmasio. HecoBepiieHHBI METOIONOTHS U TEXHU-
geckas 0asza sl UCCIIEyEeMBIX JIOHHBIX OCajl-
KOB M XapaKTEPUCTUK B3aUMOJACUCTBUS C HH-
MU MEXaHU3MOB MaIlliH.

Co3gaHue KOMILUIEKCa METOJIOB M TEXHHUYe-
CKUX CPEJCTB OIPE/CICHUS CBOWCTB JIOHHBIX
TPYHTOB M CONPOTUBJICHUS HUX pa3padoTke
UMeeT BaKHOE 3HAYCHHWE ISl OOCCIICYCHUS
MapUTETHOTO JOCTyHa TOCYAapCTB K MUHE-
PaTbHO-CHIPHEBBIM U DHEPTETHYECKUM PECYp-
caM MUpOBOro OKeaHa; IMO3BOJISET 3abiaro-
BPEMEHHO (Ha MPEANPOCKTHBIX JTallax) orpe-
JeNATh OKCIUTYyaTal[MOHHBIE XapaKTEPUCTUKU
ITHA aKBaTOpHH, criennuKy paspymieHus Mo-
BOJHBIX TPYHTOB M OXKHJAE€MbIe HATPy3KH Ma-
IIMH B KOHKPETHBIX TOPHO-TEOJOTHYECKUX
ycnoBusix [3 —5].

YCJIOBUSA PABOThI I''TYBOKOBOJIHOM
TEXHUKHW U METOIbI U3YYEHU A
JJOHHBIX I'PYHTOB

B 31011 ¢cBSI3U B EPBYIO OYEPELL UHTEPECY-
€T BepxHss (MPUITOBEPXHOCTHAS) YacTh T'PYH-
ToBoro maccuBa (Puc. 1), B koTOpoii peaynu-
3yl0TCs pabodrie W TITOBBIC XapaKTEPUCTUKU
IyOOKOBOJHBIX ~ TPYHTOpPa3pabaThIBAIOIINX
Mammme ([TPM). UMmetorcss mpuHIUNAATHHBIC
0COOEHHOCTH B3aMMOJICUCTBHS paboOvmMX opra-
HOB W JBWXHTENEH MaIUH C MOJABOJHBIMU
BSI3KOIJIACTUYHBIMU TpyHTamu [6, 7]. Kak
MPaBWJIO, COMPOTHUBIICHUE PE3AaHUIO0 TaKHX
Cpell HCCIenyIoT MOJECIUPOBAaHHEM pPadOUnX
MPOLIECCOB B Oapokamepax, T.€. P Harpyxe-
HUU 00pa3lioB TUAPOCTATUYECKUM JaBICHUEM,
B TO BpeMs KakK MpHU MOJbEME C TIIyOMHBI OHU
npeTepreBaT oopaTHbie n3MeHeHus [8]. Broi-
BOJIBI JICTIAIOT JIJIS IaBJICHUH, OOBIYHO HE TIpe-
Beimaronux 3 Mlla (300 m rimyOunsl).
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HccenenoBanus, IPOBEAEHHBIE B YKpauHe U
3a pyOeKOM MOKa3bIBalOT, YTO U3 BCErO KOM-
TJICKCA XapaKTEPUCTUK TOJIBKO OTHOCHUTEIHHO
HEOOJbIIOE HMX YHCIO HEMOCPEACTBEHHO
Y4acTBYIOT B ()OPMHPOBAHUU PAOOYMX HATpPY-
30k (Puc. 2). Ha cnaOpix BOJOHACHIIICHHBIX
TPYHTaX 3TO — CIICTUIEHUE, YTOJl BHYTPEHHETO
TPEeHHs, IIJIOTHOCTh, JUHAMUYECKAsK BA3KOCTbD.
Kpome Toro, st cocTaBieHHs MPOEKTa IMO-
BOJHBIX pabOT HEOOXOIUMO 3HAHUE HECYIIEH
CIIOCOOHOCTH ¥ OaTUMETPUYECKUX JIaHHBIX,
MOKa3bIBAIOIINX U3MEHEHHE penbeda JTHa, oc-
HOBHBIEC €70 OCOOEHHOCTHU (TONKHE MECTa, BbI-
XOJIbI KOPEHHBIX MTOPOJI U T.11.), BEICOTY CTOJI0A
BOJBI HaJl IpyHTOM [9].

W3BecTHbIE TEXHUYECKUE TPYIHOCTU HE
MO3BOJISIFOT ~ TIPOBOJIUTH  MTOJIHOMACIITAOHBIE
AKCIICPUMEHTHI Ha OOJIBIIION TIIyOWHE, XOTS U
€CTh OTJACNbHBIC TMOMBITKH H3MEPEHUS CHUJIO-
BBIX MapaMEeTpOB Ha OMBITHBIX OOpa3lax Huc-
CIICZIOBATENIbCKOM M JOOBIYHON TEXHUKH, pa-
Ooraromieit Ha riryoune 10 6000 m.

[ToaToMy mpencTaBisieTcss MPAKTHUYECKU
€IMHCTBEHHON BO3MOXKHOCTBIO B MaKCHMallb-
HOM CTeNeHU MPUOIH3UTHCS K PeaTbHBIM JKC-
IUTyaTal[MOHHBIM YCIIOBHSIM Ha MOPCKOM [THE
MOCPEACTBOM CO3JaHUSI KOHTAKTHBIX METOJIOB
UCCIIETOBaHMS CBOICTB INTyOOKOBOAHBIX TPYH-
TOB Ha MECTE 3aJleraHusi, KOTOpble ObLIH OBl
a/IeKBaTHBIMU KaK B MOJABOJHBIX, TaK U OObIU-
HBIX (aTMOchepHbIX) yernoBusx [10].

O0630p METOJIOB M YCTPOWCTB HCCIEAOBA-
HUS TPYHTOB B OKCTPEMAJbHBIX YCIOBHSX
(Puc. 3) mo3BonmI yCTaHOBUTH, UTO Hanbojee
OTEepaTHUBHBIM U TEXHUYECKHU MPUEMIIEMBbIM Ha
TIIyOWHE SIBISIETCS TPABUTAIIMOHHOE 30HIUPO-
BaHUE JHA, KOTOPOE 3aKII0YaeTcs B OICHKE
MPOYHOCTH TPyHTA TO KOJUYECTBY YNapoB,
rIyOMHE TOTPYKEHUS! UM COBIAJICHUIO YJap-
HBIX HMITYJIbCOB WHJEHTOpa B HAType W Ha
rpyHTax-aHajorax. AHaJUTHYECKOro OIHCca-
HUS 3TOro mMeroxa Her. Kpome Toro, m3BecT-
Hbl€ KOHTAKTHBIE METObl MO3BOJISIIOT MOJY-
9aTh TOJBKO JUCKPETHBIC XapaKTEPUCTUKU
JIHa, a COMPOTHUBIICHUE Pa3pyIIECHUIO TPYHTOB
OTIPECTISIOT MO0 00pasiaM, MOJHSATBIM C TIy-
ounsl [11]. OTCYyTCTBHE JOCTOBEPHBIX TaHHBIX
O TPOYHOCTHBIX CBOMCTBaX TITyOOKOBOIHBIX
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TPYHTOB MPUBOIUT K HECOOTBETCTBUIO Mapa-
METPOB I'PyHTOpPa3pabaTHIBAIOLINX MAIIUH pe-
QJIbHBIM YCJIOBHSIM SKCILTyaTalllu.

Lenb uccnenoBanus — pa3paboTKa METOOB
U TEXHUYECKUX CPEACTB HJs OINpeiesieHus
IIPOYHOCTHBIX XapaKTEPUCTUK JOHHBIX MAacCH-
BOB, HANpaBJICHHBIX HAa COKpAaIllEHUE CPOKOB
coznanust I'TPM u ux sddexkruBHOoEe mpume-
HEHUE MyTeM 00ecrevyeHHus: COOTBETCTBUS Ia-
paMETpOB MAIIMH PEATBbHBIM YCJIOBHUSM 3KC-
TUTyaTaIuHm.

Wnes pa®oThbl 3aKiI04aeTCsl B TOM, YTO Xa-
PaKTEPUCTUKH JOHHBIX MAaCCHUBOB ONPEACISIOT
B CCTECTBEHHOM 3aJleraHuu, a pabouue
Harpy3ki MallMH — Ha OCHOBE IOJIyYE€HHBIX
CBOWCTB, KPUTEPUAIBHBIX 3aBUCUMOCTEH CO-
NPOTHUBIICHUS] TPYHTA, MAHHBIX (OTO- U TE€O-
aKyCTMUYECKOTO 30HAupoBaHus aHa. [IpuHnu-
MUAIbHO MJIe pealu3yeTcs IIyTeM CO3JaHus
YCTPOICTB TOYEYHOTO W HEMPEPBHIBHOTO HC-
CJIEOBaHMsI TPYHTA, aIEKBATHO MIPUMEHSIEMBIX
KaK B aTMOC(EPHBIX yCIOBUSX, TaK U MO BO-
N0H, W OOECIeYMBAIOIUX JIOCTHKECHUE IS
MPAKTUYECKOTO  KCIOIb30BaHUS  JOCTOBEP-
HOCTB TIOJTy4aeMoil HH(pOpPMALIUH.

I'PABUTAIIMOHHOE 30H/IMPOBAHUE
MOPCKOI'O THA

[Ipennaratorcs HOBbIE METOABl U MOZEIU
I'PAaBUTALMOHHOTIO 30HAMPOBAHMUS, IO3BOJISAIO-
II1€ YCTaHOBUT aHAIUTUYECKUE 3aBUCUMOCTHU
MEXIY e OopMalnOHHO-TIPOYHOCTHBIMH
CBOWMCTBAaMH TPYHTA U JAWUHAMHUKOH TOPMOXKE-
HUS B HEM IMJIMHAPHYECKOTO U c(HepruecKoro
uHgaenTopoB [12]. Ilpu s3ToM oTnmagaer HeoO-
XOJUMOCTh B IIPEIBAPUTEIILHOM HCCIEA0BA-
HUU TPYHTOB-aHAJIOIOB, MOJECIUPOBAHUH CpPE-
Ibl, TUIPOCTaTUYECKOIO JaBJIECHMSI, UCIIOJIb30-
BaHMS pacueTHbIX Kodduimenton (Puc. 4).

1) IloBepXHOCTHBIN C€IOW TpyHTa, BMEIla-
folero  goObIBaeMble  KEIe30MapraHIleBbIe
KOHKpELIMH, TpEACTaBIsIeT Cco0Oi  BS3KO-
IUIACTUYHYI0  HEC)KUMAeMyl0  OJHOPOJHYIO
cpeny (peonormueckass Mojnenb bunHrama-
[lIBenoBa). JIBmkeHUEe HHACHTOpAa B TPYHTE
CUMTAETCS OTHOCHUTEIBHO MEJUIEHHBIM (110
CPaBHEHHIO CO CKOPOCTBIO PaclpOCTpaHEHUS
YIOPYIHX BOJIH) U KBa3UCTallMOHApHBI [13].
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Hunuaapudeckuil 30HA CHAOXKAIOT JaT4H-
KaMH YCKOPEHHS W HATSHKEHHUS TOJBECKH U
MPOBOJIAT HECKOJIbKO ONPOOOBaHMMA. YpaBHE-
HUE JIBIDKEHHUS 30H/Ia TOCTPOSCHO Ha OCHOBE
00X YpaBHCHHWH NTWHAMUKHU CIUIOLTHOM cpe-
nel. C y4eToM KpaeBBIX YCIOBHM U PEOJIOTH-
YEeCKOr0 YpaBHEHUS BS3KO-IUIACTUYHOIO Tela,
MOJTy4al0T COOTHOIICHHUE 30HBI Aeopmanuu K
paauycy 3oHaa. [lo nuarpamme yckopeHHs U
YPaBHEHHUIO TPENEIHHOTO COCTOSIHHSI TPYHTa
MpU MOIbEME 30HJA, HAXOMAAT €ro CIEIUICHHE
To U BSI3KOCTb LL.

2) Ilpu meHeTpauuu rpyHTa chepudecKuM
MHJCHTOPOM XapaKTEPUCTUKH CpEeAbl TMOIY-
4aroT 110 pe3yJbTaTaM 00H020 yoapa. OTiandne
ATOM MOJENH OT U3BECTHOro pemeHus: Ctokca
0 MOTPY>KEHUHU CTATBHOTO IIapa ¢ MOCTOSHHOMN
CKOPOCTBIO B HJCAbHYIO BS3KYIO >KHIKOCTh
3aKJIFOYAeTCsi B TOM, YTO pPacCMaTPUBAETCS
rpyHTOBasg cpena, oOjamaromias He TOJIBKO
BSI3KOCTHIO, HO M CIIETUICHHUEM, & CKOPOCTh HUH-
JIEHTOpa MepeMeHHasl.

Cuna compoTHUBIIEHUS IBM)KCHHUIO 30H/A B
IpyHTE BKJIIOYAET cocTapisiouyo F, (mpo-
MOPLUUOHABHYIO BSI3KOCTH TPYHTa, CKOPOCTH
WHJIEHTOPA) U COCTaBJISIONyI0 F (Mpomopiu-
OHANIPHYIO HAMPSDKEHUIO CABHUTa, HE 3aBUCS-
1Iyto oT ckopoctu). HTerpanbHble 3HaUYEHUS
Ll ¥ To OIPEIENSIIOT B CJIO€ TPYHTA, HE TIPEBHI-
maromieM auamerp mapa. CKopocTh IBHKEHUS
30HJa HAXOJAT TYTEM HHTETPHPOBAHUS HC-
XOJTHOTO Tpaduka yCKOpeHHsI B OOp. Harpas-
JICHUM, HAYWHAsI C MOMEHTa OCTAaHOBKH 30H]Ia
T, rae W3BECTHBI TPAHUYHBIE YCIOBHUSA, 1O MO-
MEHTa €r0 BXOXACHUS B TPYHT fo. Mcronb3ys
ypaBHEHHE IBMKEHHsI C(HepHUuecKoro 30HAA,
0 MUHUMYMY KBaJpPaTUYHOTO (pyHKIHOHAIIA
HaXOJAT BI3KOCTh U CIETIJICHUE TPYHTA.

B Gonee obmem ciydae (Ha OOJbINCH TITy-
OWHE) XapaKTePUCTUKU TPyHTa MOIydYaloT W3
ycioBHs min (x, 27), Tie TPUHAMACTCS MUHH-
MaJbHOE 3HAYCHUE M3 JIBYX BEIUYUH (TITyOU-
HBI IPOHUKAHUS X WM TuaMeTpa chepsl 2r).

COITPOTHUBJIEHUE PE3AHHNIO
JOHHBIX I'PYHTOB

Teopust paboyero mporecca 6azupyercst Ha
U3BECTHBIX 3aKOHAX JWHAMUKHU CIUIOUIHON
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Cpelbl, METOAaX MOAO0US U MaTeMaTHYECKOM
cratuctuku. Criennduka pa3pabOTKH JOHHBIX
OCaJKOB 3aKIIOYaeTCsl B HAJIMYUUd BOJHOMN
Cpelbl, THIPOCTaTUYECKOM IaBJICHUU, TMOBBI-
[IICHHOM COTPOTHBIICHUH TPYHTa BSA3KOMY
TPEHHIO Ha paboyeM HUHCTPyMEHTE U Mexa-
HU3M MAIIUHBI, MAJIBIX 3HAYCHUSAX CICTICHUS
M Hecymiel cnocoOHocTu TpyHTa [14, 15]. B
KAaueCTBE MCXO/JHBIX JIaHHBIX HCIOIB3YIOTCS
nedpopMauOHHO-TIPOYHOCTHbBIE CBOICTBa
MOJIBOJTHOTO TPYHTA, TIOTYYEHHBIC B YCIOBHSIX
€CTECTBEHHOI'0 3aJleTaHusl U NapaMeTpoB pa-
6odero nporecca mamuH (Puc. 5).

1) PaccmarpuBaeTcsi oCTymarelIbHOE JIBH-
KEHHE MIMPOKOTO IIJIOCKOTO HOXa MPsIMO-
YroibHON (OPMBI; MPOLECC pe3aHus CTaluo-
HApHBIH, CKOPOCTh TEPEMEIICHUS HOXKa TI0-
CTOSIHHA; TMPOJOJBHBIA pa3mep 30HbI Jedop-
Maliu TPyHTa BJAOJb HOXa HE W3MEHSETCS;
pelaercs Iiockas 3ajayqa.

Mopnens  CONMPOTUBICHHUS  TOJBOJHOTO
rpyHTa OCHOBaHa Ha HMCMOJb30BaHUHU ypaBHE-
HUS JUHAMHKA HEC)KUMAEMOW IKUIKOCTH,
YCIIOBUU HEPa3phIBHOCTU M PEOJOTHUYECKOIO
YpaBHEHHSI BS3KO-TIACTHUHOU cpenbl. C yye-
TOM KpPaeBbIX YCIOBUI U TEOPEMBI O COXpaHe-
HUU TOTOKA MAacc TPyHTAa, ABMXKYIICHCS BIOTb
HO’Ka, MOJIy4eHbl KPUTEPUHU Mo100Us mpoliec-
ca pe3aHus, CBS3BIBAIOIINE CBOMCTBA T'pPyHTa
(BSI3KOCTD [, CLEIJICHHE To), (Pa30BOE COCTOSA-
HUE. TpyHTa mepel J00OBOW TIpaHbO HOXa,
€ro reoOMeTPUYECKHe MapaMeTpbl, CKOPOCTh U
rIyouny pe3anus [16].

2) YCcTaHOBIIEHO, YTO CHJIa CONPOTUBIICHUS
rpyHTa F SBIAETCS CYMMOU TpEX CllaraeMbiX,
rJie TIEpPBOE OMPEENSICTCS TPEHUEM TPYHTA 10
HOXY; BTOPO€ — JaBJICHHEM, TPEThe — CHIION
TSOKECTH TpyHTa u Bonbl. CONpOTHUBIICHHE
MOJIBOJJHOTO TPyHTa HE 3aBUCUT OT THAPOCTa-
TUYECKOTO JIaBIICHUS, a OMPEIENIIEeTCsS TOJIBKO
napaMeTpamMu Ipolecca pe3aHusi U CBOWCTBa-
MU TPYHTa, KOTOPBIA HAXOIUTCS HEMOCpEeI-
CTBEHHO Ha MECTe JKCIUTyaTallih 3eMJIepPOii-
HOW MaIllNHBI.

OBOPYJIOBAHUE JUIA OITPEIEJIEHWA
PABOYNX HAI'PY30K MAIINH

CIIO’)XHOCTH WCTIBITAaHWS TPYHTOB HA Mak-
CHUMaJIbHBIX TNyOMHax, OOJbIIME MaTepuab-
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HbIE ¥ BpPEMEHHBIC 3aTpaThl OOYCIOBWJIH CO-
3laHUE HOBBIX METOJOB M TEXHHUYECKHX
CPEICTB, KOMILJIEKCHOE WX HCIIOJIb30BaHUE U
aJanTanuio K CYHIECTBYIOIIUM TEXHOJIOTHIM
rIyOOKOBOAHBIX uccienoBanmii [17, 18]. dns
onpezaeneHus: 1ehopMaluOHHO-TPOYHOCTHBIX
XapaKTePUCTHK U COMPOTUBIICHUS TOIBOIHBIX
TPYHTOB aBTOPOM CO3JaH psAJ yCTPOUCTB,
YCTaHOBOK W TPHUOOPOB JUISI TPUMEHEHUS Ha
rryoune 10 6500 M, a Takke B CYJIOBBIX U Oe-
peroBbix Jaboparopusx (Puc. 6). Oto:

- 21yb0K0800HbIe NPOOOOMOOPHUKU MPYO-
uamoeo u epetighepro2o TATIOB IS B3SITUSI 00-
pasnoB noHHOTO TpyHTa (PuC. 7);

- paznu4HbIe MOTUMDUKALNH 2PABUMAYUOH-
HbIX 30H006 (TUIMHAPUYIECKON U chepruiuecKon
(GOpMBI, TEH30METPHYECKHE U CHA0KCHHBIE
MbE30aKceJIepoMeTpaMu, C aHaJIoTOBOM U
U(pPOBON perucTpanueil CUrHaloB) A H3-
MEpPEHHUs CLCTNIEHUS, BSI3KOCTH, HECYIIeH Cro-
COOHOCTH, JUCCHITAIINY TPYHTA HA MECTE 3alie-
ranus (cm. Puc. 4, 7);

- npubopvl pecucmpayuu u 06paboOmKu um-
nY1bCO8 30H008,

- cyoosvie 2ceomexHuyeckue MOOyau ISl
OTpesieNIeHUs] CONMPOTHUBJICHUS PE3aHUI0, Bpa-
[IaTeTLHOTO CpPe3a, JIMMKOCTH, W3YYCHHS JIH-
TOJIOTMM M JIPYTHUX XapaKTepUCTUK TOHHBIX
rpyHToB (cM. Puc. 5);

- KOMNEeHCAyuoHHas noogecka mooesel pa-
OouYux opeanos, UCKIIOYAIONIAs MOTPEIIHOCTH
W3MEPEHHI MIPU KayKe Cy/IHa;

- A8MOMAMU3UPOBAHHBIL KOMNIEKC TSl UC-
cleJoBaHMsl paboyuX TPOIIECCOB 3EMIIEPOM-
HBIX, CTPOUTENBHBIX U JOPOKHBIX MAIIUH (CM.
Puc. 5);

- aB8MOHOMHbIE U CMAYUOHAPHbIE YCMPOIT-
cmea u npubopsl 1ia cOopa, XpaHEHUs, Tiepe-
Ta4r ¥ O00pabOTKH TEXHOJIOTMYECKUX Iapa-
METpPOB TIOJIBOAHBIX MAIITUH;

- 21yb0K0B0OHbIE MEH30MempuiecKue 30H-
0wt (cM. Puc. 4, 7);

- asmoHomMHOoe ycmpoticmeo ¢ THGPOBOU
pEerUcTpanyeil CUTHAIOB JJIsi KOMITJICKTAIUH)
MOJIBOJHBIX HOCHUTEJEH, KOHTAKTHPYIOMIUX C
JTHOM;

- uUcKumempwl, TpeTHA3HAUCHHbIE ISl UC-
MOJIb30BAHUS B  CHCTEMaX aBTOHOMHOTO
ympasieHuss [ TPM (Puc. 6 — 8) u ap.
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KpbinbyaTka BpaLiaTensHoro
cpesa

TelNbHbIMU Yy3namMmu (LLITaMI'I, Ka-
TOK, HOX, oTBan

0 ST | L
BopToBoit aBTOMATUIMPOBAHHIN reo- NPOLECCOB MaLLMH
TEXHUYECKUIA MOay b

Mpope3b UIUCTOro rpyHTa

Puc.5. ConporuBneHne pe3aHuio TOHHBIX TPYHTOB
Fig. 5. Cutting resistance of bottom soils

A ¥

e o L

CTteHnp ans uccrnegosa- YepnakoBbI AHO-

Bapokamepa Anst pe3aHust rpyHTa HUS1 TUKCOTPOMWM OOHHbIX  YepnaTenb C (tZOTO-
(Ao 3 MMa) ocapgKkoB yCTaHOBKOM

|_|pI/160p perncTpaummn ygapHblX AMNynbcoB FopwaoHTaanaﬂ BMGDOYCTaHOBKa

. F

3 " yCTpOIZCTBO obHa- § ‘ ) KOHTponnep ons
y sMepuTerns PyXeHus 30HAa- YnapHblii cTeHn c6opa nHhopmaLmmn
CeneKkTMBHbBIN HOX B XNOKOTEKYyHEM neHeTpaLum I'Ip0600T60pHVIKa non Bop‘ofl'l
rpynTe W NINNKOCTM
Puc.6. O6opynoBanue 11 OLEHKH paboynX Harpy30K MarluH
Fig. 6. Equipment for evaluating machine workloads
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Crenp Uil U3MEpeHNs TapaMeTPOB B3aUMO-
JIeWCTBHS MAIlIMH C JOHHBIM I'PYHTOM (in situ)

CaMOBCITBIBAIOIIMN 30HT JUIS I'paBUTALMOHHBIH TpyO6uatsiii mpo60oTOOp-
THIPOPA3MbIBA JOHHBIX OTJIOKEHUI raiin HUK (D146 MM X 6 M)

.

Y
s e
Kopo64aTslii mpoGooTOOpHUK R |
(300x300%1200 mm) ple>

I'nmy6okoBoaHast poToycTaHOBKA

C JIMAUPYIOLINM I'PYy30M- Bykcupyemslii mogBogHbIH (hoToKOMILIEKC «MHp»
pa3BeTIUKOM

Puc.7. UcnbITanus TOHHBIX TPYHTOB in situ
Fig. 7. In situ testing of bottom soils

el g 2
7 ) - CamoxofHbil arperaT cbopa ==
nyGOKOBOAHBIN BsaumopeicTame AHmLLA C POTOPHO-BMHTOBBLIM ABMXMTE- Annaparypa ynpasneHus

[06bIYHON KOMMMEKC arperara ¢ unucTsIM HOM T1em 1 NoTKOBbIM NoAGOPLLMKOM (610K IPOMEIKY TOUHbIIA)

- "

POTOpHO-KOBLLIOBbIIZ arperart ¢ Vickur
CKUMETPUS KEPHOB rpyHTa
CENEeKTUBHLIM Pabo4riM opraHoM y C KOHKpeunsamn

Ayenka WHeka ¢ BUnMb-
yaTblM NOAGOPLLNKOM

Puc.8. BanmopeiicTBre MEXaHU3MOB MAIlTH C WINCTBIM TPYHTOM
Fig. 8. Interaction of machine mechanisms with silty soil
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C momompio 3TOro 000pYJIOBaHUS MOTYT
OBITH TIPOBEICHBI WCIBITAaHHUSA: B CTaI[MOHAp-
HBIX OEperoBbIX JJAOOPATOPUSIX C MCIIOJIB30Ba-
HHEM MOHOJIUTOB YCJIOBHO HEHAPYIIEHHOTO
JOHHOTO TPYHTa; B CYJIOBBIX JaOOpaTOPHSX IO
oOpasmnam TpyHTa, MOJHATHIM C TJIyOMHBI, Ha
HAaTYpPHBIX TOJBOJHBIX TPYHTax BO BpeMs
HAaYYHO-IIPOU3BOICTBECHHBIX PEHCOB.

B3AMMOJIEMICTBUE MEXAHW3MOB
MAIINH C WJIMCTBIM I'PYHTOM

YcTaHOBIIEHBI 3aKOHOMEPHOCTU CONPOMuUS-
JIeHUsI nepemewjeHur0 OHUWa OYKCUPYemozo
azpecama TO WYy B 3aBHCHUMOCTH OT €ro
MIPOYHOCTH, BEJIMYMHBI JABJIEHUS CO CTOPOHBI
MallMHBl U XapakTepa HArPyKEHHsS OMOPHOU
4acTH, KOTOpPbIe MOTYT BO3HHMKaTh B IpoIiecce
no0br4u (cM. Puc. 8).

1) Oneneno sruanue subpayuu MawiuHsbl Ha
TUKCOTPOIHBIC TPYHTHI C BKIIIOUEHUSMU KOH-
kpeunit (cMm. Puc. 6). Ilapamempor euopopas-
Mbl6a OTIIOKCHHUI UCCIICIOBAHBI B aKBAaTOPUH
Pwxckoro 3anuBa (cMm. Puc. 7), nansl cpaBHU-
TeJNbHbIE OLICHKH 3((EKTUBHOCTH HMX paspa-
OOTKM THUIPABIMYECKUM U MEXaHUYECKUM
crocobamu. [TomydeHHbIE NaHHBIE TTO3BOJIAIN
MOJTHEE y4ecTh CHeupUKy pa3paboTKH OoKea-
HUYECKOTO JTHA U TIOBBICUTH HAIEKHOCTh JKC-
TUTyaTauy T0O0BIYHON YCTaHOBKH.

2) B MOpcKHX MOJUTOHHBIX HCCIEAOBaHU-
sX, npoBeaeHHbIXx coBMecTHO ¢ CKb TMI'P
(Mypmanck) u HUIMNokeanmam (uenp), ot-
pabotanbl (YHKIMOHAIBHBIE BO3MOXXHOCTH
camoxoonoeo azpecama coopa XXMK c notko-
BBIM pa0OYUM OpPTaHOM M POTOPHO-BUHTOBBIM
nsrokuteneM [19, 20]. ITpu 3ToM KOHTpOIUPO-
BaJlll CHJIOBBIC XapaKTEPUCTUKU Ha padouem
OpraHe U JBUKHUTEISAX, yCHUINe OyKCUPOBaHUS,
napaMeTpsl dpIUPTHON CHCTEMBI TOIbEMA U
ap. (cm. Puc. 8).

[TommydeHHbIE [aHHBIE WCIIOJNB30BAd B
HWU cTtponTenbHO-IOpOKHON U UHKEHEPHOU
texauku (Kues) mpu pazpabotke spaugpmmo-
3eMIepoUH020 KOMNIeKca sl TOObIYM campo-
MeNel M TIaBy4del YCTaHOBKU C OVKCUPYEeMbIM
UNOCOOPUWUKOM CKPETIEPHOTO THUIA AJIS OYHUCT-
KH BOJIOEMOB OT PaJIMOAKTUBHBIX 3arpsi3HEHUIN

[21, 22].

MAaBOAHI TEXHOMNOTrIi e Bun.11 (2021), 31-45
npoMucnoBa Ta LUUBINbHA iHXeHepifA

NCIIBITAHUA JOHHBIX TPYHTOB
IN SITU

DKcriepuMEHTANIbHBIE HUCCIIEOBAHUS TIPO-
BEJICHBI HA JIOHHBIX TPYHTaX B CTAIlMOHAPHBIX
nabopaTtopusix, B yCIOBUSX MOPCKUX HCIIbITa-
TenbHbIX nonuronoB (Jluemnas, Kepus, ['enen-
mxuk, HoBopoccutiick) u ¢ 6oproB HUC «SIH-
tapby, «['enenmkuk», «XVII cwe3n mpodcoro-
30B» BO BpPEMsI ONBITHO-IPOU3BOICTBEHHBIX
percoB. [ KOHTPOJIS pEerucTpUpyroLEen arm-
napaTypbl UCIIOIB30BATIU YOAPHbIUL CMEHO KO-
nposozo muna (cM. Puc. 6). Merpoiornueckue
UCIBITaHUS MPOBEIEHBI C TOMOUIBIO npUdbOPos
¢upmor bprons u Kvep ([anus). ColicTBa
IpyHTa KOHTPOJIMPOBAIU POMAYUOHHLIM BUC-
kozumempom Rheotest-2, UIUAMHAPUYECKON
KpBUIbYATKOM, IITaMIaMUd M JPYTHMMU CTaH-
napTHeiMu Metojgamu (cM. Puc. 5, 6). [Iuna-
MUYECKYI0 IMPOYHOCTh OLEHUBAIM [0 KOH-
TaKTHOMY HaIPsDKCHUIO TOJA  C(hepruecKuM
IITAMIIOM W BEJIUMYMHE JUCCUMNAIMK TPYHTa
(KONMMYEeCTBY SHEPruM, 3aTpaueHHOW Ha €ro
nedopmaruio).

Mopckue wucnbITaHus, TPOBEACHHBbIE Ha
JTOHHBIX TpyHTax YepHoro, bantuiickoro mo-
peu u Tuxoro okeana, roka3ajiu, 4TO UX CBOW-
CTBa, OINpe/eNieHHbIe C MOMOUIbIO IPaBUTALIU-
OHHBIX 30HJIOB, COTJIACYIOTCA C AHAJIOTHMYHbI-
MU [0Ka3aTeasiMU, MOJyYEeHHBIMU CTaHIapT-
HBIMHM Me€ToJlaMu, B npeaenax 15 % no Bs3ko-
cti ¥ 12 % 1o CHenjaeHuro Npu JOBEPUTEIb-
Holt BepositHocTH 0,95 [12]. [Iporuo3usie co-
MPOTHUBIICHUSI PE3aHUIO 3EMJIEPOMHON Malllu-
HOM BOJIOHACBHIIIEHHBIX TPYHTOB (BKIIOYas
TEXHOTEHHBIU WJI, CEPYI0 YEPHOMOPCKYIO IJIH-
HYy, OKEaHMYECKHE OCaJKH, a TaKXKe MOJEINH,
COCTaBJICHHBIE Ha OCHOBE TTYOOKOBOJIHBIX
KEpHOB) COTJIACYIOTCS C pPacYeTHBIMH 3Haue-
HusMu B nipenenax 20 %.

METO/IbI HEITPEPEIBHOM OLIEHKH
MOPCKOI'O THA

[Ipemyioxensl METOBI, YCTPOHCTBA U 000-
pyZOBaHHUE IIO3BOIAIOT B HEINPEPBIBHOM pe-
KUME TMPOBOJUTH MOUCK U Pa3BEIKy MECTO-
pO)KI[eHI/Iﬁ IOJIC3HBIX UCKOITA€MbIX, OIICHUBAThb
MIPOYHOCTHBIE XAPAKTEPUCTUKH U COIMNPOTUB-
JeHue pa3pabOTKe TMOBEPXHOCTHOTO  CIIOs
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TPYyHTa B YCIOBHSIX €CTECTBEHHOTO 3aJIeTaHus,
a TaKXke Mojy4yaTh NpOodUIN 3TUX XapaKTepu-
CTHK I10 3alanHoMy Mapuipyty (Puc. 9).

IInanupyrowas ycmanogxka, npegHa3HadeHa
UL Mapuipymuo2o onpobo8anus OOHHbIX
2PYHmMO8 C 3aJJaHHOW THUCKPETHOCTHIO 1O Bpe-
MEHU U PaACCTOSIHUIO. Bykcupyemviii OOHHbIU
paszéeoqux TMO3BOJIAET MOITy4YaTh MPOYHOCTHBIE
CBOMCTBA JOHHOTO I'PYHTA MO XOIY IBUKCHUS
CyJIHA U HKCIUTyaTal[MOHHbIE XapaKTEPUCTUKHU
MIPEATNOIAaracMbIX TPAcC 3€MJICPOMHON Mallld-
HBI.

[IpennoxxeHbl ~ METOABI  UHMESPATbHOU
OYeHKU muna ocadkog MO dXOorpaMmaM aKy-
ctudeckoro 3oHaupoBanus (Puc. 10) u cnex-
MPO30OHANLHOMY  (homocpaduposanuro  Mop-
ckozo Ona (cMm. Puc. 9), cooTBercTByMOIICE
o0opyoBaHue JUIsl Paclio3HaBaHUs MOJIE3HBIX
MCKOMAEMBIX, 3QJICTAIONINX Ha JHE, U WHTEp-
MPETalNU UX BEIIECTBEHHOI'O COCTABA.

B xauecTBe IOABOIHBIX HOCHUTCIICH amra-
paTypbl HCIOJIb30BaHbI TIyOOKOBOIHBIE OVK-
cupyemvle homo- u meneycmanHosKu, 2eoaxy-
cmuyeckue KOMNIEKCul ISl HCCIeOBaHUs
MOPCKOTO JTHA, TPyOUaThie MIJIUHIPUIECKUE U
YEPITAKOBBIE NPOOOOMOOPHUKYU W JIPYTHE TIO-
rpy’kaemele ycTpoiicta (cM. Puc. 6, 7, 9).

OTU METOIbl M TEXHUYECKHE CPENICTBA pac-
cuuTaHbl Ha pabory c¢ Oopra HayyHO-
HCCIIEIOBATENLCKOTO CYy/IHA, ABMXKYIIETOCS CO
ckopocTtbio 0,5...1,5 m/c [23]. OHU TTO3BOJISIFOT
MOBBICUTh TMPOU3BOAUTEIHLHOCTh M CHU3UTH
TPYJIOEMKOCTh HCCIIEZIOBAHUS MOPCKOTO JIHA
Ha MaKCHUMaJIbHBIX TIyOMHaX, 00ecreyrBaioT
Oonee A(DPeKTUBHYIO SKCIUTyaTaIlMI0 MAaIluH
MOJ1 BOJIOM TpU JAWCTAHIIMOHHOM YIIPABICHUU.
HoBu3zHa pa3zpaboTaHHBIX METOJOB U TEXHUYE-
CKUX CPEJICTB MOATBEpKIeHa 15 aBTOpCKUMU
CBUJETENHCTBAMHU M MATEHTaMHU Ha H300peTe-
HUSL

BECKOHTAKTHOE UCCJIEAOBAHUNE
JOHHBIX MACCHUBOB U UIEHTUDU-
KAILIMA PABOUMX ITPOLIECCOB

Pesynbrarel TEOpPETHYECKMX M 3KCIEpH-
MEHTAJBHBIX HMCCIICJOBAHUN TIO3BOJISIFOT TPH-
naTh pa3pabOTaHHBIM METOJaM KOHKPETHBIN
BUI U cHOPMYJIHUPOBATH OCHOBHBIE TpeOOBa-
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HUS K OIICHKE MapaMeTpOB B3aUMOJICHCTBUS
I'TPM co cpenoii [24, 25].

DKCIUTyaTalluOHHBINA JTOHHBIA ()OH BKIFOUA-
eT:  OIpeleNieHHe  (PU3UKO-MEXAHUYECKUX
CB0LICME NOOBOOHO20 ePYHMA, CONPOMUBIEHUU
paspywieHuro pabOYMMU OpTaHaMH, Hecyujell
cnocobnocmu, xapakmepa penvegha MOpCKO20o
Ona. OgHaKo, 3ajada CBOJIUTCS HE TOJIBKO K
HAXO0XJICHUIO 3TUX TapaMEeTPOB Ha CTAHIIMSX
npobootoopa (12x12; 6x6; 3x3 kM), HO U K
YCTaHOBIICHUIO TPAHMIl  PACIPOCTPAHCHHS
OTIPECTICHHBIX THUIIOB OCAJKOB, BBISBICHHUIO
HETPOXOJIMMBIX YYaCTKOB JHA — T.€. onpede-
JIeHUI0 001ACU B03MOINCHO20 (DYHKYUOHUPO-
8aHUSL NOOBOOHBIX 3eMAEPOUHBIX CUCTEM.

DTOM 1eNH CIy’KaT KOMILICKCHBIE HCCIIEI0-
BaHUS C MPHUBJICYCHUEM MEMO008 2e0aK)yCmu-
4ecKko20 30HOUPOBaHUs, pomo- u meienpodu-
auposanusi Mopckoro aaa (cm. Puc. 10). T'na-
POJIOKATOP MO3BOJISIET MOTYYaTh U300paKCHHE
MECTHOCTH B TUTaHE (TUIA a’po(OTOCHUMKA),
a npoduiorpad ukcupyer xapakrep 3ajera-
HUS CJIOEB OCAJKOB, MOP(HOJIOTHIO THA, OYep-
TaHUE OCAJOYHBIX CTPYKTYp. Y CTAaHOBIIEHHBIC
KOPPEISIIUOHHBIC CBSI3M MEXIY CIEIUICHUEM,
YACTBHBIM COMPOTUBICHUEM U aMIUIHTYIAMH
OTPaKAIOIINX CHUTHAJIOB HAa 3XOrpaMMax I103-
BOJISIIOT pa3paboTaTh Memoowvl uHmezpaibHouU
OYEeHKU MUNa 0caokos.

Domonpoghunuposanue, TPOBOIUMOE TIIy-
OOKOBOJIHBIMU (POTOYCTAaHOBKAMH, TTO3BOJISIOT
JeTaTM3UPOBATh TOHHYIO 0OCTaHOBKY C OTIpe-
JIECTICHHBIM 11aroM (10 15 M) 1 OIIeHUTh KOJIH-
9YEeCTBO M COCTaB TBEPABIX MOJIE3HBIX HCKOIA-
€MBIX, 3QJICTAIONINX Ha IMMOBEPXHOCTH JHA (CM.
Puc. 6, 7, 9). Meton cnekmpo3zonanvho2o go-
moepaguposanusi noo0 6000l NaeT BO3MOXK-
HOCTh OMPEACISATh COCTaB U MPOAYKTHBHOCTH
MECTOPOKJCHUI TOJIE3HBIX MCKOMAEeMbIX Ha
xony cyaHa (6e3 mogbpeMa 00pasIoR).

Bce »TH xapaKTepUCTHKH, IOTIOJTHCHHBIE
JaHHBIMHA O 30HaX HEMPOXOJWMOCTH MAIIUHBI
1 O6aTUMETpUH TIOBEPXHOCTH, JAIOT MaTepHal
IV COCTaBJICHUSI OOCTOSITEIIBHBIX Kapm 3KC-
nayamayuonHo2o 0onwHoz2o @oua (Puc. 11).
Hanumyme mocraToyHOro 4Ymcia WH)XXEHEPHO-
Te0JOTMYECKHX pPAa3pe30B Ha TaKUX KapTax
obecrieuuT aghghekmusroe hynKkyuonuposanue
Ha OHe MNO00BOOHBIX 2PYHMOPA3PAOAMBIEAIO-
WUX cucmenm.
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BbIBO/IbI

HccnenoBanus, mpoBOJAMMEIE KaK B HATyp-
HBIX, TaK JIJAOOPATOPHBIX U MOJUTOHHBIX YCIIO-
BUSIX, TO3BOJISIIOT YCOBEPLICHCTBOBATH U CO-
3/1aBaTh HOBbIE METOJbl WACHTHU(UKAIMH Da-
004MX TPOLECCOB TITyOOKOBOJHBIX MAIIHH,
0asupyrolmecs: Ha B3aMMOCBS3SIX MEXIY CO-
MPOTUBIICHUEM pa3pyIIEHUI0 TPYHTOB M HX
ne(pOopMalMOHHO-TIPOYHBIMH ~ CBOICTBaMH, a
TaKXe IapaMeTpaMu JAMHAMHYECKOTo Harpy-
KEHHs, T'€0aKyCTHUYECKOr0o 30HAUPOBAHMS U
¢doronpodumpoBaHus MOJBOIHBIX Tpacc [26,
27].

[IpakTuyeckoe 3Ha4YeHHE DPAOOTHI 3AKIIO-
YaroTCcs B!

1) pa3paboTke METOAMK ONpEeIeTCHHS
CBOMCTB JOHHBIX TPYHTOB (in situ) u pabounx
Harpy30K MOJIBOJHBIX 3eMJICPONHBIX MAIIIVH;

2) CO3IlaHUM YCTPOWCTB, CTEHIOB, YCTaHO-
BOK, PUOOPOB JJIs1 TOYEYHOTO U HETIPEPBIBHO-
ro Mo XOoay IBM)KEHMsI CyJHA OMpOOOBaHUs
rpyHTOB Ha riyoune 10 6500 M u B OOpTOBBIX
YCIIOBUSX;

3) mpeasioKEHHBIX HOBBIX METOAAaxX U TeX-
HUKHU U HHKEHEPHO-T€0JIOTHYECKOTO UCCIIe-
JIOBaHMSI MOPCKOTO JTHA in Situ;

4) pacKpBITHH ME€XaHHW3Ma B3aUMOJICHCTBHS
pabouux OpraHoB 3EMJICPOMHBIX MAaLIMH C

42

MOJIBOJHBIMU BSI3KOTUTACTUYHBIMU TPYyHTAMHU-
Ha OCHOBE BBISBJICHHBIX 3aKOHOMEpPHOCTEH
B3aUMOJCUCTBUS UX Pa3pyLICHUIO OT CBOMCTB
TeKyd4el cpesbl, THIPOCTATHUECKOTO JaBJICHUS
U MapaMeTpoB pabodero mnpoiecca, yIUThIBa-
romue GazoBoe COCTOsSHUE, (DHITBTPAITMOHHYO
CIIOCOOHOCTh TPYHTA, CTETIEHb M30JMPOBAHHO-
CTH cpefbl (ApeHUpOBaHUs BOABI U3 30HBI Jie-
¢dopmanuu), ypaBHOBEIICHHOCTb CHCTEMBI
«pabounii OpraH — KUJIKOCTh — TPYHT» (BEIHU-
YUHY KOHCOJMUAAINY TPYHTA);

[TonydyeHHble pe3yabTaThl HMCCIEAOBAHUM,
onpoOOBaHHOE B JIA0OPATOPHBIX U MPOU3BOJ-
CTBEHHBIX YCJIOBUSX OOOpYyAOBaHHE MO3BOJISA-
I0T COCTaBJIAITh TEXHUYECKOE 3a/laHNE€ Ha pa3-
BEJKY OKEaHWYECKHUX MECTOPOXACHUU TBEp-
JBIX TIOJIE3HBIX MCKOIAEMBIX, KapThl IKCILIya-
TallMOHHOTO JIOHHOTO (OHA, MPOEKTUPOBATH
ri1yOOKOBOIHbIE  TIpyHTOpa3palbaThIBAIOIINE
cucTteMsl [28, 29].

Takum obpazom, npoBenenHsie B KHYBA
COBMECTHO C OpTaHU3alMsIMHU-TIapTHEPAMU HC-
CIIEJOBaHMSI MMEIOT Ba)XHOE HAPOJHOXO35M-
CTBEHHOE 3Hau€HUE Il MapUTETHOTO JOCTYyIIa
rocyapcrBa K MHUHEPaJIbHO-CBIPEBBIM U
SHEPreTHYECKUM pecypcaMm MHpOBOro okeaHa,
BBIXO/Ia HA MEXAYHapOJHBIE PBIHKU C COBpE-
MEHHON HAyKOEMKOH MPOIYKIMEH U TEXHOJIO-
THEH.
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Operating conditions and assessment
of the bottom background of deep-sea vehicles

Mykhailo Sukach

Abstract. The creation of competitive deep-sea
soil-mining machines and complexes allows the
transition to the development of deep-water depos-
its of polymetallic nodules and metalliferous silts,
the extraction of sand and sapropel from the bot-
tom of the sea, thus providing parity access to the
mineral and energy resources of the World Ocean.
The purpose of the work is to create methods and
technical means for determining the strength char-
acteristics of bottom soils in the surface layer,
aimed at reducing the time of creation and effec-
tive use of machines by ensuring that their parame-
ters correspond to real operating conditions.
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Usually, the properties of deep-sea soil in its
natural bedding (in situ) are determined from the
data of photo- and geoacoustic sounding or from
cores raised from the seabed to the surface, and the
working loads of machines, the resistance of the
soil to destruction and other mechanical character-
istics are estimated on the basis of the data ob-
tained by geological methods. New methods and
devices for point and continuous sampling of the
bottom, adequately applied both on the surface and
under water, provide sufficient reliability of the
information obtained for practical use. The objec-
tives of the study are to substantiate the theory of
gravity sensing of underwater soils and their cut-
ting, to determine the deformation and strength
properties of the surface layer of the seabed, re-
sistance to mechanical destruction and the charac-
teristics of the interaction of machine mechanisms
with silty soil.

The novelty of the research is to establish the
features of the interaction of the working bodies
and the undercarriage of earth-moving machines
with underwater viscoplastic soils, depending on
the parameters of the working process, strength
properties of the soil, characteristics of dynamic
loading and geophotoprofiling of underwater
routes. The practical value lies in the substantiation
of the operational loads of deep-water earth-
moving machines; an assessment of the character-
istics of bottom soils in natural bedding, as well as
a comprehensive study of bottom massifs, which
make it possible to reduce the number of sampling
stations, the total labor intensity of voyage opera-
tions, to establish an operational bottom back-
ground and optimal routes of mining systems.

Keywords: gravity sounding of the soil, cutting
resistance, geostatic pressure, excavating machine,
working loads, bottom background.
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PeweHune npobnem nogBoAHON MeXaHU3UPOBaAHHOMN
M aBTOMaTU4eCKOU AiyroBOM CBapKuU pa3fiMyHbIX
MeTanoKOHCTPYKLUA MOKPbIM CTIOCOOOM

Bnadumup Jlebedes

IHcTUTYT anekTpocBapku um. E.O. MNMaTtoHa
yn. Kasumupa Manesunya 11, Kues, 03680
valpaton@ukr.net, orcid.org/0000-0003-0391-6113
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AHHoOTanus. PaccMOTpeH KOMIUIEKC 3anad,
CBSI3aHHBIX C I10JIyaBTOMaTHYECKOH M aBTOMaTH-
4eCKOW TOJBOTHOM MOKpOM CBapKoOH, Kacarolux-
csl Kak 00Opy/JOBaHHUs, TaK M CIIOCOOOB peaimsa-
uuu ayrosoro mpouecca. IlpoBenen anamus cy-
LIECTBYIOLIMX pPa3paboTOK B paccMaTpHUBaeMOn
00J1acTH CBapKM C BBISIBICHHEM HanOoliee pamuo-
HaJIBHBIX KOHCTPYKUIMH TIOJIyaBTOMAToOB IS
CBAPKHU IOPOIIKOBOM 3JIEKTPOAHON MPOBOJIOKOM.
[TonyaBTOMAT C MOTPY>KHBIM OJIOKOM — camasi pa-
[IMOHAJIbHAsT KOHCTPYKIIHS, TP 3TOM pa3MeuIEH-
HBIH B OJIOKE MEXaHU3M I0J]a4l UMeeT COOCTBEH-
HBI JTOTIOJHHUTENBHBIN KOPITyC, 3allOJHEHHBIN
M30JINPYIOIIEE-CMa3bIBAIONIEH KUIKOCTBIO, B KO-
TOPYIO NOTPYXEH MPUBOJHOMN 3JIEKTPOJABUTATEIND.
OTMe4eHO, YTO OCOOCHHOCTh CBAPKU-HAIUIABKU B
BOJIHOW cpene SIBISICTCA HEYIOBIECTBOPUTEIBHOE
(dbopMHpOBaHNE COCITUHEHUS Ha BEPTHKAIBHOU
iockocTy. [IpencraBiensl Hanbonee 3GQPeKTHB-
HBIE CIIOCOOBI COBEPILIEHCTBOBAHMUS IOJIyaBTOMa-
TOB M aBTOMATOB, CBSI3aHHBIE C MOJIYJIHUPOBaHHbI-
MU TIpoIleccaMU M MPOLECCaMU C PEryIHpyeMoi
HMMITyJIbCHOW TNOJayeil 3JEKTPOIHON MPOBOJIOKHU.
ITokazano, uro B mocienHee Bpemsi Haubosee 3¢-
(DEKTHBHBIM BBHIOOPOM 3JIEKTPOABHUTATENS SIBIISICT-
Csl €ro BEHTWIbHAs KOHCTPYKLUS, IPU 3TOM BO3-
MOKEH MEXaHHU3M I10J1auu B 0e3peayKTOPHOM Ba-
puante. [ns peanuzanuu OUKIa padOTH HOTyaB-
TOMaTa M BBIOPAaHHOTO AITOPHTMAa IMOJAYH 3JICK-
TPOAHOM MPOBOJIOKH NPUMEHSETCA CHELUAIBHO
pa3paboTaHHasi KOMIIBIOTEpU30BaHHAs CHCTEMa
YIpaBIeHUs U peryiaupoBaHud. [laHsl pe3yabTaThbl
MPUMEHEHUSI UMITYJIbCHOM MOJAa4Yd 3JEKTPOIHOMN
MIPOBOJIOKM HA CBOWCTBA CBApHBIX COCIUHEHUM.
OnpeneneHo, 4YTo XapaKTEPUCTHKH HMMITYJIbCHOM
nogauu (YactoTra, CKBa)XKHOCTb) BIHSIIOT Ha

46

Bnagumup Jlebeges
rMaBHbIN KOHCTPYKTOP
M OKTB

AO.T.H., npod.

TEOMETPUYECKUE XaPaKTEPUCTUKHU IIBA, a TaK¥Ke
MPOYHOCTHBIE CBOICTBA, YACTHOCTH TPEICIBI
TEKYyYeCTH W BPEMEHHOTO CONMPOTUBIICHUS, YTO B
TOM 4YHCJIe 00yCIIOBICHO YMEHBIIICHUEM HEMETall-
JUYEeCKUX BKIIOYEHHWHA B MeTaale I[IBa U
OKOJIOUIOBHOW 30HBI. IIprBe/IeHbI BHEIIHUE BUJIBI
HAIUTaBJICHHBIX B BOJHOM Cpe/ie Ha BEPTUKAIBHYIO
IJIOCKOCTh BAJIMKOB, NMPU 3TOM OYEBHUAHO, UYTO
(hopMHpOBaHUE MPHU UCTIOIH30BAHNH UMITYJIbCHBIX
U MOJIYJIHU-POBAHHBIX PEXKHUMOB CYIIECTBEHHO
Tydine, 4YeM NpU BEACHUU SJICKTPOIYTOBOTO
npoleeca ¢ KOHBEHIMAIbHOM Mojjauel 3J1eKTpo-
HOM mnpoBojokd. [lokazaHbl NyTH JandbHEHIIErO
COBEPIICHCTBOBaHMS 00OPYIOBaHHUS JUISI CBAPKU B
BOJHOMW cCpelme MOKphIM crmocoboM. OmHuM w3
HauboJee TMEPCIICKTUBHBIX HYTeﬁ IIOBBILICHUA
TEXHUYECKUX U TEXHOJOTHUYECKUX BO3MOXKHOCTEH
MEXaHU3UPOBAHHOTO 00OPYIOBAHHUS JUISI CBAPKHU B
BOJHOM cpefie SIBJISETCS CO3aHue W MPUMEHEHUE
CHUCTEM C KOMOWHHPOBAaHHBIM BO3JCHCTBHEM Ha
mpotecc.

KuroueBble cjioBa: ayroBas CBapka B BOTHOMU
cpelne, MOKpBIH croco0, 000pyI0BaHUE, CIIOCOOBI
CBapKH, MPUMEHEHUE, TIEPCIICKTHUBEI.
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JlyroBass MEXaHU3UPOBAHHASI U aBTOMATH-
4yecKasl CcBapKa ¢ IPUMEHEHHEM ILIaBsIIErocs
ANEKTPO/a PacIpOCTPaHEHHBIN crocod Kaue-
CTBEHHOT'O IPOU3BOJUTEIBHOIO U 3KOHOMHU-
YEeCKH BBITOJHOTO CIOCOOBI HEPa3bEMHOTO
COEIMHEHUSI M BOCCTAHOBJICHHS Pa3IUYHBIX
KOHCTPYKIUN JI€TAJIE W Y3JI0B MalllMH U Me-
XaHU3MOB.

JlyroBasi cBapka B BOAHOM cpele MeXaHU-
3UpOBaHHBIMU WUJIM aBTOMAaTHUYECKUMU CHUCTeE-
MaMu U 00OpyJOBaHHWEM — OIMH W3 BUIOB
OTMEUYEHHOI0 croco0a CBapKH, HAXOAUT BCE
Oojblllee pPACIpPOCTPaHEHHE B Pa3TUUHBIX
cdepax IesSTETLHOCTH YeJIOBEKa C MPHUCYIIHU-
MU el Tpo0ieMaMy U pa3TUYHBIMU PELEHU-
MU B TEXHHYECKOM M TEXHOJOTHMUYECKOW 00-
JacTsIX, a TakKe BHIOOPOM 3JIEKTPOJHBIX Ma-
Tepuaiuos [1].

VYkaxkem, 4TO cpea CocoO0B CBAapKH MO
BOJOM pACIpPOCTpaHEHHE MOJIy4YMJIa pPy4dHas
JyroBas MOKpas CBapka C HCIIOJIb30BAHHEM
CIELUANBHBIX JIEKTPOAOB, a TAaKXKe CIOCO0,
KOT'JIa MECTO MpOBe/ieHUsI padoT JIOKAIU3yIOT
CTeLUATBHBIMU YCTPOWCTBAMH (KECCOHAMU) C
OTKaYMBaHHWEM BOJbl C MeCTa cBapku. B mo-
CIIEJHEM CIIyyae MCHOJIb3YETCSI U py4yHas U
MEXaHU3UPOBAHHAS CBAapKa C INPUMEHEHHEM
OOBIYHBIX AJIEKTPOAHBIX MaTEPHAJIOB.

3amMeTuM, 4TO MOKpas pydHas Ayrosas
CBapka MaJONpPOU3BOJUTENBHA U 3a4acTylO
He 00ecreynBaeT HYKHOTO KauecTBa BBHIIOJ-
HEHHBIX paboT. CBapka 1moJ BOJOH B KECCOHE
BECbMa 3aTpaTHas U OFPAaHUYEHA B IPUMEHE-
HUU.

Hocrtarouno gaBuo B UOC um. E.O. IlaTo-
Ha HAH VYxkpaunsl pazpaboTan crnocod mexa-
HHU3WPOBAHHOW MOKpPOW MOJBOJHOM CBApKH C
IIPUMEHEHUEM TIOTPYKHBIX YCTPOMCTB moja-
YU SJIEKTPOIHOM MpoBOJIOKH. Jlns peanusa-
UM 3TOT0 CIocoba CBapKH pa3zpaboTaH psf
TEXHUYECKHUX CPEACTB — IOJyaBTOMATOB pa3-
JUYHBIX KOHCTPYKIIMM, Ha 4acTh U3 KOTOPBIX
II0JIy4€HbI aBTOPCKHE CBUIETENBCTBA [2 — 4],
ITOPOLIKOBBIX AJIEKTPOJIHBIX IPOBOJOK, TEX-
HOJIOTUYECKUX NMPUEMOB IPUMEHEHUS.

Pa3paboranHasi B MHCTUTYTE 3JEKTPOCBap-
ku uM. E.O. Ilatona nopomkoBasi mpoBoOJIOKa
mapku [IIIC-AHI (amamerp 1,2...2,0 Mm)
MO3BOJISIET 00ECIIEYUTh CTAOMIBHOE TOpPEHHE
IYTH ¥ TIOJyuyeHUe (Ha HU3KOYTJIEPOIUCTHIX U
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HU3KOJIETUPOBAHHBIX KOHCTPYKIIMOHHBIX CTa-
J5X) CBapHbBIX COEJUHEHUH, PaBHOIPOUYHBIX
ocHOBHOMY Metaiuty. [IpoBonoka mpaktuue-
CKM HE HMMEET aHaJOroB U JO HACTOSIIETO
BPEMEHH SIBJISIETCSI OCHOBHBIM 3JIEKTPOJIHBIM
MaTepUajoM s MOJIyaBTOMAaTOB U aBTOMa-
TOB, KOTOpbIE HCIOJB3YIOTCS M MOKpOM
MOJBOJTHOW CBapKH.

Cpenn npemyioKEHHBIX KOHCTPYKIUMU IMO-
I'PY>KHBIX YCTPOMCTB MOXKHO BBIIEIUTh:

- C MOATyBOM BO3/yXa B IMOTPY>KHON OOKC U
IIPUMEHEHUEM CIELMAIBbHBIX HAKOIIUTEIbHBIX
KaMep C BO3IyXOM;

- C pa3MeIlEeHUEM MOJAIOUIEr0 y3ja B HU30-
JIMPYIOIIIe-CMa3bIBAIOIIECH JKHAKOCTH, a BCEU
CUCTEMBI [10J1a4¥ B BOJHOM CpeJIE;

- C pa3MelIEHHWEM BCEro I0JIyaBTOMATa,
BKJIIOYAsl UCTOYHUK CBAPOYHOIO TOKA, B IO-
Ipy>KHOM arperare.

Ha ocHOBe BblllIeyKa3aHHBIX IPEJIONKE-
Huii B UDC um. E.O. Ilatona Ow11 paszpabo-
TaH s [10JIyaBTOMATOB, B TOM YMCJIE U TEX,
KOTOpBI€ BBIMYCKAINCh CEPUMHO WIN He-
OonpmMMH MapTUAMU. B ux uucie HanOosb-
1iee pacupoCcTpaHEHUe MOJYyYUIIH TOJIyaBTO-
MaTel A-1660, A-1450, ITII-141 u IIIII-156.

OtmeTnM, 9TO, COrIacHo [5], B HacTosIee
BpeMs B PD mosBuiIMCh IOJIyaBTOMAThI IS
IYTOBOW CBApPKU MOKPBIM CIIOCOOOM, KOTOpBIE
MPAKTUYECKH MOBTOPSAIOT pazpadboTku MIC
uM. E.O. IlaTtona 70-x ro/10B mpouuioro Beka.

MexaHu3upoBaHHas CBapKa B BOJHOU Cpe-
7€ C TPUMEHEHUEM MOPOIIKOBBIX 3JEKTPOI-
HBIX MPOBOJIOK HAallIa JOCTaTOYHO HIMPOKOE
MPUMEHEHHE, TPUMEPHI KOTOPBIX U3JI0KEHBI B
TEXHUYECKOU nuteparype [6, 7].

Pa3BuBas 310 crmoco6 cBapku, ObLT TIpe-
JIO’KEHBI UHTEPECHBIE U BECbMa IOJIE3HBIE 00-
JIACTH €ro MpPUMEHEHHUs ¢ o0ecredyeHueM co-
OTBETCTBYIOLIUX TEXHUYECKUX CPEACTB IJIA
peaiv3allii MEXaHU3MPOBAaHHOW M MEXaHU-
3UpPOBAaHHOW CBapKH MOKpPBIM  CIIOCOOOM.
Cpenu HUX 7151 TPUMEPOB CIEAYIONIHE:

- CBapkKa MOJBOJHOM YacTU CyA0B U Kopal-
nei Ha maBy (popmupoBaHue kopmyca) [8];

- CIIELHAJIM3UPOBAHHOE MEXAaHU3UPOBAHHOE
YCTPOWCTBO ISl CBAPKU O] BOJOU TPYO;

-aBTOMaTU3UPOBaHHAsI CBapKa JJIsl T€PMETHU-
3allMd COCTaBHBIX TpyO, B TOM 4YHCIE Ha
OomnplIoN TIIyOMHE Ha HedTerazomno0bIBaro-
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X 00bEKTax U MPH CO3JaHUH KOMILJIEKCOB C
TETUIOBBIMHU HacocaMH [9];

- CBapKa M pe3Ka IpH MPOBEICHUM aBapuii-
HO-CIacaTeNIbHBIX paboT B BOJHOM cpee;

- aBTOMaTU3UPOBAHHAs CBApKa Ha OOJBIINX
riyOMHax ¢ MPUMEHEHHEM KOOPIUHATHO MPO-
IPAMMHPYEMBIX CHCTEM HAa OCHOBE KOMIIBIO-
TEPU3UPOBAHHBIX CPEACTB YNPABICHUS U pe-
TyJIMPOBaHUS;

- UCTIOJIb30BaHNE MEXAaHU3UPOBAHHOIO U aB-
TOMAaTHYECKOT0 00OpYIOBaHUS JUIsl yTUIIU3a-
LHMOHHOW PE3KM MOJ BOAOW, B TOM YHUCIE U
MIPU 3aKPBITHH UCTIOJIb30BaHHBIX HEPTIAHBIX U
ra30BbIX CKBAXHH.

Bcé 310 060pynoBaHue IpOILUIO OMBITHO —
IIPOMBIIIJIEHHYIO IIPOBEPKY, & HEKOTOPHIE U3
CUCTEM HCIIOJIB3YIOTCS Ha MPOMBIIIIEHHBIX
o0bekTax. YacTb pa3paboOTOK HYXKIAeTCs B
COBEPILICHCTBOBAHUH.

Tak, Hampumep, aBTOMAT ISl MPUBAPKHU
3araymeKk BHYTpH TpyO, pa3paOOTaHHBIA B
N3C um. E.O. Ilarona ycnenrHo paboraer Ha
rryounax 230 m.

Crnenyer yka3aTh, 4TO MpoOJEMbI C TpU-
MEHEHHEM MEXaHU3UPOBAHHBIX W aBTOMAaTH-
3UPOBAHHBIX TEXHOJOTMHA TYTOBBIX CIIOCOOOB
MOJBOJHONW CBapKd MOKPBIM CHOCOOOM H
00OpyJOBaHUS ISl HUX JACUCTBUTEIBHO CY-
LIECTBYET M B Hacroslee BpeMsda. Pemanuck
JUIIb OT/AEIbHBbIE KOHKPETHBIE 3aJauu, pe-
3yJIbTaThl KOTOPBIX B TOW WJIM WUHOW CTENECHU
YAOBIETBOPSUIM IpousBoauTenel. OnHako,
KaK W3BECTHO, YHUBEPCAIbHBIX DEIICHUU B
TaHHOM MpobiiemMe, Kak U B IPYTHX TEXHHKO-
TEXHOJIOTMYECKUX CHUCTEMax, MOKa HE Cylle-
CTBYET.

OpnHOW M3 CYIIECTBEHHBIX MPOOJIEM IS
MOTPY>KHBIX y3JI0B CHUCTEMBI IOAAYU 3JIEK-
TPOJHOW MPOBOJIOKM MEXaHU3UPOBAHHOTO
00OpYyJIOBaHUS M CHUCTEM CBapOYHOrO Mepe-
MEIICHUsS] aBTOMAaTHUYECKOro 000pYI0BaHUS
JUIsL MOKPOW IIOJBOAHOW CBAapKU SBISETCA
HaEKHOCTh pabOTHl NPHUBOIHBIX 3JIEKTPO-
JBUTATEJIEN MOCTOSIHHOTO TOKAa C KOJUIEKTOP-
HO-IIETOYHBIM y37oM. B paspaborkax MOC
uM. E.O. Ilarona sra mpobiiema pemieHa ¢
INpPUMEHEHHEM OeCKOJUIEKTOPHBIX 3JIEKTPO-
JBUTATEJIE — IIaroBbIX IPOMBIIUIEHHOTO
IIPOM3BOJICTBA M CHEIHUAIBHBIX BEHTUJIBHBIX
JJEKTPOJIBUTaTeIed, MCHOJIb30BaHUE KOTO-
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PBIX C KOMIIBIOTEPU30BAHHBIM YIIPABICHUEM
U perylMpoBaHHEeM Ha€T JOTOJHUTEIbHBIC
npeumyiectna [10].

- Manble TabapuThl, MacCy W HHEPIMOH-
HOCTb, B TOM YHCJI€ H3-32 OTCYTCTBUS HEOO-
XOJIMMOCTH TPUMEHEHUsI MEXaHUYECKUX pe-
OYKTOpPOB (MOAAIOMIMNA POJUK HEMOCpe.-
CTBEHHO Ha BTy 3JIEKTPOJIBUTATEIs);

- BO3MOXHOCTbh MPOTpaMMHUPOBAHUS JBHKE-
HUS BJIEKTPOJHON MPOBOJOKU C JOCTATOYHO
BBICOKOM 4acTOTON OTpabOTKW CHUTHaIA 3aja-
HUS WU KOOPJUHATHOTO MEPEMEIECHUs CBa-
POYHOTO MHCTPYMEHTA Ha IMJIOCKOCTU WM B
MIPOCTPAHCTBE.

Crnenyer oOparuth 0c000€ BHHUMaHWE Ha
KOHCTPYKTHBBI B KOTOPBIX pa3MEIIAIOTCS Y3-
7Bl MOTPY’KHOrO Ojoka. B mocnenHux KoH-
CTPYKILHUAX TOJyaBTOMATOB JUJISl IOJABOTHOM
CBapKH MOKpPBIM CIIOCOOOM 3JIEKTPOJIBUTa-
TEeJb 3aKII0YCH B 000JI0YKY U3 HEpKaBeIoIIei
CTaJId ¢ KOMIIEHCATOPOM [JaBJEHMS, a CUCTe-
Ma TMOJAIOIIUX POJUKOB, BBITIOJHEHHAS U3
CHEMAIbHBIX CTAJIEH 3allUIleHa OT OOBIYHON
KOPPO3UHU U DJIEKTPOIPPO3UU CHEIUATBHBIMU
cpenctBamu. OOmmii kopryc chopMHUpOBaH
U3 TJIACTHUKA, KOTOPBI OOBIYHO MPUMEHSETCS
IIPU CTPOUTENIHCTBE KOPIYCOB SIXT U APYTUX
MaJIOMEPHBIX CYJIOB.

Opna W3 mocienHux pa3paboTOK MOJyaB-
TOMara B MPOYHOM IUIACTUKOBOM KOpITyCe
0e3peyKTOPHBIM MPHUBOJOM Ha OCHOBE BbI-
COKOMOMEHTHOTO IIaroBOT0 3JEKTPO/ABUTa-
Tensd npenacrarieHa Ha Puc.l. Takue nmomnyas-
TOMAThl MOTYT JKCIUTyaTHPOBaThCS B TIpec-
HOM W conéHOM Boje Ha riryOmHax 1o 40 M,
T.€. TeX IIyOHHax, e MOTYT paboTaTh BOJO-
na3bl — cBapmuku. [Ipu sToM, Kpome cBapKw,
MIPUMEHSS CIEIUaIbHBIE SJIEKTPOAHBIE TMPO-
BOJIOKH, MOXXHO BeCTH 3()(PEKTUBHYIO PE3KYy
MeTaJla.

B TexHuKe M TEXHOJIOTMU TyrOBOM CBapKe
OCHOBHBIM HANpPAaBJICHUEM COBEPILIECHCTBOBA-
HUS B HACTOSIIEE BpeMs SIBJISIFOTCS UCIIONB30-
BaHHWE HUMIYJbCHBIX AJITOPUTMOB (PYyHKIIHO-
HUPOBAaHUS OCHOBHBIX aKTHUBHBIX CHCTEM
o0opynoBanus. B uacTHOCTH, HIMPOKO HC-
MOJIb3YIOTCS MHBEPTOPHBIE UCTOYHUKH C HM-
MyJIbCHBIM (POPMHpPOBAHHEM BBIXOJHBIX Ta-
paMeTpoB, B TOM YHUCJIE U CHHEPTEeTUYECKHUE.
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Puc.1. [TomyaBTOMaT mOCIIETHETO TTOKOJICHHUS TSI TIOBOTHON CBAPKH MOKPBIM

CII0CO0OM C OTKPBITOH KPBIIIKOM

Fig. 1. Latest generation semiautomatic underwater wet welding machine

with open cover

B mocnenHee BpeMsi moiy4aeT pa3BUTHE
CIOCOOBI CBapKHU C MOZAYJISIIMEH PEeXUMOB U
BBIOPAHHBIMU (JACTUYHO HAa OCHOBE TEOPETH-
YECKUX U3BbICKAaHUN C pEIICHUEeM 3a7auu
ynpasiieHus: GOpMUPOBAHUEM U KPHUCTAUIU-
3alMedl MeTajia IIBa, YaCTMYHO Ha OCHOBE
AKCIIEPUMEHTAJIBHBIX MCCIIeI0BaHUI) YacTo-
TOM M CKBaXXHOCTBbIO MOJYJUPYEMBIX Iapa-
MeTpoB. Takas TexHoOJOrus, HampuMep, oKa-
3pIBACTCA MPUMEHUMOW NPU MOJABOJHOW Y-
rOBOM CBapKe MOKpBIM CIOCOOOM IpHU BHI-
MOJIHEHUU BEPTUKAIbHBIX COEIUHEHUM, BbI-
MOJIHEHUE KOTOPBIX IMPEICTaBIseT OmIpe/e-
TNEHHYIO CJIOKHOCTh, KaK M0 (HOPMHUPOBAHHIO
Ba, TaK M MO KayecTBy Metauia. Ha Puc.2
MOKa3aH [pUMEP BBHINIOJHEHHUS] HaIJIaBKU
KOHCTPYKIMOHHBIX CTaJell B BOJHOM cCpele
Ha BEPTUKAJIBHOW INIOCKOCTH IOPOILIKOBOM
AJIEKTPOJHOM MPOBOJIOKOW C MapameTpaMu:
Tok — 170...180 A; nanpsbkenue 26...27 B.
Monynupyercs CKOpPOCTh MOJa4Yd CO BpeMme-
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Hamu: umnyJibe 0,6 C u nay3a 0,4 C. IIponecc
OCYIIECTBISAETCSI MEXaHU3MOM IOJA4U C JIIO-
ObIMU THUIIAMU TPUBOAHBIX JJIEKTPOJIBUraTe-
Je Kak KOJUIEKTOPHBIX TakK OECKOJIEKTOp-
HBIX, BKJIKOYasl IIaroBbl€ M BEHTHJIbHBIC C Ya-
cToramu ymnpasieHus mopnyisuueit 0,2...2,0
T

IIpumenenune mpouecca ¢ MOAYJSILUEN
CKOPOCTH TMOJA4M 3JEKTPOJHOW IMPOBOJIOKH
II03BOJISIET B OIPEAEIEHHON CTEIIEHU PEIIUTH
3a/1a4y CBapKU Ha BEPTUKAIBHOMN MJIOCKOCTH C
noJilyyeHueM c(popMHUpOBaHHBIX BaIUKOB. Ta-
KOW MpoIecC, KaK MOKAa3bIBAlOT METAJIOrpa-
¢udeckue ucclIeoBaHUsA, NPAKTUUYECKU HE
OKa3bIBAET CYIIECTBEHHOI'O BIUSHHS HaA
CTPYKTYypy MeTajljja IIBa, IOJYyYEHHOIO B
BOJIHOM cpeze. DTo, MO HAIlleMy MHEHHUIO, SIB-
JSETCSl CIEICTBUEM YBEJIIMYEHHOW CKOPOCTHU
KPUCTAJUIM3allMA HAILIABJIEHHOTO METallla B
BOJHOM Cpelie B CPaBHEHHUE CO CBapKoOW B aT-
MOC(hEpPHBIX YCIOBHSIX.
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HOJIBOTHOU

Uccnenosanue
CBapKU MOKPBIM CIIOCOOOM C NPUMEHEHUEM
HCTOYHHKOB CBApPOYHOTO TOKA WHBEPTOPHOTO
TUIA, UMEIOIUX BO3MOXKHOCTh T€HEPHPOBATH
UMITYJIECBl TOKa C YIIPABIIEMBIMH ITapaMeT-
pamu, 3aMeTHBIX 3((eKTOB, HACKOIBKO HaM
M3BECTHO, HE /I, B YAaCTHOCTH II0 M3MEHE-

mporecca

HUIO CTPYKTYphl MeTajlla IIBa WJIM BaJUKa.
MBI cuuTaeM, 4To 3TO OOCTOSATEIBCTBO MOX-
HO OOBSICHUTH OCOOBIMH CKOPOCTHBIMHU YCJIO-
BUSIMU KPUCTAJUIM3AllMU METalIa 11Ba.

B mocnenHee Bpems, onupasich Ha HCCie-
JIOBaHUSI B OOJIACTM CUCTEM IOJA4U DJIEK-
TPOAHON TPOBOJIOKH, a TaKKe IOCIETHUX
pa3paboTOK B 00JACTH BJIEKTPOTEXHUKH U
KOMITBIOTEPU30BAHHOTO  yTIpaBJICHUs, pac-
CMaTPHUBAEMBIX KaK KOMILJICKTHBIE MEXAaTPOH-
HBIE CHCTEMBI, pa3padarbiBaeTcsi 000pyI0Ba-
HUS I UMITYJIbCHOM MOAAYM MO ONpeenéH-
HOW IporpaMMe 3JIeKTpo/ia B MOIyaBTOMAaTax
U aBTOMaTax Juis JyroBOi CBapKu.

JUisi MeXaHU3UPOBAHHOW M aBTOMAaTH4e-
CKOM CBapku pa3paboTaH U HCHOJIb3YeTCs
0e3peTyKTOPHBIN AIIEKTPONPUBOJL HA OCHOBE
CEpUITHO BBINTYCKAEMbIX IIArOBBIX U CIIELU-
aJIbHO Pa3pabOTaHHBIX BEHTHJIBHBIX AJIEKTPO-
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Puc.2. HamnaieHHBIC HA BEPTHKAIBHYIO TIOCKOCTD IO
BOJIOM BaJMKH U OCIIMJLIOTpaMMbl HampspkeHus U
U ToKa / Mpu HaIUIaBKe ¢ MOAYJSIUEH CKOPOCTH
MOJIa4¥ MMPOBOJIOKU: | — HaIIaBKa 0€3 MOIYJISIIHH;
2, 3 — BaJ WKW C MOAYJIAITUEH C pa3HBIMH HATpaB-

JICHUAMM BEACHUA IIpoLecca

Fig. 2. Rolls welded on a vertical plane under water and

oscillograms of voltage U and current I when sur-
facing with modulated wire feed rate: / — surfacing
without modulation; 2, 3 — rolls with modulation
with different process directions

JIBUTATEJIE C KOMIBIOTEPU30BAHHOM CHCTE-
MOW YITPaBJICHUS, TO3BOJISIIOLLIEH peann30BaTh
IPAKTUYECKH JI000H alrOpUTM JBUKEHUS
JJIEKTPOJHOM IMpoBOJIOKU. [Ipm >TOM BeH-
TUJIBHBIA DJIEKTPONIPHUBOJ IOCIEIHUX pPa3pa-
00TOK O0ecreunBaeT peryaupyeMyro Mo ya-
CTOTE€, CKBaXHOCTU M AMIUIUTYJE HMITYJIbC-
HYI0 10fjauy JIEKTPOAHOM MPOBOJIOKHU C MaK-
cuMaibHBIMHU yacToTamMy 50...60 I'm.

VYKa3aHHBIN DJIEKTPOIIPUBOJL UCCIIEI0BAJICS
B COCTaBE aBTOMATHYECKOTO U MEXAHWU3UPO-
BaHHOTO OOOpYJIOBaHMS TIpU CBapkKe —
HAaIUIABKE€ B BOJHOW Cpele MOKpPBIM CIIOCO-
6om. IlpencraBisier ocoOblii MHTEpEC MOTY-
YCHHE BEPTUKAIBHBIX M TOPU3OHTAIBHBIX
CBapHBIX IIIBOB Ha BEPTUKAJIbHOW IUIOCKOCTH
C JOCTaTOYHBIMU IO ()OPMHUPOBAHUIO U Kaue-
CTBY HaIUIaBJIeHHOro metauia. [IpumeHenue
WMIYJIbCHOM MOJIauyu 3JIEKTPOAHON MPOBOJIO-
K1 ¢ 3(pPeKTUBHO BBHIOpAHHBIMH IapaMeTpa-
MU II03BOJIAET PEIIUTH JTY 3a4a4y.

IIpy MMIynbCHOM mOAAYe BJIEKTPOIHOU
IIPOBOJIOKH € PAI[MOHAJILHO BBIOPAHHBIMU Ma-
pameTpaMu peanu3yercs YNnpaBisieMbld repe-
HOC JJIEKTPOAHOIO METaula IO IPHUHLHAILY
KaKJOMY HMITYJIbCY IOJa4M COOTBETCTBYIOT
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Puc.3. Banukwu, HamiaBiIeHHBIE B BOJHOW Cpefie C
MIPUMEHEHNEM HMITYJIbCHON IMOJa4YM HIIeK-
TPOJHOM C pa3INYHBIMH XapaKTePUCTUKAMH
— 4acTOTa, aMIUTUTY1a, CKBAXKHOCTh

Fig. 3. Rollers clad in aqueous medium using
pulse electrode feed with different charac-
teristics — frequency, amplitude, duty cycle

MEPeHOC Kallsli pacIUIaBIEHHOTO MeTallia
OIIpeAENEHHOrO pa3Mepa. YCKOpeHHue, KOTo-
poe MpH UMITYJIbCHOM ABW)KEHHUH MPHUAAETCS
KaIle CrocoOCTBYeT TOYHOMY TPaHCIOPTH-
POBaHMIO KaIlIM B pAcCIUIaBICHHYIO BaHHY,

910 BechMa A((PEKTUBHO NMPHU BEICHUH TPO-
1[ecca Ha BePTHKAIBbHOU TuiockocTH. OcoOeH-
HOCTH TIEpEeHOCa 3JIEKTPOJHOTO MeTalljia MpH
MOJBOJHONW CBapKe MOKPBIM CIIOCOOOM C
MPUMEHEHUEM HMITYJIbCHOM mojaun TpeOyroT
OTJIETBHOTO PACCMOTPEHUSI.

Ha Puc. 3 mpexacraBneHsl 0Opa3isl BaJv-
KOB, HAIUIaBIICHHBIX B BOJHOW Cpelle C MpH-
MEHEHUEM HUMITYJIbCHOM MOoJIauu IPOBOJIOKHU C
pa3HBIMH XapaKTePUCTHKAMHU HMITYJIbLCHOTO
JIBUKEHUS, HO C MPAKTUYECKU OJAMHAKOBBIMU
3HAYEHUSMU TOKA, HAMPSDKEHUS U CKOPOCTH
BeJIeHUS Tpoliecca. TOK ¥ HampsbKeHUe J1yro-
Boro nporecca 160...170 A; 26...28 B coot-
BeTcTBEHHO. CKOpPOCTh BEICHUS HAIUJIaBKU —
10...12 m/4gac.

MOXHO OTMETUTH, YTO (OPMUPOBAHKE Ba-
JUKOB CYIIECTBEHHO OoJieeé PpaBHOMEPHO
HaIMoJIHEHHOEe, uMerolIee Oosiee perysipHbIi
xapaktep. BaXXHBIM SBISIETCS BO3MOXKHOCTH
JIOCTaTOYHO MHTEHCHUBHOTO BJIMSHHS Ha Ia-
pamMeTphl BAJIMKOB: IIMPUHY, YCHICHUE, TIy-
OuHY TMporIaBieHus. XapaKTepHbIE MHUKPO-
nudbl HEKOTOPBIX BAJIMKOB, MPEACTABIICH-
HBIX Ha Puc. 3, moka3ansl Ha Puc. 4.

HeoOxoquMo OTMETUTH, YTO TEHICHIIUHU
U3MEHEHHUS  TEOMETPUYECKUX  pa3MepoB
HAIUTaBJICHHBIX BAJIMKOB COOTBETCTBYIOT TEM,
KOTOpbI€ TOJyYeHbl NpPU HarjaBKe B OOBIY-

Puc.4. Muxponuidsl BaTMKOB, HAIIaBJICHHBIX C UCIIOIb30BAHUE YIIPABISIEMBIX HMITYJIECOB

noaadyun 3J'IeKTpOJ1HOI71 OPOBOJIOKHN

Fig. 4. Microslips of rolls cladded using controlled pulses of the electrode wire
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HBIX YCJOBHSIX, XOTS U MEHEE BBIPAKEHBI,
9T0, B O00IIEeM, OOBSCHSETCS CYIIECTBEHHO
0ojee BBICOKOM CKOPOCTBIO OXJIAXKIACHUS
JKUIKOU BaHHEL.

Oco0oe BHUMaHHUE yJIEI€HO KaueCTBEHHO-
My  aHalu3y  HaIUIaBJIGHHOIO  MeTajula
HAIUIAaBJIEHHOTO B BOJHOW Cpele, KOTOPbIH
IIPOBOAWJICS HA OCHOBAaHUHU HCCIIEIOBaHUI
MUKpOILIN(OB MOMEPEYHbIX CEUYEHUU Baju-
KOB, MTPOYHOCTHBIX (MEXaHMUYECKUX) XapaKTe-
PUCTHK, COCTaBa MeTajla BaJMKa M OKOJIO-
OBHOM 30HBI. lIpakTHMuecku mo Bcem mapa-
MeTpaM HAIUIABJIEHHBIE ¢ UMITYJbCHOM IMOJa-
Y€l JJIEKTPOJHOM IPOBOJIOKH IIPEBOCXOMST
BAJIMKHM, ITOJIyYEHHbIE IPU HCIOIb30BAHUU
KOHBEHLMAIBHON IOJAYU C TEHACHLUMSIMU
YIYUYIIEHUSI XapaKTepHbIMU C IIPOLIECCAMH,
II0JIy4a€MbIMM Ha OTKPBITBIX IIPOCTPAaHCTBAX
[P CBapKe-HaIlJIaBKE C UMITYyJIbCHOW IOJa-
4Yel IMOPOLIKOBOM DJIEKTPOJHOU IIPOBOJIOKH.
Onnako ectb W orTiuuus. Tak, Hampumep,
00bEMHAs 71011 HEeMETAJTIMUYECKUX BKIIOYE-
HAA B METaJUIe HaIUIaBJIEHHOIO BaJUKa
YMEHBIIAETCS JIMIIb IOCJIE YBEJIUYEHMs Ya-
CTOTBl MMITYJIbCOB MOJIa4¥, YTO MOKHO BH-
netb Ha rpaduke Puc.5, momyyenHHoMm mpu
JKCIEPUMEHTAIBHBIX HCCIENOBAaHUAX. ITO
OISITh, KAK HaM IPEACTaBIISIETCS, CBA3AHO C
OCOOCHHOCTSIMU XapaKTEPUCTUK KPUCTAILIHU-

2 - % O6vemHan gons

1,8

— — —6e3 umnynbcos

0 . 1 . 1 ) f, rq
20 30 40 50 60

Puc.5. CpaBHutenbHble rpaQ Ky HATHYUSA HE-
METAITMYECKUX BKJIIFOUEHUH B METaJLIe
BaJIMKOB IPH HAILJIABKE C Pa3HBIMU CIIO-
co0aMHM TIOIa4 ¥ AJIEKTPOJIHON TPOBOJIOKH

Fig. 5. Comparative graphs of non-metallic in-
clusions in roll metal when cladding with
different ways of feeding electrode wire
feeding
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3allMy MeTajlla IIBAa U OKOJIOIIOBHOW 30HBI B
BOJIHOU cpene.

Hekotopoe ynyudmeHue MeXaHHYECKHX
CBOMCTB WIBOB, TMOJYYEHHBIX IPU CpPaBHHU-
TEJIbHBIX MCCIIEJOBAHUAX CBAPKHU C IPUMEHE-
HHEM KOHBEHLHMAJIbHOM M MMITYJIbCHOM noja-
YU DJIEKTPOJHOM NMPOBOJIOKH C YIPaBISEMBbI-
MU TIapaMeTpamH JEMOHCTPUPYIOT TpaduKw,
npeacraBieHHbIe Ha Puc.6.

OTu pe3ysbTaThl KOCBEHHO MOATBEPIKAAI0T
TOT (akT, YTO B METaJUIe IIBOB WJIM HAIlJaB-
JIEHHBIX B BOJHOM Cpele BaJIMKOB IIPU HC-
MOJIb30BAaHUHM UMITYJIbCHOM MOAAYU  DJIEK-
TPOJHOM NMPOBOJIOKH MPOUCXOAUT U3MEHEHUE
KPUCTAJUIMYECKOM CTPYKTYpPBI, CBA3AHHOU C
HEKOTOPOU JE30pUECHTALMEN KPUCTAJIIUTOB.
DTOT mpolecc MEHee MHTEHCHUBEH, YeM 3TO
MPOUCXOIUT TPU OOBIYHBIX YCIOBHUSX, 4YTO,
KaK yXe OTMEYaloCh, CBSI3aHO C OCOOBIMH
YCIOBUSIMU OXJIQKJEHUSI >KUJKOW BaHHBI B
BOJIE.

Crienyer KOHCTaTHpOBaTh, YTO OOJBIIMH-
CTBO TIOJIOKHUTENBHBIX A()(PEKTOB OT UMITYJIb-
CHOM IIOJa4u JJIEKTPOJHOM IIPOBOJIOKH 3a-
METHO MPOSIBISETCS MPU ONPEIEIEHHOM yBe-
JIMYEHUU YaCTOThI UMITYJIbCHOTO JIBU>KECHHUSI.

Xopormio u3BecTHo [11], 4To KauecTBeHHAs
CBapka ¢ MHHMMH3aUui aedopmanuii pas-
JUYHOTO THIIa BO3MOXHA B cllydae obecreue-
HUSIT MUHUMAQJIbHBIX TEIJIOBBIX BJIOKEHUU B
peanuzanuio npouecca. CBapka ¢ MMITYJIbC-
HOM IOJayedl DSJIEKTPOAHOW IPOBOJIOKH Xa-
pakTepu3yeTcs MOHWKEHHBIMU SHEprosarpa-
TaMHM, 4YTO B COYETAHUU C MHTCHCHUBHBIM
OXJIAKJICHHEM o0ecrednBaeT Mmaibie aedop-
Mallui CBapHBaeMON KOHCTPYKIMH, B 4YacT-
HOCTH U3 TOHKOJIMCTOBBIX MaTEPHAJIOB.

CriocoObl CBapKH C UMITYJIbCHOM mojaueit
9JEKTPOJHOM MPOBOJOKU MOCTOSHHO COBEP-
LIEHCTBYIOTCA U pa3BUBaroTCs. YacTh U3 HUX,
Mo HamMM YOEeXJIEHUSM, OCHOBAHHBIX Ha
OIBITE€ MCCIIEOBAHUU Pa3padOTKU TAKUX CH-
CTEM, C YCIIEXOM MOXET OBbITb NpPHUMEHHMA
JUTsL pealiu3aiii BhICOKO3(P(EeKTUBHOM CBap-
KM B BOJAHOW Cpelie KOHCTPYKLUH C pa3sHbIM
MIPOCTPAHCTBEHHBIM TOJIOKEHUEM.

K 4unciy mepcrnekTuBHBIX COCOOOB CBap-
KU C HUMIYJbCHOM MOJauei 3JIEKTPOJAHOMN
IIPOBOJIOKHM, IPUMEHHUMBIX B BOJHOH cpene
CJIelyeT OTHECTH:

MAaBoOAHI TEXHONOCrIi e Bun.11 (2021), 46-55
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Puc.6. 3apucuMocTr MEX Iy IIpeaeIaMu TeKy-
YEeCTH U BPEMEHHOTO COTIPOTHBIICHHUS OT
4acTOTHI (@) ¥ CKBAKHOCTH (0)

Fig. 6. Dependences between yield strength
and time resistance on frequency (a) and
wellbore (b)

- COBMECTHO€ MPUMEHEHHE UMIYJIbCHON IO-
a4yl ¥ MOAYJISIIUHM PEKUMOB (TOK M Harps-
KEHUE CBApKU KaK C CHHXPOHM3AIMEH Ta U
0€3 CHHXPOHHU3AIMHU BO3ICHCTBUI;

- HCIIOJIb30BAaHHE HOBOTO CIIOCOOa CBapKH C
JIO3UPOBAHHOMN MOJAaYei JIEKTPOJIHON TPOBO-
JIOKU;

- CHUHXPOHU3HPOBAHHOE IO OMNpPEACIEHHOMY
QITOPUTMY HMITYJIBCHOE BO3JCHCTBUE HM-
MyJbCHOW MOJAa4M AJIEKTPOAHOMN MTPOBOJIOKU U
HMMITYJIbCHOTO BO3JCHCTBUS HCTOYHHUKA CBa-
POYHOTO TOKA.

Kaxnplii w3 yKa3aHHBIX CHOCOOOB TOJ-
BOJIHOW CBapKH ¢ MPUMEHEHUEM HMMITYJIbCHOMU
MoJauu 3JEKTPOJHON MPOBOJIOKU MOXKET pe-
UIUTh OMNPEIEeNEHHBIM KOMIUIEKC 3a1ad IMpH
BEJICHUH Tpolecca MOABOIHON CBapKH MOK-

MABOAHI TEXHOMNOTri e Bun.11 (2021), 46-55
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pBIM criocoboM, MpuU 3TOM B OOJBIIMHCTBE
CIOCOOOB MOXKET OBITH MPUMEHEH MpaKTHUe-
CKH JIt000M THI UCTOYHHKA CBAPOYHOTO TOKA,
B TOM YHUCJIE CaMblii IIPOCTOM IO KOHCTPYK-
MU 1 BO3MOYKHOCTSIM.

CnenyerT OTMETHUTbH, DIIEKTPOIIPUBOMABI C
KOMITBIOTEPU30BaHHBIMU ~ BEHTWJIBHBIMU U
LIaroOBbIMU 3JIEKTPONPUBOAAMH ITPUMEHSIOT-
cs JUIS OCHAIIeHHs] CUCTEM CBapO4YHOIO H
YCTaHOBOYHOI'O NEPEMEIIECHNS B AaBTOMaTU3U-
POBaHHOM OOOpPYAOBAaHUU MJI MOJBOIAHOMN
CBapKH.

BBIBO/IbI

1. K Hacrosimemy BpeMeHH pa3pabOTaHO
HECKOJIBKO Pa3HbIX KOHCTPYKIUN MOJIyaBTO-
MaTOB JIJIsl TIOJJBOTHOM CBapKH MOPOIIKOBBIMU
CaMO3alIUTHBIMU 3JIEKTPOJHBIMU ITPOBOJIO-
KaM MOKpPBIM CIIOCOOOM, HO HauOOoJbIIee
pacrpocTpaHeHHe Kak oOOIIero Ha3Ha4YeHUs
Tak U JUIsl penieHus crneuuuyueckux 3aaad
MOJyYMJIO 00OPYAOBaHHE C W30JIUPOBAHHBIM
MOJIAIOIIUM Y3JIOM, TIOJIOCTh KOTOPOTO 3amoJI-
HEHa M30JMPYIOLIEe — CMa3bIBAIOIIEH JKUIKO-
CTBIO.

2. IlomyaBTOMaThl M aBTOMAThl IJI TOJI-
BOJHOM CBapKU IIOCTOSIHHO COBEPIIECHCTBY-
I0TCS, & OCHOBHBIM HaIlpaBJICHHEM HUX COBEp-
IIICHCTBOBAHUS SIBIISIETCSI TPUMEHEHHUE CUCTEM
MO/Ia4yM JIEKTPOJIHOM MPOBOJIOKU C yNpaBJsi-
€MBIMU HMITYJILCHBIMU MapaMeTpaMu JBUKE-
HUS, pallMOHAIBHBIA BBIOOP KOTOPBIX O0OeEcC-
MIEYMBACT BO3MOXKHOH BBICOKOA((HEKTUBHON
CBapKd B HIKHEM U BEPTUKAJIHLHOM IOJIOXKe-
HUSX C BO3MOXKHOCTBIO PETyJIIUPOBAHUS T'€O-
METPUUYECKUX Pa3MEPOB IIBOB U BAJIMKOB, MO-
Ty4eHUs] COSMHEHUS C YIIyYIIEHHBIMUA MeXa-
HUYECKUMH XapaKTEPUCTUKAMHU.

3. Co)XHOCTb NPUMEHEHMSI MMITYJIbCHBIX
TEXHOJIOTMH TIpU CBapke B BOAHON cpexae
MOKpPBIM CIIOCOOOM Kak 3a CUET MMITYIbCHBIX
QITOPUTMOB  (PYHKIIMOHUPOBAHUS HCTOYHH-
KOB CBapOYHOT'O TOKA, TaK W BCJIEICTBUE UM-
MyJbCHOW TOAAQYM 3JIEKTPOJHON IMPOBOJOKH
3aKJII0YAETCSl B BBICOKOW CKOPOCTH OXJIAXkJe-
HUS CBapOYHOI BaHHBI, KOTOpas CYyIEeCTBEH-
HO MPEBOCXOJUT CKOPOCTh B OOBIYHBIX YCIIO-
BUSIX.
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Solving the problems of underwater mecha-
nized and automatic arc welding of various
metal structures with a wet method

Viadimir Lebedev

Abstract. A complex of problems related to
semi-automatic and automatic underwater wet
welding, concerning both equipment and ways of
implementation of arc process, has been consid-
ered. An analysis of existing developments in the
considered field of welding has been carried out,
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and the most rational designs of semi-automatic
machines for welding with flux-cored electrode
wire have been revealed. It is shown that the sem-
iautomatic device with a submerged block is the
most rational design; the feeding mechanism,
placed in the block, has its own additional body,
filled with insulating-lubricating liquid, in which
the drive motor is submerged. It is noted that a
peculiarity of welding-in-fusion in aqueous medi-
um is unpleasant formation of joints on the verti-
cal plane. The most effective ways of improving
semi-automatic and automatic machines related to
modulated processes and processes with con-
trolled pulse feeding of electrode wire are pre-
sented. It is shown that lately the most effective
choice of electric motor is its valve design. At the
same time, the feeding mechanism in the gearless
version is possible. Specially designed computer-
ized control and regulation system is used for real-
ization of semiautomatic machine's work cycle
and the chosen algorithm of electrode wire feed-
ing. The results of electrode wire pulse feeding
application on properties of welded joints are giv-
en. It is determined that characteristics of pulse
feeding (frequency, duty cycle) influence geomet-
ric characteristics of the weld, as well as strength
properties, in particular yield and time resistance
limits, which, among other things, is caused by
reduction of nonmetallic inclusions in the weld
metal and the weld zone. External types of beads
welded in aqueous medium on the vertical plane
are given, it is obvious that formation when using
pulse and modulated modes is significantly better
than when conducting electric arc process with
conventional feeding of the electrode wire. The
ways of further improvement of the equipment for
welding in aqueous medium by a wet method are
shown. One of the most promising ways to im-
prove technical and technological capabilities of
mechanized equipment for welding in aqueous
medium is the creation and application of systems
with combined influence on the process.

Keywords: mechanized underwater problem
solving and automatic wet welding various metal
structures.
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Abstract. Groups of spatially distributed wells
interconnected by sections of pipelines (a common
collector) supplying water to a clean water reser-
voir are used in water supply systems in order to
provide drinking water to settlements. A group of
wells together with a clean water reservoir is called
a water intake facility of the water supply system.
Further, water is supplied from the clean water
reservoir to consumers in settlements by means of
second stage pumping stations. In terms of each
well the operating mode of the submersible pump-
ing unit, i.e. the position of its operating point at a
fixed moment in time, depends on the actual values
of many internal and external factors: dynamic
water level in the well; the actual characteristics of
the pumping unit; the position of the final control
elements (drive speed, opening degree of the regu-
lating valve); hydraulic resistances of pipeline
sections of the water intake facility; the water level
in the clean water reservoir; the number and oper-
ating modes of pumping units in other wells of the
water intake facility.

The paper describes a deterministic model of a
water intake well. At the same time, the processes
of water consumption are random processes, since
they depend on many uncontrolled and unmanage-
able factors. The parameters of the technological
equipment of the water intake facility are also ran-
dom values, since they are estimated from experi-
mental data of finite length.

Therefore, a stochastic model of a water intake
well is also proposed. A model of a quasi-
stationary operation mode of a water intake facili-
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ty, which is used to optimize the operation of a
group of artesian wells operating on a common
collector, is considered.
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ter intake facility.
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INTRODUCTION

Water supply to large cities is carried out,
as a rule, from surface water bodies - lakes,
storage lakes, large rivers, that is, from sources
with significant water reserves. In this case,
the water supply scheme includes: first stage
pumping stations, which take water directly
from the surface water bodies; water treatment
(purification) system; second stage and third
stage pumping stations, which pump clean
water over long distances and deliver it to set-
tlements.

In case the settlement is located in an area
where there are no large open water sources,
or the geographical position of the settlement
allows the use of groundwater, in this case,
artesian wells are used as a source of water
supply. Usually small settlements are supplied
with water from artesian wells. Artesian wells
are widely used for water supply to villages,
industrial water supply, for irrigation (irriga-
tion systems), in the mining industry, for low-
ering the level of groundwater. The advantage
of using artesian wells to supply the popula-
tion with drinking water is that water is ex-
tracted from great depths and purified using
natural filters. Thus, the cost of water treat-
ment is significantly reduced. The disad-
vantages of using artesian wells are usually
low well productivity, a strong dependence of
the well water volume on climatic and weather
conditions, well depletion as a result of large-
scale construction projects or the extraction of
natural resources, such as shale gas.

ANALYSIS OF RECENT RESEARCH
AND PUBLICATIONS

In the [1] scientific paper, the mutual influ-
ence of a group of interacting wells is consid-
ered to assess their productivity. The model of
a group of wells is based on the analysis of the
distances between them and is implemented in
the SUMULINK environment. These studies
are useful for well design, but they do not con-
sider the possibility of optimizing the opera-
tion of a group of wells.

The [2] scientific paper solves the problem
of determining the optimal set of operating
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equipment, but does not take into account two-
zone or three-zone tariffs for electricity.

The [3] scientific paper considers the opti-
mization of the operation of a group of wells
for a two-zone tariff for electricity by turning
on/off the pumps, but does not investigate the
influence of the pumps on each other during
simultaneous operation.

In the [4] scientific paper, the operation of
the well is optimized by changing the pump
suspension height. However, such measures
are suitable for one well and will be technical-
ly difficult to implement for a group of wells.

In the [5] scientific paper, methods for op-
timizing well performance based on monitor-
ing well parameters and real-time control are
considered. These results are important for
highly sophisticated wells. In addition, the
research is devoted to oil wells. For artesian
water wells, such methods would be too cost-
ly.

In the [6] scientific paper, operation of a
group of wells is considered, the optimization
is carried out in terms of the well rate.

All of the above mentioned scientific pa-
pers are devoted to modeling and optimization
of well operation, but each has its own ap-
proach to solving this problem.

In this paper, we propose the following ap-
proach to optimizing the operation of a group
of artesian wells: choosing the optimal operat-
ing mode of the entire system by calibrating
the pumping units on the wells to achieve their
coordinated operation.

THE AIM OF THE STUDY

The purpose of the scientific paper is to
build a stochastic model of quasi-stationary
operation modes of the water-intake facility
and use the resulting model to optimize its
operation.

The following tasks were solved in the fur-
therance of this purpose:

e formulation of a deterministic mathemat-
ical model of an artesian well;

e formulation of a stochastic mathematical
model of an artesian well;

e formulation of a stochastic model of the
water-intake facility operation;
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e development of a method for optimizing
the operating modes of a water-intake facility
with artesian wells;

e carrying out a computational experiment
in order to optimize the operating modes of the
water-intake facility with artesian wells.

RESULTS OF THE RESEARCH

Individual water-intake wells are widely
used in individual farms. Productive efficiency
of individual wells becomes insufficient for
providing water to settlements, therefore,
groups (clusters) of spatially distributed wells
are used in water supply systems, intercon-
nected by sections of pipelines (a common
collector), supplying water to a filtered-water
reservoir (FWR). A group of wells together
with an FWR is called a water-intake facility
(WIF) of the water supply system (WSS). Fur-
ther, water is supplied to consumers in settle-
ments from the FWR by second stage pumping
stations (PS). The operating mode of the
pumping unit (PU), that is, the position of the
operating point at each moment of time in each
well depends on the actual values of many
internal and external factors: dynamic water
level in the well; actual characteristics of a PU;
the position of the regulating bodies (drive
speed, opening degree of the control valve);
hydraulic resistances of the air intake pipelines
sections; water level in the FWR; the number
and modes of a PU operation in other wells of
the WIF. [7 — 10].

Deterministic water well model

Electrical centrifugal water pumping
(ECWP) units are widely used for water sup-
ply from wells. Without loss of generality, let
us consider the main characteristics of these
units. ECWP units are designed to supply wa-
ter from wells: with total salinity (dry residue)
of max. 1500 mg / 1; with a hydrogen index
(pH) from 6.5 to 9.5; with temperatures up to
25 °C; with 0.01% (100 g/m3) mass fraction of
solid mechanical impurities; max. 350 mg/l
chloride content; max. 500 mg/I sulfates, 1.5
mg / | hydrogen sulfide. The units can be used
for municipal, industrial and agricultural water
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supply, for irrigation, lowering the groundwa-
ter level and for daily living needs. The unit
size designation includes the ECWP letters,
which mean: E — driven by a submersible elec-
tric motor; C — centrifugal; WP — for water
pumping (supply) plus numbers, for example
ECWP 8-40-90, consecutively indicating: 8 —
allowable casing string diameter in inches (di-
ameter in mm, reduced 25 times and rounded,
1.e. 8 ¥ 25 = 200mm; 40 — nominal flow rate
(in m3/ h); 90 — pressure (in m) corresponding
to the nominal flow. Pumping units are manu-
factured in three versions:

e ECWP unit in standard design;

e ECWP unit with the letter S (body
parts made of stainless steel);

e ECWP with the letters SSI (body parts
made of stainless steel, impellers made
of stainless steel, graphite thrust bear-
ing).

Specifications for ECWP 8-40-90. Mini-
mum allowable well Casing string diameter in
inches (diameter in mm, reduced 25 times and
rounded) — 8 ”(inches). Rated water supply is
40 m3/h. Nominal water pressure (clearance
height) is 90 m. Rated power is 16 kW. Rated
current is 36 A. Unit weight is 104 kg. Pump
length is 1600 mm. Number of pump stages is
8. Connection method is a steel pipe according
to GOST 8732-78 108 * 8, outer diameter
108.0 mm, pipe wall thickness 8.0 mm. The
units operate in continuous mode from a 3-
phase alternating current network with 380 V
voltage and 50 Hz frequency.

The PU consists of a centrifugal pump and
a submersible electric motor. There is a mesh,
that serves to retain large particles contained in
the pumped out water, on the suction part of
the unit. Each stage (section) of the pump con-
sists of a cage, an impeller and a vane outlet.
The position of the impellers on the shaft is
fixed with keys, spacers and protective
sleeves. The pump shaft rotates in radial plain
bearings, which are lubricated by the pumped
water. A check valve is located in the upper
part of the pump, which serves to retain the
liquid column in the riser pipes when the pump
stops and ensures a smooth start during repeat-
ed starts. The diagram of a pumping unit in-
stallation in the well is shown in Fig. 1 [14].
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Fig. 1. The diagram of a pumping unit installation in the water-intake well

The Fig.1 has the following designations:
FWR - filtered-water reservoir, SPU — sub-
mersible pumping unit, CP- centrifugal pump,
SEM - submersible electrical motor; /Ispy —
SPU length; RV — regulating valve; the geo-
detic marks, respectively, are the following:
mouth (ground surfaces) of a water-intake well

— 1%, CP — hZ,; FWR — hS, well depth —
h

hgpy 5 pressure: at the outlet (mouth) of the

SPU immersion (installation) depth —

w

water intake well — H; pressure developed
by a CP — Hp; water levels: in a FWR —
H g 5 static level in the well (with zero water
withdrawal) — H

o> dynamic level in the well

(at nominal water withdrawal) — H,, ; CP

suction head level — H gP.
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When constructing a deterministic mathe-
matical model of a water-intake well, it is as-
sumed that all parameters of a water-intake
well are known a priori. This allows you to
determine the model of the water-intake well
operation in the form of an interconnected
system of algebraic equations of the following
type:

CP geodesic mark:

th = hf _hSGPU —0,55py - (1)
CP suction head level:
h G
HCP :hCP _den' 2)

Pressure developed by a CP:
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Hep(Q)=ag+a;-Q+ay 0>, (3)

CP power expenditure:
Nep(Q)=cy+¢-0+cy 0% (4)

CP efficiency coefficient:
n(@=d+d-Q+d -0, )

where Q — water consumed through a CP,
ag,ad1,47,Cy,C1,Cp, do, dl, dz — numerical val-

ues of a CP parameters. The pressure loss H in
the pipeline section H = H (Q) is determined
by the following expression

H(Q) =sgn(0)-¢-|0[". (6)

where O — water flow through the pipeline
section [m? / sec];

sgn (Q) —Q sign ; ¢ >0 — hydraulic resistance
of a pipeline section;
x >0 — K-rating factor.

The RV pressure loss in the H pipeline sec-
tion is the following

; (7)

Hy = rsen(@)i0

where C — equivalent hydraulic resistance of
the P3 in the "open" position,;

Ey € (0,11 — RV opening level, where Ey = 1
in the "open" position; Ey =0 in the "close"
position.

If the value of the water flow rate through
the CP Q is known, then the pressure value at
the outlet (mouth) of the well is determined by
the following expression

H,=Hlp+Hcp—H-Hy. (8)

Also, there are following relations:

Hlp>1m, 9)
Hst S[_Idyn ShSPU' (10)

60

Stochastic model of a water well

Water consumption processes are random
processes, as they depend on many unmanage-
able and uncontrollable factors. The parame-
ters of the WIF technological equipment are
also random values, since they are estimated
from experimental data of finite length [6]. We
introduce a number of designations in order to
construct stochastic models of the WIF techno-
logical elements: let us take (Q,B,P)— as
Descartes’s  product  probability  space
(€;,B;,,P), i=12,..,n,

Q=0 xQ, x..xQ,, B=B/xB,x..xB,,
P=FxPx..xP,, where Q;— sample space;

B, — o - algebra of events from Q;;P;, —

probability measure at B,) [11 — 13]. Then the

stochastic model of the water-intake well has
the following form:

H,(0) = Hep(0)+ Hep(0) - H(o) - a
-Hy (o).

Hp(O()) = ay(0) + @ (0)Q(m) +
+a,(0)Q* ().

H(Q()) = sgn(Q) - ¢(»)-|0()[* (13)

CE(Z’) sen(0)-0@)| (14

V
H{p(0) = hip(0) = Hy, (0) . (15)

(12)

Hy (0) =

Stochastic model of a WIF

In mathematical modeling and optimization
of the WIF operation modes, we will use a
stochastic model of the quasi-stationary WIF
operating modes [7 — 9].

We will represent the WIF structure in the
form of the G (V, E) digraph, where V' — is the
set of vertices, E — is the set of arcs (e = Card
(E), v = Card (V), the real WIF is supplement-
ed by a zero vertex and fictitious chords that
connect vertex zero with all inputs (wells) and
its output (FWR).
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Let us consider a WIF with several artesian
wells (Fig.2).

The following WIF coding is done for the
mathematical formulation of the problem: the
graph tree is chosen so that the fictitious sec-
tions of the network become chords, while the
real sections become partly chords and partly
branches of the tree. The branches of a tree
with a pump are assigned number 1, other
branches are assigned from 2 to v-1, the
chords of real sections are assigned from v to
v+1, —1, the chords of fictitious sections are

assigned with given nodal flows from v+n),
to v+m, +&; -1, the chords of fictitious sec-

tions are assigned with given pressure from
v+m, +&; to e, where n, — is the number of

chords of real sections, &; — is the number out-
puts with given nodal flow rates.

i

PS CWT

- | Y
To the sity

{

Fig. 2. WIF layout

In this case, the stochastic model of the
quasi-stationary WIF operating modes will be
of the following form[13]:

v—1
Q: M (H,(Q0)) + X byiH Qo)) =0,

i=l1

(r=v,...,v+tn, -1, (16)

MAaBOAHI TEXHOMNOTrII e Bun.11 (2021), 56-66
NPOMUCIOBa Ta LUMBINbHa iHXeHepis

M (1 (@)~ Hoy (@) +

v—1
+2 b (Q(@) + hf)) =0,
i=1

(r:V+n2,...,V+T]2 +§1—1), (17)

M(Hr (Q(Q)))+ h;fg _ch((o) +

+H (o) +i by (Hi (O(w)) +hf )J =0,
i=1

(}/’ = V-|—T]2 +§1,...,e;‘j = 13“"”) 7(18)
vy -1

Aﬂ{(q,-(co))ﬂ\g( Y. b0, () +

e (19)
+ 2 blriQr((D)J, (i=1...,v=1).

reviny
P(hf(m)Zh;)Za, (@=1),

i=(V+My,..., vEn +&-1), (20
P(Q;(0)>0)=p,(B=1),ieN, (1)
H,y;(0) = Hpy(0) + Hpy (@) —
—H (o)~ Hy(0), (j=1,...n).
Hepi(Q)(0) = ay j(w) +aj(0)Q;(w) +
+a, ()0 (@), (j=L,...n).

(22)

(23)
H,(0,()) =sgn(Q,) ¢, (0) |0, (0)].
k=, DU+ +§,....e).(24)

Hy;(0) = < (2(”) sgn(Q,)-|Q;(w)|.
Ey;
(j=1...,n). (25)
H{ py (@) = hip () = H g, (0)
(j=1...,n), (26)

where random variables characterize the fol-
lowing: 0;(w) —water consumption at the j-

section of the pipeline; /%, (®) — free pressure

61



ABTOMaTM3allisI Ta IpWIamo0yyBaHHSA

in the WIF r-node

(F=v+My,.., v+, +& —1); A" — the mini-
mum admissible pressure in the WIF r-node;
hf — geodetic mark of the i-section of the
pipeline (ie M ); b,,; —element of the cy-
clomatic matrix; H,,(®)— pressure at the out-

put of the 1st source; H,,;(®) — pressure at the

output of the j-source (j=2,...,n)€; n —is the
number of wells.

We will use this WIF mathematical model
to simulate and optimize the WIF operating
modes.

Stochastic model of the task on optimizing
the WIF operating modes

When a group of wells is operating on a
common reservoir, a specific problem arises:
pumping units on wells can operate in such a
way that one pump is "squeezed" by another,
which reduces the productivity of the entire
WIF. To solve this problem, it is necessary to
optimize the WIF operation.

We take the total water supply by all the
WIF wells as a criterion by which we will op-
timize the WIF operation.

In words, the problem of optimizing the
WIF operating modes can be formulated as
follows: it is necessary to determine the pa-
rameters of the WIF processing equipment, at
which the total water supply by all the WIF
wells at a given control interval [0, T] will be
maximum. The parameters of the technologi-
cal equipment that we will take into account
are as follows: the operating points of the
pumping units (flow and head), the immersion
depth of the pumping units, and whether the
pumping unit is turned on or off for a certain
period of time[15 — 18].

The initial data for the task of optimizing
the WIF operating modes are as follows: the
control interval [0, T] (one day), which is di-
vided into 24 subintervals corresponding to
each hour of the control period k = 0, ..., 23.
At each k-subinterval of time, the measured
values of the water levels in the FWR are
known; the actual number of pumping units
(PU) switched on, and static data: the WIF
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structure lengths, diameters, geodetic marks of
the pipeline sections, estimates of the parame-
ters of the PU models at each well, the FWR

7
AR
PS p8

CWT 1
- ‘P Ve P2
To the sity
pl3 p9
L
pl0
5

Fig. 3. WIF design diagram (p 1-13 mean a
pipeline section, w1-6 mean wells)

physical dimensions [19 — 20].

The objective function of the problem on
optimizing the WIF operating modes per day
can be represented in the form of the mathe-
matical expectation of the total water supply
by all the WIF wells on the control interval
[0, TT:

23 n
MY > 0, (®) > max , (27)
(O] k:() i=1 M(k)GQ

where n — number of wells, #(k) — control

vector. The € area of restrictions is deter-
mined by a stochastic model of quasi-
stationary WIF operating modes (16) — (26).

An example of a WIF operation simula-
tor investigation

As an example, consider a WIF consisting
of six artesian wells, a reservoir of clean water,
a second stage pumping station and pipeline
sections, the design diagram of which is shown
in Fig. 3.

Table 1 — 3 shows a specification the arte-
sian wells.
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Table 1. Specification of the artesian wells

Parameters Well No
1 2 3 4 5 6
Diameter, mm 200 200 200 200 200 200
Depth, m 26 26 26 21,5 21,5 20
Static level depth, m 3 2 3 4 4 4.5
Depth of the pump immersion, m 17 15 20 18 18 18
Potential flow, m® / h 30 35 20 25 25 25
Pump type ECWP | ECWP ECWP ECWP ECWP ECWP
unit 8- unit 8- unit 8- unit 8- unit 8- | unit 8-40-
40-90 25-100 40-90 40-90 40-90 90
Electric motor type SEM 8- | SEM 6- | SEM 8- | SEM&- | SEM 8- | SEM 8-
17 11 17 17 17 17
Unit efficiency,% 82 82 82 82 82 82
Geodetic mark of the well mouth, m 117,22 119 117,25 117,7 118 118,2
Geodetic mark of the pumping unit, m 97 104 97 100 100 100
H inlet, m ("level in the tank") 14 14 17 13 14 13,5

Table 2. Specification of the pipeline sections

Geodetic mark of the Geodetic mark of the
Pipeline section Diameter, mm Length, m | beginning of the section, | finish of the section,
m m

pl 100 76,73 117,22 117,3

p2 100 36,92 119 118,5

p3 100 27,24 117,25 117,3

p4 100 16,63 117,7 118,35

p5 100 49,33 118 118,5

p6 100 74,3 118,2 118,5

p7 200 44,31 118,35 118,5

p8 300 194,88 118,5 118,5

p9 500 77,25 118,5 118,5

pl0 500 10 118,5 118,5

pll 300 13800,71 118,5 105

pl2 300 13311,59 118,5 105

pl3 300 15 105 105

Table 3. Specification of the FWR
FWR volume, m? 1000 Calculation results
Geodetic mark of the bottom, m 106
Maximum water level, m 5 Tables 4 — 6 show the WIF parameters for var-

Minimum water level, m

1
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Table 4. WIF parameters for various operating modes

FWR initial level of 1,5 m

Consump- Consump-
All the wells Pressure after | Consumption in wells, tlop 1n.water tlo? 1n.water .FWR
operate the PU. m mi/h pipeline 1 pipeline 2 inflow,
P ’ before the before the m*h
FWR, m*h | FWR, m’h
Well 1 75,59 46,52
Well 3 74,00 47,32
Well 4 73,04 47,35
Well 2 71.61 33.35 134,51 132,16 266,67
Well 6 75,59 45,64
Well 5 74,60 46,48
Table 5. WIF parameters for various operating modes
FWR initial level of 3,75 m
Consump- Consump-
All the wells Pressure after | Consumption in wells, tlo? 1n.water tlo? 1n.water .FWR
onerate the PU. m m3/h pipeline 1 pipeline 2 inflow,
P ’ before the before the m>/h
FWR, m’h | FWR, m’h
Well 1 79,70 44,15
Well 3 78,27 4491
Well 4 77,35 4491
Well 2 75.96 32.12 125,62 127,86 253,48
Well 6 79,59 43,29
Well 5 78,73 44,10
Table 6. WIF parameters for various operating modes
FWR initial level of 4,89 m
Consump- Consump-
All the wells Pressure after | Consumption in wells, tlop mn water tlop mn water .FWR
operate the PU. m m’/h pipeline 1 pipeline 2 inflow,
p ’ before the before the m*h
FWR, m*h | FWR, m’h
Well 1 80,05 43,94
Well 3 78,62 44,70
Well 4 77,71 44,70
Well 2 76.32 32,01 127,29 125,06 252,34
Well 6 79,93 43,09
Well 5 79,08 43,90
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The Tables 4 - 6 show how the WIF param-
eters change for different initial water levels of
the FWR. The lower the initial water level of
the FWR, the greater the water supply by the
wells (water inflow into the FWR) and the
lower the pressure at the PU outlets. One of
the ways to further optimize the WIF operation
could be the use of a three-zone tariff for elec-
tricity and the use of the FWR capacity in a
wider range [8]; however, the results obtained
cast doubt on the feasibility of such an ap-
proach. This will be the focus of further re-
search.

DISCUSSION OF THE RESULTS
OF THE STUDY

As a result of handling the challenge of op-
timizing the WIF operating modes, such a
mode of the WIF operation and such parame-
ters of the technological equipment were
found, in which the pumping units in the wells
do not "strangle" each other, but coherently
operate, while the water supply to the WIF is
maximum. The calculation results given in
Tab. 4 — 6, show the WIF optimal operating
mode, i.e. operating points of pumping units
on wells (columns 2, 3) and the maximum
water supply to the WIF (column 6) at differ-
ent water levels in the FWR.

CONCLUSIONS

A stochastic model of the WIF operation
modes is developed in this scientific paper.
The problem of optimizing a WIF operation
modes, which consists in the fact that it is nec-
essary to find such a WIF operation mode and
such parameters of the technological equip-
ment so that the water supply to the WIF is
maximum, was formulated and solved based
on this stochastic model. The calculation ex-
ample shows all the initial data for the problem
and the results of calculations.
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CroxacTuyeckasi MoeJIb U METO ONITUMM3ALUHU
PeKMMOB paGoThl IPYNIBI APTE3NAHCKUX
CKBAKUH B CHCTEMaXx BOJOCHA0KEHHSA

Anoperti Teeawes, Onvea Mameuenxo,
Ine6 Huxumenxo

AnHoTamus. /{11 oOecrieueHusl MUTHEBON BO-
JOW HaceJIEHHBIX IMYHKTOB B CHCTEMax BOJOCHAO-
KEHHS HCIOJB3YIOT TPYNIbl MPOCTPAHCTBEHHO
pacnpeenéHHbIX CKBaXHH, 00BECAMHEHHBIX MEXK-
Iy co0oi ydacTkaMu TpyOOmpoBOIOB (00ImUM
KOJIJIEKTOPOM), TOAAIOIINM BOJY B pe3epByap 4u-
CTOM BOJBI. I'pyIma CKBaXMH COBMECTHO C pe3ep-
ByapoM YHCTOH BOJbI Ha3bIBACTCS BOI03a00PHBIM
y3JI0M CHUCTEMBI BogocHaOxkeHus. Jlanee u3 pesep-
Byapa YUCTOMN BOAbI HACOCHBIMHU CTAaHILUAMH BTO-
poro moabéma BoJa MOJAETCs MOTPEOUTENSIM B
HaceJICHHbIE ITyHKThI. PexuM paboThel mOTpyKHOTO
HACOCHOI'O arperarta, T.€. IOJIOKEHHUe ero padouei
TOYKMA B (PUKCHPOBAHHBII MOMEHT BPEMEHH, IS
KaXI0M CKBaKMHBI 3aBUCUT OT (DAKTUYECKUX 3HA-
YEHUH MHOKECTBA BHYTPEHHHMX M BHEIIHUX (hax-
TOPOB: JTMHAMHUYECKOTO YPOBHA BOJAbLI B CKBAKMNHC,
(haKTHUECKMX XapaKTEPUCTHK HACOCHOTO arperara;
MIOJIOKEHUST PETYIUPYIOMUX OpraHoB (000poTOB
MPUBOJIa, CTENEHU OTKPBITUS PEryJHUpYyIOLIeH 3a-
IOBIDKKH);  THUAPABIMYECKHMX  CONPOTHUBIICHUH
Y9acTKOB TPYyOONIPOBOIOB BO032a00PHOTO Y3Ia;
YPOBHSI BOABI B Pe3€pBYyape YHCTON BOJBI; KOJINYE-
CTBa M PEKUMOB PabOTHI HACOCHBIX arperaTtoB B
JIPYyTUX CKBRXKMHAX BOJ03a00PHOrO y3ia.

B pabore mana nerepMuHHpOBaHHasT MOJEb
B0/103a00pHON CKBaKMHBI. B TO 3xe BpeMs npouec-
Cbl BOJOTOTPEOJCHUSI SIBISIIOTCA  CIy4YaHHBIMU
IpoleccaMy, MOCKOJIBKY 3aBHCAT OT MHOTHX He-
KOHTPOJIMPYEMBIX M HEYIPaBIsIEMbIX (aKTOPOB.
[TapameTpsl  TEXHONOTMYECKOro 0OOpPYIOBaHUS
B0/103a00pHOT0 y3J1a TaKXe ABISIFOTCA CIy4alHbI-
MU BEJIMYUHAMH, TaK KaK OLICHUBAIOTCA IO 3KCIle-
PUMEHTATBHBIM JaHHBIM KOHEYHOU JJTMHEI.

[losTOMy mpeaiokeHa TaKKe CTOXacTU4ecKas
MOJENb BOA03a00pHON CKBaXWHBI PaccMmoTpeHa
MOJIENIb KBa3HCTALIHOHAPHOTO pEeXHMa paboThI
BOZ103a00pHOTO Y3712, KOTOpask UCIONB3YeTCs AT
ONTUMH3ALUK pabOThl TPYHNbl apTE3MAHCKUX
CKB&)KHH, pabOTaIONTHNX HA OOIINN KOJUIEKTOP.

KiroueBble cjioBa: apTe3naHCKash CKBaXKHHA,
cucTeMa BOJIOCHAOXKEHHS; ONTHUMH3AIUS; CTOXa-
CTHYECKas MOJeJb, HAaCOCHBIM arperar, BOAO3a-
OOpHBIH y3ed.
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Abstract: The work shows that inadequate and
untimely hydrological forecasting of the level of
flood development leads to significant annual eco-
nomic damage and loss of life. The latter requires
constant control and monitoring of the state of water
bodies, which is possible with modern automated
control and monitoring systems. The analysis
showed that the information and measurement sys-
tems (AIMS) for flood control, which are operated
in Ukraine, their quantity, cost and technical char-
acteristics do not provide the information necessary
for predicting the development of floods.

Analysis of trends in the development of systems
for automated control and monitoring of the state of
water bodies showed that modern foreign systems
that are at the stage of development or testing are
based on the use of microcontrollers, "smart" con-
verters of physical quantities, modern communica-
tion systems and Internet of Things technology, as
well as the use of smartphones with a Raspberry Pi
camera for determining the water level in rivers.

The development with the use of the industrial
Internet of Things of the basic version of the geoin-
formation system for control and monitoring of the
state of water bodies GIS-Dniester is given. The
structure, components and functions of GIS-Dnie-
ster are considered. The tasks of organizing hard-
ware and software for parameterizing and diagnos-
ing "smart" converters, establishing a communica-
tion environment for industrial communication, de-
veloping algorithms for collecting, processing and
transmitting data, studying the characteristics of
measuring signals are being solved. The results of
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the study of the echo profiles of the XPS10 ultra-
sonic level sensor with “smart” -converters Multi-
ranger 100, as well as the procedure for working

67


mailto:1leozam@nung.edu.ua
mailto:elenazam@meta.ua,
http://orcid.org/0000-0003-0775-0472
mailto:3nmj_2010@ukr.net
mailto:4letis@ukr.net
https://doi.org/10.32347/uwt2021.11.1502

ABTOMaTM3allisI Ta IpWIamo0yyBaHHSA

with the GIS-Dniester are presented. The use of the
developed GIS-Dniester has shown its effectiveness
and reliability in operation.

Keywords: geo-information system, industrial
IoT, monitoring, flood control, microcontroller.

INTRODUCTION

Monitoring the state of water bodies is one
of the main tasks of the modern development of
the state. This is due to the fact that insufficient
and untimely hydrological forecasting of the
level of development of floods (floods), floods,
mudflows, as well as the lack of a modern, full-
fledged and integral protective complex lead to
annual losses in the agricultural, industrial and
social sectors of the economy, as well as human
casualties.

There is practically no territory of the state
where the negative impact of floods is not felt
from time to time. Over the past 25 years, sig-
nificant floods that led to emergencies were ob-
served in 1995, 1997, 1998, 2001, 2008, 2019,
2020. As a result of the flooding of territories,
for example, in the Ivano-Frankivsk region in
2000-2008, economic facilities and the popula-
tion of the region were damaged in the total
amount of more than 520 million. UAH.

At the same time, an increase in the accuracy
of hydrological forecasting of both the level of
flood development and the quality of work on
accounting for land surface waters is possible if
modern automated control and monitoring sys-
tems are available not only for the river water
level, but also for other hydrological parame-
ters. Hydrological posts should be equipped
with such systems, which are developed on the
basis of modern hardware and software. Today
in Ukraine there is a significant number of dif-
ferent systems for monitoring the state of rivers,
which are equipped with hydrological posts.
Most of the systems have been developed by
foreign firms on an element base, which are
now outdated, and some of the systems are in-
operable. Also known are some innovative de-
velopments of Ukrainian companies in the field
of automation of systems for collecting infor-
mation on the state of water bodies. At the same
time, there is no information on the efficiency
of operation of these systems, and the main de-
velopment trends and requirements for modern
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control and monitoring systems for the state of
water bodies have not been identified.

THE AIM OF THE STUDY

The purpose of the research is to determine
the main trends in the development of systems
for automated control and monitoring of the
state of water bodies and the requirements for
their structure and the development of a geoin-
formation system (GIS) for monitoring the state
of river waters based on modern hardware and
software, industrial Internet of things technol-
ogy and research of one of the main sensors of
the system. — XPS10 ultrasonic level sensor.

RESULTS OF THE RESEARCH

Modern GIS are located at hydrological
posts and automatically transmit a set of pa-
rameters characterizing the hydrological char-
acteristics of a water body (water level, water
and ambient temperature, air humidity, atmos-
pheric pressure, river flow velocity, chemical
indicators, etc.). In this case, information
about the specified parameters can be trans-
mitted continuously or at regular intervals.

In [1], the existing methods and systems for
forecasting the level of flood waters used and
developed both in Ukraine and abroad are con-
sidered and analyzed. Automated control
methods are considered, which are subdivided
into direct (level sensors, automated measur-
ing stations), as well as remote measurement
methods, namely: space (satellite survey sys-
tems); airborne (airplanes, helicopters) and
constitute a significant part of remote sensing
data of types of surveys, methods of obtaining
data using measuring systems in conditions of
physical contact with the surveyed object.

It is concluded that the insufficient level of
predictability of floods, floods and flooding,
as well as the lack of a modern integral com-
plex of protective measures lead to significant
annual damage in the agricultural, industrial
and social sectors of the economy, deteriora-
tion of the ecological state of the environment,
which is also confirmed in [2, 3]. Mathemati-
cal modeling of the flood process and methods
of forecasting them based on statistical data
are considered in [4]. The proposed models

MIABOAHI TEXHONOCrIi « Bun.11 (2021), 67-77
NPOMUCIIOBa Ta LUMBINbHa iHXeHepis



ABTOMaTM3alIlisI Ta IpWIamo0yyBaHHA

take into account, as one of the components,
the soil moisture of the studied river basin.

An analysis of the existing AIMS for flood
water control is given in [5]. The AIMS in
Ukraine, which are in working order, at the
stages of development or implementation, in-
clude: "TISA", "Prykarpattya", a computer
system with autonomous sensors, "AKSON",
a precipitation gauge and an integrated system
of nationwide flood monitoring. A brief de-
scription of these systems is given and the
main disadvantages of these systems are
noted: high economic costs for the develop-
ment and implementation of these systems and
technical means (AIIS "Tisa" — 225 thousand
Euro, 3 gauging station AIIS "Prykarpattya" —
500 thousand UAH., AKSON — 600 thousand
UAH, an integrated system of nationwide
flood monitoring — 14 million 680 thousand
UAH). Inadequate financing from the state
does not allow the creation of a sufficient
number of AIIS, gauging stations in order to
warn about the occurrence of flood waters.

In [6], information is provided on the for-
eign experience of using remote hydrological
posts, as well as a brief historical excursion to
the development of automated observation
systems in Ukraine. The control and infor-
mation system developed by Satellite + LLC
for automatic gauging stations of the BPV se-
ries, consisting of a water level sensor, a com-
munication channel, a recording device and a
power source, is considered in detail. The sys-
tem uses a set of batteries and information
transmission via the GPRS channel of one of
the GSM operators. The presence of batteries
indicates that information is transmitted dis-
cretely, after a certain period of time. How-
ever, the work [6] does not indicate the fre-
quency of information transmission. While the
rapid development of floods requires continu-
ous information about changes in the level of
water bodies.

The work [7] presents the results of the de-
velopment and operation of automated tech-
nical complexes: an automated hydrometeoro-
logical station — AGMS - (manufacturer -
Tekhpribor LLC, Lviv, Ukraine) and an auto-
matic system for hydrometeorological moni-
toring — Vaisala HydroMet ™ MAWS100 —
(manufacturer — Vaisala Oy;j ", Finland). It is
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indicated that their introduction significantly
improves the efficiency of the forecasting or-
ganizations of the hydrometeorological ser-
vice, and in the case of the formation of rapid
floods in mountain annual basins, it is a neces-
sary condition and guarantee of increasing the
lead time and confirming hydrological fore-
casts and warnings.

In [8], a system for controlling the level of
flood waters is proposed, the basis of which is
an ultrasonic sensor for measuring the level
and other sensors. The collection and trans-
mission of information is carried out using the
Arduino Uno and a wireless sensor network
based on LoRa technology. The results of test-
ing the proposed system are presented.

The use of the early warning systems for
floods in the Indian Himalayas (The Early
Warning Systems — EWS) is given in [9]. The
flood monitoring system and EWS consists of
base stations and a control center. The base
station consists of a measurement module and
a processing module that performs a localized
forecast of the water level and transmits the
predicted results and measured data to the con-
trol center. The Control Center uses a hybrid
system of Adaptive Neuro-Fuzzy Inference
System (ANFIS) and supervised machine
learning, as well as a Linear Multiple Regres-
sion (LMR) model to predict water level. This
hybrid system demonstrated high accuracy of
93.53% for daily forecasts and 99.91% for in-
itial forecasts.

A prototype of a flood warning and moni-
toring system is described in [10]. Structur-
ally, the system consists of three main blocks:
a telemetry data collection unit; collecting data
from sensors located on the river bank; data
analysis and processing unit. It also includes
the development of algorithms for processing
data obtained from sensors, with the issuance
of appropriate warnings to the public and con-
trol messages for spillways. The system also
contains an information dissemination unit,
which is used to alert the population about the
level of flood risk. The system uses ESP32 de-
velopment boards to collect data from sensors
of precipitation, flow and water level in the
river, which are integrated into an IoT moni-
toring system to transfer raw data using 4G de-
vices connected to an ESP microcontroller.
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End users are also offered an Android app to
track flood risk situations in real time. The
above experimental results demonstrate the re-
liability of flood forecasting.

The use of the Internet of Things for moni-
toring the behavior of the state of the river, in-
cluding the development of the IWT hardware
(RiverCore), is discussed in [11]. A descrip-
tion of the developed web-based data collec-
tion platform integrated with IoT technologies
for data transmission over 3G cellular net-
works is given. The developed architecture
uses the Message Queuing Telemetry
Transport (MQTT) protocol along with en-
cryption and security mechanisms to send data
packets in real time to the server, and stores
the received data in a non-relational database.
From there, the data can be accessed and dis-
played using a variety of query settings and
graphical representations, which allows it to
be used in the future in the flood analysis and
forecasting system.

Flood Prediction Using Sensor Integrated
based on Internet of Thing and Radio Fre-
quency to Solve Environmental Issue
(FRESTT) is described in [12]. The need to de-
velop such a system for Indonesia is due to the
fact that in 2015-16 there were 500 floods due
to which in 2015 115 people died and 317,683
people were displaced from flooded areas, and
in 2016 75 people died and 105,301 people
were displaced. The early flood detection
function of FRESTI is achieved with built-in
rain sensor, water flow, river slope and water
level sensors. The measured parameters will
allow assessing potential flooding and issue
early warnings. FRESTI is equipped with a si-
ren that responds to the receipt of data trans-
mitted using radio frequencies. As a warning
signal, these sirens will be located near the vil-
lage. With the use of IWT, data from FRESTI
on the state of the river in real time via the In-
ternet can be obtained by interested people liv-
ing in the flood zone.

In [13], it is proposed to use modern
smartphones with built-in cameras, position-
ing sensors and powerful processors as meas-
uring instruments for measuring the water
level during floods. With the use of volun-
teered geographic information (VGI), the hy-
drological network of water meters can be
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highly compressed in space and time, even for
watersheds that are currently not monitored.
These are shallow streams and rivers that also
need to be monitored to better understand what
drives flood development and improve the re-
liability of their forecasting. Stationary low-
cost solutions based on Raspberry Pi imaging
systems are universal for continuous monitor-
ing of hydrological parameters. The two com-
plementary systems, the smartphone and the
Raspberry Pi camera, use the same automatic
water level detection methodology. The accu-
racy of water level measurement ranges from
a few millimeters to several centimeters.

An expert system for forecasting floods
based on web services, including a knowledge
base with the ability to read data from sensors,
such as precipitation, river flow, in real time,
is considered in [14]. Its use will facilitate the
monitoring of various influential factors that
contribute to an increase in the level of flood
waters in flood areas and, as a result, will al-
low decision-makers to take measures to pre-
vent the occurrence of emergencies.

Based on the review of modern trends in the
development of systems for automated control
and monitoring of the state of water bodies, the
following conclusions can be drawn:

- a number of existing systems for monitor-
ing and forecasting the level of flood waters
that are operated in Ukraine, such as TISA,
Prykarpattya, AKSON, etc., physical proper-
ties of soils;

- domestic developments that use self-con-
tained power sources do not allow continuous
monitoring of the state of water bodies, which
is especially important during floods;

- modern foreign systems under development
or testing are based on the use of microcontrol-
lers Arduino Uno, ESP, etc. to collect data from
sensors, which are increasingly used as "smart"
-converters of physical quantities. At the same
time, microcontrollers are integrated with IoT
technologies for data transmission via 3G and
4G cellular networks, allowing interested per-
sons living in the area of possible flooding to
track changes in the water level in the river via

the Internet;
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- to predict the water level based on the pro-
cessing of the received data from the sensors,
a hybrid system of the ANFIS model and the
LMR model is used, which makes it possible
to increase the accuracy of forecasting the de-
velopment of floods;

- the use of a smartphone and a Raspberry Pi
camera, which use the same methodology for
automatically determining the water level, will
expand the water level control zone in streams
and small rivers, and take into account their in-
fluence on the formation of the general level of
flood waters.

Considering the above, a basic version of the
geoinformation system for monitoring the state
of water bodies "GIS-Dniester" was proposed
on the basis of hardware and software from Sie-
mens and "smart" converters - an ultrasonic
level sensor XPS10 [15] together with "smart"
converters Multiranger 100 [16].

Purpose and composition
of "GIS-Dniester"

The developed system is designed for re-
mote monitoring of the main meteorological
parameters of the Dniester River waters and the
environment at controlled points and transfer of
measurement and visual data for their subse-
quent processing, visualization, documentation
and long-term storage.

The system allows organizing local and cen-
tral dispatching points and operates in real time.

The automated system includes the follow-
ing components:

- server workstation based on IBM-PC;

- industrial and RZ-routers of the GSM
standard for wireless industrial communication;

- programmable logic controller (PLC) SI-
MATIC S7-1200 "Siemens";

- signal modules SM for processing and dig-
itizing output signals from sensors;

- communication equipment (power sup-
plies, switches, connectors, cables, etc.);

- sensors of basic meteorological parame-
ters;

- top-level software — SCADA-system (su-
pervisory control and data collection system).

The system is designed as a single hardware
and software complex with a distributed archi-
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tecture and is optimized for working with re-
mote monitoring objects and local and central
dispatch centers. GIS-Dniester is capable of
performing any tasks related to collection, pri-
mary processing, transfer and storage of con-
trolled parameters.

The hardware part of the system is based on
the products of world manufacturers in the field
of industrial automation and communications.
The main control functions are implemented on
the hardware and software of the Siemens con-
cern.

The system is compatible with sensors with
unified measurement signals from a wide range
of manufacturers.

The communication network is implemented
on the basis of VPN (Virtual Private Network)
of the mobile operator “Kyivstar” of the GSM
standard, provides access to technological
equipment practically throughout the entire ter-
ritory of Ukraine and protection from unauthor-
ized access.

Application software has been developed for
the controller and workstation, which adapts to
the hardware configuration of a specific object.
The dispatcher's dialogue with the system is im-
plemented in the form of mnemonic diagrams
(interface pages) in the SCADA system (Super-
visory Control And Data Acquisition). Pro-
vided the functions of visualization, archiving,
warning signaling of controlled parameters go-
ing beyond the permissible limits and docu-
mentation of monitoring parameters.

In the extended version of GIS-Dniester, it is
possible to control additional parameters (water
turbidity, flow rate, etc.).

Structurally, the main devices of the system
are made according to a modular principle and
are placed in a mounting container (Fig. 1),
which does not include sensors and the dis-
patcher's workstation. The system is designed
for continuous operation.

In the process of integrating “smart” con-
verters into GIS-Dniester, it is necessary to
solve the problems of organizing hardware and
software for parameterizing and diagnosing
“smart” converters, establishing a communica-
tion environment for industrial communication,
developing algorithms for collecting, pro-
cessing and transmitting data, studying the
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characteristics of measuring signals, also re-
search of information processes in such systems
[17, 18]. The study of the echo profiles of ultra-
sonic signals from the XPS10 transducer was
carried out on the basis of the DELPHIN PLUS
V1.5 instrumentations [19].

Fig. 2 shows the results of the parameteriza-
tion of the ultrasonic "smart" level transducers
Multiranger 100 with the XPS10 sensor.

In Fig. 3 — 5 the results of the investigation
of the echo profiles of the XPS10 ultrasonic
level sensor with the Multiranger 100 “smart”
transducer are unknown. The XPS10 sensor is
installed in a special container and mounted on
the bridge over the Dniester river in Galich over
the middle of the river bed. The distance from
the sensor to the water surface was 10 m.

At the output of the “smart”-converter Mul-
tiranger 100, a unified current signal (4...20
mA) is generated, fed to the PLC S7-1200
[20], where it is digitized, normalized and
scaled for further use as part of GIS-Dniester.

Analysis of the echo profiles of the XPS10
ultrasonic level sensor showed that the reliabil-
ity of the correct reception of the signal re-
flected from the water surface depends on many
factors (water and air temperature, humidity,
the presence of various kinds of electromag-
netic interference and building structures).

The system implements the ability to re-

Fig. 1. Exterior view of the mounting container
GIS-Dniester
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motely read the echo profiles of the XPS10 ul-
trasonic level sensor, which made it possible
to analyze a large number of echo profiles un-
der various environmental conditions, and
therefore select the optimal parameters and
operating modes for the XPS10 ultrasonic
level sensor and the Multiranger 100 "smart"
transducer.

As a result of the research, the functionality
of the GIS-Dniester was expanded, including
by blocking individual components of the echo
profiles that arise due to structural obstacles
when measuring the water level, which made it
possible to increase the accuracy of the results.

The hardware configuration of the S7-1200
PLC was carried out in the TIA Portal V14
software environment in the "run-time" mode
(see Fig. 5), which includes:

- Project tree — project tree "Ga-
lich 1 PLC Sensor 060421 1";

- hardware PLC S7-1200 (PLC 1, Al
4x13BIT 1, Al 4x13BIT_1)

- hardware catalog - hardware catalog.

In Fig. 6 shows a fragment of the applica-
tion in the FBD (Functinal Block Diagram)
language, which implements the algorithm for
processing the initial measuring signal from
the MultiRanger 100 level transducer in the
TIA Portal V14 software environment in the
"run-time" mode. The program includes the
following program instructions for processing

e we==2ER Sl =8m

17.27 FE OnlinePROG |
fo] o =
SmartLinx | Discrete /s | Relay | PumpRecords | Range Caib. | Temp.Comp. | Rate |
Meas. Verif. ] Scanning | Echo Proc. ] Adv. Echo Proc. I ™vT | Shot Config. |

Measurement ] Test | Profile Records | Install. Record ] Max/Min Log l Security |
Basic Setup I Reading I Display l Failsafe I mA O/P l Communications |

9 Instrument Parameters Display/Edit

Operation v
Material Iquuid or horiz. solid surface LI
Maximum Process Speed 1 |10 m/min (fast) j

Transducer IXPS -10

Units [melres (m) (preset)

Empty Distance

1 | 10,00 m
Span 1 v/ [10,00 m

Note: Pt.#2 is only active when Operation = DPA or DPD

Fig. 2. Parameterization results of the ultrasonic
"smart" level transducers Multiranger
100 with XPS10 sensor
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Ay \—\/7”\‘ ,r—/\*v“m

Fig. 3. Echo profile of the XPS10 ultrasonic
level sensor (correctly defined echo pro-

file of the reflected signal with a L level
of 9 dB)

Echaprotte

Fig. 4. Echo profile of the XPS10 ultrasonic
level sensor (correctly defined echo pro-

file of the reflected signal with level L:
17 dB)

Fig. 5. Echo profile of the XPS10 ultrasonic
level sensor (the echo profile of the re-
flected signal with a L level of 9 dB is in-
correctly determined)
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Fig. 6. Hardware configuration of the S7-1200
PLC in the TIA Portal V14 software en-
vironment in the "run-time" mode

Q5 coon LR x U

AP b EEEDE: Gt EE0] C0aRT Gl al &P a EN ]

Sy

Fig. 7. Fragment of an application in the FBD
language that implements the signal pro-
cessing algorithm from the MultiRanger
100 level transducer in the "run-time"
mode

Totaly ntegated Automation
v PORTA

E]

©000000000000000000 ©

Fig. 8. Procedure for parameterizing the com-
munication connection between the local
monitoring station and the server
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and calculating the absolute value of the water
level in the Dniester River:

- NORM_X — normalizing function, con-
verts the digitized value of the measured dis-
tance signal from the level sensor in the plane
of the monitored object within (0-27648 rela-
tive units) into a floating point value within
(0.0...1.0);

- SCALE X — scaling function, converts
the normalized value of the measured signal
into the absolute value of the monitored pa-
rameter (distance from the level sensor of the
plane of the monitored object), taking into ac-
count the measuring range of the XPS10 level
sensor and the MultiRanger 100 transmitter
within (0...10 m);

- ADD — function of linear correction of the
absolute value of the controlled parameter;

- SUB — subtraction function, which converts
the measured distance to the controlled object
into a level (the level of the Dniester river in
Galich 1).

Fig. 7 shows the procedure for parameteriz-
ing the communication connection between the
local monitoring station and the server.

In Fig. 8 shows a fragment of an application
in the FBD language that implements the pro-
cess of transferring data from a local monitor-
ing station to a dispatch server.

A dispatcher's workstation is installed in the
central control room, which provides monitor-
ing of remote objects.

After activation of the corresponding object of
control (for example, Galich 1), the window of
the main page of GIS-Dniester is displayed on
the screen (Fig. 9).

The main part of the main interface page
contains the following components:

- a field of archives in the form of trends in the
main meteorological parameters of the Dnie-
ster River waters and the environment with
scales of the corresponding color and time
scale;

- buttons for switching to other pages of the
interface;

- current monitoring parameters;

- archive monitoring parameters;

- scales of current parameters;

- tools for managing the field of archives;

- system time;
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Fig. 9. Fragment of an application program that
implements the process of transferring
data from a local monitoring station to a
dispatch server
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Fig. 10. Monitoring system main page window
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Fig. 11. Tabular archive of the main meteoro-
logical GIS-Dniester

- marker of archive parameters (movable ver-
tical white line).

Other pages of the monitoring system inter-
face contain information in accordance with
the monitored parameter:

- air humidity (blue trend - from 0 to 100%);

- air temperature (red trend — from -30 to
+50° C);
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- water temperature (dark red trend — from -10
to +30° C);
- water level (blue trend — from 0 to 12 m).

(38,

Further, the dispatcher can use the move-
ment tools to view and scale to refine the ar-
chived parameters at appropriate time inter-
vals.

<@

To go to the tabular archive, use the "table"

button . The tabular archive window

(Fig. 10) is intended for archiving tabular val-
ues with a selected time interval. The window
interface allows viewing the archives of mete-
orological parameters. The first column dis-
plays the record number, the second — the date
and time of the recording, all the rest — the cor-
responding archive parameters. To view the
previous values of tabular archives, you must

activate the "pause" button and use the
"scroll" tool to go to the required date and time.

In addition, the developed GIS-Dniester is
equipped with a HIKVISION DS-2CD2010F-I
video camera, which is installed on the support
of an old bridge in the city of Galich, allows for
visual control of the level of the Dniester River

through a video surveillance subsystem
(Fig.11, 12).

CONCLUSIONS

Automated systems for monitoring and
control of water bodies that are in working
condition, at the stages of development or im-
plementation, do not provide hydrometeoro-
logical monitoring of the state of water bodies
in Ukraine due to their small number, high cost
and technical characteristics that do not corre-
spond to the modern level. Inadequate funding
from the state does not allow the creation of a
sufficient number of modern monitoring sys-
tems, reduces the effectiveness of the forecast-
ing organizations of the hydrometeorological
service to prevent emergencies caused by the
development of floods.
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Modern trends in the development of sys-
tems for automated control and monitoring of
the state of water bodies are aimed at the use
of "smart" -converters of physical quantities,
microcontrollers such as Arduino Uno, ESP,
etc., which are integrated with IoT technolo-
gies for data transmission through wireless
sensor networks based on LoRa technology
and cellular 3G and 4G networks; modern
smartphones with built-in cameras, position-
ing sensors and powerful processors, with a
Raspberry Pi camera allow automatic water
level detection. The use of IWT technologies

~ o «x
r LIMHA CUCTEMA Y BOA PIKM BHICTEP m.rAnn4_1 | 6/15/2021 18:55:59 [t
S — JT—— 7|Zm

Contgurtr 1

[ o
E

RRRRR

Fig. 12. Visual control over the level of the Dnie-
ster river through a video surveillance
subsystem dated 06.15.2021

will allow interested persons living in the zone
of possible flooding to monitor changes in the
level of water bodies via the Internet and make
appropriate decisions.

The proposed structure of GIS-Dniester
based on industrial ICT with the use of modern
hardware and software and "smart"-converters
and a video camera, which made it possible to
provide visual control over the level of the
Dniester River. The purpose of GIS-Dniester,
the main components and the principle of its op-
eration are considered. Due to modularity and
unification, the basic GIS — Dniester can be ex-
panded or modernized and supplemented with
other types of sensors.

The results of the study of the echo profiles
of the XPS10 ultrasonic level sensor with Mul-
tiranger 100 "smart" converters, which made it
possible to increase the accuracy of water level
measurement, were considered, the hardware
configuration of the S7-1200 PLC in the TIA
Portal V14 software environment was carried
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out in the "run-time" mode and the fragment ap-
plications in the FBD (Functinal Block Dia-
gram) language, which implements the algo-
rithm for processing the original measuring sig-
nal from the MultiRanger 100 level transducer.
The use of the developed GIS-Dnister has
shown its efficiency and reliability in operation.

o9
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TeHnaeHINH pa3BUTHUS CHCTEM MOHUTOPHHTIA
COCTOSIHMS BOJAHBIX 00HEKTOB U pa3padoTka
I'NC-Anectp Ha 6a3e npombinieHHOro UBT

Jleonuo 3amuxoseckuil, Enena 3amuxoeéckas,
Huxonau Hukonaiiuyx, Hean Jlesuykutl

AnnoTtauus. B pabote nokazaHo, 4To HeAOCTA-
TOYHOE U HECBOEBPEMEHHOE TIHAPOJIOIHYECKOe
MIPOTHO3UPOBAHUE YPOBHS Pa3BUTHS HABOAHEHUM
MIPUBOJUT K €XKETOJHbIM 3HaYUTEIbHBIH 3KOHOMHU-
yeckuil yniepd W yenoBeueckue xepTBbl. [locien-
Hee TpeOyeT MOCTOSHHOIO KOHTPOJII M MOHHUTO-
pUHTa COCTOSIHUSI BOJHBIX OOBEKTOB, UYTO BO3-
MO>KHO IPY HATMYUH COBPEMEHHBIX aBTOMAaTH3HPO-
BaHHBIX CUCTEM KOHTPOJISl U MOHUTOpUHTa. [IpoBe-
JCHHBIN aHaJIM3 [T0Ka3all, YTO HH(POPMALOHHO-U3-
MeputensHble cucteMbl (AMVC) koHTpons maBo-
KOBBIX BOJI, OKCITyaTUPYEMBIX B YKpauHe, UX KO-
JIMYECTBO, CTOUMOCTh M TEXHHUUYECKHE XapPaKTEPH-
CTHKH He 00€CTIeYrBalOT MOTyuYeHH HEOOXOMMOM
JUIsL TIPOTHO3UPOBAHUS PA3BUTHUA HABOJHEHUH WH-
dhopmarum.
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AHanu3 TEHAEHIMH Pa3BUTHUS CHUCTEM aBTOMa-
TU3UPOBAHHOTO KOHTPOJISL U MOHUTOPHUHIA COCTOSI-
HUS BOJHBIX 00BEKTOB MOKa3al, YTO COBPEMEHHBIE
3apyOeHbIE CUCTEMBI, KOTOPbIE HAXOATCS Ha CTa-
UM pa3pabOTKKU WM anpoOaluyd OCHOBAaHHBIE Ha
WCTIONB30BaHUKM MHUKPOKOHTPOJIJIEPOB, «smart»-
npeoOpa3oBarenu (U3MIECKUX BEIHYHH, COBpE-
MEHHBIX CUCTEM CBA3M U TexHosioruu MHTepHeT Be-
LIeH, a TaKXKe UCTIOJI30BaHUU CMapT(HOHOB C KaMe-
potii Raspberry Pi anst onpenenenust ypoBHs BOIbI B
peKax.

[IpuBonuTcs pa3paboTKa € HCIOJIB30BaHUEM
MpOMBIIITIEHHOT0 MIHTepHeT Beliel 6a30BOro Bapu-
aHTa TeoMH(OPMALMOHHON CHCTEMBI KOHTPOJIS U
MOHHUTOPHHTA COCTOSHUS BOAHBIX 00bekTOB [ UC-
Huectp. PaccmaTtpuBaroTcs CTpyKTypa, KOMIIO-
HenThl 1 QyHkiuu ['MC-dunectp. Pemarorcs 3agaun
[0 OpraHM3alMM amnmapaTHO  MPOTPAMMHBIX
CPEACTB AJS MapaMEeTPUPOBAHMS U ITUArHOCTHKH
«smart»-rpeoOpa3oBaTeny, HaTAKUBAHUE KOMMY-
HUKAalMOHHOM Cpenbl MPOMBILUICHHON CBS3H, Pas-
paboTKK anropuTMOB cOOpa, 00paboTKH U Tepe-
Jla4u JaHHBIX, HCCIIEIOBAaHUS XapaKTEPUCTHK U3Me-
PUTENBHBIX CUTHAJIOB. IPUBOJATCS PE3YJIbTAThI UC-
CJIeJOBaHMsI DXO-NPOQUIIeH YIbTPa3BYKOBOTO CEH-
copa yposast XPS10 co «smart» — mpeoOpa3zoBa-
tenu Multiranger 100, a Takxe nporemypa padoTsl
¢ 'MC-uectp. Hcnonwp3oBanue pa3pabOTaHHOMN
I'MC-/Inectp mnokazano ee 3¢G¢GEeKTUBHOCTh U
HaJEeKHOCTD B padore.
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Abstract. It is known that the fatigue process
begins with the plastic deformation of the surface
layers of the metal fittings. Moreover, the dis-
placement of dislocations under conditions of re-
alternating loads is observed at loads below the
elastic limit of the metal. The rate of local plastic
deformation during cyclic deformation is several
orders of magnitude higher than the rate of defor-
mation under static loading. Dislocation slip begins
in grains with a favorable orientation near stress
concentrators. As the number of cycles in the sur-
face layers increases, the density of dislocations
and the number of vacancies increases. When the
base number of Nr cycles is reached, a surface
reinforced layer of metal with a large number of
germinal cracks is formed, the size of which does
not reach a critical value. Increasing the number of
cycles cannot cause further development of frac-
ture in such a layer. Only when the stresses exceed
the endurance limit of the crack reach a critical
length, after which the process of their discharge
into the main crack begins with the spread of the
latter. The results of experimental studies indicate
a strong effect of diffusion hydrogen on static and
cyclic parameters of crack resistance. It was found
that with increasing flooding, especially when the
hydrogen content exceeds 5 cm?/100g, both static
strength and long-term strength (fatigue) decrease
sharply. Moreover, for these areas of hydrogen
solution in reinforcing steel is characterized by a
viscous nature of fracture, while for heavily flood-
ed reinforcement (from 5 to 12 cm?/100g is charac-
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terized by brittle fracture by the mechanism of
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ite structure). allowed to determine the optimal
hydrogen content in reinforcing steel (3...5 cm?
/100g), the excess of which will reduce the crack
resistance of reinforcement during long-term oper-
ation, especially in corrosive environments. The
results of the research confirm the above data.
bainite structure y sharply reduces the crack re-
sistance of reinforcing steel, which makes it im-
possible to use in the manufacture of reinforcement
involved in reinforced concrete structures designed
for long-term operation (more than 50...60 years).
Thus, the obtained diagram can be recommended
to designers of reinforced concrete structures for
hydraulic purposes, as it greatly facilitates the rea-
sonable choice of reinforcement in the develop-
ment of reinforced concrete structures for respon-
sible and long-term use.

Keywords: crack resistance, flooding, fatigue,
cyclicity, fittings.

INTRODUCTION

It is known [1 — 5] that the resistance of the
metal to fatigue failure is characterized by the
limit of endurance (fatigue), ie it is the highest
stress that can withstand the metal without
failure at any number of cycles. The endurance
limit is most often determined in tests with
alternating symmetric cycle (R=-1), and there-
fore the endurance limit is denoted by 6.1.

As a rule, the endurance limit is limited to
107 cycles (this number of cycles is called the
test base). Thus, it can be noted that the endur-
ance limit is the maximum cycle stress that can
withstand the material without destruction at
the base number of cycles (for ferrous metals,
this base is 107 cycles). Then on fatigue curves
it is possible to find such important indicator,
as durability at fatigue under which accept
number of cycles of loading which maintains
steel at destruction at a certain pressure.

It is known from the literature [1] that the en-
durance limit in metal correlates well with the
mechanical properties of metals. Thus, the
value of .1 is on average (0.4...0.6) o — for
carbon and alloy steels; (0.3....5)os — for
bronze and brass. This characteristic can be
similarly compared with Brinell hardness:

— 0.1 = (0.128...0.156) HB — for carbon

steels;

—0.1=(0.168...0.222) HB - for alloy steels;

—0.1=0.19HB — for aluminum alloys.
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It is known from modern fracture mechan-
ics [2...4] that with increasing number of cy-
cles at any stresses above the endurance limit
in metal, the following processes occur se-
quentially:

1) plastic deformation;

2) the formation of cracks, the cells of
which are non-metallic inclusions (HB);

3) gradual development of some of them
with the predominant spread of the main
crack;

4) rapid final destruction.

The process of fatigue begins with the plas-
tic deformation of the surface layers of the
metal fittings. Moreover, the displacement of
dislocations under conditions of re-alternating
loads is observed at loads below the elastic
limit of the metal. The rate of local plastic de-
formation during cyclic deformation is several
orders of magnitude higher than the rate of
deformation under static loading. Dislocation
slip begins in grains with a favorable orienta-
tion near stress concentrators. As the number
of cycles in the surface layers increases, the
density of dislocations and the number of va-
cancies increases. When the basic number of
NRr cycles is reached, a surface reinforced layer
of metal with a large number of germinal
cracks is formed, the size of which does not
reach a critical value (Fig. 1). Increasing the
number of cycles cannot cause further devel-
opment of fracture in such a layer. Only when
the stresses exceed the endurance limit of the
crack reach a critical length (Fig.2), after
which the process of their discharge into the
main crack begins with the spread of the latter.

¢ o —— . -
‘:‘\-—-".-.‘. -

Fig. 1. Embryonic microcracks in the surface
layers of reinforcing rods (x4800)
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Fig. 2. The main crack in the surface layers of
steel reinforcement of reinforced con-
crete structures of long operation in an
aggressive environment (%200)

FORMULATION OF PROBLEMS
AND RELEVANCE OF THE TOPIC

The ultimate stresses at which the process
begins, for example, hydrogen sulfide fracture
(HSF), are recommended as criteria for com-
paring the stability of different reinforcing
steels [5, 6]. One of the important factors in-
fluencing the resistance to HSF is the compo-
sition and structure of steel. Yes, carbon has a
significant effect on HSF. It is known [6, 7]
that with increasing amount of carbon the ten-
dency of hardened steels to HSF increases due
to increasing internal stresses. Hydrogen dif-
fusing into the metal, even in small quantities
(2...3 cm?/100g) does not cause sufficient for
the development of cracks of local plastic de-
formations in strong metal. It is believed that
steel loses its viscoelastic characteristics at a
hydrogen content in the range of
7...12¢cm’/100g [8]. However, as established
in [9], hydrogen fragility can occur with a
small amount of absorption (absorbed) hydro-
gen. Thus, in steel with a tensile strength of
1600 MPa, doped with 0.7% Cu, 0.25% Mo,
0.8% Nb and 0.025% Al, a decrease in plastic
properties (0) was observed from 45 to 3% at
the level of flooding 0.03 cm?/100g.

It should be noted that the analysis of litera-
ture sources of domestic and foreign research-
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ers does not provide an unambiguous answer
to the question of the influence of hydrogen
and alternating stresses on the embrittlement
of reinforcing steel of different brands, and the
results of experimental studies are usually ob-
tained in different conditions different external
factors, and therefore characterized by contra-
dictions, making them difficult to compare and
draw final conclusions, although the problem
of degradation of reinforced concrete struc-
tures is relevant and, moreover, is important
for the construction industry of Ukraine, re-
sulting in additional experimental and theoret-
ical studies.

The purpose of the work — research of
mechanical properties and parameters of crack
resistance of steel samples of various brands
intended for production of armature of rein-
forced concrete designs of long service life in
aggressive environments.

METHODS OF EXPERIMENTAL
RESEARCH, MATERIALS, CRITERIA
AND EQUIPMENT

The object of research was reinforcing steel
of the following grades: 16I2A®; 20d;
09I 2®b; 15XCHJA; 10XCHIA and 06I2b,
that is steel carbon, low-alloy, which had a
structure of ferritic-perlite, sorbitol and troost-
ite and martensitic with a coefficient of endur-
ance Kv=0.40...0.50.

After fabrication, the reinforcement sam-
ples were subjected to different heat treatment
modes depending on the steel grade and ob-
taining the desired type of structure. The sam-
ples were polished with a grinding skin with a
grain size of 3/0, and then subjected to temper-
ing in a vacuum chamber at 620°C for 30 min
to remove residual stresses. The samples were
tested on the setpoint of the model "Instron"
(UK). The tests were performed in air. The
impact of the aggressive environment was ab-
sent. We add that the tests were performed
according to the requirements of the Specifica-
tion of the International Association of Corro-
sives (Specification Tenquiz Oil and Gas Plant
//Prozess Plant. Lurgi code: 65102-00-MAL-
TENGUIZ 1II. Specification SP.SPC-62900-
XP-007). Fractographic and metallographic
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studies were performed using an electron
scanning microscope model "YSM-35CF"
(firm "Jeol", Japan). Mechanical tests and the
type of samples of cut rebar rods met the re-
quirements set out in the literature [1, 5].

RESEARCH RESULTS AND THEIR
DISCUSSION

In experimental studies, the following steels
were used as an object 15XCHJA, 10 XCH/IA,
16I2AD, 0626, 08XMYA, 16I2AD, 17T2CD,
09I2@b, 0912C, 20A.

It is established that steel has the following
chemical composition and mechanical character-
istics:

— steel 20A: Smax =0.012%; Pmax = 0.015%;
oy=1502...527 N/mm*, ~ or=2372...509 N/mm?
o1/oy<0.8; §>25%; HRB<92; KCV, Jem?=

79.4...166.5 (+20°C); =39.2...88.2 (-40°C);
score of grain according to GOST 5639-82: >8;
score according to HB (GOST 1778-80): <2.5;
stripe PF according to GOST 5640-88: <2;

— steel 08XMUYA.: Smax=0.015%;
Pnax=0.015%;  ©,=502...509 N/'mm* or =
378...470 N/mm?; or/oy < 0.8; 5 >25%;
HRB < 95; KCV,
Jem?=107.8...177.5(+20°C);=49.3...79.2 (-
40°C); score of grain according to 5639-82: >9;
score according to HB (GOST 1778-80): <2.5;
stripe PF according to GOST 5640-88: <2;

— steel 20D: Smax=0.008%; Pmax = 0.012%;
6v=470 N/'mm’ or =  338...402 N/mm?;
01/6v<0.8; §>25%; KCV,Jem?=90...98.2 (-
40°C); score of grain according to GOST 5639-
82: >9; score according to HB (GOST 1778-80):
<2.5; stripe PF according to GOST 5640-88: <2;

Table 1. Chemical composition of steels I0XCH/A and 15XCHAOA

Mass fraction of elements%
Steel brand - -
C Si Mn Cr Ni Cu Nb
10XCHIA <0.12 0.8...1.2 | 0.08...0.98 | 0.32...0.62 | 0.22...0.63 | 0.38...0.58 | 0.28...0.58
15XCHJIA |[0.1...0.15] 04...0.75 | 0.62...0.89 | 0.32...0.58 | 0.22...0.51 | 0.21...0.39 | 0.03...0.58

Note the mass fraction of S and P <0.010-0.015%; nitrogen to 0.012%. An admixture of niobium and va-
nadium in the amount of 0.08-0.12% is allowed.

Table 2. Mechanical properties of rolled steel 10 XCHJ/IA and 15 XCHJIA

Steel oT oV Relative Im}gact str/engzt b,
Brand lengthening, % CU, Jem
N/mm?2 ’ +20°C -40°C
10XCHIA 422...500 560...650 >21...24 70 54
15XCHIOA 390...495 520...630 >22...25 68 56

Table 3. Physical characteristics of the a-phase

Physical characteristics of the a-Fe phase
Designation Crys‘Fal lattice Density of 9dlslo_cza‘uons, Lattice curvature, cm’!
period, nm p-10°, cm
10XCHAA 0.28683 1.57...2.17 440...535
I5XCHJA 0.28723 1.7...2.23 557...638
Tabular value of a-Fe 0.28664 - -
MIABOAHI TEXHONOTrIi e« Bun.11 (2021), 78-87 81
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— steel 06X1: Smax= 0.005%; Pmax = 0.010%;
6v=512N/mm?; or =386...512N/mm?, or/oy <
0.8; 8>25%; HRB<92; KCV, Jem?= 147 (-40°C);
score of grain according to GOST 5639-82: >9;
score according to HB (GOST 1778-80): <2.5;

stripe PF according to GOST 5640-88: <2.
Tensile tests (GOST 1497-88) of samples
of the type "gagariki" were performed on the
installation of the model "Instron" (UK).
Impact strength was determined according
to GOST 9454-88. Under the impact tough-
ness should take the impact work related to the
initial cross-sectional area of the sample at the
hub KS = A /F, where A — the work spent on

Table 4. Mechanical characteristics of steels

breaking the sample (fixed on the scale of the
pendulum copra) (GOST 10707-82). The size
of the impact samples was 10x10x56 mm. The
radius of the bottom of the incision
r=1+0.07mm (incision Menage);
r=1+0.025 mm (Charpy incision). The spec-
imens were tested for a three-point bending on
a pendulum swing with an impact energy of up
to 300 J. The distance between the supports for
mounting the specimens was 40 + 0.5 mm.

Hardness (GOST 9012-59) was determined
on a hardness tester model TLL-2.

o7 oy KCV, J/em2
Steel brand 5, % at temperatures
MPa t=-40°C
15XCHIA 420 556 32 33
10XCHIA 395 515 29 38
161 2AD 446 595 28 39
06I'2b 450 605 24 44
a low sulfur content - no more than

Table 5. Sulfur content in steels

Steel brand Sulfur content, %
15XCHIOA 0.03
10XCHIA 0.032
16I2AD 0.021
06126 0.012
08XMYA 0.005...0.01

The experimental steel of the conventional
grade 08XMYA was used in the research,
which was created on the basis of the im-
provement of steel 06X1 due to the economi-
cal modification of this steel by an alloying
element from among rare earth metals - cerium
in the amount of 0.02...0.03%. This steel is
characterized by a very low content of sulfur
and phosphorus, in particular, their content is
limited to 0.05...0.10%. The content of other
steel ingredients was as follows: Mn 0.57;
Cr 0.9; Ni 0.12; Mo 0.25; Si 0.08...0.1%.

In addition, in some experimental tests used
steel grade 20, i.e. vanadium steel with a
vanadium content of 1.2...1.55. This provided

82

0.95...0.18%. And
0.2...0.23%.

The results of the research presented in
Fig. 2 confirm the data of Fig. 1. Thus, it can
be seen from Fig. 2 that carbon and low-alloy
sieves, which are characterized by ferritic-
pearlite and sorbitol structure provides high
resistance primarily to prolonged fatigue, and
the transition to steels with martensite struc-
ture or tempered (bainite transition jet) struc-
ture of bainite sharply reduces the crack re-
sistance of reinforcing steel, which makes it
impossible to use in the manufacture of rein-
forcement involved in reinforced concrete
structures designed for long-term operation
(more than 50...60 years). Thus, the obtained
diagram can be recommended to designers of
reinforced concrete structures for hydraulic
purposes, as it greatly facilitates the reasonable
choice of reinforcement in the development of
reinforced concrete structures for responsible
and long-term use.

Table 7 below shows the data of hot-rolled
steel grade 09I 2®b, from which were made

carbon was about
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on a rolling mill reinforcing bars for experi-
mental tests.
The chemical composition of carbon steel

grade 20 1s as follows: C0.17...0.24;
Mn 0.25...0.65;  Si0.17...0.37; P 0.036;
S 0.04.

The normative and actual composition and
mechanical properties of 16I"2A®D steel are
given in Table 8 and 9.

Table 10 shows the experimental tests of
experimental steels to determine the criteria

for crack resistance, taken from modern frac-
ture mechanics — the parameters of brittle frac-
ture resistance Kic and dc and the parameter of
microcracking Rmc, which are sensitive to
metal structure, which changes during long-
term operation. The studies were performed on
samples according to the methods described in
works [1, 3] the results of factory laboratory
tests are shown in Table 10.

Table 6. Mechanical characteristics and criteria of crack resistance of steel 091 2Db

Chemical steel OB G022 Sc, KCV, MJ/m2 Kic, MPa.m'"? Sc, mm
composition, % MPa % | -40°C | 20°C | +20°C 20°C | +20°C | -20°C
C0.13;
Mn 1.7...1.9;
Si 0.35...0.40; 19... | 0.6... 98.5... 90... 0.7... 0.47...
Vv 0.09...0.1; 560 | 435 22 0.7 0.8 102.3 95.4 0.75 0.52
Nb 0.05...0.07;
S,P0.01...0.02
Table 7. Impact strength of steel 091 2db
Impact strength and fracture fiber
according to Menage according to Sharpe
KCV, MJ/m? B, % KCV, MJ/m? V, %
0.84...1.35 50...70 0.52...1.1 35...75
0.26...0.94 5...20 0.10...0.35 10...15
0.12...0.64 0 0.12...0.50 0
Table 8. Chemical composition of 16I'2A®D
C | Mn | i v | N | S P Al
Actual (as delivered)
0.13... 1.6... 0.32... 0.061... 0.011... 0.012... 0.01... 0.004...
0.15 1.66 0.40 0.095 0.013 0.022- 0.014 0.026
Requirements TU 14-3-1138-82
0.11... 1.1... 0.20... 0.06... 0.010... 0.020 0.025 0.015...
0.17 1.70 0.40 0.10 0.020 0.050
Table 9. Mechanical properties of steel 161" 2AD
6,MPa | owuMPa | 8% | KCVo,MI/m> | KCU,uMJ/m?> | V under 0°C, %
Actual
566...601 | 400..460 | 21.27 | 048..073 | 049...0.65 | 25...90
TU requirements
540...640 | 370...470 | >19 | >0.4 | >0.5 | >60

MIABOAHI TEXHONOTrIi e« Bun.11 (2021), 78-87
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Table 10. Parameters of crack resistance of experimental steels

Kic, MPa.m!? | 8¢, mm | Rus, MPa

Steel brand Test temperature, °C
+20 -20 -40 +20 -20 -40 +20 -20 -40
16I"2A®D 99.8 | 81.5 72.1 0.72 0.49 0.39 897 784 595
20D 88.7 | 78.3 66.8 0.71 0.68 0.60 798 680 501
I5XCHIOA | 105.6 | 98.0 83.5 0.82 0.72 0.67 925 823 675
10XCHIOA | 88.9 | 80.2 70.1 0.68 0.60 0.52 780 692 578
09T 2db 1114 | 98.5 82.5 0.88 0.79 0.62 956 856 670
06I"2b 90.2 | 85.9 75.7 0.82 0.73 0.69 950 870 658
08XMYA 121 88.7 79.2 0.92 0.78 0.73 1123 934 789

It should be noted that the use of vanadium
modifier in steels (example steel 091 2DB). As
a rule, the content of vanadium in steels is lim-
ited to 0.1%, with a content of vanadium of
0.1...0.15% there is no further crushing of the
grain, toughness at low temperatures decreases
[6, 8...10], i.e. in the case of production of
low-alloy steel vanadium should be introduced
in the amount of up to 0.1%.

The use of niobium as a steel modifier has
shown that it weakly deoxidizes steel, but at
the same time is a strong carbide-forming ele-
ment. In the presence of nitrogen in steel can
form carbonitrides. Experiments have shown
that the most favorable effect of niobium in
small quantities (approximately 0.02...0.03%)
and especially in combination with aluminum
(about 0.02%). In this case, the strength and
yield strength increase (by 40 MPa), the ten-
dency of steel to age decreases, and so on.

In general, microalloying of low-alloy nor-
malized steel with carbide- and nitride-
forming elements slightly increases their ser-
vice properties. Application of these elements
in steels of the controlled rolling allows to
receive higher properties on all indicators.

Microalloying of low-alloy steel (for exam-
ple, 06X1) with a rare earth element - cerium -
in the amount of 0.02...0.03% leads to globu-
lation of non-metallic inclusions, the amount
of oxides decreases. The positive effect of ce-
rium on viscosity is due to its effect on the
shape and amount of non-metallic inclusions,
as well as to some grain crushing. The mecha-
nism of influence of rare earth metals (REM)
on the properties of steel is insufficiently stud-
ied. However, the positive effect of REM on
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the shape of non-metallic inclusions is not in
doubt. Treatment of reinforcing steels with
cerium in the amount of 0.02...0.03% pro-
motes high-quality rolled products with high
corrosion-mechanical properties and which
can be used in the construction of reinforced
concrete structures.

We analyzed the picture of the deformed
state of the steel fittings of the conventional
grade 08XMYA (micromodified with cerium)
at the crack tip. Fracture scans at the ends of
the fracture were examined by fracture scan-
ning (YSM-35CF microscope model (Jeol,
Japan)). Softening of the metal (Fig.3) to
60...70% of the original, which can be consid-
ered as the accumulation of damage caused by
microplastic deformation. However, the front
of this quasi-stationary zone, which moves in
front of the crack apex, is small and forms a
layer = 80 um thick along the crack depth and
60...70 um along its walls, i.e. destruction in
this case is usually quasi-brittle.

pm

Fig. 3. Picture of metal softening before the crack
front in reinforcing steel 08XMYA with
corrosion cracking in the model environ-
ment NACE
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It is known that simultaneously with plastic
deformation, relaxation processes take place
intensively. This zone is characterized by plas-
tic deformation by internal grain slip, and
therefore dislocations are concentrated mainly
in the sliding strips. Next, the parent metal
with the original dislocation structure is ob-
served. The maximum density of dislocations
is observed in the zone with significant residu-
al plastic deformation, which reaches an aver-
age of 2% (total relative deformation), 10% or
more in microvolumes. associated with local
shifts (Fig. 4).

Fig. 4. Dislocation structure of deformed reinforc-
ing steel 08 XMYA (x25000)

Next, consider the role of sulfur in the me-
chanical properties of the metal. It is widely
known that sulfur adversely affects the proper-
ties of steel. Sulfur in the metal is usually pre-
sent in the form of non-metallic inclusions,
mainly manganese sulfides. It is established
[2, 3] to increase the sulfur content by 0.015 in
the range 0.02...0.005 shifts the critical brit-
tleness temperature to the region of positive
temperatures by 15°C. The amount of sulfur in
normalized steels is reduced by metallurgists
to 0.02%, and in controlled rolling steels — to
0.004% and below, which increases the tough-
ness (according to Sharpe) almost 2 times.
Low sulfur content (0.005...0.01%) signifi-
cantly increases the positive effect of cerium
steel treatment, which significantly increases
the crack resistance of steel.

Steels with a tempering sorbitol structure
have the highest survivability. This is due to
the low growth rate of the fatigue crack, due to
the high ductility of the metal (see Fig. 2) and
the presence of a developed substructure of the
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ferritic phase of sorbitol. The dislocation walls
that separate the ferrite grains serve as barriers
to the fatigue crack, which causes it to change
direction in a zigzag pattern and spend more
energy and time growing to a critical size. In
addition, the steel after heat treatment for tem-
pering sorbitol becomes insensitive to the ap-
pearance of stress concentrators and accidental
shock load.

Steel heat-treated for tempering or temper-
ing martensite has a higher c.1, but its signifi-
cant resistance to the formation of fatigue
cracks is neutralized by increased sensitivity to
surface quality. In addition, high-strength
steels are characterized by low resistance to
cracking.

Thus, operating conditions require a special
combination of high resistance to fatigue crack
formation and high resistance to its propaga-
tion, which is almost impossible to provide in
reinforcing steel using alloying and heat treat-
ment. This problem is solved by the use of
surface hardening technologies (surface plastic
deformation, chemical-thermal treatment
(CTT), surface hardening) for low- or medi-
um-carbon steels treated with the structure of
tempering sorbets. The result is steels with a
strong surface and a viscous plastic core [11,
12].

CONCLUSIONS

1. It is shown that structural inhomogeneity
promotes the passage of non-uniform defor-
mation in the volume of the metal. In turn, the
higher the inhomogeneity of the deformation,
the less deformation the plasticity of the metal
will be exhausted, the earlier the fracture will
occur, as observed in the experiments. The
obtained experimental results must be taken
into account in the construction of galleries of
underground sewer systems by introducing
into the regulatory and technological docu-
mentation of these steels in relation to the de-
sign and construction of responsible reinforced
concrete structures.

2. The physical characteristics of aFe-phase
in steels I0XCH/IA and 15XCH/IA, in partic-
ular, the number of dislocations does not ex-
ceed (155-220)-10° cm™, and the amplitude of
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curvature of the crystal lattice does not exceed
560...650 cm’!, which is characteristic of the
ferritic-pearlitic phase. And the stresses are
mostly elastic, not relaxed. In addition, in the
field of crystals and along the boundaries of
the o - phase carbide phases are not estab-
lished, which will increase the crack resistance
of reinforcing steel during long-term operation
at alternating loads.

3. It is established that steels 16I2A®,
0912db and 15XCHJIA have a reserve of
plasticity and ability to resist destruction at
plastic deformations. In addition, these steels
are characterized by high resistance to brittle
fracture, and therefore they can be recom-
mended for the manufacture of reinforcement
of reinforced concrete structures designed for
the perception of high alternating loads during
operation in aggressive environments.

4. It is shown that the highest values of
modern criteria of crack resistance are steels
16I'2A®, 09I 20b and 15XCHJIA, which are
economically modified with vanadium, niobi-
um, chromium, nickel, copper and have a very
low sulfur content. This class of steels includes
experimental steel of the conventional grade
08XMUYA, which is economically modified
with cerium (0.025...0.03%).

REFERENCES

1. Makhutov N.A., 1981. Deformation criteria of
destruction. Moscow: Mashinostroenie, 272 (in
Russian).

2. Archakov Yu.l., 1980. Hydrogen corrosion of
steel. Moscow: Metallurgy ,192 (in Russian).

3. Atomic mechanism of destruction, 1983, trans.,
ed. MA Stremel. Moscow: Mir, 660 (in Rus-
sian).

4. Kalachev B.A., (1985). Hydrogen brittleness of
metals. Moscow: Metallurgy,216. (in Russian)

5. Meshkov Yu.Ya.,1985. Physical foundations
of the strength of steel structures. Kiev:
Naukova Dumka, 266 (in Russian).

6. Petrov L.N. Sopronyuk N., 1988. Corrosion-
mechanical destruction of metals and alloys.
Kiev: Naukova Dumka ,488 (in Russian).

7. Moskvin V.M., 1980. Corrosion of concrete
and reinforced concrete methods of their pro-
tection. Moscow: Stroyizdat. 538.

86

8. Makarenko V.D., Mangura A.M., Sizonenko
A.V., Litvyak O.L., 2019. Mechanisms of cor-
rosion-carbon corrosion of structural tubular
steels for oil and gas application Modernization
and engineering development of resource-
saving technologies in mining and processing
of minerals. Collective monograph. Petroshan,
Romania UNIVERSITAS Publishing, 424 (57 -
70).

9. Makarenko V., Vynnykov Y., Liashenko
A., Petrash O., 2019. Hydrate Formations
Modeling for the Oil and Gas Facilities Recon-
struction , Proceedings of the 2nd Internation-
al Conference on Building Innovations. ICBI.
Lecture Hydrate Formations Modeling for the
Oil and Gas Facilities Reconstruction Notes in
Civil Engineering, Vol.73. Springer, Cham.
651-658.

10.Boyko A.V., Makarenko V.D., Maximov
S.Yu., 2021. On some mechanical characteris-
tics of structural steels of cooling systems of
long operation. Problems of durability, No.2
(470), 77-81.

11.Makarenko, V.D., & Morgun, L.D., 1991.
Special features of the effect of barium on the
mechanical properties of metal deposited in
welding with calcium fluoride electrodes.
Welding International, 5(9), 726-728.

12.Pokhodnya, LK., Ponomarev, V.E., Mili-
chenko, S.S., Skorina, N.V., Makarenko, V.
D., Marchenko, A.E., & Gorpenyuk, V.N.,
(1987). Effects of type of binder and its compo-
sition on the welding and properties of elec-
trodes with basic coatings. Welding Interna-
tional, 1(2), 116-118.

13.Petrenko E., Gharakhanlou M., (2015).
Analysis of slope at increase of the static load.
Underwater Technologies, Iss.02, 40.

14.Pushkarova K., Sukhanevych M., Bondar K.,
2015. The principles of composite construction
penetrability waterproofing mortars with in-
creased service life. Underwater Technologies
Iss.02, 46.

15.Mishchuk D., 2015. Research of the manipula-
tor dynamics installed on an elastic basis. Un-
derwater Technologies, Iss.02, 54.

16.Sukach M.K., 2017. Elastic suspension of ve-
hicles. Mining, construction, road and meliora-
tion machines, No.90, 73-78
https://doi.org/10.26884/mksu.al17293 (in
Ukrainian).

17.Horbatenko Y., 2020. The production of the
splash phenomenon, as a way of dissipating the
energy of a gravitational wave. Underwater
Technologies, Iss.10, 58

MIABOAHI TEXHONOCrIi « Bun.11 (2021), 78-87
npPOMUCIIOBA Ta LUMUBINbHA iHXeHepiA


https://link.springer.com/book/10.1007/978-3-030-42939-3
https://link.springer.com/book/10.1007/978-3-030-42939-3
https://doi.org/10.26884/mksu.a17293

BupoOHMIITBO Ta TeXHOJIOTiT

18.Sukach ML.K., 2021. The Staple-ShapePlate
Springs Engineering Calculation Method. Sci-
ence and Technique, 20 (3), 268-274,
https://doi.org/10.21122/2227-1031-2021-20-3
(in Russian).

19.Sukach ML.K., Lysak S., 2017. Kinematics
parameters of twosectional trencher's. Under-
water Technologies, Iss.05, 16-22.
https://doi.org/10.26884/uwt1705.1301.

Hccaenopanue MexaHu4eCKUX CBOICTB M Na-
PaMeTPOB TPELIMHOCTOHKOCTH CTAIBHBIX
YKpeIUleHUi Kej1e300e TOHHBIX KOHCTPYKIUH
J0JITOCPOYHOIO CIENHAJIBHOI0 CPOKA

Ilemp Kynuxos, FOnus Maxapenxo,
Buxmop Xopyaicuii, Banepuii Makapenko

AnHoTanus. V3BeCTHO, YTO MPOIECC yCTaJo-
CTH HauWHAeTCSd C IUIaCTUYeCKod aedopmanuu
MMOBEPXHOCTHBIX CIIOEB METAJUITMUECKONW apMaTyphI.
[Ipuuem cMmellleHre JUCIOKAlM B yCJIOBUSX 3Ha-
KOTIEPEeMEHHBIX HArpy30K HaOmomaeTcs TNpu
Harpy3kax HWXKe IIpeleia yIpyrocTd MeTajuia.
CKOpOCTh JIOKATLHOW TUIACTUYECKOH NeopMarium
MpH  [HUKIWYECKOW JedopMalii Ha HECKOJIBKO
MTOPSIZIKOB TPEBBINIAET CKOPOCTH AeopMaiuy Ipu
CTaTUYECKOM  HarpyxeHuu. JluciokammoHHOE
CKOJIbKEHUE HAYMHAETCS B 3€pHAX C OJIarompusr-
HOW  OpHWeHTamuedl BONM3M  KOHIICHTPATOPOB
HanpsokeHui. C yBeTndeHHEeM KOJIUYeCTBa IUKIOB
B TIOBEPXHOCTHBIX CIIOSIX YBEJIMYUBACTCA IUIOT-
HOCTh JUCJIOKAalMil U KolndyecTBO BakaHcuil. IIpu
JIOCTIDKEHUH 0a30BOro ymcia IUKIOB Nr oOpasy-
€TCA MOBEPXHOCTHO-APMUPOBAHHBIN €10 MeTaila
¢ OOJBIINM KOJWYECTBOM 3apOBIIIEBBIX TPEIINH,
pasMep KOTOPBIX HE NOCTUTaeT KPUTHUECKOIO 3Ha-
YeHHs. YBEIMYEHHE KOJIMYECTBA IUKIIOB HE MOXKET
MIPUBECTH K AaJbHEUIIEMY Pa3BUTHIO Pa3pyIICHUS
B TakoM cjoe. TOJbKO KOr/a HampsuKeHUs! IPeBblI-

MIABOAHI TEXHONOTrIi e« Bun.11 (2021), 78-87
NpPoOMUCIIOBa Ta LMBINbHa iHXeHepis

IIAIOT Tpejiesl BEIHOCIMBOCTH TPEIIMHEI, TOCTUTA-
IOT KPUTHYECKOU JUIMHBI, TIOCJIE Yero HauyuHAeTCs
MPOLIECC UX pa3psijia B MArUCTPAIbHYIO TPELIUHY C
pacnpocTpaHeHHEeM TOCHeqHed. Pe3ynbraTel 3Kc-
MEPUMEHTAIBHBIX HCCJICIOBAHUN YKa3bIBAIOT Ha
CWJIbHOE BIUsSHHE TU((GY3UOHHOTO BOAOPOAA Ha
CTaTHYECKHE W IMKIMYECKUE TapaMeTphl TpEIIn-
HOCTOMKOCTH. BBIT0O 00HAPYXKEHO, YTO C yBeInde-
HUEM 3aTOIUICHHS, OCOOCHHO KOIZla COACpKaHHE
Bojopozia npesbimaer 5 cm*/100 T, Kak cratude-
CKasg TPOYHOCTh, TaK W JJIUTEIbHAS IMPOYHOCTh
(ycramoctp) pe3ko cHmKarores. [Ipudem mis 3Tux
Y9acTKOB PacTBOpP BOJOPOJA B apMaTypHOW CTalln
XapaKTEepPU3yeTCsl BS3KUM XapaKTepoM paspylie-
HUS, TOTA KaK JIsl CWIBbHO OOBOJHEHHOH apMary-
pel (o1 5 mo 12 ¢M*/100 T XapakTepHO XPYyIIKOE
paspylieHre MO0 MEXaHW3MY MUKpPOCICHUS B 3a-
KaJeHHOW (MapTEHCHTHOH WJIM TPOOCTUTOBOM
KOHCTPYKIIUHM). TIO3BOJIJIM OMNPENCIUTh ONTH-
MaJbHOE COJIep)KaHHEe BOJIOpPOJa B apMaTypHOH
cramu  (3...5 ¢cM’/100r), mnpeBBIIEHUE KOTOPOTO
CHHU3UT TPEIIMHO-CTOMKOCTh apMaTypbl NpU UIH-
TEJIHHON JKCILTyaTallii, 0COOCHHO B arpecCHBHBIX
cpenax. Pe3ynbTarhl McClneIOBaHUI TOITBEpXKIa-
10T TIPUBCJICHHEIC BHINIE JaHHBIE, CTPYKTypa Ocii-
HUTA PE3KO CHIKAET TPEIIMHOCTOHKOCTh apma-
TYpPHOH CTaly, 4TO JIeJIaeT HEBO3MOXKHBIM UCTIONb-
30BaHUE MIPU M3TOTOBICHUH apMaTyphl kKeye300e-
TOHHBIX KOHCTPYKIIMH, PacCUYUTAHHBIX Ha JUJIH-
TenpHYI0 dKcmuTyaTtanuio (6omxee 50...60 net). Ilo-
JMY4EHHYI0 CXEMy MOXKHO PEKOMEHIIOBATh IMPOCK-
TUPOBIIMKAM  JKEJIC300€TOHHBIX  KOHCTPYKIIMM
THAPOTEXHUYSCKOrO0 HAa3HAYCHUsS, TaK Kak OHa
3HAYUTENFHO O0JIer4aeT OOOCHOBAaHHBIM BHIOOP
KOHCTPYKITUH. apMHUPOBaHUE IMPH Pa3pabOTKe Ke-
JIe300€TOHHBIX KOHCTPYKIMH OTBETCTBEHHOTO U
JUTUTEIBHOTO MCIIOJIb30BaHUS.

KuaroueBbie c¢j10Ba: TpPEHIMHOCTOMKOCTh, 3a-
TOIUICHUE, YCTAJIOCTh, [IMKJIIMYHOCTh, apMaTypa.
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Abstract. Analytical inspection showed that
with a long service life of reinforced concrete
structures of hydraulic structures, their individual
elements such as reinforcing bars are destroyed
due to insufficient fatigue and corrosion strength of
the reinforcement metal. They occur mainly under
the action of the main variable loads — bending,
vibrations of reinforced concrete slabs, mechanical
and erosion of the environment. The main causes
of failure of the valve are its rupture and wear due
to repeated action of force factors. The surface
zone of the reinforcement in connection with con-
crete is especially intensively destroyed due to
weak adhesion strength. The use of low-strength
reinforcing steels can also be one of the reasons for
the failure of reinforcement joints with concrete.
Improving the corrosion and mechanical reliability
of reinforced concrete structures of hydraulic struc-
tures is possible through the use of: for the manu-
facture of reinforcing bars which are the main
power structure of reinforced concrete economical-
ly modified alloy steels, which undergo complex
heat treatment and are characterized by high corro-
sion and fatigue properties. alternating) loads; The
resistance against SCRN, VIR and corrosion-
mechanical fatigue of reinforcing steels intended
for the construction industry has been studied.

It was found that the experimental steels, eco-
nomically modified REE, copper-nickel, especially
chromium niobium and vanadium meet the re-
quirements of the International Standard NACE
MR 0175-96 on chemical composition and me-
chanical properties, and steels of grades
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10HSNDA and 20F do not have a sufficiently high
resistance SCRN <limits Go2min) and corrosion-
fatigue failure, and steels of grades 20F and
06G2B showed low resistance to VIR (CLR> 6%
and CTR> 3%). Therefore, it is necessary to carry
out a full (100%) input control of corrosion and
mechanical resistance of all materials involved in
the manufacture of reinforced concrete structures
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for hydraulic purposes for operation in hydrogen
sulfide-containing environment.

Keywords: corrosion destruction, flooding,
crack resistance, endurance, fatigue strength.

INTRODUCTION

It is known [1 — 5] that the resistance of the
metal to fatigue failure is characterized by the
limit of endurance (fatigue), i.e. it is the high-
est stress that can withstand the metal without
failure at any number of cycles. The endurance
limit is most often determined in tests with
alternating symmetric cycle (R = -1), and
therefore the endurance limit is denoted by o.1.

As a rule, the endurance limit is limited to
107 cycles (this number of cycles is called the
test base). Thus, it can be noted that the endur-
ance limit is the maximum cycle stress that can
withstand the material without destruction at
the base number of cycles (for ferrous metals,
this base is 107 cycles). Then on fatigue curves
it is possible to find such important indicator,
as durability at fatigue under which accept
number of cycles of loading which maintains
steel at destruction at a certain pressure [3, 4].

It is known from the literature [1] that the
endurance limit in metal correlates well with
the mechanical properties of metals. Thus, the
value of 6.1 is on average (0.4...0.6) oy - for
carbon and alloy steels; (0.3...0.5) oy - for
bronze and brass. This characteristic can be
similarly compared with Brinell hardness: .1
=(0.128-0.156) HB - for carbon steels (0.168-
0.222) HB - for alloy steels; 6.1 = 0.19HB - for
aluminum alloys.

It is known from modern fracture mechan-
ics [2 — 4] that with increasing number of cy-
cles at any stresses above the endurance limit
in metal, the following processes occur se-
quentially: 1) plastic deformation; 2) the for-
mation of cracks, the cells of which are non-
metallic inclusions (HB); 3) gradual develop-
ment of some of them with the predominant
spread of the main crack; 4) rapid final de-
struction.

The process of fatigue begins with the plas-
tic deformation of the surface layers of the
metal fittings. Moreover, the displacement of
dislocations under conditions of re-alternating
loads is observed at loads below the elastic
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limit of the metal. The rate of local plastic de-
formation during cyclic deformation is several
orders of magnitude higher than the rate of
deformation under static loading. Dislocation
slip begins in grains with a favorable orienta-
tion near stress concentrators. As the number
of cycles in the surface layers increases, the
density of dislocations and the number of va-
cancies increases. Upon reaching the base
number of cycles Ng, a surface reinforced lay-
er of metal is formed with a large number of
germinal cracks, the size of which does not
reach a critical value. Increasing the number of
cycles cannot cause further development of
fracture in such a layer. Only when the stresses
exceed the crack endurance limit reach a criti-
cal length [5, 6], after which the process of
their discharge into the main crack begins with
the spread of the latter.

RESEARCH METHODS
AND MATERIALS

As model media used: NACE medium (5%
NaCl solution, which contained 0.5%
CH3COOH and saturated H2S; t = 22 + 20C;
pH = 3.8...4.0); The objects of research were
the following steels: 16G2AF; 20F;
ISHSNDA; 10HSNDA; 09G2FB; 06G2B and
0SHMCHA.

He corrosion rate was determined using the
gravimetric method: the test period was 480
hours. Samples cut directly from reinforcing
bars with a diameter of 32 mm were also test-
ed for susceptibility to hydrogen-induced frac-
ture (BIR) according to the International
Standard NACE TM-02-90, as such a test is
mandatory when choosing a material for the
manufacture of responsible hydraulic struc-
tures in contact with media, which contain
hydrogen sulfide [1, 5].

The VIR of rectangular samples 80 mm
long (along the rolling), W = 12 mm wide
(across the rolling) and thickness T (deter-
mined by the diameter of the reinforcement
taking into account the allowance for machin-
ing to metallic luster), which were cut directly
from the reinforcing bars after rolling. The test
involves a 96-hour exposure of stressed sam-
ples in a synthetic solution of NACE (5%
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NaCl solution + 0.5% CH3COOH, continuous
saturation of H2S with a bubbling rate of 10
ml/min; pH = 3...4), and the minimum volume
of the solution was 4 ml per 1 cm2 of the sam-
ple surface [18]. Subsequently, the samples
were cut, and the cut surface was polished and
etched in a medium of chemical reagents. All
detected at magnification x 100 cracks were
measured, except those that were at a distance
of up to 1 mm from the surface of the sample.

Based on the measurement results, the coef-
ficients of sensitivity of steel to hydrogen-
induced fracture were calculated according to
the following formulas: coefficient of crack
length CLR = (Za/W) 100%; the coefficient of
crack formation width CTR = (Zb/T) -100,%,
where Xa and b are the sum of the longitudi-
nal and transverse dimensions of the crack
formation, respectively.

According to the International Specifica-
tion, the following requirements for hydrogen
resistance of tubular steels are set: for VIR —
coefficients of crack length CLR< 6% and
crack thickness CTR< 3%.

The susceptibility of reinforcing steels to
sulfide corrosion fracture under stress (SCRN)
was determined according to the standard
NACE TM 01-77 (90) — method A (on cylin-
drical samples with a diameter of 6.4 mm),
which allowed the thickness of the reinforce-
ment section [11]. Samples were tested on the
installation of the model "Instron" (UK) under
load (in each experiment used 5 samples). The
ultimate stress 6SSC was determined in order
to compare the quality of steels of different
brands and valves. Test conditions according
to this standard are as follows: duration — 720
h in 5% NaCl solution containing 0.5%
CH3COOH and saturated H2S; pH = 3; t =22
+ 20C.

The parameter 6SSC was determined from
the dependence ci — lgt (o1 — initial load; T —
time to failure, h), at which the samples are not
destroyed on the accepted time base of tests.

The graph of the dependence o; — Igt was
built on the minimum values of time to failure
under each load, because the use of average
values of t is unacceptable given the need for
guaranteed performance of reinforced concrete
structures in technological environments with
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hydrogen sulfide. The shape and dimensions
of the samples for fatigue (multicycle) tests are
shown in Fig. 1.

¥ & <

2|20

26 20 70 20 26

Fig. 1. Sample for tests for fatigue strength
(fatigue)

Long-term strength (air tests) and corro-
sion-fatigue tests were performed on a weight-
type installation USMR-6 under load (in each
experiment used 5 samples). The basis was 1
1x10% cycles (see Fig. 2 and 3).

Fig. 2. Schematic diagram of the installation for
uniaxial stretching. Designation: 1 - refrig-
erator; 2 - sample; 3 - capacity; 4 - furnace;
5 - cargo

Fig. 3. Test cell in NACE medium (with hydrogen
sulfide). Designation: 1 - basis; 2 - cell; 3 -
sample; 4 - core; 5 - lever; 6 - cargo
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Tests for sulfide cracking were performed
according to the method according to the
standard NACETM-01-90 [1]. NACE solution
was used as the model medium. The basic test
period is 720 hours. All samples were tested at
a voltage equal to 0.8 of the yield strength of
the metal reinforcement, which was deter-
mined by the rupture of three samples in air.
Tests of samples with an annular groove in the
middle were performed by the method of con-
tinuous deformation to failure (at low speed ¢
=2.10%s") in a corrosive environment.

The results of experimental research
and their discussion

The results of measurements of the corro-
sion rate of metal samples of reinforcing steels
in the model environment NACE are presented
in Fig. 4. Analysis of the data in Fig. 4 shows
that the highest corrosion resistance in this
environment are characterized by economical-
ly modified vanadium, niobium, chromium,
nickel and cerium steels, in particular
16G2AF, 09G2FB, ISHSNDA and
08HMCHA, less resistant to corrosion of steel
grades 06G2B 10 20F.

Vi g/(m? - hour)

0.30} " -3
0.25| A
0.20} o
0.15| o By
010} 2 o g
0.05L F/‘E -1
0

Fig. 4. Corrosion rate diagram of reinforcing steel
samples in the NACE model environment.
Numbering of samples and grades of steels:
1-16G2AF 2 - 09G2FB 3 - 15HSNDA 4 -
08HMCHA 5 - 06G2B 6 - lI0HSNDA

SKRN research

The tendency of reinforcing steels to SKRN
is graphically shown in Fig. 5. It can be seen
that the steels of the following grades
16G2AF, 09G2FB, 15SHSNDA, 10HSNDA are
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characterized by the greatest resistance of
SKRN. Steels 20F, 08HMCHA and 06G2B
have slightly lower resistance. It is seen that
both in the resistance to the corrosion process
and in the case of resistance to stress corrosion
(SCRN) there is a complete analogy, ie the
greatest resistance to SCRN is characterized
by steels economically modified with vanadi-
um, niobium, cerium and other useful elements
[8 —11].

o, MPa

700} :
600} |
500} !

4001

N Wanh

3001

2y

0105206 305 409 500 800 7001806
720 r,hour
Fig. 5. Susceptibility to sulfide corrosion fracture
under stress of reinforcing steels when tested
in model environments. The numbering cor-
responds to the designation on Fig. 3

However, it should be noted that the absolute
values of otssc should not yet be used in the
design of reinforced concrete structures for
critical purposes, for example for hydraulic
underground structures due to lack of reliable
methods for determining and predicting their
fatigue (long-term) strength, as they can
change and carbon gas and their partial pres-
sures, pH, ambient temperature, process stops,
condition of structures, etc.) [4, 9, 12]. There-
fore, in calculations of long-term strength and
load-bearing capacity of reinforcing steels of
reinforced concrete structures, determining the
diameter of reinforcement, the initial parame-
ter may be the minimum allowable value of
the yield strength of steel omin 0.2, and the
suitability of structural materials is evaluated
by ultimate stresses [10]: ktssc = otssc/Omin 0.2
(Fig. 6).

It is considered that steel is suitable for the
manufacture of fittings and operation in tech-
nological environments with a high content of
corrosive components, including hydrogen
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sulfide (up to 20 mol.%), When kissc > 0.8 [10
- 12].

otssc! ‘Jo,zmi"
1 Environment
0.8| NACE
2

0.6L 3
04

0.21

0

Fig. 6. Threshold values of resistance to sulfide
corrosion failure under stress of reinforcing
steels of reinforced concrete structures of
long service life in the NACE environment:
1 - steel 16G2AF; 2 - 09G2FB 3 - steel 20F.
The deviation of the values of 6 (s does not
exceed 10%

From the above experimental results it is
seen that the highest corrosion resistance
against SCRN is characterized by steel grade
16G2AF and 09G2FB, and steel grade 20F has
low values of the coefficient kissc = 0.45...0.60
(see Fig. 4). Thus, the performance of steels
for reinforcing steels for construction purpos-
es, which is estimated by the parameters kissc
and Gissc, 1S different.

It should be noted that the results of the re-
sistance study of SCRN steels correlate well
with the data of the gravimetric corrosion rate
determination method both in NACE solution
and in NaCl solution (see Fig. 4).

Thus, it can be generalized that economical-
ly modified steels 16G2AF and 09G2FB,
which contain low concentrations of harmful
impurities of sulfur, phosphorus and hydrogen,
are characterized by high resistance to uniform
corrosion, including against SCRN, and there-
fore can be recommended for use in the pro-
duction of reinforcement for reinforced con-
crete structures of hydraulic structures.

VIR research

The results of VIR studies of reinforcing
steel (without application of load) showed that
in the NACE solution is hydrogen cracking
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and surface swelling of some steels grade
06GB and 20F. The calculated values of VIR
hydrogen cracking indicators for these steels
are: CLR =3.2...4.8%; CTR = 6.9...10.8%. It
is established that steels 16G2AF, 09G2FB,
08HMCHA, 15HSNDA- meet the require-
ments of Technical conditions [11 — 17].

Study of corrosion fatigue
(long-term strength)

In the course of experimental researches the
following (Fig. 7) is established:

1) NACE medium, which contains hydro-
gen sulfide, more than 1.75 times, reduces the
fatigue limit of samples with a diameter of 5
mm from steel grade 09G2FB (from 700 to
400 MPa).

2) Hydrogen sulfide-containing medium
NACE almost 5 times (from 490 to 200 MPa)
reduces the fatigue limit of steel I0HSNDA.

3) The highest values of long-term strength
showed experimental steels in NACE. Eco-
nomical modification of REM  steel
(OBHMCHA steel) allowed to increase the
corrosion and fatigue strength even when test-
ed in an aggressive NACE environment more
than 2 times compared to conventional steel
grade 10HSNDA (see Fig. 7). Thus, the condi-
tional limit of corrosion fatigue of steels
ISHSNDA and 06G2B in hydrogen sulfide-
containing medium at 1 million cycles (base of
many cycle tests) — (curves 4 and 6 in Fig. 7)
increased from 190 to 280-290 MPa.
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Fig. 7. Corrosion fatigue curves of reinforcing
steel samples in NACE solution: See steel
grade designation. Fig. 3
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From the above experimental results it can
be generalized that the positive effect of dop-
ing with modifying impurities is observed sta-
bly when using them in low-alloy steels in a
limited amount mentioned above. Their further
increase causes clogging of the metal with
large particles of silicates or oxides and oxy-
sulfides of cerium niobium and vanadium,
without affecting the total number of non-
metallic inclusions.

In domestic and foreign studies by a num-
ber of authors it is noted that the reasons for
the decrease in resistance to SCRN and VIR of
some carbon and low-alloy steels may be the
presence of silicates, as well as microleaching
of individual alloying elements or impurities,
or violation of thermomechanical modes of
reinforcement rods [12, 13].

Therefore, the results of laboratory and ex-
perimental studies have shown that economi-
cally modified steels are characterized by high
corrosion and fatigue strength and can be used
in reinforced concrete structures in contact
with aggressive environments of hydraulic
systems. The obtained results of experimental
researches can be useful for designers at de-
velopment of projects on use of reinforced
concrete products in hydraulic engineering
constructions, for example, underground sewer
systems, ie their careful check in the condi-
tions of industrial construction is required
[15-17].

ON P O

0 100 200 300 400 500 600 700 800

t,hour

Fig. 8. The work of corrosion destruction of rein-
forcement samples in the NACE environ-
ment. Designation of reinforcing steels:
1 - 16G2AF, 2 - 09G2FB, 3 - 15HSNDA,
4 - 0SHMCHA, 5 - 06G2B, 6 - I0HSNDA,
7 - 20F
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The results of tests of corrosion destruction
of reinforcing steel samples in the NACE envi-
ronment are shown in Fig. 8.

Analysis of the data shown in Fig. 8 makes
it possible to note that the greatest resistance to
sulfide-corrosion fracture have reinforcing
steels brands 16G2AF, 09G2FB, 15SHSNDA.
The other brands O08HMCHA, 06G2B,
I0HSNDA and 20F have less resistance to
corrosion damage.

CONCLUSIONS

1. The analytical inspection showed that at
long service life of reinforced concrete designs
of hydraulic engineering constructions their
separate elements for example reinforcing
cores are destroyed owing to insufficient fa-
tigue-corrosion durability of metal of arma-
ture. They occur mainly under the action of the
main variable loads - bending, vibrations of
reinforced concrete slabs, mechanical and ero-
sion of the environment. The main causes of
failure of the valve are its rupture and wear
due to repeated action of force factors. The
surface zone of the reinforcement in connec-
tion with concrete is especially intensively
destroyed due to weak adhesion strength. The
use of low-strength reinforcing steels can also
be one of the reasons for the failure of rein-
forcement joints with concrete.

2. Increasing the corrosion-mechanical reli-
ability of reinforced concrete structures of hy-
draulic structures is possible through the use
of: for the manufacture of reinforcing bars
which are the main power structure of rein-
forced concrete economically modified alloy
steels, which undergo complex heat treatment
and are characterized by high corrosion-
fatigue properties. cyclic (alternating) loads;

3. Resistance against SCRN, VIR and cor-
rosion-mechanical fatigue of reinforcing steels
intended for the construction industry is inves-
tigated. It was found that the experimental
steels, economically modified REE, copper-
nickel, especially chromium niobium and va-
nadium meet the requirements of the Interna-
tional Standard NACE MR 0175-96 on chemi-
cal composition and mechanical properties,
and steels of grades IOHSNDA and 20F do not
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have a sufficiently high resistance SCRN
<limits - ¢0.2min) and corrosion-fatigue fail-
ure, and steels of grades 20F and 06G2B
showed low resistance to VIR (CLR> 6% and
CTR> 3%). Therefore, it is necessary to carry
out a full (100%) input control of corrosion
and mechanical resistance of all materials in-
volved in the manufacture of reinforced con-
crete structures for hydraulic purposes for op-
eration in hydrogen sulfide-containing media.

REFERENCES

1.Makhutov N.A., 1981. Deformation criteria of
destruction. Mashinostroenie, 272 (Russian).

2.Archakov Yu.l., 1980. Hydrogen corrosion of
steel. Metallurgy (in Russian).

3.Atomic mechanism of destruction, 1983. Mir.
660 (in Russian).

4. Kalachev B.A., 1985. Hydrogen fragility of
metals. Metallurgy, 216 (in Russian).

5.Meshkov Yu.Ya., 1985. Physical foundations of
the strength of steel structures. Kiev, Naukova
Dumka, 266 (in Russian).

6. Petrov L.N., Sopronyuk N.G. 1988. Corrosion-
mechanical destruction of metals and alloys,
Kiev, Naukova Dumka, 488 (in Russian).

7.Moskvin V.M. , 1980. Corrosion of concrete and
reinforced concrete methods of their protection.
Stroyizdat, 538 (in Russian).

8. Makarenko V.D., Mangura A.M., Sizonenko
A.V., Litvyak O.L. 2019. Mechanisms of cor-
rosion-carbon corrosion of structural pipe steels
for naphtha and gas filling Modernization and
engineering development of resource-saving
technologies in the form of packaging and pro-
cessing of brown copal ins. Collective mono-
graph. Petro Shan, Rumania, Universities Pub-
lishing, 424 (57-70).

9. Makarenko V.,Vynnykov Y., Liashenko A.,
Petrash O., 2019. Hydrate Formations Model-
ing for the Oil and Gas Facilities Reconstruc-
tion, Proceedings of the 2nd International
Conference on Building Innovations. ICBI
Lecture Hydrate Formations Modeling for the
Oil and Gas Facilities Reconstruction Notes in
Civil Engineering, vol 73. Springer, Cham.
651-658.

10. Boyko A.V., Makarenko V.D, Maximov
S.Yu., 2021. On some mechanical characteris-
tics of structural steels of cooling systems of
long operation. Problems of durability, No.2
(470), 77-81 (in Russian).

94

11.Makarenko, V.D., & Morgun, L.D., 1991.
Special features of the effect of barium on the
mechanical properties of metal deposited in
welding with calcium fluoride electrodes.
Welding International, 5(9), 726-728 (in Rus-
sian).

12.Pokhodnya 1.K., Ponomarev V.E., Milichen-
ko S.S., Skorina N.V., Makarenko V.D.,
Marchenko A.E., & Gorpenyuk, V.N., 1987.
Effects of type of binder and its composition on
the welding and properties of electrodes with
basic coatings. Welding International, 1(2),
116-118 (in Russian).

13.Kreshchanovsky I.S., Sidorenko M.F., 1970.
Modification of steel, Metallurgy. 296 (in Rus-
sian).

14.NACE Standard TMO 177-90, 1990. Standard
Test Method Laboratory Testing of Metals for
Resistance to Sulfide Stress Cracking in H,S
Environments, NACE Houston.P.O. Box
218340, 22.

15.MSKR-01-85, 1985. Test procedure for re-
sistance to hydrogen sulfide stress corrosion
cracking. Publishing house of the State Com-
mittee for Science and Technology of the
USSR, 8.

16.Makarenko V.D., Shatilo S.P., 1999. Increas-
ing desulphurisation of the metal of welded
joints in oil pipelines. Welding International.
56-61 (in Russian).

17.Makarenko V.D., Beljaev V.A., Protasov
V.N., Shatilo S.P., 2000. Mathematical model
of the mechanism of resistance of welded joints
in oil and gas pipelines to static hydrogen fa-
tigue. Welding International, 83-88 (in Rus-
sian).

18. Sukach ML.K., 2018. Theoretical foundations
for the calculation of staple-shaped leaf springs.
Transfer of Innovative Technologies, Vol.l,
No.2, 40-50. https://doi.org/10.31493/tit1812.
0201.

19. Horbatenko Y.G., 2020. The production of the
splash phenomenon, as a way of dissipating the
energy of a gravitational wave. Underwater
Technologies. Vol.10, 58-67.

20. Sukach MLK., 2021. The Staple-ShapePlate
Springs Engineering Calculation Method. Sci-
ence and Technique. 20 (3), 268-274,
https://doi.org/10.21122/2227-1031-2021-20-3.

MaBoOAHI TEXHONOCrIi e Bun.11 (2021), 88-95
MpomucnoBa Ta UMBiINbHa iHXeHepia


https://link.springer.com/book/10.1007/978-3-030-42939-3
https://link.springer.com/book/10.1007/978-3-030-42939-3
https://doi.org/10.31493/tit1812.0201
https://doi.org/10.31493/tit1812.0201
https://doi.org/10.21122/2227-1031-2021-20-3

BupoOHMIITBO Ta TeXHOJIOTi1

HccnenoBanne Koppo3nu 1 MeXaHNYeCKOM
YCTOHYHBOCTH APMaTYPHBIX cTaJlei,
NpeAHa3HAYCHHBIX ISl IKCIIyaTaluu
B THAPABJIMYECKHX COOPYKEHHAX

Muxaun Cykau, Mupocias Kunopauyx,
Banepuii Maxapenxo

AHHOTanus. AHaJIUTHYECKOE OOCIeI0BaHUE
[10Ka3aJ10, YTO IIPU JJIUTEIILHOM CPOKE JKCILTyaTta-
UM KEIe300€TOHHBIX KOHCTPYKIUH THAPOTEXHU-
YEeCKUX COOPYKEHHUH OTHENbHbIE HX 3JIEMEHTHI,
Takhe Kak apMaTypHbIE CTEp)KHH, pa3pylIaloTcs
M3-32 HEJJOCTaTOYHOW YCTaJIOCTHOM M KOPPO3UOH-
HOM CTOMKOCTH MeTamia apMmarypbl. OHH BO3HH-
KaloT B OCHOBHOM IO/ JEWCTBHEM OCHOBHBIX IIe-
PEMEHHBIX Harpy30K — n3ruba, BUOpauuu xese30-
OETOHHBIX IUINT, MEXaHUYECKOH M 3PO3HU OKpY-
xarormed cpenpl. OCHOBHBIE TPHUYMHBI BBIXOJA
KJIallaHa U3 CTpOs — €ro paspblB U HM3HOC U3-3a
MHOT'OKPAaTHOTO JEHWCTBUSl CHUJIOBBIX (DaKTOPOB.
[ToBepxHOCTHAsE 30Ha apMaTypbl B CBsI3U C OeTO-
HOM OCOOEHHO HHTEHCHUBHO paspyllaeTcs H3-3a
cnaboil MpOYHOCTH cueruieHus. lcnonp3oBaHue
MaJIONPOYHBIX apMaTYPHBIX CTANEH TaKkKe MOKET
OBITh OJJHON W3 MPUYMH pa3pyIleHHs CTHIKOB ap-
MaTypsl ¢ 6eToHOM. [loBBIIIEHNE KOPPOSHOHHOHN U
MEXaHMUYECKOH  HAIEKHOCTH  KEJIE300€TOHHBIX
KOHCTPYKLUI THIPOTEXHUYECKUX COOPYKEHHUI
BO3MOKHO 32 CYET NMPUMEHEHUs: i1 U3rOTOBJIe-
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HUSl apMATYPHBIX CTEPXKHEH, SBISIONUXCS OCHOB-
HOW CHJIOBOW KOHCTPYKIIMEH JKeIe300€TOHHBIX
H9KOHOMHYECKH MOJIU(PHUIMPOBAHHBIX JIETHPOBaH-
HBIX CTajei, KOTOpbIe IPOXOASAT CIOXKHYIO TEPMH-
YECKYI0 00pabOTKy M XapaKTePU3YIOTCS BBICOKOU
KOPPO3UOHHBIC W YCTAJIOCTHBIC CBOWCTBA. IEpe-
MeHHBIE) Harpy3ku, M3ydena croiikocts k SCRN,
VIR © KOppO3HOHHO-MEXaHUYECKON YCTAIOCTH
apMaTypHBIX CTajei, TNpeAHA3HAYCHHBIX IS
CTPOUTEILHOW UHIYCTPUH.

YCTaHOBNIEHO, YTO ONBITHBIE CTalM, SKOHOMH-
YeCKH  MOAU(DUIIMPOBaHHBIC P30, MEJIHO-
HUKEJIEBbIC, OCOOEHHO XPOMOHHOOWI M BaHaJUU
COOTBETCTBYIOT TpeOOBaHHUAM MEXIYHAPOIHOTO
craagapra NACE MR 0175-96 mo xuMudeckomy
COCTaBy W MEXaHWYCCKHUM CBOWCTBaM, a CTalld
Mapok 10XCHJA u 20D HEe WMEIOT JOCTATOYHO
BBIcOKOe compotuBiienne SCRN < mpenmena
G0,2min) ¥ KOPPO3HOHHO-YCTAIOCTHOE pa3pylIeHHE,
a cramu Mapok 20F m 06G2B mokazanu HH3KYIO
croiikocts kK VIR (CLR> 6% u CTR> 3%). Ilo-
3TOMy HeoO0XxoamMo mpoBoauTh TonHBIH (100%)
BXOJIHOM KOHTPOJb KOPPO3HMOHHOW M MeEXaHW4e-
CKOM CTOMKOCTH BCEX MaTEpUalOB, 3aJCHCTBOBAH-
HBIX TpPH H3TOTOBJICHUH JKEIe300€TOHHBIX KOH-
CTPYKIUH THIPAaBINYECKOrO HA3HAYCHHS IS pa-
OOTBI B CEPOBOIOPOICOIEPIKAIINX CPEAax.

Kuaruessbie cioBa: KopposnonHoe paspyiie-
HUE, 3aTOIUICHHE, TPEIIMHOCTOWKOCTh, BBIHOCIIH-
BOCTb, YCTAJIOCTHAS MPOYHOCTHIO.
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EkcnepTHa komicia KniBCbkOro HauioHanbHOro yHiBepcuteTy OyAiBHMUTBA i apXiTEKTypW, PO3rnsaHyBLUM MaTepianu
pykonucy

(im’s1, npisBuLle aBTopa(is))

(Ha3Ba cTaTTi)

B 06ca3si CTOpPIHOK, 3a3Ha4ae, WO B HMX HeMae BigoMocTen, ki 6 nignsaranu 3abopoHi Ao ony6nikyBaHHsS 3rigHO
«Po3sropHyToro nepeniky BigomocTel, WO CTAHOBNATbL AepXaBHY TaeMHUU0 Yy MiHicTepcTBi OCBITM i Hayku YkpaiHu —
2001 p.»

BucHoBok: MaTepianu pykonvcy 403BONAETLCA Ony6nikyBaTy BigKpUTO

KepiBHWK ekcnepTHOI rpynu M.1.B.
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®opma 5
YITOOA Ne
npo BiflbHe BUKOPUCTaHHA aBTOPCLKOro npasa LWoao nepioguvyHoro BUAaHHA
(Ha3Ba xypHany)
M. Knis «__» 20 p.

Pepakuieto xypHany [1idgodHi mexHonoeii: npomucrioea ma uyusinbHa iHxeHepia (Transfer of Innovative
Technologies), 3aCHOBHMKOM sIKOro € KWiBCbKMIA HauiOHanNbHWUIA yHIBEpCUTET OyAiBHMLTBA i apXiTEKTYpU 3 HOPUANYHO
appecoto: KHYBA, MosiTpodnoTcekuii npocnekt 31, Kuis, Ykpaina, 03037, B ocobi ronosHoro pegakropa A.T.H., npode-
copa M.K. Cykaua, 3 ogHiei cTopoHu (gani — Pegakuist), Ta BMacHUK(M) MariHOBMX aBTOPCLKMX NpaB B 0CO0i

(MN.1.B.) (HaykoBWI CTYNiHb, 3BaHHS) (ORCID)
(MN.1.B.) (HaykoBWI CTYNiHb, 3BaHHS) (ORCID)
(MN.1.B.) (HaykoBWI CTYMiHb, 3BAHHS) (ORCID)

3 iHWOI cTopoHM (gani — ABTop(K)), siki pa3oM imeHytoTbcss CTOPOHM, Kepytounch LiMBinbHUM KogekcoM, 3akoHOM YKpaiHu
«[po aBTOpCbKe NpaBo i CyMixHi NpaBay, iHWUMK 3aKOHOAABYMMM i HOPMaTUBHO-MPABOBMMU akTamu YKpaiHu, yknanu
uto YroZy npo HacTyrnHe.

n.1

1.1. ABTOp(M) 3a8BNSAKOTD, WO BOHW € AINCHUMM aBTOpaMmn HaykoBoro Teopy/CTaTTi nig Ha3Bow

(moBoto opuriHany)

SIKUIA € pe3ynbTaToM iXHbOI CRifbHOI TBOPYOT Npadi, i WO BOHM MaloTb BifHOCHO 3a3HA4Ye€HOro TBOPY BUKIHOYHE aBTOPCb-
Ke npageo.

1.2. ABTOp(M) 3asBRATb, WO TBip/CTaTTA He MOpyLUyE aBTOPCbKi NMpaBa OyAb-AKOi TPETbOi CTOPOHW, HE MICTUTb
Oyab-sIKMX 3ano3nyeHb (Nnariaty) Ta HEMae Hisikux iHWKnX 00CTaBuH, AKi MOXYTb HapaxaTtu Pegakuito Ao 6yab-sKkoi Bif-
nosiganbHOCTI Nepes TPETbOK CTOPOHOO B pe3ynbTaTi BUKOpUCTaHHsA abo nybnikauii TBopy/CTaTTi.

1.3. ABTOp(M) 3asBNAIOTDL, WO Y HUX € MPaBO PO3nopsamKaTUCca MmaTepianamu, ski mictatecs y TBopi/CtaTTi, 30Kkpema
TekcTamu, poTorpadiamu, kKaptTamu, nraHaMun Ta iH., i WO BUKOPWUCTaHHA UuX MaTepianis y Teopi/CtaTTi He nopyLiye
npaea TPeTbOi CTOPOHM.

1.4. ABTOp(M) 3asBNAIOTb, WO BOHU 3HAKOMi 3 BUMOramm ocopMrneHHs ctaten. Tekct TBopy/CTaTTi nigrotoBrneHo
3rigHO 3 pefdakuiniHUMK BUMOraMmm CTOCOBHO Nybnikauii y nepioguyHoMy BuaaHHi 1id800HI mexHosoeii: npomucriosa ma
yusinbHa iHxeHepisi (Transfer of Innovative Technologies).

1.5. ABTOp(K) 3asBNsAOTH, WO TBip/CTatTa He Byno ony6nikoBaHo paHile B uinomy abo YactmHamu (41 nig Tiew X
abo iHWOoW Ha3BoM), i WO horo He Byno nepegaHo aonsa nybnikauii Oyab-komy iHLIOMY NEPIOAMYHOMY BUOAHHIO 3rigHO
3akoHy YkpaiHu «[Mpo aBTOpCbke NpaBo i CyMiXHi MpaBa.
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n.2

2.1. ABTop(M) HagatoTb Peaakuii BinbHO i 6€3 Oyab-siknx obMeXXeHb Ha TEPUTOPItD, Yac i KifbKIiCTb KOMi MOBHE aBTOp-
cbke npaBo Ha Teip/CTaTTio 3 MeTO Moro ony6nikyBaHHs y nepioguyHoMy BuaaHHi [1i08o0Hi mexHoroeil: npomuciosa
ma yusinbHa iHxeHepisi (Transfer of Innovative Technologies) B ApykoBaHOMY Ta €NeKTPOHHOMY BUrMsiAi 3 HACTYMHUMU
YMOBaMu BUKOPUCTaHHS:

a) 306epexeHHs Ha byab-sKMX Hocisx/Meaia

0) po3mHOXeHHs1 TBopy/CTaTTi, noro YyactTuH abo cparmeHTiB Oyab-AKMMM BiAOMMMM METOAaMM, KOMitoBaHHA TBoO-
py/CtatTi abo 1ioro YacTvH Ta dparmMeHTiB OyOb-AKOK TEXHIKOI, 30Kpema ApyKyBaHHSAM, pidorpadieto, MarHiTHUM 3anu-
COM Ta oundpyBaHHAM

B) 30epeXeHHs Ha KOMIM'I0Tepi Ta PO3MILLEHHS Y MPUBATHUX | (POMaACbKUX KOMIMTIOTEPHUX Mepexax (y Tomy unchi IH-
TEepHeT) i NOLLMPEHHS Yepe3 MepeXi

r) pO3MNOBCIOIKEHHS opuriHany i/abo konin TBopy/CTaTTi, OKpeMUX KOro YacTuH abo cpparmMeHTiB, pPO3MOBCIOAKEHHS
Ta nepefava B KOPUCTYBaHHSA opuriHany abo Noro NpuUMipHUKIB.

2.2. ABTOp(M) NOrogXytTbCs Ha Te, L0 peaakTopCbKe OMnpautoBaHHS i TUPaXyBaHHS NepioguYHOro BUAAHHS 34inc-
HIOETBCS 3a KOLUTU JOOPOBINbHMX BHECKIB ABTOpPIB NyGrikauin.

n.3

3.1. ABTop(n) Ta Pepakuisi 3arogHi Ha Te, Wo Pefakuis Takox MaTume npaBo:

a) 3piricHioBaTy HeobXxigHe odhopmneHHst TBopy/CTaTTi 3a pe3ynbTaTtamu Koro pefakuiiHoi 06pobku

6) BM3HAYaTU CaMOCTINHO KiNbKiCTb BUAaHb, APYK AOAATKOBMX KOMil i Tupax TBopy/CTaTTi, KiNbKiCTb KOMiA OKpeMux
BMOaHb | JOOATKOBUX TUpaXxiB

B) ony6nikyBaHHs TBopy/CTaTTi B iHLUMX BUOAHHSIX, NOB'A3aHMX 3 OisnbHICTIO Peaakuii, Hix BkazaHnx y n.2.1.

n.4

4.1. ABTop(M) Ta Pepakuia cninbHO 3acBigyytoTh, WO BiflbHE BUKOPUCTAHHS aBTOPCbKUX MpaB B Mexax Uiel yroam €
6Ee3KOLUTOBHUM.

4.2. Byab-aKi 3MiHM 80 i€l Yrogn matoTb OyTU CKnageHi y MMCbMOBI (hopmMi.

4.3. MNuTaHHA, He BperynboBaHi NoNoXeHHAM uiel Yroau, nignaraoTe npasunam LimsinbHoro kogekcy ta 3akoHy Yk-
paiHn «[po aBTOpChLKE NPaBO i CyMixKHI MpaBay.

4.4. Bypb-gKi cynepeuyku, siki MOXyTb BUHUKHYTW Mg Yac BUKOHAHHA Ta NPOTAroM TepMiHy Aii uiei Yroau BupillyBaTtu-
MYTbCSl B MEXax TepuTopianbHOT OPUCAMKLIT 3a MicLeM 3HaxomkeHHs Penakuii.

Yrogy cknageHo y 2 (4BOX) iAeHTUYHMX NpUMipHUKaXx, no ogHoMy 3i CTOpiH.

ABTOP(M): PEOAKUIA:

1. MiXKHapOOHWIA HayKOBUI XypHar

(mignwnc) (MN.1..) [1id800HI mexHoroeil: npomuciosa ma yueinbHa
iHxeHepis (Transfer of Innovative Technologies)

MosiTpodproTcekmin npocnekT 31,

2. Kuie, YkpaiHa, 03037

(mignuc) (MN.1..) uwtech@ukr.net (tit.edit@ukr.net)
3.

(mignwnc) (MN.1..) M.K. Cykau
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